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Die Bundesanstalt für Straßenwesen
veröffentlicht ihre Arbeits- und Forschungs-
ergebnisse in der Schriftenreihe Berichte der 
Bundesanstalt für Straßenwesen.  Die Reihe
besteht aus folgenden Unterreihen:

A - Allgemeines
B - Brücken- und Ingenieurbau
F - Fahrzeugtechnik
M - Mensch und Sicherheit
S - Straßenbau
V - Verkehrstechnik

Es wird darauf hingewiesen, dass die unter
dem Namen der Verfasser veröffentlichten
Berichte nicht in jedem Fall die Ansicht des
Herausgebers wiedergeben.

Nachdruck und photomechanische Wieder-
gabe, auch auszugsweise, nur mit Genehmi-
gung der Bundesanstalt für Straßenwesen,
Stabsstelle Presse und Öffentlichkeitsarbeit.

Die Hefte der Schriftenreihe Berichte der 
Bundesanstalt für Straßenwesen  können
direkt bei der Carl Schünemann Verlag GmbH,
Zweite Schlachtpforte 7, D-28195 Bremen,
Telefon: (04 21) 3 69 03 - 53, bezogen werden.

Über die Forschungsergebnisse und ihre 
Veröffentlichungen wird in der Regel in Kurzform im 
Informationsdienst Forschung kompakt  berichtet.
Dieser Dienst wird kostenlos angeboten;
Interessenten wenden sich bitte an die
Bundesanstalt für Straßenwesen,
Stabsstelle Presse und Öffentlichkeitsarbeit.

Ab dem Jahrgang 2003 stehen die Berichte der BASt 
zum Teil als kostenfreier Download im elektronischen 
BASt-Archiv ELBA zur Verfügung.
http://bast.opus.hbz-nrw.de

Impressum

Bericht zum Forschungsprojekt:  FE 03.441/2008/ EGB
Entwicklung von Prüfmethoden zur Separation von Re�exkörpern 
und Grif�gkeitsmitteln in Nachstreumittelgemischen für 
Markierungssysteme sowie Analyse und Identi�kation der 
Beschichtung (Coating/Treatment) von Re�exkörpern

Fachbetreuung
Annette Gail
Stephan Killing

Herausgeber
Bundesanstalt für Straßenwesen
Brüderstraße 53, D-51427 Bergisch Gladbach
Telefon: (0 22 04) 43 - 0
Telefax: (0 22 04) 43 - 674

Redaktion
Stabsstelle Presse und Öffentlichkeitsarbeit

Druck und Verlag
Fachverlag NW in der
Carl Schünemann Verlag GmbH
Zweite Schlachtpforte 7, D-28195 Bremen
Telefon: (04 21) 3 69 03 - 53
Telefax: (04 21) 3 69 03 - 48
www.schuenemann-verlag.de

ISSN 0943-9331
ISBN 978-3-95606-061-8

Bergisch Gladbach, Dezember 2013



�

"GDL83EEG@9�V��4EFD35F

)78>7J=PDB7D�G@6��D;88;9=7;FE?;FF7>�;@
%35:EFD7G?;FF7>97?;E5:7@�8QD
$3D=;7DG@9EEKEF7?7

�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�� �V�O�N�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�

�G�E�N�� �S�I�N�D�� �S�I�C�H�E�R�H�E�I�T�S�R�E�L�E�V�A�N�T�E�� �"�E�S�T�A�N�D�T�E�I�L�E�� �D�E�R
�3�T�R�A�”�E�N�A�U�S�S�T�A�T�T�U�N�G���� �&�Ó�R�� �A�U�S�R�E�I�C�H�E�N�D�E�� �&�U�N�K�T�I�O�N�A���

�L�I�T�Û�T�� �U�N�D�� �$�A�U�E�R�H�A�F�T�I�G�K�E�I�T�� �B�E�S�T�E�H�E�N�� �!�N�F�O�R�D�E�R�U�N�G�E�N
�A�N�� �D�E�R�E�N�� �0�A�R�T�I�K�E�L�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G�� �S�O�W�I�E�� �&�O�R�M�
��
�4�R�A�N�S�P�A�R�E�N�Z�
�� �U�N�D�� �/�B�E�R�F�L�Û�C�H�E�N�E�I�G�E�N�S�C�H�A�F�T�E�N���� �%�I�N
�:�I�E�L���D�I�E�S�E�R���&�O�R�S�C�H�U�N�G�S�A�R�B�E�I�T���W�A�R���E�S�����E�I�N�E���O�P�T�I�M�I�E�R�

�T�E�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �D�U�R�C�H���!�D�A�P�T�I�

�O�N�� �E�I�N�E�S�� �D�I�G�I�T�A�L�
�O�P�T�I�S�C�H�E�N�� �-�E�S�S�V�E�R�F�A�H�R�E�N�S�� �Z�U
�E�R�M�š�G���I�L�C�H�E�N���� �%�I�N���W�E�I�T�E�R�E�S���:�I�E�L�� �B�E�S�T�A�N�D���D�A�R�I�N���� �C�H�E�

�M�I�S�C�H�
�A�N�A�L�Y�T�I�S�C�H�E�� �6�E�R�F�A�H�R�E�N�� �Z�U�R�� �!�N�A�L�Y�S�E�� �V�O�N�� �"�E�

�S�C�H�I�C�H�T�U�N�G�E�N�� �A�U�F�� �D�E�R�A�R�T�I�G�E�N�� �0�A�R�T�I�K�E�L�N�� �Z�U�� �E�N�T�W�I���

�C�K�E�L�N���� �$�A�S�� �%�R�G�E�B�N�I�S�� �D�E�R�� �&�O�R�S�C�H�U�N�G�S�A�R�B�E�I�T�� �S�O�L�L
�E�I�N�E�N�� �"�E�I�T�R�A�G�� �Z�U�R�� �7�E�I�T�E�R�E�N�T�W�I�C�K�L�U�N�G�� �D�E�S�� �5�N�T�E�R�S�U�

�C�H�U�N�G�S�
�� �U�N�D�� �1�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�U�N�G�S�I�N�S�T�R�U�M�E�N�T�A�R�I�U�M�S
�I�N�N�E�R�H�A�L�B�� �D�E�S�� �T�E�C�H�N�I�S�C�H�E�N�� �2�E�G�E�L�W�E�R�K�E�S�� �L�I�E�F�E�R�N��
�'�R�U�N�D�L�A�G�E�� �D�E�R�� �6�E�R�F�A�H�R�E�N�S�E�R�A�R�B�E�I�T�U�N�G�� �U�N�D�� �
�V�A�L�I�D�I�E�

�R�U�N�G�� �S�T�E�L�L�T�E�N�� �R�E�P�R�Û�S�E�N�T�A�T�I�V�E�� �H�A�N�D�E�L�S�Ó�B�L�I�C�H�E
�.�A�C�H�S�T�R�E�U���M�I�T�T�E�L���G�E�M�I�S�C�H�E�� �U�N�D�� �D�E�R�E�N���!�U�S�G�A�N�G�S�M�A�

�T�E�R�I�A�L�I�E�N���F�Ó�R���&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���D�E�S���4�Y�P�S�������U�N�D
�����D�A�R��

�%�S�� �K�O�N�N�T�E�� �G�E�Z�E�I�G�T�� �W�E�R�D�E�N���� �D�A�S�S�� �D�I�G�I�T�A�L�
�O�P�T�I�S�C�H�E
�-�E�S�S�V�E�R�F�A�H�R�E�N�� �D�I�F�F�E�R�E�N�Z�I�E�R�E�N�D�E�S�� �0�O�T�E�N�Z�I�A�L�� �M�I�T�� �H�š�

�H�E�R�E�R�� �0�R�Û�Z�I�S�I�O�N�� �Z�U�R�� �V�E�R�B�E�S�S�E�R�T�E�N�� �G�R�A�N�U�L�O�M�E�T�R�I�

�S�C�H�E�N�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �D�E�R�A�R�T�I�G�E�R�� �-�A�T�E�R�I�A�L�I�E�N�� �A�U�F�

�W�E�I�S�E�N�����$�I�E���2�Ó�C�K�F�Ó�H�R�B�A�R�K�E�I�T���A�U�F���D�A�S���K�O�N�V�E�N�T�I�O�N�E�L�L�E
�3�I�E�B�V�E�R�F�A�H�R�E�N���I�S�T���H�E�R�S�T�E�L�L�B�A�R�����-�I�T�T�E�L�S���Q�U�A�N�T�I�F�I�Z�I�E�R�B�A�

�R�E�R���&�O�R�M�
���U�N�D���4�R�A�N�S�P�A�R�E�N�Z�P�A�R�A�M�E�T�E�R���B�I�E�T�E�T���D�I�E���-�E�

�T�H�O�D�I�K�� �A�U�C�H�� �W�E�I�T�E�R�F�Ó�H�R�E�N�D�E�� �/�P�T�I�O�N�E�N�� �Z�U�R�� �'�Ó�T�E�

�K�E�N�N�Z�E�I�C�H�N�U�N�G���I�N���!�N�L�E�H�N�U�N�G���A�N���D�I�E���$�)�.���%�.������������
�%�I�N�E�� �I�D�E�N�T�I�F�I�Z�I�E�R�E�N�D�E�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �V�O�N�� �0�A�R�T�I�K�E�L�

�G�E�M�I�S�C�H�E�N���M�I�T���D�I�R�E�K�T�E�R���2�Ó�C�K�F�Ó�H�R�B�A�R�K�E�I�T���A�U�F���M�E�C�H�A�

�N�I�S�C�H�E�� �U�N�D�� �L�I�C�H�T�T�E�C�H�N�I�S�C�H�E�� �'�E�B�R�A�U�C�H�S�E�I�G�E�N�S�C�H�A�F�

�T�E�N�� �I�S�T�� �M�I�T�� �D�E�R�� �N�E�U�E�N�� �-�E�T�H�O�D�I�K�� �M�š�G�L�I�C�H���� �$�A�R�Ó�B�E�R
�H�I�N�A�U�S�� �W�U�R�D�E�� �E�I�N�E�� �-�E�S�S�
�� �U�N�D�� �!�U�S�W�E�R�T�E�M�E�T�H�O�D�I�K
�A�U�F���"�A�S�I�S���D�E�R���&�O�R�M�
���U�N�D���4�R�A�N�S�P�A�R�E�N�Z�K�E�N�N�W�E�R�T�E���E�R�

�A�R�B�E�I�T�E�T�����M�I�T���D�E�R�E�N���(�I�L�F�E���E�I�N�E���N�A�C�H�T�R�Û�G�L�I�C�H�E���$�I�F�F�E�R�E�N�

�Z�I�E�R�U�N�G�� �B�Z�W���� �3�E�P�A�R�A�T�I�O�N�� �D�E�R�� �%�I�N�Z�E�L�P�H�A�S�E�N�� �I�N�� �D�E�R
�-�I�S�C�H�U�N�G�S�Z�U�S�A�M�M�E�N�S�E�T�Z�U�N�G�� �E�I�N�E�S�� �.�A�C�H�S�T�R�E�U�M�I�T�

�T�E�L�G�E�M�I�S�C�H�E�S���E�R�M�š�G�L�I�C�H�T���W�I�R�D�����$�I�E���%�R�G�E�B�N�I�S�S�E���W�U�R�

�D�E�N���J�E�W�E�I�L�S���A�U�S���2�E�L�A�T�I�V�V�E�R�G�L�E�I�C�H�E�N���D�E�R���%�I�N�Z�E�L�U�N�T�E�R�

�S�U�C�H�U�N�G���A�L�L�E�R���B�E�T�E�I�L�I�G�T�E�N���-�A�T�E�R�I�A�L�I�E�N���U�N�D���D�E�M���F�E�R�T�I�

�G�E�N�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�E�N�G�E�� �A�B�G�E�L�E�I�T�E�T���� �%�S�� �W�I�R�D
�E�M�P�F�O�H�L�E�N�����S�O�W�O�H�L���D�I�E���2�E�F�L�E�X�
���A�L�S���A�U�C�H���'�R�I�F�F�I�G�K�E�I�T�S�

�M�I�T�T�E�L�G�E�M�E�N�G�E�� �S�O�W�I�E�� �D�A�S�� �E�N�T�S�P�R�E�C�H�E�N�D�E�� �.�A�C�H�


�S�T�R�E�U�M�I�T�T�E�L�P�R�O�D�U�K�T�� �E�I�N�Z�E�L�N�� �U�N�T�E�R�� �%�R�F�A�S�S�U�N�G�� �A�L�L�E�R
�&�O�R�M�
�� �U�N�D�� �4�R�A�N�S�P�A�R�E�N�Z�P�A�R�A�M�E�T�E�R�� �Z�U�� �K�E�N�N�Z�E�I�C�H�

�N�E�N���� �$�A�R�Ó�B�E�R���H�I�N�A�U�S���Z�E�I�G�T���S�I�C�H���� �D�A�S�S���D�I�E���-�E�T�H�O�D�I�K
�W�E�I�T�E�R�E�S���'�Ó�T�E�S�I�C�H�E�R�U�N�G�S�P�O�T�E�N�Z�I�A�L���A�U�F�W�E�I�S�T����

�!�U�C�H�� �D�I�E�� �E�R�A�R�B�E�I�T�E�T�E�N�� �!�N�A�L�Y�S�E�V�E�R�F�A�H�R�E�N�� �Z�U�R��
�+�E�N�N�Z�E�I�C�H�N�U�N�G�� �V�O�N�� �/�B�E�R�F�L�Û�C�H�E�N�B�E�S�C�H�I�C�H�T�U�N�G�E�N
���4�/�&�
�3�)�-�3���� �(�E�A�D�S�P�A�C�H�E�
�'�#���-�3���� �(�4�$�
�'�#���-�3�	
�S�I�N�D���J�E�W�E�I�L�S���2�E�L�A�T�I�V�V�E�R�F�A�H�R�E�N�����D�A�S���H�E�I�”�T�����E�S���W�E�R�D�E�N
�F�Ó�R���E�I�N�E���:�U�O�R�D�N�U�N�G���V�O�R�A�B���2�E�F�E�R�E�N�Z�P�R�O�B�E�N���V�O�N���B�E�

�S�C�H�I�C�H�T�E�T�E�M�� �U�N�D�� �N�I�C�H�T�� �B�E�S�C�H�I�C�H�T�E�T�E�M�� �.�A�C�H�S�T�R�E�U�

�M�I�T�T�E�L���R�E�S�P�E�K�T�I�V�E���E�I�N�E���2�E�F�E�R�E�N�Z���D�E�S���#�O�A�T�I�N�G�S���B�E�N�š�

�T�I�G�T���� �%�I�N�E�� �S�E�H�R�� �V�O�R�T�E�I�L�H�A�F�T�E�� �W�E�I�T�E�R�E�� �!�N�A�L�Y�S�E�O�P�T�I�O�N
�K�A�N�N�� �V�O�N�� �E�I�N�E�M�� �O�B�E�R�F�L�Û�C�H�E�N�A�N�A�L�Y�T�I�S�C�H�E�N�� �5�N�T�E�R�

�S�U�C�H�U�N�G�S�A�N�S�A�T�Z�����:�E�T�A�
�0�O�T�E�N�Z�I�A�L�	���E�R�W�A�R�T�E�T���W�E�R�D�E�N����

�$�I�E�� �V�O�R�L�I�E�G�E�N�D�E�N�� �%�R�G�E�B�N�I�S�S�E�� �Z�E�I�G�E�N�� �/�P�T�I�O�N�E�N�� �F�Ó�R
�V�E�R�B�E�S�S�E�R�T�E���'�Ó�T�E�S�I�C�H�E�R�H�E�I�T���A�U�F�����3�I�E���L�I�E�F�E�R�N���W�I�S�S�E�N�

�S�C�H�A�F�T�L�I�C�H�
�T�E�C�H�N�I�S�C�H�E�� �'�R�U�N�D�L�A�G�E�N�� �F�Ó�R�� �D�I�E�� �E�N�T�S�P�R�E�

�C�H�E�N�D�E���7�E�I�T�E�R�E�N�T�W�I�C�K�L�U�N�G���D�E�S���T�E�C�H�N�I�S�C�H�E�N���2�E�G�E�L�

�W�E�R�K�E�S����

�>3EE�4736E�3@6�3@F;E=;6�399D793F7E�;@�6DAB	A@
?;JFGD7E�8AD�DA36�?3D=;@9E

�$�R�O�P�
�O�N�� �M�I�X�T�U�R�E�S�� �F�O�R�� �R�O�A�D�� �M�A�R�K�I�N�G�� �S�Y�S�T�E�M�S�� �A�R�E
�S�A�F�E�T�Y�
�R�E�L�E�V�A�N�T�� �P�A�R�T�S�� �O�F�� �H�I�G�H�W�A�Y�� �E�Q�U�I�P�M�E�N�T�� ���S�T�R�E�E�T
�F�U�R�N�I�T�U�R�E�	���� �&�O�R�� �A�� �P�E�R�F�O�R�M�A�N�C�E�
�G�U�A�R�A�N�T�E�E�D
�F�U�N�C�T�I�O�N�A�L�I�T�Y�� �A�N�D�� �D�U�R�A�B�I�L�I�T�Y�� �T�H�E�R�E�� �A�R�E�� �R�E�Q�U�I�R�E�M�E�N�T�S
�I�N�� �T�H�E�� �T�E�C�H�N�I�C�A�L�� �R�E�G�U�L�A�T�I�O�N�S�� �A�C�C�O�R�D�I�N�G�� �T�O�� �P�A�R�T�I�C�L�E
�S�I�Z�E�� �D�I�S�T�R�I�B�U�T�I�O�N�� �A�S�� �W�E�L�L�� �A�S�� �P�A�R�T�I�C�L�E�� �S�H�A�P�E���� �P�A�R�T�I�C�L�E
�T�R�A�N�S�P�A�R�E�N�C�Y�� �A�N�D�� �S�U�R�F�A�C�E�� �C�H�A�R�A�C�T�E�R�I�S�T�I�C�S���� �)�T�� �W�A�S
�A�I�M���O�F���T�H�I�S���R�E�S�E�A�R�C�H���P�R�O�J�E�C�T���T�O���V�A�L�I�D�A�T�E���A�N���O�P�T�I�M�I�Z�E�D
�G�R�A�N�U�L�O�M�E�T�R�I�C�� �T�E�S�T�� �A�P�P�R�O�A�C�H�� �B�Y�� �A�D�A�P�T�I�O�N�� �O�F�� �A
�M�O�D�E�R�N�� �D�I�G�I�T�A�L�
�O�P�T�I�C�� �M�E�A�S�U�R�E�M�E�N�T�� �M�E�T�H�O�D�� �F�O�R
�H�I�G�H�E�R�� �Q�U�A�L�I�T�Y�� �A�S�S�U�R�A�N�C�E���� �!�N�O�T�H�E�R�� �T�A�R�G�E�T�� �W�A�S�� �T�H�E
�D�E�V�E�L�O�P�M�E�N�T�� �O�F�� �T�E�S�T�� �M�E�T�H�O�D�S�� �F�O�R�� �A�N�� �A�N�A�L�Y�T�I�C
�I�D�E�N�T�I�F�I�C�A�T�I�O�N�� �O�F�� �C�O�A�T�I�N�G�S�� �O�R�� �T�R�E�A�T�M�E�N�T�S�� �O�F�� �G�L�A�S�S
�B�E�A�D�� �P�A�R�T�I�C�L�E�S���� �-�A�T�E�R�I�A�L�� �B�A�S�I�S�� �F�O�R�� �T�H�E�� �D�E�V�E�L�O�P�M�E�N�T
�A�N�D�� �V�A�L�I�D�A�T�I�O�N�� �O�F�� �T�E�S�T�� �M�E�T�H�O�D�S�� �W�E�R�E�� �A�� �C�H�O�I�C�E�� �O�F
�R�E�P�R�E�S�E�N�T�A�T�I�V�E�� �C�O�M�M�E�R�C�I�A�L�L�Y�� �A�V�A�I�L�A�B�L�E�� �D�R�O�P�
�O�N
�M�A�T�E�R�I�A�L�S�� �O�F�� �4�Y�P�E�� �)�� �A�N�D�� �)�)�� �n �A�P�P�R�O�V�E�D�� �I�N�� �G�E�R�M�A�N
�R�O�A�D���S�Y�S�T�E�M���n �A�N�D���T�H�E�I�R���B�A�S�I�C���M�A�T�E�R�I�A�L�S�����4�H�E���P�R�O�J�E�C�T
�W�A�S�� �S�U�P�P�O�R�T�E�D�� �B�Y�� �A�� �M�E�N�T�O�R�� �G�R�O�U�P�� �U�N�D�E�R�� �"�!�3�T
�C�H�A�I�R�M�A�N�S�H�I�P��

�2�E�S�U�L�T�I�N�G���F�R�O�M���S�E�V�E�R�A�L���G�R�A�N�U�L�O�M�E�T�R�I�C���I�N�V�E�S�T�I�G�A�T�I�O�N�S
�A�� �V�E�R�Y�� �H�I�G�H�
�D�E�F�I�N�I�T�I�O�N�� �A�S�� �W�E�L�L�� �A�S�� �D�I�F�F�E�R�E�N�T�I�A�T�I�O�N
�P�O�T�E�N�T�I�A�L�� �O�F�� �T�H�E�� �D�I�G�I�T�A�L�
�O�P�T�I�C�� �M�E�A�S�U�R�E�M�E�N�T�� �M�E�T�H�O�D
�C�O�U�L�D�� �B�E�� �V�A�L�I�D�A�T�E�D�� �F�O�R�� �T�H�E�� �I�N�V�E�S�T�I�G�A�T�E�D�� �B�A�S�I�C
�M�A�T�E�R�I�A�L�S���� �4�H�E�� �T�R�A�C�E�A�B�I�L�I�T�Y�� �T�O�� �S�I�E�V�E�� �T�E�S�T�I�N�G�� �A�S
�C�O�N�V�E�N�T�I�O�N�A�L���S�C�R�E�E�N�I�N�G���M�E�T�H�O�D���C�O�U�L�D���B�E���V�A�L�I�D�A�T�E�D��
�/�N���T�H�E���B�A�S�I�S���O�F���$�)�.���%�.�������������C�R�I�T�E�R�I�A���W�I�T�H���T�H�E���H�E�L�P



�

�O�F�� �S�E�V�E�R�A�L�� �S�H�A�P�E�
�� �A�N�D�� �R�E�F�L�E�C�T�I�O�N�� �P�A�R�A�M�E�T�E�R�S
�D�E�T�E�R�M�I�N�E�D�� �B�Y�� �T�H�E�� �N�E�W�� �O�P�T�I�C�A�L�� �M�E�T�H�O�D�� �A�L�S�O
�C�O�N�T�I�N�U�A�T�I�V�E�� �O�P�T�I�O�N�S�� �F�O�R�� �A�N�� �I�M�P�R�O�V�E�D�� �Q�U�A�L�I�T�Y
�D�E�T�E�R�M�I�N�A�T�I�O�N���S�E�E�M�S���T�O���B�E���P�O�S�S�I�B�L�E�����!���S�U�B�S�E�Q�U�E�N�T
�D�I�F�F�E�R�E�N�T�I�A�T�I�O�N�� �O�F�� �D�R�O�P�
�O�N�� �M�A�T�E�R�I�A�L�� �M�I�X�E�S�� �C�O�U�L�D�� �B�E
�R�E�A�C�H�E�D�� �I�N�� �P�A�S�S�A�B�L�E�� �P�R�E�C�I�S�I�O�N���� �4�H�E�� �C�O�N�C�L�U�S�I�O�N�S
�M�A�D�E�� �W�E�R�E�� �F�O�U�N�D�� �F�R�O�M�� �C�O�M�P�A�R�I�S�O�N�� �B�E�T�W�E�E�N�� �T�E�S�T
�R�E�S�U�L�T�S���O�F���T�H�E���B�A�S�I�C���M�A�T�E�R�I�A�L�S���A�N�D���T�H�E���R�E�S�U�L�T�S���O�F���T�H�E
�I�N�V�E�S�T�I�G�A�T�I�O�N�� �O�F�� �T�H�E�� �R�E�L�E�V�A�N�T�� �R�E�A�D�I�L�Y�� �M�I�X�E�D�� �D�R�O�P�
�O�N
�M�A�T�E�R�I�A�L�S���� �&�O�R�� �A�N�� �I�M�P�R�O�V�E�D�� �Q�U�A�L�I�T�Y�� �S�Y�S�T�E�M�� �I�T�� �I�S
�R�E�C�O�M�M�E�N�D�E�D�� �T�O�� �I�N�V�E�S�T�I�G�A�T�E�� �T�H�E�� �B�A�S�I�C�� �M�A�T�E�R�I�A�L�S
�G�L�A�S�S���B�E�A�D�S���A�N�D���A�N�T�I�S�K�I�D���A�G�G�R�E�G�A�T�E�S���A�S���W�E�L�L���A�S���T�H�E
�R�E�L�E�V�A�N�T�� �F�I�N�A�L�� �D�R�O�P�
�O�N�� �P�R�O�D�U�C�T�� �W�I�T�H�� �T�H�E�� �H�E�L�P�� �O�F�� �A�L�L
�S�H�A�P�E�
�� �A�N�D�� �R�E�F�L�E�C�T�I�O�N�� �P�A�R�A�M�E�T�E�R�S�� �D�E�L�I�V�E�R�E�D�� �B�Y�� �T�H�E
�N�E�W���D�I�G�I�T�A�L�
�O�P�T�I�C���M�E�A�S�U�R�E�M�E�N�T���M�E�T�H�O�D�����)�N���A�D�D�I�T�I�O�N
�T�O�� �T�H�E�S�E�� �R�E�S�E�A�R�C�H�� �R�E�S�U�L�T�S�� �I�N�D�I�C�A�T�I�O�N�� �F�O�R�� �F�U�R�T�H�E�R�� �A�N�D
�C�O�N�T�I�N�U�A�T�I�V�E���T�E�S�T���P�O�T�E�N�T�I�A�L���T�O���I�M�P�R�O�V�E���Q�U�A�L�I�T�Y���C�O�N�T�R�O�L
�A�N�D���A�S�S�U�R�A�N�C�E���C�O�U�L�D���B�E���D�E�T�E�C�T�E�D��

�"�E�S�I�D�E�S�� �T�H�E�� �G�R�A�N�U�L�O�M�E�T�R�I�C�� �A�N�D�� �T�R�A�N�S�P�A�R�E�N�C�Y
�I�N�V�E�S�T�I�G�A�T�I�O�N�S�� �F�R�O�M�� �A�� �S�E�C�O�N�D�� �B�R�O�A�D�� �A�N�A�L�Y�T�I�C�A�L
�A�P�P�R�O�A�C�H�� �S�P�E�C�I�A�L�� �A�D�A�P�T�E�D�� �M�E�T�H�O�D�S�� �B�A�S�E�D�� �O�N�� �T�H�E
�4�/�&�
�3�)�-�3�
�M�E�T�H�O�D�O�L�O�G�Y���� �(�E�A�D�S�P�A�C�E�
�'�#���-�3�� �A�N�D
�(�4�$�
�'�#���-�3�� �M�E�T�H�O�D�� �C�O�U�L�D�� �B�E�� �D�E�V�E�L�O�P�E�D�� �A�N�D
�V�A�L�I�D�A�T�E�D���F�O�R���T�H�E���A�N�A�L�Y�S�I�S���O�F���C�O�A�T�E�D���O�R���T�R�E�A�T�E�D���G�L�A�S�S
�B�E�A�D�� �S�U�R�F�A�C�E�S�����!�L�S�O�� �T�H�E�S�E�� �S�U�R�F�A�C�E�� �A�N�A�L�Y�Z�I�N�G�� �T�O�O�L�S
�C�O�U�L�D���B�E���V�A�L�I�D�A�T�E�D���B�Y���R�E�L�A�T�I�V�E���C�O�M�P�A�R�I�S�O�N���B�E�T�W�E�E�N
�T�H�E�� �R�E�S�U�L�T�S�� �F�O�R�� �C�O�A�T�E�D���T�R�E�A�T�E�D�� �A�N�D�� �N�O�N�
�T�R�E�A�T�E�D
�R�E�F�E�R�E�N�C�E�� �D�R�O�P�
�O�N�� �M�A�T�E�R�I�A�L�S�� �A�S�� �W�E�L�L�� �A�S�� �A�N�A�L�Y�S�I�S�� �O�F
�P�U�R�E�� �C�O�A�T�I�N�G�� �M�A�T�E�R�I�A�L�S���� �&�I�R�S�T�� �I�N�V�E�S�T�I�G�A�T�I�O�N�� �R�E�S�U�L�T�S
�U�S�I�N�G�� �T�H�E�� �A�D�V�A�N�T�A�G�E�S�� �O�F�� �S�U�R�F�A�C�E�� �:�E�T�A�
�0�O�T�E�N�T�I�A�L
�G�A�V�E���I�N�D�I�C�A�T�I�O�N�S���F�O�R���A���H�I�G�H���P�E�R�F�O�R�M�A�N�C�E�
�D�E�S�C�R�I�B�I�N�G
�P�O�T�E�N�T�I�A�L���O�F���T�H�I�S���M�E�T�H�O�D�O�L�O�G�Y��

�)�N�� �S�U�M�M�A�R�Y�� �T�H�E�� �R�E�S�E�A�R�C�H�� �R�E�S�U�L�T�S�� �O�P�E�N�� �U�P�� �O�P�T�I�O�N�S
�F�O�R�� �A�N�� �I�M�P�R�O�V�E�D�� �P�E�R�F�O�R�M�A�N�C�E�
�R�E�L�A�T�E�D�� �Q�U�A�L�I�T�Y
�A�S�S�E�S�S�M�E�N�T���A�N�D���Q�U�A�L�I�T�Y���C�O�N�T�R�O�L���O�F���D�R�O�P�
�O�N���M�A�T�E�R�I�A�L�S
�A�N�D���T�H�E�I�R���B�A�S�I�C���M�A�T�E�R�I�A�L�S����



�

 @:3>F

�3@=E39G@9���������������������������������������������������������������������������������������������������� ��


 -AD47?7D=G@9���������������������������������������������������������������������������� ��

� *F3@6�67D�+75:@;=���������������������������������������������������������������� ��

� �ADE5:G@9E3G89347�������������������������������������������������������� ����

������ �%�R�L�Û�U�T�E�R�U�N�G���A�K�T�U�E�L�L�E�R���M�E�T�H�O�D�I�S�C�H�E�R
�%�N�T�W�I�C�K�L�U�N�G�E�N�������������������������������������������������������������������������������� ����

������ �$�A�R�S�T�E�L�L�U�N�G���D�E�R���0�R�O�J�E�K�T�O�R�G�A�N�I�S�A�T�I�O�N ������������ ����

������ �%�R�L�Û�U�T�E�R�U�N�G���D�E�R���A�B�G�E�S�T�I�M�M�T�E�N��
�M�E�T�H�O�D�I�S�C�H�E�N���6�O�R�G�E�H�E�N�S�W�E�I�S�E ������������������������ ����

� ,@F7DEG5:G@9E7D974@;EE7�������������������������������� ����

������ �%�R�G�E�B�N�I�S�S�E���D�E�R���"�E�A�R�B�E�I�T�U�N�G�S�P�H�A�S�E��������
�!�B�S�T�I�M�M�U�N�G���U�N�D���N�O�T�W�E�N�D�I�G�E���6�O�R�

�B�E�R�E�I�T�U�N�G���D�E�R���-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G������������ ����

������ �%�R�G�E�B�N�I�S�S�E���D�E�R���"�E�A�R�B�E�I�T�U�N�G�S�P�H�A�S�E��������
�-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G���Z�U�R���P�H�A�S�E�N�

�T�R�E�N�N�E�N�D�E�N���U�N�D���G�R�A�N�U���L�O�M�E�T�R�I�S�C�H�E�N��
�B�Z�W�����L�I�C�H�T�R�E�F�L�E�T�I�E���R�E�N�D�E�N���+�E�N�N�Z�E�I�C�H�N�U�N�G��
�V�O�N���2�E���F�L�E�X�K�š�R�P�E�R�N�����'�R�I�F�F�I�G�K�E�I�T�S�P�A�R�T�I�K�E�L�N��
�U�N�D���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L���G�E�M�I�S�C�H�E�N ������������������������ ����

���������� �%�R�G�E�B�N�I�S�S�E���D�E�R���"�E�A�R�B�E�I�T�U�N�G�S�P�H�A�S�E��
�����������-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G���Z�U�R���G�R�A�N�U�L�O�

�M�E���T�R�I�S�C�H�E�N���+�E�N�N�Z�E�I�C�H�N�U�N�G���D�E�R���0�A�R�T�I�K�E�L���

�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G������������������������������������������������������������������������ ����

������ �%�R�G�E�B�N�I�S�S�E���D�E�R���"�E�A�R�B�E�I�T�U�N�G�S�P�H�A�S�E������������
�-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G���Z�U�R���G�R�A�N�U�L�O�M�E�T�R�I�

�S�C�H�E�N���+�E�N�N���Z�E�I�C�H�N�U�N�G���D�E�R���0�A�R�T�I�K�E�L�F�O�R�M��
�U�N�D���R�E�F�L�E�K�T�O�R�I�S�C�H�E�R���%�I�G�E�N�S�C�H�A�F�T�E�N ���������������� ����

���������� �$�A�R�S�T�E�L�L�U�N�G���D�E�S���W�E�I�T�E�R�F�Ó�H�R�E�N�D�E�N��
�+�E�N�N�Z�E�I�C�H�U�N�G�S�P�O�T�E�N�Z�I�A�L�S���D�E�R��
�#�A�M�S�I�Z�E�R�§�
�-�E�T�H�O�D�I�K������������������������������������������������������������ ����

���������� �+�O�N�V�E�N�T�I�O�N�E�L�L�E���5�N�T�E�R�S�U�C�H�U�N�G�E�N��
�G�E�M�Û�”���%�.���������� ������������������������������������������������������������������������ ����

���������� �5�N�T�E�R�S�U�C�H�U�N�G�E�N���M�I�T���D�E�R���#�A�M�S�I�Z�E�R�§�

�-�E�T�H�O�D�I�K���U�N�D���!�N�W�E�N�D�U�N�G���N�E�U�A�R�T�I�G�E�R��
�!�U�S�W�E�R�T�E�A�L�G�O�R�I�T�H�M�E�N���M�I�T���D�E�M���:�I�E�L��
�E�I�N�E�R���1�U�A�L�I�T�Û�T�S�K�E�N�N�Z�E�I�C�H�N�U�N�G���V�O�N��
�2�E�F�L�E�X�P�A�R�T�I�K�E�L�G�E�M�E�N�G�E�N�����'�R�I�F�F�I�G�K�E�I�T�S�

�G�E�M�E�N�G�E�N���U�N�D���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�

�G�E�M�I�S�C�H�E�N �����������������������������������������������������������������������������x�x ����

���������� �!�U�S�W�E�R�T�U�N�G���D�E�R���#�A�M�S�I�Z�E�R�§�
�%�R�G�E�B�N�I�S�S�E��
�F�Ó�R���4�Y�P�
���
�-�A�T�E�R�I�A�L�I�E�N������������������������������������������������������������ ����

���������� �!�U�S�W�E�R�T�U�N�G���D�E�R���#�A�M�S�I�Z�E�R�§�
�%�R�G�E�B�N�I�S�S�E��
�F�Ó�R���4�Y�P�
���
�-�A�T�E�R�I�A�L�I�E�N������������������������������������������������������������ ������

������ �%�R�G�E�B�N�I�S�S�E���D�E�R���"�E�A�R�B�E�I�T�U�N�G�S�P�H�A�S�E��������
�-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G���Z�U�R���)�D�E�N�T�I�F�I�

�K�A�T�I�O�N���D�E�R���"�E�S�C�H�I�C�H���T�U�N�G���V�O�N���2�E�

�F�L�E�X�I�O�N�S�K�š�R�P�E�R�N���I�N���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�

�G�E�M�I�S�C�H�E�N ���������������������������������������������������������������������������������������� ������

���������� �%�R�G�E�B�N�I�S�S�E���D�E�S���V�I�S�U�E�L�L�E�N���!�N�A�L�Y�S�E�

�A�N�S�A�T�Z�E�S�����)�	 ���������������������������������������������������������������������������������������� ������

���������� �%�R�G�E�B�N�I�S�S�E���D�E�S���T�H�E�R�M�O�A�N�A�L�Y�T�I�S�C�H�E�N��
�!�N�A�L�Y�S�E�A�N�S�A�T�Z�E�S�����)�)�	 ������������������������������������������������������������ ������

���������� �%�R�G�E�B�N�I�S�S�E���D�E�S���S�P�E�K�T�R�O�S�K�O�P�I�S�C�H�E�N��
�!�N�A�L�Y�S�E�A�N�S�A�T�Z�E�S�����)�)�)�	 �������������������������������������������������������� ������

���������� �%�R�G�E�B�N�I�S�S�E���D�E�S���S�P�E�K�T�R�O�M�E�T�R�I�S�C�H�E�N��
�!�N�A�L�Y�S�E�A�N�S�A�T�Z�E�S�����)�6�	 �������������������������������������������������������� ������

���������� �%�R�G�E�B�N�I�S�S�E���D�E�S���C�H�R�O�M�A�T�O�G�R�A�F�I�S�C�H�E�N��
�!�N�A�L�Y�S�E�A�N�S�A�T�Z�E�S�����6�	������������������������������������������������������������ ������

������ �!�B�S�C�H�L�I�E�”�E�N�D�E�R���6�E�R�G�L�E�I�C�H���D�E�R��
�E�R�A�R�B�E�I�T�E�T�E�N���C�H�E�M�I�S�C�H�
�A�N�A�L�Y�T�I�S�C�H�E�N��
�!�N�A�L�Y�S�E�A�N�S�Û�T�Z�E ������������������������������������������������������������������������ ������

������ �%�R�G�E�B�N�I�S�S�E���E�I�N�E�S���O�B�E�R�F�L�Û�C�H�E�N�

�A�N�A�L�Y�T�I�S�C�H�E�N���5�N�T�E�R�S�U�C�H�U�N�G�S�A�N�S�A�T�Z�E�S��
���6�)�	���n �E�L�E�K�T�R�O�K�I�N�E�T�I�S�C�H�E���5�N�T�E�R�S�U�C�H�U�N�G�E�N��
���/�&�
�0�O�T�E�N�Z�I�A�L�	 ���������������������������������������������������������������������������� ������

� 1GE3??7@83EEG@9������������������������������������������������������������ ������

� #;F7D3FG�R ������������������������������������������������������������������������������������������������ ������

�$�I�E���!�N�L�A�G�E�N���S�I�N�D���D�E�M���"�E�R�I�C�H�T���A�L�S���#�$���B�E�I�G�E�F�Ó�G�T��





�

�3@=E39G@9

�&�Ó�R�� �D�I�E�� �"�E�R�E�I�T�S�T�E�L�L�U�N�G�� �D�E�S�� �A�N�S�P�R�U�C�H�S�V�O�L�L�E�N�� �U�N�D�� �I�N�

�T�E�R�E�S�S�A�N�T�E�N�� �&�O�R�S�C�H�U�N�G�S�A�U�F�T�R�A�G�E�S�� �S�O�W�I�E�� �D�I�E�� �F�I�N�A�N�

�Z�I�E�L�L�E�� �&�š�R�D�E�R�U�N�G�� �D�E�R���!�R�B�E�I�T�� �M�š�C�H�T�E�N�� �S�I�C�H�� �D�I�E�� �"�E�A�R�

�B�E�I�T�E�R�� �B�E�I�� �D�E�R�� �"�U�N�D�E�S�A�N�S�T�A�L�T�� �F�Ó�R�� �3�T�R�A�”�E�N�W�E�S�E�N
���"�!�3�T�	�� �B�E�D�A�N�K�E�N���� �%�I�N�E���W�I�C�H�T�I�G�E���"�E�F�š�R�D�E�R�U�N�G���S�T�E�L�L�T�E
�D�I�E�� �F�A�C�H�L�I�C�H�E�� �5�N�T�E�R�S�T�Ó�T�Z�U�N�G�� �U�N�D�� �:�U�S�A�M�M�E�N�A�R�B�E�I�T
�M�I�T���D�E�M���2�E�F�E�R�A�T���6�����u�3�T�R�A�”�E�N�A�U�S�S�T�A�T�T�U�N�G�v���U�N�T�E�R���,�E�I�

�T�U�N�G���V�O�N���(�E�R�R�N���$�I�P�L���
�0�H�Y�S�����%�L�L�M�E�R�S���U�N�D���D�E�R���&�A�C�H�B�E�

�T�R�E�U�E�R�I�N���&�R�A�U���$�R�����'�A�I�L���D�A�R�����&�Ó�R���D�E�N���V�E�R�T�R�A�U�E�N�S�V�O�L�L�E�N
�)�N�F�O�R�M�A�T�I�O�N�S�A�U�S�T�A�U�S�C�H���U�N�D���I�N�S�B�E�S�O�N�D�E�R�E���C�H�E�M�I�S�C�H�

�A�N�A�L�Y�T�I�S�C�H�E�� �5�N�T�E�R�S�T�Ó�T�Z�U�N�G�� �D�E�R�� �!�R�B�E�I�T�� �I�S�T�� �B�E�S�O�N�D�E�R�S
�(�E�R�R�N�� �$�I�P�L���
�)�N�G���� �+�I�L�L�I�N�G�� �V�O�M�� �2�E�F�E�R�A�T�� �3���� �u�#�H�E�M�I�S�C�H�E
�'�R�U�N�D�L�A�G�E�N�����5�M�W�E�L�T�S�C�H�U�T�Z�����,�A�B�O�R�D�I�E�N�S�T�v���Z�U���D�A�N�K�E�N��
�$�E�R�� �O�F�F�E�N�E�� �)�N�F�O�R�M�A�T�I�O�N�S�A�U�S�T�A�U�S�C�H�� �U�N�D�� �D�I�E�� �M�O�T�I�V�I�E�

�R�E�N�D�E�N�� �F�A�C�H�L�I�C�H�E�N�� �$�I�S�K�U�S�S�I�O�N�E�N�� �D�E�R�� �!�R�B�E�I�T�S�E�R�G�E�B�

�N�I�S�S�E���M�I�T���D�E�N���&�A�C�H�K�O�L�L�E�G�I�N�N�E�N���U�N�D���
�K�O�L�L�E�G�E�N���I�M���"�E�

�T�R�E�U�U�N�G�S�G�R�E�M�I�U�M���W�A�R�E�N���S�E�H�R���W�I�C�H�T�I�G���F�Ó�R���D�E�N���S�T�Û�N�D�I�

�G�E�N���!�B�G�L�E�I�C�H���D�E�R���!�R�B�E�I�T���A�N���D�E�N���P�R�A�K�T�I�S�C�H�E�N���%�R�F�O�R�D�E�R�

�N�I�S�S�E�N���U�N�D���D�E�R�E�N���&�O�R�T�S�C�H�R�I�T�T�����W�O�F�Ó�R���H�E�R�Z�L�I�C�H���$�A�N�K���Z�U
�S�A�G�E�N���I�S�T��

�$�E�N�� �K�O�O�P�E�R�I�E�R�E�N�D�E�N�� �(�E�R�S�T�E�L�L�E�R�F�I�R�M�E�N�� �V�O�N�� �.�A�C�H�

�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�N���I�S�T���$�A�N�K���Z�U���S�A�G�E�N���F�Ó�R���D�I�E���"�E�

�R�E�I�T�S�T�E�L�L�U�N�G�� �D�E�S�� �6�E�R�S�U�C�H�S�M�A�T�E�R�I�A�L�E�S���� �D�I�E�� �$�U�R�C�H�F�Ó�H�

�R�U�N�G���A�U�S�G�E�W�Û�H�L�T�E�R���,�A�B�O�R�U�N�T�E�R�S�U�C�H�U�N�G�E�N�����D�I�E���%�R�L�Û�U�

�T�E�R�U�N�G�E�N�� �Z�U�M�� �6�E�R�S�T�Û�N�D�N�I�S�� �D�E�S�� �0�R�O�D�U�K�T�I�O�N�S�P�R�O�Z�E�S�

�S�E�S�� �S�O�W�I�E�� �D�I�E�� �)�N�F�O�R�M�A�T�I�O�N�E�N�� �Z�U�� �P�R�A�K�T�I�S�C�H�E�N�� �L�A�B�O�R�

�T�E�C�H�N�I�S�C�H�E�N���%�R�F�A�H�R�U�N�G�E�N�����$�E�R���&�I�R�M�A���2�E�T�S�C�H���4�E�C�H�N�O�

�L�O�G�Y���I�S�T���F�Ó�R���B�E�G�L�E�I�T�E�N�D�E���5�N�T�E�R�S�U�C�H�U�N�G�E�N���I�M���!�P�P�L�I�K�A�

�T�I�O�N�S�L�A�B�O�R�� �U�N�D�� �D�I�E�� �E�N�G�A�G�I�E�R�T�E�� �U�N�D�� �Z�I�E�L�F�Ó�H�R�E�N�D�E�� �5�N�

�T�E�R�S�T�Ó�T�Z�U�N�G�� �D�E�S�� �0�R�O�J�E�K�T�E�S�� �D�U�R�C�H�� �Z�A�H�L�R�E�I�C�H�E�� �$�I�S�K�U�S�

�S�I�O�N�E�N���Z�U���D�A�N�K�E�N��

�$�I�E�� �+�O�M�P�L�E�X�I�T�Û�T�� �D�E�R�� �!�U�F�G�A�B�E�N�S�T�E�L�L�U�N�G�� �W�Û�R�E�� �N�I�C�H�T
�L�š�S�B�A�R�� �G�E�W�E�S�E�N�� �O�H�N�E�� �D�I�E�� �I�N�T�E�R�D�I�S�Z�I�P�L�I�N�Û�R�E�� �:�U�S�A�M�

�M�E�N�A�R�B�E�I�T���M�I�T���&�A�C�H�K�O�L�L�E�G�E�N���D�E�R���"�!�-�� �A�U�S���V�E�R�S�C�H�I�E�

�D�E�N�S�T�E�N���&�A�C�H�D�I�S�Z�I�P�L�I�N�E�N�����(�I�E�R���I�S�T���B�E�S�O�N�D�E�R�S���$�A�N�K���Z�U
�S�A�G�E�N�� �A�N�� �D�I�E�� �(�E�R�R�E�N�� �$�I�P�L���
�0�H�Y�S���� �7�I�R�T�H�� �U�N�D�� �$�R��
�5�N�G�E�R���� �u�3�C�H�I�C�H�T�
�� �U�N�D���/�B�E�R�F�L�Û�C�H�E�N�A�N�A�L�Y�T�I�K�v���� �&�R�A�U���$�R��
�"�R�A�U�N���� �u�4�H�E�R�M�I�S�C�H�E�� �"�E�S�T�Û�N�D�I�G�K�E�I�T�� �V�O�N�� �0�O�L�Y�M�E�R�E�N�v��
�(�E�R�R�N�� �$�R���� �.�O�S�K�O�V���� �u�7�I�T�T�E�R�U�N�G�S�B�E�S�T�Û�N�D�I�G�K�E�I�T�� �V�O�N��
�0�O�L�Y�M�E�R�E�N�v���� �&�R�A�U�� �$�R���� �0�A�U�L���� �u�0�R�O�Z�E�S�S�
�3�P�E�K�T�R�O�S�K�O�

�P�I�E�h�����S�O�W�I�E���(�E�R�R�N���.�E�U�B�E�R�T�����u�"�E�S�T�Û�N�D�I�G�K�E�I�T���V�O�N���0�O�L�Y�

�M�E�R�E�N�v���� �(�E�R�A�U�S�Z�U�H�E�B�E�N�� �S�I�N�D�� �I�N�S�B�E�S�O�N�D�E�R�E�� �D�I�E�� �E�N�

�G�A�G�I�E�R�T�E�N���"�E�I�T�R�Û�G�E���V�O�N���(�E�R�R�N���0�R�O�S�K�E�����D�E�S�S�E�N���A�N�A�L�Y�
��
�T�I�S�C�H�E�M�� �'�E�S�C�H�I�C�K�� �U�N�D�� �G�R�O�”�E�R�� �+�O�M�P�E�T�E�N�Z�� �A�U�F�� �D�E�M
�'�E�B�I�E�T���D�E�R���C�H�R�O�M�A�T�O�G�R�A�F�I�S�C�H�E�N���!�N�A�L�Y�T�I�K���D�I�E���G�E�F�U�N�D�E�

�N�E�N���,�š�S�U�N�G�E�N���B�E�I���D�E�R���)�D�E�N�T�I�F�I�Z�I�E�R�U�N�G���V�O�N���"�E�S�C�H�I�C�H�

�T�U�N�G�E�N���I�M���B�E�S�O�N�D�E�R�E�N���-�A�”�E���Z�U���V�E�R�D�A�N�K�E�N���S�I�N�D��

�"�E�S�O�N�D�E�R�E�R�� �$�A�N�K�� �D�E�R�� �"�E�A�R�B�E�I�T�E�R�� �G�I�L�T�� �D�E�M�� �+�O�L�L�E�G�E�N
�(�E�R�R�N���(�U�T�H�����D�E�R���N�I�C�H�T���Z�U�L�E�T�Z�T���M�I�T���G�E�D�U�L�D�I�G�E�R���!�N�A�L�Y�S�E
�Z�A�H�L�L�O�S�E�R���0�A�R�T�I�K�E�L���Z�U�M���'�E�L�I�N�G�E�N���D�E�S���&�O�R�S�C�H�U�N�G�S�V�O�R�

�H�A�B�E�N�S���B�E�I�G�E�T�R�A�G�E�N���H�A�T��


 -AD47?7D=G@97@

�-�I�T�� �D�E�M�� �"�E�G�I�N�N�� �D�E�S�� �!�U�T�O�M�O�B�I�L�Z�E�I�T�A�L�T�E�R�S�� �U�N�D�� �D�E�R
�G�L�E�I�C�H�Z�E�I�T�I�G�E�N���)�N�D�U�S�T�R�I�A�L�I�S�I�E�R�U�N�G���D�E�S���6�E�R�K�E�H�R�S�W�E�G�E�

�B�A�U�S�� �W�U�R�D�E�� �-�O�B�I�L�I�T�Û�T�� �I�N�D�I�V�I�D�U�A�L�I�S�I�E�R�T�� �U�N�D�� �D�A�M�I�T�� �Z�U
�E�I�N�E�M�� �-�A�S�S�E�N�P�H�Û�N�O�M�E�N���� �.�E�B�E�N�� �D�E�N�� �E�R�F�O�R�D�E�R�L�I�

�C�H�E�N���%�N�T�W�I�C�K�L�U�N�G�E�N���I�M���!�U�T�O�M�O�B�I�L�
���U�N�D���3�T�R�A�”�E�N�B�A�U
�W�A�R���E�S���D�A�R�Ó�B�E�R���H�I�N�A�U�S���E�R�F�O�R�D�E�R�L�I�C�H�����2�E�G�E�L�U�N�G�E�N���F�Ó�R
�E�I�N�E�� �S�I�C�H�E�R�E�� �)�N�T�E�R�A�K�T�I�O�N�� �A�L�L�E�R�� �A�M�� �3�T�R�A�”�E�N�V�E�R�K�E�H�R
�T�E�I�L�N�E�H�M�E�N�D�E�N���0�A�R�T�N�E�R���Z�U���E�N�T�W�I�C�K�E�L�N���U�N�D���D�I�E�S�E���2�E�

�G�E�L�U�N�G�E�N�� �u�S�I�C�H�T�B�A�R�h�� �Z�U�R�� �)�N�F�O�R�M�A�T�I�O�N�� �D�E�R�� �6�E�R�K�E�H�R�S�

�T�E�I�L�N�E�H�M�E�R�� �I�N�� �D�A�S�� �3�T�R�A�”�E�N�V�E�R�K�E�H�R�S�G�E�S�C�H�E�H�E�N�� �Z�U
�I�N�T�E�G�R�I�E�R�E�N�����:�U�D�E�M���W�A�R���E�S���N�O�T�W�E�N�D�I�G�����D�E�N���6�E�R�K�E�H�R
�I�N���u�S�I�C�H�E�R�E�N���"�A�H�N�E�N�v���Z�U���L�E�I�T�E�N�����$�I�E�S�E���!�U�F�G�A�B�E���E�I�N�E�R
�S�I�C�H�E�R�E�N���U�N�D���R�E�I�B�U�N�G�S�L�O�S�E�N���.�U�T�Z�U�N�G���D�E�R���6�E�R�K�E�H�R�S�

�W�E�G�E�� �Ó�B�E�R�N�E�H�M�E�N�� �D�I�E�� �N�A�C�H�F�O�L�G�E�N�D�� �A�U�F�G�E�F�Ó�H�R�T�E�N
�%�L�E�M�E�N�T�E���D�E�R���3�T�R�A�”�E�N�A�U�S�S�T�A�T�T�U�N�G��

�s �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G��

�s �6�E�R�K�E�H�R�S�B�E�S�C�H�I�L�D�E�R�U�N�G��

�s �,�E�I�T�E�I�N�R�I�C�H�T�U�N�G��

�s �3�I�G�N�A�L�I�S�I�E�R�U�N�G��

�s �"�E�L�E�U�C�H�T�U�N�G��

�$�E�R�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�� �K�O�M�M�T�� �D�A�B�E�I�� �S�E�I�T�� �I�H�R�E�R
�%�I�N�F�Ó�H�R�U�N�G���Z�U���"�E�G�I�N�N���D�E�S�����������*�A�H�R�H�U�N�D�E�R�T�S���D�I�E���!�U�F�

�G�A�B�E�� �Z�U���� �S�I�C�H�E�R�E�� �U�N�D�� �S�T�š�R�U�N�G�S�F�R�E�I�E�� �6�E�R�K�E�H�R�S�F�Ó�H�

�R�U�N�G���S�O�W�I�E���7�A�R�N�U�N�G�����/�R�I�E�N�T�I�E�R�U�N�G���U�N�D���)�N�F�O�R�M�A�T�I�O�N
�D�E�R�� �6�E�R�K�E�H�R�S�T�E�I�L�N�E�H�M�E�R�� �D�U�R�C�H�� �L�I�N�I�E�N�A�R�T�I�G�E�� �+�E�N�N�

�Z�E�I�C�H�N�U�N�G�� �D�E�R�� �&�A�H�R�B�A�H�N�O�B�E�R�F�L�Û�C�H�E�� �Z�U�� �Ó�B�E�R�N�E�H�

�M�E�N�����-�I�T���D�E�M���V�E�R�S�T�Û�R�K�T�E�N���!�U�T�O�B�A�H�N�B�A�U���I�N���$�E�U�T�S�C�H�

�L�A�N�D�� �P�R�Û�G�E�N�� �S�E�I�T�� �-�I�T�T�E�� �D�E�R�� �����E�R�� �*�A�H�R�E�� �D�I�E�S�E�� �H�O�R�I�

�Z�O�N�T�A�L�E�N���F�A�R�B�L�I�C�H�E�N���-�A�R�K�I�E�R�U�N�G�E�N���n���E�R�S�T���I�N���3�C�H�W�A�R�Z��

�;>6�
� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�� �I�N�� �S�C�H�W�A�R�Z�E�R���!�U�S�F�Ó�H�R�U�N�G�� �A�U�F�� �D�E�R
�2�E�I�C�H�S�A�U�T�O�B�A�H�N�� ���1�U�E�L�L�E���� �,�I�B�R�A�R�Y�� �O�F�� �#�O�N�G�R�E�S�S���� �I�N����
�0�H�Y�S�I�C�A�L�� �T�R�A�I�N�I�N�G���� �M�I�L�I�T�A�R�Y�� �A�N�D�� �C�I�V�I�L�I�A�N���� �I�N�� �'�E�R�M�A�N�Y��
���������
�������������F�O�L�D�E�R�������U�N�T�E�R���H�T�T�P�������D�E���W�I�K�I�P�E�D�I�A���O�R�G���W���I�N�D�E�X��
�P�H�P���T�I�T�L�E���$�A�T�E�I���'�E�R�M�A�N�?�!�U�T�O�B�A�H�N�?���������?�����������J�P�G�	



�H�E�U�T�E�� �I�N�� �D�E�R�� �2�E�G�E�L�� �I�N�� �7�E�I�”�� �B�Z�W���� �B�E�I�� �T�E�M�P�O�R�Û�R�E�N
�-�A�R�K�I�E�R�U�N�G�E�N�� ���"�A�U�S�T�E�L�L�E�N�M�A�R�K�I�E�R�U�N�G�E�N�	�� �I�N�� �'�E�L�B�� �n
�A�U�C�H���D�A�S���%�R�S�C�H�E�I�N�U�N�G�S�B�I�L�D���U�N�S�E�R�E�R���3�T�R�A�”�E�N���;���=��

�&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N�� �S�I�N�D�� �"�E�S�T�A�N�D�T�E�I�L�E�� �U�N�S�E�R�E�R
�6�E�R�K�E�H�R�S�I�N�F�R�A�S�T�R�U�K�T�U�R�� �M�I�T�� �H�O�H�E�R�� �S�I�C�H�E�R�H�E�I�T�S�R�E�L�E�V�A�N�

�T�E�R���"�E�D�E�U�T�U�N�G�����&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���A�U�F���U�N�S�E�R�E�N
�3�T�R�A�”�E�N���U�N�D���6�E�R�K�E�H�R�S�F�L�Û�C�H�E�N���D�I�E�N�E�N���D�E�M�N�A�C�H���Z�U�

�A�L�L�E�R�E�R�S�T�� �D�E�R�� �O�P�T�I�S�C�H�E�N�� �(�I�N�W�E�I�S�G�E�B�U�N�G�� �U�N�D�� �7�A�R�

�N�U�N�G�� �V�O�R�� �'�E�F�A�H�R�E�N�� �S�O�W�I�E�� �D�E�R�� �6�E�R�K�E�H�R�S�F�L�Û�C�H�E�N�A�U�F�

�T�E�I�L�U�N�G�� �U�N�D�� �&�A�H�R�T�R�I�C�H�T�U�N�G�S�Z�U�T�E�I�L�U�N�G�� �U�N�D�� �M�A�C�H�E�N
�S�O�M�I�T���n���I�N�S�B�E�S�O�N�D�E�R�E���U�N�T�E�R���B�E�S�O�N�D�E�R�E�N���"�E�D�I�N�G�U�N�

�G�E�N�� �W�I�E�� �.�E�B�E�L���� �2�E�G�E�N�� �O�D�E�R�� �$�U�N�K�E�L�H�E�I�T�� �n�� �E�I�N�E�� �S�I�

�C�H�E�R�E���6�E�R�K�E�H�R�S�F�Ó�H�R�U�N�G���E�R�S�T���M�š�G�L�I�C�H�����.�E�B�E�N���D�I�E�S�E�N
�G�R�U�N�D�S�Û�T�Z�L�I�C�H�E�N�� �,�E�I�S�T�U�N�G�S�A�N�F�O�R�D�E�R�U�N�G�E�N�� �U�N�T�E�R�L�I�E�

�G�E�N���&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���Z�U�S�Û�T�Z�L�I�C�H���A�U�C�H���H�O�H�E�N
�!�N�F�O�R�D�E�R�U�N�G�E�N�� �A�N�� �$�A�U�E�R�H�A�F�T�I�G�K�E�I�T�� �U�N�D�� �6�E�R�K�E�H�R�S�S�I�

�C�H�E�R�H�E�I�T�� �A�U�F�G�R�U�N�D�� �D�E�S�� �D�I�R�E�K�T�� �Ó�B�E�R�R�O�L�L�E�N�D�E�N�� �6�E�R�

�K�E�H�R�S�S�T�R�O�M�E�S���S�O�W�I�E���D�E�R���D�I�R�E�K�T�E�N���"�E�W�I�T�T�E�R�U�N�G��

�:�U�R�� �3�I�C�H�E�R�S�T�E�L�L�U�N�G�� �D�E�R�� �'�E�B�R�A�U�C�H�S�F�Û�H�I�G�K�E�I�T�� �U�N�D
�$�A�U�E�R�H�A�F�T�I�G�K�E�I�T���I�S�T���D�A�S���A�B�G�E�S�T�I�M�M�T���K�O�M�B�I�N�I�E�R�T�E���:�U�

�S�A�M�M�E�N�W�I�R�K�E�N���M�E�H�R�E�R�E�R���-�A�T�E�R�I�A�L�I�E�N���U�N�D���T�E�C�H�N�O�L�O�

�G�I�S�C�H�E�R�� �-�A�”�N�A�H�M�E�N�� �u�I�M�� �3�Y�S�T�E�M�v�� �E�R�F�O�R�D�E�R�L�I�C�H��
�&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���B�E�S�T�E�H�E�N���A�U�S���V�E�R�S�C�H�I�E�D�E�N�

�A�R�T�I�G�E�N���-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�E�N���U�N�D���"�E�I�S�T�O�F�F�E�N���O�D�E�R���V�O�R�

�G�E�F�E�R�T�I�G�T�E�N���-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�N���B�Z�W�����
�E�L�E�M�E�N�T�E�N��
�:�U�S�Û�T�Z�L�I�C�H�� �K�š�N�N�E�N�� �G�G�F���� �A�U�C�H�� �S�P�E�Z�I�E�L�L�E�� �T�E�C�H�N�O�L�O�G�I�

�S�C�H�E�� �6�O�R�B�E�R�E�I�T�U�N�G�E�N�� �D�E�R�� �5�N�T�E�R�L�A�G�E�� ���Z���� �"���� �$�E�M�A�R�

�K�I�E�R�U�N�G���� �6�O�R�B�E�R�E�I�T�U�N�G�� �U�N�D�� �6�O�R�B�E�H�A�N�D�L�U�N�G�� �D�E�R�� �5�N�

�T�E�R�L�A�G�E�� �E�T�C���	�� �D�A�S�� �S�P�E�Z�I�F�I�S�C�H�E�� �3�Y�S�T�E�M�� �D�E�F�I�N�I�E�R�E�N
���"�I�L�D�����	��

�$�A�B�E�I�� �Ó�B�E�R�N�E�H�M�E�N�� �D�I�E�� �-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�E�� �I�N�� �E�R�S�T�E�R
�,�I�N�I�E�� �D�I�E�� �F�A�R�B�L�I�C�H�E�� �+�O�N�T�R�A�S�T�I�E�R�U�N�G�� �G�E�G�E�N�Ó�B�E�R�� �D�E�R
�&�A�H�R�B�A�H�N�O�B�E�R�F�L�Û�C�H�E���� �$�A�N�E�B�E�N�� �K�š�N�N�E�N�� �D�U�R�C�H�� �B�E�

�S�O�N�D�E�R�E���-�A�”�N�A�H�M�E�N���W�E�I�T�E�R�E���n���Z�����"�����H�A�P�T�I�S�C�H�E���U�N�D
�A�K�U�S�T�I�S�C�H�E���n���7�A�R�N�F�U�N�K�T�I�O�N�E�N���W�A�H�R�G�E�N�O�M�M�E�N���W�E�R�

�D�E�N��

�"�E�I�S�T�O�F�F�E�� �W�I�E�� �6�O�R�A�N�S�T�R�I�C�H�M�I�T�T�E�L�� �O�D�E�R�� �6�E�R�D�Ó�N�N�U�N�G�S�

�M�I�T�T�E�L�� �D�I�E�N�E�N�� �D�E�R�� �B�E�S�S�E�R�E�N�� �6�E�R�A�R�B�E�I�T�B�A�R�K�E�I�T�� �U�N�D
�D�A�U�E�R�H�A�F�T�E�R�� �6�E�R�B�U�N�D�F�E�S�T�I�G�K�E�I�T���� �%�I�N�� �W�E�S�E�N�T�L�I�C�H�E�R�� �S�I�

�C�H�E�R�H�E�I�T�S�R�E�L�E�V�A�N�T�E�R�� �"�E�S�T�A�N�D�T�E�I�L�� �D�I�E�S�E�S�� �4�E�I�L�S�� �D�E�R
�3�T�R�A�”�E�N�A�U�S�S�T�A�T�T�U�N�G�� �S�I�N�D�� �A�U�C�H�� �D�I�E�� �S�O�� �G�E�N�A�N�N�T�E�N
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L���� �W�E�L�C�H�E�� �A�L�S�� �W�E�I�T�E�R�E�� �"�E�I�S�T�O�F�F�E�� �D�I�E
�&�U�N�K�T�I�O�N�� �D�E�R�� �-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�E�� ���&�A�R�B�E�N���� �0�L�A�S�T�I�K�

�M�A�S�S�E�N�����&�O�L�I�E�N�	���B�E�Z�Ó�G�L�I�C�H���D�E�R���V�E�R�K�E�H�R�S�T�E�C�H�N�I�S�C�H�E�N
�%�I�G�E�N�S�C�H�A�F�T�E�N���'�R�I�F�F�I�G�K�E�I�T�����.�A�S�S�
���U�N�D���.�A�C�H�T�S�I�C�H�T�B�A�R�

�K�E�I�T�� �K�O�M�P�L�E�T�T�I�E�R�E�N���� �$�I�E�� �"�E�I�S�T�O�F�F�E�� �2�E�F�L�E�X�K�š�R�P�E�R�� �U�N�D
�'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L���n���I�M���!�L�L�G�E�M�E�I�N�E�N���A�L�S���V�O�R�G�E�F�E�R�T�I�G�T�E�S
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�� �V�E�R�W�E�N�D�E�T�� �n�� �B�E�S�T�I�M�M�E�N
�E�F�F�E�K�T�I�V���D�A�S���'�E�B�R�A�U�C�H�S�V�E�R�H�A�L�T�E�N���D�E�R���&�A�H�R�B�A�H�N�M�A�R�

�K�I�E�R�U�N�G���I�N���M�E�H�R�E�R�E�R���(�I�N�S�I�C�H�T�����:�U�M���E�I�N�E�N���O�P�T�I�M�I�E�R�E�N
�T�R�A�N�S�P�A�R�E�N�T�E�� �K�U�G�E�L�F�š�R�M�I�G�E�� �'�L�A�S�
�� �O�D�E�R�� �A�U�C�H�� �+�E�R�A�

�M�I�K�P�E�R�L�E�N�� �M�I�T�� �U�N�D�� �O�H�N�E�� �/�B�E�R�F�L�Û�C�H�E�N�B�E�H�A�N�D�L�U�N�G
�A�L�S�� �S�O�� �G�E�N�A�N�N�T�E�� �2�E�F�L�E�X�K�š�R�P�E�R�� �D�A�S�� �2�E�T�R�O�R�E�F�L�E�X�I�O�N�S�

�V�E�R�M�š�G�E�N�� �D�E�R�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�� �U�N�D�� �E�R�M�š�G�L�I�

�C�H�E�N�� �D�A�M�I�T�� �E�I�N�E�� �D�E�U�T�L�I�C�H�� �V�E�R�B�E�S�S�E�R�T�E�� �.�A�C�H�T�
�� �U�N�D
�.�A�S�S�S�I�C�H�T�B�A�R�K�E�I�T�� �;������ ���=���� �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�� �H�A�B�E�N�� �D�I�E
�!�U�F�G�A�B�E���� �D�E�R�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�� �V�E�R�K�E�H�R�S�S�I�C�H�E�

�R�E�S�� �'�E�B�R�A�U�C�H�S�V�E�R�H�A�L�T�E�N�� �D�U�R�C�H�� �V�E�R�B�E�S�S�E�R�T�E�� �2�E�I�

�B�U�N�G�S�V�E�R�H�Û�L�T�N�I�S�S�E�� �Z�U�M�� �Ó�B�E�R�R�O�L�L�E�N�D�E�N�� �6�E�R�K�E�H�R�� �Z�U
�V�E�R�L�E�I�H�E�N�����$�A�Z�U���K�O�M�M�E�N���K�A�N�T�I�G�E�����H�A�R�T�E�����K�š�R�N�I�G�E���-�I�

�N�E�R�A�L�S�T�O�F�F�E�� �W�I�E�� �#�R�I�S�T�O�B�A�L�I�T�� �O�D�E�R�� �+�O�R�U�N�D���� �A�B�E�R�� �A�U�C�H

�

�;>6���� �%�I�N�T�E�I�L�U�N�G���D�E�R���-�A�R�K�I�E�R�U�N�G�S�M�A�T�E�R�I�A�L�I�E�N���N�A�C�H���;���=



�'�L�A�S�B�R�U�C�H�P�A�R�T�I�K�E�L���O�D�E�R���N�E�U�E�R�D�I�N�G�S���+�E�R�A�M�I�K�P�A�R�T�I�K�E�L
�Z�U�M���%�I�N�S�A�T�Z��

�)�N�� �I�H�R�E�R�� �+�O�M�B�I�N�A�T�I�O�N�� �A�L�S�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�� �S�I�N�D
�D�A�N�N���G�E�M�Û�”���;���=���F�Ó�R���D�E�N���%�I�N�S�A�T�Z���I�M���"�U�N�D�E�S�F�E�R�N�S�T�R�A�

�”�E�N�B�E�R�E�I�C�H�� �F�O�L�G�E�N�D�E�� �G�R�U�N�D�S�Û�T�Z�L�I�C�H�E���!�N�F�O�R�D�E�R�U�N�G�S�

�K�R�I�T�E�R�I�E�N���A�N���D�A�S���'�E�B�R�A�U�C�H�S�V�E�R�H�A�L�T�E�N���Z�U���E�R�F�Ó�L�L�E�N��

�s �D�A�U�E�R�H�A�F�T���G�L�E�I�C�H�M�Û�”�I�G�E���G�U�T�E���%�R�K�E�N�N�B�A�R�K�E�I�T���U�N�D
�+�O�N�T�R�A�S�T�I�E�R�U�N�G�� �D�E�R�� �&�A�H�R�B�A�H�N�� �U�N�T�E�R�� �A�L�L�E�N�� �"�E�

�L�E�U�C�H�T�U�N�G�S�
���U�N�D���7�I�T�T�E�R�U�N�G�S�V�E�R�H�Û�L�T�N�I�S�S�E�N��
�n �+�R�I�T�E�R�I�E�N���� �4�A�G�E�S�
�� �U�N�D�� �.�A�C�H�T�S�I�C�H�T�B�A�R�K�E�I�T�� �B�E�I

�.�Û�S�S�E���� �$�A�U�E�R�H�A�F�T�I�G�K�E�I�T���� �6�E�R�B�U�N�D�F�E�S�T�I�G�K�E�I�T��
�7�I�T�T�E�R�U�N�G�S�B�E�S�T�Û�N�D�I�G�K�E�I�T���� �6�E�R�T�R�Û�G�L�I�C�H�K�E�I�T�� �Z�U�M
�&�A�H�R�B�A�H�N�B�E�L�A�G��

�s �V�E�R�K�E�H�R�S�S�I�C�H�E�R�E���U�N�D���R�U�T�S�C�H�F�E�S�T�E���&�A�H�R�U�N�T�E�R�L�A�G�E��
�n �+�R�I�T�E�R�I�E�N���� �'�R�I�F�F�I�G�K�E�I�T���� �3�C�H�I�C�H�T�D�I�C�K�E���� �6�E�R�


�S�C�H�L�E�I�”�W�I�D�E�R�S�T�A�N�D��

�s �Q�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�E���6�E�R�A�R�B�E�I�T�B�A�R�K�E�I�T��
�n �+�R�I�T�E�R�I�E�N�����F�R�Ó�H�E���ã�B�E�R�R�O�L�L�B�A�R�K�E�I�T���D�U�R�C�H���G�E�R�I�N�G�E

�4�R�O�C�K�N�U�N�G�S�Z�E�I�T���� �R�O�B�U�S�T�E�S�� �6�E�R�A�R�B�E�I�T�U�N�G�S�V�E�R�

�H�A�L�T�E�N�����G�E�O�M�E�T�R�I�S�C�H�E���3�T�A�B�I�L�I�T�Û�T��

�$�A�R�A�U�S�� �L�A�S�S�E�N�� �S�I�C�H�� �F�O�L�G�E�N�D�E�� �S�P�E�Z�I�F�I�S�C�H�E�� �!�N�F�O�R�D�E�

�R�U�N�G�S�K�R�I�T�E�R�I�E�N�� �A�N�� �D�I�E�� �!�U�S�G�A�N�G�S�B�E�S�T�A�N�D�T�E�I�L�E�� �D�E�R
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E���A�B�L�E�I�T�E�N��

)78>7J=PDB7D

�s �6�E�R�B�E�S�S�E�R�U�N�G���D�E�R���2�E�T�R�O�R�E�F�L�E�X�I�O�N�S�E�I�G�E�N�S�C�H�A�F�T�E�N
�U�N�D���3�I�C�H�T�B�A�R�K�E�I�T��
�n �"�E�W�E�R�T�U�N�G�S�K�R�I�T�E�R�I�E�N���� �"�R�E�C�H�U�N�G�S�I�N�D�E�X���� �0�A�R�


�T�I�K�E�L�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G���� �0�A�R�T�I�K�E�L�F�O�R�M���� �0�A�R�T�I�K�E�L�

�T�R�A�N�S�P�A�R�E�N�Z�����"�E�G�R�E�N�Z�U�N�G���D�E�S���!�N�T�E�I�L�S���A�N���F�E�H�

�L�E�R�H�A�F�T�E�N���0�A�R�T�I�K�E�L�N�����,�A�G�E�S�T�A�B�I�L�I�T�Û�T���N�A�C�H���6�E�R�A�R�

�B�E�I�T�U�N�G��

�s �D�A�U�E�R�H�A�F�T�E���&�U�N�K�T�I�O�N�S�F�Û�H�I�G�K�E�I�T��
�n �"�E�W�E�R�T�U�N�G�S�K�R�I�T�E�R�I�E�N�����F�E�S�T�E�R���(�A�F�T�V�E�R�B�U�N�D���Z�U�M

�-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�� �A�L�S�� �"�E�T�T�U�N�G�S�M�A�T�E�R�I�A�L�� ���"�E�

�S�C�H�I�C�H�T�U�N�G�S�Q�U�A�L�I�T�Û�T�	���� �7�I�D�E�R�S�T�A�N�D�S�F�Û�H�I�G�K�E�I�T
���G�G�F�����H�Y�D�R�O�P�H�O�B�E�S���6�E�R�H�A�L�T�E�N�	��

�s �Q�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�E���6�E�R�A�R�B�E�I�T�B�A�R�K�E�I�T��
�n �"�E�W�E�R�T�U�N�G�S�K�R�I�T�E�R�I�E�N���� �,�A�G�E�R�S�T�A�B�I�L�I�T�Û�T���� �G�U�T�E

�6�E�R�A�R�B�E�I�T�B�A�R�K�E�I�T��

�D;88;9=7;FE?;FF7>

�s �6�E�R�B�E�S�S�E�R�U�N�G�� �D�E�R�� �2�E�I�B�U�N�G�S�V�E�R�H�Û�L�T�N�I�S�S�E�� �Z�W�I�

�S�C�H�E�N���&�A�H�R�Z�E�U�G���U�N�D���5�N�T�E�R�L�A�G�E��
�n �"�E�W�E�R�T�U�N�G�S�K�R�I�T�E�R�I�E�N���� �'�R�I�F�F�I�G�K�E�I�T���� �0�A�R�T�I�K�E�L�G�R�š�


�”�E�N�V�E�R�T�E�I�L�U�N�G���� �0�A�R�T�I�K�E�L�F�O�R�M���� �,�A�G�E�S�T�A�B�I�L�I�T�Û�T
�N�A�C�H���6�E�R�A�R�B�E�I�T�U�N�G��

�s �D�A�U�E�R�H�A�F�T�E���&�U�N�K�T�I�O�N�S�F�Û�H�I�G�K�E�I�T��
�n �"�E�W�E�R�T�U�N�G�S�K�R�I�T�E�R�I�E�N�����F�E�S�T�E�R���(�A�F�T�V�E�R�B�U�N�D���Z�U�M

�-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�� �A�L�S�� �"�E�T�T�U�N�G�S�M�A�T�E�R�I�A�L�� ���"�E�

�S�C�H�I�C�H�T�U�N�G�S�Q�U�A�L�I�T�Û�T���� �!�F�F�I�N�I�T�Û�T�	���� �7�I�D�E�R�S�T�A�N�D�S�

�F�Û�H�I�G�K�E�I�T�����(�Û�R�T�E�����C�H�E�M�I�S�C�H�	�����0�A�R�T�I�K�E�L�F�A�R�B�E��

�s �Q�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�E���6�E�R�A�R�B�E�I�T�B�A�R�K�E�I�T��
�n �"�E�W�E�R�T�U�N�G�S�K�R�I�T�E�R�I�E�N���� �,�A�G�E�R�S�T�A�B�I�L�I�T�Û�T���� �G�U�T�E

�6�E�R�A�R�B�E�I�T�B�A�R�K�E�I�T��

� *F3@6�67D�+75:@;=

�7�A�R�E�N�� �L�A�N�G�E�� �:�E�I�T�� �R�E�I�N�� �F�A�R�B�L�I�C�H�E�� �-�A�R�K�I�E�R�U�N�G�E�N�� �M�I�T
�E�I�N�F�A�C�H�E�N���&�A�R�B�S�Y�S�T�E�M�E�N���A�U�S�R�E�I�C�H�E�N�D�����S�O���M�A�C�H�T�E�N
�D�I�E���Z�U�N�E�H�M�E�N�D�E�N���V�E�R�K�E�H�R�S�T�E�C�H�N�I�S�C�H�E�N���%�N�T�W�I�C�K�L�U�N�

�G�E�N���A�B���D�E�N�������E�R���*�A�H�R�E�N���S�O�W�I�E���D�I�E���D�A�M�I�T���E�I�N�H�E�R�G�E�

�H�E�N�D�E�N�� �W�A�C�H�S�E�N�D�E�N�� �6�E�R�K�E�H�R�S�S�I�C�H�E�R�H�E�I�T�S�A�N�F�O�R�D�E�

�R�U�N�G�E�N�� �A�U�C�H�� �7�E�I�T�E�R�E�N�T�W�I�C�K�L�U�N�G�E�N�� �B�E�I�� �D�E�N�� �&�A�H�R�

�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���E�R�F�O�R�D�E�R�L�I�C�H�����.�E�B�E�N���S�O���G�E�N�A�N�N�

�T�E�N�� �H�E�R�K�š�M�M�L�I�C�H�E�N�� �-�A�R�K�I�E�R�U�N�G�E�N�� ���-�A�R�K�I�E�R�U�N�G�S���

�S�Y�S�T�E�M�E�� �4�Y�P�� �)�	���� �D�E�R�E�N�� �/�B�E�R�F�L�Û�C�H�E�� �I�N�� �A�L�L�E�R�� �2�E�G�E�L
�G�L�A�T�T�� �A�U�S�G�E�B�I�L�D�E�T�� �I�S�T�� �U�N�D�� �D�E�R�E�N�� �2�E�T�R�O�R�E�F�L�E�X�I�O�N�S�V�E�R�

�H�A�L�T�E�N�� �I�N�S�B�E�S�O�N�D�E�R�E�� �B�E�Z�Ó�G�L�I�C�H�� �D�E�R�� �.�A�C�H�T�S�I�C�H�T�B�A�R�

�K�E�I�T�� �N�U�R�� �E�I�N�G�E�S�C�H�R�Û�N�K�T�� �A�U�S�G�E�B�I�L�D�E�T�� �I�S�T���� �B�E�S�T�I�M�M�E�N
�H�E�U�T�Z�U�T�A�G�E���&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���D�E�S���4�Y�P�S���)�)���D�E�N
�3�T�A�N�D���D�E�R���4�E�C�H�N�I�K�����$�A�B�E�I���H�A�N�D�E�L�T���E�S���S�I�C�H���U�M���-�A�R�

�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�����B�E�I���D�E�N�E�N���B�E�S�T�I�M�M�T�E���4�E�I�L�E�����N�Û�M�

�L�I�C�H�� �D�I�E�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�B�E�S�T�A�N�D�T�E�I�L�E�	�� �A�U�C�H�� �B�E�I
�.�Û�S�S�E�� �E�R�H�A�B�E�N�� �A�U�S�� �D�E�R�� �/�B�E�R�F�L�Û�C�H�E�� �D�E�S�� �-�A�R�K�I�E�

�R�U�N�G�S�S�T�O�F�F�E�S�� �B�Z�W���� �D�E�S�� �2�E�G�E�N�F�I�L�M�S�� �H�E�R�A�U�S�R�A�G�E�N��
�$�U�R�C�H���D�I�E���S�P�E�Z�I�E�L�L�E���S�T�O�F�F�L�I�C�H�E���+�O�M�B�I�N�A�T�I�O�N���U�N�D���G�E�O�

�M�E�T�R�I�S�C�H�E���!�N�O�R�D�N�U�N�G�� �W�E�R�D�E�N�� �D�E�U�T�L�I�C�H�� �V�E�R�B�E�S�S�E�R�T�E
�'�E�B�R�A�U�C�H�S�E�I�G�E�N�S�C�H�A�F�T�E�N�� �n�� �I�N�S�B�E�S�O�N�D�E�R�E�� �N�A�C�H�T�S
�U�N�D���B�E�I���.�Û�S�S�E���n���U�N�D���D�A�M�I�T���E�R�H�š�H�T�E���6�E�R�K�E�H�R�S�S�I�C�H�E�R�

�H�E�I�T�� �E�R�R�E�I�C�H�T���� �$�I�E�S�E�� �&�O�R�M�� �D�E�R�� �-�A�R�K�I�E�R�U�N�G�S�A�U�S�F�Ó�H�

�R�U�N�G���B�E�S�T�I�M�M�T���H�E�U�T�Z�U�T�A�G�E���D�I�E���!�U�S�F�Ó�H�R�U�N�G���A�U�F���6�E�R�

�K�E�H�R�S�F�L�Û�C�H�E�N���I�M���"�U�N�D�E�S�F�E�R�N�S�T�R�A�”�E�N�B�E�R�E�I�C�H���U�N�D���A�N�

�D�E�R�E�N���H�O�C�H���B�E�A�N�S�P�R�U�C�H�T�E�N���3�T�R�A�”�E�N��

�$�U�R�C�H�� �D�I�E�� �H�O�H�E�� �S�I�C�H�E�R�H�E�I�T�S�R�E�L�E�V�A�N�T�E�� �"�E�D�E�U�T�U�N�G
�S�I�N�D���&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N���T�E�C�H�N�I�S�C�H���G�E�R�E�G�E�L�T�����)�M
�:�E�I�T�A�L�T�E�R���Z�U�N�E�H�M�E�N�D���E�N�G�E�R���W�E�R�D�E�N�D�E�R���6�E�R�F�L�E�C�H�T�U�N�

�G�E�N�� �S�I�N�D�� �A�U�C�H�� �D�I�E���!�N�F�O�R�D�E�R�U�N�G�E�N�� �A�N�� �3�T�R�A�”�E�N�M�A�R�

�K�I�E�R�U�N�G�S�M�A�T�E�R�I�A�L�I�E�N�����0�R�Ó�F�V�E�R�F�A�H�R�E�N���Z�U���D�E�R�E�N���)�D�E�N�T�I�

�F�I�K�A�T�I�O�N�� �U�N�D�� �.�A�C�H�W�E�I�S�� �S�O�W�I�E�� �D�E�N�� �'�Ó�T�E�S�C�H�U�T�Z�� �S�E�I�T
�D�E�N�� �A�U�S�G�E�H�E�N�D�E�N�� �����E�R�� �*�A�H�R�E�N�� �A�L�S�� �E�U�R�O�P�Û�I�S�C�H�E
�.�O�R�M�E�N�� �H�A�R�M�O�N�I�S�I�E�R�T�� �;������ ������ ������ ���=���� �&�Ó�R�� �D�I�E�� �.�A�C�H�

�S�T�R�E�U�M�I�T�T�E�L�� �S�I�N�D�� �D�I�E���!�N�F�O�R�D�E�R�U�N�G�E�N�� �U�N�D�� �.�A�C�H�W�E�I�S�

�V�E�R�F�A�H�R�E�N���E�X�P�L�I�Z�I�T���I�N���D�E�R���%�.�������������;�����=�����$�)�.���%�.����������
�;���=�����$�)�.���%�.���������������;�����=�����$�)�.���%�.�������������;�����=�����$�)�.���%�.
���������� �;�����=�� �B�Z�W���� �F�Ó�R�� �V�O�R���!�U�F�T�R�A�G�� �B�E�R�E�I�T�S�� �I�N�� �D�E�N�� �-�A�R�

�K�I�E�R�U�N�G�S�S�T�O�F�F�� �E�I�N�G�E�M�I�S�C�H�T�E�� �2�E�F�L�E�X�P�A�R�T�I�K�E�L�� �I�N�� �D�E�R��

�



�%�.�� ���������� �;�����=�� �S�P�E�Z�I�F�I�Z�I�E�R�T���� �-�E�H�R�E�R�E�� �D�I�E�S�E�R�� �2�E�G�E�L�

�W�E�R�K�E�� �B�E�F�I�N�D�E�N�� �S�I�C�H�� �I�N�� �ã�B�E�R�A�R�B�E�I�T�U�N�G�� �B�Z�W���� �S�T�E�H�E�N
�U�N�M�I�T�T�E�L�B�A�R���V�O�R���E�I�N�E�R���.�E�U�A�U�F�L�A�G�E�����"�E�R�E�I�T�S���L�A�N�G�E���V�O�R�

�H�E�R�� �B�E�S�T�A�N�D�E�N�� �N�A�T�I�O�N�A�L�E�� �T�E�C�H�N�I�S�C�H�E�� �2�E�G�E�L�U�N�G�E�N��
�)�M�� �3�I�N�N�E�� �V�E�R�B�I�N�D�L�I�C�H�E�R�� �B�A�U�V�E�R�T�R�A�G�L�I�C�H�E�R�� �2�E�G�E�L�U�N�

�G�E�N�� �F�Ó�R�� �D�E�N�� �"�E�R�E�I�C�H�� �D�E�R�� �"�U�N�D�E�S�F�E�R�N�S�T�R�A�”�E�N�� �S�I�N�D
�D�I�E�S�E�� �n�� �E�I�N�S�C�H�L�I�E�”�L�I�C�H�� �!�N�F�O�R�D�E�R�U�N�G�S�K�R�I�T�E�R�I�E�N�� ���4�,��
�S�I�E�H�E�� �;���=�	�� �U�N�D�� �D�E�R�� �D�A�Z�U�G�E�H�š�R�I�G�E�N�� �0�R�Ó�F�V�E�R�F�A�H�R�E�N�� �n
�I�M���2�A�H�M�E�N���V�O�N���S�O���G�E�N�A�N�N�T�E�N���u�:�U�S�Û�T�Z�L�I�C�H�E���4�E�C�H�N�I�

�S�C�H�E���6�E�R�T�R�A�G�S�B�E�D�I�N�G�U�N�G�E�N���U�N�D���2�I�C�H�T�L�I�N�I�E�N���F�Ó�R���-�A�R�

�K�I�E�R�U�N�G�E�N�� �A�U�F�� �3�T�R�A�”�E�N�v�� �A�U�F�G�E�F�Ó�H�R�T���� �.�E�B�E�N���!�U�S�F�Ó�H�

�R�U�N�G�E�N���Z�U���A�L�L�G�E�M�E�I�N�E�N���!�N�F�O�R�D�E�R�U�N�G�E�N�����Z�U���!�U�S�W�A�H�L
�U�N�D�� �!�U�F�B�A�U�� �V�O�N�� �-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�N�� �E�N�T�H�A�L�T�E�N
�D�I�E�� �:�4�6�� �-�� �A�U�C�H�� �2�E�G�E�L�U�N�G�E�N�� �Z�U�� �D�E�R�E�N�� �B�A�U�P�R�A�K�T�I�

�S�C�H�E�R�� �!�U�S�F�Ó�H�R�U�N�G���� �P�E�R�S�O�N�E�L�L�E�N�� �6�O�R�A�U�S�S�E�T�Z�U�N�G�E�N��
�Z�U�� �!�B�N�A�H�M�E�
�� �U�N�D�� �'�E�W�Û�H�R�L�E�I�S�T�U�N�G�S�M�O�D�A�L�I�T�Û�T�E�N��
�A�B�E�R�� �I�N�S�B�E�S�O�N�D�E�R�E�� �A�U�C�H�� �Z�U�R�� �1�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�U�N�G��
�$�A�S�� �I�N�� �D�E�R�� �:�4�6�� �-�� �F�E�S�T�G�E�L�E�G�T�E�� �'�Ó�T�E�S�I�C�H�E�R�U�N�G�S�S�Y�S���

�T�E�M�� �U�M�F�A�S�S�T�� �M�E�H�R�E�R�E�� �+�O�N�T�R�O�L�L�
�� �U�N�D�� �%�V�A�L�U�I�E�R�U�N�G�S�

�E�B�E�N�E�N���� �.�E�B�E�N�� �0�R�Ó�F�U�N�G�E�N�� �W�Û�H�R�E�N�D�� �D�E�R�� �!�U�S�F�Ó�H�

�R�U�N�G���O�D�E�R���A�L�S���'�R�U�N�D�L�A�G�E���E�I�N�E�R���!�B�N�A�H�M�E���B�A�S�I�E�R�T���E�S
�J�E�D�O�C�H���G�A�N�Z���W�E�S�E�N�T�L�I�C�H���A�U�F���D�E�N���%�R�G�E�B�N�I�S�S�E�N���D�E�R���S�O
�G�E�N�A�N�N�T�E�N�� �%�I�G�N�U�N�G�S�P�R�Ó�F�U�N�G�E�N���� �D�E�N�N�� �G�R�U�N�D�L�E�G�E�N�

�D�E�� �6�O�R�A�U�S�S�E�T�Z�U�N�G�� �F�Ó�R�� �D�I�E�� �!�N�W�E�N�D�U�N�G�� �E�I�N�E�S�� �-�A�R�

�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�S�� �B�Z�W���� �-�A�R�K�I�E�R�U�N�G�S�P�R�O�D�U�K�T�E�S�� �I�S�T
�D�E�S�S�E�N���E�R�F�O�L�G�R�E�I�C�H�E�R���.�A�C�H�W�E�I�S���D�E�R���G�R�U�N�D�S�Û�T�Z�L�I�C�H�E�N
�%�I�G�N�U�N�G���E�N�T�S�P�R�E�C�H�E�N�D���D�E�N���Q�U�A�N�T�I�F�I�Z�I�E�R�T�E�N���!�N�F�O�R�D�E�

�R�U�N�G�S�K�R�I�T�E�R�I�E�N���D�E�R���4�,���-���;���=���B�Z�W�����%�.�������������;�����=�����$�I�E�S
�B�E�T�R�I�F�F�T�� �S�O�W�O�H�L�� �D�I�E�� �E�I�N�Z�E�L�N�E�N�� �!�U�S�G�A�N�G�S�M�A�T�E�R�I�A�L�I�E�N
���-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F���� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�� �B�Z�W��
�G�G�F�����W�E�I�T�E�R�E���"�E�I�S�T�O�F�F�E�	���I�M���2�A�H�M�E�N���V�O�N���3�T�O�F�F�U�N�T�E�R�S�U�

�C�H�U�N�G�E�N�� ���5�R�M�U�S�T�E�R�P�R�Ó�F�U�N�G�E�N�	�� �A�L�S�� �A�U�C�H�� �D�A�S�� �K�O�M�

�P�L�E�T�T�E���-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M���B�Z�W�����-�A�R�K�I�E�R�U�N�G�S�P�R�O�D�U�K�T
�I�M�� �2�A�H�M�E�N�� �V�O�N�� �3�Y�S�T�E�M�U�N�T�E�R�S�U�C�H�U�N�G�E�N���� �$�A�B�E�I
�N�E�H�M�E�N�� �D�I�E�� �3�Y�S�T�E�M�U�N�T�E�R�S�U�C�H�U�N�G�E�N�� �I�M�� �2�A�H�M�E�N
�D�E�R�� �"�E�L�A�S�T�U�N�G�S�P�R�Ó�F�U�N�G�� �A�U�F�� �D�E�R�� �2�U�N�D�L�A�U�F�P�R�Ó�F�A�N�L�A�G�E
�D�E�R���"�!�3�T���W�I�E�D�E�R�U�M���D�I�E���Z�E�N�T�R�A�L�E���0�O�S�I�T�I�O�N���E�I�N�����"�I�L�D�����	��

�!�R�T���U�N�D���5�M�F�A�N�G���D�E�R���3�T�O�F�F�
���U�N�D���3�Y�S�T�E�M�U�N�T�E�R�S�U�C�H�U�N�

�G�E�N���S�I�N�D���I�N���D�E�R���4�,���-���;���=���G�E�R�E�G�E�L�T�����%�R�F�O�L�G�R�E�I�C�H���A�U�F���D�E�R
�'�R�U�N�D�L�A�G�E�� �D�E�R�� �M�A�”�G�E�B�E�N�D�E�N�� �!�N�F�O�R�D�E�R�U�N�G�S�K�R�I�T�E�

�R�I�E�N�� �V�A�L�I�D�I�E�R�T�E�� �-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�� �B�Z�W���� �-�A�R�K�I�E�

�R�U�N�G�S�P�R�O�D�U�K�T�E���W�E�R�D�E�N���I�N���E�I�N�E���S�O���G�E�N�A�N�N�T�E���u�&�R�E�I�G�A�

�B�E�L�I�S�T�E�v�� �D�E�R�� �"�U�N�D�E�S�A�N�S�T�A�L�T�� �F�Ó�R�� �3�T�R�A�”�E�N�W�E�S�E�N
���"�!�3�T�	���;�����=���Ó�B�E�R�F�Ó�H�R�T�����S�O�D�A�S�S���F�Ó�R���J�E�D�E�N���0�L�A�N�E�R���O�D�E�R
�!�U�F�T�R�A�G�G�E�B�E�R���I�N���!�B�H�Û�N�G�I�G�K�E�I�T���V�O�N���D�E�N���š�R�T�L�I�C�H�E�N���'�E�

�G�E�B�E�N�H�E�I�T�E�N���O�D�E�R���P�R�Û�F�E�R�I�E�R�T�E�N���-�A�T�E�R�I�A�L�A�R�T�E�N���E�I�N�E���I�N�

�F�O�R�M�A�T�I�V�E�� �ã�B�E�R�S�I�C�H�T�� �G�E�E�I�G�N�E�T�E�R�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�

�R�U�N�G�S�S�Y�S�T�E�M�E���Z�U�R���6�E�R�F�Ó�G�U�N�G���G�E�S�T�E�L�L�T���W�E�R�D�E�N���K�A�N�N��

�:�U�R���!�B�S�I�C�H�E�R�U�N�G���E�I�N�E�R���E�I�N�M�A�L���A�L�S���G�E�E�I�G�N�E�T���V�A�L�I�D�I�E�R�

�T�E�N���0�R�O�D�U�K�T�Q�U�A�L�I�T�Û�T���S�I�E�H�T���D�I�E���:�4�6���-�� �D�A�S���6�E�R�F�A�H�R�E�N
�D�E�R�� �-�U�S�T�E�R�G�L�E�I�C�H�H�E�I�T�S�P�R�Ó�F�U�N�G�� �V�O�R���� �$�I�E�S�E�� �6�O�R�G�E�

�H�E�N�S�W�E�I�S�E���W�E�I�C�H�T���I�N���D�E�R���&�O�R�M���V�O�N���D�E�R���S�O�N�S�T���G�E�M�Û�”
�"�A�U�P�R�O�D�U�K�T�E�N�R�I�C�H�T�L�I�N�I�E�� �V�O�R�Z�U�G�S�W�E�I�S�E�� �B�E�I�� �D�E�R�� �!�N�

�W�E�N�D�U�N�G���W�E�R�K�S�S�E�I�T�I�G���V�O�R�G�E�F�E�R�T�I�G�T�E�R���"�A�U�S�T�O�F�F�E���P�R�A�K�

�T�I�Z�I�E�R�T�E�N���+�O�N�T�R�O�L�L�E���M�I�T�T�E�L�S���R�E�G�E�L�M�Û�”�I�G�E�R���&�R�E�M�D�Ó�B�E�R�

�W�A�C�H�U�N�G�� �U�N�D�� �1�U�A�L�I�T�Û�T�S�Z�E�R�T�I�F�I�Z�I�E�R�U�N�G�� �A�B���� �E�N�T�S�P�R�I�C�H�T
�A�B�E�R���W�E�I�T�E�S�T�G�E�H�E�N�D���I�N���D�E�R���!�R�T���D�E�R���/�R�G�A�N�I�S�A�T�I�O�N���U�N�D
�$�U�R�C�H�F�Ó�H�R�U�N�G�� �E�I�N�E�R�� �&�R�E�M�D�Ó�B�E�R�W�A�C�H�U�N�G�� �Û�H�N�L�I�C�H
�D�E�M�� �+�O�N�F�O�R�M�I�T�Û�T�S�S�Y�S�T�E�M�� �u�����v�� �D�E�R�� �"�A�U�P�R�O�D�U�K�T�E�N�

�R�I�C�H�T�L�I�N�I�E�����$�A�S���6�E�R�F�A�H�R�E�N���S�I�E�H�T���V�O�R�����D�A�S�S���B�E�I���-�A�R�K�I�E�

�R�U�N�G�S�A�R�B�E�I�T�E�N���� �J�E�D�O�C�H�� �V�E�R�B�I�N�D�L�I�C�H�� �B�E�I�� �S�O�L�C�H�E�N�� �M�I�T
�E�I�N�E�M�� �.�E�T�T�O�A�U�F�T�R�A�G�S�W�E�R�T�� �O�B�E�R�H�A�L�B�� �V�O�N�� �������������� �Ñ��
�C�H�E�M�I�S�C�H�
�P�H�Y�S�I�K�A�L�I�S�C�H�E���0�R�Ó�F�U�N�G�E�N���Z�U�R���&�E�S�T�S�T�E�L�L�U�N�G
�D�E�R�� �ã�B�E�R�E�I�N�S�T�I�M�M�U�N�G�� ���-�U�S�T�E�R�G�L�E�I�C�H�H�E�I�T�	�� �D�E�R�� �G�E�L�I�E�

�F�E�R�T�E�N�� �-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�E�� �U�N�D�� �D�E�R�E�N�� �"�E�I�S�T�O�F�F�E�� �M�I�T
�D�E�R�� �:�U�S�A�M�M�E�N�S�E�T�Z�U�N�G�� �D�E�R�� �B�E�I�� �D�E�R�� �%�I�G�N�U�N�G�S�P�R�Ó�

�F�U�N�G���U�N�T�E�R�S�U�C�H�T�E�N���5�R�M�U�S�T�E�R���D�E�S���V�E�R�W�E�N�D�E�T�E�N���-�A�R�

�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�S�� �Z�U�� �E�R�F�O�L�G�E�N�� �H�A�B�E�N���� �-�I�T�H�I�L�F�E�� �u�U�N�

�V�E�R�Û�N�D�E�R�T�E�R�v���3�T�O�F�F�K�E�N�N�W�E�R�T�E���S�O�L�L���D�A�M�I�T���A�U�F���D�A�S���V�O�R�

�M�A�L�S�� �E�R�F�O�L�G�R�E�I�C�H�� �V�A�L�I�D�I�E�R�T�E�� �3�Y�S�T�E�M�V�E�R�H�A�L�T�E�N�� �G�E�

�S�C�H�L�O�S�S�E�N���W�E�R�D�E�N��

�.�A�C�H�� �%�I�N�F�Ó�H�R�U�N�G�� �D�E�R�� �E�U�R�O�P�Û�I�S�C�H�� �H�A�R�M�O�N�I�S�I�E�R�T�E�N
�.�O�R�M�E�N�� �S�I�N�D�� �D�I�E�� �:�4�6�� �G�L�E�I�C�H�Z�E�I�T�I�G�� �D�A�S�� �&�O�R�U�M�� �Z�U�R
�3�P�I�E�G�E�L�U�N�G�� �D�I�E�S�E�R�� �H�A�R�M�O�N�I�S�I�E�R�T�E�N�� �2�E�G�E�L�U�N�G�E�N
�U�N�T�E�R�� �B�E�S�O�N�D�E�R�E�R�� �"�E�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G�� �D�E�S�� �N�A�T�I�O�N�A�L�E�N
�3�I�C�H�E�R�H�E�I�T�S�
�� �U�N�D���!�N�F�O�R�D�E�R�U�N�G�S�N�I�V�E�A�U�S���� �$�A�M�I�T�� �S�T�E�L�

�L�E�N�� �D�I�E�� �:�4�6�� �-�� �D�I�E�� �M�A�”�G�E�B�E�N�D�E�� �2�E�C�H�T�S�G�R�U�N�D�L�A�G�E
�F�Ó�R�� �D�I�E�� �!�U�S�F�Ó�H�R�U�N�G�� �U�N�D�� �1�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�U�N�G�� �V�O�N
�&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N�� �I�M�� �"�U�N�D�E�S�F�E�R�N�S�T�R�A�”�E�N�B�E�

�R�E�I�C�H���D�A�R��

�:�U�R���!�U�S�B�I�L�D�U�N�G���V�O�N���P�E�R�M�A�N�E�N�T�E�N���-�A�R�K�I�E�R�U�N�G�E�N���A�U�F
�3�T�R�A�”�E�N�� �I�M�� �"�U�N�D�E�S�F�E�R�N�S�T�R�A�”�E�N�B�E�R�E�I�C�H�� �K�š�N�N�E�N�� �F�Ó�R
�D�I�E�� �!�U�S�B�I�L�D�U�N�G�� �N�I�C�H�T�� �V�O�R�G�E�F�E�R�T�I�G�T�E�R�� �-�A�R�K�I�E�R�U�N�G�S���

�S�Y�S�T�E�M�E�� �n�� �W�I�E�� �S�I�E�� �H�I�E�R�� �'�E�G�E�N�S�T�A�N�D�� �D�E�R�� �5�N�T�E�R�S�U�

�C�H�U�N�G�E�N���S�I�N�D���n���I�N���!�B�H�Û�N�G�I�G�K�E�I�T���V�O�N���D�E�R���+�L�A�S�S�I�F�I�Z�I�E�

�R�U�N�G���D�E�R���6�E�R�K�E�H�R�S�B�E�A�N�S�P�R�U�C�H�U�N�G���D�I�E���I�N���"�I�L�D�������D�A�R�

�G�E�S�T�E�L�L�T�E�N�� �-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�E�� �Z�U�R���!�N�W�E�N�D�U�N�G�� �K�O�M�

�M�E�N��


�

�;>6��� �2�U�N�D�L�A�U�F�P�R�Ó�F�A�N�L�A�G�E�� �D�E�R�� �"�!�3�T�� �Z�U�R�� �3�Y�S�T�E�M�P�R�Ó�F�U�N�G�� �V�O�N
�-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�N�����1�U�E�L�L�E�����"�!�3�T�	







�$�E�R�� �3�T�A�N�D�� �D�E�R�� �4�E�C�H�N�I�K�� �B�E�Z�Ó�G�L�I�C�H�� �D�E�R�� �Z�U�� �V�E�R�W�E�N�

�D�E�N�D�E�N���"�E�I�S�T�O�F�F�E���n���U�N�D���H�I�E�R�B�E�I���N�A�T�Ó�R�L�I�C�H���I�N�S�B�E�S�O�N�

�D�E�R�E�� �D�E�R�� �2�E�F�L�E�X�K�š�R�P�E�R�� �U�N�D�� �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�� �D�E�S
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�S�� �n�� �I�S�T�� �E�B�E�N�F�A�L�L�S�� �N�A�T�I�O�N�A�L
�V�E�R�B�I�N�D�L�I�C�H�� �I�N�� �D�E�N�� �4�,�� �-�� �;���=�� �G�E�R�E�G�E�L�T���� �$�O�R�T�� �W�I�R�D�� �J�E�

�D�O�C�H���B�E�Z�Ó�G�L�I�C�H���D�E�R���!�N�F�O�R�D�E�R�U�N�G�S�K�R�I�T�E�R�I�E�N���S�O�W�I�E���D�E�R
�E�N�T�S�P�R�E�C�H�E�N�D�E�N�� �5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N�� �A�U�F�� �D�I�E
�%�.�������������;�����=���B�Z�W�����%�.�������������;�����=���V�E�R�W�I�E�S�E�N�����$�I�E���D�E�R�

�Z�E�I�T�� �V�E�R�W�E�N�D�E�T�E�N�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�� �B�E�S�T�E�H�E�N�� �I�N�� �D�E�R
�2�E�G�E�L�� �A�U�S�� �E�I�N�E�M�� �'�E�M�I�S�C�H�� �A�U�S�� �B�E�S�O�N�D�E�R�S�� �B�E�

�S�C�H�I�C�H�T�E�T�E�N���2�E�F�L�E�X�I�O�N�S�K�š�R�P�E�R�N�����I�����D�����2�����'�L�A�S�P�E�R�L�E�N�	
�U�N�D�� �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�N�� ���#�R�I�S�T�O�B�A�L�I�T���� �+�O�R�U�N�D���� �'�L�A�S�

�B�R�U�C�H���O�����Ç�����B�Z�W�����'�E�M�I�S�C�H�E�N���D�A�V�O�N�	�����7�I�E���B�E�R�E�I�T�S���A�M
�%�N�D�E���D�E�S���E�R�S�T�E�N���+�A�P�I�T�E�L�S���A�U�S�G�E�F�Ó�H�R�T�����W�I�R�D���D�I�E���R�E�T�R�O�

�R�E�F�L�E�K�T�I�E�R�E�N�D�E���1�U�A�L�I�T�Û�T���D�E�R���2�E�F�L�E�X�K�š�R�P�E�R���I�M���7�E�S�E�N�T�

�L�I�C�H�E�N�� �D�U�R�C�H�� �D�E�R�E�N�� �4�R�A�N�S�P�A�R�E�N�Z�
�� �U�N�D�� �"�R�E�C�H�U�N�G�S�

�V�E�R�H�A�L�T�E�N���� �A�B�E�R�� �A�U�C�H�� �D�U�R�C�H�� �D�E�R�E�N�� �0�A�R�T�I�K�E�L�G�R�š�”�E�N�

�V�E�R�T�E�I�L�U�N�G�� �U�N�D�� �0�A�R�T�I�K�E�L�F�O�R�M�� �B�E�S�T�I�M�M�T���� �5�M�� �D�I�E�S�E�R
�!�U�F�G�A�B�E�� �D�U�R�C�H�� �D�E�N�� �%�I�N�S�A�T�Z�� �V�O�N�� �'�L�A�S�P�E�R�L�E�N�� �M�š�G�

�L�I�C�H�S�T�� �O�P�T�I�M�A�L�� �N�A�C�H�Z�U�K�O�M�M�E�N���� �S�I�N�D�� �n�� �G�R�O�B�� �V�E�R�E�I�N�

�F�A�C�H�T���n���B�E�S�O�N�D�E�R�S���K�U�G�E�L�F�š�R�M�I�G�
�R�U�N�D�E�����K�L�A�R�
�T�R�A�N�S�P�A�

�R�E�N�T�E�� �0�A�R�T�I�K�E�L�� �O�H�N�E�� �&�E�H�L�S�T�E�L�L�E�N�� �O�D�E�R�� �%�I�N�S�C�H�L�Ó�S�S�E
�M�I�T�� �H�O�H�E�M�� �"�R�E�C�H�U�N�G�S�I�N�D�E�X�� �I�N�� �E�I�N�E�R�� �'�R�š�”�E�N�A�B�S�T�U�

�F�U�N�G�� �E�R�F�O�R�D�E�R�L�I�C�H���� �D�I�E�� �O�P�T�I�M�A�L�E�� �2�E�T�R�O�R�E�F�L�E�X�I�O�N�� �E�R�

�Z�E�U�G�T���� �:�U�R�� �3�I�C�H�E�R�S�T�E�L�L�U�N�G�� �E�I�N�E�S�� �D�A�U�E�R�H�A�F�T�� �H�O�H�E�N
�U�N�D���R�E�S�I�S�T�E�N�T�E�N���(�A�F�T�V�E�R�B�U�N�D�E�S���U�N�T�E�R���M�E�C�H�A�N�I�S�C�H�E�R
�"�E�A�N�S�P�R�U�C�H�U�N�G���� �Z�U�R�� �6�E�R�M�E�I�D�U�N�G�� �E�I�N�E�S�� �u�5�N�T�E�R�T�A�U�

�C�H�E�N�S�v�� �I�M�� �-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�� �O�D�E�R�� �Z�U�R�� �(�Y�D�R�O�P�H�O�B�I�E�

�R�U�N�G�� �W�E�R�D�E�N�� �D�I�E�� �2�E�F�L�E�X�K�š�R�P�E�R�� �H�E�U�T�Z�U�T�A�G�E�� �Z�U�S�Û�T�Z�

�L�I�C�H�� �O�B�E�R�F�L�Û�C�H�I�G�� �B�E�S�C�H�I�C�H�T�E�T���� �$�A�Z�U�� �K�O�M�M�E�N�� �C�H�E�

�M�I�S�C�H�� �K�O�M�P�L�E�X�E�� �-�A�T�E�R�I�A�L�I�E�N�� �Z�U�R�� �!�N�W�E�N�D�U�N�G���� �!�L�S
�B�E�S�O�N�D�E�R�S���G�E�E�I�G�N�E�T���F�Ó�R���E�I�N�E���D�E�R�A�R�T�I�G�E���&�U�N�K�T�I�O�N�A�L�I�T�Û�T
�S�T�E�L�L�E�N�� �S�I�C�H�� �N�A�N�O�S�K�A�L�I�G�E�� �H�Y�B�R�I�D�E�� ���A�N�O�R�G�A�N�I�S�C�H�

�O�R�G�A�N�I�S�C�H�E�	�� �-�A�T�E�R�I�A�L�I�E�N�� �D�A�R���� �W�O�B�E�I�� �I�N�S�B�E�S�O�N�D�E�R�E��
�3�I�L�A�N�E���3�I�L�O�X�A�N�E�� �E�I�N�E�� �B�R�E�I�T�E�� �!�N�W�E�N�D�U�N�G�� �F�I�N�D�E�N����
�3�I�L�A�N�E���3�I�L�O�X�A�N�E�� �B�E�S�T�E�H�E�N�� �A�U�S�� �E�I�N�E�M�� �3�I�L�I�C�I�U�M�

�'�R�U�N�D�G�E�R�Ó�S�T���U�N�D���7�A�S�S�E�R�S�T�O�F�F�����7�I�R�D���D�E�R���7�A�S�S�E�R�S�T�O�F�F
�I�N�� �D�E�N�� �3�I�L�A�N�E�N�� �D�U�R�C�H�� �O�R�G�A�N�I�S�C�H�E�� �2�E�S�T�E�� �E�R�S�E�T�Z�T���� �S�O

�B�E�Z�E�I�C�H�N�E�T���M�A�N���D�I�E�S�E���$�E�R�I�V�A�T�E���A�L�S���3�I�L�I�C�I�U�M�
�O�R�G�A�N�I�

�S�C�H�E�
�6�E�R�B�I�N�D�U�N�G�E�N�����/�R�G�A�N�O���3�I�L�A�N�E�	�����!�U�F�G�R�U�N�D���I�H�R�E�R
�B�E�S�O�N�D�E�R�E�N���3�T�R�U�K�T�U�R���V�E�R�B�E�S�S�E�R�N���D�E�R�A�R�T�I�G�E���/�R�G�A�N�O�

�3�I�L�A�N�E�� �S�I�G�N�I�F�I�K�A�N�T�� �D�I�E�� �(�A�F�T�U�N�G�� �Z�W�I�S�C�H�E�N�� �O�R�G�A�N�I�

�S�C�H�E�N�� �U�N�D�� �A�N�O�R�G�A�N�I�S�C�H�E�N�� �-�A�T�E�R�I�A�L�I�E�N�� �D�U�R�C�H�� �E�I�N�E
�S�T�A�B�I�L�E�� �C�H�E�M�I�S�C�H�E�� �"�I�N�D�U�N�G�� �Z�W�I�S�C�H�E�N�� �O�R�G�A�N�I�S�C�H�E�R
�U�N�D���A�N�O�R�G�A�N�I�S�C�H�E�R���-�A�T�R�I�X�����W�E�S�H�A�L�B���-�A�T�E�R�I�A�L�I�E�N���A�U�F
�D�I�E�S�E�R���3�T�O�F�F�B�A�S�I�S���I�N���D�E�R���D�E�R�Z�E�I�T�I�G�E�N���!�N�W�E�N�D�U�N�G���A�L�S
�"�E�S�C�H�I�C�H�T�U�N�G�S�S�T�O�F�F���F�A�V�O�R�I�S�I�E�R�T���S�I�N�D��

�5�M�� �A�L�S�O�� �D�I�E�� �1�U�A�L�I�T�Û�T�� �V�O�N�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�S�T�O�F�F�E�N
�K�E�N�N�Z�E�I�C�H�N�E�N�� �Z�U�� �K�š�N�N�E�N���� �S�I�N�D�� �I�N�S�B�E�S�O�N�D�E�R�E�� �D�I�E
�'�R�A�N�U�L�O�M�E�T�R�I�E�� �D�E�R�� �2�E�F�L�E�X�K�š�R�P�E�R�
�� �B�Z�W���� �'�R�I�F�F�I�G�K�E�I�T�S�

�M�I�T�T�E�L�
�(�A�U�F�W�E�R�K�E�� �S�O�W�I�E�� �D�I�E�� �"�E�S�C�H�I�C�H�T�U�N�G�S�Q�U�A�L�I�T�Û�T
�D�E�R���2�E�F�L�E�X�K�š�R�P�E�R���A�U�F�Z�U�K�L�Û�R�E�N���U�N�D���D�E�N���Z�U�G�E�H�š�R�I�G�E�N
�2�E�T�R�O�R�E�F�L�E�X�I�O�N�S�
���� �'�R�I�F�F�I�G�K�E�I�T�S�
�� �U�N�D�� �6�E�R�B�U�N�D�E�I�G�E�N�

�S�C�H�A�F�T�E�N�� �Z�U�Z�U�O�R�D�N�E�N���� �:�U�� �D�I�E�S�E�M�� �:�W�E�C�K�� �H�Û�L�T�� �D�I�E
�M�A�”�G�E�B�E�N�D�E���%�.������������ �;�����=���D�I�E���I�N���4�A�B�E�L�L�E������ �A�U�F�G�E�

�F�Ó�H�R�T�E�N���V�E�R�S�C�H�I�E�D�E�N�E�N���6�E�R�F�A�H�R�E�N���V�O�R��

�$�I�E�S�E�S�� �5�N�T�E�R�S�U�C�H�U�N�G�S�I�N�S�T�R�U�M�E�N�T�A�R�I�U�M�� �K�O�M�M�T�� �S�E�I�T
�N�U�N�M�E�H�R�� ���� �*�A�H�R�E�N�� �Z�U�R�� �!�N�W�E�N�D�U�N�G�� �U�N�D�� �P�R�Û�G�T�� �D�A�S
�.�I�V�E�A�U���D�E�R���'�Ó�T�E�K�E�N�N�Z�E�I�C�H�N�U�N�G��

�;>6���� �%�I�N�T�E�I�L�U�N�G���D�E�R���-�A�R�K�I�E�R�U�N�G�S�S�T�O�F�F�E���F�Ó�R���N�I�C�H�T���V�O�R�G�E�F�E�R�T�I�G�T�E���-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E���N�A�C�H���;���=

,@F7DEG5:G@9EH7D83:D7@
)78>7J	
=PDB7D

�D;88;9=7;FE	
?;FF7>

�+�O�R�N�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G���D�U�R�C�H��
�3�I�E�B�U�N�G

�8 �8

�"�R�E�C�H�U�N�G�S�I�N�D�E�X �8

�7�I�D�E�R�S�T�A�N�D���G�E�G�E�N���A�G�G�R�E�S�S�I�V�E��
�W�Û�S�S�R�I�G�E���,�š�S�U�N�G�E�N

�8

�1�U�A�L�I�T�Û�T�S�E�I�G�E�N�S�C�H�A�F�T�E�N��
���F�E�H�L�E�R�H�A�F�T�E���0�A�R�T�I�K�E�L�	

�8

�/�B�E�R�F�L�Û�C�H�E�N�B�E�S�C�H�I�C�H�T�U�N�G �8

�P�(�
�7�E�R�T �8

�:�E�R�R�E�I�B�B�A�R�K�E�I�T�S�I�N�D�E�X �8

�&�A�R�B�
���U�N�D���,�E�U�C�H�T�D�I�C�H�T�E�F�A�K�T�O�R �8

+34
�
� �5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N���G�E�M�Û�”���%�.����������



�5�N�A�B�H�Û�N�G�I�G�� �V�O�N�� �D�E�R�� �-�O�T�I�V�A�T�I�O�N���� �D�I�E�� �6�E�R�K�E�H�R�S�S�I�

�C�H�E�R�H�E�I�T�� �S�T�Û�N�D�I�G�� �W�E�I�T�E�R�� �Z�U�� �E�R�H�š�H�E�N���� �Z�E�I�G�E�N�� �2�Ó�C�K�

�M�E�L�D�U�N�G�E�N�� �A�U�S�� �D�E�R�� �3�T�R�A�”�E�N�B�A�U�P�R�A�X�I�S�� �J�E�D�O�C�H�� �D�E�R�

�Z�E�I�T�� �S�C�H�W�A�N�K�E�N�D�E�� �'�E�B�R�A�U�C�H�S�E�I�G�E�N�S�C�H�A�F�T�E�N�� �U�N�D
�T�E�I�L�W�E�I�S�E�� �U�N�Z�U�R�E�I�C�H�E�N�D�E�� �$�A�U�E�R�H�A�F�T�I�G�K�E�I�T�� �U�R�S�P�R�Ó�N�G�

�L�I�C�H�� �L�E�I�S�T�U�N�G�S�F�Û�H�I�G�� �G�E�P�R�Ó�F�T�E�R�� �-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E
�A�N���� �$�A�R�Ó�B�E�R�� �H�I�N�A�U�S�� �W�I�R�D�� �A�U�C�H�� �I�N�� �Z�U�N�E�H�M�E�N�D�E�M
�-�A�”�E�� �V�O�M�� �%�I�N�S�A�T�Z�� �N�I�C�H�T�� �A�N�F�O�R�D�E�R�U�N�G�S�G�E�R�E�C�H�T�E�R
�A�U�S�L�Û�N�D�I�S�C�H�E�R���"�E�I�S�T�O�F�F�P�R�O�D�U�K�T�E���Z�U�R���3�U�B�S�T�I�T�U�T�I�O�N���A�N�

�F�O�R�D�E�R�U�N�G�S�G�E�R�E�C�H�T�� �V�A�L�I�D�I�E�R�T�E�R�� �"�E�I�S�T�O�F�F�P�R�O�D�U�K�T�E�� �B�E�

�R�I�C�H�T�E�T���� �!�U�S�� �D�E�R�� �!�N�A�L�Y�S�E�� �D�E�R�� �2�Ó�C�K�M�E�L�D�U�N�G�E�N�� �V�O�N
�3�T�R�A�”�E�N�B�A�U�B�E�H�š�R�D�E�N�� �S�O�W�I�E�� �V�O�R�� �D�E�M�� �(�I�N�T�E�R�G�R�U�N�D
�D�E�R�� �R�E�A�L�E�N�� �%�R�F�A�H�R�U�N�G�E�N�� �I�N�� �D�E�R�� �3�T�R�A�”�E�N�B�A�U�P�R�A�X�I�S
�L�Û�”�T���S�I�C�H���E�I�N�D�E�U�T�I�G���D�E�R���"�E�D�A�R�F���A�N���M�O�D�E�R�N�E�R�E�N�����L�E�I�S���

�T�U�N�G�S�F�Û�H�I�G�E�R�E�N�� �5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N�� �Z�U�R�� �!�N�

�S�P�R�A�C�H�E�� �I�N�S�B�E�S�O�N�D�E�R�E�� �D�E�R�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�N�� �%�I�

�G�E�N�S�C�H�A�F�T�E�N���D�E�R���"�E�I�S�T�O�F�F�E���2�E�F�L�E�X�K�š�R�P�E�R���U�N�D���'�R�I�F�F�I�G�

�K�E�I�T�S�M�I�T�T�E�L���B�Z�W�����D�E�S���K�O�M�P�L�E�T�T�E�N���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�

�M�I�S�C�H�E�S�� �S�O�W�I�E�� �Z�U�R�� �)�D�E�N�T�I�F�I�Z�I�E�R�U�N�G�� �V�O�N�� �"�E�S�C�H�I�C�H�

�T�U�N�G�S�S�T�O�F�F�E�N�� �A�U�F�� �2�E�F�L�E�X�K�š�R�P�E�R�N�� �E�X�T�R�A�H�I�E�R�E�N���� �5�N�T�E�R
�"�E�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G�� �P�R�Ó�F�T�E�C�H�N�I�S�C�H�E�R�� �%�R�F�A�H�R�U�N�G�E�N�� �I�M
�2�A�H�M�E�N���V�O�N���%�I�G�N�U�N�G�S�P�R�Ó�F�U�N�G�E�N�����5�R�M�U�S�T�E�R�P�R�Ó�F�U�N�

�G�E�N�	���B�Z�W�����I�M���2�A�H�M�E�N���V�O�N���+�O�N�T�R�O�L�L�
���U�N�D���!�B�N�A�H�M�E�

�P�R�Ó�F�U�N�G�E�N���� �B�E�I�� �3�C�H�I�E�D�S�U�N�T�E�R�S�U�C�H�U�N�G�E�N�� �O�D�E�R�� �0�R�Ó�

�F�U�N�G�E�N�� �I�M�� �2�A�H�M�E�N�� �D�E�R�� �3�A�C�H�M�Û�N�G�E�L�H�A�F�T�U�N�G�� �W�I�R�D
�E�I�N�E�� �7�E�I�T�E�R�E�N�T�W�I�C�K�L�U�N�G�� �D�E�R�� �D�E�R�Z�E�I�T�I�G�� �P�R�A�K�T�I�Z�I�E�R�T�E�N
�'�Ó�T�E�S�I�C�H�E�R�U�N�G�S�M�E�T�H�O�D�I�K���U�N�B�E�D�I�N�G�T���F�Ó�R���E�R�F�O�R�D�E�R�L�I�C�H
�G�E�H�A�L�T�E�N��

�!�R�T���U�N�D���!�N�Z�A�H�L���D�E�R���E�R�M�I�T�T�E�L�T�E�N���+�E�N�N�W�E�R�T�E���S�O�W�I�E���D�E�R
�D�E�R�Z�E�I�T���E�R�F�O�R�D�E�R�L�I�C�H�E���-�E�S�S�A�U�F�W�A�N�D���U�N�D���D�I�E���E�R�R�E�I�C�H�

�B�A�R�E�� �!�U�S�S�A�G�E�G�E�N�A�U�I�G�K�E�I�T�� �D�E�S�� �A�K�T�U�E�L�L�E�N�� �5�N�T�E�R�S�U�

�C�H�U�N�G�S�S�T�A�N�D�A�R�D�S���L�A�S�S�E�N���O�F�F�E�N�S�I�C�H�T�L�I�C�H���K�E�I�N�E���B�E�F�R�I�E�

�D�I�G�E�N�D�E�� �R�E�P�R�O�D�U�Z�I�E�R�B�A�R�E�� �:�U�O�R�D�N�U�N�G�� �D�E�R�� �"�E�I�S�T�O�F�F�E
���H�I�E�R���� �2�E�F�L�E�X�K�š�R�P�E�R���� �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�� �B�Z�W���� �.�A�C�H�

�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�	�� �Z�U�M�� �J�E�W�E�I�L�I�G�E�N�� �-�A�R�K�I�E�R�U�N�G�S�

�S�T�O�F�F���Z�U�����$�A���V�O�N���E�I�N�E�R���O�P�T�I�M�I�E�R�T�E�N���!�B�S�T�I�M�M�U�N�G���D�E�S
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�S�� �A�U�F�� �D�E�N�� �J�E�W�E�I�L�I�G�E�N�� �-�A�R�K�I�E�R�U�N�G�S�

�S�T�O�F�F���Z�U�R���!�U�S�B�I�L�D�U�N�G���S�P�E�Z�I�F�I�S�C�H�E�N���3�Y�S�T�E�M�V�E�R�H�A�L�T�E�N�S
�A�U�S�Z�U�G�E�H�E�N�� �I�S�T���� �D�I�E�� �S�I�C�H�� �D�A�N�N�� �A�U�C�H�� �U�R�S�Û�C�H�L�I�C�H�� �I�N
�D�E�N�� �%�R�G�E�B�N�I�S�S�E�N�� �D�E�R�� �%�I�G�N�U�N�G�S�P�R�Ó�F�U�N�G�� �W�I�D�E�R�S�P�I�E�

�G�E�L�T���� �W�I�R�D�� �D�I�E�S�E�S�� �0�R�O�B�L�E�M�� �B�E�S�O�N�D�E�R�S�� �B�E�I�M�� �.�A�C�H�

�W�E�I�S���I�M���2�A�H�M�E�N���D�E�R���'�Ó�T�E�S�I�C�H�E�R�U�N�G���O�D�E�R���B�E�I���+�O�N�

�T�R�O�L�L�
�� �U�N�D�� �!�B�N�A�H�M�E�P�R�Ó�F�U�N�G�E�N�� �S�O�W�I�E�� �B�E�I�� �3�C�H�I�E�D�S�

�U�N�D�� �'�U�T�A�C�H�T�E�R�U�N�T�E�R�S�U�C�H�U�N�G�E�N�� �E�V�I�D�E�N�T���� �$�I�E�S�E�S
�G�R�U�N�D�L�E�G�E�N�D�E�� �0�R�O�B�L�E�M�� �M�A�N�G�E�L�N�D�E�R�� �)�D�E�N�T�I�F�I�Z�I�E�R�U�N�G
�U�N�D�� �:�U�O�R�D�N�U�N�G�� �S�O�W�I�E�� �2�Ó�C�K�F�Ó�H�R�B�A�R�K�E�I�T�� �A�U�F�� �D�I�E�� �5�R�

�M�U�S�T�E�R�E�R�G�E�B�N�I�S�S�E�� �W�I�R�D�� �F�L�A�N�K�I�E�R�T�� �D�U�R�C�H�� �E�R�H�E�B�L�I�C�H�E
�%�R�G�E�B�N�I�S�S�C�H�W�A�N�K�U�N�G�E�N�� ���5�N�G�E�N�A�U�I�G�K�E�I�T�E�N�	�� �D�E�R
�K�O�N�V�E�N�T�I�O�N�E�L�L�E�N�� �6�E�R�F�A�H�R�E�N���� �W�A�S�� �T�E�I�L�W�E�I�S�E�� �A�U�C�H�� �A�U�F
�D�I�E���R�E�L�A�T�I�V���G�E�R�I�N�G�E���'�R�U�N�D�G�E�S�A�M�T�H�E�I�T���D�E�S���J�E�W�E�I�L�I�G�E�N
�-�E�S�S�V�O�L�U�M�E�N�S���U�N�D���D�A�R�I�N���S�U�B�S�U�M�M�I�E�R�T�E�R���%�I�N�F�L�Ó�S�S�E
�D�E�R���0�R�O�B�E�N�A�H�M�E���U�N�D���
�V�O�R�B�E�R�E�I�T�U�N�G���Z�U�R�Ó�C�K�Z�U�F�Ó�H�R�E�N
�I�S�T��

�)�N�� �G�E�N�E�R�A�L�I�S�I�E�R�T�E�R�� �&�O�R�M�� �L�A�S�S�E�N�� �S�I�C�H�� �A�U�S�� �D�E�N�� �2�Ó�C�K�

�M�E�L�D�U�N�G�E�N���D�I�E���A�K�T�U�E�L�L�E���,�A�G�E���U�N�D���D�A�M�I�T���V�E�R�B�U�N�D�E�

�N�E�R�� �P�R�A�K�T�I�S�C�H�E�R�� �0�R�O�B�L�E�M�E�� �D�U�R�C�H�� �F�O�L�G�E�N�D�E�� �4�H�E�S�E�N
�Z�U�S�A�M�M�E�N�F�A�S�S�E�N�D���E�X�T�R�A�H�I�E�R�E�N��

�s �%�S�� �E�R�F�O�L�G�T�� �K�E�I�N�E�� �U�M�F�A�S�S�E�N�D�E�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E
�+�E�N�N�Z�E�I�C�H�U�N�G��

�n �L�E�D�I�G�L�I�C�H���'�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G�����K�E�I�N�E���&�O�R�M�K�E�N�N�

�Z�E�I�C�H�N�U�N�G��

�s �!�U�F�K�L�Û�R�U�N�G�� �D�E�R�� �0�A�R�T�I�K�E�L�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G�� �M�I�T�T�E�L�S
�3�I�E�B�A�N�A�L�Y�S�E���I�S�T���U�N�B�E�F�R�I�E�D�I�G�E�N�D��

�n �B�E�S�C�H�R�Û�N�K�T�E�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�� �+�E�N�N�Z�E�I�C�H�

�N�U�N�G���D�E�S���(�A�U�F�W�E�R�K�S��

�n �G�E�R�I�N�G�E�S�� �0�R�O�B�E�N�V�O�L�U�M�E�N�� ���M�A�N�G�E�L�N�D�E�� �2�E�

�P�R�Û�S�E�N�T�A�T�I�V�I�T�Û�T�	��

�n �H�O�H�E���3�P�A�N�N�B�R�E�I�T�E�N���D�E�R���%�R�G�E�B�N�I�S�S�E��
�n �H�O�H�E�R�� �5�N�T�E�R�S�U�C�H�U�N�G�S�A�U�F�W�A�N�D�� ���6�O�R�
�� �U�N�D

�.�A�C�H�B�E�R�E�I�T�U�N�G�����-�E�S�S�U�N�G�	��
�n �H�O�H�E�S�� �&�E�H�L�E�R�P�O�T�E�N�Z�I�A�L�� �B�E�Z�Ó�G�L�I�C�H�� �S�U�B�J�E�K�T�I�V�E�R

�&�E�H�L�E�R��
�n �K�E�I�N���0�O�T�E�N�Z�I�A�L���Z�U�R���0�H�A�S�E�N�S�E�P�A�R�I�E�R�U�N�G���E�I�N�E�S

�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�S��
�n �K�E�I�N���0�O�T�E�N�Z�I�A�L���F�Ó�R���-�E�S�S�U�N�G�E�N���V�O�R���/�R�T��

�s �!�U�F�W�Û�N�D�I�G�E�S�� �U�N�D�� �U�N�G�E�N�A�U�E�S�� �6�E�R�F�A�H�R�E�N�� �Z�U�R
�4�R�A�N�S�P�A�R�E�N�Z�K�E�N�N�Z�E�I�C�H�N�U�N�G��

�s �!�U�F�W�Û�N�D�I�G�E�S���6�E�R�F�A�H�R�E�N���Z�U�R���+�E�N�N�Z�E�I�C�H�N�U�N�G���D�E�S
�"�R�E�C�H�U�N�G�S�V�E�R�H�A�L�T�E�N�S��

�s �%�S�� �S�I�N�D�� �K�E�I�N�E�� �G�E�E�I�G�N�E�T�E�N�� �"�A�U�S�T�E�L�L�E�N�V�E�R�F�A�H�R�E�N
�B�Z�W�����3�C�H�N�E�L�L�V�E�R�F�A�H�R�E�N���V�O�R�H�A�N�D�E�N��

�n �Z�U�M���!�U�S�S�C�H�L�U�S�S���V�O�N���6�E�R�W�E�C�H�S�L�U�N�G�E�N���� �&�E�H�L�

�L�I�E�F�E�R�U�N�G�E�N���E�T�C����

�n �F�E�H�L�E�N�D�E���+�O�N�T�R�O�L�L�V�E�R�F�A�H�R�E�N���F�Ó�R���!�'��

�s �!�U�F�W�Û�N�D�I�G�E�� �%�R�M�I�T�T�L�U�N�G�� �D�E�R�� �1�U�A�L�I�T�Û�T�� �D�E�R�� �2�E�F�L�E�X�

�P�A�R�T�I�K�E�L���M�I�T���H�O�H�E�R���5�N�G�E�N�A�U�I�G�K�E�I�T��

�s �%�S�� �I�S�T�� �K�E�I�N�E���!�U�F�K�L�Û�R�U�N�G�� �D�E�S�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�

�M�I�S�C�H�E�S�����:�U�S�A�M�M�E�N�S�E�T�Z�U�N�G�	���M�š�G�L�I�C�H��

�n �1�U�A�L�I�T�Û�T�S�K�E�N�N�Z�E�I�C�H�N�U�N�G�� �I�M�� �2�A�H�M�E�N�� �D�E�R�� �5�R�

�M�U�S�T�E�R�P�R�Ó�F�U�N�G�� �N�U�R�� �A�N�� �!�U�S�G�A�N�G�S�P�H�A�S�E�N��
���D�����H�����2�E�F�L�E�X���U�N�D���'�R�I�F�F�I�G���G�E�T�R�E�N�N�T�	��

�s �+�E�I�N�� �A�U�S�R�E�I�C�H�E�N�D�� �A�N�A�L�Y�T�I�S�C�H�E�R�� �.�A�C�H�W�E�I�S�� �D�E�R
�/�B�E�R�F�L�Û�C�H�E�N�Q�U�A�L�I�T�Û�T�����"�E�S�C�H�I�C�H�T�U�N�G�	���M�š�G�L�I�C�H��

�!�U�F�� �D�E�R�� �'�R�U�N�D�L�A�G�E�� �D�I�E�S�E�R�� �!�N�A�L�Y�S�E�� �S�I�N�D�� �D�E�M�E�N�T�

�S�P�R�E�C�H�E�N�D���!�N�S�T�R�E�N�G�U�N�G�E�N���E�R�F�O�R�D�E�R�L�I�C�H�����U�M���D�I�E���W�E�

�S�E�N�T�L�I�C�H�E�N�� �Q�U�A�L�I�T�Û�T�S�
�� �U�N�D�� �D�A�U�E�R�H�A�F�T�I�G�K�E�I�T�S�B�E�S�T�I�M�

�M�E�N�D�E�N�� �'�Ó�T�E�E�I�G�E�N�S�C�H�A�F�T�E�N�� �D�E�R�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�

�P�R�O�D�U�K�T�E�� �B�E�S�S�E�R�� �U�N�D�� �R�E�P�R�O�D�U�Z�I�E�R�B�A�R�E�R�� �Z�U�� �E�R�F�A�S�S�E�N
�U�N�D�� �F�E�H�L�E�R�H�A�F�T�E���!�N�W�E�N�D�U�N�G�E�N�� �Z�U�� �V�E�R�M�E�I�D�E�N���� �+�O�N�

�Z�E�N�T�R�I�E�R�T���M�A�N���S�I�C�H���A�U�F���D�I�E���W�E�S�E�N�T�L�I�C�H�E�N���%�R�K�E�N�N�T�N�I�S�



�



�S�E���D�E�R���3�I�T�U�A�T�I�O�N�S�A�N�A�L�Y�S�E�����S�O���E�R�S�C�H�E�I�N�T���E�S���E�R�F�O�R�D�E�R�

�L�I�C�H���� �I�N�S�B�E�S�O�N�D�E�R�E�� �V�E�R�B�E�S�S�E�R�T�E�� �5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�

�F�A�H�R�E�N���Z�U�R���I�D�E�N�T�I�F�I�Z�I�E�R�E�N�D�E�N���!�N�A�L�Y�S�E���V�O�N���"�E�S�C�H�I�C�H�

�T�U�N�G�E�N�� �S�O�W�I�E�� �Z�U�R�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�N�� �+�E�N�N�Z�E�I�C�H�

�N�U�N�G���U�N�D���Z�U�R���!�N�S�P�R�A�C�H�E���V�O�N���2�E�F�L�E�X�I�O�N�S�E�I�G�E�N�S�C�H�A�F�

�T�E�N���D�E�R���"�E�I�S�T�O�F�F�E���2�E�F�L�E�X�K�š�R�P�E�R���U�N�D���'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L
�S�O�W�O�H�L���I�M���!�U�S�G�A�N�G�S�Z�U�S�T�A�N�D���A�L�S���A�U�C�H���I�N���K�O�M�B�I�N�I�E�R�

�T�E�R�� �H�A�N�D�E�L�S�Ó�B�L�I�C�H�E�R�� �&�O�R�M�� �A�L�S�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�

�M�I�S�C�H�� �Z�U�� �E�N�T�W�I�C�K�E�L�N�� �U�N�D�� �D�E�R�E�N�� �,�E�I�S�T�U�N�G�S�F�Û�H�I�G�K�E�I�T
�Z�U���V�A�L�I�D�I�E�R�E�N��

� �ADE5:G@9E3G89347

�$�E�R�� �Z�U�R�� �ã�B�E�R�W�I�N�D�U�N�G�� �D�E�R�� �7�I�S�S�E�N�L�Ó�C�K�E�N�� �N�O�T�W�E�N�D�I�

�G�E���&�O�R�S�C�H�U�N�G�S�B�E�D�A�R�F���W�U�R�D�E���V�O�N���D�E�R���"�!�3�T���E�R�K�A�N�N�T
�U�N�D�� �U�M�G�E�S�E�T�Z�T�� �I�N�� �D�I�E�� �&�O�R�M�U�L�I�E�R�U�N�G�� �E�I�N�E�R�� �W�I�S�S�E�N�

�S�C�H�A�F�T�L�I�C�H�
�T�E�C�H�N�I�S�C�H�E�N�� �!�U�F�G�A�B�E�N�S�T�E�L�L�U�N�G�� �M�I�T�� �D�E�M
�4�I�T�E�L���� �u�%�N�T�W�I�C�K�L�U�N�G�� �V�O�N�� �0�R�Ó�F�M�E�T�H�O�D�E�N�� �Z�U�R�� �3�E�P�A�R�A���

�T�I�O�N�� �V�O�N�� �2�E�F�L�E�X�K�š�R�P�E�R�N�� �U�N�D�� �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�N�� �I�N
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�N���F�Ó�R���-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E
�S�O�W�I�E���!�N�A�L�Y�S�E�� �U�N�D�� �)�D�E�N�T�I�F�I�K�A�T�I�O�N�� �D�E�R�� �"�E�S�C�H�I�C�H�T�U�N�G
���#�O�A�T�I�N�G���4�R�E�A�T�M�E�N�T�	���V�O�N���2�E�F�L�E�X�K�š�R�P�E�R�N�v��

�$�A�B�E�I���S�T�E�H�E�N�������G�E�N�E�R�E�L�L�E���(�A�U�P�T�Z�I�E�L�E���I�M���&�O�K�U�S���D�I�E�

�S�E�R�� �A�U�S�G�E�S�C�H�R�I�E�B�E�N�E�N�� �!�U�F�G�A�B�E�N�S�T�E�L�L�U�N�G���� �%�S�� �I�S�T
�Z�U�M�� �E�I�N�E�N�� �D�A�S�� �:�I�E�L�� �D�E�R�� �&�O�R�S�C�H�U�N�G�S�A�R�B�E�I�T���� �A�U�F�� �D�E�R
�'�R�U�N�D�L�A�G�E�� �N�E�U�A�R�T�I�G�E�R�� �H�A�U�F�W�E�R�K�S�K�E�N�N�Z�E�I�C�H�N�E�N�D�E�R
�-�E�S�S�M�E�T�H�O�D�E�N�� �U�N�D�� �!�U�S�W�E�R�T�E�V�E�R�F�A�H�R�E�N�� �Z�U�R�� �%�R�F�A�S�

�S�U�N�G�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�R�� �+�E�N�N�W�E�R�T�E�� �Z�U�� �E�N�T�W�I�C�K�E�L�N��
�D�I�E�� �M�I�T�� �D�E�U�T�L�I�C�H�� �R�E�D�U�Z�I�E�R�T�E�M�� �5�N�T�E�R�S�U�C�H�U�N�G�S�A�U�F�

�W�A�N�D���I�N���K�U�R�Z�E�R���:�E�I�T���%�R�G�E�B�N�I�S�S�E���M�I�T���S�T�A�B�I�L�E�R�E�R���S�T�A�T�I�

�S�T�I�S�C�H�E�R�� �3�I�C�H�E�R�H�E�I�T�� �A�N�� �G�R�š�”�E�R�E�N�� �-�E�S�S�P�R�O�B�E�N�G�E�

�S�A�M�T�H�E�I�T�E�N���Z�U�R���6�E�R�F�Ó�G�U�N�G���S�T�E�L�L�E�N���K�š�N�N�E�N���U�N�D���S�O�M�I�T
�A�U�C�H���P�R�O�Z�E�S�S�A�N�A�L�Y�T�I�S�C�H�E�S���0�O�T�E�N�Z�I�A�L���B�E�R�E�I�T�S���B�E�I���D�E�R
�W�E�R�K�S�S�E�I�T�I�G�E�N���(�E�R�S�T�E�L�L�U�N�G���A�U�F�W�E�I�S�E�N�����.�E�B�E�N���D�E�R���I�N�

�T�E�G�R�A�L�E�N�� �0�A�R�T�I�K�E�L�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G�� �S�O�L�L�E�N�� �W�E�I�T�E�R�E
�+�E�N�N�W�E�R�T�E���E�I�N�E���V�E�R�B�E�S�S�E�R�T�E���U�N�D���G�E�N�A�U�E�R�E���G�R�A�N�U�L�O�

�M�E�T�R�I�S�C�H�E�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �G�E�S�T�A�T�T�E�N���� �$�E�S�� �W�E�I�T�E�R�E�N
�S�O�L�L�� �N�A�C�H�� �5�N�T�E�R�S�U�C�H�U�N�G�S�M�E�T�H�O�D�E�N�� �G�E�S�U�C�H�T�� �W�E�R�

�D�E�N���� �D�I�E�� �0�O�T�E�N�Z�I�A�L�� �Z�U�R�� �V�E�R�E�I�N�F�A�C�H�T�E�N�� �U�N�D�� �V�E�R�B�E�S�

�S�E�R�T�E�N�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �D�E�R�� �2�E�F�L�E�X�P�A�R�T�I�K�E�L�Q�U�A�L�I�T�Û�T�� �I�N
�!�N�L�E�H�N�U�N�G���A�N���D�I�E���%�R�F�O�R�D�E�R�N�I�S�S�E���D�E�R���%�.���������������+�A�P�I�

�T�E�L�� ���������� �A�U�F�W�E�I�S�E�N���� �$�A�Z�U�� �I�S�T�� �N�E�B�E�N�� �G�R�A�N�U�L�O�M�E�T�R�I�

�S�C�H�E�N�� �+�E�N�N�W�E�R�T�E�N�� �A�U�C�H�� �D�I�E�� �%�R�F�A�S�S�U�N�G�� �V�O�N�� �R�E�F�L�E���

�X�I�O�N�S�K�E�N�N�Z�E�I�C�H�E�N�D�E�N�� �%�I�G�E�N�S�C�H�A�F�T�E�N�� �E�R�F�O�R�D�E�R�L�I�C�H��
�%�S�� �S�I�N�D�� �5�N�T�E�R�S�U�C�H�U�N�G�E�N�� �A�N�Z�U�S�T�R�E�N�G�E�N���� �U�M�� �D�I�E
�-�š�G�L�I�C�H�K�E�I�T���E�I�N�E�R���N�A�C�H�T�R�Û�G�L�I�C�H�E�N���0�H�A�S�E�N�S�E�P�A�R�A�T�I�O�N
�Z�U�R�� �!�U�F�K�L�Û�R�U�N�G�� �D�E�R�� �-�I�S�C�H�U�N�G�S�Z�U�S�A�M�M�E�N�S�E�T�Z�U�N�G
�F�E�R�T�I�G�E�R���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E���Z�U���K�L�Û�R�E�N��

�$�E�R���Z�W�E�I�T�E���4�E�I�L���I�S�T���V�O�N���D�E�R���:�I�E�L�S�T�E�L�L�U�N�G���G�E�P�R�Û�G�T�����C�H�E�

�M�I�S�C�H�
�� �O�D�E�R�� �P�H�Y�S�I�K�A�L�I�S�C�H�
�A�N�A�L�Y�T�I�S�C�H�E�� �5�N�T�E�R�S�U�


�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N�� �Z�U�� �E�N�T�W�I�C�K�E�L�N�� �B�Z�W���� �I�N�� �D�E�R���!�R�T�� �A�U�F
�D�I�E���H�I�E�R���Z�U���K�E�N�N�Z�E�I�C�H�N�E�N�D�E�N���0�R�O�B�E�N���Z�U���A�D�A�P�T�I�E�R�E�N��
�S�O�D�A�S�S���E�I�N�E���Q�U�A�L�I�T�A�T�I�V�E���O�D�E�R���Q�U�A�N�T�I�T�A�T�I�V�E���)�D�E�N�T�I�F�I�Z�I�E�

�R�U�N�G�� �V�O�N�� �"�E�S�C�H�I�C�H�T�U�N�G�E�N�� �A�U�F�� �2�E�F�L�E�X�K�š�R�P�E�R�N�� �M�š�G�

�L�I�C�H���W�I�R�D��

�$�I�E���5�N�T�E�R�S�U�C�H�U�N�G�E�N���Z�I�E�L�E�N���L�E�T�Z�T�L�I�C�H���D�A�R�A�U�F���A�B�����A�L�L�E�N
�A�M���-�A�R�K�I�E�R�U�N�G�S�P�R�O�Z�E�S�S���B�E�T�E�I�L�I�G�T�E�N���0�A�R�T�E�I�E�N���D�I�E���U�N�

�T�E�R�S�U�C�H�U�N�G�S�T�E�C�H�N�I�S�C�H�E�N�� �'�R�U�N�D�L�A�G�E�N�� �U�N�D�� �E�R�G�Û�N�

�Z�E�N�D�E�N���S�A�C�H�L�I�C�H�E�N���:�U�S�A�M�M�E�N�H�Û�N�G�E���F�Ó�R���V�E�R�B�E�S�S�E�R�

�T�E���'�Ó�T�E�S�I�C�H�E�R�H�E�I�T���Z�U�R���6�E�R�F�Ó�G�U�N�G���Z�U���S�T�E�L�L�E�N�����3�I�E���D�I�E�

�N�E�N���E�I�N�E�R�S�E�I�T�S���D�E�M���:�I�E�L�����D�E�M���!�U�F�T�R�A�G�G�E�B�E�R���B�Z�W�����D�E�R
�"�A�U�H�E�R�R�S�C�H�A�F�T���D�I�E���G�Ó�T�E�S�I�C�H�E�R�E���!�U�S�F�Ó�H�R�U�N�G���D�E�R���V�E�R�

�E�I�N�B�A�R�T�E�N�� �U�N�D�� �V�E�R�T�R�A�G�L�I�C�H�� �F�I�X�I�E�R�T�E�N�� �,�E�I�S�T�U�N�G�� �S�I�C�H�E�R�

�Z�U�S�T�E�L�L�E�N�� �U�N�D�� �D�I�E�� �+�O�N�T�R�O�L�L�O�P�T�I�O�N�E�N�� �Z�U�� �V�E�R�B�E�S�S�E�R�N��
�&�Ó�R�� �D�I�E�� �A�U�S�F�Ó�H�R�E�N�D�E�� �5�N�T�E�R�N�E�H�M�U�N�G�� �K�š�N�N�E�N�� �D�I�E
�&�O�R�S�C�H�U�N�G�S�Z�I�E�L�E�� �E�I�N�E�� �H�š�H�E�R�E�� �3�I�C�H�E�R�H�E�I�T�� �B�E�Z�Ó�G�L�I�C�H
�D�E�R�� �'�E�W�Û�H�R�L�E�I�S�T�U�N�G�� �G�Ó�T�E�S�I�C�H�E�R�E�R�� �,�I�E�F�E�R�Q�U�A�L�I�T�Û�T�� �D�E�R
�-�A�R�K�I�E�R�U�N�G�S�
���U�N�D���"�E�I�S�T�O�F�F�E���B�E�D�E�U�T�E�N�����5�N�D���A�U�C�H���F�Ó�R
�D�I�E�� �(�E�R�S�T�E�L�L�E�R�� �D�E�R�� �"�E�I�S�T�O�F�F�E�� �S�O�L�L�E�N�� �D�I�E�� �-�I�T�T�E�L�� �Z�U�R
�1�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�U�N�G�� �D�U�R�C�H�� �%�I�G�E�N�Ó�B�E�R�W�A�C�H�U�N�G�� �D�E�R
�0�R�O�D�U�K�T�E�� �U�N�D�� �1�U�A�L�I�T�Û�T�S�K�O�N�T�R�O�L�L�E�� �D�E�R�� �V�E�R�W�E�N�D�E�T�E�N
�!�U�S�G�A�N�G�S�M�A�T�E�R�I�A�L�I�E�N���V�E�R�B�E�S�S�E�R�T���W�E�R�D�E�N��

�'�E�G�E�N�S�T�A�N�D�� �D�E�R�� �5�N�T�E�R�S�U�C�H�U�N�G�E�N�� �S�I�N�D�� �-�A�R�K�I�E�

�R�U�N�G�S�S�Y�S�T�E�M�E���� �D�I�E�� �N�I�C�H�T�� �V�O�R�G�E�F�E�R�T�I�G�T���� �S�O�N�D�E�R�N�� �V�O�R
�/�R�T�� �A�U�F�� �D�I�E�� �&�A�H�R�B�A�H�N�O�B�E�R�F�L�Û�C�H�E�� �A�P�P�L�I�Z�I�E�R�T�� �W�E�R�D�E�N��
�&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N�� �K�š�N�N�E�N�� �D�A�U�E�R�H�A�F�T�� �O�D�E�R
�T�E�M�P�O�R�Û�R���A�L�S���"�A�U�S�T�E�L�L�E�N�M�A�R�K�I�E�R�U�N�G���A�U�S�G�E�F�Ó�H�R�T���W�E�R�

�D�E�N�����$�I�E�S�E���!�R�B�E�I�T���B�E�Z�I�E�H�T���S�I�C�H���A�U�F���5�N�T�E�R�S�U�C�H�U�N�G�E�N
�A�N�� �"�E�I�S�T�O�F�F�
�-�A�T�E�R�I�A�L�I�E�N�� ���2�E�F�L�E�X�K�š�R�P�E�R���� �'�R�I�F�F�I�G�K�E�I�T�S�

�M�I�T�T�E�L�� �B�Z�W���� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�	���� �D�I�E�� �F�Ó�R�� �D�I�E
�!�U�S�B�I�L�D�U�N�G�� �P�E�R�M�A�N�E�N�T�E�R�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�S�
��
�S�Y�S�T�E�M�E���S�O�W�O�H�L���D�E�S���4�Y�P�S���)���A�L�S���A�U�C�H���D�E�S���4�Y�P�S���)�)���F�Ó�R
�D�I�E���!�N�W�E�N�D�U�N�G���U�N�T�E�R���D�E�N���H�O�H�E�N���"�E�A�N�S�P�R�U�C�H�U�N�G�E�N
�I�M�� �"�U�N�D�E�S�F�E�R�N�S�T�R�A�”�E�N�B�E�R�E�I�C�H�� ���6�E�R�K�E�H�R�S�K�L�A�S�S�E
�O�B�E�R�H�A�L�B���0�����G�E�M�Û�”���:�4�6���-���;���=�	���6�E�R�W�E�N�D�U�N�G���F�I�N�D�E�N��

�

 �D>OGF7DG@9�3=FG7>>7D
?7F:A6;E5:7D��@FI;5=>G@97@

�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�� �B�Z�W���� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E
�W�E�R�D�E�N�� �A�K�T�U�E�L�L�� �G�E�M�Û�”�� �$�)�.�� �%�.�� ���������� �;�����=�� �G�E�P�R�Ó�F�T��
�$�I�E�S�� �B�E�T�R�I�F�F�T�� �I�N�S�B�E�S�O�N�D�E�R�E�� �D�I�E�� �0�A�R�T�I�K�E�L�G�R�š�”�E�N�V�E�R�

�T�E�I�L�U�N�G���� �0�A�R�T�I�K�E�L�F�O�R�M�� �U�N�D�� �
�T�R�A�N�S�P�A�R�E�N�Z���� �:�U�� �D�E�R�E�N
�%�R�M�I�T�T�L�U�N�G�� �W�E�R�D�E�N�� �I�N�� �;�����=�� �D�E�R�Z�E�I�T�� �0�R�Ó�F�M�E�T�H�O�D�E�N
�A�U�F���"�A�S�I�S���V�O�N���3�I�E�B�U�N�G�E�N���U�N�D���O�P�T�I�S�C�H�E�N���6�E�R�F�A�H�R�E�N
���-�I�K�R�O�S�K�O�P�I�E�	�� �B�E�S�C�H�R�I�E�B�E�N���� �D�I�E�� �H�I�N�S�I�C�H�T�L�I�C�H�� �0�R�O�

�B�E�N�V�O�R�B�E�R�E�I�T�U�N�G�S�
�� �U�N�D�� �0�R�O�B�E�N�P�R�Û�P�A�R�A�T�I�O�N�S�A�U�F�

�W�A�N�D�S���S�O�W�I�E���E�R�F�A�S�S�T�E�R���0�R�O�B�E�N�M�E�N�G�E���I�N���"�E�Z�U�G���A�U�F
�D�I�E�� �Z�U�� �K�E�N�N�Z�E�I�C�H�N�E�N�D�E�� �'�R�U�N�D�G�E�S�A�M�T�H�E�I�T�� �D�I�E�� �N�O�T�

�W�E�N�D�I�G�E�N�� �1�U�A�L�I�T�Û�T�S�A�N�F�O�R�D�E�R�U�N�G�E�N�� �N�I�C�H�T�� �I�M�� �G�E�

�W�Ó�N�S�C�H�T�E�N�� �-�A�”�E�� �E�R�F�Ó�L�L�E�N���� �%�S�� �B�E�S�T�E�H�T�� �"�E�D�A�R�F�� �A�N


�



�E�I�N�F�A�C�H�E�R�E�N���� �P�R�Û�Z�I�S�E�R�E�N�� �U�N�D�� �R�E�P�R�O�D�U�Z�I�E�R�B�A�R�E�R�E�N
�6�E�R�F�A�H�R�E�N���� �!�L�S�� �E�R�F�O�R�D�E�R�L�I�C�H�� �H�A�B�E�N�� �S�I�C�H�� �W�E�I�T�E�R�H�I�N
�0�R�Ó�F�M�E�T�H�O�D�E�N�� �Z�U�R�� �P�H�A�S�E�N�S�E�P�A�R�I�E�R�E�N�D�E�N�� �B�Z�W��
�P�H�A�S�E�N�D�I�F�F�E�R�E�N�Z�I�E�R�E�N�D�E�N���� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�N�� �U�N�D
�L�I�C�H�T�R�E�F�L�E�K�T�I�E�R�E�N�D�E�N�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �D�E�S�� �.�A�C�H�

�S�T�R�E�U�M�I�T�T�E�L�S�� �H�E�R�A�U�S�G�E�S�T�E�L�L�T���� �5�N�T�E�R�� �"�E�A�C�H�T�U�N�G�� �D�E�S
�W�I�S�S�E�N�S�C�H�A�F�T�L�I�C�H�
�T�E�C�H�N�I�S�C�H�E�N�� �&�O�R�T�S�C�H�R�I�T�T�S�� �I�N�S�B�E�

�S�O�N�D�E�R�E�� �A�U�F�� �D�E�M�� �'�E�B�I�E�T�� �D�E�R�� �D�I�G�I�T�A�L�E�N�� �"�I�L�D�G�E�W�I�N�

�N�U�N�G���U�N�D���"�I�L�D�V�E�R�A�R�B�E�I�T�U�N�G�����$�I�G�I�T�A�L���)�M�A�G�I�N�G�	���L�A�S�S�E�N
�S�I�C�H���A�U�S���D�E�N���S�P�E�Z�I�F�I�S�C�H�E�N���6�O�R�T�E�I�L�E�N���D�I�E�S�E�R���-�E�T�H�O�

�D�I�K���B�I�L�D�A�N�A�L�Y�T�I�S�C�H�E�R���5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N���U�N�T�E�R
�D�E�N�� �O���� �A���� �!�N�F�O�R�D�E�R�U�N�G�S�K�R�I�T�E�R�I�E�N�� �D�I�E�� �G�E�W�Ó�N�S�C�H�T�E�N
�&�O�R�T�S�C�H�R�I�T�T�E�� �B�E�I�� �D�E�R�� �0�A�R�T�I�K�E�L�A�N�A�L�Y�S�E�� �E�R�W�A�R�T�E�N�� �;������
�������� �����=���� �$�A�� �V�E�R�S�C�H�I�E�D�E�N�E�� �6�O�R�U�N�T�E�R�S�U�C�H�U�N�G�E�N�� �B�E�I
�D�E�R�� �-�E�S�S�G�E�R�Û�T�E�E�N�T�W�I�C�K�L�U�N�G���� �A�B�E�R�� �A�U�C�H�� �B�E�R�E�I�T�S��
�5�N�T�E�R�S�U�C�H�U�N�G�E�N�� �B�E�I�� �E�I�N�I�G�E�N�� �(�E�R�S�T�E�L�L�E�R�N�� �E�R�F�O�L�G�

�V�E�R�S�P�R�E�C�H�E�N�D�E�� �2�E�S�U�L�T�A�T�E�� �E�R�G�A�B�E�N���� �S�O�L�L�T�E�� �D�I�E�S�E
�5�N�T�E�R�S�U�C�H�U�N�G�S�M�E�T�H�O�D�I�K�� �A�N�� �D�I�E�� �H�I�E�R�� �Z�U�� �K�E�N�N�Z�E�I�

�C�H�E�N�D�E�N�� �-�A�T�E�R�I�A�L�I�E�N�� �A�D�A�P�T�I�E�R�T�� �U�N�D�� �B�E�Z�Ó�G�L�I�C�H�� �D�E�S
�0�O�T�E�N�Z�I�A�L�S�� �Z�U�� �W�E�I�T�E�R�F�Ó�H�R�E�N�D�E�N�� �1�U�A�L�I�T�Û�T�S�A�U�S�S�A�G�E�N
�V�A�L�I�D�I�E�R�T�� �W�E�R�D�E�N���� �%�I�N�� �N�E�U�A�R�T�I�G�E�S�� �5�N�T�E�R�S�U�C�H�U�N�G�S�

�V�E�R�F�A�H�R�E�N�����D�A�S�S���S�I�C�H���D�I�E���6�O�R�T�E�I�L�E���D�E�R���D�I�G�I�
�O�P�T�I�S�C�H�E�N
�-�E�T�H�O�D�I�K�� �Z�U�� �E�I�G�E�N�� �M�A�C�H�T���� �I�S�T�� �D�A�S�� �S�O�� �G�E�N�A�N�N�T�E

�§�#�A�M�S�I�Z�E�R �
�6�E�R�F�A�H�R�E�N���D�E�R���&�I�R�M�A���2�E�T�S�C�H���;�����=�� ���"�I�L�D
�����U�N�D�����	��

�%�S�� �B�E�S�T�E�H�T�� �I�M�� �7�E�S�E�N�T�L�I�C�H�E�N�� �D�A�R�I�N���� �D�I�E�� �E�I�N�Z�E�L�N�E�N
�0�A�R�T�I�K�E�L�� �D�E�S�� �0�A�R�T�I�K�E�L�S�T�R�O�M�E�S�� �E�I�N�E�S�� �N�I�C�H�T�� �A�G�G�L�O�M�E�

�R�I�E�R�T�E�N�� �(�A�U�F�W�E�R�K�E�S�� �Ó�B�E�R�� �E�I�N�E�N�� �B�R�E�I�T�� �G�E�S�P�A�N�N�T�E�N
�-�E�S�S�B�E�R�E�I�C�H�� �H�I�N�W�E�G�� �B�E�I�M�� �$�U�R�C�H�L�A�U�F�E�N�� �E�I�N�E�R�� �D�E�F�I�

�N�I�E�R�T�E�N�� �-�E�S�S�S�T�R�E�C�K�E�� �D�U�R�C�H�� �E�I�N�E�� �-�E�S�S�A�N�O�R�D�N�U�N�G
�V�O�N�� ���� �G�E�K�O�P�P�E�L�T�E�N�� �H�O�C�H�� �A�U�F�L�š�S�E�N�D�E�N�� �$�I�G�I�T�A�L�K�A�M�E�

�R�A�S�� �B�E�R�Ó�H�R�U�N�G�S�L�O�S�� �I�N�� �%�C�H�T�Z�E�I�T�� �O�P�T�I�S�C�H�� �Z�U�� �V�E�R�M�E�S�

�S�E�N���� �$�I�E�S�� �E�R�F�O�L�G�T�� �D�A�D�U�R�C�H���� �D�A�S�S�� �D�I�E�� �0�A�R�T�I�K�E�L�� �I�N�N�E�R�

�H�A�L�B�� �D�E�S�� �O�P�T�I�S�C�H�E�N�� �%�R�F�A�S�S�U�N�G�S�B�E�R�E�I�C�H�E�S�� �W�Û�H�R�E�N�D
�D�E�R�� �&�A�L�L�S�T�R�E�C�K�E�� �D�U�R�C�H�� �E�I�N�E�� �S�P�E�Z�I�E�L�L�E�� �,�I�C�H�T�Q�U�E�L�L�E
�S�T�R�O�B�O�S�K�O�P�A�R�T�I�G�� �A�U�S�G�E�L�E�U�C�H�T�E�T�� �W�E�R�D�E�N�� �U�N�D�� �D�A�S
�3�C�H�A�T�T�E�N�B�I�L�D�� �D�E�S�� �0�A�R�T�I�K�E�L�S�� �E�R�F�A�S�S�T�� �W�I�R�D���� �&�Ó�R�� �E�I�N�E
�u�V�E�R�W�A�C�K�L�U�N�G�S�S�I�C�H�E�R�E�v�� �!�B�B�I�L�D�U�N�G�� �S�O�R�G�T�� �D�I�E�� �"�E�L�I�C�H�

�T�U�N�G�S�Z�E�I�T�� �V�O�N��`� ������ �±�S���� �!�U�F�G�R�U�N�D�� �D�E�R�� �-�E�S�S�G�E�

�S�C�H�W�I�N�D�I�G�K�E�I�T���K�A�N�N���D�I�E���-�E�S�S�G�E�S�A�M�T�H�E�I�T���V�E�R�G�L�E�I�C�H�S�

�W�E�I�S�E�� �S�E�H�R�� �G�R�O�”�� �G�E�W�Û�H�L�T�� �W�E�R�D�E�N���� �S�O�D�A�S�S�� �E�I�N�� �A�U�S�

�R�E�I�C�H�E�N�D�E�R�� �S�T�A�T�I�S�T�I�S�C�H�E�R�� �(�I�N�T�E�R�G�R�U�N�D�� �F�Ó�R�� �E�I�N�E�� ���

�D�I�M�E�N�S�I�O�N�A�L�E�� �%�R�G�E�B�N�I�S�B�I�L�D�U�N�G�� �V�O�R�L�I�E�G�T���� �$�A�S�� �H�O�H�E
�!�U�F�L�š�S�E�V�E�R�M�š�G�E�N�� �D�E�R�� �M�O�D�E�R�N�E�N�� �$�I�G�I�T�A�L�K�A�M�E�R�A�S
�S�O�L�L�� �D�I�E���!�N�S�P�R�A�C�H�E�� �V�O�N�� �0�A�R�T�I�K�E�L�N�� �B�I�S�� �Z�U�� ������ �±�M�� �M�I�T


�

�;>6���� �3�C�H�E�M�A�T�I�S�C�H�E���$�A�R�S�T�E�L�L�U�N�G���D�E�S���#�A�M�S�I�Z�E�R�§�
�-�E�S�S�P�R�I�N�Z�I�P�S���Z�U�R���G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�N���0�R�O�B�E�N�K�E�N�N�Z�E�I�C�H�N�U�N�G���;�����=



�E�I�N�E�R�� �A�U�S�R�E�I�C�H�E�N�D�E�N�� �0�I�X�E�L�B�E�L�E�G�U�N�G�� �E�R�M�š�G�L�I�C�H�E�N��
�S�O�D�A�S�S���A�U�C�H���L�O�K�A�L�E���3�C�H�W�A�N�K�U�N�G�E�N���D�E�R���F�O�T�O�G�R�A�F�I�E�R�

�T�E�N���&�L�Û�C�H�E���E�R�F�A�S�S�T���W�E�R�D�E�N���K�š�N�N�E�N�����7�E�I�T�E�R�E���6�O�R�T�E�I�L�E
�W�E�R�D�E�N���I�N���D�E�R���G�E�R�I�N�G�E�N���-�E�S�S�Z�E�I�T���U�N�D���D�E�M���A�U�T�O�M�A�

�T�I�S�I�E�R�T�E�N�� �-�E�S�S�A�B�L�A�U�F�� �M�I�T�� �E�N�T�S�P�R�E�C�H�E�N�D�E�N�� �6�O�R�T�E�I�L�E�N
�F�Ó�R�� �D�I�E�� �6�E�R�F�A�H�R�E�N�S�P�R�Û�Z�I�S�O�N�� �V�E�R�M�U�T�E�T�����!�U�S�� �D�E�R�� �6�E�R�

�M�E�S�S�U�N�G�� �D�E�R�� �0�A�R�T�I�K�E�L�� �K�š�N�N�E�N�� �M�I�T�T�E�L�S�� �S�O�F�T�W�A�R�E�G�E�

�S�T�Ó�T�Z�T�E�R���!�N�A�L�Y�S�E���U�M�F�A�N�G�R�E�I�C�H�E���0�A�R�T�I�K�E�L�F�O�R�M�A�U�S�W�E�R�

�T�U�N�G�E�N���U�N�D���D�I�E���D�I�F�F�E�R�E�N�Z�I�E�L�L�E���U�N�D���I�N�T�E�G�R�A�L�E���0�A�R�T�I�K�E�L�

�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G�� �A�U�F�� �D�E�R�� �"�A�S�I�S�� �B�E�K�A�N�N�T�E�R�� �N�U�M�E�R�I�

�S�C�H�E�R�� �-�O�D�E�L�L�I�E�R�U�N�G�E�N�� �Z�U�R�� �0�A�R�T�I�K�E�L�F�O�R�M�� �E�R�M�I�T�T�E�L�T
�W�E�R�D�E�N�� �;�������� �������� �������� �����=�����!�U�S�� �D�E�R�� �Z�U�S�Û�T�Z�L�I�C�H�� �A�U�F�G�E�

�N�O�M�M�E�N�E�N�� �'�R�A�U�W�E�R�T�V�E�R�T�E�I�L�U�N�G�� �I�N�� �J�E�D�E�M�� �0�A�R�T�I�K�E�L
�S�I�N�D���W�E�I�T�E�R�H�I�N���)�N�F�O�R�M�A�T�I�O�N�E�N���Z�U�M���2�E�F�L�E�X�I�O�N�S�V�E�R�H�A�L�

�T�E�N�� �A�B�L�E�I�T�B�A�R�� ���"�I�L�D�� ���	���� �$�I�E�� �E�N�T�S�P�R�E�C�H�E�N�D�E�N�� �%�R�G�E�B�

�N�I�S�S�E���U�N�D���+�E�N�N�W�E�R�T�E���S�T�E�H�E�N���U�N�M�I�T�T�E�L�B�A�R���N�A�C�H���-�E�S�

�S�E�N�D�E���Z�U�R���6�E�R�F�Ó�G�U�N�G��

�$�I�E�� �B�E�S�C�H�R�I�E�B�E�N�E�� �5�N�T�E�R�S�U�C�H�U�N�G�S�M�E�T�H�O�D�I�K�� �W�I�R�D
�D�E�R�Z�E�I�T���N�I�C�H�T���N�U�R���I�N���$�E�U�T�S�C�H�L�A�N�D���U�N�D���%�U�R�O�P�A���F�Ó�R���D�I�E
�!�N�W�E�N�D�U�N�G���A�U�F���'�L�A�S�P�E�R�L�E�N�P�R�O�D�U�K�T�E���E�R�T�Ó�C�H�T�I�G�T���B�Z�W��
�M�I�T���D�E�M���:�I�E�L���E�I�N�E�R���Z�U�N�E�H�M�E�N�D�E�N���!�B�L�š�S�U�N�G���K�O�N�V�E�N�

�T�I�O�N�E�L�L�E�R�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�R�� �6�E�R�F�A�H�R�E�N�� �E�I�N�G�E�S�E�T�Z�T��
�"�E�R�E�I�T�S�� �Ó�B�E�R�� �V�E�R�T�I�E�F�E�N�D�E�� �S�T�A�T�I�S�T�I�S�C�H�E�� �5�N�T�E�R�S�U�C�H�U�N�

�G�E�N���U�N�D���2�I�N�G�V�E�R�S�U�C�H�E���Z�U�R���6�O�R�B�E�R�E�I�T�U�N�G���E�I�N�E�R���6�E�R�


�F�A�H�R�E�N�S�Ó�B�E�R�F�Ó�H�R�U�N�G�� �I�N�� �D�A�S�� �T�E�C�H�N�I�S�C�H�E�� �2�E�G�E�L�W�E�R�K
�W�I�R�D���A�U�S���D�E�N���5�3�!���B�E�R�I�C�H�T�E�T���;�����=�����5�N�T�E�R���"�E�R�Ó�C�K�S�I�C�H�

�T�I�G�U�N�G�� �D�E�R�� �V�O�R�A�N�G�E�G�A�N�G�E�N�E�N�� �!�D�A�P�T�I�O�N�S�V�E�R�S�U�C�H�E
�U�N�D���E�N�T�S�P�R�E�C�H�E�N�D���D�E�R���(�E�R�S�T�E�L�L�E�R�A�K�Z�E�P�T�A�N�Z���Z�U�R���!�N�

�W�E�N�D�U�N�G�� �B�E�I�� �D�E�R�� �/�P�T�I�M�I�E�R�U�N�G�� �D�E�R�� �I�N�N�E�R�B�E�T�R�I�E�B�L�I�

�C�H�E�N�� �1�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�U�N�G�� �W�A�R�� �E�S�� �+�O�N�S�E�N�S���� �D�I�E�S�E�S
�D�I�G�I�
�O�P�T�I�S�C�H�E���6�E�R�F�A�H�R�E�N���A�L�S���M�E�T�H�O�D�I�S�C�H�E���'�R�U�N�D�L�A�G�E
�E�I�N�E�R�� �N�E�U�A�R�T�I�G�E�N�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�N�� �+�E�N�N�Z�E�I�C�H�

�N�U�N�G�� �D�E�R�� �"�E�I�S�T�O�F�F�E�� �F�Ó�R�� �&�A�H�R�B�A�H�N�M�A�R�K�I�E�R�U�N�G�E�N�� �Z�U�R
�%�R�F�Ó�L�L�U�N�G���D�E�R���E�R�S�T�E�N���:�I�E�L�S�E�T�Z�U�N�G���D�E�S���6�O�R�H�A�B�E�N�S���Z�U
�V�E�R�W�E�N�D�E�N���� �$�I�E�� �,�E�I�S�T�U�N�G�S�P�O�T�E�N�Z�I�A�L�E�� �D�E�S�� �6�E�R�F�A�H�

�R�E�N�S�� �W�A�R�E�N�� �I�N�� �U�N�A�B�H�Û�N�G�I�G�E�R�� �U�N�D�� �U�M�F�A�S�S�E�N�D�� �W�I�S�

�S�E�N�S�C�H�A�F�T�L�I�C�H�
�T�E�C�H�N�I�S�C�H�E�R�� �(�E�R�A�N�G�E�H�E�N�S�W�E�I�S�E�� �Z�U
�E�R�F�A�S�S�E�N���� �$�A�R�Ó�B�E�R�� �H�I�N�A�U�S�� �W�E�I�S�E�N�� �A�K�T�U�E�L�L�E�� �7�E�I�T�E�R�

�E�N�T�W�I�C�K�L�U�N�G�E�N���B�E�I���D�E�R���B�I�L�D�A�N�A�L�Y�T�I�S�C�H�E�N���0�A�R�T�I�K�E�L�A�N�A�

�L�Y�S�E�� �U�N�D�� �D�E�R�E�N�� �S�O�F�T�W�A�R�E�U�N�T�E�R�S�T�Ó�T�Z�T�E�N�� �!�U�S�W�E�R�T�U�N�G
�A�U�C�H�� �A�U�F�� �0�O�T�E�N�Z�I�A�L�E�� �E�I�N�E�R�� �E�R�W�E�I�T�E�R�T�E�N�� �+�E�N�N�Z�E�I�C�H�

�N�U�N�G�� �D�E�R�� �2�E�F�L�E�X�I�O�N�S�E�I�G�E�N�S�C�H�A�F�T�E�N�� �B�E�I�� �D�E�R�A�R�T�I�G�E�N
�'�E�M�E�N�G�E�N���H�I�N�����$�I�E�S�E���0�O�T�E�N�Z�I�A�L�E���G�I�L�T���E�S���Z�U���E�R�G�R�Ó�N�

�D�E�N���U�N�D���N�A�C�H���-�š�G�L�I�C�H�K�E�I�T���I�N���D�I�E���A�U�T�O�M�A�T�I�S�I�E�R�T�E���B�I�L�D�

�A�N�A�L�Y�T�I�S�C�H�E���0�A�R�T�I�K�E�L�A�N�A�L�Y�S�E���U�N�D���D�E�N���D�A�M�I�T���V�E�R�B�U�N�

�D�E�N�E�N�� �/�P�T�I�M�I�E�R�U�N�G�E�N�� �Z�U�� �S�E�H�R�� �K�U�R�Z�E�N�� �-�E�S�S�Z�E�I�T�E�N��
�H�š�H�E�R�E�M���0�R�O�B�E�N�D�U�R�C�H�S�A�T�Z�����E�R�H�š�H�T�E�R���0�R�Û�Z�I�S�I�O�N���U�N�D
�2�E�P�R�O�D�U�Z�I�E�R�B�A�R�K�E�I�T�� �Z�U�� �I�N�T�E�G�R�I�E�R�E�N���� �$�I�E�S�E�� �6�O�R�G�E�

�H�E�N�S�W�E�I�S�E���S�T�E�L�L�T���N�A�C�H���D�E�M���3�T�A�N�D���D�E�R���4�E�C�H�N�I�K���E�I�N�E
�A�U�F�W�A�N�D�S�O�P�T�I�M�I�E�R�T�E�� �)�N�V�E�S�T�I�T�I�O�N�� �I�N�� �D�I�E�� �R�E�P�R�O�D�U�Z�I�E�R�

�B�A�R�E�� �%�R�H�š�H�U�N�G�� �D�E�R�� �1�U�A�L�I�T�Û�T�S�S�I�C�H�E�R�H�E�I�T�� �V�O�N�� �.�A�C�H�

�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�N���D�A�R��

�$�A�S�� �'�E�B�R�A�U�C�H�S�V�E�R�H�A�L�T�E�N�� �U�N�D�� �D�I�E�� �$�A�U�E�R�H�A�F�T�I�G�K�E�I�T
�V�O�N�� �-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�N�� �W�E�R�D�E�N�� �D�A�R�Ó�B�E�R�� �H�I�N�A�U�S
�D�U�R�C�H�� �D�I�E�� �H�A�F�T�V�E�R�M�I�T�T�E�L�N�D�E�N�� �"�E�S�C�H�I�C�H�T�U�N�G�E�N�� �D�E�R
�2�E�F�L�E�X�K�š�R�P�E�R�� �B�E�E�I�N�F�L�U�S�S�T���� �%�I�N�E�� �)�D�E�N�T�I�F�I�Z�I�E�R�U�N�G�� �V�O�N
�!�R�T�� �U�N�D�� �-�E�N�G�E�� �D�E�R�� �V�E�R�W�E�N�D�E�T�E�N�� �"�E�S�C�H�I�C�H�T�U�N�G�S�

�S�T�O�F�F�E�� �A�U�F�� �D�E�N�� �2�E�F�L�E�X�K�š�R�P�E�R�N�� �D�E�R�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�

�G�E�M�I�S�C�H�E���I�S�T���J�E�D�O�C�H���I�N���D�E�N���D�E�R�Z�E�I�T���A�K�T�U�E�L�L�E�N���T�E�C�H�N�I�

�S�C�H�E�N���2�E�G�E�L�U�N�G�E�N���D�E�R���$�)�.���%�.�������������;�����=���B�Z�W�����D�E�N
�4�,�� �-�� �;���=�� �N�O�C�H�� �N�I�C�H�T�� �V�O�R�G�E�S�E�H�E�N���� �$�E�S�H�A�L�B�� �S�T�E�L�L�E�N
�C�H�E�M�I�S�C�H�
�A�N�A�L�Y�T�I�S�C�H�E�� �-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G�E�N�� �Z�U�R
�I�D�E�N�T�I�F�I�Z�I�E�R�E�N�D�E�N���+�E�N�N�Z�E�I�C�H�U�N�G���D�E�R���"�E�S�C�H�I�C�H�T�U�N�G�S�

�S�T�O�F�F�E���"�E�S�C�H�I�C�H�T�U�N�G�S�Q�U�A�L�I�T�Û�T�� �E�I�N�� �W�E�I�T�E�R�E�S�� �%�R�F�O�R�D�E�R�

�N�I�S�� �F�Ó�R�� �E�I�N�E�� �U�M�F�A�S�S�E�N�D�E�� �'�Ó�T�E�K�E�N�N�Z�E�I�C�H�N�U�N�G�� �V�O�N
�-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�N���D�A�R�����!�L�S���B�E�S�O�N�D�E�R�S���G�E�E�I�G�N�E�T
�F�Ó�R�� �E�I�N�E�� �D�E�R�A�R�T�I�G�E�� �&�U�N�K�T�I�O�N�A�L�I�T�Û�T�� �S�T�E�L�L�E�N�� �S�I�C�H�� �N�A�N�O�

�S�K�A�L�I�G�E�� �H�Y�B�R�I�D�E�� ���A�N�O�R�G�A�N�I�S�C�H�
�O�R�G�A�N�I�S�C�H�E�	�� �-�A�T�E�R�I�A�

�L�I�E�N�� �D�A�R���� �W�O�B�E�I�� �I�N�S�B�E�S�O�N�D�E�R�E�� �3�I�L�A�N�E���3�I�L�O�X�A�N�E�� �E�I�N�E
�B�R�E�I�T�E���!�N�W�E�N�D�U�N�G���F�I�N�D�E�N���;�������������������������������������=�����3�I�L�A�

�N�E���3�I�L�O�X�A�N�E���B�E�S�T�E�H�E�N���A�U�S���E�I�N�E�M���3�I�L�I�C�I�U�M�
�'�R�U�N�D�G�E�

�R�Ó�S�T�� �U�N�D�� �7�A�S�S�E�R�S�T�O�F�F���� �7�I�R�D�� �D�E�R�� �7�A�S�S�E�R�S�T�O�F�F�� �I�N�� �D�E�N
�3�I�L�A�N�E�N���D�U�R�C�H���O�R�G�A�N�I�S�C�H�E���2�E�S�T�E���E�R�S�E�T�Z�T�����S�O���S�P�R�I�C�H�T
�M�A�N�� �B�E�I�� �D�I�E�S�E�N�� �$�E�R�I�V�A�T�E�N�� �V�O�N�� �3�I�L�I�C�I�U�M�
�O�R�G�A�N�I�

�S�C�H�E�N�
�6�E�R�B�I�N�D�U�N�G�E�N�����/�R�G�A�N�O�
�3�I�L�A�N�E�	�����$�I�E�S�E���/�R�G�A�

�N�O�
�3�I�L�A�N�E���K�š�N�N�E�N���A�U�F�G�R�U�N�D���I�H�R�E�R���B�E�S�O�N�D�E�R�E�N���3�T�R�U�K�



�

�;>6��� �3�C�H�E�M�A�T�I�S�C�H�E�� �$�A�R�S�T�E�L�L�U�N�G�� �D�E�S�� �#�A�M�S�I�Z�E�R�§�
�-�E�S�S�P�R�I�N�

�Z�I�P�S�� �Z�U�R�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �R�E�F�L�E�K�T�O�R�I�S�C�H�E�R�� �%�I�G�E�N�S�C�H�A�F�T�E�N
�;�����=



�T�U�R�� �S�I�G�N�I�F�I�K�A�N�T�� �D�I�E�� �(�A�F�T�U�N�G�� �Z�W�I�S�C�H�E�N�� �O�R�G�A�N�I�S�C�H�E�N
�U�N�D�� �A�N�O�R�G�A�N�I�S�C�H�E�N�� �-�A�T�E�R�I�A�L�I�E�N�� �D�U�R�C�H�� �E�I�N�E�� �S�T�A�B�I�L�E
�C�H�E�M�I�S�C�H�E���"�I�N�D�U�N�G���Z�W�I�S�C�H�E�N���O�R�G�A�N�I�S�C�H�E�R���U�N�D���A�N�

�O�R�G�A�N�I�S�C�H�E�R���-�A�T�R�I�X���V�E�R�B�E�S�S�E�R�N�����W�E�S�H�A�L�B���-�A�T�E�R�I�A�L�I�E�N
�A�U�F���D�I�E�S�E�R���3�T�O�F�F�B�A�S�I�S���I�N���D�E�R���D�E�R�Z�E�I�T�I�G�E�N���!�N�W�E�N�D�U�N�G
�A�L�S�� �"�E�S�C�H�I�C�H�T�U�N�G�S�S�T�O�F�F�� �F�A�V�O�R�I�S�I�E�R�T�� �S�I�N�D���� �&�Ó�R�� �D�E�R�A�R�T�I�

�G�E�� �"�E�S�C�H�I�C�H�T�U�N�G�S�S�T�O�F�F�E�� �S�I�N�D�� �N�U�N�� �G�E�E�I�G�N�E�T�E���!�N�A�L�Y�

�S�E�V�E�R�F�A�H�R�E�N�� �Z�U�� �E�N�T�W�I�C�K�E�L�N���� �W�O�B�E�I�� �E�S�� �W�Ó�N�S�C�H�E�N�S�

�W�E�R�T���I�S�T�����E�I�N�E���0�R�O�B�L�E�M�L�š�S�U�N�G���M�š�G�L�I�C�H�S�T���D�U�R�C�H���!�D�A�P�

�T�I�O�N�� �B�E�R�E�I�T�S�� �B�E�W�Û�H�R�T�E�R�� �U�N�D�� �V�E�R�B�R�E�I�T�E�T�E�R�� �-�E�T�H�O�D�E�N
�D�E�R�� �!�N�A�L�Y�T�I�K�� �Z�U�� �E�R�R�E�I�C�H�E�N���� �.�A�C�H�� �!�U�S�S�A�G�E�N�� �I�N�� �D�E�R��
�,�I�T�E�R�A�T�U�R���I�S�T���E�I�N�E���E�N�T�S�P�R�E�C�H�E�N�D�E���P�R�Ó�F�T�E�C�H�N�I�S�C�H�E���!�N�

�S�P�R�A�C�H�E�� �I�N�S�B�E�S�O�N�D�E�R�E�� �M�I�T�T�E�L�S�� �T�H�E�R�M�O�A�N�A�L�Y�T�I�S�C�H�E�R
�6�E�R�F�A�H�R�E�N���� �S�P�E�K�T�R�O�S�K�O�P�I�S�C�H�E�R���� �S�P�E�K�T�R�O�M�E�T�R�I�S�C�H�E�R
�O�D�E�R�� �C�H�R�O�M�A�T�O�G�R�A�F�I�S�C�H�E�R�� �6�E�R�F�A�H�R�E�N�� �S�O�W�I�E�� �I�N�S�B�E�

�S�O�N�D�E�R�E���D�U�R�C�H���G�E�K�O�P�P�E�L�T�E���5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N
�D�E�R�� �A�N�A�L�Y�T�I�S�C�H�E�N�� �O�R�G�A�N�I�S�C�H�E�N�� �#�H�E�M�I�E�� �Z�U�� �E�R�W�A�R�T�E�N
�;�������������������������������������=�����"�I�L�D�����	��

�-�I�T�� �M�O�D�E�R�N�S�T�E�N�� �A�N�A�L�Y�T�I�S�C�H�E�N�� �0�R�Ó�F�V�E�R�F�A�H�R�E�N�� �S�O�L�L�T�E
�E�S�� �Z�U�S�Û�T�Z�L�I�C�H�� �M�š�G�L�I�C�H�� �S�E�I�N���� �A�U�C�H�� �G�E�R�I�N�G�S�T�E�� �"�E�

�S�C�H�I�C�H�T�U�N�G�S�M�E�N�G�E�N���A�U�F���D�E�R���/�B�E�R�F�L�Û�C�H�E���D�E�R���2�E�F�L�E�X�

�K�š�R�P�E�R���I�N���1�U�A�L�I�T�Û�T���U�N�D���1�U�A�N�T�I�T�Û�T���Z�U���B�E�S�T�I�M�M�E�N�����!�U�F�

�G�R�U�N�D�� �D�E�R�� �+�O�M�P�L�E�X�I�T�Û�T�� �D�E�R�A�R�T�I�G�E�R�� �-�A�T�E�R�I�A�L�I�E�N�� �W�I�R�D
�J�E�D�O�C�H���E�I�N�E���6�O�R�G�E�H�E�N�S�W�E�I�S�E���G�E�W�Û�H�L�T�����I�N���D�E�R���M�I�T�H�I�L�

�F�E�� �M�E�H�R�E�R�E�R�� �V�O�N�E�I�N�A�N�D�E�R�� �U�N�A�B�H�Û�N�G�I�G�E�R�� �6�E�R�F�A�H�R�E�N
�E�I�N�E���M�š�G�L�I�C�H�S�T���B�R�E�I�T�E���)�N�F�O�R�M�A�T�I�O�N�S�B�A�S�I�S���G�E�S�C�H�A�F�F�E�N
�W�E�R�D�E�N���K�A�N�N���U�N�D���E�I�N�E���G�E�W�I�S�S�E���!�U�S�W�A�H�L�M�š�G�L�I�C�H�K�E�I�T
�B�E�S�T�E�H�T���� �"�E�S�O�N�D�E�R�E�S�� �!�U�G�E�N�M�E�R�K�� �M�U�S�S�� �D�A�B�E�I�� �A�U�F
�D�E�R���%�N�T�W�I�C�K�L�U�N�G���E�I�N�E�R���G�E�E�I�G�N�E�T�E�N���-�E�T�H�O�D�E���Z�U�R���3�E�

�P�A�R�A�T�I�O�N���D�E�S���"�E�S�C�H�I�C�H�T�U�N�G�S�S�T�O�F�F�E�S���V�O�M���2�E�F�L�E�X�I�O�N�S�

�K�š�R�P�E�R���L�I�E�G�E�N��

�
� �3DEF7>>G@9�67D
'DA<7=FAD93@;E3F;A@

�$�I�E�� �A�U�S�G�E�S�C�H�R�I�E�B�E�N�E�� �&�O�R�S�C�H�U�N�G�S�A�U�F�G�A�B�E�� �I�S�T�� �G�E�

�P�R�Û�G�T�� �D�U�R�C�H�� �I�H�R�E�N�� �U�N�M�I�T�T�E�L�B�A�R�E�N�� �0�R�A�X�I�S�B�E�Z�U�G���� �W�A�S
�E�I�N�E���"�E�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G���D�E�R���I�N���D�E�R���"�E�W�E�R�T�U�N�G�S�P�R�A�X�I�S
�S�O�W�O�H�L���I�M���,�A�B�O�R���A�L�S���A�U�C�H���I�N���S�I�T�U���P�R�A�K�T�I�Z�I�E�R�T�E�N���6�O�R�

�G�E�H�E�N�S�W�E�I�S�E���U�N�D���D�E�R���D�O�R�T���M�A�”�G�E�B�E�N�D�E�N���2�A�N�D�B�E�

�D�I�N�G�U�N�G�E�N���E�R�F�O�R�D�E�R�T�����S�O�W�I�E���D�U�R�C�H���D�I�E���I�M���D�E�R�Z�E�I�T�I�G�E�N
�T�E�C�H�N�I�S�C�H�E�N�� �2�E�G�E�L�W�E�R�K�� �F�O�R�M�U�L�I�E�R�T�E�N�� �!�N�W�E�N�D�U�N�G�S�

�R�E�G�E�L�N���� �+�A�T�E�G�O�R�I�E�N�� �U�N�D�� �!�N�F�O�R�D�E�R�U�N�G�S�K�R�I�T�E�R�I�E�N���� �$�A�

�N�E�B�E�N�� �S�T�E�L�L�T�� �D�I�E���4�A�T�S�A�C�H�E���� �D�A�S�S�� �A�U�F�� �'�R�U�N�D�L�A�G�E�� �D�E�R
�H�A�R�M�O�N�I�S�I�E�R�T�E�N�� �!�N�F�O�R�D�E�R�U�N�G�S�K�R�I�T�E�R�I�E�N�� �A�L�S�� �G�E�E�I�G�N�E�T
�V�A�L�I�D�I�E�R�T�E�� �0�R�O�D�U�K�T�E�� �I�N�� �D�E�R�� �&�R�E�I�G�A�B�E�L�I�S�T�E�� �D�E�R�� �"�!�3�T
�A�U�F�G�E�F�Ó�H�R�T���S�I�N�D�����D�I�E���Z�U���B�E�R�Ó�C�K�S�I�C�H�T�I�G�E�N�D�E���M�A�T�E�R�I�E�L�

�L�E�� �'�R�U�N�D�L�A�G�E�� �D�E�R�� �"�E�A�R�B�E�I�T�U�N�G�� �D�A�R���� �!�U�S�� �D�I�E�S�E�N
�'�R�Ó�N�D�E�N���W�U�R�D�E���I�N���!�B�S�T�I�M�M�U�N�G���M�I�T���D�E�M���!�U�F�T�R�A�G�G�E�

�B�E�R�� �D�E�R�� �&�O�R�S�C�H�U�N�G�S�A�U�F�G�A�B�E�� �V�E�R�E�I�N�B�A�R�T���� �D�I�E�� �D�E�R�Z�E�I�

�T�I�G���P�R�A�K�T�I�Z�I�E�R�T�E�N���5�N�T�E�R�S�U�C�H�U�N�G�S�V�E�R�F�A�H�R�E�N���U�N�D���D�E�R�E�N
�%�R�G�E�B�N�I�S�S�E���A�N���C�H�A�R�A�K�T�E�R�I�S�T�I�S�C�H�E�N���G�E�E�I�G�N�E�T���V�A�L�I�D�I�E�R�

�T�E�N�� �0�R�O�D�U�K�T�E�N���� �D�I�E�� �R�E�P�R�Û�S�E�N�T�A�T�I�V�� �F�Ó�R�� �D�I�E�� �J�E�W�E�I�L�I�G�E
�!�N�W�E�N�D�U�N�G�S�K�A�T�E�G�O�R�I�E�� ���-�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�� �4�Y�P�� �)
�U�N�D���4�Y�P���)�)�	���S�T�E�H�E�N���K�š�N�N�E�N�����A�L�S���"�E�Z�U�G�S�
���U�N�D���"�E�W�E�R�

�T�U�N�G�S�G�R�U�N�D�L�A�G�E�� �F�Ó�R�� �A�L�T�E�R�N�A�T�I�V�E�� �-�E�T�H�O�D�E�N�� �Z�U�� �V�E�R�

�W�E�N�D�E�N�����$�I�E���"�E�A�R�B�E�I�T�U�N�G���D�E�R���!�U�F�G�A�B�E�N�S�T�E�L�L�U�N�G���S�O�L�L
�A�N�� �A�U�S�G�E�W�Û�H�L�T�E�N�� �T�Y�P�I�S�C�H�E�N�� �"�E�I�S�T�O�F�F�E�N�� ���2�E�F�L�E�X�K�š�R�

�P�E�R���� �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�� �B�Z�W���� �D�E�N�� �E�N�T�S�P�R�E�C�H�E�N�D�E�N
�.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�N�	���V�O�N���A�U�S�G�E�W�Û�H�L�T�E�N���V�A�L�I�

�D�I�E�R�T�E�N�� �0�R�O�D�U�K�T�E�N�� �U�N�T�E�R�S�C�H�I�E�D�L�I�C�H�E�R�� �(�E�R�S�T�E�L�L�E�R���� �D�I�E
�J�E�W�E�I�L�S�� �R�E�P�R�Û�S�E�N�T�A�T�I�V�� �U�N�D�� �M�I�T�� �G�R�O�”�E�R���!�N�W�E�N�D�U�N�G�S�

�B�R�E�I�T�E�� �F�Ó�R�� �E�I�N�E���!�N�W�E�N�D�U�N�G�� �I�M�� �"�U�N�D�E�S�F�E�R�N�S�T�R�A�”�E�N�

�B�E�R�E�I�C�H���I�N���D�E�N���4�Y�P�K�A�T�E�G�O�R�I�E�N���)���U�N�D���)�)���S�T�E�H�E�N�����E�R�F�O�L�

�G�E�N��

�5�N�T�E�R���"�E�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G���D�E�R���:�I�E�L�S�E�T�Z�U�N�G���U�N�D���D�E�R���Z�U
�E�R�W�A�R�T�E�N�D�E�N���!�U�S�W�I�R�K�U�N�G�E�N���A�U�F���D�A�S���G�E�S�A�M�T�E���'�Ó�T�E�

�S�I�C�H�E�R�U�N�G�S�S�Y�S�T�E�M�� �S�O�W�I�E�� �D�E�R�� �O���� �A���� �0�R�O�B�E�N�A�U�S�W�A�H�L
�A�L�S���5�N�T�E�R�S�U�C�H�U�N�G�S�G�R�U�N�D�L�A�G�E���S�O�L�L�T�E���D�I�E���"�E�A�R�B�E�I�T�U�N�G
�I�N���E�N�G�E�R���!�B�S�T�I�M�M�U�N�G���U�N�D���)�N�T�E�G�R�A�T�I�O�N���A�L�L�E�R���A�M���0�L�A�

�N�U�N�G�S�
���� �0�R�O�D�U�K�T�I�O�N�S�
���� �'�Ó�T�E�S�I�C�H�E�R�U�N�G�S�
���� �"�E�W�E�R�

�T�U�N�G�S�
�� �U�N�D�� �2�E�G�E�L�S�E�T�Z�U�N�G�S�P�R�O�Z�E�S�S�� �B�E�T�E�I�L�I�G�T�E�R�� �0�A�R�

�T�E�I�E�N���E�R�F�O�L�G�E�N�����$�A�Z�U���W�U�R�D�E���D�U�R�C�H���D�I�E���"�!�3�T���E�I�N���"�E�

�T�R�E�U�U�N�G�S�G�R�E�M�I�U�M���B�E�R�U�F�E�N���U�N�D���6�E�R�T�R�E�T�E�R���D�E�R���H�E�R�S�T�E�L�

�L�E�N�D�E�N���)�N�D�U�S�T�R�I�E�����D�E�S���E�N�T�S�P�R�E�C�H�E�N�D�E�N���)�N�D�U�S�T�R�I�E�V�E�R�

�B�A�N�D�E�S���� �D�E�R�� �3�T�R�A�”�E�N�B�A�U�B�E�H�š�R�D�E�N�� �B�Z�W���� �"�A�U�H�E�R�R�

�S�C�H�A�F�T�����V�O�N���)�N�G�E�N�I�E�U�R�B�Ó�R�O�S���U�N�D���0�R�Ó�F�I�N�S�T�I�T�U�T�I�O�N�E�N���Z�U�R
�A�K�T�I�V�E�N�� �-�I�T�A�R�B�E�I�T�� �U�N�D���!�B�S�T�I�M�M�U�N�G�� �D�E�R�� �6�O�R�G�E�H�E�N�S�

�W�E�I�S�E�� �S�O�W�I�E�� �F�A�C�H�L�I�C�H�E�N�� �"�E�G�L�E�I�T�U�N�G�� �U�N�D�� �+�O�N�T�R�O�L�L�E
�D�E�R���4�H�E�M�E�N�B�E�A�R�B�E�I�T�U�N�G���E�I�N�G�E�L�A�D�E�N�����$�A�S���'�R�E�M�I�U�M
�K�O�N�S�T�I�T�U�I�E�R�T�E�� �S�I�C�H�� �M�I�T�� �D�E�M�� �0�R�O�J�E�K�T�S�T�A�R�T�� �A�M
�����������������������U�N�D���S�E�T�Z�T���S�I�C�H���W�I�E���F�O�L�G�T���Z�U�S�A�M�M�E�N��

�s �"�!�3�T�����2�E�F�E�R�A�T���u�3�T�R�A�”�E�N�A�U�S�S�T�A�T�T�U�N�G�v���A�L�S���!�U�F�T�R�A�G�

�G�E�B�E�R��


�

�;>6��� �3�C�H�E�M�A�T�I�S�C�H�E�R���5�N�T�E�R�S�U�C�H�U�N�G�S�A�N�S�A�T�Z���Z�U�R���I�D�E�N�T�I�F�I�Z�I�E�R�E�N�

�D�E�N�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �V�O�N�� �"�E�S�C�H�I�C�H�T�U�N�G�E�N�� �A�U�F�� �2�E�F�L�E�X���

�K�š�R�P�E�R�N



�s �"�!�3�T���� �2�E�F�E�R�A�T�� �u�#�H�E�M�I�S�C�H�E�� �'�R�U�N�D�L�A�G�E�N���� �5�M�

�W�E�L�T�S�C�H�U�T�Z�����,�A�B�O�R�D�I�E�N�S�T�v��

�s �"�!�-���A�L�S���!�U�F�T�R�A�G�N�E�H�M�E�R��

�s �'�E�S�C�H�Û�F�T�S�F�Ó�H�R�U�N�G�� �B�Z�W���� �V�E�R�A�N�T�W�O�R�T�L�I�C�H�E�S�� �-�A�N�A�

�G�E�M�E�N�T�� �D�R�E�I�E�R�� �(�E�R�S�T�E�L�L�E�R�U�N�T�E�R�N�E�H�M�U�N�G�E�N���� �E�R�

�G�Û�N�Z�T���U�M���J�E�W�E�I�L�S���E�I�G�E�N�E���,�A�B�O�R�S�P�E�Z�I�A�L�I�S�T�E�N��

�s �'�E�S�C�H�Û�F�T�S�F�Ó�H�R�U�N�G���D�E�R���$�E�U�T�S�C�H�E�N���3�T�U�D�I�E�N�G�E�S�E�L�L�

�S�C�H�A�F�T�� �F�Ó�R�� �3�T�R�A�”�E�N�M�A�R�K�I�E�R�U�N�G�E�N�� �E���� �6���� �A�L�S�� �6�E�R�

�B�A�N�D�S�V�E�R�T�R�E�T�E�R�� �D�E�R�� �!�P�P�L�I�K�A�T�E�U�R�E�� �U�N�D�� �-�A�R�K�I�E�

�R�U�N�G�S�H�E�R�S�T�E�L�L�E�R��

�s �6�E�R�T�R�E�T�E�R���D�E�S���0�R�Ó�F�D�I�E�N�S�T�E�S���D�E�R���$�E�U�T�S�C�H�E�N���3�T�U�D�I�

�E�N�G�E�S�E�L�L�S�C�H�A�F�T���F�Ó�R���3�T�R�A�”�E�N�M�A�R�K�I�E�R�U�N�G�E�N���E�����6����

�s �6�E�R�T�R�E�T�E�R�� �E�I�N�E�S�� �)�N�G�E�N�I�E�U�R�B�Ó�R�O�S�� �F�Ó�R�� �3�T�R�A�”�E�N�M�A�R�

�K�I�E�R�U�N�G�E�N���U�N�D���3�T�R�A�”�E�N�A�U�S�S�T�A�T�T�U�N�G��

�$�A���D�I�E���F�A�C�H�L�I�C�H�E���"�R�E�I�T�E���D�E�R���A�U�S�G�E�S�C�H�R�I�E�B�E�N�E�N���&�R�A�

�G�E�S�T�E�L�L�U�N�G�E�N���I�N���G�A�N�Z���B�E�S�O�N�D�E�R�E�R���7�E�I�S�E���D�I�E�S�E���0�R�O�

�J�E�K�T�B�E�A�R�B�E�I�T�U�N�G�� �P�R�Û�G�T���� �W�A�R�E�N�� �Z�U�R�� �0�R�O�B�L�E�M�L�š�S�U�N�G
�S�O�W�O�H�L�� �P�H�Y�S�I�K�A�L�I�S�C�H�E�� �A�L�S�� �A�U�C�H�� �C�H�E�M�I�S�C�H�
�A�N�A�L�Y�T�I�

�S�C�H�E�� �U�N�D�� �T�E�C�H�N�O�L�O�G�I�S�C�H�E���!�S�P�E�K�T�E�� �Z�U�� �B�E�R�Ó�C�K�S�I�C�H�T�I�

�G�E�N���� �$�A�Z�U�� �W�U�R�D�E�� �S�E�I�T�E�N�S�� �D�E�R�� �!�U�F�T�R�A�G�N�E�H�M�E�R�� �M�I�T
�E�I�N�E�R���I�N�T�E�R�D�I�S�Z�I�P�L�I�N�Û�R�E�N���(�E�R�A�N�G�E�H�E�N�S�W�E�I�S�E���R�E�A�G�I�E�R�T��
�5�N�T�E�R���!�U�S�N�U�T�Z�U�N�G���D�E�R���T�H�E�M�A�T�I�S�C�H���B�R�E�I�T�E�N���U�N�D���V�I�E�L�

�S�C�H�I�C�H�T�I�G�E�N���&�A�C�H�K�O�M�P�E�T�E�N�Z���D�E�R���"�!�-���F�L�I�E�”�E�N���I�N���D�I�E
�0�R�O�J�E�K�T�B�E�A�R�B�E�I�T�U�N�G�� �"�E�I�T�R�Û�G�E�� �D�E�R�� �"�!�-�� �A�U�S�� �D�E�N
�+�O�M�P�E�T�E�N�Z�B�E�R�E�I�C�H�E�N�� �u�"�A�U�S�T�O�F�F�E�v���� �u�#�H�E�M�I�S�C�H�E
�!�N�A�L�Y�T�I�K�v�����u�3�C�H�I�C�H�T�
���U�N�D���/�B�E�R�F�L�Û�C�H�E�N�A�N�A�L�Y�T�I�K�v���S�O�W�I�E
�u�4�H�E�R�M�I�S�C�H�E���"�E�S�T�Û�N�D�I�G�K�E�I�T���V�O�N���0�O�L�Y�M�E�R�E�N�v���E�I�N��

�)�M�� �%�R�G�E�B�N�I�S�� �D�E�R�� �E�R�S�T�E�N�� �!�B�S�T�I�M�M�U�N�G�E�N�� �I�N�N�E�R�H�A�L�B
�D�E�S�� �"�E�T�R�E�U�U�N�G�S�G�R�E�M�I�U�M�S�� �W�U�R�D�E�� �V�E�R�E�I�N�B�A�R�T���� �D�I�E
�A�U�S�G�E�S�C�H�R�I�E�B�E�N�E�� �-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G�� �A�U�F�� �D�E�R
�"�A�S�I�S�� �V�O�N�� �n�� �F�Ó�R�� �D�E�N�� �N�A�T�I�O�N�A�L�E�N�� �-�A�R�K�T�� �V�O�N�� �&�A�H�R�

�B�A�H�N�M�A�R�K�I�E�R�U�N�G�S�S�Y�S�T�E�M�E�N���n���M�š�G�L�I�C�H�S�T���R�E�P�R�Û�S�E�N�T�A�

�T�I�V�E�N���0�R�O�D�U�K�T�E�N���D�U�R�C�H�Z�U�F�Ó�H�R�E�N��

�$�I�E�S���D�I�E�N�T���D�E�R���A�N�G�E�S�T�R�E�B�T�E�N���A�L�L�G�E�M�E�I�N�E�N���ã�B�E�R�T�R�A�G�

�B�A�R�K�E�I�T���D�E�R���&�O�R�S�C�H�U�N�G�S�E�R�G�E�B�N�I�S�S�E���F�Ó�R���E�I�N�E���V�E�R�B�E�S�

�S�E�R�T�E�� �'�Ó�T�E�S�I�C�H�E�R�H�E�I�T�� �I�N�S�B�E�S�O�N�D�E�R�E�� �I�M�� �"�U�N�D�E�S�F�E�R�N�

�S�T�R�A�”�E�N�B�E�R�E�I�C�H�����5�N�T�E�R���"�E�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G���D�E�R���!�U�F�G�A�

�B�E�N�S�T�E�L�L�U�N�G���W�A�R���E�S���U�N�T�E�R���A�L�L�E�N���"�E�T�E�I�L�I�G�T�E�N���+�O�N�S�E�N�S��
�D�A�S�S�� �F�Ó�R�� �D�I�E�� �E�R�F�O�R�D�E�R�L�I�C�H�E�N�� �5�N�T�E�R�S�U�C�H�U�N�G�E�N�� �B�Z�W��
�6�E�R�F�A�H�R�E�N�S�E�N�T�W�I�C�K�L�U�N�G�E�N�� �D�I�E�� �A�L�S�� �'�E�M�I�S�C�H�� �A�U�S�� �B�E�

�S�O�N�D�E�R�S�� �B�E�H�A�N�D�E�L�T�E�N�� �2�E�F�L�E�X�
�� �U�N�D�� �'�R�I�F�F�I�G�K�E�I�T�S�K�š�R�

�P�E�R�N�� �B�E�S�T�E�H�E�N�D�E�N�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�� �I�N
�H�A�N�D�E�L�S�Ó�B�L�I�C�H�E�R�� �&�O�R�M���� �A�B�E�R�� �A�U�C�H�� �D�I�E�� �U�N�B�E�H�A�N�D�E�L�

�T�E�N�� �!�U�S�G�A�N�G�S�M�A�T�E�R�I�A�L�I�E�N�� �2�E�F�L�E�X�I�O�N�S�K�š�R�P�E�R���� �'�R�I�F�F�I�G�

�K�E�I�T�S�K�š�R�P�E�R�� �U�N�D�� �D�I�E�� �V�E�R�W�E�N�D�E�T�E�N�� �#�O�A�T�I�N�G�
�-�A�T�E�R�I�A�

�L�I�E�N�� �Z�U�R�� �6�E�R�F�Ó�G�U�N�G�� �S�T�E�H�E�N�� �M�Ó�S�S�E�N���� �$�A�Z�U�� �W�U�R�D�E�N
�U�N�T�E�R�� �"�E�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G�� �D�E�R�� �)�N�T�E�R�E�S�S�E�N�
�� �B�Z�W���� �4�E�C�H�

�N�O�L�O�G�I�E�W�A�H�R�U�N�G���D�E�R���(�E�R�S�T�E�L�L�E�R���6�E�R�E�I�N�B�A�R�U�N�G�E�N���Z�W�I�


�S�C�H�E�N�� �D�E�M�� �&�O�R�S�C�H�U�N�G�S�A�U�F�T�R�A�G�G�E�B�E�R���� �D�E�M�� �&�O�R�

�S�C�H�U�N�G�S�N�E�H�M�E�R�� �U�N�D�� �A�U�S�G�E�W�Û�H�L�T�E�N�� �(�E�R�S�T�E�L�L�E�R�N
�Ó�B�E�R�� �D�I�E�� �K�O�S�T�E�N�L�O�S�E�� �"�E�R�E�I�T�S�T�E�L�L�U�N�G�� �V�O�N�� �I�N�D�U�S�T�R�I�E�L�L
�G�E�F�E�R�T�I�G�T�E�N�� �5�N�T�E�R�S�U�C�H�U�N�G�S�P�R�O�B�E�N�� �I�N�� �E�N�T�S�P�R�E�C�H�E�N�

�D�E�N���,�I�E�F�E�R�G�E�B�I�N�D�E�N���B�Z�W�����D�E�R���R�E�A�L�E�N���!�U�S�G�A�N�G�S�M�A�T�E�

�R�I�A�L�E�N�� �A�U�S�� �D�E�R�� �L�A�U�F�E�N�D�E�N�� �0�R�O�D�U�K�T�I�O�N�� �A�B�G�E�S�C�H�L�O�S�

�S�E�N���� �$�I�E�� �0�R�O�B�E�N�K�E�N�N�Z�E�I�C�H�N�U�N�G�� �W�A�R�� �Z�U�M�� �3�C�H�U�T�Z
�P�R�O�D�U�K�T�S�P�E�Z�I�F�I�S�C�H�E�N�� �+�N�O�W�
�H�O�W�S�� �Z�U�� �A�N�O�N�Y�M�I�S�I�E�R�E�N
���4�A�B�E�L�L�E�����	��

�%�S�� �W�A�R�� �+�O�N�S�E�N�S���� �D�I�E�� �G�E�L�I�E�F�E�R�T�E�N�� �0�R�O�B�E�N�� �E�I�N�G�A�N�G�S
�E�N�T�S�P�R�E�C�H�E�N�D�� �D�E�R�� �5�N�T�E�R�S�U�C�H�U�N�G�S�M�E�T�H�O�D�I�K�� �D�E�S
�T�E�C�H�N�I�S�C�H�E�N���2�E�G�E�L�W�E�R�K�E�S�����Z�����"�����;�����=�	���B�Z�W�����E�N�T�S�P�R�E�

�C�H�E�N�D�E�R�� �%�I�G�E�N�K�O�N�T�R�O�L�L�V�E�R�F�A�H�R�E�N�� �D�E�R�� �(�E�R�S�T�E�L�L�E�R�� �Z�U
�U�N�T�E�R�S�U�C�H�E�N��

�%�S�� �W�U�R�D�E�� �W�E�I�T�E�R�H�I�N�� �V�E�R�E�I�N�B�A�R�T���� �D�I�E�� �%�R�G�E�B�N�I�S�S�E�� �D�E�R
�E�I�N�Z�E�L�N�E�N�� �"�E�A�R�B�E�I�T�U�N�G�S�A�B�S�C�H�N�I�T�T�E�� ���S�I�E�H�E�� �+�A�P�I�T�E�L
�������	���I�N���6�O�R�T�R�A�G�S�F�O�R�M���D�E�M���"�E�T�R�E�U�U�N�G�S�G�R�E�M�I�U�M���D�A�R�

�Z�U�S�T�E�L�L�E�N�� �U�N�D�� �D�U�R�C�H�� �&�A�C�H�D�I�S�K�U�S�S�I�O�N�E�N�� �D�I�E�� �W�E�I�T�E�R�E
�6�O�R�G�E�H�E�N�S�W�E�I�S�E�� �M�I�T�� �D�E�M�� �'�R�E�M�I�U�M�� �A�B�Z�U�G�L�E�I�C�H�E�N��
�$�A�D�U�R�C�H�� �W�A�R�� �A�L�L�E�N�� �I�N�T�E�R�E�S�S�I�E�R�T�E�N�� �U�N�D�� �B�E�T�R�O�F�F�E�N�E�N
�&�A�C�H�G�E�B�I�E�T�E�N���J�E�D�E�R�Z�E�I�T���D�I�E���-�š�G�L�I�C�H�K�E�I�T���D�E�R���-�I�T�A�R�B�E�I�T
�U�N�D���-�I�T�G�E�S�T�A�L�T�U�N�G���G�E�G�E�B�E�N�����:�U�S�Û�T�Z�L�I�C�H���E�R�F�O�L�G�T�E���D�I�E
�$�A�R�L�E�G�U�N�G�� �D�E�R�� �6�O�R�G�E�H�E�N�S�W�E�I�S�E�� �U�N�D�� �%�R�G�E�B�N�I�S�S�E
�E�I�N�S�C�H�L�I�E�”�L�I�C�H�� �D�E�R�� �"�E�R�E�I�T�S�T�E�L�L�U�N�G�� �A�L�L�E�R�� �%�R�G�E�B�N�I�S�S�E
�D�U�R�C�H�� �I�N�S�G�E�S�A�M�T�� ���� �A�U�S�F�Ó�H�R�L�I�C�H�E�� �:�W�I�S�C�H�E�N�B�E�R�I�C�H�T�E
�;���������������������=�����$�E�R���G�R�O�”�E���"�E�A�R�B�E�I�T�U�N�G�S�U�M�F�A�N�G���S�O�W�I�E
�D�I�E���6�I�E�L�Z�A�H�L���V�O�N���%�I�N�Z�E�L�E�R�G�E�B�N�I�S�S�E�N���U�N�D���$�I�S�K�U�S�S�I�O�

�N�E�N�� �K�š�N�N�E�N�� �I�M�� �2�A�H�M�E�N�� �E�I�N�E�S���!�B�S�C�H�L�U�S�S�B�E�R�I�C�H�T�E�S
�N�I�C�H�T�� �U�M�F�Û�N�G�L�I�C�H�� �D�A�R�G�E�S�T�E�L�L�T�� �W�E�R�D�E�N���� �$�I�E�S�� �W�A�R�� �D�E�N
�"�E�A�R�B�E�I�T�E�R�N���V�O�N���V�O�R�N�H�E�R�E�I�N���K�L�A�R�����!�U�S���D�I�E�S�E�N���'�R�Ó�N�

�D�E�N���S�I�N�D���D�I�E���:�W�I�S�C�H�E�N�B�E�R�I�C�H�T�E���U�M�F�A�S�S�E�N�D���U�N�D���A�U�S�

�F�Ó�H�R�L�I�C�H���E�R�S�T�E�L�L�T���W�O�R�D�E�N���U�N�D���E�N�T�H�A�L�T�E�N���I�N���D�E�T�A�I�L�L�I�E�R�T�E�R
�7�E�I�S�E���W�E�I�T�E�R�E���n�� �H�I�E�R���A�U�S���5�M�F�A�N�G�S�G�R�Ó�N�D�E�N���n�� �N�I�C�H�T
�D�A�R�S�T�E�L�L�B�A�R�E�� �)�N�F�O�R�M�A�T�I�O�N�E�N���� �!�U�F�� �D�I�E�S�E�� �W�I�R�D�� �A�N�� �D�E�N
�E�N�T�S�P�R�E�C�H�E�N�D�E�N���3�T�E�L�L�E�N���V�E�R�W�I�E�S�E�N�����S�O�D�A�S�S���A�U�F���E�I�N�E
�A�U�S�F�Ó�H�R�L�I�C�H�E�� �U�N�D�� �D�E�T�A�I�L�L�I�E�R�T�E�� �$�A�R�S�T�E�L�L�U�N�G�� �I�M�� �2�A�H�

�M�E�N���D�E�S���H�I�E�R���V�O�R�L�I�E�G�E�N�D�E�N���!�B�S�C�H�L�U�S�S�B�E�R�I�C�H�T�E�S���V�E�R�



�

�7D	
EF7>>7D

%35:
EFD7G?;FF7>	
97?7@97

)78>7J	
=PDB7D

�D;88;9	
=7;FE	
?;FF7>

�A3F;@9

�)
�(���4���. �(���4���2 �(���4���'

�(���#�� �(���#�� �(���#��
�(���4���. �(���4���2 �(���4���'

�)�)
�(���4���. �(���4���2 �(���4���'

�(���#�� �(���#��
�(���4���. �(���4���2 �(���4���'

�)�)�)
�(���4���. �(���4���2 �(���4���'

�(���#��
�(���4���. �(���4���2 �(���4���'

+34
��� �'�R�U�N�D�G�E�S�A�M�T�H�E�I�T�� �U�N�D�� �+�E�N�N�Z�E�I�C�H�N�U�N�G�� �D�E�S�� �B�E�R�E�I�T�G�E�

�S�T�E�L�L�T�E�N�� �5�N�T�E�R�S�U�C�H�U�N�G�S�M�A�T�E�R�I�A�L�E�S�� �Z�U�R���4�H�E�M�E�N�B�E�A�R�B�E�I�

�T�U�N�G



�Z�I�C�H�T�E�T�� �W�U�R�D�E�� �U�N�D�� �L�E�D�I�G�L�I�C�H�� �D�I�E�� �M�A�”�G�E�B�E�N�D�E�N�� �%�R�

�G�E�B�N�I�S�S�E���A�U�F�G�E�F�Ó�H�R�T���W�E�R�D�E�N�����!�L�S���G�E�E�I�G�N�E�T���V�A�L�I�D�I�E�R�T�E
�N�E�U�A�R�T�I�G�E�� �5�N�T�E�R�S�U�C�H�U�N�G�S�M�E�T�H�O�D�E�N�� �S�I�N�D�� �B�E�Z�Ó�G�L�I�C�H
�I�H�R�E�R�� �$�U�R�C�H�F�Ó�H�R�U�N�G�S�A�L�G�O�R�I�T�H�M�E�N�� �U�N�D�� �D�E�R�� �E�N�T�S�P�R�E�

�C�H�E�N�D�E�N���6�E�R�F�A�H�R�E�N�S�P�A�R�A�M�E�T�E�R���I�N���D�E�R���!�N�L�A�G�E���D�U�R�C�H
�E�N�T�S�P�R�E�C�H�E�N�D�E�� �N�A�C�H�V�O�L�L�Z�I�E�H�B�A�R�E�� �!�R�B�E�I�T�S�A�N�L�E�I�T�U�N�

�G�E�N�� �B�E�S�C�H�R�I�E�B�E�N���� �)�M�� �%�R�G�E�B�N�I�S�� �D�E�R�� �E�R�S�T�E�N�� �3�I�T�Z�U�N�G
�D�E�S�� �"�E�T�R�E�U�U�N�G�S�G�R�E�M�I�U�M�S�� �W�U�R�D�E�N�� �E�B�E�N�F�A�L�L�S�� �D�I�E�� �I�M
�&�O�R�S�C�H�U�N�G�S�A�N�G�E�B�O�T�� �V�O�R�G�E�S�C�H�L�A�G�E�N�E�� �,�š�S�U�N�G�S�M�E�

�T�H�O�D�I�K���U�N�D���(�E�R�A�N�G�E�H�E�N�S�W�E�I�S�E���D�E�N���"�E�T�E�I�L�I�G�T�E�N���V�O�R�

�G�E�S�T�E�L�L�T�����D�I�S�K�U�T�I�E�R�T���U�N�D���A�B�S�C�H�L�I�E�”�E�N�D���B�E�S�C�H�L�O�S�S�E�N��

�
� �D>OGF7DG@9�67D�3497EF;??F7@
?7F:A6;E5:7@�-AD97:7@EI7;E7

�5�M�� �D�E�N�� �V�E�R�S�C�H�I�E�D�E�N�A�R�T�I�G�E�N�� �P�H�Y�S�I�K�A�L�I�S�C�H�
�T�E�C�H�N�O�L�O�

�G�I�S�C�H�E�N�� �U�N�D�� �C�H�E�M�I�S�C�H�
�A�N�A�L�Y�T�I�S�C�H�E�N�� �&�R�A�G�E�S�T�E�L�L�U�N�

�G�E�N���D�E�R���A�U�S�G�E�S�C�H�R�I�E�B�E�N�E�N���!�U�F�G�A�B�E�N�S�T�E�L�L�U�N�G�E�N���Z�U�R
�U�M�F�A�S�S�E�N�D�E�N���+�E�N�N�Z�E�I�C�H�N�U�N�G���V�O�N���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�

�G�E�M�I�S�C�H�E�N�� �Z�U�� �E�N�T�S�P�R�E�C�H�E�N���� �K�A�N�N�� �N�U�R�� �E�I�N�E�� �M�E�H�R���

�P�H�A�S�I�G�E���"�E�A�R�B�E�I�T�U�N�G���E�I�N�E���G�E�E�I�G�N�E�T�E���-�š�G�L�I�C�H�K�E�I�T���F�Ó�R
�E�I�N�E�� �M�š�G�L�I�C�H�S�T�� �S�T�R�U�K�T�U�R�I�E�R�T�E�� �6�O�R�G�E�H�E�N�S�W�E�I�S�E�� �D�A�R�

�S�T�E�L�L�E�N���� �$�E�M�E�N�T�S�P�R�E�C�H�E�N�D�� �W�U�R�D�E�� �D�E�R�� �"�!�3�T�� �V�O�R�G�E�

�S�C�H�L�A�G�E�N�� �U�N�D�� �I�M�� �"�E�T�R�E�U�U�N�G�S�G�R�E�M�I�U�M�� �A�B�G�E�S�T�I�M�M�T��
�D�I�E�� �I�N�H�A�L�T�L�I�C�H�E�� �"�E�A�R�B�E�I�T�U�N�G�� �D�E�R�� �&�R�A�G�E�S�T�E�L�L�U�N�G�E�N
�G�E�M�Û�”�� �D�E�N�� �N�A�C�H�F�O�L�G�E�N�D�� �A�U�F�G�E�F�Ó�H�R�T�E�N�� �!�R�B�E�I�T�S�A�B�

�S�C�H�N�I�T�T�E�N���Z�U���S�T�R�U�K�T�U�R�I�E�R�E�N��

�73D47;FG@9EB:3E7�
��
�4EF;??G@9�G@6�@AFI7@6;97�-AD47D7;FG@9�67D
$7F:A67@7@FI;5=>G@9

�s �&�E�S�T�L�E�G�U�N�G�� �E�I�N�E�R���!�U�S�W�A�H�L�� �V�O�N�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�

�P�R�O�D�U�K�T�E�N�� �I�N�� �!�B�S�P�R�A�C�H�E�� �M�I�T�� �D�E�M�� �!�U�F�T�R�A�G�G�E�B�E�R
�U�N�T�E�R���%�I�N�B�E�Z�I�E�H�U�N�G���D�E�R���0�R�A�X�I�S�P�A�R�T�N�E�R���U�N�T�E�R���"�E�

�R�Ó�C�K�S�I�C�H�T�I�G�U�N�G�� �A�U�S�R�E�I�C�H�E�N�D�E�R�� �2�E�P�R�Û�S�E�N�T�A�T�I�V�I�T�Û�T
�F�Ó�R�� �D�E�N�� �!�N�W�E�N�D�U�N�G�S�B�E�R�E�I�C�H�� �"�U�N�D�E�S�F�E�R�N�S�T�R�A�

�”�E�N��

�s �6�E�R�V�O�L�L�S�T�Û�N�D�I�G�E�N���D�E�R���A�P�P�A�R�A�T�I�V�E�N���6�O�R�A�U�S�S�E�T�Z�U�N�

�G�E�N��

�s �%�I�N�B�I�N�D�U�N�G�� �D�E�R�� �E�N�T�S�P�R�E�C�H�E�N�D�E�N�� �H�E�R�S�T�E�L�L�E�N�D�E�N
�)�N�D�U�S�T�R�I�E���Z�U�R���"�E�R�E�I�T�S�T�E�L�L�U�N�G���E�I�N�E�R���P�R�O�D�U�K�T�I�O�N�S�G�E�

�R�E�C�H�T�E�N�� �R�E�P�R�Û�S�E�N�T�A�T�I�V�E�N�� �!�U�S�W�A�H�L�� �V�O�N�� �.�A�C�H�

�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�N���I�N���&�O�R�M���V�O�N

�n �'�R�I�F�F�I�G�K�E�I�T�S�M�I�T�T�E�L�N���I�N���!�U�S�G�A�N�G�S�Q�U�A�L�I�T�Û�T��
�n �2�E�F�L�E�X�K�š�R�P�E�R�N���I�N���!�U�S�G�A�N�G�S�Q�U�A�L�I�T�Û�T��
�n �"�E�S�C�H�I�C�H�T�U�N�G�S�S�T�O�F�F�E�N���I�N���!�U�S�G�A�N�G�S�Q�U�A�L�I�T�Û�T��
�n �B�E�S�C�H�I�C�H�T�E�T�E�N�� �2�E�F�L�E�X�K�š�R�P�E�R�N�� �I�N�� �V�E�R�S�C�H�I�E�D�E�


�N�E�N���"�E�S�C�H�I�C�H�T�U�N�G�S�Q�U�A�L�I�T�Û�T�E�N��
�n �F�E�R�T�I�G�E�M���.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H��

�!�B�W�E�I�C�H�E�N�D�� �V�O�N�� �D�E�N�� �H�I�E�R�� �D�A�R�G�E�S�T�E�L�L�T�E�N�� �&�E�S�T�L�E�G�U�N�

�G�E�N���W�A�R�E�N���D�I�E���I�N���4�A�B�E�L�L�E�������A�U�F�G�E�F�Ó�H�R�T�E�N���0�R�O�B�E�N�M�A�

�T�E�R�I�A�L�I�E�N�� �D�I�E�� �'�R�U�N�D�L�A�G�E�� �D�E�R�� �W�E�I�T�E�R�E�N�� �5�N�T�E�R�S�U�C�H�U�N�

�G�E�N��

�73D47;FG@9EB:3E7���
$7F:A67@7@FI;5=>G@9�LGD�B:3E7@FD7@@7@67@
G@6�9D3@G>A?7FD;E5:7@�4LI
�>;5:FD78>7=F;7D7@	
67@�"7@@L7;5:@G@9�HA@�)78>7J=PDB7D@���D;88;9	
=7;FEB3DF;=7>@�G@6�%35:EFD7G?;FF7>97?;E5:7@

�"�E�A�R�B�E�I�T�U�N�G�S�P�H�A�S�E����������
�-�E�T�H�O�D�E�N�E�N�T�W�I�C�K�L�U�N�G���Z�U�R���G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�N
�+�E�N�N�Z�E�I�C�H�N�U�N�G���D�E�R���0�A�R�T�I�K�E�L�G�R�š�”�E�N�V�E�R�T�E�I�L�U�N�G

�s �!�U�S�W�A�H�L�� �E�I�N�E�S�� �G�E�E�I�G�N�E�T�E�N�� �B�I�L�D�G�E�B�E�N�D�E�N�� �0�A�R�T�I�

�K�E�L�A�N�A�L�Y�S�E�V�E�R�F�A�H�R�E�N�S���M�I�T���H�O�H�E�R���S�T�A�T�I�S�T�I�S�C�H�E�R���3�I�

�C�H�E�R�H�E�I�T�����K�U�R�Z�E�R���!�N�A�L�Y�S�E�D�A�U�E�R���U�N�D���H�O�H�E�M���!�U�T�O�

�M�A�T�I�S�I�E�R�U�N�G�S�G�R�A�D��

�s �%�N�T�W�I�C�K�L�U�N�G���E�I�N�E�R���-�E�S�S�R�O�U�T�I�N�E��

�s �%�N�T�W�I�C�K�L�U�N�G���E�I�N�E�R���0�R�O�B�E�N�V�O�R�B�E�R�E�I�T�U�N�G�S�R�O�U�T�I�N�E��

�s �-�E�S�S�U�N�G�� �U�N�D�� �G�R�A�N�U�L�O�M�E�T�R�I�S�C�H�E�� �#�H�A�R�A�K�T�E�R�I�S�I�E�

�R�U�N�G�� �D�E�R�� �B�E�R�E�I�T�G�E�S�T�E�L�L�T�E�N�� �0�R�O�B�E�N�� ���2�E�F�L�E�X�K�š�R�P�E�R��
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�T�E�N�� �.�A�C�H�S�T�R�E�U�M�I�T�T�E�L�G�E�M�I�S�C�H�E�� �Z�U�R�� �(�E�R�S�T�E�L�L�U�N�G
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Schriftenreihe

Berichte der Bundesanstalt
für Straßenwesen

Unterreihe „Verkehrstechnik“

2008
V 168: Nutzen und Kosten nicht vollständiger Signalisierungen
unter besonderer Beachtung der Verkehrssicherheit
Frost, Schulze                                                    �% 15,50

V 169: Erhebungskonzepte für eine Analyse der Nutzung von al-
ternativen Routen in übergeordneten Straßennetzen
Wermuth, Wulff                                                  �% 15,50

V 170: Verbesserung der Sicherheit des Betriebspersonals in Ar-
beitsstellen kürzerer Dauer auf Bundesautobahnen
Roos, Zimmermann, Riffel, Cypra                            �% 16,50

V 171: Pilotanwendung der Empfehlungen für die Sicherheits-
analyse von Straßennetzen (ESN )
Weinert, Vengels                                                 �% 17,50

V 172: Luftschadstoffe an BAB 2007
Baum, Hasskelo, Siebertz, Weidner                         �% 13,50

V 173: Bewertungshintergrund für die Verfahren zur Charakterisie -
rung der akustischen Eigenschaften offenporiger Straßenbeläge
Altreuther, Beckenbauer, Männel                              �% 13,00

V 174: Einfluss von Straßenzustand, meteorologischen Parame-
tern und Fahrzeuggeschwindigkeit auf die PMx-Belastung an
Straßen
Düring, Lohmeyer, Moldenhauer, Knörr, Kutzner,
Becker, Richter, Schmidt                                      �% 29,00
Dieser Bericht liegt nur in digitaler Form vor und kann kostenpf lich-
tig unter www.nw-verlag.de heruntergeladen werden.

V 175: Maßnahmen gegen die psychischen Belastungen des
Personals des Straßenbetriebsdienstes
Fastenmeier, Eggerdinger, Goldstein                      �% 14,50

2009
V 176: Bestimmung der vertikalen Richtcharakteristik der Schall-
abstrahlung von Pkw, Transportern und Lkw
Schulze, Hübelt                                              �% 13,00

V 177: Sicherheitswirkung eingefräster Rüttelstreifen entlang der 
BAB A24
Lerner, Hegewald, Löhe, Velling                                �% 13,50

V 178: Verkehrsentwicklung auf Bundesfernstraßen 2007 – Jah-
resauswertung der automatischen Dauerzählstellen
Fitschen                                                             �% 26,00

V 179: Straßenverkehrszählung 2005: Methodik
Kathmann, Ziegler, Thomas                                  �% 15,50

V 180: Verteilung von Tausalzen auf der Fahrbahn
Hausmann                                                    �% 14,50

V 181: Vorraussetzungen für dynamische Wegweisung mit integ-
rierten Stau- und Reisezeitinformationen
Hülsemann, Krems, Henning, Thiemer                       �% 18,50

V 182: Verkehrsqualitätsstufenkonzepte für Hauptverkehrsstra-
ßen mit straßenbündigen Stadt-/Straßenbahnkörpern
Sümmermann, Lank, Steinauer, M. Baier,
R. Baier, Klemps-Kohnen                                     �% 17,00

 

 

 

V 183: Bewertungsverfahren für Verkehrs- und Verbindungsqua-
litäten von Hauptverkehrsstraßen
Lank, Sümmermann, Steinauer, Baur, Kemper, Probst,
M. Baier, R. Baier, Klemps-Kohnen, Jachtmann, Hebel    �% 24,00

V 184: Unfallrisiko und Regelakzeptanz von Fahrradfahrern
Alrutz, Bohle, Müller, Prahlow, Hacke, Lohmann          �% 19,00

V 185: Möglichkeiten zur schnelleren Umsetzung und Priorisie-
rung straßenbaulicher Maßnahmen zur Erhöhung der Verkehrs-
sicherheit
Gerlach, Kesting, Thiemeyer                               �% 16,00

V 186: Beurteilung der Streustoffverteilung im Winterdienst
Badelt, Moritz                                                   �% 17,00

V 187: Qualitätsmanagementkonzept für den Betrieb der Verkehrs-
rechnerzentralen des Bundes
Kirschfink, Aretz                                            �% 16,50

2010
V 188: Stoffeinträge in den Straßenseitenraum – Reifenabrieb
Kocher, Brose, Feix, Görg, Peters, Schenker              �% 14,00

V 189: Einfluss von verkehrsberuhigenden Maßnahmen auf die 
PM10-Belastung an Straßen
Düring, Lohmeyer, Pöschke, Ahrens, Bartz, Wittwer,
Becker, Richter, Schmidt, Kupiainen, Pirjola,
Stojiljkovic, Malinen, Portin                                   �% 16,50

V 190: Entwicklung besonderer Fahrbahnbeläge zur Beeinflus-
sung der Geschwindigkeitswahl
Lank, Steinauer, Busen                                       �% 29,50
Dieser Bericht liegt nur in digitaler Form vor und kann kostenpf lich-
tig unter www.nw-verlag.de heruntergeladen werden.

V 191: Verkehrsentwicklung auf Bundesfernstraßen 2008
Fitschen, Nordmann                                         �% 27,00
Dieser Bericht ist als Buch und als CD erhältlich oder kann ferner 
als kostenpflichtiger Download unter www.nw-verlag.de herunter-
geladen werden.

V 192: Anprall von Pkw unter großen Winkeln gegen Fahrzeu-
grückhaltesysteme
Gärtner, Egelhaaf                                                �% 14,00

V 193: Anprallversuche an motorradfahrerfreundlichen Schutz-
einrichtungen
Klöckner                                                    �% 14,50

V 194: Einbindung städtischer Verkehrsinformationen in ein regi-
onales Verkehrsmanagement
Ansorge, Kirschfink, von der Ruhren, Hebel, Johänning   �% 16,50

V 195: Abwasserbehandlung an PWC-Anlagen
Dieser Bericht liegt nur in digitaler Form vor und kann kostenpf lich-
tig unter www.nw-verlag.de heruntergeladen werden.
Londong, Meyer                                                 �% 29,50

V 196: Sicherheitsrelevante Aspekte der Straßenplanung
Bark, Kutschera, Baier, Klemps-Kohnen E 16,00

V 197: Zählungen des ausländischen Kraftfahrzeugverkehrs auf 
den Bundesautobahnen und Europastraßen 2008
Lensing                                                         �% 16,50

V 198: Stoffeintrag in Straßenrandböden – Messzeitraum 2005/2006
Kocher, Brose, Chlubek, Karagüzel, Klein, Siebertz         �% 14,50

V 199: Stoffeintrag in Straßenrandböden – Messzeitraum 2006/2007
Kocher, Brose, Chlubek, Görg, Klein, Siebertz             �% 14,00

V 200: Ermittlung von Standarts für anforderungsgerechte Da-
tenqualität bei Verkehrserhebungen
Bäumer, Hautzinger, Kathmann, Schmitz,
Sommer, Wermuth                                              �% 18,00
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V 201: Quantifizierung der Sicherheitswirkungen verschiedener 
Bau-, Gestaltungs- und Betriebsformen auf Landstraßen
Vieten, Dohmen, Dürhager, Legge                           �% 16,00

2011
V 202: Einfluss innerörtlicher Grünflächen und Wasserflächen 
auf die PM10-Belastung
Endlicher, Langner, Dannenmeier, Fiedler, Herrmann,
Ohmer, Dalter, Kull, Gebhardt, Hartmann                   �% 16,00

V 203: Bewertung von Ortsumgehungen aus Sicht der Verkehrs-
sicherheit
Dohmen, Vieten, Kesting, Dürhager, Funke-Akbiyik          �% 16,50

V 204: Einfluss von Straßenrandbegrünung auf die PM10-Belas-
tung
Bracke, Reznik, Mölleken, Berteilt, Schmidt                  �% 22,00
Dieser Bericht liegt nur in digitaler Form vor und kann kostenpf lich-
tig unter www.nw-verlag.de heruntergeladen werden.

V 205: Verkehrsentwicklung auf Bundesfernstraßen 2009
Fitschen, Nordmann                                            �% 27,50
Dieser Bericht ist sowohl als gedrucktes Heft der Schriftenreih e als 
auch als CD erhältlich oder kann außerdem als kostenpflichtiger 
Download unter www.nw-verlag.de heruntergeladen werden.

V 206: Sicherheitspotenzialkarten für Bundesstraßen nach den ESN
Färber, Lerner, Pöppel-Decker                     �% 14,50

V 207: Gestaltung von Notöffnungen in transportablen Schutz-
einrichtungen
Becker                                                        �% 16,00

V 208: Fahrbahnquerschnitte in baulichen Engstellen von Orts-
durchfahrten
Gerlach, Breidenbach, Rudolph, Huber, Brosch, Kesting   �% 17,50

V 209: Stoffeintrag in Straßenrandböden – Messzeitraum 2008/2009
Beer, Surkus, Kocher                                           �% 14,50

2012
V 210: Schmale zweibahnig vierstreifige Landstraßen (RQ 21)
Maier, Berger                                                  �% 18,50

V 211: Innliegende Linkseinfädelungsstreifen an plangleichen
Knotenpunkten innerorts und im Vorfeld bebauter Gebiete
Richter, Neumann, Zierke, Seebo                         �% 17,00

V 212: Anlagenkonzeption für Meistereigehöfte – Optimierung 
von Arbeitsabläufen
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