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TECHNIKTECHNIK

'LH�%H]HLFKQXQJ�=DKQHUVDW]�WU¦JW�GLH�3UREOHPDWLN�EHUHLWV�LQ�VLFK��0DQ�EHNRPPW�GDPLW�
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TECHNIK

$P�$QIDQJ�ZDUbGHU�:XQVFK

Den Anfang dieses Falls bildete eine Patien-
WLQ��GLH�GLH�3UD[LV�LP�2NWREHUb�����NRQ�VXO�
WLHU�WH��=XP�%HKDQGOXQJVEHJLQQ�ZDU�VLH�
��b-DKUH�DOW��'HU�*UXQG�LKUHU�.RQVXOWDWLRQ�
HUVFKORVV�VLFK�HLQHP�EHUHLWV�EHLP�%HWUDFKWHQ�
der Lippenbilder �$EE�ɋ��ELV���: Die Patientin 
ZLHV�LP�2EHUNLHIHUIURQW]DKQEHUHLFK�JUR¡ȵ¦-
FKLJH��]XP�7HLO�YHUI¦UEWH�.XQVWVWR΍I¾OOXQJHQ�
DXI��+LHU]X�JHVHOOWHQ�VLFK�VFKOHFKWH�90.�9HU-
VRUJXQJHQ�PLW�GXQNOHQ�.URQHQU¦QGHUQ�LP�

��ɋ4XDGUDQWHQ��DEJHSXW]WH�.XQVWVWR΍YHU-
EOHQGXQJHQ�LP���ɋ4XDGUDQWHQ�XQG�YHUHLQ]HOW�
HORQJLHUWH�=¦KQH��/DSLGDU�N¸QQWH�PDQ�VDJHQ��
GLH�URW�ZHL¡H��VWKHWLN�ZDU�NRPSOHWW�JHVW¸UW��
=DKQb���IHKOWH��8QG�DXFK�GLH�3KRQHWLN�OLWW�
XQWHU�GHQ�XQUHJHOP¦¡LJHQ�=DKQO¦QJHQ��'LH�
ΖQWUDRUDODXIQDKPHQ�YHUGHXWOLFKWHQ��ZLH�
GULQJHQG�GHU�+DQGOXQJVEHGDUI�EHL�GLHVHU�
3DWLHQWLQ�ZDU��$EE�ɋ��ELV���.
'HU�:XQVFK�GHU�3DWLHQWLQ�ZDU�HV��DOOHV�
ZLHGHU�LQ�HLQHQ�KDUPRQLVFKHQ�(LQNODQJ�]X�
EULQJHQ��DEHU�DXFK�ZLH�IU¾KHU��DOVR�PLW�GHQ�

QDW¾UOLFKHQ�=¦KQHQ�VSUHFKHQ�]X�N¸QQHQ�� 
=XQ¦FKVW�ZXUGH�GDKHU�HLQ�)RWRVWDWXV�HUVWHOOW��
XQG�GDPLW�GLH�ΖVW�6LWXDWLRQ�GRNXPHQWLHUW��
+LHU]X�]¦KOWHQ�]X�GHQ�NODVVLVFKHQ�$XIQDK-
PHQ�DXFK�)RWRV�PLW�DG¦TXDWHQ�)DUEPXV-
WHUQ�VRZLH�HLQH�$XIQDKPH�PLW�GHU�.UHX]-
SROIRWRJUDȴH�XQG�DQJHKDOWHQHU�*UDXNDUWH�
GHV�H/$%RUBDLG�3URWRNROOV��$EE�ɋ��ELVb���. 
0LW�GLHVHP�O¦VVW�VLFK�LQ�HLQHP�%LOGEHDUEHL-
WXQJVSURJUDPP�ZLH�/LJKWURRP�HLQH�H[DNWH�
)DUEEHVWLPPXQJ�YRUQHKPHQ�XQG�VRJDU�GDV�
6FKLFKWHUJHEQLV�YLUWXHOO�DEJOHLFKHQ�>�@.

�������Ʉ'LHVH�$XIQDKPHQ�VLQG�HEHQIDOOV�HLQ�ZLFKWLJHU�%HVWDQGWHLO�GHV�)RWRVWDWXV��$XV�GLHVHQ�%LOGHUQ�ZLUG�GHXWOLFK��GDVV�KLHU�
+DQGOXQJVEHGDUI�EHVWHKW��'LH�=¦KQH�ZDUHQ�]XP�7HLO�XQWHUVFKLHGOLFK�VWDUN�HORQJLHUW��JUR¡ȵ¦FKLJ�JHI¾OOW�XQG�GHU�LQ�GLH�-DKUH�JH�
NRPPHQH�=DKQHUVDW]�QLFKW�QXU�DXV�¦VWKHWLVFKHQ�*HVLFKWVSXQNWHQ�]X�UHYLVLRQLHUHQ�

�������ɄΖP�2NWREHUb�����NRQVXOWLHUWH�HLQH�3DWLHQWLQ�PLW�GLHVHU�$XVJDQJVVLWXDWLRQ�GLH�3UD[LV��'LHVH�%LOGHU�HQWVWHKHQ�LP�'HQ�
WDOODERU�GHU�ΖPSODQHR�'HQWDO�&OLQLF�XQG�JHK¸UHQ�]XU�NODVVLVFKHQ�%HIXQGHUKHEXQJ�LP�:RUNȵRZ�GHU�.OLQLN�
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TECHNIKTECHNIK

$OV�%HKDQGOXQJVNRQ]HSW�ZXUGH�]XQ¦FKVW�
HLQPDO�GLH�([WUDNWLRQ�GHV�QLFKW�PHKU�]X�HU-
KDOWHQGHQ��¾EHUNURQWHQ�=DKQVb����GLH�(QW-
IHUQXQJ�GHU�DOWHQ�(LQ]HO]DKQNURQHQ�DXI�GHQ�
=¦KQHQb���ELVb���VRZLH�GHU�%U¾FNH�YRQ����
DXIb���YRUJHVHKHQ��=XU�9HUVRUJXQJ�VROOWHQ�
YLHU�YROONHUDPLVFKH�(LQ]HO]DKQNURQHQ�XQG�
GUHL�YROONHUDPLVFKH�%U¾FNHQ�DQJHIHUWLJW�ZHU-
GHQ��'LH�3DWLHQWLQ�OHKQWH�I¾U�GLH�9HUVRUJXQJ�
LKUHV�2EHUNLHIHUV�ΖPSODQWDWLRQHQ�DE�
ΖP�/DERU�ZXUGHQ�DXI�%DVLV�GHU�(UVWDEIRU�
PXQJHQ�6LWXDWLRQVPRGHOOH�KHUJHVWHOOW�

�$EE�ɋ���ELVb����XQG�HLQ�¦VWKHWLVFK�IXQNWLR-
QHOOHV�:D[�XS�HUDUEHLWHW��$EE�ɋ���ELVb�����0LW�
GLHVHP�:D[�XS�GHȴQLHUHQ�ZLU�GHQ�5DKPHQ�
GHVVHQ��ZDV�DXV�IXQNWLRQHOOHU�VRZLH�¦VWKH-
WLVFKHU�6LFKW�JHWDQ�ZHUGHQ�P¾VVWH��XP�HLQ�
KDUPRQLVFKHV�(UJHEQLV�]X�HU]LHOHQ��ΖQ�GLHVHV�
(UJHEQLV�ȵRVVHQ�QDW¾UOLFK�DXFK�GLH�:¾QVFKH�
GHU�3DWLHQWLQ�VRZLH�GLH�DXV�GHU�$QDO\VH�JH-
ZRQQHQ�(UNHQQWQLVVH�GHV�%HKDQGOHUV�XQG�
=DKQWHFKQLNHUV��)DOOV�GHU�LP�:D[�XS�ȌYLVXD-
OLVLHUWHȊ�9RUVFKODJ�DN]HSWLHUW�ZLUG��OLHIHUW�HV�
QLFKW�QXU�GLH�SURWKHWLVFKHQ��VRQGHUQ�DXFK�

GLH�PLNURFKLUXUJLVFKHQ�9RUJDEHQ�Ȃ�ZLH�HWZD�
LQ�GLHVHP�)DOO�GHU�JHZ¾QVFKWH�9HUODXI�GHV�
*LQJLYDOVDXPV��'LHVHU�P¾VVWH�YRP�%HKDQG-
OHU�]XU�1LYHOOLHUXQJ�GHU�=DKQȵHLVFKJLUODQGH�
HWZDV�NRUULJLHUW�ZHUGHQ��YJO�ɋ$EE�ɋ���.
'LHVHV�:D[�XS�NRQQWH�]XGHP�LQ�HLQHP�HUV-
WHQ�6FKULWW�]XU�GLUHNWHQ�(YDOXDWLRQ�GHU�¦V-
WKHWLVFKHQ��SKRQHWLVFKHQ�XQG�IXQNWLRQHOOHQ�
:LUNXQJ�LP�3DWLHQWHQPXQG�YHUZHQGHW�
ZHUGHQ��6FKOLH¡OLFK�LVW�HV�JDQ]�ZLFKWLJ�]X�
SU¾IHQ�XQG�]X�HUIDKUHQ��RE�GDV�(UJHEQLV�
GHP�3DWLHQWHQ�JHI¦OOW�XQG�HU�VHLQH�P¸JOLFKH�

��Ʉ%HL�GHU�)DUEQDKPH��GLH�QDW¾UOLFK�HEHQIDOOV�IRWRJUDȴVFK�GRNXPHQWLHUW�ZLUG��EHVWLPPW�PDQ�]XQ¦FKVW�GLH�*UXQG]DKQIDUEH�PLW�
GHP�9LWD�)DUEVFKO¾VVHO��'D�LQ�GLHVHP�)DOO�GHU�NRPSOHWWH�2EHUNLHIHU�QHX�YHUVRUJW�ZLUG��GLHQWH�GHU�KHOOVWH�=DKQ�GHU�QRFK�LQWDNWHQ�
8QWHUNLHIHUIURQW]¦KQH�GHU�5HIHUHQ]LHUXQJ��)DUEHb%����=XGHP�ZXUGHQ�DXFK�)DUEPXVWHU��GLH�HLQH�&KURPD�6WXIH�GXQNOHU�VLQG��]XP�
%HLVSLHO�DG¦TXDWH�$�)DUEHQ��XQG�HLQH�XP�HLQH�)DUEVWXIH�KHOOHUH�%�)DUEH�LQ�GHQ�'UDJRQ�6KDGH�JHVWHFNW��'DV�VR�JHZRQQHQH�%LOG�
ZLUG�LPPHU�PLW�GHP�3DWLHQWHQ�DEJHVWLPPW��XP�HLQ�*HI¾KO�GDI¾U�]X�EHNRPPHQ��ZHOFKH�=DKQIDUEH�GHU�3DWLHQW�HKHU�IDYRULVLHUW�
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TECHNIK

QHXH�9HUVRUJXQJ�WHVWHQ�NDQQ��+LHU]X�ZXUGH�
HLQH�WUDQVSDUHQWH�7LHI]LHKVFKLHQH�¾EHU�GHP�
'XSOLNDW�GHV�:D[�XSV�DQJHIHUWLJW��
=XV¦W]OLFK�ZXUGH�GLHVH�7LHI]LHKVFKLHQH�LP�
6LQQH�HLQHU��EHUWUDJXQJVVFKLHQH�PLW�HLQHP�
)HQVWHU�YHUVHKHQ��GLH�HV�GHP�%HKDQGOHU�HU-
ODXEW��GHQ�*LQJLYDYHUODXI�GHU�ELRORJLVFKHQ�
%UHLWH�GHU�3DWLHQWHQ�HQWVSUHFKHQG�]X�NRU-
ULJLHUHQ��.URQHQYHUO¦QJHUXQJ��XQG�GDV�

3URYLVRULXP�]HUYLNDO�]X�DGDSWLHUHQ��$EE�ɋ���
XQGb���.
$P�7DJ�GHU�3U¦SDUDWLRQ�ZXUGH�GHU�¾EHU-
NURQWH�XQG�DOV�QLFKW�PHKU�HUKDOWXQJVZ¾U-
GLJ�HLQJHVWXIWH�=DKQb���VFKRQHQG�H[WUD-
KLHUW��$EE�ɋ���ELV������=XGHP�ZXUGH�HLQH�
$EIRU�PXQJ�GHU�QHXHQ�2EHUNLHIHUVLWXDWLRQ�
�$EE�ɋ����JHQRPPHQ�XQG�GLUHNW�LP�$Q-
VFKOXVV�LP�/DERU�HLQ�0RGHOO�I¾U�GLH�+HUVWHO-

OXQJ�GHV�3URYLVRULXPV�JHIHUWLJW��+LHU�]DKOHQ�
VLFK�GLH�NXU]HQ�:HJH�GHU�'HQWDONOLQLN�DXV��
GD�LQ�GLHVHU�DXFK�HLQ�PRGHUQHV�'HQWDOODERU�
integriert ist.
=XV¦W]OLFK�HUKLHOW�GHU�%HKDQGOHU�ZHLWH-
UH�+LOIVWHLOH��GLH�LKQ�EHL�GHU�3U¦SDUDWLRQ��
%LVVQDKPH�HW�FHWHUD�XQWHUVW¾W]HQ�VROOWHQ�
�$EE�ɋ�����'DV�QHXH�0RGHOO�ZXUGH�LP�%HUHLFK�
GHV�H[WUDKLHUWHQ�=DKQV�UDGLHUW��$EE�ɋ�����XP�

��Ʉ9RQ�GHU�HUPLWWHOWHQ�*UXQG]DKQIDUEH�ZHUGHQ�GDQQ�GLH�HQW�
sprechenden Farbplättchen des anvisierten Keramiksystems 
DQJHKDOWHQ�XQG�IRWRJUDȴHUW��*OHLFK]HLWLJ�ZLUG�LQ�GLHVHP�6FKULWW�
GLH�)DUEH�I¾U�GHQ�'HQWLQNHUQ�HUPLWWHOW�XQG�GHVKDOE�GDV�HQW�
sprechende Farbmuster des Keramiksystems mit dokumentiert.

��Ʉ8P�KHUDXV]XȴQGHQ��ZHOFKH�0DVVHQ�I¾U�GLH�$QODJH�GHU�
$EVRUEDWLRQV]RQHQ�JHHLJQHW�VLQG��IROJW�QRFK�HLQH�$XIQDKPH�
PLW�GHQ�HQWVSUHFKHQGHQ�7UDQVSD�0DVVHQ�7Ζ����XQG�����XQG�
GHU�3HDUO�(QDPHO�0DVVH�36�����I¾U�HLQH�:HFKVHOVFKLFKWXQJ��

��Ʉ$QKDQG�GHV�8QWHUNLHIHUV�ZHUGHQ�GLH�LQIUDJH�NRPPHQ�
GHQ�6FKQHLGHPDVVHQ�DQDO\VLHUW�XQG�HEHQIDOOV�GRNXPHQWLHUW�

��Ʉ=XU�6LFKHUKHLW�ZLUG�JHP¦¡�GHV�H/$%RUBDLG�3URWRNROOV�
HLQH�$XIQDKPH�PLW�3RODULVDWLRQVȴOWHU�XQG�*UDXNDUWH�DQJH�
IHUWLJW��0LW�GLHVHU�$XIQDKPH�ODVVHQ�VLFK�EHL�%HGDUI�GLH�)DUE�
ZHUWH�KHUDXVOHVHQ�XQG�GLH�0DVVHQ�LQGLYLGXHOO�DEPLVFKHQ�
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TECHNIKTECHNIK

�������ɄΖP�/DERU�NRQQWH�DXI�%DVLV�GHU�6LWXDWLRQVPRGHOOH�GHU�(UVWDEIRUPXQJHQ�PLW�GHU�SURWKHWLVFKHQ�3ODQXQJ�EHJRQQHQ�
ZHUGHQ��+LHU]X�ZXUGH�GLH�6LWXDWLRQ�HLQJ¦QJLJ�VWXGLHUW��%HUHLWV�KLHU�VWHOOWH�VLFK�KHUDXV��GDVV�HV�I¾U�HLQH�+DUPRQLVLHUXQJ�GHU�
URW�ZHL¡HQ��VWKHWLN�QRWZHQGLJ�VHLQ�Z¾UGH��DXFK�GDV�=DKQȵHLVFK�]X�NRUULJLHUHQ�

�������Ʉ0LW�HLQHP�¦VWKHWLVFK�IXQNWLRQHOOHQ�:D[�XS�ZXUGH�GHU�*UXQGVWHLQ�I¾U�GLH�VS¦WHUH�9HUVRUJXQJ�JHOHJW��=XGHP�GHȴQLHUW�
GDV�:D[�XS�GLH�LGHDOHQ�'LPHQVLRQHQ��'LH�9DOLGLHUXQJ�GLHVHU�ΖGHH�PXVV�DOOHUGLQJV�PLW�HLQHP�3URYLVRULXP�HUIROJHQ��=XQ¦FKVW�ELOGHW�
GDV�:D[�XS�MHGRFK�GLH�*HVSU¦FKVJUXQGODJH�I¾U�GHQ�=DKQDU]W�XQG�GHQ�=DKQWHFKQLNHU�
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TECHNIK

EHUHLWV�PLW�GHP�3URYLVRULXP�HLQ�%U¾FNHQ-
JOLHG�JHQHULHUHQ�]X�N¸QQHQ��GDV�DXVVLHKW��
DOV�Z¾UGH�HLQH�QDW¾UOLFKH�.URQH�DXV�GHP�
=DKQIDFK�KHUDXVZDFKVHQ��'DEHL�LVW�DXI�HLQ�
VSH]LHOOHV�'HVLJQ�GHV�3RQWLFV��GDV�MD�VS¦WHU�
GHP�'HVLJQ�GHU�%DVDOȵ¦FKH�GHV�3RQWLFV�HQW-
VSULFKW��]X�DFKWHQ��'DGXUFK�NDQQ�QLFKW�QXU�

GDV�(PHUJHQ]SURȴO�LQ�GLHVHP�%HUHLFK�DXV-
JHIRUPW��VRQGHUQ�GLH�JHVDPWH�=DKQȵHLVFK-
NRQWXU�VWDELOLVLHUW�ZHUGHQ�>�@��)¾U�GLH�$QIHU-
WLJXQJ�GHV�3URYLVRULXPV�ZXUGH�ZLHGHU�DXI�
HLQH�6FKLHQH�YRP�:D[�XS�'XSOLNDWPRGHOO�
]XU¾FNJHJUL΍HQ��$EE�ɋ���XQGb���. 

3URYLVRULXP

'DV�3URYLVRULXP�ZLUG�QXQ�PLW�GHU�7LHI]LHK-
VFKLHQH�DXI�GHP�0RGHOO�GHU�SU¦SDULHUWHQ�
6LWXDWLRQ�KHUJHVWHOOW��$EE�ɋ���ELVb���. Das 
7LHI]LHKVFKLHQHQPDWHULDO�KDW�VLFK�YRQ�GHP�
KHU�DOV�JHHLJQHW�HUZLHVHQ��GD�HV�HWZDV�ȵH-

�������Ʉ'HU�=DKQ����ZDU�EHUHLWV�ZXU]HOEHKDQGHOW��¾EHUNURQW�XQG�ZXU]HOVSLW]HQUHVL]LHUW�ZRUGHQ��$XIJUXQG�HLQHU�/¦QJVIUDNWXU�
NRQQWH�GHU�=DKQ�QLFKW�PHKU�HUKDOWHQ�ZHUGHQ��'LH�([WUDNWLRQ�HUIROJWH�PLW�HLQHU�PLQLPDOLQYDVLYHQ�LQWUDVXONXO¦UHQ�6FKQLWWI¾KUXQJ�
PLW�GHP�0LNURVNDOSHOO��$QVFKOLH¡HQG�ZXUGH�GHU�=DKQ�VFKRQHQG�HQWIHUQW�XQG�GLH�$OYHROH�PLW�.QRFKHQHUVDW]PDWHULDO�LP�6LQQH�
HLQHU�5LGJHSUHVHUYDWLRQ�DXIJHI¾OOW��

���	���Ʉ'D�GHU�=DKQDU]W�GHQ�LP�:D[�XS�ȌYLVXDOLVLHUWHQȊ�9RUVFKODJ�DN]HSWLHUWH��OLHIHUW�HV�QLFKW�QXU�SURWKHWLVFKH��VRQGHUQ�
DXFK�PLNURFKLUXUJLVFKH�9RUJDEHQ�Ȃ�DOVR�GHQ�JHZ¾QVFKWHQ�9HUODXI�GHV�*LQJLYDOVDXPV��'DKHU�ZXUGH�GLH�7LHI]LHKVFKLHQH�LP�6LQQH�
HLQHU��EHUWUDJXQJVVFKLHQH�PLW�HLQHP�)HQVWHU�YHUVHKHQ��'LHVHV�HUODXEW�HV�GHP�%HKDQGOHU��GHQ�*LQJLYDYHUODXI�GHU�ELRORJLVFKHQ�
%UHLWH�GHU�3DWLHQWHQ�HQWVSUHFKHQG�]X�NRUULJLHUHQ�XQG�GDV�3URYLVRULXP�]HUYLNDO�DQ]XSDVVHQ�
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TECHNIKTECHNIK

���	���Ʉ'LHVH�QHXH�6LWXDWLRQ�NRQQWH�QXQ�YRP�=DKQDU]W�DEJHIRUPW�ZHUGHQ��$P�7DJ�GHU�3U¦SDUDWLRQ�HUKLHOW�GHU�%HKDQGOHU�
7RROV�YRP�=DKQWHFKQLNHU��GLH�LKP�GDV�3U¦SDULHUHQ��GLH�*LQJLYHNWRPLH��GLH�%LVVQDKPH�VRZLH�GLH�$QIHUWLJXQJ�GHV�3URYLVRULXPV�
HUOHLFKWHUQ�VROOWHQ��+LHU�]HLJHQ�VLFK�GLH�9RUWHLOH�GHU�NXU]HQ�:HJH�HLQHU�=DKQNOLQLN��GD�GDV�3URYLVRULXP�LP�'HQWDOODERU�DQJHIHUWLJW�
ZHUGHQ�NDQQ��RKQH�GDVV�GHU�3DWLHQW�GLH�3UD[LV�YHUODVVHQ�PXVV�

��Ʉ'DV�0RGHOO�GHV�SU¦SDULHUWHQ�2EHUNLHIHUV�ZXUGH�LP�%HUHLFK�GHV�H[WUDKLHUWHQ�=DKQV�LP�6LQQH�HLQHV�2YDWH�3RQWLFV�UDGLHUW��
VRGDVV�EHUHLWV�GDV�3URYLVRULXP�PLW�HLQHP�%U¾FNHQJOLHG�YHUVHKHQ�ZHUGHQ�NRQQWH��GDV�GHQ�$QVFKHLQ�YHUPLWWHOW��HV�Z¾UGH�DXV�
dem Zahnfach herauswachsen. 
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TECHNIK

�������Ʉ'DV�3URYLVRULXP�ZXUGH�PLW�GHU�7LHI]LHKVFKLHQH�DXI�GDV�0RGHOO�GHU�SU¦SDULHUWHQ�6LWXDWLRQ�¾EHUWUDJHQ��0LW�GHP�ȵH[L�
EOHQ�7LHI]LHKVFKLHQHQPDWHULDO�ODVVHQ�VLFK�PLQLPDOH�$EZHLFKXQJHQ��GLH�QDFK�GHU�3U¦SDUDWLRQ�HQWVWHKHQ�N¸QQHQ��DXVJOHLFKHQ��=XU�
6WDELOLVLHUXQJ�GHU�6FKLHQH�ZXUGH�VLH�PLW�HLQHP�6LOLNRQVFKO¾VVHO�XPPDQWHOW��'DV�3URYLVRULXP�EHVWHKW�DXV�HLQHP�]DKQIDUEHQHQ�
$XWRSRO\PHULVDW��'HQWLQ�XQG�6FKQHLGH��

���	���Ʉ0LW�HLQHP�HQWVSUHFKHQG�JHVWDOWHWHQ�3RQWLF�NDQQ�QLFKW�QXU�GDV�(PHUJHQ]SURȴO�DXVJHIRUPW��VRQGHUQ�GLH�JHVDPWH�
=DKQȵHLVFKNRQWXU�VWDELOLVLHUW�ZHUGHQ��)¾U�GLH�+HUVWHOOXQJ�GHV�3URYLVRULXPV�ZXUGH�DXI�HLQH�7LHI]LHKVFKLHQH�YRP�'XSOLNDWPRGHOO�
GHV�:D[�XSV�]XU¾FNJHJUL΍HQ��
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[LEHO�LVW�XQG�$EZHLFKXQJHQ��GLH�QDFK�GHU�
3U¦SDUDWLRQ�]XU�$XVJDQJVVLWXDWLRQ�JHJHEHQ�
VLQG��DXVJHJOLFKHQ�ZHUGHQ�N¸QQHQ��:LFKWLJ�
LVW�HLQH�SU¦]LVH�$EIRUPXQJ�GHV�*DXPHQV��
GD�VLFK�¾EHU�GLHVHQ�GLH�6FKLHQH�JXW�XQG�SU¦-
]LVH�]XRUGQHQ�O¦VVW��/HW]WHQGOLFK�ZLUG�GLH�
6FKLHQH�]XU�6WDELOLVLHUXQJ�QRFK�PLW�HLQHP�
6LOLNRQVFKO¾VVHO�XPPDQWHOW�
%HYRU�GLH�'HQWLQVWUXNWXU�GHV�3URYLVRULXPV�
PLWKLOIH�GHU�6FKLHQH�JHIHUWLJW�ZHUGHQ�NRQQWH��

ZXUGH�GDV�0RGHOO�LVROLHUW��1DFK�GHU�3RO\-
PHULVDWLRQ�GHV�'HQWLQV�ZLUG�GLH�VWDELOLVLHUWH�
6FKLHQH�DEJHQRPPHQ��HLQ�LQ]LVDOHV�&XW�EDFN�
YRUJHQRPPHQ�XQG�GHU�6FKQHLGHDQWHLO�PLW-
KLOIH�GHU�6FKLHQH�Ȍ¾EHUSUHVVWȊ��
'DV�LP�/DERU�DXVJHDUEHLWHWH�3URYLVRULXP�
ZXUGH�YRP�DXVI¾KUHQGHQ�=DKQWHFKQLNHU�
ZLHGHU�LQ�GDV�%HKDQGOXQJV]LPPHU�JHOLHIHUW��
GRUW�YRP�%HKDQGOHU�GLUHNW�HLQJHVHW]W�XQG�
GDV�(UJHEQLV�LP�7HDP�EHJXWDFKWHW�XQG�EH-

VSURFKHQ��$EE�ɋ���ELVb�����'DV�(UJHEQLV�ZDU�
EHUHLWV�VHKU�YLHOYHUVSUHFKHQG�XQG�NRQQWH�
GHU�3DWLHQWLQ�VHKU�JXW�I¾U�HLQHQ�¦VWKHWL-
VFKHQ�XQG�IXQNWLRQHOOHQ�3UREHODXI�GLHQHQ��
'HU�*LQJLYDOVDXP�LP�%HUHLFK�GHV�=DKQVb���
]HLJW�QRFK�6SXUHQ�GHU�*LQJLYHNWRPLH��'LH�
*HZHEH�EHNRPPHQ�QXQ�GUHL�0RQDWH�=HLW��
XP�DXV]XKHLOHQ��'LHVHOEH�=HLW�EOHLEW�GHP�
/DERU��XP�GHQ�GHȴQLWLYHQ�=DKQHUVDW]�DQ-
]XIHUWLJHQ�

�������Ʉ'DV�LP�/DERU�DXVJHDUEHLWHWH�3URYLVRULXP�ZXUGH�ZLHGHU�LQ�GDV�%HKDQGOXQJV]LPPHU�JHEUDFKW�XQG�GRUW�YRP�%HKDQGOHU�
GLUHNW�HLQJHVHW]W��'DV�5HVXOWDW�ZDU�VHKU�YLHOYHUVSUHFKHQG�XQG�GHU�3DWLHQWLQ�NRQQWH�GDPLW�HLQ�VHKU�JXWHU�(LQGUXFN�GHU�VS¦WHUHQ�
�VWKHWLN�XQG�)XQNWLRQ�YHUPLWWHOW�ZHUGHQ��$XI�GHQ�%LOGHUQ�VLQG�QRFK�GLH�6SXUHQ�GHU�*LQJLYHNWRPLH�]X�VHKHQ��'LH�*HZHEH�EH�
NRPPHQ�QXQ�GUHL�0RQDWH�=HLW��XP�DXV]XKHLOHQ��6RPLW�NRPPW�GHP�3URYLVRULXP�DXFK�GLH�)XQNWLRQ�HLQHV�7KHUDSHXWLNXPV�]X��
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'HȴQLWLYXP

'D�VLFK�QDFK�$EQDKPH�GHU�DOWHQ�9HUVRUJXQ-
JHQ�XQG�GHU�3U¦SDUDWLRQ�]HLJWH��GDVV�GLH�
6W¾PSIH�]XP�7HLO�XQWHUVFKLHGOLFK�VWDUN�YHU-
I¦UEW�ZDUHQ��ZXUGH�DOV�*HU¾VWPDWHULDO�HLQ�
=LUNRQR[LG�GHU�]ZHLWHQ�*HQHUDWLRQ�JHSODQW��
8P�EHL�HLQHU�GHUDUW�JUR¡HQ�9HUVRUJXQJ��EHL�
GHU�MD�GLH�NRPSOHWWH�2NNOXVLRQ�DXIJHO¸VW�ZHU-
GHQ�PXVV��GHQ�%LVV�QLFKW�]X�YHUOLHUHQ��ZXUGH�
HLQH�=HQWULNSODWWH�VHTXHQWLHOO�XQWHUI¾WWHUW�
'LH�=LUNRQR[LG�*HU¾VWH�ZXUGHQ�PLW�GHP�
KDXVHLJHQHQ�=LUNRQ]DKQ�&$'�&$0�6\VWHP�
GHVLJQW�XQG�JHIHUWLJW��%HLP�'HVLJQ�RULHQWLHU-
WHQ�ZLU�XQV�]X����b3UR]HQW�DP�:D[�XS��GD�
GLHVHV�GHQ�LGHDOHQ�5DXP�I¾U�GLH�*HU¾VWH�

YRUJLEW��$EE�ɋ���ELVb���. Zirkonoxide dieser 
*HQHUDWLRQ�ZHLVHQ�HWZDV�JHULQJHUH�)HVWLJ-
NHLWVZHUWH�ZLH�GLH�GHU�HUVWHQ�*HQHUDWLRQ�
DXI��VLQG�MHGRFK�ZHQLJHU�RSDN�Ȃ�GLH�LGHDOH�
.RPELQDWLRQ�DOVR�DXV��VWKHWLN��2SD]LW¦W�XQG�
Festigkeit �$EE�ɋ���XQGb�����(UUHLFKW�ZLUG�
GLHV�GXUFK�HLQH�KRPRJHQHUH�9HUWHLOXQJ�
der Al�O��3DUWLNHO�DXI�GHQ�=U2��.¸UQHUQ�>�@. 
*OHLFK]HLWLJ�VLQG�GLHVH�=LUNRQR[LGH�DXIJUXQG�
LKUHV�YRUOLHJHQGHQ�.ULVWDOOJHI¾JHV�DEHU�QRFK�
DXVUHLFKHQG�RSDN��XP�YHUI¦UEWH�8QWHUJU¾Q-
GH�JXW�DE]XGHFNHQ�
%HL�GHU�NHUDPLVFKHQ�9HUEOHQGXQJ�ZXUGH�
EHZXVVW�]XQ¦FKVW�QXU�GLH�'HQWLQVWUXNWXU�
JHVFKLFKWHW��XP�GHQ�6FKUXPSI�DXV]XJOHL-
FKHQ��+LHUEHL�ZXUGHQ�EHUHLWV�GLH�0DPHORQV�

DQJHOHJW�XQG�PLW�VSH]LHOOHQ�0DPHORQ�0DV-
VHQ�DN]HQWXLHUW��$EE�ɋ���ELVb���. Denn erst 
ZHQQ�GHU�'HQWLQNHUQ�NRPSOHWW�VWHKW��ZLUG�
PLW�6FKQHLGHPDVVHQ�¾EHUVFKLFKWHW��=XQ¦FKVW�
ZXUGHQ�DEHU�LP�ΖQ]LVDOEHUHLFK�NOHLQH�LQWHUQH�
8QUHJHOP¦¡LJNHLWHQ�PLW�GHQ�7UDQVSD�0DV-
VHQb7Ζb��XQGb��HLQJHDUEHLWHW��'D�GH]HQWH�
8QUHJHOP¦¡LJNHLWHQ�OHGLJOLFK�HLQH�G¾QQH�
6FKLFKWGLFNH�DXIZHLVHQ�VROOWHQ��ZXUGHQ�VLH�
LQ�GLHVHP�)DOO�QXU�DXIJHSXGHUW��$EE�ɋ����XQG�
GDQQ�PLW�GHVWLOOLHUWHP�:DVVHU�EHVSU¾KW��'D-
GXUFK�ZLUG�GLH�DXIJHSXGHUWH�0DVVH�ȴ[LHUW�
XQG�HWZDV�LQ�GLH�2EHUȵ¦FKH�HLQJHVFKZHPPW�
�$EE�ɋ�����0LW�GLHVHP�6FKULWW�ZXUGH�GLH�$E-
VRUSWLRQV]RQH�LP�6FKQHLGHEHUHLFK�LPLWLHUW�
1DFK�GHP���ɋ'HQWLQEUDQG�]HLJWHQ�VLFK�EHUHLWV�

���	���Ʉ)¾U�GLHVHQ�)DOO�ȴHO�GLH�:DKO�DXI�HLQ�=LUNRQR[LG�GHU����*HQHUDWLRQ��'LHVHV�ZHLVW�GLH�HWZDV�JHULJQHUH�)HVWLJNHLWHQ�ZLH�
GLH�GHU����*HQHUDWLRQ�DXI��LVW�MHGRFK�ZHQLJHU�RSDN��6RPLW�NRPELQLHUW�GDV�0DWHULDO�VR�ZLFKWLJH�$VSHNWH�ZLH��VWKHWLN��2SD]LW¦W�
und Festigkeit ideal.

�������Ʉ'LH�=LUNRQR[LG�*HU¾VWH�I¾U�GLH�GHȴQLWLYH�9HUVRUJXQJ�ZXUGHQ�PLW�GHP�KDXVHLJHQHQ�&$'�&$0�6\VWHP�UHDOLVLHUW��%HLP�
'HVLJQ�GHU�*HU¾VWH�RULHQWLHUWHQ�ZLU�XQV�]X����b3UR]HQW�DQ�GHP�:D[�XS��GD�GLHVHV�GHQ�5DXP�YRUJLEW�
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���	���Ʉ:HQQ�GHU�'HQWLQNHUQ�IHUWLJ�LVW��ZLUG�GLHVHU�PLW�6FKQHLGHPDVVHQ�¾EHUVFKLFKWHW��ΖP�ΖQ]LVDOEHUHLFK�ZXUGHQ�]XYRU�MHGRFK�
GXUFK�$XISXGHUQ�NOHLQH�LQWHUQH�8QUHJHOP¦¡LJNHLWHQ�PLW�GHU�7UDQVSD�0DVVH�7Ζ���XQG���DQJHOHJW��'DPLW�VROO�GLH�$EVRUSWLRQV]RQH�
LP�6FKQHLGHEHUHLFK�VLPXOLHUW�ZHUGHQ�

�������Ʉ8P�GHQ�6FKUXPSI�GHU�.HUDPLN�EHLP�%UDQG�DXV]XJOHLFKHQ�XQG�EHVVHU�NRQWUROOLHUHQ�]X�N¸QQHQ��ZXUGH�]XQ¦FKVW�QXU�
GLH�'HQWLQVWUXNWXU�PLW�GHQ�'HQWLQ�0DVVHQ�$���$����XQG�%��JHVFKLFKWHW��'LH�0DPHORQV�ZXUGHQ�PLW�VSH]LHOOHQ�0DPHORQ�0DVVHQ��
�0DNH�ΖQ��0Ζ�����ȵDPLQJR��XQG�0Ζ�����OHPRQ��DN]HQWXLHUW�
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�������Ʉ��ɋ'HQWLQEUDQG��(V�NRQQWHQ�VFK¸QH�'HQWLQN¸USHU�JHVFKD΍HQ�ZHUGHQ��GLH�GHQ�:HJ�]XU�ȴQDOHQ�=DKQIRUP�ZHLVHQ��'LHVHV�
]ZHL]HLWLJH�9RUJHKHQ�VFKD΍W�6LFKHUKHLW�EHLP�6FKLFKWHQ�XQG�VRUJW�GDI¾U��GDVV�VLFK��QGHUXQJVZ¾QVFKHQ�QRFK�OHLFKW�UHDOLVLHUHQ�ODVVHQ��
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VFK¸QH�'HQWLQN¸USHU��GLH�GHQ�:HJ�]XU�ȴQD-
OHQ�=DKQIRUP�ZLHVHQ��$EE�ɋ���ELVb���. Dieses 
9RUJHKHQ�VFKD΍W�6LFKHUKHLW�XQG�YHUKLQGHUW��
GDVV�LP�)DOO�YRQ��QGHUXQJVZ¾QVFKHQ�]X�JUR-
¡H�.RUUHNWXUHQ�YRQQ¸WHQ�Z¦UHQ��ΖQ�GLHVHP�
Ȍ'HQWLQVWDGLXPȊ�O¦VVW�VLFK�QRFK�YLHOHV�NRU-
ULJLHUHQ�XQG�UHODWLY�OHLFKW�NDVFKLHUHQ��=X-
GHP�VLQG�LQ�GHU�5HJHO�VRZLHVR�]ZHL�%U¦QGH�
QRWZHQGLJ��GLH�EHL�GLHVHP�]ZHL]HLWLJHQ�9RU-
JHKHQ�VLQQYROO�DXIJHWHLOW�ZHUGHQ��LQ�'HQWLQ�
XQG�6FKQHLGH���XP�GDGXUFK�)HKOHU�RGHU�]X�
JUR¡H�8PZHJH�]X�YHUPLHGHQ�

�VWKHWLNHLQSUREH

)¾U�GLH��VWKHWLNHLQSUREH�ZHUGHQ�GLH�.H-
UDPLNNURQHQ�XQG��EU¾FNHQ�ZHLWHVWJHKHQG�
DXVJHDUEHLWHW��'DV�KHL¡W��GLH�)RUP�XQG�2EHU-
ȵ¦FKH�LVW�HLJHQWOLFK�IHUWLJ�XQG�HV�IHKOW�QXU�
QRFK�GHU�*ODQ]EUDQG��$EE�ɋ���ELVb�����%HL�
GLHVHU�(LQSUREH�PXVVWH�XQWHU�DQGHUHP�DXFK�
GDUDXI�JHDFKWHW�ZHUGHQ��GDVV�GHU�3RQWLF�GHV�

%U¾FNHQJOLHGV�VR�DXVJHVWDOWHW�LVW��GDVV�GLH�
YRUNRQGLWLRQLHUWH�*LQJLYD�LQ�GLHVHP�%HUHLFK�
HQWVSUHFKHQG�JHVW¾W]W�ZLUG�
1DFK�GHU�5RKEUDQGHLQSUREH�NRQQWHQ�GLH�
.URQHQ�XQG�%U¾FNHQ�VFKQHOO�IHUWLJJHVWHOOW�
ZHUGHQ��$EVFKOLH¡HQG�PXVV�QRFKPDOV�GD-
UDXI�KLQJHZLVHQ�ZHUGHQ��GDVV�GLH�3DWLHQWLQ�
JUR¡HQ�:HUW�DXI�HLQH�QDW¾UOLFK�JHVWDOWHWH��
OHEHQGLJH�6FKLFKWXQJ�XQG�2EHUȵ¦FKH�LKUHU�
QHXHQ��N¾QVWOLFKHQ�=¦KQH�OHJWH��'DKHU�ZXUGH�
DXI�GLH�5HSURGXNWLRQ�YRQ�6FKPHO]ULVVHQ�XQG�
DQGHUHQ�&KDUDNWHULVWLND�VRZLH�GHU�$QODJH�
YRQ�0LNURVWUXNWXUHQ�YLHO�:HUW�JHOHJW��
'LH�6FKPHO]ULVVH�ZXUGHQ�¾EULJHQV�QLFKW�
QDFKWU¦JOLFK�DXIJHPDOW��VRQGHUQ�LQ�GLH�
6FKLFKWXQJ�LQWHJULHUW��+LHU]X�ZHUGHQ�GLH�
6FKPHO]ULVVH�PLW�HLQHP�G¾QQHQ�6HSDULHU-
LQVWUXPHQW��GDV�HLQȵ¦FKLJ�XQG�VHKU�G¾QQ�
PLW�HLQHU�HOIHQEHLQIDUEHQHQ�0DOIDUEH�HLQ-
JHSLQVHOW�ZXUGH��XQG�HLQHU�VFKQHOOHQ��ER-
JHQI¸UPLJHQ�%HZHJXQJ�LQ�GLH�QRFK�IHXFKWH�
6FKQHLGHNDQWH�HLQJHEUDFKW��6R�HQWVWHKHQ�

GUHLGLPHQVLRQDOH�5LVVH��GLH�VLFK�MH�QDFK�%H-
WUDFKWXQJVZLQNHO�PDO�VW¦UNHU�XQG�PDO�ZHQL-
JHU�VWDUN�GDUVWHOOHQ�Ȃ�ZLH�EHLP�HFKWHQ�=DKQ�
�$EE�ɋ���ELVb�����$OOHUGLQJV�VROOWH�EHLP�(LQ-
EULQJHQ�GHU�Ȍ5LVVHȊ�GDUDXI�JHDFKWHW�ZHUGHQ��
dass sie insbesondere in den transparenten 
%HUHLFKHQ�GHU�.URQHQ�QLFKW�]X�GLFN�DXVIDOOHQ��
GD�VLH�DQVRQVWHQ�N¾QVWOLFK�ZLUNHQ�
$Q�GLHVHU�6WHOO�PXVV�QRFKPDOV�GDUDXI�KLQ-
JHZLHVHQ�ZHUGHQ��GDVV�VLFK�GLH�3DWLHQWHQ�
DEVROXW�QDW¾UOLFK�ZLUNHQGH�N¾QVWOLFKH�=¦KQH�
JHZ¾QVFKW�KDW��'DKHU�ZXUGHQ�DXFK�6FKPHO]-
ULVVH�XQG�9HUI¦UEXQJHQ�UHSURGX]LHUW��:HU�
KLHU�HLQIDFK�GDUDXI�ORV�VFKLFKWHW��VFKLH¡W�
RIWPDOV�OHLGHU�ZHLW�¾EHU�GDV�=LHO�KLQDXV��
'DKHU�LVW�HV�LPPHU�ZLFKWLJ��YRUDE�PLW�GHP�
3DWLHQWHQ�]X�NO¦UHQ��ZDV�XQG�ZLH�YLHO�/HEHQ-
GLJNHLW�JHZ¾QVFKW�LVW��EHYRU�ZLU�XQVHUHP�
+DQGZHUN�IUHLHQ�/DXI�ODVVHQ�
In den $EELOGXQJHQb���XQGb���VLQG�GLH�6HL-
WHQ]DKQYHUVRUJXQJHQ��HLQH�%U¾FNH�YRQb���
DXIb���XQG�HLQH�%U¾FNH�YRQb���ELVb���VRZLH�

�������Ʉ'LH�.HUDPLNNURQHQ�XQG��EU¾FNHQ�ZXUGHQ�I¾U�GLH��VWKHWLNHLQSUREH�IDVW�IHUWLJJHVWHOOW��)RUP�XQG�2EHUȵ¦FKH�VLQG�
HLJHQWOLFK�IHUWLJ��HV�IHKOW�OHGLJOLFK�GHU�*ODQ]EUDQG�
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��Ʉ(V�PXVV�GDUDXI�KLQJHZLHVHQ�ZHUGHQ��GDVV�GLH�3DWLHQWLQ�JUR¡HQ�:HUW�DXI�HLQH�QDW¾UOLFK�JHVWDOWHWH��OHEHGLQJH�6FKLFKWXQJ�
XQG�2EHUȵ¦FKH�LKUHU�QHXHQ��N¾QVWOLFKHQ�=¦KQH�OHJWH��'DKHU�ZXUGHQ�DXFK�6FKPHO]ULVVH�UHSURGX]LHUW��+LHU]X�ZXUGH�QRFK�EHL�GHU�
.HUDPLNVFKLFKWXQJ�HLQ�G¾QQHV�6HSDULHULQVWUXPHQW�HLQȵ¦FKLJ�PLW�HLQHU�HOIHQEHLQIDUEHQHQ�0DOIDUEH�HLQJHSLQVHOW�XQG�LQ�HLQHU�
VFKQHOOHQ��ERJHQI¸UPLJHQ�%HZHJXQJ�LQ�GLH�QRFK�IHXFKWH�6FKQHLGHNDQWH�HLQJHEUDFKW�

�������Ʉ1DFK�GHU�5RKEUDQGHLQSUREH�NRQQWHQ�GLH�.URQHQ�XQG�%U¾FNHQ�VFKQHOO�IHUWLJJHVWHOOW�ZHUGHQ��'DV�KHL¡W��GHU�*ODQ]JUDG�
ZXUGH�PLW�HLQHP�)LO]UDG�HLQJHVWHOOW��GDV�PDQ�HLJHQWOLFK�YRP�$XVDUEHLWHQ�YRQ�.RPSRVLWHQ�NHQQW��XQG�GDQDFK�HLQ�UHGX]LHUWHU�
*ODQ]EUDQG�GXUFKJHI¾KUW��6R�ZLUG�HLQ�QDW¾UOLFK�ZLUNHQGHU�*ODQ]�HU]HXJW�XQG�YHUKLQGHUW��GDVV�GLH�JHZLVVHQKDIW�HUDUEHLWHWH�
2EHUȵ¦FKHQWH[WXU�YHUORUHQ�JHKW�
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HLQH�(LQ]HO]DKQNURQH�I¾U�=DKQb����GDUJH-
VWHOOW��'D�GLH�6HLWHQ]¦KQH�HLQH�LP�ZDKUV-
WHQ�6LQQH�GHV�:RUWHV�WUDJHQGH�5ROOH�HLQHU�
.RPSOHWWVDQLHUXQJ�]XNRPPW��LVW�DXI�HLQH�
PRUSKRORJLVFK�NRUUHNWH�*HVWDOWXQJ�]X�DFK-
WHQ��'LH�)XQNWLRQ�LVW�HLQ�7KHPD��GDV�LQVEH-
VRQGHUH�LQ�=HLWHQ�GHV��VWKHWLNK\SHV�QLFKW�
YHUJHVVHQ�ZHUGHQ�GDUI��'HQQ�QXU��ZHQQ�
GDV�*HVDPWV\VWHP�IXQNWLRQLHUW��ZLUG�DXFK�
GHU�3DWLHQW�ODQJH�)UHXGH�DQ�VHLQHQ�VFK¸QHQ�
QHXHQ�)URQW]¦KQHQ�KDEHQ�
'D�GLH�3DWLHQWLQ�]X�HLQHP�VS¦WHUHQ�=HLW-
SXQNW�LP�8QWHUNLHIHU�6HLWHQ]DKQEHUHLFK�
QHX�YHUVRUJW�ZHUGHQ�VROOWH��ZXUGH�GLHV�EHL�
GHU�$QIHUWLJXQJ�GHV�2EHUNLHIHUV�EHUHLWV�EH-
U¾FNVLFKWLJW��'DV�KHL¡W��EHLP�IXQNWLRQHOOHQ�
:D[�XS�GHV�2EHUNLHIHUV�ZXUGH�DXFK�GHU�
8QWHUNLHIHU�QHX�DXIJHZDFKVW��'LHVHV�:D[�XS�
ZXUGH�HEHQIDOOV�PLW�HLQHP�6LOLNRQVFKO¾VVHO�
JHVLFKHUW�XQG�NDQQ�VR�VS¦WHU�DXI�GLH�8.�9HU-
VRUJXQJ�¾EHUWUDJHQ�ZHUGHQ�
%HL�GHU��VWKHWLNHLQSUREH�EHVW¦WLJWH�GLH�
3DWLHQWLQ�XQV�LQ�XQVHUHQ�%HP¾KXQJHQ��6LH�
]HLJWH�VLFK�YRQ�GHU�QDW¾UOLFKHQ�:LUNXQJ�GHU�
.URQHQ�EHJHLVWHUW��:LU�KDWWHQ�DOVR�JU¾QHV�
/LFKW��XP�GLH�9HUVRUJXQJ�IHUWLJ]XVWHOOHQ�
)¾U�GLH�)HUWLJVWHOOXQJ�ZLUG�PLW�)LO]U¦GHUQ��GLH�
QRUPDOHUZHLVH�]XU�%HDUEHLWXQJ�YRQ�.RP-
SRVLW�HLQJHVHW]W�ZHUGHQ��HLQ�VHLGHQPDWWHU�

*ODQ]�HLQJHVWHOOW��'LH�2EHUȵ¦FKH�ZLUG�DOVR�
PHFKDQLVFK�YHUGLFKWHW��'DQDFK�ZHUGHQ�GLH�
.URQHQ�PLW�HLQHP�UHGX]LHUWHQ�*ODQ]EUDQG�
JHEUDQQW��'LHVHU�ZLUG�PLW�HLQHU�YLHO�QLHGUL-
JHUHQ�7HPSHUDWXU�GXUFKJHI¾KUW��DOV�QRUPDO��
XP�GLH�HUDUEHLWHWHQ�'HWDLOV�XQG�GLH�6WUXNWXU�
QLFKW�ZLHGHU�]X�YHUOLHUHQ��(V�LVW�ZLFKWLJ��

.RPPXQLNDWLRQ�LVW�DOVR�DOOHV

ΖQVEHVRQGHUH�EHL�NRPSOH[HQ�)¦OOHQ��ZLH�
GHP�KLHU�GDUJHVWHOOWHQ��EHL�GHQHQ�PDQ�
VLFK�HUVW�HLQPDO�RULHQWLHUHQ�PXVV��XP�GLH�
ULFKWLJH�5LFKWXQJ�HLQVFKODJHQ�]X�N¸QQHQ��
LVW�HLQH�YHUQ¾QIWLJH�3ODQXQJ�GDVb$�XQGb2��
$QJHIDQJHQ�EHL�JXWHQ�6LWXDWLRQVPRGHOOHQ�
¾EHU�GLH�DXV�GHP�3DWLHQWHQJHVSU¦FK�JHVDP-
PHOWHQ�ΖQIRUPDWLRQHQ�XQG�:¾QVFKH�ELV�KLQ�
]X�GHQ�DXV�GHU�(LQSUREH��HQWZHGHU�0RFN�XS�
RGHU�EHUHLWV�5RKEUDQGHLQSUREH��JHZRQQHQ�
(UNHQQWQLVVHQ��$OO�GLHV�LVW�HVVHQWLHOO�I¾U�HLQ�
HUIROJUHLFKHV�(UJHEQLV�
:LFKWLJ�LVW�KLHUEHL�DXFK��GDVV�GHU�JHVDPWH�
(QWVWHKXQJVSUR]HVV�I¾U�DOOH�%HWHLOLJWHQ�WUDQV-
SDUHQW�EOHLEW��GDV�KHL¡W�GLH�MHZHLOV�ZLUNOLFK�
ZLFKWLJHQ�ΖQIRUPDWLRQHQ�JHWHLOW�ZHUGHQ�
ΖQ�GLHVHP�)DOO�ZDU�GDV�]XP�%HLVSLHO�GLH�ΖQ-
IRUPDWLRQ�I¾U�GHQ�=DKQDU]W��ZR�XQG�XP�ZLH�
YLHO�GLH�.URQHQ�YHUO¦QJHUW�ZHUGHQ�VROOWHQ��

XP�GDV�DQJHVWUHEWH�(UJHEQLV�HUUHLFKHQ�]X�
N¸QQHQ��'LHV�HUIROJWH�]XP�HLQHQ�¾EHU�GLH�
LP�/DERU�JHIHUWLJWH�6FKLHQH��]XV¦W]OLFK�DEHU�
DXFK�KDQGVFKULIWOLFK��$X¡HUGHP�ZXUGH�GHU�
=DKQDU]W�PLW�HLQHP�3U¦SDUDWLRQVVFKO¾VVHO�
DXVJHVWDWWHW��XP�HLQH�EHVVHUH�.RQWUROOH�GHU�
=LHOYRUJDEHQ�]X�KDEHQ�
(V�KDW�VLFK�]XGHP�JH]HLJW��GDVV�GHU�=DKQ-
WHFKQLNHU�YRP�3DWLHQWHQ�JDQ]�DQGHUH�ΖQ-
IRUPDWLRQHQ�HUK¦OW��DOV�GHU�=DKQDU]W��2E�
GDV�QXQ�GDUDQ�OLHJW��GDVV�VLFK�GHU�3DWLHQW�
KLHU�XQG�GD�GHP�=DKQWHFKQLNHU�RGHU�GHP�
=DKQDU]W�PHKU�¸΍QHW��VHL�DQ�GLHVHU�6WHOOH�
HLQPDO�GDKLQJHVWHOOW��:LFKWLJ�LVW�QXU��GDVV�
XQWHUVFKLHGOLFKH�ΖQIRUPDWLRQHQ�]XVDPPHQ-
NRPPHQ��GLH�]XVDPPHQJHI¾KUW�XQG�KLHUI¾U�
DOVR�JHWHLOW�ZHUGHQ�P¾VVHQ��'DKHU�LVW�HV�
DXFK�VR�ZLFKWLJ��GDVV�GHU�=DKQWHFKQLNHU�GHQ�
3DWLHQWHQ�VLHKW�
'HQQ�ZDV�Z¦UH�VFKOLPPHU��DOV�GDVV�DP�(QGH�
GHU�6DW]�I¦OOW��Ȍ2K��GDV�ZXVVWH�LFK�QLFKW�Ȋ�
8P�GLHV�]X�YHUPHLGHQ��PXVV�PLWHLQDQGHU�
JHVSURFKHQ�ZHUGHQ��$OOHUGLQJV�VROOWHQ�GDEHL�
QXU�GLH�I¾U�GLH�MHZHLOLJH�'LV]LSOLQ�UHOHYDQWHQ�
ΖQIRUPDWLRQHQ�ȵLH¡HQ��$QVRQVWHQ�O¦XIW�PDQ�
*HIDKU��GHQ�DQGHUHQ�]X�¾EHUIUDFKWHQ�
$P�7DJ�GHV�(LQVHW]HQV�VROOWH�HV�VLFK�]HL-
JHQ��RE�DOOH�UHOHYDQWHQ�ΖQIRUPDWLRQHQ�XQG�
:¾QVFKH�LQ�GHQ�=DKQHUVDW]�HLQJHȵRVVHQ�

���	���Ʉ'LH�6HLWHQ]DKQYHUVRUJXQJHQ��%U¾FNHQ�YRQ����DXI����XQG����ELV����VRZLH�HLQH�(LQ]HO]DKQNURQH�DXI�=DKQ�����'D�GLH�
6HLWHQ]¦KQH�HLQH�I¾U�GLH�)XQNWLRQ�WUDJHQGH�5ROOH�VSLHOHQ��LVW�DXI�HLQH�NRUUHNWH�0RUSKRORJLH�XQG�)XQNWLRQ�GHU�.DXȵ¦FKHQ�]X�DFK�
WHQ��'LH�)XQNWLRQ�LVW�HLQ�7KHPD��GDV�LQ�=HLWHQ�GHV��VWKHWLNK\SHV�JHUQ�YHUJHVVHQ�ZLUG��DEHU�DEVROXW�ZLFKWLJ�I¾U�GLH�/DQJOHELJNHLW�
HLQHU�5HVWDXUDWLRQ�LVW�
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�������Ʉ$P�(LQVHW]WDJ�]HLJWH�VLFK��GDVV�DOOH�JHVDPPHOWHQ�ΖQIRUPDWLRQHQ�XQG�:¾QVFKH�GHU�3DWLHQWLQ�LQ�GHQ�=DKQHUVDW]�HLQ�
JHȵRVVHQ�VLQG��(UIROJ�VWHOOW�VLFK�HLQ��ZHQQ�GLH�3DVVXQJ�SHUIHNW�LVW��DOOH�.RQWDNWH�GD�VLQG��GLH�)XQNWLRQ�JHJHEHQ�LVW�XQG�GLH�9HU�
VRUJXQJ�¦VWKHWLVFK�¾EHU]HXJW��
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VLQG��/HW]WHQGOLFK�]HLJW�VLFK�GDV�]XP�HLQHQ�
LQ�GHU�SURIHVVLRQHOOHQ�0HLQXQJ��'LHVH�ELOGHW�
VLFK�DXV�GHU�4XDOLW¦W�GHU�3DVVXQJ��.RQWDNWH��
)XQNWLRQ�XQG��VWKHWLN��$EE�ɋ���ELVb����XQG�
]XP�DQGHUHQ�LQ�GHU�5HDNWLRQ�GHV�3DWLHQWHQ��
DOVR�RE�HU�]XIULHGHQ��JO¾FNOLFK�RGHU�VRJDU�
¾EHUJO¾FNOLFK�LVW��$EE�ɋ���ELVb���. 

)D]LW

'LH�3ODQXQJ�VRZLH�GHU�GDEHL�IHVWJHOHJWH�:HJ��
DEHU�DXFK�GHU�:HJ�DQ�VLFK��]XP�%HLVSLHO�
GLH�DQJHZDQGWH�7HFKQLN�XQG�GLH�YHUZHQ-
GHWHQ�0DWHULDOLHQ��VLQG�VHKU�ZLFKWLJ�I¾U�GHQ�
HUIROJUHLFKHQ�$EVFKOXVV�HLQHU�NRPSOH[HQ�
Patientenarbeit. 
1RFK�YLHO�ZLFKWLJHU�LVW�MHGRFK�GLH�.RPPXQL-
NDWLRQ��'HQQ�MHGHU��GHU�DP�(UUHLFKHQ�GLHVHV�
=LHOV�EHWHLOLJW�LVW��KDW�VSH]LHOOH�)¦KLJNHLWHQ�
XQG�VSH]LȴVFKHV�:LVVHQ��'DUDXI�VROOWH�PDQ�
VLFK�IRNXVVLHUHQ��'LHVHV�6SH]LDOZLVVHQ�XQG�

GLH�GDPLW�YHUEXQGHQH�VSH]LHOOH�6LFKW�GHU�
'LQJH�PXVV�MHGRFK�JHWHLOW�ZHUGHQ��0LW�GHP�
=DKQDU]W��GHP�2UDOFKLUXUJ��GHQ�+HOIHULQQHQ�
DEHU�DXFK�GHP�3DWLHQWHQ��'LHVH�'LV]LSOLQHQ�
P¾VVHQ�VLFK�XQG�LKU�:LVVHQ��DEHU�DXFK�GLH�
HUKREHQHQ�ΖQIRUPDWLRQHQ�PLWHLQDQGHU�WHL-
OHQ��XP�LGHDOH�9RUDXVVHW]XQJHQ�]X�VFKD΍HQ��
ΖP�YRUOLHJHQGHQ�)DOO�ZDU�GLHV�QHEHQ�GHQ�
NODVVLVFKHQ�ΖQIRUPDWLRQHQ�XQWHU�DQGHUHP�
GLH�9LVXDOLVLHUXQJ�GHV�DQJHVWUHEWHQ�=DKQ-
ȵHLVFKYHUODXIV��'LHVH�]RJ�I¾U�GHQ�%HKDQGOHU�
HLQH�*LQJLYHNWRPLH�QDFK�VLFK��GD�VLFK�QXU�VR�
GDV�DQJHVWUHEWH�/¦QJHQ�%UHLWHQ�9HUK¦OWQLV�
UHDOLVLHUHQ�OLH¡�� �

LITERATUR 
>�@  +HLQb6��7DSLDb-��%D]RVb3��H/$%RUBDLG��

a new approach to digital shade 
PDQDJHPHQW��ΖQW�-�(VWKHW�'HQW��
�������������������

>�@� �%DNVKLb0��7DUQRZb'��%LWWQHUb1. 
&KDQJHV�LQ�5LGJH�'LPHQVLRQ�ZLWK�
3RQWLFV�ΖPPHGLDWHO\�3ODFHG�DW�
([WUDFWLRQ�6LWHV��$�3LORW�6WXG\��ΖQW�-�
3HULRGRQWLFV�5HVWRUDWLYH�'HQW�������
-XO�$XJ����������������GRL�����������
SUG������

>�@� �6WDZDUF]\Nb%��.HXOb&��(LFKEHUJHUb0��
)LJJHb'��(GHOKR΍b'��/¾PNHPDQQb1. 
7KUHH�JHQHUDWLRQV�RI�]LUFRQLD��)URP�
YHQHHUHG�WR�PRQROLWKLF��3DUW�Ζ��
4XLQWHVVHQFH�ΖQW�����������������
�����GRL����������M�TL�D������

�������Ʉ�VWKHWLN��VR�KHL¡W�HV��OLHJW�LP�$XJH�GHV�%HWUDFKWHUV��ΖQ�XQVHUHP�)DOO�ZDU�HV�GLH�3DWLHQWLQ��GLH�GLHVHQ�DFK�VR�DEVWUDNWHQ�
%HJUL΍��VWKHWLN�I¾U�XQV�¾EHUVHW]WH��LQGHP�VLH�EHPHUNWH��GDVV�VLH�VLFK�LKUH�=¦KQH�VFKRQ�LPPHU�VR�JHZ¾QVFKW�KDW�
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1DFK�VHLQHU�$XVELOGXQJ�]XP�=DKQWHFKQLNHU�LQ�%DPEHUJ�EHJDQQ�3DXO�/HRQKDUG�6FKXK�HLQ�6WXGLXP�GHU�
=DKQ���0XQG��XQG�.LHIHUKHLONXQGH��GDV�HU������DEVFKORVV��$QVFKOLH¡HQG�DUEHLWHWH�HU�DOV�ZLVVHQVFKDIW�
OLFKHU�0LWDUEHLWHU�LQ�GHU�$EWHLOXQJ�I¾U�]DKQ¦U]WOLFKH�3URWKHWLN�XQG�GHQWDOH�7HFKQRORJLH�DQ�GHU�SULYDWHQ�
8QLYHUVLW¦W�:LWWHQ�+HUGHFNH�XQWHU�3URI��'U��'U��$QGUHH�3LZRZDUF]\N��%HUHLWV�LP�6WXGLXP�JU¾QGHWH�HU�
PLW�.DUO�%¾KULQJ�GDV�'6*Ζ�&XUULFXOXP��'LHVHV�ZXUGH�YRQ�GHU�8QLYHUVLW¦W�:LWWHQ�+HUGHFNH�LP�-DKUH�
�����DOV�*HZLQQHU�GHU�Ȍ*U¾QGHUZHUNVWDWWȋ�DXVJH]HLFKQHW��6HLQ�(QJDJHPHQW�I¾U�=DKQPHGL]LQVWXGHQ�
WHQ�XQG�MXQJH�$VVLVWHQWHQ�]HLJW�HU�LQ�VHLQHU�$UEHLW�DOV�9RUVWDQGVPLWJOLHG�GHV�%G=0��%XQGHVYHUEDQG�
GHU�=DKQPHGL]LQVWXGHQWHQ�LQ�'HXWVFKODQG�H��9���XQG�PLWWOHUZHLOH�DXFK�GHV�%G=$��%XQGHVYHUEDQG�GHU�
]DKQPHGL]LQLVFKHQ�$OXPQL�LQ�'HXWVFKODQG�H��9����1HEHQ�HUVWHQ�9HU¸΍HQWOLFKXQJHQ�XQG�5HIHUHQWHQ�
W¦WLJNHLWHQ�DXI�QDWLRQDOHU�(EHQH�ZXUGH�VHLQH�$UEHLW�HLQHU�¦VWKHWLVFKHQ�)URQW]DKQUHNRQVWUXNWLRQ�LP�
*OREDO�&HUDPȏ;�&DVH�&RQWHVW�����������PLW�GHP����3ODW]�SU¦PLHUW��6HLW�1RYHPEHU������DEVROYLHUW�
HU�GDV�3RVWJUDGXLHUWHQSURJUDPP�]XP�6SH]LDOLVWHQ�I¾U�3DURGRQWRORJLH�EHL�%RO]�:DFKWHO�LQ�0¾QFKHQ�
XQG�LVW�0LWJOLHG�GHU�PHGL]LQLVFKHQ�5HGDNWLRQ�GHV�'HQWDO�2QOLQH�&ROOHJH�

%DVWLDQ�:DJQHU�EHJDQQ�VHLQH�$XVELOGXQJ�]XP�=DKQWHFKQLNHU�LP�-DKU�������1DFKGHP�HU�LP�-DKU������
VHLQH�$XVELOGXQJ�PLW�$XV]HLFKQXQJ�EHVWDQG��EHVWHU�$EVROYHQW�GHU�%HUXIVVFKXOH�$XJVEXUJ��IROJWHQ�
OHKUUHLFKH�-DKUH�EHL�=WP��+DQV�-¾UJHQ�6WHFKHU��%DVWLDQ�:DJQHU�VSH]LDOLVLHUWH�VLFK�LQ�GHQ�%HUHLFKHQ�
�VWKHWLN�XQG�)XQNWLRQ��9ROONHUDPLN�XQG�ΖPSODQWDWSURWKHWLN��9RQ������ELV������EHVXFKWH�HU�GLH�0HLVWHU�
VFKXOH�LQ�0¾QFKHQ��GLH�HU�HUIROJUHLFK�DEOHJWH�������¾EHUQDKP�HU�GLH�/DERUOHLWXQJ�GHV�3UD[LVODERUV�YRQ�
'U�ɋ0DUNXV�5HJHQVEXUJHU�LQ�0¾QFKHQ��ΖQ�GLHVHU�=HLW�VDPPHOWH�HU�ZLFKWLJH�(UIDKUXQJHQ�XQG�DEVROYLHUWH�
]DKOUHLFKH�)RUW��XQG�:HLWHUELOGXQJHQ�LP�ΖQ��XQG�$XVODQG��]XP�%HLVSLHO�-DSDQ�XQG�)UDQNUHLFK��]X�GHQ�
7KHPHQ��VWKHWLN��)XQNWLRQ��3KRQHWLN�XQG�ΖPSODQWDWSURWKHWLN��6HLW������LVW�%DVWLDQ�:DJQHU�DXFK�DOV�
5HIHUHQW�I¾U�YHUVFKLHGHQH�'HQWDOȴUPHQ�W¦WLJ��+HXWH�DUEHLWHW�HU�PLW�I¾U�GLH�ΖPSODQHR�'HQWDO�&OLQLF�
LQ�0¾QFKHQ�XQWHU�DQGHUHP�I¾U�VR�UHQRPPLHUWH�=DKQ¦U]WH�ZLH�'U��:ROIJDQJ�%RO]��3URI��'U��+DQQHV�
:DFKWHO�XQG�'U��3DXO�6FKXK�
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