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7ӯ�NӃW�TXҧ�[iF�ÿӏQK�ÿӝ�EӅQ�PӕL�GiQ�ӣ�WUrQ�WD�QKұQ�WKҩ\�UҵQJ�Wӹ�OӋ�FӫD�FiF�FKҩW�
ÿӝQ�ҧQK�KѭӣQJ�ÿӃQ�ÿӝ�EӅQ�PӕL�GiQ��&ө�WKӇ�NKL�WăQJ�KjP�OѭӧQJ�0J2�Yj�JLҧP�KjP�
OѭӧQJ�=Q2�WѭѫQJ�ӭQJ�WKu�ÿӝ�EӅQ�PӕL�GiQ�WăQJ�OrQ��Ĉӝ�EӅQ�PӕL�GiQ�FDR�QKҩW�ӣ�Wӹ�OӋ�
��SKҫQ�NKӕL�OѭӧQJ�0J2�Yj���SKҫQ�NKӕL�OѭӧQJ�=Q2��

�����.KҧR�ViW�ҧQK�KѭӣQJ�FӫD�KjP�OѭӧQJ�QKӵD�SKHQROIRUPDOGHK\G�ÿӃQ�ÿӝ�
EӅQ�PӕL�GiQ�NHR�

.HR�GiQ���WKjQK�SKҫQ�ÿѭӧF�FKӃ�WҥR�WUrQ�Fѫ�Vӣ�FDR�VX�QLWULO�Fy�ÿӝ�EӅQ�PӕL�GiQ�
NK{QJ�FDR�Yj�OƭQK�YӵF�Vӱ�GөQJ�KҥQ�FKӃ��ĈӕL�YӟL�NHR�WUrQ�Fѫ�Vӣ�FDR�VX�QLWULO�Fy�ÿӝ�
EӅQ� PӕL� GiQ� QKӓ� KѫQ� �� 03D� >��� �@�� FzQ� ÿӕL� YӟL� NHR� WUrQ� Fѫ� Vӣ� QKӵD�
SKHQROIRUPDOGHK\G�Fy�ÿӝ�EӅQ�PӕL�GiQ�QKӓ�KѫQ����03D�>�����@��ĈӇ�WăQJ�ÿӝ�EӅQ�PӕL�
GiQ�Yj�Vӱ�GөQJ�ÿӇ�GiQ�FiF�YұW�OLӋX�NKiF�QKDX�QJѭӡL�WD�ELӃQ�WtQK�KӛQ�KӧS�NHR�FDR�VX�
EҵQJ�QKӵD�SKHQROIRUPDOGHK\G�GҥQJ�UH]RO�>��������@��

ĈӇ�QJKLrQ�FӭX�ҧQK�KѭӣQJ�FӫD�QKӵD�SKHQROIRUPDOGHK\G�ÿӃQ�ÿӝ�EӅQ�PӕL�GiQ�
NHR��FK~QJ�W{L� WLӃQ�KjQK�FKӃ�WҥR�NHR�WKHR�PөF�������YӟL� Wӹ�OӋ�FiF�WKjQK�SKҫQ�JӗP�
GXQJ�GӏFK�KӛQ�KӧS�FDR�VX�Yj�QKӵD�SKHQROIRUPDOGHK\G�YӟL�FiF�Wӹ�OӋ�NKiF�QKDX�VR�YӟL�
KӛQ�KӧS�FDR�VX�VDX�ÿy�WLӃQ�KjQK�[iF�ÿӏQK�ÿӝ�EӅQ�PӕL�GiQ�NHR�WKHR�PөF��������.ӃW�
TXҧ�QJKLrQ� FӭX� ҧQK�KѭӣQJ�FӫD�QKӵD�SKHQROIRUPDOGHK\G�ÿӃQ�ÿӝ�EӅQ�PӕL�GiQ�NHR�
ÿѭӧF�ÿѭD�UD�ӣ�EҧQJ���Yj�KuQK����
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%ҧQJ����ҦQK�KѭӣQJ�FӫD�QKӵD�SKHQROIRUPDOGHK\G�ÿӃQ�ÿӝ�EӅQ�PӕL�GiQ�FӫD�NHR�

77� 7rQ�FKӍ�WLrX�

7ӹ�OӋ�NKӕL�OѭӧQJ�FDR�VX���QKӵD�
SKHQROIRUPDOGHK\G�

������ ������ ���� ������ ������

�� 1JRҥL�TXDQ�
&KҩW�OӓQJ�ÿӗQJ�QKkW�Fy�PjX�QkX�ViQJ�Yj�

NK{QJ�Fy�WҥS�FKҩW�Fѫ�KӑF�

�� 7KӡL�JLDQ�VӕQJ��JLӡ� !���� !���� !���� !���� !����

��
Ĉӝ�EӅQ�NpR�WUѭӧW�ӣ���R&�FӫD�
PӕL� GiQ� NHR� WUrQ� KӧS� NLP�
QK{P�'���DQRW�KyD��03D�

������ ������ ������ ������ ������

+uQK����Ĉӗ�WKӏ�ҧQK�KѭӣQJ�FӫD�Wӹ�OӋ�FDR�VX���QKӵD�SKHQROIRUDPOGHK\GH��
ÿӃQ�ÿӝ�EӅQ�NpR�FӫD�NHR�

7ӯ� NӃW� TXҧ� WKӱ� QJKLӋP� ҧQK� KѭӣQJ� FӫD� Wӹ� OӋ� FDR� VX� Yj� QKӵD�
SKHQROIRUDPOGHK\GH�ÿӃQ�ÿӝ�EӅQ�PӕL�GiQ�FӫD�NHR�WD�QKұQ�WKҩ\�YӟL�Wӹ�OӋ�Oj�����WKu�NHR�
Fy�ÿӝ�EӅQ�PӕL�GiQ�Oj� OӟQ�QKҩW��ĈLӅX�Qj\�ÿѭӧF�QKLӅX�WiF�JLҧ�JLҧL� WKtFK�UҵQJ�FDR�VX�
QLWULO� ÿѭӧF� [HP� QKѭ� Oj� FKҩW� ELӃQ� WtQK� TXi� WUuQK� ÿyQJ� UҳQ� FӫD� QKӵD�
SKHQROIRUDPOGHK\GH�>���������@��.KL�Wӹ�OӋ�NKӕL�OѭӧQJ�Oj�����WKu�NKҧ�QăQJ�ELӃQ�WtQK�
FӫD�FDR�VX�WӕW�QKҩW��NHR�Fy�ÿӝ�EӅQ�PӕL�GiQ�Oj�OӟQ�QKҩW��&zQ�NKL�Wӹ�OӋ�QKӵD�FDR�VX�OӟQ�
KѫQ�KRһF�QKӓ�KѫQ���OjP�FKR�NHR�VDX�OѭX�KyD�JLzQ�KѫQ�KRһF�PӅP�KѫQ�QrQ�ÿӝ�EӅQ�
PӕL�GiQ�NpP�KѫQ��

�����.ӃW�TXҧ�WKӱ�QJKLӋP�

7URQJ�TXi�WUuQK�QJKLrQ�FӭX�FK~QJ�W{L�WLӃQ�KjQK�WKӱ�QJKLӋP�Yj�VR�ViQK�YӟL�NӃW�
TXҧ�WKӱ�QJKLӋP�FӫD�NHR�%.���GR�/LrQ�EDQJ�1JD�VҧQ�[XҩW��.ӃW�TXҧ�VR�ViQK�Fө�WKӇ�
ÿѭӧF�ÿѭD�UD�ӣ�EҧQJ����
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7ӹ�OӋ�FDR�VX���QKӵD�SKHQROIRUPDOGHK\GH��NKӕL�OѭӧQJ�
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%ҧQJ����.ӃW�TXҧ�WKӱ�QJKLӋP�ÿӕL�FKLӃX�JLӳD�NHR�WUrQ�Fѫ�Vӣ�QLWULO�Yj�NHR�%.���

77� 7rQ�FKӍ�WLrX�
.ӃW�TXҧ�WKӱ�QJKLӋP�

.HR�%.��� .HR�WUrQ�Vӣ�QLWULO�

�� 1JRҥL�TXDQ�
&KҩW�OӓQJ�ÿӗQJ�QKҩW�Fy�
PjX�QkX�ViQJ�Yj�NK{QJ�

Fy�WҥS�FKҩW�Fѫ�KӑF�

&KҩW�OӓQJ�ÿӗQJ�QKҩW�Fy�
PjX�QkX�ViQJ�Yj�NK{QJ�

Fy�WҥS�FKҩW�Fѫ�KӑF�

�� 7KӡL�JLDQ�VӕQJ��JLӡ� !���� !����

��
Ĉӝ�EӅQ�NpR�WUѭӧW�FӫD�
PӕL�GiQ�NHR��03D�

������ ������

7ӯ�NӃW�TXҧ�ӣ�EҧQJ���WD� WKҩ\�NHR�WUrQ�Fѫ�Vӣ�QLWULO�GR�QKyP�WiF�JLҧ�FKӃ�WҥR�Fy�
FKҩW�OѭӧQJ�WѭѫQJ�ÿѭѫQJ�YӟL�NHR�%.���FӫD�/LrQ�EDQJ�1JD��.ӃW�TXҧ�WKӱ�QJKLӋP�FiF�
\rX�FҫX�Nӻ�WKXұW�ÿӅX�WѭѫQJ�ÿѭѫQJ�QKDX��

���.ӂ7�/8Ұ1�

��Ĉm�FKӃ�WҥR�ÿѭӧF�NHR�GiQ�YӟL�Fy�ÿӝ�EӅQ�PӕL�GiQ�FDR��WUrQ����0SD��WUrQ�Fӣ�Vӣ�
FDR�VX�QLWULO�YӟL�WKjQK�SKҫQ�ÿѫQ�FKӃ�WҥR�JӗP��&DR�VX�QLWULO������SKҫQ�NKӕL�OѭӧQJ��FDR�
VX� WKLrQ�QKLrQ� ����SKҫQ�NKӕL� OѭӧQJ��PDJLH�R[LW� ����SKҫQ�NKӕL� OѭӧQJ��NӁP�R[LW� ����
SKҫQ�NKӕL�OѭӧQJ��FKҩW�[~F�WLӃQ�0%7�������SKҫQ�NKӕL�OѭӧQJ��OѭX�KXǤQK��������SKҫQ�
NKӕL�OѭӧQJ��EXW\O�D[HWDW�������SKҫQ�NKӕL�OѭӧQJ��

��.ӃW� TXҧ� WKӱ�QJKLӋP�ÿӝ�EӅQ�PӕL�GiQ� WѭѫQJ�ÿѭѫQJ�YӟL�NHR�%.���FӫD�/LrQ�
EDQJ�1JD��PүX�ÿӕL�FKӭQJ���Ĉӝ�EӅQ�PӕL�GiQ�FӫD�NHR�GR�QKyP�QJKLrQ�FӭX�FKӃ�WҥR�
ÿҥW�������03D��

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� ɈɋɌ�������������Ʉɥɟɣ�ɮɟɧɨɥɶɧɨ�ɤɚɭɱɭɤɨɜɵɟ�ɦɚɪɤɢ�ȼɄ����ȼɄ��Ⱥ��ȼɄ���Ɇ��
ȼɄ��������� ȼɄ�������ȼ�� ȼɄ����� ȼɄ���Ⱥ�� ȼɄ���ɋ�� ȼɄ���Ⱥɋ� ɠɢɞɤɢɟ�
Ɍɟɯɧɢɱɟɫɤɢɟ�ɬɪɟɛɨɜɚɧɢɟɸ��

�� ɉɟɬɪɨɜɚ�Ⱥ��ɉ���Ɂɚɞɨɪɨɠɧɹɹ�Ƚ��ɇ���Ⱥɤɭɥɨɜɚ�Ɉ��Ⱥ���ȼɶɸɝɢɧɚ�Ʌ��ɇ���ɒɜɟɰ�ɇ��ɂ���
Ɍɟɩɥɨɫɬɨɣɤɚɹ�ɤɥɟɟɜɚɹ�ɤɨɦɩɨɡɢɰɢɹ��ɉɚɬɟɧɬ��������ɋ���������

�� Ɍɍ�������������������������Ʌɚɤ�ɎɅ�������Ɍɟɯɧɢɱɟɫɤɢɟ�ɭɫɥɨɜɢɹ��

�� Ʉɚɪɞɚɲɨɜ�Ⱦ��Ⱥ���ɉɟɬɪɨɜɚ�Ⱥ��ɉ���ɉɨɥɢɦɟɪɧɵɟ�ɤɥɟɢ��ɋɨɡɞɚɧɢɟ�ɢ�ɩɪɢɦɟɧɟɧɢɟ�
ɏɢɦɢɹ��Ɇɨɫɤɜɚ������������ɫɬɪ�

�� ɉɚɬɟɧɬ�58���������&���Ɍɟɩɥɨɫɬɨɣɤɚɹ�ɤɥɟɟɜɚɹ�ɤɨɦɩɨɡɢɰɢɹ�

�� Ɍɍ������������ɉɪɨɞɭɤɬɵ�����ɇ������Ⱥ������ȼ�ɢ��ȼ��Ɍɟɯɧɢɱɟɫɤɢɟ�

�� Ⱥɣɪɚɩɟɬɹɧ�Ʌ��ɏ���Ɂɚɢɤɚ�ȼ��Ⱦ���ȿɥɟɰɚɹ�Ʌ��Ⱦ���əɧɲɢɧɚ�Ʌ��Ⱥ���ɋɩɪɚɜɨɱɧɢɤ�ɩɨ�
ɤɥɟɹɦ��ɏɢɦɢɹ��Ɇɨɫɤɜɚ������������ɫ���ɢɥ��
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�� Ʉɧɨɩ�Ⱥ���ɒɟɣɛ�ȼ���Ɏɟɧɨɥɶɧɵɟ�ɫɦɨɥɵ�ɢ�ɦɚɬɟɪɢɚɥɵ�ɧɚ�ɢɯ�ɨɫɧɨɜɟ��ɏɢɦɢɹ��
Ɇɨɫɤɜɚ�����������ɫ��

�� Ʉɨɧɞɪɚɬɶɟɜ�ȼ��ɉ���Ⱦɨɪɨɧɢɧ�ɘ�Ƚ���ȼɨɞɨɫɬɨɣɤɢɟ�ɤɥɟɢ�ɜ�ɞɟɪɟɜɨɨɛɪɚɛɨɬɤɟ�
Ʌɟɫɧɚɹ�ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ��Ɇɨɫɤɜɚ�����������ɫ��

��� Ʉɚɪɞɚɲɨɜ�Ⱦ��Ⱥ���Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ�ɤɥɟɢ��ɏɢɦɢɹ��Ɇɨɫɤɜɚ����������ɫ��

��� Ʉɨɪɲɚɤ�ȼ��ȼ���Ɍɟɯɧɨɥɨɝɢɹ�ɩɥɚɫɬɢɱɟɫɤɢɯ�ɦɚɫɫ��ɏɢɦɢɹ��Ɇɨɫɤɜɚ�����������ɫ��

6800$5<�

5(6($5&+�)25�352'8&7,21�2)�$'+(6,9(�21�7+(�%$6(�2)�
1,75,/(�58%%(5�$1'�1$785$/�58%%(5�&20%,1$7,21�

$GKHVLYHV�EDVHG�RQ�QLWULOH�UXEEHU�DUH�ZLGHO\�XVHG�LQ�PDQ\�GLIIHUHQW�ILHOGV��,Q�
WKLV� DUWLFOH�� WKH� DXWKRUV� KDYH� SURSRVHG� DQ� DSSOLFDWLRQ� DQG� SURFHVV� IRU� PDNLQJ�
FROORLGDO�VROXWLRQV�EDVHG�RQ�D�PL[WXUH�RI�QLWULOH�UXEEHU�DQG�QDWXUDO�UXEEHU��5HVHDUFK�
KDV�EHHQ�FRQGXFWHG� WR� LQYHVWLJDWH� WKH�LQIOXHQFH�RI� WKH�UDWLR�RI� UXEEHU�FRPSRQHQWV��
WKH�SURSRUWLRQ�RI�LQJUHGLHQWV�RI�ILOOHUV��WKH�UDWLR�RI�SKHQROIRUPDOGHK\GH�UHVLQ�WR�WKH�
FDOFXODWLRQ� RI� WHFKQLFDO� UHTXLUHPHQWV� DQG� WKH� ERQG� VWUHQJWK� RI� WKH� DGKHVLYH�� 7HVW�
UHVXOWV� GHWHUPLQH� WKH� ERQG� VWUHQJWK� LV� HTXLYDOHQW� WR� %.��� DGKHVLYH� �LQ� LPSRUWHG�
IURP�5XVVLD��2&7���������������

.H\ZRUGV� $GKHVLYH�EDVHG�RQ�D�PL[WXUH�RI�QLWULOH�UXEEHU�DQG�QDWXUDO�UXEEHU��
%.���DGKHVLYH��QLWULOH�UXEEHU��SKHQROIRUPDOGHK\GH�UHVLQ��

1K̵Q�EjL�QJj\����WKiQJ����QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����9L͏Q�Ĉ͡�E͉Q�1KL͏W�ÿͣL��7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W���1JD�
����+͕F�YL͏Q�.Ϳ�WKX̵W�4XkQ�V�


