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7URQJ�OƭQK�YӵF�FKӃ WҥR�Pi\��YLӋF�QkQJ�FDR�JLӟL�KҥQ�EӅQ��NKҧ QăQJ�FKӕQJ�PjL�
PzQ�Yj�ăQ�PzQ�FӫD�YұW�OLӋX�Oj�UҩW�TXDQ�WUӑQJ��Yu�Qy�JL~S�FKR�YLӋF�Vӱ GөQJ�YұW�OLӋX�
KLӋX�TXҧ KѫQ��TXD�ÿy�OjP�JLҧP�JLi�WKjQK�VҧQ�SKҭP��&�QJ�YӟL�FiF�JLҧL�SKiS�YӅ WKLӃW�
NӃ��FiF�SKѭѫQJ�SKiS�KyD�EӅQ�EӅ PһW�QKѭ�WKҩP�FDFERQ��WKҩP�QLWѫ��WKҩP�1��ÿѭӧF�Vӱ
GөQJ�UӝQJ�UmL�ÿӇ QkQJ�FDR�WXәL�WKӑ FӫD�FKL�WLӃW��WURQJ�ÿy�WKҩP�1��WKҩP�FDFERQ�QLWѫ�
�WKҩP�&�1��QKLӋW�ÿӝ WKҩS��QKӓ KѫQ�QKLӋW�ÿӝ FKX\ӇQ�ELӃQ�DXVWHQLWH��Oj�SKѭѫQJ�SKiS�
Fy�ѭX�ÿLӇP�QәL�EұW�KѫQ�Fҧ YӅ FKҩW� OѭӧQJ�OӟS�WKҩP�FǊQJ�QKѭ�JLҧP�EӟW�FiF�QJX\rQ�
F{QJ�SKtD�VDX�GR�KҥQ�FKӃ ÿѭӧF�ELӃQ�GҥQJ�Yj�tW� WKD\�ÿәL�NtFK�WKѭӟF��FKҩW� OѭӧQJ�EӅ
PһW�VR�YӟL�WUѭӟF�NKL�WKҩP��

7KҩP�1�KRһF�WKҩP�&�1�QKLӋW�ÿӝ WKҩS�GӵD�WUrQ�QJX\rQ�Oê�OjP�EmR�KzD�EӅ PһW�
FӫD�YұW�OLӋX�EӣL�QJX\rQ�Wӕ 1��KRһF�ÿӗQJ�WKӡL�&�Yj�1��FiF�QJX\rQ�Wӱ VӁ NKXӃFK�WiQ�
VkX�YjR�EӅ PһW�WҥR�WKjQK�OӟS�WKҩP��7KHR�P{L�WUѭӡQJ�FXQJ�FҩS�QJX\rQ�Wӱ 1��Fy�WKӇ
FKLD�WKҩP�QLWѫ�WKjQK�WKҩP�WKӇ UҳQ��WKӇ NKt��WKӇ OӓQJ�Yj�WKӇ SODVPD��

��� 7KҩP�QLWѫ�WKӇ UҳQ�Vӱ GөQJ�FiF�KӧS�FKҩW�FXQJ�FҩS QLWѫ�ӣ GҥQJ�EӝW��NӃW�KӧS�
YӟL�FKҩW�WҥR�NHR��ÿӇ KuQK�WKjQK�OӟS�SKӫ ErQ�QJRjL�VDX�ÿy�ÿHP�QXQJ WURQJ�Oz�

����7KҩP�QLWѫ�WKӇ NKt�WK{QJ�GөQJ�KѫQ��GӵD�WUrQ�Vӵ SKkQ�Kӫ\�FӫD�NKt�1+� WҥR�
UD�1�QJX\rQ�Wӱ� WKҩP�&�1�WKӇ NKt�Fy�QJX\rQ�Oê�WѭѫQJ�Wӵ��WX\�QKLrQ�WKjQK�SKҫQ�NKt�
Fy�WKrP�FiF�NKt�FXQJ�FҩS�&��Yt�Gө &+���&2��«

����7KҩP�QLWѫ�WKӇ OӓQJ�WKӃ KӋ FǊ�Vӱ GөQJ�GXQJ�GӏFK�FKӭD�&1� �[LDQXD���KLӋX�
TXҧ WKҩP�WӕW�QKѭQJ�OҥL�UҩW�ÿӝF�KҥL�Yu�WKӃ KҫX�QKѭ�NK{QJ�FzQ�ÿѭӧF�Vӱ GөQJ��7KD\�YjR�
ÿy��F{QJ�QJKӋ WKҩP�QLWѫ�Vӱ GөQJ�FiF�KӛQ�KӧS�PXӕL�FKӭD�2&1� �[LDQDW��KRһF�NDOL�
IHUURF\DQLG�.�)H�&1���ÿѭӧF�Vӱ GөQJ�UӝQJ�UmL�KѫQ�>�@��Ӣ WUҥQJ�WKiL�QyQJ�FKҧ\��TXi�
WUuQK�KҩS�SKө Yj�NKXӃFK�WiQ�[ҧ\�PҥQK�KѫQ�VR�YӟL�FiF�P{L�WUѭӡQJ�NKiF�Yj�WKҩP�ÿӗQJ�
WKӡL�Fҧ QJX\rQ�Wӕ QLWѫ�Yj�FDFERQ��QrQ�Fy�WKӇ JӑL�Oj�WKҩP�&�1��7KӡL�JLDQ�WKҩP�ӣ WKӇ
OӓQJ�ÿѭӧF�U~W�QJҳQ�Wӯ ��ÿӃQ���OҫQ�VR�YӟL�WKҩP�QLWѫ�WKӇ NKt�Yj�WKҩP�QLWѫ�SODVPD�>�@��

��� 7KҩP� QLWѫ� SODVPD� Vӱ GөQJ� KLӋX� ӭQJ� ÿLӋQ� WtFK� EҩW� WKѭӡQJ� �DQRUPDO�
GLVFKDUJH�JORZ��ÿѭӧF�WҥR�EӣL�ÿLӋQ�WUѭӡQJ�FӫD�QJXӗQ�ÿLӋQ�FDR�iS��Fӥ ��� 9��WURQJ�
FKkQ�NK{QJ��Fӥ � PEDU��WҥR�UD�KLӋX�ӭQJ�SODVPD�EDR�WUrQ�EӅ PһW�FKL�WLӃW�WKҩP��+ӛQ�
KӧS�NKt�Vӱ GөQJ�WKѭӡQJ�JӗP�1���+� Yj�&+���7URQJ�ÿLӋQ�WUѭӡQJ��FiF�SKkQ�Wӱ NKt�Eӏ
SKkQ�FӵF��LRQ�KyD��WăQJ�WӕF�UӗL�EҳQ�SKi�EӅ PһW�FKL�WLӃW��PӝW�SKҫQ�QJX\rQ�Wӱ 1�ÿL�YjR�
WURQJ�EӅ PһW�WKpS��PӝW�SKҫQ�1�NӃW�KӧS�YӟL�QJX\rQ�Wӱ )H��Yj�FiF�QJX\rQ�Wӕ KӧS�NLP�
WURQJ�WKpS��UӗL� OҳQJ�ÿӑQJ�WUӣ OҥL�EӅ PһW� WKpS��TXi�WUuQK�NKXӃFK�WiQ�JL~S�WăQJ�FKLӅX�
Gj\�OӟS�WKҩP�Yj�KuQK�WKjQK�OӟS�NKXӃFK�WiQ��Ӣ WUrQ�EӅ PһW��QӗQJ�ÿӝ &�Yj�1�WLӃS�WөF�
WăQJ�OrQ�Yj�KuQK�WKjQK�OӟS�WUҳQJ��FRPSRXQG�OD\HU��>�@�
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7UrQ� WKӃ JLӟL� QKLӅX� F{QJ� QJKӋ WKҩP�&�1� WKӇ OӓQJ� ÿm� ÿѭӧF� SKiW� WULӇQ� QKѭ��
7HQLIHU��434�7XIIWULGH��0HORQLWH��$UFRU��3DOVRQLWH�����&iF�QJKLrQ�FӭX�Vӱ GөQJ�QKLӅX�
ELӃQ�WKӇ PXӕL�WKҩP�NKiF�QKDX�F�QJ�YӟL�FiF�Et�TX\ӃW�YӅ WiL�WҥR�[LDQDW�Yj�NLӇP�VRiW�
QӗQJ�ÿӝ [LDQXD�WURQJ�EӇ OjP�YLӋF�>���@��

&{QJ�QJKӋ WKҩP�1�SODVPD�UD�ÿӡL�VDX�F{QJ�QJKӋ WKҩP�WKӇ OӓQJ��QKѭQJ�ÿѭӧF�
WұS�WUXQJ�QJKLrQ�FӭX�NKi�KRjQ�WKLӋQ�FKR�FiF�ORҥL�WKpS�NӃW�FҩX��WKpS�NK{QJ�JӍ Yj�Fҧ
WKpS�OX\ӋQ�NLP�EӝW�>����@�

Ӣ 9LӋW� 1DP�� PӝW� Vӕ QJKLrQ� FӭX� ÿm� WUuQK� Ej\� WKҩP� &�1� WKӇ NKt� FKR� WKpS�
��&U0Q7L� Yj� ��&U0R� Vӱ GөQJ�KӛQ�KӧS�NKt� JDV� F{QJ�QJKLӋS� >��@�� WKҩP�&�1� WKӇ
OӓQJ� FKR� WKpS�6.'����� 6'.��� Vӱ GөQJ�KӛQ�KӧS�PXӕL� 6L�1��� FDFERQDW� Yj� FORUXD�
>��@�� WKҩP�&�1� WKӇ OӓQJ�FKR� WKpS���:��&U�9�����&U������&U��1L��7L����&U�Yj�
&7���� Vӱ GөQJ� KӛQ� KӧS�PXӕL� .�)H�&1�� Yj� FDFERQDW� >�@��1KuQ� FKXQJ�� Vӕ OѭӧQJ�
F{QJ�Eӕ YӅ WKҩP�&�1�WKӇ OӓQJ�FӫD�9LӋW�1DP�FzQ�NKi�tW��YLӋF�ӭQJ�GөQJ�YjR�WKӵF�WӃ
VҧQ�[XҩW�FzQ�KҥQ�FKӃ�

%jL�EiR� WUuQK�Ej\�NӃW�TXҧ QJKLrQ�FӭX� WKҩP�&�1� WKӇ OӓQJ�QKLӋW�ÿӝ WKҩS� WKHR�
F{QJ�QJKӋ 434�Yj� WKҩP�1�SODVPD�FKR���PiF� WKpS�&������;+�$�Yj���;�+�%$��
Ĉk\�Oj���PiF�WKpS�Vӱ GөQJ�SKә ELӃQ�WURQJ�Fѫ�NKt�FKӃ WҥR�YӟL�ÿӝ EӅQ�WăQJ�GҫQ��

���9Ұ7�/,ӊ8�9¬�3+ѬѪ1*�3+È3�1*+,Ç1�&Ӭ8
�����&KӃ�WҥR�PүX��QKLӋW�OX\ӋQ�Yj�[ӱ�Oê�EӅ�PһW
ĈӕL� WѭӧQJ� QJKLrQ� FӭX� Oj� FiF� SK{L� WKpS� UqQ� &���� ��;+�$�� ��;�+�%$� Fy�

ÿѭӡQJ�NtQK� OҫQ� OѭӧW� Oj����PP�����PP�Yj����PP��&iF�PүX� WKӱ QJKLӋP�ÿѭӧF� FҳW�
WKjQK�FiF�OiW�PӓQJ�Fӥ ��PP��ÿHP�PjL�EҵQJ�JLҩ\�QKiP�Fy�ÿӝ QKiP�����JULW��7KjQK�
SKҫQ�KyD�KӑF�FӫD�WKpS�ÿѭӧF�ÿR�EҵQJ�Nӻ WKXұW�2(6��2SWLFDO�(PLVVLRQ�6SHFWUXP��WUrQ�
WKLӃW�Eӏ 7$60$1�*�� WҥL�7UXQJ� WkP�.ӻ WKXұW�7LrX�FKXҭQ�ĈR� OѭӡQJ�&KҩW� OѭӧQJ��
WKHR�WLrX�FKXҭQ�$670�(�������>��@��.ӃW�TXҧ ÿR�ÿѭӧF�WKӇ KLӋQ�WURQJ�EҧQJ���

%ҧQJ����7KjQK�SKҫQ�KyD�KӑF�FӫD�FiF�PiF�WKpS�WKӱ QJKLӋP

0iF�WKpS
+jP�OѭӧQJ�QJX\rQ�Wӕ�WKHR�*267��������������NKӕL�OѭӧQJ�
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+jP�OѭӧQJ�QJX\rQ�Wӕ�ÿR�WKHR�$670�(����������NKӕL�OѭӧQJ�

&�� ����� ����� ����� ����� ����� ����� ����� ����� �����

��;+�$ ����� ����� ����� ����� ����� ����� ����� ���� �����

��;�+�%$ ����� ����� ����� ����� ����� ����� ����� ����� �����
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.ӃW�TXҧ WҥL�EҧQJ���FKR�WKҩ\�Wӹ OӋ FӫD�FiF�QJX\rQ Wӕ KyD�KӑF�WURQJ�Fҧ ED�ORҥL�
WKpS� Fѫ� EҧQ� ÿiS�ӭQJ� WKHR� WLrX� FKXҭQ�*267������������ WUӯ KjP� OѭӧQJ�:�ӣ WKpS�
��;�+�%$�WKҩS�KѫQ�VR�YӟL�WLrX�FKXҭQ�NKRҧQJ�������

7UѭӟF� NKL� QKLӋW� OX\ӋQ�� FiF�PүX� WKӱ ÿѭӧF� TXpW� OӟS� VѫQ� FKӕQJ� WKRiW� FDFERQ�
7LQGHUH[��&iF�PүX�WKӱ QJKLӋP�VDX�ÿy�ÿѭӧF�W{L�WURQJ�GҫX�Yj�UDP��QKLӋW�ÿӝ W{L�Yj�UDP�
ÿѭӧF�FKӑQ�WKHR�WLrX�FKXҭQ�*267�����������>��@��FKL�WLӃW�TXi�WUuQK�QKLӋW�OX\ӋQ�ÿѭӧF�
WUuQK�Ej\�WURQJ�EҧQJ����7KLӃW�Eӏ Vӱ GөQJ�Oj�Oz�QXQJ�1DEHUWKHUP���O�/�������ĈӭF��Yj�
Oz�UDP�6HOHFWD�+RUQ�7)7��7k\�%DQ�1KD���

%ҧQJ����7K{QJ�Vӕ TXi�WUuQK�QKLӋW�OX\ӋQ

7K{QJ�Vӕ 7KpS�&�� 7KpS���;+�$
7KpS�

��;�+�%$

1KLӋW�ÿӝ�W{L��R&� ��� ��� ���

7KӡL�JLDQ�JLӳ�QKLӋW��SK~W� �� �� ��

0{L�WUѭӡQJ�OjP�QJXӝL GҫX GҫX GҫX

1KLӋW�ÿӝ�UDP��R&� ��� ��� ���

7KӡL�JLDQ�JLӳ�QKLӋW��SK~W� �� �� ��

0{L�WUѭӡQJ�OjP�QJXӝL QѭӟF QѭӟF QѭӟF

6DX�QKLӋW� OX\ӋQ��PүX�ÿѭӧF�ÿHP�PjL�EҵQJ�JLҩ\�QKiP�Fy�ÿӝ QKiP�OҫQ�OѭӧW� Oj�
����� ����� ����� ����� ���� Yj� ÿHP� [ӱ Oê� EӅ PһW� � WKҩP�&�1� WKHR� F{QJ� QJKӋ 434�
7XIIWULGH�WҥL�&{QJ�W\�71++�+HDW�0HWDO�.DZDVDNL�Yj�WKҩP�1�SODVPD�[XQJ�QJҳQ�Vӱ
GөQJ�WKLӃW�Eӏ (OWURSXOV��9LӋQ�1JKLrQ�FӭX�&ѫ�NKt��%ӝ &{QJ�WKѭѫQJ��7K{QJ�Vӕ F{QJ�
QJKӋ TXi�WUuQK�WKҩP�&�1�ÿѭӧF�WKӇ KLӋQ�ӣ EҧQJ����WK{QJ�Vӕ TXi�WUuQK�WKҩP�1�SODVPD�
WKӇ KLӋQ�ӣ EҧQJ���

%ҧQJ �� 7K{QJ�Vӕ TXi�WUuQK�WKҩP�&�1�434

77 &iF�EѭӟF
1KLӋW�ÿӝ�
��&�

7KӡL�JLDQ�
�SK~W�

+yD�FKҩW�
���NKӕL�OѭӧQJ�

� 1XQJ�QyQJ�Vѫ�Eӝ ��� �� �

� 7KҩP�&�1 ��� ���
[LDQDW� 2&1� ����� FDFERQDW�
&2�

�� �������6H2� �����

� 2[L�KyD� ��� ��
1D12� �����1D12� �����
1D2+����

� 5ӱD�QѭӟF�QyQJ ���·��� � 1ѭӟF�VҥFK
� 5ӱD�QѭӟF�OҥQK � 1ѭӟF�VҥFK
� 3KXQ�FiW � � &iW�R[LW�QK{P

� 2[L�KyD ��� ��
1D12� �����1D12� �����
1D2+����

� 5ӱD�QѭӟF�QyQJ ���·��� � 1ѭӟF�VҥFK
� 5ӱD�QѭӟF�OҥQK � 1ѭӟF�VҥFK
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%ҧQJ �� 7K{QJ�Vӕ TXi�WUuQK�WKҩP�QLWѫ�SODVPD

&iF�EѭӟF
1KLӋW�
ÿӝ�
��&�

7KӡL�
JLDQ�
�K�

ÈS�
VXҩW�
�3D�

Ĉӝ�
GjL�
[XQJ�
��V�

.KRҧQJ�
FiFK�
[XQJ�
��V�

ĈLӋQ�
iS�
�9�

/ѭX�
OѭӧQJ�NKt�

�O�K�
+� 1�

3K~Q�[ҥ ��� ��� �� �� ��� ��� �� �

7KҩP�QLWѫ ��� �� ��� �� ��� ��� �� �

�����7Kӱ�QJKLӋP�SKkQ�WtFK�ÿһF�WtQK�OӟS�WKҩP

&iF�PүX�WKӱ QJKLӋP�VDX�[ӱ Oê�EӅ PһW�ÿѭӧF�SKkQ�WtFK�EҵQJ�FiF�Nӻ WKXұW�NKiF�
QKDX��3KkQ�WtFK�Wә FKӭF�WӃ YL��ÿR�ÿӝ FӭQJ�EӅ PһW��SKkQ�Eӕ ÿӝ FӭQJ�WӃ YL��ÿR�ÿӝ QKiP�
EӅ PһW�

0үX� NLP� WѭѫQJ� ÿѭӧF� FKXҭQ� Eӏ TXD� FiF� EѭӟF�� &ҳW� PүX�� ÿ~F�PүX� WURQJ� EӝW�
EDNHOLW��PjL�WK{��PjL�WLQK��ÿiQK�EyQJ�Yj�WҭP�WKӵF��'XQJ�GӏFK�WҭP�WKӵF�Oj�1LWDO����
�GXQJ�GӏFK�D[LW�QLWULF�WURQJ�HWKDQRO�YӟL�Wӹ OӋ ���D[LW���ҦQK�FKөS�Wә FKӭF�WӃ YL�PһW�FҳW�
QJDQJ�PүX�ÿѭӧF�WKӵF�KLӋQ�WUrQ�NtQK�KLӇQ�YL�NLP�WѭѫQJ�/(,&$�'0L�0��FKLӅX�Gj\�
OӟS� WUҳQJ�FӫD� OӟS� WKҩP�&�1�Yj� OӟS� WKҩP�1�ÿѭӧF�[iF�ÿӏQK� WUrQ� ҧQK�FKөS� Vӱ GөQJ�
SKҫQ�PӅP�/$6�9�����ÿL�F�QJ�NtQK�KLӇQ�YL��

Ĉӝ FӭQJ�EӅ PһW�9LFNHUV��WҧL���NJ�I��Yj�SKkQ�Eӕ ÿӝ FӭQJ�WӃ YL�WKHR�PһW�FҳW�QJDQJ�
�WҧL����J�I��ÿѭӧF�WKӵF�KLӋQ�WUrQ�WKLӃW�Eӏ ÿR�ÿӝ FӭQJ�+9�����='7��&iF�PiF�WKpS�Vӱ
GөQJ�Fy�ÿһF�ÿLӇP�Oj�NKL�WҭP�WKӵF�NKy�SKkQ�ELӋW�YӅ PjX�VҳF�JLӳD�OӟS�NKXӃFK�WiQ�YӟL�
QӅQ��QrQ�YLӋF�[iF�ÿӏQK�WәQJ�FKLӅX�Gj\�OӟS�WKҩP�EҵQJ�SKѭѫQJ�SKiS�NLP�WѭѫQJ�tW�FKtQK�
[iF��9u�Yұ\�WәQJ�FKLӅX�Gj\�OӟS�WKҩP�ÿѭӧF�[iF�ÿӏQK�GӵD�WUrQ�ÿR�SKkQ�Eӕ ÿӝ FӭQJ�WӃ YL�
WKHR�PһW�FҳW�WKHR�WLrX�FKXҭQ�',1���������>��@��7KHR�WLrX�FKXҭQ�Qj\��ÿӝ Gj\�OӟS�WKҩP�
ÿѭӧF�[iF�ÿӏQK�EҵQJ�JLDR�ÿLӇP�FӫD�ÿѭӡQJ�SKkQ�Eӕ ÿӝ FӭQJ�WӃ YL�WKHR�FKLӅX�VkX�OӟS�
WKҩP�Yj�ÿѭӡQJ�QҵP�QJDQJ��\� �JLi�WU͓ ÿ͡ FͱQJ�FͯD�O}L�������ÿ˯Q�Y͓ +9������

&iF�WK{QJ�Vӕ FKҩW�OѭӧQJ�EӅ PһW�ÿѭӧF�[iF�ÿӏQK�WKHR�WLrX�FKXҭQ�,62�����������
>��@�Vӱ GөQJ�WKLӃW�Eӏ 0LWXWR\R�6-�����YӟL�WK{QJ�Vӕ ÿR�ȜV  ������P��1� ����FXW�RII� �
����PP��&iF�WKLӃW�Eӏ WUrQ�ÿѭӧF�ÿһW�WҥL�3KzQJ�Ĉӝ EӅQ�1KLӋW�ÿӟL��&KL�QKiQK�3KtD�1DP�

���.ӂ7 48Ҧ 9¬�%¬1 /8Ұ1

�����7KD\�ÿәL�FiF�WK{QJ�Vӕ FKҩW�OѭӧQJ�EӅPһW

.ӃW�TXҧ [iF�ÿӏQK�FiF�WK{QJ�Vӕ FKҩW�OѭӧQJ�EӅ PһW�FӫD�PүX�WKӱ QJKLӋP�WUѭӟF�Yj�
VDX�NKL�WKҩP�1��&�1�WKӇ KLӋQ�ӣ EҧQJ���FKR�WKҩ\�FiF�WK{QJ�Vӕ 5D��5T��56P��5W�Yj�5]�
VDX�NKL� WKҩP�&�1�434�ÿӅX� WăQJ� OrQ�NKi� U}� UӋW� VR�YӟL�PүX�QKLӋW� OX\ӋQ�� WURQJ�NKL�
WKҩP�1�SODVPD�OjP�WăQJ�QKҽ JLi�WUӏ FiF�WK{QJ�Vӕ Qj\��6ӵ WKD\�ÿәL�YӅ FKҩW�OѭӧQJ�EӅ
PһW�ÿӕL�YӟL�PүX�WKҩP�&�1�Fy�WKӇ JLҧL�WKtFK�GR�TXi�WUuQK�ăQ�PzQ��KҩS�SKө Yj�NKXӃFK�
WiQ�[ҧ\�UD�OLrQ�WөF�WUrQ�EӅ PһW�PүX�WKҩP�WURQJ�P{L�WUѭӡQJ�PXӕL�QyQJ�FKҧ\��ĈӕL�YӟL�
PүX�WKҩP�1�SODVPD��TXi�WUuQK�SK~Q�[ҥ OjP�VҥFK�EӅ PһW��FiF�TXi�WUuQK�KҩS�SKө��OҳQJ�
ÿӑQJ�Yj�NKXӃFK�WiQ�WURQJ�FKkQ�NK{QJ�FǊQJ�OjP�WKD\�ÿәL�ÿӝ QKiP�EӅ PһW��QKѭQJ�ӣ
PӭF�ÿӝ QKҽ KѫQ�WKҩP�WKӇ OӓQJ�
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%ҧQJ��� .ӃW�TXҧ ÿR�FiF�WK{QJ�Vӕ FKҩW�OѭӧQJ�EӅ PһW

7K{QJ Vӕ 5D 5T 56P 5W 5]
7KpS�&��

1KLӋW�OX\ӋQ ���� ���� ����� ���� ����
7KҩP�1�SODVPD ���� ���� ����� ���� ����
7KҩP�&�1�434 ���� ���� ����� ���� ����

7KpS���;+�$
1KLӋW�OX\ӋQ ���� ���� ����� ���� ����

7KҩP�1�SODVPD ���� ���� ����� ���� ����
7KҩP�&�1�434 ���� ���� ����� ���� ����

7KpS���;�+�%$
1KLӋW�OX\ӋQ ���� ���� ����� ���� ����

7KҩP�1�SODVPD ���� ���� ����� ���� ����
7KҩP�&�1�434 ���� ���� ����� ���� ����

�����7ә�FKӭF�WӃ�YL

6DX�NKL�QKLӋW�OX\ӋQ�KyD�WӕW�� Wә FKӭF�QKұQ�ÿѭӧF�ӣ O}L�PүX�WKpS�&����KuQK��D��
�E�����;+�$��KuQK��F���G��Yj���;�+�%$��KuQK��H���I��Oj�PDFWHQ[LW�UDP��&ҩX�WU~F�
OӟS�WKҩP�&�1�JӗP�� Y�QJ��/ӟS�R[LW�QJRjL�F�QJ��WLӃS�WKHR�Oj�OӟS�WUҳQJ�Yj�OӟS�NKXӃFK�
WiQ�QJD\�GѭӟL� OӟS� WUҳQJ YӟL� FKLӅX�Gj\� OӟQ�KѫQ� /ӟS�R[LW� WҥR� UD�NKRҧQJ����P YӟL�
WKjQK�SKҫQ�FKtQK�Oj�R[LW�VҳW�)H�2� YӟL�ÿһF�WtQK�FKӕQJ�ăQ�PzQ�WӕW�>���������@��7KHR�
TX\�WUuQK�F{QJ�QJKӋ 434�7XIIWULGH��VDX�NKL�WKҩP�&�1�WURQJ�EӇ PXӕL�QyQJ�FKҧ\��OӟS�
R[LW�WҥR�WKjQK�NKi�Gj\��Fy�WKӇ WӟL�����P��QKѭQJ�ÿӝ [ӕS�FDR��QJѭӡL�WD�WKѭӡQJ�SKXQ�
FiW�EӅ PһW��ÿӕL�YӟL�FiF�FKL�WLӃW�Fy�KuQK�GҥQJ�SKӭF�WҥS��Fy�WKӇ Vӱ GөQJ�Pi\�UXQJ�NӃW�
KӧS�YӟL�FiW��VDX�ÿy�{[L�KyD�OҫQ�WKӭ ��ÿӇ Fy�OӟS�R[LW�ÿӗQJ�QKҩW�Yj�ÿӝ QKiP�EӅ PһW�
WKҩS��/ӟS�WUҳQJ�ÿѭӧF�WҥR�WKjQK�EӣL�FiF�SKD�H�)H����1�&��Yj�Ȗƍ�)H��1�&���OӟS�NKXӃFK�
WiQ�ÿXӧF�WҥR�EӣL�SKD�D1�& >�@��&ѫ�WtQK�Yj�NKҧ QăQJ�FKӕQJ�ăQ�PzQ�FӫD�EӅ PһW�WKpS�
WKҩP�QLWѫ�ÿѭӧF�TX\ӃW�ÿӏQK�EӣL�WKjQK�SKҫQ�Yj�SKkQ�Eӕ SKD�WURQJ�OӟS�WKҩP��.Kҧ QăQJ�
FKӕQJ� ăQ� PzQ� FӫD� SKD� JLjX� QLWѫ� H�)H����1�� &�� ÿѭӧF� FKӭQJ� PLQK� Oj� WӕW� KѫQ� Ȗƍ�
)H��1�&� Yj�D�)H1�& >������@��

&ҩX�WU~F�OӟS�WKҩP�1�SODVPD�JӗP���Y�QJ��/ӟS�WUҳQJ�Yj�OӟS�NKXӃFK�WiQ� 7KjQK�
SKҫQ�SKD�WѭѫQJ�Wӵ QKѭ�OӟS�WUҳQJ�Yj�OӟS�NKXӃFK�WiQ�FӫD�OӟS�WKҩP�&�1��7X\�QKLrQ�ӣ
SKѭѫQJ�SKiS�WKҩP�1�SODVPD��OӟS�WUҳQJ�PӓQJ��tW�[ӕS�KѫQ�Yj�WKjQK�SKҫQ�FiF�SKD�Oj�H�
)H���1��Ȗƍ�)H�1 Yj�D�)H1�>��@�

�����Ĉӝ�FӭQJ�EӅ�PһW�Yj�SKkQ�Eӕ�ÿӝ�FӭQJ�WKHR�FKLӅX�VkX�OӟS�WKҩP

Ĉӝ FӭQJ� EӅ PһW� FӫD� FiF�PүX� WKӱ QJKLӋP� ÿѭӧF� WKӇ KLӋQ� WURQJ� KuQK� �D��Ĉӝ
FӭQJ�FӫD�PүX�WKҩP�&�1��WKҩP�1�WăQJ�OrQ�JҩS�NKRҧQJ���OҫQ�VR�YӟL�PүX�FKӍ TXD�QKLӋW�
OX\ӋQ�KyD�WӕW��WX\�QKLrQ�KLӋX�TXҧ WăQJ�ÿӝ FӭQJ�FӫD�WӯQJ�F{QJ�QJKӋ OrQ�FiF�PiF�WKpS�
Oj�NKiF�QKDX��ĈӕL�YӟL�WKpS�&����WKҩP�&�1�434�WăQJ�ÿӝ FӭQJ�FKR�WKpS�WӕW�KѫQ�WKҩP�
1�SODVPD�
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�D� �E�

�F� �G�

�H� �I�
+uQK����7ә FKӭF�WӃ YL�OӟS�WKҩP�&�1�FӫD�WKpS���D��&�����F����;+�$���H����;�+�%$�

Yj�OӟS�WKҩP�1�SODVPD�FӫD�WKpS���E��&�����G����;+�$���I����;�+�%$

&KrQK� OӋFK�ÿӝ FӭQJ�FӫD���SKѭѫQJ�SKiS�Qj\� Oj����+9���ÿӕL�YӟL���PiF� WKpS�
��;+�$Yj���;�+�%$��ÿӝ FӭQJ�VDX�WKҩP�1�FDR�KѫQ�WKҩP�&�1�NKRҧQJ�����+9��

1JRjL�UD��VR�YӟL�WKҩP�&�1��WKҩP�1�Fy�KLӋX�TXҧ WăQJ�ÿӝ FӭQJ�FKR���PiF�WKpS�
KӧS�NLP���;+�$�Yj���;�+�%$�WӕW�KѫQ��7KҩP�&�1�FKR�ÿӝ FӭQJ�EӅ PһW�FӫD�PүX�
WKpS���;+�$�Yj���;�+�%$�OҫQ�OѭӧW�Oj����������+9���WURQJ�NKL�WKҩP�1�SODVPD�FKR
ÿӝ FӭQJ�FӫD���PiF�WKpS�Qj\�OҫQ�OѭӧW�Oj����������+9��
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.ӃW�TXҧ ÿR�SKkQ�Eӕ ÿӝ FӭQJ�WKHR�FKLӅX�VkX�OӟS�WKҩP�FӫD�WӯQJ�PүX�WKpS�ÿѭӧF�
WKӇ KLӋQ�WURQJ�KuQK��E���F���G��ĈѭӡQJ�QҵP�QJDQJ�WKӇ KLӋQ�JLi�WUӏ WUXQJ�EuQK�ÿӝ FӭQJ�
FӫD�O}L�PүX�WKӱ FӝQJ�WKrP����ÿѫQ�Yӏ +9������ÿѭӡQJ�1+7�WKHR�',1�����������TX\�
ѭӟF�PjX�JLӕQJ�FӫD�ÿѭӡQJ�SKkQ�Eӕ ÿӝ FӭQJ� WӃ YL��ĈӕL�YӟL� WKpS�&����KuQK��E���ÿӝ
FӭQJ� Wӯ EӅ PһW�ÿӃQ�NKRҧQJ������P�� OӟS� WKҩP�&�1�434�Fy�ÿӝ FӭQJ�FDR�KѫQ� OӟS�
WKҩP�1�SODVPD��VDX������P��ÿѭӡQJ�ÿӝ FӭQJ�FӫD�OӟS�WKҩP�1�SODVPD�ӣ WUrQ��ĈӕL�YӟL�
��PiF�WKpS���;+�$�Yj���;�+�%$��ÿӝ FӭQJ�VDX�WKҩP�1�SODVPD�OX{Q�FDR�KѫQ�WKҩP�
&�1�434�WKHR�FKLӅX�VkX�OӟS�WKҩP��+uQK�GҥQJ�ÿѭӡQJ�SKkQ�Eӕ ÿӝ FӭQJ�VDX�WKҩP�1�
SODVPD�Fy� WKӇ JLҧL� WKtFK�GR� WKӡL�JLDQ� WKҩP�1�SODVPD� ����JLӡ��GjL�KѫQ�VR�YӟL� WKӡL�
JLDQ�WKҩP�&�1��� JLӡ��ÿm�JL~S�TXi�WUuQK�NKXӃFK�WiQ�1�YjR�VkX�KѫQ�Yj�YӟL�QӗQJ�ÿӝ
OӟQ�KѫQ�QrQ�ÿm�JyS�SKҫQ�OjP�SKkQ�Eӕ ÿӝ FӭQJ�tW�Eӏ GӕF�KѫQ�VR�YӟL�WKҩP�&�1�434��
7X\�QKLrQ��QӃX�WăQJ�WKӡL�JLDQ�WKҩP�&�1�WKu�QJX\rQ�Wӱ &�Yj�1�YүQ�Fy�WKӇ NKXӃFK�WiQ�
YjR�VkX�KѫQ�QӳD�Yj�WҥR�OӟS�WKҩP Gj\�KѫQ��

+uQK����Ĉӝ�FӭQJ�EӅ�PһW��D��Yj�SKkQ�Eӕ�ÿӝ�FӭQJ�WKHR�FKLӅX�VkX�
OӟS�WKҩP��E����F����G�

��� ���

���

��� ���

���

���

���
���

���

���

���

���

���

���

���

���

&�� ���;+�$ ���;�+�%$

Ĉ
ӝ�
Fӭ
QJ
�E
Ӆ�
P
һW
�+
9
�

0iF�WKpS�Yj�FiF�SKѭѫQJ�SKiS�WKҩP

1KLӋW�OX\ӋQ 434 31

����
���

���

���

���

���

���

� ��� ��� ��� ��� ��� ���

Ĉ
ӝ�
Fӭ
QJ
�WӃ
�Y
L��
+
9
��
��
�

&KLӅX�VkX�OӟS�WKҩP���P�

7KpS�&��

7KҩP�&�1
7KҩP�1�SODVPD

���� ���

���

���

���

���

���

���

���

� ��� ��� ��� ��� ��� ���

Ĉ
ӝ�
Fӭ
QJ
�WӃ
�Y
L��
+
9
��
��
�

&KLӅX�VkX�OӟS�WKҩP���P�

7KpS���;+�$

7KҩP�&�1
7KҩP�1�SODVPD

�������

���

���

���

���

���

���

���

���

� ��� ��� ��� ��� ��� ���

Ĉ
ӝ�
Fӭ
QJ
�WӃ
�Y
L��
+
9
��
��
�

&KLӅX�VkX�OӟS�WKҩP���P�

7KpS���;�+�%$

7KҩP�&�1
7KҩP�1�SODVPD

;ĂͿ ;ďͿ

;ĐͿ ;ĚͿ



EŐŚŝġŶ�ĐӈƵ ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ ŶŚŝҵƚ�ĜӀŝ͕�^Һ Ϯϰ͕�ϭϭͲϮϬϮϭ ϭϵϵ

�����&KLӅX�Gj\�OӟS�WKҩP

.ӃW� TXҧ [iF� ÿӏQK� FKLӅX� Gj\� OӟS� WUҳQJ� ÿѭӧF [iF� ÿӏQK� EҵQJ� ÿR� SKѭѫQJ� SKiS�
SKkQ�WtFK�ҧQK�FKөS�PһW�FҳW�ÿѭӧF�WKӇ KLӋQ�WURQJ�EҧQJ����&KLӅX�Gj\�OӟS�WUҳQJ�VDX�NKL�
WKҩP�1�SODVPD�ӣ Fҧ ED�PiF�WKpS�ÿӅX�QKӓ KѫQ�KҷQ�VR�YӟL�WKҩP�&�1�434��ĈLӅX�Qj\�
Fy�WKӇ ÿѭӧF�JLҧL�WKtFK�GR�WKҩP�WKӇ OӓQJ�FXQJ�FҩS�P{L�WUѭӡQJ�WKҩP�UҩW�JLjX�QLWѫ��SKD�
H�)H����1��&���WKjQK�SKҫQ�FKtQK�FӫD�OӟS�WUҳQJ��ÿѭӧF�WҥR�UD�YӟL�Vӕ OѭӧQJ�OӟQ�KѫQ�KҷQ�
VR�YӟL�SKD�H�)H���1�NKL�WKҩP�1�SODVPD��9u�Yұ\��ÿӝ Gj\�OӟS�WUҳQJ�VDX�WKҩP�&�1�WKӇ
OӓQJ�OӟQ�KѫQ�TXi�WUuQK�WKҩP�1�SODVPD�

.ӃW�TXҧ [iF�ÿӏQK�WәQJ�ÿӝ Gj\�OӟS�WKҩP��OӟS�WUҳQJ���OӟS�NKXӃFK�WiQ��ÿѭӧF�WKӇ
KLӋQ�WURQJ�EҧQJ����Ĉӝ Gj\�OӟS�WKҩP�1�SODVPD�OӟQ�KѫQ�WKҩP�&�1�434�ӣ WKpS�&����
��;+�$�Yj���;�+�%$ OҫQ�OѭӧW�Oj�����P������P�Yj�����P��7X\�QKLrQ�QӃX�VR�ViQK�
YӅ WKӡL�JLDQ�WKu�KLӋX�TXҧ WҥR�OӟS�WKҩP�FӫD�F{QJ�QJKӋ WKҩP�&�1�434�WӕW�KѫQ�QKLӅX�
VR�YӟL WKҩP�1�SODVPD��7KӡL�JLDQ�WKҩP�WURQJ�EӇ PXӕL�FKӍ PҩW���JLӡ VR�YӟL����JLӡ WURQJ�
EXӗQJ�FKkQ�NK{QJ�WKҩP�1�SODVPD��.ӃW�TXҧ WKt�QJKLӋP�FǊQJ�FKR�WKҩ\��FKLӅX�Gj\�FӫD�
OӟS�WKҩP�ӣ PүX�WKpS�&���OӟQ�KѫQ�VR�YӟL���PiF�WKpS�KӧS�NLP�FzQ�OҥL��ÿLӅX Qj\�Fy�WKӇ
ÿѭӧF�JLҧL� WKtFK�EӣL�FiF�TXi� WUuQK� WҥR�QLWULW�Yj�FDFELW�YӟL�FiF�QJX\rQ� Wӕ KӧS�NLP�OjP�
QJăQ�FҧQ�TXi�WUuQK�NKXӃFK�WiQ�QJX\rQ�Wӱ &�Yj�1�Yj�QKѭ�Yұ\�OjP�JLҧP�ÿӝ Gj\�OӟS�WKҩP�

%ҧQJ��� .ӃW�TXҧ ÿR�FKLӅX�Gj\�OӟS�WKҩP

;ӱ�Oê�
EӅ�PһW

&KLӅX�Gj\�OӟS�WUҳQJ���P� 7әQJ�FKLӅX�Gj\�OӟS�WKҩP���P�

&�� ��;+�$ ��;�+�%$ &�� ��;+�$ ��;�+�%$

7KҩP�&�1 ���� ���� ���� ��� ��� ���

7KҩP�1 ��� ��� ��� ��� ��� ���

���.ӂ7�/8Ұ1

%jL�EiR� WUuQK�Ej\�NӃW�TXҧ QJKLrQ�FӭX� OӟS� WKҩP�WҥR�EӣL�F{QJ�QJKӋ WKҩP�&�1�
434�Yj�F{QJ�QJKӋ WKҩP�1�SODVPD�FKR���PiF� WKpS�&������;+�$�Yj���;�+�%$��
.ӃW�TXҧ WKӵF�QJKLӋP�FKR�WKҩ\�

� 6DX�NKL� WKҩP�&�1�434�Yj� WKҩP�1�SODVPD��ÿӝ QKiP�EӅ PһW� FӫD�PүX� WKӱ
QJKLӋP�WăQJ�OrQ��WURQJ�ÿy�WKҩP�&�1�434�WăQJ�ÿӝ QKiP�EӅ PһW�QKLӅX�KѫQ�VR�YӟL�EӅ
PһW�ÿm�WKҩP�1�SODVPD��

� Ĉӝ FӭQJ EӅ PһW�FӫD�WKpS�VDX�WKҩP�1�Yj�WKҩP�&�1�WăQJ�OrQ�ÿiQJ�NӇ VR�YӟL�
PүX� WKpS� FKӍ TXD�QKLӋW� OX\ӋQ��ĈӕL� YӟL� WKpS�&���� ÿӝ FӭQJ� WURQJ�NKRҧQJ� ���·����
+9��� ÿӕL� YӟL� WKpS� ��;+�$� ���·���� +9��� ÿӕL� YӟL� WKpS� ��;�+�%$� Oj� ���·����
+9���7X\�QKLrQ��KLӋX�TXҧ WăQJ�ÿӝ FӭQJ�ÿӕL�YӟL�FiF�PiF�WKpS�Oj�NKiF�QKDX��ĈӕL�YӟL�
WKpS�&����ÿӝ FӭQJ�VDX�WKҩP�&�1�FDR�KѫQ�WKҩP�1�QKѭQJ�ÿӕL�YӟL�WKpS���;+�$�Yj�
��;�+�%$��ÿӝ FӭQJ�VDX�WKҩP�1�FDR�KѫQ�VDX�WKҩP�&�1��%rQ�FҥQK�ÿy��SKkQ�Eӕ ÿӝ
FӭQJ�WӃ YL�WKHR�FKLӅX�VkX�FӫD�OӟS�WKҩP�&�1�Fy�ÿӝ GӕF�OӟQ�KѫQ�WKҩP�1 SODVPD�Yj�JLi�
WUӏ ÿӝ FӭQJ�WӃ YL�FǊQJ�QKӓ KѫQ�WKҩP�1�SODVPD��
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� 7KpS� FDFERQ� &��� Fy� ÿӝ Gj\� OӟS� WKҩP� OӟQ� KѫQ� WKpS� KӧS� NLP� ��;+�$��
��;�+�%$�QKѭQJ�ÿӝ FӭQJ�WKҩS�KѫQ�ÿiQJ�NӇ VR�YӟL���PiF�WKpS�Qj\��7KҩP�1�SODVPD�
Fy�WKӇ FKR�OӟS�WUҳQJ�PӓQJ��FKLӅX�VkX�OӟS�WKҩP�OӟQ��WX\�QKLrQ�WKӡL�JLDQ�WKҩP�NpR�GjL�

/ͥL�F̫P�˯Q��%jL�EiR�ÿ˱ͫF�V K͟ WUͫ NLQK�SKt�FͯD�7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W�
1JD�WKHR�ÿ͉ WjL��1JKLrQ�FͱX��[k\�GQJ�TX\�WUuQK�F{QJ�QJK͏ W̩R�OͣS�WK̭P � SKͯ NpS�
V͵ GͭQJ�WURQJ�SKͭF�K͛L��FK͇ W̩R�PͣL�P͡W�V͙ FKL�WL͇W�V~QJ�E͡ ELQK��

7¬,�/,ӊ8�7+$0�.+Ҧ2

��� %UDQ]HL�0���&RMRFDUX�0��2���'UXJD�/��1���7XGRVH�)���DQG�7UXVFD�5���1RQ�WR[LF�
HQYLURQPHQW� IRU� IHUULWLF� QLWURFDUEXULVLQJ� SURFHVV�� 5HYLVWD� GH� &KLPLH�� ������
����������������

�� 1JX\ӉQ�.KҳF�&ѭӡQJ��/r�7UӑQJ�+ұX��/ê�4XӕF�&ѭӡQJ� 0͡W�V͙ N͇W�TX̫ QJKLrQ�
FͱX�EDQ�ÿ̯X�Y͉ WK̭P�&�1�WK͋ O͗QJ�QKL͏W�ÿ͡ WK̭S��7ҥS�FKt�.KRD�KӑF�&{QJ�QJKӋ
.LP�ORҥL����������������

�� 3\H�'�� 3UDFWLFDO� QLWULGLQJ� DQG� IHUULWLF� QLWURFDUEXUL]LQJ�� $60� ,QWHUQDWLRQDO�
0DWHULDOV�3DUN��2KLR��86$�����������S��

�� /L� <�� +��� /XR� '�� )��� :X� 6�� ;��� 434� VDOW� EDWK� QLWULGLQJ� DQG� FRUURVLRQ�
UHVLVWDQFH��6ROLG�6WDWH�3KHQRPHQD��������������������

�� =KDQJ�/���*DR�:���0LFURVWUXFWXUH�DQG�SURSHUWLHV�RI��&U��1L�:0R91E��*;�
���VWHHO�ERUHG�EDUUHOV�ZLWK�DQG�ZLWKRXW�434�WUHDWPHQW��6XUIDFH�DQG�&RDWLQJV�
7HFKQRORJ\�������������������

�� &DPSDJQROR� $��� 'DEDOj� 0�� DQG� 0HQHJKHWWL� *��� (IIHFW� RI� VDOW� EDWK�
QLWURFDUEXUL]LQJ� DQG� SRVWR[LGDWLRQ� RQ� VWDWLF� DQG� IDWLJXH� EHKDYLRXUV� RI� D�
FRQVWUXFWLRQ�VWHHO��0HWDOV�������������������

�� .XVPLF�'���+UXE\�9�� &RUURVLRQ�UHVLVWDQFH�RI�SODVPD�QLWULGHG�VWUXFWXUDO�VWHHOV�DQG�
PRGHUQ�PHWKRGV�RI�WHVWLQJ��$GYDQFHV�LQ�0LOLWDU\�7HFKQRORJ\�������������������

�� 'REURFNê� '��� 6WXGHQê� =��� 3RNRUQê� =��� 3RVStFKDO� 0��� âPLGD� 2�� (IIHFW� RI�
SODVPD� QLWULGLQJ� RQ� WKH� QRWFK� WRXJKQHVV� RI� VSULQJ� VWHHO�� 0(7$/�� ������
S������������

�� %DVX� $��� 'XWWD� 0DMXPGDU� -�� HW� DO� &RUURVLRQ� UHVLVWDQFH� LPSURYHPHQW� RI� KLJK�
FDUERQ� ORZ� DOOR\� VWHHO� E\� SODVPD� QLWULGLQJ�� 0DWHULDOV� /HWWHUV�� ������ ��������
�����

��� +ROHPDU�$���+UXE\�9�� ,RQWRYi�QLWULGDFH�Y�SUD[L��617/��3UDKD�����������S��

��� .XVPLF�'���9DQ�'��7���+UXE\�9���&RUURVLRQ�DQG�ZHDU� UHVLVWDQFH�RI� SODVPD�
QLWULGHG�DQG�GXSOH[�WUHDWHG���&U0R��VWHHO��0DQXIDFWXULQJ�7HFKQRORJ\��������
��������������

��� /r�7Kӏ &KLӅX��1JX\ӉQ�$QK 6ѫQ� &{QJ�QJK͏ WK̭P�FDFERQ�QLW˯�V͵ GͭQJ�NKt�JDV�
F{QJ�QJKL͏S�Yj�[͵ Oê�QKL͏W�VDX�WK̭P�FKR�WKpS���&U0R�Yj���&U0Q7L��7ҥS�FKt�
.KRD�KӑF�&{QJ�QJKӋ .LP�ORҥL����������������

��� 1JX\ӉQ�9ăQ�+LӇQ��/r�7Kӏ &KLӅX� 7̩R�OͣS�WK̭P�FDFERQ�QLW˯�YͣL�SKD�WKpS�KyD�
E͉Q�SKkQ� WiQ� FKR� WKpS� GͭQJ� Fͭ 6.'��� Yj� 6.'��� WURQJ�P{L� WU˱ͥQJ� O͗QJ�ͧ
QKL͏W�ÿ͡ WK̭S��7ҥS�FKt�.KRD�KӑF�&{QJ�QJKӋ .LP�ORҥL�����������������
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���� $670�(��������6WDQGDUG� WHVW�PHWKRG� IRU� DQDO\VLV� RI� FDUERQ� DQG� ORZ�DOOR\�
VWHHO� E\ VSDUN� DWRPLF� HPLVVLRQ� VSHFWURPHWU\�� $670� ,QWHUQDWLRQDO�� :HVW�
&RQVKRKRFNHQ��3$�������

���� ȽɈɋɌ� ���������� Ɇɟɬɚɥɥɨɩɪɨɞɭɤɰɢɹ� ɢɡ� ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ� ɥɟɝɢɪɨɜɚɧɧɨɣ�
ɫɬɚɥɢ��Ɍɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ�

���� ,62������������*HRPHWULFDO�3URGXFW�6SHFLILFDWLRQV��*36��� 6XUIDFH�WH[WXUH��
3URILOH�PHWKRG�� 7HUPV��GHILQLWLRQV�DQG�SDUDPHWHUV�RI�VXUIDFH�WH[WXUH�

���� ',1� ��������� +lUWHWLHIH� ZlUPHEHKDQGHOWHU� 7HLOH�� (UPLWWOXQJ� GHU�
1LWULHUKlUWHWLHIH�

���� 'RDQ� 7�� 9��� .XVPLþ�'��� 3RVStFKDO�0��� 'REURFNê� '��� ,PSURYHPHQW� RI� ZHDU�
UHVLVWDQFH� IRU� &��� VWHHO� XVLQJ� SODVPD� QLWULGLQJ�� QLWURFDUEXUL]LQJ� DQG�
QLWULGLQJ�PDQJDQHVH� SKRVSKDWLQJ� GXSOH[� WUHDWPHQW�� ,Q� ,23� &RQIHUHQFH�
6HULHV��0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ���������������������

���� .XVPLF� '��� 'RDQ� 7�� 9��� 7ULERORJLFDO� DQG� FRUURVLRQ� SURSHUWLHV� RI� SODVPD�
QLWULGHG� DQG� QLWURFDUEXUL]HG� ��&U0R�� VWHHO�� 0DWHULDOV� 6FLHQFH� DQG�
(QJLQHHULQJ������� �������������

���� /L�+��<���/XR�'��)���<HXQJ�&��)��DQG�/DX�.��+���0LFURVWUXFWXUDO� VWXGLHV�RI�
434� FRPSOH[� VDOW� EDWK� KHDW�WUHDWHG� VWHHOV�� -RXUQDO� RI�0DWHULDOV� 3URFHVVLQJ�
7HFKQRORJ\����������������������

6800$5<
$�5(6($5&+�21�7+(�/2:�7(03(5$785(�1,75,',1*�

)25�620(�6758&785$/�67((/�*5$'(6

7KLV� DUWLFOH� SUHVHQWV� WKH� 434� ORZ� WHPSHUDWXUH� QLWURFDUEXUL]LQJ� DQG� SODVPD�
QLWULGLQJ�WHFKQRORJLHV�IRU�WKUHH�VWHHO�JUDGHV�&������;+�$�DQG���;�+�%$��9DULRXV�
WHVWV�ZHUH�FDUULHG�RXW�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�WKHVH�WHFKQRORJLHV�RQ�WKH�FKDQJH�
RI� VXUIDFH� TXDOLW\� SDUDPHWHUV�� VXUIDFH� KDUGQHVV�� KDUGQHVV� GLVWULEXWLRQ� DFFRUGLQJ� WR�
WKH�QLWULGHG�OD\HUV��,Q�DGGLWLRQ��WKH�LPDJH�RI�WKH�PLFURVWUXFWXUH�DQG�WKLFNQHVV�RI�WKH�
QLWULGHG� OD\HUV� ZHUH� DOVR� LQYHVWLJDWHG�� 7KH� H[SHULPHQWDO� UHVXOWV� FRQILUPHG� WKH�
SRVVLELOLW\� WR� FUHDWH� QLWULGHG� OD\HU� ZLWK� LPSURYHG� PHFKDQLFDO� SURSHUWLHV� XVLQJ�
QLWULGLQJ�DQG�QLWURFDUEXUL]LQJ�WHFKQRORJLHV�RQ�DOO�WKUHH�VWHHO�JUDGHV�

.H\ZRUGV� 1LWURFDUEXUL]LQJ�� SODVPD� QLWULGLQJ�� &���� ��;+�$�� ��;�+�%$��
WK̭P�FDFERQ�QLW˯��WK̭P�QLW˯�SODVPD�

1K̵Q�EjL�QJj\����WKiQJ���QăP�����

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

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP�����

����&KL�QKiQK�3KtD�1DP��7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W�� 1JD�
����9L͏Q�.KRD�K͕F�Yj�.Ϳ WKX̵W�9̵W�OL͏X��7U˱ͥQJ�Ĉ̩L�K͕F�%iFK�NKRD�+j�1͡L
����7UXQJ�WkP�4XDQJ�ÿL͏Q�W͵��9L͏Q�ͰQJ�GͭQJ�F{QJ�QJK͏��%͡ .+&1


