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7KH�DLP�RI�WKLV�VWXG\�LV�WKH�SURGXFWLRQ�RI�PDJQHWLF�QDQR�PDWHULDOV�DV�DGVRUEHQWV�IRU�WR[LF�PHWDO�UHPRYDO�
IURP� DTXHRXV� VROXWLRQV�� 7KH� WDUJHW� LV� WKH� SURGXFWLRQ� RI� PDJQHWLF� QDQRSDUWLFOHV� IURP�PLQLQJ� ZDVWHV��
PDJQHWLF�VHSDUDWLRQ�RI�ORDGHG�DGVRUEHQWV�IURP�VROXWLRQ�DUH�WKH�PDLQ�VWHSV�RI�WKLV�UHVHDUFK��

0$7(5,$/�$1'�0(7+2'

����0DWHULDO�

7KH�PDWHULDO�S\ULWH�DVK�ZDV�UHFLHYHG�IURP�VXOIXULF�DFLG�SURGXFWLRQ�SODQW�ZKLFK�LV�ORFDWHG�LQ�%DOÕNHVLU��
7XUNH\�� 7KH� S\ULWH� DVK� LV� D�ZDVWH� SURGXFW� RI� S\ULWH� LQFLQHUDWLRQ� WR� SURGXFH� VXOIXULF� DFLG� DQG�PDLQO\�
FRQWDLQV�LURQ�R[LGHV��VLOLFDWHV�DQG�VRPH�XQEXUQHG�S\ULWHV��7KH�FKHPLFDO�DQDO\VLV�RI�WKLV�VDPSOH�LV�JLYHQ�
LQ�7DEOH���� �7KH�GHWHUPLQDWLRQ�RI�SDUWLFOH�VL]H�ZDV�DFFRPSOLVKHG�ZLWK�0DOYHUQ�0DVWHUVL]HU�������7KH�
SDUWLFOH�VL]H�RI�S\ULWH�FLQGHU�ZDV�RULJLQDOO\�IRXQG�DV������PP�DQG�JURXQG�WR�������PP��7KH�PDUEOH�GXVW�
ZDV�UHFHLYHG�IURP�0X÷OD�<DWD÷DQ�.DYDNOÕGHUH�PDUEOH�SURGXFWLRQ�SODQW�EHORQJV�WR�7HNPDU�0DUEOH�DQG�
0LQLQJ�,QGXVWU\��$URXQG�������WRQHV�RI�PDUEOH�GXVW�DUH�JHQHUDWHG�ZKLOH�PDUEOH�LV�FXWWLQJ�DQG�JHQHUDOO\�
WKHVH�GXVWV�GR�QRW�SXW�WR�JRRG�XVH��7KH�VDPSOH�LV�XVHG�DIWHU�JURXQG�LQ�DJDWH�PRUWDU�DFFRUGLQJ�WR�SDUWLFOH�
VL]H�DQDO\VLV��WKH�RULJLQDO�VDPSOH�KDV������PP�G���VL]H�DQG�����PP�G�� VL]H�ZKLOVW�WKH�JURXQG�VDPSOH�KDV�
�����PP�G���VL]H�DQG������PP�G�� VL]H��7KH�PDUEOH�GXVW�FRQWDLQV�������&D&2��DQG�WKH�FKHPLFDO�DQDO\VLV�
LV�VKRZQ�LQ�7DEOH�����

7DEOH��� 7KH�FKHPLFDO�DQDO\VLV�RI�WKH�PDWHULDOV
3\ULWH�$VK 0DUEOH�'XVW

&RQWHQW $VVD\��� &RQWHQW $VVD\���
)H�2� ����� )H�2� ����
&D2 ���� &D2 ����
$O�2� ���� $O�2� ����
0J2 ���� 0J2 ����
6L2� ���� 6L2� ����
)H6� ����� .�2 ����

����0HWKRGV�

&DOFLXP� IHUULWH� QDQRSDUWLFOHV�ZHUH� V\QWKHVL]HG� XSRQ� WKH�PHWKRG�RI� XOWUDVRQLF�ZDYH� DQG� VXUIDFWDQW�
DVVLVWHG�K\GURWKHUPDO�V\QWKHVLV��7KH�SUHSDUDWLRQ�IORZVKHHW�LV�VKRZQ�LQ�)LJXUH����7KH�)H�EHDULQJ�VROXWLRQ�
ZDV�REWDLQHG�DIWHU�OHDFKLQJ�S\ULWH�DVK�LQ�PLFURZDYH�GLJHVWHU�DVVLVWLQJ�+�62��DV�OHDFKLQJ�DJHQW�DW�����&�
IRU���K�ZLWK������VROLG�OLTXLG�UDWLR��7KH�FDOFLXP�ZDV�REWDLQHG�GLVVROXWLRQ�RI�PDUEOH�ZDVWH�LQ�QLWULF�DFLG���
7KH�)H�EHDULQJ�OLTXRU�DQG�&D�EHDULQJ�OLTXRU�PL[HG�LQ�WKH�PRODU�UDWLR�RI�)H�� DQG�&D�� �����8QGHU�YLJRURXV�
VWLUULQJ��RUJDQLF�VROYHQW�GRGHF\O�WULPHWK\O�DPPRQLXP�EURPLGH��'7$%��ZDV�DGGHG�WR�WKH�VROXWLRQ�LQ�WKH�
VDPH�PRODU�UDWLR�RI�)H����7KH�S+�RI�WKH�VROXWLRQ�ZDV�FRQVWDQWO\�PRQLWRUHG�DV�WKH��0�1D2+�VROXWLRQ�ZDV�
DGGHG� 7KH�UHDFWDQWV�ZHUH�FRQVWDQWO\�VWLUUHG�XVLQJ�D�PDJQHWLF�VWLUUHU�XQWLO�D�S+�OHYHO�RI������ZDV�UHDFKHG�
DQG�RUDQJH�EURZQLVK�SUHFLSLWDWH�ZDV�REWDLQHG�� �$IWHU���K�PL[LQJ� WLPH�DW� ���&����PLQ�VRQLFDWLRQ�ZDV�
DSSOLHG�DQG�DIWHU���K�DQRWKHU�PL[LQJ�WLPH��WKH�VROXWLRQ�UHSODFHG�LQ�DXWRFODYH�IRU���K�DW�����&�RU�PLFURZDYH�
GLJHVWHU�IRU��K�DW�����&�IRU�WKHUPDO�WUHDWPHQW��7KH�SUHFLSLWDWH�ZDV�ZDVKHG�WKUHH�WLPHV�ZLWK�GLVWLOOHG�ZDWHU�
DQG�RQFH�ZLWK�HWKDQRO�WR�UHPRYH�H[FHVVLYH�DPRXQW�RI�VRGLXP�K\GUR[LGH�DQG�RUJDQLF�IURP�SUHFLSLWDWH��7R�
LVRODWH�WKH�VXSHUQDWDQW�OLTXLG��WKH�VROXWLRQ�ZDV�FHQWULIXJHG�IRU�ILIWHHQ�PLQXWHV�DW������USP��7KH�SUHFLSLWDWH�
ZDV�GULHG�LQ�RYHQ�IRU����K�DW�����&��$IWHU�GU\LQJ��VLQWHULQJ�ZDV�DSSOLHG�IRU�VRPH�QDQRSDUWLFOH�SURGXFWV�
LQ�PXIIOH�IXUQDFH�VXFK�DV����������DQG�����&��7KH�H[SHULPHQWDO�FRQGLWLRQV�DUH�VKRZQ�LQ�7DEOH����7KH�
UHVXOWHG�PDWHULDOV�ZHUH�FODVVLILHG�DV�PDJQHWLF�RU�QRQPDJQHWLF�ZKLFK�ZDV�GHWHUPLQHG�ZLWK�KDQG�PDJQHW�



ys//͘�DW�ͲϮϬϭϳ �ŶƚĂůǇĂ�ͬ�dhZ<�z

���

7KH�PHWDO�UHOHDVLQJ�WHVWV�ZHUH�GRQH�LQ�IDOFRQ�WXEHV�ZLWK������J�QDQRSDUWLFOH�PDWHULDO�DQG�� GLIIHUHQW�
UHDJHQW�VROXWLRQV��7KH�VROXWLRQV�ZHUH�VKDNHQ�IRU����K�LQ�DPELHQW�WHPSHUDWXUH��7KH�UHDJHQW�VROXWLRQV�ZHUH�
ILUVW�RQH�LV�GLVWLOOHG�ZDWHU�ZLWK�S+�������DQG�VHFRQG�RQH�LV�DFLGLF�ZDWHU����GURS�RI�+&O��DW�S+�������7KH�
VROXWLRQV�ZHUH�DQDO\]HG�IRU�&D��DQG�)H�LRQV�DQG�S+�FKDQJH�ZDV�UHFRUGHG�LQ�WKH�HQG�RI�WKH�H[SHULPHQW��

)LJXUH����)ORZVKHHW�RI�&D)H�2� QDQRSDUWLFOH�SURGXFWLRQ

,Q�WKH�DGVRUSWLRQ�H[SHULPHQWV�������J�FDOFLXP�IHUULWH�QDQRSDUWLFOHV�ZHUH�PL[HG�ZLWK�����P0�������SSP��
$V�9��FRQWDLQLQJ�VROXWLRQ��7KH�DGVRUSWLRQ�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DW�DPELHQW�WHPSHUDWXUH�WR�WHVW�WKH�
DGVRUELQJ�FDSDELOLW\�RI�WKH�SURGXFHG�QDQRSDUWLFOHV��$GVRUSWLRQ�H[SHULPHQWV�ZHUH�FRQGXFWHG�DW�S+������K�
PL[LQJ�WLPH�DW�DPELHQW�WHPSHUDWXUH�

7DEOH����([SHULPHQWDO�&RQGLWLRQV
0DWHULDO 7KHUPDO�7UHDWPHQW 0DJQHWLF�5HVXOW

&� 0LFURZDYH 0DJQHWLF
&�� $XWRFODYH����6LQWHULQJ�����& 1RQPDJQHWLF
&�� $XWRFODYH����6LQWHULQJ�����& 1RQPDJQHWLF
&�� $XWRFODYH����6LQWHULQJ�����& 0DJQHWLF

,URQ�FRQWDLQLQJ�
ZDVWH�PDWHULDO

6ROYH�ZLWK�DFLG6ROYH�ZLWK�DFLG

)H��62����6ROXWLRQ

&D�&RQWDLQLQJ�
ZDVWH�PDWHULDO

&D�FRQWDWLQLQJ�
6ROXWLRQ

0L[LQJ�6RQLFDWLRQ

6LQWHULQJ 1DQR�
&DOFLXPIHUULWH�

SRZGHU

1DQR�
&DOFLXPIHUULWH�

SRZGHU

��0�1D2+�$GGLWLRQ� 3UHFLSLWDWLRQ�DW�S+������

+HDW�7UHDWPHQW�LQ�
$XWRFODYH�������&��

��K

+HDW�7UHDWPHQW�LQ�
0LFURZDYH���
����&����K

:DVKLQJ�DQG�
'U\LQJ

:DVKLQJ�DQG�
'U\LQJ

2UJDQLF�6ROYHQW�
$GGLWLRQ

0L[LQJ�UDWLR�
Q�)H����Q�&D��� ����
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����$QDO\VHV

7KH�FKHPLFDO�DQDO\VLV�RI�WKH�VDPSOHV�ZDV�GRQH�ZLWK�$WRPLF�$EVRUSWLRQ�6SHFWURPHWU\��-HQD�������7KH�
PLFUR� VWUXFWXUH� DQG� VXUIDFH�PRUSKRORJ\�RI� WKH� VDPSOHV�KDYH�EHHQ�H[DPLQHG�XVLQJ�+5�)(6(0�=HLVV�
$XULJD�ILHOG�HPLVVLRQ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��)(�6(0��DQG�HQHUJ\�GLVSHUVLYH�;�UD\�VSHFWURVFRS\�
�(';����;5'�SDWWHUQV�KDYH�EHHQ�SURYLGHG�E\�5LJDNX�'�PD[�DQG�LQWHUSUHWHG�ZLWK�0DWFK��;5'�FDOFXODWLRQ�
SURJUDP�� )RXULHU� WUDQVIRUP� LQIUDUHG� VSHFWURVFRS\� �)7,5�� VSHFWUD� ZHUH� UHFRUGHG� RQ� D� 3HUNLQ(OPHU�
VSHFWUXP�)7,5�XVLQJ�.%U�SHOOHWV��7KH�PDJQHWLF�SURSHUWLHV�RI� WKH�QDQRSDUWLFOHV�ZHUH�PHDVXUHG�ZLWK�D�
3K\VLFDO� 3URSHUWLHV� 0HDVXUHPHQW� 6\VWHP� PDJQHWRPHWHU� DW� ���� .� �4XDQWXP� 'HVLJQ�� 86$��� 7KH�
PDJQHWL]DWLRQ�PHDVXUHPHQW�ZDV�WDNHQ�IURP�WKH�í���N2H�WR����N2H�ILHOG��7KH�VDWXUDWLRQ�PDJQHWL]DWLRQ��
UHVLGXDO�PDJQHWL]DWLRQ�DQG�FRHUFLYH�ILHOGV�DQG�ZHUH�GHWHUPLQHG�IURP�WKH�PDJQHWL]DWLRQ�YHUVXV�DSSOLHG�
ILHOG�FXUYH��

5(68/76�$1'�',6&866,216

7ZR�GLIIHUHQW�WKHUPDO�URXWHV�ZHUH�DSSOLHG�WR�REWDLQ�&D)H�2� QDQRSDUWLFOHV��,Q�WKLV�PDQQHU��DXWRFODYH�
IROORZLQJ�VLQWHULQJ�WUHDWPHQW�DW���������������&�ZDV�DSSOLHG�WR�QDQRSDUWLFOHV��ZKLOH�RWKHU�ZDV�WUHDWHG�
ZLWK�PLFURZDYH��6(0�ZDV�XVHG�WR�H[KLELW�WKH�PRUSKRORJ\�DQG�SDUWLFOH�VL]HV�RI�WKH�VDPSOHV��6(0�LPDJHV�
RI�VLQWHUHG�&D)H�2� VDPSOHV�DUH�VKRZQ�LQ�)LJ���D��E�DQG�F��,W�LV�FOHDU�WKDW�DXWRFODYH�IROORZLQJ�VLQWHULQJ�
DSSOLFDWLRQ� UHVXOWV� VROLG� QRQFU\VWDOOL]HG� QDQRSDUWLFOHV� ZKLFK� LV� DQ� XQZDQWHG� UHVXOW� LQGLFDWHV� EDG�
FU\VWDOOL]DWLRQ�WKHUHIRUH�IRXQG�WR�EH�LQHIIHFWLYH�IRU�FDOFLXP�IHUULWH�V\QWKHVLV��2QO\�����&�VLQWHUHG�VDPSOH�
VKRZV�PDJQHWLF�EHKDYLRU�GXH�WR�IRUPDWLRQ�RI�LURQ�K\GUR[LGHV�WR�LURQ�R[LGHV�ZKLOH�RWKHUV�DUH�QRQPDJQHWLF��
)LJXUH���VKRZV�WKH�PLFURZDYH�WUHDWHG�&D)H�2� QDQRSDUWLFOHV�KDG�FXELF�LGHQWLFDO�VKDSHV�DQG�WKH�VL]H�RI�
RQH�FXEH�ZDV�YDULHG�DV�������QP���������QP�DQG�������QP�ZKLFK�ZHUH�DOVR�IRXQG�WR�EH�PDJQHWLF���,Q�
)LJXUH����WKH�(';�DQDO\VHV�RI�WKH�VDPSOH�ZDV�VKRZQ��WKH�UDWLR�RI�)H�WR�&D�E\�ZW�LV�IRXQG�������DQG�&�LV�
RULJLQDWHG�IURP�PDUEOH�GXVW��&D&2����WKHUHIRUH�VRPH�RI�WKH�&D�LV�ERXQGHG�E\�FDUERQDWHV��DQG�)H�LV�IRXQG�
DV�R[LGL]HG�IRUP��ZKLFK�LV�FRQILUPHG�E\�;5'�DQDO\VLV�DV�VKRZQ�LQ�)LJXUH����7KH�REVHUYHG�VDPSOH�VKRZV�
������KHPDWLWH��������FDOFLWH�DQG�������&D)H�2� QDQRSDUWLFOHV��)LJXUH���VKRZV�WKH�)7�,5�VSHFWUXP�RI�
&D)H�2� QDQRSDUWLFOHV�

7KH�)7�,5�VSHFWUXP�RI�&D)H�2� QDQRSDUWLFOHV�ZHUH�VKRZQ�LQ�)LJXUH����7KH�SHDNV��������������DQG�
����FP�� LQ�WKH�ILQJHUSULQW�UHJLRQ�DULVHV�IURP�ODWWLFH�YLEUDWLRQV�RI�R[LGH�LRQV�DJDLQVW�UHODWLYHO\�PHWDO�LRQV�
�)H���7KH�SHDNV�EHWZHHQ������WR������FP�� FRUUHVSRQG�WR�RUJDQLF�IXQFWLRQDO�JURXSV�SUHVHQW�RQ�WKH�VXUIDFH�
RI�QDQRSDUWLFOHV��7ZR�LQWHQVH�SHDNV������DQG������DQG������FP�� ZHUH�DULVH�IURP�WKH�DV\PPHWULF�DQG�
V\PPHWULF�VWUHWFKLQJ��PRGHV�RI�±&+� IXQFWLRQDO�JURXS�RI�RUJDQLF�DJHQW�RQ�WKH�VXUIDFH�RI�QDQRSDUWLFOHV��
UHVSHFWLYHO\�

0DJQHWLF�SURSHUWLHV�RI�&D)H�2��QDQRSDUWLFOHV�ZHUH�VWXGLHG�DW�URRP�WHPSHUDWXUH�LQ�WKH�DSSOLHG�PDJQHWLF�
ILHOG�IURP�����WR����.2H��DV�VKRZQ�LQ�)LJXUH�����7KH�VDPSOH�LV�VRIW�PDJQHWLF��WKH�VDWXUDWLRQ�PDJQHWL]DWLRQ�
RI�WKH�SRZGHU�VDPSOH�ZDV�REWDLQHG�DV������HPX�J�DQG�WKH�FRHUFLYLW\�RI�WKH�FRPSRVLWH�ZDV�HVWLPDWHG�WR�EH�
����2H�DQG UHVLGXDO�PDJQHWL]DWLRQ�LV�����HPX�J��7KH�QHJOLJLEOH�FRHUFLYLW\�DQG�ORZ�UHPDQHQFH�LQGLFDWHG�
WKDW�&D)H�2� QDQRSDUWLFOHV�KDYH�D�VLQJOH�PDJQHWLF�GRPDLQ�

7KH�PHWDO�UHOHDVH�RI�WKH�WZR�GLIIHUHQW�WKHUPDO�PRGLILHG�&D)H�2��VDPSOHV�ZHUH�LQYHVWLJDWHG�DW�S+���
DQG�S+����DQG�WKH�UHVXOWV�DUH�GLVSOD\HG�DW�7DEOH����7KH�PLFURZDYH�WUHDWHG�VDPSOH�IRXQG�WR�PRUH�UHVLVWDQW�
WR�DFLGLF�FRQGLWLRQV�DQG�&D�DQG�)H�GLVVROXWLRQV�ZHUH�IRXQG�ORZHU�WKDQ�DXWRFODYH���VLQWHULQJ�WUHDWHG�VDPSOH�
DW�ERWK�S+¶V��7KH�S+�FKDQJH�LV�DOVR�GLIIHUHQW�LQ�ERWK�VDPSOH��DXWRFODYH�WUHDWHG�VDPSOH�KDV�PRUH�DONDOLQLW\�
WR�LQFUHDVH�S+�

7KH�DGVRUSWLRQ�FDSDFLWLHV�RI�GLIIHUHQW�WKHUPDOO\�WUHDWHG�&D)H�2��QDQRSDUWLFOHV�ZHUH�LQYHVWLJDWHG�IRU�
DUVHQLF�UHPRYDO�IURP�DTXHRXV�VROXWLRQV�DQG�UHVXOWV�DUH�VKRZQ�LQ�7DEOH����7KH�KLJKHVW DUVHQLF�UHPRYDO�
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FDSDFLW\�ZDV�REVHUYHG�ZLWK�PLFURZDYH�WUHDWHG�VDPSOH��WKH�DUVHQLF�UHPRYDO�FDSDFLW\�ZDV�IRXQG�DV���������
7KH�VLQWHULQJ�WHPSHUDWXUH�LQFUHDVLQJ�FDXVHG�GHFUHDVH�LQ�DGVRUSWLRQ�UHPRYDO�IURP��������WR��������GXH�
WR�LQFUHDVLQJ�R[LGDWLRQ�DQG�FU\VWDOOLQLW\�DQG�GHFUHDVLQJ�DPRUSKRXV�VWUXFWXUH�WKXV�DFWLYH�VLWHV�IRU�DUVHQLF�
ERQGLQJ�

)LJXUH����$XWRFODYH�WUHDWHG�IROORZLQJ�VLQWHUHG�DW�����&��D�������&��E�������&��F�

)LJXUH���0LFURZDYH�WUHDWHG�&D)H�2� QDQRSDUWLFOHV�
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)LJXUHV��� 7KH�6(0�DQG�(';�PHDVXUHPHQW�RI�&D)H�2� QDQRSDUWLFOHV�

)LJXUH��� ;5'�DQDO\VLV�RI�&D)H�2� QDQRSDUWLFOHV�
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)LJXUH��� )7�,5�VSHFWUD�RI�&D)H�2� QDQRSDUWLFOHV�

)LJXUH���0DJQHWLVP�PHDVXUHPHQW�RI�&D)H�2� QDQRSDUWLFOHV��&��VDPSOH�

7DEOH����7KH�PHWDO�UHOHDVLQJ�RI�&D)H�2� QDQRSDUWLFOHV
0DWHULDO S+L S+I &D��PJ�J )H��PJ�J

&� ���� ���� ����� ����
���� ���� ���� X�G

&�� ���� ���� ����� ����
���� ���� ���� ����

X�G��XQGHU�GHWHFWLRQ�OLPLW

7DEOH��� 7KH�UHVXOWV�RI�DUVHQLF�DGVRUSWLRQ�RQ�&D)H�2� QDQRSDUWLFOHV
0DWHULDO &I��$V��SSP 4P��PJ�J ��5HPRYDO
&� ����� ���� �����
&�� ����� ���� �����
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&�� ����� ���� �����
&�� ����� ���� ����

&21&/86,21

&D)H�2� QDQRSDUWLFOHV�DUH�SURGXFHG�IURP�PDUEOH�GXVWV�DQG�S\ULWH�DVK�DV�DEDQGRQHG�PLQLQJ�ZDVWHV��
7KH� QDQRSDUWLFOHV� DUH� V\QWKHVL]HG� E\� D� IDFLOH� PHWKRG� RI� XOWUDVRQLF� ZDYH� DQG� VXUIDFWDQW� DVVLVWHG�
K\GURWKHUPDO� V\QWKHVLV�� 'LIIHUHQW� WKHUPDO� DSSOLFDWLRQV� DXWRFODYH� WUHDWPHQW� IROORZLQJ� VLQWHULQJ� DQG�
PLFURZDYH�WUHDWPHQWV�ZHUH�WHVWHG��E\�PHDQV�RI�PDJQHWLVP��DQG�LW�LV�IRXQG�WKDW�PLFURZDYH�WUHDWHG�DQG�
����&� VLQWHUHG� FDOFLXP� IHUULWH� QDQRSDUWLFOHV� KDYH� PDJQHWLF� IHDWXUH�� DQG� KLJKHU� VWDELOLW\� WR� DFLGLF�
HQYLURQPHQWDO�FRQGLWLRQV��7KH�DGVRUSWLRQ�FDSDFLWLHV�RI�FDOFLXP�QDQRSDUWLFOHV�ZHUH�LQYHVWLJDWHG�WR�UHPRYH�
DUVHQLF�IURP�VROXWLRQV�� LW� LV� IRXQG� WKDW� LQFUHDVLQJ�VLQWHULQJ� WHPSHUDWXUH�FDXVH�D�GHFUHDVH� LQ�DGVRUSWLRQ�
FDSDFLWLHV�RI�QDQRSDUWLFOHV��WKH�KLJKHVW�DUVHQLF�UHPRYDO�FDSDFLW\�LV�IRXQG�ZLWK�PLFURZDYH�WUHDWHG�FDOFLXP�
IHUULWH�QDQRSDUWLFOHV�

$&.12:/('*(0(17

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�WKH�6FLHQWLILF�DQG�7HFKQRORJLFDO�5HVHDUFK�&RXQFLO�RI�7XUNH\��78%,7$.��
%,'(%������$�'RFWRUDO�6FKRODUVKLS�SURJUDP�

5()(5(1&(6

$WLI��0���+DVDQDLQ��6�.���1DGHHP��0���������0DJQHWL]DWLRQ�RI�VRO�JHO�SUHSDUHG�]LQF�IHUULWH�QDQRSDUWLFOHV��
H൵HFWV�RI�LQYHUVLRQ�DQG�SDUWLFOH�VL]H��6ROLG�6WDWH�&RPPXQLFDWLRQV��������������±�����

+RFKHSLHG��-�)���%RQYLOOH��3���3LOHQL��0�3���������1RQVWRLFKLRPHWULF�]LQF�IHUULWH�QDQRFU\VWDOV��V\QWKHVHV�
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