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7KH� K\SHUYHORFLW\� LPSDFW� LQWHUDFWLRQ� RI� WKH� VSKHUH�

SURMHFWLOH�ZLWK�FRQWLQXRXV�VKLHOG�DQG�PHVK�VKLHOG��ZKLFK�

ZHUH� WKH� VDPH� WKLFNQHVV�� ZDV� LQYHVWLJDWHG� QXPHULFDOO\��

7KH�VWXG\�LQYROYHG�WKH�GLIIHUHQFHV�LQ�WKH�PRUSKRORJ\�DQG�

WKH�GLVWULEXWLRQ�RI�YHORFLW\��PDVV�DQG�PRPHQWXP�RI� WKH�

GHEULV�FORXGV�JHQHUDWHG�E\�LPSDFWLQJ�WZR�NLQGV�RI�VKLHOGV��

7KH�FDOFXODWLRQV�VKRZ�WKDW�WKH�PRUSKRORJLHV�RI�WKH�GHEULV�

FORXG� YDU\� ZLWK� WKH� LPSDFW� ORFDWLRQV� ZKHQ� D�S URMHFWLOH�

LPSDFW� WKH� PHVK� VKLHOG�� DQG� WKHUH� LV� WKH� EDQGHG�

GLVWULEXWLRQ� RI� GHEULV� LQ� WKH� IURQW� RI� GHEULV� FORXG��

&RPSDULVRQ�EHWZHHQ�WKH�FRQWLQXRXV�VKLHOGV�DQG�WKH�PHVK�

VKLHOGV� ZLWK� WKH� VDPH� WKLFNQHVV�� WKH� PD[LPXP� RI�

PRPHQWXP�GHQVLW\�LQ�WKH�PHVK�VKLHOG�ZDV�KLJKHU�WKDQ�LW�

LQ� WKH� FRQWLQXRXV� VKLHOG�� 7KH� PHVK� VKLHOG� GRHV� QRW�

HIIHFWLYHO\�VORZ�WKH�SURMHFWLOH�UHVXOWLQJ�IURP�WKH�LPSDFW��

EXW�EUHDN�XS�LW��7KH�G\QDPLFDO�UHVSRQVH�RI�WKH�SURMHFWLOH�

YDULHV� ZLWK� WKH� VKLHOGV�� ,PSDFWLQJ� WKH� PHVK� VKLHOG�� WKH�

PDLQ� RI� GHEULV� DUH� DW� WKH� UHDU� HQG� RI� WKH� GHEULV� FORXG��

ZKLFK�LV�GLIIHUHQW�IURP�WKH�FRQWLQXRXV�VKLHOG��

.H\� ZRUGV�� PHVK� VKLHOG�� GHEULV� FORXG�� QXPHULFDO�

VLPXODWLRQ��K\SHUYHORFLW\�LPSDFW�

�� � � ,1752'8&7,21�

$W�WKH�SUHVHQW�WLPH�PHWHRURLG�DQG�VSDFH�GHEULV�SURWHFWLRQ�

V\VWHPV�RI�D�VSDFHFUDIW�DUH�EDVHG�RQ�VKLHOG�VFKHPHV��:LWK�

WKH�JURZLQJ�GHWHULRUDWLRQ�RI� WKH� VSDFH� HQYLURQPHQW�� WKH�

GHPDQG�IRU�YDOXDEOH�DQG�OLJKWZHLJKW�VKLHOG�SURWHFWLRQ�LV�

LQFUHDVHG�� 7KH�PHVK� LV� D� YDOXDEOH� FDQGLGDWH� GXULQJ� WKH�

GHYHORSPHQW�RI� QHZ�SURWHFWLRQ�VWUXFWXUHV�RQ�DFFRXQW�RI�

LWV�ORZ�DUHD�GHQVLW\��7KH�DGYDQWDJH�RI�WKH�PHVK�VKLHOG�DV�

DQ� HOHPHQW� RI� D� PXOWL�VKLHOGV� SURWHFWLYH� V\VWHP� ZDV�

UHSRUWHG� LQ� >���@�� 7KH� FRPELQDWLRQ� RI� PHVK� DQG�

FRQWLQXRXV� VKLHOGV� �VR� FDOOHG� �0HVK� 'RXEOH�6KLHOG���

DOORZHG�RQH�WR�UHGXFH�WKH�VKLHOG�GHVLJQ�ZHLJKW�E\�����DV�

FRPSDUHG� WR� D�V LQJOH� FRQWLQXRXV� VKLHOG� ZLWK� WKH� VDPH�

HIILFLHQF\�LQ�>�@�� � +RU]�HW�DO�FRPSUHKHQVLYHO\�VWXGLHG�WKH�

PHVK� VKLHOGV� LQ� >���@�� ,Q� WKHVH� ZRUNV� WKH� FRPSDUDWLYH�

VWXG\�RI�KLJK�YHORFLW\�SURMHFWLOH�GHVWUXFWLRQ�RQ�PHVK�DQG�

FRQWLQXRXV� VKLHOGV�ZDV� IXOILOOHG�� DQG� WKH� GLVSHUVLYH� DQG�

IUDJPHQWDWLRQ� SURSHUWLHV� RI� D� SLOH� RI� PHVKHV� LQ� WKHLU�

LQWHUDFWLRQ� ZLWK� WKH� SURMHFWLOH� ZHUH� VWXGLHG�� +RU]� HW� DO��

GHSLFWHG� DQG�GHVFULEHG� WKH�PRVW� YLYLG�GLVWLQFWLRQ� LQ� WKH�

QDWXUH� RI� WKH� SURMHFWLOH� IUDJPHQWV� GLVWULEXWLRQ� DW�

SHQHWUDWLRQ�LQWR�PHVK�VKLHOG��7KH�WKHRUHWLFDO�HYDOXDWLRQV�

GHVFULELQJ� WKH� LQIOXHQFH� RI� WKH�PHVK� SDUDPHWHUV� RQ� WKH�

GHSWK�RI�PHVK�SHQHWUDWLRQ�LQWR�SURMHFWLOH�ZHUH�SUHVHQWHG�

LQ�>�@��

7KH� KLJK� HIILFLHQF\� RI�PHVK� VKLHOGV� DURXVHG� LQWHUHVW� WR�

VWXG\�LWV�SURSHUWLHV��&RPSDUHG�ZLWK�WKH�VLQJOH�FRQWLQXRXV�

VKLHOG�� WKH� VWXG\�RI�PHVK�VKLHOGV�ZDV�FDUULHG�RXW�E\� WKH�

H[SHULPHQWV�� PRVW� RI� ZKLFK� ZHUH� TXDOLWDWLYH� DQG�

LQDGHTXDWH�IRU�WKH�FKDUDFWHULVWLFV�RI�WKH�GHEULV�FORXG��7KH�

QXPHULFDO� VLPXODWLRQ� LV� DQ� LPSRUWDQW� PHWKRG� IRU� WKH�

K\SHUYHORFLW\� LPSDFW� UHVHDUFK�� ,Q� WKLV� SDSHU�� WKH� GHEULV�

FORXG� FKDUDFWHULVWLFV� ZRXOG� EH� VWXGLHG� E\� QXPHULFDO�

PHWKRG� LQ� RUGHU� WR� JHW� WKH� TXDQWLWDWLYH� DQG� GHWDLOHG�

UHVXOWV��

�� � � 180(5,&$/�6,08/$7,21�

7KH�QXPHULFDO�PRGHOLQJ�ZDV�FDUULHG�RXW�E\�63+�PHWKRG�
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ZLWK� WKH� DLG� RI� WKH� /V�� '\QD� FRGH� RI� YHUVLRQ� ����

LQFOXGLQJ� 63+� FDOFXODWLRQ� PRGXOH�� 7KH� 63+�VPRRWKHG�

SDUWLFOH�K\GURG\QDPLFV���LV�WKH�PHVKIUHH�PHWKRG��ZKLFK�

FDQ�HIIHFWLYHO\�VLPXODWH�WKH�JHQHUDWLRQ�DQG�PRYHPHQW�RI�

WKH�GHEULV�FORXG��$FFRUGLQJO\��LQ�WKLV�ZRUN��WKH�PHVK�DQG�

DOXPLQLXP� SODWH� ZRXOG� EH� GLVSHUVHG� E\� 63+�� ,W� VKRXOG�

EH� SRLQWHG� RXW� WKDW�� GXH� WR� WKH� FRPSOLFDWHG� SK\VLFV�

SKHQRPHQD� LQYROYHG� LQ� WKH� K\SHUYHORFLW\� LPSDFW�� WKH�

DFFXUDF\� RI� FRPSXWDWLRQDO� UHVXOWV� SUHVHQWHG� KHUHLQ�PD\�

KLQJH� RQ� WKH� FKRLFH� RI� PDWHULDO� PRGHV�� 7KH� PDWHULDO�

PRGHOV� LQFOXGH� (26�HTXDWLRQ� RI� VWDWH��� 6WUHQJWK�

HTXDWLRQ�� DQG� VR� RQ�� ,Q� WKLV� SDSHU�� WKH� EHKDYLRU� RI� WKH�

SURMHFWLOH�DQG�VKLHOG�ZDV�GHVFULEHG�E\�WKH�-RKQVRQ�&RRN�

VWUHQJWK� HTXDWLRQ�PDWHULDO� W\SH� ��� LQ� /V�'\QD� �� DQG�

0LH�*UXQHLVHQ�HTXDWLRQ�RI�VWDWH�(26�W\SH���LQ�/V�'\QD���

7KH�PDWHULDO� RI� WKH� SURMHFWLOH� LV� WKH� �����7�DOXPLQLXP�

DOOR\�� YHORFLW\� RI� LW�LV � ���NP�V�� DQG� WKH� GLDPHWHU� LV�

���PP�� 7KH� PDWHULDO� RI� PHVK� VKLHOG� DQG� FRQWLQXRXV�

VKLHOG�ZDV�WKH��$���DOXPLQLXP�DOOR\��VWULQJ�GLDPHWHU�LV�

���PP�� WKH� GLVWDQFH� EHWZHHQ� VWULQJV� LV� ���PP�WKH�

WKLFNQHVV�RI�WKH�FRQWLQXRXV�VKLHOG�LV����PP��'DWH�LQ�>���@�

RQ� WKH� SURMHFWLOH� DQG� PHVK� PDWHULDOV� DUH� SUHVHQWHG� LQ�

7DE���DQG�7D����,Q�7DE����*�LV�WKH�VKHDU�PRGXOXV��
�F LV�

WKH� EXON� VRXQG� VSHHG�� 6� LV� WKH� FRHIILFLHQW� LQ� VKRFN�

DGLDEDW�� �* LV�WKH�*UXQHLVHQ�SDUDPHWHU��

7DEOH���-RKQVRQ�FRRN�PDWHULDO�SDUDPHWHUV�

0DWHULDO� $��*3D�� %��*3D�� 1� &� 0� 7URRP��.�� 7PHOW��.��

�����7�� ������ ������ ����� ������ ���� ���� ����

�$��� ������ ������ ����� ������ ���� ���� ����

7DEOH���0LH�*UXQHLVHQ�VWDWH�HTXDWLRQ�SDUDPHWHUV�

0DWHULDO� !���J�FP
��� *��*3D�� &���NP�V�� 6� *��

�����7�� ����� ����� ����� ����� ����

�$��� ����� ����� ����� ������ ����
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���� � � 7KH�0RUSKRORJ\�RI�'HEULV�&ORXG�

'XH� WR� WKH� GLVFUHWHQHVV� RI� PHVK� VKLHOG�� WKH� HIIHFW� RI�

LPSDFW� SRVLWLRQ� ZRXOG� EH� FRQVLGHUHG�� 7KH� SURMHFWLOH� LV�

DLPHG� DW� WKH� FHQWHU�� FURVV�� OLQH� DQG� RIIVHW� RI� PHVK�

UHVSHFWLYHO\� LQ�)LJ���D�E�F�G���$VVXPLQJ� WKH�GLUHFWLRQ�RI�

LQLWLDO�YHORFLW\�DV�]�D[LV��WKH�FDUWHVLDQ�FRRUGLQDWHV�ZDV�VHW�

XS�� �

:KHQ�WKH�SURMHFWLOH�LV�DLPHG�DW�WKH�PHVK�FHQWHU�)LJ���H��

L���� ILYH� PDLQ� MHWV� HMHFWHG� IURP� WKH� IURQW� SDUW� RI� WKH�

SURMHFWLOH� DUH� IRUPHG�RQH� FHQWUDO� MHW� DQG� IRXU� VLGH�

DFFRPSDQ\LQJ� MHWV��� %HVLGHV�� IRXU� FURVV� MHWV� DOPRVW� DUH�

SHUSHQGLFXODU� WR� SURMHFWLOH�PRYHPHQW� GLUHFWLRQ� DQG� RQH�

FHQWUDO� MHW� LV� SDUDOOHO� WR� ]� D[LV�� 7KH� FURVV� MHWV� KDYH�

VLJQLILFDQWO\�VPDOOHU�PDVV�WKDQ�WKH�MHWV�HMHFWHG�DORQJ�WKH�

SURMHFWLOH�PRYHPHQW��:KHQ�WKH�SURMHFWLOH�LV�DLPHG�DW�WKH�

FURVV�RI�PHVK�)LJ���I��M����WKH�IRXU�PDLQ�MHWV�HMHFWHG�IURP� �

�

WKH� IURQW� SDUW� RI� WKH� SURMHFWLOH� LQ� WKH� OLQH� RI� ]�D[LV� DUH�

IRUPHG�� ZKLFK� DUH� DW� WKH� DQJOH� RI� ���WR� PHVK� VWULQJ�

GLUHFWLRQ� UHVSHFWLYHO\�� :KHQ� WKH� SURMHFWLOH� LV� DLPHG� DW�

WKH� OLQH� RI� PHVK�)LJ���J�� N���� WKH� VL[� PDLQ� MHWV� HMHFWHG�

IURP�WKH�IURQW�SDUW�RI�WKH�SURMHFWLOH�DUH�IRUPHG��0RVW�RI�

WKH� GHEULV� DUH� FRQFHQWUDWHG� LQ� WKH� VWULS� ]RQH�� ZKLFK� LV�

SHUSHQGLFXODU� WR� WKH� OLQH� DLPHG�E\� WKH�SURMHFWLOH��:KHQ�

WKH�SURMHFWLOH� LV�DLPHG�DW� WKH�RIIVHW�RI�PHVK�)LJ���K�� O����

WKH� IRXU� PDLQ� MHWV� HMHFWHG� IURP� WKH� IURQW� SDUW� RI� WKH�

SURMHFWLOH� DUH� IRUPHG�� 7KH� GLVWULEXWLRQ� RI� WKH� MHWV� LV�

GLIIHUHQW�IURP�WKH�SUHYLRXV�FDVHV��ZKLFK�LV�DV\PPHWULFDO�

DQG�RWKHUV�DUH�V\PPHWULFDO�� �

7KURXJK� WKH� DERYH� DQDO\VLV�� LW� VKRZV� WKDW� WKH�

PRUSKRORJLHV� RI� GHEULV� FORXG� YDULHV� JUHDWO\� ZLWK� WKH�

LPSDFW� SRVLWLRQV��ZKLFK�KDYH�GLIILFXOW\� LQ�PRGHOLQJ� WKH�

SURWHFWLRQ� VWUXFWXUHV� LQFOXGLQJ� PHVK� VKLHOG�� %XW� WKH�

FKDUDFWHULVWLFV�RI�GHEULV�FORXG��VXFK�DV�OLQHDU�GLVWULEXWLRQ�

RI�GHEULV��KDYH�EHHQ�ZHOO�YHULILHG��VR�WKH�UDQGRPQHVV�RI�

LPSDFWLQJ�SRVLWLRQ�VKRXOG�EH�FRQVLGHU�LQ�WKH�VLPXODWLRQ��









,WV� VKDGRZ� LV� DQ� DSSUR[LPDWH� UHFWDQJOH�� WKH� YDOXHV� RI�

PRPHQWXP� GHQVLW\� LQ� SHUSHQGLFXODU� ELVHFWRU� ]RQH� DUH�

ODUJHU��

7KH� PRPHQWXP� GHQVLW\� LV� VKRZQ� LQ� )LJ���G�� ZKHQ� WKH�

LPSDFW� SRVLWLRQ� LV� ³FHQWHU´�� WKH� PD[LPXP� LV� ����î����

NJ�V�P�DQG�ORFDWHV�LQ�WKH�FHQWHU��7KH�PRPHQWXP�GHQVLW\�

UDSLGO\� GHFUHDVHV� ZLWK� WKH� LQFUHDVLQJ� RI� WKH� GLVWDQFH� WR�

WKH�FHQWHU��,WV�VKDGRZ�LV�D�FURVV��

7KH� PRPHQWXP� GHQVLW\� LV� VKRZQ� LQ� )LJ���H�� ZKHQ� WKH�

LPSDFW� SRVLWLRQ� LV� ³RIIVHW´�� WKH� PD[LPXP� LV� ����î����

NJ�V�P��0RVW�RI�WKH�PRPHQWXP�LV�LQ�WKH�VLGH�RI�WKH�DUHD�

ZKHUH� WKH�PD[LPXP� ORFDWHV�� ,WV� VKDGRZ� LV� DQ� LUUHJXODU�

VKDSH�� 7KH� EDQGHG� IUDJPHQWV� FRXOG� VWLOO� EH� IRXQG�� DQG�

WKH�YDOXHV�RI�WKH�PRPHQWXP�GHQVLW\�LQ�LW�DUH�VPDOOHU�� �

7KH� FRQFOXVLRQ� FDQ� EH� GUDZQ� IURP� ILJ��� WKDW� WKH�

PD[LPXP�YDOXHV�RI�WKH�PRPHQWXP�GHQVLW\�JHQHUDWHG�E\�

WKH� SURMHFWLOH� LPSDFW� WKH� PHVK� VKLHOG� DUH� ODUJHU� WKDQ� LW�

ZKHQ� WKH� SURMHFWLOH� LPSDFWHG� WKH� FRQWLQXRXV� VKLHOG��

GLVWULEXWLRQ� V\PPHWULHV� YDU\� ZLWK� WKH� LPSDFW� SRVLWLRQ��

7KH�PD[LPXP�RI� WKH�PRPHQWXP�GHQVLW\� LQFUHDVHV�ZLWK�

WKH�VHTXHQFH�RI�FURVV��OLQH��RIIVHW��FHQWHU��7KH�SUREDELOLW\�

ZKLFK�WKH�SURMHFWLOH�LPSDFWV�WKH�RIIVHW�SRVLWLRQ�LV�KLJKHVW�

IURP� WKH� YLHZSRLQW� RI� SUREDELOLW\�� 7KHUHIRUH� WKH�

GLVWULEXWLRQ�RI�WKH�GHEULV�LV�LUUHJXODU��PRVW�RI�GDPDJH�WR�

WKH�UHDU�SDQHO�LV�LQ�WKH�VLGH�RI�WKH�ODUJHVW�FUDWHU��DQG�WKHUH�

DUH� D�FHU WDLQ� QXPEHU� RI� EDQGHG� FUDWHU�� WKH\� PDWFK� WKH�

GDPDJH� PRUSKRORJ\� RI� UHDU� SDQHO� LQ� PRVW� RI� WKH�

H[SHULPHQWV��

�� � � &21&/86,21�

:H�KDYH�VWXGLHG�WKH�FKDUDFWHULVWLF�RI�GHEULV�FORXG�ZKHQ�

D� SURMHFWLOH� LPSDFWHG� WKH� PHVK� VKLHOG� WKURXJK� WKH�

QXPHULFDO� PHWKRG�� $QG� WKH� VLPXODWLRQ� UHVXOWV� ZHUH�

DQDO\]HG� DQG� FRPSDUHG�ZLWK� WKH� FRQWLQXRXV� VKLHOG��:H�

FDQ�GUDZ�WKH�IROORZLQJ�FRQFOXVLRQV��

��� 7KH� LPSDFW� SRVLWLRQ� LV� DQ� LPSRUWDQW� IDFWRU� IRU� WKH�

PHVK� VKLHOG�� 7KH� PRUSKRORJ\� RI� GHEULV� FORXG� YDULHV�

REYLRXVO\� ZLWK� LW�� :KDW¶V� PRUH�� RWKHU� FKDUDFWHULVWLFV�

UHODWHG�WR�GHEULV�FORXG�ZRXOG�YDU\�ZLWK�LPSDFW�SRVLWLRQV��

��� 7KURXJK� WKH� DQDO\VLV� RI� PDVV� GLVWULEXWLRQ� RI� GHEULV�

FORXG�� WKH�PDLQ� RI� IUDJPHQWV� DUH� DW� WKH� UHDU� HQG� RI� WKH�

GHEULV� FORXG�� ZKLFK� LV� GLIIHUHQW� IURP� WKH� FRQWLQXRXV�

VKLHOG��

��� 7KH� G\QDPLFDO� UHVSRQVH� RI� WZR� VKLHOGV� LV� GLIIHUHQW��

:KHQ� D� SURMHFWLOH� LQWHUDFWLRQ� ZLWK� PHVK� VKLHOG�� WKH�

FKDQJHV� RI� WKH� YDULRXV� QRGHV� LQ� D� SURMHFWLOH� DUH� XQOLNH��

7KH� PDLQ� IXQFWLRQ� RI� PHVK� VKLHOG� LV� WR� EUHDN� XS� WKH�

SURMHFWLOH��QRW�WR�VORZ�LW��

��� 7KH� GDPDJH� RI� WKH� GHEULV� FORXG� WR� UHDU� SDQHO� ZDV�

HYDOXDWHG�E\�DSSOLFDWLRQ�RI� WKH�PRPHQWXP�GHQVLW\��7KH�

PD[LPXP�YDOXHV�RI�WKH�PRPHQWXP�GHQVLW\�JHQHUDWHG�E\�

WKH� SURMHFWLOH� LPSDFW� WKH� PHVK� VKLHOG� DUH� ODUJHU� WKDQ� LW�

ZKHQ� WKH�SURMHFWLOH� LPSDFWHG� WKH�FRQWLQXRXV� VKLHOG�� WKLV�

LQGLFDWHV� WKDW� WKH�PRPHQWXP�RI� GHEULV� FORXG� LPSDFWLQJ�

WKH� PHVK� VKLHOG� LV� PRUH� FRQFHQWUDWHG� WKDQ� WKH� LW�

LPSDFWLQJ�WKH�FRQWLQXRXV�VKLHOG��

7KH� VWXG\� ZLOO� FRQWULEXWH� WR� XWLOL]H� WKH� PHVK� VKLHOG� LQ�

GHYHORSPHQW�RI�WKH�SURWHFWLRQ�V\VWHP�IURP�VSDFH�GHEULV��

�� � 5()(5(1&(�

�� (�/�� &KULVWLDQVHQ�� �������� � $GYDQFHG� 0HWHRURLG�

DQG�'HEULV�6KLHOGLQJ�&RQFHSWV�� � $,$$����������

�� (�/�&KULVWLDQVHQ� 	� -�+�.HUU�� �������� 0HVK�

'RXEOH�%XPSHU� VKLHOG�� D� /RZ�:HLJKW� $OWHUQDWLYH�

IRU� 6SDFHFUDIW� 0HWHRURLG� DQG� 2UELWDO� 'HEULV�

3URWHFWLRQ�� � ,QW�-�,PSDFW�(QJ�������������������

�� )�� +|U]� 	� 0�� &LQWDO�� �������� &RPSDULVRQ� RI�

&RQWLQXRXV� DQG� 'LVFRQWLQXRXV� %XPSHUV��

'LPHQVLRQDOO\� 6FDOHG� ,PSDFW� ([SHULPHQWV� LQWR�

6LQJOH�:LUH�0HVKHV��1$6$�70���������

�� )��+|U]�	�0��&LQWDO�� �������� ,PSDFW� ([SHULPHQWV�

0XOWLSOH�0HVK� 7DUJHW�� &RQFHSW� 'HYHORSPHQW� RI� D�

/LJKWZHLJKW�&ROOLVLRQDO�%XPSHU��1$6$�70���������

�� )�� +|U]�� 0�� &LQWDOD� 	� 5�3�� %HUQKDUG�� � ��������

0XOWLSOH�0HVK�%XPSHUV��$�)HDVLELOLW\�6WXG\��,QW��-��

,PSDFW�(QJ�������������������

�� 1�1�� 0\DJNRY�� 9�$�� *RORYHVKNLQ� 	� 7�$��

6KXPLNKLQ�� �������� +\SHUYHORFLW\� 3HQHWUDWLRQ� RI�

WKH� 0HVK�%XPSHU� 6WULQJV� LQWR� D� 3URMHFWLOH�� � ,QW�-�

,PSDFW�(QJ�����������������

�� -�0��:DOVH��0�+�� 5LFH�	�5�*��0FTXHHQ�� ��������

6KRFN�:DYH�&RPSUHVVLRQ�RI�7ZHQW\�6HYHQ�0HWDO�� �



3K\V��5HY������������������

�� '�-�� 6WHLQEHUJ�� 6�*�� &RFKUDQ� 	� 0�:�� *XLQDQ��

��������$�&RQVWLWXWLYH�0RGHO�IRU�0HWDOV�$SSOLFDEOH�

DW�+LJK�6WUDLQ�5DWH��-�$SSO�3K\V������������������


