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7KLV�FKDSWHU�SUHVHQWV�WKH�GHWDLOV�RI�V\QWKHVLV�RI�SKDVH�SXUH QDQRFU\VWDOOLQH %)�[37 VROLG�

VROXWLRQV�LQ�WKH�FRPSRVLWLRQ�UDQJH�RI�������[��������XVLQJ�FKHPLFDO�URXWH��7KH�V\QWKHVLV�

RI�SXUH�SKDVH�%L)H2� SRZGHUV� LV�RQH�WKH�PRVW FKDOOHQJLQJ�ZRUN EHFDXVH�RI� WKH�QDUURZ�

WHPSHUDWXUH� UDQJH� LQ�ZKLFK %L)H2� VWDELOL]HV� DQG� IRUPDWLRQ� RI� D� QXPEHU� RI� XQZDQWHG�

SKDVHV� RI� %L� DQG� )H R[LGHV�� OLNH� %L��)H�2�� >3UDGKDQ� ������@�� %L�)H�2� >.XPDU� HW� DO��

������@��%L��)H2�� >/HEHXJOH�HW�DO��������@�DQG�%L��)H�2�� >7DEUHV�0XQR]�������@�7KHVH�

LPSXULW\�SKDVHV�DSSHDU�LI�WHPSHUDWXUH�LV�QRW�FRQWUROOHG�DFFXUDWHO\��6RPH�UHVHDUFKHU KDYH�

DWWHPSWHG� WR� OHDFK RXW� WKHVH� VHFRQGDU\� SKDVHV� IRUPHG� GXULQJ� V\QWKHVLV� RI� %L)H2� E\�

GLOXWH�QLWULF DFLG�>6RVQRZVND�HW�DO����������.XPDU�HW�DO����������/HEHXJOH�HW�DO���������

$UQROG� HW� DO�� ������@� +RZHYHU VXFK� UHPRYDO� SURFHVV� PD\� GLVWXUE� WKH� RYHUDOO

VWRLFKLRPHWU\�RI SULPDULO\�LQWHQGHG�%L)H2�� 6\QWKHVLV�RI�%L)H2� KDV�EHHQ�UHSRUWHG�XVLQJ�

VHYHUDO RWKHU� FKHPLFDO WHFKQLTXHV�� )RU� H[DPSOH� V\QWKHVLV� E\� PLFURZDYH�K\GURWKHUPDO�

WHFKQLTXH�KDV�EHHQ�UHSRUWHG E\�.RPDUQHQL�HW�DO����������:DQJ�HW�DO� �������DQG�3UDGKDQ�

HW� DO�� ������� SUHSDUHG� SKDVH� SXUH� %L)H2� FHUDPLFV� E\� D� UDSLG OLTXLG�SKDVH� VLQWHULQJ�

WHFKQLTXH��*RVK�HW�DO���������KDYH�SUHSDUHG�SXUH�%L)H2� QDQR�FU\VWDOOLQH�SRZGHUV�E\�WKH�

WDUWDULF� DFLG� EDVHG� VRO�JHO� PHWKRG� FRXSOHG� ZLWK DGGLWLRQDO� FDOFLQDWLRQ� SURFHVV�� $� IHZ�

RWKHU�ZRUNHUV�KDYH�SUHSDUHG�%L)H2� E\�K\GURWKHUPDO�PHWKRG�>&KHQ�HW�DO��������� :HL HW�

DO��������� DOVR��

)RUPLQJ�D VROLG�VROXWLRQ�RI�%L)H2� ZLWK�RWKHU�$%2� W\SH�RI�SHURYVNLWHV�QRW�RQO\�KHOSV�WR

UHGXFH� WKH� IRUPDWLRQ� RI� LPSXULW\� SKDVHV� EXW� DOVR� HQKDQFHV� WKH� UHVLVWLYLW\�� PXOWLIHUURLF�

SURSHUWLHV�DQG�PDJQHWRHOHFWULF�FRXSOLQJ�>6PLWK�HW�DO��������� .DQDL�HW�DO����������-XQ�HW�

DO�� �������� :DQJ� HW� DO� �������� /L� HW� DO�� �������� %KDWWDFKDUMHH� HW� DO�� ������@�� 3DUN� HW�

DO�������� V\QWKHVL]HG�%L)H2��%D7L2� E\� VROLG� VWDWH� URXW��ZKLFK� VLJQLILFDQWO\� HQKDQFHG�
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WKH�PDJQHWLF�SURSHUW\�RI�%L)H2���7KH�SUHVHQW�WKHVLV�GHDOV ZLWK�RQH�RI�VXFK�VROLG�VROXWLRQ�

V\VWHP�

����&KDUDFWHUL]DWLRQ�WRROV

������;�UD\�GLIIUDFWLRQ

;�UD\� GLIIUDFWLRQ� WHFKQLTXH� LV� XVHG� WR� FKDUDFWHUL]H� DQG� LGHQWLI\LQJ� WKH� GLIIHUHQW� SKDVHV�

SUHVHQW�LQ�DQ\�PDWHULDO��7KH�VLPSOLFLW\�DQG�DGYDQWDJH�RI�[�UD\�SRZGHU�GLIIUDFWLRQ�PHWKRG�

FDQ� EH� JLYHQ� DV� IROORZV� �L�� WKH� SRZGHU� GLIIUDFWLRQ� SDWWHUQ� LV� FKDUDFWHULVWLF� RI� D� JLYHQ�

VXEVWDQFH���LL��HDFK�VXEVWDQFH�LQ�D�PL[WXUH�SURGXFHV�LWV�RZQ�SDWWHUQ�LQGHSHQGHQW�RI�RWKHUV�

DQG� �LLL�� WKH� PHWKRG� LV� FDSDEOH� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� DQDO\VLV� RI� WKH� SKDVHV�

SUHVHQW� LQ�D�JLYHQ�PL[WXUH�� ,Q� WKH�SUHVHQW�FDVH�� WKH�FDOFLQHG�DQG�VLQWHUHG�SRZGHUV�ZHUH�

FKDUDFWHUL]HG� IRU� WKH� SUHVHQFH� RI� GLIIHUHQW� SKDVHV� LQ� WKH� %)�[37� FRPSRVLWLRQV�

V\QWKHVL]HG� GXULQJ� WKLV� WKHVLV� ZRUN�� ;�UD\� GLIIUDFWLRQ� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW�

XVLQJ�DQ����N:�URWDWLQJ�DQRGH� �&X .D�� EDVHG�5LJDNX� �5,17�������3&�VHULHV��SRZGHU�

GLIIUDFWRPHWHU� RSHUDWLQJ� LQ� WKH� %UDJJ� %UHQWDQR� JHRPHWU\� DQG� ILWWHG� ZLWK� D� JUDSKLWH�

PRQRFKURPDWRU�LQ�WKH�GLIIUDFWHG EHDP�

6RPH� RI� WKH� FRPSRVLWLRQV� DUH� FKDUDFWHUL]HG� WKURXJK� 6\QFKURWURQ� [�UD\� GLIIUDFWLRQ�

�6;5'�� 7KHVH� 6;5' SDWWHUQV� ZHUH� FROOHFWHG DW� KLJK� UHVROXWLRQ� SRZGHU� GLIIUDFWLRQ�

EHDPOLQH�3�����DW�3(75$,,,��'(6<��+DPEXUJ��*HUPDQ\� IRU� UHVROYLQJ� WKH�FRQWURYHUV\�

DERXW� WKH� VWUXFWXUH� 7KH�ZDYHOHQJWK� IRU� WKH� V\QFKURWURQ� [�UD\� GLIIUDFWLRQ� �6;5'��XVHG�

ZDV�������c

������7*$�'7$�&KDUDFWHUL]DWLRQ

'LIIHUHQWLDO� WKHUPDO� DQDO\VLV� �'7$�� DQG� WKHUPRJUDYLPHWULF� DQDO\VLV� �7*$�� KDYH� EHHQ�

SHUIRUPHG�LQ�WHPSHUDWXUH�UDQJH�RI�����WR������&�XVLQJ�VLPXOWDQHRXV�7*$�'7$�0HWWOHU�
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LQVWUXPHQW��7KH�VDPSOH�SODFHG�LQ�WKH�$OXPLQD�FUXFLEOH�ZDV�KHDWHG�DW�D�UDWH�RI�����&��PLQ�

LQ�LQHUW�QLWURJHQ�DWPRVSKHUH�

������6FDQQLQJ�HOHFWURQ�PLFURVFRSH� �6(0��DQG�HQHUJ\�GLVSHUVLYH� [�UD\�

DQDO\VLV �(';�

7KH� PLFURVWUXFWXUH� �JUDLQ� VL]H�� ZDV� FKDUDFWHUL]HG� XVLQJ� D� ILHOG� HPLVVLRQ JXQ� EDVHG�

VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0���6XSUD�����=HLVV��*HUPDQ\�� HTXLSSHG�ZLWK�HQHUJ\�

GLVSHUVLYH� [�UD\� DQDO\]HU DQG� ZLWK� 1RYD� 1DQR6(0� ����� 7KH� SHOOHW� ZDV� ZDVKHG� LQ�

HWFKDQW�VROXWLRQ�RI�����PO����+&/�����+12������'LVWLOOHG�ZDWHU��IRU�EHWWHU�UHVXOWV�

�7KHQ� WKH VLQWHUHG� SHOOHWV� ZHUH� FRDWHG ZLWK� FRQGXFWLQJ� JROG� ILOP� E\� VSXWWHULQJ� XQGHU�

YDFXXP� EHIRUH� UHFRUGLQJ� 6(0 SLFWXUHV�� 9DULHG� DPRXQW� RI� JXQ� YROWDJH� ZDV� DSSOLHG�

GXULQJ� WKH� 6(0� DQDO\VLV� WR SURGXFH� WKH� JRRG� FRQWUDVW� LQ� WKH� LPDJHV� &RPSRVLWLRQDO�

DQDO\VLV�ZDV�FDUULHG�RXW�E\�(QHUJ\�GLVSHUVLYH� [�UD\ VSHFWURVFRS\� �(';��DYDLODEOH�ZLWK�

WKH�DERYH�PHQWLRQHG�6(0��,WV FKDUDFWHUL]DWLRQ�SULQFLSOH�LV�WKDW�HDFK�HOHPHQW�KDV�D�XQLTXH�

DWRPLF� VWUXFWXUH DOORZLQJ� HPLVVLRQ� RI� [�UD\V� WKDW� DUH� FKDUDFWHULVWLF� RI� WKDW� HOHPHQW¶V�

DWRPLF VWUXFWXUH�ZKLFK� LV�GLVWLQJXLVKDEOH� IURP�WKH�[�UD\�HPLWWHG�E\�DQRWKHU�HOHPHQW��E\

DQG�ODUJH�

����6\QWKHVLV�RI�%)�[37

%)�[37�FRPSRVLWLRQV�ZLWK�JHQHUDO�IRUPXOD�%)�[37�ZLWK�[ LQ�WKH�UDQJH������[������KDV�

EHHQ V\QWKHVL]HG�WKURXJK�VRO�JHO�URXWH��7KH�FRQGLWLRQV�DQG�VHTXHQFHV�XVHG�LQ�WKH�VDPSOH�

SUHSDUDWLRQ�DUH�DV IROORZV�

������6DPSOH�SUHSDUDWLRQ�WHFKQLTXHV

7KH� QDQRFU\VWDOOLQH� %)�[37� VROLG� VROXWLRQV� SRZGHUV�ZHUH� V\QWKHVL]HG� E\� VRO�JHO� URXWH

ZKLFK� DUH� JLYHQ� HOVHZKHUH >6LQJK� ������@�� 7KH� LQJUHGLHQWV XVHG� IRU� WKH� V\QWKHVLV� DUH

IHUULF� QLWUDWH� ������� 6LJPD $OGULFK��� OHDG� QLWUDWH� ������� 6LJPD� $OGULFK�� ELVPXWK�
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QLWUDWH ������� 6LJPD� $OGULFK�� DQG� WLWDQLXP� LVRSURSR[LGH ������� 6LJPD� $OGULFK��

7KHVH�VWRLFKLRPHWULF�DPRXQWV�RI�PHWDO�QLWUDWH��LURQ�� OHDG�DQG�ELVPXWK��DTXHRXV�VROXWLRQV�

DQG�HWK\OHQH�JO\FRO��(*��VWDELOL]HG�WLWDQLXP�LVRSURSR[LGH�VROXWLRQ�ZHUH�PL[HG�WRJHWKHU�DW�

�� �&�� ,Q� RUGHU� WR� DYRLG� DQ\�SUHFLSLWDWLRQ� RI�7L2� E\�PRLVWXUH� RU� DLU� �L��(*� KDV� EHHQ�

WDNHQ���WLPHV�E\�YROXPH�DV�FRPSDUHG�WR�WKH�YROXPH�RI�WLWDQLXP�LVRSURSR[LGH�VROXWLRQ�DQG�

�LL�� WKH�S+�ZDV�DGMXVWHG�EHWZHHQ���DQG����7KLV�PL[HG�VROXWLRQ�ZDV�DGGHG�VORZO\� WR�WKH�

DTXHRXV� VROXWLRQ� RI� PDOHLF� DFLG� NHSW� DW� �� �&� DQG� WKH� UHVXOWDQW� VROXWLRQ� ZDV� VWLUUHG�

FRQWLQXRXVO\�WR�HQVXUH�FRPSOH[DWLRQ�RI�PHWDO�FDWLRQV��7KH�VROXWLRQ�ZDV�WKHQ�KHDWHG�WR���

�&� WR� LQLWLDWH� HYDSRUDWLRQ� RI� ZDWHU� DQG� SRO\PHUL]DWLRQ�� 7KH� RYHUQLJKW� KHDWLQJ� RI� WKH�

VDPSOH�UHVXOWHG�LQ�D�EURZQ�FRORXUHG�JHO��7KH�H[FHVV�HWK\OHQH�JO\FRO�SUHVHQW�LQ�WKH�JHO�ZDV�

GULHG�DW�������� �&��OHDYLQJ�EHKLQG�D�GDUN�EURZQ�GULHG�SRO\PHU�SUHFXUVRU��7KH�SUHFXUVRU�

ZDV� WKHQ� FDOFLQHG� DW� ���� �&� IRU� �� KRXUV�� LQ� D� FORVHG� HQYLURQPHQW�� 'HWDLO� SURFHVV� RI�

V\QWKHVLV�LV�JLYHQ�LQ�IORZ�FKDUW��VHH�ILJ�������

����2SWLPL]DWLRQ�RI�FDOFLQDWLRQ�WHPSHUDWXUH

'LIIHUHQWLDO� WKHUPDO�DQDO\VLV� �'7$��DQG� WKHUPRJUDYLPHWULF�DQDO\VLV� �7*$��FDQ�JLYH�DQ�

LGHD�DERXW�XQGHUO\LQJ�SURFHVVHV�KDSSHQLQJ�GXULQJ�WKH�JURZWK�RI�D�V\VWHP��)LJ���� VKRZV

WKH�7*$�DQG�'7$�FXUYHV�RI�%)�[37�SUHFXUVRU�SRZGHUV��,W�LV�VHHQ�IURP�7*$�FXUYH�WKDW��

EHORZ������&�WKHUH�ZDV�D�ZHLJKW�ORVV�RI�a�����ZKLFK�ZDV�LQGLFDWLYH�RI�WKH�HYDSRUDWLRQ�RI

WKH�WUDSSHG�PRLVWXUH�LQ�WKH�VDPSOH��$�GRPLQDQW�ZHLJKW� ORVV�RI�DERXW�����KDV�RFFXUUHG�

EHWZHHQ������&�DQG������&��7KLV�FKDQJH�LQ�WKH�ZHLJKW�ORVV�FDQ�JHQHUDOO\�EH�DWWULEXWHG�WR�

D�FRPEXVWLRQ�OLNH�UHDFWLRQ� LQ�ZKLFK�RUJDQLF�PROHFXOHV�DFWLQJ DV� IXHO�DQG�QLWUDWH� LRQV�DV�

R[LGL]LQJ�DJHQW EXUQLQJ RII� 7KLV�SURFHVV� LV� FRQWLQXLQJ XS� WR WKH� WHPSHUDWXUH�a��� �&��

%HWZHHQ���� �& WR������& WKHUH�LV�QR�PDMRU�FKDQJH�LQ�WKH�ZHLJKW�RI�WKH�VDPSOH�UHIOHFWLQJ�

WKH�FRPSOHWLRQ�RI�FRPEXVWLRQ�UHDFWLRQ� :H�KDYH�D�VHOHFWHG�D�WHPSHUDWXUH ZHOO�DERYH�WKH�
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UHDFWLRQ� FRPSOHWLRQ� WHPSHUDWXUH� DV� FDOFLQDWLRQV� WHPSHUDWXUH �L�H�� ���� R&� WR� JHW� VLQJOH�

SKDVH� VDPSOHV�� 7KH� GHWDLOV� RI� VDPSOH� VLQWHULQJ� WHPSHUDWXUH� DQG� LWV� UROH� RQ� VL]H� RI�

QDQRFU\WDOOLQH�SRZGHU�DUH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�RI�WKLV�FKDSWHU�

)LJ����� )ORZ�FKDUW�IRU�WKH�SUHSDUDWLRQ�RI����[��%)�[37�VDPSOHV�XVLQJ�6RO�JHO�PHWKRG�



ϰϲ

��� ��� ��� ���
���

���

���

���

���

���

���

�

��

:
HL
JK
W�
OR
VV
��
�
�

7HPSHUDWXUH �q&�

+
HD
W�
IO
RZ

��
P
Z
�

([R

'7$

��

��� 7*$

)LJ������'LIIHUHQWLDO�WKHUPDO�DQDO\VLV�DQG�WKHUPRJUDYLPHWULF�DQDO\VLV�FXUYH�RI�GULHG�JHO�SRZGHU�RI�

%)�[37�VDPSOH�IRU�[ �����

����2SWLPL]DWLRQ�RI�FKHODWLQJ�DJHQW

$ FKHODWLQJ�DJHQW LV�D�PDWHULDO ZKRVH�PROHFXOHV�FDQ�IRUP�VHYHUDO�ERQGV�WR�WKH PHWDO�LRQ�

'LIIHUHQW� FKHODWLQJ� DJHQWV� KDYH� EHHQ� WULHG� WR� JHW� D� VDPSOH� IUHH� IURP� VHFRQGDU\� SKDVH��

)LJXUH����� VKRZV� WKH�;�UD\ GLIIUDFWLRQ�SDWWHUQ�RI� WKH�SRZGHU�FDOFLQHG�DW������& IRU�DOO�

WKUHH� FKHODWLQJ� DJHQWV� �7DUWDULF� DFLG�� 0DOLF� DFLG�� 0DOHLF� DFLG��� 7KHUH� DUH� LPSXULWLHV�

SKDVHV� SUHVHQW�� ZKHUH� WDUWDULF� DQG� PDOLF� DFLG� KDV� EHHQ� XVHG�� 7KHVH� SKDVHV� KDYH� EHHQ�

LGHQWLILHG�DV�%L��)H2�� �-&3'6��������� DQG�%L�7L�2� �-&3'6��������� IRU�WKH�VDPSOHV�

IRUPHG�XVLQJ�WDUWDULF�DFLG�DQG�PDOLF�DFLG DV�FKHODWLQJ�DJHQW�UHVSHFWLYHO\ DV�PDUNHG�LQ�ILJ��

����ZLWK�DVWHULVN��$�VLPLODU�ILQGLQJ�ZDV�UHSRUWHG�E\�>6HEDFK�HW��DO�������@� DV�ZHOO�ZKHUH

D�VPDOO�DPRXQW�RI� LPSXULW\�SKDVH�DOZD\V�UHPDLQHG�DIWHU� WKH�FDOFLQDWLRQV� $V�FRQILUPHG�

E\�[�UD\ DQDO\VLV�WKDW�WKH IRUPDWLRQ�RI�SXUH�SKDVH�RI�%)�����37�RQO\�ZKHQ�0DOHLF�DFLG�LV�

XVHG�DV�FKHODWLQJ�DJHQW�
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)LJ����� ;�UD\�GLIIUDFWLRQ�SDWWHUQ�IRU�%)����37�VDPSOHV�XVLQJ�GLIIHUHQW�FKHODWLQJ�DJHQW�

��� 2SWLPL]DWLRQ�RI�FDOFLQDWLRQ�WHPSHUDWXUH

)URP�WKH�7*$�'7$�DQDO\VLV��LW�LV�VKRZQ�WKDW�GULHG�JHO�GHFRPSRVHV�DW� ��� ���VR�ZH�KDYH&ࡈ

FDOFLQHG�RQH�RI�WKH�V\QWKHVL]HG�GULHG�JHO�DW� ��� �&ࡈ DQG� RQZDUGV�� 7KH� [�UD\� GLIIUDFWLRQ�

SDWWHUQV�RI�%)����37�SRZGHUV�FDOFLQHG�DW�GLIIHUHQW�WHPSHUDWXUHV�LV VKRZQ�LQ�)LJ������ 7KH�

[�UD\� GLIIUDFWLRQ� SDWWHUQ� FROOHFWHG� DW� ��� &ࡈ ZDV� LQGH[HG� XVLQJ� -&3'6 ILOHV �����������

7KH�PDMRU�FRPSRQHQWV�RI�;5'�SDWWHUQ�KDV�EHHQ� LQGH[HG�DV�D�PDLQ SHURYVNLWH�SHDNV�RI�

%)�����37� DORQJ� ZLWK� RQH� PLQRU� SKDVHV� RI� %L��)H2���7KH� UHIOHFWLRQV� RI� WKH� LPSXULW\�

SKDVH�LV�LQGLFDWHG�E\�VSHFLILF�V\PEROV�DV�VKRZQ�LQ�)LJ������ $V�ZH�VHH�IURP�WKH�ILJXUH�WKH�

GULHG�JHO�FDOFLQHG�DW� ��� ��DQG&ࡈ ��� �&ࡈ KDYH� LPSXULW\� SKDVH� DV� ZHOO� DV� VRPH� XQ�

GHFRPSRVHG�FRPSRXQG�
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)LJ����� ;�UD\�GLIIUDFWLRQ�SDWWHUQ�IRU�%)����37�FDOFLQHG�DW�GLIIHUHQW�WHPSHUDWXUHV

7KH�[�UD\�GLIIUDFWLRQ�SDWWHUQ�RI�GULHG�JHO�FDOFLQHG�DW� ��� ��VKRZV�VKDUS�DQG�ZHOO�LQGH[HG&ࡈ

SHURYVNLWH� SHDN� ZLWKRXW� DQ\� LPSXULW\�� 6R�� ZH� XVH� WKLV� FDOFLQDWLRQ� WHPSHUDWXUH� IRU�

V\QWKHVLV�RI�%)�[37��WDNLQJ�[ �����������������������������DQG�������7KH�;5'�SDWWHUQV�

IRU�WKH�DV FDOFLQHG�SRZGHU�IRU�VL[�FRPSRVLWLRQV DUH�VKRZQ�LQ�)LJ������ )URP�WKLV�ILJXUH�LW�

LV� FOHDU� WKDW� IRU� FRPSRVLWLRQ� ZLWK� [ ���� DQG� ������ KDYH� DQRWKHU� WZR� FU\VWDOOLQH� SHDNV�

EHVLGH� RI� PDLQ� SHURYVNLWH� SHDN�� $V� SHU� HDUO\� OLWHUDWXUH� �GLVFXVVHG� LQ� FKDSWHU� ,�� WKLV

FRPSRVLWLRQ�KDV�EHHQ�UHSRUWHG�WR�OLH�IDU�DZD\�IURP�PRUSKRWURSLF SKDVH ERXQGDU\��ZKLFK�

FRQVLVW� ERWK� WHWUDJRQDO� DQG� PRQRFOLQLF SKDVH�� 7KH� PRVW� LQWHQVH� SHDN� LV� PDUNHG� DV�

PRQRFOLQLF� SKDVH� ZKHUHDV� ORZHVW� LQWHQVH� SHDN� PDUNHG� DV� WHWUDJRQDO� SKDVH�� 7KH�
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SURPLQHQW SHDNV� RI� WKHVH� WZR� FRPSRVLWLRQV� DUH� QRW� VSOLWWHG�� ZKLFK� LQGLFDWHV� LWV� SRRU�

FU\VWDOOLQLW\�

��� 3UHSDUDWLRQ�RI�*UHHQ�3HOOHWV

$IWHU�FDOFLQDWLRQ��WKH�VDPSOH�ZDV�SURSHUO\�FUXVKHG�DQG�PL[HG�ZLWK�DQ�RUJDQLF�ELQGHU�RI�

���SRO\YLQ\DO�DOFRKRO��39$��VROXWLRQ�LQ�DQ�DJDWH�PRUWDU��39$�PL[HG�SRZGHU�ZDV�XVHG�

IRU�WKH�SUHSDUDWLRQ�RI�JUHHQ�SHOOHWV� $�F\OLQGULFDO�VWHHO�GLH�RI����PP�GLDPHWHU�ZDV�XVHG�WR�

PDNH� JUHHQ� SHOOHWV� RI� %)�[37� VDPSOH�� 7KHQ� GLH� FRQWDLQLQJ� SRZGHU� ZDV XQLD[LDOO\�

SUHVVHG� DW� DQ� RSWLPL]HG� SUHVVXUH� �IRU� JHWWLQJ� PD[LPXP� JUHHQ� GHQVLW\�� RI� ��� N1� LQ� D�

K\GUDXOLF� SUHVV� 7KH� JUHHQ� SHOOHWV�ZHUH� NHSW� RQ� DOXPLQD� SODWH� DQG�NHSW� LQ� D� IXUQDFH� DW�
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