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IODQJHG�MRLQW�EHWZHHQ�DGMDFHQW�OHQJWKV�RI�SLSH�LQ�ZKLFK�WKH�QXWV�DQG�EROWV�DUH�HOHFWULFDOO\�LQVXODWHG�IURP�RQH
RU� ERWK� RI� WKH� IODQJHV�DQG� WKH�JDVNHW� LV� QRQ�FRQGXFWLQJ�� VR� WKDW� WKHUH� LV� DQ�HOHFWULFDO� GLVFRQWLQXLW\� LQ� WKH
SLSHOLQH�DW�WKDW�SRLQW

����
LRQ
DWRP��RU�JURXS�RI�DWRPV��FDUU\LQJ�D�FKDUJH�RI�SRVLWLYH�RU�QHJDWLYH�HOHFWULFLW\
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����
LVRODWLQJ�MRLQW
HOHFWULFDOO\�GLVFRQWLQXRXV�MRLQW�RU�FRXSOLQJ�EHWZHHQ�WZR�OHQJWKV�RI�SLSH��LQVHUWHG�LQ�RUGHU�WR�SURYLGH�HOHFWULFDO
GLVFRQWLQXLW\�EHWZHHQ�WKHP

����
RYHU�SRODUL]DWLRQ
ZKHQ� WKH� VWUXFWXUH� WR� HOHFWURO\WH� SRWHQWLDOV� DUH� PRUH� QHJDWLYH� WKDQ� WKRVH� UHFRPPHQGHG� IRU� VDWLVIDFWRU\
FDWKRGLF� SURWHFWLRQ�� 2YHU� SRODUL]DWLRQ� SURYLGHV� QR� XVHIXO� IXQFWLRQ� DQG� PD\� HYHQ� FDXVH� GDPDJH� WR� WKH
VWUXFWXUH�E\�H[FHVVLYH�SURGXFWLRQ�RI�JDVHV�ZKLFK�PD\�FDXVH�HPEULWWOHPHQW�RU�SURWHFWLYH�FRDWLQJ�GDPDJH

����
SRODUL]DWLRQ
FKDQJH�LQ�WKH�SRWHQWLDO�RI�DQ�HOHFWURGH�DV�WKH�UHVXOW�RI�FXUUHQW�IORZ�WR�RU�IURP�WKDW�HOHFWURGH

����
SRWHQWLDO�JUDGLHQW
GLIIHUHQFH�LQ�SRWHQWLDO�EHWZHHQ�WZR�VHSDUDWH�SRLQWV�LQ�WKH�VDPH�HOHFWULF�ILHOG

����
SURWHFWHG�VWUXFWXUH
VWUXFWXUH�WR�ZKLFK�FDWKRGLF�SURWHFWLRQ�LV�HIIHFWLYHO\�DSSOLHG

����
SURWHFWLRQ�FXUUHQW
FXUUHQW�PDGH� WR� IORZ� LQWR� D�PHWDOOLF� VWUXFWXUH� IURP� LWV� HOHFWURO\WLF� HQYLURQPHQW� LQ� RUGHU� WR� HIIHFW� FDWKRGLF
SURWHFWLRQ�RI�WKH�VWUXFWXUH

����
UHVLVWLYLW\��RI�DQ�HOHFWURO\WH�
UHVLVWLYLW\� LV� WKH�UHVLVWDQFH�RI�DQ�HOHFWURO\WH�RI�XQLW�FURVV�VHFWLRQ�DQG�XQLW� OHQJWK�� ,W� LV�H[SUHVVHG� LQ�RKP�V�
PHWUHV� �W� P��� 7KH� UHVLVWLYLW\� GHSHQGV�� DPRQJVW� RWKHU� WKLQJV�� XSRQ� WKH� DPRXQW� RI� GLVVROYHG� VDOWV� LQ� WKH
HOHFWURO\WH

����
VFDOH�SUHFLSLWDWLRQ
IRUPDWLRQ�RI� LQVROXEOH�FKHPLFDO�FRPSRXQGV�RQ�WKH�VXUIDFH�RI�D�FDWKRGLFDOO\�SURWHFWHG�VWUXFWXUH��7KHVH�DUH
UHIHUUHG�WR�DV�FDOFDUHRXV�GHSRVLWV��VHH�����

����
VLOYHU�VLOYHU�FKORULGH�UHIHUHQFH�HOHFWURGH
UHIHUHQFH�HOHFWURGH�FRQVLVWLQJ�RI�VLOYHU��FRDWHG�ZLWK�VLOYHU�FKORULGH��LQ�DQ�HOHFWURO\WH�FRQWDLQLQJ�FKORULGH�LRQV

����
VORZ�VWUDLQ�UDWH�WHVW
WKLV� WHVW� LQYROYHV� WKH� VORZ� WHQVLOH� ORDGLQJ� RI� D� VSHFLPHQ� RI� D� FLUFXODU� FURVV� VHFWLRQ� XQGHU� FRQGLWLRQV� RI
FRQVWDQW�VWUDLQ�UDWH�ZLWK�WKH�JDXJH�DUHD�H[SRVHG�WR�WKH�WHVW�HQYLURQPHQW

����
VWDQGDUG�K\GURJHQ�HOHFWURGH
UHIHUHQFH� HOHFWURGH� FRQVLVWLQJ� RI� DQ� HOHFWUR�SRVLWLYH�PHWDO�� VXFK� DV� SODWLQXP�� LQ� DQ� HOHFWURO\WH� FRQWDLQLQJ
K\GURJHQ�LRQV�DW�XQLW�DFWLYLW\�DQG�VDWXUDWHG�ZLWK�K\GURJHQ�JDV�DW�RQH�VWDQGDUG�DWPRVSKHUH

����
VWUXFWXUH�WR�HOHFWURO\WH�SRWHQWLDO
GLIIHUHQFH�LQ�SRWHQWLDO�EHWZHHQ�D�VWUXFWXUH�DQG�D�VSHFLILHG�UHIHUHQFH�HOHFWURGH�LQ�FRQWDFW�ZLWK�WKH�HOHFWURO\WH
DW�D�SRLQW�VXIILFLHQWO\�FORVH�WR��EXW�ZLWKRXW�DFWXDOO\� WRXFKLQJ�WKH�VWUXFWXUH�� WR�DYRLG�HUURU�GXH�WR� WKH�YROWDJH
GURS�DVVRFLDWHG�ZLWK�DQ\�FXUUHQW�IORZLQJ�LQ�WKH�HOHFWURO\WH
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����
VXOIDWH�UHGXFLQJ�EDFWHULD
JURXS�RI�EDFWHULD�IRXQG�LQ�PRVW�VRLOV�DQG�QDWXUDO�ZDWHUV��EXW�DFWLYH�RQO\�LQ�FRQGLWLRQV�RI�QHDU�QHXWUDOLW\�DQG
IUHHGRP� IURP� R[\JHQ�� 7KH\� UHGXFH� VXOIDWHV� LQ� WKHLU� HQYLURQPHQW�� ZLWK� WKH� SURGXFWLRQ� RI� VXOILGHV� DQG
DFFHOHUDWH�WKH�FRUURVLRQ�RI�VWUXFWXUDO�PDWHULDOV

����
WHOOXULF�FXUUHQWV
HOHFWULFDO� FXUUHQWV� LQGXFHG� E\� WLPH� YDU\LQJ� FKDQJHV� LQ� WKH� HDUWK
V� PDJQHWLF� ILHOG�� 7KHVH� FXUUHQWV� IORZ
JHQHUDOO\�LQ�WKH�HDUWK�RU�LQ�WKH�RFHDQV��7KH\�DUH�DEOH�WR�IORZ�LQ�PHWDOOLF�FRQGXFWRUV�ODLG�LQ�WKH�VRLO�RU�LQ�WKH
VHD

����
WUDQVIRUPHU�UHFWLILHU
WUDQVIRUPHU�UHFWLILHU�LV�D�GHYLFH�WKDW�WUDQVIRUPV�WKH�DOWHUQDWLQJ�YROWDJH�WR�D�VXLWDEOH�YDOXH�DQG�WKHQ�UHFWLILHV�LW
WR�GLUHFW�FXUUHQW��'LUHFW�FXUUHQW�GHULYHG�LQ�WKLV�ZD\�LV�XVHG�DV�D�SRZHU�VRXUFH�IRU�LPSUHVVHG�FXUUHQW�FDWKRGLF
SURWHFWLRQ�V\VWHPV

� &RUURVLRQ�SULQFLSOHV�RI�EXULHG�RU�LPPHUVHG�PHWDOV

��� 7KH�QDWXUH�RI�PHWDOOLF�FRUURVLRQ

:KHQ�D�PHWDO�FRUURGHV�LQ�FRQWDFW�ZLWK�DQ�HOHFWURO\WH�QHXWUDO�DWRPV�SDVV�LQWR�VROXWLRQ�E\�IRUPLQJ�SRVLWLYHO\
FKDUJHG�LRQV�DQG�H[FHVV�HOHFWURQV�DUH�OHIW�LQ�WKH�PHWDO��7KH�SURFHVV�IRU�LURQ�PD\�EH�H[SUHVVHG�DV�

)H � )H�� � �H� ���

7KXV� FRUURVLRQ� LV� DFFRPSDQLHG� E\� WKH� IORZ� RI� DQ� HOHFWULF� FXUUHQW� IURP� PHWDO� WR� HOHFWURO\WH� GXH� WR� WKH
PRYHPHQW�RI�SRVLWLYH�LRQV�LQWR�WKH�HOHFWURO\WH�DQG�RI�HOHFWURQV�LQWR�WKH�PHWDO��$Q\�DUHD�WR�ZKLFK�FXUUHQW�IORZV
LV�UHIHUUHG�WR�DV�DQ�DQRGLF�DUHD�DQG�WKH�UHDFWLRQ� LV�FDOOHG�DQ�DQRGLF�UHDFWLRQ��7KH�PHWDOOLF� LRQV�PD\�UHDFW
ZLWK�QHJDWLYH� LRQV� LQ� WKH� HOHFWURO\WH� WR� JLYH� LQVROXEOH� FRUURVLRQ�SURGXFWV� �IRU� H[DPSOH�� UXVW� LQ� WKH� FDVH�RI
VWHHO��� 6XFK� UHDFWLRQV� GR� QRW� PDWHULDOO\� DIIHFW� WKH� FRUURVLRQ� SURFHVV� H[FHSW� ZKHUH� LQVROXEOH� FRUURVLRQ
SURGXFWV�VWLIOH�IXUWKHU�FRUURVLRQ�DWWDFN�

)RU� WKH� FRUURVLRQ� UHDFWLRQ� WR� SURFHHG� WKH� RYHUDOO� HOHFWULF� QHXWUDOLW\� KDV� WR� EH� PDLQWDLQHG�� 7KHUHIRUH�� WKH
PRYHPHQW�RI� HOHFWURQV� LQWR� WKH�PHWDO� DQG�SRVLWLYH� LRQV� LQWR� WKH�HOHFWURO\WH�DW� WKH�DQRGLF�DUHDV�KDV� WR� EH
FRXQWHUEDODQFHG�E\�WKH�FRQVXPSWLRQ�RI�HOHFWURQV�DW�RWKHU�DUHDV��NQRZQ�DV�FDWKRGLF�DUHDV�

9DULRXV�UHDFWLRQV�FDQ�RFFXU�DW�FDWKRGLF�DUHDV�DQG�WKHVH�DUH�NQRZQ�DV�FDWKRGLF�UHDFWLRQV�

7KH�IROORZLQJ�HTXDWLRQV�VKRZ�WKH�PRVW�FRPPRQ�UHDFWLRQV�WKDW�RFFXU�DW�FDWKRGHV�

2� � �+�2 � �H� � �2+� ���

R[\JHQ ZDWHU HOHFWURQV K\GUR[\O�LRQV

�+� � �H� � +�� ���

K\GURJHQ�LRQV HOHFWURQV K\GURJHQ�JDV

�+�2 � �H� � +�� � �2+� ���

7KH�ILUVW�RI�WKHVH�UHDFWLRQV�RFFXUV�LQ�WKH�SUHVHQFH�RI�GLVVROYHG�R[\JHQ�DQG�QHDU�QHXWUDO�FRQGLWLRQV�

7KH�VHFRQG�LV�IDYRXUHG�E\�DFLGLW\��H[FHVV�RI�K\GURJHQ�LRQV��ZKLOH�WKH�WKLUG�LV�GRPLQDQW�DW�S+�YDOXHV�JUHDWHU
WKDQ�QHXWUDO�

,Q�DHUDWHG�QHDU�QHXWUDO�FRQGLWLRQV��WKH�LURQ�LRQV�SURGXFHG�DW�WKH�DQRGH�UHDFW�ZLWK�WKH�K\GUR[\O�LRQV�IRUPHG�DW
WKH�FDWKRGLF�VLWHV�WR�SURGXFH�IHUURXV�K\GUR[LGH�

)H�� � �2+�
� )H�2+�� ���
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