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$GVRUSWLYH�5HPRYDO�RI�&U��9,��IURP�$TXHRXV�6ROXWLRQ�RQWR�
&KDUUHG�6XJDU�&DQH�%DJDVVH�

3XVS�5DM�%KDWW���5DP�/RFKDQ�$U\DO���%KRM�5DM�3RXGHO���6LWDUDP�%KDWWDUDL��DQG�6XUHQGUD�.�*DXWDP�

�'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��*KDQWDJKDU��.DWKPDQGX��1HSDO�
�'HSDUWPHQW�RI�&KHPLVWU\��$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�

(PDLO��VJDXWDP����#\DKRR�FRP�

$EVWUDFW��

&KDUUHG� VXJDU� FDQH� EDJDVVH� ZDV� SUHSDUHG� E\� FKHPLFDO� PRGLILFDWLRQ� RI� VXJDU� FDQH� EDJDVVH� ZLWK�
FRQF��+�62���7KH�DGVRUSWLRQ� RI�&U�9,�� LRQV� RQ� FKDUUHG� VXJDU� FDQH� EDJDVVH� �&6&%�� KDV� EHHQ� VWXGLHG�
WKURXJK�EDWFK�DGVRUSWLRQ� WHFKQLTXHV� WR�HYDOXDWH� WKH� LQIOXHQFH�YDULRXV�SDUDPHWHUV� VXFK�DV�S+��FRQWDFW�
WLPH�� LQLWLDO� FRQFHQWUDWLRQ� DQG� DGVRUEHQW� GRVHV�� 7KH� DGVRUEHQW� VXUIDFH� ZDV� FKDUDFWHUL]HG� E\� XVLQJ�
6FDQQLQJ�(OHFWURQ�0LFURVFRS\��6(0��DQG�IXQFWLRQDO�JURXS�ZDV�GHWHFWHG�E\�)RXULHU�7UDQVIRUP�,QIUDUHG�
�)7,5��VSHFWURVFRS\��7KH�RSWLPXP�S+�ZDV�IRXQG�WR�EH���DQG�WKH�UHDFWLRQ�IROORZHG�SVHXGR�VHFRQG�RUGHU�
NLQHWLFV��7KH�DGVRUSWLRQ�SHUFHQWDJH�RI�FKURPLXP�E\�FKDUUHG�VXJDU�FDQH�EDJDVVH�GHFUHDVHG�DW�WKH�KLJKHU�
LQLWLDO� PHWDO� FRQFHQWUDWLRQ� DQG� ORZHU� DGVRUEHQW� GRVHV�� 7KH� HTXLOLEULXP� DGVRUSWLRQ� LVRWKHUP� ZDV� EHVW�
ILWWHG�ZLWK�)UHXQGOLFK�DGVRUSWLRQ�LVRWKHUP��7KLV�UHVXOW�LQGLFDWHV�WKDW�6&%�FDQ�EH�XVHG�DV�HFRQRPLFDO�DQG�
HIILFLHQW�PDWHULDO�IRU�WKH�DGVRUSWLRQ�RI�&U�9,��IURP�WKH�DTXHRXV�VROXWLRQ��

.H\ZRUGV��0RGLILHG 6XJDU�&DQH�%DJDVVH��06&%���/DQJPXLU�,VRWKHUP��)UHXQGOLFK�,VRWKHUP��6(0��)7,5

,QWURGXFWLRQ��

7KH�SROOXWLRQ�RI�KHDY\�PHWDO�LRQ�LQ�WKH�HQYLURQPHQW�LV�D�FULWLFDO�SUREOHP�EHFDXVH�RI�WKHLU�WR[LFLW\�DQG�
RWKHU� HIIHFWV�� &KURPLXP� LV� D� WR[LF� PHWDO� RI� ZLGHVSUHDG� XVH� LQ� PDQ\� LQGXVWULHV� DQG� PL[LQJ� LQWR� WKH�
HQYLURQPHQW�DV�D�UHVXOW�RI�PHWDO�SODWLQJ�IDFLOLWLHV��PLQLQJ�RSHUDWLRQ��OHDWKHU�WDQQLQJ��PHWDOOXUJ\���IO\�DVK�
IURP� LQFLQHUDWRUV�� PDQXIDFWXUH� RI� HOHFWULFDO� HTXLSPHQWV� SDLQWV�� DOOR\V�� EDWWHULHV� SHVWLFLGHV�� IHUWLOL]HUV��
&KURPLXP� KDV� WZR� VWDEOH� R[LGDWLRQ� VWDWHV� &U�,,,�� DQG� &U�9,��� 7KH� WULYDOHQW� IRUP� LV� OHVV� KDUPIXO� EXW�
KH[DYDOHQW�FKURPLXP�LV�WR[LF��DQG�PXWDJHQLF�LQ�QDWXUH���&KURPLXP�LV�KDUG�VWHHO�JUD\�PHWDO�WKDW�LV�KLJKO\�
UHVLVWDQW� WR� R[LGDWLRQ�� HYHQ� DW� KLJK� WHPSHUDWXUH�� ,QGXVWULHV� ZDVWDJHV� DUH� TXLWH� UHVSRQVLEOH� IRU� WKH�
VSUHDGLQJ�WKH�KHDY\�PHWDOV�LQ�DTXDWLF�HQYLURQPHQW�DQG�SDUDOOHO�LQWR�WKH�WHUUHVWULDO�HQYLURQPHQWV�WRR���7KH�
SUREOHP�LV�FUHDWHG�GXH� WR� WKH�FRQWDPLQDWLRQ�RI� WKH�ZDVWH�ZDWHU�RI�XUEDQ�DUHDV�ZLWK� WR[LF�KHDY\�PHWDOV�
LRQV��&RQWDPLQDWLRQ�RI� WKHVH�PHWDOV�DQG�PHWDOORLGV� LQ� ODNH��VWUHDP��DQG�RWKHU�UHVRXUFHV�RI� WKH�GULQNLQJ�
ZDWHU�OHDGV�WR�KRUUHQGRXV�KHDOWK�SUREOHPV�LQ�DQLPDOV��SODQWV�LQFOXGLQJ�KXPDQ�EHLQJV�����

,I� WKH�FRQFHQWUDWLRQ�RI� WKH�&U��9,�� LV�VOLJKWO\�JUHDWHU� WKDQ�LWV� WROHUDQFH� OLPLW� �ODQG�VXUIDFH�ZDWHU�����
SSP� DQG� SRWDEOH� ZDWHU� LV� ����� SSP��� LW� EHFRPHV� WR[LF� DQG� LWV� LQJHVWLRQ� FDQ� FDXVH� SDLQ�� YRPLWLQJ��
&ODVVLFDOO\�� FKURPLF� PHWDO� FDQ� EH� UHPRYHG� E\� SUHFLSLWDWLRQ� OLPH� FRDJXODWLRQ�� VROYHQW� H[WUDFWLRQ��

�ŽƌƌĞƐƉŽŶĚŝŶŐ�ĂƵƚŚŽƌ
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HOHFWURO\VLV�� LRQ�H[FKDQJH�� UHYHUVH� RVPRVLV�� HYDSRUDWLRQ�� FKHODWLQJ�� FHQWULIXJDWLRQ�� HOHFWUR�GLDO\VLV�
PHWKRGV���7KHVH�WHFKQLTXHV�DUH�HFRQRPLFDOO\�H[SHQVLYH�DQG�LQYROYH�LQFRPSOHWH�PHWDO�UHPRYDO�SURFHVV��
7R�RYHUFRPH�WKRVH�SUREOHPV�DQG�WR�REH\�PRUH�HIILFLHQW�PHWKRG��LW�ZDV�QHHGHG�WR�EH�SUDFWLFHG�HIILFLHQW�
DQG� HQYLURQPHQW� IULHQGO\� PHWKRGV�� %LRVRUSRWLRQ� LV� DQ� HIILFDFLRXV� DQG� YHUVDWLOH� PHWKRG� IRU� UHPRYLQJ�
FKURPLXP� DQG� FRSSHU� DQG� RWKHU� KHDY\�PHWDOV� IURP� LQGXVWULDO� DQG� RWKHU� GUDLQ� ZDVWDJH�� 7KH�PRGLILHG�
FDUERQ�LV�PRVW�IUHTXHQWO\�XVHG�DGVRUEHQW�IRU�WKH�UHPRYDO�RI�&U�9,��SUHVHQW�LQ�ZDWHU�DQG�ZDVWHZDWHU�WKDW�
FDQ� EH� HPSOR\HG� IRU� WKH� WUHDWPHQW� RI� WUDFH� FRQFHQWUDWLRQ� RI� SROOXWDQW��� 0RGLILHG� FDUERQ� KDV� EHHQ�
SUHSDUHG�IURP�YDULRXV�DJULFXOWXUDO�ZDVWH�PDWHULDOV�OLNH�FRFRQXW�KXVN��SHDW�PRVV��ZRRO��KXVN�RI�%HQJDO�
JUDP��H[KDXVWHG�FRIIHH��ZDVWH�WHD��EDQDQD�EDUN��VDZGXVW��VXJDUFDQH�GXVW��ULFH�KXVN��DOSLQH�HWF��DUH�WKH�ORZ�
FRVW�RI�VXFK�FDUERQ�SUHFXUVRUV���7KH�PRGLILHG�PDWHULDO� WKXV�SUHSDUHG�IURP�DJULFXOWXUDO�ZDVWHV�KRZHYHU�
FDQ� EH�PRGLILHG� E\� YDULRXV�PHWKRGV� OLNH� FKHPLFDO� DFWLYDWLRQ�� VWHDP� DFWLYDWLRQ�� WKHUPDO� DFWLYDWLRQ� HWF��
7KH�HIIHFWLYH�VXUIDFH�DUHD�RI�WKH�PRGLILHG�FKDUFRDO�JHWV�PRGLILHG�GXH�WR�WKH�IUDFWLRQDOL]DWLRQ�RI�WKH�UDZ�
PDWHULDOV�E\�WKH�FKHPLFDO�PRGLILFDWLRQ�SURFHVV���� 7KH�PDLQ�DLP�RI�WKLV�VWXG\�LV�WR�H[SORUH�WKH�DGVRUSWLRQ�
FDSDFLW\�DQG�WKH�NLQHWLFV�RI�&U�9,��LRQV�RQWR�WKH�VXJDUFDQH�EDJDVVH��

([SHULPHQWDO�0HWKRGV�

3UHSDUDWLRQ�RI�DGVRUEHQW�

7KH�UDZ�VXJDUFDQH�EDJDVVH�ZDV�FROOHFWHG�IURP�MXLFH�VKRS�RI�.DWKPDQGX��ZDV�ZDVKHG�ZLWK�GLVWLOOHG�
ZDWHU�DQG�GULHG�RQ�VXQOLJKW�DERXW�RQH�ZHHN��7KHQ�LW�ZDV�JULQGHG�E\�PHFKDQLFDO�JULQGHU�DQG�ZDV�VLHYHG�
LQWR������P�PHVV�VL]H��7KXV�REWDLQHG�UDZ�VXJDU�FDQH�EDJDVVH�LV�SRRU�HIILFLHQW�IRU�WKH�UHPRYDO�RI�&U�9,��
PHWDOV�� 7R� LQFUHDVH� LWV� DGVRUSWLRQ� HIILFLHQF\� WKXV� REWDLQHG� UDZ� VXJDUFDQH� EDJDVVH�ZDV� VXEMHFWHG�ZLWK�
FKHPLFDO�PRGLILFDWLRQ�E\�FRQF��+�62�

������

%XIIHU�VROXWLRQ��

%XIIHU�VROXWLRQV�RI�S+������S+�����DQG�S+�����ZHUH�SUHSDUHG�E\�GLVVROYLQJ�EXIIHU�WDEOHWV�LQ�����PO�
FRQLFDO�IODVNV�IRU�HDFK�VLQJOH�WDEOHW�LQ�GLVWLOOHG�ZDWHU�E\�VKDNLQJ�SURFHVV���

3UHSDUDWLRQ�RI�VROXWLRQV�

�����PJ�/� RI� VWDQGDUG� VWRFN� VROXWLRQ� RI�&U�9,��ZDV� SUHSDUHG� E\� GLVVROYLQJ� SRWDVVLXP� GLFKURPDWH�
FU\VWDO�LQ�GLVWLOOHG�ZDWHU�DQG�IXUWKHU�GLOXWHG�ZLWK�����1�QLWULF�DFLG�VROXWLRQ�WR�SUHSDUH�ZRUNLQJ�VROXWLRQV�RI�
GHVLUHG�FRQFHQWUDWLRQV�RI����PJ�/�����PJ�/�����PJ�/������PJ�/������PJ�/������PJ�/�������PJ�/���

(IIHFW�RI�S+�

7KH�S+�RI����PJ�/�RI�&U�9,��PHWDO�LRQ�ZDV�PDLQWDLQHG�LQ�WKH�UDQJH�S+�����XVLQJ�����1�+12��DQG�
����1�1D2+�VROXWLRQV�����PJ�DGVRUEHQW�DORQJ�ZLWK����PO�ZRUNLQJ�VROXWLRQ�RI�&U�9,��LRQ�ZLWK�GLIIHUHQW�
S+�ZDV�WDNHQ�DQG�VKDNHQ�DW�URRP�WHPSHUDWXUH�IRU����KU�WR�UHDFK�HTXLOLEULXP���

(IIHFW�RI�DGVRUEHQW�FRQFHQWUDWLRQ�

7KH�VWXG\�RQ�HIIHFW�RI�DGVRUEHQW�FRQFHQWUDWLRQ�ZDV�FDUULHG�RXW�XVLQJ�&U�9,��LRQ�FRQFHQWUDWLRQ�IURP����
PJ�/�WR�����PJ�/�DW�RSWLPXP�S+��$IWHU�VKDNLQJ�WKH�VDPSOH�ERWWOHV�DW�URRP�WHPSHUDWXUH�IRU����KU�DQG�
ILOWHULQJ�� WKH� HTXLOLEULXP� FRQFHQWUDWLRQ� RI� &U�9,�� LRQ� ZHUH� PHDVXUHG�� )URP� WKH� &U�9,�O� FRQFHQWUDWLRQ�
PHDVXUHG�EHIRUH�DQG�DIWHU�DGVRUSWLRQ��FL�DQG�FH��UHVSHFWLYHO\��DQG�GU\�ZHLJKW�RI�DGVRUEHQW��:��DV�ZHOO�DV�
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WKH�YROXPH�RI�DTXHRXV�VROXWLRQ��9���WKH�DPRXQW�RI�&U�9,���DGVRUEHG�LQ�PJ�J�DW�HTXLOLEULXP�DUH�FRPSXWHG�
E\�XVLQJ�HTXDWLRQ�������

T� � �����������������

%DWFK�HTXLOLEULXP�WLPH�VWXGLHV��

(TXLOLEULXP�WLPH�RI�WKH�DGVRUEHQWV�IRU�WKH�VRUSWLRQ�RI�&U�9,��ZDV�LQYHVWLJDWHG�DW�RSWLPXP�S+�YDOXHV�
DW�URRP�WHPSHUDWXUH�����PO�RI����PJ�/�FRQFHQWUDWLRQ�RI�&U�9,��VROXWLRQV�ZHUH�WDNHQ�LQ�����PO�UHDJHQW�
ERWWOH�ZLWK����PJ�DGVRUEHQWV�DQG�ZDV�VKDNHQ�LQ�D�PHFKDQLFDO�VKDNHU�IRU����PLQ�����PLQ�����PLQ�����PLQ��
���PLQ�����PLQ�����PLQ�����PLQ�����PLQ������PLQ������PLQ����KUV����KUV����KUV�DQG����KUV�UHVSHFWLYHO\��
7KH�PHWDO�LRQ�>&U�9,�@�FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG�E\�VSHFWURSKRWRPHWULF�PHWKRG��

%DWFK�NLQHWLF�VWXGLHV��

7KH� DGVRUSWLRQ� NLQHWLF� H[SHULPHQWV� ZHUH� FDUULHG� RXW� DW� RSWLPXP� S+� IRU� &U�9,�� DGVRUSWLRQ� E\�
HTXLOLEUDWLQJ����PJ�RI�DGVRUEHQWV�LQ�����PO�VWRSSHU�ERWWOHV�FRQWDLQLQJ����PO�RI����PJ�/�&U�9,��VROXWLRQ�
LQ�HDFK��6HSDUDWH�VHWV�RI�YDULRXV�VDPSOHV�ZHUH�NHSW�RQ�PHFKDQLFDO�VKDNHU�DQG�VKDNHQ�YLJRURXVO\��6DPSOHV�
ZHUH�ILOWHUHG�WKURXJK�ILOWHU�SDSHU�DQG�FRQFHQWUDWLRQ�EHIRUH�DQG�DIWHU� WKH�DGVRUSWLRQ�ZHUH�GHWHUPLQHG�E\�
VSHFWURSKRWRPHWULF�PHWKRG�E\�DQDO\]LQJ�WKH�ILOWUDWH��7KH�GDWD�REWDLQHG�ZDV�WHVWHG�ZLWK�SVHXGR�ILUVW�RUGHU��
SVHXGR�VHFRQG�RUGHU�DQG�VHFRQG�RUGHU�NLQHWLF�PRGHO���

5HVXOWV�DQG�'LVFXVVLRQ��

7KH� VRUSWLRQ� RI� &U�9,�� LQ� DTXHRXV� VROXWLRQ� ZDV� H[DPLQHG� E\� RSWLPL]LQJ� YDULRXV� SK\VLRFKHPLFDO�
SDUDPHWHUV� VXFK� DV� LQLWLDO� S+�� LQLWLDO� DGVRUEDWH� FRQFHQWUDWLRQ�� FRQWDFW� WLPH�� DGVRUEHQW� GRVH�� GHVRUSWLRQ�
VWXG\� 7KH�DEVRUEDQFH�RI�UHG�YLROHW�&U�9,��GLSKHQ\OFDUED]LGH�FRPSOH[�DW�PD[LPXP�ZDYHOHQJWK�����QP��
L�H��� PD[�LV�����QP��

5HPRYDO�RI�&U�9,��ZDV�IRXQG�WR�EH�GHFUHDVHG�ZLWK�LQFUHDVH�LQ�S+��7KH�PD[LPXP�UHPRYDO�YDOXH�ZDV�
REWDLQHG�DW�S+���ZKLFK�LV�DQ�RSWLPXP�S+�IRU�&6&%�DV�VKRZQ�LQ�)LJXUH����)LJXUH���GHSLFWV�WKH�VWXG\�RI�
DGVRUSWLRQ�ZDV�FDUULHG�RXW� LQ�PHDVXULQJ� WKH�HIIHFW�RI�FRQWDFW� WLPH�RQ� WKH�EDWFK�DGVRUSWLRQ�RI����PJ�/�
PHWDO�VROXWLRQ�ZLWK����PJ�DGVRUEHQW�IRU�GLIIHUHQW�WLPH�LQWHUYDOV�UDQJLQJ�IURP����PLQXWHV�WR�����PLQXWHV��
7KH�UHTXLUHG�WLPH�HTXLOLEULXP�IRU�DGVRUSWLRQ�RI�&U�9,��RQWR�&6&%�ZDV�IRXQG�WR�EH�����PLQXWH��
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)LJXUH����(IIHFW�RI�S+�RQ�&U�9,��DGVRUSWLRQ�E\�&6&%

)LJXUH����(IIHFW�RI�FRQWDFW�WLPH�IRU�WKH�DGVRUSWLRQ�SHUFHQWDJH�RI�&U�9,��RQWR�&6&%�

7KH�HIIHFW�RI�DGVRUEHQW�GRVH�IRU�DGVRUSWLRQ�RI�&U�9,��RQWR�&6&%�ZDV�VWXGLHG�DW�URRP�WHPSUHWXUH�DW�
RSWLPXP�S+���ZDV�VWXGLHG�E\�YDU\LQJ�WKH�DGVRUEHQW�DPRXQWV�IURP����PJ�WR�����PJ�ZKLFK�LV�JUDSKLFDOO\�
VKRZQ�LQ�)LJXUH����7KH�PD[LPXP�DGVRUSWLRQ�FDSDFLW\�&U�9,��RQWR�&6&%�LV�IRXQG�WR�EH�����PJ�ZLWK������
��DGVRUSWLRQ��

)LJXUH����(IIHFW�RI�DGVRUEHQW�GRVH�IRU�WKH�DGVRUSWLRQ�SHUFHQWDJH�RI�&U�9,��RQWR�&6&%�

$GVRUSWLRQ�RI�&U�9,��RQWR�&6&%�JLYHV�OLQHDU�UHODWLRQVKLS�ZLWK�)UHXQGOLFK�DQG�/DQJPXLU�LVRWKHUPV��
)UHXQGOLFK� DGVRUSWLRQ� LVRWKHUP� LV� PRUH� DSSOLFDEOH� WKDQ� /DQJPXLU� DGVRUSWLRQ� LVRWKHUP�� 7KH� YDOXHV� RI�
/DQJPXLU� DQG� )UHXQGOLFK� SDUDPHWHUV� DUH� GHWHUPLQHG� DQG� WDEXODWHG� LQ� LQYHVWLJDWHG� DW� YDULRXV�
FRQFHQWUDWLRQ� IURP� ���PJ�/� WR� ����PJ�/�� )UHXQGOLFK� LVRWKHUP� SORW� IRU� WKH� DGVRUSWLRQ� RI�&U�9,�� RQWR�
&6&%�LV�VKRZQ�LQ�)LJXUH���DV�JLYHQ�E\�HTXDWLRQ����

ORJ�TF� �ORJ�.�����Q�ORJ�FH�����������������

:KHUH�TH�LV�WKH�DPRXQW�DGVRUEHG�SHU�XQLW�SDVV�RI�DGVRUEHQW��PJ�J���FH�LV�WKH�HTXLOLEULXP�FRQFHQWUDWLRQ�
RI� WKH� DGVRUEHQW� PJ�/�� .� DQG� Q� DUH� )UHXQGOLFK� HTXLOLEULXP� FR�HIILFLHQW�� ZKLFK� DUH� FRQVLGHUHG� WR� EH�
UHODWLYH� LQGLFDWRUV�RI�DGVRUSWLRQ�FDSDFLW\�DQG�DGVRUSWLRQ� LQWHQVLW\��7KH�YDOXH�RI���Q�YDULHV�EHWZHHQ�����
DQG�����LQGLFDWHV�WKH�IDYRUDEOH�DGVRUSWLRQ�DQG�KHDY\�PHWDO�LRQV�����
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7DEOH����/DQJPXLU�DQG�)UHXQGOLFK�SDUDPHWHUV�IRU�WKH�DGVRUSWLRQ�RI�&U�9,��RQWR�&6&%�

$GVRUEHQW� ��([SW��

TPD[�PJ�J��

����/DQJPXLU�LVRWKHUPV� ��������)UHXQGOLFK�LVRWKHUPV�

&6&%� �������

����TP

�PJ�JP�
����E��

�/�PJ��

�5� �����.�
�PJ�JP��

����Q� ��5��

������� ������� ������ ������ ������ ������

)LJXUH����)UHXQGOLFK�LVRWKHUP�SORW�IRU�WKH�DGVRUSWLRQ�RI�&U�9,��RQWR�&6&%�

7KH� NLQHWLF� GDWD� IRU� WKH� DGVRUSWLRQ� RI�&U�9,�� RQWR�&6&%�ZDV� VWXGLHG� E\� XVLQJ� SVHXGR�ILUVW� RUGHU��
SVHXGR�VHFRQG� RUGHU� DQG� VHFRQG� RUGHU� NLQHWLFV� PRGHO�� )URP� WKHVH� UHVXOW�� WKH� H[SHULPHQWDO� GDWD� ZHUH�
EHWWHU�GHVFULEHG�E\�SVHXGR�VHFRQG�RUGHU�NLQHWLFV��7KH�SORW�RI�SVHXGR�VHFRQG�RUGHU�PRGHO�LV�VKRZQ�LQ�WKH�
)LJXUHV����7KH�GDWD� IRU� DOO� NLQHWLF�PRGHOV� DUH� WDEXODWHG� LQ� WKH�7DEOH����3UHYLRXV� UHVHDUFK�ZRUN� LV� DOVR�
UHSRUWHG�SVHXGR�VHFRQG�RUGHU���

)LJXUH����3VHXGR�VHFRQG�RUGHU�NLQHWLF�SORW�IRU�WKH�DGVRUSWLRQ�RI�&U�9,��RQWR�&6&%�
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7DEOH����.LQHWLF�SDUDPHWHUV�IRU�WKH�ELVRUSWLRQ�ZLWK�FRUUHODWLRQ�FRHIILFLHQW�
2UGHU� 5DWH�&RQVWDQW��J�PJ�PLQ�� 5�

3VHXGR�ILUVW�RUGHU� ����î����� ������
3VHXGR�VHFRQG�RUGHU� �����î���� ������
6HFRQG�RUGHU� �����î����� �����

,Q�SUHVHQW�UHVHDUFK�ZRUN��)7,5�DQDO\VLV�LV�SHUIRUPHG�WR�LQYHVWLJDWH�WKH�VXUIDFH�IXQFWLRQDO�JURXSV�RI�
56&%�DQG�&6&%��7KH�)7,5�VSHFWUD�RI�ERWK�DGVRUEHQWV��56&%�DQG�&6&%��DUH�VKRZQ�LQ�)LJXUHV���DQG����
UHVSHFWLYHO\�ZKLFK�ZHUH�XVHG� WR�GHWHUPLQH� WKH�YLEUDWLRQ� IUHTXHQF\�FKDQJHV� WKH� IXQFWLRQDO�JURXS� LQ� WKH�
DGVRUEHQWV�RI�6&%��7KH�DGVRUSWLRQ�SHDN�DURXQG������FP���LQGLFDWHV�WKH�SUHVHQFH�RI�& 2�VWUHWFKLQJ��7KLV�
LV�GXH�WR� WKH�KHPLFHOOXORVHV�DQG�OLJQLQ�DURPDWLF�JURXSV��7KH�SHDN�DURXQG������FP��� LQGLFDWHV� WKH�& 2�
VWUHWFKLQJ�RI� DURPDWLF�JURXSV�� WKDW�PD\�EH�DWWULEXWHG� WR� WKH�KHPLFHOOXORVHV�DQG� OLJQLQ�DURPDWLF�JURXSV��
7KLV�FRQILUPV�WKDW� WKH�FKDQJHV�LQ�YLEUDWLRQ�RI�FDUERQ\O�JURXS�RI�FKDUUHG�DQG�QRQ��FKDUUHG�VDPSOH��7KH�
SHDN� DURXQG� ���� UHSUHVHQWV� WKH� & &� DONHQHV�� 7KH� SHDN� DURXQG� ����� FP��� UHSUHVHQWV� WKH� IUHH� ±2+�
VWUHWFKLQJ�JURXS�������

)LJXUH����)7,5�VSHFWUD�RI�56&%�

)LJXUH�����)7,5�VSHFWUD�RI�&6&%
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