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$EVWUDFW�
+LJK HQHUJ\ PHFKDQLFDO EDOO PLOOLQJ� ZKLFK LQFOXGHV PHFKDQLFDO DOOR\LQJ �0$� DQG

PHFKDQLFDO JULQGLQJ �0*�� KDV EHHQ H[WHQVLYHO\ XVHG LQ WKH ODVW �� \HDUV DV D QRQ�

HTXLOLEULXP SURFHVVLQJ PHWKRG DQDORJRXV WR WKH SUHYLRXV LQWHUHVW LQ YHU\ UDSLG VROLGLILFDWLRQ

FRROLQJ �UDWHV IURP ��
�
WR ��

��
.�V� IRU V\QWKHVL]LQJ� DW URRP WHPSHUDWXUH� DOO NLQGV RI

PDWHULDOV�

%RWK PHFKDQLFDO DOOR\LQJ RI GLVVLPLODU SRZGHUV DQG PHFKDQLFDO JULQGLQJ RI VLQJOH

FRPSRVLWLRQ SRZGHU KDYH UHVXOWHG LQ D ZLGH YDULHW\ RI HQWLUHO\ QHZ PHWDVWDEOH DOOR\V

LQFOXGLQJ DPRUSKRXV DOOR\V� QDQRFU\VWDOOLQH PDWHULDOV� H[WHQGHG VROLG VROXWLRQV� DOOR\V IURP

HOHPHQWV ZLWK D ZLGHO\ GLIIHUHQW PHOWLQJ SRLQW� DOO VRUWV RI FRPSRXQGV DQG FRPSRVLWHV DQG

RWKHUZLVH GLIILFXOW WR SURFHVV QRYHO PDWHULDOV� DQG HYHQ WKRVH DOOR\V ZKLFK DUH LPPLVFLEOH

E\ FRQYHQWLRQDO SURFHVVLQJ PHWKRGV�

7KH FU\VWDOOLWH VL]H RI 0$ DQG 0* PDWHULDOV GHFUHDVHV UDSLGO\ ZLWK PLOOLQJ WLPH WR UHDFK

D VDWXUDWLRQ YDOXH� JHQHUDOO\ LQ WKH UDQJH IURP � WR �� QP� DWWULEXWLQJ WKH QDPH QDQR�VL]HG

PDWHULDOV WR 0$ DQG 0* HQG SURGXFWV�

'XULQJ WKH PLOOLQJ SURFHVV WKH LQWHUDFWLRQ EHWZHHQ PLOOLQJ EDOOV DQG SRZGHU SDUWLFOHV FDQ

EH FKDUDFWHUL]HG E\ SURFHVVHV OLNH FROG�ZHOGLQJ� SODVWLF GHIRUPDWLRQ DQG IXUWKHU

IUDJPHQWDWLRQ RI WKH SDUWLFOHV� $ KLJK GHIHFW VWUXFWXUH RI WKH ODWWLFH� WKH LPPHQVH

PDJQLILFDWLRQ RI WKH ERXQGDU\ VXUIDFH DQG KLJK GLIIXVLRQ UDWH OHDGV WR ORZ DFWLYDWLRQ

HQHUJLHV IRU WKH WUDQVIRUPDWLRQ RI WKH VWUXFWXUH�

7KH FXUUHQW VWDWH RI WKH PHFKDQLVP RI WKH PHWDVWDEOH SKDVH IRUPDWLRQ GXULQJ PLOOLQJ LQ

V\VWHPV ZKLFK H[KLELW D QHJDWLYH KHDW RI PL[LQJ RI WKH FRPSRQHQWV ZLOO EH JLYHQ IURP WKH

WKHUPRG\QDPLF DQG NLQHWLF YLHZSRLQWV� 2Q WKH RWKHU KDQG� DOWKRXJK SKDVH IRUPDWLRQ LQ

V\VWHPV ZLWK SRVLWLYH KHDWV RI PL[LQJ LV IDU IURP EHLQJ XQGHUVWRRG� D SRVVLEOH H[SODQDWLRQ

ZLOO DOVR EH JLYHQ�

9DULRXV DSSOLFDWLRQ DUHDV ZKHUH WKH 0$ WHFKQRORJ\ FRXOG EH XVHG ZLOO EH LOOXVWUDWHG DV

ZHOO�

���,QWURGXFWLRQ��

��������,Q������3��'XZH]�KDYH�LQYHQWHG�D�QRQ�HTXLOLEULXP�SURFHVVLQJ��WHFKQLTXHV���FDOOHG���

XOWUD�UDSLG� TXHQFKLQJ� �854�� WHFKQLTXH�� LQ�ZKLFK� WKH�PHOW� � FRXOG� EH� FRROHG� WR� � URRP�

WHPSHUDWXUH�E\�TXHQFKLQJ�UDWHV�PRUH�WKDQ���
�
.�V�

�
� �7KH��UHVXOWV�KDYH�VKRZQ�WKDW��WKLV�

QRYHO� � SURFHVVLQJ� � HQDEOHV� WR� � LQFUHDVH� � GHIHFW� � FRQFHQWUDWLRQV�� � WR� DFKLHYH��

PLFURVWUXFWXUDO�UHILQHPHQW��WR�SURGXFH��VXSHUVDWXUDWHG�VROLG�VROXWLRQV�ZLWK�VROXWH�OHYHOV�



$FWD�&KLP��6ORY������������������

$� 7RQHMF� &U\VWDOORJUDSKLF )HDWXUHV RI 0HFKDQLFDOO\ 0LOOHG DQG $OOR\HG���

��

IDU� EH\RQG� WKH� HTXLOLEULXP� OLPLW� DW� DQ\� � WHPSHUDWXUH��PHWDVWDEOH� SKDVHV� DQG� HYHQ� WKH�

DPRUSKRXV� VWUXFWXUH� LQ� PDQ\� V\VWHPV� �FDOOHG� PHWDOOLF� JODVVHV� LQ� WKH� FDVH� RI� DOOR\V����

6LQFH� WKHQ� WKLV� WHFKQLTXH� KDV� VLQFH� EHHQ� XVHG� LQ� PDQ\� � ODERUDWRULHV� IRU� IXQGDPHQWDO�

VWXGLHV� DQG� KDV� EHHQ� DGRSWHG� DV� DQ� LPSRUWDQW� FRPPHUFLDO� SURGXFWLRQ� SURFHVV��

SDUWLFXODUO\�IRU�PDJQHWLF�PDWHULDOV�
�
�+RZHYHU�LQ�WKH�PLG�RI�����V�LQWHUHVW�WXUQHG�DOVR�WR�

VROLG�VWDWH�SURFHVVLQJ�ZKLFK�LQ�IDFW�VWDUWHG�LQ������ZLWK�WKH�-��6��%HQMDPLQ¶V�DUWLFOH
�
�LQ�

ZKLFK�KH� �GHVFULEHG�D�QHZ�SURFHVVLQJ�WHFKQLTXH��FDOOHG�PHFKDQLFDO�DOOR\LQJ��0$��DQG�

ZDV��EDVHG�RQ�KLJK�HQHUJ\�EDOO�PLOOLQJ��+LV�DLP�ZDV�WR�FRPELQH�ILQH�SDUWLFOH�GLVSHUVLRQ�

VWUHQJWKHQLQJ� ZLWK� DJH� KDUGHQLQJ� LQ� � D� QLFNHO�EDVH� VXSHUDOOR\� IRU� KLJK�WHPSHUDWXUH�

DSSOLFDWLRQV�� +H� IRXQG� RXW� WKDW� WKH� HQG� SURGXFW� SRVVHVVHG� � EHWWHU� KLJK�WHPSHUDWXUH�

GLVSHUVLRQ�VWUHQJWKHQLQJ�WKDQ�WKH�VXSHUDOOR\V�RI�WKH�VDPH�FRPSRVLWLRQ�SUHSDUHG�E\�PRUH�

FRQYHQWLRQDO� PHWKRGV�� +H� DOVR� VXJJHVWHG� WKDW� WKLV� WHFKQLTXH� EH� RWKHUZLVH� DSSOLFDEOH��

DOVR� WR� WKH�SUHSDUDWLRQ�RI�PHWDVWDEOH� VWUXFWXUH��$OWKRXJK�-��6��%HQMDPLQ� LQ�KLV�DUWLFOHV�

JDYH��WKH�WHFKQLFDO�GHWDLOV�RI�KLJK�HQHUJ\�EDOO�PLOOLQJ�SURFHGXUH�DQG�HYHQ�SURSRVHG�WKH��

PRGHO�RI�PHFKDQLFDO�DOOR\LQJ�� � LW� LV�YHU\�FXULRXV�WKDW�KLV�ZRUN�ZDV�ODUJHO\�GLVUHJDUGHG�

IRU�PRUH�WKHQ�D�GHFDGH���

��������,Q������5��/��:KLWH�ZDV�WKH�ILUVW�ZKR�UHSRUWHG�WKH�SUHSDUDWLRQ�RI�DPRUSKRXV�1E�6Q�

DOOR\�IURP�HOHPHQWDO�QLRELXP�DQG�WLQ�SRZGHU
�
�E\�KLJK�HQHUJ\�EDOO�PLOOLQJ��DQG�LQ�������

$��(��<HUPDNRY�DQG�DO�
�
�UHSRUWHG�WKH�SURGXFLQJ�RI�DPRUSKRXV�SRZGHUV�RI�<�&R�DOOR\V�

E\�PLOOLQJ�<�&R�FRPSRXQGV�LQ�D�EDOO�PLOO�RQ�WKH�EDVLV�RI�;�UD\�GLIIUDFWLRQ�SDWWHUQ�ZKLFK�

VKRZHG� W\SLFDO� EURDG�SHDN�� FKDUDFWHULVWLF�RI�DPRUSKRXV�PDWHULDO��7KH� WZR�ZRUNV�KDYH�

QRW� DWWUDFWHG� WKH� DWWHQWLRQ� WLOO� WKH� QH[W� WZR�SDSHUV� DSSHDUHG�� E\�&��&��.RFK�DQG� DO�� LQ�

����
�
� DQG� E\� 5�� %�� 6FKZDU]� LQ� �����

�
� 7KH� ILUVW� SDSHU� UHSRUWHG� RQ� WKH� IRUPDWLRQ� RI��

DPRUSKRXV� 1L��1E��� DOOR\� IURP� HOHPHQWDO� QLFNHO� DQG� QLRELXP� SRZGHUV� XVLQJ� � 0$�

SURFHGXUH�� ,Q� WKH�VHFRQG�SDSHU�� LW�ZDV�UHSRUWHG�WKDW� �ERWK�H[WHQGHG�VROLG�VROXWLRQV�DQG�

DPRUSKRXV� DOOR\V�RYHU�EURDG� FRPSRVLWLRQ� UDQJHV� � �1L[7L��[��ZHUH�SURGXFHG�E\�0$�RI��

HOHPHQWDO� QLFNHO� DQG� WLWDQLXP� SRZGHUV� VKRZLQJ� WKDW� WKH� UDQJH� RI� DPRUSKL]DWLRQ� �ZDV�

EURDGHU�WKDQ�LQ�VDPSOHV�SUHSDUHG�E\�854�IURP�WKH�PHOW��������
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�������,Q�WKH�\HDUV�ZKLFK�IROORZHG�WKH�QXPEHU��RI�SXEOLVKHG�SDSHUV��JUHZ�JUDGXDOO\�IURP�

DERXW������SDSHUV�LQ������WR�DERXW�������SDSHUV�LQ��������$W�SUHVHQW�DERXW�����WR���SDSHUV�

DUH�SXEOLVKHG�SHU�GD\�RQ�WKH�VXEMHFW����

���([SHULPHQWDO�

��������'XULQJ�WKH�ODVW�WKUHH�GHFDGHV�YDULRXV�W\SHV�RI�KLJK�HQHUJ\�PLOOV�KDYH�EHHQ�XVHG�IRU�

PLOOLQJ��LQFOXGLQJ�SODQHWDU\�PLOO��DWWULWLRQ�PLOO�DQG�YLEUDWRU\�PLOO��)LJ�����
���
��

�

)LJXUH �� 9DULRXV W\SHV RI PLOOV� �D� SODQHWDU\ PLOO� �E� DWWULWLRQ PLOO� �F� DQG �G� YLEUDWRU\ PLOOV�

�

��������3ODQHWDU\�PLOOV�DUH�WKH�PRVW�ZLGHO\�XVHG�LQ�ODERUDWRULHV��7KH\�KDYH�WKUHH�LPSRUWDQW�

SDUWV��URWDWLQJ��GLVF��FRQWDLQHUV�YLDOV�DQG�EDOOV��$�URWDWLQJ�GLVF��EHDUV�YLDOV���WZR�RU�IRXU��

RI�DERXW���FP�LQ�GLDPHWHU���ZLWK�EDOOV�LQVLGH�WKH�YLDO��7KH�GLVF�DQG�WKH�YLDOV�URWDWH�LQ��WKH�

RSSRVLWH� GLUHFWLRQ�� 7KH� URWDWLRQ� VSHHGV� �: DQG�Z�� � ZKLFK� DUH� RI� WKH� RUGHU� RI� VHYHUDO�

KXQGUHG�USP�FRXOG�EH�YDULHG�LQGHSHQGHQWO\��'XULQJ�WKH�URWDWLRQ�WKHUH�LV�D�ORW�RI�LPSDFW�

EHWZHHQ�WKH�EDOOV�DQG�WKH�EDOOV�DQG�WKH�YLDO���7KH�LPSDFW�VSHHG�RI�WKH�EDOOV�LV�RI�WKH�RUGHU�

RI� VHYHUDO� PV
��
� DQG� VKRFN� IUHTXHQFLHV� DUH� VHYHUDO� KXQGUHG� +]�� %DOOV� DQG� YLDOV� � DUH�

XVXDOO\�PDGH�RI�KDUGHQHG�VWHHO� DQG� WXQJVWHQ�FDUELGH��:&��ZW�&R���EXW�PDWHULDO� OLNH�

]LUFRQLD��DOXPLQD��FRUXQGXP���DJDWH��FRSSHU��&X�%H�DOOR\��HWF��DUH�DOVR�XVHG��3RZGHUV�RI�

WKH� PDWHULDO� � WR� EH� PLOOHG� DUH� LQWURGXFHG� LQ� WKH� UHTXLUHG� SURSRUWLRQV� LQWR� WKH� YLDO��

WRJHWKHU�ZLWK�WKH�EDOOV��

��������,Q�RUGHU�WR�DYRLG�R[LGDWLRQ�WKH�YLDOV�DUH�RIWHQ�VHDOHG�XQGHU�SXULILHG�DUJRQ�LQVLGH�D�

JORYH�ER[��(YHQ�WKH�SRZGHUV�WR�EH�PLOOHG�DUH��DOVR�ZHLJKHG�DQG�PL[HG�LQ�WKLV�JORYH�ER[��

VR�WKDW�WKH�WRWDO�KDQGOLQJ�RI�WKH�SRZGHUV�DQG�WKH�PLOOLQJ�DUH�FDUULHG�RXW�XQGHU�SURWHFWLYH��
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DWPRVSKHUH��$UJRQ�LV�WKH�PRVW�XVHG�DWPRVSKHUH��ZKLOH�ZKHQ�XVLQJ�QLWURJHQ�RU�K\GURJHQ�

DWPRVSKHUH�QLWULGHV�RU�K\GULGHV�DSSHDUHG��0LOOLQJ�XQGHU�YDFXXP��LQ�KHOLXP�DWPRVSKHUH�

RU�LQ�DLU��LV�DOVR�RIWHQ�WKH�FDVH���

��������)RU�;�UD\� GLIIUDFWLRQ� � �;5'��PHDVXUHPHQWV� RU� WUDQVPLVVLRQ� HOHFWURQ�PLFURVFRS\�

�7(0��LQYHVWLJDWLRQV��WKH�PLOOLQJ�LV�LQWHUUXSWHG�DW�VHOHFWHG��WLPHV�WR�UHPRYH�WKH�SRZGHU��

DQG� WKHQ� SXW� EDFN� LQWR� WKH� YLDO� IRU� IXUWKHU� PLOOLQJ�� )RU� WKH� H[DPLQDWLRQ� RI� SK\VLFDO�

SURSHUWLHV�IRU�ZKLFK�EXON�VDPSOHV�DUH�QHHGHG��WKH�SRZGHUV�DUH�VLQWHUHG��KRW�FRPSULVHG��

KRW�H[WUXGHG�RU�VKRFN�ZD\�FRPSDFWHG���

��������7\SLFDO�PLOOLQJ� FRQGLWLRQ� YDOXHV� DUH�� WKH� EDOO�WR�SRZGHU�ZHLJKW� UDWLR� IURP����� WR�

������WKH�WRWDO�PDVV�RI�SRZGHUV�����WR����J���VWDUWLQJ��SDUWLFOH�VL]H�IURP����WR������PP��D�

VHW��RI����EDOOV�RI����PP�LQ�GLDPHWHU�DQG����EDOOV�RI����PP�LQ�GLDPHWHU���+RZHYHU��DIWHU�

VRPH�WULDO�DQG�HUURU�WHVWV�HDFK�UHVHDUFKHU�XVXDOO\�GHWHUPLQHV�WKH�EHVW�PLOOLQJ�FRQGLWLRQV��

$OVR�� � GHSHQGLQJ� RQ� WKH� VWDUWLQJ� FRQGLWLRQV� RI� WKH�PDWHULDO� WR� EH�PLOOHG�� LW� H[LVWV� WZR�

SRVVLEOH�NLQGV�RI�PLOOLQJ��D���PHFKDQLFDO�DOOR\LQJ��0$���LI�WKH�VWDUWLQJ�PDWHULDO�FRQVLVWV�

RI��D�PL[WXUH�RI�SXUH��HOHPHQWDO��SRZGHUV��E��PHFKDQLFDO�JULQGLQJ��0*���LI�WKH�VWDUWLQJ�

PDWHULDO� FRQVLVWV� RI� D� FRPSRXQG� SUHYLRXVO\� V\QWKHVL]HG�� 7KH� H[SUHVVLRQ� � PHFKDQLFDO�

PLOOLQJ��00��LQFOXGHV�ERWK�PHWKRGV��

�

���6RPH�LPSRUWDQW�H[SHULPHQWDO�IDFWV�

�����1DQRVL]HG�PDWHULDOV�

��������&��&��.RFK�DQG�DO���LQ�KLV�SDSHU�SXEOLVKHG�LQ������
�
�DOUHDG\�REVHUYHG�D�GHFUHDVH�RI�

WKH� � ³HIIHFWLYH� FU\VWDOOLWH�JUDLQ´� VL]H� �FDOFXODWLRQ� GRQH� E\� XVLQJ� WKH� 6FKHUUHU� IRUPXOD�

/ ���O��E�FRV�T���GRZQ�WR�QDQR�GLPHQVLRQV�GXULQJ�WKH�PLOOLQJ�DQG�ILQDOO\�WR�WKH�YDOXH�

ZKLFK�FRUUHVSRQGV�WR�WKH�ZLGWK�RI�WKH�SHDN�RI�WKH�HYHQWXDOO\�REWDLQHG�DPRUSKRXV�DOOR\�

�)LJ������,Q�WKH�HDUO\�VWDJHV�RI�PLOOLQJ�WKH�JUDLQ��VL]H�GHFUHDVHV�UDSLGO\�WR�UHDFK�D�VWHDG\�

VWDWH�DIWHU�SURORQJHG�PLOOLQJ��DQG�VKRZV�WR�EH�FRPSRVLWLRQ�GHSHQGHQW��)LJ�����
��
�WR�YDU\�

IURP�HOHPHQW�WR�HOHPHQW��)LJ�����
��
�DQG�GHFUHDVHV�LQ�VL]H�EHORZ����QP�IRU�HOHPHQWV�ZLWK�

KLJK� PHOWLQJ� WHPSHUDWXUHV� �)LJ�� ���
��
� 7KH� GHFUHDVH� RI� � WKH� JUDLQ� VL]H� WR� QDQR�VL]H�

GLPHQVLRQ�KDV�EHFRPH�D�FRPPRQ�IHDWXUH�RI�WKH�PHFKDQLFDOO\�PLOOLQJ�SURFHVV��)LJ����D�

G���
��
��
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��������7KH�UHGXFWLRQ�RI�FU\VWDOOLWH��VL]H�GXH�WR��PLOOLQJ���GRZQ�WR�QDQRPHWHU�VL]HV�ZKLFK�

KDV�EHHQ�REVHUYHG�DW� WKH�YHU\�EHJLQQLQJ�RI�WKH�PLOOLQJ�H[SHULPHQWV�FRLQFLGHG��ZLWK�+��

*OHLWHU¶V� LGHD� LQ� ����
�����

� ZKR� SRLQWHG� RXW� WKDW� SRO\FU\VWDOV� LQ� ZKLFK� WKH� VL]H� RI�

LQGLYLGXDO�FU\VWDOOLWHV�LV�RI�WKH�RUGHU�RI�VHYHUDO��������QDQRPHWHUV��)LJ�����FRQVLVW�RI�WZR��

� �

)LJXUH �� $YHUDJH FU\VWDOOLWH VL]H YV

PLOOLQJ WLPH LQ WKH 1L�1E SRZGHU

GXULQJ WKH 0$ LQ DLU�
�

� )LJXUH �� $YHUDJH FU\VWDOOLWH VL]H REWDLQHG E\

0$ IRU )H[&X���[ SRZGHUV DIWHU �� K RI PLOOLQJ

YV )H FRQWHQW�
��

� �

)LJXUH �� $YHUDJH FU\VWDOOLWH VL]H RI $O� 1L�

DQG 3G YV EDOO PLOOLQJ WLPH�
��

� )LJXUH �� 0LQLPXP FU\VWDOOLWH VL]H REWDLQHG E\

EDOO PLOOLQJ IRU GLIIHUHQW IFF PHWDOV YV PHOWLQJ

WHPSHUDWXUHV�
��

�

FRPSRQHQWV�� � D� FU\VWDOOLWH� FRPSRQHQW� IRUPHG�E\� DOO� DWRPV� ORFDWHG� LQ� WKH� ODWWLFH�RI� WKH�

FU\VWDOOLWHV��DQG�DQ�LQWHUIDFLDO�FRPSRQHQW�FRPSULVLQJ�DOO�DWRPV�ZKLFK�DUH�VLWXDWHG�LQ�WKH�

FU\VWDOOLWH��RU�LQWHUSKDVH��ERXQGDU\�EHWZHHQ�WKH�FU\VWDOOLWHV��6XFK�D��PDWHULDO�FRQVLVWLQJ�
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RI�D�ODUJH�IUDFWLRQ��RI�LQFRKHUHQW�LQWHUIDFHV�VKRXOG�GHYLDWH�VLJQLILFDQWO\�LQ�VWUXFWXUH�DQG�

SURSHUWLHV�IURP�WKRVH��FU\VWDOOLQH��DQG�RU��JODVV��PDWHULDOV�RI��WKH�VDPH�FRPSRVLWLRQ��7KH�

SUHGLFWLRQ��ZDV���FRQILUPHG��GXULQJ��WKH��QH[W��\HDUV���H�J��5HIHUHQFHV����������DQG�)LJ��

�����

�

)LJXUH �� +57(0 ODWWLFH LPDJH RI� �D� PRQRFOLQLF =U2� YLHZHG DORQJ >���@ GLUHFWLRQ �FU\VWDOOLWH VL]H LV

��� QP�� �E� G��� ODWWLFH LPDJH RI D VDPSOH RI WKH ��� J =U2� DQG ��� J <�2� SRZGHU PL[WXUH PLOOHG IRU ��

PLQXWHV� 7HWUDJRQDO FU\VWDOOLWH 7 LV VWXFN RQ ODUJH PRQRFOLQLF =U2� R[LGH JUDLQ KDYLQJ OD\HUHG VWUXFWXUH�

GHIRUPHG DQG UXSWXUHG ODWWLFH SODQHV� �F� D VDPSOH RI WKH ��� J =U2� DQG ��� J <�2� SRZGHU PL[WXUH PLOOHG

IRU � K� 6WDFNLQJ IDXOWV RU DQWLSKDVH ERXQGDU\ I DQG FU\VWDOOLWH E VWXFN RQ ODUJHU FU\VWDOOLWH� �G� D VDPSOH RI

WKH ��� J =U2� DQG ��� J <�2� SRZGHU PL[WXUH PLOOHG IRU � K� &U\VWDOOLWH VL]HV IURP � WR �� QP�

&RUUHVSRQGLQJ 6$' SDWWHUQV DUH VKRZQ DV WKH LQVHUWV�
��

�
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)LJXUH �� 7ZR�GLPHQVLRQDO KDUG VSKHUH

PRGHO RI WKH DWRPLF VWUXFWXUH RI D

QDQRFU\VWDOOLQH PDWHULDO� )RU FODULW\ WKH

DWRPV LQ WKH ERXQGDU\ FRUH UHJLRQV DUH

SUHVHQWHG E\ RSHQ FLUFOHV�
��

)LJXUH �� &RPSDULVRQ RI WKH FUDFN UHVLVWDQFH RI

KDUGQHVV RI QDQR�FU\VWDOOLQH DQG FRPPHUFLDO JUDGHV

RI IXOO\ VLQWHUHG :&�&R PDWHULDOV�
��

�

(VWLPDWLRQ�VKRZHG
��
�WKDW�LI�WKH�FU\VWDOOLWH�VL]H�LV�RI�WKH�RUGHU�RI���WR����QP��DERXW�����

RI� WKH�DWRPV�VKRXOG�EH�ORFDWHG�LQ� LQWHUIDFHV�IRUPLQJ�WKH�LQWHUIDFLDO�FRPSRQHQW�ZLWKRXW�

ORQJ���FKDUDFWHULVWLF�RI�WKH�FU\VWDOOLQH�FRPSRQHQW��RU�VKRUW�UDQJH�RUGHU��FKDUDFWHULVWLF�RI�

WKH� DPRUSKRXV�JODVV\� FRPSRQHQW��
��
� )RU� WKDW� UHDVRQ� VXFK� � PDWHULDOV� FRXOG� QRW� EH�

FODVVLILHG�QHLWKHU�DV� �UHDOO\�FU\VWDOOLQH�PDWHULDOV�QRU�DV�JODVV\�PDWHULDOV��7KH\�FRPSULVH�

VRPHWKLQJ� OLNH�D�QHZ�³WKLUG�VROLG�VWDWH�VWUXFWXUH´�DQG�+��*OHLWHU� �FDOOHG�VXFK�PDWHULDOV��

QDQRFU\VWDOOLQH� PDWHULDOV�� :H� FDQ� VWDWH� WKDW� VWDUWLQJ� ZLWK� *OHLWHU¶V� GHILQLWLRQ� RI�

QDQRFU\VWDOOLQH� PDWHULDOV� ERWK� VXEMHFW� ³PHFKDQLFDOO\� PLOOLQJ´� DQG� ³QDQRFU\VWDOOLQH�

PDWHULDOV´�DUH��LQWHUFRQQHFWHG�DQG�KDYH��GHYHORSHG�VLGH�E\�VLGH��'HSHQGLQJ�RQ�SDUWLFXODU�

VXEMHFWV� QXPHURXV� H[SUHVVLRQV� VWDUWHG� WR� EH� XVHG� LQ� WKH� OLWHUDWXUH�� OLNH�� QDQRFU\VWDOV��

QDQRFU\VWDOOLQH�PDWHULDOV��QDQRSKDVH�PDWHULDOV��XOWUDILQH�JUDLQ�VL]HG�PDWHULDOV��XOWUDILQH�

PLFURVWUXFWXUH�� QDQRVWUXFWXUHG� PDWHULDOV�� QRQRPHWHU� VL]HG� PDWHULDOV�� � QDQRDPRUSKRXV�

PDWHULDO�� QDQRJODVVHV�� VXEPLFURQ� JODVVHV�� :H� � WKLQN� WKDW� WKH� H[SUHVVLRQ� ³QDQRVL]HG�

PDWHULDOV´�FRYHUV�DOO�WKHVH�WHUPV�DQG�VKRXOG��EH�XVHG�DV�WKH�JHQHUDO�H[SUHVVLRQ����

�

�

�

�

�����(TXLYDOHQFH�RI�WKH�PHFKDQLFDO�DOOR\LQJ��0$��DQG��
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��

RI�WKH�PHFKDQLFDO�JULQGLQJ��0*��

�����$PRUSKRXV� DOOR\V� � FDQ� EH� IRUPHG� E\�PHFKDQLFDO� DOOR\LQJ� �0$��ZKHQ� WKH� VWDUWLQJ�

SRZGHUV�DUH���D�PL[WXUH�RI�SXUH�PHWDO�SRZGHUV��RU�E\�PHFKDQLFDO�JULQGLQJ��0*��ZKHQ�

WKH�VWDUWLQJ�PDWHULDO�LV�D�FU\VWDOOLQH�LQWHUPHWDOOLF�V\QWKHVL]HG�SUHYLRXVO\��7KH�FRPSDULVRQ�

RI�WKH�UHVXOWV�VKRZHG�WKDW�DOWKRXJK�WKH�DPRUSKL]DWLRQ�E\�0$�DQG�0*�VHHPHG�WR�RFFXU�

E\�GLIIHUHQW�PHFKDQLVPV��WKH�GLIIUDFWLRQ�SDWWHUQV�DUH��DOPRVW�LGHQWLFDO�LQ�ERWK�FDVHV��)LJ��

����EXW��WKH�UHTXLUHG�SURFHVVLQJ�WLPH�IRU�D�IXOO\�DPRUSKRXV�SURGXFW�LV�DSSUR[LPDWHO\�KDOI�

WKH�SHULRG�DV�ZKHQ�WKH�HOHPHQWV�ZHUH�WKH�VWDUWLQJ�PDWHULDO�
�����

�

�

�

)LJXUH �� �D� DPRUSKRXV 1L��1E��
REWDLQHG DIWHU 0$ SXUH FU\VWDOOLQH 1L DQG

1E SRZGHUV IRU ��K� �E� FU\VWDOOLQH

1L��1E�� SRZGHU SUHSDUHG E\ FUXVKLQJ DQ

DUF PHOWLQJ LQJRW RI WKH LQWHUPHWDOOLF� �F�

DPRUSKRXV 1L��1E�� SRZGHU REWDLQHG E\

0* SRZGHU LQ FXUYH �E� IRU �� K�
��

)LJXUH ��� /DWWLFH SDUDPHWHU RI WKH $J�&X

DOOR\V SURGXFHG E\ 0$ �x� DQG E\ XOWUD UDSLG

TXHQFKLQJ �R��
��

�

�����(TXLYDOHQFH�RI�XOWUD�UDSLG�TXHQFKLQJ�DQG�PHFKDQLFDO�DOOR\LQJ�JULQGLQJ��

��������$IWHU��3��'XZH]��SXEOLVKHG�KLV�SDSHU�LQ������
�
��XOWUD�UDSLG�TXHQFKLQJ�KDV�EHHQ�WKH�

PRVW� ZLGHO\� XVHG� PHWKRG� IRU� SURGXFLQJ� QRQ�HTXLOLEULXP� SKDVHV� WLOO� WKH� LQYHQWLRQ� RI�

PHFKDQLFDO�PLOOLQJ�SURFHGXUH��DQG�LW�LV�QRW�VXUSULVLQJ�WKDW�WKH�UHVHDUFKHV�ZHUH�DWWUDFWHG�

WR�WKH�LGHD�LI�WKH�0$�DQG�854�PHWKRGV�JLYH�WKH�VDPH�HQG�SURGXFWV��

��������2QH�RI�PDQ\�VSHFWDFXODU�DFKLHYHPHQWV�RI�WKH�854�PHWKRG�ZDV�WKH�FUHDWLRQ�RI��D�

VXSHUVDWXUDWHG�$J�&X��IFF�VROLG�VROXWLRQ�RQ�WKH�HQWLUH�FRPSRVLWLRQ�UDQJH��DOWKRXJK�VLOYHU�
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��

DQG�FRSSHU�DUH�DOPRVW�LPPLVFLEOH�WR�HDFK�RWKHU��7KH�FRPSOHWH�PHWDVWDEOH�VROXELOLW\�ZDV�

DOVR�REWDLQHG�E\�0$���)LJ������
��
�ZKLFK�SURYHG�WKDW��0$�LV�MXVW�DV�HIIHFWLYH�DV�854�LQ�

SURGXFLQJ�D�FRPSOHWH�VROLG�VROXWLRQ�LQ�WKH�$J�&X�V\VWHP��

��������,URQ� DQG� FRSSHU�� ZKLFK� H[KLELW� YDQLVKLQJ� VPDOO�PXWXDO� VROLG� VROXELOLW\� XQGHU� WKH�

HTXLOLEULXP� FRQGLWLRQV�� IRUP� VXSHUVDWXUDWHG� VROLG� VROXWLRQV� XS� WR� ��DW��)H� LQ� &X�

���DW��&X�LQ�)H��ZKHQ�VROLGLILHG�E\�854�
��
�EXW�HYHQ�XS�WR���DW��)H����DW��&X�LQ�)H���

XVLQJ�0$�
��
�

�������,Q� WKH�;�UD\� GLIIUDFWLRQ� SDWWHUQ� RI� WKH� UDSLGO\�TXHQFKHG� VDPSOH�� LI� FRPSDUHG�ZLWK�

WKDW�RI�WKH�0$�SRZGHU�VDPSOH��H�J��WKH�FDVH�RI�7L��&X���DOOR\
��
����LW��ZDV�IRXQG�RXW�WKDW�

WKH� WZR� GLIIUDFWLRQ� SDWWHUQV� KDYH� � TXLWH� VLPLODU� FKDUDFWHULVWLFV� �)LJ�� ����� DQG� WKDW� WKH�

FRPSRVLWLRQ� GHSHQGHQFH� RI� WKH� QHDUHVW�QHLJKERU� GLVWDQFH� LQ� DPRUSKRXV� VDPSOHV��

REWDLQHG�E\�854��0$�DQG�E\�YDSRU�TXHQFKLQJ�VKRZHG�JRRG�DJUHHPHQW�EHWZHHQ�GDWD�

�)LJ������
��
�

�

�

)LJXUH ��� &RPSDULVRQ RI ;�UD\ GLIIUDFWRJUDPV RI

DPRUSKRXV 7L��&X�� 0$ SRZGHU �PHFKDQLFDOO\

DOOR\HG � K� ZLWK DPRUSKRXV 7L��&X�� SUHSDUHG E\

XOWUD UDSLG TXHQFKLQJ�
��

)LJXUH ��� 1HDUHVW QHLJKERU GLVWDQFH

RI DPRUSKRXV 1L�1E SUHSDUHG E\ 0$

�VTXDUHV�� YDSRXU TXHQFKLQJ �FLUFOHV�

DQG XOWUD UDSLG TXHQFKLQJ�
��

�

��������7KH�VLPSOH�FXELF�VWUXFWXUH�ZLWK�RQH�DWRP�SHU�FHOO��LV�UDUH�LQ�FU\VWDOOLQH�VROLGV��DQG�

D�3R� LV� WKH� RQO\� NQRZQ� HOHPHQW� IRXQG� WR� H[KLELW� WKLV� VWUXFWXUH� XQGHU� HTXLOLEULXP�

FRQGLWLRQV�� %\� DSSO\LQJ� WKH�854� WHFKQLTXH�� LW� LV� � SRVVLEOH� WR� SURGXFH� WKH�PHWDVWDEOH�

VLPSOH�FXELF�SKDVH��LQ�$J�7H�DOOR\��+RZHYHU��WKH�H[WHQW�WR�ZKLFK�WKH�VLPSOH�FXELF�SKDVH�

IRUPV�RQ�PLOOLQJ�LV�UHVWULFWHG�FRPSDUHG�WR�UDSLG�VROLGLILFDWLRQ�
��
��

��������7KH�V\VWHP��&X�1E�6Q�LV�DQ�H[DPSOH�ZKHUH�DQ�DPRUSKRXV�SKDVH�FDQ�EH�IRUPHG�E\�

0$�EXW�QRW�E\�UDSLG�TXHQFKLQJ�
��
�RU��WKH�JODVV�IRUPLQJ�UDQJH�LV�QRW�WKH�VDPH�IRU�854�
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���

DQG�0$�DV�LQ�WKH�)H�=U�V\VWHP��)LJ������
��� ��

�:KHUHDV�854��SURGXFHV�DPRUSKRXV�DOOR\�

SUHIHUHQWLDOO\�FORVH�WR�GHHS�HXWHFWLFV��LQ�0$�SURFHVV�DPRUSKRXV�DOOR\V�DUH�IRUPHG�LQ�WKH�

FHQWUDO� SDUW� RI� WKH� SKDVH� GLDJUDP�� L�H�� DOVR� LQ� WKH� UDQJH� RI� KLJK� PHOWLQJ� SRLQW�

LQWHUPHWDOOLF�SKDVHV���

�

�

)LJXUH ��� 3KDVH GLDJUDP RI WKH )H�=U

V\VWHP LQFOXGLQJ WKH JODVV�IRUPLQJ

UDQJHV RI �D� XOWUD UDSLG TXHQFKLQJ DQG

�E� PHFKDQLFDOO\ DOOR\HG VDPSOHV�
��

�

��������$V�D�FRQFOXVLRQ�LW�FDQ�EH�VWDWHG�WKDW�DPRUSKRXV�DOOR\V�REWDLQHG�LQ�ERWK�SURFHVVHV��

854� DQG� 0$�� DUH� VWUXFWXUDOO\� YHU\� VLPLODU� �WKH� SRVLWLRQ� RI� WKH� PD[LPXP� LQ� WKH�

GLIIUDFWLRQ�SDWWHUQ� LV� LQGHSHQGHQW�RI� WKH�SUHSDUDWLRQ� WHFKQLTXH���ERWK� WRSRORJLFDOO\�DQG�

FKHPLFDOO\��DQG�WKDW��WKH�0$�LV�D�PRUH�HIILFLHQW�PHWKRG�WKDQ�854�LQ�WKH�IRUPDWLRQ�RI�

WKH� QRQ�HTXLOLEULXP� SKDVHV� OLNH� � DPRUSKRXV� DOOR\V� DQG� VXSHUVDWXUDWHG� VROLG� VROXWLRQV��

7KH� RQO\� GLIIHUHQFH� ZDV� IRXQG� LQ� WKH� YDOXH� RI� WKH� FU\VWDOOL]DWLRQ� WHPSHUDWXUH� RI� WKH�

DPRUSKRXV��DOOR\V�ZKLFK�VKRZHG�WR�EH�KLJKHU�IRU�VDPSOHV�SUHSDUHG�E\�PLOOLQJ�WKDQ�WKDW�

RI�WKH�854�VDPSOHV�
��
������

�

�

�����1DQRDPRUSKRXV�PDWHULDOV�DUH�WKH\�UHDOO\�DPRUSKRXV"�

����:KHQ� XVLQJ� � WKH� 6FKHUUHU� HTXDWLRQ� LW� LV� � � JHQHUDOO\� DFFHSWHG� � WKDW� LI� WKH� KDOR� SHDN�

FRUUHVSRQGV�WR�WKH�³DSSDUHQW´�FU\VWDOOLWH�VL]H�ORZHU�WKDQ������QP��LW�VKRXOG�EH�XVHG�DV�DQ�

LQGLFDWLRQ� RI� DQ� DPRUSKRXV� VWDWH�� 7KLV� FRQGLWLRQ� LV� IXOILOOHG� LQ�0$� DOOR\V�� � ,W� LV� DOVR�
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���

NQRZQ� WKDW� � WKH� VXSHUFRQGXFWLQJ� WUDQVLWLRQ� WHPSHUDWXUH� DQG� WKH� FU\VWDOOL]DWLRQ�

WHPSHUDWXUH�LQ�SXUH�DPRUSKRXV�VWUXFWXUH�DUH��FRPSRVLWLRQ�GHSHQGHQW�DQG�EHLQJ�FRQVWDQW�

LQ� WKH� WZR� SKDVH� �DPRUSKRXV� DQG� FU\VWDOOLQH�� UHJLRQ�� ZKLFK� KDV� EHHQ� FRQILUPHG� LQ� D�

QXPEHU�RI��ELQDU\�DOOR\V�SURYLQJ�WKDW�PHFKDQLFDOO\�DOOR\HG�SRZGHUV�EHFRPH�DPRUSKRXV�

GXULQJ�PLOOLQJ�
��� ��

������

�

������(TXLYDOHQFH�RI�PHFKDQLFDO�PLOOLQJ�DQG�WKHUPDO�WUHDWPHQW�

���������,W� LV� ZHOO� NQRZQ� WKDW� KHDWLQJ� RI� ERHKPLWH� RU� JLEEVLWH� DW� RYHU� ����
�
&� \LHOGV� D�

YDULHW\�RI�WUDQVLWLRQ�DOXPLQDV�EHIRUH�WKH�VWDEOH�FRUXQGXP�LV�IRUPHG��

����������������������������������!���
�
&����!����

�
&������!����

�
&�������!����

�
&�

����������������������ERHKPLWH�o�J�$O�2�o�G�$O�2� o�T�$O�2� o�D�$O�2�

�

��������������������������������������!���
�
&�����!����

�
&�������!���

�
&�

����������������������������JLEEVLWH�o�F$O�2�o�N�$O�2� o�D�$O�2��

�

�

)LJXUH ��� ;�UD\ GLIIUDFWLRQ SDWWHUQV� �D�

ERHKPLWH EHIRUH PLOOLQJ� �E� DIWHU PLOOLQJ

WKH ERHKPLWH IRU ��� K �R ERHKPLWH� Y D�

$O�2�� V J��G��$O�2�� [ :&�� �F� DIWHU

PLOOLQJ WKH ERHKPLWH IRU � K �Y D�$O�2��

V J��G��$O�2�� [ :&�� �G� DIWHU PLOOLQJ WKH

ERHKPLWH IRU ��� K �D�$O�2� DQG :&�� 7KH

:& SHDNV DULVH GXH WR :& FRQWDPLQDWLRQ

IURP WKH PLOOLQJ PHGLD�
��

�����)RUPDWLRQ�RI�H[WHQGHG�VROLG�VROXWLRQV�

$OWKRXJK� WKH� WUDQVLWLRQ� DOXPLQDV� DUH� VWDEOH� DW� URRP� WHPSHUDWXUH�� WKH\� DUH� QRUPDOO\�

DFWLYDWHG��RQO\�DW�DERYH�LQGLFDWHG�WHPSHUDWXUHV��6WDUWLQJ�IURP�ERHKPLWH�RU�JLEVLWWH�0*�

JDYH� � FRUXQGXP� DV� WKH� ILQDO� SURGXFW� VKRZLQJ� WKH� HTXLYDOHQFH� RI� WKH�PLOOLQJ� DQG� WKH�

WKHUPDO�WUHDWPHQW�RQ�WKH�DOXPLQDV��)LJ������
��� ��

�*HQHUDOO\�LW�FDQ�EH�VWDWHG�WKDW�WKH�KLJK�

HQHUJ\�EDOO�PLOOLQJ�LV�D�ZD\�RI�LQGXFLQJ�SRO\PRUSKLF�WUDQVIRUPDWLRQV�RI��FRPSRXQGV�
�
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���

�

����������*HQHUDOO\�� VROLG� VROXWLRQV� DUH� H[SHFWHG� LQ�ELQDU\�DOOR\V�ZKHQ� WKH�+XPH�5RWKHU\�

UXOHV�IRU�VROLG�VROXELOLW\�DUH�VDWLVILHG��OLWWOH�DWRPLF�VL]H�GLIIHUHQFHV��VDPH�YDOHQF\��VDPH�

FU\VWDO�VWUXFWXUH��OLWWOH�RU�QR�HOHFWURQHJDWLYLW\�GLIIHUHQFH���6HULRXV�YLRODWLRQ�RI�WKHVH�UXOHV�

ZDV�REWDLQHG�XVLQJ�XOWUD�UDSLG�TXHQFKLQJ�PHWKRG�
��
�DQG�DIWHU�WKH�0$�EHJDQ�WR�EH�XVHG�

HYHQ�KLJKHU�H[WHQVLRQV�RI�VXSHUVDWXUDWHG�VROLG�VROXWLRQV�ZHUH�REWDLQHG��7DEOH�,���(YHQ�LQ�

V\VWHPV�ZKHUH� FRPSOHWHO\� LPPLVFLELOLW\� LQ� WKH� VROLG� DQG� LQ� WKH� OLTXLG� VWDWH� LV� NQRZQ��

H[FHSW� DW� YHU\�KLJK� WHPSHUDWXUHV� �H�J��$O�3E�V\VWHP��� WKH� VXSHUVDWXUDWHG� VROLG� VROXWLRQ�

ZDV�IRUPHG�E\�0$�
��
��

�

7DEOH�,�

([WHQVLRQ�RI��HTXLOLEULXP�VROLG�VROXELOLW\��(66��OLPLWV�LQ�VRPH�ELQDU\�DOOR\V�RQ�XOWUD�

UDSLG�TXHQFKLQJ��854��IURP�WKH�PHOW�DQG�RQ�PHFKDQLFDO�DOOR\LQJ��0$��

�

VROYHQW� VROXWH� ����(66����

���DW����

854��

�DW����

5HI�� 0$�

�DW����

5HI��

)H� &X� ���� ��� >��@� ��� >��@�

&X� )H� ���� ��� >��@� ��� >��@�

$J� &X� ���� ������ >��@� ������ >��@�

$O� 0J� ������� �������� >��@� ��� >��@�

1L� $O� ���� � � ��� >��@�

7L� 0J� ���� � � ������� >��@�

1E� $O� ������� � � ��� >��@�

$O� )H� ��������� ���� >��@� ��� >��@�

$O� 3E� �� � � ��������� >��@�

�

�

�����$PRUSKL]DWLRQ�E\�PHFKDQLFDO�DOOR\LQJ�RU��JULQGLQJ�

��������6LQFH�3��'XZH]�LQYHQWHG�WKH�XOWUD�UDSLG�TXHQFKLQJ�WHFKQLTXH��DPRUSKRXV�PHWDOOLF�

SKDVHV� �PHWDOOLF� JODVVHV�� KDYH� EHHQ� SURGXFHG� IRU� PDQ\� \HDUV�PRVWO\� E\� WKLV�PHWKRG��

+RZHYHU��DIWHU�&��&��.RFK�DQG�FR�ZRUNHUV�LQ������V\QWKHVL]HG�DQ�DPRUSKRXV�1L��1E���

DOOR\� IURP�0$� RI� HOHPHQWDO� 1L� DQG�1E� SRZGHUV�
�
� WKLV�PHWKRG� EHJDQ� WR� EH� WKH�PRVW�

XWLOL]HG� WHFKQLTXH� IRU� SURGXFLQJ� DPRUSKRXV� PDWHULDOV�� 7KHUH� ZHUH� PRUH� DQG� PRUH�

H[SHULPHQWDO� UHVXOWV� DYDLODEOH� DQG� LW� DSSHDUHG� WKDW� XVLQJ� WKH� HOHPHQWDO� SRZGHUV� DV�
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���

VWDUWLQJ�PDWHULDOV� LQ� WKH�0$�SURFHVV�WKUHH�W\SHV�RI�DPRUSKL]DWLRQ��UHDFWLRQV�KDYH�EHHQ�

REVHUYHG�
��
�

W\SH�,�� WKH�FKDUDFWHULVWLF� IHDWXUH�RI� WKLV� W\SH�RI�DPRUSKL]DWLRQ�DSSHDUV� LV�D�FRQWLQXRXV�

EURDGHQLQJ� RI� WKH� FU\VWDOOLQH� %UDJJ� SHDNV� LQ� WKH� GLIIUDFWLRQ� SDWWHUQ� FDXVHG� E\� WKH�

GHFUHDVLQJ�RI� WKH�FU\VWDOOLWH�VL]H�GRZQ� WR� WKH�QDQRVL]HG�YDOXHV��7KH�HQG�SURGXFW� LV� WKH�

GLIIUDFWLRQ�KDOR�W\SLFDO�RI�DPRUSKRXV�PDWHULDOV��H�J���7L�&X�V\VWHP��)LJ������
��
��

�

)LJXUH ��� ;�UD\ GLIIUDFWLRQ RI

7L��&X�� DOOR\V� :LWK LQFUHDVLQJ

PLOOLQJ WLPH� SRZGHU EHFRPHV

JUDGXDOO\ DPRUSKRXV�
��

W\SH� ,,�� GXULQJ� PLOOLQJ� WKH� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� VKRZ� WKDW� WKH� EURDG� GLIIXVH�

GLIIUDFWLRQ�PD[LPXP�RI� WKH� DPRUSKRXV� SKDVH� JURZV� VHSDUDWHO\��ZKLOH� WKH� OLQHV�RI� WKH�

HOHPHQW�SRZGHUV�EHFRPH�RQO\�VOLJKWO\�EURDGHU�DQG�WKHLU�LQWHQVLW\�GHFUHDVHV�FRQWLQXRXVO\�

GXULQJ� PLOOLQJ� DQG� ILQDOO\� GLVDSSHDUV� 7KLV� EHKDYLRU� JDYH� HYLGHQFH� WKDW� WKH�

DPRUSKL]DWLRQ� LV� QRW� D� FRQWLQXRXV� OLQH� EURDGHQLQJ� RI� WKH� FU\VWDOOLQH� SHDNV�� XQWLO� LW� LV�

LPSRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�YHU\�ILQH�PLFURFU\VWDOOLWHV�DQG�WKH�DPRUSKRXV�SKDVH��

EXW�D�GHFUHPHQW�RI�WKH�LQWHQVLW\�RI�WKH�%UDJJ�UHIOHFWLRQV�RI�WKH�HOHPHQWV�DQG�VHSDUDWHO\�

DQ� LQFUHPHQW� RI� WKH� LQWHQVLW\� RI� D� EURDG� SHDN� RI� WKH� DPRUSKRXV� DOOR\��2EYLRXVO\� � WKH�

DPRUSKRXV�SKDVH�JURZV� VHSDUDWHO\� DV� D�QHZ�SKDVH��:LWK� WKH�DLG�RI�6KHUUHU� IRUPXOD� LW�

ZDV�IRXQG�WKDW�WKH�FU\VWDOOLWH�VL]H�UHGXFHV�RQO\�WR�DERXW����QP�ZKLFK�LV�PXFK�ODUJHU�WKDQ�

WKH� HTXLOLEULXP� HIIHFWLYH� FU\VWDOOLWH� VL]H� IRXQG� LQ� W\SH� ,� UHDFWLRQ�� � RIWHQ� EHORZ� �� QP�

�)LJV�����DQG�����
��� ��

�

W\SH�,,,��WKLV��UHDFWLRQ��W\SH��LV��FKDUDFWHUL]HG��E\���WKH���DPRUSKL]DWLRQ��YLD��D�FU\VWDOOLQH�
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���

LQWHUPHGLDWH� �SKDVH��H�J��)LJ������1E�6Q�V\VWHP��UHDFWLRQ�SDWK��HOHPHQWDO�SRZGHUV� �1E�

DQG�6Q�o�$���1E�6Q�SKDVHV�o��DPRUSKRXV�SKDVH�DOOR\V
��
�����

� �

)LJXUH ��� ;�UD\ GLIIUDFWLRQ SDWWHUQV RI

1L��1E�� SRZGHUV DV�UHFHLYHG DQG DIWHU

GLIIHUHQW PLOOLQJ WLPHV�
��

)LJXUH ��� ;�UD\ GLIIUDFWLRQ SDWWHUQV RI

1L��=U�� SRZGHUV DIWHU GLIIHUHQW PLOOLQJ

WLPHV�
��

�

)LJXUH ��� ;�UD\ GLIIUDFWLRQ SDWWHUQV

RI 1E���DW��6Q DIWHU GLIIHUHQW PLOOLQJ

WLPHV�
���

�

����$W� SUHVHQW� WKHUH� LV� QR� VDWLVIDFWRU\� H[SODQDWLRQ� ZK\� WKUHH� GLIIHUHQW� W\SHV� RI�

DPRUSKL]DWLRQ� DSSHDUHG�� EXW� LW� H[LVWV� VRPH� H[SHULPHQWDO� HYLGHQFH� WKDW� PLOOLQJ�

HTXLSPHQW�FRQGLWLRQV�KDV�KDYH�DQ��LPSRUWDQW�LQIOXHQFH�RQ�WKH�W\SH�RI�UHDFWLRQ�WKDW�ZLOO�

EH�REVHUYHG�
��
�
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���

�����7HPSHUDWXUH�ULVH�GXULQJ�PLOOLQJ�

��������$�� (�� <HUPDNRY� LQ� KLV� SDSHU�
�
� SXEOLVKHG� LQ� ������ DWWULEXWHG� WKH� DPRUSKL]DWLRQ�

UHDFWLRQ� WR� D� FRPELQDWLRQ� RI� IUDJPHQWDWLRQ� DQG� SODVWLF� GHIRUPDWLRQ� SURGXFHG� E\�

FROOLGLQJ� EDOOV�� ZKLFK� KHDWV� ORFDO� UHJLRQV� RI� � WKH� SRZGHUV� DERYH� WKHLU� PHOWLQJ�

WHPSHUDWXUH�� WKHVH� PHOWV� SUHVXPDEO\� VROLGLI\� VXIILFLHQWO\� IDVW� VR� DV� WR� SUHVHUYH� WKH�

DPRUSKRXV�VWUXFWXUH��7KXV�WKH�DPRUSKRXV�DOOR\�ZRXOG�GHYHORS�WKURXJK�D�UHSHWLWLYH�DQG�

FXPXODWLYH� PLFURVFRSLF� UDSLG� VROLGLILFDWLRQ� SURFHVV� �� VRPH� VRUW� RI� UDSLGO\� TXHQFKLQJ�

SURFHVV��7KLV�H[SODQDWLRQ�ZDV�SUDFWLFDOO\�LPPHGLDWHO\�UHMHFWHG�EXW�WKH�HVWLPDWLRQ�RI�WKH�

SRZGHU� SHDN� WHPSHUDWXUH� GXULQJ� PLOOLQJ� ZDV� LQFOXGHG� � LQ� PDQ\� SXEOLVKHG� SDSHUV��

'XULQJ� WKH� QH[W� ��� \HDUV� QXPHURXV� SDSHUV� ZHUH� SXEOLVKHG� RQ� WKLV� VXEMHFW� LQFOXGLQJ�

WKHRUHWLFDO�FDOFXODWLRQV�OLNH��WKH�HVWLPDWLRQ�RI�WKH�HQHUJ\�IOX[�GLVVLSDWHG�GXULQJ�WKH�VKHDU�

SURFHVV�LQGXFHG�LQ�SDUWLFOHV�WUDSSHG�EHWZHHQ�WZR�FROOLGLQJ�EDOOV���RU�H[SHULPHQWDOO\�OLNH�

PHDVXULQJ��WKH�VDPSOH�WHPSHUDWXUH��XVLQJ�D�WKHUPRFRXSOH�LQVHUWHG�LQWR�D�KROH�LQ�WKH�YLDO�

VLGH�RU�ERWWRP��7KHUH�ZDV�D�JUHDW�GLVSHUVLRQ�RI�UHVXOWV��WKH�WHPSHUDWXUH�ULVH�IURP�DERXW�

���.
��
�WR�DERXW�����.�

��� ��
�

����7KH� HIIHFWLYH� WHPSHUDWXUH� SUHVHQW� LQ� WKH�PHWDOOLF� SRZGHU� GXULQJ� WKH�PLOOLQJ� LV� VWLOO�

VXUURXQGHG�E\�FRQWURYHUV\�EXW�DOO�DJUHH�WKDW� WKHUH� LV�D�FHUWDLQ�WHPSHUDWXUH�ULVH��EXW�QRW�

PRUH�WKDQ�DERXW�����.�
�
�+RZHYHU��WKLV�WHPSHUDWXUH�ULVH�LV�TXLWH�VXIILFLHQW�WR�DOORZ�VRPH�

WKHUPDO�DFWLYDWLRQ�SURFHVVHV� WR�DSSHDU�DQG�WR�HQKDQFH�WKH�LQWHUGLIXVVLRQ�ZKLFK�VKRZHG�

WR�EH�RQH�RI�WKH�LPSRUWDQW�IDFWRUV�LQ�IXUWKHU�PRGHOV�RI�PHFKDQLFDO�DOOR\LQJ��

�

���0RGHOV�

������3URFHVV�GHVFULSWLRQ�

��������$OUHDG\� LQ� WKH� ILUVW� SDSHU� RQ� PHFKDQLFDO� DOOR\LQJ� LQ� �����
�
� RQ� � REVHUYLQJ� WKH�

SKRWRPLFURJUDSKV� RI� PLOOHG� SRZGHUV�� -�� 6�� %HQMDPLQ� QRWHG� VRPHWKLQJ� OLNH� OD\HUHG�

VWUXFWXUH� DQG� IUDFWXUDWLRQ�� 7KLV� OHDG� KLP� WR� WKH� FRQFOXVLRQ� WKDW� SRZGHU� SDUWLFOHV� DUH�

VWHDGLO\�WUDSSHG�EHWZHHQ�FROOLGLQJ�EDOOV�RU�EHWZHHQ�EDOO�DQG�YLDO�DQG�DUH�VXEMHFWHG�WR�D�

VHYHUH� SODVWLF� GHIRUPDWLRQ�� IRU� WLPHV� RI� WKH� RUGHU� RI� PLFURVHFRQGV�� 3DUWLFOHV� DUH�

UHSHDWHGO\� FROG� IUDFWXUHG� DQG� ZHOGHG�� )UDFWXUH� DQG� ZHOGLQJ� DUH� WKH� WZR� EDVLF� HYHQWV�

ZKLFK�SURGXFH�D�SHUPDQHQW�H[FKDQJH�RI�PDWWHU�EHWZHHQ�SDUWLFOHV�DQG�HQVXUH�PL[LQJ�RI�
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���

WKH� YDULRXV� HOHPHQWV� RI�PLOOHG� SRZGHUV�� $� OD\HUHG� VWUXFWXUH� RU� ODPHOODHV� RI� GLIIHUHQW��

PDWHULDOV� LV� WKXV� IRUPHG�DQG�SURJUHVVLYHO\� UHILQHG� �)LJ������
�
� � � �$IWHU� ORQJHU�PLOOLQJ�D��

EDODQFH� LV� DFKLHYHG�EHWZHHQ�ZHOGLQJ� DQG� IUDJPHQWDWLRQ�ZKLFK� OHDGV� WR� D� UDWKHU� VWDEOH�

DYHUDJH�PLFURQ� RU� VXEPLFURQ� SDUWLFOH� VL]H�� �+RZHYHU�� WKH� FU\VWDOOLWH� VL]HV� GLPLQLVK� WR�

DWWDLQ�D�W\SLFDO�DYHUDJH�VL]H�RI����QP�RU�ORZHU��ZKLFK�PHDQV�WKDW�HDFK�SDUWLFOH�LQFOXGHV�

PDQ\�QDQRFU\VWDOOLWHV� DQG� D�KLJK�GHQVLW\�RI�JUDLQ�ERXQGDULHV��)LQDOO\� WKH�FRQVWLWXHQWV¶�

PL[WXUH�EHFRPHV�KRPRJHQHRXV�DQG�WKH�HOHPHQWV�DUH�PL[HG�RQ�DQ�DWRPLF�VFDOH���

�

�

)LJXUH ��� 6WDJHV RI SRZGHU

HYROXWLRQ GXULQJ PHFKDQLFDO

DOOR\LQJ RI D PL[WXUH RI $

�ZKLWH� DQG % �KDWFKHG� ZLWK

SURJUHVVLYH FRQYROXWLRQ RI

ODPHOODH DQG FRPELQDWLRQ RI $

DQG %��
�

�

���������2Q�)LJV�����DQG����D�F��WKH�UHVXOWV�RQ�=U�1L�V\VWHP��H[DPLQHG�E\�;�UD\�GLIIUDFWLRQ�

�W\SH� ,,� RI� DPRUSKL]DWLRQ��� RSWLFDO� PLFURVFRS\� DQG� � VFDQQLQJ� �6(0�� DUH� VKRZQ�
��
���

2SWLFDO� PLFURJUDSKV� UHYHDO� WKDW� DIWHU� ���� K� PLOOLQJ�� WKH� SDUWLFOHV� KDYH� D� ZHOO�DOLJQHG�

OD\HUHG�PLFURVWUXFWXUH��)LJ�����D����DQG�WKH�WKLFNQHVV�RI�WKH�LQGLYLGXDO�OD\HU��YDULHV�IURP�

��WR����PP���2Q�6(0�PLFURJUDSK��)LJ�����E����WKH�GHFUHDVH�RI�WKH�DYHUDJH�WKLFNQHVV�RI�

WKH� LQGLYLGXDO� OD\HUV� WR�DERXW�����QP�DIWHU���K� LV� VWLOO� FOHDUO\�YLVLEOH��$IWHU����K� �)LJ��

���F���WKH�OD\HUHG�VWUXFWXUH�LV�QR�PRUH�UHVROYDEOH��LQ�WKH�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��

&RQFHQWUDWLRQ�PHDVXUHPHQW� VWLOO� VKRZHG�FRQFHQWUDWLRQV�JUDGLHQWV� IRU����K� �RI�PLOOLQJ��

ZKLFK� GLVDSSHDUHG� DIWHU� ��� KRXUV� RI�PLOOLQJ�� VXJJHVWLQJ� WKDW� WKH�PDWHULDO� KDV� EHFRPH�

VLQJOH�SKDVH��DV�VHHQ�RQ�;5'�SDWWHUQ��)LJ�������([WUDSRODWLQJ��WKH�OD\HU�WKLFNQHVV��LQ�D�

SRZGHU�SDUWLFOH�YHUVXV�WKH�PLOOLQJ�WLPH��JLYHV�D�OD\HU�WKLFNQHVV�RI�����QP�DIWHU����KRXUV�
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���

RI� PLOOLQJ�
��
� ZKLFK� UHSUHVHQWV� RQO\� D� IHZ� LQWHUDWRPLF� GLVWDQFHV�� FRQILUPLQJ� � WKDW� WKH�

HOHPHQWV�DUH�PL[HG�RQ�WKH�DWRPLF�VFDOH���

����������

� �

�

)LJXUH ��� �D� 2SWLFDO PLFURJUDSK RI 1L��=U��
SRZGHU SDUWLFOHV DIWHU ��� K PLOOLQJ WLPH� �E� DQG

�F� 6(0 PLFURJUDSKV RI 1L��=U�� SRZGHU SDUWLFOHV

DIWHU � DQG �� K PLOOLQJ WLPH�
��
�

�

��������(YHQ�LQ�WKH�FDVH�RI�WKH�0$�RI�HOHPHQWDO�=U��$O��&X�DQG�1L�SRZGHUV�WR�SURGXFH���WKH�

TXDWHUQDU\�=U��$O���&X����1L���DPRUSKRXV�DOOR\��WKH�FRQFHQWUDWLRQ�PHDVXUHPHQWV�VKRZHG�

FKHPLFDO�KRPRJHQHLW\�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�HOHPHQWV��ZDV�ZLWKLQ�WKH�HUURU�OLPLWV�

LQ� JRRG� DJUHHPHQW� ZLWK� WKH� GHVLUHG� =U��$O���&X����1L�� FRPSRVLWLRQ� �DQ� � ZDYHOHQJWK�

GLVSHUVLYH� VFDQQLQJ� HOHFWURQ� PLFURVFRSH�� HTXLSSHG� ZLWK� D� PLFURSUREH� TXDQWRPHWHU�

�6(04��DQG��D�EDFNVFDWWHULQJ�HOHFWURQ�GHWHFWRU��%6(��ZDV�XVHG��
��
��

��������,W�LV�LPSRUWDQW��WR�QRWH�WKDW�7(0�DQG�+75(0�UHYHDOHG�WKDW�GXULQJ�WKH�SURFHVV�RI�

EDOO�PLOOLQJ� ODUJH�GHIRUPDWLRQV� DUH� LQWURGXFHG�� OLNH�GLVWRUWHG� UHJLRQV�ZLWKLQ� VXEJUDLQV��

JUDLQ� ERXQGDULHV�� DQG� HYHQ� DFURVV� HQWLUH� JUDLQV� >H�J��5HIHUHQFHV� ���� ���� ��@��+57(0�

SKRWRJUDSKV�DOVR�VKRZHG�WKDW�GXULQJ�PLOOLQJ�WKH�JUDLQV�VOLGH�DQG�RYHUODS��VWDFNLQJ�IDXOWV��

DQG�DQWLSKDVH�ERXQGDU\�DUH�VHHQ��DQG�WKDW�IUDJPHQWDWLRQ�DQG�DGKHVLRQ�RI�WKH�JUDLQV�LV�D�

VWHDG\� SURFHVV�� 7KH� QHZO\� IRUPHG� LQWHUIDFHV� EHWZHHQ� JUDLQV� DUH� EURXJKW� LQWR� LQWLPDWH�

FRQWDFW�E\�VXEVHTXHQW�EDOO�FROOLVLRQ�IRUPLQJ�D�FRPSRVLWH�JUDLQ��2YHUODSSLQJ�RI�JUDLQV�LV�
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D�GLUHFW�HYLGHQFH�WKDW�DOOR\LQJ�WDNHV�SODFH�LQ�OD\HUV�DQG�LW�ZDV�IRXQG�WKDW�DOOR\LQJ�RFFXUV�

LQ�WKH�IRUP�RI�VPDOO�OD\HUV�KDYLQJ����QP�LQ�GLDPHWHU��H�J��)LJV����DQG�������

����� �

)LJXUH ��� �D� +57(0 SKRWRJUDSK RI WKH PL[WXUH RI P�=U2� DQG <�2� SRZGHUV PHFKDQLFDOO\ DOOR\HG IRU

�� PLQ� �E� DQG �F� (' SDWWHUQV RI P�=U2� DQG <�2��
��

�

��������1HYHUWKHOHVV� WKH� UHGXFWLRQ� RI� OD\HUV� WKLFNQHVV� DV� VXFK� FRXOG� QRW� EH� HQRXJK� WR�

H[SODLQ� WKH� FRPSOHWH� PL[LQJ� RQ� WKH� DWRPLF� OHYHO� DQG� VRPH� DXWKRUV� FRQFOXGHG� WKDW� D�

GLVORFDWLRQ�NLQHWLFV��ZKLFK�HQKDQFHG�GLIIXVLWLYLW\�DORQJ�WKH�GLVORFDWLRQ�FRUHV��GLVORFDWLRQ�

SLSH� GLIIXVLRQ�� � LV� WKH� ILQDO� VWHS� IRU� DWRP� PL[LQJ�� � 1DPHO\�� WKH� 0$� SURGXFHV� IUHVK�

PHWDO�PHWDO�VXUIDFHV�DQG�D�KLJK�GHQVLW\�RI�GLVORFDWLRQV�DQG�HQKDQFHV�GLVORFDWLRQ�NLQHWLFV�

DQG� WKH� GLIIXVLRQ� RI� VROXWHV� DORQJ� GLVORFDWLRQ� FRUHV�� 'XULQJ� VXFFHVVLYH� LPSDFW�� WKH�

GLVORFDWLRQV�DUH�PHFKDQLFDOO\�IRUFHG�WR�JOLGH��OHDYLQJ�EHKLQG�VWULQJV�RI�VROXWHV�LQ�VWDWH�RI�

KLJKO\�VXSHUVDWXUDWXUDWHG�VWDWH��7KH�PRGHO�FDQ�H[SODLQ�WKH�IRUPDWLRQ�RI�H[WHQGHG�VROLG�
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VROXWLRQV�DQG�DPRUSKRXV�DOOR\V�DV�ZHOO�DV�RWKHU�XQXVXDO�HIIHFWV�REVHUYHG�GXULQJ�0$�
���

��
����

�����6LPSOH�WKHUPRG\QDPLF�DSSURDFK�

��������$V� LV�ZHOO�NQRZQ�� WKH� WKHUPRG\QDPLF�VWDEOH�VWDWH�RI�D�V\VWHP�LV�GHWHUPLQHG�E\�D�

PLQLPXP�LQ�WKH�IUHH�HQHUJ\��DQG�� WKH�IUHH�HQHUJ\�RI�WKH�HTXLOLEULXP�FU\VWDOOLQH�VWDWH�LV�

DOZD\V� ORZHU� WKDQ� WKDW� RI� WKH�DPRUSKRXV� VWDWH�� ,W�KDV�EHHQ�YHU\�HDUO\� � UHFRJQL]HG� WKDW��

HQKDQFHG� VROLG� VROXELOLW\� RU� DPRUSKL]DWLRQ� ZHUH� ILUVW� SURGXFHG� LQ� V\VWHPV� ZLWK� ODUJH�

QHJDWLYH�KHDWV�RI�PL[LQJ��L�H���ZKHQ�WKH�ORZHULQJ�RI�WKH��IUHH�HQHUJ\�RI�VWDUWLQJ�PDWHULDOV�

KDSSHQHG�GXULQJ�WKH�DOOR\LQJ�SURFHVV��+RZHYHU��RQ�WKH�EDVLV�RI�VFKHPDWLF�GLDJUDP�IUHH�

HQHUJ\� YV� FRPSRVLWLRQ� �)LJ�� ���� %�� 6FKZDU]� DQG� &�� &�� .RFK
��
� ILUVW� H[SODLQHG� ZK\�

WKHUPRG\QDPLFDOO\�VWDEOH�SKDVHV�DUH�QRW�IRUPHG�GXULQJ��PHFKDQLFDO�DOOR\LQJ�DV�WKH�HQG�

SURGXFW���

�

)LJXUH ��� 6FKHPDWLF IUHH HQHUJ\ GLDJUDP YV

FRPSRVLWLRQ FXUYHV IRU D ELQDU\ V\VWHP $%

ZLWK D QHJDWLYH KHDW RI PL[LQJ LQ WKH

DPRUSKRXV VWDWH� ��� WKH PL[WXUH RI SXUH

FU\VWDOOLQH FRPSRQHQWV $ DQG %� ��� WKH

DPRUSKRXV DOOR\� ��� WKH FU\VWDOOLQH

LQWHUPHWDOOLF FRPSRXQG�
��

�

��������7KH� VWUDLJKW� OLQH� ���� LV� WKH� IUHH� HQHUJ\� RI� D� KHWHURJHQHRXV� PL[WXUH� RI� SXUH�

FU\VWDOOLQH�$�DQG�%�SRZGHUV��WKH�EURDG�SDUDEROD�����LV�WKH�IUHH�HQHUJ\�RI�WKH�DPRUSKRXV�

SKDVH� WUHDWHG� DV� DQ� XQGHUFRROHG� OLTXLG� ZLWK� D� ODUJH� QHJDWLYH� KHDW� RI�PL[LQJ�� DQG� WKH�

QDUURZ� SDUDEROD� ���� � LV� WKH� IUHH� HQHUJ\� RI� DQ� HTXLOLEULXP� � FU\VWDOOLQH� LQWHUPHWDOOLF�

FRPSRXQG� $Q%P�� ,Q� SURFHVV� �� WR� �� �0$�� WKH� QHJDWLYH� KHDW� RI� PL[LQJ� SURYLGHV� D�

WKHUPRG\QDPLF�GULYHQ�IRUFH�ZKLFK�IDYRUV�LQWHUGLIIXVLRQ�OHDGLQJ�WR�DPRUSKRXV�VWUXFWXUH���

ZKLOH�QR�VXFK�D�IRUFH��LV�SUHVHQW�IRU�UHDFWLRQ���WR����0*�����+RZHYHU��WKH�IUHH�HQHUJ\�RI�

WKH� FU\VWDOOLQH� SKDVH� FDQ� EH� UDLVHG� DERYH� WKDW� RI� WKH� DPRUSKRXV� DOOR\� WKURXJK� VWRUHG�

HQHUJ\�E\�VHYHUH�SODVWLF�GHIRUPDWLRQ�GXULQJ�PLOOLQJ�JHQHUDWLQJ�SRLQW�DQG�ODWWLFH�GHIHFWV�

YDFDQFLHV�� LQWHUVWLWLDOV�� GLVORFDWLRQV�� DQWLSKDVH� ERXQGDULHV�� HWF�� DQG� LQGXFH�
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DPRUSKL]DWLRQ�� �7KXV�� �ZKHQ� WKH� VWDUWLQJ�SURGXFW� LV� D�FU\VWDOOLQH� LQWHUPHWDOOLF�RQH�� WKH�

GHIHFW�FRQFHQWUDWLRQ���PXVW�UHDFK�D�FULWLFDO�YDOXH�DW�ZKLFK�WKH�IUHH�HQHUJ\�RI�WKH�IDXOWHG�

LQWHUPHWDOOLF�LV�DERYH�WKDW�RI�WKH�DPRUSKRXV�SKDVH��

��������+RZHYHU�VRPH�H[SHULPHQWV�VKRZ�WKDW�SDWK����WR���WR���LV�DOVR�SRVVLEOH��7\SH�,,,�RI�

DPRUSKL]DWLRQ��H�J��)LJ��������HOHPHQWDO�SRZGHUV��1E�DQG�6Q�o�$���1E�6Q�SKDVHV�o��

DPRUSKRXV�SKDVH�����

��������$FFRUGLQJ�WR�WKH��VFKHPDWLF�IUHH�HQHUJ\�GLDJUDP�LQ�)LJ������WKH�IUHH�HQHUJ\�LV�ILUVW�

ORZHUHG�IURP����WR���IRUPLQJ�WKH�FRPSRXQG�1E�6Q��DQG�WKHQ�LW�LV�LQFUHDVHG�WR�WKH�JODVV\�

VWDWH��GXH�WR�WKH�DFFXPXODWLRQ�RI�ODWWLFH�GHIHFWV���

��������+RZHYHU��LI�WKH�VWRUHG�HQHUJ\�LQ�ODWWLFH�GHIHFWV�RU�JUDLQ�ERXQGDULHV�FDQQRW�GULYH�WKH�

V\VWHP� WR� WKH� DPRUSKRXV� VWDWH�� WKH� PDWHULDO� ZLOO� QRW� DPRUSKL]H� DV� FRQILUPHG� E\� WKH�

H[SHULPHQW�IRU�WKH�9�*D�FRPSRXQG�
��
�

�

�����6\VWHPV�ZLWK�SRVLWLYH�KHDW�RI�PL[LQJ�

�������$OWKRXJK�LW�ZDV�UHFRJQL]HG�YHU\�HDUO\�WKDW�ELQDU\�V\VWHPV�ZLWK�ODUJH�QHJDWLYH�KHDWV�

RI�PL[LQJ� RI� VWDUWLQJ�PDWHULDOV� DUH� D� SUHUHTXLVLWH� IRU� DPRUSKL]DWLRQ� RU� VROLG� VROXELOLW\�

DQG�WKDW�WKH�RSSRVLWH��WKH�SRVLWLYH�KHDW�RI�PL[LQJ�VKRXOG��QRW�DOORZ�WKH�DPRUSKL]DWLRQ�RU�

VROLG�VROXELOLW\��E\�0$��WKH�H[SHULPHQWV�YHU\�VRRQ�DOWHUHG�WKLV�RSLQLRQ��

�������&X�DQG�7D��DUH�LPPLVFLEOH�ZLWK�HDFK�RWKHU�HYHQ�LQ�WKH�OLTXLG�VWDWH��+RZHYHU�;5'�

SDWWHUQV� RI� ��� KRXUV� PLOOHG� &X� DQG� 7D� SRZGHUV� � � VKRZ� WKDW� WKH� DPRUSKL]DWLRQ� LQ� D�

V\VWHP��ZKLFK�SRVVHVVHV�D�SRVLWLYH�KHDW�RI�PL[LQJ���GRHV�SURFHHG�GHILQLWHO\�E\�0$��)LJ��

����
��
�7(0�H[DPLQDWLRQV�VXSSRUW�WKH�UHVXOW�

��
��
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� �

)LJXUH ��� ;5' SDWWHUQV RI &X��7D��
SRZGHUV DIWHU �� � DQG �� K RI 0$�

��

)LJXUH ��� 7KH GHSHQGHQFH RI ODWWLFH FRQVWDQW RI 3E RQ WKH

PLOOLQJ WLPH PHDVXUHG LQ 3E���DW��$O PHFKDQLFDOO\ DOOR\HG

SRZGHU PL[WXUH�
��

�

�������7KH� V\VWHP� ZKLFK� LV� DOZD\V� VKRZQ� DV� DQ� H[DPSOH� ZKHUH� ERWK� FRPSRQHQWV� DUH�

LPPLVFLEOH�LQ�ERWK�VROLG�DQG�OLTXLG�VWDWHV��GXH�WR�WKH�SRVLWLYH�KHDW�RI�PL[LQJ��H[FHSW�DW�

YHU\� KLJK� WHPSHUDWXUHV� � LV� WKH� 3E�$O� V\VWHP�� 8QOLNH� $J�&X� DQG� )H�&X� LQ� ZKLFK�

VXSHUVDWXUDWHG� VROLG� VROXWLRQV� KDYH� EHHQ� REWDLQHG� E\� ERWK� XOWUD�UDSLG� TXHQFKLQJ� DQG�

0$�� WKLV� LV� QRW� SRVVLEOH� LQ�3E�$O� V\VWHP�E\�854��1HYHUWKHOHVV�� LW�ZDV� VKRZQ�GXULQJ�

0$�RI� HOHPHQWDO� 3E� DQG�$O� SRZGHUV� WKH� 3E� ODWWLFH� SDUDPHWHU� UHGXFHV� VOLJKWO\��ZKLFK�

PHDQV�WKDW�VRPH�$O�KDV�GLVVROYHG�LQWR�WKH�ODWWLFH�RI�3E��)LJ������
��
�

�������$OO� WKHVH� DQG�PDQ\�RWKHU� H[DPSOHV� � OHDG� WR�SUREOHPV�EHFDXVH� WKH\�ZHUH� IDU� IURP�

EHLQJ� XQGHUVWRRG� IURP� ERWK� WKHUPRG\QDPLF� DQG� NLQHWLFV� YLHZSRLQWV�� 6HYHUDO� PRGHOV�

KDYH� EHHQ� SURSRVHG� WR� H[SODLQ� WKH� DPRUSKL]DWLRQ� �H�J�� YHU\� KLJK� GHQVLW\� RI� GHIHFWV�

LQWURGXFHG�E\�EDOO�PLOOLQJ
��
��DQG�WKH�PXWXDO�VROXELOLW\�RI�LPPLVFLEOH�HOHPHQWV��H�J��WKH�

LQFUHPHQW� RI� IUHH� HQHUJ\� GXH� WR� WKH� ODUJH� LQFUHDVH� LQ� WKH� VXUIDFH� DUHD� FDXVHG� E\� WKH�

IRUPDWLRQ� RI� VPDOO� IUDJPHQWV� RI� FRPSRQHQWV� WR� QDQR�VFDOH� FRXOG� � SURYLGH� WKH� GULYLQJ�

IRUFH�IRU�WKH�IRUPDWLRQ�RI�D�VXSHUVDWXUDWHG�VROLG�VROXWLRQ
��
���EXW��PRGHOV�DUH�VWLOO�GHEDWHG�

DW�SUHVHQW�
��� ��

�

���7KH�LQIOXHQFH�RI�KLJK�HQHUJ\�EDOO�PLOOLQJ�RQ�VFLHQFH�DQG�WHFKQRORJ\�

��������,Q�WKHVH�VHFWLRQV�VRPH�VHOHFWHG�H[DPSOHV�RI�GLUHFW�DSSOLFDWLRQV�RI�0$�DQG�0*�LQ�

VFLHQFH�DQG�WHFKQRORJ\�ZLOO�EH�SUHVHQWHG��
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���

��������0$�LV�D�SURFHVV�WKDW�KDV�VRPH�DGYDQWDJHV�FRPSDUHG�WR�WKH�DOOR\LQJ�E\�FRQYHQWLRQDO�

WHFKQLTXHV��RU�HYHQ�E\�854��)RU�H[DPSOH�� DOOR\LQJ�PHWDOV�ZLWK�KLJK�DQG� ORZ�PHOWLQJ�

SRLQWV�E\�PHOWLQJ�KDYH�GUDZEDFNV��,Q�FRQWUDVW��E\�XVLQJ�0$�WKH��SUREOHP�RI�WKH�GLIIHUHQW�

PHOWLQJ� WHPSHUDWXUHV� LV� RYHUFRPH� DQG� VR� DUH� WKH� SUREOHPV� RI� RWKHU� FRPSOLFDWHG�

SURFHGXUHV������

���������3E7L2� SHURYLVNLWH�SKDVH�ZDV�V\QWKHVL]HG�ZLWKLQ����KUV�RI�PHFKDQLFDO�DOOR\LQJ�RI��

FRPPHUFLDO�3E2�DQG�7L2�� DQDWDVH�RU� UXWLOH� SRZGHUV�� �7KH�DXWKRUV�FODLP� WKDW� WKLV� LV� D�

VLPSOH�� ORZ�FRVW�� URRP� WHPSHUDWXUH�SURFHVVLQJ� WHFKQLTXH�ZKLFK� LV� IUHH�RI�YRODWLOLW\�RI�

OHDG�
��
�

���������0RVW�RI� WKH�KDUG�LQWHUPHWDOOLF�ZKLFK�DUH�XVHG�DV�DEUDVLYH�DQG�FXWWLQJ�WRROV��OLNH��

7L%� � 7L�6L� RU� 7L6L� � DUH� DOO� RI� WKH� KLJK� PHOWLQJ� SRLQW� PDWHULDOV� DQG� DUH� GLIILFXOW� WR�

SUHSDUH�� 7KH\� DUH� XVXDOO\� PDGH� LQ� WKH� IRUP� RI� WKLQ� OD\HUV� XVLQJ� YDFXXP� GHSRVLWLRQ�

WHFKQLTXHV� RU� LQ� WKH� IRUP� RI� SRZGHUV� XVLQJ� FKHPLFDO� PHWKRGV�� � ,Q� FRQWUDVW� WR� WKHVH�

PHWKRGV� � WKH�0$�WHFKQRORJ\�VHHPV� WR�EH�FKHDSHU��FOHDQHU�DQG�PRUH�YHUVDWLOH� WKDQ�WKH�

DERYH�PHWKRGV��)LJ������
��
�����

�

�
�

)LJXUH ��� ;5' SDWWHUQV REWDLQHG IURP D PL[WXUH

RI ��DW��7L���DW��% PHFKDQLFDOO\ DOOR\HG IRU

�D� �� K DQG �E� �� K� �D� SHDNV GXH WR HOHPHQWDO

WLWDQLXP DUH PDUNHG ZLWK WULDQJOHV� �E� LQGLFHV GXH

WR 7L%� DUH VKRZQ�
��

)LJXUH ��� ;5' SDWWHUQV RI $O��7D��
DPRUSKRXV DOOR\ DV D IXQFWLRQ RI WKH

PLOOLQJ WLPH�
��
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���

��������� ,W� LV� YHU\� GLIILFXOW� WR� REWDLQ� DQ� DPRUSKRXV� DOOR\� LQ�$O�7D� V\VWHP� E\� WKH�854�

PHWKRG��GXH�WR�WKH�JUHDW�GLIIHUHQFH�RI�WKH�PHOWLQJ�SRLQWV������.�IRU�$O�DQG������.�IRU�

7D��� +RZHYHU�� E\� 0$� RI� HOHPHQWDO� SRZGHUV� LW� ZDV� SRVVLEOH� WR� SURGXFH� DPRUSKRXV�

VWUXFWXUH�LQ�WKH�UDQJH�IURP����WR����DW�����)LJ������
��
��

��������� 7KH� FRQYHQWLRQDO� V\QWKHVLV� RI� WKH� VWRLFKLRPHWULF� 0Q$V� LQYROYHV� FRPSOLFDWHG�

PHOWLQJ�GXH�WR�WKH�KLJK�YDSRU�SUHVVXUH�RI�ERWK�FRPSRQHQWV�DQG�WKH�WR[LFLW\��RI�$V��7KHVH�

SUREOHPV�FDQ�EH�DYRLGHG�XVLQJ�0$��$IWHU����KRXUV�RI�PLOOLQJ�WKH�RUWKRUKRPELF�0Q$V�

SKDVH�ZDV�V\QWKHVL]HG���)LJ������
��
��

��������� 1DQRFU\VWDOOLQH� PDJQHWLF� PDWHULDOV� EDVHG� RQ� )H%6L�� � VR� FDOOHG� ),1(0(7�

�)H����&X�1E�6L����%���)H����&X�1E�6L���%� RU�)H��&R���&X�1E�6L����%��� SUHVHQW�H[FHOOHQW�

VRIW� PDJQHWLF� SURSHUWLHV� PDLQO\� GXH� WR� WKHLU� WZR�SKDVH� QDWXUH� ZLWK� VPDOO� JUDLQV�

HPEHGGHG�LQ�D�UHVLGXDO�DPRUSKRXV��SKDVH��7KH���FRQYHQWLRQDO��PHWKRG���IRU���SUHSDUDWLRQ��

�

)LJXUH ��� ;5' SDWWHUQV RI VDPSOHV PLOOHG IRU YDULRXV WLPHV �[� 0Q$V� Y� $V� R� 0Q��
��

�

RULJLQDWHV� IURP� PHOW� VSLQQLQJ� WHFKQRORJ\�� +RZHYHU�� E\� XVLQJ� )H�� &R�� &X�� 1E�� %�� 6L�

HOHPHQWDO�SRZGHUV�DV�VWDUWLQJ�PDWHULDO���WKH�0$�SURFHGXUH�ZDV�FRPSOHWHG�DIWHU�����K�RI�

PLOOLQJ��DQG�WKH�FU\VWDOOLWH�VL]HV��ZHUH�����QP��7KH�DXWKRUV�RI�WKH�SDSHU�FRPSDUHG�0$�

VDPSOHV�ZLWK� WKRVH�REWDLQHG�E\�PHOW�VSLQQLQJ�DQG� �FRQFOXGHG�WKDW�0$�LV�PRUH�VLPSOH�

DQG�OHVV�WLPH�FRQVXPLQJ�WKDQ�FRQYHQWLRQDO�854�PHWKRG�DQG�WKDW�WKH�PDWHULDO�VDWLVILHV�

WKH�FULWHULD�IRU��DGYDQFH�VRIW�PDJQHWLF�PDWHULDOV�
��
�

��������� <WWULD� GRSHG� QDQRFU\VWDOOLQH� ]LUFRQLD� SRZGHUV� FRXOG� EH� SUHSDUHG� E\� UDWKHU�

FRPSOLFDWHG� PHWKRG� LQFOXGLQJ� � FR�SUHFLSLWDWLRQ�� K\GURO\]H� DQG� DQQHDOLQJ� � DW� YDULRXV�

WHPSHUDWXUHV� ����� WR� ���� .��
��
� +RZHYHU� E\� XVLQJ� WKH� DSSURSULDWH� UDWLR� RI� =U2�� DQG�
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<�2� R[LGHV��RU�=U2��ZLWK�&R2��)H�2� DQG�D�$O�2���WKH��DOOR\LQJ�LQ�D�KLJK�HQHUJ\�EDOO�

PLOO�LV�FRPSOHWHG�ZLWKLQ���KRXUV��)LJV���������
��
��

���������,W�ZDV�IRXQG
��
�WKDW�0$�RI�&X2�DQG�=Q2�ZLWK�&D�UHVXOWHG�LQ�WKH�IRUPDWLRQ�RI�&X�

DQG�=Q�UHVSHFWLYHO\��&X2�&D�o�&X�&D2��=Q2�&D�o�=Q��&D2���$OVR�WKH�0$�RI�&X2�

DQG� =Q2� WRJHWKHU� ZLWK� &D� UHVXOWHG� LQ� WKH� IRUPDWLRQ� E¶EUDVV� �&X2�=Q2�&D� o�

E¶EUDVV�&D2���7KH�SURFHVV�PD\�ILQG�DSSOLFDWLRQ�LQ�WKH�SURGXFWLRQ�RI�UHDFWLYH�HOHPHQWV�

DQG� DOOR\V�� VXFK� DV� WKH� UDUH� HDUWK�� ZKLFK� DUH� GLIILFXOW� WR� SURGXFH� XVLQJ� FRQYHQWLRQDO�

PHWDOOXUJLFDO�SURFHVVLQJ��WHPSHUDWXUHV�RYHU������.�DUH�QHHGHG����

���������2QH� RI� WKH� SUREOHPV� LQ� WKH� GHYHORSPHQW� RI� K\GURJHQ� UHODWHG� WHFKQRORJLHV� �L�H��

K\GURJHQ� IXHOHG� � YHKLFOHV�� LV� WKH� K\GURJHQ� VWRUDJH� DQG� RQH� RI� WKH� H[LVWLQJ� FRPSHWLQJ�

WHFKQRORJ\�LV�EDVHG�RQ�PHWDO�K\GULGHV��OLNH��0J+���ZKLFK�VHHPV�WR�EH��WKH�VDIHVW�RI�DOO��

EXW��WKHUH��LV��WKH��SUREOHP�RI��ORZ��FDSDFLW\�VWRUDJH��WR��KLJK��DEVRUSWLRQ���| ���.���DQG��

� �

)LJXUH ��� ;5' SDWWHUQV RI� �D� PRQRFOLQLF

=U2�� �E� FXELF <�2�� �F� PL[WXUH RI ��� J =U2�

DQG ��� J <�2� SRZGHU 0$ IRU �� PLQ� �G�

PL[WXUH RI ��� J =U2� DQG ��� J <�2� SRZGHU

0$ IRU �� PLQ� �H� PL[WXUH RI ��� J =U2� DQG

��� J <�2� SRZGHU 0$ IRU ��� PLQ�

6\PEROV DUH DV IROORZV� <� <�2�� :� :&�
��

)LJXUH ��� ;5' SDWWHUQV RI� �D� PRQRFOLQLF

=U2�� �E� PL[WXUH RI ��� J =U2� DQG ��� J

<�2� SRZGHU 0$ IRU ��� PLQ� �F� PL[WXUH RI

��� J =U2� DQG ��� J &R2 SRZGHU 0$ IRU ���

PLQ�� �G� PL[WXUH RI ��� J =U2� DQG ��� J

)H�2� SRZGHU 0$ IRU ��� PLQ� �H� PL[WXUH RI

��� J =U2� DQG ��� J D�$O�2� SRZGHU 0$ IRU

��� PLQ� 6\PEROV DUH DV IROORZV� $� D�$O�2��

:� :&�
��
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GHVRUSWLRQ��!���.��WHPSHUDWXUH��+RZHYHU��EDOO�PLOOLQJ�RI��0J+���SKDVH�LQGXFHV�GUDVWLF�

FKDQJHV�LQ�WKH�VWUXFWXUH�RI�WKH�PDWHULDO��UHGXFWLRQ�RI�WKH�FU\VWDO�VL]H�ZKLFK�LQFUHDVHV��WKH�

HIIHFWLYH�VXUIDFH�DUHD�RI�SRZGHU�IURP�����WR�����P
�
J
��
��L�H��E\��WKH�IDFWRU�RI�DERXW�WHQ�LQ�

FRPSDULVRQ� WR� FRQYHQWLRQDO� SUHSDUDWLRQ� WHFKQLTXHV�� DSSHDUDQFH� RI� D� QHZ� SKDVH��

LQWURGXFWLRQ�RI�WKH�VWUXFWXUDO�GHIHFWV���0HDVXUHPHQWV�VKRZ�D�GUDVWLF�LPSURYHPHQW�LQ�WKH�

K\GURJHQ� DEVRUSWLRQ� DQG� GHVRUSWLRQ� VKRZLQJ� WKDW� WKH�0*�FDXVH� LV� D� JRRG� VWHS� LQ� WKH�

GLUHFWLRQ� RI� GHYHORSLQJ� SUDFWLFDO� KLJK� VWRUDJH� FDSDFLW\� PHWDO� K\GULGHV� IRU� YHKLFXODU�

DSSOLFDWLRQV�
��
�

���������&RSSHU�LQGLXP�GLVHOHQLGH��&X,Q6H���EDVHG�SKRWRYROWDLF�VRODU�FHOOV�KDYH�UHFHLYHG�

FRQVLGHUDEOH�DWWHQWLRQ�LQ�UHFHQW�\HDUV�EHFDXVH�RI�WKHLU�KLJK�FRQYHUVLRQ�HIILFLHQF\��7KH\��

DUH� XVXDOO\� REWDLQHG� E\� HLWKHU� PXOWLVRXUFH� � WKHUPDO� HYDSRUDWLRQ� DQG� FR�GHSRVLWLRQ� RU�

UHDFWLYH� DQQHDOLQJ� RI� SUHFXUVRU� ILOPV�� 7KHVH� SURFHVVHV� DUH� YHU\� LQYROYHG�� FRQWDLQ� D�

QXPEHU�RI�GHSRVLWLRQ�DQG�DQQHDOLQJ�VWHSV��DQG�FDQ�EH�H[SHQVLYH���%XW�RQ�PLOOLQJ�IRU�RQO\�

��� PLQXWHV� � RI� WKH� PL[WXUH� RI� HOHPHQWDO� SRZGHUV� RI� FRSSHU� DQG� VHOHQLXP� DQG� ILQH�

FKLSV�JUDQXOHV� RI� JDOOLXP� DQG� LQGLXP� LQ� FRUUHVSRQGLQJ� ZHLJKWV� D� KRPRJHQHRXV� ��

QDQRPHWHU�VL]HG�QDQRFU\VWDOOLQH��&X,Q���*D���6H��DOOR\�ZDV�V\QWKHVL]HG�
��
��

�

)LJXUH ��� ;5' SDWWHUQV RI EDOO PLOOHG 1E��$O�� VDPSOHV DW GLIIHUHQW WLPHV�

7KH SHDNV ZLWK V\PERO �R� DULVH GXH WR D�)H FRQWDPLQDWLRQ IURP WKH FKURPH

VWHHO PLOOLQJ PHGLD�
��
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�������$W� WKH�HQG�RI� WKLV�FKDSWHU�ZH�VKRXOG�PHQWLRQ� WKH�JUHDWHVW�SUREOHP��ZKLFK�DSSHDUV�

GXULQJ�0$�RU�0*�SURFHGXUH��/HW�XV� ORRN�DW�RQO\�WZR�H[DPSOHV��)LJ�����DQG�)LJ��������

ZKHUH� LW� FDQ� EH� VHHQ� WKDW� D�YHU\�KLJK� OHYHO� RI� FRQWDPLQDWLRQ� FRXOG�EH� LQWURGXFHG� LQWR�

PDWHULDOV� E\�PHFKDQLFDO�PLOOLQJ�� 7KH�PRVW� LPSRUWDQW� VRXUFH� RI� FRQWDPLQDWLRQ� LV� � WKH�

HURVLRQ� �ZHDU�� RI� WKH� EDOOV� DQG� RI� WKH� FRQWDLQHU�GXULQJ� WKH�PLOOLQJ�SURFHVV�� DV�ZHOO� DV�

R[LGDWLRQ�RU�UHDFWLRQ�ZLWK�QLWURJHQ�RU�K\GURJHQ�ZKLFK�FDQQRW�EH�DYRLGHG�ZKHQ�PLOOHG�LQ�

WKHVH� DWPRVSKHUHV��$W� WKH�SUHVHQW� VWDWH� WKH� FRQWDPLQDWLRQ� FDQQRW�EH� DYRLGHG��EXW�RQO\�

PLQLPL]HG��

�

���&RQFOXVLRQV�

����������� 0HFKDQLFDO� DOOR\LQJ� �0$�� LV� D� KLJK�HQHUJ\� EDOO� PLOOLQJ� SURFHVV� HPSOR\HG� WR�

V\QWKHVL]H� D�YDULHW\�RI� VWDEOH�DQG�PHWDVWDEOH�QDQRVL]HG�KLJKO\�KRPRJHQL]HG�PDWHULDOV��

LQFOXGLQJ� VXSHUVDWXUDWHG� VROLG� VROXWLRQV�� LQWHUPHWDOOLFV�� DPRUSKRXV� DOOR\V�� DQG� DOVR� � D�

YDULHW\� RI� WHFKQRORJLFDOO\� XVHIXO�PDWHULDOV��ZKLFK� DUH� YHU\� GLIILFXOW� WR�PDQXIDFWXUH� E\�

RWKHU�WHFKQLTXHV��OLNH�DOOR\LQJ�RI�HOHPHQWV�ZLWK�KLJK�DQG�ORZ�PHOWLQJ�SRLQWV��

�����������0HFKDQLFDO�DOOR\LQJ� LV�D� VLPSOH��TXLFN��FKHDS� �DQG�HDVLO\�FRQWUROODEOH�DOOR\LQJ�

WHFKQLTXH��

����������� 7KHUH� DUH� SUDFWLFDOO\� QR� OLPLWV� �UHVWULFWLRQV�� RQ� PDWHULDOV� ZKLFK� FRXOG� EH�

DOOR\HG�V\QWKHVL]HG�E\�0$��

����������%\�PLOOLQJ�LW� LV�SRVVLEOH� WR�SURGXFH�D� ODUJH�TXDQWLW\�RI�SRZGHU��ZKLFK�PLJKW�EH�

XVHG��WR�REWDLQ�EXON�PDWHULDO�IRU�IXUWKHU�VWXGLHV�RI�SK\VLFDO�SURSHUWLHV��7KLV�LV�LQ�FRQWUDVW�

WR�WKH�PDWHULDOV�REWDLQHG�E\�WUDGLWLRQDO�XOWUD�UDSLG�TXHQFKLQJ��ZKHUHE\�RQO\�WKLQ�ULEERQV�

RU�WKLQ�ILOPV�DUH�REWDLQHG��

����������0$�FRXOG�LQGXFH�DPRUSKL]DWLRQ��DQG�PHWDVWDEOH�VROLG�VROXELOLW\�DOVR��LQ�V\VWHPV�

ZKLFK� FRXOG� QRW� EH� DPRUSKL]HG� E\� RWKHU� QRQHTXLOLEULXP� SURFHVVHV� OLNH� YHU\� UDSLG�

TXHQFKLQJ��$V�D�FRQVHTXHQFH�LW�RIIHUV�WKH�SRVVLELOLW\�WR�GHVLJQ�QHZ�DOOR\V��ZKLFK�FDQQRW�

EH�SURGXFHG�E\�854��

�����������7KH�FRQWDPLQDWLRQ�RI�WKH�HQG�SURGXFWV�LV�D�VHULRXV�SUREOHP�DQG�³FOHDQ´�PLOOLQJ�

LV�H[SHFWHG��LQ�WKH�IXWXUH��
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3RY]HWHN��
0OHWMH Y YLVRNRHQHUJLMVNLK NURJOLþQLK POLQLK� Y NDWHULK SRWHND ]OLYDQMH�0$� LQ POHWMH�0*�

VH Y ]DGQMLK GYHK GHVHWOHWMLK ãLURNR XSRUDEOMD NRW DOWHUQDWLYD NULVWDOL]DFLML ] XOWUD KLWULP

KODMHQMHP ]D SULSUDYR UD]QLK YUVW PDWHULDORY� 3UL PHKDQVNHP ]OLYDQMX UD]OLþQLK SUDãQDWLK

PDWHULDORY NDNRU WXGL SUL POHWMX VQRYL HQDNH VHVWDYH Y RPHQMHQLK POLQLK GRELPR ãLURNR

SDOHWR SRSROQRPD QRYLK PHWDVWDELOQLK ]OLWLQ�

9HOLNRVW GHOFHY KLWUR SDGD V þDVRP POHWMD GR NRQþQHJD SURGXNWD� ]OLWLQ QDQRPDWHULDORY

YHOLNRVWL � ± �� QP� 0HG POHWMHP ODKNR LQWHUDNFLMH PHG POHYQLPL NURJODPL LQ SUDãQLPL

GHOFL RSLãHPR NRW KODGQR VSDMNDQMH� SODVWLþQR GHIRUPLUDQMH LQ GUREOMHQMH� 3UL WHP VR ]D

VSUHPHPER VWUXNWXUH SRWUHEQH QL]NH DNWLYDFLMVNH HQHUJLMH�

9 SULVSHYNX MH SRGDQD WHUPRGLQDPVND LQ NLQHWLþQD UD]ODJD PHKQL]PD QDVWDMDQMD

PHWDVWDELOQH ID]H PHG POHWMHP Y VLVWHPLK� NL L]ND]XMHMR QHJDWLYQR WRSORWR PHãDQMD

NRPSRQHQW� 3ULND]DQD MH WXGL PRåQD UD]ODJD QDVWDMDQMD PHWDVWDELOQH ID]H Y VLVWHPLK V

SR]LWLYQR WRSORWR PHãDQMD� 2ULVDQD VR WXGL UD]OLþQD PRåQD SRGURþMD XSRUDEH REUDYQDYDQH

WHKQRORJLMH�
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