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g[f_�[hcg[fm�][g_�`lig�mnl[s�il�ohehiqh�miol]_m+� Eh�Jilnb�=g_lc][)�g[f_�^iam�[l_�
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[l_�gil_�sioha�nb[h�if^�ch^cpc^o[fm+� Pb_�cmmo_�i`�\l__^�[m�[�lcme�`[]nil�`il�[aal_mmcih�

gomn�[fmi�\_�p_ls�][l_`offs�[mm_mm_^�\s�]igj[lcmih�qcnb�fi][f�l_`_llcha�jijof[ncihm+

=onbilm�i`�][m_�l_pc_qm�qcff�mig_ncg_m�]igj[l_�nb_�^_gial[jbc]�]igjimcncih�i `�nb_cl�
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Ccp_h�nb_m_�][p_[nm)� cn�cm�f_acncg[n_�ni�mogg[lct_�nb_�^_gial[jbc]�]b[l[]n_lcmnc]m�i`�

[aal_mmcp_�^iam�[m�nb_s�[l_�l_jiln_^�ch�][m_�l_pc_qm+� N_jilnm�\s�m_p_l[f�[onbilm�moaa_mn�

nb[n�ch�Jilnb�=g_lc][�3-�ni�4-"�i `�[cf�^iam�jl_m_hn_^�`il�nl_[ng_hn�i `�\_b[pciol�

jli\f_gm�[l_�g[f_�%Ricnb)� .65.[8�>il]b_fn)� .6508�Slcabn�[h^�J_mm_flin_)� .6548�
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mig_�oh^_lfscha�jli\f_gm�i`�mno^s�^_mcah+� Lli\[\fs�nb_�gimn�m_lciom�i `�nb_m_�qiof^�\_�

nb_�g_nbi^�i`�m_f_]ncih�i `�j[lnc]cj[hnm+� O_p_l[f�mno^c_m�b[p_�\__h�jo\fcmb_^�qbc]b�b[p_�
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hog\_l�il�]b[l[]n_lcmnc]m�i `�ch^cpc^o[fm�qbc]b�b[p_�l_`om_^�ni�j[lnc]cj[n_�ch�[�molp_s�cm�
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Pb_�]fchc][f�l_f_p[h]s�i`�mo]b�molp_sm�cm�][ff_^�chni�ko_mncih�qb_h�cn�][hhin�\_�jlip_h�nb[n�
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l_]il^�_hioab�ch`ilg[ncih�ni�[^_ko[n_fs�g_[mol_�nb_�`[]nilm�i `�chn_l_mn+� >l_pcns�cm�

cgjiln[hn�ni�_h]iol[a_�j[lnc]cj[ncih�[h^�l_^o]_�]imnm)�[h^�s_n�chmo``c]c_hn�^_n[cf�g[s�
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]ih]_lhcha�qbc]b�\_b[pciol�jli\f_gm�nb_s�q_l_�_rj_lc_h]cha�qcnb�nb_cl�^iam+� Pb_�`clmn�
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l_mj_]ncp_fs+� Eh�]ihnl[mn)�?[gj\_ffÖm�m_]ih^�molp_s�fcmnm�Édogjcha�ih�j_ijf_Ñ�[m�nb_�gimn�

]iggihfs�l_jiln_^�jli\f_g+� J_cnb_l�Ébiom_micfchaÑ�il�É\cnchaÑ�[l_�_p_h�[giha�nb_�nij�
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acp_h�][n_ailc_m�i`�\_b[pciol�jli\f_gm�ni�qbc]b�nb_s�]iof^�l_mjih^�[jjlijlc[n_fs�`il�

nb_cl�^ia+� Ap_h�nb_�f[hao[a_�i`�nb_�m_]ih^�ko_mncihh[cl_�g[s�b[p_�cgj_^_^�^[n[�

]iff_]ncih�\_][om_�i`�nb_�om_�i`�]_ln[ch�n_lgm�qbc]b�[l_�ohfce_fs�ni�\_�]f_[lfs�oh^_lmnii^�

\s�[ff�l_mjih^_hnm)� mo]b�[m�Émo\gcmmcp_�q_nnchaÑ�[h^�Ém_f`*goncf[ncihÑ+� Pb_�[onbil�`l__fs�

[^gcnm�nb[n�nb_�g[le_^� ^c``_l_h]_�\_nq__h�nb_�nqi�molp_sm�g[s�\_�[�`[]nil�i `�nb_�

ko_mncihh[cl_m�nb_gm_fp_m�%?[gj\_ff)� .653&+� Pb_�l_[^_l�cm�f_`n�qih^_lcha�qbc]b�molp_s�

%c`�_cnb_l&�ni�\_fc_p_)�_mj_]c[ffs�[m�nb_l_�cm�fcnnf_�^_m]lcjncih�i`�nb_�l_`_l_h]_�jijof[ncih�il�
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jijof[ncihm�il�_r[gch_m�nb_�^[n[�`il�nb_�jin_hnc[ffs�]ih`ioh^cha�_``_]nm�i`�[a_)� m_r)�
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,2



A]ihigc][ffs�cgjiln[hn�[h^�tiihinc]�^cm_[m_m�b[p_�\__h�_l[^c][n_^�`lig�_hncl_�

jijof[ncihm�i`�̂ ig_mnc]�[hcg[fm�[m�[�l_mofn�i `�nbcm�]iff[\il[ncih+� Pb_�ofncg[n_�\_h_`cn�cm�

^_lcp_^�\s�\inb�[hcg[fm�[h^�j_ijf_)�_[]b�_hdischa�cgjlip_^�mn[n_m�i `�b_[fnb�[h^�q_f`[l_+�

?igj[hcih�[hcg[f� l_m_[l]b�b[m�f[aa_^�\_bch^�nb[n�^_^c][n_^�ni�`ii^�[hcg[f�mj_]c_m)�

jimmc\fs�[m�[�l_mofn�i ` �̀ oh^cha�fcgcn[ncihm)�[h^�j_lb[jm�^o_�ni�nb_�l_f[ncp_fs�f[n_�
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s_[lm)�[h^�s_n�jo\fc]�b_[fnb�[onbilcnc_m�`il�nb_�gimn�j[ln�l_g[ch�oh]_ln[ch�[m�ni�biq�ni�

l_^o]_�nb_�hog\_l�i `�pc]ncgm�%O[]em�_n�[f+)� .6638�?boh�_n�[f+)� .65/8�Gct_l)� .646&+� Sb_h�

p_n_lch[ls�\_b[pciolcmnm�[jj_[l_^�ih�nb_�m]_h_)�nb_s�koc]efs�l_]iahct_^�nb_�mcahc`c][h]_�i`�

[aal_mmcih�ch�nb_cl�][hch_�j[nc_hnm)�[h^�]ih]_hnl[n_^�nb_cl�_``ilnm�ih�q[sm�i `�l_mifpcha�nbcm�
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_onb[h[mc[�i`�jli\f_g�[hcg[fm)� cn�cm�h_]_mm[ls�ni�[jjfs�nb_�jlch]cjf_m�i `�_jc^_gcifias�ni�
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q_l_�i\pciomfs�ojm_n�il�]lscha+� Pb_�jli]_mm)� ch�inb_l�qil^m)�q[m�ni�\_�[m�hih*pifohn[ls�

`il�nb_�^ia�iqh_lm�[m�jimmc\f_�qbcf_�mncff�[ffiqcha�nb_�]fchc]�mn[``�ni�mbiq�]igj[mmcih�ch�

^c``c]ofn�mcno[ncihm+� Och]_�nb_�ko_mncihh[cl_�q[m�ni�\_�i``_l_^�\s�nb_�l_]_jncih�mn[``�ch�_[]b�

]fchc])� [h^�hin�omo[ffs�nb_�p_n_lch[lc[h)�jlipcmcih�q[m�g[^_�`il�molp_sm�nb[n�]iof^�hin�\_�

i``_l_^�il�]igjf_n_^�^o_�ni�nb_�l_]_jncih�[l_[�\_cha�nii�\oms+� Kh_�`ilg�q[m�ni�\_�m_n�

[mc^_�qcnb�nb_�É]igjf_n_^Ñ�jcf_�`il�_p_ls�^ia�iqh_l�[llcpcha�[n�nb_�]fchc])�l_a[l^f_mm�i`�

qb_nb_l�nb_�`ilg�b[^�\__h�`cff_^�ion+� E`� [hs�iqh_lm�l_`om_^�ni�j[lnc]cj[n_�ch�nb_�molp_s)�

nbcm�oh]igjf_n_^�`ilg�q[m�[fmi�jf[]_^�ch�nb_�É]igjf_n_^Ñ�\ir+� Pbcm�qiof^�j_lgcn�[h�

_mncg[ncih�i`�nb_�hog\_l�i`�ch^cpc^o[fm�qbi�q_l_�oh[pic^[\fs�gcmm_^�\s�nb_�jli]_mm+

On[``�q_l_�l_gch^_^�ni�\_�m_hmcncp_�ni�nb_�`[]n�nb[n�mig_�i`�nb_cl�]fc_hnm�gcabn�\_�

`oh]ncih[ffs�cffcn_l[n_)� [h^�nb[n�c`�mig_ih_�q[m�b_mcn[hn�il�a[p_�[h�_r]om_�mo]b�[m�nb_s�b[^�

É`ilainn_h�nb_cl�af[mm_mÑ)�nb_h�cn�q[m�j_lgcmmc\f_�ni�l_[^�nb_�ko_mncihm�[fio^�[h^�]igjf_n_�

nb_�`ilg�`il�nb_�]fc_hn+� En�q[m�iol�\_fc_`�nb[n�nb_m_�aoc^_fch_m�qiof^�gchcgct_�[hs�

cgjiln[hn�\c[m�ch�nb_�]igjimcncih�i`�molp_s�l_mjih^_hnm+� Ji�l_mnlc]ncihm�q_l_�jf[]_^�ih
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nb_�hog\_l�i ` �ko_mncihh[cl_m�]igjf_n_^�\s�[�]fc_hn�c`�nb_s�iqh_^�gil_�nb[h�ih_�^ia)�[h^�

b[^�jl_m_hn_^�gil_�nb[h�ih_�^ia�ni�nb_�jl[]nc]_�^olcha�nb_�mno^s+� Khfs�ih_�ko_mncihh[cl_�

q[m�]igjf_n_^�j_l�^ia)�l_a[l^f_mm�i`�nb_�hog\_l�i`�ncg_m�nb_�^ia�pcmcn_^�nb_�jl[]nc]_�

^olcha�nb_�]iolm_�i`�nb_�mno^s+

*'*� FeUcdY_^^QYbU�9UcYW^

Pb_�ko_mncihh[cl_�q[m�[�mchaf_�j[a_�`ilg[n�%=jj_h^cr�=&�[h^�_[]b�`ilg�q[m�]i^_^�qcnb�[�

ohcko_�hog\_l+� Pb_�nij�ko[ln_l�i`�nb_�j[a_�^cmjf[s_^�nb_�i``c]c[f�fiai�i `�nb_�=nf[hnc]�

R_n_lch[ls�?iff_a_)�[h^�[�\lc_`�j[l[al[jb�^_m]lc\cha�\inb�nb_�joljim_�i `�nb_�jlid_]n�[h^�

_h]iol[acha�nb_�iqh_lÖm�j[lnc]cj[ncih+� Pbcm�j[l[al[jb�^_fc\_l[n_fs�^c^�hin�g_hncih�

[aal_mmcih�[m�nb_�[l_[�i`�l_m_[l]b)�\on�ihfs�g[^_�[�a_h_l[f�mn[n_g_hn�[\ion�iol�chn_l_mn�ch�

nb_�l_f[ncihmbcj�\_nq__h�^iam�[h^�j_ijf_+� N_mjih^_hnm�q_l_�[fmi�[^pcm_^�nb[n�[ff�

j_lmih[f�ch`ilg[ncih�qiof^�\_�e_jn�]ih`c^_hnc[f+

Pb_�m_]ih^�j[ln�i`�nb_�ko_mncihh[cl_)�g[^_�oj�i`�3�ko_mncihm)�q[m�^_^c][n_^�ni�nb_�

]iff_]ncih�i`�nb_�h[g_�[h^�jbih_�hog\_l�i`�nb_�iqh_l)� nb_�^iaÖm�h[g_)�[h^�a_h_l[f�

ch`ilg[ncih�ih�nb_�^ia�mo]b�[m�cnm�[a_)�m_r)� h_on_l�mn[nom)�\l__^)�[h^�q_cabn+� Pb_�`ch[f�

ko_mncih�ch�nbcm�m_]ncih�[me_^�biq�fiha�nb_�iqh_l�b[^�iqh_^�nb_�^ia+

Pb_�nbcl^�m_]ncih�]ihn[ch_^�3�]fim_^�_h^�ko_mncihm�ih�nb_�\_b[pciol�i`�nb_�^ia)�qcnb�És_mÑ�

il�ÉhiÑ�[m�nb_�ihfs�jimmc\f_�l_mjihm_�]bic]_m+� =fnbioab�q_�q_l_�mj_]c`c][ffs�chn_l_mn_^�ch�

[aal_mmcp_�\_b[pciol�\s�nb_�^ia)� nbl__�ko_mncihm�ih�inb_l�[mj_]nm�i`�\_b[pciol�q_l_

-2



ch]fo^_^�ni�g[e_�nb_�ko_mncihh[cl_�`__n�f_mm�h_a[ncp_�[h^�nbl_[n_hcha�ni�nb_�l_mjih^_hnm)�

[h^�ni�i\n[ch�[h�ip_l[ff�cgjl_mmcih�i `�nb_�iqh_lÖm�mo]]_mm�ch�nl[chcha�nb_�^ia+� Pb_m_�

nbl__�ko_mncihm�[me_^�qb_nb_l�nb_�^ia�q[m�]igjf_n_fs� biom_nl[ch_^)�qb_nb_l�nb_s�b[^�

nl[ch_^�cn�ni�j_l`ilg�[hs�nlc]em)�[h^�`ch[ffs)� qb_nb_l�nb_s�]ihmc^_l_^�nb_�^ia�ni�\_�[�

g_g\_l�i `�nb_�`[gcfs+� Pb_�qil^�Énlc]emÑ�q[m�^_fc\_l[n_fs�]bim_h�ip_l�Éi\_^c_h]_Ñ�ni�

_h]iol[a_�iqh_lm�ni�ch]fo^_�nb_cl�_rj_lc_h]_�qcnb�ch`ilg[f�[m�q_ff�[m�`ilg[f�nl[chcha�i`�

nb_�^ia+

Pb_�l_g[chcha�nbl__�ko_mncihm�ch�nbcm�m_]ncih�l_f[n_^�mj_]c`c][ffs�ni�p[lciom�^_al__m�i `�

[aal_mmcp_�\_b[pciol+� Pb_�^_mcah�i `�nbcm�j[ln�i`�nb_�molp_s�q[m�chn_h^_^�ni�\_�[m�m_hmcncp_�

[m�jimmc\f_�[n�^_n_]ncha�[hs�[aal_mmcp_�\_b[pciol�ch�nb_�^iam+� Pb_�ko_mncihm�q_l_�

jl_m_hn_^�[m�`iffiqm7� f&D[m�siol�^ia�_p_l�aliqf_^�[n�[hs�g_g\_l�i `�siol�biom_bif^)�

_p_h�c`�sio�nbioabn�b_,mb_�q[m�domn�jf[scha<%U_m�il�Ji&)�/&@i_m�siol�^ia�_p_l�aliqf�il�

mh[j�[n�[hsih_�qb_h�nb_s�nls�ni�n[e_�[q[s�`ii^)�nism)� il�inb_l�i\d_]nm<�%U_m�il�Ji&)� [h^�

0&D[m�siol�^ia�_p_l�\cnn_h�[hs�g_g\_l�i `�siol�biom_bif^)� _p_h�c`�sio�nbche�cn�g[s�b[p_�

b[jj_h_^�\s�[]]c^_hn�qbcf_�jf[scha<%U_m�il�Ji&+� Oj_]c`c]�mcno[ncihm�qb_l_�nb_�^ia�gcabn�

b[p_�mbiqh�[aal_mmcih�q_l_�joljim_fs�^_m]lc\_^�ch�nb_�ko_mncihm�ni�dia�nb_�l_mjih^_hnmÖ�

g_gilc_m)� [h^�ni�gchcgct_�[hs�\c[m�m_]ih^[ls�ni�nb_�l_mjih^_hnm�b[pcha�^c``_l_hn�]lcn_lc[�

`il�[aal_mmcih�nb[h�iol�iqh+

Pb_�`ch[f�m_]ncih�i`�nb_�ko_mncihh[cl_�[me_^�`il�qlcnn_h�j_lgcmmcih�ni�l_pc_q�nb_�^iaÖm�

g_^c][f� l_]il^m�c`�q_�l_kocl_^�gil_�]igjf_n_�ch`ilg[ncih)�[h^�q[m�`iffiq_^�\s�[�fch_�`il
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\inb�nb_�mcah[nol_�i `�nb_�iqh_l�[h^�nb_�^[n_+� Pq_hns�]ijc_m�i `�nb_�^l[`n�ko_mncihh[cl_�

q_l_�jl_*n_mn_^�[n�ih_�i`�nb_�j[lnc]cj[ncha�]fchc]m+� Pi�^_n_lgch_�nb_�[\cfcns�i`�nb_�

ko_mncihh[cl_�ni�]iff_]n�[]]ol[n_�ch`ilg[ncih)� l_mjih^_hnm�ch�nb_�jl_*n_mn�q_l_�l_*

chn_lpc_q_^�_cnb_l�ch�j_lmih�il�\s�n_f_jbih_�qcnbch�nb_�m[g_�q__e� Ichil�[^domng_hnm�ch�

^_mcah�[h^�qil^cha�q_l_�g[^_�`iffiqcha�nb_�jl_*n_mn�ni�jli^o]_�nb_�`ilg[n�^_m]lc\_^�

[\ip_+

/'+� HebfUi�>]`\U]U^dQdY_^

=�nin[f�i`�2-62�ko_mncihh[cl_m�q_l_�jl_j[l_^�`il�^cmnlc\oncih�ni�nb_�/-�]fchc]m+� Pb_�

hog\_l�jlipc^_^�ni�_[]b�]fchc]�p[lc_^�`lig�[�fiq�i`�21�ni�[�bcab�i`�4--)� ch�^cl_]n�

jlijilncih�ni�nb_cl�_mncg[n_^�gihnbfs�][hch_�][m_fi[^+� Mo_mncihh[cl_�^cmnlc\oncih�\_a[h�

ch�=jlcf� .663)�[h^�[ff�ko_mncihh[cl_m�q_l_�l_nolh_^�\s�Fofs� .663+� A[]b�]fchc]�q[m�pcmcn_^�

\s�nb_�jlch]cj[f�chp_mnca[nil�ni�jlipc^_�nb_�h_]_mm[ls�g[n_lc[fm)� [h^�ni�mj_[e�^cl_]nfs�ni�[m�

g[hs�g_g\_lm�i `�nb_�l_]_jncih�mn[``�[m�jimmc\f_�[\ion�nb_�joljim_�i`�nb_�jlid_]n�[h^�cnm�

cgjf_g_hn[ncih+� A[]b�]fchc]�q[m�jlipc^_^�qcnb�[�jli`_mmcih[ffs�giohn_^�mcah�ni�b_fj�

chnli^o]_�nb_�jlid_]n�ni�bimjcn[f�]fc_hn_f_+� S__efs�`iffiq*oj�][ffm�q_l_�g[^_�ni�[mm_mm�nb_�

mj__^�i `�ko_mncihh[cl_�^cmnlc\oncih�[h^�ni�^_n_lgch_�qb_nb_l�]fchc]m�q_l_�_h]iohn_lcha�

[hs�^c``c]ofnc_m+� N_]_jncihcmnm�l_jiln_^�hi�j[lnc]of[l�^cOc]ofnc_m�ch�[^gchcmn_lcha�nb_�

molp_s)�[h^�nb[n�nb_�l_mjihm_�i `�nb_�jo\fc]�q[m�a_h_l[ffs�kocn_�jimcncp_+� I[hs�]ih`_mm_^�

nb[n�nb_s�^c^�hin�b[p_�ncg_�ni�i``_l�nb_�ko_mncihh[cl_�qb_h�nb_�l_]_jncih�[l_[�q[m�\oms)�

\on�nb_s�q_l_�l_[mmol_^�nb[n�nbcm�q[m�hin�[�jli\f_g�[m�fiha�[m�ih_�`ilg�q[m�jon�[mc^_�`il�

_[]b�^ia�m__h�\s�nb_�jl[]nc]_+
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/',� 9QdQ�BQ^QWU]U^d

=ff�ko_mncihh[cl_m�q_l_�]i^_^�[h^�_hn_l_^�chni�Mo[nnli�Lli�3+-�%?il_f�?iljil[ncih�

Hcgcn_^)�Knn[q[)�Khn[lci)�?[h[^[&�\s�ih_�ch^cpc^o[f� Sb_h_p_l�[�^iaÖm�\l__^�q[m�

gcmmcha)� cn�q[m�]i^_^�[m�i`�Égcr_^�il�ohmj_]c`c_^�\l__^Ñ+� Lol_\l_^�^iam�q_l_�]f[mmc`c_^�

chni� ..-�^c``_l_hn�\l__^m)� ch]fo^cha�[^^cncih[f�][n_ailc_m�`il�Éjii^f_m�i`�ohmj_]c`c_^�mct_�

il�nsj_Ñ�[h^�`il�Ébomec_mÑ+� =g_lc][h�[h^�Ahafcmb�]i]e_l�mj[hc_fm�q_l_�]f[mmc`c_^�[m�ih_�

alioj)�[m�hin�[ff�iqh_lm�g[^_� nbcm�^cmnch]ncih�qb_h�l_]il^cha�\l__^+� Sb_l_�nb_�^c`f`_l_hn�

mct_�nsj_m�mo]b�[m�Égchc[nol_Ñ�il�Émn[h^[l^Ñ�q_l_�hin�acp_h�\s�nb_�iqh_l)�nb_�^ia�q[m�

]f[mmc`c_^�[]]il^cha�ni�cnm�q_cabn)� c`�acp_h)�[h^�nb_�\l__^�mn[h^[l^+� Pbcm�mcno[ncih�i]]oll_^�

ch`l_ko_hnfs)�[h^�ihfs�[jjfc_^�ni�[hcg[fm�i`�nb_�jii^f_)� m]bh[ot_l)� [h^�^[]bmboh^�\l__^m+

On[ncmnc][f�[h[fsmcm�q[m�[]]igjfcmb_^�qcnb�Ehn_l]iif_^�OP=P=�2+-�mi`nq[l_�%On[n[�

?iljil[ncih)�?iff_a_�On[ncih)�P_r[m)�Q+O+=+&+� Pb_�[mmi]c[ncih�\_nq__h�a_h^_l�[h^�h_on_l�

mn[nom�q[m�n_mn_^�omcha�]ihncha_h]s�n[\f_�]bc*mko[l_�[h[fsmcm�%Cf[hnt)� .66/)�jj+�..-*.21&+�

K^^m�l[ncim�q_l_�][f]of[n_^�ni�_r[gch_�nb_�[mmi]c[ncihm�\_nq__h�biom_nl[chcha�mo]]_mm)�

]igg[h^�nl[chcha)�[h^�\cncha�%Bf_n]b_l�_n�[f+)� .655)�jj+�.62*.65&+� Eh�il^_l�ni�c^_hnc`s�

jin_hnc[f�lcme�`[]nilm�`il�\cncha�\_b[pciol)� nqi�]igj[lcmih�aliojm�q_l_�m_f_]n_^�`lig�nb_�

jijof[ncih+� Pb_�g_g\_lm�i`�nb_�`clmn�alioj�q_l_�^iam�i `�[n�f_[mn� .� s_[l�i`�[a_�qbc]b�

q_l_�l_jiln_^�ni�b[p_�\cnn_h�[�g_g\_l�i`�nb_�biom_bif^+� Pb_�m_]ih^�alioj�q[m�

]igjim_^�i`�hih*[aal_mmcp_�^iam�i`�[n�f_[mn� .� s_[l�i `�[a_�`il�qbc]b�nb_�iqh_l�b[^�

l_]il^_^�[�h_a[ncp_�l_mjihm_�ni�[ff�0� ko_mncihm�ih�[aal_mmcih�%aliqfcha)�jimm_mmcp_)� [h^�

\cncha�\_b[pciol&+� Lin_hnc[f�lcme�`[]nilm�`il�mj_]c`c]�\_b[pciolm�q_l_�g_[mol_^�\s�i^^m

.+



l[ncim�qcnb�0-!�]ih`c^_h]_�chn_lp[fm+� Iofncjf_�fiacmnc]�l_al_mmcih�n_]bhcko_m�q_l_�om_^�ni�

^_n_lgch_�nb_�l_f[ncihmbcj�\_nq__h�p[lciom�[mj_]nm�i`�\_b[pciol�[h^�l_jli^o]ncp_�mn[nom+�

=m�chn[]n�`_g[f_�^iam�b[^�nb_�fiq_mn�l_jiln_^�f_p_fm�i`�[ff�`ilgm�i `�[aal_mmcih)�nb_s�q_l_�

m_f_]n_^�[m�nb_�\[m_fch_�jijof[ncih�`il�]igj[lcmih+� Pb_�Dimg_l*H_g_mbiq�aii^h_mm*i`*�

`cn�n_mn)�qcnb�]ip[lc[n_�j[nn_lhm�^cpc^_^�chni� .-�aliojm)�q[m�om_^�ni�^_n_lgch_�nb_�

[^_ko[]s�i`�nb_�gi^_f�`il�biom_nl[chcha�mo]]_mm�l_f[ncp_�ni�l_jli^o]ncp_�mn[nom�[h^�[a_�

%Dimg_l�[h^�H_g_mbiq)� .656)�jj+�.02*.42&+

0+� N_mofnm

+')'� FeUcdY_^^QYbU�S_]`\UdY_^�bQdUc

=�nin[f�i`�063/�ko_mncihh[cl_m�q_l_�oncfct_^�ch�nbcm�molp_s)�i`�qbc]b�0//3�%5.+1"&�q_l_�

]igjf_n_^+� ?igjf_ncih�l[n_m�`il�nb_�]fchc]m�l[ha_^�`lig�[�fiq�i `�.,'(!�d_ �[�bcab�i`�

61+-"+� Pb_�f[la_mn�[h^�\omc_mn�jl[]nc]_�b[^�nb_�fiq_mn�]igjf_ncih�l[n_)�\on�[m�][h�\_�

m__h�ch�P[\f_� .)�hi�]ihmcmn_hn�l_f[ncihmbcj�\_nq__h�]fchc]�mct_�[h^�]igjf_ncih�l[n_�q[m�

`ioh^+� =fnbioab�nb_�l_]_jncihcmnm�q_l_�hin�l_kocl_^�ni�_rjf[ch�qbs�[�ko_mncihh[cl_�q[m�

hin�]igjf_n_^)� ch�mig_�chmn[h]_m�nb_s�l_]il^_^�[�l_[mih�ih�nb_�`ilg+� N_[mihm�acp_h�

q_l_)� nb_�l_]_jncih�[l_[�q[m�nii�\oms)�nb_�^ia�q[m�\_cha�jl_m_hn_^�`il�_onb[h[mc[)� nb_�

^ia�q[m�chdol_^�il�m_lciomfs�cff)�nb_�iqh_l�q[m�nii�ojm_n�il�^cmnl[]n_^�\s�nb_�^ia)�nb_�

iqh_l�b[^�jl_pciomfs�]igjf_n_^�nb_�ko_mncihh[cl_)�il�nb_�iqh_l�l_`om_^�ni�]igjf_n_�nb_�

ko_mncihh[cl_�qb_h�cn�q[m�i``_l_^+� Eh�[�`_q�chmn[h]_m�cn�q[m�l_jiln_^�nb[n�nb_�

ko_mncihh[cl_�]iof^�hin�\_�]igjf_n_^�\_][om_�nb_�]fc_hn�^c^�hin�oh^_lmn[h^�Ahafcmb+

.,



+'*'� 9U]_WbQ`XYS�SXQbQSdUbYcdYSc�_ V�dXU�T_W�̀ _`e\QdY_^

Pb_�l_mjihm_m�ni�_[]b�ko_mncih�[l_�mogg[lct_^�ch�P[\f_�/+� =a_m�i `�nb_�^iam�l[ha_^�`lig

.+/� gihnbm�ni� .5�slm)�[h^�q_l_�l_jiln_^�\s�60+5"�%0-/4&�i `�l_mjih^_hnm+� Bcaol_� .�

cffomnl[n_m�nb_�[a_�^cmnlc\oncih�i ` �̂ iam�jl_m_hn_^�ni�nb_�]fchc]m)�^_gihmnl[ncha�nb[n� .5+2"�

%23.&�i`�nb_�^iam�q_l_�f_mm�nb[h� .� s_[l�i`�[a_)�[�hog\_l�qbc]b�`[l�_r]__^m�nb_�j_l]_hn[a_�

m__h�ch�[hs�inb_l�s_[l�]f[mm+� Scnb�ch]l_[mcha�[a_)� nb_l_�cm�[�al[^o[f�^_]fch_�ch�nb_�hog\_l�

i`�̂ iam�m__h+� Pb_�alioj�i ` �̂ iam�ip_l�.-�s_[lm�i`�[a_�]igjlcm_^� ..+/"�%01-&�i `�nb_�

jijof[ncih)�qcnb�nb_�if^_mn�0� ^iam�\_cha� .5�s_[lm�i`�[a_+� Pb_�[a_�^cmnlc\oncih�i `�[ff�

jol_\l_^�^iam�]ig\ch_^�`iffiq_^�nb_�m[g_�nl_h^�[m�nb[n�`il�[ff�^iam)�\on�nb_l_�q[m�mig_�

\l__^�^cp_lmcns+� Biol�_r[gjf_m�^_gihmnl[ncha�nbcm�p[lc[\cfcns�[l_�mbiqh�ch�Bcaol_�/�qb_l_�

nb_�H[\l[^il�N_nlc_p_l�%gimn�]iggihfs�l_jiln_^�\l__^&)�nb_�Ojlcha_l�Oj[hc_f�%\l__^�

gimn�`l_ko_hnfs�l_jiln_^�ni�b[p_�\cnn_h&)� nb_�Ninnq_cf_l�%\l__^�qcnb�nb_�fiq_mn�jlijilncih�

i`�̂ iam�;.-�s_[lm&)�[h^�nb_�Ichc[nol_�Lii^f_�%\l__^�qcnb�f[la_mn�jlijilncih�i ` �̂ iam�;.-�

s_[lm&�[l_�]igj[l_^+

Pb_�[a_�^cmnlc\oncih�i`�g[f_�p_lmom�`_g[f_�^iam�q[m�l_g[le[\fs�mcgcf[l�%Bca+� 0&�[h^�i`�nb_�

0./1�ko_mncihh[cl_m�ih�qbc]b�nb_�m_r�i`�nb_�^ia�q[m�l_]il^_^)�15�+/"%.2-3&�q_l_�

l_jiln_^�[m�g[f_�[h^�2.+5"%.3.5&�[m�`_g[f_+� J_on_l�mn[nom�q[m�l_jiln_^�`il�/666�^iam)�

4.+3"�i`�qbc]b�q_l_�h_on_l_^+� Ocahc`c][hnfs�gil_�`_g[f_�^iam�q_l_�h_on_l_^�%45+0"&�

nb[h�g[f_�^iam�%31+�f" &%`�9-+--.&+� Bcaol_�1�cffomnl[n_m�nb_�j_l]_hn[a_�i`�h_on_l_^�[h^�

chn[]n�^iam�ch�_[]b�s_[l�]f[mm+� Jin�moljlcmchafs)� chn[]n�^iam�g[e_�oj�nb_�g[dilcns�i`�̂ iam�

f_mm�nb[h�ih_�s_[l�i`�[a_+� >_sih^� .� s_[l�i`�[a_)� nb_�jlijilncih�i`�h_on_l_^�^iam�ch�_[]b

.-



s_[l�]f[mm�ch]l_[m_m�mfcabnfs�qcnb�_[]b�mo]]__^cha�s_[l+

Pb_�^[n[�`il�nb_�gimn�]iggihfs�l_jiln_^�^ia�\l__^m�[l_�mogg[lct_^�ch�P[\f_�0�

%]igjf_n_�\l__^�l[hecham�[l_�ch]fo^_^�ch�=jj_h^cr�>&� Eh]fo^cha�Égcr_^�\l__^Ñ�[m�[�

]f[mmc`c][ncih)�ihfs�m_p_hn__h�\l__^�][n_ailc_m�]ihn[ch_^�[n�f_[mn�02�[hcg[fm)�[fnbioab�

nb_l_�q_l_�[�nin[f�i`�..-�\l__^m�l_jiln_^+� Pb_�f[la_mn�aliojcha�q[m�`il�^iam�i`�gcr_^�il�

ohmj_]c`c_^� \l__^�%06+6")�./54&+� Lol_\l_^�^iam�g[^_�oj�nb_�l_g[chcha�3-+."�%.606&�i`�

[hcg[fm+�H[\l[^il�N_nlc_p_lm�%3+/")�/--&�)�Cif^_h�N_nlc_p_lm�%2+4")� .50&)�C_lg[h�

Ob_jb_l^m�%2+/")� .33&)�[h^�Ob_nf[h^�Ob__j^iam�%1+1")� .1/&�q_l_�\s�`[l�nb_�gimn�

jijof[l�\l__^m�l_]il^_^)�[h^�q_l_�[n� f_[mn�nqc]_�[m�jijof[l�[m�[hs�inb_l�\l__^

Pb_l_�q_l_�0/-.� l_mjihm_m�ni�nb_�ko_mncih�ih�^ol[ncih�i`�iqh_lmbcj+� Pb_�g[dilcns�i`�

^iam�%/140)� 44+0"&�b[^�\__h�iqh_^�`il�[n�f_[mn� .� s_[l+� =�]igj[lcmih�ih�nb_�\[mcm�i`�

\l__^�ch^c][n_m�nb[n�42+4"�i`�gcr_^�\l__^�^iam�[h^�45+0"�i `�[ff�jol_\l_^�^iam�b[^�\__h�

iqh_^�`il�[n�f_[mn� .� s_[l+� K`�nb_� .4�gimn�jijof[l�\l__^m�fcmn_^�\s�iqh_lm)� nb_�Ichc[nol_�

Lii^f_�b[^�nb_�bcab_mn�j_l]_hn[a_�i ` �̂ iam�iqh_^�`il�gil_�nb[h� .� s_[l�[n�64+3")�[h^�nb_�

Oc\_lc[h�Domes�b[^�nb_�fiq_mn�j_l]_hn[a_�[n�22+3"�%P[\f_�0&+

+'+� =_ecUdbQY^Y^W�Q^T�S_]]Q^T�dbQY^Y^W

=giha�nb_�]igjf_n_^�ko_mncihh[cl_m)� l_mjihm_m�ni�ko_mncihm�ih�biom_nl[chcha�[h^�

nl[chcha�ni�j_l`ilg�Énlc]emÑ�q_l_�bcab)� [n�0//0� %66+6"&� [h^�0/./�%66+3"&�l_mj_]ncp_fs+�

Eh]igjf_n_�biom_nl[chcha�q[m�l_jiln_^�\s� ./+/"�i `�l_mjih^_hnm)� [h^�54+0"�i`�iqh_lm

..



l_jiln_^�nb[n�nb_s�b[^�nl[ch_^�nb_cl�^ia�ni�j_l`ilg�mig_�ech^�i `�[�nlc]e�mo]b�[m�ÉmcnÑ�

%nl[chcha�ni�j_l`ilg�[�nlc]e�qcff�\_�l_`_ll_^�ni�[m�É]igg[h^�nl[chchaÑ�ch�nb_�l_g[ch^_l�i `

nbcm�qile&+

Pb_�`l_ko_h]s�i`�ch]igjf_n_�biom_nl[chcha�ch�_[]b�s_[l�]f[mm�cm�cffomnl[n_^�\s�Bcaol_�2+

Jin�moljlcmchafs)�ch]igjf_n_�biom_nl[chcha�q[m�go]b�gil_�]iggih�ch�^iam�f_mm�nb[h� .�

s_[l�i`�[a_)� mo]b�nb[n�[fgimn�b[f`�i`�nbcm�[a_�alioj�q_l_�ch]igjf_n_fs�biom_nl[ch_^�%/23)�

12+6"&+� Qmcha�chn[]n�`_g[f_�^iam�[m�nb_�\[m_fch_�[h^�ch]fo^cha�[a_�ch�nb_�gi^_f�

^_gihmnl[n_^�nb[n�nb_l_�cm�[�mcahc`c][hn�jimcncp_�[mmi]c[ncih�\_nq__h�l_jli^o]ncp_�mn[nom)�

ch]l_[mcha�[a_)� [h^�mo]]_mm`of�il�]igjf_n_�biom_nl[chcha�%P[\f_�1&+� Pb_�alioj�gimn�fce_fs�

ni�\_�mo]]_mm`offs�biom_nl[ch_^�q_l_�nb_�if^_l�h_on_l_^�`_g[f_�^iam�%KN7�/+/3)�62"?E7�

.+/1�ni�1+.0&+

Oig_�i `�nb_�[mmi]c[ncihm�\_nq__h�l_mjihm_m�ni�m_p_l[f�i`�nb_�molp_s� ko_mncihm�[l_�

ionfch_^�ch�P[\f_�2+� Bil�^iam�i`�[n�f_[mn� .� s_[l�i`�[a_)�\_cha�]igg[h^�nl[ch_^�q[m�

mcahc`c][hnfs�[mmi]c[n_^�qcnb�\inb�`_q_l�biom_nl[chcha�jli\f_gm�%KN7� /+60)�62"?E7� .+53�

ni�1+3.&�[h^� qcnb�h_on_lcha�%KN7� .+41)�62"?E7� .+/4�ni�/+04&+� Pb_�i^^m�l[nci�`il�\cncha�ch�

[�^ia�qbc]b�q[m�hin�]igjf_n_fs�biom_nl[ch_^)�omcha�^iam�qbc]b�q_l_�hin�l_jiln_^�ni�

b[p_�mbiqh�[hs�`ilg�i`�[aal_mmcih�[m�nb_�]igj[lcmih�alioj)�q[m� .+51�%62"?E7� .+.3�ni�

/+60&)� ch^c][ncha�nb[n�nb_l_�q[m�[�mcahc`c][hn�[mmi]c[ncih�\_nq__h�nb_m_�nqi�jli\f_gm+�

?igg[h^�nl[chcha�q[m�hin�mcahc`c][hnfs�[mmi]c[n_^�qcnb�qb_nb_l�il�hin�[�^ia�q[m�

l_jiln_^�ni�b[p_�\cnn_h+

./



+','�=_ecUX_\T�QWWbUccY_^

Eh�l_mjihm_�ni�nb_�ko_mncih�ÉD[m�siol�^ia�_p_l�aliqf_^�[n�[hs�g_g\_l�i `�siol�

biom_bif^)�_p_h�c`�sio�nbioabn�b_,mb_�q[m�domn�jf[scha<Ñ)�1.+-"�i`�0/.1�l_mjih^_hnm�

[hmq_l_^�jimcncp_fs+� Cliqfcha�cm�nb_�fiq_mn�f_p_f�i`�[aal_mmcih�qbc]b�cm� _[mcfs�

l_]iahct_^�\s�gimn�iqh_lm+� Pb_�h_rn�ko_mncih)�É@i_m�siol�^ia�_p_l�aliqf�il�mh[j�[n�

[hsih_�qb_h�nb_s�nls�ni�n[e_�[q[s�`ii^)�nism)�il�inb_l�i\d_]nm<Ñ�q[m�[hmq_l_^�jimcncp_fs�

\s�*('.! �i `�0/.4�l_mjih^_hnm+� Pbcm�ko_mncih�l_`_lm�ni�jimm_mmcp_�[aal_mmcih+� Pb_�`ch[f�

ko_mncih)�ÉD[m�siol�^ia�_p_l�\cnn_h�[hs�g_g\_l�i`�siol�biom_bif^)�_p_h�c`�sio�nbche�cn�

g[s�b[p_�b[jj_h_^�\s�[]]c^_hn�qbcf_�jf[scha<Ñ�q[m�[hmq_l_^�jimcncp_fs�\s� .2+3"�i`�

0/.6�l_mjih^_hnm+� Kh]_�[a[ch�[�mj_]c`c]�mcno[ncih�%jf[s&�q[m�g_hncih_^�ni�[nn_gjn�ni�

[pic^�iqh_l�l[ncih[fct[ncih�i`�nb_�^iaÖm�\_b[pciol�[h^�[�mo\m_ko_hn�`[fm_�h_a[ncp_�

l_mjihm_+� Pb_�l_mofnm�ch^c][n_�nb[n�[m�nb_�jin_hnc[f�m_lciomh_mm�i `�nb_�[aal_mmcih�ch]l_[m_m�

%`lig�aliqfcha�ni�mh[jjcha�ni�\cncha&)�nb_�l_jiln_^�`l_ko_h]s�i`�nb_�\_b[pciol�^_]l_[m_m+�

Eh�inb_l�qil^m)�gil_�^iam�aliqf�nb[h�\cn_)� [fnbioab� .5-�iqh_lm�l_mjih^_^�jimcncp_fs�ni�

[ff�0� ko_mncihm�ih�[aal_mmcih+� Pb_�bcab_mn�l_jiln_^�`l_ko_h]s�i`�\cncha�%/1+3"&�i]]oll_^�

ch�^iam�f_mm�nb[h� .� s_[l�i `�[a_�%Bca+� 3&+

Pb_l_�q_l_�hi�mcahc`c][hn�[mmi]c[ncihm�\_nq__h�l_jli^o]ncp_�mn[nom�[h^�[aal_mmcih�ch�^iam�

f_mm�nb[h� .� s_[l�i`�[a_+� Pb_�[mmi]c[ncih�\_nq__h�a_h^_l)�h_on_l�mn[nom)� [h^�aliqfcha�il�

jimm_mmcp_�[aal_mmcih�ch�^iam� X�.�s_[l�i`�[a_�cm�mbiqh�ch�P[\f_�3+� Ehn[]n�g[f_m)�h_on_l_^�

`_g[f_m)�[h^�h_on_l_^�g[f_m�q_l_�n_mn_^�[a[chmn�nb_�\[m_fch_�i`�[aal_mmcih�l_jiln_^�ch�nb_�

chn[]n�`_g[f_�^iam+� Eh�^iam�i`�[n�f_[mn� .� s_[l�i`�[a_)� l_jli^o]ncp_�mn[nom�q[m�mcahc`c][hnfs

.0



[mmi]c[n_^�qcnb�[aal_mmcih+� Eh�[�]igj[lcmih�qcnb�chn[]n�`_g[f_�^iam)� nb_�i^^m�l[ncim�`il�[�

l_jiln�i `�aliqfcha�\_b[pciol�q_l_�mcahc`c][hnfs�ch]l_[m_^�`il�chn[]n�g[f_�^iam�[h^�

h_on_l_^�^iam�i`�\inb�m_r_m�%P[\f_�3&+� Limm_mmcp_�\_b[pciol�mbiqm�[�mcgcf[l�nl_h^�\on�

qcnbion�mn[ncmnc][f�mcahc`c][h]_+

?igj[lcha�\cncha�^iam�ni�nb_�alioj�i ` �̂ iam�qbc]b�b[^�mbiqh�hi�[aal_mmcih�l_p_[f_^�[�

mcgcf[l�jimcncp_�[mmi]c[ncih�qcnb�h_on_lcha�%P[\f_�4&+� Kp_l[ff)�nb_�i^^m�l[nci�`il�[�

h_on_l_^�^ia�b[pcha�\cnn_h�q[m� .+24�%62"?E8� .+./�ni�/+.6&+� Eh�[^^cncih)� chn[]n�g[f_�^iam�

q_l_�nqc]_�[m�fce_fs�ni�b[p_�\cnn_h�%KN+/+-1)� 62"?E� .+-4�ni�0+55&�l_f[ncp_�ni�chn[]n�`_g[f_�

^iam+� =�mcgcf[l�f_p_f�i`�\cncha�\_b[pciol�q[m�l_jiln_^�`il�h_on_l_^�`_g[f_�^iam�%KN�/� .0)�

62"?E7�.+/.� ni�0+42&+� J_on_l_^�g[f_�^iam�q_l_�nb_�gimn�fce_fs�ni�\_�l_jiln_^�[m�b[pcha�

\cnn_h�%KN80+/0)� 62"?E7�.+50� ni�2+4.&+� Eh�inb_l�qil^m)� nb_�i^^m�i `�[�l_jiln�i `�\cncha�ch�[�

h_on_l_^�g[f_�^ia�q_l_�gil_�nb[h�nbl__�ncg_m�bcab_l�nb[h�nb[n�`il�[h�chn[]n�`_g[f_�^ia+

Pb_�ch]fomcih�i `�[a_�ch�nbcm�gi^_f�^i_m�hin�[fn_l�nb_�mcahc`c][h]_�il�nl_h^�i `�nb_�l_mofnm+�

>i^s�q_cabn�q[m�^_fc\_l[n_fs�f_`n�ion�i `�nb_�[h[fsmcm�^o_�ni�nb_�f[la_�[giohn�i`�gcmmcha�

^[n[�`il�nbcm�j[lnc]of[l�p[lc[\f_+� Eh]fo^cha�q_cabn�l_^o]_m�nb_�m[gjf_�mct_�[p[cf[\f_�`il�

][f]of[ncihm�\s�[jjlircg[n_fs�ih_*nbcl^+�Pb_�_``_]n�i `�q_cabn)�biq_p_l)�^i_m�[jj_[l�ni�\_�

mcahc`c][hn+� E`�q_cabn�cm�ch]fo^_^�ch�nb_�gi^_f)� ch]l_[mcha�\i^s�mct_�l_^o]_m�nb_�i^^m�i`�

\cncha�%KN�-+65)�62"?E7-+64�ni�-+66&)�qbcf_�nb_�lcme�[mmi]c[n_^�qcnb�a_h^_l�[h^�h_on_lcha�

l_g[chm�_mm_hnc[ffs�oh]b[ha_^+

.1



MVWaZ� ,
Pb_�hog\_l�i `�ko_mncihh[cl_m�i``_l_^�ni�]fc_hnm�il�jon�[mc^_�oh]igjf_n_^)�[h^�nb_�hog\_l�
[]no[ffs�]igjf_n_^�ch�_[]b�i`�/-�j[lnc]cj[ncha�]fchc]m�chpifp_^�ch�[�molp_s�i`�nb_�iqh_lm�i `�
][hch_�j[nc_hnm�ch�I[s*Fofs� .663�ch�g[lcncg_�?[h[^[$� ?fchc]m�[l_�miln_^�\s�nb_�hog\_l�i`�
ko_mncihh[cl_m�i``_l_^+

H[[ZgZY <dbeaZiZY "�<dbeaZiZY

/34 .,. 1/)+

/.+ .0- 3,)4

.0+ .,/ 34)2

-2+ -.1 32)/

-02 ,20 13),

-0+ --3 4,)-

-,+ ,03 20)-

,32 ,/- 20)4

,31 ,12 34)3

,20 ,1- 4-)1

,1+ ,,. 2+)1

,03 ,.- 3.)0

,// ,.0 4.)3

,/+ ,-. 32)4

,.+ ,,0 33)0

,,1 ,+4 4/)+

,,- 4- 3-),

4+ 3+ 33)4

0/ /0 3.).

0/ .0 1/)3

MdiVa� .41- .--1 3,)/

#�FVg^i^bZ�<VcVYV�^h�XdbedhZY�d [�i]Z�egdk^cXZh�d [�GZl�;gjchl^X`'�GdkV�LXdi^V'�VcY�Ig^cXZ�>YlVgY�
BhaVcY)

.2



MVWaZ�-
Oogg[ls�i `�nb_�l_mjihm_m�ni�ko_mncihh[cl_m�]igjf_n_^�\s�nb_�iqh_lm�i`�0//3�][hch_�
j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs�.663+'

OVg^VWaZ "KZhedchZ KZhjaih�$c%

LZm 41)3 [ZbVaZ5�0,)3"�$,1,3%

;gZZY&t ,++ ejgZWgZY5�1+),"�$,4.4%

GZjiZgZY 4-)2 cZjiZgZY5�2,)1"�$-,/2%

PZ^\]i 11)+ bZY^Vc5�-,).�`\�$-,+3%�
gVc\Z5�+)-.� id�4+)3�`\

:\Z 4.)3 bZY^Vc5�/�nZVgh�$.+-2%�
gVc\Z5� ,)-�bdci]h�id� ,3�nZVgh

=jgVi^dc�d [�dlcZgh]^e 44)- 6,� bdci]5� .)3"�$,-.%
,� id� ,,� bdci]h5� ,3)4"�$1+0%
/�,� nZVg5� 22)."�$-/2.%

Bh�ndjg�Yd\�XdbeaZiZan�]djhZigV^cZY9 44)4 nZh5� 32)3"�$-3.,%

AVkZ�ndj�igV^cZY�ndjg�Yd\�id�Yd�Vcn�
ig^X`h�hjX]�Vh�qh^ir9

44)1 nZh5� 32)."�$-3+/%

AVh�ndjg�Yd\�ZkZg�\gdlaZY�Vi�Vcn�
bZbWZg�d [�ndjg�]djhZ]daY'�ZkZc�^[�ndj�
i]dj\]i�]Z*h]Z�lVh�_jhi�eaVn^c\9

44)1 nZh5�/,)+"�$,.,2%

=dZh�ndjg�Yd\�ZkZg�\gdla�dg�hcVe�Vi�
VcndcZ�l]Zc�i]Zn�ign�id�iV`Z�VlVn�[ddY'�
idnh'�dg�di]Zg�dW_ZXih9

44)2 nZh5� -+)1"�$11.%

AVh�ndjg�Yd\�ZkZg�W^iiZc�Vcn�bZbWZg�d[�
ndjg�]djhZ]daY'�ZkZc� ^[ �ndj�i]^c`�^i�bVn�
]VkZ�]VeeZcZY�Wn�VXX^YZci�l]^aZ�
eaV_^c\9

44)3 nZh5� ,0)1"�$0+.%

=d�ndj�Xdch^YZg�ndjg�Yd\�id�WZ�V�
bZbWZg�d [�ndjg�[Vb^an9

44)4 nZh5� 44)."�$.-+-%

#�hZZ�:eeZcY^m�:�[dg�dg^\^cVa�fjZhi^dccV^gZ�[dgbVi�
#� hZZ�:eeZcY^m�;�[dg�XdbeaZiZ�WgZZY�YViV

.3



3--� *

2--� *

1--� *
o
]
}0--� *
K$
|
o+

/--� *

.--� *

Jog\_l�i`�^ia_

l _ [ l �]f[__

Bca+� .+�Pb_�[a_�^cmnlc\oncih�i`�̂ iam�ch�[�molp_s�i `�][hch_�j[nc_hnm�m__h�\s�/-�p_n_lch[ls�
jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs� .663�%h:0-/4&+

.4



c&Iimn�`l_ko_hnfs�l_jiln_^�\l__^7 cc&>l__^�gimn�`l_ko_hnfs�l_jiln_^�ni�b[p_�\cnn_h7

=J^i`fc� %h;0?04;

H[\l[^il�Ninlcip]l�%h'�.-2&

l_[l�] f[ cn

.Çl
5� -� nK;.@

=ff�^ian�%h:0-/4&�
Ojlcha_l�Oj[hc_f�%h*30&

�! 

,� B� B� g� g� g ( g ( � �̂ �̂
9 . . / 0 1 2 3 4 5 6 � .-;.-�

U_[l�]c[[[

fcc&>l__^�qcnb�nb_�mg[ff_mn�jlijilncih�i`�^iam�
;.-�s_[lm�i`�[a_�l_jiln_^7

cp&>l__^�qcnb�nb_�f[la_mn�jlijilncih�i`�^iam�
;.-�s_[lm�i`�[a_�l_jiln_^7

)� =ff� ^iam� %h:0-/4&�
D � Ninnq_cf_l� %h:21&

6, � , O� 6 � . - ; . -

=E�^iam� %h;0-/4&�

Ichc[nol_� Lii^f_� %h;1.&

U_[l�]f[mm
.-� ;.-

Bca+� /+� =a_�^cmnlc\oncih�`il�`iol�m_f_]n_^�\l__^m�%H[\l[^il�N_nlc_p_l)� Ojlcha_l�Oj[hc_f)�
Ninnq_cf_l)� [h^�Ichc[nol_�Lii^f_&�[m�]igj[l_^�ni�nb_�[a_�^cmnlc\oncih�`il�[ff�^iam+� @[n[�
q[m�]iff_]n_^�`lig�[�molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�m__h�\s�/-�p_n_lch[ls�
jl[]nc]_m�ch�gtocncg_�?[h[^[�ch�I[s*Fofs�.663+

/+



.--

U[[l�]f[mm

Bca+� 0+�Pb_�j_l]_hn[a_�i `�g[f_�[h^�`_g[f_�^iam�ch�_[]b�s_[l�]f[mm�i `�nb_�jijof[ncih+� @[n[�
q[m�]igjcf_^�`lig�[�molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�m__h�\s�/-�p_n_lch[ls�
jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs� .663+� A[]b�\[l�j[cl�nin[fm�ni� .--"�%h:0./1&+

/,



. - - � *.

5 - � *

3 - � *

Åi
o � 1 - � Ç[+

-+

J_on_l_^ Ehn[]n

U_[l�]f[mm

^

E

3 ,+ � 8,+O

Bca+�1+�Pb_�j_l]_hn[a_�i`�h_on_l_^�[h^�chn[]n�^iam�ch�_[]b�s_[l�]f[mm�i`�nb_�jijof[ncih+�
@[n[�q[m�]igjcf_^�`lig�[�molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�
p_n_lch[ls�jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs� .663+� A[]b�\[l�j[cl�nin[fm�ni� .--"�
%h:/666&+

/-



MVWaZ�.
?b[l[]n_lcmnc]m�i` �̂ ia�\l__^m�`il�qbc]b�02�il�gil_�ch^cpc^o[fm�q_l_�l_jiln_^+� @[n[�q[m�
]igjcf_^�`lig�[�molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�
jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs� .663+

;gZZY c
"

?ZbVaZ
"

GZjiZgZY
"�

HlcZY�
^ �,�nZVg

"�;^iiZc&

o�,�nZVg�
d [�V\Z

6,�nZVg�d [ �
V\Z�$c% 

F^)SZY�dg�jcheZX^[^ZY�WgZZY ,-32 0.)+ 31)/ 20)2 ,/)1 -0)2 $-.2%

EVWgVYdg�KZig^ZkZg -++ 0/), 3-), 2,)+ 4). .1)2 $/4%

@daYZc�KZig^ZkZg ,3. /2)- 24)1 23)2 2)4 -0)3 $.,%

@ZgbVc�L]Ze]ZgY ,11 /3)/ 1/)4 2-), 4)2 .,). $.-%

L]ZiaVcY�L]ZZeYd\ ,/- /1)/ 23)+ 3/)0 1). ,0)/ $,.%

<dX`Zg�LeVc^Za 21 0,)/ 30)0 3/)- 2)0 ..). $4%

Leg^c\Zg�LeVc^Za# 10 1+)4 23)1 3,)0 -1)3 00)1 $4%

Mdn�IddYaZ 02 1.)- 3.)+ 31)3 ,+)+ + $1%

KdiilZ^aZg 00 0-)3 1.)4 1+)+ ,1)2 ,0)3 $,4%

L]^]�Moj 0/ /+)2 4+)+ 2/), --)+ ,0)/ $,.%

;ZV\aZ 0+ /.)3 0.)2 3+)+ /)2 -3)1 $2%

F^c^VijgZ�IddYaZ /. 03), 32)0 42)1 4)0 + $B%

E]VhV�:ehd /, /0)+ 23)3 3+)+ ..). + $,%

Rdg`h]^gZ�MZgg^Zg .3 /3)1 30). 4/)1 ,.)0 + $,%

L^WZg^Vc�Ajh`n .1 1,)3 21)- 00)1 4), 2), $,/%

=dWZgbVc�I^chX]Zg .0 0/). 3.). 13)1 ,0)/ ,,), $4%

F^c^VijgZ�LX]cVjoZg .0 .,)/ 22)/ 33)- 1). + $.%

MHM:E'�Vaa�ejgZWgZY�Yd\h ,4.4 0,)+ 22). 23). ,.)- -.)3 $.-.%

MHM:E'�Vaa�Yd\h�^c�hijYn .--1 0-)3 3+)3 22). ,.)2 -/)1 $01+%

&�eZgXZciV\Z�d [�Yd\h�l^i]^c�ZVX]�V\Z�\gdje� ,�nZVg�dg�6,�nZVg%�VcY�l^i]^c�ZVX]�WgZZY�l]^X]�lZgZ�
gZedgiZY�id�]VkZ�W^iiZc�V�bZbWZg�d[�i]Z�]djhZ]daY)
$c%�ZfjVah�i^gZ�cjbWZg�d [�Yd\h�^c�ZVX]�WgZZY�\gdje�l]^X]�VgZ�aZhh�i]Vc� B�nZVg�d [ �V\Z)�
WgZZY�bdhi�[gZfjZcian�gZedgiZY�id�]VkZ�W^iiZc�l]Zc�Vaa�V\Z�\gdjeh�VgZ�XdbW^cZY)

/.



2-

1-

)0-

2� /-� D�
[

.-� *

Eh]igjf_n_fs�biom_nl[ch_^

g[
E

2� 3� 4
U_[l�]f[mm

.-� ;.-

Bca+� 2+�Pb_�j_l]_hn[a_�i `�ch]igjf_n_fs�biom_nl[ch_^�^iam�ch�_[]b�s_[l�]f[mm�i `�nb_�
jijof[ncih+� Pb_l_�q_l_�06/�^iam�ion�i`�[�nin[f�i`�0//3�ch�nb_�mno^s�`il�qbc]b�nb_�iqh_lm�
l_jiln_^�nb[n�biom_nl[chcha�q[m�ch]igjf_n_+� @[n[�q[m�]igjcf_^�`lig�[�molp_s�i`�nb_�
iqh_lm�i `�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*�
Fofs� .663+

//



MVWaZ�/
Hiacmnc]�l_al_mmcih�gi^_f�`il�`[]nilm�[mmi]c[n_^�qcnb�]igjf_n_�biom_nl[chcha�ch�^iam�i `�[n�
f_[mn� .� s_[l�i `�[a_+�@[n[�q[m�[h[fst_^�ch�[�]igj[lcmih�qcnb�chn[]n�`_g[f_�^iam+� N_mofnm�
q_l_�]igjcf_^�`lig�[�molp_s�i`�nb_�iqh_lm�i `�nb_�][hch_�j[nc_hnm�i `�/-�p_n_lch[ls�
jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs� .663�%h:/031&+

OVg^VWaZ <dZ[[^X^Zci IgdWVW^a^in HYYh�gVi^d 40"<B&

BciZgXZei ,)401

BciVXi�bVaZ +)++. +)44- ,)++ +)0-(,)4/

GZjiZgZY�bVaZ +)03/ +)+02 ,)24 +)43(.)-2

GZjiZgZY�[ZbVaZ +)3,2 +)++3 -)-1 ,)-/(/),.

:\Z�$n�ZVgh% +),+0 +)++, ,,, ,)+0(,),3

AdhbZg(EZbZh]dl \ddYcZhh(d[([^i�"o70)+/) Y)[)73'�I7+)20

#�40"�Xdc[^YZcXZ�^ciZgkVa

/0



MVWaZ�0
K^^m�l[ncim�%KN&�[h^�62"�]ih`c^_h]_�chn_lp[fm�%62"?E&�`il�mcahc`c][hn�[mmi]c[ncihm�
\_nq__h�l_mjihm_m�ni�ko_mncihm�ih�h_on_l�mn[nom)�biom_nl[chcha)� ]igg[h^�nl[chcha)� [h^�
\cncha�\_b[pciol�ch�^iam�i `�[n�f_[mn� .� s_[l�i`�[a_� @iam�qbc]b�b[^�\cnn_h�q_l_�]igj[l_^�
ni�^iam�qbc]b�q_l_�hin�l_jiln_^�ni�b[p_�mbiqh�[hs�[aal_mmcih+� @[n[�q[m�]iff_]n_^�ch�[�
molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�jl[]nc]_m�ch�g[lcncg_�
?[h[^[�ch�I[s*Fofs� .663+

:hhdX^Vi^dch�WZilZZc�fjZhi^dccV^gZ�gZhedchZh c HK 40"<B

<dbbVcY�igV^cZY�VcY�cZjiZgZY -./- ,)2/ ,)-2(-).2

<dbbVcY�igV^cZY�VcY�XdbeaZiZan�]djhZigV^cZY -/00 -)4. ,)31(/)1,

A^hidgn�d[�Wdi]�W^i^c\�VcY�^cXdbeaZiZ�]djhZigV^c^c\ ,04. ,)3/ ,),1(-� 4.

/1



/ 2 � *E
N_jiln_^ �ni� b[p_ � \cnn_h

Å , + *

U_[l�]f[mm
.-� ;.-

Bca+� 3+� Pb_�j_l]_hn[a_�i`�̂ iam�ch�_[]b�s_[l�]f[mm�qbc]b�q_l_�l_jiln_^�ni�b[p_�\cnn_h�[�
g_g\_l�i `�nb_�biom_bif^+�Pb_l_�q_l_� .05�l_jilnm�i `�\cncha�ch�^iam�f_mm�nb[h� .� s_[l�i `�[a_)�
[h^�5-�l_jilnm�i`�\cncha�ch�^iam�al_[n_l�nb[h� .-�s_[lm�i `�[a_+� @[n[�q[m�]iff_]n_^�ch�[�
molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�jl[]nc]_m�ch�g[lcncg_�
?[h[^[�ch�I[s*Fofs� .663�%h:0//3&+

/2



MVWaZ�1
=�]igj[lcmih�i`�nb_�i^^m�l[ncim�%KN&�[h^�62"�]ih`c^_h]_�chn_lp[fm�%62"?E&�`il�[�
l_jiln_^�bcmnils�i`�aliqfcha�il�jimm_mmcp_�[aal_mmcih�ch�^iam�i`�[n�f_[mn� .�s_[l�i `�[a_+�
N_mofnm�[l_�\[m_^�ih�[�]igj[lcmih�qcnb�chn[]n�`_g[f_�^iam+�@[n[�q[m�]igjcf_^�`c$ig�[�
molp_s�i `�nb_�iqh_lm�i `�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�jl[]nc]_m�ch�g[lcncg_�
?[h[^[�ch�I[s*Fofs�.663+

@gdla^c\�$c7-.04% IdhhZhh^kZ�$c7-.1-%

KZegdYjXi^kZ�hiVijh HK 40"<, HK 40"<,

BciVXi�bVaZ -)+0 ,).3(.)+. +)43 +)1-(,)00

GZjiZgZY�[ZbVaZ -),0 ,)0.(.)+- ,),2 +)3+(,)2,

GZjiZgZY�bVaZ -)/4 ,)21(.)0, ,)/, +)41(-)+2

/3



MVWaZ�2
K^^m�l[ncim�%KN&�[h^�62"�]ih`c^_h]_�chn_lp[fm�%62"?E&�`il�^iam�qcnb�[�bcmnils�i `�\cncha�
[�biom_bif^�g_g\_l�[m�]igj[l_^�ni�^iam�qcnb�hi�bcmnils�i`�aliqfcha)�jimm_mmcp_�
[aal_mmcih)�il�\cncha�^cl_]n_^�niq[l^�[�biom_bif^�g_g\_l�%h:.2/0&+�?[f]of[ncihm�[l_�
\[m_^�ih�^iam�i`�[n�f_[mn�ih_�s_[l�i `�[a_�ch�[�]igj[lcmih�qcnb�chn[]n�`_g[f_�^iam+�@[n[�
q[m�]igjcf_^�`lig�[�molp_s�i`�nb_�iqh_lm�i`�][hch_�j[nc_hnm�jl_m_hn_^�ni�/-�p_n_lch[ls�
jl[]nc]_m�ch�g[lcncg_�?[h[^[�ch�I[s*Fofs� .663+

;^i^c\

KZegdYjXi^kZ�hiVijh HK 40"<B

BciVXi�bVaZ -)+/ ,)+2(.)33

GZjiZgZY�[ZbVaZ -),. ,)-,(.)20

GZjiZgZY�bVaZ .)-. ,)3.(0)2,

/4



1+� @cm]ommcih

Pb_�jlcg[ls�i\d_]ncp_�i`�nbcm�molp_s�q[m�ni�jli^o]_�[�mno^s�jijof[ncih�`il�[h�

chp_mnca[ncih�i `�][hch_�biom_bif^�[aal_mmcih8�[h^�nb_�joljim_�i `�nb_�ko_mncihh[cl_�q[m�ni�

jlipc^_�[�m_hmcncp_�g_nbi^�i ` �̂ _n_]ncha�[hs�`ilg�i ` �\cncha�\s�nb_�^iam)�hin�ni�jlipc^_�

^_n[cf_^�ch`ilg[ncih�ih�\_b[pciol+� Ap_h�mo]b�[�\lc_`�ko_mncihh[cl_)�biq_p_l)�b[m�

^_fcp_l_^�[h�chn_l_mncha�jc]nol_�i`�nb_�]b[l[]n_lcmnc]m�[h^�\_b[pciol�i`�][hch_�j[nc_hnm�ch�

Jip[�O]inc[)�J_q�>lohmqc]e)�[h^�Llch]_�A^q[l^�Emf[h^+

,')� Dg^Ub�S_]`\YQ^SU�Q^T�S_^cYTUbQdY_^c�V_ b �RYQc

Pb_�jijof[ncih�i`�̂ iam�]igjcf_^�\s�nbcm�molp_s�cm�[�mo\m_n�i`�nb_�l_[f�jijof[ncih�i`�̂ iam�

ch�nbcm�l_acih+� En�l_jl_m_hnm�nbim_�^iam�\_fihacha�ni�iqh_lm�qcnb�[n�f_[mn�mig_�^_mcl_�ni�

om_�p_n_lch[ls�m_lpc]_m�[h^�b[pcha�[]]_mm�ni�nbim_�m_lpc]_m)�[h^�^_gihmnl[n_m�nb_�bcab_l�

`l_ko_h]s�i`�p_n_lch[ls�pcmcnm�`il�^iam�f_mm�nb[h� .� s_[l�i`�[a_+� >_][om_�m_lciomfs�

[aal_mmcp_�^iam�g[s�\_�l_fchkocmb_^�il�_onb[hct_^)�il�mcgjfs�g[s�hin�\_�n[e_h�ni�nb_�

p_n_lch[lc[h)� cn�cm�jimmc\f_�nb[n�nb_�g[nol_�^iam�ch�iol�mno^s�l_jl_m_hn�[�É]f_[h_^*ojÑ�

jijof[ncih�i`�[hcg[fm+� S_�q_l_�oh[\f_�ni�jl_^c]n�[n�nb_�ionm_n�qb[n�f_p_f�i `�\cncha�

\_b[pciol�q_�qiof^�^_n_]n�qcnb�nbcm�nsj_�i`�molp_s)�[m�nb_�f_p_f�i`�[aal_mmcih�ch�nb_�

a_h_l[f�^ia�jijof[ncih�cm�[h�ohehiqh)�[h^�nb_l_�q[m�[h�_rj_]n[ncih�nb[n�iqh_lm�gcabn�\_�

p_ls�l_fo]n[hn�ni�l_jiln�nbcm�ech^�i `�\_b[pciol�ih�[�ko_mncihh[cl_�nb[n�q[m�hin�[hihsgiom+�

Ap_h�mi)�nb_�hog\_l�i`�j_ijf_�l_jilncha�nb[n�nb_cl�^ia�b[^�\cnn_h�q[m�mo\mn[hnc[f�[n�

.2+3"+

Pb_�l_mofnm�ch^c][n_�nb[n�p_n_lch[lc[hm� ch�a_h_l[f�jl[]nc]_�[l_�qcffcha�ni�j[lnc]cj[n_�ch�nbcm

0+



nsj_�i`�l_m_[l]b)�[h^�nb[n�^ia�iqh_lm�][h�\_�l_fc_^�ojih�ni�]igjf_n_�mcgjf_�

ko_mncihh[cl_m�ch�nb_�bimjcn[f�m_nncha+� =fnbioab�nb_�]fchc]�l_]_jncihcmnm�q_l_�hin�l_kocl_^�

ni�l_]il^�[�l_[mih�`il�[hs�ko_mncihh[cl_�hin�\_cha�]igjf_n_^)� mig_�^c^�mi�[hsq[s+� Eh�

g[hs�][m_m)� l_]_jncihcmnm�q_l_�[n�ncg_m�mcgjfs�nii�\oms�qcnb�inb_l�qile�ni�i``_l�nb_�`ilg+�

En�cm�jimmc\f_�nb[n�mn[``�q_l_�gil_�gincp[n_^�ni�i``_l�nb_�ko_mncihh[cl_�c`�nb_�]fc_hn�

[jj_[l_^�`lc_h^fs)�[jjli[]b[\f_)�il�hin�ch�[�bolls+� R_ls�`_q�ko_mncihh[cl_m�q_l_�[]no[ffs�

l_jiln_^�ni�b[p_�\__h�l_`om_^�\s�iqh_lm+� L_ijf_�qbi�n[e_�nb_cl�j_n�ni�[�p_n_lch[lc[h�[l_�

fce_fs�ni�b[p_�l_f[ncp_fs�gil_�jimcncp_�[nncno^_m�niq[l^�cmmo_m�i `�[hcg[f�b_[fnb�[h^�

nb_l_`il_�g[s�\_�gincp[n_^�ni�[mmcmn�ch�[�jlid_]n�i `�nbcm�h[nol_+� Pb_�\innf_h_]e�ch�

]igjfc[h]_�m__g_^�ni�\_�nb_�ncg_�l_kocl_^�`il�[�mn[``�g_g\_l�ni�[^gchcmn_l�nb_�`ilg�il�

_rjf[ch�nb_�joljim_�i`�nb_�l_m_[l]b)�hin�iqh_l�qcffchah_mm+� =m�[�]ihm_ko_h]_)� nb_l_�

mbiof^�hin�\_�[�m_lciom�\c[m�ch�nbcm�^[n[�m_]ih^[ls�ni�nb_�iqh_l�[nncno^_m�il�ni�nb_�^iam�

b[pcha�jl_*_rcmncha�\_b[pciol�jli\f_gm+

En�cm�jimmc\f_�nb[n�mig_�mo\*aliojm�q_l_�oh^_l*l_jl_m_hn_^�c`�nb_l_�q[m�[h�ohc^_hnc`c_^�

`[]nil�qbc]b�l_^o]_^�nb_�fce_fcbii^�i`�nb_cl�\_cha�n[e_h�ni�nb_�p_n_lch[lc[h+� @iam�qbc]b�

b[^�[h�ohomo[ffs�fiq�f_p_f�i`�b_[fnb�jli\f_gm)�il�gil_�jli\[\fs)�^iam�qbc]b�iqh_lm�

`ioh^�^c``c]ofn�ni�n[e_�ch�nb_�][l)�il�chni�ohomo[f�mcno[ncihm)�g[s�b[p_�\__h�n[e_h�ni�nb_�

p_n_lch[lc[h�f_mm�`l_ko_hnfs�nb[h�nb_�[p_l[a_+� K`�]ih]_lh�ch�nbcm�l_m_[l]b�cm�nb_�jimmc\cfcns�

nb[n�[aal_mmcp_�^iam�gcabn�hin�\_�jl_m_hn_^�ni�nb_�p_n_lch[lc[h�[m�`l_ko_hnfs�[m�hih*�

[aal_mmcp_�^iam+� Bil�[�p[lc_ns�i `�l_[mihm)�mo]b�[m�[h�iqh_lÖm�ohqcffchah_mm�ni�[^gcn�nb_cl�

^ia�b[m�[�\_b[pciol�jli\f_g)�il�nb_�l_^o]_^�jl_m_hn[ncih�i`�[aal_mmcp_�^iam�ni�

p_n_lch[lc[hm)� cn�cm�jimmc\f_�nb[n�nb_�j_l]_hn[a_�i`�̂ iam�l_]il^_^�[m�[aal_mmcp_�ch�iol

0,



molp_s�cm�[h�oh^_l*_mncg[n_�i`�nb_�nlo_�mcno[ncih+� Bil�nb_�m[g_�l_[mihm)�biq_p_l)� cn�qiof^�

\_�p_ls�cgjli\[\f_�nb[n�q_�qiof^�b[p_�jli^o]_^�[h�ip_l*_mncg[ncih�i`� [aal_mmcp_�

\_b[pciol+

,'*� 9U]_WbQ`XYS�SXQbQSdUbYcdYSc�_ V�dXU�cdeTi�̀ _`e\QdY_^

Pb_�l_f[ncp_fs�f[la_�hog\_l�i`�̂ iam�f_mm�nb[h� .� s_[l�i`�[a_�_h]iohn_l_^�ch�iol�molp_s�

l_`f_]nm�nb_�bcab_l�pcmcn[ncih�l[n_�ni�nb_�p_n_lch[lc[h�`il�^iam�ch�nbcm�[a_�alioj� Nionch_�

p[]]ch[ncih�[h^�h_on_lcha�jlini]ifm�jl_^cmjim_�sioha�^iam�ni�gil_�`l_ko_hn�jl_m_hn[ncih�

ni�p_n_lch[lc[hm+� I[hs�^iam�[l_�[fmi�l_fchkocmb_^�ni�bog[h_�mi]c_nc_m�ch�nb_�`clmn� .� il�/�

s_[lm�i`�iqh_lmbcj�%Icff_l�_n�[f+)� .6638�L[nlih_e�_n�[f+)� .663&)� mi�nb[n�mig_�^iam�m__h�\s�

nb_�]fchc]m�[m�jojjc_m�g[s�hin�l_nolh�ni�nb_�jl[]nc]_�ch�mo\m_ko_hn�s_[lm+

=fnbioab�ch`ilg[ncih�l_a[l^cha�nb_�^_gial[jbc]m�i `�nb_�^ia�jijof[ncih�g[s�\_�i\n[ch_^�

`lig�[hcg[f�mb_fn_lm)�e_hh_f�]fo\m)�[h^�p[lciom�g[le_ncha�aliojm)� l_f[ncp_fs�fcnnf_�cm�ehiqh�

[\ion�nb_�jijof[ncih�i ` �̂ iam�nb[n�[l_�[]no[ffs�n[e_h�ni�p_n_lch[lc[hm+� Eh�nbcm�mno^s)� nb_�

hog\_l�i`�g[f_�[h^�`_g[f_�^iam�q_l_�`[clfs�_ko[f�[h^�nb_�g[dilcns�i`�̂ iam�q_l_�h_on_l_^�

%4.+3"&+� Ocahc`c][hnfs�gil_�`_g[f_�^iam�nb[h�g[f_�^iam�q_l_�h_on_l_^�%45+0"�[h^�

31+."�l_mj_]ncp_fs&+� Pb_�l_mofnm�[l_�p_ls�]fim_�ni�nb_�gi^_f�\s�L[nlih_e�[h^�Cfc]eg[h�

%�.661&)�qbc]b�_mncg[n_m�nb[n�46"�i`�[ff�j_n�`_g[f_�^iam�ch�nb_�Qhcn_^�On[n_m�[l_�mj[s_^+�

Pb_l_�cm�fce_fs�ni�\_�[�al_[n�^_[f�i`�l_acih[f�p[lc[ncih�ch�nb_m_�mn[ncmnc]m+� Bil�_r[gjf_)�

Slcabn�[h^�J_mm_flin_�%.654&�`ioh^�nb[n�ihfs�0-"�i`�[ff�][hch_�j[nc_hnm�q_l_�h_on_l_^�ch�

nb_�][m_fi[^�i`�nbl__�l_`_llcha�jl[]nc]_m�ch�C_ilac[+

0-



I[f_�[h^�`_g[f_�^iam�ch�nbcm�mno^s�`iffiq_^�mcgcf[l�nl_h^m�ch�[a_�^cmnlc\oncih+� J_on_l_^�

^iam�[jj_[l�ni�b[p_�[�fiha_l�fc`_�mj[h)�qbc]b�g[s�[]]iohn�`il�nb_�mfcabnfs�f[la_l�hog\_l�

i ` �̀ _g[f_�^iam�ch�nb_�jijof[ncih+�Pb_l_�[l_�[�hog\_l�i `�l_[mihm�qbs�nb_l_�g[s�\_�[�f[la_l�

jlijilncih�i`�h_on_l_^�^iam�ch�nb_�if^_l�s_[l�]f[mm_m+� J_on_lcha�g[s�nlofs�b[p_�[�

jlin_]ncp_�b_[fnb�_``_]n)�\s�l_^o]cha�^_[nbm�m_]ih^[ls�ni�li[gcha�il�^cm_[m_)�il�cn�g[s�\_�

nb[n�mig_�_``_]n�i`�h_on_lcha�ih�\_b[pciol�g[s�jligin_�l_n_hncih�i `�nb_�j_n�%O[fg_lc�_n�

[f+)� .66�f\8�Jc_fmih�_n�[f+)� .664&+� >l__^_lm�i `�jol_\l_^�^iam�g[s�_f_]n�ni�h_on_l�nb_cl�

if^_l�[hcg[fm�[m�nb_s�[l_�l_ncl_^�`lig�\l__^cha+� =fn_lh[ncp_fs)� iqh_lm�qbc]b�[l_�gil_�

[nn[]b_^�ni�nb_cl�^ia)�il�gil_�]ih]_lh_^�[\ion�b_[fnb�cmmo_m)�g[s�\_�gil_�fce_fs�ni�b[p_�

nb_cl�^ia�h_on_l_^)�[h^�ni�]ihncho_�ni�g[e_�om_�i`�p_n_lch[ls�m_lpc]_m�ch�nb_�^iaÖm�

a_lc[nlc]�s_[lm+� Eh�nbcm�][m_�cn�cm�hin�nb_�mola_ls�qbc]b�cm�jlin_]ncp_)�\on�nb_�iqh_lÖm�

oh^_lfscha�jimcncp_�[nncno^_�ni�j_n�b_[fnb�[h^�p_n_lch[ls�g_^c]ch_�%L[nlih_e�_n�[f+)� .663&+

=hs�^ia�qbc]b�q[m�hin�c^_hnc`c_^�[m�\_cha�i`�[�j[lnc]of[l�\l__^)�il�`il�qbc]b�\l__^�^[n[�

q[m�gcmmcha)�q[m�][n_ailct_^�[m�\_cha�i`�Égcr_^�il�ohmj_]c`c_^�\l__^Ñ+� En�q[m�iol�\_fc_`�

nb[n�gimn�iqh_lm�i`�[�l_acmn_l_^�jol_\l_^�^ia�qiof^�]ill_]nfs�c^_hnc`s�cn�[m�mo]b)�

_mj_]c[ffs�ch�nb_�p_n_lch[ls�]fchc]�m_nncha�qcnb�nb_�^ia�[n�nb_cl�mc^_+� En�cm�jimmc\f_)�biq_p_l)�

nb[n�mig_�^iam�qbc]b�q_l_�[]no[ffs�jol_\l_^�b[p_�\__h�gcm*]f[mmc`c_^�[m�i`�gcr_^�\l__^�

mcgjfs�\_][om_�nb_�iqh_l�`[cf_^�ni�l_mjih^�ni�nb_�ko_mncih8�[h^�mig_�gcr_^�\l__^�^iam�

g[s�b[p_�\__h�gcm*]f[mmc`c_^�[m�jol_\l_^�\_][om_�nb_�iqh_l�\_fc_p_^�nb_cl�^ia�fiie_^�fce_�

[�]_ln[ch�\l__^+

Icr_^�\l__^�^iam�il�nbim_�i`�ohmj_]c`c_^�\l__^cha�g[^_�oj�06+6"�i `�nb_�jijof[ncih+� En

0.



qiof^�\_�chn_l_mncha�ni�ehiq�biq�nbcm�]igj[l_m�ni�nb_�[]no[f�hog\_l�i `�gcr_^�\l__^�

^iam�ch�nbcm�l_acih)�[m�nb_l_�g[s�\_�[�\c[m�ch�nb_�jl_m_hn[ncih�i`�jol_\l_^�^iam�ni�

p_n_lch[lc[hm+� Ll_pciom�qile�b[m�ch^c][n_^�nb[n�nb_�jol]b[m_�jlc]_�i`�[�^ia�cm�jimcncp_fs�

]ill_f[n_^�qcnb�cnm�l_n_hncih�\s�nb_�iqh_l�%L[nlih_e�_n�[f+)� .663&)�qbc]b�g[s�ch�nolh�\_�

[mmi]c[n_^�qcnb�nb_�om_�i`�p_n_lch[ls�m_lpc]_m+� En�cm�jimmc\f_�nb[n�\l__^m�qbc]b�[l_�i`�

al_[n_l�_]ihigc]�p[fo_�il�gil_�jl_^cmjim_^�ni�b_[fnb�jli\f_gm�[l_�ip_l*l_jl_m_hn_^�ch�

nbcm�jijof[ncih+� Pb_�hog\_l�i `�]fchc]m�j[lnc]cj[ncha�ch�nbcm�molp_s�[h^�nb_�hog\_l�i`�

l_mjih^_hnm)� biq_p_l)�qiof^�f_[^�om�ni�\_fc_p_�nb[n�nb_�^cp_lmcns�i`�\l__^m�l_]il^_^�ch�

nbcm�mno^s�cm�[h�[]]ol[n_�jc]nol_�i`�nb_�]igjimcncih�i `�nb_�][hch_�][m_fi[^�jl_m_hn_^�ni�

p_n_lch[ls�]fchc]m�ch�nbcm�l_acih+� Pb_�`iol�gimn�`l_ko_hnfs�l_jiln_^�\l__^m�ch�nbcm�molp_ls�

[l_�nb_�m[g_�`iol�gimn�`l_ko_hnfs�l_acmn_l_^�\s�nb_�?[h[^c[h�G_hh_f�?fo\�ch� .66/�

%=jj_h^cr�?&+

=h�_r[gch[ncih�i`�nb_�l_jiln_^�^ol[ncih�i `�iqh_lmbcj�l_p_[f_^�]_ln[ch�\l__^�[mmi]c[ncihm+�

Bil�_r[gjf_+�Ichc[nol_�Lii^f_m�q_l_�l_]il^_^�[m�b[pcha�nb_�bcab_mn�jlijilncih�i`�if^�

^iam�% - EK�s_[lm&�[h^�nb_�bcab_mn�`l_ko_h]s�i ` �̂ iam�qbc]b�b[^�\__h�iqh_^�`il�[n�f_[mn�ih_�

s_[l+� Pb_l_�[l_�[�hog\_l�i`�]ih]fomcihm�nb[n�]iof^�\_�jimnof[n_^�`lig�nbcm�ch`ilg[ncih+�

Bclmn�i `�[ff+�Ichc[nol_�Lii^f_m�g[s�b[p_�[�l_f[ncp_fs�fiha�fc`_�mj[h�]igj[l_^�ni�inb_l�

\l__^m+� O_]ih^fs)�Ichc[nol_�Lii^f_m�g[s�b[p_�gil_�a_lc[nlc]�b_[fnb�jli\f_gm�qbc]b�

l_kocl_�p_n_lch[ls�[nn_hncih�[h^�qbc]b�[l_�[g_h[\f_�ni�nl_[ng_hn)�][omcha�nb_g�ni�\_�

jl_m_hn_^�ni�nb_�p_n_lch[lc[h�[n�[�bcab_l�l[n_+� Pbcl^fs)�[�f[la_�hog\_l�i`�Ichc[nol_�Lii^f_�

jojjc_m�g[s�b[p_�\__h�jli^o]_^�[h^�mif^�ni� fi][f�iqh_lm�ch�nb_�ncg_�j_lci^�[n�f_[mn� .-�

s_[lm�jlcil�ni�iol�mno^s)�nbom�jli^o]cha�[�É\[\s�\iigÑ�_``_]n�ch�nb_�]oll_hn�jijof[ncih+

0/



mo]b�[m�g[s�i]]ol�[`n_l�nb_�jijof[lct[ncih�i`�[�j[lnc]of[l�\l__^�\s�cnm�[jj_[l[h]_�ih�

n_f_pcmcih�il�ch�`cfgm+� =h^�`ch[ffs)�nb_l_�g[s�\_�mig_�^c``_l_h]_�ch�Ichc[nol_�Lii^f_�

iqh_lm�[h^�nb_cl�l_f[ncihmbcj�qcnb�nb_cl�^iam�qbc]b�jligin_m�nb_�om_�i `�p_n_lch[ls�

m_lpc]_m�`il�nb_cl�a_lc[nlc]�j_nm+� N_p_lmcha�[ff�i`�nb_m_�[laog_hnm�g[s�_rjf[ch�nb_�l_f[ncp_�

sionb�[h^�mbiln�^ol[ncih�i`�iqh_lmbcj�l_jiln_^�`il�\l__^m�mo]b�[m�nb_�Oc\_lc[h�Domes�[h^�

nb_�Ninnq_cf_l+

,'+� 6cc_SYQdY_^c�RUdgUU^�X_ecUdbQY^Y^W%� S_]]Q^T�dbQY^Y^W%�Q^T�̂ UedUbY^W�

Pb_�ko_mncihm�ih�biom_nl[chcha�[h^�]igg[h^�nl[chcha�q_l_�g[chfs�ch]fo^_^�ch�nb_�

ko_mncihh[cl_�[m�[�^cp_lmcih�`lig�nb_�h_a[ncp_�[nncno^_�qbc]b�gcabn�\_�a_h_l[n_^�\s�b[pcha�

ihfs�ko_mncihm�ih�[aal_mmcih+� Pb_�l_mjihm_m)�biq_p_l)�[fmi�jlipc^_�[h�_mncg[n_�i `�nb_�

iqh_lÖm�[\cfcns�[h^�chn_l_mn�ch�nl[chcha�nb_cl�^ia)�[h^�nb_�^iaÖm�l_mjihm_�ni�nb[n�nl[chcha+�

B[cfol_�ch�biom_nl[chcha�cm�]iggihfs�acp_h�[m�[�l_[mih�`il�l_fchkocmbg_hn�%Icff_l�_n�[f+)�

.6638�L[nlih_e�_n�[f+)� .663&+� Kol�^[n[�ch^c][n_m�nb_l_�cm�[�g[le_^�^_]fch_�ch�biom_nl[chcha�

jli\f_gm�ch�nb_�jijof[ncih�\s�/�s_[lm�i `�[a_+� Oig_�i`�nbcm�^c``_l_h]_�cm�i\pciomfs�^o_�ni�

mo]]_mm`of�nl[chcha)�\on�[�jlijilncih�qiof^�[fmi�\_�^o_�ni�l_fchkocmbg_hn+� @_mjcn_�l_jilnm�

nb[n�a_lc[nlc]�^iam�g[s�b[p_�gil_�_fcgch[ncih�jli\f_gm�%?b[jg[h�[h^�Ricnb)� .66-8�No_bf�

[h^�D[ln)� .665&)� nbcm�[a_*l_f[n_^�]b[ha_�cm�hin�mojjiln_^�\s�iol�^[n[+� Eh�mo]b�[�\lc_`�

ko_mncihh[cl_)� cn�q[m�hin�jimmc\f_�ni�^_n_lgch_�c`�[h�if^_l�^ia�b[^�ilcach[ffs�\__h�

mo]]_mm`offs�biom_nl[ch_^)�\on�hiq�b[^�[h�_fcgch[ncih�jli\f_g�l_f[n_^�ni�[�jbsmc][f�il�

]iahcncp_�jli\f_gm+� =m�mig_�iqh_lm�g[s�b[p_�`[cf_^�ni�l_jiln�ch]igjf_n_�biom_nl[chcha�

c`�nb_s�]iof^�l[ncih[fct_�nb_cl�^iaÖm�\_b[pciol�\[m_^�ih�[a_)� cffh_mm)�il�inb_l�`[]nilm)� nb_l_�

g[s�b[p_�\__h�[�hog\_l�`[fm_�h_a[ncp_�l_mjihm_m�ni�nbcm�ko_mncih+� =fn_lh[ncp_fs)� nb_

00



mo^^_h�ihm_n�i`�_fcgch[ncih�jli\f_gm�ch�[�^ia�g[s�\_�[�jl_m_hncha�]igjf[chn�ni�nb_�

p_n_lch[lc[h)�[h^�mig_�i`�nb_�^iam�ch�nbcm�mno^s�q_l_�oh^io\n_^fs�pcmcncha�nb_�]fchc]�

\_][om_�i`�[�b_[fnb�il�\_b[pciol�jli\f_g�mcahc`c_^�\s�[�]b[ha_�ch�nb_cl�_fcgch[ncih�j[nn_lh+

Pb_�^[n[�^i_m�hin�l_p_[f�[�mcahc`c][hn�a_h^_l�^c``_l_h]_�ch�nb_�`l_ko_h]s�i`�ch[^_ko[n_�

biom_nl[chcha�ohf_mm�nb_�p[lc[\f_�i `�h_on_lcha�cm�ch]fo^_^)�[m�h_on_lcha�cm�mnlihafs�

[mmi]c[n_^�qcnb�biom_nl[chcha�mo]]_mm�ch�iol�^[n[+� =h�chn_l_mncha�`ch^cha�cm�nb[n�nb_�

[jj[l_hnfs�\_h_`c]c[f�_``_]n�i`�h_on_lcha�q[m�gil_�jlihioh]_^�ch�`_g[f_�^iam+� C_h^_l�

[jj[l_hnfs�ch`fo_h]_m�nb_�iqh_lÖm�^_]cmcih�ni�b[p_�[�^ia�h_on_l_^)�[h^�cn�g[s�[fmi�\_�

l_f[n_^�ni�nb_�_``_]ncp_h_mm�i`�h_on_lcha�[m�[�jl_p_hncp_�nl_[ng_hn�g_[mol_�`il�

biom_nl[chcha�jli\f_gm+� Kqh_lm�qbi�biom_nl[ch�nb_cl�sioha�^iam�mo]]_mm`offs�g[s�\_�

gil_�fce_fs�ni�b[p_�nb_g�h_on_l_^)�[h^�iqh_lm�qbi�b[p_�g[^_�nb_�`ch[h]c[f�]iggcng_hn�

i`�b[pcha�nb_cl�^ia�h_on_l_^�g[s�[fmi�chp_mn�gil_�_``iln�ch�biom_nl[chcha+� N_jiln_^�

mo]]_mm�qcnb�biom_nl[chcha�[fmi�cgjlip_^�mfcabnfs�qcnb�[a_)�_p_h�[giha�^iam�nb[n�q_l_�

[fl_[^s�[n�f_[mn� .� s_[l�if^+� Pbcm�g[s�ch^c][n_�nb[n)� ch�mig_�big_m)�_``_]ncp_�biom_nl[chcha�

cm�[�l_f[ncp_fs�mfiq�jli]_mm+� =fn_lh[ncp_�_rjf[h[ncihm�`il�nb_�[jj[l_hn�[a_�_``_]n�qiof^�\_�

nb[n�^iam�qcnb�]blihc]�_fcgch[ncih�^cmil^_lm�q_l_�\_cha�e_jn�ch�[�^c``_l_hn�_hpclihg_hn�

%ion^iilm&�mo]b�nb[n�nb_s�q_l_�hi�fiha_l�_fcgch[ncha�ch�nb_�big_)�il�nb[n�nb_s�q_l_�

al[^o[ffs�\_cha�fimn�`lig�p_n_lch[ls�jl[]nc]_m�^o_�ni�l_fchkocmbg_hn�il�_onb[h[mc[+

,',� 6cc_SYQdY_^c�RUdgUU^�S_]]Q^T�dbQY^Y^W�Q^T�QWWbUccY_^

=m�i\_^c_h]_�nl[chcha�cm�i`n_h�l_]igg_h^_^�[m�j[ln�i`�nb_�jl_p_hncih�[h^�nl_[ng_hn

jlini]if�`il�[fgimn�[hs�nsj_�i`�ch[jjlijlc[n_�\_b[pciol)�_mj_]c[ffs�nbim_�jli\f_gm�l_f[n_^

01



ni�[aal_mmcih�%H[h^m\_la�_n�[f+)� .664)�j+�.0/8�Diojn)� .665)�j+358�O]bq[lnt)� .665&)� cn�cm�

qilnb�hincha�nb_�f[]e�i`�[�mcahc`c][hn�[mmi]c[ncih�\_nq__h�nb_�[\m_h]_�i`�]igg[h^�

nl[chcha�[h^�\cncha�ch�nbcm�molp_s+� @iam�qbc]b�b[p_�\__h�nl[ch_^�ni�l_mjih^�ni�[n�f_[mn�ih_�

]igg[h^�[l_�hi�gil_�il�f_mm�fce_fs�ni�b[p_�\cnn_h+� Pbcm�cm�hin�[h�[mm_mmg_hn�i `�nb_�_``_]n�

i` �̀ ilg[f�i\_^c_h]_�nl[chcha�ch�jl_p_hncha�il�nl_[ncha�[aal_mmcih)�[fnbioab�inb_l� [onbilm�

b[p_�hin_^�nb_�f[]e�i`�[h�[mmi]c[ncih�\_nq__h�i\_^c_h]_�nl[chcha�[h^�`_q_l�\_b[pciol�

jli\f_gm�%Ricnb�_n�[f+)� .66/&+�R_ls�i`n_h�iqh_lm�qcff�l_jiln�nb[n�nb_cl�^ia�b[m�^ih_�q_ff�

ch�i\_^c_h]_�]f[mm_m)�\on�nb_s�[l_�mncff�b[pcha�^c``c]ofns�qcnb�[aal_mmcp_�\_b[pciol�oh^_l�

j[lnc]of[l�]cl]ogmn[h]_m�%Isf_m)� .66.&+� Kqh_lm�qbc]b�b[p_�nl[ch_^�nb_cl�^ia�ni�l_mjih^�

ni�]igg[h^m�g[s�[fmi�mj_h^�gil_�ncg_�ch�jlircgcns�ni�nb_cl�j_n)�nbom�ch]l_[mcha�nb_�

ijjilnohcns�`il�[h�[aal_mmcp_�chn_l[]ncih+� Pbcm�_gjb[mct_m�nb_�h__^�ni�oh^_lmn[h^�nb_�

l_f[ncp_�cgjiln[h]_�i ` �̀ ilg[f�nl[chcha)�mi]c[fct[ncih)� [h^�f_[lh_^�\cn_�chbc\cncih�ch�nb_�

jl_p_hncih�i`�[aal_mmcih+

,'-� 6cc_SYQdY_^c�RUdgUU^�^UedUbY^W%�WU^TUb%� Q^T�QWWbUccY_^�

=fnbioab�h_on_lcha�[jj_[lm�ni�b[p_�b[^�[�\_h_`c]c[f�[mmi]c[ncih�qcnb�mo]]_mm`of�

biom_nl[chcha)� nb_�m[g_�][hhin�\_�m[c^�i`�cnm�[mmi]c[ncih�qcnb�[aal_mmcp_�\_b[pciolm+� =m�

g_hncih_^�jl_pciomfs)� nb_�^[n[�ch^c][n_^�nb[n�ch�^iam�i`�[n�f_[mn� .�s_[l�i`�[a_)� h_on_lcha�

q[m�jimcncp_fs�[mmi]c[n_^�qcnb�\cncha+� >_][om_�][mnl[ncih�[h^�mj[scha�[l_�hin�_kocp[f_hn�

jli]_^ol_m)� ch�nb[n�nb_s�l_gip_�^c``_l_hn�ncmmo_m�[h^�bilgih_m�`c$ig�[�msmn_g�jlcg_^�`il�[�

a_h^_l*mj_]c`c]�l_mjihm_)� cn�cm�i\pciomfs�cgjiln[hn�ni�fiie�[n�nb_�_``_]nm�i`�h_on_lcha�ch�

g[f_�[h^�`_g[f_�^iam�ch^_j_h^_hnfs+
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Pb_l_�cm�fcnnf_�l_m_[l]b�chni�nb_�_`c`_]n�i`�h_on_lcha�ch�^iam�nb[n�^i�hin�b[p_�[�jl_*_rcmncha�

\_b[pciol[f�jli\f_g+� J_cfmih�_n�[f+%.664&�_r[gch_^�24�g[nol_�g[f_�^iam�b[pcha�[n�f_[mn�

ih_�i`�m_p_l[f�n[la_n_^�jli\f_gm�[h^�l_]il^_^�nb_�\_b[pciol[f�]b[ha_�[`n_l�][mnl[ncih�[m�

l_jiln_^�\s�nb_�iqh_l+� Eh�[^^cncih�ni�inb_l�jli\f_gm)�iqh_lm�q_l_�ko_mncih_^�[\ion�

[aal_mmcih�^cl_]n_^�niq[l^�\inb�`[gcfc[l�[h^�oh`[gcfc[l�j_ijf_+� Pb_�[onbilm�^_n_lgch_^�

nb[n�[fnbioab�nb_l_�q[m�[�mcahc`c][hn�l_^o]ncih�ch�[aal_mmcih�niq[l^�`[gcfs�g_g\_lm)� nbcm�

_``_]n�q[m�fcgcn_^�ni�[jjlircg[n_fs�ih_�nbcl^�i ` �̂ iam�qcnb�nbcm�jli\f_g+� Pb_�[onbilm�

`l__fs�[^gcn�nb[n�cn�cm�ch�jl[]nc][f�n_lgm�cgjimmc\f_�ni�\fch^�[h�iqh_l�ni�nb_�][mnl[ncih�i`�

nb_cl�^ia)� [h^�nb[n�cn�g[s�\_�^c``c]ofn�ni�^cmnchaocmb�jf[]_\i�_``_]nm�`lig�nb_�\cifiac][f�

_``_]nm�i`�][mnl[ncih�ch�nbcm�nsj_�i`�mno^s+

KÖB[ll_ff�[h^�L_[]b_s�%.66-&�jo\fcmb_^�nb_�l_mofnm�i`�[�jlimj_]ncp_�mno^s�i`�\_b[pciol[f�

]b[ha_m�ch�0--�`_g[f_�^iam)�b[f`�i`�qbc]b�q_l_�mj[s_^+� Pb_cl�]ih]fomcih�q[m�nb[n�

mj[scha�b[m�hi�\_b[pciol[f�\_h_`cn�ch�`_g[f_�^iam�inb_l�nb[h�nb_�jl_p_hncih�i `�_mnliom)�

[h^�nb[n�ch�sioha�`_g[f_�^iam�[fl_[^s�mbiqcha�mig_�mcahm�i ` �̂ igch[h]_�[aal_mmcih)�

mj[scha�[jj_[l_^�ni�\_�[mmi]c[n_^�qcnb�[h�ch]l_[m_�ch�[aal_mmcp_�\_b[pciol+� Pbcm�m]_h[lci�

i]]oll_^�ch�3�i`�./�^iam�qbc]b�q_l_�mj[s_^�[n�f_mm�nb[h� .� s_[l�i`�[a_)�[h^�qbc]b�b[^�

mbiqh�mig_�chcnc[f�[aal_mmcih+� Slcabn�[h^�J_mm_flin_�%.654&�[fmi�^_n_]n_^�[h�[mmi]c[ncih�

\_nq__h�mj[scha�[h^�[aal_mmcih�ch�nb_cl�][m_fi[^+� >[m_^�ih�[�][m_�m_lc_m�i`�.-2�^iam�

qcnb�[�p[lc_ns�i`�\_b[pciol�jli\f_gm)�nb_s�jl_m_hn_^�nb_�[laog_hn�nb[n�chn[]n�g[f_�^iam�

[h^�h_on_l_^�`_g[f_�^iam�q_l_�[n�[�bcab_l�lcme�`il�[aal_mmcih+� =fnbioab�h_on_l_^�`_g[f_�

^iam�q_l_�jl_m_hn_^�`il�[aal_mmcih�[n�[�^cmjlijilncih[n_fs�bcab�l[n_�%53"&�l_f[ncp_�ni�

nb_cl�`l_ko_h]s�ch�nb_�fi][f�l_`_llcha�jijof[ncih%04"&)� nb_�^c``_l_h]_�q[m�hin�h_[lfs�[m
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jlihioh]_^�`il�chn[]n�g[f_�^iam+� Pb_�l_`_llcha�jl[]nc]_m�l_jiln_^�nb[n�46"�i `�g[f_�^iam�

ch�nb_cl�][m_fi[^�q_l_�chn[]n)�[h^�nb_�`l_ko_h]s�i `�chn[]n�^iam�ch�nb_�g[f_�j[nc_hnm�m__h�`il�

[aal_mmcih�q[m�53"+� Pb_m_�l_mofnm�qiof^�[jj_[l�ni�mojjiln�nb_�c^_[�nb[n�mj[s_^�`_g[f_�

^iam�g[s�\_�gil_�[aal_mmcp_)�\on�nbcm�cm�hin�j[lnc]of[lfs�mnliha�mojjiln�`il�nb_�[laog_hn�

nb[n�chn[]n�g[f_�^iam�[l_�gil_�[aal_mmcp_)�_mj_]c[ffs�[m�nb_cl�m[gjf_�]ihn[ch_^�ihfs�1/�

g[f_�^iam+

O[fg_lc�_n�[f+%.66.[&�_r[gch_^�nb_�me_f_n[f)�jbsmc][f)�[h^�\_b[pciol[f�_``_]nm�i `�

aih[^_]nigs�ch�cgg[nol_�^iam�ch�[�jlimj_]ncp_�mno^s�i`�0/�gcr_^�\l__^�jojjc_m�`lig�2�

fcnn_lm+� Pb_�\_b[pciol[f�i\m_lp[ncihm�q_l_�oh`ilnoh[n_fs�gchcg[f)�[h^�nb_�ch^cpc^o[fm�

m]ilcha�nb_�\_b[pciol�i`�nb_�^iam�q_l_�[jj[l_hnfs�hin�\fch^_^�ni�_cnb_l�nb_�^iamÖ� [a_�[n�

h_on_lcha�il�]oll_hn�l_jli^o]ncp_�mn[nom+�Ccp_h�nb_m_�fcgcnm)� biq_p_l)� nb_�`ch^cham�q_l_�

nb[n�^iam�h_on_l_^�[n�4�q__em�il�4�gihnbm�i `�[a_�q_l_�mcahc`c][hnfs�gil_�[]ncp_�[h^�

_r]cn[\f_�nb[h�nb_cl�chn[]n�fcnn_l�g[n_m�^olcha�nb_� .2�gihnbm�i `�i\m_lp[ncih+� Pb_l_�q[m�hi�

g_[mol[\f_�_``_]n�i `�aih[^_]nigs�ch�l_f[ncih�ni�[aal_mmcih�niq[l^�nb_�b[h^f_lm+� Pb_m_�

^iam�q_l_�l[cm_^�ch�[h�[nsjc][f�_hpclihg_hn�`il�[�biom_bif^�j_n)�qcnb�p_ls�fcgcn_^�

_rjimol_�ni�h_q�mncgofc+� E`�aih[^_]nigs�^i_m�ch^__^�jli^o]_�[h�ch]l_[m_^�f_p_f�i`�

[]ncpcns�[h^�_r]cn[\cfcns)� cn�cm�chn_l_mncha�ni�mj_]of[n_�ih�nb_�ion]ig_�i`�mo]b�\_b[pciol�ch�[�

gil_�hilg[f�_hpclihg_hn)�_mj_]c[ffs�[�big_�qcnb�]bcf^l_h+

Eh�[�]limm*m_]ncih[f�mno^s�i`�Ahafcmb�?i]e_l�Oj[hc_fm)�Li^\ilm]_e�[h^�O_lj_ff�%.663&�

^_n_]n_^�[�mcahc`c][hn�jimcncp_�[mmi]c[ncih�\_nq__h�h_on_lcha�[h^�[aal_mmcih)�[fnbioab�nb_�

[mmi]c[ncih�f[la_fs�^cm[jj_[l_^�qb_h�^iam�h_on_l_^�mj_]c`c][ffs�\_][om_�nb_s�b[^�\__h
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[aal_mmcp_�q_l_�l_gip_^�`lig�nb_�[h[fsmcm+� Ap_h�n[echa�nb_�l_[mihm�`il�h_on_lcha�chni�

[]]iohn)� nb_�[onbilm�^c^�^_n_lgch_�nb[n�h_on_l_^�`_g[f_�Ahafcmb�?i]e_l�Oj[hc_fm�q_l_�

mcahc`c][hnfs�gil_�fce_fs�ni�^cmjf[s�[aal_mmcih�niq[l^�]bcf^l_h�ch�nb_�biom_bif^�qb_h�

]igj[l_^�ni�chn[]n�`_g[f_�]i]e_l�mj[hc_fm+

Pb_�l_mofnm�i `� nb_m_�jl_pciom�mno^c_m�ch^c][n_�nb[n�[�]fchc][ffs�cgjiln[hn�[mmi]c[ncih�

\_nq__h�h_on_lcha�[h^�[aal_mmcih�g[s�ihfs�_rcmn�ch�]_ln[ch�mo\*jijof[ncihm�i`�̂ iam+� En�cm�

jimmc\f_�nb[n�iol�mno^s�g[s�b[p_�ch]fo^_^)�[m�\cn_lm)�[�j_l]_hn[a_�i`�̂ iam�nb[n�[l_�

_ha[acha�ch�l_f[ncp_fs�b[lgf_mm�gionbcha�\_b[pciolm+� =fnbioab�cn�][hhin�\_�]f[mmc`c_^�[m�

nlo_�\cncha)� nb_�c^_[�nb[n�nbcm�nsj_�i`�\_b[pciol�g[s�i]]ol�gil_�`l_ko_hnfs�ch�h_on_l_^�

^iam�cm�chn_l_mncha+� >_][om_�nb_�mno^s�^_mcah�q[m�]limm*m_]ncih[f)� cn�cm�cgjimmc\f_�ni�

^_n_lgch_�[n�nbcm�jichn�qb_nb_l�nb_�[mmi]c[ncih�q_�b[p_�^_n_]n_^�\_nq__h�h_on_lcha�[h^�

[aal_mmcih�cm�][om[f+

,'.� 6cc_SYQdY_^c�RUdgUU^�QWWbUccY_^�Q^T�RbUUT

Sb_nb_l�il�hin�[�^ia�q[m�jol_\l_^�^c^�hin�[jj_[l�ni�[``_]n�nb_�l_jiln_^�`l_ko_h]s�i`�

\cncha+� >_cha�[�gcr_^�\l__^�^ia�q[m�mcahc`c][hnfs�[mmi]c[n_^�qcnb�gil_�aliqfcha�[h^�

jimm_mmcp_�\_b[pciol)�[h^�nb_l_�q_l_�^_`chcn_�\l__^�^c``_l_h]_m�ch�nb_�[giohn�i`�

[aal_mmcih�l_jiln_^+� En�cm�chn_l_mncha�ni�mj_]of[n_�ih�nb_�b_lcn[\cfcns�i`�̂ c``_l_hn�nsj_m�i`�

[aal_mmcih�[h^�nb_�fce_fcbii^�i`�nb_cl�[jj_[lcha�nia_nb_l�ch�nb_�m[g_�^ia+� H[\l[^il�[h^�

Cif^_h�N_nlc_p_lm�[jj[l_hnfs�^_m_lp_�nb_cl�l_jon[ncih�[m�l_f[ncp_fs�hih*[aal_mmcp_�[^ofn�

^iam)�_p_h�nbioab�nb_s�l_]il^�kocn_�[�bcab�`l_ko_h]s�i`�\cncha�\_b[pciol�[n�f_mm�nb[h� .�

s_[l�i`�[a_�%P[\f_�1&+� Pbcm�cm�ch�fch_�qcnb�nb_�jijof[l�j_l]_jncih�i`�l_nlc_p_lm�[m�a_hnf_
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^iam�qcnb�[�jlij_hmcns�`il�jf[s`of�gionbcha�\_b[pciol�[m�jojjc_m�%D[ln�[h^�D[ln)� .655)�

jj+� ..3)� ./1&+� Pb_�C_lg[h�Ob_jb_l^)�qbc]b�cm�i`n_h�mchaf_^�ion�\s�nb_�jo\fc]�[m�\_cha�[�

^[ha_liom�\l__^)�b[^�[�l_jiln_^�\cn_�`l_ko_h]s�qbc]b�q[m�_mm_hnc[ffs�_kocp[f_hn�ni�nb[n�i`�

nb_�Cif^_h�N_nlc_p_l+� Acnb_l�nb_�C_lg[h�Ob_jb_l^�b[m�\__h�oh`[clfs�g[fcah_^)�il�nb_l_�

[l_�inb_l�`[]nilm�chpifp_^�qbc]b�[l_�l_mnlc]ncha�nb_�jl_m_hn[ncih�i`�[aal_mmcp_�[^ofn�

g_g\_lm�i`�nbcm�\l__^�ni�nb_�p_n_lch[lc[h+� En�cm�jimmc\f_�nb[n�C_lg[h�Ob_jb_l^m�b[p_�

[nn[ch_^�nb_cl�l_jon[ncih�\s�\_cha�chpifp_^�ch�gil_�][m_m�i `�_rnl[*biom_bif^�[aal_mmcih�

%C_lmbg[h�_n�[f+)� .6618�N_c]e)� .664&+� Pb_�Ninnq_cf_l�cm�[fmi�i`n_h�]cn_^�[m�[�^[ha_liom�

^ia�%Li^\_lm]_e)� .6618�?@?L)� .6648�N_c]e)� .664&+� Eh�nbcm�][m_)� cn�cm�chn_l_mncha�ni�hin_�

biq�Ninnq_cf_lm�^c`c_l_^�`lig�H[\l[^il�N_nlc_p_lm+� =fnbioab�nb_�f_p_f�i ` �\cncha�ch�

H[\l[^il�N_nlc_p_lm�^_]l_[m_^�g[le_^fs�`lig�03"�ni�6"�[`n_l�.�s_[l�i `�[a_)� cn�l_g[chm�

pclno[ffs�]ihmn[hn)� [n�[\ion� .3"�`il�nb_�Ninnq_cf_l)�l_a[l^f_mm�i `�[a_+� =fnbioab�q_�[l_�

oh[\f_�ni�]igg_hn�ih�nb_�m_p_lcns�i `�\cn_�ch]c^_hnm)�iol�molp_s�ch^c][n_^�nb[n� iqh_lm�i`�

Ojlcha_l�Oj[hc_fm�ch�g[lcncg_�?[h[^[�[l_�l_jilncha�nb_�bcab_mn�`l_ko_h]s�i `�\cncha�

\_b[pciol�\s�nb_cl�^iam)�\inb�[m�jojjc_m�[h^�ch�[^ofnbii^+� Ojlcha_l�Oj[hc_fm�b[p_�

jl_pciomfs�\__h�l_jiln_^�\s�\inb�H[h^m\_la�%.66.&�[h^�N_cmh_l�%.661&�[m�b[pcha�

l_f[ncp_fs�`l_ko_hn�jli\f_gm�qcnb�[aal_mmcih�niq[l^m�nb_cl�iqh_lm�qb_h�]igj[l_^�ni�

inb_l�\l__^m+

O+� ?ih]fomcihm

Pb_�l_mofnm�b[p_�^_gihmnl[n_^�nb[n�cn�cm�jimmc\f_�ni�[^gchcmn_l�[�gofnc*]_hnlc]�molp_s�ih�

nb_�mo\d_]n�i`�̂ ia�\_b[pciol)�[h^�[]bc_p_�[h�_r]_ff_hn�f_p_f�i ` �]igjfc[h]_�`lig�\inb�

p_n_lch[ls�]fchc]�mn[``� [h^�nb_cl�]fc_hnm+� =fnbioab�nb_l_�cm�[fq[sm�nb_�jimmc\cfcns�i ` �̀ [fm_
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h_a[ncp_�l_mjihm_m�ni�[�ko_mncihh[cl_�i `�nbcm�nsj_)�iqh_lm�q_l_�[jj[l_hnfs�qcffcha�ni�

l_p_[f�nb_�jl_m_h]_�i `�oh^_mcl[\f_�\_b[pciolm�ch�nb_cl�^iam)�acp_h�nb_�`l_ko_h]s�qcnb�

qbc]b�[aal_mmcih�q[m�l_jiln_^�\s�nb_�l_mjih^_hnm+� N_f[ncp_�ni�chn[]n�`_g[f_�^iam)�

h_on_l_^�g[f_�^iam�i `�[n�f_[mn�ih_�s_[l�i`�[a_�q_l_�[n�nb_�bcab_mn�lcme�`il�b[pcha�

jl_pciomfs�mbiqh�\cncha�\_b[pciol)� `iffiq_^�\s�h_on_l_^�`_g[f_�^iam)�[h^�chn[]n�g[f_m�

Eh�Jilnb�=g_lc][)�_f_]ncp_�h_on_lcha�i `�sioha�^iam�cm�]iggihfs�l_]igg_h^_^�`il�

l_[mihm�l_f[n_^�ni�b_[fnb)�\_b[pciol)�[h^�jijof[ncih�]ihnlif)�\on�nb_�l_mofnm�i`�nbcm�molp_s�

ch^c][n_�nb[n�nb_�\_b[pciol[f�ion]ig_m�i`� nbcm�mola_ls�[l_�qilnbs�i ` �̀ olnb_l�chp_mnca[ncih+
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.)� :�<:L>(<HGMKHE�LMN=R�H?�;BMBG@�:G=�GHG�;BMBG@�=H@L�BG�MA>�

<:L>EH:=�H?�@>G>K:E�O>M>KBG:KR�IK:<MBMBHG>KL�BG

F:KBMBF>�<:G:=:

:WhigVXi

Eh�il^_l�ni�^_n_lgch_�lcme�`[]nilm�`il�\cncha�\_b[pciol�\s�^iam�ch�[�biom_bif^�m_nncha)�[�

^_n[cf_^�n_f_jbih_�molp_s�i`�̂ ia�iqh_lm�q[m�oh^_ln[e_h�omcha�ch^cpc^o[fm�m_f_]n_^�`lig�[�

]limm*m_]ncih[f�jijof[ncih�i`�p_n_lch[ls�]fc_hn_f_�ch�nb_�?[h[^c[h�jlipch]_m�i`�J_q�

>lohmqc]e)�Jip[�O]inc[)� [h^�Llch]_�A^q[l^�Emf[h^+� Ehn_lpc_qm�q_l_�mo]]_mm`offs�

]igjf_n_^�qcnb�2.2�i `31-�ch^cpc^o[fm�m_f_]n_^�`lig�[�mno^s�jijof[ncih�i`�0//3�^iam�\s�[�

`ilg[f�l[h^ig�jli]_mm+� Bil�nb_�joljim_�i`�lcme�`[]nil�[h[fsmcm)�//4�\cncha�[h^� ./3�hih*

\cncha�^iam�q_l_�`olnb_l�m_f_]n_^�[]]il^cha�ni�mnlc]n�]lcn_lc[�`il�[�][m_*]ihnlif�mno^s)� ni�

_p[fo[n_�nb_�[mmi]c[ncih�i`�jin_hnc[f�lcme�`[]nilm�qcnb�\cncha�\_b[pciol+� >cncha�\_b[pciol�

q[m�][l_`offs�^_`ch_^�ch�nb_�n_f_jbih_�chn_lpc_q�ni�[pic^�ch]fo^cha�[]ncpcns�[mmi]c[n_^�qcnb�

jf[s`of�gionbcha�\s�nb_�^ia+� =ff�^iam�q_l_�[n�f_[mn�3�gihnbm�i`�[a_+� >inb�nb_�g_[h�

q_cabn�[h^�[a_�i `�\cncha�^iam�q_l_�mcahc`c][hnfs�fiq_l�%L9-+-2&�nb[h�nb[n�i`�hih*\cncha�

^iam+� Ocahc`c][hn�lcme�`[]nilm�`il�[h�ion]ig_�i `�\cncha�q_l_7� nb_�^ia�\_cha�`_g[f_�

%j[lnc]of[lfs�c`�mg[ff&)� nb_�jl_m_h]_�i`�.� il�gil_�n__h[a_�]bcf^l_h�ch�nb_�big_)�[�bcmnils�i`�

[�jlolcnc]�il�g[fi^iliom�mech�^cmil^_l�qbc]b�b[^�l_]_cp_^�p_n_lch[ls�nl_[ng_hn)�[aal_mmcih�

ip_l�`ii^�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj)� nb_�^ia�b[pcha�mf_jn�ih�mig_ih_Öm�\_^�ch�nb_�

`clmn�/�gihnbm�i `�iqh_lmbcj)�[h^�nb_�^ia�b[pcha�\__h�acp_h�[�mcahc`c][hnfs�bcab_l�l[hecha�

`il�_r]cn[\cfcns�\[m_^�ih�cnm�\_b[pciol�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj� Og[ff�^iam�q_l_
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[fmi�^_n_lgch_^�ni�\_�[n�[�bcab_l�lcme�i`�b[pcha�\cnn_h�nb[h�f[la_�^iam�qb_h�_rjim_^�ni�

]_ln[ch�fc`_mnsf_�[h^�b_[fnb�`[]nilm)�moaa_mncha�[�l_f[ncihmbcj�\_nq__h�\i^s�mct_�[h^�

l_[]ncpcns)�il�jimmc\fs�al_[n_l�iqh_l�nif_l[h]_�i`�[aal_mmcih�ch�mg[ff_l�^iam+� >cncha�^iam�

q_l_�gil_�fce_fs�ni�b[p_�_rbc\cn_^�`_[l�i `�]bcf^l_h)�g_h)�[h^�mnl[ha_lm+� Pb_�lcme�`[]nilm�

c^_hnc`c_^�jlipc^_�[�om_`of�`i]om�`il�nb_�p_n_lch[lc[h�ch�a_h_l[f�jl[]nc]_�qb_h�]iohm_ffcha�

iqh_lm�ch�nb_�jl_p_hncih�i`�][hch_�[aal_mmcih+

1/



,)� BcigdYjXi^dc

Iimn�j_ijf_�qbi�i\n[ch�[�^ia�^i�mi�ion�i `�[�\_fc_`�nb[n�nb_cl�l_f[ncihmbcj�qcnb�nb_�[hcg[f�

qcff�\_�[�l_q[l^cha�_rj_lc_h]_+� I[hs�^iam�`of`cff�nb_�lif_�i `�]igj[hcih)�]ih`c^[hn)�

jf[sg[n_)� [h^�jlin_]nil+� Pb_s�][h�_rbc\cn�_rnl[il^ch[ls�j[nc_h]_�qcnb�]bcf^l_h�il�inb_l�

j_nm)� nif_l[ncha�ip_lfs*lioab�jf[s�[h^�n_[mcha�qcnb�[jj[l_hn�aii^�h[nol_+� Sb[n�cm�cn�[\ion�

nb_m_�j[lnc]of[l�^iam�nb[n�b[m�g[^_�nb_g�nb_�qih^_l`of�j_nm�nb_s�[l_<� Pb_�l_f[ncihmbcj)�

[`n_l�[ff)� cm�hin�[fq[sm�mi�j_l`_]n+� On[ncmnc]m�ch^c][n_�nb[n�g[hs�j_ijf_�[l_�\cnn_h�_p_ls�

s_[l)� [h^�nb[n�gimn�[l_�[]no[ffs�pc]ncgm�i `�nb_cl�iqh�^ia)�il�[n�f_[mn�i`�[�^ia�nb_s�ehiq�

%Gct_l)� .6468�Slcabn)� .66-&+� Ll_mog[\fs)� c`�ihfs�mig_�^iam�\cn_�g_g\_lm�i`�nb_cl�

biom_bif^)� nb_h�nb_l_�g[s�\_�mig_�chb_lcn_^�il�mcno[ncih[f�]b[l[]n_lcmnc]m�nb[n�jon�nb_g�[n�

[�bcab_l�lcme�`il�_rjl_mmcha�[aal_mmcih+� Ll_p_hncha�^ia�\cn_m�ni�bog[hm�mbiof^�`iffiq�nb_�

m[g_�]iolm_�[m�l_^o]cha�[hs�inb_l�][om_�i `�chdols�il�cffh_mm)�\s�mn[lncha�ion�qcnb�[h�

_mncg[ncih�i`�nb_�jl_p[f_h]_�i `�nb_�jli\f_g�[h^�nb_�c^_hnc`c][ncih�i`�jin_hnc[f�lcme�`[]nilm+

Hiiecha�`il�lcme�`[]nilm�l_kocl_m�nb[n�\cncha�^iam�\_�]igj[l_^�ni�hih*\cncha�^iam)�

g_[hcha�nb[n�l_jl_m_hn[ncp_�m[gjf_m�i`�\inb�aliojm�gomn�\_�c^_hnc`c_^�[h^�_r[gch_^+�

?b[l[]n_lct[ncih�i`�\cncha�^iam�b[m�l_]_cp_^�]ihmc^_l[\f_�[nn_hncih�\s�p_n_lch[ls�

\_b[pciolcmnm)�\on�nb_cl�_r[gch[ncih�i `�̂ iam�qbc]b�^i�hin�\cn_�b[m�\__h�f_mm�chn_hm_+� Pbcm�

cm�[�h[nol[f�ion]ig_�i `�nb_�l_`_ll[f�jli]_mm)� ch�qbc]b�\_b[pciol[f�mj_]c[fcmnm)�qbi�

a_h_l[ffs�qile�ch�n_[]bcha�bimjcn[fm�il�inb_l�mj_]c[fns�l_`_ll[f�]_hnl_m)�[l_�i\pciomfs�

jl_m_hn_^�qcnb�ihfs�nbim_�^iam�nb[n�b[p_�ihaicha�jli\f_gm+� @_`chcha�[�p[fc^�]ihnlif�

jijof[ncih�i`�hih*\cncha�^iam�nb[n�qiof^�inb_lqcm_�g[n]b�nb_�l_`_ll[f�jijof[ncih�cm
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^c``c]ofn+� Oig_�[onbilm�b[p_�_f_]n_^�ni�]igj[l_�nb_cl�][m_fi[^�ni�nb[n�i`�nb_�inb_l�

g_^c][f�il�molac][f�mj_]c[fcnc_m�qcnbch�nb_�m[g_�`[]cfcns)�\on�oh^_l�mo]b�]cl]ogmn[h]_m�nb_�

chp_mnca[nil�cm�i`n_h�fcgcn_^�ni�^_gial[jbc]�ch`ilg[ncih�qcnb�p_ls�fcnnf_�\_b[pciol[f�

\[]ealioh^�%Ricnb)� .65.[8�Hch_�[h^�Ricnb)� .6538�Slcabn�[h^�J_mm_flin_)� .6548�Hoh^�_n�

[f+)� .663&+� =m�[�l_mofn)� nb_m_�[onbilm�b[p_�g[^_�]igj[lcmihm�\[m_^�ihfs�ih�nb_�

l_jli^o]ncp_�mn[nom�il�\l__^m�i ` �̂ iam�jl_m_hn_^+� Eh�[^^cncih)� nb_�_``_]n�i`�l_`_ll[f�\c[m�

g[s�g_[h�nb[n�nb_�jijof[ncih�i ` �̂ iam�l_]_cpcha�[hs�g_^c][f�[nn_hncih�[n�[�p_n_lch[ls�

n_[]bcha�bimjcn[f�cm�p_ls�^c``_l_hn�`lig�nbim_�^iam�[h^�iqh_lm�nb[n�il^ch[lcfs�oncfct_�

jlcg[ls�p_n_lch[ls�m_lpc]_m�%Bf_n]b_l�_n�[f+)� .655)�j+26&+

K\n[chcha�[�l_`_l_h]_�jijof[ncih�`il�iqh_^�^iam�cm�hin�[�mnl[cabn`ilq[l^�g[nn_l+� Pb_l_�cm�

hi�]igjf_n_�fcmn�i `�iqh_^�^iam)�[m�hin�[ff�^iam�[l_�fc]_hm_^)�[h^�hin�[ff�^iam�[l_�jol_\l_^�

[h^�l_acmn_l_^+� Ap_h�mj_]c`c][ffs�c^_hnc`scha�[�]ihnlif�alioj�omcha�`ilg[f�l[h^ig�

m_f_]ncih�jli]_mm_m�][h�\_�^c``c]ofn+� Bil�_r[gjf_)�C_lmbg[h�_n�[f+%.661&�]ih^o]n_^�[�

][m_*]ihnlif�mno^s�i`�̂ iam�qbi�b[^�\cnn_h�[�hih*biom_bif^�g_g\_l+� ?[m_�[hcg[fm�q_l_�

^iam�qcnbch�nb_�@_hp_l�[l_[�qbi�b[^�][om_^�[�l_jiln_^�\cn_�ch� .66.+� ?ihnlif�^ia�

biom_bif^m�q_l_�c^_hnc`c_^�omcha�[�a_ial[jbc][ffs�g[n]b_^�l[h^ig�^cacn�^c[fcha�

jli]_^ol_+� >inb�][m_�[h^�]ihnlif�iqh_lm�q_l_�l_ko_mn_^�ni�]igjf_n_�[�n_f_jbih_�

chn_lpc_q+� Qmcha�nbcm�jli]_mm)� nb_�[onbilm�q_l_�ihfs�[\f_�ni�ch]fo^_�2-"�i`�_fcac\f_�][m_m)�

f[la_fs�\_][om_�i`�nb_�ch[\cfcns�ni�]ihn[]n�nb_�iqh_l�[h^�]igjf_n_�nb_�chn_lpc_q�\s�jbih_+�

Pbcm�]igjlcm_^�ihfs� .5"�i`�nb_�][m_m�i`�l_jiln_^�^ia�\cn_m�`il�nb[n�s_[l+

3 3



R_n_lch[lc[hm�[l_�gimn�ch�h__^�i`�ch`ilg[ncih�l_f_p[hn�ni�nb_�nl_[ng_hn�i `�][m_m�nb_s�m__�

ih�[�^[cfs�\[mcm)�[h^�nb_m_�[l_�nb_�][m_m�jl_m_hn_^�\s�nb_cl�l_aof[l�]fc_hn_f_+� Eh�nlonb)� nb_l_�

[l_�g[hs�^iam�qbi�h_p_l�m__�[�p_n_lch[lc[h)�[h^�nbcm�jijof[ncih�cm� f[la_fs�ch[]]_mmc\f_�ni�

nb_�jli`_mmcih�_r]_jn�j_lb[jm�nblioab�jo\fc]�m_lpc]_�qile+� Pb_�jimmc\cfcns�nb[n�p_n_lch[ls�

j[nc_hnm�g[s�b[p_�ohcko_�ko[fcnc_m)�biq_p_l)� mbiof^�hin�_r]fo^_�nb_g�`lig�om_�[m�[�

l_`_l_h]_�jijof[ncih+

Pb_�i\d_]ncp_�i`�nbcm�molp_s�q[m�ni�c^_hnc`s�lcme�`[]nilm�`il�][hch_�biom_bif^�[aal_mmcih�\s�

omcha�[�mno^s�^_mcah�nb[n�b[^�nb_�][j[\cfcns�ni�jli^o]_�]fchc][ffs�l_f_p[hn�l_mofnm+� Pbcm�

h_]_mmcn[n_^�i\n[chcha�^_n[cf_^�ch`ilg[ncih�[\ion�[�f[la_�hog\_l�i`�\inb�\cncha�[h^�hih*

\cncha�^iam�mi�nb[n�nb_�nqi�aliojm�]iof^�\_�]igj[l_^� En�q[m�^_]c^_^�nb[n�nb_�jijof[ncih�

i`�̂ ia�iqh_lm�qbi�[l_�p_n_lch[ls�]fc_hn_f_�q_l_�nb_�gimn�[]]_mmc\f_�`il�l_m_[l]b�

joljim_m)� [h^�]iof^�\_�_rj_]n_^�ni�jlipc^_�ch`ilg[ncih�nb[n�q[m�l_jl_m_hn[ncp_�i`�nb_�

a_h_l[f�jijof[ncih�i`�̂ iam�n[e_h�ni�p_n_lch[lc[hm+� =h�[^^cncih[f�[^p[hn[a_�i `�omcha�

p_n_lch[ls�]fc_hn_f_�q[m�nb[n�q_�\_fc_p_^�nb_s�qiof^�jli\[\fs�bif^�p_n_lch[lc[hm�ch�[�

jimcncp_�l_a[l^)� [h^�gcabn�nb_l_`il_�\_�gil_�qcffcha�ni�^cm]omm�nb_cl�^iaÖm�\_b[pciol�qcnb�

[�l_jl_m_hn[ncp_�i`�[�p_n_lch[ls�]iff_a_�ch�[h�chn_lpc_q�mcno[ncih+

>[m_^�ih�[�jijof[ncih�^_lcp_^�`lig�[�gofnc*]fchc]�molp_s�ch�g[lcncg_�?[h[^[)� [�][m_*�

]ihnlif�jbih_�molp_s�q[m�oh^_ln[e_h�ni�^_n_lgch_�mcahc`c][hn�^c``_l_h]_m�\_nq__h�\cncha�

[h^�hih*\cncha�^iam�[h^�nb_cl�l_mj_]ncp_�biom_bif^m+� =m�gimn�^ia�\cn_m�[l_�]ihmc^_l_^�ni�

\_�jl_p_hn[\f_�chdolc_m)�nb_�c^_hnc`c][ncih�i `�mcahc`c][hn�lcme�`[]nilm�]iof^�b[p_�nb_
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WZcZ[^X^Va�Z[[ZXi�d[�gZYjX^c\�i]Z�cjbWZg�d[�k^Xi^bh�d[�XVc^cZ�]djhZ]daY�V\\gZhh^dc)

-)�FViZg^Vah�VcY�FZi]dYh

*')� HeRZUSdc

Eh� .663)�nq_hns�a_h_l[f�p_n_lch[ls�jl[]nc]_m�ch�nb_�?[h[^c[h�jlipch]_m�i`�J_q�>lohmqc]e)�

Jip[�O]inc[)�[h^�Llch]_�A^q[l^�Emf[h^�q_l_�l_]locn_^�ni�[^gchcmn_l�[�ih_�j[a_�

ko_mncihh[cl_�ni�nb_cl�^ia*iqhcha�]fc_hnm+� A[]b�iqh_l�q[m�i``_l_^�[�ko_mncihh[cl_�\s�nb_�

]fchc]�mn[``�ohf_mm�nb_s�q_l_�jl_m_hncha�[�fcnn_l�i `�jojjc_m�`il�p[]]ch[ncih)� nb_�^ia�q[m�

\_cha�jl_m_hn_^�`il�_onb[h[mc[)�il�nb_�iqh_l�q[m�pcmc\fs�ojm_n�il�]lscha+� N_]_jncihcmnm�

q_l_�[fmi�acp_h�nb_�ijncih�hin�ni�i``_l�nb_�ko_mncihh[cl_�c`�nb_s�q_l_�[n�ncg_m�mcgjfs�nii�

\oms�qcnb�inb_l�^onc_m+� @iam�q_l_�hin�m_f_]n_^�`il�ch]fomcih�ih�nb_�\[mcm�i`�nb_cl�

\_b[pciol)� \on�q_l_�[�]limm*m_]ncih�i`�nb_�][hch_�][m_fi[^+� Pbcm�ko_mncihh[cl_�l_ko_mn_^�

nb_�iqh_lÖm�h[g_�[h^�jbih_�hog\_l)�\[mc]�^_gial[jbc]�ch`ilg[ncih�ih�nb_�^ia)�[h^�

]ihn[ch_^�2�ko_mncihm�ih�nb_�^iaÖm�\_b[pciol+� Pbl__�ko_mncihm�j_ln[ch_^�ni�[hs�bcmnils�i`�

[aal_mmcih)�[h^�q_l_�qil^_^�ni�^_n_]n�_p_h�nbim_�ch]c^_hnm�nb[n�g[s�b[p_�i]]oll_^�ip_l�

nb_�l_fchkocmbg_hn�i `�i\d_]nm�il�ch�jf[s�%=jj_h^cr�=&+� Pb_�`ch[f�m_]ncih�i`�nb_�

ko_mncihh[cl_�[^pcm_^�iqh_lm�nb[n�nb_s�gcabn�\_�]ihn[]n_^�\s�nb_�=nf[hnc]�R_n_lch[ls�

?iff_a_�`il�[�gil_�^_n[cf_^�n_f_jbih_�chn_lpc_q+� =�nin[f�i`�0//3�ko_mncihh[cl_m�q_l_�

]igjf_n_^)�acpcha�[�l_mjihm_�l[n_�i `�5.+1"+� Pb_m_�ch^cpc^o[fm�`ilg_^�nb_�mno^s�

jijof[ncih�`il�nb_�n_f_jbih_�molp_s�nb[n�q[m�cgjf_g_hn_^�3�gihnbm�f[n_l

Eh�l_mjihm_�ni�nb_�ko_mncih7�ÉD[m�siol�^ia�_p_l�\cnn_h�[hs�g_g\_l�i `�siol�biom_bif^)
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_p_h�c`�sio�nbche�cn�g[s�b[p_�b[jj_h_^�\s�[]]c^_hn�qbcf_�jf[scha<Ñ� .2�+3"�i `�l_mjih^_hnm�

l_jfc_^�jimcncp_fs+� Pb_m_�ch^cpc^o[fm�q_l_�^_mcah[n_^�g_g\_lm�i `�[�n_hn[ncp_�][m_�

jijof[ncih�mif_fs�`il�nb_�joljim_�i`�m_f_]ncih�`il�nb_�n_f_jbih_�molp_s+� =ff�inb_l�

l_mjih^_hnm�q_l_�^_mcah[n_^�g_g\_lm�i`�[�]ihnlif�%jl_mogjncp_fs�hih*\cncha&�jijof[ncih)�

_p_h�c`�nb_s�b[^�^_gihmnl[n_^�f_mm�m_p_l_�`ilgm�i `�[aal_mmcih�mo]b�[m�aliqfcha+� A[]b�

ko_mncihh[cl_�b[^�[�ohcko_�c^_hnc`c][ncih�]i^_�%E@&�qbc]b�[fmi�c^_hnc`c_^�nb_�]fchc]�i`�

ilcach+� =�`ilg[f�l[h^ig�m[gjfcha�jli]_^ol_�q[m�om_^�ni�^l[q�[�alioj�i`�2--�ch^cpc^o[fm�

`lig�nb_�]ihnlif�jijof[ncih�omcha�nb_�OP�=P�=�mn[ncmnc][f�mi`nq[l_�j[]e[a_�%On[n[�

?iljil[ncih)�?iff_a_�On[ncih)�P_r[m)�QO=&+� Qmcha�nb_�l[h^igfs�m_f_]n_^�]ihnlif�alioj�

E@�hog\_lm)� ][m_m�q_l_�m_f_]n_^�\s�g[n]bcha�`clmn�`il�]fchc]�[h^�nb_h�]biimcha�nb_�h_rn�

f[la_mn�E@�hog\_l�[giha�nb_�\cncha�^iam+� =fnbioab�g[n]bcha�][m_m�ni�]ihnlifm�\s�]fchc]�

q[m�chcnc[ffs�^ih_�ih�[� .� ni� .� \[mcm)� ch�nb_�f[nn_l�j[ln�i`�nb_�mno^s�1�][m_�[hcg[fm�q_l_�

g[n]b_^�ni�_[]b�]ihnlif�[hcg[f�\s�]fchc]+� Kp_l[ff)�[jjlircg[n_fs�0� ][m_�[hcg[fm�q_l_�

g[n]b_^�ni�_[]b�]ihnlif)� nb_l_\s�_hb[h]cha�nb_�hog\_l�i`�iqh_lm�chn_lpc_q_^�qbi�b[^�

l_jiln_^�[�bcmnils�i`�\cncha�\s�nb_cl�^iam+� E`�iqh_lm�b[^�]igjf_n_^�[�ko_mncihh[cl_�`il�

gil_�nb[h�ih_�^ia�ch�nb_cl�biom_bif^)�ihfs�nb_�`clmn�^ia�m_f_]n_^�\s�nb_�g[n]bcha�

jli]_^ol_�q[m�ch]fo^_^�ch�nb_�molp_s+� Pb_� g[n]bcha�jli]_^ol_�q[m�]ihncho_^�ohncf�nb_l_�

q_l_�hi�gil_�][m_�[hcg[fm�l_g[chcha�ohm_f_]n_^+� =�nin[f�i ` 31-�iqh_lm�q_l_�m_f_]n_^�`il�

ch]fomcih�ch�nb_�n_f_jbih_�molp_s+

/+/� IU\U`X_^U�aeUcdY_^^QYbU�TUcYW^

Pb_�n_f_jbih_�ko_mncihh[cl_�q[m� .4�j[a_m�ch�f_hanb)� ch]fo^cha�[�mn[h^[l^�]ip_l�mb__n�[h^
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chnli^o]nils�j[a_�%=jj_h^cr�@&+� =ff�ko_mncihm�_r]_jn�ih_�q_l_�ch�]fim_^*_h^�`ilg[n)�

l_koclcha�_cnb_l�[�s_m,hi,^ihÖn�ehiq�l_mjihm_)�[�hog_lc][ffs�l[he_^�l_mjihm_)�il�m_f_]ncih�

`lig�[�fcmn�i ` �jimmc\f_�l_mjihm_m�\s�_cnb_l�nb_�l_mjih^_hn�il�nb_�chn_lpc_q_l+� P_rn�q[m�

qil^_^�ch�[�]ihp_lm[ncih[f�mnsf_�ni�ch]fo^_�nb_�h[g_�i`�nb_�^ia)�[h^�m_j[l[n_�

ko_mncihh[cl_m�q_l_�jli^o]_^�`il�g[f_�[h^�`_g[f_�^iam+� P_f_jbih_�chn_lpc_q_lm�eh_q�

nb_�]fchc]�i `�ilcach�`il�_[]b�^ia)�\on�q_l_�\fch^_^�ni�cnm�][m_�il�]ihnlif�[mmcahg_hn+

Pb_�ko_mncihh[cl_�q[m�^cpc^_^�chni�nb_�`iffiqcha�mcr�m_]ncihm8� .&�ch`ilg[ncih�[\ion�nb_�

big_)�/&�^_gial[jbc]�ch`ilg[ncih�[\ion�nb_�^ia)�0&�\_b[pciol�ch�nb_�`clmn�/�gihnbm�i`�

iqh_lmbcj)�1&�a_h_l[f�\_b[pciol�i`�nb_�^ia)� 2&�\_b[pciol�i `�nb_�^ia�ch�nb_�f[mn�/�gihnbm�

i`�iqh_lmbcj)�[h^�3&�mj_]c`c]�\_b[pciol�i`�nb_�^ia�ch�l_mj_]n�ni�\cncha+� Khfs�nbim_�iqh_lm�

qbi�l_jiln_^�^olcha�nb_�n_f_jbih_�molp_s�nb[n�nb_cl�^ia�b[^�_p_l�\cnn_h�[�g_g\_l�i `�nb_cl�

biom_bif^�]igjf_n_^�nb_�f[mn�m_]ncih�ih�\cncha�\_b[pciol+� =�\cn_�q[m�][l_`offs�^_`ch_^�ch�

nb_�chmnlo]ncihm�ni�nb_�chn_lpc_q_lm�[m� pdXU�e``Ub�_b�\_gUb�dUUdX�]Q[Y^W�S_^dQSd�gYdX�dXU�

fYSdY] "c�c[Y^�gYdX�ceVVYSYUddY�̀ bUccebU�d_�SQecU�Q�fYcYR\U�Y^Zebi�cdYSX�Qc�Q^�Y^TU^dQdY_^%�

gU\d%� cSbQ`U%� RbeYcU%�`e^SdebU%� _b�dUQb�Y^�dXU�c[Y^'� 6�T_W�]_edXY^W�Q�̀ Ubc_^"c�c[Y^�

gYdX_ed�Q``\iY^W�ceTTU^�̀ bUccebU�Yc�C_d�S_^cYTUbUT�Q�RYdU� =ff�l_mjih^_hnm�q_l_�acp_h
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q_l_�hi�mcahc`c][hn�^c``_l_h]_m�ch�_cnb_l�a_h^_l�il�h_on_l�mn[nom�\_nq__h�nb_�][m_�[h^�

]ihnlif�aliojm+

=giha�nb_�020�^iam�qbc]b�g_n�_cnb_l�nb_�][m_�il�]ihnlif�]lcn_lc[)�/-/�^iam�q_l_�

jol_\l_^)�i `�qbc]b� .63�q_l_�l_jiln_^�ni�\_�l_acmn_l_^�qcnb�_cnb_l�nb_�?[h[^c[h�il�

=g_lc][h�G_hh_f�?fo\+� Pb_�l_g[chcha� .2.� ^iam�q_l_�]f[mmc`c_^�[m�i `�gcr_^�il
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ohmj_]c`c_^�nsj_+� Lol_\l_^�mn[nom�q[m�hin�[mmi]c[n_^�qcnb�qb_nb_l�il�hin�[�^ia�b[^�\cnn_h�

j;4('(-$'� Pb_�gimn�`cX_ko_hnfs�l_jiln_^�\l__^m�q_l_�nb_�H[\l[^il�N_nlc_p_l�%//�^iam&)�

nb_�Cif^_h�N_nlc_p_l�%.5&)�nb_�Ojlcha_l�Oj[hc_f�%..&)� nb_�Hb[m[�=jmi�%.-&)�nb_�Obcb�Pto�

%6&)� [h^�nb_�Ob_nf[h^�Ob__j^ia�%6&+� Eh�[ff�nb_l_�q_l_�3/�^c`c`_l_hn�\l__^m�l_jiln_^)� nb_�

g[dilcns�i`�qbc]b�q_l_�l_jl_m_hn_^�\s�ihfs�[�`_q�ch^cpc^o[fm+

Sb_nb_l�il�hin�nb_�l_mjih^_hn�b[^�j[c^�ni�i\n[ch�nb_�^ia)� cnm�[a_�[n�[^ijncih)�[h^�cnm�[a_�

[n�h_on_lcha)�q_l_�hin�[mmi]c[n_^�qcnb�\cncha�%L;-+-2&+� Knb_l�`[]nilm�qbc]b�q_l_�`ioh^�

hin�ni�\_�mcahc`c][hn�q_l_�l_]_cpcha�nl_[nm�inb_l�nb[h�l_aof[l�^ia�`ii^�[n�f_[mn�ih]_�[�

q__e)�[h^�nb_�`l_ko_h]s�i`�̂ [cfs�`__^cha+

+'+� KQbYQR\Uc�YTU^dYVYUT�Y^TYfYTeQ\\i�Qc�RUY^W�̀ _dU^dYQ\�̀ bUTYSd_bc�

N_mjihm_m�ni�[ff�molp_s�ko_mncihm�q_l_�[mm_mm_^)�[h^�nbim_�^__g_^�ni�\_�\inb�jin_hnc[f�

jl_^c]nilm�i`�\cncha�[h^�b[pcha�[�mcahc`c][h]_�i`�E2� -+.-�[l_�ch]fo^_^�ch�P[\f_�1+� Eh�mjcn_�

i`�nb_cl�f[]e�i`�mcahc`c][h]_�ch�[�ohcp[lc[n_�[mmi]c[ncih�qcnb�\cncha)� m_r�[h^�h_on_l�mn[nom�

q_l_�ch]fo^_^�qcnb�nbcm�alioj�i `�p[lc[\f_m�^o_�ni�nb_�jimmc\cfcns�i`�nb_cl�[]ncha�[m�

]ih`ioh^_lm�il�ch�chn_l[]ncih�n_lgm+� Pb_�^ia�b[pcha�\__h�i\n[ch_^�`lig�[�`h_h^�il�

l_f[ncp_�%L:-+-/.&)� [h^�\_cha�[�g_g\_l�i`�_cnb_l�nb_�mj[hc_f)� nis)� n_llc_l)�il�Éinb_lÑ�\l__^�

alioj�q_l_�jimcncp_fs�[mmi]c[n_^�qcnb�\cncha�%,':-+.--&�%m__�=jj_h^cr�A�`il�\l__^�

aliojcham&+

Pb_�hog\_l�i`�n__h[a_lm�ch�nb_�big_�q[m�jimcncp_fs�[mmi]c[n_^�qcnb�[�\cn_�b[pcha
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i]]oll_^�% ` :-+--1&+� Pb_�g_[h�hog\_l�i `�n__h[a_lm�[a_^� .0*.4�s_[lm�ch�nb_�big_�i`�

\cncha�^iam�q[m�-+12)�[m�]igj[l_^�ni�[�g_[h�i `�-+/0� ch�nb_�big_�i`�hih*\cncha�^iam+� Kh_�

il�gil_�n__h[a_lm�q_l_�l_jiln_^�ni�\_�fcpcha�ch�nb_�big_m�i`�/3+0"�i `�nb_�l_mjih^_hnm+�

=fnbioab�nb_l_�q_l_�[fmi�gil_�sioha�]bcf^l_h�%9.0�s_[lm�if^&�fcpcha�ch�nb_�big_m�i`�

\cncha�^iam)� nb_�^c``_l_h]_�q[m�hin�mn[ncmnc][ffs�mcahc`c][hn+�Qmcha�nb_�nin[f�hog\_l�i`�

i``mjlcha�ch�nb_�big_�%n__hm(]bcf^l_h&�[m�nb_�ch^_j_h^_hn�p[lc[\f_)�il�[mm_mmcha�nb_�_`f`_]n�

i`�qb_nb_l�il�hin�nb_l_�q_l_�[hs�i``mjlcha�[n�[ff�ch�nb_�big_�^c^�hin�l_p_[f�[hs�mnliha_l�

[mmi]c[ncihm�qcnb�\cncha�nb[h�nb[n�[fl_[^s�^_n_]n_^�qcnb�nb_�hog\_l�i`�n__h[a_lm+

Pb_�l_mjihm_m�ni�nqi�ko_mncihm�ih�nb_�b_[fnb�bcmnils�i`�nb_�^ia�q_l_�mcahc`c][hnfs�

[mmi]c[n_^�qcnb�nb_�ion]ig_�i `�\cncha+� =�m_lciom�cffh_mm�il�chdols�l_koclcha�ip_lhcabn�

bimjcn[fct[ncih�i `�nb_�^ia�q[m�[mmi]c[n_^�qcnb�`_q_l�l_mjih^_hnm�l_jilncha�\cncha�

%L:-+-//&+� ?ihp_lm_fs)�nb_�l_mjih^_hn�l_jilncha�nb[n�nb_�^ia�b[^�l_]_cp_^�p_n_lch[ls�

nl_[ng_hn�`il�[�jlolcnc]�il�g[fi^iliom�mech�^cmil^_l�q[m�gil_�]iggih�[giha�nb_�\cncha�

^iam�%,':-+-2-&+� =�bcmnils�i`�̂ _hn[f�_rnl[]ncihm�il�]f_[hcha�q[m�hin�[mmi]c[n_^�qcnb�

\cncha+

Bil�^iam�nb[n�q_l_�[^ijn_^�qb_h�f_mm�nb[h�3�gihnbm�i`�[a_)� l_mjihm_m�ni�m_p_l[f�

ko_mncihm�ih�nb_�\_b[pciol�i `�nb_�^ia�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj�mbiq_^�

mcahc`c][hn�[mmi]c[ncihm�qcnb�nb_�ion]ig_�i`�\cncha+� Pb_�iqh_l�l_][ffcha�[aal_mmcp_�

\_b[pciol)� _cnb_l�ch�l_mjihm_�ni�^cm]cjfch_�il�ip_l�`ii^)�q[m�mcahc`c][hnfs�[mmi]c[n_^�qcnb�

\cncha�%L9-+-2&+� >cncha�^iam�q_l_�l[he_^�\s�iqh_lm�[m�b[pcha�\__h�gil_�_r]cn[\f_
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%L:-+-0.&)�[h^�f_mm�chn_l_mn_^�ch�j_ijf_�#E3('.--&�nb[h�hih*\cncha�^iam�ch�nb_�`clmn�/�

gihnbm�i`�iqh_lmbcj+� Iil_�\cncha�^iam�q_l_�[fmi�l_jiln_^�ni�b[p_�mf_jn�ih�mig_ih_Öm�

\_^�^olcha�nbcm�chcnc[f�j_lci^�ch�nb_�big_�%L:-+-.5&+

Ji�mcahc`c][hn�[mmi]c[ncihm�qcnb�\cncha�q_l_�^_n_]n_^�[n�nb_�LXmK+fK�f_p_f�`il�_cnb_l�]l[n_�

om_�il�[nn_h^[h]_�[n�jojjs�]f[mm_m)�_p_h�c`�nb_m_�g_[mol_m�b[^�\__h�oh^_ln[e_h�\_][om_�i`�

mig_�jli\f_g�qcnb�nb_�^iaÖm�\_b[pciol+� Pb_�iqh_l�b[pcha�jl_pciomfs�n[e_h�[hinb_l�^ia�

ni�i\_^c_h]_�]f[mm�q[m�hin�[mmi]c[n_^�qcnb�qb_nb_l�il�hin�\cncha�q[m�l_jiln_^+� @iam�

qbc]b�b[^�\__h�n[e_h�ni�i\_^c_h]_�]f[mm�\_][om_�nb_s�b[^�[�\_b[pciol�jli\f_g�q_l_�

mcahc`c][hnfs�gil_�fce_fs�ni�b[p_�\cnn_h�%L:-+-/0&)�_p_h�c`�nb_�ilcach[f�jli\f_g�l_jiln_^�\s�

nb_�iqh_l�q[m�hin�[aal_mmcih+� @iam�qbc]b�b[^�\__h�n[e_h�ni�i\_^c_h]_�]f[mm�`il�l_[mihm�

ohl_f[n_^�ni�jli\f_g�\_b[pciol�q_l_�hi�gil_�il�f_mm�fce_fs�ni�b[p_�\cnn_h�nb[h�^iam�qbi�

b[^�h_p_l�\__h�ni�i\_^c_h]_�]f[mm+� Pb_�iqh_l�l_jilncha�[�jbsmc][f�g_nbi^�i `�johcmbg_hn�

i`�nb_�^ia�`il�a_h_l[f�gcm\_b[pciol�il�_fcgch[ncih�jli\f_gm)�[m�_cnb_l�[�jojjs�il�[h�[^ofn)�

q[m�hin�mcahc`c][hnfs�[mmi]c[n_^�qcnb�\cncha+

Lin_hnc[ffs�]igjofmcp_�\_b[pciolm�q_l_�_r[gch_^�ch�[�m_lc_m�i`�..� ko_mncihm�[\ion�mj_]c`c]�

[h^�ohomo[f�\_b[pciolm�i`�nb_�^ia�%=jj_h^cr�@&+� Pb_�l_mjihm_m�ni�nbl__�ko_mncihm�

l_f[ncha�ni�il[f�\_b[pciol�b[^�mcahc`c][hn�jimcncp_�[mmi]c[ncihm�qcnb�\cncha+� N_mjih^_hnm�

qcnb�\cncha�^iam�q_l_�gil_�fce_fs�ni�l_jiln�nb[n�nb_�^ia�É]b_q_^�i\d_]nm�_r]_mmcp_fs�Ñ�

%L:-+-4-&�[h^�É]b_q_^�[h^�mq[ffiq_^�mnc]em�il�li]emÑ�#E3('(+($'� >[lecha�`il�fiha�

j_lci^m�[n�Éhinbcha�ch�j[lnc]of[lÑ�q[m�[fmi�[mmi]c[n_^�qcnb�\cncha�%,':-+-01&+
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Cliqfcha�[n�[hs�biom_bif^�g_g\_l)�_p_h�c`�cn�q[m�ch�jf[s)�q[m�p_ls�mnlihafs�[mmi]c[n_^�

qcnb�nb_�l_mjih^_hn�l_jilncha�\cncha�\s�nb_�^ia�% ,Ö9-+--.&+� Oh[jjcha�[n�[�biom_bif^�

g_g\_l)� _p_h�c`�ip_l�`ii^�il�[�nis)�q[m�_ko[ffs�mcahc`c][hn)�\on�nbcm�l_mofn�cm�^c``c]ofn�ni�

chn_ljl_n�[m�mig_�l_mjih^_hnm�g[s�b[p_�gcmoh^_lmnii^�nb_�n_lg�Émh[jjchaÑ�%ch�nb_�[cl&�ni�

g_[h�É\cnchaÑ%g[echa�mech�]ihn[]n&+� =aal_mmcih�^cl_]n_^�niq[l^�mnl[ha_lm�ih�nb_�^iaÖm�

iqh�n_llcnils�q[m�[fmi�mnlihafs�[mmi]c[n_^�qcnb�\cncha�[�biom_bif^�g_g\_l�%`9-+-.&)�

[fnbioab�\cncha�i`�mnl[ha_lm�q[m�[�l_f[ncp_fs�oh]iggih�\_b[pciol)�\_cha�l_jiln_^�ch�ihfs�

5+3"�i`�[ff� nb_�^iam+

+',� HU\USdY_^�Q^T�dUcdY^W�_ V�Q�]_TU��V_ b �dXU�̀ bUTYSdY_^�_ V�RYdY^W

R[lc[\f_m�ch]fo^_^�ch�nb_�`ch[f�gi^_f�%P[\f_�2&�q_l_�m_r)�q_cabn)�[a_)� h_on_l�mn[nom)� nb_�

hog\_l�i `�n__h[a_lm�ch�nb_�biom_bif^)�[�bcmnils�i ` �[�mech�^cmil^_l�l_koclcha�p_n_lch[ls�

nl_[ng_hn)�b[pcha�mf_jn�ih�mig_ih_Öm�\_^�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj)�b[pcha�

mbiqh�[aal_mmcih�ip_l�`ii^�ch�nb_�`clmn�/�gihnbm�i `�iqh_lmbcj)�[�bcab�l[he�`il�_r]cn[\cfcns�

ch�nb_�`clmn�/�gihnbm�i `�iqh_lmbcj)� [h^�[�mchaf_�chn_l[]ncih�n_lg�ch]fo^cha�m_r�[h^�q_cabn+�

Pb_�m_r)�q_cabn)�[a_)�[h^�h_on_l�mn[nom�p[lc[\f_m�q_l_�ch]fo^_^�[m�jin_hnc[f�]ih`ioh^_lm�

[h^�[m�g[ch�_``_]nm�`il�nb_�chn_l[]ncih�n_lg+�K`�nb_m_�`iol)�ihfs�m_r�q[m�]fim_�ni�\_cha�

mn[ncmnc][ffs�mcahc`c][hn�%,':-+-22&+� B_g[f_�^iam�q_l_�[fgimn�0� ncg_m�gil_�fce_fs�ni�b[p_�

\cnn_h�nb[h�g[f_�^iam�%KN:/+65)�62"?E7�-+65�ni�6+-4&+� Pbcm�q[m�gimn�[jj[l_hn�qb_h�nb_�

%m_r�T�q_cabn&�chn_l[]ncih�n_lg�q[m�ch]fo^_^�%KN:-+62)�62"?E8�-+6.� ni�-+66&)� ch^c][ncha�

nb[n�l_jilnm�i`�\cncha�\s�`_g[f_�^iam�^_]l_[m_^�[m�\i^s�q_cabn�ch]l_[m_^)� [h�[mmi]c[ncih�

qbc]b�q[m�hin�^_n_]n_^�ch�g[f_�^iam+�Scnb� _p_ls�[^^cncih[f�n__h[a_l�ch�nb_�biom_bif^)
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nb_�i^^m�i `�\cncha�ch]l_[m_^+� @iam�qbc]b�b[^�[�bcmnils�i `�p_n_lch[ls�nl_[ng_hn�`il�[�mech�

^cmil^_l�q_l_�[fgimn�nqc]_�[m�fce_fs�ni�b[p_�\cnn_h�%KN:f+54)�62"�?f8� .+-0� ni�0+05&)�[�

mcgcf[l�[mmi]c[ncih�ni�nb[n�^_n_lgch_^�`il�^iam�qbc]b�b[^�mf_jn�ih�mig_ih_Öm�\_^�ch�nb_�

`clmn�/�gihnbm�%KN:.+60)�62"?E7� .+-3�ni�0+20&+� >cncha�^iam�q_l_�0� ncg_m�[m�fce_fs�ni�

b[p_�[�bcmnils�i`�[aal_mmcih�ip_l�`ii^�ch�nb_�`clmn�/�gihnbm�i `�iqh_lmbcj�%KN:0�-5)�

62"?E7� .+-2�ni�6+-.&)�[h^�q_l_�acp_h�bcab_l�_r]cn[\cfcns�l[hecham�`il�nb_�m[g_�ncg_�j_lci^�

%KN:.+.1)�62"?E7� .+-/�ni� .+/3&+

Pb_�p[lc[\f_m�^_m]lc\cha�qb_nb_l�nb_�^ia�b[^�_p_l�aliqf_^�il�mh[jj_^�[n�[hs�biom_bif^�

g_g\_l�q_l_�_r]fo^_^�`lig�nb_�gi^_f�qb_h�cn�q[m�^cm]ip_l_^�nb[n�nb_s�q_l_�[]ncha�[m�

ch^c][nilm�i `�\cncha)�[h^�g[mecha�nb_�jl_m_h]_�i`�inb_l�gil_�]fchc][ffs�om_`of�jl_^c]nilm+�

Pb_�p[lc[\f_�`il�É\cncha�mnl[ha_lmÑ)�[fnbioab�bcabfs�[mmi]c[n_^�ih�[�ohcp[lc[n_�\[mcm�qcnb�

\cncha�[�biom_bif^�g_g\_l)�[fmi�[]n_^�[m�[h�ch^c][nil�i`�\cncha�[�biom_bif^�g_g\_l)�[h^�

qiof^� m_p_l_fs�l_mnlc]n�nb_�hog\_l�i`�i\m_lp[ncihm�ch]fo^_^�ch�nb_�gi^_f�[h^�][om_�nb_�

_r]fomcih�i `�m_p_l[f�inb_l�jin_hnc[ffs�om_`of�jl_^c]nilm+� É>cncha�mnl[ha_lmÑ�q[m�nb_l_`il_�

^_fc\_l[n_fs�_r]fo^_^�`lig�nb_�`ch[f�gi^_f+

Qmcha�nb_�jli\[\cfcns�]on*i``�p[fo_�`il�]f[mmc`c][ncih�[m�[�\cncha�^ia�i`�-+2)� nb_�m_hmcncpcns�

[h^�mj_]c`c]cns�i`�nb_�gi^_f�q_l_�56"�[h^�0."�l_mj_]ncp_fs+� Pb_m_�p[fo_m�ch^c][n_�nb[n�

gil_�\cncha�^iam�qiof^�\_�]ill_]nfs�^_n_]n_^�\s�nb_�gi^_f�nb[h�qiof^�hih*\cncha�^iam)�

[h^�nb[n�nb_l_�[l_�fce_fs�ni�\_�[�fiq�hog\_l�i ` �̂ iam�qcnb�[�`[fm_�h_a[ncp_�]f[mmc`c][ncih+

Pb_�jl_^c]ncp_�p[fo_�i`�jimcncp_�[h^�h_a[ncp_�n_mnm�q_l_�4/"�[h^�3-"�l_mj_]ncp_fs+� Eh
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inb_l�qil^m)� nb_�jlijilncih�i`�̂ iam�jl_^c]n_^�ni�\_�\cn_lm�qbc]b�[]no[ffs�q_l_�\cn_lm�q[m�

bcab_l�nb[h�nb_�jlijilncih�i`�̂ iam�jl_^c]n_^�ni�\_�hih*\cn_lm�qbc]b�[]no[ffs�q_l_�hih*

\cn_lm+� Hiq_lcha�nb_�jli\[\cfcns�]on*i``�ni�-+1�%`il�_r[gjf_&�b[m�nb_�_``_]n�i`�ch]l_[mcha�

nb_�m_hmcncpcns�i`�nb_�gi^_f�ni�65"�[h^�^_]l_[mcha�nb_�mj_]c`c]cns�nif5+6"+� En�^i_m�hin�

l[^c][ffs�]b[ha_�nb_�jl_^c]ncp_�p[fo_�i `�[�jimcncp_�n_mn�%4."&)�\on�cgjlip_m�nb_�jl_^c]ncp_�

p[fo_�i`�[�h_a[ncp_�n_mn�l_mofn�ni�52"+

+'-� 6cc_SYQdY_^c�RUdgUU^�bUSU^d�RUXQfY_eb�Q^T�RYdY^W

=�hog\_l�i `�inb_l�p[lc[\f_m�q_l_�mnlihafs�[mmi]c[n_^�qcnb�[h�ion]ig_�i`�\cncha�\on�]iof^�

hin�fiac][ffs�\_�]f[mmc`c_^�[m�jin_hnc[f�jl_^c]nilm�%P[\f_�3&+� Pb_m_�p[lc[\f_m�^_m]lc\_^�nb_�

l_]_hn�\_b[pciol�il�fc`_mnsf_�i `�nb_�^ia)� [h^�gcabn�nb_l_`il_�\_�[mmi]c[n_^�qcnb�\cncha�

\_][om_�nb_s�[l_�[]no[ffs�nb_�ion]ig_�i `�[aal_mmcp_�\_b[pciol)�il�\_][om_�nb_s�[jj_[l_^�

]ih]oll_hnfs�qcnb�[aal_mmcih+� Bil�_r[gjf_)�\_cha�]ih`ch_^�ni�[�f_[mb)�s[l^)�il�j_h�qb_h�

ion^iilm�q[m�[mmi]c[n_^�qcnb�\cncha�%L9-+-.&�[m�q[m�nb_�^ia�mj_h^cha�f_mm�nb[h�0� biolm�

ion^iilm�ih�[h�[p_l[a_�q__e^[s�%,':-+--1&+� @iam�nb[n�mj_hn�0�il�`_q_l�biolm�ion^iilm�

ih�[�q__e^[s�q_l_�mcahc`c][hnfs�mg[ff_l�nb[h�^iam�nb[n�mj_hn�gil_�nb[h�0� biolm�ion^iilm�

%4'9-+--.&+� Of__jcha�ih�mig_ih_Öm�\_^)�\_cha�[ffiq_^�ih�nb_�`olhcnol_)� [h^�jf[scha�noa*�

i`*q[l�ch�nb_�f[mn�/�gihnbm�q_l_�[ff� jimcncp_fs�[mmi]c[n_^�qcnb�\cncha�%L9-+-2&+� @iam�nb[n�

q_l_�[ffiq_^�ih�nb_�\_^�il�`olhcnol_�q_l_�mcahc`c][hnfs�mg[ff_l�nb[h�^ia�nb[n�q_l_�hin�

j_lgcnn_^�ih�nb_m_�mol`[]_m�%L9-+--.&+� >cncha�^iam�q_l_�gil_�`l_ko_hnfs�l_jiln_^�ni�\_�

[`l[c^�i`�]bcf^l_h)�g_h)� mnl[ha_lm)�^_fcp_ls�j_ijf_)�il�^ia�aliig_lm�#E2('.-&+� Pbl__�

ko_mncihm�[mecha�nb_�iqh_l�ni�l[he�nb_�^iaÖm�\_b[pciol�ch�nb_�f[mn�/�gihnbm�q_l_

5 /



mcahc`c][hnfs�[mmi]c[n_^�qcnb�\cncha+� @iam�nb[n�b[^�\cnn_h�q_l_�do^a_^�ni�\_�gil_�

_r]cn[\f_)� f_mm�nlomnqilnbs�qcnb�]bcf^l_h)�[h^�a_h_l[ffs�gil_�[aal_mmcp_�ch�nb_�f[mn�/�

gihnbm�%L9-+--2&+

+'.� IXU�bU\QdY_^cXY`�RUdgUU^�R_Ti�gUYWXd�Q^T�_dXUb�fQbYQR\Uc

Sb_h�nb_�^iam�q_l_�mnl[nc`c_^�chni�/�aliojm�[]]il^cha�ni�q_cabn)� mg[ff�%9/-ea)�h:.43&�

[h^�f[la_�%"/-�ea)� h:.33&)�[�hog\_l�i`�chn_l[]ncihm�q_l_�^_n_]n_^�\_nq__h�\i^s�mct_�[h^�

nb_�lcme�i`�[hinb_l�p[lc[\f_�\_cha�[mmi]c[n_^�qcnb�\cncha�%P[\f_�4&+� Og[ff�^iam�q_l_�[n�[�

al_[n_l�lcme�i`�\cncha�nb[h�f[la_�^iam�c`�nb_s�b[^�_cnb_l�mbiqh�[aal_mmcih�ip_l�`ii^�il�

q_l_�[ffiq_^�ni�mf__j�ih�nb_�\_^�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj+� Pb_s�q_l_�[fmi�gil_�

fce_fs�nb[h�f[la_�^iam�ni�b[p_�\cnn_h�c`�nb_s�b[^�\__h�nl_[n_^�`il�[�mech�^cmil^_l)�q_l_�

]oll_hnfs�[ffiq_^�ih�`olhcnol_)�il�q_l_�[`cÖ[c^�i`�]bcf^l_h+� Bil�^iam�nb[n�jf[s_^�noa*i`*�

q[l)�\_cha�f[la_l�ch]l_[m_^�nb_�lcme�i`�\cncha+� Oct_�q[m�[�]ih`ioh^cha�`[]nil�`il�^iam�nb[n�

b[^�\__h�[ffiq_^�ni�mf__j�ih�mig_ih_Öm�\_^�ch�nb_�j[mn�/�gihnbm+� E` �nb_�[h[fsmcm�q[m�

]ihnliff_^� `il�mct_)� nb_�lcme�[mmi]c[n_^�qcnb�mf__jcha�ih�mig_ih_Öm�\_^�ch�nb_�j[mn�/�

gihnbm�^_]l_[m_^�[h^�\_][g_�hih*mcahc`c][hn+

3.



MVWaZ� ,
N_[mihm�acp_h�\s�jbih_�molp_s�l_mjih^_hnm�`il�hi�fiha_l�iqhcha�nb_cl�^ia�%h:25&+$

KZVhdch�\^kZc�Wn�gZhedcYZcih�[dg�cd�adc\Zg�dlc^c\�
Yd\�Vi�i]Z�i^bZ�d [�i]Z�e]dcZ�hjgkZn

KZhedchZ�[gdb�Xa^c^X�hjgkZn
^

W^i^c\ cdc(W^i^c\

=^ZY�dg�Zji]Vc^oZY�YjZ�id�VYkVcXZY�V\Z�dg�^aacZhh .. -1 2

@^kZc�VlVn�YjZ�id�bdk^c\�dg�VaaZg\^Zh 1 . .

>ji]Vc^oZY�YjZ�id�V�WZ]Vk^djg�egdWaZb 0 / ,

=^ZY�dg�Zji]Vc^oZY'�cd�gZVhdc�egdk^YZY 0 - .

@^kZc�VlVn'�cd�gZVhdc�egdk^YZY / . ,

Edhi - , ,

Hi]Zg - , ,

@^kZc�VlVn�YjZ�id�V�WZ]Vk^djg�egdWaZb , , +

KZa^cfj^h]ZY�id�]jbVcZ�hdX^Zin + G*: G*:

MHM:E�$"% 03 /,� $2+)2% ,2�$-4).%

<dbeVgVi^kZ�kVajZh�[dg�Yd\h�hi^aa�dlcZY�Vi�i^bZ�d [ �
e]dcZ�^ciZgk^Zl

0,0 .03�$14)0% ,02�$.+)0%

&�KZhedcYZcih�XZVhZY�id�dlc�i]Z^g�Yd\h� ^c�i]Z�h^m�bdci]�i^bZ�eZg^dY�WZilZZc�i]Z�Xa^c^X�hjgkZn�VcY�i]Z�
e]dcZ�hjgkZn)

3/



MVWaZ�-
N_mjihm_m�ni�nb_�ko_mncih�ih�\cncha�ch�nb_�ilcach[f�]fchc]�molp_s�[m�]igj[l_^�ni�nb_�
l_mjihm_�ih�nb_�jbih_�molp_s�mcr�gihnbm�f[n_l+

Lbih_�Oolp_p

>cncha Jih*\cncha PKP=H

?fchc]�Oolp_p� >cncha .65 .2. 016

Jih*\cncha /6 ./3 .22

PKP=H //4 /44 2-1

 M]Z�egZY^Xi^kZ�kVajZ�d [�V�edh^i^kZ�gZhedchZ�dc�i]Z�Xa^c^X�hjgkZn�id�YZiZXi�VXijVa� ^c_^j^djh�W^i^c\�Vh�
YZhXg^WZY�^c�i]Z�e]dcZ�hjgkZn�lVh�+)02�$,43*./4%)

30



MVWaZ�.
@_gial[jbc]�]b[l[]n_lcmnc]m� i`�][m_�%\cncha&�[h^�]ihnlif�%hih*\cncha&�^iamp

OVg^VWaZ :aa�Yd\h ;^i^c\�Yd\h Gdc(W^i^c\�Yd\h

MdiVa�Yd\h�$"% .0. --2 $1/).% ,-1 $.0)2%

:aa�[ZbVaZh�$"% ,21 ,,+ $1-)0% 11 $.2)0%

BciVXi�[ZbVaZh�$"% ,- 3 $11)2% / $..).%

GZjiZgZY�[ZbVaZh�$"% ,1/ ,+- $1-)-% 1- $.2)3%

:aa�bVaZh�$"% ,22 ,,2 $11),% 1+ $..)4%

BciVXi�bVaZh�$"% .- -+ $1-)0% ,- $.2)0%

GZjiZgZY�bVaZh�$"% ,/0 42 $11)4% /3 $..),%

FZVc�V\Z�^c�nZVgh�$gVc\Z% 0)+ /)2 $+)0(,0% 0)1 $+)1(,2%

FZVc�lZ^\]i�^c�`\�$gVc\Z% -+)0 ,4)0 $,)3(03)0% --)/ $.)1(03)0%
&�<VhZ�$W^i^c\%�Yd\h�lZgZ�i]dhZ�WZadc\^c\�id�dlcZgh�l]d�gZhedcYZY�edh^i^kZan�id�i]Z�fjZhi^dc�VWdji�W^i^c\�
^c�i]Z�e]dcZ�hjgkZn)� <dcigda�$cdc(W^i^c\%�Yd\h�lZgZ�i]dhZ�l]^X]�]VY�cd�]^hidgn�d [ �W^i^c\�gZedgiZY�^c�
X^i]Zg�i]Z�Xa^c^X�dg�e]dcZ�hjgkZn)

5 3



MVWaZ�/
FZVch�VcY�[gZfjZcXn�Y^hig^Wji^dch�$"%�d [ �̂ cYZeZcYZci�kVg^VWaZh�^YZci^[^ZY�Vh�ediZci^Va�g^h`�[VXidgh�[dg�
W^i^c\�WZ]Vk^djg�Y^gZXiZY�idlVgY�]djhZ]daY�bZbWZgh�$ [ �hH)�,+%'�l]ZgZ�+�7�cZ\Vi^kZ�gZhedchZ'� ,�7�edh^i^kZ

;^i^c\�Yd\h Gdc(W^i^c\�Yd\h

OVg^VWaZ�$jc^ih% c FZVc�dg�" c FZVc�dg�" I�kVajZ&

=Zbd\gVe]^X�VcY�AZVai]

:\Z�$n�ZVgh% --, /)2 ,-. 0)1 +)+.0

PZ^\]i�$`\% --, ,4)0 ,-, --)/ +)+/1

LZm�$a7[ZbVaZ% --2 +�7�0,)0"
,� 7�/3)0"

,-1 +�7�/2)1"
,� 7�0-)/"

GL

GZjiZg�hiVijh --2 +�7� ,-)."
,� 7�32)2"

,-1 +�7� ,-)2"
,� 7�32)."

GL

Klcach�d [�Yd\5
.�+>l__^_l
/+N_f[ncp_�il�`lc_h^
0+Dog[h_�mi]c_ns
1+L_n� mbij
0)Llcp[n_�mb_fn_l)�mnl[s)�il�
iqh�^iaÖm�fcnn_l+

3+inb_l

--2 ,� 7�/+)0"
-�7�-2)3"
.�7� ,+)1"
/�7�3)3"
0�7�.)0"
1�7 �3)3"

,-0 ,� 7�//)+"
-�7�-+)3"
.�7� ,+)/"
/�7� ,+)/"�
0 7 � ,,)-"�
1�7�.)-"

+)+-,

;gZZY�\gdje5
+)� Icr_^�\l__^
,+�N_nlc_p_lm)�m_nn_lm)�

jichn_lm
/+�Oj[hc_fm
0+�Dioh^m
1+�Pism
0)�Silecha�*�ao[l^
1)�Silecha�*�bomes)�mjcnt
4+�Cc[hnm
3)�P_llc_lm
6+�D_l^cha
)('�Knb_l�jol_\l_^

--2 +�7�/,)4"
,� 7� ,,)+"�
-�7�1)1"
.�7�-)1"
/�7�4)2"
0�7�-)1"
1�7� ,)+"
2�7� ,)."
3�7�3)3"
4�7�.)0"�
,+7,,)+"

,-1 +�7�/0)-"
,� 7� ,0),"
-�7�/)+"
.�7�/)+"
/�7�1)."
0�7� ,)1"
1�7�/)+"
2�7�.)-"
3�7�.)-"
4�7�1)."�
,+7� 2),"

+),++

GjbWZg�d [�iZZcV\Zgh�
$,.(,2�ngh%� ^c�]dbZ

--2 +)/0 ,-1 +)-. +)++/

>kZg�]VY�V�hZg^djh�
^aacZhh�dg�^c_jgn�
gZfj^g^c\�dkZgc^\]i�
]dhe^iVa^oVi^dc

--1 +�7�2/)."
,� 7�-0)2"

,-1 +�7�1-)2"
,� 7�.2)."

+)+--

>kZg�cZZYZY�igZVibZci�
[dg�V�h`^c�Y^hdgYZg�
^ckdak^c\�egjg^ijh�dg�Vc�
jceaZVhVci�dYdjg

--1 +�7�04)2"
,� 7�/+)."

,-0 +�7�2+)/"
,� 7�-4)1"

+)+0+

&�M]Z�hiVi^hi^XVa�h^\c^[^XVcXZ�d [�Y^[[ZgZcXZh�WZilZZc�W^i^c\�VcY�cdc(W^i^c\�Yd\h

32



MVWaZ�/�XdcitY

;^i^c\�Yd\h Gdc(W^i^c\�Yd\h

OVg^VWaZ�$jc^ih% c FZVc�dg�" c FZVc�dg" [ �kVajZ

>Vgan�;Z]Vk^djg
^c�[^ghi�-�bdci]h�d [�dlcZgh]^e�Vh�gZXVaaZY�Wn�dlcZg

:cn�V\\gZhh^kZ�gZhedchZ�
id�Y^hX^ea^cZ

,4+ +�7�3,),"�
,�7� ,3)4"

44 +�7�4+)4"
,�7�4),"

+)+-3

:cn�V\\gZhh^dc�dkZg�
[ddY

,4+ +�7�30)."
,� 7� ,/)2"

43 +�7�4/)4"
,� 70),"

+)+,0

LXdgZ�d[�Yd\th�
ZmX^iVW^a^in� $B� id� ,+%

,4+ 1)4. 43 1)-- +)+.,

LXdgZ�d[�Yd\th� ^ciZgZhi�
^c�eZdeaZ�$�,� id� ,+%

,4, 3)10 43 4)+3 +),++

LaZei�dc�hdbZdcZth�WZY'�
[^ghi�-�bdci]h

,4, +�7� 04)2"
,� 7�/+)."

44 +�7�2.)2"
,� 7�-1)."

+)+,3

MgV^c^c\� VcY�;Z]Vk^djg

HWZY^ZcXZ�XaVhh
+)�GZkZg�ViiZcYZY
,)�:iiZcYZY'�Wji�cdi�
WZXVjhZ�d [ �egdWaZb

-)�:iiZcYZY�WZXVjhZ�d[�
WZ]Vk^djg�egdWaZb

--0 +�7�1.),"
,�7�--)2"
-�7� ,/)-"

,-0 +�7�2-)+"
,� 7�-.)-"
-�7�/)3"

+)+-.

<]Zlh�dW_ZXih�
ZmXZhh^kZan

--2 +�7�14)1"
,� 7�.+)/"

,-1 +�7�23)1"�
,7-,/"

+)+2+

<]Zlh�VcY�hlVaadlh�
hi^X`h�dg�gdX`h

--1 +�7�1-)/"
,� 7� .2)1"

,-1 +�7�2.)3"
,� 7�-1)-"

+)+.+

;Vg`h�[dg�adc\�eZg^dYh�
Vi�cdi]^c\�^c�eVgi^XjaVg

--2 +�7�21)-"
,�7�-.)3"

,-1 +�7�30)2"
,� 7� ,/)."

+)+./

>kZg�\gdlaZY�Vi�Vcn�
]djhZ]daY�bZbWZg'�
ZkZc�^c�eaVn

--1 + 7 � ,3),"�
,� 7�3,)4"

,-1 +�7�1,),"�
,� 7�.3)4"

6+)++,

>kZg�hcVeeZY�Vi�Vcn�
]djhZ]daY�bZbWZg'�
ZkZc�dkZg�[ddY�dg�idn

--1 +�7�-0)2"
,� 7�2/)."

,-1 +�7�34)2"
,� 7� ,+)."

6+)++,

>kZg�\gdlaZY�dg�
hcVeeZY�Vi�V�higVc\Zg�Vh�
i]Zn�XVbZ�^cid�]dbZ

--1 +�7�1,)4"
,� 7�.3),"

,-1 +�7�24)/"
,� 7�-+)1"

+)++,

>kZg�W^iiZc�V�higVc\Zg�
l]^aZ�dc�Yd\th�egdeZgin

--0 +�7�33)/"
,� 7� ,,)1"

,-1 +�7�41)3"
,� 7�.)-"

6+)++,

33



MVWaZ�0
Hiacmnc]�l_al_mmcih�gi^_f�i `�lcme�`[]nilm�`il�chdolciom�\cncha�i`�bog[h�g_g\_lm�i `�nb_�
m[g_�biom_bif^+

OVg^VWaZ <dZ[a;X^Zci IgdWVW^a^in HYYh�gVi^d 40"�<a&

BciZgXZei (+)3,4

LZm�$[ZbVaZ7a% ,)+4- +)+00 -)43 +)43(4)+2

:\Z�$nZVgh% (+)+/- +)-1, +)41 +)34(,)+.

GZjiZg�hiVijh�$cZjiZgZY7�B% (+),3/ +)11+ +)3. +).2(,)34

PZ^\]i�$`\% +)+,. +).3+ B)Ha +)43(,)+/

$LZm�Q�lZ^\]i%� ^ciZgVXi^dc�iZgb (+)+0- +)+-, +)40 +)4,(+)44

GjbWZg�d [�iZZcV\Zgh�^c�]dbZ +)2.0 +)++- -)+4 ,).+(.).0

A^hidgn�d[�igZVibZci�d [�V�h`^c�
Y^hdgYZg�Wn�V�kZiZg^cVg^Vc

+)1-0 +)+.4 ,)32 ,)+.(.).3

LaZei�dc�hdbZdcZth�WZY�^c�[^ghi�
-�bdci]h�d [�dlcZgh]^e

+)104 +)+.- ,)4. ,)+1(.)0.

:\\gZhh^dc�dkZg�[ddY�^c�[^ghi�-�
bdci]h�d[�dlcZgh]^e

,),-0 +)+/+ .)+3 ,)+0(4)+,

LXdgZ�[dg�ZmX^iVW^a^i%� ^c�[^ghi�-�
bdci]h�d[�dlcZgh]^e�dc�V�hXVaZ�
d[�,� id� ,+

+),-3 +)+,3 ,),/ ,)+-(,)-1

AdhbZg(EZbZh]dl�\ddYcZhh(d[(]i� 7�4)/.'�Y)[) 7 3 'I �7�+).B
s�40"�<dc[^YZcXZ�BciZgkVa

34



MVWaZ�1
FZVch�VcY�[gZfjZcXn�Y^hig^Wji^dch�$"%�d [ �̂ cYZeZcYZci�kVg^VWaZh�YZhXg^W^c\�i]Z�gZXZci�WZ]Vk^djg�VcY�
a^[ZhinaZ�d[�XVhZ�$W^i^c\%�VcY�Xdcigda�$cdc(W^i^c\%�Yd\h�l]^X]� lZgZ�^YZci^[^ZY�id�WZ�h^\c^[^XVcian�
VhhdX^ViZY�l^i]�W^i^c\�Y^gZXiZY�idlVgY�]djhZ]daY�bZbWZgh'�l]ZgZ�+ �7�cZ\Vi^kZ�gZhedchZ'� ,�7�edh^i^kZ�
gZhedchZ�$[6+),+%)

;^i^c\�Yd\h Gdc(W^i^c\�Yd\h

OVg^VWaZ�$jc^ih% c FZVc�dg�" c FZVc�dg�" *&�kVajZ&

LaZei�dc�hdbZdcZth�WZY --1 +�7�/.)/"
,�7�01)1"

,-0 +�7�03)/"
,�7/,)1"

+)++2

:aadlZY�dc�[jgc^ijgZ --0 +�7�-/)/"
,�7�20)1"

,-1 +�7�/-),"
,�7�02)4"

+)++,

IaVnZY�ij\(d[�(lVg --1 +�7�./),"
,� 7�10)4"

,-- +�7�/1)2"
,�7�0.)."

+)+-,

M^bZ�heZci�djiYddgh�^c�
Vc�VkZgV\Z�lZZ`YVn
+)�FdgZ�i]Vc�.� ]djgh
,)� h� .� ]djgh

--2 +�7� ,/)0"
,� 7�30)0"

,-1 +�7�-2)+"
,�7�2.)+"

+)++/

Adl�Yd\�heZci�bdhi�d[�
i^bZ�l]Zc�djiYddgh
+)�?gZZ�djiYddgh
,)�Hc�lVa`h'�dg�Xdc[^cZY�
^c�nVgY�dg�eZc

-+0 +�7�.+)2"
,� 7�14)."

,,/ +�7�/1)0"
,�7�0.)0"

+)++0

LXdgZ�d [�Yd\th�
ZmX^iVW^a^in�$,� id� ,+%

--2 1)14 ,-1 0)2+ + )++,

LXdgZ�d [�Yd\th�
jcigjhildgi]^cZhh�l^i]�
X]^aYgZc�$,� id� ,+%

--1 /)., ,-1 -)./ 6+)++,

LXdgZ�d[�Yd\th�dkZgVaa�
V\\gZhh^kZcZhh�$,� id� ,+%

--1 .)43 ,-0 -),2 6+)++,

?ZVg�d[�X]^aYgZc --. +�7�31)0"
,� 7� ,.)0"

,-. +�7�4-)2"
,�7�2)."

+)+3/

?ZVg�d[�bZc --2 +�7�3+)1"�
,� 7� ,4)/"

,-0 +�7�4-)+"
,�7�3)+"

+)++0

?ZVg�d[�higVc\Zgh --2 +�7�2-)2"
,� 7�-2)."

,-. +�7�3-)4"
,� 7� ,2),"

+)+.-

?ZVg�d[�YZa^kZg%� eZdeaZ --+ +�7�23)1"
,� 7�-,)/"

,-, +�7�4+),"
,�7�4)4"

+)++3

?ZVg�d [�Yd\�\gddbZgh ,0- +�7�2.)+"
,� 7�-2)+"

4- +�7�3.)2"
,�7� ,1)."

+)+00

#�M]Z�hiVi^hi^XVa�h^\c^[^XVcXZ�d [�Y^[[ZgZcXZh�WZilZZc�W^i^c\�VcY�cdc(W^i^c\�Yd\h

4+



MVWaZ�2
K^^m�l[ncim�%KN&�[h^�]ih`c^_h]_�chn_lp[fm�%62"?E&�`il�nb_�lcme�i`�\cncha�ch�mg[ff�%9/-ea)�
h:.43&�[h^�f[la_�%X/-ea)�h:.33&�^iam�_rjim_^�ni�p[lciom�fc`_mnsf_�[h^�b_[fnb�`[]nilm+

OVg^VWaZ
:aa�Yd\h LbVaa�Yd\h�

$6-+�`\%
EVg\Z�Yd\h�
$V-+`\%

HK 40"<B HK 40"<B HK 40"<B

LaZei�dc�hdbZdcZ#h�WZY�^c�
[^ghi�-�bdci]h�d [�dlcZgh]^e

,)4+ ,),-(.)-- -)03 ,),2(0)14 ,)/1 +)13(.),,

:\\gZhh^dc�dkZg�[ddY�^c�[^ghi�
-�bdci]h�d [�dlcZgh]^e

.)-, ,)-.(3).- /)14 ,),/(p ,)/1 +).4(0)/,

A^hidgn�d [�igZVibZci�d [�V�h`^c�
Y^hdgYZg�Wn�V�kZiZg^cVg^Vc

,)1+ ,)+,(-)00 -)+4 ,)+/(/)-, ,).+ +)13(-)/4

:aadlZY�dc�[jgc^ijgZ�^c�eVhi�-�
bdci]h

-)-/ ,)/,(.)02 /)+. ,)23(4)+4 ,)0+ +)3,(-)3,

?ZVg�d [�X]^aYgZc ,)42 +)4-(/)-. -)34 +)43(3)/. ,)+. +)./(.),0

IaVnZY�ij\(d[TlVg�^c�eVhi�-�
bdci]h

,)2+ ,)+3(-)11 ,)-2 +)10(-)/2 -)-. ,),3(/)--

LaZei�dc�hdbZdcZth�WZY�^c�
eVhi�-�bdci]h

,)3. ,),3(-)30 ,)24 +)4/(.)/0 ,)2+ +)33(.)-1

&�jcVWaZ�id�Zhi^bViZ�jeeZg�a^b^i�d [ �40"<B�YjZ�id�hbVaa�cjbWZg�d [�Yd\h�$-%�l]d�]VY�h]dlc�V\\gZhh^dc�dkZg�
[ddY� ^c�i]Z�[^ghi�-�bdci]h�d[�dlcZgh]^e�VcY�]VY�^_d�W^iiZc)

4,



/)� =^hXjhh^dc

,')� :VVUSdYfU^Ucc�_ V�ecY^W�WU^UbQ\�fUdUbY^Qbi�S\YU^dU\U�Y^�RUXQfY_ebQ\�bUcUQbSX�

Pbcm�mno^s�b[m�oncfct_^�[�ohcko_�jijof[ncih�`il�nb_�chp_mnca[ncih�i`�lcme�`[]nilm�chni�][hch_�

biom_bif^�[aal_mmcih+� En�b[m�h_cnb_l�l_fc_^�ih�nb_�jijof[ncih�i`�̂ iam�chpifp_^�ch�l_jiln_^�

\cn_�ch]c^_hnm�il�nb_�jijof[ncih�m__h�\s�\_b[pciol[f�mj_]c[fcmnm�ch�l_`_ll[f�]_hnl_m)�\on�cn�cm�

\[m_^�ih�[�]limm*m_]ncih[f�m[gjf_�i`�iqh_^�^iam�m__h�\s�p_n_lch[lc[hm�ch�a_h_l[f�jl[]nc]_+�

Pb_m_�[l_�hin�h_]_mm[lcfs�^iam�qbc]b�[l_�ih�nb_�p_la_�i `�l_fchkocmbg_hn�il�_onb[h[mc[)�\on�

[l_�`il�nb_�gimn�j[ln�ih*aicha�g_g\_lm�i `�[�biom_bif^)� mig_�i`�qbig�b[jj_h�ni�b[p_�

\cnn_h�[�`[gcfs�g_g\_l+� Pbcm�^[n[�jlipc^_m�[�h_q�j_lmj_]ncp_�ih�nb_�jli\f_g)�[m�pc]ncgm�

g[s�n_h^�hin�ni�i``c]c[ffs�l_jiln�\cn_m�\s�nb_cl�iqh�^iam�%Slcabn)� .66-&)�[h^�jli\f_gm�ch�

nbim_�^iam�nb[n�^i�l_[]b�nb_�f_p_f�i`�n_lnc[ls�\_b[pciol[f�][l_�[l_�fce_fs�ni�\_�gil_�m_p_l_�

%Bf_n]b_l�_n�[f+)� .655)� jj+26&+

Pb_�om_�i`�a_h_l[f�p_n_lch[ls�]fc_hn_f_�[m�mo\d_]nm�[jj_[lm�ni�b[p_�gchcgct_^�jli\f_gm�

qcnb�gcmmcha�^[n[)�[m�nb_�l_mjihm_�l[n_�ni�\inb�nb_�ilcach[f�]limm*m_]ncih[f�molp_s�[h^�nb_�

jbih_�molp_s�q_l_�_r]_ff_hn+� Khfs�0+0"�i `�iqh_lm�]ihn[]n_^�`il�nb_�jbih_�molp_s�

l_`om_^�ni�j[lnc]cj[n_+� K `�nb_�25�l_mjih^_hnm�qbi�hi�fiha_l�iqh_^�nb_cl�^ia)� cn�cm�

moljlcmcha�nb[n�hi�ih_�l_jiln_^�l_fchkocmbcha�cn�ni�nb_�bog[h_�mi]c_ns+� R_n_lch[ls�]fc_hnm�

g[s�\_�l_fo]n[hn�ni�om_�nbcm�lion_�ni�^cmjim_�i `�ohq[hn_^�j_nm)�il�nb_s�g[s�b[p_�`_fn�mi]c[f�

jl_mmol_�hin�ni�[^gcn�ni�nbcm�ion]ig_�ch�[h�chn_lpc_q�mcno[ncih�]ihh_]n_^�qcnb�[�p_n_lch[ls�

]iff_a_�%@cffg[h)� .645)� jj+3/&+� L[nlih_e�_n�[f+� %.663&�b[p_�c^_hnc`c_^�f[]e�i`�p_n_lch[ls�

][l_�[m�[�mnliha�lcme�`[]nil�`il�l_fchkocmbg_hn�i`�̂ iam�ni�nb_�bog[h_�mi]c_ns+� Knb_l

4-



jo\fc][ncihm�b[p_�hin_^�nb[n�cn�cm�hin�h_]_mm[lcfs�nb_�jl_m_h]_�i `�[�\_b[pciol�jli\f_g�nb[n�

ch]l_[m_m�nb_�lcme�i `� l_fchkocmbg_hn)�\on�qb_nb_l�nb_�^iaÖm�\_b[pciol�^c``_lm�g[le_^fs�

`lig�qb[n�q[m�ilcach[ffs�_rj_]n_^�\s�nb_�iqh_l�%Gc^^�_n�[f+)� .66/8�O_lj_ff)� .663&+�

R_n_lch[ls�]fc_hnm�g[s�\_�\inb�l_f[ncp_fs�gil_�ehiqf_^a_[\f_�[\ion�hilg[f�][hch_�

\_b[pciol)�[h^�gil_�[nn[]b_^�ni�nb_cl�^iam+� En�cm�cgjimmc\f_�ni�ehiq�c`�j_ijf_�qbi�hi�

fiha_l�b[^�nb_cl�^ia�q_l_�\_cha�nlonb`of�qb_h�nb_s�l_jiln_^�nb[n�cn�b[^�^c_^)�\__h�acp_h�

[q[s)�il�q[m�fimn+� Oig_�i`�nb_m_�^iam�g[s�b[p_�ch�`[]n�\__h�n[e_h�ni�nb_�bog[h_�mi]c_ns+

,'*� HdeTi�TUcYW^�Q^T�dXU�ecU�_ V�]e\dYfQbYQdU�Q^Q\idYSQ\�dUSX^YaeUc�

Eh�nbcm�mno^s)� fiacmnc]�l_al_mmcih�q[m�oncfct_^�ni�^_n_lgch_�mcahc`c][hn�lcme�`[]nilm�`il�nb_�

ion]ig_�i`�nb_�^ia�\cncha�[�biom_bif^�g_g\_l+� Scnb�mo]b�_r]_jncihm�[m�C_lmbg[h�_n�[f+�

%.661&)�qbi�_r[gch_^�lcme�`[]nilm�`il�hih*biom_bif^�[aal_mmcih)� [h^�N_cmh_l�_n�[f+

%�.661&)�qbi�_mn[\fcmb_^�lcme�`[]nilm�`il�\_b[pciol*l_f[n_^�_onb[h[mc[�ch�^iam�m__h�`il�

^igch[h]_�[aal_mmcih)� nb_� om_�i`�gofncp[lc[n_�[h[fsmcm�cm�ohomo[f� ch�][hch_�\_b[pciol[f�

l_m_[l]b+� L[nlih_e�_n�[f+� %.663&�om_^�gofncjf_�fiacmnc]�l_al_mmcih�ni�^_n_lgch_�lcme�`[]nilm�

`il�nb_�l_fchkocmbg_hn�i` �̂ iam�ni�[h�[hcg[f�mb_fn_l)�\on�q[m�hin�mj_]c`c][ffs�fiiecha�[n�

\_b[pciol�[m�[h�ion]ig_+� Pb_�[^p[hn[a_�i`�[�gofncp[lc[n_�n_]bhcko_�cm�nb[n�cn�[ffiqm�`il�

nb_�jimmc\cfcns�i`�chn_l[]ncih)�\inb�m__h�[h^�ohm__h)�\_nq__h�[�hog\_l�i`�̀ []nilm)� l[nb_l�

nb[h�jli]__^cha�ih�nb_�[mmogjncih�nb[n�`[]nilm�[l_�[]ncha�ch^_j_h^_hnfs�i`�_[]b�inb_l+�

Ar[gchcha�nb_�]ig\ch_^�_``_]nm�i `�_hpclihg_hn[f�[h^�chb_lcn_^�p[lc[\f_m�ih�[�^iaÖm�

\_b[pciol�g[s�c^_hnc`s�`[]nilm�qbc]b�qiof^�hin�inb_lqcm_�b[p_�\__h�l_]iahct_^�[m�

mcahc`c][hn+

4.



E`�[�`[]nil�b[m�[�mo\nf_�_``_]n)� cn�g[s�ihfs�\_�^_n_]n_^�c`�nb_l_�cm�[�l_f[ncp_fs�f[la_�hog\_l�

i`�mo\d_]nm�[h^�c`�nb_�mno^s�^_mcah�cm�[jjlijlc[n_+� I[hs�jo\fcmb_^�p_n_lch[ls�][m_*]ihnlif�

mno^c_m�[h^�][m_�l_pc_qm�b[p_�n_h^_^�ni�chpifp_�kocn_�mg[ff�hog\_lm�i` �̂ iam�[h^�b[p_�

\__h�\[m_^�ih�l_`_ll[f�jijof[ncihm�%Ricnb)� .65.[8�>_[p_l)� .6508�>il]b_fn)� .6508�Slcabn�

[h^�J_mm_flin_)� .6548�?b[jg[h�[h^�Ricnb)� .66-8�>f[]emb[q)� .66.&+�Pb_�]ibiln�mno^s)�[�

jlimj_]ncp_�_r[gch[ncih�i`�nb_�_``_]n�i`�[�nl_[ng_hn�ih�[�j[lnc]of[l�alioj)� cm�l_f[ncp_fs�

oh]iggih�%J_cfmih�_n�[f+)� .6648�O[fg_lc�_n�[f+)� .66.[&+� Oolp_sm�omcha�f[la_l�hog\_lm�i`�

^iam�b[p_�\__h�l_jiln_^)�\on�nb_l_�[l_�`l_ko_hnfs�oh^_lfscha�jli\f_gm�qcnb�p[fc^cns�ch�nb[n�

nb_s�b[p_�\__h� pifohn[ls)�ohchn_hncih[ffs�b[jb[t[l^)�il�]ih^o]n_^�mif_fs�qcnbch�l_`_ll[f�

]_hnl_m�%?[gj\_ff)� .6418�.6538�=^[gm�[h^�?f[le)� .6568�Ricnb�_n�[f+)� .66/&+� Kh_�l_]_hn�

_r[gjf_�i `�aii^�molp_s�^_mcah�cm�nb_�qile�\s�Li^\_lm]_e�[h^�O_lj_ff�%.663&�chni�nb_�

l_f[ncihmbcj�\_nq__h�]i[n�]ifiol�[h^�[aal_mmcp_�\_b[pciol�\s�nb_�Ahafcmb�?i]e_l�Oj[hc_f+�

Eh�[�mcgcf[l�g[hh_l�ni�nbcm�mno^s)� cn�l_fc_m�ih�[�]limm*m_]ncih[f�molp_s�)�[h^�hin�domn�nbim_�

^iam�qcnb�[�bcmnils�i `�[aal_mmcih+

Pb_�mo\d_]nm�ch�iol�mno^s�q_l_� ^l[qh�`lig�[�]limm*m_]ncih[f�m[gjf_�i`�0//3�^iam�

ilcach[ncha�`lig�/-�^c``_l_hn�p_n_lch[ls�]fchc]m)� fi][n_^�ch�\inb�ol\[h�[h^� lol[f�[l_[m+

Lbih_�chn_lpc_qm�q_l_�mo]]_mm`offs�]igjf_n_^�qcnb�5-+2"�i `�nb_�31-�mo\d_]nm�qbc]b�b[^�

\__h�m_f_]n_^�`lig�nbcm� jijof[ncih�\s�[�`ilg[f�l[h^ig�jli]_mm+� Pbcm�^_mcah)� ch�

]ig\ch[ncih�qcnb�nb_�[\cfcns�ni�i\n[ch�^_n[cf_^�l_mjihm_m�nblioab�fiha�n_f_jbih_�

chn_lpc_qm)�b[m�_hb[h]_^�nb_�_rn_lh[f�p[fc^cns�[h^�mn[ncmnc][f�jiq_l�i`�iol�mno^s+� Pb_�

l_mofnm�`lig�[�mno^s�qcnb�_rn_lh[f�p[fc^cns�][h�\_�_rj_]n_^�ni�bif^�nlo_�ch�inb_l�m_nncham

4/



%Bf_n]b_l�_n�[f+)� .655)�jj+� ./&+

,'+� 8QcU�TUVY^YdY_^�V_ b �̀ eb`_cUc�_ V�bYc[�Q^Q\icYc

Eh�il^_l�ni�\_�]_ln[ch�nb[n�nb_�\_b[pciol�l_jiln_^�ch�nb_�jbih_�molp_s�\s�nb_�iqh_l�q[m�

nlo_�[aal_mmcih)�[�][m_�^ia�q[m�^_`ch_^�p_ls�jl_]cm_fs�[m�ih_�qbc]b�b[^�jli^o]_^�

[�\cn_�qcnb�mig_�^_al__�%_p_h�gchil&�i`�mech�chdols+� >cncha�q[m�om_^�[m�[�mollia[n_�

g_[mol_�i`�nb_�m_p_lcns�i`�[aal_mmcih+� Pbcm�_r]fo^_m�[ff�^iam�qbc]b�g[s�b[p_�mh[jj_^�

[h^�gcmm_^�nb_�pc]ncg)�[fnbioab�nb_l_�cm�hi�^io\n�nb[n�mig_�i `�nbim_�ch]c^_hnm�chpifp_^�nb_�

chn_hn�ni�[]no[ffs�chdol_+� En�q[m�h_]_mm[ls)� biq_p_l)� ni�\_�[\f_�ni�]f_[lfs�^_`ch_�iol�

ion]ig_�i`�chn_l_mn�ch�nb_�]iolm_�i`�nb_�n_f_jbih_�chn_lpc_q+� Kh�nb_�inb_l�b[h^)�acp_h�

iol�^_`chcncih�i `�[�][m_)�q_�\_fc_p_�cn�cm�ohfce_fs�nb[n�[h�iqh_l�qiof^�[]]c^_hnfs�l_jiln�

nb_cl�^ia�[m�b[pcha�\cnn_h�qb_h�cn�b[^�hin+� =fnbioab�l_mjih^_hnm�[jj_[l_^�ni�\_�kocn_�

qcffcha�ni�l_jiln�gcm\_b[pciol�\s�nb_cl�^ia)� cn� cm�cgjimmc\f_�ni�ehiq�biq�g[hs�l_mjihm_m�

ni�nb_�ko_mncih�ih�\cncha�q_l_�`[fm_�h_a[ncp_m�\_][om_�nb_�iqh_lm�b[^�`ilainn_h)�hin�\__h�

[q[l_�i`)�il�b[^�hin�qcmb_^�ni�l_p_[f�[�\cn_�ch]c^_hn+

Pb_�^_`chcncih�i `�[�]ihnlif�[hcg[f�q[m�_ko[ffs�]ihm_lp[ncp_+� @iam�gomn�b[p_�\__h�

l_jiln_^�[m�hih*\cn_lm�ih�\inb�nb_�]fchc]�[h^�n_f_jbih_�molp_sm�ni�\_�ch]fo^_^�ch�nb_�

]ihnlif�alioj+� En�q[m�jimmc\f_�nb[n�nb_�]fchc]�[h^�n_f_jbih_�molp_sm�q_l_�]igjf_n_^�\s�

nqi�^c``_l_hn�l_mjih^_hnm�fcpcha�ch�nb_�m[g_�biom_bif^�qcnb�nb_�^ia�ch�ko_mncih)�[h^�nb[n�

nb_m_�nqi�ch^cpc^o[fm�qiof^�b[p_�_cnb_l�^c``_l_hn�ehiqf_^a_�il�j_l]_jncihm�i `�nb_�^iaÖm�

\_b[pciol+� =fnbioab�nbcm�m_f_]ncih�jli]_mm�l_^o]_^�nb_�hog\_l�i`�mo\d_]nm�[p[cf[\f_�`il

40



nb_�[h[fsmcm�i `�lcme�`[]nilm)� cn�_hb[h]_^�iol�]ih`c^_h]_�ch�mn[ncha�nb[n�nb_�]ihnlif�^iam�

q_l_�`l__�i`�[�bcmnils�i`�\cncha+

,',� 9U]_WbQ`XYS�bYc[�VQSd_bc

=h[fsmcm�i `�nb_�^_gial[jbc]�]b[l[]n_lcmnc]m�i`�nb_�jbih_�molp_s�jijof[ncih�ch^c][n_^�nb[n�

\cncha�^iam�q_l_�ih�[p_l[a_�mg[ff_l�nb[h�nb_�]ihnlifm� K``c]c[ffs�l_jiln_^�\cn_�mn[ncmnc]m�

n_h^�ni�fcmn�f[la_l�^iam�[m�nb_�][om_�i`�chdols)�qbc]b�g[s�l_`f_]n�[�\c[m�niq[l^�nb_�

l_jilncha�i`�\cn_m�\s�nbcm�mo\*alioj)�_mj_]c[ffs�c`�nb_�^ia�cm�hin�iqh_^�\s�nb_�pc]ncg�

%Slcabn)� .66-&+� N_cmh_l�_n�[f+� %.661&�b[p_�^_m]lc\_^�\i^s�q_cabn�al_[n_l�nb[h� .5+/�ea�[m�

\_cha�[�lcme�`[]nil�`il�\_b[pciol*l_f[n_^�_onb[h[mc[�ch�^igch[hn*[aal_mmcp_�^iam+� Kqh_lm�

g[s�j_l]_cp_�\cn_m�\s�f[la_l�^iam�ni�\_�[�gil_�m_lciom�jli\f_g)�[h^�iol�l_mofnm�g[s�

l_`f_]n�hin�Fomn�l_f[ncp_fs�gil_�biom_bif^�[aal_mmcih�\s�mg[ff�^iam)�\on�j_lb[jm�ch]l_[m_^�

l_fchkocmbg_hn�i`�f[la_�\cncha�^iam+� =�\cn_�\s�[�mg[ff�^ia�cm�jli\[\fs�f_mm�chdolciom�[h^�

`lcabn_hcha�ni�nb_�pc]ncg)� mi�nb[n�mg[ff_l�[aal_mmcp_�^iam�g[s�\_�l_n[ch_^�\s�iqh_lm�`il�[�

fiha_l�j_lci^�i`�ncg_+� En�cm�[fmi�jimmc\f_�nb[n�iqh_lm�i`�f[la_�\cncha�^iam�q_l_�f_mm�fce_fs�

ni�jl_m_hn�nb_g�ni�nb_�p_n_lch[lc[h+� >_cha�[�g_g\_l�i`�nb_�n_llc_l)� mj[hc_f)�il�nis�\l__^�

aliojm�q[m�[�lcme�`[]nil�`il�\cncha�ch�[�ohcp[lc[n_�[h[fsmcm+� Pb_m_�[l_�[ff�l_f[ncp_fs�mg[ff�

\l__^m)�qbc]b�g[s�j[lnfs�_rjf[ch�nb_�^cm]ip_ls�nb[n�fiq_l�\i^s�q_cabn�q[m�[�lcme�`[]nil�

`il�\cncha+

En�[jj_[lm�nb[n�\i^s�mct_�cm�[mmi]c[n_^�qcnb�[�bcab_l�lcme�i `�\cncha�acp_h�j[lnc]of[l�

mcno[ncihm+� Og[ff�^iam�[l_�gil_�fce_fs�ni�\_�[ffiq_^�ih�nb_�`olhcnol_�[h^�nbcm�fc`_mnsf_

41



g[^_�nb_�lcme�i`�\cncha�bcab_l�ch�mg[ff�^iam�nb[h�cn�^c^�ch�f[la_�^iam+� Pbcm�cm�ch�

]ihnl[^c]ncih�ni�nb_�l_mofnm�i`�Ricnb�_n�[f+%.66/&)�qbi�^_n_lgch_^�`lig�[�pifohn[ls�

molp_s�nb[n�iqh_l�[nncno^_m�nb[n�[ffiq_^�nbcm�miln�i `�mi*][ff_^�Émjicf_^Ñ�\_b[pciol� q_l_�

hin�[mmi]c[n_^�qcnb�[h�ch]l_[m_^�hog\_l�i`�\_b[pciol�jli\f_gm+� En�cm�jimmc\f_�nb[n� mg[ff�

^iam�[l_�gil_�l_[]ncp_)�il�gil_�_[mcfs�cllcn[n_^�\s�]_ln[ch�mncgofc+� Limm_mmcp_�[aal_mmcih�

ip_l�`ii^)� cllcn[\cfcns�m_]ih^[ls�ni�[�mech�^cmil^_l)� [h^�`_[l�i`�]bcf^l_h�g[s�[ff�\_�

ch^c][nilm�i`�_r]_mmcp_�l_[]ncpcns�il�[hrc_ns)�qbc]b�g[s�_p_hno[ffs�f_[^�ni�[aal_mmcih+� En�cm�

cgjiln[hn�ni�l_g_g\_l�nb_�jimmc\cfcns�nb[n�f[la_�[aal_mmcp_�^iam�qcnb�nbcm�m[g_�bcmnils�

g[s�\_�m_f_]ncp_fs�fimn�`lig�nb_�a_h_l[f�p_n_lch[ls�][m_fi[^�^o_�ni�iqh_l�chnif_l[h]_�i`�

nb_cl�\_b[pciol�%N_cmh_l�_n�[f+)� .661&+� Pbcm�[nnlcncih�qiof^�b[p_�nb_�_``_]n�i`�g[echa�mg[ff�

^iam�fiie�lcmec_l�ch�nb_m_�]cl]ogmn[h]_m+� Ehn_l_mnchafs)� nbioab)� noa*i`*q[l�cm�[mmi]c[n_^�

qcnb�[�al_[n_l�lcme�i`�\cncha�ch�f[la_�^iam)�[h^�hi�mcahc`c][hn�lcme�ch�mg[ff�^iam+� Poa*i`*�

q[l�cm�[h�[]ncpcns�qbc]b�cm�hin�nsjc][ffs�[mmi]c[n_^�qcnb�[hs�`ilg�i `�[hrc_ns)�[h^�][h�_p_h�

\_�om_^�[m�[�l_q[l^�ch�nl[chcha�%@ih[f^mih)� .663)�jj+0�4*10&+� >_][om_�noa*i`*q[l�cm�[h�

il[f�\_b[pciol�ip_llc^cha�\cn_�chbc\cncih�ch�[�]ihn_rn�[mmi]c[n_^�qcnb�nb_�iqh_l)� cn�cm�

j_lb[jm�hin�moljlcmcha�nb[n�cn�cm�[mmi]c[n_^�qcnb�[h�ch]l_[m_^�lcme�i `�\cncha)� l_a[l^f_mm�i`�

nb_�^iaÖm�gincp[ncih+

Eh�nb_�ohcp[lc[n_�[h[fsmcm)� l_jli^o]ncp_�mn[nom�q[m�hin�^_n_]n_^�[m�[�lcme�`[]nil�`il�\cncha+�

Knb_l�[onbilm�b[p_�^_n_lgch_^�nb[n�h_on_lcha�cm�[mmi]c[n_^�qcnb�[aal_mmcih+� Iimn�

l_]_hnfs)�Li^\_lm]_e�[h^�O_lj_ff�%.663&�l_jiln_^�nb[n�h_on_lcha�q[m�jimcncp_fs�[mmi]c[n_^�

qcnb�[aal_mmcih�ch�Ahafcmb�?i]e_l�Oj[hc_fm)�[fnbioab�nb_s�[lao_^�nb[n�nb_�_``_]n�f[la_fs
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^cm[jj_[l_^�c`�̂ iam�h_on_l_^�\_][om_�nb_s�q_l_�[aal_mmcp_�q_l_�l_gip_^�`lig�nb_�

[h[fsmcm+� K`�nb_�mo\d_]nm�ch�iol�mno^s)�ihfs�[�mg[ff�hog\_l�%./+2"&�q_l_�mncff�chn[]n)�qbc]b�

g[^_�^_n_]ncih�i ` �[hs�mn[ncmnc][ffs�mcahc`c][hn�[mmi]c[ncih�qcnb�h_on_lcha�^c``c]ofn+�

R_n_lch[lc[hm�ch�nbcm�l_acih�i `�?[h[^[�b[p_�i\pciomfs�\__h�mo]]_mm`of�ch�nb_cl�jligincih�

i`�h_on_lcha�ni�iqh_lm+� =fnbioab�ch`ilg[ncih�q[m�]iff_]n_^�ih�nb_�[a_�[n�qbc]b�^iam�

q_l_�h_on_l_^)� nb_cl�[a_�qb_h�nb_s�b[^�`clmn�\cnn_h)�[h^�inb_l�mcahm�i`�[aal_mmcih�ch�nb_�

`clmn�/�gihnbm�i `�iqh_lmbcj)�iqh_lm�q_l_�hin�[me_^�c`�nb_l_�b[^�\__h�[�j[lnc]of[l�l_[mih�

`il�h_on_lcha�nb_cl�^ia)�[h^�qb[n�nb[n�l_[mih�q[m+

Eh�nb_�`ch[f�p_lmcih�i`�nb_�fiacmnc]�l_al_mmcih�gi^_f)�[�mcahc`c][hn�chn_l[]ncih�n_lg�q[m�

^_n_]n_^�\_nq__h�m_r�[h^�\i^s�q_cabn+� Bil�`_g[f_�^iam)� fiq_l�\i^s�q_cabn�q[m�

[mmi]c[n_^�qcnb�[h�ch]l_[m_^�lcme�i`�\cncha+� Pbcm�l_f[ncihmbcj�\_nq__h�\i^s�q_cabn�[h^�nb_�

lcme�i`�\cncha�^c^�hin�[jj_[l�`il�g[f_�^iam+� Eh]fomcih�i`�nb_�%m_r�r�q_cabn&�chn_l[]ncih�

n_lg�g[^_�nb_�`[]nil�i`�m_r�ch�nb_�gi^_f�`[l�gil_�mcahc`c][hn)� ch�nb[n�nb_�i^^m�i `�\cncha�

q_l_�[fgimn�0� ncg_m�bcab_l�`il�`_g[f_�^iam+� Pbcm�cm�]ihnl[ls�ni�nb_�l_mofnm�l_jiln_^�\s�

gimn�[onbilm�i `�][m_�l_pc_qm)�qbi�b[p_�mn[n_^�nb[n�g[f_m�[l_�nb_�jl_^igch[hn�m_r�m__h�`il�

jli\f_gm�qcnb�[aal_mmcih�%>il]b_fn)� .6508�Hch_�[h^�Ricnb)� .6538�Slcabn�[h^�J_mm_flin_)�

.6548�H[h^m\_la)� .66.8�Slcabn)� .66.&+� Pbcm�ch]ihmcmn_h]s�qcnb�jo\fcmb_^�l_mofnm�g[s�

_cnb_l�l_`f_]n�[h�cgjiln[hn�^c``_l_h]_�\_nq__h�a_h_l[f�[h^�l_`_ll[f�jijof[ncihm)�il�jimmc\fs�

nb[n�nb_�nsj_�i`�[aal_mmcih�m__h�ch�g[f_�^iam�cm�gil_�m_lciom�il�`lcabn_hcha)� [h^�nb_l_`il_�

gil_�fce_fs�ni�][om_�nb_�iqh_l�ni�m__e�b_fj+� Li^\ilm]_e�[h^�O_lj_ff�%.663&�moaa_mn�nb[n�

nb_l_�cm�[�mcahc`c][hn�m_r�^c``_l_h]_�ch�nb_�^cm]l_n_�nsj_m�i`�[aal_mmcih�m__h)� [m�q[m
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^_n_]n_^�ch�nb_cl�]limm*m_]ncih[f�molp_s�i `�Ahafcmb�?i]e_l�Oj[hc_fm+� =giha�[�hog\_l�i`�

mj_]c`c]�mcno[ncihm)�nb_s�^_n_lgch_^�nb[n�g[f_�?i]e_l�Oj[hc_fm�q_l_�gil_�fce_fs�ni�mbiq�

[aal_mmcih�nb[h�`_g[f_m�niq[l^�[�g_g\_l�i `�nb_�`[gcfs)�qb_h�^cm]cjfch_^)� [h^�qb_h�

l_[]b_^�`il�il�b[h^f_^+� B_g[f_�?i]e_l�Oj[hc_fm�q_l_�gil_�fce_fs�ni�\_�[aal_mmcp_�niq[l^�

inb_l�^iam�ch�nb_�biom_bif^)�[h^�qb_h�h_on_l_^)� niq[l^�]bcf^l_h�ch�nb_�biom_bif^+

L_lb[jm�mg[ff�`_g[f_�^iam�\cn_�gil_�`c*_ko_hnfs�\on�f_mm�m_p_l_fs+� Iimn�jo\fcmb_^�l_jilnm�

i`�l_`_ll[f�][m_m�qcff�fcmn�^c``_l_hn�nsj_m�i ` �[aal_mmcih�[m�nb_�l_[mih�`il�jl_m_hn[ncih)�qbc]b�

cm�^c``_l_hn�`c*ig�iol�ion]ig_�i`� É\cnchaÑ+� En�cm�jimmc\f_�nb[n�nb_l_�cm�[�a_h^_l�^c``_l_h]_�ch�

nb_�^_al__�i`�\cn_�chbc\cncih+

,'-� Hdb_^WUcd�bYc[�VQSd_bc�V_ b �SQ^Y^U�X_ecUX_\T�QWWbUccY_^

Blig�[�molp_s�]ihn[chcha�[jjlircg[n_fs� .1-�ch^cpc^o[f�ko_mncihm�ih�nb_�\_b[pciol�[h^�

big_�i `�][m_�[h^�]ihnlif�^iam)�[�hog\_l�i `�p[lc[\f_m�q_l_�c^_hnc`c_^�qbc]b�q_l_�mnlihafs�

[mmi]c[n_^�qcnb�nb_�lcme�i`�\cncha+� Oig_�`[]nilm�][h�\_�[fn_l_^�\s�chn_lp_hncih)� mig_�

][hhin+� Cii^�jl_p_hncp_�g_^c]ch_�mbiof^�jli\[\fs�ch]fo^_�[^pcmcha�nb_�iqh_lm�i`�[ff�

^iam�i `�nb_�gimn� mcahc`c][hn� lcme�`[]nilm�`il�[aal_mmcih�[m�^_n_]n_^�\s�nbcm�[h[fsmcm+� Pb_�

p_n_lch[lc[h�ch�a_h_l[f�jl[]nc]_�]iof^�chkocl_�[\ion�nb_�biom_bif^�_hpclihg_hn)� nb_�sioha�

^iaÖm�\_b[pciol)�[h^�^_gial[jbc]�]b[l[]n_lcmnc]m�i`�nb_�^ia)� ni�`ilgof[n_�[h�cgjl_mmcih�

i`�nb_�lcme�i`�_p_hno[f�\cncha+� Dog[h_�mi]c_ns�mn[``�]iof^�om_�nb_�m[g_�ch`ilg[ncih�ch�nb_�

[ll[ha_g_hn�i` �̂ ia�[^ijncihm+� Bil�_r[gjf_)� `[]nilm�qbc]b�][hhin�\_�]b[ha_^)� mo]b�[m�

nb_�hog\_l�i`�n__h[a_lm�ch�[�big_)�mbiof^�\_�n[e_h�[m�[�l_[mih�ni�^_fc\_l[n_fs�m_f_]n�[�f_mm�

_r]cn[\f_�\l__^+
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En�cm�^c``c]ofn�ni�ehiq�qb_nb_l�iqh_lm�l_][ffcha�nb[n�nb_cl�^ia�q[m�l_f[ncp_fs�gil_�_r]cn[\f_�

[m�[�jojjs�b[^�mig_biq�\__h�[``_]n_^�\s�nb_�^iaÖm�]oll_hn�\_b[pciol+� L_lb[jm�iqh_lm�

i `�\cncha�^iam�[l_�m_f_]ncp_fs�l_g_g\_lcha�ch]c^_hnm�i`�_r]cn[\f_�\_b[pciol�ch�jojjsbii^+�

=hinb_l�jimmc\cfcns�cm�nb[n�iqh_lm�qbi�[l_�hin�j[lnc]of[lfs�aii^�[n�b[h^fcha�^iam�[l_�fce_fs�

ni�j_l]_cp_�nb_g�[m�\_cha�ip_lfs�_r]cn[\f_�[m�jojjc_m)�[h^�[l_�[fmi�gil_�fce_fs�ni�_h^�oj�

qcnb�[�\cncha�^ia+� Eh]ihmcmn_hn�chn_l[]ncihm�\_nq__h�nb_�iqh_l�[h^�nb_�^ia�g[s�][om_�

\inb�_r]cn[\cfcns�[h^�[aal_mmcih+� Pb_�[]no[f�m_ko_h]_�i`�_p_hnm�cm�cll_f_p�[hn�ni�nb_�

om_`ofh_mm�i`�nbcm�ch`ilg[ncih+� R_n_lch[lc[hm�mbiof^�mcgjfs�\_�[q[l_�nb[n�iqh_lm�qbi�`ch^�

nb[n�nb_cl�jojjs�cm�nii�_r]cn[\f_�h__^�ni�\_�i``_l_^�_``_]ncp_�mnl[n_ac_m�`il�]ijcha�qcnb�nb_�

jli\f_g+

=�hog\_l�i`�ko_mncihm�ch�nb_�molp_s�chkocl_^�[\ion�j_lgcmmcp_�\_b[pciol�ih�nb_�j[ln�i`�

nb_�iqh_l+� O_p_l[f�i`�nb_m_�q_l_�mcahc`c][hn�ch�nb_cl�[mmi]c[ncih�qcnb�biom_bif^�

[aal_mmcih)�\on�ihfs�nb_�jojjs�\_cha�[ffiq_^�ni�mf__j�ih�mig_ih_Öm�\_^�ch�nb_�`clmn�/�

gihnbm�i`�iqh_lmbcj�]iof^�fiac][ffs�\_�om_^�[m�[�jl_^c]nil�[h^�ch]fo^_^�ch�nb_�gi^_f+�

Of__jcha�ih�nb_�m[g_�mol`[]_�[m�nb_�iqh_l�b[m�nl[^cncih[ffs�\__h�nbioabn�ni�\_�[mmi]c[n_^�

qcnb�^igch[h]_�[aal_mmcih)�[h^�[aal_mmcih�cm�i`n_h�[mmi]c[n_^�qcnb�nb_�iqh_l�

[jjli[]bcha�nb_�^iaÖm�l_mncha�[l_[�%H[h^m\_la�_n�[f+)� .664)�jj+�.6*/-8�>_[p_l)� .666)�

jj+�.24*.30&+� Jin�[ff�\cncha�^iam�nb[n�mf_jn�ih�nb_�\_^�[m�jojjc_m�q_l_�mncff�mf__jcha�ih�nb_�

\_^�ch�[^ofnbii^)� mi�nb[n�c`�nb_l_�cm�[�][om[f�l_f[ncihmbcj)�nb_�_``_]n�g[s�\_�i]]ollcha�ch�nb_�

_[lfs�^_p_fijg_hn[f�mn[a_m�i `�nb_�^ia� Bil�^iam�qbc]b�q_l_�hi�fiha_l�[ffiq_^�ni�mf__j�

ih�nb_�\_^)�iqh_lm�^c^�hin�l_jiln�nb[n�nbcm�]b[ha_�q[m�^o_�ni�[�\_b[pciol�jli\f_g+
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?_ln[ch�^iam�g[s�b[p_�\__h�gil_�^_g[h^cha�i`�[nn_hncih�[m�jojjc_m)�[h^�g[s�b[p_�_h^_^�

oj�ih�nb_�\_^�\_][om_�nb_�iqh_l�]iof^hÖn�nif_l[n_�nb_�jojjs�qbchcha�il�]lscha�[n�hcabn+

=�jojjs�mf__jcha�ih�nb_�\_^�g[s�\_�[h�ch^c][nil�i`�nb_�iqh_lÖm�[nncno^_)�nb_�jojjsÖm�

n_gj_l[g_hn)�il�\inb+� Och]_�hin�[ffiqcha�[�jojjs�ni�mf__j�ih�nb_�\_^�cm�[�l_f[ncp_fs�

mcgjf_�fc`_mnsf_�]b[ha_�nb[n�g[s�ofncg[n_fs�l_^o]_�nb_�lcme�i`�[aal_mmcih)� cn�cm�qilnb�

]iohm_ffcha�iqh_lm�ni�`ch^�inb_l�mf__jcha�[ll[ha_g_hnm�`il�nb_cl�^ia�qb_h�nb_s�`clmn�\lcha�

cn�big_)�[n�f_[mn�ohncf�nb_�g_]b[hcmg�i `�nbcm�[mmi]c[ncih�cm�\_nn_l�oh^_lmnii^+

Blig�nb_�j_lmj_]ncp_�i`�nb_�p_n_lch[lc[h�qbi�b[m�\__h�ch�a_h_l[f�jl[]nc]_)� nb_�[mmi]c[ncih�

\_nq__h�\cncha�[h^�[�bcmnils�i`�[�mech�^cmil^_l�cm�p_ls�chn_l_mncha+� Pbcm�ko_mncih�q[m�

ch]fo^_^�\_][om_�nb_� [onbil�b[^�_h]iohn_l_^�[�hog\_l�i`�iqh_lm�qbi�l_jiln_^�nb[n�nb_cl�

^iaÖm�gii^�q[m�g[le_^fs�cgjlip_^�[`n_l�mo]]_mm`of�nl_[ng_hn�i `�[�]blihc]�mech�^cmil^_l�

mo]b�[m�m_\illb_[+� @_lg[nifiac][f�]ih^cncihm�chpifpcha�jlolcnom�[l_�p_ls�]iggih�ch�

^iam�%O]inn�_n�[f+)� .662)�jj+cr*r&+� Blig�[�\cifiac][f�mn[h^jichn)� nb_�ion]ig_�i`�

[aal_mmcih�g[s�hin�\_�nii�^c``c]ofn�ni�oh^_lmn[h^)�acp_h�nb_�jin_hnc[f�`il� cllcn[\cfcns�

m_]ih^[ls�ni�]ihmn[hn�jlolcnom�[h^�mf__j�^_jlcp[ncih+� Of__j�^_jlcp[ncih�ch�bog[hm�cm�

ehiqh�ni�jli^o]_�cll[ncih[f�[h^�[aal_mmcp_�\_b[pciol�%Diq�_n�[f+).6618�KÖN_cffs)� .662&+

A[lfs�_pc^_h]_�i`�jimm_mmcp_�\_b[pciol)�^_gihmnl[n_^�\s�nb_�jojjs�mbiqcha�[aal_mmcih�

ip_l�`ii^�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj)� cm�[h�cgjiln[hn�lcme�`[]nil�`il�\cncha+� Pbcm�cm�

[�p_ls�om_`of�jl_^c]nil)�[m�cn�cm�jimmc\f_�ni�chn_lp_h_�[h^�gi^c`s�nbcm�\_b[pciol�ch�jojjc_m�

qcnbion�go]b�lcme�i`�bog[h�chdols+� =�^ia�jlin_]ncha�cnm�iqh�`ii^�il�nism�cm�l[ncih[fct_^
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\s�g[hs�iqh_lm�ni�\_�mbiqcha�hilg[f�[h^�[]]_jn[\f_�][hch_�\_b[pciol)�\on�iqh_lm�

mbiof^�\_�_^o][n_^�nb[n�nbcm�\_b[pciol�g[s�_p_hno[ffs�jf[]_�`[gcfs�g_g\_lm�[n�[�bcab_l�

lcme�i`�chdols+� I[hs�^iam�[l_�ihfs�[aal_mmcp_�ch�p_ls�fcgcn_^�mcno[ncihm)�[h^�nb_�gimn�

_``_]ncp_�q[s�ni�l_mifp_�nb_m_�jli\f_gm�cm�ni�nl[ch�[�mj_]c`c]�hih*[aal_mmcp_�l_mjihm_�%>[h)�

.6618�H[h^m\_la�_n�[f+)� .664)�jj+�.03*.04&+� >_b[pciol�gi^c`c][ncih�cm�l_f[ncp_fs�_[ms�ch�

jojjc_m)�qbi�[l_�f_[lhcha�l[jc^fs�[h^�[l_�bcabfs�gincp[n_^�\s�`ii^+

tV'�.�DdXUb�bYc[�VQSd_bc�V_ b �X_ecUX_\T�QWWbUccY_^

=�hog\_l�i `�p[lc[\f_m�q_l_�mcahc`c][hn�lcme�`[]nilm�`il�\cncha�ih�[�ohcp[lc[n_�\[mcm)�\on�

q_l_�hin�mcahc`c][hn�[n�nb_�E2('(-� f_p_f�qb_h�ch]fo^_^�ch�nb_�l_al_mmcih�gi^_f+� Pb_m_�

p[lc[\f_m�mbiof^�hin�\_�]igjf_n_fs�cahil_^�[m�nb_s�g[s�mncff�b[p_�mig_�]fchc][f�p[fo_+�Bil�

_r[gjf_)�i\n[chcha�[�^ia�`lig�[�l_f[ncp_�il�`lc_h^�q[m�[mmi]c[n_^�qcnb�\cncha�\_b[pciol+�

Pb_�J[ncih[f�?ioh]cf�ih�L_n�Lijof[ncih�Ono^s�[h^�Lifc]s�b[m�l_jiln_^�ch�nb_cl�N_acih[f�

Ob_fn_l�Oolp_s�nb[n�[hcg[fm�jl_pciomfs�iqh_^�\s�`lc_h^m�q_l_�l_fchkocmb_^�ch�bcab_l�

hog\_lm�nb[h�[hcg[fm�`lig�[hs�inb_l�miol]_�%D[qh)�.665&+� En�cm�oh]f_[l�qbs�nbcm�miol]_�

mbiof^�\_�[�lcme�`[]nil�`il�\cncha)�[fnbioab�cn�g[s�\_�^o_�ni�^iam�qbc]b�[l_�[fl_[^s�

[aal_mmcp_�\_cha�j[mm_^�ih�ni�[hinb_l�`[gcfs�g_g\_l�il�`lc_h^�[m�[h�[fn_lh[ncp_�ni�

_onb[h[mc[+� =hinb_l�jimmc\f_�m]_h[lci�cm�nb[n�j_ijf_�[l_�n[fe_^�chni�[^ijncha�[�jojjs�

qb_h�[�\cn]b�\_fihacha�ni�[h�[]ko[chn[h]_�b[m�[�fcnn_l)�[h^�nb_�jojjs�_h^m�oj�ch�[�big_�

qb_l_�cn�cm�hin�nlofs�q[hn_^�il�ch�qbc]b�nb_�iqh_lm�[l_�hin�l_[^s�ni�][l_�`il�cn+

=�^ia�b[pcha�b[^�[�m_lciom�cffh_mm�il�chdols�qbc]b�l_kocl_^�ip_lhcabn�bimjcn[fct[ncih�q[m
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[mmi]c[n_^�qcnb�[�^_]l_[m_^�lcme�i `�\cncha+� En�cm�chn_l_mncha�ni�mj_]of[n_�ih�qbs�nbcm�

l_f[ncihmbcj�qiof^�_rcmn+� En�]iof^�mcgjfs�\_�nb_�_`f`_]n�i `�j_ijf_�qbi�iqh�Éaii^Ñ�^iam�

\_cha�gil_�qcffcha�ni� chp_mn�ch�chn_hmcp_�p_n_lch[ls�nl_[ng_hn)�il�p_n_lch[lc[hm�\_cha�gil_�

fce_fs�ni�i``_l�chn_hmcp_�nl_[ng_hn�`il�mo]b�j[nc_hnm+� Pqi�j[nc_hnm�qcnb�nb_�m[g_�cffh_mm�][h�

l_]_cp_�p_ls�^c``_l_hn�f_p_fm�i`�g_^c][f�][l_�[h^�\inb�mncff�l_]ip_l+� =fn_lh[ncp_fs)�nb_�

l_^o]_^�lcme�i`� [aal_mmcih�g[s�\_�[h�[]no[f�ion]ig_�i`�bimjcn[fct[ncih)� nb_�n_gjil[ls�

m_j[l[ncih�`lig�nb_�big_�b[pcha�[``_]n_^�nb_�^iaÖm�l_f[ncihmbcj�qcnb�cnm�iqh_l+

Eh�jl[]nc]_)� p_n_lch[lc[hm�[l_�i`n_h�jl_m_hn_^�qcnb�jojjc_m�`il�lionch_�p[]]ch[ncih+�

Oig_ncg_m�iqh_lm�qcff�l_jiln�nb[n)�_p_h�[n�nbcm�_[lfs�[a_)� nb_�^ia�cm�mbiqcha�^_`chcn_�mcahm�

i`�[aal_mmcih�niq[l^m�j_ijf_)�[h^�cn�g[s�[]no[ffs�mbiq�[aal_mmcih�^olcha�nb_�]iolm_�i`�[�

jbsmc][f�_r[g+� Eh�[�ohcp[lc[n_�[h[fsmcm)�aliqfcha�il�mh[jjcha�ch�l_mjihm_�ni�^cm]cjfch_�ch�

nb_�`clmn�nqi�gihnbm�i `�iqh_lmbcj�q[m�mcahc`c][hnfs�[mmi]c[n_^�qcnb�\cncha+� Kqh_lm�b[pcha�

om_^�[�jbsmc][f�g_nbi^�ni�johcmb�nb_cl�jojjs�q[m�hin�[mmi]c[n_^�qcnb�\cncha)� mi�cn�][hhin�

\_�[mmog_^�nb[n�nb_m_�jojjc_m�[l_�[aal_mmcp_�\_][om_�nb_s�b[p_�\__h�jbsmc][ffs�[\om_^+�

Pb_l_�cm�oh^io\n_^fs�[h�_m][f[ncih�i`�nb_�jli\f_g�qb_h�[�jojjs�qbc]b�b[jj_hm�ni�\_�

a_h_nc][ffs�gil_�`_[l`ncf�il�cm�jiilfs�mi]c[fct_^�_h]iohn_lm�`lcabn_hcha�il�ch]ihmcmn_hn�

\_b[pciol�\s�j_ijf_)� mo]b�[m�i`n_h�i]]olm�qb_h�[h�iqh_l�[nn_gjnm�ni�johcmb�nb_�^ia�`il�

gcm\_b[pciol+� En�cm�_pc^_hn�`lig�nb_�l_mofnm�i `�nbcm�mno^s�nb[n�gil_�^iam�qbc]b�mbiq�

[aal_mmcih�[n�[h�_[lfs�[a_�qcff�_p_hno[ffs�\cn_+� Kqh_lm�qbc]b�b[p_�_h]iohn_l_^�nbcm�

\_b[pciol�mbiof^�\_�]iohm_ff_^�[jjlijlc[n_fs�[h^�hin�f_`n�ni�\_fc_p_�nb[n�nb_�jojjs�qcff�

ionaliq�nb_�jli\f_g+
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Io]b�]ihmc^_l[ncih�b[m�\__h�acp_h�ch�nb_�fcn_l[nol_�ni�nb_�cmmo_�i `�nb_�cgjiln[h]_�i`�

i\_^c_h]_�nl[chcha�ch�nb_�jl_p_hncih�il�nl_[ng_hn�i `�\_b[pciol�jli\f_gm+� Eh�nbcm�molp_s)�

`ilg[f�i\_^c_h]_�nl[chcha�q[m�hin�[mmi]c[n_^�qcnb�[�l_^o]_^�lcme�i `�\cncha)�\on�^iam�nb[n�

q_l_�_hliff_^�ch�i\_^c_h]_�]f[mm_m�\_][om_�nb_s�[fl_[^s�b[^�mig_�miln�i `�\_b[pciol�

jli\f_g�q_l_�[n�[�bcab_l�lcme�`il�\cncha+� Pb_�ilcach[f�jli\f_g�l_jiln_^�\s�nb_�iqh_l�q[m�

gil_�i`n_h�_r]cn[\cfcns�nb[h�[aal_mmcih+� Pb_�l_f[ncihmbcj�\_nq__h�nl[chcha�n_]bhcko_m�[h^�

[h�_p_hno[f�ion]ig_�i`�\cncha�cm�qilnb�chp_mnca[ncha)�[m�_pc^_h]_�ch]l_[mchafs�jichnm�ni�

[p_lmcp_�%]bie_�]iff[l&�nl[chcha�g_nbi^m�[m�][omcha�ch]l_[m_^�[hrc_ns�[h^�[aal_mmcih�ch�

^iam)�[h^�`[cfcha�ni�jl_p_hn�[aal_mmcih�ionmc^_�i`�nb_�i\_^c_h]_�]f[mm�%Isf_m)� .66.8�

>_[p_l)� .661[&+� Pbcm�[fmi�cffomnl[n_m�nb_�cgjiln[h]_�i`�chkoclcha�[\ion�nb_�l_[mih�`il�[hs�

miln�i`�\_b[pciol[f�chn_lp_hncih)� mo]b�[m�i\_^c_h]_�nl[chcha�il�]l[n_�nl[chcha)�\_`il_�

^l[qcha�nb_�]ih]fomcih�nb[n�nb_l_�cm�[�][om[f�l_f[ncihmbcj�\_nq__h�nb_�chn_lp_hncih�[h^�nb_�

\_b[pciol+� =�ko_mncih�q[m�ch]fo^_^�ch�nb_�molp_s�ni�^_n_lgch_�c`�[hs�`ilg�i`�]igg[h^�

nl[chcha)�hin�domn�`ilg[f�i\_^c_h]_)�q[m�[mmi]c[n_^�qcnb�[�^_]l_[m_^�lcme�i `�\cncha�

\_b[pciol)�\on�hi�mcahc`c][hn�l_f[ncihmbcj�q[m�^_n_]n_^+� En�qiof^�[jj_[l�nb[n�nb_�chn_l_mn�

i`�nb_�iqh_l�ch�^icha�_p_h�ch`ilg[f�nl[chcha�qcnb�nb_cl�^ia�cm�hin�[h�cgjiln[hn�`[]nil�ch�

l_^o]cha�[aal_mmcih+

Kon�i`�[�fcmn�i `�jin_hnc[ffs�]igjofmcp_�\_b[pciolm)� nqi�q_l_�mcahc`c][hnfs�[mmi]c[n_^�qcnb�

\cncha�[n�nb_�E2('(-� f_p_f� ch�nb_�ohcp[lc[n_�[h[fsmcm+� >inb�q_l_�il[f�nsj_�\_b[pciolm)�

nbioab�hin�m_f`*^cl_]n_^�il�goncf[ncha+� ?b_qcha�[h^�mq[ffiqcha�mnc]em�il�li]em)�[h^�

\[lecha�`il�fiha�j_lci^m�[n�hinbcha�ch�j[lnc]of[l�g[s�\_�^cmjf[]_g_hn�[]ncpcnc_m�`il�^iam
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nb[n�[l_�mi]c[ffs�cmif[n_^�il�inb_lqcm_�^_jlcp_^+� Oo]b�\_b[pciolm�g[s�\_�nb_�`il_lohh_lm�

i`�]igjofmcp_�^cmil^_lm�ch�^iam�%D_qmih�[h^�Ho_m]b_l)� .663&+� Mo_mncihm�ih�ohomo[f�

\_b[pciolm�\s�nb_�^ia�q_l_�p_ls�\lc_`�[h^�mo\d_]n�ni�nb_�Fo^a_g_hn�i `�nb_�l_mjih^_hn)�mi�

nb[n�cn�cm�^c``c]ofn�ni�[mm_mm�qb_nb_l�il�hin�nb_m_�\_b[pciolm�q_l_�nlofs�]igjofmcp_+� Pb_s�

q_l_)�biq_p_l)�i]]ollcha�`l_ko_hnfs�_hioab�il�q_l_�nlio\f_mig_�_hioab�ni�b[p_�\__h�

hin_^�\s�nb_�iqh_lm+� Pb_�hog\_l�i`�iqh_lm�l_jilncha�nb[n�nb_cl�^ia�_ha[a_^�ch�mig_�

`ilg�i `�\_b[pciol�qbc]b�nb_s�]ihmc^_l_^�ni�\_�ohomo[f�q[m�kocn_�bcab+� Bil�_r[gjf_)� .-"�

i`�l_mjih^_hnm�l_jiln_^�nb[n�nb_cl�^ia�Émh[jj_^�[n�cg[ach[ls�`fc_mÑ)�qbc]b�b[m�jl_pciomfs�

\__h�l_jiln_^�[m�[�]igjofmcp_�^cmil^_l�ch�^iam�%Ho_m]b_l�_n�[f+)� .66.&+� Acnb_l�]igjofmcp_�

nsj_�[]ncpcns�ch�^iam�cm�p_ls�]iggih)�iqh_lm�b[p_�jiil�ehiqf_^a_�i `�qb[n�]ihmncnon_m�

hilg[f�^ia�\_b[pciol)�il�iqh_lm�[l_�ch[^p_ln_hnfs�l_ch`il]cha�g[hs�[nn_hncih*a_nncha�

\_b[pciolm+

,'/� 6cc_SYQdY_^c�RUdgUU^�SebbU^d�RUXQfY_eb�Q^T�RYdY^W

Eh�nb_�^_mcah�i`�nbcm�molp_s)�[�al_[n�^_[f�i`�[nn_hncih�q[m�j[c^�ni�nlscha�ni�^_n_lgch_�

qb_nb_l�`[]nilm�q_l_�ch`fo_h]cha�[aal_mmcih�il�q_l_�[]no[ffs�nb_�ion]ig_�i`�[aal_mmcih+�

Bil�_r[gjf_)� c`�nb_�iqh_l�b[^�om_^�[�]l[n_)�n[e_h�nb_�^ia�ni�i\_^c_h]_�]f[mm)�il�b[^�

mnijj_^�[ffiqcha�nb_�^ia�ih�nb_�\_^)� nb_s�q_l_�ko_mncih_^�c`�nbcm�]b[ha_�q[m�[�l_mofn�i`�

nb_�^iaÖm�\_b[pciol+� Pb[n�\_cha�m[c^)� mig_�ko_mncihm�q_l_�l_f[n_^�ni�p_ls�l_]_hn�il�ih*

aicha�\_b[pciol)�il�ni�nb_�iqh_lÖm�j_l]_jncihm�i `�nb_�^iam�\_b[pciol)�[h^�nb_l_`il_�]iof^�

hin�\_�ch]fo^_^�[m�jl_^c]nilm�i`�[aal_mmcih�%P[\f_�3&+� Pb_m_�l_mjihm_m�q_l_�[h[fst_^�

m_j[l[n_fs�[m�[�g_[mol_�i`�nb_�]oll_hn�fc`_mnsf_�i `�\cncha�p_lmom�hih*\cncha�^iam)� [h^�nb_
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l_mj_]ncp_�[nncno^_m�i`�nb_cl�iqh_lm+

Pb_�^ia�mj_h^cha�l_f[ncp_fs�fcnnf_�ncg_�ionmc^_�ih�[h�[p_l[a_�q__e^[s�q[m�[�lcme�`[]nil�`il�

\cncha)�qbc]b�q[m�hin�mcgjfs�[�]ih`ioh^cha�_``_]n�l_f[n_^�ni�nb_�mg[ff_l�mct_�i `�\cncha�

^iam+� En�cm�chn_l_mncha�ni�hin_�nb[n�i`�nb_�3�^iam�qbi�h_p_l�q_hn�ionmc^_)�[ff�q_l_�l_jiln_^�

ni�b[p_�\cnn_h+� @iam�qbc]b�mj_h^�gil_�ncg_�ch^iilm�[l_�gil_�fce_fs�ni�chn_l[]n�]fim_fs�

qcnb�biom_bif^�g_g\_lm)� nb_il_nc][ffs�ch]l_[mcha�nb_�ijjilnohcnc_m�`il�[h�[aal_mmcp_�

ch]c^_hn+� En�cm�[fmi�jimmc\f_�nb[n�nb_�f[]e�i `�l_aof[l�_r_l]cm_�il�[�jl_^c]n[\f_�lionch_)� ch�

[^^cncih�ni�ch[^_ko[n_�_rjimol_�ni�mncgofc�ionmc^_�i `�nb_�big_)�qcff�]ihnlc\on_�ni�

jli\f_gm�qcnb�_cnb_l�[hrc_ns�il�[aal_mmcih+� Pb_�[giohn�i `�_r_l]cm_�[�^ia�l_]_cp_m�g[s�\_�

[h�cgjiln[hn�ch^c][nil�i `�[h�iqh_lÖm�[nncno^_�ch�l_a[l^�ni�chn_l[]ncihm�qcnb�nb_cl�^ia+

N_mjih^_hnm�q_l_�ko_mncih_^�[\ion�nb_cl�^iaÖm�l_[]ncih�ni�[�hog\_l�i `�mncgofc�qbc]b�[l_�

]iggihfs�l_jiln_^�ni�_pie_�`_[l�ch�^iam+� B_[lm�i `�hih*bog[h�mncgofc�%p[]oog�]f_[h_lm)�

][lm)� nboh^_l)�inb_l�^iam&�q_l_�hin�[mmi]c[n_^�qcnb�biom_bif^�[aal_mmcih)� [fnbioab�`_[lm�

i`�bog[h�mncgofc�%]bcf^l_h)�g_h)� mnl[ha_lm)�^_fcp_ls�j_ijf_&�q_l_�[mmi]c[n_^�qcnb�nb_�^ia�

b[pcha�\cnn_h�[�biom_bif^�g_g\_l+� ?f_[lfs)� mig_�i `�nb_m_�ch^cpc^o[fm)� mo]b�[m�]bcf^l_h�il�

g_h)�g[s�[]no[ffs�\_�g_g\_lm�i `�nb_�m[g_�biom_bif^�[m�nb_�^ia+� =�`_[l�i `�mnl[ha_lm�il�

^_fcp_ls�j_ijf_)� biq_p_l)�]iof^�\_�[h�ch^c][nil�nb[n�nb_�^ia�cm�_cnb_l�ch[^_ko[n_fs�

mi]c[fct_^�ni�j_ijf_�il�a_h_l[ffs�`_[l`of+� Pbcm�gcabn�b[p_�nb_�_``_]n�i`�ch]l_[mcha�nb_�

jin_hnc[f� `il�biom_bif^�[aal_mmcih+� =�^ia�g[s�\_�[aal_mmcp_�niq[l^�mnl[ha_lm�ion�i `�[�

gincp[ncih�i`�̀ _[l�il�n_llcnilc[f�\_b[pciol)�\on�nb_m_�m[g_�^iam�[l_�[fmi�[n�[h�ch]l_[m_^
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g^h �̀[dg�Y^gZXi^c\�V\\gZhh^dc�idlVgY�i]Z^g�dlcZgh)

=fnbioab�gimn�\cncha�^iam�q_l_�\_cha�l_n[ch_^�\s�nb_cl�iqh_lm)� cn�q[m�hin�\_][om_�nb_�

iqh_lm�ch]ill_]nfs� j_l]_cp_^�nb_cl�^iam�ni�\_�hih*[aal_mmcp_� N_mjih^_hnm�[jj_[l_^�ni�

b[p_�[�`[clfs�]f_[l�c^_[�i ` �nb_�jin_hnc[f�`il�chdols)� ch�nb[n�\cncha�^iam�q_l_�do^a_^�ni�\_�f_mm�

nlomnqilnbs�qcnb�]bcf^l_h)�[h^�a_h_l[ffs�gil_�[aal_mmcp_+� Pbcm�jl_m_hnm�nb_�chn_l_mncha�

]ih]_jn�nb[n�iqh_lm�[l_�mncff�[nn[]b_^�ni�nb_cl�^iam�ch�mjcn_�i`�nb_�[aal_mmcih+� =ff�i `�nb_�

^iam�ch�nbcm�molp_s�b[^�\__h�l_n[ch_^�`il�[n�f_[mn�3�gihnbm)�qbc]b�q[m�nb_�[jjlircg[n_�

ncg_�_f[jm_^�\_nq__h�nb_�]fchc]�[h^�n_f_jbih_�molp_sm+� =m�[aal_mmcp_�\_b[pciol�cm�

_mncg[n_^�ni�\_�nb_�jlcg[ls�l_[mih�`il�][hch_�_onb[h[mc[�ch�Jilnb�=g_lc][)� nb_�^_al__�i`�

[aal_mmcih�qbc]b�cm�nif_l[n_^�\s�nb_m_�iqh_lm�cm�chn_l_mncha+� R_n_lch[ls�]fc_hn_f_�g[s�\_�

l_n[chcha�[aal_mmcp_�^iam�\_][om_�nb_s�[l_�gil_�[nn[]b_^�ni�nb_g)� \_][om_�nb_�m_p_lcns�i`�

[aal_mmcih�cm�l_f[ncp_fs�fiq�]igj[l_^�ni�inb_l�^iam�qbc]b�[l_�hin�n[e_h�ni�p_n_lch[lc[hm)�

il�\_][om_�nb_l_�cm�mig_�jlin_]ncp_�_`f`_]n�[a[chmn�l_fchkocmbg_hn�`il�^iam�n[e_h�ni�

p_n_lch[lc[hm�%L[nlih_e�_n�[f+)� .663&+

Scnbion�b[pcha�^ih_�[�]ihnliff_^�jlimj_]ncp_�mno^s)� cn�cm�cgjimmc\f_�ni�mn[n_�nb[n�[�][om[f�

[mmi]c[ncih�_rcmnm�\_nq__h�[hs�i`�nb_m_�`[]nilm�[h^�nb_�ion]ig_�i`�\cncha+� Oig_ncg_m)�

biq_p_l)� mcahc`c][hn�jlial_mm�][h�\_�g[^_�ch�nb_�g[h[a_g_hn�i`�[�jli\f_g�\s�c^_hnc`scha�

[h^�[pic^cha�lcme�`[]nilm)�qcnbion�[hs�l_[f�]_ln[chns�i`�nb_�][om_�il�nb_�g_]b[hcmg�i `�nb_�

_``_]n+� Iimn�i`�nb_�lcme�`[]nilm�c^_hnc`c_^�ch�nbcm�mno^s�[m�\_cha�[mmi]c[n_^�qcnb�biom_bif^�

[aal_mmcih�qiof^�`[ff�chni�nbcm�][n_ails+� Bil�_r[gjf_)�nb_�`[]n�nb[n�`_g[f_�^iam)� [h^
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j[lnc]of[lfs�mg[ff�`_g[f_�^iam)� [l_�[n�[�bcab_l�lcme�`il�\cncha�[�biom_bif^�g_g\_l�^i_m�hin�

h_]_mm[lcfs�g_[h�nb[n�\_cha�`_g[f_�^cl_]nfs�][om_m�[aal_mmcih+� En�^i_m�g_[h�nb[n�q_�^ihÖn�

ehiq�_hioab�[\ion�a_h^_l�^c``_l_h]_m�ch�\_b[pciol)�[h^�ohncf�[�gil_�nbilioab�

_rjf[h[ncih�i`�nbcm�l_f[ncihmbcj�cm�[p[cf[\f_)�p_n_lch[lc[hm�g[s�q[hn�%`il�_r[gjf_&�ni�n[e_�

a_h^_l�chni�[]]iohn�qb_h�]iohm_ffcha�jin_hnc[f�iqh_lm�ih�j_n�m_f_]ncih+

O+�?ih]fomcihm

Pb_�`iffiqcha�q_l_�c^_hnc`c_^�[m�nb_�gimn�mcahc`c][hn�lcme�`[]nilm�[giha�a_h_l[f�p_n_lch[ls�

]fc_hn_f_�`il�nb_�chdolciom�\cncha�i `�j_ijf_�qbi�fcp_�ch�nb_�m[g_�biom_bif^�[m�nb_�^ia7� .&�

\_cha�[�`_g[f_�^ia�%j[lnc]of[lcfs�[�mg[ff�`_g[f_�^ia&)�/&�nb_�jl_m_h]_�i`�.� il�gil_�

n__h[a_lm�ch�nb_�big_)�0&�[�bcmnils�i`�[�jlolcnc]�il�g[fi^iliom�mech�^cmil^_l�qbc]b�b[^�

l_]_cp_^�p_n_lch[ls�nl_[ng_hn)�1&�nb_�^ia�b[pcha�mf_jn�ih�mig_ih_Öm�\_^�ch�nb_�`clmn�/�

gihnbm�i`�iqh_lmbcj)� 2&�nb_�^ia�b[pcha�\__h�[aal_mmcp_�ip_l�`ii^�ch�nb_�`clmn�/�gihnbm�i`�

iqh_lmbcj)�[h^�3&�nb_�^ia�b[pcha�[�l_f[ncp_fs�bcab_l�l[he�`il�_r]cn[\cfcns�\[m_^�ih�nb_�

iqh_lÖm�l_][ff�i`�cnÖm�\_b[pciol�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj+� >i^s�q_cabn�i`�f_mm�

nb[h�/-�ea�q[m�mj_]c`c][ffs�[mmi]c[n_^�qcnb�[h�ch]l_[m_^�lcme�i`�\cncha�qb_h�nb_�^ia7� .&�

b[^�mf_jn�ih�mig_ih_Öm�\_^�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj)�/&�b[^�\__h�[aal_mmcp_�

ip_l�`ii^�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj)�0&�b[^�[�bcmnils�i`�nl_[ng_hn�`il�[�mech�

^cmil^_l)�1&�b[^�\__h�[ffiq_^�ih�nb_�`olhcnol_�ch�nb_�j[mn�/�gihnbm)� [h^�2&�q[m�[`l[c^�i`�

]bcf^l_h+� Pb_�gcm\_b[pciol�i`�nb_�^ia�ch�nb_�`clmn�/�gihnbm�i`�iqh_lmbcj�)�[�ncg_�qb_h�

jli\f_gm�[l_�a_h_l[ffs�gimn�_[mcfs�]ill_]n_^)�q[m�mnlihafs�[mmi]c[n_^�qcnb�[h�_p_hno[f�

ion]ig_�i`�\cncha+
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Pbcm�mno^s�b[m�jli^o]_^�[�p[fc^�[h^�]fchc][ffs�l_f_p[hn�jc]nol_�i ` �nb_�`[]nilm�chpifp_^�ch�

][hch_�biom_bif^�[aal_mmcih+� >s�omcha�[�nqi*mn[a_�molp_s)�cn�q[m�jimmc\f_�ni�c^_hnc`s�[�

l_jl_m_hn[ncp_�mno^s�jijof[ncih)�[h^�`lig�nb[n�`ioh^[ncih)� chp_mnca[n_�nb_�^_n[cfm�i `�_[]b�

^iaÖm�fc`_�ch�[�][m_�p_lmom�]ihnlif�`ilg[n+� Pbcm�cm�[�l_fc[\f_�g_nbi^�ni�^_n_lgch_�\inb�nb_�

jl_p[f_h]_�[h^�lcme�`[]nilm�i`�[�j[lnc]of[l�jli\f_g)�qcnb�nb_�mno^s�^_mcah�l_h^_lcha�nb_�
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nbcm�][m_�l_pc_q+� Pb_�`clmn�q[m�ni�l_]il^�nb_�l_mjihm_m�i`�iqh_lm�ni�[�m_lc_m�i`�ko_mncihm�

qbc]b�[l_�nsjc][f�i`�nbim_�om_^�\s�\_b[pciolcmnm�ni�c^_hnc`s�^iam�qbc]b�g[s�\_�mbiqcha�

[aal_mmcih�m_]ih^[ls�ni�[�j_l]_cp_^�]b[ff_ha_�ni�nb_cl�mi]c[f�mn[nom+�Pb_�m_]ih^�

g_[mol_g_hn�i ` �̂ igch[h]_�q[m�[]bc_p_^�\s�[mecha�nb_�iqh_l�ni�_rjf[ch)�ch�nb_cl�iqh�

qil^m)�qbs�nb_s�\_fc_p_^�nb[n�nb_cl�^ia�b[^�\cnn_h�[n�nb_�ncg_�qb_h�nb_�qilmn�ch]c^_hn�b[^�

i]]oll_^+� =m�[�l_mofn)�q_�b[p_�[�g_[mol_g_hn�i `�nb_�nsjc][f�f_p_f�i ` �̂ igch[hn�il�

jimm_mmcp_�nsj_�\[]ealioh^�[aal_mmcih�ch�\cncha�^iam)� ch�[^^cncih�ni�[h�[mm_mmg_hn�i`�nb_�

]cl]ogmn[h]_m�[n�nb_�ncg_�i`�nb_�gimn�m_lciom�_p_hn+�Pbcm�b[m�g[^_�jimmc\f_�mig_�

chnlcaocha�]igj[lcmihm+� Jin�[ff�i`�nb_�\cncha�^iam�b[^�[�bcmnils�i`�mbiqcha�^igch[hn�il�

jimm_mmcp_�[aal_mmcih+� Pbcm�\_b[pciol�q[m�gil_�]iggih�ch�if^_l�il�mg[ff_l�^iam+� En�cm�

i`�j[lnc]of[l�chn_l_mn�nb[n�^iam�qcnb�mig_�bcmnils�i ` �̂ igch[h]_�[aal_mmcih�q_l_�[fmi�

l_jiln_^�ni�\_�`_[l`of�i`�gil_�mncgofc�[h^�q_l_�gil_�fce_fs�ni�\_�^_m]lc\_^�[m�Éa_h_l[ffs�

`_[l`ofÑ�\s�nb_cl�iqh_lm+� Pbcm�f_h^m�mnl_hanb�ni�nb_�[laog_hn�nb[n�^iam�qbc]b�[l_�

^c[ahim_^�[m�mbiqcha�^igch[h]_�[aal_mmcih�]ig\ch_^�qcnb�[g\cp[f_hn�\_b[pciol�g[s�

[]no[ffs�\_�l_mjih^cha�ion�i`�[hrc_ns�[h^�f_[lhcha�%?[gj\_ff)� .652&+� Pb_�jl_m_h]_�i`�nbcm�

nsj_�i`�[aal_mmcih�[m�q_ff�[m�`_[l`lcfh_mm�q[m�ohl_f[n_^�ni�nb_�a_h^_l�i`�nb_�^ia)� cnm� h_on_l�
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^iam�q_l_�ip_l*l_jl_m_hn_^)�domn�[m�nb_s�[l_�ch�nb_�][m_fi[^m�i `�nb_�[`il_g_hncih_^�

\_b[pciol�mj_]c[fcmnm+� En�cm�jimmc\f_�nb[n�[fnbioab�nb_�[jj_[l[h]_�i ` �̂ igch[hn�[h^�

jimm_mmcp_�\_b[pciol�cm�`[clfs�]ihmcmn_hn�[giha�[ff�^iam)�nb_�]ofgch[ncih�i`�nb[n�[aal_mmcih�
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[�f[]e�i`�chbc\cncih�i `�nb_�[aal_mmcp_�l_mjihm_+� Eh�inb_l�qil^m)� nb_�^iam�nb[n�[l_�gimn�
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iqh_l�]ihmc^_l_^�nb_�qilmn�\cn_�ch]c^_hn�ni�\_�[�gil_�m_lciom�_p_hn�c`�cn�]iof^�\_�

[nnlc\on_^�ni�^igch[h]_+� Pb_�fce_fcbii^�i`�[�^ia�\_cha�m__h�\s�[�\_b[pciol�mj_]c[fcmn�cm�

i\pciomfs�ch]l_[m_^�c`�nb_�iqh_l�cm�gil_�]ih]_lh_^�[\ion�nb_�\_b[pciol)�ofncg[n_fs�
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ohjl_^c]n[\f_�[aal_mmcih�[l_�gil_�fce_fs�ni�\_�l_n[ch_^�qcnbch�nb_�a_h_�jiif+� Hch_�
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Pbl__*ko[ln_lm�i `�nb_�\cncha�^iam�ch�nbcm�mno^s�b[^�^_gihmnl[n_^�p[lciom�f_p_fm�i`�
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,/+



l_kocl_m�`olnb_l�chp_mnca[ncih)� [m�cn�qcff�al_[nfs�ch`fo_h]_�nb_�mo]]_mm�i`�\_b[pciol�

gi^c`c][ncih+

,/,



0)� @>G>K:E�=BL<NLLBHG
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g_^c][f�[nn_hncih+� Pbcm�cm�_kocp[f_hn�ni�[\ion� ."�i`�[ff�^iam�ch�nb_�a_h_l[f�p_n_lch[ls�
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Ji++++++++++++++++++++++++++++++++++++++++++++++++

ni�i\_p�[hp�]igg[h^m<
� � +

s_m++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
Ydcti�`cdl� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))44

/4+.

/5

,2+



/6+� @c^�b_�[nn_h^�[�jojjs�]f[mm<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

> V �iUc� /6+.� @c^�sio�^_]c^_�ni�dich�nb_�jojjs�]f[mm�\_][om_�sio�q_l_�b[pcha�[
jli\f_g�qcnb�bcm�\_b[pciol<

Ji� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
U _m++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� .
@ihÖn�ehiq +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

> V �iUc1� /6+.+.+� Sb[n�ech^�i`�jli\f_g�q[m�cn<�9_^"d�bUQT�\Ycd�Red�
`b_RU�V_b�S\QbYdi'

=aal_mmcih�ni�j_ijf_� +++++++++++++++++++++++++++++++� .
=aal_mmcih�ni�^iam+++++++++++++++++++++++++++++++++++� /
B_[l`ofh_mm+++++++++++++++++++++++++++++++++++++++++++++++� 0
Diom_\l_[echa+++++++++++++++++++++++++++++++++++++++++� 1
Knb_l�c`USYVi++++++++++++++++++++++++++++++ � � 2
@ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++� 66

/6

/6+.

/6+.+.

0-+� Lojjc_m�\_cha�qb[n�nb_s�[l_)�cnÖm�hin�ohomo[f�`il�nb_g�ni�gcm\_b[p_�il�a_n�nb_gm_fp_m�chni�mig_�
miln�i`�nlio\f_+�Bil�_r[gjf_)�nb_s�qcff�i`n_h�^i�nbcham�fce_�dogj�oj�ih�j_ijf_�il�hcj�[n�nb_g+�?[h�sio
nbche�\[]e�[a[ch�ni�nbim_�`clmn�nqi�gihnbm�sio�b[^YYYYYYYYYY +�[h^�nls�ni�l_][ff� biq�nb_�j_lmih�qbi
q[m�gimn�l_jihmc\f_�`il�bcm�][l_�l_[]n_^�qb_h�b_�^c^�mig_nbcha�qliha<�Sb[n�q_�qiof^�fce_�ni�ehiq�cm�
c`�nb[n�j_lmih�m]if^_^�bcg�p_l\[ffs�il�^cm]cjfch_^�bcg�jbsmc][ffs+�Uio�ehiq)�\s�m[scha� \[^�^iaÑ�il�
acpcha�bcg�[�mq[n+�?[h�sio�l_g_g\_l�qb[n�b[jj_h_^�qb_h�b_�gcm\_b[p_^<� 9_^ �4�bUQT �\Yc d�Re d�̀ b_ R U � . +
V _ b �S\QbYdi'

p_l\[f�l_jlcg[h^�ihfs� #c S _ \T U T $ ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� ,
jbsmc][f�l_jlcg[h^�ihfs�#`ecX%� cgQd'� c\Q`'� X Yd'� [YS[$� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � -
p_l\[f�[h^�jbsmc][f�l_jlcg[h^�]ig\ch_ �̂ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 0
inb_l�c`US YVi )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� � /
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

0.+�Sb[n�[\ion�c`�b_�q[m�][oabn�b[pcha�[h�[]]c^_hn�ih�nb_�`fiil<�Sb[n�b[jj_h_^�nb_h<�7U�SQbU VYT �^ _ d �
d_ �c_ e ^ T �?eTWU]U^dQ\'� 9 _^ �2�bUQT �\Yc d�Re d �̀ b_RU�V _ b �S\QbYdi'

p_l\[f�l_jlcg[h^�ihfs� #c S _ \T U T $ ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � ,
jbsmc][f�l_jlcg[h^�ihfs�#`ecX'� cgQd'� c\Q`'� X Yd'� [YS[$ � )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � -
p_l\[f�[h^�jbsmc][f�l_jlcg[h^�]ig\ch_ �̂ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 0
_MXSI�c`USYVi ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � � /
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

0/+�@c^�b_�_p_l�aliqf�il�mh[j�ch�l_mjihm_�ni�\_cha�^cm]cjfch_^�^olcha�nbim_�`clmn�nqi�gihnbm<� . -
Ji� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � +
s_m� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

0.

,2,



L=NP�ER�7�=@QHP�HEJA
Jiq�EÖ̂ �fce_�ni�[me�sio�mig_�ko_mncihm�[\ion�nb_�]oll_hn�mcno[ncih�qcnbYYYYYYYY +� Sb[n�q_�q[hn�ni
^i�cm�a_n�[�a_h_l[f�c^_[�i`�bcm�\_b[pciol�ch�[cf�nb_�ncg_�sio�b[p_�iqh_^�bcg+� Oiln�i`�[�j_lmih[fcns�
jli`cf_+� Uio�g[s�h__ �̂ni�nbche�\[]e�[�\cn�`il�mig_�i`�nb_�ko_mncihm+

00+� Bclmn�E�[g�aicha�ni�l_[^�[�fcmn�i`�nbcham�[h^�j_ijf_+� EÖ̂ �fce_�sio�ni�n_ff�g_�c`�siol�̂ ia�m__gm�ni�\_�
[`l[c^�i`�[hp�i`�nb_g+�G:69�A>HI1

OEPQ=PEKJ JK UAO @G

), nboh^_l

)- p[]oog�]f_[h_lm

+0 lc^cha�ch�nb_�][l

+1 ]bcf^l_h

+2 g_h

)1 mnl[ha_lm

+4 ^_fcp_ls�j_ijf_

)3 p_n_lch[lc[hm

+6 ^ia�aliig_lm

) , + inb_l�^iam

00+.
00+/

00+0
00+1

00+2

00+3
00+4

00+5
00+6

00+.-

01+� Siof^�sio�_p_l�^_m]lc\_�siol�^ia�[m�\_cha�domn�a_h_l[ffs�`_[l`of<
J i $+++++++++++++++++++++++++ $+++++++++++++++++++++++++++++++++++++++++++++ $ + ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
S �Zh� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � ,
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

01

,2-



02+� =�fin�i`�̂ iam�b[p_�mig_�`ohhs�b[\cnm)�il�i^ �̂nbcham�nb[n�nb_s�m__g�ni�q[hn�ni�^i+�?iof^�sio�n_ff�g_�
c`�siol�^ia�^i_m�[hs�i`�nb_�`iffiqcha7� PPUhSUccYfU\i � :�V_b �̀ b_\_^WUT�̀ UbY_Tc�RUi_^T�gXQd�dXU

_g^Ub�RU\YUfUc�g_e\T�RU�^_b]Q\�V_b�]_cd�_dXUb�T_Wc'

>AD=REKQN JK UAO @KJÖP� .�
GJKS

), ?[llc_m�li]em)�nism)�il�inb_l�
i\d_]nm�`il�fiha�j_lci^m

)- ?b_qm�i\d_]nm�_r]_mmcp_fs

+0 ?b_qm�[h^�mq[ffiqm�mnc]em�il�
li]em

+1 Hc]em�ih_�f_a�_r]_mmcp_fs

+2 ?b_qm�mig_�inb_l�j[ln�i`�bcm
\i^s�_r]_mmcp_fs

) 1 L[]_m�`il�fiha�j_lci^m�[m�c`�b_�
][hÖn�l_f[r

+4 Polhm�ch�]cl]f_m�`il�fiha�
j_lci^m�%inb_l�nb[h�domn�\_`il_�
fscha�^iqh&

)3 ?b[m_m�bcm�n[cf� `il�fiha�j_lci^m

+6 @cam�[�fin�i`�bif_m�ch�nb_�s[l^

) ,+ Oh[jm�[n�cg[ach[ls� f̀c_m

),, >[lem�`il�fiha�j_lci^m�[n�
hinbcha�ch�j[lnc]of[l

02+.

02+/

02+0

02+1

02+2

02+3

02+4

02+5

02+6

02+.-

02+..

,2.



03+� I[hs�^iam�m__g�ni�\_�_[mcfs�ojm_n�il�\inb_l_^�\s�j_ijf_�ch�]_ln[ch�mcno[ncihm+�@i_m�siol�̂ ia�_p_l�
l_mjih^�ni�[hs�i`�nb_�`iffiqcha�mcno[ncihm�\s%l_[9,�c\_g\i$1�\gdla^c\'�a^[i^c\�V�a^e'�hcVee^c\'�ajc\^c\

OEPQ=PEKJ

JK N:H @G

. nio]bcha�bcm�`ii �̂qb_h�b_�cm�_[ncha
7 q[fecha�j[mn�bcm�`ii �̂qb_h�b_�cm�_[ncha
0 [^^cha�`ii �̂ni�nb_�^cmb�qbcf_�b_�cm�_[ncha
1 n[echa�[q*[s�[�\ih_)�l[qbc^_)�il�nis
2 n[echa�\[]e�[h�i\d_]n�b_�b[m�mnif_h�%fce_�mi]em&
3 nlscha�ni�gip_�bcg�`lig�[�`_piolcn_�l_mncha�

mjin
4 ^cmnol\cha�bcg�qbcf_�b_�cm�mf__jcha
5 q[fecha�j[mn�bcg�ch�[�b[ffq[s�il�̂ iilq[s
6 j[nncha�bcg�ih�nb_�b_[^�il�mbiof^_lm
.- jonncha�bcm�]iff[l�ih�il�n[echa�cn�i``
.. joffcha�ih�bcm�]iff[l
.5 mn[lcha�[n�bcg�_s_�ni�_s_
.0 nlscha�ni�fc`n�bcg
.1 q�cjcha�bcm�`__n�il�]onncha�bcm�ni_h[cfm
.2 al[\\cha�bcg�\s�nb_�m]lo``
.3 c`�mig_ih_�l[cm_m�nb_cl�pic]_�[n�bcg
.4 E`�mig_ih_�bif^m�oj�[�mnc]e�il�h_qmj[j_l)�il�

l[cm_m�nb_cl�[lg�[m�c`�ni�nbl_[n_h�bcg
.5 aliigcha�bcg
.6 ]f_[hcha�bcm�_[lm
7- c`�mig_ih_�q_l_�ni�bcn�il�mf[j�bcg

Pb[hem)�E�ehiq�nb[n�q[m�[�fiha�fcmn+� S_�b[p_�mig_�gil_�ko_mncihm�ni�^i�\on�sioÖl_�^icha�l_[ffs�q_ff+

04+� D[m�siol�^ia�_p_l�aliqf_^�[n�[�g_g\_l�i`�siol�biom_bif^)�_p_h�c`�sio�nbioabn�cn�b[jj_h_^�qbcf_
b_�q[m�jf[scha<

Ji� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

03+.
03*/

03+0
03+1

03+2
03+3

03+4
03+5

03+6
03+.-

03+..
03+./

03+.0
03+.1

03+.2
03+.3

03+.4
03+.5

03+.6
03+/-

04

,2/



05+�D[m�b_�_p_l�mh[jj_^�[n�[�g_g\_l�i`�siol�biom_bif^)�_p_h�c`�sio�nbche�cn�gcabn�b[p_�b[jj_h_^�
qb_h�mig_ih_�q[m�nlscha�ni�n[e_�[q[s�[�nis�il�mig_�`ii^<

Ji� ++++++++++++++++++++++++++++++++++++++++++++++++ � � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ih$n�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

06+�D[m� YYYYYYYYYYY _p_l�\[le_^�il�aliqf_^�qb_h�[�mnl[ha_l�[jjli[]b_^�siol�s[l^�il�big_<� 06
HdbQ^WUb�UaeQ\c�Q^i_^U�^_d�gU\\�[^_g^�d_�T_W'

Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

1-+�D[m�b_�_p_l�aliqf_^�il�mh[jj_^�[n�[�mnl[ha_l�[m�nb_s�][g_�chni�siol�big_<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++$ ++++++++++++++++ $ ++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

1.+�Diq�[\ion�\cncha�[�mnl[ha_l� qbi�q[m�ih�siol�jlij_lns�il�ch�siol�big_)�b[m�b_�_p_l�^ih_�nb[n<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

=ff�nb_m_�ko_mncihm�g[e_�^iam�mioh^�jl_nns�\[^)�^ihÖn�nb_s<� Sb[n�q_�`ch �̂ion�qcff�bij_`offs�b_fj�om�
miln�ion�qbs�g[hs�j_ijf_�b[p_�]_ln[ch�mj_]c`c]�jli\f_gm�qcnb�[�^ia�nb[n�qiof^�inb_lqcm_�\_�[h�c^_[f
j_n+

1/+�=�fin�i`�̂ iam�m__g�ni�a_n�chni�nb_�gimn�nlio\f_�qb_h�nb_s�[l_�big_�[ff�\s�nb_gm_fp_m+
D[mYYYYYYYYY _p_l�̂ ih_�[hsnbcha�^_mnlo]ncp_�qb_h�b_�q[m� f_`n�[fih_�ch�siol�big_)�mo]b�[m�]b_qcha
il�m]l[n]bcha�`olhcnol_)�m]l[n]bcha�[n�^iilm)�il�a_nncha�chni�nb_�a[l\[a_<

Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
W_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

10+�S_Öp_�n[fe_^�[�fin�[\ion�biq�[�^ia�g[s�gcm\_b[p_+� Jiq�EÖ̂ �fce_�sio�ni�n_ff�g_�[�fcnnf_�[\ion�biq
nb_�j_lmih�gimn� l_mjihmc\f_�`ilYYYYYYYYYYYYYb[m�l_[]n_^�c`�nb_s�b[jj_h_^�ni�][n]b�bcg�^icha
mig_nbcha�qPiha+� S_Öl_�fiiecha�`il�qb[n�miln�i`�̂ cm]cjfch_�q[m�om_^�c )̀�`il�_r[gjf_)�b_�]b_q_^�
mig_nbcha�b_�mbiof^hÖn�b[p_�il�b_�b[^�[h�[]]c^_hn�ih�nb_�`fiil+�Bil�_r[gjf_)�q[m�b_�m]if^_^� p_l\[ffs�
il�q[m�b_�acp_h�[�mq[n<� Ji\i^s�l_[ffs�fce_m�ni�n[fe�[\ion�nbcm)�\on�cn�qiof �̂\_�p_ls�b_fj`of�c`�sio�]iof^�
f_n�om�ehiq�qb[n�[]no[ffs�b[jj_h_^+

p_l\[f� l_jlcg[h^�ihfs�%m]if^_^&++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
jbsmc][f�l_jlcg[h^�ihfs�%jomb)�mq[n)�mf[j)�bcn)�ec]e&++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
p_l\[f�[h^�jbsmc][f�l_jlcg[h^�]ig\ch_^� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 0
inb_l�c`USYVi+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � � 1
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

1/

,20



11+�D[m�[hsih_�ch�siol�biom_bif^�_p_l�n[e_hYYYYYYYYYni�[h�i\_^c_h]_�]f[mm<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � .
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

>V�iUc1� 11+.� @c �̂sio�^_]c^_�ni�_hliff�siol�̂ ia�ch�nb_�]f[mm�\_][om_�sio�q_l_�b[pcha�mig_
jli\f_g�qcnb�bcm�\_b[pciol<

J i ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
U_m� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� .
@ihÖn�ehiq +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

> V �iUc1� 11+.+.� Sb[n�ech^�i`�jli\f_g�q[m�cn<� Eb_RU�V_b�S\QbYdi'
=aal_mmcih�ni�j_ijf_+++++++++++++++++++++++++++++++++++++++++++++� .
=aal_mmcih�ni�^iam� +++++++++++++++++++++++++++++++++++++++++++++++� /
B_[l`ofh_mm+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 0
Diom_\l_[echa� +++++++++++++++++++++++++++++++++++++++++++++++++++++ � 1
Knb_l�c`USYVi+++++++++++++++++++++++++++++++++� � � 2
@ihÖn�ehiq+++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

12+�@i]m�siol�^ia�i\_s�[hs�]igg[h^m�il�ehiq�[hs�nlc]em<
Ji� +++++++++++++W � +� , +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� E
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

YV �iUc1� 12+.� D[m�b_�_p_l�\__h�ch�[hs�ech �̂i`�i\_^c_h]_�]igj_ncncih)�ch]fo^cha�`c_f �̂nlc[fm)
[acfcns)�il�`fs\[ff)�il�^ih_�[hs�ech^�i`�ao[l^�il�m_lpc]_�qile<

C_�" ' +++++++++++++++++++++ $ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
U_m� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� E
@ihÖn�ehiq +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

L=NP�R
UioÖl_�^icha�l_[ffs�q_ff)�[h^�q_Öl_�a_nncha�p_ls�]fim_�ni�nb_�_h +̂� Pbcm�h_rn�m_]ncih�cm�kocn_�mbiln+� E�
q[hn�ni�[me�sio�[�`_q�ko_mncihm�[\ion�nbcham�nb[n�g[s�b[p_�b[jj_h_^�ch�nb_�f[mn�nqi�gihnbm+� S_Öff�
mn[ln�qcnb�mig_�l_[ffs�_[ms�ih_m+

13+�Kp_l�nb_�f[mn�nqi�gihnbm)�b[mYYYYYYYYYYYYY \__h�mf__jcha�ih�mig_ih_Öm�\_^�[n�hcabn<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ,
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

> V �̂ _1� 13+.� S[m�nb_l_�[�ncg_�\_`il_�nqi�gihnbm�[ai�qb_h�b_�^c^�mf__j�ih�mig_ih_Öm�\_^<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
U_m+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � E
@ihÖn�ehiq++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

Y V �iUc1� 13+.+.� @c �̂sio�mnij�f_nncha�bcg�oj�ih�nb_�\_ �̂\_][om_�i`�mig_�
jli\f_g�qcnb�bcm�\_b[pciol<

Ji+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
U_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � .
@ihÖn�ehiq++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

14+� Diq�[\ion�nb_�`olhcnol_<�D[m�b_�\__h�[ffiq_^�oj�ih�nb_�`olhcnol_�ch�nb_�f[mn�nqi�gihnbm<
J i+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
s_m++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

.43

11

11+.

11+.+.

12

12+.

13

13+.

13+.+.

14



/3)� Bc�nb_�aVhi�ild�bdci]h'�]Vh�VcndcZ�ZkZg�[ZYUUUUUUUUUUUU Y^gZXian�[gdb�i]Z�iVWaZ�l]^aZ�i]Zn�lZgZ
_[ncha<

Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � �
Ydcti�`cdl� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � 44

15

16+� =�fin�j_ijf_�om_�[�e_hh_f�il�]l[n_�ch�nb_cl�big_�[m�[�jf[]_�`il�nb_cl�^ia�ni�mf__j�il�ni�e__j�nb_cl�^ia�
ion�i`�nlio\f_+� Eh�nb_�j[mn�nqi�gihnbm�b[p_�sio�om_ �̂mo]b�[�]l[n_�`il�siol�^ia<� 16

Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

Y V �iUc"'� 16+.� @c^�sio�mn[ln�omcha�nb_�]l[n_�\_][om_�sio�q_l_�b[pcha�mig_�miln�i`�jli\f_g� d
qcnb�siol�̂ iaÖm�\_b[pciol<

J i +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� -
U_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� E
@ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

2-+� Jiq�EÖ̂ �fce_�sio�ni�l[he�bcm�\_b[pciol�ip_l�nb_�j[mn�nqi�gihnbm�ih�[�m][f_�i`�.� ni� .-+�Diq�qiof^�
sio�^_m]lc\_�siol�^iaÖm�j_lmih[fcns�c`� 9_^"d�[^_g300

),� .�cm�p_ls�mbs�[h^� ,+�cm�p_ls�ionaicha� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ++++++++++++� 2-+.

)-� ,�cm�p_ls�][fg�[h^� ,+�cm�p_ls�_r]cn[\f_� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++� ++++++++++++� 2-+/

+0� .�cm�p_ls�aii^�qcnb�]bcf^l_h�[h^�.-�cm�h_p_l�nlomn_^�qcnb�]bcf^l_h++++++++++++++++++ � +++++++++++ � 2-+0

+1� .�cm�hin�[n�[ff�[aal_mmcp_�[h^� .-�cm�_rnl_g_fs�[aal_mmcp_++++++++++++++++++++++++++++++++ � ++++++++++++� 2-�/

2.+� Oncff�nbchecha�i`�nb_�f[mn�nqi�gihnbm)�biq�go]b�ncg_�qiof^�sio�m[s�siol�^ia�b[m�mj_hn�ion^iilm�ih
[h�[p_l[a_�q__e^[s<�G:69�A>HI1� >^S\eTUc�6AA�dY]U�_edT__bc�V_b�ebY^QdY_^�UdS'�UfU^�Y V �V_b�Zecd�Q� X�X
]_]U^d'

oj�ni� ,�biol� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
oj�ni�0�biolm++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � /
oj�ni�.-�biolm� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 0
gil_�nb[h�.-�biolm� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 1
il�hin�[n�[ff� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 2
^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

2/

0-)� Adl�VWdji�dc�i]Z�lZZ`ZcYh9�Adl�bjX]�i^bZ�ldjaY�]Z�heZcY�djiYddgh�ZVX]�YVn9�PdjaY� ^i�WZ5
%" !�$#&'�

Ne�id� ,� ]djg� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� ,
je�id�.� ] dj gh ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� -
je�id� ,+�] dj g h ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � .
bdgZ�i]Vc� ,+�]djgh� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� /
dgcdi�Vi�Vaa� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � 0
Ydcti�`cdl� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� 44

Y V �T _W �XQc�^UfUb�RUU^�_e dT__bc�Y^ �̀ Q c d�dg_�]_^dXc�W_ �d_ �aeUcdY_^

0.)� Adl�]Vh�]Z�heZci�bdhi�d [ �]^h�i^bZ�l]Zc�]Z�lVh�djih^YZ�Yjg^c\�i]Z� aVhi�ild�bdci]h9� P Vh� ^i�heZci
dc�lVa`h�l^i]�hdbZdcZ� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � ,� 20
Xdc[^cZY�^c�ndjg�nVgY�dg�^c�V�eZc�#Y^S\eTUc�dYUT$� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � -
[gZZ� ^c�ndjg�nVgY�dg�cZ^\]Wdjg]ddY� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� .
dg�hdbZ�di]Zg�lVn9�H`USYVi)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � � � /
Ydcti�`cdl� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � 44

.44



0/)�Hc�Vc�VkZgV\Z�lZZ`YVn�^c�i]Z�aVhi�ild�bdci]h'�]dl�bVcn�i^bZh�lVhUUUUUUUUUU iV`Zc�[dg�V�lVa`'
VcY�cdi�_jhi�aZi�djih^YZ�dc�]^h�dlc9�6�gQ\[�UaeQ\c�TU\YRUbQdU�UhUbSYcU�gYdX�_^U�_b�]_bU�̀ U_`\U�_edcYTU�
_ V�dXU�_g^Ub"c�iQbT%� ^_d�Zecd�RUY^W�_edcYTU�dXU�X_ecU�Y^�dXU�̀ bUcU^SU�_ V�dXU�_g^Ub'� G:69�A>HI1

dcXZ� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� B
il ^XZ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� /

i]gZZ�i^bZh))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � .
bdgZ�i]Vc�i]gZZ�i^bZh)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� /
dg�cdi�Vi�Vaa� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� 0
Ydcti�`cdl� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � 44

00)�Adl�VWdji�dc�i]Z�lZZ`ZcYh'�]dl�bVcn�i^bZh�eZg�YVn�Y^YUUUUUUUUUUUU\d�[dg�V�lVa`9�G:69� 2 2

A>HI1
dcXZ� ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� .

il ^XZ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� /

i]gZZ�i^bZh)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� .
bdgZ�i]Vc�i]gZZ�i^bZh)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � /
dg�cdi�Vi�V a a )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � 0
Ydcti�`cdl� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � 44

> V �T_W�Yc�gQ\[UT1� 22+.� Em�siol�^ia�_p_l�f_n�i``�nb_�f_[mb�qb_h�b_�cm�ion�`il�[�q[fe<
Ji� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
U_m++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
@ihÖn�ehiq++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

22+/� Sb[n�ech �̂i`�]iff[l�^i_m�b_�q_[l�ih�q[fem<�9_^"d�bUQT�\Ycd�
Red�̀ b_RU�V_b�S\QbYdi'

]iff[l�qcnb�\o]ef_++++++++++++++++++++++++++++++++++++++++++++++++++� ,
?bie_�]iff[l�%mfc^cha�lcham&+++++++++++++++++++++++++++++++++++ � /
Lliha�]iff[l� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� .
D[lh_mm�%[lioh^�mbiof^_lm&+++++++++++++++++++++++++++++++++++ � 1
D[fn_l++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 2
Knb_l�c`USYVi+++++++++++++++++++++++++++++++++++ � � 1
@ihÖn�ehiq++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

23+� Eh�nb_�j[mn�nqi�gihnbm�b[mYYYYYYYYYYYY b[^�[hs�biom_nl[chcha�[]]c^_hnm�ch�siol�big_<
Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ $ +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ih$n�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

24+�@c �̂[hsih_�jf[s�noa�i`�q[l�qcnb�siol�^ia�ch�nb_�f[mn�nqi�gihnbm<�IeW�_ V�gQb�UaeQ\c�dXU�T_W�Q^T�Q
`Ubc_^�X_\TY^W�_^d_�Q^T�̀ e\\Y^W�_``_cYdU�U^Tc�_ V�c_]U�_RZUSd�\Y[U�Q�d_i�_b�d_gU\'�C_d�deW�_ V�gQb
RUdgUU^�dg_�T_Wc'

Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
W_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

00),

00)-

01

02

,23



L=NP�RE
Diq�[l_�sio�^icha<� S_Öl_�p_ls�]fim_�ni�nb_�_h^�i`�nb_�ko_mncihm+
E�ehiq�q_Öl_�[mecha�[�fin�i`�ko_mncihm�qbc]b�g[s�g[e_�sio�`__f�[m�c`�sio�b[p_hÖn�b[^�nb_�]b[h]_�ni�m[s�
[hWnbcha�jimcncp_�[\ion�siol�̂ ia+�EnÖm�domn�nb[n�q_�q[hn�ni�oh^_lmn[h^�qbs�mig_�^iam�[]n�nb_�q[s�nb_s�
^i)�[h^�qbs�mig_�`[gcfc_m�g[s�\_�gil_�qcffcha�ni�e__j�[�^ia�ch�mjcn_�i`�[�`_q�\_b[pciol�jli\f_gm+

Bc�i]ZhZ�cZmi�[Zl�fjZhi^dch�Btb�\d^c\�id�Vh �̀heZX^[^XVaan�VWdji�W^i^c\)� LdbZ�d[�i]ZhZ�fjZhi^dch�VgZcti�kZ^n�
eaZVhVci'�Wji�ZkZc�V�Yd\�l]^X]�^h�dgY^cVg^an�kZ^n�\ZciaZ�bVn�]VkZ�W^iiZc�hdbZdcZ�Vi�hdbZ�i^bZ�^c�i]Z�eVhi)

25+�D[m�siol�^ia�_p_l�\cnn_h�[hs�g_g\_l�i`�piol�biom_bif �̂il�[hp�j_lmih�qbi�cm�[�`l_ko_hn�pcmcnil�ch�
piol�big_�[h^�cm�q_ff�ehiqg�ni�nb_�^ia�_p_h�ih]_)�_p_h�c`�sio�nbche�cn�g[s�b[p_�b[jj_h_^�\s�[]]c^_hn�
qbcf_�b_�q[m�jf[scha<%T�RYdU�Yc�TUVY^UT�Qc�dXU�e``Ub�_b�\_gUb�dUUdX�]Q[Y^W�S_^dQSd�gYdX�dXU�fYSdY]sc�
c[Y^�gYdX�ceVVYSYU^d�̀ bUccebU�d_�SQecU�Q�fYcYR\U�Y^Zebi�ceSX�Qc�Q^�Y^TU^dQdY_^%� gU\d%�cSbQ`U%�RbeYcU%�
`e^SdebU%� _b�dUQb�Y^�dXU�c[Y^'�6�T_W�]_edXY^W�Q�̀ Ubc_^sc�c[Y^�gYdX_ed�Q``\iY^W�ceTTU^�̀ bUccebU�Yc�C_d�
S_^cYTUbUT�Q�RYdU'$

G d )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � +
RZh� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � B
=dcti�`cdl))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 44

> V �CD�_b�9_^sd�[^_g1�<_�d_�VY^Q\�̀ QWU

26+�Oig_�^iam�\cn_�ihfs�ih]_�ch�nb_cl�fc`_ncg_)�\on�nb_l_�[l_�[�fin�i`�̂ iam�e_jn�[m�j_nm�qbc]b�b[p_�\cnn_h�
[�hog\_l�i`�ncg_m+� 9_^�4�[^_g300

'�E� Diq�g[hs�ncg_m�qiof �̂sio�m[s�siol�^ia�b[m�\cnn_h�[h�[^ofn�g_g\_l�i`�siol�biom_bif^� X
%mig_ih_�if^_l�nb[h� .5�s_[lm�i`�[a_&<� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+/�Diq�[\ion�[�n__h[a_l�\_nq__h�nb_�[a_m�i`�./�[h^� .5�fcpcha�ch�siol�big_<�

+0�Diq�[\ion�[�]bcf^�fcpcha�ch�siol�X_]c?djUaeQ\�d_�_b�\Ucc�dXQ^�)*�iUQbc$

'-�Diq�[\ion�[�]bcf^�il�n__h[a_l�qbi�cm�[�`[gcfs�`lc_h^�il�l_f[ncp_)�\on�^i_mhÖn�fcp_�ch�siol
big_<

1+)� Adl� adc\�V\d�lVh�i]Z� aVhi�i^bZ�]Z�W^i�hdbZdcZ9�GUS_bT �^e] RUb
Y V n h )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) )))))))))))))))
l ZZ`h)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
bdci]h))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) )))))))))))))))
nZVgh� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
=dcti�` c dl )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 66

1,)� Adl�ZVhn� ^h� ^i� [dg�ndj�id�egZY^Xi�l]Zc�ndjg�Yd\� ^h�\d^c\�id�WZ�V\\gZhh^kZ�dg�ign�id�ROYU'\jaWWbUccY_^ �
UaeQ \c �Wb_g \Y^W%� c^Q``Y^W %� \e^WY^W%� _ b�RYdY^W$
PdjaY�ndj� hVn�ndj� XVc

cZkZg�hZZ�^i�X db ^c \ )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))� B
dXXVh^dcVaan�hZZ�^i�Xdb ^c\))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � -
jhjVaan�hZZ�^i�Xdb ^c\ )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) � .
dg�XVc�ValVnh�hZZ�^i�Xdb ^c\)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) /
Ydcti�`cdl� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 66

.46

25

26+/

26+0

+1�Diq�g[hs�ncg_m�b[m�b_�\cnn_h�[h�[^ofn�qbi�cm�[�`[gcfs�`lc_h^�il�l_f[ncp_�qbi�cm�pcmcncha�siol�
big_<� � � � 0 4 ) /

26+2

3-

3.



1-)� Adl�daY�lVhUUUUUUUUUUUi]Z�[^ghi�i^bZ�]Z�W^i�Z^i]Zg�V�bZbWZg�d [�ndjg�]djhZ]daY�dg�V�k^h^idg�]Z
`cdlh�lZaa9

bdci]h� )))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
nZVgh)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

1-

^ihÖn�ehiq� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++� 66

30+�@_j_h^cha�ih�nb_�mcno[ncih)�^iam�g[s�nls�ni�\cn_�[n�^c``_l_hn�j[lnm�i`�[�j_lmihÖm�\i^s+�Sb[n�[l_[�il� 30�
[l_[m�i`�mig_ih_Öm�\i^s�b[m�siol�̂ ia�\cnn_h<�G:69�A>HI1�B_bU�dXQ^�_^U�bUc`_^cU�̀ _ccYR\U'

b[h^m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � E
[ lg m+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
`_ _ n+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 0
f_am+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 1
ni lmi +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 2
h_]e� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 1
il�b_[^� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 4
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

31+�@i�sio�hiq� n[e_�[hs�mj_]c[f�jl_][oncihm�qcnb�siol�̂ ia�\_][om_�sio�[l_�qillc_^�nb[n�b_�g[s�\cn_� X
mig_ih_<

Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -
s_m� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

32+�Pbchecha�i`�[�ncg_�q�b_h�siol�̂ ia�\cn�_cnb_l�[�g_g\_l�i`�siol�biom_bif )̂�il�[� c̀Ö_ko_hn�pcmcnil�ni� 32�
siol�big_)�qb[n�q[m�nb_�gimn�m_lciom�chdols�b_�b[m�][om_^�\s�\cncha<�9_^"d�bUQT�\Ycd�Red�̀ b_RU�V_b�
S\QbYdi'�BQ[U�cebU�fYSdY]�Yc�gU\\�[^_g^�d_�T_W'�^_d�Q�TU\YfUbi�̀ Ubc_^'
6c[�Y V �dXUi�^UUTUT�]UTYSQ\�SQbU�UdS'

Cl[\\_^�]finbcha�\on�hin�mech� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,
\cn�ih]_�\on�^c^hÖn�\l_[e�mech�#Y^S\eTUc�RbeYcUc%�gU\dc$+++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � /
\cn�ih]_)�\lie_�mech)�hi�I@�l_kocl_^+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 0
\cn�ih]_)�\lie_�mech)�l_kocl_ �̂I@� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 1
\cn�ih]_�)�\lie_�mech�)�l_kÖ̂ �mncn]b_m+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 2
gofncjf_�\cn_m)�hi�I@�l_kocl_ �̂ +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 1
gofncjf_�\cn_m)�l_kÖ̂ �I @ +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 4
gofncjf_�\cn_m)�l_kÖ̂ �mncn]b_m+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 3
ih_�il�gil_�\cn_m)�l_kocl_ �̂[n�f_[mn�ip_lhcabn�ch�bimjcn[f+++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 6
inb_l)�mj_]c̀ s*+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � � ,+
^ihÖn�ehiq� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � 66

1 1 +� E`�sio�b[^�ni�l[he�nb_�cgjiln[h]_�i`�nbcm�j[lnc]of[l�ch]c^_hn�ni�sio�[m�nb_�^iaÖm�iqh_l)�qb[n�qiof^� 1 1
sio�m[s�c`�7

,� cm�nb[n�cn�cm�i`�p_ls�fcnnf_�cgjiln[h]_)� [h^� ,+ �cm�nb[n�cn�g[^_�sio�]ihmc^_l�b[pcha�nb_�^ia�jon�ni�mf__j�
cgg_^c[n_fs+� 9_^"d�[^_g3�00

12)� <djaY�ndj�iZaa�bZ'� ^c�ndjg�dlc�ldgYh'�l]n�ndj�i]^c �̀ndjg�Yd\�W^i�dc�i]^h�eVgi^XjaVg�dXXVh^dc9
34

,3+



L=NP�REE

Pb[he*sio+
S_$l_�[ff�^ih_+�E�l_[ffs�[jjl_]c[n_�siol�j[nc_h]_�qcnb�[ff�nbcm+� Pbcm�cm�ih_�i`�nb_�f[la_mn�mno^c_m�ih�^ia�
\_b[pciol�nb[n�b[m�_p_l�\__h�^_mcah_ )̂�[h^�bij_`offs�cn�qcff�b_fj�p_n_lch[lc[hm�acp_�gil_�_``_]ncp_�
[^pc]_�ni�^ia�iqh_lm�>ABKNA�nb_s�mn[ln�b[pcha�jli\f_gm�qcnb�nb_cl�̂ iam+�@l+�Cos�qcff�\_�jl_m_hncha�
nb_�l_mofnm�[n�[�m_gch[l�ch�siol�[l_[�h_rn�mogg_l�[h^�sioÖl_�q_f]ig_�ni�[nn_h^+� Uiol�iqh�p_n�]fchc]�
qcff�\_�acp_h�nb_�ch`ilg[ncih�ih�ncg_�[h^�fi][ncih�il�q_�][h�f_n�sio�ehiq�\s�g[cf�c`�sio�qiof^�
fce_%D$,4,�bUaeYbU�]QY\Y^W�QTTbUcc$'

E`� @l+�Cos�b[^�[hs�jichnm�mb_�h__^_ �̂ni�]f[lc`s)�qiof �̂cn�\_�[flcabn�c`�mb_�]ihn[]n_^�sio<� 0 a
1 3 +� Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ $ +++++++++++++++++++++++� -

U _m +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � ,

E`�nbcm�l_m_[l]b�jlid_]n�cm�_rn_h^_ )̂�qiof �̂sio�\_�qcffcha�ni�j[lnc]cj[n_�c`�q_�q_l_�ni�]ih^o]n�[hinb_l
molp_s<
36+� Ji� +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � -

U _m +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ � .

Y V �iUc� I[s�.�b[p_�siol�g[cfcha�[^^l_mm<

J=IA

36

OPNAAP

?EPUYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY LNKREJ?A

LKOP=H�?K@A� � YYYYYYY

@c �̂sio�b[p_�[hs�ko_mncihm�il�]igg_hnm�pio�q[hn_^�ni�g[e_<� EÖ̂ �\_�chn_l_mn_^�ni�ehiq�biq�sio�`_fn�
[\ion�^icha�nb_�molp_s+

4-+ 4-

Pb[hem�[a[ch)�[h^�b[p_�[�jf_[m[hn�_p_hcha,[`n]giih,q__e_h^,gigcha+
IUb]Y^QdU�SQ\\

.5.



:II>G=BQ�>
>l__^�aliojcham�`il�gofncjf_�fiacmnc]�l_al_mmcih

>l__^m�[l_�alioj_^�[]]il^cha�ni�[�gi^c`c][ncih�i`�nb_�?[h[^c[h�G_hh_f�?fo\�l_aof[ncihm+

-+�Icr_^�\l__^

.+�N_nlc_p_lm)�O_nn_lm)�Lichn_lm
H[\l[^il�N_nlc_p_l
Cif^_h�N_nlc_p_l
Ahafcmb�O_nn_l
C_lg[h�Obiln�D[cl�Lichn_l
Jip[�O]in[�@o]e�Piffcha�N_nlc_p_l
Hf_q_ffsh�O_nn_l

- +� Oj[hc_fm
Ojlcha_l�Oj[hc_f�
?i]e_l�Oj[hc_f�
>lcnn[hs�Oj[hc_f

0+�Dioh^m
Ichc[nol_�@[]bmboh^�
>_[af_
On[h^[l^�@[]bmboh^�
>[mm_n�Dioh^

1+�Pism
Pis�Lii^f_
?bcbo[bo[
Lig_l[hc[h
?[p[fc_l�Gcha�?b[lf_m�Oj[hc_f
Uilembcl_�P_llc_l
I[fn_m_�P_llc_l
L_echah_m_
?bch_m_�Loa
Ocfes�P_llc_l
F[j[h_m_�?bch

2+�Silecha�*�ao[l^
C_lg[h�Ob_jb_l^�
Ninnq_cf_l�
@i\_lg[h�Lchm]b_l�
On[h^[l^�O]bh[ot_l

. 5 /



1 +�Silecha�*�bomes)� mjcnt
G__mbih^�
O[gis_^�
Oc\_lc[h�Domes�
=f[me[h�I[f[gon_�
=ecn[
Qhmj_]c`c_^�Domes

4+�Cc[hnm
J_q`ioh^f[h^�
Cl_[n�@[h_
>_lh_m_�Iiohn[ch�@ia

3 +�P_llc_lm
?[clh�P_llc_l�
=cl_^[f_�P_llc_l�
Ichc[nol_�O]bh[ot_l�
Scl_�D[cl�Bir�P_llc_l�
F[]e�Nomm_ff�P_llc_l�
Elcmb�P_llc_l�
O]inncmb�P_llc_l�
S_mn�Dcabf[h^�Sbcn_�P_llc_l�
Ahafcmb�>off�P_llc_l�
Oi`n*]i[n_^�Sb_[nih�P_llc_l�
S_fmb�P_llc_l

6+�D_l^cha
Ob_nf[h^�Ob__j^ia�
>il^_l�?iffc_�
Nioab�?iffc_�
Kf^�Ahafcmb�Ob__j^ia�
=omnl[fc[h�Ob_jb_l^

.-+�Knb_l
Hb[m[�=jmi�
Obcb�Pto�
Ichc[nol_�Lii^f_�
@[fg[ncih�
Ob[l�L_c
Qhmj_]c`c_^�Lii^f_�
Pc\_n[h�Oj[hc_f�
>c]bih�Llcm_�
Ahafcmb�>off^ia

,3.



:II>G=BQ�?

Hcmn�i`�ko_mncihm�`lig�nb_�n_f_jbih_�molp_s�qbc]b�q_l_�om_^�ni�^_m]lc\_�^igch[h]_
[aal_mmcih

@i_m�siol�^ia�_p_l�l_mjih^�ni�[hs�i `�nb_�`iffiqcha�mcno[ncih�\s8�aliqfcha)� fc`ncha�[�fcj)�
mh[jjcha)�fohacha)�il�\cncha<

.+� Pio]bcha�b_l�`ii^�qb_h�mb_�cm�_[ncha

/+� S[fecha�j[mn�b_l�`ii^�qb_h�mb_�cm�_[ncha

0+� =^^cha�`ii^�ni�nb_�^cmb�qbcf_�mb_�cm�_[ncha

1+� P[echa�[q[s�[�\ih_)� l[qbc^_)�il�nis

2+� P[echa�\[]e�[h�i\d_]n�mb_�b[m�mnif_h�%fce_�mi]em&

1 +� Plscha�ni�gip_�b_l�`lig�[�`[piolcn_�l_mncha�mjin

4+� @cmnol\cha�b_l�qbcf_�mb_�cm�mf__jcha

3 +� S[fecha�j[mn�b_l�ch�[�b[ffq[s�il�^iilq[s

6+� L[nncha�b_l�ih�nb_�b_[^�il�mbiof^_lm

.-+� Lonncha�b_l�]iff[l�ih�il�n[echa�cn�i``

..+� Loffcha�ih�b_l�]iff[l

./+� On[lcha�[n�b_l�_s_�ni�_s_

.0+�Plscha�ni�fc`n�b_l

.1+�Scjcha�b_l�`__n�il�]onncha�b_l�ni_h[cfm

.2+�Cl[\\cha�b_l�\s�nb_�m]lo``

.3+� E`�mig_ih_�l[cm_m�nb_cl�pic]_�[n�b_l

.4�+� E`�mig_ih_�bif^m�oj�[�mnc]e�il�h_qmj[j_l)�il�l[cm_m�nb_cl�[lg�[m�c`�ni�nbl_[n_h�b_l

.5+�Cliigcha�b_l

.6+�?f_[hcha�b_l�_[lm

/-+� E`�mig_ih_�q_l_�ni�bcn�il�mf[j�b_l

Pbcm�fcmn�i`�ko_mncihm�q[m�[^[jn_^�`lig�[�mcgcf[l�fcmn�\s�J+�@i^g[h+� Ocno[ncihm� .2)� .4)�

[h^�- + �q_l_�hin�ch]fo^_^�ch�nb_�[h[fsmcm�^o_�ni�nb_�f[la_�hog\_l�i`�gcmmcha�l_mjihm_m+

,3/



:II>G=BQ�@

Hcmn�i`�ko_mncihm�`lig�nb_�n_f_jbih_�molp_s�qbc]b�q_l_�om_^�ni�^_m]lc\_�nb_�^iaÖm�`_[l�i`
mncgofc+

E�[g�aicha�ni�l_[^�[�fcmn�i`�nbcham�[h^�j_ijf_+� EÖ^�fce_�sio�ni�n_ff�g_�c`�siol�^ia�m__gm�ni�
\_�[`l[c^�i`�[hs�i`�nb_g+

.+� Pboh^_l

/+� R[]oog�]f_[h_lm

0+� Nc^cha�ch�nb_�][l

1+� ?bcf^l_h

2+� I_h

1 +� Onl[ha_lm

4+� @_fcp_ls�j_ijf_

3 +� R_n_lch[lc[hm

6+� @ia�aliig_lm

.-+�Knb_l�^iam

..+�Siof^�sio�_p_l�^_m]lc\_�siol�^ia�[m�\_cha�domn�a_h_l[ffs�`_[l`ccf<

,30



:II>G=BQ�A

Hcmn�i`�ko_mncihm�`lig�nb_�n_f_jbih_�molp_s�om_^�ni�^_m]lc\_�jin_hnc[ffs�]igjofmcp_
\_b[pciol

?iof^�sio�n_ff�g_�c`�siol�^ia�^i_m�[hs�i `�nb_�`iffiqcha7

, +� ?[llc_m�li]em)� nism)�il�inb_l�i\d_]nm�`il�fiha�j_lci^m

/+� ?b_qm�i\d_]nm�_r]_mmcp_fs

0+� ?b_qm�[h^�mq[ffiqm�mnc]em�il�li]em

1+� Hc]em�ih_�f_a�_r]_mmcp_fs

2+� ?b_qm�mig_�inb_l�j[ln�i`�b_l�\i^s�_r]_mmcp_fs

1 +� L[]_m�`il�fiha�j_lci^m�[m�c`�mb_�][hÖn�l_f[r

4+� Polhm�ch�]cl]f_m�`il�fiha�j_lci^m�%inb_l�nb[h�domn�\_`il_�fscha�^iqh&

3 +� ?b[m_m�b_l�n[cf�`il�fiha�j_lci^m

6+� @cam�[�fin�i`�bif_m�ch�nb_�s[l^

.-+� Oh[jm�[n�cg[ach[ls�`fc_m

..+�>[lem�`il�fiha�j_lci^m�[n�hinbcha�ch�j[lnc]of[l

P_f_jbih_�chn_lpc_q_lm�q_l_�chmnlo]n_^�nb[n�nb_�qil^�É_r]_mmcp_fsÑ�_ko[ff_^�É`il�

jlifiha_^�j_lci^m�\_sih^�qb[n�nb_�iqh_l�\_fc_p_^�qiof^�\_�hilg[f�`il�gimn�inb_l

^iamÑ +

,31


