
,GHQWLILNDWLRQ�YRQ�6WÐUJUÐ¹HQ�XQG�(QWZLFNOXQJ�YRQ�$XVZHUWHPRGHOOHQ�IÖU

GLH�QLFKWLQYDVLYH�*OXFRVHPHVVXQJ�PLW�RSWLVFKHQ�6HQVRUDUUD\V�

'HU�)DNXOW¾W�IÖU�&KHPLH�XQG�3K\VLN

GHU�7HFKQLVFKHQ�8QLYHUVLW¾W�%HUJDNDGHPLH�)UHLEHUJ

JHQHKPLJWH

'LVVHUWDWLRQ

]XU�(UODQJXQJ�GHV�DNDGHPLVFKHQ�*UDGHV

GRFWRU�UHUXP�QDWXUDOLXP

'U��UHU��QDW�

YRUJHOHJW

YRQ�'LSORP�&KHPLNHU�+DQV�0DUWLQ�.OÐW]HU

JHERUHQ�DP��������������LQ�/LPEDFK�2EHUIURKQD

*XWDFKWHU� 3URI��'U��UHU��QDW��KDELO��0��2WWR
3ULY��'R]��'U��UHU��QDW��KDELO��/��+HLQHPDQQ
'U��,QJ��0��+HLQ

7DJ�GHU�9HUOHLKXQJ��������������



$Q HUVWHU 6WHOOH PÐFKWH LFK +HUUQ 3URI��'U��UHU��QDW��KDELO��0��2WWR XQG +HUUQ

'U��UHU��QDW��0��+HLQ IÖU GLH LQWHUHVVDQWH $XIJDEHQVWHOOXQJ� GLH 'LVNXVVLRQ DOOHU Z¾KUHQG

GHU 8PVHW]XQJ GHU $UEHLW DXIJHWUHWHQHQ )UDJHQ� LKUH *HGXOG VRZLH GLH MHGHU]HLW JHZ¾KUWH

8QWHUVWÖW]XQJ�GDQNHQ�

%HL PHLQHU )DPLOLH EHGDQNH LFK PLFK JDQ] KHU]OLFK IÖU GLH 8QWHUVWÖW]XQJ� GHQ

5ÖFNKDOW�XQG�GDV�LQ�PLFK�JHVHW]WH�9HUWUDXHQ�

0HLQ ZHLWHUHU 'DQN JLOW GHQ 0LWJOLHGHUQ GHU $UEHLWVJUXSSHQ '06 XQG 1, EHL 5RFKH

'LDJQRVWLFV� 6LH KDEHQ PLFK LPPHU PLW DXVUHLFKHQG 'DWHQ� YLHOHQ QÖW]OLFKHQ +LQZHLVHQ�

XQPÐJOLFKHQ 5HFKQHUSDQQHQ� QRFK PHKU 'DWHQ XQG DXIPXQWHUQGHQ (UNO¾UXQJHQ IÖU

PHKUGLPHQVLRQDOH�3K¾QRPHQH�YHUVRUJW�

�

$OOH )UHXQGH XQG .ROOHJHQ LQ 0DQQKHLP� )UHLEHUJ XQG 'ÖVVHOGRUI� GLH ]XP *HOLQJHQ

GLHVHU�$UEHLW�EHLJHWUDJHQ�KDEHQ��VFKOLH¹H�LFK�LQ�PHLQHQ�'DQN�HLQ�



�(V LVW HLQH PHLQHU DOWHQ 0D[LPHQ� ZDV ÖEULJEOHLEW� ZHQQ PDQ GDV 8QPÐJOLFKH DXVJH�

VFKORVVHQ�KDW��PX¹�GLH�:DKUKHLW�VHLQ��VR�XQZDKUVFKHLQOLFK�VLH�VLFK�DXFK�DXVQHKPHQ�PDJ��

6LU�$UWKXU�&RQDQ�'R\OH



,QKDOWVYHU]HLFKQLV

� (LQOHLWXQJ�XQG�$XIJDEHQVWHOOXQJ �

� 'LDEHWHV�PHOOLWXV�XQG�%OXWJOXFRVHDQDO\WLN �

��� 'LDEHWHV�DOV�9RONVNUDQNKHLW �

����� .UDQNKHLWVELOG �

����� )ROJHHUNUDQNXQJHQ �

����� 1RWZHQGLJNHLW�NRQWLQXLHUOLFKHU�0HVVXQJ �

��� *OXFRVHPH¹YHUIDKUHQ �

����� ,QYDVLYH�0HVVXQJ �

����� 0LQLPDO�LQYDVLYH�9HUIDKUHQ ��

����� 1LFKWLQYDVLYH�0HWKRGHQ ��

������� 2SWLVFKH�6SHNWURVNRSLH ��

������� 3KRWRDNXVWLVFKH�6SHNWURVNRSLH ��

������� 3RODULPHWULH ��

����� %HZHUWXQJ�GHU�9HUIDKUHQ ��

� %HVWLPPXQJ�YRQ�*OXFRVH�ÖEHU�6WUHXHLJHQVFKDIWHQ�GHU�+DXW ��

��� $XIEDX�GHU�+DXW ��

����� (SLGHUPLV ��

����� 'HUPLV ��

����� 6XEFXWLV ��

��� 6SHNWURVNRSLH�r�5HIOH[LRQVPHVVXQJHQ ��

��� 'LIIXVLRQVWKHRULH�DOV�0RGHOO�GHU�/LFKWDXVEUHLWXQJ�LQ�GHU�+DXW ��

��� .DOLEUDWLRQVYHUIDKUHQ ��

����� $QIRUGHUXQJHQ�DQ�GLH�.DOLEUDWLRQ�HLQHV�LQ�YLYR�6HQVRUV ��

����� /LQHDUH�.DOLEUDWLRQ ��

����� +DXSWNRPSRQHQWHQUHJUHVVLRQ ��

��� (UJHEQLVNODVVLILNDWLRQ�XQWHU�PHGL]LQLVFKHQ�$VSHNWHQ ��

� 0H¹WHFKQLN�XQG�$XVZHUWHSURJUDPPH ��

��� )DVHURSWLVFKHV�6SHNWURPHWHU�QDFK�3$77(5621 ��

��� 6HQVRUDUUD\�IÖU�GLH�RUWVDXIJHOÐVWH�0HVVXQJ�GHU�5HIOH[LRQ ��

��� 6RIWZDUH ��

��L��



� (UJHEQLVVH ��

��� $OJRULWKPLVFKH�XQG�JHU¾WHWHFKQLVFKH�)DNWRUHQ ��

����� $OJRULWKPHQ�]XU�%HUHFKQXQJ�YRP��D�XQG��
V� ��

����� :HOOHQO¾QJHQDEK¾QJLJNHLW�GHU�0RGHOOSDUDPHWHU ��

����� *HIRUGHUWH�*HQDXLJNHLW�XQG�)HKOHUDEVFK¾W]XQJ ��

����� *UHQ]IO¾FKH�6HQVRU�r�+DXW ��

����� 7HPSHUDWXUNRPSHQVDWLRQ ��

��� 3K\VLRORJLVFKH�(LQIOÖVVH ��

����� 7HPSHUDWXU�XQG�'XUFKEOXWXQJ ��

����� 6FKLFKWVWUXNWXU�XQG�+HWHURJHQLW¾W�GHU�+DXW ��

����� 5ÖFNZLUNXQJHQ�GHV�0H¹V\VWHPV�DXI�GHQ�0H¹RUW ��

����� =\NOLVFKH�9DULDWLRQHQ�XQG�6LJQDOGULIW ��

����� $XVZLUNXQJHQ�YRQ�%HZHJXQJ�XQG�'UXFN ��

��� ([SHULPHQWH�PLW�9DULDWLRQ�YRQ�*OXFRVH ��

����� 9HUVXFKVSURWRNROO���9HUPHLGXQJ�YRQ�6FKHLQNRUUHODWLRQ ��

����� $XVZDKO�XQG�9RUEHKDQGOXQJ�GHU�'DWHQ ��

����� .DOLEUDWLRQ�EDVLHUHQG�DXI��
V���QGHUXQJHQ ��

����� .DOLEUDWLRQ�PLWWHOV�3&5�XQG�5HIOH[LRQVGDWHQ ��

����� 9HUJOHLFK�GHU�9HUIDKUHQ�XQG�.DOLEUDWLRQVVWUDWHJLHQ ��

� =XVDPPHQIDVVXQJ ��

� $XVEOLFN ��

� /LWHUDWXUYHU]HLFKQLV ���

� $QKDQJ ���

��LL��



� (LQOHLWXQJ�XQG�$XIJDEHQVWHOOXQJ

'LH FKHPLVFKH 6HQVRULN XPID¹W HLQ VHKU ZHLWHV *HELHW� GDV YRQ GHU 6SXUHQDQDO\VH LQ

KRFKUHLQHQ :HUNVWRIIHQ ELV ]XU %HVWLPPXQJ GHV S+�:HUWHV LQ .¾VH UHLFKW� 'LHVH JUR¹H

%DQGEUHLWH IÖKUW ]X HLQHU VWDUNHQ LQWHUGLV]LSOLQ¾UHQ .RRSHUDWLRQ� GLH VLFK LQ GHU YRU�

OLHJHQGHQ $UEHLW ZLGHUVSLHJHOW� +LHU JHKHQ 3K\VLRORJLH� 3K\VLN� &KHPRPHWULH XQG

6HQVRULN HQJ ]XVDPPHQ� =LHO ZDU HV� ]XU (QWZLFNOXQJ HLQHV 6HQVRUV IÖU GLH QLFKWLQYDVLYH

*OXFRVHEHVWLPPXQJ EHL 'LDEHWLNHUQ EHL]XWUDJHQ� 'LH EHVRQGHUH +HUDXVIRUGHUXQJ

EHVWHKW LQ GHU 6SXUHQDQDO\WLN DQ HLQHP OHEHQGHQ 2UJDQ PLW HLQHP ZHQLJ VSH]LILVFKHQ

6LJQDO� 'LH 0RWLYDWLRQ� VLFK GLHVHU $XIJDEH ]X VWHOOHQ� HUZ¾FKVW DXV GHU .HQQWQLV GHU

WLHIHQ (LQVFKQLWWH LQ GDV W¾JOLFKH /HEHQ� GLH GHU 'LDEHWHV PLW VLFK EULQJW� 'LH $XVZLU�

NXQJHQ GHU .UDQNKHLW VLQG NDXP ]X ÖEHUVFK¾W]HQ� 9RQ GHQ 3DWLHQWHQ VLQG YLHO 6HOEVW�

GLV]LSOLQ XQG (LQVLFKW JHIRUGHUW� XP PÐJOLFKH� LQ HLQHU UHODWLY IHUQHQ =XNXQIW

DXIWUHWHQGH� )ROJHHUNUDQNXQJHQ ]X PLQLPLHUHQ� ,KU $XVPD¹ K¾QJW VWDUN YRQ GHU *ÖWH

GHU ODQJIULVWLJHQ %OXW]XFNHUHLQVWHOOXQJ DE�>�@� 1HEHQ GHP PHQVFKOLFKHQ /HLG YHUXUVD�

FKHQ GLH )ROJHVFK¾GHQ JUR¹H YRONVZLUWVFKDIWOLFKH .RVWHQ� 'LHVH $XIZHQGXQJHQ ÖEHU�

WUHIIHQ GLH IÖU HLQH LQWHQVLYLHUWH ,QVXOLQWKHUDSLH QRWZHQGLJHQ XP HLQ 9LHOIDFKHV�>�@� 'LH

HUUHLFKEDUH 4XDOLW¾W GHU 6WRIIZHFKVHOIÖKUXQJ LVW YRQ GHU +¾XILJNHLW GHU *OXFRVHEH�

VWLPPXQJ DEK¾QJLJ� 'LH (QWQDKPH YRQ .DSLOODUEOXW DXV GHU )LQJHUEHHUH KLHU]X ZLUNW

OLPLWLHUHQG� (UIDKUHQH 'LDEHWLNHU QHKPHQ VLH �r��PDO W¾JOLFK YRU� $EHU VHOEVW GDPLW

NDQQ GDV *OXFRVHQLYHDX QLFKW JHQDX XQG VFKQHOO JHQXJ HLQJHVWHOOW ZHUGHQ� XP )ROJH�

VFK¾GHQ ZHLWJHKHQG ]X YHUPHLGHQ� $XV GLHVHP *UXQG ZÖUGH HLQ QLFKWLQYDVLYHU

*OXFRVHVHQVRU�HLQHQ�JHZDOWLJHQ�)RUWVFKULWW�EHGHXWHQ�

,P 5DKPHQ GHU $UEHLW JDOW HV� VSH]LHOO :HFKVHOZLUNXQJHQ XQG 6WÐUJUÐ¹HQ ]X

XQWHUVXFKHQ VRZLH $QIRUGHUXQJHQ DQ GLH .DOLEUDWLRQ HLQHV VROFKHQ 0H¹V\VWHPV ]X GHIL�

QLHUHQ� =LHO ZDU HV� 0RGHOOH ]X HUVWHOOHQ� PLW GHUHQ +LOIH GLH DNWXHOOH *OXFRVHNRQ]HQ�

WUDWLRQ DXV HLQHP QLFKWLQYDVLY JHPHVVHQHQ 6LJQDO HUUHFKQHW ZHUGHQ NDQQ� 'DIÖU ZDU GLH

8QWHUVXFKXQJ HLQHU 9LHO]DKO YRQ SK\VLRORJLVFKHQ XQG SK\VLNDOLVFKHQ =XVDPPHQ�

K¾QJHQ QRWZHQGLJ� 'LH EHVRQGHUHQ +HUDXVIRUGHUXQJHQ HUJDEHQ VLFK DXV GHU

'XUFKIÖKUXQJ GHU 0HVVXQJHQ LQ�YLYR� HLQHU XQYROOVW¾QGLJHQ 0RGHOOLHUXQJ GHV 6LJQDO�

.RQ]HQWUDWLRQV�=XVDPPHQKDQJV XQG DXV GHP )HKOHQ HLQHU XQDEK¾QJLJHQ 5HIHUHQ]�

DQDO\WLN IÖU GLH HLJHQWOLFKH 0H¹JUÐ¹H� (V PX¹WHQ GDKHU QHXH� WHLOV XQNRQYHQWLRQHOOH

0HWKRGHQ HUDUEHLWHW XQG HLQH 5HLKH QHXHU :HJH ]XU ¶EHUSUÖIXQJ GHU (UJHEQLVVH

EHVFKULWWHQ�ZHUGHQ�

�����



:HLWHUKLQ VROOWHQ XQWHUVFKLHGOLFKH 6WUDWHJLHQ ]XU (UVWHOOXQJ YRQ .DOLEUDWLRQV�

PRGHOOHQ IÖU GLH *OXFRVHNRQ]HQWUDWLRQ HUSUREW ZHUGHQ� 0LWHLQDQGHU YHUJOLFKHQ ZXUGHQ

HLQ PHFKDQLVWLVFKHU XQG HLQ FKHPRPHWULVFKHU $QVDW]� %HL HUVWHUHP 0RGHOO� GHU

'LIIXVLRQVWKHRULH� JDOW HV� 7HPSHUDWXU¾QGHUXQJHQ XQG 'ULIW ]X EHUÖFNVLFKWLJHQ VRZLH

GLH EHUHFKQHWHQ 6WUHXNRHIIL]LHQWHQ LQ GLH JHVXFKWH =LHOJUÐ¹H ]X WUDQVIRUPLHUHQ� 0LW

FKHPRPHWULVFKHQ 9HUIDKUHQ VROOWH HLQH QLFKWSDUDPHWULVFKH 0RGHOOLHUXQJ HUIROJHQ�

DOOHLQ EDVLHUHQG DXI RUWVDXIJHOÐVWHU 5HIOH[LRQ XQG 7HPSHUDWXU� )ÖU GLH EHLGHQ 6WUDWHJLHQ

ZXUGHQ :HJH JHVXFKW� XP YRQ HLQHU YROOVW¾QGLJ UHWURVSHNWLYHQ 0RGHOOLHUXQJ ]X HLQHU

.DOLEUDWLRQ�]X�JHODQJHQ��GLH�*OXFRVHNRQ]HQWUDWLRQHQ�YRUKHUVDJHQ�NDQQ�

�����



� 'LDEHWHV�PHOOLWXV�XQG�%OXWJOXFRVHDQDO\WLN

��� 'LDEHWHV�DOV�9RONVNUDQNKHLW

'DV :RUW d'LDEHWHV PHOOLWXVo NRPPW DXV GHP *ULHFKLVFKHQ XQG EHGHXWHW

dKRQLJVÖ¹HU 'XUFKIOX¹o� 'LHV VSLHJHOW GLH %HREDFKWXQJ ZLGHU� GD¹ EHL GHQ 3DWLHQWHQ

GHU 8ULQ GXUFK GHQ ÖEHU GLH 1LHUH DXVJHVFKLHGHQHQ =XFNHU VÖ¹ VFKPHFNW� $P

*HVFKPDFN NRQQWH GLHVH 6WRIIZHFKVHOHUNUDQNXQJ EHUHLWV LQ GHU $QWLNH GLDJQRVWL]LHUW

ZHUGHQ� 6HLWGHP KDW VLFK QLFKW QXU GLH $QDO\WLN ZHLWHUHQWZLFNHOW� 0LW ]XQHKPHQGHU

/HEHQVHUZDUWXQJ XQG GHU KHXWH LQ ,QGXVWULHO¾QGHUQ ÖEOLFKHQ ]XFNHU� XQG IHWWUHLFKHQ

(UQ¾KUXQJ Z¾FKVW GHU .UHLV GHU %HWURIIHQHQ� 0DQ VFK¾W]W LKQ ]XU =HLW DXI HWZD

����0LOOLRQHQ 0HQVFKHQ� %DVLHUHQG DXI GHU (QWZLFNOXQJ GHU 3DWLHQWHQ]DKOHQ PX¹ YRQ

HLQHU�9HUGRSSOXQJ�LQQHUKDOE�GHU�Q¾FKVWHQ����-DKUH�DXVJHJDQJHQ�ZHUGHQ�>�@�

����� .UDQNKHLWVELOG

0DQ XQWHUVFKHLGHW KHXWH ]ZHL +DXSWIRUPHQ GHU (UNUDQNXQJ� 7\S�, RGHU LQVXOLQ�

SIOLFKWLJHU 'LDEHWHV XQG 7\S�,,� 'LH LP DQJHOV¾FKVLVFKHQ 6SUDFKUDXP JHEU¾XFKOLFKHQ

%H]HLFKQXQJHQ dLQVXOLQ GHSHQGHQW GLDEHWHV PHOOLWXVo �,''0�� XQG dQRQ�LQVXOLQ

GHSHQGHQW GLDEHWHV PHOOLWXVo �1,''0� VLQG LUUHIÖKUHQG� 0LW LKQHQ ZLUG GLH )RUP GHU

%HKDQGOXQJ XQG QLFKW GLH HLJHQWOLFKH 8UVDFKH EH]HLFKQHW� 0RGHUQH 7KHUDSLHNRQ]HSWH

VHW]HQ EHL GHU %HKDQGOXQJ YRQ 7\S�,,�'LDEHWLNHUQ YHUVW¾UNW DXI GLH *DEH YRQ ,QVXOLQ

XQG�ZLGHUVSUHFKHQ�VR�GLHVHU�.ODVVLILNDWLRQ�

'HU 7\S�,�'LDEHWHV WULWW PHLVW VFKRQ LQ MÖQJHUHQ -DKUHQ DXI� 'DUDXV OHLWHW VLFK GLH

%H]HLFKQXQJ dMXYHQLOHo 'LDEHWHV DE� 'LH %DXFKVSHLFKHOGUÖVH SURGX]LHUW EHL GHU

(UNUDQNXQJ NHLQ ,QVXOLQ PHKU� 'XUFK UHJHOP¾¹LJHV XQG EHGDUIVJHUHFKWHV 6SULW]HQ PX¹

GLHVHU +RUPRQPDQJHO DXVJHJOLFKHQ ZHUGHQ� 'HU 'LDEHWHV GHV 7\SV�, LVW HLQH $XWR�

LPPXQHUNUDQNXQJ� (V ZHUGHQ GLH LQVXOLQSURGX]LHUHQGHQ %HWD]HOOHQ GHU %DXFKVSHLFKHO�

GUÖVH �/$1*(5+$16VFKH��,QVHOQ� GXUFK GDV HLJHQH $EZHKUV\VWHP YROOVW¾QGLJ ]HUVWÐUW�

'LH 8UVDFKHQ IÖU GLHVH )HKOUHDNWLRQ OLHJHQ QRFK ZHLWJHKHQG LP 'XQNHOQ� (V LVW GDYRQ

DXV]XJHKHQ� GD¹ HV VLFK XP HLQH NRPSOH[H :HFKVHOZLUNXQJ YRQ 9HUDQODJXQJ XQG

(QW]ÖQGXQJVSUR]HVVHQ�KDQGHOW�

� (LQ�9HU]HLFKQLV�GHU�YHUZHQGHWHQ�$ENÖU]XQJHQ�ILQGHW�VLFK�LP�$QKDQJ A1��6�����

�����



'HU 7\S�,,�'LDEHWHV HQWZLFNHOW VLFK PHLVW LP KÐKHUHQ /HEHQVDOWHU� GDKHU DXFK DOV

$OWHUVGLDEHWHV EH]HLFKQHW� $XI *UXQG HUEOLFKHU 9RUEHODVWXQJ� LQ .RPELQDWLRQ PLW

¶EHUJHZLFKW XQG DQGHUHQ :RKOVWDQGVIDNWRUHQ� NRPPW HV ]XU $XVELOGXQJ HLQHU ,QVXOLQ�

UHVLVWHQ]� 'DEHL YHUPLQGHUW VLFK GLH VWLPXOLHUHQGH :LUNXQJ GHV +RUPRQV DXI GLH

*OXFRVHDXIQDKPH GHU =HOOHQ� 8P GHQ %OXW]XFNHU ]X QRUPDOLVLHUHQ� PX¹ GLH %DXFK�

VSHLFKHOGUÖVH PHKU ,QVXOLQ DXVVFKÖWWHQ� (LQ KLHUDXV UHVXOWLHUHQGHV ¶EHUDQJHERW GHV

+RUPRQV LP %OXW EHJÖQVWLJW GHQ )HWWDXIEDX� 'DV ZLHGHUXP HUKÐKW GHQ %HGDUI DQ

,QVXOLQ�r�HLQ 7HXIHOVNUHLV� :HQQ GHU .ÐUSHU QLFKW PHKU LQ GHU /DJH LVW� GLHVHQ .UHLVODXI

]XU (UKDOWXQJ GHV QRUPDOJO\N¾PLVFKHQ =XVWDQGHV ]X EHIULHGLJHQ� NRPPW HV ]XU

0DQLIHVWDWLRQ GHV 'LDEHWHV� %HL YLHOHQ 7\S�,,�'LDEHWLNHUQ IÖKUW GLH ODQJDQGDXHUQGH

¶EHUODVWXQJ GHU %HWD]HOOHQ ]X HLQHP 6HNXQG¾UYHUVDJHQ� XQG VLH PÖVVHQ UHFKW]HLWLJ DXI

HLQH�7KHUDSLH�PLW�*DEH�YRQ�,QVXOLQ�XPJHVWHOOW�ZHUGHQ�

'DV 9HUK¾OWQLV 7\S�,� ]X 7\S�,,�'LDEHWHV LVW HWZD ����� 'D DEHU EHLGH 3DWLHQWHQ�

JUXSSHQ JOHLFKHUPD¹HQ YRQ GHQ $XVZLUNXQJHQ HLQHV VFKOHFKW HLQJHVWHOOWHQ %OXW]XFNHUV

EHWURIIHQ�VLQG��LVW�DXV�6LFKW�GHU�*OXFRVHDQDO\WLN�HLQH�8QWHUWHLOXQJ�QLFKW�VLQQYROO�

'DV +RUPRQ ,QVXOLQ LVW HLQ 6FKOÖVVHOEDXVWHLQ IÖU GHQ *OXFRVH� XQG GDPLW GHQ

JDQ]HQ (QHUJLHVWRIIZHFKVHO� KDW DEHU DXFK $XVZLUNXQJHQ DXI GHQ )HWW� XQG (LZHL¹�

KDXVKDOW GHV .ÐUSHUV� 'LH NRPSOH[HQ :HFKVHOZLUNXQJHQ VLQG LQ $EE� � GDUJHVWHOOW� %HL

0DQJHO RGHU ¶EHUDQJHERW JHUDWHQ YHUVFKLHGHQH 6WRIIZHFKVHOSUR]HVVH DXV GHP *OHLFK�

JHZLFKW��'LH�)ROJH�VLQG�OHEHQVEHGURKHQGH�=XVW¾QGH�YRQ�+\SR��XQG�+\SHUJO\N¾PLH�>�@�

'LH JUÐ¹WH DNXWH *HIDKU JHKW YRQ GHU +\SRJO\N¾PLH DXV� 'HU 0DQJHO DQ *OXFRVH

�ZHQLJHU DOV ���PJ�GO LP %OXW� IÖKUW ]X HLQHU 8QWHUYHUVRUJXQJ ZLFKWLJHU 2UJDQH� LQVEH�

VRQGHUH GHV *HKLUQV� 'LH W\SLVFKHQ 6\PSWRPH VLQG ]LWWHUQGH +¾QGH� XQJHQDXHU *DQJ�

DEZHVHQGHV 9HUKDOWHQ� 6FKZLW]HQ XQG EODVVH +DXW� ,VW GHU $XVOÐVHU HLQH ¶EHUGRVLHUXQJ

YRQ ,QVXOLQ� ZLUG GLH *OXFRQHRJHQHVH XQWHUGUÖFNW� (V NDQQ NHLQH *OXFRVH GXUFK GLH

8PZDQGOXQJ LQWUD]HOOXO¾UHU )HWWGHSRWV HU]HXJW ZHUGHQ� 0XVNHO� XQG )HWW]HOOHQ VLQG IÖU

HLQH O¾QJHUH =HLW LQ GHU /DJH� LKUHQ (QHUJLHEHGDUI GXUFK .HWRQNÐUSHU ]X GHFNHQ� ,P

*HKLUQ� ZR GHU (QHUJLHVWRIIZHFKVHO DXVVFKOLH¹OLFK DXI *OXFRVH EDVLHUW� VLQG GLH

LQWUD]HOOXO¾UHQ *OXFRVHUHVHUYRLUV LQQHUKDOE YRQ ��r���PLQ YHUEUDXFKW� 'DQDFK NRPPW

HV ]X LUUHYHUVLEOHQ 6FK¾GHQ� %HL 3DWLHQWHQ� GLH EHUHLWV ÖEHU HLQHQ O¾QJHUHQ =HLWUDXP

HUNUDQNW VLQG� UHGX]LHUW VLFK GLH :DKUQHKPXQJ GHU )UÖKLQGLNDWRUHQ HLQHU

+\SRJO\N¾PLH��%HL�LKQHQ�NDQQ�GDV�.RPD�VHKU�VFKQHOO�HLQWUHWHQ�XQG�]X�8QI¾OOHQ�IÖKUHQ�

�����



%HL HLQHU +\SHUJO\N¾PLH OLHJW GHU %OXW]XFNHUVSLHJHO GHXWOLFK ÖEHU GHP 1RUPDOZHUW�

'D GDV IÖU GHQ 7UDQVSRUW GHU *OXFRVH LQ GLH =HOOH QRWZHQGLJH ,QVXOLQ IHKOW� EHJLQQW HLQH

6SDOWXQJ YRQ HLQJHODJHUWHP )HWW� XP GLHVHQ 0DQJHO� WURW] GHV ¶EHUDQJHERWHV LP %OXW�

]X NRPSHQVLHUHQ� $OV )ROJH GLHVHU 8PZDQGOXQJVSUR]HVVH ILQGHQ VLFK YHUPHKUW .HWRQH

LP %OXW XQG LP 8ULQ� (V HQWZLFNHOW VLFK HLQH GLDEHWLVFKH .HWRD]LGRVH� GLH ELV LQV .RPD

IÖKUHQ NDQQ� 'XUFK GHQ XQQDWÖUOLFK KRKHQ :HUW GHU %OXWJOXFRVH ELOGHQ VLFK YHUVW¾UNW

JO\NRV\OLHUWH 3URWHLQH�>�@� 6LH VLQG $XVJDQJVSXQNW IÖU YHUVFKLHGHQDUWLJH 6FK¾GLJXQJHQ

GHU�%OXWJHI¾¹H�XQG�YHUXUVDFKHQ�GDGXUFK�YLHOH�GHU�GLDEHWLVFKHQ�)ROJHNUDQNKHLWHQ�

'LH DNWXHOO YLHOYHUVSUHFKHQGVWH %HKDQGOXQJ IÖU 7\S�,�'LDEHWLNHU VWHOOW GLH LQWHQ�

VLYLHUWH ,QVXOLQWKHUDSLH GDU� 'DEHL ZLUG GLH %DVDOUDWH� GHU *UXQGEHGDUI GHV .ÐUSHUV�

GXUFK HLQ ODQJZLUNHQGHV ,QVXOLQ JHGHFNW� 'LH QDFK GHQ 0DKO]HLWHQ HQWVWHKHQGHQ

%HGDUIVVSLW]HQ ZHUGHQ GXUFK GLH %ROXVJDEH HLQHV VFKQHOO ZLUNHQGHQ ,QVXOLQ�$QDORJRQV

DEJHIDQJHQ� 9RUDXVVHW]XQJ GDIÖU LVW GLH UHJHOP¾¹LJH XQG SU¾]LVH %HVWLPPXQJ GHV %OXW�

]XFNHUV VRZLH HLQ XPIDQJUHLFKHV :LVVHQ XP GLH =XVDPPHQVHW]XQJ XQG SK\VLRORJLVFKH

:LUNXQJ YRQ 1DKUXQJVPLWWHOQ� ¶EHU GLHVH )RUP GHU 7KHUDSLH O¾¹W VLFK GLH 6WRII�

ZHFKVHOVLWXDWLRQ QDKH DQ GHQ 1RUPDO]XVWDQG KHUDQIÖKUHQ� 'LH )ROJHVFK¾GHQ ZHUGHQ

�����

Abb. 1 :HFKVHOZLUNXQJHQ�YRQ�%OXWJOXFRVH�XQG�,QVXOLQ�>�@



PLQLPLHUW XQG GLH /HEHQVTXDOLW¾W HUKÐKW VLFK GHXWOLFK� (V LVW ELV KHXWH MHGRFK QLFKW

PÐJOLFK� GLH JOHLFKH *ÖWH GHU *OXFRVHUHJXODWLRQ ZLH EHL HLQHP 6WRIIZHFKVHOJHVXQGHQ ]X

HUUHLFKHQ�

%HL GHU %HKDQGOXQJ YRQ 7\S�,,�'LDEHWLNHUQ YHUIROJW PDQ GDV =LHO� GLH :LUNVDPNHLW

GHV ,QVXOLQV ZLHGHUKHU]XVWHOOHQ XQG GHQ *UXQGEHGDUI ]X VHQNHQ� 'LH YHUDEUHLFKWHQ

0HGLNDPHQWH VROOHQ GLH ,QVXOLQUHVLVWHQ] YHUPLQGHUQ RGHU GLH +RUPRQDXVVFKÖWWXQJ GHU

%DXFKVSHLFKHOGUÖVH VWLPXOLHUHQ� (LQH ZHLWHUH 0HGLNDPHQWHQJUXSSH �%LJXDQLGH� YHU�

VXFKW GLH 5HVRUSWLRQ YRQ *OXFRVH ]X YHUODQJVDPHQ XQG VRPLW GLH 0D[LPDOZHUWH GHU

%OXWJOXFRVH ]X YHUPLQGHUQ� 'LH 7KHUDSLH XQWHUVWÖW]HQ GL¾WLVFKH 0D¹QDKPHQ�

*HZLFKWVUHGXNWLRQ XQG YHUVW¾UNWH NÐUSHUOLFKH $NWLYLW¾W� 0LW GLHVHQ %HKDQGOXQJVPH�

WKRGHQ JHOLQJW HV IÖU HLQH O¾QJHUH =HLW� GHQ %OXW]XFNHU ]X NRQWUROOLHUHQ� $XI *UXQG GHU

¶EHUEHDQVSUXFKXQJ GHU LQVXOLQSURGX]LHUHQGHQ =HOOHQ PX¹ QDFK HLQHU JHZLVVHQ =HLW

PLW HLQHP 6HNXQG¾UYHUVDJHQ JHUHFKQHW ZHUGHQ� 6S¾WHVWHQV DE GLHVHP =HLWSXQNW VROOWH

GLH�%HKDQGOXQJ�DQDORJ�]X�GHQ�7\S�,�'LDEHWLNHUQ�HUIROJHQ�

����� )ROJHHUNUDQNXQJHQ

'HU WLHIH (LQJULII GHU (UNUDQNXQJ LQ GDV 6WRIIZHFKVHOJHVFKHKHQ IÖKUW ]X NRPSOH[HQ

:HFKVHOZLUNXQJHQ LP .ÐUSHU�>�@� 'DGXUFK HQWZLFNHOQ VLFK XQWHUVFKLHGOLFKVWH )ROJH�

HUNUDQNXQJHQ�

)ÖU YLHOH LVW GLH %LOGXQJ YRQ JO\NRV\OLHUWHQ 3URWHLQHQ YHUDQWZRUWOLFK� (V KDQGHOW VLFK

KDXSWV¾FKOLFK XP GLH QLFKWHQ]\PDWLVFKH 9HU]XFNHUXQJ YRQ +¾PRJORELQ� ,P /DERU�

EHIXQG LVW GDV GXUFK HUKÐKWH +E$�F�:HUWH ]X HUNHQQHQ� %HL 6WRIIZHFKVHOJHVXQGHQ OLHJW

GHU 1RUPDOEHUHLFK ]ZLVFKHQ � ELV ���� 'LHVHU 3DUDPHWHU JLEW GHQ $QWHLO GHV PLW *OXFRVH

XQOÐVOLFK YHUEXQGHQHQ +¾PRJORELQV DQ� (U LVW YRQ GHU PLWWOHUHQ *OXFRVHNRQ]HQWUDWLRQ

GHU YHUJDQJHQHQ ����7DJH� GHU /HEHQVGDXHU HLQHV URWHQ %OXWNÐUSHUFKHQV� DEK¾QJLJ�

6RPLW VSLHJHOW HU *ÖWH GHU 6WRIIZHFKVHOIÖKUXQJ ÖEHU HLQHQ UHODWLY ODQJHQ =HLWUDXP

ZLGHU XQG HUID¹W DXFK 3KDVHQ� LQ GHQHQ ]X KRKH *OXFRVHNRQ]HQWUDWLRQHQ YRUODJHQ�

GLHVH DEHU GXUFK GLH GLVNRQWLQXLHUOLFKHQ .RQWUROOPHVVXQJHQ QLFKW HUID¹W XQG HQWVSUH�

FKHQG NRUULJLHUW ZXUGHQ� 'LH :DKUVFKHLQOLFKNHLW YRQ )ROJHHUNUDQNXQJHQ ZLUG VHKU

VWDUN GXUFK GLH ODQJIULVWLJH 6WRIIZHFKVHOVLWXDWLRQ EHVWLPPW� 'LH +E$�F�:HUWH VLQG

GHVKDOE PLW GHU +¾XILJNHLW YRQ )ROJHVFK¾GHQ NRUUHOLHUW� 'DKHU ZLUG GLHVHU 3DUDPHWHU LQ

8QWHUVXFKXQJHQ�JHQDX�YHUIROJW�

�����



'LH *O\NRSHSWLGH NÐQQHQ VLFK DQ GHQ *HI¾¹Z¾QGHQ DEODJHUQ XQG LQ GLH %DVDO�

PHPEUDQ HLQJHEDXW ZHUGHQ� 6LQG GLH JUR¹HQ $UWHULHQ EHWURIIHQ� VSULFKW PDQ YRQ HLQHU

0DNURDQJLRSDWKLH� EHL GHQ SHULSKHUHQ .DSLOODUHQ HQWVSUHFKHQG YRQ HLQHU 0LNUR�

DQJLRSDWKLH�

:LUG HLQ LQ GHQ JUR¹HQ %OXWJHI¾¹HQ HQWVWDQGHQHU (QJSD¹ GXUFK HLQ %OXWJHULQQVHO

YHUVFKORVVHQ� NDQQ HV XQWHU DQGHUHP ]XP EHVRQGHUV JHIÖUFKWHWHQ +HU]LQIDUNW RGHU

+LUQVFKODJ NRPPHQ� 'HVKDOE LVW GDV 5LVLNR IÖU 'LDEHWLNHU DQ HLQHU +HU]�.UHLVODXIHU�

NUDQNXQJ�]X�VWHUEHQ�]ZHL��ELV�GUHLPDO�VR�KRFK�ZLH�EHL�HLQHP�1LFKWGLDEHWLNHU�>�@�

'LH 0LNURDQJLRSDWKLHQ ZLUNHQ VLFK VHKU VWDUN DXI GLH $XJHQ DXV� (V NRPPW ]XU

$XVELOGXQJ HLQHU GLDEHWLVFKHQ 5HWLQRSDWKLH� :HQQ GLHVH (UNUDQNXQJ QLFKW UHFKW]HLWLJ

EHKDQGHOW ZLUG� NDQQ GDV ]XP 9HUOXVW GHV $XJHQOLFKWHV IÖKUHQ��r��MHGHU GULWWH 1HXHU�

EOLQGHWH LQ 'HXWVFKODQG LVW 'LDEHWLNHU�>�@� 2IW ZLUG HLQ 7\S�,,�'LDEHWHV HUVW GXUFK

6FK¾GHQ DP $XJH GLDJQRVWL]LHUW� 'DQHEHQ WUHWHQ MHGHV -DKU FD������ )¾OOH YRQ YROOVW¾Q�

GLJHP 1LHUHQYHUVDJHQ DXI� +LHU NÐQQHQ QXU QRFK 'LDO\VH RGHU 7UDQVSODQWDWLRQ KHOIHQ�

'DV 6\QGURP GHV GLDEHWLVFKHQ )X¹HV JHKW HEHQIDOOV DXI GLH JHVWÐUWH %OXW]LUNXODWLRQ LQ

GHQ .DSLOODUHQ ]XUÖFN� ,P VFKOLPPVWHQ )DOO PX¹ DPSXWLHUW ZHUGHQ� ,P -DKU ����

ZXUGH GLHVHU (LQJULII LQ 'HXWVFKODQG ������PDO YRUJHQRPPHQ� 9LHOH 6FK¾GLJXQJHQ

YHUVW¾UNHQ VLFK LQVEHVRQGHUH GDGXUFK� GD¹ GLH 1HUYHQ GXUFK GLH PDQJHOKDIWH 6DXHU�

VWRIIYHUVRUJXQJ�6FKDGHQ�QHKPHQ�XQG�VRPLW�IUÖK]HLWLJH�:DUQVLJQDOH�HQWIDOOHQ��'LH�)ROJH

LVW� GD¹ ¶EHUEHODVWXQJHQ XQG 6WÐUXQJHQ QLFKW ZDKUJHQRPPHQ ZHUGHQ XQG HLQH

UHFKW]HLWLJH�'LDJQRVH�HUVFKZHUW�LVW�

'LDEHWLNHU VLQG EHVRQGHUV DQI¾OOLJ IÖU ,QIHNWLRQVNUDQNKHLWHQ� 'LHV ZLUG PLW GHQ

JXWHQ 9HUPHKUXQJVEHGLQJXQJHQ IÖU 0LNURRUJDQLVPHQ r�KRKH *OXFRVHZHUWH XQG

PDQJHOKDIWH 'XUFKEOXWXQJ�r EHJUÖQGHW� :HJHQ GHU VFKOHFKWHQ 6WRIIZHFKVHOODJH HQW�

VWHKHQ JUR¹H 0HQJHQ IUHLHU 6DXHUVWRIIUDGLNDOH� 'LHVHU R[LGDWLYH 6WUH¹ NÐQQWH HLQH

ZHLWHUH�8UVDFKH�IÖU�GLH�GLDEHWLVFKH�1HXURSDWKLH�VHLQ�>�@��

'LH YLHOHQ (UNUDQNXQJHQ� LQ GHQHQ VLFK GHU ]X KRKH *OXFRVHVSLHJHO PDQLIHVWLHUW�

VWHKHQ QLFKW LVROLHUW QHEHQHLQDQGHU� ,KUH :HFKVHOZLUNXQJHQ IÖKUHQ WHLOZHLVH ]X HLQHU

ZHLWHUHQ 9HUVFKOHFKWHUXQJ� 6R VFK¾GLJW EHLVSLHOVZHLVH GHU GXUFK GLH $UWHULRVNOHURVH

HQWVWHKHQGH KRKH %OXWGUXFN QRFK ]XV¾W]OLFK GLH 1LHUHQ� 'LH UHVXOWLHUHQGH YHU¾QGHUWH

5HVRUSWLRQ�YRQ�1DWULXP�,RQHQ�EHJÖQVWLJW�ZLHGHUXP�GHQ�KRKHQ�%OXWGUXFN��

�����



����� 1RWZHQGLJNHLW�NRQWLQXLHUOLFKHU�0HVVXQJ

'HU 6FKOÖVVHO ]XU 9HUPHLGXQJ GHU JHVFKLOGHUWHQ )ROJHNUDQNKHLWHQ LVW GLH 1RUPDOL�

VLHUXQJ GHV %OXW]XFNHUV� ,Q $EE� � LVW GHU *OXFRVHVSLHJHO HLQHV 7\S�,�'LDEHWLNHUV ÖEHU

GHQ =HLWUDXP YRQ HWZD ���6WXQGHQ GDUJHVWHOOW� (V KDQGHOW VLFK QLFKW XP HLQH SURYR�

]LHUWH 9DULDWLRQ� VRQGHUQ XP GLH QRUPDOHQ .RQ]HQWUDWLRQV¾QGHUXQJHQ LP 7DJHVDEODXI

HLQHV 'LDEHWLNHUV� +LHUDXV VLQG GLH� YHUJOLFKHQ PLW GHP 1RUPDOEHUHLFK� JUR¹HQ

6FKZDQNXQJHQ GHU *OXFRVH XQG GLH 3UREOHPH GHU GLVNRQWLQXLHUOLFKHQ 0HVVXQJ JXW ]X

HUNHQQHQ� :LOO PDQ GHQ 6WRIIZHFKVHO VR EHHLQIOXVVHQ� GD¹ GHU =XFNHU LQQHUKDOE GHV

1RUPDOEHUHLFKHV EOHLEW� LVW GDV PLW GHQ ÖEOLFKHQ LQYDVLYHQ 9HUIDKUHQ QLFKW ]X HUUHLFKHQ�

%HL GHU GDUJHVWHOOWHQ 8QWHUVXFKXQJ ZXUGH HLQ KDQGHOVÖEOLFKHV *HU¾W ]XU %OXW]XFNHU�

VHOEVWNRQWUROOH DOV 5HIHUHQ] YHUZHQGHW� 6HOEVW PLW HLQHP 0H¹DEVWDQG YRQ HLQHU 6WXQGH

LVW EHL GHQ KLHU DXIWUHWHQGHQ �QGHUXQJVJHVFKZLQGLJNHLWHQ YRQ HWZD ��r����PJ�GO GHU

1RUPDOEHUHLFK QLFKW HLQ]XKDOWHQ� =XGHP LVW HLQH 6HOEVWNRQWUROOH Z¾KUHQG GHU

6FKODISKDVH QLFKW PÐJOLFK� 'HU 3UREDQG JHU¾W KLHU QDKH DQ HLQH +\SRJO\N¾PLH

��������������� 9HUPXWOLFK KDW LQ GLHVHP )DOO GLH *HJHQUHJXODWLRQ� GLH )UHLVHW]XQJ YRQ

LQ GHU /HEHU JHVSHLFKHUWHU *OXFRVH� HLQ ZHLWHUHV $EVLQNHQ YHUKLQGHUW� 'LH H[WUHP KRKHQ

:HUWH DP $QIDQJ GHU 0HVVXQJ VLQG HLQ $Q]HLFKHQ IÖU HLQH VFKZHUH 6WRII�

ZHFKVHOHQWJOHLVXQJ�YRU�9HUVXFKVEHJLQQ�

�����

Abb. 2 9HUODXI�GHU�*OXFRVHNRQ]HQWUDWLRQ�ÖEHU�HLQHQ�=HLWUDXP�YRQ����6WXQGHQ
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,Q GHQ OHW]WHQ -DKUHQ ZXUGHQ ]ZHL JUR¹H 6WXGLHQ ÖEHU GHQ =XVDPPHQKDQJ

]ZLVFKHQ *ÖWH GHU 6WRIIZHFKVHOIÖKUXQJ XQG 3URJQRVH YRQ )ROJHVFK¾GHQ VRZLH GHUHQ

.RUUHODWLRQ PLW GHQ +E$�F�:HUWHQ DEJHVFKORVVHQ� %HLP d'LDEHWHV &RQWURO DQG

&RPSOLFDWLRQVp 7ULDO �'&&7�>�@ ZXUGHQ HLQ YHU]ÐJHUWHU $XVEUXFK XQG HLQ DEJH�

VFKZ¾FKWHU 9HUODXI GHU YRQ GHU 0LNURDQJLRSDWKLH DXVJHOÐVWHQ (UNUDQNXQJHQ GXUFK

LQWHQVLYLHUWH ,QVXOLQWKHUDSLH EHL 7\S�,�'LDEHWLNHUQ QDFKJHZLHVHQ� 0LW GLHVHU %HKDQG�

OXQJVZHLVH NRQQWH GHU PLWWOHUH +E$�F�:HUW YRQ ��� DXI ��� JHVHQNW ZHUGHQ� $OOHUGLQJV

]HLJWH VLFK DXFK� GD¹ GLH GHP 1RUPDOZHUW DQJHQ¾KHUWH %OXW]XFNHUHLQVWHOOXQJ GDV 5LVLNR

HLQHU +\SRJO\N¾PLH YHUGUHLIDFKW� )ÖU 'LDEHWLNHU YRP 7\S�,, VROOWH GLH d8. 3URVSHFWLYH

'LDEHWHV 6WXG\p �8.3'6�>�@ GHQ 1DFKZHLV HUEULQJHQ� GD¹ HLQH EHVVHUH (LQVWHOOXQJ GHV

*OXFRVHVSLHJHOV GLH )ROJHVFK¾GHQ DXFK IÖU GLHVH 3DWLHQWHQJUXSSH PLQGHUW� (V NRQQWH

HLQH 5HGXNWLRQ GHU PLWWOHUHQ +E$�F�:HUWH YRQ ����� DXI ����� HU]LHOW ZHUGHQ� 'LH

(UJHEQLVVH�IDOOHQ�QLFKW�VR�GHXWOLFK�DXV�ZLH�EHLP�'&&7��]HLJHQ�DEHU�GHQ�JOHLFKHQ�7UHQG�

'LH�EHLGHQ�6WXGLHQ�GHPRQVWULHUHQ��GD¹��VLFK�GLH�)ROJHNUDQNKHLWHQ�PLW�HLQHU�1RUPD�

OLVLHUXQJ GHU *OXFRVHZHUWH YHUPLQGHUQ ODVVHQ� 'HU HU]LHOWH +E$�F YRQ ��� NHQQ]HLFKQHW

HLQH QDFK KHXWLJHU $XIIDVVXQJ JXWH 6WRIIZHFKVHOHLQVWHOOXQJ� 'LH HUUHLFKWH 9HUULQJHUXQJ

LVW DEHU LPPHU QRFK QLFKW DXVUHLFKHQG� )ROJHQ ZHLWJHKHQGVW ]X YHUPHLGHQ� (LQ QXU XP

��� JHJHQÖEHU GHP QRUPDOHQ +E$�F YRQ FD� ��� HUKÐKWHU :HUW ]HLJW HLQH 6WRIIZHFKVHO�

ODJH DQ� GLH EHUHLWV ]XU $XVELOGXQJ YRQ 6S¾WVFK¾GHQ IÖKUW� 8P GHQ 'LDEHWHV EHVVHU ]X

NRQWUROOLHUHQ XQG VHLQH DNXWHQ XQG ODQJIULVWLJHQ 6FK¾GHQ ]X YHUPHLGHQ� LVW HLQH SU¾]LVH

XQG�NRQWLQXLHUOLFKH�9HUIROJXQJ�GHU�*OXFRVH�]ZLQJHQG�QRWZHQGLJ�

��� *OXFRVHPH¹YHUIDKUHQ

=XU %HVWLPPXQJ GHV %OXW]XFNHUV NRPPHQ XQWHUVFKLHGOLFKH 0H¹SULQ]LSLHQ ]XU

$QZHQGXQJ� ,P IROJHQGHQ VROOHQ GLH DNWXHOOHQ XQG GLH LQ GHU (QWZLFNOXQJ EHILQGOLFKHQ

9HUIDKUHQ�NXU]�YRUJHVWHOOW�ZHUGHQ��

����� ,QYDVLYH�0HVVXQJ

,Q GLHVH *UXSSH JHKÐUHQ GLH YHUVFKLHGHQHQ� NRPPHU]LHOO YHUIÖJEDUHQ *HU¾WH ]XU

%OXW]XFNHUVHOEVWNRQWUROOH� 'LH *HZLQQXQJ YRQ .DSLOODUEOXW DXV )LQJHUEHHUH RGHU 2KU�

O¾SSFKHQ HUIROJW PLWWHOV HLQHU NOHLQHQ /DQ]HWWH� 0LW GHQ 6WHFKKLOIHQ LVW HV PÐJOLFK� GXUFK

GLH (LQVWHOOXQJ GHU (LQGULQJWLHIH XQG GLH SU¾]LVH )ÖKUXQJ GHU 1DGHO *HZHEH�

VFK¾GLJXQJHQ ]X YHUPLQGHUQ XQG WURW]GHP DXVUHLFKHQG %OXW ]X HUKDOWHQ� 2EJOHLFK HV

�����



JHODQJ� GHQ GDPLW YHUEXQGHQHQ 6FKPHU] GXUFK HLQH RSWLPLHUWH 1DGHOJHRPHWULH GHXWOLFK

]X UHGX]LHUHQ� LVW HV ZHLWHUKLQ HLQH XQDQJHQHKPH� DEHU QRWZHQGLJH 3UR]HGXU� %HUHLWV

YLHU 0HVVXQJHQ DP 7DJ VXPPLHUHQ VLFK DXI FD������� (LQVWLFKH SUR -DKU� $OV 5HDNWLRQ

DXI GLH VR ]XJHIÖKUWHQ 9HUOHW]XQJHQ NRPPW HV ]X HLQHU 9HUGLFNXQJ YRQ (SLGHUPLV XQG

+RUQKDXW�>�@��'DGXUFK�ZLUG�GLH�%OXWJHZLQQXQJ�ODQJIULVWLJ�HUVFKZHUW�

'LH 6HOEVWNRQWUROOH GHV %OXW]XFNHUV HUIROJW KHXWH PLW PLQLDWXULVLHUWHQ +DQGJHU¾WHQ

XQG 7HVWVWUHLIHQ� =XU 0HVVXQJ ZLUG HLQ %OXWVWURSIHQ �a���O� DXI GHQ 6WUHLIHQ JHJHEHQ�

'XUFK HLQHQ JHVFKLFKWHWHQ $XIEDX GHU 0H¹]RQH HUUHLFKW PDQ HLQH $EWUHQQXQJ GHU

%OXW]HOOHQ XQG LQWHUIHULHUHQGHU 6XEVWDQ]HQ� 'LH %HVWLPPXQJ EDVLHUW ]XPHLVW DXI GHU

HQ]\PDWLVFKHQ�5HDNWLRQ�YRQ�*OXFRVHR[LGDVH��*2'��PLW�GHP�6XEVWUDW�*OXFRVH��*O�����

���

'LH 'HWHNWLRQ GHU 5HDNWLRQ �*O���� NDQQ DXI XQWHUVFKLHGOLFKHQ :HJHQ HUIROJHQ� 'LH

PHLVWHQ NRPPHU]LHOOHQ 6\VWHPH EDVLHUHQ DXI GHU $XVZHUWXQJ YRQ HOHNWURFKHPLVFKHQ

RGHU VSHNWUDOSKRWRPHWULVFKHQ 6LJQDOHQ� %HL GHU HUVWHQ *HU¾WHJUXSSH PHVVHQ DPSHUR�

PHWULVFKH 6HQVRUHQ GLH 0HQJH GHV JHELOGHWHQ :DVVHUVWRIISHUR[LGV GLUHNW� %HL GHP EHQÐ�

WLJWHQ DQRGLVFKHQ 3RWHQWLDO ZHUGHQ DXFK DQGHUH LP .ÐUSHU YRUNRPPHQGHQ 6XEVWDQ]HQ�

]�%� +DUQVWRII XQG $VFRUELQV¾XUH� R[LGLHUW� 'XUFK HLQH &HOOXORVHDFHWDWVFKLFKW DXI GHU

(OHNWURGH NDQQ GLHVH 4XHUHPSILQGOLFKNHLW GHXWOLFK UHGX]LHUW ZHUGHQ�>��@� 'LH HEHQIDOOV

PÐJOLFKH %HVWLPPXQJ GHV GXUFK GLH 5HDNWLRQ YHUEUDXFKWHQ 6DXHUVWRIIV LVW VFKZLHULJHU

]X UHDOLVLHUHQ� (LQH YDULLHUHQGH .RQ]HQWUDWLRQ LQ GHU 0DWUL[ RGHU GHU 8PJHEXQJ IÖKUW

]X IDOVFKHQ 5HVXOWDWHQ� 'LH VRJ� d6HQVRU�7HVWVWUHLIHQo ELHWHQ NHLQH 0ÐJOLFKNHLW GHU

YLVXHOOHQ�3ODXVLELOLW¾WVNRQWUROOH�

���

'LHVH ]ZHLWH *UXSSH YRQ 7HVWVWUHLIHQ QXW]W GLH )DUE¾QGHUXQJ HLQHV ,QGLNDWRUV� ]�%�

R�'LDQLVLGLQ��*O����� DOV 0D¹ GHU DNWXHOOHQ *OXFRVHNRQ]HQWUDWLRQ�>��@� %HL HQWVSUHFK�

������
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HQGHU ,QGLNDWRUDXVZDKO VLQG GHU 9HUJOHLFK PLW HLQHU 5HIHUHQ]IDUEVNDOD XQG HLQH YLVXHOOH

3ODXVLELOLW¾WV��XQG�)XQNWLRQVSUÖIXQJ�PÐJOLFK��'LH�6LFKHUKHLW�IÖU�GHQ�$QZHQGHU�Z¾FKVW�

,Q /DERUJHU¾WHQ� PLW GHUHQ +LOIH GHU %OXW]XFNHU LQ NOLQLVFKHU 8PJHEXQJ EHVWLPPW

ZLUG� HUIROJW GLH 0HVVXQJ SKRWRPHWULVFK XQWHU 9HUZHQGXQJ YRQ +H[RNLQDVH �+.��

'LHVHV 9HUIDKUHQ��*O���� GLHQW YLHOIDFK DOV 5HIHUHQ]VWDQGDUG IÖU DQGHUH 0H¹SULQ]LSLHQ

XQG�GHU�*HU¾WHHYDOXLHUXQJ��

���

'LH ,QGLNDWRUUHDNWLRQ��*O���� IÖU GLH SKRVSKRU\OLHUWH *OXFRVH LVW GLH 8PVHW]XQJ PLW

1$'3� XQWHU 9HUPLWWOXQJ YRQ *OXFRVH���SKRVSKDW�'HK\GURJHQDVH �*���3�'+�� 'DV

HQWVWHKHQGH 1$'3+ LVW GHU *OXFRVHNRQ]HQWUDWLRQ SURSRUWLRQDO XQG NDQQ SKRWR�

PHWULVFK�EHL�����������QP�YHUIROJW�ZHUGHQ�>��@�

���

=XU NRQWLQXLHUOLFKHQ %HVWLPPXQJ YRQ %OXWJOXFRVH XQG DXWRPDWLVFKHU ,QVXOLQJDEH

ZXUGH GHU %LRVWDWRU HQWZLFNHOW�>��@� (U GLHQW ]XU 6WRIIZHFKVHOHLQVWHOOXQJ EHL 'LDEHWL�

NHUQ XQG ZLUG ]XU (UIRUVFKXQJ GHU (UNUDQNXQJ HLQJHVHW]W� 'HU 3DWLHQW LVW GDEHL ÖEHU

HLQHQ LQWUDYHQÐVHQ .DWKHWHU PLW GHP *HU¾W YHUEXQGHQ� 'HVKDOE NDQQ HV QXU LP

NOLQLVFKHQ�%HUHLFK�HLQJHVHW]W�ZHUGHQ��0LW�HLQHU�DPSHURPHWULVFKHQ�(Q]\PHOHNWURGH�ZLUG

GLH .RQ]HQWUDWLRQ YRQ *OXFRVH NRQWLQXLHUOLFK JHPHVVHQ� %HL GHQ GXUFKJHIÖKUWHQ

9HUVXFKHQ PLW 9DULDWLRQ GHU *OXFRVHNRQ]HQWUDWLRQ �$EVFKQ������ ZXUGHQ GLH 5HIHUHQ]�

PHVVXQJHQ�PLW�GHP�%LRVWDWRU�DXVJHIÖKUW�

����� 0LQLPDO�LQYDVLYH�9HUIDKUHQ

$XI YHUVFKLHGHQHQ :HJHQ ZLUG YHUVXFKW� GLH 3UR]HGXU GHU %OXWJOXFRVHEHVWLPPXQJ

ZHQLJHU XQDQJHQHKP ]X JHVWDOWHQ XQG GDPLW HLQH KÐKHUH 0H¹IUHTXHQ] ]X HUPÐJOLFKHQ�

$NWXHOO LVW QRFK NHLQ PLQLPDO LQYDVLY DUEHLWHQGHV *HU¾W YHUIÖJEDU� (V ZHUGHQ YRQ

YHUVFKLHGHQHQ )RUVFKHUJUXSSHQ XQG )LUPHQ JUR¹H $QVWUHQJXQJHQ XQWHUQRPPHQ� XP

DOV HUVWH LQ GHQ 0DUNW HLQ]XWUHWHQ� ,P *HJHQVDW] ]X DOOHQ LQYDVLYHQ 0HWKRGHQ QXW]HQ

GLH�PHLVWHQ�PLQLPDO�LQYDVLYHQ�9HUIDKUHQ�LQWHUVWLWLHOOH�)OÖVVLJNHLW��,6)��DOV�$QDO\VDW�

������

+ +D-Glucose ATP D-Glucose-6-phosphat ADP
HK, Mg

2+
.

.

+D-Glucose-6-phosphat
G-6-P-DH

NADP + δ-D-Gluconlacton-6-phosphat + NADPH + H
+



(LQ :HJ EHVWHKW GDULQ� GDV ]X PHVVHQGH 0HGLXP VFKPHU]IUHL ]X JHZLQQHQ� 'DIÖU

ZHUGHQ YHUVFKLHGHQH 0HWKRGHQ HUSUREW� 'DV YRQ GHU )LUPD 6SHFW5[ HQWZLFNHOWH *HU¾W

HU]HXJW PLW HLQHP /DVHU 0LNURSRUHQ LQ GHU +DXW�>��@� 'LH ,RQWRSKRUHVH OLHIHUW IÖU GDV

YRQ &\JQXV NRQ]LSLHUWH 9HUIDKUHQ GLH LQWHUVWLWLHOOH )OÖVVLJNHLW�>��@� (LQH QXU LQ GLH

'HUPLV HLQGULQJHQGH .DSLOODUH VROO $QDO\VDW IÖU GHQ YRQ ,QWHJ JHZ¾KOWHQ $QVDW]

OLHIHUQ�>��@� (LQH %HXUWHLOXQJ GLHVHU 9HUIDKUHQ LVW ZHJHQ GHU UHVWULNWLYHQ ,QIRUPD�

WLRQVSROLWLN GHU (QWZLFNOHU QLFKW PÐJOLFK� (V LVW MHGRFK ]X YHUPXWHQ� GD¹ GLH $QDO\VD�

WRUHQ PLW HQ]\PDWLVFKHQ 'HWHNWLRQVPHFKDQLVPHQ DUEHLWHQ ZHUGHQ� 6ROOWH HV JHOLQJHQ�

DXI HLQHP GHU YRUJHVFKODJHQHQ :HJH HLQH KLQUHLFKHQGH 0HQJH ,6) ]X JHZLQQHQ� GÖUIWH

GLH $QDO\VH VHOEVW QLFKW VRQGHUOLFK SUREOHPDWLVFK VHLQ� $OOHUGLQJV HUPÐJOLFKHQ GLH

YRUJHVWHOOWHQ�$QV¾W]H�QXU�GLVNRQWLQXLHUOLFKH�0HVVXQJHQ�

)ÖU GLH NRQWLQXLHUOLFKHQ PLQLPDO LQYDVLYHQ 0H¹JHU¾WH VLQG GUHL YHUVFKLHGHQH

.RQ]HSWH ]XU $SSOLNDWLRQ GHV 6HQVRUV EHNDQQW�>��@� 'HQ KÐFKVWHQ .RPIRUW YHUVSUHFKHQ

GLH YROOVW¾QGLJ LPSODQWLHUEDUHQ *HU¾WH� ,KUH 0LQLDWXULVLHUXQJ LVW VHKU DXIZHQGLJ� (V

PÖVVHQ 6WURPYHUVRUJXQJ� 0H¹HOHNWURQLN XQG 6HQGHU LQWHJULHUW ZHUGHQ XQG ÖEHU HLQHQ

O¾QJHUHQ =HLWUDXP ]XYHUO¾VVLJ DUEHLWHQ� 'LH NRQVWDQWH 6HQVLWLYLW¾W GHV 6HQVRUV ÖEHU GLH

1XW]XQJVGDXHU GHV ,PSODQWDWV LVW HLQ ZHLWHUHV� ELV KHXWH QRFK QLFKW ]XIULHGHQVWHOOHQG

JHOÐVWHV 3UREOHP� :HJHQ GHU ODQJHQ 1XW]XQJVGDXHU� ELV ]X PHKUHUHQ -DKUHQ� NRPPW

GHU %LRNRPSDWLELOLW¾W HLQH HQWVFKHLGHQGH 5ROOH ]X� (V LVW ]XGHP QRFK XQNODU� RE GLH

%LOGXQJ YRQ 1DUEHQJHZHEH XP GHQ 6HQVRU ]X HLQHU V\VWHPDWLVFKHQ 9HUI¾OVFKXQJ GHU

0H¹ZHUWH IÖKUHQ NDQQ� %HL LPSODQWLHUEDUHQ *HU¾WHQ LVW HLQH 3OD]LHUXQJ GHV :HUWDXI�

QHKPHUV LQQHUKDOE HLQHV %OXWJHI¾¹HV PÐJOLFK�>��@� (V ELOGHQ VLFK MHGRFK OHLFKW

%OXWJHULQQVHO� $XV GLHVHP *UXQG VROOWHQ GLH PLW YHUJOHLFKEDUHU 4XDOLW¾W DUEHLWHQGHQ

VXENXWDQHQ 6HQVRUHQ EHYRU]XJW ZHUGHQ�>��@� %HL GHQ YRUJHVWHOOWHQ (UJHEQLVVHQ�>������@

LVW ]X EHDFKWHQ� GD¹ VLH DXV 9HUVXFKHQ PLW +XQGHQ VWDPPHQ XQG QRFK QLFKW DXI GHQ

0HQVFKHQ�ÖEHUWUDJHQ�ZHUGHQ�NRQQWHQ�

(LQ DQGHUHU $QVDW] LVW GLH 3OD]LHUXQJ DOOHLQ GHV 6HQVRUV LP VXENXWDQHQ )HWWJHZHEH�

'LH QDGHOIÐUPLJHQ (OHNWURGHQ VLQG PLW GHU 6WURPYHUVRUJXQJ XQG GHU 0H¹HOHNWURQLN

GXUFK HLQ .DEHO YHUEXQGHQ� 'DGXUFK XPJHKW PDQ GLH 3UREOHPH� GLH EHL LPSODQWLHUWHQ

6\VWHPHQ DXIWUHWHQ�>������@� (LQH 1XW]XQJVGDXHU YRQ GUHL ELV IÖQI 7DJHQ LVW UHDOLVWLVFK�

0ÐJOLFKH ,QIHNWLRQHQ DQ GHU (LQVWLFKVWHOOH VLQG HLQH *HIDKU EHL GLHVHU )RUP GHU

$SSOLNDWLRQ� (LQ DQGHUHV 5LVLNR VWHOOW GLH YRUVWHOOEDUH $XVZDVFKXQJ GHV (Q]\PV DXV GHU

(OHNWURGH GDU� (V NDQQ GDGXUFK ]X KHIWLJHQ DOOHUJLVFKHQ 5HDNWLRQHQ NRPPHQ� (LQ QRFK

������



XQJHOÐVWHV 3UREOHP DOOHU HQ]\PDWLVFKHQ *OXFRVHVHQVRUHQ LVW GLH PLW GHU =HLW

DEQHKPHQGH 6HQVLWLYLW¾W� 'LH $NWLYLW¾W GHU *2' YHUPLQGHUW VLFK GXUFK GHQ .RQWDNW PLW

.ÐUSHUIOÖVVLJNHLW� :HOFKH 6XEVWDQ]HQ ]X GHU ,QDNWLYLHUXQJ IÖKUHQ� LVW QRFK QLFKW

JHNO¾UW� (V PX¹ VLFK XP QLHGHUPROHNXODUH 6WRIIH KDQGHOQ� GD GLHVHV 9HUKDOWHQ DXFK PLW

0LNURGLDO\VDW DXIWULWW� 'HU 3UR]H¹ LVW UHYHUVLEHO� 'XUFK 6SÖOHQ GHU (OHNWURGH O¾¹W VLFK

GLH�XUVSUÖQJOLFKH�6HQVLWLYLW¾W�ZLHGHUKHUVWHOOHQ�

'LH 0LNURGLDO\VH ]XU *HZLQQXQJ LQWHUVWLWLHOOHU )OÖVVLJNHLW XQG GHUHQ $QDO\VH LQ

HLQHP H[WHUQHQ *HU¾W LVW HLQ ZHLWHUHV .RQ]HSW�>����������@� (LQ IOH[LEOHU .DWKHWHU ZLUG

GD]X LP 8QWHUKDXWIHWWJHZHEH SOD]LHUW� 'XUFK GHVVHQ VHPLSHUPHDEOH 0HPEUDQ NÐQQHQ

QXU NOHLQH 0ROHNÖOH LQ GDV 'LDO\VDW ÖEHUJHKHQ� 'LHVHU /ÐVXQJVZHJ XPJHKW HLQLJH GHU

3UREOHPH LPSODQWLHUEDUHU RGHU HLQ]XVWHFKHQGHU 6HQVRUHQ� 'LH HLJHQWOLFKH 0H¹]HOOH ZLUG

YRU GHP $QJULII GHV ,PPXQV\VWHPV JHVFKÖW]W� JOHLFK]HLWLJ HQWK¾OW GLH ]X DQDO\VLHUHQGH

/ÐVXQJ ZHQLJHU 6WÐUVXEVWDQ]HQ� (UVW YRU GHU (OHNWURGH ZLUG GLH *OXFRVHR[LGDVH

]XJHPLVFKW� 6RPLW LVW HLQ .RQWDNW PLW GLHVHU DOOHUJHQ ZLUNHQGHQ 6XEVWDQ] YROOVW¾QGLJ

DXVJHVFKORVVHQ� :HLO IULVFKH *2'�/ÐVXQJ YHUZDQGW ZLUG� HQWVWHKW DXFK NHLQ 6HQVLWLYL�

W¾WVYHUOXVW GXUFK ,QDNWLYLHUXQJ GHV (Q]\PV� 'LH 6FKZLHULJNHLWHQ GLHVHU 0H¹DQRUGQXQJ

EHVWHKHQ GDULQ� HLQHQ JHULQJHQ� DEHU NRQVWDQWHQ )OX¹ GHU 3HUIXVVLRQVIOÖVVLJNHLW ]X

HU]HXJHQ XQG GLH QRWZHQGLJHQ PHFKDQLVFKHQ .RPSRQHQWHQ ]X PLQLDWXULVLHUHQ� 'XUFK

$XIWHLOXQJ LQ .DWKHWHU XQG 6HQVRU HQWVWHKW HLQ =HLWYHUVDW] ]ZLVFKHQ 3UREHQDKPH XQG

$QDO\VH� +LHU PÖVVHQ HQWVSUHFKHQGH 0D¹QDKPHQ JHWURIIHQ ZHUGHQ� XP GLHVH 7RW]HLW

]X�PLQLPLHUHQ�

*UXQGV¾W]OLFK OLHIHUQ 0HWKRGHQ� GLH DXI GHU $QDO\VH LQWHUVWLWLHOOHU )OÖVVLJNHLW

EDVLHUHQ� (UJHEQLVVH� GLH QLFKW PLW GHQ ÖEOLFKHQ %OXWZHUWHQ ÖEHUHLQVWLPPHQ�>��@� $XI

GLHVHQ EHUXKHQ MHGRFK DOOH 7KHUDSLHQ XQG 'LDJQRVHQ� 'DKHU PÖVVHQ GLH 0H¹YHUIDKUHQ

XQDEK¾QJLJ YRQ LKUHP HLJHQWOLFKHQ 0H¹RUW 5HVXOWDWH OLHIHUQ� GLH VLFK EHVWPÐJOLFK LQ GLH

EHNDQQWHQ 7KHUDSLHVFKHPDWD HLQSDVVHQ ODVVHQ� 'LH *OXFRVHNRQ]HQWUDWLRQHQ LQ %OXW XQG

,6) LVW KRFK NRUUHOLHUW�>��@� -HGRFK VLQG GLH $XVVDJHQ ÖEHU LKUHQ ]HLWOLFKHQ =XVDPPHQ�

KDQJ ZLGHUVSUÖFKOLFK� (LQLJH $XWRUHQ EHULFKWHQ YRQ HLQHP GLIIHULHUHQGHQ =HLWYHUVDW]

EHL DEQHKPHQGHU XQG EHL DQVWHLJHQGHU %OXWJOXFRVH�>��@� $QGHUH ILQGHQ NHLQHQ

8QWHUVFKLHG ]ZLVFKHQ EHLGHQ 9DULDWLRQHQ�>��@� ,Q GHU $UEHLW YRQ 7+20(�'85(7�>��@

ZXUGH GLH %HREDFKWXQJ EHVFKULHEHQ� GD¹ GHU *OXFRVHZHUW GHU ,6) GHP LP %OXW

YRUDXVHLOW� $XV GHU 9LHO]DKO GHU $XVVDJHQ NDQQ JHVFKORVVHQ ZHUGHQ� GD¹ GLH ]HLWOLFKH

.RUUHODWLRQ XQWHU 8PVW¾QGHQ YRP 3DWLHQWHQ RGHU JDU YRP 0H¹RUW DEK¾QJW� 8QWHU�

������



VXFKXQJHQ ÖEHU GLH )DUEVWRIIGLIIXVLRQ DXV NDSLOODUHQ %OXWJHI¾¹HQ LQ GDV ,QWHUVWLWLXP

]HLJHQ HLQHQ VLJQLILNDQWHQ 8QWHUVFKLHG LQ GHU 'LIIXVLRQVJHVFKZLQGLJNHLW ]ZLVFKHQ

'LDEHWLNHUQ XQG *HVXQGHQ�>��@� (V NDQQ YHUPXWHW ZHUGHQ� GD¹ GLH 'DXHU GHV 'LDEHWHV

HEHQIDOOV HLQHQ (LQIOX¹ DXI GLH .RUUHODWLRQ ]ZLVFKHQ %OXW� XQG *HZHEVJOXFRVH KDW� (LQH

JXWH =XVDPPHQIDVVXQJ GHU DNWXHOOHQ (UNHQQWQLVVH LVW EHL 52(�>��@ ]X ILQGHQ� 'LH

EHREDFKWHWHQ 9HU]ÐJHUXQJHQ OLHJHQ LP 0LWWHO LQ HLQHP %HUHLFK YRQ �r���0LQXWHQ�>��@�

:HQQ GLH JHVDPWH 7KHUDSLH DXI GHQ ,6)�:HUWHQ EDVLHUW� VSLHOW GLHVH =HLWYHUVFKLHEXQJ

HLQH XQWHUJHRUGQHWH 5ROOH� 'D MHGRFK GLH 5HJHOQ ]XU ,QVXOLQGRVLHUXQJ XQG GLH .DOLEUD�

WLRQVPHVVXQJHQ GHU *HU¾WH LPPHU DXI %OXWJOXFRVH EH]RJHQ VLQG� PX¹ GLH ]HLWOLFKH

.RUUHODWLRQ QRFK JHQDX JHNO¾UW ZHUGHQ� 'LH 3UREOHPDWLN LVW QLFKW DOOHLQ DXI GLHVH

9HUIDKUHQ EHVFKU¾QNW� 1LFKWLQYDVLYH 7HFKQLNHQ JHZLQQHQ LKUH ,QIRUPDWLRQ DXFK

]XPHLVW DXV GHP LQWHUVWLWLHOOHQ %HUHLFK� 'DKHU VLQG GLH PLQLPDO�LQYDVLYHQ 6\VWHPH

EHVRQGHUV�JXW�DOV�5HIHUHQ]YHUIDKUHQ�IÖU�GLH�QLFKWLQYDVLYHQ�0HWKRGHQ�JHHLJQHW�

����� 1LFKWLQYDVLYH�0HWKRGHQ

(UVWH 8QWHUVXFKXQJHQ ]XU QLFKWLQYDVLYHQ %HVWLPPXQJ YRQ %OXWJOXFRVH VLQG EHUHLWV

LQ GHQ ��HU -DKUHQ SXEOL]LHUW ZRUGHQ� 6HLWGHP ZXUGHQ HLQLJH (UIROJ YHUVSUHFKHQGH

9HUIDKUHQ YRUJHVWHOOW XQG DXFK SDWHQWLHUW� 'LH =DKO GHU 9HUÐIIHQWOLFKXQJHQ HUUHLFKWH

���� LKU 0D[LPXP �$EE� ��� 6HLW GLHVHU =HLW VLQG LP ZHVHQWOLFKHQ NHLQH QHXHQ

9HUIDKUHQ SXEOL]LHUW ZRUGHQ� $OOH $UEHLWVJUXSSHQ� GLH VLFK KHXWH QRFK DNWLY PLW GLHVHU

3UREOHPDWLN EHVFK¾IWLJHQ� KDEHQ QDFK GHU 9RUVWHOOXQJ SULQ]LSLHOOHU 6WXGLHQ PLW GHQ

VSH]LILVFKHQ 3UREOHPHQ HLQHU LQ�YLYR 0H¹XPJHEXQJ ]X N¾PSIHQ� 'DV JUR¹H ,QWHUHVVH

DQ HLQHP VROFKHQ 6\VWHP KDW ]X HLQHU HUVWDXQOLFKHQ $Q]DKO YRQ 3URGXNWDQNÖQGLJXQJHQ

JHIÖKUW��GLH�ELV�]XP�KHXWLJHQ�7DJ�QRFK�QLFKW�UHDOLVLHUW�VLQG�>��@�

������

Abb. 3 9HUÐIIHQWOLFKXQJHQ�XQG
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������� 2SWLVFKH�6SHNWURVNRSLH

'LH 0HKU]DKO GHU SXEOL]LHUWHQ 9HUIDKUHQ ]XU QLFKWLQYDVLYHQ *OXFRVHDQDO\WLN LVW GHU

6SHNWURVNRSLH ]X]XRUGQHQ� 'LH *HU¾WH QXW]HQ GLH VSH]LILVFKHQ VSHNWURVNRSLVFKHQ

0HUNPDOH YRQ *OXFRVH� $OV EHVRQGHUV DWWUDNWLY HUZHLVW VLFK GLH 0ÐJOLFKNHLW� JOHLFK]HLWLJ

PHKUHUH 6XEVWDQ]HQ QHEHQ GHU *OXFRVH ]X PHVVHQ XQG ]XGHP DXI ]XV¾W]OLFKH

5HDJHQ]LHQ YHU]LFKWHQ ]X NÐQQHQ� *XWH 9RUDXVVHW]XQJHQ IÖU GLHVH 7HFKQRORJLH VLQG GLH

DXVJHUHLIWH�7HFKQLN�XQG�0LQLDWXULVLHUEDUNHLW�GHU�*HU¾WH�

%HL GHU QLFKWLQYDVLYHQ 0HVVXQJ LQ ELRORJLVFKHQ 6\VWHPHQ JLEW HV HLQH JUR¹H =DKO

YRQ HLQVFKU¾QNHQGHQ 5DQGEHGLQJXQJHQ XQG VWÐUHQGHQ :HFKVHOZLUNXQJHQ� 'HU

+DXSWEHVWDQGWHLO DOOHU /HEHZHVHQ LVW :DVVHU� (V LVW HLQ VW¾QGLJHU� LP JUR¹HQ ¶EHUVFKX¹

YRUNRPPHQGHU %HJOHLWHU� $XFK GLH PHQVFKOLFKH +DXW EHVWHKW ]X FD������ GDUDXV� (V

VFKU¾QNW GLH IÖU GLH 'LDJQRVWLN QXW]EDUHQ 6SHNWUDOEHUHLFKH HLQ� ,P QDKHQ ,QIUDURW

�1,5�� ZHOFKHV YRQ ��� ELV ������QP �������r������FP��� UHLFKW� VLQG VWDUNH $EVRUS�

WLRQVEDQGHQ GXUFK GLH 2+�*UXSSHQ GHV :DVVHUV ]X EHREDFKWHQ� $OV VRJ� dGLDJQRVWL�

VFKHVo RGHU dWKHUDSHXWLVFKHV )HQVWHUo ZLUG GHU %HUHLFK YRQ ���r������QP EH]HLFKQHW� ,Q

GLHVHP NDQQ GLH HOHNWURPDJQHWLVFKH 6WUDKOXQJ HLQLJH 0LOOLPHWHU WLHI HLQGULQJHQ� RKQH

GXUFK :DVVHU RGHU DQGHUH +DXWEHVWDQGWHLOH QDKH]X YROOVW¾QGLJ DEVRUELHUW ]X

ZHUGHQ��$EE� ��� $OV %HLVSLHOH VHLHQ GLH SKRWRG\QDPLVFKH .UHEVWKHUDSLH XQG GLH 3XOV�

R[LPHWULH�DQJHIÖKUW�>��@�

������

Abb. 4 $EVRUSWLRQVVSHNWUHQ
ZHVHQWOLFKHU
+DXWLQKDOWVVWRIIH�>��@
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(LQH JUR¹H =DKO LQWHUHVVDQWHU 9HUÐIIHQWOLFKXQJHQ ]XU QLFKWLQYDVLYHQ *OXFRVH�

PHVVXQJ XQG GHQ GDPLW YHUEXQGHQHQ 3UREOHPHQ VWDPPHQ DXV GHP $UEHLWVNUHLV YRQ

$512/' XQG 60$//�>��r��@� %HL GHP YRQ LKQHQ YHUIROJWHQ $QVDW] ZLUG GLH %HVWLP�

PXQJ GHU *OXFRVH ÖEHU 7UDQVPLVVLRQVPHVVXQJHQ LP :HOOHQO¾QJHQEHUHLFK YRQ

�����r������QP YRUJHQRPPHQ� +LHU DEVRUELHUHQ YHUVFKLHGHQH .RPELQDWLRQVVFKZLQ�

JXQJHQ YRQ *OXFRVH� :DVVHU ZHLVW KLQJHJHQ HLQ $EVRUSWLRQVPLQLPXP DXI� $OV 0H¹RUW

ZXUGH GLH ,QWHUGLJLWDOKDXW ]ZLVFKHQ 'DXPHQ XQG =HLJHILQJHU JHZ¾KOW� 6R JHOLQJW HV� GDV

6LJQDO�5DXVFK�9HUK¾OWQLV GXUFK GLJLWDOH )LOWHUXQJ LQ GHU )UHTXHQ]GRP¾QH ]X YHUEHVVHUQ

XQG GLH .DOLEUDWLRQVPRGHOOH YRQ 'ULIWHUVFKHLQXQJHQ GHU %DVLVOLQLH ]X HQWNRSSHOQ�

8QWHUVXFKXQJHQ ]HLJWHQ HLQHQ VHKU VWDUNHQ 7HPSHUDWXUHLQIOX¹ DXI )RUP XQG /DJH GHU

:DVVHUEDQGHQ VRZLH ¶EHUODJHUXQJHQ PLW VSHNWUDOHQ 0HUNPDOHQ GHU 7ULJO\FHULGH XQG

3URWHLQH� 0LWWHOV JHQHWLVFKHU $OJRULWKPHQ ZXUGH GDUDXIKLQ YHUVXFKW� 6SHNWUDOEHUHLFKH

PLW PLQLPDOHU 6WÐUXQJ ]X ILQGHQ� 8PIDQJUHLFKH 8QWHUVXFKXQJHQ HUIROJWHQ ]XU 0RGHO�

OLHUXQJ GHU LQ�YLYR 9HUVXFKH GXUFK ELRORJLVFKH +DXWSKDQWRPH� 'LHVH ELHWHQ GHQ 9RUWHLO�

GD¹ PLW LKQHQ V\VWHPDWLVFKH XQG UHSURGX]LHUEDUH 8QWHUVXFKXQJHQ LQ�YLWUR LQ HLQHU

GHILQLHUWHQ 8PJHEXQJ YRUJHQRPPHQ ZHUGHQ NÐQQHQ� 6LH JHVWDWWHQ DX¹HUGHP GLH

$QZHQGXQJ YRQ 9HUVXFKVSO¾QHQ� XP DOOH EHNDQQWHQ (LQIOX¹IDNWRUHQ V\VWHPDWLVFK ]X

YDULLHUHQ� 'LHVH 0ÐJOLFKNHLW LVW LQ�YLYR QLFKW JHJHEHQ� (V NRQQWH DXFK JH]HLJW ZHUGHQ�

GD¹ HLQH 9HUJUÐ¹HUXQJ GHU RSWLVFKHQ 3IDGO¾QJH ]X GHXWOLFK EHVVHUHQ 5HVXOWDWHQ IÖKUW�

'LH UHVXOWLHUHQGHQ 9RUKHUVDJHIHKOHU�6(3&9 GHU 3/6�EDVLHUWHQ *OXFRVHNDOLEUDWLRQ OLHJHQ

EHL ��PJ�GO� (V LVW MHGRFK ]X EHDFKWHQ� GD¹ GLHVH WKHUDSHXWLVFK EHQÐWLJWH *HQDXLJNHLW

QXU�EHL�LQ�YLWUR�9HUVXFKHQ�HU]LHOWH�ZHUGHQ�NRQQWH�

0HVVXQJHQ GHU GLIIXVHQ 5HIOH[LRQ OLHIHUQ GLH ,QIRUPDWLRQ EHL GHU YRQ '$1=(5 HW�DO�

YRUJHVWHOOWHQ 0HWKRGH�>��r��@� 6LH YHUZHQGHQ GD]X ULQJIÐUPLJ ]XVDPPHQJHID¹WH

%ÖQGHO YRQ /LFKWZHOOHQOHLWHUQ� 'HU ¾X¹HUH .UHLV GLHQW ]XU %HOHXFKWXQJ GHV 0H¹IHOGHV�

'XUFK HLQHQ 0HWDOOKÖOVH ZLUG HLQ GHILQLHUWHU $EVWDQG ]X GHQ LQQHUHQ� PH¹ZHUWDXI�

QHKPHQGHQ )DVHUQ HLQJHVWHOOW� 'LHVH HUIDVVHQ GLH GLIIXV UHIOHNWLHUWH 6WUDKOXQJ LP %HUHLFK

YRQ ���r������QP� 'LH 9DULDWLRQ GHV %OXWJOXFRVHVSLHJHOV HUIROJW ÖEHU RUDOH *OXFRVH�

WROHUDQ]WHVWV��2*77�� (V ZXUGHQ .DOLEUDWLRQVPRGHOOH PLWWHOV 3/6�5HJUHVVLRQHQ XQG

NÖQVWOLFKHQ QHXURQDOHQ 1HW]ZHUNHQ�>��@ HUVWHOOW� 'LH $XVZDKO GHU .DOLEUDWLRQVGDWHQ

PX¹WH VHKU VRUJI¾OWLJ YRUJHQRPPHQ ZHUGHQ� GD GLH 0RGHOOH QLFKW VRQGHUOLFK UREXVW

UHDJLHUHQ� (WZD ��� GHU 6SHNWUHQ VLQG GDKHU DXVVRUWLHUW ZRUGHQ� (V ZXUGHQ VRZRKO

SHUVRQHQVSH]LILVFKH DOV DXFK SHUVRQHQÖEHUJUHLIHQGH .DOLEUDWLRQVPRGHOOH HUUHFKQHW� 'LH

������



EHVWHQ 5HVXOWDWH ]HLJWH HLQ 5DGLDO�%DVLV�)XQFWLRQ 1HW]ZHUN� $OV )HKOHU �6(3&9� ZLUG HLQ

:HUW�YRQ����PJ�GO�IÖU�HLQ�SHUVRQHQVSH]LILVFKHV�0RGHOO�DQJHJHEHQ�

9RQ +(,6( XQG 0$5%$&+�>��r��@ ZLUG HEHQIDOOV GLH (QWZLFNOXQJ HLQHV VSHN�

WURVNRSLVFKHQ 9HUIDKUHQV ]XU %OXWJOXFRVHDQDO\WLN EHVFKULHEHQ� 'LH %HVWLPPXQJ HUIROJW

LP :HOOHQO¾QJHQEHUHLFK YRQ �����r������QP DQ GHU LQQHUHQ 0XQGVFKOHLPKDXW GHU

8QWHUOLSSH� 'HU 0H¹NRSI YHUZHQGHW HLQH VHKU DXVJHIHLOWH $QRUGQXQJ YRQ HOOLSWLVFKHQ

6SLHJHOQ ]XU %HOHXFKWXQJ GHV 0H¹IHOGHV XQG ]XU 6HSDUDWLRQ GHV GLIIXV UHIOHNWLHUWHQ

6WUDKOXQJVDQWHLOV�>��@� 'LHVHU 0H¹RUW XQG GLH JHZ¾KOWH 2SWLN JHVWDWWHQ IÖU SK\VLR�

ORJLVFKH 9HUK¾OWQLVVH JXW UHSURGX]LHUEDUH 6SHNWUHQ DQ HLQHP VWDUN GXUFKEOXWHWHQ 2UW�

(V ZXUGH YHUVXFKW� 6FKHLQNRUUHODWLRQHQ GHU JHPHVVHQHQ 6LJQDOH ]XU *OXFRVHNRQ]HQ�

WUDWLRQ GXUFK HLQ JHHLJQHWHV 3URWRNROO ]X YHUPHLGHQ� )ÖU GLH (UVWHOOXQJ YRQ 3/6�

.DOLEUDWLRQHQ LVW HLQ 9HUIDKUHQ ]XU 6HOHNWLRQ UHOHYDQWHU 6SHNWUDOEHUHLFKH YRUJHVWHOOW

ZRUGHQ�>��@� (V JHOLQJW� GLH IÖU GLH 0RGHOOELOGXQJ EHQÐWLJWH =DKO YRQ )DNWRUHQ ]X

YHUULQJHUQ XQG JOHLFK]HLWLJ GLH 9RUKHUVDJHTXDOLW¾W ]X YHUEHVVHUQ� 0LW +LOIH GLHVHU

0HWKRGLN NRQQWH HLQ 6(3&9 YRQ ���PJ�GO HUUHLFKW ZHUGHQ� 'LH YRUJHVWHOOWH 0H¹DQRUG�

QXQJ JHVWDWWHW MHGRFK NHLQH NRQWLQXLHUOLFKH %HVWLPPXQJ� :HLWHUH 8QWHUVXFKXQJHQ

VROOHQ VLFK PLW GHP DXV GHP LQWUDYDVDOHQ 9ROXPHQHOHPHQW VWDPPHQGHQ 6LJQDODQWHLO

EHIDVVHQ� 'D]X ZLUG GLH SXOVDWLOH .RPSRQHQWH GXUFK )285,(5�7UDQVIRUPDWLRQ DXV GHP

*HVDPWVLJQDO EHVWLPPW� *HO¾QJH HV� DXI GLHVHP :HJH KLQUHLFKHQGH *OXFRVHLQIRUPDWLRQ

]X EHVWLPPHQ� ZÖUGH GDV ]X HLQHU 9HUPLQGHUXQJ GHV (LQIOXVVHV GHU +DXWKHWHURJHQLW¾W

XQG GHU SDWLHQWHQÖEHUJUHLIHQGHQ 9DULDQ] EHLWUDJHQ� $X¹HUGHP NÐQQWH GDPLW GDV

3UREOHP�GHU�]HLWOLFKHQ�.RQ]HQWUDWLRQVGLIIHUHQ]HQ�]ZLVFKHQ�,6)�XQG�%OXW�JHOÐVW�ZHUGHQ�

9RQ DQGHUHQ *UXSSHQ ZXUGHQ HEHQIDOOV $UEHLWHQ ]XU VSHNWURVNRSLVFKHQ *OXFR�

VHPHVVXQJ YRUJHVWHOOW� 9RQ +$$5/$1'�>��@ XQG YRQ 6+,&+,5,�>��@ ZHUGHQ 9HUVXFKH

LP 1,5�%HUHLFK EHVFKULHEHQ� ./212))�>��@ EHQXW]W (PLVVLRQHQ LP 0,5�%DQG� 'LH

5$0$1�6SHNWURVNRSLH�ZLUG�YRQ�/$0%(57�>��@�XQG�7$55�>��@�YRUJHVFKODJHQ�

������� 3KRWRDNXVWLVFKH�6SHNWURVNRSLH

*HJHQÖEHU GHQ PHFKDQLVFK DXIZHQGLJHQ RSWLVFKHQ 6SHNWURPHWHUQ EHVLW]HQ SKRWR�

DNXVWLVFKH *HU¾WH GHQ 9RUWHLO� RKQH DXIZHQGLJH 0HFKDQLN DXV]XNRPPHQ� 'DV O¾¹W VLH�

DXV 6LFKW LKUHU (QWZLFNOHU� JHHLJQHWHU IÖU GLH .RQVWUXNWLRQ HLQHV NRQWLQXLHUOLFKHQ

QLFKWLQYDVLYHQ�6HQVRUV�HUVFKHLQHQ�

������



%HLP SKRWRDNXVWLVFKHQ (IIHNW ZHUGHQ 0ROHNÖOH PLW /DVHUSXOVHQ HLQHU JHHLJQHWHQ

:HOOHQO¾QJH DQJHUHJW� 'XUFK GLH VWUDKOXQJVORVH 5HOD[DWLRQ ZLUG GLH DEVRUELHUWH (QHUJLH

DOV :¾UPH DQ GLH 8PJHEXQJ DEJHJHEHQ XQG IÖKUW VR ]X HLQHU U¾XPOLFKHQ $XVGHKQXQJ

LP 0HGLXP� 'LH HQWVWHKHQGH 6FKRFNZHOOH NDQQ PLWWHOV DNXVWLVFKHU 0H¹ZHUWDXIQHKPHU

GHWHNWLHUW ZHUGHQ�>��r��@� 9RUWHLOKDIW LVW� GD¹ GDV DXIJHQRPPHQH 6LJQDO XQDEK¾QJLJ

YRQ JHVWUHXWHP RGHU UHIOHNWLHUWHP /LFKW GHU 6WUDKOXQJVTXHOOH LVW XQG GD¹ GXUFK GLH

/DVHUDQUHJXQJ PHKU (QHUJLH LQ GLH 3UREH HLQJHWUDJHQ ZHUGHQ NDQQ DOV EHL 9HUZHQGXQJ

HLQHU ÖEOLFKHQ 6SHNWURPHWHUOLFKWTXHOOH� 'LH ELVKHU YHUÐIIHQWOLFKWHQ LQ�YLWUR 5HVXOWDWH

NRUUHOLHUHQ EHIULHGLJHQG PLW GHU *OXFRVH�>��@� (V LVW MHGRFK ]X EHDFKWHQ� GD¹ VLH LQ HLQHU

HLQIDFKHQ� QLFKW SK\VLRORJLVFKHQ 0DWUL[ HU]LHOW ZRUGHQ VLQG� $XFK ]HLJHQ VLFK VWDUNH

7HPSHUDWXUHLQIOÖVVH� 'LH $XWRUHQ YHUVSUHFKHQ VLFK MHGRFK GXUFK GLH 9HUZHQGXQJ YRQ

PHKUHUHQ :HOOHQO¾QJHQ XQG GHU $QZHQGXQJ PXOWLYDULDWHU $XVZHUWHYHUIDKUHQ HLQH

VLJQLILNDQWH�9HUEHVVHUXQJ�

������� 3RODULPHWULH

*OXFRVH LVW HLQH RSWLVFK DNWLYH 6XEVWDQ]� 6LH NDQQ VRPLW JUXQGV¾W]OLFK ÖEHU GLH

9HU¾QGHUXQJ GHU /LFKWSRODULVDWLRQ EHVWLPPW ZHUGHQ� 0HVVXQJHQ DQ +DXW RGHU HLQHP

¾KQOLFK VWDUN VWUHXHQGHQ 0HGLXP VLQG QLFKW PÐJOLFK� GD GXUFK GLH 6WUHXXQJ GLH 3RODUL�

VDWLRQVLQIRUPDWLRQ YHUORUHQ JHKW� 'LH YHUÐIIHQWOLFKWHQ 9HUIDKUHQ EHUXKHQ GDKHU DXI GHU

0HVVXQJ LQ GHU )OÖVVLJNHLW GHU $XJHQYRUGHUNDPPHU�>��r��@� (V EHVWHKW HLQ *OXFRVH�

JOHLFKJHZLFKW PLW GHP %OXW� 'DEHL WUHWHQ ¾KQOLFKH RGHU JUÐ¹HUH 9HU]ÐJHUXQJHQ ZLH EHL

GHU ,6) JHJHQÖEHU GHU %OXWJOXFRVH DXI� 0HVVXQJHQ GHU 3RODULVDWLRQ VLQG VHKU

XQVSH]LILVFK� 6WÐUXQJHQ GXUFK DQGHUH RSWLVFK DNWLYH 6XEVWDQ]HQ ZLH 3URWHLQH RGHU

$VFRUEDWH VROOHQ GXUFK GLH 9HUZHQGXQJ XQWHUVFKLHGOLFKHU :HOOHQO¾QJHQ XQG PXOWL�

YDULDWH $XVZHUWXQJ NRPSHQVLHUW ZHUGHQ� 'LH 9HUZHQGXQJ YRQ /DVHUQ ]XU 0HVVXQJ LP

$XJH VWHOOW ]XGHP JUR¹H $QIRUGHUXQJHQ DQ GLH 6LFKHUKHLW GHU *HU¾WH XQG VFKU¾QNW GLH

QXW]EDUH�(QHUJLH�VWDUN�HLQ�>��@�

����� %HZHUWXQJ�GHU�9HUIDKUHQ

'LH $QIRUGHUXQJHQ� GHQHQ VLFK HLQ ]XNÖQIWLJHV *OXFRVHPH¹V\VWHP VWHOOHQ PX¹� XP

6S¾WIROJHQ GHU (UNUDQNXQJ ]X PLQLPLHUHQ� VLQG VHKU KRFK�>��@� 6LH ZHUGHQ GXUFK GLH

1RWZHQGLJNHLW HLQHU GHP QRUPDOJO\N¾PLVFKHQ =XVWDQG QDKHQ 6WRIIZHFKVHOIÖKUXQJ

GLNWLHUW� 'DEHL LVW GHU *OXFRVHVSLHJHO LPPHU LP %HUHLFK YRQ ��r����PJ�GO ]X KDOWHQ� 'D

������



GDV VHKU QDKH DQ GHU 6FKZHOOH ]XU DNXW JHI¾KUOLFKHQ +\SRJO\N¾PLH OLHJW� VLQG HLQH KRKH

3U¾]LVLRQ XQG HLQH YHU]ÐJHUXQJVIUHLH 0HVVXQJ QRWZHQGLJ� :HLO GHU 'LDEHWHV HLQ

OHEHQVODQJHU %HJOHLWHU IÖU GLH 3DWLHQWHQ LVW� NRPPHQ DXFK +DQGKDEXQJ� .RPIRUW XQG

$N]HSWDQ]�GHV�0H¹V\VWHPV�HLQH�JUR¹H�%HGHXWXQJ�]X�

'LH DXI GHP 0DUNW EHILQGOLFKHQ *HU¾WH ]XU LQYDVLYHQ %OXW]XFNHUVHOEVWNRQWUROOH

NÐQQHQ GLHVHQ $QIRUGHUXQJHQ QLFKW JHQÖJHQ� =ZDU HUUHLFKHQ VLH HLQH VHKU KRKH

*HQDXLJNHLW� MHGRFK LVW LKUH $QZHQGXQJ DXI ZHQLJH 0HVVXQJHQ SUR 7DJ EHVFKU¾QNW�

'DPLW NDQQ GLH SU¾]LVH 6WRIIZHFKVHOIÖKUXQJ QLFKW HUUHLFKW ZHUGHQ� (LQH (UKÐKXQJ GHU

0H¹IUHTXHQ] ZÖUGH PLW GHQ GLVNRQWLQXLHUOLFKHQ PLQLPDO�LQYDVLYHQ 9HUIDKUHQ PÐJOLFK

ZHUGHQ�>����������@� 1DFKWHLOLJ EOHLEW� GD¹ VLFK GLH WHLOZHLVH UHFKW JUR¹HQ *HU¾WH VFKOHFKW

LQ GHQ QRUPDOHQ 7DJHVDEODXI LQWHJULHUHQ ODVVHQ XQG HLQH ¶EHUZDFKXQJ Z¾KUHQG GHU

6FKODISKDVH QLFKW PÐJOLFK LVW� 9HUIROJW PDQ GLH DNWXHOOHQ )RUVFKXQJHQ� VR ZHUGHQ

YHUPXWOLFK GLH NRQWLQXLHUOLFKHQ PLQLPDO�LQYDVLYHQ 6\VWHPH�>������@ GHU Q¾FKVWH 6FKULWW

]X HLQHU YHUEHVVHUWHQ 'LDEHWHV�7KHUDSLH VHLQ� 0LW LKQHQ ZLUG HV HUVWPDOV PÐJOLFK VHLQ�

GLH DOOW¾JOLFKH 9DULDWLRQ GHV %OXW]XFNHUVSLHJHOV ]X YHUIROJHQ XQG ZLUNOLFK EHGDUIV�

JHUHFKWH ,QVXOLQGRVHQ ]X YHUDEUHLFKHQ� %HL GHQ LPSODQWLHUEDUHQ 6HQVRUHQ VLQG GLH

3UREOHPH GHU /DQJ]HLWVWDELOLW¾W XQG GHU %LRNRPSDWLELOLW¾W QRFK XQJHOÐVW� 6\VWHPH�

EDVLHUHQG DXI HLQ]XVWHFKHQGHQ (OHNWURGHQ RGHU DXI GHU 0LNURGLDO\VH� VROOWHQ LQ QDKHU

=XNXQIW YHUIÖJEDU VHLQ�>��@� ,KQHQ NÐQQWH GLH $N]HSWDQ] GXUFK GHQ 3DWLHQWHQ 3UREOHPH

EHUHLWHQ� 'LH EHNDQQWHQ *HU¾WH VLQG UHODWLY JUR¹ XQG XQDQJHQHKP ]X DSSOL]LHUHQ�

1LFKWLQYDVLYH 9HUIDKUHQ KDEHQ NHLQH $N]HSWDQ]SUREOHPH� 6LH JHOWHQ DOV GLH NRPIRU�

WDEHOVWH XQG K\JLHQLVFKVWH /ÐVXQJ� =XGHP EHQÐWLJHQ VLH NHLQ ]XV¾W]OLFKHV 9HUEUDXFKV�

PDWHULDO� 'LH NRPSOH[HQ =XVDPPHQK¾QJH ]ZLVFKHQ QLFKWLQYDVLY JHPHVVHQHP 6LJQDO

XQG %OXWJOXFRVHVSLHJHO VRZLH GLH :HFKVHOZLUNXQJHQ ]ZLVFKHQ 6HQVRU XQG 0H¹RUW VLQG

KLHUEHL 3XQNWH� DXI GLH VLFK GLH )RUVFKXQJ NRQ]HQWULHUW� $OOH QLFKWLQYDVLYHQ 9HUIDKUHQ

KDEHQ PLW HLQHP XQJÖQVWLJHQ 6LJQDO�5DXVFK�9HUK¾OWQLV ]X N¾PSIHQ� (V EOHLEW

DE]XZDUWHQ� ZHOFKH 7HFKQRORJLH GLH KRKHQ $QIRUGHUXQJHQ IÖU HLQ DOOWDJVWDXJOLFKHV

0H¹JHU¾W�]X�HUIÖOOHQ�YHUPDJ�

������



� %HVWLPPXQJ�YRQ�*OXFRVH�ÖEHU�6WUHXHLJHQVFKDIWHQ�GHU�+DXW

'LH $UEHLWVJUXSSH� GLH VLFK EHL 5RFKH 'LDJQRVWLFV PLW GHU (QWZLFNOXQJ HLQHV

QLFKWLQYDVLYHQ *OXFRVHPH¹JHU¾WHV EHVFK¾IWLJW� QXW]W HLQHQ (IIHNW� GHVVHQ $XVZLUNXQJHQ

EHUHLWV ���� GXUFK 0¶//(5�>��@ SXEOL]LHUW ZXUGHQ� 'DV 3DWHQW EHVFKUHLEW HLQ

9HUIDKUHQ� EHL GHP GLH 9HU¾QGHUXQJ GHU /DVHU�/LFKWVWUHXXQJ GXUFK .RQ]HQWUDWLRQV�

¾QGHUXQJHQ GHV ]X DQDO\VLHUHQGHQ 0ROHNÖOV VHOHNWLY HUID¹W ZHUGHQ VROOHQ� $OV 8UVDFKH

GLHVHV 3K¾QRPHQV ZXUGH I¾OVFKOLFKHUZHLVH GLH %LOGXQJ YRQ 0ROHNÖODJJUHJDWHQ VFKRQ

EHL XQHUZDUWHW QLHGULJHQ .RQ]HQWUDWLRQHQ DQJHQRPPHQ� 'LHVH $JJUHJDWH VROOWHQ VLFK

GLUHNW DXI GLH 6WUHXXQJ GHV /DVHUOLFKWV DXVZLUNHQ� 1HXHUH 8QWHUVXFKXQJHQ KDEHQ

MHGRFK JH]HLJW� GD¹ HV VLFK KLHUEHL QLFKW XP HLQHQ GLUHNWHQ (LQIOX¹ GHU

0ROHNÖODJJUHJDWH� VRQGHUQ XP HLQHQ *UHQ]IO¾FKHQHIIHNW YRQ =HOOHQ XQG JUÐ¹HUHQ

6WUXNWXUHQ KDQGHOW�>�����@� 'XUFK GLH 9HU¾QGHUXQJ GHV %UHFKXQJVLQGH[HV GHV XPJH�

EHQGHQ 0HGLXPV� ]�%� GXUFK HLQH 9DULDWLRQ GHU *OXFRVHNRQ]HQWUDWLRQ� YHU¾QGHUW VLFK

GLH 6WUHXXQJ DQ GHQ =HOOHQ�>������@� ,Q GHU 6XPPH IÖKUW GLHV ]X HLQHU �QGHUXQJ GHU

6WUHXHLJHQVFKDIWHQ GHU +DXW� $QDORJ ]XP $EVRUSWLRQVNRHIIL]LHQWHQ �D ODVVHQ VLH VLFK

GXUFK GHQ 6WUHXNRHIIL]LHQWHQ �V EHVFKUHLEHQ� 8P GLHVH 3DUDPHWHU ]X EHVWLPPHQ� PL¹W

PDQ GLH 5HIOH[LRQ LQ $EK¾QJLJNHLW YRQ GHU (QWIHUQXQJ ]XU /LFKWTXHOOH �$EE� ��� $XV

������
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GHP 9HUODXI ODVVHQ VLFK� GXUFK 5HJUHVVLRQ GHU ,QWHQVLW¾WVZHUWH DXI HLQ +DXWPRGHOO �]�%�

'LIIXVLRQVWKHRULH� $EVFKQ������� GLH 3DUDPHWHU HUPLWWHOQ� 'HU (LQIOX¹ YRQ �D XQG �V DXI

GLH 5HIOH[LRQ ¾QGHUW VLFK PLW GHU 2UWVNRRUGLQDWH� (UVW GLHVH XQWHUVFKLHGOLFKH 6HQVLWLYLW¾W

HUPÐJOLFKW GLH 7UHQQXQJ GHU 9DULDEOHQ� 'LH %HHLQIOXVVXQJ GHV 6WUHXNRHIIL]LHQWHQ �V

GXUFK GLH *OXFRVHNRQ]HQWUDWLRQ LVW GHU $XVJDQJVSXQNW IÖU GLH KLHU JHZ¾KOWH

QLFKWLQYDVLYH�0HWKRGH�

'LH %HVWLPPXQJ GHU 6WUHX� XQG $EVRUSWLRQVSDUDPHWHU GHU +DXW LVW VHKU VFKZLHULJ�

'DV +DXSWSUREOHP EHL GHP KLHU YRUJHVWHOOWHQ 9HUIDKUHQ ]XU QLFKWLQYDVLYHQ *OXFRVH�

PHVVXQJ VWHOOW GDV SK\VLNDOLVFKH 0RGHOO GHU /LFKWDXVEUHLWXQJ GDU� 7URW] NRPSOH[HU

0DWKHPDWLN NÐQQHQ GLH ZDKUHQ 9HUK¾OWQLVVH QXU Q¾KHUXQJVZHLVH XQG QXU LQ HLQHP

HQJHQ %HUHLFK HUID¹W ZHUGHQ� 'LH JHULQJH 6SH]LILW¾W GHV 6WUHXSDUDPHWHUV HUVFKZHUW

]XGHP HLQH 7UHQQXQJ YRQ DQGHUHQ SK\VLRORJLVFKHQ 9HU¾QGHUXQJHQ� 'HU *UXQG� GLHVHQ

:HJ WURW]GHP ]X EHVFKUHLWHQ� LVW GLH 7DWVDFKH� GD¹ GLH 6HQVLWLYLW¾W GHV 6WUHXSDUDPHWHUV

DXI .RQ]HQWUDWLRQV¾QGHUXQJHQ GHU *OXFRVH UHODWLY KRFK LVW� 9RQ 52( ZLUG IÖU GLH

VSHNWURVNRSLVFKH %HVWLPPXQJ LP 1,5�%HUHLFK HLQ :HUW YRQ ������� SUR ���PJ

*OXFRVH¾QGHUXQJ DQJHJHEHQ�>��@� ,Q XQVHUHQ 9HUVXFKHQ ]HLJWH VLFK HLQH 6HQVLWLYLW¾W YRQ

FD� ������ 'D JOHLFK]HLWLJ QRFK GLH $EVRUSWLRQ EHVWLPPW ZLUG� KDW PDQ =XJULII DXI

ZHLWHUH SK\VLRORJLVFKH 9DULDEOHQ� 0LW GHQ VR JHZRQQHQHQ ,QIRUPDWLRQHQ NDQQ PDQ GLH

PDQJHOQGH�6SH]LILW¾W�NRPSHQVLHUHQ��

��� $XIEDX�GHU�+DXW

,Q GHU FKLQHVLVFKHQ 0HGL]LQ ZLUG GLH +DXW dGHU 6SLHJHO GHU 6HHOHo JHQDQQW� 'LHVH

%H]HLFKQXQJ ZLUG YHUVW¾QGOLFK� EHWUDFKWHW PDQ GLH YLHOI¾OWLJHQ (LQIOÖVVH DXI GLHVHV

2UJDQ� 'LH +DXW LVW QLFKW QXU HLQIDFK GDV EHJUHQ]HQGH (OHPHQW GHV .ÐUSHUV� 6LH LVW VHKU

NRPSOH[ DXIJHEDXW XQG HUIÖOOW YLHOH $XIJDEHQ� 6LH VFKÖW]W GHQ .ÐUSHU YRU PHFKDQLVFKHQ

.U¾IWHQ� ELOGHW HLQH %DUULHUH JHJHQ GLH 89�6WUDKOXQJ XQG %DNWHULHQ� VRUJW IÖU GLH

5HJXODWLRQ GHU .ÐUSHUWHPSHUDWXU GXUFK 9HUGXQVWXQJ� 9HU¾QGHUXQJ GHU 'XUFKEOXWXQJ

RGHU $XIULFKWHQ GHU �YHUEOLHEHQHQ� %HKDDUXQJ� (LQH 9LHO]DKO YRQ 5H]HSWRUHQ LVW IÖU GLH

:DKUQHKPXQJ YRQ ¾X¹HUHQ 5HL]HQ YRUKDQGHQ� 'HU +DXWVWRIIZHFKVHO UHDJLHUW VHKU

HPSILQGOLFK DXI KRUPRQHOOH 9HU¾QGHUXQJHQ XQG 8PZHOWQR[HQ� ,P IROJHQGHQ VROOHQ GLH

ZLFKWLJVWHQ +DXWEHVWDQGWHLOH HUO¾XWHUW XQG GLH $XVZLUNXQJHQ DXI GLH LQWHUHVVLHUHQGHQ

6WUHX��XQG�$EVRUSWLRQVHLJHQVFKDIWHQ�DXIJH]HLJW�ZHUGHQ�

������



����� (SLGHUPLV

'LH ¾X¹HUVWH +DXWVFKLFKW ELOGHW GLH (SLGHUPLV �2EHUKDXW�� 6LH LVW HLQ JHI¾¹ORVHV

*HZHEH DXV PHKUHUHQ 6FKLFKWHQ YHUVFKLHGHQHU =HOOHQ �$EE� ��� $XIJUXQG LKUHU 7H[WXU�

GHU 3URWHLQ�/LSLGVWUXNWXU XQG GHU 9LHO]DKO YRQ (Q]\PHQ ELOGHW VLH HLQHQ VHKU ZLUNXQJV�

YROOHQ 6FKXW] JHJHQ FKHPLVFKH� PHFKDQLVFKH XQG ELRORJLVFKH (LQIOÖVVH� =XGHP DEVRU�

ELHUW VLH VFK¾GOLFKH 89�6WUDKOXQJ� 'LH =HOOHQ� GLH GLH (SLGHUPLV DXIEDXHQ� HQWVWHKHQ LP

6WUDWXP EDVDOH �.HLPVFKLFKW�� 6LH ZDQGHUQ DQ GLH +DXWREHUIO¾FKH� YHUKRUQHQ GDEHL XQG

ZHUGHQ QDFK (UIÖOOXQJ LKUHU %DUULHUHIXQNWLRQ �6WUDWXP FRUQHXP� QDFK �r� :RFKHQ

DEJHVWR¹HQ� 'LH 2EHUKDXW KDW HLQH 'LFNH YRQ FD� ��r�����P� NDQQ DQ GHQ VWDUN

YHUKRUQWHQ 3DUWLHQ GHU +¾QGH XQG )Ö¹H DEHU ELV ]X ����PP GLFN ZHUGHQ� ,Q GHU

.HLPVFKLFKW ZLUG YRQ GHQ 0HODQR]\WHQ GDV GLH +DXWIDUEH EHVWLPPHQGH 0HODQLQ

JHELOGHW��

������

Abb. 6 $XIEDX�GHU�+DXW�>��@



'LH $EVRUSWLRQ GLHVHU 6FKLFKW ZLUG GXUFK :DVVHU XQG 0HODQLQ EHVWLPPW��$EE� ���

6������ 2EJOHLFK GLH =HOOHQ GLFKW JHSDFNW VLQG� LVW GLH 6WUHXXQJ LP 6WUDWXP FRUQHXP

UHODWLY JHULQJ� %HL O¾QJHUHP .RQWDNW PLW :DVVHU TXLOOW GLH +RUQVFKLFKW� 8QWHUVXFKXQJHQ

PLW RSWLVFKHU .RK¾UHQ]WRPRJUDSKLH �2&7� GXUFK .1¶77(/�HW�DO� ZHLVHQ GDUDXI KLQ�

GD¹ GDEHL GLH /LFKWVWUHXXQJ ]XQLPPW�>��@� :HLO GLH 6FKLFKW VHKU GÖQQ LVW� LVW LKU %HLWUDJ

]XP *HVDPWVLJQDO VHKU NOHLQ� 'LHVH 9HU¾QGHUXQJHQ VWHOOHQ DOOHUGLQJV HLQH SRWHQWLHOOH

4XHOOH IÖU 'ULIWHQ GDU� GD VLFK GLH RSWLVFKH $QNRSSOXQJ GHV 0H¹V\VWHPV GDGXUFK

YHU¾QGHUW�

����� 'HUPLV

'LH 'HUPLV EHVWHKW ]X ���� DXV IHVWHP %LQGHJHZHEH� (V ZLUG GXUFK QHW]DUWLJ

GXUFKIORFKWHQH %ÖQGHO NROODJHQHU )DVHUQ VRZLH HODVWLVFKHP XQG UHWLNXO¾UHP *HZHEH

JHELOGHW� ,KUH 'LFNH YDULLHUW ]ZLVFKHQ ��� XQG ��PP� (LQJHEHWWHW LQ GDV *HUÖVW OLHJW HLQ

ZHLWYHU]ZHLJWHV *HI¾¹QHW]� 'LHVHU *HI¾¹SOH[XV UHDJLHUW VHKU HPSILQGOLFK DXI YLHOH 5HL]H�

GLH DXI GLH +DXW WUHIIHQ� +LHU ODXIHQ GLH PHLVWHQ HQW]ÖQGOLFKHQ 5HDNWLRQHQ GHU +DXW DE�

'XUFK GDV ÖEHUSURSRUWLRQLHUWH *HI¾¹V\VWHP NDQQ GHU :¾UPHKDXVKDOW GHV .ÐUSHUV

NRQWUROOLHUW ZHUGHQ� ,Q GHU 6FKLFKW EHILQGHQ VLFK 5H]HSWRUHQ IÖU YHUVFKLHGHQH 5HL]H XQG

GLH�PHLVWHQ�+DXWDQKDQJVJHELOGH��'HU�:DVVHUJHKDOW�GHU�'HUPLV�NDQQ�VWDUN�YDULLHUHQ�

6LPXODWLRQHQ KDEHQ JH]HLJW� GD¹ GLH EHL GHU 5HIOH[LRQVPHVVXQJ HUID¹WHQ 3KRWRQHQ

GHQ JUÐ¹WHQ 7HLO LKUHV :HJHV LQ GHU 'HUPLV ]XUÖFNJHOHJW KDEHQ�>��@� 'DKHU WUDJHQ GLH

RSWLVFKHQ (LJHQVFKDIWHQ GLHVHU 6FKLFKW HQWVFKHLGHQG ]XP *HVDPWVLJQDO EHL� $EVRUELH�

UHQGH 6XEVWDQ]HQ VLQG :DVVHU XQG %OXW� 6RZRKO R[LJHQLHUWHV �+E2�� DOV DXFK GHR[LJH�

QLHUWHV +¾PRJORELQ �+E� VLQG YRQ VSHNWURVNRSLVFKHU %HGHXWXQJ� 'LH 6WUHXXQJ LQ GHP

YRQ XQV EHWUDFKWHWHQ :HOOHQO¾QJHQEHUHLFK YRQ ���r����QP ILQGHW KDXSWV¾FKOLFK DQ GHQ

NROODJHQHQ )DVHUVWUXNWXUHQ VWDWW�>��@� 'D]X NRPPW GHU %HLWUDJ GHU 5$</(,*+�6WUHXXQJ

DQ NOHLQHUHQ 6WUXNWXUHQ� 'LH 6WUHXXQJ GHV /LFKWV LQ GHU 'HUPLV HUIROJW QLFKW LVRWURS

�$EE� ��� ,Q HLQHU 5LFKWXQJ EUHLWHW VLFK GDV /LFKW ZHLWHU DXV DOV LQ GHU GD]X

RUWKRJRQDOHQ� 'HU (IIHNW ZXUGH HUVWPDOLJ YRQ 1,&.(//�>��@ EHREDFKWHW� 'LHVH 9RU]XJV�

ULFKWXQJHQ VWLPPHQ PLW GHQ /$1*(5�6SDOWOLQLHQ ÖEHUHLQ� 0DQ NDQQ GDKHU DQQHKPHQ�

GD¹ GLH .ROODJHQIDVHUQ SDUDOOHO ]X GLHVHQ /LQLHQ DXVJHULFKWHW VLQG� %HGLQJW GXUFK GHQ LQ

GLHVHU 6FKLFKW EHILQGOLFKHQ *HI¾¹SOH[XV VLQG VFKQHOOH 7HPSHUDWXU¾QGHUXQJHQ PÐJOLFK�

'LH 5HJXODWLRQ GHU .ÐUSHUWHPSHUDWXU HUIROJW KDXSWV¾FKOLFK GXUFK YDULLHUHQGH 'XUFK�

EOXWXQJ GHU 'HUPLV� 'LH $EVRUSWLRQ ZLUG GDEHL VHKU VWDUN EHHLQIOX¹W� 'HU %UHFKXQJV�

������



LQGH[ XQG VRPLW GLH 6WUHXXQJ UHDJLHUHQ JOHLFKIDOOV HPSILQGOLFK DXI GLH 7HPSHUDWXU�

VFKZDQNXQJ�

����� 6XEFXWLV

'LH 8QWHUKDXW �6XEFXWLV� LVW QLFKW VFKDUI YRQ GHU 'HUPLV DEJHJUHQ]W� 6LH GLHQW DOV

)HWWVSHLFKHU XQG :¾UPHLVRODWRU� 'LH )HWWO¾SSFKHQ VLQG YRQ VWUDIIHP %LQGHJHZHEH

XPVFKORVVHQ� 'LH *UÐ¹H GHU 'HSRWVFKLFKW OLHJW LP %HUHLFK YRQ �r����PP XQG YDULLHUW

VHKU VWDUN� ,P *HJHQVDW] ]XU 'HUPLV ¾QGHUW VLFK GLH 'XUFKEOXWXQJ GLHVHU +DXWVFKLFKW

UHODWLY�ZHQLJ��'LH�VW¾QGLJ�DEODXIHQGHQ�6WRIIZHFKVHOSUR]HVVH�VRUJHQ�IÖU�HLQHQ�NRQWLQXLHU�

OLFKHQ�%OXWIOX¹�]X�GHQ�=HOOHQ�

6LFKHUH $QJDEHQ ÖEHU GLH RSWLVFKHQ (LJHQVFKDIWHQ GHU 6XEFXWLV LQ�YLYR OLHJHQ QLFKW

YRU� 2IW ZHUGHQ DXV 'XUFKOLFKWPHVVXQJHQ YRQ %UXVWJHZHEH DEJHVFK¾W]WH (LJHQVFKDIWHQ

ÖEHUWUDJHQ�>��@� 'HU 6WUHXNRHIIL]LHQW KDW HLQH YHUJOHLFKEDUH *UÐ¹H PLW GHP LQ GHU

'HUPLV�JHPHVVHQHQ��$OOHUGLQJV�LVW�GHU�$EVRUSWLRQVNRHIIL]LHQW�HWZD�]HKQPDO�QLHGULJHU�

��� 6SHNWURVNRSLH�r�5HIOH[LRQVPHVVXQJHQ

'LH :HFKVHOZLUNXQJHQ YRQ HOHNWURPDJQHWLVFKHU 6WUDKOXQJ XQG ]X XQWHUVXFKHQGHU

0DWHULH OLHIHUQ GHP $QDO\WLNHU YLHOI¾OWLJVWH ,QIRUPDWLRQHQ� 'LH RSWLVFKH 6SHNWURVNRSLH

LVW HLQH GHU 6¾XOHQ GHU PRGHUQHQ TXDQWLWDWLYHQ XQG TXDOLWDWLYHQ $QDO\WLN�>������@� 'LH

������

Abb. 7 $QLVRWURSLH�GHU
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*UXQGODJHQ GDIÖU ZXUGHQ YRQ %28*8(5 XQG /$0%(57 EHUHLWV LP ��� -DKUKXQGHUW

JHOHJW� =XVDPPHQ PLW GHU GXUFK %((5 JHIXQGHQHQ $EK¾QJLJNHLW GHU ([WLQNWLRQ YRQ GHU

.RQ]HQWUDWLRQ�HUK¾OW�PDQ�GDV�/$0%(57�%((5VFKH�*HVHW]��*O�����

���

$OV ([WLQNWLRQ ( EH]HLFKQHW PDQ GHQ GHNDGLVFKHQ /RJDULWKPXV GHV 4XRWLHQWHQ YRQ

HLQJHVWUDKOWHP ,� XQG XQYHU¾QGHUW WUDQVPLWWLHUWHP /LFKW ,� 6LH LVW HLQH )XQNWLRQ GHU

RSWLVFKHQ�3IDGO¾QJH�G���GHV�([WLQNWLRQVNRHIIL]LHQWHQ Î
À �XQG�GHU�.RQ]HQWUDWLRQ�F�

'LH $EVRUSWLRQ YRQ /LFKW LQ GHU +DXW XQWHUOLHJW HEHQIDOOV GLHVHP *HVHW]� $OOHUGLQJV

NDQQ HV LQ VHLQHU XUVSUÖQJOLFKHQ )RUP QLFKW IÖU GLH 'LDJQRVWLN LQ�YLYR JHQXW]W ZHUGHQ�

,P GLDJQRVWLVFKHQ )HQVWHU��$EE� ���6����� GRPLQLHUW GLH 6WUHXXQJ XQG IÖKUW ]X QLFKW�

OLQHDUHQ $EZHLFKXQJHQ� =XGHP LVW GLH $Q]DKO GHU PÐJOLFKHQ 2UWH IÖU 7UDQVPLVVLRQV�

PHVVXQJHQ VHKU NOHLQ� 'DKHU ZLUG ]XPHLVW GLH GLIIXVH 5HIOH[LRQ 5 EHVWLPPW� 8P OLQHDUH

.DOLEUDWLRQVPHWKRGHQ QXW]HQ ]X NÐQQHQ� WUDQVIRUPLHUW PDQ GLH 5HIOH[LRQVZHUWH GXUFK

(=BOJ� ,
,

�
�=BOJ �5 � LQ VFKHLQEDUH ([WLQNWLRQHQ� (V LVW MHGRFK PÐJOLFK� GHQ =XVDP�

PHQKDQJ ]ZLVFKHQ 6LJQDO XQG $QDO\WNRQ]HQWUDWLRQ GXUFK GLH .8%(/.$�081.�

)XQNWLRQ��*O���� ]X NRUULJLHUHQ� 9RUDXVVHW]XQJ GDIÖU LVW� GD¹ HV VLFK XP GLFNH

�DE�a��PP���OLFKWXQGXUFKO¾VVLJH�6FKLFKWHQ�KDQGHOW�

���

'LH JHPHVVHQH 5HIOH[LRQ K¾QJW GDQDFK YRP 9HUK¾OWQLV YRQ $EVRUSWLRQVNRHIIL�

]LHQW�. XQG GHP 6WUHXNRHIIL]LHQWHQ 6 DE� 'HQVHOEHQ =XVDPPHQKDQJ XQG GLHVHOEHQ

%H]HLFKQXQJHQ� DOOHUGLQJV DQGHUV GHILQLHUW� ILQGHW PDQ EHL GHU 'LIIXVLRQVWKHRULH ZLHGHU�

'DJHJHQ VLQG KLHU GHU $EVRUSWLRQVNRHIIL]LHQW �D XQG GHU LP /$0%(57�%((5VFKHQ

*HVHW]�YRUNRPPHQGH�([WLQNWLRQVNRHIIL]LHQW ÎÀ GLUHNW�YHUNQÖSIW��*O�����

���

'LHVHU =XVDPPHQKDQJ ELHWHW HLQH 0ÐJOLFKNHLW� GLH GXUFK 5HJUHVVLRQ GHU 5HIOH�

[LRQVGDWHQ JHZRQQHQ :HUWH IÖU �D XQG �V ]X NRQWUROOLHUHQ� :HLO GLH 9HUVXFKH LQ�YLYR

������
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GXUFKJHIÖKUW ZHUGHQ� VLQG :LHGHUKROXQJ XQG VWDWLVWLVFKH $EVLFKHUXQJ VFKZHU PÐJOLFK�

'D GDV 0RGHOO 'LIIXVLRQVWKHRULH �$EVFKQ������ PLW YLHOHQ $QQDKPHQ DUEHLWHW� LVW VHLQ

*ÖOWLJNHLWVEHUHLFK EHVFKU¾QNW� 'LHVH *UHQ]HQ ]X HUNHQQHQ� LVW VFKZLHULJ� *HKW PDQ

GDYRQ DXV� GD¹ QXU $EVRUSWLRQV� XQG 6WUHXNRHIIL]LHQW ]XVDPPHQ GLH RSWLVFKHQ 9HUK¾OW�

QLVVH GHU +DXW ULFKWLJ EHVFKUHLEHQ� NDQQ PDQ GLH *ÖOWLJNHLW GHU 0RGHOOLHUXQJ GXUFK GLH

'LIIXVLRQVWKHRULH EHXUWHLOHQ� 'D GLH 6WUHXHLJHQVFKDIWHQ GHU +DXW LQ�YLYR DXI DQGHUHP

:HJH QLFKW ]XJ¾QJOLFK VLQG� LVW HV QRWZHQGLJ� HLQ SK\VLRORJLVFKHV 0HUNPDO ]X ILQGHQ�

GHVVHQ �QGHUXQJ VLFK DXVVFKOLH¹OLFK LQ GHU $EVRUSWLRQ ZLGHUVSLHJHOW� :HLO EHLGH

0HWKRGHQ PLW XQWHUVFKLHGOLFKHQ $QQDKPHQ DUEHLWHQ PÖVVHQ� VLQG GLH $EVROXWZHUWH

QLFKW YHUJOHLFKEDU� 6WLPPHQ DEHU GLH UHODWLYHQ �QGHUXQJHQ GHU $EVRUSWLRQ PLW GHQHQ

YRQ �D ÖEHUHLQ� LVW GDV HLQ ,QGL] IÖU GLH 5LFKWLJNHLW GHU IÖU GLH 'LIIXVLRQVWKHRULH

JHVFK¾W]WHQ�3DUDPHWHU�

'HU IÖU GHQ *UR¹WHLO GHU 0HVVXQJHQ HLQJHVHW]WH 6HQVRU 1,7����� �$EVFKQ������

YHUIÖJW ÖEHU PHKUHUH /LFKWTXHOOHQ YHUVFKLHGHQHU :HOOHQO¾QJHQ� 6LH VLQG VR DXVJHZ¾KOW�

GD¹ VLH GLH $EVRUSWLRQVPD[LPD YRQ +E� +E2� XQG GHQ LVRVEHVWLVFKHQ 3XQNW �([WLQNWL�

RQVNRHIIL]LHQWHQ +E2�� �+E� DEGHFNHQ �$EE� ����6����� 'DPLW OLH¹H VLFK GHU 2[LJHQLH�

UXQJVJUDG ÖEHU HLQH 0HKUNRPSRQHQWHQDQDO\VH� EDVLHUHQG DXI GHP /$0%(57�%((5

VFKHQ *HVHW]� EHVWLPPHQ� 0DQ EHQÐWLJW KLHU]X $QJDEHQ ÖEHU GLH RSWLVFKH 3IDGO¾QJH�

GLH H[SHULPHQWHOO QLFKW ]XJ¾QJOLFK VLQG� 'LH ]HLWOLFKH �QGHUXQJ GHU 6DXHUVWRIIV¾WWLJXQJ

GHV *HZHEHV NDQQ DEHU DXFK GXUFK HLQIDFKH 9HUK¾OWQLVELOGXQJ ]ZHLHU ,QWHQVLW¾WHQ EHL

XQWHUVFKLHGOLFKHQ :HOOHQO¾QJHQ YHUIROJW ZHUGHQ� $OOHUGLQJV XQWHU ]ZHL $QQDKPHQ�

9HU¾QGHUXQJHQ GHU /LFKWVWUHXXQJ ÖEHU GLH =HLW ZLUNHQ VLFK DXI EHLGH :HOOHQO¾QJHQ

JOHLFKHUPD¹HQ DXV� XQG GLH 5HIOH[LRQVZHUWH� JHPHVVHQ LQ JUR¹HP $EVWDQG ]XU /LFKW�

TXHOOH� ZHUGHQ GXUFK GLH $EVRUSWLRQ GRPLQLHUW� 9HUVXFKH KDEHQ JH]HLJW� GD¹ GLHVH

$SSUR[LPDWLRQ GDV UHDOH 9HUKDOWHQ JXW ZLGHUVSLHJHOW� 'HU 2[LJHQLHUXQJVJUDG LVW HLQH

GHU ZHQLJHQ OHLFKW ]X EHHLQIOXVVHQGHQ XQG ]X YHUVWHKHQGHQ SK\VLRORJLVFKHQ 9DULDEOHQ�

'DKHU LVW VLH DOV .RQWUROOJUÐ¹H VHKU ZLOONRPPHQ� 0DQ KDW PLW LKU HLQ 0HUNPDO� GDV QXU

GXUFK GLH $EVRUSWLRQ LP *HZHEH EHVWLPPW ZLUG� %LOGHW PDQ GLH JOHLFKHQ 9HUK¾OWQLVVH

DXV GHQ �D �:HUWHQ� VLQG GLH 9HU¾QGHUXQJHQ GLUHNW YHUJOHLFKEDU� 6WLPPHQ GLH =HLW�

UHLKHQ ÖEHUHLQ� NDQQ PDQ DQQHKPHQ� GD¹ GLH GXUFK 5HJUHVVLRQ HUKDOWHQHQ :HUWH IÖU

GLH 'LIIXVLRQVWKHRULH Q¾KHUXQJVZHLVH ULFKWLJ VLQG XQG GLH *HJHEHQKHLWHQ LQ GHU +DXW

DN]HSWDEHO�DEELOGHQ�

������



��� 'LIIXVLRQVWKHRULH�DOV�0RGHOO�GHU�/LFKWDXVEUHLWXQJ�LQ�GHU�+DXW

'HU /DVHU HUVFKOLH¹W YÐOOLJ QHXH WKHUDSHXWLVFKH XQG GLDJQRVWLVFKH 0ÐJOLFKNHLWHQ�

'DV JUÐ¹WH DNWXHOOH $QZHQGXQJVJHELHW LQ GHU 0HGL]LQ LVW GHU (LQVDW] DOV FKLUXUJLVFKHV

,QVWUXPHQW� (U LVW MHGRFK HLQ VFKZLHULJ ]X KDQGKDEHQGHV :HUN]HXJ� 6HLQH :LUNXQJ LVW

QLFKW ZLH EHL HLQHP 6NDOSHOO HLQIDFK GXUFK dPHFKDQLVFKH 5ÖFNNRSSOXQJo ]X GRVLHUHQ�

'DUDXV UHVXOWLHUW GDV JUR¹H ,QWHUHVVH DQ GHQ RSWLVFKHQ (LJHQVFKDIWHQ YRQ *HZHEH

LQ�YLYR� 0LW +LOIH GLHVHU 'DWHQ LVW HV PÐJOLFK� GLH :LUNXQJ LP YRUDXV DE]XVFK¾W]HQ XQG

GHQ (LQJULII VR NOHLQ ZLH QÐWLJ ]X JHVWDOWHQ� 6R LVW HV QLFKW YHUZXQGHUOLFK� GD¹ YLHOH

(UNHQQWQLVVH ]XU /LFKWDXVEUHLWXQJ LP *HZHEH LP 8PIHOG GHU .UHEVIRUVFKXQJ

JHZRQQHQ ZXUGHQ� (LQ GHWDLOOLHUWHU ¶EHUEOLFN ]X GLHVHP 7KHPD LVW EHL (66(135(,6�>��@

]X ILQGHQ� 'LH $UEHLWHQ YRQ 3$77(5621�>��@ XQG :,/621�>��@ EHVFKUHLEHQ GLH XQWHU�

VFKLHGOLFKHQ 0H¹SULQ]LSLHQ� .HQQJUÐ¹HQ IÖU $EVRUSWLRQ XQG 6WUHXXQJ LQ ELRORJLVFKHQ

0DWHULDOLHQ�]X�HUPLWWHOQ�

'HU 9HUVXFK� HLQ VR KHWHURJHQHV 0HGLXP ZLH +DXW GXUFK HLQ SK\VLNDOLVFKHV 0RGHOO

]X EHVFKUHLEHQ� NDQQ QXU Q¾KHUXQJVZHLVH /ÐVXQJHQ HUEULQJHQ� (V LVW GDKHU QRWZHQGLJ�

GHP�3UREOHP�DQJHPHVVHQH�9HUHLQIDFKXQJHQ�YRU]XQHKPHQ�

,VW GDV VWUHXHQGH 7HLOFKHQ GHXWOLFK NOHLQHU DOV GLH :HOOHQO¾QJH GHU 6WUDKOXQJ� VR OLHJW

5$</(,*+�6WUHXXQJ YRU� ,P XPJHNHKUWHQ )DOO KDQGHOW HV VLFK XP UHJXO¾UH RGHU

)5(61(/�5HIOH[LRQ� 'LHVH YHUHLQIDFKWHQ %HVFKUHLEXQJHQ VLQG QLFKW DQZHQGEDU� ZHQQ

:HOOHQO¾QJH XQG 7HLOFKHQJUÐ¹H YHUJOHLFKEDU VLQG� ,Q GHU KLHU EHWUDFKWHWHQ $QZHQGXQJ

LVW GDV GHU )DOO� 'LH 6WUHXXQJ HUIROJW DQ 6WUXNWXUHQ� GHUHQ $EPHVVXQJHQ LQ GHU JOHLFKHQ

*UÐ¹HQRUGQXQJ ZLH GLH :HOOHQO¾QJH GHU 6WUDKOXQJ OLHJHQ� 'DKHU PX¹ GLH ÖEHUJUHLIHQGH

XQG VHKU NRPSOH[H 0,(�7KHRULH DQJHZDQGW ZHUGHQ�>��@� 6LH EDXW DXI HLQHU VSH]LHOOHQ

3KDVHQIXQNWLRQ DXI� 'LHVH LVW DOOHUGLQJV QXU IÖU NXJHO� XQG ]\OLQGHUIÐUPLJH 6WUHX�

]HQWUHQ�DQDO\WLVFK�OÐVEDU�

=XU %HVFKUHLEXQJ GHU 6WUHXXQJ LQ HLQHP PDNURVNRSLVFKHQ .ÐUSHU PÖVVHQ GLH

*OHLFKXQJHQ GHU 0,(�3KDVHQIXQNWLRQ PLW HLQHP 0RGHOO IÖU GLH $XVEUHLWXQJ LP

0HGLXP NRPELQLHUW ZHUGHQ� 'LH %2/7=0$11�7UDQVSRUWJOHLFKXQJ �*O���� HLJQHW VLFK

]XU $EELOGXQJ VROFKHU 3UR]HVVH� 6LH JHVWDWWHW GHQ ¶EHUJDQJ YRQ HLQHP GLVNUHWHQ ]X

HLQHP NRQWLQXLHUOLFKHP 0RGHOO� (V ZLUG PÐJOLFK� GLH /LFKWDXVEUHLWXQJ GXUFK 6WUHX�

XQG�$EVRUSWLRQVNRHIIL]LHQW�]X�EHVFKUHLEHQ�

������



���

'HU 7HUP� / �U � �V � W� VWHKW IÖU GLH 6WUDKOXQJ DP 2UW V ]XU =HLW W LQ 5LFKWXQJ �V � 'LH

OLQNH 6HLWH GHU *OHLFKXQJ EHVFKUHLEW GLH U¾XPOLFKH XQG ]HLWOLFKH 9HU¾QGHUXQJ GHU

6WUDKOXQJ� 'HU HUVWH 7HUP GHU UHFKWHQ 6HLWH UHSU¾VHQWLHUW GLH $EVFKZ¾FKXQJ GHU

,QWHQVLW¾W GXUFK 6WUHXXQJ XQG $EVRUSWLRQ� 'LH .RHIIL]LHQWHQ �D XQG �
V VLQG ZLHGHU GLH

:HUWH GHU FKDUDNWHULVWLVFKHQ $EVRUSWLRQV� E]Z� 6WUHXHLJHQVFKDIWHQ� 'DV ,QWHJUDO ÖEHU

DOOH 5DXPZLQNHOµ 
 GHU DXV �V 
 QDFK �V JHVWUHXWHQ 3KRWRQHQ XQG 4 �U � �V � W� VLQG 4XHOO�

WHUPH GLHVHU 'LIIHUHQWLDOJOHLFKXQJ� 'LH 3KDVHQIXQNWLRQ I � �VE�V 
 � EHVFKUHLEW KLHU GLH

:DKUVFKHLQOLFKNHLW� GD¹ HLQ 3KRWRQ DXV 5LFKWXQJ� �V 
 QDFK �V JHVWUHXW ZLUG� 'DIÖU ZLUG

GLH 0,(�3KDVHQIXQNWLRQ YHUZDQGW� 2IW ZLUG VWDWW LKUHU HLQH HLQIDFKHUH 1¾KHUXQJ�

]�%��GLH +(1<(<�*5((167(,1�3KDVHQIXQNWLRQ� HLQJHVHW]W�>��@� 'HU 4XRWLHQW DXV /LFKW�

JHVFKZLQGLJNHLW LP 9DNXXP�F� XQG %UHFKXQJVLQGH[ Q ELOGHW GLH $XVEUHLWXQJVJHVFKZLQ�

GLJNHLW�F$�LP�0HGLXP�

(LQH DQDO\WLVFK H[DNWH /ÐVXQJ GLHVHU 'LIIHUHQWLDOJOHLFKXQJ XQWHU %HUÖFNVLFKWLJXQJ

GHU JHRPHWULVFKHQ 5DQGEHGLQJXQJHQ LVW IÖU UHDOLVWLVFKH 3UREOHPVWHOOXQJHQ LP

DOOJHPHLQHQ QLFKW PÐJOLFK� 0LWWHOV DXIZHQGLJHU XQG GLIIL]LOHU )LQLWH�(OHPHQWH�6LPXOD�

WLRQHQ VLQG QXPHULVFKH 1¾KHUXQJHQ PÐJOLFK� 'LHVHV 9HUIDKUHQ LVW LQ GHU *HZHEHRSWLN

ZHQLJ�JHEU¾XFKOLFK�

(LQ DOWHUQDWLYHU $QVDW] EDVLHUW DXI 0RQWH�&DUOR�6LPXODWLRQHQ�>��@� 0LW LKQHQ LVW HV

PÐJOLFK� GLH 6WUHX� XQG $EVRUSWLRQVSUR]HVVH LP 0HGLXP ]X VLPXOLHUHQ� 'D]X ZLUG GHU

:HJ HLQHV VWDWLVWLVFKHQ .ROOHNWLYV HLQIDOOHQGHU 3KRWRQHQ EHUHFKQHW� $XV GHU HUKDOWHQHQ

9HUWHLOXQJVIXQNWLRQ NDQQ GHU ,QWHQVLW¾WVDEIDOO LQ $EK¾QJLJNHLW YRQ GHU (QWIHUQXQJ ]XU

/LFKWTXHOOH HUPLWWHOW ZHUGHQ� 'LH 4XDOLW¾W GHU (UJHEQLVVH K¾QJW YRQ GHQ YRUJHJHEHQHQ

RSWLVFKHQ 3DUDPHWHUQ XQG GHP 0RGHOO GHV U¾XPOLFKHQ $XIEDXV GHV 0HGLXPV VRZLH

GHQ DOJRULWKPLVFKHQ 9HUHLQIDFKXQJHQ DE� 0RQWH�&DUOR�5HFKQXQJHQ VLQG H[WUHP

UHFKHQ]HLWDXIZHQGLJ� XQG HV LVW SULQ]LSEHGLQJW QLFKW PÐJOLFK� DXV JHPHVVHQHQ 'DWHQ

� 'DV�=HLFKHQ� � �NHQQ]HLFKQHW�KLHU�HLQHQ�2UWVYHNWRU�GHU�/¾QJH��
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DXI GLH 3DUDPHWHU �D XQG �
V GHV GXUFKOHXFKWHWHQ 9ROXPHQV ]XUÖFN]XVFKOLH¹HQ� -HGRFK

NÐQQHQ PLW GLHVHQ 'DWHQ QHXURQDOH 1HW]H ]XU )XQNWLRQVDSSUR[LPDWLRQ WUDLQLHUW

ZHUGHQ� $XIJUXQG GHV JUR¹HQ 5HFKHQ]HLWEHGDUIV ]XU (UVWHOOXQJ HLQHU HLQ]HOQHQ 0RQWH�

&DUOR�6LPXODWLRQ LVW HV VHKU DXIZHQGLJ� HLQHQ 'DWHQVDW] PLW KLQUHLFKHQGHU $EGHFNXQJ

GHV 'DWHQUDXPV ]X HUVWHOOHQ� 'LHVH 6LPXODWLRQHQ VLQG VRPLW HKHU ]XU ¶EHUSUÖIXQJ YRQ

6WUHX� XQG $EVRUSWLRQVSDUDPHWHUQ JHHLJQHW� ZHOFKH PLW DQGHUHQ 0HWKRGHQ EHUHFKQHW

ZXUGHQ�

(LQ %HLVSLHO GDIÖU LVW GLH 'LIIXVLRQVWKHRULH� 6LH LVW HLQH 1¾KHUXQJVOÐVXQJ GHU

%2/7=0$11�7UDQVSRUWJOHLFKXQJ��*O���� XQG ZXUGH XUVSUÖQJOLFK IÖU GLH 0RGHOOLHUXQJ

GHU 1HXWURQHQDXVEUHLWXQJ� ]�%� LQ .HUQUHDNWRUHQ� HQWZLFNHOW�>��@� 'XUFK .(,-=(5�>��@

HUIROJWH GLH ¶EHUWUDJXQJ DXI GLH 3UREOHPH GHU *HZHEHRSWLN� 3KRWRQHQ ZHUGHQ GDEHL DOV

7HLOFKHQ EHWUDFKWHW� GLH YRQ HLQHU /LFKWTXHOOH DXVJHKHQG GXUFK GDV 0HGLXP

GLIIXQGLHUHQ��

)ÖU GLH 0RGHOOELOGXQJ ZLUG DQJHQRPPHQ� GD¹ GLH 6WUHXSUR]HVVH HODVWLVFK VLQG XQG

VLFK ,QWHUIHUHQ]HIIHNWH LP 0LWWHO DXIKHEHQ�>������@� :HLWHUKLQ JHKW PDQ GDYRQ DXV� GD¹

GDV 0HGLXP KRPRJHQ LVW� 'LH 6WUDKOXQJ / �U � �V � W� ZLUG GXUFK HLQHQ 0XOWLSRODQVDW]

DSSUR[LPLHUW� 'LHVH 5HLKHQHQWZLFNOXQJ HUIROJW ELV ]XP 'LSROWHUP� 'DV LVW MHGRFK QXU

]XO¾VVLJ� ZHQQ GLH 6WUDKOXQJ QDKH]X LVRWURS LVW� 'LHVH %HGLQJXQJ LVW Q¾KHUXQJVZHLVH

HUIÖOOW ZHQQ Á
V
WÁ

D JLOW� 'D LP ELRORJLVFKHQ *HZHEH GHU 6WUHXNRHIIL]LHQW LP %HUHLFK GHV

GLDJQRVWLVFKHQ )HQVWHUV HWZD KXQGHUWPDO JUÐ¹HU LVW DOV GHU $EVRUSWLRQVNRHIIL]LHQW� LVW

GLHV JHJHEHQ� $Q 6WHOOH YRQ Á
V ZLUG GHU UHGX]LHUWH 6WUHXNRHIIL]LHQW Á 
 V HLQJHIÖKUW� (U LVW

GHILQLHUW GXUFK Á 
 V=��BJ �Á
V � 'HU &RVLQXV GHV PLWWOHUHQ 6WUHXZLQNHOV ]ZLVFKHQ �V XQG

�V 
 LVW GHU $QLVRWURSLHIDNWRU J� %HWUDFKWHW PDQ QXU GHQ VWDWLVFKHQ )DOO� HUK¾OW PDQ GLH

DOOJHPHLQH 'LIIXVLRQVJOHLFKXQJ��*O����� 'HU 7HUP 6 �U �PRGHOOLHUW GLH /LFKWTXHOOH�

Z¾KUHQG ÁD
Ê�U � GLH DEVRUELHUWH 6WUDKOXQJ GDUVWHOOW� 'HQ JHVWUHXWHQ $QWHLO GHV 6WUDK�

OXQJVIOXVVHV Ê �EHVFKUHLEW� '�
�
Ê�U � �

���

'LH 'LIIHUHQWLDOJOHLFKXQJ��*O���� PX¹ DQ GLH *HRPHWULH GHU 0H¹XPJHEXQJ

DQJHSD¹W ZHUGHQ� 'XUFK HLQH 5HLKH YRQ PDWKHPDWLVFKHQ 5DQGEHGLQJXQJHQ HUK¾OW PDQ

HLQ 0RGHOO� ZHOFKHV HLQHQ KRPRJHQHQ +DOEUDXP PLW H[WUDSROLHUWHU *UHQ]IO¾FKH

�dH[WUDSRODWHG�ERXQGDU\p��EHVFKUHLEW�XQG�GHU�5HJUHVVLRQ�]XJ¾QJOLFK�LVW��'D�HV�QLFKW�=LHO

������
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GLHVHU $UEHLW ZDU� GLH 'LIIXVLRQVQ¾KHUXQJ ]X YHUYROONRPPQHQ� VHL IÖU GLH DXVIÖKUOLFKH

'DUVWHOOXQJ DXI +(50$11�>��@ XQG )$55(//�>��@ YHUZLHVHQ� 'LH $UEHLW YRQ 1,&.(//

EHOHXFKWHW GLH WKHRUHWLVFKHQ $VSHNWH GHU 5HIOH[LRQHQ DQ GHU *UHQ]IO¾FKH +DXW�6HQVRU

HUVFKÐSIHQG�>��@��

��� .DOLEUDWLRQVYHUIDKUHQ

'LH JUR¹H =DKO XQEHNDQQWHU XQG YDULDEOHU (LQIOX¹JUÐ¹HQ DXI GHQ 6WUHXNRHIIL]LHQWHQ

YHUKLQGHUQ HV� HLQ DOOJHPHLQJÖOWLJHV 0RGHOO ÖEHU GHQ =XVDPPHQKDQJ ]XU *OXFRVH

DXI]XVWHOOHQ� (LQ JUR¹HU 7HLO GHU LQWHU� XQG LQWUDLQGLYLGXHOOHQ 9DULDELOLW¾W GHU

0HVVXQJHQ ZLUG GXUFK GLH +HWHURJHQLW¾W GHU +DXW EHVWLPPW� $XFK GLH *ÖWH GHU

$QNRSSOXQJ GHV :HUWHDXIQHKPHUV XQG GHU /LFKWTXHOOH DQ GHQ 0H¹RUW VRZLH GLH

6HQVRUHQ VHOEVW XQWHUOLHJHQ HLQHU JHZLVVHQ 6WUHXXQJ� 'XUFK GLH .DOLEUDWLRQ GHV 0H¹�

V\VWHPV�NÐQQHQ�HLQLJH�GHU�0DWUL[HIIHNWH�NRPSHQVLHUW�ZHUGHQ�

����� $QIRUGHUXQJHQ�DQ�GLH�.DOLEUDWLRQ�HLQHV�LQ�YLYR�6HQVRUV

(V LVW EHUHLWV VHLW 3$5$&(/686 EHNDQQW� GD¹ DOOHLQ GLH 'RVLV HLQHU 6XEVWDQ] ÖEHU

1XW]HQ�RGHU�6FKDGHQ�HQWVFKHLGHW�>�@��%HL�GHU�*DEH�YRQ�,QVXOLQ�ZLUG�GLHV�JXW�VLFKWEDU��,Q

]X JUR¹HQ 0HQJHQ YHUDEUHLFKW� KDW HV IDWDOH )ROJHQ �$EVFKQ��������� 0LW GHQ JHPHVVHQHQ

*OXFRVHZHUWHQ ZHUGHQ GLH EHQÐWLJWHQ ,QVXOLQGRVHQ IHVWJHOHJW� 'DKHU PÖVVHQ GLH 0H¹�

V\VWHPH KRKH $QIRUGHUXQJHQ HUIÖOOHQ� 'HU .DOLEUDWLRQ GHV 6HQVRUV NRPPW HLQH

HQWVFKHLGHQGH 5ROOH ]X� 6LH SD¹W GDV 6\VWHP DQ GLH DNWXHOOH 0DWUL[ DQ� 7UHWHQ GDEHL

)HKOHU DXI� HUK¾OW PDQ V\VWHPDWLVFK IDOVFKH $QJDEHQ� 'LH VLFKHUVWH 0HWKRGH� GDV ]X

YHUPHLGHQ� Z¾UH HLQ 9HUIDKUHQ� ZHOFKHV YRP 3DWLHQWHQ XQDEK¾QJLJ LVW� %LV ]XU

(UUHLFKXQJ�GLHVHV�=LHOV�ZLUG�QRFK�HLQLJH�=HLW�YHUJHKHQ�

%HL GHU .RQ]HSWLRQ HLQHU .DOLEUDWLRQVSUR]HGXU IÖU HLQHQ *OXFRVHVHQVRU PÖVVHQ

6LFKHUKHLW XQG 3UDNWLNDELOLW¾W JHZ¾KUOHLVWHW VHLQ� (V LVW GDEHL DQ]XVWUHEHQ� GD¹ GHU

3DWLHQW GHQ 6HQVRU VHOEVW DSSOL]LHUW XQG LKQ DXI GLH DNWXHOOHQ *HJHEHQKHLWHQ NDOLEULHUW�

(V VWHKHQ LKP QXU GLH ÖEOLFKHQ *HU¾WH ]XU %OXW]XFNHUVHOEVWNRQWUROOH ]XU 9HUIÖJXQJ

�$EVFKQ��������� 0LW HLQHP ]XI¾OOLJHQ )HKOHU YRQ ELV ]X ���� VLQG VLH QLFKW PLW GHQ NOLQL�

VFKHQ $QDO\VDWRUHQ �+.�0HWKRGH LQ %OXWSODVPD� YHUJOHLFKEDU� GHUHQ 3U¾]LVLRQ FD� ���

HUUHLFKW� 6RPLW VROOWHQ LPPHU 0HKUIDFKPHVVXQJHQ GLH 5HIHUHQ]SXQNWH OLHIHUQ� (V PÖ¹WH

JHWHVWHW ZHUGHQ� RE GLH JHZRQQHQHQ 'DWHQ LQQHUKDOE GHU 6FKZDQNXQJVEUHLWH GHU

5HIHUHQ]PHWKRGH OLHJHQ XQG JHJHEHQHQIDOOV HLQ QHXHU :HUW DQJHIRUGHUW ZHUGHQ� 'D VLH

������



LQYDVLY HUPLWWHOW ZHUGHQ� LVW LKUH $Q]DKO EHJUHQ]W� (LQH YHUQÖQIWLJH .DOLEUDWLRQ PX¹ PLW

ZHQLJHQ 5HIHUHQ]PHVVXQJHQ GHQ JHVDPWHQ 0H¹EHUHLFK RKQH ([WUDSRODWLRQ DEGHFNHQ�

(V VLQG GHVKDOE PLQGHVWHQV ]ZHL %HVWLPPXQJHQ EHL XQWHUVFKLHGOLFKHQ *OXFRVHZHUWHQ

QRWZHQGLJ� 'LH $QSDVVXQJ VROOWH ÖEHU GLH JHVDPWH 7UDJH]HLW GHV 6HQVRUV JÖOWLJ EOHLEHQ�

'D HLQH JH]LHOWH 9DULDWLRQ GHV *OXFRVHVSLHJHOV QLFKW PÐJOLFK LVW� PX¹ GLH .DOLEUDWLRQV�

URXWLQH PLW EHOLHELJHQ� DOOHUGLQJV ÖEHU HLQHP JHZLVVHQ 0LQGHVWZHUW OLHJHQGHQ

�QGHUXQJHQ� DUEHLWHQ NÐQQHQ� =XV¾W]OLFKH *OXFRVHEHVWLPPXQJHQ VROOWHQ GDV .DOLEUD�

WLRQVPRGHOO HUZHLWHUQ� 'HU PÐJOLFKHQ =HLWGLIIHUHQ] ]ZLVFKHQ GHU %OXWJOXFRVH XQG GHP

0H¹VLJQDO��$EVFKQ�������� KDW GLH 3UR]HGXU HEHQIDOOV 5HFKQXQJ ]X WUDJHQ� 'LH PDWKH�

PDWLVFKHQ $OJRULWKPHQ PÖVVHQ QLFKW ]XOHW]W DXIJUXQG JHVHW]OLFKHU =XODVVXQJVYRU�

VFKULIWHQ GHWHUPLQLVWLVFK EHVWLPPW VHLQ XQG VHKU UREXVW DUEHLWHQ� 'LH ,PSOHPHQWLHUXQJ

LVW VR ]X JHVWDOWHW� GD¹ VLH YRQ GHQ 3DWLHQWHQ DN]HSWLHUW ZLUG XQG VLFK LQ GHUHQ QRUPDOHQ

7DJHVDEODXI�LQWHJULHUHQ�O¾¹W�

(LQH .DOLEUDWLRQ NÐQQWH VR DEODXIHQ� 'HU 3DWLHQW DSSOL]LHUW GHQ 6HQVRU� 1DFK HWZD

HLQHU 6WXQGH LVW GLH (LQODXISKDVH DEJHVFKORVVHQ� XQG GLH HUVWH 5HLKH YRQ 5HIHUHQ]�

PHVVXQJHQ NDQQ YRUJHQRPPHQ ZHUGHQ� 'LH 3UR]HGXU EHJLQQW YRU HLQHU 0DKO]HLW� XP

HLQHQ PÐJOLFKVW EUHLWHQ :HUWHEHUHLFK ]X NDOLEULHUHQ� 6WHLJW GLH *OXFRVH SRVWSUDQGLDO DQ�

ZLUG GHU 3DWLHQW GXUFK GDV *HU¾W DXIJHIRUGHUW� HLQHQ ]ZHLWHQ 5HIHUHQ]SXQNW ]X

EHVWLPPHQ� (V LVW ]X EHDFKWHQ� GD¹ GLHV HUVW HUIROJW� ZHQQ GDV 6LJQDO HLQHQ VWDELOHQ

=XVWDQG HUUHLFKW KDW� 'DQQ EHILQGHQ VLFK %OXW� XQG *HZHEVJOXFRVH LP *OHLFKJHZLFKW

XQG HYHQWXHOO YRUKDQGHQH =HLWGLIIHUHQ]HQ VSLHOHQ NHLQH JUR¹H 5ROOH PHKU� (LQH W¾JOLFKH

.RQWUROOPHVVXQJ ÖEHUSUÖIW GLH )XQNWLRQ GHV 6\VWHPV� 0LW GHQ GDEHL JHPHVVHQHQ 'DWHQ

NDQQ�GLH�.DOLEUDWLRQ�NRQWUROOLHUW�XQG�HUZHLWHUW�ZHUGHQ�

0LW GHU EHVFKULHEHQHQ 9RUJHKHQVZHLVH O¾¹W VLFK DOOHUGLQJV HLQ YRUKDQGHQHV 0H¹�

PRGHOO QXU LQ /DJH XQG 6WHLOKHLW DGMXVWLHUHQ� (V LVW YRUVWHOOEDU� GD¹ GLH LP /DXI GHU =HLW

GXUFK GHQ 6HQVRU JHZRQQHQHQ 'DWHQ ]X HLQHP SDWLHQWHQVSH]LILVFKHQ .DOLEUDWLRQV�

PRGHOO IÖKUHQ XQG GLH =DKO GHU 5HIHUHQ]PHVVXQJHQ UHGX]LHUW ZHUGHQ NÐQQWH� 'DIÖU

ELHWHQ�VLFK�YHUVFKLHGHQH�9HUIDKUHQ�GHV�6RIW�&RPSXWLQJV�DQ�

'HU (QWZLFNOXQJVVWDQG GHV QLFKWLQYDVLYHQ *OXFRVHVHQVRUV JHVWDWWHW HLQ VROFKHV

9RUJHKHQ IÖU GLH (UVWHOOXQJ YRQ 0H¹PRGHOOHQ ]XU =HLW QRFK QLFKW� =X YLHOH (LQIOX¹�

JUÐ¹HQ VLQG ELVKHU QLFKW RGHU QXU XQYROOVW¾QGLJ DXIJHNO¾UW� %HL GHU .RQ]HSWLRQ GHU

'DWHQDXVZHUWXQJHQ ZXUGH MHGRFK YHUVXFKW� GLH 5DQGEHGLQJXQJHQ HLQHU GXUFK GHQ

3DWLHQWHQ�DXV]XIÖKUHQGHQ�.DOLEUDWLRQ�]X�EHUÖFNVLFKWLJHQ�

������



����� /LQHDUH�.DOLEUDWLRQ

,Q GHU DQDO\WLVFKHQ &KHPLH VWHKW PDQ RIW YRU GHP 3UREOHP� GHQ =XVDPPHQKDQJ

]ZLVFKHQ HLQHU SK\VLNDOLVFKH 0H¹JUÐ¹H� ]�%� HLQHP 3KRWRVWURP� PLW HLQHU .RQ]HQWUD�

WLRQVJUÐ¹H PRGHOOLHUHQ ]X ZROOHQ� :HQQ GHU =XVDPPHQKDQJ ]ZLVFKHQ GHU XQDEK¾Q�

JLJHQ XQG GHU DEK¾QJLJHQ 9DULDEOHQ OLQHDU LVW XQG 6WÐUHLQIOÖVVH YHUQDFKO¾VVLJEDU NOHLQ

VLQG� NDQQ GLH $EK¾QJLJNHLW GXUFK HLQ OLQHDUHV 0RGHOO EHVFKULHEHQ ZHUGHQ��*O������ 'LH

HLQIDFKH OLQHDUH 5HJUHVVLRQ JHVWDWWHW� GLH IÖU GLH XQLYDULDWH .DOLEUDWLRQ EHQÐWLJWHQ

3DUDPHWHU $FKVHQDEVFKQLWW�E� XQG 6WHLJXQJ�E� ]X EHUHFKQHQ� 'LHVH 0HWKRGH LVW HUSUREW

XQG VWDWLVWLVFK DEJHVLFKHUW� 0LW LKU JHOLQJW HV DEHU QXU� GHQ =XVDPPHQKDQJ ]ZLVFKHQ

HLQHU HLQ]HOQHQ XQDEK¾QJLJHQ 9DULDEOHQ��[ XQG HLQHU DEK¾QJLJHQ *UÐ¹H��\ ]X PRGHO�

OLHUHQ��*O�������

����

6ROOHQ =LHOJUÐ¹HQ SDUDOOHO EHVWLPPW ZHUGHQ RGHU VLQG GLH 6WÐUXQJHQ QLFKW PHKU

YHUQDFKO¾VVLJEDU� JHQÖJW GLHVHV HLQIDFKH 0RGHOO QLFKW PHKU� ,Q YLHOHQ )¾OOHQ LVW HV

PÐJOLFK� GLH =XVDPPHQK¾QJH DOV /LQHDUNRPELQDWLRQ GHU (LQ]HOHIIHNWH ]X EHVFKUHLEHQ�

'XUFK GHQ ¶EHUJDQJ ]X 0DWUL]HQ JHODQJW PDQ ]XU *OHLFKXQJ���� 6LH VWHOOW GLH %DVLV GHU

PXOWLYDULDWHQ .DOLEUDWLRQ GDU� 'LH *OHLFKXQJ r�VLH ELOGHW HLQ 0RGHOO�r EHVFKUHLEW GHQ

=XVDPPHQKDQJ�YRQ�P�=LHOJUÐ¹HQ�DXV�Q�3UREHQ�PLW�MH��S�0HUNPDOHQ�

����

,Q�GHU�NRPSDNWHQ�0DWUL[VFKUHLEZHLVH�HUK¾OW�PDQ�

����

+LHUEHL LVW Y ZLHGHUXP GLH 0DWUL[ GHU DEK¾QJLJHQ XQG X GLH GHU XQDEK¾QJLJHQ

9DULDEOHQ� ,Q B ILQGHQ VLFK GLH 5HJUHVVLRQVSDUDPHWHU� :HQQ X QLFKW V\PPHWULVFK� GLH

=DKO GHU 3UREHQ Q DOVR JUÐ¹HU DOV GLH GHU 0HUNPDOH S LVW� HUK¾OW PDQ ÖEHUEHVWLPPWH

������
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*OHLFKXQJVV\VWHPH� GLH QLFKW PHKU GLUHNW ]X OÐVHQ VLQG� :HUGHQ GDEHL GLH 0HUNPDOH X

DXI GLH =LHOJUÐ¹HQ Y UHJUHVVLHUW� KDQGHOW HV VLFK XP HLQH LQYHUVH .DOLEUDWLRQ� 0DQ

EHVWLPPW�GLH�3DUDPHWHUPDWUL[�B�GDQQ�ÖEHU�GLH�JHQHUDOLVLHUWH�,QYHUVH��*O�������

����

%HL GHU 5HJUHVVLRQ QDFK GHU 0HWKRGH GHU NOHLQVWHQ *$8¹VFKHQ )HKOHUTXDGUDWH

�2/6� ZLUG GLH 6SDOWHQ]DKO S GHU X�0DWUL[ EHLEHKDOWHQ� 'DKHU EH]HLFKQHW PDQ GLH

0DWUL[ GHU 3DUDPHWHU B DOV XQYHU]HUUWHQ �XQELDVHG� 6FK¾W]HU� )ÖU HLQH =LHOJUÐ¹H y

ODVVHQ�VLFK�GLH�(LQ]HOZHUWH�JHP¾¹�GHU�*OHLFKXQJHQ��*O������EHUHFKQHQ�

����

0LW GHP 2/6�9HUIDKUHQ JHVFK¾W]WH 3DUDPHWHU NÐQQHQ PLW GHQ ÖEOLFKHQ VWDWLVWL�

VFKHQ 9HUIDKUHQ DXI LKUH 6LJQLILNDQ] JHWHVWHW ZHUGHQ�>������@� (LQ 1DFKWHLO GLHVHU

0HWKRGH LVW GLH (PSILQGOLFKNHLW JHJHQÖEHU $XVUHL¹HUQ� =XGHP YHUODQJW VLH JXW

NRQGLWLRQLHUWH�'DWHQ�

,P 5DKPHQ GHU $UEHLW ZXUGHQ PLW GHP 2/6�9HUIDKUHQ .DOLEUDWLRQVPRGHOOH IÖU GLH

*OXFRVHNRQ]HQWUDWLRQ DOV DEK¾QJLJH 9DULDEOH y EHUHFKQHW� $OV XQDEK¾QJLJH 9HU¾Q�

GHUOLFKH X GLHQWHQ 6WUHXNRHIIL]LHQWHQ� 7HPSHUDWXU XQG HLQH GULIWNRUUHOLHUWH *UÐ¹H

�$EVFKQ��������� 'LH PLW HLQHP PHFKDQLVWLVFKHQ 0RGHOO EHVWLPPWH *UÐ¹H �
V ZLUG XP

7HPSHUDWXUHLQIOX¹ XQG 'ULIW NRUULJLHUW VRZLH LQ HLQH *OXFRVHNRQ]HQWUDWLRQ WUDQV�

IRUPLHUW�

����� +DXSWNRPSRQHQWHQUHJUHVVLRQ

(LQ IÖU GLH %HKDQGOXQJ YRQ KRFKNRUUHOLHUWHQ 'DWHQ JXW JHHLJQHWHV 9HUIDKUHQ LVW GLH

+DXSWNRPSRQHQWHQUHJUHVVLRQ �3&5�� 6LH NRPELQLHUW +DXSWNRPSRQHQWHQDQDO\VH XQG

OLQHDUH 5HJUHVVLRQ� ,P HUVWHQ 6FKULWW ZLUG GLH X�0DWUL[ VR SURML]LHUW� GD¹ VLFK XQNRUUH�

OLHUWH 9DULDEOHQ HUJHEHQ� 'LHVH HUNO¾UHQ LQ DEQHKPHQGHP 0D¹H GLH 9DULDQ] GHU 0DWUL[�

������
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'LHVH 7UDQVIRUPDWLRQ ZLUG ]�%� PLW +LOIH GHU 6LQJXO¾UZHUW]HUOHJXQJ �69'� DXVJH�

IÖKUW��*O������

����

'LHVHV 9HUIDKUHQ ]HUOHJW X LQ GUHL VSH]LHOOH 0DWUL]HQ��*O������ ,Q U VLQG GLH DXI

/¾QJH � QRUPLHUWHQ 6SDOWHQYHNWRUHQ PLW GHQ )DNWRUZHUWHQ XQG LQ V7 GLH /DGXQJHQ HQW�

KDOWHQ� 6LH ZHUGHQ DXFK DOV OLQNH E]Z� UHFKWH 6LQJXO¾UZHUWYHNWRUHQ EH]HLFKQHW� 'LH

'LDJRQDOPDWUL[ W EHLQKDOWHW GLH 6LQJXO¾UZHUWH VHOEVW� 'LH ,QGL]HV Q XQG S NHQQ�

]HLFKQHQ ZLHGHUXP GLH =DKO GHU 3UREHQ E]Z� GLH GHU 0HUNPDOH� :HUGHQ DOOH +DXSW�

NRPSRQHQWHQ�EHLEHKDOWHQ��VR�LVW�G�JOHLFK�GHU�=DKO�GHU�0HUNPDOH�S�

����

'LH 5HJUHVVLRQVSDUDPHWHU B ZHUGHQ VSDOWHQZHLVH GXUFK GLH %LOGXQJ GHU SVHXGR�

LQYHUVHQ�0DWUL[�X���DXFK�0225(�3(1526(�0$75,;��*O�������EHUHFKQHW��*O������

����

����

'LH 5HVXOWDWH YRQ 3&5� XQG 2/6�/ÐVXQJ VLQG LGHQWLVFK� ZHQQ GLH X�0DWUL[ YRQ

YROOHP 5DQJ LVW XQG GLH 6LQJXO¾UZHUWH GHXWOLFK YHUVFKLHGHQ YRQ 1XOO VLQG� %HL VFKOHFKW

NRQGLWLRQLHUWHQ 'DWHQ LVW GDV QLFKW JHJHEHQ� XQG HV WUHWHQ VHKU NOHLQH (LJHQZHUWH DXI�

,P ,GHDOIDOO UHSU¾VHQWLHUHQ GLHVH ]XI¾OOLJH (LQIOÖVVH XQG NÐQQHQ YHUQDFKO¾VVLJW ZHUGHQ�

(V VLQG GDQQ GLH VLJQLILNDQWHQ 6LQJXO¾UZHUWH ]X Z¾KOHQ XQG LP 0RGHOO ]X EHUÖFN�

VLFKWLJHQ�>��@� 'DKHU EH]HLFKQHW PDQ GLH +DXSWNRPSRQHQWHQUHJUHVVLRQ DOV YHU]HUUWHV

�ELDVHG� 9HUIDKUHQ� %HL GHU =HUOHJXQJ GHU X�0DWUL[ ZHUGHQ� LP *HJHQVDW] ]X 3/6� NHLQH

%H]LHKXQJHQ ]XU Y�0DWUL[ EHUÖFNVLFKWLJW� 'DKHU LVW GLH =DKO GHU EHQÐWLJWHQ +DXSW�

NRPSRQHQWHQ JUÐ¹HU DOV EHL GHU LQ GHU /LWHUDWXU EHYRU]XJWHQ 3/6�5HJUHVVLRQ� -HGRFK LVW

������
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EHL 3&5 GLH *HIDKU JHULQJHU� GD¹ GDV (UJHEQLV GXUFK 6FKHLQNRUUHODWLRQHQ EHHLQIOX¹W

ZLUG�

'LH +DXSWNRPSRQHQWHQUHJUHVVLRQ ZXUGH JHQXW]W� XP .DOLEUDWLRQHQ RKQH GDV

NRPSOH[H PHFKDQLVWLVFKH 0RGHOOV GHU 'LIIXVLRQVWKHRULH ]X HUVWHOOHQ �$EVFKQ���������

'LH YHUZDQGWHQ 5HIOH[LRQVGDWHQ��]�%��$EE� ����6���� XQG�����6���� VLQG VWDUN NROOLQHDU

XQG GHVKDOE PLW HLQHU HLQIDFKHQ OLQHDUHQ 5HJUHVVLRQ VFKOHFKW ]X PRGHOOLHUHQ� 'XUFK GLH

LQYHUVH�.DOLEUDWLRQ�NÐQQHQ�QRFK�XQEHNDQQWH�(LQIOÖVVH�EHUÖFNVLFKWLJW�ZHUGHQ�

��� (UJHEQLVNODVVLILNDWLRQ�XQWHU�PHGL]LQLVFKHQ�$VSHNWHQ

$Q *OXFRVHPH¹ZHUWH VLQG ZHJHQ GHU DXI LKQHQ EDVLHUHQGHQ WKHUDSHXWLVFKHQ

(QWVFKHLGXQJHQ EHVRQGHUH $QIRUGHUXQJHQ ]X VWHOOHQ� 9RQ &/$5.(�>��������@ ZXUGH

GHVKDOE GLH d(UURU *ULG $QDO\VLVo �(*$� HLQJHIÖKUW� (V KDQGHOW VLFK XP HLQH :LHGHU�

ILQGXQJVIXQNWLRQ PLW PHGL]LQLVFKHU :LFKWXQJ GHU 5HVLGXHQ� 'LH (LQWHLOXQJ GHU

)HKOHUNODVVHQ EDVLHUW DXI GHU $QQDKPH� GD¹ *OXFRVHZHUWH NOHLQHU DOV ���PJ�GO DQJH�

KREHQ XQG .RQ]HQWUDWLRQHQ JUÐ¹HU DOV ����PJ�GO DEJHVHQNW ZHUGHQ VROOWHQ� 'LH LQ GHU

������

Abb. 8 1DFK�WKHUDSHXWLVFKHU�.RQVHTXHQ]�JHZLFKWHWH�%HZHUWXQJ�GHU�5HVLGXHQ��(*$�
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$UEHLW DXIJHIÖKUWHQ (UJHEQLVVH GHU (*$ EHUXKHQ DXI HLQHU PRGLIL]LHUWHQ 9DULDQWH� GLH

]XU 4XDOLW¾WVVLFKHUXQJ EHL 5RFKH�'LDJQRVWLFV HLQJHVHW]W ZLUG� 'LH WROHUDEOHQ

)HKOHUEHUHLFKH VLQG NOHLQHU DOV EHLP RULJLQDOHQ 6FKHPD� XQG GLH =XRUGQXQJ GHU

%HUHLFKH EHUÖFNVLFKWLJW HLQLJH GHU YRQ *28*+�>���@ DQJHPHUNWHQ 6FKZDFKSXQNWH� (LQH

9HUJOHLFKEDUNHLW PLW SXEOL]LHUWHQ (UJHEQLVVHQ�>����������@ LVW JHJHEHQ� ZHQQ PDQ

EHUÖFNVLFKWLJW��GD¹�GLH�KLHU�JHQXW]WH�9DULDQWH�VWUHQJHUH�%HZHUWXQJHQ�YRUQLPPW�

'LH =RQH $ EHLQKDOWHW GLH :HUWH PLW HLQHP NOLQLVFK DN]HSWDEOHQ ]XI¾OOLJHQ )HKOHU

YRQ ������ ,Q % GDUJHVWHOOWH 5HVXOWDWH YHUDQODVVHQ NHLQH XQJÖQVWLJHQ PHGL]LQLVFKHQ

(QWVFKHLGXQJHQ� EHILQGHQ VLFK DEHU DX¹HUKDOE GHU DQJHVWUHEWHQ 3U¾]LVLRQ� %HL $QJDEH

YRQ :HUWHQ� GLH LQ GHQ =RQHQ & XQG ' OLHJHQ� NDQQ HV ]X HLQHU ¶EHUGRVLHUXQJ YRQ

,QVXOLQ RGHU .RKOHK\GUDWHQ RGHU GHU 8QWHUODVVXQJ HLQHU QRWZHQGLJHQ .RUUHNWXU �'�

NRPPHQ� (UJHEQLVVH LQ =RQH ( IÖKUHQ ]X (QWVFKHLGXQJHQ� GLH GHU HUIRUGHUOLFKHQ

7KHUDSLH HQWJHJHQJHVHW]W VLQG� 5HVXOWDWH LQ GLHVHP %HUHLFK GÖUIHQ XQWHU NHLQHQ

8PVW¾QGHQ DXIWUHWHQ� :HQQ VLFK HLQ 'LDEHWLNHU QRFK ,QVXOLQ VSULW]W� REJOHLFK HU EHUHLWV

LP�%HUHLFK�GHU�+\SRJO\N¾PLH�LVW��KDW�GDV�IDWDOH�)ROJHQ�

������



� 0H¹WHFKQLN�XQG�$XVZHUWHSURJUDPPH

%HL HLQHP VROFK DQVSUXFKVYROOHQ 9RUKDEHQ ZLH GHU LQ�YLYR %HVWLPPXQJ YRQ

*OXFRVH NRPPW GHU $QDO\VHQWHFKQLN HLQH JUR¹H %HGHXWXQJ ]X� $OOHLQ HLQ YROOVW¾QGLJ

YHUVWDQGHQHV 0H¹V\VWHP JHVWDWWHW HV� VLFK GHQ YLHOI¾OWLJHQ SK\VLRORJLVFKHQ (LQIOX¹�

IDNWRUHQ ]X ZLGPHQ� 'LH JHIXQGHQHQ (UJHEQLVVH VFKODJHQ VLFK LPPHU LQ WHFKQLVFKHP

XQG WKHRUHWLVFKHP )RUWVFKULWW QLHGHU� 'LH YLHOI¾OWLJHQ $VSHNWH GHU QLFKWLQYDVLYHQ *OXFR�

VHPHVVXQJ IÖKUHQ ]X VHKU XQWHUVFKLHGOLFKHQ 0H¹JHU¾WHQ� 1DFKIROJHQG VROOHQ GLH GUHL LQ

GLHVHU�$UEHLW�EHQXW]WHQ�6\VWHPH�FKDUDNWHULVLHUW�ZHUGHQ�

��� )DVHURSWLVFKHV�6SHNWURPHWHU�QDFK�3$77(5621

'DV DNWXHOO OHLVWXQJVI¾KLJVWH 0H¹JHU¾W LVW HLQ VWDWLRQ¾UHV 6SHNWURPHWHU� GHVVHQ

$XIEDX��$EE� �� YRP $UEHLWVNUHLV XP 3$77(5621 YRUJHVFKODJHQ ZXUGH�>���@� (V

KDQGHOW VLFK XP HLQ IDVHURSWLVFKHV *HU¾W PLW �� .DQ¾OHQ LP :HOOHQO¾QJHQEHUHLFK YRQ

���r����QP� (V ZLUG DXFK DOV 0DUN�,, EH]HLFKQHW� $Q GDV 6SHNWURPHWHU ODVVHQ VLFK

0H¹NÐSIH XQWHUVFKLHGOLFKHU *HRPHWULH DQVFKOLH¹HQ� 6HLQH EHNDQQWH 6WDELOLW¾W XQG GLH

NODU�GHILQLHUWHQ�RSWLVFKHQ�(LJHQVFKDIWHQ�]HLFKQHQ�HV�DXV�

$OV /LFKWTXHOOH ZLUG HLQH VWDELOLVLHUWH +DORJHQODPSH �/�2�7� 2ULHO� YHUZDQGW� 'LH

5HJHOXQJ HUIROJW HOHNWURQLVFK ÖEHU GLH 0HVVXQJ GHV DEJHVWUDKOWHQ /LFKWHV� (LQ FXW�RQ�

)LOWHU �$QGRYHU� EHJUHQ]W GDV 6SHNWUXP EHL ����QP� 'DV /LFKW ZLUG LQ HLQH HLQ]HOQH

*ODVIDVHU �)LEHUJXLGH� HLQJHVSHLVW XQG DXI GHQ )DVHUNRSSOHU JHIÖKUW� 'XUFK GLH 9HUZHQ�

GXQJ GLHVHU %DXWHLOH LVW HV PÐJOLFK� YHUVFKLHGHQH 0H¹NÐSIH DQ GDV 6SHNWURPHWHU DQ]X�

VFKOLH¹HQ��(V�ZHUGHQ�KLHU�MHGRFK�QXU�5HVXOWDWH�GHV�QDFKIROJHQG�EHVFKULHEHQHQ�'HWHNWRUV

YRUJHVWHOOW��

'LHVHU OLQHDUH 6HQVRUNRSI EHVWHKW DXV ]ZHL *UXSSHQ YRQ )DVHUQ� GLH V\PPHWULVFK

OLQNV XQG UHFKWV ]XU %HOHXFKWXQJVIDVHU LQ YHUVFKLHGHQHQ $EVW¾QGHQ ����r���PP�

UHFKWZLQNOLJ ]XU 2EHUIO¾FKH GHV 0H¹NRSIHV JHIÖKUW ZHUGHQ� 'HU 'XUFKPHVVHU GHU

/LFKWOHLWIDVHU EHWU¾JW �����P EHL HLQHU VHKU NOHLQHQ QXPHULVFKHQ $SHUWXU YRQ ����� ,P

0H¹NRSI LVW ]XV¾W]OLFK HLQ 7KHUPLVWRU LQWHJULHUW� GHU GLH DNWXHOOH 7HPSHUDWXU GHU

+DXWREHUIO¾FKH�HUID¹W�

0LW $XVQDKPH GHU %HOHXFKWXQJVIDVHU EHILQGHW VLFK DQ MHGHP .RSSHOHOHPHQW HLQ

$EVFKZ¾FKHU� /HW]WHUHU LVW QRWZHQGLJ� GD GLH 6LJQDOH GLH '\QDPLN GHU LP 6SHNWURPHWHU

HLQJHVHW]WHQ .DPHUD ÖEHUVWHLJHQ� 8P HLQH RSWLPDOH $XVVWHXHUXQJ GHV $'�:DQGOHUV ]X

������



JHZ¾KUOHLVWHQ� HUIROJWH YRU MHGHU 0HVVXQJ HLQH -XVWLHUXQJ GHU (LQVWHOOXQJHQ DP

YRUJHVHKHQHQ 0H¹RUW� 1DFK GLHVHU 3UR]HGXU ZXUGH HLQH 6HULH YRQ .DOLEUDWLRQV�

PHVVXQJHQ DXI GHU 8/%5,&+7NXJHO �/DEVSKHUH� YRUJHQRPPHQ� 6LH JHZ¾KUOHLVWHW HLQH

KRPRJHQHQ %HOHXFKWXQJ DOOHU )DVHUQ� 'LH HUKDOWHQHQ ,QWHQVLW¾WHQ HQWVSUHFKHQ GHU $E�

VFKZ¾FKXQJ�GHV�MHZHLOLJHQ�.DQDOV��'DQDFK�IL[LHUW�PDQ�GHQ�6HQVRUNRSI�DXI�GHU�+DXW�XQG

GLH HLJHQWOLFKH 0HVVXQJ EHJLQQW� 'LYLGLHUW PDQ QDFKWU¾JOLFK GLH ,QWHQVLW¾WVZHUWH GXUFK

GHQ 0LWWHOZHUW GHU .DOLEUDWLRQ DXI GHU 8/%5,&+7NXJHO� HUK¾OW PDQ HLQ 6LJQDO PLW

YROOHP�G\QDPLVFKHQ�%HUHLFK�

9RQ GHQ $EVFKZ¾FKHUQ JHODQJHQ GLH 6LJQDOH GLUHNW ]XP 6SHNWURPHWHU �.DLVHU

2SWLFV�� 'LH )DVHUQ VLQG VR DQJHRUGQHW� GD¹ GDV DXVWUHWHQGH /LFKW ÖEHU HLQ /LQVHQV\VWHP

SDUDOOHO DXI HLQ KRORJUDSKLVFKHV *LWWHU SURML]LHUW ZLUG� 'LH 9HUVFKOÖVVH YRU

%HOHXFKWXQJVIDVHU XQG &&'�0DWUL[ VRUJHQ GDIÖU� GD¹ DX¹HUKDOE GHU %HOLFKWXQJV]HLW

NHLQ /LFKW DXI GHQ 6HQVRU JHODQJW� 'LH .DPHUD �3ULQFHWRQ ,QVWUXPHQWV� LVW HYDNXLHUW XQG

YHUZHQGHW HLQHQ JHNÖKOWHQ 'HWHNWRU PLW HLQHU $XIOÐVXQJ YRQ �����
����� 3XQNWHQ EHL

HLQHU )DUEWLHIH YRQ ���%LW� 'LH YHUVFKLHGHQHQ .DQ¾OH ZHUGHQ ]HLOHQZHLVH DXI GHU 0DWUL[

������

Abb. 9 )DVHURSWLVFKHV�6SHNWURPHWHU�]XU�RUWVDXIJHOÐVWHQ�%HVWLPPXQJ�GHU�5HIOH[LRQ
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DEJHELOGHW� )ÖU HLQ 6SHNWUXP ZHUGHQ �� YRQ LKQHQ ]XVDPPHQJHID¹W� 'LH ,QIRUPDWLRQV�

PHQJH ZLUG QRFKPDOV UHGX]LHUW� LQGHP PDQ QXU EHVWLPPWH :HOOHQO¾QJHQ DXVZHUWHW�

'XUFK GLH %HVFKU¾QNXQJ DXI DFKW %HUHLFKH PLW HLQHU %UHLWH YRQ ��QP HUK¾OW PDQ

��[����[��� ���� �*UXSSHQ�[�'HWHNWRUHQ�[�:HOOHQO¾QJHQ� ,QWHQVLW¾WVZHUWH IÖU MHGH

$XIQDKPH��(V�ZHUGHQ�YLHU�0HVVXQJHQ�SUR�0LQXWH�YRUJHQRPPHQ�

(LQ UHODWLY JHULQJHV 5DXVFKHQ XQG HLQH YHUQDFKO¾VVLJEDUH 'ULIW GHU 0H¹DQRUGQXQJ

ZXUGHQ GXUFK GLH .ÖKOXQJ GHU &&'�0DWUL[ XQG GLH 6WDELOLVLHUXQJ GHU /LFKWTXHOOH

HUUHLFKW� 1DFK HLQHU (LQODXI]HLW YRQ PHKUHUHQ 6WXQGHQ EHWU¾JW VLH ZHQLJH KXQGHUW /6%

�OHDVW VLJQLILFDQW ELW� EHL ���%LW $XIOÐVXQJ�>��@� 'DV HQWVSULFKW HLQHP 5DXVFKHQ YRQ

FD�������� EHL YROOHU $XVVWHXHUXQJ� (LQH %DVLVOLQLHQGULIW NRQQWH LQQHUKDOE GHU ÖEOLFKHQ

0H¹GDXHU QLFKW EHREDFKWHW ZHUGHQ� 'LH /LFKWOHLWIDVHUQ ELOGHQ HLQH SRWHQWLHOOH 6WÐUXQJV�

TXHOOH� $EK¾QJLJ YRP %LHJHUDGLXV YHU¾QGHUW VLFK GHU $QWHLO GHV DQ GHU )DVHUNUÖPPXQJ

DXVJHNRSSHOWHQ /LFKWHV� 0HFKDQLVFKH %HDQVSUXFKXQJHQ IÖKUHQ JHOHJHQWOLFK ]XP

)DVHUEUXFK� 'LH 8PKÖOOXQJ GHV /LFKWOHLWHUV IL[LHUW GLH JHEURFKHQHQ )DVHUQ LQ HLQHP

JHZLVVHQ 0D¹H� 6R NDQQ HV YRUNRPPHQ� GD¹ WURW] GLHVHV 'HIHNWHV VFKHLQEDU XQJHVWÐUWH

0H¹ZHUWH DXIJH]HLFKQHW ZHUGHQ� -HGRFK IÖKUHQ PLQLPDOH 9HU¾QGHUXQJHQ SOÐW]OLFK ]X

FKDRWLVFKHQ 5HVXOWDWHQ� 'XUFK GLH =XVDPPHQIDVVXQJ GHU )DVHUQ ]X HLQHP UHODWLY VWHLIHQ

%ÖQGHO�EHXJW�PDQ�GLHVHQ�6FK¾GHQ�YRU�

��� 6HQVRUDUUD\�IÖU�GLH�RUWVDXIJHOÐVWH�0HVVXQJ�GHU�5HIOH[LRQ

(LQH YRP NODVVLVFKHQ 6SHNWURPHWHUDXIEDX DEZHLFKHQGH .RQVWUXNWLRQ ]HLFKQHW GLH

)DPLOLH GHU 1,7�0H¹NÐSIH DXV� 9HUVFKLHGHQH 0RGHOOH ZXUGHQ LQ GHQ YHUJDQJHQHQ

-DKUHQ EHL 5RFKH 'LDJQRVWLFV HQWZLFNHOW� 'XUFK LKUH *UÐ¹H��$EE� ���6���� XQG 1HW]XQDE�

K¾QJLJNHLW JHVWDWWHQ VLH YÐOOLJ DQGHUH 8QWHUVXFKXQJHQ DOV ]�%� 0DUN�,, �$EVFKQ�������

0LW GHQ 1,7�0H¹V\VWHPHQ VLQG ([SHULPHQWH ÖEHU HLQHQ O¾QJHUHQ =HLWUDXP XQWHU GHQ

*HJHEHQKHLWHQ�GHV�W¾JOLFKHQ�/HEHQV�PÐJOLFK�

'LH JHQXW]WHQ *HU¾WH VLQG 1,7����� XQG 1,7������ %HLGH VLQG VHKU ¾KQOLFK

DXIJHEDXW� 'HU 8QWHUVFKLHG OLHJW KDXSWV¾FKOLFK LQ GHQ YHUZDQGWHQ 'HWHNWRUVFKDOW�

NUHLVHQ� 'LH 9HUVLRQ ���� GHV 6HQVRUV��$EE� ��� YHUIÖJW ÖEHU VHFKV OLFKWHPSILQGOLFKH

%HUHLFKH PLW ���r����PP 'LVWDQ] ]XU /LFKWTXHOOH� 'DV 1DFKIROJHPRGHOO 1,7����� EHVLW]W

GDJHJHQ ]ZÐOI 3KRWRHOHPHQWH XQG HLQHQ DXI ���PP YHUJUÐ¹HUWHQ 0D[LPDODEVWDQG� 'LH

OLFKWHPSILQGOLFKHQ )O¾FKHQ VLQG DOV .UHLVULQJVHJPHQWH DXVJHIÖKUW� 'XUFK GLH PLW GHP

$EVWDQG ]XU /LFKWTXHOOH JUÐ¹HU ZHUGHQGHQ 'HWHNWRUIO¾FKHQ VLQG GLH VWDUN DEQHKPHQGHQ

������



,QWHQVLW¾WHQ EHVVHU PH¹EDU� ,KU $EIDOO LVW GDGXUFK DEHU QXU WHLOZHLVH NRPSHQVLHUEDU�

=XV¾W]OLFK PÖVVHQ GLH 6LJQDOH YHUVW¾UNW ZHUGHQ� 6WUDKOXQJVTXHOOHQ VLQG YLHU /HXFKW�

GLRGHQ ����� ���� ��� XQG ����QP�� 'DV YRQ LKQHQ HPLWWLHUWH /LFKW ZLUG LQ HLQHQ

/LFKWOHLWHU HLQJHNRSSHOW XQG GXUFK GLH )DVHUSODWWH GLUHNW ELV ]XU +DXWREHUIO¾FKH JHIÖKUW

�$EE� ���� (UVWHUH LVW HLQLJH 0LOOLPHWHU GLFN XQG VFKÖW]W GHQ HPSILQGOLFKHQ 'HWHNWRU�

FKLS� ,KUH QXPHULVFKH $SHUWXU EHWU¾JW HWZD ��� XQG LVW GDPLW VHKU KRFK� $XI GHU

5ÖFNVHLWH GHU 7U¾JHUSODWLQH� XQWHU GHP 3KRWRGHWHNWRU� EHILQGHW VLFK GHU 7HPSHUDWXU�

VHQVRU��'RUW�LVW�DXFK�GLH�UHVWOLFKH�0H¹HOHNWURQLN�XQWHUJHEUDFKW�

'HU 0H¹NRSI ZLUG DQ HLQH PRELOH 6WHXHUHLQKHLW �38� DQJHVFKORVVHQ� ,Q LKU EHILQGHQ

VLFK QHEHQ GHP 0LNURFRQWUROOHU GLH 6WURPYHUVRUJXQJ VRZLH HLQ )XQNPRGHP ]XU

'DWHQÖEHUWUDJXQJ DQ HLQHQ H[WHUQHQ 5HFKQHU� %HL %HGDUI NDQQ HLQH ]XV¾W]OLFKH

6SHLFKHUHLQKHLW �08� DQJHNRSSHOW ZHUGHQ�>���@� 6LH HUPÐJOLFKW� DOOH 'DWHQ PLW EHOLH�

ELJHU =HLWDXIOÐVXQJ ]X SURWRNROOLHUHQ� 'HU )XQNNDQDO HUODXEW DXIJUXQG VHLQHU

JHULQJHUHQ %DQGEUHLWH QXU GLH ¶EHUWUDJXQJ HLQHV UHGX]LHUWHQ 'DWHQVWURPV� 'LHVH

6LJQDOH NÐQQHQ DXI HLQHP 3& PLW GHU 6WHXHUVRIWZDUH 2GLQ �$EVFKQ������ QDKH]X LQ

(FKW]HLW YLVXDOLVLHUW ZHUGHQ� )ÖU GLH $XVZHUWXQJHQ ZXUGH DXI GLH XPIDVVHQGHUHQ

3URWRNROOGDWHQ�]XUÖFNJHJULIIHQ��

������

Abb. 10 $XIEDX�6HQVRUNRSI�1,7������YHUJUÐ¹HUW�
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'LH $QVWHXHUXQJ GHU 0H¹NÐSIH HUIROJW GXUFK GHQ 0LNURFRQWUROOHU LQ GHU

6WHXHUHLQKHLW� 'HU 0H¹DEODXI LVW LQ ZHLWHQ *UHQ]HQ IUHL SURJUDPPLHUEDU� (V NÐQQHQ

QDKH]X EHOLHELJH .RPELQDWLRQHQ YRQ 3KRWRHOHPHQWHQ� :HOOHQO¾QJHQ XQG 0H¹�

JHVFKZLQGLJNHLWHQ YRUJHJHEHQ ZHUGHQ� 'LH $XVZDKO GLHVHU VRJ� .DQ¾OH ZLUG LP GLUHNW

6HQVRUNRSI LQ )RUP HLQHU /LVWH PLW PD[LPDO �� (LQWU¾JHQ JHVSHLFKHUW� 6WDQGDUGP¾¹LJ

XPID¹W VLH DOOH 3KRWRHOHPHQWH EHL DOOHQ :HOOHQO¾QJHQ� GLH 7HPSHUDWXU VRZLH HLQLJH

.RQWUROOSDUDPHWHU� (V ZHUGHQ GDEHL �� .DQ¾OH HUID¹W� 'HU $EVWDQG ]ZLVFKHQ ]ZHL 0H¹�

]\NOHQ�EHWU¾JW����6HNXQGHQ�

'XUFK GLH VHTXHQWLHOOH 0HVVXQJ GHU .DQ¾OH EHVWHKW HLQ =XVDPPHQKDQJ ]ZLVFKHQ

LKUHU $Q]DKO XQG GHU PD[LPDOHQ 0H¹IUHTXHQ]� 'LH (UIDVVXQJ HLQHV .DQDOV EHQÐWLJW

��PV� 'D GLH 7HPSHUDWXU ]XU .RUUHNWXU GHV 7HPSHUDWXUJDQJV LPPHU EHQÐWLJW ZLUG�

PÖVVHQ PLQGHVWHQV ]ZHL .DQ¾OH JHPHVVHQ ZHUGHQ� 0DQ HUUHLFKW GDPLW HLQH PD[LPDOH

0H¹IUHTXHQ] YRQ ���+] IÖU HLQ HLQ]HOQHV 3KRWRHOHPHQW EHL HLQHU :HOOHQO¾QJH� 'LH

$XVZHUWXQJ GHU LQ GHU 6WDQGDUGOLVWH YRUJHJHEHQHQ .DQ¾OH O¾¹W ��� 0HVVXQJHQ SUR

6HNXQGH ]X� ,P 6WDQGDUGPRGXV ZHUGHQ LPPHU 0LWWHOZHUWH DXVJHJHEHQ� 'D]X ZLUG GLH

/LVWH GHU ]X PHVVHQGHQ .DQ¾OH ��PDO VHTXHQWLHOO DEJHDUEHLWHW XQG GDQQ JHPLWWHOW�

'XUFK GLH ,QWHJUDWLRQ ÖEHU FD� � 6HNXQGHQ ZLUG HLQH GHXWOLFKH 9HUPLQGHUXQJ GHV

5DXVFKHQV HU]LHOW� )ÖU HLQLJH 9HUVXFKH VLQG MHGRFK GDYRQ DEZHLFKHQGH 9RUHLQVWHOOXQJHQ

JHZ¾KOW�ZRUGHQ��$EVFKQ���������

'HU 7HPSHUDWXUPH¹ZHUW GLHQW SULP¾U GHU .RPSHQVDWLRQ GHU WHPSHUDWXUEHGLQJWHQ

9HU¾QGHUXQJHQ LP DQDORJHQ 6FKDOWXQJVWHLO� 'LH KLHUIÖU HUIRUGHUOLFKH $QRUGQXQJ GHV

7KHUPRHOHPHQWHV �$EE� ��� HUJLEW HLQH WKHUPLVFKH =HLWNRQVWDQWH ]ZLVFKHQ +DXW XQG

6HQVRU�YRQ�HWZD���0LQXWHQ��3K\VLRORJLVFKH�9DULDWLRQHQ�GHU�7HPSHUDWXU�NÐQQHQ�KLHUPLW

QRFK RKQH VWÐUHQGH %HVFKU¾QNXQJ HUID¹W ZHUGHQ� 'LH UHODWLYH *HQDXLJNHLW GHU 7HPSH�

UDWXUPHVVXQJ LVW GHXWOLFK NOHLQHU DOV G����&� 'LH DEVROXWH *HQDXLJNHLW� GLH KLHU YRQ

XQWHUJHRUGQHWHU�%HGHXWXQJ�LVW��HUUHLFKW�HWZD�G��&��

=X %HJLQQ HLQHV ([SHULPHQWHV PX¹ GDV 6\VWHP DXI GLH DNWXHOOHQ RSWLVFKHQ *HJH�

EHQKHLWHQ DP MHZHLOLJHQ 0H¹RUW DQJHSD¹W ZHUGHQ� 'LHV HUIROJW DXWRPDWLVFK� LQGHP HLQH

2SWLPLHUXQJ GHU 9HUVW¾UNHUHLQVWHOOXQJ XQG GHU /('�6WURPVW¾UNH YRUJHQRPPHQ ZLUG�

0DQ PL¹W IÖU MHGHQ .DQDO DOOH ]XU 9HUIÖJXQJ VWHKHQGHQ 9DULDQWHQ XQG Z¾KOW GLHMHQLJH

DXV� GLH HLQH $XVVWHXHUXQJ GHV $'�:DQGOHUV YRQ HWZD ���� EHL NOHLQVWPÐJOLFKHU

9HUVW¾UNXQJ JHZ¾KUOHLVWHW� :¾KUHQG HLQHV 9HUVXFKV LVW HLQH �QGHUXQJ GHU HUPLWWHOWHQ

*HU¾WHHLQVWHOOXQJHQ�QLFKW�PÐJOLFK��'LH�EHVFKULHEHQH�3UR]HGXU�VWHOOW�GHQQRFK�VLFKHU��GD¹

������



HLQH PD[LPDOH $XVVWHXHUXQJVUHVHUYH LQ EHLGH 5LFKWXQJHQ YHUIÖJEDU LVW XQG VR GLH 0H¹�

EHUHLFKVJUHQ]HQ�QLFKW�ÖEHUVFKULWWHQ�ZHUGHQ�

8P GLH (UJHEQLVVH GHU YHUVFKLHGHQHQ 6HQVRUHQ HLQHU 6HULH YHUJOHLFKHQ ]X NÐQQHQ�

LVW HLQH VRUJI¾OWLJH .DOLEUDWLRQ QRWZHQGLJ� 'LH NRPSOL]LHUWH (LQ]HODQIHUWLJXQJ GHU

KRFKLQWHJULHUWHQ 0H¹NÐSIH �$EE� ��� EHGLQJW HLQH UHODWLY JUR¹H 6WUHXXQJ GHU

HOHNWULVFKHQ XQG RSWLVFKHQ (LJHQVFKDIWHQ� 'LH (PSILQGOLFKNHLW GHU 3KRWRHOHPHQWH

K¾QJW X�D� YRQ GHU 4XDOLW¾W GHU 0RQWDJH GHV &KLSV LP 6HQVRUNRSI DE� )ÖU GLH .DOL�

EUDWLRQ GHU (PSILQGOLFKNHLW ZHUGHQ GLH 3KRWRHOHPHQWH XQG HLQ 5HIHUHQ]GHWHNWRU DXI

HLQHU 8/%5,&+7NXJHO KRPRJHQ EHOHXFKWHW� 0DQ HUK¾OW IÖU DOOH 3KRWRHOHPHQW HLQHV

6HQVRUV EHL MHGHU :HOOHQO¾QJH HLQHQ VSH]LILVFKHQ .DOLEUDWLRQVIDNWRU� 'LH WDWV¾FKOLFK

DEJHVWUDKOWH /LFKWPHQJH ZLUG PLW HLQHP ¾KQOLFKHQ 0H¹DXIEDX NDOLEULHUW� (LQ JUR¹�

IO¾FKLJHU H[WHUQHU 3KRWRGHWHNWRU PL¹W GLH ,QWHQVLW¾W GHV DXV GHP 6HQVRUNRSI DXV�

WUHWHQGHQ /LFKWHV EHL XQWHUVFKLHGOLFKHQ /('�6WURPVW¾UNHQ� $XV GLHVHQ :HUWHQ ODVVHQ

VLFK ZHLWHUH .DOLEUDWLRQVIDNWRUHQ EHUHFKQHQ� 0DQ VSHLFKHUW VLH ZLH DOOH DQGHUHQ .DOLEUD�

WLRQVZHUWH GLUHNW LP 6HQVRUNRSI� 9RQ 1,7����� ZHUGHQ LPPHU IO¾FKHQQRUPLHUWH 3KRWR�

VWUÐPH LQ S$�PP� DXVJHJHEHQ� 'LH YRQ GHQ 6HQVRUHQ HLQHU 6HULH HU]HXJWHQ 'DWHQ VLQG

VRPLW�GLUHNW�YHUJOHLFKEDU�

(LQH ZHLWHUH .DOLEUDWLRQ LVW IÖU GLH 7HPSHUDWXUNRPSHQVDWLRQ GHV 6HQVRUV

QRWZHQGLJ� ,P 0H¹NRSI EHILQGHQ VLFK YHUVFKLHGHQH HOHNWURQLVFKH %DXHOHPHQWH� 'LHVH

ZHLVHQ HLQHQ FKDUDNWHULVWLVFKHQ 7HPSHUDWXUJDQJ DXI� (U ZLUNW VLFK DXI GLH DQDORJHQ

6FKDOWXQJVWHLOH XQG GLH /LFKWOHLVWXQJ GHU /HXFKWGLRGHQ DXV� 'D GHU 6HQVRU GLUHNW DXI GLH

+DXW JHNOHEW ZLUG� LVW HLQH 7KHUPRVWDWLVLHUXQJ QXU EHGLQJW PÐJOLFK� 'LH %HVWLPPXQJ

GHU .DOLEUDWLRQVZHUWH HUIROJW� LQGHP PDQ GDV YRP 0H¹NRSI DXVJHVDQGWH /LFKW EHL ]ZHL

7HPSHUDWXUQLYHDXV PL¹W� 6RPLW HUK¾OW PDQ IÖU MHGHQ 'HWHNWRU EHL DOOHQ :HOOHQO¾QJHQ

HLQHQ 7HPSHUDWXUNRHIIL]LHQWHQ� 'LHVH 9RUJHKHQVZHLVH JHVWDWWHW GLH .RPSHQVDWLRQ HLQHV

VLFK OLQHDU DXVZLUNHQGHQ 7HPSHUDWXUHLQIOXVVHV� %HL GHQ ([HPSODUHQ GHU 6HULH 1,7�����

ZXUGH HUVWPDOV HLQ VWDUN YDULLHUHQGHV QLFKWOLQHDUHV 7HPSHUDWXUYHUKDOWHQ EHREDFKWHW

�$EVFKQ����������'LH�.DOLEUDWLRQ�ZXUGH�GDKHU�VR�GXUFKJHIÖKUW��GD¹�LQ�GHP�SK\VLRORJLVFK

DP K¾XILJVWHQ YRUNRPPHQGHQ %HUHLFK YRQ ��r����& GLH JHULQJVWHQ $EZHLFKXQJHQ

DXIWUHWHQ�

'LH =DKO GHU PÐJOLFKHQ 6WÐUTXHOOHQ EHL GLHVHP 0H¹V\VWHP LVW NOHLQ� 'D GLH $'�

:DQGOXQJ EHUHLWV LP 0H¹NRSI YRUJHQRPPHQ ZLUG� NÐQQHQ GLH ,QIRUPDWLRQHQ LPPHU

GLJLWDO ÖEHUPLWWHOW ZHUGHQ� 6RPLW HQWI¾OOW GLH VWÐUDQI¾OOLJH ¶EHUWUDJXQJ YRQ DQDORJHQ

������



0H¹ZHUWHQ� $OWHUXQJVHUVFKHLQXQJHQ� GLH VLFK LQ HLQHU �QGHUXQJ GHU .DOLEUDWLRQV�

IDNWRUHQ ZLGHUVSLHJHOQ� ZXUGHQ ELVKHU QLFKW EHREDFKWHW� 3UREOHPH� GLH VLFK PLW GHU

]HLWOLFKHQ 9HU¾QGHUXQJ GHU /LFKWTXHOOH HUJHEHQ NÐQQWHQ� VLQG DXVJHVFKORVVHQ� GD

/HXFKWGLRGHQ YHUZDQGW ZHUGHQ� (V JDE DOOHUGLQJV $XVI¾OOH HLQ]HOQHU HOHNWURQLVFKHU

)XQNWLRQVEOÐFNH LP 6HQVRU� ,KUH 8UVDFKHQ NRQQWHQ ELVKHU QLFKW HUPLWWHOW ZHUGHQ� 'LH

KRKH ,QWHJUDWLRQVGLFKWH HOHNWURQLVFKHU %DXHOHPHQWH JHVWDWWHW )HKOHUVXFKH XQG 5HSD�

UDWXU�QXU�LQ�$XVQDKPHI¾OOHQ�

%HVRQGHUHV $XJHQPHUN LVW DXI .DOLEUDWLRQ XQG 3URJUDPPLHUXQJ GHU 6HQVRUHQ ]X

ULFKWHQ� 'LH JUR¹H =DKO ]X MXVWLHUHQGHU (LQVWHOOXQJHQ LVW HLQH SRWHQWLHOOH 6WÐUTXHOOH� 'LH

YHUZDQGWHQ 0H¹V\VWHPH VWHKHQ DXI GHU (QWZLFNOXQJVVWXIH YRQ )XQNWLRQVPXVWHUQ GLH

EH]ÖJOLFK�LKUHU�6WÐUVLFKHUKHLW�XQG�%HGLHQEDUNHLW�QRFK�YHUEHVVHUW�ZHUGHQ�NÐQQHQ�

��� 6RIWZDUH

)ÖU GLH %HDUEHLWXQJ GHU XPIDQJUHLFKHQ 'DWHQPHQJHQ NDPHQ YHUVFKLHGHQH

3URJUDPPH ]XP (LQVDW] �$EE� ���� 1XU HLQ NOHLQHU 7HLO GHU %HUHFKQXQJHQ NRQQWH PLW

6WDQGDUGVRIWZDUH DXVJHIÖKUW ZHUGHQ� )ÖU *HU¾WHVWHXHUXQJ XQG 'DWHQVSHLFKHUXQJ

GLHQWHQ XQWHUVFKLHGOLFKH� IÖU 5RFKH 'LDJQRVWLFV HQWZLFNHOWH� /ÐVXQJHQ� 'LH 3URJUDPPH

DUEHLWHQ�DXI�,%0�NRPSDWLEOHQ�5HFKQHUQ�

=XU 'DWHQHUIDVVXQJ XQG (LQVWHOOXQJ GHU 6WHXHUSDUDPHWHU H[LVWLHUHQ IÖU MHGHV 0H¹�

V\VWHP XQWHUVFKLHGOLFKH 3URJUDPPH� 6LH VWHXHUQ GHQ $EODXI XQG JHVWDWWHQ GLH .RQYHU�

WLHUXQJ GHU DXIJHQRPPHQHQ 'DWHQ LQ GDV '06�)RUPDW� )ÖU GDV 0DUN�,,�*HU¾W ZLUG

GDV GXUFK 3�'06 XQG IÖU 1,7����� GXUFK =HXV DXVJHIÖKUW� ¶EHU GLH XPIDQJUHLFKVWH

6\VWHPVRIWZDUH YHUIÖJW 1,7������ 'LH 3URJUDPPLHUXQJ GHV 6HQVRUV LVW PLW 2GLQ PÐJ�

OLFK� HEHQVR GDV $XVOHVHQ GHU 6SHLFKHUNDUWHQ XQG GLH 'DUVWHOOXQJ GHU PLW GHP )XQN�

PRGHP YRQ GHU 6HQVRUHLQKHLW ÖEHUWUDJHQHQ 0H¹ZHUWH� 'LH 6LJQDOH NÐQQHQ GDEHL

DQQ¾KHUQG�LQ�(FKW]HLW�YLVXDOLVLHUW�ZHUGHQ�

)ÖU DOOH ]XU QLFKWLQYDVLYHQ *OXFRVHPHVVXQJ EHQXW]WHQ *HU¾WH JLEW HV HLQ YHUELQG�

OLFKHV .RQ]HSW ]XU 'DWHQDEODJH XQG IÖU GLH ]X YHUZHQGHQGHQ 'DWHLIRUPDWH� +LQWHU GHU

%H]HLFKQXQJ '06 YHUELUJW VLFK HLQH 6DPPOXQJ YRQ YHUVFKLHGHQHQ .RQYHQWLRQHQ XQG

3URJUDPPHQ� 'DV .HUQVWÖFN LVW HLQH 'DWHQEDQN� GLH DOOH H[SHULPHQWHOOHQ (UJHEQLVVH

EHLQKDOWHW� (V KDQGHOW VLFK XP HLQH $FFHVV�����$SSOLNDWLRQ �0LFURVRIW�� GLH QDFK GHQ

6SH]LILNDWLRQHQ YRQ 5RFKH 'LDJQRVWLFV HQWZLFNHOW ZRUGHQ LVW� -HGHP ([SHULPHQW LVW HLQH

������



HLQGHXWLJH DOSKDQXPHULVFKH 9HUVXFKVQXPPHU ]XJHRUGQHW �VLHKH A3� 6����� A4� 6�������

'LHVH ZLUG DXFK LQ GHU $UEHLW ]XU .HQQ]HLFKQXQJ GHU ([SHULPHQWH HLQJHVHW]W� (LQ JHQDX

GHILQLHUWHV 'DWHLIRUPDW JHVWDWWHW DQGHUHQ $SSOLNDWLRQHQ� DXI GLH DXV GHU 'DWHQEDQN

JHQHULHUWHQ 9HUVXFKVGDWHQ ]X]XJUHLIHQ� 'DV 3URJUDPP '06FDOF LVW HLQ VSH]LHOO DXI GDV

)RUPDW DQJHSD¹WHV :HUN]HXJ� GDV HLQIDFKH %HUHFKQXQJHQ DXVIÖKUHQ NDQQ� 'D]X

ZHUGHQ NXU]H 6NULSWH HUVWHOOW� 'LHVH 9RUYHUDUEHLWXQJ GLHQW ]XPHLVW GHU 9LVXDOLVLHUXQJ

PLWWHOV '06YLHZ� %HLGH 3URJUDPPH ZXUGHQ VSH]LHOO IÖU 5RFKH 'LDJQRVWLFV HQWZLFNHOW�

0DQ LVW VFKQHOO LQ GHU /DJH� VLFK HLQHQ ¶EHUEOLFN ÖEHU GLH Z¾KUHQG HLQHU .DPSDJQH

DXIJHQRPPHQHQ�'DWHQ�]X�YHUVFKDIIHQ�

=XU DXWRPDWLVLHUWHQ $XVZHUWXQJ JUR¹HU 'DWHQPHQJHQ ZXUGH HLQH HLJHQH 6RIWZDUH

HQWZLFNHOW� 'LH $OJR%DWFK LVW HLQ PRGXODUHV 6\VWHP XQG EDVLHUW DXI 0DWODE ���F

�0DWK:RUNV� PLW GHU 2SWLPL]DWLRQ 7RROER[ ���F �0DWK:RUNV�� 6LH VWHOOW HLQH JUDSKLVFKH

%HQXW]HUVFKQLWWVWHOOH IÖU XQWHUVFKLHGOLFKH PDWKHPDWLVFKH $OJRULWKPHQ ]XU %HUHFKQXQJ

GHU RSWLVFKHQ +DXWHLJHQVFKDIWHQ ]XU 9HUIÖJXQJ� 'LH 5RXWLQHQ VLQG LP 5DKPHQ GHU

'LSORPDUEHLWHQ YRQ 1,&.(//�>��@ XQG +(550$11�>��@ LPSOHPHQWLHUW ZRUGHQ� )ÖU GLH

KLHU YRUOLHJHQGH $UEHLW ZXUGHQ YHUVFKLHGHQH� PRGLIL]LHUWH 9DULDQWHQ VHOEVW HUVWHOOW� 'LH

5RKGDWHQ XQG (UJHEQLVVH ZHUGHQ JHP¾¹ GHQ '06�.RQYHQWLRQHQ JHOHVHQ E]Z�

JHVFKULHEHQ�

������
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=XU 9LVXDOLVLHUXQJ YRQ 9HUVXFKVHUJHEQLVVHQ NRQQWH ([FHO ���F �0LFURVRIW� JHQXW]W

ZHUGHQ� )ÖU GHQ *UR¹WHLO GHU VWDWLVWLVFKHQ XQG FKHPRPHWULVFKHQ $QDO\VHQ GLHQWH GDV

3URJUDPP 6&$1��6RIWZDUH IRU &KHPRPHWULF $QDO\VLV ��� �0LQLWDE�� (LQLJH VSH]LHOOH

$XVZHUWXQJHQ�ZXUGHQ�PLW�67$7,67,&$�����IRU�:LQGRZV��6WDW6RIW��GXUFKJHIÖKUW�

������



� (UJHEQLVVH

'LH KLHU GDUJHVWHOOWHQ (UJHEQLVVH XQG %HZHUWXQJHQ VLQG WHLOZHLVH QLFKW PLW GHQ LQ

GHU TXDQWLWDWLYHQ FKHPLVFKHQ $QDO\WLN ÖEOLFKHQ YHUJOHLFKEDU� (V NÐQQHQ NHLQH VWDWLVWL�

VFKHQ .HQQJUÐ¹HQ ZLH 3U¾]LVLRQ� 5LFKWLJNHLW RGHU 1DFKZHLVJUHQ]H DQJHJHEHQ ZHUGHQ�

6LH�DOOH�VHW]HQ�GLH�.HQQWQLV�GHV�ZDKUHQ�:HUWHV�RGHU�]XPLQGHVW�HLQH�LQ�LKUHQ�VWDWLVWLVFKHQ

.HQQJUÐ¹HQ�EHNDQQWH�5HIHUHQ]PHWKRGH�YRUDXV��

%HL GHP YRUJHVWHOOWHQ 9HUIDKUHQ ]XU QLFKWLQYDVLYHQ *OXFRVHEHVWLPPXQJ QXW]W PDQ

HLQHQ XQVSH]LILVFKHQ� VHNXQG¾UHQ XQG ]XGHP QRFK VHKU VFKZDFKHQ (IIHNW� 'DV 6LJQDO

ZLUG LQ GHU +DXW� HLQHP OHEHQGHQ 2UJDQ� JHPHVVHQ� XQG HV H[LVWLHUW NHLQH 0HWKRGH� XP

NRQWLQXLHUOLFK GLH WDWV¾FKOLFKH *OXFRVHNRQ]HQWUDWLRQ LP XQWHUVXFKWHQ +DXWYROXPHQ ]X

YHUIROJHQ� 6HOEVW GLH SXQNWXHOOH %HVWLPPXQJ LQ GHU 'HUPLV LQ U¾XPOLFKHU 1¾KH ]XP

QLFKWLQYDVLYHQ 0H¹V\VWHP LVW JHJHQZ¾UWLJ QLFKW PÐJOLFK� =XV¾W]OLFK HUVFKZHUHQG LVW�

GD¹ GHU HLJHQWOLFKH (IIHNW QLFKW GLH *OXFRVH¾QGHUXQJ LVW� VRQGHUQ LKU (LQIOX¹ DXI GLH

/LFKWVWUHXXQJ LP *HZHEH� )ÖU GLH (UPLWWOXQJ GHV 6WUHXNRHIIL]LHQWHQ LQ 5HIOH[LRQ

H[LVWLHUW ]XGHP NHLQH XQDEK¾QJLJH 5HIHUHQ]PHWKRGH� XP HWZD GLH YHUZHQGHWHQ 0H¹�

JHU¾WH�]X�ÖEHUSUÖIHQ�

'DKHU PÖVVHQ HLQH 5HLKH YRQ +\SRWKHVHQ EHQXW]W ZHUGHQ� GLH LP 0RPHQW VFKZHU

]X ÖEHUSUÖIHQ VLQG� =XV¾W]OLFK LVW HV QLFKW PÐJOLFK� DOOH 5DQGEHGLQJXQJHQ IÖU GLH

'LIIXVLRQVWKHRULH HLQ]XKDOWHQ XQG VR VLFKHU ]X VHLQ� GD¹ GLH 7KHRULH ZLUNOLFK DG¾TXDW

LVW� 'D¹ DEHU GLHVH $QQDKPHQ ]XPLQGHVW WHLOZHLVH ULFKWLJ VLQG� EHZHLVW GLH VWHLJHQGH

=DKO YRQ 9HUVXFKHQ GLH HLQH JXWH ¶EHUHLQVWLPPXQJ ]ZLVFKHQ GHQ WKHRUHWLVFKHQ 9RU�

DXVVDJHQ�XQG�0H¹ZHUWHQ�DXIZHLVHQ�

��� $OJRULWKPLVFKH�XQG�JHU¾WHWHFKQLVFKH�)DNWRUHQ

'LH 0HVVXQJ YRQ SK\VLRORJLVFKHQ 3DUDPHWHUQ LQ�YLYR XQWHUOLHJW HLQLJHQ 5DQG�

EHGLQJXQJHQ� GLH LQVEHVRQGHUH GXUFK GDV :RKOHUJHKHQ GHU 3UREDQGHQ GLNWLHUW ZHUGHQ�

(V NÐQQHQ ]�%� QLFKW EHOLHELJH� IÖU HLQHQ VWDWLVWLVFKHQ 9HUVXFKVSODQ VLQQYROOH� .RQ]HQ�

WUDWLRQHQ HLQJHVWHOOW ZHUGHQ� 'LH 0ÐJOLFKNHLWHQ� YHUVFKLHGHQH 6WÐUJUÐ¹HQ ]X XQWHU�

GUÖFNHQ� VLQG HEHQIDOOV HLQJHVFKU¾QNW� :HJHQ GHU 9LHO]DKO DQ QLFKW ]X EHHLQIOXVVHQGHQ

RGHU XQEHNDQQWHQ SK\VLRORJLVFKHQ 9DULDEOHQ LVW GLH :LHGHUKROEDUNHLW YRQ 0HVVXQJHQ

VFKZLHULJ� 'HVKDOE PÖVVHQ GLH $XVZLUNXQJHQ GHU DXV GHQ $OJRULWKPHQ RGHU GHU

0H¹WHFKQLN�UHVXOWLHUHQGHQ�(LQIOÖVVH�JHQDX�EHNDQQW�VHLQ��

������



'LH $QZHQGXQJ GHV NRPSOH[HQ SK\VLNDOLVFKHQ 0RGHOOV GHU 'LIIXVLRQVWKHRULH

HUVFKZHUW GLH $XVZHUWXQJ ]XV¾W]OLFK� 'LH HUUHFKQHWHQ �QGHUXQJHQ GHU RSWLVFKHQ +DXW�

SDUDPHWHU NÐQQHQ QLFKW GXUFK XQDEK¾QJLJH 5HIHUHQ]PHVVXQJHQ ÖEHUSUÖIW ZHUGHQ� 'DV

9HUZHQGHQ HLQHV 0RGHOOV PLW QXU ]X VFK¾W]HQGHQ *UHQ]HQ XQG GLH ZLVVHQWOLFKH 9HUOHW�

]XQJ VHLQHU *ÖOWLJNHLWVEHGLQJXQJHQ ]ZLQJW GD]X� GLH QXPHULVFKHQ (UJHEQLVVH ÖEHUDXV

VRUJI¾OWLJ�]X�EHZHUWHQ�XQG�LKUH�SK\VLRORJLVFKH�3ODXVLELOLW¾W�]X�ÖEHUSUÖIHQ�

����� $OJRULWKPHQ�]XU�%HUHFKQXQJ�YRP��D�XQG��
V�

'LH 6FK¾W]XQJ RSWLVFKHU +DXWHLJHQVFKDIWHQ DXI %DVLV GHU 'LIIXVLRQVWKHRULH HUIROJW

PLWWHOV QLFKWOLQHDUHU 5HJUHVVLRQ� 'LH %HUHFKQXQJ YRQ �D XQG �
V DXV GHQ RUWVDXIJHOÐVWHQ

5HIOH[LRQVGDWHQ VWHOOW HLQ VFKZLHULJHV QXPHULVFKHV 2SWLPLHUXQJVSUREOHP GDU� 'LH 'DWHQ

ÖEHUVWUHLFKHQ HLQHQ :HUWHEHUHLFK YRQ GUHL =HKQHUSRWHQ]HQ� HEHQVR ZLH GLH ]X VFK¾W�

]HQGHQ 3DUDPHWHU� 8P GLH PD[LPDOH ,QIRUPDWLRQVPHQJH DXV GHQ 'DWHQ ]X JHZLQQHQ�

ZXUGHQ YHUVFKLHGHQH 9DULDQWHQ HUSUREW� )ÖU GLH HLQGHXWLJH =XRUGQXQJ GHU (UJHEQLVVH

WUDJHQ VLH '06�NRQIRUPH 1DPHQ �A5��6������ ,Q GHU $UEHLW IDQGHQ 5HVXOWDWH YRQ 1�

XQG 1� QXU H[HPSODULVFKH %HUÖFNVLFKWLJXQJ� Z¾KUHQG GLH HQWVSUHFKHQGHQ .DOLEUD�

WLRQHQ�DXI�GHQ�PLW�1��EHUHFKQHWHQ�:HUWHQ�EDVLHUHQ�

)ÖU GLH QLFKWOLQHDUH 5HJUHVVLRQ NÐQQHQ XQWHUVFKLHGOLFKH 9HUIDKUHQ JHQXW]W ZHUGHQ�

3UDNWLVFK EHZ¾KUW KDW VLFK GLH /(9(1%(5*�0$548$5'7�0HWKRGH� 6LH LVW VHKU VFKQHOO�

)ÖU GDV ]X OÐVHQGH 3UREOHP ZDU GLH ,PSOHPHQWLHUXQJ LQ 0DWODE QXPHULVFK LQVWDELO XQG

]HLJWH K¾XILJ .RQYHUJHQ]SUREOHPH� 'LH GHXWOLFK ODQJVDPHUH 6LPSOH[�0HWKRGH HUZLHV

VLFK�DOV�UREXVW�JHQXJ�

8P GHQ JUR¹HQ :HUWHEHUHLFK GHU 5HIOH[LRQVGDWHQ ]X YHUNOHLQHUQ� ZHUGHQ VLH PLW

GHP 4XDGUDW GHV $EVWDQGHV 'HWHNWRU���/LFKWTXHOOH PXOWLSOL]LHUW� 'LH VR WUDQVIRUPLHUWHQ

:HUWH KHL¹HQ ,QWHQVLW¾WVSURILOH� 2KQH GLHVHQ 6FKULWW JHQÖJW DOOHLQ GLH 0LQLPLHUXQJ GHU

.RVWHQIXQNWLRQ IÖU GLH HUVWHQ $EVW¾QGH� GDV $EEUXFKNULWHULXP ]X HUUHLFKHQ� 'LH

,QIRUPDWLRQ GHU UHVWOLFKHQ 'HWHNWRUHQ ZLUG QDKH]X YHUQDFKO¾VVLJW� 'LH 7UDQVIRUPDWLRQ

IÖKUW GD]X� GD¹ DOOH ,QWHQVLW¾WHQ HWZD JOHLFK JHZLFKWHW EHUÖFNVLFKWLJW ZHUGHQ� $OV

.RVWHQIXQNWLRQ IÖU GLH 2SWLPLHUXQJVUHFKQXQJ GLHQW GHU HXNOLGLVFKH $EVWDQG� (U ZXUGH

]ZLVFKHQ GHP JHPHVVHQHQ XQG GHP JHVFK¾W]WHQ ,QWHQVLW¾WVSURILO EHVWLPPW XQG DXI GLH

=DKO GHU 'HWHNWRUHQ QRUPLHUW� 0RGLIL]LHUWH )XQNWLRQHQ� GLH GLH ÖEHU GHQ $EVWDQG

YHU¾QGHUWH�6HQVLWLYLW¾W�YRQ��D�XQG��
V�EHUÖFNVLFKWLJWHQ��YHUEHVVHUWHQ�GLH�(UJHEQLVVH�QLFKW�

������



'LH 4XDOLW¾W GHU 5HJUHVVLRQ ZLUG PLW GHP 9DULDWLRQVNRHIIL]LHQWHQ �UHODWLYH

6WDQGDUGDEZHLFKXQJ LQ �� DQJHJHEHQ� (U LVW LQ GLHVHP )DOO DEHU QXU HLQ 0D¹ IÖU GLH

0RGHOOJÖWH XQG JLEW DQ� ZLH VLFK GLH JHPHVVHQHQ 'DWHQ PLW GHU 'LIIXVLRQVWKHRULH

EHVFKUHLEHQ�ODVVHQ��(U�VDJW�QLFKWV�ÖEHU�GLH�5LFKWLJNHLW�GHU�JHVFK¾W]WHQ�3DUDPHWHU�DXV�

'LH *HVFKZLQGLJNHLW YRQ 2SWLPLHUXQJVUHFKQXQJHQ O¾¹W VLFK EHNDQQWOLFK GXUFK GLH

:DKO YRQ JHHLJQHWH 6WDUWZHUWHQ GUDVWLVFK EHVFKOHXQLJHQ� %HL HLQLJHQ 9DULDQWHQ

�]�%��1���$EE� ��� ZXUGH GDIÖU HLQH *LWWHUVXFKH EHQXW]W� -HGRFK ]HLJWH VLFK� GD¹ GLH

0RGHOOSDUDPHWHU QLFKW HLQHLQGHXWLJ VLQG� 'LH JHVFK¾W]WHQ 3DUDPHWHU DOWHUQLHUWHQ

]ZLVFKHQ ]ZHL 1LYHDXV� (V ELOGHWHQ VLFK ]ZHL .XUYHQ]ÖJH DXV� GLH DEVFKQLWWVZHLVH SDUDO�

OHOYHUVFKREHQ HUVFKLHQHQ� %HL ([SHULPHQWHQ RKQH GLHVHQ GUDVWLVFKHQ (IIHNW YHUJUÐ¹HUWH

VLFK GHU DXV GHP $OJRULWKPXV VWDPPHQGH 5DXVFKDQWHLO��$EE� ���� (V PX¹WH GLH

ODQJVDPHUH 9DULDQWH PLW IHVWHP 6WDUWZHUW �1�� 1�� JHZ¾KOW ZHUGHQ� 'D QXU GLH

�QGHUXQJHQ GHU RSWLVFKHQ (LJHQVFKDIWHQ LQWHUHVVLHUHQ� LVW HV ZLFKWLJHU� LPPHU GDVVHOEH

1HEHQPLQLPXP�]X�ILQGHQ��DOV�GDV�JOREDOH�2SWLPXP�

%HVRQGHUH $QIRUGHUXQJHQ DQ GLH 5REXVWKHLW GHU 5HJUHVVLRQVDOJRULWKPHQ VWHOOHQ

6WÐUXQJHQ HLQ]HOQHU 'HWHNWRUHQ� ,Q $EE� �� LVW GDV 0XVWHU HLQHU VROFKHQ 6WÐUXQJ GDUJH�

VWHOOW� 8QWHU GHQ 3KRWRHOHPHQWHQ EHL ����PP XQG ����PP VFKHLQW VLFK HLQH /XIWEODVH ]X

������

Abb. 12 8QWHUVFKLHGOLFK�YHUUDXVFKWH�6LJQDOH�LQ�$EK¾QJLJNHLW�YRP�JHZ¾KOWHQ�$OJRULWKPXV
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EHILQGHQ� 6LH YHUVFKZLQGHW HUVW Z¾KUHQG GHU 0HVVXQJHQ� 'LH $OJRULWKPHQ VROOWHQ ]X�

PLQGHVW�QXPHULVFK�VWDELO�DUEHLWHQ��ZHQQ�HLQ�VROFKHU�$UWHIDNW�GDV�6LJQDO�EHHLQWU¾FKWLJW�

1HEHQ GHQ JHVXFKWHQ :HUWHQ YRQ �D XQG �
V VLQG QRFK ]ZHL ZHLWHUH XQEHNDQQWH

*UÐ¹HQ ]X EHVWLPPHQ� 'LH JHPHVVHQH RUWVDXIJHOÐVWH 5HIOH[LRQ K¾QJW YRP 8QWHUVFKLHG

GHU�%UHFKXQJVLQGL]HV�GHU�DQ�GHU�*UHQ]IO¾FKH�DXIHLQDQGHUWUHIIHQGHQ�0DWHULDOLHQ�DE��0DQ

NDQQ VLFK YRUVWHOOHQ� GD¹ GLHVHU 3DUDPHWHU QUHO EHL MHGHP 9HUVXFK DQGHUV LVW� 'HU

%UHFKXQJVLQGH[ YRQ 6HQVRU XQG ,QWHUIDFHPDWHULDO LVW ]ZDU QLFKW EHNDQQW� NDQQ DEHU DOV

NRQVWDQW DQJHVHKHQ ZHUGHQ� )ÖU GLH +DXW PX¹ GLHVH $QQDKPH QLFKW ]XWUHIIHQ� 'DKHU

ZXUGH YHUVXFKW� GLHVHQ 3DUDPHWHU JOHLFKIDOOV ]X VFK¾W]HQ� 'LHVH %HPÖKXQJHQ ZDUHQ

QLFKW HUIROJUHLFK� =XP HLQHQ� ZHLO EHL YDULDEOHP QUHO IÖU MHGHQ ,WHUDWLRQVVFKULWW HLQ

,QWHJUDO ]X OÐVHQ LVW� 'DGXUFK YHUO¾QJHUW VLFK GLH 5HFKHQ]HLW LQDN]HSWDEHO� =XP DQGHUHQ

ZLUG DXIJUXQG GHU IHKOHQGHQ (LQHLQGHXWLJNHLW GHU $EELOGXQJ HLQH KLQUHLFKHQG JHQDXH

%HUHFKQXQJ YHUKLQGHUW� )ÖU GLH %HUHFKQXQJ GHU RSWLVFKHQ +DXWHLJHQVFKDIWHQ ZXUGH

GDKHU�PLW�NRQVWDQWHP�QUHO� �����JHUHFKQHW��$EVFKQ���������

'LH PLW GHU 'LIIXVLRQVWKHRULH EHUHFKQHWHQ :HUWH GHU RUWVDXIJHOÐVWHQ 5HIOH[LRQ VLQG

LPPHU DXI HLQH YLUWXHOOH /LFKWTXHOOH QRUPLHUW� 'HVZHJHQ PÖVVHQ GLH JHPHVVHQHQ :HUWH

HEHQIDOOV QRUPLHUW ZHUGHQ� 'HU 6NDOLHUXQJVIDNWRU ZLUG DXV GHP 4XRWLHQWHQ GHU

0LWWHOZHUWH GHU ,QWHQVLW¾WVSURILOH JHELOGHW� 'LHVHU :HUW PX¹ IÖU MHGHQ 3DUDPHWHUVDW]

������

Abb. 13 ,QWHQVLW¾WV�=HLW�9HUODXI�EHL�9DULDWLRQ�YRQ�*OXFRVH�PLW�6WÐUXQJ�HLQ]HOQHU�'HWHNWRUHQ
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QHX EHUHFKQHW ZHUGHQ� (U JHKW VR HEHQIDOOV LQ GLH 2SWLPLHUXQJVUHFKQXQJ HLQ XQG VWHOOW

HLQHQ ]XV¾W]OLFKHQ )UHLKHLWVJUDG GDU� %HL 0HVVXQJHQ GLH VLFK VFKOHFKW PLW GHU 'LIIXVL�

RQVWKHRULH PRGHOOLHUHQ ODVVHQ� ELOGHQ VLFK YLHOIDFK GLH 6WUHXHLJHQVFKDIWHQ LQ GLHVHP

:HUW�DE��(LQH�7UHQQXQJ�]ZLVFKHQ��D�XQG��
V�ZDU�GDQQ�QXU�XQYROOVW¾QGLJ�PÐJOLFK�

,Q GHU 9DULDQWH 1� ZLUG YHUVXFKW� GLHVHQ 6NDOLHUXQJVIDNWRU DXV GHQ HUVWHQ ���

0HVVXQJHQ UHNXUVLY ]X VFK¾W]HQ XQG LKQ GDQQ NRQVWDQW ]X KDOWHQ� (LQH :LFKWXQJV�

IXQNWLRQ VRUJW GDIÖU� GD¹ GLH VWDUN PLW 7HPSHUDWXU� XQG +DXWDQSDVVXQJ ÖEHUODJHUWHQ

0H¹ZHUWH YRP 6WDUW GHV ([SHULPHQWH ZHQLJHU EHUÖFNVLFKWLJW ZHUGHQ� 6R ODVVHQ VLFK GLH

DNWXHOOHQ %HGLQJXQJHQ DP 0H¹RUW LQ GLH %HUHFKQXQJ HLQEH]LHKHQ XQG GLH =DKO GHU

������

Abb. 14 $UEHLWVEODWW�PLW�(UJHEQLVVHQ�GHU��D��
V��%HUHFKQXQJ�
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)UHLKHLWVJUDGH YHUULQJHUQ� ,P 9HUJOHLFK��$EE� ����6���� ]X DQGHUHQ $OJRULWKPHQ ZHUGHQ

GLH .XUYHQ VWHWLJHU� XQG HQWVSUHFKHQ EHVVHU GHQ DXV WKHRUHWLVFKHQ %HWUDFKWXQJHQ DEJH�

OHLWHWHQ (UZDUWXQJHQ� 'DIÖU PX¹ PDQ DOOHUGLQJV HLQHQ KÐKHUHQ 0RGHOOIHKOHU LQ .DXI

QHKPHQ��

8P GLH 9LHO]DKO GHU EHQÐWLJWHQ $XVZHUWXQJHQ ]X DXWRPDWLVLHUHQ� ZXUGHQ GLH

YHUVFKLHGHQHQ $OJRULWKPHQ DOV 8QWHUSURJUDPPH GHV $OJR%DWFK�6\VWHPV LPSOHPHQWLHUW�

'LH (UJHEQLVGDUVWHOOXQJ HUIROJWH DXI VWDQGDUGLVLHUWHQ $UEHLWVEO¾WWHUQ��$EE� ���� 'LH

%H]HLFKQXQJ GHU =HLWUHLKHQ ZLUG SURJUDPPJHVWHXHUW HU]HXJW� 'DV HQWVSUHFKHQGH

1DPHQVVFKHPD NDQQ GHP $QKDQJ A5, 6������ HQWQRPPHQ ZHUGHQ� 'LHVH 1RPHQNODWXU

ZXUGH�LQ�GHQ�PHLVWHQ�$XVZHUWXQJHQ�EHLEHKDOWHQ�

����� :HOOHQO¾QJHQDEK¾QJLJNHLW�GHU�0RGHOOSDUDPHWHU

$OOH EHQXW]WHQ 0H¹JHU¾WH VLQG LQ GHU /DJH� GLH RUWVDXIJHOÐVWH 5HIOH[LRQ EHL YHUVFKLH�

GHQHQ :HOOHQO¾QJHQ ]X EHVWLPPHQ� 'DV 0DUN�,,�6\VWHP NDQQ YROOVW¾QGLJH 6SHNWUHQ

]ZLVFKHQ ����QP XQG ����QP DXIQHKPHQ� Z¾KUHQG GLH 1,7�*HU¾WH EHL GLVNUHWHQ

:HOOHQO¾QJHQ DUEHLWHQ� 0LW GHU 'LIIXVLRQVWKHRULH ODVVHQ VLFK 6WUHX� XQG $EVRUSWLRQV�

NRHIIL]LHQW�IÖU�HLQ�+DXWYROXPHQ�EHL�XQWHUVFKLHGOLFKHQ�:HOOHQO¾QJHQ�HUPLWWHOQ��

'LH $EVRUSWLRQVNRHIIL]LHQWHQ ZHUGHQ GXUFK GLH SK\VLRORJLVFKH 9DULDWLRQ YRQ +DXW�

LQKDOWVVWRIIHQ EHVWLPPW��$EE� ���6���� XQG ¾QGHUQ VLFK HQWVSUHFKHQG PLW GHU :HOOHQ�

O¾QJH� 'LH $EK¾QJLJNHLW GHU 6WUHXHLJHQVFKDIWHQ GDYRQ LVW GXUFK GLH 'LVSHUVLRQ JHJHEHQ�

=XV¾W]OLFK YHU¾QGHUW VLFK GHU $QWHLO GHU 5$</(,*+�6WUHXXQJ� 6LH ILQGHW DQ 6WUXNWXUHQ

VWDWW� GLH GHXWOLFK NOHLQHU VLQG DOV GLH :HOOHQO¾QJH GHU 6WUDKOXQJ� 'DV NXU]ZHOOLJH /LFKW

ZLUG VW¾UNHU DOV GDV ODQJZHOOLJH JHVWUHXW� 'LH EHVWLPPWHQ 6WUHXNRHIIL]LHQWHQ ZHLVHQ GLHVH

(IIHNWH NODU DXV� *HJHQÖEHU GHQ EHUHFKQHWHQ $EVROXWZHUWHQ LVW HLQH JHZLVVH 6NHSVLV

DQJHEUDFKW� 'LH :HUWH IÖU �
V YHUNOHLQHUQ VLFK PLW GHU :HOOHQO¾QJH� 6LH VSLHJHOQ VRPLW

GLH�WKHRUHWLVFKHQ�(UZDUWXQJHQ�JXW�ZLGHU�

'LH =HLWUHLKHQ GHV 6WUHXNRHIIL]LHQWHQ EHL YHUVFKLHGHQHQ :HOOHQO¾QJHQ HLQHV

([SHULPHQWHV VROOWHQ HLQHQ LGHQWLVFKHQ 9HUODXI DXIZHLVHQ� (V LVW NHLQH *UÐ¹H EHNDQQW�

GLH �
V ZHOOHQO¾QJHQDEK¾QJLJ EHHLQIOX¹W� 'LH 5HVXOWDWH DXV 0DUN�,,�9HUVXFKHQ ]HLJHQ

ZHLWJHKHQG GLHVHV 9HUKDOWHQ� .OHLQHUH $EZHLFKXQJHQ VLQG GXUFK GLH VLFK PLW GHU

:HOOHQO¾QJH ¾QGHUQGH *ÖOWLJNHLW GHU 'LIIXVLRQVQ¾KHUXQJ ]X HUNO¾UHQ� 8QWHU DQGHUHP

YHUVFKLHEW VLFK GHU 9HUODXI GHU �D����
V�6HQVLWLYLW¾W ÖEHU GLH 2UWVNRRUGLQDWH� 'DGXUFK

������



YHU¾QGHUW VLFK GHU (LQIOX¹ GHU 'HWHNWRUHQ DXI GDV 0RGHOO� 1¾KHU DQ GHU /LFKWTXHOOH

OLHJHQGH 3KRWRHOHPHQWH ZHUGHQ PLW KÐKHUHU 6WUHXXQJ ZLFKWLJHU� +LQJHJHQ EHVFKUHLEW

GLH 'LIIXVLRQVWKHRULH GDV 9HUKDOWHQ GHU QDKHQ $EVW¾QGH VFKOHFKWHU� 'DUDXV HQWVWHKHQ

GLH�NOHLQHQ�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�=HLWUHLKHQ�GHU�0DUN�,,�9HUVXFKH��

������

Abb. 15 9HU¾QGHUXQJ�GHU�*ÖOWLJNHLW�GHU�'LIIXVLRQVWKHRULH�PLW�GHU�:HOOHQO¾QJH
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'LH (UJHEQLVVH DXV ([SHULPHQWHQ PLW 1,7����� VLQG QLFKW VR HLQIDFK ]X

LQWHUSUHWLHUHQ� %HL LKQHQ ]HLJHQ VLFK ]XPHLVW ZHOOHQO¾QJHQDEK¾QJLJH 'LIIHUHQ]HQ LQ GHQ

�
V�:HUWHQ� )ÖU GLHVHV 9HUKDOWHQ VLQG ZDKUVFKHLQOLFK NRQVWUXNWLYH 8QWHUVFKLHGH ]XP

0DUN�,,�6SHNWURPHWHU YHUDQWZRUWOLFK� 6LH IÖKUHQ ]X HLQHU 9HUVW¾UNXQJ GHV (LQIOXVVHV

GHU *UHQ]IO¾FKH 6HQVRU�+DXW��$EVFKQ��������� (UJHEQLV KLHUYRQ VLQG .XUYHQYHUO¾XIH ZLH

LQ $EE� ��� 'LHVHV ([SHULPHQW ZHLVW EHL ����QP HLQH JXWH .RUUHODWLRQ ]ZLVFKHQ

6WUHXNRHIIL]LHQW XQG *OXFRVH DXI� %HWUDFKWHW PDQ GLH .XUYHQ EHL GHQ DQGHUHQ :HOOHQ�

O¾QJHQ� HUNHQQW PDQ� GD¹ GLH 'LIIXVLRQVWKHRULH GLH /LFKWDXVEUHLWXQJ QLFKW LPPHU

DG¾TXDW PRGHOOLHUHQ NDQQ� %HL ����QP LVW HLQ 7HLO GHV ([SHULPHQWHV ÖEHUKDXSW QLFKW ]X

EHVFKUHLEHQ� 'LH 5HJUHVVLRQ ILQGHW NHLQH SK\VLNDOLVFK VLQQYROOHQ 3DUDPHWHU �HLQ XQEH�

VFKU¾QNWHU $OJRULWKPXV EHUHFKQHW QHJDWLYH $EVRUSWLRQVNRHIIL]LHQWHQ�� (UVW PLW HLQHP

YHUNOHLQHUWHP 9HUK¾OWQLV YRQ 6WUHXXQJ ]X $EVRUSWLRQ JUHLIW GDV 0RGHOO ZLHGHU� %HL

����QP ]HLJHQ VLFK QXU QRFK SXQNWXHOOH $XVVHW]HU� Z¾KUHQG ����QP �QLFKW DEJHELOGHW�

XQG ����QP HLQHQ JHVFKORVVHQHQ .XUYHQ]XJ IÖU �
V XQG �D DXIZHLVHQ� 'LH LQYHUVH

.RUUHODWLRQ ]ZLVFKHQ �
V XQG GHU *OXFRVHNRQ]HQWUDWLRQ VRZLH GHU =XVDPPHQKDQJ YRQ

'XUFKEOXWXQJV¾QGHUXQJ�XQG�+DXWWHPSHUDWXU�ZHUGHQ�ZLHGHU�VLFKWEDU�

'LHVHV 9HUKDOWHQ LVW *HJHQVWDQG ZHLWHUHU 8QWHUVXFKXQJHQ� )ÖU HLQH XQWHU DOOHQ

8PVW¾QGHQ VWDELOH %HUHFKQXQJ GHU RSWLVFKH (LJHQVFKDIWHQ GHU +DXW LVW GDV 9HUVW¾QGQLV

GHU 8UVDFKHQ GLHVHU 3UREOHPH XQDEGLQJEDU� 'LH GDEHL ]X JHZLQQHQGHQ (UNHQQWQLVVH

VROOWHQ DXFK HLQH %HVFKU¾QNXQJ GHV 0H¹YROXPHQV DXI GDV QRWZHQGLJH 0LQLPXP

HUODXEHQ� 'DPLW OLH¹H VLFK GLH =DKO GHU SK\VLRORJLVFKHQ (LQIOX¹JUÐ¹HQ GHXWOLFK

UHGX]LHUHQ�

����� *HIRUGHUWH�*HQDXLJNHLW�XQG�)HKOHUDEVFK¾W]XQJ

'LH JOXFRVHLQGX]LHUWH �QGHUXQJ GHV 6WUHXNRHIIL]LHQWHQ LVW VHKU NOHLQ� $OV JUREH

6FK¾W]XQJ NDQQ HLQH 6HQVLWLYLW¾W YRQ �����
V SUR ����PJ�GO *OXFRVH¾QGHUXQJ DQJH�

QRPPHQ ZHUGHQ� 8P GLH NOLQLVFK UHOHYDQWHQ 9DULDWLRQHQ YHUIROJHQ ]X NÐQQHQ� ZLUG

HLQH $XIOÐVXQJ YRQ FD�����PJ�GO EHQÐWLJW� 'D NHLQH 5HIHUHQ]PHVVXQJ IÖU GLH RSWLVFKHQ

+DXWHLJHQVFKDIWHQ H[LVWLHUW� NÐQQHQ GLH )HKOHUJUHQ]HQ QXU JURE JHVFK¾W]W ZHUGHQ� 0LW

PHKUHUHQ ([SHULPHQWHQ DXI HLQHP +DXWSKDQWRP ZXUGHQ 9DULDWLRQVNRHIIL]LHQWHQ IÖU

�
V LP %HUHLFK YRQ ����� ELV ����� EHVWLPPW� )ÖU +DXW DOV 0HGLXP ODJHQ GLH :HUWH

KÐKHU� ]ZLVFKHQ ������ XQG ������� 8P VLH DXV 3UREDQGHQH[SHULPHQWHQ DE]XVFK¾W]HQ�

ZXUGHQ ,QWHUYDOOH RKQH *OXFRVH¾QGHUXQJ EHL NRQVWDQWHU 7HPSHUDWXU DXVJHZ¾KOW� 'LH VR

������



EHVWLPPWHQ 9DULDWLRQVNRHIIL]LHQWHQ VWHOOHQ 0D[LPDOZHUWH GDU� 6LH EHLQKDOWHQ SK\VLR�

ORJLVFKHV� DSSDUDWLYHV XQG QXPHULVFKHV 5DXVFKHQ� (V KDW VLFK EHL GHU $XVZHUWXQJ

JH]HLJW� GD¹ GLH %HUHFKQXQJHQ KLQUHLFKHQG JHQDX DXVJHIÖKUW ZRUGHQ VLQG� 'LH

QXPHULVFKHQ ,QVWDELOLW¾WHQ XQG 5XQGXQJVIHKOHU GHU XQWHUVFKLHGOLFKHQ 5HJUHVVLRQV�

DOJRULWKPHQ DGGLHUHQ HLQHQ YDULLHUHQGHQ $QWHLO ]X GHP DXV 0H¹WHFKQLN XQG

3K\VLRORJLH VWDPPHQGHQ��$EE� ����6����� (U YHUPLQGHUW VLFK PLW GHU =DKO GHU ]X VFK¾W�

]HQGHQ 3DUDPHWHU� GD GHU 6XFKUDXP HLQJHVFKU¾QNW ZLUG XQG VLFK GLH =DKO GHU )UHLKHLWV�

JUDGH�YHUNOHLQHUW�

'LH $EE� �� ]HLJW GLH WKHRUHWLVFKHQ ,QWHQVLW¾WVSURILOH IÖU GLH :HUWHEHUHLFKH YRQ �D

XQG �
V� ZLH VLH IÖU LQ�YLYR 0HVVXQJHQ HUZDUWHW ZXUGHQ� ,KUH *UÐ¹HQ VLQG DXV LQ�YLWUR

7UDQVPLVVLRQVPHVVXQJHQ DEJHVFK¾W]W ZRUGHQ�>��@� )ÖU GHQ $EVRUSWLRQVNRHIIL]LHQWHQ

VWLPPW HU PLW GHQ VHOEVW EHUHFKQHWHQ :HUWHQ IÖU 0DUN�,,�([SHULPHQWH JXW ÖEHUHLQ� 'HU

%HUHLFK GHV 6WUHXNRHIIL]LHQWHQ LVW JUÐ¹HU� )ÖU LQ�YLYR 0HVVXQJHQ PLW 5HIOH[LRQV�

DQRUGQXQJ UHLFKW HU YRQ HWZD ��PP�� �����QP� ELV ����PP�� �����QP�� (U XQWHUOLHJW HLQHU

VHKU JUR¹HQ LQWHULQGLYLGXHOOHQ 9DULDWLRQ� 'LH $EELOGXQJ ]HLJW DXFK GHQ JUR¹HQ (LQIOX¹

YRQ�$EVRUSWLRQV¾QGHUXQJHQ�DXI�GLH�)RUP�GHU�,QWHQVLW¾WVSURILOH�

������

Abb. 16 :HUWHEHUHLFK�IÖU�LQ�YLYR�,QWHQVLW¾WVSURILOH�PLW�XQWHUVFKLHGOLFKHQ�RSWLVFKHQ�(LJHQVFKDIWHQ
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����� *UHQ]IO¾FKH�6HQVRU�r�+DXW

'LH *UHQ]H ]ZLVFKHQ 6HQVRU XQG +DXW VWHOOW HLQHQ GHU DP VFKZLHULJVWHQ ]X EHZHU�

WHQGHQ )DNWRUHQ GDU� ,KUH (LJHQVFKDIWHQ ZHUGHQ GXUFK SK\VLRORJLVFKH XQG JHU¾WH�

WHFKQLVFKH (LQIOÖVVH EHVWLPPW XQG KDEHQ $XVZLUNXQJHQ DXI GLH *ÖOWLJNHLW GHU

'LIIXVLRQVWKHRULH� (UVFKZHUHQG NRPPW KLQ]X� GD¹ HV NHLQH YHUO¾¹OLFKHQ $QJDEHQ ÖEHU

GLH %UHFKXQJVLQGL]HV GHU +DXW XQG GHV 0H¹NRSIHV JLEW� 'LH ]HLWOLFKH 6WDELOLW¾W GHU

RSWLVFKHQ�(LJHQVFKDIWHQ�GHU�*UHQ]IO¾FKH��GHV�,QWHUIDFHV��LVW�QLFKW�YÐOOLJ�VLFKHU�

'HU 0H¹NRSI ZLUG LPPHU PLW HLQHU $GK¾VLRQVVFKLFKW �GRSSHOVHLWLJHV .OHEHEDQG

RGHU WUDQVSDUHQWHU +DXWNOHEHU� DXI GHU +DXW IL[LHUW� 'DGXUFK HQWVWHKW HLQ %UHFKXQJV�

LQGH[VSUXQJ QUHO DQ GHU *UHQ]IO¾FKH� 6HLQ :HUW JHKW LQ GLH %HUHFKQXQJ YRQ �D XQG �
V

HLQ� (V LVW MHGRFK QLFKW PÐJOLFK� LKQ H[DNW DQ]XJHEHQ� /HLGHU NRQQWH QRFK NHLQ :HJ

JHIXQGHQ ZHUGHQ� GHQ %UHFKXQJVLQGH[ GHV 0H¹NRSIHV YHUO¾¹OLFK ]X EHVWLPPHQ� 6HLQH

)DVHUSODWWH EHVWHKW DXV XQWHUVFKLHGOLFKHQ *ODVVRUWHQ IÖU GHQ .HUQ XQG GLH 8PPDQWH�

OXQJ GHU (LQ]HOIDVHUQ� 'XUFK GLHVHQ $XIEDX YHUVDJHQ GLH ÖEOLFKHQ 0HWKRGHQ� 'LH *UÐ¹H

YRQ QUHO� ZLH LQ GHU 'LIIXVLRQVQ¾KHUXQJ YHUZDQGW� ZLUG ]XV¾W]OLFK GXUFK GLH 5HIOHNWLYLW¾W

GHV 'HWHNWRUVFKDOWNUHLVHV EHHLQIOX¹W� 6LH K¾QJW GDYRQ DE� RE DXI GHP &KLS LQ HLQHP

ZHLWHUHQ�3UR]H¹VFKULWW�HLQH�]XV¾W]OLFKH�0DVNH�DEJHVFKLHGHQ�ZRUGHQ�LVW�

)ÖU GLH LQWDNWH +DXW OLHJHQ HEHQIDOOV NHLQH VLFKHUHQ :HUWH LQ�YLYR YRU� 1DFK

0HVVXQJHQ YRQ 7($51(<�>���@ HUJLEW VLFK IÖU GDV 6WUDWXP &RUQHXP HLQ %UHFKXQJV�

LQGH[ YRQ ����� HLQ :HUW YRQ ���� IÖU GLH (SLGHUPLV� 'LH (LJHQVFKDIWHQ EHLGHU 6FKLFKWHQ

ZHUGHQ� ¾KQOLFK ZLH EHLP 0H¹NRSI� ]X HLQHP HIIHNWLYHQ %UHFKXQJVLQGH[ GHU +DXW

IÖKUHQ� GHU QLFKW EHVWLPPW ZHUGHQ NDQQ� 'DV ,QWHUIDFHPDWHULDO WU¾JW HEHQIDOOV ]X GHQ

RSWLVFKHQ�(LJHQVFKDIWHQ�GHU�*UHQ]IO¾FKH�EHL�

'LH ,QWHQVLW¾WVSURILOH ]HLJHQ GLH $XVZLUNXQJHQ YRQ QUHO �$EE� ���� 'DV 0D[LPXP

YHUODJHUW VLFK PLW YHUJUÐ¹HUWHU 5HIOHNWLYLW¾W ]X HQWIHUQWHUHQ $EVW¾QGHQ� XQG GLH .XUYHQ

YHUODXIHQ IODFKHU� 'LH 0HVVXQJHQ ZXUGHQ PLW YHUVFKLHGHQHQ 0DWHULDONRPELQDWLRQHQ

XQG 'HWHNWRUHQ DXI HLQHP 3KDQWRP YRUJHQRPPHQ� 'LHVHV EHVWHKW DXV HLQHP (SR[LG�

KDU]� LQ GHP HLQH GHILQLHUWH 0HQJH NXJHOIÐUPLJHU 6WUHXNÐUSHU HLQJHEHWWHW ZXUGH� 'LH

IÖU�GDV�3KDQWRP�EHUHFKQHWHQ��D��XQG��
V�:HUWH�VROOWHQ�WURW]�XQWHUVFKLHGOLFKHU�'HWHNWRU�

FKLSV XQG ,QWHUIDFHPDWHULDOLHQ LGHQWLVFK VHLQ� =LHO GLHVHU 9HUVXFKH ZDU HV� IÖU MHGH

.RPELQDWLRQ HLQH VSH]LILVFKH *UÐ¹H QUHO ]X ILQGHQ� EHL GHU LGHQWLVFKH 6WUHX� XQG

$EVRUSWLRQVSDUDPHWHU HUKDOWHQ ZHUGHQ� 'LH PLW GHQ JHVFK¾W]WHQ 3DUDPHWHUQ HUUHFK�

QHWHQ ,QWHQVLW¾WVSURILOH EHL YDULLHUHQGHP QUHO VLQG LQ $EE� �� DOV .XUYHQVFKDUHQ

������



GDUJHVWHOOW� 6LH EHVFKUHLEHQ WURW] GHV JH¾QGHUWHQ 5DQGZHUWHV GLH JHPHVVHQHQ ,QWHQVLW¾WV�

YHUO¾XIH VHKU JXW� (LQ]LJ GLH .XUYHQ EHL ����QP YHUKDOWHQ VLFK EHL NOHLQHQ $EVW¾QGHQ

OHLFKW XQWHUVFKLHGOLFK� 'LH UHVWOLFKHQ ,QWHQVLW¾WVSURILOH VLQG SUDNWLVFK NDXP ]X XQWHU�

VFKHLGHQ� 'HU 6HQVRU 1,7����� 1U���� �$EE� �� ��Y�X�� ZDU IHKOHUKDIW NDOLEULHUW� 'D GLH

6WÐUXQJHQ LQ HLQHP ZHQLJHU ZLFKWLJHQ $EVFKQLWW OLHJHQ XQG GLH 5HJUHVVLRQ VWDELOH

������

Abb. 17 *HPHVVHQH�XQG�EHUHFKQHWH�,QWHQVLW¾WVSURILOH�IÖU�YHUVFKLHGHQH�,QWHUIDFHYDULDQWHQ�EHL
YDULLHUHQGHP�QUHO�>�������@
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6WÐUXQJHQ LQ HLQHP ZHQLJHU ZLFKWLJHQ $EVFKQLWW OLHJHQ XQG GLH 5HJUHVVLRQ VWDELOH

(UJHEQLVVH�OLHIHUWH��ZXUGHQ�GLH�:HUWH�WURW]GHP�JHQXW]W��

'HU EHUHFKQHWH =XVDPPHQKDQJ YRQ �D XQG �
V PLW QUHO ZXUGH JUDSKLVFK GDUJHVWHOOW

�$EE� ��� XQG DXVJHZHUWHW� (V LVW HLQ :HUWHSDDU IÖU QUHO JHIXQGHQ ZRUGHQ� PLW GHP IÖU

EHLGH 6HQVRUHQ JOHLFKH �D XQG �
V EHUHFKQHW ZHUGHQ NRQQWHQ� )ÖU GHQ 6HQVRU PLW GHP

VLOEHUQHQ 'HWHNWRU HUJDE VLFK HLQ QUHO� ������ IÖU GHQ DEVRUELHUHQGHQ VFKZDU]HQ 6FKDOW�

NUHLV HLQ QUHO� ������ $OV ,QWHUIDFH GLHQWH GHU +DXWNOHEHU� 'LH 3DUDPHWHU HUVFKHLQHQ

SK\VLNDOLVFK SODXVLEHO� :LUG DOV $GK¾VLRQVVFKLFKW GDV GRSSHOVHLWLJH .OHEHEDQG EHQXW]W�

IÖKUW GDV QLFKW ]XP (UIROJ� (V NRQQWHQ NHLQH VLQQYROOHQ :HUWH IÖU GHQ %UHFKXQJVLQGH[�

VSUXQJ JHIXQGHQ ZHUGHQ� +LHUEHL LVW MHGRFK QRFK XQNODU� RE HV VLFK XP HLQHQ )HKOHU GHU

$XVZHUWXQJ KDQGHOW RGHU RE GLH 'LIIXVLRQVWKHRULH XQJÖOWLJ LVW� :LUG GDV .OHEHEDQG

YHUZDQGW� LVW GLH ,QWHUIDFHVFKLFKW GHXWOLFK VW¾UNHU VWUXNWXULHUW XQG GLFNHU� 'DV NDQQ ]X

V\VWHPDWLVFKHQ )HKOHUQ LQ GHQ (UJHEQLVVHQ GHU 'LIIXVLRQVWKHRULH IÖKUHQ XQG GLH

¶EHUWUDJXQJ GHU 5HVXOWDWH ]ZLVFKHQ XQWHUVFKLHGOLFKHQ $GK¾VLRQVVFKLFKWHQ YHUELHWHQ�

9HUJOHLFKW PDQ GLH PLW GHU 'LIIXVLRQVWKHRULH EHUHFKQHWHQ �
V�:HUWH PLW GHQ GXUFK GLH

0,(�7KHRULH YRUKHUJHVDJWHQ� VFKHLQW VLFK GDV (UJHEQLV IÖU GHQ 6HQVRU PLW VLOEHUQHP

������

Abb. 18 (UJHEQLVVH�GHU��D����
V�%HUHFKQXQJ�EHL�JH¾QGHUWHP�5DQGZHUW�QUHO�XQG�YDULLHUHQGHU�5HIOHNWLYLW¾W�GHV
'HWHNWRUV
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'HWHNWRU ]X EHVW¾WLJHQ��$EE� ���� 'LH NOHLQVWHQ 5HVLGXHQ WUHWHQ LP %HUHLFK YRQ

������r�������DXI�

'LH *UÐ¹H GHV DQ GHU *UHQ]IO¾FKH DXIWUHWHQGHQ %UHFKXQJVLQGH[VSUXQJV KDW $XVZLU�

NXQJHQ DXI GLH *ÖOWLJNHLW GHU 'LIIXVLRQVWKHRULH� (LQH 9RUDXVVHW]XQJ� VLH DOV 0RGHOO IÖU

GLH /LFKWDXVEUHLWXQJ LP *HZHEH DQ]XZHQGHQ� LVW GLH LVRWURSH /LFKWDXVEUHLWXQJ� %HL

HLQHU *UHQ]IO¾FKH PLW HLQHP QUHO� ����� ZLUG GDV 9HUK¾OWQLV YRQ 6WUDKOXQJVIOX¹ Ê ]X

)OX¹GLFKWH LQ ]�5LFKWXQJ M] NOHLQ�>��@� 'LH ,VRWURSLH�$QQDKPH ZLUG YHUOHW]W� 0LW ]XQHK�

PHQGHP %UHFKXQJVLQGH[VSUXQJ YHUJUÐ¹HUW VLFK GLHVHV 9HUK¾OWQLV� XQG GLH 9RUDXVVHW�

]XQJHQ�IÖU�GLH�'LIIXVLRQVQ¾KHUXQJ�ZHUGHQ�EHVVHU�HUIÖOOW�

(LQH KÐKHUH 5HIOHNWLYLW¾W GHU *UHQ]IO¾FKH IÖKUW DXFK ]X HLQHU +RPRJHQLVLHUXQJ GHU

RSWLVFKHQ (LJHQVFKDIWHQ GHV 0H¹YROXPHQV� +DXW NDQQ QXU Q¾KHUXQJVZHLVH DOV

KRPRJHQ DQJHVHKHQ ZHUGHQ� 'LH XQWHUVFKLHGOLFKHQ =HOOVWUXNWXUHQ EHVLW]HQ VSH]LILVFKH

RSWLVFKH (LJHQVFKDIWHQ� 'LH YRQ GHU /LFKWTXHOOH DXVJHKHQGH 6WUDKOXQJ ZLUG DQ XQWHU�

VFKLHGOLFKHQ 3RVLWLRQHQ GHWHNWLHUW� 0LW GHP YHU¾QGHUWHQ $EVWDQG ]XU 4XHOOH YHU¾QGHUW

VLFK GHU YRQ GHQ 3KRWRQHQ LP *HZHEH ]XUÖFNJHOHJWH :HJ� )ÖU ZHLWHU HQWIHUQWH

'HWHNWRUHQ LVW GDGXUFK GLH $XIHQWKDOWVZDKUVFKHLQOLFKNHLW GHU 3KRWRQHQ LQ WLHIHUHQ

+DXWVFKLFKWHQ JUÐ¹HU DOV EHL NXU]HQ $EVW¾QGHQ� 0DQ HUK¾OW GXUFK GLH +HWHURJHQLW¾W

������

Abb. 19 $EZHLFKXQJ�GHU�PLW�GHU�'LIIXVLRQVWKHRULH�EHUHFKQHWHQ�6WUHXHLJHQVFKDIWHQ�YRQ�GHQ�9RUKHUVDJHQ
GHU�0,(�7KHRULH
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YHU]HUUWH ,QWHQVLW¾WVSURILOH� 0LW JUÐ¹HUHP QUHO YHUVW¾UNW VLFK GLH 5HIOH[LRQ DQ GHU *UHQ]�

IO¾FKH� 'LH =DKO GHU 3KRWRQHQ� GLH GHQ LQ $EE� �� PLW � EH]HLFKQHWHQ :HJ GXUFK GDV

*HZHEH QHKPHQ� VWHLJW� 'LH :DKUVFKHLQOLFKNHLW IÖU GHQ $XIHQWKDOW LQ GHU 'HUPLV

QLPPW ]X� 0LW LKU YHUJUÐ¹HUW VLFK GHU 6LJQDODQWHLO DXV GHU DP PHLVWHQ GLH 6WUHXXQJ

EHHLQIOXVVHQGHQ 6FKLFKW� 'LH 3URILOH YRQ 6HQVRUHQ PLW HLQHU UHIOHNWLHUHQGHQ &KLS�

REHUIO¾FKH�ODVVHQ�VLFK�GHXWOLFK�EHVVHU�PLW�GHU�'LIIXVLRQVWKHRULH�EHVFKUHLEHQ�

'LH EHL GHQ 1,7�6\VWHPHQ EHQXW]WH )DVHUSODWWH VROO KLHU HEHQIDOOV GHP ,QWHUIDFH ]X�

JHRUGQHW ZHUGHQ� 6LH EHVWHKW DXV HLQHU 9LHO]DKO YRQ 6WXIHQLQGH[IDVHUQ� 'LHVH KDEHQ HLQH

JUR¹H QXPHULVFKH $SHUWXU �a��� 'DV IÖKUW GD]X� GD¹ 3KRWRQHQ PLW HLQHU JUR¹HQ

:LQNHOYHUWHLOXQJ GHWHNWLHUW ZHUGHQ NÐQQHQ� 'HU LQ $EE� �� JH]HLJWH 3IDG � LVW HLQ

%HLVSLHO GDIÖU� ,Q GHQ 'HWHNWRUHQ ZHUGHQ GDGXUFK 6LJQDOH UHJLVWULHUW� GLH HLQHU DQGHUHQ

2UWVNRRUGLQDWH ]X]XRUGQHQ Z¾UHQ� (V ZLUG QLFKW QXU GLH DQ GHP 2UW GHV 3KRWR�

HOHPHQWHV DXVWUHWHQGH 6WUDKOXQJ JHPHVVHQ� VRQGHUQ DXFK HLQ $QWHLO DXV GHU 8PJHEXQJ�

'DUDXV UHVXOWLHUW HLQ KÐKHUHU 3KRWRVWURP DOV HLJHQWOLFK ]X HUZDUWHQ Z¾UH� 'LH ,QWHQ�

VLW¾WVSURILOH IDOOHQ IROJOLFK ZHQLJHU VWHLO ÖEHU GHP $EVWDQG DE� :HUGHQ �D XQG �
V DXV

GLHVHQ 'DWHQ EHVWLPPW� IÖKUW GDV ]X VHKU NOHLQHQ :HUWHQ GHU $EVRUSWLRQ� %HL HLQHU

5HJUHVVLRQ RKQH (LQVFKU¾QNXQJ GHV 6XFKUDXPV DXI SK\VLNDOLVFK VLQQYROOH *UHQ]HQ

HUK¾OW PDQ JHOHJHQWOLFK QHJDWLYH $EVRUSWLRQVNRHIIL]LHQWHQ� 'LH 'LIIXVLRQVWKHRULH ELOGHW

GHQ ]XV¾W]OLFKHQ� DXIJUXQG GHU KRKHQ $SHUWXU JHPHVVHQHQ� 6LJQDODQWHLO LQ GLHVHU )RUP

DE� :LUG GLH 6WUHXXQJ NOHLQHU� YHUULQJHUW VLFK DXFK GLHVHU 6WÐUHIIHNW� 'DPLW O¾¹W VLFK

HUNO¾UHQ� ZDUXP IÖU ����QP ]XPHLVW (UJHEQLVVH EHUHFKQHW ZHUGHQ NÐQQHQ� GLH EHVVHU

PLW GHQ (UZDUWXQJHQ DXV GHU 7KHRULH ÖEHUHLQVWLPPHQ� DOV IÖU NOHLQHUH :HOOHQO¾QJHQ�

������

Abb. 20 (LQIOX¹�YRQ�5HIOH[LRQ�DQ�GHU�*UHQ]IO¾FKH�XQG�QXPHULVFKHU�$SHUWXU�GHU�)DVHUSODWWH

Lichtquelle Detektor 1 Detektor 2

numerische Apertur
A groß

A klein
n

n1

2

.

.



$EELOGXQJ���� 6���� LVW HLQ %HLVSLHO IÖU GLHVHV 9HUKDOWHQ� ,Q HLQHP EHVWLPPWHQ =HLW�

DEVFKQLWW NDQQ NHLQ :HUW IÖU �D JHIXQGHQ ZHUGHQ� 'DV 0RGHOO EULFKW ]XVDPPHQ� %HL

JUÐ¹HUHQ :HOOHQO¾QJHQ ODVVHQ VLFK XQDEK¾QJLJH :HUWH IÖU �D XQG �
V EHUHFKQHQ XQG GHU

9HUODXI GHV 6WUHXNRHIIL]LHQWHQ VSLHJHOW GLH 9HU¾QGHUXQJ GHU *OXFRVHNRQ]HQWUDWLRQ

ZLGHU� 'DV ZÖUGH DXFK GLH LP 9HUJOHLFK ]X 0DUN�,,�([SHULPHQWHQ QLHGULJHUHQ $EVRUS�

WLRQVNRHIIL]LHQWHQ XQG GLH YHUULQJHUWH �
V�6HQVLWLYLW¾W EHL 1,7����� HUNO¾UHQ� 'LH /LFKW�

OHLWHU LQ GHQ 0H¹NÐSIHQ IÖU 0DUN�,, KDEHQ HLQH NOHLQHUH QXPHULVFKH $SHUWXU �a�����

XQG�ZHLVHQ�GDKHU�HLQH�JHULQJHUH�6WÐUXQJ�GHU�6LJQDOH�DXI�DOV�GLH�1,7�6\VWHPH�

1HEHQ GLHVHQ V\VWHPDWLVFKHQ (LQIOX¹IDNWRUHQ H[LVWLHUHQ QRFK HLQLJH ]XI¾OOLJH� %HLP

$XINOHEHQ GHU 6HQVRUHQ JHOLQJW HV QLFKW LPPHU� /XIWEODVHQ LP ,QWHUIDFH ]X YHUPHLGHQ�

'LHVH IÖKUHQ ]X VWDUNHQ ORNDOHQ �QGHUXQJHQ LP %UHFKXQJVLQGH[� %HILQGHQ VLH VLFK XQWHU

HLQ]HOQHQ 'HWHNWRUHQ� VR ZHUGHQ GLHVH VWDUN JHVWÐUW��$EE� ����6����� =XPHLVW YHU�

VFKZLQGHQ VLH QDFK HLQLJHQ 6WXQGHQ� ,Q ¾KQOLFKHU :HLVH KLQGHUOLFK ]HLJHQ VLFK +DDUH

XQG 3LJPHQWDWLRQVVWÐUXQJHQ� .RPPW HV ]X HLQHU SDUWLHOOHQ $EOÐVXQJ GHV 6HQVRUV� VLQG

GLH (UJHEQLVVH FKDRWLVFK� %HUHLWV NOHLQH %HZHJXQJHQ IÖKUHQ ]X HLQHP /XIWVSDOW ]ZLVFKHQ

+DXW XQG 0H¹V\VWHP� 'LH YDULLHUHQGHQ ,QWHUIDFH�(LJHQVFKDIWHQ VSLHJHOQ VLFK LQ ,QWHQ�

VLW¾WVVSUÖQJHQ ZLGHU� 'LH NXU]H 'DXHU VROFKHU (UHLJQLVVH O¾¹W ]XI¾OOLJ 6WÐUPXVWHU LQ GHQ

6LJQDOHQ GHU EHWURIIHQHQ 'HWHNWRUHQ DXIWUHWHQ� 6ROFKH ([SHULPHQWH NÐQQHQ QLFKW

DXVJHZHUWHW�ZHUGHQ�

����� 7HPSHUDWXUNRPSHQVDWLRQ

'LH 7HPSHUDWXU LVW HLQH 9DULDEOH� GLH VRZRKO GLH RSWLVFKHQ (LJHQVFKDIWHQ GHU +DXW

DOV DXFK GLH GHV 0H¹V\VWHP VHOEVW EHHLQIOX¹W� (OHNWURQLVFKH %DXHOHPHQWH ZHLVHQ HLQHQ

FKDUDNWHULVWLVFKHQ 7HPSHUDWXUJDQJ DXI� )ÖU NRPSOH[H 6FKDOWXQJHQ HUJLEW VLFK JOHLFKIDOOV

HLQH $EK¾QJLJNHLW� 6LH LVW MHGRFK QLFKW HLQIDFK GLH 6XPPH DOOHU (LQ]HOIXQNWLRQHQ� (V

JHKHQ HEHQVR NRQVWUXNWLYH 0HUNPDOH XQG XQWHUVFKLHGOLFKH %HWULHEV]XVW¾QGH LQ GHQ

UHVXOWLHUHQGHQ 7HPSHUDWXUJDQJ GHV *HU¾WHV HLQ� 'LHVH 9LHO]DKO YRQ )DNWRUHQ HUIRUGHUW

HLQH VSH]LILVFKH .DOLEUDWLRQ� 6LH HUIROJW� LQGHP PDQ GLH 7HPSHUDWXU YDULLHUW XQG JOHLFK�

]HLWLJ GDV 0H¹VLJQDO DXI]HLFKQHW� $XV GLHVHQ 'DWHQ NDQQ HLQ .DOLEUDWLRQVPRGHOO

NRQVWUXLHUW�ZHUGHQ��GDV�GLH�PLW�GHU�7HPSHUDWXU�LQGX]LHUWHQ�6LJQDODQWHLOH�HOLPLQLHUW�

'LH QXU DXV RSWLVFKHQ .RPSRQHQWHQ EHVWHKHQGHQ )DVHUNÐSIH GHV 0DUN�,,�6\VWHPV

HUIRUGHUQ NHLQH 7HPSHUDWXUNRPSHQVDWLRQ� 6LH LVW KLQJHJHQ IÖU 1,7�6\VWHPH QRWZHQGLJ�

'LH 1,7������0H¹NÐSIH ZHLVHQ HLQHQ JXW NRPSHQVLHUEDUHQ OLQHDUHQ 7HPSHUDWXUJDQJ

������



DXI� 2EJOHLFK 1,7����� LP ZHVHQWOLFKHQ HLQH (UZHLWHUXQJ GHU 9RUJ¾QJHUYHUVLRQ

GDUVWHOOW� LVW LKU 7HPSHUDWXUJDQJ QLFKW YHUJOHLFKEDU� ,Q $EE� �� LVW GDV 9HUKDOWHQ HLQHV

0H¹NRSIHV GDUJHVWHOOW� )ÖU MHGH GHU YLHU :HOOHQO¾QJHQ HUJLEW VLFK HLQH VSH]LILVFKH

)XQNWLRQVVFKDU� 'HU SDUDOOHOH 9HUODXI GHV 6LJQDOV IÖU GLH HLQ]HOQHQ 'HWHNWRUHQ ]HLJW� GD¹

VLFK GLH 4XHOOH GHU 7HPSHUDWXUIXQNWLRQ VHQGHUVHLWLJ EHILQGHQ PX¹� 'DIÖU VSULFKW DXFK

LKUH :HOOHQO¾QJHQDEK¾QJLJNHLW� 'LHVHV 9HUKDOWHQ LVW IÖU GLH YHUVFKLHGHQHQ ([HPSODUH

YRQ 1,7����� XQWHUVFKLHGOLFK XQG ZLUG ]XGHP GXUFK GLH $OWHUXQJ GHV 6\VWHPV YHU¾Q�

GHUW� 'LH JHQDXH 8UVDFKH NRQQWH QRFK QLFKW IHVWJHVWHOOW ZHUGHQ� (V LVW MHGRFK ]X

YHUPXWHQ� GD¹ HV VLFK XP 'LPHQVLRQLHUXQJVSUREOHPH GHU .RQVWDQWVWURPTXHOOH IÖU GLH

/('V KDQGHOW� 0ÐJOLFK LVW� GD¹ HLQ]HOQH %DXHOHPHQWH GLHVHV 6FKDOWXQJVWHLOV LP *UHQ]�

EHUHLFK LKUHU 6SH]LILNDWLRQ EHWULHEHQ ZHUGHQ XQG GDEHL HLQ VWDUN YDULLHUHQGHV 9HUKDOWHQ

]HLJHQ�

'LH .RPSHQVDWLRQ GLHVHV QLFKWOLQHDUHQ 7HPSHUDWXUJDQJV HUZHLVW VLFK DOV VFKZLHULJ�

,Q GHU )LUPZDUH GHV 6HQVRUV LVW QXU HLQ OLQHDUHV 0RGHOO YRUJHVHKHQ� 'DKHU ZXUGH GLH

������

Abb. 21 $UEHLWVEODWW�]XU�(UPLWWOXQJ�GHU�3DUDPHWHU�IÖU�GLH�7HPSHUDWXUNRPSHQVDWLRQ�YRQ�1,7������
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.DOLEUDWLRQ VR YRUJHQRPPHQ� GD¹ GLH NOHLQVWHQ $EZHLFKXQJHQ LP NOLQLVFK UHOHYDQWHQ

%HUHLFK YRQ ����& ELV ����& DXIWUDWHQ� 'HU ]XO¾VVLJH $UEHLWVEHUHLFK ZLUG LQ GHP $UEHLWV�

EODWW�]XU�7HPSHUDWXUNRPSHQVDWLRQ��$EE������DOV�d7.�UDQJHo�DQJHJHEHQ�

'HU 7HPSHUDWXUJDQJ EHHLQIOX¹W HEHQIDOOV GLH HUPLWWHOWHQ RSWLVFKHQ .HQQJUÐ¹HQ�

6LQG DOOH 'HWHNWRUHQ LQ JOHLFKHP 0D¹H YRQ GHU Q¾KHUXQJVZHLVHQ 7HPSHUDWXU�

NRPSHQVDWLRQ EHWURIIHQ� G�K� ODXIHQ GLH )XQNWLRQHQ SDUDOOHO� ZLUNHQ VLFK NOHLQH

�QGHUXQJHQ SUDNWLVFK QLFKW DXV� )ÖU GLH PHLVWHQ 9HUVXFKH PLW *OXFRVHYDULDWLRQ WULIIW

GDV ]X� 6LH IDQGHQ XQWHU NOLPDWLVLHUWHQ %HGLQJXQJHQ VWDWW� /DQJ]HLW� RGHU 7HPSHUD�

WXUYHUVXFKH HUIRUGHUQ KLQJHJHQ HLQH VSH]LHOOH $XIEHUHLWXQJ GHU 'DWHQ� 'DEHL PX¹

EHUÖFNVLFKWLJW ZHUGHQ� GD¹ VLFK GHU 7HPSHUDWXUJDQJ GXUFK $OWHUXQJVHUVFKHLQXQJHQ GHV

0H¹V\VWHPV YHU¾QGHUW� (V VROOWH GDKHU GLH ]XU .DOLEUDWLRQ EHQXW]WH 7HPSHUDWXU�

IXQNWLRQ�YRU�GHP�9HUVXFK�QHX�EHVWLPPW�ZHUGHQ�

������



��� 3K\VLRORJLVFKH�(LQIOÖVVH

%HL HLQHP 0H¹V\VWHP� GDV VHLQH :HUWH LQ�YLYR HUPLWWHOW� VSLHOHQ SK\VLRORJLVFKH

)DNWRUHQ HLQH JUR¹H 5ROOH� (V LVW HLQH XQHUO¾¹OLFKH 9RUDXVVHW]XQJ� LKUH =DKO XQG LKUH

$XVZLUNXQJHQ ]X NHQQHQ� ZLOO PDQ PLW HLQHP XQVSH]LILVFKHQ 6HQVRU DUEHLWHQ� (V JLOW ]X

XQWHUVXFKHQ� LQ ZHOFKHP 0D¹H GDV 6\VWHP VHOEVW DXI GHQ 2UW GHU 0HVVXQJ ZLUNW XQG

ZLH�VLFK�GLH�YLHOI¾OWLJHQ�$XIJDEHQ�GHU�+DXW�LP�6LJQDO�ZLGHUVSLHJHOQ�

����� 7HPSHUDWXU�XQG�'XUFKEOXWXQJ

=ZHL XQWUHQQEDU PLWHLQDQGHU YHUEXQGHQH SK\VLRORJLVFKH 9DULDEOHQ VLQG 7HPSH�

UDWXU XQG 'XUFKEOXWXQJ� 'LH .ÐUSHUNHUQWHPSHUDWXU ZLUG VHKU NRQVWDQW JHKDOWHQ� $OV

:¾UPHWUDQVSRUWPHGLXP IXQJLHUW LP .ÐUSHU GDV %OXW� (QWVWHKW GXUFK 6WRIIZHFKVHO�

DNWLYLW¾WHQ HLQH ÖEHUVFKÖVVLJH :¾UPHPHQJH� VR ZLUG VLH GXUFK HLQH YHUVW¾UNWH 'XUFK�

EOXWXQJ GHU +DXW DQ GLH 8PJHEXQJ DEJHIÖKUW� :LUNW GDJHJHQ YRQ DX¹HQ HLQ .¾OWHUHL]

HLQ� VR VLQNW GLH 'XUFKEOXWXQJ XQG GLH .ÐUSHUNHUQWHPSHUDWXU EOHLEW NRQVWDQW� 1HEHQ

GLHVHQ 0HFKDQLVPHQ H[LVWLHUHQ ]XV¾W]OLFK XQZLOONÖUOLFKH SV\FKRVRPDWLVFKH (LQIOÖVVH

ZLH�(UUÐWHQ�RGHU�*¾QVHKDXW��

+¾PRJORELQ LVW LQ GHP YRQ GHQ 6HQVRUHQ EHQXW]WHQ :HOOHQO¾QJHQEHUHLFK GLH DP

VW¾UNVWHQ DEVRUELHUHQGH 6XEVWDQ]��$EE� ���6����� 9DULDWLRQHQ LP %OXWIOX¹ ]HLJHQ VLFK LQ

GHU 9HU¾QGHUXQJ GHU VSHNWUDOHQ 0HUNPDOH GHU +DXW� 0DQ NDQQ Q¾KHUXQJVZHLVH GDYRQ

������

Abb. 22 0LWWHOZHUWH�XQG�6WDQGDUGDEZHLFKXQJ�GHU�5HVXOWDWH�YRQ�7HPSHUDWXUYHUVXFKHQ
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DXVJHKHQ� GD¹ GHU (QHUJLHEHGDUI GHU +DXW]HOOHQ XQG VRPLW LKU 6DXHUVWRIIEHGDUI EHL HLQHU

PRGHUDWHQ 7HPSHUDWXUHUQLHGULJXQJ NRQVWDQW EOHLEW� %HL HLQHU YHUPLQGHUWHQ 'XUFK�

EOXWXQJ IÖKUW GDV ]X HLQHU YHUULQJHUWHQ 6DXHUVWRIIV¾WWLJXQJ GHV %OXWHV� 'DV 9HUK¾OWQLV

YRQ +E ]X +E2� YHUNOHLQHUW VLFK� 'LH =HLWUHLKHQ GHU $EVRUSWLRQVNRHIIL]LHQWHQ ELOGHQ

GLHVH SK\VLRORJLVFKHQ 9HUK¾OWQLVVH NRUUHNW DE� 'LH 7HPSHUDWXUVFKZDQNXQJHQ VLQG VWDUN

PLW�GHP�YHU¾QGHUWHQ�2[LJHQLHUXQJVJUDG�NRUUHOLHUW��$EE����������

'HU 6WUHXNRHIIL]LHQW LVW JOHLFKIDOOV WHPSHUDWXUDEK¾QJLJ� 'HU %UHFKXQJVLQGH[ DOOHU

=HOOEHVWDQGWHLOH YHU¾QGHUW VLFK� -HGRFK ]HLJHQ VLH HLQH XQWHUVFKLHGOLFKH 6HQVLWLYLW¾W DXI

7HPSHUDWXU¾QGHUXQJHQ� 'DV IÖU GLH 6WUHXHLJHQVFKDIWHQ YHUDQWZRUWOLFKH 9HUK¾OWQLV GHU

%UHFKXQJVLQGL]HV GHU *UHQ]IO¾FKHQ GHU VWUHXHQGHQ 7HLOFKHQ EOHLEW QLFKW JOHLFK�

9HUNOHLQHUW HV VLFK� VR VLQNW GHU 6WUHXNRHIIL]LHQW��$EE� ���� 'LHVHU (IIHNW VROOWH EHL GHP

GHQ 6HQVRUNRSI DQ GLH +DXW DQNRSSHOQGHQ 0DWHULDO HEHQIDOOV ]X EHREDFKWHQ VHLQ�

'DGXUFK�YHU¾QGHUW�VLFK�]XV¾W]OLFK�GLH�5HIOHNWLYLW¾W�GHU�*UHQ]IO¾FKH�6HQVRU�+DXW�

,Q /DQJ]HLWYHUVXFKHQ XQWHU GHQ %HGLQJXQJHQ GHV W¾JOLFKHQ /HEHQV ]HLJWH VLFK GLH

JUR¹H 6SDQQZHLWH GHU 7HPSHUDWXUYDULDWLRQ� :¾KUHQG GHU .ÐUSHUNHUQ DXI %UXFKWHLOH

HLQHV *UDGHV VWDELO LVW� VFKZDQNW GLH +DXWWHPSHUDWXU VSÖUEDU� ,Q GHP LQ $EE� �� GDU�

JHVWHOOWHQ ([SHULPHQW VLQG HV GLUHNW QDFK GHP $XIVWHKHQ FD� ���&� 'LH 6FKZDQNXQJV�

EUHLWH K¾QJW YRQ GHU .RQVWLWXWLRQ GHU 3UREDQGHQ DE� 'D¹ PDQ GLHVH VFKHLQEDU NOHLQHQ

6FKZDQNXQJHQ QLFKW YHUQDFKO¾VVLJHQ NDQQ� ]HLJHQ GLH 7HPSHUDWXUYHUVXFKH��$EE� ����

'LH 9DULDWLRQ EHL GHQ PLW GHP 0DUN�,,�6\VWHP DXVJHIÖKUWHQ ([SHULPHQWHQ ZXUGH

GXUFK HLQHQ PLWWHOV :DVVHUEDG WHPSHULHUWHQ 0HWDOOULQJ DXVJHOÐVW� 'LHVHU XPVFKOR¹ GHQ

)DVHUNRSI YROOVW¾QGLJ XQG JHZ¾KUOHLVWHWH HLQHQ JUR¹IO¾FKLJHQ .RQWDNW PLW GHU +DXW� 'LH

0LWWHOZHUWH�VLQG�DXV�GUHL�9HUVXFKHQ�XQG�GHQ�EHLGHQ�*UXSSHQ�GHV�)DVHUNRSIHV�EHUHFKQHW

ZRUGHQ� 'HU 6WUHXNRHIIL]LHQW IROJW JXW GHU 7HPSHUDWXU� 6HLQ 9HUKDOWHQ EOHLEW ÖEHU GLH

([SHULPHQWH IDVW JOHLFK� 'HU GDUDXV JHVFK¾W]WH 7HPSHUDWXUNRHIIL]LHQW EHWU¾JW HWZD

�������
V����&� 'DPLW LVW HU LQ GHUVHOEHQ *UÐ¹HQRUGQXQJ ZLH GDV HLJHQWOLFKH 0H¹VLJQDO

EHL HLQHU �QGHUXQJ GHU *OXFRVHNRQ]HQWUDWLRQ XP ����PJ�GO� 'LH SK\VLRORJLVFKH

5HDNWLRQ GHV .ÐUSHUV DXI GLHVHQ 7HPSHUDWXUUHL] LVW LQWHULQGLYLGXHOO VWDUN XQWHUVFKLHG�

OLFK� ,Q GHU 6WDQGDUGDEZHLFKXQJ GHV $EVRUSWLRQVNRHIIL]LHQWHQ LVW GDV JXW ]X HUNHQQHQ�

%HL HLQHP 3UREDQGHQ ILHO HLQH VHKU GHXWOLFKH �QGHUXQJ GHV 2[LJHQLHUXQJVJUDGHV

��D�����QP�����D�����QP���DXI��Z¾KUHQG�HLQ�DQGHUHU�NDXP�HLQHQ�(IIHNW�]HLJWH�

*HQHUHOO VLQG GLH (UJHEQLVVH GHU GXUFKJHIÖKUWHQ �D����
V�%HUHFKQXQJHQ VFKZLHULJ

�$EE� ��� ]X EHZHUWHQ� 'XUFK GDV )HKOHQ HLQHU 5HIHUHQ]PHWKRGH IÖU GHQ 6WUHX�

������



NRHIIL]LHQWHQ LVW PDQ DOOHLQ DXI WKHRULHEDVLHUHQGH $QQDKPHQ ÖEHU GDV ]X HUZDUWHQGH

9HUKDOWHQ DQJHZLHVHQ� -HGRFK HUPÐJOLFKHQ $EVRUSWLRQV¾QGHUXQJHQ GHU +DXW HLQH

HOHJDQWH 3ODXVLELOLW¾WVSUÖIXQJ� 7HPSHUDWXU� XQG 'UXFNYDULDWLRQHQ EHHLQIOXVVHQ GLH

'XUFKEOXWXQJ GHV YHUPHVVHQHQ +DXWDUHDOV JH]LHOW� 'LH ]X HUZDUWHQGHQ SK\VLRORJLVFKHQ

5HDNWLRQHQ VLQG UHODWLY VLFKHU DE]XVFK¾W]HQ� 'UXFNHLQZLUNXQJHQ IÖKUHQ ]X HLQHU

YHUPLQGHUWHQ %OXWYHUVRUJXQJ� HEHQVR ZLH PRGHUDWH .¾OWHUHL]H� (LQH (UKÐKXQJ GHU

+DXWWHPSHUDWXU ZLUG GHQ %OXW]XIOX¹ XQG VRPLW GLH $EVRUSWLRQ YHUJUÐ¹HUQ� 'LH

,QWHUYHQWLRQ PX¹ DOOHUGLQJV VHKU YRUVLFKWLJ GXUFKJHIÖKUW ZHUGHQ� :LUG GLH 5HL]VFKZHOOH

ÖEHUVFKULWWHQ� VR UHDJLHUW GHU .ÐUSHU PLW HQWJHJHQJHVHW]WHP 9HUKDOWHQ� (LQ .¾OWHUHL]

YHUVW¾UNW GDQQ GLH 'XUFKEOXWXQJ GHV EHWURIIHQHQ $UHDOV� /DVVHQ VLFK GLHVH HUZDUWHWHQ

0XVWHU LQ GHQ EHUHFKQHWHQ ZLHGHUILQGHQ� LVW HLQH JHZLVVH 6LFKHUKHLW IÖU HLQ ULFKWLJHV

(UJHEQLV GHU �D�%HUHFKQXQJ JHJHEHQ� *HKW PDQ YRQ GHU $QQDKPH DXV� GD¹ GLH

/LFKWDXVEUHLWXQJ LQ GHU +DXW QXU NRUUHNW EHVFKULHEHQ ZHUGHQ NDQQ� ZHQQ VRZRKO �D DOV

DXFK �
V VWLPPHQ� LVW HV OHJLWLP� GHQ EHUHFKQHWHQ 6WUHXNRHIIL]LHQWHQ DOV ULFKWLJ

DQ]XVHKHQ� 0LW GLHVHU 3ODXVLELOLW¾WVSUÖIXQJ ODVVHQ VLFK GLH YHUVFKLHGHQHQ $OJRULWKPHQ

PLWHLQDQGHU�YHUJOHLFKHQ�

'DV LQ $EE� �� GDUJHVWHOOWH ([SHULPHQW ]HLJW GHQ 9HUODXI GHU PLW YHUVFKLHGHQHQ

$OJRULWKPHQ EHUHFKQHWHQ $EVRUSWLRQVNRHIIL]LHQWHQ �$EVFKQ��������� 6LH XQWHUVFKHLGHQ

������

Abb. 23 9HU¾QGHUXQJ�GHV�PLW�XQWHUVFKLHGOLFKHQ�$OJRULWKPHQ�HUUHFKQHWHQ�$EVRUSWLRQVNRHIIL]LHQWHQ�EHL
HLQHP�7HPSHUDWXUYHUVXFK
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VLFK LQ GHQ (UJHEQLVVHQ� 'LH %HUHFKQXQJHQ PLW 1� XQG 1� ]HLJHQ HLQ LQ 'HWDLOV

DEZHLFKHQGHV =HLWYHUKDOWHQ YRQ �D YHUJOLFKHQ PLW GHQHQ YRQ 1�� 2EJOHLFK OHW]WHUH

9DULDQWH VW¾UNHU PLW HLQHU LQLWLDOHQ 'ULIW ÖEHUODJHUW LVW� VSLHJHOW VLH GLH HUZDUWHWH

SK\VLRORJLVFKH 5HDNWLRQ JHQDXHU ZLGHU DOV GLH :HUWH GHU EHLGHQ DQGHUHQ� 'LHVHV 9HU�

KDOWHQ ]HLJW VLFK LQ GHU 0HKUKHLW GHU XQWHUVXFKWHQ ([SHULPHQWH� 'HVKDOE NDQQ PDQ GHQ

(UJHEQLVVHQ QDFK 1� VW¾UNHU YHUWUDXHQ DOV GHQHQ GHU DQGHUHQ 9HUIDKUHQ� 'DV WUXJ GD]X

EHL� PLW GLHVHP $OJRULWKPXV �D XQG �
V IÖU IÖU GLH 2/6�.DOLEUDWLRQHQ��$EVFKQ�������� ]X

EHUHFKQHQ�

����� 6FKLFKWVWUXNWXU�XQG�+HWHURJHQLW¾W�GHU�+DXW

(LQH GHU 5DQGEHGLQJXQJHQ IÖU GLH *ÖOWLJNHLW GHU 'LIIXVLRQVWKHRULH LVW� GD¹ VLFK GDV

/LFKW LQ HLQHP KRPRJHQHQ XQG XQHQGOLFK JUR¹HQ +DOEUDXP DXVEUHLWHQ NDQQ� 6LH LVW IÖU

GDV KHWHURJHQH *HELOGH +DXW��$EE� �� 6���� XQG���� 6���� QXU LGHDOLVLHUW DQZHQGEDU�

6LQG GLH =HOOHQ GHU (SLGHUPLV QRFK VHKU KRPRJHQ� ILQGHQ VLFK LQ GHU 'HUPLV EHUHLWV

JUÐ¹HUH 6WUXNWXUHQ XQG LQ GHU 6XEFXWLV YLHOH JUR¹H )HWW]HOOHQ XQG %OXWJHI¾¹H� 0DQ

EHWUDFKWHW GDV 0H¹YROXPHQ GDQQ DOV LP 0LWWHO KRPRJHQ� 'LHVH $QQDKPH LVW MHGRFK LQ

HLQHP YRQ 3UREDQG ]X 3UREDQG XQG IÖU MHGHQ 3UREDQGHQ YRQ ([SHULPHQW ]X ([SH�

ULPHQW GLIIHULHUHQGHP 0D¹H JÖOWLJ� 'LH EHUHFKQHWHQ :HUWH JHOWHQ GDKHU LPPHU IÖU GHQ

HLQ]HOQHQ�9HUVXFK�

%HVRQGHUV GHXWOLFK ZLUG GDV� ZHQQ PDQ VLFK GLH 9HUWHLOXQJ HLQHV DQ GLH %OXWJHI¾¹H

JHEXQGHQHQ 6LJQDOV ÖEHU GHQ $EVWDQG DQVLHKW� 0LW ]XQHKPHQGHU (QWIHUQXQJ GHV

'HWHNWRUV ]XU /LFKWTXHOOH YHUJUÐ¹HUW VLFK GLH $XIHQWKDOWVZDKUVFKHLQOLFKNHLW GHU

3KRWRQHQ LQ WLHIHUHQ +DXWVFKLFKWHQ� 'RUW NÐQQHQ VLH PLW GHQ LQ JUÐ¹HUHU =DKO

YRUKDQGHQHQ %OXWJHI¾¹HQ ZHFKVHOZLUNHQ� %HUHFKQHW PDQ GHQ 2[LJHQLHUXQJVJUDG DXV

GHP 4XRWLHQWHQ GHU ,QWHQVLW¾WHQ EHL ����QP XQG ����QP XQG WU¾JW GLH IÖU XQWHUVFKLHG�

OLFKH $EVW¾QGH HUKDOWHQHQ :HUWH DXI� HUK¾OW PDQ 'DUVWHOOXQJHQ ZLH $EE� ��� 'XUFK GLH

4XRWLHQWHQELOGXQJ LVW GLHVHV 6LJQDO ZHLWJHKHQG YRQ 'ULIWHUVFKHLQXQJHQ XQG *UHQ]�

IO¾FKHQHLQIOÖVVHQ IUHL� 'DKHU HLJQHW HV VLFK JXW ]XU 9LVXDOLVLHUXQJ GHU +HWHURJHQLW¾W

VHQNUHFKW ]XU +DXWREHUIO¾FKH� ,Q GLHVHP /DQJ]HLWH[SHULPHQW VFKZDQNW GLH 7HPSHUDWXU

LQ HLQHP ZHLWDXV KÐKHUHP 0D¹H DOV EHL .OLQLNYHUVXFKHQ� (EHQVR ¾QGHUW VLFK GHU

2[LJHQLHUXQJVJUDG� 0LW ]XQHKPHQGHP $EVWDQG NRUUHOLHUHQ GLH =HLWUHLKHQ VW¾UNHU� %HL

HLQHP�KRPRJHQHQ�0HGLXP�LVW�GDV�QLFKW�]X�EHREDFKWHQ�

������



8P ]X HLQHP KRPRJHQHUHQ 0H¹YROXPHQ ]X JHODQJHQ� VLQG YHUVFKLHGHQH NRQVWUXN�

WLYH 9HU¾QGHUXQJHQ DP 0H¹NRSI GHQNEDU� 'LH RSWLVFKHQ (LJHQVFKDIWHQ GHU *UHQ]IO¾FKH

NÐQQHQ HEHQIDOOV GDIÖU EHQXW]W ZHUGHQ� 8P GLH :LUNVDPNHLW GLHVHU 0D¹QDKPHQ ]X

EHXUWHLOHQ� ELHWHW VLFK GLH $XVZHUWXQJ GHU .RUUHODWLRQ YRQ 7HPSHUDWXU XQG 2[LJH�

QLHUXQJVJUDG�ÖEHU�GHQ�$EVWDQG�DQ�

6LPXODWLRQHQ KDEHQ JH]HLJW� GD¹ GLH $XIHQWKDOWVZDKUVFKHLQOLFKNHLW GHU 3KRWRQHQ LQ

GHU 'HUPLV DP KÐFKVWHQ LVW� 'DKHU HQWVWDPPW GLH PHLVWH 6WUHXLQIRUPDWLRQ GLHVHU

+DXWVFKLFKW� 'LH 6WUHXXQJ ILQGHW GDEHL YRUZLHJHQG DQ GHQ NROODJHQHQ )DVHUVWUXNWXUHQ

VWDWW� $EK¾QJLJ YRP 2UW KDEHQ GLHVH HLQH EHYRU]XJWH 5LFKWXQJ� 6LH ]HLJW VLFK LQ GHQ

/$1*(5�6SDOWOLQLHQ� 'DV /LFKW EUHLWHW VLFK DQLVRWURS DXV� 7ULIIW /LFKW LP UHFKWHQ :LQNHO

DXI GLHVH )DVHUEÖQGHO� ZLUG HV YHUVW¾UNW JHVWUHXW� %UHLWHW HV VLFK SDUDOOHO ]X LKQHQ DXV�

ZLUG�HV�GXUFK�/LFKWOHLWHIIHNWH�ZHLWHU�LP�*HZHEH�WUDQVSRUWLHUW��$EE�����6�����

'LHVH 6WUXNWXUHQ VLQG PLW QLFKWLQYDVLYHQ 0HWKRGHQ QXU VHKU DXIZHQGLJ YRU GHP

9HUVXFK IHVWVWHOOEDU� 'HU 6HQVRU NDQQ GDKHU QLFKW GHILQLHUW ]X GHQ 6SDOWOLQLHQ

DXVJHULFKWHW ZHUGHQ� 0HFKDQLVFK DXIJHSU¾JWH 6SDQQXQJHQ GHU +DXW YHU¾QGHUQ GLH

$QLVRWURSLH GHU /LFKWDXVEUHLWXQJ JOHLFKIDOOV� %HUHLWV GDV $XINOHEHQ GHV 0H¹V\VWHPV

NDQQ ]X VROFKHQ (IIHNWHQ IÖKUHQ� 6LH ILQGHQ VLFK LQ GHQ EHUHFKQHWHQ 6WUHXNRHIIL]LHQWHQ

������

Abb. 24 9HU¾QGHUXQJ�GHV�2[LJHQLHUXQJVJUDGHV�LQ�$EK¾QJLJNHLW�YRP�$EVWDQG�XQG�VHLQH�.RUUHODWLRQ�]XU
7HPSHUDWXU
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XQG VLQG QLFKW UHSURGX]LHUEDU� 'DKHU VLQG VLH VRZRKO HLQ 7HLO GHU LQWHU� DOV DXFK GHU

LQWUDLQGLYLGXHOOHQ 9DULDWLRQ XQG VFKU¾QNHQ GLH 0ÐJOLFKNHLW ]XU (UVWHOOXQJ YRQ

YHUVXFKVÖEHUJUHLIHQGHQ�.DOLEUDWLRQVPRGHOOHQ�GHXWOLFK�HLQ�

����� 5ÖFNZLUNXQJHQ�GHV�0H¹V\VWHPV�DXI�GHQ�0H¹RUW

'DV $XINOHEHQ GHV 6HQVRUV KDW QDWÖUOLFK 5ÖFNZLUNXQJHQ DXI GLH XQWHU LKP EHILQG�

OLFKHQ +DXWDUHDOH� 'DV ,QWHUIDFHPDWHULDO XQG GLH )DVHUSODWWH VFKOLH¹HQ QDKH]X OXIWGLFKW

DE XQG YHUKLQGHUQ GLH $EJDEH YRQ )HXFKWLJNHLW DQ GLH 8PJHEXQJ� (V ZLUG DQJH�

QRPPHQ� GD¹ GLHV ]X HLQHP $XITXHOOHQ GHU (SLGHUPLV IÖKUW XQG GDV 6LJQDO GDGXUFK

GULIWHW�

8P GHQ (LQIOX¹ GHU 2NNOXVLRQ EHXUWHLOHQ ]X NÐQQHQ� ZXUGHQ DQ HLQHP PLW GHP

.OHEHU EHGHFNWHQ +DXWDUHDO 9HUJOHLFKVPHVVXQJHQ PLW 2&7 YRUJHQRPPHQ� (V LVW QLFKW

PÐJOLFK� GDV *HU¾W VR JHQDX ]X SRVLWLRQLHUHQ� GD¹ HLQH LGHQWLVFKH 3RVLWLRQ LQ�YLYR

HUQHXW YHUPHVVHQ ZHUGHQ NDQQ� 'DKHU ZXUGHQ PHKUHUH 0HVVXQJHQ��A6��6������ YRUJH�

QRPPHQ� 1DFK �� 6WXQGHQ IROJWH HLQH ]ZHLWH 0H¹VHULH� 'LH ,QWHUSUHWDWLRQ GHU IÖU GLHVH

$QZHQGXQJ UHODWLY JHULQJ DXIJHOÐVWHQ $XIQDKPHQ �$EE� ��� LVW VFKZLHULJ� (V ODVVHQ VLFK

VLFKHU GDV 6WUDWXP FRUQHXP XQG GLH (SLGHUPLV HUNHQQHQ� 'HU 9HUJOHLFK GHU

$XIQDKPHQ ]HLJWH NHLQH =XQDKPH GHU 6FKLFKWGLFNHQ� (LQH DEVFKOLH¹HQGH %HZHUWXQJ LVW

������

Abb. 25 2&7�$XIQDKPH�GHU�REHUHQ�+DXWVFKLFKWHQ�

Schweißdrüse

Kollagene Fasern

Epidermis

Stratum corneum

.

.



DOOHUGLQJV ZHJHQ GHU UHODWLY JHULQJHQ $XIOÐVXQJ QRFK QLFKW PÐJOLFK� (V NDQQ MHGRFK

ZDKUVFKHLQOLFK DXVJHVFKORVVHQ ZHUGHQ� GD¹ 'LFNHQ¾QGHUXQJHQ !�����P DXIWUHWHQ�

�QGHUXQJHQ LQ GHU KRUL]RQWDOHQ 5LFKWXQJ VLQG GXUFK GLH LQQLJH 9HUELQGXQJ PLW GHP

,QWHUIDFH�QLFKW�ZDKUVFKHLQOLFK�

(LQH FKHPLVFKH 5HL]XQJ GHU +DXW NDQQ VLFKHU DXVJHVFKORVVHQ ZHUGHQ� 'DV *HZHEH

LVW QDFK GHP $EQHKPHQ GHV 6HQVRUV OHLFKW JHUÐWHW� 'DV UHVXOWLHUW DXV GHU PHFKDQLVFKHQ

%HDQVSUXFKXQJ� (V ZXUGH NHLQH DOOHUJLVFKH 5HDNWLRQ EHREDFKWHW� %HL GHQ DXVJHIÖKUWHQ

/DQJ]HLWYHUVXFKHQ WUDWHQ /¾VLRQHQ GHU +DXW GXUFK GDV *HK¾XVH GHV 0H¹NRSIHV DXI� 6LH

VLQG UHODWLY ZHLW YRP 0H¹RUW HQWIHUQW XQG VROOWHQ NHLQH $XVZLUNXQJHQ DXI LKQ KDEHQ�

%HL�GHU�.RQ]HSWLRQ�HLQHV�QHXHQ�0H¹NRSIHV�PX¹�GDV�WURW]GHP�EHUÖFNVLFKWLJW�ZHUGHQ�

����� =\NOLVFKH�9DULDWLRQHQ�XQG�6LJQDOGULIW

8P GLH 8UVDFKHQ GHU 6LJQDOGULIW ]X XQWHUVXFKHQ� HUIROJWH HLQH 5HLKH YRQ /DQJ�

]HLWYHUVXFKHQ� 6LH ZXUGHQ PLW JHVXQGHQ 3UREDQGHQ ÖEHU PHKUHUH 7DJH GXUFKJHIÖKUW�

(V JDE GDEHL NHLQHUOHL (LQVFKU¾QNXQJHQ LKUHU %HZHJXQJVIUHLKHLW� 'DKHU VLQG GLH

(UJHEQLVVH DXV GLHVHU 6HULH VW¾UNHU JHVWÐUW DOV GLH GHU NOLQLVFKHQ 8QWHUVXFKXQJHQ�

%HUÖFNVLFKWLJW PDQ GHQ JUR¹HQ (LQIOX¹ YRQ %HZHJXQJ XQG 'UXFN DXI GDV 6LJQDO� VLQG

VLH ÖEHUUDVFKHQG JXW �$EE� �������� 'DV HUNO¾UW VLFK PLW GHU UHODWLY NXU]HQ 0H¹]HLW� (LQH

������

Abb. 26 0LWWHOZHUW�XQG�6WDQGDUGDEZHLFKXQJ�GHU�,QWHQVLW¾WHQ�EHL�����PP�XQG�����QP�IÖU���
/DQJ]HLWH[SHULPHQWH�ÖEHU�MH�YLHU�7DJH
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0HVVXQJ EHVWHKHQG DXV �� :LHGHUKROXQJHQ ZLUG LQQHUKDOE YRQ ����V DXVJHIÖKUW� 'LH

%LOGXQJ GHV 0LWWHOZHUWHV ÖEHU GDV ,QWHUYDOO YHUULQJHUW NXU]]HLWLJH 6WÐUXQJHQ� ZLH VLH

GXUFK 3XOV XQG %HZHJXQJHQ DXVJHOÐVW ZHUGHQ� 'LH LP 9HUJOHLFK PLW GHU 9HUVXFKVGDXHU

NXU]H 0H¹]HLW YHUULQJHUW GLH :DKUVFKHLQOLFKNHLW� GD¹ 6WÐUXQJHQ Z¾KUHQG GHU 'DWHQ�

DXIQDKPH�DXIWUHWHQ�XQG�VLFK�DOV�SK\VLRORJLVFKHV�5DXVFKHQ�EHPHUNEDU�PDFKHQ�

%HL QDKH]X DOOHQ NOLQLVFKHQ 9HUVXFKHQ VWHLJW GHU 6WUHXNRHIIL]LHQW PLW GHU =HLW DQ�

'LH /DQJ]HLWH[SHULPHQWH ERWHQ GLH 0ÐJOLFKNHLW� GLHVHV 9HUKDOWHQ ÖEHU GHQ ÖEOLFKHQ

9HUVXFKV]HLWUDXP YRQ VHFKV ELV DFKW 6WXQGHQ KLQDXV ]X YHUIROJHQ� 'LH LQ $EE� ��

]XVDPPHQJHID¹WHQ :HUWH YRQ IÖQI JHVXQGHQ 3UREDQGHQ ÖEHU YLHU 7DJH ]HLJHQ GDV

'ULIWYHUKDOWHQ GHXWOLFK� (V ZXUGH ÖEHU GLH ,QWHQVLW¾WVZHUWH GHV ����PP�'HWHNWRUV EHL

����QP JHPLWWHOW� :¾KUHQG GHU HUVWHQ �� 6WXQGHQ ILQGHQ RIIHQVLFKWOLFK $QSDVVXQJVSUR�

]HVVH VWDWW� 6LH XQWHUOLHJHQ HLQHU JUR¹HQ LQWHULQGLYLGXHOOHQ 9DULDELOLW¾W� 'LH 6WDQGDUG�

DEZHLFKXQJ�LQ�GLHVHP�,QWHUYDOO�LVW�ZHVHQWOLFK�JUÐ¹HU�

$OV 8UVDFKH NÐQQHQ ]ZHL (IIHNWH DQJHQRPPHQ ZHUGHQ� (LQHUVHLWV LVW HV PÐJOLFK�

GD¹ GLH REHUHQ +DXWVFKLFKWHQ GXUFK :DVVHUDXIQDKPH TXHOOHQ XQG VLFK GLH 9HU¾QGH�

UXQJHQ QLFKW LQ GHQ 2&7�$XIQDKPHQ HUNHQQHQ ODVVHQ� ZHLO VLH GDIÖU ]X JHULQJ DXIJHOÐVW

VLQG� $QGHUHUVHLWV NDQQ GLH (LQODJHUXQJ YRQ :DVVHU RGHU RUJDQLVFKHQ 6XEVWDQ]HQ DXV

GHU +DXW LQ GDV ,QWHUIDFH HEHQIDOOV ]X GLHVHQ 'ULIWHUVFKHLQXQJHQ IÖKUHQ� �QGHUW VLFK GHU

������

Abb. 27 /DQJ]HLWH[SHULPHQW�PLW�SHULRGLVFKHQ�0XVWHUQ�GHV�6WUHXNRHIIL]LHQWHQ
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%UHFKXQJVLQGH[ GLHVHU 6FKLFKW� ELOGHW VLFK GDV GHQ 5HIOH[LRQVGDWHQ DE� :HLWHUH /DQJ�

]HLWYHUVXFKH PLW GHU DNWXHOOHQ 7HFKQLN XQG DQGHUHQ ,QWHUIDFH�0DWHULDOLHQ PÖVVHQ GLHVH

6DFKYHUKDOWH�NO¾UHQ�

'LH %HUHFKQXQJ GHU RSWLVFKHQ 3DUDPHWHU �D XQG �
V JHOLQJW EHL ([SHULPHQWHQ PLW

1,7����� QXU XQWHU RSWLPDOHQ %HGLQJXQJHQ� 8P GLH $XVZLUNXQJHQ YRQ 'ULIW XQG

%HZHJXQJ DE]XVFK¾W]HQ� ZXUGHQ GHQQRFK HLQLJH GXUFKJHIÖKUW� GD ([SHULPHQWH ÖEHU

GLHVHQ ODQJHQ =HLWUDXP PLW 1,7����� QRFK QLFKW YHUIÖJEDU VLQG� 'DV LQ $EE� �� GDU�

JHVWHOOWH ([SHULPHQW ]HLJW QDFK HLQHU (LQODXISKDVH SHULRGLVFKH 0XVWHU LP 9HUODXI GHV

6WUHXNRHIIL]LHQWHQ� (U VWHLJW LP 7DJHVYHUODXI DQ� XP Z¾KUHQG GHU 1DFKW ZLHGHU DE]X�

VLQNHQ� 'LHVHV 9HUKDOWHQ NDQQ QLFKW DOOHLQ ÖEHU GLH PLW GHU 7DJHV]HLW YDULLHUHQGH

.ÐUSHUWHPSHUDWXU HUNO¾UW ZHUGHQ� 'D HV VLFK EHL GHQ 3UREDQGHQ QLFKW XP 'LDEHWLNHU

KDQGHOWH� LVW HLQH �QGHUXQJ GHV 6WUHXNRHIIL]LHQWHQ GXUFK GLH 9DULDWLRQ GHU *OXFRVH�

NRQ]HQWUDWLRQ XQZDKUVFKHLQOLFK� %HL 6WRIIZHFKVHOJHVXQGHQ VFKZDQNW GLH %OXWJOXFRVH LP

%HUHLFK YRQ �������PJ�GO� XQG HV LVW QLFKW ]X HUZDUWHQ� GD¹ VLFK GLHVH NOHLQHQ

�QGHUXQJHQ�PRPHQWDQ�YRQ�GHQ�6WÐUXQJHQ�XQWHUVFKHLGHQ�ODVVHQ�

����� $XVZLUNXQJHQ�YRQ�%HZHJXQJ�XQG�'UXFN

-HJOLFKH )RUP GHU %HZHJXQJ IÖKUW ]X .UHLVODXIUHDNWLRQHQ� 'LHVH VLQG GXUFK

YHU¾QGHUWH 'XUFKEOXWXQJ GHU +DXW DXFK LQ GHUHQ RSWLVFKHQ (LJHQVFKDIWHQ VLFKWEDU� 6LH

ELOGHQ HLQH ZHLWHUH 6WÐUNRPSRQHQWH� %HZHJXQJHQ IÖKUHQ DEHU DXFK GD]X� GD¹ VLFK GHU

'UXFN DXI GDV 0H¹V\VWHP YHU¾QGHUW� 1DFKWV OLHJHQ GLH 3UREDQGHQ K¾XILJ DXI GHQ

0H¹NÐSIHQ�XQG�YHU¾QGHUQ�VR�GLH�'XUFKEOXWXQJ�GHV�JHPHVVHQHQ�+DXWDUHDOV�

=XU %HDQWZRUWXQJ GHU )UDJH� RE /DJH¾QGHUXQJHQ GHV .ÐUSHUV GLH 6WUHXHLJHQ�

VFKDIWHQ GHU +DXW EHHLQIOXVVHQ� ZXUGHQ 5HLKHQ PLW 8PODJHUXQJV� XQG 'UXFNYHUVXFKHQ

GXUFKJHIÖKUW� %HL GHU HUVWHQ 6HULH ODJHQ GLH 3UREDQGHQ DQI¾QJOLFK IODFK LP %HWW� GDQQ

ZXUGHQ GLH %HLQH KRFKJHOHJW� $QVFKOLH¹HQG VD¹HQ VLH IÖU HLQH JHZLVVH =HLW DXI HLQHP

6WXKO� 1DFK QRFKPDOLJHU +RFKODJHUXQJ GHU %HLQH ZXUGH GLH $XVJDQJVSRVLWLRQ ZLHGHU

HLQJHQRPPHQ� ,Q $EE� �� LVW GDV (UJHEQLV HLQHV GLHVHU 9HUVXFKH ]X VHKHQ� 'DV

([SHULPHQW ZXUGH VRIRUW QDFK $XINOHEHQ GHV 6HQVRUV JHVWDUWHW� 'HVKDOE VLHKW PDQ GHQ

7HPSHUDWXUDXVJOHLFK XQG GLH +DXWDQSDVVXQJ GHXWOLFK� 'HU 0H¹NRSI ZDU DP

2EHUVFKHQNHO EHIHVWLJW� 'LH 'XUFKEOXWXQJ UHDJLHUW VHKU VWDUN DXI GLH /DJH¾QGHUXQJHQ�

'DV +RFKOHJHQ GHU %HLQH YHUULQJHUW GLH %OXW]XIXKU� 'DV LVW HEHQIDOOV GHP 9HUODXI YRQ �D

]X HQWQHKPHQ� %HLP 6LW]HQ YHUJUÐ¹HUW GLH 6FKZHUNUDIW GLH %OXW� XQG )OÖVVLJNHLWVPHQJH

������



LQ GHQ %HLQHQ� 'XUFK HLQH .UHLVODXIDQWZRUW DXI GLHVHQ 5HL] YHUULQJHUW VLFK GDV %OXW�

YROXPHQ ZLHGHU� 'LH *HI¾¹H ZHUGHQ YHUHQJW� 'LH DEQHKPHQGH 'XUFKEOXWXQJ EULQJW

HLQHQ 7HPSHUDWXUDEIDOO GHU +DXW PLW VLFK� 'LH QDFKIROJHQGH +RFKODJHUXQJ GHU %HLQH

]HLJW GLH GD]X HQWJHJHQJHVHW]WH .UHLVODXIUHDNWLRQ� $QI¾QJOLFK YHUPLQGHUW GLH 6FKZHU�

NUDIW GLH %OXWPHQJH� GLH MHGRFK ZLHGHU DXVJHJOLFKHQ ZLUG� .HKUW GHU 3UREDQG LQ GLH

$XVJDQJVODJH ]XUÖFN� QRUPDOLVLHUHQ VLFK GLH 9HUK¾OWQLVVH VFKQHOO� 'HU ¶EHUJDQJ YRQ GHU

+RUL]RQWDOHQ LQ GLH 9HUWLNDOH YHU¾QGHUW DXFK GLH LQWHUVWLWLHOOH )OÖVVLJNHLWVPHQJH� 'HU

9HUODXI GHV 6WUHXNRHIIL]LHQWHQ ]HLJW GLHVHQ 3UR]H¹� 'LH $XVZLUNXQJHQ VLQG MHGRFK

GHXWOLFK�JHULQJHU�XQG�HUIROJHQ�ODQJVDPHU�DOV�GLH�DEVRUSWLYHQ�9HU¾QGHUXQJHQ�

0XVNHONRQWUDNWLRQHQ NÐQQHQ HEHQIDOOV GLH RSWLVFKHQ (LJHQVFKDIWHQ GHV 0H¹�

YROXPHQV EHHLQIOXVVHQ� (V YHU¾QGHUQ VLFK GHU %OXWIOX¹ XQG GLH JHRPHWULVFKHQ

9HUK¾OWQLVVH� %HL GHP LQ $EE� �� GDUJHVWHOOWHQ 9HUVXFK ZXUGH GHU 0H¹NRSI GLUHNW DXI

GHP 2EHUDUP DXIJHNOHEW� 'HU 3UREDQG YHUIÖJW ÖEHU HLQ VHKU GÖQQHV 8QWHUKDXWIHWW�

JHZHEH� 'DKHU HQWVWDPPW HLQ 7HLO GHU 6LJQDOH GLUHNW GHP 0XVNHOJHZHEH� :¾KUHQG GHU

$QVSDQQXQJVSKDVH ]HLJHQ VLFK JUR¹H 6FKZDQNXQJHQ� 'HU HUKÐKWH (QHUJLHEHGDUI IÖKUW

]X HLQHU YHUVW¾UNWHQ 'XUFKEOXWXQJ GHV *HZHEHV� 'DV HUUHFKQHWH �D�6LJQDO ]HLJW GLHVH

�QGHUXQJ� 0DQ PX¹ DQQHKPHQ� GD¹ GDV YHUJUÐ¹HUWH 9ROXPHQ GHV 0XVNHOV ]X HLQHU

9HU¾QGHUXQJ GHU $EPHVVXQJHQ GHV 0H¹UDXPHV IÖKUW XQG GLH =DKO GHU 6WUHX]HQWUHQ

������

Abb. 28 5HDNWLRQ�YRQ�6WUHX��XQG�$EVRUSWLRQVNRHIIL]LHQW�DXI�/DJH¾QGHUXQJHQ
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YHUJUÐ¹HUW� 2E HV VLFK EHL GHP QDFK GHP ([SHULPHQW DQVWHLJHQGHQ �
V XP HLQH )ROJH GHU

%HODVWXQJ�RGHU�XP�HLQH�'ULIW�KDQGHOW��NDQQ�QLFKW�HQWVFKLHGHQ�ZHUGHQ�

$OOHQ 9HUVXFKHQ� GLH %HZHJXQJV� XQG 'UXFNHLQIOÖVVHQ JHZLGPHW ZDUHQ� LVW

JHPHLQVDP� GD¹ VLH HLQH VHKU JUR¹H 9DULDELOLW¾W ]HLJHQ� (V VSLHOHQ KLHU GLH .RQVWLWXWLRQ

GHV 3UREDQGHQ XQG GLH /DJH GHV 0H¹V\VWHPV HLQH GHXWOLFK JUÐ¹HUH 5ROOH DOV EHL DQGHUHQ

([SHULPHQWHQ��

9LHOH SK\VLRORJLVFKH 9HU¾QGHUXQJHQ ZLUNHQ VWDUN DXI GLH $EVRUSWLRQ GHU +DXW� 'HU

6WUHXNRHIIL]LHQW YHU¾QGHUW VLFK HEHQIDOOV LQ HLQHP QLFKW ]X YHUQDFKO¾VVLJHQGHP 0D¹H�

0LW GHU 'LIIXVLRQVWKHRULH EHVLW]W PDQ MHGRFK HLQ 0RGHOO� GD¹ HV JHVWDWWHW� GDV JHPHVVHQH

6LJQDO YRQ HLQHP 7HLO GHU SK\VLRORJLVFKHQ 9DULDELOLW¾W ]X EHIUHLHQ� 'LH PLWWHOV FKHPR�

PHWULVFKHU 0RGHOOLHUXQJ DXV GHQ RUWVDXIJHOÐVWHQ 5HPLVVLRQHQ HUVWHOOWHQ .DOLEUDWLRQHQ

NÐQQHQ�GLHVH�9DULDQ]�QXU�VFKZHU�DG¾TXDW�EHUÖFNVLFKWLJHQ�

������

Abb. 29 0XVNHONRQWUDNWLRQHQ�ELOGHQ�VLFK�HEHQIDOOV�LQ�GHQ�RSWLVFKHQ�(LJHQVFKDIWHQ�GHU�+DXW�DE

.

.

1.62

1.64

1.66

1.68

1.70

1.72

1.74

1.76

1.78

1.80

1.82

1.84

09:45 10:15 10:45 11:15

Zeit

S
tr

e
u

k
o

e
ff

iz
ie

n
t

[1
/m

m
]

3.0E-03

4.0E-03

5.0E-03

6.0E-03

7.0E-03

8.0E-03

9.0E-03

A
b

s
o

rp
ti

o
n

s
k

o
e

ff
iz

ie
n

t
[1

/m
m

]

ALGON5_I950_mus

ALGON5_I950_mua

W8I0309a



��� ([SHULPHQWH�PLW�9DULDWLRQ�YRQ�*OXFRVH

����� 9HUVXFKVSURWRNROO���9HUPHLGXQJ�YRQ�6FKHLQNRUUHODWLRQ

'LH 9HUZHQGXQJ XQVSH]LILVFKHU 0H¹JUÐ¹HQ ELUJW LPPHU GLH *HIDKU YRQ ]XI¾OOLJHQ

.RUUHODWLRQHQ ]ZLVFKHQ GHP JHPHVVHQHQ 6LJQDO XQG GHU JHVXFKWHQ =LHOJUÐ¹H LQ VLFK� (V

PÖVVHQ GDKHU DOOH 9DULDEOHQ EH]ÖJOLFK LKUHV (LQIOXVVHV DXI GDV 0RGHOO XQWHUVXFKW

ZHUGHQ� +LHU]X H[LVWLHUHQ ]ZHL SULQ]LSLHOOH 6WUDWHJLHQ� (LQH EHVWHKW GDULQ� HLQ HLQIDFKHV

0H¹PRGHOO VFKULWWZHLVH PLW ]XV¾W]OLFKHQ (LQIOX¹JUÐ¹HQ ]X HUZHLWHUQ� 1DFKWHLOLJ LVW� GD¹

PDQ QXU EHNDQQWH )DNWRUHQ HLQEH]LHKHQ NDQQ XQG XQWHU 8PVW¾QGHQ QLFKW GLH QRW�

ZHQGLJH .RPSOH[LW¾W IÖU HLQ VWDELOHV 0RGHOO HU]LHOW� (V VFKZLHULJ� OHEHQGH ELRORJLVFKH

6\VWHPH ]X PRGHOOLHUHQ� 0DQ JHODQJW MHGRFK ]X HLQHP WLHIHUHQ 9HUVW¾QGQLV GHV

JHVDPWHQ 0H¹]XVDPPHQKDQJV� 'LH $UEHLWVJUXSSH YRQ $512/' KDW PLW GLHVHU 6WUDWHJLH

EHL GHU QLFKWLQYDVLYHQ *OXFRVHPHVVXQJ� EDVLHUHQG DXI NODVVLVFKHU 6SHNWURVNRSLH� JXWH

(UIROJH HU]LHOW� ,Q ZHLWHUHQ $UEHLWHQ ZHLVHQ VLH VHKU QDFKGUÖFNOLFK DXI GLH *HIDKU YRQ

6FKHLQNRUUHODWLRQHQ�KLQ�>��������������@�

%HL GHU ]ZHLWHQ 8QWHUVXFKXQJVVWUDWHJLH JHKW PDQ YRQ HLQHP YROOVW¾QGLJHQ 6\VWHP

DXV XQG YHUVXFKW GXUFK GLH ,GHQWLILNDWLRQ YRQ 6WÐUJUÐ¹HQ GDV 2ULJLQDO LPPHU EHVVHU ]X

EHVFKUHLEHQ� +LHUEHL ZHUGHQ ]XPHLVW GLH ZLFKWLJVWHQ (LQIOÖVVH EHUÖFNVLFKWLJW� 'LH

6FKZLHULJNHLW GLHVHV :HJHV EHVWHKW GDULQ� GLH =LHOJUÐ¹H DXV GHQ *HVDPWVLJQDOHQ ]X

LVROLHUHQ� 'LH 3UREOHPH YHUJUÐ¹HUQ VLFK� ZHQQ GLH 9DULDEOHQ LQ YHUJOHLFKEDUHQ 'LPHQ�

VLRQHQ�YRUOLHJHQ�

/HW]WHUH 6WUDWHJLH PX¹WH LQ GHU YRUOLHJHQGHQ $UEHLW YHUIROJW ZHUGHQ� 'HU JHZ¾KOWH

$QVDW] OLH¹ QXU 3UREDQGHQYHUVXFKH ]X� (V ZXUGHQ XQWHUVFKLHGOLFKH ([SHULPHQWH

GXUFKJHIÖKUW��XP�HLQ]HOQH�6WÐUJUÐ¹HQ�]X�HUNHQQHQ�XQG�GLH�*OXFRVHYDULDWLRQ�]X�PHVVHQ�

$OOH ZDUHQ JHP¾¹ GHU 'HNODUDWLRQ YRQ +HOVLQNL YRQ HLQHU (WKLNNRPPLVVLRQ JHQHKPLJW�

6LH ZXUGHQ XQWHU ¾U]WOLFKHU $XIVLFKW DQ GHU .OLQLN IÖU 6WRIIZHFKVHONUDQNKHLWHQ XQG

(UQ¾KUXQJ�GHU�+HLQULFK�+HLQH�8QLYHUVLW¾W�'ÖVVHOGRUI�GXUFKJHIÖKUW�

'LH 9DULDWLRQ GHU *OXFRVHNRQ]HQWUDWLRQ HUIROJWH PLW ]ZHL XQWHUVFKLHGOLFKHQ

9HUIDKUHQ� )ÖU GLH 9HUVXFKH ELV (QGH 0¾U] ���� ZXUGH HLQ VRJHQDQQWHV &ODPS�

3URWRNROO YHUZDQGW� 'HU 3UREDQG ZLUG DQ GHQ %LRVWDWRU �$EVFKQ�������� DQJHVFKORVVHQ�

'XUFK GLH LQWUDYHQÐVH *DEH YRQ *OXFRVHOÐVXQJ RGHU ,QVXOLQ YDULLHUW PDQ GLH .RQ]HQ�

WUDWLRQ LP %OXW XQG LP *HZHEH� 'DV HUPÐJOLFKW HLQH VHKU VFKQHOOH �QGHUXQJ� 'LHVH

PDVVLYH ,QWHUYHQWLRQ HU]HXJW HLQ 6LJQDO� GD¹ VLFK GHXWOLFK YRQ GHQ ÖEHUODJHUQGHQ

������



(IIHNWHQ XQWHUVFKHLGHW XQG JXW ]X VHSDULHUHQ LVW� 'DV 9ROXPHQ� LQ GHP GLH 9HU¾QGHUXQJ

GHV 6WUHXNRHIIL]LHQWHQ JHPHVVHQ ZLUG� LVW MHGRFK QLFKW GDV %OXW� VRQGHUQ GDV *HZHEH�

9HUJOHLFKVXQWHUVXFKXQJHQ PLW HLQHU 6RQGH� GLH GXUFK 0LNURGLDO\VH LQWHUVWLWLHOOH

)OÖVVLJNHLW JHZLQQW �&0$�0LFURGLDO\VLV�� ]HLJWHQ VLJQLILNDQWH 8QWHUVFKLHGH LQ GHU

'\QDPLN GHU *OXFRVHYDULDWLRQ� ,Q $EE� �� VLQG GLH 'LIIHUHQ]HQ JXW ]X HUNHQQHQ� 'HU

$QVWLHJ GHU .RQ]HQWUDWLRQ LQ GHU ,6) HUIROJW GHXWOLFK ODQJVDPHU DOV LP %OXW� 'LH

1RUPDOLVLHUXQJ GHU *OXFRVHNRQ]HQWUDWLRQ ]HLJW NHLQH JUDYLHUHQGHQ 8QWHUVFKLHGH� 'LHV

LVW PÐJOLFKHUZHLVH DXI GHQ :LUNPHFKDQLVPXV YRQ ,QVXOLQ ]XUÖFN]XIÖKUHQ� (V ÐIIQHW GLH

=HOOPHPEUDQ IÖU GHQ DNWLYHQ 7UDQVSRUW GHU *OXFRVH LQ GLH =HOOH XQG XQWHUOLHJW VRPLW

HLQHP DQGHUHQ =HLWJHVHW] DOV GHU GLIIXVLRQVNRQWUROOLHUWH $XVJOHLFK ]ZLVFKHQ %OXW XQG

,6)� *HQDXHUH $XVVDJHQ GDUÖEHU VLQG EHL GHU PRPHQWDQHQ ]HLWOLFKHQ $XIOÐVXQJ GHU

0LNURGLDO\VHWHFKQLN QRFK QLFKW PÐJOLFK� $EVROXWZHUWH IÖU GLH *OXFRVH LQ GHU LQWHU�

VWLWLHOOHQ )OÖVVLJNHLW NÐQQHQ ZHJHQ XQJHQÖJHQGHU .DOLEUDWLRQ GHV &0$����6\VWHPV

QLFKW�DQJHJHEHQ�ZHUGHQ�

)ÖU GLH (UVWHOOXQJ YRQ .DOLEUDWLRQVPRGHOOHQ EHGHXWHW GLH XQWHUVFKLHGOLFKH '\QDPLN

GHU *OXFRVH¾QGHUXQJ HLQHQ V\VWHPDWLVFKHQ )HKOHU� (LQH $EVFK¾W]XQJ VHLQHU *UÐ¹H LVW

QLFKW PÐJOLFK� GD EHL GHQ ZHQLJHQ YRUKDQGHQHQ 0HVVXQJHQ HLQH VHKU KRKH 9DULDELOLW¾W

YRUOLHJW� (V LVW HLQ ODQJVDPHUHU $QVWLHJ GHU *OXFRVHNRQ]HQWUDWLRQ LQ GHU LQWHUVWLWLHOOHQ

������

Abb. 30 %OXW��XQG�,6)�*OXFRVH�EHL�XQWHUVFKLHGOLFKHU�*HVFKZLQGLJNHLW�GHU�*OXFRVHYDULDWLRQ
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)OÖVVLJNHLW DOV LP %OXW ]X EHREDFKWHQ� 'DV ZLUG GXUFK GLH 0RUSKRORJLH GHU +DXW

XQWHUVWÖW]W� 'LH 9HUVRUJXQJ GHU =HOOHQ LQ GHU 'HUPLV HUIROJW YRUZLHJHQG GXUFK

'LIIXVLRQVSUR]HVVH� (V ZLUG HLQH EHVWLPPWH =HLW EHQÐWLJW� ELV GLH �QGHUXQJ GHU .RQ]HQ�

WUDWLRQ�LP�%OXW�LQ�GHU�,6)�QDFKJHZLHVHQ�ZHUGHQ�NDQQ�

0ÐJOLFKH 6HNXQG¾UUHDNWLRQHQ VWHOOHQ HLQHQ ZHLWHUHQ 1DFKWHLO GHV &ODPS�3URWRNROOV

GDU� 'LH PLW +LOIH GHV %LRVWDWRUV DXVJHOÐVWH *OXFRVHYDULDWLRQ LVW YÐOOLJ XQSK\VLRORJLVFK�

'DKHU LVW ZDKUVFKHLQOLFK� GD¹ GHU 2UJDQLVPXV PLW DOOJHPHLQHQ 6WUH¹V\PSWRPHQ GDUDXI

UHDJLHUW��9RQ�GHQ�3UREDQGHQ�ZXUGHQ�8QZRKOVHLQ�XQG�6FKZHL¹DXVEUÖFKH�EHULFKWHW�

8P GLH JHVFKLOGHUWHQ 1DFKWHLOH ]X XPJHKHQ� ZXUGH LQ GHQ 9HUVXFKHQ VHLW -XQL ����

GHU 2UDOH *OXFRVHWROHUDQ]WHVW �2*77� ]XU *OXFRVHYDULDWLRQ EHQXW]W� (V KDQGHOW VLFK XP

HLQ VWDQGDUGLVLHUWHV 9HUIDKUHQ ]XU 'LDEHWHVGLDJQRVWLN� 'LH 3UREDQGHQ WULQNHQ HLQH

/ÐVXQJ� GLH ���J 7UDXEHQ]XFNHU ¾TXLYDOHQW LVW� :HLO GLH VR ]XJHIÖKUWH *OXFRVH HUVW LP

'DUP UHVRUELHUW ZHUGHQ PX¹� YHUULQJHUW VLFK GLH $QVWLHJVJHVFKZLQGLJNHLW GHXWOLFK

�$EE� ���� 'HU %LRVWDWRU PL¹W QXU QRFK GLH .RQ]HQWUDWLRQ LP %OXW� 'LH 'LIIHUHQ]

]ZLVFKHQ ,6)� XQG %OXWJOXFRVH YHUPLQGHUW VLFK HEHQIDOOV� 'DUDXV GDUI MHGRFK QLFKW

JHVFKORVVHQ ZHUGHQ� GD¹ EHL HLQHU ODQJVDPHQ �QGHUXQJ NHLQ .RQ]HQWUDWLRQVXQWHUVFKLHG

]ZLVFKHQ GHP QLFKWLQYDVLY YHUIROJWHQ 0H¹YROXPHQ XQG GHP %OXW H[LVWLHUW� 'LH JHULQJH

=DKO XQG GLH 4XDOLW¾W GHU VHOEVW GXUFKJHIÖKUWHQ ([SHULPHQWH JHVWDWWHW GLHVH $XVVDJH

QLFKW� $XFK LQ GHU /LWHUDWXU�>�����@ ZLUG HLQH JUR¹H 9DULDELOLW¾W GHU '\QDPLN ]ZLVFKHQ

,6) XQG %OXW EHVFKULHEHQ� (V LVW MHGRFK VLFKHU� GD¹ GLH *OXFRVHYDULDWLRQ PLWWHOV 2*77

HLQHQ�NOHLQHUHQ�V\VWHPDWLVFKHQ�)HKOHU�LQGX]LHUW�DOV�GDV�&ODPS�3URWRNROO��

8P 6FKHLQNRUUHODWLRQHQ� UHVXOWLHUHQG DXV GHP NRQVWDQWHQ 3URWRNROO� DXV�

]XVFKOLH¹HQ� ZXUGHQ HLQH 5HLKH YRQ %OLQGYHUVXFKHQ DXVJHIÖKUW� 'DEHL YHUOLHI GDV

([SHULPHQW DQDORJ ]X GHP ÖEOLFKHQ 9HUIDKUHQ� (V XQWHUEOLHE MHGRFK GLH 9DULDWLRQ GHU

*OXFRVHNRQ]HQWUDWLRQ�

%HL GHQ 9HUVXFKHQ QDFK GHP &ODPS�3URWRNROO HUIROJWH GLH �QGHUXQJ GXUFK GLH

,QMHNWLRQ YRQ SK\VLRORJLVFKHU .RFKVDO]OÐVXQJ� LQ GHU 7UDXEHQ]XFNHU JHOÐVW ZXUGH� %HL

GHQ %OLQGYHUVXFKHQ LQML]LHUWH PDQ GDJHJHQ GLH QRUPDOH /ÐVXQJ� 'LH EHREDFKWHWH 5HDN�

WLRQ GHV 6WUHXNRHIIL]LHQWHQ��$EE� ��� LVW LQYHUV ]X GHU EHL *OXFRVHJDEH��$EE� ����6����

XQG ]HLJW ]XGHP HLQ YÐOOLJ DQGHUHV =HLWYHUKDOWHQ� 'HVKDOE NDQQ DXVJHVFKORVVHQ ZHUGHQ�

GD¹ GLH 9HUULQJHUXQJ GHV 6WUHXNRHIIL]LHQWHQ EHL GHU ,QMHNWLRQ YRQ *OXFRVHOÐVXQJ GXUFK

GDV /ÐVXQJVPLWWHO DXVJHOÐVW ZXUGH� 'D HV HLQH ]XU *OXFRVH JHJHQO¾XILJH �QGHUXQJ

������



LQGX]LHUW� LVW VRJDU ]X YHUPXWHQ� GD¹ GLHVHV 9HUVXFKVSURWRNROO ]X HLQHU 9HUPLQGHUXQJ

GHU�*OXFRVHVHQVLWLYLW¾W�IÖKUW�

,QVXOLQ LVW GLH ]ZHLWH 6XEVWDQ]� GLH LPPHU LQ ¾KQOLFKHU :HLVH EHL GHQ 9HUVXFKHQ ]XU

$QZHQGXQJ NDP� 8P LKUHQ (LQIOX¹ ]X XQWHUVXFKHQ� ZXUGH GLH LQIXQGLHUWH 0HQJH

VFKULWWZHLVH SDUDOOHO ]XU *OXFRVHLQIXVLRQVUDWH HUKÐKW� 'HU *OXFRVHVSLHJHO LP %OXW EOLHE

������

Abb. 31 :LUNXQJ�YRQ�%ROL�PLW�SK\VLRORJLVFKHU�.RFKVDO]OÐVXQJ�DXI�GDV��
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EHL GLHVHP 9RUJHKHQ NRQVWDQW� 'DV 6LJQDO GHV 6WUHXNRHIIL]LHQWHQ��$EE� ��� ]HLJW NHLQH

9HU¾QGHUXQJHQ� GLH PLW GHU ,QVXOLQPHQJH LQ =XVDPPHQKDQJ VWHKW� 'D¹ VLFK WURW] GHV

NRQVWDQWHQ *OXFRVHVSLHJHOV �
V PLW GHU =HLW YHUVFKLHEW� LVW DXI GLH ¶EHUODJHUXQJ PLW HLQHU

'ULIW�]XUÖFN]XIÖKUHQ�

����� $XVZDKO�XQG�9RUEHKDQGOXQJ�GHU�'DWHQ

,P =XJH GHU 8QWHUVXFKXQJHQ ZXUGHQ VHKU YLHOH 'DWHQ HUID¹W� $OOHLQ YRQ 9HUVXFKHQ

PLW 9DULDWLRQ GHU *OXFRVH H[LVWLHUHQ ��� 'DWHQV¾W]H� 6LH DOOH YROOVW¾QGLJ DXV]XZHUWHQ�

K¾WWH GHQ 5DKPHQ GHU $UEHLW JHVSUHQJW� =XGHP VSLHJHOW VLFK GDV ]XQHKPHQGH :LVVHQ

XP GLH .RPSOH[LW¾W GHV 6\VWHPV LQ GHU (UKÐKXQJ GHU 'DWHQTXDOLW¾W XQG LQ 9HUEHVVH�

UXQJHQ LP 0H¹DEODXI ZLGHU� 'DKHU ZXUGHQ YRQ GHQ ¾OWHUHQ 'DWHQ QXU GLH GHU OLQHDUHQ

'HWHNWRUJHRPHWULH GHV 3$77(5621�6SHNWURPHWHUV �$EVFKQ������ YROOVW¾QGLJ HLQEH�

]RJHQ� (UJHEQLVVH YRQ 1,7����� IDQGHQ QXU H[HPSODULVFK %HUÖFNVLFKWLJXQJ� 'LH 'DWHQ�

EDVLV ELOGHQ 9HUVXFKH� GLH PLW 1,7����� �$EVFKQ������ GXUFKJHIÖKUW ZRUGHQ VLQG XQG

HLQH NRQWLQXLHUOLFKH *OXFRVHUHIHUHQ] DXIZHLVHQ� 8P WURW] GHU YLHOHQ (LQIOX¹JUÐ¹HQ ]X

VWDWLVWLVFK DEJHVLFKHUWHQ (UJHEQLVVHQ ]X NRPPHQ� ZXUGHQ DXFK ([SHULPHQWH EHUÖFN�

VLFKWLJW� GLH QLFKW YROOVW¾QGLJ PLW GHU 'LIIXVLRQVWKHRULH EHVFKULHEHQ ZHUGHQ NRQQWHQ

RGHU VLFKWEDU JHVWÐUW ZDUHQ� 'D LP $OOWDJVEHWULHE HLQH VHKU UREXVWH .DOLEUDWLRQ EHQÐWLJW

ZLUG� XQWHUEOLHEHQ 0H¹ZHUWJO¾WWXQJ XQG (QWIHUQXQJ YRQ $XVUHL¹HUQ� HEHQVR GLH QXU

UHWURVSHNWLY GXUFKIÖKUEDUH 6NDOLHUXQJ GHU 'DWHQ� ,QQHUKDOE GHU HUVWHQ 6WXQGH JHPHV�

VHQH 'DWHQ VLQG GXUFK YHUVFKLHGHQH $QSDVVXQJVHIIHNWH VWDUN JHVWÐUW� 'DKHU ZXUGHQ VLH

EHL�DOOHQ�([SHULPHQWHQ�YHUZRUIHQ�

'LH IÖU GLH 0RGHOOELOGXQJ XQG 9DOLGLHUXQJ EHQÐWLJWHQ 'DWHQV¾W]H HQWVWDQGHQ PLW

]ZHL XQWHUVFKLHGOLFKHQ 6WUDWHJLHQ� )ÖU GDV HUVWH 6]HQDULR ZXUGHQ ]XI¾OOLJ ���� GHU

:HUWH HLQHV ([SHULPHQWHV LQ GLH .DOLEUDWLRQ HLQEH]RJHQ� EHLP ]ZHLWHQ QXU GUHL UHODWLY

ZLOONÖUOLFK DXVJHZ¾KOWH %HUHLFKH YRQ PD[LPDO IÖQI 0LQXWHQ /¾QJH� 'LH =DKO GHU EHL GHU

]ZHLWHQ 9DULDQWH EHQXW]WHQ 'DWHQSXQNWH KLQJ YRQ GHU 0H¹IUHTXHQ] GHV MHZHLOLJHQ

6HQVRUV DE XQG UHLFKWH YRQ FD����� �0DUN�,,� ELV FD����� �1,7������� 1XU GLH SXQNWXHOOH

.DOLEUDWLRQ LVW LQ HLQHP *HU¾W ]XU %OXW]XFNHUVHOEVWNRQWUROOH UHDOLVLHUEDU� ,P ZHLWHUHQ

ZLUG GDV HUVWH 6]HQDULR DOV NRQWLQXLHUOLFKH .DOLEUDWLRQ XQG GDV ]ZHLWH DOV 'UHLSXQNWNDOL�

EUDWLRQ EH]HLFKQHW� )ÖU 3&5� XQG 2/6�9HUIDKUHQ ZXUGH GDVVHOEH 6FKHPD EHQXW]W� =XU

.HQQ]HLFKQXQJ GHU 'DWHQ ZHUGHQ IÖU GLH XQWHUVFKLHGOLFKHQ $XVZHUWXQJHQ GLH $ENÖU�

]XQJHQ�OLS�XQG�OLS 3P�E]Z��PCR-I�XQG�PCR-I 3P�YHUZDQGW�

������



����� .DOLEUDWLRQ�EDVLHUHQG�DXI��
V���QGHUXQJHQ

'LH�PLW�+LOIH�GHU�'LIIXVLRQVWKHRULH�DXV�GHQ�RUWVDXIJHOÐVWHQ�5HIOH[LRQHQ�EHUHFKQHWHQ

:HUWH GHV 6WUHXNRHIIL]LHQWHQ VLQG QLFKW GLUHNW LQ HLQH *OXFRVHNRQ]HQWUDWLRQ ÖEHU�

WUDJEDU� 6LH VLQG GXUFK 7HPSHUDWXUYDULDWLRQHQ VRZLH 'ULIW ÖEHUODJHUW� ,KU $EVROXWZHUW

ZLUG GXUFK GLH (LJHQVFKDIWHQ GHU *UHQ]IO¾FKH +DXW�r�6HQVRU XQG GLH 0RUSKRORJLH GHV

DNWXHOOHQ 0H¹RUWHV EHVWLPPW��$EE� ����6����� 'DKHU LVW HLQH .DOLEUDWLRQ GHV 6WUHX�

NRHIIL]LHQWHQ�DXI�GLH�*OXFRVHNRQ]HQWUDWLRQ�QRWZHQGLJ�

'LH 2/6�.DOLEUDWLRQVPRGHOOH QXW]HQ GLH 7HPSHUDWXU� GHQ 6WUHXNRHIIL]LHQWHQ �
V

XQG HLQHQ GLH 'ULIW Q¾KHUXQJVZHLVH UHSU¾VHQWLHUHQGHQ ,QWHQVLW¾WVYHUODXI HLQHV HLQ]HOQHQ

'HWHNWRUV� 8P OHW]WHUHQ ]X HUPLWWHOQ� ZXUGH GLH ÖEHU GHU 2UWVNRRUGLQDWH YDULLHUHQGH

6HQVLWLYLW¾W GHV 6WUHXNRHIIL]LHQWHQ YHUZDQGW� 6LH ]HLJW VLFK GDULQ� GD¹ VLFK GLH ,QWHQVLW¾W

EHL QDK DQ GHU /LFKWTXHOOH EHILQGOLFKHQ 'HWHNWRUHQ JHJHQVLQQLJ� EHL IHUQHQ 'HWHNWRUHQ

JOHLFKVLQQLJ PLW GHU 6WUHXXQJ YHU¾QGHUW��$EE� ����6����� $XIJUXQG GLHVHV 0HUNPDOV

ILQGHW VLFK LPPHU HLQ %HUHLFK� GHU DXI GHQ 6WUHXNRHIIL]LHQWHQ Q¾KHUXQJVZHLVH QLFKW

VHQVLWLY LVW� 8QWHU GHU $QQDKPH� GD¹ LP EHWUDFKWHWHQ =HLWIHQVWHU GLH *OXFRVH GLH HLQ]LJH

4XHOOH IÖU 9HU¾QGHUXQJHQ YRQ �
V GDUVWHOOW� ZXUGH DOV 'ULIWNRUUHNWLY GHU ,QWHQVLW¾WV�

YHUODXI GHV 'HWHNWRUV DXVJHZ¾KOW� GHU GLH JHULQJVWH .RUUHODWLRQ ]XP 9HUODXI GHU *OXFR�

VHNRQ]HQWUDWLRQ DXIZHLVW� 'LHVH )HVWOHJXQJ LVW MHGRFK QXU UHWURVSHNWLY XQG PLW HLQHU

]HLWOLFK KRFKDXIJHOÐVWHQ 5HIHUHQ]PHVVXQJ IÖU *OXFRVH PÐJOLFK� 6HOEVW IÖU GHQ UHODWLY

NXU]HQ =HLWUDXP� ÖEHU GHQ VLFK XQVHUH 9HUVXFKH HUVWUHFNWHQ� VWHOOW GLHVHV 9RUJHKHQ HLQH

XQEHIULHGLJHQGH /ÐVXQJ GDU� 'LH 'ULIW O¾¹W VLFK GDGXUFK QXU XQJHQÖJHQG EHVFKUHLEHQ�

(V NRQQWH QLFKW� ZLH XUVSUÖQJOLFK HUKRIIW� HLQ 'HWHNWRU JHIXQGHQ ZHUGHQ� GHU EHL DOOHQ

([SHULPHQWHQ JOHLFKHUPD¹HQ GLHVH 6WÐUXQJ PRGHOOLHUHQ NDQQ� ,Q $EE� �� LVW JXW ]X

HUNHQQHQ� ZLH GHQ ÖEHU GLH 'UHLSXQNWNDOLEUDWLRQ EHUHFKQHWHQ 'DWHQ QRFK HLQH 'ULIW

DXIJHSU¾JW LVW� 'LH JH]HLJWHQ 0LWWHOZHUWH ZXUGHQ DXV HLQHU 6LPXOWDQPHVVXQJ PLW ]ZHL

6HQVRUHQ XQG GHQ EHLGHQ .DOLEUDWLRQVYHUIDKUHQ 2/6 XQG 3&5 EHUHFKQHW� (V ]HLJW VLFK

HLQH JXWH ¶EHUHLQVWLPPXQJ VRZRKO ]ZLVFKHQ GHQ (UJHEQLVVHQ GHU EHLGHQ 0H¹NÐSIH DOV

DXFK ]ZLVFKHQ GHQ EHLGHQ 5HJUHVVLRQVYHUIDKUHQ� 'LH 6WDQGDUGDEZHLFKXQJ GHU

JHPLWWHOWHQ :HUWH LVW IÖU 'UHLSXQNW� XQG NRQWLQXLHUOLFKH .DOLEUDWLRQ LQQHUKDOE GHV LQ

GHU 0RGHOOLHUXQJ EHUÖFNVLFKWLJWHQ =HLWUDXPV YHUJOHLFKEDU� %HL GHU ([WUDSRODWLRQ

YHUJUÐ¹HUW VLH VLFK EHVRQGHUV IÖU GHQ %HUHLFK GHV *OXFRVHDEIDOOV GHXWOLFK� 'D EHLGH

6HQVRUHQ EHL EHLGHQ 9HUIDKUHQ HLQHQ VHKU ¾KQOLFKHQ 9HUODXI GHU 'ULIW DXIZHLVHQ� NDQQ

PDQ GDYRQ DXVJHKHQ� GD¹ HV VLFK XP HLQHQ SK\VLRORJLVFKHQ (IIHNW KDQGHOW XQG QLFKW

XP�]XI¾OOLJH�)HKOHU�LQ�GHU�0RGHOOELOGXQJ�

������



9RUDXVVHW]XQJ IÖU GLH (UVWHOOXQJ GHU 2/6�0RGHOOH LVW GLH %HUHFKQXQJ GHV

6WUHXNRHIIL]LHQWHQ��$EE� ����6����� 6LQG GHVVHQ :HUWH DXIJUXQG IDOVFKHU 5DQGEHGLQ�

JXQJHQ RGHU DOJRULWKPLVFKHU 3UREOHPH IHKOHUKDIW� EULFKW GDV 0RGHOO ]XVDPPHQ�

%HVRQGHUV GHXWOLFK ZLUG GLHVHV 9HUKDOWHQ� ZHQQ VLFK Z¾KUHQG GHU 0HVVXQJ HLQ 5DQG�

ZHUW ¾QGHUW� 'LH $EE� �� ]HLJW HLQ VROFKHV (UJHEQLV� %LV HWZD ]XU 0LWWH GHV 9HUVXFKHV

ZDU NHLQH VLFKHUH %HUHFKQXQJ YRQ �D XQG �
V PÐJOLFK� 'LH JHPHVVHQHQ :HUWH VLQG PLW

GHU 'LIIXVLRQVWKHRULH QLFKW DG¾TXDW ]X EHVFKUHLEHQ� 'XUFK 'ULIW RGHU $QSDVVXQJVHIIHNWH

WUHWHQ GLH 'DWHQ MHGRFK ZLHGHU LQ GHQ *ÖOWLJNHLWVEHUHLFK GHU 7KHRULH HLQ XQG GLH

%HUHFKQXQJ IÖKUW ]X DN]HSWDEOHQ :HUWHQ� $E GLHVHP 3XQNW YHUPLQGHUW VLFK GLH 9DULDQ]

GHU JHVFK¾W]WHQ *OXFRVHZHUWH GHXWOLFK XQG LKU 9HUODXI IROJW Q¾KHUXQJVZHLVH GHU

5HIHUHQ]NXUYH�

(LQH KRKH 9DULDQ] GHU EHUHFKQHWHQ *OXFRVHNRQ]HQWUDWLRQHQ LVW HLQ VLFKHUHV ,QGL]

IÖU LQVWDELOH .DOLEUDWLRQHQ� 'LH :HUWH NÐQQHQ VLFK DXIJUXQG GHU 3K\VLRORJLH QXU

ODQJVDP YHU¾QGHUQ XQG GLH 0H¹V\VWHPH EHVLW]HQ HLQ VHKU JHULQJHV (LJHQUDXVFKHQ� :LUG

GHQQRFK HLQH KRKH 9DULDQ] GHU *OXFRVHZHUWH EHREDFKWHW� VR NDQQ GLHVH ]XPHLVW DXI GDV

.DOLEUDWLRQVPRGHOO ]XUÖFNJHIÖKUW ZHUGHQ� ,Q VHKU VHOWHQHQ )¾OOHQ HU]HXJWH GHU VLFK PLW

$WPXQJ�RGHU�%HZHJXQJ�YHU¾QGHUQGH�'UXFN�DXI�GHQ�0H¹NRSI�HLQH�¾KQOLFKH�6WÐUXQJ�

'LH %HUHFKQXQJ HLQHV YRQ $EVRUSWLRQVHIIHNWHQ IUHLHQ� QXPHULVFK VWDELOHQ 6WUHX�

NRHIIL]LHQWHQ LVW HLQH QRWZHQGLJH %HGLQJXQJ IÖU JXWH (UJHEQLVVH PLW GHP 2/6�$QVDW]�

'LH .DOLEUDWLRQVPRGHOOH NÐQQHQ GLHVH 6WÐUXQJHQ QLFKW NRPSHQVLHUHQ��$EE� ���� 'DKHU

������

Abb. 33 'ULIW�ÖEHUODJHUW�GDV�0H¹VLJQDO�XQG�LVW�GXUFK�HLQH�'UHLSXQNWNDOLEUDWLRQ�QXU�XQJHQÖJHQG�]X
PRGHOOLHUHQ
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LVW GLH =DKO GHU JXWHQ 5HVXOWDWH NOHLQHU DOV EHLP 3&5�$QVDW]� =ZLVFKHQ GHQ

YHUVFKLHGHQHQ 0H¹V\VWHPHQ XQG 9HUVXFKVSURWRNROOHQ ]HLJHQ VLFK GHXWOLFKH 8QWHU�

VFKLHGH��$EE������6�����XQG�7DE�����6�����

(UZDUWXQJVJHP¾¹ GLIIHULHUHQ GLH JHPLWWHOWHQ :HUWH GHV 6WDQGDUGIHKOHUV GHU

.DOLEUDWLRQ��6(&��XQG�GHV�6WDQGDUGIHKOHUV�GHU�9RUKHUVDJH��6(3��VRZLH�LKUH�6WDQGDUGDE�

ZHLFKXQJHQ EHL GHU 'UHLSXQNWNDOLEUDWLRQ VLJQLILNDQW� Z¾KUHQG VLH EHL GHQ NRQWLQXLHUOL�

FKHQ 6\VWHPHQ JOHLFK VLQG� 'LH .HQQJUÐ¹HQ GHU PLW GHU 'UHLSXQNWNDOLEUDWLRQ HUVWHOOWHQ

0RGHOOH ZHLVHQ GLH JUÐ¹WH 9DULDQ] DXI� :HUWH YRQ ([SHULPHQWHQ QDFK GHP &ODPS�

3URWRNROO ODVVHQ VLFK ZHJHQ GHU V\VWHPDWLVFKHQ $EZHLFKXQJHQ ]ZLVFKHQ 5HIHUHQ]�

PHVVXQJ XQG 6LJQDO GHXWOLFK VFKOHFKWHU NDOLEULHUHQ� 'LHVHV (UJHEQLV LVW XQDEK¾QJLJ YRQ

GHP�EHQXW]WHQ�6\VWHP��ZREHL�GLH�$EVROXWIHKOHU�IÖU�0DUN�,,�JUÐ¹HU�VLQG�DOV�IÖU�1,7������

:HUWH YRQ 1,7����� NRQQWHQ LQ GLHVH $XVZHUWXQJ QLFKW HLQEH]RJHQ ZHUGHQ� GD VLH

QXU ÖEHU VHFKV 'HWHNWRUHQ YHUIÖJW XQG VLFK VRPLW QLFKW VLFKHU JHQXJ KLQUHLFKHQG

JHQDXH�:HUWH�GHV�6WUHXNRHIIL]LHQWHQ�EHUHFKQHQ�ODVVHQ�

,Q $EE� �� NÐQQHQ GLH PHLVWHQ 3UREOHPH GHU 'UHLSXQNWNDOLEUDWLRQ H[HPSODULVFK

HUO¾XWHUW ZHUGHQ� ,Q GHU $QIDQJVSKDVH GHV ([SHULPHQWHV GRPLQLHUW HLQH 'ULIW GDV 6LJQDO

�DXFK LQQHUKDOE GHU YHUZRUIHQHQ HUVWHQ 6WXQGH�� (UVW HWZD �� 0LQXWHQ QDFK $QKHEHQ

GHV %OXWJOXFRVHVSLHJHOV ]HLJW VLFK GLH .RQ]HQWUDWLRQV¾QGHUXQJ LQ GHQ EHUHFKQHWHQ

:HUWHQ� ,Q GLHVHP )DOO GÖUIWH GLH .RPELQDWLRQ YRQ =HLWYHU]ÐJHUXQJ XQG DXIJHSU¾JWHU

������

Abb. 34 9HU¾QGHUXQJHQ�GHU�5DQGEHGLQJXQJHQ�IÖU�GLH�'LIIXVLRQVQ¾KHUXQJ�IÖKUHQ�]X�IDOVFKHQ�(UJHEQLVVHQ

.

.

EGA A B C D E U Methodenvergleich W8K1937A

N 62 132 8 31 0 0 Y= -0.871[±30.91] + 1.004[±0.163] * X; r=0.6248

% 35.25 59.71 0.00 5.04 0.00 0.00
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'ULIW GLH 8UVDFKH VHLQ� 'LH :DKO GHU 0H¹VWHOOHQ IÖU GLH 'UHLSXQNWNDOLEUDWLRQ ZDU IÖU

DOOH ([SHULPHQWH ZLOONÖUOLFK XQG ZXUGH RKQH .HQQWQLV GHV *OXFRVHYHUODXIV YRUJH�

QRPPHQ� 'DGXUFK EHILQGHQ VLFK GLH LQ GLHVHP ([SHULPHQW EHQXW]WHQ :HUWH ]XI¾OOLJ LQ

GHQ DP PHLVWHQ JHVWÐUWHQ %HUHLFKHQ� 'HU HUVWH 3XQNW OLHJW LP 0D[LPXP YRQ 'ULIW XQG

=HLWYHU]ÐJHUXQJ� GHU ]ZHLWH LP =HLWUDXP HLQHU 6WÐUXQJ GHV 5HIHUHQ]V\VWHPV �IDOVFKHU

5HNDOLEUDWLRQVZHUW� XQG GHU GULWWH LVW GXUFK 'UXFN DXI GHQ 0H¹NRSI EHHLQWU¾FKWLJW� 'DV

LVW HLQ H[WUHPHV %HLVSLHO IÖU GLH 6FKZLHULJNHLWHQ GHV SXQNWXHOOHQ $QVDW]HV� 2EJOHLFK GDV

6LJQDO GHQ 9HUODXI GHU *OXFRVHNRQ]HQWUDWLRQ EHVFKUHLEW� ZLUG HV GXUFK GLH JHVWÐUWHQ

.DOLEUDWLRQVSXQNWH VR YHUVFKREHQ� GD¹ HV QLFKW GLH QRWZHQGLJH *HQDXLJNHLW DXIZHLVW�

'LH�(UURU�*ULG�$QDO\VH�ZHLVW�HWZD�GLH�+¾OIWH�GHU�:HUWH�GHU�.ODVVH�%�]X�

'LH 5HVXOWDWH GHU 2/6�.DOLEUDWLRQVPRGHOOH �$EE� ��� VLQG LPPHU YRQ GHQ EHUHFK�

QHWHQ :HUWHQ GHV 6WUHXNRHIIL]LHQWHQ DEK¾QJLJ� :HQQ OHW]WHUH IHKOHUKDIW VLQG� ÖEHUWU¾JW

VLFK GDV DXI GLH 0RGHOOH� 9RQ GHQ ([SHULPHQWHQ PLW 1,7����� QDFK GHP 2*77�

3URWRNROO XQG PLW NRQWLQXLHUOLFKHU .DOLEUDWLRQ ZHLVHQ ���� HLQHQ 6(3������PJ�GO

�������PPRO�O� DXI� %HL GHU 'UHLSXQNWNDOLEUDWLRQ VLQG HV ����� (LQH YROOVW¾QGLJH

¶EHUVLFKW�GHU�5HVXOWDWH�ILQGHW�VLFK�LP�$QKDQJ (A7��6�������A8��6��������=XV¾W]OLFK�VLQG�LQ

A11��6����� GLH JUDSKLVFKHQ 'DUVWHOOXQJHQ GHU NDOLEULHUWHQ =HLWUHLKHQ YRQ 1,7������

([SHULPHQWHQ�]XVDPPHQJHVWHOOW�

������

Abb. 35 'ULIW��=HLWNRQVWDQWHQ�XQG�XQJÖQVWLJH�:DKO�GHU�.DOLEUDWLRQVSXQNWH�YHUI¾OVFKHQ�GDV�0RGHOO

.

.

EGA A B C D E U Methodenvergleich W8J2137A

N 311 219 0 0 0 0 Y= -49.387[±12.189*] + 1.095[±0.052*] * X; r=0.8748

% 58.68 41.32 0.00 0.00 0.00 0.00 * signifikante Abweichung von b0=0; b1=1
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����� .DOLEUDWLRQ�PLWWHOV�3&5�XQG�5HIOH[LRQVGDWHQ

,P *HJHQVDW] ]X GHP GHQ 2/6�.DOLEUDWLRQHQ ]XJUXQGH OLHJHQGHQ dKDUWHQo 0RGHOO

GHU 'LIIXVLRQVWKHRULH NRPPW EHL 3&5 HLQ dZHLFKHVo 0RGHOO ]XU $QZHQGXQJ� +LHU

ZHUGHQ GLH =XVDPPHQK¾QJH QLFKW GXUFK SK\VLNDOLVFKH *HVHW]P¾¹LJNHLWHQ YRUJHJHEHQ�

VRQGHUQ DXV GHU %H]LHKXQJ GHU 'DWHQ ]XHLQDQGHU HUPLWWHOW� )ÖU GLH KLHU HUVWHOOWHQ

.DOLEUDWLRQHQ ZXUGH QXU DXI GLH RUWVDXIJHOÐVWH 5HIOH[LRQ XQG GLH 7HPSHUDWXU ]XUÖFN�

JHJULIIHQ�

'LH 5HIOH[LRQVGDWHQ VLQG KRFKJUDGLJ NROOLQHDU��$EE� ���� 8P VLH ]X PRGHOOLHUHQ�

ELHWHW VLFK GLH +DXSWNRPSRQHQWHQUHJUHVVLRQ DQ� (V ZHUGHQ XQNRUUHOLHUWH 9DULDEOHQ

HU]HXJW� GLH GLH 9DULDQ] GHU XUVSUÖQJOLFKHQ 5HIOH[LRQVGDWHQ EHLQKDOWHQ� ,Q $EE� ��

ZXUGHQ GLH /DGXQJHQ GHU HUVWHQ EHLGHQ +DXSWNRPSRQHQWHQ GDUJHVWHOOW� 6LH UHSU¾�

VHQWLHUHQ EHUHLWV ���� GHU 9DULDQ]� 0LW YLHU .RPSRQHQWHQ VLQG HV PHKU DOV ����� 'LH

=LIIHUQDQJDEHQ EH]HLFKQHQ GHQ $EVWDQG GHV EHWUHIIHQGHQ 'HWHNWRUV ]XU /LFKWTXHOOH LQ

0LOOLPHWHUQ� ,Q GLHVHP ([SHULPHQW WUHWHQ QXU ZHQLJH 6WÐUXQJHQ DXI� 'LH :HUWH YHU�

KDOWHQ VLFK GHU 'LIIXVLRQVWKHRULH JHP¾¹� 'LH ,QWHQVLW¾WHQ GHU QDKHQ 'HWHNWRUHQ VLQG

VWDUN PLW �
V NRUUHOLHUW� 0LW ]XQHKPHQGHU (QWIHUQXQJ ]XU /LFKWTXHOOH YHUK¾OW VLFK GLH

5HIOH[LRQ JHJHQO¾XILJ� 'LH *OXFRVHNRQ]HQWUDWLRQ LVW LQYHUV ]XP 6WUHXNRHIIL]LHQWHQ�

7HPSHUDWXU XQG �D VLQG HQJ NRUUHOLHUW� %HLGH +DXSWNRPSRQHQWHQ WUDJHQ LQ JOHLFKHP

0D¹H GLH *OXFRVHLQIRUPDWLRQ� 'LHVH XQJHVWÐUWHQ 9HUK¾OWQLVVH NRQQWHQ OHLGHU QXU VHOWHQ

EHREDFKWHW ZHUGHQ� 'LH =DKO GHU ]XU (UNO¾UXQJ YRQ PHKU DOV ���� GHU 9DULDQ]

������

Abb. 36 0LWWHOZHUWH�GHU�6WDQGDUGIHKOHU�EHL�2/6�.DOLEUDWLRQ
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EHQÐWLJWHQ +DXSWNRPSRQHQWHQ YDULLHUW VWDUN PLW GHP 0H¹V\VWHP� %HL 9HUVXFKHQ PLW

0DUN�,, XQG 1,7����� ZHUGHQ LP 0LWWHO DFKW E]Z� IÖQI EHQÐWLJW� Z¾KUHQG IÖU 1,7�����

YLHU DXVUHLFKHQ� 'LHV LVW ]X HLQHP 7HLO GHP &ODPS�3URWRNROO JHVFKXOGHW� DEHU DXFK DXI

GHQ�KÐKHUHQ�5DXVFKDQWHLO�GHU�6LJQDOH�YRQ�0DUN�,,�]XUÖFN]XIÖKUHQ�

'LH LQWHQVLW¾WVEDVLHUWHQ 3&5�0RGHOOH �3&5�,� 3&5�,��3� HQWVWDQGHQ XQWHU 9HUZHQ�

GXQJ YRQ IÖQI +DXSWNRPSRQHQWHQ� 'LHVH =DKO ZXUGH JHZ¾KOW� XP GLH 'LPHQVLRQDOLW¾W

�1,7������ 0DUN�,,� GHU 'DWHQ GHXWOLFK ]X YHUULQJHUQ� RKQH MHGRFK GHQ UHODWLY NOHLQHQ

(IIHNW GHU *OXFRVHYDULDWLRQ DXV]XVFKOLH¹HQ� 'LH DXV GHP 9HUODXI GHU 35(66FYr.XUYH IÖU

1,7������'DWHQ EHVWLPPWH RSWLPDOH .RPSRQHQWHQ]DKO UHLFKWH YRQ GUHL ELV ]ZÐOI� 'HU

0D[LPDOZHUW LVW JOHLFK GHU 6SDOWHQ]DKO GHU <�0DWUL[ IÖU ([SHULPHQWH PLW GLHVHP

0H¹V\VWHP�

:HUWH YRQ 'HWHNWRUHQ Q¾KHU DOV ��PP ]XU /LFKWTXHOOH VLQG QLFKW EHUÖFNVLFKWLJW� %HL

NOHLQHQ $EVW¾QGHQ VLQG VLH YLHOIDFK JHVWÐUW XQG ]HLJHQ HLQ VWDUN YRQ GHU 7KHRULH

DEZHLFKHQGHV 9HUKDOWHQ �$EE� ����6����� ,Q $EE� �� LVW JXW ]X HUNHQQHQ� ZLH GDV

9HUKDOWHQ GHV 'HWHNWRUV EHL �����PP DXV GHU V\VWHPDWLVFKHQ $EIROJH DXVEULFKW� (LQH

$XVQDKPH VWHOOHQ GLH ([SHULPHQWH PLW 1,7����� GDU� 6LH YHUIÖJW QXU ÖEHU VHFKV 0H¹�

VWHOOHQ� 'HU ,QIRUPDWLRQVYHUOXVW EHL 9HUQDFKO¾VVLJXQJ GHV HUVWHQ 'HWHNWRUV Z¾UH ]X JUR¹

JHZRUGHQ��XP�QRFK�JODXEZÖUGLJH�.DOLEUDWLRQVPRGHOOH�HUVWHOOHQ�]X�NÐQQHQ�

������

Abb. 37 =HLWYHUODXI�GHU�,QWHQVLW¾WHQ�LQ�XQWHUVFKLHGOLFKHP�$EVWDQG�]XU�/LFKWTXHOOH�EHL�9HU¾QGHUXQJ�GHU
*OXFRVHNRQ]HQWUDWLRQ
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)ÖU MHGHV ([SHULPHQW LVW HLQ HLJHQHV .DOLEUDWLRQVPRGHOO EHUHFKQHW ZRUGHQ�

3UREDQGHQÖEHUJUHLIHQGH 0RGHOOH VWHKHQ QRFK DXV� (LQ *UXQG� GHU HLQHQ VROFKHQ $QVDW]

YHUELHWHW� LVW GLH WURW] .DOLEUDWLRQ��$EVFKQ������ UHODWLY JUR¹H 'LIIHUHQ] ]ZLVFKHQ GHQ

HLQ]HOQHQ 6HQVRUHQ GHU 1,7������6HULH� =XGHP JHOLQJW HV QLFKW� GLH +HWHURJHQLW¾W GHU

0H¹RUWH XQWHUVFKLHGOLFKHU 3UREDQGHQ ]X PRGHOOLHUHQ� 6HOEVW EHL GHU 3DUDOOHOPHVVXQJ

PLW ]ZHL 6HQVRUHQ VLQG JXW ÖEHUHLQVWLPPHQGH 5HVXOWDWH ZLH LQ $EE� ��� 6���� VHKU

VHOWHQ� +LHU ZLUNHQ VLFK GLH LQWUDLQGLYLGXHOOH 9DULDWLRQ GHU +DXWPRUSKRORJLH XQG GLH

6WÐUXQJ HLQ]HOQHU 'HWHNWRUHQ �$EE� ����6���� QHJDWLY DXV� (UVFKZHUHQG NRPPW KLQ]X�

GD¹ GLH 'HWHNWRUHQ QDK DQ GHU /LFKWTXHOOH DXV PH¹WHFKQLVFKHQ (UIRUGHUQLVVHQ GHXWOLFK

NOHLQHU VLQG DOV GLH ZHLWHU HQWIHUQWHQ XQG GDKHU QLFKW LQ JOHLFKHP 0D¹H ÖEHU JHVWÐUWH

$UHDOH� ]�%� /XIWEODVHQ RGHU +DDUH� LQWHJULHUHQ ZLH GLH JUR¹IO¾FKLJHQ ¾X¹HUHQ 3KRWR�

HOHPHQWH� 'LH LQQHUHQ 'HWHNWRUHQ WUDJHQ MHGRFK GLH JUÐ¹WH *OXFRVHLQIRUPDWLRQ� 'DKHU

HUVFKHLQW�GDV�(UVWHOOHQ�YRQ�SUREDQGHQÖEHUJUHLIHQGHQ�.DOLEUDWLRQVPRGHOOHQ�DOV�YHUIUÖKW�

'DV 0RGHOO IÖU HLQ HLQ]HOQHV ([SHULPHQW �:�.����D� ]HLJW *OHLFKXQJ���� (V VWHKW

H[HPSODULVFK IÖU GLH 9HUVXFKH PLW 1,7������ $XV GHQ 'DWHQ YRQ MH VHFKV DXIHLQDQGHU�

IROJHQGHQ 0HVVXQJHQ EHL GUHL YHUVFKLHGHQHQ *OXFRVHNRQ]HQWUDWLRQHQ ZXUGH GLH .DOL�

EUDWLRQ EHUHFKQHW XQG GLHQWH ]XU (UPLWWOXQJ GHU :HUWH IÖU GLH YHUEOHLEHQGHQ ���

=HLWSXQNWH��$EE� ���� 'HU 0H¹]HLWUDXP IÖU GLH .DOLEUDWLRQVGDWHQ EHWUXJ MHZHLOV GUHL

0LQXWHQ� 'LH 7HPSHUDWXU ZLUG LQ ��& DQJHJHEHQ XQG GLH ,QWHQVLW¾W GHU 5HIOH[LRQ ,[[ LQ

S$���PP� DOV GHU 3KRWRVWURP GHV HQWVSUHFKHQGHQ 'HWHNWRUV� 'LH .RQ]HQWUDWLRQVDQJDEH

IÖU�GLH�*OXFRVH�F*OXFRVH�HUIROJW�LQ�PJ�GO�

������

Abb. 38 /DGXQJHQ�IÖU�]ZHL
+DXSWNRPSRQHQWHQ
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����

'LH 9DULDQ]DQDO\VH �7DE� �� GHV ([SHULPHQWHV ]HLJW� GD¹ GLH HUPLWWHOWHQ 3DUDPHWHU

GHV 0RGHOOV����� VLJQLILNDQW VLQG� 'HU EHUHFKQHWH :HUW LVW JUÐ¹HU DOV GHU NULWLVFKH

)�������������� ������ 'HU $QSDVVXQJVWHVW LVW VLJQLILNDQW� (EHQVR YHUKDOWHQ VLFK GLH

5HJUHVVLRQVPRGHOOH DXFK IÖU GLH UHVWOLFKHQ ([SHULPHQWH� 'LH $QDO\VH GHU 5HVLGXHQ ]HLJW�

GD¹ DXVUHL¹HUYHUG¾FKWLJH %HREDFKWXQJHQ EHYRU]XJW LQ %HUHLFKHQ VFKQHOOHU �QGHUXQJHQ

GHU *OXFRVHNRQ]HQWUDWLRQ DXIWUHWHQ� :HJHQ GHU SK\VLRORJLVFK EHGLQJWHQ .RQ]HQWUD�

WLRQVXQWHUVFKLHGH ]ZLVFKHQ ,6) XQG %OXW LVW GLHV QLFKW ÖEHUUDVFKHQG� :HLWHUKLQ ZXUGH

DXI MHJOLFKH (OLPLQDWLRQ YRQ $XVUHL¹HUQ YHU]LFKWHW� 'LH HUVWHOOWHQ 0RGHOOH VROOWHQ VR

UREXVW VHLQ� HLQ]HOQH IDOVFKH :HUWH WROHULHUHQ ]X NÐQQHQ� (LQ VROFKHV 9RUJHKHQ

PLQLPLHUW�GLH�*HIDKU��GLH�:HUWH�]X�VWDUN�GHQ�(UZDUWXQJHQ�DQ]XSDVVHQ�

'LH (UJHEQLVVH GHU PLWWHOV 'UHLSXQNWNDOLEUDWLRQ HUVWHOOWHQ 0RGHOOH VLQG WHLOZHLVH

HUVWDXQOLFK JXW� (LQ KHUDXVUDJHQGHV LVW LQ $EE� �� GDUJHVWHOOW� (V ZLUG HLQH LP 5DKPHQ

GHU ÖEOLFKHQ 9HUVXFKH UHODWLY NOHLQH *OXFRVHYDULDWLRQ YRQ ����PJ�GO VHKU JXW DEJHELOGHW�

$XFK DX¹HUKDOE GHV NDOLEULHUWHQ %HUHLFKHV OLHJHQGH 0HUNPDOH ILQGHQ VLFK ZLHGHU XQG

NÐQQHQ QLFKW HLQIDFK DXVZHQGLJ JHOHUQW ZRUGHQ VHLQ� ¶EHUUDVFKHQG JXW VWLPPHQ 1,�

6LJQDO XQG %OXWJOXFRVH ÖEHUHLQ� +HUYRU]XKHEHQ LVW GLH 6WDELOLW¾W GHV 0RGHOOV ÖEHU GHQ

=HLWUDXP GHU .DOLEUDWLRQVSXQNWH KLQDXV� =XPHLVW ]HLJHQ GLH LQ GHU =HLWDFKVH

H[WUDSROLHUWHQ :HUWH HLQH DXIJHSU¾JWH 'ULIW��$EE� ����6����� :DV GLHVHQ XQG ¾KQOLFKH

9HUVXFKH RGHU 3UREDQGHQ DXV]HLFKQHW� LVW QRFK ZHLWJHKHQG XQNODU� 'LH JUR¹H SK\VLR�

ORJLVFKH�9DULDELOLW¾W�LVW�*HJHQVWDQG�ZHLWHUHU�8QWHUVXFKXQJHQ�

'LH 5HVXOWDWH GHU NRQWLQXLHUOLFKHQ .DOLEUDWLRQ VLQG GHXWOLFK EHVVHU DOV GLH GHU

SXQNWXHOOHQ 3&5�0RGHOOH� 'LHVHV LVW RE GHU KRKHQ =DKO YRQ 6WÖW]VWHOOHQ QLFKW

������

Tab. 1 9DULDQ]DQDO\VH�'UHLSXQNWNDOLEUDWLRQ�PLWWHOV�3&5�IÖU�:�.����D

ANOVA QS FG MQS F-Wert p-Wert

QS
Korr

28122 18 1562.33

QS
Fakt

28099 5 5619.80 3245.55 0.0000

QS
R

22.51 13 1.73

F*OXFRVH = ����A�����C7HPSHUDWXUB������C,���A������C,���A������C,���
A������C,���A������C,���B������C,���B������C,���
B������C,���A������C,���A������C,���A������C,����



VRQGHUOLFK ÖEHUUDVFKHQG� %HPHUNHQVZHUW GDJHJHQ LVW� GD¹ PLW GHQ NRQWLQXLHUOLFKHQ

3&5�0RGHOOHQ GLH &ODPS�9HUVXFKH QLFKW ZHVHQWOLFK EHVVHU EHVFKULHEHQ ZHUGHQ

NÐQQHQ� 'LH PLW HLQHP JUÐ¹HUHQ V\VWHPDWLVFKHQ )HKOHU GHU 5HIHUHQ]PHVVXQJ EHKDIWHWHQ

([SHULPHQWH QDFK GLHVHP 3URWRNROO ]HLJHQ DXFK HLQHQ JUÐ¹HUHQ )HKOHU LQ GHQ

NDOLEULHUWHQ :HUWHQ� 'LH $EZHVHQKHLW GLHVHV 9HUKDOWHQV Z¾UH HLQ VLFKHUHV $Q]HLFKHQ IÖU

HLQ 2YHUILWWLQJ JHZHVHQ� 'HU HQWJHJHQJHVHW]WH (IIHNW NRQQWH HEHQIDOOV QLFKW EHREDFKWHW

ZHUGHQ� .HLQ DXJHQVFKHLQOLFK JHOXQJHQHV ([SHULPHQW ]HLJWH QDFK GHU .DOLEUDWLRQ

VFKOHFKWHUH (UJHEQLVVH� 0DQ NDQQ GDKHU GDYRQ DXVJHKHQ� GD¹ NHLQH ZHVHQWOLFKHQ

)DNWRUHQ YHUQDFKO¾VVLJW ZRUGHQ VLQG� 'LH +DXSWNRPSRQHQWHQ]DKO ZDU GDKHU DQJH�

PHVVHQ�JHZ¾KOW�

'LH %HWUDFKWXQJ GHU PLWWOHUHQ 6WDQGDUGIHKOHU GHU 3&5�0RGHOOH �$EE� ��� ]HLJW HLQ

¾KQOLFKHV %LOG ZLH EHUHLWV GLH 2/6�'DWHQ� (V H[LVWLHUW HLQ JUR¹HU 8QWHUVFKLHG ]ZLVFKHQ

GHQ JHPLWWHOWHQ 6(3� XQG 6(&�:HUWHQ IÖU GLH 'UHLSXQNWNDOLEUDWLRQ� ZREHL EHLGH YRQ

GHQ GXUFK GLH NRQWLQXLHUOLFKH .DOLEUDWLRQ YRUJHJHEHQHQ EHVWPÐJOLFKHQ :HUWHQ DEZHL�

FKHQ� 7HQGHQ]LHOO YHUEHVVHUQ VLFK GLH HUUHLFKWHQ (UJHEQLVVH PLW GHU 3URMHNWGDXHU� 'LH

&ODPS�9HUVXFKH PLW 0DUN�,, XQG 1,7����� ZXUGHQ ]X %HJLQQ GHU $UEHLW DXVJHIÖKUW�

Z¾KUHQG GLH ([SHULPHQWH QDFK GHP 2*77�3URWRNROO PLW 1,7����� DNWXHOO VLQG� +LHU

VSLHJHOQ VLFK GLH ZHLWHUHQWZLFNHOWH 7HFKQLN XQG GDV JHZDFKVHQH 9HUVW¾QGQLV GHU

3K\VLRORJLH NODU ZLGHU� 0LWWHOV GHU NRQWLQXLHUOLFKHQ .DOLEUDWLRQ XQWHUVFKULWWHQ ��� GHU

1,7������([SHULPHQWH QDFK GHP 2*77 3URWRNROO GLH *UHQ]H YRQ ���PJ�GO IÖU GHQ 6(3

������

Abb. 39 0LW�HLQHU�'UHLSXQNWNDOLEUDWLRQ�ÖEHU�3&5�XQG�5HIOH[LRQVGDWHQ�EHUHFKQHWHV�5HVXOWDW

EGA A B C D E U Methodenvergleich W8K1709A

N 474 9 0 0 0 0 Y= -0.347[±2.375] + 0.986[±0.014] * X; r=0.9874

% 98.14 1.86 0.00 0.00 0.00 0.00
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XQG VRJDU ���� EHL GHU 'UHLSXQNWNDOLEUDWLRQ� 'LH (LQ]HOHUJHEQLVVH NÐQQHQ ZLHGHUXP

GHP $QKDQJ �A9��6������ A10��6������ HQWQRPPHQ ZHUGHQ� $EELOGXQJHQ GHU 1,7������

([SHULPHQWH�VLQG�XQWHU�A12��6������]X�ILQGHQ�

������

Abb. 40 0LWWHOZHUWH�YRQ�6(&�XQG�6(3�IÖU�3&5�.DOLEUDWLRQVPRGHOOH�
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����� 9HUJOHLFK�GHU�9HUIDKUHQ�XQG�.DOLEUDWLRQVVWUDWHJLHQ

,Q GLHVHP $EVFKQLWW VROOHQ GLH 5HVXOWDWH GHU YHUVFKLHGHQHQ $QV¾W]H YHUJOLFKHQ

ZHUGHQ� (V ZLUG GDUDXI YHU]LFKWHW� DOOH EHUHFKHQEDUHQ VWDWLVWLVFKHQ %HZHUWXQJVJUÐ¹HQ

DXI]XIÖKUHQ� (V PÖVVHQ QRFK ]X YLHOH $QQDKPHQ LQ GHU 0RGHOOLHUXQJ XQG GHU )HVW�

OHJXQJ YRQ 5DQGZHUWHQ JHPDFKW ZHUGHQ� 'HUHQ 6XEMHNWLYLW¾W ZÖUGH GHQ VWDWLVWLVFKHQ

:HUWHQ HLQH XQ]XO¾VVLJH *HQDXLJNHLW YHUOHLKHQ� 6WDWW GHVVHQ VLQG GLH 8QWHUVFKLHGH XQG

*HPHLQVDPNHLWHQ�DXIJHIÖKUW�

'LH (UJHEQLVVH GHU 2/6�.DOLEUDWLRQ PLW �
V XQG GLH 5HVXOWDWH GHU 3&5�,QWHQVLW¾WV�

0RGHOOH ]HLJHQ HLQH ÖEHUUDVFKHQG KRKH ¶EHUHLQVWLPPXQJ� ,Q $EE� �� VLQG DOOH EHUHFK�

QHWHQ 9HUO¾XIH GHU *OXFRVHNRQ]HQWUDWLRQ IÖU HLQ &ODPS�([SHULPHQW PLW 0DUN�,, XQG

GLH %HZHUWXQJVNHQQJUÐ¹HQ GDUJHVWHOOW� 'LH 4XDOLW¾W GHV 9HUVXFKHV OLHJW GHXWOLFK ÖEHU

GHP�0LWWHO�IÖU�GLHVHV�3URWRNROO�XQG�GLHVHV�0H¹V\VWHP�

$OOHQ YLHU $XVZHUWXQJHQ LVW JHPHLQVDP� GD¹ GLH $EZHLFKXQJHQ ]ZLVFKHQ GHU

5HIHUHQ]NRQ]HQWUDWLRQ LP %OXW XQG GHP QLFKWLQYDVLY JHPHVVHQHQ 6LJQDO DQ GHQ

SK\VLRORJLVFK ZDKUVFKHLQOLFKVWHQ %HUHLFKHQ DXIWUHWHQ� 'DV PLWWHOV NRQWLQXLHUOLFKHU

.DOLEUDWLRQ�HUVWHOOWH�3&5�0RGHOO�ZHLVW�GLH�EHVWHQ�5HVXOWDWH�DXI�

0LW GHU +DXSWNRPSRQHQWHQUHJUHVVLRQ NRQQWHQ HUVWPDOV DXFK :HUWH YRQ 1,7�����

DQDORJ ]X GHQ DQGHUHQ 0H¹V\VWHPHQ DXVJHZHUWHW ZHUGHQ��7DE� ���6����� 'LH JHULQJH

=DKO YRQ 'HWHNWRUHQ JHVWDWWHW NHLQH KLQUHLFKHQG JHQDXH %HUHFKQXQJ GHU RSWLVFKHQ

3DUDPHWHU �D XQG �
V� 'DKHU PX¹WH GLH 4XDOLW¾W GHU ([SHULPHQWH LPPHU YLVXHOO DXV GHQ

5HIOH[LRQVGDWHQ DEJHVFK¾W]W ZHUGHQ� (V ]HLJWH VLFK� GD¹ VLH GXUFKDXV PLW GHP 0DUN�,,�

6\VWHP YHUJOHLFKEDUH 5HVXOWDWH OLHIHUQ� 'DEHL LVW ]X EHDFKWHQ� GD¹ HV VLFK XP

DXVJHZ¾KOWH� DXJHQVFKHLQOLFK JHOXQJHQH ([SHULPHQWH KDQGHOW� XQG GDV EHL IÖQI

+DXSWNRPSRQHQWHQ IÖU VLHEHQ (LQJDQJVJUÐ¹HQ HLQ JHZLVVHV 2YHUILWWLQJ ZDKUVFKHLQOLFK

LVW��7URW]GHP�VLQG�GLH�5HVXOWDWH�ÖEHU]HXJHQG�

'LH KRKH ¶EHUHLQVWLPPXQJ ]ZLVFKHQ GHU PHFKDQLVWLVFKHQ 'LIIXVLRQVWKHRULH XQG

GHP 3&5�0RGHOO LVW ÖEHUUDVFKHQG �A7� 6������ ELV A12� 6������� (V ZDU QLFKW ]X HUZDU�

WHQ� GD¹ HLQ UHODWLY HLQIDFKHV 7UDQVIRUPDWLRQVYHUIDKUHQ GLH NRPSOH[HQ =XVDP�

PHQK¾QJH GHU 'LIIXVLRQVWKHRULH VR JXW ZLHGHUJLEW� (LQHQ $QWHLO GDUDQ GÖUIWH GDV UHODWLY

HLQIDFKH 9HUVXFKVSURWRNROO KDEHQ� 'LH 3UREDQGHQ OLHJHQ LQ HLQHU NOLPDWLVLHUWHQ 8PJH�

EXQJ UXKLJ LP %HWW� 'UXFN� XQG %HZHJXQJVHLQIOÖVVH VLQG ZHLWJHKHQG DXVJHVFKDOWHW� ,Q

GLHVHP 8PIHOG ELOGHQ 'ULIW XQG *OXFRVHYDULDWLRQ WDWV¾FKOLFK GLH +DXSWHLQIOX¹IDNWRUHQ�

������



'DKHU VROOWH PDQ GLH 3&5�EDVLHUWHQ 0RGHOOH QLFKW DOV $EOÐVXQJ GHV DXI GHU

'LIIXVLRQVWKHRULH EDVLHUHQGHQ $QVDW]HV DQVHKHQ� 6LH VWHOOHQ GHQ PLW GHQ 0H¹V\VWHPHQ

PD[LPDO HUUHLFKEDUHQ 4XDOLW¾WVVWDQGDUG GDU� %HL ([SHULPHQWHQ� GLH HLQH QDFK HPSL�

ULVFKHQ 0D¹VW¾EHQ JHQDXH %HUHFKQXQJ GHV 6WUHXNRHIIL]LHQWHQ HUPÐJOLFKWHQ� ]HLJW VLFK

GDV VHKU GHXWOLFK� %HL LKQHQ LVW GLH 'LIIHUHQ] ]ZLVFKHQ 3&5� XQG 2/6�0RGHOO UHODWLY

NOHLQ� =XNÖQIWLJH 9HUVXFKH PLW HLQHP Q¾KHU DQ GHQ 7DJHVDEODXI GHV 'LDEHWLNHUV

DQJHOHKQWHQ 3URWRNROO VROOWHQ GLH *OHLFKZHUWLJNHLW EHLGHU $QV¾W]H EHZHLVHQ� %HL YHU�

VWDQGHQHQ 5DQGEHGLQJXQJHQ GHU 'LIIXVLRQVWKHRULH ZLUG GLH GD]X QRWZHQGLJH JHQDXH

�
V�%HUHFKQXQJ�SUREOHPORV�PÐJOLFK�VHLQ�

9HUJOHLFKW PDQ GLH 5HVXOWDWH GHU NRQWLQXLHUOLFKHQ XQG GHU 'UHLSXQNWNDOLEUDWLRQ

PLWHLQDQGHU� VR ]HLJHQ VLFK EHL EHLGHQ 0HWKRGHQ �3&5 XQG 2/6� JUR¹H 8QWHUVFKLHGH�

(LQH 8UVDFKH VLQG GLH GLIIXVLRQVNRQWUROOLHUWHQ $XVJOHLFKVSUR]HVVH GHU *OXFRVH ]ZLVFKHQ

%OXW XQG ,6)� 6LH WUHWHQ EHVRQGHUV VWDUN EHL GHU 'UHLSXQNWNDOLEUDWLRQ KHUYRU� %HILQGHQ

VLFK HLQLJH GHU 6WÖW]VWHOOHQ LQ HLQHP %HUHLFK PLW HLQHP JUR¹HQ .RQ]HQWUDWLRQVXQWHU�

VFKLHG�]ZLVFKHQ�,6)�XQG�%OXW��HUK¾OW�PDQ�.DOLEUDWLRQVPRGHOOH�PLW�HLQHP�V\VWHPDWLVFKHQ

)HKOHU� .DOLEULHUW PDQ NRQWLQXLHUOLFK� YHUULQJHUW GLHV GHQ )HKOHU GHXWOLFK� =XGHP

JHVWDWWHW�HV�HLQH�ZHLWDXV�EHVVHUH�%HUÖFNVLFKWLJXQJ�YRQ�'ULIWHUVFKHLQXQJHQ�

(V LVW QRFK QLFKW VLFKHU JHNO¾UW� RE VLFK GLH '\QDPLN GHU *OXFRVHYDULDWLRQ DXFK

VRIRUW LQ HLQHU �QGHUXQJ GHV 6WUHXNRHIIL]LHQWHQ DEELOGHW� (LQ VROFKHV 9HUKDOWHQ LVW

VFKZHU YRUVWHOOEDU� :HJHQ GHU IHKOHQGHQ 5HIHUHQ]DQDO\WLN IÖU GLH *OXFRVH LP ,6) GHV

0H¹YROXPHQV �ZREHL QLFKW JHQDX EHNDQQW LVW� ZR HLJHQWOLFK GHU 0H¹RUW LVW� XQG GHP

)HKOHQ HLQHU XQDEK¾QJLJHQ 0HWKRGH ]XU 9DOLGLHUXQJ XQVHUHU EHUHFKQHWHQ 6WUHX�

NRHIIL]LHQWHQ�LVW�GDV�HLQH�+\SRWKHVH��6LH�KDW�VLFK�DOOHUGLQJV�LQ�GHU�3UD[LV�JXW�EHZ¾KUW�

(LQH ZHLWHUH 6WÐUJUÐ¹H VWHOOW GLH 'ULIW GDU� 8QWHU GLHVHP %HJULII ZHUGHQ DOOH 9HU¾Q�

GHUXQJHQ PLW HLQHU GHXWOLFK ÖEHU GHU DNWXHOOHQ 9HUVXFKVGDXHU OLHJHQGHQ =HLWNRQVWDQWH

]XVDPPHQJHID¹W� $XV ZHOFKHQ )DNWRUHQ VLFK GLHVHV 3K¾QRPHQ NRQNUHW ]XVDPPHQVHW]W�

LVW QRFK ZHLWJHKHQG XQNODU� 6LFKHU LVW� GD¹ GHU $EVFKOX¹ GHU +DXW GXUFK 0H¹NRSI XQG

.OHEHU HLQH 5ROOH VSLHOW� 2EJOHLFK PDQ QDFK GHP $EQHKPHQ GHU 6HQVRUHQ NHLQH

VLFKWEDUHQ =HLFKHQ YRQ DXIJHTXROOHQHQ +DXWVFKLFKWHQ HUNHQQHQ NDQQ� LVW HV ZDKU�

VFKHLQOLFK� GD¹ GLHVHU (IIHNW QLFKW ]X YHUQDFKO¾VVLJHQ LVW� (UVWH /DQJ]HLWYHUVXFKH PLW

1,7������ MHGRFK HLQHP DQGHUHQ ,QWHUIDFHPDWHULDO� ]HLJWHQ $QSDVVXQJVHIIHNWH YRQ ELV ]X

]ZÐOI 6WXQGHQ 'DXHU� (V JDE HEHQVR $Q]HLFKHQ IÖU HLQHQ 7DJHVUK\WKPXV� 'LHVH 8QWHU�

VXFKXQJHQ�PÖVVHQ�PLW�GHQ�DNWXHOOHQ�6\VWHPHQ�IRUWJHIÖKUW�ZHUGHQ�

������



������

Abb. 41 $UEHLWVEODWW�PLW�5HVXOWDWHQ�IÖU�NRQWLQXLHUOLFKH�XQG�'UHLSXQNWNDOLEUDWLRQ��REHQ�E]Z��XQWHQ��YRQ
3&5��XQG�2/6�0RGHOOHQ

Mark II DC* Klinik Juli 96 Clampversuche P6H0607a L

EGA A B C D E U Methodenvergleich H0607_L8

N 378 142 0 0 0 0 Y= -2.779[±6.309] + 0.997[±0.028] * X; r=0.9512

% 72.69 27.31 0.00 0.00 0.00 0.00

EGA A B C D E U Methodenvergleich H0607_L8

N 269 249 0 2 0 0 Y= -0.798[±9.902] + 0.997[±0.045] * X; r=0.8876

% 35.25 59.71 0.00 5.04 0.00 0.00
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SEC: 46.091 SEP: 44.276

EGA A B C D E U Methodenvergleich H0607_L8

N 524 487 0 4 0 0 Y= 14.574[±7.057*] + 0.95[±0.033*] * X; r=0.8734

% 51.63 47.98 0.00 0.39 0.00 0.00 * signifikante Abweichung von b0=0; b1=1

EGA A B C D E U Methodenvergleich H0607_L8

N 524 487 0 4 0 0 Y= 17.477[±6.968*] + 0.937[±0.032*] * X; r=0.8733

% 51.63 47.98 0.00 0.39 0.00 0.00 * signifikante Abweichung von b0=0; b1=1
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%HL GHU $XVZHUWXQJ GHV (LQIOXVVHV �,PSRUWDQFH� GHU HLQ]HOQHQ 9DULDEOHQ DXI GLH

HUVWHOOWHQ .DOLEUDWLRQVPRGHOOH��$EE� ��� ODVVHQ VLFK LQWHUHVVDQWH 6FKOÖVVH ]LHKHQ� 'LHVH

.HQQJUÐ¹H LVW GDV 3URGXNW DXV 5HJUHVVLRQVNRHIIL]LHQWHQ XQG 6WDQGDUGDEZHLFKXQJ GHV

HQWVSUHFKHQGHQ 'HWHNWRUV� (V LVW ]X EHUÖFNVLFKWLJHQ� GD¹ GLHVHV 0D¹ IÖU HLQ VFKOHFKWHV

6LJQDO�5DXVFK�9HUK¾OWQLV NHLQH YHUZHUWEDUHQ ,QIRUPDWLRQHQ OLHIHUW� %HL GHU NRQWLQXLHU�

OLFKHQ .DOLEUDWLRQ� KLHU LVW GLH *HIDKU HLQHU ]XI¾OOLJHQ %HYRU]XJXQJ HLQ]HOQHU .DQ¾OH

JHULQJHU� ]HLJW VLFK LP 0LWWHO GDV HUZDUWHWH 9HUKDOWHQ� =XP 3&5�,QWHQVLW¾WV�0RGHOO

WUDJHQ GLH QDKH DQ GHU /LFKWTXHOOH EHILQGOLFKHQ 'HWHNWRUHQ DP VW¾UNVWHQ EHL� ,KU (LQIOX¹

HUUHLFKW EHL ����PP� GHP $EVWDQG PLW GHU JHULQJVWHQ .RUUHODWLRQ ]XU *OXFRVH� HLQ

0LQLPXP� XP GDQQ ZLHGHU OHLFKW ]X]XQHKPHQ� %HL GHQ $EVW¾QGHQ DE ����PP LVW LP

0LWWHO GDV 6LJQDO�5DXVFK�9HUK¾OWQLV VR XQJÖQVWLJ� GD¹ NHLQH $XVVDJHQ PHKU JHWURIIHQ

ZHUGHQ NÐQQHQ� (V VFKHLQW VR� DOV ZÖUGHQ GLHVH 'HWHNWRUHQ QLFKW PHKU V\VWHPDWLVFK ]X

GHP DXI GHQ 5HIOH[LRQVGDWHQ EDVLHUHQGHP 0RGHOO EHLWUDJHQ� )ÖU GLH %HUHFKQXQJ GHU

6WUHX� XQG $EVRUSWLRQVSDUDPHWHU VLQG VLH MHGRFK QRWZHQGLJ� (V Z¾UH ]X ÖEHUSUÖIHQ� ELV

]X ZHOFKHP $EVWDQG VLH XQDEGLQJEDU VLQG XQG RE VLH QLFKW GXUFK HLQH JUÐ¹HUH =DKO YRQ

QDKHQ 'HWHNWRUHQ ]X HUVHW]HQ Z¾UHQ� 9RU GHP (QWZXUI HLQHV QHXHQ 0H¹V\VWHPV VROOWH

GLHV HUSUREW ZHUGHQ� %HL GHQ 2/6�0RGHOOHQ ]HLJW VLFK NODU� GD¹ �
V GLH *OXFRVH�

LQIRUPDWLRQ�WU¾JW��XQG�7HPSHUDWXU�XQG�'ULIW�QXU�HLQH�.RUUHNWXUIXQNWLRQ�KDEHQ�

������

Abb. 42 (LQIOX¹�GHU�HLQ]HOQHQ�9DULDEOHQ�DXI�GLH�.DOLEUDWLRQVPRGHOOH
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,Q $EELOGXQJ �� VLQG GLH (*$�%HZHUWXQJHQ YRQ ]ZHL ([SHULPHQWHQ GDUJHVWHOOW� GLH

PLWWHOV 2/6�'UHLSXQNWNDOLEUDWLRQ EHUHFKQHW ZRUGHQ VLQG� 'LH 5HIHUHQ]SXQNWH ZXUGH VR

JHZ¾KOW� GD¹ VLH QXU GHQ DQVWHLJHQGHQ $EVFKQLWW GHU *OXFRVHNRQ]HQWUDWLRQ EHUÖFNVLFK�

WLJHQ� 'LH 9HUULQJHUXQJ VROOWH PLW GHQ 0RGHOOHQ YRUKHUJHVDJW ZHUGHQ� 'LH IÖU GLHVHQ

=HLWDEVFKQLWW JHIXQGHQHQ :HUWH VLQG VWDUN GXUFK GLH %DVLVOLQLHQGULIW ÖEHUODJHUW XQG

ELOGHQ GHQ YRQ GHU ,GHDOOLQLH DEZHLFKHQGHQ .XUYHQ]XJ� 'LH ,QWHUSRODWLRQ ]ZLVFKHQ GHQ

6WÖW]VWHOOHQ IXQNWLRQLHUW KHUYRUUDJHQG� 'LH QLFKWLQYDVLY EHVWLPPWHQ :HUWH IROJHQ VHKU

JHQDX�GHU�%OXWJOXFRVHNRQ]HQWUDWLRQ�

������

Abb. 43 (*$�%HZHUWXQJ�YRQ�(UJHEQLVVHQ�GHU�'UHLSXQNWNDOLEUDWLRQ�PLWWHOV�2/6�XQG�'LIIXVLRQVWKHRULH

500

Streufeld

W8K1709a

Parameter

Grenze abs. / rel. 100

Tol.Grenzen abs.: 15

Tol.Grenzen rel.: 15

Anzahl Werte abs. rel.

gesamt: 483

gültig: 483 100.00%

außerhalb von A: 83 17.18%

in A: 400 82.82%

in B: 83 17.18%

in C: 0 0.00%

in D: 0 0.00%

in E: 0 0.00%

in A und D: 0 0.00%
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Parameter

Grenze abs. / rel. 100

Tol.Grenzen abs.: 15

Tol.Grenzen rel.: 15

Anzahl Werte abs. rel.

gesamt: 447

gültig: 444 100.00%

außerhalb von A: 146 32.88%

in A: 298 67.12%

in B: 93 20.95%

in C: 28 6.31%

in D: 21 4.73%

in E: 4 0.90%

in A und D: 0 0.00%
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7URW] DOOHU $QQDKPHQ XQG 6FKZLHULJNHLWHQ ]HLJHQ VRZRKO GLH 3&5� DOV DXFK GLH

2/6�0RGHOOH� GD¹ GLH ]ZLVFKHQ GHQ .DOLEUDWLRQVSXQNWHQ JHPHVVHQHQ :HUWH JXW LQWHU�

SROLHUW ZHUGHQ NÐQQHQ� 6LH VLQG MHGRFK YRQ GHU 4XDOLW¾W KDQGHOVÖEOLFKHU 7HVWVWUHLIHQ

QRFK ZHLW HQWIHUQW� 'DV ]HLJW GLH %HZHUWXQJ PLWWHOV GHU (UURU�*ULG�$QDO\VH��7DE� ��� ,P

0LWWHO EHILQGHW VLFK HLQ 'ULWWHO GHU 0H¹ZHUWH DX¹HUKDOE YRQ =RQH $� $OOHUGLQJV OLHJHQ

QXU VHKU ZHQLJH :HUWH GDYRQ LQ GHQ %HUHLFKHQ &� ' XQG (� =ZHL 'ULWWHO DOOHU (UJHEQLVVH

IÖU HLQ UHODWLY JUR¹HV XQG UHFKW KHWHURJHQHV 3UREDQGHQNROOHNWLY VLQG LP %HUHLFK YRQ

����� YRP 6ROOZHUW �=RQH $�� 'DV JLEW EHUHFKWLJWHQ $QOD¹ ]XU +RIIQXQJ� GD¹ PLW HLQHU

PRGHUDWHQ =DKO YRQ LQYDVLYHQ 5HIHUHQ]PHVVXQJHQ HLQH NRQWLQXLHUOLFKH UHWURVSHNWLYH

*OXFRVHPHVVXQJ PÐJOLFK VHLQ ZLUG� 'LHV LVW ]ZDU QRFK ZHLW YRQ GHQ :ÖQVFKHQ GHU

'LDEHWLNHU HQWIHUQW� VWHOOW DEHU HLQHQ ZLFKWLJHQ 6FKULWW ]X HLQHP QLFKWLQYDVLYHQ NRQWL�

QXLHUOLFKHQ�*OXFRVHPRQLWRU�GDU�

������

Tab. 2 0LWWHOZHUWH�GHU�%HZHUWXQJVNHQQJUÐ¹HQ�XQWHUVFKLHGOLFKHU�.DOLEUDWLRQVVWUDWHJLHQ��*HU¾WH�XQG
9HUVXFKVSURWRNROOH

Protokoll Anzahl EGA [%] Wiederfindungsfunktion

[mg/dl] [mg/dl] A B C D E Korrelationskoeffizient r

OLS

Mark II Clamp 26 63.45 13.03 62.83 13.90 36 57 4 3 0 0.7115

NIT 1.37 Clamp 22 40.52 16.93 40.37 16.68 57 40 2 2 0 0.8351

NIT 1.37 OGTT 40 23.63 10.54 23.31 10.09 73 26 0 1 0 0.8604

OLS 3P

Mark II Clamp 26 20.23 16.32 196.51 183.80 27 50 15 6 1 0.4701

NIT 1.37 Clamp 22 18.00 30.94 75.47 64.00 50 40 8 2 0 0.6940

NIT 1.37 OGTT 40 11.79 19.42 51.10 37.61 64 30 4 1 1 0.7036

PCR-I

Mark II Clamp 26 46.67 12.09 46.37 12.05 48 50 1 1 0 0.8581

NIT 1.36 Clamp 16 38.56 9.12 41.03 11.17 56 43 0 0 0 0.9029

NIT 1.37 Clamp 22 28.02 9.73 27.95 9.88 71 28 0 0 0 0.9281

NIT 1.37 OGTT 40 14.91 5.23 14.90 5.40 94 6 0 0 0 0.9474

PCR-I 3P

Mark II Clamp 26 12.47 5.38 125.37 81.31 31 48 12 8 2 0.5038

NIT 1.36 Clamp 16 8.35 5.68 115.91 48.47 39 46 10 4 1 0.6277

NIT 1.37 Clamp 22 10.07 12.55 54.80 27.48 60 33 5 2 0 0.7837

NIT 1.37 OGTT 40 6.54 4.82 40.22 24.92 70 26 3 1 0 0.7865

xSEPxSEC sSEPsSEC



� =XVDPPHQIDVVXQJ

=LHO GLHVHU $UEHLW ZDU HV� 6WÐUJUÐ¹HQ EHL GHU QLFKWLQYDVLYHQ *OXFRVHPHVVXQJ ]X

LGHQWLIL]LHUHQ XQG 9HUIDKUHQ ]XU .DOLEUDWLRQ HLQHV HQWVSUHFKHQGHQ 6HQVRUV ]X HQWZLN�

NHOQ� $OV 0H¹SULQ]LS GLHQWH GLH RUWVDXIJHOÐVWH 0HVVXQJ GHU 5HIOH[LRQ� 0LW GHU

'LIIXVLRQVWKHRULH ZXUGH GLH /LFKWDXVEUHLWXQJ LQ GHU +DXW EHVFKULHEHQ� (V JDOW� VRZRKO

SK\VLRORJLVFKH (LQIOÖVVH ]X EHREDFKWHQ DOV DXFK GLH PRGHOOEHGLQJWHQ )HKOHU ]X

XQWHUVXFKHQ� 'D]X ZXUGHQ PHKU DOV ��� ([SHULPHQWH LQ�YLYR YRUJHQRPPHQ XQG DXV�

JHZHUWHW��

'LH 7HPSHUDWXU GHU +DXW KDW HLQHQ JUR¹HQ (LQIOX¹ DXI GDV 0H¹VLJQDO� 6LH YDULLHUW

LQ )ROJH ¾X¹HUHU 5HL]H XQG JH¾QGHUWHU 6WRIIZHFKVHOSUR]HVVH� 9HU¾QGHUXQJHQ YRQ %OXW�

IOX¹ XQG 2[LJHQLHUXQJVJUDG VSLHJHOQ VLFK LQ GHU 5HIOH[LRQ ZLGHU� 'LH YHUVFKLHGHQHQ

+DXWEHVWDQGWHLOH EHVLW]HQ HLQH XQJOHLFKH 7HPSHUDWXUDEK¾QJLJNHLW GHV %UHFKXQJV�

LQGH[HV� 'LH 9HUK¾OWQLVVH DQ GHQ *UHQ]IO¾FKHQ GHU =HOOHQ YDULLHUHQ� 'DPLW EHHLQIOXVVHQ

VLH GLH 0HQJH GHV JHVWUHXWHQ /LFKWHV� 'LH 7HPSHUDWXU KDW VRPLW GLHVHOEHQ $XVZLUNXQJHQ

ZLH GLH *OXFRVH DXI GDV 6LJQDO� ,Q /DQJ]HLWYHUVXFKHQ ZXUGH HLQH 9DULDWLRQ GHU +DXWWHP�

SHUDWXU YRQ ELV ]X ���& JHPHVVHQ� %HL HLQHU 6HQVLWLYLW¾W YRQ FD����������& JHKW VLH PLW

HLQHP ¾KQOLFKHQ $QWHLO ZLH GLH *OXFRVH LQ GDV 6LJQDO HLQ� 'D GLH 7HPSHUDWXU JXW

PH¹EDU�LVW��NDQQ�VLH�SUREOHPORV�LQ�GHQ�0RGHOOHQ�HUID¹W�ZHUGHQ�

'DV $XIEULQJHQ GHV 0H¹V\VWHPV DXI GLH +DXW IÖKUW ]X VHKU NRPSOH[HQ $XVZLU�

NXQJHQ� ,Q GHQ (UJHEQLVVHQ GHU .OLQLNYHUVXFKH ]HLJW VLFK ]XPHLVW HLQH ]HLWOLFK

DQVWHLJHQGH 'ULIW� 'LH /DQJ]HLWYHUVXFKH ]HLJWHQ� GD¹ VLFK GLHVHV 9HUKDOWHQ ELV ]X ��

6WXQGHQ IRUWVHW]HQ NDQQ� (V LVW MHGRFK VFKZLHULJ� GLH JHQDXH 8UVDFKH ]X EHVWLPPHQ� 'LH

]ZLVFKHQ 6HQVRU XQG +DXW EHILQGOLFKH $GK¾VLRQVVFKLFKW EHVLW]W HLQHQ PDWHULDO�

VSH]LILVFKHQ %UHFKXQJVLQGH[� /DJHUQ VLFK RUJDQLVFKH 6WRIIH RGHU :DVVHU DXV GHU +DXW

GDULQ HLQ� VR YHU¾QGHUW HU VLFK XQG HU]HXJW HLQH 6LJQDOGULIW� 'DV $XITXHOOHQ GHU

6FKLFKWHQ GXUFK :DVVHUHLQODJHUXQJ Z¾UH HLQH ZHLWHUH PÐJOLFKH 8UVDFKH� /HW]WHUH

HUVFKHLQW ZHJHQ GHU JUR¹HQ LQWHULQGLYLGXHOOHQ 9DULDWLRQ DOV GLH ZDKUVFKHLQOLFKHUH� 'LH

'ULIW JHVWDWWHW GHU]HLW QXU GLH UHWURVSHNWLYH %HVWLPPXQJ GHU *OXFRVHNRQ]HQWUDWLRQ ZLH

VLH�]�%��IÖU�GLH�6WRIIZHFKVHOHLQVWHOOXQJ�YRQ�'LDEHWLNHUQ�YRQ�,QWHUHVVH�LVW�

'LH *UHQ]IO¾FKH ]ZLVFKHQ 6HQVRU XQG +DXW VWHOOW QLFKW QXU HLQH SRWHQWLHOOH 4XHOOH

YRQ 'ULIWHQ GDU� VLH KDW HEHQIDOOV JUR¹HQ GLUHNWHQ (LQIOX¹ DXI GDV 0H¹VLJQDO� ,Q $EK¾Q�

JLJNHLW YRQ GHQ IÖU 6HQVRU XQG $GK¾VLRQVVFKLFKW YHUZDQGWHQ 0DWHULDOLHQ ELOGHW VLFK HLQ

������



%UHFKXQJVLQGH[VSUXQJ QUHO DXV� 'LHVHU EHHLQIOX¹W GLH /LFKWDXVEUHLWXQJ LP *HZHEH� ,VW HU

VHKU NOHLQ� LVW GLH :DKUVFKHLQOLFKNHLW VHKU KRFK� GD¹ GLH 3KRWRQHQ VRIRUW DXV GHP

0HGLXP DXVWUHWHQ� %HL KRKHP QUHO ZHUGHQ VLH DQ GHU *UHQ]IO¾FKH UHIOHNWLHUW� 'DGXUFK

YHUJUÐ¹HUW VLFK GLH $XIHQWKDOWVZDKUVFKHLQOLFKNHLW GHU 3KRWRQHQ LQ GHU 'HUPLV� +LHU

ZLUG GLH JUÐ¹WH 9HU¾QGHUXQJ GHV 6WUHXNRHIIL]LHQWHQ GXUFK *OXFRVH HUZDUWHW� 'HU $QWHLO

DQ LQWHUHVVLHUHQGHU 6WUHXLQIRUPDWLRQ LP 6LJQDO YHUJUÐ¹HUW VLFK� =XV¾W]OLFK ZLUG GXUFK

GLH KÐKHUH 5HIOHNWLYLW¾W GLH ,VRWURSLH�%HGLQJXQJ GHU 'LIIXVLRQVWKHRULH EHVVHU HUIÖOOW�

XQG�GLH�JHPHVVHQHQ�'DWHQ�ODVVHQ�VLFK�EHVVHU�PLW�LKU�EHVFKUHLEHQ�

$OV 0H¹PRGHOO ]XU 9HUIROJXQJ GHU *OXFRVH ZLUG GLH 9HU¾QGHUXQJ GHU 6WUHXHLJHQ�

VFKDIWHQ GHU +DXW EHQXW]W� 'HU =XVDPPHQKDQJ ZLUG GXUFK GLH 'LIIXVLRQVWKHRULH

EHVFKULHEHQ� 8P DXV GHQ JHPHVVHQHQ RUWVDXIJHOÐVWHQ 5HIOH[LRQHQ GLH 6WUHX� XQG

$EVRUSWLRQVNRHIIL]LHQWHQ EHUHFKQHQ ]X NÐQQHQ� LVW HLQH QLFKWOLQHDUH 5HJUHVVLRQ DXI GLH

WKHRUHWLVFKHQ ,QWHQVLW¾WVSURILOH HUIRUGHUOLFK� 'LH EHL GHU 2SWLPLHUXQJVUHFKQXQJ XQYHU�

PHLGOLFKHQ DOJRULWKPLVFKHQ ,QVWDELOLW¾WHQ XQG 5XQGXQJVIHKOHU IÖKUHQ ]X HLQHU ]XV¾W]�

OLFKHQ 9DULDQ] GHU =LHOJUÐ¹HQ� (LQH HLQHLQGHXWLJH %HVFKUHLEXQJ GHV 'DWHQUDXPV GXUFK

GLH RSWLVFKHQ (LJHQVFKDIWHQ LVW QLFKW PÐJOLFK� 'LH HUID¹WH ,QIRUPDWLRQVPHQJH JHQÖJW

QLFKW� DOOH LQWHUHVVLHUHQGHQ *UÐ¹HQ ]X VFK¾W]HQ� 'HU %UHFKXQJVLQGH[VSUXQJ QUHO NDQQ

QLFKW EHUHFKQHW ZHUGHQ� 'LH JHIXQGHQHQ :HUWH DOWHUQLHUHQ XQG GLH 3DUDPHWHUVXFKH

NRQYHUJLHUW VHKU VFKOHFKW� 8P WKHRUHWLVFKH XQG JHPHVVHQH ,QWHQVLW¾WVSURILOH PLWHLQ�

DQGHU YHUJOHLFKHQ ]X NÐQQHQ� ZLUG HLQ 6NDOLHUXQJVIDNWRU HLQJHIÖKUW� 'LHVHU LVW YRQ GHQ

DNWXHOOHQ RSWLVFKHQ (LJHQVFKDIWHQ GHV 0H¹RUWHV� GHV ,QWHUIDFHV XQG GHV 6HQVRUV

DEK¾QJLJ� :LUG HU EHL HLQHU 0HVVXQJ LQLWLDO JHVFK¾W]W� VR YHUULQJHUW VLFK GDV 5DXVFKHQ

LP 9HUJOHLFK ]X GHU ÖEHU GLH JHVDPWH 'DXHU GHV ([SHULPHQWHV YDULDEOHQ 6NDOLHUXQJ�

'LHVHU HLQJHVFKU¾QNWH 6XFKUDXP YHUPLQGHUW GDV 3UREOHP GHU IHKOHQGHQ (LQHLQGHX�

WLJNHLW� 'LH EHUHFKQHWHQ :HUWH IÖU 6WUHX� XQG $EVRUSWLRQVNRHIIL]LHQW HQWVSUHFKHQ GHQ

(UZDUWXQJHQ�EHVVHU�

'LH .DOLEUDWLRQVPRGHOOH ZXUGHQ PLW ]ZHL XQWHUVFKLHGOLFKHQ 9HUIDKUHQ HUVWHOOW� ,Q

HLQHP ZXUGH OHGLJOLFK YHUVXFKW� GDV PHFKDQLVWLVFKH 0RGHOO 'LIIXVLRQVWKHRULH XP GLH

6WÐUIDNWRUHQ ]X NRUULJLHUHQ� $XV GHQ XQDEK¾QJLJHQ 9DULDEOHQ 6WUHXNRHIIL]LHQW� 7HPSH�

UDWXU XQG 'ULIW VLQG PLWWHOV OLQHDUHU 5HJUHVVLRQ 0RGHOOH IÖU GLH 6FK¾W]XQJ GHU *OXFRVH�

NRQ]HQWUDWLRQHQ HUVWHOOW ZRUGHQ� 6R GLH 'LIIXVLRQVQ¾KHUXQJ GHQ =XVDPPHQKDQJ

]ZLVFKHQ RUWVDXIJHOÐVWHU 5HIOH[LRQ XQG 6WUHXNRHIIL]LHQW DG¾TXDW EHVFKUHLEW� VLQG JXWH

(UJHEQLVVH PÐJOLFK� 'DV LVW LQ YLHOHQ )¾OOHQ JHJHEHQ� (LQLJH 5DQGEHGLQJXQJHQ GHU

������



7KHRULH VLQG QXU Q¾KHUXQJVZHLVH JHJHEHQ� %HL YHUVFKLHGHQHQ 9HUVXFKHQ LVW GDV QLFKW

PHKU ]X NRPSHQVLHUHQ XQG HLQH %UHFKXQJ YRP �D XQG �
V QLFKW PÐJOLFK� 7URW]GHP

ZHLVHQ ���� GHU ([SHULPHQWH PLW 1,7����� HLQHQ 6(3 NOHLQHU ���PJ�GO �������PPRO�O�

DXI�

'DV ]ZHLWH 9HUIDKUHQ EHQXW]WH GLH +DXSWNRPSRQHQWHQUHJUHVVLRQ XP 0RGHOOH IÖU

GLH *OXFRVHNRQ]HQWUDWLRQ ]X HUVWHOOHQ� 6LH EDVLHUHQ DXVVFKOLH¹OLFK DXV 5HIOH[LRQV� XQG

7HPSHUDWXUZHUWHQ� ,KUH (UJHEQLVVH VLQG EHVVHU DOV GLH PLWWHOV GHU 'LIIXVLRQVQ¾KHUXQJ

EHVFKULHEHQHQ 0RGHOOH� )ÖU GLHVHOEHQ 'DWHQ XQWHUVFKUHLWHQ ���� GHU 9HUVXFKH GLH

6FKZHOOH�YRQ����PJ�GO��'LHVH�.DOLEUDWLRQHQ�ZHUGHQ�DOOHLQ�DXV�GHU�LQ�GHQ�H[SHULPHQWHOOHQ

'DWHQ HQWKDOWHQHQ ,QIRUPDWLRQ HUVWHOOW� %HL LKQHQ LVW GLH %HUHFKQXQJ HLQHV NRPSOH[HQ

PHFKDQLVWLVFKHQ 0RGHOOV QLFKW HUIRUGHUOLFK� 6LH VLQG IUHL YRQ GHP ÖEHU GLH ]XV¾W]OLFKH

0RGHOOLHUXQJ HLQJHWUDJHQHQ V\VWHPDWLVFKHQ )HKOHU� 6RPLW VWHOOHQ VLH GHQ 0D[LPDOZHUW

GHU�ÖEHU�GLHVHV�0H¹SULQ]LS�HUUHLFKEDUHQ�4XDOLW¾W�GDU�

(V ZXUGH YHUVXFKW� GHQ $QIRUGHUXQJHQ HLQHU SDWLHQWHQQDKHQ .DOLEUDWLRQ GXUFK GLH

9HUZHQGXQJ YRQ PD[LPDO GUHL 5HIHUHQ]SXQNWHQ 5HFKQXQJ ]X WUDJHQ� 'LH (UJHEQLVVH

EHLGHU 0RGHOOLHUXQJVYHUIDKUHQ YHUVFKOHFKWHUQ VLFK VLJQLILNDQW JHJHQÖEHU GHU

NRQWLQXLHUOLFKHQ .DOLEUDWLRQ� 'HQ HLQ]HOQHQ 5HIHUHQ]SXQNWHQ NRPPW HLQH VHKU JUR¹H

%HGHXWXQJ ]X� /LHJHQ VLH LQ JHVWÐUWHQ %HUHLFKHQ� VLQG GLH 0RGHOOH V\VWHPDWLVFK

YHUVFKREHQ� 'DV XQWHUVFKLHGOLFKH 9HUKDOWHQ GHU *OXFRVHNRQ]HQWUDWLRQ LQ %OXW XQG

LQWHUVWLWLHOOHU )OÖVVLJNHLW NDQQ QRFK QLFKW DG¾TXDW LQ GLH .DOLEUDWLRQ HLQEH]RJHQ ZHUGHQ�

=XGHP JHOLQJW HV QLFKW LPPHU� GLH 'ULIW PLW GHU JHZ¾KOWHQ $SSUR[LPDWLRQ KLQUHLFKHQG

JHQDX ]X EHVFKUHLEHQ� (V VWLPPW MHGRFK RSWLPLVWLVFK� GD¹ FD� ��� DOOHU 1,7������

([SHULPHQWH GLH 6FKZHOOH YRQ ���PJ�GO IÖU GHQ 6(3 XQWHUVFKUHLWHQ� 'LHVH 9HUVXFKH

GHXWHQ�PÐJOLFKH�/ÐVXQJVZHJH�DQ�

'LH YRUJHVWHOOWHQ .DOLEUDWLRQVPRGHOOH ]HLJHQ� GD¹ GLH *HZHEVJOXFRVH QLFKWLQYDVLY

EHVWLPPEDU LVW� 'HU =XVDPPHQKDQJ ]ZLVFKHQ *OXFRVH� XQG 6WUHXNRHIIL]LHQWV¾QGHUXQJ

NRQQWH JHVLFKHUW ZHUGHQ� 7HPSHUDWXU� RSWLVFKH (LJHQVFKDIWHQ GHU *UHQ]IO¾FKH 6HQVRU�

+DXW XQG GLH *ÖOWLJNHLW GHU 'LIIXVLRQVWKHRULH ZXUGHQ DOV GLH +DXSWHLQIOX¹IDNWRUHQ

LGHQWLIL]LHUW�

������



� $XVEOLFN

,Q GLHVHU $UEHLW ZXUGHQ YHUVFKLHGHQH SK\VLRORJLVFKH XQG PRGHOOEHGLQJWH (LQIOX¹�

JUÐ¹HQ EHL GHU QLFKWLQYDVLYHQ *OXFRVHEHVWLPPXQJ PLWWHOV 6WUHXNRHIIL]LHQWV¾QGHUXQJ

LGHQWLIL]LHUW� (V LVW QRWZHQGLJ� GLHVH ZHLWHU ]X TXDQWLIL]LHUHQ� XP VLH LQ HUZHLWHUWH

.DOLEUDWLRQVPRGHOOH HLQELQGHQ ]X NÐQQHQ� ,QVEHVRQGHUH HUVFKZHUW GDV JUR¹H XQG

LQKRPRJHQH 0H¹YROXPHQ GLHVH $XIJDEH� =XGHP LVW HLQ JHQDXHUHV 9HUVW¾QGQLV GHU

JUXQGOHJHQGHQ SK\VLRORJLVFKHQ� GLH *ÖOWLJNHLW GHU 'LIIXVLRQVWKHRULH EHHLQIOXVVHQGHQ�

3UR]HVVH�HUIRUGHUOLFK�

'LH 'LIIXVLRQVWKHRULH DUEHLWHW PLW YLHOHQ 5DQGZHUWHQ� +LHU VROOWHQ ZHLWHUH 8QWHUVX�

FKXQJHQ DQJUHLIHQ� 8P GLH 6WUHX� XQG $EVRUSWLRQVNRHIIL]LHQWHQ VWHWV ]XYHUO¾VVLJ ]X

EHUHFKQHQ� PÖVVHQ GLH UHDOHQ 9HUK¾OWQLVVH GHU +DXW EHVVHU LQ GDV 0RGHOO LQWHJULHUW

ZHUGHQ� =XQ¾FKVW NÐQQWH PDQ ]X HLQHU %HVFKUHLEXQJ ÖEHUJHKHQ� GLH GHQ 6FKLFKWDXIEDX

GHV *HZHEHV EHUÖFNVLFKWLJW� (UZHLWHUW PDQ GLH 'LIIXVLRQVQ¾KHUXQJ DXI JHULQJH

$EVW¾QGH ]ZLVFKHQ /LFKWTXHOOH XQG 'HWHNWRU� NDQQ ]XGHP HLQ NOHLQHUHV XQG KRPR�

JHQHUHV�0H¹YROXPHQ�JHKDQGKDEW�ZHUGHQ��

,P /DXI GHU $UEHLW KDW VLFK GLH *UHQ]IO¾FKH 6HQVRU�+DXW DOV ÖEHUDXV ZLFKWLJ KHUDXV�

JHVWHOOW� (V LQWHUHVVLHUHQ EHVRQGHUV GLH UHDOHQ 9HUK¾OWQLVVH XQWHU GHP 6HQVRU LQ�YLYR� 'LH

V\VWHPDWLVFKH 9DULDWLRQ GHV %UHFKXQJVLQGH[VSUXQJV�QUHO VWHOOW HLQHQ ZLFKWLJHQ 6FKULWW

KLHUIÖU GDU� 'DUDXV NÐQQHQ $XVVDJHQ ÖEHU GLH HIIHNWLYHQ %UHFKXQJVLQGL]HV YRQ +DXW

XQG 0H¹V\VWHP JHZRQQHQ ZHUGHQ� 0ÐJOLFKHUZHLVH ODVVHQ VLFK GLH RSWLVFKHQ (LJHQ�

VFKDIWHQ GHU *UHQ]IO¾FKH JOHLFKIDOOV DXVQXW]HQ� GDV 0H¹YROXPHQ HLQ]XJUHQ]HQ XQG

KRPRJHQHU�]X�JHVWDOWHQ�

(LQ QRFK ZHLWJHKHQG XQJHNO¾UWHV 3UREOHP LVW GLH ]HLWOLFKH .RUUHODWLRQ ]ZLVFKHQ ,6)�

XQG %OXWJOXFRVH� 'DYRQ DXVJHKHQG� GD¹ GHU 6WUHXNRHIIL]LHQW PLW GHU *OXFRVHNRQ]HQ�

WUDWLRQ LQ GHU LQWHUVWLWLHOOHQ )OÖVVLJNHLW YHUEXQGHQ LVW� GLH 5HIHUHQ]PHVVXQJ DEHU GLH

%OXWJOXFRVH HUID¹W� HUJLEW VLFK HLQ ]X NO¾UHQGHU V\VWHPDWLVFKHU )HKOHU� 'LH 9DULDELOLW¾W

GHV ]HLWOLFKHQ =XVDPPHQKDQJV GHU EHLGHQ .RQ]HQWUDWLRQHQ ]HLJW VLFK LQ YHUVFKLHGHQHQ

([SHULPHQWHQ� +LHUEHL PX¹ XQWHUVXFKW ZHUGHQ� ZLH VLFK 3OD]LHUXQJ GHV 6HQVRUV XQG

.RQVWLWXWLRQ GHV 3UREDQGHQ DXVZLUNHQ� ¶EHU GLH ]HLWOLFKH .RUUHODWLRQ GHV 6WUHX�

NRHIIL]LHQWHQ PLW GHU *OXFRVHNRQ]HQWUDWLRQ LQ GHU ,6) OLHJHQ QRFK NHLQH 8QWHU�

VXFKXQJHQ YRU� (LQH VLJQLILNDQWH 9HU¾QGHUXQJ LVW QLFKW ]X HUZDUWHQ� GDV PX¹ DEHU QRFK

EHZLHVHQ�ZHUGHQ�
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8P GLH $OOWDJVWDXJOLFKNHLW GHV 0H¹SULQ]LSV XQWHU %HZHLV ]X VWHOOHQ� VROOWHQ /DQJ�

]HLWYHUVXFKH ]XVDPPHQ PLW 'LDEHWLNHUQ GXUFKJHIÖKUW ZHUGHQ� 'DPLW JHODQJW PDQ ]X

SU¾]LVHUHQ $XVVDJHQ ÖEHU GDV 'ULIWYHUKDOWHQ XQG GLH /DQJ]HLWVWDELOLW¾W GHU

$GK¾VLRQVVFKLFKW� =XGHP NÐQQWHQ (LQIOX¹ XQG +¾XILJNHLW YRQ ]HLWOLFK YDULDEOHQ

6WÐUXQJHQ HLQ]HOQHU .DQ¾OH EHVWLPPW ZHUGHQ� 6LH ZÖUGHQ JOHLFKIDOOV HUODXEHQ� GHQ

GXUFK GDV W¾JOLFKH /HEHQ HLQJHIÖKUWHQ 9DULDQ]DQWHLO DE]XVFK¾W]HQ XQG GLH IÖU HLQH

LQWHQVLYLHUWH ,QVXOLQWKHUDSLH� EDVLHUHQG DXI NRQWLQXLHUOLFKHU *OXFRVHPHVVXQJ� HUIRUGHU�

OLFKH�*HQDXLJNHLW�EHVVHU�]X�VSH]LIL]LHUHQ�
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