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äº�Ëã	Óº® ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ ° ��� � & m ÏÈmÒ°Òäº°�Ò º�
äÈ}°ÒäÈã	Óº® �Ëä¹Ë¯È��¯© ÓÈ�¯ËmÈ� �Û 7PD[  ���� �Û �����
� Û ���� Åv

cÒ°� �� {ãÒ«ÓÒË ÓÈ�Èã	Óº® }ºÓ�ËÓ�¯È�ÒÒ ��ãË¯º�È ÓÈ °�mÒ� }¯Ò�
m©² ¹¯Ëm¯È�ËÓÒ« ¹¯Ò ÒÏäËÓËÓÒÒ äÈ}°ÒäÈã	Óº® �Ëä¹Ë¯È��¯©
ÓÈ�¯ËmÈ º� ���� �º ��� Åv� � Û &LQLW  ���� � Û ���� � Û ��� �

������ ��



°mÒ�Ë�Ëã	°�m�Ë� º ÓÈãÒ�ÒÒ ¹Ë¯Ë²º�È º� äÈ¯�ËÓ�
°Ò�Óº® } Ë®ÓÒ�Óº® äÒ}¯º°�¯�}��¯Ë ¹º äË¯Ë ��È�
ãËÓÒ« º� ãÒÓÒÒ °¹ãÈmãËÓÒ«� ��º ¹º��mË¯Î�ÈË�°«
¯ËÏ�ã	�È�ÈäÒ äË�Èããº�¯ÈÁÒ�Ë°}º�º ÈÓÈãÒÏÈ
�¯Ò°� �� ���

v ¹ºäº�	
 �Ë¯äºäË²ÈÓÒ�Ë°}º�º äº�ËãÒ¯ºmÈ�
ÓÒ« ÓÈ �°�ÈÓºm}Ë ½*/((%/( ����� ¹��Ëä �ÒãÈ�
�ºäË�¯Ò�Ë°}º�º Ò äË�Èããº�¯ÈÁÒ�Ë°}º�º ÈÓÈãÒÏÈ º�
¯ÈÏ�ºm ¹ºã��ËÓ© }¯Òm©Ë ÈÓÒÏº�Ë¯äÒ�Ë°}Ò² ¹¯Ëm�
¯È�ËÓÒ® �ã« �°ãºmÒ®�ÒäÒ�Ò¯�
�Ò² �°ãºmÒ« �Ë¯�
äÒ�Ë°}º�º �Ò}ãÈ ¹¯Ò ã��Ëmº® °mÈ¯}Ë� sÈ ¯Ò°� ��

¹¯Ë�°�ÈmãËÓ© }¯Òm©Ë ¹¯Ëm¯È�ËÓÒ«� °ºº�mË�°�m�
�
�ÒË �¯Ëä ¯ÈÏãÒ�Ó©ä äÈ}°ÒäÈã	Ó©ä �Ëä¹Ë¯È��¯Èä
ÓÈ�¯ËmÈ� sÈã
�ÈËäÈ« �ËÓ�ËÓ�Ò« °�mÒ�È }¯Òm©²
¹º��mË¯Î�ËÓÈ ª}°¹Ë¯ÒäËÓ�Èã	Óº� sË}º�º¯ºË ¯È°�
²ºÎ�ËÓÒË äËÎ�� ¯ËÏ�ã	�È�ÈäÒ ª}°¹Ë¯ÒäËÓ�ºm Ò
¹ºã��ËÓÓ©äÒ ¯È°�Ë�Ó©ä ¹��Ëä º�«°Ó«Ë�°« ºãËË
°ãºÎÓ©ä ²ÒäÒ�Ë°}Òä °º°�Èmºä ¯ËÈã	Óº® °�ÈãÒ Ò
mãÒ«ÓÒËä äÈ¯�ÈÓ�È� È �È}ÎË �¯��Ò² ãË�Ò¯�
�Ò²
ªãËäËÓ�ºm �¹º°ãË�ÓËË m ÓÈ°�º«�Ë® ¯Èº�Ë ÓË ¯È°�
°äÈ�¯ÒmÈãº°	��

jÏ ÒÏãºÎËÓÓº�º m©�Ë °ãË��Ë����º ¯ÈÏ¯Èº�ÈÓ�
ÓÈ« äÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	� º°ÓºmÈÓÓÈ« ÓÈ ¯Ë�Ë�
ÓÒÒ ÏÈ�È� �ÒÁÁ�ÏÒÒ Ò }ÒÓË�Ò}Ò ²ÒäÒ�Ë°}º® ¯Ë�
È}�ÒÒ ° ��Ë�ºä mÏÈÒäÓº�º mãÒ«ÓÒ« m}ã
�ËÓÒ®�
¹ºÏmºã«Ë� º¹Ò°È�	 ¹¯º�Ë°°© ¯º°�È �ËäËÓ�Ò�È Ò ¹Ë�

¯Ë¯È°¹¯Ë�ËãËÓÒ« ��ãË¯º�È m α�ÁÈÏË� cÈ°�Ë�Ó©Ë
¯ÈÏäË¯© �ËäËÓ�Ò�Ó©² m}ã
�ËÓÒ® °ºº�mË�°�m�
�
ª}°¹Ë¯ÒäËÓ�Èã	Ó©ä�

v ¹ºäº�	
 ¯ÈÏ¯Èº�ÈÓÓº® äº�ËãÒ äºÎÓº ¹º�
ã��Ò�	 ¹È¯ÈäË�¯Ò�Ë°}ºË º¹Ò°ÈÓÒË }¯Òm©² ÒÏº� Ò
ÈÓÒÏº�Ë¯äÒ�Ë°}º�º ¹¯Ëm¯È�ËÓÒ®� �¯Ë�ãÈ�ÈËäÈ«
äº�Ëã	�º°ÓºmÈÓÓÈ« ÓÈ ÓËºã	�ºä }ºãÒ�Ë°�mË ÁÒ�
ÏÒ�Ë°}Ò ÒÓ�Ë¯¹¯Ë�Ò¯�Ëä©² ¹È¯ÈäË�¯ºm� ¹ºÏmº�
ã«Ë� ��Ë°�	 mãÒ«ÓÒË ÓÈ�Èã	Óº® °�¯�}��¯© äÈ�Ë�
¯ÒÈãÈ Ò ¹È¯ÈäË�¯ºm °mÈ¯º�Óº�º �Ë¯äÒ�Ë°}º�º �Ò}�
ãÈ ÓÈ ¹ºmË�ËÓÒË }¯Òm©² ¹¯Ëm¯È�ËÓÒ«� j°¹ºã	Ïº�
mÈÓÒË ¯ÈÏ¯Èº�ÈÓÓº�º äË�º�È °ºmäË°�Óº ° �ÒÈ�¯Èä�
äÈäÒ ¹¯Ëm¯È�ËÓÒ®� ¹ºã��ËÓÓ©äÒ ª}°¹Ë¯ÒäËÓ�
�Èã	Ó©ä ¹��Ëä� ¯È°�Ò¯«Ë� mºÏäºÎÓº°�Ò ÈÓÈãÒÏÈ
äÒ}¯º°�¯�}��¯© Ò °mº®°�m äË�ÈããÈ °mÈ¯Óº�º °ºË�
�ÒÓËÓÒ«�

km�º¯© m©¯ÈÎÈ
� ãÈ�º�È¯Óº°�	 ')* Ò
cnnj ÏÈ ÁÒÓÈÓ°ºm�
 ¹º��Ë¯Î}� ��¯ÈÓ� ������
������ssj|BÈ�� È �È}ÎË k� bÈ¯ÁÁ �6/9�cº°�
�º}� ÏÈ ¹¯Ë�º°�ÈmãËÓÓ©Ë ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë ¯Ë�
Ï�ã	�È�©�

�� $WODV RI WLPH�WHPSHUDWXUH GLDJUDPV IRU LURQV DQG VWHHOV �
(G� 9DQGHU 9RRUW *� )� Û 0DWHULDOV 3DUN� 86$� $60 ,Q�
WHUQDWLRQDO� ����� Û ��� S�

�� 6H\IIDUWK 3�� 0H\HU %�� 6FKDUII $� *URβHU $WODV 6FKZHLE�=78�
6FKDXELOGHU� Û 'XVVHOGRUI� '96�9HUODJ� ����� Û ��� 6�

cÒ°� �� lÈ}¯º�ãÒÁ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« �È�� ¹ºã��ËÓÓº�º ª}°¹Ë¯ÒäËÓ�Èã	Óº / Ò ¯ËÏ�ã	�È�© äº�ËãÒ¯ºmÈÓÒ« ��� /Û ¯È°°�º«ÓÒË
º� º°Ò °mÈ¯Óº�º �mÈ

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË äÒ}¯º�mË¯�º°�Ò +9 ��� Ò äÈ}°ÒäÈã	Óº®
�Ëä¹Ë¯È��¯© ÓÈ�¯ËmÈ ��� ¹º äË¯Ë ��ÈãËÓÒ« ÓÈ ¯È°°�º«ÓÒË /

cÒ°� ��� z¯Òm©Ë ÈÓÒÏº�Ë¯äÒ�Ë°}º�º ¹¯Ëm¯È�ËÓÒ«� ¹ºã��ËÓÓ©Ë
�ã« °�ÈãÒ 6���4/ ª}°¹Ë¯ÒäËÓ�Èã	Ó©ä ¹��Ëä ¹¯Ò 7PD[  ����
���� ���� ��� Ò ��� Åv ���

�� ������



�� 6WDOH\ -� 7� 4XHQFK IDFWRU DQDO\VLV RI DOXPLQLXP DOOR\V ��
0DWHU� 6FL� DQG 7HFKQRO� Û ����� Û ¢ �� Û 3� ���Ü����

�� 'LOWKH\ 8�� 7UXEH 6W� 6FKZHLVVWHFKQLVKH )HUWLJXQJVYHUIDK�
UHQ� Û 'XHVVHOGRUI� 9',�9HUODJ� ����� Û ��� 6�

�� 0DWVXGD +�� {KDGHVKLD +� .�� '� +� $YUDPL� 7KHRU\ IRU
WUDQVIRUPDWLRQ IURP QRQ�XQLIRUP DXVWHQLWH JUDLQ VWUXFWXUHV
�� 0DWHU� 6FL� DQG 7HFKQRO� Û ����� Û ¢ ��� Û
3� ����Ü�����

�� *URQJ 2� 0HWDOOXUJLFDO PRGHOOLQJ RI ZHOGLQJ� Û &DPEULG�
JH� 7KH ,QVWLWXWH RI 0DWHULDOV� ����� Û ��� S�

�� &DKQ -� :� 7KH NLQHWLF RI WKH JUDLQ ERXQGDU\ QXFOHDWLRQ UHDF�
WLRQV �� $FWD 0HWDOOXUJ� Û ����� Û ¢ �� Û 3� ���Ü����

�� /LIVKLW] ,� 0�� 6O\R]RY 9� 9� 7KH NLQHWLFV RI SUHFLSLWDWLRQ
IURP VXSHUVDWXUDWHG VROLG VROXWLRQV �� -� 3K\V� DQG &KHP�
6RO� Û ����� Û ¢ ��� Û 3� ��Ü���

�� :DJQHU &� 7KHRULH GHU $OWHUXQJ YRQ 1LHGHUVFKODJHQ GXUFK
8PORVHQ �� =� (OHNWURFKHPLH� Û ����� Û ¢ ��� Û
6� ���Ü����

��� �
ºm r� Ð� zÒÓË�Ò�Ë°}È« �Ëº¯Ò« ÁÈÏºm©² ¹¯Ëm¯È�ËÓÒ®�
Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� 7KHRUHWLFDO LQYHVWLJDWLRQ DQG PRGHOOLQJ RI LQWHUPHWDOOLF LQ�
FOXVLRQV IRUPDWLRQ LQ ODVHU WUHDWPHQW RI $OÜ0J DOOR\V �
9� /RSRWD� *� 7XULFKLQ� (� 9DOGDLWVHYD HW DO� �� 63,(
3URF� Û ����� Û ����� Û 3� ���Ü����

��� �¯º²º¯ºm s� s� nÒÏÒ�Ë°}ÒË ¹¯º�Ë°°© m äË�ÈããÈ² ¹¯Ò
°mÈ¯}Ë� Û l�� lË�Èãã�¯�Ò«� ����� Û �� �� Û ��� °�

��� �Ò²ºÓºm k� s�� vÈäÈ¯°}Ò® k� k� �¯ÈmÓËÓÒ« äÈ�ËäÈ�Ò�Ë°�
}º® ÁÒÏÒ}Ò� Û l�� sÈ�}È� ����� Û ��� °�

��� (%6,0 D VLPXODWLRQ WRRO IRU HOHFWURQ EHDP ZHOGLQJ �
8� 'LOWKH\� 6W� %RKP� 7� :HOWHUV HW DO� �� &,6)(/����
7RXORQ� )UDQFH� ��Ü�� -XQH� ����� Û 3DULV� ,QVWLWXW GH 6R�
XGXUH� ����� Û 3� ��Ü���

��� �äÈÓ°}Ò® Ð� v�� v}È}ºm �� k� nÒÏÒ}È äË�Èããºm� Û l��
k�ºäÒÏ�È�� ����� Û ��� °�

��� $GLO *� .�� %KROH 6� '� +$= KDUGQHVV DQG PLFURVWUXFWXUH
SUHGLFWLRQV LQ DUF ZHOGHG VWHHOV �� &DQ� 0HW� 4XDUW� Û
����� Û ¢ ��� Û 3� ���Ü����

3DUDPHWULF GHVFULSWLRQ RI 777� DQG &&7�GLDJUDPV KDV EHHQ GHYHORSHG RQ WKH EDVLV RI WKH UHVXOWV RI JURZWK RI FHPHQWLWH
LQFOXVLRQV DQG UHGLVWULEXWLRQ RI FDUERQ LQ WKH IHUULWLF SKDVH XQGHU QRQ�HTXLOLEULXP FRQGLWLRQV IRU ZHOGLQJ RI VWHHOV DW KLJK

FRROLQJ UDWHV� 7KH PRGHO KDV EHHQ GHYHORSHG WR HVWLPDWH WKH HIIHFW RI LQLWLDO VWUXFWXUH RI D PDWHULDO DQG SDUDPHWHUV RI WKH
WKHUPDO F\FOHV RQ WKH WUDQVIRUPDWLRQ GLDJUDPV�

IhklmibeZ \ j_^Zdpbx ����������
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«¾ÍÎ¾ÀÉÃËÆÝ Î¾¿ÌÐÙ�

• ÍÎÌ¿ÉÃÊÙ ÈÌÎÎÌÅÆÆ ÏÀ¾ÎËÙÓ ÆÅÂÃÉÆÇ

• ÌÁÎ¾ËÆÕÃËÆÝ ÍÎÆ ÍÎÌÆÅÀÌÂÏÐÀÃ

• ÀÉÆÝËÆÃÌÈÎÑÄ¾Ü×ÃÇÏÎÃÂÙË¾ÂÃÒÃÈÐÙ

• ÆÂÃËÐÆÒÆÈ¾ÔÆÝ Î¾ÅÊÃÎÌÀ Æ ÍÌÉÌÄÃËÆÝ

ÂÃÒÃÈÐÌÀ

• ÌÔÃËÈ¾ ¿ÃÅÌÍ¾ÏËÌÏÐÆ Î¾¿ÌÐ�
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