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6KHHQD�-RVHSK�DQG�.��$OO\�
'HSDUWPHQW�RI�$QLPDO�1XWULWLRQ
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\����� ����7KULVVXU�.HUDOD

$EVWUDFW
$�VWXG\�ZDV�FRQGXFWHG� LQ�FURVVEUHG

FRZV� LQ� HDUO\� ODFWDWLRQ� WR� DVVHVV� ZKHWKHU
LQFOXVLRQ�RI�D�UHDGLO\�GHJUDGDEOH�SURWHLQ�VRXUFH
OLNH� XUHD� LQ� WKH� FRQFHQWUDWH�PL[WXUH� DW� WZR
OHYHOV� RI�&3� DQG�8'3�ZLOO� LQIOXHQFH� WKH� GU\
PDWWHU� LQWDNH�� UXPHQ� IHUPHQWDWLRQ� DQG
KDHPDWRORJLFDO� SDUDPHWHUV�� (LJKW� FURVVEUHG
FRZV�ZLWKLQ����GD\V�RI�ODFWDWLRQ�DV�XQLIRUP�DV
SRVVLEOH�ZLWK�UHJDUG�WR�WKHLU�DJH��SDULW\��ERG\
ZHLJKW�DQG�PLON�\LHOG�ZHUH�VHOHFWHG�DQG�ZHUH
IHG�ZLWK� IRXU� LVRFDORULF� FRQFHQWUDWH�PL[WXUHV
ZLWK����SHU�FHQW�DQG����SHU�FHQW�&3�FRQWDLQLQJ
���� ������� ������ DQG� ��� SHU� FHQW� RI�&3� DV
8'3�� UHVSHFWLYHO\�� RQ� '0� EDVLV�� 7KH� &3
FRQWHQW� RI� WKH� IRXU� H[SHULPHQWDO� UDWLRQV
IRUPXODWHG�ZLWK�FRQFHQWUDWH�PL[WXUH�DQG�SDGG\
VWUDZ� LQ� WKH�UDWLR�RI�������ZDV��������������
������DQG�������SHU�FHQW��UHVSHFWLYHO\���$OO�WKH
IRXU�GLHWDU\�WUHDWPHQWV�FRQWDLQHG�RQH�SHU�FHQW
XUHD� DV� VRXUFH� RI� 5'3�� 7KHUH� ZDV� QR
VLJQLILFDQW� GLIIHUHQFH� �3!������ EHWZHHQ� WKH
DQLPDOV� JLYHQ� WKH� IRXU� GLHWDU\� WUHDWPHQWV� LQ
GU\�PDWWHU�LQWDNH��UXPHQ�1+��1��WRWDO�YRODWLOH
IDWW\� DFLG� OHYHOV� RU� DQ\� KDHPDWRORJLFDO
SDUDPHWHUV�VWXGLHG�LQ�WKH�SUHVHQW�VWXG\��7KH
UHVXOWV� REWDLQHG� LQ� WKH� VWXG\� LQGLFDWH� WKDW
QHLWKHU� WKH� OHYHO�RI�&3�����DQG�����QRU�8'3
������������������DQG����SHU�FHQW�RI�&3��KDV
DQ\�VLJQLILFDQW�HIIHFW�RQ�WKH�GU\�PDWWHU�LQWDNH�

UXPHQ� IHUPHQWDWLRQ� DQG� KDHPDWRORJLFDO
SDUDPHWHUV� LQ� FURVVEUHG� FRZV� LQ� HDUO\
ODFWDWLRQ�
.H\ZRUGV��'DLU\� FRZV�� &3� DQG�8'3�� GPL�
KDHPDWRORJ\�� UXPHQ

'DLU\� FRZV� KDYH� DQ� LQFUHDVHG
GHPDQG�IRU�SURWHLQ�LQ�WKH�IRUP�RI�DPLQR�DFLGV�
ZKLFK� LV�DFKLHYHG�E\� LQWHVWLQDO�DEVRUSWLRQ�RI
DPLQR� DFLGV� IURP� GLHWDU\�� PLFURELDO� DQG
HQGRJHQRXV�SURWHLQV�

7R�DFKLHYH�WKH�JUHDWHU�IORZ�RI�DPLQR
DFLGV� WR� WKH� VPDOO� LQWHVWLQH�� GLHWDU\� SURWHLQ
PXVW� HVFDSH� UXPLQDO� GHJUDGDWLRQ� ZLWKRXW
GHFUHDVLQJ� WKH� HIILFLHQF\� RI� V\QWKHVLV� RI
PLFURELDO� SURWHLQ�� � $Q� H[FHVV� RI� UXPHQ
GHJUDGDEOH� SURWHLQ� �5'3�� LQ� WKH� UDWLRQ�ZLOO
UHVXOW� LQ�DQ�DFFXPXODWLRQ�RI�DPPRQLD� LQ� WKH
UXPHQ�� ZKLOH�� DQ� LQFUHDVH� LQ� XQGHJUDGDEOH
SURWHLQ� �8'3�� OHYHO� LQ� WKH� UDWLRQ�ZLOO� UHGXFH
WKH�PLFURELDO�SURWHLQ�V\QWKHVLV�GXH�WR�VKRUWDJH
RI�DPPRQLD�IRU�UXPHQ�EDFWHULD���7KHUHIRUH�WKH
GLHWDU\� SURWHLQ� VKRXOG� VXSSO\�PHWDEROLVDEOH
SURWHLQ�E\�SURYLGLQJ�ERWK�5'3�WKDW�LV�XWLOL]HG
IRU�PLFURELDO�SURWHLQ�V\QWKHVLV�DQG�8'3� WKDW
LV�GLJHVWHG�GLUHFWO\�E\�WKH�FRZV���1RQ�SURWHLQ
QLWURJHQ��131��LV�D�FKHDSHU�VRXUFH�RI�QLWURJHQ�
ZKLFK�FDQ�EH�XWLOLVHG�E\�UXPHQ�PLFUREHV��8UHD
LV�WKH�FKHDSHVW�DQG�PRVW�FRPPRQO\�XVHG�131
VRXUFH��ZKLFK� LV�GHJUDGHG�FRPSOHWHO\� LQ� WKH


3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
��9HWHULQDU\�6XUJHRQ��$+'��.HUDOD
��$VVRFLDWH�3URIHVVRU

5HFHLYHG�����������
$FFHSWHG�����������
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UXPHQ�� �6R�D�FRPELQDWLRQ�RI�8'3�DQG�131
VXEVWDQFH� OLNH� XUHD� FDQ� EH� HTXDOO\� HIIHFWLYH
DQG�HFRQRPLFDO� LQ�GDLU\�UDWLRQV��7KH�SUHVHQW
VWXG\� ZDV� XQGHUWDNHQ� WR� DVVHVV� ZKHWKHU
LQFOXVLRQ� RI� D� UHDGLO\� GHJUDGDEOH� SURWHLQ
VRXUFH�OLNH�XUHD�LQ�WKH�FRQFHQWUDWH�PL[WXUH�DW
WZR� OHYHOV� RI�&3�DQG�8'3�ZLOO� LQIOXHQFH� WKH
GU\�PDWWHU� LQWDNH�� UXPHQ� IHUPHQWDWLRQ� DQG
KDHPDWRORJLFDO�SDUDPHWHUV�RI�FURVVEUHG�FRZV
LQ�HDUO\� ODFWDWLRQ�
0DWHULDOV�DQG�0HWKRGV

(LJKW�FURVVEUHG�FRZV�ZLWKLQ����GD\V
RI�ODFWDWLRQ�DV�XQLIRUP�DV�SRVVLEOH�ZLWK�UHJDUG
WR�WKHLU�DJH��SDULW\��ERG\�ZHLJKW�DQG�PLON�\LHOG
ZHUH�VHOHFWHG�DQG�KRXVHG� LQ�D�VKHG�ZLWK�DOO
WKH� IDFLOLWLHV� IRU� LQGLYLGXDO� IHHGLQJ�� FDUH� DQG
PDQDJHPHQW�� � 7KH� DQLPDOV� ZHUH� IHG� IRXU
LVRFDORULF� FRQFHQWUDWH�PL[WXUHV�ZLWK� ��� DQG
��� SHU� FHQW�&3�� UHVSHFWLYHO\� FRQWDLQLQJ� ���
�������������DQG����SHU�FHQW�RI�&3�DV�8'3�
UHVSHFWLYHO\��RQ�'0�EDVLV���7KH�&3�FRQWHQW�RI
WKH�IRXU�H[SHULPHQWDO�UDWLRQV�IRUPXODWHG�ZLWK
FRQFHQWUDWH�PL[WXUH� DQG� SDGG\� VWUDZ� LQ� WKH
UDWLR�������ZDV���������������������DQG������
SHU� FHQW�� UHVSHFWLYHO\�� �$OO� WKH� IRXU� GLHWDU\
WUHDWPHQWV� FRQWDLQHG� RQH� SHU� FHQW� XUHD� DV
VRXUFH�RI�5'3��7DEOH����

7KH�IHHGLQJ�WULDO�ZDV�FRQGXFWHG�LQ�D
VZLWFK�RYHU�GHVLJQ���(DFK�WUHDWPHQW�ZDV�JLYHQ
IRU�D�SHULRG�RI�WKUHH�ZHHNV�ZLWK�DQ�DGDSWDWLRQ
SHULRG�RI�RQH�ZHHN�LQ�EHWZHHQ�WKH�WUHDWPHQWV�
7KH�WRWDO�IHHGLQJ�H[SHULPHQW�ZDV�IRU����ZHHNV�
7KH�FRQFHQWUDWH�PL[WXUH�DQG�SDGG\�VWUDZ�ZHUH
IHG� DW� WKH� UDWLR� � ���� ��� RI� GDLO\� GU\�PDWWHU�
'DLO\� GU\�PDWWHU� LQWDNH� �'0,��ZDV� UHFRUGHG
WKURXJK�RXW�WKH�H[SHULPHQWDO�SHULRG���5XPHQ

OLTXRU�ZDV�FROOHFWHG�IURP�DOO�WKH�DQLPDOV�XVLQJ
D�VWRPDFK�WXEH��DW�WKH�EHJLQQLQJ�DQG�HQG�RI
HDFK�IHHGLQJ�SHULRG�DQG�ZDV�DQDO\VHG�IRU�S+
�S+PHWHU��&\EHUVFDQ���������WRWDO�YRODWLOH�IDWW\
DFLGV� �%DUQHWW� DQG�5HLG�� ������ DQG� UXPHQ
DPPRQLD� QLWURJHQ� �%HHFKHU� DQG�:KLWWHQ�
������

%ORRG� VDPSOHV� FROOHFWHG� IURP� WKH
H[SHULPHQWDO�DQLPDOV�DW�WKH�EHJLQQLQJ�DQG�HQG
RI�HDFK�IHHGLQJ�SHULRG�ZHUH�XVHG�WR�GHWHUPLQH
KDHPRJORELQ��F\DQPHWKDHPRJORELQ�PHWKRG��
SODVPD�JOXFRVH��*2'�3$3�PHWKRG���SODVPD
SKRVSKRUXV� �SKRVSKRPRO\EGDWH� PHWKRG��
SODVPD� XUHD� QLWURJHQ� �PRGLILHG� %HUWKHORW
PHWKRG��� SODVPD� FUHDWLQLQH� �PRGLILHG� -DIIH¶V
PHWKRG��� SODVPD� WRWDO� SURWHLQ� �GLUHFW� %LXUHW
PHWKRG�� DQG� DOEXPLQ� �EURPFUHVRO� JUHHQ
PHWKRG�� XVLQJ� WKH� NLWV� VXSSOLHG� E\�$JDSSH
GLDJQRVWLFV�� 0DKDUDVKWUD�� ,QGLD�� � 3ODVPD
FDOFLXP�ZDV�HVWLPDWHG�E\�$WRPLF�$EVRUSWLRQ
6SHFWURSKRWRPHWHU� �3HUNLQ� (OPHU�PRGHO� ±
������ XVLQJ� KROORZ� FDOFLXP� FDWKRGH� WXEHV�
3UR[LPDWH� DQDO\VLV� RI� WKH� IRXU� FRQFHQWUDWH
PL[WXUHV�DQG�SDGG\�VWUDZ�ZDV�FDUULHG�RXW�DV
SHU� VWDQGDUG� SURFHGXUH� �$2$&�� ������ DQG
GDWD�LV�JLYHQ�LQ�7DEOH����7KH�UHVXOWV�REWDLQHG
ZHUH�DQDO\VHG�E\�WKH�PHWKRG�IRU�VZLWFK�RYHU
GHVLJQ��6QHGHFRU�DQG�&RFKUDQ��������
5HVXOWV�DQG�'LVFXVVLRQ
'U\�PDWWHU�LQWDNH

7KH�'0,�RI�WKH�DQLPDOV�DV�SHU�FHQW�RI
WKHLU� ERG\� ZHLJKW� LQ� WKH� IRXU� JURXSV� ZHUH
VLPLODU�DQG�ZHUH�����������������DQG������SHU
FHQW��UHVSHFWLYHO\���$OO�WKH�GLHWV�ZHUH�FRQVXPHG
UHDGLO\�DQG�IHHG�UHIXVDO�ZDV�UDUH���7KHUH�ZDV
QR�VLJQLILFDQW�GLIIHUHQFH��3!������EHWZHHQ�WKH
DYHUDJH�'0,�RI�DQLPDOV����������������������
DQG� ������ NJ�� UHVSHFWLYHO\�� JLYHQ� WKH� IRXU
GLHWDU\�WUHDWPHQWV��7DEOH����
5XPHQ� IHUPHQWDWLRQ�SDUDPHWHUV

7KH� DYHUDJH� YDOXHV� RQ� UXPHQ� S+�
UXPHQ� DPPRQLD� QLWURJHQ� �1+�±1�� DQG� WRWDOYRODWLOH�IDWW\�DFLG��79)$��FRQFHQWUDWLRQV�ZHUH
QRW�VLJQLILFDQWO\�DIIHFWHG���3!������E\�WKH�IRXU
GLHWDU\� WUHDWPHQWV� �7DEOH� ���� � 5XPHQ� OLTXRU
IURP�DOO�WKH�DQLPDOV�ZDV�FROOHFWHG�WKUHH�KRXUV
DIWHU�IHHGLQJ���7KH�UXPLQDO�S+�ZDV�QRW�DIIHFWHG
�3!������E\�WKH�GLHWDU\�&3�OHYHO��$QQH[WDG�HW
DO���������6DQQHV�HW�DO���������DQG�8'3�OHYHO
�.DQMDQDSUXWKLSRQJ�HW�DO��� ������5H\QDO�DQG
%URGHULFN�� ������� � ,W� FRXOG� EH� REVHUYHG� WKDW
IHHGLQJ�RI�FRQFHQWUDWH�PL[WXUH�FRQWDLQLQJ���
SHU�FHQW�&3�FRQFHQWUDWH�PL[WXUH�DW�������DQG
���SHU�FHQW�8'3�SURGXFHG�PRUH�1+�±1�������

7DEOH����,QJUHGLHQW�FRPSRVLWLRQ�DQG�FDOFXODWHG
QXWULHQW� FRQWHQW� RI� WKH� IRXU
FRQFHQWUDWH� PL[WXUH� JLYHQ� WR� WKH
H[SHULPHQWDO�DQLPDOV� �.J�
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DQG�������PJ�SHU�FHQW��UHVSHFWLYHO\��FRPSDUHG
ZLWK�WKDW�FRQWDLQLQJ����SHU�FHQW�&3�DW����DQG
������SHU�FHQW�8'3��������PJ�DQG�������SHU
FHQW�� HYHQ� WKRXJK� WKH� GLIIHUHQFH� ZDV� QRW
VLJQLILFDQW� �3!������� �7KLV� OLQHDU� UHVSRQVH� WR
1+�±1�FRQFHQWUDWLRQ�ZLWK�LQFUHDVH�LQ�GLHWDU\SURWHLQ�OHYHO�LV�VLPLODU�WR�WKH�UHSRUWV�RI�6DQQHV
HW�DO���������DQG�'DYLGVRQ�HW�DO�����������7KH
GHFUHDVH�LQ�1+�±1�FRQFHQWUDWLRQV�LQ�UHVSRQVHWR� LQFUHDVH� LQ� 8'3� OHYHOV� REVHUYHG� LQ� WKH
FXUUHQW� VWXG\� LV� VLPLODU� WR� WKH� ILQGLQJV� RI
5RGULJXH]� HW� DO�� ������� DQG� .DQMDQD
SUXWK\SRQJ� HW� DO�� �������� � 7KLV� LV� EHFDXVH
GLHWDU\� SURWHLQ��ZKLFK� LV�PRUH� GHJUDGDEOH� LQ
WKH�UXPHQ��SURPRWHV�WKH�DPPRQLD�SURGXFWLRQ
E\�WKH�PLFUREHV�LQ�WKH�UXPHQ�

,W�FRXOG�EH�VHHQ�WKDW�WKH�DYHUDJH�79)$

FRQFHQWUDWLRQ�ZDV� QRW� VLJQLILFDQWO\� DIIHFWHG
�3!������E\�WKH�IRXU�GLHWDU\�WUHDWPHQWV���7KH
GLHWDU\�&3� OHYHOV�KDG�QR�VLJQLILFDQW� HIIHFW� RQ
79)$�SURGXFWLRQ�DV� UHSRUWHG�E\�'DYLGVRQ�HW
DO�����������7KH�REVHUYDWLRQ�PDGH�LQ�WKH�SUHVHQW
VWXG\�DJUHHV�ZLWK�WKH�ILQGLQJV�RI�6DQQHV�HW�DO�
�������LQ�ZKLFK�WKH�OHYHO�RI�8'3�GLG�QRW�DIIHFW
79)$�FRQFHQWUDWLRQ�RI�UXPHQ�OLTXRU�
+DHPDWRORJLFDO�DQG�%LRFKHPLFDO�3DUDPHWHUV

1RQH� RI� WKH� KDHPDWRORJLFDO� DQG
ELRFKHPLFDO�SDUDPHWHUV� LQ� WKH�SUHVHQW�VWXG\
ZHUH�VLJQLILFDQWO\�DIIHFWHG��3!������E\�WKH�IRXU
GLHWDU\� WUHDWPHQWV� �7DEOH� ���� 7KH� ODFN� RI
VLJQLILFDQW� HIIHFW� RI� GLHWDU\� SURWHLQ� DQG�8'3
OHYHO� RQ� KDHPRJORELQ� FRQFHQWUDWLRQ� LV� DOVR
UHSRUWHG� E\�$OO\�HW� DO��������� � 7KH� SODVPD
JOXFRVH�OHYHO�IDOOV�LQ�WKH�ORZHU�OLPLWV�RI�QRUPDO

7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�WKH�IRXU�FRQFHQWUDWH�PL[WXUHV�DQG�SDGG\�VWUDZ�IHG�WR
H[SHULPHQWDO�DQLPDOV
� ���

7DEOH���� �$YHUDJH�GU\�PDWWHU� LQWDNH�RI�DQLPDOV�PDLQWDLQHG�RQ� WKH� IRXU�H[SHULPHQWDO� UDWLRQV� �NJ�
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UDQJH�����WR����PJ����PO��IRU�FRZV���,W�FRXOG
DOVR�EH�VHHQ�WKDW�3*/�OHYHOV�WHQG�WR�LQFUHDVH
�WKRXJK� QRW� VLJQLILFDQW�� FRUUHVSRQGLQJ� WR� DQ
LQFUHDVH�LQ�&3�LQ�WKH�FRQFHQWUDWH�PL[WXUH�IURP
���WR����SHU�FHQW�

7KH� DYHUDJH� SODVPD� XUHD� QLWURJHQ
ZDV�QRW�VLJQLILFDQWO\�DIIHFWHG��3!������E\�WKH
&3� OHYHOV�RU�8'3� OHYHOV� �=LPPHUPDQ�HW� DO��
������ 5RGULJXH]� HW� DO���������� 7KH� SODVPD
FUHDWLQLQH�ZDV� QRW� DIIHFWHG� �3!������ E\� WKH
IRXU� GLHWDU\� WUHDWPHQWV� DQG� VLPLODU� WR� WKH
UHSRUWV�RI�:LOH\�HW�DO�� ������� LQ�ZKLFK� OHYHOV
ZHUH� QRW� DIIHFWHG� E\� SRVW� SDUWXP� SURWHLQ
VRXUFHV�

7KH�IRXU�GLHWDU\�FRPELQDWLRQV�KDG�QR
VLJQLILFDQW� HIIHFW� �3!������ RQ� ERWK� SODVPD
FDOFLXP�DQG�SKRVSKRUXV�OHYHOV�DV�UHSRUWHG�E\
-RUGDQ�HW� DO�� ������� DQG�$OO\� �������� � ,Q� WKH

SUHVHQW� VWXG\�� WKH� GLHWDU\� SURWHLQ� DQG� LWV
GHJUDGDELOLW\� GLG� QRW� VLJQLILFDQWO\� DIIHFW
�3!������ ERWK� WKH� SODVPD� WRWDO� SURWHLQ� DQG
DOEXPLQ�FRQFHQWUDWLRQ��7KH�REVHUYDWLRQ�PDGH
LQ�WKH�SUHVHQW�VWXG\�LV�LQ�DJUHHPHQW�ZLWK�WKH
UHSRUWV�RI�&UHVVPDQ�HW�DO�� ��������0F*XIIH\
HW�DO���������DQG�$KDURQL�HW�DO���������
$FNQRZOHGJHPHQW

7KH� IDFLOLWLHV� SURYLGHG� E\� WKH�'HDQ�
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�� IRU� FRQGXFWLQJ� WKLV� VWXG\� LV
JUDWHIXOO\� DFNQRZOHGJHG�
5HIHUHQFHV
$KDURQL�� <���$ULHOL��$�� DQG� 7DJDUL�� +�� �����

/DFWDWLRQDO�UHVSRQVH�RI�GDLU\�FRZV�WR
FKDQJH� RI� GHJUDGDELOLW\� RI� GLHWDU\

7DEOH����6XPPDULVHG�GDWD�RQ�DYHUDJH�UXPHQ�IHUPHQWDWLRQ�SDUDPHWHUV�LQ��DQLPDOV
PDLQWDLQHG�RQ�WKH�IRXU�H[SHULPHQWDO�UDWLRQV


��
�0HDQ�RI�HLJKW�YDOXHV
7DEOH�����6XPPDULVHG�GDWD�RQ�DYHUDJH�KDHPDWRORJLFDO�DQG�ELRFKHPLFDO�SDUDPHWHUV�RI�WKH

DQLPDOV�PDLQWDLQHG�RQ�WKH�IRXU�H[SHULPHQWDO�UDWLRQV



�0HDQ�RI�HLJKW�YDOXHV
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SURWHLQ�DQG�RUJDQLF�PDWWHU����-��'DLU\
6FL���������������

$OO\��.���0HUF\��$��'�� DQG�9LVZDQDWKDQ��7��9�
������(IIHFW� RI� GLHWDU\� FUXGH� SURWHLQ
OHYHOV�RQ�WKH�SHUIRUPDQFH�RI�ODFWDWLQJ
FRZV��,QGLDQ�-��$QLP�1XWU��������������

$QQH[VWDG��5��-���6WHUQ��0��'���2WWHUE\��'��(��
/LQQ�� -�*�� DQG�+DQVHQ��:�3�� �����
([WUXGHG� VR\EHDQV� DQG� FRUQ� JOXWHQ
PHDO�DV�VXSSOHPHQWDO�SURWHLQ�VRXUFHV
IRU� ODFWDWLQJ� GDLU\� FDWWOH�� � � -�� 'DLU\
6FL��������������

$2$&�� �������� 2IILFLDO�0HWKRG� RI�$QDO\VLV�
��WK� HG�� $VVRFLDWLRQ� RI� 2IILFLDO
$QDO\WLFDO� &KHPLVWV�� :DVKLQJWRQ
'�&������S�

%DUQHWW��$��-��*��DQG�5HLG��5��/���������6WXGLHV
RQ� WKH� SURGXFWLRQ� RI� YRODWLOH� IDWW\
DFLGV� IURP�JUDVV� E\� UXPHQ� OLTXRU� LQ
DQ�DUWLILFLDO�UXPHQ���-��$JULFO��6FL������
��������

%HHFKHU�� *�� 3�� DQG� :KLWWHQ�� %�� .������
$PPRQLD� GHWHUPLQDWLRQ�� 5HDJHQW
PRGLILFDWLRQ� DQG� LQWHUIHULQJ
FRPSRXQGV��$QD\W��%LRFK�����������

&UHVVPDQ��6��*���*ULHYH��'�*���0DFOHRG��*�
.��:KHHOHU�� (�� (� DQG� <RXQJ�� /�*�
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