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(LQOHLWXQJ�

3$.0$��HLQ�

:HUN]HXJ�

]XP�

LQWHUDNWLYHQ�

3K\VLNOHUQHQ�

6HLWH���

3$.0$�LVW�HLQ�6RIW��XQG�+DUGZDUHV\VWHP��

(V�ZXUGH�JHVFKDIIHQ��XP�PLW�HUVWHOOWHQ�3URJUDPPHQ�SK\VLNDOL�

VFKH�$EOlXIH��GLH�LQ�5HDOYHUVXFKHQ�DXIJHQRPPHQ�ZHUGHQ�RGHU�

LQ�6LPXODWLRQHQ��EHUHFKQHW�ZHUGHQ�

��DQVFKDXOLFK�PLW�+LOIH�YRQ�$QLPDWLRQHQ�GDUVWHOOHQ�]X�N|QQHQ��

�*OHLFK]HLWLJ�N|QQHQ�PLW�3DNPD�

��UHOHYDQWH�6WUXNWXUDXVVDJHQ�GXUFK�JHHLJQHWH�LNRQLVFKH�5HSUl�

VHQWDWLRQ�G\QDPLVFK�VR�YLVXDOLVLHUW�ZHUGHQ��GDVV�VLH�YRP�/HU�

QHQGHQ�P|JOLFKVW� LQWXLWLY�HUIDVVW�XQG�GDPLW� OHLFKW�HUVFKORVVHQ�

ZHUGHQ��

��=XVlW]OLFK�N|QQHQ�(UJHEQLVVH�LQ�)RUP�YRQ�*UDSKHQ�GRNXPHQ�

WLHUW�ZHUGHQ��

'LHVH�GUHL�XQWHUVFKLHGOLFKHQ�5HSUlVHQWDWLRQHQ�N|QQHQ�ZHLWJH�

KHQG� LQWHJULHUW� ZHUGHQ� XQG� GDPLW� GXUFK� JHJHQVHLWLJHQ� %H]XJ�

,QWHUSUHWDWLRQHQ�HUOHLFKWHUQ��

:HQQ�HUZ�QVFKW�NDQQ�DXFK��

��GDV�HLQHP�0RGHOO�6LPXODWLRQ�]XJUXQGH� OLHJHQ�:LUNXQJVJHI��

JH�DP�%LOGVFKLUP�DQJH]HLJW�XQG�DXFK�YHUlQGHUQ�ZHUGHQ��XP�VR�

6WUXNWXU]XVDPPHQKlQJH�SUlVHQW�]X�PDFKHQ�XQG�HEHQVR�DXFK��

��GDV�:LUNXQJVJHI�JH��GDV�GHP�(UIDVVXQJ�XQG�GHU�$XIEHUHLWXQJ�

GHU� 0HVVGDWHQ� HLQHV� ([SHULPHQWV� ]XJUXQGH� OLHJW�� GDUJHVWHOOW��

E]Z��HUVWHOOW�ZHUGHQ���

=LHO�LVW�HV��/HUQHQGHQ�0|JOLFKNHLWHQ�]X�JHEHQ���

��9HUlQGHUXQJHQ�DQ�GHP�:LUNXQJVJHI�JH�YRU]XQHKPHQ��GDPLW�

VLH�HUIDKUHQ��ZLH�VLFK�GLH�(UJHEQLVVH�GHU�YRP�3$.0$�GDQQ�DX�

WRPDWLVFK�YRUJHQRPPHQHQ�0RGHOOEHUHFKQXQJ�YHUlQGHUQ��

��(UJHEQLVVH�GHU�0RGHOOELOGXQJ�PLW�GHQ�(UJHEQLVVHQ�GHU�5HDOH[�

SHULPHQWHQ�]X�YHUJOHLFKHQ��XP�VR�LKUH�SK\VLNDOLVFKH�.RQ]HSWH�

]X�HUSUREHQ�

XQG�GDPLW��

�HLQ�LQWHUDNWLYHV�/HUQHQ�]X�XQWHUVW�W]HQ� 
 



6HLWH���

9LHU�5HDOLVLHUXQJVHEHQHQ�I�U�GHQ�3$.0$��(LQVDW]�
��
���'LH�'XUFKI�KUXQJ�YRQ�6LPXODWLRQHQ��LQ�GHQHQ�GHU�$EODXI�YRQ�9RUJlQJHQ�GDUJH�

VWHOOW�XQG� UHSUlVHQWLHUW�ZLUG��GLHVH�ZHUGHQ�DXIJUXQG�SK\VLNDOLVFKHU�*HVHW]H�EH�

UHFKQHW��

���'LH�:LHGHUJDEH��DOVR�GLH�5HSURGXNWLRQ��GHV�$EODXIV�HLQHV�([SHULPHQWV�PLW�GHQ�

0HVVGDWHQ�HLQHV�5HDOH[SHULPHQWV��GDV�PLW�5HFKQHUXQWHUVW�W]XQJ�EHUHLWV�IU�KHU�

GXUFKJHI�KUW�ZXUGH��

���'DV�(UVWHOOHQ�XQG�GHU�$EODXI�HLQHV�0RGHOOV�PLW�GHP�HLQ�SK\VLNDOLVFKHU�9RUJDQJ�

EHVFKULHEHQ�XQG�EHUHFKQHW�ZLUG��ZREHL�]XP�(UVWHOOHQ�HLQ�JUDILVFKHU�(GLWRU�HLQJH�

VHW]W�ZLUG��

���'DV�PHVVWHFKQLVFKH�(UIDVVHQ��GLH�5HSUlVHQWDWLRQ�XQG�GLH�$QDO\VH�HLQHV�5HDO�

H[SHULPHQWV�LQ�5HDO]HLW��ZR]X�VSH]LHOOH�+DUGZDUH�HUIRUGHUOLFK�LVW�

�

'LH� JUREH� &KDUDNWHULVLHUXQJ� ]HLJW� EHUHLWV�� GDVV� GHU� $XIZDQG�� HLQ� 3$.0$�� 3UR�

JUDPP�HLQ��E]Z��XP]XVHW]HQ�VWDUN�GDYRQ�DEKlQJW��ZHOFKHU�5HDOLVLHUXQJVHEHQH�

HV�DQJHK|UW��

�6LPXODWLRQHQ��GLH�DOV�3$.0$��3URJUDPP�YRUOLHJHQ��EUDXFKHQ��QDFKGHP�3$.0$�

LQVWDOOLHUW�LVW��ÅQXU´�JHVWDUWHW�]X�ZHUGHQ��'DPLW�LVW�QDW�UOLFK�QRFK�QLFKWV��EHU�GLH�

6FKZLHULJNHLWHQ� DXVJHVDJW�� GLH� LQWHQGLHUWHQ� SK\VLNDOLVFKHQ� $XVVDJHQ� PLW� +LOIH�

GHU�HLQJHVHW]WHQ�5HSUlVHQWDWLRQHQ�XQG�GHQ�EHUHLWJHVWHOOWHQ�,QWHUDNWLRQVP|JOLFK�

NHLWHQ�]X�HUIDVVHQ��V��$EVFKQLWW�����

�bKQOLFK�HLQIDFK�N|QQHQ�5HSURGXNWLRQHQ�YRQ�SK\VLNDOLVFKHQ�([SHULPHQWHQ�GXUFK�

JHI�KUW�ZHUGHQ��GD�GLH�9HUVXFKVGDWHQ�YRQ� IU�KHU�GXUFKJHI�KUWHQ�([SHULPHQWHQ�

EHUHLWV�PLW�GHP�3URMHNW�PLW�DEJHVSHLFKHUW�VLQG��V��$EVFKQLWW�����

��'HXWOLFK�DQVSUXFKVYROOHU�LVW�HV��ZHQQ�/HUQHQGH�HLQ�0RGHOO�VHOEVW�HUVWHOOHQ��XP�

HV�GDQQ�DEODXIHQ�]X�ODVVHQ��DXFK�ZHQQ�LKQHQ�GD]X�HLQ�JUDILVFKHU�(GLWRU�]XU�9HU�

I�JXQJ�VWHKW��V��$EVFKQLWW�����

'HU� +DXSWQDFKWHLO� EHL� GHU� 2ULJLQDO�'XUFKI�KUXQJ� FRPSXWHUXQWHUVW�W]WHU� ([SHUL�

PHQWH�LVW��GDVV�HLQHUVHLWV�GLH�([SHULPHQWLHUJHUlWH�]XU�9HUI�JXQJ�VWHKHQ�P�VVHQ��

DQGHUHUVHLWV�VSH]LHOOH�+DUGZDUH�Q|WLJ�LVW��XP�GDV�([SHULPHQW�DQ�GHQ�5HFKQHU�DQ�

NRSSHOQ�]X�N|QQHQ��ZDV�HLQH�QRFK�JU|�HUH�+�UGH�VHLQ�NDQQ��5HDOLVLHUXQJHQ�XQG�

DXFK�HYHQWXHOO�JDQJEDUH�$XVZHJH�ZHUGHQ�LQ�$EVFKQLWW�����NXU]�EHVFKULHEHQ��



$EE���	�$EE���

+ROW�GHU�/lXIHU�

GHQ�%XV�HLQ"�

$EE���

(OHNWURQHQ�LQ�GHU�

%UDXQVFKHQ�5|KUH�

6HLWH���

0LW� 3$.0$� N|QQHQ� SK\VLNDOLVFKH� 9RUJlQJH�

PLW� +LOIH� GHU� ]XJUXQGH� OLHJHQGHQ� *HVHW]Pl�

�LJNHLW�EHUHFKQHW�XQG�GLH�(UJHEQLVVH�VRZRKO�

GXUFK� DQVFKDXOLFK� ELOGOLFKH� 'DUVWHOOXQJHQ�

GHV�$EODXIV�DOV�DXFK�GXUFK�G\QDPLVFK� LNRQL�

VFKH�'DUVWHOOXQJ�GHU�UHOHYDQWHQ�6WUXNWXUDXV�

VDJHQ�YLVXDOLVLHUW�ZHUGHQ��V��$EE����+LOIUHLFK�

EHL�GHU�$QDO\VH�GHU�%LOGVFKLUPGDUVWHOOXQJ� LVW�

GLH�0|JOLFKNHLW��GLH�$EODXIJHVFKZLQGLJNHLW�]X�

YHUODQJVDPHQ�ELV�KLQ� ]X� HLQHU�(LQ]HOELOGVFKDOWXQJ�� V��%XWWRQV�

XQG�6FKLHEHUHJOHU�DP�REHUHQ�5DQG�GHU�$EE����'DPLW�OlVVW�VLFK�

GLH�(QWZLFNOXQJ�HLQHV�6\VWHPV�VFKULWWZHLVH�YHUIROJHQ�XQG�9RU�

KHUVDJHQ� PLW� GHP� DP� %LOGVFKLUP� DQJH]HLJWHP� $EODXI� GHWDLO�

OLHUW�YHUJOHLFKHQ��

8P�GDV�6SHNWUXP�GHU�P|JOLFKHQ�

$EOlXIH� DQJHPHVVHQ� NHQQHQ� ]X�

OHUQHQ�� LVW� HV� ZLFKWLJ�� 6WDUWZHUWH�

OHLFKW�YHUlQGHUQ�XQG�HYWO��DXFK�LQ�

GDV� 6\VWHP� VWHXHUQG� HLQJUHLIHQ�

]X� N|QQHQ�� 'DI�U� VWHKHQ� QHEHQ�

HLQHU� 6WDUWZHUWHWDEHOOH� LQVE��

6FKLHEHUHJOHU� ZLH� LQ� $EE�� �� ]XU�

9HUI�JXQJ��'LH�(UJHEQLVVH�YRQ�6LPXODWLRQHQ�N|QQHQ�QDW�UOLFK�

QLFKW�QXU�TXDOLWDWLY�GXUFK�ELOGOLFK�

GDUJHVWHOOWH� $EOlXIH� XQG� G\QD�

PLVFK� LNRQLVFKH� 5HSUlVHQWDWLR�

QHQ�ZLHGHUJHJHEHQ�ZHUGHQ��VRQ�

GHUQ� JOHLFK]HLWLJ� TXDQWLWDWLY�

GXUFK� =DKOHQZHUWH� XQG� )RUPHO�

PLW� GHQHQ�VLH� EHUHFKQHW�ZHUGHQ�

N|QQHQ��V��$EE����

6LPXODWLRQHQ��

$EE��� 

$EE���

$EE. 3 



6HLWH���

:HQQ�HLQ� UHFKQHUXQWHUVW�W]WHV�([SHULPHQW�PLW�3$.0$�GXUFK�

JHI�KUW� XQG� GDV� ]XJHK|ULJH� 3URMHNW� DEJHVSHLFKHUW� ZLUG�� VR�

NDQQ�PLW�GLHVHP�3URMHNW�VSlWHU�HLQH�5HSURGXNWLRQ�GHV�H[SHUL�

PHQWHOOHQ� $EODXIV� DXI� GHP� %LOGVFKLUP� JH]HLJW� ZHUGHQ�� RKQH�

GDVV�GDV�([SHULPHQW�DQJHVFKORVVHQ�LVW��'LH�0|JOLFKNHLWHQ�GHU�

$XIEHUHLWXQJ� XQG� 5HSUlVHQWDWLRQ� GHU� 0HVVGDWHQ� HQWVSULFKW�

JDQ]� GHQ� 'DWHQ�� GLH� LQ� 6LPXODWLRQHQ� EHUHFKQHW� ZHUGHQ�� $P�

%LOGVFKLUP� NDQQ� DOVR� GHU� 9HUVXFKVDEODXI� JH]HLJW� ZHUGHQ�

JOHLFK]HLWLJ�HUJlQ]W�GXUFK�6WUXNWXUDXVVDJHQ��]��%��9HNWRUSIHLOH�

I�U� *HVFKZLQGLJNHLWHQ� XQG� .UlIWH�� VRZLH� *UDSKHQGDUVWHOOXQJ�

XQG�HYW��HLQ]HOQH�0HVVZHUWH��

'LGDNWLVFK�LQWHUHVVDQW�LVW�GLH�'XUFKI�KUXQJ�VROFKHU�5HSURGXN�

WLRQHQ��ZHQQ�PDQ�DQ�IU�KHU�EHUHLWV�GXUFKJHI�KUWH�([SHULPHQ�

WH� HULQQHUQ� XQG� HYWO�� HUJlQ]HQGH� $XVVDJHQ� GXUFK� HUZHLWHUWH�

$XVZHUWXQJ�GDUDQ�DXI]HLJHQ�ZLOO��$XFK�ZHQQ�GLH�HQWVSUHFKHQ�

GHQ� 2ULJLQDOYHUVXFKH� QLFKW� GXUFKJHI�KUW� VLQG�� XQWHUVW�W]W� GLH�

$QDO\VH� VROFKHU�5HSURGXNWLRQHQ�GDV�9HUVWlQGQLV��ZHQQ�QDFK�

GHU� 'XUFKI�KUXQJ� HLQHV� NRQYHQWLRQHOOHQ� ([SHULPHQWV� RKQH�

5HFKQHUXQWHUVW�W]XQJ� HUJlQ]HQGH� XQG� HUZHLWHUWH� $XVVDJHQ�

PLW�+LOIH�GHU�5HSURGXNWLRQHQ�DXIJH]HLJW�ZHUGHQ�VROOHQ��

�V��]�%���$EE����

5HSURGXNWLRQ�YRQ�9HUVXFKVDEOlXIHQ 



6HLWH���

$EE��� 

0RGHOOELOGXQJHQ�NRQQWHQ�ELVKHU�PLW�3$.0$�QXU�JOHLFKXQJVRUL�

HQWLHUW�GXUFKJHI�KUW�ZHUGHQ��0LW�GHP�0RGXO�9LV(GLW�VWHKW�QXQ�

HLQ�JUDILVFKHU�(GLWRU�]XU�9HUI�JXQJ��GHU�LP�*HJHQVDW]�]X�DQGH�

UHQ� 0RGHOOELOGXQJVV\VWHPHQ� QLFKW� bQGHUXQJVUDWHQ� VRQGHUQ�

bQGHUXQJHQ�YRQ�*U|�HQ�YLVXDOLVLHUW��6R�LVW�]��%�� LQ�$EE����YRQ�

GHU� %HVFKOHXQLJXQJ� D� DXI� GLH�*HVFKZLQGLJNHLWVlQGHUXQJ�´Y�

]X� VFKOLH�HQ�XQG�GDUDXV�ZLUG�GLH�*HVFKZLQGLJNHLW� Y� DXIVXP�

PLHUW��'DV�VROOWH�GHQ�/HUQHQGHQ�LQVE��GHQ�(LQVWLHJ�HUOHLFKWHUQ��

1DW�UOLFK� N|QQHQ� YHUVFKLHGHQH� 1lKHUXQJVYHUIDKUHQ� HLQJH�

VHW]W�XQG�GDV�HUVWHOOWH�.HUQSURJUDPP�DXFK�DQJH]HLJW�ZHUGHQ��

=XU� 9LVXDOLVLHUXQJ� GHU� (UJHEQLVVH� N|QQHQ� QLFKW� QXU� *UDSKHQ�

VRQGHUQ�ZLH� DXFK� EHL� GHQ� 6LPXODWLRQHQ� $QLPDWLRQVHOHPHQWH�

YHUZHQGHW�ZHUGHQ���

(LQJHVHW]W� ZHUGHQ� NDQQ� GLH� 0RGHOOELOGXQJ� LP� 8QWHUULFKW� DXI�

XQWHUVFKLHGOLFKHP�$QVSUXFKVQLYHDX��

�1DFKYROO]LHKHQ� GHU� DQJH]HLJWHQ� 6WUXNWXUHQ� HLQHV� HUVWHOOWHQ�

0RGHOOV�XQG�DQDO\VLHUHQ�GHV�0RGHOODEODXIV�

�*H]LHOWHV� $ElQGHUQ� HLQHV�

YRUJHJHEHQHQ�0RGHOOV�XQG�

$QDO\VLHUHQ� GHU� (UJHEQLV�

VH��LQVE��LQ�+LQEOLFN�DXI�GLH�

bQGHUXQJHQ�

 

0RGHOOELOGXQJ��



6HLWH���

�

�(LJHQVWlQGLJHV� (UVWHOOHQ� HLQHV� 0R�

GHOOV�� GDV� HLQ� SK\VLNDOLVFKHV� 6\VWHP�

EHVFKUHLEW�� XQG� $QDO\VLHUHQ� XQG� %H�

ZHUWHQ�GHU�(UJHEQLVVH�EHLP�$EODXI�GHV�

0RGHOOV 
(LQH� �EHU]HXJHQGH� 3U�IXQJ� HLQHV�0RGHOO� LVW� QDW�UOLFK� QXU� GXUFK�

9HUJOHLFK�PLW�GHU�5HDOLWlW�P|JOLFK��0LW�3$.0$� OlVVW�VLFK�HLQ� VRO�

FKHU�9HUJOHLFK�OHLFKW�YRUQHKPHQ��GD�GDV�(UIDVVHQ�XQG�$QDO\VLHUHQ�

YRQ�0HVVZHUWHQ�PLW�GHU�JOHLFKHQ�6RIWZDUH�HUIROJHQ�NDQQ��'DGXUFK�

NDQQ�VRJDU�SDUDOOHO�]XU�0HVVZHUWHUIDVVXQJ�HLQH�0RGHOOELOGXQJ� LQ�

5HDO]HLW�GXUFKJHI�KUW�ZHUGHQ��6R�LVW�DXFK�GHU�(LQJULII� LQ�GHQ�9HU�

VXFKVDEODXI��EHU�HLQH�6WHXHUJU|�H�P|JOLFK��ZREHL�GLHVH�GDQQ� LQ�

GLH�0RGHOOELOGXQJ�PLW�HLQEH]RJHQ�ZHUGHQ�PXVV��

8P�GLH�9RUJDEHQ�I�U�GLH�0HVVZHUWHUIDVVXQJ�]XVDPPHQ�PLW�GHP�

:LUNXQJVJHI�JH��EHUVLFKWOLFK�HUVWHOOHQ�]X�N|QQHQ��ZXUGH�GHU�0R�

GHOOELOGXQJVPRGXO�9LV(GLW�XP�6\PEROH�]XP�0HVVHQ�XQG�]XU�:HUW�

�EHUJDEH�HUZHLWHUW��'LH� $EE���� ]HLJW� HLQ� VROFKHV�:LUNXQJVJHI�JH�

]XP�SDUDOOHOHQ�0HVVHQ�XQG�0RGHOOLHUHQ��

$EE����



6HLWH���

8P�PLW�3$.0$�PHVVHQ�]X�N|QQHQ��EHQ|WLJW�PDQ�HLQ�0HVVSUR�

JUDPP��(V�JLEW�]ZHL�:HJH�XP�HLQ�0HVVSURJUDPP�]X�HUKDOWHQ��

0DQ�NDQQ��

��� HLQ� .HUQSURJUDPP� GDV� PLW� GHQ� W\SLVFKHQ� 3$.0$�

0HVVEHIHKOHQ�GLH�0HVVDXIJDEHQ�EHVFKUHLEW��HUVWHOOHQ�E]Z��HLQ�

YRUKDQGHQHV� EHQXW]HQ� E]Z�� DElQGHUQ�� +LHU� N|QQHQ� DOOH� 0|J�

OLFKNHLWHQ� GHU�0HVVDXIUXIH� JHQXW]W� ZHUGHQ�� HEHQVR� GHU�0HVV�

ZHUWDXIEHUHLWXQJ��]��%��GXUFK�GHQ�=XJULII�DXI�9RUJlQJHUPHVVZHU�

WH��

���PLW�GHP�JUDILVFKHQ�(GLWRU�9LV(GLW�GLH�0HVV��XQG�$XVZHUWHDXI�

JDEH� GXUFK� (UVWHOOHQ� HLQHV� :LUNXQJVJHI�JHV� EHVFKUHLEHQ�� LQ�

GHP�GLH�$XIJDEHQ�GXUFK�JUDILVFKH�6\PEROH�XQG�LKUH�9HUQHW]XQJ�

GDUJHVWHOOW� ZHUGHQ�� 'LHV� 9RUJHKHQ� HLJQHW� VLFK� EHVRQGHUV� I�U�

6WDQGDUGPHVVVDXIJDEHQ�XQG�ZHQQ�HLQ�9HUJOHLFK�YRQ�0HVVXQJ�

XQG�0RGHOO�YRU]XQHKPHQ�LVW��V��$EVFKQLWW�0RGHOOELOGXQJ.�
'LH� 0HVVP|JOLFKNHLWHQ� VLQG� EHVWLPPW� GXUFK� GLH� HLQJHVHW]WH�

+DUGZDUH�� 0LW� HLQHU� ,6$�(LQVWHFNNDUWH� XQG� GHU� ,QWHUIDFHER[� ,�

N|QQHQ� ,PSXOV]lKOXQJHQ� �ELV� ��NDQDOLJ�� XQG� �EHU� 6HQVRUHQ�

:HJ�� XQG� (QWIHUQXQJVPHVVXQJHQ� �*HQDXLJNHLW� ELV� �����PP���

HEHQVR� ��� ELW�6SDQQXQJVPHVVXQJ� ���NDQDOLJ� ELV� �����IDFKHU�

9HUVWlUNXQJ�� GXUFKJHI�KUW� ZHUGHQ�� V�� $EVFKQLWW� +DUGZDUH�� PLW�

GHU�,QWHUIDFHER[�,,�VWHKHQ�X�D��%LW��(LQ��XQG�$XVJDEHQ��]ZHL�'$�

8PVHW]HU�XQG�HLQH�0RWRUVFKULWWVWHXHUXQJ�]XU�9HUI�JXQJ��

 



6HLWH���

 
 
 

/RZ�&RVW�/|VXQJ��0DXV�DOV�:HJVHQVRU�
 
:LOO�PDQ�PLW� 3$.0$� RKQH� GLH� ]XJHK|ULJH� VSH]LHOOH� +DUGZDUH�

5HDOYHUVXFKH� GXUFKI�KUHQ�� VR� NDQQ� PDQ� LQ� GHU� .LQHPDWLN�

'\QDPLN�HLQH�0DXV�HWZDV�DElQGHUQ�XQG�GDQQ�DOV�:HJVHQVRU�

EHQXW]HQ��VLHKH�/LWHUDWXU�XQG�8PEDXDQOHLWXQJ�LP�,QWHUQHW��

 
(LQ�*O�FNVIDOO��([SHULPHQWH�IDVW�JUDWLV 

 
0DQ� HUKlOW� IDVW� VR� JXWH� 9HUVXFKVDXVVDJHQ�� ZLH�PLW� VHKU� YLHO�

WHXUHUHU�+DUGZDUH�XQG�6SH]LDOVHQVRUHQ��$OOHUGLQJV�JLEW�HV�]ZHL�

(LQVFKUlQNXQJHQ�� 'LH� ]XVlW]OLFKH� 5HLEXQJ� �EHGLQJW� GXUFK� GLH�

VLPSOH�/DJHUXQJ�GHU�6HQVRUDFKVHQ��EHWUlJW�FD�����P1�XQG�GHU�

*HVFKZLQGLJNHLWVPHVVEHUHLFK� LVW�]��%��EHL�HLQHU�:HJDXIO|VXQJ�

YRQ�����PP�DXI�FD��6���P�V�EHJUHQ]W���
/HLVWHW�PDQ�VLFK�GHQ�/X[XV��HLQH�)XQNPDXV�]X�EHQXW]HQ��VR�
NDQQ�PDQ��GD�.DEHOYHUELQGXQJHQ�HQWIDOOHQ��GLH�0DXV�DXI�GHP�

)DKUEDKQZDJHQ�EHIHVWLJHQ�XQG�GLH�+DQGKDEXQJ�ZLUG�VHKU�
HLQIDFK�� 



motorangetriebene 

Luftspule mit 

Hufeisenmagnet 

und Zählrad 

�

0HVVXQJ� GHU� ,QGXNWLRQVVSDQQXQJ� HLQHU� /XIWVSXOH� LP� 0DJQHWIHOG� EHL�

H[WUHP�ODQJVDPHU�'UHKXQJ������8PGUHKXQJHQ�SUR�0LQXWH��LQ�$EKlQJLJ�

NHLW�YRQ�GHU�6WHOOXQJ�GHU�6SXOH��

 

9HUVXFKVDXIEDX�XQG�0HVVXQJ: 

(LQH� 6SXOH� ZLUG� LP� PDJQHWLVFKHQ� )HOG� HLQHV� +XIHLVHQPDJQHWHQ� �EHU�

HLQHQ�.OHLQPRWRU�PLW�*HWULHEH�DQJHWULHEHQ��'LH�6WHOOXQJ�GHU�6SXOH�ZLUG�

�EHU�HLQ�DQ�GHU�6SXOHQDFKVH�EHIHVWLJWHV�=lKOUDG�HUPLWWHOW��'LH�LQGX]LHU�

WH� 6SDQQXQJ�ZLUG� �EHU� HLQHQ�*OHLFKVSDQQXQJVYHUVWlUNHU� RGHU� HLQIDFK�

HLQHQ�2SHUDWLRQVYHUVWlUNHU�YHUVWlUNW�XQG�DQ�GLH�3$.0$�� ,QWHUIDFHER[�,�

DQJHOHJW. 

 

 

 
 

 

(OHNWUL]LWlWVOHKUH���
/DQJVDPHU�*HQHUDWRU 

6HLWH����

3URMHNWEHLVSLHO� 



6HLWH����

Wann werden große 

Induktionsspannungen 

erzeugt? 

Hier ist die Antwort 

 

 
 

 
 

PAKMA- 
Interfacebox I 

N 

S 

Verstärker 

Elektromotor mit Getriebe  
1-2 U/min 

Zählrad 

Computer 

Hufeisenmagnet 

%LOGVFKLUPDXVJDEH���

,Q�HLQHP�*UDSKHQ�ZLUG�GLH�,QGXNWLRQVVSDQQXQJ��EHU�GHU�=HLW�DXIJHWUD�

JHQ�� $X�HUGHP�ZHUGHQ� ]ZHL� $QLPDWLRQVHOHPHQWH� GDUJHVWHOOW�� ,P� REH�

UHQ�7HLO�GHV�%LOGVFKLUPV�LVW�GLH�URWLHUHQGH�6SXOH�LP�0DJQHWIHOG�GDUJH�

VWHOOW��'LHVH�$QRUGQXQJ�EHZHJW� VLFK�PLW�GHU�=HLW�QDFK�5HFKWV��5HFKWV�

YRP�*UDSKHQ�ZLUG�GLH�/DJH�GHV�1RUPDOHQYHNWRUV�GHU�6SXOHQIOlFKH�]XU�

5LFKWXQJ�GHV�0DJQHWIHOGHV�DQJH]HLJW. 

Messung der 

Induktionsspannu

ng eines 

Generators�



.HUQSURJUDPP�

]XU�0RGHOOLH�

UXQJ�GHV�SK\VL�

NDOLVFKHQ�9RU�

JDQJV����

6HLWH����

0HFKDQLN��)DOOVFKLUPVSULQJHU 

0RGHOOELOGXQJ��JOHLFKXQJVRULHQWLHUW�

=XVDPPHQZLUNHQ� HLQHU� JHVFKZLQGLJNHLWVDEKlQJLJHQ� .UDIW� PLW� *H�

VFKZLQGLJNHLW�� %HVFKOHXQLJXQJ� XQG� :HJ� LQ� HLQHU� 5HDOVLWXDWLRQ� �� 'LH�

%HZHJXQJ�HLQHV�)DOOVFKLUPVSULQJHUV�DQKDQG�HLQHV�WKHRUHWLVFKHQ�0R�

GHOOV��

$XIJUXQG� GHU� *HZLFKWVNUDIW� )*�� XQG� GHU� JHVFKZLQGLJNHLWVDEKlQJLJHQ�

5HLEXQJVNUDIW� )/XIW� ZLUG� GHU� )DOOVFKLUPVSULQJHU� PLW��

EHVFKOHXQLJW���

0LW� GHU�0HWKRGH�GHU� NOHLQHQ�6FKULWWH� ODVVHQ� VLFK� GLH� ]HLWDEKlQJLJHQ�

*U|�HQ� %HVFKOHXQLJXQJ�� *HVFKZLQGLJNHLW� XQG� :HJ� QlKHUXQJVZHLVH�

EHUHFKQHQ��'XUFK�7DVWHQGUXFN�NDQQ�GHU�)DOOVFKLUP�JH|IIQHW�E]Z��JH�

VFKORVVHQ�ZHUGHQ��

m

FF
a LuftG −

=

3URMHNWEHLVSLHO� 



6HLWH����

9HUVFKLHGHQH�

6LWXDWLRQHQ�

ZlKUHQG�GHV�)DOOV��

QHEHQHLQDQGHU�

GDUJHVWHOOW�

,Q�$XVJDEHIHQVWHU�LVW�GHU�)DOOVFKLUPVSULQJHU�LQ�GHQ�YHUVFKLHGHQ�3KDVHQ�

GHV�)DOOV�DOV�$QLPDWLRQ�]X�VHKHQ��$QKDQG�GHU�HLQJH]HLFKQHWHQ�9HNWR�

UHQ�GHU�5HLEXQJVNUDIW�VRZLH�GHU�*HVFKZLQGLJNHLW�XQG�%HVFKOHXQLJXQJ�

NDQQ�GLH�%HZHJXQJ�DQDO\VLHUW�ZHUGHQ��
 

%LOGVFKLUPDXVJDEH� 

*UDSKHQ�XQG�

$QLPDWLRQ�]XP�

)DOO�XQWHU�

/XIWUHLEXQJ�



6FKDOWELOG�]XU�

.RQGHQVDWRUDXI��

XQG�HQWODGXQJ 

6HLWH����

(OHNWUL]LWlWVOHKUH���

.RQGHQVDWRUDXI- XQG�(QWODGXQJ��
0RGHOOLHUXQJ�XQG�0HVVXQJ�GHU�.RQGHQVDWRUDXI��XQG�(QWODGXQJ 

9HUVXFKVDXIEDX�XQG�0HVVXQJ��
'LH�%HWULHEVVSDQQXQJ�8%�� GLH�6SDQQXQJ�8&�� DP�.RQGHQVDWRU��85� �DP�

:LGHUVWDQG� XQG�80� � DP�0HVVZLGHUVWDQG�50��ZHUGHQ� JOHLFK]HLWLJ� �EHU�

GLH�,QWHUIDFH�%R[�,�JHPHVVHQ��'HU�/DGHVWURP�ZLUG��EHU�GLH�6SDQQXQJ�

80��EHVWLPPW��� 

 

 

3URMHNWEHLVSLHO� 



6HLWH����

=XU�TXDOLWDWLYHQ�8QWHUVXFKXQJ�XQG�9HUDQVFKDXOLFKXQJ�GHV�/DGH��E]Z��

(QWODGHYRUJDQJV� ZLUG� GHU� ]HLWDEKlQJLJH� 3RWHQWLDOYHUODXI� YRQ� 8E� �EHU�

GHQ�:LGHUVWDQG� 5� ELV� ]XP� .RQGHQVDWRU� &� DQJH]HLJW�� =XVlW]OLFK� ZLUG�

GHU�6WURP�,�GXUFK�HLQHQ�%UHLWSIHLO�XQG�GLH�JHVDPPHOWH�/DGXQJ�4�GXUFK�

GLH� )OlFKH� YLVXDOLVLHUW�� 'LH� LWHUDWLY� EHUHFKQHWH� .RQGHQVDWRUVSDQQXQJ�

8&BPRG���NDQQ� PLW� GHU� JHPHVVHQHQ� LQ� HLQHP� 'LDJUDPP� YHUJOLFKHQ� ZHU�

GHQ��(V�HUJLEW�VLFK�HLQH�JXWH�hEHUHLQVWLPPXQJ��,Q�GHU�XQWHUHQ�$EE��,VW�

QXU�QRFK�GLH�'LIIHUHQ]�8BGLII�GDUJHVWHOOW� 

9HUJOHLFK�0RGHOOELOGXQJ²�([SHULPHQW� 

Ladung bzw. Entladung 

eines Kondensators 

(ikonische 

Repräsentationen, 

Animationen, Teil des 

Kernprogramms und 

Startwerte)�



3URMHNW�$QOHLWXQJHQ�XQG�$UEHLWVEOlWWHU 
8P�GHQ�8QWHUULFKWVHLQVDW]�]X�XQWHUVW�W]HQ��JLEW�HV�]X�

GHQ� PHLVWHQ� YHU|IIHQWOLFKWHQ� 3$.0$�3URMHNWHQ� $QOHL�

WXQJHQ��]XVlW]OLFK�]X�HLQLJHQ�3URMHNWHQ�DXFK�6FK�OHU�

$UEHLWVEOlWWHU��6LQQ�GHU�$QOHLWXQJHQ�LVW��

�� GLH� =LHOVHW]XQJ� GHV� ]XJHK|ULJHQ� 3URMHNWHV� NXU]� ]X�

VNL]]LHUHQ��

��GHQ�]XJUXQGH�OLHJHQGHQ�.RQWH[W�NQDSS�]X�XPUHL�HQ�

XQG�HLQ�W\SLVFKHV�%LOG�GHV�$XVJDEHELOGVFKLUPV�]X�]HL�

JHQ��

��9RUVFKOlJH� I�U�$UEHLWVDXIWUlJH� ]X�JHEHQ��1HEHQ�GHU�

$XIIRUGHUXQJ� 9RUKHUVDJHQ� ]X� PDFKHQ�� IRUGHUQ� GLHVH�

LQVE�� GD]X� DXI�� GLH� 3URMHNWDEOlXIH� DXI� GHQ� HLQ]HOQHQ�

$XVJDEHIHQVWHUQ� ]X� DQDO\VLHUHQ� XQG� JHJHEHQHQIDOOV�

DXFK�]X�VWHXHUQ��'DEHL�VLQG�GLH�$UEHLWVDXIWUlJH�VR�IRU�

PXOLHUW��GDVV�VLH�Z|UWOLFK�LP�8QWHUULFKW�HLQJHVHW]W�ZHU�

GHQ� RGHU� DXFK� LQ� HLQ� ]X� HUVWHOOHQGHV� $UEHLWVEODWW� GL�

UHNW��EHUQRPPHQ�ZHUGHQ�N|QQHQ��

'LH�$QOHLWXQJHQ�VLQG�DOV�+70/�6HLWHQ�JHVWDOWHW��VR�

GDVV�4XHUYHUZHLVH�GXUFK�HLQIDFKHV�$QNOLFNHQ�GLUHNW�

DXIJHUXIHQ�ZHUGHQ�N|QQHQ��(QWVSUHFKHQG�N|QQHQ�

DXFK�GLH�3$.0$�3URMHNWH�DXV�GLHVHQ�$QOHLWXQJHQ�JH�

VWDUWHW�ZHUGHQ��6WHKW�HLQ�%LOGVFKLUP�PLW�JU|�HUHU�$XI�

O|VXQJ�DOV�9*$�]XU�9HUI�JXQJ��N|QQHQ�JOHLFK]HLWLJ�$Q�

OHLWXQJ�XQG�3URMHNW�DXI�GHP�%LOGVFKLUP�DQJH]HLJW�ZHU�

GHQ��'DQQ�LVW�HV�]ZHFNPl�LJ�DOV�*UXQGSRVLWLRQ�I�U�

GDV�3$.0$��EHU�GLH�2SWLRQ�3$.0$�(LQVWHOOXQJHQ�GLH�

DXWRPDWLVFKH�$XVULFKWXQJ�LQ�GHU�UHFKWHQ�REHUHQ�(FNH�

]X�ZlKOHQ� 



'RUQ�Ã�
%DGHU��

3K\VLN�����
�

,6%1��������������� 

6HLWH����

3$.0$��3URMHNWH�PLW��
$QOHLWXQJHQ�I�U�6FK�OHUDNWLYLWlWHQ��

,P�+HUEVW� ·���HUVFKLHQ�LP�6FKURHGHO��9HUODJ�HLQH�&'�520�PLW�

�EHU����3$.0$��3URMHNWHQ�HLQVFKOLH�OLFK�$QOHLWXQJHQ�I�U�6FK��

OHUDNWLYLWlWHQ�]X�'RUQ�Ã�%DGHU��3K\VLN������DOV�7HLO�GHV�]XJHK|UL�

JHQ�/|VXQJVKHIWV���,6%1����������������



6HLWH����

KWWS���GLGDNWLN�

SK\VLN�XQL�

ZXHU]EXUJ�GH�

KWWS���ZZZ�

SDNPD�GH�

3$.0$���
$P�HLQIDFKVWHQ�EH]LHKHQ�6LH�3$.0$�9HUVLRQ����H�VRZLH�FD�����

DXVJHDUEHLWHW� 3URMHNWH� NRVWHQORV� XQG� HLQH� 'HPRYHUVLRQ� GHV�

:LUNXQJVJHI�JHHGLWRUV�9LV(GLW��EHU�GLH�+RPHSDJH�LP�,QWHUQHW��

KWWS���GLGDNWLN�SK\VLN�XQL�ZXHU]EXUJ�GH�

KWWS���ZZZ�SDNPD�GH�

3URI��'U��'��+HXHU�

/HKUVWXKO�I�U�'LGDNWLN�GHU�3K\VLN�

3K\VLNDOLVFKHV�,QVWLWXW�GHU�8QLYHUVLWlW�:�U]EXUJ�

$P�+XEODQG�

������:�U]EXUJ�

�

(UIRUGHUOLFKH�5HFKQHUDXVVWDWWXQJ��
0LQGHVWDXVVWDWWXQJ�������������� 3&��������0+]�PLW��0%�5$0�

(PSIRKOHQH� $XVVWDWWXQJ�� 3&� 3HQWLXP� DE� ��� 0+]� PLW� ��� 0%�

5$0�

%HWULHEVV\VWHP��:LQGRZV�������

�

�

6RIWZDUH: 



06�0LFURV\VWHPV��

1HXIDKUQHU�6WU������

������*DUFKLQJ��
7HO��������

��������

6HLWH����

+DUGZDUH��$XV]XJ�:  

• ,6$�6WHFNNDUWH��������������������������������������������������������������'0�����

• ,QWHUIDFHER[�,�(�������������������������������������������������������������'0�����

���%LW��$'��'LIIHUHQ]HLQJlQJH��PDVVHIUHL�����.DQlOH�

(LQJDQJVVSDQQXQJHQ����ELV����9��hEHUODVWVFKXW]����9��

HOHNWURQLVFK�VFKDOWEDUH�9HUVWlUNXQJ��* �����������������

$EWDVWUDWH�SUR�.DQDO�XQWHU�:LQGRZV�FD���������N+]�

��=lKOHLQJlQJH��77/�/RJLN��PLW�=lKOYROXPHQ������SUR��

=HLWLQWHUYDOO�

��%XFKVHQHLQJlQJH�I�U�$QVFKOXVV�YRQ�=DKOUlGHUQ�XQG��

6RQDUPHWHUQ�

HOHNWURQLVFKHU�8PVFKDOWHU�]XP�6WDUW�YRQ��

0HVVXQJHQ��%HODVWEDUNHLW���$��

• ,QWHUIDFHER[�,,��������������������������������������������������������������� '0�����

��77/�(LQJlQJH�PLW�/('�$Q]HLJH�

��77/�$XVJlQJH�PLW�/('�$Q]HLJH��

�ELV�MH�����$�$XVJDQJVVWURP��

JOHLFK]HLWLJ�I�U�6FKULWWPRWRUVWHXHUXQJ�HLQVHW]EDU�

������%LW�'$�:DQGOHU���9�

77/�$XVJDQJ�I�U�5HFKWHFNJHQHUDWRU�

• $GDSWHU�I�U�YRUKDQGHQH�&����0RGXOH������������������������ '0������

• 6HQVRUHQ��

=lKOUDG��5DVWHUVFKHLEH��2UWVDXIO|VXQJ�����PP����� '0�����

3Ul]LVLRQV]lKOUDG��2UWVDXIO|VXQJ������PP������������ '0�����

+DOO�(IIHNW�6HQVRU������������������������������������������������������� '0�����

'UXFNVHQVRU�����������������������������������������������������������������'0�����

6RQDUPHWHU������������������������������������������������������������������'0�����

�

ZHLWHUH�6HQVRUHQ�XQG�JHQDXH�WHFKQLVFKH�'DWHQ�DXI�$QIUD�

JH�EHLP�+HUVWHOOHU�

7HFKQLVFKH�'DWHQ�XQG��
3UHLVH��FD���LQNO��0HKUZHUWVVWHXHU 

Stand Juli 2000 



3K\VLNDOLVFKHV�,QVWLWXW��
GHU�8QLYHUVLWlW�:�U]EXUJ�
/HKUVWXKO�I�U�'LGDNWLN�GHU�

3K\VLN�
3URI��'U��'��+HXHU�

$P�+XEODQG�
������:�U]EXUJ�

 
7HO���������������������
�������� ����������������������������� 
)D[������������������

H�PDLO��
�SDNPD#GLGDNWLN�SK\VLN�XQL�

ZXHU]EXUJ�GH�
,QWHUQHW���

KWWS���GLGDNWLN�SK\VLN�XQL�
ZXHU]EXUJ�GH�

'��+(8(5��
'\QDPLVFKH�3K\VLN�5HSUlVHQWDWLRQ�DOV�%U�FNHQVFKODJ�]ZLVFKHQ�UHDOHQ�
([SHULPHQWHQ�XQG�LQQHUHQ�%LOGHUQ��,Q�'3*�%DQG�)U�KMDKUVWDJXQJ�
(VVOLQJHQ����������6�����������'3*�*PE+��%DG�+RQQHI��

'��+(8(5��
'\QDPLVFKH�3K\VLN�5HSUlVHQWDWLRQ�LQ�5HDOH[SHULPHQWHQ���%HLVSLHOH��,Q�
'3*�%DQG�)U�KMDKUVWDJXQJ�(VVOLQJHQ�������6�����������'3*�*PE+��%DG�
+RQQHI��

'��+(8(5��
/DGXQJVYRUJlQJH�DP�.RQGHQVDWRU��0HVVXQJHQ�XQG�0RGHOOLHUXQJ�PLW�
FRPSXWHUJHVW�W]WHQ�6FK�OHU��E]Z��3UDNWLNXPVYHUVXFKHQ��3G1�3K������+HIW�
���6��������������

'��+(8(5��

&KDQJLQJ�0LVFRQFHSWLRQV�WKURXJK�0%/���$�&RQFHSW�IRU�/$%�6HVVLRQV��
9RUWUDJ�DP�1DWR�$GYDQFHG�5HVHDUFK�:RUNVKRS��0LFURFRPSXWHU�%DVHG�
/DEV��(GXFDWLRQDO�5HVHDUFK�DQG�6WDQGDUGV��$PVWHUGDP��1RY��
����HU�
VFKHLQW�LQ�GHQ�3URFHHGLQJV�RI�WKH�1DWR�$5:��6SULQJHU�9HUODJ�������

'��+(8(5��
����'\QDPLF�SK\VLFDO�UHSUHVHQWDWLRQ�RI�UHDO�H[SHULPHQWV��9RUWUDJ�DP�1DWR��
����$GYDQFHG�5HVHDUFK�:RUNVKRS��0LFURFRPSXWHU�%DVHG�/DEV��(GXFDWLRQDO�
����5HVHDUFK�DQG�6WDQGDUGV��$PVWHUGDP��1RY��
����3URFHHGLQJV�RI�WKH�1DWR�
$5:��6SULQJHU�9HUODJ�������

:��5(86&+��7+��*5,00(5��'��+(8(5��
0DJQHWIHOG�OlQJV�GHU�$FKVH�YRQ�.UHLVVWU|PHQ���0HVVXQJ�XQG�0RGHOOLH�
UXQJ�PLW�$QLPDWLRQ��3G1�3K������+HIW����6��������������

:��5(86&+��'��+(8(5��
+DUPRQLVFKH�)HGHUVFKZLQJXQJ���H[DNWHU�5HDO]HLWYHUJOHLFK��([SHULPHQW�
0RGHOO��,Q�3G1�3K�����+HIW����6�������������

'��+(8(5��
'\QDPLVFKH�3K\VLN�5HSUlVHQWDWLRQHQ���9HUVWlQGQLVKLOIH�I�U�3K\VLNDOLVFKH�
([SHULPHQWH��3G1�3K�����+HIW����6���������������

'�+(8(5��:��5(86&+��
&RPSXWHUXQWHUVW�W]WH�$XIQDKPH�YRQ�5|QWJHQVSHNWUHQ�UHDOLVLHUW�GXUFK�
DQJHEDXWHQ�6FKULWWPRWRU��3G1�3K�����+HIW����6���������������

7+��:,/+(/0��'�+(8(5��$�3+$1�*,$��
.LQHPDWLN��XQG�'\QDPLNOHUQHQ�DP�)DKUUDG��3G1�3K�����+HIW����6��������
�����

'�+(8(5��$�3+$1�*,$��
$QIDKUHQ�PLW�GHP�)DKUUDG���9HUJOHLFK���([SHULPHQW�XQG�0RGHOO��3G1�3K�����
+HIW����6��������������

'�+HXHU��3$.0$�3URMHNWH�7HDP��3K\VLN�LQWHUDNWLY�VLPXOLHUHQ��PHVVHQ��UHSURGX]LHUHQ��
PRGHOOLHUHQ�XQG�DQDO\VLHUHQ�PLW�GHWDLOOLHUWHQ�6FK�OHUDQOHLWXQJHQ�XQG�$XIJDEHQ��
&'�LQFO��3$.0$�6\VWHP�9HUV������XQG�3$.0$�$QOHLWXQJHQ��]XP�/|VXQJVKHIW�
'RUQ�%DGHU��3K\VLN�*\PQDVLXP�6HN�����6FKURHGHO�9HUODJ��������,6%1�������
���������

%ODVFKNH��.���+HXHU��'����������3K\VLN�6LPXODWLRQHQ�LP�&RPSXWHUUDXP���(LQ�/HUQ�
SRWHQWLDO��GDV�JHQXW]W�ZHUGHQ�VROOWH��3G1�3K������+HIW����6���������

.��%ODVFKNH��'��+HXHU���
'\QDPLN�/HUQHQ�PLW�PXOWLPHGLDO�H[SHULPHQWHOO�XQWHUVW�W]WHP�:HUNVWDWW�
8QWHUULFKW��,Q���3K��L��G��6������+HIW����6���������������

:��5HXVFK��2��*|�ZHLQ��&��.DKPDQQ��'��+HXHU��
0HFKDQLNYHUVXFKH�PLW�GHU�3&�0DXV�²�(LQ�SUl]LVHU�/RZ�&RVW�%HZHJXQJVVHQVRU��
,Q��3G1�3K��������-J��������

:��5HXVFK��2��*|�ZHLQ��'��+HXHU���
*UDILVFK�XQWHUVW�W]WHV�0RGHOOLHUHQ�XQG�0HVVHQ�²�9LV(GLW�XQG�3$.0$��,Q��3G1�
3K��������-J�������� 

/LWHUDWXU 

�941;D9;�45B�%8IC9;�


