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7.3. Spezifische Endanwendungen
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,5/ eLUH �����&RGH�RI�3UDFWLFH�IRU�WKH�&KHPLFDO�$JHQWV�5HJXODWLRQV�6DIHW\�$XWKRULW\
/78 /LHWXYD /,(78926�+,*,(126�1250$�+1���������Ä&+(0,1,Ǐ�0('ä,$*Ǐ�352)(6,1,2�329(,.,2

5,%,1,$,�'<'ä,$,��0$7$9,02�,5�329(,.,2�9(57,1,02�%(1'5,(-,�5(,.$/$9,0$,��1U�
9�����$�������������������SDVNHOEWD�7$5�������������L��N������������

/9$ /DWYLMD ƶƯPLVNR�YLHOX�DURGD�HNVSR]ƯFLMDV�UREHåYƝUWƯEDV��$(5��GDUED�YLGHV�JDLVƗ�����
125 1RUJH )DVWVDWW�DY�$UEHLGV��RJ�VRVLDOGHSDUWHPHQWHW�����DXJXVW������PHG�KMHPPHO�L�ORY�����MXQL������QU�

���RP�DUEHLGVPLOM¡��DUEHLGVWLG��VWLOOLQJVYHUQ�PY���DUEHLGVPLOM¡ORYHQ���������������RJ������
1/' 1HGHUODQG 5HJHOLQJ�YDQ�GH�6WDDWVVHFUHWDULV�YDQ�6RFLDOH�=DNHQ�HQ�:HUNJHOHJHQKHLG�YDQ����MXOL������

����������������WRW�ZLM]LJLQJ�YDQ�GH�$UEHLGVRPVWDQGLJKHGHQUHJHOLQJ�LQ�YHUEDQG�PHW�GH
LPSOHPHQWDWLH�YDQ�5LFKWOLMQ����������LQ�%LMODJH�;,,,

32/ 3ROVND 52=325=Ą'=(1,(�0,1,675$�52'=,1<��35$&<�,�32/,7<.,�632à(&=1(-�]�GQLD���
F]HUZFD������U

528 5RPkQLD +27Ă5Æ5(�QU������GLQ���DXJXVW������SHQWUX�PRGLILFDUHD�+RWăUkULL�*XYHUQXOXL�QU������������
SULYLQG�VWDELOLUHD�FHULQ܊HORU�PLQLPH�GH�VHFXULWDWH܈�L�VăQăWDWH�vQ�PXQFă�SHQWUX�DVLJXUDUHD�SURWHF܊LHL
OXFUăWRULORU�vPSRWULYD�ULVFXULORU�OHJDWH�GH�SUH]HQ܊D�DJHQ܊LORU�FKLPLFL

6:( 6YHULJH +\JLHQLVND�JUlQVYlUGHQ��$)6�������
69. 6ORYHQVNR 1DULDGHQLH�YOiG\�þ����������=��]��1DULDGHQLH�YOiG\�6ORYHQVNHM�UHSXEOLN\��NWRUêP�VD�PHQt�D�GRSĎĖD

QDULDGHQLH�YOiG\�6ORYHQVNHM�UHSXEOLN\�þ�����������=��]��R�RFKUDQH�]DPHVWQDQFRY�SUHG�UL]LNDPL
V~YLVLDFLPL�V�H[SR]tFLRX�FKHPLFNêP�IDNWRURP�SUL�SUiFL�Y�]QHQt�QHVNRUãtFK�SUHGSLVRY

691 6ORYHQLMD 8UDGQL�OLVW�5HSXEOLNH�6ORYHQLMH��������������8UDGQHP�OLVWX�56�ãW���������35$9,/1,.�R�YDURYDQMX
GHODYFHY�SUHG�WYHJDQML�]DUDGL�L]SRVWDYOMHQRVWL�NHPLþQLP�VQRYHP�SUL�GHOX

*%5 8QLWHG�.LQJGRP (+��������:RUNSODFH�H[SRVXUH�OLPLWV��7KLUG�HGLWLRQ��SXEOLVKHG������
(8 2(/�(8 5LFKWOLQLH��(8�������������5LFKWOLQLH��(8������������5LFKWOLQLH��(8������������5LFKWOLQLH��(8�

�����������5LFKWOLQLH��(8������������5LFKWOLQLH����������(8��5LFKWOLQLH���������(*��5LFKWOLQLH
��������(*��5LFKWOLQLH���������(*��5LFKWOLQLH�������(*��5LFKWOLQLH��������((*�

7/9�$&*,+ $&*,+�����
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6&+:()(/6$(85(
6FKZHOOHQJUHQ]ZHUW

7\S 6WDDW 7:$��6W 67(/���0LQ %HPHUNXQJHQ���%HREDFKWXQJHQ
PJ�P� SSP PJ�P� SSP

0$. $86 ���� ���� ,1+$/%
9/(3 %(/ ���� ����
7/9 %*5 ����
0$. &+( ���� ���� ,1+$/%
7/9 &=( ���� ����
$*: '(8 ���� ���� ,1+$/%
0$. '(8 ���� ���� ,1+$/%
7/9 '1. ����
9/$ (63 ����
7/9 (67 ���� ����
9/(3 )5$ ���� ���� 7+25;*
+73 ),1 ���� ����
7/9 *5& ����
$. +81 ���� ����
*9,�.*9, +59 ���� ����
9/(3 ,7$ ���� 7+25;*
2(/9 ,5/ ���� ����
5' /78 ���� ����
59 /9$ ����
7/9 125 ����
7** 1/' ���� 7+25;*
1'6�1'6&K 32/ ���� ����
7/9 528 ���� ����
1*9�.*9 6:( ���� ����
13(/ 69. ���� ����
09 691 ���� ,1+$/%
:(/ *%5 ���� 7+25;*
2(/ (8 ����
7/9�$&*,+ ����

9RUJHVHKHQH��8PZHOW�QLFKW�EHODVWHQGH�.RQ]HQWUDWLRQ���31(&
5HIHUHQ]ZHUW�LQ�6��ZDVVHU ������ PJ�O
5HIHUHQ]ZHUW�LQ�0HHUHVZDVVHU ������� PJ�O
5HIHUHQ]ZHUW�I�U�$EODJHUXQJHQ�LQ�6��ZDVVHU ����� PJ�NJ
5HIHUHQ]ZHUW�I�U�$EODJHUXQJHQ�LQ�0HHUHVZDVVHU ����� PJ�NJ
5HIHUHQ]ZHUW�I�U�.OHLQVWRUJDQLVPHQ�673 ��� PJ�O

*HVXQGKHLW�±�DEJHOHLWHWHV�ZLUNXQJVQHXWUDOHV�1LYHDX�±�'1(/���'0(/
$XVZLUNXQJHQ�EHL�9HUEUDXFKHUQ $XVZLUNXQJHQ�EHL�$UEHLWHUQ

$XVVHW]XQJVZHJ /RNDOH
DNXW�

/RNDOH
DNXW�

6\VWHP
DNXW�

/RNDOH
FKURQ�

6\VWHP
FKURQ�

6\VWHP
DNXW�

/RNDOH
FKURQ�

6\VWHP
FKURQ�

(LQDWPXQJ ��� 91' ���� 91'
PJ�P� PJ�P�

(UNOlUXQJ�
�&�� �&(,/,1*�������,1+$/%� �,QKDOLHUEDUH�)UDNWLRQ�������(,1$7%� �(LQDWPEDUH�)UDNWLRQ�������7+25;*� �7KRUD[JlQJLJH�)UDNWLRQ�
91'� �(UNDQQWH�*HIDKU��MHGRFK�NHLQ�'1(/�31(&�:HUW�YRUOLHJHQG�������1($� �.HLQH�$XVVHW]XQJ�YRUJHVHKHQ�������13,� �NHLQH�HUNDQQWH
*HIDKU�

6&+:()(/6$(85(
'LH�0HWKRGHQ�]XU�0HVVXQJ�GHU�$UEHLWVSODW]DWPRVSKlUH�P�VVHQ�GHQ�DOOJHPHLQHQ�$QIRUGHUXQJHQ�GHU�26+$�,'�����HQWVSUHFKH

�����%HJUHQ]XQJ�XQG�hEHUZDFKXQJ�GHU�([SRVLWLRQ

,Q�(UZlJXQJ�GHVVHQ��GDVV�JHHLJQHWH�6FKXW]PD�QDKPHQ�LPPHU�YRUUDQJLJ�JHJHQ�EHU�SHUV|QOLFKH�6FKXW]NOHLGXQJ�VHLQ�VROOWHQ��LVW�I�U�HLQH
JXWH�%HO�IWXQJ�GHV�$UEHLWVSODW]HV�GXUFK�HLQH�ZLUNVDPH�ORNDOH�$EVDXJXQJ�
=XU�$XVZDKO�YRQ�SHUV|QOLFKHQ�6FKXW]YRUULFKWXQJHQ�VLQG�HYWO��GLH�YHUWUDXWHQ�&KHPLNDOLHQ�+HUVWHOOHU�]XU�5DWH�]X�]LHKHQ�
'LH�SHUV|QOLFKHQ�6FKXW]YRUULFKWXQJ�VLQG�PLW�GHU�&(�0DUNLHUXQJ�]X�YHUVHKHQ��ZHOFKH�GHUHQ�(LJQXQJ�I�U�GLH�J�OWLJHQ�9RUVFKULIWHQ�EH]HXJW�
1RW�$XV�'XVFKHQ�PLW�*HVLFKW�$XJHQ�6S�OHQ�VLQG�YRU]XVHKHQ�
+$1'6&+87=
'LH�+lQGH�VLQG�PLW�$UEHLWVKDQGVFKXKHQ�GHU�.DWHJRULH�,,,�]X�VFK�W]HQ��%H]��1RUP�(1������
=XU�HQGJ�OWLJHQ�0DWHULDODXVZDKO�I�U�GLH�$UEHLWVKDQGVFKXKH�P�VVHQ�IROJHQGH�$VSHNWH�HLQEH]RJHQ�ZHUGHQ��9HUWUlJOLFKNHLW��$EEDX�
%UXFK]HLW�XQG�3HUPHDELOLWlW�
%HL�3UlSDUDWHQ�LVW�GLH�$UEHLWVKDQGVFKXKEHVWlQGLJNHLW�DQ�FKHPLVFKHQ�:LUNPLWWHOQ�YRU�GHUHQ�9HUZHQGXQJ�JHSU�IW�ZHUGHQ��GD�VLH�QLFKW
YRUKHUVHKEDU�LVW��'LH�+DQGVFKXKYHUVFKOHL�]HLW�ZLUG�GXUFK�$XVVHW]XQJVGDXHU�XQG�(LQVDW]PRGDOLWlWHQ�EHGLQJW�
+$876&+87=
$UEHLWVNOHLGXQJ�PLW�ODQJHQ�bUPHOQ�XQG�8QIDOOVFKXW]VFKXKH�GHU�.DWHJRULH�,,,�VLQG�]X�WUDJHQ��VLHKH�9HURUGQXQJ����������XQG�1RUP�(1�,62
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$%6&+1,77����%HJUHQ]XQJ�XQG�hEHUZDFKXQJ�GHU�([SRVLWLRQ�3HUV|QOLFKH�6FKXW]DXVU�VWXQJHQ ������!!

��������1DFK�$XV]LHKHQ�GHU�6FKXW]NOHLGXQJ�PXVV�PDQ�VLFK�PLW�:DVVHU�XQG�6HLIH�ZDVFKHQ�
$8*(16&+87=
'HU�(LQVDW]�YRQ�9ROONRSIVFKLUPHQ�E]Z��6FKXW]VFKLUPH�LQ�9HUELQGXQJ�PLW�HLQGULQJXQJVVLFKHUHQ�%ULOOHQ�LVW�HPSIRKOHQ��%H]��1RUP�(1������
$7(06&+87=
%HL�hEHUVFKUHLWXQJ�GHV�6FKZHOOHQZHUWHV��]��%��7/9�7:$��GHV�6WRIIHV�E]Z��HLQHV�RGHU�PHKUHUHU�LP�3URGXNW�HQWKDOWHQHQ�6WRIIH��(V
HPSILHKOW�VLFK��HLQH�0DVNH�PLW�)LOWHU�7\S�%�DXI]XVHW]HQ��GHVVHQ�.ODVVH�������E]Z�����MH�QDFK�GHU�K|FKVWHQ�(LQVDW]NRQ]HQWUDWLRQ
DXV]XZlKOHQ�LVW���%H]��1RUP�(1���������%HL�9RUKDQGHQVHLQ�YRQ�*DVHQ�E]Z��'lPSIHQ�DQGHUHU�%HVFKDIIHQKHLW�XQG�RGHU�*DV�E]Z�
'lPSIHQ�PLW�3DUWLNHOQ��$HURVRO��5DXFK��1HEHO��XVZ���VLQG�.RPELILOWHU�YRU]XVHKHQ�
5HLFKHQ�GLH�HUJULIIHQHQ��WHFKQLVFKHQ�0D�QDKPHQ�]XU�0LQGHUXQJ�GHU�$XVVHW]XQJ�GHV�$UEHLWQHKPHUV�DQ�GHQ�EHU�FNVLFKWLJWHQ
6FKZHOOHQZHUWH�QLFKW�DXV��VR�LVW�(LQVDW]�YRQ�$WHPZHJH�6FKXW]YRUULFKWXQJHQ�QRWZHQGLJ��'HU�GXUFK�GLH�0DVNH�JHJHEHQH�6FKXW]�LVW�LQ
MHGHP�)DOO�EHJUHQ]W�
:HQQ�GHU�EHU�FNVLFKWLJH�6WRII�JHUXFKVORV�LVW�E]Z��GHVVHQ�*HUXFKVVFKZHOOH�GHQ�HQWVSUHFKHQGHQ�7/9�7:$��EHUVFKUHLWHW�RGHU�DEHU�LP
1RWIDOO��(LQ�VHOEVWEHWlWLJWHV�'UXFNOXIW�$WHPJHUlW�PLW�RIIHQHP�.UHLV��%H]��1RUP�(1������E]Z��HLQ�$WHPJHUlW�PLW�lX�HUHP�/XIWHLQODVV��%H]�
1RUP�(1�����VLQG�DXI]XVHW]HQ��=XU�HLQZDQGIUHLHQ�$XVZDKO�GHV�$WHPZHJH�6FKXW]YRUULFKWXQJ�LVW�GLH�1RUP�(1�����DXIVFKODJJHEHQG�
1$&+35h)81*(1�'(5�80:(/7$866(7=81*�
'LH�(PLVVLRQHQ�DXV�+HUVWHOOYHUIDKUHQ��HLQVFKO��GHUHU�DXV�%HO�IWXQJVJHUlWHQ��VROOWHQ�DXI�(LQKDOWXQJ�GHU�8PZHOWVFKXW]YRUVFKULIWHQ�JHSU�IW
ZHUGHQ�

$%6&+1,77����3K\VLNDOLVFKH�XQG�FKHPLVFKH�(LJHQVFKDIWHQ

�����$QJDEHQ�]X�GHQ�JUXQGOHJHQGHQ�SK\VLNDOLVFKHQ�XQG�FKHPLVFKHQ�(LJHQVFKDIWHQ

(LJHQVFKDIWHQ :HUW $QJDEHQ
3K\VLNDOLVFKHU�=XVWDQG )O�VVLJNHLW
)DUEH EODVVJHOE
*HUXFK JHUXFKORV
*HUXFKVVFKZHOOH 1LFKW�YHUI�JEDU
S+�:HUW �
6FKPHO]SXQNW���*HIULHUSXQNW 1LFKW�YHUI�JEDU
6LHGHEHJLQQ 1LFKW�YHUI�JEDU
6LHGHEHUHLFK 1LFKW�YHUI�JEDU
)ODPPSXQNW 1LFKW�DQZHQGEDU
9HUGDPSIXQJVJHVFKZLQGLJNHLW 1LFKW�YHUI�JEDU
(QW]�QGEDUNHLW�YRQ�)HVWVWRIIHQ�XQG�*DVHQ 1LFKW�YHUI�JEDU
8QWHUH�(QW]�QGXQJVJUHQ]H 1LFKW�YHUI�JEDU
2EHUH�(QW]�QGXQJVJUHQ]H 1LFKW�YHUI�JEDU
8QWHUH�([SORVLRQVJUHQ]H 1LFKW�YHUI�JEDU
2EHUH�([SORVLRQVJUHQ]H 1LFKW�YHUI�JEDU
'DPSIGUXFN 1LFKW�YHUI�JEDU
'DPSIGLFKWH 1LFKW�YHUI�JEDU
5HODWLYH�'LFKWH �
/|VOLFKNHLW ZDVVHUO|VOLFK
9HUWHLOXQJVNRHIIL]LHQW��Q�2FWDQRO�:DVVHU 1LFKW�YHUI�JEDU
6HOEVWHQW]�QGXQJVWHPSHUDWXU 1LFKW�YHUI�JEDU
=HUVHW]XQJVWHPSHUDWXU 1LFKW�YHUI�JEDU
9LVNRVLWlW 1LFKW�YHUI�JEDU
([SORVLYH�(LJHQVFKDIWHQ QLFKW�DQZHQGEDU
2[LGLHUHQGH�(LJHQVFKDIWHQ QLFKW�DQZHQGEDU

�����6RQVWLJH�$QJDEHQ

*HVDPWIHVWVWRII������&�������)� ������

$%6&+1,77�����6WDELOLWlW�XQG�5HDNWLYLWlW
������5HDNWLYLWlW

.HLQH�EHVRQGHUHQ�5HDNWLRQVJHIDKUHQ�PLW�DQGHUHQ�6WRIIHQ�XQWHU�GHQ�QRUPDOHQ�(LQVDW]EHGLQJXQJHQ�

6&+:()(/6$(85(
6&+:()(/6$(85(������=HUVHW]XQJ�EHL�7HPSHUDWXUHQ�K|KHU�DOV�����&�����)��ZLUNW�NRUURGLHUHQG��VWDUNHV�2[LGDWLRQVPLWWHO

������&KHPLVFKH�6WDELOLWlW

'DV�3URGXNW�LVW�XQWHU�QRUPDOHQ�9HUDUEHLWXQJV��XQG�/DJHUEHGLQJXQJHQ�VWDELO�

6&+:()(/6$(85(
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6&+:()(/6$(85(������'DV�3URGXNW�LVW�XQWHU�QRUPDOHQ�8PJHEXQJVEHGLQJXQJHQ��5DXPWHPSHUDWXU��FKHPLVFK�VWDELO�

������0|JOLFKNHLW�JHIlKUOLFKHU�5HDNWLRQHQ

8QWHU�QRUPDOHQ�(LQVDW]��XQG�/DJHUEHGLQJXQJHQ�VLQG�NHLQH�JHIlKUOLFKHQ�5HDNWLRQHQ�DE]XVHKHQ�

6&+:()(/6$(85(
6&+:()(/6$(85(������0LW�IROJHQGHQ�6WRIIHQ�EHVWHKW�([SORVLRQVJHIDKU�XQG�RGHU�*HIDKU�GHU�%LOGXQJ�JLIWLJHU�*DVH��+HIWLJH
5HDNWLRQHQ�P|JOLFK�PLW��:DVVHU��$ONDOLPHWDOOH��$ONDOLYHUELQGXQJHQ��$PPRQLDN��$OGHK\GH��$FHWRQLWULO��(UGDONDOLPHWDOOH��/DXJHQ��6lXUHQ�
UGDONDOLYHUELQGXQJHQ��0HWDOOH��0HWDOOHJLHUXQJHQ��3KRVSKRUR[LGH��3KRVSKRU��+\GULGH��+DORJHQ�+DORJHQYHUELQGXQJHQ�
+DORJHQVDXHUVWRII�9HUELQGXQJHQ���HUPDQJDQDWH��1LWUDWH��&DUELGH��EUHQQEDUH�6WRIIH��RUJDQLVFKHV�/|VHPLWWHO��$FHW\OLGH��1LWULOH�
RUJDQLVFKH�1LWURYHUELQGXQJHQ��$QLOLQH���HUR[LGH��3LNUDWH��1LWULGH��/LWKLXPVLOLFLG��(LVHQ�,,,��YHUELQGXQJHQ��%URPDWH��&KORUDWH��$PLQH�
3HUFKORUDWH��:DVVHUVWRIISHUR[LG�

������=X�YHUPHLGHQGH�%HGLQJXQJHQ

.HLQH�EHVRQGHUH��'LH��EOLFKH�9RUVLFKW�EHL�FKHPLVFKHQ�3URGXNWHQ�LVW�DOOHUGLQJV�]X�ZDKUHQ�

������8QYHUWUlJOLFKH�0DWHULDOLHQ

6&+:()(/6$(85(
6&+:()(/6$(85(������7LHULVFKHQ�SIODQ]OLFKHQ�*HZHEHQ��0HWDOOH�.RQWDNW�PLW�0HWDOOHQ�VHW]W�:DVVHUVWRIIJDV�IUHL

������*HIlKUOLFKH�=HUVHW]XQJVSURGXNWH

6&+:()(/6$(85(
6&+:()(/6$(85(������6FKZHIHOR[LGH

$%6&+1,77�����7R[LNRORJLVFKH�$QJDEHQ
'D�NHLQH�H[SHULPHQWHOOHQ�WR[LNRORJLVFKHQ�'DWHQ��EHU�GDV�3URGXNW�YRUKDQGHQ�VLQG��ZXUGHQ�GLH�P|JOLFKHQ�*HVXQGKHLWVULVLNHQ�DXI�GHQ
(LJHQVFKDIWHQ�GHU�HQWKDOWHQHQ�6XEVWDQ]HQ�JHPl��GHQ�.ULWHULHQ�GHU�5HIHUHQ]QRUPHQ�]XU�.ODVVLIL]LHUXQJ�EHZHUWHW�
=XU�$XVZHUWXQJ�WR[LNRORJLVFKHU�$XVZLUNXQJHQ�EHL�3URGXNWDXVVHW]XQJ�VLQG�GLH�.RQ]HQWUDWLRQHQ�GHU�HLQ]HOQHQ��HYWO��XQWHU�$EV���
DXIJHI�KUWHQ��6FKDGVWRIIH�]X�EHU�FNVLFKLJHQ�

������$QJDEHQ�]X�WR[LNRORJLVFKHQ�:LUNXQJHQ

6&+:()(/6$(85(
6&+:()(/6$(85(�������+DXWUHL]XQJ�9HUXUVDFKW�VFKZHUH�9HUlW]XQJHQ���$XJHQUHL]XQJ�9HUXUVDFKW�VFKZHUH�$XJHQVFKlGHQ�
(UEOLQGXQJVJHIDKU�

0HWDEROLVPXV��7R[LNRNLQHWLN��:LUNXQJVPHFKDQLVPXV�XQG�ZHLWHUH�,QIRUPDWLRQHQ

$QJDEHQ�QLFKW�YRUKDQGHQ�

$QJDEHQ�]X�ZDKUVFKHLQOLFKHQ�H[SRVLWLRQVZHJHQ

$QJDEHQ�QLFKW�YRUKDQGHQ�

9HU]|JHUW�XQG�VRIRUW�DXIWUHWHQGH�ZLUNXQJHQ�VRZLH�FKURQLVFKH�ZLUNXQJHQ�QDFK�NXU]HU�RGHU�ODQJ�DQKDOWHQGHU�H[SRVLWLRQ

$QJDEHQ�QLFKW�YRUKDQGHQ�

:HFKVHOZLUNXQJHQ

$QJDEHQ�QLFKW�YRUKDQGHQ�

$.87(�72;,=,7b7

$7(��,QKDODWLY��GHU�0LVFKXQJ� 1LFKW�HLQJHVWXIW��.HLQ�UHOHYDQWHU�,QKDOWVVWRII�
$7(��2UDO��GHU�0LVFKXQJ� 1LFKW�HLQJHVWXIW��.HLQ�UHOHYDQWHU�,QKDOWVVWRII�
$7(��'HUPDO��GHU�0LVFKXQJ� 1LFKW�HLQJHVWXIW��.HLQ�UHOHYDQWHU�,QKDOWVVWRII�
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