
�Z�e�i�t�s�o�h�r�i�f�b�f�d�r �k�r�i�s�t�a�l�l�o�g�r�a�p�h�i�e�,�B�d�.�1�1�3�,�S�.�3�4�5�-�3�7�2�(�1�9�6�0�)

�1�)�b�e�r �k�o�m�p�l�e�x �z�1�1�8�a�m�m�e�n�g�e�8�e�t�z�t�e�S�u�l�a�d�i�s�c�I�I�e �E�r�z�e

�V�L �Z�u�r �k�r�i�s�t�a�l�l�s�t�r�u�k�t�u�r �d�e�s �M�e�n�e�g�h�i�n�i�t�h �C�u�P�b�1�3�S�L�S�2�4

�V�o�n �R�O�B�E�R�T �E�E�J�L�E�R�1�.�2�u�n�d �E�I�t�1�Y�I�N �H�E�L�L�N�E�R�3

�M�i�n�e�r�a�l�o�g�i�s�c�h�m�I�n�M�i�t�u�t�d�e�r �U�n�i�v�e�r�S�i�t�a�t�M�a�l�r�b�u�r�g

�l�t�f�i�t�5�A�b�b�i�I�d�u�n�g�e�n �i�m �T�B�M

�(�E�i�n�g�e�g�a�n�g�e�n �a�m�1�8�.�A�u�g�u�s�t�1�9�5�8�)

�A�b�s�t�r�a�e�t

�T�h�e �u�n�i 也 �c�e�l�l 阻�1�d �s�p�a�e�e �g�r�o�u�p �o�f �m�e�n�e�g�h�m�i�t�e �h�a�v�e �b�e�e�n �n�e�w�l�y �d 的�e�r�m�i�n�e�d�:

日 �=�1�1�.�3�6�3�A�,�b 二 �2�4�0�5�7�A�, 自己 �2�4 × �4�.�1�2�8�2�A �;�C ι �p�n�2�1�m�.�T�h�e �s�t�r�u�c�t�u�r�e �o�f
�t�h�e �s吋 �c�e�l�l α �,�b�,�c �=�4�.�1�2�8�2�A �a�M�s�p�a�e�e �g�r�o 叩 �D�Z�-�P�b�n�m�c�o�n�t�a�i�n�s�e�o�n�S�K�I�e�r�a�b�l�e
�d�o�m�a�I�n�s �p�o�s�s�e�s�s�i�n�g �a �d�e�f�o�r�m�e�d �g�a�l�e�n�a�-�N�a�C�l �s�t�r�u�c�t�u�r�e�-�T�h�e �e�o�o�r�d�i�n�a�t�I�o�n �n�u�m�b�e�r

�o�f �t�h�e �m�e�t�a�l �a�t�o�m�s 前 �t�h�e �b�o�u�n�d�a�r�y �o�f �t�h�e �g�a�l�e�n�a �d�o�m�a�i�n�s �i�E�l�m�-�e�a�s�e�s �f�r�o�m �6 個 �7�,

�z�m�l�e�o
�3�I�e

�b�e�o�a�u�s�e �t�h�e �f�o�r�m�u�l�a �f�a�c�t�o�r �i�s �s�m�a�l�l�e�r �t�h�a�n �1�,�A�O�z�z�0�.�8�3�3�; 也 �i�s�m�e�a�n�s
�? 已 �s

也�h�a�b�s�o�m�e �o�f �t�h�e �o�e�t�a�h�e�d�r�a�l �h�o�l�e�s �I�n �t�h�e �f�r�a�m�e�w�o�r�k�o�f �t�h�e �S�E�M�o�m�s �a�r�e �v�a�e�a�M�-

�T�I�l�e �c�h�e�m�i�c�a�l �c�o�m�p�o�s�i�t�i�o�n �a�s �d�e�r�i�v�e�d �f�r�o�m �t�h�e �s�t�r�u�c�t�u�r�e �d�e�t�e�r�m�i�n�a�t�i�o�n �i�s �i�n

�a�c�o�o�r�d�a�n�c�e �w�i�t�h �t�h�e �f�O�I�U�u�l�a�,�C�u�P�b�1�3�S�b�7�8�2�4�,�p�r�o�p�o�s�e�d �b�y �B�E�R�R�y �a�n�d �M�O�D�D�L�E

�(�1�9�4�1�)�.

�T�h�e �s�u�p�e�r�p�o�s�i�t�i�o�n �m�e�t�h�o�d �o�f �p�a�t�t�e�r�s�o�n �s�y�n�d�1�e�s�e�s �w�a�s �u�s�e�d �t�o�d 的�e�r�m�i�n�e

�t�h�i�s �s�t�r�u�c�t�u�r�e�.

�4�1�1�1�8�Z�U 曹

�D�i�e �E�l�e�m�e�n�t�a�r�z�e�l�l�e�I�l�n�d �d�i�e �R�a�u�m�g�1�1�1�p�p�e �v�o�n �M�e�n�e�g�l�l�i�n�i 七 �w�u�r�d�e�n �n�e�u

�b�e�s�t�i�H�m�l�b�: α �=�1�1�,�3�6�3�A�,�b �z�2�4�,�0�5�7�A�,�c�=�2�4 × �4�,�1�2�8�2�A�;�C�L�-�P�n�z�m�.�D�I�e
�s�t�r�u�k�t�u�r �d�e�r �p�s�e吋 �o�z�e�l�l�e �m�i�t �o�,�b�' 。 �=�4�,�1�2�8�2 立 �u�n�d �d�e�r �R�a�u�m�g�r 叩 �p�e �D�Z�-
�p�b�H�m�e�n 位�1�a�l�b�g�r�o β �e �B�e�I 甘 �o�h�h�w�e�l�c�h�e �a�1�1�8�e�i�n�e�m �d�e�f�o�r�m�m�r�t�e�n �B�I�e�i�g�l�a�n�z�g�i 的�e�r

�b�e�s�t�e�h�e�n�-�A�n �d�e�n �R�a�n�d�e�r�n �d�i�e�s�e�r �P�b�S�B�e�r�e�I�c�h�e�s�t�e�i�g�t �d�i�e �k�o�o�r�E�I�i�n�a�t�i�o�n�s�z�a�h�l �d�e�r

�z�h�i�e�o
�E�I�e

�I�L�f�e�t�a�l�l�a�t�o�m�e �v�o�n �6�a�u�f �7�,�d�a �d�e�r �F�a�k�t�o�r �f�f�=�=�0�,�8�3�3�1�s�t�.�D�i�e�s �b�e�d�e�u�t 帥 �,
�7�B�s

�d�a β �g�e�w�i�s�s�e�o�k�t�a�e�d�r�i�s�c�h�e �L�1�i�c�k�e�n �i�n�l�S�e�h�w�e�f�e�l�g�i 七�b�e�r�u�n�b�e�s�e 七�z�t �S�i�n�d�.
�D�U�I�-�e�h �d�i�e �s�t�r�u�b�u�r�b�e�s�t�i�m�m�u�n�g�,�w�e�l�c�h�e �m�i�t �H�i�l�f�e �d�e�r �S�u�p�e�r�p�o�s�i�t�i�o�n�s�m�e�t�h�o�d�e

�v�o�n �P�a�t�t�e�r�s�o�n�-�S�y�n�t�h�e�s�e�n �d�u�r�o�l�l�g�e�f�u�h�r�t �n 司�l�r�d�e�,�k�o�I�K�n�t�e �d�i�e �v�o�n �B�E�R�R�y �u�n�d

�M�O�D�D�L�E�(�1�9�4�1�)�v�o�r�g�e�s�e�M�a�g�e�n�e �F�o�r�m�e�I �C�u�P�h�s�S�M�S 且 �b�e�s 咱也�i�g�b�w�e�r�d�e�n�-

�1�D�I�S�B�e�r�t�a�t�i�o�n �M�a�r�b�u�r�g�/�L�a�h�n�(�D�4�)�,�1�9�5�8�.
�2�J�e�t�z�i�g�e �A�d�r�e�s�s�e�:�M�i�n�e�r�a�l�o�g�I�S�c�h 司�p�e�t�r�o�l�o�g�i�s�c�h�e�s�I�n�s�t�i�t�u�t �d�e�r �U�m�v�e�r�s�i�t 批

�M�u�n�s�t�e�r�/�1�1 泊的�f�.
�3�J�e�t�z�i�g�e �A�d�r�e�s�s�e�:�M�i�n�e�r�a�l�o�g�i�8�e�l�l�-�P�e�t�r�o�p�a�p�h�i�s�c�h�e�s �I�n�s�t�i�t�u�t�d�e�r �U�I�l�i�v�e�r�s�i�t�a�b

�K�i�e�l�.



�3�4�6 �R�O�B�E�R�T �E�U�L�E�R�u�n�d �E�R�M�I�N �H�E�L�L�N�E�R

�1�.�E�i�n�l�e�i�t�u�n�g

�I�I�I�I�R�a�h�m�e�n �d�e�r �U�n�t�e�r�s�u�c�l�l�u�n�g�e�n �i�I�b�e�r �k�o�m�p�l�e�x �z�u�m�m�m�e�n�g�e�s�e�t�z�t�e
�8�1�1�1�t�t�d�i�s�c�h�e �E�r�z�e �w�u�r�d�e �d�i�e �S�t�r�u�k�t�u�r �d�e�s �E�I�e�n�e�g�l�l�i�n�i�t�s �a�u�f�g�e�k�l�a�r�t�.

�P�A�L 立℃�H�E�,�R�I�C�H�I�L�f�O�N�D�u�n�d�1�V�I�N�C�H�E�L�L�(�1�9�3�8�)�g�a�b�e�n �f�a�r �M�e�n�e�g�h�i�n�i�t �d�i�e

�z�e�l�l�d�i�m�e�n�s�i�o�n�e�n �G�=�1�1�, 鉤 �,�b 三訝 �,�7�8�,�t�=�4�,�1�2�K�X �u�n�d �o�r�t�h�o�-

�r�h�o�m�b�i�s�c�h�e �S�y�m�m�e�t�r�i�e �a�I�1�.�B�E�R�R�y �u�n�d �M�O�D�D�L�E�(�1�9�4�1�)�f�m�d�e�n

α �=�1�1�,�3�6 土。
�'
的 �,�b�=�2�4�,�0�4 土。

�'
。生 �,�c�z�8�3�6 土。

�'
的 �K�X�.�S�I�e �b�e�-

�g�r�l�i�n�d�e�n �d�i�e �V�e�I�d�o�l�)�p�l�u�n�g �d�e�r �C �T�r�a�n�s�l�a�t�i�o�n �m�i�t �d�e�m �A�u�f�t�r�e�t�e�I�l�e�i�n�e�r

�s�e�h�r�s�c�h�w�a�c�h�e�n �Z�1�V�I�S�e�h�e�n�s�c�h�i�c�h�t�l�i�n�i�e�,�'�,�t�o�o�w�e�e�k �t�o �b�e �r�e�s�o�l�v�e�d �o�n �a

�w�e�i�s�s�e�n�b�e�r�g �p�h�o�t�o�g�r�a�p�h�d�J
﹒

�F�I�i�r �d�i�e �c�h�e�m�i�s�e�l�m�Z�1�1�8�a�m�m�e�n�s�e�t�z�u�n�g �d�e�s �M�e�n�e�g�h�i�n�i�t�s�M�F�u�r�d�e�n �d�r�e�i

�v�e�r�s�e�t�l�i�e�d�e�n�e �F�o�r�m�e�l�n �v�o�r�g�e�s�c�h�l�a�g�e�n�.�D�i�e �e�r�s�t�e �F�o�r�m�e�l�w�u�r�d�e �v�o�n

�B�E�C�H�I�(�H�I�N�T�Z 且 �,�1�9�0�4�)�a�u�f�g�e�s�t�e�n�t �u�n�d �l�a�u�t�e�t�4�P�b�S ﹒ �S�L�S�3�.�P�A�L 立 �C�E�I�E�P

�R�1�C�H�M�O�N�D �u�n�d �1�1�T�I�N�e�H�E�L�L�(�1�9�3�8�)�d�i�s�k�u�t�i�e�r�t�e�n �e�i�n�e�a�l�t�e�r�e �A�n�a�l�y�s�e �v�o�n

�V�O�M�R�A�T�H�(�1�8�6�7�)�u�n�d �e�r�r�e�e�l�1�1�1�e�t�l�e�n �d�a�r�a�u�s �P�b�1�3�8�b�7�8�2�3�.�U�I�I�t�e�r �E�i�n�-

�b�e�z�i�e�h�u�n�g�a�l�l�e�r �v�o�r�l�i�e�g�e�n�d�e�n �A�n�a�l�y�s�e�n �k�a�m�e�n �B�E�R�R�y �u�n�d�l�h�I�O�D�D�L�E

�(�1�9�4�1�)�z�u �d�e�r �F�o�r�m�e�I �C�1�1�2�8�.�2�6�P�b�s�-�7�S�U�S�3�f�i�I�r �d�i�e �v�o�n �I�l�m�e�n �v�o�r�-

�g�e�s�c�M�a�g�e�n�e �E�l�e�m�e�n�t�a�r�z�e�l�l�e �m�i�t �c�=�2 ×生 �,�1�3�K�X�.

�2�.�E�x�p�e�r�i�m�e�n�t�e�I�l�e�r �T�e�i�l �u�n�d �R�e�e�l�l�e�n�m�e�t�h�o�d�e�n
�F�f�I�r �d�i�e �U�n�t�e�r�s�u�c�h�I�I�n�g�e�n �s�t�a�n�d �f�o�l�g�e�n�d�e�s�M�a�t�e�r�i�a�l �z�u�r �V�e�r�f�i�i�g�u�n�g�4�:

�1�.�D�r�e�i �s�t�u�f�e�n �m�i�t �v�i�d�e�n �l�a�n�g�n�a�d�e�l�i�g�e�n �k�r�i�s�t�a�l�l�e�n �v�o�m �O�r�i�g�i�n�a�l 司

�f�u�n�d�p�u�n�k�t �B�o�t�t�i�n�o�b�e�i �S�e�r�r�a�v�e�z�z 乳 �i�n �T�o�s�k�a�n�a�-

�2�.�E�i�n�e �s�t�u�f�e �m�i�t�n�u�r �d�e�r�b�e�m�M�a�t�e�r�i�a�l �v�o�m�O�c�l�u�e�n�k�o�p�f�b�e�i �s�c�h�w�a�r 司

�z�e�n�b�e�r�g �i�n �S�a�c�h�s�e�n�-

�D�i�e �l�a�n�g�n�a�d�e�l�i�g�e�n �k�r�i�s�t�a�l�l�e �k�o�n�n�t�e�n �o�p�u�s�c�h �a�u�f �e�i�n�e�m �Z�w�e�i�k�r�e�i�s�-

�g�o�n�i�o�m�e�t�e�r �j�u�s�t�i�e�r�t �w�e�r�d�e�n�-�V�o�n �i�T�I�n�e�n �w�u�r�d�e�n �L�a�u�e�-�,�D�r�e�h�-�u�n�d

�s�c�h�w�e�n�k�a�u�f�n�a�h�m�e�n �i�n �z�H�i�n�d�r�i�s�e�h�e�n �K�M�I�l�e�r�a�s�(�3�5�7�,�3�m�m�)�h�e�r�g�e�s�t�e�l�l�t�.

�D�i�e �z�u�r �V�e�r�f�i�i�g�u�n�g �s�t�e�l�l�e�n�d�e�I�I�R�U�s�s�e�n�b�e�r�g�-�k�a�m�e�r�a�s �h�a�t�t�e�n �d�o�n �g�l�e�i 司

�c�l�m�n �D�u�r�c�h�m�e�s�s�e�r�.�D�r�e�t�u�,�S�c�h�w�e�I�l�k�-�u�n�d�W�e�i�s�s�e�n�b�e�r�g�-�A�I�I�f�n�a�h�m�e�n
�m�7�1�1�r�d�e�u�m�i�t�k�r�i�s�t�a�l�l�r�e�a�e�k�t�i�e�r�t�e�r �m�O�I�l�o�c�h�-�o�m�M�i�s�c�h�e�r �C�u�k�a�S�t�r�a�t�l�l�u�n�g

�h�e�r�g�e�s�t�e�n�t�-�A�u�f �d�i�e �1�T�o�r�t�e�i�l�e �d�e�r �e�i�n�g�e�s�e�t�z�t�e�n �B�u�e�r�g�e�r�-�P�r�e�c�e�s�s�i�o�n�-
�k�a�m�e�r�&�w�i�r�d �s�p�a�t�e�r �e�i�n�g�e�g�a�n�g�e�n�.�P�u�l�v�e�r�a�u�f�h�a�T�I�m�e�n �w�u�r�d�e�n �m�i�t

�G�u�i�M�e�r�-�k�a�m�e�r�a�s�(�3�1�1�4�,�6�I�I�I�I�I�I�)�h�e�r�g�e�s�t�e�l�l�t�.�D�a�f�t�i�r�s�t�a�n�d�e�n �Q�u�a�r�z�-

�m�o�n�o�c�h�r�o�m�a�t�o�r�e�n �z�u�r �V�e�d�a�g�u�n�g�,�d�i�e �e�i�n�e �E�i�n�s�t�e�l�l�u�n�g �a�u�f �r�e�i�n�e �m�o�n�o�-

�c�h�r�o�m�a�t�i�s�e�l�l�e �C�u�k�a�1�-�S�t�r�a�t�1�1�1�1�I�I�g �e�r�l�a�u�b�e�n�-

�4�E�i�n�e �d�l�e�s�e�r �s�t�u�f�e�n �g�e�h�o�r�b �z�1�1�1�.�s�a�m�m�l�u�n�g �d�e�s�M�i�n�e�r�a�l�o�g�i�s�d�e�n �I�n�s�t�i�m�t�s �d�e�r

�u�n�i�v�e�r�s�1 協七 �I�V�I�a�r�b�u�r�g�,�d�i�e �d�r�e�i �a�I�I�d�e�m�I�I�W�U�E�d�e�n �f�r�e�u�n�d�l�i�o�h�e�r�w�e�i�s�e �v�o�n �H�e�r�n�I

�D�r�.�H�A�R�T�W�I�G�,�B�e�r�l�i�n�,�Z�1�1�1�.�v�m�f�u�g�u�n�g �g�e 的�e�l�l�t�,�w�o�f�t�h�-�a�u�e�I�l�a�n �d�i�e�s�e�r �S�t�e�l�l�e

�h�e�r�z�l�i�c�h �g�e�d�a�n�k 七 �s�e�i�.



�Z�u�r �k�r�i�s�t�a�l�l�s�t�r�u�l 的 �I�r �d�e�g�M�e�n�e�g�h 凹的 �3�4�7

�D�i�e �I�n�t�e�I�1 日 �i�t 批 �e�n�w�1�1�1�2�d�e�n�n�f�e�i�s�s�e�n�b�e�r�g�-�A�u�f�n�a�h�m�e�n �e�n�t�n�o�m�m�e�I�L

�i�h�r�e �M�e�s�s�u�n�g �e�r�f�o�b�l�g�t�e �m�i�t �e�i�n�e�m �r�e�g�i�s�t�r�i�e�r�e�n�d�e�n �B�I�K�E�-�o�p�h�o�t�o�m�e�t�e�r
�(�H�E�L�L�N�E�R �u�n�d �L�E�I�N�E�W�E�B�E�R�1�9�5�6�b�)�,�w�o�b�e�i �e�i�n �z�u�s�a�m�m�e�n �m�i�t �d�e�r

�A�u�f�n�a�T�I�m�e �e�n�t�w�i�c�k�e�l�t�e�r �I�n�t�e�n�s�i�t�&�t�s�s�t�u�f�e�n�l�E�e�i�l �a�l�s �E�i�c�h�s�k�a�l�a�d�i�e�n�t�e�-
�N�a�h�e�r�e �E�i�n�z�e�l�h�e�i�t�e�u �d�i�e�s�e�r �I�n�t�e�I�1 日�i�t 批 �s�m�e�s�s�u�n�g �S�i�n�d �v�o�n �L�E�I�N�E�W�E�B�E�R

�(�1�9�5�6�)�m�i�t�g�e�t�e�i�l�t�w�o�r�d�e�I�1�.�D�i�e �s�o �e�r�h�a�l�t�e�n�e�n �i�n�t�e�g�r�a�l�e�n �I�n�t�e�I�m�i�t�a�t�e�n

�w�u�r�d�e�n �m�i�t �d�e�m �P�o�l�a�r�i�s�a�t�i�o�n�s�f�d�t�o�r �f�I�i�r �v�o�r�P�o�l�a�r�i�s�i�e�r�t�e �S�t�r�a�h�l�u�n�g

�n�a�c�h �H�E�L�L�N�E�R�(�1�9�5�4�)�,�d�e�r �f�i�i�r �d�i�e �e�r�s�t�e �S�c�h�i�c�h�t �n�a�c�h �A�z�i�R�O�E�E�(�1�9�5�5�)

�a�b�g�e�&�n�d�e�r�t �w�u�r�d�e�,�u�n�d �d�e�m �L�o�r�e�n�t�z�-�F�a�k�t�o�r �k�o�r�r�i�g�i�e�r�t�.�A�I�I�J�3�e�r�d�e�I�I�I

�W�I�l�r�d�e �e�i�n�e �A�b�s�o�r�p�t�i�o�n�s�k�o�r�T�e�k�t�u�r �v�o�r�g�e�n�o�m�m�e�n�-�D�e�r �f�i�I�r �d�i�e �I�n�t�e�n�s�i�-

峭的 �m�e�s�s�u�n�g�e�n �b�e�n�u�t�z�t�e �l�a�n�g�p�r�i�s�m�M�i�s�e�h�e �k�r�i�s�t�a�l�l �w�a�r �a�n�g�e�n�&�h�e�r�t �e�i�n

�Z�H�i�n�d�e�r �m�i�t �d�e�m �R�a�d�i�u�s �0�,�1�m�m�.�D�e�r �l�i�n�e�a�r�e �A�b�s�o�r�p�t�i�o�n�d�o�e�f�t�i�d�e�n�t
�e�r�g�i�b�t�s�i�e�h �n�a�e�h �d�e�n �I�n�t�e�r�n�a�t�i�o�n�a�1�e�n �T�a�b�e�l�l�e�I�1�,�B�d�.�2�(�1�9�3�5�)�z�u

μ �=�1�4�O�O�C�I�I�I�-�1�.�A�l�s�o �i�s�t μ �-�r�=�1�4�,�0�.�D�e�r �m�l�a�t�i�v�e �A�b�s�o�r�p�t�i�o�n�s�f�a�k�t�o�r

�A�(�0�)�f�a�r �z�H�i�n�d�e�r�f�o�r�m�i�g�e �k�r�i�s�t�a�l�l�e �w�u�r�d�e �B�R�A�D�L�E�Y�(�1�9�3�5�)�e�n�t�n�o�m�m�e�n�-

�B�e�r�e�c�h�I�1�1�1�n�g�e�n �d�e�r �S�t�r�I�I�k�t�U�r�f�a�k�t�o�r�e�n �w�I�E�d�e�n�-�t�e�i�l�w�e�i�s�e �a�u�f �d�e�r �A�n�a�l�o�g�-

�R�e�e�h�e�n�m�a�s�c�h�i�n�e �v�o�n �H�E�L�L�N�E�R�(�1�9�5�7�)�d�u�r�o�h�g�e�f�u�h�r�t�.�D�i�e �p�a�t�t�e�r�8�0�1�1�-

�u�n�d �F�o�u�r�i�e�r�-�S�y�n�t�h�e�s�e�I�1�,�d�i�e �V�e�r�f�e�i�n�e�r�u�n�g �d�e�r �P�a�r�a�m�e�t�e�r �n�a�c�h �d�e�r

�M�e�t�h�o�d�e �d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a 七 �e�(�l�e�a�s�t �s�q�u�a�r�e�s�)�u�n�d �d�i�e �A�t�o�m�a�b�s�t�a�n�d�e

�w�u�r�d�e�n �a�u�f �d�e�m �I�B�R�I�-�-�M�a�g�n�e�t�b�r�o�m�m�e�I�r�e�c�h�n�e�r �T�y�p�e �6�5�O �d�e�r �D�e�u�t�s�c�h�e�n
�F�o�r�s�c�l�l�u�n�g�s�g�e�m�e�i�n�s�c�h�a�f�t �i�m �I�n�s�t�i�t�u�t �f�f�I�r �P�r�a�k�t�i�s�e�l�l�e �M�a�t�h�e�I�I�l�a�t�i�k �d�e�r

�T�e�c�h�n�i�s�c�h�e�I�I�H�o�c�h�s�c�h�u�l�e �D�a�r�m�s�t�a�d�t �g�e�r�e�e�h�I�I�e�t�5�.�F�o�l�g�e�n�d�e �R�e�c�h�e�n�-

�p�r�o�g�r�a�m�m�e �f�a�r �d�i�e �I�B�M�-�6�5�0�-�M�a�s�c�h�i�n�e �s�M�I�l�d�e�n �z�u�r �V�e�r�f�i�I�g�u�n�g�:�:

�'�,�I�n�c�o�r �I�G�G �v�o�n �Z�A�L�E�E�I�N �u�n�d �J�O�N�E�S �(�1�9�5�6�)�,�d�M�d�i�e �k�o�r�r�e�M�u�r�e�I�I�d�e�r

�b�e�o�b�a�c�h�t�e�t�e�n �I�n�t�e�n�s�i�t�&�t�e�n �d�u�r�c�h�f�i�i�h�r�t �u�n�d �d�e�s�s�e�n �A�u�s�g�a�b�e�k�a�r�t�e�n�a�l�s
�E�i�n�g�a�b�e�k�a�r�t�e�n �f�a�r �d�a�s�'�,�L�e�a�s�t�s�q�u�a�r�e�s �I�I�G�G�-�P�r�o�g�r�a�m�m �v�o�n �S�E�N�K�O �u�n�d

�T�E�M�P�L�E�T�O�N�(�1�9�5�6�)�v�e�r�w�e�n�d�e�t �w�e�r�d�e�n�-�"�L�e�a�s�t�s�q�u�a�r�e�s�I�1�: “ �f�f�I�h�r�t �d�i�e
�p�a�r�a�m�e�t�e�r�v�e�r�f�e�i�n�e�r�u�n�g �n�a�e�h �d�e�r �M�e�t�h�o�d�e �d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a�t�e

�(�G�A�U�S�S�)�d�I�I�I�-�c�t�1�.�I�I�I�I�H�L�e�a�s�t �s�q�u�a�r�e�s �I�I “ �i�s�t �d�i�e �B�e�m�c�h�I�1�1�1�n�g �d�e�r �s�t�r�u�k�t�u�p

�f�d 七 �o�r�e�n �e�n�t�h�a�l�t�e�I�1�.�A�d�e�r�d�e�m �w�u�r�d�e �e�i�n �P�r�o�g�r�a�m�m �z�u�r �B�e�r�e�c�t�I�I�l�u�n�g

�d�e�r �A�t�o�m�a�b�s�t�a�n�d�e�(�8�E�N�K�o �u�n�d �T�E�M�P�L�E�T�O�X�,�1�9�5�6�)�u�n�d �e�i�n �P�r�o�g�r�a�m�m
�f�f�l�r�2�-�d�i�m�e�n�s�i�o�n�a�l�e�F�o�u�r�i�e�r�-�S�y�n�t�h�e�s�e�n�i�m�-�A�n�s�c�h�1�1�1�8�a�I�1�,�L�e�a�s�t�s�q�u�a�r�e�s�I�I�u

�v�e�r�w�e�u�d�e�b�(�B�O�R�N�,�H�E�L�L�N�E�R �u�n�d �R�O�s�e�E 王 �,�1�9�5�8�)�.

�3�.�z�e�l�l�d�i�m�e�n�s�i�o�n�e�n �u�n�d �R�a�u�m�g�r�u�p�p�m

�E�i�g�e�n�e �S�c�h�w�e�n�k�-�u�n�d �D�r�e�h�a�u�f�n�a�h�m�e�n�u�m �d�i�e �c�-�A�c�h�s�e�(�N�a�d�e�l�-

�r�i�c�h�t�u�n�g�)�z�e�i�g�e�I�L �d�a β �d�i�e �v�o�n �B�E�R�R�y �u�n�d �E�I�O�D�D�L�E�(�1�9�4�1�)�g�e�f�u�n�d�e�n�e

�s�c�h�w�a�c�h�e �Z�w�i�s�e�h�e�n�s�c�h�i�c�h�t�l�i�n�i



�3�4�8 �R�O�B�E�R�T �E�I�Y�L�E�R �u�n�d �E�R�W�I�N �H�E�L�L�N�E�R

�S�c�l�l�i�c�h�t�l�i�I�l�i�e�n �b�e�s�t�e�T�I�t�-�D�i�e�s�e �b�e�i�d�e�n �S�c�h�i�c�h�t�l�i�n�i�e�n �k�m�n �m�m�I�H�I�E�-�a�u�f

�i�i�b�e�r�b�e�l�i�e�h�t�e�t�e�n �A�u�f�n�a�T�I�m�e�n �e�r�k�e�n�n�e�I�1�.�D�i�e �m�i�t �k�r�i�s�t�a�l�k�e�n�e�k�t�i�e�r�t�e�r

�m�o�n�o�c�h�r�o�m�a�t�i�s�C�h�e�r �C�I�F�S�t�r�a�h�l�u�n�g �T�I�e�r�g�e�s�t�e�l�I�t�e�n �s�d�w�e�I�l�k�-�u�n�d �D�r�e�L

�a�u�f�n�a�h�m�e�n �e�r�I�e�i�c�h�t�e�r�t�e�n �d�i�e �E�r�k�e�I�I�I�l�u�n�g �d�e�r �Z�w�i�s�c�h�e�n�s�c�h�i�c�h�t�l�i�I�l�i�e�n

�w�e�s�e�n�t�l�i�c�h�-�A�1�1�8�e�r�d�e�m �d�f�I�r�f�e�n �d�i�e �R�e�E�e�x�e �a�u�f �d�e�n �A�u�f�n�a�h�m�e�n �n�i�c�h�t�i�n

�d�e�r �D�r�e�h�r�i�c�h�t�u�n�g �g�e�s�t�r�e�e�k�t �s�e�i�I�1�,�w�e�i�I�S�O�I�l�s�t �d�i�e �b�e�i�d�e�n �Z�w�i�s�e�h�e�n�s�c�h�i�c�h 令
�l�i�I�l�i�e�n �I�l�i�c�h�t �m�e�l�u�g 的�r�e�n�n�t �B�i�n�d�.�E�i�n�e �g�e�n�i�i�g�e�n�d �k�1�1�1�2�e �R�e�n�e�x�f�o�r�m

�w�u�r�d�e �d�a�d�u�r�c�h �e�r�r�e�i�c�h 志 �,�d�a�i�3�d�e�r �Q�u�a�r�z�m�o�n�o�c�h�r�o�m�a�t�o�r �a�n �d�e�r �P�u�n�k�L

�f�o�k�u�s�s�e�i�t�e �e�i�n�e�r�4�-�F�e�n�s�t�e�F�R δ�n�t�g�e�n�r�o�h�r�e �j�u�s�t�i�e�r�t �w�u�r�d�e�.�Z�I�I�r �w�e�i�b�e�r�e�n
�A�u�f�k�l�a�r�u�n�g �d�i�e�s�e�r �I�7�b�e�r�s�t�r�u�k�t�I�I�I�-�w�u�r�d�e�n�n�7�e�i�s�s�e�n�b�e�r�g�-�u�n�d �p�r�a�z�e�s�s�i�o�n�s�H

�A�u�f�h�a�l�l�m�e�n �d�e�r �Z�o�n�e�n�[�1�0�0�]�u�n�d�[�0�1�0�]�h�e�r�g�e�s�t�e�l�l�t�.�D�i�e �P�r�a�z�e�s�s�i�o�n�s�-

�A�u�f�n�a�h�m�e�n �e�r�g�a�b�e�I�1�,�d�a β �I�1�o�c�l�l�w�e�i�t�e�r�e �Z�w�i�s�e�h�e�n�s�c�h�i�c�h�t�l�i�n�i�e�n�a�u�f�t�r�e�t�e�n�-

�B�i�n�e �I�n�d�i�z�i�e�r�u�n�g �d�e�r �a�u�f�t�r�e�t�e�n�d�e�n �R�e�a�e�x�e �i�s�t �I�I�1�8�g�l�i�c�h�,�w�e�I�I�n �m�a�n �d�i�e

�d�u�r�c�h �d�i�e�s�t�a�r�k�e�n �S�c�h�i�c�h�t�l�i�I�l�i�e�n �g�e�g�e�b�e�n�e �c�-�T�r 缸�1 日�l�a�t�i�o�n �v�o�n �4�,�1�3�A �m�i�b

�2�4�m�u�l�t�i�p�l�i�z�i�e�r�t�.�D�i�e �c�-�G�i�t�t�e�r�k�O�I�l�s�t�a�n�t�e �b�e�t�d�g�t �a�l�s�o�2�4 ×生 �,�1�3�=�9�9�,�1�A�.
�F�o�l�g�e�n�d�e �S�c�h�i�c�h�t�l�i�I�l�i�e�n �w�u�r�d�e�n �a�u�f �s�e�l�l�w�e�I�l�k�-�u�n�d �D�r�e�h�a�u�f�n�a�h�m�e�n

�u�m �d�i�e �p�R�i�e�l�l�t�u�n�g �g�e�f�u�n�d�e�n�:

�h�k�l �m�i�t�l�=�O�m�o�d�.�2�4�I�I�I�i�t �s�t�a�r�k�e�r �I�M�e�n�s�i�t 批 �,

�I�I�I�i�b�l�=�2�m�o�d�.�M �K�a�u�I�I�I�z�u �e�r�k�e�n�n�e�I�L

�m�i�b �l �=�1�1�u�n�d �1�3�m�o�d�.�2�4�s�e�h�r �s�c�h�w�a�c�h�,

�m�i�t �l �=�2�2�m�o�d�.�2�4�k�a�u�m �z�u �e�r�k�e�I�m�e�n�-

�A�u�f �d�e�n �P�r�a�z�e�s�s�i�o�n�s�-�A�u�f�n�a�T�I�m�e�n �d�e�r �n�u�l�l�t�e�n �S�c�h�i�c�h�t�e�n �d�e�r �Z�o�n�e�n
�[�1�O�O�]�u�n�d �[�0�1�0�]�w�u�r�d�e�n �f�o�l�g�e�n�d�e �R�e�g�e�x�e �g�e�f�u�n�d�e�n�:�Z�o�n�e �[�1�0�0�]�:�0�2�0�,

�0�4�0�, 。 �6�0�,�0�8�0�,�0�.�1�0�.�0�;�0�.�5�.�1�1�;�0�.�5�.�1�3�,�0�.�7�.�1�3�,�0�.�9�.�1�3�;�0�.�2�.�2�4�,�0�.�4�.�2�4�,
�0�.�6�.�2�4�4�,�0�.�8�.�2�4�;�0�.�5�.�3�5�.

�Z�o�n�e�[�0�1�0�]�:�2�0�0�,�4�0�0�;�3�0�2�,�5�0�2�;�1�.�0�.�1�1�,�3�.�0�.�1�1�;�2�.�0�.�1�3�,�4�.�0�.�1�3�;

�1�.�0�.�2�4�,�3�.�0�.�2�4�;�1�.�0�.�3�7�.

�A�u�f �d�e�r �n�u�l�l�t�e�n �S�c�h�i�c�h�t �d�e�r�W�e�i�s�s�e�n�b�e�r�g�-�A�u�f�n�a�h�m�e�n �d�e�r �Z�o�n�e
�[�0�1�0�]�S�i�n�d �f�o�l�g�e�n�d�e �o�o�l�-�R�e�a�e�x�e �v�o�r�h�a�n�d�e�n�:�0�.�0�. 鉤 �,�0�.�0�.�9�6�.�H�i�e�r�a�u�s

�u�n�d�a�u�s �d�e�n �W�e�i�s�s�e�n�b�e�r�g�-�A�u�f�n�a�h�m�e�n �d�e�r �s�t�a�r�k�e�n �S�c�h�i�c�h�b�l�i�n�i�e�n �e�r�-
�g�e�b�e�n�s�i�c�h �f�o�l�g�e�n�d�e �A�I�1 日�l�b�s�c�h�u�n�g�s�g�e�s�e�t�z�e �f�f�1�r �d�i�e �w�a�h�r�e �Z�e�l�l�e�:

�h�k�l�:�k�e�i�n�e �A�I�1 日�I�G�s�c�h�u�n�g�e�n

�O�K�l�:�I�1�1�1�T �I�I�I�i�t �k�+�l �=�2�7�z �v�o�r�h�a�n�d�e�n

�h�o�o �:�n�u�r �m�i�t �h �=�2�7�L �V�O�1�4�1 個�d�e�n�-

�D�a�r�a�u�s�e�r�g�i�b�t �s�i�c�h �f�i�i�r �d�i�e �w�a�h�r�e �Z�e�l�l�e �d�e�s �M�e�n�e�g�h�i�I�l�i�t�s �d�i�e �B�a�u�m�-
�g�r叩�p�e �D�i�;�-�P�n�m�m �O�d�e�r�q�J�-�P�n�2�1�7�7�L�w�e�i�t�e�r �1�u�1�H叫�I
�B�e的七�r�m�a�c�h�t�h�M�1�u�1�m�I�n�l�g �d�e倪�1�r�'�S�t�h�1�r�n ‘可�1�u�1�k�t�1�u�E�r �g�e凹�Z�e�d�i�g阱七丸�,�d�a β �d�i�e �w�a�I�h�l�r昀�e �Z�e�d�l�H�l�h �e �n�u�r �d�i�e �R�a趴�1�u�1�I�m�n�.

�g�F�r叩�p�e 也 �-�P 仙 �1�m �l叫 �e�n �k�a�n�n�.



�Z�I�I�I�-�k�r�i�s�t�l�a�l�l�s�b�r�u�b�I�I�I�-�d�e�s �M�e�n�e�g�t�u�n�i�t�s �3�4�9

�F�i�I�r �d�i�e �P�s�e�u�d�o�z�e�l�l�e �g�e�b�e�n �B�E�R�R�y �u�n�d �M�O�D�D�L�E�(�1�9�4�1�)�d�i�e �R�a�u�I�I�1�.
�g�r叩�p�e�D 說�-�P�b�n�m�1�b�h�M�)淘削�e剖�i�A�n�m�I叫 �I�h�h�1�m一�I�I虹�m�I

�d�i跆�e�s間�e�r �R�a叫�1�u�m�1�n�I�m�I�n�1�g�p�1�r�n�.�1�1�u�1�I�p�)�P�e �W�1�u�1�r�d�e�I�n �1�b�e 自 �t�&�t�i�g�t�.�D�i�e �g�r�o β �e �Z�e�l�l�e �u�n�d �d�i�e �P�s�e�u�d�o�-

�z�e�l�l�e �g�e�h�b�e�n �a�l�s�o �v�e�r�s�e�h�i�e�d�e�n�e�n �R�a�u�m�g�r�u�p�p�e�n�m�.
�I�n �d�e�r �1�1�7�a�h�r�e�I�I �Z�e�l�l�e �i�s�t �e�i�n�e η �-�G�l�e�i�t�s�1�)�i�e�g�e�l�e�b�e�n�e �s�e�n�k�r�e�c�h�t �z�u�r α �-

�R�i�c�h�t�u�n�g �v�o�r�h�a�n�d�e�n�p�1�V�L�i�l�l�r�e�n�d �i�n �d�e�r �P�s�e�u�d�o�z�e�l�l�e �e�i�n�e�n�-�E�b�e�n�e �s�e�I�l�k�-

�r�e�c�h 七 �z�u�r ι �R�i�c�h�t�u�n�g�-�l�i�e�g�t�.�A�l�l�e �i�I�I�I�L�a�u�f�e �d�i�e�s�e�r �U�n�t�e�r�s�I�I�G�I�l�l�m�g �g�e�-

�r�b�n�t�g�t�e�n �E�i�n�k�r�i�s�t�a�l�l�e �v�O�I�I�M�e�u�e�g�h�i�n�i�t�(�B�o�t�t�i�n�0�,�T�o�s�k 乳�n�a�)�z�e�i�g�e�n �d�i�e �e�r�-

�w�a�l�m�t�e�n �Z�w�i�s�e�h�e�n�s�c�h�i�c�h�t�I�I�I�l�i�e�n�-�D�a�s�v�o�r�l�i�e�g�e�n�d�e �M�a�t�e�r�i�a�l �v�o�m�O�c�h�s�e�n�-
�k�o�p�f �b�e�i �S�c�h�w�a�r�z�e�n�b�e�r�g �i�u �S�a�c�h�s�e�n �i�s�t �n�i�G�I�l�t �f�f�I�r �E�i�n�k�r�i�s�t�a�l�l�a�u�f�n�a�T�I�m�e�n

�F�e�i�g�n 帥 �,�a�u�c�h �K�l�e�i�n�s�t�e �S�p�l�i�t�t�e�r�c�h�e�n�S�i�n�d �p�o�l�y�k�r�i�s�M�I�l�i�n�-�-�D�e�s�h�a�l�b �w�a�r

�e�s �n�i�c�b �m δ�g�l�i�c�h�,�d�i�e �J�v�a�I�1�r�e �Z�e�I�l�e�-�-�a�u�c�h �f�f�I�r �d�a�s�V�o�r�k�O�I�I�M�I�l�e�u �v�O�I�I�I

�O�c�h�s�e�n�k�o�p�f �n�a�c�h�z�1�1�1�r�e�i�s�e�n�.

�D�i�e �B�e�s�t�i�m�I�I�1�1�1�I�I�g �d�e�r �G�i�t�t�e�r�k�O�I�l�s�t�a�n�t�e�n �d�e�s �M�e�n�e�g�h�i�I�i�i 的 �V�O�I�I

�B�o�t�t�i�n�o �w�u�r�d�e �i�n �e�i�n�e�r �m�i 七 �Q�u�a�r�z �g�e�e�k�h�t�e�n �G�u�i�I�I�i�e�r 團 �k�a�m�e�r�a �m�i�b

�c�u�k�a�l�-�S�t�r�a�l�l�l�u�n�g�(�A�z�1�,�5�4�0�5�O �A�)�d�I�I�r�c�h�g�e�f�t�i�h�r�t�.�E�i�n�s�e�i�b�i�g �b凹 �c�h�i�c�h�t�e�-

�t�e�r �R�O�n�t�g�e�n�t�i�l�m �w�u�r�d�e �v�e�r�w�e�n�d�e�t�.�D�i�e �a�u�f�t�r�e�t�e�n�d�e�n �L�i�I�l�i�e�n �w�a�r�e�n �b�i�s

�m 站時。 �e�i�n�d�e�u�t�i�g �z�u �i�n�d�i�z�i�e�r�e�I�1�.�S�i�e �g�e�h�h�e�n �a�l�l�e �d�e�r �h�e�u�d�o�z�e�l�l�e�m�.
�D�i�e �B�e�s�t�i�m�m�u�n�g �e�r�g�a�b�:

�p�s�e�u�d�o�z�e�I�l�e�: α �=�1�1�,�3�6�3 土。
�'
。。 �3�A�,�b �=�2�4�,�0�5�7 土 �0�,�0�0�6�A�,

�c�=�4�,�1�2�8�2 士。
�'
。。 �1�A�.

�F�f�I�r �d�i�e �w�a�T�I�r�e �Z�e�l�l�e �e�r�g�i�b�t �s�i�c�h�:
。三 �1�1�,�3�6�3 土 �0�,�O�O�3 λ �b �=�2�4�,�0�5�7 土 �0�,�O�O�6 立 �,
�c�=�9�9�9�0�8 士。

�'
。 �2�A�.

�1�.�Z�I�I�r �M�o�r�p�h�o�l�o�g�i�e �d�e�s �M�e�n�e�g�h�i�I�l�i�t�s

�B�E�R�R�y �u�n�d�E�f�O�D�D�L�E�(�1�9�4�1�)�b�e�h�a�n�d�e�l�n �e�i�n�g�e�h�e�n�d �d�a�s �P�r�o�b�l�e�I�n �d�e�r

�&�u�s �f�r�I�I�h�e�r�e�n �g�o�n�i�o�m�e�t�r�i�s�c�h�e�n �l�u�e�s�s�I�I�n�g�e�n�(�K�R�E�N�N�E�R�,�1�8�8�3�;�I�V�I�I�I�E�R�S�,

�1�8�8�4�)�a�m �M�e�n�e�g�U�n�i�t�b�e�k�a�n�n�t�e�n�u�n�d �v�o�n�-�P�A�L�A�C�E�I�E�(�1�9�3�8�)�b�e�s�t 批�i�g�t�e�n

�t�l�o�c�h�i�n�d�i�z�i�e�r�t�e�n �F�I�L�i�c�h�e�I�I�(�z�.�B�.�0�.�2 生 �.�1�3�,�0�.�2�4�.�1�1�,�2�4�.�4�8�.�1�1�,�2�4�.�7�2�.�1�3�u�s�w�.

�i�n �d�e�r �A�u�f�s�t�e�l�l�1�1�1�1�8�.�v�o�n �P�A�L�A�C�E�E�d�i�e �d�e�r �P�s�e�u�d�o�z�e�l�l�e �e�n�t�s�p�r�i�c�h�t�)�.
�B�E�R�R�y �u�n�d �M�O�D�D�L�E �v�e�r�s�u�c�h�t�e�n �d�i�e �I�n�d�i�z�i�e�r�u�n�g �m�i�t �c �:�8�,�2�6�(�T�a�b�.�1�,

�S�p�a�l 加 �2�)�.�I�I�I�T�a�b�.�1�,�S�p�a�l�t�e�l�w�i�r�d �d�i�e �I�n�d�i�z�i�e�r�u�n�g �d�e�r �a�m �M�e�n�e�g�h�i�n�i�b

�v�o�n �P�A�L�A�C�E 主 �E �V�e�r�m�e�s�B�e�n�e�n �F�l�a�c�h�e�n �f�a�r �d�i�e �Z�e�l�l�e �m�i�t �c �=�4�,�1�3�A
�a�n�g�e�g�e�b�e�n�-�U�m �e�i�n�f�a�c�h�e �I�n�d�i�z�e�s �z�u �e�r�h�a�l�t�e�I�L �S�G�I�l�l�u�g�e�n �B�E�R�R�y �u�n�d

�M�O�D�D�L�E �f�o�l�g�m�1�d�e �I�J�b�e�r�z�e�l�l�m �v 圳、 �:

�1�. 門 �=�1�3�t�h�b�1�=�1�3�b�? 也 �=�2�4�c�;

�2�.�G�2�=�1�1�o�p�h�=�1�I�b�p�t�z�=�2�4�c �(α �=�1�1�, 生 �;�b�z�2 壘 �,�0�;�t �=�4�1�3�A�)�.



�R�O�B�E�R�T �E�I�T�L�E�R �u�n�d �E�R�W�I�N�H�E�L�L�N�E�R�3�5�0

�T�a�b�e�l�l�B�1�.�I 恥 �d�i�z�d�e�r�u�n�g�d�h�r α�m�M�e�n�e�g�h 仰俗的 �o�b α�c�h�t�e�t 帥 �F�l α�c�h 帥

�E�U�L�E�R

�c�=�9�9�,�0�8�A

�B�E�R�R�y �a�n�d

�E�f�O�D�D�L�E

�c�=�8�,�2�6�I�E�X

�P�A�L�A�C�E�E

�c 二 �4�,�1�2�k�x
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�o�u�o�o�1�1�1�1�3�5�1�3�7�1�5�3�o�o�o�o�1�4�2�1�2�1�1�1�2�3�0�0�4�4�4�4�4�4�4�7
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�h�M�q�J�M�O�A�-�O�H�O�-�9�H

�e�b�a�e�R�M

口

�l�f�T�g�I�m�h�k�y�d�o�v�n�w�v�u�p�t�s�r

μ

�p�d�v�q�i

σ

�Q�V�X

咒
的

�D�a�r�a�n �i�s�t �i�n�t�e�r�e�s�s�a�n�t�d�a β �s�i�e �f�i�I�r �d�i�e �c�-�G�i�t�t�e�r�k�O�I�l�s 七�a�n�t�e�n �i�n �b�e�i�d�e�I�I

�C�b�e�r�z�e�l�l�e�n�2�4 × �c �a�n�s�e�t�z�t�e�n�-�-�D�i�e �h�i�e�r �n�e�u �g�e�f�1�I�n�d�e�n�e �I�j�b�e�r�z�e�l�l�e �g�e�s�t�M�b�e�b

�d�i�e �I�n�d�M�i�e�n�m�g�,�w�i�e�s�i�e �i�n �S�p�a�l�t�e�3�d�e�r �T�a�b�.�1�w�i�e�d�e�r�g�e�g�e�b�e�n�-�i�s�t�.�D�i�e



�Z�I�I�I�-�K�1�.�i�s�t�a�l�l�s�b�r�u�I�U�1�1�1�,�d�e�s �M�e�n�e�g�h�i�I�l�i�t�s �3�5�1

�h�-�u�n�d �k�-�I�I�I�d�i�z�e�s �d�e�r �n�i�e�h�t �d�e�r �Z�o�n�e�[�O�O�I�]�a�n�g�e�l�I�O�r�e�n�d�e�n �F�l�a�c�l�m�n �w�e�r�d�e�n

�d�a�d�u�r�c�h �e�r�h�e�b�l�i�c�h �V�e�r�e�i�n�f 乳 �c�h�t�.

�5�.�S�t�r�E�d�i�t�u�r�b�e�s�t�i�m�I�H�u�n�g

�a�)�R�a�u�m�g�r�u�p�p�e�n�d�i�s�k�u�S�S�i�o�n �d�e�r �p�s�e�u�d�o�z�e�l�l�e

�W�e�n�n �m�a�n �D�r�e�h�-�O�d�e�r �S�c�h�w�e�n�k�a�u�f�n�a�h�m�e�n�u�m�[�O�O�1�]�b�e�z�f�I�g�l�i�c�h �d�e�r

�s�t�a�r�k�e�n �S�c�h�i�c�h�t�I�i�I�l�i�e�n �n�o�r�m�a�l �b�e�l�i�e�h�t 帥 �,�i�s�t �l�t�z�e�i�n �R�e�H�e�x �d�e�r �Z�w�i�s�e�h�e�n�-

�s�c�h�i�c�h�t�l�i�n�i�e�n �z�u �e�r�k�e�I�m�e�n�-�D�e�s�h�a�l�l�)�e�r�s�c�h�i�e�n �e�s �g�e�r�e�e�l�1�b�f�e�r�t�i�g�t�,�e�i�n�e
�8�t�r�u�k�t�u�r�b�e�S�H�I�n�I�I�1�1�1�I�I�g�d�e�s �M�e�n�e�g�h�i�n�i�t�s�m�i�t �d�e�r �P�s�e�u�d�o�z�e�l�l�e�z�u �v�e�r�s�u�o�h�e�n�-

�A�l�l�e �I�n�d�i�z�e�s�u�n�d �p�a�r�a�m�e�t�e�r �b�e�z�i�e�h�e�n�s�i�c�h �i�m �f�o�l�g�e�n�d�e�n �a�u�f �d�i�e�s�e
�p�s�e�u�d�o�z�e�l�l�e�.

�A�u�f �D�r�e�h�a�u�f�n�a�h�m�e�n �u�m�[�O�O�1�]�m�i�t�l�h�I�o�k 仗�,�M�f�s�t�r�a�l�l�l�u�n�g�S�i�n�d �d�i�e

�n�u�l�l�t�e�3�2�.�J�S�W�.�1�I�n�d �d�i�e �1�.�9�3�.�9�1�1 日 �W�.�S�c�h�i�c�h�t�l�i�n�k�n �b�e�z�t�i�g�l�i�c�h �d�e�r �a�u�f�t�r�e�t�e�I�1�.

�d�e�n �R�e�a�e�x�e�u�m�d �d�e�r �I�M�e�n�s�i�t�a�t�s�a�b�f�o�l�g�e �a�n�n�a�l�h�e�r�n�d �g�l�d�e�l�l�p�w�e�n�n �m�a�n
�d�i�e �O�A�b�h�b�I�g�i�g�k�e�i�t �d�e�r �A�t�o�I�n�f�o�r�m�f�a�k�t�o�r�e�n�u�n�d �d�i�e �1�I�n�t�e�r�s�c�I�l�i�e�d�l�i�c�h�e�n

�p�o�l�a�r�i�s�a�t�i�o�n�s�-�u�n�d �L�o�r�e�n�t�z�-�F�&�k�t�o�r�e�n �b�e�H�I�c�k�s�i�c�h�t�i�g�t�.�H�O�F�E�I�A�N�N�(�1�9�3�3�8�)

�1�v�i�e�s �d�a�r�a�d�h�i�n�,�d�a β �d�a�n�n�i�n�D�Z�-�P�b�?�" η �d�i�e�z�-�P�a�r�a�m�e�t�e�r�z�u�1�/�4�u�n�d�3 月
�f�e�s�t�g�e�l�e�g�t�S�i�n�d�-�D�e�r �G�r�I�I�n�d �d�a�f�f�I�r �i�s�t �a�u�s �d�e�n �S�t�r�u�k�t�u�r�f�a�k�t�o�r�f�o�r�m�e�l�n �f�a�r
�p�b�7�1�7�7�1 �a�b�z�u�l�e�i�t�e�l�w�i�e�s�i�e �d�e�n �I�n�t�e�r�n�a�t�i�o�n�a�l �T�a�b�l�e�s �(�1�9�5�2�)�e�n�t�u�o�m�m�e�n

�w�e�r�d�e�n �l�u�i�n�n�e�I�1�.�F�i�i�r �e�i�I�I�e �S�t�1�3�1�1�k�t�u�r�b�e�s�t�i�I�I�I�I�I�1�1�1�n�g �i�n �P�b�?�"�?�z �w�a�r �a�l�s�o

�d�i�e �V�e�r�t�e�i�h�1 月 �d�e�r �A�t�o�m�e �a�u�f �G�i�t�t�e�r�k�o�m�p�l�e�x�e�R 此 �z�y 士 �,�Q �z�u �d�i�s�-
�k�u�t�i�e�r�e�1�1�.�A�I�l�d�e�r�e�r�s�e�i�t�s �f�o�l�g�b �a�u�s �d�i�e�s�e�n �U�b�e�r�I�e�g�u�n�g�e�n�a�u�c�h�,�d�a β �I�n�a�I�I

�I�I�&�h�e�r�u�n�g�s�w�e�i�s�e�a�l�l�e�(�h�k�l�)�-�I�n�t�e�I�m�i�t�a�t�e�I�L �I�I�I�i�t �A�u�s�n�a�l�l�m�e �d�e�r �o�o�l�p�a�1�1�8

�3�k�s�s�1�I�n�g�e�I�I�V�O�I�l�h�k�o�u�n�d �h�k�1�e�r�h�a�l�t�-

�b�)�S�u�p�e�r�p�o�s�i�t�i�o�n�s�m�e�t�h�o�d�e �v�O�I�I�P�a�t�t�e�r�S�O�I�l 』 �S�y�n�t�h�e�s�e�n �i�n

�d�e�r �R�a�u�m�g�r�u�p�p�e �P�b 他仰 �,�s�p�e�z�i�e�l�l �f�I�I�I�-�d�i�e �P�u�n�k�t�l�a�g�e�4�(�c�)�;

�a�l�l�g�e �m �e�i�n

�M�i�t �d�e�n �r�e�l�a�t�i�v�e�n �F�2�1�V�e�r�t�e�I�I�W�I�I�r�d�e�n �P�a�t�t�e�r�S�O�I�l�-�S�c�h�n�i�t�t�e �i�n �t�u�=�O

�U�I�l�d �i�n ω �=�1�/�2�b�e�r�e�c�t�m�e�t�.�D�i�e �a�l�l�g�e�m�e�i�m �F�o�r�m �e�i�m�r �P�a�t�t�e�r�S�O�I�l�-

�8�3�7�n�t�h�e�s�e �i�m �r�h�o�m�b�i�s�e�h�e�n �k�r�i�s�t 叫 �l�s�y�s�t�e�m �l�a�u�t�e�b�:

�P�(�u�u�t�t�Y�)�~�Z�Z�Z �F�(�h�M�)�2�.�c�o�d�d 川﹒ �c�o�d�t�z�k�1�)�.�c�o�d�d�w�.
�h�k �t

�D�a �i�m �F�a�l�l �d�e�r �P�u�n�k�t�l�a�g�e�4�(�c�)�n�u�r �P�a�r�a�m�e�t�e�r �m�i�b�Z �=�1�/ μ�4�1�u�m�1�n�I�n�1

�z�=�3釘�/�4�V�O�I�r�.�I�H�i�e�g�e�I�n 咒�1�L�9�g�e�I�n�1�r 垃�1�g�b �e�s�,�d�i�e �p�a�t�t�e�r�S�O�I�l�-�S�c�h�n�i�t�t�e �i�n�t�u�=�O�u�n�d
�w�Z �1�/�2�z�u �b�e�r�e�c�h�m�I�1�.�D�e�r �S�c�h�n�i�t�t �m�w�=�O �e�M�h�a�l�t �a�l�l�e �A�b�s�t�a 吋�e
�z�w�i�s�e�h�e�n �A�t�o�m�e�n �i�n �g�l�e�i�C�h�e�r �H 吭吭 �d�e�r �S�c�h�n�i�t�t �i�n ω �=�1 月 �s�o�I�e�l�m �m�i�t

�e�i�n�e�r�z�f 豆�o�m�p�o�n�e�n�t�e�1 月 �.�D�a �i�n �P�b�m�7�z �p�a�r�a�l�l�e�l�[�O�O�1�]�2�1�-�S�c�I�I�I�-�a�u�b�e�n�a�c�h�s�e�n



�3�5�2 �R�O�B�E�R�T �E�I�Y�L�E�R�u�n�d �E�R�W�I�N �H�E�L�L�N�E�R

�l�i�e�g�e�I�L �i�s�t�d�e�r �S�c�I�I�n�i�t�t �i�I�1 切 �=�1�/�2�z�u�g�l�e�i�c�h �H�a�r�k�e�r�-�S�e�l�l�n�i�t�t�(�H�A�R�K�E�R�,
�1�9�3�6�)�.�D�i�e �F�o�r�m�e�l �f�i�i�r �P�a�t�t�e�r�S�O�I�l 且 �S�c�h�I�l�u�t�e �i�n �w�=�O �l�a�u�t�e�t�:

�P�( 酬。 �)�~�Z�J�C�Z �F�(�h�k�l�)�2�.�c�o�d π �h�u�-�c�o�d π �k�t�y�.
�h�k �l

�F�f�I�r ω �=�1 月 �g�i�l�t�:

�P�(�U�P 吉 �)�~�Z�Z�Z �F�(�h�k�l�)�2�.�c�o�d�d叫 �-�c�o�d π�k�u ﹒ �(一 �1�)�1�.
�h�k �l

�o�b�e�n �w�u�r�d�e �d�a�r�g�e�l�e�g�t�,�d�a β �d�u�r�o�h �M�e�s�s�u�I�T�I�g �d�e�r �h�k�o �u�n�d �h�k�1�&�l�l�e

�h�k�l �b�e�k�a�n�n 七 �S�i�n�d�.�D�a�d�u�r�c�h �l�a�s�s�e�n �s�i�c�h �d�i�e �B�e�r�e�c�h�I�1�1�1�n�g�e�n �d�e�r �S�e�h�n�i 的�e

的�a�r�k �V�e�r�e�i�n�f�a�c�h�e�n�:

�D�i�e �F �(�h�k�O 戶的�e�h�e�n �f�I�i�r �a�l�l�e �F�(�h�k�l�)�2�m�i�t�l�=�2�7 志 �,
�d�i�e �F�(�1 泌的 �2

日 �t�e�h�e�n �f�i�i�r�a�l�l�e �F�(�h�k�l�)�2�m�i�t �l �=�2�" 十 �1�.
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�P�f�u�v�O�j

�A�b�b�.�I�a�.�P�a�t�t�e�r�B�O�I�l�-�S�c�h�n�i批 �P�( 甘哲 �0�)�.�P�u�n�k�t�i�e�r�b�e �H�O�h�e�n�s�o�h�i�c�h�t�l�m�i�e�n �b�e�d�e�u�t�e�n
�E�O�h�e �0�,�g�e�s 也�r�i�c�h�e�l�t�e �E�o�h�e�n�s�c�h�i�c�M�i�n�i�m�b�e�d�e�u�M�I�E�o�h�e�5�0�0�,�a�u�s�g�e�z�o�g�e�m�E�O�h�m�-

�s�e�h�i�c�h�b�l�i�r�l�i�e�n �b�e�d�e�u�t�e�n �E王δ�h�B�n�d�i 在�e�r�e�n�z�1�O�O�O�i�n �e�i�n�e�m �r�e�I叫�i�v�e�n �M�a β �s�t�a�b�-�D�a�s

�M�a�x�i�m�u�m �i�n �N�u�l�l �i�s�t �d�u�r�c�h �k�r�e�u�z�u�t�t�e�r �d�a�r�g�e�s�t�e�l�l�i�D�a 自 �g�i�l�t �a�u�e�h �f�d�r �a�l�l�e �f�o�l�g�e�n�.

�d�e�n �A�b�b�i�I�d�u�n�g�e�n �v�o�n �p�a�t�b�e�r�S�O�I�l�-�-�u�n�d �F�o�u�r�i�e�r�-�S�y�n 也�h�e�s�e�n

�S�o�m�i�t�l�a�u�t�e�n �d�i�e �F�o�r�m�e�l�n�:

�P�( 酬。�)�~�Z�Z �F�(�1�L�K�O�)�z�c�o�s�2寫的 �-�c�o�s�2 π �k�u
�h�k

�+�Z�Z �F�(�h�h�1�)�2�c�o�d π的﹒ �c�o�s�2�7�z�k�t�)�,
�h�k

�P�(�u�p�t�)�~�Z�Z �F�(�h�k�0�)�2�c�o�d�d 叫 �-�c�o�d π �k�u

�-�Z�Z�C�F�(�h�k�1�)�z�c�o�d π�h�u ﹒ �c�o�d π �k�u�.



�3�5�3

�D�i�e �R�e�e�l�I�I�1�1�1�I�I�g �r�e�d�u�d�e�r�t �s�i�c�h �a�l�s�o �a�u�f �d�i�e �B�e�r�e�c�h�I�1�1�1�1�1�g �v�o�n �z�w�e�i�-
�d�i�m�e�n�s�i�o�n�a�l�e�n �S�y�M�I�l�e�s�e�I�1�,�d�i�e�&�d�d�i�e�r�t �b�z�w�.�s�u�b�t�r�a�h�i�e�r�t �w�e�r�d�e�n�-�D�i�e

�e�i�m�d�i�e�s�e�r �b�e�i�d�e�n �S�y�M�h�e�s�e�n �i�s�t �g�l�e�i�c�h�z�e�I�t�i�g �d�i�e �p�a�t�t�e�r�s�O�L�P�r�o�j�e�k�t�i�o�n

�Z�u�r �k�r�i�s�t�a�l�l�s�t�I 叫“�u�r �d�e�s �M�e�n�e�g�h�i�I�l�i�t�s

�v�z�j
�O

�A�b�b�.�1�b�.�P�a�t�t�e�r�s�o�n�-�S�o�h�r�u�t�t �P�(�1�4�t�y�t�)�.�D�i�e �g�e�o�m�d�r�i�m�h�e�n �O�r�t�e �f�u�r �m�o�g�l�i�c�h�e

�2�r�z�-�M�a�x�i�m�a �S�i�n�d �d�u�r�e�h �a�u�s�g�e�z�o�g�e�n�e �G�e�r�a�d�e�n �d�a�r�g�e�s�t�e�l�l 色 �,�g�e�s�t�r�i�o�h�e�l ω �G�e�r�a�A�e�n
�g�e�b�e�n �d�i�e �V�a�r�i�a�t�i�o�n�s�b�r�e�i 的 �d�e�r �g�e�o�m�e�t�r�i�s�e�h�e�n�-�O�r�t�e �a�n

�v�z�j

�U�P�.�.�b
θ �p

�@

�o

�@

�O

�O

。�@
�0�.�o�@

�0�)

�P�f υ �v�j

�u�z�j

�A�b�b�.�1�c�.�P�a 的 �e�r�s�O�L�P�r�o�j�B�K 七�i�o�n �P�(�u�o�)

�P�(�t�u�y�)�.�D�i�e �b�e�i�d�e�n �S�c�I�m�i�t�t�e �P�(�t�M�Y�O�)�u�n�d �P�(�t�u�t�)�u�n�d �d�i�e �P�r�o�j�e�k�t�i�o�n

�P�( 包秒 �)�S�i�n�d �i�n �A�b�b�.�1�w�i�e�d�e�r�g�e�g�e�b�e�n�-

�D�i�e �'�,�E�n�t�z�i�f�e�r�u�n�g�z�z �d�e�r �P�a�t�t�e�r�s�o�n�-�S�y�n�t�h�e�s�e�n �g�e�s�c�h�a�h �m�i�t �H�i�l�f�e �d�e�r

�s�u�p�e�r�p�o�s�i�t�i�o�n�S�I�n�e�t�t�l�o�d�e�n�-�W�i�e �H�E�L�L�N�E�R�(�1�9�5�6�)�z�e�i�g 師 �,�g�e�I�1 垃�g�t�b�e�i

�2�3�Z�.�k�r�i�s 侃�I�I�o�g�r�.�B�d�.�1�1�3



�R�O�B�E�R�T �E�U�L�E�R �u�n�d �E�R�M�I�N �H�E�L�L�N�E�R

�C�b�e�r�s�c�h�i�e�b�u�n�g �a�u�f �e�i�n�e�1�1�2�r�r�V�e�k�t�o�r �t�h�e�o�r�e�t�i�s�e�h �e�i�n�e�S�u�p�e�r�p�o�s�i�t�i�o�n�,

�U�I�n �d�a�s�B�i�l�d �d�e�r �S�t�r�u�l�u�l�u�-�z�u �e�r�h 乳�l�t�e�n�.�D�a�a�g�i�l�t�a�I�I�c�b �i�m �d�r�e�i�d�I�m�e�n�s�i�o 咱

�n�a�l�e�n �F�a�l�l�.�E�i�I�1�2�r�r�v�e�k�t�o�r �i�s�t �d�e�a�n�i�e�r�t�a�l�s�v�e�k�t�o�r �z�w�i�s�e�h�e�n �g�l�e�i�c�h�e�n
�A�t�o�m�e�n�,�d�i�e �d�u�r�c�h �e�i�n �S�y�n�M�I�l�e�t�r�i�e�z�e�I�I�t�r�u�m �i�n�e�i�n�a�n�d�e�r �i�1�b�e�r�f�i�i�h�r�b

�I�V�e�r�d�e�I�1�.�F�t�i�r �d�i�e �E�n�t�z�i�E�e�r�u�n�g �e�i�n�e�s �P�a�t�t�e�r�S�O�I�l�-�D�i�a�g�r�a�m�m�e�s �i�s�t �a�l�s�o�b�e�i

�v�o�r�l�i�e�g�e�n �e�i�n�e�r �z�e�n�t�r�o�s�y�m�m�e�t�r�i�s�c�l�m�I�1�R�a�u�I�I�I�g�r�u�p�p�e �d�i�e �e�r�s�t�e �A�u�f�g�a�b�e�,

�:�l�r�r�E�I�a�X�I�I�I�1�a �a�u�f�z�u�s�u�c�h�e�n�.

�3�5�4

�c�)�S�u�p�e�r�p�o�s�i�t�i �o�n�s�m�e�t�h�o �d�e

�f�I�i�r �e�i�n�e 生 �(�r�)�-�P�1�1�1�1�k�t�l�a�g�e �i�n �p�b 犯圳

�I�n �A�b�b�-�2 乳 �i�s�t �d�i�e �1�)�1�1�1�1�k�t�l�a�g�e�4�(�6�)�I�I�I�i�t�(�X�p�y�,�2�)�,�( 之豆 �,�2�)�,�(�t�z�7
吉斗夕 �,�2�)�?�(�i 寸芯 �,�: 一少 �,�2�)�1�v�i�e�d�e�r�g�e�g�e�b�e�n�-�I�n �T�a�b�.�2�a�i�s�t �d削 �V�e�k�t�o�r�-
�s�c�h�e�m�a �d�e�s �p�a�t�t�e�r�s�o�n�-�8�c�l�1�1�1�i�t�t�s �P�(�1 凹的 �f�i�b�-�d�i�e�s�e �P�1�1�1�1�l�d�l�a�g�e �d�a�r�g�e�s�t�e�l�l�b�.

�T�a�b�.�2�b �z�e�i�g�t�d�a�s�1 、�k�t�o�r�s�c�h�e�m�a�d�e�s�p�a�t�t�e�r�8�0�1�1�-�S�c�h�n�i�t�t�s �P�( 包秒 �1�)�.�D�i�e
�v�e�k�t�o�r�e�I�I�S�i�n�d �f�o�l�g�e�n�d�e�r�H�i�l�a β �e�n�d�e�t�i�n�i�e�r�t�:

�r�1�=�(�0�7�0�,�(�)�) 斗 �( 芯 �, 弘士 �)

�E�1�=�(�0�,�0�,�0�) 十 �(�1�7�,�2�)
�r�2�=�(�0�.�0�,�0�) 十 �(吉芯 �, 吉十弘 �i�)
�E�2 二 �(�0�,�0�,�0�) 十 �(�t 斗芯 �, 吉少 �,�1�)�.

�D�i�e �b�e�i�d�e�H�S�c�h�n�i�t�t�e�s�i�n�d �i�n �A�b�b�-�2�b �u�I�I�d�2�c �m�v�i�e�d�e�r�g�e�g�e�b�e�n�-

�T�a�b�e�l�l�e�2�b�.�l�v�e�k�t�o�?�~
�8 。 �I�t�e�m α �P�(�1�4 吋 �)

�r�2�r�1

�T�a�b�e�l�l�e�2�a �V�e�l�t�t�o�r�-

�s�c�h�e 削 �G�P�(�1�t�e�O�)

�E
�2�1�t�1�r �1�r�2�r�2�E �1

�1�2�1�1

�/
�2�2�2�1

�/
�E�I 豆豆

�/
九

�|�I �I �I�E
＼

�2�E
ι

�-�V�e�k�t�o�r�e�n

�r�I

�r �J

�I�9�.�4

�1�I�I 豆

＼
�r�o�J�2�1�2 豆
個 �| ＼

�E�2�l 豆 �2 至 �1
＼

�T�1�|�1�2�1�1
＼ �l

�N�u�l�l�p�u�n�k�t�s�v�e�k�t�o�r�e�n

�r �1

�I�I�1�) 。 �d�f�l�u�e�t �h 一丸 �,�1�2�b�e�d�e�u�t�e�t �h 一九 �7三九斗、 �1�1�s�w�.

�A�1�1�8�d�e�n�V�e�k�t�o�r�s�c�h�e�m�a�t�a�e�r�l�i�e�n�n�t�1�1�1 削�1�,�d�a�{�}�d�i�e �a�u�f �d�e�r �H�a�u�p�t�-

�d�i�a�g�o�n�a�l�e �l�i�e�g�e�n�d�e�n�V�e�k�t�o�r�e�I�1�,�w�e�l�c�h�e �i�m �N�u�l�l�1�)�1�1�1�1�k�t �z�u�s�a�n�i�l�m�e�n�f�a�l�l�e�n

�(�N�u�l�l�p�u�n�k�t�s�v�e�l�t�t�o�r�e�I�1�)�,�d�e�s�h�a�l�b �d�a�s�G�e�1 耳�t�h�t 生 �h�a�b�e�n�-�1�)�i�e�2 只 �-�V�e�k�t�o�r�e�n

�t�r�e�t�e�n �i�m �S�c�I�I�I�I�i�t�t�w�=�E�I�I�I�i�t �d�e�m �G�e�1�r�i�c�h�t�1�,�a�l�l�e �a�n�d�e�r�e�n �V�e�k�t�o�r�e�n

�(�s�p�i�e�g�e�l�b�i�l�d�l�i�c�h �z�u�r �N�e�b�e�n�d�i�a�g�o�n�a�l�e�n�)�m�i�t�d�e�m�(�2�e�m�V�I�G�I�l�t�2�a�u�f�-�D�i�e�s�e

�v�e�k�t�o�r�e�n �l�i�e�g�e�u �i�m �S�c�t�m�t�t�w�=�O �i�n�t 司 �=�1 甩 �u�n�d �i�m �S�e�l�m�i�t�t ω �=�1 月



�Z�u�r �E�E�r�i�s�t�a�l�l�s�b�r�u�k�t�1�1�1�,�d�e�s �E�f�e�n�e�g�I�I�I�n�i 的 �3�5�5

�i�n�u�=�1 月 �.�I�I�I�I�-�e �I�t�o�o�r�d�i�n�a�t�e�n �l�a�1�I�t�e�m

�t�L�Z 主 �-�2�z�; ψ �= 吉 �;�w�=�O

�U�Z�i�;�u�= 生一句 �;�1�0�= 吉 �.
�A�1�1�8�d�e�n �k�o�o�r�d�i�n�a�t�e�n �d�i�e�s�e�r�V�e�k�t�o�r�e�n �e�r�I�I�&�l�t �m�a�n �d�i�e �k�o�o�r�d�i�n�a�t�e�n
�(�2几 �2�y�p�E�)�d�e�r�2�t�r�V�e�k�t�o�r�e�I�U �d�i�e �m�a�n �i�n �e�i�I�l�a�-�p�a�t�t�e�r�s�o�n�-�S�y�n�t�h�e�s�e
�a�u�f�s�u�c�h�e�n �m�u β �,�u�m �m�i�t �e�i�7�Z�G�r�S�u�p�e�r�p�o�s�i�t�i�o�n �d�i�e �P�a�r�a�m�e�t�e�r �d�e�r �S�t�r�u�k�-

�A�b�b�.�2�a�)�P�u�n�k�t�l�a�R�e 壘的 �d�e�r �R�a�u�m�g�r�u�p�p�e �p�b�H�J�7�2�.�o�k�e�n�o�I�Q�W�I�S�e �b�e�d�e�u�t�e�n

�z�=�1 峙 �,�k�r�e�i�s�o�r�n�i 七 �k�r�e�u�z �b�e�d�e�l�d�e�n �z �=�3�/ 是

�2�b�)�T�h�e�m�-�e�t�I�S�C�h�e�r �P�a�t�t�e�r�S�O�I�l�-�S�e�h�n�i 的 �P�(�? 凹的 �f�u�r �d�i 的。 �p�u�n�k�t�I�a�g�e�-�D�i�e �A�n�z�a�h�l�d�e�r

�f�t�r�e�i�s�e �g�i�b�t �d�a�g �G�e�1�V�I�C�I�I�t�d�e�r �E�I�a�X�I�I�I�1�a �a�n

�2 口 �)�T�h�e�o�I�B�e�M�S�C�h�e�r �p�a�t�t�e�r�s�o�n�-�S�d�I�I�I�I�t�t �P�( 悄告 �)

�2�d�)�E�r�g�e�b�m�s�d�e�r �d�r�e�I�d�i�m�e�n�s�i�o�n�a�l�e�u �S�u�p�e�r�P�O�S�I�t�I�O�n �a�u�f �d�e�n �2�E�r�V�6�k�t�o�r

�(�2 店 �,�2�y�, 吉 �)

�t�u�r �z�u �e�r�h�a�l�t�e�I�1�.�D�i�e �S�u�p�e�r�p�o�s�i�t�i�o�n�m�f �d�e�u�2�r�r�V�e�k�t�o�r�-�(�2�d�h�2 少 �,�2�)�d�e�r

�&�I�l�g�e�n�O�I�I�I�m�e�n�e�n �s�t�m�u�l�l�r �i�s�t �i�n �A�b�b�.�2�d �d�I�I�I�-�e�h�g�e�f�t�i�l�l�r�t�.�E�f�a�n �e�r�h�&�l�t �d�b

�I�I�I�i�t �d�i�e �A�u�s�g�a�n�g�s�s�t�1�2�1�1�l�E�t�u�r�(�A�b�b�-�2�a�)�6�.

�d�)�S�u�p�e�r�p�o�s�i�t�i�O�I�1�S�I�n�e�t�h�o �d�e �a�m �B�e�i�s�p�i�e�l �d�e�s �3�I�e�n�e�g�h�i�n�i�t�s

�A�u�s�A�b�b�.�1�e�r�s�i�e�h�t �m�a�I�L �d�a�8�i�n �P�( 帥的 �M�a�x�i�m�a�i�n �t�y�z�1 月 �,�u�n�d �i�n

�P�(�u�v 吉 �)�s�o�l�e�h�e �i�n�u�=�1 月 �a�u�f�t�r�e�t�e�n�.�I�h�r�e�u�-�b�z�m�r�.�t�y�-�k�o�o�r�d�i�n�a�t�e�n �g�e�b�e�n

�n�a�c�l�I�U�= 主 �-�2�z�u�n�d �U �Z�E�2�y �g�e�o�m�e�t�r�i�s�c�h�e�O�E�-�t�e�f�i�i�r�2�T�t�m�V�e�k�t�o�r�e�n�.

�D�i�e�s�e�g�e�o�m�e�t�r�i�s�c�l�l�e�n�O�r�t�e�S�i�n�d�i�m�8�c�l�m�i�t�t�P�(甘抄一�;�)�,�i�n �d�e�m �d�i�e �2 日 �-
�6�B�e�i �d�e�r �S�t�r�u�k�t�u�r�b�e�s�h�I�I�I�I�I�1�1�1�1�1�g �v�o�n �J�a�m�e�s�o�n�i�t �f�t�i�h�r�t�e�n �k�I�I�Z�E�K�I�U�n�d �B�I�I�E�R�-

�G�E�R�(�1�9�5�7�)�d�i�e �S�u�o�h�e �n�a�e�h�'�,�r�o�t�a�t�i�o�n �p�e�a�k�s�u 自�l�n�a�l�o�g �d�u�r�e�h�.

�2�3�*



�R�O�B�E�R�T �E�I�T�L�E�R �u�n�d �E�R�W�I�N �E�E�E�L�L�N�E�R

�V�e�k�t�o�r�e�n�l�i�e�g�e�n �m�a�s�s�e�I�1 司 �e�i�n�g�e�z�e�i�c�h�n�e�t�(�A�b�b�-�1�b�)�.�F�a�n�f�M�a�x�i�m�a�(�1�b�i�s �5�)
�l�i�e�g�e�n�a�u�f�d�e�n �S�c�h�n�i�t�t�p�u�n�k�t�e�n �d�e�r �g�e�o�m�e�t�r�i�s�c�h�e�n �O�r�t�e �b�z�w�.�l�i�e�g�e�n �i�h�n�e�n

�a�m �n恥�h�S�t�e�n�-�D�e�s�h�a�l�b �w�u�r�d�e�n �a�u�f�,�d�i�e�s�e �f�h�d �M�a�x�i�m�a�d�r�e�i�d�i�m�e�n�s�i�o�n�a�l�e

�s�u�p�e�r�p�o�s�i 七�i�o�n�e�I�I�E�l�u�r�c�h�g�e�f�i�I�h�r�t�.�A�b�b�.�3�z�e�i�g�t �a�l�s �B�e�i�s�p�i�e�l�e�i�n�e �s�c�h�e�m�a�t�L

�B�c�l�l�e �S�u�p�e�r�p�o�s�i�t�i�o�n�m�f �d�a�s �M�a�x�i�m�u�m�1�.�D�i�e �f�f�I�n�f �S�u�p�e�r�p�o�s�i�t�i�o�n�e�u

�h�a�b�e�n �i�n �d�e�r �g�a�m�e�n �Z�e�l�l�e�2�O�r�e�s�u�l�t�i�e�r�e�n�d�e �M�a�x�i�m�a�g�e�m�e�i�n�s�a�I�I�1�,�d�i�e

�a�l�l�e�n �S�y�m�m�e�t�r�i�e�o�p�e�r�a�t�i�o�n�e�u �d�e�r �R�a�u�m�g�r�u�p�p�e �P�b 犯 �?他 �g�e�h�o�r�c�h�e�n�-�8�i�e

�e�r�g�e�b�e�n �f�i�i�n�f�u�n�a�b�h 品�n�g�i�g�e �P�u�n�k�H�a�g�e�n�-�D�i�e �b�e�i �a�l�l�e�n �S�u�p�e�r�p�o�s�i�t�i�o�n�e�n

�g�e�f�I�I�n�d�e�n�e�n �M�a�x�i�m�a �e�M�s�p�r�e�e�h�m�d�m �M�e�t�a�l�l�p�u�n�k�t�l�a�g�e�n �d�e�r �S�t�r�u�k�t�u�r�.

�3�5�6

�A�b�b�.�3�.�E�r�g�e�b�n�I�S�d�e�r �d�r�e�I�d�i�m�e�n�s�i�o�n�a�l�e�n �S�u�p�e�r�p�o�s�i�M�O�I�l�d�e�r �p�a�t�t�e�r�s�o�n�-�S�c�h�n�i�b�t�e
�a�u�f �M�a�I�X�I�I�I�1�1�1�m�1�d�e�r �A�b�b�.�1�b�.�D�i�e �e�i�n�g�e�z�e�i�c�l�m�e�t�e�n �k�r�e�u�z�e �s�t�e�l�l�e�n �d�i�e �m�d�g�i�i�l�t�I�g�m

�L�a�g�m�d�e�r �M�e�b�a�1�1 日 �i�n �d�e�r �S�b�r�u�b�u�r �d�a�r�.�N�I�I�r �d�I�e �m�t�E�i�r�e�u�z �v�e�r�B�e�l�l�m�e�n �M�a�x�i�m�a

�d�e�r �S�u�p�e�r�p�o�s�i�t�i�o�n �g�e�h�o�r�c�h�e�n �d�e�n �e�I�n�g�e�z�e�i�c�h�n�e�t�e�n �t�f�y�m�m�e�t�r�m�e�l�e�m�e�n�t�e�n �d�e�r

�R�a�u�m�g�r�u�p�p�e �P�b 川�H

�I�n �P�b�7�M�Y�L�g�i�b�t �e�s �k�e�i�n�e �P�u�n�k�t�l�a�g�e�n �m�i�t �e�i�n�e�r �g�e�r�i�n�g�e�r�e�n �Z�&�h�l�i�g�k�e�i�t�a�l�a �4�.
�A�l�s�o �k�a�n�n �d�a�s�C�u �d�e�r �F�o�r�m�e�l �v�o�n �B�E�R�R�y �u�n�d �l�V�I�O�D�D�L�E�(�C�u�P�h�a�s�h�s�2�4

�m�i�t �Z �=�1�)�f�I�i�r �d�i�e �p�s�e�u�d�o�z�e�l�l�e �n�u�r �s�t�a�t�i�s�t�i�s�c�h �v�e�r�t�e�i�l�t�s�e�m�.�E�s �e�r�s�c�h�i�e�n
�d�e�S�I�K�a�l�b�s�e�h�r�u�n�w�a�h�r�s�e�l�l�e�i�n�l�i�c�h�,�d�a�s�C�u �i�n �e�i�n�e�r �F�o�u�r�i�e�r�-�S�y�n�t�h�e�s�e

�'�,�a�u�f�z�u�i�i�n�d�e�n
“ �.�B�e�t�r�a�c�l�u�e�t�m�a�n �d�i�e �a�l�l�g�e�g�e�b�e�n�e �F�o�r�m�e�1�,�s�o �k�a�n�n �m�a�I�I

�i�n �d�e�r �p�s�e�u�d�o�z�e�l�l�e �2�0�(�P�b 十削�)�)�-�A�t�o�m�e �a�u�f �f�f�I�n�f�4�(�c�)�-�P�u�n�k�t�l�a�g�e�n
�s�t�a�t�i�s�t�i�s�c�h �v�e�r�t�e�i�l�e�n

�F�I�I�r �d�i�e �S�c�h�w�e�f�e�l�a�t�o�m�e �e�r�o�i�b�t �d�i�e �F�o�r�m�e�l�v�o�n �B�E�R�R�y �u�n�d �M�O�D�D�L�E旬

�e�i�n�e �B�e�s�e�t�z�u�n�g �v�o�n �s�e�c�h�s�4�-�z�a�h�l�i�g�e�n �P�u�n�k�t�l�a�g�e�n�.�D�e�s�h�a�l�b �w�u�r�d�e �a�l�s

�'�,�S�t�r�u�k�t�u�r�f�o�r�m�e�r ‘ �3�P�b�s�-�s�h�s�3�I�n�i�t �Z �= 生乳�l�s �A�1�1�8�g�a�n�g �f�i�l�r �w�e�i�t�e�r�e

�D�i�s�k�1�1 日 �S�i�o�n�e�n �a�n�g�e�n�o�m�m�e�n�-�l�h�I�a�n �h�a�t �d�a�I�I�I�1�1�2�B�l�e�i�-�,�9�A�n�t�i�I�I�I�o�n�-�u�n�d

�2�4�S�c�h�w�e�f�e�L�A�t�o�m�e �i�n �d�e�r �Z�d�l�e�.



�3�5�7

�e�)�V�e�r�f�e�i�n�e�r�u�n�g �d�e�r �p�a�r�a�m�e�t�e�r �i�i�b�e�r �F�o�u�r�i�e�r�-�S�y�n�t�h�e�s�e�n

�D�i�e �&�1�1�8�d�e�n �S�u�p�e�r�p�o�s�i�t�i�o�n�e�n �e�r�h�a�l�t�e�n�e�n �f�a�n�f �M�e�t�a�l�l�p�u�n�k�t�l�a�g�e�n
�w�u�r�d�e�n �Z�I�m�a�c�h�s�t�s�t�a�t�i�s�t�i�s�c�h �m�i�t �P�b �u�n�d �S�b �b�e�s�e�t�z�t�.�M�i�t �d�e�n �V�o�r�z�e�i�c�h�e�n

�d�e�r �d�a�m�i�t �b�e�r�e�e�l�m�e�t�e�n �s�t�r�u�k�t�u�r�f�a�k�t�o�r�e�n �u�n�d �d�e�n �g�e�I�I�l�e�s�s�e�n�e�n �F�( 忱。 �)

�W�I�I�r�d�e �d�m�n �e�i�n�e �F�o�u�r�i�e�r�-�P�r�o�j�e�k�t�i�o�n �Q�( 句 �)�b�e�r�e�c�h�n�e�t�-�N�u�r �b�e�i �d�e�n �&�u�s

�d�e�r �S�u�p�e�r�p�o�s�i�t�i�o�n �e�r�h�a�l�t�e�n�e�n �z�r�k�o�o�r�d�i�n�a�t�e�n �e�n�t�t�K�i�e�l�t �d�i�e�s�e �P�r�o�j�e�k�t�i�o�n
�g�r�o�i�j�e �M�a�x�i�m�a�,�a�l�l�e�r�d�i�n�g�s �m�i�t�1�I�n�t�e�r�s�c�t�l�i�e�d�l�i�c�h�e�r �H�O�h�e�.�O�b�w�o�h�l �d�i�e

�Z�1�1�8�a�m�m�e�n�s�e�t�z�u�n�g�3�P�b�S�-�s�h�s�3�I�U�I�r �e�i�n�e �e�r�s�t�e �A�n�n�a�h�e�r�u�n�g�a�n �d�i�e

�Z�u�r �I至�1�.�i�s�t�a�l�l�s�t�r�u�k�b�u�r �d�e�s �E�f�e�n�e�g�h�I�n�I�t�s

�W�I�r�k�l�i�c�h�e �F�o�r�m�e�l �d�a�r�s�t�e�n�t�,�w�u�r�d�e�n�-�d�a�n�n �d�r�e�i �P�u�n�k�t�l�a�g�e�n �m�i�t �P�b �u�n�d
�z�w�e�i �m�i�t �S�b �e�n�t�s�p�r�e�e�t�l�e�n�d �d�e�r �H 。�h�e �d�e�r �F�o�u�r�i�e�r 心�I�a�x�i�m�a �b�e�s�e�t�z�t�.�I�m

�L�a�u�f�e �d�e�r �w�e�i�t�e�r�e�n �P�a�r�a�m�e�t�e�r�v�e�r�f�e�i�n�e�r�u�n�g �f�I�b�e�r �F�o�u�r�i�e�r�-�P�r�o�j�e�k�d�o�n�e�n

�Q�(�z�y�)�w�u�r�d�e�n �P�b�u�n�d �S�b �i�n �j�e �e�i�n�e�r �P�u�n�k�t�l�a�g�e �v�e�r�t�m�s�c�h�t�,�d�a �d�i�e �H�8�h�e

�d�e�r �M�a�x�i�m�a �d�e�m �e�i�n�e�n �O�d�e�r �m�d�e�r�e�n �A�t�o�m �I�l�i�c�h�t �e�i�n�d�e�u�t�i�g �z�u�g�e�o�r�d�n 的

�w�e�r�d�e�n �k�o�n�n�t�e�.�B�e�i �d�i�e�s�e�r �w�e�i�t�e�r�e�n �V�e�r�f�e�i�n�e�r�u�n�g �e�r�s�c�h�i�e�n�e�n �w�e�i�t�e�r�e

�s�e�e�h�s�M�a�x�i�m�a �m�i�t �g�e�r�i�n�g�e�r �H�O�h�e�,�d�i�e �a�l�s�S�e�h�w�e�f�e�l�m�g�e�e�e�h�e�n �w�u�r�d�e�n�-

�D�i�e �V�e�r�f�e�i�n�e�r�u�n�g �w�u�r�d�e �i�n �d�i�e�s�e�r �A�r�t �f�o�r�t�g�e�s�e�t 此 �,�b�i�s �&叫�l�H�l�k�e �V�O�r�Z�e�i 臼�e�h�e�I�n �l

�d�e甘�I�r�.�F

�d�&缸肘�I�r�.�g�e 自的�t�eι�l�H�l批�t�.�I�I�I �T�a�b�.�3�S�i�n�d �d�i�e �P�a�r�a�m�e�t�e�r �&�1�1�8�d�e�n �S�u�p�e�r�p�o�s�i�t�i�o�n�e�n �u�n�d

�a�1�1�8�d�e�r �l�e�t�z�t�e�n �F�o�u�r�i�e�r�-�P�r�o�j�e�k�t�i�o�n �a�n�g�e�g�e�b�e�n�-

�f�)�V�e�r�f�e�i�n�e�r�u�n�g �d�e�r �P�a�r�a�m�e�t�e�r �n�a�c�l�l�d�e�r �M�e�t�h�o�d�e

�d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a�t�e �(�G�A�U�S�S�)

�M�i � �d�e�n�R�T�e�r�t�e�n �d�e�r �T�a�b�.�3�w�u�r�d�e �e�i�n�e �w�e�i�t�e�r�e �V�e�r�f�e�i�n�e�r�u�n�g �n�a�c�h

�d�e�r �M�e�t�h�o�d�e �d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a�t�e �1�I�n�t�e�r �B�e�n�u�t�z�u�n�g �a�l�l�e�r �g�e�I�I�l�e�s�s�e�n�e�n



�T�a�b�e�l�l�e�3�.
�P�±�7�.�±�m�e�t�w�±�t�4�s �d^%�S�u�p�e�T�p�o�d�t�d�o�n�e�nSë�n�d �P�±�m�m�e�t�e�7�.0��"�8�d�e�r �6�.�F�o�z�t�q�-�i�e�r�-�P�7T��e�k�t�d�o�n

�Q�(�m�y�)

�P�u�n�k�t�- �S�u�p�G�r�p�o�s�i�t�i�o�n �Q�(�m�y�)
�A�t�o�m

�l�a�g�e �m �y �z �Z �y �Z

�1 �A�u�v
�q�O

�A�V�,�A�V�A�H�V�a�v�4�B�ETÁ�,�A�V �0�,�2�5�0 �P�b �0�,�1�5�2 0��'0��2�6 �0�,�2�5�0
�2 �A�V�Q�O�q�o�,�A�V�A�V�ATÇ。。�,�A�V �0�,�7�5�0 �P�b �0�,�3�4�2 �0�,�3�7�6 �0�,�7�5�0
�3 0��'0��3�0�|�0�,�4�4�0 �0�,�2�5�0 �P�b 0��'0��3�8 �0�,�4�3�8 �0�,�2�5�0
�4 0��'0��2�0 �0�,�2�9�0 �0�,�7�5�0 �S�b 0��'0��1�6 �0�,�2�8�6 �0�,�7�5�0
�5 �0�,�2�2�0 �0�,�1�5�0 �0�,�7�5�0 �S�b �0�,�2�2�0 �0�,�1�5�0 �0�,�7�5�0
�6 �8 �0�,�4�7�2 �0�,�4�2�8 �0�,�2�5�0
�7 �S �0�,�4�0�6 �0�,�1�1�2 �0�,�2�5�0
�8 �S �A�V�A�W�U�Q�V�A�V �0�,�1�9�2 �0�,�2�5�0

�9 �S �0�,�3�4�4 �0�,�2�4�2 �0�,�7�5�0

�1�0 �S �0�,�1�5�0 �0�,�3�4�0 �0�,�2�5�0

�1�1 �S �0�,�2�2�0 �0�,�4�7�8 �0�,�7�5�0

�T�a�b�e�l�l�e�4�.�P�G�r�a�m�d�w�t€Œ�d �T�e�m�pSî•ü�t�u�r�f�±�k�t�o�r�e�·�·�±�c�h �d�e�r �6�.�I�t�mSëR��n�d�É

�'�,�L�eeå�s�t�8�q�H�G�7�.�e�s�I�I�U�E�P�T�O�O�T�±RJ�"�z�s

�4�L�U�k�n�u�E
�A�t�o�m 在? �y 弓,》

�B�"�l�a�g�e

�1 �P�b �0�,�1�5�0 0��'0��2�6 �0�,�2�5�0 �1�,�5�8
�2 �P�b �0�,�3�4�2 �0�,�3�7�4 �0�,�7�5�0 �0�,�7�1
�3 �P�b 0��'0��3�7 �0�,�4�3�6 �0�,�2�5�0 �1�,�3�6
�4 �S�b 0��'0��1�5 �0�,�2�8�4 �0�,�7�5�0 �Q�O�A�V�Q�V

�W�O �S�b �0�,�2�2�0 �0�,�1�5�1 �0�,�7�5�0 �0�,�2�5
�6 �S �0�,�4�7�2 �0�,�4�3�7 0��,�2�5�0 �A�U�Q�W�U�,�A�H�V

�7 自 �0�,�4�0�5 �0�,�1�0�9 �0�,�2�5�0 �0�,�5�9

�8 �S 0��'0��9�3 �0�,�1�8�4 �0�,�2]ç0� �0�,�6�0

�9 �S �0�,�3�3�7 �0�,�2�3�7 �0�,�7�5�0 �0�,�2�4
�1�0 �S �0�,�1�5�6 �0�,�3�4�9 �0�,�2�5�0 �0�,�7�2

�1�1 �S �0�,�2�1�6 �0�,�4�8�0 �0�,�7�5�0 �0�,�7�6

�F�(�h�k�O�)�u�n�d �F�(�h�k�1�)�d�u�r�c�h�g�e�f 垃�h�r�t�.�D 削 �Z�I�I�r �V�e�r�f�I�i�g�u�n�g�s�t�e�h�e�n�d�e �R�e�e�l�1�e�I�1�.

�p�r�o�g�r�a�m�-�m �v�o�n �S�E�N�K�O�u�n�d �T�E�M�P�L�E�T�O�N�(�1�9�5�6�)�a�r�b�e�i�t�e�t�m�i�t�u�n�a�b�h�a�n�g�i�-

�g�e�n �i�s�o�t�r�o�p�e�I�I�T�e�m�p�e�r�a�t�u�r�f�a�k�t�o�r�e�n �f�i�i�r �j�e�d�e�u�m�b�h�a 時�i�g�e �P�u�n�k�t�l�a�g�e�-

�N�a�c�h �e�i�n�i�g�e�n �I�t�e�r�M�i�o�m�1�e�r�g�a�b�s�i�c�h �e�i�u �F�a�k�t�o�r �R�1�=�z �|�l�F�b 帥 �|
一 �|�F�b

叮 �|�|�/�Z �I�F�b�e�o�b�|�v�o�n �0�,�3�4�.�T�a�b�.�4�g�i�b�t �d�i�e �P�a�r�a�m�e�t�e�r �u�n�d �T�e�m�p�e�r�a�-
�t�u�r�f�a�k�t�o�r�e�n �f�f�I�r�a�l�l�e �A�t�o�m�e �n�a�c�h �d�e�r �s�e�e�l�I�S�t�e�n �I�t�e�r�M�i�o�n�-

�E�s�f�a�l�l�t�s�o�f�o�r�t �d�e�r �n�e�g�a�t�i�v�e �T�e�m�p�e�r�a�t�u�r�f�a�l�d�o�r �d�e�s �e�i�n�e�n �A�n�t�i�m�o�n
�a�u�f�;�h�i�n�z�u �k�o�m�m�t�,�d�a β �s�i�c�h �d�i�e �T�e�m�p�e�r�a�t�u�r�f�a�k�t�o�r�e�n �f�f�I�r �d�i�e �m�i�t �B�l�e�i

�b�e�s�e�M�t�e�n �P�u�n�k�t�l�a�g�e�n �z�i�e�m�l�i�c�h�u�n�t�e�r�s�e�h�e�i�d�e�n�-�A�1�1�8�e�r�d�e�I�I�I�i�s�t �d�e�r �R�1�.

�F�a�k�t�o�r �n�o�c�h �r�e�l�a�t�i�v �l�l�o�c�h�-



�4�l�u�k�n�u�p
�A�t�o�m �i�r �7�J �z �B�n

�l�a�g�e�l

�1 �P�b �0�,�1�5�0 0��'0��2�6 �0�,�2�5�0 �1�,�8�7

�2 �P�b �0�,�3�4�2 �0�,�3�7�4 �0�,�7�5�0 �0�,�8�4

�3 �P�b 0��'0��3�6 �0�,�4�3�6 �0�.�2�5�0 �1�,�5�9

�4 N;�P�b �+f/�S�b 0��'0��1�6 �0�,�2�8�4 �0�,�7�5�0 �0�,�3�5

�5 �S�b �0�,�2�2�1 �0�,�1�5�1 �0�,�7�5�0 �0�,�3�6

�6 �S �0�,�4�7�4 �0�,�4�3�7 �0�,�2�5�0 �0�,�8�0

�7 �S �0�,�4�0�6 �0�,�1�0�9 �0�,�2�5�0 �0�,�7�2

�8 �S �0�,�0�9�1 �0�,�1�8�4 �0�,�2�5�0 �0�,�7�1

�9 �S �0�,�3�3�6 �0�,�2�3�7 �0�,�7�5�0 �0�,�4�2

�1�0 �S �0�,�1�5�8 �0�,�3�4�9 �0�,�2�5�0 �0�,�8�5

�1�1 �8 �0�,�2�1�7 �0�,�4�8�0 �0�,�7�5�0 �0�,�8�0

�Z�u�r �E�E�r�i�s�t�a�l�l�s�t�r�u�k�b�u�r �d�e�s �E直�e�n�e�g�h�i�I�l�i�t�s �3�5�9

�D�e�r �A�t�O�I�n�f�o�r�m�f�a�k�t�o�r �f�n �i�s�t �b�e�i �B�e�r�l�i�c�k�s�i�c�h�t�i�g�u�n�g �d�e�s �T�e�m�p�e�r�a�t�u�r�-
�B�-�s�i�n�2�0

�f�a�M�o�r�s�m�i�b�d�e�m �A�u�s�d�r�u�e�k �e�-�p �z�u �m�u�l�t�i�p�I�i�z�i�e�r�e�I�1�.�D�e�r �i�m�'�,�l�e�a�s�t
�s�q�u�a�r�e�s �I�I “ �g�e�b�r�a�U�G�I�l�t�e �T�e�m�p�e�r�a�t�u�r�f�a�k�t�o�r �B�M�e�n�t�s�p�r�i�e�l�u�i�m �o�b�i�g�e�n

�B
�A�u�s�d�r�u�c�k 肉 �,�e�s�o�i�l�t �a�l�s�o�:�B �= 《 �1�1�1�r�d �B �I�I�e�g�a�t�i�v�,�s�o �w�i�r�d �d�e�r�u�m�n�2�2�.�"

�A�t�O�I�n�f�o�r�m�f�a�k�t�o�r �f�i�I�r �a�l�l�e�O 〉 �O �m�i�t �e�i�n�e�m �w�e�r�t 〉 �1�m�u�l�t�i�p�l�i�z�i�e�r�t

�B�e�i �A�n�w�e�n�d�u�u�g �d�e�r �M�e�t�h�o�d�e �d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a�t�e �b�e�d�e�l�I�t�e�t �e�i�n

�I�I�e�g�a�t�i�v�e�r �T�e�m�p�e�r�a�t�u�r�f�a�l�d�o�r �a�l�s�o�,�d�a�i�l�m�a�n �e�i�n�e �b�e�s�s�e�r�e �A�n�g�l�e�i�c�h�u�n�g

�d�e�r �b�e�o�b�a�c�h�t�e�t�e�n�1�1�1�1�d �b�e�r�e�e�l�k�I�l�e�t�e�n �F�-�w�e�r�t�e �e�r�h 品尬 �,�w�e�I�I�I�I�m�a�n�a�n �d�e�r

�s�t�e�l�l�e 凡仇 �Z�n �e�i�n �g�r�u�i�i�e�r�e�s�f�n �e�i�n�s�e�t 此 �,�d�.�h�.�w�e�n�n �m�a�u �e�1�1�1�8�C�I�I�W�T�e�r�m�-�e�s

�A�t�o�m �a�n �d�i�e�s�e �s�t�e�l�l�e �b�r�m�g�t�.�D�i�e �a�n�a�l�o�g�e �t�7�b�e�r�l�e�g�u�n�g �g�i�l�t�a�u�e�h �f�f�I�r �g�r�o�i�i�e

�p�o�s�i�t�i�v�e �T�e�m�p�e�r�a�t�u�r�f�a�k�t�o�r�e�1�1�.�M�a�n �k�a�I�1�1�1�8�i�c�h�a�l�s�o �d�i�e �b�e�r�e�o�}�m�e�t�e�I�I

�T�e�m�p�e�r�a�b�U�r�f�a�k�t�o�r�e�n �i�n �S�O�I�e�h�e�n �F 品�l�l�e�n �z�1�1�1�1�u�t�z�e �m�a�B�h�e�I�L �w�o �e�i�n�e �s�t�a 司

也�i�s�b�i�s�e�h�e �B�e�s�e�t�z�u�n�g �d�e�r �P�u�n�k�t�l�a�g�e�n�s�i�n�n�v�o�l�l �i�s�t�u�n�d �d�i�e �T�e�I�n�P�e�r�a�t�u�r�-

�f�a�k�t�o�r�e�n �e�r�l�m�b�l�i�c�h �V�O�I�l�e�i�n�a�n�d�e�r �a�b�w�e�i�e�h�e�n�-�I�I�n �F�a�l�l�e �d�e�s �M�e�n�e�g�h�i�n�i�t�s
�s�c�I�l�i�e�n �e�i�n�e �s�t�a�t�i�s�t�i�s�c�l�m�B�e�s�e�t�z�u�n�g �e�i�I�l�i�g�e�r �M�e�t�a�l�l�p�u�n�1 至 �H�a�g�e�n �i�n �d�e�r
�p�s�e�u�d�o�z�e�l�l�e �s�o�g�a�r �w�i�m�B�e�l�l�e�n�s�w�e�r�t�,�w�e�i�l �e�s �u�n�w�a�h�r�s�c�h�e�i�n�1�i�c�h �e�r�s�c�h�e�i�n�h

�d�a�i�i�i�n �d�e�r �w�a�l�l�r�e�n �Z�e�l�l�e �m�i�t �c�=�2�4 ×生 �,�1�2�8�A �n肘 �j�e�w�e�i�l�s �S�b�-�l�b 恤�)泡�z�w�.

�P�b�b�-�A�t切�O�I�m�I�n�1�e盯�i�I�m�I�n�I�n�m�1�e 甘�r�1垃�i�l�b�)�e甘�r�e�d�i�I�n�1 乳 �I�n�1�d�e�r�d�l�i 跆�e�g伊�e�I�n�1�L �.�N�a削�c�h�(�d也�1詛�i�e�s�e�I�n �I �I訂�7�1�b�)�e甘�r�l跆�e�g�1�u�1�I�n�1�g�e�I�n �1�w�I�u�1�r�d�e

�d�i�e �S�t仕�r�m�1�u�1�k�t趴�M�1�u�m�1�u�1�r�f�f臼�O�I�r�m�.�1�1�I�n�m�I�n�1�e�d�l�3�P�l�b�}�S�.�S�b�h�2�S�3�V�e 缸�1�r�.�4�l�h�a 臼 �s�e�I�n �1�u�n�d �e�I�n�1�t�h�s�p�r�e�c�t�l�e�n�d �d�e�I�I�I

�V�e�r�h�a�l�t�n�i�s �P�b �:�S�b �=�1�3�:�7�(�F�o�r�m�e�l �v�o�n �B�E�R�R�y �u�n�d �M�O�D�D�L�E�)�d�i�e

�p�u�n�k�t�l�a�g�e �N�r�-�4�i�n �T�a�b�.�4�(�0 日 �,�2�8�4�,�7�5�0�)�I�I�I�i�t�1 月 �P�b �u�n�d �3�/ 生 �S�b �b�e�s�e�t�z�t�,

�w�a�l�l�r�e�n�d �d�i�e �i�i�b�r�i�g�e�n �P�I�l�u�k�t�l�a�g�e�n �u�n�v�e�r�&�I�I�d�e�r�t�b�l�i�e�b�e�I�1�.�1�)�a�m�i�t �w�a�r �a�l�s�o

�d�a�s �G�e�s�a�m�t�v�e�r�t�I�&�l�t�n�i�s �p�b�:�S�b 三 �3�3�5�:�1�,�7�5�=�1�3�:�7�.�L�V�e�i�t�e�m�I�t�e�r�a�-

�t�i�o�n�e�n �w�u�r�d�e�n �d�a�n�n �b�i�s �z�u�r �k�o�n�v�e�r�g�e�n�z �d�e�r �R�-�F�a�k�t�o�r�e�n�(�R�1 二 �O�J�9�)

�g�e�r�e�e�l�l�n�e�t�-�D�i�e �E�r�g�e�b�n�i�s�s�e �S�i�n�d �i�n �T�a�b�.�5�w�i�e�d�e�r�g�e�g�e�b�e�n�-

�T�a�b�e�l�l�e�5�.�P�d�r�a�m�d�e�y�-�U�H�d �T�m�z�p�e�f 叫 �w�h�k�t�o�r�e 協仰的�h�d�e�r�1�3�.�h�e�y�- 似的凡 �d�e�s

�'�,�L�m�s�s �s�q�u�w�e�s�I�I
“ �-�P�r�o�g�m�m�m�8



�R�O�B�E�R�T �E�U�L�E�R �u�n�d �E�R�W�I�N �H�E�L�L�N�E�R

�D�e�r �B�r�F�a�k�t�o�r�I�S�t �a�l�s�o �g�e�g�e�n�f�I�b�e�r �d�e�r �B�e�s�e�t�z�u�n�g �i�n �T�a�b�.�4�K�l�e�i�n�e�r
�g�e�w�o�r�d�e�I�L �d�i�e �P�a�r�a�m�e�t�e�r �h�a�b�e�n �s�i�c�h �p�r�a�k�t�i�s�e�h �I�l�i�c�h�t �v�e�r�a�n�d�e�r�t�;�d�e�r

�T�e�m�p�e�r�a�t�U�r�f�a�k�t�o�r �d�e�r �P�u�n�k�t�l�a�g�e�4�i�s�t �j�e�t�z�t �p�o�s�i�t�i�v�-�E�i�n�e�r�e�e�l�1�t �g�r�o�8�e

�3�6�0

�D�i�f�e�r�e�n�z �d�e�r �T�e�m�p�e�r�a�t�u�r�f�a�k�t�o�r�e�n �d�e�r �P�u�n�k�t�l�a�g�e�n�1�b�i�s �3�b�l�e�i�b�b

�b�e�s�t�e�h�e�n�-�Z�u�r �w�e�i�t�e�r�e�n �k�l�a�r�u�n�g �w�u�r�d�e�n �j�e�t�z�t �F�o�u�r�i�e�r�-�S�c�h�n�i�t�t�e
�q仰的�)�u�n�d �Q仰的 �)�m�i�t �d�e�n �V�o�r�z�e�i�e�l�m�n �d�e�r �s�t�r�u�k�t�u�r�f�a�k�t�o�r�e�n �d�e�r

�l�e�t�z�t�e�n �I�t�e�r�a�t�i�o�n �b�e�r�e�c�h�n�e�b�(�A�b�b�-�4�b�u�n�d�4�c�)�.�N�a�c�h �I�J�b�e�r�l�e�g�I�I�n�g�e�t�d�i�e

�a�n�a�l�o�g �d�e�n�e�n �f�i�i�r �d�i�e �B�e�r�e�c�h�I�l�u�n�g �d�e�r �p�a�t�t�e�r�s�o�n�-�S�c�h�n�i�t�t�e �v�e�r�l�a�u�f�e�I�1�,



�Z�I�I�I�-�k�r�i�s�t�a�I�I�s�t�r�u�k�t�u�r �d�e�s �M�e�n�e�g�h�i�I�K�i�t�s �3�6�1

�e�r�h�a�l�t �m 剖�1�f�i�i�r �d�i�e �B�e�r�e�c�t�1�I�1�1�1�I�I�g �d�e�r �F�o�u�r�i�e�r�-�8�c�h�n�i�t�t�e �i�m �v�o�r�l�i�e�g�e�n�d�e�n

�F�a�l�l�e �e�i�n�e �V�e�r�e�i�n�f�a�e�h�u�n�g�,�w�e�l�c�h�e �d�i�e �d�r�e�i�d�i�m�e�n�s�i�o�n�a�l�e �B�e�r�e�c�h�I�l�u�n�g �a�u�f

�d�i�e �B�e�r�e�c�t�I�I�l�u�n�g �v�o�n �v�i�e�r �z�w�e�i�d�i�m�e�n�s�i�o�n�a�l�e�n �F�o�u�r�i�e�r�"�S�y�n�t�h�e�s�e�n�u�n�d
�d�e�r�e�n �v�e�r�s�e�h�i�e�d�e�n�e �S�u�m�m�a�t�i�o�n �r�e�d�u�d�e�r�t�:

�Q�(�z�y�t�)�~�i�J�f�Z�F�(�h�k�O�)�.�e�o�d π�h�z ﹒ �c�o�d π �k�y
＼ �h �k�(�h�+�k �= 立 �"�)
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�+�F�F 把世 �2�3�1�n�M�Z 叫圳�)
�Q�(�Z�Y�E�)�~�( 于 �F�f�l�t�y�i�j�) 叫π加 �m�M�Y

�-�z �z�F�( 訕。 �)�s�i�I�1�2�7�I�h�z ﹒ �s�i�I�1�2�7�z�k�y�L
�h�k �(�h十 �k�=�2�"�+�1�)�/

十 �i�Z �Z�F�(�h�k�1�)�c�o�s�2�7�z�h�z ﹒ �s�i�I�1�2�7�r�k�y
＼ �h �k �(�h�+�k�=�2 的

�+�z �z�F�(�h�k�1�)�s�i�1�1�2 π �h�z�-�c�o�d 兌付 �}
�h�k�(�h�+�k �E�2�"十�1�)�/

�D�i�e �b�e�i�d�e�n �F�o�u�r�i�e�r�-�S�c�h�n�i�t�t�e �b�e�s�t 批�i�g�t�e�n �d�i�e �p�p�a�r�a�m�e�t�e�r �d�e�r �M�e�t�a�l�l�e

�u�n�d �d�e�s �S�c�h�w�e�f�e�1 日 �.�A�I�I�e �S�e�h�w�e�f�e�l�m�a�x�i�m�a �h�a�b�e�n �p�r�a�k�t�i�s�c�h �g�l�e�i�c�h�e
�H 吭吭 �d�a�g�e�g�e�n �e�n�t�s�p�r�e�e�h�e�n �d�i�e �r�e�l�a�t�i�v�e�n �H�a�h�e�n �d�e�r �M�e�t�a�l�l�m�a�x�i�m�a�,

�n�i�c�l�u�d�e�r �V�e�r�t�e�i�l�u�n�g �d�e�r �P�b �u�n�d �S�b �i�n �T�a�b�.�5�.�D�a �s�i�c�h �d�i�e �H�O�h�e�n �d�e�r

�M�a�x�i�m�a �u�n�d �d�i�e �A�u�s�s�a�g�e�I�I�&�u�s �d�e�n �T�e�m�p�e�r�a�t�U�r�f�a�k�t�o�r�e�n �e�n�t�s�p�r�e�e�h�e�I�L

�W�I�I�I�-�d�e �n�u�n �e�i�n�e �a�n�d�e�r�e �V�e�r�t�e�i�l�u�n�g �d�e�r �M�e�t�d�l�e �a�n�g�e�n�o�m�I�I�1 凹 �,�d�i�e �e�b�e�n�-

�f�a�l�l�s �d�e�m �V�e�r�h�&�l�t�n�i�s �P�b �:�S�b 三 �1�3�:�7�e�n�t�s�p�r�i�e�l�l�t�(�T�a�b�.�6�)�.�D�a�m�i�t �w�u�r�d�e�n

�w�e�i�t�e�r�e �I�t�e�r�a�t�i�o�n�e�n �d�e�r �M�e�t�h�o�d�e �d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a�t�e �g�e�r�e�c�t�l�n�e�t�-�D�i�e
�E�r�g�e�b�n�i�s�s�e �S�i�n�d �i�n �T�a�b�.�6�d�a�r�g�e�s�t�e�l�l�t�.

�M�i�t �d�i�e�s�e�r �w�e�i�t�g�e�l�l�e�n�d�s�t�M�i�s�t�i�s�c�h�e�n �B�e�s�e�t�z�u�n�g �d�e�r �M�e�t�a�l�l�p�u�n�k�t�l�a�g�e�n
�e�r�I�I�i�e�d�r�i�g�e�n �s�i�e�h �d�i�e �R 年 �F�a�k�t�o�r�e�I�L �e�i�n�s�c�h�l�i�e�i�l�l�i�c�h �d�e�r �I�l�i�c�h�t �b�e�o�b�a�c�h�t�e�t�e�I�I

�R�e�a�e�x�e�,�a�u�f �R�1�=�0�9�2�3�7�.�A�u�i�3�e�r�d�e�m �S�i�n�d �d�i�e �T�e�m�p�e�r�a�t�u�r�f�a�k�t�o�r�e�n

�d�e�r �M�e�t�a�l�l�p�u�n�k�t�l�a�g�e�n �j帥的地�n�l�i�c�h �g�e�w�o�r�d�e�I�1�.�D�a�m�i�t �w 盯�d�e �d�i�e �V�e�r�-
�f�e�i�n�e�r�u�n�g �b�e�e�n�d�e�t�.�T�a�b�.�7�e�n�t�h�a�l�t�d�i�e �b�e�o�b�a�c�h�t�e�t�e�n�-�u�n�d �&�1�1�8�d�e�r �l�e�t�z�t�e�I�I

�I�t�e�r�a�t�i�o�n �b�e�r�e�c�h�n�e�t�e�n �F�E�L�V�e�r�t�e�.�Z�u�m �A�b�s�e�l�l�l�u�i�l�w�u�r�d�e�n �z�w�e�i �w�e�i�t�e�r�e

�F�o�u�r�i�e�r�-�S�c�h�n�i�t�t�e �Q�(�z�y�t�)�1 日�I�d �Q�(�z�y�f�)�g�e�r�e�e�h�n�e�t�-�S�i�e�I�I�n�t�e�r�s�c�h�e�i�d�e�n �s�i�c�h
�k�a�u�m �v�o�n �d�e�n �F�o�u�r�i�e�r�-�S�c�h�n�i�t�t�e�n �d�e�r �A�b�b�.�4�b�u�n�d�4�c�,�d�a �B�i�e�l�l�I�1�1�1�r

�s�i�e�b�e�n �V�o�r�z�e�i�c�h�e�n�a�n�d�e�r�t�e�n�.�D�i�e �A�t�o�m�a�b�s�t�a�n�d�e �d�e�r �S�t�r�u�k�t�u�r �B�i�n�d �i�n

�T�a�b�.�8�w�i�e�d�e�r�g�e�g�e�b�e�n�-



�T�a�b�e�l�l�e�6�.�E�?�Z�f�l�g�t�i�l�tSå�e�P^%�,�±�m�e�t�e�r�u�n�d �T�e�m�p�e�r�a�t�u�?Y‚�k�t�oT�˜þNÖ�±�c�h �d�e�r�1�8�.�I�t�e�?Sëv„fB

�d�e�s �'�,�L�e�m�t�s�g�u�w�e�s�I�I�U�E�P�r�o�g�m�mu�lÌ

�P�u�n�k�t�.�l
�Av„�m �u�r �y �z

�B�"�l�a�g�e �l

�1 T	�P�b�+�t�S�b �0�,�1�5�0 0��'0��2�6 �0�,�2�5�0 �0�,�8�4
�2 �P�b �0�,�3�4�2 �0�,�3�7�4 �0�,�7�5�0 �0�,�5�9

�3 T	�P�b �+T	�S�b 0��'0��3�6 �0�,�4�3�6 �0�,�2�5�0 �0�,�7�0
�4 �P�b 0��'0��1�5 �0�,�2�8�4 �0�,�7�5�0 �0�,�8�0
�5 �t�P�b�F�J!’�3�8�b �0�,�2�2�0 �0�,�1�5�1 �0�,�7�5�0 �0�,�4�1
�6 �S �0�,�4�7�4 �0�,�4�3�7 �0�,�2�5�0 �0�,�3�7
�7 �S �0�,�4�0�6 �0�,�1�1�0 �0�,�2�5�0 �0�,�4�1
�8 前 0��'0��8�9 �0�,�1�8�3 �0�,�2�5�0 �0�,�4�8

�9 �8 �0�,�3�3�6 �0�,�2�3�7 �0�,�7�5�0 �0�,�1�4
�I�O �S �0�,�1�6�0 �0�,�3�4�8 �0�,�2�5�0 �0�,�4�:�1
�1�1 �S �0�,�2�1�7 �0�,�4�7�9 �0�,�7�5�0 �0�,�2�8

�R�O�B�E�R�T �E�U�L�E�R�u�n�d �E�R�W�I�N�H�E�L�L�N�E�R�3�6�2

�g�)�D�i�s�k�u�S�S�i�o�n �d�e�r �S�t�r�u�k�t�u�r�b�e�s�U�m�-�n�1�1�1�I�I�g

�E�s �s�e�i �h�i�e�r �n�o�c�h�-�I�I�I�d�s �a�u�s�d�r�i�I�C�K�l�i�c�h �b�e�m�e�r�l�d�,�d�a�i�l�d�i�e �S�t�r�u�l�t�t�u�F
�b�e�s�t�i�m�I�I�l�u�n�g �i�n �d�e�r �P�s�e�u�d�o�z�e�l�l�e �e�r�f�o�l�g�t�e�.�I�n �d�e�r �w�a�h�r�e�n �Z�e�l�l�e �i�s�t �d�i�e

�p�s�e�u�d�o�z�e�l�l�e�2�4�m�a�I�I�i�b�e�r�e�i�n�E�L�u�d�e�r�g�e�l�e 阱 �,�b�i�s �d�i�e �I�d�e�n�t�i�t 批 �f�o�l�g�t�.�A�I�I�S

�d�i�e�s�e�n�1�G�r�u�n�d�e �e�r�s�c�h�e�i�n�t �d�i�e �f�1�i�r �d�i�e �p�s�e�u�d�o�z�e�l�l�e �g�e�f�1�I�n�d�e�n�e�s�t�t�L�t�i�s�t�i�s�e�h�e

�B�e�s�e�t�z�u�n�g �d�e�r �M�e�t�a�l�l�p�u�n�k�t�l�a�g�e�n �v�e�r�s�t�a�n�d�l�i�c�h�-�S�i�e �i�s�t �S�O �z�u �v�e�r�s�t�e�h�e�t

�d�a�i�l�i�n �d�e�r �w�a�h�r�e�n �Z�e�l�l�e �b�e�i �i�i�l�m�l�i�c�h�e�n �z�y�-�P�a�r�a�m�e�t�e�r�n �p�b �u�n�d �s�b
�d�e�r�a�r�t �i�l�b�e�r�e�i�n�a�n�d�e�r�l�i�e�g�e�n�,�d�a�8�a�l�s �c�-�(�t�i�t�t�e�r�k�O�I�l�s�t�a�n�t�e �e�i�I�I�2�4�f�a�C�h�e�r

�l�V�e�r�t �d�e�r �P�s�e�u�d�o�z�e�l�l�e �r�e�s�u�l�t�i�e�r�t�.
�N�e�h�I�I�I�e�n �w�i�r �e�i�n�e�s�o�l�e�h�e �A�b�f�o�l�g�e �v�o�n �R�l�e�i�-�u�n�d �A�n�t�i�n�y�l�o�n�a�t�o�m�e�n

�i�n �d�e�r �c �R�i�e�l�I�t�1�1�1�1�g�a�n�,�S�O �S�o�l�l�t�e �m�a�n �a�u�s �d�e�r �E�r�f�a�h�r�u�n�g �d�e�r �b�i�s�t�l�e�r �l�m�-

�k�a�n�n�t�e�n �S�b�r�u�k�t�u�r�e�n�S�U�I�t�i�d�i�s�c�h�e�r �E�r�z�e �e�r�w�a�r�t�e�I�L �d�a β �a�u�c�h �d�i�e �S�c�h�w�e�f�e�l

�i�n �d�e�r �w�a�T�I�r�e�n �Z�e�l�l�e�n�K�I�l�t �g�e�n�a�u �i�i�b�e�r�e�i�I�l�a�n�d�e�d�i�e�g�e�I�L �d�a �d�i�e �n�a�c�h�s�t�e�I�I

�S�b�-�S�-�A�b�s�t�a�n�d�e �K�l�e�i�n�e�r �S�i�n�d�a�l�s�d�i�e �P�b �S�-�A�b�s�t�a�n�d�e�.�E�i�n �w�e�i�t�e�r�e�s �A�b
�s�i�n�k�e�u�d�e�r �R�-�F�a�k�t�o�r�e�n �i�n �d�e�r �P�s�e�u�d�o�z�e�I�l�e �i�s�t �a�u�s�d�i�e�s�e�n �G�r�f�I�n�d�e�I�I�I�l�i�c�h�t

�z�u �e�r�w�a�r�t�e�n�.�D�i�e �f�f�I�r �d�i�e �P�s�e�u�d�o�z�e�l�i�e�b�e�s�t�i�m�m�t�e�n�E�I�e�t�a�l�l�-�u�n�d �S�e�h�w�d�e�l�-
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�1�0 �B �4�,�1�3�(�2�) �3�,�8�1�(�2�)

�1�1 �8 �|�4�,�1�3�(�2�)

�3�6�6 �R�O�B�E�R�T �E�I�J�E�E�R�u�n�d �E�R�W�I�N�E 主�E�L�L�N�E�R

�L�E�I�N�m�:�V�E�B�E�R�1�9�5�6�a�;�L�B�I�N�E�W�E�B�E�R�1�9�5�6�)�u�n�d �i�m �J�a�m�e�s�o�n�i�t�(�N�I�I�Z�E�K�I

�u�n�d �B�U�E�R�G�E�R�1�9�5�7�)�g�e�f�u�n�d�e�n�m�y�u�r�d�e�.�D�i�e �P�b �l�i�e�g�e�n �i�m �M�e�n�e�g�h�i�n�i�t

�a�m �R�a�n�d�e �g�r�o�i�i�e�r �P�1�)各 �B�e�r�e�i�c�h�h�w�a�s �d�i�e �h�o�h�e �k�o�o�r�d�i�n�a�t�i�o�n�s�z�a�h�l
�z�m�r�a�n�g�l�o�s �e�r�K�H�r�t�.�D�i�e �i�I�b�r�i�g�m�s�t�a�t�i�s�t�i�s�c�h �b�e�s�e�t�z�t�e�n �M�e�t�a�l�l�p�u�n�k�t�l�a�g�e�n

�z�e�i�g�e�n �e�i�n�e �v�e�r�z�e�r�r�t�e �o�k�t�a�e�d�r�i�s�c�h�e �U�m�g�e�b�1�1�1�1�g�;�d�r�e�i �d�e�r�s�e�c�h�s �S�N�a�e�l�l�-

�b�a�r�n �h�a�b�e�n �j�e�w�e�i�l�s �e�i�n�e�I�I �K�l�e�i�n�e�r�e�n �A�b�s�t�a�n�d �u�n�d �k�o�n�n�e�n �a�l�s �i�n �R�i�c�h�t�u�n�g

�c�s�i�c�h �e�r�s�t�r�e�e�l�-�l�e�n�d�e�(�S�b�,�P�b�)�S�f�p�y�r�a�m�i�d�e�n�k�e�t�t�e�n �g�e�d�e�u�t�e�t�m�7�e�I�d�e�n�-
�D�i�e�s�e �k�e�t�t�e�n �f�a�n�d �H�O�E�I�K�I�A�N�N�(�1�9�3�3�b�)�z�.�B�.�a�u�e�h �i�m �A�n�t�i�m�o�n�i�t�-�S�i�e

�d�f�I�r�f�t�e�n�-�d�e�n �n�a�d�e�l�i�g�e�n �H�a�b�i�t�u�s �d�e�r �S�p�i�d�g�l�a�n�z�e �b�e�d�i�n�g�e�I�1�.
�H�E�L�L�N�E�R�(�1�9�5�8�)�z�e�i�g 峙 �,�d�d�d�i�e �b�i�s �j�e�t�z�t �s�t�r�u�k�t�u�r�d �b�e�k�a�n�n�t�m

�s�p�i�eβ �g�l�a�n�z�e �s�i�c�h �i�n �v�e�r�s�c�h�i�e�d�e�n�e�r �A�r�t �v�o�m �B�l�e�i�g�l�a�n�d�y�p�a�b�l�e�i�t�e�n �l�a�s�s�e�I�1�.

�D�e�r �M�e�n�e�g�h�i�n�i�t �l�l�a�t�,�w�i�e �v�i�e�l�e �S�b�-�u�n�d �B�L�S�p�i�e β �g�l�a�n�z�h�i�n �d�e�r �L�b�1�g�s�-

�e�r�s�t�r�e�e�l�E�u�n�g �e�i�n�e �T�r�a�I�I�B�l�a�t�i�o�n �v�o�n �4�,�1�A�(�b�z�w�.�d�e�I�I�I�2�4�f�a�c�h�e�n �d�a�v�O�I�1�)�,

�d�i�e �d�e�m�P�b�-�P�1�)�-�A�b�s�t�a�n�d �i�n �R�i�c�h�t�u�n�g�[�1�1�0�]�d�e�s �B�l�e�i�g�l�a�n�z�e�s�e�n�t�s�p�r�i�c�h�b�.

�D�a�r�m�f �m�m�h�t�e �z�u�e�r�s�b�H�O�E�M�A�N�N�(�1�9�3�5�)�m�f�m�e�r�l�t�L�S�a�I�I�1�.�D�i�e �S�t�r�u�k�t�u�r �d�e�s
�M�e�n�e�g�h�i�n�i�t�s �z�e�i�g�b�z�u�s�a�m�m�e�n�h 益�I�l�g�e�n�d�e �B�h�i�g�h�n�z�b�e�r�e�i�c�h�h�d�i�e�s�i�c�h �i�n



�Z�m�B�K�r�i�s�t�a�l�l�s�t�r�u�k�b�I�I�I�-�d�e�s �M�e�n�e�g�U�n�i�t�s �3�6�7

�R�i�c�h�t�u�n�g �t �U�I�K�I α �e�r�s�t�r�e�c�k�e�n�-�-�D�i�e �g�u�t�e �S�p�a�l�t�b�a�r�k�e�i�t �n�a�c�h�(�O�I�O�)�i�s�b

�a�u�s�d�e�r �s�t�r�u�k�t�u�r �v�e�r�s�t�a�n�d�l�i�c�h�-�D�i�e �f�I�b�e�m�l�l �z�i�t�i�e�r�t�e�(�z�.�B�.�H�I�N�T�Z�E�,�1�9�0�4�)

�s�e�l�l�l�e�e�t�l�t�e �S�p�a�l�t�b�a�r�k�e�i�t �n�a�c�I�I�(�O�O�1�)�i�s�t�a�1�1�8�d�e�r �S�t�r�u�l�E�t�I�I�I�-�n�i�G�I�l�t �z�u �e�r�l�d�a�r�e�m�-

�D�a�z�u �s�e�i �n�o�c�h �b�e�m�e�r�k�t�p�d�a β �e�i�n�e �s�o�l�e�h�e �S�p�a�l�t�b�a�r�k�e�i�t �v�o�n �H�I�X�T�Z�I�E�(�1�8�8�4�)

�b�e�s�t�r�i�t�t�e�n �w�i�r�d �u�n�d �a�u�c�h �i�n �e�i�g�e�n�e�n �V�e�r�s�u�c�h�e�n �I�l�i�c�h�t �g�e�f�u�n�d�e�n �w�e�r�d�e�n

�k�o�n�n�t�e�.

�I�I�I�I�B�l�e�i�g�l�a�n�z�s�t�e�h�t �z�u �e�i�n�e�r �R�i�e�l�I�t�u�u�g�p�(�1�i�e �d�e�n �P�b�-�P�b �A�b�s�t�a�n�d

�4�J�O �A �e�I�I�t�h�a�l�t�p�z�.�B�.�[�I�1 叫 �,�e�i�I�I�e �z�w�e�i�t�e �m�i�t�d�e�m �g�l�e�i�c�h�e�n �P�l�)�P�b�-

�A�b�b�.�5�.�8�t 仇叭�m�.咒�1�u叫�1�]�k�t�t�u�r �V�0�n �I�M�L�u恥�I長�e凹�1肘�g計�I�h�l�i�h趴川�n叫�l�i此�t �i趴�I�n�1�d 恥�C叮�r �I�R�t�a趴�1�m�1�g伊�r川�B�1�1�u叩�l
�t�1�u�I叮�m�r�n�1�g�[�0�0�1 叮�]�.�Z�e�l�l�l�n�h�a�l�t�d�e�r �P�s�e�u�d�o�z�e�l�l�c �P�b�1�3�8�t�H�t�4�2�4�.�D�i�m �B�l�e�l�g�l�a�n�z�b�e�r�e�i�c�h�e �S�i�n�d

�s�c�h�r�a�f�f�t�e�r�L�b�o�d�I�n�z�t�b�l�e�i�g�l�a�n�z�a�h�n�l�i�c�h�m�B�e�I�B�e�I�e�h�e �s�l�n�d �g�e�k�r�e�u�z�t �s�c�h�r�a�f�f�i 肝�r�t

�A�b�s�t�a�n�d ‘ �|�1�I�O�]�,�s�e�n�k�r�e�c�h�t�-�D�a�s �i�s�t �a�u�c�h �i�m �M�e�n�e�g�h�i�n�i�t �d�e�r �F�a�l�l�.
�8�e�I�I�l�f�r�e�c�h�t �z�u�[�O�O�I�]�l�i�e�g�t �d�i�e �F�l�a�c�h�e�n�n�o�r�m�a�l�e �d�e�r �F�l�a�c�h�e�I�I�B�e�h�a�r�(�1�2�0�)

�m�i�t�r�1�2�4�0 二生 �,�1�2�8�A�.�D�i�e�s�e�r �N�e�t�z�e�b�e�n�e�n�a�b�s�t�a�n�d �i�s�t �i�d�e�n�t�i�s�e�l�l �m�i�b
�d�o�m�=�4�,�1�2�8�A 三 �t �d�e�r �P�s�e�u�d�o�z�e�l�k�-�I�n �A�b�b�-�5�e�r�k�e�n�n�t �m�a�I�L �d�a�i�l�d�i�e

�M�e�t�a�l�l�-�S�c�h�w�d�e�l�-�B�i�n�d�1�I�n�g�e�n �d�e�r�I�I�n�g�e�s�t�b�t�e�I�I�B�l�e�i�g�l�a�n�z�b�e�r�e�i�c�h�e�1�I�n�g�e�f�a�l�u

�p�a�r�a�l�l�e�l �u�n�d�s�e�n�l�t�i�r�e�c�h�t �z�u�(�1�2�0�)�v�e�r�l�a�u�f�e�n�-�S�o �l�a�s�s�e�n�s�i�c�h �t�1�1�)�e�r �d�2�4�0 乳�l�s�o

�a�u�c�h �d�i�e α �u�n�d �b『 �G�i�t�t�e�r�k�O�I�l�s�t�a�n�t�e�n �d�e�s �M�e�n�e�g�h�i�I�l�i�t�s�v�o�m �B�h�i�g�h�n�L

�g�i�t�t�e�r �a�b�l�e�i�t�e�n�.



�3�6�8 �R�O�B�E�R�T �E�I�T�L�E�R�u�n�d �E�R�W�I�N �H�E�L�L�N�E�R

�I�n �e�i�n�e�r�s�t�r�u�k�t�u�r�e�l�l�e�n �E�i�n�t�e�i�l�u�n�g �d�e�r �S�u�l�a�d�i�s�c�h�e�n �E�r�z�e�w�e�r�d�e�n �e�i�n

�F�o�r�m�e�l�f�a�b�o�r �f�J �u�n�d �e�i�n �s�t�r�u�k�t�u�r�k�E�i�t�e�r�i�u�m �s�t�k �d�e�a�n�i�e�r�t�(�H�E�L�L�N�E�R�,
�1�9�5�8�)�:

�Z�h�I�e�o

�f�o�E�I�e
�1�7�l�s

�n�E�I�G�O�=�A�n�z�a�h�l �a�l�l�e�r �E�I�e�-�A�t�o�m�e�,�w�e�l�c�h�e �o�k�t�a�e�d�r�i�s�c�l�i�k�e �L�f�1�e�k�e�n �b�e�-
�s�e�t�z�e�n�;

�?�Z�s�=�A�n�z�a�h�l �d�e�r �S�e�l�l�w�e�f�e�L�A�t�o�m�e�-
�h�o × �1�0�0�g�i�b�t �d�i�e�a�m �d�e�r �c�h�e�m�i�s�e�h�e�n �F�o�r�m�e�l �m�o�g�l�i�c�h�e �p�r�o�z�e�M�u�a�l�e

�B�e�s�e�t�z�u�n�g �o�k�t�a�e�d�r�i�s�c�h�e�r �L�l�i�c�k�m�e�i�n�e�r �d�i�c�h�t�e�S�t�e�n �k�u�g�e�l�p�a�c�k�u�n�g �v�o�n

�s�c�h�w�e�f�e�l�. �T�Y

�S�t�k�= 一�?竺
�V�E

�V�P�b�s�=�V�o�l�u�m�e�n �d�e�r �B�l�e�i�g�l�a�n�z�b�e�r�e�i�c�h�e �i�n �d�e�r �E�l�e�m�e�n�t�a�r�z�e�l�l�e�,

�V�E�=�V�o�l�u�m�e�n �d�e�r �E�l�e�m�e�n�t�a�r�z�e�l�k�-
�D�e�r �F�o�r�m�e�l�f�a�l�d�o�r �e�r�g�i�M �s�i�c�h �a�l�s�o �a�u�s �d�e�m �C�h�e�m�i�s�m�u�s �d�e�s �M�i�n�e�r�a�l�s�,

�d�M�S�t�r�u�k�t�u�r�b�i�t�e�r�i�u�m�s�e�t�z�b�d�i�e �k�e�n�n�t�n�i�s �d�e�r �S�t�r�u�k�t�u�r �d�e�s �M�i�n�e�r�a�l�s

�v�o�m�u�s�.�H�E�L�L�N�E�R �w�e�i�s�t �d�a�r�a�u�f�h�i�I�1�,�d�d �b�e�i �I�J 〈 �I�e�M�w�e�d�e�r �o�k�t�a�e�d�r�i�s�c�h�e

�L�h�c�k�e�n�u�n�b�e�s�e�t�z�t �S�i�n�d �O�d�e�r �e�i�n�z�e�l�n�e �S�c�h�w�e�f�e�l�p�u�n�k�t�l�a�g�e�n�a�u�f�g�e�s�P�E�L�I�t�e�n

�S�i�n�d�.�D�a�s�l�e�t�z�t�e�r�e �i�s�t �i�m�M�e�n�e�g�h�i�n�i�t �d�e�r �F�a�l�l�,�w�a�s �b�e�i �B 的�r�a�c�h�t�u�n�g �d�e�r

�U�I�n�g�e�b�u�n�g �d�e�r �b�e�i�d�e�n �B�l�e�i�p�u�n�k�t�l�a�g�e�n �d�e�u�t�l�i�c�h �w�i�r�d�.�B�e�i�d�e �h�a�b�e�n

�n�b�n�l�i�c�h �s�i�e�b�e�n�n 加�l�m�t�e �N�a�c�h�b�a�r�n�-�I�n�s�g�e�s�a�m�t �w�i�r�d �d�u�r�c�h �d�i�e�B�e �A�u�f�-
�s�p�a�l�t�1�1�1�1�g �d�e�r �S�c�l�l�w�e�f�e�l�p�u�n�k�t�l�a�g�e�n �d�i�e �i�d�e�a�l�e�(�i�m �M�e�n�e�g�h�i�n�i�t �k�u�b�i�s�e�h�e�)

�d�i�c�h�t�e�s�t�e �k�u�g�e�l�p�a�c�k�u�n�g �d�e�r �S�A�t�o�m�e �g�e�s�t�o�r�t�-�F�i�i�r �M�e�n�e�g�h�i�n�i�t �i�s�t �d�e�r

�F�o�r�m�e�l�f�a�k�t�o�r �f�1
。 �=�0�,�8�3�3�;�S�t�k�=�0 月 �7�.

�I�n �A�b�b�.�5�w�u�r�d�e�n �d�i�e �B�l�e�i�g�l�a�n�z�b�e�r�e�i�c�h�e �d�e�r �S�t�r�u�k�t�u�r �s�c�h�r�a�f�t�i�e�r�t�;

�B�e�r�e�i�c�h�h�d�i�e �n�u�r �b�e�d�i�n�g�t �b�l�e�i�g�l�a�n�z 品�h�n�l�i�c�h�s�i�n�d�,�w�u�r�d�e�n �g�e�k�r�e�u�z�t
�s�c�h�r�a�f�t�i�e�r�t

�W�i�e �e�r�w�a�h 此 �, 嗎�?�1�1�r�d�e �d�i�e �c�h�e�m�i�s�e�l�m�Z�u�s�a�m�m�e�n�s�e 七 �z�u�n�g �d�e�s �M�e�n�e�-
�g�h�i�I�l�i�t�s �v�o�n �v�e�r�s�e�}�l�i�e�d�e�n�e�n �A�u�t�o�r�e�n �v�e�r�s�c�h�i�e�d�e�n �a�n�g�e�g�e�b�e�n�-�S�H�O�R�T

�(�1�9�4�0�)�b�e�m�e�r�k 鈍 �,�d�a β �M�e�n�e�g�h�i�n�i 七 �i�I�I�I�A�n�s�c�h�l�i 在 �n�e�b�e�n�a�n�d�e�r�e�n �S�p�i�d�l�-

�g�l�a�n�z�e�n �d�u�r�c�h �p�o�s�i�t�i�v�e�n �m�i�k�r�o�c�h�e�m�i�s�c�h�e�n �T�e�s�t �a�u�f �k�u�p�f�e�r �e�r�k�a�n�n�t

�w�m�d�e�n �k 位�I�m�e�.�B�E�R�R�y �u�n�d �l�V�I�O�D�1�)�L�E�(�1�9�4�1�)�b�e�s�t�i�i�t�i�g�t�e�n �d�i�e�s �f�f�l�r �d�e�I�I

�M�e�n�e�g�h�i�n�i�t�v�e�r�s�e�h�i�e�d�e�n�e�r �F�u�n�d�p�u�n�k�t�e�.�R�O�B�I�N�S�O�N�(�1�9�4�8�)�f�a�n�d �b�e�i �d�e�r

�u�n�t�e�r�m�c�l�l�u�n�g �d�e�s�S�y�s�t�e�m�s �p�b�S�-�S�b�J�3�k�e�i�n�e �M�e�n�e�g�h�i�n�i�t�-�P�h�a�s�e�-�E�r

�d�e�u�t�e�t�e�d�i�e�s�e�n�B�e�f�u�n�d�d�a�m 此 �,�d�a β �z�u�i�T�I�r�e�I�I�I�A�u�f�b�a�u�k�u�p�f�e�r�n�o�t�w�e�n�d�i�g �s�e�i�.

�M�i�t �d�e�n �n�e�u �b�e�s�t�i�m�m�t�e�n �P�r�a�z�i�s�i�o�n�s�g�i�t�t�e�r�k�O�I�l�s�t�a�n�t�e�n �w�u�r�d�e �d�i�e

�R�M�t�g�e�n�d�i�e�t�l�t�e �f�i�i�r �v�e�r�s�e�h�i�e�d�e�n�e �Z�e�l�l�i�n�h�a�l�t�e �b�e�r�e�c�h�n�e�t �u�n�d �m�i 七 �d�e�n

�g�e�m�e�s�s�e�n�e�n�D�i�c�h�t�e�n�v�e�r�g�l�i�c�h�e�n�(�s�i�e�h�e �T�a�b�.�9�)�,�w�e�l�c�h�e �n�a�c�h �H�I�N�T�Z�E�(�1�9�0 生 �)

�v�o�n �6�,�3�3�b�i�s �6�9�4�3�s�c�h�w�a�n�k�e�n�-�B�E�R�R�y �u�n�d �l�V�I�O�D�D�L�E�(�1�9�4�1�)�g�e�b�e�n �n�e�u�e

�g�e�m�e�s�s�e�n�e �D�i�e�t�l�t�e�n�a�n�:�6�9�4�2�n�a�c�I�I �P�E�K�C�O�C�K�U�I�I�d�6�, 生�O�n�a�e�h �F�.�G�.



�Z�I�I�I�-�I�E�r�i�s�t�a�l�l�s�b�r�u�b�u�r �d�e�s �M�e�n�e�g�h�m�i�t�s �3�6�9

�T�a�b�e�l�l�e�9
�V�E�Y�V�I�e�d�b�J�L �d�E�T �B�d�n�t�g�e�n�d�i�d�t�e�n�f�d�T�U�e�T�8 旬�h�t�E�d�e�n�e �Z�d�z�t�n�h α �l�t�e�m�d�t �g�6�m�e�s�s�e�n�e�n�D�i�c�h�t�e�y�z

�Z�e�l�l�k 由�a�l�b�R�O�I�l�t�g�B�I�K�d�i�G�h�t�e

�4 × �(�4�P�b�S�-�S�b�2�8�3�)�(�B�E�C�E�I�)�7�,�6�3
�4× �(�3�P�b�s�-�S�b�p�8�)�(�"�S�b�r�u�k�b�u�r�f�o�r�m�e�l�u�)�6�, 也
�C�u�P�b�1�3�S�b�7�8 且 �(�B�E�R�R�y �u�n�d�M�O�D�D�L�E�)�6�,�4�4

�P�b�m�s�b�T�S�2�3�(�P�A�L�A�C�E�E�)�6�,�3�1

�F�I�n�e�s�s�e�n�e �D�i�c�h 扣

�6�,�3�6 土。
�'
。 �1�(�V�O�M �R 血�T�E �u�n�d �B�E�R�M�A�N�)

�6�,�4�2�(�P�E�A�C�O�C�K�)

�6�,�4�0�(�F�.�G�.�S�M�I�T�E�)

�S�M�I�T�H�.�B�e�i �D�A�N�A�(�1�9�4�4�)�i�s�t �d�i�e �D�i�G�I�l�t�e�6�,�3�6 士。 �?�0�1�a�n�g�e�g�e�b�e�I�I�I�l�a�e�h

�V�O�M�R�A�T�E�(�1�8�6�7�)�,�,�c�h�e�c�k�e�d �b�y �B�E�R�M�A�N�(�p�r�i�v�.�c�o�m�m�.�)�o�n �a�e�r�y�s�t�a�l

�f�r�o�m �B�o�t�t�i�n�o “ �.�T�&�b�.�9�z�e�i�g�t�,�d�a β �d�i�e �R δ�I�I�t�g�e�I�I�d�i�e�t�l�t�e �f�f�I�r �d�e�n �Z�e�l�l�i�n�h�a�l�t

�c�u�P�M�a�S�b�7�8�2�4�d�e�n �D�i�c�I�I�t�e�m�e�s�s�u�n�g�e�n �v�o�n �P�E�A�C�O�C�K �1�1�1�1�d�S�M�I�T�H �p�r�a�k�t�i�s�c�h
�e�n�t�s�p�r�i�c�h�t�.

�Z�u�s�a�n�:�K�I�n�e�n�f�a�s�s�e�n�d �i�s�t �z�u�r �F�r�a�g�e �d�e�r �c�h�e�m�i�s�e�h�e�n �F�o�r�m�e�l �d�e�s

�M�e�n�e�g�h�i�I�l�i�t�s�z�u �s�&�g�m�L �d 乳β �d�i�e �v�o�n �B�E�R�R�y �u�n�d �M�O�D�D�L�E�(�1�9�4�1�)�v�o�r�-

�g�e�s�e�M�a�g�e�n�e �F�o�r�m�e�l �d�u�r�c�h �d�i�e �s�t�r�u�k�t�u�r�b�e�s�t�i�m�I�I�1�1�1�I�I�g �d�e�r �p�s�e�u�d�o�z�e�l�l�e

�i�n�s�o�f�a�-�n �b�e�s�t�a�t�i�g�t�w�u�r�d�e�p�a�l�s�d�i�e �A�n�z�a�h�l �d�e�r �B�l�e�i�-�,�A�n�t�i�I�I�I�o�n�-�U�I�I�d �S�c�h�w�e�-

�f�e�l�a�t�J�O�I�n�e �e�n�t�s�p�r�e�c�l�l�e�n�d�d�i�e�s�e�r �F�o�r�m�e�l �a�u�f�g�e�f�u�n�d�e�n �W�I�I�I�-�d�e�;�a�u�c�l�l

�e�r�g�a�b�e�n �s�i�e�h �H�i�n�w�e�i�s�e �f�f�I�r �(�l�i�e �z�,�y�-�P�a�r�a�m�e�t�e�r �d�e�r �c�r�A�t�o�m�e �i�n �d�e�r

�w�a�I�K�r�e�n �Z�e�l�k�-

�E�s �1�1�T�u�r�d�e �g�e�z�e�i 阱 �,�d�a β �d�i�e �R�a�u�I�I�I�g�r�u�p�p�e �d�e�r �w�a�h�r�e�n �Z�e�l�l�e�s�i�c�h �v�o�n

�d�e�r �R�a�u�m�g�r�u�p�p�e �d�e�r �P�s�e�u�d�o�z�e�l�l�e�u�n�t�e�r�s�e�h�e�i�d�e�t�.�R�7�&�h�r�e�n�d �d�i�e �z�o�n�a�l�e�n

�A�u�s�l�o�s�e�h�u�n�g�s�g�e�s�e�t�z�e �f�f�I�r �d�i�e �P�s�e�u�d�o�z�e�l�l�e�s�e�n�k�r�e�e�l�k�t �z�u�r �C�E�A�c�h�s�e �e�i�n�e

�b�G�K�i�t�s�p�i�e�g�e�l�e�b�e�n�e �u�n�d�s�e�n�k�r�e�c�h�t �z�1�1�1�.�b�-�A�c�h�s�e �e�i�n�e 悅目 �G�h�i�t�s�p�i�e�g�e�l�-

�e�b�e�n�e �e�r�g�e�b�e�I�L �W�u�r�d�e �f�f�I�r �d�i�e �w�a�h�r�e �Z�e�l�l�e �d�a�I�S�'�,�d�i�E�r�a�c�t�i�o�n �s�y�m�b�o�l “

�p�n�.�.�.�b�e�i �g�l�e�t�h�e�r �A�c�h�s�e�m�m�h�l �g�e�f�u�n�d�e�I�1�.�B�e�i �A�I�m�s�h�m�e �v�o�n

�H�o�l�o�e�d�r�i�e �w�i�i�r恥 �s�i�e�h �d�a�m�m �d�i�e �b�u�m�p 叩 �p�e �D�Z�-�P�n�m�m�e�r�g�e�b�e�n�-

�E�I�a�n �k�a�n�n �s�i�c�h �l�e�i�c�h�t �v�o�r�s�t�e�l�l�e�I�1�,�d�a β �d�i�e �b�G�l�e�i�t�s�p�i�e�g�e�l�e�b�e�n�e �d�e�r �P�s�e�u�d�o�-

�z�e�l�l�e �i�n �d�e�r �w�a�T�I�r�e�n �Z�e�l�l�e �m�i 七 �e�i�n�e�r �v�e�r�v�i�e�l�f�m�h�t�e�n �C�-�T�r�a�n�s�l�a�t�i�o�n �z�u�r

作 �G�l�e�i�m�p�i�e�g�e�l�e�b�e�n�e �w�i�r�d�.�A�b�e�r �e�i�n�e�m�I�E�b�e�n�e �s�e�n�k�r�e�c�h�t �z�u�r �b�m�A�c�h�s�e
�i�s�t �n�a�c�h 立�b�b�.�5�u�n�m�b�o�l�i�c�h�-�D�e�s�l�l�a�l�b �k�o�m�m�t �f�u�r �d�i�e �w�a�h�r�e �Z�e�l�l�e �I�1�1�1�r �d�i�e

申

�R�a趴叩圳�1�u盯�m�1口�I呵�I
�7�.�Z�u�s�a�m�m�e�I�l�f�a�s�s�u�n�g

�M�e�n�e�g�h�i�l�l�i�t �l�u�i�s�t�a�l�l�i�s�i�e�r�b�r�h�o�m�b�i�s�c�h�.�D�i�e �s�b�a�r�k�e�n �R�d�e�x�e �e�r�g�e�b�e�u

�e�i�n�e �p�s�e�u�d�o�z�e�l�l�e �m�i�t α �=�1�1�,�3�6�3 丸 �b�=�2 壘 �,�0�5�7�A�,�C �=�4�9�1�2�%�A �u�n�d

�e�n�t�s�p�r�e�e�l�l�e�n �d�e�r �R�a�u�m�g�r 叩 �p�e �D 立�-�P�b 侃侃 �Z�u�s 批 �z�l�i�c�h �w 盯�d�e�n �v�i�e�r

�Z�.�E�r�i�s�t�a�l�l�O�E�L�B�t�1�.�1�1�3 �2�4



�3�7�0 �R�O�B�E�R�T �E�U�L�E�R �u�n�d �E�R�W�I�N�E 王 �E�L�L�N�E�R

�s�e�h�r �s�e�l�l�W 乳 �c�h�e �Z�w�i�s�e�h�e�n�s�c�h�i�c�h�t�l�i�n�i�e�n �g�e�f�1�1�1�1�d�e�I�L �d�i�e �a�u�f �e�i�n�e 訂�b�e�r�-

�s�t�r�u�l�d�u�r �m�i�t 院 �b �u�n�d�2�4 × �c �= 帥 �,�0�8�A �w�e�i�s�e�n�-�A�I�s �R�a�u�m�g�r�u�p�p�e �d�i�e�s�e�r
�m�l�m�n�Z�e�l�l�e �w�i�r�d�q�t�y�-�P 的 �1例 �a�b�g�e�l�d�t�e�t�D�i�e �a�m �M�e�n�e�g�h�i�n�i�b�b�e�o�b�a�c�h�-
�t�e�t�e�n �F�l�a�c�h�e�n �e�r�h�a�l�t�e�n �m�i�t�d�e�n �G�i的 �e�r�k�O�I�l�s�t�a�n�t�e�n �d�e�r �w�a�l�l�r�e�n �Z�e�l�l�e �v�e�r�-

�e�i�n�f�a�c�h�t�e �I�n�d�i�z�e�s�.�A�h�n�l�i�c�h�e �E�&�l�l�e �e�i�n�e�r �V�e�r�v�i�e�l�f�a�c�h�u�n�g �v�o�n �c 月 �4�A

�B�i�n�d �i�n �d�e�r �G�r�u�p�p�e �d�e�r �S�p�i�e�8�g�l�a�n�z�e�b�e�k�a�n�I�I七 �(�S�T�R�I�T�N�Z�,�1�9�5�7�)�:�z�.�B�.
�F�i�z�e�l�y�i�t �C �=�2 × �4�3�3�6�;�R�a�m�d�o�h�r�i�t�C �=�6 ×生 �,�2�9�;�A�I�l�d�o�r�i�b�c �=�1�2 × �4�,�2�6�,
�s�a�r�t�o�r�i�t �c �=�2�0 × �4�,�1�8�A�.

�D�i�e �k�r�i�s�t�a�l�l�s�t�r�u�k�t�1�1�1�.�d�e�s �M�e�n�e�g�u�n�i�t�s �w�u�r�d�e �m�i 七 �H�i�l�f�e �v�o�n �d�r�e�i�-

�d�i�m�e�n�s�i�o�n�a�l�e�n �P�a�t�t�e�r�s�o�n�-�u�n�d �F�o�u�r�i�e�r�-�S�y�n�t�h�e�s�e�n �d�e�1�.�P�s�e�u�d�o�z�e�l�l�e

�b�e�s�t�i�m�I�n�t�.�D�i�e �P�a�t�t�e�r�s�o�n�-�S�y�n�t�h�e�s�e�n �l�i�e�B�e�n�s�i�c�h �d�u�r�c�h �s�u�p�e�r�p�o�s�i�t�i�o�I�1 日 �-

�m�e�t�h�o�d�e�n�'�,�e�n�t�z�i�E�e�I 叮 �6�u�n�d �d�i�e �d�a�d�u�r�c�h �e�r�h�a�l�t�e�n�e �S�t�r�u�k�t�u�r �w�u�r�d�e �m�i�b
�F�o�u�r�i�e�r�-�S�y�n�t�h�e�s�e�n�u�n�d�n�m�h �d�e�r �M�e�t�h�o�d�e �d�e�r �K�l�e�i�n�s�t�e�n �Q�u�a�d�r�a�t�e

�v�e�r�f�e�i�n�e�r�t�-�i�L�u�s �d�e�m �V�e�r�g�l�e�i�c�h �d�e�r �b�e�o�b�a�c�h�t�e�t�e�n �u�n�d �b�e�r�e�c�h�n�e�t�e�n
�s�t�r�u�k�t�u�r�f�a�k�t�o�r�e�n �v�o�n �6�7�8�R�e�a�e�x�e�n�(�e�i�n�s�c�h�l�i�e β �l�i�c�h �d�e�r �I�l�i�c�h�t �b�e�o�b�a�c�h�t�e�a

�t�e�n �i�n �d�e�r �R�a�u�m�g�r�u�p�p�e �I�I�1�6�g�l�i�c�h�e�n �R�e�a�e�x�e�)�e�r�g�i�b�t�s�i�c�h �e�i�n �R�r�F�a�k�t�o�r

�V�O�I�1�0�,�2�3�7�.�D�i�e �S�t�r�u�k�t�u�r �d�e�s �M�e�n�e�g�h�i�n�i�t�s �b�e�s�t�e�h�t �8�1�1�8�i�n �R�i�c�h�t�u�n�g α

�u�n�d �c �z�u�s�a�I�I�I�m�e�n�h�a�n�g�e�n�i�d�e�n �B�h�i�g�h�n�z�b�e�r�e�i�c�h�e�I�1�.�D�i�e �g�u�t�e �S�p�a�l�t�b�a�r�k�e�i 七

�m�c�h�(�0�1�0�)�l�a β �t �s�i�c�h �a�u�s�d�e�r �S�t�r�u�k�t�u�r �g�u�t �e�r�k�l�b�e�n�-�D�i�e �S�t�e�l�l�u�n�g �d�e�s

�M�e�n�e�g�h�i�I�K�i�t�s �i�n �d�e�r �s�t�r�u�k�t�u�r�d�e�n �E�i�n�t�e�i�l�u�n�g �d�e�r �S�u�l�a�d�i�s�c�h�e�n �M�i�n�e�r�a�l�e

�n�a�c�h �H�E�L�L�N�E�R�(�1�9�5�8�)�w�i�r�d �e�r�b�t�e�r�t�.�D�i�e �i�n �d�e�r �L�i�t�e�r�M�u�r �v�e�r�s�e�h�i�e�d�e�n
�m�g�e�g�e�b�e�n�e �c�h�e�m�i�s�e�l�m�E�o�r�m�e�l �d�e�s �M�e�n�e�g�h�i�n�i�t�s �w�i�r�d �a�u�f �G�r�u�n�d �d�i�m�e�r

�s�t�r�u�k�t�u�r�b�e�S�H�I�n�I�I�1�1�1�n�g �d�i�s�k�u�t�i�e�r�t�.�D�i�e �B�e�r�e�c�h�I�l�u�n�g �d�e�r �p�a�t�t�e�r�s�o�n�-�u�n�d

�F�o�u�r�i�e�r�-�S�y�n�t�h�e�S�O�I�l�,�d�i�e �V�e�r�f�e�i�n�e�r�u�n�g �d�e�r �P�a�r�a�m�e�t�e�r �n�a�c�h �d�e�r�M�e�t�h�o�d�e

�d�e�r �K�l�e�i�n�S�t�e�n �Q�u�a�d�r�a�t�e �u�n�d �d�i�e �A�b�s�t�a�n�d�s�b�e�r�e�c�h�I�l�u�n�g�e�n �w�u�r�d�e�n �m�i 色

的�n�e�m �I�B�E�L�6�5�0 �l�t�f�a�g�n�e�t�b�r�o�I�I�I�I�n�d�r�e�c�T�I�n�e�r �a�u�s�g�e�f�t�i�l�l�r�t�.

�D�e�r �D�e�u�t�s�e�l�l�e�I�I�F�O�I�-�s�e�l�l�u�n�g�s�g�e�m�e�i�n�s�c�h�a�f�t�d�a�n�k�e�n �w�i�r �f�f�I�r �d�i�e �g�r�0�8�.
�z�a�g�i�g�e �U�n�t�e�r�s�t�f�1�t�z�u�n�g �i�n �a�p�p�a�r�M�i�v�e�r �H�i�n�s�i�c�l�u�.�B�e�s�o�n�d�e�r�s �d�u�r�c�h �d�i�e

�A�I�U�G�l�u�t�T�u�n�g �e�l�e�k�t�r�o�n�i�s�C�h�e�r �R�e�c�h�e�I�H�I�l�a�s�c�h�i�n�e�n�(�I�B�M�6�5�0�)�w�u�r�d�e �d�i�e

�D�i�s�k�u�S�S�i�o�n �d�e�r �c�h�e�m�i�s�c�h�e�n �F�o�r�m�e�l �i�m �R�a�h�m�e�n �d�e�r �S�t�r�u�k�t�u�F

�b�e�s�t�i�I�I�I�H�U�m�p�m�e�t�h�o�d�e�n �e�r�s�t �I�I�1�8�g�l�i�c�h�-�H�e�r�r�I�I�P�r�o�f�-�D�r�.�H�.�G�.�F�.�W�I�N�K�L�E�R

�d�a�n�l�t�z�e�n�w�i�r �h�e�r�d�i�c�h �f�k�d�i�e �I�j�n�t�e�r�s�t�i�i�t�z�u�n�g �d�i�m�e�r�U�n�t�e�r�s�u�e�t�l�u�n�g�e�n �d�u�r�e�l�l
�g�r�o�8�z�i�i�g�i�g�e �B�e�r�e�i�t�s�t�e�l�l�u�n�g �a�p�p�a�r�a�t�i�v�e�r �M�i�t�t�e�l �d�e�s �I�n�s�t�i�t�u�t�s�u�n�d �d�u�r�c�h

�s�e�i�n �f�8�r�d�e�r�n�d�e�s �I�n�t�e�r�e�s�s�e�-

�E�d�i�t�e�r�a�t�u�r

�L�V�.�A�z 丘�R�O�F�E�(�1�9�5�5�)�,�P�o�l�a�r�i�z�a�t�m�n �c�o�r�r�c�o�M�O�I�l�f�o�r �e�r�y�s�M�L�m�o�n�o�e�h�r�o�m�a�t�i�z�e�d

�x�r�a�d�i 的�i�o�n�-�A�c�t�a �C�r�y�s�t�l�a�l�l�o�p�-�8�,�7�0�1�7�0�4�.

�L�G�.�B�E�R�R�y �u�n�d �D�.�A�.�Y�I�O�D�D�L�E�(�1�9�4�1�)�,�S�t�u�d�i�e�s �o�f �m�i�n�e�r�a�l �s�u�l�p�h�o�-�s�a�l�t�s�:

�V�-�M�e�n�e�g�t�u�n�i�t�e �f�r�o�m �O�n�t�a�r�i�o �a�n�d �T�o�s�e�a�I�l�a�-�U�n�i�v�.�T�o�r�o�n�t�o �S�t�u�d�i�e�s�,�G�e�o�l�-

�S�e�r�.�N�o�.�4�6�,�5�-�1�7�.



�Z�u�k�r�i�s�t�a�l�l�s�t�r�u�k�t�1�1�1�.�d�e�s �M�e�n�e�g�I�u�n�i�t�s �3�7�1

�L�.�B�O�R�N�,�E�H�E�L�L�N�E�R�u�n�d �E�R�t 沁 �C�H�(�1�9�5�9�)�,�P�r�o�g�r�a�m�m�e �z�u�r �I至 �1�.�i�s�t�a�l�l�s�t�r�u�b�u�r�-

�b�e�g�u�m�I�I�1�1�1�n�g �f�1�1�1�.�d�e�n �I�B�M�6�5�0�-�M�a�g�I 凹的�r�o�m�m�e�l�r�e�e�h�n�e�r �u�n�d �d�i�e �I�B�M�7�0 ι

�R�e�d�e�n�a�n�l�a�g�e�-�F�o�r�t�s�c�l�l�r�-�M�i�n�e�r�-�8�7�,�5�.

�A�.�J�.�B�R�A�D�L�E�Y�(�1�9�3�5�)�,�T�h�e�a�b�s�o�r�p�t�i�o�n �f�a�c�t�o�r �f�o�r �t�h�e �p�o�w�d�e�r �a�n�d �r�o�t�a�t�i�o�n�- 口 �r�y�s�.�.
�t�a�l �m�e�t�h�o�d 自 �o�f�x�-�r�a�y �c�r�y�s�t�a�l �a�n�a�l�y�s�i�s�.�P�r�o�c�.�P�h�y�S�I�G�.�S�o�o�.�[�L�o�n�d�o�n�]�4�7�,�8�7�9�-�8�9�9�.

�J�.�D�.�D�A�N�A�(�1�9�4�4�)�,�T�h�e �S�y�s�t�e�m �o�f �m�i�n�e�r�a�l�o�g�y�,�e�d�.�7�,�V�O�I�-�1�,�b�y �C�.�P�A�L�A�C�E�R

�H�.�B�E�R�M�A�N �a�n�d �C�.�F�R�O�N�D�E�L�-�J�o�h�n �1司�F�I�l�e�y�&�S�o�n�s�,�E�f�e�w �Y�o�r�k�.
�D�.�H�A�R�K�E�R�(�1�9�3�6�)�,�T�h�e �a�P�P�I�K�a�t�i�o�n�o�f �t�h�e �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l �p�a�t�t�e�r�B�O�I�l�m�e�t�h�o�d

�a�n�d 毛�I�I�e �c�r�y�s�t�a�l �s�t�r�u�e�t�u�r�e�s �o�f �P�r�o�u�s�t�1 師 �,�A�g�S�A�S�S�3�,�a�n�d �p�y�r�a�r�g�y�r�i 切 �,�A�g�s�S�b�S�3�.

�J�.�C�h�e�m�.�P�h�y�s�i�c�s 壘 �,�3�8�1�3�9�0�.
�E�H�E�L�L�N�E�R�(�1�9�5�4�)�,�I�n�t�e�n�s�i 甜的�m�e�s�s�I�I�n�g�e�n �a�u�s �A�u�f�n�a�h�m�e�n �i�n �d�e�r �G�u�i�m�e�r�-

�E�E�a�I�I�I�e�r�a�-�Z�.�I�i�r�i�s�t�a�l�l�o�g�I�.�.�1�0�6�,�1�2�2�1�4�5�.

�(�1�9�5�6�)�,�Z�u�r �S�t�I�B�I�l�l王�t�u�r�b�e�S�H�I�n�I�I�l�u�n�g �m�i�t �H�1�I�f�e �v�o�n �8�1�1�1�3�e�r�p�o�s�i�t�I�o�n�s�I�I�I 的�h�o�d�e�n�-

�z�k�r�i�s�t�a�l�l�o�g�r�.�1�0�8�, 但一 �8�1�.
一 �(�1�9�5�7�)�,�C�b�e�r �e�i�n�o�A�n�a�l�o�g �M�a�s�c�h�i�n�e �z�1�1�1�.�B�e�r�e�c�h�I�1�1�1�n�g �v�o�n �S 七�r�u�k�t�U�r�f�a�k�t�o�r�e�n

�m�i�t�H�i�l�f�e �v�o�n �D�r�e�h�t�r�a�n�s�f�o�r�m 訕。�r�e�I�1�.�A�c�t�a�C�r�y�s�t�a�l�l�o�p�-�1�0�,�7�4�0�.
一 �(�1�9�5�8�)�,�A�s�u�u�c�h�I�r�a�l�s�c�h�e�m�e �f�o�r �t�h�e �s�u�l�a�d�e �m�i�n�e�r�a�l�s�.�J�.�G�o�o�l�o�g�y 帥 �,�5�0�3 ← �5�2�5�.

�u�n�d �G�.�L�E�I�N�E�1�1�7�E�B�E�R�(�1�9�5�6�a�)�,�I�T�b�e�r �k�o�m�p�l�e�x �z�u�s�a�m�m�e�I�I�p�s�e�t�z�t�e�S�u�l�a�d�s�c�h�e

�E�r�z�e �l �z�u�r �s�u�u�k�t�u�r �d�c�s �B�o�u�r�n�o�n�i�t 日 �,�p�b�C�I�I�S�b�8�3�1�1�n�d �s�e�I�i�g�m�a�n�n�1 的 �,�P�b�C�u�A�s�S�3�.

�Z�.�k�r�i�s�t�a�l�l�o�g�E�.�.�1�0�7�,�1�5�0�-�1�5�4�.
一一 �(�1�9�5�6�b�)�,�Z�u�r �I�M�e�n�s�i 抽�t�s�I�I�I 凹�s�u�n�g �v�o�n �R�O�I�I�t�g�e�n�i�n�t�e�r�f�e�r�e�n�z�e�I�1�8�1�1�8�F�I�l�m�e�n �I�.

�I�J�b�e�r �e�I�I�I�'�,�I�I�n�e�a�r�u�r�e�g�1�s�t�r�I�e�r�e�n�d�e�s�M�i�k�r�o�p�h�o�t�o�m�e�t�e�r�-�Z�.�k�r�i�s�t�a�l�l�o�g�I�.�.�1�0�8�,

�4�4 ← �5�1�.

�C�.�H�I�N�T�Z�E�(�1�8�8�4�)�,�B�e�I�H�e�r�l�u�I�n�g�e�n �d�e�s �R�e�f�e�r�e�n�t�e�n �z�u�r �I�s�o�m�o�r�p�h�i�e �d�e�s �J�o�r�d�a�n�E�b

�u�n�d �M�e�n�e�g�h�i�n�i�t�.�Z�.�k�r�i�s�t�a�l�l�o�g�r�.�9�,�2�9�4�-�2�9�6�.

�(�1�9�0�4�)�,�H�a�n�d�b�u�e�h �d�o�r�M�i�n�e�r�a�l�o�g�i�e�,�I �B�a�n�d�,�1�.�A�b�t�e�i�l�u�n�g�-�V�e�i�t�&�C�o�m�p�.�,

�L�e�i�p�z�i�g�-

�W�.�H�O�E�M�A�N�E�f�(�1�9�3�3�8�)�,�S�t�r�u�L�E�t�u�r�d�e �u�n�d �m�o�r�p�h�o�l�o�g�m�e�h�e �Z�1�1�8 個�m�e�n�h�a�n�g�e�b�m
�E�r�z�e�n �v�o�m �I�f�o�r�m�e�l�t�y�p �A�B�C�2�.�L �D�1研討 �t�l�r�u�k�t�u�r �V�O�I�1�1�W�o�l�f�s�b�e�r�g�i�t �C�u�S�b�S�2�u�n�d

�E�m�P�I�c�k�t�i�t�e�u�B�I�S�2�I�I�I�I�d �d�e�r�e�n �B�e�z�I�e�l�l�u�n�g�e�n �z�u �d叫做�r�u�b�u�r �v�o�n �A�n�t�i�m�o�n�i�b

�s�b�2�8�3�.�Z �K�r�I�S�t�a�l�l�o�g�r�. 阱 �,�1�7�7�-�2�0�3�.
一 �(�1�9�3�3�b�)�,�D�I�e�h�r�u�L�E�t�I�I�I�-�d�e�r�M�i�n�e�r�a�l�e�d�e�r �A�n�t�i�m�o�n�i�t�g�r�u�p�p�6�.�Z�.�k�r�i�s�t�a�l�l�o�g�r�. 帥 �,

�2�2�5�-�2�4�5�.
一 �(�1�9�3�5�)�,�E�r�g�e�b�n�i�s�s�o�d�e�r �S�t叩 �k�t�u�r�b�e�s�t�m�I�I�1�1�1�n�g�k�o�m�p�l�e�x�e�r �S�u�l�f�i�d�e�-�I�L �B�e�I�t�r�a�g

�z�u�r �k�r�i�s�t�a�l�l�d�e�m�i�e �d�e�r �t�4�1�1�1�f�o�s�a�k�e�d�e�s�A�r�s�e�I�1 日 �,�A�n�t�i�m�o�n�s�u�n�d �1�V�i�s�m�u�t�s�-

�z�k�r�i�s�t�a�l�l�o�g�1�.�. 肘 �,�1�7�4�1�8�5�.

�I�n�t�e�r�n�a�t�i�o�n�a�l�e �T�a�b�e�l�l�c�n �z�u�r �B�e�s�t�i�I�I�I�I�I�l�u�n�g �v�o�n �I王�r�i�s�t�a�l�l�s�t�r�u�k�t�u�r�e�I�1�,�1�.�u�n�d

�2�.�B�a�n�d�.�G�e�b�r�u�d�e�r �B�o�r�n�u�m�a�e�g�e�L�B�e�r�l�i�n�1�9�3�5�.

�I�n�t�e�r�n�a�t�i�o�n�a�l �T�a�b�l�e�s �f�o�r �X�-�R�a�l�y �C月前 �a�l�l�o�g�r�a�p�h�y�.�T�h�e�I�i�y�n�o�c�h �P�r�e�s�s�,�B�i�r�m�i�n�R�h�a�I�I�1�,

�E�n�g�l�a�n�d�1�9�5�2�.

�J�.�A�.�I�t�R�I�E�N�N�E�R�(�1�8�8�3�)�,�C�b�e�r �d�e�n �M�e�n�e�g�h�m 此 �v�o�n �B�o�t�b�I�I�1



�3�7�2 �R�O�B�E�R�T �E�I�T�L�E�B �u�n�d �E�R�W�I�N �E�E�L�L�N�B�B

的�u�d�i�e�s�o�f�s�u�l�p�h�o�s�a�l�t�s�:�b�a�l�l�m�h�a�u�e�r�i�t�e�,�m�e�n�e�g�h�m�i�t�e�,�j�o�r�d�a�n�i�t�h�d�i�a�p�h�o�r�i 的 �,
�f�r�e�i 凹�l�e�b�e�n�i ω �.�A�m�e�r�.�M�i�n�.�2�3�,�8�2�1�-�8�3�6�.

�G�-�V�O�M �R�A�T�E �(�1�8�6�7�)�,�M�i�n�e�r�a�l�o�g�1 日�c�h�B�M 泌的 �i�l�u�n�g�e�I�L �A�n�n�.�p�h�y�s�i�k�1�8�2�,�3�7�2�-�4�0�4�.
�S�.�C�.�R�O�B�I�N�S�O�N�(�1�9�4�8�)�,�S�b�u�d�i�e�s �o�f �m�1�n�e�r�a�l�s�u�l�p�h�O�E�S�a 批�s�:�X�I�V�-�A�r�t�i�a�c�i�a�l �s�u�l�p�h�.

�a�I�I�M�I�I�I�O�I�I�i�b�e�s�o�f �h�a�d�-�I�T�I�1�i�v�.�T�o�r�o�n�t�o �S�M�d�i�e�s�,�G�e�o�l�.�S�e�r�.�N�0�. 的 �,�5�4�-�7�0�.

�M�.�E�.�S�E�X�K�O �a�n�d �D�.�E�.�T�E�M�P�L�E�T�O�N�(�1�9�5�6�)�,�I�d�e�a�s�b�s�q�u�a�r�e�s�I�I�,�o�p 凹的 �1�n�g �i�n�E

�s 七�r�u�c�t�i�o�n�s�.�U�n�i�v�.�o�f �C�a�l�i�f�o�r�n�i�a �R�a�d�i�a�t�i�o�n �L�a�b�o�r 的 �o�r�y�,�B�6�r�k�e�l�e�y�,�C�a�I�I�f�o�r�I�l�i�a�-

�M�.�N�.�S�H�O�R�T �(�1�9�4�0�)�,�M�i�c�r�o�s�c�o�p�i�o�d 白色的 �I�I�I�I�I�l�a�t�i�O�I�1�o�f �t�h�e �o�r�e�-�m�i�n�e�r�a�l�s�-�U�.�S�.�G�e�o�l�.

�S�u�r�v�.�,�B�u�l�l�.�9�1�4�.

�H�.�S�T�R�I�T�N�Z�(�1�9�5�7�)�,�M�i�n�e�r�a�l�o�g�i�s �U �h�e �T�a�b�e�l�l�e�I�U�3�.�A�u�a�.�A�k�a�d�e�I�E�l�i�s�o�h�e�V�e�r�l�a�g�s�-

�g�e�s�e�l�l�s�u�h�a�f�t�G�e�e�s�b �u�n�d �P�o�r�b�i�g�,�L�e�i�p�z�i�g�.

�F�.�E�.�W�I�C�E�M�A�N�(�1�9�5�3�)�,�T�h�e�o�r�y�s�M�l �s�b 凹的盯�e�o�f �a�k�i�n�i 悅 �,�C�u�P�b�m�s�3�.�A�r�k�w

�M�i�n�e�r�a�l�o�g�-�G�e�o�1�.�1�,�5�0�1�-�5�0�7�.

�A�.�Z�A�L�K�I�N �u�n�d �R�.�E�.�J�O�N�E�S �(�1�9�5�6�)�,�I�n�c�o�r �I �p�r�o�g�r�a�m �f�o�r �S�I�n�g�l�e �o�1�3�7�8個�l �X�-�r�a�y

�d�1 宙間的�i�o�n �d�a�t�a�.�U�n�i�v�.�o�f �C�a�l�l�f�o�r�m�a �R�a�d�i�a�h�o�n �L�a�b�o�r�a�$�0�1�7�,�B�e�r�k�e�l�e�y �a�n�d

�L�i�v�G�1�.�m�m�m�C�a�l�i�f�o�r�m�a�.


