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ǻǬǾǺǸǺǼȀǺǷǺǯǴȃǱǽǶǬȋ�ȁǬǼǬǶǾǱǼǴǽǾǴ�
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3DUDGXRGHQDO�SDQFUHDWLWLV��
SDWKRORJLFDO�FKDUDFWHULVWLFV��
RI�WKH�GLVHDVH�DQG�FRUUHODWLRQ��
ZLWK�WKH�FOLQLFDO�FRXUVH

2��<X��8VHQNR��,��9��.KRPLDN��$��,��.KRPLDN��9��$��.URSHO�
Q\WVN\L��,��0��6DYLWVND��$��9��0DOLN��0��(��.URO
6KDOLPRY�1DWLRQDO�,QVWLWXWH�RI�6XUJHU\�DQG�7UDQVSODQWROR-
J\��.\LY��8NUDLQH
.H\�ZRUGV��SDUDGXRGHQDO�SDQFUHDWLWLV��FOLQLFDO�DQG�PRUSKR�
ORJLFDO� IRUPV��SDWKRORJLFDO�FKDUDFWHULVWLFV��FOLQLFDO�SLFWXUH��
FOLQLFDO�FRXUVH

,QWURGXFWLRQ��3DUDGXRGHQDO�SDQFUHDWLWLV��3'��LV�D�GLVWLQFW�
IRUP�RI�FKURQLF�SDQFUHDWLWLV�FKDUDFWHUL]HG�E\�FKURQLF� LQ-
ÁDPPDWLRQ��ÀEURWLF�FKDQJHV��DQG�VFDUULQJ�RI�WKH�SDUDGX-
RGHQDO� DQDWRPLF� DUHD�� &XUUHQWO\�� QR� XQLIRUP� DSSURDFK-
HV� WR� WKH� SDWKRPRUSKRORJLFDO� DQG� FOLQLFDO� FODVVLÀFDWLRQ�
RI� WKH�GLVHDVH�H[LVW��7KHUHIRUH�� WKH�DLP�RI�RXU� UHVHDUFK�
ZDV�WR�VWXG\�WKH�SDWKRPRUSKRORJLFDO�IHDWXUHV�RI�3'3�XV-
LQJ�VSHFLPHQV�DIWHU�SDQFUHDWRGXRGHQHFWRP\�DQG�WR�FRU-
UHODWH� WKH�FRUUHVSRQGLQJ�KLVWRORJLFDO� FKDQJHV� WR�FOLQLFDO�
IRUPV�RI�WKH�GLVHDVH�
0DWHULDOV�DQG�PHWKRGV��7KLV�VWXG\�LQFOXGHG����SDWLHQWV�
ZLWK�3'3�ZKR�XQGHUZHQW�SDQFUHDWRGXRGHQHFWRP\�ZLWK�
DQG�ZLWKRXW�S\ORUXV�UHVHFWLRQ��9HULÀFDWLRQ�RI�WKH�KLVWR-
SDWKRORJLFDO�GLDJQRVLV�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�
SUHYLRXVO\� SURSRVHG� FULWHULD�� 3DQFUHDWLF� WLVVXH� DQG�
JURRYH�DUHD�SDWKRPRUSKRORJLFDO�FKDQJHV�ZHUH�VWXGLHG�
VHSDUDWHO\��$GGLWLRQDO�IHDWXUHV�WKDW�ZHUH�VWXGLHG�LQFOX�
GHG� WKH� SUHVHQFH� RI� PLFURDEVFHVVHV�� UHWHQWLRQ� F\VWV�
DQG� SVHXGRF\VWV�� GLODWHG� GXFWV�� SHULGXFWDO� O\PSKR�
SODVPDF\WLF� LQÁDPPDWLRQ�� YDVFXODU� FKDQJHV� �LQWLPDO�
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ǿ�������ǻǬȂǴǱǹǾǺǮ��ȁǼǺǹǴȃǱǽǶǺǱ�ǾǱȃǱǹǴǱ�ǹǬǭǷȊǰǬǷǺǽȈ�
ǿ�������ǻǬȂǴǱǹǾǺǮ��ǣǬǽǾȇǸǴ�ǽǴǸǻǾǺǸǬǸǴ�ǹǬ�ǸǺǸǱǹǾ�
ǺǻǱǼǬȂǴǴ�ǭȇǷǴ�ǭǺǷȈ����������ǾǺȄǹǺǾǬ�Ǵ�ǼǮǺǾǬ����������
ǺǭȅǬȋ� ǽǷǬǭǺǽǾȈ� ��������� ǻǺǾǱǼȋ� ǸǬǽǽȇ� ǾǱǷǬ� ���������
ǲǱǷǾǿȁǬ� ������� ǍȇǷǴ� ǮȇǰǱǷǱǹȇ� Ǵ� ǻǼǺǬǹǬǷǴǳǴǼǺǮǬǹȇ�
ǶǴǽǾǺǳǹǬȋ� ������� ǻǬȂǴǱǹǾǺǮ��� ǽǺǷǴǰǹǬȋ� ����� ǻǬȂǴǱǹ-
ǾǺǮ��Ǵ�ǽǸǱȄǬǹǹǬȋ�ȀǺǼǸȇ�ǛǐǛ��ǎǽǱǸ�ȀǺǼǸǬǸ�ǰǬǹǬ�ǻǺǰ-
ǼǺǭǹǬȋ�ǸǴǶǼǺǽǶǺǻǴȃǱǽǶǬȋ� ȁǬǼǬǶǾǱǼǴǽǾǴǶǬ�� ǮȇǰǱǷǱǹȇ�
ȁǬǼǬǶǾǱǼǹȇǱ�ǶǷǴǹǴȃǱǽǶǴǱ�ǺǽǺǭǱǹǹǺǽǾǴ�
ǎȇǮǺǰȇ�� ǛǐǛ� ǻǺ� ǻǬǾǺǸǺǼȀǺǷǺǯǴȃǱǽǶǴǸ� ǻǼǴǳǹǬǶǬǸ�
ǸǺǲǱǾ� ǭȇǾȈ� ǼǬǳǰǱǷǱǹ� ǹǬ� ǶǴǽǾǺǳǹǿȊ�� ǽǺǷǴǰǹǿȊ� Ǵ� ǽǸǱ-
ȄǬǹǹǿȊ�ȀǺǼǸȇ�� ǶǺǾǺǼȇǱ� ǴǸǱȊǾ� ȁǬǼǬǶǾǱǼǹȇǱ�ǸǴǶǼǺ-
ǽǶǺǻǴȃǱǽǶǴǱ�ǸǺǼȀǺǷǺǯǴȃǱǽǶǴǱ� ǺǽǺǭǱǹǹǺǽǾǴ� Ǵ� ǼǬǳǹǺǱ�
ǶǷǴǹǴȃǱǽǶǺǱ�ǾǱȃǱǹǴǱ�ǳǬǭǺǷǱǮǬǹǴȋ�
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�ÀEURVLV��� SHULSKOHELWLV�� DQG� WKH� SUHVHQFH� RI� LQWUDOXPL-
QDO�RU� LQWUDHSLWKHOLDO�QHXWURSKLOV� LQ�WKH�PDLQ�SDQFUHDW-
LF�GXFW��$OO�SDWKRPRUSKRORJLFDO�VDPSOHV�ZHUH�UHYLHZHG�
LQGHSHQGHQWO\�RI�WKH�FOLQLFDO�SLFWXUH�DQG�FRPSDUHG�ZLWK�
WKH�ODWWHU�LQ�WKH�VXEVHTXHQW�VWDJHV�RI�WKH�VWXG\�
5HVXOWV��7KH�DYHUDJH�DJH�RI�SDWLHQWV�DW�WKH�WLPH�RI�VXUJHU\�
ZDV������\HDUV��IURP����WR����\HDUV���7KH�SDWLHQWV�ZHUH�
PRVWO\�PHQ�������������PHQ�DQG�RQH�ZRPDQ��$�VLJQLÀFDQW�
SHUFHQWDJH�RI�VWXG\�SDUWLFLSDQWV�DEXVHG�DOFRKRO�DQG�ZHUH�
DFWLYH�VPRNHUV��������DQG������UHVSHFWLYHO\��$FXWH�RQVHW�
RI�WKH�GLVHDVH�ZDV�QRWHG�LQ�������RI�SDWLHQWV��WKH�FKURQLF�

FRXUVH�ZDV�REVHUYHG�LQ�������RI�SDWLHQWV��$W�WKH�WLPH�RI�
VXUJHU\��WKH�PRVW�FRPPRQ�V\PSWRPV�ZHUH�SDLQ����������
QDXVHD�DQG�YRPLWLQJ����������JHQHUDO�ZHDNQHVV����������
ZHLJKW�ORVV����������DQG�MDXQGLFH��������&\VWLF����������VRO-
LG�������DQG�PL[HG���������IRUPV�RI�3'3�ZHUH�GLIIHUHQWLDW-
HG�DQG�DQDO\]HG��$OO�IRUPV�UHFHLYHG�D�GHWDLOHG�PLFURVFRSLF�
FKDUDFWHULVWLF�DQG�FRUUHODWHG�WR�FOLQLFDO�IRUPV�
&RQFOXVLRQV��3'3�FDQ�EH�GLYLGHG�LQWR�F\VWLF��VROLG�DQG�
PL[HG� IRUPV�� 7KHVH� IRUPV� KDYH� FKDUDFWHULVWLF� PLFUR-
VFRSLF�PRUSKRORJLFDO�IHDWXUHV�DQG�GLVFUHWH�GLVHDVH�FOLQ-
LFDO�FRXUVHV��


