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0 = $H[S(4 ⁄ 57) DQG 0 = %H[S(−β7`� ���ZKHUH�$��%��β DUH�H[SHULPHQWDO�FRQVWDQWV��4KDV� WKH� VHQVH� RI� WKH� IDLOXUH� SURFHVV� DFWLYD �WLRQ�HQHUJ\��5 LV�WKH�JDV�FRQVWDQW�SHU�PROH�%DVLQJ� RQ� (T������ XVLQJ� H[SHULPHQWDO� GDWDRQ� WKH� VWUHQJWK� OLPLW� σE�� FRQGLWLRQDO� \LHOGOLPLW� σ����� DQG� UHODWLYH� HORQJDWLRQ� δ�� WKHFRUUHVSRQGLQJ� SORWV� LQ� 0�7��� OJ0�7��� DQG0���7�� FDQ� EH� FRQVWUXFWHG�� ,Q� WKHVH� WZRFDVHV�� WKH� GHSHQGHQFHV� VKRXOG� EH� DSSUR[L �PDWHG� E\� OLQHDU� VHFWLRQV� ZLWKLQ� WKH� WHP �SHUDWXUH� UDQJHV� RI� DFWLYLW\�RI� HDFK�KDUGHQ �LQJ� PHFKDQLVP� FRQWUROOLQJ� WKH� UHVLVWDQFHDJDLQVW�SODVWLF�GHIRUPDWLRQ�RI�D�PHWDO�>����@�([SHULPHQWDO� GHSHQGHQFHV� HYLGHQFH�� KRZ �HYHU�� WKDW� IRU� DOO� PDWHULDOV�� QRQOLQHDU� VHF �WLRQV� DUH� REVHUYHG� LQ� FHUWDLQ� WHPSHUDWXUHUDQJHV�>���@�7KLV� HIIHFW� VKRXOG� EH� H[SODLQHG� E\� WKHLQIOXHQFH�RI�LQWHUVWLWLDO� LPSXULWLHV�RQ�SURS �HUWLHV�RI�PHWDOV��7KLV�LQIOXHQFH�LV�DQ�LQFRQ �WHVWDEOH�IDFW�DJUHHLQJ�ZLWK�PRVW�WKHRUHWLFDOFRQFHSWV� RI� WKH� GLVORFDWLRQDO� RULJLQ� RI� WKH
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PHWDO� SODVWLF� GHIRUPLQJ�� $FFRUGLQJ� WR� WKHFODVVLILFDWLRQ� SUHVHQWHG� LQ� >�@�� WKH� GLVORFD �WLRQ� LQWHUDFWLRQ� FRQGLWLRQV� ZLWK� GLVVROYHGDWRPV�RI�IRUHLJQ�HOHPHQWV�FDQ�EH�VXEGLYLGHGLQWR�WKUHH�W\SHV���L��PRELOH�GLVORFDWLRQV�DQGLPPRELOH�DWRPV�RI�GLVVROYHG�HOHPHQWV��FDXV �LQJ�WKH�IULFWLRQ�UHVLVWDQFH�RI�WKH�ODWWLFH���LL�LPPRELOH� GLVORFDWLRQV� DQG� PRELOH� DWRPV� RIGLVVROYHG� HOHPHQWV�� FDXVLQJ� WKH� GLVORFDWLRQEORFNLQJ� E\� WKH� LPSXULWLHV�� DQG� �LLL�� ERWKWKH� GLVORFDWLRQV� DQG� WKH� GLVVROYHG� HOHPHQWDWRPV� DUH� PRELOH�� FDXVLQJ� WKH� G\QDPLFVWUDLQLQJ� DJLQJ� DQG� GLVFRQWLQXRXV� \LHOGXQGHU�WHQVLRQ��,Q�WKH�FRXUVH�RI�PHWDO�GHIRU �PDWLRQ� E\� WHQVLRQ�� WKH� LQWHUVWLWLDO� LPSXUL �WLHV� FDQ� DW� FHUWDLQ� WHPSHUDWXUHV� IRUP� DW �PRVSKHUHV� �&RWWUHOO� DWPRVSKHUHV�� WKDW� DUHVXIILFLHQWO\� PRELOH� WR� PRYH� WRJHWKHU� ZLWKGLVORFDWLRQV� >����@�� ,Q� WKLV� FDVH�� WKH� PHWDOUHVLVWDQFH� DJDLQVW� GXFWLOH� GHIRUPDWLRQ�PDQLIHVWLQJ�LWVHOI�DV�D�KDUGHQLQJ��PXVW�LQ �FUHDVH��7KH�FDOFXODWLRQV�SUHVHQWHG�DUH�YDOLGXS� WR� WHPSHUDWXUHV� ≤�����.��$W�KLJK� WHP�SHUDWXUHV�� WKH� VLPLODU� DWPRVSKHUHV� FDQ� EHIRUPHG�E\�LQWHUVWLWLDO�DWRPV�7KXV��WKH�DQRPDOLHV�LQ�σE  �I�7���σ���  �I�7��
δ  �I�7��� OQσ  �I�7��� OQσ  �I���7�� GHSHQG�HQFHV�IRU�WUDQVLWLRQ�PHWDOV�FDQ�EH�DVVRFLDWHGZLWK�G\QDPLF� LQWHUDFWLRQ�RI� LQWHUVWLWLDO� LP �SXULW\� DWRPV� ZLWK� GLVORFDWLRQV�� 6LQFH� WKHHQHUJ\� UHTXLUHG� WR� WHDU�RII� D� GLVORFDWLRQIURP� WKH� DWPRVSKHUHV� PXVW� GHSHQG� RQ� WKHVDWXUDWLRQ� RI� WKRVH�ZLWK� LPSXULWLHV�� D� FRQ �FHQWUDWLRQ�GHSHQGHQFH�RI�WKH�KDUGHQLQJ�PXVWEH� H[SHFWHG�� QR� PDWWHU� ZKDW� LV� WKH� PHWKRGXVHG� WR� LQWURGXFH� WKH� LQWHUVWLWLDO� LPSXULW\LQWR�WKH�PHWDO��7KH�KLJKHVW�SXULW\�YDQDGLXPDQG� QLRELXP� VKRZ� WKH� OHDVW� SURQRXQFHGDQRPDOLHV�LQ�WKH�SURSHUW\�YDULDWLRQV�7KH�WUXH�UDWH�RI�D�SODVWLF�GHIRUPDWLRQ�>�@�LV

ε′ = Φ ⋅ E ⋅ / ⋅ υ� ���ZKHUH�/ LV� WKH� WRWDO� OHQJWK�RI�PRELOH�GLVOR �FDWLRQV� ZLWK� WKH� %XUJHUV� YHFWRU� E�� υ�� WKHPRELOH�GLVORFDWLRQ�VSHHG��Φ�� WKH�RULHQWDWLRQIDFWRU�� 7KH� GLVSODFHPHQW� VSHHG� RI� GLVORFD �

WLRQV�VXUURXQGHG�ZLWK�WKH�LPSXULW\�DWRPV�LVGHILQHG�E\�WKHLU�GLIIXVLRQ�>�@�
υ = �' ⁄ O�� ���ZKHUH�' LV�WKH�LPSXULW\�GLIIXVLRQ�FRHIILFLHQWLQ� WKH� PHWDO�� O�� WKH� &RWWUHOO� DWPRVSKHUH� UD�GLXV� )RU� PRELOH� GLVORFDWLRQV�� /  �I ⋅ ρ�ZKHUH� ρ LV� WKH� GLVORFDWLRQ� GHQVLW\�� 7\SL �FDOO\�� I  ������ Φ  ������ E  ����� ⋅ ���� FP�O  ��� ⋅ E��%DVLQJ�RQ� ����� �����ZH�REWDLQ� WKHH[SUHVVLRQ�IRU� WKH�GHIRUPDWLRQ�UDWH�SURYLG �LQJ� WKH� GLVORFDWLRQ� LQWHUDFWLRQ� ZLWK� LPSX �ULW\�DWRPV�

ε
.

= � ⋅ ��−� ⋅ ' ⋅ ρ� ���7KXV�� WKH� WHPSHUDWXUH� DQVZHULQJ� WR� WKHPD[LPXP� LQIOXHQFH� RI� DQ� LPSXULW\� RQ� WKHVWUHQJWK� LV� LQGLYLGXDO� IRU� HDFK� PHWDO� DQGGHSHQGV�RQ�WKH�LPSXULW\�QDWXUH�WKURXJK� '�7DNLQJ� LQWR� DFFRXQW� WKH� WHPSHUDWXUH� GHSHQG �HQFH�RI�GLIIXVLRQ�FRHIILFLHQW�'  �'�H[S��4�57�ZKHUH�4 LV� WKH�GLIIXVLRQ�DFWLYDWLRQ�HQHUJ\�'��� WKH� SUH�H[SRQHQWLDO� IDFWRU�� 5�� WKH� JDVFRQVWDQW��WKLV�WHPSHUDWXUH�LV�GHILQHG�DV7 = 4 ⁄ 5OJH(−� + OJ� + OJ'� − OJε
.

+ OJρ)−��� ���6LQFH� WKH� UHODWLRQ� ���� LQFOXGHV� WKH�GLVOR �FDWLRQ� GHQVLW\� YDOXH� WKDW� GHSHQGV� RQ� WKHLQLWLDO� VWDWH� DQG� YDULHV� GXULQJ� WKH� ORDGLQJ�WKH�DFWXDO�DFWLYH�LPSXULW\�GLVORFDWLRQ�LQWHU �DFWLRQ� RFFXUV� ZLWKLQ� D� FHUWDLQ� WHPSHUDWXUHUDQJH�� 7KH� 7DEOH� SUHVHQWV� WHPSHUDWXUH� LQ �WHUYDOV�FDOFXODWHG�XVLQJ�����IRU�JDVHRXV� LP �SXULWLHV� �2��1��+��DQG�FDUERQ�LQ�PHWDOV��9�1E��)H��7D��DW�GLVORFDWLRQ�GHQVLW\�ρ YDU\LQJIURP���� WR����� FP�� DQG�WKH�GHIRUPDWLRQUDWH� ε
.  ��⋅���� V���� 2WKHU� QXPHULFDO� YDOXHVLQ� ���� DUH� WDNHQ� IURP� >��@�� ,W� IROORZV� IURPWKH�WDEXODU�GDWD�WKDW�WKH�K\GURJHQ�HIIHFW�DWWKH�VHW�GHIRUPDWLRQ�UDWH�FDQ�EH�H[SHFWHG�DWORZ� WHPSHUDWXUHV� �ORZHU� WKDQ� URRP� RQH��WKDW� LV� FRQILUPHG� E\� WKH� UHVXOWV� RI� WKLVZRUN�� 7KH� WHPSHUDWXUH� LQWHUYDOV� IRU� YDQD �GLXP� DVVRFLDWHG� ZLWK� FDUERQ�� R[\JHQ�� DQG

7DEOH��&DOFXODWHG�'6$�WHPSHUDWXUH�LQWHUYDOV�IRU�WUDQVLWLRQ�PHWDOV
0HWDO 7HPSHUDWXUH�UDQJH��.&DUERQ 2[\JHQ 1LWURJHQ +\GURJHQ9 ��������� ��������� ��������� �������1E ��������� ��������� ��������� �������7D ���������� ��������� ���������� ��������)Hα ��������� ��������� ��������� ���������)Hγ ��������� ��������� ��������� ���������
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QLWURJHQ�DUH�HVVHQWLDOO\�WKH�VDPH��WKXV�� RQO\RQH� DQRPDO\� LQ� WKH� WHPSHUDWXUH� GHSHQGHQFHRI� VWUHQJWK� LV� WR�EH� H[SHFWHG�IRU� WKLV�PHWDO�)RU� QLRELXP� DQG� WDQWDOXP�� WZR� WHPSHUDWXUHLQWHUYDOV� DUH� IRXQG� FDXVHG� E\� R[\JHQ� DQGFDUERQ�QLWURJHQ��UHVSHFWLYHO\��$V�WR�LURQ��WZRWHPSHUDWXUH�LQWHUYDOV�IRU�WKH�DQRPDORXV�SODV �WLFLW\�UHGXFWLRQ�DUH�SRVVLEOH�7KH� GHIRUPDWLRQ� UDWH� LV� D� IDFWRU� RI� LP �SRUWDQFH� LQ� WKH� LPSXULW\� DWRP� LQWHUDFWLRQZLWK� GLVORFDWLRQV�� $Q� LQFUHDVH� LQ� WKH� UDWHFDQ� FKDQJH� VXEVWDQWLDOO\� WKH�'6$� WHPSHUD �WXUH�LQWHUYDO��)LJ������LQ�SDUWLFXODU��IRU�K\GUR �JHQ�� WKXV� FKDQJLQJ�FRQVLGHUDEO\� WKH�PHFKDQL �FDO�EHKDYLRU�RI�PDWHULDOV�LQ�K\GURJHQ�FRQWDLQ �LQJ�DWPRVSKHUH�DQG�XQGHU�UDSLG�GHIRUPLQJ�7HFKQLFDO� SXULW\� JUDGH� YDQDGLXP�� QLR �ELXP�� DQG� WDQWDOXP� ZHUH� H[DPLQHG� LQ� H[ �SHULPHQWV� DV� ZHOO� DV� WKHLU� DOOR\V�� 7KH� WHQ �VLRQ�VWUHQJWK�ZDV�PHDVXUHG�XVLQJ�D�VL[�SR �VLWLRQ� UDGLDO� W\SH� XQLW� >��@� LQ� WKH� VSHFWUDOSXULW\�JUDGH�DUJRQ�DWPRVSKHUH�DW�WKH�GHIRU �PDWLRQ�UDWH�RI��⋅���� V����7KH�H[DPLQDWLRQV

ZHUH�FDUULHG�RXW�RQ�DQQHDOHG�VSHFLPHQV�DQGWKRVH�H[SRVHG�IRU�����K�WR�SXULILHG�R[\JHQIORZ�DW������.� LQ� WKH�XQLW��7R�FRQWURO� WKHJDV� IORZ�� WKH� ���� 3D� SUHVVXUH� ZDV� ILUVWSURYLGHG�E\�RLO�IUHH� SXPSLQJ� RXW�� WKHQ� WKHSUHVVXUH�ZDV� LQFUHDVHG� WR� ���� 3D�E\� OHDN�LQJ�LQ�WHFKQLFDO�SXULW\�R[\JHQ��DQG�WKLV�G\ �QDPLFDO� IORZ� ZDV� PDLQWDLQHG� GXULQJ� WKHZKROH�H[SRVXUH�SHULRG�$IWHU� WKH� ���� K� H[SRVXUH� LQ� R[\JHQ� DW �PRVSKHUH��WKH�DYHUDJH�R[\JHQ�FRQFHQWUDWLRQ�DV� GHWHUPLQHG� E\� YDFXXP�PHOWLQJ�� ZDV� DVIROORZV� �SHU� FHQW� PDVV��� ���� LQ� 9�� ����� LQ1E�� DQG� ����� LQ� 7D VDPSOHV� �LQ� WKH� LQLWLDORQHV�� ������ ������ DQG� ������ UHVSHFWLYHO\��&RQFHQWUDWLRQV�RI�RWKHU�LPSXULWLHV�UHPDLQHGXQFKDQJHG�7HPSHUDWXUH� LQIOXHQFH� RQ� WKH� WUDQVLWLRQPHWDO� VWUHQJWK� ZDV� H[DPLQHG� LQ� ZLGH� WHP �SHUDWXUH� LQWHUYDOV� DW����.�RU�����.� VWHSV�7KH� GHIRUPDWLRQ� UHVLVWDQFH� RI� WKH� PHWDOVZDV�GHWHUPLQHG�LQ�GLIIHUHQW�VWDWHV��QDPHO\�LQ� WHFKQLFDO� SXULW\� JUDGH� RQHV�� DIWHU� WKH

)LJ����� '6$� WHPSHUDWXUH� IRU� WUDQVLWLRQ�PHW�DOV�DV�D�IXQFWLRQ�RI�GHIRUPDWLRQ�UDWH�DFFRUG�LQJ� WR� ����� ,PSXULWLHV�� FDUERQ� ����� QLWURJHQ�����R[\JHQ������K\GURJHQ�����

9�9�6KLURNRY�HW�DO����(IIHFW�RI�G\QDPLF�EORFNLQJ����

)XQFWLRQDO�PDWHULDOV������������� ���



VWDQGDUG� �UHFU\VWDOOL]DWLRQ�� KHDW� WUHDWPHQW�DQG�DIWHU�H[SRVXUH�WR�R[\JHQ��)LJ�����,Q� WHPSHUDWXUH� GHSHQGHQFHV� RI�PHFKDQL �FDO�SURSHUWLHV�IRU�WHFKQLFDO�SXULW\�YDQDGLXP�9Q0��JUDGH���D�PD[LPXP�IRU�WKH�VWUHQJWKOLPLW�DQG�D�PLQLPXP�IRU�UHODWLYH�HORQJDWLRQKDYH� EHHQ� IRXQG�� :LWKLQ� WKH� WHPSHUDWXUHLQWHUYDO� �������� .�� WKH� VWUHQJWK� OLPLW� LVDQRPDORXVO\� LQFUHDVHG� DQG� WKH� \LHOG� SHDNKHLJKW� ULVHV� �)LJ������ $ERYH� ���� .�� WKHPHWDO� VWUHQJWK� GURSV� GUDPDWLFDOO\� DV� WHP �SHUDWXUH�LQFUHDVHV�XQGHU�VLPXOWDQHRXV�SODV �WLFL]DWLRQ� �WKH� UHODWLYH� HORQJDWLRQ� LQFUHDVHVIURP������DW�����.�XS�WR���������ZLWKLQWKH� ���������� UDQJH��� ,Q� WKH� WHPSHUDWXUHLQWHUYDO� �������� .�� WKH� WHQVLRQ� FXUYHVVKRZ� VHUUDWLRQ� IROORZLQJ� WR� WKH� \LHOG� SOD �WHDX�� WKH� VHUUDWLRQ� LV� PD[LPXP� DW� ���� .DQG�GLVDSSHDUV�FRPSOHWHO\�DERYH�����.��7KHTXDOLWDWLYHO\� VLPLODU� UHJXODULWLHV� LQ� WHP �SHUDWXUH�GHSHQGHQFHV�RI�PHFKDQLFDO�SURSHU �WLHV� KDYH� EHHQ� REWDLQHG� IRU� ��� VWHHO� >�@�RWKHU�WUDQVLWLRQ�PHWDOV��DQG�WKHLU�DOOR\V�([SRVXUH�WR�WHFKQLFDO�SXULW\�R[\JHQ�IORZFDXVHV� FKDQJHV� LQ� σE  �I�7��� σ���  �I�7��
δ  �I�7�� GHSHQGHQFHV� �)LJ������ )RU� XQGRSHGYDQDGLXP� WKH� PD[LPXP� LQ� σE ULVHV�� 7KHWHPSHUDWXUH�GHSHQGHQFHV�RI� σE DQG�σ��� IRUQLRELXP� DQG� WDQWDOXP�� WZR�PD[LPD� DSSHDUDW� ���� DQG� ����.� DV�ZHOO� DV� WKH� SODVWLFLW\PLQLPD�DW�WKH�VDPH�WHPSHUDWXUHV��WKXV�FRQ �ILUPLQJ� WKH� '6$� WHPSHUDWXUH� LQWHUYDO� FDO �FXODWLRQV��VHH�7DEOH��7KH�1E±=U±& DOOR\�FKDUDFWHULVWLFV�YDU\�LQD�VLPLODU�PDQQHU��)LJ������1RWH�WKDW�IRU�DOOWKH�PDWHULDOV��H[FHSW�IRU�1E±=U±&±9±< V\V�WHP� DOOR\�� D� GLVFRQWLQXLW\� LQ� WKH� VSHFLPHQ\LHOG�KDV�EHHQ�REVHUYHG�DFFRPSDQLHG�E\�VHU �UDWLRQ� LQ� WHQVLRQ� GLDJUDPV�� 7KH� VHUUDWLRQDPSOLWXGH� DQG� IUHTXHQF\� GHSHQGV� RQ� WKHWHVW� WHPSHUDWXUH�� 7KH� PD[LPXP� WRRWKKHLJKW� LV� REVHUYHG� DW� WHPSHUDWXUHV� DQVZHU �LQJ� WR� VWUHQJWK� SHDNV�� 7KH� SODVWLF� \LHOG� RIWKH� 1E±=U±&±9±< V\VWHP� DOOR\� LV� GLVFRQ�

WLQXRXV� DW� DERYH� ���� XS� WR� ����� .� RQO\�7KH�VHUUDWLRQ�DPSOLWXGH�DQG�IUHTXHQF\�DUH�KRZHYHU�� FRQVLGHUDEO\� ORZHU� WKDQ� WKRVH� LQWHQVLRQ� GLDJUDPV� REWDLQHG� DW� PXFK� ORZHUWHPSHUDWXUHV�IRU�RWKHU�DOOR\V��7KH�H[SRVXUHLQ� R[\JHQ�FRQWDLQLQJ� DWPRVSKHUH� UHVXOWV� LQDQ�LQFUHDVHG�VHUUDWLRQ�DPSOLWXGH�DW�����DQG����.�EXW�GRHV�QRW� LQIOXHQFH� LWV� IUHTXHQF\DERYH�����WR�����.�7KH� DSSHDUDQFH� RI� PD[LPD� LQ� WHPSHUD �WXUH�GHSHQGHQFHV�RI�VWUHQJWK�DQG�\LHOG�OLP �LWV� DV� ZHOO� DV� RI� PLQLPD� LQ� WHQVLRQ� FXUYHVDERYH�����.�VHHPV�WR�EH�UHODWHG�WR�GLVORFD �WLRQ�LQWHUDFWLRQ�ZLWK�LQWHUVWLWLDO�DWRPV�6R�� LQ� WKH� 1E±=U±& DOOR\�� WKH�PD[LPXPLQ� σE  �I�7��� σ���  � I�7�� FXUYHV� DW� �����.PD\�EH�GXH�WR�H[FHVV�]LUFRQLXP�LQ�WKH�VROLG

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� VWUHQJWKOLPLW� �����′��� \LHOG� OLPLW� �����′��� DQG� UHODWLYHHORQJDWLRQ� ���� �′�� RI� LQLWLDO� PHWDOV� ���� ��� ��DQG�R[\JHQ�HQULFKHG�RQHV���′���′���′��

)LJ����� 7HQVLRQ� GLDJUDPV� RI� 9Q0�� DOOR\� DWGLIIHUHQW�WHPSHUDWXUHV��� � ����.��� � ����.�� � ����.��� � ����.��� � �����.�
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VROXWLRQ�� 7KH� 1E±=U±&±9±< V\VWHP� DOOR\VKRZV� DOVR� D� PD[LPXP� DW� ���� .�� ,Q� WKLVDOOR\�� WKH� LQWHUVWLWLDO� DWRPV� PD\� EH� LQ� DVROLG�VROXWLRQ��WRR��,Q�WKH�GHSHQGHQFHV�IRU�D9±&U ELQDU\� DOOR\�� WKHUH� LV� D� SURQRXQFHGPD[LPXP� DW� ����� .�� 7KH� DEVHQFH� RI� DVWUHQJWK� LQFUHDVH� DERYH� ���� .� IRU� 9±=U±&DOOR\� LV� GXH� WR� D� KLJK� FRQFHQWUDWLRQ� RI� LQ �WHUVWLWLDO� LPSXULWLHV� WKHUHLQ�� 7KH� ODWWHU� LQ �WHUDFW�ZLWK�]LUFRQLXP�XQGHU�IRUPDWLRQ�RI�DVHFRQGDU\� SKDVH�� WKXV� H[FOXGLQJ� LW� RXW� RIWKH�VROLG�VROXWLRQ�7KXV�� WKH� LQWHUVWLWLDO� LPSXULWLHV� LQIOX �HQFH�FRQVLGHUDEO\�WKH�GHIRUPDELOLW\�RI�KLJK�PHOWLQJ�PHWDOV� XS� WR� ���7P�� 7KH� LQIOXHQFHWHPSHUDWXUH� UDQJH� FDQ� EH� VXEGLYLGHG� LQWRWZR�RQHV�O\LQJ�DERYH�DQG�XQGHU�WKH�&RWWUHOODWPRVSKHUH� IRUPDWLRQ� WHPSHUDWXUH�� UHVSHF �WLYHO\�� 7KH� GLVORFDWLRQ� EORFNLQJ� RFFXUV� LQWKH�ILUVW�UDQJH�ZKLOH�WKH�GH�EORFNLQJ��LQ�WKHVHFRQG� RQH�� &RPSDULVRQ� RI� FDOFXODWHG� WHP �SHUDWXUH�YDOXHV�IRU�GHIRUPDWLRQ�UDWH�RI����� V��ZLWK�H[SHULPHQWDO�GDWD�VKRZV�D�VDWLVIDFWRU\DJUHHPHQW�� ,W� LV� RI� LPSRUWDQFH� WKDW� ZLWKLQWKH� '6$� WHPSHUDWXUH� UHJLRQ�� WKH� UROH� RILVRWKHUPDO� H[SRVXUHV� LQ� G\QDPLF� YDFXXP�KHOLXP��OLWKLXP�DQG�VRGLXP�PHOWV�LQFUHDVHVVWURQJO\�� DV� LV� HYLGHQFHG� E\� FRUUHVSRQGLQJPD[LPD� LQ� WHPSHUDWXUH� GHSHQGHQFHV� RI� WKHPDWHULDO� PHFKDQLFDO� SURSHUWLHV�� $FFRUGLQJWR� FDOFXODWLRQV�� WKH� G\QDPLF� LQWHUDFWLRQ� RIK\GURJHQ� ZLWK� GLVORFDWLRQV� PXVW� RFFXU� DW

WHPSHUDWXUHV� ORZHU� WKDQ� URRP� RQH�� WKDW� LVFRQILUPHG�LQ�H[SHULPHQW�>�@�5HIHUHQFHV���9�$�%RULVHQNR�� +DUGQHVV� DQG� 6WUHQJWK� RI+LJK�0HOWLQJ� 0HWDOV� DW� +LJK� 7HPSHUDWXUHV�1DXNRYD�'XPND��.LHY��������>LQ�5XVVLDQ@����0�9�=DNKDURY��/�0�=DNKDURY��+HDW�5HVLVWDQW$OOR\V�� 0HWDOOXUJLD��0RVFRZ� ������� >LQ�5XV�VLDQ@����9�,�7UHILORY�� <X�9�0LOPDQ�� 6�$�)LUVWRY�3K\VLFDO� 3ULQFLSOHV� RI� +LJK�0HOWLQJ� 0HWDO6WUHQJWK�� 1DXNRYD� 'XPND�� .LHY� ������� >LQ5XVVLDQ@����9�9�6KLURNRY�� 2�,�(OLVHHYD�� )L]��.KLP��0HN�KDQ��0DWHU���1R�����������������9�9�6KLURNRY��$EVWU��RI�'U��6FL��7KHVLV��/YLY�������>LQ�8NUDLQLDQ@����9�.�%DELFK��<X�3�*XO��,�(�'RO]KHQNRY��6WUDLQ$JLQJ� RI� 6WHHO�� 0HWDOOXUJLD�� 0RVFRZ� ������>LQ�5XVVLDQ@����.�9�3RSRY��%�3�1HJD\��LQ��3URSHUWLHV�DQG�$S�SOLFDWLRQV� RI� +HDW�5HVLVWDQW� $OOR\V�� 1DXND�0RVFRZ���������S�����>LQ�5XVVLDQ@����3�$�)OLQQ�� LQ��+DUGHQLQJ�0HFKDQLVPV�RI�6RO�LGV�� 0HWDOOXUJLD�� 0RVFRZ� �������� S���� >LQ5XVVLDQ@����$�+�fRWWUHOO��'LVORFDWLRQV�DQG�3ODVWLF�)ORZ�LQ&U\VWDOV��&ODUHQGRP�3UHVV��2[IRUG�����������(��)URPP��(��*HEKDUGW��*DVH�XQG�.RKOHQVWRIILQ�0HWDOOHQ��6SLQJHU�9HUODJ��%HUOLQ�+HLGHOEHUJ1HZ�<RUN���������9�9�6KLURNRY�� 2�9�3DYO\QD�� )L]���.KLP��0HN�KDQ��0DWHU���1R���������������
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