
��� k°ÒÓºm°}Ò® w� j�� zÒ¯ÒããÒÓ k� {�� sÒÏºm°}Ò® {� �� v�È�
ÒãÒÏÒ¯ºmÈÓÓ©Ë ªãË}�¯Ò�Ë°}ÒË ���Ò Ò Ò² ¹¯ÒäËÓËÓÒË m
�Ë¹ãºÁÒÏÒ�Ë°}ºä ª}°¹Ë¯ÒäËÓ�Ë� Û l�� sÈ�}È� ����� Û
��� °�

��� rÒË¯äÈÓ �� l�� {º¯º	Ëm {� v�� Ð}�ºm j� �� zÒÓË�Ò}È
ÓË¯ÈmÓºmË°Óº® ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ãÈÏä©� Û l�� sÈ��
}È� ����� Û ��� °�

��� cÈ²Òäºm k� ��� �ãÒÓÒ� n� c� zºÓ�¯È}�Ò« �ÒãÒÓ�¯Ò�Ë°}º�
�º �ÈÏºmº�º ¯ÈÏ¯«�È �� iº}ã� ks vvvc� Û ����� Û
���� ¢ �� Û v� ��Ü���

��� {È°°Ë¯äÈÓ k� �� z°ËÓºÓºm©Ë �¯��È�©Ë ãÈä¹© Ò Ò² ¹¯Ò�
äËÓËÓÒË� Û l�� wÓË¯�ºÈ�ºäÒÏ�È�� ����� Û �� °�

(IIHFW RI SK\VLFDO FKDUDFWHULVWLFV RI LQHUW JDV PL[WXUHV RQ FRQWUDFWLRQ RI WKH SRVLWLYH DUF FROXPQ KDV EHHQ VWXGLHG� ,W LV VKRZQ
WKDW YDULDWLRQV LQ WKH FRQFHQWUDWLRQ RI WKH PL[WXUH FRPSRQHQWV KDV D VXEVWDQWLDO LQIOXHQFH RQ WKHLU WKHUPDO�SK\VLFDO SURSHUWLHV
DQG JHQHUDO FKDUDFWHULVWLFV RI HOHFWURQ�DWRP FROOLVLRQV� ZKLFK GHWHUPLQH HOHFWULF�SK\VLFDO SDUDPHWHUV RI WKH DUF XQGHU LWV

FHUWDLQ EXUQLQJ FRQGLWLRQV� ,Q WKLV FRQQHFWLRQ� FRQWUDFWLRQ RI WKH WXQJVWHQ�FDWKRGH ZHOGLQJ DUF LQ WKH LQHUW JDV PL[WXUHV
JUHDWO\ GHSHQGV XSRQ WKH SURSRUWLRQ RI WKH PL[WXUH FRPSRQHQWV� ,W KDV EHHQ IRXQG WKDW FRQWUDFWLRQ RI WKH DUF GLVFKDUJH
LQ D VSHFLILF JDV PL[WXUH LV PRVW VLJQLILFDQW LI WKH JDV WKHUPDO FRQGXFWLYLW\ LV GRPLQDQW GXULQJ WKH KHDW UHPRYDO SURFHVV�

IhklmibeZ \ j_^Zdpbx ����������
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  ¦»¯ ÆÊ� £� ¬� ¾ÐÌË¾ Î¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÆÈ¾ Æ

ÐÃÓËÌÉÌÁÆÝ¾ÀÐÌÊ¾ÐÆÅÆÎÌÀ¾ËËÌÇÏÀ¾ÎÈÆÀÃÎÐÆÈ¾ÉÚ�

ËÙÓ Æ ÁÌÎÆÅÌËÐ¾ÉÚËÙÓ �Ë¾ ÀÃÎÐÆÈ¾ÉÚËÌÇ ÍÉÌÏÈÌÏÐÆ�

ÖÀÌÀ Ï ÍÎÆËÑÂÆÐÃÉÚËÙÊ �ÆÉÆ À ÈÌÊ¿ÆË¾ÔÆÆ ÏÌ ÏÀÌ�

¿ÌÂËÙÊ� ÒÌÎÊÆÎÌÀ¾ËÆÃÊ ÖÀ¾� ¯À¾ÎÆÀ¾ÃÊÙÃ

ÐÌÉ×ÆËÙ x ������ ÊÊ� ¦ÏÍÌÉÚÅÌÀ¾ËÆÃ ÍÎÆ ÏÀ¾ÎÈÃ

ÏÌÀÎÃÊÃËËÙÓ ÏÀ¾ÎÌÕËÙÓ Ê¾ÐÃÎÆ¾ÉÌÀ x Ï¾ÊÌ�

Å¾×ÆÐËÙÓ Æ Á¾ÅÌÅ¾×ÆÐËÙÓ ÍÌÎÌÖÈÌÀÙÓ ÍÎÌÀÌÉÌÈx

Ì¿ÃÏÍÃÕÆÀ¾ÃÐ È¾ÕÃÏÐÀÌ ÏÀ¾ÎËÙÓ ÏÌÃÂÆËÃËÆÇ� ÑÂÌÀ�

ÉÃÐÀÌÎÝÜ×ÃÃ ÐÎÃ¿ÌÀ¾ËÆÝÊ ËÌÎÊ¾ÐÆÀËÌÇ ÂÌÈÑÊÃË�

Ð¾ÔÆÆ�

ÎÆÊÃËÃËÆÃ ÌÍÐÆÊ¾ÉÚËÙÓ ÎÃÄÆÊÌÀ ÏÀ¾ÎÈÆ ÏÍÌ�

ÏÌ¿ÏÐÀÑÃÐ ÍÌÀÙÖÃËÆÜ ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÆ ÍÎÌ�

ÔÃÏÏ¾ À ����� Î¾Å¾ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÐÎ¾ÂÆÔÆÌËËÙÊÆ

ÍÎÌÔÃÏÏ¾ÊÆ ÊÃÓ¾ËÆÅÆÎÌÀ¾ËËÌÇ Æ ÎÑÕËÌÇ ÏÀ¾ÎÈÆ�

¢ÉÝ ÎÃ¾ÉÆÅ¾ÔÆÆ Â¾ËËÌÇ ÐÃÓËÌÉÌÁÆÆ Î¾ÅÎ¾¿ÌÐ¾�

ËÙ ÉÃÁÈÆÃ ÊÌËÐ¾ÄËÙÃ ÏÀ¾ÎÌÕËÙÃ ¾ÍÍ¾Î¾ÐÙ ¿ÉÌÕËÌ�

ÊÌÂÑÉÚËÌÇ ÈÌËÏÐÎÑÈÔÆÆ� ÍÃÎÃÊÃ×¾Ü×ÆÃÏÝ ÍÌ ÎÃ�

ÉÚÏÌÀÙÊ Ë¾ÍÎ¾ÀÉÝÜ×ÆÊ� Å¾ÈÎÃÍÉÃËËÙÊ ËÃÍÌÏ�

ÎÃÂÏÐÀÃËËÌ Ë¾ ÏÀ¾ÎÆÀ¾ÃÊÌÊ ÆÅÂÃÉÆÆ�

ÎÃÂÉ¾Á¾ÃÊÙÃ ÐÃÓËÌÉÌÁÆÝ Æ Ì¿ÌÎÑÂÌÀ¾ËÆÃ Ë¾�

ÎÝÂÑ Ï ÀÙÏÌÈÌÇ ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚÜ Ì¿ÃÏÍÃ�

ÕÆÀ¾ÜÐ ÐÎÃ¿ÑÃÊÌÃ È¾ÕÃÏÐÀÌ ÏÀ¾ÎËÙÓ ÖÀÌÀ� ËÃ

Å¾ÀÆÏÝ×ÃÃ ÌÐ ÈÀ¾ÉÆÒÆÈ¾ÔÆÆ ÏÀ¾Î×ÆÈ¾� ÎÑÕËÌÇ ÆÉÆ

ÊÃÓ¾ËÆÅÆÎÌÀ¾ËËÌÇ ÏÀ¾ÎÈÆ� ÌÐÉÆÕ¾ÜÐÏÝ ÍÎÌÏÐÌÐÌÇ

Æ Ë¾ÂÃÄËÌÏÐÚÜ� ÏÑ×ÃÏÐÀÃËËÌ Ì¿ÉÃÁÕ¾ÜÐ ÐÎÑÂ ÏÀ¾Î�

×ÆÈÌÀ� Î¾¿ÌÐ¾Ü×ÆÓ À ÊÌËÐ¾ÄËÙÓ ÑÏÉÌÀÆÝÓ�

®¾ÅÎ¾¿ÌÐ¾ËËÙÃ ÐÃÓËÌÉÌÁÆÝ Æ Ì¿ÌÎÑÂÌÀ¾ËÆÃ ÍÎÃÂË¾ÅË¾ÕÃËÙ ÂÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ ÈÎÑÍËÌÁ¾¿¾ÎÆÐËÙÓ

ÏÀ¾ÎËÙÓ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÇ À ÊÌËÐ¾ÄËÙÓ ÑÏÉÌÀÆÝÓ Ï ÔÃÉÚÜ ¾ÀÐÌÊ¾ÐÆÅ¾ÔÆÆ ÏÀ¾ÎÈÆ ÖÀÌÀ À Î¾ÅÉÆÕËÙÓ

ÍÎÌÏÐÎ¾ËÏÐÀÃËËÙÓ ÍÌÉÌÄÃËÆÝÓ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ

¬ÐÂ� � ��� ÐÃÉ��Ò¾ÈÏ� ������� ��� �� ��

vmÈ¯}È ÓÈ äºÓ�ÈÎË °�ËÓ}Ò ¯ËÏË¯m�È¯È

{©¹ºãÓËÓÒË °mÈ¯}Ò �º¯ÒÏºÓ�Èã	Óº�º �mÈ

������ �



�� rºÓ�È¯	 l� �� |°ºËÓÓº°�Ò Áº¯äÒ¯ºmÈÓÒ« °�¯�}��¯©
¹¯Ò ºã	�Ò² m©°º}º°}º¯º°�Ó©² �ËÁº¯äÈ�Ò«² �� nÒÏ�
äËÏºäË²ÈÓÒ}È� Û ����� Û �� ¢ �� Û v� ��Ü���

�� rºÓ�È¯	 l� �� v�¯�}��¯ºº¯ÈÏºmÈÓÒË Ò °mº®°�mÈ äÈ�Ë¯Ò�
Èãºm� °ºÏ�ÈmÈËä©² m©°º}º°}º¯º°�Ó©äÒ äË�º�ÈäÒ �� �Èä
ÎË� Û ����� Û �� ¢ �� Û v� ��Ü���

�� rºÓ�È¯	 l� �� wmºã
�Ò« äÒ}¯º°�¯�}��¯© ¹¯Ò �ÒÓÈäÒ�
�Ë°}ºä ÓÈ�¯�ÎËÓÒÒ äË�Èããºm �� �Èä ÎË� Û ����� Û ���
¢ �� Û v� ���Ü����

��� v�Ë¹ÈÓºm �� {� �¹¯��º�¹ãÈ°�Ò�Ë°}ºË �ËÁº¯äÒ¯ºmÈÓÒË Ò
¯ÈÏ¯��ËÓÒË äÈ�Ë¯ÒÈãºm ¹¯Ò Òä¹�ã	°Óºä ÓÈ�¯�ÎËÓÒÒ� Û
zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� ~�ºm {� j�� v�Ë¹ÈÓºm �� {�� bÒ¯º}ºm k� {� {ãÒ«ÓÒË
°}º¯º°�Ò �ËÁº¯äÈ�ÒÒ ÓÈ ¹¯Ë�Ëã �Ë}��Ë°�Ò °�ÈãË® ¯ÈÏãÒ��

Óº® ¹¯º�Óº°�Ò �� �¯ºã� ¹¯º�Ó� Û ����� Û ¢ �� Û
v� ���Ü����

��� �Ë���}ºm {� ��� z��ÒÓºm {� l�� nÈ�ËËÓ}º �� j� |¯È�
º�}È mÏ¯©mºä °mÈ¯Ó©² °ºË�ÒÓËÓÒ® äË�Èããº}ºÓ°�¯�}�Ò®�
Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� v�¯È�ÒÁÒ�Ò¯ºmÈÓÓ©Ë °ãË�© ÏÈ ½�º�Ë�Ó©äÒ� Òä¹�ã	°Ó©�
äÒ Ò°�º�ÓÒ}ÈäÒ � v� j� {º¯º¹ÈËm� v� �� väÒ¯Óºm� j� k�
nÒãÒ¹¹ºm Ò �¯� �� jÏm� cº°� ks� nÒÏÒ}È È�äº°ÁË¯© Ò
º}ËÈÓÈ� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� kÓÈãÒÏ Áº¯äÒ¯ºmÈÓÒ« °ºË�ÒÓËÓÒ« ¹¯Ò °mÈ¯}Ë äË�Èããºm
mÏ¯©mºä � v� {� z�Ï	äÒÓ� {� j� �©°È}� p� k�  ���Óºm�
k� �� �ËËm �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û
v� ��Ü���

1HZ FODVVLILFDWLRQ LV RIIHUHG IRU H[SORVLRQ ZHOGLQJ FRQGLWLRQV DQG FRUUHVSRQGLQJ VKDSHV RI MRLQW ERXQGDULHV� EDVHG RQ WKH

UDWLR RI LQHUWLD IRUFHV WR VWUHQJWK IRUFHV ZLWKLQ WKH ZHOGHG MRLQW IRUPDWLRQ ]RQH� 7KLV LQGLFDWRU FDQ EH XVHG WR DOORZ IRU
G\QDPLF FKDUDFWHULVWLFV RI VWUHQJWK RI WKH PDWLQJ PHWDO SDLUV ZLWK RSWLPLVDWLRQ RI WKH H[SORVLRQ ZHOGLQJ FRQGLWLRQV DQG
VKDSHV RI WKH UHVXOWLQJ MRLQW ERXQGDULHV�

IhklmibeZ \ j_^Zdpbx ����������
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 ÙÍÌÉËÃËÆÃ Î¾¿ÌÐ Ë¾ ÀËÃÖËÆÓ ÍÌÀÃÎÓËÌÏÐÝÓ ÈÌÏÊÆÕÃÏÈÆÓ
Ì¿ØÃÈÐÌÀ ÐÎÃ¿ÑÃÐ ÏÌÌÐÀÃÐÏÐÀÑÜ×ÃÇ ÌÎÁ¾ËÆÅ¾ÔÆÆ Î¾¿ÌÕÃÁÌ ÊÃÏÐ¾
ÌÍÃÎ¾ÐÌÎ¾� ÏË¾ÎÝÄÃËËÌÁÌ À ÏÈ¾Ò¾ËÂÎ� À ÏÀÝÅÆ Ï ÃÁÌ ÌÁÎ¾ËÆÕÃËËÌÇ
ÍÌÂÀÆÄËÌÏÐÚÜ Æ ÑÏÉÌÀÆÝÊÆ ÍÌËÆÄÃËËÌÇ ÁÎ¾ÀÆÐ¾ÔÆÆ�

¢ÉÝ ÍÎÌÀÃÂÃËÆÝ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ ÛÈÏÍÃÎÆÊÃËÐÌÀ Ï ¾ÍÍ¾Î¾ÐÑÎÌÇ
�±ËÆÀÃÎÏ¾É� À ¦»¯ ÆÊ� £� ¬� ¾ÐÌË¾ Î¾ÅÎ¾¿ÌÐ¾Ë ÈÌÊÍÉÃÈÏ ÀÏÍÌÊÌ�
Á¾ÐÃÉÚËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� À ÏÌÏÐ¾À ÈÌÐÌÎÌÁÌ ÀÓÌÂÆÐ ÍÌÂÀÆÄËÌÃ
Î¾¿ÌÕÃÃ ÊÃÏÐÌ ÌÍÃÎ¾ÐÌÎ¾� ¬ËÌ ÏÌÂÃÎÄÆÐ ÌÏËÌÀ¾ËÆÃ Ï ÍÌÀÌÎÌÐËÌÇ
ÍÉÌ×¾ÂÈÌÇ Æ ÀÃÎÐÆÈ¾ÉÚËÑÜ ÏÐÌÇÈÑ Ï ÎÑÈÌÝÐÈ¾ÊÆ Æ ÈÉ¾ÀÆÖ¾ÊÆ ÑÍ�
Î¾ÀÉÃËÆÝ ÍÃÎÃÊÃ×ÃËÆÃÊÆ ÀÎ¾×ÃËÆÃÊ� ¾ Ð¾ÈÄÃÍÎÆÄ¾ÐÆÃÊËÌÁ ÌÍÃ�
Î¾ÐÌÎ¾ È ÍÌÀÌÎÌÐËÌÇ ÍÉÌ×¾ÂÈÃ� ¢ÉÝ ÍÃÎÃÊÃ×ÃËÆÝ Î¾¿ÌÕÃÁÌ ÊÃÏÐ¾
ÀÂÌÉÚ Ë¾ÍÎ¾ÀÉÝÜ×ÃÇ Ë¾ ÌÏËÌÀ¾ËÆÆ ÆÊÃÜÐÏÝ ÍÌÂÍÎÑÄÆËÃËËÙÃ
ÎÌÉÆÈÆ Ï ÐÌÎÊÌÅÌÊ� ÑÏÐÎÌÇÏÐÀÌ� Ì¿ÃÏÍÃÕÆÀ¾Ü×ÃÃ ÍÌÀÌÎÌÐ ÌÍÃÎ¾�
ÐÌÎ¾ ÀÌÈÎÑÁ ÏÀÌÃÇ ÌÏÆ� Ð¾ÈÄÃ ÏË¾¿ÄÃËÌ ÐÌÎÊÌÅÌÊ�

¦ÏÍÌÉÚÅÌÀ¾ËÆÃ Ð¾ÈÌÁÌ Î¾¿ÌÕÃÁÌ ÊÃÏÐ¾ Ï Ë¾ÍÎ¾ÀÉÝÜ×ÃÇ ÍÌÅÀÌ�
ÉÝÃÐ ÌÍÃÎ¾ÐÌÎÑ� ÀÙ¿Î¾À ÑÂÌ¿ËÌÃ ÍÌÉÌÄÃËÆÃ Æ Å¾ÒÆÈÏÆÎÌÀ¾À ËÌÁÆ�
ÌÏÀÌ¿ÌÂÆÐÚ Ì¿Ã ÎÑÈÆ ÂÉÝ ÀÙÍÌÉËÃËÆÝ Î¾ÅÉÆÕËÙÓ �À ÐÌÊ ÕÆÏÉÃ Æ
ÏÀ¾ÎÌÕËÙÓ� ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ ÌÍÃÎ¾ÔÆÇ� »ÐÌ ÆÊÃÃÐ À¾ÄËÌÃ ÅË¾ÕÃËÆÃ
À �¿ÃÅÌÍÌÎËÙÓ� ÑÏÉÌÀÆÝÓ ÍÌËÆÄÃËËÌÇ ÁÎ¾ÀÆÐ¾ÔÆÆ� ÍÌÛÐÌÊÑ
ÍÎÆÊÃËÃËÆÃ Ð¾ÈÌÁÌ Î¾¿ÌÕÃÁÌ ÊÃÏÐ¾ ÊÌÄÃÐ ¿ÙÐÚ ÛÒÒÃÈÐÆÀËÙÊ ÍÎÆ
ÀÙÍÌÉËÃËÆÆ Ï¾ÊÙÓ Î¾ÅËÌÌ¿Î¾ÅËÙÓ Î¾¿ÌÐ À ÌÐÈÎÙÐÌÊ ÈÌÏÊÌÏÃ�

¨ÌËÐ¾ÈÐÙ�

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

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

¬ÐÂ� � �� �ÏËÆÏ £ÒÆÊ �ÎÈ¾ÂÚÃÀÆÕ

°ÃÉ�� ������� ��� �� ��� Ò¾ÈÏ� ������� ��� �� ��

(�PDLO� GHS��SZL#J�FRP�XD

cÈº�ËË äË°�º

cÈº�È« °�ÈÓ�Ò«

������ ��



�� 6KLPDQRYLFK 9� '�� 6P\DJOLNRY ,� 3�� =RORWRYVN\ $� ,� $Q
HIIHFW RI QHDU�FDWKRGH UHJLRQ SODVPD RI DQ DUJRQ DUF RQ
PHWDO SDUWLFOHV �� 3URJUHVV LQ SODVPD SURFHVVLQJ RI PDWHUL�
DOV ����� 3URF� RI WKH �WK (XURSHDQ FRQI� RQ WKHUPDO SODVPD
SURFHVVHV� )UDQFH� 6WUDVERXUJ� -XQH ��Ü��� ����� Û 1HZ
<RUN� %HJHOO +RXVH ,QF�� ����� Û 3� ���Ü����

�� z¯Òm��Ó j� {� lº�Ëã	 Ò°¹È¯ËÓÒ« äË�ÈããÈ ¹¯Ò ���ºmº®�
ãÈÏË¯Óº® Ò ãÈÏË¯Óº����ºmº® °mÈ¯}Ë �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� �Ü���

�� ~ºÓ�ºm©Ë ÒÏäË¯ËÓÒ« m ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ãº�Óº® ¹ãÈÏ�
äË ¹¯Ò m©°º}Ò² °�Ë¹ËÓ«² ÒºÓÒÏÈ�ÒÒ � n� �� rÈ}��� �� k�
i
ÎËm� s� z� lÒ�¯ºÁÈÓºm Ò �¯� �� y�¯Ó� �Ë²Ó�
ÁÒÏÒ}Ò� Û ����� Û ��� ¢ ��� Û v� ����Ü�����

�� %RKP '� 7KH FKDUDFWHULVWLFV RI HOHFWULFDO GLVFKDUJHV LQ PDJ�
QHWLF ILHOGV � (G� $� *XWKULH� 5� .� :DNHUOLQJ� Û 1HZ
<RUN� 0F*UDZ�+LOO� ����� Û �� S�

�� y�ÈÓºm {� l� ÐmãËÓÒ« ¹Ë¯ËÓº°È m äÓº�º}ºä¹ºÓËÓ�Óº®
¹ãÈÏäË� Û l�� wÓË¯�ºÒÏ�È�� ����� Û ��� °�

�� lº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°ºm ¹Ë¯ËÓº°È m äÓº�º}ºä¹ºÓËÓ�Óº®
¹ãÈÏäË °�ºãÈ °mÈ¯º�Óº® ���Ò � {� v� �mºÏ�Ë�}Ò®� {� n�
iËä�ËÓ}º� j� {� z¯Òm��Ó Ò �¯� �� �¯ºã� °mÈ¯}Ò Ò
°¹Ë�� ªãË}�¯ºäË�Èãã�¯�ÒÒ� Û zÒËm� sÈ�}� ��ä}È� �����
Û v� ���Ü����

�� nÒÏÒ}È Ò �Ë²ÓÒ}È ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ãÈÏä© � v� {�
i¯Ë°mÒÓ� k� {� iºÓ°}º®� {� l� �ºã	�ÁÈ¯ Ò �¯� Û l��
k�ºäÒÏ�È�� ����� Û ��� °�

�� .QLJKW &K� -� 7KHRUHWLFDO PRGHOLQJ RI UDSLG VXUIDFH YDSRUL�
]DWLRQ ZLWK EDFN SUHVVXUH �� $,$$ -� Û ����� Û ���
¢ �� Û 3� ���Ü����

��� {ºÏ�Ë®°�mÒË ãÈÏË¯Óº�º ÒÏã��ËÓÒ« ÓÈ äÈ�Ë¯ÒÈã© � c� {�
k¯��
Ó«Ó� {� �� rÈ¯ÈÓºm� �� k� rºã	�ºm Ò �¯� Û l��
sÈ�}È� ����� Û ��� °�

6XJJHVWHG LV WKH SURFHGXUH IRU FDOFXODWLRQ RI WKH LRQ HQHUJ\ DQG SODVPD HOHFWURQ IORZV RQ WKH VXUIDFH RI D GLVSHUVHG PDWHULDO

SDUWLFOH LQ WKH DWPRVSKHULF�SUHVVXUH LQHUW�JDV SODVPD� DV ZHOO DV HQHUJ\ ORVVHV IRU HYDSRUDWLRQ RI LWV PDWHULDO�
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Î¾ÈÐÃÎÆÏÐÆÈÆ ÏÀ¾ÎËÌÁÌ ÏÌÃÂÆËÃËÆÝ À ÔÃÉÌÊ� ¢ÉÝ ÌÏÑ×ÃÏÐÀÉÃËÆÝ ÏÀ¾ÎÈÆ ÍÌÂ ÒÉÜÏÌÊ ÍÑÉÚÏÆÎÑÜ×ÃÇ
ÂÑÁÌÇ À ¦»¯ ÆÊ� £�¬� ¾ÐÌË¾ ÏÌÅÂ¾Ë ¿ÉÌÈ ÏÆËÃÎÁÃÐÆÕÃÏÈÌÁÌ ÑÍÎ¾ÀÉÃËÆÝ� ÀËÃÖËÆÇ ÀÆÂ ÈÌÐÌÎÌÁÌ ÍÌÈ¾Å¾Ë
Ë¾ ÎÆÏÑËÈÃ�
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ËÃÅ¾ÀÆÏÆÊÙÓ È¾Ë¾É¾ ÑÍÎ¾ÀÉÃËÆÝ� ÎÆ ËÃÌ¿ÓÌÂÆÊÌÏÐÆ ÈÌÉÆÕÃÏÐÀÌ È¾Ë¾ÉÌÀ ÑÍÎ¾ÀÉÃËÆÝ ÊÌÄÃÐ ¿ÙÐÚ
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ÎÝÄÃËÆÇ�
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ÐÌÎÌÊ �¢²����� Ï Å¾ÀÆÏÆÊÌÇ ÏÈÌÎÌÏÐÚÜ ÍÌÂ¾ÕÆ ÛÉÃÈÐÎÌÂ�
ËÌÇ ÍÎÌÀÌÉÌÈÆ� ÍÌÈ¾Å¾ÉÆ�

• �mËãÒ�ËÓÒË ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò ¹¯º�Ë°°È °mÈ¯}Ò�

    • �äËÓ	�ËÓÒË ¯È°²º�È ªãË}�¯ºªÓË¯�ÒÒ ÓÈ ������� ��

    • °ÓÒÎËÓÒË �Ëä¹Ë¯È��¯© ÒãÒ º�}ÈÏÈ º� ÓËº²º�Òäº°�Ò ¹¯Ë�mÈ¯Ò�Ëã	Óº�º

¹º�º�¯ËmÈ °mÈ¯ÒmÈËä©² }ºÓ°�¯�}�Ò® ÒÏ m©°º}º¹¯º�Ó©² °�ÈãË®�

    • °ÓÒÎËÓÒË �¯ºmÓ« ¹º�ºÓÓº® ªÓË¯�ÒÒ ËÏ �äËÓ	�ËÓÒ« �ã�ÒÓ© ¹¯º¹ãÈmãËÓÒ«�

    • �äËÓ	�ËÓÒË m ����� ¯ÈÏÈ ¯ÈÏäË¯È ��È°�}È }¯�¹Óº�º ÏË¯ÓÈ m ÏºÓË �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ«

°mÈ¯Ó©² °ºË�ÒÓËÓÒ®�

    • ¹ºm©�ËÓÒË °ã�ÎËÓ©² ²È¯È}�Ë¯Ò°�Ò} äË�ÈããÈ �mÈ Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m �Ëãºä�

º°ºËÓÓº °�º®}º°�Ò ¹¯º�Òm º¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £�¬� ¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ

¬ÐÂ� � ��� ÐÃÉ�� ������� ��� �� ��� ��� �� ��
(�PDLO� VKHLNR#SDWRQ�NLHY�XD

������ ��



¯ÈmãËÓÒËä ¹È¯ÈäË�¯ÈäÒ ¯ËÎÒäºm �|Ïº¯� �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

�� 7,0( 7:,1 Û m©°º}º¹¯ºÒÏmº�Ò�Ëã	Ó©® °¹º°º °mÈ¯}Ò
�� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� sºm©® �Ë²Óºãº�Ò�Ë°}Ò® ¹¯º�Ë°° ÁÒ¯ä© ½n¯ºÓÒ�°� ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� 0,*�0$* Û +RFKOHLVWXËQJVVFKZHLVVHQ PLW 7$1'(0
7HFKQLN �� 6FKZHLVV� XQG 3UXIWHFKQLN� Û ����� Û ¢ ��
Û 6� ����

��� +DFNO +� 7,0( 7:,1 Û 6FKQHOOHU 06* Û 6FKZHLβHQ
PLW ]ZHL 'UDKWHOHNWURGHQ �� ,ELG� Û ����� Û ¢ �� Û
6� ��Ü���

��� �Ë²Óºãº�Ò�Ë°}ÒË mºÏäºÎÓº°�Ò ¹¯º�Ë°°È °mÈ¯}Ò Èã
äÒ�
ÓÒËm©² °¹ãÈmºm m°�¯Ë�Ó©äÒ ���ÈäÒ � k� Ð� j�ËÓ}º�
s� l� {º¯º¹È®� {� �� r��ÓÒ}� {� k� lÒ�ËÓ}ºm �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� .LOOLQJ 5� 'DV 0$* Û 0HKUGUDKWVFKZHLVVHQ �� 3UDNWL�
NHU� Û ����� Û ¢ �� Û 6� ���Ü����

��� $QGHUVVRQ ,�� 7ROI ,�� +HGHJDUG ,� 7DQGHP 0,*�0$* 9D[H]
VLJ VWDUNDUH �� 6YHWVHQ� Û ����� Û ¢ �� Û 3� �Ü���

��� 6ROGDGXUD 0,*�0$* FRQ GREOH KLOR �� 0HW� \ HOH°� Û
����� Û ��� ¢ �� Û 3� ��Ü���

��� .XND WZR�ZLUH 0$* ZHOGLQJ V\VWHP GRXEOHV ZHOGLQJ VSH�
HGV �� ,QG� 5RERW� Û ����� Û ��� ¢ �� Û 3� ���

��� %HVVHUH 6FKZHLETXDOLWDWO �� 6WDKOPDUNW� Û ����� Û ���
¢ �� Û 6� ���

��� {º¯º¹È® s� l�� �¯º�ËÓ}º �� �� |°ºËÓÓº°�Ò Áº¯äÒ¯ºmÈ�
ÓÒ« �mºm Ò ~�{ ¹¯Ò Òä¹�ã	°Óº® �m�²���ºmº® °mÈ¯}Ë m ÏÈ�
�Ò�Ó©² �ÈÏÈ² ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® ¹ºm©�ËÓÓº®
¹¯º�Óº°�Ò �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� ��Ü���

��� j�ËÓ}º k� Ð�� lÈ�ÒÓ {� v�� �È��ã« l� �� �Ë²Óºãº�Ò�
�Ë°}ÒË º°ºËÓÓº°�Ò �m�²���ºmº® Òä¹�ã	°Óº® °mÈ¯}Ò ¹ãÈ�

m«�ÒäÒ°« ªãË}�¯º�ÈäÒ Èã
äÒÓÒËm©² °¹ãÈmºm �� �Èä ÎË�
Û ����� Û ¢ �� Û v� ��Ü���

��� km�ºäÈ�ÒÏÒ¯ºmÈÓÓÈ« °mÈ¯}È �¯�º¹¯ºmº�ºm �� �Èä ÎË�
Û ����� Û ¢ �� Û v� ��Ü���

��� =KDLQJ 0�� ,LDQJ 0�� /X :� 'RXEOH HOHFWURGHV LPSURYH
*0$: KHDW LQSXW FRQWURO �� :HOGLQJ -� Û ����� Û
¢ ��� Û 3� ��Ü���

��� {º¯º¹È® s� l� |°ºËÓÓº°�Ò ¹¯º�Ë°°ºm ���ºmº® �º�Ë�Óº®
°mÈ¯}Ò m ÏÈ�Ò�Ó©² �ÈÏÈ² �|Ïº¯� �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� ��Ü���

��� {º¯º¹È® s� l�� jã
�ËÓ}º {� l�� lÒ�ËÓ}ºm {� k� zºä�
ÒÓÒ¯ºmÈÓÓ©® ¹¯º�Ë°° �º�Ë�Óº® ¹ãÈÏäËÓÓº����ºmº® °mÈ¯�
}Ò �� vmÈ¯�Ò}� Û ����� Û ¢ �� Û v� ��� ��� ���

��� 3ODVPDSXQNWVFKZHLEHQ PLW GHP 3ODVPD 6SRW :HOGHU ��
6FKZHLVV� XQG 6FKQHLG� Û ����� Û ¢ �� Û 6� ���Ü����

��� 3ODVPDSXQNWVFKZHLEHQ LP 6HULHQHLQVDW] �� ,ELG� Û �����
Û ¢ ��� Û 6� ���Ü����

��� {º¯º¹È® s� l�� �Ë°Ó©² {� {�� lÒ�ËÓ}ºm {� k� im�²���
�ºmÈ« ÓÈ¹ãÈm}È Èã
äÒÓÒËm©² ¹º¯�ÓË® }ºäÒÓÒ¯ºmÈÓÓ©ä
ÓË¹ãÈm«�Òä°« Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä �� km�ºäÈ��
°mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� {º¯º¹È® s� l�� �Ë°Ó©² {� {�� lÒ�ËÓ}ºm {� k� zºäÒÓÒ�
¯ºmÈÓÓ©® ¹¯º�Ë°° �m�²���ºmº® °mÈ¯}Ò Ò ÓÈ¹ãÈm}Ò ÓË¹ãÈ�
m«�Òä°« Ò ¹ãÈm«�Òä°« ªãË}�¯º�ÈäÒ �� �Èä ÎË� Û �����
Û ¢ �� Û v� ��Ü���

��� �È�ºÓ {� p�� {º¯º¹È® s� l�� �mºÏ�Ë�}Ò® {� v� zºä¹ãË}°
ºº¯��ºmÈÓÒ« �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº® äÒ}¯º¹ãÈÏäËÓÓº®
°mÈ¯}Ò °º�ºm©² Èã
äÒÓÒËm©² äË�Èããº}ºÓ°�¯�}�Ò® ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� c«�Ëm j� k� {©°º}º¹¯ºÒÏmº�Ò�Ëã	ÓÈ« �Ò¯º}º°ãº®ÓÈ«
ÓÈ¹ãÈm}È ªãË}�¯º�Ó©äÒ ¹¯ºmºãº}ÈäÒ Ò ãËÓ�ÈäÒ �|Ïº¯�
�� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

7KH SDSHU GHDOV ZLWK WKH IHDWXUHV RI JDV�VKLHOGHG SXOVHG WZLQ�DUF ZHOGLQJ SURFHVVHV� ZKLFK FRQVLVW LQ VHSDUDWH IHHG RI FXUUHQW
SXOVHV RQ HOHFWULFDOO\ LQVXODWHG HOHFWURGH� WKH DUFV RI ZKLFK IRUP D FRPPRQ ZHOG SRRO� 7KHVH SURFHVVHV HQVXUH D KLJK FRHIILFLHQW
RI HOHFWURGH ZLUH PHOWLQJ� KLJK ZHOGLQJ VSHHG� DQG IDYRXUDEOH ZHOG IRUPDWLRQ� 7KH SURFHVVHV DUH EDVHG RQ LQYHUWHU SRZHU
VRXUFHV ZLWK D V\QHUJLF FRQWURO RI PRGH SDUDPHWHUV� /RQJLWXGLQDO DUUDQJHPHQW RI HOHFWURGH ZLUHV OHDGV WR QDUURZHU ZHOGV
DQG GHHSHU SHQHWUDWLRQ� 2SSRVLWH UHVXOWV KDYH EHHQ DFKLHYHG DW WUDQVYHUVH DUUDQJHPHQW RI HOHFWURGH ZLUHV� ([DPSOHV DUH
JLYHQ RI SUDFWLFDO DSSOLFDWLRQ RI GLIIHUHQW SURFHVVHV RI JDV�VKLHOGHG SXOVHG WZLQ�DUF ZHOGLQJ SURFHVVHV�
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