
�äËÓ	�ËÓÒË °º�Ë¯ÎÈÓÒ« �}ÈÏÈÓÓ©² ªãËäËÓ�ºm m
ãº}Èã	Ó©² ÏºÓÈ² ¹¯Òmº�Ò� } ¯È°�mº¯ËÓÒ
 γ′�ÁÈÏ©
Ò ¯ÈÏ�¹¯º�ÓËÓÒ
 äË�ÈããÈ� ��º ¹º��mË¯Î�ÈË�°« äË�
�Èããº�¯ÈÁÒ�Ë°}Ò� È �È}ÎË ÒÏäË¯ËÓÒËä äÒ}¯º�mË¯�
�º°�Ò� { ¯ËÏ�ã	�È�Ë º­¯ÈÏ�Ë�°« ¯ÈÏ�¹¯º�ÓËÓÓÈ«
¹º�¯ÈÓÒ�ÓÈ« ÏºÓÈ� m }º�º¯º® ¹º� �Ë®°�mÒËä ª}°�
¹ã�È�È�ÒºÓÓ©² ÓÈ�¯�Ïº} m ÏºÓË ¯ÈÏ�¹¯º�ÓËÓÒ« mºÏ�
ÓÒ}ÈË� ãº}Èã	ÓÈ« �¯Ë�ÒÓÈ� �¯º�Ë°° ¹Ë¯Òº�Ò�Ë°}Ò
¹ºm�º¯«Ë�°«� ¹¯Òmº�« } º­¯ÈÏºmÈÓÒ
 äÈ}¯º�¯Ë�Ò�
Ó©� {©°º}º�Ëä¹Ë¯È��¯ÓºË }º¯¯ºÏÒºÓÓºË mºÏ�Ë®°�
�mÒË ÓÈ ¹ºmË¯²Óº°�	 ãº¹È�º} ÏÓÈ�Ò�Ëã	Óº �äËÓ	�È�
Ë�°« ­ãÈ�º�È¯« ªÁÁË}�ÒmÓ©ä ÏÈ�Ò�Ó©ä ¹º}¯©�Ò«ä�
��º ¹ºÏmºã«Ë� �mËãÒ�Ò�	 °¯º} ª}°¹ã�È�È�ÒÒ ªÓË¯�
�Ë�Ò�Ë°}º�º º­º¯��ºmÈÓÒ« m ÓË°}ºã	}º ¯ÈÏ�

{ ÏÈ}ã
�ËÓÒË äºÎÓº º�äË�Ò�	� ��º �Ë�ÈãÒ ÒÏ
ÓÒ}ËãËm©² ÎÈ¯º¹¯º�Ó©² °¹ãÈmºm ° γ′��¹¯º�ÓËÓÒËä
m ¹¯º�Ë°°Ë ª}°¹ã�È�È�ÒÒ ¹º�mË¯ÎËÓ© m©°º}º�Ëä�
¹Ë¯È��¯Óºä� ÒÏ­Ò¯È�Ëã	Óºä� äËÎ}¯Ò°�ÈããÒ�Óºä�
}º¯¯ºÏÒºÓÓºä� ¯ÈÏ¯��ËÓÒ
� |°ÓºmÓ©ä äË²ÈÓÒÏ�

äºä ¹º°ãË�ÓË�º «mã«Ë�°« mÏÈÒäº�Ë®°�mÒË }Ò°ãº¯º�
�È �ÈÏºmº® °¯Ë�© ° Èã
äÒÓÒËä Ò �Ò�ÈÓºä� }º�º¯©Ë
ÒäË
�� ° º�Óº® °�º¯ºÓ©� m©°º}ºË °¯º�°�mº } }Ò°�
ãº¯º��� ° �¯��º®� «mã«
�°« ªãËäËÓ�ÈäÒ��¹¯º�ÓÒ�
�Ëã«äÒ äË�ÈããÈ ­ãÈ�º�È¯« º­¯ÈÏºmÈÓÒ
 �¹¯º�Ó«�

�Ë® γ′�ÁÈÏ©� |­¯ÈÏºmÈÓÒË º}°Ò�ºm �}ÈÏÈÓÓ©²
ªãËäËÓ�ºm ¹¯ËÒä��Ë°�mËÓÓº ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ
¹¯Òmº�Ò� } º­Ë�ÓËÓÒ
 ÒäÒ ¹¯Ò¹ºmË¯²Óº°�Ó©² °ãº�
Ëm Ò ¯ÈÏ�¹¯º�ÓËÓÒ
 äË�ÈããÈ� ��º °¹º°º­°�m�Ë� ãº�
}Èã	Óºä� ¹¯º�mÒÎËÓÒ
 �¯Ë�ÒÓ© ¹º �¯ÈÓÒ�Èä
ÏË¯ËÓ� �¯º�Ë°° äÓº�º}¯È�Óº ¹ºm�º¯«Ë�°«� ¹¯Òmº�«
m Ò�º�Ë } äÈ}¯º¯ÈÏ¯��ËÓÒ
�

�� �°�Èãº°�	 ÎÈ¯º¹¯º�Ó©² °¹ãÈmºm Ò ¯È­º�Ò² ãº¹È�º} ��i
� r� k� �¯«ÏÓºm� v� v� �º¯º�Ë�}Ò®� �� v� sÈãÒäºm Ò �¯�
Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� .HLML 6�� -XNLR 7� &UDFNLQJ E\ HOHYDWHG WHPSHWDWXUH HPEULW�
WOHPHQW LQ WKH +$= RI DOOR\ ���+ �� 7UDQV� RI WKH -DS�
:HOG� 6RF� Û ����� Û ��� ¢ �� Û 3� ��Ü���

7KH FKDUDFWHU RI JDV FRUURVLRQ RI SRZHU SODQW EODGHV PDGH IURP QLFNHO DOOR\V ,QFRQHO ��� KDV EHHQ VWXGLHG� ,W LV VKRZQ
WKDW UHGLVWULEXWLRQ RI DOOR\LQJ HOHPHQWV RFFXUV LQ D QDUURZ ]RQH DGMRLQLQJ WKH FUDFN VXUIDFH� (YDOXDWLRQ RI PLFURKDUGQHVV
VKRZHG WKH ORVV RI VWUHQJWK WDNLQJ SODFH LQ WKLV ]RQH�

IhklmibeZ \ j_^Zdpbx ����������
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  Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ ÑÏÌÀÃÎÖÃËÏÐÀÌÀ¾ËÆÃ ÂÀÆÁ¾ÐÃÉÃÇ ÀËÑÐÎÃËËÃÁÌ ÏÁÌÎ¾ËÆÝ� À Õ¾ÏÐËÌÏÐÆ� ÂÆÅÃÉÃÇ�

ÆÂÃÐ À Ë¾ÍÎ¾ÀÉÃËÆÆ ÍÌÀÙÖÃËÆÝ ÆÓ ÊÌ×ËÌÏÐÆ� ÏËÆÄÃËÆÝÊÃÐ¾ÉÉÌÃÊÈÌÏÐÆ Æ ÑÀÃÉÆÕÃËÆÝ ÂÌÉÁÌÀÃÕËÌÏÐÆ�

  ÛÐÌÇ ÏÀÝÅÆ ÌÏÌ¿ÌÃ ÅË¾ÕÃËÆÃ ÍÎÆÌ¿ÎÃÐ¾ÜÐ ÍÎÌ¿ÉÃÊÙ ÑÀÃÉÆÕÃËÆÝ ÏÎÌÈ¾ ÏÉÑÄ¿Ù ÍÌÎÖËÃÇ� ÍÌÏÈÌÉÚÈÑ

Ï ÍÌÀÙÖÃËÆÃÊ ÊÌ×ËÌÏÐÆ ÂÀÆÁ¾ÐÃÉÃÇ ÏÑ×ÃÏÐÀÃËËÌ ÀÌÅÎ¾ÏÐ¾ÜÐ ÐÃÍÉÌÀÙÃ Æ ÂÆË¾ÊÆÕÃÏÈÆÃ Ë¾ÁÎÑÅÈÆ

Ë¾ ÍÌÎÖÃËÚ�

¢ÉÝ ÍÌÀÙÖÃËÆÝ ÆÅËÌÏÌÏÐÌÇÈÌÏÐÆ Æ ÏÎÌÈ¾

ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ¾ÉÜÊÆËÆÃÀÙÓ ÍÌÎÖËÃÇ Î¾ÅÎ¾�

¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ ÆÅËÌÏÌÏÐÌÇÈÌÇ ÑÍÎÌÕËÝÜ�

×ÃÇ Ë¾ÍÉ¾ÀÈÆ ÍÌÎÖËÃÇ À ÅÌËÃ ÀÃÎÓËÃÇ ÈÌÊÍ�

ÎÃÏÏÆÌËËÌÇ È¾Ë¾ÀÈÆ Ï ÆÏÍÌÉÚÅÌÀ¾ËÆÃÊ ÉÃÁÆ�

ÎÑÜ×ÆÓ ÍÎÆÏ¾ÂÌÈ Æ ÀÙÏÌÈÌÈÌËÔÃËÐÎÆÎÌÀ¾Ë�

ËÌÁÌ Ë¾ÁÎÃÀ¾ ÛÉÃÈÐÎÌËËÙÊ ÍÑÕÈÌÊ�

­ÎÆÊÃËÃËÆÃ ÉÃÁÆÎÑÜ×ÃÁÌ Ê¾ÐÃÎÆ¾É¾

Â¾ÃÐ ÀÌÅÊÌÄËÌÏÐÚ ÍÌÉÑÕÆÐÚ ËÃÌ¿ÓÌÂÆÊÑÜ

ÐÀÃÎÂÌÏÐÚ ÅÌËÙ ÑÍÎÌÕËÃËÆÝ À ÍÎÃÂÃÉ¾Ó « 

���������� ¡ÌÎÝÕ¾Ý ÐÀÃÎÂÌÏÐÚ ÑÍÎÌÕËÃËËÌÁÌ

ÏÉÌÝ À ÆËÐÃÎÀ¾ÉÃ ÐÃÊÍÃÎ¾ÐÑÎ ��������� �¯ À

����� Î¾Å¾ ÀÙÖÃ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÌÏËÌÀËÙÊ ÊÃ�

Ð¾ÉÉÌÊ ÍÌÎÖËÝ�

®¾ÅÎ¾¿ÌÐ¾ËË¾Ý ÐÃÓËÌÉÌÁÆÝ ÑÍÎÌÕËÃËÆÝ

ÍÌÎÖËÃÇ ÍÌÅÀÌÉÝÃÐ ÌÐÈ¾Å¾ÐÚÏÝ ÌÐ ËÆÎÃÅÆÏÐÌÀÌÇ ÀÏÐ¾ÀÈÆ Æ ÍÌÀÙÏÆÐÚ ÊÌÐÌÎÃÏÑÎÏ ÍÌÎÖËÃÀÌÇ ÁÎÑÍÍÙ

ÂÀÆÁ¾ÐÃÉÃÇ À ������� Î¾Å¾�

­ÎÃÂÉÌÄÃËÆÝ ÍÌ ÏÌÐÎÑÂËÆÕÃÏÐÀÑ� Î¾ÅÎ¾¿ÌÐÈ¾ ÐÃÓËÆÕÃÏÈÌÇ ÂÌÈÑÊÃËÐ¾ÔÆÆ� ÍÃÎÃÂ¾Õ¾ �ËÌÑ�Ó¾Ñ� ÍÌ

ÐÃÓËÌÉÌÁÆÆ� ÐÃÓËÆÕÃÏÈÆÃ ÈÌËÏÑÉÚÐ¾ÔÆÆÆÆËÄÃËÃÎËÙÃÑÏÉÑÁÆÍÎÆÌÏÀÌÃËÆÆ ÐÃÓËÌÉÌÁÆÆÀÍÎÌÆÅÀÌÂÏÐÀÃ�

kÏÓÔÊÔÕÔ ßÍÇÌÔÒÐÓÄÂÒÌÊ ÊÎ� h� q� rÂÔÐÏÂ pcp vÌÒÂÊÏÝ
������ vÌÒÂÊÏÂ� mÊÇÄ����� ÕÍ� dÐÈÇÏÌÐ� ��� ÐÔÆ� ¾ �

uÇÍ�� ������
 ��� �� ��� ÖÂÌÓ� ������
 ��� �� ��� ��� �� ��

�� ������



��� zmÈ°ÓÒ�}Ò® {� n� vmÈ¯}È Ò ¹È®}È ÎÈ¯º¹¯º�Ó©² °¹ãÈmºm m
°��º°�¯ºËÓÒÒ �� �Èä ÎË� Û ����� Û ¢ ��� Û v� ��Ü���

��� nÒãÈ�ºmÈ l� k� {ãÒ«ÓÒË �Ë¯äÒ�Ë°}º® º­¯È­º�}Ò ÓÈ
°�¯�}��¯� Ò °mº®°�mÈ ÎÈ¯º¹¯º�Ó©² ÓÒ}ËãËm©² °¹ãÈmºm
�� lË�ÈããºmË�ËÓÒË Ò �Ë¯ä� º­¯È­º�}È äË�Èããºm� Û �����
Û ¢ �� Û v� ��Ü���

��� vº¯º}ÒÓ �� j�� rÈ��È°È¯ºm �� v�� ��¹Ò}ÒÓ {� j� v¯Èm�
ÓÒ�Ëã	ÓÈ« º�ËÓ}È ¹¯Ò°È�º�Ó©² ¹¯ºmºãº} �ã« È¯�ºÓº���º�
mº® °mÈ¯}Ò ÎÈ¯º¹¯º�Ó©² °¹ãÈmºm �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ ��� Û v� ��Ü���

��� +DDINHQV 0� +�� 0DWWKH\ -� +� *� $ QHZ DSSURDFK WR WKH
ZHOGDELOLW\ RI QLFNHO�EDVH DV�FDVW DQG SRZGHU PHWDOOXUJ\ VX�
SHUDOOR\V �� :HOGLQJ -� Û ����� Û 1RY� Û 3� ��Ü���

��� -DKQNH %� +LJK�WHPSHUDWXUH HOHFWURQ EHDP ZHOGLQJ RI WKH
QLFNHO�EDVH VXSHUDOOR\ ,1����/& �� ,ELG� Û 3� ���Ü����

��� ,PSURYLQJ WKH ZHOGDELOLW\ RI 1L�EDVH VXSHUDOOR\V ���& �
$� .RUHQ� 0� 5RPDQ� ,� :HLVVKDXV� $� .DXIPDQ �� ,ELG�
Û ����� Û 1RY� Û 3� ���Ü����

&DXVHV RI KRW FUDFNLQJ RI WKH ZHOG PHWDO LQ IXVLRQ ZHOGLQJ RI KLJK�DOOR\ KHDW�KDUGHQDEOH QLFNHO�EDVH DOOR\V KDYH EHHQ DQDO\VHG�

,W LV VKRZQ WKDW UHFRPPHQGDWLRQV DYDLODEOH LQ OLWHUDWXUH RQ HOLPLQDWLRQ RI FUDFNV DUH DSSOLFDEOH RQO\ IRU DOOR\V ZLWK D ORZ

FRQWHQW RI WKH γ′�SKDVH� :D\V RI VROYLQJ WKLV SUREOHP IRU DOOR\V ZLWK D KLJK FRQWHQW RI DOXPLQLXP DQG WLWDQLXP DUH QRWHG�

IhklmibeZ \ j_^Zdpbx �����������
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®¾ÅÎ¾¿ÌÐ¾Ë¾ ÛÈÌÉÌÁÆÕÃÏÈÆ ÕÆÏÐ¾Ý ¿ÃÅÌÐÓÌÂË¾Ý ÐÃÓËÌÉÌÁÆÝ ÆÅÁÌÐÌÀÉÃËÆÝ ÀÙÏÌÈÌÛÒ�

ÒÃÈÐÆÀËÙÓ ÐÃÍÉÌÌ¿ÊÃËËÙÓ ¾ÍÍ¾Î¾ÐÌÀ ÆÅ ¾ÉÜÊÆËÆÝ Æ ÃÁÌ ÏÍÉ¾ÀÌÀ� »ÐÌ ÍÌÅÀÌÉÝÃÐ ÑÊÃËÚÖÆÐÚ

À ����� Î¾Å¾ ÀÃÏÌÀÙÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ Î¾ÂÆ¾ÐÌÎÌÀ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï Ì¿ÙÕËÙÊÆ ÆÅ ÊÃÂÆ ÆÉÆ

É¾ÐÑËÆ� ÑÉÑÕÖÆÐÚ Ë¾ ������� � ÆÓ ÐÃÍÉÌÐÃÓËÆÕÃÏÈÆÃ ÍÌÈ¾Å¾ÐÃÉÆ� ¦ÏÍÌÉÚÅÌÀ¾ËÆÃ ÛÉÃÈÐÎÌË�

ËÌ�ÉÑÕÃÀÌÇ ÏÀ¾ÎÈÆ ÍÎÆ ÏÌÃÂÆËÃËÆÆ ÌÎÃ¿ÎÃËËÙÓ ÐÎÑ¿Õ¾ÐÙÓ ÛÉÃÊÃËÐÌÀ Ï ÐÎÑ¿ËÌÇ ÂÌÏÈÌÇ

Ì¿ÃÏÍÃÕÆÀ¾ÃÐ Î¾ÀËÌÍÎÌÕËÌÏÐÚ ÏÀ¾ÎËÙÓ ÏÌÃÂÆËÃËÆÇ Ï ÌÏËÌÀËÙÊ ÊÃÐ¾ÉÉÌÊ� ÍÎ¾ÈÐÆÕÃÏÈÆ

ÍÌÉËÌÃ ÌÐÏÑÐÏÐÀÆÃ ÂÃÒÌÎÊ¾ÔÆÆ Æ ÏÌÓÎ¾ËÃËÆÃ À ÆÏÓÌÂËÌÊ ÏÌÏÐÌÝËÆÆ ÄÃÏÐÈÌÏÐÆ ÐÌË�

ÈÌÏÐÃËËÙÓ ÎÃ¿ÃÎ�

¬ÏËÌÀËÙÃ ÌÍÃÎ¾ÔÆÆ Î¾ÅÎ¾¿ÌÐ¾ËËÌÇ ÐÃÓËÌÉÌÁÆÆ ÝÀÉÝÜÐÏÝ ÛÈÌÉÌÁÆÕÃÏÈÆ ÕÆÏÐÙÊÆ Æ

ÉÃÁÈÌ ÍÌÂÂ¾ÜÐÏÝ ¾ÀÐÌÊ¾ÐÆÅ¾ÔÆÆ Æ ÊÃÓ¾ËÆÅ¾ÔÆÆ�

¬¿É¾ÏÐÚ ÍÎÆÊÃËÃËÆÝ� �ÉÜÊÆËÆÃÀÙÃ ÐÃÍÉÌÌ¿ÊÃËËÆÈÆ �Î¾ÂÆ¾ÐÌÎÙ� ÊÌÁÑÐ ÍÎÆÊÃËÝÐÚÏÝ

À ¾ÀÐÌÊÌ¿ÆÉÃ� Æ ÐÎ¾ÈÐÌÎÌÏÐÎÌÃËÆÆ� ¾ÀÆ¾ÔÆÌËËÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� ÓÌÉÌÂÆÉÚËÙÓ ÑÏÐ¾ËÌÀ�

È¾Ó ÆÉÆ ÈÌÊÍÎÃÏÏÌÎËÙÓ ÏÐ¾ËÔÆÝÓ� ÈÌËÂÆÔÆÌËÃÎ¾Ó Æ Ð� Â�

kÏÓÔÊÔÕÔ ßÍÇÌÔÒÐÓÄÂÒÌÊ ÊÎ� h� q� rÂÔÐÏÂ pcp vÌÒÂÊÏÝ
������ vÌÒÂÊÏÂ� mÊÇÄ����� ÕÍ� dÐÈÇÏÌÐ� ��� ÐÔÆ� ¾ �

uÇÍ�� ������
 ��� �� ��� ÖÂÌÓ� ������
 ��� �� ��� ��� �� ��

�� ������



�� {©°º}º°}º¯º°�ÓÈ« �ËÁº¯äÈ�Ò« äË�Èããºm � {� j� rËã«Ëm�
{� s� zºmÈãËm°}Ò®� �� {� väÒ¯Óºm� {� k�  Ë}ÈÓ� Û lÒÓ°}�
sÈ�}È Ò �Ë²ÓÒ}È� ����� Û ��� °�

�� vºÓÓºm k� ��� �¯©}ºm �� �� z ¯È°�Ë�� ¹È¯ÈäË�¯ºm °mÈ¯�
}Ò mÏ¯©mºä äÓº�º°ãº®Ó©² °ºË�ÒÓËÓÒ® �� nÒÏÒ}È Ò ²Ò�
äÒ« º­¯È­� äÈ�Ë¯ÒÈãºm� Û ����� Û ¢ �� Û v� ���Ü����

�� ��È¯Ó©Ë mºãÓ© Ò «mãËÓÒ« m©°º}º°}º¯º°�Óº® �ËÁº¯äÈ�ÒÒ
äË�Èããºm � �º� ¯Ë�� l� k� lË®Ë¯°È� �� p� l�¯¯È� Û
l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� =KDQJ 'HQJ[LD� 5HVHDUFK RQ PRYHPHQW RI OD\HU SODWH LQ H[�
SORVLYH ZHOGLQJ �� 7UDQV� &KLQD :HOGLQJ� ,QVW� Û �����
Û �� ¢ �� Û 3� ���Ü����

�� 6KDR 3� +�� =KRX =� +�� /L *� +� &DOFXODWLRQ RQ H[SORVLYH
ERQGLQJ SDUDPHWHUV RI PXOWL�SOD\HU SODWHV XQGHU JODQFLQJ GH�
WRQDWLRQ �� � ,QWHUQ� V\PS� RI XVH HQHUJ\ RI H[SORVLYH�
3UDGXELVH� ý665� 6HSW� ��Ü��� ����� Û 3UDKD� ����� Û
3� ��Ü���

�� |�ËÓ}È ¹È¯ÈäË�¯ºm °º��È¯ËÓÒ« ¹¯Ò °mÈ¯}Ë mÏ¯©mºä äÓº�
�º°ãº®Ó©² }ºä¹ºÏÒ�Ò® � {� �� bäº¯��Ó� k� �� vºÓÓºm�
�� �� �¯©}ºm� j� k� zºmÈãËm �� lË�ÈããºmË�ËÓÒË Ò
¹¯º�Óº°�	 äÈ�Ë¯ÒÈãºm� lËÎm�Ï� °­� ÓÈ��� �¯� Û {ºã�º��
¯È�� {ºã����� ����� Û v� ��Ü���

�� zºä¹	
�Ë¯ÓÈ« äº�Ëã	 ¯È°�Ë�È Ò º¹�ÒäÒÏÈ�ÒÒ �Ë²Óºãº�Ò�
�Ë°}Ò² ¹È¯ÈäË�¯ºm °mÈ¯}Ò mÏ¯©mºä � {� j� �©°È}� {� k�
vÈ¹È¯ÒÓ� v� {� z�Ï	äÒÓ� i� {� v�È¯Ò}ºm �� sºm©Ë ¹¯º�
ä©�ãËÓÓ©Ë �Ë²ÓÒ}È Ò �Ë²Óºãº�ÒÒ� zºä¹	
�Ë¯ÓºË º­Ë°¹Ë�
�ËÓÒË Ò }ºä¹	
�Ë¯Ó©Ë �Ë²Óºãº�ÒÒ� �ËÏ� �º}ã� , lËÎm��
Ïºm� ÓÈ����¹¯È}�� }ºÓÁ�� �� {ºã�º�¯È�� �Ü� �Ë}� ����� Û
{ºã�º�¯È�� ����� Û v� ����

�� z�Ï	äÒÓ v� {�� �©°È} {� j�� v�È¯Ò}ºm i� {� zÒÓË�Ò}È
°º��È¯ËÓÒ« äË�ÈããÒ�Ë°}Ò² ¹ãÈ°�ÒÓ m äÓº�º°ãº®Óºä ¹È}Ë�Ë
¹¯Ò °mÈ¯}Ë mÏ¯©mºä �� �¯Ò}ãÈ�� äË²ÈÓÒ}È Ò �Ë²Ó� ÁÒÏÒ�
}È� Û ����� Û ¢ �� Û v� ���Ü����

�� z�Ï	äÒÓ v� {�� �©°È} {� j�� vÈãºäÈ�ÒÓ j� k� lË�º�Ò}È
º�ËÓ}Ò ¹È¯ÈäË�¯ºm ¯ÈÏ�ºÓÈ ¹ãÈ°�ÒÓ m äÓº�º°ãº®Óºä ¹È}Ë�
�Ë ¹¯Ò °mÈ¯}Ë mÏ¯©mºä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

��� nÒÏÒ}È mÏ¯©mÈ � �º� ¯Ë�� z� �� v�ÈÓ
}ºmÒ�È� Û l��
sÈ�}È� ����� Û ��� °�

��� kãË}°ÈÓ�¯ºm p� {�� vº}ºãÒÓ°}Ò® {� r� �¯Ò}ãÈ�ÓÈ« �Ëº�
¯Ò« Ò ¯È°�Ë�© ��È¯Ó©² °Ò°�Ëä� Û l�� sÈ�}È� ����� Û
��� °�

0DLQ SULQFLSOHV RI WKH NLQHWLFV RI DFFHOHUDWLRQ RI D PXOWLOD\HU VWDFN SODWHV LQ H[SORVLRQ ZHOGLQJ DUH FRQVLGHUHG� 7KH HIIHFW
RI LQLWLDO ZHOGLQJ FRQGLWLRQV RQ WKH FKDUDFWHU RI YDULDWLRQV LQ WKH FROOLVLRQ YHORFLW\ DW WKH VHFRQG LQWHUOD\HU ERXQGDU\ KDV
EHHQ HYDOXDWHG E\ DQ H[DPSOH RI D WKUHH�OD\HU VWDFN�

IhklmibeZ \ j_^Zdpbx ����������
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  ¦»¯ ÆÊ� £� ¬� ­¾ÐÌË¾ Î¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ Ë¾ÍÉ¾ÀÈÆ ÊÃÂÆ Æ ÃÃ ÏÍÉ¾ÀÌÀ ÐÎÃËÆÃÊ Ï ÍÃÎÃ�

ÊÃÖÆÀ¾ËÆÃÊ� ¯ÑÐÚ ÍÎÌÔÃÏÏ¾ Å¾ÈÉÜÕ¾ÃÐÏÝ À ÏÉÃÂÑÜ×ÃÊ� «¾ÍÉ¾ÀÉÝÃÊ¾Ý ÂÃÐ¾ÉÚ Æ ÍÎÆÏ¾ÂÌÕËÙÇ

Ê¾ÐÃÎÆ¾É À ÀÆÂÃ ÍÉ¾ÏÐÆËÙ Å¾ÈÎÃÍÉÝÜÐ Ï ÍÌÊÌ×ÚÜ ÍÎÆÄÆÊÌÀ�  Î¾×¾Ü×ÆÇÏÝ Î¾¿ÌÕÆÇ ÆËÏÐÎÑÊÃËÐ

ÀÀÌÂÆÐÏÝ À ÏÌÍÎÆÈÌÏËÌÀÃËÆÃ Ï ÍÎÆÏ¾ÂÌÕËÌÇ ÍÉ¾ÏÐÆËÌÇ ÂÌ ÑÍÌÎ¾�¬Ð ÐÎÃËÆÝ ÆËÏÐÎÑÊÃËÐ¾ ÁÃËÃÎÆÎÑÃÐÏÝ

ÐÃÍÉÌ� ËÃÌ¿ÓÌÂÆÊÌÃ ÂÉÝ ÑÀÃÉÆÕÃËÆÝ ÍÉ¾ÏÐÆÕËÌÏÐÆ ÍÎÆÏ¾ÂÌÕËÌÁÌ Ê¾ÐÃÎÆ¾É¾ Æ Õ¾ÏÐÆ ÊÃÐ¾ÉÉ¾ ÂÃÐ¾ÉÆ�

­ÎÆ ÍÃÎÃÊÃ×ÃËÆÆ ÆËÏÐÎÑÊÃËÐ¾ Ì¿Î¾ÅÑÃÐÏÝ Ë¾ÓÉÃÏÐÌÕËÙÇ ÖÌÀ� ¢ÃÐ¾ÉÆ Ë¾ÍÉ¾ÀÉÝÜÐÏÝ ÍÌÏÉÃÂÌÀ¾ÐÃ�

ÉÚËÙÊ Ë¾ÉÌÄÃËÆÃÊ Ð¾ÈÆÓ ÖÀÌÀ Ï ÍÃÎÃÈÎÙÐÆÃÊ�

¬ÍÙÐË¾Ý ÑÏÐ¾ËÌÀÈ¾ Ë¾ ¿¾ÅÃ ÀÃÎÐÆÈ¾ÉÚËÌ�ÒÎÃÅÃÎËÌÁÌ ÏÐ¾ËÈ¾ Ï ÊÌ×ËÌÏÐÚÜ ÍÎÆÀÌÂ¾ �� È Ð ÍÌÅÀÌ�

ÉÝÃÐ Ë¾ÍÉ¾ÀÆÐÚ ÏÉÌÇ ÊÃÂÆ ÐÌÉ×ÆËÌÇ ÂÌ � ÊÊ�

®¾ÅÎ¾¿ÌÐ¾ËÙ ÈÌËÏÐÎÑÈÔÆÆ Î¾¿ÌÕÆÓ ÆËÏÐÎÑÊÃËÐÌÀ Ï Î¾ÅËÙÊ ÏÌÌÐËÌÖÃËÆÃÊ ÁÃÌÊÃÐÎÆÕÃÏÈÆÓ Î¾Å�

ÊÃÎÌÀ Æ ÒÌÎÊ ÏÌÏÐ¾ÀËÙÓ Õ¾ÏÐÃÇ� ÈÌÐÌÎÙÃ ÆÊÃÜÐ ÂÌÏÐ¾ÐÌÕËÙÇ Å¾Í¾Ï Î¾¿ÌÐÌÏÍÌÏÌ¿ËÌÏÐÆ Ë¾ ÂÉÆÐÃÉÚ�

ËÌÃ ÀÎÃÊÝ À ÑÏÉÌÀÆÝÓ ÀÙÏÌÈÆÓ ÊÃÓ¾ËÆÕÃÏÈÆÓ Æ ÐÃÍÉÌÀÙÓ Ë¾ÁÎÑÅÌÈ�

¬¿ÌÎÑÂÌÀ¾ËÆÃ ÌÐÉÆÕ¾ÃÐÏÝ ÍÎÌÏÐÌÐÌÇ ÈÌËÏÐÎÑÈÔÆÆ Æ Ì¿ÏÉÑÄÆÀ¾ËÆÝ� ­ÉÌ×¾ÂÚ ÂÉÝ Î¾ÅÊÃ×ÃËÆÝ

ÌÏËÌÀËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ x �� Ê
�
�

¬ÍÎÃÂÃÉÃË ÂÆ¾Í¾ÅÌË ÌÏËÌÀËÙÓ Í¾Î¾ÊÃÐÎÌÀ x ÏÈÌÎÌÏÐÆ Ë¾ÍÉ¾ÀÈÆ Æ Õ¾ÏÐÌÐÙ ÀÎ¾×ÃËÆÝ ÆËÏÐÎÑ�

ÊÃËÐ¾� Ì¿ÃÏÍÃÕÆÀ¾Ü×ÆÃ È¾ÕÃÏÐÀÃËËÌÃ ÒÌÎÊÆÎÌÀ¾ËÆÃ Ë¾ÍÉ¾ÀÉÃËËÌÁÌ ÍÉ¾ÏÐ¾�

¬¿É¾ÏÐÆ ÍÎÆÊÃËÃËÆÝ� ®ÃÊÌËÐ Æ ÀÌÏÏÐ¾ËÌÀÉÃËÆÃ Î¾ÅÊÃÎÌÀ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÌÁÌ� ÛÉÃÈÐÎÌÐÃÓËÆÕÃÏ�

ÈÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� ÐÎ¾ËÏÍÌÎÐËÙÓ ÏÎÃÂÏÐÀ�

kÏÓÔÊÔÕÔ ßÍÇÌÔÒÐÓÄÂÒÌÊ ÊÎ� h� q� rÂÔÐÏÂ pcp vÌÒÂÊÏÝ
������ vÌÒÂÊÏÂ� mÊÇÄ����� ÕÍ� dÐÈÇÏÌÐ� ��� ÐÔÆ� ¾ �
uÇÍ�� ������
 ��� �� ��� ÔÇÍ��ÖÂÌÓ� ������
 ��� �� ��

)�QEMP� SJJMGI$TEXSR�OMIZ�YE

�� ������



��� -XUJHQ z� 'LH $XVZLUNXQJ YRQ )HUULW XQG 6HLJHQLQJ DXI GDV
.RUURVLRQYHUKDOWHQ DXVWHQLWLVFKHQ 6WDEOH �� 6FKZHL]� 0DV�
FKLQHQPDUNW� Û ����� Û ��� ¢ ��� Û 6� ��Ü���

��� {ãÒ«ÓÒË ÓÒº­Ò« ÓÈ }º¯¯ºÏÒºÓÓ�
 °�º®}º°�	 °mÈ¯Ó©² °ºË�
�ÒÓËÓÒ® ÓË¯ÎÈmË
�Ò² °�ÈãË® m ¯È°�mº¯È² 1D2+ � r� {�
zº�}ÒÓ� k� k� vÈÁºÓºm� ~� k� vÒ�ãÒÓ� k� {� lº°ºãºm
�� ~È�Ò�È äË�Èããºm º� }º¯¯ºÏÒÒ m ²Òä� ¹¯ºä�°�Ò� Û
l�� sjj�wtjl� ����� Û v� ��Ü���

��� �ÈÏË­Óºm �� �� cºã	 ÁË¯¯Ò�Óº® ÁÈÏ© m ÒÏäËÓËÓÒÒ °mº®°�m
äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ²¯ºäºÓÒ}ËãËm©² °�ÈãË® ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� nÈ®Ï�ãÒÓ n� n�� rÈ®�Èãºm i� k� wãË}�¯º²ÒäÒ�Ë°}ºË ¹º�
mË�ËÓÒË �Ò�ÈÓÈ m �Ëãº�Ó©² ¯È°�mº¯È² �� ~È�Ò�È äË�Èã�
ãºm� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� �ÈÏË­Óºm �� ��� ��ãÒÓÈ s� s� |­�È« }º¯¯ºÏÒ« m �Ëãº��
Óº® °¯Ë�Ë ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ �Ò¹È ��t��s�� ° ¯ÈÏ�
ãÒ�Ó©ä ãË�Ò¯ºmÈÓÒËä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

��� �ºÏ�ËËmÈ k� k�� kÓ�ºÓºm°}È« w� j�� v�²º�ÒÓ k� j� �È°�
°ÒmÓº°�	 äºãÒ­�ËÓÈ �� ~È�Ò�È äË�Èããºm� Û ����� Û ��
¢ �� Û v� ��Ü���

��� 3OHYD -� ,QIOXHQFH RI PRO\EGHQXP RQ VWUHVV FRUURVLRQ FUDF�
NLQJ RI DXVWHQLWLH VWDLQOHVV VWHHO �� $QWL &RUURV� 0HWK� DQG
0DWHU� Û ����� Û ��� ¢ �� Û 3� �Ü�� ��

��� :LOVRQ -� /�� 3HPHQW )� :�� $VSGHQ 5� *� (IIHFW RI DOOR\
VWUXFWXUH� K\GUR[LGH FRQFHQWUDWLRQ� DQG WHPSHUDWXUH RQ WKH FD�
XVWLF VWUHVV FRUURVLRQ FUDFNLQJ RI DXVWHQLWLF VWDLQOHVV VWHHOV ��
&RUURVLRQ� Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� %DXPHO $� %� (LQIOXVV GHV 'HOWDIHPWV DXI GDV .RUURVLRQYHU�
KDOWHQ YRQ VFKZHLVVXQJHQ DXV DXVWHQLWLVFKHQ ]XVDW] :HUNV�
WRIIHQ �� 6FKZHLVVHQ XQG 6FKQHLGHQ� Û ����� Û ��� ¢ ��
Û 6� ���Ü����

��� |°º­ËÓÓº°�Ò }º¯¯ºÏÒºÓÓº�º ¹ºmË�ËÓÒ« ²¯ºäºÓÒ}Ëã	äº�
ãÒ­�ËÓºm©² °�ÈãË® m ÈÏº�Óº® }Ò°ãº�Ë � k� {� �ãÈ}°ËËm�
{� l� zÓ«ÎËmÈ� �� k� iË¯�È�� j� k� iËä­¯ºm°}Ò® �� ~È�
�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� ��ã«Ëm k� �� zº¯¯ºÏÒºÓÓº°�º®}ÒË °¹ãÈm© ���º¹ãÈm}Ò²
äË�Èããºm� Û l�� sÈ�}È� ����� Û ��� °�

��� väÒ¯«�ÒÓ k� �� �¯ºä©�ãËÓÓ©Ë �mË�Ó©Ë äË�Èãã© Ò °¹ãÈ�
m©� Û l�� lË�Èãã�¯�ÒÏ�È�� ����� Û ��� °�

��� 2RND ��� <XNDZD z�� 2JDZD s� &RUURVLRQ SUREOHPV DQG
WKH VHOHFWLRQ RI VWDLQOHVV LQ FRUURVLYH HQYLURQPHQWV LQ WKH
3)3 SURFHVV �� ��WK ,QWHUQ� V\PS� SXOS DQG SDSHU LQGXVW�
U\� &RUURVLRQ SUREO� �$WODQWD� 0D\ �Ü�� ������ Û $WODQWD�
����� Û 3� ��Ü���

��� lÈ°�º l� k�°�ËÓÒ�ÓÈ« ÓË¯ÎÈmË
�È« °�Èã	 5 ��� &X� 5
���/ &X� °�º®}È« } }º¯¯ºÏÒÒ ¹º� ÓÈ¹¯«ÎËÓÒËä�� �º}��
°
}º� Û ����� Û ��� ¢ ��� Û v� �Ü��

��� �ÈÏË­Óºm �� ��� vÈmºÓºm �� s�� kãË}°ÈÓ�¯ºm k� �� {ãÒ�
«ÓÒË ÓÒ�¯Ò�È �Ò�ÈÓÈ� �Ë¯Ò« Ò mÈÓÈ�Ò« ÓÈ }º¯¯ºÏÒºÓÓ�

°�º®}º°�	 ²¯ºäºÓÒ}ËãËmº�º ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� z�ãÒ}ºm j� v� �Ë¯äº�ÒÓÈäÒ}È }È¯­Ò�ºm Ò ÓÒ�¯Ò�ºm� Û
 Ëã«­ÒÓ°}� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� zÓ«ÎËmÈ {� l��  Ò�Èã {�� zºãº�©¯}ÒÓ Ð� l� cºã	 ÒÏ­©�
�º�Ó©² ÁÈÏ m }º¯¯ºÏÒºÓÓº® °�º®}º°�Ò ÓË¯ÎÈmË
�Ò² °�È�
ãË® �� ~È�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û
v� ���Ü����

��� 3\XQ 6X�OO� .LUQ -HRQJ�7DH� /HH 6HRQJ�0LQ� (IIHFWV RI
SKRVSKRUXV VHJUHJDWHG DW JUDLQ ERXQGDULHV RQ VWUHVV FRUURVL�
RQ FUDFN LQLWLDWLRQ DQG SURSDJDWLRQ RI URWRU VWHHO LQ ERLOLQJ
�� � 1D2+ VROXWLRQ �� 0DWHU� 6FL� DQG (QJ� $� Û
����� Û ���� ¢ �� Û 3� ��Ü���

��� (GVWURP -�� &DULHQ &�� .DPSLQJH 6� $QIRUGHUXQJHQ DQ
6WDEOH IXU GLH FKHPLVFKH ,QGXVWULH �� :HUNVRIIH XQG .RU�
URVLRQ� Û ����� Û ¢ ��� Û 6� ���Ü����

��� v�Ë}ãºm |� j� �ºm©�ËÓÒË }º¯¯ºÏÒºÓÓº® °�º®}º°�Ò ÒÏ�Ë�
ãÒ® äË�º�ÈäÒ ÓÈ¹ãÈm}Ò Ò ÓÈ¹©ãËÓÒ« �� �ºm©�ËÓÒË }È�
�Ë°�mÈ Ò ªÁÁË}�ÒmÓº°�Ò °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ ÓÈ ¹¯Ë��
¹¯Ò«�Ò«² �º¯º�È lº°}m©� Û l�� lis�j� ����� Û
v� ��Ü���

'DWD DUH JLYHQ RQ FRUURVLRQ UHVLVWDQFH RI FKURPLXP�QLFNHO GHSRVLWHG PHWDO LQ DONDOL HQYLURQPHQWV� 6KRUW LQIRUPDWLRQ LV
JLYHQ RQ WKH LQIOXHQFH RI DOOR\LQJ HOHPHQWV RQ WKH HOHFWURFKHPLFDO FRUURVLRQ SURFHVVHV UXQQLQJ LQ WKH PHWDO RI FKURPLXP�QLFNHO

ZHOGV�
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®¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ Æ ÍÌÎÌÖÈÌÀÙÃÍÎÌÀÌÉÌÈÆ ¾ÑÏÐÃËÆÐËÌÁÌ �­­��«���� ÆÒÃÎÎÆÐËÌÁÌ �­­��«����

ÈÉ¾ÏÏÌÀ ÂÉÝ ÀÌÏÏÐ¾ËÌÀÆÐÃÉÚËÌÇ Ë¾ÍÉ¾ÀÈÆ ÐÎ¾ÊÀ¾ÇËÙÓ ÎÃÉÚÏÌÀ ÆÅ ÏÐ¾ÉÃÇ ª��� Æ ª���� ÏÌÂÃÎÄ¾×ÆÓ

ÂÌ ���� � ÑÁÉÃÎÌÂ¾� ¿ÃÅ ÍÎÃÂÀ¾ÎÆÐÃÉÚËÌÁÌ ÍÌÂÌÁÎÃÀ¾ Æ ÂÃÊÌËÐ¾Ä¾ ÆÅ ÈÌÉÃÆ�

«¾ÍÉ¾ÀÈÑ ÀÃÂÑÐ ÁÌÎÆÅÌËÐ¾ÉÚËÙÊÆ À¾ÉÆÈ¾ÊÆ� ¨ÌÉÆÕÃÏÐÀÌ À¾ÉÆÈÌÀ �ÌÐ � ÂÌ ��� Å¾ÀÆÏÆÐ ÌÐ ÆÅËÌÏ¾�

­ÃÎÀÙÃ À¾ÉÆÈÆ Ë¾ÍÉ¾ÀÉÝÜÐ Ï¾ÊÌÅ¾×ÆÐËÌÇ ÍÌÎÌÖÈÌÀÌÇ ÍÎÌÀÌÉÌÈÌÇ ÒÃÎÎÆÐËÌÁÌ ÈÉ¾ÏÏ¾ ­­��«����

ÍÌÏÉÃÂÑÜ×ÆÃ x ÍÌÎÌÖÈÌÀÌÇ ÍÎÌÀÌÉÌÈÌÇ ­­��«��� ÍÌÂ ÒÉÜÏÌÊ �«���­� ­ÎÆ ÛÐÌÊ Ì¿ÃÏÍÃÕÆÀ¾ÃÐÏÝ

ÓÌÎÌÖÃÃ ÒÌÎÊÆÎÌÀ¾ËÆÃ À¾ÉÆÈÌÀ� ÌÐÉÆÕË¾Ý ÌÐÂÃÉÆÊÌÏÐÚ ÖÉ¾ÈÌÀÌÇ ÈÌÎÈÆ� ÌÐÏÑÐÏÐÀÆÃ ÐÎÃ×ÆË Æ ÍÌÎ�

«¾ÍÉ¾ÀÉÃËËÙÇ ÊÃÐ¾ÉÉ ÀÌ ÀÏÃÓ ÏÉÌÝÓ �ÈÎÌÊÃ ÍÃÎÀÌÁÌ� ÆÊÃÃÐ ÀÝÅÈÑÜ ¾ÑÏÐÃËÆÐËÑÜ ÏÐÎÑÈÐÑÎÑ Ï

ÐÀÃÎÂÌÏÐÚÜ +5& �������� «¾ÈÉÃÍ ÍÌÀÙÖ¾ÃÐ ÃÁÌ ÐÀÃÎÂÌÏÐÚ ÂÌ +5& �������� À ÎÃÅÑÉÚÐ¾ÐÃ ÅË¾ÕÆÐÃÉÚËÌ

ÑÀÃÉÆÕÆÀ¾ÃÐÏÝ ÆÅËÌÏÌÏÐÌÇÈÌÏÐÚ Ë¾ÍÉ¾ÀÉÃËËÙÓ ÎÃÉÚÏÌÀ�

¢ÉÝ ÎÃ¾ÉÆÅ¾ÔÆÆ ÛÐÌÇ ÐÃÓËÌÉÌÁÆÆ À«¦´ �¢ÑÁ¾��� ¦»¯ÆÊ�£� ¬� ­¾ÐÌË¾ ÏÍÎÌÃÈÐÆÎÌÀ¾Ë Æ ÆÅÁÌÐÌÀÉÃË

Ë¾ÍÉ¾ÀÌÕËÙÇ ¾ÍÍ¾Î¾Ð ±¢����� ¬Ë ÀÙÍÌÉËÃË À ÀÆÂÃ Ï¾ÊÌÓÌÂËÌÇ ÐÃÉÃÄÈÆ� ÍÃÎÃÂÀÆÁ¾Ü×ÃÇÏÝ ÍÌ Ë¾�

ÍÉ¾ÀÉÝÃÊÙÊ ÎÃÉÚÏ¾Ê Ï Î¾¿ÌÕÃÇ Æ Ê¾ÎÖÃÀÌÇ ÏÈÌÎÌÏÐÚÜ� «¾ ÐÃÉÃÄÈÃ Î¾ÅÊÃ×ÃËÙ ÆÏÍÌÉËÆÐÃÉÚËÙÃ

ÊÃÓ¾ËÆÅÊÙ� ÍÑÉÚÐ ÑÍÎ¾ÀÉÃËÆÝ� Å¾Í¾Ï ÍÎÌÀÌÉÌÈÆ Æ ÒÉÜÏ¾� ­ÆÐ¾ËÆÃ ÏÀ¾ÎÌÕËÌÇ ÔÃÍÆ ÌÏÑ×ÃÏÐÀÉÝÃÐÏÝ

ÌÐ ÂÆÅÃÉÚ�ÁÃËÃÎ¾ÐÌÎ¾� µÐÌ¿Ù ËÃ ÊÃÖ¾ÐÚ ÐÎ¾ÊÀ¾ÇËÌÊÑ ÂÀÆÄÃËÆÜ� Ë¾ÍÉ¾ÀÈÑ ÏÉÃÂÑÃÐ ÀÃÏÐÆ À ËÌÕËÌÃ

ÀÎÃÊÝ ÍÎÆ ÏÑÓÌÇ ÍÌÁÌÂÃ Æ ÐÃÊÍÃÎ¾ÐÑÎÃ ËÃ ËÆÄÃ ��� �¯� ¥¾ÐÎ¾ÐÙ Ë¾ ÀÌÏÏÐ¾ËÌÀÆÐÃÉÚËÑÜ Ë¾ÍÉ¾ÀÈÑ

ÍÎÆÊÃÎËÌ À � Î¾Å¾ ËÆÄÃ Å¾ÐÎ¾Ð Ë¾ Å¾ÊÃËÑ ÆÅËÌÖÃËËÙÓ ÎÃÉÚÏÌÀ ËÌÀÙÊÆ�
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