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Pb_� ko[fcns� i`� nbcm� gc]li`ilg� cm�
b_[pcfs� ^_j_h^_hn� ojih� nb_�
ko[fcns� i`� nb_� ilcach[f� nb_mcm�
mo\gcnn_^� `il� gc]li`cfgcha+�
Ap_ls� _``iln� b[m� \__h� g[^_� ni�
_hmol_� nb_� bcab_mn� ko[fcns� i`�
l_jli^o]ncih�jimmc\f_+

È �j[a_m�[l_�gcmmcha)�]ihn[]n�nb_�
ohcp_lmcns� qbc]b� al[hn_^� nb_�

^_al__+

Oig_� j[a_m�g[s�b[p_� ch^cmnch]n�
jlchn� _mj_]c[ffs� c̀ � nb_� ilcach[f�
j[a_m� q_l_� nsj_^� qcnb� [� jiil�
nsj_qlcn_l� lc\\ih� il� c`� nb_�
ohcp_lmcns� m_hn� om� [h� ch`_lcil�
jbini]ijs+

H[� ko[fcnx� ^_� ]_nn_� gc]li`ilg_�
^xj_h^�al[h^_g_hn�^_�f[�ko[fcnx�
^_� f[� nbym_� miogcm_� [o�
gc]li`cfg[a_+� Jiom� [pihm� nion�
`[cn� jiol� [mmol_l� oh_� ko[fcnx�
mojxlc_ol_�^_�l_jli^o]ncih+

Oàcf� g[hko_� ^_m� j[a_m)� p_ocff_t�
]iggohcko_l� [p_]� fàohcp_lmcnx�
koc�[�]ih`xlx�f_�al[^_+

H[� ko[fcnx� ^àcgjl_mmcih� ^_�
]_ln[ch_m� j[a_m� j_on� f[cmm_l� w�
^xmcl_l)� molnion� mc� f_m� j[a_m�

ilcach[f_m� ihn� xnx
^[]nsfial[jbcx_m� w� fà[c^_� ^àoh�
lo\[h�omx�io�mc� lohcp_lmcnx�hiom�
[�`[cn�j[lp_hcl�oh_�jbini]ijc_�^_�
ko[fcnx�ch`xlc_ol_+

N_jli^o]ncih� ch� `off� il� ch� j[ln�i`�
nbcm� gc]li`ilg� cm� aip_lh_^� \s�
nb_� ?[h[^c[h� ?ijslcabn� =]n)�
N+O+?+� .64-)� ]+� ?*0-)� [h^�
mo\m_ko_hn�[g_h^g_hnm+

H[� l_jli^o]ncih)� gzg_� j[lnc_ff_)�
^_�]_nn_�gc]li`ilg_�_mn�miogcm_�

w� f[� Hic� ][h[^c_hh_� mol� f_� ^licn�
^à[on_ol)� ON?� .64-)� ]+� ?*0-)� _n�
m_m�[g_h^_g_hnm�mo\mxko_hnm+
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ch� nb_�@_j[lng_hn�i`�D_[fnb�I[h[a_g_hn�
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Pb_� [onbil� b[m� al[hn_^� [h�
cll_pi][\f_�hih*_r]fomcp_�fc]_h]_�
[ffiqcha� nb_� J[ncih[f� Hc\l[ls� i`�
?[h[^[� ni� l_jli^o]_)� fi[h)�
^cmnlc\on_� il� m_ff� ]ijc_m� i`�
bcm,b_l�nb_mcm�\s�[hs�g_[hm�[h^�
ch� [hs� `ilg� il� `ilg[n)� g[echa�
nbcm�nb_mcm�[p[cf[\f_�ni�chn_l_mn_^�
j_lmihm+

H$[on_ol� [� []]il^x� oh_� fc]_h]_�
cllxpi][\f_� _n� hih� _r]fomcp_�
j_lg_nn[hn� w� f[� >c\fcinbyko_�
h[ncih[f_� ^o� ?[h[^[� ^_�
l_jli^ocl_)� jlzn_l)� ^cmnlc\o_l� io�
p_h^l_� ^_m� ]ijc_m� ^_� m[� nbym_�
^_� ko_fko_� g[hcyl_� _n� miom�
ko_fko_� `ilg_� ko_� ]_� micn� jiol�
g_nnl_� ^_m� _r_gjf[cl_m� ^_� ]_nn_�
nbym_� w� f[� ^cmjimcncih� ^_m�
j_lmihh_m�chnxl_mmx_m+

Pb_� [onbil� l_n[chm� iqh_lmbcj� i`�
nb_� ]ijslcabn� ch� bcm,b_l� nb_mcm+�
J_cnb_l�nb_�nb_mcm�hil�mo\mn[hnc[f�
_rnl[]nm�`lig�cn�g[s�\_�jlchn_^�il�
inb_lqcm_� l_jli^o]_^� qcnbion�
bcm,b_l�j_lgcmmcih+

Hà[on_ol�]ihm_lp_�f[�jlijlcxnx�^o�

^licn� ^à[on_ol� koc� jlinya_� m[�
nbym_+� Jc� f[�nbym_�hc�^_m�_rnl[cnm�
mo\mn[hnc_fm� ^_� ]_ff_*]c� h_
^icp_hn� znl_� cgjlcgxm� io
[onl_g_hn� l_jli^ocnm� m[hm� mih�
[onilcm[ncih+
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Pb_�[onbil�b[m�[al__ �̂ nb[n� nb_�Hc\l[ls)� Qhcp_l$Xcns�i`�Llch]_�A^q[l^� Emf[h^)� g[s�g[e_�
nbcm� nb_mcm� `l__fs� [p[cf[\f_� `il� chmj_]ncih+� Iil_ip_l)� nb_� [onbil� b[m� [al__ �̂ nb[n�
j_lgcmmcih� `il� _rn_hmcp_� ]ijscha� i`� nbcm� nb_mcm� `il� m]bif[lfs� joljim_m� g[s� \_�al[hn_^�
\s� nb_� jli`_mmil� il�jli`_mmilm� qbi� moj_lpcm_ �̂ nb_� nb_mcm� qile� l_]il^_^� b_l_ch� il)� ch�
qbc]b� nb_�nb_mcm�qile�q[m�^ih_+� En�cm�oh^_lmnii �̂ nb[n�^o_�l_]iahcncih�qcff�\_�acp_h�ni�
nb_�[onbil�i`�nbcm�nb_mcm�[h �̂ ni� nb_�Qhcp_lmcns�i`�Llch]_�A^q[l^�Emf[h^�ch�[hs�om_�i`�nb_�
g[n_lc[f� ch� nbcm� nb_mcm+� ?ijscha� il� jo\fc][ncih� il� [hs� inb_l� om_� i`� nb_� nb_mcm� `il�
`ch[h]c[f� a[ch� qcnbion� [jjlip[f� \s� nb_� Qhcp_lmcns� i`� Llch]_� A^q[l^� Emf[h^� [h �̂ nb_�
[onbil$m�qlcnn_h�j_lgcmmcih�cm�jlibc\cn_^+

N_ko_mnm� `il�j_lgcmmcih� ni� ]ijs� il� ni�g[e_�[hs� inb_l�om_�i`�g[n_lc[f� ch� nbcm� nb_mcm� ch�
qbif_�il�ch�j[ln�mbiof̂ �\_�[^ l̂_mm_ �̂ni7

?b[clg[h�i`�nb_�@_j[lng_hn�i`�D_[fnb�I[h[a_g_hn

B[]ofns�i`�R_n_lch[ls�I_^c]ch_

Qhcp_lmcns�i`�Llch]_�A^q[l^�Emf[h^

?b[lfinn_niqh)� L +A +E+

?[h[^[

o



SIGNATURE PAGES 

  

iii-iv 

  

REMOVED 

 



=>OPN=?P

Pbcm� mno^s� q[m� oh^_ln[e_h� ni� _p[fo[n_� p[lciom� [mj_]nm� i`� `__^cha� fojch� mcf[a_�
[h �̂ fojch� m__̂ m� ni� \__`�][nnf_+� Pb_� _``_]nm� i`�b[lp_mn� ^[n_� ih� _hmcfcha� ]b[l[]n_lcmnc]m�
[h �̂ honlc_hn� sc_f^� j_l� b_]n[l_� q_l_�_p[fo[n_^� `il� fojch� `Hojchom� [f\omR� fojch*i[n� [h �̂
i[n� %=p_h[� m[ncp[&� ]lijm+� Cliqnb� j_l`ilg[h]_)� ][l][mm� g_lcnm� [h �̂ `__ �̂ chn[e_m�q_l_�
_p[fo[n_^� `il� \inb� fojch� mcf[a_� [h �̂ l[q� [h �̂ li[mn_ �̂ fojch� m__̂ m� ch� nqi� mn__l� `__^cha�
nlc[fm+

Pi� _p[fo[n_� nb_� _``_]n� i`� b[lp_mn� ^[n_� ih� ]b_gc][f� ]igjimcncih� [h �̂ honlc_hn�
sc_f^)� fojch)� fojch*i[n�[h �̂i[n�b_l\[a_�q_l_�b[lp_mn_ )̂� [`n_l�qcfncha)� ih� Fofs� 0-� %F0-&)�
=oaomn� .3� %=.3&� [h �̂ =oaomn� /4� %=/4&)� qb_h� nb_� fojch� ]lij� q[m� [n� nb_� m_]ih �̂ ji )̂�
nbcl^� ji �̂ [h �̂ m_h_m]_h]_� mn[a_m� [h �̂ nb_� i[n� q[m� [n� gcfe)� ^ioab)� [h �̂ g[nol_� mn[a_m)�
l_mj_]ncp_fs+� Pb_� `il[a_m� q_l_� _hmcf_^� ch� f[\il[nils*m][f_� mcfim� `il� .42� ^[sm+� Pb_�
fojch�mcf[a_m�b[ �̂[�f[]n[n_*nsj_� `_lg_hn[ncih�qcnb� fiq�jD� [h �̂ bcab� f[]nc]�[]c �̂ ]ihn_hnm+�
?lo^_�jlin_ch� %?L&� ]ihn_hn�^_]l_[m_ �̂ `lig� .6+.� "� [n� nb_� m_]ih �̂ ji �̂ mn[a_� ni� .3+4� "�
[n� m_h_m]_h]_+� Hojch*i[n� mcf[a_m�b[ �̂ bcab_l�^ls� g[nn_l� %@I &� ]ihn_hn� /5+6)� /6+4� [h^
32+2� "� ]igj[l_ �̂ ni� fojch� /-+2)� /-+5� [h �̂ 14+-� "� [n� _[]b� b[lp_mn� ^[n_)� qcnb� mbiln_l�
^lscha� ncg_m+� Hojch� [h �̂ fojch*i[n� b[ �̂ mcahc`c][hnfs� bcab_l� sc_f^m� j_l� b_]n[l_� i`� ^ls�
g[nn_l� [h �̂ g_n[\ifct[\f_�_h_las� ]igj[l_ �̂ ni�i[n+� Hojch� b[ �̂ nb_� bcab_mn� sc_f^� i`�?L�
[h �̂jlin_ch�J�j_l�b_]n[l_�[n�_[]b�b[lp_mn�^[n_+

Pq_hns*_cabn� Ocgg_hn[f*]limm� mn__lm� q_cabcha� /--� %Ä � /-+2&� ea� q_l_� om_ �̂ ni�
_p[fo[n_� al[mm� `Lbf_og� jl[n_hm_� [h �̂ Li[� jl[n_hmcmf� [h �̂ qbif_� jf[hn� fojch� mcf[a_m� ch�
n_lgm�i`�aliqnb�l[n_)�@I �chn[e_�[h �̂][l][mm�]b[l[]n_lcmnc]m+� Pb_�mn__lm�q_l_� l[h^igfs�
[mmcah_ �̂ ni� j_h� [h �̂ ih_� i`� `iol� nl_[ng_hnm7� mn__lm� q_l_� `_^� al[mm� il� fojch� mcf[a_�
mojjf_g_hn_ �̂qcnb�_cnb_l�liff_^�\[lf_s�il�]lomb_ �̂jin[ni+� Pb_�]b_gc][f�]igjimcncih�i`�
nb_� mcf[a_m� q[m� ^_n_lgch_^� [h �̂ @[]lih� \[a� jli]_^ol_m�q_l_� om_ �̂ ni�_mncg[n_� @I� [h �̂
?L� ^_al[^[\cfcns+� Pb_� fojch� mcf[a_� b[ �̂ [� f[]nc]� []ĉ � `_lg_hn[ncih� qcnb� fiq_l� @I)�
h_onl[f� ^_n_la_hn� `c\_l� %J@B&� [h �̂ jlin_ch� hcnlia_h� ]ihn_hn� nb[h� nb_� al[mm� mcf[a_� \on�
bcab_l�?L+� Pb_l_�q_l_�hi� mn[ncmnc]=fs� mcahc`c][hn� ^c``_l_h]_m� ch� a[ch)� ][l][mm�q_cabn)�
^l_mmcha� j_l]_hn[a_� il� \[]e`[n� f_p_fm� \_nq__h� mn__lm� `_^� fojch� il� al[mm� mcf[a_+� @ls�
g[nn_l� chn[e_�i`�nb_�mcf[da_m�q[m�hin�mcahc`c][hnfs�^c``_l_hn�\on� nb_l_�q[m�[� n_h^_h]s� `il�
fiq_l�@I �chn[e_�i`�fojch�mcf[a_�qb_h�mojjf_g_hn_ �̂qcnb�jin[ni_m+� Hojch�?L�^_al[^_ �̂
[n�[� mcahc`c][hnfs� `[mn_l� l[n_� %/1+2"� b$X&� ]igj[l_ �̂ qcnb� nb_� al[mm� %.-+1� "� b$'&+� Pb_�
_``_]ncp_� ^_al[^[ncih� i`� ?L� q[m� 30+5� "� [h �̂ 46+.� "� `il� al[mm� [h �̂ fojch� mcf[a_)�
l_mj_]ncp_fs+

Pq_hns�_cabn�?b[lif[cm*]limm� mn__lm� %/02� Ä � 02� ea&� q_l_� `_^� al[mm� mcf[a_� ihfs�
%OEH)� h:4&� il� mcf[a_� jfom� mojjf_g_hnm� `_^� ni� mojjfs� ?L� [n� 3+2� "� i`� nb_� mcf[a_� @I �
chn[e_� `lig� l[q� fojch� %NH)� h:4&)� li[mn_ �̂ fojch� %NKH)� h:4&� il�mis\_[h� g_[f� %O>I)�
h: 3 &+� Sb_h� nb_�mn__lm�l_[]b_^� 00-�ea� fcp_q_cabn�nb_s�q_l_�jf[]_^�ih�[� `chcmbcha�^c_n�
i`� ]bijj_ �̂ b[s)� \[lf_s� [h �̂ jlin_ch� mojjf_g_hnm� [n� [� l[n_� i`� 1+2� "� i`� \[lf_s� @I �
chn[e_+� Pb_�_``_]n� i`�li[mncha� ih� nb_� mifo\cfcns� [h �̂ log_h� ^_al[^[\cfcns� i`� fojch� q[m�
_p[fo[n_^� \s�]b_gc][f�[h �̂ ^[]lih� \[a� jli]_^ol_m+� A``_]ncp_� ^_al[^[\cfcns� i`�?L� [h �̂
l[n_� i`�?L�^_al[^[ncih� jl_^c]n_^� \s� nb_� ^[]lih� \[a�jli]_^ol_�q_l_� fiq_l� `il� li[mn_ �̂
fojch� %5/+0� ")� 6+/� ",b&� ]igj[l_^� ni� l[q� fojch� %53+4")� ..+6� ",b&+� Eh� nb_�aliqcha�
jb[m_)� mn__lm� `_^� NH)� NKH� il� O>I� b[ �̂ ^[cfs� a[chm� mcahc`c][hnfs� bcab_l� %L� 9 � -+-2&�
nb[h� mn__lm� `_^�OEH+� On__lm� `_^� nb_�O>I�^c_n�b[ �̂ mcahc`c][hnfs� bcab_l� ^[cfs� a[chm� nb[h�
NH)�qcnb�mn__lm�`_^�NKH�\_cha� chn_lg_^c[n_+� Ocf[a_�@I� chn[e_�q[m�mcahc`c][hnfs� fiq_l�
ih� NH� [h �̂ NKH� mojjf_g_hn_ �̂ ^c_nm� ]igj[l_ �̂ ni� OEH+� Eh� nb_� `chcmbcha� jb[m_)� nb_l_�
q_l_�hi� mcahc`c][hn�^c``_l_h]_m� ch� ^[cfs�a[ch)� ][l][mm�q_cabn)� ^l_mmcha� j_l]_hn[a_)� fich�
_s_�[l_[�il�^ls�g[nn_l�chn[e_�[giha�^c_nm+

Hojch� ][h�\_� mo]]_mm`offs� _hmcf_^�qcnb� [� f[]n[n_� `_lg_hn[ncih� [n� p[lciom�aliqnb�
mn[a_m� `lig� m_]ih �̂ji �̂ mn[a_�ni�m_h_m]_h]_+� Hojch� mcf[a_� cm� l_[^cfs�]ihmog_ �̂\s�\__`�
mn__lm� [h �̂ q cff� l_mofn� ch� mcgcf[l� aliqnb� j_l`ilg[h]_� ni� \__`� mn__lm� `_^� al[mm� mcf[a_+�
Ni[mncha� fojch� m__ m̂� q cff� ^_]l_[m_� ?L� mifo\cfcns� [h �̂ log_h� ^_al[^[\cfcns+� Ni[mn_ �̂
fojch� ]iof̂ � l_jf[]_� mis\_[h� g_[f� ch� l[ncihm� `il� aliqcha� \__`� mn__lm+� Hojch� cm� [�
p_lm[ncf_�]lij�qbc]b� ][h� \_� b[lp_mn_ �̂ _cnb_l�[m�qbif_�jf[hn� mcf[a_�il�[m�[� bcab� jlin_ch�
m__ )̂� \inb�i`�qbc]b�][h�\_�oncfct_^�ch�\__`�][nnf_�^c_nm+
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E� b[p_� \__h� p_ls� `ilnoh[n_� ni� b[p_� [mmcmn[h]_� ch� nb_� ]igjf_ncih� i`� nbcm� mno^s�
`lig� [� al_[n� hog\_l� i`� j_ijf_� ni� qbig� E � _rn_h^� gs� ^__j_mn� [jjl_]c[ncih+� Bclmn)�
nb[hem� ni� gs� moj_lpcmil)� @l+� I[ls� I]Jcp_h)� qbi� _h]iol[a_ �̂ g_� ni� oh^_ln[e_� nbcm�
mno^s� chcnc[ffs� [h �̂ nb_h� jlipc^_^� nb_� aoĉ [h]_� [h �̂ [nn_hncih)� j[lnc]of[lfs� ch� _^cncha)�
h_]_mm[ls� ni�]igjf_n_�nb_�qile+

Pb[hem� ni� @l+� L_n_l� Ni\chmih� `il� bcm� p[fo_^� ]ihmnlo]ncp_� ]lcnc]cmgm+� Eh�
[^^cncih)� bcm�_h]iol[a_g_hn�nblioabion�nbcm�jlid_]n�q_l_�al_[nfs�[jjl_]c[n_^+

Pi� nb_�inb_l�g_g\_lm�i`�gs�Ooj_lpcmil�?iggcnn__8� @l+� Fibh�I[]H_i^)� @l+�
C[pccc� Nc]b[l^mih)� @l+� L_n_l�Jcdd[l� G?�@l+� Pcg�Kacfcpc_)� E� nb[he� nb_g� `il� nb_cl� ncg_�
[h �̂p[fo_^�ijchcihm+

E�_rn_h �̂[�p_ls�mj_]cn̂ �_rjl_mmcih�i`�[jjl_]c[ncih�ni�@l+� H_m�D[ffc^[s�i`�nb_�LAE�
?[nnf_g_h$m� =mmi])� qbi� al[]ciomfs� [ffiq_^� nb_� om_� i`�bcm� l_m_[l]b� `[]cfcnc_m+� Iil_�
cgjiln[hnfs)� bcm�e__h� chn_l_mn�[h �̂ m� jiln�nblioabion�nbcm�mno^s)� g[^_�nbcm�[h�_hdis[\f_�
f_[lhcha�_rj_lc_h]_+

E �qcmb� ni�_rjl_mm�gs� al� ni� nb_�g[hs�j_ijf_�ch�=alc]ofnol_�?[h[^[�[h �̂[n�
=R?� qbi� jlipc^X� n_]bhc]X� c]_7� ?blcmnch_� ?if_m)� D[lls� Uiohc_)� Scf`l_^
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]ih^cncihm+� Pb_� _``_]n� i`� b[lp_mn� ^[n_� ih� mcf[a_� ko[fcns� [h �̂ sc_f^� i`� honlc_hnm� j_l�

b_]n[l_)� qb_h� fojch� cm� aliqh� oh^_l� I[lcncg_� ]fcg[nc]� ]ih^cncihm)� h__^m� ni� \_�
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\_�[h[fst_^� `il� nlo_�jlin_ch�J�[h �̂[ggihc[�J+� Pb_�jlijilncih� i`�nin[f� hcnlia_h� %PJ&�
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ih�nb_�j_l`ilg[h]_�i`�logch[hnm+� ?lim�_n�[f+� %.66/&�^_gihmnl[n_^�mcahc`c][hn�^_]l_[m_m�

ch�logch[c�?L�^_al[^[\cfcns� ch� fojch�[`n_l�_rnlomcih�[n� ./-|?�il� .2-|?)� qcnb�^_]l_[m_m�

i`� ..+3� [h �̂ /2+/� ")� l_mj_]ncp_fs+� Goha� _n� [f+� %.66.&� li[mn_^� fojchm� qcnb� _rcn



n_gj_l[nol_m�i`�gi^_l[n_� %.0-*.12|?&� il�bcab�b_[n� %.2-*.42|?&+� Ni[mncha� ^_]l_[m_ �̂

logch[c�^_al[^[\cfcns�\on�^c^�hin� cgjlip_� `__ �̂ chn[e_)� ^[cfs�a[chm�il� `__ �̂_``c]c_h]s�i`�

f[g\m�]igj[l_^� ni� l[q� fojch�il�mis\_[h� g_[f� %O>I&+� Pbcm� nlc[f� q[m�ihfs� 2� q__em� ch�

^ol[ncih)� qbc]b�g[s�b[p_�\__h�chmo``c]c_hn�ncg_�ni�^_fch_[n_�^c``_l_h]_m�ch�j_l`ilg[h]_�

^o_�ni�jlin_ch� mojjf_g_hn[ncih+� Fibhmih�_n�[f+� %.653&� `_^�F_lm_s�b_c`_lm�[�]ig�[h �̂i[n�

al[ch� ^c_n� mojjf_g_hn_ �̂ qcnb�_cnb_l�_rnlo^_^� fojch�il� mis\_[h� g_[f+� @[cfs� a[ch)� `__ �̂

_``c]c_h]s� [h �̂ ^ca_mnc\cfcns� q_l_� hin�^c``_l_hn�\_nq__h� nb_� nqi�^c_nm+� Pb_s� ]ih]fo^_ �̂

nb[n� _rnlo^_^� fojch� m__ �̂ q[m� oncfct_^� q_ff� \s� ^[cls� b_c`_lm+� Ni\chmih� [h �̂ I]Jcp_h

%.66/&� `ioh^� nb[n� _[lfs� f[]n[ncih� ^[cls� ]iqm� ]ihmog_ �̂ gil_� @I� qb_h� [f`[f`[� mcf[a_�

q[m�mojjf_g_hn_ �̂qcnb�O>I�nb[h� nbim_�mojjf_g_hn_ �̂qcnb�_cnb_l�l[q�il�li[mn_ �̂ fojch+�

Diq_p_l)� gcfe�sc_f^�q[m�hin�^c``_l_hn�[giha� nl_[ng_hnm+� Ochab�_n�[f+� %.66/&�i\m_lp_ �̂

nb[n�li[mncha� fojchm�l_^o]_ �̂ nb_�mifo\f_�J�`l[]ncih� ch�nb_�log_h�]igj[l_ �̂ ni�l[q� fojch+�

Pb_� l[n_� i`� logch[c� J�^_al[^[ncih� q[m� [fmi� ^_]l_[m_ �̂ [m� [� l_mofn� i`� li[mncha+� Pb_s�

^_gihmnl[n_^�[�mcahc`c][hn�ch]l_[m_�ch�gcfe�sc_f^�i`�gc^*f[]n[ncih�^[cls�]iqm�qb_h� ĉ_nm�

q_l_� mojjf_g_hn_ �̂ qcnb� li[mn_ �̂ fojch� ]igj[l_ �̂ ni� l[q� fojch� il� O>I+� Pb_m_� l_mofnm�

moaa_mn�nb[n�li[mncha� fojch�m__̂ m�g[s�sc_f^�[�jlin_ch�mojjf_g_hn�`il�\__`�[hcg[fm�qbc]b�

]iof̂ �jli^o]_�mcgcf[l�aliq`cc�j_l`ilg[h]_�ni�O>I�mojjf_g_hn_ �̂[hcg[fm+

.-



.+1+� K>FA?PERAO

Pb_� joljim_� i`� nbcm� mno^s� q[m� ni� _r[gch_� nb_� jin_hnc[f� om_m� `il� qbif_� jf[hn�

fojch�mcf[a_�[h �̂ fojch�\_[hm�ch�\__`�][nnf_�^c_nm+

%.&� Hojch� mcf[a_�q[m�_p[fo[n_^�ni7

%[&�^_n_lgch_�nb_�]b_gc][f�]igjimcncih�[h �̂honlc_hn�sc_f^�j_l�b_]n[l_�i`�

fojch)� [h �̂ fojch*i[n�mcf[a_m�[n�nbl__�b[lp_mn�^[n_m+

%\&�^_n_lgch_�c`�ch]iljil[ncih�i`�i[nm�ch�[�fojch�`il[a_�mn[h �̂qiof^�

cgjlip_�`c_f^�qcfncha�ncg_m�il�honlc_hn�sc_f^m�ch�mcf[a_+

%]&�^_n_lgch_�^c_�logch[c�J�mifo\cfcns�[h �̂log_h�^_al[^[\cfcns�

i`�@I �[h �̂?L�ch� fojch�[h �̂al[mm�mcf[a_

%^&�^_n_lgch_�nb_�aliqnb�j_l`ilg[h]_�[h �̂][l][mm�g_lcnm�i`�\__`�mn__lm�`_^

fojch�p_lmom�al[mm�mcf[a_�mojjf_g_hn_ �̂qcnb�\[lf_s�il�jin[ni_m�[m�_h_las�miol]_m+

%/&�Hojch�m__̂ m�q_l_�_p[fo[n_^�ni7

%[&�^_n_lgch_�nb_�]b_gc][f�]igjimcncih�i`�l[q�[h �̂li[mn_ �̂fojch�m__̂ m

%\&�^_n_lgch_�nb_�_``_]n�i`�li[mncha�ih�nb_�^ls�g[nn_l�[h �̂hcnlia_h�

`l[]ncihm�\s�^[]lih�\[a�[h �̂ch�pcnli�g_nbi^m+

%]&�]igj[l_�nb_�j_l`ilg[h]_�i`�aliqcha�\__`�mn__lm�`_^�[�^c_n�i`�al[mm�mcf[a_�

ihfs)�il�mojjf_g_hn_ �̂qcnb�l[q�fojch)� li[mn_ �̂fojch�il�mis\_[h�g_[f)� ch�n_lgm�

i`�aliqnb�l[n_�[h �̂^ls�g[nn_l�chn[e_+

%^&�^_n_lgch_�nb_�ch`fo_h]_�i`�mojjf_g_hncha�[�al[mm�mcf[a_�^c_n�qc^c

l[q�fojch)� li[mn_ �̂fojch�il�mis\_[h�g_[f�ih�log_h�`_lg_hn[ncih�]b[l[]n_lcmnc]m+

..
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Pb_� _``_]n� i`� b[lp_mn� ^[n_� ih� _hmcfcha� ]b[l[]n_lcmnc]m� [h �̂ honlc_hn� sc_f^� j_l�

b_]n[l_�q[m�_p[fo[n_^�`il�fojch�%Hojchom�[f\omf+� fojch*i[n�[h �̂i[n�%=p_h[�m[ncp[f�]lijm+�

Bil[a_m�q_l_�b[lp_mn_ �̂ih�Fofs�0-�%F0-&)� =oaomn� .3�%=�.3&�[h �̂ =oaomn�/4�%=/4&)�qb_h�

nb_�fojch�]lij�q[m�[n� nb_� m_]ih �̂ ji^)� nbcl^�ji �̂ [h �̂ m_h_m]_h]_� mn[a_m�[h �̂ nb_�i[n�q[m�

[n� gcfe)� ^ioab)� [h �̂ g[nol_� mn[a_m)� l_mj_]ncp_fs+� Pb_� `il[a_m� q_l_� _hmcf_ �̂ ch�

f[\il[nils�m][f_�mcfim�`il� .42�^[sm+

Pb_� fojch� mcf[a_�b[ �̂ [� f[]n[n_� nsj_� `_lg_hn[ncih� qcnb� fiq� jD� [h �̂ [� bcab� f[]nc]�

[]ĉ � ]ihn_hn+� ?lo^_� jlin_ch� %?L&� ]ihn_hn� ^_]l_[m_ �̂ `lig� .6+."� [n� nb_� m_]ih �̂ ji �̂

mn[a_�ni� .3+4��� [n�m_h_m]_h]_+� Llin_ch�J�]ihn_hn�q[m�bcab� `il�nb_�F0-�[h �̂ =/4�b[lp_mn�

^[n_m� \on� nb_�= .3� mcf[a_�[jj_[l_ �̂ ni� b[p_� oh^_laih_�[h� [fn_l_^� `_lg_hn[ncih� l_mofncha�

ch� ^_al[^[ncih� i`� nb_� jlin_ch� hcnlia_h� %J&� [h �̂ bcab_l� [ggihc[� J� f_p_fm+� Hojch*i[n�

mcf[a_m� b[ �̂ bcab_l� ^ls� g[nn_l� ]ihn_hnm� %/5+6� )� /6+4� [h �̂ 32+2� "&� ]igj[l_^� ni� fojch�

mcf[a_m� %/-+2)� /-+5�[h �̂14+-� "&)� qcnb� mbiln_l�^lscha� ncg_m�[n� nb_�F0-�[h �̂ = .3�b[lp_mn�

^[n_m+� =n� nb_� `clmn� nqi�b[lp_mn�^[n_m)� nb_� fojch*i[n�]lij� b[ �̂ fiq_l�?L� [h �̂ jlin_ch� J�

]ihn_hn� nb[h� fojch+� Hojch� [h �̂ fojch*i[n� b[ �̂ mcahc`c][hnfs� bcab_l� sc_f^m� j_l� b_]n[l_� i`�

^ls� g[nn_l� [h �̂ g_n[\ifct[\f_� _h_las� ]igj[l_ �̂ ni� i[n+� Uc_f^� i`�?L� j_l� b_]n[l_� q[m�

mcahc`c][hnfs� ^c``_l_hn�[giha� nb_� nbl__� ]lijm)� qcnb� fojch� b[pcha� nb_� bcab_mn� sc_f^� [h �̂

i[n� nb_� fiq_mn� sc_f^+� Llin_ch� J� sc_f^� q[m� fiq_l� `il� fojch� [h �̂ fojch*i[n� ih� nb_� = .3�

b[lp_mn� ^[n_�]igj[l_^� ni�F0-� [h �̂ =/4+� Hojch� b[ �̂ nb_� bcab_mn� sc_f^� i`�jlin_ch� J� j_l�

b_]n[l_�[n�_[]b�b[lp_mn�^[n_+

./
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Oq__n�qbcn_� fojch� []l_[a_�b[m� ch]l_[m_ �̂ mch]_� .653�^o_� ni� cnm� [\cfcns� ni� `cr� micf�

hcnlia_h)� nif_l[n_�[^^�micfm�[h �̂jli^o]_�[�m__̂ �qcnb�[�bcab�jlin_ch�]ihn_hn+� D[lp_mncha�

fojch� `il� al[ch� b[m� g_n� qcnb� p[lc[\f_� mo]]_mm� ^o_� ni� nb_� ch^_n_lgch[n_� h[nol_�i`�fojch�

jf[hn� aliqnb� %?f[jb[g�[h �̂ Af\_ln*I[s)� .656&� qbc]b� l_mofnm� ch� ^c``_l_hn� j[lnm� i`� nb_�

jf[hn� \_cha� [n� p[lciom� mn[a_m� i`� aliqnb)� mo]b� [m� p_a_n[ncp_� [h �̂ l_jli^o]ncp_)�

mcgofn[h_iomfs+� =m�[�l_mofn�i`�nbcm�aliqnb�j[nn_lh)� mig_�fojch�\_[hm�g[s�\_� cgg[nol_�

[n�b[lp_mn+

Ahmcfcha� nb_� qbif_� fojch� jf[hn� g[s� i``_l� [h� [fn_lh[n_� b[lp_mncha� g_nbi �̂ ch�

l_acihm� qb_l_� mo]]_mm`of� b[lp_mncha� i`� nb_� \_[hm� cm� ^c``c]ofn+� Pb_� _hncl_� fojch� jf[hn�

]ihn[chm� f_p_fm�i`�]lo^_�jlin_ch� mcgcf[l� ni�inb_l� f_aog_m� mo]b�[m�[f`[f`[�il� l_^�]fip_l+�

=emf[h^�_n�[f+� %.66.&�^_gihmnl[n_^� fojch� `il[a_�sc_f^m� ch�?[fc`ilhc[�i`� ./)---�ea�@I �

b[$X� qcnb� .5"� ]lo^_� jlin_ch� +� Pb_m_� sc_f^m� q_l_� ]igj[l[\f_� ni� nb[n� i`�ml+c[ff� al[ch�

mcf[a_m�\on�qcnb�bcab_l�jlin_ch� f_p_fm+� Pb_�honlcncp_�p[fo_�i`�fojchm�`il�`il[a_�b[m�\__h�

_r[gch_^� [n� p[lciom� aliqnb� mn[a_m� [h �̂ ]igj[l_m� `[piol[\fs� ni� [f`[f`[� %K``onn� [h �̂

@[pcm)� .640&+

Ob_f^lc]e� _n� [f+� %.65-&� hin_ �̂ nb[n� nb_� ji �̂ mb_ffm� i`� Hojchom� [f\om� q_l_�

j[lnc]of[lfs� nbc]e�[h �̂ `f_mbs� ch�]igj[lcmih� ni�Hojchom� [oaomnc`ifciom+� Pb_� nbc]e�ji �̂

mb_ffm�g[s�l_mcmn�^lscha�qbc]b�]iof̂ �_rn_h^�nb_�ncg_�h_]_mm[ls�`il�qcfncha+

Og[ff� al[chm�b[p_� nb_�jin_hnc[f� ni� jli^o]_�aii �̂ sc_f^m� [h �̂ bcab� ko[fcns� mcf[a_�

qb_h� b[lp_mn_^� [n� nb_� [jjlijlc[n_� aliqnb� mn[a_� %D_fm_f� [h �̂ Pbig[m)� .6548� ?b_g_s�

[h �̂I[ln_h)� .65/8� >ola_mm�_n�[f+)� .6408� >_la_h� _n�[f+X� .66.&+� H_aog_� `il[a_m�b[p_�

\__h� om_ �̂ ni� ch]l_[m_� nb_�]lo^_�jlin_ch� ]ihn_hn�i`�mg[ff� al[ch� mcf[a_� %@_L_n_lm�_n�[f+)�

.6568� F[mn_l� _n� [f+)� .652&+� =fn_lh[ncp_fs)� mg[ff� al[chm� ][h� \_� gcr_^� qcnb� fojch� ni�

]ihnlc\on_�\ofe�ni�nb_�`il[a_�qch^liq�[h �̂_hb[h]_�^lscha+

"$



Pb_� i\d_]ncp_m� i`� nbcm� mno^s� q_l_� ni� %.&� ^_n_lgch_� c`� ^lscha� ncg_m� ]iof �̂ \_�

^_]l_[m_ �̂qcnb� [h� i[n*fojch� `il[a_�]lij�]igj[l_ �̂ ni�[� jol_� fojch� ]lij)� %/ &� ^_n_lgch_�

nb_� ]b_gc][f� ]igjimcncih� [h �̂ _hmcfcha� ]b[l[]n_lcmnc]m� i`� fojch)� i[n� [h �̂ fojch*i[n� [n� 0�

b[lp_mn�^[n_m�[h �̂ %0&� ^_n_lgch_� nb_�g[rcgog� sc_f^m�i`�honlc_hnm� [h �̂ ijncgog� b[lp_mn�

^[n_m�i`�nb_m_�mcf[a_m+
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Lfinm� %1+/� T� 3+-� g&� q_l_� m__^_ �̂ ih� I[s� 0� qcnb� fojch)� Hojchom� [fcgm� %]p+�

Qfnl[&�m__^_ �̂[n�[�l[n_�i`�.1-�ea�b [ $W� i[n)� =�p_h[�m[ncp[�%]p+� C[lls&�[n� .1-�ea�b[á '� [h �̂

fojch*i[n�[n� .-2�ea�fojch�[h �̂02�ea�i[n�j_l�b_]n[l_+� Ji�b_l\c]c^_m�q_l_�om_ +̂

Biol� jfinm� `lig� _[]b� ]lij� q_l_� b[lp_mn_ �̂ j_l� ncg_� j_lci^+� Lfinm� q_l_�

b[lp_mn_^�omcha�[�mc]ef_�\noà�giq_l�ih�Fofs� 0-� %F0-&)� =oaomn� .3� %=�.3&� [h �̂ =oaomn� /4�

%=/4&)� [h �̂ nb_� `il[a_�q[m�qcfn_^� ni�[jjlircg[n_fs�0-"� @I +� Scfncha� ncg_m)� ^_`ch_^�

[m�nb_�hog\_l�i`�biolm�\_nq__h�]onncha�nb_�mn[h ĉha� `il[a_�[h �̂]iff_]ncih�i`�nb_� `il[a_�

`il�]bijjcha)� p[lc_^�^_j_h ĉha�ih� nb_�]lij�[h �̂ b[lp_mn�^[n_+� =`n_l�qcfncha)� nb_� jf[hn�

g[n_lc[f� `lig�_[]b�jfin�q[m�q_cab_^�[h �̂]bijj_ �̂qcnb�[�mchaf_�liq�]ig�b[lp_mn_l�ni�[�

nb_il_nc][f�f_hanb�i`�/-�*� /2�gg+� Pb_� ĉg_hmcihm�i`�nb_�[l_[�b[lp_mn_ �̂q_l_�g_[mol_ �̂

ni�^_n_lgch_�`il[a_�sc_f^+

Pbl__� ni� `cp_� ea� i`� ]bijj_ �̂ g[n_lc[f� `lig� _[]b� jfin� q_l_� jl_mm_ �̂ chni�

ch^cpc^o[f�_rj_lcg_hn[f� mcfim�\s�[�bs^l[ofc]�jl_mm)� qcnb� 0+2/� ea�]g$X� jl_mmol_�[jjfc_^�

ih� nb_� mcf[a_+� Pb_� mcfim� g_[mol_ �̂ -+3/� g� \s� .-� ]g� [h �̂ q_l_� g[^_� i`� =>O�

%[]_nsf*\onsf*� mnsl_h_&� jcj_+� A[]b� mcfi� b[ �̂ [� m]l_q�][j�qcnb� [� >ohm_h� p[fp_� ni�[ffiq�

a[m_m�ni�_m][j_�^olcha�`_lg_hn[ncih+

"%



Bl_mb� ]bijj_^� `il[a_)� .--� a)� q_l_� ^lc_^� [n� 4-|?� `il� 15� biolm� jlcil� ni�

^_n_lgch[ncih� i`� []c �̂ ^_n_la_hn� `c\_l� %=@B&� [h �̂ h_onl[f� ^_n_la_hn� `c\_l� %J@B&�

[]]il^cha� ni� nb_� m_ko_hnc[f� g_nbi �̂ ^_m]lc\_ �̂ \s� R[h� Oi_mn� %.65/&+� Bilns� al[gm� i`�

`l_mb� g[n_lc[f� q_l_�gcr_^�qcnb� 0--�al[gm�i`�^cmncff_^�q[n_l�[h �̂\f_h^_^�[n�bcab� mj__ �̂

`il� ih_� gchon_+� Pbcm� g[n_lc[f� q[m� mnl[ch_ �̂ nblioab� 0� f[s_lm� i`�]b__m_� ]finb� [h �̂ nb_�

fckoc^� q[m� om_ �̂ ni� ^_n_lgch_� jD+� Biffiqcha� ip_lhcabn� l_`lca_l[n_^� mnil[a_)� nb_�

mnl[ch_^� fckoc^� q[m� ]_hnlc`oa_^� [n�1)---� r�/� `il� .-� gchon_m� [h^� 0-� gf� i`�moj_lh[n[hn�

q[m�l_n[ch_^� `il�JD 0 �[h[fsmcm+

=`n_l� .42� ^[sm� nb_� _rj_lcg_hn[f� mcfim� q_l_� ij_h_^+� S[n_l� _rnl[]nm� i`� _[]b�

mcf[a_�q_l_�i\n[ch_^�[m�^_m]lc\_ �̂[\ip_+� =�/-�gf�m[gjf_�i`�moj_lh[n[hn�q[m�]ig\ch_^�

qcnb� /-�gf�i`�nlc]bfili[]_nc]�[]c^� `il�hih*jlin_ch� hcnlia_h� %JLJ&� ^_n_lgch[ncih+� Pb_�

JD0 � m[gjf_m�i`�nb_� `l_mb� `il[a_�[h �̂ nb_� mcf[a_�q_l_�]_hnlc`oa_^� [n�/4)---� r�/� `il� .-�

gchon_m+� Pin[f� J)� JLJ� [h �̂ JD 0 � q_l_� ^_n_lgch_^� omcha� [� P_]bhc]ih� Pl[[]m� 5--�

[oni[h[fst_l�%=K=?)� .66-&+

Ocf[a_�_nb[hif)�pif[ncf_�`[nns�[]ĉ � %RB=&�[h �̂ f[]nc]�[]c^�]ihn_hn�q_l_�^_n_lgch_^�

\s� gcrcha� 2-� al[gm�i`�mcf[a_� qcnb� /%T&� gf� i`�-+-0� I �ir[fc]� []c^+� Pb_� gcrnol_� q[m�

nb_h� mb[e_h� [h^� f_n� mn[h �̂ `il� 15� biolm� [n� 1|?)� mnl[ch_^� nblioab� ]b__m_� ]finb)� [h �̂

]_hnlc`oa_^� [n� /4)---� r�/� `il� .-�gchon_m+� Pb_�_nb[hif� [h �̂ ila[hc]� []c^� jli`cf_�q_l_�

g_[mol_^X� omcha� [� D_qf_nn� Lo]e[l �̂ a[m� ]blig[nial[jb� %gi^_f� !� 256-=)� D_qf_nn� *�

L[]e[l^�?i+)� =pih^[f_)� L=&� `cnn_^�qcnb�[�af[mm�]ifogh�j[]e_ �̂qcnb� 5-,./-�][l\ij[]e�

>*@=,1"� ][l\iq[r� /-I� ,� ."� nlcg_mc]� []c^� %Ooj_f]i� O_j[l[ncih� P_]bhifiac_m)�

Ooj_f]i�Eh]+)�>_ff_`ihn_)� L=&+

"!� 7A7?HD>D�9BA:F9E;:�8H�,C!� 2!� /7??>:7H

"&



Ocf[a_� ^ls� g[nn_l� q[m� ^_n_lgch_^� \s� ^lscha� [n� .--�|?� `il� 15� biolm� [h �̂

]ill_]ncha� `il�RB=� fimm� %@ofjbs�[h �̂@_g[lkocffs)� .65.&+� @_n_lgch[ncih�i`�=@B�[h �̂

J@B�ih�mcf[a_�m[gjf_m�q_l_�]igjf_n_^�[m�^_m]lc\_ �̂[\ip_+

I_n[\ifct[\f_� _h_las� %IA&� q[m� ][f]of[n_^� omcha� nb_� g_nbi �̂ ^_m]lc\_ �̂ \s�

I]Mo__h� [h �̂ I[lnch� %.65.&� `il� ^ca_mnc\f_� _h_las� %@A&� mo\m_ko_hnfs� ]ill_]n_^� [m�

^_m]lc\_ �̂ch�JN?� %.651&+

On[ncmnc][f�[h[fsmcm

Pb_� nl_[ng_hnm� q_l_� [� `[]nilc[f� ]ig\ch[ncih� i`� ]lijm� [h �̂ b[lp_mn� ^[n_m+� Pb_�

_rj_lcg_hn[f� ^_mcah� q[m� [� mjfcn*\fi]e� qcnb� 1� l_jfc][ncihm� %On__f� [h �̂ Pillc_)� .65-&+�

@[n[� q_l_� [h[fst_^� omcha� [h[fsmcm� i`� p[lc[h]_� n_]bhcko_m� %C_hmn[n� 2)� .66-&+� Pb_�

b[lp_mn� ^[n_� mogm� i`� mko[l_m� q_l_� j[lncncih_^� chni� fch_[l� [h �̂ ko[^l[nc]� ]igjih_hnm+�

?lij�mogm�i`�mko[l_m�q_l_�m_al_a[n_ �̂omcha�ilnbiaih[f�]igj[lcmihm+� Sb_h� nb_�]lij�r�

b[lp_mn�^[n_�chn_l[]ncih�q[m�hin�mcahc`c][hn�%L� ; � -+-2&�^c``_l_h]_m�\_nq__h�g_[hm�q_l_�

^_n_lgch_^�\s�[�jlin_]n_^�n�n_mn�%L� 9 � -+-2&+

/+1� NAOQHPO

On[a_�i`�I[nolcns

Kh� nb_�F0-�b[lp_mn�^[n_)� nb_� fojch� ]lij� b[ �̂ ]igjf_n_^� cnm� nbcl^� `fiq_lcha� qcnb�

nb_� m_]ih �̂ m_n�i`�ji^m� _mn[\fcmb_ +̂� Pb_� fojch� ji^m�q_l_� p_ls� nbc]e� [h �̂ f̀_mbs� qbc]b�

g[^_�cn�^c``c]ofn�ni�[nn[ch�[�^ls�g[nn_l�]ihn_hn�i`�0-"� `il�nb_�fojch�[h �̂ fojch*i[n�]lijm+�

K[nm� q_l_�[n� nb_�gcfe� mn[a_+� Kh� nb_� m_]ih �̂ b[lp_mn�^[n_� %=�.3&� nb_� nbcl^� ji �̂ m_n� q[m�

_mn[\fcmb_ �̂ ih� nb_� fojch� jf[hnm�[h �̂ nb_�i[nm� q_l_�[n� nb_�^ioab� mn[a_+� @o_� ni�p_ls� bin�

[h �̂^ls�q_[nb_l�]ih^cncihm�\_nq__h�nb_�= .3�[h �̂=/4�b[lp_mn�^[n_m)� \inb� fojch�[h �̂i[nm
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g[nol_^� l[jc^fs+� Kh� nb_� nbcl^� b[lp_mn� ^[n_� %=/4&)� nb_� fojch� jf[hnm� b[ �̂ fimn� gimn� i`�

nb_cl� f_[p_m�qbc]b� cm�]ihmcmn_hn�qcnb� nb_�ihm_n�i`�m_h_m]_h]_+� Pb_�ji^m�q_l_�\liqh� ch�

]ifiol�[h �̂\lcnnf_+� Pb_�i[nm�[n�nbcm�^[n_�q_l_�g[nol_+

@lscha�Pcg_m

@lscha� ncg_m� q_l_� 1+2� biolm� f_mm� `il� fojch*i[n�]igj[l_^� ni� fojchm� ih� nb_�F0-�

[h �̂ = .3� b[lp_mn� ^[n_m� %P[\f_� E&+� Pb_�@I � ]ih]_hnl[ncih� i`� fojch*i[n� q[m� bcab_l� nb[h�

fojch� _p_h� nbioab� nb_l_� q[m�[�mbiln_l�^lscha�j_lci^+� A[]b� ]lij�q[m�b[lp_mn_^�qcnbch�

gchon_m�i`�_[]b�inb_l�[m�[�l_mofn� nb_l_�[l_�hin�_hioab�i\m_lp[ncihm�j_l�]lij� ni�]ih^o]n�

[�mn[ncmnc][f�[h[fsmcm�i`�^lscha�ncg_m+

?b_gc][f�?igjimcncih

Pb_� @I � ]ihn_hn� i`�i[nm� ch]l_[m_ �̂ fch_[lfs� qcnb� _[]b� mo\m_ko_hn� b[lp_mn� ^[n_+�

Eh� ]ihnl[mn)� fojch� [h �̂ fojch*i[n� @I � ]ihn_hnm� q_l_� mcgcf[l� \_nq__h� F0-� [h �̂ = .3� \on�

ch]l_[m_ �̂ mo\mn[hnc[ffs�\s� =/4� %P[\f_� E&+� Pb_� mcf[a_�jD� ch]l_[m_ �̂ fch_[lfs� qcnb� _[]b�

mo\m_ko_hn�b[lp_mn�^[n_)� `il�_[]b�]lij+

Pb_l_�q[m�[�mcahc`c][hn�]lij�r� b[lp_mn�^[n_�chn_l[]ncih� `il�?L)� jlin_ch�J)� JLJ)�

[h �̂ [ggihc[� %P[\f_� E&+� Pb_� ?L� i`� nb_�i[nm� ch]l_[m_ �̂ fch_[lfs� qcnb� _[]b� mo\m_ko_hn�

b[lp_mn� ^[n_+� Bil� fojch� [h �̂ fojch*i[n� mcf[a_m)� ]lo^_� jlin_ch� ^_]l_[m_ �̂ fch_[lfs� qcnb�

ncg_+� Bil� fojch)� [ggihc[� ^_]l_[m_ �̂ fch_[lfs� qc^c� _[]b� mo\m_ko_hn� b[lp_mn� ^[n_+�

Pb_l_� q[m� [� fch_[l�[h �̂ ko[^l[nc]� _``_]n� `il�jlin_ch� J+� Llin_ch� J �q[m� fiq_l� ih� = .3�

]igj[l_^� ni�nb_�inb_l� nqi�b[lp_mn�^[n_m+� Pb_l_�q_l_�hi�mcahc`c][hn�]lij�r�b[lp_mn�^[n_�

chn_l[]ncihm� `il� [ggihc[� ch� nb_� `l_mb� g[n_lc[f)� qbc]b� ^_]l_[m_ �̂ qcnb� ncg_� `il� _[]b�

]lij+
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Pb_l_�q[m�[�]lij�r�b[lp_mn�^[n_� chn_l[]ncih� `il�]_fc�]ihn_hnm)� b_gc]_ffofim_)� [h �̂

=@B� ch�\inb� `l_mb�[h �̂_hmcf_ �̂ `il[a_m� %P[\f_�EE&+� Pb_�=@B� n_h^_ �̂ ni�\_�bcab_l� ch� nb_�

mcf[a_�]igj[l_^�ni�nb_�`l_mb�g[n_lc[f�[h �̂b_gc]_ffofim_�n_h^_ �̂ ni�\_� fiq_l+

?_ff� ]ihn_hnm)� b_gc]_ffofim_� [h �̂ =@B� `il� i[nm� l_g[ch_^� pclno[ffs� oh]b[ha_ �̂

[giha� b[lp_mn� ^[n_m+� Eh� fojch� mcf[a_� nb_l_� q[m� [� fch_[l� ch]l_[m_� ch� =@B� [h �̂

b_gc]_ffofim_� qcnb� ncg_� [h �̂ [� ]ill_mjih^cha� fch_[l� ^_]l_[m_� ch� ]_ff� ]ihn_hnm+�

Hojch*i[nm� b_gc]_ffofim_� l_mjih^_ �̂ ko[^l[nc][ffs� qcnb� [� mg[ff� ch]l_[m_� \_nq__h� F0-�

[h �̂ = .3� `iffiq_^� \s� [� mo\mn[hnc[f� ch]l_[m_� ih� =/4+� Pb_l_� q[m� [� ]i�P?mjih ĉha�

ko[^l[nc]� ^_]l_[m_� ch� ]_ff� ]ihn_hnm+� Pb_l_� q[m� [� mcahc`c][hn� ]lij� r� b[lp_mn� ^[n_�

chn_l[]ncih�`il�IA+� Hojch�IA�^_]l_[m_ �̂ fch_[lfs�qcnb�ncg_+� P b _ l _ � q[ m � [�

mcahc`c][hn� ]lij� r� b[lp_mn� ^[n_� chn_l[]ncih� %L� 9 � -+-2&� `il� _nb[hif)� \onslc]� []ĉ � [h �̂

f[]nc]�[]c^� %P[\f_�EEE& )� [h �̂[� fch_[l�^_]l_[m_� ch� f[]nc]�[]ĉ � qcnb�_[]b� mo\m_ko_hn�b[lp_mn�

^[n_+� >onslc]�[]c^�l_mjih^_ �̂ fch_[lfs�[h �̂ko[^l[nc][ffs+� K[n�b[ �̂bcab_l�\onslc]�[]c �̂ih�

=.3� qb_l_[m� fojch� [h �̂ fojch*i[n� b[ �̂ mo\mn[hnc[f� ^_]l_[m_m� ch� \onslc]� []c^� ih� =/4+�

=]_nc]�[]ĉ �^_]l_[m_ �̂ fch_[lfs�qcnb�_[]b�mo\m_ko_hn�b[lp_mn�^[n_+

Jonlc_hn�Uc_f^�j_l�D_]n[l_

Pb_l_� q[m� hi� mcahc`c][hn� ^c``_l_h]_� %L� ; � -+-2&� ch� ^ls� g[nn_l� sc_f^� \_nq__h�

fojch*i[n� %1.64� ea� b[$X&� [h �̂ fojch� %1-/-� ea� b[$'&8� biq_p_l)� \inb� q_l_� bcab_l� %L� 9 �

-+-2&� nb[h� i[n� %0/4.� ea� b[$'&+� ?lo^_�jlin_ch� sc_f^m�i`�nb_� mcf[a_m�q_l_� mcahc`c][hnfs�

^c``_l_hn� %L� 9 � -+-2&)� qcnb� nb_� g_[h� sc_f^� i`� fojch� \_cha� mcahc`c][hnfs� bcab_l� nb[h�

nbim_�i`�fojch*i[n�[h �̂ i[n+� Hojch*i[n� b[ �̂ [� mcahc`c][hnfs� bcab_l� sc_f^� i`�?L� nb[h� i[n+�

Pb_l_� q_l_� hi� mcahc`c][hn� %L� ; � -+-2&� ]lij� r� b[lp_mn�^[n_� chn_l[]ncihm� `il�^ls� g[nn_l)�

]lo^_� jlin_ch� il� g_n[\ifct[\f_� _h_las� sc_f^� j_l� b_]n[l_� %P[\f_� ER &+� Pb_l_� q[m� [�

mcahc`c][hn� ]lij� r� b[lp_mn� ^[n_� chn_l[]ncih� `il� jlin_ch� J)� [h �̂ [� fch_[l� [h �̂ ko[^l[nc]�

l_mjihm_� `il�sc_f^� i`�jlin_ch� J)� qbc]b�q[m� fiq_l�ih� = .3� `il� fojch� [h �̂ fojch*i[n� nb[h
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[n�inb_l�b[lp_mn�^[n_m+� K[n�jlin_ch�J� ch]l_[m_ �̂ fch_[lfs�qcnb� ncg_+� Pb_�g_[h�IA�sc_f^�

i`�nb_� fojch� [h �̂ fojch*i[n�^c^� hin�^c``_l� %L� ;� -+-2&� \on�\inb� q_l_� mcahc`c][hnfs� bcab_l�

nb[h�i[n+

/+2+� @EO?QOOEKJ�

@lscha�Pcg_

Pb_� `clmn�i\d_]ncp_�i`�nbcm� mno^s�q[m� ni�^_n_lgch_� c` �`c_f^�^lscha�ncg_m�qiof^�\_�

l_^o]_ �̂ qcnb� fojch*i[n� `il[a_�]igj[l_^� ni�[�jol_� fojch� `il[a_+� Bil�b[lp_mn�^[n_m�F0-�

[h �̂= .3)� ncg_�ni�b[lp_mn�q[m�l_^o]_ �̂\s�1+2�biolm�%.5� "� l_^o]ncih�ch�^lscha�ncg_&� `il�

fojch*i[n� ]igj[l_ �̂ ni� nb_� fojch� `il[a_+� Pbcm� cgjlip_g_hn� ch� ^lscha� ncg_� q[m�

[]]igj[hc_ �̂ \s� [�bcab_l�@I �]ihn_hn� ch� nb_� fojch*i[n� `il[a_+� Pb_�@I �]ihn_hn�i`�nb_�

fojch*i[n�q[m� ch� nb_� l[ha_�i`�/5*01"� @I )� moaa_mn_ �̂ \s�>ifm_h� %.645&� ni� \_� c^_[f� `il�

`_lg_hn[ncih+� Pb_� fojch*i[n� g[s� b[p_� [nn[ch_^� [� bcab_l� @I � ]ihn_hn� ^o_� ni� nb_� i[n�

jf[hnm� mojjilncha� nb_� fojch� `il[a_� ch� nb_�qch^liq� [h �̂ cgjlipcha� [cl� `fiq� nblioab� nb_�

qch^liq+� Diq_p_l)� nb_� cgjlip_g_hn� m__gm� gil_� fce_fs� ni� b[p_� \__h� ^o_� ni� nb_�

ch]iljil[ncih� i`�i[n� qbc]b� b[ �̂ [� bcab� @I � ]ihn_hn� [n� _[]b� b[lp_mn� ^[n_)� [m� nb_� fojch�

ji^m�^c^�hin�[jj_[l�ni�^ls�`[mn_l�ch�nb_�fojch*i[n�qch^liq�]igj[l_^�ni�nb_�jol_�fojch+

?b_gc][f�?igjimcncih

I]@ih[f^� _n� [f+� %.66.&� moaa_mn_ �̂ nb[n� [� nsjc][f� ]igjimcncih� `il� [� q_ff�

jl_m_lp_^� ohqcfn_^� mcf[a_�qiof̂ � ch]fo^_� fiq�jD� p[fo_m)� omo[ffs� \_nq__h� 0+4� [h �̂ 1+/)�

[h �̂ bcab� f[]nc]� []c^� ]ih]_hnl[ncihm� %5+-� *� ./+-� "� i`�@I &+� Eh� a_h_l[f)� nb_� mcf[a_m� ch�

nbcm� mno^s� `cnn_^� nb_� nsjc][f� p[fo_m� `il�jD)� qcnb� nb_�g[ch� `_lg_hn[ncih� []c^� \_cha� f[]nc]�

[]ĉ � `il�[ff� mcf[a_m+
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Dcab_l� f_p_fm� i`� f[]nc]� []ĉ � [l_� ni� \_� _rj_]n_ �̂ ch� q_n� mcf[a_m� lc]b� ch� mifo\f_�

][l\ibs^l[n_m�%I]@ih[f^�_n�[f+)� .66.&+� Pb_� fiq�@I�mcf[a_m� n_h^_ �̂ ni�b[p_�nb_�bcab_mn�

]ih]_hnl[ncihm� i`� `_lg_hn[ncih� []ĉ m� qbc]b� ^_]l_[m_ �̂ qcnb� ]lij� g[nol[ncih� [h �̂

ch]l_[mcha� @I � ]ihn_hn+� Pb_� bcab� f_p_f� i`� f[]nc]� []c �̂ %/-+4� "&� ch� F0-� fojch� mcf[a_�

]ihnlc\on_^� ni�nb_�p_ls� fiq�jD�i`�0+2+� R_nn_l�[h �̂Rih�Cc[h� %.645&� moaa_mn_ �̂ nb[n� fiq�

jD�il� bcab� `l__�[]ĉ � ]ihn_hn�]iof̂ � \_�[mmi]c[n_ �̂ qcnb� l_^o]_ �̂ chn[e_)� qbc]b� ch ĉ][n_m�

nb[n� nb_�fiq�jD�mcf[a_m�g[s� fcgcn�mcf[a_� chn[e_�qb_h�i``_l_^� ni�[hcg[fm+� Pb_�bcab�nin[f�

]ih]_hnl[ncih�i`�`_lg_hn[ncih�[]ĉ m�[h �̂ fiq�jD�i`�nb_�F0-� fojch� mcf[a_�]iof̂ �jin_hnc[ffs�

fcgcn� ^ls� g[nn_l� chn[e_� i`� nbcm� mcf[a_+� Scfncha� qcnb� nb_� l_mofncha� ch]l_[m_m� ch� @I �

]ihn_hn�n_h^_^�ni�l_mnlc]n� `_lg_hn[ncih� l_mofncha� ch�bcab_l�jD�p[fo_m�[h �̂ fiq_l� f_p_fm�i`�

`_lg_hn[ncih� []c^m+� Pb_� f[]nc]� []c^� f_p_fm� i`� =/4� fojch*i[n� [h �̂ i[n� q_l_� kocn_� fiq�

qbc]b�oh^io\n_^fs�]ihnlc\on_^�ni�nb_�bcab_l�jD�i`�nb_m_�mcf[a_m+

=h^lc_o� _n�[f+� %.65/&� `ioh^� nb[n� nb_�ila[hc]�[]ĉ � jli`cf_�i`� fojch� mcf[a_� %qbif_�

jf[hn� b[lp_mn_^� qb_h� m__ m̂� ]ihnlc\on_^� /2� "� i`� @I&� q[m� 1+3/� "� f[]nc])� .+-1� "�

[]_nc])� -+-1� "�jlijcihc])� -+-.� "� \onslc]�[h �̂-+14� "� _nb[hif+� Pbcm�jli`cf_�q[m�mcgcf[l�

ni� nb_�=/4� fojch� mcf[a_� ch� nbcm� mno^s+� =fnbioab� nb_�=/4� fojch� mcf[a_� ch� nbcm� nlc[f� b[ �̂ [�

@I �]ihn_hn�i`�14� ")� [ff�i`�nb_� `_lg_hn[ncih�]b[l[]n_lcmnc]m�q_l_�p_ls�aii +̂� I]@ih[f^�

_n�[f+� %.66.&�i\m_lp_^� nb[n�\[^fs�jl_m_lp_^� mcf[a_m�b[ �̂bcab�jD�p[fo_m� %2+-�*�4+-&)� bcab�

[ggihc[�J� %oj� ni�/-� "� i`�PJ &)� [h �̂ `_lg_hn[ncih� []ĉ m�]ihmcmncha� jlcg[lcfs� i`�[]_nc]�

[h �̂ \onslc]� []c^+� Pb_� =/4� i[n� mcf[a_� b[ �̂ [� @I� [h �̂ jD� i`� 4-+-� "� [h �̂ 2+-)�

l_mj_]ncp_fs)� ch^c][ncha� [� l_mnlc]n_^� \on� [^_ko[n_� `_lg_hn[ncih+� R_nn_l� [h �̂ Rih� Cc[h�

%.645&� ch^c][n_^� nb[n� _hmcfcha� g[n_lc[fm� qcnb� al_[n_l� nb[h� 2-� "� @I )� mo]b� [m� nb_� =/4�

i[n� mcf[a_)� ][h� l_mofn� ch� oh^_mcl[\f_� `_lg_hn[ncihm� ^o_� ni� nb_� fiq_l� ^_hmcns� g[n_lc[f�

nl[jjcha�irsa_h+

/-



P[ggcha[� _n� [f+� %.66.&� ch^c][n_^� nb[n� jf[hnm� []]ogof[n_� J � ch� ]bfilijf[mnm)�

gcni]bih^lc[)� g_g\l[h_m)� [h �̂ ch� [mmi]c[ncih� qcnb� ]_ff� q[ffm+� Pb_� jlijilncih� i`�J�

[mmi]c[n_ �̂ qcnb� ]_ff� q[ffm� p[lc_m� qcnb� ]_ff�q[ff�]ihn_hn+� Bolnb_lgil_)� nb_s� moaa_mn_ �̂

nb_�[giohn�i`�J �[mmi]c[n_ �̂qcnb�]_ff�q[ff� ch]l_[m_m�[m�nin[f�J�]ihn_hn�^_]l_[m_m)� ^o_�ni�

[h� chp_lm_� l_f[ncihmbcj� \_nq__h� J@B� [h �̂ J � ]ihn_hn� %P[ggcha[� _n� [f))� .66.&+� Pbcm�

moaa_mnm� nb[n� nb_� fiq� ?L� ]ihn_hn�i`�i[n� mcf[a_�qiof^� f_[^� ni� gil_� J �\_cha� [mmi]c[n_ �̂
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_rj_lcg_hn+� Pb_� ]iqm� q_l_� `_^� [f`[f`[� [h �̂ al[mm� b[s� [ �̂ fc\cnog� jfom� .� ea� i`�\[lf_s�

gcr_^�qcnb�[�jlin_ch�mojjf_g_hn�]ihn[chcha�l[q�fojch)� li[mn_ �̂ fojch�[h �̂ `cmbg_[f+� Pb_�

\[lf_s�[h �̂mojjf_g_hn�q_l_�`_^�[n�5--�[h �̂ .3--�biolm�_[]b�^[s+� Pb_�\cq__efs� m[gjf_m�

i`�mcf[a_�n[e_h�^olcha� nb_� `__^cha� nlc[f�q_l_�]igjimcn_^�[h �̂]bijj_ �̂ nblioab� [�Di\[ln�

mfc]_l� %gi^_f� !�L@*4-)� Di\[ln�?[h[^[)� @ih� Icffm�Khn+&+� =jjlircg[n_fs� 2� al[gm�i`�

mcf[a_�^ls�g[nn_l�q_l_�jf[]_^� ch�_[]b�@[]lih�\[a� %1/�Xg�jil_�mct_)� >#OD�Pbigjmih)�

O][l\ilioab)� Khn[lci&� g_[molcha� 6� ]g�\s� .1� ]g+� Pqi� l_jfc][n_m�q_l_� jf[]_ �̂ ch� nb_�

log_h�i`�_[]b�]iq�j_l� ch]o\[ncih�j_lci^+� Pb_�mcf[a_m�q_l_� ch]o\[n_ �̂ `il�/)� 1)� 4)� .3)�

/1� [h^� 15� biolm+� Pb_�]igjf_n_� _r]b[ha_� g_nbi �̂ [m� ^_m]lc\_ �̂ \s� L[ch_� _n� [f+%.65/&�

q[m�om_ +̂� Qjih� l_gip[f)� \[am� q_l_� b[h �̂ q[mb_ �̂ ohncf� nb_� _``fo_hn� q[m� ]f_[l+� V_li�

biol�\[am�q_l_�q[mb_ �̂ omcha� nb_� m[g_�jli]_^ol_+� Pb_�\[am�q_l_� nb_h� ^lc_^� [n�6-|?�

`il�15� biolm�[h �̂q_cab_^�ni�^_n_lgch_�^ls�g[nn_l�fimm+� Pb_�]ihn_hnm�i`�_[]b� \[a�q_l_�

[h[fst_^� `il� hcnlia_h� \s� nb_� Gd_f^[bf� g_nbi �̂ qcnb� [oni*ncnl[ncih� omcha� [� P_]bhc]ih�

Pl[[]m� 5--� [oni[h[fst_l� %=K=?)� .66-&+� @_al[^[ncih� l[n_m� q_l_� ^_n_lgch_^� [m�

^_m]lc\_ �̂\s�Klmeip�[h �̂I]@ih[f^�%.646&+

?b_gc][f�=h[fsmcm

@ls�g[nn_l�]ihn_hnm�i`�mcf[a_m�q_l_�^_lcp_^�\s�^lscha�[n�6-|?� `il�15� biolm�[h �̂

]ill_]ncha� `il�RB=�fimm� %@ofjbs�[h �̂@_g[lkocffs)� .65.&+� =]c^�^_n_la_hn� `c\_l�%=@B&�

[h �̂ J@B� q_l_� ^_n_lgch_^X� [m� ^_m]lc\_ �̂ \s� R[h� Oi_mn� _n� [f+� %.66.&+� ?lo^_� jlin_ch

$%



q[m�^_n_lgch_^� \s� nb_�Gd_f^[bf�g_nbi �̂ %=K=?)� .66-&+� S[n_l�_rnl[]nm�i`�_[]b� mcf[a_�

q_l_� i\n[ch_^� \s� [^^cha� /2-� gf� i`�^cmncff_^� q[n_l� ni� 1-� al[gm� i`�mcf[a_)� \f_h^cha� [n�

bcab� mj__̂ � `il� .� gchon_� [h �̂ mnl[chcha� nb_� _rnl[]n� nblioab� ]b__m_� ]finb+� jD� q[m�

^_n_lgch_^� cgg_^c[n_fs� [h �̂ nb_� _rnl[]n� q[m� nb_h� ]_hnlc`oa_^� [n� 1)---� r� /� `il� .-�

gchon_m+� Pqi� 0-�gf� m[gjf_m�i`�nb_�moj_lh[n[hn�q_l_� l_n[ch_^� `il� mifo\f_�J�[h �̂JD d�

[h[fsmcm+� =� /-�gf� m[gjf_�i`�moj_lh[n[hn�q[m�]ig\ch_^�qcnb� /-�gf� i`�nlc]bfili[]_nc]�

[]c �̂ `il� hih*jlin_ch� hcnlia_h� %JLJ&� ^_n_lgch[ncih+� Pb_� mifo\f_�J �[h �̂ JD 0 � m[gjf_m�

q_l_� ]_hnlc`oa_^� [n� /4)---� r� /� `il� .-� gchon_m+� Pb_� nin[f� hcnlia_h� [h �̂ JLJ�q_l_�

^_n_lgch_^�\s� nb_�Gd_f^[bf�g_nbi �̂ %=K=?)� .66-&+� Anb[hif)� RB=�[h �̂f[]nc]�[]c^�q_l_�

^_n_lgch_^� \s� gcrcha� 2-� al[gm� i`� mcf[a_� qcnb� /--� gf� i`� -+-0I� ir[fc]� []c^)� nb_�

gcrnol_� q[m� nb_h� mb[e_h� [h �̂ f_n� mn[h �̂ `il� 15� biolm� [n� 1|?)� mnl[ch_^� nblioab� ]b__m_�

]finb)� [h �̂ ]_hnlc`oa_^� [n� ')$&&&� r� /� `il� .-� gchon_m� Pb_� _nb[hif� [h �̂ ila[hc]� []ĉ �

jli`cf_�q_l_� g_[mol_ $̂'� omcha� [�D_qf_nn�L[]e[l^�a[m�]blig[nial[jb� %gi^_f� !� 256-=)�

D_qf_nn*L[]e[l^� ?i+)� =pih^[f_)� L=&� `cnn_^� qcnb� [� af[mm� ]ifogh� j[]e_^� qcnb� 5-,./-�

][l\ij[]e� >*@=� ,� 1"� ][l\iq[r� /-I� ,."� nlcg_mc]� []c^� %Ooj_f]i� O_j[l[ncih�

P_]bhifiac_m)� Ooj_f]i� Eh]+)� >_ff_`ihn_)� L=&+� Climm� _h_las� q[m� g_[mol_ �̂ omcha� [h�

cmij_lc\ifc]� irsa_h� ]ig\omncih� \ig\� ][filcg_n_l� %L[ll� Ehmnlog_hn�?i+)� Iifch_)� ...+)�

gi^_f� !� ./3.&+� I_n[\ifct[\f_� _h_las� q[m� ][f]of[n_^� omcha� nb_� g_nbi^� ^_m]lc\_ �̂ \s�

I]Mo__h� [h �̂ I[lnch� %.65.&� `il� ^ca_mnc\f_� _h_las� %@A&� [h �̂ nb_� @A� p[fo_� q[m�

]ill_]n_^�[m�^_m]lci_ �̂\s�nb_�JN?�%.651&+
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On[ncmnc][f�=h[fsmcm

Pb_�_rj_lcg_hn[f�^_mcah�q[m�[� nqi�\s� nqi� `offs� `cr_^� `[]nilc[f� qcnb� mcf[a_� [h �̂

]ih]_hnl[n_� miol]_� [m� `[]nilm� [h �̂ chcnc[f� q_cabn� [m� [� ]ip[lc[n_+� =ff� jli^o]ncih�

j[l[g_n_lm� q_l_� mo\d_]n_ �̂ ni� [h[fsmcm� i`� p[lc[h]_� \on� hog\_lm� qcnbch� ]_ffm� q_l_�

oh_ko[f� %hog\_l� i`� [hcg[fm� j_l� nl_[ng_hn� q_l_� hin� _ko[f� [giha� j_hm&� [h �̂ nb_� ^[n[�

q_l_� [h[fst_^� \s� `cnncha� ]ihmnl[chnm� omcha� O=O� %.655&+� Ocahc`c][hn� nl_[ng_hn� _``_]nm�

q_l_� ^_n_lgch_^� [n� L� 9 � -+-2)� [h �̂ ^c`̀ _l_h]_m� [giha� g_[hm� q_l_� n_mn_ �̂ omcha� nb_�

L@EBB�ijncih�i`�O=O+� Pb_�I[rcgog�Hce_fcbii^�Llial[g� %Nimm)� .654&� q[m� om_̂ � ni�

_p[fo[n_�^c``_l_h]_m�ch�jimcncih�i`�^_al[^[ncih�]olp_m�i`�J�[h �̂@I � ch�hsfih�\[am+

0+1� NAOQHPO

?b_gc][f�?igjimcncih

Pb_� ]b_gc][f� ]igjimcncih� i`�nb_�mcf[a_m�^c``_l_^�qcnb� nb_�al[mm� mcf[a_�b[pcha�[�

bcab_l�@I �[h �̂ J@B� %L� 9 � -+-2&� ]igj[l_ �̂ ni� nb_� fojch� mcf[a_� %P[\f_�R&+� Diq_p_l)�

nb_� fojch� mcf[a_�b[ �̂ bcab_l�?L� %L� 9 � -+-2&� nb[h� nb_�al[mm� mcf[a_+� Pb_� `_lg_hn[ncih� i`�

\inb� mcf[a_m�jli^o]_^� jlcg[lcfs� f[]nc]�[]c^�qcnb� fiq� jD)� fiq� [ggihc[�[h �̂ h_afcac\f_�

f_p_fm� i`�\onslc]� []c^+� =h[fsmcm� i`� nb_� q[n_l� mifo\f_� `l[]ncih� l_p_[f_^� nb[n� nb_�q[n_l�

mifo\f_�J �[h �̂JLJ�f_p_fm� ch� nb_�fojch� mcf[a_�q_l_�mcahc`c][hnfs�bcab_l�%L� 9 � -+-2&� nb[h�

ch� nb_�al[mm�mcf[a_+� >inb�JLJ�[h �̂q[n_l�mifo\f_�J�p[fo_m�q_l_�mcgcf[l�qbc]b� ch ĉ][n_^�

nb[n�gimn�i`�nb_�q[n_l�mifo\f_�J�q[m�JLJ+
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Pb_l_� q_l_� hi� mcahc`c][hn� ^c``_l_h]_m� ch� ^[cfs� a[ch)� ][l][mm� q_cabn)� l̂_mmcha�

j_l]_hn[a_� il� `[n� ]ip_l� \_nq__h� mn__lm� `_^� nb_� nqi� mcf[a_m+� Pb_l_� q[m� [� mcahc`c][hn�

mcf[a_�T� ]ih]_hnl[n_�chn_l[]ncih� `il�fich�_s_�[l_[�%P[\f_�R E&)�qcnb�nb_�fich�_s_�i`�nb_�HL�

nl_[ng_hn�\_cha� mcahc`c][hnfs�mg[ff_l�nb[h� nb_�inb_l�0� nl_[ng_hnm+� ?ih]_hnl[n_� chn[e_�%L�

9� -+-.&� [h �̂ nin[f� ^ls� g[nn_l� chn[e_� %L� 9 � -+-2&� q_l_� bcab_l� `il�\[lf_s� mojjf_g_hn_ �̂

mn__lm�]igj[l_^� ni�jin[ni� `_^� mn__lm+� Pb_l_�q[m�hi�mcahc`c][hn�^c``_l_h]_�ch�^ls�g[nn_l�

chn[e_�\_nq__h� nb_� mcf[a_m� \on� nb_l_� q[m�[� n_h^_h]s� `il� mn__lm� ih� nb_� HL� nl_[ng_hn� ni�

b[p_� fiq_l� ^ls� g[nn_l� chn[fl_m� i`� mcf[a_� %P[\f_� R E&+� Pb_l_� q_l_� hi� mcahc`c][hn�

^c``_l_h]_m�ch� `__^�_``c]c_h]s+

Pbl__� mn__lm� `_^�HL�[h �̂ nqi� mn__lm� `_^�CL� ch� ih_�j_h� _rj_lc_h]_^� l_mjcl[nils�

ch`_]ncihm�][om_ �̂^olcha�nb_�m_]ih �̂gihnb�i`�nb_�nlc[f+

Pb_�\fii^�[h[fsmcm�l_p_[f_^� nb[n�[f\ogch�[h �̂ nin[f�jlin_ch�q_l_�hin�mcahc`c][hnfs�

^c``_l_hn� [giha� nl_[ng_hnm� %P[\f_� R EE&+� Diq_p_l)� jin[ni� mojjf_g_hn_ �̂ mn__lm� b[ �̂

mcahc`c][hnfs� fiq_l�\fii^�ol_[�f_p_fm�%L� 9-+-2&� nb[h�\[lf_s�mojjf_g_hn_ �̂mn__lm+

@[]lih�>[a�Plc[f

Pb_l_�q[m�hi�mcahc`c][hn�^c``_l_h]_� ch�@I �^_al[^[ncih�\_nq__h�al[mm�[h �̂ fojch�

mcf[a_� %P[\f_� R EEE&+� Pb_� l[jc^fs� mifo\f_� J� %`l[]ncih� $[ $&� q[m� bcab_l� `il� nb_� fojch�

mcf[a_+� Bl[]ncih� $\ $)� nb_�gil_�mfiqfs�^_al[^[\f_�J �`l[]ncih�i`�\inb�mcf[a_m�q[m�mcgcfno$+�

Diq_p_l)� nb_� l[n_� i`�J � ^_al[^[ncih� q[m� mcahc`c][hnfs� gil_� l[jc^� %L� 9-+-2&� ch� nb_�

fojch� %-+/12� b '&� ]igj[l_^� ni� nb_� al[mm� mcf[a_� %-+.-1� b$X&+� Pb_� log_h� oh^_al[^[\f_�

`l[]ncih�q[m�bcab_l�ch�nb_�al[mm�mcf[a_�]igj[l_ �̂ ni�nb_�fojch�mccca_+
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Pb_� =alc]ofnol[f� N_m_[l]b� ?ioh]cf� %.651&� moaa_mn_ �̂ nb[n� `il� aliqcha� \__`�

][nnf_)� [� `l[]ncih[f�ion`fiq� l[n_�i`�-+-2� b $� cm�[jjlijlc[n_+� Pb_�_``_]ncp_�^_al[^[ncih�i`�

nb_� al[mm� mcf[a_� J� q[m� g[le_^fs� f_mm� nb[h� nb[n� `il� nb_� fojch� mcf[a_� [n� nbcm� logch[c�

`l[]ncih[f�ion`fiq�l[n_+

0+2� @EO?QOOEKJ

Kol�`clmn�i\d_]ncp_� ch� nbcm� nlc[f�q[m�ni�^_n_lgch_�nb_�ko[fcns�i`�qbif_�jf[hn� fojch�

mcf[a_� `lig� cnm� ]b_gc][f�]igjimcncih+� I_ln_hm� %.656&� ch^c][n_^� nb[n�J@B� ]ihn_hn�][h�

\_� [� l_fc[\f_� jl_^c]nil� i`� `il[a_� chn[e_�\_][om_� cn� cm�[mmi]c[n_ �̂ qcnb� ]_ff� q[ff� ]ihn_hn)�

l[n_�i`�`c\l_�^ca_mncih�[h �̂j[mm[a_)�[m�q_ff�[m�log_h� `cff+� Pb_�fojch�mcf[a_�b[ �̂[�mcgcf[l�

=@B� \on� fiq_l�J@B� nb[h� nb_� al[mm� mcf[a_� ch^c][ncha� nb[n� nb_� fojch� mcf[a_� b[ �̂ [� fiq_l�

b_gc]_ffofim_� `l[]ncih� ]igj[l_ �̂ ni� nb_� al[mm� mcf[a_� qbc]b� qiof^� f_[^� ni� jin_hnc[ffs�

bcab_l� chnX_+� >inb� nb_� fojch� [h �̂ al[mm� mcf[a_m� q_l_� ]b[l[]n_lct_^� \s� f[]nc]� []ĉ �

`_lg_hn[ncih�qcnb�fiq�jD)� fiq�[ggihc[�J�[h �̂bcab� f[]nc]�[]ĉ �]ihn_hn+

Pb_� hcnlia_h� ch� nb_� fojch� mcf[a_� ]ihmcmn_ �̂ i`� 15)1"� nlo_� jlin_ch� qcnb� nb_�

l_g[ch^_l� i`� nb_� hcnlia_h� [m� JLJ+� Pbcm� cm� ch� ]ihnl[mn� ni� nb_� al[mm� mcf[a_� qbc]b� b[ �̂

32+1"� nlo_� jlin_ch+� ?[mnf_� _n� [f� %.651&� ^_m]lc\_ �̂ [h� _r]_ff_hn� ko[fcns� qbcn_� ]fip_l�

mcf[a_� qcnb� /1+0� "� ]lo^_� jlin_ch� [h �̂ 04+1� "� jlin_ch� J+� Pbig[m� #� ?b[g\_lf[ch�

%.65/&� moaa_mn_ �̂ nb[n�q_ff�jl_m_lp_^� f[]n[n_�mcf[a_m�mbiof̂ � b[p_�[�jlin_ch� J�jlijilncih�

i`�02� ni�3-"+� Pbom�nb_�fojch�mcf[a_�cm�q_ff�qcnbch� nb_�m[ncm`[]nils�l[ha_� `il�jlin_ch�J+�

Pbig[m�# �C cff� %.655&� moaa_mn_ �̂ nb[n�bcab� f_p_fm�i`�mifo\f_�J�[h �̂ nb_�]ihm_ko_hn�bcab�

]ih]_hnl[ncih� i`�log_h� [ggihc[� [l_� nqi�i`�nb_� g[ch� `[]nilm� [mmi]c[n_ �̂ qcnb� nb_� fiq�

gc]li\c[f�_``c]c_h]c_m�`l_ko_hnfs�i\m_lp_ �̂qcnb� mcf[a_�^c_nm+

$(



@[]lih� \[a� nlc[f� l_mofnm� ]ih]ol� qcnb� i\m_lp[ncihm� i`�Pbig[m� #� Ccff� %.655&� [m�

nb_� fojch�mcf[a_)� qcnb�[�bcab_l�JLJ�f_p_f)� b[ �̂[�mcahc`c][hnfs� %�L� 9 � -+-2&� `[mn_l�l[n_�i`�

J�^_al[^[ncih� ]igj[l_ �̂ ni� nb_�al[mm� mcf[a_+� @cm[jj_[l[h]_�i`�J � `lig� hsfih� \[am� [n�

15� biolm� q_l_� 45"� [h �̂ 54"� `il� nb_� al[mm� [h �̂ fojch� mcf[a_)� l_mj_]ncp_fs+� Pb_� =N?�

%.651&� ch^c][n_^�[� l[ha_� `il�mcf[a_�J �^_al[^[\cfcns�i`�42� ni� 52� j_l]_hn+� Dp_fjfoh^� # �

I[^m_h� %.66-&� jl_m_hn_ �̂ [p_l[a_� p[fo_m� `il� mq__n� fojch� mcf[a_�[m�/-� "� @I �[h �̂ .5+.�

"� ?L�qcnb� [� logch[c� jlin_ch� ^_al[^[\cfcns� i`�-+42+� Pb_m_� l_mofnm� ch^c][n_� nb[n� fojch�

mcf[a_� J� cm� l[jc^fs� [h �̂ _rn_hmcp_fs� ^_al[^_^� ch� nb_� log_h+� >onn_ls� %.644&� moaa_mn_ �̂

nb[n� `il� [h� _``c]c_hn� `_lg_hn[ncih� ni� i]]ol� ch� nb_� log_h)� _h_las� [h �̂ hcnlia_h� mojjfs�

gomn� \_� \[f[h]_^+� Pii� fcnnf_� hcnlia_h� qiof^� ch^o]_� oh]iojf_^� `_lg_hn[ncih� %c+_+�

`_lg_hn[ncih�qcnbion�om_`of�=PL�jli^o]ncih&)� qbcf_� nii�go]b�hcnlia_h�[h �̂ hin�_hioab�

[p[cf[\f_� _h_las� qiof^� l_mofn� ch� [h� ch_``c]c_hn� om_�i`�hcnlia_h+� Pb_� bcab_l� mifo\cfcns�

[h �̂ l[jc^� ^_al[^[\cfcns� i`� nb_� fojch� mcf[a_� J� %P[\f_� R EEE&� ch^c][n_^� nb[n� log_h�

gc]liila[hcmgm� qiof̂ � l_kocl_� [� miol]_� i`� [p[cf[\f_� _h_las� ni� _``c]c_hnfs� oncfct_� nb_�

l_f_[m_ �̂[ggihc[+

Pb_� oh^_al[^[\f_� hcnlia_h� `l[]ncih� ][f]of[n_^� `il� nb_� al[mm� mcf[a_� q[m� bcab_l�

nb[h� nb[n�i`�nb_�fojch� mcf[a_+� I[eihc�_n�[f+� %.66.&� `ioh^�nb[n�qcfncha�i`�[�al[mm*f_aog_�

mcf[a_� l_^o]_ �̂ nb_� mifo\f_� J� `l[]ncih� [h �̂ mcahc`c][hnfs� ch]l_[m_^� nb_� [giohn� i`�

oh^_al[^_^�jlin_ch� f_[pcha�nb_�log_h+� Pb_�bcab_l�@I �]ihn_hn�i`�nb_�al[mm�mcf[a_�g[s�

b[p_�]ihnlc\on_^�ni�nb_�bcab_l�log_h�oh^_al[^[\f_�J�p[fo_�]igj[l_^� ni�nb_�fiq_l�@I �

fojch�mcf[a_+

Ojc]_l� _n� [f+� %.653&� i\m_lp_^� nb[n� 54+4"� i`�\[lf_s� mn[l]b� q[m� ĉa_mn_ �̂ ch� nb_�

log_h)� [h �̂ nb_s�mn[n_ �̂ nb[n�ch�al[chm)� g[rcgog� nin[f� nl[]n�mn[l]b�^ca_mnc\cfcns�[jj_[l_ �̂

ni� \_� jimcncp_fs� l_f[n_^� ni� nb_� _rn_hn� i`�^ca_mncih� ch� nb_� log_h+� Pbcm� moaa_mnm� nb[n�

\[lf_s� cm�[�aii^�jin_hnc[f� miol]_�i`�l[jc^fs�[p[cf[\f_�_h_las� ni�]igjf_g_hn� nb_�l[jc^fs�

^_al[^[\f_�J �i`�nb_�fojch�mcf[a_+
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?off� jin[ni_m� b[p_� \__h� [mm_mm_̂ � \s� m_p_l[f� [onbilm� %@_� >i_p_l� _n� [f+)� .6508�

@_>l[\[h^_l�_n�[f+)� .65/&�[m� b[pcha� .6+6� ni�/.+3"� @I)� .-+1� ni� ..+5"� ?L)� [h �̂ 43+2�

ni� 45+0"� JBA+� Pb_� ^ca_mnc\cfcns� p[fo_m� i`� ĉ_m_� `l[]ncihm� ch� ^[cls� ]iqm� q_l_� ih�

[p_l[a_� 5 3 ")� 40"� [h �̂64"+

?ih_� %.66.&�^_n_lgch_^�\I_s�[h �̂ jin[ni� mn[l]b�^_al[^[\cfcns� \s� ch]o\[ncih� ch�

log_h� `foc^� `il�3 �biolm+� On[l]b�^_al[^[\cfcnc_m�q_l_�04+2� "� `il�\[lf_s�[h �̂0.+/� "� `il�

jin[ni)� qbc]b� cgjfc_m� nb[n� \[lf_s� mbiof̂ � jlipc^_� gil_� l[jc^fs� [p[cf[\f_� _h_las� `il�

_``c]c_hn� ][jnol_� i`� nb_� fojch� mcf[a_� J� nb[h� mojjf_g_hn[ncih� qcnb� jin[ni_m+� Ofiq_l�

l_f_[m_� i`� _h_las� `lig� nb_� jin[ni_m� [fiha� qcnb� nb_� fiq_l� @I� chn[e_� g[s� b[p_�

]ihnlc\on_^�ni�nb_�fiq_l_^�j_l`ilg[h]_�i`�nb_�HL�nl_[ng_hn+

Pb_� ^c``_l_h]_m� ch� nb_� fojch� [h �̂ al[mm� mcf[a_m� i\m_lp_^� ch� nb_� ]b_gc][f�

]igjimcncih� [h �̂ nb_� ^[]lih� \[a� nlc[f� ^c^� hin� nl[hmf[n_� chni� mcahc`c][hn� ^c``_l_h]_m� ch�

[hcg[f�j_l`ilg[h]_+� @[cfs�a[chm�q_l_� fiq_l�nb[h�jl_^c]n_^�\s� nb_�JN?� %.651&�qbc]b�

g[s� b[p_� \__h� [� l_mofn� i`� nb_� ]if̂ � n_gj_l[nol_m� _rj_lc_h]_^� nblioabion� gimn� i`� nb_�

nlc[f+� Pbcm�g[s� b[p_�]ihnlc\on_^� ni�[� mcahc`c][hn�j_h�_``_]n� `il� `__ �̂ ni�a[ch� l[nci)� ^o_�

ni� fiq_l� ^ls� g[nn_l� chn[e_� [h �̂ ^gfs� a[ch� ^olcha� nbcm� j_lci^+� =fnbioab� nb_l_� q_l_�

fiq_l� @I � chn[e_m� ih� nb_� jin[ni� nl_[ng_hnm)� mig_� ][oncih� gomn� \_� _r_l]cm_^� ch�

chn_ljl_ncha� nbcm�l_mofn+� @o_�ni�nb_�fiq�@I�]ihn_hn�i`�jin[ni_m)� [ f n i �/� "� ch]l_[m_� ch�

@I �]ihn_hn�]iof̂ �h_a[n_�nb_�mcahc`c][hn�^c``_l_h]_m�ch�]ih]_hnl[n_�@I �chn[e_+

Pb_�fiq�@I �]ihn_hn�i`�nb_�HL�^c_n�g[s�b[p_�]ihnlc\on_^� ni�cnm� fiq�@I�chn[e_+�

Pb_�ko[hncns�i`�q[n_l� ch� nb_� `__^m�]ihmog_ �̂ j_l�^[s� ^c``_l_^� [giha� ^c_nm8� 2+/)� .4+-)

6+2� [h �̂ .6+1� ea�^á'� `il�C>)� CL)� H>�[h �̂HL)� l_mj_]ncp_fs+� Qmcha� mb__j� nb[n�q_l_� `_ �̂

^c_nm�i`�jin[ni_m� il� mq_^_m)� Klmeip� _n�[f+� %.636&� moaa_mn_ �̂ nb[n� gicmnol_� ]ihn_hn� [h �̂

l[n_�i`�log_h�^_al[^[ncih�qiof^�^_n_lgch_�nb_�_rn_hn�ni�qbc]b�[hcg[fm�][h�]igj_hm[n_�

`il� nb_� ch]l_[m_^� \ofe� [h �̂ []bc_p_� _ko[f� chn[e_m� i`� ^ca_mnc\f_� ^ls� g[nn_l� qcnb� mo]b�

`__^m+� Pb_� bcab_l� gicmnol_� ]ihn_hn� i`� nb_�jin[ni� ĉ_nm� ch� ]ihdoh]ncih� qcnb� nb_� fiq_l
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^ls�g[nn_l�i`�nb_�fojch� mcf[a_�g[s�b[p_� fcgcn_^� nb_�HL�mn__lm$� [\cfcns� ni�[]bc_p_�mcgcf[l�

^ls� g[nn_l� chn[e_m� ni� nb_� \[lf_s� `_^� mn__lm+� R[h� Oi_mn� %.65/&� ch^c][n_^� nb[n�

`_lg_hn[ncih� l[n_m� ]b[ha_ �̂ ^olcha� il� [`n_l� ]ihmogjncih� i`�]if^� q[n_l� il� `__^+� Pb_�

]ihmogjncih� i`� `lit_h� jin[ni_m� g[s� [fn_l� log_h� `_lg_hn[ncih)� _mj_]c[ffs� qcnb� bcab�

gicmnol_�mcf[a_m+� Blit_h�jin[ni�]ihmogjncih�g[s�[fmi� ch]l_[m_� nb_�_h_las� l_kocl_^� ni�

g[chn[ch�\i^s� n_gj_l[nol_+

?bio� [h �̂S[fe_l� %.631&� `ioh �̂ nb[n�log_h�]ih]_hnl[ncihm�i`�nin[f�J)� jlin_ch�J �

[h �̂ nin[f� RB=$m�q_l_� fiq_l� `il� mb__j� nb[n�q_l_� `_^� jin[ni_m� nb[h� `il� mb__j� nb[n�q_l_�

`_^�]_l_[fm+� >fii^� ol_[�f_p_fm� ch� nbcm� nlc[f�q_l_�mcahc`c][hnfs� fiq_l� `il�mn__lm� nb[n�q_l_�

`_ �̂ jin[ni�^c_nm� nb[h� `il�mn__lm� nb[n�q_l_� `_^�\[lf_s� ^c_nm+� Pb_� fiq_l�\fii^� ol_[� f_p_fm�

i`�nb_� jin[ni� `_^� mn__lm� moaa_mnm� nb[n�j_l`ilg[h]_�g[s� b[p_�\__h� fcgcn_^�\s� nb_� fiq_l�

chn[e_�i`�hcnlia_h+

0+3� ?KJ?HQOEKJO

Eh� ]ih]fomcih)� mcf[a_� g[^_� `lig� qbif_� jf[hn� fojch� b[ �̂ [� ]b_gc][f� jli`cf_�

ch^c][ncha� nb[n� cn�q[m�q_ff�jl_m_lp_^�[h �̂ b[ �̂bcab_l�]lo^_�jlin_ch�[h �̂ fiq_l�J@B� nb[h�

[�al[mm� f_aog_�mcf[a_+� Diq_p_l)� nb_�hcnlia_h� ch� nb_�fojch� mcf[a_�q[m�l[jc^fs�^_al[^_^�

ch� nb_� log_h)� qbc]b� g[s� b[p_� cgjfc][ncihm� `il� _``c]c_hn� gc]li\c[f� oncfct[ncih� i`� nb_�

hcnlia_h+� Sb_h� `_^�ni�\__`�mn__lm)� fojch� mcf[a_�l_mofn_^� ch�aliqnb� l[n_m)� ][l][mm�g_lcnm�

[h �̂ ^ls� g[nn_l� chn[e_� mcgcf[l� ni� nb[n� i`�[� al[mm*f_aog_� mcf[a_+� Pb_m_� l_mofnm� moaa_mn�

nb[n� fojch� mcf[a_�]iof̂ � l_jf[]_�al[mm*f_aog_�mcf[a_m�ch�aliqcha�[h �̂ `chcmbcha�\__`�][nnf_�

l[ncihm�qcnb� nb_�_rj_]n[ncih�i`�mcgcf[l�[hcg[f�j_l`ilg[h]_+

)&



?/083�Z $ � ?b_gc][f�HSQTSVNWNSR�SK�LUFVV�FRI�PXTNR�VNPFLJV"�GFUPJZ�FRI�TSWFWSJV$

L[l[g_n_lmX

Ocf[a_�

Cl[mm� OAI Hojch� OAI >[lf_s Lin[ni

@ls�I[nn_ls�%"& 10+/ 0+/5 /5+- - + 5 5 6-+- / - + -

J@Bs%"�i`�@I& 21+4 -+15 14+5 -+4/ .6+1 3+2
=@B� !�� i`�@I& 04+2 -+1. 04+2 -+3- 4+4 0+4
jD 1+2 -+-4 0+6 - + - / h^ h^
?lo^_�jlin_ch&� %"�i`�@I&�
Climm�_h_las�%I E�ea$X@I&�
IA�%IF�ea*$X@I&

.0+5 -+05 .3+- -+/1 .0+2' 6+2'

.5+3 -+-6 .5+1 -+.3 h^ h^
5+1 5+2 ./+4/' ./+/3'

"�i`�nin[f�J�Ñ
=ggihc[ 4+4 -+20 6+- -+14
S[n_l�mifo\f_�Js 01+0 /+3. 2-+6 /+21
Jih�jlin_ch�Js 01+3 .+.5 2.+3 .+5.
Llin_ch�Js 32+1 .+.5 15+1 .+5.

Ñ � "�i` @I� *
Anb[hif -+54 -+/2 .+/1 -+.2
=]_nc]�[]c^ .+1. -+.4 .+1- -+-6
c�# �h�>onslc]�[]c^ -+-3 - + - . -+-2 - + - -

H[]nc]�[]c^s 5+0. . + / - ..+52 -+21

'�JNC� %.651&� `__^�]igjimcncih�n[\f_�pn^o_m)� h �̂ : � hin�^_n_lgch_^)
OAI� : � mn[h^[l �̂_llil�i`�g_[h+

s�mcahc`c][hn�^c``_l_h]_�\_nq__h�fojch�[h �̂al[mm�mcf[a_�j[l[g_n_l�%L� 9 � -+-2&�
m_p_h�m[gjf_m�j_l�mcf[a_�%n*n_mn)�^`�: � . / &+

X�J@B� : � h_onl[f�^_n_la_hn�`c\_l8� =@B� : � []c �̂^_n_la_hn� `c\_l8
IA� : �g_n[\ifct[\f_�_h_las+

)'



P=>HA� R E+� Cliqnb� [h^�][l][mm�]b[l[]n_lcmnc]m� `il�\__`�mn__lm� `_^�_cnb_l�al[mm�il�
fojch�mcf[a_�mojjf_g_hn_^�qcnb�\[lf_s�il�jin[ni_m+

Ocf[a_

?ih]_hnl[n_

Cl[mm�

>[lf_s� Lin[ni

Hojch�

>[lf_s�Lin[ni m_g

Pin[f�a[ch�%ea& /2/ /13 /22 /.4 ./+0
?[l][mm�qn�%ea& /15 /1/ /15 /0/ 5+3.
@[cfs�a[ch� %ea�^� & . + . - .+-4 . + . . -+61 -+-2
@l_mmcha�j_l]_hn[a_�%"& 22+/ 21+3 21+6 23+/ .+-3
>[]e`[n�%gg& 0+5 0+0 0+0 0+3� X -+02
Hich�_s_�[l_[X%]gX& 4-+/Ö 4-+4Ö 43+2Ö 3H1\ / + - /

@ls�g[nn_l�chn[e_�%ea�^ á&
Ocf[a_ 0+4 0+4 0+4 /+6 - + / .

?ih]_hnl[n_s 0+1 0+- 0+3 /+4 - + . /

Pin[f' 4+. 3+4 4+0 2+3 -+0/

B__^cC[ch 3 + 3 3+0 3 + 3 3 + - -+.4
?L�chn[e_�%ea�^ $'&, -+64 -+5- .+-2 -+43 -+-2
IA�chn[e_�%IF� �̂ & 40+2 3 5 + 3 41+2 25+4 1+.6

X�g_[hm�qcnbch�[�liq�hin�mb[lcha�[�]iggih�moj_lm]lcjn�^c``_l�%L 9 �)-2&+�

s�mcahc`c][hn�_``_]n�^o_�ni�]ih]_hnl[n_�%L9 � -+-.&

mcahc`c][hn�_``_]n�^o_�ni�]ih]_hnl[n_�%L9 � -+-2&
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YNWM�GFUPJZ�SU�TSWFWS$

Pl_[ng_hn

Cl[mm Hojch

En_g � %ga�.--gf$ >[lf_s� Lin[ni >[lf_s� Lin[ni OAI

Ql_[ ..+6� 4+- ..� 3 � 3+6 . + .

=f\ogch 03-4+-� 0.5/+- 046.+-� 06/0+- /05+-
Pin[f�jlin_ch 4.44+-� 362-+- 43.2+-� 3264+- 12.+-

ámcahc`c][hn�_``_]n�^o_�ni�]ih]_hnl[n_�%L� 9-+-2&+
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P=>HA�Rg +� Nogch[c�^_al[^[ncih�i`�hcnlia_h�[h^�^ls�g[nn_l�ch�al[md�
[h^� fojch�mcf[a_+

Ocf[a_ Cl[mm� OAX Hojch� OA

Jcnlia_h� `l[]ncihm�%"� i`�nin[f�
mifo\f_
jin_hnc[ffs�^_al[^[\f_�
oh^_al[^[\f_

J&
0.+5�
14+0
/-+6

%/+0-&
%0+06&

06+5
14+/
.0+-

%.+05&
%.+34&

@ls�g[nn_l�`l[]ncihm� !�� i`�nin[f�@I &�
mifo\f_� .3+0�
jin_hnc[ffs�^_al[^[\f_� 20+5�
oh^_al[^[\f_� /6+6

%.+5.&
%0+04&

.3+/
2-+1
00+1

%.+66&
%/+6/&

Bl[]ncih[f�l[n_�]ihmn[hnm�%b$'&�
hcnlia_h�
^ls�g[nn_l
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-+-3
%-+-.3&
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-+-6
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A``_]ncp_�^_al[^[ncihX�
hcnlia_h�
^ls�g[nn_l

30+5
12+/

46+.
16+/

X�OA� : � mn[h^[l̂ �_llil)� `iol�m[gjf_m�j_l�`__^�j_l�ch]o\[ncih�j_lci^+

s�A``_]ncp_�^_al[^[ncih� !�� i`�nin[f�J �il�@I &�[n�-+-2�b$X� logch[c� `l[]ncih[f�
ion`fiq�l[n_�%e&� ch�_ko[ncih�L:� [� ( � %\]&,%]� ( � e&8� %Klmeip�[h �̂I]@ih^^)� .646&+
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N[q� il� li[mn_ �̂ fojchm� q_l_� _p[fo[n_^� [m� jlin_ch� mojjf_g_hnm� ch� l[ncihm� `il�

aliqcha� [h �̂ `chcmbcha�\__`�mn__lm+� Hojchm�q_l_�li[mn_ �̂ ch� [� `f[g_� li[mn_l�qcnb� [h� _rcn�

n_gj_l[nol_� i`� .-2�|?+� Pb_� _``_]n� i`� b_[ncha� ih� jlin_ch� mifo\cfcns� [h �̂ log_h�

^_al[^[\cfcns�i`�fojch�q[m�_p[fo[n_^�\s�]b_gc][f�[h �̂^[]lih�\[a�jli]_^ol_m+� Jcnlia_h�

mifo\f_� ch� \il[n_� jbimjb[n_� \o``_l� q[m� l_^o]_ �̂ `lig� 36+5� "� ch� l[q� fojch� ni� 02+5� "�

qcnb�li[mn_ �̂ fojch+� A``_]ncp_�^_al[^[\cfcns�p[fo_m�i`�]lo^_�jlin_ch� %?L&�[h �̂ l[n_�i`�?L�

^_al[^[ncih� jl_^c]n_^� \s� nb_�^[]lih� \[a� jli]_^ol_� q_l_� fiq_l� `il� li[mn_ �̂ fojch� %5/+0�

")� 6+/� "� b $f&� ]igj[l_^� ni� l[q� fojch� %53+4� ")� ..+6"&+� D_[n� ^[g[a_� g_[mol_ �̂ \s�

[]ĉ �^_n_la_hn�chmifo\f_�J�q[m�hin�^c``_l_hn� `il�l[q�fojch� %0+0."�i`�nin[f� J&�il�li[mn_ �̂

fojch� %0+13"&+� Pq_hns�m_p_h�?b[lif[cm�]limm�mn__lm�qcnb�[h�[p_l[a_�q_cabn�i`�/02� %Ä �

02&� ea�q_l_� l[h^igfs�[mmcah_ �̂ ni�j_h� [h �̂ ih_�i`�`iol� ĉ_nm7� al[mm� mcf[a_�ihfs� %OEH)� h�

: � 4&� il� mcf[a_� jfom� mojjf_g_hnm� ni� mojjfs� ]lo^_� jlin_ch� [n� 3+2� "� i`� nb_� mcf[a_� ^ls�

g[nn_l� chn[e_� %@I E&� qcnb� l[q� fojch� %NH)� h� : � 4&)� li[mn_ �̂ fojch� %NKH)� h� : � 4&� il�

mis\_[h�g_[f� %O>I)� h� : � 3 &� [m� nb_� miol]_m�i`�mojjf_g_hn[f� jlin_ch+� Sb_h� nb_� mn__lm�

l_[]b_ �̂ 00-� ea� fcp_q_cabn� nb_s�q_l_�jf[]_^�ih� [� `chcmbcha�^c_n�i`�]bijj_ �̂ b[s)� \[lf_s�

[h^� nb_� m[g_�jlin_ch� mojjf_g_hnm� [n� [� l[n_� i`�1+2"� i`�\[lf_s� @I E+� Eh� nb_� aliqcha�

jb[m_)� mn__lm� `_^� NH)� NKH� il� O>I� b[ �̂ ^[cfs� a[chm� mcahc`c][hnfs� bcab_l� %L� 9� -+-2&�

nb[h� mn__lm� `_^� OEH+� On__lm� `_^� nb_�O>I�^c_n�b[ �̂ mcahc`c][hnfs� bcab_l�^[cfs� a[chm� nb[h�

nbim_� `_^� NH)� qcnb� mn__lm� `_^� NKH�\_cha� chn_lg_^c[n_+� Ocf[a_� @I E� q[m� mcahc`c][hnfs�

fiq_l� ih� NH� [h �̂ NKH� mojjf_g_hn_^� ĉ_nm� ]igj[l_ �̂ ni� OEH+� Eh� nb_� `chcmbcha� jb[m_)�

nb_l_�q_l_�hi�mcahc`c][hn�^c``_l_h]_m� ch�^[cfs�a[ch)� ][l][mm�q_cabn)� ^l_mmcha�j_l]_hn[a_)
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fich� _s_� [l_[� il� ^ls� g[nn_l� chn[e_� [giha� ^c_nm+� D_[n� nl_[ng_hn� i`� fojchm� ^_]l_[m_ �̂

mifo\cfcns� [h �̂ logch[c� ^_al[^[\cfcns� i`�J� [h �̂ ch]l_[m_ �̂ j_l`ilg[h]_� i`�mn__lm� ih� nb_�

aliq_l�l[ncih+� Ni[mn_ �̂ fojch�][h� l_jf[]_�mis\_[h�g_[f�[m�[�jlin_ch�mojjf_g_hn�ch�\__`�

][nnf_�l[ncihm+

1+/� EJPNK@Q?PEKJ

Cl[mm� mcf[a_� cm� om_ �̂ _rn_hmcp_fs� ch� l[ncihm� `il�aliqcha� \__`�mn__lm+� Diq_p_l)�

jlin_ifsnc]�[]ncpcns�^olcha�qcfncha�[h �̂_hmcfcha�][h� l_mofn� ch�^_al[^[ncih�i`�2-� ni� 3-� "�

i`�jlin_ch�hcnlia_h� %J&� ni�hih*jlin_ch�hcnlia_h� %JLJ&� %I]@ih[f^�_n�[f+)� .66.&+� Io]b�

i`� nb_� JLJ� cm� mifo\f_� [h �̂ qcff� \_� l[jc^fs� ^_al[^_ �̂ ch� nb_� log_h� ni� [ggihc[)�

^_]l_[mcha� nb_�_``c]c_h]s�i`�gc]li\c[f� mshnb_mcm+� R_cl[�_n�[f+� %.66-&� [h �̂ On__h� %.656&�

^_gihmnl[n_ �̂ nb[n� mn__lm� `_ �̂ al[mm� mcf[a_)� _p_h� qcnb� bcab� ]lo^_�jlin_ch� %?L&� ]ihn_hn)�

][h� \_h_`cn� `lig� jlin_ch� mojjf_g_hn[ncih+� I]@ih[f^� _n� [f+� %.66.&� moaa_mn_ �̂ nb[n�

mojjf_g_hn[ncih�qcnb�jlin_ch�g[s� b[p_�[�jimcncp_�_``_]n�ih�gc]li\c[f�jlin_ch� mshnb_mcm�

[h �̂[hcg[f�j_l`ilg[h]_�\s�jlipc^cha�gil_�chn[]n�[gchi�[]ĉ m�[h �̂j_jnc^_m)� \s�m_lpcha�

[m�[� miol]_�i`�afo]ih_ia_hc]� mo\mnl[n_m�il� `lig� log_h� oh^_al[^_ �̂ jlin_ch� qbc]b�g[s�

jlipc^_�nb_�[hcg[f�qcnb�_mm_hnc[f�[gchi�[]ĉ m�`il�ncmmo_�mshnb_mcm+

=h^_lmih� _n� [f+� %.656&� i\m_lp_^� nb[n� [� ]ig� al[ch� [h �̂ ]ig� mcf[a_� ^c_n�

mojjf_g_hn_ �̂ qcnb� _cnb_l� `[n� _rnl[]n_^� fojch� g_[f� il� mis\_[h� g_[f� jli^o]_^� mcgcf[l�

^[cfs� a[chm� [h �̂ `__ �̂ ]ihp_lmcihm� ch� aliqcha� mn__lm+� =� hog\_l� i`� [onbilm� b[p_�

_mn[\fcmb_ �̂ nb[n� nb_� jlin_ch� ch� fojch� cm� l[jc^fs� mifo\cfct_^� ch� nb_� log_h� %Bl__l� [lÇ̂ �

@ip_)� .6518� R[f_hnch_�[h �̂>[lnm]b)� .6558� Al[mgom�_n�[f+)� .655&+� Pbcm�l[jc^fs�mifo\f_�

J� ][h� \_� [� ]ih]_g� ch� al[mm� mcf[a7� \[m_ �̂ ^c_nm� mW� 8� \inb� mcf[a_� [h �̂ fojch� ]ihn[ch� [�

f[la_� jilncih� i`� mifo\f_� J+� Oifo\cfcns� [h �̂ logch[c� ^_al[^[\cfcns� i`� jlin_chm� ][h� \_�

l_^o]_ �̂\s�b_[ncha� %R[h�Oi_mn)� .65/&+� ?lim�_n�[f+� %.66.&� ^_gihmnl[n_^� nb[n�_rngmcih
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i`� fojchm� ^_]l_[m_^� log_h� ^_al[^[\cfcns� i`� nb_� ]lo^_� jlin_ch+� Pb_� l_^o]_ �̂

^_al[^[\cfcns�[jj_[l_ �̂ ni�\_�jlcg[lcfs�^o_�ni� fiq_l�mifo\cfcns�i`�J+� Goha�_n�[f+� %.66.&�

^_gihmnl[n_ �̂ nb[n� li[mncha� fojchm� l_^o]_ �̂ logch[c� ch� mcno� J� ĉm[jj_[l[h]_� \s� 1-� "�

[`n_l�[� ./� biol� ch]o\[ncih+� =fnbioab�^[cfs�a[chm�i`�f[g\m� `_ �̂ [� b[s� [h �̂ ]l[]e_^� ]ig�

\[m[f� ^c_n� q_l_� hin� ^c``_l_hn� nb[h� `il� f[g\m� `_^� nb_� \[m[f� ^c_n� mojjf_g_hn_ �̂ qcnb�

li[mn_ �̂ fojch)� nb_s� moaa_mn_ �̂ nb[n� li[mncha� ch]l_[m_ �̂ nb_� mojjfs� i`�[\mil\[\f_� [gchi�

[]c^m�[h �̂cgjlip_^�hcnlia_h�l_n_hncih+

Pb_� i\d_]ncp_m� i`� nbcm� _rj_lcg_hn� q_l_� ni8� %.&� ^_n_lgch_� nb_� ]b_gc][f�

]igjimcncih�i`�l[q�[h �̂ li[mn_ �̂ fojch� m__^m)� %/ &� ^_n_lgch_�nb_�_``_]n�i`�li[mncha� ih� nb_�

^ls� g[nn_l� [h �̂ ]lo^_� jlin_ch� `l[]ncihm� i`� l[q� fojch� [m� ]igj[l_ �̂ ni� li[mn_ �̂ fojch)�

mis\_[h�g_[f�[h �̂al[mm�mcf[a_�\s�^[]lih�H[a�[h �̂ch�pcnli�jli]_^ol_m)� %0&� _p[fo[n_�nb_�

l_mjihm_�ch�^[cfs�a[ch�[h �̂ `__ �̂ chn[e_�qb_h�\__`�mn__lm�[l_�`_^�[�al[mm�mcf[a_*\[m_ �̂ ^c_n�

[fih_�il�mojjf_g_hn_ �̂qcnb�l[q�fojch)� li[mn_ �̂ fojch�il�mis\_[h�g_[f)� %1&�_p[fo[n_�_[]b�

^c_n)� ch� pcnli)� `il� log_h� `_lg_hn[ncih� ]b[l[]n_lcmnc]m� [h �̂ %2&� ^_n_lgch_� aliqnb� [h �̂

][l][mm� nlgnm� `il� mn__lm� `_^� b[s� [h �̂ \[lf_s� [fih_� il� mojjf_g_hn_ �̂ qcnb� l[q� fojch)�

li[mn_^�fojch�il�mis\_[h�g_[f)�^olcha�nb_�mo\m_ko_hn�`chcmbcha�jb[m_+

1+0� I=PANE=HO�=J@�IAPDK@O

Pq_hns�_cabn�?b[lif[cm�]limm\l_ �̂mn__lm)� [p_l[a_�q_cabn�/02� Ä � 02� ea)� q_l_� `_ �̂

al[mm� b[s� `il� [� . - � ^[s� [^domng_hn� j_lci^� ^olcha� qbc]b� ncg_� nb_s� q_l_� ][mnl[n_^)�

^_big_^)� ^_qilg_^�[h �̂ p[]]ch[n_^� `il�l_mjcl[nils�[h �̂]fimnlc^c[f� ĉm_[m_m+� =`n_l� nb_�

[^domng_hn� j_lci^)� nb_� mn__lm� q_l_� i``_l_^� al[mm� mcf[a_� [h �̂ nl[ch_^� ni� om_� a[n_m� `il�

ch^cpc^o[f� `__^cha�ip_l�[� .1�^[s�j_lci^+

)-



=n�nb_�\_achhcha�i`�nb_�_rj_lcg_hn)� nb_�mn__lm�q_l_�q_cab_^)� \fi]e_^�[]]il ĉha�

ni� fcp_q_cabn� [h �̂ l[h^igfs� [mmcah_ �̂ ni� nl_[ng_hn� %m_p_h� mn__lm� j_l� nl_[ng_hn&+� Pb_�

mn__lm� q_l_� l[h^igfs� [mmcah_ �̂ ni� ih_� i`� `iol� j_hm)� qcnb� m_p_h� mn__lm� j_l� j_h+� Pb_�

mn__lm�q_l_�biom_ �̂ ch� [�]if^� biomcha� `[]cfcns�qcnb�n_gj_l[nol_m�^olcha�^c_�nlc[f� l[hacha�

\_nq__h� (.-|? � [h �̂ */-|?+� @olcha� nb_� aliqnb� jb[m_)� nb_� nl_[ng_hnm� ]ihmcmn_ �̂ i`�

mcf[a_�ihfs� %OEH&� il� mcf[a_� mojjf_g_hn_ �̂ qcnb� l[q� fojch� %NH&)� li[mn_^� fojch�%NKH&� il�

mis\_[h� g_[f� %O>I&+� Ocf[a_�q[m� `_^� [ �̂ fc\cnog� ch� [ff� nl_[ng_hnm+� Oojjf_g_hnm�q_l_�

`_ �̂ ni� mojjfs� ]lo^_� jlin_ch� [n� nb_� l[n_�i`�3+2"� i`� nb_� mcf[a_�^ls� g[nn_l� chn[e_+� Pb_�

mn__lm�q_l_�q_cab_^�_p_ls�/5�^[sm�[h �̂qb_h� nb_s�l_[]b_ �̂ [jjlircg[n_fs� 00-�ea)� nb_s�

q_l_�]b[ha_ �̂ni�[�`chcmbcha�^c_n+

Pb_�mis\_[h�g_[f�q[m�[�]igg_l]c[ffs�jl_j[l_^�mifp_hn�_rnl[]n_^�g_[f+� D[f`�i`�

nb_� fojch�\_[hm�q_l_� li[mn_ �̂ ch�[� `f[g_� li[mn_l� %Ni[mn*[*g[nc])� H_\[hih)� L=&� qcnb� [h�

_rcn� n_gj_l[nol_�i`� .-O|?� [h �̂ [� l_mĉ _h]_� ncg_�i`�[\ion� .� gchon_+� N[q� [h �̂ li[mn_ �̂

fojchm�q_l_�]i[lm_fs� liff_^� ch� [�]igg_l]c[f� liff_l�gcff+� Pb_� mcf[a_�q[m�b[lp_mn_^� ih�

Foh_� 0-)� nbl__� gihnbm� jlcil� ni� nb_� mn[ln� i`� ^c_� `__^cha� nlc[f)� `lig� [� gc^*\fiig�

al[mm*f_aog_� `Lbf_og�jl[n_hm_+� Plc`ifcog�jl[n_hm_f� mn[h �̂ omcha� [� giq_l� ]ih^cncih_l+�

En�q[m�]bijj_^� ni�[� nb_il_nc][f� f_hanb�i`�0+2� ]g�[h �̂j[]e_^� chni�/�jifs_nbsf_h_�no\_m�

%=a�>[a�?ilj+)�S[ll_hnih)�Kl_aih&�g_[molcha�/+1�g�r�0-�g+

Pb_� mn__lm� q_l_�[ffiq_^� [� .1� ^[s� nl[hmcncih�j_lci^� ni� nb_� `chcmbcha� ^c_n� qbc]b�

]ihmcmn_ �̂i`�/+2�ea� $̂X�i`�]bijj_^�ncginbs�b[s)�[ �̂fc\cnog�\[lf_s�jfom�^c_�m[g_�jlin_ch�

mojjf_g_hn� [m� ch� nb_� aliqnb� jb[m_)� `_^� [n� [� l[n_� ][f]of[n_^� ni� ^_fcp_l� 1+2� "� i`� nb_�

\[lf_s�^ls�g[nn_l�chn[e_�[m�?L+

Pb_� mn__lm� q_l_� `_^� nqc]_� ^[cfs+� =� m[gjf_� i`�_[]b� `__^� q[m� n[e_h� \cq__efs8�

mcf[a_�m[gjf_m�q_l_� `lit_h� `il�[h[fsmcm�[h �̂ `__^� l_`om[fm�q_l_�g_[mol_^�q__efs+� Pb_�

mn__lm�b[ �̂ `l__�[]]_mm� ni�[�gch_l[f*pcn[gch�gcr� %]ihn[chcha�?[)� L)� J[)� Ia)� B_)� E)�Ih)�

Vh)� ?i)� Rcn[gchm�=)� @)� [h �̂A&� [h �̂]i\[fn� ci^ct_^� m[fn� %66+-"� J[?f8� 4-�ga,ea� E8� 1-

).



ga,ea� ?i&+� On__lm� q_l_� mf[oabn_l_ �̂ qb_h� nb_s� q_l_� pcmo[ffs� [jjl[cm_ �̂ \s� [�

l_jl_m_hn[ncp_�i`�nb_�[\\[nicl� ni�b[p_�[n� f_[mn�1�gg�i`�\[]e`[n+� ?[l][mm�^[n[�]iff_]n_ �̂

q_l_�][l][mm�q_cabn)� \[]e`[n�nbc]eh_mm)� l̂_mmcha�j_l]_hn[a_�[h �̂ fich�_s_�[l_[+

>cq__efs� m[gjf_m� i`� ^c_n� ]igjih_hnm� q_l_� ]igjimcn_ �̂ \_`il_� [h[fsmcm+� @ls�

g[nn_l� %@I &� ]ihn_hn� i`� fojchm)� mis\_[h� g_[f)� \[lf_s� [h �̂ b[s� q_l_� ^_n_lgch_^� \s�

^lscha� [n�6-|?� `il�/1� biolm+� Ocf[a_�@I �q[m�^_n_lgch_^� [`n_l�^lscha�[n�3-|?� `il�15�

biolm�[h �̂]ill_]ncih�`il�pif[ncf_�`[nns�[]ĉ �%RB=&� fimm�%@ofjbs�[h �̂@_g[lkocffs)�.65.&+�

=]c^� ^_n_la_hn� `c\_l� %=@B&� [h �̂ h_onl[f� ^_n_la_hn� `c\_l� %J@B&� q_l_� ^_n_lgch_^X� [m�

^_m]lc\_ �̂ \s� R[h� Oi_mn� _n� [f+� %.66.&+� ?lo^_� jlin_ch� q[m� ^_n_lgch_^� \s� [� g[]li�

Gd_f^[bf� g_nbi^� %=K=?)� .66-&+� Llin_ch� J)� q[n_l� mifo\f_� J)� JLJ)� [ggihc[� [h �̂

RB=�q_l_�^_n_lgch_^� [m�^_m]lc\_ �̂jl_pciomfs�\s�Ioljbs�_n�[f+� %.66/&+� Climm�_h_las�

q[m� g_[mol_ �̂ omcha� [h� cmij_lc\ifc]� irsa_h� ]ig\omncih� \ig\� ][filcg_n_l� %L[ll�

Ehmnlog_hn�?i+)� Iifch_)� ...+)� gi^_f�!� ./3.&+� I_n[\ifct[\f_�_h_las� %IA&�i`�nb_�mcf[a_�

q[m� ][f]of[n_^� omcha� nb_� g_nbi �̂ ^_m]lc\_ �̂ \s� I]Mo__h� [h �̂ I[lnch� %.65.&� `il�

^ca_mnc\f_�_h_las� %@A&�[h �̂ nb_�@A�p[fo_�q[m�]ill_]n_^� `il�olch[ls�[h �̂g_nb[h_�_h_las�

fimm_m� #v� ^_m]lc\_^� ch� %J[ncih[f� N_m_[l]b� ?ioh]cf� %JN?&� .651&+� >o``_l� chmifo\f_�

hcnlia_h�%>EJ&�q[m�^_n_lgch_^�\s�nb_�g_nbi �̂i`�Glcmbh[giilnbs�_n�[f+� %.65/&�[h �̂[]ĉ �

^_n_la_hn� chmifo\f_� hcnlia_h� %=@EJ&� q[b� ^_n_lgch_^� [m� ^_m]lc\_ �̂ \s� R[h� Oi_mn�_n�[f+�

%.66.&+� >EJ�[h^�=@ EJ �q_l_�]ih^o]n_ �̂ih�alioh �̂ m[gjf_m�%.� gg&�[h �̂ih� nb_�m[gjf_m�

qcnb� j[lnc]f_� mct_m� [m� jl_m_hn_^� ni� nb_� mn__lm+� =fe[fic^� f_p_fm� %foj[hch_� [h �̂

.0*bs^lirsfoj[hch_&� q_l_�^_n_lgch_^X�\s� nb_�g_nbi �̂^_m]lc\_ �̂ \s� D[llcm� [h �̂Scfmih�

%.655&+� Anb_l� _rnl[]n� q[m� ^_n_lgch_^� \s� %P _ *[nil� Oirn_]� Osmn_g� DP3 )� Dia[h[m)

&!� 7A7?HD>D�9BA:F9E;:�8H�0!� 1;BF<=�� )<C>9F?EFC;� +7A7:7�� -C;:C>9 �
EBA!
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Oq_^_h&+� O[gjf_m�q_l_�[mb_ �̂ [n�12-� |?� `il�1+2� biolm+� Jih*mnlo]nol[f� ][l\ibs^l[n_�

%"� i`�@I&� q[m�][f]of[n_^� `il�_[]b� mojjf_g_hn�\s� nb_�_ko[ncih8� .--�*� %?L��� ( � _nb_l�

_rnl[]n��� # � J@B"� ( � [mb"&

Pqi�hihf[]n[ncha�Obilnbilh�b_c`_lm�qcnb�log_h�][hhof[m�q_l_�om_ �̂ni�^_n_lgch_�

logch[c� ^ls� g[nn_l�[h �̂ hcnlia_h� ^_al[^[ncih� i`�nb_� l[q� fojch)� li[mn_ �̂ fojch)� mis\_[h�

g_[f� [h �̂ al[mm� mcf[a_+� ?[hhof[ncih� q[m� ]igjf_n_^� /� gihnbm� jlcil� ni� nb_� mn[ln� i`�nb_�

nlc[f+

Pb_�b_c`_lm�q_l_�`_^� 5 � ea�i`�al[mm�mcf[a_�nqc]_�^[cfs� %5--�[h �̂ .3--�biolm&�jfom�

_ko[f� jilncihm� i`�l[q� fojch)� li[mn_ �̂ fojch� [h �̂ mis\_[h� g_[f+� =jjlircg[n_fs� 2� a� i`�

_[]b� mojjf_g_hn� %[m*`_^� j[lnc]f_� mct_&� il� .2� a� i`�al[mm� mcf[a_� q_l_� jf[]_^� ch� ^[]lih�

\[am� %1/�432� jil_� mct_)� >#OD�Pbigjmih)� O][l\ilioab)� Khn[lci&� g_[molcha� 6� ]g�\s�

.1� ]g+� Pb_� mcf[a_� q[m� ]bijj_ �̂ nblioab� [� Di\[ln� mfc]_l� %gi^_f� !� L@*4-)� Di\[ln�

?[h[^[)� @ih� Icffm)� Khn+&+� A[]b� ^[]lih� \[a� q[m� b_[n� m_[f_ �̂ [h �̂ ]f[gj_^� [n� nb_� nij�

qcnb� [�jf[mnc]� ]fcj+� Pb_�\[am�q_l_� l[h^igfs� [nn[]b_ �̂ [n�ih_�i`�`iol�mcn_m�ih�[�05� ]g�

hsfih� fch_� %6.� ea� n_mn� q_cabn&+� Pb_� hsfih� fch_� [h �̂ ^[]lih� \[am� q_l_� [nn[]b_ �̂ ni� [�

joff_s� qbc]b� q[m� momj_h^_ �̂ ch� nb_� log_h�ih� [�20� ]g� hsfih� fch_+� Pb_� m[gjf_m�q_l_�

ch]o\[n_^� ch� nb_�log_h� `il�-+.)� .)� /)� 1)� 5 )� .5)� /1�il�15� biolm+� Kh_�\[a�j_l� n_mn� `__^�

q[m� jf[]_^� ch� nb_� log_h� i`�_[]b� b_c`_l� `il� _[]b� ch]o\[ncih� j_lci^+� Pb_� \[am� ql� _�

chm_ln_^� ch� l_p_lm_�il^_l)� \_achhcha�qcnb� nb_�15�biol� ch]o\[ncih)� mi� nb[n�[ff�\[am�q_l_�

l_gip_^�[n�n� : � -�[h �̂cgg_^c[n_fs� cgg_lm_^�ch�[h�c]_�\[nb+� Pb_�\[am�q_l_�q[mb_ �̂`il�

/�]s]f_m�%ch]fo^cha�nb_�lchm_�]s]f_&� ch�[�q[mbcha�g[]bch_� %Sbclfjiif)� gi^_f�!�06-5-&)�

^lc_^�[n�22 ?� `il�15�biolm�[h �̂@I � ĉm[jj_[l[h]_�q[m�^_n_lgch_^+� O[gjf_m�q_l_�nb_h�

alioh^�\s�giln[l�[h �̂j_mnf_�jlcil�ni�J �^_n_lgch[ncih�\s�g[]li�Gd_f^[bf+� @_al[^[ncih�

l[n_m�`il�J�[h �̂@I �q_l_�^_n_lgch_^�[m�^_m]lc\_ �̂\s�Klmeip�[h �̂I]@ih[f^�%.646&+

*&



Nog_h� `foc^� [ggihc[)� jD)� RB=� [h �̂ a[m�jli^o]ncih� q_l_� g_[mol_ �̂ ch� pcnli+�

Biol� m[gjf_m�i`�_[]b�^c_n� %-+11� a� @I �al[mm� mcf[a_�jfom� mojjf_g_hnm� mojjfscha� ?L� [n

3+2� �� i`� mcf[a_� @I &� q_l_� jf[]_ �̂ ch� J[fa_h_� no\_m+� Pb_� al[mm� mcf[a_� q[m� ]bijj_ �̂

nblioab� nb_� Di\[ln� mfc]_l� \on� nb_� mojjf_g_hnm�q_l_� nb_�j[lnc]f_� mct_m� [m� `_^+� Nog_h�

`foc^� q[m� i\n[ch_^� jlcil� ni� nb_� gilhcha� `__^cha� `lig� [� b_c`_l� `_^� nqc]_�^[cfs)� `il� . / �

^[sm)� [�^c_n�i`�l_^� ]fip_l� mcf[a_�jfom� . � ea� $̂X� i`�[�gcrnol_� i`� l[q� [h �̂ li[mn_ �̂ fojch+�

Nog_h� `foc^�q[m�mnl[ch_^�nblioab�0� f[s_lm�i`�]b__m_�]finb� chni�[�af[mm�\innf_� `cff_^�qcnb�

?K/ �[h �̂jf[]_^� ch�[�06� |?�q[n_l�\[nb+� Nog_h� `foc^� q[m� cgg_^c[n_fs�gcr_^� ch�[� .7.�

l[nci� qcnb� [� \o``_l� mifoncih� %06+/� a� J[D?Ka)� /5)-� a� J[/ DL- X+D/ - )� .+55� a� J[?f)�

/+/5� a�G?f)� -+15�a�IaO- X+D/ - )� -+.3�a�?[?f/ �^cmmifp_^� ch� 1� fcn_lm�i`�^cmncff_^�q[n_l�

ch`om_^� qcnb� ?K/ &)� [h �̂ ?K/ � q[m� [^^_ �̂ ni� nb_� gcrnol_+� =`n_l� [^^cncih� i`�/2� gf� i`�

log_h� `foc^c\o``_l� gcrnol_� ni� _[]b� J[fa_h_� no\_)� nb_� no\_m� q_l_� m_[f_ �̂ qcnb� lo\\_l�

mnijj_lm� nb[n� q_l_� jc_l]_^� \s� [h� .5� a[oa_� h__ f̂_� [nn[]b_^� ni� [� 3-� ]]� mslcha_)� `il�

g_[mol_g_hn�i`�a[m�jli^o]ncih+� Pb_�no\_m�q_l_�jf[]_^� ch� [�q[n_l� \[nb� g[chn[ch_^� [n�

06|?� [h �̂q_l_� l_gip_^� `lig� nb_�\[nb�[`n_l�-+2)� .+-)� .+2)� /+-)� /+2)� 0+-)� 0+2� [h �̂ 1+-�

biolm)� jfom�`iol�no\_m�j_l�`__^�qbc]b�q_l_�hin�ch]o\[n_^� ch� nb_�q[n_l�\[nb+� Biol�no\_m�

]ihn[chcha� log_h� `foc^� \o``_l� gcrnol_� ihfs� %]ihnlif&� q_l_� ch]o\[n_^� [h �̂ l_gip_ �̂ [n�

_[]b� ncg_� j_lci^� ni� [ffiq� ]ill_]ncih� `il� [ggihc[� jli^o]ncih� `lig� log_h� `foc^+�

Egg_^c[n_fs� c^f_l� l_gip[f� i`� nb_� no\_m� `lig� nb_� \[nb)� jD� [h �̂ a[m� jli^o]ncih� q_l_�

g_[mol_^+� C[m�pifog_�q[m�^_n_lgch_^� [m� nb_� hog\_l�i`�gf� ĉmjf[]_^� ch� nb_� mslcha_+�

B_lg_hn[ncih�q[m�[ll_mn_^�\s�[^^cncih� i`� .� gf� i`�2� "� g_l]olc]�]bfilc^_+� Po\_m�q_l_�

]_hnlc`oa_^� %0)%T&-� r� /� `il� .2� gchon_m&� [h �̂ moj_lh[n[hn� q[m� ]iff_]n_^� `il� [ggihc[�

^_n_lgch[ncih+� =� 2� gf� m[gjf_� i`� moj_lh[n[hn� q[m� nl_[n_ �̂ qcnb� .� gf� i`� /2� "�

g_n[jbimjbilc]� []c^� %DLK0 &� [h �̂ ]_hnlc`oa_^� %.2)---� r� /� `il� .2� gchon_m&� `il� RB=�

[h[fsmcm+� =ggihc[�J�q[m�g_[mol_ �̂\s�[oni[h[fst_l�[m�^_m]lc\_ �̂[\ip_+� Rif[ncf_� `[nns�

[]ĉ m� q_l_� g_[mol_^� \s� a[m� ]blig[nial[jb� %gi^_f� !� 256-=)� D_qf_nn*L[]e[l^� ?i+)

*'



=pih^[f_)� L=&� omcha� [� ]ifogh� j[]e_^� qcnb� 5-,./-� ]bligimil\� S*=]c^� S[mb_^�

]i[n_^�qcnb� .-"� OL� ./--� [h �̂ ."� D 0 LK1 +� Pb_�/� g� ]icf_^� ]ifogh�q[m�-+302� ]g� ch�

ion_l� ^c[g_n_l� qcnb� [� `fiq� l[n_� i`�/-� gf� gch$X� i`�bs^lia_h� a[m� %Ooj_f]i� O_j[l[ncih�

P_]bhifiac_m)� Ooj_f]i�Eh]+)� >_ff_`ihn_)� L=&+

=ff� ^[n[� `lig� nb_� `__^cha� nlc[f)� l[h^igct_^� ch]igjf_n_� \fi]e� ^_mcah)� q_l_�

mo\d_]n_ �̂ ni� [h[fsmcm� i`� p[lc[h]_� omcha� nb_� C_h_l[f� Hch_[l� Ii^_f� %CHI&� jli]_^ol_�

%On[ncmnc][f� =h[fsmcm� Osmn_gm� Ehmncnon_� %O=O&)� .655&+� @[n[� `lig� nb_� aliqnb� [h �̂

`chcmbcha� jb[m_m� i`� nb_� `__^cha� nlc[f� q_l_� [h[fst_^� m_j[l[n_fs� [h �̂ nb_h� ]ig\ch_^� ni�

^_n_lgch_�ip_l[ff�j_l`ilg[h]_+� Pb_� gi^_f� ch]fo^_^� nl_[ng_hn�[h �̂j_h� [m� `[]nilm�qcnb�

chcnc[f� q_cabn� [m� [� ]ip[lc[n_+� Pb_� hog\_lm� qcnbch� ]_ffm� q_l_� oh_ko[f� %hog\_l� i`�

[hcg[fm� j_l� nl_[ng_hn� p[lc_^� [giha� j_hm&� [h �̂ nb_� ^[n[� q_l_� [h[fst_^� \s� `cnncha�

]ihmnl[chnm+� Ocahc`c][hn�nl_[ng_hn�_``_]nm�q_l_�^_n_lgch_^�[n�L� 9 � -+-2�[h �̂^c``_l_h]_m�

[giha�g_[hm�q_l_�n_mn_^)�qcnb�nb_�l_mc^o[f�_llil�n_lg)� omcha�nb_�L@EBB�ijncih�i`�O=O�

%.655&+� Nog_h� `foc^� j[l[g_n_lm� q_l_� mo\d_]n_ �̂ ni� [h[fsmcm� i`� p[lc[h]_� qcnb� [�

]igjf_n_fs� l[h^igct_^� ^_mcah� omcha� C_hmn[n� 2� %.66-&+� B[]nilm� om_ �̂ q_l_� `__^)� ncg_�

[h �̂ nb_cl� chn_l[]ncih+� Pcg_� [h �̂ `__^� r� ncg_� q_l_� [h[fst_^� `il� fch_[l)� ko[^l[nc]� [h �̂

]o\c]� _``_]nm+� Pb_�I[rcgog� Hce_fcbii^� Llial[g� %Nimm)� .654&� q[m� om_ �̂ ni� _p[fo[n_�

^c``_l_h]_m�ch�jimcncih�i`�^_al[^[ncih�]olp_m�i`�J �[h �̂@I�ch�^[]lih�\[am+

1+1� NAOQHPO

Pb_� ?L� ]ihn_hn� i`� nb_� fojchm� q[m� fiq_l� nb[h� nb[n� i`� nb_� O>I+� Hojchm� q_l_�

bcab_l� ch� J@B� [h �̂ =@B� ]igj[l_^� ni� nb_� O>I� %P[\f_� ET &+� L_l]_hn[a_m� i`� _nb_l�

_rnl[]n� [h �̂ alimm� _h_las� q_l_� bcab_l� `il� fojch� nb[h� `il� O>I+� Hojch� b[ �̂ [� bcab_l�

hih*mnlo]nol[f�][l\ibs^l[n_�]ihn_hn� nb[h� `il�O>I+� Pin[f�[fe[fic^� f_p_fm� ch� nb_�l[q�[h^

*(



li[mn_ �̂ fojch� q_l_� fiq+� Pb_� mcf[a_� b[ �̂ [� f[]nc]� []c �̂ `_lg_hn[ncih� qcnb� fiq� jD� [h �̂

[ggihc[�]ihn_hn)� [h �̂ [�gi^_l[n_�?L�j_l]_hn[a_+� Ocf[a_�jlin_ch� J�i`�41+0� �� i`�nin[f�

J�q[m�bcab�qcnb�[ff�i`�nb_�q[n_l�mifo\f_�hcnlia_h�]ihmcmncha�i`�JLJ+

>o``_l� mifo\f_� hcnlia_h� %.--� *� >EJ&� q[m� bcab_mn� `il� l[q� fojch� `iffiq_^� \s�

li[mn_ �̂ fojch�[h �̂O>I� %P[\f_�T&+� Pb_�l_^o]ncih� ch�mifo\cfcns�^o_�ni�li[mncha�q[m�00+6�

"� qcnb� nb_� [O$̀ _^� j[lnc]f_� mct_+� Pb_l_� q[m� [� mo\mn[hnc[f� ch]l_[m_� ch� >OJ� qb_h� l[q�

fojch�q[m�alioh �̂nblioab�[� .� gg�m]l__h+� Ni[mn_ �̂fojch�[h �̂O>I�mbiq_ �̂ihfs�[�mg[ff�

ch]l_[m_� ch� \o``_l� mifo\f_� hcnlia_h� %>OJ&� [`n_l� alch^cha+� =]c^� ^_n_la_hn� chmifo\f_�

hcnlia_h� ch� nb_�[m*`_^�j[lnc]f_�mct_)� q[m�bcab_mn� `il�l[q� fojch� `iffiq_^�\s� li[mn_ �̂ fojch�

[h �̂O>I+� Clch^cha�ni� .� gg�j[lnc]f_�mct_�l_^o]_ �̂nb_�=@ EJ �p[fo_m�i`�l[q�[h �̂ li[mn_ �̂

fojch� ni� 0+0.� [h �̂ 0+13� ]igj[l_ �̂ ni� /+5/� `il� O>I+� L[lnc]f_� mct_m� i`� nb_� nbl__�

mojjf_g_hnm� %P[\f_� T E&� p[lc_^)� qcnb� nb_� l[q� fojch� b[pcha� nb_� f[la_mn� g_[h� j[lnc]f_�

mct_+

Pb_� mifo\f_�@I � `l[]ncih� [h �̂ nb_�gil_� mfiqfs� ^_al[^[\f_� `l[]ncih� i`� l[q� [h �̂

li[mn_ �̂ fojch�q_l_� mcgcf[l� %P[\f_�T EE&+� Pb_� l[n_�i`�^_al[^[ncih�i`�@I�q[m� mfiq_l� %L�

9 � -+-2&� `il�li[mn_^�fojch�nb[h�`il�l[q�fojch+� Ois\_[h�g_[f�[h �̂al[mm�mcf[a_�b[ �̂ fiq_l�

%L� 9 � -+-2&�mifo\f_�@I �`l[]ncihm�nb[h�^c^�nb_�fojch�nl_[ng_hnm+

Pb_l_�q_l_�hi�mcahc`c][hn�^c``_l_h]_m�%�L� ; � -+-2&�ch�J�^_al[^[ncih� l[n_m�[giha�

NH)� F�EKH�il�O>I� %Bcaol_� .� [h �̂ P[\f_�T E&+� Pb_�^_al[^[ncih� ]olp_� `il� li[mn_ �̂ fojch�

q7� ahc`c][hnfs� fiq_l�nb[h� `il� l[q� fojch� %L� 9 � -+-2&+� Pb_� mifo\f_�J� `l[]ncihm�i`�nb_

l[q� [h �̂ li[mn_ �̂ fojch� q_l_� hin� mcahc`c][hnfs� ^c``_l_hn+� Pb_� mifo\f_� ?L� `l[]ncih� [h �̂

^_al[^[ncih� ]olp_� `il� mis\_[h� g_[f�q_l_� mcahc`c][hnfs� fiq_l� nb[h� `il� l[q� [h �̂ li[mn_ �̂

fojch+� Pb_� _``_]ncp_� ^_al[^[\cfcns� i`� ?L� %`l[]ncih[f� ion`fiq� l[n_� i`� -+-2� bá '&� q[m�

bcab_mn�`il�l[q�fojch�%53+4"&�qcnb�li[mn_ �̂fojch� %5/+0� "&�\_cha�mfcabnfs� fiq_l+

*)



Eh� pcnli� log_h� `foc^� jD� i`�[ff� ĉ_nm� ^_]fch_^� fch_[lfs� qcnb� ncg_� %Bca+� /&+� Pb_�

O>I� ^c_n� b[ �̂ [� mcahc`c][hnfs� bcab_l� %L� ; � -+-2&� a[m� jli^o]ncih� nb[h� NKH� [h �̂ OEH�

^c_nm+� =ff� ^c_nm� b[ �̂ mcahc`c][hn� ch]l_[m_m� ch� a[m� jli^o]ncih� ip_l� ncg_�qcnb� mcahc`c][hn�

%L� 9 � -+-2&� fch_[l)� ko[^l[nc]�[h �̂]o\c]�_``_]nm�%Bca+� 0&+� Pb_l_�q[m�[�mcahc`c][hn� `__ �̂ r�

ncg_� chn_l[]ncih� %L� 9 � -+%T&.&� `il�[ggihc[� jli^o]ncih� %Bca+� 1&� qcnb� fch_[l)� ko[^l[nc]�

[h �̂ ]o\c]� _``_]nm� %L� 9 � -+--.&+� Pin[f� RB=� ]ih]_hnl[ncih�q[m� mcahc`c][hnfs� bcab_l� %L�

9 � -+--.&� `il� nb_� mojjf_g_hn_ �̂ ĉ_nm� ]igj[l_^� ni� nb_� al[mm� mcf[a_� ihfs� ^c_n� %P[\f_�

TR&+� Pin[f� RB=� [h �̂ gif[l� j_l]_hn[a_m�i`�ch^cpc^o[f� RB=$m� b[ �̂ [� mcahc`c][hn� _``_]n�

^o_� ni� ncg_� %L� 9 � -+--.&� qcnb� mcahc`c][hn� fch_[l)� ko[^l[nc]� [h �̂ ]o\c]� _``_]nm+� Pb_l_�

q_l_� hi� mcahc`c][hn� ^c``_l_h]_m� ch� gif[l� j_l]_hn[a_m� `il� jlijcih[n_� [giha� nb_� `iol�

^c_nm+� =� mcahc`c][hn� `__^� r� ncg_� chn_l[]ncih� %L� 9 � -+--.&� `il� []_n[n_)� \onsl[n_� [h �̂

p[f_l[n_�q[m�^_n_]n_^+

@olcha� nb_� aliqnb� jb[m_)� mn__lm� `_^� NH)� NKH� [h �̂ O>I� b[ �̂ mcahc`c][hnfs�

%L9-+-2&� bcab_l�^[cfs�a[chm�]igj[l_^�qcnb�nbim_�`_^�nb_�OEH�^c_n�%P[\f_�T EEE&+� On__lm�

ih�nb_�O>I�^c_n�b[ �̂^[cfs�a[chm�qbc]b�q_l_�mcahc`c][hnfs�bcab_l�nb[h� `il�nb_�mn__lm� `_^�

NH+� On__lm�`_^� nb_�NKH�^c_n�b[ �̂^[cfs�a[chm�nb[n�q_l_�hin�^c``_l_hn�`lig�nb_�mn__lm�`_^�

NH� il� O>I+� Pb_� hog\_l� i`� ^[sm� ni� l_[]b� `ch[f� q_cabn� `il� nb_� aliqnb� jb[m_� q[m�

mcahc`c][hnfs� fiq_l� %L� 9 � -+-2&� `il�mn__lm�ih� nb_�mojjf_g_hn_ �̂^c_nm�]igj[l_^� ni�mn__lm�

ih�nb_�OEH�^c_n+� Kh_�[hcg[f�ih�nb_�O>I�^c_n�q[m�l_gip_^�`lig�nb_�nlc[f�^o_� ni�l_[mihm�

ohl_f[n_^� ni� nb_�_rj_lcg_hn+� On__lm�ih� nb_�OEH�^c_n�]ihmog_ �̂ mcahc`c][hnfs� %L� 9 � -+-2&�

gil_� mcf[a_�@I � nb[h� ^c^� nb_� l[q� [h �̂ li[mn_ �̂ fojch� mojjf_g_hn_ �̂ mn__lm+� Pb_l_�q_l_�

hi�mcahc`c][hn�^c``_l_h]_m� ch� nin[f�^ls�g[nn_l�chn[e_�%@I E&�[giha� nb_�mn__lm�ih� nb_� `iol�

ĉ_nm+

Amncg[n_^�g_n[\ifct[\f_�_h_las� chn[e_�q[m� mcahc`c][hnfs�bcab_l� `il�mn__lm�ih� nb_�

NH)� NKH�[h �̂O>I�^c_nm�]igj[l_ �̂ ni� nbim_�ih�nb_�OEH�^c_n+� Pb_l_�q_l_�hi�mcahc`c][hn�

^c``_l_h]_m�ch�IA�chn[e_�[giha�mn__lm�ih� nb_�mojjf_g_hn_ �̂^c_nm+� On__lm� `_^�NKH�[h^

**



O>I�]ihmog_ �̂mcgcf[l�[giohnm�i`�nin[f�?L�\on�nb_s�]ihmog_ �̂mcahc`c][hnfs� %L� 9-+-2&�

gil_�?L�nb[h�mn__lm� `_ �̂OEH�[h �̂NH�^c_nm+� On__lm�`_^�NH�]ihmog_ �̂mcahc`c][hnfs�gil_�

?L� nb[h� nbim_� `_^� OEH+� ?lo^_�jlin_ch� chn[e_�][f]of[n_^� [m�[�j_l]_hn[a_�i`�mcf[a_� @IE�

`il�NH)�NKH�[h �̂O>I�^c_nm�q_l_�3+.1)� 3+1/�[h �̂3+00� ")� l_mj_]ncp_fs+

Eh� nb_�`chcmbcha�jb[m_)� nb_l_�q_l_�hi�mcahc`c][hn�^c``_l_h]_m�^o_� ni� nl_[ng_hn�ih�

^[cfs� a[ch)� ][l][mm�q_cabn)� ^l_mmcha� j_l]_hn[a_�il� fich� _s_� [l_[� ?`[\f_� T ER &+� Pb_l_�

q_l_� hi� mcahc`c][hn� ^c``_l_h]_m� `il� @I E� il� g_n[\ifct[\f_� _h_las� chn[e_� [giha� mn__lm�

ih� nb_� `iol� ^c_nm+� Pb_l_� q[m� [� mcahc`c][hn� ^c``_l_h]_� %L� 9 � -+-2&� ch� ?L� chn[e_� qcnb�

mn__lm�`_^�NH�[h �̂O>I�]ihmogcha�gil_�?L�nb[h�^c^� nb_�mn__lm�ih� nb_�OEH�^c_n+� ?lo^_�

jlin_ch� chn[e_m�i`�mn__lm�`_^�li[mn_ �̂ fojch�q_l_�hin�^c``_l_hn� `lig� nbim_�`_ �̂ nb_�OEH)� NH�

il�O>I� ĉ_nm+

Eh�nb_�ip_l[ff�_rj_lcg_hn�nb_l_�q_l_�hi�mcahc`c][hn�^c``_l_h]_m� ch�^[cfs�a[ch)� ^ls�

g[nn_l�chn[e_�il�^[sm�ni�mf[oabn_l�[giha�mn__lm�ih�nb_� `iol�nl_[ng_hnm+� Diq_p_l)� nb_l_�

q[m�[�n_h^_h]s� `il�O>I*`_^� mn__lm�ni�b[p_� fcabn_l� mf[oabn_l�q_cabnm�[h �̂ l_kocl_� `_q_l�

^[sm�ni�[nn[ch�[^_ko[n_�`[n�]ip_l+

1+2� @EO?QOOEKJ

@olcha� nb_�aliqnb�jb[m_�i`�nbcm�mno^s)� mn__lm� `_ �̂ihfs� mcf[a_�]ihmog_ �̂ f_mm�@I �

nb[h� jl_^c]n_^� \s� nb_�JN?� %.651&� `il� f[la_� `l[g_� mn__lm+� Pb_� mn__lm� ]ihmog_ �̂ gil_�

mcf[a_� @I �\on� b[ �̂ mcgcf[l�?L� chn[e_� ni� nb[n� l_]il^_ �̂ \s�L_ncn�[h �̂ Bfcjin� %.66/&� qbi�

`_^� [� ncginbs� mcf[a_� ni� mn__lm� nb[n� l_mofn_ �̂ ch� [� ^[cfs� a[ch� i`� - + 3 5 � ea� ^  W� qbc]b� cm�

c^_hnc][f� ni� nb_� ^[cfs� a[chm� i\m_lp_^� ch� nbcm� nlc[f+� @ls� g[nn_l� chn[e_� i`� mcf[a_� cm�

a_h_l[ffs� fiq_l� ncn[h� nb[n� i`� b[s� qbc]b� g[s� j[lnc[ffs� _rjf[ch� fiq_l� nb[h� jl_^c]n_^�

chn[e_m� %Niie�[h �̂C cff)� .66-8� L_ncn�[h �̂Bfcjin)� .66/&+� I]@ih[f^�_n�[f+� %.66.&�moaa_mn�

nb[n� qcnb� mcf[a_� ^c_nm� ]ihn[chcha� bcab� ]ih]_hnl[ncihm� i`� ?L� [h �̂ JLJ)� mcahc`c][hn

23



l_^o]ncihm� ch� @I E� ][h� l_mofn� `lig� _r]_mmcp_� [\miljncih� i`�[ggihc[� `lig� nb_� log_h+�

Pb_s�[fmi� ch^c][n_^� nb[n�@I E�i`�mcf[a_m�][h�\_�^_]l_[m_ �̂\s�[h�[p_l[a_�i`�[\ion�0-� "�

]igj[l_ �̂ ni� `l_mb� al[mm� [h �̂ nb[n� l_^o]ncihm�[l_�al_[n_l�qcnb� al[mm� nb[h� qcnb� f_aog_m+�

Ap_h� nbioab� nbcm� mcf[a_� b[ �̂ l_f[ncp_fs� fiq� f_p_fm� i`�JLJ)� nb_� log_h� `foc^� [ggihc[�

]ih]_hnl[ncihm� i\m_lp_^� ch� pcnli� [jj_[l� ni� \li[^fs� mojjiln� nb_� nb_ils� nb[n� [ggihc[�

jli^o]ncih� `lig� nb_� mcf[a_�^c_n�qiof^� \_�bcab_l� nb[h� nb_� ijncgog� moaa_mn_ �̂ \s� ?f[le�

_n� [f+� %.66/&� `il� gc]li\c[f� ch]iljil[ncih+� Lin_hnc[ffs� bcab� ch� pcpi� log_h� JD0 � g[s�

b[p_�l_mofn_^� ch�mcf[a_�@I E�\_cha�fcgcn_^+

Oojjf_g_hncha� mcf[a_�qcnb�NH�[h �̂NKH� mcahc`c][hnfs�^_jl_mm_ �̂ mcf[a_�@I E�\s�

./+-� [h �̂ 5+4� ")� l_mj_]ncp_fs+� Pbcm�^_jl_mmcih� ch� mcf[a_�@I E�q[m� hin�]ihmcmn_hn�qcnb�

l_jilnm� `lig� inb_l� [onbilm� mo]b� [m� R_cl[� _n� [f+� %.66-&� qbi� `ioh^� ch]l_[m_m� ch� mcf[a_�

@I E�qcnb� jlin_ch� mojjf_g_hnm� mo]b� [m� `cmbg_[f� [h �̂ mis\_[h� g_[f+� Pb_�JN?� %.651&�

moaa_mn_ �̂ nb[n� nb_� ^[cfs� ]lo^_� jlin_ch� chn[e_� `lig� mojjf_g_hn_ �̂ ^c_nm� cm� mo``c]c_hn� ni�

mojjiln�^[cfs�a[chm�i`�.+03�ea)� \on�^[cfs�a[chm�i\m_lp_ �̂b_l_�q_l_�go]b�fiq_l+

Pbig[m� [h �̂ C cff� %.655&� moaa_mn_ �̂ nb[n� nb_� l[jc^fs� ^_al[^[\f_�J�[h �̂ nb_� fiq_l�

_h_las� p[fo_m� ch� mcf[a_)� qb_h� cn� cm� nb_� mif_� `__^)� ][h� l_mofn� ch� fiq_l� gc]li\c[f�

mshnb_mcm+� R_cl[�%.652&� ch^c][n_^� nb[n�nbcm�fiq_l�gc]li\c[f�_``c]c_h]s�l_mofnm�ch�l_^o]_ �̂

ko[hncnc_m� i`�[gchi� []c^m� \_cha� mojjfc_ �̂ ni� nb_� [hcg[f� nb[h� nb_� ?L� j_l]_hn[a_� i`� nb_�

^c_n�qiof^�moaa_mn)�qbc]b�]iof̂ �fcgcn�^[cfs�a[chm+

Hojch� jlin_ch)� fce_� mis\_[h)� ]ihn[chm� l_f[ncp_fs� bcab� f_p_f� i`� afi\ofchm� [h �̂

f_mm_l� [giohnm� i`�[f\ogchm� %Kig[b� [h �̂ >omboe)� .650&)� qbc]b� [l_� bcabfs� mifo\f_� ch�

pcnli� [h �̂ ch� mcno� %=o`l_l_� _n� [f+)� .66.&+� Bl__l� [h �̂ @ip_� %.651&� `ioh^� ch� [h� ch� mcno�

mno^s� nb[n�j[lnc]f_�mct_�i`�fojch�[``_]n_^�nb_�l[n_�i`�J �^_al[^[ncih�gil_�nb[h� nb_�l[n_�i`�

hih*hcnlia_hiom�^ls� g[nn_l� ĉm[jj_[l[h]_+� Pb_s�i\m_lp_ �̂ nb[n� fojch�qcnb� `ch_l�j[lnc]f_�

mct_m� b[ �̂ [� bcab_l� l[n_� i`� ĉm[jj_[l[h]_� i`�J� nb[h� g_^cog� il�]i[lm_fs� alioh^� fojch+�

Ni[mn_ �̂ fojch�[jj_[l_^� ni�mb[nn_l�gil_� l_[^cfs� nb[h�l[q� fojch�[h �̂[m�[�l_mofn�NKH�b[^
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nb_� f[la_mn�j_l]_hn[a_�i`�j[lnc]f_m� oh^_l� .� gg)� qcnb� O>I� chn_lg_^c[n_+� Pb_� l_^o]_ �̂

mifo\cfcns�qcnb�nb_� f[la_l�j[lnc]f_�mct_m�i`�nb_�l[q�fojch� %P[\f_�T&�i\m_lp_ �̂ ch� nbcm�mno^s�

mojjilnm� nb_� l_mofnm� i`� Bl__l� [h �̂ @ip_� %.651&� [h �̂ moaa_mnm� nb[n� nb_� l_^o]ncih� i`� J�

mifo\cfcns� [h^� nb_� jin_hnc[f� ^_]l_[m_� ch� log_h� ^_al[^[\cfcns� ]iof̂ � j[lnc[ffs� \_�

[]]igjfcmb_^� qcnb� gchcg[f� jli]_mmcha� i`� nb_� fojch� m__ +̂� Pb_� ch� pcnli� [ggihc[�

]ih]_hnl[ncihm�%Bca+� 1&�^c^�hin�^cmjf[s� nb_�]b[l[]n_lcmnc]�j_[e�i\m_lp_ �̂ ch�pcpi�\s�inb_l�

qile_lm� %=lih_h)� .66.8� Jc]bifmih� _n�[f+)� .66/8� Ni\chmih� _n�[f+)� .66/&+� Pb_�al[^o[f�

ch]l_[m_� ch� [ggihc[� ]ih]_hnl[ncih� g[s� \_� j[lnc[ffs� ^o_� ni� j[lnc]f_� mct_)� [m� gc]li\_m�

qiof^�hin�b[p_�[]]_mm�ni�nb_�hcnlia_h�[n�nb_�m[g_�l[n_�[m�`__^mno``m�alioh �̂ ni� .� gg)

R[h� Oi_mn� %.65/&� ch^c][n_^� nb[n� afi\ofchm� [h �̂ [f\ogchm� [l_� gil_� m_hmcncp_� ni�

b_[n� ^xh[nol[ncih� nb[h� [l_�jlif[gch_m�il�afon_fchm+� D_[ncha� fojch)� ch� qbc]b� afi\ofchm�

l_jl_m_hn� nb_� f[la_mn�jlin_ch� `l[]ncih)� mbiof̂ � l_mofn� ch� ^_]l_[m_ �̂ mifo\cfcns� [h �̂ log_h�

^_al[^[\cfcns+� Diq_p_l)� Goha� _n� [f+� %.66.&� i\m_lp_^� nb[n� bcab_l� n_gj_l[nol_m� [h �̂

fiha_l�b_[ncha� ncg_m�[jj_[l_ �̂ ni�\_� l_kocl_^� ni�^_]l_[m_� logch[c�^_al[^[ncih�i`�fojch)�

l_f[ncp_�ni�O>I�il�]innihm__^m+� Pb_s� moaa_mn_ �̂ nb[n� fojch� jlin_ch�g[s�b[p_�[� l_^o]_ �̂

mom]_jnc\cfcns�ni�^_h[nolcha�qcnb�b_[n�il�chn_l[]ncihm�qcnb�][l\ibs^l[n_m+

Pb_� li[mn_ �̂ fojch�om_ �̂ ch� nbcm� mno^s�b[ �̂[� fiq_l�J� mifo\cfcns� nb[h� l[q� fojch� ch�

pcnli�[h �̂[�hihmcahc`c][hn�^_]l_[m_�%L� ; � -+-2&�qcnb�nb_�^[]lih�\[a�jli]_^ol_+� Ako[ffs�

[m� cgjiln[hn)� nb_� `l[]ncih[f� l[n_�]ihmn[hn� `il� nb_�jin_hnc[ffs� ^_al[^[\f_�J� `l[]ncih� q[m�

fiq_l�nb[h� `il�l[q�fojch+� Pbcm�moaa_mnm�nb[n�nb_l_�qiof̂ �\_�[�gil_�momn[ch_ �̂ l_f_[m_�i`�

J� `lig� li[mn_^� fojch� %?L�^_al[^[ncih�q[m�6+6� "� fiq_l� `il� li[mn_ �̂ fojch� nb[h� `il� l[q�

fojch� `il�ch]o\[ncih�ncg_m�-+.� nblioab�1+-�biolm&)� ^_]l_[mcha� nb_�jin_hnc[f� `il�_r]_mmcp_�

[giohnm� i`� J� \_cha� l[jc^fs� l_f_[m_ �̂ ch� nb_� log_h+� Pb_� _``_]ncp_� ^_al[^[ncih� i`�

hcnlia_h� i`�li[mn_ �̂ fojch�q[m�ihfs� mfcabnfs� f_mm� nb[h� nb[n� `il� l[q� fojch� qbc]b� ch ĉ][n_m�

nb[n� nb_� [hcg[fm� ^c^� hin� h_]_mm[lcfs� \_h_`cn� `lig� log_h� _m][j_� i`� li[mn_ �̂ fojch� J+
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Ni[mncha� fojch�[n�[�bcab_l�n_gj_l[nol_�nb[h� nb[n�om_ �̂ ch�nbcm�mno^s�g[s� `olnb_l�l_^o]_�J �

mifo\cfcns�[h �̂^_al[^[\cfcns)� j[lnc]of[lfs�mch]_�nb_l_�q[m�hi�b_[n�^[g[a_�^_n_]n_ �̂[n�nbcm�

n_gj_l[nol_�%.-2� |?�_rcn�n_gj_l[nol_&+

Niie_� [h �̂ =lgmnliha� %.656&� moaa_mn_ �̂ nb[n� nb_� log_h� \[]n_lc[� i`� ][nnf_� ih�

mcf[a_� ĉ_nm�g[s� l_mjih �̂ ni�[^^cncih[f�jlin_ch� J+� Niie_�_n�[f+� %.653&� [h �̂ R_cl[�_n�[f+�

%.66-&� ^_gihmnl[n_^� nb[n� jlin_ch� J� mojjfc_ �̂ \s� mis\_[h� g_[f� mncgof[n_^� gc]li\c[f� J �

mshnb_mcm� [h �̂ nbcm� g[s� b[p_� ]ihnlc\on_^� ni� nb_� ch]l_[m_ �̂ ^[cfs� a[chm� i`� nb_� O>I� `_ �̂

mn__lm�ch� nbcm�mno^s+� E ` �a[m�jli^o]ncih� cm�[mmog_ �̂ni�\_�[�g_[mol_�i`�gc]li\c[f�[]ncpcns)�

nb_� mcahc`c][hnfs� bcab_l� ]ih]_hnl[ncih� i`� a[m� jli^o]_^� \s� nb_� O>I� ^c_n� moaa_mnm� nb[n�

gc]li\c[f� []ncpcns�q[m�_hb[h]_ �̂ \s� nb_� O>I� l_f[ncp_� ni� nb_� l_mjihm_�i`�NKH�[h �̂ OEH�

^c_nm+� Diq_p_l)� bcab_l�a[m�jli^o]ncih�moaa_mnm�nb[n�gil_�i`�nb_�_h_las� `lig�nb_�O>I�

^c_n�g[s�b[p_�\__h�^cp_ln_^�ni�g_nb[h_�jli^o]ncih� ch�nb_�log_h� %?t_le[qmec)� .636&+

Pb_�mcf[a_�`_^�ch� nbcm� nlc[f�b[ �̂[�fiq_l�]ih]_hnl[ncih�i`�IA�]igj[l_^� ni�p[fo_m�

`il�al[mm� mcf[a_m� l_jiln_^� \s�I]@ih[f^�_n�[c+� %.66.&+� =]]il^cha� ni� nb_�JN?� %.651&)�

nb_�IA�]ih]_hnl[ncih�i`�nb_� mojjf_g_hn_ �̂ ĉ_nm�q_l_�[^_ko[n_� ni� mojjiln�[�^[cfs� a[ch�

i`�-+6.� ea+� Pb_�i\m_lp_ �̂ ^[cfs� a[chm�i`�NH�[h �̂NKH�q_l_� fiq_l�[h �̂ nb_�^[cfs� a[chm�

`il�O>I�q_l_�bcab_l� nb[h� nbcm�jl_^c]n_^� p[fo_+� N[q� fojch� ]ihn[ch_^� nb_�gimn� mifo\f_�

J� i`� nb_� nbl__� mojjf_g_hnm� [h �̂ cn� l_mofn_^� ch� nb_� fiq_mn� ^[cfs� a[chm+� Ois\_[h� g_[f�

]ihn[ch_^� nb_� f_[mn�mifo\f_�J�[h �̂ cn� l_mofn_^� ch� nb_�bcab_mn�^[cfs�a[chm+� Ah_las�]ihn_hn�

[jj_[l_ �̂ ni� \_� nb_� gimn� fcgcncha� `[]nil� ch� ^[cfs� a[ch� \on� hcnlia_h� ^_al[^[\cfcns� g[s�

b[p_�ch`fo_h]_^�^c_�gc]li\c[f�_``c]c_h]s�[h �̂ofncg[n_fs�nb_�j_l`ilg[h]_�i`�nb_�mn__lm+

Bil�g[rcgog�hcnlia_h�oncfct[ncih�ch� nb_�log_h)�_h_las�[h �̂jlin_ch�[p[cf[\cfcnc_m�

h__ �̂ ni� \_� msh]blihct_^+� Pb_�al[mm� mcf[a_� b[ �̂ [� f[la_�jilncih� i`�l[jc^fs� [p[cf[\f_� J �

qbc]b� qiof^� b[p_� l_kocl_^� [� l_[^cfs� [p[cf[\f_� miol]_� i`�_h_las� %?b[g\_lf[ch� _n� [f+)�

.652&+� Hojch�]ihnlc\on_^�/-��� i`�nb_�IA�ch� nb_�NKH�[h �̂NH�^c_nm+� Pb_�bcab_l�JO?�

]ihn_hn� i`� nb_� fojch� ]igj[l_ �̂ ni� O>I� mbiof̂ � jlipc^_� mfcabnfs� gil_� l[jc^fs� [p[cf[\f_
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_h_las� `il� nb_� gc]li\_m� \on� nb_� fiq� ch]fomcih� l[n_m� i`� nb_� mojjf_g_hnm� [h �̂ nb_�

^_]l_[m_ �̂ mcf[a_� @I� chnX_� `il� nb_� fojch� ^c_nm� l_mofn_^� ch� mcgcf[l� chn[e_m� i`� JO?)�

R[f_hnch_�[h �̂>[lnm]b� %.654&� ch^c][n_^� nb[n� fojch�b[m�[�mn[l]b�]ihn_hn�i`�f_mm�nb[h� .-���

[h �̂ nb[n� nb_�g[dil�][l\ibs^l[n_� ch� nb_� fojch� e_lh_f� cm� 3%.*1&� a[f[]n[h+� E$b_s� moaa_mn_ �̂

nb[n�nb_�3%.*1&�a[f[]n[h� ch� fojch�al[ch�g[s� `_lg_hn�gil_�mfiqfs� ch� nb_�log_h� nb[h�^i_m�

\[lf_s� mn[l]b+� Pin[f�RB=�]ih]_hnl[ncih�i`�nb_�mojjf_g_hn_ �̂^c_nm�q[m�bcab_l�nb[h�OEH�

qbc]b� ch^c][n_m� nb[n� fojch� qcff� ch]l_[m_� RB=� jli^o]ncih� mcgcf[l� ni� mis\_[h� g_[f�

qcnbion�[``_]ncha� nb_�[]_n[n_7jlijcih[n_� l[nci+� Pb_� fiq� f_p_f� i`�_h_las�[p[cf[\f_� `lig�

nb_� mcf[a_� jfom� nb_�jin_hnc[ffs� mfiq_l� l[n_� i`�_h_las� [p[cf[\cfcns� `lig� fojch� g[s� b[p_�

fcgcn_^� nb_�[\cfcns�i`�nb_�gc]li\_m�ni�oncfct_�nb_�J�ch� nb_�al[mm�mcf[a_�[h �̂ l[q� fojch�^c_n+�

Pb_�mfiq_l�l[n_�i`�J�[p[cf[\cfcns� `lig� li[mn_ �̂ fojch� g[s� b[p_�g[n]b_ �̂ nb_� mfiq_l� l[n_�

i`�_h_las�[p[cf[\cfcns�`lig�mcf[a_�[h �̂ fojch�ni�sc_f^�gil_�_``c]c_hn�gc]li\c[f� mshnb_mcm+

>[oga[l^n� %.64-&� moaa_mn_^� nb[n� @I E� qiof^� j_[e� qcnb� [� ^c_n� IA�

]ih]_hnl[ncih�i`�.-+2�IF�ea$X@I�[h �̂ nb[n�chn[e_�^_]l_[m_ �̂qcnb� fiq_l�[h �̂ bcab_l�IA�

]ih]_hnl[ncihm+� I_n[\ifct[\f_� _h_las� ]ih]_hnl[ncihm� ih� [ff� `iol� aliqcha� ĉ_nm� q_l_�

fiq_l�nb[h� nbcm�ijncg[f� f_p_f+� Dift_l�_n�[f+� %'653&� `_ �̂ mn__lm�[�^c_n�]ihn[chcha� 6+3� IF�

ea$X@I� qbc]b)� ^o_� ni� l_^o]_ �̂ `_lg_hn[\f_� _h_las)� l_mofn_ �̂ ch� [h� ch]l_[m_ �̂ fimm� i`�

[ggihc[� `lig� nb_� log_h� [h �̂ g[s� b[p_� l_^o]_ �̂ gc]li\c[f� jlin_ch� mshnb_mcm+� Pb_cl�

mno^s� ch^c][n_^� nb[n�qcnb� fiq�IA�^c_nm)� [m�i\m_lp_^� ch� nb_�aliqnb� jb[m_�i`�nbcm�mno^s)�

jlin_ch� qbc]b� cm� mfiqfs� ^_al[^_ �̂ qiof^� \_� jl_`_l[\f_� [h �̂ nb[n� miol]_m� i`� l[jc^fs�

^_al[^[\f_� J� mo]b� [m� nb[n� `ioh �̂ ch� l[q� fojch� [l_� gil_� mocn_ �̂ ni� bcab� _h_las� ĉ_nm�

%� ; � .-+2�IF� ea*X�@I&+

Eh�nb_�`chcmbcha�jb[m_)� nb_l_�q_l_�hi�^c``_l_h]_m�ch�[p_l[a_�^[cfs�a[ch�

%L� ; � -+-2&� [giha� mn__lm� ch� nb_� `iol� nl_[ng_hnm� _p_h� nbioab� nb_� mn__lm� jl_pciomfs� `_ �̂

OEH� ]ihmog_ �̂ mcahc`c][hnfs� f_mm� ?L+� Pbcm� moaa_mnm� nb[n� jlin_ch� q[m� hin� [� fcgcncha�

`[]nil+� Amncg[n_^� IA�]ih]_hnl[ncih� q[m� [jjlircg[n_fs� ..+3�IF� ea$'@I� `il�[ff� `iol

+%



ĉ_nm� qbc]b� cm� bcab_l� nb[h� nb[n� moaa_mn_ �̂ \s� >[oga[l^n� %.64-&� `il� g[rcgog� @I E+�

Qmcha� mn__lm� qcnb� fcabn_l� mn[lncha� [h �̂ `chcmbcha� q_cabnm� nb[h� nb_� mn__lm� ch� nbcm� mno^s)�

>[le_l� _n� [c+� %.652&� i\n[ch_^� [h� ch]l_[m_ �̂ a[ch� i`� [\ion� -+/� ea� $̂X� qcnb� fojch�

mojjf_g_hn[ncih� i`�[� \[lf_s� [h �̂ b[s� ^c_n� ]igj[l_ �̂ ni� nb_� a[ch� qcnb� \[lf_s� [h �̂ b[s�

[fih_� %gchcgog� IA� ]ih]_hnl[ncih� i`� ..� IF� ea$X@I&+� Diq_p_l)� On__h� %.656&�

i\m_lp_ �̂ nb[n� ch� gimn� _rj_lcg_hnm� qcnb� mn__lm� ih� `chcmbcha� l[ncihm� i`�al[mm� mcf[a_� [h �̂

\[lf_s)� ihfs� ][nnf_� cgjf[hn_^� qcnb� aliqnb� jligin[hnm� mbiq_ �̂ jimcncp_� l_mjihm_� ni�

jlin_ch�mojjf_g_hn[ncih+

En� b[m� \__h� ^_gihmnl[n_ �̂ nb[n� `iffiqcha� [� j_lci^� i`�aliqnb� l_mnlc]ncih� [h �̂ [�

mo``c]c_hn� j_lci^� i`� l_[fcg_hn[ncih)� ][nnf_� ][h� _rbc\cn� ]igj_hm[nils� a[ch� %Bir� _n� [f+)�

.64/8� Slcabn� [h �̂ Nomm_f)� .66.&� [h �̂ _p_hno[ffs� l_[]b� nb_� m[g_� \i^s� ]igjimcncih� [m�

ohl_mnlc]n_^� ]ihnlifm+� On__lm� `_^� mcf[a_*\[m_ �̂ aliqcha� l[ncihm� mojjf_g_hn_ �̂ qcnb�

p[lciom�jlin_ch� miol]_m� %On__h)� .6568� Cc\\� [h �̂ >[e_l)� .66.8� L_ncn� [h �̂ Bfcjin)� .66/&�

b[p_� _rbc\cn_^� ]igj_hm[nils� a[ch� ch� [� mo\m_ko_hn� `chcmbcha� jb[m_+� Eh� nb_� ]oll_hn�

mno^s)� mn__lm� `_^� l[q� fojch� ĉ_nm�[jj_[l_ �̂ ni�b[p_�_rbc\cn_^�]igj_hm[nils�a[ch+� On__lm�

jl_pciomfs� `_ �̂ nb_�OEH�^c_n�b[ �̂ mcgcf[l�^[cfs�a[chm�\on�\i^s�]igjimcncih�^c^�hin�[jj_[l�

ni� l_]ip_l� [m� nb_s� n_h^_ �̂ ni� b[p_� [� fiq_l� ^l_mmcha� j_l]_hn[a_)� \[]e`[n� [h �̂ fich� _s_�

[l_[+

Sb_h� nb_� l_mofnm� i`� nb_� aliqcha� [h �̂ `chcmbcha� jb[m_m� [l_� ]ig\ch_^)� nb_� h_n�
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fojch� mcf[a_+� Bc_f^� qcfncha� ncg_m� q_l_� g[lach[ffs� cgjlip_^� ]igj[l_^� ni� nb_� fojch�

`il[a_�b[lp_mn_ �̂[n� _[lfc_l�mn[a_m+

On__lm�`_^� fojch�mcf[a_�b[ �̂mcgcf[l�@I �chn[e_m�i`�mcf[a_�]igj[l_^�ni�mn__lm�`_^�[�

al[mm*f_aog_� mcf[a_)� ch^c][ncha� hi� j[f[n[\cfcns� jli\f_gm� qcnb� nb_� fojch� mcf[a_+� Pb_l_�

q_l_� hi� mcahc`c][hn� %L� ; � -+-2&� ^c̀ `_l_h]_m� ch� ^[cfs� a[ch� il� ][l][mm� ]b[l[]n_lcmnc]m�

\_nq__h� mn__lm� `_^� nb_� fojch� il� [� al[mm*f_aog_� mcf[a_+� Pb_l_`il_)� fojch� mcf[a_� ]iof̂ �

l_jf[]_�[�al[mm*f_aog_�mcf[a_�ch� `__^fin�l[ncihm� l_mofncha�ch�mcgcf[l�aliqnb�j_l`ilg[h]_�

[h^�][l][mm�ko[fcns+

Pb_� g_n[\ifct[\f_� _h_las� ]ihn_hn� i`� nb_� fojch� mcf[a_m� ch� nb_� _rj_lcg_hn[f� mcfi�

nlc[f�[m�q_ff� [m� nb[n� `_^� ch� nb_� mn__l� `__^cha� nlc[f�q[m�l_f[ncp_fs� fiq+� @o_� ni� l_f[ncp_fs�

fiq� =@B� p[fo_)� %=@B� p[fo_m� q_l_� om_ �̂ ni� jl_^c]n� IA� p[fo_m&� nb_� _[lfc_l� ]on�

%cgg[nol_&� fojch)� ch� nb_� _rj_lcg_hn[f� mcfi� nlc[f)� b[ �̂ nb_� bcab_mn� jl_^c]n_^� IA� p[fo_�

%.-+0�IF�IA�ea$X� @I&�i`�[ff� nb_�mcf[a_m�_p[fo[n_^+� Diq_p_l)� I cff_l� %.65/&� l_jiln_^�

nb[n� [m�go]b�[m�/3� "� i`�nb_�IA�[p[cf[\f_�`lig�mcf[a_�qiof^�\_�ch� nb_�`ilg�i`�f[]nc]�il�

pif[ncf_�`[nns�[]c^m+� =BN?� %.66/&�jl_^c]n_^�[�`_lg_hn[\f_�g_n[\ifct[\f_�_h_las� %BIA&�

p[fo_�\s� ĉm]iohncha� nb_�_h_las� `lig�ila[hc]�[]ĉ m�ch�mcf[a_m�[m�\_cha�bcabfs�^ca_mnc\f_�

ch� nb_� log_h� \on� hin� `_lg_hn[\f_� ni� sc_f^� =PL� `il� nb_� gc]li\_m+� Pb_s� fcmn� [�

al[mm*]fip_l�mcf[a_�qcnb�[h�IA�i`�6+5�IF� ea X� @I )� [m� b[pcha� [�BIA�i`�4+3�IF�ea X�

@I )� qbc]b� l_`f_]nm� nb_� fiq_l�_h_las� []no[ffs� [p[cf[\f_� ni� nb_�gc]li\_m� `il�jli^o]ncp_�

joljim_m+� Pb_� cgg[nol_� fojch� mcf[a_)� ch� nb_�_rj_lcg_hn[f� mcfi� nlc[f)� b[ �̂/0+1��� i`�nb_�

@I �[m�pif[ncf_�`[nns�[]ĉ m�qbc]b�moaa*cm�nb[n�nb_�IA�[p[cf[\f_�`il�ncmmo_�mshnb_mcm�g[s�

hin�\_�[fn_l_^�\on�nb_l_�g[s�\_�[�^_`c]c_h]s�i`�_h_las�`il�gc]li\c[f�mshnb_mcm+

Hojch� mcf[a_� b[^� [� l_f[ncp_fs� fiq� logch[ffs� mifo\f_� ?L� `l[]ncih� \on� [�

mcahc`c][hnfs� `[mn_l�l[n_�i`�J�^_al[^[ncih� %/1� "� b$X&� nb[h�nb_�al[mm*f_aog_�mcf[a_�%.-� "�

b c&+� Jih*jlin_ch� hcnlia_h� %JLJ&� ch� mcf[a_� ]ihmcmnm� jlcg[lcfs� i`� [ggihc[)� mbiln
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j_jnc^_m�[h �̂[gchi�[]c^m+� Pb_�fojch� mcf[a_�ch]o\[n_ �̂ ch� nb_�log_h�]ihmcmn_ �̂i`�2.+3�"�

JLJ)� qbc]b� ]iof̂ � f_[^� ni� bcab_l� f_p_fm� i`� log_h� [ggihc[� c` � cn� cm� hin� _``c]c_hnfs�

][jnol_^�\s� log_h�gc]li\_m+� Pb_�mfiq� l_f_[m_�i`�_h_las� `lig�jin[ni�mn[l]b�g[s�b[p_�

f_^� ni� oh]iojf_^�jlin_ch� [h �̂ _h_las� g_n[\ifcmg� \s� gc]li\_m+� Pb_l_� g[s� [fmi� b[p_�

\__h� f_mm�_h_las�[p[cf[\f_� `il�gc]li\c[f�mshnb_mcm� c`�[�jilncih�i`�nb_�IA�q[m�_rj_h^_ �̂

ch� ol_[� mshnb_mcm� ^o_� ni� _r]_mm� [ggihc[� jli^o]ncih� \s� nb_� log_h� %I]H_ff[h� [h �̂

I]Cchh)� .650&+� Eh� a_h_l[f)� l[jc^fs� ^_al[^[\f_� jlin_ch� miol]_m� [l_� g[n]b_ �̂ qcnb�

l[jc^fs� ^_al[^[\f_� _h_las� miol]_m+� Ocgcf[lfs)� nb_� mfiq� ^_al[^[ncih� i`� jin[ni� mn[l]b�

g[s�b[p_�\__h�gil_�]fim_fs� msh]blihct_^�qcnb� nb_�mfiq_l�al[mm� mcf[a_�?L�^_al[^[ncih�

l[n_)� l_mofncha� ch� [�gil_�_``c]c_hn�][jnol_�i`�J+� =m�[� l_mofn� nb_l_� g[s� b[p_� \__h� f_mm�

log_h� [ggihc[� jli^o]ncih� [ffiqcha� gil_� ^ls� g[nn_l� chn[e_� nb[h� ih� nb_� fojch� mcf[a_�

^c_n+� I[rcgog� ^ls� g[nn_l� chn[e_� `il� al[hm� [h �̂ fojch� mcf[a_m� i]]oll_^� qcnb� \[lf_s�

mojjf_g_hn[ncih)� jl_mog[\fs� ^o_� ni� gil_� `_lg_hn[\f_� _h_las+� Diq_p_l)� nb_� bcab_l�

^ls�g[nn_l�chn[e_m�^c^�hin�]ihnlc\on_�ni� mcahc`c][hnfs�bcab_l�^[cfs�a[chm�i`�nb_�mn__lm+

Pb_l_�q[m�[� mcahc`c][hn� _``_]n�ih� ^ls� g[nn_l� chn[e_�^o_� ni� _h_las� miol]_)� qcnb�

\[lf_s� `_^� mn__lm� b[pcha� mcahc`c][hnfs� bcab_l�^ls� g[nn_l� chn[e_m� ]igj[l_ �̂ ni� mn__lm� `_ �̂

jin[ni� mojjf_g_hn_ �̂ ^c_nm+� Diq_p_l)� [� mfcabn� ch]l_[m_� ch� @I� ]ihn_hn� i`� nb_� jin[ni_m�

qiof^� h_a[n_� nb_� mcahc`c][hn� ^c``_l_h]_+� O[on_l� _n�[f+� %.65-&� i\m_lp_^� oj� ni� [� //� "�

^_]l_[m_� ch� ^ls� g[nn_l� chn[e_� qb_h� jin[ni� q[mn_� l_jf[]_^� \[lf_s� ch� [� mn__l� `chcmbcha�

l[ncih+� Pb_m_� [onbilm� mj_]of[n_ �̂ nb[n� nb_� ^_]l_[m_� ch� j_l`ilg[h]_� qb_h� \[lf_s� q[m�

l_jf[]_^� \s� jin[ni� q[mn_� g[s� b[p_� \__h� [� l_mofn� i`� nb_� bcab� gicmnol_� ]ihn_hn� i`� nb_�

l[ncih�%44+/� "� gicmnol_&�[h �̂ nb[n�log_h�][j[]cns�g[s�b[p_�\__h�[�fcgcncha� `[]nil�qb_h�

2-� "� i`�@I � chn[e_� ]ihmcmn_ �̂ i`�jin[ni� q[mn_+� Pb_� fojch*jin[ni� ^c_n� ch� nb_� ]oll_hn�

mno^s� b[ �̂ 43+2� "� gicmnol_)� [h �̂ nbcm� bcab� gicmnol_� f_p_f� g[s� b[p_� mncgof[n_^� ĉa_mn[�

j[mm[a_�ni�nb_�mg[ff�chn_mnch_+

43



2+/� DA=P�E àNA=PIAJP�KB�HQLEJ�OAA@O

=� mn__l� `__^cha� nlc[f� ^_gihmnl[n_ �̂ nb[n� aliqcha� mn__lm� `_^� mcf[a_� mojjf_g_hn_ �̂

qcnb� nb_�jlin_ch� miol]_m� l[q� fojch)� li[mn_ �̂ fojch�il�mis\_[h� g_[f� b[ �̂ mcahc`c][hnfs� %L�

9 � -+-2&� bcab_l�^[cfs� a[chm� nb[h� mn__lm� `_^� mcf[a_�ihfs+� On__lm� `_^� nb_� mis\_[h� g_[f�

mojjf_g_hn_ �̂ ^c_n� b[ �̂ mcahc`c][hnfs� bcab_l� ^[cfs� a[chm� nb[h� nb_� l[q� fojch� `_^� mn__lm8�

li[mn_ �̂ fojch� `_^� mn__lm� q_l_� chn_lg_^c[n_+� @ls� g[nn_l� chn[e_m� q_l_� fiq_l� nb[h� nb_�

g[rcgog�jl_^c]n_^�\s� nb_�JN?� %.651&8� jl_mog[\fs�^o_�jlcg[lcfs� ni� nb_�fiq_l�chn[e_m�

hilg[ffs�i\m_lp_^�`il�mcf[a_m�[m�]igj[l_ �̂ni�b[s+

Ni[mncha� nb_� fojch� m__̂ m� l_mofn_^� ch� [� mcahc`c][hnfs� %L� 9 � -+-2&� fiq_l� l[n_�i`�J �

^_al[^[ncih� nb[h� `il� l[q� fojch+� =fnbioab� jlin_ch� mifo\cfcns� `il� l[q� fojch� q[m�

mo\mn[hnc[ffs� ^_]l_[m_ �̂ qcnb� f[la_l� j[lnc]f_� mct_m)� log_h� oh^_al[^_ �̂ jlin_ch� jl_^c]n_^�

\s� nb_� ^[]lih� \[a� jli]_^ol_� q[m� .4+4� [h �̂ .0+0� j_l]_hn� `il� li[mn_^� [h �̂ l[q� fojch+�

Pbcm� f_p_f� i`�oh^_al[^_ �̂ chn[e_� jlin_ch� %QEL&� moaa_mnm� nb[n� li[mncha� fojchm� [n� .-2|?�

qcff� mncff� l_mofn� ch� ]ihmĉ _l[\f_� log_h� ^_al[^[ncih+� Diq_p_l)� c` � nb_� j[lnc]f_� mct_� b[ �̂

\__h�[m� f[la_�[m�nb[n�i`�nb_�l[q�fojch)�QEL�i`�li[mn_ �̂ fojch�gcabn�b[p_�\__h� ch]l_[m_^+

Pb_�log_h�hcnlia_h7_h_las�\[f[h]_�i`�nb_�li[mn_ �̂[h �̂ l[q� fojch� `_^� mn__lm�g[s�

b[p_� [``_]n_^� j_l`ilg[h]_+� Pb_� ?L� i`� nb_� li[mn_ �̂ fojch� q[m� f_mm� mifo\f_� [h �̂ gil_�

mfiqfs� ^_al[^_^)� jin_hnc[ffs� l_^o]cha� _r]_mm� [ggihc[� li^o]ncih� [h �̂ fimm+� Pbcm�

momn[ch_ �̂ l_f_[m_�i`�J�g[s�[fmi�b[p_�b[ �̂[�mj[lcha�_``_]n�ih�IA)� [m� f_mm�_h_las�qiof̂ �

\_�l_kocl_^�`il�ol_[�mshnb_mcm�[h �̂_r]l_ncih+

Pb_� =N?� %.65-&� l_]igg_h^_ �̂ nb[n� g[rcgog� gc]li\c[f� sc_f^� ][h� \_� [nn[ch_^�

qcnb� [�l[nci�i`�.+/2� al[gm�i`�logch[fcs�^_al[^_ �̂hcnlia_h�j_l�IF�i`�IA+� Pb_�^c_nm�ch�

nb_� aliqcha�jb[m_�]ihn[ch_^� /+-6�)� /+04)� /+1-�[h �̂/+22� al[gm�J �IPXIA� ch� nb_�OEH)�

NH)� NKH� [h �̂ O>I� ^c_nm)� l_mj_]ncp_fs+� Pbcm� moaa_mnm� nb[n� nb_� mojjf_g_hn_ �̂ ĉ_nm�

ch]l_[m_ �̂ nb_� log_h� ^_al[^[\f_� hcnlia_h� gil_� nb[h� _h_las+� =m� [� l_mofn)� nb_� jin_hnc[f
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q[m�ch]l_[m_ �̂ `il�_r]_mm�[ggihc[�jli^o]ncih)� _p_h�nbioab� nb_�J�mojjfc_ �̂ \s� nb_� fojch�

[h �̂mis\_[h�g_[f�qiof^�\_�jlcg[lcfs� ch�nb_�`ilg�i`�nlo_�jlin_ch+� Pbcm�qiof^�l_mofn� ch�

nb_� fojch�^c_nm�b[pcha�[�bcab_l�l[nci�i`�log_h�^_al[^[\f_�J� ni�IA� nb[h� mis\_[h�g_[f)�

nb_l_\s�jimmc\fs�_rjf[chcha�nb_�bcab_l�^[cfs�a[ch�i`�mis\_[h�g_[f� `_^�mn__lm+

Eh� \inb� mn__l� `__^cha� nlc[fm� nb_� mn__lm�q_l_�_rjim_ �̂ ni� [cl� n_gj_l[nol_m� l[hacha�

`lig� ( � .-� ni� *� /-� |?� ^olcha� nb_�_[lfs� aliqnb� jb[m_m� i`�=_� nlc[f+� =m� [� l_mofn�i`�nb_�

]if^� _hpclig_hn� g[chn_h[h]_� _h_las� l_kocl_g_hnm� g[s� b[p_� \__h� ch]l_[m_ �̂ %Ic[lih�

[h �̂?blcmnijb_lmih)� .66/&)� qbc]b�qiof̂ �b[p_�]ihnlc\on_^� ni� fiq_l�nb[h�_rj_]n_ �̂^[cfs�

a[chm�[h �̂bcab_l�`__^�_``c]c_h]s�i`�nb_�aliqcha�mn__lm+

Eh� nb_�`chcmbcha�jb[m_�i`�nb_�fojch�m__̂ � mojjf_g_hn[ncih� nlc[f)� nb_� mn__lm�^c^� hin�

[jj_[l� ni� l_mjih �̂ ni� nb_� bcab_l�jlin_ch� f_p_fm�i`�nb_�NH)� NKH� [h �̂ O>I� ^c_nm+� Pb_s�

b[ �̂^[cfs� a[chm�]ihmcmn_hn�qcnb� nb[n�jl_^c]n_^�\s�Gito\� [h �̂Dclih[e[� %.66/&� \[m_ �̂ih�

nb_cl� nin[f� ^[cfs� _h_las� chn[e_+� =fnbioab� hin� mn[ncmnc][ffs� mcahc`c][hn� %L� ; � -+-2&)�

^l_mmcha� j_l]_hn[a_)� fich� _s_� [l_[� [h �̂ \[_e`[n� n_h^_ �̂ ni� \_� fiq_l� `il� mn__lm� chcnc[ffs�

`_^� nb_� OEH� ^c_n� ]igj[l_^� ni� mn__lm� `_ �̂ nb_� mojjf_g_hn_ �̂ ^c_nm+� Pb_� fiq_l� \[_e`[n�

g_[mol_g_hnm� i`� nb_� mn__lm� chcnc[ffs� `_ �̂ nb_� OEH� ^c_n� ch^c][n_m� nb[n� nb_s� b[ �̂ [� fiq_l�

jlijilncih� i`�\i^s� `[n� nb[h� nb_� mn__lm� `_^� nb_� jlin_ch� mojjf_g_hn_ �̂ ^c_nm)� qbc]b� ][h�

f_[^�ni�fiq_l�^l_mmcha�j_l]_hn[a_m+

Eh� _[]b� i`� nb_� mn__l� `__^cha� nlc[fm)� nb_l_� p,_l_� m_p_h� [hcg[fm� j_l� nl_[ng_hn+�

Qh^io\n_^fs� nb_� mg[ff� hog\_l� i`� i\m_lp[ncihm� [``_]n_^� iol� [\cfcns� ni� ^_n_]n� qb[n�

[jj_[l_ �̂ ni�\_�mo\mn[hnc[f�^c``_l_h]_m�ch�mig_�j[l[g_n_lm+

Ichcg[f�jli]_mmcha� %_a+� ]i[lm_�liffcha&�]iof �̂ \_� om_ �̂ ch� nb_� `__^cha� mnl[n_as�i`�

l[q� fojchm� ni� l_^o]_� logch[c� J� ^_al[^[\cfcns+� =m� [� l_mofn� i`� nb_� l[jc^� [h �̂ _rn_hmcp_�

log_h�^_al[^[ncih�i`�?L)� mojjf_g_hn[ncih� i`�al[mm�il� fojch�mcf[a_�^c_nm�g[s� hin�\_�nb_

45



gimn�_``_]ncp_� om_� i`�l[q� fojch+� N[q� fojch� ]iof̂ � \_� gimn� om_`of� ch� ^c_n[ls� mcno[ncihm�

qb_l_� nb_l_�g[s�\_�[� f[]e�i`�l[jc^fs�[p[cf[\f_�J)� mo]b�[m� ch� fiq� jlin_ch� `__^mno``m�il�

b[s�\[m_ �̂^c_nm�[h �̂,�il� ĉ_nm�]ihn[chcha� f[la_�jlijilncihm�i`�l[jc^fs�[p[cf[\f_�_h_las+

Ni[mn_ �̂ fojch� ][h� l_jf[]_� O>I� ch� aliqcha� mn__l� l[ncihm� \on� `olnb_l� l_m_[l]b� cm�

l_kocl_^� ni� ^_n_lgch_� nb_� ijncg[f� li[mncha� n_gj_l[nol_m� `il� g[rcgog� QEL)� qcnbion�

ch]l_[mcha�b_[n�^[g[a_+� Ni[mn_ �̂fojch�[h �̂\[lf_s�]iof̂ �\_�om_ �̂ ch�[�mojjf_g_hn�`il�om_�

ch� mcf[a_�\[m_ �̂ ^c_nm+� Pb_� li[mn_ �̂ fojch� qiof^� mojjfs� [� gil_� momn[ch_ �̂ l_f_[m_� i`�J �

nb[h� nb[n� [p[cf[\f_� `lig� nb_� mcf[a_+� >[lf_s� qiof̂ � mojjfs� [^_ko[n_� l[jc^fs� [p[cf[\f_�

_h_las�jlcg[lcfs�`il�mcf[a_�J�ch]iljil[ncih� chni�gc]li\c[f�jlin_ch+
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Hojch�][h�\_� mo]]_mm`offs�_hmcf_^�qcnb� [� f[]n[n_� `_lg_hn[ncih� [n� p[lciom�aliqnb�

mn[a_m� `lig� m_]ih �̂ ji �̂ mn[a_� ni� m_h_m]_h]_+� Pb_�bcab� @I � [h �̂ ?L� sc_f^� j_l� b_]n[l_�

ch^c][n_m� nb[n� fojch� cm� moj_lcil� ni� mg[ff� al[ch� mcf[a_m+� Pb_� ]b_gc][f� ]igjimcncih� i`�

fojch� mcf[a_� ch^c][n_m� nb[n� cn� cm� i`�bcab� ko[fcns� [h �̂ qcff� l_mofn� ch� j_l`ilg[h]_� i`�\__`�

mn__lm� mcgcf[l� ni� nb[n� i`� al[mm*f_aog_� mcf[a_� `_^� mn__lm+� Hojch� mcf[a_� ?L� cm� l[jc^fs�

^_al[^[\f_� [h �̂ [m� [� l_mofn� mojjf_g_hn[ncih� qcnb� [� l[jc^fs� ^_al[^[\f_� _h_las� miol]_�

qiof^�\_�^_mcl[\f_+

Pb_� ?L� ch� l[q� fojch� m__̂ m� cm� l[jc^fs� ^_al[^[\f_+� Pbcm� moaa_mnm� nb[n� ijncg[f�

om_� i`� l[q� fojch� m__̂ m� qiof^� \_� ch� ĉ_nm� ]ihn[chcha� [� l[jc^fs� ^_al[^[\f_� miol]_� i`�

_h_las� il� ch� fiq� jlin_ch� ^c_nm+� Ni[mncha� ][h� ^_]l_[m_� ?L� ^_al[^[\cfcns� i`� fojch+�

Ni[mn_ �̂ fojch� ]iof̂ � l_jf[]_� mis\_[h� g_[f� ch� aliqcha� \__`�][nnf_� l[ncihm� l_mofncha� ch�
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