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{ ÓÈ°�º«�Ë® ¯È­º�Ë ¯È°°äº�¯ËÓ© äË²ÈÓÒÏä©Áº¯�

äÒ¯ºmÈÓÒ« °�¯�}��¯Óº�º °º°�º«ÓÒ« °mÈ¯Ó©² °ºË�Ò�
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ãºä� { Ò°²º�Óºä °º°�º«ÓÒÒ m äºÓº}¯Ò°�ÈããË ÓÒ�

� z� k� ��ËÓ}º� |� �� zÈ¯È°Ëm°}È«� v� v� zº�ËÓ}º� p� �� �ºãÒ��}� {� v� vÈm�ËÓ}º� r� k� ~È�Ë¯Ò®� ����

������ �



}ËãËmº�º ÎÈ¯º¹¯º�Óº�º °¹ãÈmÈ �¯Ò°� �� �� ÓË ­©ãº
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 °ã��È®Ó©² ¯ËÁãË}°ºm º¹¯Ë�Ëã«ãÒ ÓÈ�
ãÒ�ÒË m©°º}º��ãºm©² �¯ÈÓÒ�� |­�Ëä }¯Ò°�ÈããÈ�
m©�ËãËÓÓ©® ª�ÒäÒ �¯ÈÓÒ�ÈäÒ ÒÏ º°ÓºmÓº�º äº�
Óº}¯Ò°�ÈããÈ� º�ËÓÒmÈãÒ ¹º ÒÓ�Ë�¯Èã	Óºä� ÏÓÈ�Ë�
ÓÒ
 ÒÓ�ËÓ°ÒmÓº°�Ò ¹º� °ã��È®Ó©äÒ º�¯ÈÎËÓÒ«äÒ�

lË�º�ºä θÜ�θ ÒÏ��ÈãÒ Áº¯ä� Ò�Ò¯ÒÓ� �Ë­ÈËm°}Ò²
ãÒÓÒ®� �� Ë� ¯È°¹¯Ë�ËãËÓÒ« ÒÓ�ËÓ°ÒmÓº°�Ò º�¯È�
ÎËÓÒ® m�ºã	 �ÒÁ¯È}�ÒºÓÓº�º mË}�º¯È ,

T__� lË�º�ºä

�Ë�©¯Ë²º}¯�ÎÓº® ¯ËÓ��ËÓºm°}º® �ÒÁ¯È}�ºäË�¯ÒÒ
>�Ü�@ Ò°°ãË�ºmÈãÒ ÒÓ�ËÓ°ÒmÓº°�	 ¯È°°Ë«ÓÓº�º ¯ËÓ��
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Ò ÈÓÈãº�Ò�ËÓ äË�º�� }¯Òm©² }È�ÈÓÒ« �URFNLQJ FXU�

YHV� ÒãÒ ω�°}ÈÓÒ¯ºmÈÓÒ« ¹¯Ò m©�ËãËÓÒÒ ¯È°¹¯Ë�
�ËãËÓÒ« ,

T⊥ m º�Óºä ÒÏ ÈÏÒä��Èã	Ó©² ÓÈ¹¯ÈmãËÓÒ®�

�º°}ºã	}� Ò°²º�Ó©® äÈ�Ë¯ÒÈã °mÈ¯Óº�º °ºË�
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7KH SDSHU GHDOV ZLWK WKH IHDWXUHV RI IXVLRQ ZHOGLQJ RI WH[WXUHG DQG SURGXFHG E\ GLUHFWLRQDO VROLGLILFDWLRQ SRO\� DQG VLQJH�FU\VWDO
DOOR\V RI PRO\EGHQXP� WXQJVWHQ DQG QLFNHO� ;�UD\ LQYHVWLJDWLRQ PHWKRGV ZHUH XVHG WR REWDLQ GDWD RQ LQKHULWLQJ WKH VWUXFWXUDO
DQG FU\VWDOORJUDSKLF RULHQWDWLRQ LQ GLIIHUHQW ]RQHV RI WKH ZHOGHG MRLQW� ,W LV HVWDEOLVKHG WKDW DW ZHOG SRRO VROLGLILFDWLRQ WKH
HSLWD[LDO JURZWK RI ZHOG PHWDO FU\VWDOOLWHV IURP WKH VXEVWUDWH �VXUIDFH RI SDUWLDOO\ PHOWHG JUDLQV RI WKH IXVLRQ ]RQH� PD\
UHVXOW LQ WKH ZHOG PHWDO UHSURGXFLQJ WKH FU\VWDOORJUDSKLF RULHQWDWLRQ RI WKH VWUXFWXUDO HOHPHQWV RI WKH LQLWLDO PDWHULDO� %DVLF
SRVVLELOLW\ RI SUHVHUYDWLRQ LQ WKH ZHOGHG MRLQW RI FU\VWDOORJUDSKLF RULHQWDWLRQ DQG VWUXFWXUDO FRQGLWLRQ FORVH WR WKDW RI WKH
EDVH PHWDO LV FRQILUPHG�

IhklmibeZ \ j_^Zdpbx ����������
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®¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ ÏÀ¾ÎÈÆ ÂÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ È¾ÊÃÎÙ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÆÏÍÙÐ¾ËÆÇ� ÍÎÃÂÏÐ¾ÀÉÝ�

Ü×ÃÇ ÏÌ¿ÌÇ ÔÆÉÆËÂÎÆÕÃÏÈÆÇ ÏÌÏÑÂ ÂÆ¾ÊÃÐÎÌÊ ����� ÊÊ� ÂÉÆËÌÇ ÍÎÆÊÃÎËÌ ����� ÊÊ Æ Ì¿ØÃÊÌÊ

ÍÎÆÊÃÎËÌ ����� Ê
�
� ¨¾ÊÃÎ¾ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ ÆÊÆÐ¾ÔÆÆ ÈÌÏÊÆÕÃÏÈÆÓ ÑÏÉÌÀÆÇ Æ ÆÏÍÙÐ¾ËÆÇ À ÛÐÆÓ

ÑÏÉÌÀÆÝÓ Î¾ÅÉÆÕËÙÓ ÆÅÂÃÉÆÇ À ÀÃÎÐÆÈ¾ÉÚËÌÊ ÍÌÉÌÄÃËÆÆ� ¦ÊÆÐ¾ÐÌÎ ÈÌÏÊÌÏ¾ ÏÌÏÐÌÆÐ ÆÅ ÔÆÉÆËÂÎÆÕÃÏ�

ÈÌÇ Õ¾ÏÐÆ� ÆÅÁÌÐ¾ÀÉÆÀ¾ÃÊÌÇ ÆÅ ÏÐ¾ÉÆ ��³���¡�� �µ¯����� ÐÌÉ×ÆËÌÇ �� ÊÊ� ÂÀÑÓ ÂÌËÙÖÃÈ ÆÅ ÏÐ¾ÉÆ

��³��«��° ÐÌÉ×ÆËÌÇ �� ÊÊ Æ ÏÆÉÌÀÌÁÌ Ë¾¿ÌÎ¾ ÆÅ ÏÐ¾ÉÆ ��¡�¯ ÐÌÉ×ÆËÌÇ ÂÌ �� ÊÊ�

¥¾ÁÌÐÌÀÈÆ ÔÆÉÆËÂÎÆÕÃÏÈÌÇ Õ¾ÏÐÆ È¾ÊÃÎÙ �Ì¿ÃÕ¾ÇÈÆ ��� ÂÆ¾ÊÃÐÎ¾� ÆÅÁÌÐ¾ÀÉÆÀ¾ÉÆ À Å¾ÀÌÂÏÈÆÓ

ÑÏÉÌÀÆÝÓ ÀÊÃÏÐÃ Ï ÏÆÉÌÀÙÊ Ë¾¿ÌÎÌÊ Æ ÍÌÏÐ¾ÀÉÝÉÆ Ë¾ ÊÌËÐ¾ÄËÑÜ ÍÉÌ×¾ÂÈÑ� «¾ ÊÌËÐ¾ÄÃ ÀÃÎÐÆÈ¾ÉÚËÙÃ

ÖÀÙ Ì¿ÃÕ¾ÃÈ ÂÉÆËÌÇ ���� ÊÊ ÀÙÍÌÉËÝÉÆ »¶¯ ÍÎÌÀÌÉÌÈÌÇ ¯À���³��«��¡� �µ¯���� ÍÌÂ ÒÉÜÏÌÊ �«����

¢ÉÝ ÏÀ¾ÎÈÆ ÁÌÎÆÅÌËÐ¾ÉÚËÙÓ ÖÀÌÀ Ë¾ ÀÃÎÐÆÈ¾ÉÚËÌÇ ÍÉÌÏÈÌÏÐÆ ÍÎÆ Ë¾Î¾×ÆÀ¾ËÆÆ Ì¿ÃÕ¾ÃÈ ÆÏÍÌÉÚÅÌÀ¾ÉÆ

ÛÉÃÈÐÎÌÂÙ �« ����

¥¾ÁÌÐÌÀÈÆ ÂÌËÙÖÃÈ ÆÅ ÏÐ¾ÉÆ ��³��«��° ÏÀ¾ÎÆÀ¾ÉÆ À Å¾ÀÌÂÏÈÆÓ ÑÏÉÌÀÆÝÓ� »ÈÎ¾ËÙ� ÍÌ ÈÌÐÌÎÙÊ

ÍÎÌÍÑÏÈ¾ÃÐÏÝ ÄÆÂÈÆÇ ÁÃÉÆÇ ÂÉÝ ÆÊÆÐ¾ÔÆÆ ÐÃÊÍÃÎ¾ÐÑÎ ÈÌÏÊÌÏ¾� ÆÅÁÌÐ¾ÀÉÆÀ¾ÉÆ ÆÅ ÏÍÉ¾À¾ ÆËÀ¾Î Æ

ÏÀ¾ÎÆÀ¾ÉÆ ¾ÎÁÌËÌÂÑÁÌÀÙÊ ÏÍÌÏÌ¿ÌÊ� ¨¾ÕÃÏÐÀÌ ÖÀÌÀ ÈÌËÐÎÌÉÆÎÌÀ¾ÉÆ ÎÃËÐÁÃËÌÊ� À¾ÈÑÑÊËÑÜ ÍÉÌÏ�

ÈÌÏÐÚ x ÁÃÉÆÃÀÙÊ ÐÃÕÃÆÏÈ¾ÐÃÉÃÊ�

«¾ÅË¾ÕÃËÆÃ Æ Ì¿É¾ÏÐÚ ÍÎÆÊÃËÃËÆÝ� ¨¾ÊÃÎ¾ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÆÏÍÙÐ¾ËÆÇ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ

ÆÊÆÐ¾ÔÆÆ ÈÌÏÊÆÕÃÏÈÆÓ ÑÏÉÌÀÆÇ �ÐÃÊÍÃÎ¾ÐÑÎ¾� À¾ÈÑÑÊ� ÌÏÀÃ×ÃËËÌÏÐÚ� Æ ÆÏÍÙÐ¾ËÆÝ Î¾ÈÃÐ� ®¾ÅÎ¾¿ÌÐ¾Ë�

Ë¾Ý ÐÃÓËÌÉÌÁÆÝ ÍÎÆÊÃËÃË¾ ÍÎÆ ÆÅÁÌÐÌÀÉÃËÆÆ È¾ÊÃÎÙ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÆÏÏÉÃÂÌÀ¾ËÆÇ À ®ÌÏÏÆÆ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��

¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � ��
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