
EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϵ͕�ϭϮͲϮϬϮϮ�ϲϲ

1*+,Ç1�&Ӭ8�48È�75Î1+�6,1+�Ĉӎ$�+Ï$�7521*�+ӊ�7+Ӕ1*�
³7+Ҧ0�7+Ӵ&�9Ұ7���9Ұ7�5Ѫ,�5Ө1*���ĈҨ7´�7Ҥ,�5Ӯ1*�1+,ӊ7�

ĈӞ,�7+8Ӝ&�9ѬӠ1�48Ӕ&�*,$�%,'283�1Ò,�%¬�
*25%8129�5��9�������������/(%('(9�<$��2�������������3+Ҥ0�&Ҫ0�1+81*����������
'5<*9$/�$��9�������������*25%8129$�7��<8�������������.8=1(7629�$��1�����������

.8=1(7629$�6��3����������1*8<ӈ1�ĈĂ1*�+Ӝ,�����

���ĈҺ7�9Ҩ1�Ĉӄ��
1JKLrQ�FӭX�FiF�TXi� WUuQK�ÿӏD�KyD� ��PӝW� WURQJ�QKӳQJ�SKѭѫQJ� WKӭF�GL�FKX\ӇQ�

ÿӗQJ� ORҥW�FӫD�FiF�QJX\rQ� Wӕ� Oj�QKLӋP�Yө�Fy� WtQK� FҩS� WKLӃW� ÿӇ�KLӇX�ELӃW� ÿѭӧF�FKӭF�
QăQJ�FӫD�KӋ�WKӕQJ�³WKҧP�WKӵF�YұW���YұW�UѫL�UөQJ���ÿҩW´�Yj�VLQK�TX\ӇQ�QyL�FKXQJ��7ҥL�
Y�QJ�Q~L��FiF�TXi�WUuQK�WKjQK�WҥR�ÿҩW�Fy�QKӳQJ�ÿһF�ÿLӇP�ÿӝF�ÿiR�Yj�SKӭF�WҥS�GR�TXi�
WUuQK� WiL�SKkQ�Eә� OҥL� YұW� FKҩW��Ӣ�9LӋW�1DP��YҩQ�ÿӅ�GL�FKX\ӇQ� VLQK�ÿӏD�KyD�FӫD�FiF�
QJX\rQ�Wӕ�WURQJ�ÿҩW�Yj�WKӵF�YұW�FzQ�tW�ÿѭӧF�QJKLrQ�FӭX��&KѭD�Fy�F{QJ�WUuQK�QjR�WUuQK�
Ej\�PӝW�FiFK�WRjQ�GLӋQ�YӅ�PӕL�TXDQ�KӋ�TXD�OҥL�FӫD�FiF�TXi�WUuQK�ÿDQJ�GLӉQ�UD�OLrQ�WөF��
FiF�TX\�OXұW�QKkQ�TXҧ�SKiW�VLQK�WURQJ�KӋ�WKӕQJ�³WKҧP�WKӵF�YұW���YұW�UѫL�UөQJ���ÿҩW´��
FKѭD�Fy�QJKLrQ�FӭX�ÿҫ\�ÿӫ�YӅ�Vӵ�GL�FKX\ӇQ�VLQK�ÿӏD�KyD�FӫD�FiF�QJX\rQ�Wӕ��EDR�JӗP�
Fҧ�YLӋF�[iF�ÿӏQK�KjP�OѭӧQJ�FӫD�FiF�QJX\rQ�Wӕ�WURQJ�ÿҩW�Yj�WKӵF�YұW��ÿiQK�JLi�PӭF�ÿӝ�
[kP�QKұS�FӫD�FiF�QJX\rQ�Wӕ��ÿһF�ELӋW�Oj�ÿӕL�YӟL�FiF�Y�QJ�Q~L�Yj�UӯQJ�Wӵ�QKLrQ��

0өF�WLrX�FӫD�EjL�EiR�Qj\�Oj�QJKLrQ�FӭX�TXi�WUuQK�WiL�SKkQ�Eә�OҥL�YұW�FKҩW�WURQJ�
FҧQK�TXDQ�WK{QJ�TXD�YLӋF�WtQK�WRiQ�ҧQK�KѭӣQJ�FӫD�VLQK�NKӕL�WKӵF�YұW�FKӃW��;HP�[pW�
FiF�WKjQK�SKҫQ�Yj�TXi�WUuQK�GL�FKX\ӇQ�VLQK�ÿӏD�KyD�FӫD�YұW�FKҩW��Yӏ�WUt�Yj�YDL�WUz�FӫD�
FiF�QJX\rQ�Wӕ�YL�OѭӧQJ�Yj�ÿҩW�KLӃP�WURQJ�ÿy��1JKLrQ�FӭX�TXi�WUuQK�GL�FKX\ӇQ�VLQK�ÿӏD�
KyD�FӫD�WӯQJ�QJX\rQ�Wӕ��JӗP�Fҧ�NLP�ORҥL�QһQJ���/jP�U}�ÿһF�ÿLӇP�Yj�TX\�OXұW�ELӃQ�
ÿәL�KjP�OѭӧQJ�FӫD�FiF�QJX\rQ�Wӕ�YL� OѭӧQJ� WURQJ�KӋ� WKӕQJ�³WKҧP�WKӵF�YұW� ��YұW� UѫL�
UөQJ���ÿҩW´�YjR�P�D�NK{�Yj�P�D�PѭD�ӣ�9ѭӡQ�4XӕF�JLD�%LGRXS�1~L�%j��PLӅQ�7UXQJ�
9LӋW�1DP��WҥL�FiF�WUҥQJ�WKiL�FҧQK�TXDQ�NKiF�QKDX��Wӵ�WKjQK��EiQ�WtFK�Wө�Yj�WtFK�Wө��

���ĈӔ,�7ѬӦ1*�9¬�3+ѬѪ1*�3+È3�
ĈӇ�QJKLrQ�FӭX�Vӵ�GL�FKX\ӇQ�ÿӏD�KyD�ÿm�WLӃQ�KjQK�SKkQ�WtFK�TXi�WUuQK�WiL�SKkQ�

Eә� OҥL�YұW�FKҩW� WURQJ�FҧQK�TXDQ� WK{QJ�TXD�YLӋF� WtQK� WRiQ�ҧQK�KѭӣQJ�FӫD�VLQK�NKӕL�
WKӵF�YұW�FKӃW��7ҥL�FiF�NKX�YӵF�FKuD�NKyD�WURQJ�SKҥP�YL�QJKLrQ�FӭX��FiF�SKүX�GLӋQ�
ÿҩW�SK��KӧS�YӟL�FiF�\ӃX�Wӕ�FӫD�ÿӏD�KuQK�FҩX�WU~F�EyF�PzQ�ÿm�ÿѭӧF�WKLӃW�OұS��+uQK�����

7ҥL�QKӳQJ�Yӏ�WUt�ÿһW�SKүX�GLӋQ�ÿҩW�WLӃQ�KjQK�WKX�WKұS�WKӵF�YұW�UѫL�UөQJ�ÿӇ�VDX�
ÿy�WUR�KyD��&KXҭQ�Eӏ�PүX�ÿѭӧF�WKӵF�KLӋQ�WURQJ�ÿLӅX�NLӋQ�SKzQJ�WKt�QJKLӋP��FiF�PүX�
ÿѭӧF�KRQJ�NK{�ӣ�QKLӋW�ÿӝ�SKzQJ��WiFK�WKӵF�YұW�UѫL�UөQJ�WKjQK�FiF�SKҫQ�QKӓ��QJKLӅQ�
Yj�FkQ�FiF�SKҫQ�QKӓ�� Vӱ�GөQJ�FiF�FKpQ�Vӭ�ÿӇ� WUR�KyD� WURQJ� Oz�QXQJ�EҵQJ�SKѭѫQJ�
SKiS�WUR�KyD�NK{�>�@��7KӵF�KLӋQ�OһS�OҥL�KDL�OҫQ�ÿӇ�WKX�WUR��0үX�WUR�YұW�UѫL�UөQJ��PүX�
WKӵF�YұW�Yj�PүX�ÿҩW�ÿѭӧF�FKXҭQ�Eӏ�FKR�YLӋF�[iF�ÿӏQK�WәQJ�KjP�OѭӧQJ�FiF�QJX\rQ�Wӕ�
VDX�ÿy�FKLӃW�[XҩW�EҵQJ�+12���1 WKHR�+ѭӟQJ�GүQ�[iF�ÿӏQK�NLP�ORҥL�QһQJ�WURQJ�ÿҩW�
Q{QJ�QJKLӋS�Yj�VҧQ�SKҭP�Fk\�WUӗQJ�>�@���WKHR�+ѭӟQJ�GүQ�[iF�ÿӏQK�NLP�ORҥL�QһQJ��

;iF�ÿӏQK�FiF�QJX\rQ�Wӕ�Yj�NLP�ORҥL�QһQJ�WURQJ�FiF�PүX�ÿm�WKX�ÿѭӧF�WKӵF�KLӋQ�
WKHR�SKѭѫQJ�SKiS�TXDQJ�SKә�SKiW�[ҥ�SODVPD�EҵQJ�Pi\�3ODVPD4XDQW�06�(OLWH�6�15����
����67����WҥL�7UXQJ�WkP�.KRD�KӑF�Yj�*LiR�GөF�³3KpS�ÿR�4XDQJ�SKә�Yj�6ҳF�Nê´��9LӋQ�
6LQK�KӑF�ELӇQ�PLӅQ�1DP�PDQJ�WrQ�$�2��.RYDOHYVN\��9LӋQ�+jQ�OkP�NKRD�KӑF�1JD���
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+uQK����&iF�ÿLӇP�QJKLrQ�FӭX�FKuD�NKyD��

7URQJ�ÿy��FiF�NLӇX�ÿӏD�KuQK�SKiW�WULQK�EDR�JӗP������VӕQJ�Q~L������VѭӡQ�Q~L�����
EӅ�PһW�FӫD�VӕQJ�Q~L������FҩX�WU~F�EұF�WKӅP������EӅ�PһW�WUѫ�ÿi��ÿӏD�KuQK�Eӏ�[yL�PzQ�����
OѭX�YӵF�WUrQ�EӅ�PһW�FӫD�Gm\�Q~L������NKH�Q~L������QyQ�SKyQJ�YұW��ÿӏD�KuQK�EmL�EӗL�����
ӕF�ÿҧR�WKHR�P�D�������OzQJ�V{QJ�>�@�

0ӭF�ÿӝ�VҹQ�Fy�FӫD�FiF�QJX\rQ�Wӕ�WURQJ�ÿҩW�ӣ�FiF�ÿӏD�KyD�FҧQK�TXDQ�NKiF�QKDX�
ÿѭӧF�ÿiQK�JLi�EҵQJ�FiF�WK{QJ�Vӕ�VLQK�ÿӏD�KyD��KӋ�Vӕ�KҩS�WKө�VLQK�KӑF��.E��Yj�KӋ�Vӕ�
GL�FKX\ӇQ�VLQK�KyD��.S��WKHR�F{QJ�WKӭF�>�@����

.E� �3�ɉ��

7URQJ�ÿy��Ɋ���KjP�OѭӧQJ�WәQJ�Vӕ�FӫD�QJX\rQ�Wӕ�KyD�KӑF�WURQJ�WUR�WKӵF�YұW��ɉ���
KjP�OѭӧQJ�WәQJ�Vӕ�FӫD�QJX\rQ�Wӕ�KyD�KӑF�WURQJ�ÿҩW�WҥL�QѫL�Pj�Fk\�VLQK�WUѭӣQJ��

Yj�.S� �,�P��

7URQJ�ÿy��,���KjP�OѭӧQJ�WәQJ�Vӕ�FӫD�QJX\rQ�Wӕ�KyD�KӑF�WURQJ�WUR�WKӵF�YұW��P���
KjP�OѭӧQJ�GL�ÿӝQJ�FӫD�QJX\rQ�Wӕ�KyD�KӑF�WURQJ�ÿҩW�WҥL�QѫL�Pj�Fk\�VLQK�WUѭӣQJ��

1JRjL� UD�� ÿӇ� ÿiQK� JLi� WәQJ� FѭӡQJ� ÿӝ� WKDP� JLD� FӫD� FiF� QJX\rQ� Wӕ� YL� OѭӧQJ�
WURQJ�FKX�WUuQK�VLQK�KӑF��PӝW�FKӍ�Vӕ�YӅ�KRҥW�ÿӝQJ�VLQK�KyD�WKHR�G}L�Vӵ�WKDP�JLD�FӫD�
FiF�QJX\rQ�Wӕ�YL�OѭӧQJ�WURQJ�FKX�WUuQK�VLQK�KӑF�FӫD�WKӵF�YұW�WURQJ�PӝW�FҧQK�TXDQ�Fө�
WKӇ�FǊQJ�ÿѭӧF�[HP�[pW�

���.ӂ7�48Ҧ�9¬�7+Ҧ2�/8Ұ1�

�����+jP�OѭӧQJ�FiF�QJX\rQ�Wӕ�WURQJ�WUR�YұW�UѫL�UөQJ�

7KjQK�SKҫQ�YұW�FKҩW� FӫD�ÿҩW�KuQK� WKjQK� WURQJ�FiF�ÿLӅX�NLӋQ�FҧQK�TXDQ�NKiF�
QKDX�ÿm�ÿѭӧF�QJKLrQ�FӭX��7KHR�ÿy��FiF�NKX� UӯQJ�QKLӋW�ÿӟL� WUrQ�Q~L� WUXQJ�EuQK�Fy�
QKӳQJ�ÿһF�ÿLӇP�QәL�EұW�YӅ�Vӵ�GL�FKX\ӇQ�ÿӏD�KyD�FӫD�YұW�FKҩW��ҦQK�KѭӣQJ�FӫD�ÿӏD�
KuQK�ÿӃQ�Vӵ�KuQK�WKjQK�WKҧP�WKӵF�YұW�Yj�Vӵ�WKD\�ÿәL�KjP�OѭӧQJ�WUR�FӫD�FjQK�Yj�Oi�
UөQJ�FǊQJ�ÿm�ÿѭӧF�[HP�[pW��

7�\�WKXӝF�ÿһF�ÿLӇP�FӫD�ÿӏD�KuQK��Vӵ�WKD\�ÿәL�KjP�OѭӧQJ�WUR�FӫD�YұW�UѫL�UөQJ�
ÿm�ÿѭӧF�QJKLrQ�FӭX��.ӃW�TXҧ�FKR�WKҩ\��KjP�OѭӧQJ�WUR�FӫD�Oi�WURQJ�ÿLӅX�NLӋQ�Wӵ�WKjQK�
NKX�YӵF�ÿӍQK�Q~L�Oj��������NKX�YӵF�WtFK�Wө�Oj�������Yj�NKX�YӵF�EiQ�ӭ�QѭӟF���WtFK�Wө�
Oj��������+jP�OѭӧQJ�WUR�FӫD�FjQK�FǊQJ�WăQJ�Wӯ�ÿLӅX�NLӋQ�Wӵ�WKjQK��������ÿӃQ�NKX�
YӵF�WtFK�Wө���������Yj�EiQ�ӭ�QѭӟF���WtFK�Wө����������Ӣ�QKӳQJ�NKX�YӵF�Fy�ÿӝ�GӕF�OӟQ�
�ÿLӅX�NLӋQ�EiQ�WtFK�Wө���NKҧ�QăQJ�WKX�QKұQ�FiF�QJX\rQ�Wӕ�FӫD�WKӵF�YұW�Eӏ�JLҧP��GүQ�
ÿӃQ�KjP�OѭӧQJ�WUR�JLҧP�[XӕQJ������VR�YӟL�NKX�YӵF�Wӵ�WKjQK��Fy�QѫL�ÿҥW�������
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7LӃQ�KjQK�SKkQ�WtFK�KyD�KӑF�FӫD�WUR�YұW�UѫL�UөQJ�FKR�SKpS�[iF�ÿӏQK�ÿѭӧF�FiF�
QJX\rQ�Wӕ�[kP�QKұS�YjR�ÿҩW� WҫQJ�ÿҩW�P�Q�GR�TXi� WUuQK�SKkQ�Kӫ\�FӫD�FK~QJ��3KiW�
KLӋQ�ÿѭӧF�PӝW�KjP�OѭӧQJ�ÿiQJ�NӇ�FiF�QJX\rQ�Wӕ�NLӅP��&D�������.����������0J�����
�����Yj�NLP�ORҥL��WURQJ�ÿy�Fy�Fҧ�NLP�ORҥL�QһQJ��0Q���������$O����������)H�������&X�
�����������KjP�OѭӧQJ�=Q�Yj�6U�FKLӃP�NKRҧQJ�������FiF�QJX\rQ�Wӕ��3E��7L��6L��FӫD�
ÿҩW�YjQJ�FKLӃP�JLӳ��������9Ӆ�JLi�WUӏ�WX\ӋW�ÿӕL��QӗQJ�ÿӝ�FӫD�WӯQJ�QJX\rQ�Wӕ�ÿҥW�JLi�
WUӏ�NKi�FDR��FKҷQJ�KҥQ�QKѭ�ÿӗQJ��&X��Oj�������J�NJ�WUR�FjQK�Yj�������J�NJ�WUR�Oi��

�����+jP�OѭӧQJ�NLP�ORҥL�WURQJ�ÿҩW�

&iF�ORҥL�ÿҩW�QJKLrQ�FӭX�ÿѭӧF�Oj�ÿҩW�YjQJ��ÿLӇP��·���Yj�ÿҩW�SK��VD��ÿLӇP�����
Ĉm�[iF�ÿӏQK�KjP�OѭӧQJ�NLP�ORҥL�ÿӕL�YӟL�WҩW�Fҧ�FiF�WҫQJ�ÿҩW�WKHR�FҩX�WU~F�SKүX�GLӋQ�
�PһW�FҳW�ÿӭQJ���EDR�JӗP�FiF�NLP�ORҥL�QһQJ��0Q��&X��=Q��6U��3E���NLP�ORҥL�WKDP�JLD�
YjR�TXi�WUuQK�NHR�Wө�FӫD�FiF�KҥW�ÿҩW��0J��.��&D���FǊQJ�QKѭ�FiF�QJX\rQ�Wӕ�ÿһF�WK��
�$O��)H��7L��6L��FӫD�ÿҩW�YjQJ��%ҧQJ������

6ӵ�SKkQ�Eӕ�FӫD�QK{P��$O��Fy�[X�KѭӟQJ�WtFK�OǊ\�GҫQ�GҫQ�YӅ�Vӕ�OѭӧQJ�WURQJ�FiF�
WҫQJ�NKRiQJ�YұW�Wӯ�ÿLӅX�NLӋQ�Wӵ�WKjQK�WӟL�ÿLӅX�NLӋQ�WtFK�Wө��'ӳ�OLӋX�WKX�ÿѭӧF�FKӍ�UD�
UҵQJ��TXi�WUuQK�WăQJ�VLQK�GүQ�ÿӃQ�Vӵ�SKi�Kӫ\�GҫQ�GҫQ�FiF�ORҥL�ÿi�FKӭD�$O��GDFLW��WҫQJ�
'��$O� ��� �������PJ�NJ��� NӃW� TXҧ� Oj�Qy�GҫQ� GҫQ� GL� FKX\ӇQ�YjR� WҫQJ�ÿҩW� FӫD�FiF�
FҧQK�TXDQ��6ҳW� �)H��Eӏ� UӱD� WU{L� WtFK�FӵF�NKӓL� WKҧP�UөQJ� WKӵF�YұW� �WҫQJ�$W��Yj�WҫQJ�
SK��VD�$���ÿӗQJ�WKӡL�WKDP�JLD�YjR�TXi�WUuQK�WtFK�Wө�D[LW�KXPLF�WURQJ�WҫQJ�P�Q��$G��
$���� 7URQJ� FiF� WҫQJ� NKRiQJ� YұW�� KjP� OѭӧQJ� )H� NK{QJ� WKD\� ÿәL� GR� OLrQ� TXDQ� ÿӃQ�
WKjQK� SKҫQ� WKҥFK� KӑF� FӫD� ÿi� Pҽ�� +jP� OѭӧQJ� 7LWDQ� �7L�� WăQJ� GҫQ� WKHR� FiF� WҫQJ�
NKRiQJ�YұW�Wӯ�ÿLӅX�NLӋQ�Wӵ�WKjQK�WӟL�ÿLӅX�NLӋQ�WtFK�Wө��ĈLӅX�Qj\�FKR�WKҩ\�Vӵ�ORҥL�Eӓ�
GҫQ�GҫQ�FӫD�7L�GR�FiF�TXi�WUuQK�SKiW�VLQK��

%ҧQJ����+jP�OѭӧQJ�PӝW�Vӕ�QJX\rQ�Wӕ�WURQJ�WҫQJ�ÿҩW�94*�%LGRXS�1~L�%j�P�D�PѭD�
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7URQJ� ÿLӅX� NLӋQ� Wӵ� ÿӏQK� KuQK�� VLOLF� �6L�� WtFK� Wө� WURQJ� WҫQJ�Ⱥ��Ⱥ�� ÿѭӧF� ÿһF�
WUѭQJ�EӣL�UjR�FҧQ�VpW�KҩS�SKө��GүQ�ÿӃQ�WtFK�Wө�ÿiQJ�NӇ�WRjQ�Eӝ�FiF�QJX\rQ�Wӕ��NK{QJ�
NӇ�6L��6ӵ�JLD�WăQJ�KjP�OѭӧQJ�6L�Oj�ÿһF�WUѭQJ�FӫD�WҫQJ�WjQ�WtFK�ӣ�ÿҩW�YjQJ�Yj�WҫQJ�EӗL�
WtFK�QyL�FKXQJ��ĈӍQK�FӫD�QӗQJ�ÿӝ�FǊQJ�Fy�OLrQ�TXDQ�ÿӃQ�UjR�FҧQ�Fѫ�KӑF�ӣ�UDQK�JLӟL�
FӫD�FiF� WҫQJ�$��$��Yj�Ⱥɟ%�ȼ��+jP� OѭӧQJ�PDJLH� �0J�� WăQJ� Wӯ�ÿLӅX�NLӋQ� Wӵ�ÿӏQK�
KuQK�ÿӃQ�ÿLӅX�NLӋQ�WtFK�Wө��0J�Fy�PӝW�Vӕ�ÿӍQK�WtFK�Wө�OLrQ�TXDQ�ÿӃQ�UjR�FҧQ�Fѫ�KӑF�
�WҫQJ�$H%��NKL�JLD� QKұS� Wӯ� FiF� WҫQJ�P�Q� Yj� OLrQ� NӃW� YӟL� KjP� OѭӧQJ� WURQJ�ÿi�Pҽ�
�GDFLW���1ӗQJ�ÿӝ�NDOL��.��JLҧP�GҫQ�Wӯ�WҫQJ�P�Q�ÿӃQ�WҫQJ�NKRiQJ�YұW��'R�ÿy��KjP�
OѭӧQJ�FӫD�Qy�Fy�Vӵ�GDR�ÿӝQJ�QKӓ�Wӯ�WҫQJ�P�Q��[kP�QKұS�Wӯ�YұW�UѫL�UөQJ��ÿӃQ�WҫQJ�
NKRiQJ�YұW��WKHR�KѭӟQJ�GL�FKX\ӇQ�WtFK�FӵF���.�Fy�WKӇ�FKR�WKҩ\�Vӵ�KuQK�WKjQK�FiF�UjR�
FҧQ�VpW�KҩS�SKө�Yu�WӕF�ÿӝ�GL�FKX\ӇQ�FӫD�Qy�FKұP�OҥL�WURQJ�ÿҩW�Fy�WKjQK�SKҫQ�Fѫ�JLӟL�
QһQJ��WҫQJ�$H%��ÿLӇP�7����WURQJ�NKL�ӣ�WҫQJ�EӗL�WtFK�WKu�QJѭӧF�OҥL��WӕF�ÿӝ�FӫD�Qy�Fy�
WKӇ�QKDQK�KѫQ��WҫQJ�$���ÿLӇP�7����7URQJ�ÿҩW�Fy�WKjQK�SKҫQ�Fѫ�JLӟL�QһQJ��&D�Fy�WKӇ�
WtFK�Wө�GR�Vӵ�KuQK�WKjQK�UjR�FҧQ�VpW�KҩS�SKө��WҫQJ�$���$H%�WҥL�ÿLӇP���Yj�����&ǊQJ�
JKL�QKұQ�ÿѭӧF�&D�ӣ�WҫQJ�$W�Yj�$G�WѭѫQJ�TXDQ�YӟL�Vӵ�WKD\�ÿәL�ÿӏQK�OѭӧQJ�YӅ�KjP�
OѭӧQJ�WUR�FӫD�YұW�UѫL�UөQJ�Wӯ�ÿLӅX�NLӋQ�Wӵ�WKjQK�VDQJ�ÿLӅX�NLӋQ�WtFK�Wө�Yj�EiQ�ӭ�QѭӟF��
ÿLӅX�Qj\�[iF�QKұQ�QJXӗQ�JӕF�VLQK�KӑF�FӫD�Qy�WURQJ�TXi�WUuQK�GL�FKX\ӇQ�FӫD�ÿҩW��
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7URQJ�QJKLrQ�FӭX��WҩW�Fҧ�FiF�QJX\rQ�Wӕ�NLP�ORҥL�QһQJ��0Q��&X��=Q��6U��3E��ÿӅX�
Fy�[X�KѭӟQJ�WăQJ�KjP�OѭӧQJ�WKHR�ÿLӅX�NLӋQ�FҧQK�TXDQ��Wӵ�WKjQK�ÿӃQ�WtFK�Wө�Yj�EiQ�ӭ�
QѭӟF��7X\�QKLrQ��VDL�OӋFK�FӫD�SKkQ�Eӕ�Qj\�FKR�WKҩ\�Vӵ�KuQK�WKjQK�FiF�UjR�FҧQ�ÿӏD�KyD�
KRһF�WtQK�FKҩW�OѭӥQJ�WtQK�FӫD�PӝW�Vӕ�NLP�ORҥL�QһQJ��Yt�Gө�QKѭ�=Q�Yj�0Q���1ӗQJ�ÿӝ�
0Q�ÿҥW�ÿӍQK�ÿѭӧF�JKL�QKұQ�ӣ�WҫQJ�$���ÿLӇP�7����6DX�ÿy�0Q�Eӏ�UӱD�WU{L�NKӓL�PһW�FҳW�
SKүX�GLӋQ�ÿҩW��6ӵ�JLD�WăQJ�QӗQJ�ÿӝ�0Q�WURQJ�FiF�WҫQJ�NKRiQJ�YұW�FKӭQJ�Wӓ�0Q�Oj�PӝW�
SKҫQ�FӫD�ÿi�KuQK�WKjQK�ÿҩW��6ӵ�WtFK�OǊ\�NKi�FDR�FӫD�&X�WURQJ�FiF�WҫQJ�$W�Yj�$G�FKR�
WKҩ\�Qy�[kP�QKұS�YjR�ÿҩW�Wӯ�WKҧP�UөQJ�WKӵF�YұW��*KL�QKұQ�KjP�OѭӧQJ�&X�FDR�WҥL�ÿLӇP�
QJKLrQ�FӭX�7���ĈLӅX�Qj\�Oj�GR�QJX\rQ�Wӕ�&X�Fy�WURQJ�WKjQK�SKҫQ�FӫD�ÿi�Pҽ��FiF�TXi�
WUuQK�VLrX�VLQK�ÿi�Pҽ�GүQ�ÿӃQ�Vӵ�GL�FKX\ӇQ�FӫD�QJX\rQ�Wӕ��1ӗQJ�ÿӝ�ÿӏQK�OѭӧQJ�=Q�Fy�
[X�KѭӟQJ�JLD� WăQJ� WKHR� ÿLӅX�NLӋQ�FҧQK�TXDQ� Wӯ� Wӵ� WKjQK�ÿӃQ� WtFK� Wө��=Q� WKkP�QKұS�
PҥQK�Wӯ�WKҧP�UөQJ�WKӵF�YұW��6ӵ�SKkQ�Eӕ�FӫD�=Q��Fy�WtQK�ÿӃQ�FiF�ÿһF�WtQK�OѭӥQJ�WtQK�
FӫD�Qy��FKR�WKҩ\�Vӵ�KuQK�WKjQK�FӫD�PӝW�Vӕ�UjR�FҧQ�ÿӏD�KyD�Fy�QJXӗQ�JӕF�NKiF�QKDX��
WURQJ�FiF�WҫQJ�P�Q��$��ÿLӇP�7���$��$%�ÿLӇP�7�����GR�Vӵ�KuQK�WKjQK�FiF�UjR�FҧQ�Fѫ�
KӑF��ӣ�UDQK�JLӟL�FӫD�WҫQJ�%��%���ÿLӇP�7�����GR�Vӵ�KuQK�WKjQK�FӫD�UjR�FҧQ�K\GUR[LW�
KҩS�WKө��

6ӵ�WKD\�ÿәL�FӫD�KjP�OѭӧQJ�6U�WKHR�ÿLӅX�NLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�WӟL�WtFK�Wө�Yj�
EiQ�ӭ�QѭӟF�WѭѫQJ�TXDQ�YӟL�Vӵ�WKD\�ÿәL�FKӍ�Vӕ�KjP�OѭӧQJ�ÿӏQK�OѭӧQJ�WUR�FӫD�WKҧP�
UөQJ�WKӵF�YұW��ĈLӅX�Qj\�FKR�WKҩ\�Vӵ�[kP�QKұS�FӫD�6U�YjR�FiF�WҫQJ�P�Q�Wӯ�WKҧP�UөQJ�
WKӵF�YұW��3E�[kP�QKұS�YjR�ÿҩW�FǊQJ�Wӯ�WKҧP�UөQJ�WKӵF�YұW��WtFK�Wө�ӣ�WҫQJ�%��ÿLӇP�
7����1JRjL�UD��WURQJ�WҫQJ�$���QӗQJ�ÿӝ�FӫD�WUR�ÿm�JLҧP�ÿiQJ�NӇ��ÿLӅX�Qj\�FKR�WKҩ\�
PӕL�TXDQ�KӋ�FӫD�Qy�YӟL�SKҫQ�ÿҩW�PӏQ��GR�Qy�Eӏ�ORҥL�Eӓ�NKӓL�WҫQJ�ÿҩW�Qj\���6ӵ�WtFK�Wө�
3E�ӣ�WҫQJ�&���ÿLӇP�7���[ҧ\�UD�GR�Vӵ�KuQK�WKjQK�FӫD�PӝW�UjR�FҧQ�Fѫ�KӑF�ӣ�UDQK�JLӟL�
YӟL�WҫQJ�&���

�����+jP�OѭӧQJ�QJX\rQ�Wӕ�YL�OѭӧQJ�Yj�Vӵ�GL�FKX\ӇQ�FӫD�FK~QJ�WURQJ�ÿҩW�

0ӝW�QKLӋP�Yө�ULrQJ�ELӋW�FӫD�QJKLrQ�FӭX�Oj�[iF�ÿӏQK�PӝW�Vӕ�QJX\rQ�Wӕ�YL�OѭӧQJ�
�EDR�JӗP�Fҧ�NLP�ORҥL�ÿҩW�KLӃP���Fy�KjP�OѭӧQJ�NK{QJ�ÿiQJ�NӇ�WURQJ�WKҧP�WKӵF�YұW�Yj�
ÿҩW�FǊQJ�Oj�PӝW�GҩX�KLӋX�WӕW�ÿӇ�[iF�ÿӏQK�Vӵ�GL�FKX\ӇQ�FӫD�FiF�QJX\rQ�Wӕ�WURQJ�KӋ�
WKӕQJ��WKҧP� WKӵF�YұW� �� YұW� UѫL� UөQJ� ��ÿҩW���9LӋF�QJKLrQ�FӭX�Vӵ�GL�FKX\ӇQ�FӫD�FiF�
QJX\rQ�Wӕ�YL�OѭӧQJ�Yj�NLP�ORҥL�ÿҩW�KLӃP�JһS�NKy�NKăQ�GR�QӗQJ�ÿӝ�FӫD�FK~QJ�WURQJ�
Wӵ�QKLrQ�WKҩS��ĈӇ�JLҧL�TX\ӃW�YҩQ�ÿӅ�Qj\��ÿm�VR�ViQK�WUӏ�Vӕ�&ODUN�FӫD�FiF�QJX\rQ�Wӕ�
WURQJ�Yӓ�WUiL�ÿҩW�WKHR�9LQRJUDGRY�>�@�YӟL�KjP�OѭӧQJ�FӫD�FiF�QJX\rQ�Wӕ�Qj\�WURQJ�ÿҩW�
WҥL�NKX�YӵF�QJKLrQ�FӭX��7әQJ�FӝQJ�Fy����QJX\rQ�Wӕ�ÿm�ÿѭӧF�SKkQ�WtFK��+jP�OѭӧQJ�
FӫD� FiF� QJX\rQ� Wӕ� Qj\� Fy� OLrQ� TXDQ� WUӵF� WLӃS� ÿӃQ� ÿһF� ÿLӇP� ÿӏD� FKҩW� FӫD� NKX� YӵF�
QJKLrQ�FӭX��GR�ÿy�FK~QJ�W{L�ÿm�WKӵF�KLӋQ�VR�ViQK�Gӳ�OLӋX�WKX�ÿѭӧF�ӣ�KDL�ÿӕL�WѭӧQJ�
VѫQ�YăQ�Oj�VѭӡQ�Q~L�FDR�WUXQJ�EuQK�FӫD�7UҥP�VLQK�WKiL�FҧQK�TXDQ�Yj�ÿӍQK�Q~L�+zQ�
*LDR�ӣ�JҫQ�ÿy��

7ҩW�Fҧ�FiF�QJX\rQ�Wӕ�SKiW�KLӋQ�ÿѭӧF�ÿӅX�Fy�KjP�OѭӧQJ�ÿiQJ�NӇ�WURQJ�ÿҩW�NӇ�Fҧ�
ӣ� 7UҥP� VLQK� WKiL� FҧQK� TXDQ� Yj� WUrQ� ÿӍQK� +zQ� *LDR�� *Li� WUӏ� KjP� OѭӧQJ� FӫD� FiF�
QJX\rQ�Wӕ�9��&R��1L��*H��$V��<��0R��&V��%D��/D��&H��+J��7K�NK{QJ�YѭӧW�TXi�WUӏ�Vӕ�
&ODUN�FӫD�QJX\rQ�Wӕ�WURQJ�Yӓ�WUiL�ÿҩW��QJRҥL�WUӯ�&V�Yj�+J�ӣ�WҫQJ�P�Q���ĈӕL�YӟL�PӝW�
Vӕ� QJX\rQ� Wӕ� ÿm� JKL� QKұQ� ÿѭӧF� Vӵ� NKiF� ELӋW� YӅ� KjP� OѭӧQJ� FӫD� FK~QJ� WURQJ� ÿҩW�
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QJKLrQ�FӭX��9��&R��<��0R��/D�FKӍ�JKL�QKұQ�ÿѭӧF�ӣ�7UҥP�VLQK�WKiL�FҧQK�TXDQ��FzQ�
WURQJ�ÿҩW�ӣ�ÿӍQK�+zQ�JLDR�Oj�NK{QJ�ÿiQJ�NӇ��'R�ÿy��KjP�OѭӧQJ�YӃW�FӫD�FiF�QJX\rQ�
Wӕ� WURQJ� ÿҩW� QJKLrQ� FӭX� [iF� ÿӏQK� ÿѭӧF� QKѭ� VDX�� WҥL� NKX� YӵF�7UҥP� VLQK� WKiL� FҧQK�
TXDQ� Oj�FiF�QJX\rQ� Wӕ�&U��*D��1E��5X�� ,Q��6E��7H��<E��8�Yj�ӣ�NKX�YӵF�ÿӍQK�+zQ�
*LDR�Oj�FiF�QJX\rQ�Wӕ�9��&U��ɋɨ��*D��<��1E��0R��5X��,Q��6E��7H��/D��<E��8��1Kѭ�
Yұ\��Fy�WKӇ�NKҷQJ�ÿӏQK�UҵQJ�ÿҩW�ӣ�7UҥP�VLQK�WKiL�FҧQK�TXDQ�ÿѭӧF�ÿһF�WUѭQJ�EӣL�FiF�
QJX\rQ�Wӕ�6H��3G��$J��&G��6Q��&V��+J�Yj�%L�Fy�KjP�OѭӧQJ�YѭӧW�TXi�JLi�WUӏ�&ODUN�FӫD�
QJX\rQ�Wӕ�WURQJ�Yӓ�WUiL�ÿҩW��FzQ�ӣ�ÿӍQK�+zQ�*LDR�FKӍ�SKiW�KLӋQ�ÿѭӧF�FiF�QJX\rQ�Wӕ�
6H��3G��$J��&G��6Q�Yj�%L��7LӃQ�KjQK�SKkQ�WtFK�VR�ViQK�Vӵ�SKkQ�Eӕ�FӫD�FiF�QJX\rQ�Wӕ�
YL�OѭӧQJ�Yj�ÿҩW�KLӃP�FKR�WKҩ\�KjP�OѭӧQJ�6H��3G��$J��&G��6Q��%L�ӣ�WҩW�Fҧ�ÿҩW�ÿѭӧF�
QJKLrQ�FӭX�Fѫ�EҧQ�Fy�JLi�WUӏ�YѭӧW�TXi�KjP�OѭӧQJ�FӫD�FK~QJ�WURQJ�Yӓ�WUiL�ÿҩW��

&ҫQ�OѭX�ê�Oj�KjP�OѭӧQJ�FӫD�FiF�QJX\rQ�Wӕ�1L��*H��$V��%D��&H��+J�Yj�7K�WURQJ�
ÿҩW�Fy�JLi�WUӏ�NK{QJ�YѭӧW�TXi�WUӏ�Vӕ�&ODUN�FӫD�QJX\rQ�Wӕ�WURQJ�Yӓ�WUiL�ÿҩW��WX\�QKLrQ�
Vӵ�SKkQ�Eӕ�ӣ�FiF�WҫQJ�SKtD�GѭӟL�FӫD�FҧQK�TXDQ�ÿm�FKR�WKҩ\�FK~QJ�WKDP�JLD�YjR�TXi�
WUuQK�GL�FKX\ӇQ�QJDQJ�Yj�GӑF�FӫD�YұW�FKҩW��+jP�OѭӧQJ�YӃW�FӫD�FiF�QJX\rQ�Wӕ�&U��*D��
1E��5X�� ,Q��6E��7H��<E��8�FǊQJ�ÿm�JKL�QKұQ�ÿѭӧF�ӣ�NKX�YӵF�7UҥP�VLQK� WKiL�FҧQK�
TXDQ�Yj�ӣ�ÿӍQK�+zQ�JLDR�Oj�FiF�QJX\rQ�Wӕ�9��&U��ɋɨ��*D��<��1E��0R��5X��,Q��6E��7H��
&V��/D��<E�Yj�8����

7URQJ� TXi� WUuQK� SKkQ� WtFK� WӯQJ� QJX\rQ� Wӕ�� ÿm� SKiW� KLӋQ� ÿһF� ÿLӇP� SKkQ� Eӕ�
WKҷQJ�ÿӭQJ�FӫD�FK~QJ� WURQJ�ÿҩW�ÿѭӧF�QJKLrQ�FӭX��+jP�OѭѫQJ�6H�Fy� WKӇ� WăQJ�Fҧ�ӣ�
WҫQJ�P�Q�Yj�WҫQJ�NKRiQJ�YұW��+jP�OѭӧQJ�3E�SKө�WKXӝF�YjR�ÿLӅX�NLӋQ�ÿӏD�FKҩW��ÿӍQK�
+zQ�*LDR��Yj�WKӫ\�YăQ�NKX�YӵF��7UҥP�VLQK�WKiL�FҧQK�TXDQ����ÿӍQK�KjP�OѭӧQJ�FӫD�Qy�
OLrQ�TXDQ�ÿӃQ�KjP�OѭӧQJ�WURQJ�WKjQK�SKҫQ�ÿi�Pҽ�FӫD�NKX�YӵF�KRһF�GL�FKX\ӇQ�WKHR�
GzQJ�FKҧ\�FӫD�V{QJ��JLi�WUӏ�WӕL�ÿD�JKL�QKұQ�ÿѭӧF�ӣ�NKX�YӵF�YHQ�V{QJ���+jP�OѭӧQJ�
$J�QyL�FKXQJ�Fy�[X�KѭӟQJ�JLҧP�Wӯ�ÿLӅX�NLӋQ�Wӵ�WKjQK�ÿӃQ�ÿLӅX�NLӋQ�WtFK�Wө�Yj�ÿѭӧF�
ÿһF�WUѭQJ�EӣL�FiF�ÿӍQK�FөF�Eӝ��+jP�OѭӧQJ�&G�JLҧP�GҫQ�NKL�FKX\ӇQ�Wӯ�ÿLӅX�NLӋQ�Wӵ�
WKjQK� VDQJ�ÿLӅX� NLӋQ� WtFK� Wө�� ÿӗQJ� WKӡL� SKҧQ�iQK�ÿһF� ÿLӇP�ÿӏD� FKҩW� FӫD� NKX� YӵF��
+jP�OѭӧQJ�JLD�WăQJ�FӫD�Qy�WҥL�FiF�WҫQJ�P�Q�FӫD�FiF�PһW�FҳW�SKүX�GLӋQ�ÿҩW�Fy�WKӇ�
FKR�WKҩ\�Vӵ�WKkP�QKұS�Wӯ�WKҧP�UөQJ�WKӵF�YұW�Yj�Vӵ�GL�FKX\ӇQ�WKHR�FKLӅX�QJDQJ�WURQJ�
FiF�ÿLӅX�NLӋQ�FӫD�FҧQK�TXDQ��+jP�OѭӧQJ�FӫD�6Q�Fy�[X�KѭӟQJ�ÿD�KѭӟQJ��WKHR�KѭӟQJ�
WtFK� Wө� GҫQ� Wӯ� ÿLӅX�NLӋQ�FҧQK�TXDQ� Wӵ� WKjQK� VDQJ�ÿLӅX�NLӋQ� WtFK� Wө� �WUҥP�VLQK� WKiL�
FҧQK�TXDQ��Yj�QJѭӧF�OҥL��WKHR�KѭӟQJ�JLҧP�GҫQ�Wӯ�ÿLӅX�NLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�VDQJ�
ÿLӅX�NLӋQ�WtFK�Wө��ÿӍQK�+zQ�*LDR���+jP�OѭӧQJ�%L�WURQJ�ÿҩW�WҥL�7UҥP�VLQK�WKiL�FҧQK�
TXDQ�WKӇ�KLӋQ�Vӵ�GL�FKX\ӇQ�GҫQ�GҫQ�Wӯ�ÿLӅX�NLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�VDQJ�ÿLӅX�NLӋQ�
WtFK�Wө�� WURQJ�NKL�Vӵ�SKkQ�Eӕ�FӫD�%L� WҥL�ÿӍQK�+zQ�*LDR�SKҧQ�iQK�FiF�ÿһF�ÿLӇP�ÿӏD�
FKҩW�FӫD�NKX�YӵF��

&iF�QJX\rQ�Wӕ�9��%D��/D��&H�PһF�G��Fy�FiF�ÿӍQK�KjP�OѭӧQJ�OLrQ�TXDQ�ÿӃQ�ÿһF�
ÿLӇP�ÿӏD�FKҩW�FӫD�NKX�YӵF��QKѭQJ�FKR�WKҩ\�Fy�[X�KѭӟQJ�WtFK�Wө�GҫQ�ÿӃQ�WҫQJ�NKRiQJ�
YұW�Wӯ�ÿLӅX�NLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�ÿӃQ�FҧQK�TXDQ�WtFK�Wө�Yj�Fy�PӝW�ÿӍQK�KjP�OѭӧQJ�
U}�UӋW�ӣ�WҫQJ�P�Q��&iF�QJX\rQ�Wӕ�$V��6H��3G��&G��6Q��%L��&V��+J��1L�Fy�JLi�WUӏ�VLQK�
WKiL�TXDQ�WUӑQJ�ÿӕL�YӟL�NKX�YӵF�QJKLrQ�FӭX�YӟL�Wѭ�FiFK�Oj�FiF�GҩX�KLӋX�FKӍ�WKӏ�FKR�{�
QKLӉP�NLP�ORҥL�QһQJ��&ҫQ�Fy�WKrP�FiF�QJKLrQ�FӭX�YӅ�Vӵ�WKDP�JLD�FӫD�FK~QJ�YjR�TXi�
WUuQK�GL�FKX\ӇQ�VLQK�ÿӏD�KyD���
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�����6ӵ�GL�FKX\ӇQ�FiF�QJX\rQ�Wӕ�YL�OѭӧQJ�WURQJ�KӋ�WKӕQJ��ÿҩW�WKӵF�YұW��
&iF�QJKLrQ�FӭX�ÿѭӧF�WKӵF�KLӋQ�FKR�SKpS�ÿiQK�JLi�Vӵ�WKDP�JLD�FӫD�FiF�QJX\rQ�

Wӕ� YL� OѭӧQJ� YjR� TXi� WUuQK� GL� FKX\ӇQ� VLQK� ÿӏD� KyD� FӫD� FiF� GzQJ� YұW� FKҩW� WURQJ� KӋ�
WKӕQJ�³ÿҩW�WKӵF�YұW´��/RjL�WUH��WKXӝF�Kӑ�%DPEXVRLGDHDH��ÿѭӧF�FKӑQ�OjP�QJKLrQ�FӭX�
PүX�ÿLӇQ� KuQK��&iF� QJX\rQ� Wӕ� ÿѭӧF� QJKLrQ� FӭX� WtFK� Wө� ӣ� WUH� Fy� Vӵ� NKiF� ELӋW� SKө�
WKXӝF�Fҧ�YjR�KjP�OѭӧQJ�FӫD�FK~QJ�WURQJ�ÿҩW�FӫD�GLӋQ�FҧQK�TXDQ�Yj�FiF�Eӝ�SKұQ�FӫD�
Fk\��6ӵ�WKD\�KjP�OѭӧQJ��QJRjL�FiF�ÿһF�ÿLӇP�Fө�WKӇ�FӫD�Vӵ�WtFK�Wө�FKR�WKҩ\�PӭF�ÿӝ�
VҹQ�Fy�NKiF�QKDX�FӫD�FiF�QJX\rQ�Wӕ�WURQJ�ÿҩW�WKHR�FiF�ÿLӅX�NLӋQ�ÿӏD�KyD�FҧQK�TXDQ��
ĈLӅX�Qj\�ÿѭӧF�ÿiQK�JLi�EҵQJ�FiF�FKӍ�Vӕ�VLQK�KyD��.E�Yj�.S��ÿһF�WUѭQJ�FKR�PӕL�TXDQ�
KӋ�WURQJ�KӋ�WKӕQJ��ÿҩW���WKӵF�YұW���%ҧQJ������

%ҧQJ����+Ӌ�Vӕ�KҩS�WKө�VLQK�KӑF�FiF�QJX\rQ�Wӕ�WURQJ�Oi�Yj�WKkQ�WUH��.E��Yj�KӋ�Vӕ�GL�
FKX\ӇQ�VLQK�KyD��.S��YjR�P�D�NK{�Yj�P�D�PѭD�WURQJ�QăP�

ĈLӇP�7�� ĈLӇP�7�� ĈLӇP�7��

/i 7KkQ /i 7KkQ /i 7KkQ

0�D�
NK{��

0�D�
PѭD�

0�D�
NK{��

0�D�
PѭD�

0�D�
NK{��

0�D�
PѭD�

0�D�
NK{��

0�D�
PѭD�

0�D�
NK{��

0�D�
PѭD��

0�D�
NK{��

0�D�
PѭD�

% ɄE ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ���� �����

ɄS ���� ����� ���� ���� ���� ����� ���� ���� ���� ������ ���� ������

0Q ɄE ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ���� �����

ɄS ���� ����� ���� ����� ���� ����� ���� ���� ���� ������ ���� ������

&R� ɄE ���� ���� ����� ���� ���� ���� ����� ���� ����� ���� ���� �����

ɄS ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ���� �����

&X� ɄE ���� ���� ����� ���� ���� ���� ����� ���� ����� ����� ���� ����

ɄS ����� ����� ����� ����� ����� ����� ����� ����� ����� ������ ���� ������

=Q� ɄE ����� ���� ���� ���� ���� ���� ����� ���� ����� ����� ���� ����

ɄS ����� ���� ����� ����� ����� ���� ���� ���� ����� ������ ���� �����

0R� ɄE ���� ���� ����� ���� ���� ���� ����� ���� ���� ����� ���� ����

ɄS ����� ���� ����� ���� ����� ����� ����� ���� ����� ����� ���� �����

&X�WtFK�Wө�WUӝL�KѫQ�WURQJ�Oi��WKkQ�WUH�Yj�WѭѫQJ�ӭQJ�Qy�Fy�KjP�OѭӧQJ�FDR�WURQJ�ÿҩW�
FӫD�FiF�GLӋQ�FҧQK�TXDQ�ÿѭӧF�QJKLrQ�FӭX��=Q�Yj�0Q�Fy�Vӵ�FҥQK�WUDQK�WURQJ�TXi�WUuQK�WtFK�
Wө�VLQK�KӑF�Yj�NK{QJ�SKө�WKXӝF�WUӵF�WLӃS�YjR�KjP�OѭӧQJ�FӫD�Qy�Fy�WURQJ�ÿҩW��0һF�G��
KjP�OѭӧQJ�FӫD�%�!�0R��QKѭQJ�Fҧ�KDL�QJX\rQ�Wӕ�Qj\�ÿӅX�WtFK�FӵF�WtFK�OǊ\�WURQJ�FiF�Eӝ�
SKұQ�FӫD�WUH��+jP�OѭӧQJ�&R�WURQJ�ÿҩW�Wӹ�OӋ�QJKӏFK�YӟL�Vӵ�WtFK�OǊ\�FӫD�Qy�WURQJ�FiF�Eӝ�
SKұQ�FӫD�WUH��6ӵ�WKD\�ÿәL�KjP�OѭӧQJ�QKѭ�Yұ\��QJRjL�FiF�ÿһF�ÿLӇP�WtFK�OǊ\�ÿһF�WUѭQJ�FzQ�
Fy�WKӇ�FKR�WKҩ\�PӭF�ÿӝ�[kP�QKұS�FӫD�FiF�QJX\rQ�Wӕ�YjR�WURQJ�ÿҩW�ӣ�FiF�ÿLӅX�NLӋQ�ÿӏD�
KyD�FҧQK�TXDQ�NKiF�QKDX��ĈLӅX�Qj\�Fy�WKӇ�ÿiQK�JLi�EҵQJ�FiF�FKӍ�Vӕ�VLQK�ÿӏD�KyD��.E�Yj�
.S��ÿһF�WUѭQJ�FKR�PӕL�TXDQ�KӋ�TXD�OҥL�WURQJ�KӋ�WKӕQJ�³ÿҩW�WKӵF�YұW´��
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+Ӌ�Vӕ�KҩS�WKө�VLQK�KӑF��.E��FKR�WKҩ\�NKҧ�QăQJ�KҩS�WKө�FӫD�FiF�QJX\rQ�Wӕ�Yj�
Vӵ� WtFK�OǊ\�FӫD�FK~QJ� WURQJ�FiF�Eӝ�SKұQ�FӫD�WUH�VLQK� WUѭӣQJ�ӣ�FiF�GLӋQ�FҧQK�TXDQ�
NKiF�QKDX��7ҥL�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK��.E�FӫD�Oi�FDR�KѫQ�.E�FӫD�WKkQ�ÿӕL�YӟL�WҩW�Fҧ�
FiF�QJX\rQ�Wӕ��WUӯ�=Q��Ӣ�GLӋQ�FҧQK�TXDQ�WjQ�WtFK��.E�FӫD�Oi�ÿӕL�YӟL�WҩW�Fҧ�FiF�QJX\rQ�
Wӕ�ÿѭӧF�QJKLrQ�FӭX�ÿӅX�FDR�KѫQ�.E�FӫD�WKkQ��9jR�P�D�NK{��ӣ�GLӋQ�FҧQK�TXDQ�WtFK�Wө�
WKu�QJѭӧF�OҥL��.E�FӫD�WKkQ�Fk\�ÿӕL�YӟL�WҩW�Fҧ�FiF�QJX\rQ�Wӕ�QJKLrQ�FӭX�FDR�KѫQ�.E

FӫD�Oi��7URQJ�P�D�PѭD��.E�FӫD�Oi�FDR�KѫQ�ÿӕL�YӟL�%��0Q��&R�Yj�ÿӕL�YӟL�&X��=Q��0R�
.E�FӫD� WKkQ�FDR�KѫQ��Ĉm�JKL�QKұQ�JLi� WUӏ�.E�FӫD�Oi� �ÿӕL�YӟL�0Q�Yj�=Q��Yj�.E�FӫD�
WKkQ��ÿӕL�YӟL�&X��OLrQ�WөF�JLҧP�Wӯ�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�ÿӃQ�GLӋQ�FҧQK�TXDQ�WtFK�
Wө�WURQJ�P�D�NK{��7URQJ�P�D�PѭD��JKL�QKұQ�JLi�WUӏ�.E�FӫD�Oi�WUH�VR�YӟL�%��&X�Yj�=Q�
WăQJ�PӝW�FiFK�Wӵ�QKLrQ�Wӯ�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�VDQJ�GLӋQ�FҧQK�TXDQ�WtFK�Wө��WURQJ�
NKL�P{�KuQK�Qj\�NK{QJ�ÿѭӧF�TXDQ�ViW�WKҩ\�ÿӕL�YӟL�.E�FӫD�WKkQ�WUH��1KuQ�FKXQJ��WҥL�
FҧQK�TXDQ� Wӵ� WKjQK��Vӵ� WtFK� OǊ\��.E!����FӫD�0Q�WURQJ� Oi��0Q�Yj�=Q� WURQJ� WKkQ�ÿm�
ÿѭӧF�JKL�QKұQ�� WҥL�FҧQK�TXDQ� WjQ� WtFK��JKL�QKұQ�%��0Q�WURQJ� Oi�QKѭQJ�NK{QJ�SKiW�
KLӋQ�ÿѭӧF�Vӵ� WtFK� Wө�FӫD�FiF�QJX\rQ� Wӕ� WURQJ� WKkQ�Fk\��ӣ�FҧQK�TXDQ� WtFK�Wө�NK{QJ�
WKҩ\�WtFK�OǊ\�0Q�ӣ�Oi�Pj�FKӍ�JKL�QKұQ�ÿѭӧF�ӣ�WKkQ�Fk\���

1yL�FKXQJ��PӭF�ÿӝ�WKDP�JLD�FӫD�FiF�QJX\rQ�Wӕ�WURQJ�ÿҩW�Fy�Vӵ�NKiF�QKDX�WKHR�
ÿӝ�ҭP�P�D�Yj�ÿLӅX�NLӋQ�FҧQK�TXDQ��9jR�P�D�NK{��ӣ�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK��Vӵ�WtFK�
OǊ\��.E!����FӫD�0Q�WURQJ�Oi��0Q�Yj�=Q���WURQJ�WKkQ�Fk\�ÿѭӧF�JKL�QKұQ��WURQJ�GLӋQ�
FҧQK�TXDQ�WtFK�Wө��JKL�QKұQ�%��0Q�WURQJ�Oi��QKѭQJ�WURQJ�WKkQ�NK{QJ�JKL�QKұQ�ÿѭӧF�
Vӵ�WtFK�OǊ\�FӫD�FiF�QJX\rQ�Wӕ��ӣ�FҧQK�TXDQ�WtFK�Wө��NK{QJ�WKҩ\�0Q�WtFK�OǊ\�ӣ�Oi�Pj�
FKӍ�WtFK�OǊ\�ӣ�WKkQ�WUH��9jR�P�D�PѭD��ӣ�FiF�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK��Vӵ�WtFK�Wө��.E!�
���FӫD�0Q�Yj�&X�WURQJ�Oi��0Q��&X�Yj�=Q���WURQJ�WKkQ�Fk\�ÿm�ÿѭӧF�JKL�QKұQ��WҥL�GLӋQ�
FҧQK�TXDQ�WjQ�WtFK��JKL�QKұQ�FiF�QJX\rQ�Wӕ�%��0Q��&X��=Q��0R�WURQJ�Oi�Yj�0Q�WURQJ�
WKkQ��WҥL�GLӋQ�FҧQK�TXDQ�WtFK�Wө��JKL�QKұQ�QJX\rQ�Wӕ�%��0Q��&R��&X��=Q�WURQJ�Oi�Yj�
WҩW�Fҧ�FiF�QJX\rQ�Wӕ�WURQJ�WKkQ��

&ѭӡQJ�ÿӝ� WKӵF� WӃ� FӫD� Vӵ� KҩS� WKө� VLQK� KӑF� FӫD� FiF�QJX\rQ� Wӕ� ÿѭӧF� ELӇX� WKӏ�
EҵQJ�KӋ�Vӕ�GL�ÿӝQJ�VLQK�KyD��7UH��JLӕQJ�QKѭ�QKLӅX�ORjL�WKӵF�YұW��Oj�FKҩW�WtFK�Wө�VLQK�
KӑF�WtFK�FӵF�FӫD�%��0Q��&R��&X��=Q��0R�GL�ÿӝQJ��.S!�����.S�FӫD�Oi�Yj�WKkQ�WUH�VR�
YӟL�FiF�GLӋQ�FҧQK�TXDQ�WѭѫQJ�ӭQJ�YӟL�JLi�WUӏ�.E�YjR�P�D�PѭD��9jR�P�D�NK{��WURQJ�
FiF�GLӋQ�FҧQK�TXDQ�WjQ�WtFK��QѫL�.E�Yj�.S�FӫD�Oi�Yj�WKkQ�Fy�Vӵ�WtFK�OǊ\�QJѭӧF�WUӣ�OҥL�
FӫD�&X�Yj�=Q��7URQJ�FiF�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK��Vӵ�WtFK�OǊ\��.S!����FӫD�WҩW�Fҧ�FiF�
QJX\rQ�Wӕ�WURQJ�Oi�Yj�WKkQ�ÿm�ÿѭӧF�JKL�QKұQ��WURQJ�FiF�GLӋQ�FҧQK�TXDQ�WjQ�WtFK��FiF�
QJX\rQ�Wӕ�%��0Q��&X��=Q��0R�FǊQJ�ÿѭӧF�WuP�WKҩ\�WURQJ�Oi�Yj�WKkQ��WҥL�FiF�GLӋQ�FҧQK�
TXDQ� WtFK� Wө�� WURQJ�P�D� NK{� JKL� QKұQ�%��0Q��&X�� =Q��0R� WURQJ� Oi� Yj� WҩW� Fҧ� FiF�
QJX\rQ� Wӕ� WURQJ� WKkQ� WUH�� YjR�P�D�PѭD� WҩW� Fҧ� FiF� QJX\rQ� Wӕ� FǊQJ�ÿѭӧF� JKL� QKұQ�
WURQJ�Oi�Yj�WKkQ�WUH��&ҫQ�OѭX�ê�UҵQJ��JLi�WUӏ�.S�FӫD�Oi��ÿӕL�YӟL�0Q��=Q��0R��Yj�.S�FӫD�
WKkQ��ÿӕL�YӟL�&X��=Q�Yj�0R��OLrQ�WөF�JLҧP�Wӯ�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�VDQJ�GLӋQ�FҧQK�
TXDQ�WtFK�Wө�WURQJ�P�D�NK{��7URQJ�P�D�PѭD��JLi� WUӏ�.S�FӫD�Oi��ÿӕL�YӟL�%��&X��=Q��
OLrQ�WөF�WăQJ�Wӯ�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�VDQJ�GLӋQ�FҧQK�TXDQ�WtFK�Wө���

3KkQ�WtFK�ÿӝ�OLQK�ÿӝQJ�VLQK�ÿӏD�KyD�FӫD�FiF�QJX\rQ�Wӕ��.S��WURQJ�P�D�NK{�Yj�
P�D�PѭD�FKR�WKҩ\�Vӵ�KRҥW�KyD�ÿiQJ�NӇ�FӫD�Qy�YjR�P�D�PѭD��6ӵ�JLD�WăQJ�ÿiQJ�NӇ�
.S�ÿѭӧF�JKL�QKұQ�ÿӕL�YӟL�&X�����������OҫQ�ÿӕL�YӟL�Oi�Yj�WKkQ���0Q���������OҫQ�ÿӕL�YӟL�
Oi�Yj����������OҫQ�ÿӕL�YӟL�WKkQ��Yj�%����������OҫQ�ÿӕL�YӟL�Oi�Yj����������OҫQ�ÿӕL�YӟL�



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϵ͕�ϭϮͲϮϬϮϮ� ϳϱ

WKkQ�Fk\���Fy�WKӇ�FKR�WKҩ\�Vӵ�WKDP�JLD�FӫD�FiF�QJX\rQ�Wӕ�Qj\�YjR�PӝW�FKX�WUuQK�VLQK�
ÿӏD�KyD�ÿDQJ�KRҥW�ÿӝQJ�YӟL�Vӵ�JLD�WăQJ�ÿӝ�ҭP�FӫD�ÿҩW��1JRjL�UD��Vӵ�JLD�WăQJ�.S�ÿӕL�
YӟL�%�[ҧ\�UD�WXҫQ�Wӵ�ӣ�Oi�Yj�WKkQ�Wӯ�FiF�GLӋQ�FҧQK�TXDQ�Wӵ�WKjQK�ÿӃQ�FiF�GLӋQ�FҧQK�
TXDQ� WtFK� Wө� Yj�ÿӕL�YӟL�&X��.S� WăQJ� WURQJ� Oi�� WURQJ�NKL�ÿӕL� YӟL�&X��.S� WăQJ� WURQJ�
WKkQ��FǊQJ�QKѭ�ÿӕL�YӟL�0Q��.S�JLD�WăQJ�WURQJ�Oi�Yj�WKkQ�WUH��7tQK�TX\�OXұW�Qj\�FKѭD�
WӯQJ�ÿѭӧF�JKL�QKұQ�WUѭӟF�ÿk\�Yj�FҫQ�ÿѭӧF�WLӃS�WөF�QJKLrQ�FӭX�WURQJ�WѭѫQJ�ODL���

�����Ð�QKLӉP�NLP�ORҥL�QһQJ�WURQJ�ÿҩW�ӣ�NKX�YӵF�94*�%LGRXS�1~L�%j�
0ӭF�ÿӝ�{�QKLӉP�ÿҩW�ӣ�94*�%LGRXS�1~L�%j�FǊQJ�ÿѭӧF�QJKLrQ�FӭX�WURQJ�FiF�

FҧQK�TXDQ�Q~L�WUXQJ�EuQK�YӟL�QKLӅX�GҥQJ�ÿҩW�YjQJ�Yj�ÿҩW�SK��VD�ӣ�FiF�NKX�YӵF�WUǊQJ�
JLӳD�Q~L��6DQJ�P�D�NK{��YӟL�OѭӧQJ�PѭD�JLҧP�GҫQ��KjP�OѭӧQJ�NLP�ORҥL�QһQJ�WURQJ�
FiF�PүX�Oҩ\�WKiQJ��������FDR�KѫQ�ÿiQJ�NӇ�VR�YӟL�FiF�PүX�Oҩ\�VDX�P�D�PѭD�WKiQJ�
��������7KHR�NӃW�TXҧ�SKkQ�WtFK��FiF�JLi�WUӏ�FӫD�KjP�OѭӧQJ�NLP�ORҥL�QһQJ��QJRҥL�WUӯ�
&G��ÿӅX�WKҩS�KѫQ�JLi�WUӏ�WKHR�WLrX�FKXҭQ�FӫD�9LӋW�QDP��7&91�>�@��Ӣ�ÿk\��FҫQ�OѭX�ê�
KjP�OѭӧQJ�&G�FDR�WURQJ�FiF�PүX�FӫD�QăP�������YѭӧW�TXi�JLi�WUӏ�WҥL�7&91�WҥL�FiF�
ÿLӇP�7���7��Yj�7���9u�Yұ\��ÿҩW�ӣ�94*�%LGRXS�1~L�%j�[ҧ\�UD�{�QKLӉP�&G�ÿһF�WUѭQJ�
FKR�FiF�ÿӕL�WѭӧQJ�Eӏ�{�QKLӉP�QKkQ�WiF��1ӃX�NK{QJ�Fy�FiF�QJKLrQ�FӭX�Eә�VXQJ�WKu�UҩW�
NKy�ÿiQK�JLi�FKtQK�[iF�FiF�QJXӗQ�&G�[kP�QKұS�YjR�WURQJ�ÿҩW��

���.ӂ7�/8Ұ1�

��Ĉm�OjP�U}�WKjQK�SKҫQ�YұW�FKҩW�FӫD�ÿҩW�KuQK�WKjQK�WURQJ�FiF�ÿLӅX�NLӋQ�FҧQK�
TXDQ�NKiF�QKDX�FӫD�UӯQJ�QKLӋW�ÿӟL�WҥL�Y�QJ�Q~L�WUXQJ�EuQK�FӫD�94*�%LGRXS���1~L�
%j��3KkQ�WtFK�ҧQK�KѭӣQJ�FӫD�ÿӏD�KuQK�ÿӕL�YӟL�Vӵ�KuQK�WKjQK�WKҧP�UөQJ�WKӵF�YұW�Yj�Vӵ�
WKD\�ÿәL�KjP�OѭӧQJ�WUR�FӫD�FjQK�Yj�Oi�UөQJ��

��Ĉm�QJKLrQ�FӭX��OjP�U}�ÿһF�ÿLӇP�GL�FKX\ӇQ�Yj�WtFK�Wө�WKHR�FKLӅX�GӑF�Yj�FKLӅX�
QJDQJ�FӫD�FiF�QJX\rQ�Wӕ�KyD�KӑF��7tQK�TX\�OXұW�GL�FKX\ӇQ�ÿӏD�KyD�FӫD�FiF�QJX\rQ�Wӕ�
KyD�KӑF�WURQJ�WҩW�Fҧ�FiF�FҧQK�TXDQ�ÿӏD�KyD�Fѫ�EҧQ��Wӵ�WKjQK��WjQ�WtFK�Yj�WtFK�Wө��6ӵ�WӗQ�
WҥL�WURQJ�ÿҩW�FӫD�PӝW�Vӕ�UjR�FҧQ�ÿӏD�KyD�ÿһF�WUѭQJ�FӫD�ÿҩW�YjQJ�FǊQJ�ÿm�ÿѭӧF�JKL�QKұQ��

��1JKLrQ� FӭX� OjP� U}� FiF� \ӃX� Wӕ� Fy� OLrQ� TXDQ� WtFK� FӵF� QKҩW� ÿӃQ�TXi� WUuQK� GL�
FKX\ӇQ�Yj�WtFK�Wө�VLQK�ÿӏD�KyD�WURQJ�FiF�P�D�NKiF�QKDX�FӫD�QăP��ÿiQK�JLi�WtQK�GL�
ÿӝQJ�VLQK�ÿӏD�KyD�FӫD�FiF�QJX\rQ�Wӕ�Yj�FѭӡQJ�ÿӝ�FӫD�TXi�WUuQK�WtFK�OǊ\�VLQK�KӑF�FӫD�
FK~QJ�GR�FiF�Eӝ�SKұQ�FӫD�ORjL�WUH�VLQK�WUѭӣQJ�WURQJ�QKӳQJ�FҧQK�TXDQ��QKӳQJ�P�D�
NKiF�QKDX��*KL�QKұQ�Yj�OjP�U}�QKӳQJ�ÿһF�ÿLӇP�FӫD�Vӵ�GL�FKX\ӇQ�VLQK�ÿӏD�KyD�FӫD�
FiF�QJX\rQ� Wӕ� YL� OѭӧQJ� WURQJ�FiF�GҥQJ�FҧQK�TXDQ� SKө� WKXӝF�KӋ� WKӕQJ��WKҧP� WKӵF���
YұW���YұW�UѫL�UөQJ���ÿҩW��WUrQ�OmQK�WKә�FӫD�94*�%LGRXS�1~L�%j�WKHR�P�D�WURQJ�QăP���

��3KkQ�WtFK�Vӵ�KLӋQ�GLӋQ�FӫD�NLP�ORҥL�QһQJ�WURQJ�ÿҩW�FӫD�94*�%LGRXS�1~L�%j��
&iF�JLi�WUӏ�FӫD�KjP�OѭӧQJ�NLP�ORҥL�QһQJ��QJRҥL�WUӯ�&G�ÿӅX�WURQJ�JLӟL�KҥQ�FKR�SKpS�
FӫD�7&91�KLӋQ�KjQK��

/ͥL�F̫P�˯Q��1JKLrQ�FͱX�ÿ˱ͫF�WK͹F�KL͏Q�WURQJ�NKX{Q�NK͝�ÿ͉�WjL�(������QKL͏P�
Yͭ��³1JKLrQ�FͱX�ÿ̿F�ÿL͋P�F̭X�WU~F�Yj�FKͱF�QăQJ�K͏�VLQK�WKiL�UͳQJ�ÿ͛QJ�E̹QJ�Yj�
Y�QJ�Q~L��.RQ�&K˱�5ăQJ��%LGRXS���1~L�%j�´��Yj�ÿ͉�iQ�ʋ����������������FͯD�9L͏Q�
6LQK�K͕F�EL͋Q�PL͉Q�1DP��/LrQ�EDQJ�1JD�©1JKLrQ�FͱX�W͝�FKͱF�NK{QJ�JLDQ���WKͥL�JLDQ�
FͯD�FiF�K͏�VLQK�WKiL�G˱ͣL�Q˱ͣF�Yj�WUrQ�F̩Q�QK̹P�[k\�G͹QJ�K͏�WK͙QJ�JLiP�ViW�KR̩W�
ÿ͡QJ�G͹D�WUrQ�Gͷ�OL͏X�YL͍Q�WKiP�Yj�F{QJ�QJK͏�*,6�ª��
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7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� Ƚɨɪɛɭɧɨɜ� Ɋ�� ȼ��� Ƚɨɪɛɭɧɨɜɚ� Ɍ�� ɘ��� Ʉɭɡɧɟɰɨɜ� Ⱥ�� ɇ��� Ʉɭɡɧɟɰɨɜɚ� ɋ�� ɉ���
Ʌɟɛɟɞɟɜ� ə�� Ɉ��� ȼɭ� Ɇ��� Ɉɫɨɛɟɧɧɨɫɬɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɷɥɟɦɟɧɬɨɜ�
ɪɚɞɢɚɰɢɨɧɧɨɝɨ� ɛɚɥɚɧɫɚ� ɫɪɟɞɧɟɝɨɪɧɵɯ� ɬɪɨɩɢɱɟɫɤɢɯ� ɥɟɫɨɜ� ɸɠɧɨɝɨ�
ȼɶɟɬɧɚɦɚ��Ɍɪɭɞɵ�Ʉɚɪɚɞɚɝɫɤɨɣ�ɧɚɭɱɧɨɣ�ɫɬɚɧɰɢɢ�ɢɦ��Ɍ��ɂ��ȼɹɡɟɦɫɤɨɝɨ� ��
ɩɪɢɪɨɞɧɨɝɨ�ɡɚɩɨɜɟɞɧɢɤɚ�ɊȺɇ��Ɏɟɨɞɨɫɢɹ��©Ʉɚɪɚɞɚɝɫɤɚɹ�ɧɚɭɱɧɚɹ�ɫɬɚɧɰɢɹ�
ɢɦ��Ɍ�ɂ��ȼɹɡɟɦɫɤɨɝɨ���ɩɪɢɪɨɞɧɵɣ�ɡɚɩɨɜɟɞɧɢɤ�ɊȺɇª��������������������

�� Ɇɟɬɨɞɢɱɟɫɤɢɦ� ɭɤɚɡɚɧɢɹ� ɩɨ� ɨɩɪɟɞɟɥɟɧɢɸ� ɬɹɠɟɥɵɯ� ɦɟɬɚɥɥɨɜ� ɜ� ɩɨɱɜɚɯ�
ɫɟɥɶɯɨɡɭɝɨɞɢɣ�ɢ�ɩɪɨɞɭɤɰɢɢ�ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɚ��Ɇɨɫɤɜɚ���������F��

�� Ƚɨɪɛɭɧɨɜ�Ɋ��ȼ���Ʉɭɡɧɟɰɨɜ�Ⱥ��ɇ���Ʌɟɛɟɞɟɜ�ə��Ɉ���Ƚɨɪɛɭɧɨɜɚ�Ɍ��ɘ���Ʉɨɬɥɨɜ�
ɂ�� ɉ��� ɏɨɣ�ɇ�� Ⱦ��� Ɉ� ɧɟɤɨɬɨɪɵɯ� ɨɫɨɛɟɧɧɨɫɬɹɯ� ɫɬɪɭɤɬɭɪɵ� ɢ�
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ� ɝɨɪɧɵɯ� ɬɪɨɩɢɱɟɫɤɢɯ� ɥɟɫɧɵɯ� ɥɚɧɞɲɚɮɬɨɜ�
ɐɟɧɬɪɚɥɶɧɨɝɨ� ȼɶɟɬɧɚɦɚ� ɢ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɫɨɡɞɚɧɢɹ� ɥɚɧɞɲɚɮɬɧɨ�
ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ�ɫɬɚɰɢɨɧɚɪɚ��Ɍɪɭɞɵ�Ʉɚɪɚɞɚɝɫɤɨɣ�ɧɚɭɱɧɨɣ�ɫɬɚɧɰɢɢ�ɢɦ��Ɍ��
ɂ��ȼɹɡɟɦɫɤɨɝɨ� �� ɩɪɢɪɨɞɧɨɝɨ� ɡɚɩɨɜɟɞɧɢɤɚ�ɊȺɇ��Ɏɟɨɞɨɫɢɹ�� ©Ʉɚɪɚɞɚɝɫɤɚɹ�
ɧɚɭɱɧɚɹ� ɫɬɚɧɰɢɹ� ɢɦ��Ɍ�ɂ��ȼɹɡɟɦɫɤɨɝɨ� �� ɩɪɢɪɨɞɧɵɣ� ɡɚɩɨɜɟɞɧɢɤ� ɊȺɇª��
������������������

�� Ⱥɜɟɫɫɚɥɨɦɨɜɚ� ɂ�� Ⱥ��� Ȼɢɨɝɟɨɯɢɦɢɹ� ɥɚɧɞɲɚɮɬɨɜ�� Ɇ��Ƚɟɨɝɪɚɮɢɱɟɫɤɢɣ�
ɮɚɤɭɥɶɬɟɬ�ɆȽɍ����������ɫ��

�� ȼɢɧɨɝɪɚɞɨɜ�Ⱥ��ɉ���ɋɪɟɞɧɢɟ�ɫɨɞɟɪɠɚɧɢɹ�ɯɢɦɢɱɟɫɤɢɯ�ɷɥɟɦɟɧɬɨɜ�ɜ�ɝɥɚɜɧɵɯ�
ɬɢɩɚɯ� ɢɡɜɟɪɠɟɧɧɵɯ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɡɟɦɧɨɣ� ɤɨɪɵ�� ɂɡɞ�� Ƚɟɨɯɢɦɢɹ�� ������
�����������

�� 4&91����70������%7107��4X\�FKX̱Q�NͿ� WKX̵W�TX͙F�JLD�Y͉�JLͣL�K̩Q�FKR�
SKpS�FͯD�P͡W�V͙�NLP�OR̩L�Q̿QJ�WURQJ�ÿ̭W��+j�1ӝL��������

6800$5<�

678'<�2)�%,2*(2&+(0,&$/�35,2&(66(6�,1�7+(�9(*(7$7,21����
/,77(5���62,/�6<67(0�,1�02817$,1�7523,&$/�)25(676�2)��

%,'83�18,%$�1$7,21$/�3$5.��

7KH� VWXG\� RI� JHRFKHPLFDO� SURFHVVHV� LV� DQ� XUJHQW� WDVN� IRU� XQGHUVWDQGLQJ� WKH�
IXQFWLRQLQJ�RI�WKH�OLWWOH�VWXGLHG�V\VWHP��YHJHWDWLRQ�OLWWHU�VRLO��DQG�WKH�ELRVSKHUH�DV�D�
ZKROH��,Q�PRXQWDLQRXV�DUHDV��WKH�SURFHVVHV�RI�VRLO�IRUPDWLRQ�DFTXLUH�XQLTXH�IHDWXUHV�
DQG� DUH� FRPSOLFDWHG� E\� WKH� SURFHVVHV� RI� UHGLVWULEXWLRQ� RI� PDWWHU�� 7KLV� ZRUN�
LQWURGXFHV� WKH� UHVXOWV� RI� VWXGLHV� RI� JHRFKHPLFDO� SURFHVVHV� LQ� ���������� RQ� WKH�
WHUULWRU\�RI�WKH�%LGRXS�1XL�%D�1DWLRQDO�3DUN��&HQWUDO�9LHWQDP��GXULQJ�WKH�ZHW�DQG�
GU\�VHDVRQV��7KH�LQIOXHQFH�RI�WKH�UHOLHI�RQ�WKH�IRUPDWLRQ�RI�SODQW�PRUWPDVV�DQG�WKH�
FKDQJH�LQ�WKH�DVK�FRQWHQW�RI�IDOOHQ�EUDQFKHV�DQG�OHDYHV�LV�FRQVLGHUHG��7KH�UHVXOWV�RI�
VWXGLHV� RI� YHUWLFDO� DQG� KRUL]RQWDO�PLJUDWLRQ� RI� FKHPLFDO� HOHPHQWV� LQ� VRLOV� RI�PLG�
PRXQWDLQ� SULPDU\� WURSLFDO� PRQVRRQ� IRUHVWV� DUH� SUHVHQWHG�� 5HJXODULWLHV� RI�
JHRFKHPLFDO� PLJUDWLRQ� RI� FKHPLFDO� HOHPHQWV� ZLWKLQ� DOO� W\SHV� RI� HOHPHQWDU\�
JHRFKHPLFDO� ODQGVFDSHV�� IURP� DXWRQRPRXV� WR� DFFXPXODWLYH�� DUH� UHYHDOHG�� 7KH�
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H[LVWHQFH� LQ� VRLOV� RI� VHYHUDO� JHRFKHPLFDO� EDUULHUV� FKDUDFWHULVWLF� RI� ]KHOWR]HPV� KDV�
EHHQ� UHYHDOHG�� 7KH� VWXG\� PDGH� LW� SRVVLEOH� WR� FODULI\� WKH� HOHPHQWV� WKDW� DUH� PRVW�
DFWLYHO\�LQYROYHG�LQ�ELRJHRFKHPLFDO�PLJUDWLRQ�DQG�DFFXPXODWLRQ�LQ�GLIIHUHQW�VHDVRQV�
RI� WKH�\HDU�� WR�DVVHVV� WKH�ELRJHRFKHPLFDO�PRELOLW\�RI�HOHPHQWV�DQG�WKH� LQWHQVLW\�RI�
WKH� SURFHVVHV� RI� WKHLU� ELRORJLFDO� DFFXPXODWLRQ� E\� EDPERR� RUJDQV� JURZLQJ� LQ�
GLIIHUHQW� ODQGVFDSH�FRQGLWLRQV�LQ�WKH�ZHW�DQG�GU\�VHDVRQV�RI�WKH�\HDU��7KH�UHVHDUFK�
UHVXOWV�PDNH�LW�SRVVLEOH�WR�LGHQWLI\�WKH�IHDWXUHV�DQG�SDWWHUQV�RI�FKDQJHV�LQ�WKH�FRQWHQW�
RI� WUDFH� HOHPHQWV� LQ� WKH� �YHJHWDWLRQ�OLWWHU�VRLO�VRLO�� V\VWHP�� WKHLU� ELRORJLFDO�
DFFXPXODWLRQ� DQG� ELRJHRFKHPLFDO�PRELOLW\� GXULQJ� WKH�ZHW� DQG� GU\� VHDVRQV� LQ� WKH�
%LGRXS�1XL�%D�1DWLRQDO�3DUN��7KH�SDSHU�DOVR�SUHVHQWV�WKH�UHVXOWV�RI�D�VWXG\�RI�VRLO�
VDPSOHV�IRU�WKH�SUHVHQFH�RI�KHDY\�PHWDOV��WDNHQ�LQ�WKH�%LGRXS�1XL�%D�1DWLRQDO�3DUN��
,Q�WKH�FRXUVH�RI�WKLV�VWXG\��QDWLYH�&G�FRQWDPLQDWLRQ�ZDV�GHWHFWHG�LQ�FRQFHQWUDWLRQV�
W\SLFDO�IRU�REMHFWV�VXEMHFWHG�WR�WHFKQRJHQLF�SROOXWLRQ��

.H\ZRUGV�� *HRFKHPLVWU\�� PLJUDWLRQ� RI� HOHPHQWV�� SROOXWLRQ�� OLWWHU�� VRLO�� %LGRXS�
1XL�%D��ÿ͓D�KyD��V͹�GL�FKX\͋Q�FiF�QJX\rQ�W͙��{�QKL͍P��Y̵W�U˯L�UͭQJ��ÿ̭W��%LGRXS�1~L�%j��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\���WKiQJ���QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

���� 9L͏Q� 6LQK� K͕F� EL͋Q�PL͉Q�1DP�PDQJ� WrQ� $�2�� .RYDOHYVN\�� 9L͏Q�+jQ� OkP�
NKRD�K͕F�1JD��6HYDVWRSRO��/LrQ�EDQJ�1JD�

���� 9L͏Q� 6LQK� K͕F� EL͋Q�PL͉Q�1DP�PDQJ� WrQ� $�2�� .RYDOHYVN\�� 9L͏Q�+jQ� OkP�
NKRD�K͕F�1JD��&KL�QKiQK�0DW[F˯YD�

����7UXQJ� WkP�1KL͏W�ÿͣL�9L͏W� ��1JD��+j�1͡L��&͡QJ�KzD�[m�K͡L�FKͯ�QJKƭD�9L͏W�
1DP�

����9L͏Q�6LQK�WKiL�Yj�7L͇Q�KyDPDQJ�WrQ�$�1��6HYHUWVRY��0DW[F˯YD��/LrQ�EDQJ�1JD��

/LrQ�K͏��*RUEXQRY�5��9�
9LӋQ�6LQK�KӑF�ELӇQ�PLӅQ�1DP�PDQJ�WrQ�$�2��.RYDOHYVN\��9LӋQ�+jQ�
OkP�.KRD�KӑF�1JD�
(PDLO��NDUDGDJBVWDWLRQ#PDLO�UX�


