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6�1��'RO\D��:�,��)XUPDQ��9�9��.REHWV��(�0��/D]LHY��<X�$��0HWHONLQ�

9�$��6KYHWV��$�3��6RXPEDHY��-,15��'XEQD��5XVVLD

7KH�9(33���7HDP��%,13��1RYRVLELUVN��5XVVLD
�

�
7KH IXOO OLVW RI WKH 9(33�� 7HDP LV LQ WKH UHIHUHQFHV >�@�

$EVWUDFW

³/8(���´ ± ���0H9 HOHFWURQ OLQDF LV EHLQJ FUHDWHG DW

-,15 DV D GULYHU RI WKH SXOVHG QHXWURQ VRXUFH ³,5(1´ >�@�

7KH VSHFLDO IXOO�VFDOH IDFLOLWLHV IRU WHVWLQJ WKH PDLQ

V\VWHPV RI /8(���� �)67)� DUH XVed DW -,15� %,13�

0(3K, DQG <HU3K, >�@� 7KH YHULILFDWLRQ RI WKH OLQDF

DFFHOHUDWLQJ V\VWHP LV SURYLGLQJ DW WKH 9(33��

SUHLQMHFWRU FRQVWUXFWHG DW %,13 >�@� 7KH DFFHOHUDWLQJ

V\VWHP RI /8(��� LQFOXGHV WZR 6�EDQG ����� 0+]�

DFFHOHUDWLQJ VHFWLRQV RI � P ORQJ� 7KH VHFWLRQV DUH

FRQQHFWHG ZLWK PRGXODWRU EDVHG RQH ���� NO\VWURQ

�6/$& SURGXFWLRQ�� 7KHUH DUH 6/('�V\VWHPV IRU WKH

PXOWLSO\LQJ WKH SXOVH 5) SRZHU� 7KH ILUVW UHVXOWV RI WKH

DFFHOHUDWLQJ V\VWHP WHVW RQ WKH 9(33�� SUHLQMHFWRU DUH

SUHVHQWHG� 7KH HOHFWURQ EHDP HQHUJ\ XS WR �� 0H9 DQG

FRQVHTXHQWO\ DYHUDJH UDWH RI DFFHOHUDWLRQ RI WKH HOHFWURQ

EHDP PRUH WKDQ �� 0H9�P ZHUH DFKLHYHG DIWHU

DFFHOHUDWLRQ LQ RQH VHFWLRQ�

� ,1752'8&7,21

 ,Q WKH SXOVHG QHXWURQ VRXUFH ³,5(1 ,́ WKH ZHOO�NQRZQ

ERRVWHU� H�γ�Q VFKHPH �HOHFWURQ EHDP � PXOWLSO\LQJ

WDUJHW� ZLOO EH XVHG� 7KH WDUJHW FRQVLVWV RI WXQJVWHQ

FRQYHUWHU VXUURXQGHG E\ D SOXWRQLXP �3X���� FRUH�

 7KH /8(���� WUDYHOLQJ ZDYH OLQDF FRQFHSWLRQ LV

GHVLJQHG E\ WKH %XGNHU ,QVWLWXWH RI 1XFOHDU 3K\VLFV

�%,13� 1RYRVLELUVN� >�����@ �VHH 7DEOH ���

7DEOH �� 7KH SDUDPHWHUV RI /8(���� �SURMHFW�

%HDP DYHUDJH SRZHU �� ± �� N:

(OHFWURQ HQHUJ\ ��� 0H9

3XOVH FXUUHQW ��� $

&XUUHQW SXOVH GXUDWLRQ ��� QV

3XOVH UHSHWLWLRQ UDWH ��� +]

$YHUDJH DFFHOHUDWLQJ JUDGLHQW ∼ �� 0H9�P

2SHUDWLRQ IUHTXHQF\ ���� 0+]

/HQJWK RI WKH DFFHOHUDWLQJ VHFWLRQ � P

4XDQWLW\ RI WKH DFFHOHUDWLQJ VHFWLRQV �

7KH PDLQ HOHPHQWV RI WKH OLQDF DQG PXOWLSO\LQJ

WDUJHW ZLOO EH PRXQWHG RQ WKUHH OHYHOV RI WKH EXLOGLQJ �VHH

)LJ� ���

)LJXUH �� ³,5(1´ QHXWURQ VRXUFH OD\RXW�

���(;3(5,0(17$/�5(68/76

 $Q DFFHOHUDWLQJ V\VWHP RI WKH OLQDF LV FRQVWUXFWHG DW WKH

%XGNHU ,QVWLWXWH >���@� 7KH DSSOLHG WHFKQRORJ\ RI

IDEULFDWLRQ VKRXOG JXDUDQWHH D VWDEOH FRQWLQXRXV RSHUDWLRQ

RI WKH GHYLFHV ZLWK D KLJK DFFHOHUDWLQJ JUDGLHQW DW D KLJK

5) SRZHU OHYHO� 6R� WKH DLP RI WKH WHVW ZDV WR DFKLHYH D

GHVLUHG DFFHOHUDWLQJ JUDGLHQW ∼ �� 0H9�P� 7KH WHVW ZDV

FDUULHG RXW DW WKH LQLWLDO SDUW RI WKH 9(33�� SUHLQMHFWRU

>���@� ,Q WKRVH H[SHULPHQWV� WKH HOHFWURQ JXQ �VHH 7DEOH ��

DQG RQO\ RQH DFFHOHUDWLQJ VHFWLRQ RI � P ORQJ ZHUH XVHG�

7KH PDLQ FRQGLWLRQV ZHUH FORVH WR RSHUDWLRQDO RI WKH
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DFFHOHUDWRU SURMHFW IRU ³,5(1´� QDPHO\ WKH FXUUHQW RI WKH

LQMHFWHG EHDP LV QRW OHVV WKDQ ��� $ IRU WKH SXOVH ZLGWK

��� QV� 7KLV EXQFK GXUDWLRQ LV DOUHDG\ WKH VDPH DV WKH RQH

RI RSHUDWLRQDO SDUW RI 5) SRZHU SXOVH�

 8QIRUWXQDWHO\� WKH UHSHWLWLRQ UDWH RI WKH VHWXS ZDV

OLPLWHG WR � +] EHFDXVH RI UDGLDWLRQ SURWHFWLRQ RI

HQYLURQPHQW� $QRWKHU SHFXOLDULW\ RI WKH WHVW ZDV WKH

DEVHQFH RI WKH 5) EXQFKHU �LW ZDV QRW UHDG\��

 7KH XQEXQFKHG EHDP ZDV VWHHUHG WR WKH LQSXW RI WKH

DFFHOHUDWLQJ VHFWLRQ� 7KH 5) SXOVH RI XS WR �� 0: SRZHU

LV GLUHFWHG IURP ���� NO\VWURQ WR WKH LQSXW RI DFFHOHUDWLQJ

VWUXFWXUH WKURXJK �� [ �� PP YDFXXP ZDYHJXLGH DQG

6/('�FRPSUHVVRU� 7KH 5) SRZHU FROOHFWHG E\ 5) ORDG RI

WKH DFFHOHUDWLQJ VHFWLRQ ZDV PHDVXUHG ERWK ZLWK DQG

ZLWKRXW EHDP ORDG� 7KH VKDSH RI 5) SRZHU SXOVH

WUDQVIHUUHG WR WKH 5) ORDG LV VKRZQ LQ )LJ� �� %HVLGHV� WKH

EHDP FXUUHQW SXOVH SURILOHV DUH JLYHQ LQ WKLV ILJXUH� WRR�

)LJXUH �� 7KH VKDSH RI 5) SRZHU WUDQVIHUUHG WR WKH ORDG

ERWK ZLWK DQG ZLWKRXW EHDP ORDG DQG WKH VLJQDOV RI

FXUUHQW SXOVH IURP WKH JXQ ZDOO FXUUHQW PRQLWRU�

 
 7KH DFFHOHUDWLQJ VHFWLRQ RSHUDWHV ZLWK D VWURQJ FXUUHQW

ORDG� ZKLFK OHDGV WR DQ HVVHQWLDO FKDQJH RI WKH

DFFHOHUDWLQJ ILHOG DQG DFFHOHUDWHG EHDP FKDUDFWHULVWLFV�

7KHVH FRQGLWLRQV DUH W\SLFDO IRU WKH EHDP ZLWK KLJK

HQHUJ\ FRQWHQW�

7DEOH �� 0DLQ SDUDPHWHUV RI WKH HOHFWURQ VRXUFH

(OHFWURQ JXQ KLJK YROWDJH ��� ÷ ��� N9

(OHFWURQ JXQ SXOVHG FXUUHQW ��� ÷ ��� $

&XUUHQW SXOVH GXUDWLRQ ��� ÷ ��� QVHF

3XOVH UHSHWLWLRQ UDWH � ÷ � +]

 ,Q DGGLWLRQ WR WKH SDUDPHWHUV OLVWHG DERYH LQ WKH SUHVHQW

VHULHV RI H[SHULPHQWV� WKH VLJQDOV IURP EHDP PXOWLSRVLWLRQ

FROOHFWRU �%0&� SODFHG DW WKH RXWSXW RI WKH ���°�
PDJQHWLF VSHFWURPHWHU ZHUH DOVR PHDVXUHG� 7KH FROOHFWRU

LV SHUIRUPHG DV D VHW RI FKDUJH FROOHFWLRQV DQG DOORZV RQH

WR PHDVXUH WKH FKDUJH ZLWK WKH HQHUJ\ UHVROXWLRQ ≈
��� 0H9�

 7KH SDUWLFOH HQHUJ\ VSHFWUXP REWDLQHG IURP WKH VLJQDOV

IURP %0& LV SUHVHQWHG LQ )LJ� ��

)LJXUH �� 3DUWLFOH GHQVLW\ GLVWULEXWLRQ YV� HQHUJ\�

 7KH PD[LPXP RI WKH HOHFWURQ HQHUJ\ RI WKH DFFHOHUDWHG

EHDP LV �� 0H9� WKH PLQLPXP LV �� 0H9� 7R RXU

RSLQLRQ� WKH ORZ HQHUJ\ WDLO RI WKH EHDP HQHUJ\ VSHFWUXP

LV FDXVHG E\ WKH DEVHQFH RI 5) EXQFKHU GXULQJ WKH WHVW

SHULRG�

 7KH PHDVXUHG SXOVHG FXUUHQW IURP WKH HOHFWURQ JXQ LV

��� :� ZKLFK FRUUHVSRQGV WR WKH QXPEHU RI HOHFWURQV LQ

WKH SXOVH RI ���Â��
��

DW WKH SXOVH GXUDWLRQ RI ��� QVHF�

7KH FDOFXODWHG QXPEHU RI SDUWLFOHV DIWHU WKH DFFHOHUDWLRQ

LQ RQH VHFWLRQ LV
��

����� ⋅� � 7KXV� DSSUR[LPDWHO\ ��� RI

SDUWLFOHV ZHUH ORVW GXH WR WKH IDFW WKH 5) EXQFKHU ZDV QRW

DYDLODEOH�

$W WKH SUHVHQW WLPH� DIWHU DFFHOHUDWLRQ LQ RQH VHFWLRQ

ZLWKRXW 5) EXQFKHU ZH KDYH IROORZLQJ SDUDPHWHUV�

• .O\VWURQ RXWSXW 5) SRZHU �� 0:�

• 7RWDO FKDUJH RI WKH DFFHOHUDWHG EHDP �LQ RQH SXOVH

F\FOH�
�

����
−⋅� &�

• 7RWDO QXPEHU RI SDUWLFOHV

LQ RQH SXOVH F\FOH
��

����� ⋅� �

• $FFHOHUDWHG EHDP SXOVHG FXUUHQW ��� $�

• 7KH DYHUDJH RXWSXW EHDP HQHUJ\ �� 0H9�

• 7KH EHDP HQHUJ\ FRQWHQW ���� -RXOH�

• 7KH PD[LPDO RXWSXW EHDP HQHUJ\ �� 0H9�

• 7KH DYHUDJH DFFHOHUDWLRQ UDWH

PRUH WKDQ �� 0H9/m.

 ��&216,'(5$7,21

 8VLQJ WKHVH H[SHULPHQWDO UHVXOWV ZH FDQ FDOFXODWH WKH

EHDP HQHUJ\ YV� WKH WLPH RI IOLJKW WKURXJK D VLQJOH

DFFHOHUDWLQJ VHFWLRQ DQG PDNH HVWLPDWLRQV IRU WKH

VLWXDWLRQ ZLWK WKH PDLQ SURMHFW SDUDPHWHUV�

• .O\VWURQ ���� RXWSXW 5) SRZHU �� 0:�

• (OHFWURQ JXQ SXOVHG FXUUHQW ��� $�

• &XUUHQW SXOVH GXUDWLRQ ��� QVHF�

• 5HSHWLWLRQ UDWH ��� +]�
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 7DEOH � VKRZV WKH H[SHULPHQWDO DQG HVWLPDWHG

SDUDPHWHUV RI WKLV FDOFXODWLRQ� 7KH RXWSXW EHDP SDUWLFOH

HQHUJ\ YV� WLPH DFFRUGLQJ WR WKHVH SDUDPHWHUV LV VKRZQ LQ

)LJ� ��

 
 )LJXUH �� 2XWSXW EHDP SDUWLFOH HQHUJ\ YV� WLPH�

 
7DEOH �� 7KH H[SHULPHQWDO DQG HVWLPDWHG SDUDPHWHUV

DFFRUGLQJ WR WKH EHDP DFFHOHUDWLRQ LQ D VLQJOH VHFWLRQ

([SHULPHQW (VWLPDWLRQ

2XWSXW ���� NO\VWURQ

5) SRZHU

�� 0: �� 0:

5HSHWLWLRQ UDWH ��� +] ��� +]

%HDP SXOVH FXUUHQW ��� $ ��� $

%HDQ SXOVH GXUDWLRQ ��� QVHF ��� QVHF

$YHUDJH HOHFWURQ

EHDP HQHUJ\

�� 0H9 ��� 0H9

%HDP HQHUJ\ FRQWHQW ���� -RXOH ���� -RXOH

$YHUDJH EHDP SRZHU � ��� N:

 

 ���&21&/86,21

 $Q DYHUDJH DFFHOHUDWLQJ JUDGLHQW RI PRUH WKDQ ��

0H9�P ZDV DFKLHYHG LQ WKH FRQGLWLRQV FORVH WR WKH

³,5(1´ SURMHFW� 7KH H[SHULPHQWDO GDWD DOORZ XV WR H[SHFW

ZLWK FRQILGHQFH WKDW WKH KLJK SURMHFW SRZHU RI WKH

HOHFWURQ EHDP LQ WKH GHVLJQHG /8(���� OLQDF ZLOO EH

REWDLQHG�

5()(5(1&(6

>�@ $� .DPLQVN\� HW DO�� �/8(��� � 'ULYHU /LQDF )RU
,QWHQVH 5HVRQDQW 1HXWURQ 6SHFWURPHWHU �,5(1���
3URFHHGLQJV RI /,1$&�� &RQIHUHQFH� *HQHYD�
$XJXVW ������ ����� SS� �������� &(51 �������

>�@ 6� 'RO\D� HW DO�� �/LQDF /8( � ��� 7HVW )DFLOLWLHV��
3URFHHGLQJV RI WKH ;,; ,QWHUQDWLRQDO /LQDF
&RQIHUHQFH /,1$&��� $XJXVW ������ ����� SS� ���
��� $1/� $UJRQQH� ,OOLQRLV� 86$ �������

>�@ $�9� $OH[DQGURY� HW DO�� �(OHFWURQ�SRVLWURQ 3UHLQMHFWRU
RI 9(33�� &RPSOH[�� 3URFHHGLQJV RI /,1$&��
&RQIHUHQFH� *HQHYD� $XJXVW ������ ����� SS� ����
���� &(51 �������

>�@ 9�(� $NLPRY� HW� DO� �7HVW RI (OHFWURQ /LQDF IRU
9(33�� 3UH�LQMHFWRU�� 3URFHHGLQJV RI (3$& ����
&RQIHUHQFH� 9LHQQD� ����� -XQH ����� �ZDV
SUHVHQWHG DQG ZLOO SXEOLVK��

>�@ 9�(� $NLPRY� $�9� $OHNVDQGURY� $�9� $QWRVKLQ� 0�6�
$YLORY� 3�$� %DN� 2�<X� %D]KHQRY� <X�0�
%RLPHOVKWHLQ� '�<X� %RONKRYLW\DQRY� $�*� &KXS\UD�
1�6� 'LNDQVN\� $�5 )URORY� 5�.K� *DOLPRY� 5�*�
*URPRY� .�9� *XELQ� 6�0� *XURY� <H�$� *XVHY� ,�9�
.D]DUH]RY� 9�'� .KDPELNRY� 6�1� .O\XVFKHY� 1�$�
.LVHOHYD� 9�,� .RNRXOLQ� 0�%� .RUDEHOQLNRY� $�$�
.RUHSDQRY� 9�,� .RS\ORY� $�1� .RVDUHY� 1�.K� .RW�
1�1� /HEHGHY� 3�9� /RJDWFKHY� $�1� /XNLQ� 3�9�
0DUW\VKNLQ� /�$� 0LURQHQNR� $�$� 1LNLIRURY� $�9�
1RYRNKDWVNL� 9�0� 3DYORY� ,�/� 3LYRYDURY� 2�9�
3LURJRY� 9�9� 3RGOHYVNLNK� 6�/� 6DPRLORY� 9�6�
6HYHULOR� 9�'� 6KHPHOLQ� 6�9� 6KL\DQNRY� %�$�
6NDUER� $�1� 6NULQVN\� %�0� 6PLUQRY� $�1�
6XGDUNLQ� '�3� 6XNKDQRY� $�6� 7V\JDQRY� <X�9�
<XGLQ� 1�,� =LQHYLFK� �7HVW RI $FFHOHUDWLQJ 6WUXFWXUH
IRU 9(33�� 3UHLQMHFWRU�� �WKLV FRQIHUHQFH��
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