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7KHPD�
+P�FKGUGO�-CRKVGN�NGTPGP�5KG��YKG�OCP�FKG�-QP\GPVTCVKQP�GKPGT�5¼WTG�QFGT�GKPGT�$CUG�
DGUVKOOV�� FKG� KP� GKPGT� .ÑUWPI� XQTJCPFGP� KUV�� &KGU� MCPP� \�$�� FKG� 'UUKIU¼WTG� KO�
5RGKUGGUUKI�UGKP�QFGT�FGT�IGNÑUVG�-CNM�KO�.GKVWPIUYCUUGT���
�
&KG�/GVJQFG�HWPMVKQPKGTV�DGK�GKPGT�5¼WTG�UQ��/CP�PKOOV�GKPG�DGUVKOOVGP�/GPIG�FGT�
.ÑUWPI� OKV� FGT� WPDGMCPPVGP� -QP\GPVTCVKQP�� 0WP� IKDV� OCP� IGPCW� UQXKGN� GKPGT�
DGMCPPVGP� $CUGNÑUWPI� � \W�� DKU� CNNG� 5¼WTG� XGTDTCWEJV� KUV�� &KGUGU� 8QTIGJGP� PGPPV�
OCP��6KVTCVKQP���&CU�9QTV�UVCOOV�CWU�FGO�)TKGEJKUEJGP���6KVGT���DGFGWVGV��)GJCNV���

/HNWLRQVDEODXI�
<WGTUV�DGCTDGKVGP�5KG�FKG�6JGQTKG�FGU�5VQHHGU�WPF�NÑUGP�FCDGK�GKPKIG�#WHICDGP��
0CEJ� GKPGO� GKPH×JTGPFGP� 'ZRGTKOGPV� IGJGP� 5KG� \WO� %QORWVGT� WPF� H×JTGP�
5KOWNCVKQPGP�XQP�6KVTCVKQPUGZRGTKOGPVGP�FWTEJ���
9GPP� 5KG� FKGUG� DGJGTTUEJGP�� DGUVKOOGP� 5KG� KO� .CDQT� UGNDGT� FKG� WPDGMCPPVGP�
-QP\GPVTCVKQPGP�GKPKIGT�5¼WTGP�WPF�$CUGP���
�
Î�%ULQJHQ�6LH�HLQHQ�KDOEHQ�/LWHU�/HLWXQJVZDVVHU�YRQ�]X�+DXVH�PLW��
�
#O� 5EJNWUU� DGCTDGKVGP�5KG� FGP�#DUEJPKVV�/HUQNRQWUROOH�� YQ� 5KG� +JT�9KUUGP� VGUVGP�
MÑPPGP�� &KG� .ÑUWPIGP� XQP� CNNGP� #WHICDGP� HKPFGP� 5KG� KO� .ÑUWPIUQTFPGT� KO�
5EJWN\KOOGT��
�
� �
� /HUQ]LHOH� �
� ��� 5KG�MÑPPGP��FKG�/GPIG�GKPGT�5¼WTG�QFGT�GKPGT��$CUG�KP��GKPGT�.ÑUWPI�

DGUVKOOGP�WPF�+JTG�'TIGDPKUUG�MQTTGMV�CWUYGTVGP���
� ��� 5KG�JCDGP�FKG�/GVJQFG�UQ�IWV�XGTUVCPFGP��FCUU�5KG�-QNNGIKPPGP�QFGT�

-QNNGIGP��FKG�PKEJVU�FCT×DGT�YKUUGP��FCU�2TKP\KR�GTMN¼TGP�MÑPPGP��
� ����5KG�MGPPGP�FKG�9CUUGTJ¼TVG�DGK�+JPGP�\W�*CWUG�WPF�YKUUGP�WO�FGTGP�

$GFGWVWPI���
�
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7KHRULH�
.¼UUV�OCP�XGTF×PPVG�5CN\U¼WTG�OKV�XGTF×PPVGT�0CVTQPNCWIG�TGCIKGTGP��UQ�HKPFGV�GKPG�
0GWVTCNKUCVKQP� UVCVV�� 8GTF×PPVG� 5CN\U¼WTG� GPVJ¼NV� * � 1 � �� � WPF� %N � �+QPGP�� XGTF×PPVG�
0CVTQPNCWIG�0C � ��WPF�1* � �+QPGP��$GK�FGT�4GCMVKQP�TGCIKGTGP�* � 1 � ��WPF�1* � �+QPGP�
OKVGKPCPFGT�\W�9CUUGT��0C � �WPF�%N � ��+QPGP�UKPF�� <WUEJCWGT ��
�
� * � 1 � ��%N � ����������0C � ��1* � ���� o� ��* � 1��0C � ��%N �
� 5CN\U¼WTG��������������� 0CVTQPNCWIG��� o� -QEJUCN\NÑUWPI�
�
.¼UUV�OCP�5CN\U¼WTG�WPF�0CVTQPNCWIG�KO�TKEJVKIGP�8GTJ¼NVPKU�OKVGKPCPFGT�TGCIKGTGP��
UQ�GTJ¼NV�OCP�GKPG�PGWVTCNG�-QEJUCN\NÑUWPI��
0GWVTCNKUKGTGP�YKT�\�$�����OQN�* � 1 � �+QPGP��UQ�DGPÑVKIGP�YKT�FCH×T���OQN�1* � �+QPGP��
�
0QTOCNGTYGKUG�CTDGKVGP�YKT�OKV�Y¼UUTKIGP�.ÑUWPIGP��/CP�IKDV�FKG�-QP\GPVTCVKQP�FGT�
FCTKP�IGNÑUVGP�5VQHHG�CP��
'PVJ¼NV�GKP�.KVGT�.ÑUWPI���OQN�0C1*��UQ�UEJTGKDGP�YKT�E
0C1*������OQN�N��
'KPG�.ÑUWPI�XQP���OQN�0C1*�GPVJ¼NV���OQN�0C � �+QPGP�WPF���OQN�1* � �+QPGP���
�
�

�

$XIJDEH������ �
9KG� XKGN� I� FGU� IGNÑUVGP�5VQHHGU� GPVJ¼NV� GKP� .KVGT� .ÑUWPI��YGPP�
FKG�(NCUEJGP�HQNIGPFG�#WHUEJTKHVGP�VTCIGP��

C��E
0C1*��� ��� ����OQN�N�
D��E
*%N�CS���� ���� ����OQN�N�
E��E
* � 51 � ��� ��� ����OQN�N�

�
0KOOV�OCP�GKP�DGUVKOOVGU�8QNWOGP�GKPGT�UQNEJGP�.ÑUWPI���UQ�MCPP�OCP�FKG�FCTKP�
GPVJCNVGPG�5VQHHOGPIG�
KP�OQN��DGTGEJPGP�� KPFGO�OCP�8QNWOGP�WPF�-QP\GPVTCVKQP�
OKVGKPCPFGT�OWNVKRNK\KGTV��
�
� � 5VQHHOGPIG�
OQN�����8QNWOGP��
N�� � �-QP\GPVTCVKQP�
OQN�N��
�

�

$XIJDEH������ �
9KG�XKGN�OQN�0C1*�GPVJCNVGP�����ON�XGTF×PPVG�0CVTQPNCWIG!��
E
0C1*��DGVT¼IV������OQN�N��

�
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'DPLW�GLH�5HDNWLRQ�YROOVWlQGLJ�LVW��PXVV�IROJHQGH�%H]LHKXQJ�HUI�OOW�VHLQ��
�� �

0HQJH�GHU�+ � �,RQHQ��� ��� 0HQJH�GHU�YRQ�GHU�%DVH�
GLH��GLH�6lXUH�DEJHEHQ�NDQQ��� �������� � DXIJHQRPPHQHQ��

� � + � �,RQHQ�
� � �
&KGUGP� 2WPMV� PGPPV� OCP� bTXLYDOHQ]SXQNW�� &KG� 5¼WTG� JCV� IGTCFG� CNNG� * � �+QPGP�
CDIGIGDGP��FKG�UKG�CP�FKG�DGVTGHHGPFG�$CUG�CDIGDGP�MCPP��&GT� +PFKMCVQT�YGEJUGNV�
CP� � FKGUGO� 2WPMV� UGKPG� (CTDG�� /CP� OWUU� KJP� GPVURTGEJGPF� Y¼JNGP�� 0WT� DGK� FGT�
4GCMVKQP�XQP�UVCTMGP�5¼WTGP�OKV�0CVTQPNCWIG�NKGIV�FGT��SWKXCNGP\RWPMV�DGK�R*������
$GK�UEJYCEJGP�5¼WTGP�NKGIV�FGT��SWKXCNGP\RWPMV�KO�CNMCNKUEJGP�$GTGKEJ�
XIN��5�������
�
5KG�JCDGP�5¼WTGP�MGPPGP�IGNGTPV��FKG�OGJTGTG�* � �+QPGP�CDIGDGP�MÑPPGP��&KGU� KUV��
\�$��FKG�5EJYGHGNU¼WTG�
* � 51 � ��QFGT�FKG�2JQURJQTU¼WTG�
* � 21 � ���
'DGPUQ�IKDV�GU�$CUGP��FKG�OGJTGTG�* � �+QPGP�CWHPGJOGP�MÑPPGP���\�$��%1 �

� � ��&KGU�
O×UUGP�YKT� KP�FGT�4GEJPWPI�DGT×EMUKEJVKIGP��9KT�MÑPPGP� H×T�FGP��SWKXCNGP\RWPMV�
HQNIGPFGP�<WUCOOGPJCPI�CWHUVGNNGP��
�
� 96�F6�]6�������� ��������9%�F%�]%�������� �

9 � ��8QNWOGP�FGT�5¼WTG��
� F � ��-QP\GPVTCVKQP�FGT�5¼WTG�
OQN�N�� �
� ] � ��<CJN�FGT�* � �+QPGP��FKG�GKP�5¼WTGVGKNEJGP�CDIGDGP�MCPP��
� 9 	 ��8QNWOGP�FGT�$CUG���
� F 	 ��-QP\GPVTCVKQP�FGT�$CUG�
OQN�N�� �
� ] 	 ��<CJN�FGT�* � �+QPGP��FKG�GKP��$CUGVGKNEJGP�CWHPGJOGP�MCPP�

%HLVSLHO����/CP�VKVTKGTV������ON�XGTF×PPVG�5CN\U¼WTG��OKV��0CVTQPNCWIG��
=E
0C1*������OQN�N?��FGTGP�8GTDTCWEJ������ON�DGVT¼IV��&KGU�KUV�FGT�&WTEJUEJPKVV�CWU�
FTGK�/GUUWPIGP��#NUQ����
� �
� \ 
 �������\ � �����8 
 ��������ON�
����� 8 � ��������ON��E � �����OQN�N�
� E 
 �����IGUWEJV�
� 'KPIGUGV\V�KP�)NGKEJWPI�������GTJCNVGP�YKT��E 
 �������OQN � N �� �
�
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�

$XIJDEH� ����� /CP� VKVTKGTV� ����� ON� XGTF×PPVG� 5EJYGHGNU¼WTG� OKV��
0CVTQPNCWIG�=E�
0C1*�������OQN � N �� ?��&GTGP�8GTDTCWEJ�DGVT¼IV�����
ON�
&WTEJUEJPKVV�CWU�FTGK�/GUUWPIGP����
5VGNNGP�5KG�\WGTUV�FKG�4GCMVKQPUINGKEJWPI��CWH��$GTGEJPGP�5KG�
FCPP�FKG�-QP\GPVTCVKQP�FGT�5EJYGHGNU¼WTG��

([SHULPHQWHOOH�'XUFKI�KUXQJ�GHU�7LWUDWLRQ�
7O� FKG� /GPIG� GKPGT� 5¼WTG� KP� GKPGT� � .ÑUWPI� \W� DGUVKOOGP�� IKDV� OCP� \W� GKPGO�
IGPCW�CDIGOGUUGPGP�8QNWOGP�UEJTKVVYGKUG�MNGKPG�/GPIGP�GKPGT�$CUG��9GPP�OCP�
FKG� \WO� 'TTGKEJGP� FGU� �SWKXCNGP\RWPMVGU� PQVYGPFKIG� /GPIG� \WIGIGDGP� JCV��
¼PFGTV�UKEJ�FGT�R*�9GTV�URTWPIJCHV��
&KGU� MCPP� OCP� OKV� GKPGO� R*�/GVGT� HGUVUVGNNGP�� /CP� MCPP� CWEJ� GKPG� 5WDUVCP\�
\WIGDGP��FKG�FKG�(CTDG�DGK�GKPGO�DGUVKOOVGP�9GTV�¼PFGTV��&KGUG�5WDUVCP\�JGKUUV�
,QGLNDWRU��&KGU�DGFGWVGV��#P\GKIGT���+P�WPUGTGO�(CNN�\GKIV�GT�FKG�R*��PFGTWPI�CP���
�
'KP�+PFKMCVQT�KUV�CWEJ�GKPG�5¼WTG��&KG�UCWTG�(QTO�
*+P��JCV�GKPG�CPFGTG�(CTDG�CNU�FKG�
MQPLWIKGTVG� $CUG� 
+P���� $GK� FGT� 6KVTCVKQP� YKTF� PWT� GKPG� UGJT� MNGKPG� /GPIG� FGU�
+PFKMCVQTU� *+P� \WIGIGDGP�� &GUJCND� KUV� FGT� /GJTXGTDTCWEJ� CP� $CUG� H×T� FGUUGP�
4GCMVKQP�OKV�FGT�$CUG��
*+P��1*���o�+P���*�1��XGTPCEJN¼UUKIDCT����
$GKURKGNG�XGTUEJKGFGPGT� +PFKMCVQTGP�WPF�FGTGP�(CTDGP� HKPFGP�5KG� KP�RTCMVKUEJ�CNNGP�
%JGOKGD×EJGTP�QFGT�CWH�9KMKRGFKC���

�

b)

a)

c)

d)

e)e) �

*HUlWH��
C��� $×TGVVG�� 'KP� 4QJT� OKV� GKPGT�
� /CUUGKPVGKNWPI�
�
D��� *CJP�
�
E��� $GEJGTINCU� OKV� FGT� WPDGMCPPVGP�
� .ÑUWPI�
�
F��� 4×JTUV¼DEJGP�������������������
�
G��� 4×JTOQVQT�
�

�
$GXQT� 5KG� FGP� )GJCNV� XQP� 'UUKIU¼WTG� KO� 5RGKUGGUUKI� OGUUGP�� MÑPPGP� 5KG� FKG�
$GUVKOOWPI�FGU��SWKXCNGP\RWPMVGU�OKV�*KNHG�GKPGU�+PFKMCVQTU�CO�%QORWVGT�×DGP��
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6LPXODWLRQ�YRQ�7LWUDWLRQHQ�PLW�GHP�&RPSXWHU��
�
�

�

9RUJHKHQ��
� /GNFGP�5KG�UKEJ�CO�%QORWVGT�CP��
� 5VCTVGP�5KG�WPVGT�241)4#//'��(#%*�

51(69#4'��%*'/+'��FCU�2TQITCOO�
6+64#6+10�

�
&GT�4GUV�FGU�2TQITCOOU�KUV�UGNDUVGTMN¼TGPF��
$FKWXQJ��#PUVGNNG� XQP�* � �+QPGP�YKTF� KO�2TQITCOO�
XQP�2TQVQPGP� IGURTQEJGP��#P� FGP�*QEJUEJWNGP� KUV�
FKGU�UQ�×DNKEJ��
�

�
([SHULPHQW�������
.RQ]HQWUDWLRQVEHVWLPPXQJ�YRQ�(VVLJVlXUH�LP�6SHLVHHVVLJ���
�

�

6LFKHUKHLW�����
0CVTQPNCWIG� YKTMV� UVCTM� ¼V\GPF�� $GUQPFGTU� IGH¼JTFGV�
UKPF� +JTG� #WIGP�� �WUUGTUVG� 8QTUKEJV� DGKO� (×NNGP� FGT�
$×TGVVG��%�UHWWH�QLFKW��EHU�$XJHQK|KH�EHI�OOHQ��

�6FKXW]EULOOH�WUDJHQ��
�
*HUlWH�� $×TGVVG�� /CIPGVT×JTGT�� /CIPGVT×JTUV¼DEJGP��
'TNGPOG[GTMQNDGP�����ON��8QNNRKRGVVG����ON��5CWIDCNN���
&KHPLNDOLHQ�� 5RGKUGGUUKI� 
GKPG� XGTF×PPVG� .ÑUWPI� XQP�
'UUKIU¼WTG�� %* � %11*��� 0CVTQPNCWIG� =E
0C1*�� �� �� OQN�.?��
2JGPQNRJVJCNGKPNÑUWPI�
CWH�FGO�)GUVGNN���
'XUFKI�KUXQJ��5VGNNGP� 5KG� FKG�$×TGVVG� CWH� GKPGP�5VWJN�� 5GV\GP�
5KG� FGP� 6TKEJVGT� CWH� FKG� $×TGVVG�� 5EJNKGUUGP� 5KG� FGP� *CJP�

JQTK\QPVCNG� 2QUKVKQP��� (×NNGP� 5KG� FKG� $×TGVVG� NCPIUCO� OKV�
0CVTQPNCWIG� 
E
0C1*�� �� ��OQN�N��� &GT� (N×UUKIMGKVUURKGIGN�OWUU�
PKEJV�DGK�PWNN��CDGT� KPPGTJCND�FGT�5MCNC�FGT�$×TGVVG�NKGIGP��&CPP�
GPVHGTPV�OCP�FGP�6TKEJVGT���

7O�FKG�.WHV�WPVGTJCND�FGU�*CJPGU�\W�GPVHGTPGP��UVGNNV�OCP�GKP�$GEJGTINCU�WPVGT�FKG�
$×TGVVG�WPF�N¼UUV�GVYCU�(N×UUKIMGKV�CDNCWHGP��/KV�GKPGO�(KPIGT�MNQRHV�OCP�FCDGK�HCNNU�
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PÑVKI�NGKEJV�IGIGP�FGP�*CJP���
2KRGVVKGTGP� 5KG� ����� ON� � 5RGKUGGUUKI� KP� GKPGP� ���� ON� 'TNGPOG[GTMQNDGP� WPF�
XGTF×PPGP�5KG�OKV�EC�����ON�GPVOKPGTCNKUKGTVGO�9CUUGT��#NU�+PFKMCVQT�IGDGP�5KG����
6TQRHGP�2JGPQNRJVJCNGKPNÑUWPI�\W��8GTYGPFGP�5KG�\WT�IWVGP�&WTEJOKUEJWPI�DGK�FGT�
6KVTCVKQP�GKPGP�/CIPGVT×JTGT���
0QVKGTGP� 5KG� FGP� (N×UUKIMGKVUUVCPF� KP� FGT� $×TGVVG� WPF� IGDGP� 5KG� PWP� KP� ���� ON�
5EJTKVVGP� 0CVTQPNCWIG� CWU� FGT� $×TGVVG� \W�� &GT� R*� UQYKG� FKG� (CTDG� FGT� .ÑUWPI�
YGTFGP� KP� FGT� PCEJHQNIGPFGP� 6CDGNNG� PQVKGTV�� &KG� 'NGMVTQFG� MCPP� Y¼JTGPF� FGP�
/GUUWPIGP� KP� FGT� .ÑUWPI� DNGKDGP�� UQNN� CDGT� XQO� 4×JTUV¼DEJGP� PKEJV� DGT×JTV�
YGTFGP���
9GTFGP� FKG� �PFGTWPIGP� FGU� R*� ITÑUUGT�� XGTMNGKPGTV� OCP� FKG�/GPIG� 0CVTQPNCWIG�
RTQ�<WICDG�CWH�����ON��'THQNIV�GKPG�(CTD¼PFGTWPI�� NGUGP�5KG�FCU�VQVCN�\WIGIGDGPG�
8QNWOGP� CD� WPF� XGTOGTMGP� FKGUGP� 9GTV�� (CJTGP� 5KG� OKV� FGT� <WICDG� FGT�
0CVTQPNCWIG� OKV� ITÑUUGTGP� 5EJTKVVGP� PQEJ� GVYCU� HQTV� 
�� �� �� ON�� WPF� PQVKGTGP� 5KG�
KOOGT�FGP�R*�9GTV�WPF�FKG�(CTDG�FGT�.ÑUWPI��
+LQZHLV�� 5QNNVGP� 5KG� FGP� IGPCWGP� 7OUEJNCIRWPMV� XGTRCUUV� JCDGP�� UQ� H×JTGP�5KG�
FKG�6KVTCVKQP�PQEJOCNU�FWTEJ��&C�5KG�LGV\V�WPIGH¼JT�YKUUGP�YQ�FGT�7OUEJNCI�GTHQNIV�
IGJV�FKGU�UGJT�UEJPGNN��+P�FGT�2TCZKU�Y×TFG�OCP�FKG�6KVTCVKQP�OGKUV�FTGK�OCN�OCEJGP�
WPF�FGP�/KVVGNYGTV�DGTGEJPGP���
�
PO�1DWURQODXJH� S+�:HUW� )DUEH�GHU�/|VXQJ�
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�
(QWVRUJXQJ��)KGUUGP�5KG�CNNG�.ÑUWPIGP�
QJPG�4×JTHKUEJ���KP�FGP�#WUIWUU��
$XVZHUWXQJ���
���� 5VGNNGP� 5KG� FKG� 4GCMVKQPUINGKEJWPI� CWH�� $GTGEJPGP� 5KG� FKG� -QP\GPVTCVKQP� FGT�

5¼WTG� CWU� FGO� FWTEJUEJPKVVNKEJGP� 0CVTQPNCWIGXGTDTCWEJ�� (CNNU� 5KG� .WUV� FC\W�
JCDGP�� DGTGEJPGP� 5KG� PQEJ� FKG� /CUUGPRTQ\GPVG� WPF� XGTINGKEJGP� 5KG� FCU�
4GUWNVCV� OKV� FGT� #WHUEJTKHV� CWH� FGT� 'UUKIHNCUEJG�� 
5KG� MÑPPGP� H×T� FKG� &KEJVG� ��
GKPUGV\GP��F�J����.KVGT�OKV���MI�INGKEJUGV\GP���

 

���� 5VGNNGP�5KG� +JTG�/GUUWPI� ITCHKUEJ� FCT�� Z�#EJUG��ON�0CVTQPNCWIG�� [�#EJUG�� R*�
9GTV��'TMN¼TGP�5KG�FGP�-WTXGPXGTNCWH�KP�XKGT�DKU�H×PH�5¼V\GP����

�
��� 9CPP� J¼VVG�OCP� VJGQTGVKUEJ�FGP�(CTDYGEJUGN� DGQDCEJVGP� UQNNGP!�9KG�XGTJ¼NV�

UKEJ�+JT�/GUUGTIGDPKU�\WT�6JGQTKG!�%ULQJHQ�6LH�,KUH�.XUYH�DQ�GHQ�.DSLWHOWHVW�
PLW��

�
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,QGLNDWRUHQ��
5KG� JCDGP� DKU� LGV\V� $TQOVJ[OQNDNCW� CNU� +PFKMCVQT� XGTYGPFGV�� &KGUGT� +PFKMCVQT� KUV�
LGFQEJ� PKEJV� KOOGT� IGGKIPGV�� &KG� #WUYCJN� GTHQNIV� UQ�� FCUU� FGT� (CTDYGEJUGN� FGU�
+PFKMCVQTU�KO�)GDKGV�GTHQNIV��YQ�FGT�R*�9GTV�URTWPIJCHV�CPUVGKIV��
&KG�PCEJHQNIGPFG�#DDKNFWPI�\GKIV�FKG�6KVTCVKQPUMWTXGP�XQP�5CN\U¼WTG�
GKPGT�UVCTMGP�
5¼WTG�� WPF� XQP� 'UUKIU¼WTG� 
GKPGT� UEJYCEJGP� 5¼WTG�� OKV� 0CVTQPNCWIG� UQYKG� FKG�
7OUEJNCIUDGTGKEJG� \YGKGT� +PFKMCVQTGP�� 9KTF� 5CN\U¼WTG� PGWVTCNKUKGTV�� UQ� ¼PFGTP�
DGKFG� +PFKMCVQTGP� KJTG� (CTDG� KPPGTJCND� FGU� 5RTWPIIGDKGVGU�� $GK� FGT� 6KVTCVKQP� XQP�
'UUKIU¼WTG�VTKHHV�FKGU�PWT�H×T�2JGPQNRJVJCNGKP�\W��9×TFG�/GVJ[NQTCPIG�XGTYGPFGV��UQ�
Y×TFG�FGT�(CTDYGEJUGN�XQT�'TTGKEJGP�FGU��SWKXCNGP\RWPMVGU�GKPVTGVGP�� �
�

�

Umschlagbereich von Phenolphthalein

Umschlagbereich von Methylorange

10

8

6

4

2

0
0 2 4 6 8 10 12 ml NaOH

12

pH
10 ml Salzsäure c(HCl) = 1 mol/l
10 ml Essigsäure c(CH COOH) = 1 mol/l3

c(NaOH) = 1 mol/l �
<GKEJPGP� 5KG� PWP� FCU� DGTGKVU� DGMCPPVG� $TQOVJ[OQNDNCW� KP� QDKIG� 5MK\\G� GKP� WPF�
×DGTRT×HGP�5KG�FKG�#PYGPFDCTMGKV�H×T�FKG�DGKFGP�6KVTCVKQPUDGKURKGNG���



���:LHYLHO�(VVLJVlXUH�KDW�HV�LP�6SHLVHHVVLJ"�
�

�
(7+�,QVWLWXW�I�U�9HUKDOWHQVZLVVHQVFKDIW� ���� � /HLWSURJUDPP���6lXUHQ�XQG�%DVHQ��

:DVVHUKlUWH�
&GP�KO�9CUUGT�IGNÑUVGP�-CNM�
%C%1 � ��DG\GKEJPGV�OCP�CNU��9CUUGTJ¼TVG���
&KG� #PICDG� FGT� 9CUUGTJ¼TVG� GTHQNIV� KP� FGT� 5EJYGK\� OGKUVGPU� KP� HTCP\ÑUKUEJGP�
*¼TVGITCFGP� 
 � H*��� � � H*� GPVURTKEJV� ��� OI� %C%1 � �.KVGT�� 5QXKGN� -CNM� Y×TFG� UKEJ� KP�
GKPGT� 2HCPPG� CDNCIGTP�� YGPP� OCP� GKPGP� .KVGT� 9CUUGT� OKV� � � H*� XQNNUV¼PFKI�
GKPFCORHGP�Y×TFG���

���������� �
� ������ � H*�
YGKEJ����������� ���������� � H*�
OKVVGN��� ���×DGT���� � H*�
JCTV����������������������������������������
�
:LH�NRPPW�GHU�.DON�LQV�:DVVHU"�
�
-QJNGPFKQZKF�WPF�9CUUGT�DKNFGP�-QJNGPU¼WTG��
�
� %1 � ���* � 1� � �� * � %1 � 
�����
�
-QJNGPU¼WTG�XGTOCI�-CNM�CWH\WNÑUGP��
�
� * � %1 � ����%C%1 � � �� ��*%1 �

� ���%C � � 
�����
�
� � -CNM� � KO�.GKVWPIUYCUUGT�IGNÑUVGT�-CNM�
� � � � 
CNU�%CNEKWOJ[FTQIGPECTDQPCV��
�
$GKO�'TJKV\GP�XQP�.GKVWPIUYCUUGT�XGTUEJKGDV�UKEJ�FKGUGU�)NGKEJIGYKEJV�PCEJ�NKPMU��
&KG�-QJNGPU¼WTG�\GTUGV\V�UKEJ�WPF�-CNM�
%C%1 � ��YKTF�CDIGNCIGTV��
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)�U� GDV� IROJHQGH� ([SHULPHQW� EULQJHQ� 6LH� HLQHQ� KDOEHQ� /LWHU� /HLWXQJVZDVVHU�
YRQ�]X�+DXVH�PLW��
�
([SHULPHQW������:LH�YLHO�.DON�HQWKlOW�,KU�/HLWXQJVZDVVHU"�

�

6LFKHUKHLW�� 5CN\U¼WTG� YKTMV� ¼V\GPF�� 6FKXW]EULOOH�
WUDJHQ��
�
*HUlWH����'TNGPOG[GTMQNDGP�
����ON���$×TGVVG��6TKEJVGT��
/CIPGVT×JTGT�� 8QNNRKRGVVG� 
���� ON�� QFGT� /GUU\[NKPFGT�

����ON���

�
&KHPLNDOLHQ��5CN\U¼WTG�=E
*%N� ��� ��������OQN�N?��/GVJ[NQTCPIGNÑUWPI��
�
'XUFKI�KUXQJ��/CP�IKDV� KP�DGKFG�'TNGPOG[GTMQNDGP�LG�����ON�.GKVWPIUYCUUGT�WPF�
��6TQRHGP�/GVJ[NQTCPIGNÑUWPI��&KG�GKPG�.ÑUWPI�FKGPV�\WO�(CTDXGTINGKEJ��
&KG�\YGKVG�YKTF�OKV�5CN\U¼WTG�=E
*%N ��� ��������OQN�N?�DKU�PCEJ�QTCPIG�VKVTKGTV��
(×JTGP� 5KG� FGP� 8GTUWEJ� FTGKOCN� FWTEJ�� $GTGEJPGP� 5KG� FGP� FWTEJUEJPKVVNKEJGP�
5CN\U¼WTGXGTDTCWEJ��
�
(QWVRUJXQJ��&CU�VKVTKGTVG�.GKVWPIUYCUUGT�MCPP� KP�FGP�#WUIWUU�IGIQUUGP�YGTFGP��
&GT�+PJCNV�FGT�$×TGVVG�FCTH�PKEJV�KP�FKG�8QTTCVUHNCUEJG�\WT×EM�IGIQUUGP�YGTFGP��/CP�
GPVNGGTV�UKG�KP�FGP�$GJ¼NVGT�H×T�UCWTG�WPF�CNMCNKUEJG�.ÑUWPIGP��
�
%HUHFKQHQ�6LH�QXQ�GLH�+lUWH�,KUHV�/HLWXQJVZDVVHUV���
(TCP\ÑUKUEJG� *¼TVGITCFG� 
uH*�� �� 5¼WTGXGTDTCWEJ� KP�ON� 5CN\U¼WTG� 
E
*%N ��� �� �� ����
OQN�N���RTQ�����ON�.GKVWPIUYCUUGT�Z����
8GTINGKEJGP�5KG�+JTGP�9GTV�OKV�LGPGP�FGT�5EJYGK\GTMCTVG�CWH�5������$TKPIGP�5KG�+JT�
'TIGDPKU�WPF�FGP�8GTINGKEJ�CP�FGP�-CRKVGNVGUV�OKV��
�
7KHRULH�XQG�+HUOHLWXQJ�GHU�)RUPHO��
&GT�KO�9CUUGT�IGNÑUVG�-CNM�YKTF�OKV�5CN\U¼WTG�
*%N ��� ��F�J��* � 1 � �%N � ��VKVTKGTV��
4GCMVKQPUINGKEJWPI��
� �
� ��*%1 � � �%C � � ���* � 1 � ���%N � o����* � 1����* � %1 � ��%C � � ���%N � �
�
&CTCWU�GTIKDV�UKEJ��FCUU�RTQ�OQN�%C%1 � ��FCU�DGKO�'TJKV\GP�XQP�9CUUGT�CDIGNCIGTV�
Y×TFG����OQN�5CN\U¼WTG�XGTDTCWEJV�YGTFGP��
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5HFKHQEHLVSLHO�� $GK�FGT�6KVTCVKQP�XQP�����ON�.GKVWPIUYCUUGT�DGVT¼IV�
� � FGT�5CN\U¼WTGXGTDTCWEJ�=E
*%N ��� ��������OQN�N?�����ON���
� � &KGU�GPVURTKEJV������ON�5CN\U¼WTG�RTQ�.KVGT�.GKVWPIUYCUUGT��
2TQ�.KVGT�� OQN�*%N ��� ���������N �����OQN�N�����������OQN�
� � OQN�%C%1 � ��OQN�*%N ��� �������������OQN�
� � /CUUG�XQP���OQN�%C%1 � ������I�
� � /CUUG�XQP��������OQN�%C%1 � ��������I�������OI��
�
� � $GKO�'KPFCORHGP�XQP���N�.GKVWPIUYCUUGT�Y×TFG�OCP�
� � CNUQ�����OI�-CNM�
%C%1 � � GTJCNVGP��&KGU�GPVURTKEJV���� � H*��
� �
/HUQNRQWUROOH�

�

�
�
7HVWHQ�6LH�VLFK�VHOEVW��

�
$XIJDEH������ 5EJKNFGTP� 5KG� MWT\� FCU� 2TKP\KR� FGT� 6KVTCVKQP� GKPGT� 5¼WTG� OKV� GKPGT�

$CUG��+EJ�GTYCTVG�H×PH�DKU�UGEJU�5¼V\G���
�

$XIJDEH������ 9KG�Y×TFGP�5KG�FGP�)GJCNV�CP�1* � �+QPGP�KP�GKPGT�DCUKUEJGP�.ÑUWPI�
DGUVKOOGP!� +EJ� GTYCTVG� GKPG� IGPCW�$GUEJTGKDWPI� FGU� RTCMVKUEJGP�
8QTIGJGPU�KP�CEJV�DKU�\GJP�5¼V\GP���
�

$XIJDEH������ 5KG�JCDGP������ON�0CVTQPNCWIG�OKV�5CN\U¼WTG�=E
*%NCS��������OQN�N?�
VKVTKGTV�� 5KG� XGTDTCWEJVGP� ����� ON�� 5EJTGKDGP� 5KG� FKG� 4GCMVKQPU�
)NGKEJWPI�CWH��$GTGEJPGP�5KG�FKG�-QP\GPVTCVKQP�FGT�0CVTQPNCWIG��
�

$XIJDEH������ 5KG� XGTOWVGP�� FCUU� GKPG� 5EJYGHGNU¼WTGNÑUWPI� GKPG� -QP\GPVTCVKQP�
XQP� ���� OQN�N� JCV�� 5KG� YQNNGP� FKGU� FWTEJ� 6KVTCVKQP� OKV� 0CVTQPNCWIG�
×DGTRT×HGP��+JTG�0CVTQPNCWIG�JCV�GKPG�-QP\GPVTCVKQP�XQP�����OQN�N���

� 9KG� XKGN� 0CVTQPNCWIG� Y×TFG� FKG� 6KVTCVKQP� XQP� ����� ON� FGT�
5EJYGHGNU¼WTG� GTHQTFGTP�� YGPP� FKG� -QP\GPVTCVKQPUCPICDG� UVKOOV!��
5EJTGKDGP�5KG�\WGTUV�FKG�4GCMVKQPUINGKEJWPI�CWH���

�
:LFKWLJH�%HJULIIH�� 6KVTCVKQP�� 7OUEJNCIDGTGKEJ�� +PFKMCVQT�� $×TGVVG�� 0GWVTCNKUCVKQP��

5VQHHOGPIG���SWKXCNGP\RWPMV��$×TGVVG��9CUUGTJ¼TVG��-CNM�
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0HLQH�/|VXQJHQ�GHV����.DSLWHOV��
�
�
�


