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6. Zusammenfassung

'LH� (QWGHFNXQJ� QHXHU� /HLWVWUXNWXUHQ
XQG� GHUHQ� 2SWLPLHUXQJ� VLQG� GLH� JUXQG�
OHJHQGHQ� +HUDXVIRUGHUXQJHQ� PRGHUQHU
:LUNVWRIIRUVFKXQJ�� 'LH� $QZHQGXQJ� YRQ
0HWKRGHQ� ]XP� HIIHNWLYHQ� VFUHHQLQJ� YRQ
6XEVWDQ]PLVFKXQJHQ� DXI� ELRORJLVFKH
$NWLYLWlW� LVW� VRPLW� GHU� HUVWH� 6FKULWW� ]XU
(QWZLFNOXQJ� QHXHU� 3KDUPDND�� 'DV� KLJK
WKURXJKSXW� VFUHHQLQJ� �+76�� LVW� LQ� GHU� /DJH
PHKUHUH�]HKQWDXVHQG�9HUELQGXQJHQ�SUR�7DJ
]X� XQWHUVXFKHQ�� $OV� HUJlQ]HQGH� 9HUIDKUHQ
HWDEOLHUHQ� VLFK� ]XQHKPHQG� 105� JHVW�W]WH
0HWKRGHQ� ]XU� 8QWHUVXFKXQJ� YRQ� 3URWHLQ�
/LJDQG�:HFKVHOZLUNXQJHQ�� $XI� WKHR�
UHWLVFKHU� 6HLWH� JHZLQQW� GDV� UDWLRQDOH� :LUN�
VWRIIGHVLJQ� LPPHU�PHKU�DQ�%HGHXWXQJ��=LHO
LVW� HV�� GXUFK� .RPELQDWLRQ� GLHVHU� XQG
DQGHUHU� 9HUIDKUHQ� GLH� 6XFKH� QDFK� QHXHQ
:LUNVWRIIHQ�HIIHNWLY�]X�JHVWDOWHQ�
'DV� (�6HOHNWLQ�� GDV� DOV� ,QLWLDWRU� EHL� GHU

/HXNRF\WHQ�YHUPLWWHOWHQ� (QW]�QGXQJV�
UHDNWLRQ�HLQH�ZHVHQWOLFKH�5ROOH�VSLHOW��LVW�GDV
PROHNXODUH� =LHOSURWHLQ� GLHVHU� $UEHLW�� 1HXH
/HLWVWUXNWXUHQ�� GLH� DOV� $QWDJRQLVWHQ� JH]LHOW
GLHVH� ,PPXQUHDNWLRQ�XQWHUGU�FNHQ�N|QQHQ�
VLQG�VRPLW�YRQ�EHVRQGHUHQ�,QWHUHVVH�
$XVJDQJVSXQNW� KLHUI�U� ZDU� HLQH� ]XIDOOV�

IXFRV\OLHUWH� XQG� ]XIDOOVVXOIDWLHUWH� 7ULVDF�
FKDULG�%LEOLRWKHN�� LQ� GHU� HLQH� RGHU�PHKUHUH
.RPSRQHQWHQ� HLQH� KRKH� %LQGXQJVDNWLYLWlW
]XP� (�6HOHNWLQ� ]HLJWHQ�� ,P� 5DKPHQ� GLHVHU
$UEHLW�ZXUGH�GLHVHV�NRPSOH[H�*HPLVFK�YRQ
VXOIDWLHUWHQ� 7ULVDFFKDULGHQ� DXI� VHLQH
(�6HOHNWLQ� %LQGXQJVDNWLYLWlW� PLW� +LOIH� YRQ
105�VSHNWURVNRSLVFKHQ� 9HUIDKUHQ� XQWHU�
VXFKW�� 3DUDOOHO� ]X� GHQ� H[SHULPHQWHOOHQ
8QWHUVXFKXQJHQ� ZXUGHQ� YHUVFKLHGHQH
9HUIDKUHQ� GHU� WKHRUHWLVFKHQ� $QDO\VH� ]XU
%LQGXQJ��]XP�NRQIRUPDWLYHQ�9HUKDOWHQ�XQG
]XP� YLUWXHOOHQ� 'HVLJQ� GHU� %HVWDQGWHLOH� GHU
6XEVWDQ]�%LEOLRWKHN� GXUFKJHI�KUW�� (LQH
YHUJOHLFKHQGH�$QDO\VH�GHU�YLUWXHOO�HU]HXJWHQ
9HUELQGXQJHQ� PLW� GHP� 6LDO\O�/HZLV[�� GDV
GHQ� QDW�UOLFKHQ� /LJDQGHQ� GHV� (�6HOHNWLQV
GDUVWHOOW�� HUJDE� JHQDXHUH� (LQEOLFNH� LQ� GLH
PROHNXODUHQ� (UNHQQXQJVSUR]HVVH� GHU
/LJDQGHQ�
'DV�(�6HOHNWLQ� ZXUGH� DOV� &KLPlUH� HLQHV

,J*� ,PPXQJOREXOLQV� PLW� GHU� OHF�'RPlQH

GHV�(�6HOHNWLQV�XQG�VRPLW�PLW�]ZHL�/LJDQG�
%LQGXQJVVWHOOHQ� HLQJHVHW]W�� 'LH� VXOIDWLHUWH
7ULVDFFKDULG�%LEOLRWKHN�ODJ�DOV�*HPLVFK�YRQ
FD�� ���� 9HUELQGXQJHQ� YRU�� 'LH� )XFRV\OLHU�
XQJ� XQG� GLH� 6XOIDWLHUXQJ� HUIROJWH� DQ� DOOHQ
3RVLWLRQHQ� GHV� /DFWRVHHLQKHLW�� 'LH� &��
3RVLWLRQ� GHU� /DFWRVH� LVW� PLW� HLQHP
DURPDWLVFKHQ� &��VSDFHU� YHUNQ�SIW�� ZRGXUFK
GLHVH� 3RVLWLRQ� QLFKW� PRGLIL]LHUW� ZXUGH�� $OV
W\SLVFKH�,QVWUXPHQWH�]XU�8QWHUVXFKXQJ�YRQ
3URWHLQ�/LJDQG�:HFKVHOZLUNXQJHQ� PLWWHOV
GHU� 105�6SHNWURVNRSLH� ZXUGHQ� GDV
WUDQVIHUUHG� 12(�9HUIDKUHQ�� 7��5HOD[DWLRQV�
]HLWPHVVXQJHQ�XQG�HLQ�QHXHV�9HUIDKUHQ�]XP
VFUHHQLQJ� YRQ� 6XEVWDQ]�%LEOLRWKHNHQ� DXI
%LQGXQJVDNWLYLWlW� ²� GDV� 67'� 105� 9HU�
IDKUHQ��VDWXUDWLRQ�WUDQIHU�GLIIHUHQFH��²�HLQJHVHW]W�
%HVRQGHUV� GDV� ]XOHW]W� JHQDQQWH� 9HUIDKUHQ
HUZLHV� VLFK� DOV� EHVRQGHUV� HUIROJUHLFK�� (V
JHODQJ�� GLUHNW� DXV� GHU� 0LVFKXQJ� GLH
ELQGHQGHQ�.RPSRQHQWHQ�]X�LGHQWLIL]LHUHQ�
1HEHQ� 6WDQGDUG�72&6<�� XQG�12(6<�

([SHULPHQWHQ� ZXUGHQ� VHOHNWLYH� �'�
72&6<�� XQG� �'�&26<�([SHULPHQWH� ]XU
,GHQWLIL]LHUXQJ� GHU� 9HUNQ�SIXQJVYDULDQWHQ
�EHU� GLH� VSH]LILVFKHQ� �+�FKHPLVFKHQ� 9HU�
VFKLHEXQJHQ� GHU� )XFRVH� GXUFKJHI�KUW�� $E�
KlQJLJ�YRQ�GHU�3RVLWLRQ�GHU�9HUNQ�SIXQJ�DQ
GHU� /DFWRVH� ]HLJHQ� EHVRQGHUV� GLH� +��� XQG
GLH� +��3URWRQHQ� GHU� )XFRVH� FKDUDNWHU�
LVWLVFKH� �+�FKHPLVFKH� 9HUVFKLHEXQJHQ�� 'LH
$QDO\VH� GHU� �'� 67'� 105�([SHULPHQWH
XQG� GHV� �'� 67'� 72&6<�([SHULPHQWV
HUJDE� DOV� +DXSWELQGXQJVSDUWQHU� 'HULYDWH
GHU� ��)XFRV\O�ODFWRVH� XQG� GHU� �¶�)XFRV\O�
ODFWRVH�� 6SH]LHOOH� 3XOVSURJUDPPH� I�U� GLH
67'� 72&6<� 105�([SHULPHQWH� ZXUGHQ
HQWZLFNHOW�� 'LH� 6XEWUDNWLRQ� GHU� 6SHNWUHQ
HUIROJWH� EHUHLWV� ZlKUHQG� GHU� $NTXLVLWLRQ�
0LW�JHHLJQHWHQ�3KDVHQF\FOHQ�ZXUGH�EHL�GHQ
HLQGLPHQVLRQDOHQ� ([SHULPHQWHQ� GLH� 'LI�
IHUHQ]ELOGXQJ� QDFK� MHGHP� VFDQ� GXUFK
'UHKXQJ�GHU�(PSIlQJHUSKDVH�XP������YRU�
JHQRPPHQ�� ,P� 67'� 72&6<� ([SHULPHQW
HUIROJWH� GLH� 6XEWUDNWLRQ� QDFK� HLQHP
NRPSOHWWHQ�3KDVHQF\FOXV�GHV� MHZHLOLJHQ�)��
,QNUHPHQWV�
+LQZHLVH� ]XU� 3RVLWLRQ� GHU� 6XOIDWJUXSSH

ZXUGHQ� EHL� GHU� ���¶�)XFRV\O�ODFWRVH� JH�
IXQGHQ��'DV�+��3URWRQ�GHU�)XFRVH�]HLJW�]X�
PLQGHVW� I�U� HLQH� .RPSRQHQWH� GLHVHV� 9HU�
NQ�SIXQJVW\SV�HLQHQ�VLJQLILNDQWHQ�WLHIHOGVKLIW
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GHU� �+�FKHPLVFKHQ� 9HUVFKLHEXQJ�� 'LHVHU
VKLIW�NDQQ�XUVlFKOLFK�DXI�GLH�UlXPOLFKH�1lKH
HLQHU�6XOIDWJUXSSH�]XU�FN]XI�KUHQ�VHLQ�
'LH� 7��5HOD[DWLRQV]HLWHQ� XQG� GLH� 67'

72&6<�6LJQDOH�]HLJHQ�I�U�GLH�3URWRQHQ�GHU
)XFRVH� XQG� GHU� 3URWRQHQ� GHU� *DODFWRVH
EHLGHU� 9HUNQ�SIXQJVYDULDQWHQ� GLH� VWlUNVWHQ
%LQGXQJVHIIHNWH�
'HU� JHQDXH� %LQGXQJVPRGXV� GHV

QDW�UOLFKHQ�/LJDQGHQ�V/H[� LVW�QLFKW�EHNDQQW�
%LVKHU�LVW�HV�QRFK�QLFKW�JHOXQJHQ�GDV�6LDO\O�
/HZLV[� PLW� GHP� (�6HOHNWLQ� ]XVDPPHQ� ]X
NULVWDOOLVLHUHQ��'LH�&DOFLXP�$EKlQJLJNHLW�GHU
%LQGXQJ�XQG�GLH� I�U�GLH�%LQGXQJ�ZLFKWLJHQ
$PLQRVlXUHQ� VLQG� MHGRFK� PLW� +LOIH� YRQ
0XWDJHQHVH�([SHULPHQWH� DXIJHNOlUW�� $XFK
GLH� .RQIRUPDWLRQ� GHV� /LJDQGHQ� LP� JH�
EXQGHQHQ� =XVWDQG� NRQQWH� GXUFK� WU12(�
0HVVXQJHQ�EHVWLPPW�ZHUGHQ�
$OV� *UXQGODJH� I�U� ZHLWHUH� WKHRUHWLVFKH

8QWHUVXFKXQJHQ� ZXUGH� ]XQlFKVW� �EHU� HLQ
GRFNLQJ�9HUIDKUHQ� �)OH[L'RFN��� GDV� GHQ
/LJDQGHQ�IOH[LEHO�XQG�GDV�3URWHLQ�VWDUU�KlOW�
HLQ� %LQGXQJVPRGXV� JHQHULHUW�� GHU� GHQ
.RQIRUPDWLRQVGDWHQ� GHU� 105�$QDO\VHQ
VRZLH� GHU� SRVWXOLHUWHQ� 2ULHQWLHUXQJ� GHV
6LDO\O�/HZLV[� LQ� GHU� %LQGXQJVWDVFKH� HQW�
VSULFKW�� ,Q� GLHVHP� %LQGXQJVPRGHOO� LVW� GLH
)XFRVH� �EHU� GLH� ��2+�� XQG� GLH� ��2+�
*UXSSH�DP�&DOFLXP�NRRUGLQLHUW��'LH���2+�
*UXSSH�GHU�*DODFWRVH�ELOGHW�PLW�GHP�7\U���
$VQ���� XQG� GHP� *OX��� PHKUHUH� :DVVHU�
VWRIIEU�FNHQ�� (LQH� ]XVlW]OLFKH� :DVVHUVWRII�
EU�FNH� HUJLEW� VLFK� I�U� GLH� ��2+�*UXSSH
]XP� 7\U���� 'LH� 3RVLWLRQ� GHU� QHJDWLY
JHODGHQHQ�&DUER[\OJUXSSH� OLHJW�QDKH�DQ�GHU
*XDQLGLQLXPJUXSSH� GHU� 6HLWHQNHWWH� YRP
$UJ����'DV�*OXFRVDPLQ�XQG�GLH�6HLWHQNHWWH
GHU� 6LDOLQVlXUH� ]HLJHQ� ZHQLJ� GLUHNWH
.RQWDNWH�]XP�(�6HOHNWLQ�
(QWVFKHLGHQG�I�U�GLHVHQ�%LQGXQJVPRGXV

LVW�GLH�3RVLWLRQ�GHU�)XFRVH�DP�&DOFLXP��GLH
/DJH�GHU�&DUER[\OJUXSSH�DP�$UJ���XQG�GDV
1HW]ZHUN� DQ� :DVVHUVWRIIEU�FNHQ� GHU
*DODFWRVH�� 'LHVH� $QRUGQXQJ� ZLUG� QXU
HUUHLFKW�� ZHQQ� GHU� $EVWDQG� YRQ� FD�� ��� c
YRP�&DOFLXP�]XP�1η��$WRP�GHV�$UJ��� LP
3URWHLQ��YRQ�NRPSOHPHQWlUHQ�*UXSSHQ�GHV
/LJDQGHQ��EHUEU�FNW�ZLUG�
'LH� 105�$QDO\VHQ� GHU� VXOIDWLHUWHQ

7ULVDFFKDULG�%LEOLRWKHN� HUJDEHQ� DOV� +DXSW�
ELQGXQJVSDUWQHU� GLH� ��)XFRV\O�ODFWRVH� XQG

GLH� �¶�)XFRV\O�ODFWRVH�� ,Q� HLQHP� GH� QRYR�
'HVLJQ� 3UR]H�� PLW� GHU� 6RIWZDUH� /HDS)URJ
ZXUGHQ� DOOH� P|JOLFKHQ� 9HUNQ�SIXQJV�
YDULDQWHQ� JHQHULHUW� XQG� DXI� LKUH� %LQGXQJV�
DNWLYLWlW� XQWHUVXFKW�� ,Q� GLHVHP� 3UR]H�
ZXUGHQ�GLH�/LJDQGHQ�VFKULWWZHLVH�DXIJHEDXW
XQG� HQWVSUHFKHQG� LKUHU� %LQGXQJVHQHUJLH
NODVVLIL]LHUW��=XQlFKVW�NRQQWH�GLH�%LQGXQJV�
UHJLRQ�GHU�)XFRVH�DP�&DOFLXPDWRP�GHILQLHUW
ZHUGHQ�� $XVJHKHQG� YRQ� GLHVHU� 3RVLWLRQ
ZXUGHQ� DOOH� P|JOLFKHQ� 9DULDWLRQHQ� GHU
)XFRVH� PLW� GHU� /DFWRVH� HU]HXJW�� 'LH
DQVFKOLH�HQGH� 6XOIDWLHUXQJ� GHU� /DFWRVH
ELOGHWH� GHQ� $EVFKOX��� %HWUDFKWHW� PDQ� GLH
%LQGXQJVHQHUJLHQ� GHU� PRQRVXOIDWLHUWHQ
6WUXNWXUHQ�� ZXUGH� LQ� hEHUHLQVWLPPXQJ�PLW
GHQ� 105�(UJHEQLVVHQ�� GLH� ����)XFRV\O�
ODFWRVH� DOV� ELQGXQJVVWlUNVWHU� /LJDQG
JHQHULHUW�� 'LH� 6XOIDWJUXSSH� LVW� EHL� GLHVHP
/LJDQG� PLW� GHU� ��3RVLWLRQ� GHU� *OXFRVH
YHUNQ�SIW�� 'LH� �¶�)XFRV\O�ODFWRVH� ZXUGH
HEHQIDOOV� DOV� �¶�6XOIDW� PLW� HLQHU� KRKHQ
%LQGXQJVHQHUJLH�HU]HXJW��'LH�.RQIRUPDWLRQ
GLHVHU�9HUNQ�SIXQJVYDULDQWH�OLHIHUW�DXFK�HLQ
0RGHOO� I�U� GHQ� LQ� GHQ� 105�6SHNWUHQ
JHIXQGHQHQ� WLHIIHOGVKLIW� GHV�+��3URWRQV� GHU
)XFRVH�� 'LH� 6XOIDWJUXSSH� LVW� LQ� GLHVHU
$QRUGQXQJ� LQ� XQPLWWHOEDUHU� UlXPOLFKHU
1lKH�GHV�3URWRQV��GHVVHQ�5HVRQDQ]�XP�����
SSP�YHUVFKREHQ�LVW�
$XIJUXQG� GHU� N�U]HUHQ� 'LVWDQ]HQ� YRQ

GHU� DP� &DOFLXP� NRRUGLQLHUWHQ� )XFRVH� ]XU
6XOIDWJUXSSH� DOOHU� JHQHULHUWHQ�7ULVDFFKDULGH�
XQWHUVFKHLGHW� VLFK� GHU� %LQGXQJVPRGXV� LP
9HUJOHLFK� ]XP� 6LDO\O�/HZLV[� GHXWOLFK�� 'LH
QHJDWLY� JHODGHQH� *UXSSH� LVW� QLFKW�� ZLH� LP
%LQGXQJVPRGHOO�GHV�6LDO\O�/HZLV[��DP�$UJ��
ORNDOLVLHUW��VRQGHUQ�LVW�]ZLVFKHQ�GHP�/\V���
XQG� GHP� $UJ���� SRVLWLRQLHUW�� 2IIHQ�
VLFKWOLFK� NDQQ� GHU� $EVWDQG� YRP� &DOFLXP
]XP� $UJ��� �FD�����c�� QLFKW� YRQ� GHQ
VXOIDWLHUWHQ� 7ULVDFFKDULGHQ� �EHUVSDQQW
ZHUGHQ�
'D�GHU�JHEXQGHQH�=XVWDQG�GHU�/LJDQGHQ

QXU� HLQH� .RQIRUPDWLRQ� YRQ� YLHOHQ
0|JOLFKHQ� GDUVWHOOW�� ZXUGHQ� 00&�
6LPXODWLRQHQ� GHU� ELQGXQJVDNWLYVWHQ� PRQR�
VXOIDWLHUWHQ� 7ULVDFFKDULGH� PLW� GHP
3URJUDPP� *(*23� �JHRPHWU\� RI� JO\FRSURWHLQV�
GXUFKJHI�KUW�� 0LW� GLHVHP� 9HUIDKUHQ� LVW� HV
P|JOLFK��GHQ�JHVDPWHQ�.RQIRUPDWLRQVUDXP
HLQHU� FKHPLVFKHQ� 6WUXNWXU� DE]XWDVWHQ�
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=XVlW]OLFK� ZXUGH� HLQH� &OXVWHUDQDO\VH
YHUZHQGHW�� GLH� ]X� HLQHU� PDWKHPDWLVFK
H[DNWHQ� $EOHLWXQJ� GHU� NRQIRUPDWLY
EHYRU]XJWHQ� 6WUXNWXUHQ� I�KUW�� 'LH
+DXSWNODVVHQ� GLHVHU� $QDO\VH� VWHOOHQ� GDQQ
QLFKW� QXU� GLH� HQHUJHWLVFK� J�QVWLJVWHQ
.RQIRUPDWLRQHQ� GDU�� GLHVH� +DXSWNODVVHQ
VLQG� GXUFK� LKUHQ� KRKHQ� 3RSXODWLRQVDQWHLO
DXFK� HLQ�0D�� I�U� GLH� WDWVlFKOLFKH� ([LVWHQ]
HLQHU�.RQIRUPDWLRQ�
'HU� 9HUJOHLFK� GHU� .RQIRUPDWLRQHQ� LP

JHEXQGHQHQ� =XVWDQG� PLW� GHQ� JHPLWWHOWHQ
.RQIRUPDWLRQHQ� GHU� +DXSWNODVVHQ� DXV� GHU
&OXVWHUDQDO\VH�� HUJDE� HLQH� KRKH� hEHU�
HLQVWLPPXQJ�� 6RPLW� VLQG� GLH� LP� 'H�QRYR�
'HVLJQ�3UR]H�� JHQHULHUWHQ� 6WUXNWXUHQ
HQHUJHWLVFK� J�QVWLJH� .RQIRUPDWLRQHQ� XQG
HQWVSUHFKHQ�GHQ�EHYRU]XJWHQ�=XVWlQGHQ�
%HVRQGHUV� GHXWOLFK� ZLUG� GLHV� EHL� GHP

��6XOIDW�GHU�����YHUNQ�SIWHQ�)XFRV\O�ODFWRVH�
'LH� /HDS)URJ�6WUXNWXU� ]HLJW� HLQH� .RQ�
IRUPDWLRQ�� GLH� GHU� JHPLWWHOWHQ� .RQ�
IRUPDWLRQ�HLQHU�GHU�+DXSWNODVVHQ�HQWVSULFKW
XQG�GDV�JOREDOH�(QHUJLHPLQLPXP�GDUVWHOOW�
0LW� GLHVHU� $UEHLW� LVW� HV� JHOXQJHQ�� HLQ

105�JHVW�W]WHV� VUHHQLQJ� 9HUIDKUHQ� ]X
HWDEOLHUHQ� PLW� GHP� GLH� ELQGXQJVDNWLYVWHQ
.RPSRQHQWHQ� DXV� HLQHU� H[WUHP� NRPSOH[HQ
0LVFKXQJ� VHKU� lKQOLFKHU� VXOIDWLHUWHU
7ULVDFFKDULGH� LGHQWLIL]LHUW� ZXUGHQ�� 'LHVH
6WUXNWXUHQ�� GLH� LP� *HJHQVDW]� ]XP
QDW�UOLFKHQ� /LJDQGHQ� 6LDO\O�/HZLV[� HLQH
DQGHUH� 9HUNQ�SIXQJVSRVLWLRQ� GHU� )XFRVH
EHVLW]HQ�²�VWDWW�GHU���3RVLWLRQ��LVW�GLH�)XFRVH
GLHVHU� /LJDQGHQ� PLW� GHU� ��� RGHU� GHU� �¶�
3RVLWLRQ�YHUNQ�SIW� �� VWHOOHQ� LQ�hEHUHLQVWLP�
PXQJ� PLW� WKHRUHWLVFKHQ� 0HWKRGHQ� GHV
:LUNVWRIIGHVLJQV� QHXH� /HLWVWUXNWXUHQ� DOV
$QWDJRQLVWHQ�GHV�(�6HOHNWLQV�GDU�
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6.1 Summary

7KH� GLVFRYHU\� DQG� RSWLPL]DWLRQ� RI� QHZ
OHDG�VXEVWDQFHV�LV�D�ELJ�FKDOOHQJH�LQ�PRGHUQ
GUXJ� UHVHDUFK�� 7KH� DSSOLFDWLRQ� RI� HIIHFWLYH
VFUHHQLQJ� PHWKRGV� IRU� WHVWLQJ� ELRORJLFDO
DFWLYLW\� RI� FRPSRXQG�PL[WXUHV� LV� WKH� LQLWLDO
VWHS� LQ� WKH� GHYHORSPHQW� RI� QHZ
SKDUPDFHXWLFDOV��+LJK�WKURXJKSXW�VFUHHQLQJ
�+76�� LV� DEOH� WR� WHVW� VHYHUDO� �����
FRPSRXQGV� SHU� GD\�� � +RZHYHU�� 105�
VSHFWURVFRSLF� WRROV� DUH� DOWHUQDWLYHV� IRU� WKH
LQYHVWLJDWLRQ� RI� SURWHLQ� OLJDQG� LQWHUDFWLRQV
DQG� DUH� LQFUHDVLQJO\� XVHG� IRU� VFUHHQLQJ�
$GGLWLRQDOO\�� PROHFXODU� PRGHOLQJ� FDQ� EH� D
XVHIXO�WHFKQLTXH�IRU�OHDG�JHQHUDWLRQ�DQG�OHDG
RSWLPL]DWLRQ� RI� ELRORJLFDOO\� DFWLYH� FRP�
SRXQGV�� &XUUHQWO\�� FRPSXWHU� GRFNLQJ
VWXGLHV�DUH�RIWHQ�XVHG� WR�VLPXODWH� LQKLELWRUV
RU�DQWDJRQLVWV�
7KH� ELRORJLFDO� WDUJHW� LQ� WKLV� WKHVLV� LV� (�

VHOHFWLQ�ZKLFK�PHGLDWHV�WKH�HDUO\�VWHSV�RI�WKH
UHFUXLWPHQW� RI� OHXNRF\WHV� IURP� WKH� EORRG
VWUHDP� GXULQJ� LQIODPPDWLRQ�� 1HZ� OHDG
VWUXFWXUHV� ZKLFK� VXSSUHVV� WKLV� LPPXQH
UHVSRQVH�DUH�WKHUHIRUH�RI�VSHFLDO�LQWHUHVW�
7R� ILQG� QHZ� LQKLELWRUV� ZH� WULHG� WR

LGHQWLI\� WKH� ELRDFWLYH� FRPSRQHQW� IURP� D
OLEUDU\�ZKLFK�KDV�KLJK�DIILQLW\� LQ�D�ELRDVVD\�
7KH� OLEUDU\� LV� FRPSRVHG� RI� VXEVWDQFHV
UHVXOWLQJ�IURP�D�UDQGRP�VXOIDWDWLRQ�IROORZHG
E\� IXFRV\ODWLRQ� RI� ODFWRVH�� 7KLV� FRPSOH[
PL[WXUH� ZDV� LQYHVWLJDWHG� E\� 105�VSHF�
WURVFRS\�DQG�WKHRUHWLFDO�DQDO\VLV��L�H��GRFNLQJ
H[SHULPHQWV�� 00&�VLPXODWLRQV�� DQG
PHWKRGV� IRU� WKH� YLUWXDO� GHVLJQ� DQG� RSWLPL�
]DWLRQ�RI� VDFFKDULGH� OLJDQGV��$� FRPSDUDWLYH
VWXG\� RI� WKH� YLUWXDOO\� JHQHUDWHG� OLJDQGV� DQG
WKH�QDWXUDO� OLJDQG� VLDO\O�/HZLV[� UHVXOWHG� LQ� D
PRUH�SUHFLVH�YLHZ�RI�WKH�ELQGLQJ�SURSHUWLHV�
7KH� (�VHOHFWLQ� XVHG� KHUH� ZDV� DQ� ,J*�

FKLPHUD�ZLWK�WKH�(�VHOHFWLQ�OHF�GRPDLQ�ZLWK
WZR�ELQGLQJ�VLWHV��7KH�VXOIDWHG� WULVDFFKDULGH
OLEUDU\� FRQWDLQHG� DERXW� ���� FRPSRXQGV�
7KH� IXFRV\ODWLRQ� DQG� VXOIDWDWLRQ� ZDV
SHUIRUPHG�UDQGRPO\�DW�HDFK�SRVLWLRQ�RI�WKH
ODFWRVH�XQLW��7KH�&��SRVLWLRQ�RI� WKH� ODFWRVH
LV� MRLQHG� WR� DQ� DURPDWLF� &��VSDFHU�� 7KH
SURWHLQ� OLJDQG� LQWHUDFWLRQV� ZHUH� VWXGLHG� E\
105�H[SHULPHQWV�VXFK�DV�WUDQVIHUUHG�12(
�WU12(�� DQG� 7��UHOD[DWLRQ� WLPH

PHDVXUHPHQW�� $GGLWLRQDOO\� WKH� ELQGLQJ
DFWLYLW\�RI�WKH�PL[WXUH�ZDV�WHVWHG�ZLWK�D�QHZ
105�H[SHULPHQW�� 7KLV� WHFKQLTXH� LV� FDOOHG
67'�105� �VDWXUDWLRQ� WUDQIHU� GLIIHUHQFH�
DQG� FDQ� EH� XVHG� IRU� VFUHHQLQJ� FRPSRXQG
OLEUDULHV�IRU�ELQGLQJ�DFWLYLW\�WR�SURWHLQV�
7KH� FKHPLFDO� VKLIWV� RI� WKH� YDULRXV

FRPSRXQGV� ZLWK� GLIIHUHQW� IXFRVH� OLQNDJH
SDWWHUQV� ZHUH� DVVLJQHG� E\� 72&6<��
12(6<��� DQG� VHOHFWLYH� &26<��� DQG
72&6<�H[SHULPHQWV�� (VSHFLDOO\� WKH� +��
DQG�+��SURWRQ� VKLIWV� RI� WKH� IXFRVH� DUH� LQ�
GLFDWLYH� RI� WKH� OLQNDJH� SRVLWLRQ� WR� WKH
ODFWRVH��%\��'�DQG��'�67'�105�VSHFWURV�
FRS\� WZR�ELQGLQJ� OLJDQGV�ZLWK� ���� DQG� ���¶
IXFRV\ODWHG�ODFWRVH�FRUHV�ZHUH�FKDUDFWHUL]HG�
$� VSHFLDO� 72&6<� 67'� SXOVH� SURJUDP�ZDV
GHYHORSHG��6XEWUDFWLRQ�ZDV�SHUIRUPHG�SULRU
WR�)RXULHU� WUDQVIRUPDWLRQ�E\� SKDVH� F\FOLQJ�
,Q� WKH� FDVH� RI� WKH� �'� 67'� 105�
H[SHULPHQW�� VXEWUDFWLRQ� RFFXUV� DIWHU� HYHU\
VFDQ�E\�LQYHUWLQJ�WKH�UHFHLYHU�SKDVH�E\������
,Q� WKH� �'� 67'� 72&6<� 105�H[SHULPHQW
WKH� VXEWUDFWLRQ� WRRN� SODFH� DIWHU� D� FRPSOHWH
SKDVH�F\FOH�RI�WKH�UHVSHFWLYH�)��LQFUHPHQW�
,QGLFDWLRQV�RI� WKH�SRVLWLRQ�RI� WKH� VXOIDWH

JURXS� ZHUH� IRXQG� IRU� WKH� ���¶�IXFRV\O�
ODFWRVH��7KH�+��SURWRQ�RI�WKH�IXFRVH�VKRZV
DW� OHDVW� IRU� RQH� FRPSRXQG� D� VLJQLILFDQW
GRZQILHOG�VKLIW��7KLV�VKLIW�FDQ�RULJLQDWH�IURP
D�VXOIDWH�JURXS�ZKLFK� LV� LQ�SUR[LPLW\� WR� WKH
+��SURWRQ�
7KH� 7��UHOD[DWLRQ� WLPH� DQG� WKH� 67'

72&6<�H[SHULPHQWV�LQGLFDWH�WKDW�WKH�IXFRVH
DQG� JDODFWRVH� SURWRQV� KDYH� WKH� VWURQJHVW
LQWHUDFWLRQV�ZLWK�WKH�SURWHLQ�
7KH� H[DFW� ELQGLQJ� PRGH� RI� WKH� QDWLYH

OLJDQG� VLDO\O� /HZLV[� KDV� VWLOO� QRW� EHHQ
GHWHUPLQHG� XQDPELJXRXVO\��8S� WR� QRZ�� QR
FU\VWDOORJUDSKLF� GDWD� RI� D� FRPSOH[� RI� (�
VHOHFWLQ�ZLWK�VLDO\O�/HZLV[�LV�DYDLODEOH��%XW�LQ
DOO� &�OHFWLQV� WKH� FDUERK\GUDWH� LV� FRPSOH[HG
WR� WKH� SURWHLQ� E\� IRUPLQJ� FRRUGLQDWLRQ
ERQGV�ZLWK� D� FRQVHUYHG� FDOFLXP�� DV�ZHOO� DV
E\� K\GURJHQ� ERQGLQJ� ZLWK� DFLG� DQG� DPLGH
VLGHFKDLQV� WKDW� DOVR� FRRUGLQDWH� WR� WKH
FDOFLXP��7KH�HVVHQWLDO�DPLQR�DFLGV� LQYROYHG
LQ� FDUERK\GUDWH� ELQGLQJ� FRXOG� DOVR� EH
GHWHUPLQHG� E\� PXWDJHQHVLV� H[SHULPHQWV�
$GGLWLRQDOO\�� WKH� FRQIRUPDWLRQ� RI� WKH� VLDO\O
/HZLV[� WHWUDVDFFKDULGH� ERXQG� WR� (�VHOHFWLQ
ZDV� GHWHUPLQHG� IURP� WUDQVIHU� 12(



Summary

��

�WU12(�� GDWD� IROORZHG� E\� D� GLVWDQFH�
JHRPHWU\�DQDO\VLV�
7KH� EDVLV� IRU� IXUWKHU� WKHRUHWLFDO� VWXGLHV

ZDV� JHQHUDWHG� ZLWK� D� GRFNLQJ� SURFHGXUH
�)OH[L'RFN��� ZKLFK� NHHSV� WKH� SURWHLQ� IL[HG
DQG� WKH� OLJDQG� IOH[LEOH�� 7KH� UHVXOWLQJ
VWUXFWXUH�LV�LQ�JRRG�DJUHHPHQW�WR�WKH�105�
DQDO\VLV�DQG�VKRZV�WKH�SUHGLFWHG�RULHQWDWLRQ
RI�VLDO\O�/HZLV[�LQ�WKH�ELQGLQJ�SRFNHW��,Q�WKLV
RULHQWDWLRQ�� WKH� IXFRVH� LV� FRRUGLQDWHG� ZLWK
WKH� ��K\GUR[\� JURXS� DQG� WKH� ��K\GUR[\
JURXS� WR� WKH� FDOFLXP� DWRP�� 7KH� ��K\GUR[\
JURXS� RI� WKH� JDODFWRVH� IRUPHG� PXOWLSOH
K\GURJHQ� ERQGV� WR� 7\U���� $VQ���� DQG
*OX���� $GGLWLRQDOO\�� D� K\GURJHQ� ERQG� ZDV
IRXQG� EHWZHHQ� WKH� ��K\GUR[\� JURXS� DQG
7\U���� 7KH� QHJDWLYHO\� FKDUJHG� FDUER[\
JURXS� ZDV� LQ� SUR[LPLW\� WR� WKH� JXDQLGLQR
JURXS� RI� $UJ���� 7KH� JOXFRVDPLQH� DQG� WKH
VLGH�FKDLQ�RI�WKH�VLDOLF�DFLG�ZHUH�QRW�LQ�FORVH
FRQWDFW�WR�WKH�SURWHLQ�
7KH�FUXFLDO�IHDWXUHV�RI�WKLV�ELQGLQJ�PRGH

LV� WKH� FRRUGLQDWLRQ� RI� WKH� IXFRVH� WR� WKH
FDOFLXP��WKH�SRVLWLRQ�RI�WKH�FDUER[\�JURXS�DW
$UJ����DQG�WKH�QHWZRUN�RI�K\GURJHQ�ERQGV
RI�WKH�JDODFWRVH��7KLV�RULHQWDWLRQ�FDQ�RQO\�EH
UHDFKHG�� LI� D� OLJDQG� FDQ� EULGJH� WKH� GLVWDQFH
RI�DERXW����c�EHWZHHQ�WKH�FDOFLXP�DQG�WKH
1η��DWRP�RI�WKH�$UJ���
,Q� D� GH� QRYR� GHVLJQ� SURFHVV� ZLWK� WKH

SURJUDP� /HDS)URJ�� DOO� SRVVLEOH� IXFRVH
OLQNDJH� FRPELQDWLRQV� WR� WKH� ODFWRVH� ZHUH
JHQHUDWHG�� 7KH� OLJDQGV� ZHUH� EXLOW� VWHSZLVH
DQG�FODVVLILHG�E\� WKHLU�ELQGLQJ�HQHUJ\��)LUVW�
WKH� ELQGLQJ� UHJLRQ� RI� WKH� IXFRVH� WR� WKH
FDOFLXP�FRXOG�EH�GHILQHG��6WDUWLQJ�IURP�WKLV
SRVLWLRQ��DOO�SRVVLEOH�VWUXFWXUHV�RI�WKH�IXFRVH
ZLWK� WKH� ODFWRVH� ZHUH� JHQHUDWHG� LQ� VLOLFR�
6XEVHTXHQWO\�� WKH� ODFWRVH� FRUH� ZDV� VXOIDWHG
UDQGRPO\��,Q�JRRG�DJUHHPHQW�ZLWK�WKH�105
GDWD�� WKH� ����IXFRV\O� ODFWRVH� LV� WKH� EHVW
OLJDQG�� 7KH� VXOIDWH� JURXS� RI� WKLV� FRPSXWHU
JHQHUDWHG� VWUXFWXUH� ZDV� LQ� WKH� ��SRVLWLRQ�
7KH����¶�IXFRV\O��¶�2�VXOIR� ODFWRVH�ZDV�DOVR
IRXQG�DV�D�OLJDQG�ZLWK�D�KLJK�ELQGLQJ�HQHUJ\�
7KH�FRQIRUPDWLRQ�RI�WKLV�FRPSRXQG�UHVXOWV
LQ� D� JRRG� PRGHO� IRU� WKH� GRZQILHOG� VKLIW
������ SSP�� RI� WKH� SURWRQ� UHVRQDQFH� RI� WKH
+��IXFRV\O�SURWRQ��,Q�WKLV�FRQILJXUDWLRQ��WKH
VXOIDWH�JURXS�LV�VLWXDWHG�LQ�WKH�YLFLQLW\�RI�WKH
+��SURWRQ�

�%HFDXVH� RI� WKH� VPDOOHU� GLVWDQFHV� RI� WKH
IXFRVH� WR� WKH� VXOIDWH� JURXS�� WKH� ELQGLQJ
PRGH� RI� DOO� VXOIDWHG� WULVDFFKDULGHV� GLIIHUV
IURP� WKH� RQH� RI� WKH� WHWUDVDFFKDULG� VLDO\O
/HZLV[�� ZKHUH� WKH� QHJDWLYHO\� FKDUJHG� JURXS
LV� ORFDWHG� DW� WKH� $UJ���� ,Q� DOO� VXOIDWHG
WULVDFFKDULGHV�� WKH�QHJDWLYHO\�FKDUJHG�VXOIDWH
JURXS� LV� SRVLWLRQHG� EHWZHHQ� /\V���� DQG
$UJ����� $SSDUHQWO\�� WKH� GLVWDQFH� EHWZHHQ
WKH� FDOFLXP� DQG� WKH� $UJ��� FDQQRW� EH
EULGJHG� E\� WKH� YLWXDOO\� JHQHUDWHG� VXOIDWHG
WULVDFFKDULGHV�
7KH�ERXQG�FRQIRUPDWLRQ�UHSUHVHQWV�RQO\

RQH� SRVVLEOH� FRQIRUPDWLRQ�� WKHUHIRUH� D
00&�VLPXODWLRQ� RI� WKH� PRVW� DFWLYH� PRQR
VXOIDWHG� WULVDFFKDULGHV� ZLWK� WKH� SURJUDP
*(*23� �JHRPHWU\� RI� JO\FRSURWHLQV�� ZDV
FDUULHG� RXW�� 7KH� PHWKRG� ZDV� FKRVHQ� WR
HQVXUH� WKDW� DOO� VWHULFDOO\� SRVVLEOH� FRQ�
IRUPDWLRQV� ZHUH� FRQVLGHUHG�� $GGLWLRQDOO\� D
FOXVWHU� DQDO\VLV� ZDV� SHUIRUPHG� WR� FUHDWH� D
PDWKHPDWLFDOO\� H[DFW� GHVFULSWLRQ� RI� WKH
SUHIHUUHG� FRQIRUPDWLRQV�� 7KH�PDMRU� FODVVHV
RI� WKLV� DQDO\VLV� UHSUHVHQW� HQHUJHWLFDOO\
IDYRUDEOH�FRQIRUPDWLRQV�
&RPSDULVRQ� RI� WKH� VWUXFWXUHV� LQ� WKH

ERXQG� VWDWH� ZLWK� WKH� DYHUDJHG� VWUXFWXUHV
IURP�WKH�PDMRU�FODVVHV�RI�WKH�FOXVWHU�DQDO\VLV
UHVXOWHG�LQ�D�JRRG�DJUHHPHQW��7KHUHIRUH��WKH
YLUWXDOO\� JHQHUDWHG� VWUXFWXUHV� DUH
HQHUJHWLFDOO\� UHDVRQDEOH� DQG� FRUUHVSRQG� WR
WKH�SUHIHUUHG�VWDWHV�RI�WKH�PROHFXOHV�
7KH� /HDS)URJ� VWUXFWXUH� RI� WKH� ����

IXFRV\O���2�VXOIR�ODFWRVH� VKRZV� D� FRQ�
IRUPDWLRQ�ZKLFK�LV�HTXLYDOHQW�WR�RQH�RI�WKH
PDMRU�JURXSV�RI�WKH�FOXVWHU�DQDO\VLV�
,Q� WKLV� WKHVLV�� D� 105�EDVHG� SRZHUIXO

VFUHHQLQJ� WRRO� IRU� LQYHVWLJDWLQJ� D� FRPSOH[
PL[WXUH� FRPSRVHG� RI� YHU\� VLPLODU� VXOIDWHG
WULVDFFKDULGHV�ZDV�HVWDEOLVKHG��7KH�ELRDFWLYH
FRPSRXQGV� FRXOG� EH� LGHQWLILHG� DQG
FKDUDFWHUL]HG��7KHVH� VWUXFWXUHV� DUH� GLIIHUHQW
IURP� WKH� QDWXUDO� OLJDQG� VLDO\O� /HZLV[�� 7KH
OLQNDJH�RI�WKH�IXFRVH�LV�LQ�WKH����RU�LQ�WKH��¶�
SRVLWLRQ�EXW�QRW� LQ� WKH� ��SRVLWLRQ��ZKLFK� LV
IRXQG� LQ� VLDO\O� /HZLV[�� ,Q� JRRG� DJUHHPHQW
ZLWK� WKHRUHWLFDO� PHWKRGV�� WKHVH� VWUXFWXUHV
DUH�QHZ�OHDGV�DV�DQWDJRQLVWV�WR�(�VHOHFWLQ�


