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,��.XOLN���,/73(�.KDUNXY��5XVVLD��$��.RORPLHWV��6��<DUDPLVKHY��,7(3��0RVFRZ��5XVVLD

$EVWUDFW

)ROORZLQJ� WKH� GHPDQG� RI� YHU\� KHDY\� LRQ� EHDPV� DW� WKH

/DERUDWRUL�1D]LRQDOL� GL� /HJQDUR� D� QHZ� LQMHFWRU� � IRU�$/3,� LV

IRUHVHHQ��$W� SUHVHQW�$/3,� LV� IHG� E\� D� ���09�;78�7DQGHP

SURYLGLQJ�� URXWLQHO\�� EHDPV�XS� WR�PDVVHV� RI� WKH� RUGHU� � RI� ��

DPX��,Q�RUGHU�WR�XSJUDGH��WKH�SRVVLELOLWLHV�RI�WKH�FRPSOH[�DQG

DFFHOHUDWH� �PDVVHV�XS�WR�����DPX� WKH�QRYHO� LQMHFWRU�KDV�EHHQ

GHVLJQHG�� 7KH� QHZ�PDFKLQH� FRQVLVWV� RI� DQ� (&5� VRXUFH� RQ� D

KLJK� YROWDJH� SODWIRUP�� FDSDEOH� RI� ���� N9�� IROORZHG� E\� WZR

VXSHUFRQGXFWLQJ� 5)4� UHVRQDWRUV� RSHUDWLQJ� DW� ��� 0+]� DQG

ERRVWLQJ� WKH� EHDP� HQHUJ\� � XS� WR� DERXW� ���� NH9�DPX�

'RZQVWUHDP� WKH� 65)4©V� HLJKW� 4XDUWHU� :DYH� 5HVRQDWRUV

VLPLODU� WR� WKH� $/3,� EXON� QLRELXP� FDYLWLHV� DUH� IRUHVHHQ�� WR

UHDFK�D�SURSHU�$/3,� LQMHFWLRQ�HQHUJ\�RI�DERXW�����NH9�DPX�

7KLV�SDSHU�GHVFULEHV�WKH�SURMHFW�

,QWURGXFWLRQ

7KH� QHZ� SRVLWLYH� LRQ� LQMHFWRU� IRU� WKH� /HJQDUR� KHDY\� LRQ

IDFLOLW\�3,$9(��3RVLWLYH�,RQ�$FFHOHUDWRU�IRU�9HU\�ORZ�(QHUJ\

��ZLOO�LQFUHDVH�WKH�FDSDELOLW\�RI�WKH�FRPSOH[�LQ�GHOLYHULQJ�YHU\

KHDY\� LRQ� EHDPV� WR� WKH� H[SHULPHQWV�� 7KH� XVHU� UHTXHVW�� DIWHU

PRUH�WKDQ�D�GHFDGH�RI�RSHUDWLRQ�RI�WKH�;78�WDQGHP��LV�WR�KDYH

YHU\�KHDY\�LRQ�EHDPV�ZLWK�LQWHQVLWLHV�RI�IHZ�SDUWLFOH�Q$�RQWR

WKH� WDUJHW�� 7KH� QHZ� PDFKLQH� ZLOO� DOORZ� WKH� VLPXOWDQHRXV

RSHUDWLRQ�RI� WKH� WZR�PDLQ�DFFHOHUDWRUV� �RSHUDWLQJ�DW�/HJQDUR�

WKH�;78�WDQGHP�DQG�WKH�SRVW�DFFHOHUDWRU�$/3,��WKDW�DUH�IRUFHG

WR�ZRUN� LQ� DOWHUQDWLYH�� DW� SUHVHQW�� EHLQJ� WKH� WDQGHP� WKH� RQO\

LQMHFWRU�IRU�$/3,�>�����@��)LJXUH���VKRZV�WKH�3,$9(�WHFKQLFDO

OD\RXW�IURP�WKH�LRQ�VRXUFH�WR�WKH�LQMHFWLRQ�LQ�$/3,�

7KH� EHDP� LV� IRUPHG� LQ� WKH� (&5� VRXUFH�$OLFH� >�@�ZKLFK� LV

ORFDWHG�RQ�D�KLJK�YROWDJH�SODWIRUP�DQG�DFFHOHUDWHG�E\�WKH����

N9�DSSOLHG�YROWDJH��$V�VKRZQ� LQ� ILJXUH��� WKH�+9�SODWIRUP� LV

SODFHG� � ��P� KLJKHU� WKDQ� WKH� $/3,� YDXOW� IORRU� RQ� D� FRQFUHWH

VXSSRUW�� 7KLV� VROXWLRQ�� GLFWDWHG� E\� WKH� GLPHQVLRQ� RI� WKH

SODWIRUP�DQG� WKH� UHTXLUHG�GLVWDQFHV� IURP� WKH�ZDOO�� FDOOV� IRU� D

WUDQVSRUW� OLQH�ZKLFK� GLVSODFHV� WKH� EHDP� E\� DERXW� ��P� LQ� WKH

YHUWLFDO�GLUHFWLRQ�DQG�DERXW���P�LQ�WKH�KRUL]RQWDO�RQH�>�@�

7KH�WUDQVSRUW�OLQH�FRQWDLQV�WKH�GRXEOH�GULIW�GRXEOH�IUHTXHQF\

EXQFKLQJ� V\VWHP� RSHUDWLQJ� DW� ��ª��� 0+]� IRU� WKH� SURSHU

LQMHFWLRQ�LQWR�WKH�65)4�

7KH� ILUVW� DFFHOHUDWLQJ� VHFWLRQ� RI� 3,$9(� ZKLFK� FRQVLVWV� RI

WZR�VXSHUFRQGXFWLQJ�5)4�FDYLWLHV�KRXVHG�LQ�WKH�VDPH�FU\RVWDW

�VHH� ILJ�� �����7KH�RXWSXW� HQHUJ\�RI� WKH�5)4� VHFWLRQ� KDV� EHHQ

RSWLPL]HG� ZLWK� UHVSHFW� RI� WKH� DFFHOHUDWLRQ� HIILFLHQF\� RI� WKH

VWUXFWXUH�� )ROORZLQJ� WKH� 65)4©V� WKHUH� DUH� HLJKW� DFFHOHUDWLQJ

4XDUWHU�:DYH� FDYLWLHV� RI� WKH� VDPH� W\SH� RI� WKH� EXON� QLRELXP

ORZ�E� VHFWLRQ� RI�$/3,>�@�� ZLWK� VRPH�PLQRU�PRGLILFDWLRQV� LQ

RUGHU� WR� GHFUHDVH� WKH� � ERSW� YDOXH� IURP� ������ WR� ������ � 7KH

4:5©V�DUH�KRXVHG�LQ�WZR�FU\RVWDWV�DQG�LQ�EHWZHHQ��WKHUH�LV�D

TXDGUXSROH�GRXEOHW�IRU�WUDQVYHUVH�IRFXVLQJ�

'RZQVWUHDP�WKH�DFFHOHUDWLQJ�VHFWLRQV�RI�3,$9(�WKHUH�LV�WKH

WUDQVSRUW��DQG�PDWFKLQJ�OLQH�WR�$/3,�ZKLFK�LQFOXGHV�WZR�URRP

WHPSHUDWXUH� � EXQFKHUV� �LQ� ILJ�� ��� RQO\� RQH� RI� WKHP� LV� VKRZQ

EHLQJ�WKH�VHFRQG�RQH�KLGGHQ�LQ�WKH�FKRVHQ�YLHZ��

7KH� FKRLFH� RI� XVLQJ� VXSHUFRQGXFWLQJ� VWUXFWXUH� KDV� EHHQ

GULYHQ� E\� WKH� IDFW� WKDW� $/3,� LV� FDSDEOH� RI� UXQQLQJ� LQ� &:

PRGH�� EHLQJ� LWVHOI� D� VXSHUFRQGXFWLQJ� PDFKLQH�� 7KLV� IROORZV

WKH�WUDGLWLRQDO�XVH�RI�HOHFWURVWDWLF�PDFKLQHV�LQ�QXFOHDU�SK\VLFV

DQG� IXOILOO� WKH� UHTXHVW� RI� WKH� KLJK� HIILFLHQF\� PXOWL�DUUD\� J�

VSHFWURVFRS\� GHWHFWRUV�ZKLFK� QHHG� D� EHDP� LQWHQVLW\� RI� VRPH

SQ$�ZLWK������GXW\�F\FOH�
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�7KH�YDOXHV�DUH�UHIHUUHG�WR��D�PDVV�WR�FKDUJH�RI�UDWLR�������

����
8
���
��

%HDP�'\QDPLFV

7KH�QHZ�LQMHFWRU�KDV�WR�SURYLGH�WKH�YHU\�KHDY\�LRQ�EHDP�IRU

$/3,�UHSODFLQJ�WKH�WDQGHP��ZKLFK�PHDQV�WKDW�WKH�EHDP�TXDOLW\

RI� WKH�PDFKLQH�KDV� WR�FRPSHWH�ZLWK� WKH�YHU\�JRRG� WUDQVYHUVH

HPLWWDQFH� RI� DQ� HOHFWURVWDWLF� PDFKLQH�� 0RUHRYHU� WKH

ORQJLWXGLQDO�VWUXFWXUH�RI�WKH�EHDP�KDV�WR�EH�DFFHSWDEOH�IRU�WKH

LQMHFWLRQ�LQWR�$/3,��7KHVH�UHTXHVWV�KDYH�WR�EH�FRPELQHG�ZLWK

WKH�RSWLPL]DWLRQ�RI�WKH�DFFHOHUDWLRQ�HIILFLHQF\�GXH�WR�WKH�YHU\

KLJK�FRVWV�RI�WKH�VXSHUFRQGXFWLQJ�VWUXFWXUH�DQG�DQFLOODU\�

7KH� PDLQ� IHDWXUHV� RI� WKLV� GHVLJQ� DUH� WKH� EXQFKLQJ� RI� WKH

EHDP� RXWVLGH� WKH� 5)4�� WKH� RSWLPL]DWLRQ� RI� WKH� DFFHOHUDWLRQ

HIILFLHQF\� �ZLWK� SURSHU� FKRLFH� RI� YROWDJHV� DQG� DSHUWXUHV� DQG

WKH� PLQLPL]DWLRQ� RI� WKH� RXWSXW� ORQJLWXGLQDO� HPLWWDQFH�� WKDW

GHWHUPLQHV�WKH�PRGXODWLRQ�ODZ>�����@�

7KH�LRQ�YHORFLW\�IRU�WKH�WUDQVLWLRQ�EHWZHHQ�WKH�5)4�VWUXFWXUH

DQG� WKH� 4:5� KDV� EHHQ� FKRVHQ� EDODQFLQJ� WKH� DFFHOHUDWLRQ

HIILFLHQF\�RI�WKH�WZR�VWUXFWXUHV��,QGHHG�DW�KLJKHU�EHDP�HQHUJ\

WKH�UI�VWRUHG�HQHUJ\�LQ�WKH�5)4�EHFRPHV�SURKLELWLYH��DW�ORZHU

EHDP�HQHUJ\�WKH�WUDQVLW�WLPH�IDFWRU�LQ�WKH�WZR�JDSV�4:5©V�LV

WRR�ORZ�

7KH�UHVXOW�RI�WKH�GHVLJQ�VWXG\�LV�VXPPDUL]HG�LQ�WDEOH���

7KH�6XSHUFRQGXFWLQJ�6WUXFWXUHV

7KH� SURMHFW� IRUHVHHV� WZR� GLIIHUHQW� UHVRQDWRUV� IRU� WKH� 5)4

VHFWLRQ� IRU� D� WRWDO� VWUXFWXUH� OHQJWK� RI� a� ���� P�� KRXVHG� LQ� D

VLQJOH� FU\RVWDW� PDLQO\� WR� UHGXFH� WKH� XQDYRLGDEOH� GULIW� VSDFH

EHWZHHQ�WKH�FDYLWLHV��:H�DUH�IRUFHG�WR�VSOLW�WKH�5)4�LQWR�WZR

UHVRQDWRUV�RWKHUZLVH�WKH�UI�HQHUJ\�VWRUHG�LQ�WKH�FDYLWLHV�ZRXOG

PDNH� WKH� SKDVH� ORFN� ZLWK� D� UHDVRQDEOH� UI� SRZHU� DPSOLILHU

LPSRVVLEOH�>�@�

7KH� ILUVW�RI� WKH� WZR� FDYLWLHV� WR� EH� EXLOW� LV� WKH� VHFRQG�5)4�

QDPHG�65)4���EHFDXVH� LW� LV� WKH�PRVW� FULWLFDO�RQH�FRQFHUQLQJ

WKH� � UI� HOHFWURQLFV� GHPDQGV�� 7KH� GUDZLQJ� RI� WKH� FDYLW\� LV

VKRZQ�LQ�ILJXUH���

)LJ�����7KH�65)4��UHVRQDWRU

7KH� 65)4©V� DUH� PDGH� RI� H�E� ZHOGHG� QLRELXP� VKHHWV�� 7KH

FKRLFH� RI� WKLV� FRQVWUXFWLRQ� WHFKQRORJ\� LV� DGYLVHG� E\� WKH

WLJKWQHVV� RI� WKH� WLPH� VFKHGXOH� RI� WKH� SURMHFW�� EXW� D� SDUDOOHO
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UHVHDUFK�H[SHULPHQW��RQ�WKH�IHDVLELOLW\�RI�WKLV�NLQG�RI�VWUXFWXUH

LQ�2)+&�FRSSHU��ZLWK�D�VSXWWHUHG�QLRELXP�ILOP�LV�LQ�SURJUHVV�

)URP�WKH�PHFKDQLFDO�SRLQW�RI�YLHZ��HIIRUW�KDV�EHHQ�SXW�LQ�WKH

FDOFXODWLRQ� DQG� PRGLILFDWLRQ� RI� WKH� HLJHQIUHTXHQFLHV� RI� WKH

PHFKDQLFDO�YLEUDWLRQV�RI�WKH�FDYLWLHV�WR�PLQLPL]H�WKH�HIIHFW�RQ

WKH�UI�RSHUDWLRQ>���@��7KH�VWLIIHQLQJ�ULEV�DQG�WKH�EDUV�SXVK�WKH

PHFKDQLFDO� UHVRQDQW� IUHTXHQF\� WR� a���� +]�� ZKHUHDV� WKH

IUHTXHQF\� ZLWKRXW� DQ\� VWLIIHQLQJ� EXW� ZLWK� WKH� DOUHDG\

RSWLPL]HG� VKDSH� RI� WKH� VXSSRUWV� LV� a��� +]�� WKLV� LV� PRUH

FRQYHQLHQW�FRQVLGHULQJ�WKH�HQYLURQPHQW�PHFKDQLFDO�QRLVH�

7KH�65)4�UHVRQDWRUV�ZLOO�ZRUN�LQ�D�VHOI�H[FLWHG�ORRS�PRGH

DQG�RQH�QHHGV�D�UI�DPSOLILHU�SRZHU�RI�DW� OHDVW�����:�>���@� LQ

RUGHU� WR� KDYH� D� G\QDPLF� UDQJH� RI� ���� +]�� FRQVLGHULQJ� WKH

TXLWH� KLJK� VWRUHG� HQHUJ\�� 7KLV� KLJK� UI� SRZHU� QHHGHG� IRU� WKH

IHHG�EDFN�FRQWURO�ORRS�SXWV�ERWK�UI�DQG�WKHUPDO�FRQVWUDLQWV�RQ

WKH�UI�IHHG�OLQHV�DQG�RQ�WKH�FU\RVWDW�

7KH� VORZ� WXQHU� UDQJH� LV� RI� ����� N+]�� WKURXJK� HODVWLF

GHIRUPDWLRQ� RI� WKH� WZR� HQG� SODWHV� E\� ����� PP�� $� WXQLQJ

V\VWHP�WR�FRPSHQVDWH�WKH������PEDU��SUHVVXUH�YDULDWLRQ�RI�WKH

OLTXLG�KHOLXP�EDWK�LV�XQGHU�LQYHVWLJDWLRQ�

$V� PHQWLRQHG� DERYH�� WKH� VHFRQG� SDUW� RI� WKH� DFFHOHUDWRU� LV

PDGH�RI�HLJKW�VXSHUFRQGXFWLQJ�4:�UHVRQDWRUV�RSHUDWLQJ�DW���

0+]� VLPLODU� WR� WKH� ORZ� HQHUJ\� VHFWLRQ� FDYLWLHV� RI�$/3,� >�@�

7KH� RQO\�PRGLILFDWLRQ�ZH� IRUHVHH� LV� WKH� YDULDWLRQ� RI� WKH�ERSW

WKURXJK�PRGLILFDWLRQ� RI� WKH� EHDP� SRUW� JHRPHWU\�� 7KLV�PLQRU

FKDQJH�ZLOO�QRW� UHTXLUH�D�QHZ�VWXG\�RI� WKH� VWUXFWXUH�� WKDW� KDV

EHHQ�FRQVWUXFWHG�DQG�VXFFHVVIXOO\�WHVWHG�

,QIUDVWUXFWXUHV

7KH�PRVW�GHPDQGLQJ�DQFLOODU\�V\VWHP�RI�WKH�ZKROH�SURMHFW�LV

WKH� OLTXLG�KHOLXP�SURGXFWLRQ� DQG� GLVWULEXWLRQ� V\VWHP�� 3,$9(

UHTXLUHV�D�FRROLQJ�SRZHU�RI�����:�DW�����.�DQG�����:�DW���

.� DQG� LW� LV� FRQQHFWHG�ZLWK� WKH�$/3,� FU\RJHQLF� FRPSOH[�� 7R

DYRLG�WKH�RYHUORDGLQJ�RI�WKH����.�FLUFXLW�WKH�XVH�RI�D�VHSDUDWHG

OLTXLG�QLWURJHQ�UHIULJHUDWLRQ�V\VWHP�LV�IRUHVHHQ�

$QRWKHU� LPSRUWDQW�FRQVWUDLQW�RQ� WKH�FU\RJHQLF�V\VWHP�LV� WKH

TXLHWQHVV� FRQFHUQLQJ� WKH� PHFKDQLFDO� QRLVH� EHFDXVH� RI� WKH

VHQVLWLYLW\� RI� WKH� 65)4� FDYLWLHV� WR� WKH� YLEUDWLRQV�� 'LIIHUHQW

VROXWLRQV� DUH� QRZ� XQGHU� LQYHVWLJDWLRQ� UDQJLQJ� IURP� DQ

LQH[SHQVLYH�V\VWHP�PDGH�RI�D�GHZDU� IRU� WKH�SKDVH� VHSDUDWLRQ

RI�WKH�OLTXLG�KHOLXP�WR�WKH�XVH�RI�VXSHUIOXLG�KHOLXP�

$OO� WKH�RWKHU�DFFHOHUDWRU�V\VWHPV�DUH�DQ�XSJUDGHG�UHSOLFD�RI

WKH�ZHOO�SURYHQ�$/3,�V\VWHPV�>�@�

7KH� PDLQ� QRYHOW\�� FRQFHUQLQJ� WKH� EHDP� GLDJQRVWLFV�� LV� WKH

GHVLJQ� DQG� FRQVWUXFWLRQ� RI� D� EHDP� HPLWWDQFH� PHDVXULQJ� ER[

HVVHQWLDO�IRU�WKH�WXQLQJ�RI�WKH�WUDQVIHU�OLQHV�

6WDWXV�RI�WKH�3URMHFW

3,$9(� KDV� EHHQ� DSSURYHG� DV� D� ¦6SHFLDO� 3URMHFW§� E\� WKH

H[HFXWLYH�FRPPLWWHH�RI�,1)1�LQ�LWV�PHHWLQJ�RI�-XO\�������,W�LV

D�WKUHH�\HDUV�SURMHFW�ZLWK�D�FRVW�RI�a����%LOOLRQ�/LW�

7KH� IHDVLELOLW\� VWXGLHV�RI� WKH�SURMHFW� DUH� JRLQJ�RQ� VLQFH� WKH

PLGGOH� RI� ����� DQG� LQ� 0DUFK� ������ EHIRUH� SUHVHQWLQJ

RIILFLDOO\� WKH�SURMHFW� WR� WKH� ,1)1��DQ� LQWHUQDWLRQDO� FRPPLWWHH

UHYLHZHG�WKH�GHVLJQ�LQ�DOO�DVSHFWV��JLYLQJ�VFLHQWLILF�DSSURYDO�

7KH�65)4�FDYLWLHV�DUH�LQ�D�SURWRW\SLQJ�VWDJH�DQG�WKH�LQWHUQDO

SDUWV�RI�WKH�VWDLQOHVV�VWHHO�IXOO�VFDOH�PRGHO�RI�65)4�KDYH�EHHQ

H�E�ZHOGHG��7KH�PRGHO� LV�PHDQW� WR�FKHFN�DOO� WKH�FRQVWUXFWLRQ

GHWDLOV�RI� WKH�FDYLWLHV� DQG� WR� FRQVWUXFW� WKH� SURSHU�PHFKDQLFDO

MLJV� EHFDXVH� WKH� FRQVWUXFWLRQ� RI� WKH� QLRELXP� FDYLW\� ZLOO

LPPHGLDWHO\�IROORZ�

)LJ�����7KH�WHVW�FU\RVWDW�DQG�WKH�65)4��FDYLW\

$� WHVW� FU\RVWDW�� DEOH� WR� KRXVH� ERWK� WKH� GLIIHUHQW� 65)4

FDYLWLHV��LV�XQGHU�FRQVWUXFWLRQ��7KH�PDLQ�IHDWXUH�RI�WKH�GHVLJQ

LV� WKH�XVH�RI� WLWDQLXP�IRU� WKH� OLTXLG�KHOLXP� UHVHUYRLU� WR�DYRLG

WKH� VWUHVVHV�GXH� WR� WKH� GLIIHUHQW� � WKHUPDO� FRQWUDFWLRQ�EHWZHHQ

WKH�FDYLW\��PDGH�RI�QLRELXP��DQG�WKH�UHVHUYRLU�ZKLFK�FRQWDLQV

LW�LQ�D�KHOLXP�EDWK��VHH�ILJ������
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