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�� {ãÒ«ÓÒË }Ò°ãº¯º�È ÓÈ º¯ÈÏºmÈÓÒË °�¯�}��¯© Ò�ºã	�È�º�º
ÁË¯¯Ò�È m ÓÒÏ}ºãË�Ò¯ºmÈÓÓºä äË�ÈããË °mÈ¯Ó©² �mºm �|�
Ïº¯� � j� z� �º²º�Ó«� {� {� �ºãºm}º� k� {� iËÓÒ°ËÓ}º�
{� n� �¯ÈÒÓ �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� �Ü���

�� ,WR *�� 1DNDQLVKL 0� 6WXG\ RQ &KDUS\ LPSDFW SURSHUWLHV RI
ZHOG PHWDOV ZLWK VXEPHUJHG DUH ZHOGLQJ� Û 6�O�� >����@� Û
�� S� Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF� ;,�$����Ü����

�� 6YHQVVRQ /�(�� *UHWRIW %� 0LFURVWUXFWXUH DQG LPSDFW WRXJK�
QHVV RI &Ü0Q ZHOG PHWDOV�� :HOGLQJ 5HVHDUFK 6XSSOH�
PHQW� Û ����� Û 'HF� Û 3� ���Ü����

�� (YDQV *� 0� 7KH HIIHFW RI FDUERQ RQ WKH PLFURVWUXFWXUH DQG
SURSHUWLHV RI &Ü0Q DOO�ZHOG�PHWDO GHSRVLWV� Û 6�O�� >����@� Û
�� S� Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF� ,,�$����Ü����

�� &XUU\ '� &�� .QRWW -� )� (IIHFWV RI PLFURVWUXFWXUH RQ FOHD�
YDJH IUDFWXUH VWUHVV LQ VWHHO �� 0HWDO 6FL� Û ����� Û
¢ ��� Û 3� ����

�� *DUODQG -� *�� .LUNZRRG 3� 5� 7RZDUGV LPSURYHG VXEPHU�
JHG DUF ZHOG PHWDO �� 0HWDO &RQVWUXFWLRQ� Û ����� Û
¢ �� Û 3� ���Ü����

�� *XLGHOLQHV IRU WKH FODVVLILFDWLRQ RI IHUULWLF VWHHO ZHOG PHWDO PLF�
URVWUXFWXUDO FRQVWLWXHQWV XVLQJ WKH OLJKW PLFURVFRSH �� :HOGLQJ
LQ WKH :RUOG� Û ����� Û ��� ¢ ���� Û 3� ���Ü����

�� cºäÈÓÒm |� s� {«Ï}º°�	 ¯ÈÏ¯��ËÓÒ« }ºÓ°�¯�}�ÒºÓÓ©²
°�ÈãË®� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� 2KNLWD 6�� +RULL <� 5HFHQW GHYHORSPHQW LQ FRQWUROOLQJ WKH
PLFURVWUXFWXUH DQG SURSHUWLHV RI ORZ DOOR\ VWHHO ZHOG PHWDOV
�� ,6,- ,QWHUQ� Û ����� Û ��� ¢ ��� Û 3� ����Ü�����

��� (YDQV *� 0� 7KH HIIHFW RI KHDW�WUHDWPHQW RQ WKH PLFURVWUXF�
WXUH DQG SURSHUWLHV RI &Ü0Q DOO�ZHOG�PHWDO GHSRVLWV� Û
6�O�� >����@� Û �� S� Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF� ,,�
$����Ü����

��� kÓÈãÒÏ °�¯�}��¯Óº�º °º°�ÈmÈ äË�ÈããÈ �mºm� m©¹ºãÓËÓÓ©²
°mÈ¯º�Ó©äÒ ¹¯ºmºãº}ÈäÒ ÁË¯¯Ò�Óº�¹Ë¯ãÒ�Óº�º }ãÈ°°È �
{� n� �¯ÈÒÓ� {� {� �ºãºm}º� �� �� vºãºäÒ®��} Ò �¯� ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� {ãÒ«ÓÒË ÓÒ}Ëã« ÓÈ °�¯�}��¯� Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ
�mÈ� m©¹ºãÓËÓÓº�º ªãË}�¯º�ÈäÒ ° º°ÓºmÓ©ä ¹º}¯©�ÒËä �
j� z� �º²º�Ó«� {� i� lÈ}È¯ËÓ}º� k� |� zº¯°�Ó� v� v�
lÒãÒ�ËÓ}º �� �Èä ÎË� Û ����� Û ¢ �� Û v� �Ü��

0RUSKRORJLFDO IHDWXUHV RI PLFURVWUXFWXUH RI ZHOG PHWDO RI XOWUD�ORZ FDUERQ VWHHOV KDYH EHHQ VWXGLHG� ,W LV VKRZQ WKDW LQ

VXFK ZHOGV ERWK WKH 0$&�SKDVH DQG WKH ODPHOODU IRUPV RI IHUULWH DUH WKH VWUXFWXUDO IDFWRU RI SURSHUW\ LQVWDELOLW\� ,W LV IRXQG
WKDW LQ RUGHU WR SURGXFH VWDEOH KLJK SURSHUWLHV DW ORZ WHPSHUDWXUHV� WKH YROXPH IUDFWLRQ RI 0$&�SKDVH VKRXOG QRW H[FHHG
����� � DW D ORZ FRQWHQW RI IHUULWH ZLWK DQ RUGHUHG VHFRQGDU\ SKDVH� ,W LV VKRZQ WKDW WKH LPSDFW WRXJKQHVV RI WKH VWXGLHG

ZHOGV ULVHV ZLWK WKH LQFUHDVH LQ WKH GXFWLOH FRPSRQHQW IUDFWLRQ LQ IUDFWXUH�

IhklmibeZ \ j_^Zdpbx ����������
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