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������,QWURGXFWLRQ�

7KLV�FKDSWHU�EULHIO\�VXPPDUL]HV�VRPH�RI�WKH�IRUPXODV�DQG�WKHRUHPV�DVVRFLDWHG�ZLWK�EODFNERG\�
UDGLDWLRQ���$�VPDOO�SRLQW�RI�VW\OH�LV�WKDW�ZKHQ�WKH�ZRUG��EODFNERG\��LV�XVHG�DV�DQ�DGMHFWLYH��LW�LV�
XVXDOO\� ZULWWHQ� DV� D� VLQJOH� XQK\SKHQDWHG� ZRUG�� DV� LQ� �EODFNERG\� UDGLDWLRQ��� ZKHUHDV� ZKHQ
�ERG\��LV�XVHG�DV�D�QRXQ�DQG��EODFN��DV�DQ�DGMHFWLYH��WZR�VHSDUDWH�ZRUGV�DUH�XVHG��7KXV�D�EODFN�
ERG\�HPLWV�EODFNERG\�UDGLDWLRQ���7KH�6XQ�UDGLDWHV�HQHUJ\�RQO\�YHU\�DSSUR[LPDWHO\� OLNH�D�EODFN�
ERG\���7KH�UDGLDWLRQ�IURP�WKH�6XQ�LV�RQO\�YHU\�DSSUR[LPDWHO\�EODFNERG\�UDGLDWLRQ�

�����$EVRUSWDQFH��DQG�WKH�'HILQLWLRQ�RI�D�%ODFN�%RG\�

,I� D� ERG\� LV� LUUDGLDWHG�ZLWK� UDGLDWLRQ�RI�ZDYHOHQJWK� Ⴌ��DQG�D�IUDFWLRQ� D�Ⴌ�� RI� WKDW� UDGLDWLRQ� LV�
DEVRUEHG�� WKH� UHPDLQGHU�EHLQJ�HLWKHU� UHIOHFWHG�RU� WUDQVPLWWHG�� D�Ⴌ�� LV�FDOOHG� WKH� DEVRUSWDQFH�DW�
ZDYHOHQJWK� � Ⴌ� �� � 1RWH� WKDW� Ⴌ� LV� ZULWWHQ� LQ� SDUHQWKHVHV�� WR� PHDQ� �DW� ZDYHOHQJWK Ⴌ ��� QRW� DV� D�
VXEVFULSW�� ZKLFK� ZRXOG� PHDQ� �SHU� XQLW� ZDYHOHQJWK� LQWHUYDO��� 7KH� IUDFWLRQV� RI� WKH� UDGLDWLRQ
UHIOHFWHG�DQG�WUDQVPLWWHG�DUH��UHVSHFWLYHO\��WKH�UHIOHFWDQFH�DQG�WKH�WUDQVPLWWDQFH���7KH�VXP�RI�WKH�
DEVRUSWDQFH�� UHIOHFWDQFH� DQG� WUDQVPLWWDQFH� LV� XQLW\�� XQOHVV� \RX� FDQ� WKLQN� RI� DQ\WKLQJ� HOVH� WKDW�
PLJKW�KDSSHQ�WR�WKH�UDGLDWLRQ�

$�ERG\�IRU�ZKLFK�D�Ⴌ�� ���IRU�DOO�ZDYHOHQJWKV�LV�D�EODFN�ERG\�

$�ERG\�IRU�ZKLFK�D�KDV�WKH�VDPH�YDOXH�IRU�DOO�ZDYHOHQJWKV��EXW�OHVV�WKDQ�XQLW\��LV�D�JUH\�ERG\�

�&DXWLRQ���:H�PD\�PHHW�WKH�ZRUG��DEVRUEDQFH��ODWHU���,W�LV�QRW�WKH�VDPH�DV�DEVRUSWDQFH��

������5DGLDWLRQ�ZLWKLQ�D�FDYLW\�HQFORVXUH�

&RQVLGHU� WZR� FDYLWLHV� DW� WKH� VDPH� WHPSHUDWXUH�� � :H
OO� VXSSRVH� WKDW� WKH� WZR� FDYLWLHV� FDQ� EH�
FRQQHFWHG�E\�D��GRRU��WKDW�FDQ�EH�RSHQHG�RU�FORVHG�WR�DOORZ�RU�WR�GHQ\�WKH�SDVVDJH�RI�UDGLDWLRQ�
EHWZHHQ� WKH� FDYLWLHV�� �:H
OO� VXSSRVH� WKDW� WKH�ZDOOV� RI� RQH� FDYLW\� DUH� EULJKW� DQG� VKLQ\�ZLWK� DQ�
DEVRUSWDQFH� FORVH� WR� ]HUR�� DQG� WKH� ZDOOV� RI� WKH� RWKHU� FDYLW\� DUH� GXOO� DQG� EODFN� ZLWK� DQ
DEVRUSWDQFH� FORVH� WR� XQLW\�� �:H
OO� DOVR� VXSSRVH� WKDW�� EHFDXVH� RI� WKH� GLIIHUHQFH� LQ� QDWXUH� RI� WKH�
ZDOOV�RI�WKH�WZR�FDYLWLHV��WKH�UDGLDWLRQ�GHQVLW\�LQ�RQH�LV�JUHDWHU�WKDQ�LQ�WKH�RWKHU���/HW�XV�RSHQ�WKH�
GRRU� IRU� D� PRPHQW�� � 5DGLDWLRQ� ZLOO� IORZ� LQ� ERWK� GLUHFWLRQV�� EXW� WKHUH� ZLOO� EH� D� QHW� IORZ� RI�
UDGLDWLRQ� IURP� WKH� KLJK�UDGLDWLRQ�GHQVLW\� FDYLW\� WR� WKH� ORZ�UDGLDWLRQ�GHQVLW\� FDYLW\�� � $V� D�
FRQVHTXHQFH�� WKH� WHPSHUDWXUH�RI�RQH�FDYLW\�ZLOO� ULVH� DQG� WKH� WHPSHUDWXUH�RI� WKH�RWKHU�ZLOO� IDOO�� �
7KH��QRZ��KRWWHU�FDYLW\�FDQ�WKHQ�EH�XVHG�DV�D�VRXUFH�DQG�WKH��QRZ��FROGHU�FDYLW\�FDQ�EH�XVHG�DV�D�
VLQN�LQ�RUGHU�WR�RSHUDWH�D�KHDW�HQJLQH�ZKLFK�FDQ�WKHQ�GR�H[WHUQDO�ZRUN��VXFK�ZRUN��IRU�H[DPSOH��
WR�EH�XVHG�IRU�UHSHDWHGO\�RSHQLQJ�DQG�FORVLQJ�WKH�GRRU�VHSDUDWLQJ�WKH�WZR�FDYLWLHV���:H�KDYH�WKXV�
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FRQVWUXFWHG�D�SHUSHWXDO�PRWLRQ�PDFKLQH�WKDW�FDQ�FRQWLQXH�WR�GR�ZRUN�ZLWKRXW�WKH�H[SHQGLWXUH�RI�
HQHUJ\�

)URP�WKLV�DEVXUGLW\��ZH�FDQ�FRQFOXGH�WKDW��GHVSLWH�WKH�GLIIHUHQFH�LQ�QDWXUH�RI�WKH�ZDOOV�RI�WKH�WZR�
FDYLWLHV� �ZKLFK�ZHUH� LQLWLDOO\� DW� WKH� VDPH� WHPSHUDWXUH��� WKH� UDGLDWLRQ� GHQVLWLHV� ZLWKLQ� WKH� WZR�
FDYLWLHV�PXVW� EH� HTXDO��:H� GHGXFH� WKH� LPSRUWDQW� SULQFLSOH� WKDW� WKH� UDGLDWLRQ�GHQVLW\� LQVLGH� DQ�
HQFORVXUH�LV�GHWHUPLQHG�VROHO\�E\�WKH�WHPSHUDWXUH�DQG�LV�LQGHSHQGHQW�RI�WKH�QDWXUH�RI�WKH�ZDOOV�RI�
WKH�HQFORVXUH��

����.LUFKKRII
V�/DZ

.LUFKKRII
V� ODZ�� DV� ZHOO� DV� KLV� VWXGLHV� ZLWK� %XQVHQ� �ZKR� LQYHQWHG� WKH� %XQVHQ� EXUQHU� IRU� WKH�
SXUSRVH��VKRZLQJ�WKDW�HYHU\�HOHPHQW�KDV�LWV�FKDUDFWHULVWLF�VSHFWUXP��UHSUHVHQWV�RQH�RI�WKH�PRVW�
LPSRUWDQW�DFKLHYHPHQWV�RI�PLG�QLQHWHHQWK�FHQWXU\�SK\VLFV�DQG�FKHPLVWU\��7KH�SULQFLSDO�UHVXOWV�
ZHUH� SXEOLVKHG� LQ� ������ WKH� VDPH� \HDU� DV� 'DUZLQ
V� 7KH� 2ULJLQ� RI� 6SHFLHV�� DQG� LW� KDV� EHHQ�
FODLPHG� WKDW� WKH� SXEOLFDWLRQ� RI� .LUFKKRII
V� ODZ� ZDV� DW� OHDVW� DV� LQIOXHQWLDO� LQ� WKH� DGYDQFH� RI�
VFLHQFH�DV�WKH�'DUZLQLDQ�WKHRU\�RI�HYROXWLRQ���,W�LV�WKHUHIRUH�GLVWUHVVLQJ�WKDW�VR�IHZ�SHRSOH�FDQ�
DFKLHYH� WKH� WULSOH� WDVN�RI� VSHOOLQJ� KLV� QDPH�� SURQRXQFLQJ� LW� FRUUHFWO\�� DQG� SURSHUO\� VWDWLQJ� KLV�
ODZ����.LUFKKRII�DQG�%XQVHQ�ODLG�WKH�IRXQGDWLRQV�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�VSHFWURVFRS\�

,PDJLQH�DQ�HQFORVXUH�ILOOHG�ZLWK�UDGLDWLRQ�DW�VRPH�WHPSHUDWXUH�VXFK�WKDW�WKH�HQHUJ\�GHQVLW\�SHU
XQLW� ZDYHOHQJWK� LQWHUYDO� DW� ZDYHOHQJWK� � Ⴌ� � LV� X Ⴌ�Ⴌ� ��� � � +HUH� ,� KDYH� XVHG� D� VXEVFULSW� DQG�
SDUHQWKHVHV�� DFFRUGLQJ� WR� WKH� FRQYHQWLRQ� GHVFULEHG� LQ� VHFWLRQ� ����� EXW�� WR� DYRLG� H[FHVVLYH
SHGDQWU\��,�VKDOO�KHQFHIRUWK�RPLW�WKH�SDUHQWKHVHV�DQG�ZULWH�MXVW�XႬ�����,PDJLQH�WKDW� WKHUH�LV�VRPH�
REMHFW�� D� IRRWEDOO�� SHUKDSV�� OHYLWDWLQJ� LQ� WKH� PLGGOH� RI� WKH� HQFORVXUH� DQG� FRQVHTXHQWO\� EHLQJ�
LUUDGLDWHG� IURP� DOO� VLGHV�� 7KH� LUUDGLDQFH�� LQ� IDFW�� SHU� XQLW� ZDYHOHQJWK� LQWHUYDO�� LV� JLYHQ� E\
HTXDWLRQ�������

(Ⴌ�� �XႬF�� �����

,I� WKH� DEVRUSWDQFH� DW�ZDYHOHQJWK� �Ⴌ�LV� D�Ⴌ��� WKH� ERG\�ZLOO� DEVRUE� HQHUJ\�SHU� XQLW� DUHD�SHU� XQLW�
ZDYHOHQJWK�LQWHUYDO�DW�D�UDWH�D�Ⴌ�(Ⴌ�

7KH�ERG\�ZLOO�EHFRPH�ZDUP��DQG�LW�ZLOO�UDGLDWH�HQHUJ\���/HW�WKH�UDWH�DW�ZKLFK�LW�UDGLDWHV�HQHUJ\�
SHU� XQLW� DUHD� SHU� XQLW�ZDYHOHQJWK� LQWHUYDO� �L�H�� WKH� H[LWDQFH�� EH�0Ⴌ�� �:KHQ� WKH�ERG\� DQG� WKH�
HQFORVXUH� KDYH� UHDFKHG� DQ� HTXLOLEULXP� VWDWH�� WKH� UDWHV� RI� � DEVRUSWLRQ� DQG� HPLVVLRQ� RI� UDGLDQW�
HQHUJ\�ZLOO�EH�HTXDO�

0O � �D�Ⴌ�(Ⴌ� �����

%XW�( �DQG�X�DUH�UHODWHG�WKURXJK�HTXDWLRQ��������DQG�XႬ�LV�LQGHSHQGHQW�RI�WKH�QDWXUH�RI�WKH�VXUIDFH�
�RI� WKH� ZDOOV� RI� WKH� HQFORVXUH� RU� RI� DQ\� ERG\� ZLWKLQ� LW��� DQG� VR� ZH� VHH� WKDW� WKH� UDWLR� RI� WKH�
H[LWDQFH� WR� WKH� DEVRUSWDQFH� RI� DQ\� VXUIDFH� LV� LQGHSHQGHQW� RI� WKH� QDWXUH� RI� WKH� VXUIDFH�� �7KLV� LV�
.LUFKKRII
V� /DZ� � � �,Q� SRSXODU� SDUODQFH�� �JRRG� HPLWWHUV� DUH� JRRG� DEVRUEHUV���� � 7KH� UDWLR� LV� D�
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IXQFWLRQ�RQO\�RI�WHPSHUDWXUH�DQG�ZDYHOHQJWK���)RU�D�EODFN�ERG\��WKH�DEVRUSWDQFH�LV�XQLW\��DQG�WKH�
H[LWDQFH�LV�WKHQ�WKH�3ODQFN�IXQFWLRQ�

�����$Q�DSHUWXUH�DV�D�EODFN�ERG\�

:H�FRQVLGHU�DQ�HQFORVXUH�DW�VRPH�WHPSHUDWXUH�DQG�FRQVHTXHQWO\�ILOOHG�ZLWK�UDGLDWLRQ�RI�GHQVLW\�
XO��SHU�XQLW�ZDYHOHQJWK�LQWHUYDO�����7KH�LQVLGH�ZDOOV�RI�WKH�HQFORVXUH�DUH�EHLQJ�LUUDGLDWHG�DW�D�UDWH�
JLYHQ�E\�HTXDWLRQ���������1RZ�SLHUFH�D�VPDOO�KROH�LQ�WKH�VLGH�RI�WKH�HQFORVXUH�� �5DGLDWLRQ�ZLOO�
QRZ�SRXU�RXW�RI�WKH�HQFORVXUH�DW�D�UDWH�SHU�XQLW�DUHD�WKDW�LV�HTXDO�WR�WKH�UDWH�DW�ZKLFK�WKH�ZDOOV�DUH�
EHLQJ�UDGLDWHG�IURP�ZLWKLQ���,Q�RWKHU�ZRUGV�WKH�H[LWDQFH�RI�WKH�UDGLDWLRQ�HPDQDWLQJ�IURP�WKH�KROH�
LV� WKH� VDPH� DV� WKH� LUUDGLDQFH�ZLWKLQ�� �1RZ� LUUDGLDWH� WKH� KROH� IURP� RXWVLGH�� � 7KH� UDGLDWLRQ�ZLOO�
HQWHU�WKH�KROH��DQG�YHU\�OLWWOH�RI�LW�ZLOO�JHW�RXW�DJDLQ��WKH�VPDOOHU�WKH�KROH��WKH�PRUH QHDUO\�ZLOO�DOO�
RI�WKH�HQHUJ\�GLUHFWHG�DW�WKH�KROH�IDLO� WR�JHW�RXW�DJDLQ� 7KH�KROH� WKHUHIRUH�DEVRUEV�OLNH�D�EODFN
ERG\��DQG WKHUHIRUH��E\�.LUFKKRII
V�ODZ��LW�DOVR�UDGLDWHV�OLNH�D�EODFN�ERG\���3XW�DQRWKHU�ZD\��D�
EODFN�ERG\�ZLOO�UDGLDWH�LQ�WKH�VDPH�ZD\�DV�ZLOO�D�VPDOO�KROH�SLHUFHG�LQ�WKH�VLGH�RI�DQ�HQFORVXUH���
6RPHWLPHV�� LQGHHG�� D�ZDUP� ER[�ZLWK� D� VPDOO� KROH� LQ� LW� LV� XVHG� WR� HPXODWH� EODFNERG\� UDGLDWLRQ�
DQG�WKXV�WR�FDOLEUDWH�WKH�VHQVLWLYLW\�RI�D�UDGLR�WHOHVFRSH�

�����3ODQFN
V�HTXDWLRQ

7KH� LPSRUWDQFH� RI� 3ODQFN
V� HTXDWLRQ� LQ� WKH� HDUO\� ELUWK� RI� TXDQWXP� WKHRU\� LV�ZHOO� NQRZQ�� � ,WV�
WKHRUHWLFDO�GHULYDWLRQ�LV�GHDOW�ZLWK�LQ�FRXUVHV�RQ�VWDWLVWLFDO�PHFKDQLFV�� �,Q�WKLV�VHFWLRQ�,�PHUHO\�
JLYH�WKH�UHOHYDQW�HTXDWLRQV�IRU�UHIHUHQFH�

3ODQFN
V� HTXDWLRQ� FDQ� EH� JLYHQ� LQ� YDULRXV�ZD\V�� DQG� KHUH� ,� SUHVHQW� IRXU�� �$OO�ZLOO� EH� JLYHQ� LQ�
WHUPV�RI�H[LWDQFH���7KH�UDGLDQFH�LV�WKH�H[LWDQFH�GLYLGHG�E\�Ⴑ ��(TXDWLRQ�����������7KH�IRXU�IRUPV�
DUH�DV�IROORZV��LQ�ZKLFK�,�KDYH�PDGH�XVH�RI�HTXDWLRQV�������DQG�WKH�H[SUHVVLRQ� KႮ��� �KF�Ⴌ IRU�
WKH�HQHUJ\�RI�D�VLQJOH�SKRWRQ�

7KH�UDWH�RI�HPLVVLRQ�RI�HQHUJ\�SHU�XQLW�DUHD�SHU�XQLW�WLPH���L�H��WKH�H[LWDQFH��SHU�XQLW�ZDYHOHQJWK�
LQWHUYDO�
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7KH�UDWH�RI�HPLVVLRQ�RI�SKRWRQV�SHU�XQLW�DUHD�SHU�XQLW�WLPH�SHU�XQLW�ZDYHOHQJWK�LQWHUYDO�
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7KH�UDWH�RI�HPLVVLRQ�RI�HQHUJ\�SHU�XQLW�DUHD�SHU�XQLW� WLPH��L�H�� WKH�H[LWDQFH��SHU�XQLW�IUHTXHQF\�
LQWHUYDO�
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7KH�UDWH�RI�HPLVVLRQ�RI�SKRWRQV�SHU�XQLW�DUHD�SHU�XQLW�WLPH�SHU�XQLW�IUHTXHQF\ LQWHUYDO�
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7KH�FRQVWDQWV�DUH�

&��� ��ႱKF�  ����������Ø��������:�P� �����

& �  ��ႱF  ����������Ø���������P�V�� �����

&��� ��ႱK�F�  �����������Ø���������NJ�V �����

& �� ��Ⴑ�F�  ����������Ø���������P����V� �����

.��� �KF�N  ����������Ø���������P�. �����

.��� �K�N  ����������Ø���������V�. ������

6\PEROV� K� �3ODQFN
V�FRQVWDQW
N� �%ROW]PDQQ
V�FRQVWDQW
F� �VSHHG�RI�OLJKW
7� �WHPSHUDWXUH
Ⴌ� �ZDYHOHQJWK
Ⴎ� �IUHTXHQF\

������:LHQ
V�/DZ�

7KH� ZDYHOHQJWKV� RU� IUHTXHQFLHV� DW� ZKLFK� WKHVH� IXQFWLRQV� UHDFK� D� PD[LPXP�� DQG� ZKDW� WKHVH�
PD[LPXP�YDOXHV�DUH��FDQ�EH�IRXQG�E\�GLIIHUHQWLDWLRQ�RI�WKHVH�IXQFWLRQV���7KH\�GR�QRW�DOO�FRPH�WR�
D� PD[LPXP� DW� WKH� VDPH� ZDYHOHQJWK�� � )RU� WKH� IRXU� IXQFWLRQV� � �HTXDWLRQV� ������������� WKH
ZDYHOHQJWKV�RU�IUHTXHQFLHV�DW�ZKLFK�WKH�PD[LPD�RFFXU�DUH�JLYHQ�E\�

)RU�HTXDWLRQ���������

Ⴌ� �:��7 �����

)RU�HTXDWLRQ���������

Ⴌ� �:��7 �����


