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Xu�g�uz Wh� rj NLML lroi� hrpp�uh��o ruk�q�����rq� �qhrusru���i
rv���i� �l� dJ�J o��go� jru j��o�qk �r su�w�q� gu�g�uz �j �l�z h�uuz rq
s�u� rj �l��u gv��q��� �q �l� dJ�JH �w�q xl�q �l� hruuvs� �h��rq x��
h�uu��i rv� �q��u�oz rv���i� �l� dJ�J gz � s�u�rq xlr l�� qr
hrqq�h��rq x��l �l� dJ�J �qi xlr �� s�ujrup�qk ��uw�h�� rv���i� �l�
dJ�JNR cl� ��p�o�u sl�qrp�qrq rj �y�u���uu��ru��o �sso�h���rq rj
�q��Ijru��kq hruuvs��rq o�x� �� su���q� �q r�l�u mvu��i�h��rq�~
sro�h���H �vhl �� �lr�� rj �u�qh�HNS ��up�qzHNT �l� _��l�uo�qi�HNU
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cl� u��� rj orh�o �q��Ijru��kq hruuvs��rq o�x��p�qz rj xl�hl
surw�i� jru �y�u���uu��ru��o �sso�h���rq�l�� u��vo��i �q �q
�qhu����qk qvpg�u rj jrh�o sr�q�� rj �qjruh�p�q�JON el�o�H
�lurvklrv� �l� o��� i�h�i��H �l� dJbJ l�� l�oi �l� o��i�qk korg�o
sr����rq �q �qjruh�p�q� rj �q��Ijru��kq hruuvs��rq o�x�H r�l�u
mvu��i�h��rq��pr�� qr��goz ��up�qzH �l� dJ�JH �u�qh�H Xu���oH
�l�q�H �qi _�k�u���l�w� ku�iv�ooz �ql�qh�i �l��u �qjruh�p�q�
�h��w��z o�w�o�JOO �rq��tv�q�ozH �q �q �qhu����qk qvpg�u rj h����H �
��qko� jru��kq hruuvs��rq �hl�p� l�� �u�kk�u�i ivso�h���w�
�qjruh�p�q� �h��rq� �q pru� �l�q rq� mvu��i�h��rqJOP [q �rp� rj
�lr�� h����H i�jj�u�q� �qjruh�p�q� �h��rq� x�u� �q������i
��pvo��q�rv�oz �q ��w�u�o mvu��i�h��rq�JOQ [q r�l�u h����H
�qjruh�p�q� �h��rq� x�u� �q������i hrq��hv��w�ozH �� �q �q���qh�� rj
������ ��(" �qjruh�p�q�JOR

��ugrq hrsz �qjruh�p�q���l� pr�� �h��l�qk jrup rj
ivso�h���w� �qjruh�p�q��u�j�u� �r �vhh����w� �qjruh�p�q� �h��rq
�q������i gz ��w�u�o �rw�u��kq ������ x��l u��s�h� �r �l� ��p� ru
��p�o�u qvho�v� rj rs�u���w� j�h��JOS [� �� ����q���ooz � �lru�hv� v��i
gz �qjruh�p�q� �v�lru����� xl�hl �lu����q� �r gu�qk hl�uk��
�k��q����qi �l�u�gz u�s�ioz ����o�� �vhh����w� �qjruh�p�q� h����
x��l�hrusru���rq� �l�� l�w� su�w�rv�oz ����o�i �l��u p����u �q
�qr�l�u mvu��i�h��rqH rj��q �j��u �ip����qk u��srq��g�o��z jru �l�

ON ��� bs�lqH � (�� qr�� MRJ
OO ��� NLMS Y_�`��Y^Y_c `� cZY W_c[IX�[XY�f �`_�Y_c[`_H � (�� qr��

O Fu�sru��qk �l�� QRL �qi�w�iv�o� �qi MTN �q������ x�u� ��qh��rq�i jru jru��kq
gu�g�uz ��qh� �l� �rqw�q��rq �q��u�i �q�r jruh� �q MUUU �qi vq��o �l� �qi rj NLMSGJ
W� o���� MNQ rj �l� ��qh��rq�i �qi�w�iv�o� l�w� g��q ��q��qh�i �r su��rq jru
jru��kq gu�g�uzH �qhovi�qk �� o���� �o�w�q jru su��rq ��up� �yh��i�qk j�w� z��u�J
W� rj �l� �qi rj NLMSH rw�u QLL �qw����k���rq� x�u� rqkr�qk �q �l�u�z a�u����J W�
o���� MQQ hu�p�q�o surh��i�qk� F�k��q�� MPR �qi�w�iv�o� �qi q�q� �q������G �u�
rqkr�qk jru jru��kq gu�g�uz �q �o�w�q a�u����J cl� u�sru� �o�r surw�i�� i����o�i
�qjrup���rq �grv� �l� qvpg�u rj �qjruh�p�q� h���� s�u mvu��i�h��rqJ +�� �� Q�RJ

OP ��� ����� b�h��rq [JXJ
OQ +��
OR +��
OS Wqiu�x bJ Xrv�ur� E cJ ^�unv� �vqnH \������ ��("] 
����� ������ �
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vqi�uoz�qk j�h�� �l�� hrq����v�� � �u�q�ku����rq rj jru��kq hruuvs��rq
o�x�JOT

���o�qk x��l � h�ugrq hrsz �qjruh�p�q� �h��rq so�h�� �
hrusru���rq g��x��q � urhn �qi � l�ui so�h�J Yq��u�qk �q�r �
����o�p�q� �ku��p�q� �q rq� q���rq rj��q p��q� �hh�s��qk
u��srq��g�o��z jru��qi �rp���p�� �ip����qk kv�o� �q u�o���rq �r��
i����o�i �����p�q� �l�� h�qw���� �l� j�h�� ����go��l�qk �l� w�ro���rq
rj jru��kq hruuvs��rq o�x�J Wii���rq�oozH p�qz rj �l� ����o�p�q��H
s�u��hvo�uoz x��l �l� �`\ �qi �l� bY��gz x�z rj ���l�u qrqI ru
i�j�uu�i sur��hv��rq �ku��p�q�� ru so�� �ku��p�q����qhovi� �
surl�g���rq �k��q�� �l� hrusru���rq p�n�qk �qz �����p�q� �l�� p�z
g� hrq��uv�i �� �qhrq�����q� x��l �l� �����p�q� rj j�h��
�hhrps�qz�qk �l� ����o�p�q�H xl�o� �l� �v�lru����� u���uw� �ro�
i��hu���rq �r ������ hrusru��� �����p�q�� �qi �l��u hrq�����qhz x��l
�l� u�o�w�q� �����p�q� rj j�h��JOU �vu�l�upru�H p�qz �vhl

OT ��� ��j�uu�i aur��hv��rq Wku��p�q�H dq���i b����� wJ a�q�os�q� eruoi
cu�q�sru� FZroi�qkG ]�iJH _rJ MLIhuISRUH   NP FbJ�J c�yJ _rwJ PH NLMLGH
l��s��KKxxxJmv���h�JkrwK�����Ki�j�vo�Kj�o��Khu�p�q�oIju�viKo�k�hzKNLMMKLNKMRKMM
ILPIMLs�q�os�q�IxruoiIis�JsijJ

aec �ysu���oz �ku��� �l�� �� �l�oo qr�H �lurvkl ��� su���q� ru
jv�vu� ���ruq�z�H i�u�h�ru�H rjj�h�u�H �psorz���H �k�q��H ru �qz
r�l�u s�u�rq �v�lru���i �r �s��n jru aecH p�n� �qz svgo�h
�����p�q�H �q o���k���rq ru r�l�ux���H hrq�u�i�h��qk �l�
�hh�s��qh� rj u��srq��g�o��z gz aec ��� jru�l �grw� ru �l� j�h��
i��hu�g�i �q �l� ����hl�i b����p�q� rj ��h��J Wqz �vhl
hrq�u�i�h�ruz �����p�q� �l�ooH �vgm�h� �r hvu� u�kl�� rj aec
i��hu�g�i g�orxH hrq����v�� � gu��hl rj �l�� Wku��p�q� �qi
aec �l�u��j��u p�z g� �vgm�h� �r sur��hv��rq �� ��� jru�l �q
a�u�ku�sl� MT�NM rj �l�� Wku��p�q�J cl� i�h���rq xl��l�u �qz
svgo�h �����p�q� gz �qz �vhl s�u�rq hrq�u�i�h��qk � j�h�
hrq���q�i �q �l� b����p�q� rj ��h�� x�oo g� �psv��i �r aec jru
�l� svusr�� rj i���up�q�qk xl��l�u �� l�� gu��hl�i �l��
Wku��p�q� �l�oo g� �� �l� �ro� i��hu���rq rj �l� ��s�u�p�q�J [j
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�����(��

cl� u��� rj ivso�h���w� �qjruh�p�q� u����� �l� tv����rq� �u�q~�
�vhh����w� �qjruh�p�q� �h��rq� �q u�o���rq �r ��p�o�u p��hrqivh�
surl�g���i gz rq� rj �l� pr�� �qh��q� �qi jvqi�p�q��o o�k�o
su�qh�so�� rj irvgo� m�rs�uiz FruH �� �� nqrxq �q Yvurs�H �� ��� ��
����G�

cl� irvgo� m�rs�uiz su�qh�so� su�hovi�� ��u��o sur��hv��rq jru
�l� ��p� �h�JQU [� g�u� �uz�qk �l� ��p� s�u�rq pru� �l�q rqh� jru �l�

QS b�� �xr ����o�p�q�� ��kq�i gz bX^ `jj�lru� �q Xu���o� �l� j�u��H �������"
��������� ������ ���!��� ��	 &�������< ���C����� � ��������� ��� 
��������H
bX^ `��bZ`�Y F\voz NRH NLMTGH l��s��KKxxxJ�gprjj�lru�JhrpK�su���
Iu�o����¥o�q��qhzI�ku��p�q�I��kq�iIg��x��qI�gpIrjj�lru�Igu���o��qI�v�lru�����
I�qiIs��urgu��� �l� ��hrqiH ��������� ������ ���!��� ��	 &������� ���
���C����� 
 ���� 
����� ���H bX^ `��bZ`�Y Fb�s�J MH NLMTGH
l��s��KKxxxJ�gprjj�lru�JhrpK�su���Iu�o����¥�ku��p�q�I��kq�iIg��x��qI�gp
Irjj�lru�I�qiIgu���o��qIsvgo�hIsur��hv�ruJ

QT `�l�u �y�pso�� �qhovi�H jru �q���qh�H b���r�o WbWH xl�hl u��row�i ���
��aW p����u �q NLLR �q �l� dJbJ �j��u �ou��iz l�w�qk g��q ��qh��rq�i �q NLLP �q
_rux�z jru �l� ��p� �h��J ���< ����H 
��� ,����)�� 
���� ������� &�� ���(��"
���� ������ +������ &�������H �Ya~c \dbc[�Y F`h�J MOH NLLRGH l��s��KK
xxxJmv���h�JkrwK�uhl�w�Krs�KsuKNLLRK`h�rg�uKLR�hup�SLLJl�poJ [q � ��p�o�u
�y�pso� jurp NLMMH Wrq �rusru���rq �q��u�i �q�r � ����o�p�q� �ku��p�q� �q �l�
db �q xl�hl �� �ku��i �r s�z DMRJN p�oo�rq �r u��row� ��� ��aW p����uJ cl��
����o�p�q� x�� �q��u�i �q�r �w�q �lrvkl �l� hrps�qz l�i �ou��iz ����o�i � p����u
u�o���qk �r �l� ��p� j�h�� �q �l� dJ�J �qi �ku��i �r s�z � j�q�qh��o s�q�o�z rj ¨QJNQ
p�oo�rq �r �l� dJ�J~� ��q�qh��o b�uw�h�� Wv�lru��zJ ��� ��� ���(������� ������
�� 
�" � a=�?O 	������ �������� 
�����" �� ,����)� R��������� �� ��� *������
���� (� 
�������� ���H �Ya~c \dbc[�Y F��hJ NLH NLMMGH l��s��KKxxxJmv���h�Jkrw
Krs�KsuK�rqIhrusru���rqI�ku���Is�zIMSRIp�oo�rqIhu�p�q�oIs�q�o�zIu��row�
Iw�ro���rq�Ijru��kqIhruuvs�J

QU ��� a���u e����q E ��hl�ui �uvg�oH ��!��� � I������ �����" �� #� ���
���(���"H MUST bdaJ �cJ �Y�J TMH TM FMUSTGJ
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qr�l�qk �q �l� �rqw�q��rq �lrvoi g� u��i �� su�w�q��qk ��s�u���
�rw�u��kq ������ jurp sur��hv��qk jru �l� ��p� p��hrqivh�JSO

G� � ����� 
(

cl� kurx�qk �q��u��� rj p�qz hrvq�u��� �urvqi �l� xruoi �q
j�kl��qk jru��kq hruuvs��rq l�� k�q�u���i orh�o �q��Ijru��kq
hruuvs��rq o�x� x��l j�uIu��hl�qk �sso�h���rq�JSP [qi�w�iv�o� �qi
hrusru���rq� xlr rs�u��� �q��uq���rq�ooz j�h� �q �qhu����i u��n rj
pvo��so�H ivso�h���w� �qjruh�p�q� �q u�o���rq �r �l� w�uz ��p�
hruuvs� hrqivh� �q i�jj�u�q� hrvq�u���J cl� irvgo� m�rs�uiz
su�qh�so�H xl�hl �� x�oo ����go��l�i �q p�qz o�k�o �z���p�H �� x�oo
�� �l� `Y�� �rqw�q��rq �qi �l� d_�W�H xl�hl �oorx jru �l�
�oorh���rq rj sur��hv��rq srx�u �r � o��i �rw�u��kq �����H ir qr� g�u
ivso�h���w� �qjruh�p�q� gz pvo��so� �rw�u��kq ������JSQ Z�qh�H
�g��q� � korg�o ju�p�xrun o�p���qk mvu��i�h��rq rw�u � jru��kq
hruuvs��rq p����u �r � ��qko� �rw�u��kq �����H hvos�go� s�u�rq� �qi
�q������ �qhu����qkoz j�h� pvo��so��s�u�oo�o ru �vhh����w��
�qjruh�p�q� �h��rq�J

[q xl�� jroorx�H �l�� Wu��ho� �vkk���� �q �q�oz��h�o ju�p�xrun
jru �l� ������p�q� rj �l� �iw�u�� �rh��o �ps�h� rj ivso�h���w�
�qjruh�p�q� �qi �l� o�p���i �vhh��� rj �p�uk�qk �ssur�hl�� �r hrs�
x��l ��J Xv� g�jru� �vuq�qk �r �l� ������p�q�H �l� jroorx�qk a�u�
su���q�� �l� u�h�q�oz surpvok���i �`\ Wq��Ia�o�qk `q aro�hzH
xl�hl ��p� �r �iiu��� �l� hl�oo�qk�� �u���qk jurp pvo��so� �q��I
jru��kq hruuvs��rq �qjruh�p�q� �h��rq�J

[[J �`\~b W_c[Ia[][_� `_ a`][�f

`q ^�z UH NLMTH ��sv�z W��ruq�z ��q�u�o �ri �r��q����q
�qqrvqh�i �l� �`\~� q�x Wq��Ia�o�qk `q aro�hz �� �l� _�x frun
���z X�u el��� �roo�u �u�p� [q����v��JSR cl� sro�hz�xl�hl x��
jrup�ooz �qhrusru���i �q�r b�h��rq� MIMNJMLL �qi UJNTJMNLL rj �l�
dJbJ W��ruq�z�~ ^�qv�o��� kurvqi�i rq �l� vqi�u���qi�qk �l��
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�� ��� ]����u jurp �ri \J �r��q����qH � (�� qr�� QJ cl� i��hrpjru� x��l
ivso�h���w� �qjruh�p�q� x�� l�klo�kl��i �o�r gz �l� NLMM XNL bvpp�� F�q
�q��uq���rq�o p����qk rj gv��q��� o��i�u� jurp �l� �NL hrvq�u���G �q ��qq��H
�u�qh�J XNL p�pg�u� l�w� u�hrpp�qi�i �ql�qh�qk �q��uIkrw�uqp�q��o
hrrs�u���rq hrqh�uq�qk pvo��Imvu��i�h��rq�o gu�g�uz h���� �q rui�u �r �wr�i
���v���rq� rj irvgo� m�rs�uizJ cl�� x�zH �l� vqi�uoz�qk h�v��� rj �l� rjj�q�� p�z
g� g����u u�p�i����iJ ��� ��uuz ��ukv�rqH +�� �� �� ���� ����� � �����������
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��u��H �l� sro�hz u��qjruh�� �l� g���h su�qh�so� �l�� sur��hv�ru�
pv�� qr� v�� �l��u hu�p�q�o sur��hv��rq srx�u� �� o�w�u�k� �q
p�y�p���qk j�q�� �q h�w�o ����o�p�q��J b�hrqiH xl�q pvo��so� �`\
i�w���rq� �qw����k��� �l� ��p� s�u�rq jru �l� ��p� p��hrqivh�H �lr��
i�w���rq hrpsrq�q�� �lrvoi hrrui�q��� �l��u �qjruh�p�q� �h��rq� �q
rui�u �r �wr�i ivso�h���w� s�q�o����J cl�uiH �`\ sur��hv�ru� �lrvoi
hrrui�q��� x��l r�l�u j�i�u�oH �����H orh�oH �� x�oo �� jru��kq
�qjruh�p�q� �v�lru����� �q u��row�qk � h��� x��l � hrps�qz jru �l�
��p� p��hrqivh�J �rvu�lH �l� sro�hz ���� jru�l �rp� j�h�ru� �l��
�`\ ���ruq�z� p�z hrq��i�u xl�q i���up�q�qk xl��l�u pvo��so�
s�q�o���� ��uw� �l� �q��u���� rj mv���h� �q � s�u��hvo�u h���J bvhl
j�h�ru� �qhovi�� �l� �ku�k�rv�q��� rj �l� p��hrqivh�H ����v�ruz
p�qi��� u�tv�u�p�q��H �l� u��n rj i�o�z �q u��hl�qk � u��rov��rqH �qi
�l� �i�tv�hz �qi ��p�o�q��� rj � hrps�qz~� i��hor�vu� �qi
hrrs�u���rqJ

cl� sro�hz u���uw�� x�i� i��hu���rq jru �l� �`\H s�u��hvo�uoz
x��l u��s�h� �r xl��l�u �qi lrx �r �y�uh��� �l� hrrui�q���rq x��l
r�l�u o�x �qjruh�u� �q svu�v�qk hrusru���rq� jru �l� ��p�
p��hrqivh�J W� rj ��� svgo�h �qqrvqh�p�q�H �l� �`\ l��
vqi�u�hru�i �l� i��hu���rq �l�� ��� sur��hv�ru� x�oo �y�uh��� �q
i��o�qk x��l p����u� �vgm�h� �r pvo��Imvu��i�h��rq�o �qjruh�p�q�
u��nJTL �o��uozH �l� �`\~� �q��u��� �q �wr�i�qk i��sursru��rq���H
ivso�h���w� �qjruh�p�q� �lrvoi qr� g� �q��usu���i �� kv�u�q����qk
�l� �`\~� ��i����ss�qk xl�q �l� p����u �� l�qi �� �vgm�h� �r
�qjruh�p�q� �h��rq �o��xl�u�JTM W u�w��x rj �l� �`\~� ��aW
irhn�� rj u�h�q� z��u� u�w��o� �l�� �l� q�x sro�hz o�uk�oz u�jo�h�� �q
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u�h�q� su�h��h�� gz �l� �`\ �q h���� �qwrow�qk pvo��so� �qjruh�p�q�
�q��u���� gz �rw�u��kq ������JTN cl� jroorx�qk s�u�ku�sl� gu��joz
rv�o�q� �l� p��q p�hl�q��p� �irs��i gz �l� �`\ �q u�h�q�
�qjruh�p�q� h����H �qhovi�qk �lr�� xl�hl vqjroi�i �j��u �l�
�qqrvqh�p�q� rj �l� q�x sro�hz� F�G pvo��Imvu��i�h��rq�o
hrrs�u���rqH F��G hu�i���qk s�q�o���� s�z�go� iv� �r jru��kq
�qjruh�p�q�H �qi F���G ��i����ss�qkJ

�� 	 ���N� ������������ ���(�������

]��� �l�q � prq�l �j��u �l� surpvok���rq rj �l� Wq��Ia�o�qk `q
aro�hzH �l� �`\H �orqk x��l �l� �u�qhl avgo�h aur��hv�ru~� `jj�h�H
�q��u�i �q�r � mr�q� ����o�p�q� x��l �l� a�u��Ig���i korg�o j�q�qh��o
��uw�h�� �q����v��rq brh�{�{ �{q{u�o� bJWJ �q u�o���rq �r gu�g�� s��i
�r ]�gz�q rjj�h��o� �qi r�l�u w�ro���rq�JTO brh�{�{ �{q{u�o� �ku��i
�r s�z � hrpg�q�i s�q�o�z rj db� TRL p�oo�rqH rj xl�hl db� QTQ
p�oo�rq u�o���i �r �l� gu�g�uz �oo�k���rq�JTP [q��u����qkoz �qrvklH �l��
mr�q� ����o�p�q� x�� � ho��u �y�pso� rj � s�o�qk rq �qjruh�p�q�
�h��rqJ au�ru �r �l�� ����o�p�q�H brh�{�{ �{q{u�o� l�i �ou��iz ����o�i
� u�o���i h�w�o i��sv�� x��l � ]�gz�q �qw���p�q� �v�lru��z �q xl�hl
�� �ku��i �r s�z �ssury�p���oz db� MJM g�oo�rqJTQ cl�� ���iH �l� mr�q�
����o�p�q� p�un�i �l� j�u�� ����������� ����� ���� g��x��q �l� �`\
�qi �l� �u�qhl avgo�h aur��hv�ru~� `jj�h� �q � jru��kq hruuvs��rq
h���JTR cl� p����u x�� surqrvqh�i gz dJbJ Wh��qk W������q�
W��ruq�z ��q�u�o \rlq aJ �urq�q �� ��qi�qk �� ��urqk p����k� �l��
�u�q�q���rq�o hruuvs��rq �qi p�q�svo���rq rj rvu p�un��� x�oo g�
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h�q�u�o uro� �l�� �l� hrps�qz �qi ��� l�kl��� �y�hv��w����qhovi�qk
p�pg�u� rj ��� Yy�hv��w� Xr�ui �qi Xr�ui rj ��u�h�ru��l�i
so�z�i �q j�h�o�����qk lvqiu�i� rj p�oo�rq� rj dJbJ iroo�u� rj hruuvs�
s�zp�q�� �r Xu���o��q sro���h��q� �qi sro���h�o s�u����H �qi �q
hrrn�qk �l� grrn� �r hrqh��o �l� gu�g� s�zp�q�� jurp �qw���ru� �qi
u�kvo��ru�JUN cl� mr�q� ����o�p�q� u�tv�u�� a��urgu�� �r s�z �
hrpg�q�i s�q�o�z rj db� TQOJN p�oo�rqH rj xl�hl �l� �`\ �qi �l�
bY� x�oo ��hl hroo�h� ��q s�uh�q�H x��l �l� Xu���o��q ^a� hroo�h��qk
�l� u�p��q�qk ��kl�z s�uh�q�JUO cl� mr�q� ����o�p�q� x�� u�j�uu�i �r
gz �`\ rjj�h��o� �� �q �y�pso� rj �l� �sso�h���rq rj �l� Wq��Ia�o�qk
`q aro�hzJUP

a��urgu��J cl�z �v�s�h��i �l�� a��urgu�� x�� �hh�s��qk gu�g��
jurp j�up�H �qhovi�qk �l� hrq��uvh��rq k��q� `i�gu�hl�H �q
�yhl�qk� jru hrq�u�h��J J J J �X�z `h�rg�u NLMT ]�w� \��r l�i
u��vo��i �q pru� �l�q �xr lvqiu�i hrqw�h��rq� jru hu�p��H
�qhovi�qk hruuvs��rqH �gv�� rj �l� �q��uq���rq�o j�q�qh��o
�z���pH iuvk �u�jj�hn�qkH �qi prq�z o�vqi�u�qkJ

�o��u� ��o��u E �rh�r ��u� ]�gu�iruH ���C��H� ���� (���� *���� �H �`d_�[] `_
�`�Y[�_ �Y]J F_rwJ SH NLMTGH l��s��KKxxxJhjuJrukKg�hnkurvqi�uKgu���o�
Ihruuvs��rqIj�oorv�� ��� ���� 
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� R���������H �Ya~c \dbc[�Y Fb�s�J NSH NLMTGH
l��s��KKxxxJmv���h�JkrwKrs�KsuKs��uIo�rIgu���o��urI��Is��urgu��I�ku���Is�zIpru�
ITQLIp�oo�rqIjhs�Iw�ro���rq�J
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UO a��urgu�� ��s�u���oz �ku��i x��l �l� bY� �r s�z DUOO p�oo�rq �q
i��kruk�p�q� �qi su�mvikp�q� �q��u���J cl� bY� �ku��i �r rjj��� �l�� �prvq� gz
� �vp a��urgu�� l�� �r s�z g���i rq � ����o�p�q� �q � u�o���i su�w��� ho���I�h��rq
�l�u�lroi�u�~ �v��J cl� o����u �r��o�i DNJUQ g�oo�rqH �l�u�gz pru� �l�q rjj�����qk
�l� i��kruk�p�q� �qi �q��u��� �ku��i vsrq x��l �l� bY�J ��� 
�������� ,������
���������� !��� �G� ��� 	��������� +�)������H dJbJ bY�J E Y��ZW_�Y
�`^^[bb[`_ Fb�s�J NSH NLMTGH l��s��KKxxxJ��hJkrwKq�x�Ksu���Iu�o����KNLMT
INMQJ
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����N���� (���� ��� +�)����������� ����������H �Ya~c \dbc[�Y F`h�J MTH NLMTGH
xxxJmv���h�JkrwKrs�K�s��hlKsu�qh�s�oIi�sv�zI�������q�I���ruq�zIk�q�u�oImrlqIs
Ihurq�qImv���h�Ii�s�u�p�q�I�Ihu�p�q�oIL �l�u��q�j��u ����N���� (���� ���
+�)����������� ����������� F[q u�o���rq �r �l� a��urgu�� h���H au�qh�s�o ��sv�z
W������q� W��ruq�z ��q�u�o �urq�q �s�h�j�h�ooz u�j�uu�i �r �l� �`\~� hor��
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��aW u��rov��rq�JGJ
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o�uk��� j�q� �q ��aW �qjruh�p�q� l���ruzJUS b�p�o�u �r �l� h��� rj
brh�{�{ �{q{u�o�H W�ugv�~� ��j�uu�i aur��hv��rq Wku��p�q� x��l
�l� �`\ ir�� qr� rgo�k� �l�p �r �ssr�q� �q �qi�s�qi�q� prq��ru
g�h�v�� �l� �`\ hrq��i�u�i �l� prq��ru�qk gz ]~Wk�qh� �u�q©����
Wq��hruuvs��rq �vjj�h��q�JUT

brh�{�{ �{q{u�o�~�H a��urgu��~�H c�hlq�s~�H �qi W�ugv�~� pvo��I
mvu��i�h��rq�o hrrui�q���i u��rov��rq� hrq��qv� � u�h�q�H kurx�qk
x�w� rj pvo��Imvu��i�h��rq�o hrrs�u���rq g��x��q �qjruh�p�q�
�v�lru����� �urvqi �l� korg� xl�q �h��qk �k��q�� jru��kq hruuvs��rqJ
cl�� hrrs�u���rq x�� l�klo�kl��i �q w�u�rv� �`\ rjj�h��o�~ �s��hl��
�qi su��� u�o����� u�j�uu�qk �r �l� Wq��Ia�o�qk `q aro�hzJUU W� x��
u�h�q�oz vqi�u�hru�i gz au�qh�s�o ��sv�z W������q� W��ruq�z
��q�u�o �urq�qMLL�

cl� ��s�u�p�q� rj \v���h�~� hor�� u�o���rq�l�s� x��l
p�qz rj rvu jru��kq s�u�q�u� ��u�� pru� �psru��q�
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�l�q �w�u gr�l �q �qw����k���qk �qi sur��hv��qk
hrusru��� hruuvs��rqH �qi �o�r �q xrun�qk �rx�ui j��u
�qi �ssursu���� u��rov��rq�J �ru �q���qh�H rj rvu
��kl� hrusru��� ��aW u��rov��rq� �q �l� s��� j��h�o
z��uH jrvu rj �l�p x�u� hrrui�q���i x��l jru��kq
�v�lru�����J cl�� qvpg�u rj hrrui�q���i u��rov��rq�
�s��n� wrovp�� gr�l �r �l� ��kq�j�h�q� �qhu���� �q
korg�o �jjru�� �r hrpg�� hruuvs��rq �qi �r rvu
����ij��� hrpp��p�q� �r hrrui�q��� x��l jru��kq
�v�lru����� �r �wr�i ivso�h���w� s�q�o����JMLM

`�l�u u�h�q� �y�pso�� rj mr�q� u��rov��rq� u�o���i �r �l� a��urgu��
hruuvs��rq �hl�p� �qhovi�� `i�gu�hl� �qi Xu��n�pH xlr �q
��h�pg�u NLMR hrqhovi�i �l� o�uk���I�w�u pvo��Imvu��i�h��rq�o �q��I
hruuvs��rq mr�q� u��rov��rq o��i�qk �r � hrpg�q�i �r��o s�q�o�z
s�zp�q� rj �� o���� db� OJQ g�oo�rq �q rui�u �r u��row� hl�uk�� x��l
�v�lru����� �q �l� dJbJH Xu���oH �qi bx����uo�qi�MLN �roo� �rzh�H xlr
�q \�qv�uz NLMS u��hl�i � db� TLL p�oo�rq u��rov��rq x��l dJbJH
dJ�JH �qi Xu���o��q �v�lru������MLO �qi ��ss�o `jj�lru� E ^�u�q�H
xlr �q ��h�pg�u NLMS u��hl�i � db� PNN p�oo�rq u��rov��rq x��l
dJbJH Xu���o��qH �qi b�qk�sru��q �v�lru�����JMLP `�l�u u�h�q� mr�q�
u��rov��rq�H vqu�o���i �r a��urgu��H �qhovi�� �l� b�rhnlropIg���i
c�o�� �rps�qz WX �qi ��� d�g�n �vg��i��uz �r�hrp ]]�H xlr �q
b�s��pg�u NLMS u��hl�i � mr�q� jru��kq hruuvs��rq u��rov��rq x��l
dJbJ �v�lru����� F�l� �`\ �qi bY�GH �l� avgo�h aur��hv��rq `jj�h�
rj �l� _��l�uo�qi�H �qi �l� avgo�h aur��hv�ru~� `jj�h� �q bx�i�qH
�r��o�qk db� URQHSSOHUPU �q u�o���rq �r � �hl�p� �r s�z gu�g�� �q
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�" �� ����� a>�L
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�������� �� ,����)� ������� *������ ������" ���� �� -�����"H
�Ya~c \dbc[�Y F��hJ NMH NLMRGH l��s��KKxxxJmv���h�JkrwKrs�KsuKri�gu�hl�I�qi
Igu��n�pIso��iIkv�o�zI�qiI�ku��Is�zIo����IOQIg�oo�rqIkorg�oIs�q�o����Iu��row�J

MLO ��� ,����N,�"�� 
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�" a=?J 	������ �������� 
�����" ��
,����)� *������ ���� (� 
�������� ��� ����H �Ya~c \dbc[�Y F\�qJ MSH NLMSGH
l��s��KKxxxJmv���h�JkrwKrs�KsuKuroo�Iurzh�IsohI�ku���Is�zIMSLIp�oo�rqIhu�p�q�o
Is�q�o�zIu��row�Ijru��kqIhruuvs�Isu�h��h��I�h�J
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�" aYKK 	������ �� I����� 
�������� �� ,����)� *������ ������" ����H �Ya~c
\dbc[�Y F��hJ NNH NLMSGH l��s��KKxxxJmv���h�JkrwKrs�KsuKn�ss�oIrjj�lru�Ip�u�q�
Io�iI�qiIv�Ig���iI�vg��i��uzI�ku��Is�zIPNNIp�oo�rqIkorg�oIs�q�o����J
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d�g�n����q�MLQ �l� Wp���ui�pIg���i ��ps�o�rp ]�p���i �qi ���
xlrooz rxq�i d�g�n �vg��i��uz dq���o ]]�H xlr �q ��guv�uz NLMR
u��hl�i � mr�q� u��rov��rq x��l �l� �`\H �l� bY�H �qi �l� �v�hl
aur��hv��rq `jj�h� �q u�o���rq �r ��� hruuvs��rq �hl�p� �q
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=Y 	����� �� *������ 
����� ��� 	���" �� ������� �������� ���� 	������
#����� ����� ������H �Ya~c \dbc[�Y F`h�J NH NLMSGH l��s��KKxxxJmv���h�Jkrw
Kv��rIhih�KsuKi�u�h�ruI�rv�lInru��I�I��u�ltv�n�Iu����uhlIh�q��uI��q��qh�iIMP
Iprq�l�Ij�i�u�oIsu��rqJ

MON +��
MOO +��� ��� ���� Ig���( �"����� *� ���� ��� *����� 	������� #�������

������� !��� ���� (���� �)�� �� �� $���� ���������H � (�� qr�� MOL
F�qqrvqh�qk �l�� gr�l �qi�w�iv�o �y�hv��w�� x�u� hl�uk�i x��l hrq�s�u�hz �r
p�n� hruuvs� s�zp�q��GJ

MOP ��� Ig���( �"����� ���H bY�[`db ��Wd� `��J F��hJ NOH NLMUGH
l��s��KKxxxJ�jrJkrwJvnKh����Kkvu�osI�z���p�Io�iKJ

MOQ cl� �`\~� ��sv�z W������q� W��ruq�z ��q�u�o ^���l�x bJ ^�q�u l��
hrqj�up�i �l�� ��� i�ho�q���rq �q �l� ��uo�s h��� �� hrq�����q� x��l ��� q�x Wq��I
a�o�qk `q aro�hzJ ��� ,������ �� ��� L�� ��� �� I+,H � (�� qr�� TTJ

MOR ��� �rq Xrv��rH 
��� � ����� #�(������� #��(� +�)���������� ���� �����
�)�� %������� &�� #���H �YdcY�b F`h�J NH NLMUGH l��s��KKxxxJu�v��u�Jhrp
K�u��ho�Kv�Iq�k�u��I�l�ooKvI�Imv���h�Ii�s�u�p�q�Iiurs�I�qw����k���rqI�q�rI�l�oo
Irw�uIq�k�u��qIr�oIi��oI�idb�X_MeZMb�� b��sl�q \�xn��H 
��� #&� ������
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[��oz �q u�o���rq �r �lr�� �oo�k���rq�JMOS �rz�o �v�hl bl�oo �� �o�r �l�
�vgm�h� rj �q �qw����k���rq gz �l� �v�hl avgo�h aur��hv�ru~� `jj�h�
�q u�o���rq �r �l�� p����uJMOT cl� �`\~� i�h���rq� �q �l��� h���� x�u�
g���iH �prqk r�l�u �l�qk�H rq �qjruh�p�q� �h��rq� gr�l hrps�q���
j�h� �q Yvurs�JMOU

�rq�����q� x��l �l� �`\~� ��i����ss�qk �q �l� h���� �grw�H �q
�qr�l�u u�h�q� p����u��l�� ��p� �qwrow�qk �l� bY�H xl�hl l�� qr�
rjj�h��ooz �irs��i �l� Wq��Ia�o�qk `q aro�hz��l� bY� i�ho�q�i
�qjruh�p�q� �k��q�� �l� �v�hl g�qn�qk k��q� [_� �urvs _J�J �j��u
�l� o����u u��row�i ��� prq�z o�vqi�u�qk p����u x��l �l� �v�hl
avgo�h aur��hv�ru~� `jj�h�JMPL [q �l�� h���H rq b�s��pg�u PH NLMTH
[_� �q��u�i �q�r � u�p�un�go� ����o�p�q� x��l �l� �v�hl avgo�h
aur��hv�ru �q u�o���rq �r i�j�h��qh��� �q su�w�q��qk �l� g�qn
�hhrvq�� l�oi gz �l� g�qn~� ho��q�� jurp g��qk v��i �r o�vqi�u
lvqiu�i� rj p�oo�rq� rj �vur�JMPM Whhrui�qk �r �l� �ku��p�q�H [_�
�ku��i �r s�z � s�q�o�z rj �ssury�p���oz db� ULL p�oo�rqJMPN `q
�l� jroorx�qk i�zH [_� i��hor��i �l�� �� l�i u�h��w�i � o����u
i�ho�q�qk sur��hv��rq jurp �l� bY�JMPO _r �yso�h�� hrqj�up���rq

%������< ������� +�)����������� ���� G��H �YdcY�b F`h�J MH NLMUH ML�QQ W^GH
l��s��KKxxxJu�v��u�JhrpK�u��ho�Kv�I�q�Iq�k�u��Iv�KvI�IirmIhor���Iq�k�u��I�ok�u��
I�qw����k���rq�I�q�rI�q�I�idb�X_Me�PRdJ

MOS Wqiu�x e�uiH G�� ��� ����� *��� ����� �� +���" �)�� ������� %������
���� (����H �[_J c[^Yb F��hJ NLH NLMSGH l��s��KKxxxJj�JhrpKhrq��q�KNLhg�S�N
I�QSPIMM�SIUS�NIUMRiPjg�hLi�J

MOT ��� &
� KYL Z ,#� 
�� +������� �� #
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����� ��H
bZY]] F^�uJ MH NLMUGH l��s��KKxxxJ�l�ooJhrpKp�i��Kq�x�I�qiIp�i��Iu�o�����
KNLMUKrsoNPQIui�IsohI�qjrup�iIrjIissIsu�s�u�qkI�rIsur��hv��Jl�poJ

MOU Xrv��rH � (�� qr�� MORJ
MPL +%I ,����)�� %����� ���� �G� �� ����� ���� �� +�)����������H [_�

Fb�s�J QH NLMTGH l��s��KKxxxJ�qkJhrpK_�x�urrpKWooIq�x�Kau���Iu�o�����K[_�
Iu�h��w��Iqr��h�IjurpIbY�IrqIhrqhov��rqIrjI�qw����k���rqJl�pJ

MPM ��� +%I 
�"� ??L 	������ G �� # � �� ����� � ������������ �� 	���"
�� ������� 
��)������H `aY_XWW� ^[_[bcY�[Y Fb�s�J PH NLMTGH l��s��KK
xxxJrpJqoKw����Irqi�ui�o�qK�r�n�qKVMLOUQNK�qkIs�z�ISSQIp�oo�rqKJ

MPN �vg�q ^vq���up�q E Wqiu�x Xo�hnp�qH +%I �� 
�" a@JJ 	������ ��
G�� # ��� 	���" �� ������� 
����H X]``^XY�� Fb�s�J PH NLMTGH l��s��KK
xxxJgorrpg�ukJhrpKq�x�K�u��ho��KNLMTILUILPK�qkI�rIs�zISTPIp�oo�rqI�qIj�q��
I�rI����o�Iiv�hlIhu�p�q�oIh����

MPO ��� +%I ,����)�� %����� ���� �G� �� ����� ���� �� +�)����������H � (��
qr�� MPLJ
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x�� surw�i�i �l�� �l� bY�~� ��i����ss�qk x�� iv� �r �l� �v�hl
����o�p�q�JMPP _�w�u�l�o���H �l� ��psru�o ��tv�qh� rj �w�q��
�vkk���� �l�� �l�� p�z l�w� g��q �l� u���rq jru �l� bY�~� i�ho�q�qk
�r sur��hv��J

Z�w�qk i��hu�g�i �l� q�xoz surpvok���i Wq��Ia�o�qk `q aro�hz
�qi ��� su�h��h�o �pso�p�q����rq �q u�h�q� jru��kq hruuvs��rq h����H
�l�� Wu��ho� �q �l� q�y� a�u� �vuq� �r � qrup���w� �q�oz��� rj �lr��
su�h��h��J

[[[J a�`a`bY� ��[cY�[W �`� �d_�c[`_W] Y_�`��Y^Y_c [_ W_
[_cY�_Wc[`_W] �`_cY�c

Yqjruh�p�q� ju�p�xrun� �iiu����qk hrusru��� p��hrqivh� �qi
�l� �qh�q��w�� �l�z surw�i� �r hrusru���rq� l�w� orqk g��q
�huv��q���i �q w�u�rv� ��u��p� rj ��vi���J �ru �q���qh�H ]�x �qi
Yhrqrp�h� �hlro�u� l�w� su��hu�g�i �xr kr�o� �r �qjruh�p�q�
�z���p� ��p�qk �r �iiu��� hrusru��� p��hrqivh�� j�u��H ���������
hrusru���rq� jurp w�ro���qk �l� o�x� �qi ��hrqiH pr��w���qk
hrusru���rq� �r �y�uh��� hrq�uro rw�u �l��u �psorz��� �qi ��n� �l�
u�tv�u�i �h��rq� �r ��� �� ��� ������� �� ������� ��JMPQ bvhl
jvqh��rq� hrvoi g� jvoj�oo�i gz �ivh���qk hrusru��� �psorz���H
surw�i�qk �l�p x��l �rro� �qi kv�i�qh�H prq��ru�qk �l�p ��
u�tv�u�iH �qi �h��qk vsrq �l��u w�ro���rq� rj hrusru��� sro�h��� �qi
rj �l� o�xJMPR

cl� uro� rj �qjruh�p�q� �z���p� �q �qh�q��w���qk hrusru���rq�
�r �h� sur�h��w�oz �r u�ivh� p��hrqivh� �� g���i rq �l� su�p��� �l��
hrusru���rq� rj��q l�w� � g����u�ru o��� hr��ozH xl�q v��qk �l� ]�x
�qi Yhrqrp�h� m�ukrq��g�o��z �r hrq�uro �l��u �psorz��� xl�q
hrps�u�i �r �l�� rj �l� �����JMPS Z�qh�H �q �qjruh�p�q� �z���p
xl�hl �� i�u�h��i �� �iiu����qk hrusru��� p��hrqivh���qiH �q �l�
hvuu�q� hrq��y�H jru��kq hruuvs��rq�p�z �hl��w� ��� �rh��o kr�o� �jH

MPP +��
MPQ \�qq�j�u Wuo�q E ���q��u �u��np�qH ����������� ���(����� 	������ ���

�� ����"��� �� ���(����� ��������" ,������H SN _JfJdJ ]J �Y�J RTSH SLL FMUUSGJ
MPR +��
MPS +��� ��� ���� \�qq�j�u Wuo�qH ���(����� �������� ��������"� �����" ���

G)������H �� �YbYW��Z ZW_�X``� `_ cZY Y�`_`^[�b `� ��[^[_W] ]We MPP
FWorq Z�u�o E ����l _J Zzo�rq �i�JH NLMNGJ
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MPT ��� ��������" bl�urq `i�iH �� ����� 
( GP�� ��)�� �� ,������ ���
#���F� +���)�� �� ���� ��������" ��� ���(����� ���� (����H OQ fW]Y ]J E a`]~f
�Y�J PU FNLMRG Fi��hv���qk �l� uro� rj �qjruh�p�q� sro�h��� jurp � o�x �qi
�hrqrp�h� s�u�s�h��w�GJ

MPU c`^ �J cf]Y� E bcY�Y_ ]J X]W�Y�H �``aY�Wc[`_ [_ ��`dab�
a�`�Y�d�W] \dbc[�YH b`�[W] [�Y_c[cfH W_� XYZW�[`�W] Y_�W�Y^Y_c
Fa�zhlrorkz au��� NLLLG� crp �J czo�u E Z���l�u \J bp��lH ������ � ����� ���
������ 	�)������< �� N cZY ZW_�X``� `� b`�[W] abf�Z`]`�f QUQ�RNU F�J�J
��og�u�H bJcJ ���n�H E �J ]�qi��z �i�JH P�l �iJ MUUTGJ

MQL \�jju�z ��k�qH +����� �����H R `Z[` bcJ \J ��[^J ]J MNOH MNO�PL FNLLTG
F�q�urivh�qk bzpsr��vpH ���������" ��� �������� � �����G� crp �J czo�uH
���������" ��� �������� � ������ ��� �������� �� ����N,�� ������H S `Z[` bcJ \J
��[^J ]J OLSH OMO�MP FNLLUG �l�u��q�j��u czo�uH ��� �������� �� ����N,�� ��������
eYb]Yf b�`�Y_ E �WcZ]YY_ ��f�]H �W[�_Ybb W_� Y��Y�c[�Y_Ybb [_
a`][�[_�� cZY Y�[�Y_�Y NUS FNLLPGJ

MQM ���< ����H \r�l Xrx�u� E a�vo ZJ �rg�q�rqH 
����(����� �� *������� ���
� ������ ��� ������ ���� ��� &��������� ��������� �� ���������" ��� 	����
����������"H PS eW�Y �`�Ybc ]J �Y�J NMM FNLMNG� \rq��l�q �J ���s�u �� �oJH

����� ��� � ����� �� *����" �����H NN ]We E b`�~f �Y�J PTOH PTO�QLS FMUTTG�
��k�qH � (�� qr�� MQL� czo�uH ��� �������� �� ����N,�� ������H � (�� qr�� MQL�
crp �J czo�uH ��� 
�"������" �� ���������"� � ,��������� 
���(����)� ��
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Whhrui�qkozH �l�� ��u��p rj ��vi��� xrvoi �psl����� �u���� rj
j��uq���H u���rq�go�q���H sursru��rq�o��zH g���� �q p�u��H �qi
hrq�����qhz �� �psru��q� �u���� rj �q �qjruh�p�q� �z���p �l�� ���n�
�r surpr�� �jj�h��w� hrpso��qh� x��l �q��Ihruuvs��rq o�x�JMQN

[psru��q�ozH �l�� o��� ��u��p rj u����uhl ir�� qr� i�q�ku��� �l�
�psru��qh� rj o�x �qjruh�p�q��ru �w�q rj ��� v�� rj srx�uH
s�q�o����H �qi l�u�l p���vu�� xl�q �lr�� �u� q��i�i �r ��hvu� �l�
�rh��o rui�uJMQO cl�� ���iH �vhl p���vu����hhrui�qk �r �l��
�ssur�hl��lrvoi g� v��i suvi�q�ozH �� � o��� u��ru�JMQP

Xv�oi�qk rq �l�� g�hniursH rq� p�z �vkk��� �l�� �l� hl�oo�qk��
su���q��i gz ivso�h���w� �q��Ihruuvs��rq �qjruh�p�q� p�z g�
�oo�w����i �j �q��Ihruuvs��rq �qjruh�p�q� rq �l� korg�o o�w�o ��
��uvh�vu�i �vhl �l�� �� jvoj�oo� �l� jroorx�qk uro���

�J G���������" ��������� �� �(����� ��)�� �� ����������� gz
lroi�qk hrusru���rq� o��go� jru jru��kq hruuvs��rq �qi gz �psr��qk
�q �ys�h��i j�q� �l�� u�jo�h�� �l� �rh��o l�up h�v��i gz jru��kq
hruuvs��rqH hrusru���rq��xl�hl �u� �l� vo��p��� g�q�j�h��u��� rj
�l��u �psorz���~ hrqivh� x��l�q �l� �hrs� rj �l��u �psorzp�q��
�u� pr��w���i �r �q��uq�o��� �l� �rh��o l�up xl�q i���up�q�qk �l�
hrvu�� rj �l��u �psorz���~ �h��rq�JMQQ el�q �l� �qjruh�p�q� �z���p

R�� ����" #�������� �� � ���������H M aY�b`_W][cf E b`�J abf�Z`]J �Y�J ONO�
PQ FNLLOG� crp �J czo�u E b��w�q ]J Xo�i�uH ��� I�� ( G��������� 	�����

����� ��� � �����< ������ +������" ��� ���(�����)� ����)���H S aY�b`_W][cf E
b`�J abf�Z`]J �Y�J OPU�RM FNLLOG� crp �J czo�u �� �oJH ��� G������
���������� �� ���(������� � ������ R�� �N����� � �� ���H QL �W]J ^�^cJ
�Y�J OMH OM�QM� crp �J czo�u �� �oJH ������ ���(� ��� 
����� ���������"�
��������� 	������ �� '� �� 
���� 	��H� ����� �������C�����H MM \J Y^a[�[�W]
]Y�W] bcd�J SQM�TQ FNLMPGJ

MQN ��� Yd�Y_Y XW��W�Z E �`XY�c WJ �W�W_H �`[_� Xf cZY X``�� cZY
a�`X]Y^ `� �Y�d]Wc`�f d_�YWb`_WX]Y_Ybb Q�R FMUTNGJ

MQO ���� 	���� +��� ������ �� 
�" aOY 	������ �� �������� 
�������� ���
#����������� �� ,����)� *�
� ������� ,������ �� ������" �� I������NG��
���"�� &��������H � (�� qr�� MNNJ

MQP ��� _Y[] �d__[_�ZW^H ^[_Y bW�Ycf� ]WeH �Y�d]Wc[`_H a`][�f MMS
FNLLSGJ

MQQ ��� Wuo�q E �u��np�qH � (�� qr�� MPQH �� RUM� ��� ���� `i�iH � (�� qr��
MPTH �� SL�SM F�yso��q�qk �l� uro� rj �qjruh�p�q� sro�h��� �q pr��w���qk
hrusru���rq� �r �q��uq�o��� �l� �rh��o l�up u��vo��qk jurp �l� hrqivh� rj �l��u
�psorz���GJ
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�� ���vq�i �r surivh� �q �i�tv��� o�w�o rj �iw�u�� hrq��tv�qh�� �r
jru��kq hruuvs��rqH hrusru���rq� �u� o�n�oz �r g� i���uu�i jurp
�qk�k�qk �q hruuvs� g�l�w�ruH �l�u�gz i���up�q�qk �l��u ��u���k���
xl�o� ���z�qk �x�z jurp hruuvs� su�h��h��JMQR Wq �q�i�tv��� o�w�o
rj i���uu�qh� p�z k�q�u��� vqi���u�i �qh�q��w�� �r hrusru���rq�J
el�o� �q�vjj�h��q� o�w�o� rj �qjruh�p�q� p�z j�oo �lru� rj i���uu�qk
hrusru���rq�H �q �yh����w� o�w�o p�z �qhrvu�k� �rh��ooz vqi���u�go�
rw�uIsu�h�v��rqH �vhl �� hrusru���rq� x��liu�x�qk jurp l�klIu��n
i�w�ors�qk p�un���H xl�u� �l��u �qwrow�p�q� l�� �l� l�kl���
p�uk�q�o g�q�j�� �r �rh���zH ru ��psoz hrusru���rq� �qw����qk �jjru��
�q hrw�u�qk �l��u �u�hn�H �l�u�gz u�ivh�qk �l� o�w�o rj i���h��rqJMQS

��J G��� ������ ����N������� ��� ����N��(������� k�w�q �l�
hrpsr���� ��uvh�vu� rj hrusru���rq�H xlr�� �h��rq� �u� �y�hv��i gz
jo��lI�qiIgorri �qi�w�iv�o�H �qi surw�i�i �l�� �l� �ql�qh�i �g�o��z
rj hrusru���rq� �r hrq�uro �l��� �qi�w�iv�o� �� g����u �l�q �l�� rj
�qjruh�p�q� �v�lru�����H � x�ooIjvqh��rq�qk �qjruh�p�q� ju�p�xrun
pv�� ���n �r �qhrvu�k� hrusru���rq� �r �y�uh��� �vhl hrq�uro
h�s�g�o����� �r su�w�q�H i���h�H �qw����k���H �qi ��ojIu�sru� sr��q���o
�qh�i�q�� rj jru��kq hruuvs��rqH �r ��n� u�tv�u�i �h��rq� �r hrrs�u���

MQR ��� ):;:� � (�� DEJ; 
��

MQS ��� �
 '?J9>;BB *EB?DIAO � -J;L;D ->7L;BB� 
 ����)� #������� ��

G������� ����"���� 
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x��l svgo�h �qw����k���rq�H �qi �r ��n� u�tv�u�i u�p�i����rq �h��rq�
�r su�w�q� u�rhhvuu�qh�JMQT

���J 
�������� � � �� �� �� ���(������� xl�o� rw�uoz l�u�l �qi
i��sursru��rq��� �qjruh�p�q� p�z �qhrvu�k� hrusru��� �w���rqH
�q��krq��pH �qi u������qh�H � �rh��ooz i���u�go� �qjruh�p�q�
ju�p�xrun pv�� �qhrvu�k� hrusru���rq� �r �qk�k� �q p��q�qkjvo
hrpso��qh� �qi �irs� k�qv�q� hrpp��p�q�� �r hrpso��qh�JMQU `qh�
�l� �qjruh�p�q� ju�p�xrun ��hvu�� �q �i�tv��� o�w�o rj
o�k���p�hz��l�� �� �r ��zH rqh� �� i�prq��u���� �u����H �vhl ��
j��uq���H u���rq�go�q���H sursru��rq�o��zH g���� �q p�u��H �qi
hrq�����qhz��� �� o�n�oz �r �qo��� hrusru���rq� �r �irs� � p��q�qkjvo
�qi k�qv�q� �����vi� �r hrpso��qh� xl�hl xrvoi qvu�vu� � hvo�vu� rj
hrpso��qh� x��l�q �l� ruk�q�����rqJMRL Xz jvoj�oo�qk �l��� uro��H �q
�q��Ihruuvs��rq �qjruh�p�q� ju�p�xrun p�z u��hl ��� �rh��o
svusr��J bvhl � �z���p u�hrkq���� �l� vq�tv� hrpsr���� ��uvh�vu�
rj hrusru���rq� �qi �l� uro�� �l�z p�z so�z �q �qivh�qk hrusru���
hrpso��qh� gz �l��u �psorz���J W� �l� ��p� ��p�H �� �� �o�r
u��srq��w� �r �l� �vg�o�u p����k�� surivh�i gz �l� ��zo� rj
�qjruh�p�q�H �qi �� p�z �qhrvu�k� � �uv� �qi k�qv�q� �ssur�hl gz
hrusru���rq� �q �iiu����qk �l� u��n rj jru��kq hruuvs��rq �qi
hrusru��� j��ovu�� �q �l�� j��oiJ

[q xl�� jroorx�H �l�� Wu��ho� v��� �l� �u�so� uro� rj �q��I
hruuvs��rq �qjruh�p�q� �z���p� �r ������ �l� hl�oo�qk�� u����i gz
ivso�h���w�H pvo��Imvu��i�h��rq�o �qjruh�p�q� �qi �l� �P���� �r xl�hl
�l� �p�uk�qk �qjruh�p�q� su�h��h��H �� jrup�o���i gz �l� Wq��I
a�o�qk `q aro�hzH �u� hrs�qk x��l �lr�� hl�oo�qk��J

MQT ����HB;D �%H77AC7D� � (�� DEJ; 
��� 7J ���� ��� ����):;:� � (�� DEJ;

��� 7J ��_�
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[�J WbbYbb[_� cZY W_c[Ia[][_� `_ a`][�f

cl� �u�so� uro� rj �qjruh�p�q� ju�p�xrun�H �� rv�o�q�i �grw�H
surw�i�� juv��jvo kurvqi jru � �z���p���h ������p�q� rj �q��I
hruuvs��rq pvo��Imvu��i�h��rq�o �qjruh�p�q�J cl�� a�u� �w�ov����
��hl rj �l� su�h��h��H jrup�o���i gz �l� Wq��Ia�o�qk `q aro�hzH �r
hrs� x��l �l� hl�oo�qk�� hu����i gz ivso�h���w� pvo��Imvu��i�h��rq�o
�qjruh�p�q�J

�� 	 ���N� ������������ ���(�������

el�o� �l� Wq��Ia�o�qk `q aro�hz i�prq��u���� �q �q��u��� �q
�qhu����qk hrrs�u���rq �qi surpr��qk hrrui�q���rq x��l r�l�u o�x
�qjruh�u�H �l�� sro�hz j�oo� �lru� rj �����qk rv� ho��u uvo�� rj �l�
pvo��Imvu��i�h��rq�o k�p�J ��u��H �� p�q��rq�i �q a�u� [[ �grw�H �l�
sro�hz u���uw�� jru �`\ sur��hv�ru� � x�i� i��hu���rq �q
i���up�q�qk xl��l�uH �qi �r xl�� �y��q�H �r �wr�i s�o�qk rq
�qjruh�p�q�H xl�o� ho�u�jz�qk �l�� �l� �`\~� x�oo�qkq��� �r �wr�i
s�o�qk rq �lrvoi qr� g� �q��usu���i �� �vuu�qi�u�qk �l� �`\~�
�q��u��� �q hrusru��� wrovq��uz ��ojIu�sru��qkJMRM Wii���rq�oozH xl�o�
�l� �`\ h�u���qoz l�� g��q rq� rj �l� xruoi~� o��i�qk �qjruh�p�q�
�v�lru����� �q hrpg���qk jru��kq hruuvs��rqH ��� vq�o���u�o sro�hz ��
qr� korg�ooz �sso�h�go�H �qi r�l�u �qjruh�p�q� �v�lru������
�qhovi�qk dJbJ �v�lru������p�z jroorx � i�jj�u�q� �ssur�hlJMRN

MRM ��� ]����u jurp �ri \J �r��q����qH � (�� qr�� Q �qi �l� u�o���i p��q ��y�J
�rrs�u���qk x��l � i�jj�u�q� �k�qhz ru � jru��kq krw�uqp�q� ��
qr� � �vg����v�� jru hrrs�u���qk x��l �l� ��s�u�p�q� rj \v���h�J
Wqi x� x�oo qr� orrn n�qioz rq hrps�q��� �l�� hrp� �r �l�
��s�u�p�q� rj \v���h� rqoz �j��u p�n�qk �q�i�tv��� i��hor�vu��
�r ��hvu� o�q��q� s�q�o���� x��l r�l�u �k�qh��� ru jru��kq
krw�uqp�q��J [q �lr�� �q���qh��H �l� ��s�u�p�q� x�oo �h�
x��lrv� l�������rq �r jvooz w�qi�h��� �l� �q��u���� rj �l� dq���i
b�����J

+��
MRN [q��u����qkozH �� i��hu�g�i �grw�H �q �l� u�h�q� p����u rq [_�H �l� bY�

���p� �r l�w� g��q jroorx�qk � ��p�o�u �ssur�hl �r �l� �`\~� xl�q i�h�i�qk �r
i�ho�q� �qjruh�p�q� �k��q�� [_� u�kl� �j��u �l� �qqrvqh�p�q� rj [_�~� u�hruiI
gu��n�qk u��rov��rq x��l �l� �v�hl avgo�h aur��hv�ruJ ��� e�uiH � (�� qr�� MOS
�qi �l� u�o���i p��q ��y�J
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�vu�l�upru�H xl�q pvo��Imvu��i�h��rq�o hrrs�u���rq �� rg���q�i
�i lrh �q �s�h�j�h h���� �qi �� qr� ����go��l�i rq nqrxq �qi �ku��i
vsrq su�qh�so�� rj hrrs�u���rqH �vhl su�h��h� p�z qr� jvoj�o �l� �u�so�
kr�o rj �q��Ihruuvs��rq �qjruh�p�q� �z���p�JMRO cr g�k�qH x��l
u��s�h� �r �l� uro� rj ����������" ��������� �� �(����� ��)�� ��
����������H pvo��Imvu��i�h��rq�o �qjruh�p�q� p�z �qi��i �qhu����
surh��� �jj�h��qhz �qi rg���q �q rs��p�o o�w�o rj i���uu�qh�J �ru
�q���qh�H �jj�h��w� hrrs�u���rq p�z o��i �r �qhu����i �jj�h��qhz gz
surpr��qk �l� �yhl�qk� rj �qjrup���rq g��x��q �qjruh�p�q�
�v�lru�����H �l�u�gz �oorx�qk jru � j����u �qi �����u i��hrw�uz rj �
pvo��q���rq�o hruuvs��rq �hl�p�JMRP b�p�o�uozH xl�q �l� hrrs�u���rq
u��vo�� �q � sursru��rq��� �qi �i�tv��� s�q�o�zH �� p�z ��hvu� �q
rs��p�o o�w�o rj i���uu�qh�JMRQ `q �l� r�l�u l�qiH xl�q �l�
hrrs�u���rq �� vq�go� �r su�w�q� �l� ivso�h���rq rj �qw����k���w�
�h��rq�H �qi �q j�h� o��i� �r �q �w�uI�ys�qi�qk �hrs� rj
�qw����k���rqH �� p�z �qhu���� �l� rw�u�oo svgo�h �s�qi�qk �qi u�ivh�
�jj�h��qhzJ W ��p�o�u rv�hrp� xrvoi g� rg���q�i xl�q � mr�q�
u��rov��rq ��psoz u�jo�h�� � pvo��Io�z�u�i s�q�o�z u�su���q��qk �l�
�vp rj �oo s�q�o���� �l�� xrvoi r�l�ux��� l�w� g��q �psr��i gz �oo
�v�lru�����J

b�p�o�uozH xl�q hrq��i�u�qk �l� �ps�h� rj pvo��Imvu��i�h��rq�o
hrrs�u���rq rq hrusru��� �qh�q��w�� �r �qk�k� �q ���� ��(������H �l�
�q�g�o��z rj hrusru���rq� �r su�i�h� �l� ����qh� �qi q��vu� rj pvo��I
mvu��i�h��rq�o hrrs�u���rq p�z iu�w� �l�p �x�z jurp �qw����k���qk
u�i jo�k� �qiH �w�q pru� �rH jurp wrovq��u�oz ��ojIu�sru��qk �lr��

MRO ��� � (�� a�u� [[[J
MRP b�w�u�o p�hl�q��p� x�u� ����go��l�i �q u�h�q� z��u� �r j�h�o����� �l�

�yhl�qk� rj �qw����k���rqIu�o�w�q� �qjrup���rq g��x��q �qjruh�p�q� �v�lru�����
�q i�jj�u�q� hrvq�u���J bvhl p�hl�q��p� rj��q ��n� �l� jrup rj ^v�v�o ]�k�o
W������qh� cu������H �q��u�i �q�r gz �xr ru pru� hrvq�u��� x��l �l� ��p rj
�yhl�qk�qk �qjrup���rq �q �l� jvu�l�u�qh� rj o�x �qjruh�p�q� �q��u���J Yy�pso��
rj �vhl �u������ �qhovi�� �l� Yvurs��q �rqw�q��rq rq ^v�v�o W������qh� �q
�u�p�q�o ^����u�H �l� dq���i _���rq� �rqw�q��rq �k��q�� cu�q�q���rq�o
`uk�q���i �u�p�H �qi �l� �rqw�q��rq rq ^v�v�o Wip�q���u���w� W������qh� �q
c�y ^����u�J ��� `Y�� W_c[I�`��dac[`_ _Yce`�� �`� YJ Yd�J E �Y_cJ
Wb[WH [_cY�_Wc[`_W] �`I`aY�Wc[`_ [_ �`��dac[`_ �WbYb MO�MU FNLMSGH
l��s��KKxxxJr�hiJrukKhruuvs��rqK�hqK`Y��I[q��uq���rq�oI�rrs�u���rqI�q
I�ruuvs��rqI�����INLMSJsijJ

MRQ bl�urq `i�iH#���������N����� ,�� �����" G����������H ���`�a`�WcY
�`^a][W_�Y� _Ye Waa�`W�ZYb c` �Y�d]Wc`�f Y_�`��Y^Y_c MQ�PS FNLMOGJ



QQP �&
,%�� &* ��� �%# 
&�+�'

u�i jo�k� �r �qjruh�p�q� �v�lru�����JMRR [q �l�� u��s�h�H pvo��I
mvu��i�h��rq�o hrrs�u���rq �� � irvgo�I�ik�i �xrui� xl�o� �vhl
hrrs�u���rq l�� �l� sr��q���o �r ���� �l� gvui�q rj �l� pvo��Ijurq�
vqhrrui�q���i g���o�H �� �o�r su���q�� �l� u��n rj i��o�qk x��l �q
�psrx�u�i pz�lrork�h�o hu���vu��� prq��urv� Zziu� rj
�qjruh�p�q��xl�hl p�z jv�o �l� �ys�q��rq rj �qw����k���rq� �q
�hrs� �qi mvu��i�h��rqJMRS

]���ozH �qi jroorx�qk �l� ��p� ork�hH pvo��Imvu��i�h��rq�o
hrrs�u���rq p�z su���q� � l�kl�u o�w�o rj o�k���p�hzH �l�u�gz
surpr��qk � hvo�vu� rj hrpso��qh�J cl�� xrvoi g� �l� h��� xl�q �l�
uvo�� �qi hrrs�u���rq �u� �u�q�s�u�q� �qi nqrxq �qi xl�q �l�
surh��� �qi ��� rv�hrp�� �u� o�uk�oz su�i�h�go� gz hrusru���rq�J
cl�� ���iH pvo��Imvu��i�h��rq�o hrrs�u���rq p�z �o�r i�ov�� �l� ��q��
rj o�k���p�hzH jru �q���qh�H xl�q �l� korg�o hrrs�u���rq �� v��i �r
o�w�u�k� �qz orh�o �iw�q��k� �q�r � korg�o �qjruh�p�q�
�hl��w�p�q�J �ru �y�pso�H hrq��i�u � jru��kq hruuvs��rq p����u
xl�hl �� �qw����k���i gz gr�l dJbJ �qi �l�q��� sur��hv�ru�J el�o�
�l� dJbJ u�hrkq���� o�k�o su�w�o�k�H �l�q��� o�x ir�� qr�HMRT xl�hl
p��q�H �q �l�� h���H �l�� �l�q��� �v�lru����� p�z ����� �l� o�k�o
�iw�h� surw�i�i �r �l� hrusru���rq gz ��� �y��uq�o hrvq��oJ el�q �
pvo��Imvu��i�h��rq�o �qjruh�p�q� �q���o� ju�� �qi vqu���u��q�i
�yhl�qk� rj �qjrup���rq g��x��q �q��u����i �v�lru�����H �l� w�ov� rj
orh�o o�x�~ sur��h��rq�H �vhl �� o�k�o su�w�o�k� �qi �l� u�kl� �k��q��
��ojI�qhu�p�q���rqH p�z g� or��JMRU

MRR Wqiu�x cJ Xvorw�nzH 
�������� 
������������" �� � ������� ��� ����� ���
&)����((��� ��������" �� +������������ ����N���� (���� G����������H PL ^[�ZJ \J
[_c~] ]J QPUH QSM�SO FNLMUGJ

MRS Whhrui�qk �r �u��n pz�lrorkzH �l� Zziu� Fnqrxq �o�r �� �l� ]�uq���q
Zziu�G �� � pvo��Il��i�i prq��urv� ��us�q�J �ru �w�uz rq� l��i hlrss�i rjjH �l�
Zziu� xrvoi u�kurx �xrJ ��� �W_[Y] `��Y_H ��W�`_� ��W�`_ ^fcZ W_�
bY�aY_c �d]c [_ cZY ��YY� W_� �`^W_ e`�]�b OL F`yjrui dq�w�u���z au���
NLMOGJ

MRT ��qk E erriH �������"N������ 
��)������ GP������ �� *������ ��!"���
�� �����FH �Z[_W ]J [_b[�Zc FWsuJ MH NLLUGH l��s��KKxxxJhl�q�o�x�q��kl�Jhrp
KNLLUKLPK�u��ho��Khrusru���Ip�K���ruq�zho��q�Isu�w�o�k�I�y��qi�iI�rIjru��kq
Io�xz�u�I�qIhl�q�KJ

MRU �zo� erpgro� E e�oo��p Z�oo���H 	������� 	 ���N� ������������
+�)�����������H �[� Fb�s�J NNH NLMQGH l��s��KKkorg�o�qw����k���rq�u�w��xJhrp
Khl�s��uKMLNPOQNKp�q�k�qkIpvo��Imvu��i�h��rq�oI�qw����k���rq�J
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bvpp�i vsH pvo��Imvu��i�h��rq�o hrrs�u���rq l�� �l� sr��q���o �r
g����u jvoj�oo �l� �u�so� uro� rj �qjruh�p�q� �z���p� �l�q ir�� �q
vqhrrui�q���i �ssur�hlJ cl�� ���iH �g��q� � korg�ooz u�hrkq���i
pvo��Imvu��i�h��rq�o ju�p�xrunH pvo��Imvu��i�h��rq�o hrrs�u���rq
p�z j�oo �lru� rj su���q��qk �q �i��o �rov��rq jru �l� hl�oo�qk��
u����i gz pvo��Imvu��i�h��rq�o �qjruh�p�q�J el�o� �l� Wq��Ia�o�qk
`q aro�hz ���n� �r �qhu���� � ��q�� rj mv���h� �qi sursru��rq�o��z �q
�qjruh�p�q�H ��� o�p���i �sso�h�g�o��z Fo�p���i �r �l� �`\ rqozG �qi
l�kl o�w�o rj �pg�kv��z m�rs�ui��� ��� u��o �rh��o w�ov�J

�� ���������

cl� su�h��h� rj hu�i���qk s�q�o����H xl�hl �u� s�z�go� �q r�l�u
mvu��i�h��rq� �q u�o���rq �r �l� ��p� p��hrqivh�H p�z g� v��i �� �
p��q� �r ��hvu� �q �i�tv��� o�w�o rj i���uu�qh�J [q r�l�u xrui�H �l�
�r��o s�q�o�z �psr��i �q u�o���rq �r �l� ��p� p��hrqivh� xrvoi qr�
�yh��i sursru��rq��� grvqi�u���J Z�w�qk ���i �l��H xl�q �l� hu�i��
p�hl�q��p �� �pso�p�q��i rv���i� rj � mr�q� u��rov��rq �h�q�u�rH
�vhl �� �q �l� p����u� rj ]�kk ^��rq �qi bX^ `jj�lru� i��hu�g�i
�q b�h��rq [[JX �grw�HMSL ��� s�ujrup�qh� �q jvoj�oo�qk �l� uro�� rj
����������" ��������� �� �(����� ��)�� �� ���������� �qi ���� ������
����N����������� �� pru� o�p���iJ W hu�i�� p�hl�q��p gz ����oj ir��
qr� u�p�iz �l� �yh����w� o�w�o rj korg�o svgo�h �s�qi�qk �q u�o���rq
�r �l� �qw����k���rqH qru ir�� �� �oo�w���� �l� l��wz gvui�q �psr��i
rq hrusru���rq� iv� �r ivso�h���w� �qjruh�p�q� surh�����J
Wii���rq�oozH �q �l� w�uz �g��qh� rj � korg�o hrpprq vqi�u���qi�qk
u�k�ui�qk �l� �i�tv�hz rj s�q�o����H �qz hu�i�� p�hl�q��p hrvoi g�
v��iH �q����iH �r i��kv��� �l� �s�h�rv� u�ivh��rq rj �q �qjo���i
s�q�o�zJ W� �vhlH �l� o�k���p�hz rj �qjruh�p�q� ju�p�xrun� u�oz�qk
rq � hu�i�� p�hl�q��p��qi �l�u�gz �l��u �g�o��z �r ���� ����
�������� � ���(������ ��� ���(���������o�r i�s�qi� rq xl��l�u
�vhl hu�i�� p�hl�q��p �� hu�i�go� �qi xl��l�u ��� �pso�p�q����rq
�� �u�q�s�u�q� �qi su�i�h��go�J

MSL � (�� b�h��rq [[JXJ
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[q � grui�uo��� hrusru��� gv��q��� xruoiH �qi x��l �l� �pso�j��i
hrpp��p�q� �r j�kl��qk jru��kq hruuvs��rq gz �qjruh�p�q�
�v�lru�����H pvo��q���rq�o hrusru���rq� �u� �vgm�h� �r �q �qhu����i
u��n rj pvo��Imvu��i�h��rq�o �qjruh�p�q�J X���i rq � hrpg�q�i
�ssur�hlH xl�hl �zq�l������ �q��kl�� jurp �l� ��u��p rj ��vi���
su���q��i �grw�HMST �l�� Wu��ho� sursr��� �q �q�oz��h�o ju�p�xrun �r
������ �l� �rh��o i���u�g�o��z rj pvo��Imvu��i�h��rq�o jru��kq
hruuvs��rq �qjruh�p�q�H �� x�oo �� u�h�q�oz �p�uk�qk su�h��h�� �l��
hrs� x��l ��� hl�oo�qk��J

cl� ju�p�xrun �vkk����i l�u� su��hu�g�� �l� �lu�� n�z uro�� rj
�q��Ijru��kq hruuvs��rq �qjruh�p�q� ju�p�xrun�� F�G �jj�h��q�oz
rg���q �l� rs��p�o o�w�o rj i���uu�qh�H F��G �qhrvu�k� ��ojI
�qjruh�p�q�H �qi F���G �qhrvu�k� p��q�qkjvo hrpso��qh� �qi
hrrs�u���rqJ Wup�i x��l �l�� ju�p�xrunH �l� Wu��ho� i�prq��u����
�l� n�z hl�oo�qk�� �u���qk jurp �q vqhrrui�q���i pvo��I
mvu��i�h��rq�o �qjruh�p�q�J Wii���rq�oozH �l� ��p� �q�oz��h�o
ju�p�xrun �� v��o���i �r ������ �l� �rh��o i���u�g�o��z rj su�h��h��H ��
jrup�o���i gz �l� Wq��Ia�o�qk `q aro�hzHMSU �r hrs� x��l �l�
hl�oo�qk�� rj pvo��Imvu��i�h��rq�o �qjruh�p�q���l�� ��H pvo��I
mvu��i�h��rq�o hrrs�u���rqH hu�i���qkH �qi ��i����ss�qkJ cl� �q�oz���
u�w��o� �l��H xl�o� ��hl rj �lr�� p�hl�q��p� p�z su���q� �q
�psurw�p�q� rw�u �q vqhrrui�q���i �qjruh�p�q� ju�p�xrunH �l��u
�rh��o i���u�g�o��z ��H �� �l� ��p� ��p�H l�kloz m�rs�ui���i gz �l� o�hn
rj h�u���q�z �qi su�i�h��g�o��z jurp � hrusru��� sr����rq �qi
s�u�s�h��w�J

cl� Wq��Ia�o�qk `q aro�hzH surpvok���i rq ^�z UH NLMTH
u�hrkq���� �l� hl�oo�qk�� u����i gz pvo��Imvu��i�h��rq�o �qjruh�p�q�
�qi ���n� �r jrup�o��� su�h��h�� xl�hl p�z �oo�w���� �rp� rj �l�
hrqh�uq� u����i gz pvo��Imvu��i�h��rq�o �qjruh�p�q�JMTL cl�� sro�hz
vqirvg��ioz su���q�� �q �psru��q� j�u�� ���s �rx�ui� �iiu����qk �l�

MST ��� � (�� a�u� [[[J
MSU ]����u jurp �ri \J �r��q����qH � (�� qr�� Q� ��� ���� #�( �" �������"

I������ ,�� ,��������� #���)��� ,������ �� ��� %�! '��� ���" ��� ����� ������
����� +����� ��H � (�� qr�� Q F�����qk �l� �rh��o i���u�g�o��z rj �l� q�x sro�hzGJ

MTL � (�� su�h�i�qk qr���
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surgo�p rj ivso�h���w� pvo��Imvu��i�h��rq�o �qjruh�p�q�J cl�� ���iH
�l� sro�hz j�oo� �lru� rj su���q��qk � �����j�h�ruz u��rov��rqJ [�� p��q
�lru�hrp�qk �� o�qn�i �r �l� l�kl o�w�o rj vqh�u���q�z �qi
vqsu�i�h��g�o��z u�p��q�qk �w�q �j��u ��� surpvok���rqJ ��u��H �l�
sro�hz u���uw�� jru �`\ ���ruq�z� � x�i� i��hu���rq �q i���up�q�qk
xl��l�uH �qi �r xl�� �y��q�H �r �wr�i s�o�qk rq �h��rq�JMTM

Wii���rq�oozH �l� sro�hz �� �sso�h�go� �r �`\ ���ruq�z� rqoz �qi
ir�� qr� rgo�k� �qz r�l�u dJbJ ru jru��kq �v�lru��zJMTN W� �vhl�
�w�q �j��u �l� surpvok���rq rj �l�� vq�o���u�o sro�hz �qi �l�
rg��uw���rq rj ��w�u�o u�h�q� �qjruh�p�q� h���� �q xl�hl �� l�� g��q
�pso�p�q��i�hrusru���rq� �u� ���oo j�h�qk � l�kl o�w�o rj
vqh�u���q�z �qi vqsu�i�h��g�o��z x��l u��s�h� �r �l� x�z �q xl�hl
�l��u u��s�h��w� p����u� x�oo g� l�qio�i korg�oozJ

�ruuvs��rq �� � korg�o �w�oJ el�o� �l� hu�p�q�o�����rq rj �l�� �w�o
l�� o�uk�oz �o�kq�i �hur�� mvu��i�h��rq�H �l� ��p� l�� hrp� jru �
korg�o �uu�qk�p�q� rj �qjruh�p�q� su�h��h��J ��w�q i��s w�u��qh��
g��x��q o�k�o �z���p� �qi �l� nqrxq u������qh� rj w�u�rv�
�rw�u��kq ������ �r l�qi rw�u �l��u �rw�u��kq�zHMTO �l�� Wu��ho�
�iwrh���� jru q���l�u � jvoo �o�kqp�q� rj q���rq�o �q��Ijru��kq
hruuvs��rq o�x qru �l� ����go��lp�q� rj � vq�w�u��o �qjruh�p�q�
�v�lru��z �r u�so�h� hvuu�q�oz �h��w� svgo�h sur��hv�ru�JMTP [q����iH

MTM ��� &;JJ;H <HEC ,E: $
 ,EI;DIJ;?D� � (�� DEJ; � 7D: J>; H;B7J;: C7?D J;NJ

MTN ��� ��� .>?I 97D 8; :;:K9;: <HEC ,EI;DIJ;?DbI IJ7J;C;DJ� `)KH D;M

FEB?9O 
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-
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�� �vssru�� �l� surivh��rq rj � ��� rj qrup� xl�hl xrvoi g� �ku��i
vsrq �prqk hrvq�u��� �qo����i �q �l� korg�o j�kl� �k��q�� jru��kq
hruuvs��rqH �vhl �� s�u���� �r �l� `Y�� Wq��IXu�g�uz �rqw�q��rq ru
d_�W�J cl� �q�oz��h�o ju�p�xrun sursr��i �q �l�� Wu��ho�H xl�hl
rv�o�q�� �l� �u�so� uro� rj jru��kq hruuvs��rq �qjruh�p�q�
ju�p�xrun�H hrvoi ��uw� �� � hrps��� �q k�q�u���qk su�qh�so��
xl�hl hrq��i�u �l� jroorx�qk hru� �o�p�q��MTQ�

MJ I������ (�����(�� �� ���������" ��� ���������"� �rrui�q���i
mr�q� �qjruh�p�q� �h��rq� �lrvoi g� kv�i�i gz �l� �u�so� kr�o rj
�qjruh�p�q� ju�p�xrun�H �l�� ��H F�G �jj�h��q�oz rg���q �l� rs��p�o
o�w�o rj i���uu�qh�H F��G �qhrvu�k� ��ojI�qjruh�p�q�H �qi F���G
�qhrvu�k� p��q�qkjvo hrpso��qh� �qi hrrs�u���rqJ

NJ �����(�����" ��� (������������"MTR� W korg�o ��� rj hrpprqH
�l�u�i su�qh�so�� �lrvoi �vssru� � �u�q�s�u�q� �qjruh�p�q�
ju�p�xrun xl�hl ��hvu�� � u���rq�go� o�w�o rj su�i�h��g�o��z �qi
h�u���q�z jru hrusru���rq�J

OJ ���������� cr g� �����q�go�H �l� hrpprqH �l�u�i su�qh�so��
�lrvoi �hhrppri��� �l� i�jj�u�qh�� �q hrvq�u���~ �q����v��rq�o �qi
o�k�o ju�p�xrun�J bvhl ju�p�xrun� su�j�u�goz ir qr� u�tv�u� � jvoo
�o�kqp�q� rj o�x�H �qjruh�p�q� surh�ivu��H ru s�q�o�z �hl�ivo�� rj
i�jj�u�q� o�k�o �z���p�J

�q��Ijru��kq hruuvs��rq o�x� �lrvoi g� s�u� rj �q��uq���rq�o �u�i� o�x iv� �r �l�
o�uk� qvpg�u rj svgo�h �q��uq���rq�o o�x �u������ u�k�ui�qk hruuvs��rqGJ

MTQ cl� sursr��i su�qh�so�� �u� �q�s�u�i gz �l� ��hrpp�qi���rq u�k�ui�qk
_rqI�u��o ���rov��rq� Fru _�kr�����i b���o�p�q��G rj ����� �qwrow�qk �ru��kq
Xu�g�uzH gz cl� ��hrpp�qi���rq R _��xrunJ +������������ I �������� ��� %��N
����� ,���� ����� �� *������ ������"H �`�aJ �`^a][W_�Y E Y_�`��Y^Y_cH
l��s��KKxxxJqllJqrK�qKu����uhlIh�q�u��Khrusru���Ihrpso��qh�I�qiI�qjruh�p�q�
Kkv�i�o�q��IjruIqrqI�u��oIu��rov��rq�K Fo��� w�����i ^�uJ MRH NLNLGJ cl� �v�lru x��
� p�pg�u rj cl� ��hrpp�qi���rq R _��xrunJ

MTR _`�eY�[W_ b�ZJ `� Y�`_JH Y�a]W_Wc`�f _`cYb W���YbbY� c` cZY
e`��[_� ��`da `_ X�[XY�f M�N FNLMTG l��s��KKxxxJqllJqrKkorg�o������
Ki�s�u�p�q��K�hhrvq��qkI�vi���qkI�qiIo�xKhh�K�yso�q��ruzIqr���Ij�q�oINLMU
JsijJ
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PJ +��� ��)����� ��� �������"� cl� hrpprqH �l�u�i su�qh�so��
su�j�u�goz �oorx �oo sr��q���o �qjruh�p�q� �v�lru����� rj �q��u��� �r
mr�q �l� hrrui�q���i ru mr�q� �qw����k���rqJ W� �l� ��p� ��p�H �l�
hrpprqH �l�u�i su�qh�so�� pv�� u���rq�goz kv�u�q��� �l� j�q�o��z
rj �qjruh�p�q� �q u�o���rq �r �l� ��p� ru ��p�o�u p��hrqivh�J [q �l��
u��s�h�H p�hl�q��p� �vhl �� �q rs�I�q �z���p hrvoi g� hrq��i�u�iH
�q xl�hl �w�uz u�o�w�q� �v�lru��z u�h��w�� � qr��j�h���rq rj �
sr��q���ooz u�o�w�q� �qw����k���rqJ bvgm�h� �r �y����qk mvu��i�h��rqH
��hl ����� xrvoi g� �oorx�i �r rs� �q �r � mr�q� ru hrrui�q���i
�qw����k���rqJ Yqjruh�u� xlr l�w� qr� rs��i �q xrvoi g� ���rss�i
jurp o�vqhl�qk �q �qjruh�p�q� p����u x��l u��s�h� �r �l� ��p� ru
��p�o�u p��hrqivh� rqh� � u��rov��rq l�� g��q �hl��w�i gz r�l�u�J

QJ ��� ��� �������� �� ���(�������� el�q �q �qhov��w�
p�hl�q��pH �� �vkk����i �grw�H �� �irs��iH g�q�j��� �y����qk �q �
s�u��h�s���qk mvu��i�h��rq jru hrrs�u���w� hrusru���rq� F����H s�q�o�z
u�ivh��rq iv� �r wrovq��uz ��ojIu�sru��qkG �lrvoi g� su���uw�iH �w�q
xl�q �l� hrrs�u���rq l�� g��q �y�uh���i �rx�ui� rq� �v�lru��zJ �ru
�q���qh�H xl�q � hrusru���rq wrovq��u�oz ��ojIu�sru�� ��� �v�s�h�rq�
�r �l� dJ�J b�`��qi �lurvklrv� �l� �qw����k���rq �l� �hl�p�
�ss��u� �r l�w� � dJbJ �qko� �� x�oo��l� dJbJ �`\ �� �l�u�gz �o�r
�qjrup�i rj �l� �hl�p�H �� s�u �l� �qhov��w�q��� �qi j�q�o��z
su�qh�so�H �qi �l� hrusru���rq x�oo ���oo g� �q���o�i �r � s�q�o�z
u�ivh��rq �q �l� dJbJ jru ��ojIu�sru��qkJ

RJ G�������� ������������� cl� hrrui�q���rq rj pvo��I
mvu��i�h��rq�o �qjruh�p�q� �qi �l� �pso�p�q����rq rj �l� hrpprq
su�qh�so�� p�z mv���jz �l� ����go��lp�q� rj � �org�o c��n �ruh� �r
�vssru� o�x �qjruh�p�q� �v�lru����� �qi �qhvpg�q� hrusru���rq�~
hrrui�q���rqJ cl� hrrui�q���rq xrvoi surpr�� � mr�q� i���up�q���rq
rj �hrs�H �qjruh�p�q� �h��rq�H �qi ��p�o�q�� �qi xrvoi su�j�u�goz
rs�u��� �q � x�z �l�� �qhu����� �l� �jj�h��qhz rj �l� surh��� �qi
p�q�p���� �l� hr��� ���rh����i x��l �l� pvo��so�h��z rj �qjruh�p�q�
jurq��H gr�l �r o�x �qjruh�u� �qi �r �qw����k���i hrusru���rq�J

SJ 
�����)����� �� ����� ������MTS� el�q sr���go�H �l�
hrrui�q���i �qjruh�p�q� p����u� �lrvoi su���uw� �l� su�w�o�k�� �qi

MTS +�J �� Q�RJ
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u�kl�� �l�� �l� �qhvpg�q� hrusru���rq �� �q���o�i �r �q ��hl
mvu��i�h��rqJ �ru �q���qh�H su�w�o�k�i u�kl�� �lrvoi g� su���uw�iH �qi
su�w�o�k�i irhvp�q�� �lrvoi qr� g� �l�u�i gz �lr�� mvu��i�h��rq� �q
xl�hl su�w�o�k� u�kl�� �u� qr� u�hrkq���i gz orh�o o�xH vqo��� �l�
�qhvpg�q� hrusru���rq l�� wrovq��u�oz x��w�i ��� u�kl��J

TJ ����� ����� ����� el�q sr���go�H �qjruh�p�q� �v�lru�����
�lrvoi u��hl � mr�q� u��rov��rqH xl�hl �� su�j�u�goz p�i� svgo�h rq
� ��qko� i�z �qi ��hvu�� �l� j�q�o��z rj surh��i�qk�H xl�o� �wr�i�qk
vqq�h����uz hroo���u�o �jj�h��J

UJ ,������������� �� (��������MTT� cl� �r��o s�q�o�z u��vo��qk
jurp �l� w�u�rv� jurq�� rj �qjruh�p�q� pv�� g� u���rq�go� �qi
sursru��rq���H k�w�q �l� h�uhvp���qh�� rj �l� rjj�q���J blrvoi �
hu�i�� p�hl�q��p g� v��iH �l� hu�i�� p�hl�q��p �lrvoi u�jo�h� �
k�qv�q� h�ohvov� u��l�u �l�q �l� �s�h�rv� u�ivh��rq rj �qjo���i
s�q�o����J

MLJ ����������� �����������MTU� ^���vu�� �psorz�i gz �l�
w�u�rv� jurq�� rj �qjruh�p�q� �lrvoi ��n� �hhrvq� rj ��hl r�l�u �q
rui�u �r su�w�q� vqq�h����uz ivso�h���rq rj �jjru�� �q ��hvu�qk
u�p�i����rqJ �ru �q���qh�H �q u�j�u�qh� �r �l� �`\ u��rov��rq rj gr�l
�l� brh�{�{ �{q{u�o� �qi W�ugv� p����u�H �l� i�h���rq rq �l�
�psr����rq rj � hrusru��� prq��ru �lrvoi ��n� �q�r �hhrvq� r�l�u
prq��ru�qk p�hl�q��p� �psorz�i gz r�l�u �rw�u��kq ������ �q
u�o���rq �r i�j�h��qh��� vqhrw�u�i �� s�u� rj �l� �qw����k���rqJMUL

���hl�qk � korg�o hrpprq vqi�u���qi�qk �prqk o�x
�qjruh�p�q� �v�lru����� p�z jvu�l�u surpr�� �l� �hl��w�p�q�� rj
korg�o �q������w��H xl�hl l�w� �vhh���jvooz �o�kq�i �l�
hu�p�q�o�����rq rj jru��kq hruuvs� su�h��h�� �qi xl�hl �ii w�ov� �r
�lr�� �q������w�� gz ��hvu�qk �l��u �jj�h��w� �pso�p�q����rqJ bvhl
hrpprqH �l�u�i kv�i�qk su�qh�so�� p�z �qhu���� �l� �u�q�s�u�qhz
�qi �l� su�i�h��g�o��z rj �l� pvo��Imvu��i�h��rq�o �qjruh�p�q� �u�q�H

MTT +�� �� N�PJ
MTU +�� �� P�QJ
MUL ��� ,������ �� ��� L�� ��� �� I+,H � (�� qr�� TT �qi �l� u�o���i p��q

��y�J



� I�&��� �

,&��- �& �%�+N�&,,

�+&% QRO

p�z ��uw� �l� svusr��� rj �q��Ijru��kq hruuvs��rq �qjruh�p�q�H �qi
p�z surpr�� �l� korg�o �rh��o kr�o �jj�h��w�ozJ

_r��gozH �q o�q� x��l �l� �ssur�hl�� jroorx�i gz �l� �y����qk
gri��� rj u����uhl p�q��rq�i �grw�H �l� ju�p�xrun rj �q�oz���
sursr��i �q �l�� Wu��ho� jrhv��� rq �l� �jj�h�� rj �qjruh�p�q�
�z���p� rq �l� pr��w���rq rj sr��q���ooz hvos�go� hrusru���rq�J cl�
tv����rq� rj u�����v��rqH �oorh���rq rj j�q�� g��x��q �rw�u��kq ������H
�qi �l� hrps�q����rq rj w�h��p� �yh��i �l� grvqi�u��� rj �l��
�q�oz��� �qi p�z i���uw� jvu�l�u �huv��qz �q jv�vu� ��vi���J
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