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$EVWUDFW
8QOLNH SUHYLRXVO\ UHSRUWHG ;�UD\ VWUXFWXUHV RI RUWKR TXLQRQH PRQRR[LPHV� ZKLFK H[KLELW

HLWKHU LQWUDPROHFXODU K\GURJHQ ERQGLQJ RU FKDLQ�OLNH VWUXFWXUHV LQ WKH VROLG VWDWH� WKH

VWHULFDOO\ GHPDQGLQJ ����GL�WHUW�EXW\O�����EHQ]RTXLQRQH���PRQRR[LPH �'7� FU\VWDOOL]HV DV

GLPHUV� ,Q FU\VWDOV IURP WROXHQH '7 IRUPV GLPHUV KHOG WRJHWKHU E\ WZR K\GURJHQ ERQGV LQ D

VL[�PHPEHUHG ULQJ FRPPRQO\ IRXQG IRU VLPSOH R[LPHV� EXW QRW IRU RUWKR TXLQRQH

PRQRR[LPHV� &U\VWDOV IURP PHWKDQRO FRQWDLQ '7 GLPHUV KHOG WRJHWKHU E\ WZR EULGJLQJ

PHWKDQRO PROHFXOHV� HDFK RI ZKLFK SDUWLFLSDWH LQ WKUHH K\GURJHQ ERQGV� $OWKRXJK SKHQROLF

DQG TXLQRQRLG WDXWRPHULF IRUPV RI '7 FRH[LVW LQ VROXWLRQ� ZLWK QRQSRODU VROYHQWV IDYRULQJ

WKH DURPDWLF SKHQROLF WDXWRPHU� ERWK FU\VWDOV H[LVW LQ WKH TXLQRQRLG IRUP� LQGHSHQGHQW RI WKH

VROYHQW IURP ZKLFK WKH\ ZHUH FU\VWDOOL]HG� 7KHVH TXLQRQRLG IRUPV DUH VWDELOL]HG E\

LQWHUPROHFXODU PXOWL FHQWHU K\GURJHQ ERQGV DQG GLSROH�GLSROH LQWHUDFWLRQV FRXQWHULQJ WKH

HIIHFW RI WKH ORVV RI DURPDWLF VWDELOL]DWLRQ� :LWK FRSSHU �,,� SHUFKORUDWH� '7 \LHOGHG FU\VWDOV

RI &X�,,��+/��/�
�
&O2�� ZKHUH +/  '7� +/ DQG / OLJDQGV DUH FRRUGLQDWHG WR &X�,,� LQ D FLV

UHODWLRQVKLS�

,QWURGXFWLRQ

7KH�FKHPLVWU\�RI�TXLQRQH�PRQRR[LPHV�LV�PDUNHG�E\�WKH�H[LVWHQFH�RI�D�WDXWRPHULF

HTXLOLEULXP�ZLWK�QLWURVRSKHQROV��VKRZQ�EHORZ�IRU�����GL�WHUW�EXW\O�����EHQ]RTXLQRQH���

PRQRR[LPH��'7��
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6SHFWURVFRSLF� PHWKRGV���� KDYH� UHYHDOHG� YDULRXV� VWUXFWXUDO� HIIHFWV� RQ� WKLV

HTXLOLEULXP��DQG�VKRZQ�WKDW�� LQ�JHQHUDO��TXLQRQRLG�IRUPV�DUH�IDYRUHG�LQ�SRODU�VROYHQWV�

ZKLOH�SKHQROLF�IRUPV�DUH�IDYRUHG�LQ�QRQSRODU�VROYHQWV�

'HVSLWH� WKH� H[LVWHQFH� RI� WKH� SKHQROLF� IRUP� LQ� VROXWLRQ� IRU� FHUWDLQ� FDVHV��;�UD\

FU\VWDOORJUDSK\�KDV�VKRZQ�WKDW�DOO�QLWURVRSKHQROV�UHSRUWHG�WKXV�IDU�DUH�TXLQRQRLG�LQ�WKH

VROLG�VWDWH�����ZLWK� WKH�R[LPR� � 1�2+��JURXS�RULHQWHG�HLWKHU�V\Q�RU�DQWL� WR� WKH�NHWR� ��

& 2��JURXS��7KH�V\Q�RULHQWDWLRQ�UHVXOWHG� LQ�DQ� LQWUDPROHFXODU�K\GURJHQ�ERQG�EHWZHHQ

R[LPR� DQG� NHWR� JURXSV���� ZKLOH� WKH� DQWL� IRUP� IDYRUHG� D� FKDLQ�OLNH� DUUDQJHPHQW� RI

TXLQRQH�PRQRR[LPH�PROHFXOHV�FRQQHFWHG�WKURXJK�LQWHUPROHFXODU�K\GURJHQ�ERQGV��

R�4XLQRQH�PRQRR[LPHV�DUH�NQRZQ�WR�IRUP�VWDEOH�FRPSOH[HV�ZLWK�G�PHWDO�LRQV�LQ

ZKLFK� WKH� PHWDO� LRQ� LV� ERXQG� WR� WKH� NHWR� R[\JHQ� DQG� R[LPR� QLWURJHQ�� 1XPHURXV

DQDO\WLFDO���DQG�V\QWKHWLF���XVHV�ZHUH�UHSRUWHG�IRU�WKHVH�FRPSOH[HV��7DUQRSRO¶VNLL���DOVR

VWXGLHG� WKH� HIIHFWLYHQHVV� RI�'7� IRU�PHWDO� LRQ� H[WUDFWLRQV�� %\� DQDO\VLV� RI� ERQG� OHQJWK

GDWD� LW�ZDV� VKRZQ� WKDW� D�FRPSOH[HG�PHWDO� LRQ�FDXVHV�D�PHVRPHULF� VKLIW� WRZDUG� WKH�R�

QLWURVRSKHQR[LGH�IRUP�RI�WKH�OLJDQG���� ��

�7KH� SXUSRVH� RI� WKLV� ZRUN� ZDV� WR� GHWHUPLQH� WKH� HIIHFW� RI� VWHULFDOO\� GHPDQGLQJ

VXEVWLWXHQWV� RQ� FU\VWDO� VWUXFWXUHV� REWDLQHG� IURP� SRODU� DQG� QRQSRODU� VROYHQWV� DQG� RQ� D

FU\VWDOOLQH� PHWDO� FRPSOH[�� '7� ZDV� FKRVHQ� IRU� WKLV� LQYHVWLJDWLRQ� EHFDXVH� RI� VWURQJ

VROYHQW�HIIHFWV�������RQ�LWV�WDXWRPHULF�HTXLOLEULXP��+RZHYHU��'7�GLIIHUV�IURP�SUHYLRXVO\

H[DPLQHG�R�TXLQRQH�PRQRR[LPHV�E\�WKH�SUHVHQFH�RI�EXON\�WHUW�EXW\O�JURXSV��7KH�ZRUN

ZDV� DOVR� DQ� DWWHPSW� WR� REWDLQ� DQ� XQFRPSOH[HG�R�QLWURVRSKHQRO� FU\VWDO� LQ� WKH� SKHQROLF

IRUP�

([SHULPHQWDO

,QVWUXPHQWDWLRQ

,5�GDWD�ZDV�FROOHFWHG�RQ�D�0DWWVRQ�*/������,5�VSHFWURPHWHU��$�PRGLILHG�1LFROHW

17� ���� VSHFWURPHWHU� RSHUDWLQJ� DW� ���� 0+]� ZDV� XVHG� WR� FROOHFW� 105� VSHFWUD�� DQG

VDPSOHV�ZHUH�DQDO\]HG�ZLWK�D�)LVRQV�*&������JDV�FKURPDWRJUDSK�FRQQHFWHG�WR�D�)LVRQV

0'� ���� PDVV� VSHFWURPHWHU�� 7KH� *&� ZDV� HTXLSSHG� ZLWK� D� PHWK\O� VLOLFRQH� FDSLOODU\

FROXPQ��*	:�6FLHQWLILF�'%��06��DQG�WKH�06�ZLWK�DQ�(,�VRXUFH�DW����H9�
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6\QWKHVLV

����GL�WHUW�%XW\O�����EHQ]RTXLQRQH� ��PRQRR[LPH� ZDV� SUHSDUHG� IURP� ����GL�WHUW�

EXW\O�����TXLQRQH� DQG� K\GUR[\ODPLQH���� 5HFU\VWDOOL]DWLRQ� IURP� 0H2+� JDYH� VKLQ\

RUDQJH�FU\VWDOV�ZKLFK�XSRQ�GU\LQJ�EHFDPH�DQ�DPRUSKRXV�OLNH�RUDQJH�VROLG��P�S�������

R&��,5��.%U��/PD[� �FP
�������������������������������������������������������������

����������105�/+������0+]��VROYHQW�&'&O���VWDQGDUG�6L0H����������+��V��W�%X�������

��+��V�� W�%X������� ��+��EU��$U+������� ��+��EU��$U+���06�P�]�������������������������
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&U\VWDOV� IRU� ;�UD\� DQDO\VHV� ZHUH� SUHSDUHG� E\� VORZ� VROYHQW� HYDSRUDWLRQ� IURP� D

VROXWLRQ�H[SRVHG�WR�WKH�DWPRVSKHUH�DW� URRP�WHPSHUDWXUH��2UDQJH�'7�FU\VWDOV��REWDLQHG

IURP� PHWKDQRO�� FKDQJHG� DSSHDUDQFH� DIWHU� GU\LQJ� DQG� RYHU� FD�� ��� GD\V� WKH� GU\� VROLG

GHJUDGHG� UHJDUGOHVV� RI� UHIULJHUDWLRQ� RU� VWRUDJH� LQ� DQ� LQHUW� DWPRVSKHUH� DW� DPELHQW

WHPSHUDWXUH��)RU�WKLV�UHDVRQ��DV�VRRQ�DV�FU\VWDOV�ZHUH�UHPRYHG�IURP�WKH�PRWKHU� OLTXRU�

WKH\�ZHUH�LPPHGLDWHO\�PRXQWHG�RQ�WKH�VDPSOH�KROGHU�DW�OLTXLG�QLWURJHQ�WHPSHUDWXUH�IRU

;�UD\�DQDO\VLV��2UDQJH�FU\VWDOV�REWDLQHG�IURP�WROXHQH�VKRZHG�QR�VXFK�VLJQV�RI�FKDQJH�

HYHQ�RYHU�D�ORQJHU�SHULRG�DW�URRP�WHPSHUDWXUH�DQG�H[SRVXUH�WR�WKH�DWPRVSKHUH�

7KH� &X�,,�� '7� FRPSOH[� ZDV� SUHSDUHG� E\�PL[LQJ� �� HTXLYDOHQWV� RI� '7� ZLWK� �

HTXLYDOHQW�RI�&X�&O2���
��+�2�LQ�WROXHQH��+RZHYHU��FU\VWDOOL]DWLRQ�IURP�WROXHQH�GLG�QRW

UHVXOW� LQ� XVHIXO�PRQRFU\VWDOV�� 5HFU\VWDOL]DWLRQ� RI� WKLV� SURGXFW� IURP� F\FORKH[DQH� JDYH

GDUN� YLROHW� FU\VWDOV� RI� &X�,,��+/��/��&O2�� �ZKHUH� +/�  � ����GL�WHUW�EXW\O�����

EHQ]RTXLQRQH���PRQRR[LPH���VXLWDEOH�IRU�;�UD\�GDWD�FROOHFWLRQ�

;�5D\�VWUXFWXUH�DQDO\VLV

)RU�'7�IURP�WROXHQH�RU�PHWKDQRO��FU\VWDOV�ZHUH�PRXQWHG�RQ�JODVV�ILEHUV�DQG�GDWD

WDNHQ� DW� ������� .� RQ� D� 6LHPHQV� 3��5�� IRXU�FLUFOH� GLIIUDFWRPHWHU� HTXLSSHG� ZLWK� D

URWDWLQJ�0R�DQRGH��8QLW�FHOO�SDUDPHWHUV�DQG�FU\VWDO�RULHQWDWLRQ�ZHUH�REWDLQHG�E\�PHDQV

RI� OHDVW�VTXDUHV� UHILQHPHQW� RQ� DW� OHDVW� ��� UHIOHFWLRQV�� 3HULRGLF�PHDVXUHPHQWV� RI� WKUHH

VWDQGDUG�UHIOHFWLRQV�UHYHDOHG�QR�DSSUHFLDEOH�GHFD\��%RWK�VWUXFWXUHV�ZHUH�VROYHG�E\�GLUHFW

PHWKRGV�WKURXJK�6LHPHQV�;6&$16�DQG�6+(/;7/�SURJUDPV���
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)RU� WKH� &X� FRPSOH[�� GDWD� ZHUH� FROOHFWHG� RQ� D� 6LHPHQV� 60$57� &&'� VLQJOH�

FU\VWDO� GLIIUDFWRPHWHU� ZLWK� D� 0R� DQRGH� DQG� JUDSKLWH� PRQRFKURPDWRU�� &U\VWDOV� ZHUH

PRXQWHG�RQ�D�JODVV�ILEHU�DQG�SODFHG�LQ�D�QLWURJHQ�VWUHDP�DW��������.��$�VSKHUH�RI�GDWD

ZDV� FROOHFWHG� WR� DQ� HIIHFWLYH� �T� YDOXH� RI� ��� GHJUHHV�� XVLQJ� RPHJD� VFDQV�� 5RXWLQH

/RUHQW]�DQG�SRODUL]DWLRQ�FRUUHFWLRQV�ZHUH�DSSOLHG��$Q�HPSLULFDO� FRUUHFWLRQ�ZDV�XVHG��

IRU�DEVRUSWLRQ�DQG�RWKHU�V\VWHPDWLF�HUURUV��EDVHG�RQ�PHDVXUHG� LQWHQVLWLHV�RI�HTXLYDOHQW

UHIOHFWLRQV� DW� GLIIHUHQW� SKL� DQG� RPHJD� YDOXHV�� 7KH� VWUXFWXUH� ZDV� VROYHG� E\� GLUHFW

PHWKRGV� XVLQJ� 6LHPHQV� 60$57�� 6$,17�� DQG� 6+(/;7/� SURJUDPV������� )RU� DOO

VWUXFWXUHV�� UHILQHPHQWV� ZHUH� IXOO�PDWUL[� OHDVW�VTXDUHV� RQ� )�� XVLQJ� DOO� GDWD�� DQG� WKH

ZHLJKWLQJ�VFKHPH�ZDV�Z� �����>�1���)R�������$�3�������%�3��@�ZKHUH�3� ���)R������)F����

��

5HVXOWV�DQG�GLVFXVVLRQ

'7�FU\VWDOV�IURP�WROXHQH��'77RO�

&U\VWDO�GDWD�IRU�DOO�FU\VWDOV ���DV�ZHOO�DV�LQIRUPDWLRQ

DERXW�GDWD�FROOHFWLRQ�DQG�UHILQHPHQW�DUH�JLYHQ�LQ�7DEOH���

6HOHFWHG� ERQG� OHQJWKV� RI� DOO� WKUHH� VWUXFWXUHV� DUH� JLYHQ� LQ

7DEOH� ��� &RQVLGHUDEOH� GRXEOH� ERQG� ORFDOL]DWLRQ� LQ

EHQ]HQH�ULQJ� ERQG� GLVWDQFHV� LQGLFDWHV� D� TXLQRQRLG

VWUXFWXUH��DV�FRQILUPHG�E\�VKRUW�H[R�&�1�����������c��DQG

&�2�����������c��ERQG�OHQJWKV�DSSURSULDWH�IRU�R[LPR�DQG

NHWR�JURXSV��UHVSHFWLYHO\��$OO�DWRPV�RI�WKH�GLPHU�LQ�)LJXUH

�� OLH� QHDUO\� LQ� SODQH� H[FHSW� IRU� WHUW�EXW\O� JURXSV�� 7KH

R[LPR� JURXS� LV� LQ� DQ� DQWL� FRQILJXUDWLRQ� ZLWK� LWV� R[\JHQ

GLUHFWHG� DZD\� IURP� WKH� NHWR� IXQFWLRQ�� WKXV� SUHYHQWLQJ

IRUPDWLRQ� RI� DQ� LQWUDPROHFXODU� K\GURJHQ� ERQG�� 7KH

PROHFXOHV�DUH�FRQQHFWHG�WKURXJK�WZR�K\GURJHQ�ERQGV�DQG�D

ZHDN�LQWHUDFWLRQ�WR�FDUERQ\O�R[\JHQV�DV�LQGLFDWHG�LQ�)LJXUH

��� ,QWHUDWRPLF�GLVWDQFHV�DQG�DQJOHV�RI�K\GURJHQ�ERQGV�DUH

JLYHQ�LQ�7DEOH���
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)LJXUH � +\GURJHQ ERQGLQJ

EHWZHHQ PROHFXOHV RI ����GL�

WHUW�EXW\O�����EHQ]RTXLQRQH

��PRQRR[LPH GHULYHG IURP

WROXHQH VROXWLRQ� /DEHOHG DUH

QRQ�K\GURJHQ DWRPV RI WKH

PROHFXOH IURP WKH

DV\PPHWULF XQLW� 2�$ DQG

+� DWRPV DUH IURP WKH

V\PPHWU\ UHODWHG PROHFXOH�

+ DWRPV RQ WKH ULQJ DQG W�

EXW\O JURXSV DUH QRW VKRZQ�
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&U\VWDO V\VWHP

6SDFH JURXS
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9ROXPH� =

'HQVLW\ �FDOFXODWHG�
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&U\VWDO VL]H

7KHWD UDQJH IRU GDWD FROOHFWLRQ

/LPLWLQJ LQGLFHV

1R� RI UHIOHFWLRQV FROOHFWHG

1R� RI LQGHSHQGHQW UHIOHFWLRQV

*RRGQHVV�RI�ILW RQ )�

)LQDO 5 LQGLFHV >,!�1�,�@

5 LQGLFHV �DOO GDWD�

/DUJHVW GLII� SHDN DQG KROH
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'7�FU\VWDOV�IURP�PHWKDQRO��'70H2+�

'70H2+�DOVR� LV�D�GLPHULF�VWUXFWXUH�ZLWK� WKH� WZR�'7�KHOG� WRJHWKHU�E\�K\GURJHQ

ERQGLQJ�WR�WZR�EULGJLQJ�PHWKDQRO�PROHFXOHV�DV�VKRZQ�LQ�)LJXUH����%RQG�OHQJWKV�LQ�WKH

EHQ]HQH�ULQJ�DQG�H[R�ERQGV��&�1�����������c��DQG�&�2�����������c��LQGLFDWH�HDFK�'7

WR�EH�LQ�WKH�TXLQRQRLG�IRUP�DV�IRXQG�IRU�'77RO��%RWK�'7�PROHFXOHV�DUH�QHDUO\�SODQDU�DQG

DOO�IRXU�PROHFXOHV����'7�����0H2+��DUH

QHDUO\�FRSODQDU��7KH�R[LPR�JURXS�LV�LQ�DQ

DQWL� FRQILJXUDWLRQ� SUHYHQWLQJ

LQWUDPROHFXODU� K\GURJHQ� ERQGLQJ�� 7KH

PHWKDQRO� 2+� JURXS� LV� D� GRQRU� RI� WZR

ZHDN� K\GURJHQ� ERQGV� LQ� ZKLFK� WKH� NHWR

R[\JHQ� DQG� R[LPR� QLWURJHQ� DFW� DV

DFFHSWRUV��7KH�K\GURJHQ�ERQG�FRQQHFWLQJ

WKH� R[LPR� JURXS� �GRQRU�� DQG� PHWKDQRO

R[\JHQ� �DFFHSWRU��� RQ� WKH� RWKHU� KDQG�� LV

VKRUWHU�LQGLFDWLQJ�VLJQLILFDQW�VWDELOL]DWLRQ�

+\GURJHQ� ERQG� SDUDPHWHUV� DUH� JLYHQ� LQ

7DEOH���

,Q� WKH� VROYHQWV� ZKLFK� ZHUH� XVHG

WKH�SRVLWLRQ�RI�WKH�WDXWRPHULF�HTXLOLEULXP

VKRXOG�GLIIHU� VXEVWDQWLDOO\�� VLQFH� WKH� SKHQROLF�� TXLQRQRLG� UDWLR� LV� ������ LQ� HWKDQRO� DQG

������ LQ� EHQ]HQH��� 7KH� VWURQJ� SUHIHUHQFH� IRU� WKH� TXLQRQRLG� IRUP� LQ� WKH� VROLG� SKDVH�

HYHQ�ZKHQ�UHFU\VWDOOL]HG�IURP�WROXHQH��PXVW�EH�GXH�WR�VWURQJ�LQWHUPROHFXODU�DWWUDFWLRQV

QRW�SUHVHQW�LQ�GLOXWH�VROXWLRQ�

,Q�UHJDUG� WR�K\GURJHQ�ERQGLQJ�WKH�'7�PROHFXOH�KDV� WKH�SRWHQWLDO�DOWHUQDWLYH�RI

IRUPLQJ� DQ� LQWUDPROHFXODU� K\GURJHQ� ERQG��������� 7KLV� ERQG�� DOWKRXJK� VWURQJ�� ZRXOG

LQYROYH� RQO\� WZR� KHWHURDWRPV�� OHDYLQJ� WKH� WKLUG� RQH� QRQERQGHG� RU� SHUKDSV� ZHDNO\

ERQGHG� ZKHUHDV� LQ� WKH� DERYH� GLVFXVVHG� VWUXFWXUHV� LQWHUPROHFXODU� K\GURJHQ� ERQGLQJ

LQYROYHV� DOO� WKUHH� KHWHURDWRPV� LQ� VWDELOL]LQJ� FRQWDFWV�� 7KH� '70H2+� VWUXFWXUH� LQFOXGHV

DGGLWLRQDO��VWURQJHU��LQWHUPROHFXODU�K\GURJHQ�ERQGV�LQYROYLQJ�WKH�PHWKDQRO�R[\JHQ�
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)LJXUH � +\GURJHQ ERQGLQJ EHWZHHQ PROHFXOHV

RI ����GL�WHUW�EXW\O�����EHQ]RTXLQRQH ��

PRQRR[LPH DQG PHWKDQRO PROHFXOHV� /DEHOHG DUH

QRQ�K\GURJHQ DWRPV RI WKH PROHFXOH IURP WKH

DV\PPHWULF XQLW� 2�0 DWRP LV IURP WKH V\PPHWU\

UHODWHG PHWKDQRO PROHFXOH� + DWRPV RQ WKH ULQJ

DQG W�EXW\O JURXSV DUH QRW VKRZQ�
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� 7KH� EDODQFH� RI� HQHUJ\� FRQWULEXWLRQV� WKDW� JRYHUQ� PHWKDQRO� LQFOXVLRQ� LV� YHU\

GHOLFDWH��DV�VKRZQ�E\�HDVH�RI�PHWKDQRO� UHPRYDO�ZKHQ�FU\VWDOV�DUH�H[SRVHG� WR�DPELHQW

DWPRVSKHUH�DW� URRP� WHPSHUDWXUH��7KH�FU\VWDO� LV� WKHQ� LQ�D�GLVRUGHUHG� VWDWH� WKDW� OHDGV� WR

GHFRPSRVLWLRQ��D�SKHQRPHQRQ�QRW�REVHUYHG�LQ�WROXHQH�GHULYHG�FU\VWDOV�HYHQ�RYHU�ORQJHU

SHULRGV�� +RZHYHU�� WKH� IDFW� WKDW� WKH� LQWHUDFWLRQ� LV� VXIILFLHQW� WR� H[LVW� LQ� WKH� VROLG� VWDWH

LQGLFDWHV� WKDW� LQWUDPROHFXODU� ERQGLQJ� LV� QRW� OLNHO\� LQ� D� VROXWLRQ�ZLWK� DEXQGDQW� VROYHQW

PROHFXOHV�WKDW�UHDGLO\�IRUP�K\GURJHQ�ERQGV�

7DEOH �� 6HOHFWHG ERQG OHQJWKV LQ ����GL�WHUW�EXW\O�����EHQ]RTXLQRQH ��PRQRR[LPH �'7� DQG

&X�,,��+/��/��&O2� �ZKHUH +/ '7� FU\VWDOV�

/HQJWK c

&RPSRXQG '77RO '70H2+ &X�,,�'7

&RPSOH[ � &RPSOH[ �

%RQG /LJDQG �D /LJDQG �D /LJDQG �D /LJDQG �D

2����&��� �������� �������� �������� �������� �������� ��������

2����1��� ���������� �������� �������� �������� �������� ��������

1����&��� �������� �������� �������� �������� �������� ��������

&����&��� �������� �������� �������� �������� �������� ��������

&����&��� �������� �������� �������� �������� �������� ��������

&����&��� �������� �������� �������� �������� �������� ��������

&����&��$� �������� �������� �������� �������� �������� ��������

&����&��� �������� �������� �������� �������� �������� ��������

&����&��� �������� �������� �������� �������� �������� ��������

&����&��%� �������� �������� �������� �������� �������� ��������

&����&��� �������� �������� �������� �������� �������� ��������

2��0��&��0� � �������� � � � �

&X����1��� � � �������� �������� �������� ��������

&X����2��� � � �������� �������� �������� ��������

&X����2��&O� � � �������� � �������� �
D /LJDQGV � DQG � DUH WKH R[LPR �+/� DQG R[LPDWR �/�� OLJDQG LQ WKH FRSSHU �,,� '7 FRPSOH[HV�

'7�FRSSHU�,,��SHUFKORUDWH�FRPSOH[

$V� VKRZQ� LQ�)LJXUH����&X�,,�� LV� ERQGHG� WR� WZR�'7� �ERWK� ELGHQWDWH��ZLWK� D� ILIWK

FRRUGLQDWLRQ� VLWH�RFFXSLHG�E\�SHUFKORUDWH��2QH�'7� LV� LQ� DQLRQ� IRUP�JLYLQJ� WKH�RYHUDOO

IRUPXOD�&X�,,��+/��/��&O2��ZKHUH�'7�LV�UHSUHVHQWHG�DV�D�OLJDQG�+/��7KH�JHRPHWULHV�RI

WKH�WZR�'7�OLJDQGV�GLIIHU�VOLJKWO\�DV�VKRZQ�E\�YDOXHV�IRU�ERQG�OHQJWKV�LQ�7DEOH����7KH
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DV\PPHWULF� XQLW� RI� WKLV� FRPSRXQG� FRQWDLQV� WZR� GLIIHUHQW�&X�,,��+/��/�&O2�� FRPSOH[

PROHFXOHV�DQG�RQH�VROYHQW��WROXHQH��PROHFXOH��RULJLQDWLQJ�IURP�SUHSDUDWLYH�ZRUN��ZKLFK

LV�GLVRUGHUHG��7DEOHV���DQG���VKRZ�WKDW�ERQG�OHQJWKV�DUH�VLPLODU� LQ�ERWK�FRPSOH[HV�� ,Q

ERWK� FDVHV� WKH� R[LPR� DQG� R[LPDWR� JURXSV� RI�'7� OLJDQGV� DUH� LQ� D�FLV� UHODWLRQVKLS� DQG

K\GURJHQ�ERQGHG� WR�HDFK�RWKHU��7KHUH� LV�QR� LQGLFDWLRQ�RI� WKH� WUDSSHG�VROYHQW�DIIHFWLQJ

PXFK�WKH�'7�OLJDQGV�

7KH�&X�,,��'7�FRPSOH[�UHVHPEOHV�VLPLODU�VWUXFWXUHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH���� ��

WKXV� LQGLFDWLQJ� OLWWOH� LQIOXHQFH� RI� EXON\� VXEVWLWXHQWV�� 7KH� ���� FRPSOH[� ZLWK� VTXDUH

S\UDPLGDO�JHRPHWU\�LQ�ZKLFK�WKH�PHWDO�LV�ERXQG�WR�WKH�NHWR�R[\JHQ�DQG�R[LPR�QLWURJHQ

RI� TXLQRQRLG� OLJDQGV� LV� WKH� PRVW� FRPPRQO\� HQFRXQWHUHG� DUUDQJHPHQW� DPRQJ� ILYH�

FRRUGLQDWHG� &X� �,,�� FRPSOH[HV���� +RZHYHU�� WKH� FLV� JHRPHWU\� RI� R[LPR� JURXSV� LQ� WKH

SUHVHQW�FDVH��ZLWK�D�SVHXGR�PLUURU�SODQH��LV�XQXVXDO��VLQFH�UHSRUWHG�H[DPSOHV�KDYH�WKHVH

JURXSV�WUDQV��7KH�FLV�JHRPHWU\�PD\�UHVXOW�IURP�WKH�FRPSOH[�KDYLQJ�D�+/�DQG�/�OLJDQGV

ZKHUHDV�UHSRUWHG�VWUXFWXUHV�KDYH�RQO\�/�OLJDQGV��+/�DFWV�DV�D�K\GURJHQ�ERQG�GRQRU�EXW

WKH�K\GURJHQ�ERQG�FDQ�IRUP�RQO\� LQ� WKH�FLV�DQG�QRW� LQ�D� WUDQV�JHRPHWU\��,W� LV�QRW�FOHDU

ZKHWKHU�WKLV�FLV�WUDQV�HIIHFW�LV�LQ�DQ\�ZD\�GXH�WR�WHUW�EXW\O�JURXSV��6OLJKW�GLIIHUHQFHV�LQ

JHRPHWULHV�ZLWKLQ�OLJDQGV�ERXQG�WR�WKH�VDPH�PHWDO�LRQ�ZHUH�DOVR�UHSRUWHG�LQ�D�QXPEHU�RI

VLPLODU�VWUXFWXUHV���

%HQ]HQH� ULQJ� ERQG� OHQJWKV� LQ� FRPSOH[HG� OLJDQGV� VKRZ� OHVV� YDULDWLRQ� WKDQ� LQ

'77RO� RU� '70H2+�� 7KLV� VKLIW� WRZDUG� WKH� TXLQROLF� IRUP� LV� IXUWKHU� FRQILUPHG� E\� ERQG

OHQJWKV� RI� NHWR� DQG� R[LPR� JURXSV�� 7KHVH� UHVXOWV� DUH� LQ� DJUHHPHQW� ZLWK� WKH� UHSRUWHG

)LJXUH � +\GURJHQ ERQGLQJ LQ &X�,,��+/��/��&O2� FRPSOH[� 7KH 257(3 SLFWXUH

VKRZV RQO\ RQH RI WKH WZR FRPSOH[ PROHFXOHV IURP WKH DV\PPHWULF XQLW�
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HIIHFW� RI� ERXQG� PHWDO� LRQV� FDXVLQJ� D� PHVRPHULF� VKLIW� WRZDUG� WKH� SKHQROLF� OLPLWLQJ

VWUXFWXUH���

7DEOH �� 3DUDPHWHUV RI K\GURJHQ ERQGV LQ FU\VWDOV RI ����GL�WHUW�EXW\O�����EHQ]RTXLQRQH���PRQRR[LPH�

&U\VWDO ;�+���<D ;�+� c <��+� c ;�<� c � ;�+���<�R

'7 � 7ROXHQH 2�$�+����2� ������� ������� �������� ������

2�$�+����1� ������� ������� �������� ������

'7 � 0HWKDQRO 2�0�+�0���2� ������� �������� �������� ������

2�0�+�0���1� ������� ������� �������� ��������

2��+����2�0 ������� ������� �������� ������

&X�,,��+/��/�&O2� 2��+����2�$E ������� ������� �������� ������

2��+����2�$F ������� ������� �������� ������
D $WRPV PDUNHG DFFRUGLQJ WR QRWDWLRQV LQ ILJXUHV
E +\GURJHQ ERQG LQ FRPSOH[ �
F +\GURJHQ ERQG LQ FRPSOH[ �

&RQFOXVLRQV

$OWKRXJK�WKH�TXLQRQRLG�IRUP�RI�'7�LV�IDYRUHG�LQ�SURWLF�DQG�SRODU�HWKDQRO�DQG�WKH

SKHQROLF�LQ�QRQSRODU�EHQ]HQH��WKH�SUHVHQW�UHVXOWV�VKRZ�WKDW�LQ�WKH�VROLG�VWDWH�'7�H[LVWV�LQ

WKH� TXLQRQRLG� IRUP�ZKHWKHU� FU\VWDOV� DUH� REWDLQHG� IURP� WROXHQH� RU�PHWKDQRO�� ,Q� GLOXWH

EHQ]HQH� VROXWLRQ�� VWDELOL]LQJ� IDFWRUV� IRU� WKH� SKHQROLF� IRUP� DUH� DURPDWLFLW\� DQG

LQWUDPROHFXODU� 2+���12� K\GURJHQ� ERQGLQJ�� /RVV� RI� DURPDWLFLW\� LQ� TXLQRQRLG� IRUPV

IRXQG�LQ�WKH�VROLG�VWDWH�PXVW�EH�FRPSHQVDWHG�IRU�E\�RWKHU�IRUFHV�VXFK�DV�K\GURJHQ�ERQGV

DQG�LQFUHDVHG�GLSROH�GLSROH�LQWHUDFWLRQV�LQ�WKH�PRUH�SRODU�TXLQRQRLG�IRUPV�

7KH�VWUXFWXUH�RI�'70H2+� LV� HVSHFLDOO\� LQWHUHVWLQJ� LQ� WKDW� LW� LV� IXQGDPHQWDOO\� WKH

VDPH�DV�'77RO�H[FHSW� WKDW� WZR�EULGJLQJ�PHWKDQRO�PROHFXOHV�DGG� WZR�PRUH�+�ERQGV� WR

WKH� GLPHULF� VWUXFWXUH�� 7R� RXU� NQRZOHGJH� WKLV� LV� WKH� ILUVW� UHSRUW� RI� GLPHULF� R�TXLQRQH

PRQRR[LPH�VWUXFWXUHV��1RQH�RI�WKH�FRPSRXQGV�SUHYLRXVO\�UHSRUWHG�SRVVHVV�ODUJH�EXON\

JURXSV� WKDW� FRXOG� DIIHFW� SDFNLQJ�� 6LGH� JURXSV� LQ� WKHVH�PROHFXOHV�ZHUH� FKDLQ�OLNH�� DQG

VHYHUDO�SRVVHVVHG�VWURQJO\�SRODU�JURXSV�VXFK�DV��62�
��WKDW�FRXOG�DIIHFW�SDFNLQJ�WKURXJK

DGGLWLRQDO�VWURQJ�K\GURJHQ�ERQGV��,Q�WKH�VWUXFWXUHV�GHVFULEHG�LQ�WKLV�SDSHU�WKH�WHUW�EXW\O
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JURXS�YLFLQDO�WR�WKH�NHWR�JURXS�KLQGHUV�IRUPDWLRQ�RI�D�FKDLQ�OLNH�VWUXFWXUH��7KH�REVHUYHG

LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�WR�PHWKDQRO�PROHFXOHV�LQ�WKH�VROLG�VWDWH�VXJJHVWV�WKDW

WKH� RIWHQ� SRVWXODWHG� LQWUDPROHFXODU� K\GURJHQ� ERQGLQJ� RI� R�TXLQRQH�PRQR[LPHV� LV� QRW

OLNHO\�LQ�SURWLF�VROYHQWV�GXH�WR�WKH�DEXQGDQFH�RI�VROYHQW�VLWHV�IRU�K\GURJHQ�ERQGLQJ�

5HIHUHQFHV�DQG�1RWHV
�� %XUDZR\� $�� &DLV� 0�� &KDPEHUODLQ� -� 7�� /LYHUVHGJH� )�� 7KRPSVRQ� $� 5� -� &KHP� 6RF� �����

����������

�� 6WHUN� +�� =LHJOHU� (� 0RQDWVK� &KHP� ����� ����������

�� 0DUFLQNLHZLF]� 6�� *UHHQ� -� -� &KURPDWRJ� ����� ��� ��������

�� +DGåL� '� -� &KHP� 6RF� ����� ����������

�� )LVFKHU� $�� *ROGLQJ� 5� 0�� 7HQQDQW� :� &� -� &KHP� 6RF� ����� ����������

�� 1RUULV� 5� .�� 6WHUQKHOO� 6� $XVW� -� &KHP� ����� ��� ��������

�� 6KRQR� 7�� +D\DVKL� <�� 6KLQUD� .� %XOO� &KHP� 6RF� -SQ� ����� ��� ����������

�� *HUDOGHV� &� )� *� &�� 6LOYD� 0� ,� )� 2SW� 3XU� $SOL� ����� ��� ������

�� 5RPHUV� &� $FWD� &U\VW� ����� ��� ����������

��� %DUWLQGDOH� :� 5�� &URZGHU� 0� 0�� 0RUOH\� .� $� $FWD� &U\VW� ����� ��� ��������

��� 9DQ 2LMHQ� -� :� /�� 5RPHUV� &� $FWD &U\VW� ����� ��� ��������

��� 6DDULQHQ� +�� .RUYHQUDQWD� -�� 1lVlNNlOl� (� $FWD &KHP� 6FDQG� $ ����� ��� ��������

��� 6DDULQHQ� +�� .RUYHQUDQWD� -� )LQQ� &KHP� /HWW� ����� ��������

��� D� 1lVlNNlOl� 0�� 6DDULQHQ� +�� .RUYHQUDQWD� -� )LQQ� &KHP� /HWW� ����� ������ E� 1lVlNNlOl� 0��

6DDULQHQ� +�� .RUYHQUDQWD� -�� 1lVlNNlOl� (� )LQQ� &KHP� /HWW� ����� �������� F� .RUYHQUDQWD� -�

6DDULQHQ� +�� 1lVlNNlOl� (�� 1lVlNNlOl� 0� )LQQ� &KHP� /HWW� ����� ������ G� 6DDULQHQ� +��

.RUYHQUDQWD� -�� 1lVlNNlOl� 0� )LQQ� &KHP� /HWW� ����� ������

��� D� 6KLSPHQ� :� +�� )RWL� 6� &�� 6LPRQ� :� $QDO� &KHP� ����� ��� ���������� E� 6XGHUVKDQ� /��

6ULYDVWDYD� 6� 1� -� &KHP� (GXF� ����� ��� ��������

��� D� %DOXFK� '�� &KDUDODPERXV� -�� +DLQHV� /� ,� %� -� &KHP� 6RF� &KHP�� &RPPXQ� ����� ���������� E�

&KDUDODPERXV� -�� +DLQHV� /� ,� %�� 0RUJDQ� -� 6�� 3HDW� '� 6�� &DPSEHOO� 0� -� 0�� %DLOH\� -�

3RO\KHGURQ ����� �� ���������� F� &DVWHOODQL� &� %�� 0LOOLQL� 5� -� &KHP� 6RF�� 'DOWRQ� 7UDQV� �����

���������� G� %XFNOH\� 5� *�� &KDUDODPERXV� -�� %UDLQ� (� *� -� &KHP� 6RF�� 3HUNLQ� 7UDQV� � �����

���������� H� &KDUDODPERXV� -�� .HQVHWW� 0� -�� -HQNLQV� -� 0� -� &KHP� 5HV� �6� ����� �������� I�

0F.LOORS� $�� 6D\HU� 7� 6� %� -� 2UJ� &KHP� ����� ��� ����������

��� 7DUQRSRO¶VNLL� <� ,�� 6KSLQHO� <� ,�� %RUEDW� 9� )� =K� 1HRUJ� .KLP� ����� ��� ����������

��� &DUXJR� 2�� 'MLQRYLü� .�� 5L]]L� 0�� &DVWHOODQL� &� %� -� &KHP� 6RF�� 'DOWRQ 7UDQV� ����� ����������

��� 'MLQRYLü� .�� &DUXJR� 2�� &DVWHOODQL� &� %� ,QRUJ� &KLP� $FWD ����� ���� ������

��� ,YDNKQHQNR� (� 3�� 3URNRI¶HY� $� ,�� /\XEFKHQNR� 6� 1�� 2OHNKQRYLFK� /� 3�� .KDUODQRY� 9� $��

0LQNLQ� 9� ,�� .DEDFKQLN� 0� ,� 'RNO� $NDG� 1DXN 6665� ����� ���� ��������

��� 6KSLQHO� <� ,�� 7DUQRSRO¶VNL� <� ,� =K� 2UJ� .KLP� ����� ��� ����������

��� D� ;6&$16 8VHUV 0DQXDO� 9HU� ����D� 6LHPHQV $QDO\WLFDO ;�UD\ ,QVWUXPHQWV� ,QF�� 0DGLVRQ� :,�

����� E� 6KHOGULFN� *� 0� 6+(/;7/ 6WUXFWXUH 'HWHUPLQDWLRQ 6RIWZDUH 3URJUDPV� 6LHPHQV $QDO\WLFDO

;�UD\ ,QVWUXPHQWV� ,QF�� 0DGLVRQ� :,� �����

��� %OHVVLQJ� 5�� $FWD &U\VW�� 6HFW� $ ����� ��� ������

��� 6$,17 8VHUV 0DQXDO� 9HUVLRQ ������ 6LHPHQV $QDO\WLFDO ;�UD\ ,QVWUXPHQWV ,QF�� 0DGLVRQ� :,� �����

��� &U\VWDOORJUDSKLF GDWD �H[FOXGLQJ VWUXFWXUH IDFWRUV� IRU WKH VWUXFWXUHV LQ WKLV SDSHU KDYH EHHQ GHSRVLWHG

ZLWK WKH &DPEULGJH &U\VWDOORJUDSKLF 'DWD &HQWUH DV VXSSOHPHQWDU\ SXEOLFDWLRQ QRV� &&'& ������

�&X�,,�'7�� ������ �'7WRO�DQG ������ �'70H2+�� &RSLHV RI WKH GDWD FDQ EH REWDLQHG� IUHH RI

FKDUJH� RQ DSSOLFDWLRQ WR &&'&� �� 8QLRQ 5RDG� &DPEULGJH &%� �(=� 8.� �ID[� ��� ���� ������

RU H�PDLO� GHSRVLW#FFGF�FDP�DF�XN��

��� %LVL &DVWHOODQL� &�� &DUXJR� 2� ,QRUJ� &KLP� $FWD� ����� ���� ����

��� *UDJHURY� ,�� 0LNOXNKOLQ� /� 1� 'RNO� $NDG� 1DXN 6665 ����� ��� ��������
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��� D� %LVL &DVWHOODQL� &�� &DUXJR� 2�� &RGD� $� $FWD &U\VW�� 6HFW� & ����� ��� ���� E� %LVL &DVWHOODQL� &��
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3RY]HWHN

=D UD]OLNR RG REMDYOMHQLK UHQWJHQVNLK VWUXNWXU RUWR NLQRQ PRQRRNVLPRY� NL Y WUGQL ID]L
YVHEXMHMR LQWUDPROHNXODUQR YRGLNRYR YH] DOL LPDMR YHULJDVWR VWUXNWXUR� VWHULþQR RYLUDQL ����
GL�WHUW�EXWLO�����EHQ]RNLQRQ���PRQRRNVLP �'7� NULVWDOL]LUD NRW GLPHU� 9 NULVWDOLK
SULGREOMHQLK L] WROXHQD VR '7 PROHNXOH SRYH]DQH Y GLPHUH ] GYHPD YRGLNRYLPD YH]HPD Y
ãHVWþOHQVNHP REURþX� NL MH RELþDMHQ ]D HQRVWDYQH RNVLPH D QH ]D NLQRQ PRQRRNVLPH� 9
NULVWDOLK SULGREOMHQLK L] PHWDQROD VR '7 GLPHUL SRYH]DQL ] GYHPD SRYH]RYDOQLPD
PROHNXODPD PHWDQROD RG NDWHULK YVDND VRGHOXMH Y WUHK YRGLNRYLK YH]HK� ýHSUDY VWD Y
UD]WRSLQL SULVRWQL IHQROQD LQ NLQRQVND WDXWRPHUQD REOLND� V WHP� GD QHSRODUQD WRSLOD
VWDELOL]LUDMR DURPDWLþQR IHQROQR REOLNR� VWD REH NULVWDOQL VWUXNWXUL� QHRGYLVQR RG WRSLO Y
NDWHULK VWD QDVWDOL� Y NLQRQVNL REOLNL� .LQRQVNL REOLNL VWD VWDELOL]LUDQL ] PRþQLPL
LQWHUPROHNXODUQLPL� YHþFHQWULþQLPL YRGLNRYLPL YH]PL LQ GLSRO�GLSRO LQWHUDNFLMDPL� NL
QDVSURWXMHMR YSOLYX L]JXEH DURPDWLþQH VWDELOL]DFLMH� '7 MH ] EDNURYLP �,,� SHUNORUDWRP WYRULO
NULVWDOH WLSD &X�,,��+/��/��&O2�� NMHU MH +/  '7� +/ LQ / VWD NRRUGLQLUDQD QD &X�,,� DWRP
Y FLV REOLNL�


