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Abstract

The Large Magellanic Cloud is the fourth-closest galaxy to us and, together with
its companion, the Small Magellanic Cloud, it provides an excellent laboratory
for studies of both galaxy interactions and stellar populations. In this thesis,
I made use of near-infrared photometry from the Visible and Infrared Survey
Telescope for Astronomy and spectra from the Fiber Large Array Multi Element
Spectrograph installed at the Very Large Telescope to study the radial veloci-
ties of a sample of � 4000 Large Magellanic Cloud stars, after performing sky
subtraction to clean the spectra, followed by full spectrum fitting using the pe-
nalized pixel fitting routine. I derived a mean radial velocity of 273 � 1 km s�1,
and a velocity dispersion of �V = 31 ± 1 km s�1. The spatial distribution of
the velocities is consistent with the known rotation of the LMC disk, with stars
on the receding side of the galaxy exhibiting higher velocities. To investigate
how radial velocities may vary among stellar populations of different ages, the
color–magnitude diagram is divided into regions corresponding to stars at dis-
tinct evolutionary stages. One region, encompassing young (� 20 Myr) main
sequence stars, has a mean velocity of 291 km s�1 and stands out clearly against
the 265–285 km s�1 range of the other regions. The majority of its high-velocity
stars lie in the known star-forming region Shapley Constellation III. It is plausi-
ble that these stars formed from a dynamically accelerated gas cloud, and they
inherited its velocity. The second-youngest region, which hosts main sequence
stars of slightly older age, shows the lowest mean radial velocity in the sample
and little spatial overlap with Shapley Constellation III. A few stars in this area
exhibit low velocities, possibly indicating that they formed before the event that
accelerated the gas. Finally, I compare the kinematics of young (< 1 Gyr) and
old (> 1 Gyr) populations, finding similar mean velocities (276 ± 1 vs 273 ± 1
km s�1, respectively) and dispersions (31 ± 1 s�1 for both).



Zusammenfassung

Die Große Magellansche Wolke ist die viertnächste Galaxie zu uns und bi-
etet zusammen mit ihrer Begleitgalaxie, der Kleinen Magellanschen Wolke, ein
ausgezeichnetes Labor für Studien sowohl über Galaxieninteraktionen als auch
über stellare Populationen. In dieser Arbeit habe ich nahinfrarote Photometrie
vom Visible and Infrared Survey Telescope for Astronomy und Spektren vom
Fiber Large Array Multi Element Spectrograph, installiert am Very Large Tele-
scope, verwendet, um die Radialgeschwindigkeiten einer Stichprobe von � 4000
Sternen der Großen Magellanschen Wolke zu untersuchen, nach Durchführung
einer Himmelsuntergrundsubtraktion zur Bereinigung der Spektren, gefolgt von
einer Vollspektrumanpassung unter Verwendung der penalized pixel fitting Rou-
tine. Ich habe eine mittlere Radialgeschwindigkeit von 273 � 1 km s�1 und
eine Geschwindigkeitsdispersion von �V = 31 ± 1 km s�1 abgeleitet. Die
räumliche Verteilung der Geschwindigkeiten ist konsistent mit der bekannten
Rotation der LMC-Scheibe, wobei Sterne auf der sich entfernenden Seite der
Galaxie höhere Geschwindigkeiten aufweisen. Um zu untersuchen, wie Radi-
algeschwindigkeiten zwischen Sternpopulationen unterschiedlichen Alters vari-
ieren können, wird das Farb–Helligkeits-Diagramm in Regionen unterteilt, die
Sternen in unterschiedlichen Entwicklungsstadien entsprechen. Eine Region, die
junge (� 20 Myr) Hauptreihensterne umfasst, hat eine mittlere Geschwindigkeit
von 291 km s�1 und hebt sich deutlich gegenüber dem Bereich 265–285 km s�1

der anderen Regionen ab. Die Mehrheit ihrer Sterne mit hoher Geschwindigkeit
befindet sich in der bekannten Sternentstehungsregion Shapley Constellation III.
Es ist plausibel, dass diese Sterne aus einer dynamisch beschleunigten Gaswolke
entstanden sind und deren Geschwindigkeit geerbt haben. Die zweitjüngste Re-
gion, die Hauptreihensterne leicht höheren Alters beherbergt, zeigt die niedrigste
mittlere Radialgeschwindigkeit in der Stichprobe und weist eine geringe räum-
liche Überlappung mit Shapley Constellation III auf. Einige Sterne in diesem
Gebiet zeigen niedrige Geschwindigkeiten, was möglicherweise darauf hinweist,
dass sie vor dem Ereignis entstanden sind, das das Gas beschleunigte. Schließlich
vergleiche ich die Kinematik junger (< 1 Gyr) und alter (> 1 Gyr) Populationen
und finde ähnliche mittlere Geschwindigkeiten (276 ± 1 vs 273 ± 1 km s�1, jew-
eils) und Dispersionen (31 ± 1 km s�1 für beide).
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�J�q ���M�/ ���+�i�B�p�2 �b�i���`�@�7�Q�`�K�B�M�; �`�2�;�B�Q�M�b ���H�H�Q�r�b �m�b �i�Q �`�2�b�Q�H�p�2 �B�M�/�B�p�B�/�m���H �b�i���`�b �B�M �;�`�2���i �/�2�i���B�H�- �K���F�B�M�;
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�/�v�M���K�B�+���H �K���b�b�- �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �`�Q�i���i�B�Q�M �+�m�`�p�2�- �Q�7� 2 � 109 M � �U�a�i���M�B�K�B�`�Q�p�B�É �2�i ���H�X�-�k�y�y�9�V

���M�/ �� �b�i�2�H�H���` �K���b�b �Q�7� 5 � 108 M � �U�_�m�#�2�H�2 �2�i ���H�X�-�k�y�R�3�V�X �A�i �?���b �� �H�Q�r�2�` ���#�m�M�/���M�+�2 �Q�7 �?�2���p�v

�2�H�2�K�2�M�i�b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �G���`�;�2 �*�H�Q�m�/�- �B�M�/�B�+���i�B�M�; �� �K�Q�`�2 �T�`�B�K�B�i�B�p�2 �+�?�2�K�B�+���H �+�Q�K�T�Q�b�B�i�B�Q�M �U�2�X�;�X

�_�m�b�b�2�H�H �� �.�Q�T�B�i���- �R�N�N�k�V�X �h�?�2 �a�J�* �+�2�M�i�2�` �?���b �� �/�B�b�i���M�+�2 �i�Q �i�?�2 �J�q �Q�7� �e�k �F�T�+�- �r�B�i�? ��

�H�B�M�2�@�Q�7�@�b�B�;�?�i �/�2�T�i�? �U�/�B�b�i���M�+�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �M�2���`�2�b�i ���M�/ �K�Q�b�i �/�B�b�i���M�i �b�v�b�i�2�K�V �Q�7� �R�y

�F�T�+ �U�J�m�`���p�2�p�� �2�i ���H�X�- �k�y�R�3�c�:�`���+�x�v�F �2�i ���H�X�- �k�y�k�y�V�X �.�2�b�T�B�i�2 �B�i�b �b�K���H�H �b�B�x�2�- �i�?�2 �a�J�* �2�t�?�B�#�B�i�b

���+�i�B�p�2 �b�i���` �7�Q�`�K���i�B�Q�M �B�M �b�2�p�2�`���H �`�2�;�B�Q�M�b �U�2�X�;�X�G�B�p���M�Q�m �2�i ���H�X�- �k�y�y�d�V�- �Q�z�2�`�B�M�; �p���H�m���#�H�2 �B�M�b�B�;�?�i�b
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� 69� �- �B�i �2�t�i�2�M�/�b �Q�p�2�` �K�Q�`�2 �i�?���M7� �B�M �i�?�2 �b�Q�m�i�?�2�`�M �+�2�H�2�b�i�B���H �?�2�K�B�b�T�?�2�`�2�X �J�2���b�m�`�B�M�; �i�?�2 �/�B�b�@
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�6�B�;�m�`�2 �R�X�R�, �S�?�Q�i�Q �Q�7 �i�?�2 �G���`�;�2 �U�i�Q�T �`�B�;�?�i�V ���M�/ �i�?�2 �a�K���H�H �U�#�Q�i�i�Q�K �H�2�7�i�V �*�H�Q�m�/�- �� �T���B�` �Q�7 �;�`���p�@
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�Q�/�b�X �h�?�2 �+�m�`�`�2�M�i�H�v �K�Q�b�i ���+�+�2�T�i�2�/ �2�b�i�B�K���i�2 �T�H���+�2�b �i�?�2 �G�J�* ���i �� �/�B�b�i���M�+�2 �Q�7 �9�N�X�8�N �F�T�+�- �Q�#�i���B�M�2�/

�7�`�Q�K �k�y �#�B�M���`�v �b�v�b�i�2�K�b�- �r�B�i�? ���M �m�M�+�2�`�i���B�M�i�v �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �R�W �U�S�B�2�i�`�x�v�–�b�F�B �2�i ���H�X�-�k�y�R�N�V�X

�A�i�b �M�Q�`�i�?�2���b�i�2�`�M �`�2�;�B�Q�M�b ���`�2 �b�H�B�;�?�i�H�v �+�H�Q�b�2�` �i�Q �i�?�2 �J�q �i�?���M �i�?�2 �b�Q�m�i�?�r�2�b�i�2�`�M �T���`�i�b�- �`�2�~�2�+�i�B�M�;

�� �i�B�H�i �`�2�H���i�B�p�2 �i�Q �Q�m�` �;���H���t�v�X �q�B�i�? �� �i�Q�i���H �K���b�b �Q�7 ���`�Q�m�M�/ �R�X�3 �t1011 M � �- �2�b�i�B�K���i�2�/ �7�`�Q�K �i�?�2

�F�B�M�2�K���i�B�+�b �Q�7 �j�y �;�H�Q�#�m�H���` �+�H�m�b�i�2�`�b �U�q���i�F�B�M�b �2�i ���H�X�-�k�y�k�9�V�- �i�?�2 �G�J�* �B�b �i�?�2 �7�Q�m�`�i�? �H���`�;�2�b�i �;���H���t�v

�B�M �i�?�2 �G�Q�+���H �:�`�Q�m�T�- ���7�i�2�` ���M�/�`�Q�K�2�/���- �i�?�2 �J�B�H�F�v �q���v�- ���M�/ �i�?�2 �h�`�B���M�;�m�H�m�K �:���H���t�v�X

�h�?�B�b �J���b�i�2�`�ö�b �T�`�Q�D�2�+�i ���B�K�b �i�Q ���M���H�v�x�2 �i�?�2 �F�B�M�2�K���i�B�+�b �Q�7 �b�i���`�b �B�M �/�B�z�2�`�2�M�i �`�2�;�B�Q�M�b �Q�7 �i�?�2 �G�J�*�-

�#���b�2�/ �Q�M�1�H �u�Q�m�b�b�Q�m�} �2�i ���H�X�U�k�y�k�j�V�- �r�?�Q �T�2�`�7�Q�`�K�2�/ �� �b�B�K�B�H���` ���M���H�v�b�B�b �B�M �i�?�2 �a�J�*�X �h�?�2 �`�2�b�2���`�+�?

�7�Q�+�m�b�2�b �Q�M �`�2�i�`�B�2�p�B�M�; �i�?�2 �`���/�B���H �p�2�H�Q�+�B�i�B�2�b �U�p�2�H�Q�+�B�i�v �+�Q�K�T�Q�M�2�M�i �Q�M �i�?�2 �H�B�M�2�@�Q�7�@�b�B�;�?�i�c �b�2�2 �b�2�+�i�B�Q�M

�R�X�9�V �Q�7 �� �b���K�T�H�2 �Q�7 ���`�Q�m�M�/ �9�y�y�y �b�T�2�+�i�`�� �2�t�i�`���+�i�2�/ �7�`�Q�K �i�?�2 �1�m�`�Q�T�2���M �a�Q�m�i�?�2�`�M �P�#�b�2�`�p���i�Q�`�v

�U�1�a�P�V ���`�+�?�B�p�2 ���M�/ �b�2�H�2�+�i�2�/ �m�b�B�M�; �/���i�� �7�`�Q�K �:���B�� ���M�/ �M�2���`�@�B�M�7�`���`�2�/ �U�L�A�_�V �T�?�Q�i�Q�K�2�i�`�v �7�`�Q�K �i�?�2
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�i�?�B�b �T�`�Q�D�2�+�i �r�B�H�H �7�Q�H�H�Q�r�X �6�B�M���H�H�v�- �i�?�2 �+�?���T�i�2�` �B�M�i�`�Q�/�m�+�2�b �i�?�2 �#���b�B�+ �+�Q�M�+�2�T�i�b �Q�7 �b�i�2�H�H���` �K�Q�i�B�Q�M ���M�/
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�Q�M�H�v �i�?�2 �H���i�2�b�i �2�t���K�T�H�2 �Q�7 �?�Q�r �?�B�b �M���K�2 �+�Q�M�i�B�M�m�2�b �i�Q �#�2 �+�2�H�2�#�`���i�2�/ �B�M ���b�i�`�Q�M�Q�K�v�X �q�B�i�? �Q�p�2�`

�R�?�i�i�T�b�,�f�f�;�B���M�i�K���;�2�H�H���M�X�Q�`�;�f
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�6�B�;�m�`�2 �R�X�k�, �A�i���H�B���M �2�t�T�H�Q�`�2�` ���M�/�`�2�� �*�Q�`�b���H�B�ö�b �/�`���r�B�M�; �Q�7 �i�?�2 �a�Q�m�i�?�2�`�M �*�`�Q�b�b ���M�/ �i�?�2 �*�H�Q�m�/�b �B�M
�� �H�2�i�i�2�` �i�Q �:�B�m�H�B���M�Q �/�2 �J�2�/�B�+�B�- �R�8�R�e�X �*�`�2�/�B�i�,�a�i���i�2 �G�B�#�`���`�v �Q�7 �L�2�r �a�Q�m�i�? �q���H�2�b�X

�R�d�-�y�y�y �T�2�2�`�@�`�2�p�B�2�r�2�/ ���`�i�B�+�H�2�b �#�2���`�B�M�; �?�B�b �M���K�2�- ���H�Q�M�;�b�B�/�2 �� �H�m�M���` �+�`���i�2�`�- �� �J���`�i�B���M �+�`���i�2�`�- ���M�/

�i�?�2 �L���a�� �J���;�2�H�H���M �b�T���+�2�+�`���7�i �U�/�2 �H�Q�b �_�2�v�2�b�-�k�y�k�j�V�- �?�B�b �T�`�2�b�2�M�+�2 �B�M �i�?�2 �}�2�H�/ �B�b �?���`�/ �i�Q �B�;�M�Q�`�2�X

�h�?�2 �7���+�i �i�?���i �i�?�2�b�2 �i�2�H�2�b�+�Q�T�2�b �M���K�2�/ ���7�i�2�` �?�B�K ���`�2 �H�Q�+���i�2�/ �B�M �*�?�B�H�2�- �� �+�Q�m�M�i�`�v �r�B�i�? �� �?�B�b�i�Q�`�v

�b�?���T�2�/ �#�v �i�?�2 �p�B�Q�H�2�M�i �a�T���M�B�b�? �+�Q�M�[�m�2�b�i�- �B�b ���H�K�Q�b�i �T�Q�B�;�M���M�i�, �B�i �r���b �J���;�2�H�H���M�ö�b �ô�/�B�b�+�Q�p�2�`�v�ô �Q�7

�i�?�2 �a�i�`���B�i �i�?���i �#�2���`�b �?�B�b �M���K�2 �i�?���i ���H�H�Q�r�2�/ �a�T���M�B�b�? �+�Q�M�[�m�B�b�i���/�Q�`�b �i�Q �2�t�T�H�Q�`�2 �*�?�B�H�2�ö�b �+�Q���b�i�H�B�M�2�-

�r�?�B�+�? �2�p�2�M�i�m���H�H�v �H�2�/ �i�Q �;�2�M�Q�+�B�/���H �+���K�T���B�;�M�b ���;���B�M�b�i �i�?�2 �M���i�B�p�2 �J���T�m�+�?�2 �T�2�Q�T�H�2�X

�"�2�+���m�b�2 �Q�7 ���H�H �Q�7 �i�?�2�b�2 �`�2���b�Q�M�b�- �B�M �?�2�` ���`�i�B�+�H�2 �B�M �i�?�2 �D�Q�m�`�M���H ���S�a �S�?�v�b�B�+�b�- ���b�i�`�Q�M�Q�K�2�` �J�B��

�/�2 �H�Q �_�2�v�2�b �+���H�H�b �7�Q�` �i�?�2 �A�M�i�2�`�M���i�B�Q�M���H ���b�i�`�Q�M�Q�K�B�+���H �l�M�B�Q�M �i�Q �`�2�M���K�2 �i�?�2 �J���;�2�H�H���M�B�+ �*�H�Q�m�/�b

���M�/ �i�?�2 �Q�i�?�2�` ���b�i�`�Q�M�Q�K�B�+���H �B�M�b�i�B�i�m�i�B�Q�M�b�, �ó�A ���M�/ �K���M�v �Q�i�?�2�` ���b�i�`�Q�M�Q�K�2�`�b �#�2�H�B�2�p�2 �i�?���i ���b�i�`�Q�@

�M�Q�K�B�+���H �Q�#�D�2�+�i�b ���M�/ �7���+�B�H�B�i�B�2�b �b�?�Q�m�H�/ �M�Q�i �#�2 �M���K�2�/ ���7�i�2�` �J���;�2�H�H���M�- �Q�` ���7�i�2�` ���M�v�Q�M�2 �2�H�b�2 �r�B�i�? ��

�p�B�Q�H�2�M�i �+�Q�H�Q�M�B���H�B�b�i �H�2�;���+�v�X �(�X�X�X�) �L���K�2�b �`�2�~�2�+�i �+�Q�K�K�m�M�B�i�v �p���H�m�2�b�X �L���K�B�M�; �Q�#�D�2�+�i�b�- �#�m�B�H�/�B�M�;�b�- ���M�/

�T�H���+�2�b ���7�i�2�` �T�2�Q�T�H�2 �?���b �H�Q�M�; �#�2�2�M �� �r���v �7�Q�` �b�Q�+�B�2�i�v �i�Q �?�Q�M�Q�` �B�M�/�B�p�B�/�m���H�b �7�Q�` �i�?�2�B�` �/�B�b�+�Q�p�2�`�B�2�b�-

�i�?�2�B�` ���+�+�Q�K�T�H�B�b�?�K�2�M�i�b�- �Q�` �i�?�2 �p���H�m�2�b �i�?�2�v �b�v�K�#�Q�H�B�x�2�X �J���;�2�H�H���M �K���/�2 �M�Q ���b�i�`�Q�M�Q�K�B�+���H �/�B�b�+�Q�p�@

�2�`�B�2�b�- ���M�/ �7�Q�` �K���M�v�- �?�2 �+�Q�M�i�B�M�m�2�b �i�Q �#�2 �� �b�v�K�#�Q�H �Q�7 �B�K�T�2�`�B���H�B�b�i ���M�/ ���M�i�B�@�A�M�/�B�;�2�M�Q�m�b �p�B�Q�H�2�M�+�2�X

�(�X�X�X�) �q�?�2�M �r�2 �m�T�?�Q�H�/ �i�?�2 �M���K�2�b �Q�7 �T�2�Q�T�H�2�- �b�m�+�? ���b �J���;�2�H�H���M�- �r�?�Q�b�2 �H�B�p�2�b ���M�/ �H�2�;���+�B�2�b �?���p�2

���+�i�B�p�2�H�v �+���m�b�2�/ �?���`�K�- �r�2 ���H�B�2�M���i�2 �i�?�2 �+�Q�K�K�m�M�B�i�B�2�b �r�?�Q �?���p�2 �#�2�2�M �?���`�K�2�/�X �h�?�2 �+�Q�K�K�m�M�B�i�B�2�b

�i�?���i �b�m�z�2�`�2�/ �#�2�+���m�b�2 �Q�7 �J���;�2�H�H���M �?���p�2 �`�B�+�? ���b�i�`�Q�M�Q�K�B�+���H �i�`���/�B�i�B�Q�M�b �i�?���i ���`�2 �Q�7�i�2�M �H�2�b�b �p���H�m�2�/

�i�?���M �q�2�b�i�2�`�M �Q�M�2�b�X �1�p�2�M �r�B�i�?�B�M �i�?�2 �}�2�H�/ �Q�7 �T�`�Q�7�2�b�b�B�Q�M���H ���b�i�`�Q�M�Q�K�v�- �i�?�2 �`�2�T�2�`�+�m�b�b�B�Q�M�b �Q�7 �a�T���M�@

�B�b�? �+�Q�H�Q�M�B�x���i�B�Q�M �+�Q�M�i�B�M�m�2 �i�Q �i�?�B�b �/���v�X �6�Q�` �2�t���K�T�H�2�- �A ���K �i�?�2 �}�`�b�i �r�Q�K���M �Q�7 �T�`�B�K���`�B�H�v �6�B�H�B�T�B�M�Q

�/�2�b�+�2�M�i �i�Q �#�2�+�Q�K�2 ���M ���b�i�`�Q�M�Q�K�v �T�`�Q�7�2�b�b�Q�` �B�M �i�?�2 �l�M�B�i�2�/ �a�i���i�2�b�- �B�M �T���`�i �#�2�+���m�b�2 �H���+�F �Q�7 ���+�+�2�b�b
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�i�Q �`�2�b�Q�m�`�+�2�b �?���b �?�B�b�i�Q�`�B�+���H�H�v �T�`�2�p�2�M�i�2�/ �6�B�H�B�T�B�M�Q�b �7�`�Q�K �T���`�i�B�+�B�T���i�B�M�; �B�M ���b�i�`�Q�M�Q�K�v �`�2�b�2���`�+�?�X�ô �U�/�2

�H�Q�b �_�2�v�2�b�-�k�y�k�j�c �T���;�2 �k�V�X

�R�X�k�h�?�2 �G���`�;�2 �*�H�Q�m�/

�h�?�2 �G���`�;�2 �*�H�Q�m�/ �U�6�B�;�X�R�X�j�V�- ���i �� �/�B�b�i���M�+�2 �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �8�y �F�T�+ �U�S�B�2�i�`�x�v�–�b�F�B �2�i ���H�X�-�k�y�R�N�V�-

�B�b �Q�M�2 �Q�7 �Q�m�` �+�H�Q�b�2�b�i �M�2�B�;�?�#�Q�m�`�b ���M�/�- ���b �� �`�2�b�m�H�i�- �b�i���M�/�b ���b �i�?�2 �K�Q�b�i �b�i�m�/�B�2�/ �2�t���K�T�H�2 �Q�7 ���M

�B�`�`�2�;�m�H���` �;���H���t�v�X �"�2�B�M�; �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �2���b�B�H�v �Q�#�b�2�`�p���#�H�2 �;���H���t�B�2�b �7�`�Q�K �Q�m�` �p���M�i���;�2 �T�Q�B�M�i �B�M

�i�?�2 �J�q�- �B�i �?���b �#�2�+�Q�K�2 �� �#�2�M�+�?�K���`�F �7�Q�` �b�i�m�/�B�2�b �Q�M �p���`�B�Q�m�b �i�Q�T�B�+�b�X �A�i �B�b �� �F�2�v �i���`�;�2�i �7�Q�` �`�2�b�2���`�+�?

�Q�M �b�i�2�H�H���` �T�Q�T�m�H���i�B�Q�M�b ���M�/ �i�?�2 �B�M�i�2�`�b�i�2�H�H���` �K�2�/�B�m�K �U�A�a�J�V�- �B�b �#�2�B�M�; �m�b�2�/ �i�Q �b�i�m�/�v �i�?�2 �T�`�2�b�2�M�+�2

�Q�7 �/���`�F �Q�#�D�2�+�i�b �B�M �i�?�2 �:���H���+�i�B�+ �>���H�Q �i�?�`�Q�m�;�? �K�B�+�`�Q�H�2�M�b�B�M�;�- ���M�/�- ���b ���H�`�2���/�v �K�2�M�i�B�Q�M�2�/�- �B�i �T�H���v�b ��

�7�m�M�/���K�2�M�i���H �`�Q�H�2 �B�M �/�2�i�2�`�K�B�M���i�B�Q�M�b �Q�7 �i�?�2 �+�Q�b�K�Q�H�Q�;�B�+���H �/�B�b�i���M�+�2 �b�+���H�2�X �6�Q�` �i�?�2�b�2 �`�2���b�Q�M�b�- �?���p�B�M�;

���M �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �b�i�`�m�+�i�m�`�2 ���M�/ �F�B�M�2�K���i�B�+�b �Q�7 �i�?�2 �G�J�* �B�b �2�b�b�2�M�i�B���H �U�p���M �/�2�` �J���`�2�H�-�k�y�y�e�V�X

�h�?�2 �G�J�* �B�b �� �;���b�@�`�B�+�? �;���H���t�v�- ���M�/ �B�i�b �b�i���`�b ���`�2 �/�B�b�i�`�B�#�m�i�2�/ �B�`�`�2�;�m�H���`�H�v ���M�/ ���b�v�K�K�2�i�`�B�+���H�H�v

�B�M �� �~���i �/�B�b�+ �i�B�H�i�2�/ ���i ���M �B�M�+�H�B�M���i�B�Q�M �Q�7 �B� �j�y�ê �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �H�B�M�2�@�Q�7�@�b�B�;�?�i �U�2�X�;�_�B�T�2�T�B

�2�i ���H�X�- �k�y�k�k�c�:���B�� �*�Q�H�H���#�Q�`���i�B�Q�M �2�i ���H�X�- �k�y�k�R�V�- �2�p�2�M �i�?�Q�m�;�? �i�?�2�`�2 �`�2�K���B�M�b �� �H���`�;�2 �m�M�+�2�`�i���B�M�i�v

�B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �Q�M �r�?���i �i�?�2 �B�M�+�H�B�M���i�B�Q�M ���M�;�H�2 �B�b�X �h�?�2 �;���H���t�v �2�t�?�B�#�B�i�b ���M ���b�v�K�K�2�i�`�B�+ �K�Q�`�@

�T�?�Q�H�Q�;�v�- �r�B�i�? ���M �Q�z�b�2�i �#���` ���M�/ �� �/�Q�K�B�M���M�i �b�T�B�`���H ���`�K �b�?���T�B�M�; �B�i�b ���T�T�2���`���M�+�2�- �+�?���`���+�i�2�`�B�b�i�B�+�b

�i�?���i �/�2�}�M�2 �� �r�?�Q�H�2 �7���K�B�H�v �Q�7 �;���H���t�B�2�b �F�M�Q�r�M ���b �J���;�2�H�H���M�B�+ �b�T�B�`���H�b �U�a�K�c�_�m�B�x�@�G���`�� �2�i ���H�X�-�k�y�k�y�V�X

�h�?�2�b�2 �;���H���t�B�2�b ���`�2 �[�m�B�i�2 �+�Q�K�K�Q�M �B�M �i�?�2 �l�M�B�p�2�`�b�2 ���M�/ ���`�2 ���K�Q�M�; �i�?�2 �K�Q�b�i �b�i�`�m�+�i�m�`���H�H�v �H�Q�T�@

�b�B�/�2�/ �b�v�b�i�2�K�b �Q�#�b�2�`�p�2�/ �U�/�2 �o���m�+�Q�m�H�2�m�`�b �� �6�`�2�2�K���M�-�R�N�d�k�V�X �h�?�2 �Q�`�B�;�B�M �Q�7 �i�?�2�B�` ���b�v�K�K�2�i�`�v �b�i�B�H�H

�`�2�K���B�M�b �m�M�F�M�Q�r�M�- �2�b�T�2�+�B���H�H�v �+�Q�M�+�2�`�M�B�M�; �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �i�?�2�B�` �b�B�;�M���i�m�`�2 �b�T�B�`���H ���`�K�X �q�B�i�?�B�M

�i�?�2 �/�B�z�2�`�2�M�i �b�m�#�@�+���i�2�;�Q�`�B�2�b �Q�7 �a�K �;���H���t�B�2�b�- �i�?�2 �G�J�* �B�b �+�H���b�b�B�}�2�/ ���b ���M �a�"�K �b�v�b�i�2�K�- �B�X�2�X ��

�J���;�2�H�H���M�B�+ �#���`�`�2�/ �b�T�B�`���H �;���H���t�v�X

�h�?�2�`�2 �?���p�2 �#�2�2�M �K���M�v �B�M�p�2�b�i�B�;���i�B�Q�M�b �7�Q�+�m�b�2�/ �Q�M �i�?�2 �G�J�* ���M�/ �B�i�b �/�B�z�2�`�2�M�i �b�i�2�H�H���` �T�Q�T�m�H���i�B�Q�M�b�X

�h�?�2�b�2 �b�i�m�/�B�2�b �?���p�2 �`�2�p�2���H�2�/ �p���`�B�Q�m�b �K�Q�`�T�?�Q�H�Q�;�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �;���H���t�v �/�2�T�2�M�/�B�M�; �Q�M �i�?�2

���;�2 �Q�7 �i�?�2 �b�i���`�b�, �7�Q�` �2�t���K�T�H�2�-�*�B�Q�M�B �2�i ���H�X�U�k�y�y�y�V �b�?�Q�r�2�/ �i�?���i �Q�H�/�2�` �b�i���`�b �U�r�B�i�? ���;�2�b �= �y�X�8 �:�v�`�V�-

�/�Q�K�B�M���i�2 �i�?�2 �;���H���t�v�ö�b �K���b�b ���M�/ �i�2�M�/ �i�Q �7�Q�`�K �� �`�2�;�m�H���`�H�v �/�B�b�i�`�B�#�m�i�2�/ �b�i�`�m�+�i�m�`�2�- �r�?�B�H�2 �v�Q�m�M�;�2�`

�T�Q�T�m�H���i�B�Q�M�b �U���;�2 �I �y�X�8 �:�v�`�V �/�B�b�T�H���v �K�Q�`�2 �B�`�`�2�;�m�H���` ���`�`���M�;�2�K�2�M�i�b �r�B�i�? �b�T�B�`���H ���`�K�b ���M�/ �i�B�/���H
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