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$OKHPLU\����#\DKRR�FRP�

$EVWUDFW��
$ VLPSOH�� VHQVLWLYH��DFFXUDWH�DQG� UDSLG�VSHFUWRSKWRPHWULF�PHWKRG�KDV�EHHQ�GHYHORSHG��IRU�WKH�GHWHUPLQDWLRQ�RI�FHIRWD[LPH�DQG�FHIWULD[RQH����,W�LV EDVHG�RQ�WKH�R[LGDWLRQ�FRXSOLQJ�UHDFWLRQ�RI�FHIRWD[LPH�DQG�FHIWULD[RQH�ZLWK�R�DPLQRSKHQRO�UHDJHQW�LQ�SUHVHQFH�RI�SRWDVVLXP�IHUULF\DQLGH�WR�IURP�UHG�FRORU�SURGXFW�ZLWK��PD[LPXP�DEVRUSWLRQ�DW�����QP�RI�FHIRWD[LPH�DQG����� QP� FHIWULD[RQH� ��%HHU
V� ODZ� LV� REH\HG� RYHU� WKH� FRQFHQWUDWLRQ� UDQJH��������J�RI�FHIRWD[LPH�DQG���������J�RI�FHIWULD[RQH�LQ�ILQDO�YROXPH�RI����PO�ZLWK�PRODU�DEVRUSWLYLWLHV����[����DQG����[����O�PRO���FP���DQG�D�UHODWLYH� VWDQGDUG� GHYLDWLRQ� RI� ������������� �7KH� PHWKRG� FDQ� DOVR� EH��DSSOLHG�VXFFHVVIXOO\�IRU�WKH�DQDO\VLV�RI�SKDUPDFHXWLFDO�YLDOV�������

,QWURGXFWLRQ���� &KHPLFDOO\� �� &HIRWD[LPH� VRGLXP� �&)7�� LV� ��5��5����>&DFHW\OR[\@�PHWK\O� ����^>��=�������DPLQRWKHLD]RO���\O�����PHWKR[\LPLQR�� DFHW\O� @� DPLQR� `���R[R���WKLD� ±���D]DELF\FOR���������±�RFW�±����HQH���&DUER[\O�DWH� ����&HIWULD[RQH�VRGLXP��&);��LV���5��5����>�����$PLQRWKLD]RO� ±��\O� �����PHWKR[\DPLQR�DFHWDPLGR@���R[R���>�����'LK\GUR� ±��PHWK\O� ±��R[LGR� ���R[R�������WUD]LQ���\O�� WKLRUHWK\O@���WKLD����D]DELF\FOR���������RFW���HQH���FDUER[\ODWH����� &HIRWD[LPHD�DQG�FHIWULD[RQH�DUH�WKLUG�JHQHUDWLRQ� EURDG� VSHFWUXP� FHSKDORVSRULQV� IRU� SHUHQWHUDO� DGPLQLVWUDWLRQ� DQG� DUH�EDFWHULFLGDO�DQG�PDLQO\�XVHG� LQ� WKH� WUHDWPHQW�RI�YDULRXV�EDFWHULDO� LQIHFWLRQV�FDXVHG�E\� *UDP±� SRVLWLYH� DQG� *UDP�QHJDWLYH� PLFUR�RUJDQLVP� ������ �&HIRWD[LPH� DQG�FHIWULD[RQH�DUH�RIILFLDO�LQ�%3����DQG�863����7KH�%3�DQG�863�GHVFULEH�+3/&�PHWKRG�IRU�HVWLPDWLRQ�RI�FHWRWD[LPH�DQG�FHIWULD[RQH���OLWHUDWXUH�UHYHDOHG�WKDW��GHWHUPLQDWLRQ�RI�&)7� DQG�&);� E\� OLTXLG� FKURPDWRJUDSKLF� LQ� KDPDQ� DQG� UDW� SODVPD������ �� +3/&�ZLWK�GLIIHUHQW�GHWHFWRUV��LQ�SKDUPDFHXWLFDOV������6HUXP����DQG�SODVPD�������3RODURJUDSK\�������YROWDPPHWU\����������IORZ�LQMHFWLRQ��6SHFUWRSKWRPHWULF����� VSHFWURSKRWPHWU\�������� ,Q� WKLV� SDSHU� VSHFUWRSKWRPHWULF�PHWKRG�IRU�GHWHUPLQDWLRQ�&)7�DQG�&);�LV�SUHVHQWHG��7KH�PHWKRG�LV�VDPSOH��UDSLG��VHQVLWLYH�DQG�GRHVQ¶W�UHTXLUH�WHPSHUDWXUH�FRQWURO�RU�VROYHQW�H[WUDFWLRQ�VWHS�DQG�FDQ�EH�DSSOLHG�VXFFHVVIOO\�WR�SKDUPDFHXWLFDO�YLDOV���
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([SHULPHQWDO����
$SSDUDWXV����'RXEOH�EHDP�8QLFR��8�9�������VSHFWURSKRWRPHWHU����89�9LV��VSHFWURSKRWRPHWHU�ZLWK�WZR�PDWFKHG�TXDUW]�FHOOV���FP�OLJKW�SDWK�ZDV�HPSOR\HG�IRU�WKH�VSHFWUDO�PHDVXUHPHQW���
6WDQGDUG�DQG�UHDJHQWV��� $OO� FKHPLFDOV� XVHG� ZHUH� RI� DQDO\WLFDO� UHDJHQW� DQG� FHIRWD[LQH� � VRGLXP� ��FHIWULD[RQH�VRGLXP��SKDUPDFDUH�,QW���0IJ���&R����6DQD��D <HPHQ����� 6WRFN�VROXWLRQ�RI�&)7�DQG�&);������� J �PO��� ZDV�SUHSDUHG�E\�GLVVROYLQJ�����PJ�RI�&)7�RU�&);�LQ�����PO�YROXPHWULF�IODVN�VHSDUDWHO\�XVLQJ�GLVWLOOHG�ZDWHU���� :RUNLQJ�VROXWLRQ�RI�&)7�DQG�&);������ J �PO��� ZDV�SUHSDUHG�E\�GLOXWLQJ����PO�RI�VWRFN�VROXWLRQ�WR�����PO�YROXPHWULF�IODVN�VHSDUDWHO\�XVLQJ�GLVWLOOHG�ZDWHU���� 2�� $PLQRSKHQRO� UHDJHQW� ��[����� 0� ��ZDV� SUHSDUHG� E\� GLVVROYLQJ� ������J� RI� 2�DPLQRSKHQRO� LQ� ���PO� HWKDQRO� DQG�PL[HG� DQG�PDGH� XS� WR� ���PO� YROXPHWULF� IODVN�ZLWK�WKH�VDPH�VROYHQW�����3RWDVVLXP�IHUULF\DQLGH���[�����

0���ZDV�SUHSDUHG�E\�GLVVROYLQJ�������J�RI�SRWDVVLXP�IHUULF\DQLGH� LQ� GLVWLOOHG�ZDWHU� DQG�PDGH� XS� ����PO� YROXPHWULF� IODVN�ZLWK� GLVWLOOHG�ZDWHU��3URFHGXUH����� ,QWR�D�VHULHV�RI����PO�YROXPHWULF�IODVN���FHIRWD[LPH�RU�FHIWULD[RQH������ J �PO����WR�FRYHU�WKH�UDQJ�RI��WKH�FDOLEUDWLRQ�FXUYH�����WR����� J �PO����RI�FHIRWD[LPH�DQG�����WR����� J �PO���� RI� � FHIWULD[RQH� LQ� ILQG� YROXPH� RI� ��� PO�� DGG� �PO� RI� SRWDVVLXP�IHUULF\DQLGH� ��[�����0�� DQG� ���PO� RI� R�DPLQRSKHQRO� ��[����0�� DQG� VKDNH� ZHOO� ��IROORZHG� E\� �PO� RI� DPPRQXLP� EXIIHU� VROXWLRQ�� 'LOXWH� WKH� VROXWLRQ� WR� PDUN� ZLWK�GLVWLOOHG� ZDWHU� DQG� DOORZ� WKH� UHDFWLRQ� PL[WXUH� WR� VWDQG� IRU� ��� PLQ� DW� URRP�WHPSHUDWXUH� PHDVXUH� WKH� DEVRUEDQFH� DW� ���� QP� RI� FHIRWD[LPH� DQG� ���� QP� RI�FHIWULD[RQH��DJDLQVW�D�UHDJHQW�EODQN���
� $QDO\VLV�RI�SKDUPDFHXWLFDO�YLDOV���� :HLJKW�DQG�ILQDOO\�SRZGHU�DQ�HQRXJK�RI�YLDOV�IROORZHG�E\�H[WUDFWLRQ�RI�DQ�FXWHO\�ZHLJKW� SRUWLRQ� RI� WKH� SRZGHU� HTXLYDOHQW� WR� ���PJ� HDFK� FHWRWD[LPH� RU� FHIWULD[RQH�ZDV� WUDQVIHUUHG� LQWR� ����PO� YROXPHWULF� IODVN�� GLVVROYHG� LQ� ��PO� RI�PHWKDQRO� IRU� ��PLQ�� 7KH� VROXWLRQ�ZHUH�PL[HG�ZHOO� E\� VNDNLQJ� IRU� ���PLQ� DQG� WKHQ� FRPSOHWHG� WR�YROXPH�ZLWK�GLVWLOOHG�ZDWHU�7KH�VROXWLRQ�ZHUH�ILOWUDWHG�7KH�ILUVW�SRWLRQ�RI�WKH�ILOWUDWH�ZDV� UHMHFWHG�� 7KH� ILOWUDWHG�ZHUH� TXDQWLWDWLYHO\� GLOXWHG�ZLWK� GLVWLOOHG�ZDWHU� WR� \LHOG�FRQFHQWUDWLRQV������� J �PO�����GLOXWH����PO�WKLV�VROXWLRQV�WR�����PO�YROXPHWULF�IODVN�E\�GLVWLOOHG�ZDWHU�WR�SUHSDUH������ J �PO��� RI�FHIRWD[LPH�DQG�FHIWULD[RQH���5HVXOWV�DQG�'LVFXVVLRQ�����
� $EVRUSWLRQ�VSHFWUD����:KHQ�D�GLOXWH�VROXWLRQ�RI�FHIRWD[LPH�RU�FHIWULD[RQH�ZDV�PL[HG�ZLWK�SRWDVVLXP�IHUULF\DQLGH�DQG�R�DPLQRSKHQRO�UHDJHQW�DQG�DPPRQLXP�EXIIHU�VROXWLRQ���DQ�LQWHQVH�UHG�FRXORU�IRUPV�DIWHU���PLQ� ��ZKLFK�EHFRPH�VWDEOH�DIWHU����PLQ� �7KH�UHG�SURGXFW�KDV� D� PD[LPXP� DEVRUSWLRQ� DW� ���� QP� RI� FHIRWD[LPH� DQG� ���� QP� RI� FHIWULD[RQH�>ILJ���@�VKRZV�WKH�VSHFWUD�RI�WKH�UHG�FRPSOH[�IRUPHG�DQG�RI�WKH�UHDJHQW�EODQN���WKH�PD[LPXP�DEVRUSWLRQ�ZDV�XVHG�LQ�DOO�VXEVHTXHQW�H[SHULPHQWV���



6SHFUWRSKWRPHWULF�GHWHUPLQDWLRQ�RI�FHIRWD[LPH�DQG�FHIWULD[RQH�LQ���YLDOV�E\�R[LGDWLYH�FRXSOLQJ�������������
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�
)LJ�����$EVRUSWLRQ�VSHFWUD�RI������J�PO��� &HIRWD[LPH�VRGLXP�&HIWULD[RQH�6RGLXP���WUHDWHG�DV�GHVFULEHG�XQGHU�SURFHGXUH�DQG�PHDVXUHG�DJDLDVW�D�UHDJHQW�EODQN������ 2SWLPL]DWLRQ�RI�UHDFWLRQ�FRQGLWLRQV���7KH�HIIHFWV�RI�YDULRXV�SDUDPHWHUV�RQ�WKH�DEVRUSWLRQ�LQWHQVLW\�RI�WKH�IRUPHG�SURGXFW�ZHUH�VWXGLHG�DQG�WKH�UHDFWLRQ�FRQGLWLRQV�ZHUH�RSWLPL]HG���(IIHFW�LRQ�RI�UHDJHQW������ :KHQ�YDULRXV�FRQFHQWUDWLRQ�RI�R�DPLQRSKHQRO�VROXWLRQ�DGGHG�WR�D�IL[HG�DPRXQW�RI� FHIRWD[LPH� RU� FHIWULD[RQH� VROXWLRQ� ���� PO� RI� ��[����0�� VROXWLRQ� ZDV� IRXQG�HQRXJK�WR�GHYHORS�WKH�FRORU�WR�LWV�IXOO�LQWHQVLW\�DQG�JLYH�D�PLQLPXP�EODQN�YDOXH����
(IIHFW��RI�R[LGDQW�FRQFHQWUDWLRQ����
� 7KH� SURGXFW� IRUPDWLRQ� UHDFKHG� PD[LPXP� ZLWK� DERXW� �PO� DW� ��[����0��SRWDVVLXP�IHUULF\DQLGH�VROXWLRQ�DQG�UHPDLQHG�DW�WKLV�PD[LPXP�ZKHQ�����WR���PO�RI�WKH�R[LGDQW�FRQFHQWUDWLRQ�ZDV�DGGHG�WR�FRIRWD[LPH�RU�FHIWULD[RQH����PO�RI�R[LGL]LQJ�DJHQW�VROXWLRQ�ZDV�WKHUHIRUH�XVHG�LQ�SURFHGXUH�VLQFH�LW�JDYH�KLJK�VHQVLWLYLW\����
(IIHFW�RI�S+����� 7KH�HIIHFW�RI�S+�UDQJH��������ZDV�H[DPLQHG�DQG�RQO\�S+� ����DPPRQLXP�EXIIHU��ZDV� IRXQG� WR� EH� RSWLPXP� �� 7KH� HIIHFW� RI� WKH� DPRXQW� RI� WKH� EXIIHU� XVHG�ZDV� DOVR��LQYHVWLJDWHG�DQG���PO�ZDV�IRXQG�WR�EH�RSWLPDO��
(IIHFW�RI�UHDFWLRQ�WLPH����
� 7KH�G\H� LQWHQVLW\�UHDFKHG�D�PD[LPXP�DIWHU� �FHIRWD[LPH�RU�FHIWULD[RQH�VROXWLRQ�KDG� EHHQ� UHDFWHG� LPPHGLDWHO\� ZLWK� SRWDVVLXP� IHUULF\DQLGH� DQG� R�DPLQRSKHQRO� LQ�DONDOLQH�PHGLXP� DQG� EHFRPH� VWDEOH� DIWHU� ���PLQ� �� WKHUHIRUH� ���PLQ� GHYHORSPHQW�WLPH�ZDV� VHOHFWHG�DV�RSWLPXP�LQ� WKH�JHQHUDO�SURFHGXUH� ��7KH�FRXORU�REWDLQHG�ZDV�VWDEOH�IRU���KRXU���
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(IIHFW�RI�WHPSHUDWXUH����
� 7KH� HIIHFW� RI� WHPSHUDWXUH� RQ� WKH� FRXORU� LQWHQVLW\� RI� WKH� G\H� ZDV� VWXGLHG� �� ,Q�SUDFWLFH�WKH�VDPH�DEVRUEDQFH�ZDV�REWDLQHG�ZKHQ�WKH�FRXORU�ZDV�GHYHORSHU�DW�URRP�WHPSHUDWXUH� ���&�� �� RU� ZKHQ� WKH� YROXPHWULF� IODVN� ZDV� SODFHG� LQ� DQ� LFH� ±EDWK� DW���&�� RU� LQ� D� ZDWHU� ±EDWK� DW� ���&���� WKHUHIRUH� LW� LV� UHFRPPHQGHG� WKDW� WKH� FRXORU�UHDFWLRQ�VKRXOG�EH�FDUULHG�RXW�DW�URRP�WHPSHUDWXUH����&�� ��
�(IIHFW�RI�RUGHU�DGGLWLRQ����� 7R� REWDLQ� RSWLPXP� UHVXOWV� �� WKH� RUGHU� RI� WKH� DGGLWLRQ� RI� UHDJHQWV� VKRXOG� EH�IROORZHG�DV�JLYHQ�XQGHU� WKH�SURFHGXUH���RWKHUZLVH�D� ORVV� LQ�FRORU� LQWHQVLW\�VWDELOLW\�ZHUH�REVHUYHG��
&DOLEUDWLRQ�FXUYH����(PSOR\LQJ�WKH�FRQGLWLRQV�GHVFULEHG�XQGHU�SURFHGXUH���D�OLQHDU�FDOLEUDWLRQ�FXUYH��IRU�FHIRWD[LPH�DQG�FHIWULD[RQH�ZHUH�REWDLQHG�ZKLFK�VKRZV� WKDW� LV� EHHU¶V� ODZ�ZHUH�REH\HG�RYHU� WKH� FRQFHQWUDWLRQ� UDQJH� ���� WR� ���� J ���PO�� RU� ��� WR� ��� J�PO��� RI�FHIRWD[LPH� DQG� ���� WR� ���� J���� PO�� RU� ����� WR� ��� J PO��� � RI� FHIWULD[RQH� ZLWK�FRUUHODWLRQ� FRHIILFLHQW� RI� ������� DQG� ������ �� DQ� LQWHUFHSW� RI� �������� DQG� ��������VORSH� ������ DQG� ������� >ILJ����@� DQG� >ILJ����@� UHVSHFWLYHO\�� &RQGLWLRQDO� PRODU�DEVRUSWLYLW\�RI�WKH�UHG�SURGXFW�IRUPHG�ZLWK�FHIRWD[LPH�DQG�FHIWULD[RQH�ZHUH�IRXQG�WR�EH����[��� O�PRO���FP���DQG�����[���� O�PRO���FP���UHVSHFWLYHO\�
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)LJ�����&DOLEUDWLRQ�FXUYH�RI�FHIRWD[LPH�� ��)LJ�����&DOLEUDWLRQ�FXUYH�RI�FHIWULD[RQH�
$FFXUDF\�DQG�SUHFLVLRQ�����
� 7R�GHWHUPLQH�WKH�DFFXUDF\�DQG�SUHFLVLRQ�RI�WKH�PHWKRG�FHIRWD[LPH�DQG�FHIWULD[RQH�ZHUH�GHWHUPLQHG�DW�WKUHH�GLIIHUHQW�FRQFHQWUDWLRQV���7KH�UHVXOWV�REWDLQHG�DUH�VKRZQ�LQ�>�7DEOH����@�DQG�>�7DEOH���@�$�VDWLVIDFWRU\�SUHFLVLRQ�DQG�DFFXUDF\�REWDLQHG��SURSRVHG�PHWKRG��
�



6SHFUWRSKWRPHWULF�GHWHUPLQDWLRQ�RI�FHIRWD[LPH�DQG�FHIWULD[RQH�LQ���YLDOV�E\�R[LGDWLYH�FRXSOLQJ�������������

7DEOH�������$FFXUDF\�DQG�SUHFLVLRQ�RI�FHIRWD[LPH�VRGLXP�
�

&RQFHQWUDWLRQ��RI���&HIRWD[LPH� J �PO��� 5HFRYHU\���� 5�6�'��

3UHVHQW� )RXQG�
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$YHUDJH�RI�ILYH�GHWHUPLQDWLRQV���
7DEOH��������$FFXUDF\���DQG�SUHFLVLRQ�RI�FHIWULD[RQH�VRGLXP���

&RQFHQWUDWLRQ�RI�FHIWULD[RQH�PJ�PO��� 5HFRYHU\��� 5 6�'���
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$YHUDJH�RI�ILYH�GHWHUPLQDWLRQV�
0HFKDQLVP�RI�WKH�FRXSOLQJ�UHDFWLRQ�����7KH� VWRLFKLRPHWU\� RI� WKH� UHDFWLRQ� EHWZHHQ� FHIRWD[LPH� RU� FHIWULD[RQH� DQG� R�DPLQRSKHQRO� ZHUH� LQYHVWLJDWHG� XVLQJ� MRE¶V� PHWKRG� �� 7KH� UHVXOWV� REWDLQHG� ������SURGXFW�ZHUH�IRUPHG�EHWZHHQ�FHIRWD[LPH�RU�FHIWULD[RQH�DQG�R�DPLQRSKHQRO�UHDJHQW�DW�����QP�DQG�����QP�UHVSHFWLYHO\��7KH�SURSRVHG�SURGXFW�FDQ�EH��DV�IROORZV����
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7KH� SURGXFWV� IRUPHG�ZHUH� VROXEOH� LQ�ZDWHU� �� 7KH� DSSDUHQW� VWDELOLW\� FRQVWDQW�ZHUH�FDOFXODWHG� E\� FRPSDULQJ� WKH� DEVRUEDQFH� RI� FRQWDLQLQJ� VWLRFKLPHWULF� DPRXQW� RI�FHIRWD[LPH� RU� FHIWULD[RQH� DQG� R�DPLQRSKHQRO� ZLWK� WKDW� RI� D� VROXWLRQ� FRQWDLQLQJ� D�ILYH±IROG�H[FHVV�RI�R��DPLQRSKHQRO�UHDJHQW���7KH�VWDELOLW\�FRQVWDQW�RI�WKH�SURGXFW�LQ�ZDWHU� XQGHU� WKH� GHVFULEHG� H[SHULPHQWHG� RI� FRQGLWLRQ� ZHUH� ����[���O�PRO��� DQG�����[��� O�PRO��� UHVSHFWLYHO\�
$QDO\WLFDO�DSSOLFDWLRQV����
7KUHH� W\SHV� RI� YLDOV� FRQWDLQLQJ� FHIRWD[LPH� DQG� WKUHH� W\SHV� RI� YLDOV� FRQWDLQLQJ�FHIWULD[RQH� KDYH� EHHQ� DQDO\]HG� DQG� WKH\� JDYH� D� JRRG� DFFXUDF\� DQG� SUHFLVLRQ�>7DEOH���@� �� 7KH� SURSRVHG� PHWKRG� DQG� RIILFLDO� PHWKRGV� ���� ZHUH� DSSOLHG� WR� WKH�GHWHUPLQDWLRQ�RI�YLDOV� �� ,Q� WKH� W�WHVW�DQG�I�WHVW�QR�VLJQLILFDQW�GLIIHUHQFH�ZHUH� IRXQG�EHWZHHQ� WKH� FDOFXODWHG� DQG� WKHRUHWLFDO� YDOXHV� RI� WKH� ���� FRQILGHQFH� OLPLW� RI� WKH�SURSRVHG� DQG� RIILFLDO� PHWKRGV� >7DEOH� ���@� �7KH� LQYHVWLJDWHG� PHWKRG� LV� VLPSOHU� ��IDVWHU�DQG�PRUH�VHQVLWLYH�WKDQ�RI�RIILFLDO�RQH���



6SHFUWRSKWRPHWULF�GHWHUPLQDWLRQ�RI�FHIRWD[LPH�DQG�FHIWULD[RQH�LQ���YLDOV�E\�R[LGDWLYH�FRXSOLQJ�������������

7DEOH�����$SSOLFDWLRQ�RI�WKH�SURSRVHG�PHWKRG�IRU�FHIRWD[LPH�DQG�FHIWULD[RQH�LQ�SKDUPD�FHWLWLFDO�YLDOV��
'UXJ� 3URGXOW�DQG�PDQXIDFWXUH� &ODLPHG��PJ��

$PRXQW�WDNHQ�
�PJ�PO����

5�6�'���
&HIRWD[LPH�
�

&HIRWD[LPH�

&HIRWD[LPH�

&HIWULD[RQH�

&HIWULD[RQH�
�

&HIWULD[RQH�
�

)RWDUDQ��.RUHD��8QLWHG�3KDUP��,Q���.RUHD�
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