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����&U�����0R DQG ����&U��0R VWHHOV �� :5& %XOOHWLQ�
Û����� Û ¢ �� Û 3� ����

�� vãºmÈ¯	�°¹¯Èmº�ÓÒ} ¹º °mÈ¯}Ë � �º� ¯Ë�� z� z� t¯ËÓºmÈ�
Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� 6DYDJH :� )�� 1LSSHV (� )�� 6]HNHUHV (� 6� $ VWXG\ RI
ZHOG LQWHUIDFH SKHQRPHQD LQ D ORZ DOOR\ VWHHO �� :HOGLQJ
-� Û ����� Û ¢ �� Û 3� ���Ü����

�� lÈ}È¯ºm w� �� tºãº�Ó©Ë �¯Ë�ÒÓ© ¹¯Ò °mÈ¯}Ë ãË�Ò¯ºmÈÓ�
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��� v�¯ºËÓÒË Ò °mº®°�mÈ ÏºÓ© °¹ãÈmãËÓÒ« °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ® °�ÈãÒ ��t�s��v� �w� ���� � {� �� v}�ã	°}Ò®�
z� k� ��ËÓ}º� j� Ð� iÏ©}ºmÒ� Ò �¯� �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� km�ºäÈ�Ò�Ë°}È« ªãË}�¯º���ºmÈ« °mÈ¯}È � �º� ¯Ë�� p� |�
�È�ºÓÈ� Û l�� zÒËm� lÈ��ÒÏ� ����� Û ��� °�

��� �Ë�¯ºm �� ��� ��äÈ¯Ëm k� v� �Ëº¯Ò« °mÈ¯º�Ó©² ¹¯º�Ë°�
°ºm� Û l�� {©°�� �}�� ����� Û ��� °�

��� vmÈ¯}È m äÈ�ÒÓº°�¯ºËÓÒÒ� v¹¯Èmº�ÓÒ}� { � �� � �º�
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��� �Ò�¯ÈmãÒ}È� �Ò�¯ºäÈ�ÒÓ© Ò �Ò�¯º¹¯Òmº�© � �� l� rÈ��
�È� v� v�� c��ÓËm r� r� sË}¯È°ºm Ò �¯� Û l�� lÈ�ÒÓº°��
¯ºËÓÒË� ����� Û ��� °�

��� zÈ°È�}ÒÓ r� v�� �¯º²º¯ºm {� l��  Ë¯�ºm j� l� sÈ¹¯«�
ÎËÓÒ« Ò �ËÁº¯äÈ�ÒÒ ¹¯Ò °mÈ¯}Ë� Û zÒËm� {Ò�È �}��
����� Û ��� °�

��� �È�}º s� n�� �È�}º�kmÈ}«Ó v� {� lË�ÈããºmË�ËÓÒË °mÈ¯�
}Ò� Û l�� lÈ��ÒÏ� ����� Û ��� °�

��� &RPSDULVRQ RI FUHHS EHKDYLRXU RI ����&U��0R��&U��0R
GLVVLPLODU ZHOG MRLQW ZLWK LWV EDVH DQG ZHOG PHWDOV �
.� /DKD� 6� /DWKD� .� %KDQX HW DO� �� 0DW� 6FL� DQG 7HFK�
Û ����� Û ��� ¢ ��� Û 3� ����Ü�����

��� | äË²ÈÓÒÏäË Áº¯äÒ¯ºmÈÓÒ« �¯ÈÓÒ� È�°�ËÓÒ�Ó©² ÏË¯ËÓ m
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��� �º�Èã	°}Ò® �� s� vmÈ¯}È ¯ÈÏÓº¯º�Ó©² °�ÈãË®� Û zÒËm�
�Ë²Ó�}È� ����� Û ��� °�

��� /LSSROG -� &�� 6DYDJH :� )� 6ROLGLILFDWLRQ RI DXVWHQLWLF
VWDLQOHVV VWHHO ZHOGPHQWV� 3W� ,�$� 3URSRVHG 0HFKDQLVP ��
:HOGLQJ -� Û ����� Û ¢ ��� Û 3� ���Ü����

��� $UDWD <�� 0DWVXGD )�� .DWD\DPD 6� 6ROLGLILFDWLRQ FUDFN
VXVFHSWLELOLW\ LQ ZHOG PHWDOV RI IXOO\ DXVWHQLWLF VWDLQOHVV VWH�
HOV �UHSRUW ,�� )XQGDPHQWDO LQYHVWLJDWLRQ RQ VLOLGLILFDWLRQ
EHKDYLRU RI IXOO\ DXVWHQLWLF DQG GXSOH[ PLFURVWUXFWXUHV DQG
HIIHFW RI IHUULWH RQ PLFURVHJUHJDWLRQ �� 7UDQV� -:5,� Û
����� Û �� ¢ �� Û 3� ���Ü����

��� )UDFWRJUDSKLF LQYHVWLJDWLRQ RQ VROLGLILFDWLRQ FUDFN LQ WKH YD�
UHVWUDLQW WHVW RI IXOO\ DXVWHQLWLF VWDLQOHVV VWHHO � )� 0DWVX�
GD� +� 1DNDJDYD� 6� 2JDWD� 6� .DWD\DPD �� 7UDQV� -:5,�
Û ����� Û �� ¢ �� Û 3� ��Ü���
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l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� �Ò²È�Ëm {� k�� l©�ã«Ëm l� l�� vËÓ	}ºm |� s� | ¯ºãÒ
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¯ÈÏºmÈÓÒ« °¹Ë�ÒÈã	Ó©² }È¯Ò�ºm m °�Èã«²� ãË�Ò¯ºmÈÓ�
Ó©² &U� 0R� 9 �� �Èä ÎË� Û ����� Û ��� m©¹� �� Û
v� ��Ü����

��� �¯º²º¯ºm s� s� nÒÏÒ�Ë°}ÒË ¹¯º�Ë°°© m äË�ÈããÈ² ¹¯Ò °mÈ¯�
}Ë� �� �� {Ó��¯ËÓÓÒË ÓÈ¹¯«ÎËÓÒ«� �ËÁº¯äÈ�ÒÒ Ò ÁÈÏºm©Ë
¹¯Ëm¯È�ËÓÒ«� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� �Ë�¯ºm �� ��� ~ËäÏÒÓ {� s�� �ºÓ°Ë¯ºm°}Ò® n� �� vmÈ¯}È
ÎÈ¯º¹¯º�Ó©² ÓË¯ÎÈmË
�Ò² °�ÈãË®� Û l�� lÈ��ÒÏ� �����
Û ��� °�

��� *QLUE *� :HOGLQJ DQG KHDW�WUHDWPHQW RI MRLQWV PDGH RI GLV�
VLPLODU PDWHULDOV �� :HOGLQJ LQ WKH :RUOG� Û ����� Û
��� Û 3� ��Ü���

��� %HUJTXLVW (��/� &RQVXPDEOHV DQG ZHOGLQJ PRGLILHG �&U��0R
VWHHO �� 6YHWVDUHQ� Û����� Û ��� ¢ ���� Û 3� ��Ü���

��� &UHHS OLIH PDQDJHPHQW RI WKLFN�ZDOO KLJK WHPSHUDWXUH FRP�
SRQHQW ZHOGV LQ IRVVLO SRZHU ERLOHUV � 1� 1LVKLPXUD�
.� ,ZDPRWR� 0� <DPDXFKL HW DO� Û 6� O�� >����@� Û � S�
Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF� ;,���������

,W LV VKRZQ WKDW D FRDUVH�FU\VWDOOLQH VWUXFWXUH PD\ EH IRUPHG LQ D UHJLRQ EHWZHHQ WKH ZHOG DQG +$= LQ IXVLRQ ZHOGLQJ RI

KLJK�FKURPLXP PDUWHQVLWLF VWHHOV �RI WKH 5�� W\SH�� 7KLV VWUXFWXUH LV D IXVLRQ ]RQH� ZKHUHLQ WKH EDVH PHWDO JUDLQV XQGHUJR
D GLIIHUHQW GHJUHH RIPHOWLQJ� 6HJUHJDWLRQ DQG GLIIXVLRQ UHGLVWULEXWLRQ RI FDUERQPD\ OHDG WR IRUPDWLRQ RI D UHODWLYHO\ GHFDUEXULVHG

IHUULWLF SKDVH �δ�IHUULWH� ZLWKLQ WKH IXVLRQ ]RQH� $OVR� WKLV ]RQH LV FKDUDFWHULVHG E\ IRUPDWLRQ RI WKH FRDUVH JUDLQV RI SULPDU\

DXVWHQLWH� ,W LV VKRZQ WKDW PHWDO LQ WKH +$= LQ D WHPSHULQJ UHJLRQ ORFDWHG EHKLQG WKH SKDVH UHFU\VWDOOLVDWLRQ UHJLRQ ORVHV
VWUHQJWK�
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