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LV�RIWHQ�SUHIHUUHG�RYHU�WKH�+XH\�WHVW�EHFDXVH�LW�UHTXLUHV�PXFK�OHVV�WLPH��

&KHPLFDO�RU�HOHFWURFKHPLFDO�GHWHULRUDWLRQ�RI�D�PHWDO�RU�DOOR\�

�z�&RUURVLRQ�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�WZR�GLVVLPLODU�PHWDOV�LQ�D�VROXWLRQ�
�HOHFWURO\WH���,Q�SULQFLSOH��LW�LV�VLPLODU�WR�EDWK�W\SH�SODWLQJ�LQ�WKH�VHQVH�WKDW�WKH�DQRGH�VXUIDFH�KDV�ORVW�PHWDO�
�FRUURGHG���

z�&RUURVLRQ�ZKLFK�RFFXUV�SUHIHUHQWLDOO\�DORQJ�WKH�JUDLQ�ERXQGDULHV�RI�WKH�DOOR\��

�z�1RQ�XQLIRUP�FRUURVLRQ�XVXDOO\�IRUPLQJ�VPDOO�FDYLWLHV�LQ�WKH�PHWDO�VXUIDFH��

�
7KH�DELOLW\�WR�UHVLVW�DWWDFN�E\�&RUURVLRQ�

�
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5HIHUV�WR�WXELQJ�RUGHUHG�WR�D�VSHFLILHG�OHQJWK�DQG�SHUPLWWLQJ�D�WROHUDQFH�RI�D�VWDQGDUGL]HG�IUDFWLRQ�RI�DQ�
LQFK�RYHU�EXW�QRWKLQJ�XQGHU�WKH�VSHFLILHG�OHQJWK��
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WKH�IDWLJXH�OLPLW��
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�z�:HOGHG�WXELQJ�QRUPDOL]HG�LQ�D�FRQWUROOHG�DWPRVSKHUH�IXUQDFH�DQG�ZKLFK�H[KLELWV�D�
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RSHUDWLRQ��,W�FDQ�EH�IXUQLVKHG�LQ�HLWKHU�WKH�DV�ZHOGHG��VXQN��RU�KHDW�WUHDWHG�FRQGLWLRQ��

�z�:HOGHG�WXJJLQJ�IURP�ZKLFK�WKH�,�'��IODVK�IRUPHG�GXULQJ�WKH�ZHOGLQJ�RSHUDWLRQ�KDV�
EHHQ�UHPRYHG�E\�VRPH�PHFKDQLFDO�PHWKRG��,W�FDQ�EH�IXUQLVKHG�LQ�HLWKHU�WKH�DV�ZHOGHG��VXQN��RU�KHDW�
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�
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�����RKP�PP�����PHWUH�DW���&�LV�WKH�UHVLVWLYLW\�HTXLYDOHQW�WR�WKH�,QWHUQDWLRQDO�$QQHDOHG�&RSSHU�6WDQGDUG�
�,$&6��IRU�����SHUFHQW�FRQGXFWLYLW\��
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7KH�DPRXQW�RI�SHUPDQHQW�VWUHWFK��XVXDOO\�UHIHUULQJ�WR�D�PHDVXUHPHQW�RI�D�VSHFLPHQ�DIWHU�WKH�IUDFWXUH�LQ�D�
WHQVLOH�WHVW��,W�LV�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�RULJLQDO�JDJH�OHQJWK��

7KH�PD[LPXP�VWUHVV�EHORZ�ZKLFK�D�PDWHULDO�FDQ�SUHVXPDEO\�HQGXUH�DQ�LQILQLWH�QXPEHU�RI�VWUHVV�F\FOHV��

([SRVXUH�RI�D�VSHFLPHQ�WR�DFLG�DWWDFN�IRU�WKH�SXUSRVH�RI�GLVFORVLQJ�WKH�SUHVHQFH�RI�IRUHLJQ�PDWWHU��GH�
IHFWV��VHJUHJDWLRQ�SDWWHUQ��RU�IORZ�OLQHV��

$�VHDP�LQ�DOXPLQXP�WXEH��SLSH��RU�KROORZ�VKDSH�UHVXOWLQJ�IURP�WKH�SUHVVXUH�ERQGLQJ�DW�WZR�RU�PRUH�HGJHV�
LQ�WKH�FRXUVH�RI�H[WUXGLQJ�WKURXJK�D�EULGJH�SRUWKROH�GLH��
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7KH�GHVLJQDWLRQ�XVHG�IRU�FHUWDLQ�VWUDLJKW�FKURPLXP�VWHHOV�ZKLFK�H[KLELW�PLFURVWUXFWXUHV�FRQVLVWLQJ�PDLQO\�
RI�IHUULWH�DW�RUGLQDU\�WHPSHUDWXUHV��)HUULWLF�VWDLQOHVV�VWHHOV�DUH�GLYLGHG�LQWR�WZR�FODVVLILFDWLRQV��KDUGHQDEOH�
DQG



QRQ�KDUGHQDEOH��:KHQ�UDSLGO\�FRROHG�IURP�HOHYDWHG�WHPSHUDWXUHV�WKH�QRQ�KDUGHQDEOH�JUDGHV��IHUULWLF��
KDYH�D�IHUULWLF�PLFURVWUXFWXUH��7KH�KDUGHQLQJ�JUDGHV��PDUWHQLVWLF��ZLOO�H[KLELW�D�PDUWHQLVWLF�PLFURVWUXFWXUH�
ZKHQ�UDSLGO\�FRROHG��

5HIHUV�WR�WKH�W\SH�RI�VXUIDFH�FRQGLWLRQ�GHVLUHG�RU�H[LVWLQJ�LQ�WKH�ILQLVKHG�WXEXODU�SURGXFW��

�z�6HH�+HDW�7UHDWPHQW�

1RUPDOO\�VSHFLILHG�LQ�WHUPV�RI�WKH�PD[LPXP�PDFKLQHG�2�'��DQG�WKH�PLQLPXP�PDFKLQHG�,�'��DV�DSSOLHG�
WR�WXEXODU�SDUWV��)LQLVK�PDFKLQH�VL]H�UHSUHVHQWV�WKH�VL]H�RI�WKH�SDUW�DV�LW�FRPHV�IURP�WKH�ILQDO�PDFKLQLQJ�
RSHUDWLRQ��)URP�WKLV�VL]H�WKH�WXEH�PLOO�FDQ�FDOFXODWH�D�WXEH�VL]H��ZKLFK�ZLOO�EH�JXDUDQWHHG�WR�FOHDQXS�XSRQ�
PDFKLQLQJ��

$�SURFHVV�RI�KHDOLQJ�WKH�VXUIDFH�OD\HU�RI�DQ�LURQ�EDVH�DOOR\�DERYH�WKH�WUDQVIRUPDWLRQ�WHPSHUDWXUH�UDQJH�
E\�PHDQV�RI�WKH�IODPH�RI�D�KLJK�WHPSHUDWXUH�WRUFK��IROORZHG�E\�TXHQFKLQJ��

,Q�D�IODQJHG�HQG��WKH�WXEH�KDV�EHHQ�EHOOHG�RU�H[SDQGHG�DQG�D�IODQJH�WXUQHG�RYHU�XQWLO�WKH�ZDOO�RI�WKH�WXEH�
HQG�LV�DW�ULJKW�DQJOHV�WR�WKH�ZDOO�RI�WKH�WXEH��

6HH�(OHFWULF�5HVLVWDQFH�:HOGHG�7XELQJ�

6HH�(OHFWULF�5HVLVWDQFH�:HOGHG�7XELQJ�

1RQ�GHVWUXFWLYH�WHVW��ZKLFK�XVHV�PDJQHWLF�OLQHV�RI�IRUFH�WR�UHFRJQL]H�DQ\�GLVFRQWLQXLW\�LQ�WKH�WHVW�SLHFH��

8VHG�DV�D�JHQHUDO�WHUP�WR�GHVFULEH�WKH�UROOLQJ��SUHVVLQJ�RU�KDPPHULQJ�RI�VWHHO��ZKLFK�GLVSODFHV�WKH�PHWDO�
XQGHU�FRPSUHVVLRQ�E\�D�ORFDO�DSSOLHG�IRUFH��XVXDOO\�DW�KRW�ZRUNLQJ�WHPSHUDWXUHV��

$V�XVXDOO\�UHODWHG�WR�WKH�WHQVLOH�WHVW��IUDFWXUH�VWUHQJWK�RU�WUXH�EUHDNLQJ�VWUHQJWK�LV�GHILQHG�DV�WKH�ORDG�RQ�
WKH�VSHFLPHQ�DW�WKH�WLPH�RI�IUDFWXUH�



�z�6HH�+HDW�7UHDWPHQW�

5HIHUV�WR�VWDLQOHVV�WXEH�LQ�ZKLFK�WKH�ZHOG�KDV�EHHQ�SURFHVVHG�WR�SURGXFH�XQLIRUP�VWUHQJWK�DQG�GLPHQ�
VLRQV�DQG�VXEVHTXHQWO\�DQQHDOHG�WR�REWDLQ�SURSHU�FRUURVLRQ�UHVLVWDQFH��
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$�PHDVXUHPHQW�RI�WKLFNQHVV��7KHUH�DUH�YDULRXV�VWDQGDUG�JDJHV�VXFK�DV�8QLWHG�6WDWHV�6WDQGDUG�*DJH�
�866���*DOYDQL]HG�6KHHW�*DJH��*6*���%LUPLQJKDP�:LUH�*DJH��%:*���

�
$�PHDVXUHPHQW�RI�WKH�VL]H�RI�LQGLYLGXDO�PHWDOOLF�FU\VWDOV�XVXDOO\�H[SUHVVHG�DV�DQ�DYHUDJH��*UDLQ�VL]H�LV�
UHSRUWHG�DV�D�QXPEHU�LQ�DFFRUGDQFH�ZLWK�SURFHGXUHV�GHVFULEHG�LQ�$670�JUDLQ�VL]H�VSHFLILFDWLRQV��

�z�LV�WKH�DYHUDJH�RI�WKH�VL]H�RI�WKH�IHUULWH�JUDLQV�DV�PLFURVFRSLFDOO\�YLHZHG�LQ�
WKH�QRUPDOL]HG�RU�DQQHDOHG�FRQGLWLRQ�

�z�ZKLFK�LV�XVXDOO\�PHDVXUHG�E\�WKH�0F4XDLG�(KQ�PHWKRG��UHSUHVHQWV�WKH�DXVWHQ�
LWLF�JUDLQ�VL]H�RI�D�PDWHULDO�DW�D�SUHVFULEHG�WHPSHUDWXUH�DERYH�WKH�XSSHU�FULWLFDO��IUHTXHQWO\������GHJUHHV�
)DKUHQKHLW��)RU�DXVWHQLWLF�VWDLQOHVV�VWHHOV�WKH�JUDLQ�VL]H�GRHV�QRW�FKDQJH�XSRQ�FRROLQJ�DQG�LV�WKDW�RE�
VHUYHG�PLFURVFRSLFDOO\�DW�URRP�WHPSHUDWXUH��

7KH�SURSHUW\�LQ�VWHHO�WKDW�GHWHUPLQHV�WKH�GHSWK�DQG�GLVWULEXWLRQ�RI�KDUGQHVV�LQGXFHG�E\�FRROLQJ�IURP�D�
VXLWDEOH�HOHYDWHG�WHPSHUDWXUH��7KH�KDUGQHVV�FDQ�YDU\�ZLWK�WKH�FRROLQJ�UDWH��

�
$�PHDVXUH�RI�WKH�GHJUHH�RI�D�PDWHULDO�V�UHVLVWDQFH�WR�LQGHQWDWLRQ��,W�LV�XVXDOO\�GHWHUPLQHG�E\�PHDVXULQJ�
UHVLVWDQFH�WR�SHQHWUDWLRQ�E\�VXFK�WHVWV�DV�%ULQHOO��5RFNZHOO�DQG�9LFNHUV��

�
)RUPHUO\�NQRZQ�DV�ODGOH�DQDO\VLV�

�
$�FRPELQDWLRQ�RI�KHDWLQJ�DQG�FRROLQJ�RSHUDWLRQV�DSSOLHG�WR�D�PHWDO�RU�DOOR\�LQ�WKH�VROLG�VWDWH�WR�REWDLQ�
GHVLUHG�FRQGLWLRQV�RU�SURSHUWLHV��+HDWLQJ�IRU�WKH�VROH�SXUSRVH�RI�KRW�ZRUNLQJ�LV�H[FOXGHG�IURP�WKH�PHDQLQJ�
RI�WKLV�GHILQLWLRQ��6HH�YDULRXV�W\SHV�EHORZ��



z�$Q�DJLQJ�SURFHVV�WKDW�LQFUHDVHV�KDUGQHVV�DQG�VWUHQJWK��2UGLQDULO\�GXFWLOLW\�GHFUHDVHV��
$JH�KDUGHQLQJ�XVXDOO\�IROORZV�UDSLG�FRROLQJ�RU�FROG�ZRUNLQJ��+DUGHQLQJ�LV�D�UHVXOW�RI�D�SUHFLSLWDWLRQ�
SURFHVV��RIWHQ�VXE�PLFURVFRSLF��ZKLFK�RFFXUV�ZKHQ�D�VXSHUVDWXUDWHG�VROLG�VROXWLRQ�LV�QDWXUDOO\�DJHG�DW�
DWPRVSKHULF�WHPSHUDWXUH�RU�DUWLILFLDOO\�DJHG�LQ�VRPH�VSHFLILF�UDQJH�RI�HOHYDWHG�WHPSHUDWXUH��$JLQJ�RFFXUV�
PRUH�UDSLGO\�DW�KLJKHU�WHPSHUDWXUHV��6\QRQ\PRXV�ZLWK�SUHFLSLWDWLRQ�KDUGHQLQJ��

z�+HDWLQJ�D�VXLWDEOH�JUDGH�RI�VWHHO�ZLWK�KLJK�KDUGHQLQJ�DELOLW\�DERYH�WKH�FULWLFDO�WHPSHUD�
WXUH�UDQJH�DQG�WKHQ�FRROLQJ�LQ�DLU�IRU�WKH�SXUSRVH�RI�KDUGHQLQJ�

�z�7KH�DQQHDOLQJ�SURFHVV�LV�D�FRPELQDWLRQ�RI�D�KHDWLQJ�F\FOH��D�KROGLQJ�SHULRG��DQG�D�FRQWUROOHG�
FRROLQJ�F\FOH��$QQHDOLQJ�LV�XVHG�WR�REWDLQ�D�YDULHW\�RI�UHVXOWV��DPRQJ�ZKLFK�DUH��WR�VRIWHQ�RU�DOWHU�WKH�JUDLQ�
VWUXFWXUH�RI�VWHHO��WR�GHYHORS�IRUPDELOLW\��PDFKLQDELOLW\��DQG�UHTXLUHG�PHFKDQLFDO�SURSHUWLHV��RU�WR�UHOLHYH�
UHVLGXDO�VWUHVVHV��7KH�WHPSHUDWXUHV�DQG�FRROLQJ�UDWHV�XVHG�GHSHQG�RQ�ZKLFK�UHVXOWV�DUH�GHVLUHG��,W�LV�
JHQHUDOO\�GHVLUDEOH�WR�XVH�PRUH�VSHFLILF�WHUPV�LQ�GHVFULELQJ�WKH�DQQHDO��

�z�&DUULHG�RXW�LQ�D�FRQWUROOHG�IXUQDFH�DWPRVSKHUH��VR�WKDW�VXUIDFH�R[LGDWLRQ�LV�UHGXFHG�WR�D�
PLQLPXP�DQG�WKH�WXEH�VXUIDFH�UHPDLQV�UHODWLYHO\�EULJKW��

�z�$�KHDW�WUHDWPHQW�DSSOLHG�WR�DFKLHYH�PD[LPXP�VRIWQHVV�DQG�GXFWLOLW\��

�z�6HH�VWUHVV�UHOLHI�DQQHDO��

z�+HDWLQJ�WR�D�WHPSHUDWXUH�DERYH�WKH�XSSHU�FULWLFDO��DERYH������GHJUHHV�)DKUHQKHLW��DQG�
VORZ�FRROLQJ�EHORZ�WKH�ORZHU�FULWLFDO��XVXDOO\�LQ�D�IXUQDFH��

z�:KHQ�PD[LPXP�VRIWQHVV�DQG�GXFWLOLW\�DUH�UHTXLUHG�ZLWKRXW�FKDQJH�LQ�JUDLQ�VWUXFWXUH��WXE�
LQJ�VKRXOG�EH�RUGHUHG�VRIW�DQQHDOHG��7KLV�SURFHVV�FRQVLVWV�RI�KHDWLQJ�WR�D�WHPSHUDWXUH�VOLJKWO\�EHORZ�WKH�
FULWLFDO�WHPSHUDWXUH�DQG�FRROLQJ�LQ�VWLOO�DLU��8VXDOO\�SHUIRUPHG�LQ�����������GHJUHHV�)DKUHQKHLW�UDQJH�IRU�
FDUERQ�VWHHO��

z�KHDWLQJ�VWHHO�LQWR�D�WHPSHUDWXUH�UDQJH�ZKHUHLQ�FHUWDLQ�HOHPHQWV�RU�FRPSRXQGV�GLV�
VROYH��IROORZHG�E\�FRROLQJ�DW�D�UDWH�VXIILFLHQW�WR�PDLQWDLQ�WKHVH�HOHPHQWV�LQ�VROXWLRQ�DW�URRP�WHPSHUDWXUH��
7KH�H[SUHVVLRQ�LV�QRUPDOO\�DSSOLHG�WR�VWDLQOHVV�DQG�RWKHU�VSHFLDO�VWHHOV��

z�$�WUHDWPHQW�DSSOLHG�WR�DXVWHQLWLF�VWDLQOHVV�VWHHOV�ZKHUHLQ�FDUELGHV�RI�YDULRXV�
IRUPV�DUH�GHOLEHUDWHO\�SUHFLSLWDWHG��6XIILFLHQW



DGGLWLRQDO�WLPH�LV�SURYLGHG�DW�WKH�HOHYDWHG�WHPSHUDWXUH�WR�GLIIXVH�FKURPLXP�LQWR�WKH�DUHDV�DGMDFHQW�WR�WKH�
FDUELGHV��XVXDOO\�JUDLQ�ERXQGDULHV���7KLV�WUHDWPHQW�LV�LQWHQGHG�WR�OHVVHQ�WKH�FKDQFH�RI�LQWHJUDQXODU�FRUUR�
VLRQ��

z�2IWHQ�UHIHUUHG�WR�DV�|ILQLVK�DQQHDOLQJ}�LQYROYHV�KHDWLQJ�WR�D�VXLWDEOH�WHPSHUDWXUH��
KROGLQJ�ORQJ�HQRXJK�WR�UHGXFH�UHVLGXDO�VWUHVVHV�DQG�WKHQ�FRROLQJ�VORZO\�HQRXJK�WR�PLQLPL]H�WKH�GHYHORS�
PHQW�RI�QHZ�UHVLGXDO�VWUHVVHV��6WUHVV�UHOLHYLQJ�QRUPDOO\�WDNHV�SODFH�LQ�WKH�����GHJUHHV�)DKUHQKHLW�z������
GHJUHHV�)DKUHQKHLW�WHPSHUDWXUH�UDQJH�IRU�FDUERQ�VWHHOV��

�z�1RUPDOL]LQJ�LV�D�SURFHVV��ZKLFK�FRQVLVWV�RI�KHDWLQJ�WR�D�WHPSHUDWXUH�DSSUR[LPDWHO\�����
GHJUHHV�)DKUHQKHLW��

�z�$�SURFHVV�RI�UDSLG�FRROLQJ�IURP�DQ�HOHYDWHG�WHPSHUDWXUH�E\�FRQWDFW�ZLWK�OLTXLGV�RU�JDVHV��
4XHQFKHG�KDUGHQDEOH�VWHHOV�XVXDOO\�DUH�H[WUHPHO\�EULWWOH�DQG�DUH�QRW�VXLWDEOH�IRU�XVH�XQOHVV�VXEVHTXHQWO\�
WHPSHUHG��

�z�5HKHDWLQJ�TXHQFKHG�RU�QRUPDOL]HG�VWHHO�WR�D�WHPSHUDWXUH�EHORZ�WKH�WUDQVIRUPDWLRQ�UDQJH�
�ORZHU�FULWLFDO��IROORZHG�E\�DQ\�GHVLUHG�UDWH�RI�FRROLQJ��7HPSHULQJ�UHGXFHV�EULWWOHQHVV�DQG�GHYHORSV�WKH�
GHVLUHG�KDUGQHVV��VWUXFWXUH�DQG�SURSHUWLHV��

$�FRUURVLRQ�WHVW�IRU�VWDLQOHVV�VWHHOV��7KH�ZHLJKW�ORVV�SHU�XQLW�DUHD�LV�PHDVXUHG�DIWHU�HDFK�RI�WKH�ILYH����
KRXU�ERLOV�LQ�����QLWULF�DFLG��7KH�WHVW�UHVXOWV�DUH�FDOFXODWHG�WR�DQG�UHSRUWHG�DV�WKH�DYHUDJH�FRUURVLYH�UDWHV�
RI�WKH�ILYH�RLOV�LQ�LQFKHV�SHU�PRQWK��LSP��FRUURVLRQ�UDWHV��7KH�WHVW�LV�XVHG�WR�GHWHUPLQH�WKH�VXLWDELOLW\�RI�D�
PDWHULDO�IRU�QLWULF�DFLG�VHUYLFH��6LQFH�PRVW�RI�WKH�ZHLJKW�ORVV�LV�GXH�WR�LQWHJUDQXODU�DWWDFN��WKH�+XH\�WHVW�
FDQ�EH�XVHG�DV�DQ�LQGLFDWLRQ�RI�WKH�UHVLVWDQFH�RI�D�VWDLQOHVV�VWHHO�WR�LQWHJUDQXODU�FRUURVLRQ��

7KHUH�DUH�VHYHUDO�PHWKRGV�RI�GHWHUPLQLQJ�WKH�WRXJKQHVV�RI�D�VWHHO��EXW�WKH�L]RG�DQG�&KDUS\�QRWFKHG�EDU�
WHVWV�DUH�XVHG�TXLWH�ZLGHO\��,Q�ERWK�WHVWV��WKH�VDPSOHV�DUH�FRROHG�RU�KHDWHG�WR�WKH�GHVLUHG�WHVW�WHPSHUD�
WXUH��WKHQ�VWXFN�RQFH�ZLWK�D�SHQGXOXP��ZKLFK�IUDFWXUHV�WKH�VSHFLPHQ��7KH�HQHUJ\�UHTXLUHG�WR�IUDFWXUH�WKH�
VSHFLPHQ��WKH�LPSDFW�VWUHQJWK��LV�PHDVXUHG�LQ�IRRW�SRXQGV��

�
3DUWLFOHV�RI�QRQPHWDOOLF�LPSXULWLHV�XVXDOO\�R[LGHV��VXOSKLGHV��VLOLFDWHV��ZKLFK�DUH�PHFKDQLFDOO\�KHOG�LQ�PHW�
DOV�DQG�DOOR\V�GXULQJ�VROLGLILFDWLRQ��

$�FDVW�PHWDO�VKDSH�VXLWDEOH�IRU�VXEVHTXHQW�UROOLQJ�RU�IRUJLQJ�



$�W\SH�RI�HOHFWURFKHPLFDO�FRUURVLRQ�WKDW�SURJUHVVHV�SUHIHUHQWLDOO\�DORQJ�WKH�JUDLQ�ERXQGDULHV�RI�DQ�DOOR\��
XVXDOO\�EHFDXVH�WKH�JUDLQ�ERXQGDU\�UHJLRQV�FRQWDLQ�PDWHULDO�DQRGLF�WR�WKH�FHQWUDO�UHJLRQV�RI�WKH�JUDLQ��

5HIHUV�WR�FRQGLWLRQ�RI�LQVLGH�RI�PDWHULDO�z�ODFN�RI�GHIHFWV��SLSH�VHJUDWLRQ��QRQ�XQLIRUPLW\�RI�FRPSRVLWLRQ��

�z�6HH�+HDW�7UHDWPHQW�

�z�6HH�,PSDFW�6WUHQJWK�7HVWLQJ�

+DUGHQDELOLW\�WHVW�SHUIRUPHG�XVXDOO\�RQ�DOOR\�VWHHOV�WR�GHWHUPQLQH�GHSWK�DQG�GHJUHH�RI�KDUGQHVV�UHVXOWLQJ�
IURP�D�VWDQGDUG�HQG�TXHQFKLQJ�PHWKRG�ZLWK�FROG�ZDWHU��

6WHHO�GHR[LGL]HG�ZLWK�DQ�DJHQW�VXFK�DV�VLOLFRQ�RU�DOXPLQXP�WR�UHGXFH�WKH�IUHH�R[\JHQ�FRQWHQW�VR�WKDW�QR�
KDUPIXO�UHDFWLRQ�RFFXUV�EHWZHHQ�FDUERQ�DQG�R[\JHQ�GXULQJ�VROLGLILFDWLRQ��

$�ODUJH�YHVVHO�LQ�ZKLFK�PROWHQ�VWHHO�RU�PROWHQ�VODJ�LV�UHFHLYHG�DQG�KDUGHQHG��

&KHPLFDO�DQDO\VLV�REWDLQHG�IURP�D�VDPSOH�WDNHQ�GXULQJ�WKH�SRXULQJ�RI�WKH�VWHHO��L�H��KHDW�DQDO\VLV��

'HIHFWV�UHVXOWLQJ�IURP�WKH�SUHVHQFH�RI�EOLVWHUV��VHDPV��RU�IRUHLJQ�LQFOXVLRQV�DOLJQHG�SDUDOOHO�WR�WKH�ZRUNHG�
VXUIDFH�RI�D�PHWDO��

$�VXUIDFH�GHIHFW�FDXVHG�IURP�IROGLQJ�WKH�VXUIDFH�RI�DQ�LQJRW��EORRP�RU�EDU�GXULQJ�KRW�UROOLQJ�RSHUDWLRQV�DQG�
WKHQ�UROOLQJ�RU�IRUJLQJ�WKH�IROG�LQWR�WKH�VXUIDFH��

$�PHDVXUH�RI�WKH�UHODWLYH�HDVH�ZLWK�ZKLFK�VWHHO�PD\�EH�PDFKLQHG��

7KH�GHOLEHUDWH�UHPRYDO�RI�PHWDO�E\�RQH�RU�PRUH�RI�VHYHUDO�SURFHVVHV��



$�WHVWLQJ�SURFHGXUH�IRU�ORFDWLQJ�DQG�LGHQWLI\LQJ�SRURVLW\��SLSHV�EXUVW��XQVRXQGQHVV��LQFOXVLRQV��VHJUH�
JDWLRQV��FDUEXUL]DWLRQ��IORZ�OLQHV�IURP�KRW�ZRUNLQJ��HWF��6XUIDFH�RI�WKH�WHVW�SLHFH�VKRXOG�EH�UHDVRQDEO\�
VPRRWK�RU�HYHQ�SROLVKHG��$IWHU�DSSO\LQJ�D�VXLWDEOH�HWFKLQJ�VROXWLRQ��WKH�VWUXFWXUH�GHYHORSHG�E\�WKH�DFWLRQ�
RI�WKH�UHDJHQW�PD\�EH�REVHUYHG�ZLWKRXW�D�PLFURVFRSH��

7KLV�WHVW�LV�FRQGXFWHG�E\�VXLWDEOH�PDJQHWL]LQJ�WKH�PDWHULDO�DQG�DSSO\LQJ�D�SUHSDUHG�ZHW�RU�GU\�PDJQHWLF�
SRZGHU�RU�IOXLG��ZKLFK�DGKHUHV�WR�LW�DORQJ�OLQHV�RI�IOX[�OHDNDJH��,W�VKRZV�WKH�H[LVWHQFH�RI�VXUIDFH�DQG�
VOLJKWO\�VXEVXUIDFH�QRQ�XQLIRUPLWLHV��

7KH�SURSHUW\�WKDW�GHWHUPLQHV�WKH�HDVH�RI�GHIRUPLQJ�D�PHWDO�ZKHQ�WKH�PDWHULDO�LV�VXEMHFWHG�WR�UROOLQJ�RU�
KDPPHULQJ��7KH�PRUH�PDOOHDEOH�PHWDOV�FDQ�EH�KDPPHUHG�RU�UROOHG�LQWR�WKLQ�VKHHW�PRUH�HDVLO\�WKDQ�RWK�
HUV��

�
���� $�GHYLFH�XVHG�WR�UHWDLQ�WKH�FDYLW\�LQ�KROORZ�PHWDO�SURGXFWV�GXULQJ�ZRUNLQJ������$�PHWDO�EDU�DURXQG�
ZKLFK�RWKHU�PHWDO�PD\�EH�FDVW��EHQW��IRUPHG�RU�VKDSHG��

$�SURFHVV�RI�LPSURYLQJ�WKH�PHFKDQLFDO�VWUHQJWK�RI�FHUWDLQ�IHUURXV�DOOR\V��7KH�QDPH�ZDV�GHULYHG�IURP�WZR�
KDUGHQLQJ�UHDFWLRQV��PDUWHQVLWH�DQG�DJLQJ��7KH�PDUDJLQJ�VWUHQJWKHQLQJ�PHFKDQLVP�LV�EDVHG�RQ�WKH�DJH�
KDUGHQLQJ��SUHFLSLWDWLRQ�KDUGHQLQJ��RI�H[WUD�ORZ�FDUERQ�PDUWHQVLWH��

�
$�FRQVWLWXHQW�LQ�TXHQFKHG�VWHHO�IRUPHG�ZLWKRXW�GLIIXVLRQ�DQG�RQO\�GXULQJ�UDSLG�FRROLQJ�EHORZ�WKH�PDUWHQLV�
WLF�VWDUW��0V��WHPSHUDWXUH��0DUWHQVLWH�LV�WKH�KDUGHVW�RI�WKH�WUDQVIRUPDWLRQ�SURGXFWV�RI�DXVWHQLWH��

$�VSHFLDO�WHVW�IRU�UHYHDOLQJ�WKH�DXVWHQLWLF�JUDLQ�VL]H�RI�IHUULWLF�VWHHOV�ZKHQ�WKH�VWHHO�LV�KHDWHG�WR������
GHJUHHV�)DKUHQKHLW�DQG�FDUEXUL]HG��7KHUH�DUH�HLJKW�VWDQGDUG�0F4XDLG�(KQ�JUDLQ�VL]HV�z�VL]HV���WR���DUH�
FRQVLGHUHG�ILQH�JUDLQ�DQG�VL]HV�XQGHU���DUH�FRQVLGHUHG�FRDUVH�JUDLQ��

7KRVH�SURSHUWLHV�RI�D�PDWHULDO�WKDW�UHYHDO�WKH�HODVWLF�DQG�LQ�HODVWLF�UHDFWLRQ�ZKHQ�IRUFH�LV�DSSOLHG��RU�WKDW�
LQYROYH�WKH�UHODWLRQVKLS�EHWZHHQ�VWUHVV�DQG�VWUDLQ{IRU�H[DPSOH��WKH�PRGXOXV�RI�HODVWLFLW\��KDUGQHVV��WHQ�
VLOH�VWUHQJWK��DQG�IDWLJXH�OLPLW��7KHVH�SURSHUWLHV�KDYH�RIWHQ�EHHQ�UHIHUUHG�WR�DV�|SK\VLFDO�SURSHUWLHV}�EXW�
WKH�WHUP�|PHFKDQLFDO�SURSHUWLHV}�LV�FRUUHFW��



8VHG�IRU�D�YDULHW\�RI�PHFKDQLFDO�DQG�VWUXFWXUDO�SXUSRVHV��DV�RSSRVHG�WR�SUHVVXUH�WXELQJ��ZKLFK�LV�XVHG�
WR�FRQWDLQ�RU�FRQGXFW�IOXLGV�RU�JDVHV�XQGHU�SUHVVXUH��,W�PD�EH�KRW�ILQLVKHG�RU�FROG�GUDZQ��,W�LV�FRPPRQO\�
PDQXIDFWXUHG�WR�FRQVXPHU�VSHFLILFDWLRQV�FRYHULQJ�WKH�FKHPLFDO�DQDO\VLV�DQG�PHFKDQLFDO�SURSHUWLHV��

7KH�VFLHQFH�GHDOLQJ�ZLWK�WKH�FRQVWLWXWLRQ��DQG�VWUXFWXUH�RI�PHWDOV�DQG�DOOR\V�DV�UHYHDOHG�E\�WKH�XQDLGHG�
H\H�RU�E\�VXFK�WRROV�DV�ORZ�SRZHUHG�PDJQLILFDWLRQ��RSWLFDO�PLFURVFRSH��HOHFWURQ�PLFURVFRSH��DQG�GLIIUDF�
WLRQ�RU�;�5D\�WHFKQLTXHV��

�
5HIHUV�WR�WKH�H[WHQW�RU�TXDOLW\�RI�QRQPHWDOOLF�LQFOXVLRQV�REVHUYHG�E\�H[DPLQDWLRQ�XQGHU�D�PLFURVFRSH��

0LFUR�HWFKLQJ�LV�XVHG�IRU�WKH�H[DPLQDWLRQ�RI�D�VDPSOH�XQGHU�D�PLFURVFRSH��(WFKLQJ�VROXWLRQV�WHQG�WR�
UHYHDO�VWUXFWXUDO�GHWDLOV�EHFDXVH�RI�SUHIHUHQWLDO�FKHPLFDO�DWWDFN�RQ�WKH�SROLVKHG�VXUIDFH��

$Q\�ZDOO�KDYLQJ�WROHUDQFHV�VSHFLILHG�DOO�RQ�WKH�SOXV�VLGH��
0RGXOXV�RI�(ODVWLFLW\�
7KH�UDWLR�RI�VWUHVV�DSSOLHG�WR�D�PDWHULDO�DQG�WKH�UHVXOWLQJ�VWUDLQ�RFFXUULQJ�DW�WKH�VWUHVVHV�EHORZ�WKH�HODVWLF�
OLPLW��

�
$�SURFHVV�RI�FDVH�KDUGHQLQJ�LQ�ZKLFK�D�IHUURXV�DOOR\��XVXDOO\�RI�VSHFLDO�FRPSRVLWLRQ��LV�KHDWHG�LQ�DQ�DWPR�
VSKHUH�RI�FUDFNHG�DPPRQLD�RU�LQ�FRQWDFW�ZLWK�QLWURJHQRXV�PDWHULDO�WR�SURGXFH�VXUIDFH�KDUGHQLQJ�ZLWKRXW�
TXHQFKLQJ�E\�WKH�DEVRUSWLRQ�RI�QLWURJHQ��1LWULGLQJ�LV�QRUPDOO\�FRQGXFWHG�LQ�D�UDQJH�IURP�����WR������
GHJUHHV�)DKUHQKHLW��

0HWKRGV�RI�GHWHFWLQJ�GHIHFWV�ZLWKRXW�GHVWUR\LQJ�RU�SHUPDQHQWO\�FKDQJLQJ�WKH�PDWHULDO�EHLQJ�WHVWHG��7HVW�
PHWKRGV�LQFOXGH�XOWUDVRQLF��HGG\�FXUUHQW��IOX[�OHDNDG JH��PDJQHWLF�SDUWLFOH��OLTXLG�SHQHWUDQW�DQG�;�5D\��

6XVFHSWLELOLW\�RI�D�PDWHULDO�WR�EULWWOH�IUDFWXUH�DW�SRLQWV�RI�VWUHVV�FRQFHQWUDWLRQ��



$�PHDVXUH�RI�WKH�UHGXFWLRQ�LQ�VWUHQJWK�RI�D�PHWDO�FDXVHG�E\�WKH�SUHVHQFH�RI�VWUHVV�FRQFHQWUDWLRQ��

7KH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�PLQLPXP�RXWVLGH�GLDPHWHUV�RI�DQ\�RQH�FURVV�VHFWLRQ�RI�D�WXEH��
,W�LV�D�PHDVXUH�RI�GHYLDWLRQ�IURP�URXQGQHVV��

$�TXLFN�PHWDOORJUDSKLF�WHVW�ZKLFK�LV�VRPHWLPHV�XVHG�WR�VFUHHQ�VWDLQOHVV�VWHHOV�EHIRUH�LQWHJUDQXODU�FRUUR�
VLRQ�WHVWLQJ��7KLV�WHVW�LV�VSHFLILHG�ZLWK�D�UHIHUHH�WHVW�VXFK�DV�WKH�&RSSHU�&RSSHU�6XOIDWH�RU�+XH\�7HVW��

,Q�LWV�VLPSOHVW�WHUPV��R[LGDWLRQ�PHDQV�WKH�FRPELQDWLRQ�RI�DQ\�VXEVWDQFH�ZLWK�R[\JHQ��6FDOH�GHYHORSHG�
GXULQJ�KHDW�WUHDWPHQW�LV�D�IRUP�RI�R[LGDWLRQ��

$�FRPSRXQG�FRQVLVWLQJ�RI�R[\JHQ�DQG�RQH�RU�PRUH�PHWDOOLF�HOHPHQWV��

7KH�FKDQJLQJ�RI�WKH�FKHPLFDOO\�DFWLYH�VXUIDFH�RI�D�PHWDO�WR�D�PXFK�OHVV�DFWLYH�VWDWH�E\�WKH�DSSOLFDWLRQ�RI�
WKH�SURSHU�FKHPLFDO�WUHDWPHQW�RU�E\�DSSO\LQJ�DQ�LQGXFHG�HOHFWULFDO�FXUUHQW�DQG�YROWDJH�IRU�FDWKRGLF�RU�DQ�
RGLF�SURWHFWLRQ�IURP�FRUURVLRQ��$Q�H[DPSOH�RI�FKHPLFDOO\�SDVVLYDWLQJ�VWDLQOHVV�VWHHO�ZRXOG�EH�WR�LPPHUVH�
VWDLQOHVV�LQ�D�KRW�VROXWLRQ�RI�DSSUR[LPDWHO\����WR����SHUFHQW�E\�YROXPH�QLWULF�DFLG�DQG�ZDWHU��

$�SKRWRJUDSKLF�UHSURGXFWLRQ�RI�DQ�REMHFW�PDJQLILHG�PRUH�WKDQ�WHQ�WLPHV�XVHG�WR�VKRZ�PLFURVWUXFWXUH�FKDU�
DFWHULVWLFV�RI�VWHHO�

7KRVH�SURSHUWLHV�QRW�VSHFLILFDOO\�UHODWHG�WR�UHFWLRQ�WR�H[WHUQDO�IRUFHV��7KHVH�LQFOXGH�VXFK�SURSHUWLHV�DV�
GHQVLW\��HOHFWULFDO�UHVLVWDQFH��FR�HIILFLHQW�RI�WKHUPDO�FRQGXFWLYLW\��

8VH�RI�VROXWLRQV��XVXDOO\�DFLGV��WR�UHPRYH�VXUIDFH�R[LGHV�IURP�D�WXEH��PD\�DOVR�EH�XVHG�WR�SURGXFW�D�
GHVLUHG�VXUIDFH�ILQLVK��

$�VHDPOHVV�WXEHPDNLQJ�PHWKRG�LQ�ZKLFK�D�KRW�ELOOHW�LV�JULSSHG�DQG�URWDWHG�E\�UROOV�RU�FRQHV�DQG�GLUHFWHG�
RYHU�D�SLHUFHU�SRLQW�ZKLFK�LV�KHOG�RQ�WKH�HQG�RI�D�PDQGUHO�EDU��



$�VKDUS��XVXDOO\�VPDOO��GHSUHVVLRQ�LQ�WKH�VXUIDFH�RI�PHWDO��

8QVRXQGQHVV�FDXVHG�LQ�FDVW�PHWDOV�E\�WKH�SUHVHQFH�RI�EORZKROHV�RU�VKULQNDJH�FDYLWLHV��

$Q�LQVWUXPHQW�XVHG�IRU�PHDVXULQJ�VXUIDFH�ILQLVK��7KH�YHUWLFDO�PRYHPHQWV�RI�D�VW\OXV�DV�LW�WUDYHUVHV�WKH�
VXUIDFH�DUH�DPSOLILHG�HOHFWURPDJQHWLFDOO\�DQG�UHFRUGHG��RU�LQGLFDWHG��DV�WKH�VXUIDFH�URXJKQHVV��

7KH�ORDG�SHU�VTXDUH�LQFK�RI�WKH�RULJLQDO�FURVV�VHFWLRQDO�DUHD�ZKLFK��ZKHQ�UHPRYHG��KDV�FDXVHG�D�SHUPD�
QHQW�HORQJDWLRQ�QRW�H[FHHGLQJ�D�GHILQHG�DPRXQW��XVXDOO\�������}�SHU�LQFK�RI�JDJH�OHQJWK���$�WHVW�RI�WKLV�
W\SH�LV�PRUH�FRPPRQO\�XVHG�LQ�(XURSH�WKDQ�LQ�WKLV�FRXQWU\��ZKHUH�LW�ODUJHO\�KDV�EHHQ�UHMHFWHG�E\�\LHOG�
VWUHQJWK�PHDVXUHPHQWV��

6HH�KHDW�WUHDWPHQW��

7XELQJ�SURGXFHG�WR�D�SHUPLVVLEOH�YDULDWLRQ�LQ�OHQJWK���)UHTXHQWO\�VHYHQ�IHHW���

7KH�UHYHUVLRQ�RI�GLVWRUWHG�FROG�ZRUNHG�PLFURVWUXFWXUH�WR�D�QHZ��VWDLQ�IUHH�VWUXFWXUH�GXULQJ�DQQHDOLQJ��

$�PHDVXUH�RI�GXFWLOLW\�GHWHUPLQHG�LQ�D�WHQVLOH�WHVW��,W�LV�WKH�PD[LPXP�UHGXFWLRQ��DW�WKH�IUDFWXUH��RI�WKH�FURVV�
VHFWLRQ�DUHD�RI�D�VSHFLPHQ��DV�FRPSDUHG�ZLWK�LWV�RULJLQDO�FURVV�VHFWLRQ�DUHD��

$�VWHHO�ZKLFK�IRUPV�D�UHODWLYHO\�FOHDQ�RXWHU�OD\HU��ULP��GXULQJ�VROLGLILFDWLRQ��6KHHW�DQG�VWULS�PDGH�IURP�
VXFK�VWHHO�KDV�JRRG�VXUIDFH�TXDOLW\�DQG�LV�IUHTXHQWO\�XVHG�IRU�(5:�WXELQJ��

6HH�+DUGQHVV��

�7XEH�5HGXFLQJ�RU�5RFNULWH��
$�PHWKRG�RI�FROG�ILQLVKLQJ�WXELQJ�LQ�ZKLFK�D�PDFKLQH�UROOV�RU�URFNV�D�VSOLW�GLH�RYHU�D�WXEH��7KH�WXEH�LV�VXS�
SRUWHG�RQ�WKH�LQVLGH�E\�D�WDSHUHG�PDQGUHO��



$Q�R[LGH�RI�LURQ��ZKLFK�IRUPV�RQ�WKH�VXUIDFH�RI�KRW�VWHHO��

�
$�WLJKW��EXW�XQZHOGHG�LPSHUIHFWLRQ�RQ�WKH�VXUIDFH�RI�D�ZURXJKW�PHWDO�SURGXFW��

�
1RQXQLIRUP�GLVWULEXWLRQ�RI�DOOR\LQJ�HOHPHQWV��LPSXULWLHV��RU�PLFURSKDVHV��

6WHHO�WKDW�LV�LQFRPSOHWHO\�GHR[LGL]HG�WR�SHUPLW�WKH�HYROXWLRQ�RI�FDUERQ�PRQR[LGH��WKHUHE\�RIIVHWWLQJ�VROLGLIL�
FDWLRQ�VKULQNDJH��

6HQVLWL]DWLRQ�RI�VWDLQOHVV�VWHHO�LV�GHILQHG�DV�D�VXVFHSWLELOLW\�WR�SUHIHUHQWLDO�JUDLQ�ERXQGDU\�DWWDFN��0DWHULDO�
ZKLFK�H[KLELWV�JUDLQ�ERXQGDU\�FDUELGH�SUHFLSLWDWLRQ�PD\�RU�PD\�QRW�EH�VHQVLWL]HG��

��66,'��z�6HH�(OHFWULF�5HVLVWDQFH�:HOGLQJ�7XELQJ�

�
$�GRFXPHQW�GHILQLQJ�WKH�PHDVXUHPHQWV��WHVWV��DQG�RWKHU�UHTXLUHPHQWV�WR�ZKLFK�D�SURGXFW�PXVW�FRQIRUP{
W\SLFDOO\�FRYHULQJ�FKHPLVWU\��PHFKDQLFDO�SURSHUWLHV��WROHUDQFHV��ILQLVK��UHSRUWV��PDUNLQJ�DQG�SDFNDJLQJ��

6HH�+HDW�WUHDWPHQW�

�
$�W\SH�RI�IRUPLQJ��KRW�RU�FROG��ZKLFK�LQYROYHV�URWDWLQJ�D�WXEH�DW�D�KLJK�VSHHG�DJDLQVW�IL[HG�RU�URLOLQJ�WRROV�
IRU�WKH�SXUSRVH�RI�DOWHULQJ�VKDSH��VL]H��HWF��

��6HH�+HDW�7UHDWPHQW�

$�PHDVXUH�RI�WKH�FKDQJH�LQ�VL]H�RU�VKDSH�RI�D�ERG\�XQGHU�VWUHVV��UHIHUUHG�WR�LWV�RULJLQDO�VL]H�DQG�VKDSH��

0RGLILFDWLRQ�RI�PHWDO�VWUXFWXUH�E\�FROG�ZRUNLQJ�UHVXOWLQJ�DQ�LQFUHDVH�LQ�VWUHQJWK�DQG�KDUGQHVV�ZLWK�ORVV�RI�
GXFWLOLW\��



)RUFH�SHU�XQLW�RI�DUHD�PHDVXUHG�LQ�SRXQGV�SHU�VTXDUH�LQFK��SV���7KH�WKUHH�NLQGV�RI�VWUHVVHV�DUH�WHQVLOH��
FRPSUHVVLYH��DQG�VKHDU��)OH[XUH�LQYROYHV�D�FRPELQDWLRQ�RI�WHQVLOH�DQG�FRPSUHVVLYH�VWUHVV��7RUVLRQ�LQ�
YROYHV�VKHDU�VWUHVV��

&UDFNLQJ�RI�PHWDOV�XQGHU�FRPELQHG�DFWLRQ�RI�WHPSHUDWXUH��FRUURVLRQ�DQG�VWUHVV��7KH�VWUHVV�FDQ�EH�HLWKHU�
DSSOLHG�RU�UHVLGXDO��$XVWHQLWLF�VWDLQOHVV�VWHHOV�DUH�HVSHFLDOO\�VXVFHSWLEOH�WR�FUDFNLQJ�LQ�FKORULGH�FRQWDLQLQJ�
DQG�VRPH�FDXVWLF�HQYLURQPHQWV��

�z�6HH�+HDW�7UHDWPHQW�

$�IODW�UROOHG�VWHHO�SURGXFW�ZKLFK�VHUYHV�DV�WKH�UDZ�PDWHULDO�IRU�ZHOGHG�WXELQJ��

7XELQJ�GUDZQ�WKURXJK�D�GLH�ZLWK�QR�LQVLGH�PDQGUHO�WR�FRQWURO�,�'��RU�ZDOO�WKLFNQHVV��

$�PHFKDQLFDO�UHGXFWLRQ�RI�WKH�FURVV�VHFWLRQDO�DUHD�RI�D�PHWDO�SHUIRUPHG�KRW�RU�FROG�E\�IRUJLQJ��SUHVVLQJ�RU�
KDPPHULQJ��

�
7KH�DFW�RI�SRXULQJ�PROWHQ�PHWDO�IURP�D�IXUQDFH�LQWR�D�ODGOH��

�
$FW�RI�SRXULQJ�PROWHQ�PHWDO�IURP�D�ODGOH�LQWR�DQ�LQJRW�PROG��

�z�6HH�+HDW�7UHDWPHQW�

7KH�PD[LPXP�ORDG�SHU�VTXDUH�LQFK�RI�RULJLQDO�FURVV�VHFWLRQDO�DUHD�FDUULHG�GXULQJ�D�WHQVLRQ�WHVW�WR�IDLOXUH�
RI�WKH�VSHFLPHQ��7KLV�WHUP�LV�SUHIHUUHG�RYHU�WKH�IRUPHUO\�XVHG�XOWLPDWH�VWUHQJWK��

�
$�PHDVXUH�RI�WKH�HDVH�ZLWK�ZKLFK�KHDW�LV�WUDQVPLWWHG�WKURXJK�D�PDWHULDO��

�
3HUPLVVLEOH�YDULDWLRQ��

�
$�WZLVWLQJ�DFWLRQ�UHVXOWLQJ�LQ�VKHDU�VWUHVVHV�DQG�VWUDLQV��



$�PHDVXUH�RI�DELOLW\�WR�DEVRUE�HQHUJ\�DQG�GHIRUP�SODVWLFDOO\�EHIRUH�IUDFWXULQJ��

7KH�WHPSHUDWXUH�DW�ZKLFK�D�FKDQJH�LQ�SKDVH�RFFXUV�LQ�VWHHOV��7KH�WHUP�LV�VRPHWLPHV�XVHG�WR�GHQRWH�WKH�
OLPLWLQJ�WHPSHUDWXUH�RI�D�WUDQVIRUPDWLRQ�UDQJH��

$�WHQVLRQ�WHVW�IRU�HYDOXDWLQJ�PHFKDQLFDO�SURSHUWLHV�RI�PDWHULDO�LQ�D�GLUHFWLRQ�WUDQVYHUVH�WR�WKDW�RI�UROOLQJ��

$�PHWKRG�IRU�UHPRYLQJ�WKH�VXUIDFH�IURP�D�ZRUN�SLHFH�E\�EULQJLQJ�WKH�FXWWLQJ�HGJH�RI�D�WRRO�DJDLQVW�LW�ZKLOH�
WKH�SLHFH�RU�WRRO�LV�URWDWHG��

�z�6HH�WHQVLOH�VWUHQJWK�

7KH�PHWKRG�RI�GHWHFWLQJ�GHIHFWV�LQ�WXEHV�RU�ZHOGV�E\�SDVVLQJ�KLJK�IUHTXHQF\�VRXQG�ZDYHV�LQWR�D�PDWHULDO�
WKHQ�PRQLWRULQJ�DQG�HYDOXDWLQJ�WKH�UHIOHFWHG�VLJQDOV��

$�PHWDOZRUNLQJ�RSHUDWLRQ�VLPLODU�WR�IRUJLQJ�JHQHUDOO\�XVHG�WR�WKLFNHQ�WKH�HQGV�RI�WXEHV�SULRU�WR�WKUHDGLQJ��

z�6HH�+DUGQHVV�

�
+DUGQHVV�GHYHORSHG�LQ�PHWDO�DV�D�UHVXOW�RI�FROG�ZRUNLQJ��6HH�FROG�ZRUNLQJ��

�
7KH�ILUVW�VWUHVV�LQ�D�PDWHULDO�PHDVXUHG�DV�ORDG�SHU�XQLW�RI�RULJLQDO�FURVV�VHFWLRQDO�DUHD�DW�ZKLFK�DQ�LQ�
FUHDVH�LQ�VWUDLQ�RFFXUV�ZLWKRXW�DQ�LQFUHDVH�LQ�VWUHVV��

7KH�VWUHVV�DW�ZKLFK�D�PDWHULDO�H[KLELWV�D�VSHFLILHG�GHYLDWLRQ�IURP�SURSRUWLRQDOLW\�RI�VWUHVV�DQG�VWUDLQ��$Q�
RIIVHW�RI������LV�PRVW�IUHTXHQWO\�XVHG�


