
)OXLGV
)RU�PRVW�RI�WKH�IROORZLQJ��ZH�DVVXPH�LGHDOL]HG�IOXLGV�ZLWK�WKH�IROORZLQJ�SURSHUWLHV�

��� ,QFRPSUHVVLEOH�ÎÎ�&RQVWDQW�'HQVLW\�
��� 1RQ�YLVFRXV�ÎÎ�1R�LQWHUQDO�IULFWLRQ«GU\�ZDWHU�
��� 6WUHDPOLQH�RU�ODPLQDU�IORZ�
��� ,UURWDWLRQDO��QRQ�WXUEXOHQW�IORZ�
��� 1R�VRXUFHV�RU�VLQNV�LQWR�RU�DZD\�IURP�WKH�V\VWHPV�

'HQVLW\�
7KH�GHQVLW\�RI�D�VXEVWDQFH�LV�LWV�PDVV�SHU�YROXPH�

9
0 U � � �B P

NJ8QLWV6,

)RU�PRVW�VROLGV��GHQVLW\�LQFUHDVHV�XSRQ�FRROLQJ�DQG�FRQWUDFWLRQ��:DWHU�LV�DQ�LQWHUHVWLQJ

H[FHSWLRQ�� U IRU�ZDWHU�DW� &�� LV� ����� P
NJ

��$V�WHPSHUDWXUH�GURSV�EHORZ

&�� ��WKH�GHQVLW\�RI�ZDWHU�GHFUHDVHV�



6SHFLILF�JUDYLW\�LV�WKH�UDWLR�RI�WKH�VXEVWDQFH�GHQVLW\�WR�WKH�GHQVLW\�RI�ZDWHU�DW� &�� �

����	
��

�����
�*6 ���

����� U
U 7KH�XQLWV�RI�VSHFLILF�JUDYLW\�DUH�QDXJKW�

3UHVVXUH

7KH�SUHVVXUH�H[HUWHG�RQ�DQ�REMHFW�RI�VXUIDFH�DUHD� $ �LV�

$
)S � � �) LV�IRUFH�H[HUWHG�SHUSHQGLFXODU�WR�WKH�VXUIDFH�

6,�8QLWV�RI�WKH�VFDODU�SUHVVXUH�DUH�WKH�3DVFDO�� ��� P13D  

7KH�PHUFXU\�EDURPHWHU�LQYHQWHG�E\�7RUULFHOOL�LQ�WKH�����
��PHDVXUHV� DWP� �RI
SUHVVXUH�DV� PP��� �RI�+J �

$Q�LQYHUWHG�JODVV�WXEH�ZLWK�PP �VFDOH�PDUNLQJV�LV�SODFHG�RSHQ�HQG�GRZQ�LQ�D�ERZO�RI
PHUFXU\�WKDW�LV�H[SRVHG�WR�WKH�DWPRVSKHUH��7KH�WRS�RI�WKH�WXEH�LV�HYDFXDWHG�DQG�WKH�+J
ULVHV�WR�D�OHYHO�LQ�WKH�WXEH�UHVXOWLQJ�IURP�WKH�
SXVK
�RI�WKH�DWPRVSKHUH�RQ�WKH�+J �LQ�WKH
ERZO��7KLV�KHLJKW�ZLOO�EH� PP��� �LI�WKHUH�LV� DWP� �RI�SUHVVXUH�



+\GURVWDWLF�3UHVVXUH
$Q�REMHFW�LV�VXEPHUJHG�LQ�D�VWDWLF�IOXLG�DW�D�GHSWK�EHORZ�VXUIDFH�OHYHO��7KH�SUHVVXUH
UHVXOWLQJ�IURP�WKH�IOXLG�ZHLJKW�DERYH�WKH�VXEPHUJHG�REMHFW�LV�WKH�K\GURVWDWLF�SUHVVXUH�
$OO�VLGHV�RI�WKH�VXEPHUJHG�REMHFW�KDYH�HTXDO�DSSOLHG�IRUFHV�VLQFH�WKH�REMHFW�LV�VWDWLF�

7KH�IRUFH�IURP�WKH�IOXLG�ZHLJKW�LV� 9J0J) U  
��
 �� \\$9 � �LV�WKH�YROXPH�RI�IOXLG�RQ�WRS�RI�WKH�VXEPHUJHG�REMHFW�

)RU�DQ\�GHSWK� K �WKHQ��WKH�K\GURVWDWLF�SUHVVXUH�ZLOO�EH�

JK$9J$0J$)3 UU     ���
7KH�$EVROXWH�3UHVVXUH�RQ�WKH�VXEPHUJHG�REMHFW�LV� JKSS U� � �

$�SUHVVXUH�JDXJH�DXWRPDWLFDOO\�VXEWUDFWV�RII�DQ�DWPRVSKHUH�RI�SUHVVXUH�IURP�LWV�UHDGRXW

PHDQLQJ�WKDW� DWPSS $EVROXWH*DXJH �� 



3DVFDO
V�3ULQFLSOH
,QFRPSUHVVLELOLW\�RI�DQ�LGHDO�IOXLG�FDQ�EH�XVHG�WR�JDLQ�PHFKDQLFDO�DGYDQWDJH�ZLWK
K\GUDXOLF�PDFKLQHU\�XVLQJ�3DVFDO
V�3ULQFLSOH�
6LQFH�DQ�LGHDO�IOXLG�LV�LQFRPSUHVVLEOH��DQ�DSSOLHG�IRUFH�DW�RQH�ORFDWLRQ�LQ�WKH�IOXLG�ZLOO
UHVXOW�LQ�D�SUHVVXUH�FKDQJH�WUDQVPLWWHG�XQGLPLQLVKHG�WKURXJKRXW�WKH�HQWLUH�IOXLG�

�
���� $

$)S$)   � �������$PSOLILFDWLRQ�RI�WKH�LQSXW�IRUFH�

7KH�SULFH�WR�EH�SDLG�IRU�WKLV�DGYDQWDJH�LV�VHHQ�E\�H[DPLQLQJ�WKH�HQHUJHWLFV�

RXWLQ ::  � RXWLQ G)G) ��  
� � !"# G$

$G)
)G $

%
&
%   

2QO\�D�IUDFWLRQ�RI�WKH�LQSXW�GLVWDQFH�LV�UHFRYHUHG�LQ�WKH�RXWSXW�PRYHPHQW�



$UFKLPHGHV
�3ULQFLSOH
$UFKLPHGHV�GHWHUPLQHG�WKDW�WKH�EXR\DQW�IRUFH�RQ�DQ�REMHFW�SDUWLDOO\�RU�WRWDOO\
VXEPHUJHG�LQ�D�IOXLG�LV�HTXDO�LQ�PDJQLWXGH�WR�WKH�ZHLJKW�RI�WKH�IOXLG�GLVSODFHG�
3UHVVXUH�GLIIHUHQFHV�DW�WRS�DQG�ERWWRP�RI�WKH�VXEPHUJHG�REMHFW�SURGXFH�EXR\DQF\�

+\GURVWDWLF�SUHVVXUH�DW� �K LV� �JKU DQG�DW�OHYHO� �K 'WKH�SUHVVXUH�LV� �JKU (

7KH�GLIIHUHQFH�LV� �� �� KKJ3 � ' U OHDGLQJ�WR�D�EXR\DQF\�IRUFH�RI�

���� )* +,-./012345
12345 9J9

0$KKJ$3%  x� x' U

6LQFH�WKH�REMHFWV�YROXPH�LV�HTXDO�WR�WKH�IOXLG�YROXPH�GLVSODFHG� J0% IOXLG �

6XEPHUJHG�REMHFWV�KDYH�DQ�DSSDUHQW�ZHLJKW�� %:: DFWXDODSSDUHQW � 
6LQNLQJ�RU�IORDWLQJ�EHFRPHV�D�TXHVWLRQ�RI�ZKLFK�LV�JUHDWHU�WKH�REMHFW�ZHLJKW�RU�LWV

EXR\DQW�IRUFH�� J9RUJ9 IOXLGIOXLGREMHFWREMHFW UU �! 6LQFH�WKH�REMHFW

YROXPH�HTXDOV�WKH�IOXLG�YROXPH�GLVSODFHG 6LQNLQJ6789:;<=>?@ �! UU �DQG
)ORDWLQJABCDEFGHIJK �� UU



)OXLG�'\QDPLFV
%HJLQQLQJ�ZLWK�WKH�HTXDWLRQ�RI�FRQWLQXLW\��FRQVLGHU�WKH�VWUHDPOLQH�IORZ�RI�DQ�LGHDO�IOXLG
WKURXJK�D�SLSH�RI�YDU\LQJ�FURVV�VHFWLRQDO�DUHD�DQG�FRQVHUYH�IOXLG�PDVV�DV�IROORZV�

0DVV�FRQVHUYDWLRQ�Î� ������ 9$9$ UU  

,I�GHQVLW\�LV�D�FRQVWDQW�DW�ORFDWLRQ���DQG����WKHQ�

���� 9$9$  

:KHQ� �$ FRQVWULFWV�WKH�VSHHG�RI�IORZ�LQFUHDVHV�DV� �
��� $

9$9  L

&KHFN�D�JDUGHQ�KRVH�IRU�H[SHULPHQWDO�YHULILFDWLRQ�



)URP�WKH�:RUN�(QHUJ\�7KHRUHP�%HUQRXOOL
V�(TXDWLRQ�IRU�LGHDO�IOXLGV�LV�

$�SUHVVXUH�DW� �$ LPSOLHV�ZRUN�GRQH�RQ�WKH�IOXLG� ���� GV$S:  
&RXQWHULQJ�WKLV�LV�WKH�SUHVVXUH�DW� �$ WKDW�GRHV�ZRUN� ���� GV$S:  

7KH�:RUN�(QHUJ\�7KHRUHP�LV� 3(.(:1HW '�' 
MN

N
O

N
NNNNOOO �

�
�
� 9J\9J\9Y9YGV$SGV$S UUUU ��� �

PQ
Q
P

Q
QQP �

�
�
� J\J\YYSS UUUU ��� �

R
S
TTS

S
SS �

�
�
� J\YSJ\YS UUUU �� ��

7KLV�TXDQWLW\�KDV�D�FRQVWDQW�YDOXH�RQ�DQ\�VWUHDPOLQH�LQ�WKH�IOXLG�



'\QDPLF�OLIW�RQ�DQ�DLUSODQH�ZLQJ�LV�DV�IROORZV�
6WUHDPOLQHG�DLU�IRUFHG�RYHU�WKH�WRS�RI�WKH�ZLQJ�WUDYHOV�D�JUHDWHU�GLVWDQFH�RYHU�WKH�WRS�RI
WKH�ZLQJ�EHIRUH�UHMRLQLQJ�WKH�VWUHDPOLQH�DW�WKH�EDFN�RI�WKH�ZLQJ��)OXLG�YHORFLW\�RQ�WRS�RI
WKH�ZLQJ�LV�LQFUHDVHG�DQG�WKLV�GHFUHDVHV�SUHVVXUH�WRSVLGH�

7DNLQJ� �� \\ # LQ�%HUQRXOOL
V�(TXDWLRQ�WKH�UHVXOW�LV

U
VV

W
WW �

�
�
� YSYS UU � �

���� SSYY ��! DQG�WKH�FRQGLWLRQ�IRU�OLIW�LV�HVWDEOLVKHG�

$QRWKHU�OHVV�LQQRFXRXV�DSSOLFDWLRQ�LV�DUWHULRVFOHURVLV�DQG�WKH�UHVXOWLQJ�YDVFXODU�IOXWWHU�
7KH�VHTXHQFH�RI�HYHQWV�UHVXOWV�LQ�EORRG�IORZ�SUREOHPV�

3ODTXH�LQ�DUWHU\�ZDOOV�� FRQVWULFWLRQ�� �UHGXFWLRQ�LQ�FURVV�VHFWLRQ�DUHD�� �LQFUHDVH
LQ�EORRG�YHORFLW\�� UHGXFHG�SUHVVXUH�SHU�%HUQRXOOL�(TQ��� �FROODSVH�RI�DUWHU\�� �QR
EORRG�IORZ�� DUWHU\�UHRSHQV�� UHSHDW�RI�F\FOH�� IOXWWHULQJ�� WURXEOH�

:LWK�DQ�DQHXU\VP��D�ZHDN�DUWHU\�ZDOO�� LQFUHDVLQJ�FURVV�VHFWLRQ�DUHD� UHGXFHG
EORRG�YHORFLW\�� LQFUHDVHG�SUHVVXUH�SHU�%HUQRXOOL�(TQ��� UXSWXUH�� WURXEOH�



6XUIDFH�7HQVLRQ��&DSLOODULW\��DQG�9LVFRVLW\
$W�WKH�VXUIDFH�RI�D�OLTXLG��WKHUH�H[LVW�DQ�RXWZDUG�IRUFH�UHVXOWLQJ�IURP�PROHFXODU�FROOLVLRQV
EHQHDWK�WKH�VXUIDFH�
%DODQFLQJ�WKHVH�IRUFHV�DUH�FRKHVLYH�DWWUDFWLRQV�EHWZHHQ�VXUIDFH�PROHFXOHV�ZLWK
PROHFXOHV�MXVW�EHORZ�WKH�VXUIDFH�
7KH�QHW�HIIHFW�SURGXFHG�LV�D�VXUIDFH�WHQVLRQ�IURP�D�VWUHWFKHG�PHPEUDQH�OLNH�VXUIDFH
OD\HU�RI�WKH�OLTXLG�PROHFXOHV�FRQILJXUHG�LQ�WKHLU�PRVW�HQHUJHWLFDOO\�IDYRUDEOH�VWDWH�WKDW
FRUUHVSRQGLQJ�WR�WKH�OHDVW�DPRXQW�RI�VXUIDFH�DUHD��>(�J���6SKHULFDO��QRW�FXELF��UDLQGURSV@
)RU�D�VPDOO�REMHFW�DW�UHVW�RQ�WKH�VXUIDFH�RI�D�OLTXLG��DQ�XSZDUG�WHQVLRQ�EDODQFHV�WKH
REMHFWV�ZHLJKW�DV�UHVWRUDWLRQ�RI�WKH�PLQLPDO�DUHD�HTXLOLEULXP�FRQGLWLRQ�LV�VRXJKW�

) ���)

/) J 6,�XQLWV�RI� XP-

&DSLOODULW\
)RU�FDSLOODULW\��FRQVLGHU�WKH�OLTXLG�FRQWDLQHU�LQWHUIDFH�ZKHUH�LQWHUDFWLRQ�EHWZHHQ�OLTXLG
PROHFXOHV�DQG�FRQWDLQHU�PROHFXOHV�DUH�RFFXUULQJ��7KLV�DGKHVLYH�LQWHUDFWLRQ�LV�HLWKHU
JUHDWHU�WKDQ�RU�OHVV�WKDQ�WKH�FRKHVLYH�IRUFH�EHWZHHQ�WKH�OLTXLG�PROHFXOHV�DQG��GHSHQGLQJ
RQ�ZKLFK�LV�WKH�FDVH��FDSLOODU\�WXEHV�ZLOO�HLWKHU�
GUDZ
�WKH�IOXLG�XSZDUG�DV�LW�LV�SODFHG�LQ
FRQWDFW��DGKHVLYH�IRUFHV�JUHDWHU�WKDQ�FRKHVLYH�IRUFHV��RU�SURYLGH�D�ERUGHU�DURXQG�ZKLFK
WKH�IOXLG�FDQ�LQFUHDVLQJO\�GHFUHDVH�LWV�VXUIDFH�DUHD�

������:

7KH�VXUIDFH�WHQVLRQ�JJ�LV�GHILQHG�DV
WKH�FRKHVLRQ�IRUFH�PDJQLWXGH�SHU
OHQJWK�RYHU�ZKLFK�WKH�IRUFH�DFWV
�OHQJWK�RI�JUHHQ�GXPEEHOO�DERYH��



,Q�WHUPV�RI�D�FRQWDFW�DQJOH�I �D�UHVXOW�IRU�WKH�KHLJKW�WR�ZKLFK�FDSLOODULW\�SXOOV�OLTXLG
DERYH�D�UHVHUYRLU�OHYHO�LV�

���) ���������U ������)

��II �������II

K ��������K

U/) SJJ �  
PJ)&RV  ��I

KJU9JU&RV ���� USUISJ   

UJ
&RVK U

IJ ��� 

&DSLOODU\�WXEHV�DUH�XVHG�WR�GUDZ�VPDOO�TXDQWLWLHV�RI�D�IOXLG�WKDW�LV�HLWKHU�GLIILFXOW�WR�DFFHVV
RU�LQ�VPDOO�VXSSO\�



9LVFRVLW\���3RLVHXLOOH
V�/DZ���5H\QROGV�1XPEHU
9LVFRVLW\�UHIHUV�WR�LQWHUQDO�IULFWLRQ�EHWZHHQ�OD\HUV�RI�D�IORZLQJ�IOXLG�DQG�EHWZHHQ�WKH
IOXLG�OD\HUV�DQG�RWKHU�PDWHULDOV�VXFK�DV�SLSHV��7KH�VSHHG�RI�D�YLVFRXV�IOXLG�ZLWKLQ�D�SLSH
LV�XVXDOO\�]HUR�DW�WKH�SLSH�ZDOO�DQG�PD[LPDO�DW�WKH�FHQWHU�RI�WKH�SLSH�

7KH�FRHIILFLHQW�RI�YLVFRVLW\�K LV�D�FRQVWDQW�IRU�1HZWRQLDQ�)OXLGV�DQG�LV�LQYHUVHO\
SURSRUWLRQDO�WR�WKH�IORZ�UDWH�DV�LQ�3RLVHXLOOH
V�/DZ�
3RLVHXLOOH
V�/DZ�LV�

/
335

W
9

K
S

�
�� YZ[ � '

'

/ ,V�WKH�OHQJWK�RI�SLSH�DQG� \] 33 � �LV�WKH�SUHVVXUH�GLIIHUHQWLDO�

7KH�6,�XQLWV�RI�YLVFRVLW\�DUH� ^P
V1 x
�7KH�&*6�XQLW�LV�WKH�3RLVH� _FP

V'\QH x

5H\QROGV�1XPEHU

,Q�FKDUDFWHUL]LQJ�PRWLRQ�RI�YLVFRXV�IOXLGV��WKH�UDWLR�RI�G\QDPLF�SUHVVXUH�
`

�
� YU WR�WKH

YLVFRXV�VWUHVV� G
YK
�JLYHV�D�TXDQWLW\�SURSRUWLRQDO�WR�WKH�5H\QROGV�QXPEHU�

K
U

K
U YG

G
Y

Y
1a  

°¿
°¾
½

°̄
°®
­

 
b

�
�


�
��:KHUH�G LV�SLSLQJ�GLDPHWHU�IRU�H[DPSOH�



)RU�5H\QROGV�QXPEHU� ����� t K
UYU1c �IOXLG�IORZLQJ�DFURVV�D�VSKHULFDO

VXUIDFH�EHJLQV�WR�IORZ�WXUEXOHQWO\�DQG�GUDJ�IRUFHV�GHSHQG�RQ�WKH�YHORFLW\�VTXDUHG�

)RU�WXUEXOHQW�IORZ��WKH�VROXWLRQV�WR�WKH�IOXLG�HTXDWLRQV�RI�PRWLRQ�DUH�XQVWDEOH�DQG
HYROXWLRQ�GHSHQGV�VWURQJO\�RQ�LQLWLDO�FRQGLWLRQV�

$W�ORZ�SDUWLFOH�YHORFLWLHV�ZKHQ�IORZ�LV�ODPLQDU�RU�VWUHDPOLQH��GUDJ�IRUFH�RQ�D�VSKHULFDO
REMHFW�RI�UDGLXV� U IROORZV�6WRNHV
�/DZ�� UY' SK� 

7UDQVSRUW�3KHQRPHQD�DQG�)LFN
V�/DZ
)OXLG�IORZ�ZLWKLQ�DQRWKHU�PHGLXP�UHVXOWV�ZKHQ�FRQFHQWUDWLRQ�JUDGLHQWV�H[LVW�EHWZHHQ
WZR�SRLQWV��$�GLUHFWHG�IORZ�RI�WUDQVSRUWHG�IOXLG�PROHFXOHV�IURP�UHJLRQV�RI�KLJKHU
FRQFHQWUDWLRQ�WR�UHJLRQV�RI�ORZHU�FRQFHQWUDWLRQ�WDNHV�SODFH�XQWLO�HTXLOLEULXP�LV
HVWDEOLVKHG�

)LFN
V�/DZ�TXDQWLILHV�GLIIXVLRQ�SURFHVVHV�

/
&&'$

W
0 �� de� '

'
7KH�PDVV�GLIIXVLRQ�UDWH�

+HUH� fg && � �LV�WKH�FRQFHQWUDWLRQ�JUDGLHQW�DQG�' �WKH�GLIIXVLRQ�FRHIILFLHQW�IRU�WKH
GLIIXVLQJ�IOXLG�PHGLXP�V\VWHP�

6HGLPHQWDWLRQ���&HQWULIXJDWLRQ
6HGLPHQWDWLRQ�SURFHVVHV�LQYROYLQJ�VSKHULFDOO\�VKDSHG�REMHFWV�DQG�WDNLQJ�SODFH�DW�D�ORZ

5H\QROGV�QXPEHU�KDYH�D�GUDJ�IRUFH�RQ�WKH�REMHFW�DFFRUGLQJ�WR� DY) SK� �



%DODQFLQJ�ZHLJKW�DJDLQVW�EXR\DQW�DQG�GUDJ�IRUFHV�JLYHV�XV�WKH�WHUPLQDO�YHORFLW\�

�������% ��� DY) SK� 

:

WREMHFWIW NYJ9NY%DY%PJ � � � USK�

h
i

j NYJPPJ � UU

k
l
m

NYPJ  � ��� U
U

���
l
m

k N
PJY U

U� �)RU�VHGLPHQWDWLRQ�LQ�ORZ�5H\QROGV�QXPEHU�IOXLGV�

,Q�D�FHQWULIXJH��WKH�JUDYLWDWLRQ�FRQVWDQW� J LV�UHSODFHG�E\�WKH�FHQWULIXJDO�DFFHOHUDWLRQ

UUY �� � Z DQG�WKH�UHVXOW�

���
n

o
p

q N
UPY U

UZ � $QG�PRUH�PDVVLYH�SDUWLFOHV�ZLWK�JUHDWHU rY �VHWWOH�ILUVW�


