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,Q GLHVHP .DSLWHO ZLUG ]XQlFKVW GLH SRO\PHUDQDO\WLVFKH &KDUDNWHULVLHUXQJ GHU KHUJHVWHOOWHQ

$PSKLSKLOH EHVFKULHEHQ� 'D]X JHK|UW GLH %HVWLPPXQJ GHU PROHNXODUHQ 8QHLQKHLWOLFKNHLW

PLWWHOV *HOSHUPHDWLRQVFKURPDWRJUDSKLH �.DSLWHO ������ XQG (OHNWURQHQVSUD\ ,RQLVDWLRQ�

0DVVHQVSHNWURVNRSLH �.DSLWHO ������� VRZLH GLH (UPLWWOXQJ GHV =DKOHQPLWWHOV GHV

0ROHNXODUJHZLFKWV XQG GLH 6WUXNWXUFKDUDNWHULVLHUXQJ DOOHU =LHOYHUELQGXQJHQ GXUFK

TXDQWLWDWLYH $XVZHUWXQJ GHU PDJQHWLVFKHQ .HUQUHVRQDQ]VSHNWUHQ �105� .DSLWHO �������

1DFKIROJHQG VROOHQ GLH 8QWHUVXFKXQJHQ GHU WKHUPLVFKHQ (LJHQVFKDIWHQ EHVFKULHEHQ ZHUGHQ�

XQG HV VROO XQWHUVXFKW ZHUGHQ� RE GLHVH GHQ 9RUDXVVHW]XQJHQ I�U $PSKLSKLOH I�U IOXLGH

0RGHOOPHPEUDQHQ HQWVSUHFKHQ �.DSLWHO ����� $QVFKOLH�HQG ZLUG DXI 0H�PHWKRGHQ

HLQJHJDQJHQ� GLH VSH]LHOO DXI GLH YHU]ZHLJWHQ $PSKLSKLOH $QZHQGXQJ ILQGHQ� �.DSLWHO ��� X�

��� � %HVWLPPXQJ GHU NULWLVFKHQ 0L]HOOELOGXQJVNRQ]HQWUDWLRQ XQG )LOPZDDJHQPHVVXQJHQ��

'DEHL ZHUGHQ GLH %HVRQGHUKHLWHQ GHU 6WUXNWXU�(LJHQVFKDIWVEH]LHKXQJHQ GHU

XQWHUVFKLHGOLFKHQ =LHOYHUELQGXQJHQ GDUJHVWHOOW� (V ZLUG YHUVXFKW� HLQLJH %HVRQGHUKHLWHQ

GLHVHU (UJHEQLVVH ]X GHXWHQ� $XI *UXQGODJH GLHVHU 5HVXOWDWH ZXUGHQ HLQLJH GHU YHU]ZHLJWHQ

$PSKLSKLOH DXVJHZlKOW� XP GLH JH]RJHQHQ 6FKOX�IROJHUXQJHQ DQKDQG ZHLWHUI�KUHQGHU

0HVVXQJHQ ]X �EHUSU�IHQ �.DSLWHO ���� � ����

��� 0ROHNXODUJHZLFKW XQG 3RO\GLVSHUVLWlW

����� %HVWLPPXQJ GHU 'LVSHUVLWlW GXUFK *HOSHUPHDWLRQVFKURPDWRJUDSKLH

'LH 'LVSHUVLWlW GHU DQLRQLVFK SRO\PHULVLHUWHQ 0DNURDONRKROH XQG GHU PHLVWHQ GDUDXV

V\QWKHWLVLHUWHQ =LHOYHUELQGXQJHQ NRQQWH GXUFK *HOSHUPHDWLRQVFKURPDWRJUDSKLH �*3&�

EHVWLPPW ZHUGHQ� 'D]X ZXUGH HLQ 6W\UDJHO�6lXOHQVDW] I�U QLHGHUPROHNXODUH 3RO\PHUH

YHUZHQGHW �$XVVFKOX�JUHQ]H� ��� 'D� YJO� .DSLWHO �������

$OOH 0DNURDONRKROH �D�J ZXUGHQ FKDUDNWHULVLHUW� VRZLH GLH GDUDXV V\QWKHWLVLHUWHQ $PSKLSKLOH

��D�H� ��D�E XQG ��� 'LH 7\S $ $PSKLSKLOH ��D�I EHVD�HQ LQ 7+) NHLQH DXVUHLFKHQGH

/|VOLFKNHLW� XP PLWWHOV *3& DQDO\VLHUW ZHUGHQ ]X N|QQHQ� %HL 9HUZHQGXQJ YRQ &KORURIRUP

DOV /DXIPLWWHO ZXUGH �EHU GLH 'DXHU YRQ �� 0LQXWHQ NHLQ 'HWHNWRUVLJQDO LP

%UHFKXQJVLQGH[GHWHNWRU UHJLVWULHUW� (V PX� VRPLW DQJHQRPPHQ ZHUGHQ� GD� GLH

9HUELQGXQJHQ DXIJUXQG LKUHU KRKHQ 3RODULWlW DXI GHU &KURPDWRJUDSKLHVlXOH DEVRUELHUWHQ�
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$EE� ���� *3&�.XUYHQ GHU 0DNURDONRKROH �D� �E XQG �J �D� XQG GHU GDUDXV V\QWKHWLVLHUWHQ

$PSKLSKLOH ��D� ��E �E�� ��D� ��E �F� XQG �� �G� VRZLH GLH 6WUXNWXUIRUPHOQ�

6DFNPDQQ HW DO� VSUHFKHQ YRQ VWDUN YHUOlQJHUWHQ 5HWHQWLRQV]HLWHQ >��@� ,Q GHU 5HJHO NDQQ

GLHVHV 3UREOHP GXUFK HLQHQ =XVDW] YRQ HLQLJHQ 3UR]HQW 0HWKDQRO ]XP /DXIPLWWHO XPJDQJHQ

ZHUGHQ� ZR]X NHLQHV GHU YRUKDQGHQHQ *3&�6\VWHPH JHHLJQHW ZDU� $XV GLHVHP *UXQG

ZXUGHQ GLH 3KRVSKDWLG\OFKROLQH PLW +LOIH GHU (OHNWURQHQVSUD\
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,RQLVDWLRQ�0DVVHQVSHNWURVNRSLH KLQVLFKWOLFK GHV =DKOHQPLWWHOV LKUHV 0ROHNXODUJHZLFKWV XQG

LKUHU 'LVSHUVLWlW XQWHUVXFKW �VLHKH .DSLWHO �������

7DEHOOH ��,� (UJHEQLVVH GHU *3&�$QDO\VH �3RO\VW\URO� XQG 3RO\HWK\OHQR[LGVWDQGDUG LP

9HUJOHLFK � 36 XQG 3(2� GHU 0DNURDONRKROH XQG GHU GDUDXV

V\QWKHWLVLHUWHQ $PSKLSKLOH PLW 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH

�6WUXNWXUIRUPHOQ YJO� .DSLWHO ����� =DKOHQPLWWHO GHV 0ROHNXODUJHZLFKWV

�0Q� XQG 0ROHNXODUJHZLFKW GHV .XUYHQPD[LPXPV �0S� LQ J�PRO� VRZLH

3RO\GLVSHUVLWlW� =DKOHQPLWWHO GHV 0ROHNXODUJHZLFKWV ODXW �+�105 6SHNWUHQ

�YJO� 7DEHOOH ��,9��

$XVZHUWXQJ HQWVSUHFKHQG

.DOLEULHUXQJ PLW 36 6WDQGDUG

$XVZHUWXQJ HQWVSUHFKHQG

.DOLEULHUXQJ PLW 3(2 6WDQGDUG

9HUELQGXQJ =DKOHQ�

PLWWHO

0Q

SHDN

PROHFXODU

ZHLJKW

0S

3RO\GLV�

SHUVLWlW

=DKOHQ�

PLWWHO

0Q

SHDN

PROHFXODU

ZHLJKW

0S

3RO\GLV�

SHUVLWlW

=DKOHQ�

PLWWHO

OW��+�105

�D ��� ��� ����

�E ��� ��� ����

�F ��� ��� ����

�G ���� ���� ����

�H ��� ��� ����

�I ��� ��� ����

��D ���� ���� ���� ��� ��� ���� ���

��E ���� ���� ���� ��� ��� ���� ���

��F ���� ���� ���� ��� ��� ���� ���

��G ���� ���� ���� ��� ��� ���� ���

��H ���� ���� ���� ��� ��� ���� ���

��D ���� ���� ���� ��� ���� ���� ����

��E ���� ���� ���� ��� ��� ���� ����

�� ���� ���� ���� ����
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([HPSODULVFK VLQG GLH *3&�.XUYHQ XQG DOOJHPHLQHQ 6WUXNWXUIRUPHOQ GHU 0DNURDONRKROH �D� E

XQG I XQG GHU GDUDXV V\QWKHWLVLHUWHQ $PSKLSKLOH 5(Q+(*0H ���D XQG ��E��

�5(1��(D+(*0H ���D XQG ��E� XQG 51�'H+(*0H� ���� LQ $EELOGXQJ ��� GDUJHVWHOOW� (LQH

=XVDPPHQIDVVXQJ DOOHU (UJHEQLVVH ILQGHW VLFK LQ 7DEHOOH ��,�

'LH $XVZHUWXQJ GHU *3&�.XUYHQ HUIROJWH PLWWHOV .DOLEULHUXQJ GXUFK 3RO\VW\UROVWDQGDUGV� 'LH

.XUYHQ GHU $PSKLSKLOH PLW 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH ���� �� XQG ��� VLHKH

.DSLWHO ���� ZXUGHQ ]XVlW]OLFK HQWVSUHFKHQG HLQHU .DOLEULHUXQJ PLW 3RO\HWK\OHQR[LGVWDQGDUGV

DXVJHZHUWHW �.DOLEULHUNXUYHQ VLHKH .DSLWHO ������� 'LH :HUWH GHU 3RO\GLVSHUVLWlWHQ DXV EHLGHQ

$XVZHUWXQJHQ XQWHUVFKHLGHQ VLFK QXU JHULQJI�JLJ �VLHKH 7DEHOOH ��,�� 'LH :HUWH I�U GDV

=DKOHQPLWWHO GHV 0ROHNXODUJHZLFKWV E]Z� I�U GDV 0ROHNXODUJHZLFKW GHV 3HDNPD[LPXPV �0S�

SHDN PROHFXODU ZHLJKW� ZHLFKHQ MHGRFK GHXWOLFK YRQHLQDQGHU DE� =XP 9HUJOHLFK VLQG LQ GHU

7DEHOOH ��, HEHQIDOOV GLH PLWWHOV �+�105 EHVWLPPWHQ :HUWH I�U GDV =DKOHQPLWWHO GHV

0ROHNXODUJHZLFKWV DQJHJHEHQ �YHUJOHLFKH 7DEHOOH ��,9�� )�U GLH $PSKLSKLOH PLW

0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH ���D�H� ��D�E XQG ��� LVW GLH .DOLEULHUXQJ PLWWHOV

3RO\HWK\OHQR[LGVWDQGDUGV JHHLJQHWHU� 'LH $EZHLFKXQJ GHV *3& :HUWV YRP 105 :HUW I�U GDV

=DKOHQPLWWHO GHV 0ROHNXODUJHZLFKWV LVW JHULQJHU DOV HQWVSUHFKHQG GHU (LFKXQJ PLWWHOV

3RO\VW\UROVWDQGDUG�

'LH 0DNURDONRKROH ZDUHQ PLW HLQHU 3RO\GLVSHUVLWlW YRQ ���� ELV PD[LPDO ���� PLW HQJHU

0ROHNXODUJHZLFKWVYHUWHLOXQJ GDUVWHOOEDU� 6lPWOLFKH $PSKLSKLOH EHVD�HQ HLQH HQJH

0ROHNXODUJHZLFKWVYHUWHLOXQJ PLW HLQHU 3RO\GLVSHUVLWlW YRQ ���������� 'LH 'LIIHUHQ] ]XP

MHZHLOLJHQ 0DNURDONRKRO HUJLEW VLFK GDGXUFK� GD� DOOH =LHOYHUELQGXQJHQ XQG GLH

=ZLVFKHQVWXIHQ GHU 6\QWKHVH GXUFK 6lXOHQFKURPDWRJUDSKLH DXIJHUHLQLJW ZXUGHQ� 'DGXUFK

ZXUGH DX�HU GHQ XQHUZ�QVFKWHQ 1HEHQSURGXNWHQ DXFK HLQ 7HLO GHU =LHOYHUELQGXQJ PLW

EHVRQGHUV KRKHP E]Z� QLHGULJHP 0ROHNXODUJHZLFKWVDQWHLO DEJHWUHQQW XQG VR GLH PROHNXODUH

8QHLQKHLWOLFKNHLW YHUULQJHUW�

'XUFK *HOSHUPHDWLRQVFKURPDWRJUDSKLH NRQQWH VRPLW HLQH HQJH 0ROHNXODUJHZLFKWVYHUWHLOXQJ

GHU ]X XQWHUVXFKHQGHQ 6XEVWDQ]HQ QDFKJHZLHVHQ ZHUGHQ� 'D HV VLFK XP HLQH

5HODWLYPHWKRGH ]XU %HVWLPPXQJ GHV 0ROHNXODUJHZLFKWV KDQGHOW� P�VVHQ ZHLWHUH 0HVVXQJHQ

]XU %HVWLPPXQJ GHU H[DNWHQ :HUWH KHUDQJH]RJHQ ZHUGHQ�
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����� 0ROHNXODUJHZLFKWVEHVWLPPXQJ GXUFK (OHNWURQHQVSUD\ ,RQLVDWLRQ �

0DVVHQVSHNWURVNRSLH �(6,�06�

%HL GHU (6,�06 KDQGHOW HV VLFK XP HLQH 0HWKRGH GHU 0DVVHQVSHNWURVNRSLH� GLH LP 9HUJOHLFK

]XU 0$/',�72)) �0DWUL[XQWHUVW�W]WH /DVHUGHVRUSWLRQ ,RQLVDWLRQ 7LPH RI )OLJKW� 0HWKRGH VHKU

YLHO ZHQLJHU DXIZHQGLJ LVW� 'LH 0HWKRGH GHU ,RQLVDWLRQ LVW VHKU VFKRQHQG � HV HQWVWHKHQ

NHLQH LRQLVLHUWHQ 0ROHN�OIUDJPHQWH � VR GD� GLH 6SHNWUHQ UHODWLY HLQIDFK LQWHUSUHWLHUEDU VLQG

>��@� (LQH VFKHPDWLVFKH 6NL]]H HLQHU W\SLVFKHQ (6,�06 $SSDUDWXU LVW LQ $EELOGXQJ ��� ]X

VHKHQ�

'XUFK (6,�06 NRQQWH DXFK I�U GLH $PSKLSKLOH PLW 3KRVSKDWLG\OFKROLQNRSIJUXSSH �� HLQH

HQJH 0ROHNXODUJHZLFKWVYHUWHLOXQJ QDFKJHZLHVHQ ZHUGHQ� =XGHP ZXUGHQ VHKU JHQDXH :HUWH

I�U GDV 0ROHNXODUJHZLFKW HUKDOWHQ�

$EE� ���� 6FKHPDWLVFKHU $XIEDX HLQHU (6,�06�$SSDUDWXU�

=XU $QDO\VH GHU 3KRVSKDWLG\OFKROLQH ZXUGHQ MHZHLOV ��� PO HLQHU FD� �Â���� PRODUHQ /|VXQJ

LQ 0HWKDQRO PLW ��� PO HLQHU /|VXQJ YRQ &lVLXP ,RGLG ���� PJ�O� YHUVHW]W� 'LHVH /|VXQJ

ZXUGH PLWWHOV HLQHU 3UREHQVFKOHLIH ��� µO� LQ HLQHP NRQVWDQWHQ 6WURP GHV I�U GLH $QDO\VH

YHUZHQGHWHQ /|VXQJVPLWWHOV HLQJHVFKOHXVW �0HWKDQRO� � µO�PLQ��� 'LH DXV GHU 6SUD\NDSLOODUH

DXVWUHWHQGH /|VXQJ ZLUG ]X HLQHP $HURVRO� EHVWHKHQG DXV 0LNURWU|SIFKHQ� YHUVSU�KW� 'XUFK

HLQH 6SDQQXQJVGLIIHUHQ] ]ZLVFKHQ GHU 6SUD\NDSLOODUH XQG GHU (OHNWURGH �≈ � N9� HUKDOWHQ GLH

0LNURWU|SIFKHQ HLQH /DGXQJ XQG ZHUGHQ QDFK %HVFKOHXQLJXQJ LQ HLQHP 0DVVHQVSHNWURPHWHU



Kapitel 4                                                                                                                                                  Analytik

44

DQDO\VLHUW >��@� $OV %HLVSLHO I�U GLH UHVXOWLHUHQGHQ 0H�NXUYHQ ]HLJW $EELOGXQJ ��� GLH (6,�06

6SHNWUHQ GHU 9HUELQGXQJHQ ��D XQG ��E�

$EE� ���� (6,�06 6SHNWUXP GHU 9HUELQGXQJHQ ��D XQG ��E� P�]  0DVVH GHV ,RQV JHWHLOW

GXUFK VHLQH /DGXQJ� GLH ,QWHQVLWlW GHV K|FKVWHQ 3HDNV ZXUGH PLW ����

JOHLFKJHVHW]W�

'LH 3HDNV GHU YHUVFKLHGHQHQ 3RO\PHULVDWLRQVJUDGH VLQG GDEHL GHXWOLFK HUNHQQEDU� $XV GHU

,QWHQVLWlW GHU 3HDNV XQG GHUHQ :HUW I�U P�] �0DVVH GXUFK /DGXQJ� ODVVHQ VLFK GDV =DKOHQ�

XQG *HZLFKWVPLWWHO GHV 0ROHNXODUJHZLFKWV VRZLH GLH 3RO\GLVSHUVLWlW EHUHFKQHQ� %HL DOOHQ

3UREHQ ZXUGHQ QXU HLQIDFK LRQLVLHUWH 0ROHN�OH JHIXQGHQ� 'LH ,VRWRSHQPXVWHU NRQQWHQ LQ

DOOHQ )lOOHQ DXIJHO|VW ZHUGHQ�

)�U GLH 9HUELQGXQJHQ ��D XQG E ]HLJWHQ GLHVH 0HVVXQJHQ HLQHQ 5HVWJHKDOW DQ XQK\GULHUWHQ

0RQRPHUHLQKHLWHQ YRQ �� E]Z� ��� 2EZRKO 9HUXQUHLQLJXQJHQ DE FD� �� $QWHLO LQ 105�

6SHNWUHQ VLFKWEDU ZHUGHQ >��@� NRQQWH LP YRUOLHJHQGHQ )DOO NHLQ $QKDOWVSXQNW I�U GDV

9RUOLHJHQ YRQ 'RSSHOELQGXQJHQ JHZRQQHQ ZHUGHQ �YJO� $EE� ����� (LQH QDFKWUlJOLFKH

+\GULHUXQJ GHU UHVWOLFKHQ 'RSSHOELQGXQJHQ NRQQWH QLFKW HUIROJHQ � GLHVH KlWWH GLH

3KRVSKDWLG\OFKROLQNRSIJUXSSH ]HUVW|UW� 'RSSHOELQGXQJHQ LQ /LSLGHQ EHZLUNHQ LQ GHU 5HJHO

HLQH JHULQJHUH 3DFNXQJVGLFKWH LQ GHU 0HPEUDQ XQG VRPLW HLQH )OXLGLVLHUXQJ� 'LH

5HVWXQVlWWLJXQJ GHU 9HUELQGXQJHQ ��D XQG E VROOWH DEHU HLQHQ JHULQJHQ (LQIOX� DXI LKU

9HUKDOWHQ LQ 0RGHOOPHPEUDQHQ EHVLW]HQ� GD VLH VRZLHVR HLQ VWDUN IOXLGHV 9HUKDOWHQ

DXIZHLVHQ �YJO� .DSLWHO ��� � ����� 'LH 9HUELQGXQJHQ ��F�H ODJHQ YROOVWlQGLJ JHVlWWLJW YRU�
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7DEHOOH ��,,� $XIOLVWXQJ GHU 'DWHQSXQNWH GHU (6,�06 0HVVXQJHQ YRQ ��D XQG E�

P�] �0DVVH GXUFK /DGXQJ� XQG ]XJHK|ULJH 3HDNLQWHQVLWlW VRZLH GLH

,QWHUSUHWDWLRQ GHU 3HDNV HQWVSUHFKHQG GHQ 6WUXNWXUIRUPHOQ LQ

$EELOGXQJ ��� XQG GHQ GDUDXV EHUHFKQHWHQ WKHRUHWLVFKHQ 0ROPDVVHQ

GHU ]XJHK|ULJHQ 0ROHN�OH �PWKHRU���

3UREH P�] ,QWHQVLWlW ,QWHUSUHWDWLRQ PWKHRU�

��D ����� ��� >%���Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ����� >$�Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >%���Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ��� >%���Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ��� >$�Â&V@
� �����

��E ����� ���� >$�Â&V@
� �����

����� ����� >$�Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ��� >%���Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ��� >%���Â&V@
� �����

����� ���� >$�Â&V@
� �����

����� ��� >%���Â&V@
� �����

����� ��� >$�Â&V@
� �����
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7DEHOOH ��,, JLEW GLH :HUWH I�U GLH 9HUELQGXQJHQ ��D XQG E DXI GLH I�U (6, � 06�0HVVXQJHQ

�EOLFKH $UW ZLHGHU >��@� $QJHI�KUW VLQG MHZHLOV GLH P�] :HUWH GHV ,VRWRSHQSHDNV PLW GHU

JU|�WHQ ,QWHQVLWlW VRZLH GDV PLWWOHUH 0ROHNXODUJHZLFKW GHU MHZHLOLJHQ 3HDNJUXSSH� GDV

GLHVHP 6LJQDO HQWVSULFKW �PWKHRU�� XQWHU %HU�FNVLFKWLJXQJ DOOHU ,VRWRSHQ XQG LKUHU +lXILJNHLW �

GDV 0ROHNXODUJHZLFKW YRQ &lVLXP ZXUGH KLHU VFKRQ DEJH]RJHQ�� 'DUDXV HUJLEW VLFK GLH

,QWHUSUHWDWLRQ GHV 3HDNV� DOVR GHU 3RO\PHULVDWLRQVJUDG HQWVSUHFKHQG GHQ YHUDOOJHPHLQHUWHQ

6WUXNWXUIRUPHOQ LQ $EELOGXQJ ����

P
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O
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CH2CH2

P
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O
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O

+
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CH2CH2CH2CH2

CH2CH2CH2CH2CH2CH1CH1CH1CH2CH2CH3 (                   ) (                                        )

(                                         )CH3

CH1

CH1

(                                        )

n

n1-mm

$EE� ���� $OOJHPHLQH 6WUXNWXUIRUPHO GHU 0ROHN�OH $Q �3RO\PHULVDWLRQVJUDG Q� DOOH

0RQRPHUHLQKHLWHQ JHVlWWLJW� XQG %Q�P �3RO\PHULVDWLRQVJUDG Q�P� P

0RQRPHUHLQKHLWHQ XQJHVlWWLJW�

$XV GHQ LQ 7DEHOOH ��,, ZLHGHUJHJHEHQHQ :HUWHQ I�U GLH 0DVVHQ GHU 3HDNJUXSSHQ XQG GHU

MHZHLOLJHQ ,QWHQVLWlW ODVVHQ VLFK GDV =DKOHQPLWWHO 0Q� *HZLFKWVPLWWHO 0Z XQG GLH

3RO\GLVSHUVLWlW DOOHU 9HUELQGXQJHQ EHUHFKQHQ� 'LHVH 'DWHQ VLQG LQ 7DEHOOH ��,,, DXIJHOLVWHW�

7DEHOOH ��,,,� (UJHEQLVVH GHU (6,�06 8QWHUVXFKXQJHQ�

=DKOHQPLWWHO �0Q� XQG *HZLFKWVPLWWHO �0Z� GHV

0ROHNXODUJHZLFKWV XQG 3RO\GLVSHUVLWlW �3'��

3UREH 0Q 0Z 3'

��D ����� ����� ����

��E ����� ����� ����

��F ��� ����� ����

��G ����� ����� ����

��H ����� ����� ����



Kapitel 4                                                                                                                                                  Analytik

47

6RPLW NRQQWH PLWWHOV (6,�06 6SHNWURVNRSLH HLQ H[DNWHU :HUW I�U GDV 0ROHNXODUJHZLFKW DOOHU

3KRVSKDWLG\OFKROLQH HUPLWWHOW ZHUGHQ� 'LH HUPLWWHOWH 3RO\GLVSHUVLWlW ODJ I�U DOOH 9HUELQGXQJHQ

LP %HUHLFK ]ZLVFKHQ ���� XQG �����
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����� %HVWLPPXQJ GHU PLWWOHUHQ 0ROPDVVHQ XQG GHU 0ROHN�OVWUXNWXU DXV GHQ �+�

105 6SHNWUHQ

%HL DOOHQ YHU]ZHLJWHQ $PSKLSKLOHQ ���D�H� ��D�E� ��D�H XQG ��� VLHKH .DSLWHO ���� NRQQWH

GDV 0ROHNXODUJHZLFKW GXUFK GDV )OlFKHQYHUKlOWQLV DXVJHZlKOWHU 3HDNV GHV �+�105�

6SHNWUXPV EHVWLPPW ZHUGHQ >��@� )U�KHUH 8QWHUVXFKXQJHQ KDEHQ JH]HLJW� GD� GLH VR

HUKDOWHQHQ :HUWH PLW (UJHEQLVVHQ HLQHU 2+�(QGJUXSSHQEHVWLPPXQJ VHKU JHQDX

�EHUHLQVWLPPHQ >��@� 'LH TXDQWLWDWLYH $QDO\VH GHU
�
+�105 6SHNWUHQ VWHOOW DOVR EHL GHQ

YRUOLHJHQGHQ ROLJRPHUHQ 3UREHQ HLQH JHHLJQHWH 0HWKRGH ]XU H[DNWHQ %HVWLPPXQJ GHV

0ROHNXODUJHZLFKWV GDU�

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

36.36 18.828.89 4.192.082.00 1.99
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$EE� ���� �+�105 6SHNWUXP YRQ ��D PLW 3HDN]XRUGQXQJ XQG ,QWHJUDOHQ�

=XQlFKVW ZXUGH GLH =DKO GHU :LHGHUKROXQJVHLQKHLWHQ PLW +LOIH GHU ,QWHJUDOH �EHU GLH 6LJQDOH

HQWVSUHFKHQG GHQ XQWHQ DQJHI�KUWHQ *OHLFKXQJHQ ��� XQG ��� EHVWLPPW� $XV GHQ

HUKDOWHQHQ :HUWHQ I�U [ �$Q]DKO GHU (WK\OHWK\OHQJUXSSHQ� XQG \ �$Q]DKO GHU

7HWUDPHWK\OHQJUXSSHQ� Ol�W VLFK ZLHGHUXP GDV 0ROHNXODUJHZLFKW� GLH /lQJH GHV 5�FNJUDWV

XQG GLH $Q]DKO GHU 9HU]ZHLJXQJHQ SUR .RKOHQVWRIIDWRP GHV 5�FNJUDWV EHVWLPPHQ� $OV

%HLVSLHO ]HLJW $EELOGXQJ ��� GDV 105 6SHNWUXP YRQ ��D PLW =XRUGQXQJ GHU 3HDNV XQG

$QJDEH GHU ,QWHJUDOH� $OOH (UJHEQLVVH VLQG LQ 7DEHOOH ��,9 ]XVDPPHQJHVWHOOW� )�U GLH

9HUELQGXQJHQ ��D�H� GLH PLWWHOV (6,�06 XQWHUVXFKW ZXUGHQ �YJO� .DSLWHO ������� VLQG GLH

(UJHEQLVVH DXV GHU PDVVHQVSHNWURVNRSLVFKHQ $QDO\VH ]XP 9HUJOHLFK DXIJHI�KUW�
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7DEHOOH ��,9� 6WUXNWXUGDWHQ DOOHU YHU]ZHLJWHQ $PSKLSKLOH �6WUXNWXUIRUPHOQ YJO� .DSLWHO ����

DOV (UJHEQLV DXV GHQ �+�105 6SHNWUHQ XQG (6,�06� 0Q� =DKOHQPLWWHO GHV

0ROHNXODUJHZLFKWV� [ XQG \� GXUFKVFKQLWWOLFKH $Q]DKO GHU (WK\OHWK\OHQ� E]Z�

7HWUDPHWK\OHQHLQKHLWHQ� &� $Q]DKO GHU &�$WRPH LP 5�FNJUDW�

9HU]ZHLJXQJVJUDG LQ �� GDV HQWVSULFKW HLQHP 9HU]ZHLJXQJVJUDG YRQ HLQHU

9HU]ZHLJXQJ DXI &�[ 5�FNJUDWDWRPH�

3UREH 0Q =DKOHQPLWWHO

LQ J�PRO

[ \ & � &�[ =DKOHQPLWWHO 0Q

DXV (6,�06

��D ��� ��� ��� ���� �� ���

��E ��� ��� ��� ���� �� ���

��F ��� ��� ��� ���� �� ���

��G ��� ��� ��� ���� �� ���

��H ��� ��� ��� ���� �� ���

��D ���� ��� ��� ���� �� ���

��E ���� ��� ��� ���� �� ���

�� ���� ��� ��� ��� �� ���

��D ��� ��� ��� ���� �� ��� ���

��E ��� ��� ��� ���� �� ��� ���

��F ��� ��� ��� ���� �� ��� ���

��G ��� ��� ��� ���� �� ��� ���

��H ��� ��� ��� ���� �� ���� ���

)�U GLH $PSKLSKLOH 53& ��D�I ]HLJWH VLFK� GD� GLH :HUWH DXV GHU (6,�06 $QDO\VH JXW PLW GHQ

(UJHEQLVVHQ GHU 105 6SHNWURVNRSLH �EHUHLQVWLPPHQ� 'HVKDOE NDQQ DXFK I�U DOOH DQGHUHQ

$PSKLSKLOH GDYRQ DXVJHJDQJHQ ZHUGHQ� GD� GLH EHVWLPPWHQ 0ROHNXODUJHZLFKWV]DKOHQPLWWHO

PLW GLHVHU 0HWKRGH NRUUHNW EHVWLPPW ZXUGHQ�
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'LH 7DEHOOH ��,9 ]HLJW� GD� QHEHQ GHU 9DULDWLRQ GHU .RSIJUXSSH GHU K\GURSKREH 5HVW VR

PRGLIL]LHUW ZHUGHQ NRQQWH� GD� VRZRKO 9HUELQGXQJHQ PLW KRKHP $QWHLO DQ 9HU]ZHLJXQJHQ

�]�%� ��D� ��D� E]Z� QLHGULJHP 9HU]ZHLJXQJVJUDG �]�%� ��H� XQG XQWHUVFKLHGOLFKHQ

3RO\PHULVDWLRQVJUDGHQ �YRQ 3 ��� EHL 9HUELQGXQJ �� ELV 3 � EHL 9HUELQGXQJ ��D� YRUODJHQ�

)ROJOLFK LVW HV JHOXQJHQ� HLQHQ 6DW] YRQ $PSKLSKLOHQ ]X V\QWKHWLVLHUHQ� GHU JHHLJQHW LVW� XP

GLH 6WUXNWXU�(LJHQVFKDIWVEH]LHKXQJHQ GHU $PSKLSKLOH HLQJHKHQG ]X XQWHUVXFKHQ�

'LH TXDQWLWDWLYH $XVZHUWXQJ GHU �+�105 6SHNWUHQ OLHIHUWH VRPLW JHQDXH :HUWH I�U GLH

$Q]DKO GHU 7HWUDPHWK\OHQ� XQG (WK\OHWK\OHQZLHGHUKROXQJVHLQKHLWHQ XQG GDPLW I�U GDV

0ROHNXODUJHZLFKW XQG GLH 5�FNJUDWOlQJH GHU K\GURSKREHQ 5HVWH DOOHU XQWHUVXFKWHQ

$PSKLSKLOH� $OOH LP )ROJHQGHQ EHUHFKQHWHQ .RQ]HQWUDWLRQHQ EH]LHKHQ VLFK DXI GLH DXV GHQ

105�6SHNWUHQ HUKDOWHQHQ :HUWH I�U 0Q�
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����� %HVWLPPXQJ GHU 0ROHN�NOVWUXNWXU DXV GHQ ��&�105 6SHNWUHQ

(UVWH 6WXGLHQ GHU 3RO\EXWDGLHQPLNURVWUXNWXU DQKDQG YRQ ��&�105 6SHNWUHQ VWDPPHQ YRQ

'XFK XQG *UDQW >��@� 8PIDVVHQGH 6WUXNWXUDQDO\VHQ DQ K\GULHUWHQ 3RO\EXWDGLHQHQ ZXUGHQ

YRQ 5DQGDOO GXUFKJHI�KUW >�����@� 'LH =XRUGQXQJ GHU 3HDNV HUIROJWH GDEHL GXUFK 9HUJOHLFK

YRQ ,5� XQG 105�6SHNWUHQ YRQ 3RO\PHUHQ PLW IDVW DXVVFKOLH�OLFK (WK\OHWK\OHQ� E]Z�

7HWUDPHWK\OHQHLQKHLWHQ� (LQH 6HTXHQ]DQDO\VH LVW DQ K\GULHUWHQ 3RO\EXWDGLHQHQ HLQIDFKHU

GXUFKI�KUEDU >��@� )�U GLH VWDWLVWLVFKH $XVZHUWXQJ P�VVHQ XQK\GULHUWH 3RO\EXWDGLHQH DOV

7HUSRO\PHUH� EHVWHKHQG DXV ����FLV�� ����WUDQV� XQG ����(LQKHLWHQ� EHKDQGHOW ZHUGHQ� GD

VLFK FLV XQG WUDQV (LQKHLWHQ LP 105 GHXWOLFK YRQHLQDQGHU XQWHUVFKHLGHQ� 'LH 'LIIHUHQ]LHUXQJ

QDFK FLV XQG WUDQV HQWIlOOW I�U K\GULHUWH 3RO\EXWDGLHQH� VR GD� VLH I�U GLH VWDWLVWLVFKH

$XVZHUWXQJ DOV &RSRO\PHUH DXV ]ZHL YHUVFKLHGHQHQ 0RQRPHUDUWHQ EHWUDFKWHW ZHUGHQ

N|QQHQ�

0LWWHOV TXDQWLWDWLYHU $XVZHUWXQJ GHU
��
&�105 6SHNWUHQ VROO $XIVFKOX� �EHU GLH 0LNURVWUXNWXU

GHU YRUOLHJHQGHQ 9HUELQGXQJHQ HUKDOWHQ ZHUGHQ� %HVRQGHUV LQWHUHVVLHUW GDEHL GLH

)UDJHVWHOOXQJ� RE GLH HUVWH 0RQRPHUHLQKHLW LP $QVFKOX� DQ GLH %XW\OJUXSSH GHV ,QLWLDWRUV

IDYRULVLHUW GXUFK ���� RGHU ����$GGLWLRQ HLQJHEDXW ZLUG�

=XU 9HUULQJHUXQJ GHV 2YHUKDXVHU (IIHNWHV ZXUGHQ GLH
��
&�105 6SHNWUHQ PLW YHUOlQJHUWHU

$ENOLQJ]HLW YHUPHVVHQ� 'DV EULQJW MHGRFK GHQ 1DFKWHLO PLW VLFK� GD� GLH =DKO GHU 6FDQV

HUKHEOLFK VLQNW� =XP $XVJOHLFK ZDU HV Q|WLJ� NRQ]HQWULHUWH 3UREHQO|VXQJHQ �� P0�

KHU]XVWHOOHQ� :HJHQ GHU QLHGULJHQ $XVEHXWH XQG GHQ GHVKDOE JHULQJHQ V\QWKHWLVLHUWHQ

0HQJHQ NRQQWHQ YRQ GHQ 9HUELQGXQJHQ ��D�H NHLQH JHHLJQHWHQ 6SHNWUHQ ]XU TXDQWLWDWLYHQ

$XVZHUWXQJ DXIJHQRPPHQ ZHUGHQ� 'LH 9HUELQGXQJHQ ��D�H ZDUHQ QLFKW LQ DXVUHLFKHQGHU

0HQJH LQ &KORURIRUP O|VOLFK� VRQGHUQ QXU LQ 0HWKDQRO� 'LHV HUVFKZHUW HLQH =XRUGQXQJ GHU

3HDNV� GD GDV /|VXQJVPLWWHO GHQ FKHPLVFKHQ 6KLIW ]XP 7HLO VWDUN EHHLQIOX�W XQG GLH

YHUZHQGHWHQ 5HIHUHQ]VSHNWUHQ GHU /LWHUDWXU DXVVFKOLH�OLFK LQ &KORURIRUP DXIJHQRPPHQ

ZXUGHQ� 6R ZXUGH I�U GLH $QDO\VH DXI GLH 9HUELQGXQJHQ �D�H ]XU�FNJHJULIIHQ� $EELOGXQJ ���

]HLJW HLQ
��
&�105 6SHNWUXP GHU 9HUELQGXQJ �D� =XU EHVVHUHQ hEHUVLFKW ZXUGH QXU GHU

%HUHLFK ]ZLVFKHQ �� XQG �� SSP GDUJHVWHOOW� 'LH =XRUGQXQJ GHU 6LJQDOH GHU K\GULHUWHQ

%XWDGLHQ�:LHGHUKROXQJVHLQKHLWHQ HUIROJWH DQKDQG YRQ 9HUJOHLFKHQ PLW GHU /LWHUDWXU >�����@

VRZLH GXUFK
��
&�'(37 6SHNWUHQ� 'LH 1XPHULHUXQJ GLHVHU 3HDNV IROJW GHQ EHL 5DQGDOO

YHUZHQGHWHQ %H]HLFKQXQJHQ >��@� 'LH HQWVSUHFKHQGHQ 6WUXNWXUHOHPHQWH VLQG GHU 7DEHOOH ��

,9 ]X HQWQHKPHQ�
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$EE� ����
��
&�105 6SHNWUXP GHU 9HUELQGXQJ �D LP %HUHLFK YRQ �� ELV �� SSP PLW GHQ

%H]HLFKQXQJHQ GHU 3HDNV QDFK 5DQGDOO >��@ E]Z� HQWVSUHFKHQG GHQ

6WUXNWXUIRUPHOQ LQ 7DEHOOH ��9�

'LH LQ GHU $EELOGXQJ ��� QLFKW EH]HLFKQHWHQ 3HDNV JHK|UHQ ]X .RKOHQVWRIIDWRPHQ GHU %XW\O�

E]Z� +\GUR[\HWK\OHQGJUXSSHQ GHU 0ROHN�OH� 'LHVH 6LJQDOH NRQQWHQ GXUFK 9HUJOHLFK PLW

6SHNWUHQ YRQ 0RGHOOYHUELQGXQJHQ PLW lKQOLFKHU 6WUXNWXU >��� ��@ XQG PLW +LOIH GHU

,QNUHPHQWUHFKQXQJ ]XJHRUGQHW ZHUGHQ� 'LH %HVWlWLJXQJ GHU =XRUGQXQJ GHU 3HDNV GHU YLHU

.RKOHQVWRIIDWRPH GHV ,QLWLDWRU�%XW\O�6HJPHQWV HUIROJWH GXUFK ,1$'(48$7( �,QFUHGLEOH

1DWXUDO $EXQGDQFH 'RXEO( 4XDQWXP 7UDQVIHU� 6SHNWUHQ >��@� 'LHVH $XIQDKPHPHWKRGH VROO

KLHU ZHJHQ LKUHU .RPSOH[LWlW QLFKW QlKHU HUNOlUW ZHUGHQ� ,Q GHU 5HJHO ZLUG HLQ KRUL]RQWDOHU

6FKQLWW GXUFK GDV ]ZHLGLPHQVLRQDOH 6SHNWUXP DEJHELOGHW� 6R HUKlOW PDQ GLH +|KHQOLQLHQ GHV

6SHNWUXPV� DXIJHWUDJHQ LQ HLQHP .RRUGLQDWHQV\VWHP DXV FKHPLVFKHU 9HUVFKLHEXQJ

�$EV]LVVH� XQG GHU VRJHQDQQWHQ 'RSSHOTXDQWHQIUHTXHQ] �2UGLQDWH� V� $EELOGXQJ �����

:LFKWLJ LVW KLHU� ZLH EHL MHGHP ]ZHLGLPHQVLRQDOHQ 105 6SHNWUXP� GLH :DKO GHU ULFKWLJHQ

6FKQLWWHEHQH� :LUG GDV 6SHNWUXP DXI HLQHU ]X WLHIHQ (EHQH JHVFKQLWWHQ� VR ZHUGHQ DXFK

3HDNV LQ )RUP YRQ +|KHQOLQLHQ DEJHELOGHW� GLH ]XP 5DXVFKHQ JHK|UHQ� ZLUG GLH

6FKQLWWHEHQH DXI ]X KRKHP 1LYHDX DQJHVHW]W� JHKHQ 3HDNV YHUORUHQ� =XU $XVZHUWXQJ GHU

6SHNWUHQ XQG VLFKHUHQ =XRUGQXQJ GHU 3HDNV VROOWHQ GHVKDOE PHKUHUH 6FKQLWWHEHQHQ
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PLWHLQDQGHU YHUJOLFKHQ ZHUGHQ� ,1$'(48$7(�6SHNWUHQ HUODXEHQ� EHQDFKEDUWH

.RKOHQVWRIIDWRPH ]X LGHQWLIL]LHUHQ� GLH LP ]ZHLGLPHQVLRQDOHQ 6SHNWUXP GLH JOHLFKH

'RSSHOTXDQWHQIUHTXHQ] EHVLW]HQ� ,VW GLH FKHPLVFKH 9HUVFKLHEXQJ HLQHV EHVWLPPWHQ

.RKOHQVWRIIDWRPV GHV 0ROHN�OV EHNDQQW� VR NDQQ DXVJHKHQG YRQ GLHVHP MHGHV QDFKIROJHQGH

.RKOHQVWRIIDWRP ]XJHRUGQHW ZHUGHQ� 'D]X ZLUG HLQH ]XU 'RSSHOTXDQWHQIUHTXHQ]�$FKVH

SDUDOOHOH /LQLH EHL GHU 9HUVFKLHEXQJ GHV HUVWHQ .RKOHQVWRIIDWRPV JH]RJHQ� $XVJHKHQG YRQ

GHQ +|KHQOLQLHQ� GLH GLHVH /LQLH VFKQHLGHQ� ZHUGHQ ZDDJHUHFKWH +LOIVJHUDGHQ HLQJH]HLFKQHW�

'LHVH VFKQHLGHQ LKUHUVHLWV +|KHQOLQLHQ� GLH ]X 3HDNV DQGHUHU .RKOHQVWRIIDWRPH JHK|UHQ� 6R

N|QQHQ 6FKULWW I�U 6FKULWW GLH .RKOHQVWRIIDWRPH HLQHV 0ROHN�OV ]XJHRUGQHW ZHUGHQ� 'LHVH

0HWKRGH YHUVDJW EHL 3RO\PHUHQ PLW VWDWLVWLVFKHP (LQEDX YRQ YHUVFKLHGHQHQ

0RQRPHUHLQKHLWHQ� ZLH LP YRUOLHJHQGHQ )DOO� 'DV KHL�W� GD� I�U GLH 0DNURDONRKROH PLWWHOV

,1$'(48$7(�6SHNWUXP QXU GLH HUVWHQ YLHU .RKOHQVWRIIDWRPH ]XJHRUGQHW ZHUGHQ N|QQHQ�

'D GLH ��&�105 6LJQDOH VRZRKO GHV GULWWHQ DOV DXFK GHV YLHUWHQ .RKOHQVWRIIDWRP GHV

,QLWLDWRU�%XW\O�6HJPHQWV LQ Ä3HDN�+DXIHQ´ PLW YLHOHQ 3HDNV lKQOLFKHU 9HUVFKLHEXQJ ODJHQ

�EHL ����� XQG ����� SSP E]Z� ����� XQG ����� SSP� YJO� 7DEHOOH ��9�� ZDU GLH

9HUZHQGXQJ GHU ,1$'(48$7( 0HWKRGH KLOIUHLFK� GLH MHZHLOLJHQ 3HDNV GLHVHU EHLGHQ

.RKOHQVWRIIDWRPH VLFKHU ]X]XRUGQHQ�

$EELOGXQJ ��� ]HLJW HLQH 6FKQLWWHEHQH GHV ]ZHLGLPHQVLRQDOHQ 6SHNWUXPV GHU 9HUELQGXQJ �F�

'DV HUVWH .RKOHQVWRIIDWRP GHV %XW\OVHJPHQWV HU]HXJW HLQHQ 3HDN EHL ����� SSP� 'LHVHU

3HDN NDQQ DQKDQG YRQ 0RGHOOYHUELQGXQJHQ HLQGHXWLJ ]XJHRUGQHW ZHUGHQ� $XFK GHU 3HDN EHL

����� SSP NRQQWH HLQGHXWLJ EHVWLPPW ZHUGHQ� (U JHK|UW ]XP ]ZHLWHQ .RKOHQVWRIIDWRP GHV

,QLWLDWRUVHJPHQWV� 'LHVHV .RKOHQVWRIIDWRP HU]HXJW LP ]ZHLGLPHQVLRQDOHQ 6SHNWUXP ]ZHL

6LJQDOH� (LQHV NDQQ PLW GHP 3HDN EHL ����� SSP NRUUHOLHUW ZHUGHQ� GDV DQGHUH YHUZHLVW DXI

HLQHQ 3HDN EHL ����� SSP� %HL GLHVHP ]ZHLWHQ 3HDN KDQGHOW HV VLFK XP GDV GULWWH

.RKOHQVWRIIDWRP GHV %XW\OVHJPHQWV� GDV VRPLW HLQGHXWLJ DXV GHU 3HDNJUXSSH ]ZLVFKHQ

����� XQG ����� SSP ]XJHRUGQHW ZHUGHQ NDQQ� 'LHVHV NRUUHOLHUW PLW ]ZHL 3HDNV EHL �����

XQG ����� SSP� ZRPLW DXFK GDV YLHUWH .RKOHQVWRIIDWRP ]XJHRUGQHW ZHUGHQ NRQQWH� (V

HU]HXJW ]ZHL 6LJQDOH LP ��&�105� MH QDFKGHP� RE GLH QDFKIROJHQGH 0RQRPHUHLQKHLW HLQH

���� RGHU HLQH ����*UXSSH LVW� 6RPLW LVW HV JHOXQJHQ� DOOHQ .RKOHQVWRIIDWRPHQ GHV

%XW\OVHJPHQWV HLQHQ 3HDN LP ��&�105 6SHNWUXP ]X]XRUGQHQ�
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$EE� ���� 6FKQLWW GXUFK GDV ]ZHLGLPHQVLRQDOH ,1$'(48$7(�6SHNWUXP GHU 9HUELQGXQJ �F

PLW =XRUGQXQJ GHU YLHU .RKOHQVWRIIDWRPH GHV %XW\O�,QLWLDWRU�6HJPHQWV &� ELV &�

GXUFK .RUUHODWLRQ GHU 6LJQDOH LP +|KHQOLQLHQSURILO�
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7DE� ��9� $XIOLVWXQJ DOOHU 3HDNV GHU ��&�105 6SHNWUHQ GHU 9HUELQGXQJHQ �D�H PLW GHU

FKHPLVFKHQ 9HUVFKLHEXQJ δ LQ SSP� GHU 1XPHULHUXQJ GHU .RKOHQVWRIIDWRPH

GHU :LHGHUKROXQJVHLQKHLWHQ HQWVSUHFKHQG GHU $EELOGXQJ ���� GHP 6WUXNWXU�

HOHPHQW GHV MHZHLOLJHQ 3HDNV XQG GHU DXI $Q]DKO GHU .RKOHQVWRIIDWRPH

QRUPLHUWHQ 3HDNLQWHQVLWlWHQ�

3HDNLQWHQVLWlWHQ

δ 1U� 6WUXNWXU �D �E �F �G �H
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:HJHQ hEHUODJHUXQJ HLQLJHU 5HVRQDQ]VLJQDOH XQG JHULQJHU 8QWHUVFKLHGH LQ GHU

9HUVFKLHEXQJ I�U GLH .RKOHQVWRIIDWRPH GHU ���� XQG ����:LHGHUKROXQJVHLQKHLWHQ LVW HLQH

JHQDXH =XRUGQXQJ GHU ]XJHK|ULJHQ 3HDNV QLFKW LPPHU P|JOLFK� 'LHV LVW GHU )DOO I�U

3HDNJUXSSHQ YRQ ����� ELV ����� SSP VRZLH ����� ELV ����� SSP� )�U HLQH 6HTXHQ]DQDO\VH

ZHUGHQ DOOHUGLQJV QXU GLH ,QWHJUDOH GHU 3HDNV �� �� �� �� �� XQG �� EHQ|WLJW� 1DFK 5DQGDOO

JHOWHQ I�U GLH VHFKV 7ULDGHQ DXV ���� E]Z� ����:LHGHUKROXQJVHLQKHLWHQ �DQJH]HLJW GXUFK GHQ

,QGH[ � E]Z� �� GLH IROJHQGHQ %H]LHKXQJHQ�

����
�,N��1 = �����

����
�,N��1 = �����

����
�,N��1 = �����

�����
�,N��1 = �����

����
�,�N��1 = ����� �,N��,���1

������� 2
3−= �����

(V N|QQWHQ DXFK DQGHUH 3HDNLQWHQVLWlWHQ ]XU %HVFKUHLEXQJ GHU 7ULDGHQ KHUDQJH]RJHQ

ZHUGHQ� 'LH RELJHQ *OHLFKXQJHQ ]XU %HVFKUHLEXQJ GHU .RQ]HQWUDWLRQ GHU YHUVFKLHGHQHQ

7ULDGHQ ZXUGHQ DXVJHZlKOW� ZHLO GLH KLHUI�U EHQ|WLJWHQ ,QWHQVLWlWHQ DP HLQIDFKVWHQ

EHVWLPPEDU XQG ZHQLJ GXUFK 3HDN�EHUODJHUXQJ JHVW|UW ZDUHQ�

7DEHOOH ��9 HQWKlOW HLQH $XIOLVWXQJ DOOHU 3HDNV PLW GHU 9HUVFKLHEXQJ LQ SSP� GHU =XRUGQXQJ

HQWVSUHFKHQG GHU 1XPHULHUXQJ YRQ LQ $EELOGXQJ ��� XQG GHP MHZHLOLJHQ 6WUXNWXUHOHPHQW�

'LH DQJHJHEHQHQ 3HDNLQWHQVLWlWHQ ZXUGHQ QRUPLHUW DXI GLH $Q]DKO GHU .RKOHQVWRIIDWRPH�

GLH GHP MHZHLOLJHQ 6LJQDO HQWVSUHFKHQ� 'D]X ZXUGH GHU 3HDN EHL ����� SSP� GHU GHP HUVWHQ

.RKOHQVWRIIDWRP GHU Q�%XW\O�(LQKHLW GHV ,QLWLDWRUV HQWVSULFKW DOV 5HIHUHQ]SHDN YHUZHQGHW�

'LH 6XPPH GHU .RKOHQVWRIIDWRPH LVW LQ DOOHQ )lOOHQ HWZDV K|KHU DOV I�U GLH 9HUELQGXQJHQ ��

XQG �� LQ 7DEHOOH ��,9 DQJHJHEHQ� 'HU *UXQG GDI�U LVW GLH 5HLQLJXQJ GHU =LHOYHUELQGXQJHQ

SHU 6lXOHQFKURPDWRJUDSKLH� GXUFK GLH EHVRQGHUV GHU KRFKPROHNXODUH $QWHLO GHU 2OLJRPHUH

DEJHVFKQLWWHQ ZXUGH� VR GD� GLH PLWWHOV TXDQWLWDWLYHU ��&�105 6SHNWURVNRSLH XQWHUVXFKWHQ

0DNURDONRKROH � HLQ K|KHUHV 0ROHNXODUJHZLFKW EHVD�HQ DOV GLH GDUDXV V\QWKHWLVLHUWHQ

$PSKLSKLOH�

0LW +LOIH GHU *OHLFKXQJHQ ��� ELV ��� ODVVHQ VLFK DXV GHQ 3HDNLQWHQVLWlWHQ GLH

.RQ]HQWUDWLRQHQ GHU VHFKV YHUVFKLHGHQHQ 7ULDGHQ EHUHFKQHQ� 7DEHOOH ��9, HQWKlOW GLHVH

$XIOLVWXQJ LQNOXVLYH GHV GDUDXV EHUHFKQHWHQ $QWHLOV DQ ���� XQG ����:LHGHUKROXQJVHLQKHLWHQ�

'LH :HUWH VWLPPHQ QLFKW JHQDX �EHUHLQ PLW GHQHQ DXV GHU TXDQWLWDWLYHQ $QDO\VH GHU �+�

105 6SHNWUHQ� 6R HUJDE GLH �+�105 $QDO\VH I�U GLH 9HUELQGXQJ ��G HLQHQ

9HU]ZHLJXQJVJUDG YRQ ���� 'LH DXV GHP VHOEHQ 0DNURDONRKRO V\QWKHWLVLHUWH 9HUELQGXQJ
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��G EHVLW]W HLQHQ 9HU]ZHLJXQJVJUDG YRQ ���� 'HU 9HU]ZHLJXQJVJUDG GHV 0DNURDONRKROV �G

KLQJHJHQ ZXUGH GXUFK GLH ��&�105 $QDO\VH ]X ��� HUPLWWHOW� %HUHLWV LQ .DSLWHO ����� ZXUGH

HUNOlUW� ZRKHU GLHVH 8QWHUVFKLHGH U�KUHQ� %HL DOOHQ 9HUELQGXQJHQ �� XQG ��� GLH DXV GHP

VHOEHQ 0DNURDONRKRO D�H V\QWKHWLVLHUW ZXUGHQ� WUHWHQ JHULQJH 8QWHUVFKLHGH LP

0ROHNXODUJHZLFKW VRZLH LP 9HU]ZHLJXQJVJUDG DXI� GD GXUFK GLH 5HLQLJXQJ PLWWHOV

6lXOHQFKURPDWRJUDSKLH MHZHLOV HLQ 7HLO GHU 0ROHN�OH PLW GHQ QLHGULJVWHQ E]Z� K|FKVWHQ

0ROHNXODUJHZLFKWHQ DEJHWUHQQW ZHUGHQ� ZRGXUFK VLFK DX�HU I�U GDV PLWWOHUH

0ROHNXODUJHZLFKW XQG GLH 3RO\GLVSHUVLWlW �YJO� .DSLWHO ������ DXFK HLQH 'LIIHUHQ] GHU :HUWH

I�U GHQ 3UR]HQWVDW] DQ ����(LQKHLWHQ HUJLEW�

'HQ ��&�105 6SHNWUHQ NDQQ DX�HUGHP HQWQRPPHQ ZHUGHQ� RE GLH HUVWH

:LHGHUKROXQJVHLQKHLW QDFK GHU %XW\OJUXSSH GHV ,QLWLDWRUV IDYRULVLHUW HQWVSUHFKHQG ���� RGHU

����$GGLWLRQ DQJHODJHUW ZLUG� 'LHVH ,QIRUPDWLRQ NDQQ DXV GHQ 3HDNLQWHQVLWlWHQ GHU 6LJQDOH

EHL ����� XQG ����� SSP DEJHOHVHQ ZHUGHQ �V� $EELOGXQJ ����� +LHU LVW HLQH HLQGHXWLJH

=XRUGQXQJ ]XP MHZHLOV GULWWHQ .RKOHQVWRIIDWRP GHU %XW\OJUXSSH P|JOLFK� 'HU 3HDN EHL �����

SSP HQWVSULFKW GDEHL HLQHP 0ROHN�O� EHL GHP DXI GDV ,QLWLDWRUVHJPHQW HLQH

(WK\OHWK\OHQHLQKHLW IROJW� ZRKLQJHJHQ GDV 6LJQDO EHL ����� SSP YRQ HLQHU *UXSSLHUXQJ PLW

7HWUDPHWK\OHQHLQKHLW LP $QVFKOX� DQ GLH %XW\OJUXSSH VWDPPW �YJO� 6WUXNWXUHQ LQ 7DEHOOH ��

9�� 'LH 7DEHOOH ��9, HQWKlOW HLQH $XVZHUWXQJ GLHVHU 'DWHQ�

][ ][...stat...
y1-x O

Kopf-
gruppe

Butyleinheit
des Initiators

erste Monomereinheit: 1,2

][ ][...stat...
1-yx O

Kopf-
gruppe

Signal bei 32,82 ppm

erste Monomereinheit: 1,4

Signal bei 32,36 ppm

$EE� ���� YHUDOOJHPHLQHUWH 6WUXNWXUIRUPHO GHV 0DNURDONRKROV RGHU GDUDXV V\QWKHWLVLHUWHU

$PSKLSKLOH ]XU 9HUGHXWOLFKXQJ GHV (LQIOXVVHV GHU 0LNURVWUXNWXU DXI GLH

FKHPLVFKH 9HUVFKLHEXQJ GHU ��&�105 6LJQDOH LP ,QLWLDWRU�%XW\OVHJPHQW�
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,Q DOOHQ )lOOHQ LVW GHU *HKDOW DQ 0RQRPHUHLQKHLWHQ DXV ����$GGLWLRQ DP $QIDQJ GHU

2OLJRPHUNHWWH JU|�HU DOV LP 6FKQLWW LQ GHU JDQ]HQ .HWWH� )�U GLH 9HUELQGXQJ �D OLHJW GHU

$QWHLO DQ YHU]ZHLJWHQ (LQKHLWHQ DP $QIDQJ GHU .HWWH EHL ���� DXI GLH JHVDPWH .HWWHQOlQJH

NDQQ HLQ $QWHLO YRQ ��� YHU]ZHLJWHU *UXSSHQ QDFKJHZLHVHQ ZHUGHQ� 'LHVH EHLGHQ :HUWH

ZHLFKHQ QXU JHULQJI�JLJ YRQHLQDQGHU DE XQG GLH $EZHLFKXQJ OLHJW LQQHUKDOE GHV

)HKOHUEHUHLFKV I�U GLH %HVWLPPXQJ GHU ,QWHJUDOH �EHU GLH ��&�105 3HDNV� )�U GLH

9HUELQGXQJ �E HUJLEW VLFK HLQH JU|�HUH 'LIIHUHQ]� QlPOLFK ��� ����(LQKHLWHQ LQ GHU

*HVDPWNHWWH GHV K\GURSKREHQ 5HVWHV JHJHQ�EHU HLQHU :DKUVFKHLQOLFKNHLW YRQ ��� I�U GHQ

(LQEDX HLQHU ����(LQKHLW DP $QIDQJ GHU .HWWH� $OVR LVW GLH :DKUVFKHLQOLFKNHLW� GD� HLQH ����

(LQKHLW DOV HUVWH 0RQRPHUHLQKHLW QDFK GHP ,QLWLDWRUVHJPHQW HLQJHEDXW ZLUG� XP ��� JU|�HU

DOV GLH (LQEDXZDKUVFKHLQOLFKNHLW �EHU GLH JHVDPWH .HWWH JHPLWWHOW� )�U GLH 9HUELQGXQJ �H

VLQG HV VRJDU ��� DP $QIDQJ GHU .HWWH VWDWW ��� LQ GHU JHVDPWHQ .HWWH� 'DEHL VLQNW GHU

*HKDOW DQ 9HU]ZHLJXQJHQ LQ GHU 5HLKHQIROJH �D � �E � �F � �G � �H� ,QVJHVDPW NDQQ DOVR

JHVDJW ZHUGHQ� GD� GLH :DKUVFKHLQOLFKNHLW I�U GHQ (LQEDX HLQHU (WK\OHWK\OHQHLQKHLWHQ DP

$QIDQJ GHU .HWWH XP VR JU|�HU LVW� MH QLHGULJHU GHU *HVDPWJHKDOW DQ 9HU]ZHLJXQJHQ LVW�

'LHVHV (UJHEQLV LVW I�U GLH $XVZHUWXQJ GHU ([SHULPHQWH PLW 0RQRVFKLFKWHQ ZLFKWLJ �.DSLWHO

����� (LQ K|KHUHU *HKDOW DQ 7HWUDPHWK\OHQHLQKHLWHQ DP $QIDQJ GHU .HWWH Z�UGH EHGHXWHQ�

GD� YLHOH GHU 0ROHN�OH HLQH 6HTXHQ] DXV ZHQLJVWHQV QHXQ .RKOHQVWRIIDWRPHQ YRU GHU HUVWHQ

9HU]ZHLJXQJ EHVLW]HQ� (LQH VROFKH 9HUELQGXQJ VROOWH VLFK DQ GHU :DVVHU�/XIW�*UHQ]IOlFKH

DQGHUV YHUKDOWHQ� DOV HLQH 9HUELQGXQJ PLW VWDWLVWLVFK YHUWHLOWHQ 9HU]ZHLJXQJHQ RGHU PLW HLQHU

JU|�HUHQ 7HQGHQ]� ����(LQKHLWHQ JOHLFK QDFK GHP ,QLWLDWRUVHJPHQW HLQ]XEDXHQ� =XP %HLVSLHO

Z�UGHQ VLH HLQH ZHVHQWOLFK JHULQJHUH .HWWHQVWHLILJNHLW EHVLW]HQ�
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7DE� ��9,� 5HODWLYH .RQ]HQWUDWLRQ GHU 7ULDGHQ I�U GLH 9HUELQGXQJHQ �D�H HQWVSUHFKHQG

*OHLFKXQJ ��� ELV ��� XQG GHU GDUDXV EHUHFKQHWH 3UR]HQWVDW] GHU (WK\OHWK\OHQ�

HLQKHLWHQ ������� ]XP 9HUJOHLFK� 3UR]HQWVDW] GHU 0RQRPHUHLQKHLWHQ DXV ����

$GGLWLRQ I�U GLH 9HUELQGXQJHQ ��D�H XQG ��D�H� $QWHLO GHU (WK\OHWK\OHQHLQKHLWHQ

DOV HUVWH (LQKHLW QDFK GHU %XW\OHLQKHLW GHV ,QLWLDWRUV HQWVSUHFKHQG GHQ 3HDNV EHL

����� XQG ����� SSP�

D E F G H

7ULDGHQ I�U GLH 9HUELQGXQJHQ � UHODWLYH .RQ]HQWUDWLRQ

1��� ���� ���� ���� ���� ����

1��� ���� ���� ���� ���� ����

1��� ���� ���� ���� ���� ����

1��� ���� ���� ���� ���� ����

1��� ���� ���� ���� ���� ����

1��� ���� ���� ���� ���� ����

� ��� I�U GLH 9HUELQGXQJHQ � �� �� �� �� ��

� ��� I�U GLH 9HUELQGXQJHQ �� �7DE� ��,9� �� �� �� �� ��

� ��� I�U GLH 9HUELQGXQJHQ �� �7DE� ��,9� �� �� �� �� ��

� ��� DOV HUVWH (LQKHLW I�U GLH 9HUELQGXQJHQ � �� �� �� �� ��

'XUFK TXDQWLWDWLYH $QDO\VH GHU ��&�105 6SHNWUHQ NRQQWH DOVR $XIVFKOX� �EHU GLH

0LNURVWUXNWXU GHU 0DNURDONRKROH �D�H HUKDOWHQ ZHUGHQ� 'LH VR EHUHFKQHWHQ :HUWH I�U GHQ

*HKDOW DQ 9HU]ZHLJXQJHQ XQWHUVFKHLGHQ VLFK OHLFKW YRQ GHQ :HUWHQ DXV �+�105

8QWHUVXFKXQJHQ GHU 9HUELQGXQJHQ ��D�H XQG ��D�H� ZDV DEHU LQ GHU 5HLQLJXQJ GHU

$PSKLSKLOH GXUFK 6lXOHQFKURPDWRJUDSKLH EHJU�QGHW OLHJW� (V NRQQWH ZHLWHUKLQ

QDFKJHZLHVHQ ZHUGHQ� GD� GHU (LQEDX GHU :LHGHUKROXQJVHLQKHLWHQ DXV ���� XQG ����

$GGLWLRQ JOHLFKPl�LJ HQWVSUHFKHQG GHP *HVDPWJHKDOW GLHVHU (LQKHLWHQ HUIROJW XQG

LQVEHVRQGHUH ]X %HJLQQ GHU 2OLJRPHUNHWWH NHLQH +lXIXQJ GHU XQYHU]ZHLJWHQ

7HWUDPHWK\OHQHLQKHLWHQ YRUOLHJW�
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��� 'LIIHUHQWLHOOH :lUPHIOX�NDORULPHWULH

'LH *ODV�EHUJDQJVWHPSHUDWXUHQ �7J� E]Z� 6FKPHO]WHPSHUDWXUHQ �7P� DOOHU $PSKLSKLOH

ZXUGHQ PLWWHOV GLIIHUHQWLHOOHU :lUPHIOX�NDORULPHWULH �'6&� EHVWLPPW� :LH VFKRQ HUZlKQW

�.DSLWHO ����� ZXUGH EHL GHU 6\QWKHVH DQJHVWUHEW� QLFKW NULVWDOOLVDWLRQVIlKLJH 6\VWHPH ]X

HUKDOWHQ� XP GLH )OXLGLWlW GHU 0RQR� RGHU 'RSSHOVFKLFKWHQ GLHVHU $PSKLSKLOH DXFK EHL

5DXPWHPSHUDWXU XQG LQ 0LVFKXQJ PLW NULVWDOOLVDWLRQVIlKLJHQ $PSKLSKLOHQ ]X JHZlKUOHLVWHQ�

'LH hEHUSU�IXQJ GLHVHV =LHOV ZDU PLWWHOV '6& P|JOLFK�

'LH XQWHUVXFKWHQ 6XEVWDQ]HQ ZXUGHQ YRUKHU �� 6WXQGHQ EHL ���& LP +RFKYDNXXP

JHWURFNQHW� %HL DOOHQ 3UREHQ ZXUGH HLQH 0HVVXQJ PLW HLQHU 6HTXHQ] DXV +HL]� XQG

.�KOOlXIHQ GXUFKJHI�KUW� 'DEHL ZXUGHQ GLH 3UREHQ LP HUVWHQ .�KOODXI DEJHVFKUHFNW� GD EHL

HLQHU $EN�KOJHVFKZLQGLJNHLW YRQ ��.�PLQ LP HUVWHQ /DXI NHLQH DXVVDJHNUlIWLJHQ

7KHUPRJUDPPH HUKDOWHQ ZXUGHQ� 'DV EHHLQIOX�WH GHQ 7J GHU XQWHUVXFKWHQ 3UREHQ QXU

JHULQJI�JLJ� ZLH DXV HLQHP 9HUJOHLFK GHU HUKDOWHQHQ 7J :HUWH DXV HUVWHP XQG ]ZHLWHP

+HL]ODXI HUVLFKWOLFK LVW �V� 7DEHOOH ��9,,�� $OOH 3UREHQ ZXUGHQ HQWVSUHFKHQG GHP IROJHQGHQ

0H�SURJUDPP XQWHUVXFKW�

�� .�KOODXI YRQ ���& ELV �����& EHL ��� .�PLQ

 �� PLQ� EHL ���� �&

 �� +HL]ODXI YRQ �����& ELV ���& EHL �� .�PLQ

 �� .�KOODXI YRQ ���& ELV �����& EHL �� .�PLQ

 �� PLQ� EHL ���� �&

�� +HL]ODXI YRQ �����& ELV ���& EHL �� .�PLQ

'XUFK GLHVHV 9RUJHKHQ HUKDOWHQ GLH 3UREHQ HLQH HLQKHLWOLFKH WKHUPLVFKH 9RUJHVFKLFKWH� VR

GD� XQHUZ�QVFKWH 0H�HIIHNWH GXUFK (QWKDOSLHUHOD[DWLRQHQ YHUULQJHUW ZHUGHQ N|QQHQ�

8QWHUVXFKW ZXUGHQ DOOH V\QWKHWLVLHUWHQ $PSKLSKLOH �PLW YHU]ZHLJWHP XQG XQYHU]ZHLJWHP

5HVW��

,Q $EELOGXQJ ��� VLQG GLH '6&�7KHUPRJUDPPH DOOHU DQLRQLVFK SRO\PHULVLHUWHQ 0DNURDONRKROH

�D�I XQG GHU GDUDXV V\QWKHWLVLHUWHQ $PSKLSKLOH ��D�H� ��D XQG E� ��H XQG ��D�H VRZLH GLH

DOOJHPHLQHQ 6WUXNWXUIRUPHOQ DEJHELOGHW �9HUJOHLFKH DXFK 7DEHOOH ��,9�� 7DEHOOH ��9,, OLVWHW

DOOH *ODV�EHUJDQJVWHPSHUDWXUHQ GHV HUVWHQ XQG ]ZHLWHQ +HL]ODXIV XQG GLH

0ROHNXODUJHZLFKWH VRZLH GHQ 9HU]ZHLJXQJVJUDG DXI�
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$EE� ���� '6&�7KHUPRJUDPPH GHU DQLRQLVFK SRO\PHULVLHUWHQ 0DNURDONRKROH �D�I �D� XQG

GHU GDUDXV V\QWKHWLVLHUWHQ $PSKLSKLOH ��D�H �E�� ��D XQG E �F�� ��H �G� XQG

��D�H �H� VRZLH GHUHQ DOOJHPHLQH 6WUXNWXUIRUPHOQ�
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$XIIlOOLJ LVW ]XQlFKVW� GD� NHLQH GHU 6XEVWDQ]HQ PLW DQLRQLVFK SRO\PHULVLHUWHP K\GURSKREHQ

5HVW HLQHQ 6FKPHO]SHDN EHVLW]W� $OOH OLHJHQ YROONRPPHQ DPRUSK YRU XQG ZHLVHQ HLQH

*ODV�EHUJDQJVWHPSHUDWXU YRQ PD[LPDO ��� �& DXI� 'DPLW LVW GDV +DXSWNULWHULXP GHU

1LFKWNULVWDOOLVDWLRQVIlKLJNHLW HUI�OOW� WURW] K\GURSKLOHU .RSIJUXSSHQ� GLH VWDUN ]XU .ULVWDOOLVDWLRQ

QHLJHQ�

'LH 1HLJXQJ ]XU .ULVWDOOLVDWLRQ GHU .RSIJUXSSH Ol�W VLFK EHVRQGHUV GHXWOLFK DXV HLQHP

9HUJOHLFK YRQ $PSKLSKLOHQ JOHLFKHQ 7\SV PLW JOHLFKHU .RSIJUXSSH DEHU PLW XQWHUVFKLHGOLFKHQ

K\GURSKREHQ 5HVWHQ �YHU]ZHLJW XQG XQYHU]ZHLJW� HUVHKHQ� $EELOGXQJ ����D ]HLJW GLH '6&�

7KHUPRJUDPPH GHU 9HUELQGXQJ ��� �51��'H�+(*0H�� LQ *HJHQ�EHUVWHOOXQJ PLW GHU

9HUELQGXQJ ��� 6LH EHVLW]W VWDWW GHU YHU]ZHLJWHQ 5HVWH ]ZHL 2FWDGHF\ODPLQHLQKHLWHQ� 'LHVH

XQYHU]ZHLJWH 9HUELQGXQJ ZHLVW HLQH 6FKPHO]WHPSHUDWXU YRQ �� �& DXI� 'HU

6FKPHO]HQGRWKHUP ZLUG VFKRQ GXUFK HLQHQ VHKU NXU]HQ YHU]ZHLJWHQ 5HVW XQWHUGU�FNW� %HL

9HUELQGXQJ �� KDQGHOW HV VLFK XP HLQ $PSKLSKLO PLW ]ZHL

0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSHQ XQG ]ZHL HWK\OYHU]ZHLJWHQ $ON\ONHWWHQ PLW HLQHU

GXUFKVFKQLWWOLFKHQ 5�FNJUDWOlQJH YRQ ��� .RKOHQVWRIIDWRPHQ XQG ��� 9HU]ZHLJXQJHQ SUR

.HWWH �YJO� 7DEHOOH ��,9�� 6FKRQ GLHVH JHULQJH $Q]DKO DQ 9HU]ZHLJXQJHQ UHLFKW DXV� XP

1LFKWNULVWDOOLQLWlW ]X JHZlKUOHLVWHQ�

1RFK EHVVHU Ol�W VLFK GHU (LQIOX� GHV YHU]ZHLJWHQ K\GURSKREHQ 5HVWHV DQ GHU $EELOGXQJ

����E ]HLJHQ� +LHU VLQG GLH 9HUELQGXQJHQ ��D �HLQ 3KRVSKDWLG\OFKROLQ PLW HLQHP

HWK\OYHU]ZHLJWHQ 5HVW PLW GXUFKVFKQLWWOLFK ���� .RKOHQVWRIIDWRPHQ LP 5�FNJUDW� XQG ��

�HEHQIDOOV HLQ 3KRVSKDWLG\OFKROLQ PLW HLQHP &���5HVW� DEHU XQYHU]ZHLJW�

QHEHQHLQDQGHUJHVWHOOW� �� EHVLW]W HLQHQ 6FKPHO]HQGRWKHUP EHL ���&� ��D MHGRFK LVW

YROOVWlQGLJ DPRUSK� 'HV ZHLWHUHQ ZHLVW �� HLQH *ODV�EHUJDQJVWHPSHUDWXU YRQ ����& DXI�

'XUFK GLH 9HU]ZHLJXQJ LVW GLHVH EHL ��D XP PHKU DOV ���& ELV DXI ����& DEJHVHQNW�

0LW +LOIH GHU 7DEHOOH ��9,, XQG GHU $EELOGXQJ ��� ODVVHQ VLFK DOOH $PSKLSKLOH PLW GHU JOHLFKHQ

.RSIJUXSSH DEHU XQWHUVFKLHGOLFK YHU]ZHLJWHQ K\GURSKREHQ 5HVWHQ YHUJOHLFKHQ� =XQlFKVW

Ol�W VLFK HUNHQQHQ� GD� GDV 0ROHNXODUJHZLFKW GLH *ODV�EHUJDQJVWHPSHUDWXU HQWVFKHLGHQG

EHHLQIOX�W� 6R KDW GLH 9HUELQGXQJ �D YRQ DOOHQ 0DNURDONRKROHQ � GDV JU|�WH

0ROHNXODUJHZLFKW ���� J�PRO� XQG PLW ����& DXFK GHQ K|FKVWHQ :HUW I�U 7J� 'DV JOHLFKH JLOW

I�U GLH DXV �D V\QWKHWLVLHUWHQ $PSKLSKLOH ��D� ��D XQG ��D� ,QQHUKDOE LKUHU *UXSSH VLQG VLH

MHZHLOV GLH $PSKLSKLOH PLW GHP JU|�WHQ 0ROHNXODUJHZLFKW XQG PLW GHU QLHGULJVWHQ

*ODV�EHUJDQJVWHPSHUDWXU�
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a 22; Tg = -63 °C
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$EE� ����� '6&�7KHUPRJUDPPH XQG 6WUXNWXUIRUPHOQ GHU HWK\OYHU]ZHLJWHQ $PSKLSKLOH ��

�D� XQG ��D �F� LP 9HUJOHLFK PLW $PSKLSKLOHQ JOHLFKHQ 7\SV XQG PLW JOHLFKHU

.RSIJUXSSH DEHU XQYHU]ZHLJWHP K\GURSKREHQ 5HVW� �� XQG ���

-HGRFK EHHLQIOX�W DXFK GHU 9HU]ZHLJXQJVJUDG GHQ :HUW I�U 7J� 6R EHVLW]HQ GLH

9HUELQGXQJHQ �E� �F XQG �G HLQ YHUJOHLFKEDUHV 0ROHNXODUJHZLFKW PLW :HUWHQ ]ZLVFKHQ ���
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XQG ��� J�PRO� 9RQ GLHVHQ GUHL 0DNURDONRKROHQ ZHLVW �E� GLH 9HUELQGXQJ PLW GHP K|FKVWHQ

9HU]ZHLJXQJVJUDG ������ GLH QLHGULJVWH 7J �����&� DXI� 'LH 9HU]ZHLJXQJHQ ZLUNHQ DOVR

VFKPHO]SXQNWHUQLHGULJHQG� 'LH 9HUELQGXQJ �H EHVLW]W HLQ PLW �D YHUJOHLFKEDUHV

0ROHNXODUJHZLFKW ���� J�PRO�� MHGRFK ZHQLJHU 9HU]ZHLJXQJHQ� +LHU Z�UGH HLQ 7J :HUW

HUZDUWHW ZHUGHQ� GHU REHUKDOE GHP YRQ �D OLHJW� $XV ZHOFKHP *UXQG GLH 7J �H HQWJHJHQ

GHQ (UZDUWXQJHQ EHL ����& OLHJW� LVW QLFKW JHNOlUW�

7DEHOOH ��9,,� hEHUVLFKW �EHU GLH *ODVWHPSHUDWXU�EHUJlQJH LP HUVWHQ XQG ]ZHLWHQ +HL]ODXI

�7J� E]Z� 7J� LQ �&� DOOHU V\QWKHWLVLHUWHQ $PSKLSKLOH XQG GLH

6FKPHO]WHPSHUDWXU 7P GHU XQYHU]ZHLJWHQ $PSKLSKLOH VRZLH =DKOHQPLWWHO GHV

0ROHNXODUJHZLFKWV 0Z XQG *HKDOW DQ ����9HU]ZHLJXQJHQ LQ � ������ �YJO�

7DEHOOH ��,9 XQG ��9,��

52+ 5(Q+(*0H �5(Q��(D+(*0H
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��H ��� ��� ��� ��

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

 9HUELQGXQJ EHVLW]W PHKU DOV HLQHQ hEHUJDQJ
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 9HUELQGXQJ EHVLW]W 6FKPHO]SXQNW

%HL JHQDXHU %HWUDFKWXQJ GHU '6&�7KHUPRJUDPPH IlOOW DXI� GD� HLQLJH 6XEVWDQ]HQ PHKU DOV

HLQHQ hEHUJDQJ ]X EHVLW]HQ VFKHLQHQ� 'LHV LVW EHL DOOHQ XQWHUVXFKWHQ 9HUELQGXQJHQ PLW GHQ

K\GURSKREHQ 5HVWHQ G XQG H VRZLH EHL GHQ 9HUELQGXQJHQ �E� �F� ��E� ��E XQG ��F GHU )DOO�

(V LVW DXV]XVFKOLH�HQ� GD� GLHVHU (IIHNW GXUFK HLQH 0LNURSKDVHQVHSDUDWLRQ DXIWULWW� GD

K\GULHUWHV 3RO\EXWDGLHQ VHOEVW PLW VHKU XQWHUVFKLHGOLFKHP *HKDOW DQ ���� XQG ���

9HUNQ�SIXQJ NHLQH (QWPLVFKXQJ ]HLJW XQG DXFK PLW 2OLJRHWK\OHQJO\NRO YROOVWlQGLJ PLVFKEDU

VHLQ VROOWH� 9LHOPHKU KDQGHOW HV VLFK LQ GLHVHP )DOO XP GDV $XIWUHWHQ YHUVFKLHGHQHU

hEHUJlQJH� GHUHQ +HUNXQIW KLHU QLFKW JHQDX JHNOlUW ZHUGHQ NRQQWH � HLQ (IIHNW� GHU XQWHU

DQGHUHP I�U 3DUDIILQH >��@ XQG 3HUIOXRUDONDQH >��� ��@ LQ GHU /LWHUDWXU EHVFKULHEHQ ZXUGH�

'LHVH EHVLW]HQ LP IHVWHQ =XVWDQG PHKUHUH 3KDVHQ�EHUJlQJH� GLH GXUFK GLH $QUHJXQJ

YHUVFKLHGHQHU 6HJPHQWEHZHJXQJHQ HQWVWHKHQ�

'XUFK '6& 0HVVXQJHQ NRQQWH JH]HLJW ZHUGHQ� GD� GDV +DXSWNULWHULXP� GDV DQ GLH

$PSKLSKLOH ]XU %LOGXQJ IOXLGHU 0RGHOOPHPEUDQHQ JHVWHOOW ZXUGH� HUI�OOW LVW� $OOH $PSKLSKLOH

PLW K\GURSKREHP 5HVW DXV LRQLVFKHU 3RO\PHULVDWLRQ VLQG QLFKWNULVWDOOLQ� WURW] .RSIJUXSSHQ

GLH ]XU .ULVWDOOLVDWLRQ QHLJHQ�
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���� .ULWLVFKH 0L]HOOELOGXQJVNRQ]HQWUDWLRQ

(LQ ,QGL] I�U DPSKLSKLOHV 9HUKDOWHQ LVW GDV $XIWUHWHQ HLQHU NULWLVFKHQ

0L]HOOELOGXQJVNRQ]HQWUDWLRQ �&0&�� DOVR HLQHU .RQ]HQWUDWLRQ GHV $PSKLSKLOV LQ /|VXQJ� DE

GHU GLH 2EHUIOlFKH E]Z� GLH 6XESKDVH PLW $PSKLSKLOPROHN�OHQ JHVlWWLJW LVW XQG GDV

$PSKLSKLO EHJLQQW� LQ /|VXQJ 0L]HOOHQ DXV]XELOGHQ >��@�

$QDO\WLVFK PDFKW VLFK GDV EHPHUNEDU GXUFK HLQH DEUXSWH bQGHUXQJ YHUVFKLHGHQHU

SK\VLNDOLVFKHU *U|�HQ GHU /|VXQJ� GLH YRQ GHU 3DUWLNHOJU|�H RGHU �]DKO DEKlQJHQ >��@�

4XDQWLWDWLY NDQQ GLH &0& XQWHU DQGHUHP GXUFK GLH 0HVVXQJ GHU 2EHUIOlFKHQVSDQQXQJ� GHU

/HLWIlKLJNHLW >��@� GHP RVPRWLVFKHQ 'UXFN RGHU GHQ /LFKWVWUHXHLJHQVFKDIWHQ >��@ GHU /|VXQJ

EHVWLPPW ZHUGHQ� ,Q DOOHQ )lOOHQ ZLUG EHL (UUHLFKHQ GHU &0& HLQH 8QVWHWLJNHLW GHU 0H�JU|�H

UHJLVWULHUW� GD VLFK KLHU GDV 9HUKDOWHQ GHV ELQlUHQ 6\VWHPV lQGHUW�

(LQH VHKU JHQDXH 0HWKRGH� GLH JHUDGH ]XU %HVWLPPXQJ NOHLQHU &0& :HUWH LPPHU EHOLHEWHU

ZLUG� EHGLHQW VLFK GHU )OXRUHV]HQ]VSHNWURVNRSLH >�����@� %HL GLHVHU 0HWKRGH ZLUG HLQ

K\GURSKREHU )OXRUHV]HQ]IDUEVWRII EHQXW]W� GHU VHLQH )OXRUHV]HQ]HLJHQVFKDIWHQ MH QDFK

VROXELOLVLHUHQGHP 0HGLXP lQGHUW� $P JHEUlXFKOLFKVWHQ XQG DP EHVWHQ XQWHUVXFKW LVW GDEHL

3\UHQ >�����@� $EELOGXQJ ���� ]HLJW GDV )OXRUHV]HQ]VSHNWUXP YRQ 3\UHQ LQ :DVVHU EHL

YDULLHUHQGHU $PSKLSKLONRQ]HQWUDWLRQ� 6WHLJW GLH .RQ]HQWUDWLRQ GHV $PSKLSKLOV� QLPPW GLH

*HVDPWLQWHQVLWlW GHV )OXRUHV]HQ]VSHNWUXPV ]X� $X�HUGHP YHUlQGHUW VLFK GLH )HLQVWUXNWXU

GHV 6SHNWUXPV� GLH ,QWHQVLWlWHQ GHU HLQ]HOQHQ 3HDNV YHUlQGHUQ VLFK LP 9HUKlOWQLV

]XHLQDQGHU�

'HU HUVWH 3HDN GHV )OXRUHV]HQ]VSHNWUXPV EHL ��� QP� KLHU ,� EH]HLFKQHW� HQWVSULFKW HLQHP

HLJHQWOLFK V\PPHWULHYHUERWHQHP ������hEHUJDQJ� DOVR DXV GHP 9LEUDWLRQVJUXQG]XVWDQG GHV

HOHNWURQLVFK DQJHUHJWHQ 6LQJXOHWW � �6�� 1LYHDXV LQ GHQ 9LEUDWLRQVJUXQG]XVWDQG GHV 6�

1LYHDXV� %HL YLHOHQ DURPDWLVFKHQ 9HUELQGXQJHQ LVW GLHVHV 6\PPHWULHYHUERW LQ SRODUHQ

/|VXQJVPLWWHOQ MHGRFK WHLOZHLVH DXIJHKREHQ �+DP�(IIHNW� >��@ XQG VHLQH ,QWHQVLWlW VWHLJW LP

9HUKlOWQLV ]X GHQ DQGHUHQ 3HDNV GHV 6SHNWUXPV� 'HU 3HDN ,� EHL HWZD ��� QP KLQJHJHQ LVW

QLFKW V\PPHWULHYHUERWHQ XQG VRPLW YRP /|VXQJVPLWWHO E]Z� YRQ GHU 3RODULWlW GHV

XPJHEHQGHQ 0HGLXPV ZHLWJHKHQG XQDEKlQJLJ� :LUG QXQ GDV 9HUKlOWQLV ,��,� �EHU GLH

.RQ]HQWUDWLRQ DXIJHWUDJHQ� VR HUJLEW VLFK HLQH .XUYH� ZLH VLH LQ $EELOGXQJ ����D I�U GDV

%HLVSLHO ��E GDUJHVWHOOW LVW� =XU $XVZHUWXQJ ZLUG ]XQlFKVW HLQH VLJPRLGDOH )LWNXUYH GXUFK DOOH

0H�SXQNWH JHOHJW� 'HU 6FKQLWWSXQNW HLQHU *HUDGH GXUFK GHQ :HQGHSXQNW PLW HLQHU *HUDGH
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GXUFK GHQ %HUHLFK JHULQJHU $PSKLSKLONRQ]HQWUDWLRQHQ PDUNLHUW KLHUEHL GLH .RQ]HQWUDWLRQ� EHL

GHU HUVWPDOV 0L]HOOHQ JHELOGHW ZHUGHQ� DOVR GLH &0&� 'LH *HQDXLJNHLW GHU (UJHEQLVVH KlQJW

HQWVFKHLGHQG YRQ GHU )LWNXUYH GXUFK GLH 0H�SXQNWH DE� 'LHVH ZLUG GHVKDOE PDWKHPDWLVFK

QDFK GHU 0HWKRGH GHU NOHLQVWHQ 4XDGUDWVXPPH GHU $EVWlQGH EHUHFKQHW XQG ZR Q|WLJ QDFK

NOHLQHQ $PSKLSKLONRQ]HQWUDWLRQHQ KLQ H[WUDSROLHUW�
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$EE� ����� )OXRUHV]HQ]VSHNWUXP YRQ 3\UHQ LQ Zl�ULJHU /|VXQJ YRQ ��E EHL

.RQ]HQWUDWLRQHQ REHUKDOE XQG XQWHUKDOE GHU NULWLVFKHQ

0L]HOOELOGXQJVNRQ]HQWUDWLRQ �&0& YRQ ��E  ����� PPRO�O� YJO�

7DEHOOH ��9,,,��

=XU 0HVVXQJ GHU &0& ZXUGH ]XQlFKVW GDV LP +RFKYDNXXP JHWURFNQHWH $PSKLSKLO LQ

KRFKUHLQHP 0LOOLSRUH� :DVVHU JHO|VW� 'HU /|VHSUR]H� ZXUGH GXUFK %HKDQGOXQJ PLW

8OWUDVFKDOO EHVFKOHXQLJW� $XVJHKHQG YRQ GLHVHU HWZD � P0 6WDPPO|VXQJ ZXUGHQ LQ

)OXRUHV]HQVTXDU]N�YHWWHQ YHUG�QQWH /|VXQJHQ KHUJHVWHOOW XQG PLW MHZHLOV HWZD � µO HLQHU

��� P0 /|VXQJ YRQ 3\UHQ LQ $FHWRQ YHUVHW]W� VR GD� GLH .RQ]HQWUDWLRQ YRQ 3\UHQ EHL FD�

�⋅���� PRO�O XQG GDPLW NQDSS XQWHUKDOE GHU 6lWWLJXQJVNRQ]HQWUDWLRQ YRQ 3\UHQ LQ :DVVHU EHL

���& ODJ >��@� 'LH /|VXQJHQ YHUVFKLHGHQHU .RQ]HQWUDWLRQ ZXUGHQ XQPLWWHOEDU QDFK GHU
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3UlSDUDWLRQ YHUPHVVHQ� $OV %HLVSLHO HLQHV QDFK GHU REHQ EHVFKULHEHQHQ $XVZHUWXQJ

HUVWHOOWHQ 'LDJUDPPV ]HLJW $EELOGXQJ ����D GLH 0H�ZHUWH ,��,� I�U GLH 9HUELQGXQJ ��E�

=XU hEHUSU�IXQJ GLHVHU 0HWKRGH ZXUGH GLH &0& GHU NlXIOLFKHQ 9HUELQGXQJ

3HQWDHWK\OHQJO\NROPRQRGRGHF\OHWKHU �&��(�� EHVWLPPW� 'DV ]XJHK|ULJH 'LDJUDPP LVW LQ

$EELOGXQJ ����E GDUJHVWHOOW� 'HU HUPLWWHOWH :HUW I�U GLH &0& YRQ ���⋅���� PRO�O NRPPW GHP

/LWHUDWXUZHUW YRQ ���⋅���� PRO�O VHKU QDKH >��@� 'LHVHU 8QWHUVFKLHG YRQ ���Â���� PRO�O

HQWVSULFKW ZHJHQ GHU ORJDULWKPLVFKHQ 'DUVWHOOXQJ GHU .RQ]HQWUDWLRQVDFKVH HLQHU 'LIIHUHQ]

YRQ ���� (LQKHLWHQ DXI GHU $EV]LVVH XQG OLHJW GDPLW LQQHUKDOE GHU $EOHVHJHQDXLJNHLW� 6RPLW

NDQQ GHU )OXRUHV]HQ]PHWKRGH ]XU (UPLWWOXQJ GHU NULWLVFKHQ 0L]HOOELOGXQJVNRQ]HQWUDWLRQHQ

YHUWUDXW ZHUGHQ�
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$EE� ����� 'LDJUDPP GHV ,QWHQVLWlWVYHUKlOWQLVVHV ,��,� DOV HLQH )XQNWLRQ GHU .RQ]HQWUDWLRQ

YRQ ��E �D� XQG GHU NlXIOLFKHQ 6XEVWDQ] 3HQWDHWK\OHQJO\NROPRQRGRGHF\OHWKHU

�&��(�� LQ Zl�ULJHU /|VXQJ� 'HU :HUW I�U GLH &0& HUJLEW VLFK DXV GHP

6FKQLWWSXQNW GHU ([WUDSRODWLRQVJHUDGHQ�

1HEHQ GHU 0HVVXQJ EHL ���& ZXUGH GLH &0& DXFK EHL ���� ���XQG ���& JHPHVVHQ� 'D]X

ZXUGHQ NHLQH IULVFK SUlSDULHUWHQ /|VXQJHQ YHUZHQGHW� VRQGHUQ GLH /|VXQJHQ� GLH ]XYRU EHL

���& YHUPHVVHQ ZXUGHQ� 'D GLH &0&�:HUWH VLFK GXUFK GDV $OWHUQ GHU /|VXQJHQ OHLFKW

YHUlQGHUQ >��@� ZXUGHQ GLH /|VXQJHQ �� 6WXQGHQ JHDOWHUW XQG DQVFKOLH�HQG EHL DOOHQ

7HPSHUDWXUHQ YHUPHVVHQ� XP GLH :HUWH EHL K|KHUHU 7HPSHUDWXU PLW GHP EHL ���&

HUKDOWHQHQ YHUJOHLFKHQ ]X N|QQHQ� ,Q HLQHP %HLVSLHO VLQG GLH VR YRQ GHU 9HUELQGXQJ ��G

HUKDOWHQHQ 'LDJUDPPH LQ $EELOGXQJ ���� ZLHGHUJHJHEHQ� ,Q 7DEHOOH ��9,,, VLQG GLH

(UJHEQLVVH VlPWOLFKHU 0HVVXQJHQ ]XVDPPHQJHID�W� $EELOGXQJ ���� ]HLJW HLQH hEHUVLFKW GHU

6WUXNWXUIRUPHOQ DOOHU YHUPHVVHQHU 6XEVWDQ]HQ�
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nicht gealtert:
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gealtert:
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$EE� ����� 'LDJUDPP GHV ,QWHQVLWlWVYHUKlOWQLVVHV ,��,� DOV HLQH )XQNWLRQ GHU

.RQ]HQWUDWLRQ YRQ ��G XQPLWWHOEDU QDFK GHU 3UlSDUDWLRQ �JUDX�

E]Z� QDFK �� 6WXQGHQ $OWHUXQJ EHL ���� ���� ��� XQG ���&�

=XQlFKVW HLQPDO LVW DXIIlOOLJ� GD� DOOH :HUWH I�U GLH NULWLVFKH 0L]HOOELOGXQJVNRQ]HQWUDWLRQ LQ

HLQHP UHFKW HQJHQ %HUHLFK YRQ ��� ELV ����⋅���� PRO�O OLHJHQ� 'LHV HQWVSULFKW GHP %HUHLFK� LQ

GHP DXFK GLH &0&V I�U 9HUELQGXQJHQ PLW XQYHU]ZHLJWHP K\GURSKREHQ $ON\OUHVW lKQOLFKHU

/lQJH XQG 3HQWD� E]Z� +HSWDHWK\OHQJO\NRONRSIJUXSSH �&
[
(
�
E]Z� &

[
(
�
� [  ������ ]X ILQGHQ

VLQG �YJO� 7DE� ��9,,,�� 'LH &0& OLHJW GDPLW HUZDUWXQJVJHPl� ZHLW �EHU GHU &0& YRQ '33&�

'DGXUFK� GD� '33& ]ZHL K\GURSKREH &���5HVWH EHVLW]W� LVW GLH &0& XP *U|�HQRUGQXQJHQ

JHULQJHU ��⋅����� PRO�O EHL HLQHU 7HPSHUDWXU YRQ ���&� >��@�

:HLWHU LVW ]X HUZlKQHQ� GD� GLH &0&V GHU 3KRVSKDWLG\OFKROLQH �� �YJO� $EELOGXQJ ����� EHL

DQVWHLJHQGHU 7HPSHUDWXU DOOH GHU JOHLFKHQ 7HQGHQ] XQWHUOLHJHQ� GLH &0& VWHLJW� %HL GHQ

9HUELQGXQJHQ �� PLW HLQHU 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH LVW XPJHNHKUW HLQ $EVLQNHQ

GHU &0& PLW ]XQHKPHQGHU 7HPSHUDWXU ]X YHU]HLFKQHQ� %HLGHV HQWVSULFKW GHQ 7UHQGV EHL LQ

GHU /LWHUDWXU DXIJHI�KUWHQ $PSKLSKLOHQ� QLFKWLRQLVFKH 7HQVLGH EHVLW]HQ LKUH QLHGULJVWH &0&

]XPHLVW EHL HWZD ���& >��@ XQG ]ZLWWHULRQLVFKH EHL ���& >��@� 'LHV KDW VHLQH 8UVDFKH LQ GHU

]XQHKPHQGHQ /|VOLFKNHLW GHV K\GURSKREHQ 5HVWHV LQ :DVVHU PLW VWHLJHQGHU 7HPSHUDWXU�
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ZDV 0L]HOOELOGXQJ EHHLQWUlFKWLJW� )�U QLFKWLRQLVFKH $PSKLSKLOH VSLHOW KLQJHJHQ GLH

DEQHKPHQGH /|VOLFKNHLW GHU 3RO\HWK\OHQR[LGNRSIJUXSSH LQ :DVVHU VWHLJHQGHU 7HPSHUDWXU

HLQH VWlUNHUH 5ROOH >���@� 'LHVHU (IIHNW �EHUNRPSHQVLHUW GLH /|VOLFKNHLWV]XQDKPH GHV

YHU]ZHLJWHQ 5HVWHV�

7DEHOOH ��9,,,� &0& �LQ ���� PRO�O� DOOHU PLWWHOV )OXRUHV]HQ]VSHNWURVNRSLH XQWHUVXFKWHQ

$PSKLSKLOH XQG ]ZHL DXV GHU /LWHUDWXU HQWQRPPHQHU �YJO� $EE� ���� I�U

6WUXNWXUIRUPHOQ�� 'LH :HUWH GHU VHOEVW YHUPHVVHQHQ 6XEVWDQ]HQ ZXUGHQ

GLUHNW QDFK 3UlSDUDWLRQ �Q�J�  QLFKW JHDOWHUW� E]Z� QDFK �� 6WXQGHQ

$OWHUXQJ EHL ���� ���� ��� XQG ��� HUPLWWHOW�

3UREH Q�J� ���& ���& ���& ���&

��E ��� ��� ��� ���

��H ��� ��� ��� ���

�� ��� ���

��D ��� ��� ��� ��� ���

��E ��� ��� ��� ���

��F ��� ��� ���� ����

��G ��� ��� ��� ��� ����

��H ��� ��� ��� ���

&��(�

 ��

&��(�

 ��

&��(�

 ���

 /LWHUDWXUZHUW� ���⋅���� PRO�O >���@

 :HUW DXV GHU /LWHUDWXU HQWQRPPHQ
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$EE� ����� 6WUXNWXUIRUPHOQ GHU YHU]ZHLJWHQ $PSKLSKLOH ��� �� XQG �� �YJO� DXFK

7DE� ��,9� XQG GHU $PSKLSKLOH &P(Q�

'LH &0& GHU 9HUELQGXQJ ��� HLQHP $PSKLSKLO PLW ]ZHL K\GURSKREHQ 5HVWHQ �YJO� $EELOGXQJ

������ OLHJW HEHQIDOOV LP %HUHLFK ���� PRO�O� $XI GHQ HUVWHQ %OLFN LVW GDV HUVWDXQOLFK� GD I�U

$PSKLSKLOH PLW XQYHU]ZHLJWHP K\GURSKREHQ 5HVW JLOW� GD� GHU QHJDWLY ORJDULWKPLVFKH :HUW

GHU &0& I�U HLQ 7HQVLG PLW ]ZHL K\GURSKREHQ 5HVWHQ NQDSS GRSSHOW VR JUR� LVW ZLH GHU &0&

:HUW I�U HLQ 7HQVLG PLW QXU HLQHP K\GURSKREHQ 5HVW JOHLFKHU /lQJH >��@� 8QVlWWLJXQJ XQG

9HU]ZHLJXQJ GHV K\GURSKREHQ 5HVWHV VWHLJHUW GLH /|VOLFKNHLW XQG VHQNW GLH &0& GHV

$PSKLSKLOV� 6R JLOW I�U 7HQVLGH PLW XQYHU]ZHLJWHP K\GURSKREHQ 5HVW XQDEKlQJLJ YRQ GHU

$UW GHU K\GURSKLOHQ .RSIJUXSSH GLH *HVHW]Pl�LJNHLW�

ORJ &0&  �D ⋅ 1 � E�

ZREHL D XQG E I�U GHQ $PSKLSKLOW\S W\SLVFKH NRQVWDQWHQ VLQG XQG 1 GLH $Q]DKO GHU &�$WRPH

GHV K\GURSKREHQ 5HVWHV ZLHGHUJLEW >���@� $XFK I�U 7HQVLGH PLW HLQHU 0HWK\OHQVHLWHQJUXSSH

JLOW� GD� GLH &0& EHL ZDFKVHQGHU +DXSWNHWWH ZHVHQWOLFK JHULQJHU ]XQLPPW DOV LP )DOO GHU

XQYHU]ZHLJWHQ $PSKLSKLOH >��@�
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'LH LQ GLHVHU $UEHLW YRUJHVWHOOWHQ 6XEVWDQ]HQ EHVLW]HQ HLQHQ VHKU VWDUNHQ 9HU]ZHLJXQJVJUDG�

(V PX� LP YRUOLHJHQGHQ )DOO DOVR JHIROJHUW ZHUGHQ� GD� GHU (LQIOX� DXV GHQ 9HU]ZHLJXQJHQ

GHQ (IIHNW GHU ZDFKVHQGHQ +DXSWNHWWH E]Z� GHV ]ZHLIDFKHQ K\GURSKREHQ 5HVWHV QDKH]X

NRPSHQVLHUW� $XV GLHVHP *UXQG OLHJHQ DXFK GLH :HUWH GHU &0&V GHU 9HUELQGXQJHQ ��D�H

LQQHUKDOE HLQHU =HKQHUSRWHQ]� REZRKO GLH +DXSWNHWWHQOlQJH LQ HLQHP %HUHLFK YRQ

GXUFKVFKQLWWOLFK ���� ELV ���� &�$WRPHQ YDULLHUW �YJO� 7DEHOOH ��,9�� 'LHVH JHULQJH

9HUlQGHUXQJ GHU &0& WURW] ODQJHU +DXSWNHWWHQ �LP 9HUJOHLFK ]X JHEUlXFKOLFKHQ 7HQVLGHQ

RGHU QDW�UOLFK YRUNRPPHQGHQ /LSLGHQ� VSLHJHOW GLH KRKH /|VOLFKNHLW GHU YRUOLHJHQGHQ

9HUELQGXQJHQ ZLHGHU� GLH VLFK DXFK LQ GHQ )LOPZDDJHQPHVVXQJHQ EHPHUNEDU PDFKW �VLHKH

.DSLWHO �����

0LW +LOIH GHU )OXRUHV]HQ]VSHNWURVNRSLH NRQQWH DOVR WHQVLGLVFKHV 9HUKDOWHQ GHV YRUOLHJHQGHQ

6\VWHPV QDFKJHZLHVHQ ZHUGHQ� 'HU WHPSHUDWXUDEKlQJLJH 7UHQG GHU &0& LVW PLW GHQ LQ GHU

/LWHUDWXU EHVFKULHEHQHQ 6\VWHPHQ YHUJOHLFKEDU� 'HU (LQIOX� GHU .HWWHQOlQJH LVW LP 9HUJOHLFK

]X XQYHU]ZHLJWHQ $PSKLSKLOHQ VHKU JHULQJ� 'XUFK GHQ VWDUNHQ 9HU]ZHLJXQJVJUDG EHVLW]HQ

GLH XQWHUVXFKWHQ 9HUELQGXQJHQ HLQH &0&� GLH NRQVWDQW LP %HUHLFK ���� PRO�O OLHJW� 6LH VLQG

GDPLW ZHVHQWOLFK VWlUNHU O|VOLFK LQ :DVVHU DOV GDV QDW�UOLFKH $PSKLSKLO '33&�
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��� 'UXFN�)OlFKHQ�'LDJUDPPH

/DQJPXLU HUNDQQWH EHUHLWV ����� GD� DPSKLSKLOH 6XEVWDQ]HQ HLQHQ )LOP DXI HLQHU

:DVVHUREHUIOlFKH ELOGHQ N|QQHQ� GHU H[DNW GLH 'LFNH HLQHU 0ROHN�OVFKLFKW EHVLW]W >���@� 'DV

9HUKDOWHQ HLQHV VROFKHQ /DQJPXLUILOPV ZLUG PLW +LOIH HLQHU )LOPZDDJH �$EE� �����

XQWHUVXFKW� 'DEHL ZLUG HLQ PRQRPROHNXODUHU )LOP GHU ]X XQWHUVXFKHQGHQ 6XEVWDQ] DQ GHU

:DVVHUREHUIOlFKH ]ZLVFKHQ ]ZHL 37)(�%DUULHUHQ NRPSULPLHUW� 'HU 'UXFN π LQ P1�P DXI GLH

VFKZLPPHQGH 7HIORQEDUULHUH ZLUG LQ $EKlQJLJNHLW GHU )OlFKH ]ZLVFKHQ %DUULHUH XQG

7URJZDQG E]Z� GHU GDUDXV HUUHFKQHWHQ )OlFKH SUR 0ROHN�O JHPHVVHQ� $XV GHQ VR

DXIJHQRPPHQHQ ,VRWKHUPHQ N|QQHQ XQWHU DQGHUHP ,QIRUPDWLRQHQ �EHU GHQ )OlFKHQEHGDUI

HLQHV $PSKLSKLOV DQ GHU :DVVHU�/XIW�*UHQ]IOlFKH XQG HLQH TXDOLWDWLYH $XVVDJHQ �EHU GLH

6WDELOLWlW GLHVHV PRQRPROHNXODUHQ )LOPV JHZRQQHQ ZHUGHQ >���@� )�U GLH

3KRVSKDWLG\OFKROLQH VROO PLW GLHVHU 0H�PHWKRGH HLQ =XVDPPHQKDQJ ]ZLVFKHQ GHU 6WUXNWXU

GHV YHU]ZHLJWHQ K\GURSKREHQ 5HVWV XQG GHV )OlFKHQEHGDUIV KHUJHVWHOOW ZHUGHQ�

$EE� ����� 6FKHPDWLVFKH 6NL]]H HLQHU /DQJPXLU�)LOPZDDJH�

,P )ROJHQGHQ VROOHQ ]XQlFKVW GLH (UJHEQLVVH GHU )LOPZDDJHQPHVVXQJHQ GHU HLQ]HOQHQ

$PSKLSKLOH EHWUDFKWHW ZHUGHQ �.DS� ������� 'DEHL VROO GHU )OlFKHQEHGDUI LQ =XVDPPHQKDQJ

PLW GHU .RQVWLWXWLRQ XQG .RQIRUPDWLRQ GHU HLQ]HOQHQ 9HUELQGXQJHQ JHVHW]W ZHUGHQ�

$QVFKOLH�HQG VROOHQ GLH 5HVXOWDWH GHU 0HVVXQJHQ LQ 0LVFKXQJ PLW GHP QDW�UOLFKHQ /LSLG

'33& QlKHU EHOHXFKWHW ZHUGHQ�
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����� ,VRWKHUPHQ GHU 5HLQVXEVWDQ]HQ

)�U GLH 0HVVXQJ ZXUGH HLQH JHQDX DEJHPHVVHQH 0HQJH �ZHQLJH µO� HLQHU HWZD �P0

/|VXQJ GHU JU�QGOLFK LP +RFKYDNXXP JHWURFNQHWHQ 6XEVWDQ] LQ KRFKUHLQHP &KORURIRUP DXI

GHU :DVVHUREHUIOlFKH JHVSUHLWHW XQG DQVFKOLH�HQG PLW +LOIH GHU EHZHJOLFKHQ 7HIORQEDUULHUH

NRPSULPLHUW� $OOH YHU]ZHLJWHQ $PSKLSKLOH EHVD�HQ HLQH UHODWLY KRKH :DVVHUO|VOLFKNHLW� ZLH

DXFK VFKRQ EHL GHU 0HVVXQJ GHU &0& GHXWOLFK ZXUGH �.DSLWHO ����� 8P 6XEVWDQ]YHUOXVWH

GXUFK /|VHQ LQ GHU 6XESKDVH JHULQJ ]X KDOWHQ XQG VRPLW YHUOl�OLFKH 0H�HUJHEQLVVH ]X

HUKDOWHQ� ZXUGH GLH =HLW ]XU 9HUGXQVWXQJ GHV &KORURIRUPV DXV GHU *UHQ]VFKLFKW PLW HWZD

HLQHU 0LQXWH UHODWLY NXU] JHKDOWHQ� (V NDQQ WURW]GHP GDYRQ DXVJHJDQJHQ ZHUGHQ� GD� GLH

SUR 0HVVXQJ JHVSUHLWHWHQ FD� �� µO &KORURIRUP LQ GLHVHU =HLW YROOVWlQGLJ YHUGXQVWHW ZDUHQ�

'HU )LOP ZXUGH PLW HLQHU *HVFKZLQGLJNHLW YRQ �� FP��PLQ NRPSULPLHUW� 8QWHU GLHVHQ

%HGLQJXQJHQ NRQQWHQ UHSURGX]LHUEDUH (UJHEQLVVH HUKDOWHQ ZHUGHQ� 'HU HUVWH EHPHUNEDUH

$QVWLHJ GHV 'UXFNV LQ GHU $XIWUDJXQJ� GHU /LIW�RII� HQWVSULFKW GHP )OlFKHQEHGDUI HLQHV

$PSKLSKLOPROHN�OV� 'LH $EELOGXQJHQ ���� XQG ���� ]HLJHQ DXI GLHVH :HLVH DXIJHQRPPHQH

,VRWKHUPHQ I�U GLH 9HUELQGXQJHQ ��H ��E XQG �� � DOV %HLVSLHO I�U $PSKLSKLOH PLW HLQHU

0HWKR[\KH[DHWK\OHQJO\NRO .RSIJUXSSH � VRZLH ��H � VWHOOYHUWUHWHQG I�U GLH

3KRVSKDWLG\OFKROLQH� ,Q $EELOGXQJ ���� ZLUG GLH $XVZLUNXQJ GHU 7HPSHUDWXUYDULDWLRQ

YHUDQVFKDXOLFKW� 'HU 9HUJOHLFK LQ $EELOGXQJ ���� VROO ]XU 9HUGHXWOLFKXQJ GHV (LQIOXVVHV GHU

.RSIJUXSSH GLHQHQ� 'LH 'UXFN�)OlFKHQ�'LDJUDPPH GHU �EULJHQ YHU]ZHLJWHQ $PSKLSKLOH VLQG

YHUJOHLFKEDU PLW LKUHQ MHZHLOLJHQ 6WHOOYHUWUHWHUQ� 7DEHOOH ��,; HQWKlOW HLQH =XVDPPHQVWHOOXQJ

GHU 'DWHQ DOOHU YHU]ZHLJWHQ $PSKLSKLOH�

$XIIlOOLJ LVW� GD� GHU /LIW�RII PLW ]XQHKPHQGHU 7HPSHUDWXU EHL DEQHKPHQGHU )OlFKH SUR

0ROHN�O ]X YHU]HLFKQHQ LVW� 'DV 9HUKDOWHQ XQYHU]ZHLJWHU 7HQVLGH ]HLJW JHQDX

HQWJHJHQJHVHW]WH 7HQGHQ] � EHL VWHLJHQGHU 7HPSHUDWXU QLPPW DXFK GHU )OlFKHQEHGDUI ]X

>���@� 'DV 9HUKDOWHQ LQ GLHVHP )DOO Ol�W VLFK PLW GHU QLFKW ]X YHUQDFKOlVVLJHQGHQ /|VOLFKNHLW

GHU 9HUELQGXQJHQ LQ :DVVHU HUNOlUHQ� GLH EHL VWHLJHQGHU 7HPSHUDWXU QRFK ]XQLPPW� 'LHVH

]HLJW VLFK HEHQIDOOV JDQ] GHXWOLFK LQ GHQ 5HOD[DWLRQVNXUYHQ GHU $PSKLSKLOH� $XV WHFKQLVFKHQ

*U�QGHQ NRQQWHQ QLFKW YRQ DOOHQ $PSKLSKLOHQ 5HOD[DWLRQVNXUYHQ HUKDOWHQ ZHUGHQ� 9RQ GHQ

YLHU 9HUELQGXQJHQ� YRQ GHQHQ 5HOD[DWLRQVNXUYHQ DXIJHQRPPHQ ZHUGHQ NRQQWHQ �$EELOGXQJ

������ NDQQ QXU ��D VWDELO JHQDQQW ZHUGHQ� 'DV $PSKLSKLO ��G GHVRUELHUW DXV QRFK QLFKW

JHNOlUWHQ 8UVDFKHQ QDFK HWZD �� 0LQXWHQ VFKODJDUWLJ YRQ GHU *UHQ]IOlFKH� LP )DOO YRQ ��F

VRZLH ��G ]HLJHQ GLH .XUYHQ HLQHQ H[SRQHQWLHOOHQ $EIDOO PLW HLQHU +DOEZHUWV]HLW YRQ HWZD �

E]Z� �� 0LQXWHQ�
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$EE� ����� 'UXFN�)OlFKHQ�'LDJUDPPH YRQ ��H �D�� ��E �E�� �� �F� XQG ��H �E� EHL ���� ����

��� XQG ���&� 'LH LQ GHU /HJHQGH DQJHJHEHQHQ :HUWH EH]HLFKQHQ GLH MHZHLOLJHQ

:HUWH I�U GHQ )OlFKHQEHGDUI GHV $PSKLSKLOV�

$XV GHQ $EELOGXQJHQ ���� XQG ���� ZLUG DX�HUGHP NODU� GD� GLH ,VRWKHUPHQ GHU $PSKLSKLOH

PLW 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH HLQHQ ZHVHQWOLFK K|KHUHQ )OlFKHQEHGDUI EHVLW]HQ

DOV GLH $PSKLSKLOH PLW 3KRVSKDWLG\OFKROLQNRSIJUXSSH XQG ]XGHP GHU /LIW�RII VFKZLHULJ ]X

EHVWLPPHQ LVW� GD GHU $QVWLHJ ZHQLJHU DEUXSW HUIROJW� 'LHV KDW VHLQHQ 8UVSUXQJ LQ

.RQIRUPDWLRQV�EHUJlQJHQ GHU .RSIJUXSSH >���� ���@� GLH EHL ZHVHQWOLFK K|KHUHQ 'U�FNHQ

VWDWWILQGHQ� DOV GLH $XIULFKWXQJ GHU K\GURSKREHQ 5HVWH >���@� 'XUFK GLHVH VRJHQDQQWH

SDQFDNH�WR�PXVKURRP 3KDVHQXPZDQGOXQJ >���@� HLQHU 'HVRUSWLRQ YRQ GHU :DVVHU�/XIW�

*UHQ]IOlFKH� GLH LQ $EELOGXQJ ���� VFKHPDWLVFK YHUGHXWOLFKW LVW� ZHUGHQ GLH ,VRWKHUPHQ

VFKZHU DQDO\VLHUEDU EH]�JOLFK LKUHV )OlFKHQEHGDUIV� $XV GLHVHP *UXQG ZXUGHQ LQ 7DEHOOH ��

,; I�U GLH $PSKLSKLOH ��� �� XQG �� DOV :HUWH I�U GHQ /LIW�RII GLH MHZHLOLJHQ )OlFKHQ EHL

HLQHP 'UXFN YRQ ��� P1�P DQJHJHEHQ� ,P 9HUJOHLFK GHU :HUWH GLHVHU GUHL 7\SHQ IlOOW DXI�
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GD� GHU )OlFKHQEHGDUI I�U GDV $PSKLSKLO PLW ]ZHL 0HWKR[\KH[DHWK\OHQJO\NRO�.RSIJUXSSHQ�

��� GRSSHOW VR JUR� LVW ZLH GHU :HUW I�U GLH $PSLKSLOH PLW QXU HLQHU +(*0H�.RSIJUXSSH�
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7DEHOOH ��,;� :HUWH I�U GHQ )OlFKHQEHGDUI DQ GHU :DVVHU�/XIW�

*UHQ]IOlFKH DOOHU $PSKLSKLOH PLW YHU]ZHLJWHP

K\GURSKREHQ 5HVW LQ c��0ROHN�O LQ $EKlQJLJNHLW YRQ GHU

7HPSHUDWXU�

)OlFKHQEHGDUI LQ c��0ROHN�O EHL

3UREH ���& ���& ���& ���& ���&
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$EE� ����� 6FKHPDWLVFKH 'DUVWHOOXQJ HLQHV P|JOLFKHQ

SDQFDNH�WR�PXVKURRP hEHUJDQJHV >���@�

)U�KHUH 8QWHUVXFKXQJHQ DQ 9HUELQGXQJHQ� GLH GHQ $PSKLSKLOHQ �� lKQOLFK ZDUHQ� DOOHUGLQJV

QXU HLQHQ (WKR[\WULHWK\OHQJO\NROUHVW EHVD�HQ� HUJDEHQ LQWHUHVVDQWHU :HLVH HLQHQ

)OlFKHQEHGDUI LQ GHU JOHLFKHQ *U|�HQRUGQXQJ � ��� c��0ROHN�O >���@� 'XUFK GLHVH

(UJHEQLVVH ZLUG VRPLW JH]HLJW� GD� I�U $PSKLSKLOH PLW YHUNDSSWHU NXU]NHWWLJHU

2OLJRHWK\OHQJO\NRONRSIJUXSSH GHU )OlFKHQEHGDUI KDXSWVlFKOLFK YRQ GHU K\GURSKLOHQ

.RSIJUXSSH XQG QXU XQWHUJHRUGQHW YRQ GHU 6WUXNWXU GHV K\GURSKREHQ 5HVWHV EHVWLPPW ZLUG�

*HQDXHU DOV GLH $PSKLSKLOH PLW +(*0H�.RSIJUXSSH ODVVHQ VLFK GLH ,VRWKHUPHQ GHU

3KRVSKDWLG\OFKROLQH DQDO\VLHUHQ� +LHU KlQJW GHU /LIW�RII :HUW QXU YRQ GHU K\GURSKREHQ .HWWH

DE� 'HU 3ODW]EHGDUI HLQHV 0ROHN�OV '33& OLHJW EHL HWZD �� c��0ROHN�O >���@� %HLP 9HUJOHLFK

GHU 6WUXNWXU GHV '33& PLW GHU HLQHV YHU]ZHLJWHQ $PSKLSKLOV �� LVW HUVLFKWOLFK� GD� I�U �� HLQ

lKQOLFKHU :HUW I�U GHQ /LIW�RII ]X HUZDUWHQ LVW� =XU 9HUGHXWOLFKXQJ VLQG LQ $EELOGXQJ ����

.DORWWHQPRGHOOH GHU 9HUELQGXQJHQ '33& XQG ��D GDUJHVWHOOW� 'LH 9HUELQGXQJ ��D EHVLW]W

ODXW TXDQWLWDWLYHU $XVZHUWXQJ GHU �+�105 6SHNWUHQ GXUFKVFKQLWWOLFK ��� (WK\OHWK\OHQ�

(LQKHLWHQ XQG ��� 7HWUDPHWK\OHQHLQKHLWHQ �YJO� 7DEHOOH ��,9�� 9HUHLQIDFKW UHSUlVHQWLHUW GDV

XQWHQ GDUJHVWHOOWH 0ROHN�O PLW I�QI (LQKHLWHQ DXV ����$GGLWLRQ XQG HLQHU (LQKHLW DXV ���

$GGLWLRQ DOVR GLH 0LVFKXQJ ��D�

8QWHU GHQ 3KRVSKDWLG\OFKROLQHQ EHVLW]W ��D GHQ K|FKVWHQ 9HU]ZHLJXQJVJUDG� )�U GLHVH

9HUELQGXQJ ZLUG DOVR GHU K|FKVWH )OlFKHQEHGDUI HUZDUWHW� $XV 7DEHOOH ��,; Ol�W VLFK

HQWQHKPHQ� GD� GLHV LP ([SHULPHQW DXFK GHU )DOO LVW� (V OLHJW QDKH� GHQ JHULQJHUHQ
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)OlFKHQEHGDUI DOOHU DQGHUHQ 3KRVSKDWLG\OFKROLQH GXUFK GLH $XVELOGXQJ J�QVWLJHUHU VWHULVFKHU

$QRUGQXQJHQ EHL ]XQHKPHQGHP 'UXFN ]X HUNOlUHQ� bKQOLFKH (IIHNWH ZXUGHQ EHUHLWV I�U

YHUVFKLHGHQH PRQRVXEVWLWXLHUWH $PSKLSKLOH EHVFKULHEHQ >���� ���@�

)�U HLQH ZHLWHUH %HWUDFKWXQJ GHU )OlFKHQEHGDUIVZHUWH LVW HV KLOIUHLFK� GLH YHU]ZHLJWHQ

$PSKLSKLOH YHUHLQIDFKW DOV DXV =\OLQGHUQ ]XVDPPHQJHVHW]W ]X VHKHQ� $EELOGXQJ ���� VWHOOW

HLQ YHU]ZHLJWHV 3KRVSKDWLG\OFKROLQ LP =\OLQGHUPRGHOO GDU� 'HU lX�HUVW OLQNV GDUJHVWHOOWH

%ORFN HQWVSULFKW GDEHL LPPHU GHU Q�%XW\O�(LQKHLW GHV ,QLWLDWRUV� GHU UHFKWH %ORFN KLQJHJHQ

HLQHU 3KRVSKDWLG\OFKROLQNRSIJUXSSH� 'LH +|KH HLQHU (WK\OHWK\OHQHLQKHLW EHWUlJW GDEHL HWZD

��� c� GLH +|KH HLQHU 7HWUDPHWK\OHQHLQKHLW ��� c�

$EELOGXQJ ����� .DORWWHQPRGHOO GHU 9HUELQGXQJ '33& XQG HLQHV 0ROHN�OV�

GDV GLH 9HUELQGXQJ ��D UHSUlVHQWLHUW�

'LH 9HUELQGXQJ ��F EHVLW]W ��� YHU]ZHLJWH (LQKHLWHQ XQG ��� OLQHDUH (LQKHLWHQ �YJO� 7DEHOOH

��,9�� 1lKHUXQJVZHLVH VLQG GDV DOVR ]ZHL (LQKHLWHQ DXV ����$GGLWLRQ XQG HLQH (LQKHLW DXV

����$GGLWLRQ� $EELOGXQJ ���� ]HLJW LP .DORWWHQPRGHOO GLH GUHL (LQ]HOPROHN�OH� GLH GLHVHV

*HPLVFK UHSUlVHQWLHUHQ�
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$EE� ����� 'DUVWHOOXQJ HLQHV YHU]ZHLJWHQ 3KRVSKDWLG\OFKROLQV LP .DORWWHQPRGHOO XQG

Ä=\OLQGHUPRGHOO´�

$EE� ����� 'UHL (LQ]HOYHUELQGXQJHQ PLW MHZHLOV HLQHU OLQHDUHQ XQG ]ZHL

YHU]ZHLJWHQ 0RQRPHUHLQKHLWHQ� GLH GDV *HPLVFK GHU 9HUELQGXQJ

��F UHSUlVHQWLHUHQ�

$EE� ����� 'UHL (LQ]HOPROHN�OH� ZHOFKH GLH 9HUELQGXQJ ��F

UHSUlVHQWLHUHQ � J�QVWLJH VWHULVFKH $QRUGQXQJ

EHL .RPSULPLHUXQJ GHV /DQJPXLUILOPV�

GDUJHVWHOOW LP =\OLQGHUPRGHOO�



Kapitel 4                                                                                                                                                  Analytik

82

$XVJHKHQG YRQ GHU $QQDKPH� GD� DOOH GUHL (LQ]HOYHUELQGXQJHQ LQ JOHLFKHQ 0HQJHQ LP

*HPLVFK ��F YRUOLHJHQ� GD� DOVR GLH 9HU]ZHLJXQJHQ VWDWLVWLVFK YHUWHLOW �EHU GHQ

K\GURSKREHQ 5HVW YRUOLHJHQ� ]HLJW $EELOGXQJ ���� DXI� ZDV EHL .RPSULPLHUXQJ HLQHV

/DQJPXLUILOPV YRQ ��F SDVVLHUW� 'LH 0ROHN�OH N|QQHQ GHP 'UXFN WHLOZHLVH GXUFK J�QVWLJH

VWHULVFKH $QRUGQXQJ LP /DQJPXLUILOP DXVZHLFKHQ� 'DGXUFK UHGX]LHUW VLFK GHU

GXUFKVFKQLWWOLFKH )OlFKHQEHGDUI HLQHV 0ROHN�OV� 'LH +|KH GHU GUHL GDUJHVWHOOWHQ 0ROHN�OH

EHWUlJW QXQ QLFKW PHKU � [ ��� c  ���� c� VRQGHUQ ���� c� 'LH GXUFKVFKQLWWOLFKH +|KH SUR

0ROHN�O YHUULQJHUW VLFK GDPLW XP ���� � DXI ��� c� %HL 9HUQDFKOlVVLJXQJ GHU Ä7LHIH´ GHU

0ROHN�OH� GLH VLFK LQ GLHVHU 6NL]]H QLFKW YHUULQJHUW� ZLUG HLQ )OlFKHQEHGDUI YRQ �� c��0ROHN�O

HUZDUWHW� (V KDQGHOW VLFK GDEHL XP HLQH VWDUN YHUHLQIDFKWH 0RGHOOYRUVWHOOXQJ� MHGRFK ZHLFKW

GHU VR DEJHVFKlW]WH :HUW QXU ZHQLJ YRP WDWVlFKOLFK JHPHVVHQHQ :HUW YRQ �� c��0ROHN�O

DE�

,Q HLQHP ZHLWHUHQ %HLVSLHO ]HLJW $EELOGXQJ ���� QDFK GHP =\OLQGHUPROHN�O GLH

(LQ]HOPROHN�OH� GLH VWHOOYHUWUHWHQG I�U GLH 9HUELQGXQJ ��G JH]HLFKQHW ZHUGHQ N|QQHQ� ��G

EHVLW]W ��� (LQKHLWHQ DXV ����$GGLWLRQ XQG ��� (LQKHLWHQ DXV ����$GGLWLRQ �[  ���� \  ����

YJO� 7DEHOOH ��,9�� )�U GLH =HLFKQXQJ VLQG GDV YHUHLQIDFKW ]ZHL (WK\OHWK\OHQ�(LQKHLWHQ SUR

0ROHN�O XQG HLQH E]Z� ]ZHL 7HWUDPHWK\OHQHLQKHLWHQ DXI MHGHV ]ZHLWH 0ROHN�O� )�U [  � XQG

\  � JLEW HV GDEHL VHFKV YHUVFKLHGHQH $QRUGQXQJVP|JOLFKNHLWHQ� I�U [  � XQG \  �

LQVJHVDPW GUHL� 'D MHGHV ]ZHLWH 0ROHN�O � \�(LQKHLWHQ WUDJHQ VROO� P�VVHQ GLH P|JOLFKHQ

.RPELQDWLRQHQ I�U [  � XQG \  � MHZHLOV GRSSHOW JH]lKOW ZHUGHQ� �'DV HQWVSULFKW GHQ

REHUHQ VHFKV 0ROHN�OHQ DXI GHU OLQNHQ 6HLWH YRQ $EELOGXQJ ������ $XI GLHVH :HLVH ODVVHQ

VLFK ]HKQ GHU ]Z|OI 0ROHN�OH NRPELQLHUHQ� 'DV HQWVSULFKW HLQHU 5HGX]LHUXQJ GHU

GXUFKVFKQLWWOLFKHQ +|KH HLQHV 0ROHN�OV XP �� � DXI ���� c� :LHGHUXP NRPPW GHU VRPLW

HUZDUWHWH )OlFKHQEHGDUI YRQ �� c��0ROHN�O GHP H[SHULPHQWHOO EHVWLPPWHQ :HUW YRQ ��

c��0ROHN�O lX�HUVW QDKH�

'LH DXI GLHVH :HLVH HUPLWWHOWHQ ÄWKHRUHWLVFK´ HUZDUWHWHQ :HUWH I�U GHQ )OlFKHQEHGDUI VLQG LQ

7DEHOOH ��; GHQ WDWVlFKOLFK HUPLWWHOWHQ :HUWHQ JHJHQ�EHUJHVWHOOW� ,Q DOOHQ )lOOHQ VWLPPHQ

EHLGH 'DWHQ DXIIDOOHQG JXW �EHUHLQ� 'LHVHV 0RGHOO NDQQ GHVKDOE DOV HLQH JXWH 1lKHUXQJ GHV

WDWVlFKOLFKHQ 6DFKYHUKDOWV JHOWHQ� REZRKO HV HLQLJH JUREH 9HUHLQIDFKXQJHQ EHLQKDOWHW� 6R

EHU�FNVLFKWLJW HV QXU GLH 5HGX]LHUXQJ GHU GXUFKVFKQLWWOLFKHQ Ä+|KH´ YRQ ��� c GHV 0ROHN�OV�

QLFKW GLH 5HGX]LHUXQJ GHU 4XHUVFKQLWWVIOlFKH EHL JOHLFKEOHLEHQGHU %UHLWH YRQ ��� c �YJO� $EE�

������ )�U GLH (UPLWWOXQJ GHU Ä=\OLQGHUPD�H´ ZXUGHQ GLH %LQGXQJVDEVWlQGH GHU &�& XQG &�+
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%LQGXQJHQ KHUDQJH]RJHQ� 'HU 0ROHN�O�0ROHN�O�$EVWDQG ZLUG DEHU ZHVHQWOLFK �EHU ��� c

OLHJHQ� 'HU DQVFKDXOLFKHQ :LHGHUJDEH GHU 5HFKQXQJVYRUVWHOOXQJ ZHJHQ VLQG DX�HUGHP GLH

$Q]DKO GHU 0RQRPHUHLQKHLWHQ DXV ���� XQG ��� $GGLWLRQ OHLFKW YHUlQGHUW ZRUGHQ� :HLWHUKLQ

KDQGHOW HV VLFK QLFKW XP PROHNXODU HLQKHLWOLFKH 9HUELQGXQJHQ� VRQGHUQ XP *HPLVFKH DXV

(LQ]HOPROHN�OHQ XQWHUVFKLHGOLFKHQ 3RO\PHULVDWLRQVJUDGHV� ZLH ]XP %HLVSLHO DXV GHQ (6,�06�

6SHNWUHQ �$EELOGXQJ ���� HUVLFKWOLFK LVW� 7URW] DOO GLHVHU 1lKHUXQJHQ HUJLEW GLH

0RGHOOYRUVWHOOXQJ JXW DQJHQlKHUWH :HUWH I�U GHQ )OlFKHQEHGDUI GHU YHU]ZHLJWHQ

3KRVSKDWLG\OFKROLQH�

$EE� ����� ��G GDUJHVWHOOW LP =\OLQGHUPRGHOO DOV 0HQJH DOOHU P|JOLFKHQ $QRUGQXQJHQ YRQ

0RQRPHUHLQKHLWHQ DXV ���� XQG ����$GGLWLRQ HQWVSUHFKHQG GHQ

GXUFKVFKQLWWOLFKHQ :HUWHQ DXV TXDQWLWDWLYHU �+�105 $XVZHUWXQJ ⇒ hEHUJDQJ LQ

HLQH VWHULVFK J�QVWLJH $QRUGQXQJ EHL .RPSULPLHUXQJ GHV /DQJPXLUILOPV�
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7DE� ��;� *HJHQ�EHUVWHOOXQJ GHU QDFK GHP =\OLQGHUPRGHOO WKHRUHWLVFK

HUZDUWHWHQ :HUWH I�U GHQ )OlFKHQEHGDUI �$RII WKHRU�� PLW GHP

H[SHULPHQWHOO HUPLWWHOWHQ :HUW � MHZHLOV LQ c��0ROHN�O�

3UREH ��D ��E ��F ��G ��H

$RII WKHRU� �� �� �� �� ��

$RII H[S� �� �� �� �� ��

0LWWHOV )LOPZDDJHQPHVVXQJHQ NRQQWH JH]HLJW ZHUGHQ� GD� GHU )OlFKHQEHGDUI GHU

$PSKLSKLOH PLW 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH KDXSWVlFKOLFK YRQ GHU $Q]DKO GHU

.RSIJUXSSHQ DEKlQJLJ LVW� :HLWHUKLQ NRQQWH HLQ =XVDPPHQKDQJ ]ZLVFKHQ )OlFKHQEHGDUI

XQG 6WUXNWXU GHU YHU]ZHLJWHQ 3KRVSKDWLG\OFKROLQH KHUJHVWHOOW ZHUGHQ� 0LW HLQHU HLQIDFKHQ

]ZHLGLPHQVLRQDOHQ %HWUDFKWXQJ LVW HV JHOXQJHQ� GLH :HUWH I�U GHQ )OlFKHQEHGDUI

EHPHUNHQVZHUW JHQDX DE]XVFKlW]HQ�
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����� ,VRWKHUPHQ GHU YHU]ZHLJWHQ $PSKLSKLOH LQ 0LVFKXQJ PLW '33&

'XUFK 8QWHUVXFKXQJ GHV 9HUKDOWHQV GHU /DQJPXLUILOPH YRQ *HPLVFKHQ DXV YHU]ZHLJWHP

$PSKLSKLO XQG '33& VROOHQ $XVVDJHQ �EHU GLH )OXLGLVLHUXQJ XQG 6WDELOLWlW GHU 0RQROD\HU

EH]�JOLFK 'HVRUSWLRQ GHU $PSKLSKLOH YRQ GHU :DVVHU�/XIW�*UHQ]IOlFKH XQG (QWPLVFKXQJ

JHWURIIHQ ZHUGHQ�

)�U GLH +HUVWHOOXQJ ]ZHLNRPSRQHQWLJHU /DQJPXLUILOPH ZXUGHQ 0LVFKXQJHQ DXV GHQ

/|VXQJHQ DOOHU YHU]ZHLJWHQ $PSKLSKLOH XQG '33& KHUJHVWHOOW XQG GLHVH DXI GHU

:DVVHUREHUIOlFKH JHVSUHLWHW� 'DV ZHLWHUH 9RUJHKHQ HUIROJWH DQDORJ GHQ

)LOPZDDJHQPHVVXQJHQ GHU 5HLQVXEVWDQ]HQ �YJO� .DSLWHO ������� 'LH $EELOGXQJHQ ���� ELV ��

�� ]HLJHQ H[HPSODULVFK HLQLJH GHU VR DXIJHQRPPHQHQ 0LVFKXQJVLVRWKHUPHQ�

'LH ,VRWKHUPH I�U UHLQHV '33& EHL ���& LVW LQ MHGHU GHU (LQ]HODEELOGXQJHQ ]XP 9HUJOHLFK

HLQJH]HLFKQHW� 6LH VWHLJW GDV HUVWH 0DO EHL HLQHU )OlFKH YRQ �� c��0ROHN�O �EHU HLQHQ 'UXFN

YRQ � P1�P DQ� 'LHV LVW GHU FKDUDNWHULVWLVFKH /LIW�RII� GHU GHQ I�U '33& W\SLVFKHQ

)OlFKHQEHGDUI DQ HLQHU :DVVHU�/XIW�*UHQ]IOlFKH EHL GLHVHU 7HPSHUDWXU DQ]HLJW� %HL HLQHP

'UXFN YRQ HWZD � P1�P JHKW GLH .XUYH LQ HLQ 3ODWHDX �EHU� 'LHV ]HLJW GHQ %HJLQQ GHV

VRJHQDQQWHQ /LTXLG ([SDQGHG�/LTXLG &RPSUHVVHG �/(�/&� .RH[LVWHQ]EHUHLFKHV DQ >���@� 'DV

EHGHXWHW� GD� EHL ]XQHKPHQGHU .RPSUHVVLRQ GHU /DQJPXLUILOP GHP 'UXFN DXVZHLFKW� LQGHP

%HUHLFKH JHELOGHW ZHUGHQ� LQ GHQHQ GLH 0ROHN�OH DQDORJ HLQHP )HVWVWRII � OLTXLG FRPSUHVVHG

� YRUOLHJHQ� (LQ VROFKHU .RH[LVWHQ]EHUHLFK LVW I�U NHLQHV GHU YHU]ZHLJWHQ $PSKLSKLOH ]X

HUZDUWHQ� 'D VLH LQ GHU 5HLQVXEVWDQ] QLFKW NULVWDOOLVLHUHQ �YJO� .DSLWHO ����� N|QQHQ VLH DXFK

DQ GHU :DVVHU�/XIW�*UHQ]IOlFKH NHLQH NULVWDOOLQDQDORJH 3KDVH DXVELOGHQ�

'LH $EELOGXQJHQ ���� ELV ���� HQWKDOWHQ $EELOGXQJHQ GHU '33&�0LVFKXQJVLVRWKHUPHQ DOOHU

XQWHUVXFKWHQ $PSKLSKLOW\SHQ� GHU $PSKLSKLOH PLW HLQHU 0HWKR[\KH[D�

HWK\OHQJO\NRONRSIJUXSSH XQG HLQHP YHU]ZHLJWHQ K\GURSKREHQ 5HVW ���D XQG ��H LQ $EE� ��

���� GHU $PSKLSKLOH PLW ]ZHL K\GURSKREHQ 5HVWHQ XQG HLQHU E]Z� ]ZHL 3(2�.RSIJUXSSHQ

���D E]Z� �� LQ $EE� ������ XQG GHU 3KRVSKDWLG\OFKROLQH ���D XQG ��F LQ $EE� ������ 'LH

$XVZDKO ZXUGH VR JHWURIIHQ� GD� MHGHU $PSKLSKLOW\S UHSUlVHQWLHUW LVW XQG GD� GLH

%HVRQGHUKHLWHQ HLQLJHU 0LVFKXQJHQ �V�X�� KHUDXVJHDUEHLWHW ZHUGHQ N|QQHQ�
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$EE� ����� ,VRWKHUPHQ GHU YHU]ZHLJWHQ $PSKLSKLOH PLW 0HWKR[\KH[D�

HWK\OHQJO\NRONRSIJUXSSH ��D �D� XQG ��H �E� LQ 0LVFKXQJ PLW '33& LQ

XQWHUVFKLHGOLFKHP 0LVFKXQJVYHUKlOWQLV EHL ���&�
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$EE� ����� ,VRWKHUPHQ GHU YHU]ZHLJWHQ $PSKLSKLOH PLW 0HWKR[\KH[DHWK\OHQJO\NRO�

NRSIJUXSSH ��D �D� XQG �� �E� LQ 0LVFKXQJ PLW '33& LQ XQWHUVFKLHGOLFKHP
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0LVFKXQJ PLW '33& LQ XQWHUVFKLHGOLFKHP 0LVFKXQJVYHUKlOWQLV EHL ���&�
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'LH 0LVFKXQJVLVRWKHUPHQ EHVLW]HQ DOOH HLQLJH *HPHLQVDPNHLWHQ� 'LH ,VRWKHUPHQ GHU ����

0LVFKXQJ HQWVSUHFKHQ QRFK VHKU JXW GHQ .XUYHQ I�U UHLQHV '33&� 'HU /LIW�RII OLHJW HEHQIDOOV

EHL FD� �� c��0ROHN�O RGHU EHL HWZDV K|KHUHQ :HUWHQ� XQG HV HUIROJW HLQ hEHUJDQJ LQ GDV

3ODWHDX EHL � ELV � P1�P� 'LH 6WHLJXQJ DE HLQHP 'UXFN YRQ HWZD � P1�P LVW DOOHUGLQJV

JHULQJHU DOV EHL UHLQHP '33&� ZDV WHLOZHLVH GXUFK GLH QLFKW YHUQDFKOlVVLJEDUH /|VOLFKNHLW GHU

YHU]ZHLJWHQ $PSKLSKLOH LQ GHU 6XESKDVH ]X HUNOlUHQ LVW� 'LH .XUYHQ PLW HLQHP K|KHUHQ

$QWHLO DQ YHU]ZHLJWHP $PSKLSKLO EHVLW]HQ HLQHQ /LIW�RII ]ZLVFKHQ GHP :HUW GHV UHLQHQ

'33&V XQG GHP GHV UHLQHQ V\QWKHWLVLHUWHQ $PSKLSKLOV HQWVSUHFKHQG GHV

0LVFKXQJVYHUKlOWQLVVHV� 'LH ,VRWKHUPHQ IODFKHQ GDEHL DE� 7DEHOOH ��,; ID�W GLH :HUWH I�U

GHQ )OlFKHQEHGDUI DOOHU XQWHUVXFKWHQ 0LVFKXQJHQ ]XVDPPHQ�

'LH ,VRWKHUPHQ GHU 0LVFKXQJHQ PLW GHQ 6XEVWDQ]HQ ��H� ��D� �� XQG ��D VLQG GDUJHVWHOOW�

ZHLO VLH� LP *HJHQVDW] ]X ��D� ��F XQG GHQ QLFKW JHVRQGHUW DEJHELOGHWHQ

0LVFKXQJVLVRWKHUPHQ� HLQH %HVRQGHUKHLW DXIZHLVHQ� %HL EHVWLPPWHQ 0LVFKXQJVYHUKlOWQLVVHQ

XQG K|KHUHQ 'U�FNHQ WULWW HLQ ]ZHLWHV 3ODWHDX DXI� 6R ]XP %HLVSLHO I�U ��H EHL GHQ

0LVFKXQJVYHUKlOWQLVVHQ ���� XQG ��� DE FD� �� P1�P RGHU I�U ��D EHL HLQHP ����

9HUKlOWQLV DE �� P1�P� �)�U DOOH QLFKW DEJHELOGHWHQ 6XEVWDQ]HQ JLOW JOHLFKHV 9HUKDOWHQ ZLH

I�U GLH ZLHGHUJHJHEHQHQ )LOPZDDJHQNXUYHQ GHU ]ZHLNRPSRQHQWLJHQ /DQJPXLUILOPH DXV

'33& XQG ��D E]Z� ��F� 'DV KHL�W� LQ DOOHQ DQGHUHQ )lOOHQ WULWW NHLQ ]ZHLWHV 3ODWHDX DXI��

'LH QDKHOLHJHQGVWH (UNOlUXQJ LVW� GD� GLHVH $PSKLSKLOH QLFKW YROOVWlQGLJ PLW '33& PLVFKEDU

VLQG XQG EHL HLQHP 0LVFKXQJVYHUKlOWQLV YRQ ���� HLQH 0LVFKXQJVO�FNH HUUHLFKW ZLUG� 'DV

3ODWHDX EHL QLHGULJHQ 'U�FNHQ Z�UGH GDQQ GHQ hEHUJDQJ HLQHU '33& UHLFKHQ 3KDVH LQ GHQ

/(�/&�.RH[LVWHQ]EHUHLFK DQ]HLJHQ� ZlKUHQG VLFK EHL K|KHUHQ 'U�FNHQ GLH 8PZDQGOXQJ GHU

'33& DUPHQ 3KDVH YROO]LHKW� 'LHVH $QQDKPH OLH� VLFK GXUFK HUZHLWHUWH

)OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ QLFKW EHVWlWLJHQ �.DS� ������ XQG NRQQWH DXFK QLFKW GXUFK

'6& 0HVVXQJHQ DQ Zl�ULJHQ $PSKLSKLOPLVFKXQJHQ JHVW�W]W ZHUGHQ �.DS� �����
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7DEHOOH ��;,� :HUWH I�U GHQ )OlFKHQEHGDUI DQ GHU :DVVHU�/XIW�

*UHQ]IOlFKH DOOHU $PSKLSKLOH PLW YHU]ZHLJWHP

K\GURSKREHQ 5HVW LQ 0LVFKXQJ PLW '33& EHL ���& LQ

c��0ROHN�O�

0LVFKXQJVYHUKlOWQLV

3UREH RKQH '33& ��� ���� ����

��D ��� ��� ��� ��

��E ��� ��� ��� ��

��F ��� ��� ��� ���

��G ��� ��� �� ��

��H ��� ��� ��� ��

��D ��� ��� ��� ���

��E ��� ��� �� ��

�� ��� ��� ��� ���

��D �� �� �� ��

��E �� �� �� ��

��F �� �� �� ��

��G �� �� �� ��

��H �� �� �� ��

(LQH ZLFKWLJH )RUGHUXQJHQ GHU LQ GLHVHU $UEHLW YRUJHVWHOOWHQ /LSLGH EHVWDQGHQ LQ GHU

0LVFKEDUNHLW PLW '33& XQG GHU )OXLGLVLHUXQJ GHU '33&�0HPEUDQH� (UVWH 8QWHUVXFKXQJHQ� RE

GLHVH )RUGHUXQJ HUI�OOW LVW� ZXUGHQ PLW JHPLVFKWHQ /DQJPXLUILOPHQ YRQ '33& XQG

YHU]ZHLJWHP $PSKLSKLO GXUFKJHI�KUW� (LQLJH 9HUELQGXQJHQ ���H� ��D� ��� HU]HXJWHQ GDEHL

HLQ Ä]ZHLWHV 3ODWHDX´ I�U GHQ '33&�)LOP � RIWPDOV HLQ +LQZHLV DXI HLQH 3KDVHQVHSDUDWLRQ� 'LH

IROJHQGHQ .DSLWHO ZHUGHQ ]HLJHQ� GD� HV VLFK KLHUEHL QLFKW XP HLQH (QWPLVFKXQJ KDQGHOW�

VRQGHUQ XP HLQH ,QVWDELOLWlW GHU ]ZHLNRPSRQHQWLJHQ 0RQROD\HU GXUFK 'HVRUSWLRQ GHV
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YHU]ZHLJWHQ $PSKLSKLOV YRQ GHU :DVVHU�/XIW�*UHQ]IOlFKH �YJO� .DS� ��� XQG ����� ,P

)ROJHQGHQ VROOHQ GLH 9HUELQGXQJHQ ��H XQG ��D LQ 0LVFKXQJ PLW '33& QlKHU XQWHUVXFKW

ZHUGHQ� EHLGHV 9HUELQGXQJHQ PLW HLQHU KRKHQ %DFNERQHOlQJH ����� E]Z� ���� &�$WRPH� XQG

LP )DOO YRQ ��D PLW HLQHP KRKHQ 9HU]ZHLJXQJVJUDG �HLQH 9HU]ZHLJXQJ DXI ���

%DFNERQHDWRPH�� DEHU PLW XQWHUVFKLHGOLFKHU K\GURSKLOHU .RSIJUXSSH� $OV 9HUJOHLFK ]X GLHVHQ

EHLGHQ 6XEVWDQ]HQ VROO ��F GLHQHQ� HLQH 9HUELQGXQJ PLW NXU]HP %DFNERQH ����� &�$WRPH�

XQG JHULQJHP 9HU]ZHLJXQJVJUDG �HLQH 9HU]ZHLJXQJ DXI ��� %DFNERQHDWRPH��
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����� )OXRUHV]HQ]ILOPZDDJH

:LUG HLQHU /LSLGPLVFKXQJ YRU GHP 6SUHLWHQ DXI GHU )LOPZDDJH HLQH JHULQJH 0HQJH HLQHV

)OXRUHV]HQ]PDUNHUV ���� EH]RJHQ DXI GLH *HVDPWOLSLGPHQJH� ]XJHVHW]W� VR N|QQHQ GLH

PLWWHOV PRQRFKURPDWLVFKHP /LFKW ]XU )OXRUHV]HQ] DQJHUHJWHQ )DUEVWRIIPROHN�OH PLW +LOIH

HLQHV JHHLJQHWHQ 2EMHNWLYV XQG HLQHU HPSILQGOLFKHQ .DPHUD RUWVDXIJHO|VW GHWHNWLHUW ZHUGHQ�

'HU VFKHPDWLVFKH $XIEDX ZLUG LQ $EELOGXQJ ���� YHUGHXWOLFKW� :LUG '33& PLW ]XJHVHW]WHP

)OXRUHV]HQ]PDUNHU NRPSULPLHUW� RUGQHW VLFK GHU )DUEVWRII EHLP (LQWULWW LQ GHQ

.RH[LVWHQ]EHUHLFK �DE FD� � P1�P� IDYRULVLHUW LQ GHU IO�VVLJDQDORJHQ /( �OLTXLG H[SDQGHG�

3KDVH DQ� ZHVKDOE GLH IHVWDQDORJH /& �OLTXLG FRPSUHVVHG� 3KDVH LQ )RUP GXQNOHU )OHFNHQ

UHJLVWULHUW ZLUG �VLHKH $EELOGXQJ ������ )�U GLH 0LVFKXQJHQ DXV '33& XQG YHU]ZHLJWHP

$PSKLSKLO VROO PLWWHOV )OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ �EHUSU�IW ZHUGHQ� RE GLH

YHU]ZHLJWHQ /LSLGH PLW '33& PLVFKEDU VLQG XQG RE VLH GHVVHQ .ULVWDOOLVDWLRQVYHUKDOWHQ

EHHLQIOXVVHQ�

$EE� ����� 6FKHPDWLVFKH =HLFKQXQJ GHV 9HUVXFKVDXIEDXV GHU )OXRUHV]HQ]ILOPZDDJH�

=XQlFKVW ZXUGHQ JHQDXH 0HQJHQ YRQ /|VXQJHQ GHU YHU]ZHLJWHQ $PSKLSKLOH� '33& XQG

GHP )OXRUHV]HQ]LQGLNDWRU 7H[DV�5RW >���@ �HLQ 3KRVSKROLSLG PLW K\GURSKREHP &���5HVW XQG

HLQHU PLW 6XOIRUKRGDPLQ JHODEHOWHQ .RSIJUXSSH� YJO� $EELOGXQJ ����� PLW EHNDQQWHU

.RQ]HQWUDWLRQ PLWWHOV 0LNUROLWHUVSULW]H LQ HLQ 6FKUDXEGHFNHOJHIl� JHJHEHQ XQG VR

0LVFKXQJHQ YRQ YHU]ZHLJWHP $PSKLSKLO XQG '33& LP 9HUKlOWQLV ����� ����� ��� E]Z� ���

PLW HLQHP *HKDOW YRQ HWZD ���� 7H[DV�5RW KHUJHVWHOOW� 'LHVH ZXUGHQ ZLH LQ .DSLWHO �����
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EHVFKULHEHQ JHVSUHLWHW XQG PLW HLQHU *HVFKZLQGLJNHLW YRQ �� FP��K NRPSULPLHUW� 'DEHL PX�

GDUDXI JHDFKWHW ZHUGHQ� GD� GHU 'UXFN YRU GHU .RPSULPLHUXQJ QLFKW PH�EDU �EHU � P1�P

DQVWHLJW� GD DQVRQVWHQ QLFKW JHZlKUOHLVWHW ZHUGHQ NDQQ� GD� WDWVlFKOLFK HLQ

PRQRPROHNXODUHU )LOP YRUOLHJW� $XIJUXQG GHU *HRPHWULH GHU )LOPZDDJH ZDU HV GDEHL LQ GHQ

PHLVWHQ )lOOHQ QLFKW P|JOLFK� GHQ )LOP ELV ]X HLQHP 3XQNW GHU %LOGXQJ YRQ 0XOWLVFKLFKWHQ

�.ROODSV GHV )LOPHV� ]X NRPSULPLHUHQ� :HLWHUKLQ LVW HV ZLFKWLJ� GDV 2EMHNWLY �YJO� $EELOGXQJ

����� �EHU GHU :DVVHUREHUIOlFKH ZlKUHQG GHU 0HVVXQJ ODXIHQG QDFK]XMXVWLHUHQ� GD VLFK

GXUFK GLH .RPSULPLHUXQJ GHV )LOPHV GLH 2EHUIOlFKHQVSDQQXQJ XQG GDPLW GLH .U�PPXQJ GHU

:DVVHUREHUIOlFKH NRQWLQXLHUOLFK YHUlQGHUW� 'LH 4XDOLWlW GHU $XIQDKPHQ KlQJW GHVKDOE

HQWVFKHLGHQG YRQ HLQHU JXWHQ )RNXVVLHUXQJ DE�

� P1�P �� P1�P �� P1�P �� P1�P

$EE� ����� %LOGDXVVFKQLWWH �� × �� µP GHU 0HVVXQJHQ PLWWHOV )OXRUHV]HQ]ILOPZDDJH� '33&

PLW =XVDW] YRQ 7H[DV�5RW EHL YHUVFKLHGHQHQ 'U�FNHQ�

O P

O

O

O
-

O

O N
S

H2

OO-

O

N

N
+

SO3
-

+

Et3NH +

$EE� ����� 6WUXNWXUIRUPHO GHV )OXRUHV]HQ]LQGLNDWRUV 7H[DV�5RW >���@�

,P 5DKPHQ GHU 0HVVXQJHQ DQ GHU )OXRUHV]HQ]ILOPZDDJH ZXUGHQ GUHL YHUVFKLHGHQH

$PSKLSKLOH ���D� ��H� VRZLH ��F� VLHKH $EE� ����� XQWHUVXFKW� :lKUHQG VLFK ��D GXUFK GHQ

K|FKVWHQ 9HU]ZHLJXQJVJUDG DXV]HLFKQHW XQG ��H GLH JU|�WH 5�FNJUDWOlQJH EHVLW]W� YHUI�JW

��F �EHU ZHQLJ 9HU]ZHLJXQJHQ XQG HLQH JHULQJH =DKO DQ &�$WRPHQ LQ GHU +DXSWNHWWH GHV

K\GURSKREHQ 5HVWHV� ��D XQG F EHVLW]HQ EHLGH HLQH 3KRVSKDWLG\OFKROLQNRSIJUXSSH� ��H

KLQJHJHQ HLQH 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH�
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%HL GHQ 6XEVWDQ]HQ ��D XQG ��H WUDW DOV %HVRQGHUKHLW EHL GHQ )LOPZDDJHQXQWHUVXFKXQJHQ

HLQ ]ZHLWHV 3ODWHDX LP 'UXFN�)OlFKHQ�'LDJUDPP LQ 0LVFKXQJ PLW '33& DXI �YJO� .DSLWHO

������� ��F KLQJHJHQ ]HLJWH NHLQHQ GHUJOHLFKHQ (IIHNW� (V LVW DOVR DXFK EHL GHQ

)OXRUHV]HQ]ILOPZDDJHQXQWHUVXFKXQJHQ XQWHUVFKLHGOLFKHV 9HUKDOWHQ ]X HUZDUWHQ�

][ ][...stat...
xy NH

NH O

O

O
CH3( )
6

O

12O

12e: x = 3,2   y = 2,4

][ ][...stat...
xy O P

O

O

O
N(CH3)3

-

+
25

25a: x = 5,3   y = 0,5
25c: x = 1,9   y = 1,2

$EE� ����� 6WUXNWXUIRUPHO GHU PLWWHOV )OXRUHV]HQ]ILOPZDDJH XQWHUVXFKWHQ $PSKLSKLOH ��D�

��F XQG ��H�

$P %HLVSLHO GHU 9HUELQGXQJ ��D ]HLJW $EELOGXQJ ���� ]XQlFKVW GHQ 8QWHUVFKLHG LP

.RPSULPLHUXQJVYHUKDOWHQ GHU JHPLVFKWHQ /DQJPXLUILOPH PLW VWHLJHQGHP *HKDOW DQ

YHU]ZHLJWHQ $PSKLSKLO� ,P 0LVFKXQJVYHUKlOWQLV ���� UHDJLHUW GHU )LOP QRFK lKQOLFK ZLH

UHLQHV '33& �YJO� $EELOGXQJ ������ $E HLQHP 'UXFN YRQ HWZD �� P1�P HQWVWHKHQ HUVWH

ÄGXQNOH )OHFNHQ´ �EHL UHLQHP '33& DE FD� � P1�P�� GLH DQ]HLJHQ� GD� HLQ 7HLO GHV '33& LQ

GLH IHVWDQDORJH 3KDVH �EHUJHKW� %HL (UK|KXQJ GHV 'UXFNHV QHKPHQ GLHVH GXQNOHQ %HUHLFKH

ODQJVDP DQ *U|�H XQG =DKO ]X� 'LH *HRPHWULH GHU YHUZHQGHWHQ )LOPZDDJH HUODXEWH I�U

GLHVH 0LVFKXQJ NHLQH .RPSUHVVLRQ �EHU �� P1�P KLQDXV� (V LVW DEHU GHXWOLFK ]X HUNHQQHQ�

GD� EHL GLHVHP 'UXFN GLH IHVWDQDORJHQ� GXQNOHQ %HUHLFKH GRPLQLHUHQ XQG '33& QDKH]X

XQJHVW|UW GLH /(�/& 8PZDQGOXQJ YROO]LHKHQ NDQQ�
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0LVFKXQJVYHUKlOWQLV ��D � '33&

���� ���� ��� ���

�� P1�P �� P1�P �� P1�P

�� P1�P �� P1�P �� P1�P

�� P1�P �� P1�P �� P1�P �� P1�P
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$EE� ����� %LOGDXVVFKQLWWH �� × �� µP GHU 0HVVXQJHQ PLWWHOV )OXRUHV]HQ]ILOPZDDJH� ��D

PLW '33& LP 0LVFKXQJVYHUKlOWQLV ����� ��� XQG ��� EHL YHUVFKLHGHQHQ 'U�FNHQ�

=XP 9HUJOHLFK� ,VRWKHUPHQ GHU 0LVFKXQJHQ�
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%HL VWHLJHQGHP *HKDOW DQ ��D VLQNW GHXWOLFK VLFKWEDU GHU $QWHLO GHU IHVWDQDORJHQ %HUHLFKH�

'DEHL PX� EHDFKWHW ZHUGHQ� GD� GLH %LOGHU I�U GDV 0LVFKXQJVYHUKlOWQLV ���� LQVJHVDPW

GXQNOHU ZLUNHQ� ZHLO KLHU GLH )RNXVVLHUXQJ DP %HVWHQ JHOXQJHQ LVW� /LHJHQ '33& XQG ��D LQ

lTXLPRODUHQ 0HQJHQ YRU� VR ELOGHW VLFK GLH IHVWDQDORJH 3KDVH HUVW EHL �� P1�P� 'LHV

HQWVSULFKW GHP 9HUKDOWHQ� GDV GLH ,VRWKHUPH LQ $EELOGXQJ ���� I�U GDV 0LVFKXQJVYHKlOWQLV

��� DXI]HLJW� 'DV 3ODWHDX EHL QLHGULJHP 'UXFN ���� P1�P� EHVWHKW QLFKW PHKU� GDI�U JHKW

GLH .XUYH EHL HLQHP 'UXFN YRQ FD� �� P1�P LQ HLQ 3ODWHDX �EHU� ,P )DOO GHU ,VRWKHUPH LQ

$EELOGXQJ ����D NRQQWH GLH 0LVFKXQJ QLFKW ZHLWHU DOV ELV �� P1�P NRPSULPLHUW ZHUGHQ�

'DQDFK VDQN GHU 'UXFN ]XQlFKVW DE� 'LHV ZXUGH YHUXUVDFKW GXUFK 'HVRUSWLRQ GHV

YHU]ZHLJWHQ $PSKLSKLOV YRQ GHU :DVVHU�/XIW�*UHQ]IOlFKH� $XV GHU $EELOGXQJ �� NDQQ DOVR

GHXWOLFK HQWQRPPHQ ZHUGHQ� GD� GDV YHU]ZHLJWH $PSKLSKLO ��D GLH .ULVWDOOLVDWLRQ YRQ '33&

KLQGHUW XQG GHU PRQRPROHNXODUH )LOP VRPLW IOXLGHU ZLUG� $Q]HLFKHQ I�U HLQH 0LVFKXQJVO�FNH

KLQJHJHQ NRQQWHQ QLFKW EHREDFKWHW ZHUGHQ� 'D GHU )OXRUHV]HQ]LQGLNDWRU LQ VHLQHU 6WUXNWXU

GHP '33& lKQOLFKHU LVW DOV GHP YHU]ZHLJWHQ $PSKLSKLO� P��WH HU VLFK EHL HLQHU (QWPLVFKXQJ

LQ HLQHU '33& UHLFKHQ 3KDVH DQUHLFKHUQ� ,Q GLHVHP )DOO Z�UGH VFKRQ EHL VHKU QLHGULJHQ

'U�FNHQ� DOVR VFKRQ XQWHUKDOE GHV HUVWHQ 3ODWHDXV� GDV $XIWUHWHQ GXQNOHU )OHFNHQ HUZDUWHW�

,P 9HUJOHLFK GHV 9HUKDOWHQV GHU ]ZHLNRPSRQHQWLJHQ /DQJPXLUILOPH PLW '33& XQG ��D� ��F

E]Z� ��H EHL .RPSUHVVLRQ N|QQHQ TXDOLWDWLYH $XVVDJHQ �EHU GDV $XVPD� GHU )OXLGLVLHUXQJ LQ

$EKlQJLJNHLW YRQ GHU 6WUXNWXU GHV K\GURSKREHQ 5HVWHV GHV YHU]ZHLJWHQ $PSKLSKLOV

JHWURIIHQ ZHUGHQ� 'DEHL ]HLJHQ VLFK GLH 8QWHUVFKLHGH DP GHXWOLFKVWHQ EHL HLQHP

0LVFKXQJVYHUKlOWQLV YRQ ���� $EELOGXQJ ���� ]HLJW %LOGDXVVFKQLWWH DXV GHQ $XIQDKPHQ EHL

.RPSUHVVLRQ GLHVHU 0LVFKXQJHQ� %HL GHU %HWUDFKWXQJ GHU %LOGHU PX� EHU�FNVLFKWLJW ZHUGHQ�

GD� HLQH JXWH -XVWLHUXQJ GHV 2EMHNWLYV EHL GHU 0HVVXQJ LQ 0LVFKXQJ PLW ��H QLFKW P|JOLFK

ZDU� $XI GHQ ZLHGHUJHJHEHQHQ %LOGDXVVFKQLWWHQ LVW QXU GHU MHZHLOV PLWWOHUH %HUHLFK LP

)RNXV�
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0LVFKXQJVYHUKlOWQLV PLW '33& ���

��D ��F ��H

�� P1�P �� P1�P �� P1�P

�� P1�P �� P1�P �� P1�P

�� P1�P �� P1�P �� P1�P

$EE� ����� %LOGDXVVFKQLWWH �� × �� µP GHU 0HVVXQJHQ PLWWHOV )OXRUHV]HQ]ILOPZDDJH� ��D�

��F XQG ��H LQ 0LVFKXQJ PLW '33& LP 9HUKlOWQLV ��� EHL YHUVFKLHGHQHQ

'U�FNHQ�

��D XQG ��H YHUKDOWHQ VLFK WURW] XQWHUVFKLHGOLFKHU .RSIJUXSSH VHKU lKQOLFK� %HL EHLGHQ

WUHWHQ GDV HUVWH 0DO DE �� P1�P IHVWDQDORJH %HUHLFKH DXI� GLH EHL HLQHP 'UXFN YRQ ��

P1�P QRFK QLFKW GRPLQLHUHQ� ,P *HJHQVDW] GD]X ZLUG EHL HLQHU 0LVFKXQJ YRQ '33& PLW ��F

GHU .RH[LVWHQ]EHUHLFK EHUHLWV EHL HLQHP 'UXFN YRQ �� P1�P HUUHLFKW� $E �� P1�P VLQG

VFKRQ GHXWOLFK IHVWDQDORJH %HUHLFKH VLFKWEDU� %HL HLQHP 'UXFN YRQ �� P1�P �EHUZLHJHQ
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VWDUN GLH IHVWDQDORJHQ %HUHLFKH� 'LHV LVW DXV GHP XQEHZHJWHQ %LOG DOOHUGLQJV VFKZHUHU

HUNHQQEDU� ,P DXIJH]HLFKQHWHQ 9LGHRILOP ZLUG GHXWOLFK� GD� GLH GXQNOHQ %HUHLFKH VWDUN

YHUQHW]H� GHQGULWLVFKH )RUP DQQHKPHQ XQG GHU )LOP LQVJHVDPW ]X VWRFNHQ VFKHLQW� 'DV

9HUKDOWHQ LP 9HUJOHLFK GHU DQGHUHQ 0LVFKXQJVYHUKlOWQLVVH LVW lKQOLFK� ��F IOXLGLVLHUW HLQHQ

)LOP YRQ '33& DQ GHU :DVVHU�/XIW�*UHQ]IOlFKH ZHLW ZHQLJHU DOV GLH 6XEVWDQ]HQ ��D XQG

��H� 'LH *U�QGH KLHUI�U N|QQHQ YLHOVFKLFKWLJ VHLQ� )�U 0LVFKXQJHQ XQYHU]ZHLJWHU $PSKLSKLOH

LVW DEHU EHNDQQW� GD� QXU EHVWLPPWH .HWWHQOlQJHQ PLWHLQDQGHU NRPSDWLEHO VLQG >���@�

:HLWHUKLQ LVW I�U 0LVFKXQJHQ DXV '33& XQG /\VR�3& �QXU HLQ $F\OUHVW� EHVFKULHEHQ� GD� GLH

/\VR�9HUELQGXQJHQ PLW HLQHU .HWWHQOlQJH YRQ � ELV �� .RKOHQVWRIIDWRPHQ HLQHQ QXU

PLQLPDOHQ (IIHNW DXI GLH 0RQRVFKLFKW EHVLW]HQ� ZlKUHQG GLH ZHQLJHU O|VOLFKHQ /\VROLSLGH PLW

HLQHU .HWWHQOlQJH YRQ �� ELV �� .RKOHQVWRIIDWRPHQ HLQHQ VWDUNHQ (LQIOX� VRZRKO DXI GLH

,VRWKHUPHQ DOV DXFK DXI GLH %LOGXQJ GHU /& 3KDVH EHVLW]HQ >���@�

)�U GLH )OH[LELOLVLHUXQJ GHV /DQJPXLUILOPV LVW IROJOLFK HLQ YHU]ZHLJWHV $PSKLSKLO PLW ODQJHP

5�FNJUDW XQG KRKHP 9HU]ZHLJXQJVJUDG LP K\GURSKREHQ 5HVW J�QVWLJ� $Q]HLFKHQ I�U HLQH

(QWPLVFKXQJ VLQG EHL NHLQHU GHU ZLHGHUJHJHEHQHQ $XIQDKPHQ ]X VHKHQ�

'XUFK )OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ LVW VRPLW GHXWOLFK JHZRUGHQ� GD� GLH )OXLGLVLHUXQJ

HLQHU ]ZHLNRPSRQHQWLJHQ 0RQROD\HU� EHVWHKHQG DXV '33& XQG YHU]ZHLJWHP $PSKLSKLO�

VWDUN YRQ GHU 6WUXNWXU GHV K\GURSKREHQ 5HVWHV GHU &RWHQVLGH DEKlQJW� +LQJHJHQ VSLHOW GLH

$UW GHU .RSIJUXSSH NHLQH 5ROOH LP 5DKPHQ GHU 9DULDWLRQHQ� GLH LQ GHQ YRUOLHJHQGHQ

%HLVSLHOHQ YRUJHQRPPHQ ZXUGHQ� )�U HLQH (QWPLVFKXQJ NRQQWHQ NHLQH $QKDOWVSXQNWH

JHIXQGHQ ZHUGHQ�
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%HUHLWV ���� GHWHNWLHUWHQ &KDSPDQ HW DO� GLIIHUHQWLDONDORULPHWULVFK ]ZHL WKHUPRWURSH

3KDVHQ�EHUJlQJH EHL 3KRVSKROLSLGYHVLNHOQ DXV '33& >���@� 'DEHL KDQGHOW HV VLFK XP GLH

VRJHQDQQWH 9RU� XQG +DXSWSKDVHQXPZDQGOXQJ� I�U ZHOFKH GLH 8PZDQGOXQJVWHPSHUDWXUHQ

7Y XQG 7P VRZLH GLH 8PZDQGOXQJVHQWKDOSLHQ ∆+Y XQG ∆+P FKDUDNWHULVWLVFKH *U|�HQ VLQG�

$XI PROHNXODUHU (EHQH OLHJHQ GLH 8UVDFKHQ I�U GHQ hEHUJDQJ YRQ GHU ODPHOODUHQ *HOSKDVH

/β �EHU GLH VRJHQDQQWH JHULIIHOWH *HOSKDVH 3β LQ GLH IO�VVLJ�NULVWDOOLQH 3KDVH /α �VLHKH $EE�

����� LQ HLQHP VRJHQDQQWHQ Ä6FKPHO]HQ GHU $F\ONHWWHQ´ >���@� 'LHVH JHKHQ GDEHL YRQ

HLQHP =XVWDQG KRKHU 2UGQXQJ� EHL GHP IDVW DOOH &�&�%LQGXQJHQ WUDQV�.RQIRUPDWLRQ

DXIZHLVHQ� GXUFK GLH VSUXQJKDIWH =XQDKPH DQ JDXFKH�.RQIRPHUHQ LQ HLQHQ =XVWDQG

JHULQJHUHU 2UGQXQJ �EHU� 'LH PLW GLHVHP 3KDVHQ�EHUJDQJ HUVWHU 2UGQXQJ HLQKHUJHKHQGH

bQGHUXQJ GHU PDNURVNRSLVFKHQ XQG GHU PLNURVNRSLVFKHQ (LJHQVFKDIWHQ GHU 'RSSHOVFKLFKW

N|QQHQ DXI YLHOIlOWLJH :HLVH XQWHUVXFKW ZHUGHQ >���@�

$EE� ����� 6FKHPDWLVFKHU hEHUEOLFN �EHU HLQLJH 7\SHQ

ODPHOODUHU 3KDVHQ XQG LKUH %H]HLFKQXQJ� *HOSKDVH

�/β�� 5LSSHOSKDVH �3β� XQG IO�VVLJ�NULVWDOOLQH

3KDVH �/α��
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:LUG GHP '33& &KROHVWHULQ ]XJHVHW]W� VR IOXLGLVLHUW HV GDV NULVWDOOLQH /LSLG >���@� %HL

3KRVSKROLSLGHQ LP IO�VVLJ�NULVWDOOLQHQ =XVWDQG EHZLUNW &KROHVWHULQ GDV *HJHQWHLO� QlPOLFKH

HLQH .RQGHQVDWLRQ� GHUHQ )ROJH HLQH 9HUULQJHUXQJ GHU %HZHJOLFKNHLW GHU )HWWVlXUHNHWWHQ LVW�

>���@ %HLGH 9RUJlQJH� .RQGHQVDWLRQ XQG 9HUIO�VVLJXQJ� I�KUHQ ]X HLQHP VRJHQDQQWHQ

LQWHUPHGLlUHQ *HO]XVWDQG� 0LW VWHLJHQGHP &KROHVWHULQJHKDOW ZLUG GLH 7P HLQHU

/LSLGPLVFKXQJ LPPHU VFKOHFKWHU QDFKZHLVEDU� ELV VLH EHL HLQHP &KROHVWHULQJHKDOW YRQ ���

QLFKW PHKU ]X PHVVHQ LVW >���@� %HL EHVWLPPWHQ /LSLGPLVFKXQJHQ KLQJHJHQ� ]XP %HLVSLHO

'33& XQG /\VR�'33&� NRPPW HV LQ JHZLVVHQ 0LVFKXQJVYHUKlOWQLVVHQ ]XU (QWPLVFKXQJ� 'LHV

PDFKW VLFK EHL GLIIHUHQWLDONDORULPHWULVFKHQ 0HVVXQJHQ GXUFK GDV $XIWUHWHQ ]ZHLHU 3HDNV

EHPHUNEDU�

)�U GLH YRUOLHJHQGHQ YHU]ZHLJWHQ $PSKLSKLOH VROO DQ Zl�ULJHQ 9HVLNHOO|VXQJHQ GHU

0LVFKXQJHQ PLW '33& PLWWHOV '6& DOV ZHLWHUH 8QWHUVXFKXQJVPHWKRGH HUPLWWHOW ZHUGHQ� RE

HLQH 3KDVHQVHSDUDWLRQ YRUOLHJW RGHU GLH VHKU XQWHUVFKLHGOLFKHQ $PSKLSKLOH PLWHLQDQGHU

PLVFKEDU VLQG� (LQH 3KDVHQVHSDUDWLRQ P��WH VLFK QDFK RELJHQ $XVI�KUXQJHQ OHLFKW GXUFK GDV

$XIWUHWHQ YRQ PHKU DOV HLQHP 3HDN LQ GHU '6&�.XUYH HUNHQQHQ ODVVHQ� :HLWHU VROOHQ

$XVVDJHQ �EHU HLQH P|JOLFKH )OXLGLVLHUXQJ GHU '33&�0HPEUDQHQ GXUFK =XVDW]

QLFKWNULVWDOOLVDWLRQVIlKLJHQ $PSKLSKLOV � HUNHQQEDU GXUFK HLQH 9HUIODFKXQJ XQG 9HUEUHLWHUXQJ

GHU '6&�0H�VLJQDOH � JHWURIIHQ ZHUGHQ�

(V ZXUGHQ GLH JOHLFKHQ 9HUELQGXQJHQ XQWHUVXFKW� GLH EHL GHQ

)OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ ]XP (LQVDW] NDPHQ ���H� ��D XQG ��F� 6WUXNWXUIRUPHOQ

YJO� $EE� ������ )�U GLH 3UREHQSUlSDUDWLRQ ZXUGHQ ]XQlFKVW PLW HLQHU 0LNUROLWHUVSULW]H

/|VXQJHQ EHNDQQWHU .RQ]HQWUDWLRQ YRQ '33& XQG GHP YHU]ZHLJWHQ /LSLG LQ YHUVFKLHGHQHQ

PRODUHQ 9HUKlOWQLVVHQ ]XVDPPHQJHJHEHQ� 1DFK (QWIHUQHQ GHV /|VXQJVPLWWHOV LP

+RFKYDNXXP ZXUGH 0LOOLSRUH� :DVVHU ]XP /LSLGU�FNVWDQG JHJHEHQ� VR GD� HLQH HWZD �P0

/|VXQJ HQWVWDQG� 'XUFK 7HPSHUQ EHL ���& �REHUKDOE GHU +DXSWXPZDQGOXQJVWHPSHUDWXU YRQ

'33&� ELOGHWHQ VLFK JHPLVFKWH 9HVLNHO DXV� 'LHVH 4XHOOPHWKRGH LVW HLQ 6WDQGDUGYHUIDKUHQ ]XU

(U]HXJXQJ YRQ 9HVLNHOQ� 'LH VR HQWVWDQGHQHQ 9HVLNHO EHVLW]HQ HLQH *U|�H ELV ]X PHKUHUHQ

0LNURPHWHUQ� ZDV VLFK GXUFK HLQH WU�EH /|VXQJ EHPHUNEDU PDFKW� $EHU YRU DOOHP LVW LQ GHU

5HJHO GLH *U|�HQYHUWHLOXQJ VWDUN XQHLQKHLWOLFK� VR GD� GLH 3UREHQO|VXQJHQ NXU] YRU GHU

0HVVXQJ XOWUDEHVFKDOOW ZXUGHQ� $Q GHU DQVFKOLH�HQGHQ 2SDOHV]HQ] GHU /|VXQJHQ OLH� VLFK

HUNHQQHQ� GD� 6XEPLNURPHWHU 9HVLNHO YRUODJHQ� 'HU 3UREHQUDXP GHV .DORULPHWHUV ZXUGH PLW

��� PO GHU 3UREHQO|VXQJ XQG GLH 5HIHUHQ]]HOOH PLW GHU JOHLFKHQ 0HQJH 0LOOLSRUH� :DVVHU

EHI�OOW� $EELOGXQJ ���� ]HLJW GLH VR DXIJHQRPPHQHQ '6&�.XUYHQ�
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$EE� ��� '6&�.XUYHQ Zl�ULJHU 9HVLNHOO|VXQJHQ GHU YHU]ZHLJWHQ $PSKLSKLOH ��H� ��D XQG

��F LQ 0LVFKXQJ PLW '33& EHL YDULLHUHQGHP 0ROHQEUXFK [ GHV YHU]ZHLJWHQ

$PSKLSKLOV� 6WUXNWXUIRUPHOQ GHU GUHL 9HUELQGXQJHQ�

'LH 0LVFKXQJHQ ��H XQG ��D YHUKDOWHQ VLFK SKlQRPHQRORJLVFK JOHLFK XQG GHU (LQIOX� DXI GLH

'33& 0HPEUDQ LVW YHUJOHLFKEDU PLW GHP GHV &KROHVWHULQV >���@� 6FKRQ EHL HLQHP

0ROHQEUXFK DQ YHU]ZHLJWHP $PSKLSKLO YRQ ���� YHUVFKZLQGHW GLH 9RUXPZDQGOXQJ 7Y �VLHKH

3IHLO LQ $EE� ����D�� :HLWHUKLQ ]HLJW VLFK VRZRKO HLQ $EVHQNHQ GHU

+DXSWXPZDQGOXQJVWHPSHUDWXU VRZLH HLQH 9HUEUHLWHUXQJ GHU (QGRWKHUPH� %HLGH 7HQGHQ]HQ

QHKPHQ ]X� ELV EHL HLQHP 0ROHQEUXFK YRQ ��� NHLQ +LQZHLV PHKU DXI HLQH *HOSKDVH

YRUKDQGHQ LVW� $XV GHP )OlFKHQLQKDOW GHV 3HDNV Ol�W VLFK GLH (QWKDOSLH GHU 8PZDQGOXQJ

∆+P EHUHFKQHQ� 'LH (QWKDOSLH GHU +DXSWXPZDQGOXQJ EHWUlJW I�U UHLQHV '33& ���� N-�PRO

>���@� %HL HLQHU $XIWUDJXQJ GHU 8PZDQGOXQJVHQWKDOSLHQ JHJHQ GHQ 0ROHQEUXFK GHV

V\QWKHWLVFKHQ $PSKLSKLOV �$EELOGXQJ ��� 7DEHOOH ��;,,� ZLUG HLQ ZHLWJHKHQG OLQHDUHU

=XVDPPHQKDQJ HUKDOWHQ�
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Zl�ULJHU 9HVLNHOO|VXQJHQ GHU 0LVFKXQJHQ PLW

'33& �EHU GHQ 0ROHQEUXFK GHV YHU]ZHLJWHQ

$PSKLSKLOV�

7DEHOOH ��;,,� 8PZDQGOXQJVHQWKDOSLH ∆+P >N-�PRO@
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$Q]HLFKHQ I�U HLQH 3KDVHQVHSDUDWLRQ VLQG LP )DOO YRQ ��H XQG ��D QLFKW ]X HUNHQQHQ�

1DW�UOLFK LVW GLHV NHLQ HQGJ�OWLJHU %HZHLV I�U YROOVWlQGLJH +RPRJHQLWlW GHU JHPLVFKWHQ

%LOD\HU� (V LVW EHNDQQW� GD� HLQLJH 3KDVHQ�EHUJlQJH VLFK QXU VFKZHU RGHU JDU QLFKW PLWWHOV

'6& EHVWLPPHQ ODVVHQ� ZLH ]XP %HLVSLHO EHL IO�VVLJNULVWDOOLQHQ 6XEVWDQ]HQ� ,P

=XVDPPHQKDQJ GHU (UJHEQLVVH DXV '6& XQG )OXRUHV]HQ]ILOPZDDJHQXQWHUVXFKXQJHQ NDQQ

GLHVH 6FKOX�IROJHUXQJ DEHU PLW HLQLJHU 6LFKHUKHLW JH]RJHQ ZHUGHQ�
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$EE� ����� 9RUOlXILJHV 3KDVHQGLDJUDPP GHU 0LVFKXQJ '33&���F�

$XIWUDJXQJ GHU 3HDNPD[LPD �•� DXV GHU

NDORULPHWULVFKHQ 0HVVXQJ JHJHQ GLH 7HPSHUDWXU XQG

GDUDXV P|JOLFKH UHVXOWLHUHQGH 3KDVHQJUHQ]HQ � ��

%HL HLQHU 0LVFKXQJ YRQ '33& PLW ��F NDQQ ]XQlFKVW HEHQIDOOV HLQH 9HUEUHLWHUXQJ GHU

+DXSWXPZDQGOXQJVHQGRWKHUPH XQG HLQH 7HPSHUDWXUDEVHQNXQJ GHV 3HDNPD[LPXPV

IHVWJHVWHOOW ZHUGHQ �V� $EELOGXQJ ������ %HL HLQHP 0ROHQEUXFK YRQ ��� WDXFKW MHGRFK HLQH

6FKXOWHU DXI� 'LHV LVW GDV $Q]HLFKHQ I�U GDV $XIWUHWHQ HLQHU ]ZHLWHQ 3KDVH� %HL HLQHP

0ROHQEUXFK YRQ ��� ]HLJW GLH '6&�.XUYH DXVVFKOLH�OLFK GLHVHQ ]ZHLWHQ 3HDN� GHU VLFK GDQQ

OHW]WOLFK HEHQIDOOV YHUEUHLWHUW XQG ]X QLHGULJHUHQ 7HPSHUDWXUHQ YHUVFKLHEW� ,Q GHU $XIWUDJXQJ

GHU 8PZDQGOXQJVHQWKDOSLH JHJHQ GHQ 0ROHQEUXFK ]HLJW VLFK GLHV GXUFK HLQH $EZHLFKXQJ

YRQ GHU /LQHDULWlW ]X K|KHUHQ (QWKDOSLHZHUWHQ KLQ� ,P %HUHLFK GHU (QWPLVFKXQJ VLQG LQ

$EELOGXQJ ���� VRZLH LQ 7DEHOOH ��;, GLH *HVDPWHQWKDOSLH I�U EHLGH 3KDVHQ� DOVR GHU
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)OlFKHQLQKDOW EHLGHU 3HDNV DQJHJHEHQ� GD GLHVH ]X QDK EHLHLQDQGHU OLHJHQ� XP JHWUHQQW

EHUHFKQHW ZHUGHQ ]X N|QQHQ� (V NDQQ VRPLW HLQH 0LVFKXQJVO�FNH ]ZLVFKHQ �� XQG ��

0ROSUR]HQW ��F DQJHQRPPHQ ZHUGHQ� 'LHV LVW LQ $EELOGXQJ ���� LQ HLQHP YRUOlXILJHQ

3KDVHQGLDJUDPP YHUGHXWOLFKW� ZHOFKHV GLH JHPHVVHQHQ 7HPSHUDWXUHQ GHU 3HDNPD[LPD

ZLHGHUJLEW� (LQH HQGJ�OWLJH %HVWlWLJXQJ NDQQ DEHU HUVW GXUFK ZHLWHUH 0HVVXQJHQ �]�%� ,5�

)5$3� 7(0� HUIROJHQ >���@�

:HLWHUKLQ IlOOW LP 9HUJOHLFK GHU '6&�.XUYHQ DXI� GD� GLH (QGRWKHUPH YRQ ��F HWZDV

VFKZlFKHU DEQHKPHQ DOV LP )DOO YRQ ��D XQG ��H� 6R ILQGHW VLFK QRFK EHL HLQHP 0ROHQEUXFK

YRQ ��� GHV &RWHQVLGV ��F LQ 0LVFKXQJ PLW '33& HLQ 3HDN� GHU ]ZDU VWDUN YHUEUHLWHUW LVW�

DEHU HLQH LPPHU QRFK PH�EDUH (QWKDOSLH YRQ ��� N-�PRO DXIZHLVW �YJO� 7DEHOOH ��;,,�� 'LHV

LVW HLQ +LQZHLV GDUDXI� GD� '33& YRQ ��F ZHQLJHU VWDUN IOXLGLVLHUW ZLUG� DOV YRQ ��D XQG ��H�

$OVR ZLUG GLH $XVVDJH DXV GHQ )LOPZDDJHQXQWHUVXFKXQJHQ EH]�JOLFK GHU )OXLGLVLHUXQJ HLQHU

0HPEUDQ �V� .DSLWHO ������ DXFK GXUFK GLH '6& 8QWHUVXFKXQJHQ DQ Zl�ULJHQ JHPLVFKWHQ

9HVLNHOO|VXQJHQ JHVW�W]W� $XFK KLHU ZXUGH JHIXQGHQ� GD� YHU]ZHLJWH $PSKLSKLOH PLW ODQJHP

5�FNJUDW XQG KRKHP 9HU]ZHLJXQJVJUDG LP K\GURSKREHQ 5HVW ���D XQG ��H� GLH )RUGHUXQJ

QDFK HLQHU )OH[LELOLVLHUXQJ GHU 0HPEUDQ EHVVHU HUI�OOHQ� DOV VROFKH PLW NXU]HP 5�FNJUDW

���F��

'LH '6& 0HVVXQJHQ JHPLVFKWHU Zl�ULJHU 9HVLNHOO|VXQJHQ PLW '33& XQG ��H� ��D E]Z� ��F

HUJDEHQ VRPLW HLQH 0LVFKXQJVO�FNH I�U GLH 0LVFKXQJ PLW ��F� (V NRQQWH HLQ YRUOlXILJHV

3KDVHQGLDJUDPP HUVWHOOW ZHUGHQ� )�U GLH 9HUELQGXQJHQ ��H XQG ��D ZXUGHQ NHLQH

$Q]HLFKHQ I�U HLQH ,QKRPRJHQLWlW GHU JHPLVFKWHQ %LOD\HU HQWGHFNW� :HLWHUKLQ GHFNHQ VLFK

GLH $XVVDJHQ GHU '6& 0HVVXQJHQ EH]�JOLFK GHU )OH[LELOLVLHUXQJ GHU JHPLVFKWHQ

0RGHOOPHPEUDQHQ PLW GHQHQ GHU )LOPZDDJHQXQWHUVXFKXQJHQ� YHU]ZHLJWH $PSKLSKLOH PLW

ODQJHP 5�FNJUDW XQG KRKHP 9HU]ZHLJXQJVJUDG LP K\GURSKREHQ 5HVW ���D XQG ��H� HUI�OOHQ

GLHVH )RUGHUXQJ EHVVHU DOV VROFKH PLW NXU]HP 5�FNJUDW�
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��� 3KRWREOHLFKYHUIDKUHQ

'DV 3KRWREOHLFKYHUIDKUHQ �)OXRUHVFHQFH 5HFRYHU\ $IWHU 3KRWREOHDFKLQJ� )5$3� LVW HLQH

DXIZHQGLJH� DEHU UHFKW JHQDXH 0HWKRGH ]XU 0HVVXQJ GHU ODWHUDOHQ %HZHJOLFKNHLW YRQ

0HPEUDQPROHN�OHQ LQ HLQHU /LSLGGRSSHOVFKLFKW DXI HLQHP IHVWHQ 6XEVWUDW >���@� 6LH EHUXKW

DXI GHU %OHLFKXQJ YRQ )OXRUHV]HQ]PDUNHUQ� GLH GHU 0RGHOOPHPEUDQ ]XJHVHW]W ZXUGHQ XQG

GHU ]HLWOLFKHQ 0HVVXQJ GHU )OXRUHV]HQ]HUKROXQJ� (V Ol�W VLFK ]HLJHQ� GD� GLH VR JHPHVVHQHQ

'LIIXVLRQVNRQVWDQWHQ QDKH]X LGHQWLVFK VLQG PLW GHQ :HUWHQ� GLH I�U NRQYHQWLRQHOOH

0HPEUDQHQ PLW DQGHUHQ 0H�YHUIDKUHQ HUKDOWHQ ZHUGHQ >���@� ,Q GHU YRUOLHJHQGHQ $UEHLW

ZXUGH DXV =HLWJU�QGHQ DXVVFKOLH�OLFK GLH 9HUELQGXQJ ��D �6WUXNWXUIRUPHO YJO� $EE� �����

PLWWHOV 3KRWREOHLFKYHUIDKUHQ LQ 0LVFKXQJ PLW '33& EHL XQWHUVFKLHGOLFKHP *HKDOW DQ

YHU]ZHLJWHP $PSKLSKLO E]Z� YDULLHUHQGHU 7HPSHUDWXU XQWHUVXFKW� )�U GLHVH 9HUELQGXQJ

ZXUGH DXV YRUDQJHJDQJHQHQ 0HVVXQJHQ GLH $XVVDJH HUKDOWHQ� GD� VLH LQ GHU /DJH LVW� '33&

]X IOXLGLVLHUHQ� 'LH )5$3 0HVVXQJHQ VROOWHQ TXDQWLWDWLYH $XVVDJHQ �EHU GLH )OXLGLVLHUXQJ

HLQHU '33& 0HPEUDQ GXUFK =XVDW] YRQ YHU]ZHLJWHP $PSKLSKLO OLHIHUQ�

%HL GLHVHP 9HUIDKUHQ ZHUGHQ HLQHU /LSLGGRSSHOVFKLFKW VSH]LHOOH 3KRVSKROLSLGH ]XJHVHW]W� GLH

PLW HLQHP )OXRUHV]HQ]IDUEVWRII PDUNLHUW VLQG� 0LW +LOIH HLQHV LP 0LNURVNRS IRNXVVLHUWHQ

LQWHQVLYHQ /DVHUVWUDKOV ZLUG HLQ )OHFN LQ GHU 0HPEUDQ PLW HLQHP 5DGLXV 5 YRQ HLQLJHQ µP

'XUFKPHVVHU EHVWUDKOW� ZRGXUFK IOXRUHV]LHUHQGH 0ROHN�OH LQ GLHVHU 5HJLRQ ]HUVW|UW XQG

GDPLW JHEOHLFKW ZHUGHQ� 'DV /LSLG EOHLEW GDEHL XQEHVFKlGLJW� 0H�JU|�H LVW GLH

)OXRUHV]HQ]LQWHQVLWlW LQ $EKlQJLJNHLW GHU =HLW )�W�� ,P 0H�IHOG LVW GDQQ QDFK $QUHJXQJ PLW

HLQHU VFKZlFKHUHQ /LFKWTXHOOH ]XP =HLWSXQNW W � ]XQlFKVW NHLQH )OXRUHV]HQ] EHREDFKWEDU�

0LW GHU =HLW GLIIXQGLHUHQ MHGRFK )DUEVWRIIPROHN�OH DXV GHU 8PJHEXQJ GHU JHEOHLFKWHQ

5HJLRQ LQ GLHVH KLQHLQ� ZRGXUFK GLH )OXRUHV]HQ] LP 0H�IHOG ZLHGHU DQVWHLJW� (LQH

JHEUlXFKOLFKH $XIWUDJXQJ LVW GLH UHODWLYH (UKROXQJ �5UHO� UHODWLYH UHFRYHU\�� GLH JHJHEHQ LVW

GXUFK GLH *OHLFKXQJ ����

)�����)�W

)���)�W�
W5

UHO −<
−=)( �����

ZREHL )�W��� GLH )OXRUHV]HQ]LQWHQVLWlW EH]HLFKQHW� GLH YRU GHP %OHLFKHQ UHJLVWULHUW ZXUGH�

1DFK DXVUHLFKHQG ODQJHU (UKROXQJV]HLW HUUHLFKW GLH ,QWHQVLWlW GHU )OXRUHV]HQ] HLQHQ (QGZHUW

GHU UHODWLYHQ (UKROXQJ �5∞�� %HVRQGHUV EHL /LSLGPLVFKXQJHQ NDQQ DOVR GHU )DOO DXIWUHWHQ� GD�

HLQH .RPSRQHQWH EHZHJOLFK LVW� GLH DQGHUH MHGRFK LPPRELO� 'DQQ OLHJW GLHVHU :HUW QLHGULJHU

DOV ���� XQG JLEW GHQ $QWHLO GHU )OlFKH DQ� GHU PLW EHZHJOLFKHQ 3DUWLNHOQ EHGHFNW LVW� =XU
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%HVWLPPXQJ GHU 'LIIXVLRQVNRQVWDQWH ZHUGHQ GLH 0H�ZHUWH ]XQlFKVW PLW HLQHU YRQ

6RXPSDVLV >���@ DEJHOHLWHWHQ )XQNWLRQ JHILWWHW�
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'DEHL VWHKW ,� XQG ,� I�U GLH %HVVHOIXQNWLRQ QXOOWHU E]Z� HUVWHU 2UGQXQJ� 'HU )DNWRU τ

EH]HLFKQHW HLQH I�U GLH )OXRUHV]HQ]HUKROXQJ W\SLVFKH .RQVWDQWH PLW GHP :HUW

��'5 �=2 ������

5 LVW GDEHL GHU 5DGLXV GHV %OHLFKIOHFNV� 'LH 'LIIXVLRQVNRQVWDQWH ' NDQQ QDFK 6RXPSDVLV

EHUHFKQHW ZHUGHQ GXUFK�

�
�

�

W

5
�����' = ������

,Q $EELOGXQJ ���� LVW GLH YHUZHQGHWH $QODJH VFKHPDWLVFK GDUJHVWHOOW� $OV /LFKWTXHOOH GLHQW

HLQ $UJRQODVHU PLW HLQHU :HOOHQOlQJH YRQ ��� QP� 'HU 6WUDKO ZLUG �EHU HLQHQ 6WUDKOHQWHLOHU

LQ HLQHQ %OHLFKVWUDKO XQG HLQHQ DEJHVFKZlFKWHQ 0H�VWUDKO DXIJHWHLOW� GHVVHQ ,QWHQVLWlW �EHU

HLQHQ 3RODULVDWLRQVILOWHU UHJHOEDU LVW� =XU 9HUPHLGXQJ GHU )OXRUHV]HQ]HUKROXQJ GXUFK

5RWDWLRQVGLIIXVLRQ ZXUGH LQ GHQ 6WUDKOHQJDQJ GHV %OHLFK� XQG %HREDFKWXQJVVWUDKO HLQ λ���

3OlWWFKHQ ]XU 'HSRODULVLHUXQJ GHV OLQHDU SRODULVLHUWHQ /LFKWV HLQJHVHW]W�

6XEVWUDWJHVW�W]WH 0HPEUDQHQ ODVVHQ VLFK PLWWHOV /DQJPXLU�%ORGJHWW 7HFKQLN >���@ RGHU

GXUFK GLH VRJHQDQQWH 9HVLNHOIXVLRQ >���@ KHUVWHOOHQ� 'LH /DQJPXLU�%ORGJHWW 7HFKQLN HUODXEW

]ZDU� HLQHQ )LOP KHU]XVWHOOHQ� GHU GHP =XVWDQG DQ GHU /XIW�:DVVHU�*UHQ]IOlFKH EHL HLQHP

EHVWLPPWHQ 'UXFN HQWVSULFKW� MHGRFK LVW GLH 0HWKRGH GHU 9HVLNHOIXVLRQ ZHVHQWOLFK HLQIDFKHU

XQG ZHQLJHU DXIZHQGLJ XQG ZXUGH DXV GLHVHP *UXQG LQ GHU YRUOLHJHQGHQ $UEHLW YHUZHQGHW�

'D]X ZXUGH ]XQlFKVW DXV JHQDX DEJHPHVVHQHQ 0HQJHQ YRQ &KORURIRUPO|VXQJHQ EHNDQQWHU

.RQ]HQWUDWLRQ YRQ '33&� GHP )OXRUHV]HQ]PDUNHU 1%' �VLHKH 6WUXNWXUIRUPHO LQ $EELOGXQJ ��

��� XQG GHP YHU]ZHLJWHQ $PSKLSKLO /LSLGPLVFKXQJHQ LQ YHUVFKLHGHQHQ PRODUHQ

0LVFKXQJVYHUKlOWQLVVHQ ������ ����� ���� XQG PLW HLQHP 1%'�*HKDOW YRQ �� KHUJHVWHOOW�

1DFK HQWIHUQHQ GHV /|VXQJVPLWWHOV LP +RFKYDNXXP ZXUGH 0LOOLSRUH� :DVVHU ]XP

/LSLGU�FNVWDQG JHJHEHQ� VR GD� HLQH HWZD �P0 /|VXQJ HQWVWDQG� 'XUFK 7HPSHUQ EHL ���&

�REHUKDOE GHU +DXSWXPZDQGOXQJVWHPSHUDWXU YRQ '33&� ELOGHWHQ VLFK JHPLVFKWH 9HVLNHO DXV�

'LHVH 9HVLNHOO|VXQJHQ ZXUGHQ PLW 8OWUDVFKDOO EHKDQGHOW XQG DXI VSH]LHOOH� LQ HLQHU

7HIORQKDOWHUXQJ HLQJHVSDQQWH 2EMHNWWUlJHU JHJHEHQ� 1DFK 6HGLPHQWDWLRQ GHU 9HVLNHO
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HQWUROOHQ VLFK GLHVH DXI GHU *ODVREHUIOlFKH GHV 2EMHNWJOlVFKHQV XQG IRUPHQ HLQH LQ GHU

5HJHO JOHLFKPl�LJH 'RSSHOVFKLFKW� 'LH hEHUVFK�VVLJH 9HVLNHOO|VXQJ ZLUG PLW 0LOOLSRUH�

:DVVHU DEJHVS�OW� 'DEHL LVW HV ZLFKWLJ� GD� GLH 3UREH LPPHU PLW :DVVHU �EHUVFKLFKWHW

EOHLEW� GD VRQVW GLH 'RSSHOVFKLFKW DXIUHL�HQ NDQQ�

$EE� ����� 6NL]]H GHU YHUZHQGHWHQ $SSDUDWXU I�U GDV 3KRWREOHLFKYHUIDKUHQ�

O

O

O

P

O

O-

O
N(CH3)

+
3

O

O

(CH2)15

(CH2)15H

N

N
O

N

NO2

$EE� ����� 6WUXNWXUIRUPHO GHV )OXRUHV]HQ]LQGLNDWRUV 1%'�

$EELOGXQJ ���� ]HLJW GLH (UJHEQLVVH GLHVHU 0HVVXQJ LQ HLQHU $XIWUDJXQJ GHU UHODWLYHQ

(UKROXQJ JHJHQ GLH =HLW� (V VROO GDEHL VRZRKO GHU (LQIOX� GHU 7HPSHUDWXU DOV DXFK GHV

0LVFKXQJVYHUKlOWQLVVHV YHUGHXWOLFKW ZHUGHQ� $OOH :HUWH I�U GHQ (QGZHUW GHU

)OXRUHV]HQ]HUKROXQJ 5∞ XQG GLH 'LIIXVLRQVNRQVWDQWHQ VLQG LQ 7DEHOOH ��;,,,

]XVDPPHQJHID�W� 'LH 7HPSHUDWXUHQ ZDUHQ PLW HLQHU *HQDXLJNHLW YRQ ± ����& HLQVWHOOEDU�
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'LH 0LVFKXQJ ���� EHL ���& YHUKlOW VLFK ZLH HLQH UHLQH '33& 0HPEUDQ EHL 7HPSHUDWXUHQ�

GLH GHXWOLFK XQWHUKDOE GHU +DXSWXPZDQGOXQJVWHPSHUDWXU OLHJHQ � GLH 'LIIXVLRQVNRQVWDQWH LVW

QLFKW PHKU PH�EDU� (UVW EHL HLQHU 7HPSHUDWXU YRQ ���& PDFKW VLFK HLQH OHLFKWH 6WHLJHUXQJ

GHU ODWHUDOHQ %HZHJOLFKNHLW EHPHUNEDU� 'LHV OLHJW DQ GHU %LOGXQJ GHU 5LSSHOSKDVH 3β �YJO�

$EE� ����� >���@�
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$EE� ����� 0H�ZHUWH XQG )LWNXUYHQ GHU 0HVVXQJHQ DQ GHQ JHPLVFKWHQ '33&���D

0HPEUDQHQ QDFK GHP 3KRWREOHLFKYHUIDKUHQ� 0LVFKXQJVYHUKlOWQLV ���� EHL

YDULDEOHU 7HPSHUDWXU �D�� 0LVFKXQJVYHUKlOWQLVVH ���� ���� XQG ���� EHL ���&

�E�� ���& �F� XQG ���& �G��

6WHLJW GHU *HKDOW DQ YHU]ZHLJWHP $PSKLSKLO� ZLUG GLH 'RSSHOVFKLFKW HUZDUWXQJVJHPl�

IOXLGHU� ZDV VLFK GXUFK HLQH JU|�HUH $QIDQJVVWHLJXQJ GHU 0H�NXUYHQ XQG GDPLW HLQHU

NOHLQHUHQ +DOEZHUWV]HLW GHU )OXRUHV]HQ]HUKROXQJ EHPHUNEDU PDFKW� 'HU (LQIOX� GHU

7HPSHUDWXU ZLUG GDEHL DP %HLVSLHO GHV 0LVFKXQJVYHUKlOWQLVVHV ���� LQ $EELOGXQJ ����

GHXWOLFK� 'LH .XUYHQ I�U ���& XQG ���& XQWHUVFKHLGHQ VLFK QLFKW VWDUN� 5∞ OLHJW I�U EHLGH EHL

HWZD ������ XQG GLH 'LIIXVLRQVNRQVWDQWH VWHLJW OHLFKW DQ YRQ ���� µP��V DXI ���� µP��V�



Kapitel 4                                                                                                                                                  Analytik

109

'D GLH 8PZDQGOXQJVWHPSHUDWXU YRQ '33& �����& OLHJW� HQWVSULFKW GLH =XQDKPH GHU

0RELOLWlW EHL GLHVHU 7HPSHUDWXU UHLQ GHP (LQIOX� YRQ ��D DXI '33&� ,Q GHU IHVWDQDORJHQ

3KDVH EHVLW]W UHLQHV '33& HLQH 'LIIXVLRQVNRQVWDQWH XQWHUKDOE YRQ ��� µP��V � REHUKDOE GHU

8PZDQGOXQJVWHPSHUDWXU OLHJW VLH EHL HWZD �� µP��V >���� ���@ �

'HU )OXLGLVLHUXQJVHIIHNW KlQJW DOVR QXU JHULQJI�JLJ YRQ GHU 7HPSHUDWXU DE� 'HU 6SUXQJ EHL

7HPSHUDWXUHUK|KXQJ YRQ ���& DXI ���& LVW EHGHXWHQG JU|�HU� 'LH )OXRUHV]HQ]LQWHQVLWlW

JHKW QDKH]X DXI GHQ $XVJDQJVZHUW ]XU�FN XQG GLH 'LIIXVLRQVNRQVWDQWH VWHLJW DXI ����µP��V

DQ� 'LH +DXSWXPZDQGOXQJVWHPSHUDWXU YRQ '33& LVW QRFK QLFKW HUUHLFKW� DEHU GLH '6&�

0HVVXQJHQ DQ GHQ Zl�ULJHQ 9HVLNHOO|VXQJHQ KDEHQ JH]HLJW� GD� GXUFK =XVDW] GHV

&RDPSKLSKLOV ��D GLH 6FKPHO]WHPSHUDWXU KHUDEJHVHW]W ZLUG XQG GHU 6FKPHO]EHUHLFK

YHUEUHLWHUW LVW �YJO� $EE� ������ 'LHVHU VWlUNHUH $QVWLHJ GHU :HUWH 5UHO XQG ' LVW VRPLW DXI GDV

EHJLQQHQGH $XIVFKPHO]HQ GHU $F\ONHWWHQ ]XU�FN]XI�KUHQ�

7DE� ��;,,,� (UJHEQLVVH GHU 0HVVXQJHQ DQ GHQ JHPLVFKWHQ '33&���D 0HPEUDQHQ

QDFK GHP 3KRWREOHLFKYHUIDKUHQ� UHODWLYH (QGHUKROXQJ �5∞� LQ � XQG

'LIIXVLRQVNRQVWDQWH ' LQ µP��V EHL YDULLHUHQGHP 0LVFKXQJVYHUKlOWQLV XQG

7HPSHUDWXU�

0LVFKXQJV� ���& ���& ���&

YHUKlOWQLV 5∞ ' 5∞ ' 5∞ '

��� �� ���� �� ���� �� ����

���� �� ���� �� ���� �� ����

���� � ����

(LQ XQHUZDUWHWHU (IIHNW ]HLJW VLFK LP 9HUJOHLFK GHU 0LVFKXQJVYHUKlOWQLVVH ��� XQG �����

$XVJHKHQG YRQ GHQ '6& 0HVVXQJHQ LQ Zl�ULJHU 9HVLNHOO|VXQJ ZlUH DQ]XQHKPHQ JHZHVHQ�

GD� PLW VWHLJHQGHP $QWHLO DQ YHU]ZHLJWHP /LSLG DXFK GLH %HZHJOLFKNHLW GHU

/LSLGGRSSHOVFKLFKW ]XQLPPW� +LHU ]HLJW VLFK MHGRFK GHU XPJHNHKUWH (IIHNW�

)�U GLH ��� 0LVFKXQJ EHL ���& OLHJW GHU :HUW I�U 5∞ QRFK EHL ���� I�U GLH ���� 0LVFKXQJ EHL

���� 'LHV HQWVSULFKW QRFK GHP HUZDUWHWHQ 9HUKDOWHQ� %HL ���& EHVLW]W GLH ���� 0LVFKXQJ

MHGRFK HLQH VWlUNHUH UHODWLYH (UKROXQJ � ���� DOV GLH ��� 0LVFKXQJ� GHUHQ :HUW I�U 5∞ DXI

��� JHVXQNHQ LVW� 6WHLJW GLH 7HPSHUDWXU DXI ���&� ]HLJW GLH ���� 0LVFKXQJ IDVW YROOVWlQGLJH

(UKROXQJ ������ ZlKUHQG 5∞ I�U GLH ��� 0LVFKXQJ QRFK QLHGULJHU DOV EHL ���& OLHJW ������
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$X�HUGHP VLQNW GHU :HUW GHU UHODWLYHQ (UKROXQJ QDFK HWZD ���� 6HNXQGHQ ZLHGHU �YJO�

$EELOGXQJ ����G�� 'LHVHV 9HUKDOWHQ ZLUG QLFKW GXUFK GLH 6RXPSDVLV�)RUPHO EHVFKULHEHQ�

:LH VFKRQ LQ GHQ YRUKHUJHKHQGHQ .DSLWHOQ GLVNXWLHUW ZXUGH �YJO� .DS� ���� ����� X� �������

VWHLJHUQ GLH 9HU]ZHLJXQJHQ GHU V\QWKHWLVLHUWHQ $PSKLSKLOH GLH /|VOLFKNHLW LQ :DVVHU� ZDV

VLFK XP VR VWlUNHU DXVZLUNW� MH K|KHU GLH 7HPSHUDWXU OLHJW� $XV GLHVHP *UXQG ZLUG ��D ]XP

7HLO DXV GHU ]ZHLNRPSRQHQWLJHQ 'RSSHOVFKLFKW JHO|VW XQG Ol�W /|FKHU ]XU�FN� 'DV NRQQWH

DQKDQG YRQ )OXRUHV]HQ]PLNURVNRSLHDXIQDKPHQ QDFKJHZLHVHQ ZHUGHQ �$EELOGXQJ ������

$EE� ����� )OXRUHV]HQ]PLNURVNRSLHDXIQDKPHQ HLQHU JHPLVFKWHQ 'RSSHOVFKLFKW DXV ��H XQG

'33& LP 9HUKlOWQLV ���� QDFK �� 0LQXWHQ �D�� �� 0LQXWHQ �E�� �� 0LQXWHQ �F�

XQG �� 0LQXWHQ �G�� 'HU 'XUFKPHVVHU GHV 6LFKWIHOGHV EHWUlJW MHZHLOV �� µP�

(LQH JHPLVFKWH 'RSSHOVFKLFKW � lKQOLFK SUlSDULHUW ZLH I�U )5$3 0HVVXQJHQ � DXV '33& XQG

��H LP 9HUKlOWQLV ���� ]HLJWH VFKRQ QDFK �� 0LQXWHQ GXQNOHUH )OHFNHQ� GHU .RQWUDVW QDKP
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PLW GHU =HLW ]X� :LH VFKRQ LP =XVDPPHQKDQJ PLW GHQ )OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ

EHVFKULHEHQ �VLHKH .DS� ������� ]HLJW HLQ GXQNOHU %HUHLFK DQ� GD� GLH .RQ]HQWUDWLRQ DQ

)OXRUHV]HQ]PDUNHU JHULQJHU LVW� DOV LQ GHQ XPOLHJHQGHQ %HUHLFKHQ� 'HU 6XEVWDQ]YHUOXVW� GHU

GDGXUFK HQWVWHKW� GD� VLFK GDV YHU]ZHLJWH $PSKLSKLO LQ GHU �EHUVWHKHQGHQ :DVVHUSKDVH

O|VW� NDQQ QLFKW DXVJHJOLFKHQ ZHUGHQ� (V ELOGHQ VLFK /|FKHU LQ GHU 'RSSHOVFKLFKW� 'DV

]XU�FNEOHLEHQGH '33& XQG 1%' ]LHKW VLFK DQ GHQ 5DQG GLHVHU /|FKHU ]XU�FN� 'DGXUFK

HQWVWHKHQ %HUHLFKH� LQ GHQHQ 1%' LQ K|KHUHQ .RQ]HQWUDWLRQHQ YRUOLHJW� 'LHVH PDFKHQ VLFK

GXUFK GLH KHOOHQ 6WUHLIHQ EHPHUNEDU� GLH QDFK HWZD �� 0LQXWHQ GHXWOLFK ]X VHKHQ VLQG� 'HU

8UVSUXQJ GHU VFKHLQEDUHQ 5LFKWXQJVNRUUHODWLRQ GLHVHU 1%'�$QUHLFKHUXQJHQ LVW QRFK

XQJHNOlUW� $XFK LQ DQGHUHQ )lOOHQ LVW VFKRQ EHREDFKWHW ZRUGHQ� GD� &ROLSLGH� GLH HLQH

GHXWOLFK K|KHUH :DVVHUO|VOLFKNHLW EHVLW]HQ DOV GDV +DXSWOLSLG VHOEVW� ]ZDU GLH )OH[LELOLWlW YRQ

'33&�0HPEUDQHQ HUK|KHQ� DEHU GLH %LOGXQJ YRQ 5LVVHQ XQG 3RUHQ I|UGHUQ >���@� 'HVKDOE

OLHJW DXFK KLHU GLH 9HUPXWXQJ QDKH� GD� GDV EHL ��H GXUFK )OXRUHV]HQ]PLNURVNRSLH

EHREDFKWHWH 9HUKDOWHQ GHU $XVELOGXQJ YRQ /|FKHUQ LQ GHU 0HPEUDQ DXFK I�U GLH JHPLVFKWHQ

0HPEUDQHQ YRQ ��D XQG '33& LP 9HUKlOWQLV ��� ]XWULIIW� 'LH UHODWLYH (UKROXQJ OLHJW QLHGULJHU

DOV EHL GHU ���� 0LVFKXQJ� ZHLO GLH 0HPEUDQ GXUFK GHQ KRKHQ $QWHLO DQ YHU]ZHLJWHP

&RWHQVLG LQVWDELO LVW XQG VLFK WHLOZHLVH LQ GHU �EHUVWHKHQGHQ Zl�ULJHQ 3KDVH DXIO|VW�

'XUFK NRPELQLHUWH 8QWHUVXFKXQJHQ PLWWHOV 3KRWREOHLFKYHUIDKUHQ XQG

)OXRUHV]HQ]PLNURVNRSLH NRQQWH JH]HLJW ZHUGHQ� GD� GDV YHU]ZHLJWH $PSKLSKLO ��D HLQHQ

HLQGHXWLJ IOXLGLVLHUHQGHQ (LQIOX� DXI HLQH '33& 0HPEUDQ EHVLW]W� 'LHVHU (IIHNW VHOEVW KlQJW

QXU ZHQLJ YRQ GHU 7HPSHUDWXU DE� (V NRQQWHQ :HUWH I�U GLH 'LIIXVLRQVNRQVWDQWHQ XQG GLH

UHODWLYH (UKROXQJ GHU )OXRUHV]HQ] I�U GUHL YHUVFKLHGHQH 0LVFKXQJVYHUKlOWQLVVH XQG EHL

YHUVFKLHGHQHQ 7HPSHUDWXUHQ DQJHJHEHQ ZHUGHQ� :HLWHUKLQ ZXUGH JH]HLJW� GD� EHL

VWHLJHQGHP *HKDOW DQ YHU]ZHLJWHP $PSKLSKLO GLH 6WDELOLWlW GHU 'RSSHOVFKLFKW� EHGLQJW GXUFK

GLH /|VOLFKNHLW GLHVHV $PSKLSKLOV LQ :DVVHU� DEQLPPW�
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��� /LFKWPLNURVNRSLVFKH 8QWHUVXFKXQJHQ

/LFKWPLNURVNRSLVFKH 8QWHUVXFKXQJHQ ELHWHQ HLQH JXWH 0|JOLFKNHLW� GLUHNWHQ (LQEOLFN LQ GDV

9HUKDOWHQ YRQ /LSLGHQ LQ Zl�ULJHU /|VXQJ ]X QHKPHQ� 9RUDXVVHW]XQJ GDI�U LVW GLH %LOGXQJ

YRQ 6WUXNWXUHQ� GLH PLW VLFKWEDUHP /LFKW GHWHNWLHUW ZHUGHQ N|QQHQ� ZLH ]XP %HLVSLHO 9HVLNHO�

$Q GLHVHQ ODVVHQ VLFK (LJHQVFKDIWHQ ZLH )OXLGLWlW GHU 0HPEUDQ TXDOLWDWLY DEOHVHQ� 'LHVH ]HLJW

VLFK GLUHNW GXUFK GLH %HZHJOLFKNHLW GHU 9HVLNHO� DOVR GXUFK HLQH )OXNWXDWLRQ GHU 0HPEUDQ� GLH

IOLFNHUQ JHQDQQW ZLUG E]Z� GXUFK VWHLIH 9HVLNHO� GLH XQEHZHJOLFK HUVFKHLQHQ�

0LW +LOIH GHU /LFKWPLNURVNRSLH VROO DQ HLQHP %HLVSLHO �EHUSU�IW ZHUGHQ� RE GLH $PSKLSKLOH PLW

YHU]ZHLJWHP 5HVW EHL .RQWDNW PLW HLQHP hEHUVFKX� YRQ :DVVHU VSRQWDQ 9HVLNHO DXVELOGHQ�

ZLH DXFK VFKRQ LQ IU�KHUHQ $UEHLWHQ JHIXQGHQ ZXUGH >��@� :HLWHUKLQ ZXUGHQ JHPLVFKWH

9HVLNHO PLW '33& LQ ]ZHL YHUVFKLHGHQHQ 0LVFKXQJVYHUKlOWQLVVHQ PLW HLQHU VSH]LHOOHQ

3UlSDUDWLRQVPHWKRGH KHUJHVWHOOW� 'LH TXDOLWDWLYH $XVVDJH GHU VR DXIJHQRPPHQHQ %LOGHU VROO

YHUJOLFKHQ ZHUGHQ PLW GHQ (UJHEQLVVHQ GHU 0HVVXQJHQ PLWWHOV 3KRWREOHLFKYHUIDKUHQ XQG

'6& �.DS� ��� XQG �����

����� .RQWDNWSUlSDUDWH

.RQWDNWSUlSDUDWH GHV $PSKLSKLOV ��D �6WUXNWXUIRUPHO V� $EE� ����� ZXUGHQ PLW HLQHP

3KDVHQNRQWUDVWPLNURVNRS XQWHU $QZHQGXQJ GHU gOLPPHUVLRQVWHFKQLN XQWHUVXFKW� =XU

3UlSDUDWLRQ ZXUGH FD� � PJ 6XEVWDQ] DXI HLQHQ 2EMHNWWUlJHU DXIJHEUDFKW� PLW HLQHP

7URSIHQ 0LOOLSRUH� :DVVHU �EHUVFKLFKWHW XQG PLW HLQHP 'HFNSOlWWFKHQ DEJHGHFNW� =XU

9HUPHLGXQJ YRQ %HZHJXQJHQ LQ GHU 3UREH� YHUXUVDFKW GXUFK .DSLOODUHIIHNWH DXIJUXQG

:DVVHUYHUGXQVWXQJ ZXUGHQ GLH 5lQGHU GHV 'HFNSOlWWFKHQV PLW HLQHU G�QQHQ /DFNVFKLFKW

DEJHVFKORVVHQ� =XU 9HUEHVVHUXQJ GHU $XIO|VXQJ ZXUGH HLQ gOWURSIHQ ]ZLVFKHQ 2EMHNWLY XQG

'HFNSOlWWFKHQ JHEUDFKW�

$EELOGXQJ ���� ]HLJW $XVVFKQLWWH GHU 3UREH� GLH PLW HLQHU 9LGHRNDPHUD HWZD I�QI 0LQXWHQ

QDFK GHU 3UlSDUDWLRQ DXIJH]HLFKQHW ZXUGHQ� :HJHQ GHU YHUZHQGHWHQ $XIQDKPHWHFKQLN VLQG

GLH %LOGHU MHZHLOV DOV 4XHUVFKQLWW GXUFK GHQ 3UREHQUDXP ]X YHUVWHKHQ� (V LVW ]X HUNHQQHQ�

ZLH ILQJHUDUWLJH %ODVHQ RGHU 7XEXOL VLFK YRQ HLQHP 6XEVWDQ]WURSIHQ DXVEUHLWHQ� ,P ]HLWOLFKHQ

9HUODXI ]HLJW VLFK HLQH KRKH 0RELOLWlW GLHVHU )LQJHU� bKQOLFKHV 9HUKDOWHQ ZXUGH DXFK I�U

/LSLGH PLW LVRSUHQRLGHQ K\GURSKREHQ 5HVWHQ �YJO� $EELOGXQJ ���� EHREDFKWHW >��@�
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            �� µP

 

$EE� ����� $XVVFKQLWWH DXV GHQ YLGHRXQWHUVW�W]WHQ 9LGHRDXIQDKPHQ GHU

.RQWDNWSUlSDUDWH YRQ ��D FD� �� PLQ� QDFK GHU 3UlSDUDWLRQ EHL FD� ���&�

ILQJHUDUWLJH 7XEXOL ZDFKVHQ DXV GHP 6XEVWDQ]WURSIHQ�

$EELOGXQJ ���� YHUGHXWOLFKW GLH 9RUJlQJH� GLH VLFK EHLP 6FKZHOOHQ DEVSLHOHQ� LQ HLQHU

VFKHPDWLVFKHQ 'DUVWHOOXQJ� $XV HLQHP 5HVHUYRLU GHV 6XEVWDQ]WURSIHQV KHUDXV ELOGHQ VLFK
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IO�VVLJNULVWDOOLQH /DPHOOHQ >���@� 'LHV EHUXKW DXI GHU DX�HUJHZ|KQOLFKHQ )OXLGLWlW GLHVHU

$PSKLSKLOH� 8QYHU]ZHLJWH 3KRVSKDWLG\OFKROLQH N|QQHQ VROFK HLQ 9HUKDOWHQ HUVW EHL

7HPSHUDWXUHQ REHUKDOE GHU +DXSWXPZDQGOXQJ ]HLJHQ >���@�

$EE� ����� 3ULQ]LSVNL]]H ]XU 9HUGHXWOLFKXQJ GHU 9RUJlQJHU EHLP 6FKZHOOHQ GHU

9HUELQGXQJ ��D� HLQH %LOD\HU HQWUROOW VLFK DXV GHP

9RUUDWVVXEVWDQ]WURSIHQ XQG ELOGHW ILQJHUDUWLJH 7XEXOL DXV�

����� 3UlSDUDWLRQ PLWWHOV :HFKVHOIHOGPHWKRGH

'LHVH 0HWKRGH ZXUGH ]XU 8QWHUVXFKXQJ GHU 9HUELQGXQJ ��D LQ ���� E]Z� ��� 0LVFKXQJHQ

PLW '33& YHUZHQGHW� (V NRQQWH HLQ RSWLVFKHU (LQGUXFN YRQ GHP (LQIOX� JHZRQQHQ ZHUGHQ�

GHQ GDV YHU]ZHLJWH $PSKLSKLO DXI GLH '33& 0HPEUDQ EHVLW]W�

=XU 3UlSDUDWLRQ YRQ 9HVLNHOQ PLW GHU :HFKVHOIHOGPHWKRGH �HOHFWUR VZHOOLQJ� >���@ ZXUGH HLQ

PLW OHLWIlKLJHP ,QGLXP�=LQQ�2[LG EHVFKLFKWHWHV *ODV �,72�*ODV� YHUZHQGHW� (LQH 6WRIIPHQJH

YRQ ��� µJ HLQHV $PSKLSKLOJHPLVFKHV DXV '33& XQG ��D ZXUGHQ DXI GLH EHVFKLFKWHWH 6HLWH

YRQ � *ODVVFKHLEHQ LQ )RUP HLQHU &KORURIRUP�/|VXQJ DXIJHWUDJHQ XQG GLH *ODVVFKHLEHQ ��

6WXQGHQ ODQJ LP +RFKYDNXXP JHWURFNQHW� $QVFKOLH�HQG ZXUGHQ GLH 6FKHLEHQ PLW GHU

EHVFKLFKWHWHQ 6HLWH ]XHLQDQGHU� JHWUHQQW GXUFK HLQHQ $EVWDQGVKDOWHU DXV 7HIORQ� LQ HLQH
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7HIORQNDPPHU HLQJHI�KUW �VLHKH $EELOGXQJ ������ GLH PLW :DVVHU JHI�OOW ZXUGH� 'DQQ ZXUGH

EHL HLQHU 7HPSHUDWXU YRQ ���& HLQ � 9 :HFKVHOIHOG PLW �� +] )UHTXHQ] �EHU HLQH 'DXHU YRQ

GUHL 6WXQGHQ DQJHOHJW� $XV GHU VR HQWVWDQGHQHQ /|VXQJ ZXUGHQ MHZHLOV HLQLJH 0LNUROLWHU

HQWQRPPHQ� DXI HLQHQ 2EMHNWWUlJHU DXIJHEUDFKW XQG PLW HLQHP 'HFNJODV DEJHGHFNW� GDV DQ

GHQ 5lQGHUQ PLW 6LOLFRQIHWW DEJHGLFKWHW ZXUGH� 'LHVH 3UlSDUDWLRQVWHFKQLN LVW JHHLJQHW ]XU

+HUVWHOOXQJ JHPLVFKWHU 9HVLNHO PLW HLQHU *U|�H� GLH VLH LP /LFKWPLNURVNRS OHLFKW EHREDFKWEDU

PDFKW�

$EE� ����� 6FKHPDWLVFKHU $XIEDX GHU

7HIORQNDPPHU ]XU 3UlSDUDWLRQ

YRQ 9HVLNHOQ QDFK GHU

:HFKVHOIHOGPHWKRGH

$EELOGXQJ ���� JLEW HLQLJH %LOGHU GLHVHU 8QWHUVXFKXQJHQ ZLHGHU� (V LVW GHXWOLFK ]X HUNHQQHQ�

GD� EHL HLQHP 0LVFKXQJVYHUKlOWQLV YRQ ���� GLH 9HVLNHO QDKH]X YROONRPPHQ VSKlULVFK

JHIRUPW VLQG� ,Q GHU ]HLWDEKlQJLJHQ 'DUVWHOOXQJ ZLUNHQ GLHVH 7HLOFKHQ VWDUU� VLH EHVLW]HQ

JHULQJH E]Z� NHLQH )OXNWXDWLRQ� 6WHLJW GHU $QWHLO DQ YHU]ZHLJWHP /LSLG� QLPPW GLH 0RELOLWlW

GHU 0HPEUDQHQ ]X� ZLH DQ GHQ EHLGHQ DOV %HLVSLHO JHZlKOWHQ %LOGHUQ �����F XQG G� HUNDQQW

ZHUGHQ NDQQ� ,Q $EELOGXQJ ����F LVW HLQ 9HVLNHO ZLHGHUJHJHEHQ� GD� VWDUN YRQ GHU LGHDO

VSKlULVFKHQ )RUP DEZHLFKW� ,Q GHU ]HLWDEKlQJLJHQ %HREDFKWXQJ �9LGHRDXIQDKPH� ZLUG

GHXWOLFK� GD� GLH )RUP GHU 0HPEUDQ GLHVHV 9HVLNHOV VWDUN IOXNWXLHUW� 'LHVH %HZHJXQJ ZLUG

)OLFNHUQ JHQDQQW XQG WULWW QXU EHL IOXLGHQ 0HPEUDQHQ DXI� 'LH OHW]WH $EELOGXQJ GLHVHU 5HLKH

�$EELOGXQJ ����G� ]HLJW HLQ 5LHVHQYHVLNHO� LQ GDV NOHLQHUH 9HVLNHO HLQJHVFKORVVHQ VLQG� 'LHV
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VLQG I�U XQYHU]ZHLJWH $PSKLSKLOH EHL 5DXPWHPSHUDWXU XQJHZ|KQOLFKH 6WUXNWXUHQ XQG VLH

lKQHOQ GHQ LQ IU�KHUHQ $UEHLWHQ EHREDFKWHWHQ 9HVLNHOQ >��@� 'DV $XIWUHWHQ VROFKHU

GHIRUPLHUWHQ 9HVLNHO NDQQ LQ GLHVHU 5HLKH YRQ %LOGHUQ GLUHNW DXI GHQ K|KHUHQ *HKDOW DQ

YHU]ZHLJWHP /LSLG ]XU�FNJHI�KUW ZHUGHQ� 'LHV IOXLGLVLHUW GLH '33& 0HPEUDQ VLFKWEDU�

�� µP

     

$EE� ����� $XVVFKQLWWH DXV GHQ %LOGHUQ GHU YLGHRXQWHUVW�W]WHQ

0LNURVNRSLH DQ 0LVFKXQJHQ YRQ ��D PLW '33& LP

9HUKlOWQLV ���� �D XQG E� E]Z� ��� �F XQG G��

=XVDPPHQIDVVHQG Ol�W VLFK IHVWVWHOOHQ� GD� GLH /LFKWPLNURVNRSLH GLH GLUHNWH %HREDFKWXQJ

GHU $XVELOGXQJ YRQ 5LHVHQYHVLNHOQ XQPLWWHOEDU QDFK .RQWDNW PLW :DVVHU HUODXEWH� 'LHVH

8QWHUVXFKXQJ ZXUGH EHLVSLHOKDIW QXU PLW HLQHP YHU]ZHLJWHQ 3KRVSKDWLG\OFKROLQ

GXUFKJHI�KUW� $XIJUXQG IU�KHUHU %HREDFKWXQJHQ DQ HLQHP YHU]ZHLJWHQ $PSKLSKLO PLW

VXEVWLWXLHUWHU +H[DHWK\OHQJO\NRONRSIJUXSSH >��@ XQG GHQ (UJHEQLVVHQ GHU DQGHUHQ

8QWHUVXFKXQJHQ NDQQ DQJHQRPPHQ ZHUGHQ� GD� DOOH DQGHUHQ YHU]ZHLJWHQ $PSKLSKLOH HLQ

lKQOLFKHV 9HUKDOWHQ ]HLJHQ� :HLWHUKLQ ZXUGH GXUFK VSH]LHOO SUlSDULHUWH� JHPLVFKWH 9HVLNHO

PLW '33& XQG HLQHP YHU]ZHLJWHQ $PSKLSKLO PLW 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH HLQ

RSWLVFKHU (LQGUXFN �EHU GHQ (LQIOX� GHV YHU]ZHLJWHQ $PSKLSKLOV DXI HLQH '33& 0HPEUDQ

JHZRQQHQ� 'LH $XIQDKPHQ ]HLJHQ HLQH GHXWOLFKH )OXLGLVLHUXQJ GHU JHPLVFKWHQ 0HPEUDQHQ



Kapitel 4                                                                                                                                                  Analytik

117

EHL VWHLJHQGHP *HKDOW DQ YHU]ZHLJWHP &RWHQVLG� 'LHVH UHLQ TXDOLWDWLYHQ $XVVDJHQ GHU VR

DXIJHQRPPHQHQ %LOGHU GHFNHQ VLFK PLW GHQ (UJHEQLVVHQ GHU 0HVVXQJHQ PLWWHOV

3KRWREOHLFKYHUIDKUHQ XQG '6&�


