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m©Ï©mÈ�	 m©�Ë}ÈÓÒË ¯È°¹ãÈmãËÓÓº�º äË�ÈããÈ m ÏÈ�
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��|v� �����Ü����

$SSOLFDWLRQ RI VSRW DUF ZHOGLQJ IRU PDQXIDFWXUH RI VLGH ZDOOV RI ERGLHV RI HOHFWULF DQG GLHVHO WUDLQV� DQG MRLQLQJ RI VWLIIHQHUV

WR OLQLQJ LQ SDUWLFXODU� LV FRQVLGHUHG� 2SWLPDO ZHOGLQJ FRQGLWLRQV IRU VSRW ZHOGV KDYH EHHQ VHOHFWHG� TXDOLW\ RI RYHUODS ZHOGHG
MRLQWV KDV EHHQ DVVHVVHG� DQG VWUHQJWK WHVWV KDYH EHHQ FRQGXFWHG�
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• zÈ�Ë°�mËÓÓºË Ò }ºãÒ�Ë°�mËÓÓºË º¹¯Ë�ËãËÓÒË °º�Ë¯ÎÈÓÒ« º°ÓºmÓ©² ãË�Ò¯�
�Ò² Ò ¹¯ÒäË°Ó©²
ªãËäËÓ�ºm� m}ã
�È« �ÈÏ©� m ¯ÈÏãÒ�Ó©² äÈ�Ë¯ÒÈãÈ² Û ¯��È²� }ºÓ�ËÓ�¯È�È²� äÒÓË¯ÈãÈ²�

¹º¯º�}È²� �ãÈ}È²� Áã
°È²� ����ÓÈ²� °�Èã«²� °¹ãÈmÈ² ÓÈ º°ÓºmË ÓÒ}Ëã«� �Ò�ÈÓÈ� Èã
äÒÓÒ«�

äË�Ò Ò �¯�

• jÏ�º�ºmãËÓÒË äÒ}¯º�ãÒÁºm� m©«mãËÓÒË Ò Áº�º�¯ÈÁÒ¯ºmÈÓÒË äÒ}¯º°�¯�}��¯©� äË�Èããº��

¯ÈÁÒ�Ë°}Ò® }ºÓ�¯ºã	 }È�Ë°�mÈ Ò �°�ÈÓºmãËÓÒË ¹¯Ò¯º�© �ËÁË}�ºm äË�Èããº¹¯º��}�ÒÒ� Á¯È}�

�º�¯ÈÁÒ�Ë°}ÒË Ò°°ãË�ºmÈÓÒ«�

• cÈÏ¯È­º�}È äË�º�Ò} Ò°°ãË�ºmÈÓÒ«� º¹¯Ë�ËãËÓÒË Ò Ò�ËÓ�ÒÁÒ}È�Ò« ÓÒ�¯Ò�Ó©²� º}°Ò�Ó©²

Ò °�ã	ÁÒ�Ó©² m}ã
�ËÓÒ®� ÒÏ��ËÓÒË ÁÈÏºmº�º °º°�ÈmÈ ÒÓ�Ë¯äË�ÈããÒ�ºm� }È¯­Ò�ºm Ò �¯��Ò²

ÁÈÏ m ¯ÈÏãÒ�Ó©² äÈ�Ë¯ÒÈãÈ²�

• j°°ãË�ºmÈÓÒË °�¯�}��¯© Ò ÁÈÏºmº�º °º°�ÈmÈ äÈ�Ë¯ÒÈãºm äË�º�ÈäÒ °mË�ºmº® Ò ªãË}�¯ºÓÓº®

äÒ}¯º°}º¹ÒÒ� }ºãÒ�Ë°�mËÓÓº® Ò m©°º}º�Ëä¹Ë¯È��¯Óº® äË�Èããº�¯ÈÁÒÒ� ¯ËÓ��ËÓº°�¯�}��¯Óº�º

Ò äÒ}¯º°¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏºm�

• cÈÏ¯È­º�}È äË�º�Ò} Ò Ò°°ãË�ºmÈÓÒË ÓË}º�º¯©² ÁÒÏÒ�Ë°}Ò² °mº®°�m äË�Èããºm� �ãÈ}ºm�

¹º}¯©�Ò® äË�º�ÈäÒ �ÒãÈ�ºäË�¯ÒÒ� m©°º}º�Ëä¹Ë¯È��¯Óº�º �ÒÁÁË¯ËÓ�ÒÈã	Óº�º �Ë¯äÒ�Ë°}º�º

ÈÓÈãÒÏÈ� }Èãº¯ÒäË�¯ÒÒ� È �È}ÎË Ò°°ãË�ºmÈÓÒË mÏÈÒäº�Ë®°�mÒ« m °Ò°�ËäË �ÈÏÜ�ãÈ}ÜäË�Èãã

¹¯Ò ÓÈ�¯ËmË ¯ÈÏãÒ�Ó©äÒ Ò°�º�ÓÒ}ÈäÒ �Ë¹ãºmº® ªÓË¯�ÒÒ�
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ÉÃÈÐÎÆÕÃÏÈÆÊ À¾ÈÑÑÊËÙÊ ÏÍÃÈÐÎÌÊÃÐÎÌÊ ¢²¯���±� ÊÆÈÎÌÅÌËÂÌÊ ÂÉÝ ÊÆÈÎÌÎÃËÐÁÃËÌÀÏÈÌÁÌ ÏÍÃÈÐÎ¾ÉÚ�

ËÌÁÌ ¾Ë¾ÉÆÅ¾ 6;��� �ÒÆÎÊ¾ �&DPHFD�� ²Î¾ËÔÆÝ�� ÌÍÐÆÕÃÏÈÆÊ ÛÊÆÏÏÆÌËËÙÊ ÏÍÃÈÐÎÌÊÃÐÎÌÊ 63(&752�
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¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��

¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � ��
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ÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò äË�ÈããÈ �mÈ� m©¹ºãÓËÓ�
Óº�º Áã
°ºä äÈ¯}Ò ��kn���� ¹¯ÒmË�ËÓ© m
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°¯ÈmÓËÓÒ
 ° ÏÈ¯�­ËÎÓ©äÒ ÈÓÈãº�ÈäÒ� ��º ÓÈäÓº�
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 �ã« m©¹ºãÓËÓÒ« }º¯ÓËm©² �°­º¯º�Ó©²� �mºm�
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}¯ËäÓÒ«� ��� äÈ¯�ÈÓ�È� ���� ÓÒ}Ëã«� ���� °Ë¯©�
����� Áº°Áº¯È�� �¯ºmºãº}Ë ¹¯Ò°mºËÓÈ äÈ¯}È
��������� jÏ�º�ºmãËÓÒË Ò Ò°¹©�ÈÓÒ« ¹¯ºmºãº}Ò
¹¯ºÒÏmº�ÒãÒ ÓÈ  Ë¯Ë¹ºmË�}ºä °�ÈãË¹¯º}È�Óºä ÏÈ�
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¹¯Ò �� ºv� °ãË��
�ÒË� σm  ��� l�È� σ�  ���
l�È� δ  �� �� ψ  �� �� .9  �� iÎ�ä� �¹¯Ò
Ü�� ºv� Ò �� iÎ�ä� �¹¯Ò Ü�� ºv��

7KH SDSHU JLYHV WKH FKDUDFWHULVWLFV RI QHZ HOHFWURGHV� FHUDPLF IOX[ DQG IOX[�FRUHG ZLUH IRU ZHOGLQJ FROG�UHVLVWDQW VWHHOV RI

GLIIHUHQW VWUHQJWK OHYHOV�
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 Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ Ë¾ ÌÏËÌÀ¾ËÆÆ ÆÏÏÉÃÂÌÀ¾ËÆÇ Æ ÌÍÙÐ¾ ÆÅÁÌÐÌÀÉÃËÆÝ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇÊÌÏÐÌÀ�

ÆÓ ÊÌËÐ¾Ä¾ Æ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ À ÏÐÎÌÆÐÃÉÚËÙÃ ËÌÎÊÙ Æ ÍÎ¾ÀÆÉ¾ ÀÀÃÂÃË ÍÎÌÈ¾Ð ÆÅ ÏÐ¾ÉÃÇ Ê¾ÎÌÈ

��¡��²¢ÍÏ� ��¡�¯¢ Æ ��¡�¢� ÈÌÐÌÎÙÇ ÍÎÌÆÅÀÌÂÆÐÏÝ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÚÜ ±ÈÎ¾ÆËÙ

À ËÃÌ¿ÓÌÂÆÊÙÓ Ì¿ØÃÊ¾Ó�

¦Å ÍÃÎÏÍÃÈÐÆÀËÙÓ Ê¾ÎÌÈ ÏÐ¾ÉÆ ÏÉÃÂÑÃÐ Î¾ÏÏÊÌÐÎÃÐÚ ÀÌÅÊÌÄËÌÏÐÚ ÍÎÆÊÃËÃËÆÝ À ÊÌÏÐÌÏÐÎÌÃËÆÆ

ÛÈÌËÌÊËÌÉÃÁÆÎÌÀ¾ËËÌÁÌ ÍÎÌÈ¾Ð¾ ÏÐ¾ÉÆ Ê¾ÎÌÈ ��³¯«²¢ Æ ��³¯«²¢ �°± ���������w���� ��¡� Æ ��¡��

�°± ± ���������w��� Ï ÀÎÃÊÃËËÙÊ ÏÌÍÎÌÐÆÀÉÃËÆÃÊ Î¾ÅÎÙÀÑ ÂÌ ��� ª­¾� ÍÎÌÆÅÀÌÂÏÐÀÌ ÈÌÐÌÎÌÁÌ ÍÎÃ�

ÂÑÏÊÌÐÎÃËÌ ÐÃÓËÆÕÃÏÈÆÊÆ ÑÏÉÌÀÆÝÊÆ Ë¾ ÍÎÌÈ¾Ð ÂÉÝ ÊÌÏÐÌÏÐÎÌÃËÆÝ� ®¾ÅÎ¾¿ÌÐÕÆÈ¾ÊÆ ÝÀÉÝÜÐÏÝ �«­��

¬�¬ ��ÅÌÀÏÐ¾ÉÚ�� ±ÈÎ«¦¦¨ª �­ÎÌÊÃÐÃÇ� Æ ¦»¯ ÆÊ� £� ¬� ­¾ÐÌË¾�

«¾ÅË¾ÕÃËÆÃ Æ Ì¿É¾ÏÐÆ ÍÎÆÊÃËÃËÆÝ� ®¾ÏÏÊ¾ÐÎÆÀ¾ÃÊÙÃ ÏÐ¾ÉÆ ÍÎÃÂË¾ÅË¾ÕÃËÙ ÂÉÝ ÍÎÌÉÃÐËÙÓ ÏÐÎÌ�

ÃËÆÇ ÊÌÏÐÌÀ� ÌËÆ ÊÌÁÑÐ ¿ÙÐÚ ÆÏÍÌÉÚÅÌÀ¾ËÙ Æ ÂÉÝ ÂÎÑÁÆÓ Ì¿ØÃÈÐÌÀ ÏÐÎÌÆÐÃÉÚÏÐÀ¾ Æ ÍÎÌÊÙÖÉÃËËÌÏÐÆ

�ÐÃÉÃÀÆÅÆÌËËÙÃ ¿¾ÖËÆ� ÍÌÂÈÎ¾ËÌÀÙÃ ¿¾ÉÈÆ ÍÌÂ ÐÝÄÃÉÙÃ ÈÎ¾ËÙ� ÊÌÏÐÌÀÙÃ Æ ÈÌÅÉÌÀÙÃ ÈÎ¾ËÙ� ÈÎ¾ËÙ�

ÍÃÎÃÁÎÑÄ¾ÐÃÉÆ� ÐÝÄÃÉÙÃ Æ Ö¾Á¾Ü×ÆÃ ÛÈÏÈ¾À¾ÐÌÎÙ� ÍÌÂÀÆÄËÙÃ ÏÌÏÐ¾ÀÙ Æ Ð�Í���

¯ÌÏÐÌÝËÆÃ Æ ÑÎÌÀÃËÚ Î¾ÅÎ¾¿ÌÐÈÆ� ­ÎÌÈ¾Ð ÏÐ¾ÉÆ Ê¾ÎÌÈ ��¡��²¢ÍÏ� ��¡�¢� ��¡�¯¢ ÍÎÃÂÑÏÊÌÐÎÃË

ÏÐÎÌÆÐÃÉÚËÙÊÆ ËÌÎÊ¾ÊÆ Æ ÍÎ¾ÀÆÉ¾ÊÆ� ÃÁÌ� ¾ Ð¾ÈÄÃ ÏÐ¾ÉÆ Ê¾ÎÌÈ ��³¯«²¢� ��³¯«²¢� ��¡� Æ ��¡��

ËÃÌ¿ÓÌÂÆÊÌ ÀÈÉÜÕÆÐÚ À ÏÐ¾ËÂ¾ÎÐ Ë¾ ÍÎÌÈ¾Ð ÂÉÝ ÊÌÏÐÌÏÐÎÌÃËÆÝ�

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

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

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