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5HFHLYHG�0DUFK���������
*HQHUDO� DSSURDFK� WR� FRQVLGHUDWLRQ� RI� LPSXULWLHV� GLVWULEXWLRQ� DW� SKDVH� WUDQVIRUPDWLRQ

IURP�SKDVH�ZLWK�LGHDO�PL[LQJ�LV�RIIHUHG��,W�LV�EDVHG�RQ�XVLQJ�WKH�HTXDWLRQV�RI�GLVWLOODWLRQ
UHILQLQJ�ZLWK�VXEVWLWXWLRQ�RI�FRUUHVSRQGLQJ�FRHIILFLHQWV�RI�GLVWULEXWLRQ�
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$V� LW� LV�NQRZQ�D�GLVWULEXWLRQ�RI� LPSXUL�
WLHV� EHWZHHQ� HTXLOLEULXP� SKDVHV� LV� XVHG� LQ
WHFKQRORJLHV�RI�REWDLQLQJ�KLJK�SXUH�PDWHUL�
DOV�� LQ�SDUWLFXODU� LQ�FU\VWDOOL]DWLRQ�DQG�GLV�
WLOODWLRQ� UHILQLQJ�� 7KH� HTXLOLEULXP� EHWZHHQ
FU\VWDO� DQG� OLTXLG� LV� XVHG� XQGHU� FU\VWDO�
OL]DWLRQ��ZKLOH� WKH� HTXLOLEULXP�EHWZHHQ� OLT�
XLG�DQG�JDV�LV�XVHG�XQGHU�GLVWLOODWLRQ�UHILQ�
LQJ��7KH�WKHRU\�RI�WKHVH�SURFHVVHV�KDV�EHHQ
GHYHORSHG�DQG�ODUJH�VFRSH�RI�UHODWHG�H[SHUL�
PHQWDO� GDWD� KDV� EHHQ� DFFXPXODWHG� >�Ü�@�
7KH�SDUDPHWHU�WKDW�GHVFULEHV�WKH�FRQFHQWUD�
WLRQ�RI�LPSXULW\�LQ�SKDVHV�WKDW�DUH�LQ�HTXL�
OLEULXP�LV�FRHIILFLHQW�RI�LQWHUSKDVH�GLVWULEX�
WLRQ�.��7KH�FRHIILFLHQW�LV�FDOFXODWHG�DV�UDWLR
RI�FRQFHQWUDWLRQV�RI�FRPSRQHQWV�LQ�SKDVHV�
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ZKHUH�&$�DQG�&$c�DUH�FRQFHQWUDWLRQV�RI�FRP�
SRQHQW�$�LQ�WKH�ILUVW�DQG�VHFRQG�SKDVHV�FRUUH�
VSRQGLQJO\� DW� WKH�SKDVH� HTXLOLEULXP��&%� DQG
&%c�DUH�WKH�VDPH�YDOXHV��IRU�FRPSRQHQW�%��2U�
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ZKHUH�&�� DQG�&�� DUH� FRQFHQWUDWLRQV� RI� LP�SXULW\�LQ�WKH�ILUVW�DQG�VHFRQG�SKDVHV�FRUUH�
VSRQGLQJO\� DW� WKH� SKDVH� HTXLOLEULXP�� ,W
VKRXOG� EH� QRWHG� WKDW�.� GHSHQGV� RQ� FRQGL�
WLRQV�RI�WKH�SKDVH�HTXLOLEULXP�

+LVWRULFDOO\�� FU\VWDOOL]DWLRQ� DQG� GLVWLOOD�
WLRQ�PHWKRGV�RI�VXEVWDQFHV�GLYLVLRQ�ZHUH�GH�
YHORSHG� LQGHSHQGHQWO\� RQH� IURP� DQRWKHU
WKDW�ZDV�UHIOHFWHG�LQ�VHSDUDWH�SXEOLFDWLRQ�RI
PRQRJUDSKV�UHODWHG�WR�WKHVH�GLIIHUHQW�PHWK�
RGV�RU�LQ�VHSDUDWH�GHVFULSWLRQ�RI�WKH�PHWKRGV
LQ�GLIIHUHQW�FKDSWHUV�RI�VXFK�PRQRJUDSKV��,Q
WKH� OLWHUDWXUH� HTXDWLRQV�GHVFULELQJ� WKHVH� WZR
PHWKRGV�DUH�GLIIHUHQW�DQG�HYHQ�FRHIILFLHQWV�RI
LQWHUSKDVH�GLVWULEXWLRQ� IRU� WKH� WZR�SURFHVVHV
KDYH� VSHFLDO� QDPHV�� GLVWULEXWLRQ� HIILFLHQW� N
IRU�FU\VWDOOL]DWLRQ�SURFHVV�DQG�VHSDUDWLRQ�IDF�
WRU�D�IRU�GLVWLOODWLRQ�SURFHVV���

5HFHQWO\� LW� ZDV� QRWLFHG� WKDW� FU\VWDO�
OL]DWLRQ� DQG�GLVWLOODWLRQ� UHILQLQJ� FDQ�EH�GH�
VFULEHG�E\�VLPLODU�HTXDWLRQV�Û�ZLWK�VXEVWL�
WXWLRQ�LQ�HTXDWLRQV�RI�FRUUHVSRQGLQJ�FRHIIL�
FLHQW� RI� LQWHUSKDVH� GLVWULEXWLRQ� N� DW
FU\VWDOOL]DWLRQ�DQG�D�DW�GLVWLOODWLRQ�>��Ü��@�
2Q�WKH�EDVLV�RI�WKLV�VLPLODULW\�D�QHZ�UHILQ�
LQJ�PHWKRG�KDV�EHHQ�GHYHORSHG�Û�]RQH�GLV�
WLOODWLRQ�PHWKRG� DV� GLVWLOODWRU\� DQDORJXH� RI
]RQH�UHFU\VWDOOL]DWLRQ�>��@�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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$W�WKH�VDPH�WLPH�WKH�GLVWULEXWLRQ�RI�LPSX�
ULWLHV�XQGHU�RWKHU�SKDVH�WUDQVIRUPDWLRQV�PD\
EH� FRQVLGHUHG� WRR�� 7RGD\� WKH� H[LVWHQFH� RI� �
DJJUHJDWH�VWDWHV�RI�VXEVWDQFH�LW�LV�UHFRJQL]HG�
FU\VWDO��OLTXLG�FU\VWDO��OLTXLG��JDV��SODVPD�DQG
TXDQWXP�PHFKDQLFDO� VWDWH� Û� %RVH�(LQVWHLQ
FRQGHQVDWH��0DQ\�SKDVH�WUDQVIRUPDWLRQV�VWDUW
IURP�WKH�JRRG�PL[LQJ�SKDVH�WKDW�OHDGV�WR�LGHD
DERXW�D�SRVVLELOLW\�RI�JHQHUDO�DSSURDFK�GHYHO�
RSPHQW� WR� GHVFULEH� WKHVH� WUDQVIRUPDWLRQV�
7KH� DLP�RI� WKH� FXUUHQW�ZRUN�ZDV� WR�GHYHORS
WKH� JHQHUDO� PDWKHPDWLFDO� GHVFULSWLRQ� RI� WKH
LPSXULWLHV�GLVWULEXWLRQ�EHWZHHQ�SKDVHV�XQGHU
GLIIHUHQW�SKDVH�WUDQVIRUPDWLRQV�

/HW�V� FRQVLGHU� LQ� JHQHUDO� D� WUDQVIRUPD�
WLRQ� RI� WKH� ILUVW� SKDVH� LQ� WKH� VHFRQG� RQH
XQGHU� FRQGLWLRQV� RI� LGHDO� PL[LQJ� LQ� ERWK
SKDVHV�� 'HULYDWLRQ� RI� HTXDWLRQV� RI� LPSXUL�
WLHV� GLVWULEXWLRQ� EHWZHHQ� VXFK� SKDVHV� ZLOO
QRW� GLIIHU� IURP� GHULYDWLRQ� RI� NQRZQ� HTXD�
WLRQV� RI� GLVWLOODWLRQ� UHILQLQJ� >�������@��$V� D
UHVXOW� WKH� JHQHUDO� HTXDWLRQV� PD\� EH� SUH�
VHQWHG�DV�WKH�IROORZLQJ���
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ZKHUH� &�� LV� LQLWLDO� FRQFHQWUDWLRQ� RI� LPSX�ULW\��&��DQG�&��DUH�FRQFHQWUDWLRQV�RI�LPSX�ULW\� LQ� WKH� ILUVW� DQG� VHFRQG� SKDVHV�� FRUUH�
VSRQGHQWO\��*�� LV� LQLWLDO� PDVV� RI� PDWHULDO�*�� DQG�*�� DUH�PDVVHV� RI� WKH� ILUVW� DQG� VHF�RQG� SKDVHV�� FRUUHVSRQGHQWO\��z� LV� D� FRHIIL�
FLHQW� RI� LQWHUSKDVH� GLVWULEXWLRQ�� �,W� VKRXOG
EH� QRWHG� WKDW� HTXDWLRQV� ���� DQG� ���� ZHUH
GHULYDWHG�LQ�DVVXPSWLRQ�RI�VPDOO�FRQFHQWUD�
WLRQ� RI� LPSXULW\��� ,I� WKH� VHFRQG� SKDVH� LV
VROLG� VWDWH�DQG�WKH�PRYLQJ�RI� LPSXULWLHV� LQ
LW� LV� GLIILFXOW� WKH� HTXDWLRQ� ���� JLYHV� DYHU�
DJHG� YDOXH� RI� LPSXULW\� FRQFHQWUDWLRQ� LQ
VROLG� SKDVH� >������@�� 3URFHVVHV� ZLWK� WUDQVL�
WLRQ�RI�PDWWHU�LQ�VROLG�SKDVH�LV�UHDOL]HG�XVX�
DOO\� ZLWK� FRQGXFW� VROLGLILFDWLRQ� RI� PDWWHU
DQG� SURGXFWLRQ� RI� FU\VWDO� ZLWK� HORQJDWHG
IRUP� RU� VROLG� FRQGHQVDWH� ZLWK� HORQJDWHG
IRUP� �DW� FRQGXFW� FU\VWDOOLVDWLRQ� RI� OLTXLG
>�Ü����Ü�@�RU�DW�GLVWLOODWLRQ�ZLWK�FRQGHQVDWH
SXOOLQJ� >������@�� FRUUHVSRQGHQWO\��� ,Q� WKH
FU\VWDO�RU�FRQGHQVDWH�WKH�GLVWULEXWLRQ�RI�LP�
SXULWLHV� DORQJ� LWV� OHQJWK� LV� GHVFULEHG� E\
HTXDWLRQ�
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ZKHUH�&��LV�LQLWLDO�FRQFHQWUDWLRQ�RI�LPSXULW\��[LV�GLVWDQFH�IURP�WKH�EHJLQQLQJ�RI�WKH�FU\VWDO�RU
FRQGHQVDWH��/� LV� OHQJWK� RI� LW��&� LV� FRQFHQWUD�
WLRQ�RI�LPSXULW\�RQ�GLVWDQFH�HTXDO�²��.� �N�IRU
FU\VWDOOL]DWLRQ�SURFHVVHV�>�������Ü�@�DQG�.� �D
IRU�GLVWLOODWLRQ�SURFHVV�>������@��

$V� DQ� H[DPSOH� RI� JHQHUDO� DSSURDFK� WR
H[DPLQDWLRQ� RI� LPSXULWLHV� GLVWULEXWLRQ� DW
SKDVH� WUDQVIRUPDWLRQV� OHW�V� FRQVLGHU� WKH
SKDVH� HTXLOLEULXP� JDV�SODVPD�� $� SRVVLEOH
VFKHPH�RI�GHYLFH�LQ�ZKLFK�JDV�DQG�SODVPD�FDQ
EH�LQ�SKDVH�HTXLOLEULXP�LV�VKRZQ�RQ�)LJ��*DV
LV� FRQWDLQHG� LQ� FKDPEHU� �� ZLWK� YROXPH� 9�
3DUW�RI�FKDPEHU��� LV�VLWXDWHG�EHWZHHQ�HOHF�
WURGHV� �� DQG� ��� 8QGHU� FHUWDLQ� FRQGLWLRQV
�JDV�SUHVVXUH�DQG�HOHFWULFDO�YROWDJH�� LQ�YRO�
XPH� Y� EHWZHHQ� HOHFWURGHV� WKH� SODVPD� LV
IRUPHG�ZKLOH�LQ�WKH�UHPDLQGHU�RI�FKDPEHU��
QR�LRQL]HG�JDV�LV�FRQWDLQHG��6LQFH�YROXPH�Y
LV� QRW� VHSDUDWHG� KHUPHWLFDOO\� IURP� WKH� UH�
VLGXDU\� YROXPH� RI� FKDPEHU� ��� SODVPD� DQG
JDV�DUH�LQ�G\QDPLF�HTXLOLEULXP�DQG�UHGLVWUL�
EXWLRQ� RI� LPSXULWLHV� EHWZHHQ� JDV� DQG
SODVPD�RFFXUV��

&RQVLGHULQJ� WKDW� GHQVLWLHV� RI� JDV� DQG
SODVPD� DUH� HTXDO� OHW�V� WUDQVIRUP� HTXDWLRQV
����DQG�����WR�PRUH�FRQYHQLHQW�IRUP�
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ZKHUH� &�� LV� LQLWLDO� FRQFHQWUDWLRQ� RI� LPSX�ULW\�� &�� LV� FRQFHQWUDWLRQ� RI� LPSXULW\� LQSODVPD�� &�� LV� FRQFHQWUDWLRQ� RI� LPSXULW\� LQQR� LRQL]HG� JDV� WKDW� LV� LQ� HTXLOLEULXP� ZLWK
SODVPD�� Y�9� LV� YROXPH� SDUW� RI� SODVPD�
�9ÜY��9�LV�YROXPH�SDUW�RI�QR�LRQL]HG�JDV��.
LV�D�FRHIILFLHQW�RI�LQWHUSKDVH�GLVWULEXWLRQ�DW
WKH� SKDVH� HTXLOLEULXP� JDV�SODVPD� �.� GH�
SHQGV�IURP�FRQGLWLRQV�RI�HTXLOLEULXP���&RQ�
FHQWUDWLRQ� RI� LPSXULWLHV� LQ� JDV� DQG� LQ
SODVPD� LV� GHWHUPLQHG� E\� YROXPH� SDUWV� RI
JDV� DQG� SODVPD� SKDVHV� DQG� E\� YDOXH� RI�.
FRHIILFLHQW�� ,PSXULWLHV� ZLWK� .�!��� KDYH

)LJ��6FKHPH� RI� WKH� SURFHVV� ZLWK� WKH� SKDVH
WUDQVIRUPDWLRQ� JDV�SODVPD�� �� Ü� FRQWDLQHU�
��Ü�HOHFWURGH��FDWRGH�����Ü�HOHFWURGH��DQRGH��

$�,�.UDYFKHQNR���,PSXULWLHV�GLVWULEXWLRQ�DW����
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PRUH�SUREDELOLW\�WR�WUDQVIHU�WR�SODVPD�ZKLOH
LPSXULWLHV� ZLWK� ����.����� WKH� PRVW� OLNHO\
WUDQVIHU�WR�JDV��7KH�YDOXHV�RI�FRHIILFLHQW�.
IRU�LPSXULWLHV�DW�WKH�SKDVH�HTXLOLEULXP�JDV�
SODVPD� DUH� QRW� NQRZQ�� 7KH\�PD\� EH� GHWHU�
PLQHG� H[SHULPHQWDOO\� IRU� JLYHQ� FRQGLWLRQV
RI� WKH� HTXLOLEULXP�� 7KH� WDVN� RI� FDOFXODWLRQ
RI� WKHVH� FRHIILFLHQWV� RQ� NQRZQ� FKDUDF�
WHULVWLFV�RI�FRPSRQHQWV�PD\�EH�IRUPXODWHG�

7KXV�� HTXDWLRQV� ���Ü���� DOORZ� DQDO\]LQJ
QRW�RQO\�SKDVH�WUDQVLWLRQV�OLTXLG�FU\VWDO�DQG
OLTXLG�JDV� EXW� DOVR� RWKHU�SKDVH� WUDQVIRUPD�
WLRQV��8VLQJ�HTXDWLRQV� ���Ü����SKDVH� WUDQVL�
WLRQV� ZLWK� SDUWLFLSDWLRQ� RI� OLTXLG� FU\VWDOV
PD\� EH� FRQVLGHUHG�� HTXDWLRQV� ���� DQG� ���
PD\�EH�XWLOL]HG� LQ� VWXG\�RI� VXUIDFH�FRDWLQJ
SURFHVVHV�E\�SODVPD�PHWKRGV��DQG�HTXDWLRQV
���� DQG� ���� PD\� EH� XVHIXO� LQ� UHVHDUFK� RI
WUDQVIRUPDWLRQV� UHODWHG� WR� TXDQWXP�PH�
FKDQLFDO�SKDVHV��VXSHUIOXLG�OLTXLG��%RVH�(LQ�
VWHLQ�FRQGHQVDWH���7KH�GLVWULEXWLRQ�RI�LPSX�
ULWLHV� DW� WUDQVLWLRQ� IURP� RQH� FU\VWDO� SKDVH
LQ�RWKHU�RQH�FDQ�QRW�GHVFULEHG�E\�HTXDWLRQV
���Ü���� EHFDXVH� GLIIXVLRQ� YHORFLW\� RI� DWRPV
LQ�FU\VWDO�SKDVHV�LV�VPDOO�

/LWHUDWXUH�GDWD�DERXW�WKH�YDOXHV�RI�LQWHU�
SKDVH� GLVWULEXWLRQ� FRHIILFLHQW� LQ� WKH� ILUVW
SODFH� UHODWHG� WR� WKH� HTXLOLEULXP� FU\VWDO�OLT�
XLG� DQG� LQ� WKH� VHFRQG� SODFH� WR� WKH� HTXLOLE�
ULXP� OLTXLG�JDV�� )RU� H[DPSOH� WKH� PRQR�
JUDSK� >�@� FRQWDLQV� WKH�YDOXHV� RI� FRHIILFLHQW
N�IRU�����V\VWHPV�RI�HOHPHQWDU\�VXEVWDQFHV
EDVLV�Û� LPSXULW\� DQG� WKH� YDOXHV� RI� FRHIIL�
FLHQW� D� IRU� ��� V\VWHPV� �VLJQLILFDQW� GLIIHU�
HQFH�LQ�TXDQWLWLHV�RI�YDOXHV�N�DQG�D�SHUKDSV
FRQQHFWHG� ZLWK� WKH� GLIIHUHQW� DSSOLFDWLRQ� RI
FU\VWDOOL]DWLRQ� DQG� GLVWLOODWLRQ� UHILQLQJ��
,PSXULWLHV�GLVWULEXWLRQ�DW�RWKHU�SKDVH�WUDQV�
IRUPDWLRQV�HLWKHU� LV�QRW�VWXGLHG�RU� WKHUH� LV
VFDQW\� LQIRUPDWLRQ�� 7KXV�� WKH� SXULILFDWLRQ
RI�VRPH�OLTXLG�FU\VWDOV��/&��E\�]RQH�PHOWLQJ
ZLWK�HVWLPDWLRQ�RI�GLVWULEXWLRQ�HIILFLHQW�N�LV
NQRZQ� �DW� QXPEHU� RI� NQRZQ�/&�PRUH� WKDQ
VHYHUDO� KXQGUHG� WKRXVDQGV�� >��@�� ,W� VKRXOG
EH� QRWHG� WKDW� /&� XQGHUJRHV� WZR� SKDVH
WUDQVIRUPDWLRQ� XQGHU� WKH� FKDQJH� IURP� OLT�
XLG� WR� FU\VWDO� VWDWH� �OLTXLG�/&�DQG�/&�FU\V�
WDO�� DQG� HYHU\� WUDQVIRUPDWLRQ� LV� FKDUDF�
WHUL]HG�E\�RZQ�YDOXH�RI�LQWHUSKDVH�GLVWULEX�
WLRQ� FRHIILFLHQW�� 7KH� SKDVH� FKDQJH
OLTXLG�JDV� FDQ� EH� XVHG� IRU� LPSURYHPHQW� RI
/&�GLVWLOODWLRQ�SXULILFDWLRQ�>��@�

7KXV�� LW� LV� SRVVLEOH� WKH� JHQHUDO� PDWKH�
PDWLFDO� GHVFULSWLRQ� RI� LPSXULWLHV� GLVWULEX�
WLRQ� DW� SKDVH� WUDQVIRUPDWLRQV� IURP� SKDVH
ZLWK�LGHDO�PL[LQJ��7KLV�GHVFULSWLRQ�LV�EDVHG
RQ�XVLQJ�WKH�HTXDWLRQV�RI�GLVWLOODWLRQ�UHILQ�
LQJ� ZLWK� VXEVWLWXWLRQ� LQ� WKH� HTXDWLRQV� WKH
FRUUHVSRQGLQJ� YDOXHV� RI� GLVWULEXWLRQ� FRHIIL�
FLHQW�� 6XFK� DSSURDFK� FDQ� EH� HIIHFWLYH� IRU
LPSURYHPHQW� H[LVWLQJ� WHFKQRORJLFDO� SURF�
HVVHV� ZLWK� KLJK�FOHDQ� VXEVWDQFHV� RU� IRU� GH�
YHORSPHQW�QHZ�RQHV�

7KH�DXWKRU�WKDQNV�FROOHDJXHV�IURP�.37,
9�6�9RLWVHQ\D��9�9�&KHERWDU\RY�DQG�9�,�*RORWD
IRU� XVHIXO� FRQVXOWDWLRQV� RQ� SODVPD� SK\VLFV
DQG� WHFKQLTXH� DQG� ,�,�3DSLURY� IRU� VXSSRUW
LQ�WKH�ZRUN�

5HIHUHQFHV
� ���*�*�'HY\DW\NK�� <X�(�(OOLHY�� ,QWURGXFWLRQ� WR

WKH�7KHRU\�RI�)LQH�3XULILFDWLRQ�RI�6XEVWDQFHV�
1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���6�6�*RUHOLN�� 0�<D�'DVKHYVNL\�� 0DWHULDO� 6FL�
HQFH� RI�6HPLFRQGXFWRUV� DQG�'LHOHFWULFV��0HW�
DOOXUJL\D��0RVFRZ��������>LQ�5XVVLDQ@�

� ���$�,�%HO\D\HY��3K\VLFDO�DQG�&KHPLFDO�)RXQGD�
WLRQV� RI� 3XULILFDWLRQ� RI�0HWDOV� DQG� 6HPLFRQ�
GXFWRUV�� 0HWDOOXUJL\D�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

� ���$�,�.UDYFKHQNR��LQ��3UREO���1XFO��6FL��(QJLQHHU��
6HU��1XFOHDU� 3K\VLFV� ,QYHVWLJDWLRQV� �7KHRU\
DQG�([SHULPHQW����������Y����S����

� ���/�$�1LVHO�VRQ�� $�*�<DURVKHYVNLL�� ,QWHUSKDVH
'LVWULEXWLRQ� &RHIILFLHQWV�� 1DXND�� 0RVFRZ
�������>LQ�5XVVLDQ@�

� ���$�<D�1DVKHO�VNLL�� 9�,�0HYLXV�� 9\VRFRFKLVW\\H
9HVKFKHVWYD��������������

� ���&U\VWDOOL]DWLRQ� IURP� 0HOWV�� 5HIHUHQFH� ,VVXH�
HG�� ,�%DUWHO�� (�%XULJ�� .�+D\Q�� /�.XKDUG�
0HWDOOXUJL\D��0RVFRZ��������>LQ�5XVVLDQ@������

�� ���5�$�/DXGLVH��7KH�*URZWK�RI�6LQJOH�&U\VWDOV�
3UHQWLFH�KDOO� ,QF��� (QJOHZRRG� &OLIIV�� 1HZ
-HUV\���������

� ���:�*�3IDQ��=RQH�0HOWLQJ��-�:LOOH\�DQG�6RQV�
,QF���1HZ�<RUN��/RQGRQ��6\GQH\��������

����$�,�.UDYFKHQNR��,QRUJDQ��0DWHU�������������������
����$�,�.UDYFKHQNR��)XQFW��0DWHU������������������
����$�,�.UDYFKHQNR��,QRUJDQ��0DWHU�����������������
����$�,�.UDYFKHQNR�� LQ�� 3UREO�� 1XFO�� 6FL�� (QJL�

QHHU��� 6HU��9DFXXP�� 3XUH� 0DWHULDOV�� 6XSHU�
FRQGXFWRUV���������Y����S����

����$�,�.UDYFKHQNR��3DW��8NUDLQH���������������
����9�$�0RORFKNR�� 6�9�.U\QNLQD�� =�$�&KHUQD\D�
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