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Abstract:  
 
The purpose of this paper is to characterize inertia-gravity waves (IGW) activity and to investigate the 
variability of these waves in relationship to atmospheric forcing and larger-scale motions. To this aim, 
we analyzed Eulerian measurements of horizontal currents and temperature collected over 1 year 
during the Programme Océan Multidisciplinaire Méso Echelle (POMME). We focused on the main 
frequency components of the IGW spectrum, namely the inertial frequency f and the semidiurnal 
frequency M2. Time evolution of the relative energy of these two components gave evidence of 
isolated events of high intensity. We performed a detailed analysis of these events and identified 
mechanisms of generation of these waves. Localized spots of intense, near-inertial IGW were 
observed in winter. During the mixed layer deepening, one event was correlated with plume-like 
structures resulting from peaks of intense surface cooling. This suggests a local generation process 
driven by strong downward vertical motions. Instead, other events of strong IGW could be related to 
submesoscale features, characteristic of a frontal region, in particular, wave trapping within 
anticyclonic eddies. In contrast, a downward energy propagation down to about 500 m below the 
mixed layer was isolated after a stormy period. Eventually, internal tidal beams, possibly generated at 
a nearby seamount, intermittently crossed the mooring, though less energetically than the previous 
events. Last, we estimated the eddy diffusivity from the velocity vertical shear. Large variations were 
obtained, from 10−6 m2/s up to 10−3 m2/s, consistent with the intense events previously isolated.  
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Öt�È×tm;gj�eqµ×tmNu#×��nm%Ø4qj��w1¨vmPw1�n¤Im`m%×tqtlns�w1�nqt�eqj��w1¨vm;g�w1¤Iqti � ¨vmNu-�nk`�(qtu-kN�n�vÖVgj�v�Ôqj��w1¨vm
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i-svu#�ígjkNmV¨vm!g�wf��s�á9�vmNkNu-m!gji-mNi�n�byPs�w1sv¤I�bØ>�Èw1¨
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w1¨vmVØ>�n�v�Üi#w1u-mNi-iÇgji-i-q�kN��g�w1mN�9Ø>�Èw1¨=w1¨vmNi-mBm%×tmN� w1iÇgju-mìln�nëjmNlÈ�6w1qÓlnm!gj�9w1qÓ�#§
Û ÖtmN�vmNu1g�w1�nqt���ÇÑ�¨vmN�����(u-qt¤
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�"�cqtu-�vmNuw1q6mNi#w1�n¤Þg�w1mBâ�s�gj� w1�Èw�g�w1�È×tmNlÈ�9w1¨vmÞ�vqµØ>� Ø�gju-�ñmN�vmNu-Öj� � u-q � gjÖ g�w1�nqt�Üqj��w1¨vmNi-mÞm%×tmN� w1iÇØrmÞkNqt¤ìx

� s�w1mN�Iw1¨vm`kNqtu-u-mNl�g�w1�nqt�ìkNq�m��IkN�nmN� wrqj�Âw1¨vm`kNqt¤ � lnm�áB�vm!gju/x"�n�vmNu#w1��gjl�×tmNlnq�kN�Èw"�t�"�b� Ø>�Èw1¨v�n�ìw1¨vm>w1�n¤Im��n� w1mNu#×jgjl
I �µïk?� ï8L���g!��iN��Ø>�Èw1¨egpu-m%�(mNu-mN�vkNm
�vm � w1¨Ôg�w�w1¨vmPs �v� mNu�lnm%×tmNlDH8��l4¡8� ïjð=�LÑ�¨v�nirkNq�m��IkN�nmN� wr�ni�kNqt¤ � s�w1mN�
svi-�n�vÖìw1¨vm;�(qtlnlnqµØ>�n�vÖVm�á � u-mNi-i-�nqt��� � i-mNmÇgji�ØrmNlnl��
�k������� � ����� �t����w1¨vmN�nu`~Hâ�� � 	 �-�o+

��r�� ô r�� �d� ��l � ���r�� �ds �j�Xr�� �ds��V� ���
� � � �r�� �ds �j�Xr�� �ds �k� � � � �r�� �ds��V� �j�Xr�� �ds��V� ��� � ���

Ñ�¨vmI¤Iq��vsvlnsvi
qj�rw1¨v�ni;kNqt¤ � lnm�áÜkNqtu-u-mNl�g�w1�nqt�=kNq�m��IkN�nmN� wp�ni�v�ni � l�g!�tmN�cgjipgÔ�(sv�vk%w1�nqt�Üqj�rw1¨vmB�vmNl�g!� �
gj�v�6�vm � w1¨9�n�6�h�nÖtsvu-m�	��rÑ�¨vmp¤Þg�á��n¤Vsv¤\kNqtu-u-mNl�g�w1�nqt�Ô×jgjlnsvm
�(qtlnlnqµØ>i`gBi#w1u1gj�nÖt¨ w`ln�n�vm;kNqt�vi-�ni#w1mN� w1lÈ�ÔØ>�Èw1¨

gB�vqµØ>� Ø�gju-�=mN�vmNu-Öj� � u-q � gjÖ g�w1�nqt���rÑ�¨�sviN��ØrmÇmNi#w1�n¤Þg�w1mN�6w1¨vm×tmNu#w1�nk!gjl�Ötu-qts � ×tmNlnq�kN�Èw"�Ô�(u-qt¤\w1¨vmÇi-lnq � m
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w1¨�svi`qj�hw1¨vmpqtu-�vmNu>qj���tð#ê÷�ðÔöµ�r�`qjw1mw1¨�g�w`�vsvmw1qIgBl�gjk�ëÔqj�hu-mNi-qtlns�w1�nqt�Óqj�L�vm!gju`i-svu#�ígjkNmpkNsvu-u-mN� w1i`Ørm
kNqtsvln�=�vqjw;kNqt¤ � gju-mpw1¨v�niP×jgjlnsvmpØ>�Èw1¨9w1¨vmìmN�vmNu-Öj�N��s�á=gji-i-q�kN��g�w1mN�9Ø>�Èw1¨=¤I�Æá�mN�9l�g!�tmNu;¤Iqjw1�nqt�viN�
Ñ�¨vmNi-m
u-mNi-svlÈw1i>i-svÖtÖtmNi#w`w1¨�g�w�w1¨vmNi-mØ�g!×tmNi`ØrmNu-mpÖtmN�vmNu1g�w1mN�Ó�(u-qt¤ w1¨vmz�gji-mpqj�Fw1¨vm¤I�Æá�mN�Ól�g!�tmNu`g��Úw1mNu>gìi#w1qtu-¤6�

ÑFqñk�¨vmNk�ëÕw1¨vmbu-mNlnm%×jgj�vkNmbqj�
w1¨v�niI¨ � � qjw1¨vmNi-�niIØrm9mNi#w1�n¤Þg�w1mN�Õw1¨vm6w1�n¤ImÓu-mNâ�sv�nu-mN�Ý�(qtuBw1¨vmÓØ�g!×tmNiew1q

� u-q � gjÖ g�w1m>�(u-qt¤ w1¨vmPz�gji-m
qj��w1¨vm`¤I�Æá�mN�Þl�g!�tmNur�vqµØ>�Þw1qpw1¨vmPqtzvi-mNu#×tmN�Ó��g�w�g��LÑFqpw1¨v�nirgj�n¤6� Ørm
gji-i-sv¤ImN�

gÛ¡'oÝi-k!gjln�n�vÖw1¨�g�w � u-qµ×��n�vmNi�gj�emNi#w1�n¤Þg�w1m>qj��w1¨vm`×jgju-��g�w1�nqt�Igjlnqt�vÖw1¨vm`×tmNu#w1�nk!gjl�qj�Âw1¨vm`×tmNu#w1�nk!gjl�Ötu-qts �
×tmNlnq�kN�Èw"�t�>¨vqµØrm%×tmNu6i#w1u-�nk%w1lÈ�Õ×jgjln�n�Ý�È�;w1¨vmbw"� � �nk!gjlP×tmNu#w1�nk!gjl`Ø�g!×tmNlnmN�vÖjw1¨¾�niei-¤ÞgjlnlnmNuBw1¨�gj�àw1¨vm9i-k!gjlnm9qj�

×jgju-��g�w1�nqt�Ôqj�Fw1¨vmp¤ImN�v�nsv¤6�H�"�6w1¨v�ni��(u1gj¤Im%Ørqtu-ëÞw1¨vm×tmNu#w1�nk!gjl�Ötu-qts � ×tmNlnq�kN�Èw"�e×jgju-�nmNi>�n� ×tmNu-i-mNlÈ�ÔØ>�Èw1¨Ôw1¨vm

zvsvqµ� gj�vk%�Ü�(u-mNâ�svmN�vk%� � mj� Öv�*�
�w���¢��� �X����� ����{�m!gj¤Þgj�Ògj�v�c��gj���(qtu-���X��� �t�t�o+�y¤£�r � H �vl¥y¤£�¦-§]¨§ © rjª ��Ø>¨vmNu-m
y¤£�¦r�ni�gkNqt�vi#w�gj� w!��kNqt¤ � s�w1mN�B�(u-qt¤ w1¨vm�×jgjlnsvm>qj��y¤£�r�l �!ðÔð6÷tøPg�w��vm � w1¨�H&l«� ïtïjð=�">�¬��ni�gu-m%�(mNu-mN�vkNm
zvsvqµ� gj�vk%�9�(u-mNâ�svmN�vk%�bx"mNâ�s�gjlFw1qÓ�"~È�µï�ô�ùK���u�÷tø%x�gj�v�M> � H �`w1¨vmVzvsvqµ� gj�vk%�b�(u-mNâ�svmN�vk%� � u-qjè�lnmÇmNi#w1�n¤Þg�w1mN�
�(u-qt¤ i-¨v� � i#w�g�w1�nqt�viX�n�Bw1¨v�nirgju-m!g�n�e��m � w1mN¤Vz�mNuN�Hy¾×jgjlnsvm>qj��gjz�qts�w����g!��iXØ�gjirqtz�w�gj�n�vmN�B�(qtuHw1¨vm`i-�nÖt��gjl

w1q � u-q � gjÖ g�w1mì�(u-qt¤®HElT¡jïjð �vqµØ>�Òw1qNHElT¡8� ïjð=�eÑ�¨v�nip�niâ�sv�Èw1mBkNqt�vi-�ni#w1mN� wÇØ>�Èw1¨Üw1¨vmIØ>�n�v�Òi#w1u-mNi-i
w1�n¤ImÇm%×tqtlns�w1�nqt� � �h�nÖv� ¡�� g ��Ø>¨v�nk�¨Üi-¨vqµØ>iÇ¡ � m!gjë�ig�w��g!��iì�t�Bgj�v�Õ��	Þw1¨�g�w;k!gj�Ü¨�g!×tmBlnmN�9w1qew1¨vmVØ�g!×tm
Ötu-qts � iPqtzvi-mNu#×tmN�Òg�wP��g!��iV���Igj�v�Ü¡t¡Ig�w¢H�l ¡8� ïjð=�`�`qjw1mÇ¨vqµØrm%×tmNu
w1¨vmÇsv�vkNmNu#w�gj�n� w"�6qj�Hw1¨vmÇmNi#w1�n¤Þg�w1m
Ø>¨v�nk�¨Iu-mNln�nmNiLqt�ìÛ¡'oêi-k!gjln�n�vÖv� gj�v�B�vmNÖtlnmNk%w1iHw1¨vm�¤ImNi-q�x"i-k!gjlnm�mN�v���Vè�mNln�Igj�v�BkNsvu-u-mN� w1iHØ>¨v�nk�¨I�n����svmN�vkNm
�n�vmNu#w1��g�x"Ötu1g!×��Èw"�IØ�g!×tm � u-q � gjÖ g�w1�nqt���
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ÛcmÇ�(q�kNsviPqt�9w1¨vmVmN�vmNu-Ötm%w1�nkÇØ�g!×tmNi
w1¨�g�w
ØrmNu-mVqtzvi-mNu#×tmN�Òz�m%w"ØrmNmN�0gtgj��s�gju#�9gj�v�bw1¨vmVmN�v�=qj�r�bgju-k�¨��

~L×��n�vmN�vkNmÇqj�hw1¨vmNi-mpØ�g!×tmNi
�ni`Öt�È×tmN�6�n�b�h�nÖtsvu-m���� gIz �6gIi-svkNkNmNi-i-�nqt�9qj�Li � qjw1iPqj�L¨v�nÖt¨bgj¤ � ln�Èw1sv�vm;qj�hw1¨vm
åckNqt¤ � qt�vmN� w!��gju-qtsv�v�Ü��g!��iì�µ¢tï��H�3� ï��L���jïÔgj�v�ê��	 ���pÑ�¨vmNi-mIm%×tmN� w1ipl�gji#w
w"� � �nk!gjlnlÈ�6lnmNi-i
w1¨�gj�Ò¢e��g!��i
gj�v�Ógju-m
lnq�k!gjln�n¥NmN�egjlnqt�vÖÇw1¨vmP×tmNu#w1�nk!gjl�m�á�kNm � w>�(qtu�w1¨vm;��g!� x����jïÇm%×tmN� w!��Ñ�¨vm;l�gjk�ëIqj��×tmNu#w1�nk!gjlÂkNqt¨vmNu-mN�vkNmj�

kNqt� w1u1gju#�Iw1qÇØ>¨�g�w��nirqtzvi-mNu#×tmN�Ó�(qtu��n�vi#w�gj�vkNmPØ>¨vmN�Ôi#w1qtu-¤ ÖtmN�vmNu1g�w1mN�Ô�#§
Ûç��i-svÖtÖtmNi#w1irw1¨�g�wrw1¨vmNi-m
Ø�g!×tmNi

gju-mrqj���v�ÈòÂmNu-mN� wHqtu-�nÖt�n�����"�v�vmNmN�ìw1¨vmNi-m��n� w1mN�vi-m�Ø�g!×tm�m%×tmN� w1iX¤I�nÖt¨ whz�mru-mNl�g�w1mN�VmN�Èw1¨vmNuhw1qPw1¨vm�i#w1u-qt�vÖP×jgju-�Æx

gjzv�nln�Èw"�;qj��w1¨vmri#w1u1g�w1�Èè�k!g�w1�nqt�ÇqtuFw1qPw1¨vm�¤ImNi-qti-k!gjlnmrmN�v���pè�mNln�ìgjiLi-¨vqµØ>�Bz �pw1¨vmr¨v�nÖt¨Vlnm%×tmNl�qj��i-svz�x"�n�vmNu#w1��gjl

ë��n�vm%w1�nkBmN�vmNu-Öj�t�6�6qtu-m � u-mNkN�ni-mNlÈ�t�hsv� w1�nlXgjz�qts�wpw1¨vmImN�v�cqj�>��mNzvu-s�gju#� � ��g!�Õ���jï ����ØrmNlnlÆx"¤I�Æá�mN� � g�w1k�¨vmNi

g�w`s �v� mNu>�vm � w1¨ � �h�nÖv� ¢ ��� � qti-i-�nzvlÈ�Ógji-i-q�kN��g�w1mN�ÓØ>�Èw1¨6¤I�Æá�mN�Ól�g!�tmNu`�n� w1u-svi-�nqt�viN��i-svÖtÖtmNi#w`w1¨�g�w>w1¨vmi#w1u-qt�vÖ

×jgju-��gjzv�nln�Èw"�6qj�rw1¨vmI�vmNm � Ø>�n� w1mNu¤I�Æá�mN�Òl�g!�tmNup¤I�nÖt¨ w � l�g!�Üg6u-qtlnmì�n�Ò�#§
ÛSÖtmN�vmNu1g�w1�nqt���IyPlÈw1mNu-��g�w1�È×tmNlÈ�

w1¨vmNi-mÇ�n� w1mN�vi-mpm%×tmN� w1i;¤I�nÖt¨ w>z�mp�n�vmN� w1�Èè�mN�9gji`�vm!gju/x"�n�vmNu#w1��gjlÂØ�g!×tmNiPw1u1g �v� mN�6Ø>�Èw1¨v�n�6gj� w1�nk%��kNlnqt�v�nkmN�v���

i#w1u-svk%w1svu-mNi � mj� Öv�¢';sv�v¥NmBgj�v�Ü��gj���(qtu-���h����	������`Ñ�¨vmÇ�(u-mNâ�svmN�vk%�=qj�Hw1¨vmNi-mÇØ�g!×tmNi�ni`i-ln�nÖt¨ w1lÈ�Ói-svzv�n�vmNu#w1��gjl
z�mNk!gjsvi-mÓqj�`w1¨vmÓz�gjk�ë�Ötu-qtsv�v�Ýgj� w1�nk%��kNlnqt�v�nkÞ×tqtu#w1�nkN�Èw"�cØ>¨v�nk�¨Ùm�á � l�gj�n�viVØ>¨ �ñw1u1g �v� �n�vÖÜk!gj�Õu-mNi-svlÈw!�ñÑFq

gj�v�vu-mNi-iXw1¨v�ni � qt�n� wLØrm`g �v� ln�nmN�ìw1¨vm�¤Im%w1¨vq��B�vmNi-kNu-�nz�mN�Iz �I{��nlnlÈ�Çgj�v�I�>¨v�n�vmNi � ¡jïtï ¡t�F�n�ìqtu-�vmNuHw1q�ni-qtl�g�w1m

mN�v�v�nmNiN��Ø>¨vmN�Òw1¨vmB�(u-mNâ�svmN�vk%�Òqj��w1¨vmBØ�g!×tmNiÇ�nii-ln�nÖt¨ w1lÈ�bi-svz�x"�n�vmNu#w1��gjl+�ìÑ�¨v�nii-mNkNqt�v�ñ¤ImNk�¨�gj�v�ni-¤ kNqtsvln�

z�mqj�hu-mNlnm%×jgj�vkNm�n� � gju#w1�nkNsvl�gjur�(qtu�w1¨vmm%×tmN� w1i`w1¨�g�w`q�kNkNsvu>g��Úw1mNu>¤I�Æá�mN�Ól�g!�tmNu�i-¨�gjlnlnqµØ>�n�vÖv�

�"�Óqtu-�vmNu�w1qBÖtm%w��(svu#w1¨vmNu��n�vi-�nÖt¨ w1i��n� w1qìw1¨vm;¤I�Æá�mN�Ôl�g!�tmNu�×jgju-��gjzv�nln�Èw"�t��gj�v�ÓmNi � mNkN��gjlnlÈ�Þ�n� w1qVw1¨vm � lnsv¤Im�x

ln�nëjm`i#w1u-svk%w1svu-m � è�Öv� ¢ ����w1¨vm
�vm%w�gj�v�el�g�w1mN� w�¨vm!g�wk��s�á�mNi � }�gj�v��gjs�áÞm%w>gjl+��¡jïtï��v� gÇgj�v�ez��XØrmNu-m;gj��gjlÈ��¥NmN���
yPiri-¨vqµØ>�Ó�n�e�h�nÖtsvu-mp�µï�� gw1¨vmNu-m
�nirgÇ�vm%w�¨vm!g�w�lnqti-iX�(qtu�w1¨vmPq�kNm!gj�esv� w1�nlÂg �v� u-q!á��n¤Þg�w1mNlÈ�B��g!�6�µ�tï��H�
svu/x

�n�vÖew1¨v�ni � mNu-�nq��bx"z�mNÖt�n�v�v�n�vÖeqj�egtgj��s�gju#�=sv� w1�nlhz�mNÖt�n�v�v�n�vÖÔqj���bgju-k�¨�x`Ø>�n� w1mNu;i-svu#�ígjkNmBkNq�qtln�n�vÖv�Â¤Þgj�n�vlÈ�
�vu-�È×tmN�Óz �Ôm%×jg � qtu1g�w1�nqt����lnm!gj�vi�w1qIgì�vmNm � mN�v�n�vÖBqj�Fw1¨vm¤I�Æá�mN�Ôl�g!�tmNuN�X�"� w1mNu-mNi#w1�n�vÖtlÈ� � m!gjë�i>qj�h¤I�n�v�n¤Vsv¤
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Û ÖtmN�vmNu1g�w1�nqt�9�n�6w1¨vmVsv�v�vmNu-lÈ���n�vÖei#w1u1g�w1�Èè�mN�bØ�g�w1mNu-iN�porqjw1¨9qj�Hw1¨vmNi-m

� ¨vmN�vqt¤ImN��g��vs �v� mNu/x"kNqt� ×tmNk%w1�nqt�6gj�v�Ô�#§
Ûç��lnmN�ew1qV�n� w1mN�vi-m;¤I�Æá��n�vÖv�L�`m�á�w!��gj�v�Ô�vsvu-�n�vÖVw1¨vm
i-¨�gjlnlnqµØ>�n�vÖ

qj�hw1¨vmp¤I�Æá�mN�6l�g!�tmNuN��i � qjw1i`qj�LmN�vmNu-Ötm%w1�nkØ�g!×tmNi;g �v� m!gju-mN�6w1qIz�mkNqtu-u-mNl�g�w1mN�6Ø>�Èw1¨6i-svzv¤ImNi-qti-k!gjlnmpi#w1u-svk�x

w1svu-mNiN��mN�v�v�nmNiHqtuhè�l�gj¤ImN� w1iN�h�"� � gju#w1�nkNsvl�gjuF�(qtuLw"Ørqqj��w1¨vmNi-m>m%×tmN� w1iXØrm>Ö g!×tm>m%×��n�vmN�vkNm>qj���#§
ÛUw1u1g �v� �n�vÖ

Ø>�Èw1¨v�n�Ògj� w1�nk%��kNlnqt�v�nkìmN�v�v�nmNiN�Ô�6qtu-mBÖtmN�vmNu1gjlnlÈ�bw1¨vmIi#w1u-qt�vÖ6i-�nÖt��g�w1svu-mB�n�=w1mN¤ � mNu1g�w1svu-mIgj�v�Òi1gjln�n�v�Èw"�9qj�

w1¨vmNi-m>i-svzv¤ImNi-qti-k!gjlnm��(m!g�w1svu-mNiN���n�v�v�nk!g�w1m�g;i-qts�w1¨vmNu-�Iqtu-�nÖt�n���FÑ�¨�sviXw1¨vm%�VØrqtsvln�Bu-mNi-svlÈwX�(u-qt¤��n�vi#w�gjzv�nln�Èw1�nmNi

q�kNkNsvu-u-�n�vÖÜ�n�ñw1¨v�niV�(u-qt� w�gjl�u-mNÖt�nqt��� � qti-i-�nzvlÈ�ñmN�v¨�gj�vkNmN�Ýz �ñw1¨vm � gji-i1gjÖtm6qj�Pi#w1qtu-¤IiN�Õ�`qµØrm%×tmNuN�rw1¨vmNi-m

i#w1u-svk%w1svu-mNi�kNqtsvln�Þ�vqjw�z�m
z�m%w-w1mNur�n�vmN� w1�Èè�mN�Þw1¨�gj�e�(u-qt¤ w1¨vm
¤Iq�qtu-�n�vÖp¤Im!gji-svu-mN¤ImN� w1i�i-�n�vkNm`w1¨vmN�nurlnmN�vÖjw1¨

i-k!gjlnmp�ni`sv�vu-mNi-qtlÈ×tmN�=z �6w1¨vmVgju-u1g!�Ó¤Im!gji-svu-mN¤ImN� w1iN�
�`mN�vkNmÇw1¨vmÇ�n� w1mN�vi-mpØ>�n� w1mNu/x£w1�n¤Imm%×tmN� w1igju-mÇmN�Èw1¨vmNu

w1u-�nÖtÖtmNu-mN�ez �ei-svu#�ígjkNm;zvsvqµ� gj�vk%�elnqti-i�qtu�z �Þi-svzv¤ImNi-qti-k!gjlnm
�(m!g�w1svu-mNiN�XÑ�¨vm
è�u-i#w�¤ImNk�¨�gj�v�ni-¤ìxH�#§
Û ÖtmN��x

mNu1g�w1�nqt�I�vsvu-�n�vÖØ>�n� w1mNu/x£w1�n¤Im>kNqt� ×tmNk%w1�nqt��xL�nirgj�Þm��IkN�nmN� w�¤Im!gj�I�(qtuXmN�vmNu-Öj�Bw1u1gj�vi#�(mNur�n� w1qw1¨vm`Ø�g!×tmPè�mNln�
gji�i-¨vqµØ>�ez �e§gju#Ørq�q��egj�v�e�Pgju-kNqtsvu#w � ������� �Lsvi-�n�vÖV{�~��Ig�wr¨v�nÖt¨Il�g�w1�Èw1sv�vmNiN�X|
svu�¤Im!gji-svu-mN¤ImN� w1iri-svÖ�x
ÖtmNi#wrw1¨�g�wrw1¨v�nir�ni�gji�ØrmNlnl�w1¨vm
k!gji-m;g�w�¤I�n��x"l�g�w1�Èw1sv�vmj�F�`qµØrm%×tmNu>�Èw�g �v� m!gju-i�w1¨�g�wrw1¨vmP�(u-mNâ�svmN�vk%�eu1gj�vÖtmPqj�
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zvsvqµ� gj�vk%�Þ�(u-mNâ�svmN�vk%�e�ni�qtzvi-mNu#×tmN�Ô�n�Iw1¨vm`�(qtu-¤ImNu�k!gji-mj�vgÇi#w1u-qt�vÖÇi-�nÖt��gjl��vm!gju�w1¨vmP�n�vmNu#w1��gjlv�(u-mNâ�svmN�vk%�t��gji

ØrmNlnlFgjiPg�wP¨v�nÖt¨Ó�(u-mNâ�svmN�vk%�t�Â�ni`qtz�w�gj�n�vmN�6¨vmNu-mj���£w`Ørqtsvln�bz�mp�n� w1mNu-mNi#w1�n�vÖIw1qI�n� ×tmNi#w1�nÖ g�w1mØ>¨vm%w1¨vmNuPw1¨vmNi-m

�v�ÈòÂmNu-mN�vkNmNi`kNqtsvln�Óz�mu-mNl�g�w1mN�Ôw1qìw1¨vmi � g�w1��gjl�i#w1u-svk%w1svu-mpqj�Fw1¨vmkNqt� ×tmNk%w1�È×tmÇm%×tmN� w1iN�

�`qjw1mÞw1¨�g�wÇw1¨vmeØ>�n� w1mNu/x£w1�n¤ImIm%×tmN� w1iB�ni-qtl�g�w1mN�c¨vmNu-me�v�ÈòÂmNuÇ�(u-qt¤ w1¨vmekNq�qtln�n�vÖ6m%×tmN� w1iN�r¤ImN� w1�nqt�vmN�ñz �

{�gju-ÖtmÞm%wìgjl � ����	t� �
w1¨�g�wÇØrmNu-mek�¨�gju1gjk%w1mNu-�n¥NmN�êz �ñg=�v��Ñó�vmNkNu-m!gji-mÓgj�v�êgj�ñ�n�vkNu-m!gji-me�n�Òw1mN¤ � mNu1g�w1svu-m
z�mNlnqµØ4w1¨vmw1¨vmNu-¤Iq�kNln�n�vmj�XÑ�¨vmNi-mÇm%×tmN� w1i`ØrmNu-mÇ�n� w1mNu � u-m%w1mN�9gji�w1¨vmpu-mNi-svlÈw`qj�hw1svu-zvsvlnmN� w`¤I�Æá��n�vÖì�n�v�vsvkNmN�

z �=�n�vmNu#w1��gjlh¤Iqjw1�nqt�vi`�íg!×tqtu-mN�Òz �Ügj�Ü�n�vmNu#w1��gjlhkNqt¤ � qt�vmN� wqj�Xw1¨vmìØ>�n�v� � {�gju-ÖtmBgj�v�c}ru1g!Ø��(qtu-���X����� �t���
Ñ�¨vmÓl�g�w1mÞØ>�n� w1mNuìm%×tmN� w1iIqtzvi-mNu#×tmN�Ý�n�Õf�|�9�b~ gju-mÔkNlnm!gju-lÈ�cqj�`�v�ÈòÂmNu-mN� wB��g�w1svu-mj�ê�h�nu-i#wVw1¨vmNu-mÓ�niV�vq

i-svu#�ígjkNmìkNq�qtln�n�vÖÞzvs�w;�n�vi#w1m!gj�Üge�vm%w¨vm!g�w¢��s�á9�(u-qt¤ w1¨vmìg�w1¤Iqti � ¨vmNu-mVw1qew1¨vmVq�kNm!gj���p�`m�á�w!��gj�v�=¤Iqtu-m

�n¤ � qtu#w�gj� w1lÈ�t��w1¨vmeÑ`�Ò×jgju-��g�w1�nqt�vipgju-mekNqt�vi-�ni#w1mN� wVØ>�Èw1¨cw1¨vmÔgj��×tmNk%w1�nqt�êqj�>i-qts�w1¨vmNu-�ñØ�g�w1mNuìgjkNu-qti-iÇw1¨vm

�(u-qt� w!�

�
svm`w1qpw1¨vmPl�gjk�ëBqj��Ñrx#�I¤Im!gji-svu-mN¤ImN� w1irw1¨vmPqt�vlÈ� � qti-i-�nzvlnm`mNi#w1�n¤Þg�w1m`qj��mN�v���Þ�v�ÈòÂsvi-�È×��Èw"�VØ�gji�z�gji-mN�Ôqt�

w1¨vm�×tmNu#w1�nk!gjlvi-¨vm!gjuN� Ø>�Èw1¨Bg;i#w1u1g�w1�Èè�k!g�w1�nqt�V�n���(mNu-u-mN�ì�(u-qt¤ gj�B�n� ×tmNu-i-m>¤Iq��vmNl � §gj�nlnl�gju-�Q���������n�tw1¨v�niL�ni-i-svmµ���
y Ø>�n�vmìu1gj�vÖtmìqj�X×jgjlnsvmNiN���(u-qt¤ß�µï�ô�õ1ðÔö�÷tøBs � w1q=�µï�ô�ù1ðÔö%÷tøt��Ø�gjiqtz�w�gj�n�vmN���ÂØ>�Èw1¨ÜgÔi � g�w1�nq�x£w1mN¤ � qtu1gjl

�v�ni#w1u-�nzvs�w1�nqt�ÜkNqt�vi-�ni#w1mN� wÇØ>�Èw1¨Òw1¨vmI�n� w1mN�vi-mÞm%×tmN� w1i � u-m%×��nqtsvi-lÈ�Ògj��gjlÈ��¥NmN���eÛ¾�n� w1mNu/x£w1�n¤Imìm%×tmN� w1iìlnmN�Üw1q

w1¨vm
¨v�nÖt¨vmNi#wrmN�v���Þ�v�ÈòÂsvi-�È×��Èw"�B×jgjlnsvmNirgj�v�Þw1¨v�nirmN�v¨�gj�vkNmNi�w1¨vmN�nu��n¤ � qtu#w�gj�vkNm`u-mNÖ gju-�v�n�vÖÇi-svz��vsvk%w1�nqt�Ôgj�v�

i � u-�n�vÖBzvlnq�qt¤6�

Ñ�¨v�nihè�u-i#wXk�¨�gju1gjk%w1mNu-�n¥!g�w1�nqt�Vqj���#§
Û@�vsvu-�n�vÖ;f�|�9�b~cm�á � mNu-�n¤ImN� wHi-¨vqµØrmN�Bw1¨vm�i#w1u-qt�vÖ
×jgju-��gjzv�nln�Èw"�;qj�

w1¨vmNi-mØ�g!×tmNi
gj�v�Ôw1¨vmi-�nÖt�v�Èè�k!gj� w>�n¤ � gjk%w�qj�F�n� w1mN�vi-mpm%×tmN� w1i`qt�6mN�vmNu-Öj����s�á�mNiPgj�v�6¤I�Æá��n�vÖv�hÑ�¨vm¤Iqti#w
�n� w1mNu-mNi#w1�n�vÖ � qt�n� wìØrm6i-¨�gjlnl��(svu#w1¨vmNuI�n� ×tmNi#w1�nÖ g�w1mÓ�niìw1¨vm6gj��gjlÈ��i-�niBqj�`w1¨vm6�n� w1mN�vi-mÓØ>�n� w1mNu/x£w1�n¤Imem%×tmN� w1i

�ni-qtl�g�w1mN�ñ¨vmNu-mj�ÜÑ�¨v�niV�n�vkNlnsv�vmNiV�n� w1mN�vi-mÔi-svu#�ígjkNmekNq�qtln�n�vÖ9gj�v�ê�n� w1mNu1gjk%w1�nqt�viÇz�m%w"ØrmNmN�Ù�#§
Û gj�v�êl�gju-ÖtmNu
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w1�nqt�viÇ�(q�kNsvi-mN�Ùqt�êw1¨vmNi-m6m%×tmN� w1iN�Ù~L×tmN� w1s�gjlnlÈ�ñw1¨vm6gj��gjlÈ��i-�niVqj�Pqjw1¨vmNuì¤Iq�qtu-�n�vÖtiN�Hlnq�k!g�w1mN�êi-qts�w1¨ Ø�gju-���

i-¨vqtsvln�IÖt�È×tm`gkNqt� w1u1gji#w1�n�vÖ � �nk%w1svu-m�w1qw1¨�g�w��vu1g!Ø>�Þ¨vmNu-m`�vsvm>w1qpz�qjw1¨BØrm!gjëjmNu�g�w1¤Iqti � ¨vmNu-�nk��(qtu-kN�n�vÖpgj�v�

¤ImNi-qti-k!gjlnmgjk%w1�È×��Èw"�t�

Ê û ÊÔÐ�b ý þ Y \ 1 ÿ 9�4�1�ý Í�Ì
Ûcmìgjk�ë��vqµØ>lnmN�vÖtmI�p��§;�nqtu-��gj�v�hgj�v�c§ì��}�gj�v��gjs�áb�(qtu � u-qµ×��n�v�n�vÖÔ�n���(qtu-¤Þg�w1�nqt�vi>qt�9w1¨vmBg�w1¤Iqti � ¨vmNu-�nk

�(qtu-kN�n�vÖv�)g���{��nlnlÈ�I�(qtu>¨v�ni>¨vmNl � �n�6�n� w1mNu � u-m%w1�n�vÖìw1¨vmÇg!×tmNu1gjÖtmN�b¨vq��vqtÖtu1g � ¨vi`gj�v�9§ì���>m%×tmNu-�v�n�6�(qtu�svi-m%�(svl
�v�ni-kNsvi-i-�nqt�viN�hÛcm�w1¨�gj�vëÇgjiLØrmNlnl�w1¨vm�u-m%×��nm%ØrmNu-iH�(qtuhw1¨vmN�nuh¨vmNl � �(svl�kNqt¤I¤ImN� w1iN�LÑ�¨v�nihØrqtu-ëpØ�gjiXi-s �v� qtu#w1mN�

z �ew1¨vmp��u-mN�vk�¨ � u-qtÖtu1gj¤Ii�f�yHÑ`|� gj�v�6fX��||;� � }��P�P�v���/�
���
���

6 þ�Í 1 Ì
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â 1 Z 1 Î 1�ý Ð 1 Ì
yPi-i-mN��z�gjsv¤6�L�Ò�È���>m%×tmNu-�v�n���h§ì��¡jïtï��v���`m!gju/x£w1�n¤Imìgj��gjlÈ��i-�ni
qj��w1¨vmB¤ImNi-qti-k!gjlnmìkN�nu-kNsvl�g�w1�nqt�9�vsvu-�n�vÖew1¨vm
f�|�9�b~àm�á � mNu-�n¤ImN� w!��ã�ä��oåAå]�K��æ�çdèé&�¤�Åå7ê=�K�Xëh�¤ì3�n�

}�gj�v��gjs�áÂ��§ì�È�voru-s�w!�vyÇ�È�vorqtsvu-u1gjiN���V�È��§;�nqtu-��gj�v�+���p�È��fhgjkN�+��yÇ�È��fHu-�nmNsvuN�v{H�È�v�>m%×tmNu-�v�n����§ì��¡jïtï��v��yDqt�vm
�tm!gju>i-m!gìi-svu#�ígjkNm¨vm!g�w!���(u-mNi-¨ÓØ�g�w1mNu>gj�v�Ó¤Iqt¤ImN� w1sv¤\zvsv�vÖtm%w>�n�Ôw1¨vm�`qtu#w1¨6~Xgji#w1mNu-�6y�w1l�gj� w1�nk
z�gji-�n�

�vsvu-�n�vÖw1¨vm
f�|�9�b~Õm�á � mNu-�n¤ImN� w3+Hfhgju#wr�¤+���s�áÞmNi#w1�n¤Þg�w1mNiN�N�Åä-�oåAå]�K��æwçdèîíï��ðw�¤ä¤å]ñ"ò�ì3��ëh�¤ì3�<ó�ìÅå]�¤ô�ç^���
çzì¤ì�õ]�&ä8èNö¢÷�øøùú��û�å]��æoçdü*��è]�í�

}�gj�v��gjs�áÂ��§ì�È��ormNl�gj¤Þgju-�+��§ì�È�v§;�nqtu-��gj�v�+���p�È�vfhgjkN�+��yÇ�È�vfHu-�nmNsvuN�v{H�È�v�>m%×tmNu-�v�n����§ì�v¡jïtï��v��yDqt�vmP�tm!gju�i-m!g

©«ªD¬««® ¬t¯�°�±t²�³µ´H¶=·�¸�¸�¹L¶=ºX»/·�·�¼�½ ©4ª4¬4¾®



¿9ÀÂÁo� Ã ����������Ä�ÅÆ�v� Ã ��� Ä���Äp��ÄÇ��	�'X� ���È&����Â���Ç���;��Ä������Â�I�È����� Ä��È��Ån���������nÄ��VÉ������;����Ä��Æ���nÄ��
i-svu#�ígjkNmB¨vm!g�w!���(u-mNi-¨ÜØ�g�w1mNugj�v�Ü¤Iqt¤ImN� w1sv¤^zvsv�vÖtm%w�n�9w1¨vmB�`qtu#w1¨Ò~Xgji#w1mNu-�Òy�w1l�gj� w1�nkVz�gji-�n�=�vsvu-�n�vÖ

w1¨vm
f�|�9�b~Õm�á � mNu-�n¤ImN� w3+Hfhgju#w��-�¤+���s�áÞkNqtu-u-mNk%w1�nqt���N�Åä��oåAå]�K��æwçdèîíï��ðw�¤ä¤å]ñ"ò�ì3�Dëh�¤ì3�<ó�ìÅå]�¤ô�ç^���)çzì¤ì�õ]�
ä8èNö¢÷�øøùú��û�å]��æoçdü*��è]�í�

�&% yPi1gju-qv��~�� yÇ������	 ��� Ñ�¨vmPmN�vmNu-Öj�-��s�áI�(u-qt¤�w1¨vm>Ø>�n�v�Iw1qÇ�vm!gju/x"�n�vmNu#w1��gjlv¤Iqjw1�nqt�viH�n�Bw1¨vmPi-svu#�ígjkNm`¤I�Æá�mN�
l�g!�tmNuN�0íï��ö�ñ"ò�ì3��÷wô¤�K��èDäKý�æ,�n� ú"º ���µï�� ¢�x��µï �����

�&% yPi1gju-qv�B~�� yÇ�ì����� ��� g��
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¡8� ïjð�LPgjieg
�(sv�vk%w1�nqt�Óqj�Fw1�n¤Im
qj��+
g��hi-svz�x"�v�nsvu-��gjl�kNsvu-u-mN� w1iN� �(qtuhkNqt¤ � gju-�ni-qt�Çw1¨vm�¤Þg�á��n¤Vsv¤ w1qjw�gjl�ë��n�vm%w1�nk�mN�vmNu-Öj�V�niLmNâ�s�gjl�w1q�	tïtï � y�ð6÷tø��/ö
g�w s�t ���jïVØ>¨v�nlnmPw1¨vm¤Þg�á��n¤Vsv¤\¢ì¤Iqt� w1¨6g!×tmNu1gjÖtm¨vqtu-�n¥Nqt� w�gjl�ë��n�vm%w1�nk;mN�vmNu-Öj�Ô�ni�¤Vsvk�¨6i-¤ÞgjlnlnmNu�mNâ�s�gjl

w1qÓ���jï � y�ð6÷tø��/ö,p
z��Hi-s � u1g�x"�n�vmNu#w1��gjl�kNsvu-u-mN� w1iN�
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�n�vi#w1u-sv¤ImN� w1iN�
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i-k!gjlnmNi��(qtu`å=gj�v�9æD¡Bgju-m;w1¨vmi1gj¤Imj�

� � 9 ��Î 1 Ê û �`m!gju/x"�n�vmNu#w1��gjlL¨vqtu-�n¥Nqt� w�gjlL×tmNlnq�kN�Èw"�ÜgjiÇgÓ�(sv�vk%w1�nqt�Òqj��w1�n¤ImBgj�v�c�vm � w1¨ñ�vsvu-�n�vÖÓw1¨vmBè�u-i#w

gjs�w1sv¤I�Ói#w1qtu-¤Ii,+
g��Hm!gji#w"Ø�gju-�6×tmNlnq�kN�Èw"�ÔkNqt¤ � qt�vmN� w

z��X�vqtu#w1¨ Ø�gju-�Ó×tmNlnq�kN�Èw"�ÔkNqt¤ � qt�vmN� w!�

� � 9 ��Î 165�û }rqtu-u-mNl�g�w1�nqt�ckNq�m��IkN�nmN� wBqj�>w1¨vmÞ�`kNqt¤ � qt�vmN� wBqj��w1¨vmÔ¨vqtu-�n¥Nqt� w�gjlrkNsvu-u-mN� wìØ>�Èw1¨v�n�cw1�n¤Im
�n� w1mNu#×jgjleI%�µï�J]� ï8L�u��A�vøpØ>�Èw1¨=u-m%�(mNu-mN�vkNmìlnm%×tmNlHg�w
w1¨vmVs �v� mNu;�vm � w1¨°H�l ¡8� ïjð=�Ñ�¨vmìlnqtÖ gju-�Èw1¨v¤ qj�Hw1¨v�ni

â�s�gj� w1�Èw"�Ô�ni��v�ni � l�g!�tmN�Ó�(qtu�z�m%w-w1mNu�×��ni-s�gjln�n¥!g�w1�nqt�eqj�Fw1¨vmln�n�vm;qj�h¤Þg�á��n¤Vsv¤ kNqtu-u-mNl�g�w1�nqt���

� � 9 ��Î 1/7�û g��HyP¤ � ln�Èw1sv�vm
qj�Fw1¨vm;�LkNqt¤ � qt�vmN� w>qj�Fw1¨vm¨vqtu-�n¥Nqt� w�gjl�kNsvu-u-mN� w3p
z����`mNÖ g�w1�È×tm;×jgjlnsvmNi�qj�Fw1¨vm;×tmNu#w1�nk!gjl�kNsvu-u-mN� w
g!×tmNu1gjÖtmN�6qµ×tmNu>w"ØrqI�n�vmNu#w1��gjl � mNu-�nq��vi,p
kj�Xy`×tmNu1gjÖtmN�6×tmNu#w1�nk!gjl�w1mN¤ � mNu1g�w1svu-m;Ötu1gj�v�nmN� w!�
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� � 9 ��Î 1 ú".�û g��çyP¤ � ln�Èw1sv�vmbqj�;w1¨vmÒ�9¡ckNqt¤ � qt�vmN� wÓqj�;w1¨vm=¨vqtu-�n¥Nqt� w�gjlPkNsvu-u-mN� wÓz�m%w"ØrmNmN�«¤I�n��x
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mNkNmN¤Vz�mNu,p
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