
(&(�����������/HFWXUH�1RWHV��������� 6SLFH��6���GXH��0���������KDQGRXWV $��6WROS
������6WXII +:������GXH��:����� ��([������([����

3UREOHPV���������������7KH�WUDQVLVWRU�RI�+:�����SUREOHP�
��KDV�&π� ���S)��&µ� ��S)�	��S)�RI�VWUD\�FDSDFLWDQFH�
EHWZHHQ�WKH�EDVH�	�FROOHFWRU��ILQG�I&+�GXH�WR�WKHVH��

([DP���:HGQHVGD\�������
3ULPDULO\�&K����%-7V���EXW�PD\�LQFOXGH�DQ\�HDUOLHU�PDWHULDO�
2OG�H[DPV�DUH�DYDLODEOH�RQ�WKH�+:�ZHE�SDJH�
026)(7�/DE�WRGD\��%ULQJ�ODE�FDUG�ZLWK�DW�OHDVW������� DQV ����� U R __

U µ U π
β �

ODVW�SUREOHP ����� 0+]
%ULQJ�\RXU�WH[WERRN�WR�ODE +:�������GXH��)����� ��([������([���

�DQV��([�����96% �9��L' �����P$��UR ���RKP6WDUW�ZLWK�026)(7�SDUW�RI�:HGQHVGD\
V�QRWHV
026)(76 Q�FKDQQHO�HQKDQFHPHQW�

7KUHVKROG�9ROWDJH 0LQLPXP�YROWDJH�WR�LQGXFH�D�FKDQQHO��Q��LQ�WKH�S�VXEVWUDWH��FDOOHG�LQYHUVLRQ
2KPLF�UHJLRQ�RI�RSHUDWLRQ��� IRU�VPDOO�Y'6� U '6  �

��N Q
:
/ Y *6 9 W

7ULRGH�5HJLRQ��DND��OLQHDU��DOVR�LQFOXGHV�RKPLF�UHJLRQ�
%RWK�HQGV�RI�WKH�FKDQQHO�DUH�VWLOO�RSHQ�� Y *' !9 W Y '6 � Y *6 9 W

'UDLQ�FXUUHQW� � L '  ��N Q
:
/

�Y *6 9 W Y '6 ��
� Y '6�

��

��

��

��

��
6DWXUDWLRQ�5HJLRQ���%HZDUH��WKLV�LV�QRWKLQJ�OLNH�WKH�VDWXUDWLRQ�UHJLRQ�RI�D�%-7� L ' 9'6�!�9*6���9 W

Y '6  Y *6 9 W L '  ����
� N Q

:
/ Y *6 9 W � P$ �6DWXUDWLRQ�

L '  �����
� N
 Q

:
/ Y *6 9 W � � �λ Y '6

(DUO\�YROWDJH� 9 $ �
λ

U R a �
�λ , '

 
9 $
, ' 9W Y *6%RG\�(IIHFWV �1R�VXFK�WKLQJ�LI�WKH�VRXUFH�DQG�ERG\�DUH�FRQQHFWHG��

'RQ
W�HYHU�OHW�WKH�ERG\�EHFRPH�����9�PRUH���WKDQ�6RXUFH�RU�WKH�
ERG\�VRXUFH�GLRGH�ZLOO�FRQGXFW���7KLV�FDQ�OHDG�WR�XQSUHGLFWDEOH�
HIIHFWV��LQFOXGLQJ��ODWFK�XS��RU�WRWDO�GHVWUXFWLRQ���6DPH�JRHV�IRU�'UDLQ�
7KH�EHVW�ZD\�WR�WKLQN�RI�WKH�ERG\�LV�DV�D�VHFRQG�JDWH��ZKLFK�DIIHFWV�WKH�
FKDQQHO�D�OLWWOH�OLNH�WKH�UHJXODU�JDWH���$���YROWDJH�RQ�WKH�ERG\�ZRXOG�WHQG�
WR�RSHQ�XS�WKH�FKDQQHO�DQG�D���YROWDJH�ZRXOG�WHQG�WR�FORVH�WKH�FKDQQHO�
$�QHJDWLYH�YROWDJH�RQ�WKH�ERG\�ZLOO�HIIHFWLYHO\�LQFUHDVH�WKH�JDWH�YROWDJH�QHFHVVDU\�WR�WXUQ�WKH�
026)(7�RQ���7KLV�LV�KRZ�\RX�DFFRXQW�IRU�WKH�ERG\�HIIHFW��E\�FKDQJLQJ�WKH�9W�RI�WKH�026)(7�� 6HH�S������LQ�WH[W�

9 W  9 W� �γ �� φ I 9 6% �� φ I W\SLFDO� φ I ���� 9  �� φ I ��� 9

9W�ZLWK�QR�96%
%RG\�HIIHFW�SDUDPHWHU� γ  

���� T 1 $ ε V
& R[

W\SLFDO� γ ���� 9
3HUPLWWLYLW\�RI�VLOLFRQ� ε V ������� �� �� )

FP(OHFWURQ�FKDUJH� T ������ �� �� FRXO GRSLQJ�RI�S�VXEVWUDWH
(&(��������/HFWXUH�1RWHV�����������S�



ε

ε

(&(��������/HFWXUH�1RWHV�����������S�
7KHUPDO�HIIHFWV �

7�∆9 W a �� P9
GHJ& MXVW�OLNH�9%( �N Q

:
/  . LV�SURSRUWLRQDO�WR 7

�
�  

�QG�HIIHFW�GRPLQDWHV��VR�L'�GHFUHDVHV�ZLWK�WHPS��6R��026)(7V�FDQ�EH�KRRNHG�LQ�SDUDOOHO���
<RX�FDQ
W�GR�WKDW�ZLWK�%-7V�RU�RQH�PD\�WKHUPDOO\�UXQ�DZD\���,Q�%-7V��L&�LQFUHDVHV�ZLWK�WHPS��VR�ZKHQ�WZR�DUH�LQ�SDUDOOHO��WKH�KRWWHVW�RQH�WDNHV�WKH�PRVW�FXUUHQW���DQG�JHWV�HYHQ�KRWWHU���
%UHDNGRZQ�0HFKDQLVPV�
1RQGHVWUXFWLYH��LI�SRZHU�LV�QRW�WRR�JUHDW�

'UDLQ�%RG\�GLRGH�EUHDNGRZQ��OLNH�]HQHU�GLRGH�������WR����9
'UDLQ�6RXUFH��SXQFK�WKURXJK��LQ�VPDOO�GHYLFHV����a��9

'HVWUXFWLYH
*DWH�LQVXODWLRQ�EUHDNGRZQ���EXUQ�WKURXJK������a��9��HDV\�WR�JHW�ZLWK�VWDWLF�HOHFWULFLW\���
*DWH�LV�XVXDOO\�SURWHFWHG�E\�GLRGHV��EXW�LV�VWLOO�HDVLO\�KXUW�

'HSOHWLRQ�W\SH�026)(7
&KDQQHO�DOUHDG\�H[LVWV�E\�GRSLQJ��HYHQ�ZLWK�QR�Y*6���
(YHU\WKLQJ�LV�WKH�VDPH��H[FHSW�9W�LV�QHJDWLYH

Y '6  Y *6 9 W

� � �� ��

��

��

��

��

��
L ' Y *'  9 W 6\PEROV�WU\�WR�VKRZ�D�FKDQQHO

9*6� ��9� �P$

(QKDQFHPHQW
PRGH��Y*6!��

��

��

��

��

��
9*6� ��9 9'6�!�9*6���9 W

L ' �6DWXUDWLRQ�5HSUHVHQWDWLYH�9*6�YDOXHV
P$9*6� ��9

9*6� ��9, '66 'HSOHWLRQ
PRGH��Y*6��� 9W9*6� ���9 Y *6

9*6� ���9 (QKDQFHPHQW�PRGH�026)(79W�a���95HSUHVHQWDWLYH�L'�YV�Y'6�FXUYHV Y '6 � �YROWV

, '66  ����
� N Q

:
/ 9 W� �N Q

:
/  

�� , '66
9 W�

(QKDQFHPHQW
PRGH��Y*6!��

��

��

��

��

��(TXDWLRQV�DUH�RIWHQ�UHZULWWHQ�LQ�WHUPV�RI�,'66��EHFDXVH�,'66�LV�VR�HDV\�WR�PHDVXUH L ' 9'6�!�9*6���9 W
�6DWXUDWLRQ�6PDOO Y '6 U '6  

9 W�
�, '66 �9 *6 9 W

P$

'HSOHWLRQ
PRGH��Y*6���7ULRGH� L '  �, '66 ���

Y *6
9 W

�
Y '6
9 W

Y '6
9 W

�

, '666DWXUDWLRQ� L '  �, '66 �
Y *6
9 W

�

9 W Y *6
(&(��������/HFWXUH�1RWHV�����������S� 'HSOHWLRQ�PRGH�026)(7


