
&Ӝ1*�+2¬�;­�+Ӝ,�&+Ӫ�1*+Ƭ$�9,ӊ7�1$0

ĈӝF�OұS���7ӵ�GR���+ҥQK�SK~F

����������������

�1ӝL�GXQJ�ÿ~QJ�ӣ�{�QjR�WKu�ÿiQK�GҩX�YjR�{�ÿy��༐��1ӝL�GXQJ�NK{QJ�ÿ~QJ�WKu�ÿӇ�WUӕQJ�� ���

ĈӕL�WѭӧQJ�ÿăQJ�Nê��*LҧQJ�YLrQ�༐��*LҧQJ�YLrQ�WKӍQK�JLҧQJ�

1JjQK��9ұW�Oê��&KX\rQ�QJjQK��9ұW�Oê�Oê�WKX\ӃW�

$��7+Ð1*�7,1�&È�1+Æ1

���+ӑ�Yj�WrQ�QJѭӡL�ÿăQJ�Nê��7UҫQ�3KDQ�7KXǤ�/LQK�

���1Jj\�WKiQJ�QăP�VLQK�������������1DP� ��1ӳ�༐��4XӕF�WӏFK��9LӋW�1DP��

'kQ�WӝF��.LQK��7{Q�JLiR��.K{QJ�

���ĈҧQJ�YLrQ�ĈҧQJ�&ӝQJ�VҧQ�9LӋW�1DP��༐
���4Xr�TXiQ��[m�SKѭӡQJ��KX\ӋQ�TXұQ��WӍQK�WKjQK�SKӕ��;m�ĈӗQJ�/ӝF��+X\ӋQ�&DQ�/ӝF��7ӍQK�+j�7ƭQK�

���1ѫL�ÿăQJ�Nê�Kӝ�NKҭX�WKѭӡQJ�WU~��Vӕ�QKj��SKӕ��SKѭӡQJ��TXұQ��WKjQK�SKӕ�KRһF�[m��KX\ӋQ��WӍQK���7Rj�6�����

9LQKRPHV�6PDUW�&LW\��7k\�0ӛ��1DP�7ӯ�/LrP��+j�1ӝL�

���ĈӏD�FKӍ�OLrQ�KӋ��JKL�U}��ÿҫ\�ÿӫ�ÿӇ�OLrQ�KӋ�ÿѭӧF�TXD�%ѭX�ÿLӋQ���7UҫQ�3KDQ�7KXǤ�/LQK��.KRD�9ұW�Oê��7UѭӡQJ�ĈҥL�

KӑF�6ѭ�SKҥP�+j�1ӝL������;XkQ�7KXӹ��&ҫX�*Lҩ\��+j�1ӝL�

ĈLӋQ�WKRҥL�QKj�ULrQJ����ĈLӋQ�WKRҥL�GL�ÿӝQJ��������������

(�PDLO��OLQKWSW#KQXH�HGX�YQ�

���4Xi�WUuQK�F{QJ�WiF��F{QJ�YLӋF��FKӭF�Yө��Fѫ�TXDQ���

7ӯ�WKiQJ��QăP���������ÿӃQ�WKiQJ��QăP����������*LҧQJ�YLrQ��7UѭӣQJ�%ӝ�P{Q�9ұW�Oê��.KRD�&ѫ�EҧQ�WҥL�7UѭӡQJ�

ĈҥL�KӑF�1{QJ�/kP��ĈҥL�KӑF�+XӃ�

&KӭF�Yө�KLӋQ�QD\���NK{QJ���&KӭF�Yө�FDR�QKҩW�ÿm�TXD��%t�WKѭ�/LrQ�FKL�ĈRjQ��.KRD�9ұW�Oê�������������

&ѫ�TXDQ�F{QJ�WiF�KLӋQ�QD\��7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�1ӝL�

ĈӏD�FKӍ�Fѫ�TXDQ������;XkQ�7KXӹ��&ҫX�*Lҩ\��+j�1ӝL�

ĈLӋQ�WKRҥL�Fѫ�TXDQ��������������

7KӍQK�JLҧQJ�WҥL�Fѫ�Vӣ�JLiR�GөF�ÿҥL�KӑF��QӃX�Fy����NK{QJ��

���Ĉm�QJKӍ�KѭX�Wӯ�WKiQJ�����QăP�����

1ѫL�OjP�YLӋF�VDX�NKL�QJKӍ�KѭX��QӃX�Fy���

0үX�Vӕ���

%Ҧ1�ĈĂ1*�.é�;e7�&Ð1*�1+Ұ1�ĈҤ7�7,Ç8�&+8Ҭ1�

&+Ӭ&�'$1+��3+Ï�*,È2�6Ѭ

0m�Kӗ�Vѫ���������������



7rQ�Fѫ�Vӣ�JLiR�GөF�ÿҥL�KӑF�QѫL�KӧS�ÿӗQJ�WKӍQK�JLҧQJ���QăP�FXӕL��WtQK�ÿӃQ�WKӡL�ÿLӇP�KӃW�KҥQ�QӝS�Kӗ�Vѫ����NK{QJ��

���7UuQK�ÿӝ�ÿjR�WҥR��

��ĈѭӧF�FҩS�EҵQJ�Ĉ+�>�@�QJj\����WKiQJ����QăP�������Vӕ�YăQ�EҵQJ��$���������QJjQK��6ѭ�SKҥP�9ұW�Oê��

FKX\rQ�QJjQK��9ұW�Oê�Oê�WKX\ӃW�Yj�9ұW�Oê�7RiQ��1ѫL�FҩS�EҵQJ�Ĉ+�>�@��WUѭӡQJ��QѭӟF���7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�

+XӃ�

��ĈѭӧF�FҩS�EҵQJ�7K6�>�@�QJj\����WKiQJ����QăP�������Vӕ�YăQ�EҵQJ����������QJjQK��9ұW�Oê��

FKX\rQ�QJjQK��9ұW�Oê�Oê�WKX\ӃW�Yj�9ұW�Oê�7RiQ��1ѫL�FҩS�EҵQJ�7K6�>�@��WUѭӡQJ��QѭӟF���ĈҥL�KӑF�+XӃ��9LӋW�1DP�

��ĈѭӧF�FҩS�EҵQJ�76�>�@�QJj\����WKiQJ����QăP�������Vӕ�YăQ�EҵQJ���������QJjQK��9ұW�Oê�Nƭ�WKXұW��

FKX\rQ�QJjQK��.KRD�KӑF�	�&{QJ�QJKӋ�FKtQK�[iF�Yj�9ұW�Oê�ӭQJ�GөQJ��1ѫL�FҩS�EҵQJ�76�>�@��WUѭӡQJ��QѭӟF���ĈҥL�

KӑF�2VDND��1KұW�%ҧQ�

����Ĉm�ÿѭӧF�Eә�QKLӋP�F{QJ�QKұQ�FKӭF�GDQK�3*6�QJj\�����WKiQJ�����QăP������QJjQK������

����ĈăQJ�Nê�[pW�ÿҥW�WLrX�FKXҭQ�FKӭF�GDQK�3Ky�JLiR�Vѭ�WҥL�+Ĉ*6�Fѫ�Vӣ��7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�1ӝL�

����ĈăQJ�Nê�[pW�ÿҥW�WLrX�FKXҭQ�FKӭF�GDQK�3Ky�JLiR�Vѭ�WҥL�+Ĉ*6�QJjQK��OLrQ�QJjQK��9ұW�Oê�

����&iF�KѭӟQJ�QJKLrQ�FӭX�FKӫ�\ӃX��

1JKLrQ�FӭX�WtQK�FKҩW�FҩX�WU~F��WtQK�FKҩW�ÿLӋQ�Wӱ��WtQK�FKҩW�TXDQJ�Yj�WtQK�FKҩW�WUX\ӅQ�GүQ�FӫD�YұW�OLӋX

����.ӃW�TXҧ�ÿjR�WҥR�Yj�QJKLrQ�FӭX�NKRD�KӑF��

��Ĉm�KѭӟQJ�GүQ��Vӕ�OѭӧQJ����1&6�EҧR�YӋ�WKjQK�F{QJ�OXұQ�iQ�76��

��Ĉm�KѭӟQJ�GүQ��Vӕ�OѭӧQJ����+9&+�&.��%617�EҧR�YӋ�WKjQK�F{QJ�OXұQ�YăQ�7K6�&.��%617��ӭQJ�YLrQ�FKӭF�

GDQK�*6�NK{QJ�FҫQ�Nr�NKDL�QӝL�GXQJ�Qj\���

��Ĉm�KRjQ�WKjQK�ÿӅ�WjL�1&.+�Wӯ�FҩS�Fѫ�Vӣ�WUӣ�OrQ����FҩS�%ӝ��

��Ĉm�F{QJ�Eӕ��Vӕ�OѭӧQJ�����EjL�EiR�NKRD�KӑF��WURQJ�ÿy����EjL�EiR�NKRD�KӑF�WUrQ�WҥS�FKt�TXӕF�WӃ�Fy�X\�WtQ��

��Ĉm�ÿѭӧF�FҩS��Vӕ�OѭӧQJ����EҵQJ�ÿӝF�TX\ӅQ�ViQJ�FKӃ��JLҧL�SKiS�KӳX�tFK��

��6ӕ�OѭӧQJ�ViFK�ÿm�[XҩW�EҧQ����WURQJ�ÿy���WKXӝF�QKj�[XҩW�EҧQ�Fy�X\�WtQ��

��6ӕ�OѭӧQJ�WiF�SKҭP�QJKӋ�WKXұW��WKjQK�WtFK�KXҩQ�OX\ӋQ��WKL�ÿҩX�WKӇ�GөF��WKӇ�WKDR�ÿҥW�JLҧL�WKѭӣQJ�TXӕF�JLD��TXӕF�

WӃ����

����.KHQ�WKѭӣQJ��FiF�KXkQ�FKѭѫQJ��KX\�FKѭѫQJ��GDQK�KLӋX���

77 7rQ�NKHQ�WKѭӣQJ &ҩS�NKHQ�WKѭӣQJ 1ăP�NKHQ�WKѭӣQJ

�

*Lҩ\�NKHQ��Ĉm�Fy�WKjQK�WtFK�

[XҩW�VҳF�WURQJ�KRҥW�ÿӝQJ�F{QJ�

ÿRjQ�1ăP�KӑF����������

&{QJ�ÿRjQ�7UѭӡQJ�ĈҥL�KӑF�6ѭ�

SKҥP�+j�1ӝL
����

�

*Lҩ\�NKHQ��Ĉm�Fy�WKjQK�WtFK�

[XҩW�VҳF�WURQJ�SKRQJ�WUjR�

�*LӓL�YLӋF�WUѭӡQJ��ÿҧP�YLӋF�

QKj��*LDL�ÿRҥQ����������

&{QJ�ÿRjQ�7UѭӡQJ�ĈҥL�KӑF�6ѭ�

SKҥP�+j�1ӝL
����



�

*Lҩ\�NKHQ��Ĉm�Fy�WKjQK�WtFK�

[XҩW�VҳF�WURQJ�KRҥW�ÿӝQJ�F{QJ�

ÿRjQ�1ăP�KӑF����������

&{QJ�ÿRjQ�7UѭӡQJ�ĈҥL�KӑF�6ѭ�

SKҥP�+j�1ӝL
����

�

*Lҩ\�NKHQ��+RjQ�WKjQK�[XҩW�

VҳF�QKLӋP�Yө�F{QJ�WiF�1ăP�

KӑF����������

7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�

1ӝL
����

�

*Lҩ\�NKHQ��+RjQ�WKjQK�[XҩW�

VҳF�QKLӋP�Yө�1ăP�KӑF������

����

7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�

1ӝL
����

�

*LҧL�WKѭӣQJ�6iQJ�WҥR�WUҿ��Ĉm�

Fy�WKjQK�WtFK�[XҩW�VҳF�WURQJ�

JLҧQJ�Gҥ\�Yj�QJKLrQ�FӭX�NKRD�

KӑF

7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�

1ӝL
����

�

%ҵQJ�NKHQ��Ĉm�Fy�WKjQK�WtFK�

[XҩW�VҳF�WURQJ�TXi�WUuQK�[k\�

GӵQJ�Yj�SKiW�WULӇQ�ÿѫQ�Yӏ�JLDL�

ÿRҥQ����������

%ӝ�*LiR�GөF�Yj�ĈjR�WҥR ����

�

*Lҩ\�NKHQ��1ӳ�FiQ�Eӝ��QKj�

JLiR��QJѭӡL�ODR�ÿӝQJ�WLrX�ELӇX�

ÿѭӧF�WX\rQ�GѭѫQJ�WURQJ�

FKѭѫQJ�WUuQK��5ҥQJ�Uӥ�WKiQJ�

%D��QăP�����

&{QJ�ÿRjQ�7UѭӡQJ�ĈҥL�KӑF�6ѭ�

SKҥP�+j�1ӝL
����

�

*Lҩ\�NKHQ��Ĉm�Fy�WKjQK�WtFK�

[XҩW�VҳF�WURQJ�F{QJ�WiF�ĈRjQ�

Yj�SKRQJ�WUjR�7KDQK�QLrQ��

1KLӋP�NǤ����������

ĈRjQ�WUѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�

+j�1ӝL
����

��

*Lҩ\�NKHQ��Ĉm�Fy�WKjQK�WtFK�

[XҩW�VҳF�WURQJ�F{QJ�WiF�ĈRjQ�

Yj�SKRQJ�WUjR�7KDQK�QLrQ��*LDL�

ÿRҥQ����������

7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�

1ӝL
����

����.ӹ�OXұW��KuQK�WKӭF�Wӯ�NKLӇQ�WUiFK�WUӣ�OrQ��FҩS�UD�TX\ӃW�ÿӏQK��Vӕ�TX\ӃW�ÿӏQK�Yj�WKӡL�KҥQ�KLӋX�OӵF�FӫD�TX\ӃW�

ÿӏQK���



77 7rQ�Nӹ�OXұW &ҩS�UD�TX\ӃW�ÿӏQK 6ӕ�TX\ӃW�ÿӏQK
7KӡL�KҥQ�

KLӋX�OӵF

.K{QJ�Fy

%��7Ӵ�.+$,�7+(2�7,Ç8�&+8Ҭ1�&+Ӭ&�'$1+�*,È2�6Ѭ�3+Ï�*,È2�6Ѭ

���7ӵ�ÿiQK�JLi�YӅ�WLrX�FKXҭQ�Yj�QKLӋP�Yө�FӫD�QKj�JLiR��

��/X{Q�FKҩS�KjQK�QJKLrP�FKӍQK�ÿѭӡQJ�OӕL��FKӫ�WUѭѫQJ�FӫD�ĈҧQJ�Yj�FKtQK�ViFK��SKiS�OXұW�FӫD�1Kj�QѭӟF��WKL�

KjQK�QKLӋP�Yө��F{QJ�Yө�WKHR�ÿ~QJ�TX\�ÿӏQK�FӫD�SKiS�OXұW��OӕL�VӕQJ�OjQK�PҥQK��YăQ�PLQK�

��*LҧQJ�Gҥ\�ÿҧP�EҧR�ÿӫ�Yj�YѭӧW�Vӕ�JLӡ�TX\�ÿӏQK�GjQK�FKR�JLҧQJ�YLrQ�WҥL�Fѫ�Vӣ�ÿjR�WҥR�WKHR�TX\�ÿӏQK�FӫD�%ӝ�

*LiR�'өF�Yj�ĈjR�7ҥR�

��7tFK�FӵF�WKDP�JLD�FiF�ÿӅ�WjL�QJKLrQ�FӭX�NKRD�KӑF��KRjQ�WKjQK�QKLӋP�Yө�QJKLrQ�FӭX�NKRD�KӑF�Yj�QKLӋP�Yө�KӑF�

WұS��EӗL�GѭӥQJ�QkQJ�FDR�WUuQK�ÿӝ�FKX\rQ�P{Q��QJKLӋS�Yө�

���7KӡL�JLDQ��NӃW�TXҧ�WKDP�JLD�ÿjR�WҥR��EӗL�GѭӥQJ�Wӯ�WUuQK�ÿӝ�ÿҥL�KӑF�WUӣ�OrQ��

��7әQJ�Vӕ�QăP�WKӵF�KLӋQ�QKLӋP�Yө�ÿjR�WҥR�����QăP����WKiQJ�

��.KDL�Fө�WKӇ�tW�QKҩW����QăP�KӑF��WURQJ�ÿy�Fy����QăP�KӑF�FXӕL�OLrQ�WөF�WtQK�ÿӃQ�QJj\�KӃW�KҥQ�QӝS�Kӗ�Vѫ��ӭQJ�

YLrQ�*6�FKӍ�NKDL���QăP�FXӕL�OLrQ�WөF�VDX�NKL�ÿѭӧF�F{QJ�QKұQ�3*6���

77 1ăP�KӑF

6ӕ�OѭӧQJ�

1&6�ÿm�

KѭӟQJ�GүQ
6ӕ�OѭӧQJ�

7K6�&.��%617�

ÿm�KѭӟQJ�GүQ

6ӕ�ÿӗ�

iQ��

NKyD�

OXұQ�

WӕW�

QJKLӋS�

Ĉ+�

ÿm�+'

6ӕ�JLӡ�

FKXҭQ�JG�

WUӵF�WLӃS�

WUrQ�OӟS

7әQJ�Vӕ�JLӡ�

FKXҭQ�JG�WUӵF�WLӃS�

WUrQ�OӟS�Vӕ�JLӡ�

FKXҭQ�JG�TX\�

ÿәL�Vӕ�JLӡ�FKXҭQ�

ÿӏQK�PӭF��
�&KtQK 3Kө Ĉ+ 6Ĉ+

� ��������� � ��� �����������

� ��������� � ��� �����������������

� ��������� � � ��� �����������

���QăP�KӑF�FXӕL

� ��������� � ��� �����������



� ��������� � ��� �����������

� ��������� � ��� ��������������

�
����7U˱ͣF�QJj\������������WKHR�4X\�ÿ͓QK�FK͇�ÿ͡�OjP�YL͏F�ÿ͙L�YͣL�JL̫QJ�YLrQ�EDQ�KjQK�NqP�WKHR�4X\͇W�ÿ͓QK�

V͙���������4Ĉ�%*'Ĉ7�QJj\�������������ÿ˱ͫF�V͵D�ÿ͝L�E͝�VXQJ�EͧL�7K{QJ�W˱�V͙���������77�%*'Ĉ7�QJj\�

�����������Yj�7K{QJ�W˱�V͙���������77�%*'Ĉ7�QJj\�����������FͯD�%͡�WU˱ͧQJ�%͡�*'	Ĉ7��

��7ͳ�����������ÿ͇Q�QD\��WKHR�4X\�ÿ͓QK�FK͇�ÿ͡�OjP�YL͏F�ÿ͙L�YͣL�JL̫QJ�YLrQ�EDQ�KjQK�NqP�WKHR�7K{QJ�W˱�V͙�

��������77�%*'Ĉ7�QJj\������������FͯD�%͡�WU˱ͧQJ�%͡�*'	Ĉ7��

��7ͳ�QJj\�����������ÿ͇Q�QD\��WKHR�4X\�ÿ͓QK�FK͇�ÿ͡�OjP�YL͏F�FͯD�JL̫QJ�YLrQ�F˯�Vͧ�JLiR�GͭF�ÿ̩L�K͕F�EDQ�KjQK�

NqP�WKHR�7K{QJ�W˱�V͙���������77�%*'Ĉ7�QJj\�����������FͯD�%͡�WU˱ͧQJ�%͡�*'	Ĉ7��ÿ͓QK�PͱF�JLͥ�FKX̱Q�

JL̫QJ�G̩\�WKHR�TX\�ÿ͓QK�FͯD�WKͯ�WU˱ͧQJ�F˯�Vͧ�JLiR�GͭF�ÿ̩L�K͕F��WURQJ�ÿy�ÿ͓QK�PͱF�FͯD�JL̫QJ�YLrQ�WK͑QK�

JL̫QJ�ÿ˱ͫF�WtQK�WUrQ�F˯�Vͧ�ÿ͓QK�PͱF�FͯD�JL̫QJ�YLrQ�F˯�KͷX��

���1JRҥL�QJӳ�

�����1JRҥL�QJӳ�WKjQK�WKҥR�SKөF�Yө�FKX\rQ�P{Q��7LӃQJ�$QK�

D��ĈѭӧF�ÿjR�WҥR�ӣ�QѭӟF�QJRjL�༐��

��+ӑF�Ĉ+� ��7ҥL�QѭӟF����7ӯ�QăP�ÿӃQ�QăP�

��%ҧR�YӋ�OXұQ�YăQ�7K6� �KRһF�OXұQ�iQ�76�༐�KRһF�76.+� ��7ҥL�QѭӟF��1KұW�%ҧQ�QăP������

E��ĈѭӧF�ÿjR�WҥR�QJRҥL�QJӳ�WURQJ�QѭӟF� ��

��7UѭӡQJ�Ĉ+�FҩS�EҵQJ�WӕW�QJKLӋS�Ĉ+�QJRҥL�QJӳ��Vӕ�EҵQJ����QăP�FҩS��

F��*LҧQJ�Gҥ\�EҵQJ�WLӃQJ�QѭӟF�QJRjL�༐��

��*LҧQJ�Gҥ\�EҵQJ�QJRҥL�QJӳ��7LӃQJ�$QK�

��1ѫL�JLҧQJ�Gҥ\��Fѫ�Vӣ�ÿjR�WҥR��QѭӟF���7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP�+j�1ӝL�

G��ĈӕL�WѭӧQJ�NKiF� ��'LӉQ�JLҧL��

�����7LӃQJ�$QK��YăQ�EҵQJ��FKӭQJ�FKӍ���&KӭQJ�FKӍ�³7.7��&RQWHQW�DQG�/DQJXDJH�,QWHJUDWHG�/HDUQLQJ´�Yj�³7.7�

0RGXOH����/DQJXDJH�DQG�EDFNJURXQG�WR�ODQJXDJH�OHDUQLQJ�DQG�WHDFKLQJ´�FҩS�EӣL�³&DPEULGJH�(QJOLVK�/DQJXDJH�

$VVHVVPHQW´�

���+ѭӟQJ�GүQ�1&6��+9&+�&.��%617�ÿm�ÿѭӧF�FҩS�EҵQJ�Fy�TX\ӃW�ÿӏQK�FҩS�EҵQJ�

77

+ӑ�WrQ�1&6�

KRһF�+9&+��

&.���%617

ĈӕL�WѭӧQJ
7UiFK�QKLӋP�

KѭӟQJ�GүQ
7KӡL�JLDQ�

KѭӟQJ�GүQ�Wӯ�

����ÿӃQ����

&ѫ�Vӣ�

ÿjR�

WҥR

1Jj\��

WKiQJ��

QăP�ÿѭӧF�

FҩS�

EҵQJ�Fy�

TX\ӃW�

ÿӏQK�FҩS�

EҵQJ

1&6

+9&+��

&.���

%617

&KtQK 3Kө



� 1J{�0LQK�7RҧQ ; ;
��������ÿӃQ�

�������

7UѭӡQJ�

ĈҥL�

KӑF�

6ѭ�

SKҥP�

+j�1ӝL

����������

� Ĉӛ�7Kӏ�1Kѭ�<ӃQ ; ;
��������ÿӃQ�

�������

7UѭӡQJ�

ĈҥL�

KӑF�

6ѭ�

SKҥP�

+j�1ӝL

����������

�
1JX\ӉQ�7Kӏ�

'LӋX�/LQK
; ;

��������ÿӃQ�

�������

7UѭӡQJ�

ĈҥL�

KӑF�

6ѭ�

SKҥP�

+j�1ӝL

����������

*KL�FK~��ӬQJ�YLrQ�FKӭF�GDQK�*6�FKӍ�Nr�NKDL�WK{QJ�WLQ�YӅ�KѭӟQJ�GүQ�1&6��

���%LrQ�VRҥQ�ViFK�SKөF�Yө�ÿjR�WҥR�Wӯ�WUuQK�ÿӝ�ÿҥL�KӑF�WUӣ�OrQ�

77 7rQ�ViFK

/RҥL�

ViFK�

�&.��

*7��7.��

+'�

1Kj�[XҩW�

EҧQ�Yj�

QăP�[XҩW�

EҧQ

6ӕ�

WiF�

JLҧ

&Kӫ�

ELrQ�

3KҫQ�

ELrQ�

VRҥQ�

�Wӯ�

WUDQJ�

����

ÿӃQ�

WUDQJ��

;iF�QKұQ�FӫD�Fѫ�

Vӣ�*'Ĉ+��6ӕ�

YăQ�EҧQ�[iF�

QKұQ�Vӱ�GөQJ�

ViFK�

6DX�NKL�EҧR�YӋ�KӑF�Yӏ�WLӃQ�Vƭ



�

7RiQ�FKR�9ұW�Oê��7ұS����

/ê�WKX\ӃW�[iF�VXҩW�WKӕQJ�

Nr�Yj�SKѭѫQJ�WUuQK�9ұW�

Oê�WRiQ

7.

1Kj�[XҩW�

EҧQ�*LiR�

GөF�9LӋW�

1DP��QăP�

����

� 9&

�3KҫQ�

ELrQ�

VRҥQ�

Wӯ�

WUDQJ�

���

ÿӃQ�

����

����*;1�

Ĉ+63+1

7URQJ�ÿy��Vӕ�OѭӧQJ��JKL�U}�FiF�Vӕ�77��ViFK�FKX\rQ�NKҧR�GR�QKj�[XҩW�EҧQ�Fy�X\�WtQ�[XҩW�EҧQ�Yj�FKѭѫQJ�ViFK�GR�

QKj�[XҩW�EҧQ�Fy�X\�WtQ�WUrQ�WKӃ�JLӟL�[XҩW�EҧQ��Pj�ӭQJ�YLrQ�Oj�FKӫ�ELrQ�VDX�3*6�76�������

/˱X�ê�

��&KӍ�Nr�NKDL�FiF�ViFK�ÿѭӧF�SKpS�[XҩW�EҧQ��*Lҩ\�SKpS�;%�4X\ӃW�ÿӏQK�[XҩW�EҧQ�Vӕ�[XҩW�EҧQ���QӝS�OѭX�FKLӇX��

,6%1��QӃX�Fy���

��&iF�FKӳ�YLӃW�WҳW��&.��ViFK�FKX\rQ�NKҧR��*7��ViFK�JLiR�WUuQK��7.��ViFK�WKDP�NKҧR��+'��ViFK�KѭӟQJ�GүQ��SKҫQ�

ӭQJ�YLrQ�ELrQ�VRҥQ�FҫQ�JKL�U}�Wӯ�WUDQJ«��ÿӃQ�WUDQJ««��Yt�Gө�������������������

���7KӵF�KLӋQ�QKLӋP�Yө�NKRD�KӑF�Yj�F{QJ�QJKӋ�ÿm�QJKLӋP�WKX�

77
7rQ�QKLӋP�Yө�NKRD�KӑF�Yj�

F{QJ�QJKӋ��&7��Ĉ7����
&1�3&1�7.

0m�Vӕ�Yj�FҩS�

TXҧQ�Oê

7KӡL�JLDQ�

WKӵF�KLӋQ

7KӡL�JLDQ�

QJKLӋP�WKX�

�QJj\��WKiQJ��

QăP����;ӃS�

ORҥL�.4

6DX�NKL�EҧR�YӋ�KӑF�Yӏ�WLӃQ�Vƭ

�

3KD�WҥS�FiF�QJX\rQ�Wӕ�ÿҩW�

KLӃP�QKҵP�WăQJ�FѭӡQJ�WtQK�

FKҩW�TXDQJ�[~F�WiF�FӫD�

%LVPXVWK�7XQJVWDWH

&1
%�����63+����

&79/��FҩS�%ӝ

�����������

ÿӃQ�

����������

7KӡL�JLDQ�

QJKLӋP�WKX��

������������

;ӃS�ORҥL��ĈҥW

��&iF�FKӳ�YLӃW�WҳW��&7��&KѭѫQJ�WUuQK��Ĉ7��ĈӅ�WjL��&1��&Kӫ�QKLӋP��3&1��3Ky�FKӫ�QKLӋP��7.��7Kѭ�Nê��

���.ӃW�TXҧ�QJKLrQ�FӭX�NKRD�KӑF�Yj�F{QJ�QJKӋ�ÿm�F{QJ�Eӕ��EjL�EiR�NKRD�KӑF��EiR�FiR�NKRD�KӑF��ViQJ�FKӃ�JLҧL�

SKiS�KӳX�tFK��JLҧL�WKѭӣQJ�TXӕF�JLD�TXӕF�WӃ���

����D��%jL�EiR�NKRD�KӑF��EiR�FiR�NKRD�KӑF�ÿm�F{QJ�Eӕ��



77

7rQ�EjL�

EiR�EiR�FiR�

.+

6ӕ�

WiF�

JLҧ

/j�

WiF�

JLҧ�

FKtQK

7rQ�WҥS�FKt�KRһF�

Nӹ�\ӃX�NKRD�

KӑF�,661�KRһF�

,6%1

/RҥL�7ҥS�

FKt�TXӕF�

WӃ�X\�WtQ��

,6,��

6FRSXV�

�,)��4L�

6ӕ�

OҫQ�

WUtFK�

GүQ�

�NK{QJ�

WtQK�

Wӵ�

WUtFK�

GүQ�

7ұS��

Vӕ��

WUDQJ

7KiQJ��

QăP�

F{QJ�

Eӕ

7UѭӟF�NKL�EҧR�YӋ�KӑF�Yӏ�WLӃQ�Vƭ

�

%LVPXWK��

DQWLPRQ\�DQG�

WHOOXULXP�

DOOR\�

QDQRSDUWLFOHV�

ZLWK�

FRQWUROODEOH�

VKDSH�DQG�

FRPSRVLWLRQ�

IRU�HIILFLHQW�

WKHUPRHOHFWULF�

GHYLFHV�

� .K{QJ
3K\VLFD�6WDWXV�

6ROLGL��$�

7&47�X\�

WtQ���,6,�

,)��������

4�

�� $���� �������

�

'HVLJQ�DQG�

6\QWKHVLV�RI�

2QH�DQG�7ZR�

'LPHQVLRQDO�

7KHUPRHOHFWULF�

1DQRSDUWLFOHV�

&RPSRVHG�RI�

%LVPXWK��

$QWLPRQ\��

DQG�

7HOOXULXP�

� .K{QJ

0DWHULDOV�5HVHDUFK�

6RFLHW\�

6\PSRVLXP�

3URFHHGLQJV

������

�����

''���

��

�������



�

$QDO\VLV�RI�

VWUXFWXUDO�DQG�

HOHFWURQLF�

SURSHUWLHV�RI�

3U�1L2��

WKURXJK�ILUVW�

SULQFLSOHV�

FDOFXODWLRQ�

� .K{QJ
-RXUQDO�RI�3K\VLFV��

&RQGHQVHG�0DWWHU

7&47�X\�

WtQ���,6,�

,)��������

4�

��
��������

������
�������

�

$�ILUVW�

SULQFLSOHV�

VWXG\�RQ�

GHIHFW�

DVVRFLDWLRQ�

DQG�R[\JHQ�

LRQ�PLJUDWLRQ�

RI�6P���DQG�

*G���FR�

GRSHG�FHULD�

� .K{QJ
-RXUQDO�RI�3K\VLFV��

&RQGHQVHG�0DWWHU

7&47�X\�

WtQ���,6,�

,)��������

4�

��
��������

������
�������

�

(OHFWURQLF�

DQG�2[\JHQ�

0LJUDWLRQ�

3URSHUWLHV�RI�

0RQRFOLQLF�

/D�*H2��į�

� &y

-RXUQDO�RI�WKH�

3K\VLFDO�6RFLHW\�RI�

-DSDQ

7&47�X\�

WtQ���,6,�

,)��

�������4�

�
���

������
�������

�

$ONDOLQH�

HDUWK�'RSHG�

HIIHFW�RQ�

2[\JHQ�

9DFDQF\�

0LJUDWLRQ�LQ�

0RQRFOLQLF�

/DQWKDQXP�

*HUPDQDWH��

)LUVW�

SULQFLSOHV�

FDOFXODWLRQ�

� &y

7KH�

(OHFWURFKHPLFDO�

6RFLHW\�

7UDQVDFWLRQV

�
�������

����
�������

https://doi.org/10.7566/JPSJ.82.084702
https://doi.org/10.7566/JPSJ.82.084702
https://doi.org/10.7566/JPSJ.82.084702
https://doi.org/10.7566/JPSJ.82.084702
https://doi.org/10.7566/JPSJ.82.084702
https://doi.org/10.7566/JPSJ.82.084702


�

)LUVW�

3ULQFLSOHV�

6WXG\�RQ�WKH�

(OHFWURQLF�

6WUXFWXUH�DQG�

3URSHUWLHV�RI�

6U��DQG�0J��

'RSHG�

/D*D2��

� .K{QJ

7KH�

(OHFWURFKHPLFDO�

6RFLHW\�

7UDQVDFWLRQV

�
�������

����
�������

�

)LUVW�

SULQFLSOHV�

6WXG\�RI�WKH�

/DWWLFH�6WUDLQ�

(IIHFWV�RQ�WKH�

,RQLF�

0LJUDWLRQ�

%DUULHU�RI�

6P�GRSHG�

&HULD�

� .K{QJ

7KH�

(OHFWURFKHPLFDO�

6RFLHW\�

7UDQVDFWLRQV

�
�������

����
�������

�

,QYHVWLJDWLRQV�

RQ�WKH�

6WUXFWXUDO�

DQG�

(OHFWURQLF�

3URSHUWLHV�RI�

3XUH�DQG�

'RSHG�%XON�

3U�1L2��

WKURXJK�)LUVW�

3ULQFLSOHV�

&DOFXODWLRQV�

� .K{QJ

7KH�

(OHFWURFKHPLFDO�

6RFLHW\�

7UDQVDFWLRQV

�
�������

����
�������



��

)LUVW�

SULQFLSOHV�

FDOFXODWLRQ�

RQ�R[\JHQ�

LRQ�PLJUDWLRQ�

LQ�DONDOLQH�

HDUWK�GRSHG�

/D�*H2��

� &y
-RXUQDO�RI�3K\VLFV��

&RQGHQVHG�0DWWHU

7&47�X\�

WtQ���,6,�

,)��

�������4�

�
��������

������
�������

��

$�')7�8�

6WXG\�RI�

6WUDLQ�

'HSHQGHQW�

,RQLF�

0LJUDWLRQ�LQ�

6P�'RSHG�

&HULD�

� .K{QJ

-RXUQDO�RI�WKH�

3K\VLFDO�6RFLHW\�RI�

-DSDQ

7&47�X\�

WtQ���,6,�

,)��

�������4�

��
�������

������
�������

6DX�NKL�EҧR�YӋ�KӑF�Yӏ�WLӃQ�Vƭ

��

'HQVLW\�

)XQFWLRQDO�

7KHRU\�6WXG\�

RI�2[\JHQ�

9DFDQF\�

0LJUDWLRQ�LQ�

&DOFLXP�

DQG�RU�

6WURQWLXP�

0RQR�GRSHG�

DQG�&R�

GRSHG�

/DQWKDQXP�

*HUPDQDWH�

� &y

+18(�MRXUQDO�RI�

6FLHQFH��1DWXUDO�

6FLHQFH

�����$��

�
�������

https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
https://doi.org/10.7566/JPSJ.83.094707
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn
http://stdb.hnue.edu.vn


��

)LUVW�

SULQFLSOHV�

,QYHVWLJDWLRQ�

RI�6WUXFWXUDO�

DQG�

(OHFWURQLF�

3URSHUWLHV�RI�

3XUH�%LVPXWK�

7XQJVWDWH�

� &y

+18(�MRXUQDO�RI�

6FLHQFH��1DWXUDO�

6FLHQFHV

��������

��
�������

��

0DJQHWR�

RSWLFDO�

DEVRUSWLRQ�LQ�

TXDQWXP�GRW�

YLD�WZR�

SKRWRQ�

DEVRUSWLRQ�

SURFHVV�

� .K{QJ 2SWLN

7&47�X\�

WtQ���,6,�

,)��

�������4�

����

����

���

�������

��

'HQVLW\�

)XQFWLRQDO�

7KHRU\�

&DOFXODWLRQV�

IRU�

)RUPDWLRQ�

(QHUJLHV�DQG�

6WUXFWXUDO�

&KDUDFWHULVWLFV�

RI�/D�RU�*G�

'RSHG�

%L�:2��

6\VWHPV�

� .K{QJ

+18(�MRXUQDO�RI�

6FLHQFH��1DWXUDO�

6FLHQFHV

�������

���
�������

https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030
https://doi.org/10.1016/j.ijleo.2018.08.030


��

7ZR�

'LPHQVLRQDO�

&OXVWHUV�RI�

&ROORLGDO�

3DUWLFOHV�

,QGXFHG�E\�

(PXOVLRQ�

'URSOHW�

(YDSRUDWLRQ�

� .K{QJ 1DQRPDWHULDOV

7&47�X\�

WtQ���,6,�

,)��������

4�

�������

���
�������

��

(IIHFWV�RI�

/DQWKDQXP�*DGROLQLXP�

'RSLQJ�RQ�

&U\VWDO�

6WUXFWXUHV��

(OHFWURQLF�

3URSHUWLHV�

DQG�2SWLFDO�

&KDUDFWHULVWLFV�

RI�%LVPXWK�

7XQJVWDWH�

3KRWRFDWDO\VW��

')7�

$SSURDFK�

� &y

-RXUQDO�RI�WKH�

3K\VLFDO�6RFLHW\�RI�

-DSDQ

7&47�X\�

WtQ���,6,�

,)��

�������4�

���

������
�������

��

0ROHFXODU�

'\QDPLFV�

6LPXODWLRQV�

RI�6WUXFWXUDO�

3URSHUWLHV�RI�

&X1L�$OOR\V�

'XULQJ�WKH�

&RROLQJ�

3URFHVV�DW�

+LJK�

3UHVVXUH�

� .K{QJ

+18(�MRXUQDO�RI�

6FLHQFH��1DWXUDO�

6FLHQFHV

��������

��
�������

https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.3390/nano10010156
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707
https://doi.org/10.7566/JPSJ.89.044707


��

7KUHH�/HYHO�

2SWLFDO�6WDUN�

(IIHFW�RI�

([FLWRQV�LQ�

*D$V�

&\OLQGULFDO�

4XDQWXP�

:LUHV�

� .K{QJ
-RXUQDO�RI�

1DQRPDWHULDO

7&47�X\�

WtQ���

6FRSXV�

,)��������

4�

�
�����

��������
�������

��

,PSURYHPHQW�

RI�

3KRWRFDWDO\WLF�

$FWLYLW\�RI�

%L�:2��E\�

'RSLQJ�$J�

DQG�<��$�

')7�6WXG\�

� &y
-RXUQDO�RI�

(OHFWURQLF�0DWHULDOV

7&47�X\�

WtQ���,6,�

,)��

�������4�

�
���

����
�������

��

)LUVW�

SULQFLSOHV�

LQVLJKWV�RQWR�

VWUXFWXUDO��

HOHFWURQLF�

DQG�RSWLFDO�

SURSHUWLHV�RI�

-DQXV�

PRQROD\HUV�

&U;2��;� �

6��6H��7H��

� &y

5R\DO�6RFLHW\�RI�

&KHPLVWU\�

$GYDQFHV

7&47�X\�

WtQ���,6,�

,)��

�������4�

�
���

�����
�������

https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1155/2021/5594256
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1007/s11664-021-08935-3
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C
https://doi.org/10.1039/D1RA07876C


��

6WUXFWXUDO��

HOHFWURQLF��

DQG�WUDQVSRUW�

SURSHUWLHV�RI�

-DQXV�

*D,Q;���;� �

6��6H��7H��

PRQROD\HUV��

ILUVW�

SULQFLSOHV�

VWXG\�

� .K{QJ
-RXUQDO�RI�3K\VLFV��

&RQGHQVHG�0DWWHU

7&47�X\�

WtQ���,6,�

,)��

�������4�

���

������
�������

��

(OHFWURQLF�

3URSHUWLHV�2I�

6LQJOH�/D\HU�

*HUPDQHQH�

6XUIDFHV�

:LWK�*DV�

$GVRUSWLRQ�

� &y

+18(�MRXUQDO�RI�

6FLHQFH��1DWXUDO�

6FLHQFHV

�������

���
�������

��

$�7KHRUHWLFDO�

6WXG\�RI�7KH�

&U\VWDO�

6WUXFWXUHV�

DQG�

(OHFWURQLF�

3URSHUWLHV�RI�

%XON�0R6��

DQG�LWV�

0RQROD\HU�

%DVHG�RQ�

)LUVW�

SULQFLSOH�

&DOFXODWLRQ�

� .K{QJ

+18(�MRXUQDO�RI�

6FLHQFH��1DWXUDO�

6FLHQFHV

��������

���
�������

https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e
https://doi.org/10.1088/1361-648X/ac316e


��

7XQDEOH�

(OHFWURQLF�

3URSHUWLHV�RI�

1RYHO��'�

-DQXV�

06L*H1��

�0� �7L��=U��

+I���

0RQROD\HUV�

E\�6WUDLQ�DQG�

([WHUQDO�

(OHFWULF�)LHOG�

� .K{QJ
$GYDQFHG�7KHRU\�

DQG�6LPXODWLRQV

7&47�X\�

WtQ���,6,�

,)��

�������4�

�
��

��������
�������

��

'HQVLW\�

IXQFWLRQDO�

WKHRU\�

LQYHVWLJDWLRQV�

RI�3E6Q;��

�;� �6��6H��

7H��

PRQROD\HUV��

6WUXFWXUDO�

DQG�

HOHFWURQLF�

SURSHUWLHV�

� &y &KHPLFDO�3K\VLFV

7&47�X\�

WtQ���,6,�

,)��

�������4�

�����

������
�������

��

1HZ�&�K�

SKDVH�RI�

JURXS�,,,�

PRQRFKDOFRJHQLGH�

PRQROD\HUV�

$O;��;� �6��

6H�DQG�7H��

ZLWK�

DQLVRWURSLF�

FU\VWDO�

VWUXFWXUH��

ILUVW�

SULQFLSOHV�

VWXG\�

� .K{QJ

5R\DO�6RFLHW\�RI�

&KHPLVWU\�

$GYDQFHV

7&47�X\�

WtQ���,6,�

,)��

�������4�

���

����
�������

https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1002/adts.202200499
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1016/j.chemphys.2022.111797
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E
https://doi.org/10.1039/D2RA08012E


��

)LUVW�

SULQFLSOHV�

([DPLQDWLRQ�

RI�7ZR�

GLPHQVLRQDO�

-DQXV�

4XLQWXSOH�

OD\HU�$WRPLF�

6WUXFWXUHV�

;&U6L1���;�

 �6��6H��DQG�

7H��

� &y
1DQRVFDOH�

$GYDQFHV

7&47�X\�

WtQ���,6,�

,)��

�������4�

������ �������

��

(YDSRUDWLRQ�

GULYHQ�

DVVHPEO\�RI�

FROORLGDO�

QDQRSDUWLFOHV�

LQWR�FOXVWHUV��

$�GLVVLSDWLYH�

SDUWLFOH�

G\QDPLFV�

VWXG\

� .K{QJ 3K\VLFDO�5HYLHZ�(

7&47�X\�

WtQ���,6,�

,)��

�������4�

�������

��7URQJ�ÿy��6ӕ�OѭӧQJ��JKL�U}�FiF�Vӕ�77��EjL�EiR�NKRD�KӑF�ÿăQJ�WUrQ�WҥS�FKt�NKRD�KӑF�TXӕF�WӃ�Fy�X\�WtQ�Pj�Ѭ9�Oj�

WiF�JLҧ�FKtQK�VDX�3*6�76������>��@�>��@�>��@�>��@�>��@���

����E��%jL�EiR�NKRD�KӑF��EiR�FiR�NKRD�KӑF�ÿm�F{QJ�Eӕ��'jQK�FKR�FiF�FKX\rQ�QJjQK�WKX͡F�QJjQK�.+�$Q�QLQK�

Yj�.+�4XkQ�V͹�ÿ˱ͫF�TX\�ÿ͓QK�W̩L�4X\͇W�ÿ͓QK�V͙���������4Ĉ�77J�

77

7rQ�EjL�

EiR�EiR�FiR�

.+

6ӕ�

WiF�JLҧ

/j�

WiF�

JLҧ�

FKtQK

7rQ�WҥS�FKt�KRһF�Nӹ�

\ӃX�NKRD�KӑF�,661�

KRһF�,6%1

7KXӝF�

GDQK�PөF�

WҥS�FKt�X\�

WtQ�FӫD�

QJjQK

7ұS��Vӕ��

WUDQJ

7KiQJ��

QăP�

F{QJ�

Eӕ

.K{QJ�Fy

��7URQJ�ÿy��6ӕ�OѭӧQJ��JKL�U}�FiF�Vӕ�77��EjL�EiR�NKRD�KӑF�ÿăQJ�WUrQ�WҥS�FKt�NKRD�KӑF�X\�WtQ�FӫD�QJjQK�Pj�Ѭ9�Oj�

WiF�JLҧ�FKtQK�VDX�3*6�76��

�����%ҵQJ�ÿӝF�TX\ӅQ�ViQJ�FKӃ��JLҧL�SKiS�KӳX�tFK�

https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F
https://doi.org/10.1039/D3NA00261F


77
7rQ�EҵQJ�ÿӝF�TX\ӅQ�ViQJ�

FKӃ��JLҧL�SKiS�KӳX�tFK
7rQ�Fѫ�TXDQ�FҩS

1Jj\�WKiQJ�

QăP�FҩS

7iF�JLҧ�

FKtQK��ÿӗQJ�

WiF�JLҧ

6ӕ�WiF�

JLҧ

.K{QJ�Fy

��7URQJ�ÿy��6ӕ�OѭӧQJ��JKL�U}�FiF�Vӕ�77��EҵQJ�ÿӝF�TX\ӅQ�ViQJ�FKӃ��JLҧL�SKiS�KӳX�tFK�ÿѭӧF�FҩS��Oj�WiF�JLҧ�FKtQK�

VDX�3*6�76��

�����7iF�SKҭP�QJKӋ�WKXұW��WKjQK�WtFK�KXҩQ�OX\ӋQ��WKL�ÿҩX�WKӇ�GөF�WKӇ�WKDR�ÿҥW�JLҧL�WKѭӣQJ�TXӕF�JLD��TXӕF�WӃ��ÿӕL�

YӟL�QJjQK�9ăQ�KyD��QJKӋ�WKXұW��WKӇ�GөF�WKӇ�WKDR��

77

7rQ�WiF�SKҭP�

QJKӋ�WKXұW��WKjQK�

WtFK�KXҩQ�OX\ӋQ��

WKL�ÿҩX�7'77

&ѫ�TXDQ�Wә�FKӭF�

F{QJ�QKұQ

9ăQ�EҧQ�F{QJ�

QKұQ��Vӕ��QJj\��

WKiQJ��QăP�

*LҧL�WKѭӣQJ�FҩS�

4XӕF�JLD�4XӕF�WӃ

6ӕ�

WiF�

JLҧ

.K{QJ�Fy

��7URQJ�ÿy��6ӕ�OѭӧQJ��JKL�U}�FiF�Vӕ�77��WiF�SKҭP�QJKӋ�WKXұW��WKjQK�WtFK�KXҩQ�OX\ӋQ��WKL�ÿҩX�ÿҥW�JLҧL�WKѭӣQJ�

TXӕF�WӃ��Oj�WiF�JLҧ�FKtQK�KѭӟQJ�GүQ�FKtQK�VDX�3*6�76��

���&Kӫ�WUu�KRһF�WKDP�JLD�[k\�GӵQJ��SKiW�WULӇQ�FKѭѫQJ�WUuQK�ÿjR�WҥR�KRһF�FKѭѫQJ�WUuQK�Gӵ�iQ�ÿӅ�WjL�QJKLrQ�FӭX��

ӭQJ�GөQJ�NKRD�KӑF�F{QJ�QJKӋ�FӫD�Fѫ�Vӣ�JLiR�GөF�ÿҥL�KӑF�ÿm�ÿѭӧF�ÿѭD�YjR�iS�GөQJ�WKӵF�WӃ��

77

&KѭѫQJ�WUuQK�

ÿjR�WҥR��FKѭѫQJ�

WUuQK�QJKLrQ�FӭX�

ӭQJ�GөQJ�.+&1

9DL�WUz�Ѭ9�

�&Kӫ�WUu��

7KDP�JLD�

9ăQ�EҧQ�JLDR�

QKLӋP�Yө��Vӕ��

QJj\��WKiQJ��

QăP�

&ѫ�TXDQ�

WKҭP�ÿӏQK��

ÿѭD�YjR�Vӱ�

GөQJ

9ăQ�EҧQ�

ÿѭD�YjR�iS�

GөQJ�WKӵF�WӃ

*KL�

&K~

.K{QJ�Fy

���&iF�WLrX�FKXҭQ�FzQ�WKLӃX�VR�YӟL�TX\�ÿӏQK�FҫQ�ÿѭӧF�WKD\�WKӃ�EҵQJ�EjL�EiR�NKRD�KӑF�TXӕF�WӃ�X\�WtQ
��

D��7KӡL�JLDQ�ÿѭӧF�Eә�QKLӋP�3*6�

ĈѭӧF�Eә�QKLӋP�3*6�FKѭD�ÿӫ���QăP��WKLӃX��Vӕ�OѭӧQJ�QăP��WKiQJ���

E��+RҥW�ÿӝQJ�ÿjR�WҥR�

��7KkP�QLrQ�ÿjR�WҥR�FKѭD�ÿӫ���QăP��Ѭ9�3*6���FzQ�WKLӃX��Vӕ�OѭӧQJ�QăP��WKiQJ���

��*Lӡ�JLҧQJ�Gҥ\�

��*Lӡ�FKXҭQ�JLҧQJ�Gҥ\�WUӵF�WLӃS�WUrQ�OӟS�NK{QJ�ÿӫ��FzQ�WKLӃX��QăP�KӑF�Vӕ�JLӡ�WKLӃX���

��*Lӡ�FKXҭQ�JLҧQJ�Gҥ\�TX\�ÿәL�NK{QJ�ÿӫ��FzQ�WKLӃX��QăP�KӑF�Vӕ�JLӡ�WKLӃX���

��+ѭӟQJ�GүQ�FKtQK�1&6�+9&+�&.��%617��

��Ĉm�KѭӟQJ�GүQ�FKtQK����1&6�ÿm�Fy�4X\ӃW�ÿӏQK�FҩS�EҵQJ�76��Ѭ9�FKӭF�GDQK�*6��

ĈӅ�[XҩW�&7.+�ÿӇ�WKD\�WKӃ�WLrX�FKXҭQ�KѭӟQJ�GүQ����1&6�ÿѭӧF�FҩS�EҵQJ�76�Eӏ�WKLӃX��

��Ĉm�KѭӟQJ�GүQ�FKtQK����+9&+�&.��%617�ÿm�Fy�4X\ӃW�ÿӏQK�FҩS�EҵQJ�7K6�&.��%617��Ѭ9�FKӭF�GDQK�3*6��



ĈӅ�[XҩW�&7.+�ÿӇ�WKD\�WKӃ�WLrX�FKXҭQ�KѭӟQJ�GүQ����+9&+�&.��%617�ÿѭӧF�FҩS�EҵQJ�7K6�&.��%617�Eӏ�

WKLӃX��

F��1JKLrQ�FӭX�NKRD�KӑF�

��Ĉm�FKӫ�WUu����QKLӋP�Yө�.+	&1�FҩS�%ӝ��Ѭ9�FKӭF�GDQK�*6��

ĈӅ�[XҩW�&7.+�ÿӇ�WKD\�WKӃ�WLrX�FKXҭQ�FKӫ�WUu����QKLӋP�Yө�.+	&1�FҩS�%ӝ�Eӏ�WKLӃX��

��Ĉm�FKӫ�WUu�NK{QJ�ÿӫ����QKLӋP�Yө�.+	&1�FҩS�Fѫ�Vӣ��Ѭ9�FKӭF�GDQK�3*6��

ĈӅ�[XҩW�&7.+�ÿӇ�WKD\�WKӃ�WLrX�FKXҭQ�FKӫ�WUu����QKLӋP�Yө�.+	&1�FҩS�Fѫ�Vӣ�Eӏ�WKLӃX��

��.K{QJ�ÿӫ�Vӕ�&7.+�Oj�WiF�JLҧ�FKtQK�VDX�NKL�ÿѭӧF�Eә�QKLӋP�3*6�KRһF�ÿѭӧF�FҩS�EҵQJ�76��

��ĈӕL�YӟL�ӭQJ�YLrQ�FKӭF�GDQK�*6��ÿm�F{QJ�Eӕ�ÿѭӧF�����&7.+� �����&7.+�

ĈӅ�[XҩW�ViFK�&.87�FKѭѫQJ�ViFK�FӫD�1;%�Fy�X\�WtQ�WUrQ�WKӃ�JLӟL�Oj�WiF�JLҧ�FKtQK�WKD\�WKӃ�FKR�YLӋF�Ѭ9�NK{QJ�

ÿӫ����&7.+�Oj�WiF�JLҧ�FKtQK�WKHR�TX\�ÿӏQK��

��ĈӕL�YӟL�ӭQJ�YLrQ�FKӭF�GDQK�3*6��ÿm�F{QJ�Eӕ�ÿѭӧF�����&7.+�

ĈӅ�[XҩW�ViFK�&.87�FKѭѫQJ�ViFK�1;%�Fy�X\�WtQ�WUrQ�WKӃ�JLӟL�Oj�WiF�JLҧ�FKtQK�WKD\�WKӃ�FKR�YLӋF�Ѭ9�NK{QJ�ÿӫ����

&7.+�Oj�WiF�JLҧ�FKtQK�WKHR�TX\�ÿӏQK��

&K~�ê��Ĉ͙L�YͣL�FiF�FKX\rQ�QJjQK�Et�P̵W�QKj�Q˱ͣF�WKX͡F�QJjQK�.+�$Q�QLQK�Yj�.+�4XkQ�V͹��FiF�WLrX�FKX̱Q�

NK{QJ�ÿͯ�Y͉�K˱ͣQJ�G̳Q��ÿ͉�WjL�NKRD�K͕F�Yj�F{QJ�WUuQK�NKRD�K͕F�Vͅ�ÿ˱ͫF�E��E̹QJ�ÿL͋P�Wͳ�FiF�EjL�EiR�NKRD�

K͕F�WKHR�TX\�ÿ͓QK�W̩L�4X\͇W�ÿ͓QK�V͙���������4Ĉ�77J�

G��%LrQ�VRҥQ�ViFK�SKөF�Yө�ÿjR�WҥR��ÿӕL�YӟL�ӭQJ�YLrQ�*6��

��.K{QJ�ÿӫ�ÿLӇP�ELrQ�VRҥQ�ViFK�SKөF�Yө�ÿjR�WҥR��

��.K{QJ�ÿӫ�ÿLӇP�ELrQ�VRҥQ�JLiR�WUuQK�Yj�ViFK�FKX\rQ�NKҧR��

&��&$0�Ĉ2$1�&Ӫ$�1*ѬӠ,�ĈĂ1*�.é�;e7�&Ð1*�1+Ұ1�ĈҤ7�7,Ç8�&+8Ҭ1�&+Ӭ&�

'$1+�

7{L�FDP�ÿRDQ�QKӳQJ�ÿLӅX�NKDL�WUrQ�Oj�ÿ~QJ��QӃX�VDL�W{L�[LQ�FKӏX�WUiFK�QKLӋP�WUѭӟF�SKiS�OXұW��

+j�1ӝL��QJj\����WKiQJ����QăP������
1JѭӡL�ÿăQJ�Nê�

�.ê�Yj�JKL�U}�Kӑ�WrQ�

Tran Phan Thuy Linh
Trần Phan Thuỳ Linh


