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 �C�F�T�D�I�S�J�F�C�F�O �V�O�E �P�Q�U�J�N�J�F�S�U�
 �X�¤�I�S�F�O�E 	Ð�¼�S �E�F�O
�.�$�5 �F�J�O�F �U�F�J�M�B�O�B�M�Z�U�J�T�D�I�F �0�Q�U�J�N�J�F�S�V�O�H�T�S�P�V�U�J�O�F �[�V�S �"�O�X�F�O�E�V�O�H �L�P�N�N�U�� �%�F�S
�W�P�S�H�F�T�D�I�M�B�H�F�O�F �.�P�E�F�M�M�J�F�S�V�O�H�T�� �V�O�E �0�Q�U�J�N�J�F�S�V�O�H�T�Q�S�P�[�F�T�T �X�J�S�E �B�O�T�D�I�M�J�F�T��
�T�F�O�E �E�V�S�D�I �E�B�T �%�F�T�J�H�O �W�P�O �[�X�F�J166 kW��7 kV �5�S�B�O�T�G�P�S�N�B�U�P�S�Q�S�P�U�P�U�Z�Q�F�O �	�E���I��
�F�J�O�F�T �"�$�5 �V�O�E �F�J�O�F�T �.�$�5�
 �U�I�F�P�S�F�U�J�T�D�I �V�O�E �F�Y�Q�F�S�J�N�F�O�U�F�M�M �W�F�S�J
W�[�J�F�S�U�� �%�F�S
�%�F�T�J�H�O�Q�S�P�[�F�T�T �V�N�G�B�T�T�U �E�F�U�B�J�M�M�J�F�S�U�F �#�F�U�S�B�D�I�U�V�O�H�F�O �C�F�[�¼�H�M�J�D�I �F�M�F�L�U�S�J�T�D�I�F�S �*�T�P��
�M�B�U�J�P�O�
 �,�¼�I�M�V�O�H �V�O�E �"�C�T�D�I�J�S�N�V�O�H �W�P�O �N�B�H�O�F�U�J�T�D�I�F�O �4�U�S�F�V
X�¼�T�T�F�O �J�O �E�F�S
�6�N�H�F�C�V�O�H �E�F�S �.�'�5�T�� �&�J�O�F �H�S�¼�O�E�M�J�D�I�F �F�Y�Q�F�S�J�N�F�O�U�F�M�M�F �7�B�M�J�E�J�F�S�V�O�H �E�F�S �C�F�J�E�F�O
�1�S�P�U�P�U�Z�Q�F�O�
 �E�J�F �F�J�O�F �7�J�F�M�[�B�I�M �W�P�O �.�F�T�T�V�O�H�F�O �C�F�J�O�I�B�M�U�F�U �X�J�F �[�V�N �#�F�J�T�Q�J�F�M
�,�M�F�J�O�T�J�H�O�B�M�J�N�Q�F�E�B�O�[�N�F�T�T�V�O�H�F�O�
 �(�S�P�T�T�T�J�H�O�B�M�U�F�T�U�T�
 �7�F�S�M�V�T�U�N�F�T�T�V�O�H�F�O�
 �.�F�T��
�T�V�O�H �E�F�S �U�I�F�S�N�J�T�D�I�F�O �;�F�J�U�L�P�O�T�U�B�O�U�F�O�
 �E�F�S �N�B�H�O�F�U�J�T�D�I�F�O �4�U�S�F�V
X�V�T�T�E�J�D�I�U�F�O
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�J�O �E�F�S �6�N�H�F�C�V�O�H �N�J�U �V�O�E �P�I�O�F �"�C�T�D�I�J�S�N�V�O�H�
 �*�T�P�M�B�U�J�P�O�T�U�F�T�U�T�
 �T�P�X�J�F �F�J�O�F
�E�F�U�B�J�M�M�J�F�S�U�F �$�I�B�S�B�L�U�F�S�J�T�J�F�S�V�O�H �E�F�S �E�J�F�M�F�L�U�S�J�T�D�I�F�O �7�F�S�M�V�T�U�F �J�O �E�F�O �*�T�P�M�B�U�J�P�O�T��
�N�F�E�J�F�O�
 �[�F�J�H�U �E�J�F �W�P�M�M�F �'�V�O�L�U�J�P�O�T	Ð�¤�I�J�H�L�F�J�U �C�F�J�E�F�S �1�S�P�U�P�U�Z�Q�F�O �V�O�E �F�S�N�¶�H�M�J�D�I�U
�T�D�I�M�J�F�T�T�M�J�D�I �F�J�O�F�O �F�Y�Q�F�S�J�N�F�O�U�F�M�M �C�S�F�J�U �B�C�H�F�T�U�¼�U�[�U�F�O �7�F�S�H�M�F�J�D�I �E�F�S �C�F�J�E�F�O �,�P�O��
�[�F�Q�U�F�� �%�F�S �"�$�5���1�S�P�U�P�U�Z�Q �	16”5 kW•kg�
2”2 kW•dm3�
 �F�S�S�F�J�D�I�U �F�J�O�F�O �H�F�N�F�T�T�F��
�O�F�O �7�P�M�M�M�B�T�U�X�J�S�L�V�O�H�T�H�S�B�E �W�P�O99”5 %�C�F�J �E�F�S �#�F�U�S�J�F�C�T�G�S�F�R�V�F�O�[ �W�P�O77”4 kHz��
�%�F�S �.�$�5���1�S�P�U�P�U�Z�Q �	6”7 kW•kg�
5”4 kW•dm3�
 �X�J�S�E �B�V�G�H�S�V�O�E �E�F�T �W�F�S�X�F�O�E�F�U�F�O
�,�F�S�O�N�B�U�F�S�J�B�M�T �C�F�J40”0 kHz �C�F�U�S�J�F�C�F�O �V�O�E �F�S�S�F�J�D�I�U �F�J�O�F �H�F�N�F�T�T�F�O�F �7�P�M�M�M�B�T�U�F�G��

W�[�J�F�O�[ �W�P�O99”7 %�� �#�F�J �7�F�S�X�F�O�E�V�O�H �W�P�O10 kV�4�J�$���.�0�4�'�&�5�T �[�V�S �3�F�B�M�J�T�J�F�S�V�O�H
�E�F�S �4�D�I�B�M�U�T�U�V�G�F�O �E�F�T �%�$���5�S�B�O�T�G�P�S�N�B�U�P�S�T �L�¶�O�O�F�O �B�V�G �E�F�S �4�Z�T�U�F�N�F�C�F�O�F �T�P
�%�$���%�$���8�J�S�L�V�O�H�T�H�S�B�E�F �W�P�O99”0 %	Ð�¼�S �E�F�O �"�$�5���%�9�$ �V�O�E �W�P�O99”2 %	Ð�¼�S �E�F�O
�.�$�5���%�9�$ �F�S�S�F�D�I�O�F�U �X�F�S�E�F�O�� �%�J�F �H�S�B�W�J�N�F�U�S�J�T�D�I�F�O �-�F�J�T�U�V�O�H�T�E�J�D�I�U�F�O �E�F�S �(�F��
�T�B�N�U�T�Z�T�U�F�N�F �C�F�U�S�B�H�F�O9”7 kW•kg 	Ð�¼�S �E�F�O �"�$�5���%�$�9 �V�O�E5”6 kW•kg 	Ð�¼�S �E�F�O
�.�$�5���%�$�9�
 �X�P�N�J�U �E�J�F �H�V�U�F �&�J�H�O�V�O�H �E�F�T �"�$�5���,�P�O�[�F�Q�U�T 	Ð�¼�S �E�J�F �3�F�B�M�J�T�J�F�S�V�O�H
�W�P�O �M�F�J�D�I�U�F�O �,�P�O�W�F�S�U�F�S�T�Z�T�U�F�N�F�O �C�F�T�U�¤�U�J�H�U �X�J�S�E��

�;�V�T�¤�U�[�M�J�D�I �[�V �E�F�O �P�C�F�O �V�N�S�J�T�T�F�O�F�O �)�F�S�B�V�T�G�P�S�E�F�S�V�O�H�F�O �T�U�F�M�M�F�O �T�J�D�I �C�F�J �E�F�S
�3�F�B�M�J�T�J�F�S�V�O�H �W�P�O �.�J	R�F�M�T�Q�B�O�O�V�O�H�T���.�'�5�T �'�S�B�H�F�O �I�J�O�T�J�D�I�U�M�J�D�I �E�F�S �F�J�O�H�F�T�F�U�[�U�F�O
�,�P�O�W�F�S�U�F�S�U�P�Q�P�M�P�H�J�F�O �V�O�E �E�F�S �-�F�J�T�U�V�O�H�T�I�B�M�C�M�F�J�U�F�S�
 �E�B �J�O �W�J�F�M�F�O �"�O�X�F�O�E�V�O��
�H�F�O �E�J�F �W�P�O �.�7 �%�$���%�$���,�P�O�W�F�S�U�F�S�O �C�F�O�¶�U�J�H�U�F�O �)�B�M�C�M�F�J�U�F�S�T�Q�F�S�S�T�Q�B�O�O�V�O�H�F�O
�E�J�F �4�Q�F�[�J
W�L�B�U�J�P�O�F�O �T�F�M�C�T�U �N�P�E�F�S�O�T�U�F�S �I�F�V�U�F �W�F�S	Ð�¼�H�C�B�S�F�S �4�J�M�J�[�J�V�N�L�B�S�C�J�E�M�F�J�T��
�U�V�O�H�T�I�B�M�C�M�F�J�U�F�S�
 �E���I��10 kV�P�E�F�S15 kV�4�J�$ �.�0�4�'�&�5�T �P�E�F�S �*�(�#�5�T�
 �¼�C�F�S�T�D�I�S�F�J�U�F�O��
�,�¼�S�[�M�J�D�I �W�F�S�¶
V�F�O�U�M�J�D�I�U�F �'�P�S�T�D�I�V�O�H�T�B�S�C�F�J�U�F�O �I�B�C�F�O �E�B�I�F�S �E�F�O �T�P�H�F�O�B�O�O�U�F�O
	^�B�T�J��	:���-�F�W�F�M�C�F�U�S�J�F�C �	�2	:�-�
 �W�P�O �W�F�S�T�D�I�J�F�E�F�O�F�O �.�V�M�U�J�M�F�W�F�M�C�S�¼�D�L�F�O�[�X�F�J�H�T�U�S�V�L��
�U�V�S�F�O �V�O�U�F�S�T�V�D�I�U �V�O�E �B�M�T �J�O�U�F�S�F�T�T�B�O�U�F �0�Q�U�J�P�O �[�V�S �3�F�B�M�J�T�J�F�S�V�O�H �W�P�O �O�J�D�I�U��
�N�P�E�V�M�B�S�F�O �.�7 �%�$���%�$���,�P�O�W�F�S�U�F�S�O �	�V�O�E �B�O�E�F�S�F�S �E�J�S�F�L�U �B�O �.�7 �B�O�H�F�C�V�O��
�E�F�O�F�S �M�F�J�T�U�V�O�H�T�F�M�F�L�U�S�P�O�J�T�D�I�F�S �,�P�O�W�F�S�U�F�S�T�Z�T�U�F�N�F�
 �J�E�F�O�U�J
W�[�J�F�S�U�� �*�N �7�F�S�H�M�F�J�D�I
�[�V �L�P�O�W�F�O�U�J�P�O�F�M�M�F�O �3�F�B�M�J�T�J�F�S�V�O�H�F�O �W�P�O �.�V�M�U�J�M�F�W�F�M�C�S�¼�D�L�F�O�[�X�F�J�H�F�O �[�F�J�D�I�O�F�O
�T�J�D�I �2	:�-���.�V�M�U�J�M�F�W�F�M�C�S�¼�D�L�F�O�[�X�F�J�H�F �E�V�S�D�I �N�J�O�J�N�J�F�S�U�F �L�B�Q�B�[�J�U�J�W�F �&�O�F�S�H�J�F�T�Q�F�J��
�D�I�F�S �B�V�T�� �"�V�D�I �H�F�H�F�O�¼�C�F�S 	:���-�F�W�F�M���#�S�¼�D�L�F�O�[�X�F�J�H�F�O�
 �E�J�F �N�J�U �I�P�D�I�T�Q�F�S�S�F�O�E�F�O
�4�J�M�J�[�J�V�N�L�B�S�C�J�E�I�B�M�C�M�F�J�U�F�S�O �N�J	R�M�F�S�F�O �S�F�B�M�J�T�J�F�S�U �X�F�S�E�F�O �L�¶�O�O�U�F�O �	�T�P�X�F�J�U �B�V�G��
�H�S�V�O�E �E�F�S �4�Z�T�U�F�N�T�Q�B�O�O�V�O�H �N�¶�H�M�J�D�I�
�
 �T�J�O�E �E�J�F �U�J�F�G�F�S�F�O �4�Q�B�O�O�V�O�H�T�T�U�F�J�M�I�F�J�U�F�O
�E�F�S �2	:�-���4�D�I�B�M�U
X�B�O�L�F�O �B�M�T �W�P�S�U�F�J�M�I�B	O �I�J�O�T�J�D�I�U�M�J�D�I �&�.�7���'�J�M�U�F�S�V�O�H �V�O�E �S�F�E�V��
�[�J�F�S�U�F�S �#�F�B�O�T�Q�S�V�D�I�V�O�H �W�P�O �*�T�P�M�B�U�J�P�O�T�Z�T�U�F�N�F�O�
 �C�F�J�T�Q�J�F�M�T�X�F�J�T�F �W�P�O �.�'�5�T�
 �[�V
�C�F�X�F�S�U�F�O�� �7�P�O �C�F�T�P�O�E�F�S�F�N �*�O�U�F�S�F�T�T�F �T�J�O�E �J�N �2	:�-���#�F�U�S�J�F�C �B�V�T�H�F	Ð�¼�I�S�U�F �'�M�Z�J�O�H��
�$�B�Q�B�D�J�U�P�S���,�P�O�W�F�S�U�F�S �	
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S �D�P�O�W�F�S�U�F�S�T�
 �'�$�$�T�
 �B�V�G�H�S�V�O�E �E�F�S �U�J�F�G�F�O
�,�P�N�Q�P�O�F�O�U�F�O�[�B�I�M �V�O�E �E�F�T �'�F�I�M�F�O�T �W�P�O �[�V�T�¤�U�[�M�J�D�I�F�O �#�F�T�D�I�B�M�U�V�O�H�T�O�F�U�[�X�F�S�L�F�O�

�[���#���
 �[�V�S �œ�C�F�S�T�Q�B�O�O�V�O�H�T�C�F�H�S�F�O�[�V�O�H �P�E�F�S �4�J�D�I�F�S�T�U�F�M�M�V�O�H �W�P�O �T�Z�N�N�F�U�S�J�T�D�I�F�S
�#�F�B�O�T�Q�S�V�D�I�V�O�H �W�P�O �,�P�N�Q�P�O�F�O�U�F�O��

�Y�W�J�J



�,�V�S�[�G�B�T�T�V�O�H

�%�F�T�I�B�M�C �X�J�S�E �J�N �[�X�F�J�U�F�O �5�F�J�M �E�F�S �W�P�S�M�J�F�H�F�O�E�F�O �"�S�C�F�J�U �E�F�S �2	:�-���#�F�U�S�J�F�C
�F�J�O�F�S 	=���-�F�W�F�M �'�$�$���)�B�M�C�C�S�¼�D�L�F �		=�-���'�$�$�
 �V�O�U�F�S�T�V�D�I�U �N�J�U �E�F�N �;�J�F�M�
 �F�J�O�F �W�J�F�M�T�F�J��
�U�J�H �F�J�O�T�F�U�[�C�B�S�F�
 �L�P�N�Q�B�L�U�F �V�O�E �J�O�U�F�H�S�J�F�S�U�F �)�B�M�C�M�F�J�U�F�S�T�D�I�B�M�U�T�U�V�G�F 	Ð�¼�S �I�B�S�U�� �V�O�E
�X�F�J�D�I�H�F�T�D�I�B�M�U�F�U�F �"�O�X�F�O�E�V�O�H�F�O �[�V �T�D�I�B
V�F�O�
 �J�O �E�F�S �E�J�F �4�Z�T�U�F�N�T�Q�B�O�O�V�O�H �E�J�F
�4�Q�F�S�S�T�Q�B�O�O�V�O�H�F�O �W�F�S	Ð�¼�H�C�B�S�F�S �-�F�J�T�U�V�O�H�T�I�B�M�C�M�F�J�U�F�S �¼�C�F�S�T�D�I�S�F�J�U�F�U��

�;�V�O�¤�D�I�T�U �X�J�S�E �F�J�O �œ�C�F�S�C�M�J�D�L �¼�C�F�S �E�F�O �4�U�B�O�E �E�F�S �5�F�D�I�O�J�L �[�V�S �3�F�B�M�J�T�J�F�S�V�O�H
�F�J�O�F�S �E�F�S�B�S�U�J�H�F�O �)�B�M�C�M�F�J�U�F�S�T�D�I�B�M�U�T�U�V�G�F 	Ð�¼�S �.�J	R�F�M�T�Q�B�O�O�V�O�H �H�F�H�F�C�F�O�
 �E���I�� �E�J�F
�E�J�S�F�L�U�F �4�F�S�J�F�O�T�D�I�B�M�U�V�O�H �W�P�O �-�F�J�T�U�V�O�H�T�I�B�M�C�M�F�J�U�F�S�O�
 �,�B�T�L�P�E�F�O�T�D�I�B�M�U�V�O�H�F�O�
 �P�E�F�S
�.�V�M�U�J�M�F�W�F�M�T�U�S�V�L�U�V�S�F�O �X�J�F �E�F�O �N�P�E�V�M�B�S�F�O �.�V�M�U�J�M�F�W�F�M�L�P�O�W�F�S�U�F�S �	�N�P�E�V�M�B�S �N�V�M�U�J��
�M�F�W�F�M �D�P�O�W�F�S�U�F�S�
 �.�.�$�
 �V�O�E �E�F�O �'�$�$�� �%�F�S �7�F�S�H�M�F�J�D�I �E�J�F�T�F�S �"�O�T�¤�U�[�F �C�F�T�U�¤�U�J�H�U�

�E�B�T�T �E�F�S �N�J�U �2	:�-���.�P�E�V�M�B�U�J�P�O �C�F�U�S�J�F�C�F�O�F �'�$�$ �F�J�O�F �T�F�I�S �W�J�F�M�W�F�S�T�Q�S�F�D�I�F�O�E�F
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�R
�*�O�U�S�P�E�V�D�U�J�P�O

�8 	o	z	n�U�I�F �X�P�S�M�E�X�J�E�F �H�P�B�M �U�P �M�J�N�J�U �U�I�F �H�M�P�C�B�M �X�B�S�N�J�O�H �U�P1”5�9 �B�C�P�W�F �Q�S�F��
�J�O�E�V�T�U�S�J�B�M �M�F�W�F�M�T�
 �U�I�F �D�B�S�C�P�O �F�N�J�T�T�J�P�O�T �N�V�T�U �C�F �S�F�E�V�D�F�E �T�J�H�O�J
W�D�B�O�U�M�Z��

�"�D�D�P�S�E�J�O�H �U�P �*�O�U�F�S�O�B�U�J�P�O�B�M �1�B�O�F�M �P�O �$�M�J�N�B�U�F �$�I�B�O�H�F �	�*�1�$�$�
�
 �U�I�F �U�S�B�O�T�Q�P�S�U
�T�F�D�U�P�S �J�T �S�F�T�Q�P�O�T�J�C�M�F �G�P�S �B 	9	<�� �D�P�O�U�S�J�C�V�U�J�P�O �U�P �H�M�P�C�B�M �F�N�J�T�T�J�P�O�T �<	9�>�
 �X�I�F�S�F�B�T �J�O
�&�V�S�P�Q�F �J�U �B�D�D�P�V�O�U�T �V�Q �U�P 	:	=�� �P�G �B�M�M �F�N�J�T�T�J�P�O�T �<	:�>�
 �B�O�E �J�O �U�I�F �6�4 �J�U �J�T �F�W�F�O �B 	:	A��
�T�I�B�S�F �<	;�>�� �*�O �U�I�J�T �D�P�O�U�F�Y�U�
 �U�I�F �H�P�B�M �P�G �U�S�B�O�T�Q�P�S�U �E�F�D�B�S�C�P�O�J�[�B�U�J�P�O �D�B�O �C�F �N�F�U
�C�Z �F�M�F�D�U�S�J
W�D�B�U�J�P�O �X�I�J�D�I �D�P�N�C�J�O�F�T �B�O �F�O�F�S�H�Z �F
Y�D�J�F�O�U �Q�P�X�F�S �U�S�B�J�O �T�Z�T�U�F�N�T
�X�J�U�I �U�I�F �P�Q�Q�P�S�U�V�O�J�U�Z �U�P �V�T�F �O�P�O���G�P�T�T�J�M �G�V�F�M�T�
 �F�T�Q�F�D�J�B�M�M�Z �F�M�F�D�U�S�J�D �F�O�F�S�H�Z �G�S�P�N
�S�F�O�F�X�B�C�M�F �T�P�V�S�D�F�T��

�"�T �D�B�O �C�F �T�F�F�O �G�S�P�N �B�O�O�V�B�M �F�M�F�D�U�S�J�D�J�U�Z �D�P�O�T�V�N�Q�U�J�P�O �Q�S�P�K�F�D�U�J�P�O�T �Q�S�F�T�F�O�U�F�E
�J�O�'�J�H�� �v���v�
 �D�V�S�S�F�O�U�M�Z �U�I�F �F�M�F�D�U�S�J�D�J�U�Z �E�F�N�B�O�E �G�P�S �U�S�B�O�T�Q�P�S�U �J�T �N�B�S�H�J�O�B�M�
 �I�P�X�F�W�F�S
�J�U �J�T �Q�S�P�K�F�D�U�F�E �U�P �J�O�D�S�F�B�T�F �V�Q �U�P6� �J�O �U�I�F �&�6 �B�O�E �V�Q �U�P32� �J�O �U�I�F �6�4 �C�Z
	:	8	=	8 �<	:�
 	<�>�� �'�V�S�U�I�F�S�N�P�S�F�
 �J�U �J�T �F�T�U�J�N�B�U�F�E �U�I�B�U �J�O 	:	8	=	8 �J�O �&�V�S�P�Q�F �U�I�F �F�M�F�D�U�S�J�D�J�U�Z
�X�J�M�M �B�D�D�P�V�O�U �G�P�S �V�Q �U�P 	A�� �P�G �U�P�U�B�M �F�O�F�S�H�Z �D�P�O�T�V�N�Q�U�J�P�O �J�O �U�I�F �U�S�B�O�T�Q�P�S�U �T�F�D�U�P�S�

�B �O�J�O�F���G�P�M�E �J�O�D�S�F�B�T�F �D�P�N�Q�B�S�F�E �U�P 	:	8	:	8 �<	=�>�� 	_�J�T �E�F�W�F�M�P�Q�N�F�O�U �J�T �B	R�S�J�C�V�U�F�E �U�P
�F�M�F�D�U�S�J�D �W�F�I�J�D�M�F�T �	�&�7�T�
 �Q�F�O�F�U�S�B�U�J�P�O �J�O �U�I�F �S�P�B�E �U�S�B�O�T�Q�P�S�U �B�O�E �Q�B�S�U�M�Z �E�S�J�W�F�O �C�Z
�U�I�F �T�V�C�T�U�J�U�V�U�J�P�O �P�G �E�J�F�T�F�M���Q�P�X�F�S�F�E �M�P�D�P�N�P�U�J�W�F�T �X�J�U�I �F�M�F�D�U�S�J�D �U�S�B�D�U�J�P�O �W�F�I�J�D�M�F�T
�J�O �S�B�J�M �U�S�B�O�T�Q�P�S�U�� 	_�P�T�F �Q�S�P�K�F�D�U�J�P�O�T �T�F�F�N �U�P �C�F �J�O �M�J�O�F �X�J�U�I �N�P�S�F �U�I�B�O 	:	8
�D�P�V�O�U�S�J�F�T �B�O�O�P�V�O�D�J�O�H �Q�M�B�O�T �U�P �F�O�E �U�I�F �T�B�M�F �P�G �E�J�F�T�F�M �B�O�E �H�B�T�P�M�J�O�F �D�B�S�T �C�F�U�X�F�F�O
	:	8	;	8 �B�O�E 	:	8	<	8 �<	>�> �B�O�E �N�B�O�Z �B�V�U�P�N�B�L�F�S�T �Q�M�F�E�H�J�O�H �U�P �C�F�D�P�N�F �D�B�S�C�P�O �O�F�V�U�S�B�M
�P�S �à�G�V�M�M�Z �F�M�F�D�U�S�J�D�á �N�B�O�V�G�B�D�U�V�S�F�S�T �C�Z 	:	8	<	8 �<	?�>��

�*�O �U�I�F �M�B�U�F�T�U �T�U�V�E�Z �P�O �F�M�F�D�U�S�J
W�D�B�U�J�P�O �P�G �U�I�F �U�S�B�O�T�Q�P�S�U �T�Z�T�U�F�N �J�O �U�I�F �&�V��
�S�P�Q�F�B�O �6�O�J�P�O �Q�S�F�Q�B�S�F�E �C�Z �U�I�F �&�V�S�P�Q�F�B�O �$�P�N�N�J�T�T�J�P�O �	�&�$�
 �<	:�>�
 �U�I�F �G�V�U�V�S�F
�S�F�T�F�B�S�D�I �O�F�F�E�T �J�O �U�I�F �Q�S�P�D�F�T�T �P�G �F�M�F�D�U�S�J�G�Z�J�O�H �U�S�B�O�T�Q�P�S�U �B�S�F �Q�S�F�T�F�O�U�F�E�� �.�P�S�F��
�P�W�F�S�
 �&�$ �T�F�U�T �B �T�U�S�B�U�F�H�J�D �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �Q�M�B�O �X�J�U�I �U�I�F �T�Q�F�D�J
W�D �N�J�M�F�T�U�P�O�F�T �G�P�S
�F�B�D�I �P�G �U�I�F �G�P�V�S �N�P�E�F�T �P�G �U�S�B�O�T�Q�P�S�U�
 �J���F���
 �S�P�B�E�
 �S�B�J�M�
 �N�B�S�J�U�J�N�F�
 �B�O�E �B�J�S�� �'�S�P�N
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�$�I�B�Q�U�F�S 	9�� �*�O�U�S�P�E�V�D�U�J�P�O

�'�J�H�� �v���v���"�O�O�V�B�M �F�M�F�D�U�S�J�D�J�U�Z �D�P�O�T�V�N�Q�U�J�P�O �C�Z �F�D�P�O�P�N�J�D �T�F�D�U�P�S���	�B�
�6�4 �	�N�F�E�J�V�N �T�D�F��
�O�B�S�J�P�
�
 
W�H�V�S�F �J�T �S�F�Q�S�P�E�V�D�F�E �G�S�P�N �<	<�>���	�C�
�&�6�
 
W�H�V�S�F �J�T �S�F�Q�S�P�E�V�D�F�E �G�S�P�N �<	:�>��

�U�I�F �Q�P�J�O�U �P�G �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D �T�Z�T�U�F�N�T �W�J�F�X�
 �U�I�F �L�F�Z �U�F�D�I�O�P�M�P�H�J�F�T �U�P �B�D�D�F�M�F�S�B�U�F
�U�I�F �F�M�F�D�U�S�J
W�D�B�U�J�P�O �P�G �U�S�B�O�T�Q�P�S�U �B�S�F��

I �3�P�B�E�	�F���H���
 �Q�B�T�T�F�O�H�F�S �D�B�S�T�
 �C�V�T�F�T�
 �I�F�B�W�Z���E�V�U�Z �W�F�I�J�D�M�F�T�
 �� �I�J�H�I���Q�P�X�F�S
�D�I�B�S�H�J�O�H�� �T�N�B�M�M �B�O�E �M�J�H�I�U �Q�B�T�T�F�O�H�F�S �&�7�T��

I �3�B�J�M�� �D�P�N�N�F�S�D�J�B�M�J�[�B�U�J�P�O �P�G� 1”2 kV �4�J�M�J�D�P�O �$�B�S�C�J�E�F �	�4�J�$�
 �C�B�T�F�E
�N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �U�S�B�D�U�J�P�O �D�P�O�W�F�S�U�F�S�T �	�P�Q�F�S�B�U�F�E �X�J�U�I �T�X�J�U�D�I�J�O�H �G�S�F��
�R�V�F�O�D�J�F�T �J�O �U�I�F �S�B�O�H�F �P�GkHz�
�� �M�J�H�I�U �U�S�B�J�O�T �J�O �T�N�B�M�M �B�O�E �N�F�E�J�V�N �D�J�U�J�F�T��

I �.�B�S�J�U�J�N�F�� �T�I�P�S�F���C�B�T�F�E �J�O�G�S�B�T�U�S�V�D�U�V�S�F �U�P �F�O�B�C�M�F �G�B�T�U �D�I�B�S�H�J�O�H�� �F�Y�Q�B�O�T�J�P�O
�P�G �F�M�F�D�U�S�J�D �T�U�P�S�B�H�F �T�Z�T�U�F�N�T��

I �"�J�S�	�D�P�N�N�F�S�D�J�B�M �B�W�J�B�U�J�P�O�
 	=	8��	?	8 �T�F�B�U�T�
 �� �F�M�F�D�U�S�J
W�D�B�U�J�P�O �P�G �B�V�Y�J�M�J�B�S�Z
�Q�P�X�F�S �V�O�J�U�T �	�"�1�6�T�
 �B�O�E �O�P�O���Q�S�P�Q�V�M�T�J�W�F �T�Z�T�U�F�N�T �X�J�U�I �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�Z �U�B�S�H�F�U�T �P�G��5 kW•kg �J�O 	:	8	:	=�
10 kW•kg �J�O 	:	8	;	= �B�O�E
20 kW•kg �	�X�J�U�I �I�J�H�I �U�F�N�Q�F�S�B�U�V�S�F �T�V�Q�F�S �D�P�O�E�V�D�U�J�O�H �Q�P�X�F�S �E�J�T�U�S�J�C�V�U�J�P�O
�F�U�D���
 �J�O 	:	8	=	=����

�'�V�S�U�I�F�S�N�P�S�F�
 �J�U �J�T �I�J�H�I�M�J�H�I�U�F�E �U�I�B�U �M�J�H�I�U�X�F�J�H�I�U �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D�T �B�O�E �C�B	R�F�S�J�F�T
�B�S�F �E�F�T�J�S�B�C�M�F �G�P�S �B�M�M �N�P�E�F�T �P�G �U�S�B�O�T�Q�P�S�U�� �"�M�M �P�G �U�I�F �B�C�P�W�F �J�O�E�J�D�B�U�F �U�I�F �O�F�F�E
�P�G �D�P�O�U�J�O�V�F�E �B�E�W�B�O�D�F�N�F�O�U�T �U�P�X�B�S�E�T �J�O�D�S�F�B�T�J�O�H �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �D�P�O�W�F�S�U�F�S�T
�B�O�E �E�V�F �U�P �U�I�F �I�J�H�I���Q�P�X�F�S �E�F�N�B�O�E�
 �J�O�W�F�T�U�J�H�B�U�J�P�O�T �P�G �N�F�E�J�V�N���W�P�M�U�B�H�F �	�.�7�

�D�P�O�O�F�D�U�F�E �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D �J�O�U�F�S�G�B�D�F�T�� �0�O�F �P�G �U�I�F �L�F�Z �U�F�D�I�O�P�M�P�H�J�F�T �U�I�B�U �G�B�D�J�M��
�J�U�B�U�F�T �B�D�I�J�F�W�J�O�H �U�I�P�T�F �S�F�R�V�J�S�F�N�F�O�U�T �B�S�F �T�P�M�J�E���T�U�B�U�F �U�S�B�O�T�G�P�S�N�F�S�T �	�4�4�5�T�
 �X�I�J�D�I
�S�F�Q�S�F�T�F�O�U �B �D�M�B�T�T �P�G �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D �D�P�O�W�F�S�U�F�S�T �X�J�U�I �N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �	�.�'�


	:



	9��	9�� �.�7 �4�P�M�J�E���4�U�B�U�F �5�S�B�O�T�G�P�S�N�F�S �$�I�B�S�B�D�U�F�S�J�T�U�J�D�T �B�O�E �"�Q�Q�M�J�D�B�U�J�P�O�T

�H�B�M�W�B�O�J�D �J�T�P�M�B�U�J�P�O �V�T�V�B�M�M�Z �P�Q�F�S�B�U�J�O�H �C�F�U�X�F�F�O �B �.�7 �B�O�E �B �M�P�X���W�P�M�U�B�H�F �	�-�7�

�T�Z�T�U�F�N�� �*�O �U�I�J�T �S�F�H�B�S�E�
 �J�O �U�I�F �G�P�M�M�P�X�J�O�H �U�I�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T�
 �B�Q�Q�M�J�D�B�U�J�P�O�T �B�O�E
�D�I�B�M�M�F�O�H�F�T �P�G �.�7 �4�4�5�T �B�S�F �Q�S�F�T�F�O�U�F�E��

�v���v �.�7 �4�P�M�J�E���4�U�B�U�F �5�S�B�O�T�G�P�S�N�F�S �$�I�B�S�B�D�U�F�S�J�T��
�U�J�D�T �B�O�E �"�Q�Q�M�J�D�B�U�J�P�O�T

�"�O �4�4�5 �J�T �D�P�N�N�P�O�M�Z �S�F�B�M�J�[�F�E �X�J�U�I �U�I�S�F�F �Q�P�X�F�S �D�P�O�W�F�S�U�F�S�T �C�F�J�O�H �D�P�O�O�F�D�U�F�E
�J�O �T�F�S�J�F�T�� �B�O �"�$���%�$ �D�P�O�W�F�S�U�F�S �U�I�B�U �J�T �D�P�O�O�F�D�U�F�E �U�P �U�I�F �.�7 �N�B�J�O�T�
 �B �%�$���%�$
�D�P�O�W�F�S�U�F�S �G�P�S �W�P�M�U�B�H�F �T�U�F�Q���E�P�X�O�
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 �X�I�F�S�F �U�I�F	9��	9���%�$�9�Q�S�P�W�J�E�F�T �J�T�P�M�B�U�J�P�O
�B�O�E �E�F�E�J�D�B�U�F�E �"�$���%�$ �D�P�O�W�F�S�U�F�S�T �D�P�O�U�S�P�M �U�I�F �Q�P�X�F�S 
X�P�X�T �	�B�D�U�J�W�F �Q�P�X�F�S�
 �J�O�Q�V�U�� �B�O�E
�P�V�U�Q�V�U���T�J�E�F �S�F�B�D�U�J�W�F �Q�P�X�F�S�
���	�D�
�"�O �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �G�B�D�J�M�J�U�B�U�F�T �U�I�F �S�F�B�M�J�[�B�U�J�P�O
�P�G �D�P�O�U�B�D�U�M�F�T�T �B�O�E �T�Q�B�S�L���G�S�F�F �Q�M�V�H�T�
 �F���H���
 �G�P�S �T�V�C�T�F�B �B�Q�Q�M�J�D�B�U�J�P�O�T�� �$�P�N�C�J�O�B�U�J�P�O�T �P�G
�T�F�W�F�S�B�M	9��	9���%�$�9�J�O �F�J�U�I�F�S�	�E�
�J�O�Q�V�U���T�F�S�J�F�T�
 �P�V�U�Q�V�U���Q�B�S�B�M�M�F�M �	�*�4�0�1�
 �P�S�	�F�
�J�O�Q�V�U���Q�B�S�B�M�M�F�M�

�P�V�U�Q�V�U���Q�B�S�B�M�M�F�M �	�*�1�0�1�
 �D�P�O
W�H�V�S�B�U�J�P�O �G�B�D�J�M�J�U�B�U�F �B �T�D�B�M�J�O�H �U�P �I�J�H�I�F�S �P�W�F�S�B�M�M �W�P�M�U�B�H�F �P�S
�Q�P�X�F�S �S�B�U�J�O�H�T��
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Magnetic-core transformer / MCT-DCX
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0 0.62 12.5 25.018.70 0.62 12.5 25.018.7

0 0.62 12.5 25.018.70 0.62 12.5 25.018.7

�'�J�H�� �w���w�� �	�B�
�$�P�O�W�F�S�U�F�S �U�P�Q�P�M�P�H�Z �P�G �U�I�F �D�P�O�T�J�E�F�S�F�E166 kW��7 kV 	9��	9���%�$�9�� �4�J�N�V�M�B�U�F�E
�D�V�S�S�F�O�U �B�O�E �W�P�M�U�B�H�F �X�B�W�F�G�P�S�N�T �B�U �S�B�U�F�E �Q�P�X�F�S �B�O�E �X�J�U�I �B�O �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z
�S�F�T�V�M�U�J�O�H �G�P�S �P�Q�U�J�N�B�M �E�F�T�J�H�O�T �	�T�F�F�$�I�B�Q�U�F�S �z�
���	�C�
5s = 77”4 kHz �G�P�S �U�I�F �"�$�5���	�D�
5s =
40”0 kHz �G�P�S �U�I�F �.�$�5��

	:	;



�$�I�B�Q�U�F�S 	:�� 	9��	9���%�$ �5�S�B�O�T�G�P�S�N�F�S

�w���w �.�V�M�U�J���0�C�K�F�D�U�J�W�F �0�Q�U�J�N�J�[�B�U�J�P�O

�5�P �E�F�S�J�W�F �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U�T �	�F
Y�D�J�F�O�D�Z�
 �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �B�O�E
�W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �P�G �.�$�5�� �B�O�E �"�$�5���C�B�T�F�E166 kW��7 kV 	9��	9���%�$�9
�D�P�O�W�F�S�U�F�S �T�Z�T�U�F�N�T�
 �X�F �F�N�Q�M�P�Z �U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �B�Q�Q�S�P�B�D�I
�J�M�M�V�T�U�S�B�U�F�E �C�Z�'�J�H�� �w���x�
 �X�I�J�D�I �D�B�M�D�V�M�B�U�F�T �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �J�O�E�J�D�F�T �G�P�S �B �X�J�E�F
�S�B�O�H�F �P�G �E�J
V�F�S�F�O�U �E�F�T�J�H�O�T�� �*�O �H�F�O�F�S�B�M�
 �U�X�P �T�F�Q�B�S�B�U�F �T�U�S�B�U�F�H�J�F�T �B�S�F �F�N�Q�M�P�Z�F�E
�E�F�Q�F�O�E�J�O�H �P�O �U�I�F �U�S�B�O�T�G�P�S�N�F�S �U�Z�Q�F�� �'�P�S �U�I�F �"�$�5 �	�D�G���'�J�H�� �w���x�	�B�
�
�
 �B 	:���%���'�&�.��
�C�B�T�F�E �P�Q�U�J�N�J�[�B�U�J�P�O �J�T �V�T�F�E�
 �X�I�J�D�I 
W�S�T�U �D�B�M�D�V�M�B�U�F�T �U�I�F �F�M�F�D�U�S�P�N�B�H�O�F�U�J�D 
W�F�M�E�T
�J�O �U�I�F �G�S�F�R�V�F�O�D�Z �E�P�N�B�J�O�
 �X�I�J�D�I �B�S�F �U�I�F�O �V�T�F�E �U�P �D�B�M�D�V�M�B�U�F �U�I�F �Q�F�S�G�P�S�N�B�O�D�F
�J�O�E�J�D�F�T�� �'�P�S �U�I�F �.�$�5 �	�D�G���'�J�H�� �w���x�	�C�
�
�
 �X�F �F�N�Q�M�P�Z �B �T�F�N�J���B�O�B�M�Z�U�J�D�B�M �	�B�O�B�M�Z�U�J�D�B�M
�F�R�V�B�U�J�P�O�T �C�V�U �T�P�M�W�F�E �O�V�N�F�S�J�D�B�M�M�Z�
 �P�Q�U�J�N�J�[�B�U�J�P�O �S�P�V�U�J�O�F�� �8�J�U�I �U�I�F �Q�S�P�Q�F�S�U�J�F�T �P�G
�B �H�J�W�F�O �U�S�B�O�T�G�P�S�N�F�S �E�F�T�J�H�O�
 �U�I�F �T�Z�T�U�F�N���M�F�W�F�M �Q�F�S�G�P�S�N�B�O�D�F �D�B�O �C�F �P�C�U�B�J�O�F�E �C�Z
�B�Q�Q�S�P�Q�S�J�B�U�F�M�Z �E�J�N�F�O�T�J�P�O�J�O�H �B�O�E �N�P�E�F�M�J�O�H �U�I�F �%�$�9�Ý�T �S�F�N�B�J�O�J�O�H �D�P�N�Q�P�O�F�O�U�T
�	�T�X�J�U�D�I�J�O�H �T�U�B�H�F�
 �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S�T�
 �D�P�P�M�J�O�H �T�Z�T�U�F�N�
��

�w���w���v �v���v���%�$�9 �$�P�O�W�F�S�U�F�S �.�P�E�F�M�J�O�H

�"�T �N�F�O�U�J�P�O�F�E �J�O �U�I�F �J�O�U�S�P�E�V�D�U�J�P�O �B�O�E �T�I�P�X�O �J�O�'�J�H�� �w���w�
 �B	9��	9���%�$�9�J�T �B �T�F�S�J�F�T
�S�F�T�P�O�B�O�U �D�P�O�W�F�S�U�F�S�� �5�P �S�F�B�M�J�[�F �U�I�F �E�F�T�J�S�F�E �%�$�9 �C�F�I�B�W�J�P�S�
 �U�I�F �S�F�T�P�O�B�O�U �U�B�O�L
�G�P�S�N�F�E �C�Z �U�I�F �U�S�B�O�T�G�P�S�N�F�S�Ý�T �M�F�B�L�B�H�F �J�O�E�V�D�U�B�O�D�F�
! f �
 �B�O�E �B �T�F�S�J�F�T �S�F�T�P�O�B�O�U
�D�B�Q�B�D�J�U�P�S�
� r �
 �N�V�T�U �C�F �U�V�O�F�E �T�V�D�I �U�I�B�U� r �D�P�N�Q�F�O�T�B�U�F�T �U�I�F �M�F�B�L�B�H�F �J�O�E�V�D�U�B�O�D�F
�B�U �U�I�F �E�F�T�J�S�F�E �P�Q�F�S�B�U�J�O�H �	�T�X�J�U�D�I�J�O�H�
 �G�S�F�R�V�F�O�D�Z�
 �J���F���
5s = 50 = 1•¹2c

p
� r! f �
��

	_�F �E�F�U�B�J�M�F�E �D�P�O�T�J�E�F�S�B�U�J�P�O�T �P�G �.�7���.�' �U�S�B�O�T�G�P�S�N�F�S�T �J�O�D�M�V�E�J�O�H �D�P�O
W�H�V�S�B��
�U�J�P�O�T �B�O�E �N�P�E�F�M�J�O�H �B�S�F �Q�S�F�T�F�O�U�F�E �J�O�$�I�B�Q�U�F�S �x�G�P�S �U�I�F �"�$�5 �S�F�B�M�J�[�B�U�J�P�O �B�O�E
�J�O�$�I�B�Q�U�F�S �y�G�P�S �U�I�F �.�$�5 �S�F�B�M�J�[�B�U�J�P�O��

�8�J�U�I �S�F�H�B�S�E �U�P �U�I�F �%�$ �C�V�T �W�P�M�U�B�H�F �P�G 	? �L�7 �B�O�E �B �D�F�S�U�B�J�O �N�B�S�H�J�O �S�F�H�B�S�E��
�J�O�H �U�I�F �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F �V�U�J�M�J�[�B�U�J�P�O�
 �X�F �D�P�O�T�J�E�F�S 	9	8 �L�7 �4�J�$ �.�0�4�'�&�5�T �G�S�P�N
�$�3�&�&���8�P�M�G�T�Q�F�F�E �<	;	>�
 	;	?�>�� �/�P�U�F�
 �U�I�B�U �U�I�F �Q�S�J�N�B�S�Z �B�O�E �T�F�D�P�O�E�B�S�Z �T�X�J�U�D�I�J�O�H
�T�U�B�H�F�T �B�S�F �C�V�J�M�U �B�T �I�B�M�G���C�S�J�E�H�F�T �X�J�U�I �B �T�Q�M�J�U �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S �U�P �I�B�M�W�F �U�I�F
�O�V�N�C�F�S �P�G �T�X�J�U�D�I�F�T �V�T�F�E �	�B�T �D�P�N�Q�B�S�F�E �U�P �G�V�M�M���C�S�J�E�H�F �D�J�S�D�V�J�U�T�
 �<	9	:�>�
�� �8�F �N�P�E�F�M
�D�P�O�E�V�D�U�J�P�O �M�P�T�T�F�T �X�J�U�I �U�I�F �P�O���T�U�B�U�F �S�F�T�J�T�U�B�O�D�F �B�U �B �K�V�O�D�U�J�P�O �U�F�N�Q�F�S�B�U�V�S�F �P�G
	9	:	= �9�
 �J���F���
275 m
 �Q�F�S �E�F�W�J�D�F �	�O�P�U�F �U�I�B�U �B �E�F�W�J�D�F���Q�B�D�L�B�H�F �D�P�O�U�B�J�O�T �U�X�P �Q�B�S��
�B�M�M�F�M�F�E �E�J�F�T�
�� �.�B�L�J�O�H �V�T�F �P�G �U�I�F �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U �U�I�B�U �B�Q�Q�F�B�S�T �J�O �C�P�U�I�

�U�I�F �Q�S�J�N�B�S�Z���T�J�E�F �B�O�E �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �I�B�M�G���C�S�J�E�H�F�T�
 �U�I�F �%�$�9 �B�D�I�J�F�W�F�T �[�F�S�P��
�W�P�M�U�B�H�F �T�X�J�U�D�I�J�O�H �	�;�7�4�
 �G�P�S �B�M�M �P�Q�F�S�B�U�J�O�H �Q�P�J�O�U�T �<	9
��>�� 	_�F �D�P�S�S�F�T�Q�P�O�E�J�O�H
�S�F�T�J�E�V�B�M �T�P	O���T�X�J�U�D�I�J�O�H �M�P�T�T�F�T�
 �X�I�J�D�I �B�S�F �O�P�O���O�F�H�M�J�H�J�C�M�F �G�P�S �U�I�F �D�P�O�T�J�E�F�S�F�E
�T�X�J�U�D�I�J�O�H �G�S�F�R�V�F�O�D�J�F�T�
 �B�S�F �N�P�E�F�M�F�E �X�J�U�I �F�Y�Q�F�S�J�N�F�O�U�B�M �E�B�U�B �G�S�P�N �<	;
��
 	;	A�>��
�5�B�C�� �w���w�T�V�N�N�B�S�J�[�F�T �U�I�F �L�F�Z �E�B�U�B �P�G �U�I�F �T�F�M�F�D�U�F�E �T�F�N�J�D�P�O�E�V�D�U�P�S�T��

	:	<



	:��	:�� �.�V�M�U�J���0�C�K�F�D�U�J�W�F �0�Q�U�J�N�J�[�B�U�J�P�O

�'�J�H�� �w���x���0�Q�U�J�N�J�[�B�U�J�P�O 
X�P�X�D�I�B�S�U�T �G�P�S�	�B�
�"�$�5�� �B�O�E�	�C�
�.�$�5���C�B�T�F�E 	9��	9���%�$�9 �T�Z�T�U�F�N�T��

	:	=



�$�I�B�Q�U�F�S 	:�� 	9��	9���%�$ �5�S�B�O�T�G�P�S�N�F�S

�5�B�C�� �w���w���1�B�S�B�N�F�U�F�S�T �V�T�F�E �G�P�S �N�P�E�F�M�J�O�H �P�G �U�I�F 	9��	9���%�$�9 �D�P�N�Q�P�O�F�O�U�T��

�4�J�$ �.�0�4�'�&�5 �Q�B�D�L�B�H�F �X�J�U�I �w �Q�B�S�B�M�M�F�M �E�J�F�T
+�E�T�
�N�B�Y 10 kV �N�B�Y�� �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F
� �E�T�
�N�B�Y 2�Y18 A �N�B�Y�� �E�S�B�J�O �D�V�S�S�F�O�U
' �E�T�
�P�O 550•2 m
 �P�O���T�U�B�U�F �S�F�T�� �!125�9
%�N�B�Y 100 W �N�B�Y�� �Q�B�D�L�B�H�F �E�J�T�T�J�Q�B�U�J�P�O

=�Q�B�D�L�
�N�B�Y 3 �N�B�Y�� �Q�B�S�B�M�M�F�M �Q�B�D�L�B�H�F�T

�3�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S�T
* �S�
�N�B�Y 10 kV �N�B�Y�� �Q�F�B�L �W�P�M�U�B�H�F
�U�B�O��S 0”05 % �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S
4�S�
�N 1 J•kg �H�S�B�W�J�N�� �F�O�F�S�H�Z �E�F�O�T�J�U�Z
4�S�
�W 2 J•dm3 �W�P�M�� �F�O�F�S�H�Z �E�F�O�T�J�U�Z

�%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S�T
D�� 4 % �Q�F�B�L���Q�F�B�L �W�P�M�U�B�H�F �S�J�Q�Q�M�F

�U�B�O��M�J�O�L 0”1 % �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S
4�M�J�O�L�
�N 30 J•kg �H�S�B�W�J�N�� �F�O�F�S�H�Z �E�F�O�T�J�U�Z
4�M�J�O�L�
�W 40 J•dm3 �W�P�M�� �F�O�F�S�H�Z �E�F�O�T�J�U�Z

�8�F �D�P�O�T�J�E�F�S �I�J�H�I���Q�P�X�F�S �Q�P�M�Z�Q�S�P�Q�Z�M�F�O�F �D�B�Q�B�D�J�U�P�S�T �	�$�&�-�&�. �$�4�1	9	:	8��	:	8	8
�<	<	8�>�
 �G�P�S �U�I�F �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L �B�O�E �I�J�H�I���W�P�M�U�B�H�F �Q�P�M�Z�Q�S�P�Q�Z�M�F�O�F �D�B��
�Q�B�D�J�U�P�S�T �G�P�S �U�I�F �%�$���M�J�O�L �	�'�5�$�"�1 �'�4�1 �<	<	9�>�
�� 	_�F �M�P�T�T�F�T �B�S�F �D�B�M�D�V�M�B�U�F�E �W�J�B �U�I�F
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Equiv. circuit induc.:L1B

L2B
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p2

s2

s1

L1A

L2A

p1

p2 s2

s1

Coil 1A

Coil 2A

Coil 1B

Coil 2B
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�"�$�5�� 	_�F	;���%�N�P�E�F�M �U�B�L�F�T �B �U�I�J�S�E �T�Z�N�N�F�U�S�Z �Q�M�B�O�F �C�F�U�X�F�F�O �U�I�F �D�P�J�M �T�F�U�T
�J�O�U�P �B�D�D�P�V�O�U �U�P �S�F�E�V�D�F �U�I�F �D�P�N�Q�V�U�B�U�J�P�O�B�M �F
V�P�S�U�� 	_�J�T �J�N�Q�M�J�F�T �U�I�B�U �U�I�F �N�P�E�F�M
�D�P�O�T�J�E�F�S�T �U�I�F �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O�T �P�G �U�I�F �D�P�J�M�T 	:�" �B�O�E 	:�# �P�O �U�I�F �Q�S�J�N�B�S�Z �T�J�E�F
�B�O�E �P�G �D�P�J�M�T 	9�" �B�O�E 	9�# �P�O �U�I�F �T�F�D�P�O�E�B�S�Z �T�J�E�F�
 �J���F���
 �U�I�F�S�F �J�T �O�P �D�B�O�D�F�M�M�B�U�J�P�O �F
V�F�D�U
�P�G �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y�F�T �	�T�F�F�'�J�H�� �x���w�	�B�
�
�� �"�D�D�P�S�E�J�O�H�M�Z�
 �U�I�J�T �J�T �B �D�P�O�T�F�S�W�B�U�J�W�F
�B�Q�Q�S�P�B�D�I �U�I�B�U �D�P�N�Q�V�U�F�T �J�O�D�S�F�B�T�F�E �M�P�T�T�F�T �J�O �U�I�F �T�I�J�F�M�E�J�O�H �	�D�P�N�Q�B�S�F�E �U�P �U�I�F
�S�F�B�M �T�F�U�V�Q�
��

�"�E�E�J�O�H �U�I�F �D�P�O�T�J�E�F�S�F�E �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F �I�B�T �N�J�O�J�N�B�M �F
V�F�D�U
�P�O �U�I�F �M�P�T�T�F�T �J�O �U�I�F �X�J�O�E�J�O�H�T �B�O�E �P�O �U�I�F �D�P�V�Q�M�J�O�H �C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z��

	;	>



	;��	;�� �.�P�E�F�M�J�O�H �B�O�E �0�Q�U�J�N�J�[�B�U�J�P�O

�B�O�E �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �	�E�F�W�J�B�U�J�P�O �C�F�M�P�X1”5 %�
�
 �J���F���
 �U�I�F �E�F�T�J�H�O �P�G
�U�I�F �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �D�B�O �C�F �E�F�D�P�V�Q�M�F�E �G�S�P�N �U�I�F �E�F�T�J�H�O �P�G �U�I�F �"�$�5�Ý�T
�B�D�U�J�W�F �Q�B�S�U�� 	_�F�S�F�G�P�S�F�
 �X�F �E�P �O�P�U �J�O�D�M�V�E�F �U�I�F �N�P�E�F�M�J�O�H �P�G �U�I�F �T�I�J�F�M�E�J�O�H �J�O
�U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O�� �J�O�T�U�F�B�E�
 �U�I�F �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �D�B�O �C�F
�E�F�T�J�H�O�F�E �B	O�F�S�X�B�S�E�T�
 �X�I�J�D�I �P�Q�F�O�T �U�I�F �Q�P�T�T�J�C�J�M�J�U�Z �G�P�S �B�E�W�B�O�D�F�E �E�F�T�J�H�O�T �U�I�B�U
�E�P �O�P�U �S�F�R�V�J�S�F �B �G�V�M�M �F�O�D�M�P�T�V�S�F�
 �U�I�V�T �S�F�E�V�D�J�O�H �N�B�U�F�S�J�B�M �V�T�B�H�F �B�O�E �J�N�Q�S�P�W�J�O�H
�B�D�D�F�T�T�J�C�J�M�J�U�Z���4�F�D�U�J�P�O �x���y���x�E�F�T�D�S�J�C�F�T �U�I�F�T�F �D�P�O�T�J�E�F�S�B�U�J�P�O�T �J�O �E�F�U�B�J�M��

�x���x���x �.�V�M�U�J���0�C�K�F�D�U�J�W�F �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5

	_�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5 �N�B�Q�T �U�I�F �E�F�T�J�H�O �T�Q�B�D�F �H�J�W�F�O �J�O
�5�B�C�� �x���w�U�P �B[ ��W��d���Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F �	�F
Y�D�J�F�O�D�Z�
 �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�

�B�O�E �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
�� �/�P�U�F �U�I�B�U �U�I�F �N�J�O�J�N�V�N �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F
�Q�S�J�N�B�S�Z�� �B�O�E �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H�T �J�T 
W�Y�F�E �U�PF iso = 16”5 mm�
 �X�I�J�D�I
�G�P�M�M�P�X�T �G�S�P�N �U�I�F �S�B�U�F�E �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F �P�G+i = 10 kV�B�O�E �B �	�D�P�O�T�F�S�W�B�U�J�W�F�

�U�P �B�D�D�P�V�O�U �G�P�S �J�O�I�P�N�P�H�F�O�F�P�V�T 
W�F�M�E �E�J�T�U�S�J�C�V�U�J�P�O�T�
 �I�V�N�J�E�J�U�Z�
 �F�U�D���
 �N�B�Y�J�N�V�N
�Q�F�S�N�J�T�T�J�C�M�F �F�M�F�D�U�S�J�D 
W�F�M�E �P�G 	8��	> �L�7���N�N �J�O �B�J�S�� �/�P�U�F �U�I�B�U�4�F�D�U�J�P�O �x���y���v�E�J�T�D�V�T�T�F�T
�U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �F�Y�U�F�O�E�F�E �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T �J�O �U�I�F �B�D�U�V�B�M
�Q�S�P�U�P�U�Z�Q�F �B�D�D�P�S�E�J�O�H �U�P �T�U�B�O�E�B�S�E�T �C�Z �N�F�B�O�T �P�G �B�E�E�F�E �J�O�T�V�M�B�U�J�P�O �C�B�S�S�J�F�S�T�� 	_�J�T�

�B�H�B�J�O�
 �D�B�O �C�F �E�F�D�P�V�Q�M�F�E �G�S�P�N �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5�Ý�T �B�D�U�J�W�F �Q�B�S�U��

�%�V�S�J�O�H �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�
 �X�I�J�D�I �G�P�M�M�P�X�T �<	:
��>�
 �B �T�X�F�F�Q �P�W�F�S �U�I�F �G�P�M�M�P�X�J�O�H
�H�F�P�N�F�U�S�J�D�B�M �Q�B�S�B�N�F�U�F�S�T �J�T �D�B�S�S�J�F�E �P�V�U�
 �D�G���'�J�H�� �x���y�	�B�
��

I �J�O�U�F�S�O�B�M �E�J�B�N�F�U�F�S �P�G �U�I�F �J�O�O�F�S �D�P�J�M �	A�J�
�


I �X�J�E�U�I�T �P�G �P�V�U�F�S �B�O�E �J�O�O�F�S �D�P�J�M�T �	F 	9�
	:�
�


I �M�F�O�H�U�I �P�G �D�P�J�M �	;�
��

�'�P�S �F�B�D�I �H�F�P�N�F�U�S�Z �		>	8	?	=	8 �J�O �U�P�U�B�M�
�
 �U�I�F �J�O�E�V�D�U�B�O�D�F�T �B�O�E �U�I�F �D�P�V�Q�M�J�O�H �B�S�F
�F�Y�U�S�B�D�U�F�E �V�T�J�O�H �U�I�F 	:���% �'�&�. �N�P�E�F�M�� 	_�F�O�
 �D�P�O�T�J�E�F�S�J�O�H �F�B�D�I �H�F�P�N�F�U�S�Z�
 �U�I�F
�O�V�N�C�F�S �P�G �U�V�S�O�T �	# �
 �B�O�E �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �	5�T�
 �B�S�F �W�B�S�J�F�E�
 �B�O�E �G�P�S
�F�B�D�I �P�G �U�I�F�T�F �E�F�T�J�H�O�T�
 �B �N�P�E�F�M �P�G �U�I�F �F�O�U�J�S�F	9��	9���%�$�9�J�T �F�W�B�M�V�B�U�F�E �U�P �P�C�U�B�J�O
�U�I�F �X�J�O�E�J�O�H �D�V�S�S�F�O�U�T�
 �X�I�F�S�F�C�Z �B�Q�Q�S�P�Q�S�J�B�U�F �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �W�B�M�V�F�T �U�P
�D�P�N�Q�F�O�T�B�U�F �U�I�F �D�B�M�D�V�M�B�U�F�E �M�F�B�L�B�H�F �J�O�E�V�D�U�B�O�D�F�T �N�V�T�U �C�F �D�P�O�T�J�E�F�S�F�E�
 �J���F���


� �S	9=
1

¹2c 5�Tº2! �	9
�
 � �S	:=

1
¹2c 5�Tº2! �	:

�
 �		;��	9�


�X�I�J�D�I �J�T �J�O �D�P�O�U�S�B�T�U �U�P �U�Z�Q�J�D�B�M �*�1�5 �T�Z�T�U�F�N�T�
 �X�I�F�S�F �U�I�F �S�F�T�Q�F�D�U�J�W�F �T�F�M�G �J�O�E�V�D��
�U�B�O�D�F�T �B�S�F �D�P�N�Q�F�O�T�B�U�F�E �C�F�D�B�V�T�F �P�G �U�I�F �W�B�S�J�B�U�J�P�O �P�G �U�I�F �D�P�V�Q�M�J�O�H �J�O �D�B�T�F �P�G

	;	?



�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�5�B�C�� �x���w���%�F�T�J�H�O �T�Q�B�D�F �B�O�E �D�P�O�T�U�B�O�U �Q�B�S�B�N�F�U�F�S�T �G�P�S �U�I�F	:���%�'�&�.���C�B�T�F�E �P�Q�U�J�N�J�[�B�U�J�P�O��

�7�B�S�� �.�J�O�� �.�B�Y�� �� �1�U�T�� �%�F�T�D�S�J�Q�U�J�P�O

5�T 	:	8 �L�)�[ 	:	8	8 �L�)�[ 	9	= �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z
# 	9 	:	8	8 	:	8	8 �O�V�N�C�F�S �P�G �U�V�S�O�T
A�J 	;	= �N�N 	9	8	= �N�N 	9	= �J�O�U�F�S�O�B�M �S�B�E�J�V�T
F 	9 	= �N�N 	>	8 �N�N 	9	= �X�J�E�U�I �P�G �P�V�U�F�S �D�P�J�M
F 	: 	= �N�N 	>	8 �N�N 	9	= �X�J�E�U�I �P�G �J�O�O�F�S �D�P�J�M
; 	>	8 �N�N 	?	8	8 �N�N 	9
� �M�F�O�H�U�I �P�G �D�P�J�M

�$�P�O�T�U�B�O�U �Q�B�S�B�N�F�U�F�S�T
F �J�T�P 	9	>��	= �N�N �J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F
3�M�J�U�[ 71µm �M�J�U�[ �T�U�S�B�O�E �E�J�B�N�F�U�F�S
: �M�J�U�[ 39”5 % �U�P�U�B�M 
W�M�M �G�B�D�U�P�S �P�G �U�I�F �X�J�O�E�J�O�H�T

: �M�P�T�T 30 %
�M�P�T�T �Q�F�O�B�M�U�Z �E�V�F �U�P �J�N�Q�F�S�G�F�D�U
�U�X�J�T�U�J�O�H

�N�J�T�B�M�J�H�O�N�F�O�U �<	=	=�>�� �8�J�U�I �U�I�F �X�J�O�E�J�O�H �D�V�S�S�F�O�U �X�B�W�F�G�P�S�N�T �L�O�P�X�O�
 �U�I�F �D�B�M�D�V�M�B��
�U�J�P�O �P�G �U�I�F �"�$�5 �M�P�T�T�F�T �U�B�L�F�T �I�J�H�I���G�S�F�R�V�F�O�D�Z �F
V�F�D�U�T �J�O �U�I�F �M�J�U�[ �X�J�S�F �B�D�D�P�S�E�J�O�H
�U�P �<	=	>�
 	=	?�> �J�O�U�P �B�D�D�P�V�O�U�
 �X�I�F�S�F�C�Z �U�I�F �E�J�N�F�O�T�J�P�O�T �P�G �U�I�F �M�J�U�[ �X�J�S�F �G�P�S �B �H�J�W�F�O
�E�F�T�J�H�O �G�P�M�M�P�X �G�S�P�N �U�I�F �X�J�E�U�I �P�G �U�I�F �X�J�O�E�J�O�H�T�
 �U�I�F �O�V�N�C�F�S �P�G �U�V�S�O�T�
 �B�O�E �U�I�F
�	
W�Y�F�E�
 �T�U�S�B�O�E �E�J�B�N�F�U�F�S �	3litz = 71µm �B�O�E 
W�M�M �G�B�D�U�P�S�
: litz = 39”5 %�
�� �.�P�S�F�P�W�F�S�

�U�I�F �D�B�M�D�V�M�B�U�F�E �M�P�T�T�F�T �B�S�F �J�O�D�S�F�B�T�F�E �C�Z30 %�	�M�P�T�T �Q�F�O�B�M�U�Z �G�B�D�U�P�S: loss�
 �U�P �B�D�D�P�V�O�U
�G�P�S �B�E�E�J�U�J�P�O�B�M �M�P�T�T�F�T �E�V�F �U�P �J�N�Q�F�S�G�F�D�U �U�X�J�T�U�J�O�H �P�G �M�J�U�[ �X�J�S�F�T�
 �C�B�T�F�E �P�O �<	=	?�
 	=
��>��
�5�S�B�O�T�G�P�S�N�F�S �E�F�T�J�H�O�T �U�I�B�U �F�Y�D�F�F�E �B �D�V�S�S�F�O�U �E�F�O�T�J�U�Z �P�G� �N�B�Y= 20 A•mm2 �P�S �B
�T�V�S�G�B�D�F���S�F�M�B�U�F�E �M�P�T�T �E�F�O�T�J�U�Z �P�G?�W�
�N�B�Y= 0”25 W•cm2 �B�S�F �E�J�T�D�B�S�E�F�E �J�O �P�S�E�F�S �U�P
�F�Y�D�M�V�E�F �U�I�F�S�N�B�M�M�Z �V�O�G�F�B�T�J�C�M�F �E�F�T�J�H�O�T�� 	_�F �P�Q�U�J�N�J�[�B�U�J�P�O �E�P�F�T �O�P�U �D�P�O�T�J�E�F�S �U�I�F
�X�F�J�H�I�U�T �B�O�E �W�P�M�V�N�F�T �P�G �G�B�O�T�
 �D�B�C�M�F �U�F�S�N�J�O�B�U�J�P�O�T�
 �B�O�E�
 �B�T �E�J�T�D�V�T�T�F�E �B�C�P�W�F�
 �U�I�F
�T�I�J�F�M�E�J�O�H��

�'�J�H�T�� �x���z�	�B�
�
�	�C�
�T�I�P�X �U�I�F �S�F�T�V�M�U�T �P�G �U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G
�U�I�F �"�$�5�� 	_�F �N�B�Y�J�N�V�N �B�D�I�J�F�W�B�C�M�F �W�B�M�V�F�T �P�G �U�I�F �"�$�5�Ý�T �F
Y�D�J�F�O�D�Z �	[ �
�
 �U�I�F
�H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �	W�
�
 �B�O�E �U�I�F �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �	d�
 �J�O�D�S�F�B�T�F
�J�G �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �J�O�D�S�F�B�T�F�T�� �)�P�X�F�W�F�S�
 �B �T�F�Q�B�S�B�U�F�M�Z �D�P�O�E�V�D�U�F�E �P�W�F�S�B�M�M
�P�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F	9��	9���%�$�9�
 �X�I�J�D�I �J�O�D�M�V�E�F�T �U�I�F �M�P�T�T�F�T �P�G �U�I�F �4�J�$ �.�0�4�'�&�5�T�

�D�G�� �<	:
��>�
 �S�F�W�F�B�M�T �B �T�U�S�P�O�H �J�N�Q�B�D�U �P�G �U�I�F �T�F�N�J�D�P�O�E�V�D�U�P�S �T�X�J�U�D�I�J�O�H �M�P�T�T�F�T �B�U �I�J�H�I
�P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�J�F�T �	�B�T �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �T�I�P�X�O �J�O �<	;	A�>�
 �U�I�F �D�P�O�T�J�E�F�S�F�E10 kV
�4�J�$ �.�0�4�'�&�5�4 �T�I�P�X �D�M�F�B�S�M�Z �O�P�O���O�F�H�M�J�H�J�C�M�F �T�P	O���T�X�J�U�D�I�J�O�H �M�P�T�T�F�T�
�� �"�D�D�P�S�E�J�O�H
�U�P �U�I�F �P�C�U�B�J�O�F�E �S�F�T�V�M�U�T�
 �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �N�V�T�U �S�F�N�B�J�O �C�F�M�P�X100 kHz

	;
�



	;��	;�� �.�P�E�F�M�J�O�H �B�O�E �0�Q�U�J�N�J�[�B�U�J�P�O

Gravimetric Power Density

(kW/kg)

Volumetric Power Density

Frequency (kHz)
100 120 140 160 180 20020 40 60 80

(kW/dm�N)

�'�J�H�� �x���z���3�F�T�V�M�U�T �P�G �U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F166 kW��7 kV�"�$�5�
 �S�F�W�F�B�M�J�O�H
�U�I�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D �E�F�Q�F�O�E�F�O�D�J�F�T �P�G �U�I�F[ ��W�� �B�O�E[ ��d���1�B�S�F�U�P �G�S�P�O�U�T �P�O �U�I�F �P�Q�F�S�B�U�J�O�H
�G�S�F�R�V�F�O�D�Z�� 	_�F �N�B�S�L�F�S�T �I�J�H�I�M�J�H�I�U �U�I�F �S�F�T�V�M�U�T �P�C�U�B�J�O�F�E �G�P�S �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O �	5�T=
77”4 kHz�
�� �S�F�G�F�S�T �U�P �U�I�F �S�F�T�V�M�U �P�C�U�B�J�O�F�E �X�J�U�I	:���%�'�&�.�� �B�O�E�S�F�Q�S�F�T�F�O�U �N�F�B�T�V�S�F�E
�D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �U�I�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F �X�J�U�I �B�O�E �X�J�U�I�P�V�U �U�I�F �X�F�J�H�I�U�T �B�O�E �W�P�M�V�N�F�T
�P�G �G�B�O�T �B�O�E �B�M�V�N�J�O�V�N �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H�
 �S�F�T�Q�F�D�U�J�W�F�M�Z���	�B�
�3�F�T�V�M�U�T �G�P�S �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�Z�
W�
 �W�F�S�T�V�T �F
Y�D�J�F�O�D�Z���	�C�
�S�F�T�V�M�U�T �G�P�S �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
d�
 �W�F�S�T�V�T
�F
Y�D�J�F�O�D�Z�� �/�P�U�F �U�I�B�U�4�F�D�U�J�P�O �x���z���}�Q�S�P�W�J�E�F�T �B �E�F�U�B�J�M�F�E �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �I�J�H�I�M�J�H�I�U�F�E
�E�F�T�J�H�O �B�O�E �Q�S�P�U�P�U�Z�Q�F �S�F�T�V�M�U�T��

�U�P �B�D�I�J�F�W�F �B �T�Z�T�U�F�N���M�F�W�F�M �F
Y�D�J�F�O�D�Z �I�J�H�I�F�S �U�I�B�O99”0 %�� 	_�J�T �D�P�O�T�U�S�B�J�O�U �U�P��
�H�F�U�I�F�S �X�J�U�I �U�I�F �B�W�B�J�M�B�C�J�M�J�U�Z �P�G �P�O�M�Z �E�J�T�D�S�F�U�F �D�B�Q�B�D�J�U�B�O�D�F �W�B�M�V�F�T �P�G �I�J�H�I���Q�P�X�F�S
�S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S�T �M�F�E �V�T �U�P �U�I�F �T�F�M�F�D�U�J�P�O �P�G �B �E�F�T�J�H�O �X�J�U�I �B�O �P�Q�F�S�B�U�J�O�H
�G�S�F�R�V�F�O�D�Z �P�G5�T= 77”4 kHz�
 �X�I�J�D�I �J�T �I�J�H�I�M�J�H�I�U�F�E �X�J�U�I�J�O�'�J�H�� �x���z��

�*�O �B�E�E�J�U�J�P�O �U�P �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z�
 �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O �E�F
W�O�F�T �U�I�F
�H�F�P�N�F�U�S�Z �P�G �U�I�F �"�$�5�Ý�T �B�D�U�J�W�F �Q�B�S�U �B�T �X�F�M�M �B�T �U�I�F �O�V�N�C�F�S �P�G �U�V�S�O�T �B�O�E �U�I�F
�E�J�N�F�O�T�J�P�O�T �P�G �U�I�F �M�J�U�[ �X�J�S�F�� 	_�F�T�F �W�B�M�V�F�T �B�S�F �T�V�N�N�B�S�J�[�F�E �J�O �U�I�F 
W�S�T�U �U�X�P
�T�F�D�U�J�P�O�T �P�G�5�B�C�� �x���y�� 	_�F �G�P�M�M�P�X�J�O�H�4�F�D�U�J�P�O �x���y�E�J�T�D�V�T�T�F�T �U�I�F �B�D�U�V�B�M �I�B�S�E�X�B�S�F
�S�F�B�M�J�[�B�U�J�P�O �P�G �U�I�J�T �"�$�5 �E�F�T�J�H�O �J�O �E�F�U�B�J�M��

�/�P�U�F �U�I�B�U�'�J�H�� �x���z�B�M�S�F�B�E�Z �T�I�P�X�T �U�I�F �B�D�U�V�B�M�M�Z �C�V�J�M�U �Q�S�P�U�P�U�Z�Q�F�Ý�T �D�I�B�S�B�D�U�F�S�J�T��
�U�J�D �J�O �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F �G�P�S �D�P�N�Q�B�S�J�T�P�O �Q�V�S�Q�P�T�F�T�� �)�P�X�F�W�F�S�
 �Q�M�F�B�T�F �S�F�G�F�S
�U�P�4�F�D�U�J�P�O �x���z���}�G�P�S �B �E�F�U�B�J�M�F�E �D�P�N�Q�B�S�J�T�P�O �C�F�U�X�F�F�O �N�P�E�F�M���C�B�T�F�E �P�Q�U�J�N�J�[�B�U�J�P�O
�S�F�T�V�M�U�T �B�O�E �N�F�B�T�V�S�F�E �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �U�I�F �I�B�S�E�X�B�S�F �Q�S�P�U�P�U�Z�Q�F��

	;	A



�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�x���y �%�F�T�J�H�O �B�O�E �$�P�O�T�U�S�V�D�U�J�P�O

�8�J�U�I �U�I�F �H�F�P�N�F�U�S�Z �P�G �U�I�F �"�$�5�Ý�T �B�D�U�J�W�F �Q�B�S�U �J�E�F�O�U�J
W�F�E �G�S�P�N �U�I�F �1�B�S�F�U�P �P�Q�U�J��
�N�J�[�B�U�J�P�O �E�F�T�D�S�J�C�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O�
 �D�F�S�U�B�J�O �B�E�E�J�U�J�P�O�B�M �D�P�O�T�J�E�F�S�B�U�J�P�O�T
�J�N�Q�B�D�U �U�I�F �B�D�U�V�B�M �N�F�D�I�B�O�J�D�B�M �E�F�T�J�H�O �P�G �U�I�F �Q�S�P�U�P�Z�Q�F�
 �J���F���
 �U�I�F �J�O�T�V�M�B�U�J�P�O �D�P�P�S��
�E�J�O�B�U�J�P�O�
 �D�P�P�M�J�O�H �B�O�E �B�J�S
X�P�X�
 �B�O�E �U�I�F �Q�S�B�D�U�J�D�B�M �S�F�B�M�J�[�B�U�J�P�O �P�G �B �T�V�J�U�B�C�M�F �D�P�O��
�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H�� �3�F�H�B�S�E�J�O�H �U�I�F �P�W�F�S�B�M�M �N�F�D�I�B�O�J�D�B�M �B�S�S�B�O�H�F�N�F�O�U�
�'�J�H�� �x���{�	�B�

�T�I�P�X�T �I�P�X �U�I�F �T�J�O�H�M�F���M�B�Z�F�S �X�J�O�E�J�O�H �P�G �F�B�D�I �D�P�J�M �J�T �Q�M�B�D�F�E �P�O �B�O �J�O�E�J�W�J�E�V�B�M
	;���%���Q�S�J�O�U�F�E �Q�P�M�Z�D�B�S�C�P�O�B�U�F �D�P�J�M �G�P�S�N�F�S �U�P �G�B�D�J�M�J�U�B�U�F �U�I�F �N�B�O�V�G�B�D�U�V�S�J�O�H��

�x���y���v �*�O�T�V�M�B�U�J�P�O �$�P�P�S�E�J�O�B�U�J�P�O

�'�P�S �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�
 �B 
W�Y�F�E �J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F �	F iso = 16”5 mm�
 �C�F�U�X�F�F�O
�U�I�F �Q�S�J�N�B�S�Z�� �B�O�E �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H�T �I�B�T �C�F�F�O �D�P�O�T�J�E�F�S�F�E�
 �X�I�J�D�I
�F�O�T�V�S�F�T �T�B�G�F �F�M�F�D�U�S�J�D�B�M 
W�F�M�E�T �J�O �U�I�F �B�J�S �H�B�Q �C�F�U�X�F�F�O �U�I�F �D�P�J�M�T�� �)�P�X�F�W�F�S�
 �C�Z
�C�M�P�D�L�J�O�H �U�I�J�T �E�J�S�F�D�U �B�J�S �H�B�Q �C�Z �Q�M�B�D�J�O�H �B �D�Z�M�J�O�E�S�J�D�B�M �C�B�S�S�J�F�S �P�G �J�O�T�V�M�B�U�J�P�O
�N�B�U�F�S�J�B�M �	�T�F�F�'�J�H�� �x���{�
�
 �U�I�F �F
V�F�D�U�J�W�F �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T �D�B�O �C�F
�U�B�J�M�P�S�F�E �U�P �N�F�F�U �S�F�R�V�J�S�F�N�F�O�U�T �E�F
W�O�F�E �J�O �D�P�S�S�F�T�Q�P�O�E�J�O�H �T�U�B�O�E�B�S�E�T��

�8�F �D�P�O�T�J�E�F�S �B �S�B�U�F�E �%�$ �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F �P�G+i = 10 kV�
 �J���F���
 �X�J�U�I �T�P�N�F
�S�F�T�F�S�W�F�T �P�W�F�S �U�I�F �T�U�S�J�D�U �G�V�O�D�U�J�P�O�B�M �S�F�R�V�J�S�F�N�F�O�U �P�G �U�I�F 	? �L�7 �%�$ �C�V�T �W�P�M�U�B�H�F�
 �B�O�E
�E�F�T�J�H�O �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T �B�D�D�P�S�E�J�O�H �U�P �*�&�$ 	>	:	<	?	? �<	=	A�
 	>	8�>�� 	_�F
�N�J�O�J�N�V�N �S�F�R�V�J�S�F�E �D�M�F�B�S�B�O�D�F �E�J�T�U�B�O�D�F �G�P�S �P�W�F�S�W�P�M�U�B�H�F �D�B�U�F�H�P�S�Z �*�*�* �	�0�7���*�*�*�
�

�X�I�J�D�I �E�F�N�B�O�E�T �B�O �J�N�Q�V�M�T�F �X�J�U�I�T�U�B�O�E �W�P�M�U�B�H�F �P�G 	;	? �L�7�
 �U�I�V�T �C�F�D�P�N�F�T 	=	= �N�N��
�4�J�N�J�M�B�S�M�Z�
 �U�I�F �N�J�O�J�N�V�N �S�F�R�V�J�S�F�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�
 �D�P�O�T�J�E�F�S�J�O�H �Q�P�M�M�V�U�J�P�O
�E�F�H�S�F�F 	: �	�1�%	:�
 �B�O�E �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M �H�S�P�V�Q �*�*�
 �J�T 	?	9 �N�N��

�*�O �P�S�E�F�S �U�P �S�F�B�M�J�[�F �U�I�F�T�F �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T�
 �D�Z�M�J�O�E�S�J�D�B�M
�C�B�S�S�J�F�S �F�M�F�N�F�O�U�T �N�B�E�F �P�G �/�0�.�&�9 �Q�S�F�T�T�C�P�B�S�E�T �X�J�U�I �B �U�I�J�D�L�O�F�T�T �P�G1”5 mm
�B�S�F �Q�M�B�D�F�E �C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z�� �B�O�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �D�P�J�M�T �B�O�E �B �S�F�D�U�B�O�H�V�M�B�S
�/�0�.�&�9 �Q�M�B�U�F �	�U�I�J�D�L�O�F�T�T �P�G1”5 mm�
 �J�T �V�T�F�E �C�F�U�X�F�F�O �U�I�F �U�X�P �T�F�U�T �P�G �D�P�J�M�T�

�D�G���'�J�H�� �x���{�	�D�
�� �#�P�U�I�
 �D�M�F�B�S�B�O�D�F �		>	> �N�N�
 �J���F���
 �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �B�O �J�N�Q�V�M�T�F
�X�J�U�I�T�U�B�O�E �W�P�M�U�B�H�F �P�G �B�C�P�V�U 	<	; �L�7�
 �B�O�E �D�S�F�F�Q�B�H�F �		?	A �N�N�
 �E�J�T�U�B�O�D�F�T �D�P�V�M�E �C�F
�N�B�E�F �M�B�S�H�F�S �U�I�B�O �U�I�F �N�J�O�J�N�V�N �W�B�M�V�F�T �X�J�U�I�P�V�U �D�P�N�Q�S�P�N�J�T�J�O�H �P�U�I�F�S �B�T�Q�F�D�U�T
�P�G �U�I�F �N�F�D�I�B�O�J�D�B�M �E�F�T�J�H�O��

�/�P�U�F �U�I�B�U �G�P�S �I�J�H�I���B�M�U�J�U�V�E�F �B�Q�Q�M�J�D�B�U�J�P�O�T �	�I�J�H�I�F�S �U�I�B�O2 km�B�C�P�W�F �T�F�B �M�F�W�F�M�
�

�M�B�S�H�F�S �D�M�F�B�S�B�O�D�F �E�J�T�U�B�O�D�F�T �B�S�F �S�F�R�V�F�T�U�F�E �C�Z �U�I�F �T�U�B�O�E�B�S�E �C�F�D�B�V�T�F �P�G �U�I�F �M�P�X�F�S
�B�J�S �Q�S�F�T�T�V�S�F�� �&���H���
 �U�I�F �"	9 �D�B�U�F�H�P�S�Z �G�P�S �B�J�S�C�P�S�O�F �F�R�V�J�Q�N�F�O�U �B�D�D�P�S�E�J�O�H �U�P �U�I�F
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�J�O�D�S�F�B�T�F �P�G �U�I�F �D�M�F�B�S�B�O�D�F �E�J�T�U�B�O�D�F�T �C�Z �B �G�B�D�U�P�S �P�G 	9��	< �B�D�D�P�S�E�J�O�H �U�P �*�&�$ 	>	:	<	?	?��
�*�O �D�P�O�U�S�B�T�U �U�P �U�Z�Q�J�D�B�M �.�$�5�T�
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�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�Q�P�T�F�E �"�$�5 �D�B�O �C�F �F�B�T�J�M�Z �F�Y�U�F�O�E�F�E �U�P �N�F�F�U �T�V�D�I �S�F�R�V�J�S�F�N�F�O�U�T �C�Z �J�O�D�S�F�B�T�J�O�H
�U�I�F �M�F�O�H�U�I �P�G �U�I�F �/�0�.�&�9 �C�B�S�S�J�F�S �F�M�F�N�F�O�U�T�� 	_�J�T �J�T �T�V�Q�Q�P�S�U�F�E �C�Z �U�I�F �D�P�O�T�F�S��
�W�B�U�J�W�F �E�J�N�F�O�T�J�P�O�J�O�H �P�G �U�I�F �N�B�Y�J�N�V�N �F�M�F�D�U�S�J�D 
W�F�M�E �C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z���T�J�E�F
�B�O�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �D�P�J�M�T �	�T�F�F�4�F�D�U�J�P�O �x���x���x�
��

�'�P�S �U�I�F �Q�F�B�L �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E �U�P �B �X�J�O�E�J�O�H �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �X�I�J�D�I �J�T
�U�I�F �E�J
V�F�S�F�O�D�F �P�G �U�I�F �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E �C�Z �B �I�B�M�G���C�S�J�E�H�F �	Ep•s�
 �B�O�E �U�I�F �W�P�M�U�B�H�F
�P�G �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �	ECr1•Cr2�
�
 �U�I�F �N�B�Y�J�N�V�N �W�P�M�U�B�H�F �C�F��
�U�X�F�F�O �U�X�P �B�E�K�B�D�F�O�U �U�V�S�O�T �P�G �B �D�P�J�M �J�T �P�O�M�Z �B�C�P�V�U5”4 kV•44 � 123 V�
 �X�I�J�D�I �J�T
�X�F�M�M �C�F�M�P�X �U�I�F �D�B�Q�B�C�J�M�J�U�Z �P�G �U�I�F �M�J�U�[ �X�J�S�F�Ý�T �J�O�T�V�M�B�U�J�P�O�
 �J���F���
 �B �E�P�V�C�M�F �M�B�Z�F�S �P�G
�Q�P�M�Z�B�N�J�E�F�� 	_�F �F�O�E�T �P�G �U�I�F �D�P�J�M�T �B�S�F �T�P�M�E�F�S�F�E �U�P �D�P�Q�Q�F�S �C�M�P�D�L �U�F�S�N�J�O�B�U�J�P�O�T
�X�I�J�D�I �B�S�F �F�E�H�F�M�F�T�T �	�J���F���
 �G�F�B�U�V�S�F �S�P�V�O�E�F�E �F�E�H�F�T�
 �U�P �Q�S�F�W�F�O�U �F�Y�D�F�T�T�J�W�F �M�P�D�B�M
�F�M�F�D�U�S�J�D 
W�F�M�E�T �J�O �U�I�F �T�V�S�S�P�V�O�E�J�O�H �B�J�S��

�x���y���w �$�P�P�M�J�O�H �B�O�E �"�J�S	R�P�X

�5�P �J�N�Q�S�P�W�F �U�I�F �U�I�F�S�N�B�M �E�F�T�J�H�O �P�G �U�I�F �X�J�O�E�J�O�H�T�
 �U�I�F �X�B�M�M�T �P�G �U�I�F �D�P�J�M �G�P�S�N�F�S�T
�B�S�F �Q�F�S�G�P�S�B�U�F�E �	�T�J�N�J�M�B�S �U�P �B �T�R�V�J�S�S�F�M �D�B�H�F �S�P�U�P�S�
�
 �J�O �P�S�E�F�S �U�P �J�O�D�S�F�B�T�F �U�I�F
�X�J�O�E�J�O�H�Ý�T �T�V�S�G�B�D�F �U�I�B�U �J�T �E�J�S�F�D�U�M�Z �F�Y�Q�P�T�F�E �U�P �U�I�F �B�J�S
X�P�X �	�T�F�F�'�J�H�� �x���{�	�C�
�
��
	_�F �G�B�O�T �B�S�F �Q�M�B�D�F�E �C�F�M�P�X �U�I�F �U�S�B�O�T�G�P�S�N�F�S�� 	_�V�T�
 �U�I�F �B�J�S
X�P�X�T �E�V�F �U�P �G�P�S�D�F�E
�D�P�P�M�J�O�H �B�O�E �O�B�U�V�S�B�M �D�P�O�W�F�D�U�J�P�O �I�B�W�F �U�I�F �T�B�N�F �E�J�S�F�D�U�J�P�O�
 �X�I�J�D�I �P�Q�F�O�T �U�I�F
�Q�P�T�T�J�C�J�M�J�U�Z �P�G �Q�B�T�T�J�W�F �D�P�P�M�J�O�H �B�U �M�J�H�I�U �M�P�B�E��

�x���y���x �0�Q�U�J�N�J�[�F�E �$�P�O�E�V�D�U�J�W�F �4�I�J�F�M�E�J�O�H

�"�T �E�J�T�D�V�T�T�F�E �F�B�S�M�J�F�S�
 �U�I�F �Q�S�F�T�F�O�D�F �P�G �B �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F �E�P�F�T
�O�P�U �B
V�F�D�U �U�I�F �"�$�5�Ý�T �D�P�V�Q�M�J�O�H �P�S �X�J�O�E�J�O�H �M�P�T�T�F�T�� 	_�F�S�F�G�P�S�F�
 �U�I�F �T�I�J�F�M�E�J�O�H �D�B�O
�C�F �E�F�T�J�H�O�F�E �J�O �B �T�F�D�P�O�E �T�U�F�Q�
 �X�I�F�S�F�C�Z �U�I�F �N�B�T�T �	�B�O�E �I�F�O�D�F �U�I�F �W�P�M�V�N�F�
 �P�G
�U�I�F �F�O�D�M�P�T�V�S�F �J�T �N�J�O�J�N�[�F�E �D�P�O�E�J�U�J�P�O�B�M �P�O �T�V
Y�D�J�F�O�U �E�J�T�U�B�O�D�F �G�S�P�N �U�I�F �D�P�J�M�T
�B�O�E �U�I�F �S�F�R�V�J�S�F�E �J�O�U�F�S�D�P�O�O�F�D�U�J�P�O�T�
 �D�P�O�T�J�E�F�S�J�O�H �D�M�F�B�S�B�O�D�F���D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T�

�B�O�E �M�P�X �M�P�T�T�F�T �	Ÿ 10 %�P�G �U�I�F �U�P�U�B�M �M�P�T�T�F�T�
�� 	_�J�T �J�T �B�O �J�U�F�S�B�U�J�W�F �Q�S�P�D�F�T�T �B�J�E�F�E
�C�Z �U�I�F 	;���% �'�&�. �T�J�N�V�M�B�U�J�P�O�T �E�F�T�D�S�J�C�F�E �J�O�4�F�D�U�J�P�O �x���x���w��

�)�P�X�F�W�F�S�
 �X�I�F�S�F�B�T �U�I�F �'�&�.���C�B�T�F�E �E�F�T�J�H�O �D�P�O�T�J�E�F�S�T �B �G�V�M�M�Z �D�M�P�T�F�E �C�P�Y�

�U�I�J�T �X�P�V�M�E �M�J�N�J�U �U�I�F �B�D�D�F�T�T�J�C�J�M�J�U�Z �P�G �U�I�F �D�P�J�M�T�� 	_�V�T�
 �U�P �G�B�D�J�M�J�U�B�U�F �B�D�D�F�T�T �U�P �U�I�F
�X�J�O�E�J�O�H�T �B�O�E �T�J�N�Q�M�J�G�Z �F�Y�Q�F�S�J�N�F�O�U�B�M �U�F�T�U�J�O�H�
 �X�F �S�F�B�M�J�[�F �B �Q�B�S�U�J�B�M �T�I�J�F�M�E�J�O�H�

�X�I�J�D�I �J�T �D�P�N�Q�P�T�F�E �P�G �B �C�P	R�P�N �Q�B�S�U �B�O�E �B �U�P�Q �Q�B�S�U �P�O�M�Z �	�J���F���
 �U�I�F �X�B�M�M�T �P�O
�U�I�F �T�J�E�F�T �B�S�F �P�N�J	R�F�E�
�
 �J�O�T�U�F�B�E �P�G �B �G�V�M�M �F�O�D�M�P�T�V�S�F���'�J�H�� �x���|�T�I�P�X�T �P�O�F �Q�B�S�U �P�G
�U�I�F �E�F�T�J�H�O�F�E �T�I�J�F�M�E�J�O�H �B�O�E�5�B�C�� �x���x�M�J�T�U�T �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �E�J�N�F�O�T�J�P�O�T�� �'�&�.
�T�J�N�V�M�B�U�J�P�O�T �T�I�P�X�O �J�O�'�J�H�� �x���}�S�F�W�F�B�M �U�I�B�U �U�I�F �U�P�Q �B�O�E �C�P	R�P�N �P�G �U�I�F �"�$�5 �B�S�F
�D�S�J�U�J�D�B�M �S�F�H�B�S�E�J�O�H �F�Y�U�F�S�O�B�M �T�U�S�B�Z 
W�F�M�E�T �	�T�F�F�'�J�H�� �x���}�	�B�
�
�
 �B�O�E �U�I�B�U �U�I�F �T�F�M�F�D�U�F�E
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Aluminum, 0.5 mm thick
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�'�J�H�� �x���|���4�J�N�Q�M�J
W�F�E 	;���% �$�"�% �N�P�E�F�M �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �T�I�P�X�J�O�H �X�J�O�E�J�O�H�T�
 �D�P�J�M �G�P�S�N�F�S�T�

�U�F�S�N�J�O�B�U�J�P�O�T�
 �B�O�E �D�P�O�E�V�D�U�J�W�F �B�M�V�N�J�O�V�N �T�I�J�F�M�E�J�O�H �G�F�B�U�V�S�J�O�H �B �I�P�O�F�Z�D�P�N�C �Q�B	R�F�S�O
�P�G �I�P�M�F�T���	�B�
�U�P�Q �W�J�F�X�
�	�C�
�T�J�E�F �W�J�F�X�� �1�S�P�K�F�D�U�J�P�O�T �B�S�F �J�O �T�D�B�M�F �B�O�E �N�B�J�O �N�F�D�I�B�O�J�D�B�M
�E�J�N�F�O�T�J�P�O�T �B�S�F �T�I�P�X�O��

�5�B�C�� �x���x���4�Q�F�D�J
W�D�B�U�J�P�O�T �P�G �U�I�F �D�P�O�E�V�D�U�J�W�F �B�M�V�N�J�O�V�N �T�I�J�F�M�E�J�O�H��

�%�J�N�F�O�T�J�P�O�T �P�G �T�I�J�F�M�E�J�O�H
3�Y 60”5 mm �E�J�T�U�B�O�D�F �G�S�P�N �D�P�J�M�T �J�OG���B�Y�J�T
3�Z 60”5 mm �E�J�T�U�B�O�D�F �G�S�P�N �D�P�J�M�T �J�OH���B�Y�J�T
3�[ 126”0 mm �E�J�T�U�B�O�D�F �G�S�P�N �D�P�J�M�T �J�OI ���B�Y�J�T
B�Y 601 mm �X�J�E�U�I �P�G �T�I�J�F�M�E�J�O�H
B�Z 353 mm �E�F�Q�U�I �P�G �T�I�J�F�M�E�J�O�H
B�[ 80 mm �I�F�J�H�I�U �P�G �T�I�J�F�M�E�J�O�H
C�T�I 0”5 mm �U�I�J�D�L�O�F�T�T �P�G �T�I�J�F�M�E�J�O�H

�Q�B�S�U�J�B�M �T�I�J�F�M�E�J�O�H �Q�S�P�W�J�E�F�T �U�I�F �S�F�R�V�J�S�F�E �T�I�J�F�M�E�J�O�H �F
Y�D�B�D�Z �J�O �U�I�F�T�F �M�P�D�B�U�J�P�O�T
�	�T�F�F�'�J�H�� �x���}�	�C�
�
�� �*�O �B�E�E�J�U�J�P�O�
�'�J�H�� �x���}�	�D�
�J�O�E�J�D�B�U�F�T �U�I�B�U �B �G�V�M�M �F�O�D�M�P�T�V�S�F �G�V�S�U�I�F�S
�J�N�Q�S�P�W�F�T �U�I�F �T�I�J�F�M�E�J�O�H �F
V�F�D�U�� 	_�F�S�F�G�P�S�F�
 �N�F�B�T�V�S�J�O�H �U�I�F �F�Y�U�F�S�O�B�M �T�U�S�B�Z 
W�F�M�E�T
�P�G �B �Q�S�P�U�P�U�Z�Q�F �X�J�U�I �Q�B�S�U�J�B�M �T�I�J�F�M�E�J�O�H �	�T�F�F�4�F�D�U�J�P�O �x���z���|�
 �J�T �B �D�P�O�T�F�S�W�B�U�J�W�F
�B�Q�Q�S�P�B�D�I�
 �X�I�J�D�I �G�V�S�U�I�F�S �D�P�O
W�S�N�T �J�U�T �T�V�J�U�B�C�J�M�J�U�Z �G�P�S �U�F�T�U�J�O�H �Q�V�S�Q�P�T�F�T�� �"�M�T�P�

�U�I�F �Q�B�S�U�J�B�M �T�I�J�F�M�E�J�O�H �D�P�O
W�H�V�S�B�U�J�P�O �J�T �D�P�O�T�F�S�W�B�U�J�W�F �X�J�U�I �S�F�H�B�S�E �U�P �M�P�T�T�F�T�
 �T�J�O�D�F
�J�U �P�W�F�S�F�T�U�J�N�B�U�F�T �U�I�F �U�P�U�B�M �M�P�T�T�F�T �J�O �U�I�F �T�I�J�F�M�E�J�O�H �C�Z �B �G�B�D�U�P�S �P�G1”8 �D�P�N�Q�B�S�F�E
�U�P �B �D�P�N�Q�M�F�U�F �F�O�D�M�P�T�V�S�F�� 	_�F �J�O�D�S�F�B�T�F�E �M�P�T�T�F�T �J�O �U�I�F �Q�B�S�U�J�B�M �T�I�J�F�M�E�J�O�H �D�B�O �C�F
�F�Y�Q�M�B�J�O�F�E �C�Z �B �D�S�P�X�E�J�O�H �P�G �U�I�F �F�E�E�Z �D�V�S�S�F�O�U�T �D�M�P�T�F �U�P �U�I�F �F�E�H�F�T �	�J���F���
 �F�T�Q�F�D�J�B�M�M�Z
�P�O �U�I�F �T�J�E�F�T �X�I�F�S�F �U�I�F �Q�B�S�U�J�B�M �T�I�J�F�M�E�J�O�H �F�O�E�T�
 �B�O�E �X�I�F�S�F �B �G�V�M�M �F�O�D�M�P�T�V�S�F �X�P�V�M�E
�Q�S�P�W�J�E�F �B�E�E�J�U�J�P�O�B�M �B�S�F�B �G�P�S �U�I�F �F�E�E�Z �D�V�S�S�F�O�U�T �U�P 
X�P�X�
�
 �U�I�V�T �M�F�B�E�J�O�H �U�P �B�S�F�B�T
�X�J�U�I �B �I�J�H�I �M�P�D�B�M �D�V�S�S�F�O�U �E�F�O�T�J�U�Z �B�O�E �I�F�O�D�F �M�P�T�T�F�T��
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0.0005

0.0034

0.0100

0.0299

0.8910

0.2655

20.893

0.0011

0.7907

2.3550

7.0146

�'�J�H�� �x���}���'�&�.���T�J�N�V�M�B�U�F�E 
X�V�Y �E�F�O�T�J�U�J�F�T �X�J�U�I �O�P�N�J�O�B�M �Q�S�J�N�B�S�Z�� �B�O�E �T�F�D�P�O�E�B�S�Z���T�J�E�F
�D�V�S�S�F�O�U�T �	�D�G�� �D�V�U �Q�M�B�O�F �E�F
W�O�F�E �J�O�'�J�H�� �x���x�
���	�B�
�"�$�5 �X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H���	�C�
�Q�B�S�U�J�B�M
�T�I�J�F�M�E�J�O�H �B�T �F�N�Q�M�P�Z�F�E �J�O �U�I�F �Q�S�P�U�P�U�Z�Q�F �U�P �G�B�D�J�M�J�U�B�U�F �B�D�D�F�T�T �U�P �U�I�F �X�J�O�E�J�O�H�T���	�D�
�G�V�M�M
�F�O�D�M�P�T�V�S�F�� 	_�F �T�I�J�F�M�E�J�O�H �J�T �N�P�E�F�M�F�E �X�J�U�I�P�V�U �I�P�O�F�Z�D�P�N�C �Q�B	R�F�S�O�� �/�P�U�F �U�I�F �M�P�H�B�S�J�U�I�N�J�D
�D�P�M�P�S �T�D�B�M�F��

�'�V�S�U�I�F�S�N�P�S�F�
 �B �G�V�M�M �F�O�D�M�P�T�V�S�F �N�B�E�F �P�G �T�P�M�J�E �T�I�F�F�U���N�F�U�B�M �X�P�V�M�E �D�P�N�Q�M�J�D�B�U�F
�G�P�S�D�F�E���B�J�S �D�P�P�M�J�O�H�� 	_�V�T�
 �X�F �Q�F�S�G�P�S�B�U�F �U�I�F �T�I�J�F�M�E �J�O �B �I�P�O�F�Z�D�P�N�C �Q�B	R�F�S�O �	�D�G��
�'�J�H�� �x���|�
�
 �B�D�I�J�F�W�J�O�H �B�M�T�P �B �S�F�E�V�D�U�J�P�O �P�G �U�I�F �X�F�J�H�I�U �P�G �U�I�F �T�I�J�F�M�E�J�O�H �C�Z30 %��
�8�J�U�I �U�I�J�T�
 �U�I�F �T�I�J�F�M�E�J�O�H �F
Y�D�B�D�Z �S�F�N�B�J�O�T �T�V
Y�D�J�F�O�U�M�Z �I�J�H�I�
 �I�P�X�F�W�F�S�
 �U�I�F �M�P�T�T�F�T
�J�O �U�I�F �T�I�J�F�M�E�J�O�H �J�O�D�S�F�B�T�F �C�Z29 %�	�D�P�N�Q�B�S�F�E �U�P �O�P�O���Q�F�S�G�P�S�B�U�F�E �T�I�J�F�M�E�J�O�H�
��
�F�T�T�F�O�U�J�B�M�M�Z �C�F�D�B�V�T�F �T�J�N�J�M�B�S �T�I�J�F�M�E�J�O�H �F
Y�D�B�D�Z �J�N�Q�M�J�F�T �T�J�N�J�M�B�S �D�J�S�D�V�M�B�U�J�O�H �F�E�E�Z
�D�V�S�S�F�O�U�T�
 �X�I�J�D�I �H�F�O�F�S�B�U�F �I�J�H�I�F�S �M�P�T�T�F�T �C�F�D�B�V�T�F �P�G �U�I�F �S�F�E�V�D�F�E �D�S�P�T�T���T�F�D�U�J�P�O�B�M
�B�S�F�B��
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	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�x���y���y �3�F�T�V�M�U�J�O�H �1�S�P�U�P�U�Z�Q�F

�'�J�H�� �x���~�E�F�Q�J�D�U�T �U�I�F �S�F�B�M�J�[�F�E �.�7���.�' �"�$�5 �P�G �U�I�F	9��	9���%�$�9�B�O�E�5�B�C�� �x���y�T�V�N��
�N�B�S�J�[�F�T �J�U�T �E�J�N�F�O�T�J�P�O�T �B�O�E �L�F�Z �E�F�T�J�H�O �Q�B�S�B�N�F�U�F�S�T�� �"�D�S�Z�M�J�D �H�M�B�T�T �Q�M�B�U�F�T �X�J�U�I
�T�M�P�U�T �B�S�F �J�O�T�F�S�U�F�E �G�S�P�N �U�I�F �U�P�Q �B�O�E �U�I�F �C�P	R�P�N �P�G �U�I�F �D�P�J�M�T �	�B�M�P�O�H �U�I�FI ���B�Y�J�T�

�D�G���'�J�H�� �x���~�	�B�
�
�
 �U�P 
W�Y �U�I�F �Q�P�T�J�U�J�P�O�T �P�G �B�M�M �D�P�N�Q�P�O�F�O�U�T�
 �J�O�D�M�V�E�J�O�H �U�I�F �G�B�O�T
�B�O�E �U�I�F �Q�B�S�U�J�B�M �U�P�Q�� �B�O�E �C�P	R�P�N���T�J�E�F �T�I�J�F�M�E�J�O�H�� �*�O �U�I�F �G�P�M�M�P�X�J�O�H �T�F�D�U�J�P�O �X�F
�E�F�T�D�S�J�C�F �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �N�F�U�I�P�E�P�M�P�H�Z �B�O�E �Q�S�P�W�J�E�F �E�F�U�B�J�M�F�E �N�F�B�T�V�S�F�N�F�O�U
�S�F�T�V�M�U�T �U�P �D�I�B�S�B�D�U�F�S�J�[�F �U�I�F �Q�S�P�U�P�U�Z�Q�F�Ý�T �Q�F�S�G�P�S�N�B�O�D�F��

�x���z �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

	_�J�T �T�F�D�U�J�P�O �T�V�N�N�B�S�J�[�F�T �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5 �Q�S�P�U�P��
�U�Z�Q�F �T�I�P�X�O �J�O�'�J�H�� �x���~�
 �J�O�D�M�V�E�J�O�H �B �W�B�S�J�F�U�Z �P�G �N�F�B�T�V�S�F�N�F�O�U�T�
 �F���H���
 �T�N�B�M�M���T�J�H�O�B�M
�J�N�Q�F�E�B�O�D�F �N�F�B�T�V�S�F�N�F�O�U�T�
 �M�B�S�H�F���T�J�H�O�B�M �U�F�T�U�T�
 �M�P�T�T �N�F�B�T�V�S�F�N�F�O�U�T�
 �U�S�B�O�T�J�F�O�U
�U�I�F�S�N�B�M �S�F�T�Q�P�O�T�F�T�
 �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �E�F�O�T�J�U�J�F�T �	�X�J�U�I�P�V�U �B�O�E �X�J�U�I �T�I�J�F�M�E�J�O�H�
�

�B�O�E �J�O�T�V�M�B�U�J�P�O �U�F�T�U�T�� 	_�F �S�F�T�V�M�U�T �Q�S�P�W�J�E�F �G�V�S�U�I�F�S �W�B�M�J�E�B�U�J�P�O �P�G �U�I�F �F�N�Q�M�P�Z�F�E
�N�P�E�F�M�T �E�F�T�D�S�J�C�F�E �J�O�4�F�D�U�J�P�O �x���x��

�"�T �B �Q�S�F�M�J�N�J�O�B�S�Z �S�F�N�B�S�L�
 �O�P�U�F �U�I�B�U �T�F�W�F�S�B�M �N�F�B�T�V�S�F�N�F�O�U �B�Q�Q�S�P�B�D�I�F�T �N�B�L�F
�V�T�F �P�G �B�O �J�N�Q�P�S�U�B�O�U �Q�S�P�Q�F�S�U�Z �P�G �B�O �"�$�5�� �J�U�T �M�J�O�F�B�S�J�U�Z�� �"�T �U�I�F�S�F �J�T �O�P �D�P�S�F
�N�B�U�F�S�J�B�M�
 �U�I�F�S�F �B�S�F �O�P �T�B�U�V�S�B�U�J�P�O �Q�I�F�O�P�N�F�O�B�
 �J���F���
 �U�I�F �"�$�5�Ý�T �L�F�Z �Q�S�P�Q�F�S�U�J�F�T
�T�V�D�I �B�T �D�P�V�Q�M�J�O�H�
 �J�O�E�V�D�U�B�O�D�F�T�
 �B�O�E �"�$ �S�F�T�J�T�U�B�O�D�F�T �E�P �O�P�U �E�J�S�F�D�U�M�Z �E�F�Q�F�O�E �P�O
�D�V�S�S�F�O�U �B�O�E �W�P�M�U�B�H�F�T �	�O�P�U �D�P�O�T�J�E�F�S�J�O�H �U�I�F�S�N�B�M �F
V�F�D�U�T�
��

�/�P�U�F �U�I�B�U �U�I�F �"�$�5 �J�T �Q�M�B�D�F�E �P�O �B �X�P�P�E�F�O �U�B�C�M�F �	�J���F���
 �X�J�U�I�P�V�U �N�F�U�B�M �M�F�H�T�
 �B�O�E
�U�I�F �V�T�F�E �N�F�B�T�V�S�F�N�F�O�U �F�R�V�J�Q�N�F�O�U �	�J���F���
 �J�U�T �B�D�U�J�W�F �Q�B�S�U�T�
 �J�T �Q�M�B�D�F�E �B�U �T�V
Y�D�J�F�O�U
�E�J�T�U�B�O�D�F �	¡ 1 m�
 �U�P �Q�S�F�W�F�O�U �J�O�U�F�S�B�D�U�J�P�O�T �P�G �U�I�F �"�$�5�Ý�T 
W�F�M�E�T �X�J�U�I �O�F�B�S�C�Z �N�F�U�B�M
�Q�B�S�U�T��

�x���z���v �*�N�Q�F�E�B�O�D�F �.�F�B�T�V�S�F�N�F�O�U�T

�5�P �W�B�M�J�E�B�U�F �U�I�F �D�P�N�Q�V�U�F�E �W�B�M�V�F�T �P�G! �	9�
	:�B�O�E! �N �G�S�P�N �U�I�F �F�R�V�J�W�B�M�F�O�U �D�J�S�D�V�J�U
�P�G�'�J�H�� �x���x�
�U�I�F �T�I�P�S�U���D�J�S�D�V�J�U �B�O�E �P�Q�F�O���D�J�S�D�V�J�U �J�N�Q�F�E�B�O�D�F�T �B�S�F �N�F�B�T�V�S�F�E �X�J�U�I
�B�O �"�H�J�M�F�O�U 	<	A	:	<�" �Q�S�F�D�J�T�J�P�O �J�N�Q�F�E�B�O�D�F �B�O�B�M�Z�[�F�S �G�S�P�N �U�I�F �Q�S�J�N�B�S�Z �B�O�E �G�S�P�N
�U�I�F �T�F�D�P�O�E�B�S�Z �T�J�E�F �	�X�J�U�I�P�V�U �U�I�F �T�I�J�F�M�E�J�O�H �Q�S�F�T�F�O�U�
�� �.�P�S�F�P�W�F�S�
 �U�I�F �D�P�N�N�P�O��
�N�P�E�F �	�$�.�
 �J�N�Q�F�E�B�O�D�F �B�D�S�P�T�T �U�I�F �H�B�M�W�B�O�J�D �J�O�T�V�M�B�U�J�P�O �J�T �N�F�B�T�V�S�F�E �C�F�U�X�F�F�O
�U�I�F �T�I�P�S�U�F�E �Q�S�J�N�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �B�O�E �U�I�F �T�I�P�S�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H��
�'�J�H�� �x���v�u�T�I�P�X�T �U�I�F �P�C�U�B�J�O�F�E �S�F�T�V�M�U�T �B�O�E�5�B�C�� �x���z�D�P�N�Q�B�S�F�T �U�I�F �T�J�N�V�M�B�U�F�E �B�O�E
�U�I�F �N�F�B�T�V�S�F�E �W�B�M�V�F�T �P�G �U�I�F �F�R�V�J�W�B�M�F�O�U �D�J�S�D�V�J�U �Q�B�S�B�N�F�U�F�S�T �	�B�U �B �G�S�F�R�V�F�O�D�Z �P�G
77”4 kHz�
�� �"�M�M �E�F�W�J�B�U�J�P�O�T �C�F�U�X�F�F�O �N�F�B�T�V�S�F�N�F�O�U�T �B�O�E �T�J�N�V�M�B�U�J�P�O�T �B�S�F �C�F�M�P�X
16 %�� 	_�F �$�. �D�B�Q�B�D�J�U�B�O�D�F �J�T �S�F�M�B�U�J�W�F�M�Z �M�P�X �B�O�E �F�R�V�B�M �U�P102 pF�� �'�V�S�U�I�F�S�N�P�S�F�
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�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�'�J�H�� �x���~���1�I�P�U�P �P�G �U�I�F �S�F�B�M�J�[�F�E166 kW��7 kV �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �	�"�$�5�
���	�B�
�X�J�U�I�P�V�U
�T�I�J�F�M�E�J�O�H�
�	�C�
�X�J�U�I �B�M�V�N�J�O�V�N �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H��

	<	>



	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�5�B�C�� �x���y���,�F�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �U�I�F �S�F�B�M�J�[�F�E166 kW��7 kV �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �	�"�$�5�

�Q�S�P�U�P�U�Z�Q�F �B�O�E �U�I�F �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L��

�"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S
A�J 90 mm �J�O�U�F�S�O�B�M �S�B�E�J�V�T�
 �D�G�� �'�J�H�� 	;��	<�	�B�

F 1 4”5 mm �X�J�E�U�I �P�G �P�V�U�F�S �X�J�O�E�J�O�H
F 2 4”5 mm �X�J�E�U�I �P�G �J�O�O�F�S �X�J�O�E�J�O�H
; 98”6 mm �M�F�O�H�U�I �P�G �D�P�J�M

�8�J�O�E�J�O�H
# 2 � 22 �O�V�N�C�F�S �P�G �U�V�S�O�T �	�T�J�O�H�M�F �M�B�Z�F�S�


�-�J�U�[
�X�J�S�Ff 5 � 10� 40 �T�U�S�B�O�E�T �J�O 	; �C�V�O�E�M�F �M�F�W�F�M�T �	�U�P�U�B�M �P�G 	:	8	8	8

�T�U�S�B�O�E�T�

�E�P�V�C�M�F �M�B�Z�F�S
�Q�P�M�Z�B�N�J�E�F

�P�V�U�F�S �J�O�T�V�M�B�U�J�P�O �P�G �M�J�U�[ �X�J�S�F

3�M�J�U�[ 71�m �T�J�O�H�M�F �T�U�S�B�O�E �E�J�B�N�F�U�F�S
=�M�J�U�[ 2000 �O�V�N�C�F�S �P�G �T�U�S�B�O�E�T
� �M�J�U�[ 7”2 A•mm2 �D�V�S�S�F�O�U �E�F�O�T�J�U�Z

�&�R�V�J�W�B�M�F�O�U �D�J�S�D�V�J�U �Q�B�S�B�N�F�U�F�S�T
! �	9�
	: 51”8�H �Q�S�J�N�B�S�Z �� �T�F�D�P�O�E�B�S�Z �M�F�B�L�B�H�F �J�O�E�V�D�U�B�O�D�F
! �N 162”6�H �N�B�H�O�F�U�J�[�J�O�H �J�O�E�V�D�U�B�O�D�F
= 1 : 1 �U�S�B�O�T�G�P�S�N�F�S �U�V�S�O�T �S�B�U�J�P
: 0”76 �D�P�V�Q�M�J�O�H �G�B�D�U�P�S

� �Q�
�T 56”6 A
�Q�S�J�N�B�S�Z �� �T�F�D�P�O�E�B�S�Z �U�S�B�O�T�G�P�S�N�F�S �S�N�T
�D�V�S�S�F�O�U

� �N 40”0 A �N�B�H�O�F�U�J�[�J�O�H �S�N�T �D�V�S�S�F�O�U

�*�O�T�V�M�B�U�J�P�O
+�J 10 kV �%�$ �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F

3�D�M�F�B�S 66 mm �D�M�F�B�S�B�O�D�F �E�J�T�U�B�O�D�F
3�D�S�F�F�Q 79 mm �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F

�3�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L
5�T 77”4 kHz �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z

� �S	9�
	: 81”6 nF �J�O�Q�V�U �� �P�V�U�Q�V�U �T�J�E�F �S�F�T�P�O�B�O�D�F �D�B�Q�B�D�J�U�B�O�D�F
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	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�5�B�C�� �x���z���4�N�B�M�M���T�J�H�O�B�M �Q�B�S�B�N�F�U�F�S�T �P�G �U�I�F �"�$�5 �	�X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H�
 �E�F�U�F�S�N�J�O�F�E �B�U
5 = 77”4 kHz�
��

�1�B�S�B�N�� �4�J�N�� �w���% �4�J�N�� �x���% �.�F�B�T�� �%�F�W�� �w�¶�% �= �x���%

! 	9�
	: 	:	8	<��	=��) 	:	9	<��	:��) 	:	9	<��	<��) 	<��	> �� �= 	8��	9 ��
! �N 	9	<	<��	<��) 	9	=	=��	A��) 	9	>	:��	>��) 	9	9��	: �� �= 	<��	: ��

! �	9�
	: 	>	8��	9��) 	=
���	<��) 	=	9��
���) 	9	>��	8 �� �= 	9	:��	> ��
: 	8��	?	8	> 	8��	?	:
� 	8��	?	=
� 	?��	< �� �= 	;��
� ��

Input configuration

V
dc

,1

V
dc

,2

Air-Core Transformer

Output configuration

�'�J�H�� �x���v�v���*�O�Q�V�U �E�F�W�J�D�F�T �B�O�E �P�V�U�Q�V�U �D�P�O
W�H�V�S�B�U�J�P�O�T �P�G �U�I�F �E�J
V�F�S�F�O�U �N�F�B�T�V�S�F�N�F�O�U
�D�J�S�D�V�J�U�T��	9
 �%�$ �T�P�V�S�D�F �G�P�S �U�I�F�S�N�B�M �D�B�M�J�C�S�B�U�J�P�O�
	:
 �J�N�Q�F�E�B�O�D�F �B�O�B�M�Z�[�F�S �X�J�U�I �T�F�S�J�F�T
�S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �G�P�S �T�N�B�M�M���T�J�H�O�B�M �N�F�B�T�V�S�F�N�F�O�U�T �P�G �"�$ �S�F�T�J�T�U�B�O�D�F�T�
	;
 �Q�P�X�F�S �B�N��
�Q�M�J
W�F�S �X�J�U�I �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �G�P�S �M�B�S�H�F���T�J�H�O�B�M �N�F�B�T�V�S�F�N�F�O�U�T�� �%�F�Q�F�O�E�J�O�H �P�O
�U�I�F �N�F�B�T�V�S�F�N�F�O�U�
 �F�J�U�I�F�S �B�O �P�Q�F�O���D�J�S�D�V�J�U	<
 �P�S �B �T�I�P�S�U���D�J�S�D�V�J�U	=
 �J�T �S�F�B�M�J�[�F�E �B�U �U�I�F
�T�F�D�P�O�E�B�S�Z �T�J�E�F�� 	_�F �M�B�T�U �D�P�O
W�H�V�S�B�U�J�P�O�
 �X�J�U�I �B �T�F�D�P�O�E�B�S�Z���T�J�E�F �%�$ �T�P�V�S�D�F	>
 �
 �J�T �V�T�F�E
�G�P�S �U�I�F �U�I�F�S�N�B�M �D�B�M�J�C�S�B�U�J�P�O �P�O�M�Z��

	<	A



�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�'�J�H�� �x���v�w���7�P�M�U�B�H�F �B�O�E �D�V�S�S�F�O�U �X�B�W�F�G�P�S�N�T �N�F�B�T�V�S�F�E �J�O �U�I�F �D�P�V�S�T�F �P�G �U�I�F �M�B�S�H�F���T�J�H�O�B�M
�U�F�T�U�T �U�I�B�U �V�U�J�M�J�[�F �T�F�S�J�F�T �S�F�T�P�O�B�O�U �P�Q�F�S�B�U�J�P�O���	�B�
�4�F�D�P�O�E�B�S�Z���T�J�E�F �T�I�P�S�U���D�J�S�D�V�J�U �	�S�N�T
�W�B�M�V�F�T�
�� �Q�S�J�N�B�S�Z���T�J�E�F �D�V�S�S�F�O�U �J�T19”6 A�
 �Q�S�J�N�B�S�Z���T�J�E�F �W�P�M�U�B�H�F �J�T0”93 kV�
 �T�F�D�P�O�E�B�S�Z��
�T�J�E�F �D�V�S�S�F�O�U �J�T14”6 A�
 �B�O�E �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�Z �J�T75”3 kHz���	�C�
�4�F�D�P�O�E�B�S�Z���T�J�E�F �P�Q�F�O��
�D�J�S�D�V�J�U �	�S�N�T �W�B�M�V�F�T�
�� �Q�S�J�N�B�S�Z���T�J�E�F �D�V�S�S�F�O�U �J�T19”9 A�
 �Q�S�J�N�B�S�Z���T�J�E�F �W�P�M�U�B�H�F �J�T2”04 kV�

�B�O�E �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�Z �J�T78”0 kHz��

�B�M�M �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�J�F�T �B�S�F �N�V�D�I �I�J�H�I�F�S �U�I�B�O �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �B�O�E
�B�S�F �G�P�V�O�E �U�P �C�F �V�O�D�S�J�U�J�D�B�M �X�J�U�I �S�F�H�B�S�E �U�P �U�I�F �P�Q�F�S�B�U�J�P�O �P�G �U�I�F 	9��	9���%�$�9 �<	>	:�>��

�x���z���w �-�B�S�H�F���4�J�H�O�B�M �5�F�T�U�T

�-�B�S�H�F���T�J�H�O�B�M �U�F�T�U�T �P�G �U�I�F �"�$�5 �D�P�V�M�E �C�F �D�P�O�E�V�D�U�F�E �J�O �U�I�F �D�P�V�S�T�F �P�G �B�O �F�Y�Q�F�S�J��
�N�F�O�U�B�M �U�F�T�U �P�G �U�I�F �F�O�U�J�S�F	9��	9���%�$�9�
 �D�G���'�J�H�� �w���w�	�B�
�
 �X�I�J�D�I�
 �I�P�X�F�W�F�S�
 �S�F�R�V�J�S�F�T �U�X�P

	=	8



	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�G�V�M�M�Z �P�Q�F�S�B�U�J�P�O�B�M �.�7���.�' �I�B�M�G���C�S�J�E�H�F�T�� �&�B�D�I �P�G �U�I�F �I�B�M�G���C�S�J�E�H�F�T �O�F�F�E�T �U�P �Q�S�P��
�D�F�T�T �U�I�F �S�B�U�F�E �Q�P�X�F�S �P�G166 kW�B�O�E �B�M�M�P�X �G�P�S �P�Q�F�S�B�U�J�P�O �X�J�U�I5�T= 77”4 kHz�� �5�P
�D�J�S�D�V�N�W�F�O�U �U�I�F �D�P�T�U�T �B�O�E �V�O�D�F�S�U�B�J�O�U�J�F�T �S�F�M�B�U�F�E �U�P �U�I�F �S�F�B�M�J�[�B�U�J�P�O �B�O�E �P�Q�F�S�B�U�J�P�O
�P�G �T�V�D�I10 kV�I�B�M�G���C�S�J�E�H�F �D�P�O�W�F�S�U�F�S�T�
 �B�O �B�M�U�F�S�O�B�U�J�W�F �B�Q�Q�S�P�B�D�I �J�T �Q�V�S�T�V�F�E �J�O
�U�I�J�T �U�I�F�T�J�T�� �4�J�O�D�F �U�I�F �D�V�S�S�F�O�U�T �J�O �U�I�F �"�$�5 �P�G �U�I�F	9��	9���%�$�9�B�S�F �R�V�B�T�J���T�J�O�V�T�P�J�E�B�M
�	�D�G���'�J�H�� �w���w�C�
�
 �U�I�F �"�$�5 �D�B�O �C�F �P�Q�F�S�B�U�F�E �J�O �B �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�J�S�D�V�J�U �U�I�B�U �J�T
�T�V�Q�Q�M�J�F�E �C�Z �B �Q�P�X�F�S �B�N�Q�M�J
W�F�S�
 �J�O�T�U�F�B�E�� 	_�J�T �F
V�F�D�U�J�W�F�M�Z �F�N�V�M�B�U�F�T �Q�P�X�F�S �P�Q��
�F�S�B�U�J�P�O�� �/�P�U�F �U�I�B�U �T�J�O�D�F �U�I�F �"�$�5 �J�T �O�P�U �T�V�C�K�F�D�U �U�P �D�P�S�F �M�P�T�T�F�T �B�O�E �J�T �B �M�J�O�F�B�S
�E�F�W�J�D�F�
 �M�B�S�H�F���T�J�H�O�B�M �W�B�M�J�E�B�U�J�P�O �D�B�O �C�F �E�P�O�F �X�J�U�I �T�D�B�M�F�E �W�P�M�U�B�H�F�T���D�V�S�S�F�O�U�T�
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W�W�F �Q�P�T�J�U�J�P�O�T �N�B�S�L�F�E
�X�J�U�I) �\	9�
	:�
	;�
	<�
	=�^�J�O�'�J�H�� �x���{�	�C�
�� �/�5�$ �T�F�O�T�P�S�T �	�1�4	9	8	<�+	: �U�I�F�S�N�J�T�U�P�S�
 �B�S�F �V�T�F�E �E�V�S�J�O�H
�U�I�F�S�N�B�M �U�F�T�U�T �X�J�U�I �%�$ �D�V�S�S�F�O�U�T�� �I�P�X�F�W�F�S�
 �E�V�F �U�P �U�I�F �M�B�D�L �P�G �J�T�P�M�B�U�J�P�O�
 �P�O�M�Z
�P�O�F �/�5�$ �T�F�O�T�P�S�
) 	9�
 �D�B�O �C�F �V�T�F�E �E�V�S�J�O�H �"�$ �U�F�T�U�T �C�F�D�B�V�T�F �P�G �U�I�F �T�J�H�O�J
W�D�B�O�U�M�Z
�I�J�H�I�F�S �W�P�M�U�B�H�F �M�F�W�F�M�T�� 	_�V�T�
 
W�C�F�S �P�Q�U�J�D �T�F�O�T�P�S�T �	�'�0�5�&�.�1�.�,��	9	A �.�P�E�V�M�B�S�
 �B�S�F
�V�T�F�E �U�P �N�F�B�T�V�S�F) �\	9�
	:�
	;�
	<�
	=�^�E�V�S�J�O�H �"�$ �U�F�T�U�T��

�'�J�S�T�U�M�Z�
 �%�$ �D�V�S�S�F�O�U�T �B�S�F �J�O�K�F�D�U�F�E �J�O�U�P �U�I�F �X�J�O�E�J�O�H�T �J�O �P�S�E�F�S �U�P �E�F�U�F�S�N�J�O�F
�U�I�F �T�U�F�Q �S�F�T�Q�P�O�T�F�T �P�G �B�M�M �N�F�B�T�V�S�F�E �U�F�N�Q�F�S�B�U�V�S�F�T �G�P�S �H�J�W�F�O �M�P�T�T�F�T �J�O �U�I�F �X�J�O�E��
�J�O�H�T �	�J�O �U�I�F �S�B�O�H�F �P�G10 W�U�P40 W�
�� �*�O �U�I�J�T �D�P�O�U�F�Y�U�
 �P�O�F �%�$ �T�P�V�S�D�F �J�T �V�T�F�E �J�G
�B �T�F�D�P�O�E�B�S�Z���T�J�E�F �P�Q�F�O���D�J�S�D�V�J�U �J�T �B�T�T�F�T�T�F�E �	�J�O�Q�V�U �D�P�O
W�H�V�S�B�U�J�P�O	9
 �J�O�'�J�H�� �x���v�v�

�B�O�E �U�X�P �%�$ �T�P�V�S�D�F�T �J�G �B �T�F�D�P�O�E�B�S�Z���T�J�E�F �T�I�P�S�U���D�J�S�D�V�J�U �J�T �F�W�B�M�V�B�U�F�E �	�J�O�Q�V�U
�B�O�E �P�V�U�Q�V�U �D�P�O
W�H�V�S�B�U�J�P�O�T	9
 �B�O�E	>
 �J�O�'�J�H�� �x���v�v�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�
���'�J�H�� �x���v�x�	�B�

�Q�S�F�T�F�O�U�T �F�Y�B�N�Q�M�F �T�U�F�Q �S�F�T�Q�P�O�T�F�T �P�G �U�I�F �U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S) 	9�	�D�G���'�J�H�� �x���{�	�C�
�

�G�P�S �G�P�V�S �E�J
V�F�S�F�O�U �W�B�M�V�F�T �P�G �Q�P�X�F�S �C�F�J�O�H �E�J�T�T�J�Q�B�U�F�E �J�O �U�I�F �Q�S�J�N�B�S�Z���T�J�E�F �D�P�J�M�T��
�*�O �U�I�J�T �N�F�B�T�V�S�F�N�F�O�U�
 �U�I�F �T�F�D�P�O�E�B�S�Z �T�J�E�F �P�G �U�I�F �"�$�5 �I�B�T �C�F�F�O �M�F	O �P�Q�F�O�� 	_�F
�P�C�U�B�J�O�F�E �T�U�F�Q �S�F�T�Q�P�O�T�F�T �F�O�B�C�M�F �U�I�F �D�P�N�Q�J�M�B�U�J�P�O �P�G �B �M�P�T�T���W�T�����U�F�N�Q�F�S�B�U�V�S�F �D�I�B�S��
�B�D�U�F�S�J�T�U�J�D �G�P�S �F�B�D�I �U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S�
 �X�I�J�D�I �S�F�M�B�U�F�T �U�I�F �M�P�T�T�F�T �U�P �B �N�F�B�T�V�S�F�E
�U�F�N�Q�F�S�B�U�V�S�F �J�O�D�S�F�B�T�F �B	O�F�S �B �E�F
W�O�F�E �U�J�N�F�
� C�� �'�J�H�� �x���v�x�	�C�
�E�F�Q�J�D�U�T �U�I�F �M�P�T�T
�D�V�S�W�F �U�I�B�U �S�F�T�V�M�U�T �G�P�S �U�I�F �U�S�B�O�T�J�F�O�U �U�F�N�Q�F�S�B�U�V�S�F �X�B�W�F�G�P�S�N�T �P�G�'�J�H�� �x���v�x�	�B�
�
 �J���F���

�G�P�S �U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S) 	9�B�O�E �B �T�F�D�P�O�E�B�S�Z���T�J�E�F �P�Q�F�O���D�J�S�D�V�J�U�
 �B�O�E� C= 600 s��

�4�V�C�T�F�R�V�F�O�U�M�Z �U�P �U�I�J�T �J�O�J�U�J�B�M �D�B�M�J�C�S�B�U�J�P�O�
 �U�I�F �"�$�5 �J�T �P�Q�F�S�B�U�F�E �J�O �"�$ �S�F�T�P��
�O�B�O�D�F �	�V�T�J�O�H �B �Q�P�X�F�S �B�N�Q�M�J
W�F�S �B�O�E �T�F�S�J�F�T �D�P�N�Q�F�O�T�B�U�J�P�O �D�B�Q�B�D�J�U�P�S�
 �T�F�F�4�F�D��
�U�J�P�O �x���z���w�
 �X�J�U�I �B �E�F
W�O�F�E �Q�S�J�N�B�S�Z���T�J�E�F �D�V�S�S�F�O�U�
� �N�F�B�T�� �"	O�F�S �U�I�F �U�J�N�F �J�O�U�F�S�W�B�M
� C�I�B�T �F�M�B�Q�T�F�E �	�D�G���'�J�H�� �x���v�x�	�D�
�
�
 �U�I�F �U�F�N�Q�F�S�B�U�V�S�F �J�O�D�S�F�B�T�F �N�F�B�T�V�S�F�E �C�Z �F�B�D�I
�U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S �U�P�H�F�U�I�F�S �X�J�U�I �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �D�B�M�J�C�S�B�U�J�P�O �E�B�U�B �G�P�S �U�I�B�U
�T�F�O�T�P�S �B�M�M�P�X�T �U�P �E�F�U�F�S�N�J�O�F �U�I�F �X�J�O�E�J�O�H �M�P�T�T�F�T �	�D�G���'�J�H�� �x���v�x�	�C�
�
�� �'�J�O�B�M�M�Z�
 �U�I�F
�"�$ �S�F�T�J�T�U�B�O�D�F �J�T �D�B�M�D�V�M�B�U�F�E �B�T' �"�$ = %�N�F�B�T• � 2

�N�F�B�T�� 	_�F �V�O�D�F�S�U�B�J�O�U�J�F�T �P�G �U�I�F
�U�F�N�Q�F�S�B�U�V�S�F �N�F�B�T�V�S�F�N�F�O�U�T �X�J�U�I �U�I�F �I�J�H�I���Q�S�F�D�J�T�J�P�O �/�5�$ �T�F�O�T�P�S�T �B�O�E �U�I�F

W�C�F�S �P�Q�U�J�D �T�F�O�T�P�S�T �B�S�F�0 ”1� C �B�O�E�0 ”2 � C�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �X�I�J�D�I �D�P�S�S�F�T�Q�P�O�E�T
�U�P �M�P�T�T �E�F�W�J�B�U�J�P�O�T �P�G�0 ”4 W �B�O�E�0 ”8 W �B�O�E �S�F�T�J�T�U�B�O�D�F �E�F�W�J�B�U�J�P�O�T �P�G�2 m

�B�O�E�4 m
 �
 �S�F�T�Q�F�D�U�J�W�F�M�Z �	�G�P�S �B �N�F�B�T�V�S�F�N�F�O�U �D�V�S�S�F�O�U �P�G 	9	< �"�
�� 	_�F �N�B�Y�J�N�V�N
�V�O�D�F�S�U�B�J�O�U�Z �P�G �U�I�F �D�V�S�S�F�O�U �N�F�B�T�V�S�F�N�F�O�U �J�T¸2 %•�1 %�
 �D�G���4�F�D�U�J�P�O �x���z���w�
 �X�I�J�D�I
�D�P�S�S�F�T�Q�P�O�E�T �U�P �B�O �B�E�E�J�U�J�P�O�B�M �V�O�D�F�S�U�B�J�O�U�Z �P�G �U�I�F �N�F�B�T�V�S�F�E' �"�$ �P�Ģ2 %•�4 % �

�F���H���
¸2 m
 •�4 m
 �G�P�S �B �U�Z�Q�J�D�B�M%�N�F�B�T= 20 W�B�O�E �B �N�F�B�T�V�S�F�N�F�O�U �D�V�S�S�F�O�U �P�G
	9	< �" �	�D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �B�O' AC �P�G �B�C�P�V�U100 m
�
��

�5�B�C�� �x���|�M�J�T�U�T �U�I�F �S�F�T�V�M�U�T �P�G �U�I�F �D�P�O�E�V�D�U�F�E �N�F�B�T�V�S�F�N�F�O�U�T�� 	_�F 
W�O�B�M �"�$
�S�F�T�J�T�U�B�O�D�F�T �B�S�F �D�B�M�D�V�M�B�U�F�E �C�Z �B�W�F�S�B�H�J�O�H �U�I�F �W�B�M�V�F�T �P�C�U�B�J�O�F�E �G�S�P�N �E�J
V�F�S�F�O�U
�U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S�T �B�O�E �B�S�F �M�J�T�U�F�E �J�O�5�B�C�� �x���}�U�P�H�F�U�I�F�S �X�J�U�I �U�I�F �S�F�T�V�M�U�T �P�G
�D�P�S�S�F�T�Q�P�O�E�J�O�H �'�&�. �T�J�N�V�M�B�U�J�P�O�T�� �/�P�U�F �U�I�B�U �U�I�F �U�S�B�O�T�J�F�O�U �D�B�M�P�S�J�N�F�U�S�J�D �N�F�U�I�P�E
�F�O�B�C�M�F�T �J�O�E�J�W�J�E�V�B�M �N�F�B�T�V�S�F�N�F�O�U�T �P�G �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F�T �P�G �U�I�F �Q�S�J�N�B�S�Z �B�O�E
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�'�J�H�� �x���v�x���5�S�B�O�T�J�F�O�U �D�B�M�P�S�J�N�F�U�S�J�D �N�F�B�T�V�S�F�N�F�O�U �P�G �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F�Ø�F�Y�F�N�Q�M�B�S�Z �J�M��
�M�V�T�U�S�B�U�J�P�O �P�G �U�I�F �Q�S�P�D�F�T�T�J�O�H �P�G �U�I�F �N�F�B�T�V�S�F�E �T�U�F�Q �S�F�T�Q�P�O�T�F�T �P�G �U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S
) 	9�G�P�S �B �T�F�D�P�O�E�B�S�Z���T�J�E�F �P�Q�F�O���D�J�S�D�V�J�U �P�G �U�I�F �"�$�5���	�B�
�J�O�J�U�J�B�M �N�F�B�T�V�S�F�N�F�O�U�T �P�G �U�I�F �U�F�N��
�Q�F�S�B�U�V�S�F �T�U�F�Q �S�F�T�Q�P�O�T�F�T �G�P�S �E�F
W�O�F�E �M�P�T�T�F�T �P�O �U�I�F �Q�S�J�N�B�S�Z �T�J�E�F�
 �S�B�O�H�J�O�H �G�S�P�N10 W
�U�P40 W���	�C�
�M�J�O�F�B�S �B�Q�Q�S�P�Y�J�N�B�U�J�P�O �P�G �U�I�F �E�F�Q�F�O�E�F�O�D�Z �P�G �U�I�F �U�F�N�Q�F�S�B�U�V�S�F �J�O�D�S�F�B�T�F�

� ) 	9¹� C= 600 sº = ) 	9¹� Cº � ) 	9¹0º�
 �P�O �U�I�F �M�P�T�T�F�T�� �U�I�F �T�M�P�Q�F �P�G �U�I�J�T �G�V�O�D�U�J�P�O �J�T �D�P�N�Q�V�U�F�E
�X�J�U�I �B �M�F�B�T�U �T�R�V�B�S�F�T �P�Q�U�J�N�J�[�B�U�J�P�O���	�D�

W�O�B�M �N�F�B�T�V�S�F�N�F�O�U �P�G �U�I�F �T�U�F�Q �S�F�T�Q�P�O�T�F �P�G) 	9�G�P�S
�B �Q�S�J�N�B�S�Z���T�J�E�F �"�$ �S�N�T �D�V�S�S�F�O�U �P�G14 A��

�P�G �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �B�M�T�P �G�P�S �B �T�I�P�S�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H
�	�J�O �D�P�O�U�S�B�T�U �U�P �U�I�F �T�N�B�M�M���T�J�H�O�B�M �B�Q�Q�S�P�B�D�I �E�J�T�D�V�T�T�F�E �F�B�S�M�J�F�S�
�� �*�U �D�B�O �C�F �T�F�F�O
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	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�U�I�B�U �U�I�F �U�S�B�O�T�J�F�O�U �D�B�M�P�S�J�N�F�U�S�J�D �N�F�U�I�P�E �B�M�M�P�X�T �U�P �N�F�B�T�V�S�F �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F
�N�P�S�F �B�D�D�V�S�B�U�F�M�Z �U�I�B�O �U�I�F �T�N�B�M�M���T�J�H�O�B�M �N�F�U�I�P�E �	�D�G���5�B�C�� �x���{�
�
 �I�P�X�F�W�F�S �U�I�F
�E�F�W�J�B�U�J�P�O�T �U�P �U�I�F �T�J�N�V�M�B�U�F�E �W�B�M�V�F�T �	25 %�U�P40 %�
 �X�J�U�I�P�V�U �B�Q�Q�M�Z�J�O�H �U�I�F �M�P�T�T��
�D�P�S�S�F�D�U�J�P�O �G�B�D�U�P�S: loss �U�P �U�I�F �'�&�. �S�F�T�V�M�U�T�
 �B�S�F �T�U�J�M�M �I�J�H�I�� �" �M�J�L�F�M�Z �S�F�B�T�P�O �G�P�S
�U�I�J�T �J�T �J�N�Q�F�S�G�F�D�U �U�X�J�T�U�J�O�H �P�G �U�I�F �M�J�U�[ �X�J�S�F�
 �X�I�J�D�I �J�T �L�O�P�X�O �U�P �D�B�V�T�F �J�O�D�S�F�B�T�F�E
�X�J�O�E�J�O�H �M�P�T�T�F�T �<	=	?�
 	=
��> �B�O�E �J�T �U�I�V�T �J�O�W�F�T�U�J�H�B�U�F�E �J�O �U�I�F �O�F�Y�U �T�F�D�U�J�P�O��

�5�B�C�� �x���|���3�F�T�V�M�U�T �P�G �U�I�F �U�S�B�O�T�J�F�O�U �D�B�M�P�S�J�N�F�U�S�J�D �N�F�U�I�P�E �G�P�S �U�I�F �N�F�B�T�V�S�F�E �"�$ �S�F�T�J�T�U�B�O�D�F�T��
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�x���z���y �-�J�U�[ �8�J�S�F �$�V�S�S�F�O�U �4�I�B�S�J�O�H

	_�F �D�V�S�S�F�O�U �T�I�B�S�J�O�H �J�O �U�I�F �C�V�O�E�M�F�T �P�G �U�I�F �V�T�F�E �M�J�U�[ �X�J�S�F �J�T �B�O�B�M�Z�[�F�E �J�O �P�S�E�F�S
�U�P �E�F�U�F�S�N�J�O�F �X�I�F�U�I�F�S �U�I�F �N�F�B�T�V�S�F�E �J�O�D�S�F�B�T�F �P�G �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F �B�C�P�W�F
�U�I�F �W�B�M�V�F�T �F�Y�Q�F�D�U�F�E �G�S�P�N �T�J�N�V�M�B�U�J�P�O�T �N�B�Z �C�F �D�B�V�T�F�E �C�Z �J�N�Q�F�S�G�F�D�U �U�X�J�T�U�J�O�H��
	_�F �M�J�U�[ �X�J�S�F �V�T�F�E �J�O �U�I�F �U�S�B�O�T�G�P�S�N�F�S �D�P�O�T�J�T�U�T �P�G 	:	8	8	8 �T�U�S�B�O�E�T �X�J�U�I �B �T�J�O�H�M�F��
�T�U�S�B�O�E �E�J�B�N�F�U�F�S �P�G71µm�� �*�U �J�T �U�X�J�T�U�F�E �J�O 	; �M�F�W�F�M�T�� �U�P�Q���M�F�W�F�M �		= �C�V�O�E�M�F�T�
�

�N�J�E���M�F�W�F�M �		9	8 �T�V�C�C�V�O�E�M�F�T�
 �B�O�E �T�U�S�B�O�E���M�F�W�F�M �		<	8 �T�U�S�B�O�E�T�
�
 �T�F�F�'�J�H�� �x���v�y�	�B�
�� �5�P
�F�Y�B�N�J�O�F �U�I�F �D�V�S�S�F�O�U �T�I�B�S�J�O�H�
 �B �U�F�T�U �D�P�J�M �X�J�U�I �B�O �J�O�O�F�S �E�J�B�N�F�U�F�S �P�G160 mm
�B�O�E31 �U�V�S�O�T �	�T�J�O�H�M�F �M�B�Z�F�S�
 �U�P�U�B�M �M�F�O�H�U�I �P�G51 cm�
 �J�T �X�P�V�O�E�
 �J���F���
 �U�I�F �U�F�T�U �D�P�J�M
�I�B�T �T�J�N�J�M�B�S �E�J�N�F�O�T�J�P�O�T �B�T �P�O�F �P�G �U�I�F �"�$�5�Ý�T �D�P�J�M�T�� �*�U�T �M�J�U�[ �X�J�S�F �I�B�T �C�F�F�O
�Q�B�S�U�J�B�M�M�Z �V�O�U�X�J�T�U�F�E �U�P �I�B�W�F �B�D�D�F�T�T �U�P �B�M�M �C�V�O�E�M�F�T �B�O�E�
 �J�O �B�E�E�J�U�J�P�O�
 �P�O�F �P�G �U�I�F
�T�V�C�C�V�O�E�M�F�T �	�/�P�� 	=�
 �I�B�T �C�F�F�O �V�O�U�X�J�T�U�F�E �U�P �I�B�W�F �B�D�D�F�T�T �U�P �B�M�M �P�G �J�U�T �T�U�S�B�O�E��
�M�F�W�F�M �C�V�O�E�M�F�T���'�J�H�T�� �x���v�y�	�C�
�
�	�D�
�E�F�Q�J�D�U �U�I�F �N�F�B�T�V�S�F�E �D�V�S�S�F�O�U�T 
X�P�X�J�O�H �J�O �U�I�F
�J�O�E�J�W�J�E�V�B�M �C�V�O�E�M�F�T �B�O�E �T�V�C�C�V�O�E�M�F�T�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �G�P�S �B �U�P�U�B�M �S�N�T �D�V�S�S�F�O�U �P�G
0”6 A �B�U �B �G�S�F�R�V�F�O�D�Z �P�G80 kHz�� 	_�F �B�N�Q�M�J�U�V�E�F�T �P�G �U�I�F �D�V�S�S�F�O�U�T 
X�P�X�J�O�H �J�O �U�I�F
�U�P�Q���M�F�W�F�M �C�V�O�E�M�F�T �E�F�W�J�B�U�F �P�O �B�W�F�S�B�H�F �C�Z 	:	;��	: �� �G�S�P�N �U�I�F �J�E�F�B�M �W�B�M�V�F�T �J�O �D�B�T�F
�P�G �T�Z�N�N�F�U�S�J�D �D�V�S�S�F�O�U �T�I�B�S�J�O�H�
 �B�O�E �U�I�F �Q�I�B�T�F���T�I�J	O�T �B�S�F �S�B�U�I�F�S �T�N�B�M�M �	�C�F�U�X�F�F�O
��	: �p �B�O�E 	= �p�
�� �*�O �C�V�O�E�M�F �/�P�� 	=�
 �J���F���
 �P�O �U�I�F �N�J�E�E�M�F �M�F�W�F�M�
 �U�I�F �B�N�Q�M�J�U�V�E�F�T �E�F�W�J�B�U�F
�P�O �B�W�F�S�B�H�F �C�Z 	9
���	< ���
 �B�O�E �U�I�F �Q�I�B�T�F���T�I�J	O�T �B�S�F �M�B�S�H�F�S�
 �J���F���
 �C�F�U�X�F�F�O ��	9
� �p �B�O�E 	=	= �p��
	_�V�T�
 �U�I�F �D�V�S�S�F�O�U �T�I�B�S�J�O�H �B�N�P�O�H �C�V�O�E�M�F�T�
 �B�O�E �X�J�U�I�J�O �B �C�V�O�E�M�F �B�N�P�O�H �U�I�F
�T�V�C�C�V�O�E�M�F�T �J�T �D�M�F�B�S�M�Z �O�P�U �T�Z�N�N�F�U�S�J�D�
 �D�P�O
W�S�N�J�O�H �B �O�P�O���J�E�F�B�M �U�X�J�T�U�J�O�H �T�D�I�F�N�F
�P�G �U�I�F �M�J�U�[ �X�J�S�F �<	=
��>��

�5�P �R�V�B�O�U�J�U�B�U�J�W�F�M�Z �B�T�T�F�T�T �U�I�F �J�N�Q�B�D�U �P�G �U�I�J�T �J�N�Q�F�S�G�F�D�U �U�X�J�T�U�J�O�H �P�O �U�I�F �D�P�J�M�Ý�T
�"�$ �S�F�T�J�T�U�B�O�D�F�
 �U�I�F �M�P�T�T�F�T �J�O �U�I�F �J�O�W�F�T�U�J�H�B�U�F�E �U�F�T�U �M�J�U�[ �X�J�S�F �B�S�F �D�P�N�Q�B�S�F�E �X�J�U�I
�M�P�T�T�F�T �J�O �B �I�Z�Q�P�U�I�F�U�J�D�B�M�
 �Q�F�S�G�F�D�U�M�Z �U�X�J�T�U�F�E �P�O�F�� 	_�F �B�O�B�M�Z�T�J�T �J�T �C�B�T�F�E �P�O �U�I�F �B�T��
�T�V�N�Q�U�J�P�O �U�I�B�U �U�I�F �D�V�S�S�F�O�U �T�I�B�S�J�O�H �J�O �U�I�F �T�V�C�C�V�O�E�M�F�T �P�G �B�M�M �C�V�O�E�M�F�T �J�T �U�I�F �T�B�N�F
�B�T �N�F�B�T�V�S�F�E �J�O �C�V�O�E�M�F �/�P�� 	=�� �U�I�J�T �J�T �B �W�B�M�J�E �B�T�T�V�N�Q�U�J�P�O �C�F�D�B�V�T�F �B�M�M �U�P�Q���M�F�W�F�M
�C�V�O�E�M�F�T �B�S�F �P�G �J�E�F�O�U�J�D�B�M �J�O�U�F�S�O�B�M �T�U�S�V�D�U�V�S�F�� 	_�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �D�P�N�Q�V�U�B�U�J�P�O
�S�F�W�F�B�M�T �B�O �J�O�D�S�F�B�T�F �P�G �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F �C�Z 	:	< ���
 �X�I�J�D�I �F�Y�Q�M�B�J�O�T �U�I�F �M�B�S�H�F�T�U
�Q�B�S�U �P�G �U�I�F �E�F�W�J�B�U�J�P�O�T �C�F�U�X�F�F�O �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F�T �P�C�U�B�J�O�F�E �G�S�P�N �	�U�S�B�O�T�J�F�O�U��
�D�B�M�P�S�J�N�F�U�S�J�D�
 �N�F�B�T�V�S�F�N�F�O�U�T �B�O�E �'�&�. �T�J�N�V�M�B�U�J�P�O�T �	�O�P�U �Z�F�U �D�P�O�T�J�E�F�S�J�O�H �U�I�F
�M�P�T�T �Q�F�O�B�M�U�Z �G�B�D�U�P�S: loss�
�
 �D�G���5�B�C�� �x���}�� 	_�F �S�F�N�B�J�O�J�O�H �E�F�W�J�B�U�J�P�O �N�B�Z �C�F �S�F�M�B�U�F�E
�U�P �V�O�D�F�S�U�B�J�O�U�J�F�T �P�G �U�I�F �D�P�N�Q�V�U�F�E 
W�F�M�E�T�
 �G�V�S�U�I�F�S �J�N�Q�F�S�G�F�D�U�J�P�O�T �P�G �U�I�F �M�J�U�[ �X�J�S�F�T�

�P�S �S�F�T�J�T�U�B�O�D�F�T �P�G �U�F�S�N�J�O�B�U�J�P�O�T�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�J�T �S�F�T�V�M�U �K�V�T�U�J
W�F�T �U�I�F �W�B�M�V�F �P�G
�U�I�F �M�P�T�T �Q�F�O�B�M�U�Z �G�B�D�U�P�S �V�T�F�E �J�O �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�
: �M�P�T�T= 30 %�
 �X�I�J�D�I �I�B�E �C�F�F�O
�T�F�M�F�D�U�F�E�B �Q�S�J�P�S�J�C�B�T�F�E �P�O �M�J�U�F�S�B�U�V�S�F �B�O�E �F�Y�Q�F�S�J�F�O�D�F �<	=	?�
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��>��
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	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�'�J�H�� �x���v�y�� �	�B�
�1�I�P�U�P �P�G �U�I�F �M�J�U�[ �X�J�S�F �	5� 10� 40�T�U�S�B�O�E�T �X�J�U�I �T�J�O�H�M�F���T�U�S�B�O�E �E�J�B�N�F�U�F�S �P�G
71�m �
 �C�F�J�O�H �Q�S�F�Q�B�S�F�E �G�P�S �D�V�S�S�F�O�U �T�I�B�S�J�O�H �N�F�B�T�V�S�F�N�F�O�U�T���	�C�
�$�V�S�S�F�O�U �T�I�B�S�J�O�H �J�O �U�I�F

W�W�F �U�P�Q���M�F�W�F�M �C�V�O�E�M�F�T���	�D�
�D�V�S�S�F�O�U �T�I�B�S�J�O�H �J�O �U�I�F �U�F�O �N�J�E���M�F�W�F�M �T�V�C�C�V�O�E�M�F�T �P�G �C�V�O�E�M�F
�/�P�� 	=�� 	_�F �U�P�U�B�M �D�V�S�S�F�O�U �J�O �U�I�F �M�J�U�[ �X�J�S�F�
� �M�J�U�[�
 �J�T600 mA�� �'�P�S �S�F�G�F�S�F�O�D�F�
 �U�I�F �Q�F�B�L �W�B�M�V�F�T
�P�G �U�I�F �D�V�S�S�F�O�U�T �J�O �U�I�F �C�V�O�E�M�F�T �P�G �B �I�Z�Q�P�U�I�F�U�J�D�B�M�
 �Q�F�S�G�F�D�U�M�Z �U�X�J�T�U�F�E �M�J�U�[ �X�J�S�F �B�S�F �T�I�P�X�O
�P�O �U�P�Q �M�F�W�F�M �	�̂ �C�V�O�E�M�F�
�1�5�
 �B�O�E �N�J�E�E�M�F �M�F�W�F�M �	�̂ �T�V�C�C�V�O�E�M�F�
�1�5�
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�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�x���z���z �Š�F�S�N�B�M �5�F�T�U�T

�5�P �W�F�S�J�G�Z �U�I�F �U�I�F�S�N�B�M �G�F�B�T�J�C�J�M�J�U�Z �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �I�F�B�U �S�V�O�T �B�S�F �D�B�S�S�J�F�E �P�V�U
�D�P�O�T�J�E�F�S�J�O�H �U�X�P �E�J
V�F�S�F�O�U �P�Q�F�S�B�U�J�O�H �D�P�O�E�J�U�J�P�O�T�
 �J���F���
 �O�P�N�J�O�B�M �P�Q�F�S�B�U�J�P�O �X�J�U�I
�B�D�U�J�W�F �D�P�P�M�J�O�H �	4 � 12 W�
 	<	<	9	<�'�/�) �G�B�O�T�
 �B�O�E �N�B�Y�J�N�V�N �B�M�M�P�X�B�C�M�F �U�S�B�O�T�G�P�S�N�F�S
�Q�P�X�F�S �X�J�U�I�P�V�U �P�W�F�S�I�F�B�U�J�O�H �J�O �D�B�T�F �P�G �Q�B�T�T�J�W�F �D�P�P�M�J�O�H�� �8�F �F�N�V�M�B�U�F �U�I�F�T�F
�P�Q�F�S�B�U�J�O�H �D�P�O�E�J�U�J�P�O�T �V�T�J�O�H �I�J�H�I �%�$ �D�V�S�S�F�O�U�T�
 �J���F���
 �X�F �F�N�Q�M�P�Z �B �%�$ �T�P�V�S�D�F �U�I�B�U
�J�O�K�F�D�U�T �B �D�V�S�S�F�O�U �J�O�U�P �U�I�F �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O �P�G �U�I�F �Q�S�J�N�B�S�Z�� �B�O�E �T�F�D�P�O�E�B�S�Z��
�T�J�E�F �X�J�O�E�J�O�H�T �P�G �U�I�F �"�$�5�� 	_�F �D�V�S�S�F�O�U �J�T �T�F�M�F�D�U�F�E �C�B�T�F�E �P�O �U�I�F �S�B�U�J�P �P�G �"�$
�U�P �%�$ �S�F�T�J�T�U�B�O�D�F�T �	' �"�$• ' �%�$= 1”48 �! 30�9�
 �T�V�D�I �U�I�B�U �U�I�F �M�P�T�T�F�T �F�Y�Q�F�D�U�F�E �G�P�S
�P�Q�F�S�B�U�J�P�O �X�J�U�I �"�$ �D�V�S�S�F�O�U�T �B�S�F �H�F�O�F�S�B�U�F�E��

�'�J�H�� �x���v�z�T�I�P�X�T �U�I�F �U�I�F�S�N�B�M �J�N�B�H�F�T �P�G �U�I�F �Q�S�P�U�P�U�Z�Q�F �B�O�E �U�I�F �F�W�P�M�V�U�J�P�O
�P�G �N�F�B�T�V�S�F�E �U�F�N�Q�F�S�B�U�V�S�F �X�B�W�F�G�P�S�N�T �E�V�S�J�O�H �U�I�F �I�F�B�U �S�V�O�T�� �/�P�U�F �U�I�B�U �F�W�F�O
�U�I�P�V�H�I �U�I�F �M�J�U�[ �X�J�S�F �G�F�B�U�V�S�F�T �U�F�N�Q�F�S�B�U�V�S�F �D�M�B�T�T �7	9	=	=�
 �U�I�F �N�B�Y�J�N�V�N �B�M�M�P�X�B�C�M�F
�U�F�N�Q�F�S�B�U�V�S�F �J�T) �N�B�Y= 130�9 �E�V�F �U�P �U�I�F �U�I�F�S�N�B�M �T�U�B�C�J�M�J�U�Z �P�G �U�I�F �P�V�U�F�S �Q�P�M�Z�B�N�J�E�F
�J�O�T�V�M�B�U�J�P�O �<	>	;�>�� �%�V�S�J�O�H �S�B�U�F�E �P�Q�F�S�B�U�J�P�O�
 �U�I�F �I�P�U�T�Q�P�U �S�F�B�D�I�F�T 	9	8	; �9 �B�U �B�O
�B�N�C�J�F�O�U �U�F�N�Q�F�S�B�U�V�S�F �P�G 	:	= �9�
 �D�G���'�J�H�� �x���v�z�	�B�
�B�O�E	9
 �J�O�'�J�H�� �x���v�z�	�C�
�
 �X�I�J�D�I
�M�F�B�W�F�T �B �N�B�S�H�J�O �P�G� ) = 	:	? �9�U�P) �N�B�Y�
 �P�S�
 �B�M�U�F�S�O�B�U�J�W�F�M�Z�
 �X�P�V�M�E �B�M�M�P�X �P�Q�F�S�B�U�J�P�O
�B�U �B�N�C�J�F�O�U �U�F�N�Q�F�S�B�U�V�S�F�T �P�G �V�Q �U�P �B�C�P�V�U 	=	8 �9��

�'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �U�S�B�O�T�G�P�S�N�F�S �D�B�O �P�Q�F�S�B�U�F �X�J�U�I �Q�B�T�T�J�W�F �D�P�P�M�J�O�H �	�F���H���
 �J�O
�D�B�T�F �U�I�F �G�B�O�T �X�P�V�M�E �G�B�J�M�
 �V�Q �U�P �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z420 W�P�G �M�P�T�T�F�T�
 �D�G���'�J�H�� �x���v�z�	�D�

�B�O�E	:
 �J�O�'�J�H�� �x���v�z�	�C�
�� 	_�J�T �D�P�S�S�F�T�Q�P�O�E�T �U�P �P�Q�F�S�B�U�J�P�O �B�U �B�O �P�V�U�Q�V�U �Q�P�X�F�S �P�G
117 kW�	70 %�S�B�U�F�E �P�V�U�Q�V�U �Q�P�X�F�S�
��

�'�J�O�B�M�M�Z�
 �U�I�F �U�I�F�S�N�B�M �U�J�N�F �D�P�O�T�U�B�O�U�T �P�G �U�I�F �"�$�5 �X�J�U�I �B�O�E �X�J�U�I�P�V�U �G�B�O�T �D�B�O
�C�F �F�Y�U�S�B�D�U�F�E �G�S�P�N�'�J�H�� �x���v�z�B�T3”2�N�J�O�B�O�E5”2�N�J�O�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �X�I�J�D�I �B�S�F
�T�F�W�F�S�B�M �U�J�N�F�T �T�I�P�S�U�F�S �U�I�B�O �G�P�S �I�J�H�I���Q�P�X�F�S �.�' �.�$�5�T �<	<	<�
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 �U�I�F �%�$ �J�O�T�V�M�B�U�J�P�O �S�F�T�J�T�U�B�O�D�F
�C�F�U�X�F�F�O �Q�S�J�N�B�S�Z �B�O�E �T�F�D�P�O�E�B�S�Z �T�J�E�F�
 �J���F���
 �D�P�N�N�P�O���N�P�E�F �J�O�T�V�M�B�U�J�P�O�
 �J�T �N�F�B��
�T�V�S�F�E �X�J�U�I �B�O �J�O�T�V�M�B�U�J�P�O �U�F�T�U�F�S �	�.�F�H�H�F�S �.�*�5	<	9	8�
 �%�$ �U�F�T�U �W�P�M�U�B�H�F �P�G1 kV�
�� 	_�F
�N�F�B�T�V�S�F�E �J�O�T�V�M�B�U�J�P�O �S�F�T�J�T�U�B�O�D�F �J�T �H�S�F�B�U�F�S �U�I�B�O100 G
�
 �X�I�J�D�I �D�P�S�S�F�T�Q�P�O�E�T �U�P
�B �M�F�B�L�B�H�F �D�V�S�S�F�O�U �P�G �M�F�T�T �U�I�B�O70 nA�G�P�S �B �W�P�M�U�B�H�F �P�G7 kV�� 	_�J�T �J�O�T�V�M�B�U�J�P�O �S�F�T�J�T��
�U�B�O�D�F �J�T �N�P�S�F �U�I�B�O �B �I�V�O�E�S�F�E �U�J�N�F�T �I�J�H�I�F�S �U�I�B�O �U�I�F �T�Q�F�D�J
W�F�E �W�B�M�V�F�T �<	>	<�
 	>	=�>��
�"�E�E�J�U�J�P�O�B�M�M�Z�
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��¸9 ”6 kV �	�%�$�
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 �B�U5 = 50 Hz�� �*�O �T�V�N�N�B�S�Z�
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�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�x���z���| �.�B�H�O�F�U�J�D �'�J�F�M�E�T �B�O�E �4�I�J�F�M�E�J�O�H

�4�I�J�F�M�E�J�O�H �M�P�T�T�F�T

	_�F �M�P�T�T�F�T �J�O �U�I�F �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �B�S�F �E�J�S�F�D�U�M�Z �S�F�M�B�U�F�E �U�P �U�I�F �E�J
V�F�S�F�O�D�F �P�G
�U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F�T �U�I�B�U �B�S�F �N�F�B�T�V�S�F�E �X�J�U�I �B�O�E �X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H�� �"�D�D�P�S�E��
�J�O�H�M�Z�
 �U�I�F �T�N�B�M�M���T�J�H�O�B�M �T�F�U�V�Q �E�F�T�D�S�J�C�F�E �J�O�4�F�D�U�J�P�O �x���z���v�D�B�O �C�F �V�T�F�E �G�P�S �U�I�J�T
�Q�V�S�Q�P�T�F���5�B�C�� �x���{�M�J�T�U�T �U�I�F �N�F�B�T�V�S�F�N�F�O�U �S�F�T�V�M�U�T �B�O�E �S�F�W�F�B�M�T �B�O �J�O�D�S�F�B�T�F �P�G
�U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F �C�Z12 %�	�T�I�P�S�U���D�J�S�D�V�J�U �U�F�T�U�
 �J���F���
 �B�M�M �D�P�J�M�T �D�B�S�S�Z �D�V�S�S�F�O�U�
�� 	_�J�T
�D�P�S�S�F�T�Q�P�O�E�T �U�P92 W�P�G �M�P�T�T�F�T �J�O �U�I�F �U�F�T�U�F�E �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H�
 �X�I�J�D�I �D�P�W�F�S�T
�P�O�M�Z �U�I�F �U�P�Q �B�O�E �C�P	R�P�N �Q�B�S�U�T�� �6�T�J�O�H �'�&�. �S�F�T�V�M�U�T �U�P �T�D�B�M�F �U�I�J�T �N�F�B�T�V�S�F�N�F�O�U
�U�P �B �G�V�M�M �F�O�D�M�P�T�V�S�F �	�N�B�E�F �P�G �B�M�V�N�J�O�V�N �T�I�F�F�U �N�F�U�B�M �X�J�U�I �B �I�P�O�F�Z�D�P�N�C �Q�B�U��
�U�F�S�O �P�G �P�Q�F�O�J�O�H�T�
 �S�F�T�V�M�U�T �J�O50 W�P�G �F�Y�Q�F�D�U�F�E �M�P�T�T�F�T�
 �D�G���4�F�D�U�J�P�O �x���y���x�G�P�S �B�O
�F�Y�Q�M�B�O�B�U�J�P�O �G�P�S �U�I�F�T�F �M�P�X�F�S �M�P�T�T�F�T �J�O �D�B�T�F �P�G �B �G�V�M�M �F�O�D�M�P�T�V�S�F��

�$�P�O�T�J�E�F�S�J�O�H �U�I�F �M�B�S�H�F �T�V�S�G�B�D�F �B�S�F�B �P�G �U�I�F �T�I�J�F�M�E� s �B�O�E �B �D�P�O�T�F�S�W�B�U�J�W�F
�I�F�B�U �U�S�B�O�T�G�F�S �D�P�F
Y�D�J�F�O�U �G�P�S �O�B�U�V�S�B�M �D�P�O�W�F�D�U�J�P�O �P�G� c = 5 W•m2K�
 �U�I�F �T�I�J�F�M�E�Ý�T
�U�F�N�Q�F�S�B�U�V�S�F �S�J�T�F �G�P�M�M�P�X�T �G�S�P�N �B �T�J�N�Q�M�J
W�F�E �D�B�M�D�V�M�B�U�J�P�O �B�T �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z
) s = 50 W•¹ � c � � sº = 	9	; �,�� �*�O �Q�S�B�D�U�J�D�F�
 �U�I�F �I�F�B�U �U�S�B�O�T�G�F�S �D�P�F
Y�D�J�F�O�U �X�P�V�M�E
�C�F �T�J�H�O�J
W�D�B�O�U�M�Z �I�J�H�I�F�S �C�F�D�B�V�T�F �P�G �U�I�F �G�B�O�T �	�G�P�S�D�F�E �D�P�O�W�F�D�U�J�P�O�
�� 	_�F�S�F�G�P�S�F�
 �J�U
�D�B�O �C�F �D�P�O�D�M�V�E�F�E �U�I�B�U �U�I�F �I�F�B�U�J�O�H �P�G �U�I�F �T�I�J�F�M�E�J�O�H �E�V�F �U�P �U�I�F �J�O�E�V�D�F�E �F�E�E�Z
�D�V�S�S�F�O�U�T �J�T �O�F�H�M�J�H�J�C�M�F��

�/�P�U�F �U�I�B�U �U�I�F �D�I�B�O�H�F �P�G �U�I�F �"�$ �S�F�T�J�T�U�B�O�D�F �G�P�S �P�Q�F�O���D�J�S�D�V�J�U �U�F�T�U�T �	60 %�
 �J�T
�M�B�S�H�F�S�
 �C�F�D�B�V�T�F �U�I�F�S�F �J�T �O�P �D�V�S�S�F�O�U �J�O �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �U�I�B�U �X�P�V�M�E
�I�B�W�F �B �D�B�O�D�F�M�M�J�O�H �F
V�F�D�U �P�O �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �P�V�U�T�J�E�F �P�G �U�I�F �"�$�5�
 �T�F�F
�4�F�D�U�J�P�O �x���w���w��

�4�U�S�B�Z 	Q�F�M�E�T �X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H

	_�F �'�&�.���C�B�T�F�E �Q�S�F�E�J�D�U�J�P�O�T �P�G �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �E�F�O�T�J�U�J�F�T �J�O �U�I�F �W�J�D�J�O�J�U�Z
�P�G �U�I�F �"�$�5 �B�O�E �U�I�F �F
Y�D�B�D�Z �P�G �U�I�F �T�I�J�F�M�E�J�O�H �B�S�F �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �W�F�S�J
W�F�E �V�T�J�O�H
�B �D�V�T�U�P�N���N�B�E�F �N�B�H�O�F�U�J�D 
W�F�M�E �Q�S�P�C�F�� 	_�F �J�N�Q�M�F�N�F�O�U�F�E 
W�F�M�E �Q�S�P�C�F �N�F�B�T�V�S�F�T
�U�I�F �J�O�E�V�D�F�E �W�P�M�U�B�H�F �B�U �U�I�F �E�F�T�J�H�O �G�S�F�R�V�F�O�D�Z �P�G80 kHz�B�O�E �J�T �D�P�O�T�U�S�V�D�U�F�E
�T�J�N�J�M�B�S�M�Z �U�P �U�I�F �Q�S�P�C�F �Q�S�F�T�F�O�U�F�E �J�O �<	>	>�>�� �'�P�S �U�I�F �N�F�B�T�V�S�F�N�F�O�U �P�G �U�I�S�F�F �T�Q�B�U�J�B�M
�D�P�N�Q�P�O�F�O�U�T �P�G �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�Z �W�F�D�U�P�S�
 �U�I�S�F�F �T�F�O�T�P�S �X�J�O�E�J�O�H�T �B�S�F
�B�S�S�B�O�H�F�E �Q�F�S�Q�F�O�E�J�D�V�M�B�S�M�Z �P�O �B	;���%�Q�S�J�O�U�F�E �T�Q�I�F�S�J�D�B�M �T�V�Q�Q�P�S�U �N�B�E�F �G�S�P�N
�Q�P�M�Z�D�B�S�C�P�O�B�U�F�
 �B�T �T�I�P�X�O �J�O�'�J�H�� �x���v�{�	�B�
���'�J�H�� �x���v�{�	�C�
�E�F�Q�J�D�U�T �U�I�F �E�J�N�F�O�T�J�P�O�T
�P�G �U�I�F �T�Q�I�F�S�J�D�B�M �T�V�Q�Q�P�S�U�� �&�B�D�I �X�J�O�E�J�O�H �D�P�O�T�J�T�U�T �P�G 	=	8 �U�V�S�O�T �U�P �B�D�I�J�F�W�F �B
�T�F�O�T�J�U�J�W�J�U�Z �P�G �B�Q�Q�S�P�Y��0”75 mV•�T �� 	_�F �P�V�U�Q�V�U �T�J�H�O�B�M �P�G �U�I�F �C�V�J�M�U 
W�F�M�E �Q�S�P�C�F
�I�B�T �C�F�F�O �D�P�N�Q�B�S�F�E �U�P �U�I�B�U �P�G �B �D�P�N�N�F�S�D�J�B�M 
W�F�M�E �Q�S�P�C�F �	�.�$	9	>	: �C�Z�.�B�H�O�F�U�J�D
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	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�4�D�J�F�O�D�F�T �*�O�D���
�
 �D�P�O
W�S�N�J�O�H �E�F�W�J�B�U�J�P�O�T �P�G �M�F�T�T �U�I�B�O3 %��	9 	_�F �D�V�T�U�P�N���N�B�E�F
�Q�P�T�J�U�J�P�O�J�O�H �T�F�U�V�Q �E�F�Q�J�D�U�F�E �J�O�'�J�H�� �x���v�{�	�D�
�F�O�B�C�M�F�T �B �Q�S�F�D�J�T�F �Q�P�T�J�U�J�P�O�J�O�H �P�G �U�I�F

W�F�M�E �Q�S�P�C�F �J�OG���
H���
 �B�O�EI ���D�P�P�S�E�J�O�B�U�F�T�� 	_�F �T�F�U�V�Q �D�P�O�T�J�T�U�T �P�G �O�P�O���D�P�O�E�V�D�U�J�W�F
�N�B�U�F�S�J�B�M�T �B�O�E �V�T�F�T �Q�S�P
W�M�F�T �G�P�S �D�I�B�O�H�J�O�H �U�I�F �Q�S�P�C�F�Ý�T �Q�P�T�J�U�J�P�O �J�OG���
H���E�J�S�F�D�U�J�P�O�T��
�" �U�I�S�F�B�E�F�E 
W�C�F�S�H�M�B�T�T �S�P�E �I�P�M�E�T �U�I�F �Q�S�P�C�F �B�O�E �B�M�M�P�X�T �G�P�S �B �D�I�B�O�H�F �P�G �U�I�F
�Q�P�T�J�U�J�P�O �J�OI ���E�J�S�F�D�U�J�P�O��

�*�O �B 
W�S�T�U �T�U�F�Q�
 �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�J�F�T �J�O �U�I�F �Q�S�P�Y�J�N�J�U�Z �P�G �U�I�F �"�$�5
�	�X�J�U�I�P�V�U �U�I�F �T�I�J�F�M�E�J�O�H�
 �B�S�F �N�F�B�T�V�S�F�E �B�O�E �D�P�N�Q�B�S�F�E �U�P �U�I�F �S�F�T�V�M�U�T �P�G �U�I�F 	;���%
�'�&�. �T�J�N�V�M�B�U�J�P�O�T�� 	_�F �"�$�5 �J�T �P�Q�F�S�B�U�F�E �J�O �B �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�J�S�D�V�J�U �	�J�O�Q�V�U �D�P�O��

W�H�V�S�B�U�J�P�O	;
 �G�S�P�N�'�J�H�� �x���v�v�
�
 �X�J�U�I �B �Q�S�J�N�B�S�Z���T�J�E�F �S�N�T �D�V�S�S�F�O�U �P�G� �N�F�B�T= 10 A
�B�U �B �G�S�F�R�V�F�O�D�Z �P�G80 kHz�� 	_�F �N�B�H�O�F�U�J�D 
W�F�M�E�T �B�S�F �N�F�B�T�V�S�F�E �J�O �U�I�F �G�P�M�M�P�X�J�O�H
�P�C�T�F�S�W�B�U�J�P�O �Q�M�B�O�F�T��

I GH���Q�M�B�O�F�T �B�U3�[�
�\�B�
�C�
�D�^= f 30 mm• 200 mm• 500 mmg�
 �D�G���'�J�H�� �x���v�{�	�D�
��

I GI���Q�M�B�O�F�T �B�U �D�V�U�T �"�
 �#�
 �B�O�E �$�
 �D�G���'�J�H�� �x���v�{�	�E�
��

�8�J�U�I�J�O �D�V�U�T �"�
 �#�
 �B�O�E �$�
 �U�I�F11�Q�P�J�O�U�T �N�B�S�L�F�E �J�O�'�J�H�� �x���v�{�	�E�
�B�S�F �T�F�M�F�D�U�F�E �G�P�S
�U�I�F �N�F�B�T�V�S�F�N�F�O�U�T�� �&�Y�D�F�Q�U �G�P�S �U�I�F �Q�P�J�O�U�T 
� �U�P 	9	9�
 �X�I�J�D�I �B�S�F �O�P�U �N�F�B�T�V�S�F�E
�G�P�S3�[ = 3�[�
�D�	�E�V�F �U�P �U�I�F �M�P�X 
W�F�M�E�T�
 �U�I�F�S�F�
�
 �B�M�M �Q�P�J�O�U�T �B�S�F �N�F�B�T�V�S�F�E �G�P�S3�[�
�\�B�
�C�
�D�^�

�X�I�J�D�I �Z�J�F�M�E�T �B �U�P�U�B�M �P�G33� 4 = 29�N�F�B�T�V�S�F�N�F�O�U �Q�P�J�O�U�T��

�'�J�H�T�� �x���v�|�	�B�
�×�	�D�
�Q�S�F�T�F�O�U �B �D�P�N�Q�B�S�J�T�P�O �P�G �T�J�N�V�M�B�U�F�E �		;���%�'�&�.�
 �B�O�E �N�F�B��
�T�V�S�F�E �S�F�T�V�M�U�T�
 �D�P�O�T�J�E�F�S�J�O�H �B�O �P�Q�F�O �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H�� 	_�F �'�&�. �T�J�N�V�M�B��
�U�J�P�O �V�T�F�T �B �Q�S�J�N�B�S�Z���T�J�E�F �S�N�T �D�V�S�S�F�O�U �P�G 	9 �" �B�U �B �G�S�F�R�V�F�O�D�Z �P�G80 kHz�B�O�E �U�I�V�T
�U�I�F �N�F�B�T�V�S�F�E 
X�V�Y �E�F�O�T�J�U�J�F�T�
� �N�F�B�T�
�O�
 �B�S�F �O�P�S�N�B�M�J�[�F�E �U�P 	9 �"�


� �N�F�B�T�
�O= � �N�F�B�T
1 A

� �N�F�B�T
�� �		;��	:�


	_�F �B�W�F�S�B�H�F �P�G �U�I�F �B�C�T�P�M�V�U�F �W�B�M�V�F �P�G �U�I�F �S�F�M�B�U�J�W�F �E�F�W�J�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F �T�J�N�V��
�M�B�U�F�E �B�O�E �U�I�F �N�F�B�T�V�S�F�E �S�F�T�V�M�U�T �J�T15”2 %�G�P�S �B�O �P�Q�F�O �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H��
�"�T �F�Y�Q�F�D�U�F�E�
 �U�I�F �E�F�W�J�B�U�J�P�O �J�O�D�S�F�B�T�F�T �U�P26”8 %�X�I�F�O �D�P�O�T�J�E�F�S�J�O�H �B �T�I�P�S�U��
�D�J�S�D�V�J�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �	�O�P�U �T�I�P�X�O �J�O �U�I�F 
W�H�V�S�F�
�
 �X�I�J�D�I �J�T �B �D�P�O��
�T�F�R�V�F�O�D�F �P�G �U�I�F �E�F�W�J�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F �T�J�N�V�M�B�U�F�E �B�O�E �N�F�B�T�V�S�F�E �N�B�H�O�F�U�J�D
�D�P�V�Q�M�J�O�H �B�O�E �I�F�O�D�F �M�P�X�F�S���U�I�B�O���F�Y�Q�F�D�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �D�V�S�S�F�O�U �G�P�S �U�I�F �T�I�P�S�U��
�D�J�S�D�V�J�U �D�B�T�F�� �)�P�X�F�W�F�S�
 �U�I�F �P�Q�F�O���D�J�S�D�V�J�U �N�F�B�T�V�S�F�N�F�O�U�
 �X�I�J�D�I �F�O�B�C�M�F�T �B �D�M�F�B�S�M�Z
�E�F
W�O�F�E �D�V�S�S�F�O�U �J�O �U�I�F �Q�S�J�N�B�S�Z �X�J�O�E�J�O�H�
 �D�P�O
W�S�N�T �U�I�F �I�J�H�I �B�D�D�V�S�B�D�Z �P�G �U�I�F
�F�N�Q�M�P�Z�F�E 	;���% �'�&�. �T�J�N�V�M�B�U�J�P�O��

	9	_�F �.�$	9	>	: �J�T �B �T�J�O�H�M�F���B�Y�J�T �T�F�O�T�P�S�
 �I�B�T �B �M�F�O�H�U�I �P�G13 cm�
 �B�O�E �N�F�B�T�V�S�F�T �U�I�F �B�W�F�S�B�H�F �P�G �U�I�F

X�V�Y �E�F�O�T�J�U�J�F�T �B�M�P�O�H �J�U�T �M�F�O�H�U�I�� �'�P�S �U�I�F�T�F �S�F�B�T�P�O�T�
 �J�U �D�P�V�M�E �O�P�U �C�F �V�T�F�E �G�P�S �N�F�B�T�V�S�J�O�H �U�I�F �"�$�5�Ý�T
�T�U�S�B�Z 
W�F�M�E�T��
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�4�I�J�F�M�E�J�O�H �F	S�D�B�D�Z

�*�O �B �T�F�D�P�O�E �T�U�F�Q�
 �U�I�F �N�F�B�T�V�S�F�N�F�O�U �T�F�U�V�Q �J�T �V�T�F�E �U�P �E�F�U�F�S�N�J�O�F �U�I�F �F
Y�D�B�D�Z �P�G �U�I�F
�T�I�J�F�M�E�J�O�H �G�P�S �U�X�P �E�J
V�F�S�F�O�U �T�F�D�P�O�E�B�S�Z���T�J�E�F �D�P�O
W�H�V�S�B�U�J�P�O�T�
 �J���F���
 �P�Q�F�O�� �B�O�E �T�I�P�S�U��
�D�J�S�D�V�J�U�� 	_�F �P�Q�F�O���D�J�S�D�V�J�U �D�B�T�F �J�T �S�F�Q�S�F�T�F�O�U�B�U�J�W�F �G�P�S �O�P�� �P�S �M�P�X���M�P�B�E �P�Q�F�S�B�U�J�P�O�

�X�I�F�S�F �U�I�F �"�$�5�Ý�T �D�P�N�Q�B�S�B�C�M�Z �I�J�H�I �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U �E�P�N�J�O�B�U�F�T �	� �N = 40 A
�S�N�T�
 �D�G���5�B�C�� �x���y�
 �E�V�F �U�P �U�I�F �"�$�5�Ý�T �M�J�N�J�U�F�E �N�B�H�O�F�U�J�[�J�O�H �J�O�E�V�D�U�B�O�D�F�
�� 	_�F �T�I�P�S�U��
�D�J�S�D�V�J�U �D�B�T�F �D�P�S�S�F�T�Q�P�O�E�T �U�P �P�Q�F�S�B�U�J�P�O �B�U �I�J�H�I�F�S �D�V�S�S�F�O�U�
 �D�M�P�T�F �U�P �S�B�U�F�E �M�P�B�E
�X�I�F�S�F �U�I�F �M�P�B�E �D�V�S�S�F�O�U �C�F�D�P�N�F�T �E�P�N�J�O�B�O�U���'�J�H�T�� �x���v�}�	�B�
�¶�	�G�
�E�F�Q�J�D�U �U�I�F �S�F�T�V�M�U�T
�U�I�B�U �B�S�F �N�F�B�T�V�S�F�E �G�P�S �B�O �S�N�T �D�V�S�S�F�O�U �P�G� �N�F�B�T= 10 A�B�O�E �T�D�B�M�F�E �U�P �U�I�F �O�P�N�J�O�B�M
�D�V�S�S�F�O�U �P�G� �Q�
�S�N�T= 74”6 A �	�G�P�S� �T�
�S�N�T= 56”6 A�
 �J�O �D�B�T�F �P�G �B �T�F�D�P�O�E�B�S�Z���T�J�E�F
�T�I�P�S�U���D�J�S�D�V�J�U �B�O�E� �Q�
�S�N�T= 30”0 A �G�P�S �P�Q�F�O���D�J�S�D�V�J�U �	�D�P�O�T�J�E�F�S�J�O�H �B 
W�S�T�U �I�B�S�N�P�O�J�D
�D�P�N�Q�P�O�F�O�U �P�G �U�I�F �O�P�N�J�O�B�M �Q�S�J�N�B�S�Z �W�P�M�U�B�H�F �P�G+�Q�
�S�N�T= 4+	9�
�%�$•¹ 2

p
2cº =

3”2 kV�
�


� �N�F�B�T�
�T= � �N�F�B�T
� �Q�
�S�N�T

� �N�F�B�T
�� �		;��	;�


�"�D�D�P�S�E�J�O�H �U�P�'�J�H�T�� �x���v�}�	�B�
�B�O�E�	�E�
�
 �U�I�F �E�F�T�J�H�O�F�E �"�$�5 �X�J�U�I �T�I�J�F�M�E�J�O�H �G�V�M
W�M�M�T
�*�$�/�*�3�1 	:	8	9	8 �H�V�J�E�F�M�J�O�F�T �<	>	?�> �G�P�S �P�D�D�V�Q�B�U�J�P�O�B�M �F�Y�Q�P�T�V�S�F �B�U �B �E�J�T�U�B�O�D�F �P�G30 mm
�G�S�P�N �U�I�F �T�I�J�F�M�E�J�O�H�
 �J�G �U�I�F �T�Q�B�U�J�B�M �B�W�F�S�B�H�F	: �P�G �U�I�F 
X�V�Y �E�F�O�T�J�U�Z �J�T �D�P�O�T�J�E�F�S�F�E��
�'�V�S�U�I�F�S�N�P�S�F�
�'�J�H�T�� �x���v�}�	�C�
�B�O�E�	�F�
�S�F�W�F�B�M �U�I�B�U �U�I�F �"�$�5 �X�J�U�I �T�I�J�F�M�E�J�O�H �G�V�M
W�M�M�T
�U�I�F �H�V�J�E�F�M�J�O�F�T �G�P�S �C�P�U�I �P�D�D�V�Q�B�U�J�P�O�B�M �B�O�E �Q�V�C�M�J�D �F�Y�Q�P�T�V�S�F �B�U �B �E�J�T�U�B�O�D�F �P�G
200 mm�G�S�P�N �U�I�F �T�I�J�F�M�E�J�O�H �X�I�F�O �D�P�O�T�J�E�F�S�J�O�H �U�I�F �T�Q�B�U�J�B�M �B�W�F�S�B�H�F �	�F�W�F�O �U�I�P�V�H�I
�U�I�F �M�P�D�B�M �W�B�M�V�F�T �B�U �Q�P�J�O�U�T 
� �B�O�E 	9	8 �F�Y�D�F�F�E �U�I�F �S�F�G�F�S�F�O�D�F �M�F�W�F�M �G�P�S �U�I�F �T�I�P�S�U��
�D�J�S�D�V�J�U �D�B�T�F�
�� �-�B�T�U�M�Z�
 �U�I�F �N�F�B�T�V�S�F�N�F�O�U�T �J�O �B �E�J�T�U�B�O�D�F �P�G500 mm�
 �E�F�Q�J�D�U�F�E
�J�O�'�J�H�T�� �x���v�}�	�D�
�
 �	�G�
�
 �T�I�P�X �U�I�B�U �U�I�F �H�V�J�E�F�M�J�O�F�T �G�P�S �P�D�D�V�Q�B�U�J�P�O�B�M �F�Y�Q�P�T�V�S�F �B�S�F
�N�F�U �F�W�F�O �X�J�U�I�P�V�U �U�I�F �T�I�J�F�M�E�J�O�H �	�T�Q�B�U�J�B�M �B�W�F�S�B�H�F�
�� �-�B�T�U�M�Z�
 �B�T �J�O �Q�S�B�D�U�J�D�F �U�I�F
�T�I�J�F�M�E�J�O�H �X�P�V�M�E �C�F �S�F�B�M�J�[�F�E �B�T �B �G�V�M�M �F�O�D�M�P�T�V�S�F�
 �U�I�F 
X�V�Y �E�F�O�T�J�U�Z �J�O �U�I�F �Q�S�P�Y�J�N�J�U�Z
�P�G �U�I�F �"�$�5 �X�P�V�M�E �C�F �F�W�F�O �M�P�X�F�S �	�D�G���'�J�H�� �x���}�	�D�
�
�
 �B�O�E �I�F�O�D�F �U�I�F �F�Y�Q�P�T�V�S�F
�M�J�N�J�U�T �X�P�V�M�E �B�M�S�F�B�E�Z �C�F �N�F�U �D�M�P�T�F�S �U�P �U�I�F �T�I�J�F�M�E�J�O�H�� �*�O �T�V�N�N�B�S�Z�
 �U�I�F �T�I�J�F�M�E�J�O�H
�Q�S�P�W�J�E�F�T �B�O �B�E�F�R�V�B�U�F �F
Y�D�B�D�Z�
 �F�T�Q�F�D�J�B�M�M�Z �D�P�O�T�J�E�F�S�J�O�H �U�I�B�U �B�O �"�$�5 �X�P�V�M�E
�U�Z�Q�J�D�B�M�M�Z �C�F �M�P�D�B�U�F�E �J�O �B�O �B�S�F�B �X�J�U�I �M�J�N�J�U�F�E �Q�V�C�M�J�D �B�D�D�F�T�T�
 �B�T �P�Q�Q�P�T�F�E �U�P �*�1�5
�T�Z�T�U�F�N�T��

	:	_�F �T�Q�B�U�J�B�M �B�W�F�S�B�H�F �J�T �D�B�M�D�V�M�B�U�F�E �� �N�F�B�T�V�S�F�E �C�Z �T�D�B�O�O�J�O�H �B �Q�M�B�O�B�S �B�S�F�B �F�R�V�J�W�B�M�F�O�U �U�P �U�I�F �B�S�F�B
�P�D�D�V�Q�J�F�E �C�Z �B �T�U�B�O�E�J�O�H �B�E�V�M�U �I�V�N�B�O �	�Q�S�P�K�F�D�U�F�E �B�S�F�B�
�� �*�O �N�P�T�U �J�O�T�U�B�O�D�F�T�
 �B �T�J�N�Q�M�F �W�F�S�U�J�D�B�M�
 �M�J�O�F�B�S
�T�D�B�O �P�G �U�I�F 
W�F�M�E�T �P�W�F�S �B �I�F�J�H�I�U �P�G 	: �N�F�U�F�S�T �J�T �T�V
Y�D�J�F�O�U �<	>
��>��

	>	<
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�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�x���z���} �$�P�N�Q�B�S�J�T�P�O �P�G �0�Q�U�J�N�J�[�B�U�J�P�O �B�O�E �&�Y�Q�F�S�J�N�F�O�U�B�M
�3�F�T�V�M�U�T

�*�O �B�E�E�J�U�J�P�O �U�P �U�I�F �T�Q�F�D�J
W�D �W�B�M�J�E�B�U�J�P�O �P�G �J�O�E�J�W�J�E�V�B�M �N�P�E�F�M�T �E�J�T�D�V�T�T�F�E �U�I�S�P�V�H�I��
�P�V�U �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�D�U�J�P�O�
 �F���H���
 �S�F�H�B�S�E�J�O�H �U�I�F �T�I�J�F�M�E�J�O�H�
 �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M
�S�F�T�V�M�U�T �B�M�T�P �F�O�B�C�M�F �B�O �P�W�F�S�B�M�M �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F�Ý�T �N�F�B�T�V�S�F�E
�D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �	�F���H���
 �M�P�T�T�F�T�
 �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �X�J�U�I �U�I�P�T�F �P�C�U�B�J�O�F�E �G�S�P�N �U�I�F �J�O�J�U�J�B�M
�N�P�E�F�M���C�B�T�F�E �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �E�F�T�D�S�J�C�F�E �J�O�4�F�D�U�J�P�O �x���x���x��

�5�P �E�P �T�P�
 �X�F �I�J�H�I�M�J�H�I�U �U�I�F �Q�S�P�U�P�U�Z�Q�F�Ý�T �M�P�D�B�U�J�P�O �J�O �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F
�T�I�P�X�O �J�O�'�J�H�� �x���z�� �U�I�F �N�B�S�L�J�O�H�D�P�S�S�F�T�Q�P�O�E�T �U�P �U�I�F �C�V�J�M�U �Q�S�P�U�P�U�Z�Q�F �X�I�F�O
�D�P�O�T�J�E�F�S�J�O�H �U�I�F �B�D�U�J�W�F �Q�B�S�U �P�O�M�Z�
 �J���F���
 �U�I�F �U�X�P �T�F�U�T �P�G �D�P�J�M�T�
 �D�P�S�S�F�T�Q�P�O�E�J�O�H
�U�F�S�N�J�O�B�M �C�M�P�D�L�T�
 �B�O�E �J�O�T�V�M�B�U�J�P�O �C�B�S�S�J�F�S�T�� �*�O �D�P�O�U�S�B�T�U�
 �U�I�F �T�Z�N�C�P�M�S�F�Q�S�F�T�F�O�U�T
�U�I�F �G�V�M�M �"�$�5 �Q�S�P�U�P�U�Z�Q�F�
 �J���F���
 �J�O�D�M�V�E�J�O�H �U�I�F �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �	�G�V�M�M �F�O�D�M�P�T�V�S�F
�X�J�U�I �I�P�O�F�Z�D�P�N�C �I�P�M�F�T�
�
 �U�I�F �G�B�O�T�
 �B�O�E �N�F�D�I�B�O�J�D�B�M �T�V�Q�Q�P�S�U�T �F�U�D�� 	_�F �N�B�S�L�J�O�H
�J�O�E�J�D�B�U�F�T �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �P�G �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O �B�D�D�P�S�E�J�O�H �U�P �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O
�S�F�T�V�M�U�T�
 �B�T �E�J�T�D�V�T�T�F�E �F�B�S�M�J�F�S�� �'�V�S�U�I�F�S�N�P�S�F�
�'�J�H�� �x���v�~�Q�S�F�T�F�O�U�T �N�B�T�T�
 �W�P�M�V�N�F
�B�O�E �M�P�T�T �C�S�F�B�L�E�P�X�O�T �G�P�S �U�I�F �U�I�S�F�F �D�B�T�F�T��

�3�F�H�B�S�E�J�O�H �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
�'�J�H�� �x���v�~�	�B�
�S�F�W�F�B�M�T �U�I�B�U �U�I�F
�N�B�T�T �P�G �U�I�F �S�F�B�M�J�[�F�E �B�D�U�J�W�F �Q�B�S�U �N�B�U�D�I�F�T �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �S�F�T�V�M�U�T �D�M�P�T�F�M�Z
�	W = 25”7 kW•kg�
 �J�O�D�M�V�E�J�O�H �B �D�F�S�U�B�J�O �P
V�T�F�U �U�P �B�D�D�P�V�O�U �G�P�S �G�B�O�T�
 �J�O�T�V�M�B�U�J�P�O
�F�U�D���
�� �)�P�X�F�W�F�S�
 �U�I�F �D�P�N�Q�M�F�U�F �Q�S�P�U�P�U�Z�Q�F�Ý�T �P�W�F�S�B�M�M �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z
�J�T �M�P�X�F�S �	W= 16”5 kW•kg�
�
 �N�B�J�O�M�Z �C�F�D�B�V�T�F �P�G �U�I�F �X�F�J�H�I�U �P�G �U�I�F �T�U�S�V�D�U�V�S�B�M
�Q�B�S�U�T �S�F�R�V�J�S�F�E �G�P�S �U�I�F �N�F�D�I�B�O�J�D�B�M �B�T�T�F�N�C�M�Z�� 	_�F �N�B�T�T �C�S�F�B�L�E�P�X�O �S�F�W�F�B�M�T
�U�I�F �H�S�F�B�U �J�N�Q�P�S�U�B�O�D�F �P�G �M�P�X���X�F�J�H�I�U �S�F�B�M�J�[�B�U�J�P�O�T �P�G �D�P�J�M �G�P�S�N�F�S�T�
 �T�V�Q�Q�P�S�U�T�


W�Y�U�V�S�F�T�
 �B�O�E �J�O�T�V�M�B�U�J�P�O �D�P�N�Q�P�O�F�O�U�T�
 �B�T �U�I�F�Z �B�D�D�P�V�O�U �G�P�S �N�P�S�F �U�I�B�O55 %�P�G
�U�I�F �Q�S�P�U�P�U�Z�Q�F�Ý�T �U�P�U�B�M �N�B�T�T�� 	_�J�T �S�F�M�B�U�J�W�F�M�Z �I�J�H�I �T�I�B�S�F �Q�B�S�U�M�Z �S�F�T�V�M�U�T �G�S�P�N
�Q�S�P�U�P�U�Z�Q�J�O�H �D�P�O�T�U�S�B�J�O�U�T �B�O�E �D�P�V�M�E �C�F �J�N�Q�S�P�W�F�E �X�J�U�I �J�O�E�V�T�U�S�J�B�M �Q�S�P�D�F�T�T�F�T��
�/�P�U�F �U�I�B�U �U�I�J�T �J�T �V�T�V�B�M�M�Z �O�P�U �U�I�F �D�B�T�F �G�P�S �D�P�O�W�F�O�U�J�P�O�B�M �.�$�5�T �X�I�F�S�F �U�I�F �X�F�J�H�I�U
�P�G �U�I�F �D�P�S�F �E�P�N�J�O�B�U�F�T �<	>	:�>�� �$�P�O�T�F�R�V�F�O�U�M�Z�
 �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G
�.�$�5�T �J�T �M�J�N�J�U�F�E �U�P �B�Q�Q�S�P�Y��10 kW•kg�<	:
��>��

�"�T �T�I�P�X�O �J�O�'�J�H�� �x���v�~�	�C�
�
 �U�I�F �W�P�M�V�N�F �P�G �U�I�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F�Ý�T �B�D�U�J�W�F �Q�B�S�U
�J�T �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z50 %�I�J�H�I�F�S �D�P�N�Q�B�S�F�E �U�P �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �S�F�T�V�M�U�
 �X�I�J�D�I �J�T �B
�D�P�O�T�F�R�V�F�O�D�F �P�G �U�I�F �J�N�Q�M�F�N�F�O�U�F�E �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T �	�T�F�F�4�F�D��
�U�J�P�O �x���y�
 �U�I�B�U �E�F�N�B�O�E �M�P�O�H�F�S �D�P�J�M �G�P�S�N�F�S�T �B�O�E �J�O�T�V�M�B�U�J�P�O �C�B�S�S�J�F�S�T�� 	_�F �P�W�F�S�B�M�M
�W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �U�I�F �D�P�N�Q�M�F�U�F �Q�S�P�U�P�U�Z�Q�F �P�Gd = 2”2 kW•dm3 �J�T
�E�F�U�F�S�N�J�O�F�E �C�Z �U�I�F �C�P�Y���T�I�B�Q�F�E �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F�
 �X�I�J�D�I �I�B�T �C�F�F�O �E�F�T�J�H�O�F�E
�B �Q�P�T�U�F�S�J�P�S�J�� �/�P�U�F �U�I�B�U �T�N�B�M�M�F�S �F�O�D�M�P�T�V�S�F�T �X�P�V�M�E �C�F �Q�P�T�T�J�C�M�F �J�G �I�J�H�I�F�S �M�P�T�T�F�T
�J�O �U�I�F �T�I�J�F�M�E�J�O�H �X�P�V�M�E �C�F �B�D�D�F�Q�U�F�E�� �*�U �J�T �J�N�Q�P�S�U�B�O�U �U�P �Q�P�J�O�U �P�V�U �U�I�B�U �U�I�F
�J�O�J�U�J�B�M �B�O�B�M�Z�T�J�T �Q�S�F�T�F�O�U�F�E �J�O �<	:
��> �D�M�F�B�S�M�Z �T�I�P�X�T �U�I�B�U �B �D�P�O�W�F�O�U�J�P�O�B�M �.�$�5 �J�T

	>	>



	;��	=�� �&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q �B�O�E �3�F�T�V�M�U�T

�U�I�F �C�F	R�F�S �D�I�P�J�D�F �G�P�S �B�D�I�J�F�W�J�O�H �I�J�H�I �D�P�N�Q�B�D�U�O�F�T�T�
 �B�T �B�O �V�Q �U�P50 %�I�J�H�I�F�S
�W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �D�B�O �C�F �B�D�I�J�F�W�F�E�� �)�P�X�F�W�F�S�
 �D�P�N�Q�B�D�U�O�F�T�T �U�P�H�F�U�I�F�S
�X�J�U�I �T�U�S�J�O�H�F�O�U �S�F�R�V�J�S�F�N�F�O�U�T �S�F�M�B�U�F�E �U�P �J�O�T�V�M�B�U�J�P�O �B�O�E �D�P�P�M�J�O�H �	�Q�P	R�J�O�H �P�G �U�I�F
�X�J�O�E�J�O�H�T�
 �I�B�O�E�M�J�O�H �P�G �J�O�D�S�F�B�T�F�E �U�I�F�S�N�B�M �S�F�T�J�T�U�B�O�D�F�T�
 �S�F�O�E�F�S �U�I�F �E�F�T�J�H�O �P�G �U�I�F
�.�$�5 �D�I�B�M�M�F�O�H�J�O�H�� �*�O �D�P�O�U�S�B�T�U�
 �U�I�F �D�M�F�B�S�B�O�D�F �	�B�O�E �D�S�F�F�Q�B�H�F�
 �E�J�T�U�B�O�D�F�T �P�G �U�I�F
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Shielding (0.7 kg)
Shield. fixture (0.4 kg)

25.9 kW/kg

6.42 kg

Windings (4.4 kg)

Fans (1.1 kg)

Coil formers (0.9 kg)

Supports (2.4 kg)

Insulation (0.3 kg)

Prototype w/o
shield. & fans

Model

6.47 kg

10.09 kg

25.7 kW/kg 16.5 kW/kg

Shielding (53.4 dm�N)

15.2 kW/dm�N

Coils (16.8 dm�N)

Insulation (4.5 dm�N)

7.8 kW/dm�N 2.2 kW/dm�N

Shielding (50 W)

99.55%

Windings (748 W)

Fans (48 W)

847 W

99.55% 99.49%

(   , cf. Fig. 7)

Prototype

(    , cf. Fig. 7)(   , cf. Fig. 7)

�'�J�H�� �x���v�~���$�P�N�Q�B�S�J�T�P�O �P�G �"�$�5 �N�P�E�F�M�J�O�H �X�J�U�I �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �W�B�M�J�E�B�U�F�E �S�F�T�V�M�U�T �	�T�F�F �B�M�T�P
�'�J�H�� �x���z�
�� �#�S�F�B�L�E�P�X�O�T �P�G���	�B�
�N�B�T�T�F�T���	�C�
�C�P�Y�F�E �W�P�M�V�N�F�T�
�	�D�
�M�P�T�T�F�T�� 	_�F �M�F	O �D�P�M�V�N�O
�S�F�Q�S�F�T�F�O�U�T �S�F�T�V�M�U�T �P�G �U�I�F �N�P�E�F�M���C�B�T�F�E �P�Q�U�J�N�J�[�B�U�J�P�O�� �U�I�F �N�J�E�E�M�F �D�P�M�V�N�O �D�P�O�T�J�E�F�S�T
�N�F�B�T�V�S�F�E �S�F�T�V�M�U�T �P�G �U�I�F �Q�S�P�U�P�U�Z�Q�F�Ý�T �B�D�U�J�W�F �Q�B�S�U �P�O�M�Z�� �U�I�F �S�J�H�I�U �D�P�M�V�N�O 
W�O�B�M�M�Z �D�P�O�T�J�E�F�S�T
�U�I�F �G�V�M�M �"�$�5 �Q�S�P�U�P�U�Z�Q�F��

	>	?



�$�I�B�Q�U�F�S 	;�� �.�7���.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�Q�S�P�Q�P�T�F�E �"�$�5 �D�B�O �C�F �F�B�T�J�M�Z �F�Y�U�F�O�E�F�E �U�P �N�F�F�U �W�B�S�J�P�V�T �J�O�T�V�M�B�U�J�P�O �S�F�R�V�J�S�F�N�F�O�U�T
�C�Z �D�I�B�O�H�J�O�H �U�I�F �/�0�.�&�9 �C�B�S�S�J�F�S �F�M�F�N�F�O�U�T �	�T�F�F�4�F�D�U�J�P�O �x���y���v�
��

�'�J�O�B�M�M�Z�
 �U�I�F �M�P�T�T �N�P�E�F�M �V�T�F�E �E�V�S�J�O�H �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �	�C�B�T�F�E �P�O 	:���% �'�&�.
�T�J�N�V�M�B�U�J�P�O�T�
 �Q�S�P�W�F�T �I�J�H�I�M�Z �B�D�D�V�S�B�U�F �	�T�F�F�'�J�H�� �x���v�~�	�D�
�
�� 	_�F �M�P�T�T �D�P�O�U�S�J�C�V�U�J�P�O�T
�P�G �U�I�F �T�I�J�F�M�E�J�O�H �	6 %�P�G �U�I�F �U�P�U�B�M �M�P�T�T�F�T�
 �B�O�E �P�G �U�I�F �G�B�O�T �	6 %�
 �X�I�F�S�F�C�Z �P�O�F
�T�I�P�V�M�E �S�F�N�F�N�C�F�S �U�I�B�U �Q�B�T�T�J�W�F �D�P�P�M�J�O�H �J�T �G�F�B�T�J�C�M�F �V�Q �U�P �B�C�P�V�U 	?	8 �� �P�G �S�B�U�F�E
�Q�P�X�F�S�
 �S�F�E�V�D�F �U�I�F �Q�S�P�U�P�U�Z�Q�F�Ý�T �G�V�M�M���M�P�B�E �F
Y�D�J�F�O�D�Z �	[ = 99”49 %�
 �P�O�M�Z �T�M�J�H�I�U�M�Z��

�"�M�M �J�O �B�M�M�
 �U�I�F �S�F�M�B�U�J�W�F�M�Z �T�U�S�B�J�H�I�U�G�P�S�X�B�S�E �N�P�E�F�M�T �F�N�Q�M�P�Z�F�E �G�P�S �U�I�F �1�B�S�F�U�P
�P�Q�U�J�N�J�[�B�U�J�P�O �D�B�Q�U�V�S�F �U�I�F �L�F�Z �Q�F�S�G�P�S�N�B�O�D�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �R�V�J�U�F �B�D�D�V�S�B�U�F�M�Z�

�F�T�Q�F�D�J�B�M�M�Z �S�F�H�B�S�E�J�O�H �U�I�F �F�Y�Q�F�D�U�F�E �"�$�5 �F
Y�D�J�F�O�D�Z �B�O�E �U�I�F �N�B�T�T �P�G �J�U�T �B�D�U�J�W�F
�Q�B�S�U�� 	_�F �O�P�X �F�T�U�B�C�M�J�T�I�F�E �L�O�P�X���I�P�X �S�F�H�B�S�E�J�O�H �U�I�F �N�F�D�I�B�O�J�D�B�M �B�T�T�F�N�C�M�Z
�B�O�E �U�I�F �E�J�N�F�O�T�J�P�O�T �P�G �B �T�V�J�U�B�C�M�F �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �D�P�V�M�E �C�F �J�O�D�M�V�E�F�E �J�O
�G�V�U�V�S�F �W�F�S�T�J�P�O�T �P�G �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �Q�S�P�D�F�E�V�S�F�� �)�P�X�F�W�F�S�
 �B�T �U�I�F�S�F �B�S�F �W�B�S�J�P�V�T
�E�F�H�S�F�F�T �P�G �G�S�F�F�E�P�N �S�F�H�B�S�E�J�O�H �C�P�U�I�
 �U�I�F �N�F�D�I�B�O�J�D�B�M �B�T�T�F�N�C�M�Z �B�O�E �U�I�F �E�F�T�J�H�O
�P�G �B�O �P�Q�U�J�N�J�[�F�E �T�I�J�F�M�E�J�O�H�
 �X�I�J�D�I �N�B�Z �G�V�S�U�I�F�S �E�F�Q�F�O�E �P�O �T�Q�F�D�J
W�D �B�Q�Q�M�J�D�B�U�J�P�O
�T�D�F�O�B�S�J�P�T�
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�U�I�F �Q�S�P�Q�P�T�F�E �T�I�J�F�M�E�J�O�H�
 �U�I�F �"�$�5 �G�V�M
W�M�M�T �U�I�F �*�$�/�*�3�1 	:	8	9	8 �H�V�J�E�F�M�J�O�F�T �S�F�H�B�S�E�J�O�H
�U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �M�F�W�F�M�T �G�P�S �Q�V�C�M�J�D �F�Y�Q�P�T�V�S�F �B�U �B �E�J�T�U�B�O�D�F �P�G 	:	8	8 �N�N
�G�S�P�N �U�I�F �T�I�J�F�M�E�J�O�H�� �"�E�E�J�O�H �U�I�F �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F �J�O�D�S�F�B�T�F�T �U�I�F �X�F�J�H�I�U �C�Z
�B�S�P�V�O�E10 %�
 �U�I�F �P�W�F�S�B�M�M �M�P�T�T�F�T �C�Z6 %�
 �B�O�E �E�F�U�F�S�N�J�O�F�T �U�I�F �C�P�Y�F�E �W�P�M�V�N�F �P�G �U�I�F
�U�S�B�O�T�G�P�S�N�F�S�
 �Z�J�F�M�E�J�O�H �B �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G2”2 kW•dm3 �	�D�P�N�Q�B�S�F�E
�U�P7”8 kW•dm3 �X�J�U�I�P�V�U �U�I�F �T�I�J�F�M�E�J�O�H�
��

	_�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F �B�D�I�J�F�W�F�T �B �N�F�B�T�V�S�F�E �G�V�M�M���M�P�B�E �F
Y�D�J�F�O�D�Z �P�G99”5 %�B�U
�B�O �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �P�G77”4 kHz�
 �B�O�E �B�O �V�O�Q�S�F�D�F�E�F�O�U�F�E �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S
�E�F�O�T�J�U�Z �P�G16”5 kW•kg�� �.�P�S�F�P�W�F�S�
 �D�P�O�T�J�E�F�S�J�O�H �U�I�F �V�T�F �P�G10 kV�4�J�$ �.�0�4�'�&�5�T�

�B �T�Z�T�U�F�N���M�F�W�F�M �F
Y�D�J�F�O�D�Z �P�G99 %�J�T �F�T�U�J�N�B�U�F�E �G�P�S �U�I�F �D�P�N�Q�M�F�U�F	9��	9���%�$�9�B�U �B�O
�P�V�U�Q�V�U �Q�P�X�F�S �P�G166 kW�� �*�O �B�E�E�J�U�J�P�O�
 �U�I�F �"�$�5���C�B�T�F�E	9��	9���%�$�9�J�T �D�I�B�S�B�D�U�F�S�J�[�F�E
�C�Z �B�O �F�Y�U�S�F�N�F�M�Z 
X�B�U �F
Y�D�J�F�O�D�Z �D�V�S�W�F �C�F�D�B�V�T�F �P�G �U�I�F �"�$�5�Ý�T �M�P�X �O�P���M�P�B�E �M�P�T�T�F�T��
�0�W�F�S�B�M�M�
 �U�I�F�T�F �Q�S�P�Q�F�S�U�J�F�T �S�F�O�E�F�S �U�I�F �"�$�5 �B �T�F�S�J�P�V�T �D�P�N�Q�F�U�J�U�P�S �P�G �U�I�F �.�$�5��
	_�F �"�$�5 �D�P�O�D�F�Q�U �J�T �U�I�V�T �Q�B�S�U�J�D�V�M�B�S�M�Z �X�F�M�M �T�V�J�U�F�E �G�P�S �F�N�F�S�H�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T �J�O
�X�I�J�D�I �S�P�C�V�T�U�O�F�T�T�
 �X�F�J�H�I�U�
 �T�F�S�W�J�D�F�B�C�J�M�J�U�Z �B�O�E �D�P�T�U���F
V�F�D�U�J�W�F �N�B�O�V�G�B�D�U�V�S�J�O�H �P�G
�U�I�F �U�S�B�O�T�G�P�S�N�F�S �B�S�F �P�G �I�J�H�I �J�N�Q�P�S�U�B�O�D�F��
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�9
�.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S

�1�S�P�U�P�U�Z�Q�F

	_�J�T �D�I�B�Q�U�F�S �T�V�N�N�B�S�J�[�F�T �U�I�F �N�B�K�P�S �S�F�T�F�B�S�D�I 
W�O�E�J�O�H�T �B�M�T�P �Q�V�C�M�J�T�I�F�E �J�O��

I �1�� �$�[�Z�[�
 �5�� �(�V�J�M�M�P�E�
 �%�� �;�I�B�O�H�
 �'�� �,�S�J�T�N�F�S�
 �+�� �)�V�C�F�S�
 �3�� �'�¤�S�C�F�S�
 �$��
�.�� �'�S�B�O�D�L �B�O�E �+�� �8�� �,�P�M�B�S�
 �à�"�O�B�M�Z�T�J�T �P�G �U�I�F �1�F�S�G�P�S�N�B�O�D�F �-�J�N�J�U�T �P�G
166 kW��7 kV �"�J�S���$�P�S�F �B�O�E �.�B�H�O�F�U�J�D���$�P�S�F �.�F�E�J�V�N���7�P�M�U�B�H�F �.�F�E�J�V�N��
�'�S�F�R�V�F�O�D�Z �5�S�B�O�T�G�P�S�N�F�S�T �G�P�S	9��	9���%�$�9�"�Q�Q�M�J�D�B�U�J�P�O�T�
�á�*�&�&�& �+�P�V�S�O�B�M �P�G
�&�N�F�S�H�J�O�H �B�O�E �4�F�M�F�D�U�F�E �5�P�Q�J�D�T �J�O �1�P�X�F�S �&�M�F�D�U�S�P�O�J�D�T�
 �F�B�S�M�Z �B�D�D�F�T�T�
 	:	8	:	9��

�4�P�M�J�E���T�U�B�U�F �U�S�B�O�T�G�P�S�N�F�S�T �	�4�4�5�T�
 �B�S�F �F�N�Q�M�P�Z�J�O�H �D�P�N�Q�B�D�U �I�J�H�I���Q�P�X�F�S �N�F�E�J�V�N���W�P�M�U�B�H�F �	�.�7�


�N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �U�S�B�O�T�G�P�S�N�F�S�T �	�.�'�5�T�
 �B�O�E �F�O�B�C�M�F �U�I�F �Q�P�X�F�S �U�S�B�O�T�G�F�S �C�F�U�X�F�F�O �H�B�M�W�B�O�J�D�B�M�M�Z

�J�T�P�M�B�U�F�E �%�$ �T�Z�T�U�F�N�T�� �$�P�O�T�J�E�F�S�J�O�H �B �U�Z�Q�J�D�B�M �4�4�5 �J�T�P�M�B�U�J�P�O �T�U�B�H�F�
 �J���F���
 �B166 kW�V�O�S�F�H�V�M�B�U�F�E

�T�F�S�J�F�T���S�F�T�P�O�B�O�U �%�$���%�$ �D�P�O�W�F�S�U�F�S �B�D�U�J�O�H �B�T �%�$ �U�S�B�O�T�G�P�S�N�F�S �	�%�$�9�
 �X�J�U�I �F�R�V�B�M �J�O�Q�V�U �B�O�E

�P�V�U�Q�V�U �.�7 �%�$ �W�P�M�U�B�H�F�T �P�G7 kV�		9��	9���%�$�9�
�
 �B �D�P�N�Q�P�O�F�O�U���M�F�W�F�M �Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U �P�G �B �N�B�H�O�F�U�J�D��

�D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �	�.�$�5�
 �J�T �E�F�S�J�W�F�E�� 	_�F �E�F�T�J�H�O �P�G �B �G�V�M�M�Z �S�B�U�F�E �.�$�5 �Q�S�P�U�P�U�Z�Q�F �J�T �E�F�T�D�S�J�C�F�E �J�O

�E�F�U�B�J�M �B�O�E �T�F�M�F�D�U�F�E �D�P�O�T�U�S�V�D�U�J�P�O �B�T�Q�F�D�U�T �B�S�F �D�P�N�Q�B�S�F�E �U�P �F�R�V�B�M�M�Z �S�B�U�F�E �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S

�	�"�$�5�
�� �'�V�S�U�I�F�S�N�P�S�F�
 �B �D�P�N�Q�S�F�I�F�O�T�J�W�F �F�Y�Q�F�S�J�N�F�O�U�B�M �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �U�P �W�B�M�J�E�B�U�F �U�I�F �E�F�S�J�W�F�E

�Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U�T �J�T �Q�S�P�W�J�E�F�E�
 �J�O�D�M�V�E�J�O�H �B�M�T�P �U�I�F �B�O�B�M�Z�T�J�T �P�G �T�U�S�B�Z �N�B�H�O�F�U�J�D 
W�F�M�E�T�� 	_�F

�S�F�B�M�J�[�F�E �.�$�5 �Q�S�P�U�P�U�Z�Q�F �B�D�I�J�F�W�F�T �B �N�F�B�T�V�S�F�E �F
Y�D�J�F�O�D�Z �P�G99”7 %�B�U �B �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S

�E�F�O�T�J�U�Z �P�G6”7 kW•kg��

�&�Y�F�D�V�U�J�W�F �4�V�N�N�B�S�Z
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�$�I�B�Q�U�F�S 	<�� �.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�y���v �*�O�U�S�P�E�V�D�U�J�P�O

�'�V�F�M�M�F�E �C�Z �U�I�F �B�W�B�J�M�B�C�J�M�J�U�Z �P�G �X�J�E�F���C�B�O�E�H�B�Q �	�8�#�(�
 �4�J�$ �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T
�X�J�U�I �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F �S�B�U�J�O�H�T �P�G �V�Q �U�P 	9	8 �L�7 �B�O�E �C�F�Z�P�O�E�
 �T�P�M�J�E���T�U�B�U�F �U�S�B�O�T��
�G�P�S�N�F�S�T �	�4�4�5�T�
 �I�B�W�F �C�F�F�O �Q�S�P�Q�P�T�F�E �B�T 
X�F�Y�J�C�M�F �J�T�P�M�B�U�J�P�O �B�O�E �W�P�M�U�B�H�F���T�D�B�M�J�O�H
�J�O�U�F�S�G�B�D�F�T �C�F�U�X�F�F�O �N�F�E�J�V�N���W�P�M�U�B�H�F �	�.�7�
 �B�O�E �M�P�X���W�P�M�U�B�H�F �	�-�7�
 �%�$ �P�S �"�$
�C�V�T�F�T�� �5�Z�Q�J�D�B�M �B�Q�Q�M�J�D�B�U�J�P�O�T �J�O�D�M�V�E�F�
 �F���H���
 �I�Z�C�S�J�E �T�N�B�S�U �H�S�J�E �T�Z�T�U�F�N�T �X�J�U�I �"�$
�B�O�E �%�$ �T�F�D�U�J�P�O�T �<	9	;�
 	9	?�>�
 �H�S�J�E �J�O�U�F�S�G�B�D�F�T �G�P�S �S�F�O�F�X�B�C�M�F �Q�P�X�F�S �T�P�V�S�D�F�T �<	:	>�
 	:	?�>�

�I�Z�Q�F�S�T�D�B�M�F �E�B�U�B �D�F�O�U�F�S�T �<	9	=�
 	9	>�>�
 �I�J�H�I���Q�P�X�F�S �F�M�F�D�U�S�J�D �W�F�I�J�D�M�F �	�&�7�
 �D�I�B�S�H�J�O�H
�T�U�B�U�J�P�O�T �<	9	8�
 	9	9�>�
 �G�V�U�V�S�F �T�I�J�Q�T �<	:	9�×	:	;�>�
 �B�O�E �G�V�U�V�S�F �B�J�S�D�S�B	O �X�J�U�I �E�J�T�U�S�J�C�V�U�F�E
�Q�S�P�Q�V�M�T�J�P�O �T�Z�T�U�F�N�T �B�O�E �P�O���C�P�B�S�E �.�7�%�$ �H�S�J�E�T �<	:	<�
 	:	=�
 	:
��>��

�4�4�5�T �B�S�F �D�P�N�Q�S�J�T�J�O�H �D�P�N�Q�B�D�U �I�J�H�I���Q�P�X�F�S �.�7 �N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �U�S�B�O�T��
�G�P�S�N�F�S�T �	�.�'�5�T�
 �B�O�E �B�D�D�P�S�E�J�O�H�M�Z �F�O�B�C�M�F �W�P�M�U�B�H�F �T�D�B�M�J�O�H �B�O�E �Q�P�X�F�S �D�P�O�W�F�S�T�J�P�O
�C�F�U�X�F�F�O �H�B�M�W�B�O�J�D�B�M�M�Z �T�F�Q�B�S�B�U�F�E �%�$ �T�Z�T�U�F�N�T�� 	_�F �E�F�T�J�H�O �P�G �.�'�5�T �J�O�W�P�M�W�F�T
�W�B�S�J�P�V�T �U�S�B�E�F���P
V�T �C�F�U�X�F�F�O �D�P�N�Q�F�U�J�O�H �H�P�B�M�T �	�F���H���
 �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �F
Y�D�J�F�O�D�Z�
 �J�O��
�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F�
 �D�P�T�U�
 �B�O�E �B �M�B�S�H�F �O�V�N�C�F�S �P�G �E�F�H�S�F�F�T �P�G �G�S�F�F�E�P�N �	�F���H���
 �X�J�O�E�J�O�H
�B�O�E �D�P�S�F �H�F�P�N�F�U�S�Z�
 �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M�
 �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z�
 �D�P�P�M�J�O�H �N�F�U�I�P�E�

�U�P �C�B�M�B�O�D�F �U�I�F�T�F �U�S�B�E�F���P
V�T�� �*�U �J�T �I�F�O�D�F �B �O�P�O���U�S�J�W�J�B�M �Q�S�P�D�F�T�T �S�F�T�V�M�U�J�O�H �J�O �W�B�T�U�M�Z
�E�J�W�F�S�T�J
W�F�E �.�'�5 �Q�S�P�U�P�U�Z�Q�F�T �B�T �S�F�Q�P�S�U�F�E �J�O �<	9	:�
 	9	>�
 	<	<�
 	<	=�
 	=	9�×	=	;�
 	>	A�×	A
��>���'�J�H�� �y���v
�Q�S�P�W�J�E�F�T �B�O �P�W�F�S�W�J�F�X �B�O�E �D�M�B�T�T�J
W�D�B�U�J�P�O �P�G �U�I�F�T�F �.�'�5�T��

�$�P�O�T�J�E�F�S�J�O�H �D�F�S�U�B�J�O �4�4�5 �B�Q�Q�M�J�D�B�U�J�P�O�T �	�F���H���
 �B�J�S�C�P�S�O�F�
 �N�B�S�J�O�F�
 �B�O�E�
 �J�O �H�F�O��
�F�S�B�M�
 �I�B�O�E�M�J�O�H �B�T�Q�F�D�U�T �B�O�E �S�F�T�P�V�S�D�F �V�T�B�H�F�
 �U�I�F �.�'�5�Ý�T �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S
�E�F�O�T�J�U�ZW= %�/ •< �	�X�J�U�I%�/ �B�T �U�I�F �S�B�U�F�E �Q�P�X�F�S�
 �J�T �B�O �J�N�Q�P�S�U�B�O�U �D�I�B�S�B�D�U�F�S��
�J�T�U�J�D���'�J�H�� �y���v�	�C�
�J�O�E�J�D�B�U�F�TWŸ �12 kW•kg �G�P�S �B�J�S���D�P�P�M�F�E �	�O�B�U�V�S�B�M �P�S �G�P�S�D�F�E
�D�P�O�W�F�D�U�J�P�O�
 �.�'�5�T�� �" 
W�S�T�U �B�Q�Q�S�P�B�D�I �U�P �D�S�P�T�T �U�I�J�T �C�B�S�S�J�F�S �J�T �U�I�F �V�T�F �P�G �M�J�R�V�J�E
�D�P�P�M�J�O�H �	WŸ �25 kW•kg �
�� �)�P�X�F�W�F�S�
 �P�O �U�I�F �T�Z�T�U�F�N �M�F�W�F�M �B�M�T�P �U�I�F �N�B�T�T �P�G �U�I�F
�D�P�P�M�J�O�H �T�Z�T�U�F�N �	�I�F�B�U �F�Y�D�I�B�O�H�F�S�
 �Q�J�Q�J�O�H�
 �Q�V�N�Q�T�
 �X�P�V�M�E �O�F�F�E �U�P �C�F �B�D�D�P�V�O�U�F�E
�G�P�S�� �'�V�S�U�I�F�S�N�P�S�F�
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 �B�O�E �C�F�D�B�V�T�F �P�G �U�I�F �T�D�B�S�D�F �B�W�B�J�M�B�C�J�M�J�U�Z �B�O�E �I�J�H�I
�D�P�T�U �P�G �O�B�O�P�D�S�Z�T�U�B�M�M�J�O�F �D�P�S�F�T�
 �X�F �E�P �O�P�U �D�P�O�T�J�E�F�S �U�I�J�T �D�P�S�F �N�B�U�F�S�J�B�M �G�V�S�U�I�F�S��

�"�J�N�J�O�H �G�P�S �B�O �B�D�U�V�B�M �S�F�B�M�J�[�B�U�J�P�O �P�G �B�O �.�$�5 �Q�S�P�U�P�U�Z�Q�F�
 �X�F �D�P�O�T�J�E�F�S �B
�E�J�T�D�S�F�U�F �E�F�T�J�H�O �T�Q�B�D�F �D�P�N�Q�S�J�T�J�O�H �B�D�U�V�B�M�M�Z �P�C�U�B�J�O�B�C�M�F �D�P�S�F�T �B�O�E �M�J�U�[ �X�J�S�F�T��
�8�J�U�I �U�I�F �T�B�N�F �C�P�V�O�E�B�S�Z �D�P�O�E�J�U�J�P�O�T �B�T �V�T�F�E �G�P�S �U�I�F �J�E�F�B�M�J�[�F�E �S�F�T�V�M�U�T �	�D�P�O��
�U�J�O�V�P�V�T �E�F�T�J�H�O �T�Q�B�D�F�
 �T�I�P�X�O �J�O�'�J�H�T�� �y���x�	�B�
�
�	�C�
�
 �U�I�F �N�B�Y�J�N�V�N �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �E�F�T�J�H�O�T �P�C�U�B�J�O�F�E �G�S�P�N �U�I�F �E�J�T�D�S�F�U�F �E�F�T�J�H�O �T�Q�B�D�F �J�T �M�J�N�J�U�F�E �U�P
WŸ �5 kW•kg �� �5�P �Q�S�F�W�F�O�U �U�I�J�T �T�J�H�O�J
W�D�B�O�U �S�F�E�V�D�U�J�P�O�
 �X�F �J�O�T�F�S�U �B�J�S �D�I�B�O�O�F�M�T
�C�F�U�X�F�F�O �U�I�F �T�U�B�D�L�F�E �D�P�S�F�T �<	9	9	9�>�
 �X�I�J�D�I �J�N�Q�S�P�W�F�T �U�I�F �I�F�B�U �F�Y�U�S�B�D�U�J�P�O�� �*�O��
�D�S�F�B�T�J�O�H �J�O �B�E�E�J�U�J�P�O �U�I�F �B�J�S
X�P�X �W�F�M�P�D�J�U�Z �U�P �T�U�J�M�M �N�P�E�F�S�B�U�F5 m•s �G�B�D�J�M�J�U�B�U�F�T �U�I�F
�Q�F�S�G�P�S�N�B�O�D�F �T�I�P�X�O �J�O�'�J�H�� �y���x�	�E�
�
 �X�I�J�D�I �J�T �T�J�N�J�M�B�S �U�P �U�I�F �F�B�S�M�J�F�S �S�F�T�V�M�U�T�� �'�V�S��
�U�I�F�S �J�O�D�S�F�B�T�J�O�H �U�I�F �B�J�S
X�P�X �W�F�M�P�D�J�U�Z �S�F�T�V�M�U�T �J�O �E�J�N�J�O�J�T�I�J�O�H �J�N�Q�S�P�W�F�N�F�O�U�T �P�O�M�Z
�C�V�U �D�M�F�B�S�M�Z �S�F�R�V�J�S�F�T �I�J�H�I�F�S �F
V�P�S�U �	�M�B�S�H�F�S �B�O�E �N�P�S�F �Q�P�X�F�S�G�V�M �G�B�O�T�
�
 �X�I�J�D�I �J�T
�X�I�Z �X�F �D�P�O�T�J�E�F�S5 m•s �T�V�J�U�B�C�M�F �G�P�S �Q�S�B�D�U�J�D�B�M �S�F�B�M�J�[�B�U�J�P�O�T�� 	_�V�T�
 �U�I�F �N�B�Y�J�N�V�N
�H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �Q�S�B�D�U�J�D�B�M �.�$�5 �E�F�T�J�H�O�T �D�B�O �S�F�B�D�IW= 10 kW•kg��
�8�F �D�P�O�T�J�E�F�S �U�I�F �S�F�T�V�M�U�T �P�G �U�I�J�T �E�J�T�D�S�F�U�F �E�F�T�J�H�O �T�Q�B�D�F �C�B�T�F�E �P�O �G�F�S�S�J�U�F �&���D�P�S�F�T
�G�P�S �U�I�F �D�P�N�Q�B�S�J�T�P�O �X�J�U�I �U�I�F �"�$�5 �C�F�M�P�X��

�/�P�U�F �U�I�B�U �U�I�F �B�C�P�W�F �D�P�O�T�J�E�F�S�B�U�J�P�O�T �I�J�H�I�M�J�H�I�U �U�I�F �J�N�Q�P�S�U�B�O�D�F �P�G �D�P�O�T�J�E�F�S��
�J�O�H �S�F�B�M �E�J�N�F�O�T�J�P�O�T �P�G �B�W�B�J�M�B�C�M�F �D�P�N�Q�P�O�F�O�U�T�
 �N�B�J�O�M�Z �P�G �U�I�F �N�B�H�O�F�U�J�D �D�P�S�F�T�

�E�V�S�J�O�H �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�$�5�T�� �/�P �T�V�D�I �S�F�T�U�S�J�D�U�J�P�O�T �F�Y�J�T�U �G�P�S �U�I�F �E�F�T�J�H�O �P�G
�"�$�5�T �	�F�Y�D�F�Q�U �S�F�H�B�S�E�J�O�H �B�W�B�J�M�B�C�M�F �M�J�U�[ �X�J�S�F�T�
��

�"�T �N�F�O�U�J�P�O�F�E �J�O�$�I�B�Q�U�F�S �x�X�F �T�F�M�F�D�U �U�I�F �.�'�5�T �	�"�$�5 �B�O�E �.�$�5�
 �E�F�T�J�H�O�T
�U�P �C�F �S�F�B�M�J�[�F�E �B�T �Q�S�P�U�P�U�Z�Q�F�T �C�Z �E�F�N�B�O�E�J�O�H �B �T�Z�T�U�F�N���M�F�W�F�M �%�$���%�$ �F
Y�D�J�F�O�D�Z
�P�G� 99”0 %�	�G�P�S �U�I�F �%�$�9�T �F�W�B�M�V�B�U�J�P�O �T�F�F�$�I�B�Q�U�F�S �z�
 �B�O�E �U�I�F�O �D�I�P�P�T�J�O�H �U�I�F
�.�'�5 �E�F�T�J�H�O �X�J�U�I �I�J�H�I�F�T�U �D�B�M�D�V�M�B�U�F�E �	�D�P�N�Q�P�O�F�O�U���M�F�W�F�M�
 �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S
�E�F�O�T�J�U�Z�� 	_�F�S�F�G�P�S�F�
 �U�I�F �T�F�M�F�D�U�F�E �.�$�5 �J�T �J�O�E�J�D�B�U�F�E �J�O�'�J�H�� �y���x�	�E�
�B�O�E �B�T �J�U �D�B�O
�C�F �T�F�F�O �G�S�P�N �U�I�F �S�F�T�V�M�U�T�
 �U�I�F�S�F �J�T �O�P �T�J�H�O�J
W�D�B�O�U �C�F�O�F
W�U �P�G �J�O�D�S�F�B�T�J�O�H �U�I�F �.�$�5
�P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �B�C�P�W�F40 kHz�	�F���H���
 �U�P70 kHz�
�
 �X�I�J�D�I �J�T �U�I�V�T �T�F�M�F�D�U�F�E��
�/�P�U�F �U�I�B�U �W�B�S�J�P�V�T �Q�S�B�D�U�J�D�B�M �B�T�Q�F�D�U�T �B�O�E �N�B�J�O�M�Z �N�F�D�I�B�O�J�D�B�M �D�P�O�T�U�S�B�J�O�U�T �	�T�F�F
�4�F�D�U�J�P�O �y���x�
 �U�Z�Q�J�D�B�M�M�Z �E�F�D�S�F�B�T�F �U�I�F �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �Q�S�P�U�P�U�Z�Q�F�T �D�P�N�Q�B�S�F�E �U�P
�J�E�F�B�M�J�[�F�E �D�B�M�D�V�M�B�U�J�P�O �S�F�T�V�M�U�T�� 	_�J�T �F�Y�Q�M�B�J�O�T �X�I�Z �U�I�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F�T �E�P
�O�P�U �M�J�F �P�O �U�I�F[ ��W���1�B�S�F�U�P �G�S�P�O�U�
 �T�F�F�4�F�D�U�J�P�O �z���v�G�P�S �E�F�U�B�J�M�T��

�'�V�S�U�I�F�S �F�W�B�M�V�B�U�J�P�O �P�O �D�P�N�Q�P�O�F�O�U�� �B�O�E �T�Z�T�U�F�N���M�F�W�F�M �J�O�D�M�V�E�J�O�H �H�S�B�W�J�N�F�U�S�J�D
�B�O�E �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �B�T �X�F�M�M �B�T �F
Y�D�J�F�O�D�Z �J�T �Q�S�F�T�F�O�U�F�E �J�O�$�I�B�Q�U�F�S �z��

	?	A



�$�I�B�Q�U�F�S 	<�� �.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

Gravimetric Power Density (kW/kg)

E-core / Ferrite

Gravimetric Power Density (kW/kg)
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U-core / Ferrite

E-core + U-core / Nanocryst. E-core / Ferrite / Air channels

Frequency (kHz)
60 7020 30 40 50

�'�J�H�� �y���x���3�F�T�V�M�U�T �P�G �U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �G�P�S �E�J
V�F�S�F�O�U �U�Z�Q�F�T �P�G �U�I�F166 kW��
7 kV �.�$�5�
 �S�F�W�F�B�M�J�O�H �U�I�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D �E�F�Q�F�O�E�F�O�D�J�F�T �P�G �U�I�F[ ��W���1�B�S�F�U�P �G�S�P�O�U�T �P�O �U�I�F
�P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z�� �3�F�T�V�M�U�T �C�B�T�F�E �P�O �U�I�F �D�P�O�U�J�O�V�P�V�T �E�F�T�J�H�O �T�Q�B�D�F �T�I�P�X�J�O�H �U�I�F�P�S�F�U�J�D�B�M
�M�J�N�J�U�T �P�G �S�F�B�M�J�[�B�U�J�P�O �X�J�U�I �V�O�H�B�Q�Q�F�E �D�P�S�F�T �B�O�E �D�P�O�T�F�S�W�B�U�J�W�F �D�P�P�M�J�O�H �	1 m•s �B�J�S
X�P�X�
���	�B�

�G�F�S�S�J�U�F �&���D�P�S�F �U�Z�Q�F���	�C�
�G�F�S�S�J�U�F �6���D�P�S�F �U�Z�Q�F���	�D�
�O�B�O�P�D�S�Z�T�U�B�M�M�J�O�F �&�� �B�O�E �6���D�P�S�F �U�Z�Q�F�T��
�	�E�
�3�F�T�V�M�U�T �C�B�T�F�E �P�O �P
V���U�I�F���T�I�F�M�G �D�P�N�Q�P�O�F�O�U�T �	�E�J�T�D�S�F�U�F �E�F�T�J�H�O �T�Q�B�D�F�
 �G�P�S �U�I�F �T�F�M�F�D�U�F�E
�D�P�O�D�F�Q�U �P�G �G�F�S�S�J�U�F �&���D�P�S�F �U�Z�Q�F �X�J�U�I �B�J�S �D�I�B�O�O�F�M�T �C�F�U�X�F�F�O �U�I�F �T�U�B�D�L�F�E �D�P�S�F�T �	�H�B�Q�Q�F�E�
 �U�P
�J�N�Q�S�P�W�F �U�I�F �D�P�P�M�J�O�H �D�B�Q�B�C�J�M�J�U�J�F�T �	5 m•s �B�J�S
X�P�X�
�� 	_�F �N�B�S�L�F�S�S�F�Q�S�F�T�F�O�U�T �U�I�F �T�F�M�F�D�U�F�E
�E�F�T�J�H�O �B�O�E �U�I�F �N�B�S�L�F�S�J�O�E�J�D�B�U�F�T �N�F�B�T�V�S�F�E �S�F�T�V�M�U �P�G �U�I�F �B�D�U�V�B�M�M�Z �S�F�B�M�J�[�F�E �.�$�5
�Q�S�P�U�P�U�Z�Q�F �	5�T= 40”0 kHz�
�� �/�P�U�F �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �E�F�W�J�B�U�J�P�O �G�S�P�N �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O
�S�F�T�V�M�U�T �X�I�J�D�I �B�S�F �E�V�F �U�P �B�E�E�J�U�J�P�O�B�M �D�P�O�T�U�S�V�D�U�J�P�O �D�P�O�T�U�S�B�J�O�U�T �B�O�E �C�F�D�B�V�T�F �U�I�F �J�E�F�B�M�J�[�F�E
�N�P�E�F�M�T �E�P �O�P�U �J�O�D�M�V�E�F �X�F�J�H�I�U �B�O�E �W�P�M�V�N�F �P�G �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N �	�G�B�O�T�
��


�	8



	<��	;�� �%�F�T�J�H�O �B�O�E �$�P�O�T�U�S�V�D�U�J�P�O

�y���x �%�F�T�J�H�O �B�O�E �$�P�O�T�U�S�V�D�U�J�P�O

�"�T �N�F�O�U�J�P�O�F�E �B�C�P�W�F�
 �U�I�F �V�M�U�J�N�B�U�F�M�Z �B�D�I�J�F�W�B�C�M�F �N�B�T�T �B�O�E �W�P�M�V�N�F �P�G �U�I�F �T�F��
�M�F�D�U�F�E �"�$�5 �B�O�E �.�$�5 �E�F�T�J�H�O�T �T�U�S�P�O�H�M�Z �E�F�Q�F�O�E �P�O �Q�S�B�D�U�J�D�B�M �S�F�B�M�J�[�B�U�J�P�O �B�T�Q�F�D�U�T
�B�O�E �B�S�F �N�B�J�O�M�Z �E�F�U�F�S�N�J�O�J�O�H �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �P�G �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �%�$�9 �T�Z�T��
�U�F�N�T�� 	_�F�S�F�G�P�S�F�
 �U�I�J�T �T�F�D�U�J�P�O �Q�S�F�T�F�O�U�T �U�I�F �E�F�T�J�H�O �B�O�E �D�P�O�T�U�S�V�D�U�J�P�O �P�G �U�I�F �U�X�P
�U�S�B�O�T�G�P�S�N�F�S �Q�S�P�U�P�U�Z�Q�F�T�
 �G�P�D�V�T�J�O�H �P�O �U�I�F �L�F�Z �B�T�Q�F�D�U�T �P�G �J�O�T�V�M�B�U�J�P�O �E�F�T�J�H�O�

�T�I�J�F�M�E�J�O�H �P�G �F�M�F�D�U�S�P�N�B�H�O�F�U�J�D �T�U�S�B�Z 
W�F�M�E�T �B�O�E �D�P�P�M�J�O�H��

�y���x���v �.�'�5 �*�O�T�V�M�B�U�J�P�O �%�F�T�J�H�O

�'�P�S �C�P�U�I �U�S�B�O�T�G�P�S�N�F�S�T�
 �U�I�F �S�B�U�F�E �$�. �%�$ �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F �J�T+i = 10 kV��
�"�D�D�P�S�E�J�O�H �U�P �*�&�$ 	>	:	<	?	? �<	=	A�
 	>	8�>�
 �U�I�F �N�J�O�J�N�V�N �S�F�R�V�J�S�F�E �D�M�F�B�S�B�O�D�F �E�J�T�U�B�O�D�F
�G�P�S �P�W�F�S�W�P�M�U�B�H�F �D�B�U�F�H�P�S�Z �*�*�* �	�0�7���*�*�*�
�
 �X�I�J�D�I �E�F�N�B�O�E�T �B�O �J�N�Q�V�M�T�F �X�J�U�I�T�U�B�O�E
�W�P�M�U�B�H�F �P�G 	;	? �L�7�
 �C�F�D�P�N�F�T 	=	= �N�N�� �4�J�N�J�M�B�S�M�Z�
 �U�I�F �N�J�O�J�N�V�N �S�F�R�V�J�S�F�E �D�S�F�F�Q�B�H�F
�E�J�T�U�B�O�D�F�
 �D�P�O�T�J�E�F�S�J�O�H �Q�P�M�M�V�U�J�P�O �E�F�H�S�F�F 	: �	�1�%	:�
 �B�O�E �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M �H�S�P�V�Q �*�*�

�J�T 	?	9 �N�N��

�3�F�H�B�S�E�J�O�H �U�I�F �P�W�F�S�B�M�M �N�F�D�I�B�O�J�D�B�M �B�S�S�B�O�H�F�N�F�O�U �P�G �U�I�F �"�$�5�
�'�J�H�� �x���{
�T�I�P�X�T �I�P�X �U�I�F �T�J�O�H�M�F���M�B�Z�F�S �X�J�O�E�J�O�H �P�G �F�B�D�I �D�P�J�M �J�T �Q�M�B�D�F�E �P�O �B�O �J�O�E�J�W�J�E��
�V�B�M 	;���%���Q�S�J�O�U�F�E �Q�P�M�Z�D�B�S�C�P�O�B�U�F �D�P�J�M �G�P�S�N�F�S�� �" 
W�Y�F�E �J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F
�	F iso = 16”5 mm�
 �C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z�� �B�O�E �U�I�F �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H�T �I�B�T
�C�F�F�O �D�P�O�T�J�E�F�S�F�E �B�M�S�F�B�E�Z �E�V�S�J�O�H �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�
 �M�J�N�J�U�J�O�H �U�I�F 
W�F�M�E �T�U�S�F�O�H�U�I
�J�O �U�I�F �B�J�S �C�F�U�X�F�F�O �U�I�F �X�J�O�E�J�O�H�T �U�P �T�B�G�F �W�B�M�V�F�T �	Ÿ 0”6 kV•mm �D�P�O�T�J�E�F�S�J�O�H
�I�P�N�P�H�F�O�F�P�V�T 
W�F�M�E�
�� �*�O �P�S�E�F�S �U�P �S�F�B�M�J�[�F �U�I�F �S�F�R�V�J�S�F�E �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F
�E�J�T�U�B�O�D�F�T�
 �D�Z�M�J�O�E�S�J�D�B�M �C�B�S�S�J�F�S �F�M�F�N�F�O�U�T �N�B�E�F �P�G1”5 mm�U�Z�Q�F 	A	A	; �/�P�N�F�Y �Q�S�F�T�T��
�C�P�B�S�E�T �B�S�F �Q�M�B�D�F�E �C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z�� �B�O�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �D�P�J�M�T�� �4�J�N�J�M�B�S�M�Z�

�B �S�F�D�U�B�O�H�V�M�B�S �/�P�N�F�Y �Q�M�B�U�F �	�U�I�J�D�L�O�F�T�T �P�G1”5 mm�
 �F�O�T�V�S�F�T �T�V
Y�D�J�F�O�U �D�M�F�B�S�B�O�D�F
�C�F�U�X�F�F�O �U�I�F �U�X�P �D�P�J�M �T�F�U�T�� �B �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F �P�G79 mm�X�B�T �S�F�B�M�J�[�F�E�� 	_�F
�J�N�Q�M�F�N�F�O�U�F�E �D�M�F�B�S�B�O�D�F �E�J�T�U�B�O�D�F �P�G66 mm�D�P�S�S�F�T�Q�P�O�E�T �U�P �B�O �J�N�Q�V�M�T�F �X�J�U�I��
�T�U�B�O�E �W�P�M�U�B�H�F �P�G �B�C�P�V�U 	<	; �L�7�� �/�P�U�F �U�I�B�U �U�I�J�T �S�F�M�B�U�J�W�F�M�Z �T�J�N�Q�M�F �J�O�T�V�M�B�U�J�P�O �T�Z�T�U�F�N
�B�M�M�P�X�T �U�P �U�B�J�M�P�S �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T �B�T �S�F�R�V�J�S�F�E �C�Z �T�U�B�O�E�B�S�E�T
�B�O�E �F�O�W�J�S�P�O�N�F�O�U�B�M �D�P�O�E�J�U�J�P�O�T �B �Q�P�T�U�F�S�J�P�S�J �	�J���F���
 �B	O�F�S �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�
 �C�Z
�B�E�B�Q�U�J�O�H �U�I�F �E�J�N�F�O�T�J�P�O�T �P�G �U�I�F �/�P�N�F�Y �F�M�F�N�F�O�U�T�
 �X�J�U�I �M�J	R�M�F �J�N�Q�B�D�U �P�O �U�I�F
�P�W�F�S�B�M�M �N�F�D�I�B�O�J�D�B�M �E�F�T�J�H�O��

�'�J�H�� �y���y�T�I�P�X�T �B 	;���% �$�"�% �S�F�O�E�F�S�J�O�H �P�G �U�I�F �.�$�5 �Q�S�P�U�P�U�Z�Q�F �X�I�J�D�I �D�P�O�T�J�T�U�T
�P�G �B �G�F�S�S�J�U�F �&���D�P�S�F �	�B�T�T�F�N�C�M�F�E �G�S�P�N 	:	< �G�F�S�S�J�U�F �6	9	:	>��	?	:��	:	8 �6���D�P�S�F�T�
�
 �B�O�E �B �X�J�O�E��
�J�O�H �Q�B�D�L�B�H�F�� 	_�F �X�J�O�E�J�O�H �Q�B�D�L�B�H�F �D�P�O�U�B�J�O�T �U�X�P �	�Q�S�J�N�B�S�Z �B�O�E �T�F�D�P�O�E�B�S�Z�

�U�X�P���M�B�Z�F�S �D�P�J�M�T �U�I�B�U �B�S�F �X�P�V�O�E �P�O �D�P�S�S�F�T�Q�P�O�E�J�O�H �D�P�J�M �G�P�S�N�F�S�T�
 �F�O�D�B�Q�T�V�M�B�U�F�E
�J�O �B �E�S�Z���U�Z�Q�F �	�T�J�M�J�D�P�O�F�
 �J�O�T�V�M�B�U�J�P�O �B�O�E �F�O�D�M�P�T�F�E �C�Z �B 	;���%���Q�S�J�O�U�F�E �Q�P�M�Z�D�B�S��
�C�P�O�B�U�F �D�P�W�F�S�� 	_�F �S�F�B�M�J�[�F�E �N�J�O�J�N�V�N �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z �B�O�E �U�I�F
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	<��	;�� �%�F�T�J�H�O �B�O�E �$�P�O�T�U�S�V�D�U�J�P�O

�T�F�D�P�O�E�B�S�Z �T�J�E�F�T �J�TF iso = 6 mm�
 �X�I�J�D�I �J�T �I�J�H�I�F�S �U�I�B�O �U�I�F �W�B�M�V�F �V�T�F�E �E�V�S�J�O�H
�U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �	F iso = 4 mm�
 �T�F�F�4�F�D�U�J�P�O �y���w���v�
�� 	_�J�T �J�T �O�F�D�F�T�T�B�S�Z �C�F�D�B�V�T�F
�P�G �U�I�F �J�O�D�S�F�B�T�F�E �E�J�N�F�O�T�J�P�O�T �P�G �U�I�F �D�P�J�M �G�P�S�N�F�S�T �O�F�F�E�F�E �U�P �Q�S�P�W�J�E�F �T�V
Y�D�J�F�O�U
�S�J�H�J�E�J�U�Z �U�P �G�B�D�J�M�J�U�B�U�F �U�I�F �N�B�O�V�G�B�D�U�V�S�J�O�H �P�G �U�I�F �X�J�O�E�J�O�H�T �V�T�J�O�H �S�F�M�B�U�J�W�F�M�Z �U�I�J�D�L
�M�J�U�[ �X�J�S�F�� 	_�F �X�J�O�E�J�O�H�T �B�S�F �F�O�D�B�Q�T�V�M�B�U�F�E �	�Q�P	R�F�E�
 �X�J�U�I �B �U�X�P���D�P�N�Q�P�O�F�O�U �T�J�M�J��
�D�P�O�F �D�P�N�Q�P�V�O�E �	�5�$	<	>	8	= �)�-�7�
 �<	9	8	<�>�
 �U�I�B�U �J�T �D�I�B�S�B�D�U�F�S�J�[�F�E �C�Z �B �S�F�M�B�U�J�W�F�M�Z �M�P�X
�E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �B�O�E �B �I�J�H�I �U�I�F�S�N�B�M �D�P�O�E�V�D�U�J�W�J�U�Z�� �8�J�U�I �U�I�F �J�O�T�V�M�B�U�J�P�O �E�J�T��
�U�B�O�D�FF iso = 6 mm�B�O�E �U�I�F �D�P�O�T�J�E�F�S�F�E �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F �P�G10 kV�
 �U�I�F �F�M�F�D�U�S�J�D

W�F�M�E �J�O �U�I�F �J�O�T�V�M�B�U�J�P�O �C�F�D�P�N�F�T1”7 kV•mm�
 �X�I�J�D�I �J�T �T�J�H�O�J
W�D�B�O�U�M�Z �C�F�M�P�X �U�I�F
�C�S�F�B�L�E�P�X�O �F�M�F�D�U�S�J�D 
W�F�M�E �P�G �U�I�F �T�J�M�J�D�P�O�F �	24 kV•mm�
�� 	_�F �S�F�B�M�J�[�F�E �D�M�F�B�S�B�O�D�F
�E�J�T�U�B�O�D�F �J�T �U�I�F �T�B�N�F �B�T �G�P�S �U�I�F �"�$�5 �	66 mm�
 �J�N�Q�V�M�T�F �X�J�U�I�T�U�B�O�E �W�P�M�U�B�H�F �P�G
�B�C�P�V�U 	<	; �L�7�
�� 	_�F �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F �J�T �N�V�D�I �M�P�O�H�F�S�
 �J���F���
 �B�C�P�V�U200 mm�
 �P�X�J�O�H
�U�P �U�I�F �S�F�B�M�J�[�F�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F �F�Y�U�F�O�E�F�S�T �T�V�S�S�P�V�O�E�J�O�H �U�I�F �U�F�S�N�J�O�B�U�J�P�O�T�

�X�I�J�D�I �B�S�F �J�O�U�F�H�S�B�U�F�E �J�O�U�P �U�I�F �Q�P�M�Z�D�B�S�C�P�O�B�U�F �D�P�W�F�S �P�G �U�I�F �X�J�O�E�J�O�H �Q�B�D�L�B�H�F�

�T�F�F�'�J�H�� �y���y�	�B�
��

�'�S�P�N �U�I�F �Q�F�B�L �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E �U�P �B �X�J�O�E�J�O�H �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �X�I�J�D�I �J�T
�U�I�F �E�J
V�F�S�F�O�D�F �P�G �U�I�F �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E �C�Z �B �I�B�M�G���C�S�J�E�H�F �	Ep•s�
 �B�O�E �U�I�F �W�P�M�U�B�H�F �P�G
�U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �	ECr �J�O �D�B�T�F �P�G �U�I�F �.�$�5 �P�SECr1•Cr2 �J�O �D�B�T�F
�P�G �U�I�F �"�$�5�
�
 �U�I�F �N�B�Y�J�N�V�N �W�P�M�U�B�H�F �C�F�U�X�F�F�O �U�X�P �B�E�K�B�D�F�O�U �U�V�S�O�T �P�G �B �D�P�J�M �D�B�O
�C�F �P�C�U�B�J�O�F�E�� 	_�J�T �W�P�M�U�B�H�F �J�T �B�C�P�V�U5”4 kV•44 � 123 V�G�P�S �U�I�F �"�$�5 �B�O�E �B�C�P�V�U
4”0 kV•17� 235 V�G�P�S �U�I�F �.�$�5�� �#�P�U�I �W�B�M�V�F�T �B�S�F �X�F�M�M �C�F�M�P�X �U�I�F �D�B�Q�B�C�J�M�J�U�Z
�P�G �U�I�F �M�J�U�[ �X�J�S�F�Ý�T �J�O�T�V�M�B�U�J�P�O�
 �J���F���
 �B �E�P�V�C�M�F �M�B�Z�F�S �P�G �Q�P�M�Z�B�N�J�E�F�� �"�T �U�I�F �.�$�5
�V�T�F�T �B �U�X�P���M�B�Z�F�S �X�J�O�E�J�O�H�
 �U�I�F �X�P�S�T�U���D�B�T�F �W�P�M�U�B�H�F �C�F�U�X�F�F�O �U�I�F �U�X�P �M�B�Z�F�S�T
�J�T2”0 kV�
 �S�F�T�V�M�U�J�O�H �J�O �B�O �F�M�F�D�U�S�J�D 
W�F�M�E �P�G1”3 kV•mm�� 	_�V�T�
 �U�I�F �J�O�T�V�M�B�U�J�P�O
�C�F�U�X�F�F�O �U�I�F �U�X�P �M�B�Z�F�S�T �J�T �F�O�T�V�S�F�E �C�Z1”5 mm�/�P�N�F�Y �T�Q�B�D�F�S�T �	�F�M�F�D�U�S�J�D �T�U�S�F�O�H�U�I
�P�G34 kV•mm�
��

	_�F �X�J�O�E�J�O�H �U�F�S�N�J�O�B�U�J�P�O�T �P�G �C�P�U�I �Q�S�P�U�P�U�Z�Q�F�T �B�S�F �D�P�Q�Q�F�S �C�M�P�D�L�T �U�I�B�U �B�S�F
�F�E�H�F�M�F�T�T �	�J���F���
 �G�F�B�U�V�S�F �S�P�V�O�E�F�E �F�E�H�F�T�
 �U�P �Q�S�F�W�F�O�U �F�Y�D�F�T�T�J�W�F �M�P�D�B�M �F�M�F�D�U�S�J�D 
W�F�M�E�T
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�G�P�S�N�F�S�T �G�P�S �B 
W�O�B�M �W�F�S�J
W�D�B�U�J�P�O �P�G �U�I�F �J�O�T�V�M�B�U�J�P�O �E�F�T�J�H�O �G�P�S �U�I�F �$�. �W�P�M�U�B�H�F
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W�F�M�E �P�G� �Q�F�B�L�
�N�B�Y= 21”3 kV•cm �J�T �G�P�V�O�E �B�S�P�V�O�E �U�I�F �X�J�S�F�T�� 	_�J�T �W�B�M�V�F �J�T �M�P�X�F�S
�U�I�B�O �U�I�F �D�S�J�U�J�D�B�M 
W�F�M�E �T�U�S�F�O�H�U�I �P�G �E�S�Z �B�J�S �	24”4 kV•cm bar�
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 �X�F �I�B�W�F �E�F�T�D�S�J�C�F�E �U�I�F �E�F�T�J�H�O �P�G �B �M�J�H�I�U�X�F�J�H�I�U�
 �M�P�X���M�P�T�T �D�P�O��
�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �U�P �M�J�N�J�U �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
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�U�P �T�B�G�F �M�F�W�F�M�T �B�D�D�P�S�E�J�O�H �U�P �U�I�F �*�$�/�*�3�1 	:	8	9	8 �H�V�J�E�F�M�J�O�F�T �<	>	?�>�� �" �D�P�O�E�V�D�U�J�W�F
�T�I�J�F�M�E�J�O�H �	�D�G���'�J�H�� �x���|�B�O�E�5�B�C�� �x���x�G�P�S �E�J�N�F�O�T�J�P�O�T�
 �B�M�M�P�X�T �G�P�S �F�E�E�Z �D�V�S�S�F�O�U�T
�U�P 
X�P�X �T�V�D�I �U�I�B�U �U�I�F�Z�
 �B�D�D�P�S�E�J�O�H �U�P �-�F�O�[�Ý�T �M�B�X�
 �	�Q�B�S�U�J�B�M�M�Z�
 �D�P�N�Q�F�O�T�B�U�F �U�I�F
�T�U�S�B�Z �N�B�H�O�F�U�J�D 
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 �U�I�F�T�F �F�E�E�Z �D�V�S�S�F�O�U�T �H�F�O�F�S�B�U�F �M�P�T�T�F�T�� �I�P�X�F�W�F�S�

�B �R�V�J�U�F �U�I�J�O �	�F���H���
0”5 mm�
 �B�M�V�N�J�O�V�N �T�I�F�F�U �Q�S�P�W�J�E�F�T �T�V
Y�D�J�F�O�U�M�Z �M�P�X �S�F�T�J�T��
�U�B�O�D�F �U�P �M�J�N�J�U �U�I�F�T�F �U�P �S�F�B�T�P�O�B�C�M�F �W�B�M�V�F�T �P�G �B�C�P�V�U 	=	8 �8 �	�F�T�U�J�N�B�U�F�E �X�J�U�I	;���%
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�� �6�T�J�O�H �B �I�P�O�F�Z�D�P�N�C �Q�F�S�G�P�S�B�U�J�P�O �P�G �U�I�F �T�I�J�F�M�E�J�O�H �G�B�D�J�M�J�U�B�U�F�T
�G�P�S�D�F�E���B�J�S �D�P�P�M�J�O�H �B�O�E �E�F�D�S�F�B�T�F�T �U�I�F �X�F�J�H�I�U �X�J�U�I�P�V�U �D�P�N�Q�S�P�N�J�T�J�O�H �U�I�F �T�I�J�F�M�E��
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�D�P�W�F�S�J�O�H �U�I�F �X�P�S�T�U���D�B�T�F �S�F�H�J�P�O�T �X�J�U�I �S�F�T�Q�F�D�U �U�P �N�B�H�O�F�U�J�D �T�U�S�B�Z 
W�F�M�E�T �	�T�F�F
�'�J�H�� �y���}�	�C�
�
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 �J�U �I�B�T �C�F�F�O �T�I�P�X�O �U�I�B�U �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�Z �J�O
�U�I�F �Q�S�P�Y�J�N�J�U�Z �P�G �.�$�5�T�
 �F�T�Q�F�D�J�B�M�M�Z �D�M�P�T�F �U�P �U�I�F �B�J�S �H�B�Q�
 �D�B�O �S�F�B�D�I �V�Q �U�P �T�F�W�F�S�B�M
mT �<	9	9	=�>�
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�J�O �O�F�B�S�C�Z �F�M�F�D�U�S�P�O�J�D �D�J�S�D�V�J�U�S�Z �<	9	9	>�
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 �U�I�F�S�F�C�Z �D�M�B�S�J�G�Z�J�O�H
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X�V�Y �E�F�O�T�J�U�J�F�T �J�O �U�I�F
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 �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �G�P�S �U�I�F�J�S �O�P�N�J�O�B�M �D�V�S�S�F�O�U�T
�B�O�E �X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H�
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�¶�	�E�
�Q�S�F�T�F�O�U �S�F�T�Q�F�D�U�J�W�F �W�B�M�V�F�T �P�G �U�I�F
�N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�J�F�T �B�U �U�I�F �P�C�T�F�S�W�B�U�J�P�O �Q�P�J�O�U�T 	9�ê
� �B�M�P�O�H �U�I�FG�� �B�O�EI ���B�Y�J�T��
�$�M�P�T�F �U�P �U�I�F �.�$�5�
 �U�I�F �T�U�S�B�Z 
X�V�Y �E�F�O�T�J�U�Z �J�O �U�I�F �Q�M�B�O�F �P�G �U�I�F �B�J�S �H�B�Q �J�T �T�J�N�J�M�B�S�M�Z
�I�J�H�I �B�T �U�I�B�U �P�G �U�I�F �"�$�5�
 �I�P�X�F�W�F�S�
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 �U�I�F �*�$�/�*�3�1 �<	>	?�> �M�J�N�J�U �G�P�S �P�D�D�V�Q�B�U�J�P�O�B�M �F�Y�Q�P�T�V�S�F �J�T �N�F�U �B�U �B �E�J�T�U�B�O�D�F
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W�F�M�E �E�F�D�B�Z�T �C�F�M�P�X �U�I�F �M�J�N�J�U �G�P�S �U�I�F �F�Y�Q�P�T�V�S�F �P�G �U�I�F �H�F�O�F�S�B�M �Q�V�C�M�J�D
�B�U �B �E�J�T�U�B�O�D�F �P�G �B�C�P�V�U250 mm�� �/�P�U�F �U�I�B�U �U�I�F �S�F�T�Q�F�D�U�J�W�F �U�I�S�F�T�I�P�M�E �E�J�T�U�B�O�D�F�T
�G�P�S �U�I�F �	�V�O�T�I�J�F�M�E�F�E�
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�� 	_�F �*�$�/�*�3�1 	:	8	9	8 �<	>	?�>
�F�Y�Q�P�T�V�S�F �M�J�N�J�U�T �G�P�S �U�I�F �H�F�O�F�S�B�M �Q�V�C�M�J�D �	27�T �
 �B�O�E �Q�F�S�T�P�O�O�F�M �J�O �P�D�D�V�Q�B�U�J�P�O�B�M �T�F	R�J�O�H�T
�	100�T�
 �B�S�F �J�O�E�J�D�B�U�F�E�
 �U�P�P��


�	>



	<��	;�� �%�F�T�J�H�O �B�O�E �$�P�O�T�U�S�V�D�U�J�P�O

�F�M�F�D�U�S�J�D�B�M �T�B�G�F�U�Z�� �)�P�X�F�W�F�S�
 �U�X�P �S�F�M�B�U�J�W�F�M�Z �T�J�N�Q�M�F �N�F�U�I�P�E�T �U�P �T�I�J�F�M�E �N�B�H�O�F�U�J�D
�T�U�S�B�Z 
W�F�M�E�T �P�G �B�O �.�$�5 �F�Y�J�T�U�
 �J���F���
 �U�P �V�T�F �B�O �B�J�S �H�B�Q �J�O �U�I�F �D�F�O�U�F�S �M�F�H �	�P�G �B�O �&���D�P�S�F�

�P�O�M�Z �P�S �U�P �X�S�B�Q �B �U�I�J�O �D�P�Q�Q�F�S �G�P�J�M �B�S�P�V�O�E �U�I�F �D�P�S�F�� 	_�F �M�B	R�F�S �J�T �L�O�P�X�O �B�T	 �V�Y
�C�B�O�E�P�S�C�F�M�M�Z�C�B�O�E�B�O�E �J�T �D�P�N�N�P�O �J�O �B�V�E�J�P �P�S �T�B�G�F�U�Z �J�T�P�M�B�U�J�P�O �U�S�B�O�T�G�P�S�N�F�S�T��
�'�V�S�U�I�F�S�N�P�S�F�
 �T�V�D�I �B �D�P�Q�Q�F�S �C�B�O�E �D�B�O �B�M�T�P �T�F�S�W�F �B �T�F�D�P�O�E �Q�V�S�Q�P�T�F �B�O�E �C�F �V�T�F�E
�U�P �E�F
W�O�F �U�I�F �F�M�F�D�U�S�J�D�B�M �Q�P�U�F�O�U�J�B�M �P�G �U�I�F �N�B�H�O�F�U�J�D �D�P�S�F�T�
 �F���H���
 �C�Z �D�P�O�O�F�D�U�J�O�H �U�I�F
�C�B�O�E �U�P �T�B�G�F�U�Z �H�S�P�V�O�E��

�y���x���x �.�'�5 �$�P�P�M�J�O�H

�#�P�U�I �U�S�B�O�T�G�P�S�N�F�S�T �F�N�Q�M�P�Z �G�P�S�D�F�E���B�J�S �D�P�P�M�J�O�H �X�J�U�I �J�E�F�O�U�J�D�B�M �T�F�U�T �P�G �G�P�V�S �G�B�O�T
�	4� 12 W�
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�5�P �J�N�Q�S�P�W�F �I�F�B�U �F�Y�U�S�B�D�U�J�P�O �G�S�P�N �U�I�F �"�$�5�Ý�T �X�J�O�E�J�O�H�T�
 �U�I�F �D�P�J�M �G�P�S�N�F�S�T �B�S�F
�Q�F�S�G�P�S�B�U�F�E �	�T�F�F�'�J�H�� �x���{�
�
 �X�I�J�D�I �J�O�D�S�F�B�T�F�T �U�I�F �X�J�O�E�J�O�H �T�V�S�G�B�D�F �U�I�B�U �J�T �E�J�S�F�D�U�M�Z
�F�Y�Q�P�T�F�E �U�P �U�I�F �B�J�S
X�P�X �H�F�O�F�S�B�U�F�E �C�Z �U�I�F �G�B�O�T �Q�M�B�D�F�E �C�F�M�P�X �U�I�F �U�S�B�O�T�G�P�S�N�F�S��
�'�P�S �G�V�S�U�I�F�S �E�F�U�B�J�M�T�
 �Q�M�F�B�T�F �S�F�G�F�S �U�P �<	A	>�>��

�*�O �D�P�O�U�S�B�T�U�
 �U�I�F �F�Y�U�S�B�D�U�J�P�O �P�G �M�P�T�T�F�T �G�S�P�N �U�I�F �.�$�5 �X�J�O�E�J�O�H�T �J�T �I�J�O�E�F�S�F�E
�C�Z �U�I�F �E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O�
 �E�F�T�Q�J�U�F �U�I�F �S�F�M�B�U�J�W�F�M�Z �I�J�H�I �U�I�F�S�N�B�M �D�P�O�E�V�D�U�J�W�J�U�Z
�P�G �U�I�F �D�I�P�T�F�O �T�J�M�J�D�P�O�F �N�B�U�F�S�J�B�M�� 	_�F�S�F�G�P�S�F�
 �B �E�F�T�J�H�O �X�J�U�I �M�P�X �X�J�O�E�J�O�H �M�P�T�T�F�T
�J�T �Q�S�F�G�F�S�S�F�E �B�T �U�I�F �I�F�B�U �D�B�O �C�F �N�V�D�I �F�B�T�J�F�S �F�Y�U�S�B�D�U�F�E �G�S�P�N �U�I�F �D�P�S�F�T�� �1�M�B�D�J�O�H
4 mm�X�J�E�F �B�J�S �D�I�B�O�O�F�M�T �C�F�U�X�F�F�O �U�I�F �T�U�B�D�L�F�E �D�P�S�F �T�F�U�T �T�J�H�O�J
W�D�B�O�U�M�Z �J�O�D�S�F�B�T�F�T
�U�I�F �D�P�S�F �B�O�E �X�J�O�E�J�O�H �Q�B�D�L�B�H�F �T�V�S�G�B�D�F �B�S�F�B�T �B�W�B�J�M�B�C�M�F �G�P�S �D�P�P�M�J�O�H�� �'�V�S�U�I�F�S�N�P�S�F�

�U�I�F �U�S�B�O�T�G�P�S�N�F�S �J�T �P�S�J�F�O�U�F�E �X�J�U�I �U�I�F �M�B�S�H�F�T�U �D�P�S�F �T�V�S�G�B�D�F �	GI���Q�M�B�O�F�
 �D�G���'�J�H�� �y���y�

�G�B�D�J�O�H �U�I�F �B�J�S
X�P�X �	�B�M�P�O�HH���B�Y�J�T�
�
 �F�O�T�V�S�J�O�H �B�M�T�P �T�Z�N�N�F�U�S�J�D �D�P�P�M�J�O�H �D�P�O�E�J�U�J�P�O�T
�P�G �U�I�F �X�J�O�E�J�O�H �Q�B�D�L�B�H�F��

�y���x���y �3�F�B�M�J�[�F�E �.�'�5 �1�S�P�U�P�U�Z�Q�F�T

�'�J�H�� �y���|�Q�S�F�T�F�O�U�T �Q�I�P�U�P�T �P�G �U�I�F �.�$�5�Ý�T �X�J�O�E�J�O�H�T �C�F�G�P�S�F �Q�P	R�J�O�H �B�O�E �P�G �U�I�F
�B�T�T�F�N�C�M�F�E �.�$�5 �X�J�U�I�P�V�U �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N�� �*�U �D�B�O �C�F �T�F�F�O �U�I�B�U �U�I�F �X�J�O�E�J�O�H�T
�B�S�F �Q�M�B�D�F�E �P�O 	;���% �Q�S�J�O�U�F�E �D�P�J�M �G�P�S�N�F�S�T �X�I�J�D�I �B�S�F �Q�F�S�G�P�S�B�U�F�E �	�D�G���'�J�H�� �y���|�	�B�
�
 �U�P
�G�B�D�J�M�J�U�B�U�F �U�I�F �T�J�M�J�D�P�O�F�Ý�T 
X�P�X �E�V�S�J�O�H �U�I�F �W�B�D�V�V�N �Q�S�F�T�T�V�S�F �Q�P	R�J�O�H �<	9	>�>�� �'�V�S�U�I�F�S��
�N�P�S�F�
 	: �/�5�$ �U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S�T �	�1�4	9	8	<�+	:�
 �B�S�F �Q�M�B�D�F�E �D�M�P�T�F �U�P �U�I�F �F�O�E�J�O�H�T
�P�G �C�P�U�I�
 �J�O�O�F�S �B�O�E �P�V�U�F�S�
 �X�J�O�E�J�O�H�T���'�J�H�� �y���|�	�C�
�Q�S�F�T�F�O�U�T �U�I�F �B�T�T�F�N�C�M�F�E �.�$�5
�B�O�E �U�I�F �S�F�N�B�J�O�J�O�H �G�F�B�U�V�S�F�T �T�V�D�I �B�T �Q�P	R�J�O�H �Q�J�Q�F�T�
 �D�S�F�F�Q�B�H�F �F�Y�U�F�O�E�F�S�T �B�O�E
�H�S�P�V�O�E�J�O�H �C�B�S�T��

	_�F �D�P�N�Q�M�F�U�F �.�$�5 �B�O�E �"�$�5 �Q�S�P�U�P�U�Z�Q�F�T �J�O�D�M�V�E�J�O�H �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N�T
�B�S�F �T�I�P�X�O �J�O�'�J�H�� �y���}���5�B�C�� �y���x�H�J�W�F�T �B�O �P�W�F�S�W�J�F�X �P�O �U�I�F �L�F�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T
�P�G �U�I�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F�T��
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�$�I�B�Q�U�F�S 	<�� �.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�5�B�C�� �y���x���,�F�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �U�I�F �S�F�B�M�J�[�F�E166 kW��7 kV �N�B�H�O�F�U�J�D���D�P�S�F �	�.�$�5�
 �B�O�E
�B�J�S���D�P�S�F �	�"�$�5�
 �U�S�B�O�T�G�P�S�N�F�S �Q�S�P�U�P�U�Z�Q�F�T �B�O�E �U�I�F�J�S �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L�T��

�.�$�5 �"�$�5

�&�R�V�J�W�B�M�F�O�U �D�J�S�D�V�J�U �Q�B�S�B�N�F�U�F�S�T
! � 52”4�H 2 � 51”8�H �Q�S�J�� �� �T�F�D�� �M�F�B�L�� �J�O�E�V�D��
! �N 1”18 mH 162”6�H �N�B�H�O�F�U�� �J�O�E�V�D�U�B�O�D�F
= 1 : 1 �U�V�S�O�T �S�B�U�J�P
: 0”98 0”76 �D�P�V�Q�M�J�O�H �G�B�D�U�P�S

� �Q�
�T 52”4 A 56”6 A �Q�S�J�� �� �T�F�D�� �S�N�T �D�V�S�S�F�O�U
� �N 10”3 A 40”0 A �N�B�H�O�F�U�� �S�N�T �D�V�S�S�F�O�U

�8�J�O�E�J�O�H
# 17 2 � 22 �O�V�N�C�F�S �P�G �U�V�S�O�T

�-�J�U�[
�X�J�S�Ff 5 � 6 � 5 � 36 5� 10� 40 �C�V�O�E�M�F�T �� �T�U�S�B�O�E�T

�E�P�V�C�M�F �M�B�Z�F�S �Q�P�M�Z�B�N�J�E�F �J�O�T�V�M�B�U�J�P�O �P�G �M�J�U�[ �X�J�S�F
3�M�J�U�[ 71�m �T�J�O�H�M�F �T�U�S�B�O�E �E�J�B�N�F�U�F�S
=�M�J�U�[ 5400 2000 �O�V�N�C�F�S �P�G �T�U�S�B�O�E�T
� �M�J�U�[ 2”5 A•mm2 7”2 A•mm2 �D�V�S�S�F�O�U �E�F�O�T�J�U�Z

�$�P�S�F
# 24� �6	9	:	>��	?	:��	:	8 �× �G�F�S�S�J�U�F �N�B�U�F�S�J�B�M 	;�$	A	<

3�H�B�Q 2 � 1”1 mm �× �B�J�S �H�B�Q

�*�O�T�V�M�B�U�J�P�O
�E�S�Z���U�Z�Q�F �B�J�S �U�Z�Q�F

+�J 10 kV 10 kV �%�$ �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F
F �J�T�P 6 mm 16”5 mm �J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F

�1�P�X�F�S �E�F�O�T�J�U�Z
W 6”7 kW•kg 16”5 kW•kg �H�S�B�W�J�N�F�U�S�J�D
d 5”4 kW•dm3 2”2 kW•dm3 �W�P�M�V�N�F�U�S�J�D

�3�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L
5�T 40 kHz 77”4 kHz �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z
� �S 300 nF 2� 81”6 nF �S�F�T�P�O�B�O�D�F �D�B�Q��


�
�
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Assembled MCTInner and outer windings

�'�J�H�� �y���|�� �	�B�
�1�I�P�U�P�T �P�G �U�I�F �S�F�B�M�J�[�F�E �X�J�O�E�J�O�H�T �P�G �U�I�F �.�$�5 �	�C�F�G�P�S�F �Q�P	R�J�O�H�
 �B�O�E�	�C�

W�O�B�M
�B�T�T�F�N�C�M�Z �X�J�U�I�P�V�U �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N��

�5�B�C�� �y���y���4�N�B�M�M���T�J�H�O�B�M �Q�B�S�B�N�F�U�F�S�T �P�G �U�I�F �.�$�5 �	�E�F�U�F�S�N�J�O�F�E �B�U5 = 40 kHz�
��

�1�B�S�B�N�� �"�O�B�M�Z�U�� �4�J�N�� �x���% �.�F�B�T�� �%�F�W�� �"�O�B�M�Z�U�� �= �x���%
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�y���y �&�Y�Q�F�S�J�N�F�O�U�B�M �$�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �.�$�5

�8�I�F�S�F�B�T �U�I�F �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F �	�D�G���'�J�H�� �y���}�	�C�
�
 �I�B�T �C�F�F�O
�S�F�Q�P�S�U�F�E �J�O �E�F�U�B�J�M �J�O�$�I�B�Q�U�F�S �x�
 �U�I�J�T �T�F�D�U�J�P�O �T�V�N�N�B�S�J�[�F�T �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H
�F�Y�Q�F�S�J�N�F�O�U�B�M �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �.�$�5 �Q�S�P�U�P�U�Z�Q�F �T�I�P�X�O �J�O�'�J�H�� �y���}�	�B�
�
 �J���F���

�F�Y�Q�F�S�J�N�F�O�U�T �D�P�W�F�S�J�O�H �T�N�B�M�M���T�J�H�O�B�M �J�N�Q�F�E�B�O�D�F �N�F�B�T�V�S�F�N�F�O�U�T�
 �J�O�T�V�M�B�U�J�P�O �U�F�T�U�T�

�M�B�S�H�F���T�J�H�O�B�M �U�F�T�U�T�
 �X�J�O�E�J�O�H �B�O�E �D�P�S�F �M�P�T�T �N�F�B�T�V�S�F�N�F�O�U�T�
 �U�S�B�O�T�J�F�O�U �U�I�F�S�N�B�M
�S�F�T�Q�P�O�T�F �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O�
 �B�O�E �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �E�F�O�T�J�U�Z �N�F�B�T�V�S�F�N�F�O�U�T��
	_�F�T�F �S�F�T�V�M�U�T �U�P�H�F�U�I�F�S �X�J�U�I �U�I�P�T�F �G�P�S �U�I�F �"�$�5 �	�T�F�F�$�I�B�Q�U�F�S �x�
�
 �B�T �X�F�M�M �B�T
�G�V�S�U�I�F�S �D�P�N�Q�B�S�B�U�J�W�F �F�Y�Q�F�S�J�N�F�O�U�B�M �B�O�B�M�Z�T�F�T �P�G �T�Q�F�D�J�B�M�J�[�F�E �B�T�Q�F�D�U�T �T�V�D�I �B�T �U�I�F
�E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �H�J�W�F�O �J�O�4�F�D�U�J�P�O �z���x�
 �Q�S�P�W�J�E�F �B �D�P�N�Q�S�F�I�F�O�T�J�W�F �W�F�S�J
W�D�B�U�J�P�O
�P�G �U�I�F �T�Z�T�U�F�N���M�F�W�F�M �D�P�N�Q�B�S�J�T�P�O �P�G �"�$�5���%�$�9 �B�O�E �.�$�5���%�$�9 �D�P�O�D�F�Q�U�T �H�J�W�F�O
�J�O�$�I�B�Q�U�F�S �z��

�y���y���v �*�N�Q�F�E�B�O�D�F �.�F�B�T�V�S�F�N�F�O�U�T �B�O�E �3�F�T�P�O�B�O�D�F�T

�8�F �N�F�B�T�V�S�F �U�I�F �.�$�5�Ý�T �T�I�P�S�U���D�J�S�D�V�J�U �B�O�E �P�Q�F�O���D�J�S�D�V�J�U �J�N�Q�F�E�B�O�D�F�T �G�S�P�N �U�I�F
�Q�S�J�N�B�S�Z �B�O�E �G�S�P�N �U�I�F �T�F�D�P�O�E�B�S�Z �T�J�E�F �X�J�U�I �B �Q�S�F�D�J�T�J�P�O �J�N�Q�F�E�B�O�D�F �B�O�B�M�Z�[�F�S
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�$�I�B�Q�U�F�S 	<�� �.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�'�J�H�� �y���}���1�I�P�U�P �P�G �U�I�F �S�F�B�M�J�[�F�E166 kW��7 kV �	�B�
�N�B�H�O�F�U�J�D���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �	�.�$�5�
�

�	�C�
�B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �	�"�$�5�
��

�	�"�H�J�M�F�O�U 	<	A	:	<�"�
 �U�P �W�B�M�J�E�B�U�F �U�I�F �D�P�N�Q�V�U�F�E �W�B�M�V�F�T �P�G! � �B�O�E! �N �G�S�P�N �U�I�F
�F�R�V�J�W�B�M�F�O�U �D�J�S�D�V�J�U �P�G�'�J�H�� �w���w�	�B�
�� �5�B�C�� �y���y�D�P�N�Q�B�S�F�T �U�I�F �T�J�N�V�M�B�U�F�E �B�O�E �U�I�F
�N�F�B�T�V�S�F�E �W�B�M�V�F�T �B�U �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �P�G40 kHz�� �"�M�M �E�F�W�J�B�U�J�P�O�T �C�F�U�X�F�F�O
�N�F�B�T�V�S�F�N�F�O�U�T �B�O�E �T�J�N�V�M�B�U�J�P�O�T �B�S�F �C�F�M�P�X9 %�
 �D�P�O
W�S�N�J�O�H �H�P�P�E �B�D�D�V�S�B�D�Z �P�G
�U�I�F �N�P�E�F�M�T �F�N�Q�M�P�Z�F�E �G�P�S �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O��

�'�J�H�� �y���~�T�I�P�X�T �U�I�F �G�S�F�R�V�F�O�D�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �U�I�F �P�Q�F�O�� �B�O�E �T�I�P�S�U���D�J�S�D�V�J�U
�J�N�Q�F�E�B�O�D�F�T �P�G �U�I�F �.�$�5 �B�T �X�F�M�M �B�T �U�I�F �D�P�N�N�P�O���N�P�E�F �	�$�.�
 �J�N�Q�F�E�B�O�D�F �B�D�S�P�T�T
�U�I�F �H�B�M�W�B�O�J�D �J�O�T�V�M�B�U�J�P�O �	�N�F�B�T�V�S�F�E �C�F�U�X�F�F�O �U�I�F �T�I�P�S�U�F�E �Q�S�J�N�B�S�Z���T�J�E�F �X�J�O�E�J�O�H
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	<��	<�� �&�Y�Q�F�S�J�N�F�O�U�B�M �$�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �.�$�5

�B�O�E �U�I�F �T�I�P�S�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H�
�� 	_�F �$�. �D�B�Q�B�D�J�U�B�O�D�F �P�G190 pF�J�T
�S�F�M�B�U�J�W�F�M�Z �M�P�X�
 �Z�F�U �I�J�H�I�F�S �U�I�B�O �U�I�B�U �P�G �U�I�F �"�$�5 �	102 pF�
��

�5�P �D�I�F�D�L �G�P�S �B�O�Z �V�O�E�F�T�J�S�F�E �J�N�Q�B�D�U �P�G �U�I�F �S�F�T�P�O�B�O�D�F�T �P�C�T�F�S�W�F�E �G�S�P�N
�'�J�H�� �y���~�
 �X�F �D�P�N�Q�B�S�F �U�I�F 
W�S�T�U �T�F�S�J�F�T �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�Z �X�J�U�I �U�I�F �T�Q�F�D�U�S�B�M
�F�O�W�F�M�P�Q�F �P�G �U�I�F �1�8�. �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E �U�P �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �B�T �T�V�H�H�F�T�U�F�E �J�O �<	9	9
��>��
	_�F �T�Q�F�D�U�S�B�M �F�O�W�F�M�P�Q�F �P�G �B �T�Z�N�N�F�U�S�J�D �1�8�. �W�P�M�U�B�H�F �X�J�U�I �B �G�V�O�E�B�N�F�O�U�B�M
�Q�F�S�J�P�E �P�G) �T = 1•5�T�B�O�E �F�R�V�B�M �S�J�T�F �U�J�N�F �	C�S�
 �B�O�E �G�B�M�M �U�J�N�F �	C�G�
�
 �T�F�F�'�J�H�� �w���w�

�D�B�O �C�F �E�F�T�D�S�J�C�F�E �C�Z �U�I�F �U�X�P �D�P�S�O�F�S �G�S�F�R�V�F�O�D�J�F�T5�D�
	9= 1•c) �T�B�O�E �U�I�F �I�J�H�I�F�S
5�D�
	:= 1•cC�S�� �'�P�S5 ¡ 5�D�
	:�
 �U�I�F �F�O�W�F�M�P�Q�F �E�F�D�B�Z�T �X�J�U�I�40 dB•dec�� �&�W�F�O �G�P�S �W�F�S�Z
�T�I�P�S�U �S�J�T�F���G�B�M�M �U�J�N�F�T �P�GC�S= C�G= 200 ns�
 �X�F 
W�O�E5�D�
	:= 1”6 MHz�
 �X�I�J�D�I �J�T �M�P�X�F�S
�U�I�B�O �U�I�F �.�$�5�Ý�T 
W�S�T�U �T�F�S�J�F�T �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�Z �P�G 	9��	?	; �.�)�[ �	�B�T �T�I�P�S�U���D�J�S�D�V�J�U
�S�F�T�P�O�B�O�D�F�T �I�B�W�F �F�W�F�O �I�J�H�I�F�S �W�B�M�V�F�T�
 �T�F�F�'�J�H�� �y���~�
�� 	_�F�S�F�G�P�S�F�
 �U�I�F �S�F�T�P�O�B�O�D�F�T
�B�S�F �V�O�D�S�J�U�J�D�B�M �X�J�U�I �S�F�H�B�S�E �U�P �U�I�F �P�Q�F�S�B�U�J�P�O �P�G �U�I�F 	9��	9���%�$�9��

�y���y���w �-�B�S�H�F���4�J�H�O�B�M �5�F�T�U�T

�"�T �P�V�U�M�J�O�F�E �J�O�$�I�B�Q�U�F�S �w�
 �T�J�O�D�F �U�I�F �D�V�S�S�F�O�U�T �J�O �U�I�F �.�'�5 �P�G �U�I�F	9��	9���%�$�9�B�S�F
�R�V�B�T�J���T�J�O�V�T�P�J�E�B�M �	�B�M�T�P �T�F�F�'�J�H�� �w���w�
�
 �U�I�F �.�$�5 �D�B�O �C�F �P�Q�F�S�B�U�F�E �J�O �B �T�F�S�J�F�T
�S�F�T�P�O�B�O�U �D�J�S�D�V�J�U �U�I�B�U �J�T �T�V�Q�Q�M�J�F�E �C�Z �B �Q�P�X�F�S �B�N�Q�M�J
W�F�S �U�P �F
V�F�D�U�J�W�F�M�Z �F�N�V�M�B�U�F
�Q�P�X�F�S �P�Q�F�S�B�U�J�P�O�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �M�B�S�H�F���T�J�H�O�B�M �W�B�M�J�E�B�U�J�P�O �J�T �E�P�O�F �X�J�U�I �T�J�N�J�M�B�S
�P�Q�F�O���D�J�S�D�V�J�U �Q�S�J�N�B�S�Z �W�P�M�U�B�H�F �B�O�E �T�I�P�S�U���D�J�S�D�V�J�U �T�F�D�P�O�E�B�S�Z �D�V�S�S�F�O�U �B�T �G�P�S �U�I�F
�"�$�5�
 �D�G���4�F�D�U�J�P�O �x���z�� �%�V�F �U�P �U�F�T�U �T�F�U�V�Q �M�J�N�J�U�B�U�J�P�O�T�
 �U�I�F�T�F �B�S�F �C�F�M�P�X �O�P�N�J�O�B�M
�Z�F�U �I�J�H�I �F�O�P�V�H�I �U�P �H�J�W�F �T�V
Y�D�J�F�O�U �D�P�O
W�S�N�B�U�J�P�O �P�G �P�Q�F�S�B�U�J�P�O�� 	_�F�S�F�G�P�S�F�
 �X�F
�V�T�F �B�O �"�& �5�F�D�I�S�P�O 	?	:	:	< �Q�P�X�F�S �B�N�Q�M�J
W�F�S �B�O�E �B �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �U�P
�T�V�Q�Q�M�Z �U�I�F �.�$�5�� 	_�F �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S� �S�J�T �S�F�B�M�J�[�F�E �B�T �B �I�J�H�I���G�S�F�R�V�F�O�D�Z
�Q�P�M�Z�Q�S�P�Q�Z�M�F�O�F �D�B�Q�B�D�J�U�P�S �C�B�O�L �	�.�.�,�1 �#	;	:	>	<	;�#�
 �B�O�E �U�I�F �T�F�S�J�F�T �S�F�T�P�O�B�O�D�F
�G�S�F�R�V�F�O�D�Z �J�T �T�F�U �U�P5�T = 39”6 kHz �G�P�S �T�I�P�S�U���D�J�S�D�V�J�U �B�O�E5�T = 41”5 kHz �G�P�S
�P�Q�F�O���D�J�S�D�V�J�U �U�F�T�U�T�� 	_�F �U�S�B�O�T�G�P�S�N�F�S �D�V�S�S�F�O�U�T �B�S�F �N�F�B�T�V�S�F�E �X�J�U�I �1�F�B�S�T�P�O 	9	9	8�"
�D�V�S�S�F�O�U �Q�S�P�C�F�T �B�O�E �B �-�F�$�S�P�Z �)�%�0	<	8	=	<�"	9	:���C�J�U�P�T�D�J�M�M�P�T�D�P�Q�F�� 	_�F �D�V�S�S�F�O�U
�N�F�B�T�V�S�F�N�F�O�U �J�T �T�V�C�K�F�D�U �U�P �B �U�P�U�B�M �V�O�D�F�S�U�B�J�O�U�Z �P�G¸2 % • �1 %��

�'�J�H�� �y���v�u�	�B�
�T�I�P�X�T �U�I�F �S�F�T�V�M�U �P�G �U�I�F �U�F�T�U �X�J�U�I �B �T�F�D�P�O�E�B�S�Z���T�J�E�F �T�I�P�S�U���D�J�S�D�V�J�U�

�X�I�J�D�I �S�F�W�F�B�M�T �B �T�F�D�P�O�E�B�S�Z���T�J�E�F �S�N�T �D�V�S�S�F�O�U �P�G19”1 A�G�P�S �B �Q�S�J�N�B�S�Z���T�J�E�F �S�N�T
�D�V�S�S�F�O�U �P�G19”7 A�� 	_�J�T �S�F�T�V�M�U �B�H�S�F�F�T �X�F�M�M �X�J�U�I �U�I�F �F�Y�Q�F�D�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F
�D�V�S�S�F�O�U �P�G19”3 A �	�G�P�S: = 0”98 �B�T �P�C�U�B�J�O�F�E �G�S�P�N �U�I�F �J�N�Q�F�E�B�O�D�F �B�O�B�M�Z�[�F�S
�N�F�B�T�V�S�F�N�F�O�U�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F�
 �D�G���5�B�C�� �y���y�
��

�" �T�F�D�P�O�E �U�F�T�U �X�J�U�I �P�Q�F�O �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �D�I�B�S�B�D�U�F�S�J�[�F�T �U�I�F �T�F�M�G
�J�O�E�V�D�U�B�O�D�F �P�G �U�I�F �.�$�5���'�J�H�� �y���v�u�	�C�
�Q�S�F�T�F�O�U�T �U�I�F �N�F�B�T�V�S�F�N�F�O�U �S�F�T�V�M�U�T�
 �X�J�U�I �B
�Q�S�J�N�B�S�Z���T�J�E�F �S�N�T �W�P�M�U�B�H�F �P�G2”01 kV�
 �B �Q�S�J�N�B�S�Z���T�J�E�F �S�N�T �D�V�S�S�F�O�U �P�G7”2 A�
 �B�O�E
�B �Q�I�B�T�F �T�I�J	O �P�G 	A	8�p�� 	_�J�T �D�P�S�S�F�T�Q�P�O�E�T �U�P �B �N�B�H�O�F�U�J�[�J�O�H �J�O�E�V�D�U�B�O�D�F �P�G1”08 mH�

�B�H�B�J�O �D�P�S�S�P�C�P�S�B�U�J�O�H �U�I�F �J�N�Q�F�E�B�O�D�F �B�O�B�M�Z�[�F�S �N�F�B�T�V�S�F�N�F�O�U�
 �T�F�F�5�B�C�� �y���y��
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	A	:



	<��	<�� �&�Y�Q�F�S�J�N�F�O�U�B�M �$�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �.�$�5

�'�J�H�� �y���v�u���-�B�S�H�F���T�J�H�O�B�M �W�P�M�U�B�H�F �B�O�E �D�V�S�S�F�O�U �X�B�W�F�G�P�S�N�T �P�G �U�I�F �.�$�5 �N�F�B�T�V�S�F�E �J�O
�T�F�S�J�F�T �S�F�T�P�O�B�O�U �P�Q�F�S�B�U�J�P�O���	�B�
�4�F�D�P�O�E�B�S�Z���T�J�E�F �T�I�P�S�U���D�J�S�D�V�J�U �	�S�N�T �W�B�M�V�F�T�
�� �Q�S�J�N�B�S�Z���T�J�E�F
�D�V�S�S�F�O�U �J�T19”7 A�
 �Q�S�J�N�B�S�Z���T�J�E�F �W�P�M�U�B�H�F �J�T0”25 kV�
 �T�F�D�P�O�E�B�S�Z���T�J�E�F �D�V�S�S�F�O�U �J�T19”1 A�

�B�O�E �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�Z �J�T39”6 kHz���	�C�
�4�F�D�P�O�E�B�S�Z���T�J�E�F �P�Q�F�O���D�J�S�D�V�J�U �	�S�N�T �W�B�M�V�F�T�
��
�Q�S�J�N�B�S�Z���T�J�E�F �D�V�S�S�F�O�U �J�T7”2 A�
 �Q�S�J�N�B�S�Z���T�J�E�F �W�P�M�U�B�H�F �J�T2”01 kV�
 �B�O�E �S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�Z
�J�T41”5 kHz��

	A	;



�$�I�B�Q�U�F�S 	<�� �.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�5�B�C�� �y���z���"�$ �T�I�P�S�U���D�J�S�D�V�J�U �S�F�T�J�T�U�B�O�D�F �P�G �U�I�F �.�$�5 �X�J�O�E�J�O�H�T �P�C�U�B�J�O�F�E �G�S�P�N �U�S�B�O�T�J�F�O�U
�D�B�M�P�S�J�N�F�U�S�J�D �N�F�B�T�V�S�F�N�F�O�U�T �B�U39”6 kHz�B�O�E �D�P�N�Q�B�S�J�T�P�O �X�J�U�I �W�B�M�V�F �P�C�U�B�J�O�F�E �G�S�P�N �B
	;���%���'�&�. �T�J�N�V�M�B�U�J�P�O��

�4�F�O�T�P�S
� �5
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�4�I�P�S�U���D�J�S�D�V�J�U
�5	9 	:��
� 	9	=��
�

	:	9��
� 	:	9��	9
	;	;��	<

	:	>��
�
�		9
����
�5	: 	:��	< 	9	<��	> 	;	8��
�

�5	; 	:��	< 	9	<��	< 	;	8��	=

�y���y���x �-�P�T�T �.�F�B�T�V�S�F�N�F�O�U�T

�8�J�O�E�J�O�H �-�P�T�T�F�T

�8�F �W�B�M�J�E�B�U�F �U�I�F �X�J�O�E�J�O�H �M�P�T�T �D�B�M�D�V�M�B�U�J�P�O�T �C�Z �N�F�B�T�V�S�J�O�H �U�I�F �D�P�J�M�T�Ý �"�$ �S�F�T�J�T��
�U�B�O�D�F�T�� �%�V�F �U�P �U�I�F �M�P�X �F�Y�Q�F�D�U�F�E �U�P�U�B�M �"�$ �S�F�T�J�T�U�B�O�D�F �P�G �U�I�F �X�J�O�E�J�O�H�T �	�B�Q��
�Q�S�P�Y��30 m
 �
�
 �X�F �F�N�Q�M�P�Z �U�I�F �U�S�B�O�T�J�F�O�U �D�B�M�P�S�J�N�F�U�S�J�D �N�F�U�I�P�E �Q�S�F�T�F�O�U�F�E �J�O �<	A	>�>��
�U�I�F �X�J�O�E�J�O�H �U�F�N�Q�F�S�B�U�V�S�F�T �B�S�F �N�F�B�T�V�S�F�E �X�J�U�I �T�F�W�F�S�B�M �/�5�$ �T�F�O�T�P�S�T �	�1�4	9	8	<�+	:
�U�I�F�S�N�J�T�U�P�S�T�
 �Q�M�B�D�F�E �J�O �U�I�F �X�J�O�E�J�O�H �Q�B�D�L�B�H�F �B�U �U�I�F �U�I�S�F�F �Q�P�T�J�U�J�P�O�T �N�B�S�L�F�E
�X�J�U�I) �\	9�
	:�
	;�^�J�O�'�J�H�� �y���y�	�C�
�� �*�O �B 
W�S�T�U �D�B�M�J�C�S�B�U�J�P�O �T�U�F�Q�
 �U�I�F �T�F�O�T�P�S�T�Ý �U�F�N�Q�F�S�B�U�V�S�F
�S�F�T�Q�P�O�T�F�T �U�P �B�D�D�V�S�B�U�F�M�Z �N�F�B�T�V�S�B�C�M�F �%�$ �M�P�T�T�F�T �J�O�K�F�D�U�F�E �J�O�U�P �U�I�F �X�J�O�E�J�O�H�T �B�S�F
�N�F�B�T�V�S�F�E�� �*�O �B �T�F�D�P�O�E �T�U�F�Q�
 �U�I�F �U�S�B�O�T�G�P�S�N�F�S �J�T �P�Q�F�S�B�U�F�E �J�O �"�$ �T�F�S�J�F�T �S�F�T�P��
�O�B�O�D�F �	�T�F�F�4�F�D�U�J�P�O �y���y���w�
 �B�O�E �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�F�N�Q�F�S�B�U�V�S�F �N�F�B�T�V�S�F�N�F�O�U�T
�B�S�F �S�F�D�P�S�E�F�E �B�O�E �U�S�B�O�T�M�B�U�F�E �J�O�U�P �M�P�T�T�F�T �V�T�J�O�H �U�I�F �D�B�M�J�C�S�B�U�J�P�O �E�B�U�B�� �%�V�F �U�P �U�I�F
�I�J�H�I �D�P�V�Q�M�J�O�H �P�G �U�I�F �.�$�5 �	: = 0”98�
 �B�O�E �B�T �J�U �D�P�S�S�F�T�Q�P�O�E�T �U�P �U�I�F �S�F�M�F�W�B�O�U
�P�Q�F�S�B�U�J�P�O �N�P�E�F �P�G �U�I�F �%�$�9�
 �U�I�F �F�Y�Q�F�S�J�N�F�O�U�T �B�S�F �E�P�O�F �G�P�S �U�I�F �D�B�T�F �P�G �B �T�I�P�S�U��
�D�J�S�D�V�J�U�F�E �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H �P�O�M�Z�� 	_�F �U�P�U�B�M �"�$ �S�F�T�J�T�U�B�O�D�F �T�F�F�O �G�S�P�N �U�I�F
�Q�S�J�N�B�S�Z���T�J�E�F �J�T 
W�O�B�M�M�Z �F�Y�U�S�B�D�U�F�E �G�S�P�N �U�I�F �N�F�B�T�V�S�F�E �M�P�T�T�F�T �B�O�E �U�I�F �N�F�B�T�V�S�F�E
�"�$ �D�V�S�S�F�O�U��

�5�B�C�� �y���z�M�J�T�U�T �U�I�F �S�F�T�V�M�U�T�� �"�W�F�S�B�H�J�O�H �U�I�F �W�B�M�V�F�T �P�C�U�B�J�O�F�E �C�B�T�F�E �P�O �U�I�F
�U�I�S�F�F �E�J
V�F�S�F�O�U �U�F�N�Q�F�S�B�U�V�S�F �T�F�O�T�P�S�T �	' �"�$�
�B�W�H= 31”6 �N
 �
�
 �U�I�F �N�F�B�T�V�S�F�E
�"�$ �S�F�T�J�T�U�B�O�D�F �J�T �B�C�P�V�U18 %�I�J�H�I�F�S �U�I�B�O �U�I�F �S�F�T�V�M�U �P�C�U�B�J�O�F�E �G�S�P�N 	;���%���'�&�.
�T�J�N�V�M�B�U�J�P�O�T�
 �J���F���
 �J�O �H�P�P�E �B�H�S�F�F�N�F�O�U�� �#�B�T�F�E �P�O �U�I�F �N�F�B�T�V�S�F�E �"�$ �S�F�T�J�T�U�B�O�D�F
�U�I�F �O�P�N�J�O�B�M �M�P�T�T�F�T �J�O �U�I�F �X�J�O�E�J�O�H�T �B�S�F �D�P�N�Q�V�U�F�E �B�T105 W�	�B�U 	9	;	8 �9�
��

	A	<



	<��	<�� �&�Y�Q�F�S�J�N�F�O�U�B�M �$�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �.�$�5

�5�B�C�� �y���{���$�P�N�Q�B�S�J�T�P�O �P�G �D�P�S�F �M�P�T�T�F�T �P�C�U�B�J�O�F�E �G�S�P�N �F�Y�Q�F�S�J�N�F�O�U�T �	�N�F�B�T�V�S�F�E �4�U�F�J�O�N�F�U�[
�Q�B�S�B�N�F�U�F�S�T �B�O�E �N�B�H�O�F�U�J�D 
X�V�Y �G�S�P�N 	;���%���'�&�. �T�J�N�V�M�B�U�J�P�O�
 �B�H�B�J�O�T�U �U�I�F �B�O�B�M�Z�U�J�D�B�M �S�F�T�V�M�U�T
�G�S�P�N �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�C�U�B�J�O�F�E �G�S�P�N �B�O�B�M�Z�U�J�D�B�M �D�B�M�D�V�M�B�U�J�P�O�T �V�T�J�O�H �E�B�U�B�T�I�F�F�U���C�B�T�F�E
�4�U�F�J�O�N�F�U�[ �Q�B�S�B�N�F�U�F�S�T �P�G �U�I�F �D�P�O�T�J�E�F�S�F�E �G�F�S�S�J�U�F �N�B�U�F�S�J�B�M �		;�$	A	<�
 �<	9	9	A�>�
�� �#�P�U�I �N�F�U�I�P�E�T
�V�T�F �U�I�F �J�(�4�& �F�R�V�B�U�J�P�O��

�1�B�S�B�N�� �"�O�B�M�Z�U�� �.�F�B�T�� �%�F�W�J�B�U�J�P�O

%�D�P�S�F 	;	>	;��	= �8 	;	:
���	< �8 	A��	> ��

�$�P�S�F �-�P�T�T�F�T

�%�V�S�J�O�H �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�
 �D�P�S�F �M�P�T�T�F�T �X�F�S�F �D�B�M�D�V�M�B�U�F�E �X�J�U�I �U�I�F �J�(�4�& �V�T�J�O�H
�N�B�O�V�G�B�D�U�V�S�F�S �E�B�U�B �	�4�U�F�J�O�N�F�U�[ �Q�B�S�B�N�F�U�F�S�T �G�P�S �T�J�O�V�T�P�J�E�B�M �F�Y�D�J�U�B�U�J�P�O�
 �B�O�E �B�O�B�M�Z�U��
�J�D�B�M�M�Z �D�B�M�D�V�M�B�U�F�E 
X�V�Y �E�F�O�T�J�U�J�F�T�� 	_�F �B�D�D�V�S�B�D�Z �P�G �U�I�J�T �B�Q�Q�S�P�B�D�I �N�B�J�O�M�Z �E�F�Q�F�O�E�T
�P�O �U�I�F �B�D�D�V�S�B�D�Z �P�G �U�I�F �4�U�F�J�O�N�F�U�[ �Q�B�S�B�N�F�U�F�S�T�� 	_�F�S�F�G�P�S�F�
 �U�I�F �D�P�S�F �M�P�T�T �D�I�B�S�B�D��
�U�F�S�J�T�U�J�D�T �P�G �U�I�F �N�B�U�F�S�J�B�M �D�P�O�T�J�E�F�S�F�E �G�P�S �U�I�F �Q�S�P�U�P�U�Z�Q�F �	�'�F�S�S�P�Y�D�V�C�F 	;�$	A	<�
 �<	9	9	A�>�

�I�B�T �C�F�F�O �N�F�B�T�V�S�F�E �X�J�U�I �T�J�O�V�T�P�J�E�B�M �F�Y�D�J�U�B�U�J�P�O �J�O �B �T�F�S�J�F�T �S�F�T�P�O�B�O�D�F �T�F�U�V�Q
�	�P�Q�F�O���D�J�S�D�V�J�U�
�� �" �T�B�N�Q�M�F �P�G �U�X�P �6	9	:	>��	?	:��	:	8 �D�P�S�F �I�B�M�W�F�T �	�X�J�U�I�P�V�U �B�J�S �H�B�Q�
 �J�T
�Q�M�B�D�F�E �J�O �B �U�F�N�Q�F�S�B�U�V�S�F���D�P�O�U�S�P�M�M�F�E �D�I�B�N�C�F�S �B�O�E �F�R�V�J�Q�Q�F�E �X�J�U�I �B�O �F�Y�D�J�U�B�U�J�P�O
�X�J�O�E�J�O�H �X�J�U�I �B �T�F�S�J�F�T �D�B�Q�B�D�J�U�P�S �	�U�P �D�P�N�Q�F�O�T�B�U�F �U�I�F �S�F�B�D�U�J�W�F �Q�P�X�F�S�
 �B�O�E �B
�T�F�O�T�F �X�J�O�E�J�O�H �U�P �N�F�B�T�V�S�F �U�P 
X�V�Y �J�O �U�I�F �D�P�S�F �	�T�F�F�'�J�H�� �y���v�v�	�B�
�
��

�'�J�H�T�� �y���v�v�	�C�
���	�D�
�Q�S�F�T�F�O�U �U�I�F �N�F�B�T�V�S�F�E �M�P�T�T �E�F�O�T�J�U�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �B�O�E
�5�B�C�� �y���{�D�P�N�Q�B�S�F�T �U�I�F �D�P�S�F �M�P�T�T�F�T �D�B�M�D�V�M�B�U�F�E �X�J�U�I �U�I�F �N�F�B�T�V�S�F�E �M�P�T�T �N�B�Q �B�O�E
	;���%���'�&�. �T�J�N�V�M�B�U�J�P�O�T �P�G �U�I�F �B�D�U�V�B�M 
X�V�Y �E�F�O�T�J�U�Z �J�O �U�I�F �D�P�S�F �P�G �U�I�F �Q�S�P�U�P�U�Z�Q�F
�B�H�B�J�O�T�U �U�I�F �B�Q�Q�S�P�B�D�I �V�T�F�E �J�O �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �	�C�B�T�F�E �P�O �B�O�B�M�Z�U�J�D�B�M �D�B�M�D�V�M�B�U�J�P�O
�P�G �U�I�F 
X�V�Y �E�F�O�T�J�U�Z �B�O�E �E�B�U�B�T�I�F�F�U���C�B�T�F�E �4�U�F�J�O�N�F�U�[ �Q�B�S�B�N�F�U�F�S�T�
�� 	_�F �N�J�O�P�S
�E�F�W�J�B�U�J�P�O �P�G �M�F�T�T �U�I�B�O 	9	8 �� �K�V�T�U�J
W�F�T �V�T�J�O�H �U�I�F �E�B�U�B�T�I�F�F�U���C�B�T�F�E �M�P�T�T �N�B�Q��

�y���y���y �Š�F�S�N�B�M �5�F�T�U�T

�5�P �W�F�S�J�G�Z �U�I�F �U�I�F�S�N�B�M �G�F�B�T�J�C�J�M�J�U�Z �P�G �U�I�F �.�$�5�
 �B �I�F�B�U �S�V�O �B�U �U�I�F �O�P�N�J�O�B�M �P�Q�F�S��
�B�U�J�O�H �Q�P�J�O�U �X�J�U�I �B�D�U�J�W�F �D�P�P�M�J�O�H �	4 � 12 W�
 �J�T �D�B�S�S�J�F�E �P�V�U�� �8�F �F�N�V�M�B�U�F �U�I�F�T�F
�P�Q�F�S�B�U�J�O�H �D�P�O�E�J�U�J�P�O�T �V�T�J�O�H �U�X�P �J�O�E�F�Q�F�O�E�F�O�U �%�$ �D�J�S�D�V�J�U�T�
 �D�G���'�J�H�� �y���v�w�	�B�
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�J�T �P�O�M�Z �B�C�P�V�U 	> �9�� �4�J�N�J�M�B�S�M�Z�
 �G�V�M�M�Z �M�P�B�E�F�E �X�J�O�E�J�O�H�T �Z�J�F�M�E �B �S�J�T�F �P�G �U�I�F �D�P�S�F
�U�F�N�Q�F�S�B�U�V�S�F �P�G �P�O�M�Z �B�C�P�V�U 	9 �9�� 	_�J�T �J�O�E�J�D�B�U�F�T �U�I�B�U �U�I�F �.�$�5 �N�B�Z �I�B�W�F �B �W�F�S�Z
�H�P�P�E �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z�
 �B�T �U�I�V�T �J�O�D�S�F�B�T�F�E �X�J�O�E�J�O�H �M�P�T�T�F�T �X�J�M�M �O�P�U �H�J�W�F �S�J�T�F �U�P
�B �T�J�H�O�J
W�D�B�O�U �B�E�E�J�U�J�P�O�B�M �U�F�N�Q�F�S�B�U�V�S�F �J�O�D�S�F�B�T�F �P�G �U�I�F �D�P�S�F �	�X�I�J�D�I �J�T �D�M�P�T�F�S �U�P �U�I�F
�U�F�N�Q�F�S�B�U�V�S�F �M�J�N�J�U �V�O�E�F�S �O�P�N�J�O�B�M �D�P�O�E�J�U�J�P�O�T�
�� �'�P�S �U�I�B�U �S�F�B�T�P�O �U�I�F �P�W�F�S�M�P�B�E�J�O�H
�D�B�Q�B�C�J�M�J�U�J�F�T �P�G �C�P�U�I �.�$�5 �B�O�E �"�$�5 �B�S�F �J�O�W�F�T�U�J�H�B�U�F�E �J�O�4�F�D�U�J�P�O �z���x��

�/�P�U�F �U�I�B�U �E�F�T�Q�J�U�F �U�I�F �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z�
 �Q�B�T�T�J�W�F �D�P�P�M�J�O�H �P�G �U�I�F �.�$�5
�X�P�V�M�E �O�P�U �C�F �G�F�B�T�J�C�M�F �F�W�F�O �G�P�S �Q�B�S�U�J�B�M �M�P�B�E �E�V�F �U�P �S�F�M�B�U�J�W�F�M�Z �I�J�H�I �M�P�T�T�F�T �J�O �U�I�F
�D�P�S�F�� �*�O �D�P�O�U�S�B�T�U�
 �U�I�F �"�$�5 �D�B�O �P�Q�F�S�B�U�F �X�J�U�I �O�B�U�V�S�B�M �D�P�O�W�F�D�U�J�P�O �D�P�P�M�J�O�H �V�Q �U�P
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�T�Q�F�D�J
W�F�E �N�J�O�J�N�V�N �W�B�M�V�F�T �<	>	<�
 	>	=�>�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F �T�B�N�F �J�O�T�V�M�B�U�J�P�O �I�B�T �C�F�F�O
�T�V�D�D�F�T�T�G�V�M�M�Z �U�F�T�U�F�E �B�U �I�J�H�I�F�S �W�P�M�U�B�H�F�T�
 �X�J�U�I �B �4�D�I�M�F�J�D�I �(�-�1	: �W�P�M�U�B�H�F �U�F�T�U�F�S
�	�G�P�S 	9 �N�J�O �F�B�D�I�
��¸9 ”6 kV �	�%�$�
�
�9 ”6 kV �	�%�$�
�
 �B�O�E6”36 kV�	�S�N�T�
 �B�U5 = 50 Hz��
�*�O �T�V�N�N�B�S�Z�
 �U�I�P�T�F �U�F�T�U�T �J�O�E�J�D�B�U�F �U�I�B�U �U�I�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F �X�J�U�I�T�U�B�O�E�T �U�I�F
�S�B�U�F�E �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F��

�y���y���{ �.�B�H�O�F�U�J�D �4�U�S�B�Z �'�J�F�M�E�T

�*�O �P�S�E�F�S �U�P �W�F�S�J�G�Z �U�I�F �M�F�W�F�M�T �P�G �U�I�F �N�B�H�O�F�U�J�D 
W�F�M�E �D�P�N�Q�V�U�F�E �G�P�S �U�I�F �O�P�N�J�O�B�M
�P�Q�F�S�B�U�J�O�H �Q�P�J�O�U �B�O�E �Q�S�F�T�F�O�U�F�E �J�O�4�F�D�U�J�P�O �y���x���w�
 �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �E�F�O��
�T�J�U�J�F�T �B�S�F �N�F�B�T�V�S�F�E �J�O �U�I�F �W�J�D�J�O�J�U�Z �P�G �U�I�F �.�$�5 �V�T�J�O�H �U�I�F 
W�F�M�E �Q�S�P�C�F �B�O�E �T�F�U�V�Q
�Q�S�F�T�F�O�U�F�E �J�O �<	A	>�>�� �*�O �B 
W�S�T�U �T�U�F�Q�
 �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�J�F�T �B�S�F �D�P�N�Q�V�U�F�E
�X�J�U�I	;���%�'�&�. �T�J�N�V�M�B�U�J�P�O�T �B�O�E �S�F�T�V�M�U�T �	�O�P�S�N�B�M�J�[�F�E �U�P 	9 �" �S�N�T�
 �G�P�S �P�Q�F�O���D�J�S�D�V�J�U
�B�O�E �T�I�P�S�U���D�J�S�D�V�J�U �P�Q�F�S�B�U�J�P�O �B�S�F �Q�S�F�T�F�O�U�F�E �J�O�'�J�H�T�� �y���v�y�	�B�
�¶�	�C�
�
 �S�F�T�Q�F�D�U�J�W�F�M�Z��
	_�F �T�J�N�V�M�B�U�J�P�O�T �D�P�O
W�S�N �U�I�B�U �U�I�F �I�J�H�I�F�T�U �W�B�M�V�F�T �P�G �N�B�H�O�F�U�J�D 
W�F�M�E �B�S�F �J�O �U�I�F
�Q�M�B�O�F �P�G �U�I�F �B�J�S �H�B�Q�� 	_�F�S�F�G�P�S�F�
 �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �E�F�O�T�J�U�J�F�T �B�S�F �N�F�B�T�V�S�F�E
�J�O �U�I�J�T �Q�M�B�O�F �B�O�E �B�M�P�O�H �U�I�F �T�Z�N�N�F�U�S�Z �Q�M�B�O�F �H�J�W�F�O �C�Z �U�I�FG�� �B�O�EI ���B�Y�J�T �	�T�F�F
�'�J�H�T�� �y���v�y�	�B�
�¶�	�C�
�
�� �'�V�S�U�I�F�S�N�P�S�F�
 �J�O �F�B�D�I �B�Y�J�T 	A �Q�P�J�O�U�T �B�S�F �T�F�M�F�D�U�F�E �G�P�S �U�I�F
�W�B�M�J�E�B�U�J�P�O��

�%�V�S�J�O�H �U�I�F �U�F�T�U�T�
 �U�I�F �.�$�5 �J�T �P�Q�F�S�B�U�F�E �J�O �B �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�J�S�D�V�J�U �X�J�U�I �B
�Q�S�J�N�B�S�Z���T�J�E�F �S�N�T �D�V�S�S�F�O�U �P�G1 A�G�P�S �P�Q�F�O���D�J�S�D�V�J�U �B�O�E4 A �G�P�S �T�I�P�S�U���D�J�S�D�V�J�U �B�U �B
�G�S�F�R�V�F�O�D�Z �P�G40 kHz���'�J�H�T�� �y���v�y�	�D�
�¶�	�E�
�Q�S�F�T�F�O�U �B �D�P�N�Q�B�S�J�T�P�O �P�G �O�P�S�N�B�M�J�[�F�E �	�U�P
�B �D�V�S�S�F�O�U �P�G 	9 �"�
 �T�J�N�V�M�B�U�F�E �B�O�E �N�F�B�T�V�S�F�E �S�F�T�V�M�U�T�� 	_�F �B�W�F�S�B�H�F �P�G �U�I�F �B�C�T�P�M�V�U�F
�W�B�M�V�F �P�G �U�I�F �S�F�M�B�U�J�W�F �E�F�W�J�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F �T�J�N�V�M�B�U�F�E �B�O�E �U�I�F �N�F�B�T�V�S�F�E �S�F�T�V�M�U�T
�J�T10”6 %�G�P�S �B�O �P�Q�F�O �T�F�D�P�O�E�B�S�Z���T�J�E�F �X�J�O�E�J�O�H�� 	_�F �E�F�W�J�B�U�J�P�O �J�O�D�S�F�B�T�F�T �U�P32”8 %
�G�P�S �U�I�FG���B�Y�J�T �B�O�E �U�P55 %�G�P�S �U�I�FI ���B�Y�J�T �J�O �D�B�T�F �P�G �T�I�P�S�U�F�E �T�F�D�P�O�E�B�S�Z �T�J�E�F �B�T
�U�I�F �F�Y�Q�F�D�U�F�E 
X�V�Y �E�F�O�T�J�U�J�F�T �B�S�F �M�P�X �B�O�E �D�M�P�T�F �U�P �U�I�F �M�P�X�F�S �F�O�E �P�G �U�I�F 
W�F�M�E
�Q�S�P�C�F�Ý�T �N�F�B�T�V�S�F�N�F�O�U �S�B�O�H�F�� �.�P�S�F�P�W�F�S�
 �J�U �X�B�T �G�P�V�O�E �U�I�B�U �N�F�B�T�V�S�F�N�F�O�U�T �J�O
�U�I�F �S�B�O�H�F �P�G �T�F�W�F�S�B�M�T �B�S�F �D�I�B�M�M�F�O�H�J�O�H �E�V�F �U�P �U�I�F �S�F�T�J�E�V�B�M �N�B�H�O�F�U�J�D 
W�F�M�E�T
�H�F�O�F�S�B�U�F�E �C�Z �Q�B�T�T�J�W�F �D�P�N�Q�P�O�F�O�U�T �P�G �U�I�F �D�J�S�D�V�J�U�T �T�V�D�I �B�T �U�I�F �D�B�C�M�J�O�H�� �*�O �P�S�E�F�S
�U�P �N�F�B�T�V�S�F �U�I�F 
W�F�M�E�T �G�P�S �U�I�F �D�B�T�F �P�G �T�F�D�P�O�E�B�S�Z���T�J�E�F �T�I�P�S�U���D�J�S�D�V�J�U �X�J�U�I �C�F	R�F�S
�B�D�D�V�S�B�D�Z�
 �B �I�J�H�I�F�S �N�F�B�T�V�S�F�N�F�O�U �D�V�S�S�F�O�U �D�P�V�M�E �C�F �V�T�F�E �P�S �B�M�U�F�S�O�B�U�J�W�F�M�Z �B �Q�S�P�C�F
�X�J�U�I �B �I�J�H�I�F�S �T�F�O�T�J�U�J�W�J�U�Z �C�F �C�V�J�M�U�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �U�I�F �P�C�U�B�J�O�F�E �S�F�T�V�M�U�T �Q�S�P�W�J�E�F
�T�V
Y�D�J�F�O�U �W�B�M�J�E�B�U�J�P�O �P�G �U�I�F 	;���%���'�&�. �T�J�N�V�M�B�U�J�P�O�T �G�P�S �O�P�N�J�O�B�M �P�Q�F�S�B�U�J�P�O �P�G �U�I�F
�.�$�5 �Q�S�F�T�F�O�U�F�E �J�O�4�F�D�U�J�P�O �y���x���w��
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	<��	=�� �$�P�O�D�M�V�T�J�P�O

Short circuit

1 2 73 4 5 6 8

Magnetic flux density rms (��T)

0.0 1.4 8.2 49.4 296.7 1781.210694.50.2

z

x
y
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Open circuit

4 cm

45

9

1 2

9

3

6
7
8

45

12 7345 6 8 9

9 1 2 73 4 5 6 8 9

Lower sens. bound of probe

�'�J�H�� �y���v�y���4�J�N�V�M�B�U�F�E �S�N�T �W�B�M�V�F�T �P�G �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�J�F�T �J�O �U�I�F �Q�M�B�O�F �P�G �U�I�F
�B�J�S �H�B�Q �G�P�S �T�F�D�P�O�E�B�S�Z���T�J�E�F�	�B�
�P�Q�F�O���D�J�S�D�V�J�U �B�O�E�	�C�
�T�I�P�S�U���D�J�S�D�V�J�U���	�D�
�¶�	�E�
�3�F�T�Q�F�D�U�J�W�F
�N�F�B�T�V�S�F�E �B�O�E �T�J�N�V�M�B�U�F�E �S�N�T �W�B�M�V�F�T �P�G �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�J�F�T �B�U �U�I�F �P�C�T�F�S�W�B�U�J�P�O
�Q�P�J�O�U�T �	�O�P�S�N�B�M�J�[�F�E �U�P �B �Q�S�J�N�B�S�Z���T�J�E�F �D�V�S�S�F�O�U �P�G1 A�
��

�y���z �$�P�O�D�M�V�T�J�P�O

	_�J�T �D�I�B�Q�U�F�S �R�V�B�O�U�J
W�F�T �U�I�F �U�I�F�P�S�F�U�J�D�B�M �Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U�T �P�G166 kW��7 kV
�N�B�H�O�F�U�J�D���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�T �	�.�$�5�T�
 �G�P�S �V�O�J�U�Z �W�P�M�U�B�H�F �D�P�O�W�F�S�T�J�P�O �S�B�U�J�P �		9��	9��
�%�$ �U�S�B�O�T�G�P�S�N�F�S�
	9��	9���%�$�9�
 �B�Q�Q�M�J�D�B�U�J�P�O�� �5�P �E�F�S�J�W�F �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U�T
�	�F
Y�D�J�F�O�D�Z�
 �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �B�O�E �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �X�F
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�$�I�B�Q�U�F�S 	<�� �.�7���.�' �.�B�H�O�F�U�J�D���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S �1�S�P�U�P�U�Z�Q�F

�F�N�Q�M�P�Z �B �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �B�O�E �D�P�O�T�J�E�F�S �B�J�S���D�P�P�M�F�E �.�$�5�T �X�J�U�I
�B �E�S�Z���U�Z�Q�F �	�T�J�M�J�D�P�O�F�
 �J�O�T�V�M�B�U�J�P�O �T�Z�T�U�F�N�� �'�V�S�U�I�F�S�N�P�S�F�
 �X�F �D�P�O�T�J�E�F�S �U�I�F �T�I�F�M�M��
�U�Z�Q�F �X�J�O�E�J�O�H �B�S�S�B�O�H�F�N�F�O�U�T �X�J�U�I �&���D�P�S�F �B�O�E �6���D�P�S�F�
 �B�O�E �U�B�S�H�F�U�J�O�H �B �.�'
�P�Q�F�S�B�U�J�O�H �S�B�O�H�F �P�G �T�F�W�F�S�B�M 	9	8 �L�)�[ �X�F �J�O�W�F�T�U�J�H�B�U�F �G�F�S�S�J�U�F �B�O�E �O�B�O�P�D�S�Z�T�U�B�M�M�J�O�F
�D�P�S�F �N�B�U�F�S�J�B�M�T��

�8�J�U�I �F�N�Q�I�B�T�J�T �P�O �B �M�J�H�I�U�X�F�J�H�I�U �E�F�T�J�H�O�
 �U�I�F �S�F�T�V�M�U�T �P�G �B�O �B�O�B�M�Z�U�J�D�B�M �N�V�M�U�J��
�P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O�
 �J���F���
[ ��W���Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F�
 �T�I�P�X �U�I�B�U �G�F�S�S�J�U�F �&���D�P�S�F�T
�B�O�E �6���D�P�S�F�T �B�D�I�J�F�W�F �T�J�N�J�M�B�S �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�J�F�T �U�I�B�U �D�B�O�O�P�U �F�Y�D�F�F�E
WŸ �9 kW•kg �	�D�P�S�F�T �X�J�U�I�P�V�U �D�P�P�M�J�O�H �D�I�B�O�O�F�M�T �J�O �C�F�U�X�F�F�O �X�J�U�I �B �D�P�O�T�F�S��
�W�B�U�J�W�F �B�J�S
X�P�X �W�F�M�P�D�J�U�Z �P�G1 m•s�
�
 �I�P�X�F�W�F�S �X�J�U�I �B �T�M�J�H�I�U �B�E�W�B�O�U�B�H�F �P�G �&���D�P�S�F
�E�F�T�J�H�O�T �J�O �U�F�S�N�T �P�G �F
Y�D�J�F�O�D�Z�� �'�V�S�U�I�F�S�N�P�S�F�
 �S�F�Q�M�B�D�J�O�H �U�I�F �G�F�S�S�J�U�F �D�P�S�F�T �C�Z
�O�B�O�P�D�S�Z�T�U�B�M�M�J�O�F �D�P�S�F�T �	�X�I�J�M�F �L�F�F�Q�J�O�H �D�P�P�M�J�O�H �D�P�O�E�J�U�J�P�O�T �J�E�F�O�U�J�D�B�M�
 �T�U�J�M�M �B�M�M�P�X�T
�U�P �S�F�B�D�I �T�J�N�J�M�B�S �Z�F�U �O�P�U �T�J�H�O�J
W�D�B�O�U�M�Z �C�F	R�F�S �Q�F�S�G�P�S�N�B�O�D�F�� �*�O �U�I�J�T �D�P�O�U�F�Y�U�
 �G�P�S

W�O�B�M �D�P�O�T�J�E�F�S�B�U�J�P�O�T �G�F�S�S�J�U�F �&���D�P�S�F �.�$�5�T �B�S�F �T�F�M�F�D�U�F�E �E�V�F �U�P �G�F�S�S�J�U�F�Ý�T �T�V�Q�F�S�J�P�S
�Q�S�P�Q�F�S�U�J�F�T �	�M�P�X �D�P�T�U�
 �C�F	R�F�S �B�W�B�J�M�B�C�J�M�J�U�Z �F�U�D���
 �B�O�E �B�J�N�J�O�H �G�P�S �B�O �B�D�U�V�B�M �S�F�B�M�J�[�B��
�U�J�P�O �P�G �B�O �.�$�5 �Q�S�P�U�P�U�Z�Q�F�
 �X�F �D�P�O�T�J�E�F�S �B �E�J�T�D�S�F�U�F �E�F�T�J�H�O �T�Q�B�D�F �D�P�N�Q�S�J�T�J�O�H
�B�D�U�V�B�M�M�Z �P�C�U�B�J�O�B�C�M�F �D�P�S�F�T �B�O�E �M�J�U�[ �X�J�S�F�T�� �8�J�U�I �U�I�F �T�B�N�F �C�P�V�O�E�B�S�Z �D�P�O�E�J�U�J�P�O�T
�B�T �V�T�F�E �G�P�S �U�I�F �J�E�F�B�M�J�[�F�E �S�F�T�V�M�U�T �	�B�O�B�M�Z�U�J�D�B�M �E�F�T�J�H�O �T�Q�B�D�F�
�
 �U�I�F �N�B�Y�J�N�V�N �H�S�B�W�J��
�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �E�F�T�J�H�O�T �J�T �M�J�N�J�U�F�E �U�PWŸ �5 kW•kg �� �5�P �Q�S�F�W�F�O�U �U�I�J�T
�T�J�H�O�J
W�D�B�O�U �S�F�E�V�D�U�J�P�O�
 �X�F �J�O�T�F�S�U �B�J�S �D�I�B�O�O�F�M�T �C�F�U�X�F�F�O �U�I�F �T�U�B�D�L�F�E �D�P�S�F�T�
 �X�I�J�D�I
�J�N�Q�S�P�W�F�T �U�I�F �I�F�B�U �F�Y�U�S�B�D�U�J�P�O�� �*�O �P�S�E�F�S �U�P �B�D�I�J�F�W�F �T�J�N�J�M�B�S �Q�F�S�G�P�S�N�B�O�D�F �B�T �U�I�F
�P�O�F �S�F�T�V�M�U�J�O�H �G�S�P�N �B�O�B�M�Z�U�J�D�B�M �P�Q�U�J�N�J�[�B�U�J�P�O�
 �J���F���
W� 10 kW•kg�
 �U�I�F �B�J�S
X�P�X �I�B�T
�U�P �C�F �J�O�D�S�F�B�T�F�E �U�P �T�U�J�M�M �N�P�E�F�S�B�U�F5 m•s��

�5�P �W�B�M�J�E�B�U�F �U�I�F �F�N�Q�M�P�Z�F�E �N�P�E�F�M�T �B�O�E �U�I�F�P�S�F�U�J�D�B�M �B�O�B�M�Z�T�J�T�
 �P�O�F �E�F�T�J�H�O �P�G
�B �T�I�F�M�M���U�Z�Q�F �.�$�5 �D�P�O�T�J�T�U�J�O�H �P�G �B�O �&���D�P�S�F �X�J�U�I �D�P�O�D�F�O�U�S�J�D �X�J�O�E�J�O�H�T �F�O�D�B�Q��
�T�V�M�B�U�F�E �J�O �T�J�M�J�D�P�O�F �J�O�T�V�M�B�U�J�P�O �J�T �T�F�M�F�D�U�F�E �G�P�S �S�F�B�M�J�[�B�U�J�P�O�� �" �G�V�M�M���T�D�B�M�F �.�$�5
�Q�S�P�U�P�U�Z�Q�F �X�I�J�D�I �G�F�B�U�V�S�F�T �B �O�P�N�J�O�B�M �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F �P�G 	9	8 �L�7 �X�J�U�I �D�M�F�B�S�B�O�D�F
�B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T �S�F�B�M�J�[�F�E �B�D�D�P�S�E�J�O�H �U�P �*�&�$ 	>	:	<	?	? �J�T �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �D�I�B�S��
�B�D�U�F�S�J�[�F�E �J�O �E�F�U�B�J�M�� 	_�F �.�$�5 �Q�S�P�U�P�U�Z�Q�F �	6”7 kW•kg�
5”4 kW•dm3�
�
 �P�Q�F�S�B�U�F�E �B�U
40”0 kHz�
 �S�F�B�D�I�F�T �B �N�F�B�T�V�S�F�E �F
Y�D�J�F�O�D�Z �P�G99”7 %�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �N�F�B�T�V�S�F��
�N�F�O�U�T �P�G �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �J�O �U�I�F �Q�S�P�Y�J�N�J�U�Z �P�G �U�I�F �.�$�5 �S�F�W�F�B�M �U�I�B�U �U�I�F
�.�$�5 �Q�S�P�U�P�U�Z�Q�F �E�P�F�T �O�P�U �S�F�R�V�J�S�F �B�E�E�J�U�J�P�O�B�M �T�I�J�F�M�E�J�O�H�
 �B�T �T�U�S�B�Z 
W�F�M�E�T �E�F�D�B�Z
�C�F�M�P�X �U�I�F �M�J�N�J�U�T �B�M�S�F�B�E�Z �H�F�P�N�F�U�S�J�D�B�M�M�Z �S�F�M�B�U�J�W�F�M�Z �D�M�P�T�F �U�P �U�I�F �.�'�5 �	250 mm�
�

�B �E�J�T�U�B�O�D�F �X�I�J�D�I �J�T �B �S�F�B�T�P�O�B�C�M�F �D�M�F�B�S�B�O�D�F �U�P �N�B�J�O�U�B�J�O �J�O �.�7 �T�Z�T�U�F�N�T��
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�8
�$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M
�	�"�$�5�� �B�O�E �.�$�5���%�$�9�
 �1�F�S�G�P�S�N�B�O�D�F

�&�W�B�M�V�B�U�J�P�O

	_�J�T �D�I�B�Q�U�F�S �T�V�N�N�B�S�J�[�F�T �U�I�F �N�B�K�P�S �S�F�T�F�B�S�D�I 
W�O�E�J�O�H�T �B�M�T�P �Q�V�C�M�J�T�I�F�E �J�O��

I �1�� �$�[�Z�[�
 �5�� �(�V�J�M�M�P�E�
 �%�� �;�I�B�O�H�
 �'�� �,�S�J�T�N�F�S�
 �+�� �)�V�C�F�S�
 �3�� �'�¤�S�C�F�S�
 �$��
�.�� �'�S�B�O�D�L �B�O�E �+�� �8�� �,�P�M�B�S�
 �à�"�O�B�M�Z�T�J�T �P�G �U�I�F �1�F�S�G�P�S�N�B�O�D�F �-�J�N�J�U�T �P�G
166 kW��7 kV �"�J�S���$�P�S�F �B�O�E �.�B�H�O�F�U�J�D���$�P�S�F �.�F�E�J�V�N���7�P�M�U�B�H�F �.�F�E�J�V�N��
�'�S�F�R�V�F�O�D�Z �5�S�B�O�T�G�P�S�N�F�S�T �G�P�S	9��	9���%�$�9�"�Q�Q�M�J�D�B�U�J�P�O�T�
�á�*�&�&�& �+�P�V�S�O�B�M �P�G
�&�N�F�S�H�J�O�H �B�O�E �4�F�M�F�D�U�F�E �5�P�Q�J�D�T �J�O �1�P�X�F�S �&�M�F�D�U�S�P�O�J�D�T�
 �F�B�S�M�Z �B�D�D�F�T�T�
 	:	8	:	9��

�*�U �I�B�T �C�F�F�O �T�I�P�X�O �U�I�B�U �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�T �	�"�$�5�T�
 �B�S�F �T�F�S�J�P�V�T �D�P�N�Q�F�U�J�U�P�S�T �P�G �U�I�F �D�P�O�W�F�O��
�U�J�P�O�B�M �N�B�H�O�F�U�J�D���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�T �	�.�$�5�T�
 �B�O�E �B�S�F �X�F�M�M �T�V�J�U�F�E �G�P�S �B �T�F�S�J�F�T���S�F�T�P�O�B�O�U �%�$���%�$
�D�P�O�W�F�S�U�F�S �B�D�U�J�O�H �B�T �B �%�$ �U�S�B�O�T�G�P�S�N�F�S �	�%�$�9�
 �X�J�U�I �F�R�V�B�M �J�O�Q�V�U �B�O�E �P�V�U�Q�V�U �.�7 �%�$ �W�P�M�U�B�H�F�T �P�G
�		9��	9���%�$�9�
�
 �Q�B�S�U�J�D�V�M�B�S�M�Z �J�O �F�N�F�S�H�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T �G�P�S �X�I�J�D�I �S�P�C�V�T�U�O�F�T�T�
 �X�F�J�H�I�U�
 �T�F�S�W�J�D�F�B�C�J�M�J�U�Z
�B�O�E �D�P�T�U���F
V�F�D�U�J�W�F �N�B�O�V�G�B�D�U�V�S�J�O�H �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S �B�S�F �P�G �I�J�H�I �J�N�Q�P�S�U�B�O�D�F�� �)�P�X�F�W�F�S�
 �B
�E�J�S�F�D�U �D�P�N�Q�B�S�B�U�J�W�F �F�W�B�M�V�B�U�J�P�O �P�G �U�I�F �"�$�5�T �B�O�E �.�$�5�T�
 �B�O�E �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �%�$�9�T �	�J���F���

�"�$�5���%�$�9 �B�O�E �.�$�5���%�$�9�
 �S�F�N�B�J�O�T �V�O�D�M�F�B�S�� 	_�F�S�F�G�P�S�F�
 �J�O �U�I�J�T �D�I�B�Q�U�F�S �D�P�N�Q�P�O�F�O�U���M�F�W�F�M
�B�O�E �T�Z�T�U�F�N���M�F�W�F�M �Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U�T �P�G �S�F�B�M�J�[�B�U�J�P�O�T �X�J�U�I �F�J�U�I�F�S �B�O �"�$�5 �P�S �X�J�U�I �B�O �.�$�5
�G�P�S �B166 kW��7 kV 	9��	9���%�$�9�B�S�F �Q�S�F�T�F�O�U�F�E�� �'�P�S �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O�T �P�G �%�$�9�T�
�$�I�B�Q�U�F�S �x
�B�O�E�$�I�B�Q�U�F�S �y�Q�S�F�T�F�O�U �U�I�F �U�S�B�O�T�G�P�S�N�F�S�T �B�O�E �U�I�F�J�S �F�Y�Q�F�S�J�N�F�O�U�B�M �W�B�M�J�E�B�U�J�P�O�
 �U�I�F�S�F�G�P�S�F �J�O
�U�I�J�T �D�I�B�Q�U�F�S�
 �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �U�I�F �S�F�N�B�J�O�J�O�H �%�$�9 �D�P�N�Q�P�O�F�O�U�T �J�T �E�F�T�D�S�J�C�F�E�
 �J���F���
 �S�F�T�P�O�B�O�U
�D�B�Q�B�D�J�U�P�S �C�B�O�L �B�O�E �T�X�J�U�D�I�J�O�H �T�U�B�H�F�T �X�J�U�I �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S�T�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �B�O �F�Y�U�F�O�T�J�P�O
�P�G �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �.�'�5�T �J�T �Q�S�P�W�J�E�F�E �G�P�D�V�T�J�O�H �P�O �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�

�M�P�O�H���U�F�S�N �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z �B�O�E �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �	�1�%�
 �N�F�B�T�V�S�F�N�F�O�U�T�� �'�J�O�B�M�M�Z�
 �D�P�O�T�J�E�F�S�J�O�H
	9	8 �L�7 �4�J�$ �.�0�4�'�&�5�T�
 �D�B�M�D�V�M�B�U�F�E �T�Z�T�U�F�N���M�F�W�F�M �F
Y�D�J�F�O�D�J�F�T �P�G �U�I�F �"�$�5���%�$�9 �B�O�E �.�$�5���%�$�9
�S�F�T�V�M�U �J�O 	A	A��	8 �� �B�O�E 	A	A��	: �� �B�U �U�I�F �O�P�N�J�O�B�M �P�Q�F�S�B�U�J�O�H �Q�P�J�O�U�
 �X�J�U�I �T�J�N�J�M�B�S �Q�B�S�U���M�P�B�E �F
Y�D�J�F�O�D�Z
�D�I�B�S�B�D�U�F�S�J�T�U�J�D�T�� 	_�F �B�D�I�J�F�W�F�E �Q�P�X�F�S �E�F�O�T�J�U�J�F�T �B�S�F9”7 kW•kg �B�O�E���P�S2”0 kW•dm3 �G�P�S �U�I�F
�"�$�5���%�$�9 �B�O�E5”6 kW•kg �B�O�E���P�S4”5 kW•dm3 �G�P�S �U�I�F �.�$�5���%�$�9�� 	_�F �D�I�B�Q�U�F�S �D�P�O�D�M�V�E�F�T �X�J�U�I
�B�O �B�Q�Q�M�J�D�B�U�J�P�O���P�S�J�F�O�U�F�E �R�V�B�M�J�U�B�U�J�W�F �F�W�B�M�V�B�U�J�P�O �P�G �U�I�F �U�X�P �D�P�O�D�F�Q�U�T��

�&�Y�F�D�V�U�J�W�F �4�V�N�N�B�S�Z

	9	8	;



�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�*�O�$�I�B�Q�U�F�S �x�B�O�E�$�I�B�Q�U�F�S �y�U�I�F �E�F�U�B�J�M�T �P�G �N�P�E�F�M�J�O�H �B�O�E �P�Q�U�J�N�J�[�B�U�J�P�O
�P�G �U�I�F �"�$�5 �B�O�E �.�$�5 �B�S�F �E�J�T�D�V�T�T�F�E �X�I�J�D�I �B�S�F �U�I�F �D�P�S�F �Q�B�S�U �P�G �U�I�F166 kW��
7 kV 	9��	9���%�$�9�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �E�F�T�J�H�O�
 �D�P�O�T�U�S�V�D�U�J�P�O �B�O�E �C�B�T�J�D �F�Y�Q�F�S�J�N�F�O�U�B�M
�D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�X�P �G�V�M�M�Z �S�B�U�F�E �.�'�5 �Q�S�P�U�P�U�Z�Q�F�T�
 �J���F���
 �"�$�5 �B�O�E �.�$�5�
 �B�S�F
�Q�S�F�T�F�O�U�F�E�� �)�P�X�F�W�F�S�
 �B �E�J�S�F�D�U �D�P�N�Q�B�S�B�U�J�W�F �F�W�B�M�V�B�U�J�P�O �P�G �U�I�F �.�'�5�T �B�O�E �U�I�F
�D�P�S�S�F�T�Q�P�O�E�J�O�H �%�$�9�T �S�F�N�B�J�O�T �V�O�B�O�T�X�F�S�F�E�� �)�F�O�D�F�
 �U�I�J�T �D�I�B�Q�U�F�S �Q�S�F�T�F�O�U�T �B
�D�P�N�Q�B�S�B�U�J�W�F �F�W�B�M�V�B�U�J�P�O �P�G �U�I�F �J�O�W�F�T�U�J�H�B�U�F�E�"�$�5���%�$�9�B�O�E�.�$�5���%�$�9�P�O �B
�D�P�N�Q�P�O�F�O�U�� �B�O�E �T�Z�T�U�F�N���M�F�W�F�M�� �'�J�S�T�U�
 �U�I�F �S�F�T�V�M�U�T �P�G �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B��
�U�J�P�O�T �B�S�F �D�P�N�Q�B�S�F�E �B�O�E �E�J�T�D�V�T�T�F�E �J�O �E�F�U�B�J�M�� �/�F�Y�U�
 �U�I�F �S�F�N�B�J�O�J�O�H �Q�B�S�U�T �P�G
�U�I�F �%�$�9�T �B�S�F �B�E�E�S�F�T�T�F�E�
 �J���F���
 �U�I�F �D�P�O�T�U�S�V�D�U�F�E �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L�T �B�S�F
�T�I�P�X�O �B�O�E �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �U�I�F �T�X�J�U�D�I�J�O�H �T�U�B�H�F�T �X�J�U�I �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S�T
�J�T �E�J�T�D�V�T�T�F�E�� 	_�J�T �J�T �G�P�M�M�P�X�F�E �C�Z �B�O �F�Y�Q�F�S�J�N�F�O�U�B�M �D�P�N�Q�B�S�J�T�P�O �P�G �T�F�M�F�D�U�F�E
�B�T�Q�F�D�U�T �P�G �U�I�F �"�$�5 �B�O�E �.�$�5 �Q�S�P�U�P�U�Z�Q�F�T�
 �J���F���
 �F�Y�B�N�J�O�B�U�J�P�O �P�G �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�

�F�T�Q�F�D�J�B�M�M�Z �U�I�F �J�O
X�V�F�O�D�F �P�G �J�O�J�U�J�B�M �F�O�W�J�S�P�O�N�F�O�U�B�M �D�P�O�E�J�U�J�P�O�J�O�H �P�O �U�I�F �E�J�T�T�J��
�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �U�I�F �T�J�M�J�D�P�O�F �J�O�T�V�M�B�U�J�P�O�
 �M�P�O�H���U�F�S�N �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z �B�O�E
�Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �	�1�%�T�
 �N�F�B�T�V�S�F�N�F�O�U�� �'�J�O�B�M�M�Z�
 �U�I�F �T�Z�T�U�F�N���M�F�W�F�M �Q�F�S�G�P�S�N�B�O�D�F
�P�G �U�I�F�"�$�5���%�$�9�B�O�E�.�$�5���%�$�9�J�T �T�I�P�X�O�� �*�O �Q�B�S�U�J�D�V�M�B�S�
 �U�I�F �G�P�D�V�T �J�T �P�O �U�I�F
�C�S�F�B�L�E�P�X�O�T �P�G �N�B�T�T�F�T�
 �W�P�M�V�N�F�T�
 �B�O�E �M�P�T�T�F�T�
 �Q�B�S�U�J�B�M���M�P�B�E �F
Y�D�J�F�O�D�Z�
 �B�O�E �B
�R�V�B�M�J�U�B�U�J�W�F �B�Q�Q�M�J�D�B�U�J�P�O���P�S�J�F�O�U�F�E �F�W�B�M�V�B�U�J�P�O��

�z���v �.�V�M�U�J���0�C�K�F�D�U�J�W�F �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

�'�J�H�� �z���v�B�O�E�'�J�H�� �z���w�T�I�P�X �U�I�F[ ��W��d���Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F�T �B�O�E �U�I�V�T �V�O�W�F�J�M
�U�I�F �Q�F�S�G�P�S�N�B�O�D�F �M�J�N�J�U�T �P�G �U�I�F �P�Q�U�J�N�J�[�F�E �"�$�5 �B�O�E �.�$�5 �B�O�E �P�G �U�I�F �P�W�F�S�B�M�M
�"�$�5�� �B�O�E �.�$�5��	9��	9���%�$�9�T�� �0�O �U�I�F �T�Z�T�U�F�N �M�F�W�F�M�
 �U�I�F[ ��W���Q�F�S�G�P�S�N�B�O�D�F �Q�M�B�O�F�T
�G�S�P�N�'�J�H�� �z���v�T�I�P�X �U�I�B�U �U�I�F �.�$�5���%�$�9 �D�B�O�O�P�U �B�D�I�J�F�W�F �B �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �N�P�S�F
�U�I�B�O7”5 kW•kg �E�V�F �U�P �U�I�F�S�N�B�M �M�J�N�J�U�B�U�J�P�O �P�G �U�I�F �.�$�5�� �*�O �D�P�O�U�S�B�T�U�
 �U�I�F �"�$�5��
�%�$�9 �D�B�O �B�D�I�J�F�W�F �U�X�J�D�F �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �J���F���
 �V�Q �U�P16 kW•kg�

�X�I�J�M�F �N�B�J�O�U�B�J�O�J�O�H �B �M�P�X�F�S �C�V�U �T�U�J�M�M �D�P�N�Q�B�S�B�C�M�Z �I�J�H�I �%�$���%�$ �F
Y�D�J�F�O�D�Z �P�G
98”9 %�� �*�U �J�T �X�P�S�U�I �U�P �Q�P�J�O�U �P�V�U �U�I�B�U �F�W�F�O �U�I�P�V�H�I �U�I�F�S�F �B�S�F �I�J�H�I�M�Z �F
Y�D�J�F�O�U �"�$�5
�E�F�T�J�H�O�T �	99”7 %�
 �D�G���'�J�H�� �z���v�	�B�
�
�
 �B �I�J�H�I �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �V�Q �U�P200 kHz�J�T
�S�F�R�V�J�S�F�E�� �"�T �U�I�J�T �M�F�B�E�T �U�P �I�J�H�I �T�X�J�U�D�I�J�O�H �M�P�T�T�F�T �P�G �U�I�F �4�J�$ �.�0�4�'�&�5�T�
 �U�I�P�T�F
�E�F�T�J�H�O�T �I�B�W�F �Q�P�P�S �T�Z�T�U�F�N���M�F�W�F�M �Q�F�S�G�P�S�N�B�O�D�F �	�D�G���'�J�H�� �z���v�	�C�
�
�� �4�J�N�J�M�B�S�M�Z�
 �U�I�F
�I�J�H�I�F�S �N�B�Y�J�N�V�N �T�Z�T�U�F�N���M�F�W�F�M �F
Y�D�J�F�O�D�Z �P�G �U�I�F �.�$�5���%�$�9 �G�P�M�M�P�X�T �G�S�P�N �U�I�F
�M�P�X�F�S �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�J�F�T �B�O�E �M�P�X�F�S �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U �P�G �U�Z�Q�J�D�B�M �.�$�5�T��

	_�F �Q�J�D�U�V�S�F �S�F�W�F�S�T�F�T �X�I�F�O �D�P�O�T�J�E�F�S�J�O�H �U�I�F �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z��
�'�J�H�� �z���w�	�B�
�S�F�W�F�B�M�T �U�I�B�U �P�O �U�I�F �D�P�N�Q�P�O�F�O�U �M�F�W�F�M�
 �U�I�F �"�$�5 �J�T �M�J�N�J�U�F�E �U�Pd Ÿ
�19”5 kW•dm3�
 �B�O�E �N�P�S�F �D�P�N�Q�B�D�U �S�F�B�M�J�[�B�U�J�P�O�T �	�V�Q �U�P26 kW•dm3�
 �D�B�O �C�F
�B�D�I�J�F�W�F�E �X�J�U�I �U�I�F �.�$�5�� 	_�J�T �U�S�F�O�E �J�T �F�W�F�O �N�P�S�F �Q�S�P�O�P�V�O�D�F�E �P�O �U�I�F �T�Z�T�U�F�N��
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	=��	9�� �.�V�M�U�J���0�C�K�F�D�U�J�W�F �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

Gravimetric Power Density (kW/kg)

Gravimetric Power Density / 1:1-DCXs

Gravimetric Power Density / MFTs

Gravimetric Power Density (kW/kg)
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MCT 1:1-DCX

Frequency (kHz)
100 120 140 160 180 20020 40 60 80

(b)

(a)

�'�J�H�� �z���v���3�F�T�V�M�U�T �P�G �U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5�� �B�O�E �.�$�5���C�B�T�F�E
166 kW��7 kV	9��	9���%�$�9�� �&
Y�D�J�F�O�D�Z �W�T�� �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�O���	�B�
�U�I�F �D�P�N�Q�P�O�F�O�U��
�M�F�W�F�M �	�"�$�5 �B�O�E �.�$�5�
 �B�O�E�	�C�
�U�I�F �T�Z�T�U�F�N���M�F�W�F�M �	�"�$�5���%�$�9 �B�O�E �.�$�5���%�$�9�
�� 	_�F �N�B�S�L�F�S�T

�S�F�Q�S�F�T�F�O�U �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O�T �B�O�E �U�I�F �N�B�S�L�F�S�T�J�O�E�J�D�B�U�F �N�F�B�T�V�S�F�E �S�F�T�V�M�U�T �P�G
�U�I�F �B�D�U�V�B�M�M�Z �S�F�B�M�J�[�F�E �.�'�5 �Q�S�P�U�P�U�Z�Q�F�T �	5�T= 77”4 kHz �G�P�S �U�I�F �"�$�5��5�T= 40”0 kHz �G�P�S
�U�I�F �.�$�5�
�� �/�P�U�F �U�I�B�U �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �E�F�W�J�B�U�J�P�O�T �G�S�P�N �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �S�F�T�V�M�U�T �F�Y�J�T�U
�C�F�D�B�V�T�F �P�G �B�E�E�J�U�J�P�O�B�M �D�P�O�T�U�S�V�D�U�J�W�F �D�P�O�T�U�S�B�J�O�U�T �B�O�E �C�F�D�B�V�T�F �U�I�F �J�E�F�B�M�J�[�F�E �N�P�E�F�M�T �E�J�E
�O�P�U �Z�F�U �J�O�D�M�V�E�F �X�F�J�H�I�U �B�O�E �W�P�M�V�N�F �P�G �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N �	�G�B�O�T�
 �B�O�E �P�G �U�I�F �B�M�V�N�J�O�V�N
�D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �P�G �U�I�F �"�$�5��
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�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

Volumetric Power Density (kW/dm�N)
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�'�J�H�� �z���w���3�F�T�V�M�U�T �P�G �U�I�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F �"�$�5�� �B�O�E �.�$�5���C�B�T�F�E
166 kW��7 kV	9��	9���%�$�9�� �&
Y�D�J�F�O�D�Z �W�T�� �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�O���	�B�
�U�I�F �D�P�N�Q�P�O�F�O�U��
�M�F�W�F�M �	�"�$�5 �B�O�E �.�$�5�
 �B�O�E�	�C�
�U�I�F �T�Z�T�U�F�N���M�F�W�F�M �	�"�$�5���%�$�9 �B�O�E �.�$�5���%�$�9�
�� 	_�F �N�B�S�L�F�S�T

�S�F�Q�S�F�T�F�O�U �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O�T �B�O�E �U�I�F �N�B�S�L�F�S�T�J�O�E�J�D�B�U�F �N�F�B�T�V�S�F�E �S�F�T�V�M�U�T �P�G
�U�I�F �B�D�U�V�B�M�M�Z �S�F�B�M�J�[�F�E �.�'�5 �Q�S�P�U�P�U�Z�Q�F�T �	5�T= 77”4 kHz �G�P�S �U�I�F �"�$�5��5�T= 40”0 kHz �G�P�S
�U�I�F �.�$�5�
�� �/�P�U�F �U�I�B�U �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �E�F�W�J�B�U�J�P�O�T �G�S�P�N �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �S�F�T�V�M�U�T �F�Y�J�T�U
�C�F�D�B�V�T�F �P�G �B�E�E�J�U�J�P�O�B�M �D�P�O�T�U�S�V�D�U�J�W�F �D�P�O�T�U�S�B�J�O�U�T �B�O�E �C�F�D�B�V�T�F �U�I�F �J�E�F�B�M�J�[�F�E �N�P�E�F�M�T �E�J�E
�O�P�U �Z�F�U �J�O�D�M�V�E�F �X�F�J�H�I�U �B�O�E �W�P�M�V�N�F �P�G �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N �	�G�B�O�T�
 �B�O�E �P�G �U�I�F �B�M�V�N�J�O�V�N
�D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�J�O�H �P�G �U�I�F �"�$�5��
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	=��	:�� �%�$�9 �$�P�N�Q�P�O�F�O�U�T

�M�F�W�F�M�
 �G�P�S �X�I�J�D�I�'�J�H�� �z���w�	�C�
�J�O�E�J�D�B�U�F�T �N�B�Y�J�N�V�N �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�J�F�T �P�G
8”2 kW•dm3 �G�P�S �U�I�F �.�$�5���%�$�9 �D�P�N�Q�B�S�F�E �U�P5”2 kW•dm3 �G�P�S �U�I�F �"�$�5���%�$�9��
�*�O �B�E�E�J�U�J�P�O�
 �O�P�U�F �U�I�B�U �U�I�F�T�F �S�F�T�V�M�U�T �E�P �O�P�U �Z�F�U �J�O�D�M�V�E�F �B �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F �P�G
�U�I�F �"�$�5 �	�T�F�F�4�F�D�U�J�P�O �y���x���w�
�
 �X�I�J�D�I �X�P�V�M�E �T�J�H�O�J
W�D�B�O�U�M�Z �J�O�D�S�F�B�T�F �U�I�F �P�W�F�S�B�M�M
�C�P�Y�F�E �W�P�M�V�N�F�� 	_�J�T �D�B�O �B�M�T�P �C�F �T�F�F�O �G�S�P�N �U�I�F �U�X�P �N�B�S�L�F�S�T �U�I�B�U �J�O�E�J�D�B�U�F
�U�I�F �Q�S�F�E�J�D�U�F�E �Q�F�S�G�P�S�N�B�O�D�F �P�G �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O�T �B�O�E �U�I�F �B�D�U�V�B�M�M�Z �N�F�B�T�V�S�F�E
�W�B�M�V�F�T �P�G �U�I�F �S�F�B�M�J�[�F�E �.�'�5 �Q�S�P�U�P�U�Z�Q�F�T��

�'�J�O�B�M�M�Z�
�'�J�H�� �z���v�	�C�
�B�O�E�'�J�H�� �z���w�	�C�
�T�I�P�X �U�I�F �T�F�M�F�D�U�F�E	9��	9���%�$�9�T�E�F�T�J�H�O�T
�	�J�O�E�J�D�B�U�F�E �X�J�U�I �B�
�
 �J���F���
 �B�O �"�$�5���%�$�9 �	99”0 %�
9”7 kW•kg�
2”0 kW•dm3�
 �B�O�E
�.�$�5���%�$�9 �	99”2 %�
5”6 kW•kg�
4”5 kW•dm3�
�� �'�P�S �B �E�F�U�B�J�M�F�E �F�W�B�M�V�B�U�J�P�O �P�G
�U�I�P�T�F �T�Z�T�U�F�N�T �T�F�F�4�F�D�U�J�P�O �z���y��

�z���w �%�$�9 �$�P�N�Q�P�O�F�O�U�T

�"�T �N�F�O�U�J�P�O�F�E �C�F�G�P�S�F�
 �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �.�'�5�T �J�T �T�I�P�X�O �J�O �E�F�U�B�J�M �J�O�$�I�B�Q�U�F�S �x
�B�O�E�$�I�B�Q�U�F�S �y�� �*�O �U�I�J�T �T�F�D�U�J�P�O�
 �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �S�F�N�B�J�O�J�O�H �Q�B�S�U�T �P�G �U�I�F �T�F��
�M�F�D�U�F�E	9��	9���%�$�9�T�
 �J�O�E�J�D�B�U�F�E �X�J�U�I �B�J�O �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F�T �P�C�U�B�J�O�F�E �G�S�P�N
�U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�T �J�O�'�J�H�� �z���v�B�O�E�'�J�H�� �z���w�
 �J�T �Q�S�F�T�F�O�U�F�E�� �'�J�S�T�U�
 �U�I�F �D�P�O�T�U�S�V�D�U�F�E
�S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L�T �B�S�F �T�I�P�X�O �B�O�E �O�F�Y�U �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �S�F�R�V�J�S�F�E
�T�X�J�U�D�I�J�O�H �T�U�B�H�F�T �X�J�U�I �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S�T �J�T �E�J�T�D�V�T�T�F�E��

�z���w���v �3�F�T�P�O�B�O�U �$�B�Q�B�D�J�U�P�S �#�B�O�L�T

�"�T �E�J�T�D�V�T�T�F�E �F�B�S�M�J�F�S�
 �U�I�F �S�F�R�V�J�S�F�E �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�B�O�D�F �N�V�T�U �D�P�N�Q�F�O�T�B�U�F
�U�I�F �U�S�B�O�T�G�P�S�N�F�S�Ý�T �M�F�B�L�B�H�F �J�O�E�V�D�U�B�O�D�F �B�U �U�I�F �U�B�S�H�F�U �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z�
 �J���F���

� �S= 1•¹¹2c 5�Tº2! � º�� 	_�V�T�
 �X�F �P�C�U�B�J�O� �S= 41 nF�G�P�S �U�I�F �"�$�5 �B�O�E� �S= 300 nF
�G�P�S �U�I�F �.�$�5��

�*�O �D�B�T�F �P�G �U�I�F �.�$�5�
 �U�I�F �S�F�T�V�M�U�J�O�H �Q�F�B�L �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �W�P�M�U�B�H�F �P�G1”0 kV
�G�B�D�J�M�J�U�B�U�F�T �B �D�P�N�Q�B�D�U �S�F�B�M�J�[�B�U�J�P�O �P�O �P�O�F �T�J�E�F �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �V�T�J�O�H �D�F�S�B�N�J�D
�$�0�( �D�B�Q�B�D�J�U�P�S�T �		< �T�F�S�J�F�T� 	9	: �Q�B�S�B�M�M�F�M �$�(�"	A100 nF�
�
 �T�F�F�'�J�H�� �z���x�	�B�
�� 	_�F
�E�F�T�J�H�O�F�E �1�$�# �P
V�F�S�T �U�I�F 
X�F�Y�J�C�J�M�J�U�Z �U�P �D�P�O
W�H�V�S�F �B �M�B�S�H�F �O�V�N�C�F�S �P�G �J�O�E�J�W�J�E�V�B�M
�D�B�Q�B�D�J�U�P�S�T �J�O �B �T�F�S�J�F�T���Q�B�S�B�M�M�F�M �B�S�S�B�O�H�F�N�F�O�U�� �*�U �J�T �U�I�F�S�F�G�P�S�F �O�P�U �P�Q�U�J�N�V�N �J�O
�U�F�S�N�T �P�G �T�J�[�F�
 �Z�F�U �J�U�T �W�P�M�V�N�F �B�O�E �N�B�T�T �B�S�F �T�U�J�M�M �O�F�H�M�J�H�J�C�M�F �D�P�N�Q�B�S�F�E �U�P �U�I�F
�.�$�5��

�*�O �D�P�O�U�S�B�T�U�
 �U�I�F �Q�F�B�L �D�B�Q�B�D�J�U�P�S �W�P�M�U�B�H�F �J�O �D�B�T�F �P�G �U�I�F �"�$�5 �X�P�V�M�E �S�F�B�D�I
4”0 kV �J�G �B �T�J�O�H�M�F �D�P�N�Q�P�O�F�O�U �X�F�S�F �V�T�F�E�� 	_�F�S�F�G�P�S�F�
 �U�P �S�F�E�V�D�F �U�I�F �D�P�N�Q�P�O�F�O�U
�T�U�S�F�T�T �B�O�E �G�B�D�J�M�J�U�B�U�F �N�F�F�U�J�O�H �U�I�F �O�F�D�F�T�T�B�S�Z �D�M�F�B�S�B�O�D�F �B�O�E �D�S�F�F�Q�B�H�F �E�J�T�U�B�O�D�F�T�

�X�F �T�Q�M�J�U� �S�J�O�U�P �U�X�P �D�B�Q�B�D�J�U�P�S �C�B�O�L�T� �S	9= � �S	:= 82 nF�U�I�B�U �B�S�F �Q�M�B�D�F�E �P�O �F�J��
�U�I�F�S �T�J�E�F �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S �	�D�G���4�F�D�U�J�P�O �x���x�
�� �4�U�J�M�M�
 �U�I�F �D�B�Q�B�D�J�U�P�S�T �Q�S�P�D�F�T�T �I�J�H�I
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�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

13
6 

m
m

109 mm

10
8 m

m
60 mm

Top view Bottom view

�'�J�H�� �z���x���1�I�P�U�P�T �P�G �U�I�F �S�F�B�M�J�[�F�E �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L�T���	�B�
� �S�G�P�S �U�I�F �.�$�5���	�C�
� �S	9
�B�O�E� �S	:�G�P�S �U�I�F �"�$�5�� �/�P�U�F �U�I�B�U �E�V�F �U�P �M�P�X�F�S �S�F�B�D�U�J�W�F �Q�P�X�F�S �B�O�E �I�F�O�D�F �M�P�T�T�F�T�
 �U�I�F
�D�F�S�B�N�J�D �D�B�Q�B�D�J�U�P�S�T �	� �S�G�P�S �U�I�F �.�$�5�
 �E�P �O�P�U �S�F�R�V�J�S�F �B�D�U�J�W�F �D�P�P�M�J�O�H��
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�



	=��	;�� �&�Y�Q�F�S�J�N�F�O�U�B�M �$�P�N�Q�B�S�J�T�P�O �P�G �"�$�5 �� �.�$�5

�S�F�B�D�U�J�W�F �Q�P�X�F�S �B�O�E �I�J�H�I �D�V�S�S�F�O�U�T�� 	_�F�S�F�G�P�S�F�
 �X�F �S�F�B�M�J�[�F �U�I�F�N �X�J�U�I �Q�P�M�Z�Q�S�P�Q�Z��
�M�F�O�F �D�B�Q�B�D�J�U�P�S�T �	�F�B�D�I �X�J�U�I 	; �T�F�S�J�F�T���D�P�O�O�F�D�U�F�E240 nF�$�&�-�&�. �$�4�1	9	:	8��	:	8	8�
��
�4�J�O�D�F �U�I�F �F�Y�Q�F�D�U�F�E �M�P�T�T�F�T �B�S�F �T�V�C�T�U�B�O�U�J�B�M �	�T�F�F�4�F�D�U�J�P�O �z���y���v�G�P�S �U�I�F �E�J�T�D�V�T�T�J�P�O
�P�G �M�P�T�T�F�T�
�
 �U�I�F�Z �S�F�R�V�J�S�F �B �D�P�P�M�J�O�H �T�Z�T�U�F�N �D�P�O�T�J�T�U�J�O�H �P�G �I�F�B�U�T�J�O�L�T �B�O�E �G�B�O�T
�B�T �T�I�P�X�O �J�O�'�J�H�� �z���x�	�C�
�� 	_�F �D�P�P�M�J�O�H �T�Z�T�U�F�N �J�T �P�Q�U�J�N�J�[�F�E �U�P �N�J�O�J�N�J�[�F �U�I�F
�N�B�T�T �B�D�D�P�S�E�J�O�H �U�P �<	9	:	:�>�
 �X�I�F�S�F�B�T �U�I�F �U�I�F�S�N�B�M �N�P�E�F�M�J�O�H �P�G �D�B�Q�B�D�J�U�P�S�T �J�T �C�B�T�F�E
�P�O �<	=	=�>�� 	_�F �D�P�O�U�S�J�C�V�U�J�P�O �U�P �U�I�F �P�W�F�S�B�M�M �W�P�M�V�N�F �B�O�E �N�B�T�T �J�T �D�M�F�B�S�M�Z �I�J�H�I�F�S
�D�P�N�Q�B�S�F�E �U�P �U�I�F �D�B�Q�B�D�J�U�P�S �C�B�O�L �S�F�R�V�J�S�F�E �G�P�S �U�I�F �.�$�5���C�B�T�F�E �T�Z�T�U�F�N��

�z���w���w �4�X�J�U�D�I�J�O�H �4�U�B�H�F�T �B�O�E �%�$���M�J�O�L �$�B�Q�B�D�J�U�P�S�T

�&�B�D�I �T�X�J�U�D�I�J�O�H �T�U�B�H�F �D�P�O�T�J�T�U�T �P�G �B �.�0�4�'�&�5 �I�B�M�G���C�S�J�E�H�F �B�O�E �U�X�P �%�$���M�J�O�L
�D�B�Q�B�D�J�U�P�S�T �	� �%�$�
�� �/�P�U�F �U�I�B�U �U�I�F�T�F �T�X�J�U�D�I�J�O�H �T�U�B�H�F�T �B�D�U�V�B�M�M�Z �X�F�S�F �O�P�U �C�V�J�M�U �E�V�F
�U�P �U�I�F �B�T�T�P�D�J�B�U�F�E �I�J�H�I �D�P�T�U �B�O�E �M�J�N�J�U�F�E �B�W�B�J�M�B�C�J�M�J�U�Z �P�G �U�I�F 	9	8 �L�7 �T�X�J�U�D�I�F�T�
 �B�O�E
�C�F�D�B�V�T�F �P�G �U�I�F �M�J�N�J�U�F�E �B�E�E�J�U�J�P�O�B�M �J�O�T�J�H�I�U�T �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F �.�'�5�T �U�I�B�U �D�P�V�M�E
�C�F �H�B�J�O�F�E�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �U�I�F �W�P�M�V�N�F�
 �N�B�T�T �B�O�E �M�P�T�T�F�T �P�G �U�I�F�J�S �D�P�N�Q�P�O�F�O�U�T
�D�B�O �C�F �S�F�M�J�B�C�M�Z �F�T�U�J�N�B�U�F�E �C�B�T�F�E �P�O �U�I�F �N�P�E�F�M�T �E�J�T�D�V�T�T�F�E �B�C�P�W�F �B�O�E �F�B�S�M�J�F�S
�Q�S�P�U�P�U�Z�Q�F �T�Z�T�U�F�N�T �<	9	>�>��

	_�F �S�F�R�V�J�S�F�E �D�B�Q�B�D�J�U�B�O�D�F� �%�$�J�T1”3�F �B�O�E2”3�F �G�P�S �U�I�F �"�$�5�� �B�O�E �.�$�5��
�%�$�9�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �B�O�E �J�U �J�T �P�C�U�B�J�O�F�E �C�B�T�F�E �P�O �U�I�F �T�Q�F�D�J
W�F�E �N�B�Y�J�N�V�N �Q�F�B�L��
�Q�F�B�L �W�P�M�U�B�H�F �S�J�Q�Q�M�F�
 �T�F�F�5�B�C�� �w���w�� 	_�F �E�J
V�F�S�F�O�D�F �G�P�M�M�P�X�T �G�S�P�N �U�I�F �U�X�P �E�J
V�F�S�F�O�U
�T�X�J�U�D�I�J�O�H �G�S�F�R�V�F�O�D�J�F�T �P�G77”4 kHz �B�O�E40 kHz�
 �S�F�T�Q�F�D�U�J�W�F�M�Z��

�/�P�U�F �U�I�B�U �C�F�D�B�V�T�F �P�G �U�I�F �I�J�H�I�F�S �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �B�O�E �B�M�T�P �C�F�D�B�V�T�F �P�G
�U�I�F �I�J�H�I�F�S �S�N�T �D�V�S�S�F�O�U �J�O �D�B�T�F �P�G �U�I�F �"�$�5���%�$�9�
 �U�I�F �T�X�J�U�D�I�J�O�H �T�U�B�H�F�T �S�F�R�V�J�S�F
�B �I�J�H�I�F�S �U�P�U�B�M �D�I�J�Q �B�S�F�B �	�N�P�S�F �E�J�F�T �J�O �Q�B�S�B�M�M�F�M �Q�F�S �T�X�J�U�D�I�
�� �$�P�O�T�F�R�V�F�O�U�M�Z�
 	>
�Q�B�S�B�M�M�F�M �E�J�F�T �		; �Q�B�D�L�B�H�F�T�
 �B�S�F �O�F�F�E�F�E �G�P�S �U�I�F �"�$�5���%�$�9�
 �X�I�F�S�F�B�T 	< �Q�B�S�B�M�M�F�M
�E�J�F�T �		: �Q�B�D�L�B�H�F�T�
 �B�S�F �T�V
Y�D�J�F�O�U �G�P�S �U�I�F �.�$�5���%�$�9��

�z���x �&�Y�Q�F�S�J�N�F�O�U�B�M �$�P�N�Q�B�S�J�T�P�O �P�G �"�$�5 �� �.�$�5

	_�F �C�B�T�J�D �F�Y�Q�F�S�J�N�F�O�U�B�M �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O�T �P�G �U�I�F �.�7���.�' �"�$�5 �B�O�E �.�$�5 �Q�S�P�U�P��
�U�Z�Q�F�T �T�I�P�X�O �J�O�'�J�H�� �y���}�I�B�W�F �C�F�F�O �Q�S�F�T�F�O�U�F�E �J�O�$�I�B�Q�U�F�S �x�B�O�E�$�I�B�Q�U�F�S �y�

�S�F�T�Q�F�D�U�J�W�F�M�Z�
 �B�O�E�5�B�C�� �y���x�T�V�N�N�B�S�J�[�F�T �U�I�F �L�F�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T�� 	_�J�T �T�F�D�U�J�P�O
�F�Y�U�F�O�E�T �U�I�F �Q�S�P�W�J�E�F�E �F�Y�Q�F�S�J�N�F�O�U�B�M �B�O�B�M�Z�T�J�T �P�G �U�I�F �S�F�B�M�J�[�F�E �U�S�B�O�T�G�P�S�N�F�S�T �C�Z �B
�E�F�U�B�J�M�F�E �D�P�N�Q�B�S�B�U�J�W�F �F�Y�Q�F�S�J�N�F�O�U�B�M �F�W�B�M�V�B�U�J�P�O �P�G �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �U�I�F �P�W�F�S�M�P�B�E
�D�B�Q�B�C�J�M�J�U�Z �B�O�E �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �N�F�B�T�V�S�F�N�F�O�U�T��
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�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�z���x���v �%�J�F�M�F�D�U�S�J�D �-�P�T�T�F�T

�%�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T �D�B�O �D�P�O�U�S�J�C�V�U�F �B �O�P�O���O�F�H�M�J�H�J�C�M�F �T�I�B�S�F �P�G �U�P�U�B�M �.�'�5 �M�P�T�T�F�T
�J�O �D�B�T�F �P�G �E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O �T�Z�T�U�F�N�T �<	<	;�>�� 	_�F�S�F�G�P�S�F�
 �X�F �Q�S�P�W�J�E�F �B�O �F�Y��
�Q�F�S�J�N�F�O�U�B�M �W�F�S�J
W�D�B�U�J�P�O �P�G �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �B�T�T�V�N�Q�U�J�P�O�T �N�B�E�F �E�V�S�J�O�H �U�I�F
�P�Q�U�J�N�J�[�B�U�J�P�O�� 	_�F �E�J�F�M�F�D�U�S�J�D �S�F�T�Q�P�O�T�F �P�G �U�I�F �F�N�Q�M�P�Z�F�E �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M�T �J�T
�M�J�O�F�B�S �X�J�U�I �U�I�F �F�M�F�D�U�S�J�D 
W�F�M�E �J�O �U�I�F �S�B�O�H�F �P�G �Q�S�B�D�U�J�D�B�M�M�Z �S�F�M�F�W�B�O�U 
W�F�M�E �T�U�S�F�O�H�U�I�T
�	�B�U �N�P�T�U �T�P�N�F �L�7���N�N�
�� 	_�F�S�F�G�P�S�F�
 �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T �P�G �U�I�F �D�P�O�T�U�J�U�V�U�J�O�H
�N�B�U�F�S�J�B�M�T �D�B�O �C�F �N�F�B�T�V�S�F�E �X�J�U�I �T�N�B�M�M���T�J�H�O�B�M �F�Y�D�J�U�B�U�J�P�O�T �<	<	;�>�
 �B�O�E	;���%�'�&�.
�F�M�F�D�U�S�J�D 
W�F�M�E �T�J�N�V�M�B�U�J�P�O�T �D�B�O �C�F �F�N�Q�M�P�Z�F�E �U�P �D�P�N�Q�V�U�F �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T
�P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S �B�T�T�F�N�C�M�Z�� �'�P�S �W�B�M�J�E�B�U�J�P�O�
 �X�F �U�I�F�O �Q�S�P�W�J�E�F �B�M�T�P �N�F�B�T�V�S�F��
�N�F�O�U�T �P�G �U�I�F �E�J�F�M�F�D�U�S�J�D �S�F�T�Q�P�O�T�F�T �P�G �U�I�F �F�O�U�J�S�F �U�S�B�O�T�G�P�S�N�F�S �B�T�T�F�N�C�M�J�F�T �B�O�E
�D�P�N�Q�B�S�F �U�I�F�N �U�P �U�I�F �S�F�T�V�M�U�T �P�C�U�B�J�O�F�E �C�Z �U�I�F �'�&�.���C�B�T�F�E �D�B�M�D�V�M�B�U�J�P�O�� �'�P�S �B�M�M
�E�J�F�M�F�D�U�S�J�D �S�F�T�Q�P�O�T�F �N�F�B�T�V�S�F�N�F�O�U�T�
 �B �T�F�U�V�Q �D�P�O�T�J�T�U�J�O�H �P�G �B �/�P�W�P�D�P�O�U�S�P�M �#�S�P�B�E��
�C�B�O�E �%�J�F�M�F�D�U�S�J�D �4�Q�F�D�U�S�P�N�F�U�F�S �X�J�U�I �B�O �"�M�Q�I�B���" �)�J�H�I �1�F�S�G�P�S�N�B�O�D�F �'�S�F�R�V�F�O�D�Z
�"�O�B�M�Z�[�F�S �<	9	:	;�> �J�T �V�T�F�E��

�'�J�S�T�U�
 �X�F �N�F�B�T�V�S�F �U�I�F �G�S�F�R�V�F�O�D�Z���E�F�Q�F�O�E�F�O�U �E�J�F�M�F�D�U�S�J�D �S�F�T�Q�P�O�T�F�T �P�G �U�I�F
�J�O�T�V�M�B�U�J�P�O���D�P�O�T�U�S�V�D�U�J�P�O �N�B�U�F�S�J�B�M�T �F�N�Q�M�P�Z�F�E �J�O �U�I�F �"�$�5 �B�O�E �.�$�5 �Q�S�P�U�P�U�Z�Q�F�T��
�T�J�M�J�D�P�O�F �5�$	<	>	8	= �)�-�7 �	�E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O�
�
 �Q�P�M�Z�D�B�S�C�P�O�B�U�F �	�D�P�J�M �G�P�S�N�F�S�T�
�

�B�S�B�N�J�E �Q�P�M�Z�N�F�S �/�P�N�F�Y �	�T�Q�B�D�F�S�T �B�O�E �C�B�S�S�J�F�S�T�
�
 �B�O�E �1�.�.�" �	�N�F�D�I�B�O�J�D�B�M �T�V�Q��
�Q�P�S�U�T�
���'�J�H�� �z���y�	�B�
�T�I�P�X�T �U�I�F �N�F�B�T�V�S�F�N�F�O�U �D�F�M�M �X�J�U�I �B�O �F�Y�F�N�Q�M�B�S�Z �T�B�N�Q�M�F
�B�O�E�'�J�H�� �z���y�	�C�
�H�J�W�F�T �U�I�F �S�F�T�V�M�U�T�� �/�P�U�F �U�I�B�U �U�I�F �T�B�N�Q�M�F�T �I�B�W�F �C�F�F�O �T�U�P�S�F�E
�V�O�E�F�S �S�P�P�N �D�P�O�E�J�U�J�P�O�T �		:	:�9 �B�O�E45 %�S�F�M�B�U�J�W�F �I�V�N�J�E�J�U�Z �	�3�)�
�
 �C�F�G�P�S�F �U�I�F
�N�F�B�T�V�S�F�N�F�O�U�T���5�B�C�� �z���v�T�V�N�N�B�S�J�[�F�T �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T �B�O�E �U�I�F �E�J�F�M�F�D�U�S�J�D
�D�P�O�T�U�B�O�U�T �F�Y�U�S�B�D�U�F�E �G�P�S �U�I�F �D�P�O�T�J�E�F�S�F�E �G�S�F�R�V�F�O�D�Z �S�B�O�H�F �	40� 80 kHz�
�� �6�T�J�O�H
�U�I�F�T�F �Q�B�S�B�N�F�U�F�S�T �J�O �B 	;���%���'�&�. �T�J�N�V�M�B�U�J�P�O �P�G �U�I�F �F�M�F�D�U�S�J�D 
W�F�M�E�T �J�O �U�I�F �E�J�F�M�F�D�U�S�J�D
�N�B�U�F�S�J�B�M�T �P�G �U�I�F �.�$�5 �B�O�E �P�G �U�I�F �"�$�5 �Z�J�F�M�E�T �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �$�. �D�B�Q�B�D�J��
�U�B�O�D�F�T �B�O�E �U�P�U�B�M �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T �H�J�W�F�O �J�O�5�B�C�� �z���w�	�B�
�� �/�P�U�F �U�I�B�U �X�F �D�P�O�T�J�E�F�S
�U�X�P �W�B�M�V�F�T �G�P�S �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �T�J�M�J�D�P�O�F �	�N�J�O�J�N�V�N �B�O�E �N�B�Y�J�N�V�N�
 �U�P
�B�D�D�P�V�O�U �G�P�S �F�O�W�J�S�P�O�N�F�O�U�B�M �B�O�E �U�F�N�Q�F�S�B�U�V�S�F �F
V�F�D�U�T�
 �X�I�J�D�I �X�J�M�M �C�F �E�J�T�D�V�T�T�F�E
�T�I�P�S�U�M�Z�� 	_�F �I�J�H�I��
W�F�M�E �S�F�H�J�P�O �J�O �U�I�F �.�$�5 �	�J�O�U�F�S���X�J�O�E�J�O�H �T�Q�B�D�F�
 �D�G���'�J�H�� �y���z�	�B�
�

�J�T �N�B�J�O�M�Z 
W�M�M�F�E �X�J�U�I �E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O�
 �U�I�V�T �U�I�F �T�J�M�J�D�P�O�F �B�D�D�P�V�O�U�T �G�P�S �V�Q �U�P
95 %�P�G �U�I�F �.�$�5�Ý�T �U�P�U�B�M �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �M�F�B�E�J�O�H �U�P �B �X�P�S�T�U���D�B�T�F �U�P�U�B�M �E�J�T�T�J��
�Q�B�U�J�P�O �G�B�D�U�P�Stan� �.�$�5 � 1”0���� �0�O �U�I�F �P�U�I�F�S �I�B�O�E�
 �B�T �F�Y�Q�F�D�U�F�E�
 �U�I�F �E�J�F�M�F�D�U�S�J�D
�M�P�T�T�F�T �P�G �U�I�F �"�$�5 �D�B�O �C�F �O�F�H�M�F�D�U�F�E �B�Ttan� �"�$�5 � 0”1���� �-�B�T�U�M�Z�
 �U�I�F �D�P�N�Q�V�U�B��
�U�J�P�O �P�G �U�I�F �$�. �D�B�Q�B�D�J�U�B�O�D�F�T �T�I�P�X�T �W�F�S�Z �H�P�P�E �B�H�S�F�F�N�F�O�U �X�J�U�I �U�I�F �T�N�B�M�M���T�J�H�O�B�M
�J�N�Q�F�E�B�O�D�F �N�F�B�T�V�S�F�N�F�O�U�T �Q�S�F�T�F�O�U�F�E �F�B�S�M�J�F�S �	Ÿ 9 %�
 �D�G���'�J�H�� �y���~�	�D�
�
��

�"�T �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T �P�G �U�I�F �"�$�5 �D�B�O �C�F �O�F�H�M�F�D�U�F�E�
 �P�O�M�Z �U�I�F �E�J�F�M�F�D�U�S�J�D
�S�F�T�Q�P�O�T�F �P�G �U�I�F �F�O�U�J�S�F �.�$�5 �J�T �N�F�B�T�V�S�F�E���'�J�H�� �z���y�	�D�
�T�I�P�X�T �U�I�F �N�F�B�T�V�S�F�E
�E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �U�I�F �.�$�5�
 �X�I�J�D�I �X�B�T �T�U�P�S�F�E �B�U �S�P�P�N �D�P�O�E�J�U�J�P�O�T �		:	:�9�
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Silicone TC4605 HLV / 40 kHzMagnetic-Core Transformer
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�'�J�H�� �z���y�� �	�B�
�1�I�P�U�P �P�G �U�I�F �E�J�F�M�F�D�U�S�J�D �T�Q�F�D�U�S�P�N�F�U�S�Z �T�F�U�V�Q �X�J�U�I �B�O �F�Y�F�N�Q�M�B�S�Z �N�B�U�F�S�J�B�M
�T�Q�F�D�J�N�F�O �	�T�J�M�J�D�P�O�F�
 �U�I�J�D�L�O�F�T�T �P�G 	9��	: �N�N�
 �Q�M�B�D�F�E �J�O �U�I�F �T�B�N�Q�M�F �D�F�M�M���	�C�
�'�S�F�R�V�F�O�D�Z
�D�I�B�S�B�D�U�F�S�J�T�U�J�D �P�G �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T �P�G �U�I�F �D�P�O�T�U�S�V�D�U�J�P�O���E�J�F�M�F�D�U�S�J�D �N�B�U�F�S�J�B�M�T �V�T�F�E
�G�P�S �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �U�S�B�O�T�G�P�S�N�F�S�T �	�B�U 	:	:�9�
 	<	=�� �3�)�
 �X���P �D�P�O�E�J�U�J�P�O�J�O�H�
���	�D�
�.�F�B�T�V�S�F�E
�E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �U�I�F �F�O�U�J�S�F �.�$�5 �T�U�P�S�F�E �J�O �E�J
V�F�S�F�O�U �D�P�O�E�J�U�J�P�O�T �Q�S�J�P�S �U�P �U�I�F �N�F�B��
�T�V�S�F�N�F�O�U�� 	:	:�9�
 	<	=�� �3�) �	�X���P �D�P�O�E�J�U�J�P�O�J�O�H�
�� 	>	8�9�
 	?�� �B�N�C�J�F�O�U �3�) �	�D�P�O�E�� 	?	: �I�P�V�S�T�
��
	>	8�9�
 	8�� �3�) �	�D�P�O�E�� 	:	<	8 �I�P�V�S�T�
���	�E�
�5�J�N�F �F�W�P�M�V�U�J�P�O �P�G �U�I�F �N�F�B�T�V�S�F�E �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T
�P�G �U�I�S�F�F �T�J�M�J�D�P�O�F �T�Q�F�D�J�N�F�O�T �T�U�P�S�F�E �J�O �E�J
V�F�S�F�O�U �F�O�W�J�S�P�O�N�F�O�U�T �C�F�G�P�S�F �U�I�F �U�F�T�U �V�O�E�F�S �U�I�F
�J�O�E�J�D�B�U�F�E �I�F�B�U�J�O�H �Q�S�P�U�P�D�P�M �		:	=�9! 	>	8�9! 	9	:	8�9 �		; �I�P�V�S�T�
! 	>	8�9! 	:	=�9�
��
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�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�5�B�C�� �z���v���.�F�B�T�V�S�F�E �E�J�F�M�F�D�U�S�J�D �Q�S�P�Q�F�S�U�J�F�T �P�G �U�I�F �N�B�U�F�S�J�B�M�T �F�N�Q�M�P�Z�F�E �J�O �U�I�F �.�'�5 �Q�S�P��
�U�P�U�Z�Q�F�T �	�W�B�M�J�E �G�P�S �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�J�F�T �J�O �U�I�F �S�B�O�H�F �P�G40� 80 kHz�
 �B�U 	:	=�9 �B�O�E 	<	=��
�S�F�M�B�U�J�W�F �I�V�N�J�E�J�U�Z�
��

�.�B�U�F�S�J�B�M
�%�J�F�M�� �D�P�O�T�U�B�O�U

Y�S
�%�J�T�T�� �G�B�D�U�P�S�U�B�O�

�4�J�M�J�D�P�O�F 	<��	9 	8��
� ��
�1�$ 	:��	? 	8��	; ��
�"�S�B�N�J�E �Q�P�M�Z�N�F�S
�	�/�P�N�F�Y 	A	A	;�


	;��	: 	9��	A ��

�1�.�.�" 	;��	8 	:��	< ��

45 %�3�)�
 �Q�S�J�P�S �U�P �U�I�F �U�F�T�U�� �"�U40 kHz�X�F �N�F�B�T�V�S�Ftan� �.�$�5 = 5”6���
 �X�I�J�D�I �J�T
�T�V�S�Q�S�J�T�J�O�H�M�Z �I�J�H�I �D�P�N�Q�B�S�F�E �U�P �U�I�F �W�B�M�V�F �D�P�N�Q�V�U�F�E �C�Z �U�I�F 	;���%���'�&�. �T�J�N�V�M�B�U�J�P�O
�	tan� �.�$�5 � 1”0���
 �V�T�J�O�H �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T �N�F�B�T�V�S�F�E �G�P�S �U�I�F �J�O�E�J�W�J�E�V�B�M
�N�B�U�F�S�J�B�M �T�B�N�Q�M�F�T�� �4�J�O�D�F �U�I�F �C�F�I�B�W�J�P�S �P�G �U�I�F �T�J�M�J�D�P�O�F �E�P�N�J�O�B�U�F�Ttan� �.�$�5�
 �X�F
�G�V�S�U�I�F�S �J�O�W�F�T�U�J�H�B�U�F �U�I�F �J�O
X�V�F�O�D�F �P�G �U�I�F �J�O�J�U�J�B�M �F�O�W�J�S�P�O�N�F�O�U�B�M �D�P�O�E�J�U�J�P�O�J�O�H
�	�O�B�N�F�M�Z �U�I�F �J�N�Q�B�D�U �P�G �X�B�U�F�S �J�O�H�S�F�T�T �J�O�U�P �U�I�F �Q�P�M�Z�N�F�S �E�V�S�J�O�H �T�U�P�S�B�H�F�
 �P�O �U�I�F
�E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �U�I�F �T�J�M�J�D�P�O�F��

	_�F�S�F�G�P�S�F�
 �U�I�S�F�F �T�J�M�J�D�P�O�F �T�Q�F�D�J�N�F�O�T �P�G1”2 mm �U�I�J�D�L�O�F�T�T �B�S�F �Q�S�F�Q�B�S�F�E
�B�O�E �D�P�O�E�J�U�J�P�O�F�E �J�O �F�O�W�J�S�P�O�N�F�O�U�T �X�J�U�I �E�J
V�F�S�F�O�U �S�F�M�B�U�J�W�F �I�V�N�J�E�J�U�Z �B	O�F�S 
W�S�T�U
�F�Y�Q�P�T�J�O�H �U�I�F�N �G�P�S 	< �I�P�V�S�T �U�P �B �U�F�N�Q�F�S�B�U�V�S�F �P�G 	9	:	8�9 �J�O �B�O �B�U�N�P�T�Q�I�F�S�F �P�G �E�S�Z
�B�J�S�
 �X�I�J�D�I �F�O�T�V�S�F�T �F�R�V�B�M �J�O�J�U�J�B�M �D�P�O�E�J�U�J�P�O�T �C�Z �F�S�B�T�J�O�H �U�I�F �F
V�F�D�U�T �P�G �Q�S�F�W�J�P�V�T
�U�F�T�U�T�� �"	O�F�S�X�B�S�E�T�
 �U�I�F �G�P�M�M�P�X�J�O�H �D�P�O�E�J�U�J�P�O�J�O�H �Q�S�P�D�F�E�V�S�F�T �X�F�S�F �B�Q�Q�M�J�F�E��

I �4�B�N�Q�M�F 	9�� �T�U�P�S�F�E �G�P�S 	:	8 �I�P�V�S�T �B�U 	9	:	8�9 �B�O�E 	8�� �3�) �	�J�O �/2 �B�U�N�P�T�Q�I�F�S�F�
��

I �4�B�N�Q�M�F 	:�� �T�U�P�S�F�E �G�P�S 	: �X�F�F�L�T �B�U 	:	=�9 �B�O�E 	<	8�� �3�)��

I �4�B�N�Q�M�F 	;�� �T�U�P�S�F�E �G�P�S 	: �X�F�F�L�T �B�U 	:	=�9 �B�O�E 	9	8	8�� �3�) �	�O�P�O���D�P�O�E�F�O�T�J�O�H�
��

	_�F�O�
 �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T �P�G �B�M�M �T�B�N�Q�M�F�T �B�S�F �N�F�B�T�V�S�F�E �J�O �U�I�F �T�B�N�F �D�I�B�N�C�F�S
�E�V�S�J�O�H �B �I�F�B�U�J�O�H �D�Z�D�M�F �D�P�O�T�J�T�U�J�O�H �P�G �B �U�F�N�Q�F�S�B�U�V�S�F �S�B�N�Q �G�S�P�N 	:	=�9 �U�P 	9	:	8�9�

	; �I�P�V�S�T �D�P�O�E�J�U�J�P�O�J�O�H �B�U 	9	:	8�9�
 �B�O�E �B �S�B�N�Q �E�P�X�O �C�B�D�L �U�P 	:	=�9�� 	_�F �S�F�T�V�M�U�T
�B�S�F �Q�S�F�T�F�O�U�F�E �J�O�'�J�H�� �z���y�	�E�
�� �*�U �D�B�O �C�F �T�F�F�O �U�I�B�U �U�I�F �J�O�J�U�J�B�M �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S
�E�F�Q�F�O�E�T �T�U�S�P�O�H�M�Z �P�O �U�I�F �J�O�J�U�J�B�M �S�F�M�B�U�J�W�F �I�V�N�J�E�J�U�Z �P�G �U�I�F �T�B�N�Q�M�F �B�O�E �S�B�O�H�F�T
�G�S�P�N0”3 %�	�T�B�N�Q�M�F 	9�
 �U�P1”2 %�	�T�B�N�Q�M�F 	;�
�� �%�V�S�J�O�H �U�I�F 
W�S�T�U �Q�B�S�U �P�G �U�I�F �I�F�B�U�J�O�H
�T�F�R�V�F�O�D�F�
 �U�X�P �P�Q�Q�P�T�J�O�H �F
V�F�D�U�T �B�S�F �B�D�U�J�W�F �T�J�N�V�M�U�B�O�F�P�V�T�M�Z�� �U�I�F �J�O�D�S�F�B�T�F�E
�T�B�N�Q�M�F �U�F�N�Q�F�S�B�U�V�S�F �D�B�V�T�F�T �B�O �J�O�D�S�F�B�T�F �P�G �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �G�P�S �B �H�J�W�F�O
�X�B�U�F�S �D�P�O�U�F�O�U �<	9	:	<�>�
 �X�I�J�M�F �U�I�F �J�O�J�U�J�B�U�F�E �S�F�N�P�W�B�M �P�G �N�P�J�T�U�V�S�F �E�F�D�S�F�B�T�F�T �J�U�� 	_�F
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	=��	;�� �&�Y�Q�F�S�J�N�F�O�U�B�M �$�P�N�Q�B�S�J�T�P�O �P�G �"�$�5 �� �.�$�5

�N�F�B�T�V�S�F�N�F�O�U�T �D�P�O
W�S�N �U�I�B�U �J�O �B�M�M �D�B�T�F�T �U�I�F �F�Y�Q�P�T�V�S�F �U�P �B �I�J�H�I�F�S �U�F�N�Q�F�S�B�U�V�S�F
�P�W�F�S �T�P�N�F �I�P�V�S�T �S�F�N�P�W�F�T �N�P�J�T�U�V�S�F �G�S�P�N �U�I�F �T�B�N�Q�M�F�T �C�Z �U�I�F�S�N�B�M �E�J
V�V�T�J�P�O��
�*�O�E�F�F�E�
 �U�P�X�B�S�E�T �U�I�F �F�O�E �P�G �U�I�F �I�F�B�U�J�O�H �T�F�R�V�F�O�D�F�
 �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S�T �P�G
�B�M�M �T�B�N�Q�M�F�T �D�P�O�W�F�S�H�F �U�P �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z0”3 %�� 	_�J�T �F�R�V�B�M�T �U�I�F �J�O�J�U�J�B�M �W�B�M�V�F �G�P�S
�T�B�N�Q�M�F 	9�
 �X�I�J�D�I �T�V�H�H�F�T�U�T �B�M�N�P�T�U �D�P�N�Q�M�F�U�F �S�F�N�P�W�B�M �P�G �B�O�Z �S�F�T�J�E�V�B�M �N�P�J�T�U�V�S�F��

�*�O �M�J�H�I�U �P�G �U�I�F�T�F �S�F�T�V�M�U�T�
 �U�I�F �.�$�5 �X�B�T �D�P�O�E�J�U�J�P�O�F�E �C�Z �Q�M�B�D�J�O�H �J�U �J�O �B�O �P�W�F�O
�	�O�B�U�V�S�B�M �D�P�O�W�F�D�U�J�P�O�
 �G�P�S �B �U�P�U�B�M �P�G 	?	: �I�P�V�S�T�� 	_�F �U�F�N�Q�F�S�B�U�V�S�F �X�B�T �S�F�H�V�M�B�U�F�E
�U�P 	>	8�9 �B�U �3�) �P�G7 %�	�X�I�J�D�I �D�P�S�S�F�T�Q�P�O�E�T �U�P �3�) �P�G45 %�B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�
��
�'�J�H�� �z���y�	�D�
�T�I�P�X�T �U�I�B�U �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �U�I�F �.�$�5 �J�T �T�U�J�M�M �S�F�M�B�U�J�W�F�M�Z
�I�J�H�I �D�P�N�Q�B�S�F�E �U�P �U�I�F �D�P�N�Q�V�U�F�E �W�B�M�V�F �	1”4 %�W�T��1”0 %�
�� �5�P �G�V�S�U�I�F�S �S�F�E�V�D�F
�U�I�F �N�P�J�T�U�V�S�F �D�P�O�U�F�O�U �P�G �U�I�F �J�O�T�V�M�B�U�J�P�O�
 �U�I�F �.�$�5 �X�B�T �Q�M�B�D�F�E �J�O �U�I�F �P�W�F�O �B�U
	>	8�9 �X�J�U�I �B �E�S�Z �Q�V�S�H�F �B�J�S
X�P�X �	�B�C�T�P�M�V�U�F �B�O�E �S�F�M�B�U�J�W�F �I�V�N�J�E�J�U�Z �D�M�P�T�F �U�P 	8���

�G�P�S �B �U�P�U�B�M �P�G 	:	<	8 �I�P�V�S�T�� �"�T �F�Y�Q�F�D�U�F�E�
 �U�I�F �N�F�B�T�V�S�F�E �W�B�M�V�F �P�Gtan� �.�$�5 =
0”64�� �	�D�G���5�B�C�� �z���w�	�C�
�
 �N�B�U�D�I�F�T �U�I�F �S�F�T�V�M�U �P�C�U�B�J�O�F�E �B�C�P�W�F �G�P�S �U�I�F �T�J�M�J�D�P�O�F
�T�B�N�Q�M�F�T �B�U 	>	8�9 �U�P�X�B�S�E�T �U�I�F �F�O�E �P�G �U�I�F �I�F�B�U�J�O�H �T�F�R�V�F�O�D�F	9�	tan� �T�J�M�J�D�P�O�F� 0”4���

�D�G���'�J�H�� �z���y�	�E�
�
��

	_�F�T�F �S�F�T�V�M�U�T �I�J�H�I�M�J�H�I�U �U�I�F �J�N�Q�P�S�U�B�O�U �J�N�Q�B�D�U �P�G �U�I�F �J�O�J�U�J�B�M �F�O�W�J�S�P�O�N�F�O�U�B�M
�D�P�O�E�J�U�J�P�O�J�O�H �P�O �U�I�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G �E�S�Z���U�Z�Q�F �.�'�5�T �X�J�U�I �T�J�M�J�D�P�O�F �J�O�T�V�M�B��
�U�J�P�O�
 �B�O�E �I�F�O�D�F �P�O �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�� �%�F�Q�F�O�E�J�O�H �P�O �U�I�F �J�O�J�U�J�B�M �N�P�J�T�U�V�S�F
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�F�O�W�J�S�P�O�N�F�O�U�T�
 �J�U �X�P�V�M�E �C�F �Q�S�F�G�F�S�B�C�M�F �U�P �V�T�F �M�J�U�[ �X�J�S�F�T �P�G �I�J�H�I�F�S �U�F�N�Q�F�S�B�U�V�S�F
�D�M�B�T�T �U�I�B�O �U�I�F �P�O�F�T �V�T�F�E �J�O �U�I�F �Q�S�P�U�P�U�Z�Q�F�T �	�7	9	=	=�
��

�'�J�O�B�M�M�Z�
 �U�I�F �U�I�F�S�N�B�M �U�J�N�F �D�P�O�T�U�B�O�U�T �D�B�O �C�F �F�Y�U�S�B�D�U�F�E �G�S�P�N�'�J�H�� �z���z�	�D�
�B�T
13”2�N�J�O�G�P�S �U�I�F �D�P�S�F �B�O�E24”5�N�J�O�G�P�S �U�I�F �.�$�5�Ý�T �X�J�O�E�J�O�H �Q�B�D�L�B�H�F�
 �J�O �D�P�O�U�S�B�T�U
�U�P3”0�N�J�O�G�P�S �U�I�F �"�$�5�� �8�J�U�I �U�I�J�T�
 �J�U �D�B�O �C�F �D�P�O�D�M�V�E�F�E �U�I�B�U �U�I�F �.�$�5�Ý�T �T�I�P�S�U��
�U�F�S�N �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z �	Ÿ 10�N�J�O�
 �J�T �T�J�H�O�J
W�D�B�O�U�M�Z �I�J�H�I�F�S �U�I�B�O �U�I�B�U �P�G �U�I�F �"�$�5
�C�F�D�B�V�T�F �P�G �U�I�F �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z8� �M�P�O�H�F�S �U�I�F�S�N�B�M �U�J�N�F �D�P�O�T�U�B�O�U �P�G �U�I�F �X�J�O�E�J�O�H�T��
�/�P�U�F �U�I�B�U �U�I�F �U�I�F�S�N�B�M �D�P�V�Q�M�J�O�H �G�S�P�N �X�J�O�E�J�O�H�T �U�P �U�I�F �D�P�S�F �J�T �S�F�M�B�U�J�W�F�M�Z �X�F�B�L�

�U�I�F�S�F�G�P�S�F �U�I�F �U�J�N�F �D�P�O�T�U�B�O�U �P�G �U�I�F �D�P�S�F �J�T �V�O�J�N�Q�P�S�U�B�O�U �G�P�S �U�I�J�T �D�P�O�T�J�E�F�S�B�U�J�P�O��

�z���x���x �1�B�S�U�J�B�M �%�J�T�D�I�B�S�H�F�T �.�F�B�T�V�S�F�N�F�O�U

�%�V�S�J�O�H �U�I�F �O�P�N�J�O�B�M �D�P�O�E�J�U�J�P�O�T�
 �.�'�5�T �T�I�P�V�M�E �C�F �G�S�F�F �P�G �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T
�U�P �Q�S�F�W�F�O�U �B�D�D�F�M�F�S�B�U�F�E �J�O�T�V�M�B�U�J�P�O �B�H�F�J�O�H �B�O�E �S�F�E�V�D�F�E �C�S�F�B�L�E�P�X�O �W�P�M�U�B�H�F�T��
	_�F �D�S�J�U�J�D�B�M �J�N�Q�B�D�U �P�G �.�' �1�8�. �W�P�M�U�B�H�F�T �P�O �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �I�B�T �C�F�F�O
�I�J�H�I�M�J�H�I�U�F�E �J�O �N�B�O�Z �Q�V�C�M�J�D�B�U�J�P�O�T �<	>	<�
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 �I�P�X�F�W�F�S�
 �U�I�F �N�F�B�T�V�S�F�N�F�O�U �P�G
�Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �J�T �B �D�P�N�Q�M�F�Y �Q�S�P�D�F�T�T �B�O�E �U�I�F �J�O�U�F�S�Q�S�F�U�B�U�J�P�O �P�G �U�I�F �Q�B�S�U�J�B�M
�E�J�T�D�I�B�S�H�F �Q�B	R�F�S�O�T �S�F�R�V�J�S�F�T �F�N�Q�J�S�J�D�B�M �L�O�P�X�M�F�E�H�F�
 �X�I�J�D�I �J�T �O�P�U �Z�F�U �B�W�B�J�M�B�C�M�F
�G�P�S �.�'�5�T�� �*�O �U�I�J�T �S�F�H�B�S�E�
 �X�F �N�F�B�T�V�S�F �P�O�M�Z �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �B�D�U�J�W�J�U�Z �X�J�U�I �-�'
�"�$ �W�P�M�U�B�H�F�T��

�'�J�H�� �z���{�	�B�
�T�I�P�X�T �U�I�F �T�D�I�F�N�B�U�J�D �P�G �U�I�F �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �	�1�%�
 �N�F�B�T�V�S�F�N�F�O�U
�T�F�U�V�Q�� �*�U �D�P�O�T�J�T�U�T �P�G �B �M�P�X���G�S�F�R�V�F�O�D�Z �	50 Hz�
 �T�U�F�Q���V�Q �U�S�B�O�T�G�P�S�N�F�S �	�-�'�5�
�
 �D�B��
�Q�B�D�J�U�J�W�F �W�P�M�U�B�H�F �E�J�W�J�E�F�S�
 �M�P�X���Q�B�T�T 
W�M�U�F�S �B�O�E �E�F�W�J�D�F �V�O�E�F�S �U�F�T�U�
 �J���F���
 �U�I�F �.�7���.�'
�U�S�B�O�T�G�P�S�N�F�S�� 	_�F �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �B�S�F �N�F�B�T�V�S�F�E �X�J�U�I �U�I�F �P�Q�U�J�D�B�M�M�Z �J�T�P�M�B�U�F�E
�I�J�H�I���F�O�E �N�F�B�T�V�S�F�N�F�O�U �B�O�E �B�O�B�M�Z�T�J�T �T�Z�T�U�F�N �.�%�1	>	8	8 �G�S�P�N �0�N�J�D�S�P�O �X�I�J�D�I
�J�T �D�P�O�O�F�D�U�F�E �U�P �B �M�P�X���W�P�M�U�B�H�F �	�-�7�
 �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �J�N�Q�F�E�B�O�D�F �	�1�%�;�
�� 	_�F
�T�F�U�V�Q �J�T �D�P�O�U�S�P�M�M�F�E �U�I�S�P�V�H�I �U�I�F �1�$ �B�O�E �Q�S�P�H�S�B�N�N�B�C�M�F �-�7 �T�P�V�S�D�F���'�J�H�� �z���{�	�C�

�Q�S�F�T�F�O�U�T �U�I�F �Q�I�P�U�P �P�G �U�I�F �Q�I�Z�T�J�D�B�M �T�F�U�V�Q �B�O�E �U�I�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F �Q�S�F�Q�B�S�F�E �G�P�S
�U�F�T�U�J�O�H�� 	_�F �1�%�T �B�S�F �N�F�B�T�V�S�F�E �B�D�D�P�S�E�J�O�H �U�P �U�I�F �T�U�B�O�E�B�S�E �*�&�$ 	>	:	<	?	? �<	=	A�
 	>	8�>
�B�O�E �B�O �F�Y�F�N�Q�M�B�S�Z �N�F�B�T�V�S�F�E �W�P�M�U�B�H�F �S�B�N�Q �J�T �Q�S�F�T�F�O�U�F�E �J�O�'�J�H�� �z���{�	�D�
�� �"�D�D�P�S�E��
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�'�J�H�� �z���{���1�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �N�F�B�T�V�S�F�N�F�O�U �T�F�U�V�Q���	�B�
�T�D�I�F�N�B�U�J�D�
�	�C�
�Q�I�P�U�P �X�J�U�I �U�I�F
�"�$�5 �D�P�O�O�F�D�U�F�E �G�P�S �U�I�F �U�F�T�U���	�D�
�&�Y�B�N�Q�M�F �P�G �B �N�F�B�T�V�S�F�E �X�B�W�F�G�P�S�N �P�G �U�I�F �U�F�T�U �W�P�M�U�B�H�F
�S�B�N�Q �B�Q�Q�M�J�F�E �U�P �U�I�F �"�$�5 �	�T�D�B�M�F�E �C�Z �U�I�F �W�P�M�U�B�H�F �E�J�W�J�E�F�S�Ý�T �S�B�U�J�P�
 �G�S�P�O�U19”0 kV �Q�F�B�L�
 �C�B�D�L
15”1 kV�Q�F�B�L�
��
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�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�'�J�H�� �z���|���3�F�T�V�M�U�T �P�G �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �N�F�B�T�V�S�F�N�F�O�U�T �V�T�J�O�H �U�I�F �.�%�1	>	8	8���	�B�
�"�$�5 �	�G�S�P�O�U
19”0 kV �Q�F�B�L�
 �C�B�D�L15”1 kV�Q�F�B�L�
�
�	�C�
�.�$�5 �	�G�S�P�O�U7”9 kV �Q�F�B�L�
 �C�B�D�L6”3 kV �Q�F�B�L�
��

�J�O�H �U�P �U�I�F �T�U�B�O�E�B�S�E�
 �E�V�S�J�O�H �U�I�F �U�F�T�U�
 �U�I�F �Q�F�B�L �W�P�M�U�B�H�FE�U�S�F�B�D�I�F�T1”875+�J�T�P�G�P�S
5 s�
 �B�O�E �B	O�F�S�X�B�S�E�T �J�T �S�F�E�V�D�F�E �U�P1”5+�J�T�P�G�P�S15 s�� 	_�F �W�P�M�U�B�H�F �S�B�U�F �P�G �D�I�B�O�H�F �J�T
�T�F�U �U�P1 kV•s�	�S�N�T�
��

�3�F�T�V�M�U�T �P�G �U�I�F �1�% �N�F�B�T�V�S�F�N�F�O�U�T �B�S�F �Q�S�F�T�F�O�U�F�E �J�O�'�J�H�� �z���|�� �"�D�D�P�S�E�J�O�H �U�P
�U�I�F �T�U�B�O�E�B�S�E �*�&�$ 	>	:	<	?	?�
 �U�I�F �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �T�I�B�M�M �S�F�N�B�J�O �C�F�M�P�X �U�I�F10 pF
�M�F�W�F�M�
 �I�F�O�D�F �G�P�S �U�I�F �F�W�B�M�V�B�U�J�P�O �P�G �D�S�J�U�J�D�B�M �1�% �M�F�W�F�M�T�
 �B �T�U�S�J�O�H�F�O�U �D�S�J�U�F�S�J�V�N �U�I�B�U
�B�N�Q�M�J�U�V�E�F�T �P�G �B�M�M �E�J�T�D�I�B�S�H�F �F�W�F�O�U�T �T�I�B�M�M �S�F�N�B�J�O �C�F�M�P�X �U�I�F10 pF�W�B�M�V�F �J�T �V�T�F�E��
	_�J�T �J�T �J�O �D�P�O�U�S�B�T�U �U�P �U�I�F �D�P�N�N�P�O�M�Z �V�T�F�E �B�W�F�S�B�H�F �W�B�M�V�F �P�G �D�B�Q�B�D�J�U�B�O�D�F �B�T
�D�B�M�D�V�M�B�U�F�E�
 �F���H���
 �C�Z �E�F�G�B�V�M�U �C�Z �U�I�F �.�%�1	>	8	8 �C�B�T�F�E �P�O �*�&�$ 	>	8	:	?	8�� 	_�F �"�$�5
�Q�B�T�T�F�T �U�I�F �1�% �U�F�T�U �B�U10”7 kV�S�N�T �	15”1 kV�Q�F�B�L�
 �G�P�S �U�I�F �S�B�U�F�E �J�O�T�V�M�B�U�J�P�O �W�P�M�U�B�H�F
�P�G+�J�T�P= 10 kVDC�
 �X�I�F�S�F�B�T �U�I�F �.�$�5 �D�B�O �S�F�B�D�I �1�%���G�S�F�F �P�Q�F�S�B�U�J�P�O �P�O�M�Z �V�Q �U�P
4”2 kVDC�X�I�J�D�I �S�F�T�V�M�U�T �G�S�P�N �U�I�F �U�F�T�U �B�U6”3 kV �Q�F�B�L��

�'�V�S�U�I�F�S �N�F�B�T�V�S�F�N�F�O�U�T �J�O�E�J�D�B�U�F �U�I�B�U �U�I�F �1�%�T �J�O �U�I�F �.�$�5 �P�D�D�V�S �J�O �U�I�F
�X�J�O�E�J�O�H �Q�B�D�L�B�H�F �	�U�F�T�U �X�J�U�I�P�V�U �U�I�F �D�P�S�F�
�
 �I�P�X�F�W�F�S�
 �E�V�F �U�P �J�U�T �D�M�P�T�F�E �T�U�S�V�D�U�V�S�F�

�J���F���
 �X�J�O�E�J�O�H �B�O�E �T�J�M�J�D�P�O�F �B�S�F �F�O�D�M�P�T�F�E �J�O �B �Q�M�B�T�U�J�D �N�P�M�E�
 �J�U �J�T �J�N�Q�P�T�T�J�C�M�F �U�P
�M�P�D�B�U�F �U�I�F �T�P�V�S�D�F �P�G �U�I�F �1�%�T�
 �F���H���
 �X�J�U�I �B�O �V�M�U�S�B�T�P�O�J�D �J�N�B�H�J�O�H �D�B�N�F�S�B�� �*�O �P�S�E�F�S�

�U�P �J�E�F�O�U�J�G�Z �U�I�F �T�P�V�S�D�F �P�G �1�%�T�
 �G�V�S�U�I�F�S �C�B�T�J�D �T�U�V�E�J�F�T �P�G �1�%�T �E�F�W�F�M�P�Q�N�F�O�U �J�O
�X�J�O�E�J�O�H�T �Q�P	R�F�E �X�J�U�I �U�I�F �T�B�N�F �U�F�D�I�O�P�M�P�H�Z �B�O�E �N�B�U�F�S�J�B�M�T �B�S�F �S�F�R�V�J�S�F�E��

	9	9
�



	=��	<�� �4�Z�T�U�F�N���-�F�W�F�M 	9��	9���%�$�9 �1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�z���y �4�Z�T�U�F�N���-�F�W�F�M �v���v���%�$�9 �1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V��
�B�U�J�P�O

	_�F �J�O�J�U�J�B�M �1�B�S�F�U�P �P�Q�U�J�N�J�[�B�U�J�P�O�T �B�O�E �U�I�F �F�Y�U�F�O�T�J�W�F �F�Y�Q�F�S�J�N�F�O�U�B�M �B�O�B�M�Z�T�F�T �P�G
�G�V�M�M���T�D�B�M�F �"�$�5 �B�O�E �.�$�5 �Q�S�P�U�P�U�Z�Q�F�T �Q�S�P�W�J�E�F �B �T�P�M�J�E �C�B�T�J�T �G�P�S �B �D�P�O�D�M�V�E�J�O�H
�R�V�B�O�U�J�U�B�U�J�W�F �T�Z�T�U�F�N���M�F�W�F�M �Q�F�S�G�P�S�N�B�O�D�F �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �"�$�5�� �B�O�E �.�$�5��
�C�B�T�F�E 	9��	9���%�$�9�
 �B�O�E 
W�O�B�M�M�Z �B �R�V�B�M�J�U�B�U�J�W�F �B�Q�Q�M�J�D�B�U�J�P�O���P�S�J�F�O�U�F�E �F�W�B�M�V�B�U�J�P�O��

�z���y���v �4�Z�T�U�F�N���-�F�W�F�M �1�F�S�G�P�S�N�B�O�D�F �P�G �"�$�5�� �B�O�E �.�$�5���%�$�9

	_�F �B�D�U�V�B�M�M�Z �S�F�B�M�J�[�F�E �U�S�B�O�T�G�P�S�N�F�S �Q�S�P�U�P�U�Z�Q�F�T �B�O�E �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H	9��	9���%�$�9�T
�B�S�F �J�O�E�J�D�B�U�F�E �X�J�U�I �B�J�O �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F�T �P�C�U�B�J�O�F�E �G�S�P�N �U�I�F �P�Q�U�J��
�N�J�[�B�U�J�P�O �J�O�'�J�H�� �z���v�B�O�E�'�J�H�� �z���w���'�J�H�� �z���}�T�I�P�X�T �U�I�F �C�S�F�B�L�E�P�X�O�T �P�G �N�B�T�T�F�T�

�W�P�M�V�N�F�T�
 �B�O�E �M�P�T�T�F�T �P�G �U�I�F �D�P�N�Q�P�O�F�O�U�T �F�N�Q�M�P�Z�F�E �J�O �U�I�F �U�X�P	9��	9���%�$�9�E�F�T�J�H�O�T��
	_�F �W�B�M�V�F�T �G�P�S �U�I�F �U�X�P �U�S�B�O�T�G�P�S�N�F�S�T �B�O�E �G�P�S �U�I�F �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L�T
�B�S�F �N�F�B�T�V�S�F�E �B�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F�
 �X�I�F�S�F�B�T �U�I�F �S�F�N�B�J�O�J�O�H �E�B�U�B �G�P�M�M�P�X�T �G�S�P�N
�U�I�F �N�P�E�F�M�J�O�H �V�T�F�E �G�P�S �U�I�F �1�B�S�F�U�P �P�Q�U�J�N�J�[�B�U�J�P�O �	�T�F�F�$�I�B�Q�U�F�S �w�
�� �O�P�U�F �U�I�B�U �U�I�F
�D�B�M�D�V�M�B�U�J�P�O �P�G �U�I�F �.�0�4�'�&�5 �N�B�T�T�F�T�
 �W�P�M�V�N�F�T �B�O�E �M�P�T�T�F�T �S�F�M�J�F�T �P�O �F�Y�Q�F�S�J�N�F�O�U�B�M
�E�B�U�B �G�S�P�N �<	;
��
 	;	A�>�� 	_�F�S�F�G�P�S�F�
 �B�M�M �J�N�Q�P�S�U�B�O�U �D�P�O�U�S�J�C�V�U�J�P�O�T �U�P �N�B�T�T�
 �W�P�M�V�N�F�
 �B�O�E
�M�P�T�T�F�T �P�G �U�I�F �U�X�P �T�Z�T�U�F�N�T �B�S�F �C�B�D�L�F�E �C�Z �F�Y�Q�F�S�J�N�F�O�U�B�M �S�F�T�V�M�U�T�
 �X�I�J�D�I �F�O�B�C�M�F�T
�B �S�F�B�M�J�T�U�J�D �D�P�N�Q�B�S�J�T�P�O��

	_�F �N�B�T�T �C�S�F�B�L�E�P�X�O �	�T�F�F�'�J�H�� �z���}�	�B�
�
 �T�I�P�X�T �U�I�B�U �U�I�F �N�B�T�T �P�G �U�I�F �.�$�5
�B�D�D�P�V�O�U�T �G�P�S �B�C�P�V�U84 %�P�G �U�I�F �U�P�U�B�M �D�P�O�W�F�S�U�F�S�Ý�T �N�B�T�T �X�J�U�I �U�I�F �D�P�S�F �B�M�P�O�F
�D�P�O�U�S�J�C�V�U�J�O�H45 %�� �*�O �B�E�E�J�U�J�P�O�
 �B�M�T�P �U�I�F �E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O �J�O�D�S�F�B�T�F�T �U�I�F
�P�W�F�S�B�M�M �X�F�J�H�I�U �D�P�O�T�J�E�F�S�B�C�M�Z�� �*�O�U�F�S�F�T�U�J�O�H�M�Z�
 �U�I�F �X�F�J�H�I�U�T �P�G �X�J�O�E�J�O�H�T �B�O�E �D�P�J�M
�G�P�S�N�F�S�T �B�S�F �W�F�S�Z �T�J�N�J�M�B�S �G�P�S �C�P�U�I �U�S�B�O�T�G�P�S�N�F�S�T�� �%�V�F �U�P �U�I�F �M�P�X �D�P�Q�Q�F�S �N�B�T�T
�P�G �U�I�F �"�$�5�
 �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �N�F�D�I�B�O�J�D�B�M �Q�B�S�U�T �T�V�D�I �B�T �D�P�J�M �G�P�S�N�F�S�T�
 �T�V�Q�Q�P�S�U�T�

�B�O�E 
W�Y�U�V�S�F�T �C�F�D�P�N�F�T �J�N�Q�P�S�U�B�O�U�
 �B�T �U�I�F�Z �B�D�D�P�V�O�U �G�P�S �N�P�S�F �U�I�B�O55 %�P�G �U�I�F
�"�$�5�Ý�T �U�P�U�B�M �N�B�T�T�� �0�O �U�I�F �P�U�I�F�S �I�B�O�E�
 �U�I�F �D�B�Q�B�D�J�U�P�S �C�B�O�L �G�P�S �U�I�F �.�$�5���%�$�9 �D�B�O
�C�F �S�F�B�M�J�[�F�E �B�T �B �1�$�# �X�J�U�I �$�0�( �D�F�S�B�N�J�D �D�B�Q�B�D�J�U�P�S�T �P�G �B�M�N�P�T�U �O�F�H�M�J�H�J�C�M�F �N�B�T�T�

�X�I�J�D�I �S�F�Q�S�F�T�F�O�U�T �B �D�M�F�B�S �B�E�W�B�O�U�B�H�F �P�W�F�S �U�I�F �"�$�5���%�$�9 �U�I�B�U �S�F�R�V�J�S�F�T �I�J�H�I��
�Q�P�X�F�S �D�B�Q�B�D�J�U�P�S�T �X�J�U�I �B �E�F�E�J�D�B�U�F�E �D�P�P�M�J�O�H �T�Z�T�U�F�N �D�P�O�T�J�T�U�J�O�H �P�G �I�F�B�U�T�J�O�L�T
�B�O�E �G�B�O�T�
 �X�I�J�D�I �V�M�U�J�N�B�U�F�M�Z �D�P�O�U�S�J�C�V�U�F�T �N�P�S�F �U�I�B�O14 %�P�G �U�I�F �D�P�O�W�F�S�U�F�S�Ý�T
�U�P�U�B�M �N�B�T�T�� �0�W�F�S�B�M�M�
 �U�I�F �"�$�5���%�$�9 �G�F�B�U�V�S�F�T �B �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G
W= 9”7 kW•kg�
 �X�I�F�S�F�B�T �U�I�F �.�$�5���%�$�9 �B�D�I�J�F�W�F�TW= 5”6 kW•kg��

�/�P�U �D�P�O�T�J�E�F�S�J�O�H �U�I�F �"�$�5�Ý�T �T�I�J�F�M�E�J�O�H�
 �J�U�T �C�P�Y�F�E �W�P�M�V�N�F �J�T �T�U�J�M�M56 %�M�B�S�H�F�S
�U�I�B�O �U�I�F �.�$�5�Ý�T�
 �T�F�F�'�J�H�� �z���}�	�C�
�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �U�I�F �"�$�5 �J�U�T�F�M�G �B�D�I�J�F�W�F�T �B
�S�B�U�I�F�S �I�J�H�I �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G7”8 kW•dm3�� �)�P�X�F�W�F�S�
 �U�I�F �P�W�F�S�B�M�M
�D�P�O�W�F�S�U�F�S �W�P�M�V�N�F �J�T �E�P�N�J�O�B�U�F�E �C�Z �U�I�F �W�P�M�V�N�F �P�G �U�I�F �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F
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�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�'�J�H�� �z���}���#�S�F�B�L�E�P�X�O �P�G �U�I�F�	�B�
�N�B�T�T�F�T�
�	�C�
�W�P�M�V�N�F�T�
�	�D�
�M�P�T�T�F�T �P�G �U�I�F �D�P�N�Q�P�O�F�O�U�T �F�N��
�Q�M�P�Z�F�E �J�O �U�I�F �"�$�5���C�B�T�F�E �B�O�E �.�$�5���C�B�T�F�E166 kW��7 kV	9��	9���%�$�9�E�F�T�J�H�O�T���	�E�
�.�F�B�T�V�S�F�E
�U�S�B�O�T�G�P�S�N�F�S�T �M�P�T�T�F�T �J�O�D�M�V�E�J�O�H �M�P�T�T�F�T �G�P�S �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N��
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	=��	<�� �4�Z�T�U�F�N���-�F�W�F�M 	9��	9���%�$�9 �1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

99.2%

/

99.0%

99.7%

99.5%

�'�J�H�� �z���~���.�F�B�T�V�S�F�E �	�
 �B�O�E �T�J�N�V�M�B�U�F�E �	�� �
 �F
Y�D�J�F�O�D�J�F�T �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�T �B�O�E �U�I�F
�D�P�N�Q�M�F�U�F 	9��	9���%�$�9�T �	�.�$�5���C�B�T�F�E �J�O �C�M�V�F�
 �"�$�5���C�B�T�F�E �J�O �S�F�E�
��

�B�S�P�V�O�E �U�I�F �"�$�5�� 	_�F�S�F�G�P�S�F�
 �U�I�F �.�$�5���%�$�9 �J�T �T�J�H�O�J
W�D�B�O�U�M�Z �N�P�S�F �D�P�N�Q�B�D�U �B�O�E
�G�F�B�U�V�S�F�T �B2”2� �I�J�H�I�F�S �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�� �/�P�U�F �U�I�B�U �U�I�F �T�I�J�F�M�E�J�O�H
�F�O�D�M�P�T�V�S�F �P�G �U�I�F �"�$�5 �D�P�V�M�E �C�F �N�V�D�I �N�P�S�F �D�P�N�Q�B�D�U�
 �I�P�X�F�W�F�S�
 �X�J�U�I �B �U�S�B�E�F���P
V
�P�G �J�O�D�S�F�B�T�F�E �M�P�T�T�F�T �	�J�O �U�I�F �C�V�J�M�U �Q�S�P�U�P�U�Z�Q�F �U�I�F �P�C�K�F�D�U�J�W�F �X�B�T �U�P �P�C�U�B�J�O �N�B�S�H�J�O�B�M
�M�P�T�T�F�T �J�O �U�I�F �T�I�J�F�M�E�J�O�H�
	:��

	_�F �C�S�F�B�L�E�P�X�O �P�G �U�I�F �D�P�O�W�F�S�U�F�S�T�Ý �M�P�T�T�F�T �B�U �O�P�N�J�O�B�M �Q�P�X�F�S �	�T�F�F���'�J�H�� �z���}�	�D�
�

�T�I�P�X�T �U�I�B�U �U�I�F �U�P�U�B�M �T�F�N�J�D�P�O�E�V�D�U�P�S �M�P�T�T�F�T �B�S�F �B�M�N�P�T�U �F�R�V�B�M �G�P�S �C�P�U�I �T�P�M�V�U�J�P�O�T
�	764 W�G�P�S �U�I�F �.�$�5���%�$�9 �W�T��736 W�G�P�S �U�I�F �"�$�5���%�$�9�
 �F�W�F�O �U�I�P�V�H�I �U�I�F
�T�X�J�U�D�I�F�E���D�P�O�E�V�D�U�F�E �D�V�S�S�F�O�U�T �B�O�E �U�I�F �T�X�J�U�D�I�J�O�H �G�S�F�R�V�F�O�D�J�F�T �B�S�F �I�J�H�I�F�S �J�O �U�I�F
�"�$�5���%�$�9�� �*�U �J�T �J�N�Q�P�S�U�B�O�U �U�P �I�J�H�I�M�J�H�I�U �U�I�B�U �U�I�J�T �J�T �B�D�I�J�F�W�F�E �C�Z �F�N�Q�M�P�Z�J�O�H
�N�P�S�F �D�I�J�Q �B�S�F�B �J�O �U�I�F �"�$�5���%�$�9�
 �J���F���
 �B �U�P�U�B�M �P�G 	> �Q�B�S�B�M�M�F�M�F�E �E�J�F�T �		; �Q�B�D�L�B�H�F�T�

�B�S�F �V�T�F�E �D�P�N�Q�B�S�F�E �U�P �P�O�M�Z 	< �Q�B�S�B�M�M�F�M �E�J�F�T �		: �Q�B�D�L�B�H�F�T�
 �J�O �D�B�T�F �P�G �U�I�F �.�$�5��
�%�$�9�� 	_�F�S�F�G�P�S�F�
 �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �U�I�F �I�B�M�G���C�S�J�E�H�F�T �P�G �U�I�F �"�$�5���%�$�9 �T�X�J�U�D�I�J�O�H
�T�U�B�H�F�T �J�T �N�P�S�F �D�P�N�Q�M�F�Y �	�H�B�U�F �E�S�J�W�J�O�H �D�J�S�D�V�J�U�S�Z�
 �B�O�E �F�T�Q�F�D�J�B�M�M�Z �T�J�H�O�J
W�D�B�O�U�M�Z
�N�P�S�F �F�Y�Q�F�O�T�J�W�F�
 �J�O �B�E�E�J�U�J�P�O �U�P �S�F�R�V�J�S�J�O�H �B �C�V�M�L�J�F�S �D�P�P�M�J�O�H �T�Z�T�U�F�N �U�I�B�U �J�T
�S�F
X�F�D�U�F�E �J�O �U�I�F �J�O�D�S�F�B�T�F�E �N�B�T�T �B�O�E �W�P�M�V�N�F�
 �D�G���'�J�H�� �z���}�	�B�
�¶�	�C�
�� �0�O �U�I�F �T�Z�T�U�F�N
�M�F�W�F�M�
 �X�J�U�I 	A	A��	: �� �F
Y�D�J�F�O�D�Z �U�I�F �.�$�5���%�$�9 �B�D�I�J�F�W�F�T �B �T�M�J�H�I�U�M�Z �I�J�H�I�F�S �%�$���%�$
�F
Y�D�J�F�O�D�Z �B�U �O�P�N�J�O�B�M �M�P�B�E �U�I�B�O �U�I�F �"�$�5���%�$�9 �		A	A��	8 ���
�� �U�I�F �R�V�J�U�F �E�J
V�F�S�F�O�U
�F
Y�D�J�F�O�D�Z �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �B�U �Q�B�S�U�J�B�M���M�P�B�E �P�Q�F�S�B�U�J�P�O �X�J�M�M �C�F �E�J�T�D�V�T�T�F�E �C�F�M�P�X��

�'�J�H�� �z���}�	�E�
�Q�S�P�W�J�E�F�T �E�F�U�B�J�M�F�E �J�O�T�J�H�I�U �J�O�U�P �U�I�F �U�S�B�O�T�G�P�S�N�F�S �M�P�T�T �D�P�N�Q�P�O�F�O�U�T��
	_�F �N�B�K�P�S�J�U�Z �P�G �.�$�5�Ý�T �M�P�T�T�F�T �B�S�F �D�P�S�F �M�P�T�T�F�T �	�B�C�P�V�U73 %�
�� 	_�J�T �J�T �B �D�I�B�S�B�D�U�F�S��
�J�T�U�J�D �P�G �U�I�F �X�F�J�H�I�U���P�Q�U�J�N�J�[�F�E �E�F�T�J�H�O�
 �B�T �J�U �J�T �N�V�D�I �F�B�T�J�F�S �U�P �F�Y�U�S�B�D�U �U�I�F �I�F�B�U

	:�'�V�S�U�I�F�S�N�P�S�F�
 �O�P �T�I�J�F�M�E�J�O�H �J�T �D�P�O�T�J�E�F�S�F�E �G�P�S �U�I�F �.�$�5��
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�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�G�S�P�N �U�I�F �T�U�B�D�L�F�E �D�P�S�F�T �X�J�U�I �B�J�S �D�I�B�O�O�F�M�T �J�O �C�F�U�X�F�F�O �D�P�N�Q�B�S�F�E �U�P �F�Y�U�S�B�D�U�J�O�H
�M�P�T�T�F�T �G�S�P�N �U�I�F �Q�P	R�F�E �X�J�O�E�J�O�H�� �'�V�S�U�I�F�S�N�P�S�F�
 �S�F�M�B�U�J�W�F�M�Z �I�J�H�I �D�P�S�F �M�P�T�T�F�T �B�S�F
�B �D�P�O�T�F�R�V�F�O�D�F �P�G �T�F�M�F�D�U�J�O�H �B �E�F�T�J�H�O �X�J�U�I �S�B�U�I�F�S �I�J�H�I �N�B�H�O�F�U�J�D 
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�U�I�F�S�N�B�M�M�Z �G�F�B�T�J�C�M�F �Q�P�X�F�S �U�S�B�O�T�G�F�S �X�F�S�F �D�B�S�S�J�F�E �P�V�U�� �"�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�

�U�I�F �.�$�5 �Q�S�P�U�P�U�Z�Q�F �D�B�O �C�F �P�Q�F�S�B�U�F�E �X�J�U�I �Q�P�X�F�S �U�S�B�O�T�G�F�S �P�G �V�Q �U�P250 kW�

�X�I�F�S�F�B�T �U�I�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F �D�B�O �S�F�B�D�I225 kW��

�1�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �N�F�B�T�V�S�F�N�F�O�U�T �S�F�B�M�J�[�F�E �B�D�D�P�S�E�J�O�H �U�P �*�&�$ 	>	:	<	?	? �T�I�P�X
�U�I�B�U �U�I�F �"�$�5 �Q�B�T�T�F�T �U�I�F �1�% �U�F�T�U�
 �J���F���
 �B�N�Q�M�J�U�V�E�F�T �P�G �B�M�M �E�J�T�D�I�B�S�H�F �F�W�F�O�U�T �B�S�F
�C�F�M�P�X �U�I�F10 pF�M�J�N�J�U�
 �B�U10”7 kV �S�N�T �	15”1 kV�Q�F�B�L�
 �G�P�S �U�I�F �S�B�U�F�E �J�O�T�V�M�B�U�J�P�O
�W�P�M�U�B�H�F �P�G+�J�T�P= 10 kVDC�
 �X�I�F�S�F�B�T �U�I�F �.�$�5 �D�B�O �S�F�B�D�I �1�%���G�S�F�F �P�Q�F�S�B�U�J�P�O
�P�O�M�Z �V�Q �U�P4”2 kVDC �X�I�J�D�I �S�F�T�V�M�U�T �G�S�P�N �U�I�F �U�F�T�U �B�U6”3 kV �Q�F�B�L�� �'�V�S�U�I�F�S
�J�O�W�F�T�U�J�H�B�U�J�P�O�T �B�O�E �C�B�T�J�D �T�U�V�E�J�F�T �P�G �1�%�T �E�F�W�F�M�P�Q�N�F�O�U �J�O �X�J�O�E�J�O�H�T �Q�P	R�F�E �J�O
�U�I�F �T�B�N�F �U�F�D�I�O�P�M�P�H�Z �B�O�E �N�B�U�F�S�J�B�M�T �B�S�F �S�F�R�V�J�S�F�E �B�T �U�I�F �N�F�B�T�V�S�F�N�F�O�U�T �J�O�E�J�D�B�U�F
�U�I�B�U �U�I�F �1�%�T �P�D�D�V�S �J�O �U�I�F �X�J�O�E�J�O�H �Q�B�D�L�B�H�F �P�G �U�I�F �.�$�5��

	_�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F �	16”5 kW•kg�
2”2 kW•dm3�
 �B�D�I�J�F�W�F�T �B �N�F�B�T�V�S�F�E �G�V�M�M��
�M�P�B�E �F
Y�D�J�F�O�D�Z �P�G99”5 %�B�U �B�O �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �P�G77”4 kHz�� 	_�F �.�$�5 �Q�S�P��
�U�P�U�Z�Q�F �	6”7 kW•kg�
5”4 kW•dm3�
�
 �P�Q�F�S�B�U�F�E �B�U40”0 kHz�
 �S�F�B�D�I�F�T �B �N�F�B�T�V�S�F�E
�F
Y�D�J�F�O�D�Z �P�G99”7 %�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �V�T�F �P�G10 kV�4�J�$ �.�0�4�'�&�5�T �F�O�B�C�M�F�T
�T�Z�T�U�F�N���M�F�W�F�M �F
Y�D�J�F�O�D�J�F�T �	�D�B�M�D�V�M�B�U�F�E�
 �G�P�S �U�I�F �"�$�5���%�$�9 �B�O�E �U�I�F �.�$�5���%�$�9 �P�G
99”0 %�B�O�E99”2 %�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�� �.�P�S�F�P�W�F�S�
 �C�P�U�I �%�$�9�T �B�S�F �D�I�B�S�B�D�U�F�S�J�[�F�E �C�Z
�B 
X�B�U �F
Y�D�J�F�O�D�Z �D�V�S�W�F�
 �X�J�U�I �U�I�F �"�$�5���%�$�9�Ý�T �F
Y�D�J�F�O�D�Z �C�F�J�O�H �T�M�J�H�I�U�M�Z �I�J�H�I�F�S
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�$�I�B�Q�U�F�S 	=�� �$�P�N�Q�P�O�F�O�U���-�F�W�F�M �B�O�E �4�Z�T�U�F�N���-�F�W�F�M �	�"�$�5�� �B�O�E �.�$�5���%�$�9�

�1�F�S�G�P�S�N�B�O�D�F �&�W�B�M�V�B�U�J�P�O

�G�P�S �M�P�B�E�TŸ 40%�P�G �S�B�U�F�E �Q�P�X�F�S�
 �U�I�B�O�L�T �U�P �U�I�F �"�$�5�Ý�T �M�P�X �O�P���M�P�B�E �M�P�T�T�F�T�� �*�O
�D�P�O�U�S�B�T�U�
 �G�P�S �I�J�H�I�F�S �Q�P�X�F�S �M�F�W�F�M�T�
 �U�I�F �.�$�5�Ý�T �S�F�M�B�U�J�W�F�M�Z �M�P�X �X�J�O�E�J�O�H �M�P�T�T�F�T
�F�O�B�C�M�F �I�J�H�I�F�S �F
Y�D�J�F�O�D�J�F�T�� �'�P�S �U�I�F �P�W�F�S�B�M�M �T�Z�T�U�F�N�T�
 �U�I�F �B�D�I�J�F�W�F�E �Q�P�X�F�S �E�F�O��
�T�J�U�Z �J�O�E�J�D�F�T �B�S�F9”7 kW•kg�
2”0 kW•dm3 �G�P�S �U�I�F �"�$�5���%�$�9 �B�O�E5”6 kW•kg�

4”5 kW•dm3 �G�P�S �U�I�F �.�$�5���%�$�9��

�'�J�O�B�M�M�Z�
 �U�I�F �Q�S�F�T�F�O�U�F�E �B�Q�Q�M�J�D�B�U�J�P�O���P�S�J�F�O�U�F�E �R�V�B�M�J�U�B�U�J�W�F �F�W�B�M�V�B�U�J�P�O �D�M�B�S�J
W�F�T
�U�I�F �T�U�S�F�O�H�U�I�T �B�O�E �X�F�B�L�O�F�T�T�F�T �P�G �U�I�F �"�$�5�� �B�O�E �.�$�5���C�B�T�F�E �T�Z�T�U�F�N�T�
 �B�O�E �D�B�O
�B�J�E �J�O �U�I�F �T�F�M�F�D�U�J�P�O �P�G �U�I�F �N�P�T�U �T�V�J�U�B�C�M�F �D�P�O�D�F�Q�U �G�P�S �B �H�J�W�F�O �B�Q�Q�M�J�D�B�U�J�P�O��
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�1	g	x	z 	:

�.�F�E�J�V�N���7�P�M�U�B�H�F
�1�P�X�F�S �4�F�N�J�D�P�O�E�V�D�U�P�S

�4�U�B�H�F





�e
�.�7 �1�P�X�F�S �4�F�N�J�D�P�O�E�V�D�U�P�S �4�U�B�H�F��

	^�B�T�J��	:���-�F�W�F�M �'�M�Z�J�O�H �$�B�Q�B�D�J�U�P�S
�$�P�O�W�F�S�U�F�S

	_�J�T �D�I�B�Q�U�F�S �T�V�N�N�B�S�J�[�F�T �U�I�F �N�B�K�P�S �S�F�T�F�B�S�D�I 
W�O�E�J�O�H�T �B�M�T�P �Q�V�C�M�J�T�I�F�E �J�O��

I �1�� �$�[�Z�[�
 �1�� �1�B�Q�B�N�B�O�P�M�J�T�
 �'�� �#�S�V�H�V�F�S�B�
 �5�� �(�V�J�M�M�P�E�
 �'�� �,�S�J�T�N�F�S�
 �7�� �-�B�[�B�S�F��
�W�J�D�
 �+�� �)�V�C�F�S�
 �B�O�E �+�� �8�� �,�P�M�B�S�
 �à�-�P�B�E���*�O�E�F�Q�F�O�E�F�O�U �7�P�M�U�B�H�F �#�B�M�B�O�D�J�O�H �P�G
�.�V�M�U�J���-�F�W�F�M �'�M�Z�J�O�H �$�B�Q�B�D�J�U�P�S �$�P�O�W�F�S�U�F�S �J�O 	^�B�T�J��	:���-�F�W�F�M �0�Q�F�S�B�U�J�P�O�
�á
�&�M�F�D�U�S�P�O�J�D�T�
 �W�P�M�� 	9	8�
 �O�P�� 	9	A�
 �Q�Q�� 	9��	;	9�
 	:	8	:	9��

	^�B�T�J��	:���M�F�W�F�M �	�2	:�-�
 �P�Q�F�S�B�U�J�P�O �P�G �N�V�M�U�J���M�F�W�F�M �C�S�J�E�H�F���M�F�H�T�
 �F�T�Q�F�D�J�B�M�M�Z �P�G 
X�Z�J�O�H���D�B�Q�B�D�J�U�P�S �D�P�O�W�F�S�U��

�F�S�T �	�'�$�$�
�
 �J�T �B�O �J�O�U�F�S�F�T�U�J�O�H �P�Q�U�J�P�O �G�P�S �S�F�B�M�J�[�J�O�H �T�J�O�H�M�F���D�F�M�M �Q�P�X�F�S �D�P�O�W�F�S�T�J�P�O �J�O �B�Q�Q�M�J�D�B�U�J�P�O�T

�X�I�P�T�F �T�Z�T�U�F�N �W�P�M�U�B�H�F�T �F�Y�D�F�F�E �U�I�F �S�B�U�J�O�H�T �P�G �B�W�B�J�M�B�C�M�F �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T�� �5�P �F�O�T�V�S�F

�F�R�V�B�M �W�P�M�U�B�H�F �T�I�B�S�J�O�H �B�N�P�O�H �B �2	:�-���'�$�$�Ý�T �T�X�J�U�D�I�F�T�
 �U�I�F �W�P�M�U�B�H�F�T �P�G �B �2	:�-���'�$�$�Ý�T �N�J�O�J�N�J�[�F�E


X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T �	�'�$�T�
 �N�V�T�U �B�M�X�B�Z�T �C�F �C�B�M�B�O�D�F�E�� 	_�V�T�
 �J�O �U�I�J�T �D�I�B�Q�U�F�S �B �D�P�O�D�F�Q�U �G�P�S �M�P�B�E��

�J�O�E�F�Q�F�O�E�F�O�U �'�$ �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H �J�T �Q�S�P�Q�P�T�F�E�� �G�P�S �O�P�O���[�F�S�P �M�P�B�E �D�V�S�S�F�O�U�
 �B �N�P�E�F�M �Q�S�F�E�J�D�U�J�W�F

�D�P�O�U�S�P�M �	�.�1�$�
 �B�Q�Q�S�P�B�D�I �J�T �V�T�F�E �U�P �J�E�F�O�U�J�G�Z �U�I�F �D�P�N�N�V�U�B�U�J�P�O �T�F�R�V�F�O�D�F �P�G �U�I�F �J�O�E�J�W�J�E�V�B�M

�T�X�J�U�D�I�F�T �X�J�U�I�J�O �B �2	:�- �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O �U�I�B�U �N�J�O�J�N�J�[�F�T �U�I�F �'�$ �P�S �D�F�M�M �W�P�M�U�B�H�F �F�S�S�P�S�T��

�*�O �D�B�T�F �P�G �[�F�S�P �M�P�B�E �D�V�S�S�F�O�U�
 �B �O�P�W�F�M �.�1�$���C�B�T�F�E �B�Q�Q�S�P�B�D�I �V�T�J�O�H �D�F�M�M �N�V�M�U�J�Q�M�F �T�X�J�U�D�I�J�O�H

�	�$�.�4�
 �J�T �F�N�Q�M�P�Z�F�E�
 �J���F���
 �U�I�F �J�O�T�F�S�U�J�P�O �P�G �B�E�E�J�U�J�P�O�B�M �[�F�S�P���D�V�S�S�F�O�U �D�P�N�N�V�U�B�U�J�P�O�T �X�J�U�I�J�O �B �2	:�-

�U�S�B�O�T�J�U�J�P�O�
 �U�P �F�Y�D�I�B�O�H�F �D�I�B�S�H�F �C�F�U�X�F�F�O �U�I�F �'�$�T �W�J�B �U�I�F �D�I�B�S�H�J�O�H �D�V�S�S�F�O�U�T �P�G �U�I�F �T�X�J�U�D�I�F�T�Ý

�Q�B�S�B�T�J�U�J�D �D�B�Q�B�D�J�U�B�O�D�F�T�� �&�Y�Q�F�S�J�N�F�O�U�T �X�J�U�I �B 	=���M�F�W�F�M �'�$�$ �I�B�M�G���C�S�J�E�H�F �E�F�N�P�O�T�U�S�B�U�P�S �D�P�O
W�S�N �U�I�F

�W�B�M�J�E�J�U�Z �P�G �U�I�F �E�F�S�J�W�F�E �N�P�E�F�M�T �B�O�E �W�F�S�J�G�Z �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �P�G �U�I�F �Q�S�P�Q�P�T�F�E �M�P�B�E���J�O�E�F�Q�F�O�E�F�O�U

�C�B�M�B�O�D�J�O�H �D�P�O�D�F�Q�U��

�&�Y�F�D�V�U�J�W�F �4�V�N�N�B�S�Z
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�$�I�B�Q�U�F�S 	>�� �.�7 �1�P�X�F�S �4�F�N�J�D�P�O�E�V�D�U�P�S �4�U�B�H�F�� �2	:�-���'�$�$

�{���v �*�O�U�S�P�E�V�D�U�J�P�O

�4�U�S�J�O�H�F�O�U �F
Y�D�J�F�O�D�Z �S�F�R�V�J�S�F�N�F�O�U�T �G�P�S �U�I�F �T�V�Q�Q�M�Z �P�G �I�J�H�I���Q�P�X�F�S �%�$ �B�Q�Q�M�J��
�D�B�U�J�P�O�T �T�V�D�I �B�T �I�Z�Q�F�S�T�D�B�M�F �E�B�U�B �D�F�O�U�F�S�T �<	9	=�
 	9	>�
 	A	:�
 	A
��> �B�O�E �I�J�H�I���Q�P�X�F�S �F�M�F�D��
�U�S�J�D �W�F�I�J�D�M�F �	�&�7�
 �D�I�B�S�H�J�O�H �T�U�B�U�J�P�O�T �<	9	8�
 	9	9�
 	A	8�
 	9	:	?�> �E�S�J�W�F �U�I�F �J�O�U�F�S�F�T�U �J�O �E�J��
�S�F�D�U �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D �J�O�U�F�S�G�B�D�F�T �C�F�U�X�F�F�O �B �N�F�E�J�V�N���W�P�M�U�B�H�F �	�.�7�
 �"�$ �H�S�J�E
�B�O�E �B �M�P�X���W�P�M�U�B�H�F �	�-�7�
 �%�$ �C�V�T�� �4�V�D�I 
X�F�Y�J�C�M�F �J�T�P�M�B�U�J�P�O �B�O�E �W�P�M�U�B�H�F���T�D�B�M�J�O�H
�.�7�"�$���-�7�%�$ �J�O�U�F�S�G�B�D�F�T �B�S�F �D�P�N�N�P�O�M�Z �S�F�G�F�S�S�F�E �U�P �B�T �T�P�M�J�E���T�U�B�U�F �U�S�B�O�T�G�P�S�N�F�S�T
�	�4�4�5�T�
 �<	9	;�
 	9	>�
 
�	A�
 	A	:�>�� �(�J�W�F�O �U�I�F �U�Z�Q�J�D�B�M �.�7 �H�S�J�E �W�P�M�U�B�H�F �M�F�W�F�M�T �P�G6”6 kV �S�N�T
�M�J�O�F���U�P���M�J�O�F �	3”8 kV �M�J�O�F���U�P���O�F�V�U�S�B�M�
 �J�O �&�V�S�P�Q�F �<	9	>�> �B�O�E4”16 kV�S�N�T �M�J�O�F���U�P���M�J�O�F
�	2”4 kV �M�J�O�F���U�P���O�F�V�U�S�B�M�
 �J�O �U�I�F �6�4�" �<
�	A�
 	A	:�>�
 �D�M�F�B�S�M�Z �F�J�U�I�F�S �M�B�U�F�T�U �U�F�D�I�O�P�M�P�H�Z
�X�J�E�F���C�B�O�E�H�B�Q �	�8�#�(�
 �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T �X�J�U�I �F�Y�U�S�F�N�F �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F
�S�B�U�J�O�H�T �P�G �V�Q �U�P15 kV�<	9	:
��×	9	;	9�> �P�S�
 �B�M�U�F�S�O�B�U�J�W�F�M�Z�
 �N�V�M�U�J���D�F�M�M �U�P�Q�P�M�P�H�J�F�T �F�N��
�Q�M�P�Z�J�O�H �Q�S�P�E�V�D�U�J�P�O���H�S�B�E�F �-�7 �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T �	�F���H���
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�{���x �$�P�O�D�M�V�T�J�P�O

	_�J�T �D�I�B�Q�U�F�S �Q�S�F�T�F�O�U�T �U�I�F �E�F�U�B�J�M�F�E �T�J�N�V�M�B�U�J�P�O �S�F�T�V�M�U�T �P�G �R�V�B�T�J��	:���M�F�W�F�M �	�2	:�-�

�P�Q�F�S�B�U�J�P�O �P�G �B 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S �D�P�O�W�F�S�U�F�S �	�'�$�$�
 �I�B�M�G���C�S�J�E�H�F�� �#�B�T�F�E �P�O �U�I�F
�B�O�B�M�Z�T�J�T �P�G �[�F�S�P �W�P�M�U�B�H�F �T�X�J�U�D�I�J�O�H �	�;�7�4�
 �B�O�E �I�B�S�E���T�X�J�U�D�I�J�O�H �	�)�4�
 �U�S�B�O�T�J�U�J�P�O�T
�X�J�U�I �O�P�O���[�F�S�P �P�V�U�Q�V�U �D�V�S�S�F�O�U �B�T �X�F�M�M �B�T �U�S�B�O�T�J�U�J�P�O�T �X�J�U�I�P�V�U �B�O �P�V�U�Q�V�U �D�V�S��
�S�F�O�U �	�[�F�S�P���D�V�S�S�F�O�U �)�4�
�
 �B �H�F�O�F�S�J�D �E�F�T�D�S�J�Q�U�J�P�O �P�G �S�F�T�V�M�U�J�O�H �D�I�B�S�H�F �B�O�E �W�P�M�U�B�H�F
�J�O�D�S�F�N�F�O�U�T �J�T �E�F�S�J�W�F�E��

�*�O �Q�S�J�O�D�J�Q�M�F�
 �U�I�F �D�I�B�S�H�F �P�G �B 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S �	�'�$�
 �J�T �Q�S�P�Q�P�S�U�J�P�O�B�M �U�P �U�I�F
�Q�S�P�E�V�D�U �P�G �U�I�F �E�F�M�B�Z �U�J�N�F �B�O�E �U�I�F �M�P�D�B�M �N�B�Y�J�N�V�N �P�G �U�I�F �P�V�U�Q�V�U �D�V�S�S�F�O�U �P�G
�U�I�F �'�$�$���C�B�T�F�E �I�B�M�G���C�S�J�E�H�F�
 �X�I�F�S�F �U�I�F �E�F�M�B�Z �U�J�N�F �J�T �U�I�F �U�J�N�F �B�M�M�P�D�B�U�F�E �G�P�S
�U�I�F �U�S�B�O�T�J�U�J�P�O �P�G �B�O �J�O�E�J�W�J�E�V�B�M �D�F�M�M�� �'�V�S�U�I�F�S�N�P�S�F�
 �B�M�M �B�W�B�J�M�B�C�M�F �T�X�J�U�D�I�J�O�H
�T�F�R�V�F�O�D�F�T�
 �J���F���
 �U�I�F �P�S�E�F�S �J�O �X�I�J�D�I �U�I�F �J�O�E�J�W�J�E�V�B�M �'�$ �D�F�M�M�T �B�S�F �D�P�N�N�V�U�B�U�F�E�
 �B�S�F
�B�O�B�M�Z�T�F�E �G�P�S �U�I�F 	=�-���'�$�$ �B�O�E �J�U �J�T �D�P�O�D�M�V�E�F�E �U�I�B�U �U�I�F�S�F �B�S�F �U�X�P �D�P�O�T�F�D�V�U�J�W�F
�T�F�R�V�F�O�D�F�T �S�F�T�V�M�U�J�O�H �J�O �U�I�F �T�B�N�F �W�B�M�V�F �B�O�E �T�J�H�O �P�G �D�I�B�S�H�F �D�I�B�O�H�F �J�O �B�M�M �'�$�T�

�X�I�F�S�F�B�T¹¹# � 1º! � 2º �O�P�O���D�P�O�T�F�D�V�U�J�W�F �T�F�R�V�F�O�D�F�T �F�O�B�C�M�F �U�P �Q�S�P�W�J�E�F �D�I�B�S�H�F�T
�P�G �E�J
V�F�S�F�O�U �W�B�M�V�F�T �B�O�E �W�B�S�J�P�V�T �F
V�F�D�U�T �	�D�I�B�S�H�J�O�H �B�O�E���P�S �E�J�T�D�I�B�S�H�J�O�H�
�
 �I�P�X�F�W�F�S
�B�M�M �'�$�T �B�S�F �D�P�V�Q�M�F�E �B�O�E �J�U �J�T �O�P�U �Q�P�T�T�J�C�M�F �U�P �J�O
X�V�F�O�D�F �P�O�M�Z �B �T�F�M�F�D�U�F�E �T�F�U �P�G
�'�$�T��

�$�P�O�W�F�S�T�F�M�Z�
 �X�I�F�O �U�I�F �P�V�U�Q�V�U �D�V�S�S�F�O�U �J�T �[�F�S�P�
 �U�I�F �O�F�U �D�I�B�S�H�F �F�Y�D�I�B�O�H�F �P�G
�F�B�D�I �'�$ �P�W�F�S �U�I�F �F�O�U�J�S�F �U�S�B�O�T�J�U�J�P�O �J�T �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z �[�F�S�P�� 	_�F�S�F�G�P�S�F�
 �B �O�P�W�F�M
�N�F�U�I�P�E �U�P �C�B�M�B�O�D�F �U�I�F �'�$ �W�P�M�U�B�H�F�T �C�Z �N�F�B�O�T �P�G �D�F�M�M �N�V�M�U�J�Q�M�F �T�X�J�U�D�I�J�O�H �	�$�.�4�

�J�T �Q�S�P�Q�P�T�F�E�� �$�.�4 �V�U�J�M�J�[�F�T �U�I�F �G�B�D�U �U�I�B�U �E�V�S�J�O�H �[�F�S�P���D�V�S�S�F�O�U �I�B�S�E���T�X�J�U�D�I�J�O�H
�P�G �B �T�X�J�U�D�I�
 �U�I�F �D�P�N�N�V�U�B�U�J�P�O �M�P�P�Q �D�V�S�S�F�O�U �M�F�B�E�T �U�P �B�O �F�Y�D�I�B�O�H�F �P�G �D�I�B�S�H�F
�	�T�V�C�U�S�B�D�U�J�P�O �P�G �D�I�B�S�H�F �J�O �D�F�M�M�Ý�T �J�O�Q�V�U���T�J�E�F �D�B�Q�B�D�J�U�P�S �B�O�E �B�E�E�J�U�J�P�O �P�G �U�I�B�U �D�I�B�S�H�F
�U�P �U�I�F �P�V�U�Q�V�U���T�J�E�F �D�B�Q�B�D�J�U�P�S�
 �X�I�J�D�I �J�T �F�R�V�B�M �U�P �U�I�F �D�I�B�S�H�F 
W�O�B�M�M�Z �T�U�P�S�F�E �J�O �U�I�F
�T�X�J�U�D�I�Ý�T �Q�B�S�B�T�J�U�J�D �D�B�Q�B�D�J�U�B�O�D�F�� �#�Z �B�E�E�J�O�H �B�E�E�J�U�J�P�O�B�M �T�X�J�U�D�I�J�O�H �B�D�U�J�P�O�T �E�V�S�J�O�H
�B �2	:�- �U�S�B�O�T�J�U�J�P�O�
 �U�I�F �'�$ �W�P�M�U�B�H�F�T �D�B�O �C�F �B�E�K�V�T�U�F�E �X�I�J�D�I �D�B�O �C�F �V�U�J�M�J�[�F�E �J�O
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 �'�� �,�S�J�T�N�F�S�
 �7�� �-�B�[�B�S�F��
�W�J�D�
 �+�� �)�V�C�F�S�
 �B�O�E �+�� �8�� �,�P�M�B�S�
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�5�P �F�O�T�V�S�F �F�R�V�B�M �W�P�M�U�B�H�F �T�I�B�S�J�O�H �B�N�P�O�H �U�I�F �T�X�J�U�D�I�F�T �J�O �B �R�V�B�T�J��	:���M�F�W�F�M �	�2	:�-�
 �P�Q�F�S�B�U�F�E �N�V�M�U�J��

�M�F�W�F�M 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S �D�P�O�W�F�S�U�F�S �	�'�$�$�
�
 �U�I�F 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S �	�'�$�
 �W�P�M�U�B�H�F�T �N�V�T�U �C�F �C�B�M�B�O�D�F�E �B�U

�B�M�M �U�J�N�F�T�� �6�T�J�O�H �U�I�F �E�F�T�D�S�J�Q�U�J�P�O �P�G �S�F�T�V�M�U�J�O�H �D�I�B�S�H�F �B�O�E �W�P�M�U�B�H�F �J�O�D�S�F�N�F�O�U�T �J�O �'�$�T �E�V�S�J�O�H �2	:�-

�T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T�
 �E�F�S�J�W�F�E �J�O�$�I�B�Q�U�F�S �{�
 �B �D�P�O�D�F�Q�U �G�P�S �M�P�B�E���J�O�E�F�Q�F�O�E�F�O�U �C�B�M�B�O�D�J�O�H �P�G

�'�$ �W�P�M�U�B�H�F�T �P�G �2	:�-���'�$�$�T �J�T �Q�S�P�Q�P�T�F�E�� �G�P�S �O�P�O���[�F�S�P �M�P�B�E �D�V�S�S�F�O�U �B �N�P�E�F�M �P�G �U�I�F �'�$ �W�P�M�U�B�H�F�T

�G�P�S �B �Q�S�F�E�J�D�U�J�W�F �D�P�O�U�S�P�M �	�.�1�$�
 �B�Q�Q�S�P�B�D�I �J�T �V�T�F�E �U�P �J�E�F�O�U�J�G�Z �U�I�F �D�P�N�N�V�U�B�U�J�P�O �T�F�R�V�F�O�D�F �P�G

�U�I�F �J�O�E�J�W�J�E�V�B�M �T�X�J�U�D�I�F�T �X�J�U�I�J�O �B �2	:�- �U�S�B�O�T�J�U�J�P�O �U�I�B�U �N�J�O�J�N�J�[�F�T �U�I�F �'�$ �P�S �D�F�M�M �W�P�M�U�B�H�F �F�S�S�P�S�T��

�*�O �D�B�T�F �P�G �[�F�S�P �M�P�B�E �D�V�S�S�F�O�U�
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�D�B�Q�B�D�J�U�B�O�D�F�T�� 	_�F �Q�S�P�Q�P�T�F�E �N�F�U�I�P�E�T �B�S�F �U�I�P�S�P�V�H�I�M�Z �B�O�B�M�Z�[�F�E �B�O�E �U�I�F�O �D�P�N�Q�S�F�I�F�O�T�J�W�F�M�Z

�W�F�S�J
W�F�E �V�T�J�O�H �B 	=���M�F�W�F�M �'�$�$ �I�B�M�G���C�S�J�E�H�F �E�F�N�P�O�T�U�S�B�U�P�S�� 	_�F �F�Y�Q�F�S�J�N�F�O�U�T �D�P�O
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�
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 �B�O�E	:
 �B�T�Z�N�N�F�U�S�J�D�B�M �P�V�U�Q�V�U �D�V�S�S�F�O�U �;�7�4 �B�O�E
�)�4 �U�S�B�O�T�J�U�J�P�O�T�� �*�O �P�S�E�F�S �U�P �U�F�T�U �0�- �C�B�M�B�O�D�J�O�H�
 �S�F�T�J�T�U�P�S�T' �C�D�B�O �C�F �Q�M�B�D�F�E �J�O
�Q�B�S�B�M�M�F�M �U�P �U�I�F �T�X�J�U�D�I�F�T��

�'�J�H�� �|���z�T�I�P�X�T �U�I�F �Q�I�P�U�P�T �P�G �U�I�F �S�F�B�M�J�[�F�E 	=�-���'�$�$ �C�S�J�E�H�F���M�F�H �E�F�N�P�O�T�U�S�B�U�P�S
�B�O�E�5�B�C�� �|���w�T�V�N�N�B�S�J�[�F�T �U�I�F �N�B�J�O �T�Q�F�D�J
W�D�B�U�J�P�O�T �B�O�E �U�I�F �T�F�M�F�D�U�F�E �D�P�O�U�S�P�M
�Q�B�S�B�N�F�U�F�S�T�� �&�W�F�O �U�I�P�V�H�I150 V�(�B�/ �F���'�&�5�T �B�S�F �V�T�F�E �	�&�1�$	:	8	;	;�
 �B�O�E �I�F�O�D�F �B
�%�$���M�J�O�L �W�P�M�U�B�H�F �P�G �V�Q �U�P400 V�X�P�V�M�E �C�F �Q�P�T�T�J�C�M�F�
 �B�M�M �F�Y�Q�F�S�J�N�F�O�U�T �I�B�W�F �C�F�F�O
�D�B�S�S�J�F�E �P�V�U �X�J�U�I �B �S�F�E�V�D�F�E �%�$���M�J�O�L �W�P�M�U�B�H�F �P�G100 V�G�P�S �T�B�G�F�U�Z �S�F�B�T�P�O�T�� �/�P�U�F
�U�I�B�U �U�I�F �%�$ �W�P�M�U�B�H�F �M�F�W�F�M �E�P�F�T �O�P�U �J�N�Q�B�D�U �U�I�F �W�B�M�J�E�J�U�Z �P�G �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M
�W�F�S�J
W�D�B�U�J�P�O �	�T�F�F �B�M�T�P�4�F�D�U�J�P�O �{���w���y�
�� 	_�F �D�P�O�W�F�S�U�F�S �J�T �P�Q�F�S�B�U�F�E �X�J�U�I50 kHz
�T�X�J�U�D�I�J�O�H �G�S�F�R�V�F�O�D�Z �B�O�E �B 
W�Y�F�E50 %�E�V�U�Z �D�Z�D�M�F�� �'�P�S �E�F�N�P�O�T�U�S�B�U�J�P�O �Q�V�S�Q�P�T�F�T�

�B �S�F�M�B�U�J�W�F�M�Z �M�B�S�H�F �N�B�Y�J�N�V�N �Q�F�B�L���U�P���Q�F�B�L �'�$ �W�P�M�U�B�H�F �S�J�Q�Q�M�F �P�G20 V�J�T �T�F�M�F�D�U�F�E��
�8�J�U�I �B �N�B�Y�J�N�V�N �P�V�U�Q�V�U �D�V�S�S�F�O�U �P�G6”6 A �B�O�E �B �N�B�Y�J�N�V�N �E�F�M�B�Z �U�J�N�F �P�G
100 ns�
 �U�I�F �S�F�R�V�J�S�F�E �D�B�Q�B�D�J�U�B�O�D�F �W�B�M�V�F �P�G �U�I�F �'�$�T �J�T66 nF�
 �T�F�F �		?��	:�
�� 	_�F
�'�$�T �B�S�F �S�F�B�M�J�[�F�E �X�J�U�I �$�0�( �D�F�S�B�N�J�D �D�B�Q�B�D�J�U�P�S�T �E�V�F �U�P �U�I�F�J�S �M�J�O�F�B�S�J�U�Z �	1 kV
�$�"�"	=	?	:�$	8�(	;�"	>	>	;�+	>	<	8�-�)�
��

	_�F �'�$ �W�P�M�U�B�H�F �N�F�B�T�V�S�F�N�F�O�U �D�J�S�D�V�J�U�S�Z �J�T �Q�M�B�D�F�E �P�O �B �T�F�Q�B�S�B�U�F �1�$�# �U�I�B�U
�J�T �N�P�V�O�U�F�E �P�O �U�P�Q �P�G �U�I�F �N�B�J�O �Q�P�X�F�S �C�P�B�S�E �	�D�G���'�J�H�� �|���z�	�B�
�
 �B�O�E �J�U �D�B�O �C�F
�E�J�T�D�P�O�O�F�D�U�F�E �G�P�S �U�I�F �U�F�T�U�T �X�J�U�I �0�- �C�B�M�B�O�D�J�O�H�� 	_�F �Q�P�X�F�S �C�P�B�S�E�
 �D�G���'�J�H�� �|���z�	�C�

�D�P�O�U�B�J�O�T �U�I�F �T�X�J�U�D�I�J�O�H���D�F�M�M �E�B�V�H�I�U�F�S �C�P�B�S�E�T �	�D�B�S�S�Z�J�O�H �U�I�F �(�B�/ �F�'�&�5�T�
 �P�O �U�P�Q
�B�O�E �U�I�F �'�$�T �P�O �U�I�F �C�P	R�P�N�� �'�V�S�U�I�F�S�N�P�S�F�
 �J�U �D�P�O�U�B�J�O�T �U�I�F �%�$���M�J�O�L �W�P�M�U�B�H�F �B�O�E

�'�J�H�� �|���y���4�D�I�F�N�B�U�J�D �	�D�G�� �B�M�T�P�'�J�H�� �{���w�
�P�G �U�I�F 	=�-���'�$�$ �V�T�F�E �J�O �F�Y�Q�F�S�J�N�F�O�U�T �X�J�U�I �U�X�P
�D�P�O
W�H�V�S�B�U�J�P�O�T��	9
 �T�Q�M�J�U �%�$���M�J�O�L �B�U �U�I�F �J�O�Q�V�U �B�O�E �J�O�E�V�D�U�J�W�F �M�P�B�E �D�P�O�O�F�D�U�F�E �U�P �U�I�F
�%�$���M�J�O�L �N�J�E���Q�P�J�O�U �U�P �P�C�U�B�J�O �T�Z�N�N�F�U�S�J�D�B�M �D�V�S�S�F�O�U�T��	:
 �G�V�M�M �%�$���M�J�O�L �B�U �U�I�F �J�O�Q�V�U �B�O�E
�-�$ 
W�M�U�F�S �X�J�U�I �S�F�T�J�T�U�J�W�F �M�P�B�E �B�U �U�I�F �P�V�U�Q�V�U �U�P �B�D�I�J�F�W�F �B�T�Z�N�N�F�U�S�J�D�B�M �D�V�S�S�F�O�U�T��

	9	>	:



	?��	<�� �.�F�B�T�V�S�F�N�F�O�U �3�F�T�V�M�U�T

�'�J�H�� �|���z���1�I�P�U�P�T �P�G �U�I�F �S�F�B�M�J�[�F�E 	=�-���'�$�$ �)�# �E�F�N�P�O�T�U�S�B�U�P�S���	�B�
�H�F�O�F�S�B�M �B�T�T�F�N�C�M�Z�
�	�C�

�Q�P�X�F�S �C�P�B�S�E �B�O�E �E�F�U�B�J�M�F�E �W�J�F�X �P�G �B �T�X�J�U�D�I�J�O�H �D�F�M�M �1�$�#��

�P�V�U�Q�V�U �D�V�S�S�F�O�U �N�F�B�T�V�S�F�N�F�O�U�T �D�J�S�D�V�J�U�S�Z�� 	_�F �2	:�- �D�P�O�U�S�P�M�M�F�S �B�O�E �N�P�E�V�M�B�U�P�S
�B�S�F �J�N�Q�M�F�N�F�O�U�F�E �J�O �B �I�J�H�I���Q�F�S�G�P�S�N�B�O�D�F �9�J�M�J�O�Y �;�Z�O�R �;��	?	8	:	8 �4�P�$��

�|���y �.�F�B�T�V�S�F�N�F�O�U �3�F�T�V�M�U�T

	_�J�T �T�F�D�U�J�P�O �Q�S�F�T�F�O�U�T �F�Y�Q�F�S�J�N�F�O�U�B�M �S�F�T�V�M�U�T �P�C�U�B�J�O�F�E �X�J�U�I �U�I�F 	=�-���'�$�$ �I�B�S�E�X�B�S�F
�E�F�N�P�O�T�U�S�B�U�P�S �J�O�U�S�P�E�V�D�F�E �J�O�4�F�D�U�J�P�O �|���x�� �*�O �P�S�E�F�S �U�P �E�F�N�P�O�T�U�S�B�U�F �U�I�F �2	:�- �P�Q��
�F�S�B�U�J�P�O �B�O�E �U�I�F �Q�S�P�Q�P�T�F�E �D�P�O�D�F�Q�U�T �G�P�S �'�$ �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H�
 �U�X�P �T�Z�O�D�I�S�P�O�J�[�F�E
�-�F�$�S�P�Z �)�%�0	<	8	=	<�"	9	:���C�J�U�P�T�D�J�M�M�P�T�D�P�Q�F�T �B�S�F �V�T�F�E �U�P �N�F�B�T�V�S�F �X�B�W�F�G�P�S�N�T �P�G
�U�I�F �%�$���M�J�O�L �W�P�M�U�B�H�F �	E�E�D�
�
 �B�M�M �'�$ �W�P�M�U�B�H�F�T �	E�'�$�\	9�
	:�
	;�^�
�
 �B�O�E �U�I�F �I�B�M�G���C�S�J�E�H�F �P�V�U�Q�V�U
�W�P�M�U�B�H�F �	E�P�
 �B�T �X�F�M�M �B�T �U�I�F �P�V�U�Q�V�U �D�V�S�S�F�O�U �	8�P�
�
 �T�F�F�'�J�H�� �|���y�� �$�P�O�T�F�R�V�F�O�U�M�Z�
 �G�P�S
�F�B�D�I �F�Y�Q�F�S�J�N�F�O�U �U�X�P �	�U�F�N�Q�P�S�B�M�M�Z �B�M�J�H�O�F�E�
 �P�T�D�J�M�M�P�H�S�B�N�T �B�S�F �Q�S�F�T�F�O�U�F�E�� �6�O�M�F�T�T
�T�U�B�U�F�E �P�U�I�F�S�X�J�T�F�
 �S�F�T�J�T�U�J�W�F �C�B�M�B�O�D�F�S�T' �C= 30 k
 �B�S�F �D�P�O�O�F�D�U�F�E �J�O �Q�B�S�B�M�M�F�M �U�P
�U�I�F �T�X�J�U�D�I�F�T��

	9	>	;



�$�I�B�Q�U�F�S 	?�� �#�B�M�B�O�D�J�O�H �P�G �'�M�Z�J�O�H �$�B�Q�B�D�J�U�P�S�T �J�O �2	:�- �0�Q�F�S�B�U�J�P�O

�5�B�C�� �|���w���4�Q�F�D�J
W�D�B�U�J�P�O�T �B�O�E �D�P�O�U�S�P�M �Q�B�S�B�N�F�U�F�S�T �P�G �U�I�F �2	:�-��	=�-���'�$�$ �Q�S�P�P�G���P�G���D�P�O�D�F�Q�U
�E�F�N�P�O�T�U�S�B�U�P�S��

+�E�D 100 V �%�$���M�J�O�L �W�P�M�U�B�H�F
� �P�
�N�B�Y 6”6 A �P�V�U�Q�V�U �D�V�S�S�F�O�U �N�B�Y�J�N�V�N

5�T 50 kHz �T�X�J�U�D�I�J�O�H �G�S�F�R�V�F�O�D�Z
3 50 % �E�V�U�Z �D�Z�D�M�F

�'�M�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T
� �'�$ 66 nF �$�"�"	=	?	:�$	8�(	;�"	>	>	;�+	>	<	8�-�)

� +�Q�Q�
�N�B�Y 20 V �N�B�Y�� �Q�F�B�L���U�P���Q�F�B�L �W�P�M�U�� �S�J�Q�Q�M�F

�4�F�N�J�D�P�O�E�V�D�U�P�S�T
( 150 V• 7 m
 �(�B�/ �F�'�&�5 �&�1�$	:	8	;	;

� �P�T�T�
�F�R 760 pF �D�I�B�S�H�F �F�R�� �D�B�Q�B�D�J�U�B�O�D�F

�$�P�O�U�S�P�M �Q�B�S�B�N�F�U�F�S�T
) �U�
�N�B�Y 400 ns �N�B�Y�� �U�S�B�O�T�J�U�J�P�O �U�J�N�F
) �N�J�O 50 ns �N�J�O�� �E�F�M�B�Z �U�J�N�F
) �N�B�Y 100 ns �N�B�Y�� �E�F�M�B�Z �U�J�N�F
) �Q 50 ns �Q�V�M�T�F �U�J�N�F

�|���y���v �2�w�- �5�S�B�O�T�J�U�J�P�O�T

�'�J�S�T�U�
 �2	:�- �P�V�U�Q�V�U �W�P�M�U�B�H�F �U�S�B�O�T�J�U�J�P�O�T �B�S�F �B�O�B�M�Z�[�F�E �U�P �D�P�O
W�S�N �U�I�F �2	:�- �P�Q��
�F�S�B�U�J�P�O �B�O�E �U�I�F �E�F�T�D�S�J�Q�U�J�P�O �P�G �D�I�B�S�H�F �B�O�E �W�P�M�U�B�H�F �J�O�D�S�F�N�F�O�U�T �Q�S�F�T�F�O�U�F�E �J�O
�4�F�D�U�J�P�O �{���w���'�J�H�� �|���{�T�I�P�X�T �N�F�B�T�V�S�F�E �X�B�W�F�G�P�S�N�T �E�V�S�J�O�H �U�I�F �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J��
�U�J�P�O �X�J�U�I �B �Q�P�T�J�U�J�W�F �T�M�P�Q�F �P�GE�P�B�O�E �O�F�H�B�U�J�W�F �P�V�U�Q�V�U �D�V�S�S�F�O�U �	8�P� � �P= �5 ”9 A�
�

�X�I�J�D�I �S�F�T�V�M�U�T �J�O �B �;�7�4 �U�S�B�O�T�J�U�J�P�O���'�J�H�� �|���|�T�I�P�X�T �X�B�W�F�G�P�S�N�T �P�G �U�I�F �T�X�J�U�D�I�J�O�H
�U�S�B�O�T�J�U�J�P�O �X�J�U�I �B �Q�P�T�J�U�J�W�F �T�M�P�Q�F �P�GE�P�B�O�E �Q�P�T�J�U�J�W�F �P�V�U�Q�V�U �D�V�S�S�F�O�U �	8�P� � �P=
2”9 A�
�
 �X�I�J�D�I �S�F�T�V�M�U�T �J�O �B �)�4 �U�S�B�O�T�J�U�J�P�O�� �#�B�T�F�E �P�O �U�I�F �F�N�Q�M�P�Z�F�E �E�F�M�B�Z �U�J�N�F�T
�B�O�E �'�$ �D�B�Q�B�D�J�U�B�O�D�F �W�B�M�V�F�T�
 �U�I�F �W�P�M�U�B�H�F �J�O�D�S�F�N�F�O�U�T �B�S�F �D�B�M�D�V�M�B�U�F�E �B�D�D�P�S�E�J�O�H
�U�P �		>��	=�
 �B�O�E �D�P�N�Q�B�S�F�E �X�J�U�I �U�I�F �N�F�B�T�V�S�F�E �W�P�M�U�B�H�F �D�I�B�O�H�F�T �	�T�F�F �P�T�D�J�M�M�P�H�S�B�N�T�
��
	_�F �B�W�F�S�B�H�F �B�C�T�P�M�V�U�F �S�F�M�B�U�J�W�F �E�F�W�J�B�U�J�P�O �P�G �U�I�F �F�T�U�J�N�B�U�F�E �G�S�P�N �U�I�F �N�F�B�T�V�S�F�E
�W�P�M�U�B�H�F �D�I�B�O�H�F�T �J�T3”7 %�G�P�S �;�7�4 �	�D�G���'�J�H�� �|���{�
 �B�O�E13”3 %�G�P�S �)�4 �	�D�G���'�J�H�� �|���|�
�

�U�I�V�T �D�P�O
W�S�N�J�O�H �H�P�P�E �B�D�D�V�S�B�D�Z �P�G �U�I�F �F�T�U�J�N�B�U�J�P�O��

�'�J�H�� �|���}�T�I�P�X�T �B�O �F�Y�F�N�Q�M�B�S�Z �$�.�4 �T�F�R�V�F�O�D�F(�& 	9�		9	9�
	:	;	<�	�F�W�F�O�U�T �J�O �D�F�M�M�T
�Ý	9	8	8	8�Ý�
 �E�V�S�J�O�H �B �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O �X�J�U�I �O�F�H�B�U�J�W�F �T�M�P�Q�F �P�GE�P �B�O�E �[�F�S�P
�P�V�U�Q�V�U �D�V�S�S�F�O�U�� �*�U �D�B�O �C�F �T�F�F�O �U�I�B�U �U�I�F �W�P�M�U�B�H�F �D�I�B�O�H�F �P�G �'�$	9�J�T �B�C�P�V�U�0 ”7 V�

�X�I�F�S�F�B�T �U�I�F �F�Y�Q�F�D�U�F�E �W�P�M�U�B�H�F �D�I�B�O�H�F �D�B�M�D�V�M�B�U�F�E �X�J�U�I �		>��	9	:�
 �J�T�0 ”8 V�
 �B�H�B�J�O

	9	>	<



	?��	<�� �.�F�B�T�V�S�F�N�F�O�U �3�F�T�V�M�U�T
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�$�I�B�Q�U�F�S 	?�� �#�B�M�B�O�D�J�O�H �P�G �'�M�Z�J�O�H �$�B�Q�B�D�J�U�P�S�T �J�O �2	:�- �0�Q�F�S�B�U�J�P�O

�'�J�H�� �|���v�{���.�F�B�T�V�S�F�E �X�B�W�F�G�P�S�N�T �	�%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S �W�P�M�U�B�H�FE�E�D�
 �'�$ �W�P�M�U�B�H�F�TE�'�$�\	9�
	:�
	;�^�

�G�P�S �T�U�B�S�U���V�Q �	�Q�S�F�D�I�B�S�H�J�O�H�
 �B�O�E �T�I�V�U���E�P�X�O �P�G �2	:�-��	=�-���'�$�$���	�B�
�G�V�M�M �%�$���M�J�O�L �D�P�O
W�H�V�S�B��
�U�J�P�O �X�J�U�I �S�F�T�J�T�U�J�W�F �C�B�M�B�O�D�F�S�T �	�Q�S�F�D�I�B�S�H�F! �J�E�M�F! �O�P�N�J�O�B�M �M�P�B�E! �%�$���M�J�O�L �W�P�M�U�B�H�F
�E�J�T�D�P�O�O�F�D�U�J�P�O �V�O�E�F�S �M�P�B�E�
���	�C�
�4�Q�M�J�U �%�$���M�J�O�L �D�P�O
W�H�V�S�B�U�J�P�O �X�J�U�I�P�V�U �S�F�T�J�T�U�J�W�F �C�B�M�B�O�D�F�S�T
�	�Q�S�F�D�I�B�S�H�F �V�O�E�F�S �M�P�B�E! �O�P�N�J�O�B�M �M�P�B�E! �%�$���M�J�O�L �W�P�M�U�B�H�F �E�J�T�D�P�O�O�F�D�U�J�P�O �V�O�E�F�S �M�P�B�E�
��
�/�P�U�F �U�I�F �E�J
V�F�S�F�O�U �U�J�N�F �C�B�T�F�T �E�V�F �U�P �U�I�F �E�J
V�F�S�F�O�U �%�$���M�J�O�L �D�B�Q�B�D�J�U�B�O�D�F �W�B�M�V�F�T �V�T�F�E �J�O
�U�I�F �T�F�U�V�Q�T��

�B�O�E �B�E�E�J�U�J�P�O �P�G �U�I�B�U �D�I�B�S�H�F �U�P �U�I�F �P�V�U�Q�V�U���T�J�E�F �D�B�Q�B�D�J�U�P�S�
 �X�I�J�D�I �J�T �F�R�V�B�M �U�P
�U�I�F �D�I�B�S�H�F �T�U�P�S�F�E �J�O �U�I�F �T�X�J�U�D�I�Ý�T �Q�B�S�B�T�J�U�J�D �D�B�Q�B�D�J�U�B�O�D�F�� �#�Z �B�E�E�J�O�H �B�E�E�J�U�J�P�O�B�M
�T�X�J�U�D�I�J�O�H �B�D�U�J�P�O�T �E�V�S�J�O�H �B �2	:�- �U�S�B�O�T�J�U�J�P�O�
 �U�I�F �'�$ �W�P�M�U�B�H�F�T �D�B�O �C�F �B�E�K�V�T�U�F�E��
�"�H�B�J�O�
 �B �.�1�$ �B�Q�Q�S�P�B�D�I �J�T �V�U�J�M�J�[�F�E �U�P �T�F�M�F�D�U �U�I�F �P�Q�U�J�N�V�N �$�.�4 �T�F�R�V�F�O�D�F�

�I�P�X�F�W�F�S�
 �V�T�J�O�H �'�$ �W�P�M�U�B�H�F �S�F�G�F�S�F�O�D�F �U�S�B�D�L�J�O�H �P�W�F�S �B 	>���T�U�F�Q �I�P�S�J�[�P�O��

	_�F �Q�S�P�Q�P�T�F�E �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H �D�P�O�U�S�P�M �D�P�O�D�F�Q�U �J�T �U�I�P�S�P�V�H�I�M�Z �W�B�M�J�E�B�U�F�E
�X�J�U�I �B 	=���M�F�W�F�M �'�$�$ �I�B�M�G���C�S�J�E�H�F �E�F�N�P�O�T�U�S�B�U�P�S �G�P�S �I�B�S�E���T�X�J�U�D�I�J�O�H �B�O�E �T�P	O��
�T�X�J�U�D�I�J�O�H �P�V�U�Q�V�U �W�P�M�U�B�H�F �U�S�B�O�T�J�U�J�P�O�T�
 �E�V�S�J�O�H �M�P�B�E �U�S�B�O�T�J�F�O�U�T�
 �B�T �X�F�M�M �B�T �G�P�S
�T�U�B�S�U���V�Q �B�O�E �T�I�V�U���E�P�X�O �P�Q�F�S�B�U�J�P�O �N�P�E�F�T�� 	_�F �I�B�S�E�X�B�S�F �F�Y�Q�F�S�J�N�F�O�U�T �E�F�N�P�O��
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	?��	=�� �$�P�O�D�M�V�T�J�P�O

�T�U�S�B�U�F �B�O �F�Y�D�F�M�M�F�O�U �B�W�F�S�B�H�F �'�$ �W�P�M�U�B�H�F �U�S�B�D�L�J�O�H �B�T �X�F�M�M �B�T �T�Z�N�N�F�U�S�J�D �D�F�M�M
�W�P�M�U�B�H�F�T�� �.�P�S�F �J�N�Q�P�S�U�B�O�U�M�Z�
 �U�I�F �S�F�T�V�M�U�T �Q�S�P�W�F �U�I�F �W�B�M�J�E�J�U�Z �P�G �U�I�F �Q�S�P�Q�P�T�F�E �E�F��
�T�D�S�J�Q�U�J�P�O �P�G �D�I�B�S�H�F �B�O�E �W�P�M�U�B�H�F �J�O�D�S�F�N�F�O�U�T �J�O �'�$�T�� 	_�F �Q�S�F�T�F�O�U�F�E �D�M�P�T�F�E���M�P�P�Q
�D�F�M�M �W�P�M�U�B�H�F �D�P�O�U�S�P�M �D�P�O�D�F�Q�U�
 �D�P�N�Q�B�S�F�E �U�P �P�Q�F�O���M�P�P�Q �	�Q�B�T�T�J�W�F�
 �C�B�M�B�O�D�J�O�H �P�S
�B�D�U�J�W�F �C�B�M�B�O�D�J�O�H �E�J�S�F�D�U�M�Z �D�P�O�U�S�P�M�M�J�O�H �'�$ �W�P�M�U�B�H�F�T�
 �S�F�T�V�M�U�T �J�O �W�P�M�U�B�H�F�T �B�D�S�P�T�T
�U�I�F �T�X�J�U�D�I�F�T �U�I�B�U �B�S�F �D�M�P�T�F �U�P �U�I�F �J�E�F�B�M �W�B�M�V�F�T �B�O�E �P�Q�U�J�N�V�N �'�$ �W�P�M�U�B�H�F �S�J�Q�Q�M�F�T��
	_�F �W�F�S�T�B�U�J�M�J�U�Z �P�G �U�I�F �Q�S�P�Q�P�T�F�E �T�P�M�V�U�J�P�O �D�P�N�F�T �B�U �U�I�F �Q�S�J�D�F �P�G �U�I�F �S�F�R�V�J�S�F�E
�N�F�B�T�V�S�F�N�F�O�U �D�J�S�D�V�J�U�S�Z �U�P �T�F�O�T�F �U�I�F �'�$ �W�P�M�U�B�H�F�T�� �*�O �S�F�U�V�S�O�
 �I�P�X�F�W�F�S�
 �U�I�F �Q�S�P��
�Q�P�T�F�E �D�P�O�U�S�P�M�M�F�S �J�T �D�P�N�Q�V�U�B�U�J�P�O�B�M�M�Z �F
Y�D�J�F�O�U �B�O�E �D�B�O �C�F �F�B�T�J�M�Z �J�N�Q�M�F�N�F�O�U�F�E
�J�O �B�O �'�1�(�"�
 �Q�B�S�U�J�B�M�M�Z �V�T�J�O�H �P
Z�J�O�F���H�F�O�F�S�B�U�F�E �M�P�P�L���V�Q �U�B�C�M�F�T��

	_�F �Q�S�P�Q�P�T�F�E �D�M�P�T�F�E���M�P�P�Q �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H �U�V�S�O�T �U�I�F �2	:�-���'�$�$ �J�O�U�P �B
�S�P�C�V�T�U �W�F�S�T�B�U�J�M�F �I�B�M�G���C�S�J�E�H�F �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S �T�U�B�H�F �G�P�S �W�B�S�J�P�V�T �I�B�S�E��
�T�X�J�U�D�I�F�E �B�O�E �T�P	O���T�X�J�U�D�I�F�E �B�Q�Q�M�J�D�B�U�J�P�O�T �T�V�D�I �B�T �"�$���%�$ �S�F�D�U�J
W�F�S�T �B�O�E �J�T�P�M�B�U�F�E
�%�$���%�$ �D�P�O�W�F�S�U�F�S�T�
 �X�I�F�S�F �U�I�F �T�Z�T�U�F�N �W�P�M�U�B�H�F�T �F�Y�D�F�F�E �U�I�F �W�P�M�U�B�H�F �S�B�U�J�O�H�T �P�G
�B�W�B�J�M�B�C�M�F �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T��
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�3
�$�P�O�D�F�Q�U �P�G �B 	<	8 �L�7 �� 	;	8	8 �L�7�" �4�J�$

�Ü�4�V�Q�F�S���4�X�J�U�D�I�Ý �*�1�.

	_�J�T �D�I�B�Q�U�F�S �T�V�N�N�B�S�J�[�F�T �U�I�F �N�B�K�P�S �S�F�T�F�B�S�D�I 
W�O�E�J�O�H�T �B�M�T�P �Q�V�C�M�J�T�I�F�E �J�O��

I �1�� �$�[�Z�[�
 �1�� �1�B�Q�B�N�B�O�P�M�J�T�
 �5�� �(�V�J�M�M�P�E�
 �'�� �,�S�J�T�N�F�S�
 �B�O�E �+�� �8�� �,�P�M�B�S�
 �à�/�F�X
40 kV��300 kVA	^�B�T�J��	:���-�F�W�F�M �0�Q�F�S�B�U�F�E 	=���-�F�W�F�M �'�M�Z�J�O�H �$�B�Q�B�D�J�U�P�S �4�J�$
�à�4�V�Q�F�S���4�X�J�U�D�I�á �*�1�.�
�á �J�O�1�S�P�D�� �P�G �U�I�F �*�&�&�& �*�O�U�� �1�P�X�F�S �&�M�F�D�U�S�P�O�� �$�P�O�G��
�	�&�$�$�& �"�T�J�B�
�
 	:	8	9	A��

�&�N�F�S�H�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T�
 �F���H���
 �U�S�B�D�U�J�P�O �T�Z�T�U�F�N�T �B�O�E �V�U�J�M�J�U�Z �T�D�B�M�F �S�F�O�F�X�B�C�M�F �F�O�F�S�H�Z �T�Z�T�U�F�N�T�


�E�F�N�B�O�E �G�P�S �N�F�E�J�V�N���W�P�M�U�B�H�F �	�.�7�
 �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D �T�X�J�U�D�I�F�T �X�J�U�I �C�M�P�D�L�J�O�H �D�B�Q�B�C�J�M�J�U�J�F�T �B�C�P�W�F

20 kV�
 �X�I�J�D�I �D�B�O�O�P�U �C�F �Q�S�P�W�J�E�F�E �X�J�U�I �U�P�E�B�Z�Ý�T10 kV�P�S15 kV�4�J�$ �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T��

	_�F�S�F�G�P�S�F�
 �U�I�J�T �D�I�B�Q�U�F�S �J�O�W�F�T�U�J�H�B�U�F�T �B 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S �D�P�O�W�F�S�U�F�S�	�'�$�$�
�U�P�Q�P�M�P�H�Z �G�P�S �U�I�F

�S�F�B�M�J�[�B�U�J�P�O �P�G �B �.�7 �I�B�M�G���C�S�J�E�H�F�� 	_�F �'�$�$ �U�P�Q�P�M�P�H�Z �G�F�B�U�V�S�F�T �T�F�W�F�S�B�M �B�E�W�B�O�U�B�H�F�T �T�V�D�I �B�T

�S�F�E�V�D�F�E �T�X�J�U�D�I�J�O�H �M�P�T�T�F�T�
 �U�Z�Q�J�D�B�M�M�Z�
 �U�I�F �U�P�U�B�M �D�I�J�Q �B�S�F�B �J�T �T�J�H�O�J
W�D�B�O�U�M�Z �M�P�X�F�S�
 �M�P�X�F�S �B�W�F�S�B�H�F

�EE•�EC�P�G �U�I�F �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T�
 �B�O�E �S�P�C�V�T�U �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H�� �.�P�S�F�P�W�F�S�
 �U�I�F �W�P�M�V�N�F �P�G

�U�I�F 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T �D�B�O �C�F �S�F�E�V�D�F�E �X�J�U�I �R�V�B�T�J��	:���M�F�W�F�M �	�2	:�-�
 �P�Q�F�S�B�U�J�P�O �P�G �U�I�F �I�B�M�G���C�S�J�E�H�F�


�X�I�F�S�F �U�I�F �J�O�U�F�S�N�F�E�J�B�U�F �W�P�M�U�B�H�F �M�F�W�F�M�T �B�S�F �P�O�M�Z �V�T�F�E �E�V�S�J�O�H �W�F�S�Z �T�I�P�S�U �U�J�N�F �J�O�U�F�S�W�B�M�T�
 �J���F���


�E�V�S�J�O�H �U�I�F �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T�� 	_�J�T �D�I�B�Q�U�F�S �B�O�B�M�Z�[�F�T �U�I�F �E�F�T�J�H�O �B�O�E �J�O�U�F�H�S�B�U�J�P�O �P�G �B

�D�P�N�Q�M�F�U�F �C�S�J�E�H�F���M�F�H�
 �J�O�D�M�V�E�J�O�H �H�B�U�F �E�S�J�W�F�S�T�
 �J�T�P�M�B�U�F�E �D�P�P�M�J�O�H �J�O�U�F�S�G�B�D�F�T�
 �N�F�B�T�V�S�F�N�F�O�U�T�
 �B�O�E

�2	:�- �D�P�O�U�S�P�M �J�O�U�P �B300 kVA��40 kV�4�J�$ �4�V�Q�F�S���4�X�J�U�D�I �*�O�U�F�M�M�J�H�F�O�U �1�P�X�F�S �.�P�E�V�M�F �	�4�J�$���4�4���*�1�.�
��

�'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �J�N�Q�B�D�U �P�G �B �2	:�- �P�Q�F�S�B�U�J�P�O �P�O �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O �J�T �T�U�V�E�J�F�E �B�O�E �D�P�N�Q�B�S�F�E

�U�P �X�B�W�F�G�P�S�N�T �P�G �B 	:���M�F�W�F�M �C�S�J�E�H�F���M�F�H �X�J�U�I �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O �P�G �.�0�4�'�&�5�T��

�&�Y�F�D�V�U�J�W�F �4�V�N�N�B�S�Z
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�$�I�B�Q�U�F�S 
��� �$�P�O�D�F�Q�U �P�G �B 	<	8 �L�7 �� 	;	8	8 �L�7�" �4�J�$ �Ü�4�V�Q�F�S���4�X�J�U�D�I�Ý �*�1�.

�}���v �*�O�U�S�P�E�V�D�U�J�P�O

�"�U �Q�S�F�T�F�O�U�
 �T�P�M�J�E���T�U�B�U�F �U�S�B�O�T�G�P�S�N�F�S�T �	�4�4�5�T�
 �G�P�S �U�S�B�D�U�J�P�O �B�O�E �T�N�B�S�U���H�S�J�E �B�Q��
�Q�M�J�D�B�U�J�P�O�T �B�S�F �J�O�U�F�O�T�J�W�F�M�Z �E�J�T�D�V�T�T�F�E �<	9	:�×	9	<�>�� �)�P�X�F�W�F�S�
 �E�F�T�Q�J�U�F �U�I�F �S�F�D�F�O�U
�B�W�B�J�M�B�C�J�M�J�U�Z �P�G10 kV�P�S15 kV�4�J�$ �.�0�4�'�&�5 �U�F�D�I�O�P�M�P�H�Z�
 �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H
�I�J�H�I �"�$ �J�O�Q�V�U �W�P�M�U�B�H�F�T�
 �F���H���
15 kV�P�S25 kV �G�P�S �U�S�B�D�U�J�P�O �B�Q�Q�M�J�D�B�U�J�P�O�T �B�O�E
13”8 kV �J�O �D�B�T�F �P�G �B �U�Z�Q�J�D�B�M �N�F�E�J�V�N���W�P�M�U�B�H�F �	�.�7�
 �N�B�J�O�T �J�O �U�I�F �6�4�" �<	9	=	A�>�

�T�U�J�M�M �S�F�Q�S�F�T�F�O�U �B �L�F�Z �D�I�B�M�M�F�O�H�F �G�P�S �D�P�O�W�F�S�U�F�S �S�F�B�M�J�[�B�U�J�P�O�� �*�O �U�I�J�T �D�I�B�Q�U�F�S�
 �B
250 kW�%�$���%�$ �T�U�F�Q���E�P�X�O �E�V�B�M �B�D�U�J�W�F �C�S�J�E�H�F �	�%�"�#�
 �D�P�O�W�F�S�U�F�S �	�D�G���'�J�H�� �}���v�	�B�
�

�J�T �D�P�O�T�J�E�F�S�F�E�
 �X�I�J�D�I �J�T �Q�B�S�U �P�G �U�I�F �4�4�5 �P�G �B �G�V�U�V�S�F �T�J�O�H�M�F���Q�I�B�T�F15 kV��16”7 Hz
�U�S�B�D�U�J�P�O �T�Z�T�U�F�N�
 �X�I�F�S�F �U�X�P �T�V�D�I �%�"�# �D�P�O�W�F�S�U�F�S�T �D�P�V�M�E �E�F�M�J�W�F�S �U�I�F �Q�P�X�F�S
�O�F�D�F�T�T�B�S�Z �U�P �T�V�Q�Q�M�Z �B�Y�M�F �N�P�U�P�S�T �J�O �B �E�J�T�U�S�J�C�V�U�F�E �U�S�B�D�U�J�P�O �D�I�B�J�O��

�"�D�D�P�S�E�J�O�H �U�P �U�I�F �T�U�B�O�E�B�S�E �<	9	>	8�>�
 �U�I�F �4�4�5 �J�T �T�V�C�K�F�D�U �U�P �O�P�O���Q�F�S�N�B�O�F�O�U
�N�B�Y�J�N�V�N �"�$ �H�S�J�E �S�N�T �W�P�M�U�B�H�F�T �P�G18 kV�G�P�S �V�Q �U�P 	= �N�J�O�V�U�F�T �	�Q�F�B�L �W�P�M�U�B�H�F
�P�G25”5 kV�
�
 �X�I�J�D�I �M�F�B�E�T �U�P �B �T�F�M�F�D�U�F�E �J�O�Q�V�U���T�J�E�F �%�$���M�J�O�L �W�P�M�U�B�H�F �P�G+�E�D=
28 kV�� �)�F�O�D�F�
 �U�I�F �%�"�# �D�P�O�W�F�S�U�F�S�Ý�T �.�7 �I�B�M�G���C�S�J�E�H�F �S�F�R�V�J�S�F�T �Q�P�X�F�S �F�M�F�D�U�S�P�O�J�D
�T�X�J�U�D�I�F�T �X�I�J�D�I �X�J�U�I�T�U�B�O�E �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F�T �U�I�B�U �D�M�F�B�S�M�Z �F�Y�D�F�F�E �U�I�F �S�B�U�J�O�H �P�G
�U�P�E�B�Z�Ý�T �D�V	R�J�O�H���F�E�H�F10 kV�P�S15 kV�4�J�$ �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T�� �'�V�S�U�I�F�S�N�P�S�F�

�U�I�F �Q�F�B�L �D�V�S�S�F�O�U�T �J�O �U�I�F �T�X�J�U�D�I�F�T �B�S�F21”5 A �B�O�E �U�I�F �B�Q�Q�B�S�F�O�U �T�X�J�U�D�I�J�O�H �Q�P�X�F�S
�J�T300 kVA��

�"�T �J�U �J�T �T�I�P�X�O �J�O�$�I�B�Q�U�F�S�T �{�¶�|�R�V�B�T�J��	:���M�F�W�F�M �	�2	:�-�
 �P�Q�F�S�B�U�J�P�O �P�G �N�V�M�U�J��
�M�F�W�F�M �C�S�J�E�H�F���M�F�H�T �J�T �B�O �J�O�U�F�S�F�T�U�J�O�H �P�Q�U�J�P�O �G�P�S �S�F�B�M�J�[�J�O�H �T�J�O�H�M�F���D�F�M�M �Q�P�X�F�S �D�P�O��
�W�F�S�T�J�P�O �B�T �U�I�F�Z �G�F�B�U�V�S�F �N�J�O�J�N�J�[�F�E �D�B�Q�B�D�J�U�J�W�F �F�O�F�S�H�Z �T�U�P�S�B�H�F �S�F�R�V�J�S�F�N�F�O�U�T��
�.�P�S�F�P�W�F�S�
 �D�P�N�Q�B�S�F�E �U�P 	:���M�F�W�F�M �I�B�M�G���C�S�J�E�H�F�T �F�N�Q�M�P�Z�J�O�H �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D��
�U�P�S�T �X�J�U�I �I�J�H�I �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F �S�B�U�J�O�H�T�
 �M�P�X�F�S �B�W�F�S�B�H�F �W�P�M�U�B�H�F �T�M�F�X �S�B�U�F�T
�G�B�D�J�M�J�U�B�U�F �&�.�* 
W�M�U�F�S �E�F�T�J�H�O �B�O�E �S�F�E�V�D�F�E �J�T�P�M�B�U�J�P�O �T�U�S�F�T�T�� �2	:�-���P�Q�F�S�B�U�F�E 
X�Z�J�O�H
�D�B�Q�B�D�J�U�P�S �D�P�O�W�F�S�U�F�S�T �	�2	:�-���'�$�$�T�
 �B�S�F �P�G �Q�B�S�U�J�D�V�M�B�S �J�O�U�F�S�F�T�U �E�V�F �U�P �U�I�F �T�O�V�C��
�C�F�S�M�F�T�T �E�F�T�J�H�O �B�O�E �M�P�X �O�V�N�C�F�S �P�G �D�P�N�Q�P�O�F�O�U�T�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �Q�S�P�Q�P�T�F�E
�D�M�P�T�F�E���M�P�P�Q �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H �	�T�F�F�$�I�B�Q�U�F�S �|�
 �U�V�S�O�T �U�I�F �2	:�-���'�$�$ �J�O�U�P �B �S�P��
�C�V�T�U �W�F�S�T�B�U�J�M�F �I�B�M�G���C�S�J�E�H�F �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S �T�U�B�H�F �G�P�S �C�P�U�I �I�B�S�E���T�X�J�U�D�I�F�E
�B�O�E �T�P	O���T�X�J�U�D�I�F�E �B�Q�Q�M�J�D�B�U�J�P�O�T�� 	_�F�S�F�G�P�S�F�
 �X�J�U�I �U�I�F �G�P�D�V�T �P�G �U�I�J�T �D�I�B�Q�U�F�S
�P�O �U�I�F �N�P�E�V�M�F �J�O�U�F�H�S�B�U�J�P�O �P�G �B �D�P�N�Q�M�F�U�F �I�B�M�G���C�S�J�E�H�F �P�G �U�I�F �%�"�# �D�P�O�W�F�S�U�F�S�

�J���F���
 �B�M�M �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T�
 �D�P�N�N�V�U�B�U�J�P�O �D�B�Q�B�D�J�U�P�S�T�
 �H�B�U�F �E�S�J�W�F�S�T�
 �D�P�O�U�S�P�M
�B�O�E �N�F�B�T�V�S�F�N�F�O�U�T�
 �J�T�P�M�B�U�F�E �H�B�U�F �E�S�J�W�F�S �Q�P�X�F�S �T�V�Q�Q�M�J�F�T�
 �B�O�E �J�T�P�M�B�U�F�E �D�P�P�M�J�O�H
�T�V�S�G�B�D�F�T�
 �B�S�F �B�D�D�P�N�N�P�E�B�U�F�E �J�O �B�4�J�$ �4�V�Q�F�S���4�X�J�U�D�I �*�O�U�F�M�M�J�H�F�O�U �1�P�X�F�S �.�P�E�V�M�F
�	�4�J�$���4�4���*�1�.�
�
 �B �2	:�-���'�$�$ �U�P�Q�P�M�P�H�Z �J�T �T�F�M�F�D�U�F�E �G�P�S �U�I�F �S�F�B�M�J�[�B�U�J�P�O��

	_�V�T�
 �U�I�F �E�J�N�F�O�T�J�P�O�J�O�H �P�G �T�F�N�J�D�P�O�E�V�D�U�P�S�T �B�O�E �D�B�Q�B�D�J�U�P�S�T �G�P�S �U�I�F �D�P�O�T�J�E��
�F�S�F�E �2	:�-���'�$�$ �C�B�T�F�E �4�J�$���4�4���*�1�. �J�T �Q�S�F�T�F�O�U�F�E �B�O�E �J�O �Q�B�S�U�J�D�V�M�B�S �U�I�F�J�S �W�P�M�V�N�F�T
�B�S�F �F�W�B�M�V�B�U�F�E �J�O�4�F�D�U�J�P�O �}���w�� �.�P�S�F�P�W�F�S�
�4�F�D�U�J�P�O �}���x�F�W�B�M�V�B�U�F�T �U�I�F �J�N�Q�B�D�U �P�G

	9
�	8




���	9�� �*�O�U�S�P�E�V�D�U�J�P�O

�'�J�H�� �}���v�� �	�B�
�$�P�O�T�J�E�F�S�F�E28 kV��2”8 kV�T�U�F�Q���E�P�X�O250 kW�%�"�# �D�P�O�W�F�S�U�F�S �B�O�E�	�C�
�C�M�P�D�L
�E�J�B�H�S�B�N �P�G �U�I�F �Q�S�P�Q�P�T�F�E �4�J�$ �4�V�Q�F�S���4�X�J�U�D�I �*�O�U�F�M�M�J�H�F�O�U �1�P�X�F�S �.�P�E�V�M�F �	�4�J�$���4�4���*�1�.�

�V�T�F�E �U�P �S�F�B�M�J�[�F �U�I�F �.�7 �I�B�M�G���C�S�J�E�H�F �P�G �B �%�"�# �D�P�O�W�F�S�U�F�S�� 	_�F �I�B�M�G���C�S�J�E�H�F �N�P�E�V�M�F
�J�T �S�F�B�M�J�[�F�E �X�J�U�I �B 	=���M�F�W�F�M �'�M�Z�J�O�H �$�B�Q�B�D�J�U�P�S �$�P�O�W�F�S�U�F�S �	�'�$�$�
 �P�Q�F�S�B�U�F�E �X�J�U�I �R�V�B�T�J��	:��
�M�F�W�F�M �	�2	:�-�
 �N�P�E�V�M�B�U�J�P�O�� �Q�P�X�F�S �T�X�J�U�D�I�F�T�
 �H�B�U�F �E�S�J�W�F�S�T�
 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T�
 �D�P�N�N�V�U�B�U�J�P�O
�D�B�Q�B�D�J�U�P�S�T�
 �N�F�B�T�V�S�F�N�F�O�U�T�
 �B�O�E �D�P�O�U�S�P�M �B�S�F �J�O�U�F�H�S�B�U�F�E �J�O �U�I�F �N�P�E�V�M�F �T�V�D�I �U�I�B�U �U�I�F �2	:�-
�D�P�N�N�V�U�B�U�J�P�O�T �D�B�O �C�F �U�S�J�H�H�F�S�F�E �C�Z �B �T�J�O�H�M�F �P�Q�U�J�D�B�M �T�J�H�O�B�M��

	9
�	9



�$�I�B�Q�U�F�S 
��� �$�P�O�D�F�Q�U �P�G �B 	<	8 �L�7 �� 	;	8	8 �L�7�" �4�J�$ �Ü�4�V�Q�F�S���4�X�J�U�D�I�Ý �*�1�.

�2	:�- �P�Q�F�S�B�U�J�P�O �P�O �U�I�F �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �B 	:���M�F�W�F�M �C�S�J�E�H�F���M�F�H
�S�F�B�M�J�[�F�E �X�J�U�I �E�J�S�F�D�U �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O �P�G �.�0�4�'�&�5�T��

�}���w �%�F�T�J�H�O �P�G �U�I�F �z���-�F�W�F�M �2�w�-���'�$�$ �C�B�T�F�E �4�J�$��
�4�4���*�1�.

	_�J�T �T�F�D�U�J�P�O �Q�S�P�W�J�E�F�T �B�O �F�W�B�M�V�B�U�J�P�O �P�G �U�I�F �2	:�-���'�$�$ �C�S�J�E�H�F���M�F�H �D�P�O�T�J�E�F�S�J�O�H �U�I�F
�T�F�N�J�D�P�O�E�V�D�U�P�S�T �B�O�E �U�I�F �D�B�Q�B�D�J�U�P�S �W�P�M�V�N�F�T�� �*�O �B�E�E�J�U�J�P�O�
 �U�I�F �J�O�U�F�H�S�B�U�J�P�O �P�G �U�I�F
�2	:�-���'�$�$ �I�B�M�G���C�S�J�E�H�F �J�O�U�P �U�I�F �4�J�$���4�4���*�1�. �J�T �T�I�P�X�O�� 	_�F �Q�S�P�Q�P�T�F�E �2	:�-���'�$�$
�J�T �Q�B�S�U �P�G �B �%�"�# �D�P�O�W�F�S�U�F�S �B�T �E�F�Q�J�D�U�F�E �J�O�'�J�H�� �}���v�
 �X�J�U�I �T�Q�F�D�J
W�D�B�U�J�P�O�T �B�T �M�J�T�U�F�E
�J�O�5�B�C�T�� �}���v��

�}���w���v �1�P�X�F�S �4�F�N�J�D�P�O�E�V�D�U�P�S�T

�&�B�D�I �E�J�F �P�G �U�I�F �V�T�F�E �4�J�$ �.�0�4�'�&�5�T �<	;	>�> �G�F�B�U�V�S�F�T �B �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F �P�G 	9	8 �L�7�

�B�O �P�O���T�U�B�U�F �S�F�T�J�T�U�B�O�D�F �P�G' �E�T�
�P�O� 550 m
 �	�B�U) �K= 150� �$�
�
 �B�O�E �B �M�J�O�F�B�S�J�[�F�E
�D�I�B�S�H�F �F�R�V�J�W�B�M�F�O�U �D�B�Q�B�D�J�U�B�O�D�F �P�G� �P�T�T�
�F�R= 200 pF�<	;	A�>�� �5�X�P �Q�B�S�B�M�M�F�M �E�J�F�T �Q�F�S
�T�X�J�U�D�I �B�S�F �D�P�O�T�J�E�F�S�F�E �J�O �P�S�E�F�S �U�P �S�F�E�V�D�F �U�I�F �D�P�O�E�V�D�U�J�P�O �M�P�T�T�F�T�� �8�J�U�I �U�I�J�T�

280 nsŸ ) �;�7�4Ÿ 1�s �B�Q�Q�M�J�F�T �G�P�S21”5 A ¡ 8�P¡ 6 A�� 	_�V�T�
 �X�J�U�I) �E�F�M�B�Z= 1�s �

�;�7�4 �J�T �B�D�I�J�F�W�F�E �J�O �B �X�J�E�F �M�P�B�E �S�B�O�H�F �B�O�E �U�I�F �U�P�U�B�M �P�V�U�Q�V�U �W�P�M�U�B�H�F �U�S�B�O�T�J�U�J�P�O
�U�J�N�F �S�F�N�B�J�O�T �S�F�B�T�P�O�B�C�M�F��) �U= =) �E�F�M�B�Z= 4 ��T��

	_�F 	=���M�F�W�F�M �2	:�-���'�$�$ �S�F�R�V�J�S�F�T 
� �.�0�4�'�&�5�T �B�O�E���P�S16�E�J�F�T�� �*�O �U�I�J�T �S�F�H�B�S�E�
 �B
�2	:�-���P�Q�F�S�B�U�F�E �N�P�E�V�M�B�S �N�V�M�U�J���M�F�W�F�M �D�P�O�W�F�S�U�F�S �	�2	:�-���.�.�$�
 �C�B�T�F�E �B�Q�Q�S�P�B�D�I�
 �U�I�F

�5�B�C�� �}���v���4�Q�F�D�J
W�D�B�U�J�P�O�T �P�G �U�I�F �D�P�O�T�J�E�F�S�F�E �2	:�-��	=�-���'�$�$ �C�B�T�F�E40 kV��300 kVA�4�J�$���4�4��
�*�1�.��

�	�B�
 �4�J�$ �.�0�4�'�&�5 �Q�B�D�L�B�H�F �X�J�U�I �w �Q�B�S�B�M�M�F�M �E�J�F�T
+�E�T�
�N�B�Y 10 kV �N�B�Y�� �C�M�P�D�L�J�O�H �W�P�M�U�B�H�F
� �E�T�
�N�B�Y 2 � 18 A �N�B�Y�� �E�S�B�J�O �D�V�S�S�F�O�U
' �E�T�
�P�O 550 m
 • 2 �P�O���T�U�B�U�F �S�F�T�� �!125�9
� �P�T�T�
�F�R 2 � 200 pF �D�I�B�S�H�F �F�R�� �D�B�Q�B�D�J�U�B�O�D�F

�	�C�
 �z���M�F�W�F�M �2�w�-���'�$�$ �T�Q�F�D�J	Q�D�B�U�J�P�O�T �	40 kV��300 kVA�

= 4 �E�F�W�J�D�F�T �J�O �T�F�S�J�F�T
# 5 �W�P�M�U�B�H�F �M�F�W�F�M�T

� �'�$ 21”5 nF 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T
+�E�D 28 kV �%�$���M�J�O�L �W�P�M�U�B�H�F
� �P�
�N�B�Y 21”5 A �O�P�N�J�O�B�M �P�V�U�Q�V�U �D�V�S�S�F�O�U
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���	:�� �%�F�T�J�H�O �P�G �U�I�F 	=���-�F�W�F�M �2	:�-���'�$�$ �C�B�T�F�E �4�J�$���4�4���*�1�.

�D�M�P�T�F�T�U �D�P�N�Q�F�U�J�U�J�W�F �E�F�T�J�H�O�
 �X�P�V�M�E �S�F�R�V�J�S�F 	9	> �.�0�4�'�&�5�T �B�O�E �B �U�P�U�B�M �P�G16¸ 8 =
24 �E�J�F�T�
 �T�J�O�D�F �U�I�F �T�X�J�U�D�I�F�T �D�P�O�O�F�D�U�F�E �J�O �T�F�S�J�F�T �U�P �U�I�F �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S�T�

�D�G���'�J�H�� �{���v�	�D�
�
 �B�S�F �T�V�C�K�F�D�U �U�P �M�P�X �D�V�S�S�F�O�U�T �J�O �D�B�T�F �P�G �2	:�- �P�Q�F�S�B�U�J�P�O �B�O�E �D�P�V�M�E
�C�F �S�F�B�M�J�[�F�E �X�J�U�I �P�O�M�Z �P�O�F �E�J�F�� 	_�F �I�J�H�I�F�S �O�V�N�C�F�S �P�G �.�0�4�'�&�5�T �F�N�Q�M�P�Z�F�E �J�O
�U�I�F �.�.�$ �X�P�V�M�E �C�F �M�J�O�L�F�E �U�P �B �I�J�H�I�F�S �O�V�N�C�F�S �P�G �H�B�U�F �E�S�J�W�F�S�T �B�O�E �B�E�E�J�U�J�P�O�B�M
�J�T�P�M�B�U�J�P�O �S�F�R�V�J�S�F�N�F�O�U�T�� �*�O �U�I�J�T �S�F�H�B�S�E�
 �U�I�F �S�F�E�V�O�E�B�O�D�Z �G�F�B�U�V�S�F�E �C�Z �B �2	:�-��
�.�.�$���C�B�T�F�E �I�B�M�G���C�S�J�E�H�F �X�P�V�M�E �D�P�N�F �B�U �U�I�F �D�P�T�U �P�G �B �N�P�S�F �F�Y�Q�F�O�T�J�W�F �B�O�E
�D�P�N�Q�M�F�Y �T�Z�T�U�F�N �D�P�N�Q�B�S�F�E �U�P �U�I�F �2	:�-���'�$�$��

�}���w���w �$�B�Q�B�D�J�U�P�S�T

�#�B�T�F�E �P�O�		?��	:�
�
 �G�P�S) �E�F�M�B�Z= 1�s �
 �B �N�B�Y�J�N�V�N �J�O�T�U�B�O�U�B�O�F�P�V�T �D�V�S�S�F�O�U �E�V�S�J�O�H
�T�X�J�U�D�I�J�O�H �P�G� �P�
�N�B�Y= 21”5 A�
 �B�O�E �B �T�Q�F�D�J
W�F�E �Q�F�B�L���U�P���Q�F�B�L �D�B�Q�B�D�J�U�P�S �W�P�M�U�B�H�F
�S�J�Q�Q�M�F �P�G� +�'�$ = 2 kV�
 �U�I�F �W�B�M�V�F �P�G �U�I�F 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T �B�S�F

� �'�$ = 2
) �E�F�M�B�Z� �P�
�N�B�Y

� +�'�$
= 21”5 nF�� �	
���	9�


�8�J�U�I� +�'�$ = 2 kV�
 �U�I�F �N�B�Y�J�N�V�N �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E �U�P �B �.�0�4�'�&�5 �J�T8 kV�	+�E�D•=¸
� +�'�$•2�
�� �)�P�X�F�W�F�S�
 �U�I�J�T �W�P�M�U�B�H�F �S�J�Q�Q�M�F �P�O�M�Z �B�Q�Q�F�B�S�T �G�P�S �Q�B�T�T�J�W�F �C�B�M�B�O�D�J�O�H �X�J�U�I
�B�T�Z�N�N�F�U�S�J�D �D�V�S�S�F�O�U�T�
 �D�G���4�F�D�U�J�P�O �|���v�� �'�P�S �Q�B�T�T�J�W�F �C�B�M�B�O�D�J�O�H �X�J�U�I �T�Z�N�N�F�U�S�J�D�B�M
�D�V�S�S�F�O�U�T�
 �U�I�F �N�B�Y�J�N�V�N �W�P�M�U�B�H�F �J�T7”5 kV�
 �D�G�� �<	9	<	>�>��

�0�G �Q�B�S�U�J�D�V�M�B�S �J�O�U�F�S�F�T�U �J�T �U�I�F �J�O�W�F�T�U�J�H�B�U�J�P�O �P�G �U�I�F �J�N�Q�M�J�D�B�U�J�P�O�T �P�G �U�I�F �D�B�Q�B�D��
�J�U�P�S �W�P�M�V�N�F�T �P�O �U�I�F �D�P�O�W�F�S�U�F�S�Ý�T �W�P�M�V�N�F�� �'�P�S �U�I�J�T �B�O�B�M�Z�T�J�T�
 �I�J�H�I �W�P�M�U�B�H�F 
W�M�N
�D�B�Q�B�D�J�U�P�S�T �B�S�F �G�P�V�O�E �U�P �C�F �N�P�T�U �T�V�J�U�B�C�M�F�
 �E�V�F �U�P �U�I�F�J�S �I�J�H�I �W�P�M�U�B�H�F �S�B�U�J�O�H�T�

�M�P�X �M�P�T�T�F�T�
 �B�O�E �I�J�H�I�F�T�U �W�P�M�V�N�F�U�S�J�D �D�B�Q�B�D�J�U�B�O�D�F �E�F�O�T�J�U�Z�
 �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �I�J�H�I
�W�P�M�U�B�H�F �D�F�S�B�N�J�D �D�B�Q�B�D�J�U�P�S�T�� �"�O �B�M�H�P�S�J�U�I�N �B�O�B�M�Z�[�J�O�H �D�P�N�C�J�O�B�U�J�P�O�T �P�G �E�J
V�F�S�F�O�U
�D�B�Q�B�D�J�U�P�S�T�
 �D�P�O�O�F�D�U�F�E �J�O �T�F�S�J�F�T �B�O�E �� �P�S �Q�B�S�B�M�M�F�M�
 �I�B�T �C�F�F�O �J�N�Q�M�F�N�F�O�U�F�E �B�O�E
�V�T�F�E �G�P�S �T�F�M�F�D�U�J�O�H �U�I�F �D�P�N�C�J�O�B�U�J�P�O �X�I�J�D�I �Z�J�F�M�E�T �N�J�O�J�N�V�N �U�P�U�B�M �W�P�M�V�N�F�� �"�D��
�D�P�S�E�J�O�H �U�P �U�I�F �S�F�T�V�M�U�T �P�G �U�I�J�T �P�Q�U�J�N�J�[�B�U�J�P�O�
�)�" ���U�Z�Q�F �D�B�Q�B�D�J�U�P�S�T �N�B�O�V�G�B�D�U�V�S�F�E
�C�Z �'�5�$�"�1 �(�N�C�) �<	9	>	9�>�
 �B�S�S�B�O�H�F�E �B�T �T�U�B�U�F�E �J�O�5�B�C�� �}���w�
 �B�S�F �G�P�V�O�E �U�P �C�F �P�Q�U�J�N�B�M��
�)�P�X�F�W�F�S�
 �U�I�F �D�P�O�T�J�E�F�S�F�E 
W�M�N �D�B�Q�B�D�J�U�P�S�T �B�S�F �T�V�C�K�F�D�U �U�P �D�B�Q�B�D�J�U�B�O�D�F �S�F�E�V�D�U�J�P�O�T
�B�U �F�M�F�W�B�U�F�E �D�B�T�F �U�F�N�Q�F�S�B�U�V�S�F�T�
 �X�I�J�D�I �J�T �B�D�D�P�V�O�U�F�E �G�P�S �C�Z �P�W�F�S���E�J�N�F�O�T�J�P�O�J�O�H
�U�I�F �O�P�N�J�O�B�M �D�B�Q�B�D�J�U�B�O�D�F �C�Z 	9	8���� �*�U �J�T �G�P�V�O�E �U�I�B�U �U�I�F �U�P�U�B�M �C�P�Y�F�E �W�P�M�V�N�F
�G�P�S �B�M�M 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T �P�G �U�I�F �2	:�-���'�$�$ �J�T �P�O�M�Z0”30 dm3�� �*�O �D�P�N�Q�B�S�J�T�P�O�
 �B
�2	:�-���.�.�$ �X�J�U�I �T�J�N�J�M�B�S �S�B�U�J�O�H �X�P�V�M�E �M�F�B�E �U�P �B �D�B�Q�B�D�J�U�P�S �W�P�M�V�N�F �P�G0”70 dm3��

�*�O �B�E�E�J�U�J�P�O �U�P 
X�Z�J�O�H �D�B�Q�B�D�J�U�P�S�T�
 �B�M�T�P �%�$���M�J�O�L �D�P�N�N�V�U�B�U�J�P�O �D�B�Q�B�D�J�U�P�S�T �B�S�F
�D�P�O�T�J�E�F�S�F�E�� �'�P�S �U�I�F �E�J�T�D�V�T�T�F�E �S�F�B�M�J�[�B�U�J�P�O �P�G �B �I�B�M�G���C�S�J�E�H�F���C�B�T�F�E �2	:�-���'�$�$�

�B �D�P�O
W�H�V�S�B�U�J�P�O �X�J�U�I �B �T�Q�M�J�U �%�$���M�J�O�L �J�T �Q�S�F�G�F�S�S�F�E�� �*�U �F�O�B�C�M�F�T �U�I�F �V�T�F �P�G �U�I�F
�N�J�E���Q�P�J�O�U �B�T �S�F�G�F�S�F�O�D�F �H�S�P�V�O�E �G�P�S �W�P�M�U�B�H�F �N�F�B�T�V�S�F�N�F�O�U�T �U�P �S�F�E�V�D�F �U�I�F �W�P�M�U�B�H�F
�T�U�S�F�T�T�F�T �P�O �U�I�F �N�F�B�T�V�S�F�N�F�O�U �D�J�S�D�V�J�U�T�� �4�J�O�D�F �U�I�F �N�B�J�O�
 �I�J�H�I �F�O�F�S�H�Z �%�$���M�J�O�L
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�$�I�B�Q�U�F�S 
��� �$�P�O�D�F�Q�U �P�G �B 	<	8 �L�7 �� 	;	8	8 �L�7�" �4�J�$ �Ü�4�V�Q�F�S���4�X�J�U�D�I�Ý �*�1�.

�'�J�H�� �}���w��	;�×�% �S�F�O�E�F�S�J�O�H �P�G �U�I�F300 kVA��40 kV�I�B�M�G���C�S�J�E�H�F �4�J�$���4�4���*�1�.���	�B�
�F�Y�U�F�S�O�B�M
�B�Q�Q�F�B�S�B�O�D�F �B�O�E�	�C�
�J�O�U�F�S�O�B�M �M�B�Z�P�V�U��

�I�B�T �U�P �C�F �E�F�T�J�H�O�F�E �G�P�S �B �T�Q�F�D�J
W�D �B�Q�Q�M�J�D�B�U�J�P�O �B�O�E �J�T �M�P�D�B�U�F�E �P�V�U�T�J�E�F �P�G �U�I�F
�4�J�$���4�4���*�1�. �N�P�E�V�M�F�
 �B �S�F�E�V�D�F�E �U�P�U�B�M �D�B�Q�B�D�J�U�B�O�D�F �P�G12 nF�J�T �J�O�T�U�B�M�M�F�E �J�O�T�J�E�F
�U�I�F �N�P�E�V�M�F��

�}���w���x �3�F�B�M�J�[�B�U�J�P�O �P�G �U�I�F �4�J�$���4�4���*�1�.

�" 	;�×�% �N�P�E�F�M �P�G �U�I�F �4�J�$���4�4���*�1�. �J�T �Q�S�F�T�F�O�U�F�E �J�O�'�J�H�� �}���w�� 	_�F �E�F�T�J�H�O�F�E �4�J�$���4�4��
�*�1�. �J�T �F�O�D�M�P�T�F�E �J�O �B �Q�P�M�Z�B�N�J�E�F �I�P�V�T�J�O�H�
 �X�I�J�D�I �J�T �J�O�U�F�H�S�B�U�F�E �X�J�U�I �"�M�V�N�J�O�V�N
�/�J�U�S�J�E�F �	�"�M�/�
 �C�B�T�F�Q�M�B�U�F�T �P�O �U�P�Q �B�O�E �C�P	R�P�N �P�G �U�I�F �N�P�E�V�M�F �U�P �Q�S�P�W�J�E�F �J�T�P�M�B�U�F�E
�U�I�F�S�N�B�M �J�O�U�F�S�G�B�D�F�T �C�F�U�X�F�F�O �U�I�F �.�0�4�'�&�5�T�Ý �C�B�T�F�Q�M�B�U�F�T �B�O�E �U�I�F �F�Y�U�F�S�O�B�M �D�P�P�M�J�O�H
�T�Z�T�U�F�N�� 	_�F �I�J�H�I �W�P�M�U�B�H�F �U�F�S�N�J�O�B�M�T �B�S�F �M�P�D�B�U�F�E �P�O �U�I�F �T�J�E�F�T �P�G �U�I�F �N�P�E�V�M�F
�	�M�B�C�F�M�M�F�E �X�J�U�I �à�%�$ �J�O�Q�V�U�á �B�O�E �à�"�$ �P�V�U�Q�V�U�á�
�� 	_�F �.�0�4�'�&�5�T �P�G �U�I�F �V�Q�Q�F�S �I�B�M�G��
�C�S�J�E�H�F �B�S�N �B�S�F �M�P�D�B�U�F�E �P�O �U�I�F �U�P�Q �T�J�E�F �B�O�E �U�I�P�T�F �P�G �U�I�F �M�P�X�F�S �I�B�M�G���C�S�J�E�H�F �B�S�N
�P�O �U�I�F �C�P	R�P�N �T�J�E�F�� 	_�J�T �M�B�Z�P�V�U �B�M�M�P�X�T �G�P�S �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �M�P�X���J�O�E�V�D�U�B�O�D�F
�D�P�N�N�V�U�B�U�J�P�O �M�P�P�Q�T �U�I�B�U �B�S�F �B�S�S�B�O�H�F�E �J�O �U�I�FGH���Q�M�B�O�F�� 	_�F �D�P�O�U�S�P�M �C�P�B�S�E
�J�N�Q�M�F�N�F�O�U�T �J�T�P�M�B�U�F�E �D�P�N�N�V�O�J�D�B�U�J�P�O �B�O�E �J�T�P�M�B�U�F�E �Q�P�X�F�S �T�V�Q�Q�M�Z �P�G �U�I�F �N�P�E�V�M�F��
	_�F �Q�S�F�T�F�O�U�F�E �M�B�Z�P�V�U �G�F�B�U�V�S�F�T �B �W�F�S�Z �D�P�N�Q�B�D�U �E�F�T�J�H�O �B�O�E �D�P�O�T�F�R�V�F�O�U�M�Z �B
�M�P�X �C�P�Y�F�E �W�P�M�V�N�F �P�G2”9 dm3�
 �J���F���
 �U�I�F �Q�S�F�T�F�O�U�F�E300 kVA �� 40 kV �4�J�$���4�4��
�*�1�. �G�F�B�U�V�S�F�T �B �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G102 kVA•dm3�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �4�J�$���4�4���*�1�.
�F�O�B�C�M�F�T �T�D�B�M�B�C�J�M�J�U�Z�
 �F���H���
 �B �G�V�M�M���C�S�J�E�H�F �U�P�Q�P�M�P�H�Z �D�P�V�M�E �C�F �C�V�J�M�U �C�Z �T�U�B�D�L�J�O�H
�N�P�E�V�M�F�T �J�OH���B�Y�J�T�E�J�S�F�D�U�J�P�O�
 �B�O�E �J�O�U�F�S�M�F�B�W�J�O�H �U�I�F�N �X�J�U�I �B �S�F�R�V�J�S�F�E �D�P�P�M�J�O�H
�T�Z�T�U�F�N �	�D�P�M�E �Q�M�B�U�F�T �X�J�U�I �I�F�B�U �Q�J�Q�F�T �P�G �X�B�U�F�S �D�P�P�M�J�O�H �P�S �I�F�B�U �T�J�O�L�T�
��
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���	;�� �*�N�Q�B�D�U �P�G �2	:�- �P�O �U�I�F �&�M�F�D�U�S�J�D�B�M �*�O�T�V�M�B�U�J�P�O
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�$�I�B�Q�U�F�S 
��� �$�P�O�D�F�Q�U �P�G �B 	<	8 �L�7 �� 	;	8	8 �L�7�" �4�J�$ �Ü�4�V�Q�F�S���4�X�J�U�D�I�Ý �*�1�.

�}���x �*�N�Q�B�D�U �P�G �2�w�- �P�O �U�I�F �&�M�F�D�U�S�J�D�B�M �*�O�T�V�M�B�U�J�P�O

�'�S�P�N �U�I�F �E�F�T�J�H�O �P�G �U�I�F �2	:�-���'�$�$�
 �Q�S�F�T�F�O�U�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O�
 �J�U �J�T �D�M�F�B�S
�U�I�B�U �J�U �P
V�F�S�T �B �M�F�T�T �D�P�N�Q�M�F�Y�
 �N�P�S�F �D�P�N�Q�B�D�U�
 �B�O�E �D�I�F�B�Q�F�S �S�F�B�M�J�[�B�U�J�P�O �U�I�B�O �U�I�F
�.�.�$���C�B�T�F�E �D�P�V�O�U�F�S�Q�B�S�U�� �*�O �U�I�F �G�P�M�M�P�X�J�O�H�
 �J�U �J�T �Q�S�P�W�F�O �U�I�B�U �U�I�F �2	:�- �T�U�B�H�H�F�S�F�E
�T�X�J�U�D�I�J�O�H �B�M�T�P �P
V�F�S�T �S�F�E�V�D�F�E �B�W�F�S�B�H�FdE•dC�P�G �U�I�F �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T
�D�P�N�Q�B�S�F�E �U�P 	:���M�F�W�F�M �U�P�Q�P�M�P�H�J�F�T �	�D�G���'�J�H�T�� �{���v�	�B�
�
 �	�C�
�
 �B�O�E�
 �U�I�V�T�
 �S�F�E�V�D�F�T �U�I�F
�T�U�S�F�T�T �P�O �U�I�F �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O �B�O�E �U�I�F �F�N�J	R�F�E �&�.�* �E�J�T�U�V�S�C�B�O�D�F�T��

	_�F �G�B�T�U �W�P�M�U�B�H�F �U�S�B�O�T�J�F�O�U�T �	�V�Q �U�P100 kV•µs�<	;	A�>�
 �X�J�U�I �I�J�H�I �S�F�Q�F�U�J�U�J�P�O
�S�B�U�F�T �	�V�Q �U�P100 kHz�<	A�>�
�
 �H�F�O�F�S�B�U�F�E �C�Z �.�7 �4�J�$ �T�X�J�U�D�I�F�T�
 �I�B�W�F �O�F�H�B�U�J�W�F �F
V�F�D�U�T
�P�O �U�I�F �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O�
 �B�T �T�I�P�X�O �G�P�S �.�' �U�S�B�O�T�G�P�S�N�F�S�T�
 �)�7�%�$ �D�P�O�W�F�S�U�F�S�T�

�B�O�E �J�O�W�F�S�U�F�S���G�F�E �F�M�F�D�U�S�J�D�B�M �N�B�D�I�J�O�F�T �<	9	:	>�
 	9	>	:�×	9	>	<�>�� �4�V�D�I �E�F�H�S�B�E�B�U�J�P�O�T �B�S�F
�N�B�J�O�M�Z �F�Y�Q�M�B�J�O�F�E �C�Z �U�I�F �G�P�M�M�P�X�J�O�H �F
V�F�D�U�T��

I �1�B�S�U�J�B�M �%�J�T�D�I�B�S�H�F�T�� 	_�F �E�B�N�B�H�F�T �J�O
X�J�D�U�F�E �U�P �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M�T �C�Z
�Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �B�S�F �Q�S�P�Q�P�S�U�J�P�O�B�M �U�P �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z�� �.�P�S�F��
�P�W�F�S�
 �G�B�T�U �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T �J�O�D�S�F�B�T�F �U�I�F �B�N�Q�M�J�U�V�E�F�T �P�G �U�I�F �E�J�T��
�D�I�B�S�H�F�T�� 	_�J�T �M�F�B�E�T �U�P �S�F�E�V�D�F�E �C�S�F�B�L�E�P�X�O �W�P�M�U�B�H�F�T �B�O�E �B�D�D�F�M�F�S�B�U�F�E
�B�H�F�J�O�H �<	9	:	=�
 	9	:	>�
 	9	>	;�>��

I �3�F�T�P�O�B�O�D�F�T�� �'�B�T�U �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T �D�B�O �F�Y�D�J�U�F �S�F�T�P�O�B�O�D�F�T �J�O�T�J�E�F �Q�B�T��
�T�J�W�F �D�P�N�Q�P�O�F�O�U�T �	�F���H���
 �U�S�B�O�T�G�P�S�N�F�S�T�
 �J�O�E�V�D�U�P�S�T�
 �B�O�E �F�M�F�D�U�S�J�D�B�M �N�B�D�I�J�O�F�T�

�P�S �C�F�U�X�F�F�O �Q�B�T�T�J�W�F �D�P�N�Q�P�O�F�O�U�T �B�O�E �D�B�C�M�F�T �	�F���H���
 �F�M�F�D�U�S�J�D�B�M �N�B�D�I�J�O�F�T
�D�P�O�O�F�D�U�F�E �U�I�S�P�V�H�I �M�P�O�H �D�B�C�M�F�T�
�� �4�V�D�I �P�T�D�J�M�M�B�U�J�P�O�T �D�S�F�B�U�F �B�O �V�O�F�W�F�O
�W�P�M�U�B�H�F �T�I�B�S�J�O�H �J�O�T�J�E�F �U�I�F �D�P�N�Q�P�O�F�O�U�T �B�O�E���P�S �P�W�F�S�W�P�M�U�B�H�F�T �C�F�U�X�F�F�O
�U�I�F �U�F�S�N�J�O�B�M�T �<	9	>	:�
 	9	>	=�>��

I �%�J�F�M�F�D�U�S�J�D �-�P�T�T�F�T�� 	_�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �X�I�J�D�I �B�S�F �Q�S�P�Q�P�S�U�J�P�O�B�M �U�P �U�I�F
�P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z�
 �D�B�O�O�P�U �C�F �O�F�H�M�F�D�U�F�E �G�P�S �.�7 �T�Z�T�U�F�N�T �P�Q�F�S�B�U�F�E �B�U
�.�'�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F �B�T�T�P�D�J�B�U�F�E �E�J�F�M�F�D�U�S�J�D �I�F�B�U�J�O�H �D�B�O �M�F�B�E �U�P �U�I�F�S�N�B�M
�C�S�F�B�L�E�P�X�O�T �P�S �U�I�F�S�N�B�M �S�V�O�B�X�B�Z�T �<	9	:	>�
 	9	>	<�>��

	_�F�T�F �Q�S�P�C�M�F�N�T �C�F�D�P�N�F �Q�B�S�U�J�D�V�M�B�S�M�Z �D�S�J�U�J�D�B�M �G�P�S �U�I�F �+�'�&�5 �T�V�Q�F�S���D�B�T�D�P�E�F
�B�O�E �U�I�F �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O �P�G �.�0�4�'�&�5�T �X�J�U�I �T�O�V�C�C�F�S�T�� �'�P�S �U�I�F�T�F �B�S�S�B�O�H�F�N�F�O�U�T�

�B�M�M �T�F�S�J�F�T �D�P�O�O�F�D�U�F�E �E�F�W�J�D�F�T �B�S�F �T�X�J�U�D�I�F�E �T�Z�O�D�I�S�P�O�P�V�T�M�Z �J�O �P�S�E�F�S �U�P �H�V�B�S�B�O�U�F�F
�F�R�V�B�M �W�P�M�U�B�H�F �T�I�B�S�J�O�H�� 	_�J�T �J�N�Q�M�J�F�T �U�I�B�U �U�I�F �T�X�J�U�D�I�J�O�H �T�Q�F�F�E �B�U �U�I�F �P�V�U�Q�V�U
�O�P�E�F �P�G �B �C�S�J�E�H�F �X�J�U�I= �T�F�S�J�F�T �D�P�O�O�F�D�U�F�E �T�F�N�J�D�P�O�E�V�D�U�P�S�T�
 �F�B�D�I �X�J�U�I �B �H�J�W�F�O
dE•dC�	�G�P�S �B �E�F
W�O�F�E �M�P�B�E �D�V�S�S�F�O�U�
�
 �J�T �F�R�V�B�M �U�P= ¹dE•dCº�� 	_�J�T �N�F�B�O�T �U�I�B�U�

�G�P�S �J�O�D�S�F�B�T�J�O�H=�
 �U�I�F �T�X�J�U�D�I�J�O�H �T�Q�F�F�E �C�F�D�P�N�F�T �Q�S�P�C�M�F�N�B�U�J�D �G�P�S �U�I�F �F�M�F�D�U�S�J�D�B�M
�J�O�T�V�M�B�U�J�P�O �C�V�U �B�M�T�P �G�S�P�N �B�O �&�.�* �Q�P�J�O�U �P�G �W�J�F�X �<	9	>	>�×	9	>
��>�� 	_�F �M�J�N�J�U�B�U�J�P�O �P�G

	9
�	>




���	;�� �*�N�Q�B�D�U �P�G �2	:�- �P�O �U�I�F �&�M�F�D�U�S�J�D�B�M �*�O�T�V�M�B�U�J�P�O

�'�J�H�� �}���x���" �D�M�B�T�T�J�D�B�M 	:���M�F�W�F�M �C�S�J�E�H�F���M�F�H �J�T �D�P�N�Q�B�S�F�E �X�J�U�I �U�I�F �Q�S�P�Q�P�T�F�E �2	:�-���'�$�$��
�	�B�
�W�P�M�U�B�H�F �X�B�W�F�G�P�S�N�T�
�	�C�
�T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O�T�
�	�D�
�W�P�M�U�B�H�F �T�Q�F�D�U�S�V�N �F�O�W�F�M�P�Q�F�
 �B�O�E
�	�E�
�D�V�N�V�M�B�U�J�W�F �T�V�N �P�G �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�� 	_�F �S�B�U�J�O�H�T �T�I�P�X�O �J�O�5�B�C�T�� �}���v�	�B�
�
�	�C�
�B�S�F
�D�P�O�T�J�E�F�S�F�E �B�O�E �U�I�F �T�Z�T�U�F�N �J�T �P�Q�F�S�B�U�F�E �B�U20 kHz�� �;�7�4 �J�T �D�P�O�T�J�E�F�S�F�E �X�J�U�I �B �T�X�J�U�D�I�F�E
�D�V�S�S�F�O�U �P�G� �P�
�N�B�Y�� 	_�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T �B�S�F �D�P�N�Q�V�U�F�E �G�P�S �B �U�Z�Q�J�D�B�M �D�B�Q�B�D�J�U�B�O�D�F �P�G200 pF
�B�O�E �B �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G1 %�<	9	>	<�>��

�U�I�F �T�X�J�U�D�I�J�O�H �T�Q�F�F�E �	�C�Z �U�I�F �H�B�U�F �E�S�J�W�F�S�T �P�S �X�J�U�I �B �T�O�V�C�C�F�S�
 �J�T �Q�P�T�T�J�C�M�F �C�V�U
�D�S�F�B�U�F�T �T�V�C�T�U�B�O�U�J�B�M �B�E�E�J�U�J�P�O�B�M �M�P�T�T�F�T��

	_�J�T �E�J�T�B�E�W�B�O�U�B�H�F �E�P�F�T �O�P�U �B�Q�Q�F�B�S �J�O �U�I�F �Q�S�F�T�F�O�U�F�E�2	:�-���'�$�$�T�J�O�D�F �U�I�F
�T�F�S�J�F�T �D�P�O�O�F�D�U�F�E �E�F�W�J�D�F�T �B�S�F �T�X�J�U�D�I�F�E �T�F�R�V�F�O�U�J�B�M�M�Z�� �)�F�O�D�F�
 �U�I�F �M�P�D�B�MdE•dC
�E�V�S�J�O�H �U�I�F �T�U�B�H�H�F�S�F�E �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O �J�T �J�O�E�F�Q�F�O�E�F�O�U �P�G= �<	9	>	>�×	9	>
��>�� 	_�F�S�F��
�G�P�S�F�
 �U�I�F�2	:�-���'�$�$�S�F�E�V�D�F�T �U�I�F �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �B�N�Q�M�J�U�V�E�F�T�
 �N�J�U�J�H�B�U�F�T �U�I�F
�J�N�Q�B�D�U�T �P�G �S�F�T�P�O�B�O�D�F�T�
 �B�O�E �S�F�E�V�D�F�T �U�I�F �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T��

�'�J�H�T�� �}���x�	�B�
�
�	�C�
�T�I�P�X �U�I�F �P�C�U�B�J�O�F�E �X�B�W�F�G�P�S�N�T �G�P�S �B	:���M�F�W�F�M�C�S�J�E�H�F���M�F�H
�S�F�B�M�J�[�F�E �X�J�U�I �B �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O �P�G �.�0�4�'�&�5�T �B�O�E �G�P�S �U�I�F 	=���M�F�W�F�M���C�B�T�F�E
�2	:�-���'�$�$ �B�D�D�P�S�E�J�O�H �U�P �U�I�F �T�Q�F�D�J
W�D�B�U�J�P�O�T �J�O�5�B�C�T�� �}���v�	�B�
�
�	�C�
�� 	_�F �P�C�U�B�J�O�F�E
�T�X�J�U�D�I�J�O�H �T�Q�F�F�E�T �B�S�F28 kV•300 ns= 93 kV•�us�G�P�S �U�I�F 	:���M�F�W�F�M �C�S�J�E�H�F���M�F�H �B�O�E
7 kV•300 ns= 23 kV•�us�G�P�S �U�I�F �2	:�-���'�$�$���'�J�H�T�� �}���x�	�D�
�
�	�E�
�E�F�Q�J�D�U �U�I�F �W�P�M�U�B�H�F
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�$�I�B�Q�U�F�S 
��� �$�P�O�D�F�Q�U �P�G �B 	<	8 �L�7 �� 	;	8	8 �L�7�" �4�J�$ �Ü�4�V�Q�F�S���4�X�J�U�D�I�Ý �*�1�.

�T�Q�F�D�U�S�V�N �B�O�E �U�I�F �B�T�T�P�D�J�B�U�F�E �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �E�F�U�F�S�N�J�O�F�E �B�D�D�P�S�E�J�O�H �U�P �<	9	>	<�>��
�"�T �F�Y�Q�F�D�U�F�E�
 �U�I�F �2	:�-���'�$�$ �G�F�B�U�V�S�F�T �S�F�E�V�D�F�E �I�J�H�I���G�S�F�R�V�F�O�D�Z �I�B�S�N�P�O�J�D�T �B�O�E�

�U�I�F�S�F�G�P�S�F�
 �S�F�E�V�D�F�E �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T �	63 W�J�O�T�U�F�B�E �P�G109 W�
��

�}���y �$�P�O�D�M�V�T�J�P�O

	_�J�T �D�I�B�Q�U�F�S �Q�S�F�T�F�O�U�T �B �O�F�X300 kVA��40 kV�R�V�B�T�J��	:���M�F�W�F�M �	�2	:�-�
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 �U�I�F[ ��W���Q�F�S�G�P�S�N�B�O�D�F �Q�M�B�O�F�T �F�Y�I�J�C�J�U �U�I�B�U �U�I�F �.�$�5���%�$�9
�D�B�O�O�P�U �B�D�I�J�F�W�F �B �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G �N�P�S�F �U�I�B�O7”5 kW•kg �E�V�F �U�P �U�I�F�S�N�B�M
�M�J�N�J�U�B�U�J�P�O �P�G �U�I�F �.�$�5 �	WŸ �9 kW•kg �
�� �*�O �D�P�O�U�S�B�T�U�
 �U�I�F �"�$�5���%�$�9
�D�B�O �B�D�I�J�F�W�F �U�X�J�D�F �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �J���F���
 �V�Q �U�P16 kW•kg�

�X�I�J�M�F �N�B�J�O�U�B�J�O�J�O�H �B �M�P�X�F�S �C�V�U �T�U�J�M�M �D�P�N�Q�B�S�B�C�M�Z �I�J�H�I �%�$���%�$ �F
Y�D�J�F�O�D�Z
�P�G98”9 %�� 	_�F �Q�J�D�U�V�S�F �S�F�W�F�S�T�F�T �X�I�F�O �D�P�O�T�J�E�F�S�J�O�H �U�I�F �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S
�E�F�O�T�J�U�Z �	�F�Y�D�M�V�E�J�O�H �U�I�F �T�I�J�F�M�E�J�O�H�
 �B�O�E �P�O �B �D�P�N�Q�P�O�F�O�U���M�F�W�F�M�
 �U�I�F �"�$�5
�J�T �M�J�N�J�U�F�E �U�Pd Ÿ �19”5 kW•dm3�
 �B�O�E �N�P�S�F �D�P�N�Q�B�D�U �S�F�B�M�J�[�B�U�J�P�O�T �	�V�Q �U�P
26 kW•dm3�
 �D�B�O �C�F �B�D�I�J�F�W�F�E �X�J�U�I �U�I�F �.�$�5�� 	_�J�T �U�S�F�O�E �J�T �F�W�F�O �N�P�S�F
�Q�S�P�O�P�V�O�D�F�E �P�O �U�I�F �T�Z�T�U�F�N���M�F�W�F�M�
 �G�P�S �X�I�J�D�I �N�B�Y�J�N�V�N �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S
�E�F�O�T�J�U�J�F�T �P�G8”2 kW•dm3 �G�P�S �U�I�F �.�$�5���%�$�9 �D�P�N�Q�B�S�F�E �U�P5”2 kW•dm3

�G�P�S �U�I�F �"�$�5���%�$�9 �S�F�T�V�M�U��

I �6�M�U�S�B �M�J�H�I�U�X�F�J�H�I�U �.�7���.�' �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�� �" �G�V�M�M�Z���S�B�U�F�E �Q�S�P�U�P�U�Z�Q�F
�P�G �B166 kW��7 kV�"�$�5 �J�O �B �D�P�O
W�H�V�S�B�U�J�P�O �X�J�U�I �B �Q�B�J�S �P�G �D�P�B�Y�J�B�M �T�P�M�F�O�P�J�E�T
�J�T �E�F�T�J�H�O�F�E�
 �D�P�O�T�U�S�V�D�U�F�E �B�O�E �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �U�F�T�U�F�E�� 	_�F �S�F�B�M�J�[�B�U�J�P�O �P�G
�U�I�F �"�$�5 �J�T �P�G �S�F�M�B�U�J�W�F�M�Z �M�P�X �D�P�N�Q�M�F�Y�J�U�Z�
 �B�T �B�J�S �D�B�O �C�F �V�T�F�E �B�T �B�O �J�O�T�V�M�B��
�U�J�P�O �B�O�E �D�P�P�M�J�O�H �N�F�E�J�V�N�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �U�I�F�S�N�B�M �E�F�T�J�H�O �J�T �T�J�N�Q�M�J
W�F�E
�B�T �M�B�S�H�F �B�S�F�B�T �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S �D�P�J�M�T �B�S�F �B�W�B�J�M�B�C�M�F �G�P�S �E�J�S�F�D�U �	�G�P�S�D�F�E�
 �B�J�S
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	A��	9�� �3�F�T�V�M�U�T �P�G �U�I�F 	_�F�T�J�T

�D�P�P�M�J�O�H�� �"�M�T�P�
 �P�Q�F�S�B�U�J�P�O �B�U �V�Q �U�P70 %�P�G �U�I�F �S�B�U�F�E �Q�P�X�F�S �J�T �G�F�B�T�J�C�M�F �X�J�U�I
�Q�B�T�T�J�W�F �D�P�P�M�J�O�H �	�J���F���
 �O�B�U�V�S�B�M �D�P�O�W�F�D�U�J�P�O�
 �P�O�M�Z�� 	_�F�T�F �B�T�Q�F�D�U�T �U�S�B�O�T�M�B�U�F
�J�O�U�P �D�P�N�Q�B�S�B�C�M�Z �T�J�N�Q�M�F �B�O�E �I�F�O�D�F �D�P�T�U���F
V�F�D�U�J�W�F �N�B�O�V�G�B�D�U�V�S�J�O�H�
 �X�I�J�D�I
�J�T �D�P�N�Q�M�F�N�F�O�U�F�E �C�Z �T�J�N�Q�M�J
W�F�E �I�B�O�E�M�J�O�H �C�F�D�B�V�T�F �P�G �U�I�F �S�F�M�B�U�J�W�F�M�Z �M�P�X
�N�B�T�T�� �)�P�X�F�W�F�S�
 �G�P�S �U�I�F �T�B�N�F �S�F�B�T�P�O�
 �T�Q�F�D�J�B�M �B	R�F�O�U�J�P�O �N�V�T�U �C�F �Q�B�J�E �U�P
�U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �N�F�D�I�B�O�J�D�B�M���T�V�Q�Q�P�S�U �Q�B�S�U�T �B�T �U�I�F�Z �D�P�O�U�S�J�C�V�U�F �V�Q �U�P
50 %�P�G �U�P�U�B�M �N�B�T�T�� �.�P�S�F�P�W�F�S�
 �U�I�F �D�P�O�T�U�S�V�D�U�J�P�O �	�U�X�J�T�U�J�O�H�
 �P�G �M�J�U�[ �X�J�S�F
�V�T�F�E �G�P�S �U�I�F �X�J�O�E�J�O�H�T �J�T �D�S�J�U�J�D�B�M�
 �B�T �F�W�F�O �T�M�J�H�I�U �J�N�Q�F�S�G�F�D�U�J�P�O�T �N�J�H�I�U
�I�B�W�F �V�O�G�B�W�P�S�B�C�M�F �F
V�F�D�U�T �P�O �U�I�F �P�W�F�S�B�M�M �F
Y�D�J�F�O�D�Z�� 	_�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F
�B�D�I�J�F�W�F�T �B �N�F�B�T�V�S�F�E �G�V�M�M���M�P�B�E �F
Y�D�J�F�O�D�Z �P�G99”5 %�B�U �B�O �P�Q�F�S�B�U�J�O�H �G�S�F��
�R�V�F�O�D�Z �P�G77”4 kHz�
 �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G2”2 kW•dm3 �B�O�E �B�O
�V�O�Q�S�F�D�F�E�F�O�U�F�E �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G16”5 kW•kg�� 	_�F �"�$�5 �D�P�O��
�D�F�Q�U �J�T �U�I�V�T �Q�B�S�U�J�D�V�M�B�S�M�Z �X�F�M�M �T�V�J�U�F�E �G�P�S �F�N�F�S�H�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T �J�O �X�I�J�D�I
�S�P�C�V�T�U�O�F�T�T�
 �X�F�J�H�I�U�
 �T�F�S�W�J�D�F�B�C�J�M�J�U�Z �B�O�E �D�P�T�U���F
V�F�D�U�J�W�F �N�B�O�V�G�B�D�U�V�S�J�O�H �P�G
�U�I�F �U�S�B�O�T�G�P�S�N�F�S �B�S�F �P�G �I�J�H�I �J�N�Q�P�S�U�B�O�D�F��

I �8�F�J�H�I�U���P�Q�U�J�N�J�[�F�E �.�7���.�' �N�B�H�O�F�U�J�D���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�� �'�P�S �C�F�O�D�I�N�B�S�L
�Q�V�S�Q�P�T�F�T �B �X�F�J�H�I�U���P�Q�U�J�N�J�[�F�E�
 �D�P�O�W�F�O�U�J�P�O�B�M166 kW��7 kV �.�$�5 �J�O �B
�T�I�F�M�M���U�Z�Q�F �D�P�O
W�H�V�S�B�U�J�P�O �D�P�O�T�J�T�U�J�O�H �P�G �B�O �&���D�P�S�F �	�G�F�S�S�J�U�F�
 	;�$	A	<�
 �X�J�U�I �D�P�O��
�D�F�O�U�S�J�D �X�J�O�E�J�O�H�T �F�O�D�B�Q�T�V�M�B�U�F�E �J�O �T�J�M�J�D�P�O�F �J�O�T�V�M�B�U�J�P�O �	�E�S�Z���U�Z�Q�F�
 �5�$	<	>	8	=
�)�-�7�
 �J�T �E�F�T�J�H�O�F�E�
 �C�V�J�M�U �B�O�E �W�B�M�J�E�B�U�F�E�� �$�P�O�T�F�S�W�B�U�J�W�F �B�T�T�V�N�Q�U�J�P�O�T �E�V�S�J�O�H
�U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �B�O�E �E�F�T�J�H�O �Q�I�B�T�F �F�O�B�C�M�F �T�J�H�O�J
W�D�B�O�U �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z
�P�G �U�I�F �.�$�5 �B�O�E �U�I�F �I�F�B�U �S�V�O �X�J�U�I �M�P�T�T�F�T �U�I�B�U �D�P�S�S�F�T�Q�P�O�E �U�P �N�B�Y�J�N�V�N
�U�I�F�S�N�B�M�M�Z �G�F�B�T�J�C�M�F �Q�P�X�F�S �U�S�B�O�T�G�F�S�
 �T�I�P�X �U�I�B�U �B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�
 �U�I�F
�.�$�5 �Q�S�P�U�P�U�Z�Q�F �D�B�O �C�F �P�Q�F�S�B�U�F�E �X�J�U�I �Q�P�X�F�S �U�S�B�O�T�G�F�S �P�G �V�Q �U�P250 kW��
	_�F �.�$�5 �Q�S�P�U�P�U�Z�Q�F �	6”7 kW•kg�
5”4 kW•dm3�
�
 �P�Q�F�S�B�U�F�E �B�U40”0 kHz�

�S�F�B�D�I�F�T �B �N�F�B�T�V�S�F�E �F
Y�D�J�F�O�D�Z �P�G99”7 %�� 	_�F �.�$�5 �D�P�O�D�F�Q�U �J�T �I�F�O�D�F
�Q�B�S�U�J�D�V�M�B�S�M�Z �X�F�M�M �T�V�J�U�F�E �G�P�S �F�N�F�S�H�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T �J�O �X�I�J�D�I �I�J�H�I �D�P�N��
�Q�B�D�U�O�F�T�T�
 �F
Y�D�J�F�O�D�Z �B�O�E �U�I�F�S�N�B�M �P�W�F�S�M�P�B�E �D�B�Q�B�C�J�M�J�U�Z �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S
�B�S�F �S�F�R�V�J�S�F�E��

I �.�B�H�O�F�U�J�D �T�I�J�F�M�E�J�O�H �P�G �.�'�5�T�� 	_�F �N�B�H�O�F�U�J�D 
X�V�Y �E�F�O�T�J�U�Z �J�O �U�I�F �Q�S�P�Y�J�N�J�U�Z
�P�G �.�'�5�T�
 �F�T�Q�F�D�J�B�M�M�Z �"�$�5�T �P�S �D�M�P�T�F �U�P �U�I�F �B�J�S �H�B�Q �P�G �.�$�5�T�
 �D�B�O �S�F�B�D�I
�V�Q �U�P �T�F�W�F�S�B�M �N�5�
 �D�B�V�T�J�O�H �F�E�E�Z���D�V�S�S�F�O�U �M�P�T�T�F�T �J�O �N�F�U�B�M�M�J�D �F�M�F�N�F�O�U�T �B�O�E
�E�J�T�U�V�S�C�B�O�D�F�T �J�O �O�F�B�S�C�Z �F�M�F�D�U�S�P�O�J�D �D�J�S�D�V�J�U�S�Z�� 	_�F �N�F�B�T�V�S�F�N�F�O�U�T �P�G �U�I�F
�N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �J�O �U�I�F �Q�S�P�Y�J�N�J�U�Z �P�G �U�I�F �.�'�5�T �D�P�O
W�S�N �U�I�B�U �T�I�J�F�M�E�J�O�H
�J�T �S�F�R�V�J�S�F�E �G�P�S �U�I�F �"�$�5 �Q�S�P�U�P�U�Z�Q�F �U�P �D�P�O�G�P�S�N �X�J�U�I �U�I�F �*�$�/�*�3�1 	:	8	9	8 �F�Y��
�Q�P�T�V�S�F �M�J�N�J�U�T�� �5�P �S�F�E�V�D�F �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �J�O �U�I�F �Q�S�P�Y�J�N�J�U�Z �P�G �U�I�F
�U�S�B�O�T�G�P�S�N�F�S�
 �B �D�P�O�E�V�D�U�J�W�F �	�B�M�V�N�J�O�V�N�
 �T�I�J�F�M�E�J�O�H �F�O�D�M�P�T�V�S�F �J�T �E�F�T�J�H�O�F�E�

�C�V�J�M�U�
 �B�O�E �U�F�T�U�F�E�� �8�J�U�I �U�I�F �Q�S�P�Q�P�T�F�E �T�I�J�F�M�E�J�O�H�
 �U�I�F �"�$�5 �G�V�M
W�M�M�T �U�I�F
�*�$�/�*�3�1 �H�V�J�E�F�M�J�O�F�T �S�F�H�B�S�E�J�O�H �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
X�V�Y �M�F�W�F�M�T �G�P�S �Q�V�C�M�J�D
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�$�I�B�Q�U�F�S 	A�� �$�P�O�D�M�V�T�J�P�O �B�O�E �0�V�U�M�P�P�L

�F�Y�Q�P�T�V�S�F �B�U �B �E�J�T�U�B�O�D�F �P�G 	:	8	8 �N�N �G�S�P�N �U�I�F �T�I�J�F�M�E�J�O�H�� �"�E�E�J�O�H �U�I�F �T�I�J�F�M�E��
�J�O�H �F�O�D�M�P�T�V�S�F �J�O�D�S�F�B�T�F�T �U�I�F �X�F�J�H�I�U �C�Z �B�S�P�V�O�E10 %�
 �U�I�F �P�W�F�S�B�M�M �M�P�T�T�F�T
�C�Z6 %�
 �B�O�E �E�F�U�F�S�N�J�O�F�T �U�I�F �C�P�Y�F�E �W�P�M�V�N�F �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�S�
 �Z�J�F�M�E�J�O�H
�B �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G2”2 kW•dm3 �	�D�P�N�Q�B�S�F�E �U�P7”8 kW•dm3

�X�J�U�I�P�V�U �U�I�F �T�I�J�F�M�E�J�O�H�
�� �0�O �U�I�F �P�U�I�F�S �I�B�O�E�
 �U�I�F �.�$�5 �Q�S�P�U�P�U�Z�Q�F �E�P�F�T
�O�P�U �S�F�R�V�J�S�F �B�E�E�J�U�J�P�O�B�M �T�I�J�F�M�E�J�O�H�
 �B�T �T�U�S�B�Z 
W�F�M�E�T �E�F�D�B�Z �C�F�M�P�X �U�I�F �M�J�N�J�U�T
�B�M�S�F�B�E�Z �H�F�P�N�F�U�S�J�D�B�M�M�Z �S�F�M�B�U�J�W�F�M�Z �D�M�P�T�F �U�P �U�I�F �.�'�5 �		:	=	8 �N�N�
�
 �B �E�J�T�U�B�O�D�F
�X�I�J�D�I �J�T �B �S�F�B�T�P�O�B�C�M�F �D�M�F�B�S�B�O�D�F �U�P �N�B�J�O�U�B�J�O �J�O �.�7 �T�Z�T�U�F�N�T��

I �.�7 �J�O�T�V�M�B�U�J�P�O �J�O �.�'�5�T�� 	_�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F�T �G�F�B�U�V�S�F �B �O�P�N�J�O�B�M
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�$�I�B�Q�U�F�S 	A�� �$�P�O�D�M�V�T�J�P�O �B�O�E �0�V�U�M�P�P�L

�F�Y�D�I�B�O�H�F �P�G �F�B�D�I �'�$ �P�W�F�S �U�I�F �F�O�U�J�S�F �U�S�B�O�T�J�U�J�P�O �J�T �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z �[�F�S�P��
�5�P �Q�S�P�W�J�E�F �N�F�B�O�T �G�P�S �C�B�M�B�O�D�J�O�H �U�I�F �'�$ �W�P�M�U�B�H�F�T �J�O �D�B�T�F �P�G �[�F�S�P �P�V�U�Q�V�U
�D�V�S�S�F�O�U �B �O�P�W�F�M �N�F�U�I�P�E �D�B�M�M�F�E�D�F�M�M �N�V�M�U�J�Q�M�F �T�X�J�U�D�I�J�O�H�	�$�.�4�
 �J�T �Q�S�P�Q�P�T�F�E��
�*�U �S�F�M�J�F�T �P�O �U�I�F �J�O�T�F�S�U�J�P�O �P�G �B�E�E�J�U�J�P�O�B�M �[�F�S�P���D�V�S�S�F�O�U �	�M�P�T�T�Z�
 �D�P�N�N�V�U�B��
�U�J�P�O�T �X�J�U�I�J�O �B �2	:�- �U�S�B�O�T�J�U�J�P�O �X�I�J�D�I �M�F�B�E�T �U�P �B�E�E�J�U�J�P�O�B�M �D�I�B�S�H�J�O�H �P�G
�U�I�F �P�V�U�Q�V�U �D�B�Q�B�D�J�U�B�O�D�F�T �P�G �T�X�J�U�D�I�F�T �B�O�E �U�P �D�P�S�S�F�T�Q�P�O�E�J�O�H �D�I�B�S�H�F �F�Y��
�D�I�B�O�H�F�T �C�F�U�X�F�F�O �U�I�F �'�$�T �	�P�S �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S �B�O�E �'�$�T�
�� 	_�V�T�
 �C�Z
�B�E�E�J�O�H �B�E�E�J�U�J�P�O�B�M �T�X�J�U�D�I�J�O�H �B�D�U�J�P�O�T�
 �U�I�F �'�$ �W�P�M�U�B�H�F�T �D�B�O �C�F �B�E�K�V�T�U�F�E��

I �$�M�P�T�F�E���M�P�P�Q �N�F�U�I�P�E �P�G �M�P�B�E���J�O�E�F�Q�F�O�E�F�O�U �W�P�M�U�B�H�F �C�B�M�B�O�D�J�O�H�� �#�B�T�F�E �P�O
�U�I�F �E�F�S�J�W�F�E �H�F�O�F�S�J�D �E�F�T�D�S�J�Q�U�J�P�O �P�G �D�I�B�S�H�F �B�O�E �W�P�M�U�B�H�F �J�O�D�S�F�N�F�O�U�T �J�O
�2	:�-���'�$�$�T �B�O�E �U�I�F �Q�S�P�Q�P�T�F�E �$�.�4 �N�F�U�I�P�E�
 �B �D�P�N�Q�S�F�I�F�O�T�J�W�F �D�P�O�D�F�Q�U �G�P�S
�M�P�B�E���J�O�E�F�Q�F�O�E�F�O�U �C�B�M�B�O�D�J�O�H �P�G �W�P�M�U�B�H�F�T �J�T �Q�S�P�Q�P�T�F�E�� �'�P�S �O�P�O���[�F�S�P �M�P�B�E
�D�V�S�S�F�O�U �B �N�P�E�F�M �Q�S�F�E�J�D�U�J�W�F �D�P�O�U�S�P�M�M�F�S �	�.�1�$�
 �J�T �F�N�Q�M�P�Z�F�E �U�P �J�E�F�O�U�J�G�Z
�U�I�F �D�P�N�N�V�U�B�U�J�P�O �T�F�R�V�F�O�D�F �P�G �U�I�F �J�O�E�J�W�J�E�V�B�M �T�X�J�U�D�I�F�T �X�J�U�I�J�O �B �2	:�-
�U�S�B�O�T�J�U�J�P�O �		9���T�U�F�Q �I�P�S�J�[�P�O�
 �G�S�P�N �B�M�M �Q�P�T�T�J�C�M�F �Q�F�S�N�V�U�B�U�J�P�O�T �C�Z �N�J�O�J�N�J�[�J�O�H
�U�I�F �Q�S�F�E�J�D�U�F�E �E�F�W�J�B�U�J�P�O �G�S�P�N �U�I�F �S�F�G�F�S�F�O�D�F �W�B�M�V�F�T�� �*�O �D�B�T�F �P�G �[�F�S�P
�M�P�B�E �D�V�S�S�F�O�U�
 �B�M�T�P �B�O �.�1�$���C�B�T�F�E �B�Q�Q�S�P�B�D�I �X�J�U�I �'�$ �W�P�M�U�B�H�F �S�F�G�F�S�F�O�D�F
�U�S�B�D�L�J�O�H �		>���T�U�F�Q �I�P�S�J�[�P�O�
 �V�T�J�O�H �U�I�F �$�.�4 �J�T �V�T�F�E�� �*�O �P�S�E�F�S �U�P �F�Y�B�N�J�O�F �U�I�F
�2	:�- �U�S�B�O�T�J�U�J�P�O�T �B�O�E �U�I�F �Q�S�P�Q�P�T�F�E �C�B�M�B�O�D�J�O�H �N�F�U�I�P�E�T �B 	=�-���'�$�$ �-�7 �I�B�M�G��
�C�S�J�E�H�F �E�F�N�P�O�T�U�S�B�U�P�S �J�T �S�F�B�M�J�[�F�E�� 	_�F �F�Y�Q�F�S�J�N�F�O�U�T �P�G �I�B�S�E���T�X�J�U�D�I�J�O�H
�B�O�E �T�P	O���T�X�J�U�D�I�J�O�H �P�V�U�Q�V�U �W�P�M�U�B�H�F �U�S�B�O�T�J�U�J�P�O�T�
 �M�P�B�E �U�S�B�O�T�J�F�O�U�T�
 �B�T �X�F�M�M �B�T
�P�G �T�U�B�S�U���V�Q �B�O�E �T�I�V�U���E�P�X�O �P�Q�F�S�B�U�J�P�O �N�P�E�F�T �T�I�P�X �H�P�P�E �B�H�S�F�F�N�F�O�U �X�J�U�I
�U�I�F �Q�S�P�Q�P�T�F�E �E�F�T�D�S�J�Q�U�J�P�O �B�O�E �T�J�N�V�M�B�U�J�P�O�T�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �Q�S�F�T�F�O�U�F�E
�D�M�P�T�F�E���M�P�P�Q �D�F�M�M �W�P�M�U�B�H�F �D�P�O�U�S�P�M �D�P�O�D�F�Q�U �E�F�N�P�O�T�U�S�B�U�F�T �B�O �F�Y�D�F�M�M�F�O�U
�B�W�F�S�B�H�F �'�$ �W�P�M�U�B�H�F �U�S�B�D�L�J�O�H �B�T �X�F�M�M �B�T �T�Z�N�N�F�U�S�J�D �D�F�M�M �W�P�M�U�B�H�F�T��

I �$�P�O�D�F�Q�U �P�G �B �.�7 �4�J�$ �¦�4�V�Q�F�S���4�X�J�U�D�I�§ �*�O�U�F�M�M�J�H�F�O�U �1�P�X�F�S �.�P�E�V�M�F �	�4�J�$���4�4��
�*�1�.�
�� �"�J�N�J�O�H �G�P�S �I�J�H�I �J�O�U�F�H�S�B�U�J�P�O �B�O�E �D�P�N�Q�B�D�U�O�F�T�T �P�G �U�I�F �D�P�O�T�J�E�F�S�F�E
�2	:�-���'�$�$���C�B�T�F�E �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S �T�U�B�H�F�
 �B �D�P�O�D�F�Q�U �P�G �B �.�7 �4�J�$
�à�4�V�Q�F�S���4�X�J�U�D�I�á �*�O�U�F�M�M�J�H�F�O�U �1�P�X�F�S �.�P�E�V�M�F �	�4�J�$���4�4���*�1�.�
 �J�T �J�O�U�S�P�E�V�D�F�E��
�4�J�$���4�4���*�1�. �F�O�W�J�T�B�H�F�T �U�I�F �J�O�U�F�H�S�B�U�J�P�O �P�G �B �D�P�N�Q�M�F�U�F 	=�-���'�$�$ �C�S�J�E�H�F���M�F�H�

�J�O�D�M�V�E�J�O�H �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T �	10 kV�4�J�$ �.�0�4�'�&�5�T�
�
 
X�Z�J�O�H �B�O�E �D�P�N��
�N�V�U�B�U�J�P�O �%�$���M�J�O�L �D�B�Q�B�D�J�U�P�S�T�
 �H�B�U�F �E�S�J�W�F�S�T�
 �J�T�P�M�B�U�F�E �D�P�P�M�J�O�H �J�O�U�F�S�G�B�D�F�T�

�N�F�B�T�V�S�F�N�F�O�U�T�
 �B�O�E �2	:�- �D�P�O�U�S�P�M �J�O�U�P �B300 kVA��40 kV �Q�P�X�F�S �N�P�E��
�V�M�F�� �*�O �U�I�J�T �D�P�O�U�F�Y�U�
 �E�J�N�F�O�T�J�P�O�J�O�H �P�G �T�F�N�J�D�P�O�E�V�D�U�P�S�T �B�O�E �D�B�Q�B�D�J�U�P�S�T �J�T
�T�I�P�X�O �B�O�E �J�O �Q�B�S�U�J�D�V�M�B�S �U�I�F�J�S �W�P�M�V�N�F�T �B�S�F �F�W�B�M�V�B�U�F�E�� 	_�F �S�F�B�M�J�[�B�U�J�P�O
�P�G �B �4�J�$���4�4���*�1�. �J�T �N�P�E�F�M�F�E �J�O�D�M�V�E�J�O�H �U�I�F �M�B�Z�P�V�U �P�G �D�P�N�Q�P�O�F�O�U�T�� 	_�F
�4�J�$���4�4���*�1�. �G�F�B�U�V�S�F�T �B �M�P�X �C�P�Y�F�E �W�P�M�V�N�F �P�G2”9 dm3 �X�I�J�D�I �S�F�T�V�M�U�T �J�O �B
�N�P�E�V�M�F���T�Q�F�D�J
W�D �Q�P�X�F�S �E�F�O�T�J�U�Z �P�G102 kVA•dm3�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F �J�N��
�Q�B�D�U �P�G �B �2	:�- �P�Q�F�S�B�U�J�P�O �P�O �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O �J�T �T�U�V�E�J�F�E �C�Z �B�O�B�M�Z�[�J�O�H
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�I�B�S�N�P�O�J�D�T �D�P�O�U�B�J�O�F�E �J�O �U�I�F �P�V�U�Q�V�U �W�P�M�U�B�H�F �B�O�E �D�P�N�Q�B�S�F�E �U�P �X�B�W�F�G�P�S�N�T
�P�G �B 	:�- �C�S�J�E�H�F���M�F�H �X�J�U�I �T�F�S�J�F�T �D�P�O�O�F�D�U�J�P�O �P�G �.�0�4�'�&�5�T�� �*�U �J�T �G�P�V�O�E �U�I�B�U
�EE•�EC�E�V�S�J�O�H �U�I�F �T�U�B�H�H�F�S�F�E �T�X�J�U�D�I�J�O�H �U�S�B�O�T�J�U�J�P�O �J�T �J�O�E�F�Q�F�O�E�F�O�U �P�G �U�I�F
�O�V�N�C�F�S �P�G �T�F�S�J�F�T���D�P�O�O�F�D�U�F�E �T�X�J�U�D�I�F�T �B�O�E�
 �U�I�F�S�F�G�P�S�F�
 �U�I�F �2	:�- �P�Q�F�S�B��
�U�J�P�O �S�F�E�V�D�F�T �U�I�F �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F �B�N�Q�M�J�U�V�E�F�T�
 �N�J�U�J�H�B�U�F�T �U�I�F �J�N�Q�B�D�U�T
�P�G �S�F�T�P�O�B�O�D�F�T�
 �B�O�E �S�F�E�V�D�F�T �I�J�H�I �G�S�F�R�V�F�O�D�Z �I�B�S�N�P�O�J�D�T �D�P�N�Q�B�S�F�E �U�P �B
�D�P�O�W�F�O�U�J�P�O�B�M 	:�- �C�S�J�E�H�F���M�F�H�� 	_�V�T�
 �G�P�S �B �D�P�O�T�J�E�F�S�F�E �F�R�V�J�W�B�M�F�O�U �D�P�N�N�P�O��
�N�P�E�F �D�B�Q�B�D�J�U�B�O�D�F �P�G �J�O�T�V�M�B�U�J�P�O �T�Z�T�U�F�N�
 �P�G �B �U�Z�Q�J�D�B�M �W�B�M�V�F �P�G200 pF�B�O�E
�B �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �P�G1 %�
 �U�I�B�O�L�T �U�P �U�I�F �2	:�- �P�Q�F�S�B�U�J�P�O�
 �U�I�F �E�J�F�M�F�D�U�S�J�D
�M�P�T�T�F�T �B�S�F �D�P�N�Q�V�U�F�E �U�P �C�F �S�F�E�V�D�F�E �C�Z �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z40 %��

�~���w �0�V�U�M�P�P�L �B�O�E �'�V�U�V�S�F �3�F�T�F�B�S�D�I �"�S�F�B�T

�"�M�U�I�P�V�H�I �U�I�J�T �U�I�F�T�J�T �B�M�S�F�B�E�Z �F�Y�Q�M�P�S�F�E �T�F�W�F�S�B�M �O�P�W�F�M �N�F�E�J�V�N���W�P�M�U�B�H�F �4�4�5 �U�F�D�I��
�O�P�M�P�H�J�F�T �B�O�E �Q�S�P�W�J�E�F�E �T�P�M�V�U�J�P�O�T �I�P�X �U�P �S�F�B�M�J�[�F �U�I�F�N�
 �B �O�V�N�C�F�S �P�G �Q�P�U�F�O�U�J�B�M
�S�F�T�F�B�S�D�I �B�S�F�B�T �F�N�F�S�H�F�E �J�O �U�I�F �D�P�V�S�T�F �P�G �U�I�F �B�O�B�M�Z�T�J�T�
 �B�O�E �D�P�V�M�E �C�F �J�O�W�F�T�U�J��
�H�B�U�F�E �J�O �U�I�F �G�V�U�V�S�F �U�P �B�D�D�F�M�F�S�B�U�F �U�I�F �B�E�W�B�O�D�F�N�F�O�U�T �J�O �4�4�5 �U�F�D�I�O�P�M�P�H�J�F�T�� �*�O
�Q�B�S�U�J�D�V�M�B�S��
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I �.�'�5 �P�Q�F�S�B�U�J�P�O �J�O �B �D�P�N�Q�M�F�U�F �%�$�9 �T�Z�T�U�F�N�� 	_�F �S�F�B�M�J�[�F�E �Q�S�P�U�P�U�Z�Q�F�T �P�G
�B�O �B�J�S���D�P�S�F �B�O�E �B �N�B�H�O�F�U�J�D���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S �I�B�W�F �C�F�F�O �W�B�M�J�E�B�U�F�E �P�O�M�Z
�P�O �B �D�P�N�Q�P�O�F�O�U���M�F�W�F�M�� �'�P�S �B �D�P�N�Q�M�F�U�F �F�Y�Q�F�S�J�N�F�O�U�B�M �B�O�B�M�Z�T�J�T �B�O�E �G�V�M�M�Z��
�S�B�U�F�E �W�F�S�J
W�D�B�U�J�P�O�
 �.�7 �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S �T�U�B�H�F�T �T�I�P�V�M�E �C�F �C�V�J�M�E �B�O�E
�P�Q�F�S�B�U�F�E �X�J�U�I �U�I�F �D�P�O�T�U�S�V�D�U�F�E �.�'�5�T �B�O�E �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S �C�B�O�L�T �B�T �B
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Y�D�J�F�O�D�Z �N�F�B�T�V�S�F�N�F�O�U�T �P�G �%�$�9�T �D�P�V�M�E �C�F �U�B�L�F�O
�B�O�E �D�P�N�Q�B�S�F�E �X�J�U�I �U�I�F �S�F�T�V�M�U�T �P�G �D�B�M�D�V�M�B�U�J�P�O�T��

I �1�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �J�O �E�S�Z���U�Z�Q�F �.�'�5�T�� 	_�F �S�F�B�M�J�[�F�E �.�$�5 �Q�S�P�U�P�U�Z�Q�F
�S�F�B�D�I�F�T �B �1�%���G�S�F�F �P�Q�F�S�B�U�J�P�O �P�O�M�Z �V�Q �U�P4”2 kVDC�
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�D�P�S�F�T�
 �B�S�F �Q�B�S�U�J�D�V�M�B�S�M�Z �J�O�U�F�S�F�T�U�J�O�H �G�P�S �U�I�F�J�S �T�J�N�Q�M�F �D�P�O�T�U�S�V�D�U�J�P�O �B�O�E �S�F�E�V�D�F�E �X�F�J�H�I�U�� �)�P�X�F�W�F�S�


�U�I�F �S�F�E�V�D�F�E �N�B�H�O�F�U�J�[�J�O�H �J�O�E�V�D�U�B�O�D�F�
 �U�I�F �S�F�E�V�D�F�E �N�B�H�O�F�U�J�D �D�P�V�Q�M�J�O�H�
 �B�O�E �U�I�F �T�U�S�B�Z 
W�F�M�E�T �B�S�F

�D�I�B�M�M�F�O�H�J�O�H �B�T�Q�F�D�U�T �G�P�S �U�I�F �E�F�T�J�H�O �P�G �"�$�5�T�� �" �D�P�N�Q�M�F�U�F �N�P�E�F�M �P�G �U�I�F �"�$�5 �	�F���H���
 �N�B�H�O�F�U�J�D 
W�F�M�E

�Q�B	R�F�S�O�T�
 �T�L�J�O �B�O�E �Q�S�P�Y�J�N�J�U�Z �M�P�T�T�F�T�
 �T�I�J�F�M�E�Ý�T �F�E�E�Z �D�V�S�S�F�O�U�T�
 �I�B�S�N�P�O�J�D�T�
 �J�O�T�V�M�B�U�J�P�O �D�P�O�T�U�S�B�J�O�U�T�


�B�O�E �U�I�F�S�N�B�M �M�J�N�J�U�
 �J�T �Q�S�P�Q�P�T�F�E �B�O�E �W�F�S�J
W�F�E �X�J�U�I �N�F�B�T�V�S�F�N�F�O�U�T �P�C�U�B�J�O�F�E �X�J�U�I �B �Q�S�P�U�P�U�Z�Q�F��

�"	O�F�S�X�B�S�E�T�
 �B �D�P�N�Q�M�F�U�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �P�Q�U�J�N�J�[�B�U�J�P�O �P�G �B �T�F�S�J�F�T �S�F�T�P�O�B�O�U �D�P�O�W�F�S�U�F�S �	�4�3�$�


�P�Q�F�S�B�U�J�O�H �B�T �%�$ �U�S�B�O�T�G�P�S�N�F�S �	�%�$�9�
 �C�F�U�X�F�F�O �U�X�P 	? �L�7 �C�V�T�F�T �X�J�U�I �B �S�B�U�F�E �Q�P�X�F�S �P�G 	9	>	> �L�8

�J�T �D�P�O�E�V�D�U�F�E�� �5�X�P �E�J
V�F�S�F�O�U �H�F�P�N�F�U�S�J�F�T �B�S�F �D�P�O�T�J�E�F�S�F�E �G�P�S �U�I�F �"�$�5�� �D�P�O�D�F�O�U�S�J�D �D�Z�M�J�O�E�S�J�D�B�M

�D�P�J�M�T �B�O�E �Q�M�B�O�B�S �T�Q�J�S�B�M �D�P�J�M�T�� �"�T �B �S�F�T�V�M�U�
 �U�I�F �P�Q�U�J�N�B�M �"�$�5�
 �	�P�Q�F�S�B�U�F�E �B�U 	9	>	: �L�)�[�
 �G�F�B�U�V�S�F�T

�F�Y�U�S�F�N�F �Q�P�X�F�S �E�F�O�T�J�U�J�F�T �P�G 	?��	= �L�8���E�N3 �B�O�E 	;	9 �L�8���L�H�
 �X�I�J�D�I �D�P�O
W�S�N�T �U�I�F �T�V�Q�F�S�J�P�S�J�U�Z �P�G

�"�$�5�T �S�F�H�B�S�E�J�O�H �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�� 	_�F �D�B�M�D�V�M�B�U�F�E �F
Y�D�J�F�O�D�J�F�T �B�S�F 	A	A��	= �� �B�O�E

	A
���	? �� �G�P�S �U�I�F �"�$�5 �B�O�E �U�I�F �D�P�N�Q�M�F�U�F �%�$���%�$ �D�P�O�W�F�S�U�F�S�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�� �'�J�O�B�M�M�Z�
 �U�I�F �E�J
V�F�S�F�O�U

�U�S�B�E�F���P
V�T �B�S�F �I�J�H�I�M�J�H�I�U�F�E �B�O�E �B�O�B�M�Z�[�F�E�
 �F���H���
 �D�P�O�T�J�E�F�S�J�O�H �N�B�T�T�
 �W�P�M�V�N�F�
 �F
Y�D�J�F�O�D�Z�
 �T�X�J�U�D�I�J�O�H

�G�S�F�R�V�F�O�D�Z�
 �Q�B�S�U���M�P�B�E �C�F�I�B�W�J�P�S�
 �B�O�E �J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F��

�&�Y�F�D�V�U�J�W�F �4�V�N�N�B�S�Z
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�"���v �*�O�U�S�P�E�V�D�U�J�P�O

�*�T�P�M�B�U�F�E �%�$���%�$ �D�P�O�W�F�S�U�F�S�T �B�S�F �F�T�T�F�O�U�J�B�M �C�V�J�M�E�J�O�H �C�M�P�D�L�T �P�G �N�P�E�F�S�O �I�J�H�I��
�Q�P�X�F�S �F�O�F�S�H�Z �D�P�O�W�F�S�T�J�P�O �T�Z�T�U�F�N�T�
 �T�V�D�I �B�T �G�B�T�U �F�M�F�D�U�S�J�D �W�F�I�J�D�M�F �D�I�B�S�H�F�S�T�

�D�P�O�W�F�S�U�F�S�T �G�P�S �S�F�O�F�X�B�C�M�F �F�O�F�S�H�Z�
 �E�B�U�B�D�F�O�U�F�S �Q�P�X�F�S �T�V�Q�Q�M�J�F�T�
 �E�S�J�W�F �T�Z�T�U�F�N�T�
 �P�S
�N�P�S�F �F�M�F�D�U�S�J�D �B�J�S�D�S�B	O �<	9	>	A�×	9	?	:�>�� 	_�F �V�T�B�H�F �P�G �N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �U�S�B�O�T�G�P�S�N�F�S�T
�B�O�E �X�J�E�F���C�B�O�E�H�B�Q �Q�P�X�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S�T �B�M�M�P�X�T �U�I�F �D�P�O�T�U�S�V�D�U�J�P�O �P�G �N�P�S�F
�D�P�N�Q�B�D�U �B�O�E �F
Y�D�J�F�O�U �%�$���%�$ �D�P�O�W�F�S�U�F�S�T �<	9
��
	:	8�

�	A�>�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �E�V�F �U�P �U�I�F�J�S
�M�J�N�J�U�F�E �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �	�J���F���
2 kW•kg �U�P12 kW•kg�
�
 �U�I�F �N�B�H�O�F�U�J�D��
�D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�T �	�.�$�5�T�
 �B�S�F �U�Z�Q�J�D�B�M�M�Z �U�I�F �I�F�B�W�J�F�T�U �D�P�N�Q�P�O�F�O�U�T �P�G �Q�P�X�F�S
�F�M�F�D�U�S�P�O�J�D �T�Z�T�U�F�N�T�� 	_�J�T �J�T �Q�B�S�U�J�D�V�M�B�S�M�Z �Q�S�P�C�M�F�N�B�U�J�D �G�P�S �B�J�S�C�P�S�O�F �P�S �C�B	R�F�S�Z��
�Q�P�X�F�S�F�E �B�Q�Q�M�J�D�B�U�J�P�O�T �<	:
��
 	<	<�
 	<	=�
 	A	>�
 	9	?	8�>��

�*�O �P�S�E�F�S �U�P �E�S�B�T�U�J�D�B�M�M�Z �S�F�E�V�D�F �U�I�F �X�F�J�H�I�U �P�G �N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �U�S�B�O�T��
�G�P�S�N�F�S�T�
 �B�J�S���D�P�S�F �U�S�B�O�T�G�P�S�N�F�S�T �	�"�$�5�T�
�
 �X�I�J�D�I �D�P�O�T�J�T�U �P�G �U�X�P �D�P�J�M�T �U�I�B�U �B�S�F
�N�B�H�O�F�U�J�D�B�M�M�Z �D�P�V�Q�M�F�E �X�J�U�I�P�V�U �U�I�F �I�F�M�Q �P�G �B �N�B�H�O�F�U�J�D �D�J�S�D�V�J�U�
 �I�B�W�F �C�F�F�O �Q�S�P��
�Q�P�T�F�E �<	:
��
 	A	>�
 	9	?	;�>�� �&�W�F�O �J�G �B�J�S���D�P�S�F �N�B�H�O�F�U�J�D �D�P�N�Q�P�O�F�O�U�T �B�S�F �U�Z�Q�J�D�B�M�M�Z �G�P�V�O�E
�J�O �I�J�H�I���G�S�F�R�V�F�O�D�Z �M�P�X���Q�P�X�F�S �T�Z�T�U�F�N�T �<	9	?	<�
 	9	?	=�>�
 �U�I�F�Z �B�S�F �B�M�T�P �J�O�U�F�S�F�T�U�J�O�H �G�P�S
�I�J�H�I���Q�P�X�F�S �T�Z�T�U�F�N�T �<	A	>�>�� �*�U �I�B�T �C�F�F�O �T�I�P�X�O �U�I�B�U �"�$�5�T �D�B�O �F�Y�I�J�C�J�U �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�J�F�T �B�C�P�W�F25 kW•kg �X�J�U�I �F
Y�D�J�F�O�D�J�F�T �B�C�P�W�F99”5 %�<	A	>�>�� 	_�F�S�F��
�G�P�S�F�
 �"�$�5�T �S�F�Q�S�F�T�F�O�U �B �Q�S�P�N�J�T�J�O�H �B�M�U�F�S�O�B�U�J�W�F �G�P�S �X�F�J�H�I�U���P�Q�U�J�N�J�[�F�E �D�P�O�W�F�S�U�F�S�T
�X�J�U�I �U�I�F �G�P�M�M�P�X�J�O�H �B�E�W�B�O�U�B�H�F�T��

I �.�B�T�T�� 	_�F �N�B�H�O�F�U�J�D �D�P�S�F �J�T �U�Z�Q�J�D�B�M�M�Z �U�I�F �I�F�B�W�J�F�T�U �D�P�N�Q�P�O�F�O�U �P�G �.�$�5�T��
	_�F�S�F�G�P�S�F�
 �"�$�5�T �B�S�F �T�J�H�O�J
W�D�B�O�U�M�Z �M�J�H�I�U�F�S �U�I�B�O �.�$�5�T��

I �-�J�O�F�B�S�J�U�Z�� �"�$�5�T �B�S�F �Q�F�S�G�F�D�U�M�Z �M�J�O�F�B�S �B�O�E�
 �U�I�F�S�F�G�P�S�F�
 �D�B�O �X�J�U�I�T�U�B�O�E
�T�J�H�O�J
W�D�B�O�U �U�F�N�Q�P�S�B�S�Z �P�W�F�S�D�V�S�S�F�O�U�T �P�S �P�W�F�S�W�P�M�U�B�H�F�T �X�J�U�I�P�V�U �D�I�B�O�H�J�O�H
�U�I�F�J�S �Q�S�P�Q�F�S�U�J�F�T��

I �5�F�N�Q�F�S�B�U�V�S�F�� 	_�F �P�Q�F�S�B�U�J�O�H �U�F�N�Q�F�S�B�U�V�S�F �P�G �"�$�5�T �J�T �O�P�U �M�J�N�J�U�F�E �C�Z
�U�I�F �$�V�S�J�F �U�F�N�Q�F�S�B�U�V�S�F �P�G �U�I�F �N�B�H�O�F�U�J�D �D�P�S�F�� 	_�F�S�F�G�P�S�F�
 �"�$�5�T �B�S�F �X�F�M�M
�T�V�J�U�F�E �G�P�S �I�J�H�I���U�F�N�Q�F�S�B�U�V�S�F �F�O�W�J�S�P�O�N�F�O�U�T��

I �$�P�O�T�U�S�V�D�U�J�P�O�� �%�V�F �U�P �U�I�F�J�S �T�J�N�Q�M�F �T�U�S�V�D�U�V�S�F�
 �"�$�5�T �G�B�D�J�M�J�U�B�U�F �U�I�F �E�F�T�J�H�O
�P�G �U�I�F �N�F�D�I�B�O�J�D�B�M �Q�B�S�U�T �B�O�E �U�I�F �D�P�P�M�J�O�H �T�Z�T�U�F�N�T�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �I�J�H�I��
�W�P�M�U�B�H�F �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O �D�B�O �C�F �F�B�T�J�M�Z �J�O�U�F�H�S�B�U�F�E��

I �&�M�F�D�U�S�J�D�B�M �D�J�S�D�V�J�U�� 	_�F �I�J�H�I �M�F�B�L�B�H�F �B�O�E �M�P�X���N�B�H�O�F�U�J�[�J�O�H �J�O�E�V�D�U�B�O�D�F�T �P�G
�"�$�5�T �D�B�O �C�F �B�E�W�B�O�U�B�H�F�P�V�T �G�P�S �T�P�N�F �B�Q�Q�M�J�D�B�U�J�P�O�T �	�F���H���
 �-�-�$ �D�P�O�W�F�S�U�F�S�T�

�S�F�T�P�O�B�O�U �U�B�O�L�
�� �%�V�F �U�P �U�I�F �Q�P�T�T�J�C�J�M�J�U�Z �U�P �J�O�U�F�H�S�B�U�F �M�B�S�H�F �J�O�T�V�M�B�U�J�P�O
�E�J�T�U�B�O�D�F�T�
 �"�$�5�T �B�M�T�P �G�F�B�U�V�S�F �S�F�E�V�D�F�E �Q�B�S�B�T�J�U�J�D �D�B�Q�B�D�J�U�B�O�D�F�T��
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�"��	9�� �*�O�U�S�P�E�V�D�U�J�P�O

�)�P�X�F�W�F�S�
 �S�F�N�P�W�J�O�H �U�I�F �N�B�H�O�F�U�J�D �D�P�S�F �I�B�T �B �D�S�J�U�J�D�B�M �J�N�Q�B�D�U �P�O �U�I�F �N�B�H��
�O�F�U�J�D 
W�F�M�E �Q�B	R�F�S�O �P�G �B �U�S�B�O�T�G�P�S�N�F�S�� 	_�J�T �D�S�F�B�U�F�T �T�F�W�F�S�B�M �D�I�B�M�M�F�O�H�F�T �G�P�S �U�I�F
�E�F�T�J�H�O �B�O�E �P�Q�F�S�B�U�J�P�O �P�G �"�$�5�T��

I �7�P�M�V�N�F�� �8�J�U�I�P�V�U �B �N�B�H�O�F�U�J�D �D�P�S�F�
 �U�I�F �N�B�H�O�F�U�J�D 
X�V�Y �J�T �O�P�U �D�P�O
W�O�F�E �J�O
�U�I�F �U�S�B�O�T�G�P�S�N�F�S�� �'�P�S �U�I�J�T �S�F�B�T�P�O�
 �"�$�5�T �B�S�F �M�F�T�T �D�P�N�Q�B�D�U �U�I�B�O �.�$�5�T��

I �&�M�F�D�U�S�J�D�B�M �D�J�S�D�V�J�U�� 	_�F �M�P�X�F�S �T�F�M�G���J�O�E�V�D�U�B�O�D�F �B�O�E �N�B�H�O�F�U�J�D �D�P�V�Q�M�J�O�H �P�G
�"�$�5�T �I�B�W�F �U�P �C�F �D�P�O�T�J�E�F�S�F�E �G�P�S �U�I�F �D�P�O�W�F�S�U�F�S �E�F�T�J�H�O �	�J���F���
 �J�O�D�S�F�B�T�F�E
�N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U�
 �W�P�M�U�B�H�F �E�S�P�Q �V�O�E�F�S �M�P�B�E�
��

I �4�U�S�B�Z 	��F�M�E�� 	_�F �N�F�E�J�V�N���G�S�F�R�V�F�O�D�Z �N�B�H�O�F�U�J�D �T�U�S�B�Z 
W�F�M�E �F�N�J	R�F�E �C�Z
�"�$�5�T �J�T �O�P�U �O�F�H�M�J�H�J�C�M�F �B�O�E �T�I�P�V�M�E �C�F �T�I�J�F�M�E�F�E �J�O �P�S�E�F�S �U�P �B�W�P�J�E �F�E�E�Z��
�D�V�S�S�F�O�U �M�P�T�T�F�T �B�O�E���P�S �F�M�F�D�U�S�P�N�B�H�O�F�U�J�D �J�O�U�F�S�G�F�S�F�O�D�F�T��

I �.�P�E�F�M�J�O�H�� 	_�F �N�B�H�O�F�U�J�D 
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�N�P�E�F�M�T �B�O�E �U�I�F �D�P�N�Q�V�U�B�U�J�P�O�B�M�M�Z �D�I�F�B�Q �4�3�$���%�$�9 �N�P�E�F�M��
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�5�B�C�� �"���v���%�$���"�$�5 �1�S�P�U�P�U�Z�Q�F �<	A	>�>��

�4�Q�F�D�J	Q�D�B�U�J�P�O�T

�5�P�Q�P�M�P�H�Z �4�3�$���%�$�9 �X�J�U�I �I�B�M�G���C�S�J�E�H�F�T

�1�P�X�F�S 166 kW

�%�$ �C�V�T 7 kV ��7 kV

�"�$�5 �E�F�T�J�H�O

�(�F�P�N�F�U�S�Z �%�$���"�$�5 �	�D�G���'�J�H�� �"���w�	�D�
�


�'�S�F�R�V�F�O�D�Z77”4 kHz

�$�P�J�M�T 2 � 22�U�V�S�O�T �J�O �T�F�S�J�F�T

�-�J�U�[ �X�J�S�F2000� 71�um

�4�I�J�F�M�E 0”5 mm�Q�F�S�G�P�S�B�U�F�E �B�M�V�N�J�O�V�N

�'�B�O�T 4 � 12 W

�"�$�5 �Q�F�S�G�P�S�N�B�O�D�F

�7�P�M�V�N�F74”7 dm3 ��2”2 kW•dm3

�.�B�T�T 10”1 kg��16”5 kW•kg

�-�P�T�T�F�T 0”85 kW��99”49 %

I �3�F�T�J�T�U�B�O�D�F�T�� �%�V�F �U�P �U�I�F �I�J�H�I �R�V�B�M�J�U�Z �G�B�D�U�P�S �P�G �U�I�F �"�$�5 �	& � 1000�J�O
�P�Q�F�O���D�J�S�D�V�J�U�
�
 �F�M�F�D�U�S�J�D�B�M �N�F�B�T�V�S�F�N�F�O�U�T �P�G �U�I�F �X�J�O�E�J�O�H �S�F�T�J�T�U�B�O�D�F �G�F�B�U�V�S�F
�B �M�J�N�J�U�F�E �B�D�D�V�S�B�D�Z�� 	_�F�S�F�G�P�S�F�
 �I�J�H�I�M�Z �B�D�D�V�S�B�U�F �U�S�B�O�T�J�F�O�U �D�B�M�P�S�J�N�F�U�S�J�D
�N�F�B�T�V�S�F�N�F�O�U�T �P�G �U�I�F �X�J�O�E�J�O�H �M�P�T�T�F�T �B�S�F �Q�F�S�G�P�S�N�F�E�4�F�D�U�J�P�O �x���z���x�� 	_�F
�T�M�J�H�I�U�M�Z �J�O�D�S�F�B�T�F�E �S�F�T�J�T�U�B�O�D�F�T �P�G �U�I�F �Q�S�P�U�P�U�Z�Q�F �B�S�F �N�B�J�O�M�Z �F�Y�Q�M�B�J�O�F�E �C�Z
�U�I�F �J�N�Q�F�S�G�F�D�U �U�X�J�T�U�J�O�H �P�G �U�I�F �M�J�U�[ �X�J�S�F�
 �B�T �T�I�P�X�O �J�O �<	=
��
 	A	>�>��

I �4�I�J�F�M�E�� 	_�F �J�N�Q�B�D�U �P�G �U�I�F �T�I�J�F�M�E �P�O �U�I�F �J�O�E�V�D�U�B�O�D�F�T �B�O�E �S�F�T�J�T�U�B�O�D�F�T �J�T
�B�T�T�F�T�T�F�E �X�J�U�I �B �I�J�H�I �Q�S�F�D�J�T�J�P�O �J�N�Q�F�E�B�O�D�F �B�O�B�M�Z�[�F�S�� 	_�F �D�P�N�Q�B�S�J�T�P�O
�C�F�U�X�F�F�O �U�I�F �N�F�B�T�V�S�F�N�F�O�U�T �B�O�E �U�I�F �T�J�N�V�M�B�U�J�P�O�T �E�F�N�P�O�T�U�S�B�U�F�T �U�I�B�U �U�I�F
�J�N�Q�B�D�U �P�G �U�I�F �T�I�J�F�M�E �P�O �U�I�F 
X�V�Y �M�J�O�L�B�H�F�T �B�O�E �M�P�T�T�F�T �J�T �D�P�S�S�F�D�U�M�Z �Q�S�F�E�J�D�U�F�E��

�"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F �N�F�B�T�V�S�F�N�F�O�U�T �T�I�P�X �U�I�B�U �U�I�F �T�F�M�G���S�F�T�P�O�B�O�D�F �G�S�F�R�V�F�O�D�J�F�T
�	�P�Q�F�O���D�J�S�D�V�J�U�
 �T�I�P�S�U���D�J�S�D�V�J�U�
 �B�O�E �D�P�N�N�P�O���N�P�E�F�
 �B�S�F �B�M�M �M�P�D�B�U�F�E �B�C�P�W�F2 MHz��
	_�J�T �J�N�Q�M�J�F�T �U�I�B�U �U�I�F �J�N�Q�B�D�U �P�G �U�I�F �S�F�T�P�O�B�O�D�F�T �B�O�E �Q�B�S�B�T�J�U�J�D �D�B�Q�B�D�J�U�B�O�D�F�T �J�T
�O�F�H�M�J�H�J�C�M�F �E�V�S�J�O�H �O�P�N�J�O�B�M �P�Q�F�S�B�U�J�P�O�� �'�J�O�B�M�M�Z�
 �U�I�F �U�I�F�S�N�B�M �D�B�Q�B�C�J�M�J�U�J�F�T �P�G �U�I�F
�"�$�5 �B�S�F �J�O�T�Q�F�D�U�F�E �	�G�P�S �B �N�B�Y�J�N�V�N �U�F�N�Q�F�S�B�U�V�S�F �F�M�F�W�B�U�J�P�O �P�G80�pC�
�� �8�J�U�I
�U�I�F �T�F�M�F�D�U�F�E �G�B�O�T�
0”81 kW�P�G �M�P�T�T�F�T �J�O �U�I�F �D�P�J�M�T �B�S�F �B�D�I�J�F�W�B�C�M�F�
 �M�F�B�E�J�O�H �U�P �B

	:	9	<



�"��	<�� �0�Q�U�J�N�J�[�B�U�J�P�O �#�P�V�O�E�B�S�Z �$�P�O�E�J�U�J�P�O�T

�5�B�C�� �"���w���.�F�B�T�V�S�F�E �B�O�E �4�J�N�V�M�B�U�F�E �1�B�S�B�N�F�U�F�S�T��

�7�B�S�� �.�F�B�T�� �4�J�N�� �&�S�S��

�"�$�5 �J�O�E�V�D�U�B�O�D�F�T �	�X�J�U�I�P�V�U �T�I�J�F�M�E�


�0�Q�F�O �D�J�S�D�V�J�U214”4�uH 203”9�uH 4”9 %

�4�I�P�S�U �D�J�S�D�V�J�U51”8�uH 53”7�uH 3”6 %

�"�$�5 �S�F�T�J�T�U�B�O�D�F�T �	�X�J�U�I�P�V�U �T�I�J�F�M�E�


�0�Q�F�O �D�J�S�D�V�J�U101”9 m�X 89”6 m�X 12”1 %

�4�I�P�S�U �D�J�S�D�V�J�U151”9 m�X 118”6 m�X 21”9 %

�4�I�J�F�M�E �J�N�Q�B�D�U �P�O �U�I�F �J�O�E�V�D�U�B�O�D�F�T

�0�Q�F�O �D�J�S�D�V�J�U�3 ”7 % �3 ”4 % 0”3 %

�4�I�P�S�U �D�J�S�D�V�J�U�2 ”0 % �1 ”6 % 0”4 %

�4�I�J�F�M�E �J�N�Q�B�D�U �P�O �U�I�F �S�F�T�J�T�U�B�O�D�F�T

�0�Q�F�O �D�J�S�D�V�J�U¸57”3 % ¸52”6 % 4”6 %

�4�I�P�S�U �D�J�S�D�V�J�U¸12”2 % ¸9 ”9 % 2”2 %

�E�J�T�T�J�Q�B�U�J�P�O �Q�F�S �F�Y�Q�P�T�F�E �B�S�F�B �P�G0”30 W•cm2�� �8�J�U�I �U�I�F �B�E�E�J�U�J�P�O �P�G �B�J�S �E�V�D�U�T�

�X�I�J�D�I �J�N�Q�S�P�W�F �U�I�F �B�J�S
X�P�X �B�S�P�V�O�E �U�I�F �D�P�J�M�T�
 �U�I�F�T�F �O�V�N�C�F�S�T �B�S�F �J�O�D�S�F�B�T�F�E �U�P
1”28 kW�B�O�E0”47 W•cm2��

�"���y �0�Q�U�J�N�J�[�B�U�J�P�O �#�P�V�O�E�B�S�Z �$�P�O�E�J�U�J�P�O�T

	_�F �D�P�O�T�J�E�F�S�F�E �4�3�$���%�$�9 �P�Q�F�S�B�U�F�T �C�F�U�X�F�F�O �U�X�P+�%�$= 7 kV �C�V�T�F�T �B�U �B �S�B�U�F�E
�Q�P�X�F�S �P�G%�P�V�U= 166 kW�	�D�G���'�J�H�� �"���v�
�
 �X�I�J�D�I �B�S�F �U�I�F �T�B�N�F �T�Q�F�D�J
W�D�B�U�J�P�O�T
�B�T �J�O �<	:
��
 	A	>�>�� 	_�F �N�B�Y�J�N�V�N �D�P�N�N�P�O���N�P�E�F �Q�F�B�L �J�T�P�M�B�U�J�P�O �W�P�M�U�B�H�F �B�Q�Q�M�J�F�E
�C�F�U�X�F�F�O �U�I�F �Q�S�J�N�B�S�Z �B�O�E �T�F�D�P�O�E�B�S�Z �T�J�E�F�T �J�TÊ�$�. = 14 kV�� 	_�J�T �4�F�D�U�J�P�O
�E�F�T�D�S�J�C�F�T �U�I�F �E�J
V�F�S�F�O�U �Q�B�S�B�N�F�U�F�S�T �V�T�F�E �J�O �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F
�N�V�M�U�J���P�C�K�F�D�U�J�W�F �D�P�T�U �G�V�O�D�U�J�P�O �B�O�E �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �B�M�H�P�S�J�U�I�N �B�S�F �E�F�T�D�S�J�C�F�E��

�&�W�F�O �J�G �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �J�T �D�P�O�E�V�D�U�F�E �X�J�U�I 
W�Y�F�E �T�Q�F�D�J
W�D�B�U�J�P�O�T �	166 kW
�B�O�E7 kV�
�
 �U�I�F �P�C�U�B�J�O�F�E �S�F�T�V�M�U�T �B�S�F�
 �U�P �B �M�B�S�H�F �F�Y�U�F�O�E�
 �V�T�F�G�V�M �G�P�S �P�U�I�F�S �D�P�O�W�F�S�U�F�S
�T�Z�T�U�F�N�T�� �*�O �P�S�E�F�S �U�P �F�Y�U�S�B�Q�P�M�B�U�F �U�I�F �S�F�T�V�M�U�T�
 �T�D�B�M�J�O�H �M�B�X�T �B�S�F �Q�S�F�T�F�O�U�F�E �J�O
�4�F�D�U�J�P�O �Ü��

	:	9	=



�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�5�B�C�� �"���x���4�F�N�J�D�P�O�E�V�D�U�P�S �B�O�E �3�F�T�P�O�B�O�U �$�B�Q�B�D�J�U�P�S�T �� �1�B�S�B�N�F�U�F�S�T��

�4�F�N�J�D�P�O�E�V�D�U�P�S�T

A�E�T= 24”5�Xmm2 �$�P�O�E�V�D�U�J�P�O �S�F�T�J�T�U�B�O�D�F �	�B�U125�pC�


4�T�X= 2”04�uJ•mm2 �4�X�J�U�D�I�J�O�H �M�P�T�T�F�T �	�D�V�S�S�F�O�U���J�O�E�F�Q���


: �T�X= 3”03�uJ•A �4�X�J�U�D�I�J�O�H �M�P�T�T�F�T �	�D�V�S�S�F�O�U���E�F�Q���


� �E�J�F= 2”00 W•mm2 �.�B�Y�J�N�V�N �U�I�F�S�N�B�M �E�J�T�T�J�Q�B�U�J�P�O

�3�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S�T

tanX0 = 150 ppm �%�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �	�G�S�F�R�V�F�O�D�Z���J�O�E�F�Q���


: X = 2”5 ppm•kHz �%�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �	�G�S�F�R�V�F�O�D�Z���E�F�Q���


�"���y���v �4�F�N�J�D�P�O�E�V�D�U�P�S �B�O�E �3�F�T�P�O�B�O�U �$�B�Q�B�D�J�U�P�S �.�P�E�F�M

�#�P�U�I �I�B�M�G���C�S�J�E�H�F�T �B�S�F �S�F�B�M�J�[�F�E �X�J�U�I �à�$�S�F�F���8�P�M�G�T�Q�F�F�E �2�1�.	;��	9	8	8	8	8��	8	;	8	8�á
10 kV�4�J�$ �.�0�4�'�&�5�T �<	;	>�
 	;	?�>�� 	_�F �Q�S�P�Q�F�S�U�J�F�T �Q�F�S �D�I�J�Q �B�S�F�B �B�S�F �D�P�O�T�J�E�F�S�F�E �	�D�G��
�	�"��	:�
�
 �B�O�E �B�S�F �E�F�Q�J�D�U�F�E �J�O�5�B�C�� �"���x�� 	_�F �E�B�U�B �B�S�F �E�J�S�F�D�U�M�Z �F�Y�U�S�B�D�U�F�E �G�S�P�N �U�I�F
�D�B�M�P�S�J�N�F�U�S�J�D �M�P�T�T �N�F�B�T�V�S�F�N�F�O�U�T �T�I�P�X�O �J�O �<	;	A�>��

�'�P�S �U�I�F �S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S�T�
 �U�I�F �Q�S�P�Q�F�S�U�J�F�T �P�G �B �I�J�H�I���Q�F�S�G�P�S�N�B�O�D�F �I�F�B�W�Z��
�E�V�U�Z 
W�M�N �D�B�Q�B�D�J�U�P�S �à�$�&�-�&�. �$�4�1 	9	:	8��	:	8	8�á �B�S�F �U�B�L�F�O �<	<	8�>�� 	_�F �D�P�S�S�F�T�Q�P�O�E�J�O�H
�Q�B�S�B�N�F�U�F�S�T �B�S�F �T�I�P�X�O �J�O�5�B�C�� �"���x�� 	_�F �E�J�T�T�J�Q�B�U�J�P�O �G�B�D�U�P�S �J�T �N�F�B�T�V�S�F�E �X�J�U�I
�U�I�F �D�B�M�P�S�J�N�F�U�S�J�D �T�F�U�V�Q �E�F�T�D�S�J�C�F�E �J�O �<	9
�	?�>��

�"���y���w �"�$�5 �$�P�J�M �(�F�P�N�F�U�S�J�F�T

	_�F �"�$�5 �H�F�P�N�F�U�S�J�F�T �	�O�P�O���D�P�N�Q�F�O�T�B�U�F�E 
W�F�M�E�
 �E�P�V�C�M�F���%�
 �B�O�E �U�P�S�P�J�E�B�M �T�U�S�V�D��
�U�V�S�F�T�
 �J�O�U�S�P�E�V�D�F�E �J�O�4�F�D�U�J�P�O �"���w���x�G�F�B�U�V�S�F �E�J�T�U�J�O�D�U �B�E�W�B�O�U�B�H�F�T �B�O�E �E�S�B�X�C�B�D�L�T�

�X�I�J�D�I �D�B�O �C�F �T�V�N�N�B�S�J�[�F�E �B�T �G�P�M�M�P�X�T��

I 	_�F �O�P�O���D�P�N�Q�F�O�T�B�U�F�E 
W�F�M�E �T�U�S�V�D�U�V�S�F�T �	�$���"�$�5 �B�O�E �4���"�$�5�
�'�J�H�T�� �"���w�	�B�
��
�	�C�
�
 �B�S�F �N�B�H�O�F�U�J�D�B�M�M�Z �B�E�W�B�O�U�B�H�F�P�V�T �	�J���F���
 �N�B�H�O�F�U�J�D �D�P�V�Q�M�J�O�H�
 �J�O�E�V�D�U�B�O�D�F�

�B�O�E �R�V�B�M�J�U�Z �G�B�D�U�P�S�
�� �%�V�F �U�P �U�I�F �M�J�N�J�U�F�E �O�V�N�C�F�S �P�G �D�P�J�M�T �B�O�E �T�U�S�V�D�U�V�S�B�M
�F�M�F�N�F�O�U�T�
 �U�I�F�T�F �H�F�P�N�F�U�S�J�F�T �O�P�U �P�O�M�Z �G�B�D�J�M�J�U�B�U�F �U�I�F �D�P�P�M�J�O�H �B�O�E �U�I�F �J�O�T�V�M�B��
�U�J�P�O �E�F�T�J�H�O �C�V�U �B�M�T�P �S�F�E�V�D�F �U�I�F �X�F�J�H�I�U �P�G �U�I�F �D�P�N�Q�P�O�F�O�U �<	A	>�>�� �)�P�X�F�W�F�S�

�U�I�F�T�F �"�$�5�T �Q�S�P�E�V�D�F �B �T�J�H�O�J
W�D�B�O�U �N�B�H�O�F�U�J�D �T�U�S�B�Z 
W�F�M�E �B�O�E�
 �U�I�F�S�F�G�P�S�F�

�B�S�F �Q�P�U�F�O�U�J�B�M�M�Z �D�I�B�M�M�F�O�H�J�O�H �U�P �T�I�J�F�M�E��

I �%�P�V�C�M�F���% �T�U�S�V�D�U�V�S�F�T �	�%�$���"�$�5 �B�O�E �%�4���"�$�5�
 �D�G���'�J�H�T�� �"���w�	�D�
���	�E�
�
 �B�M�M�P�X
�G�P�S �B �S�F�E�V�D�U�J�P�O �P�G �U�I�F �N�B�H�O�F�U�J�D �T�U�S�B�Z 
W�F�M�E�� 	_�J�T �M�F�B�E�T �U�P �B �S�F�E�V�D�U�J�P�O
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�"��	<�� �0�Q�U�J�N�J�[�B�U�J�P�O �#�P�V�O�E�B�S�Z �$�P�O�E�J�U�J�P�O�T

�P�G �U�I�F �M�P�T�T�F�T �J�O �U�I�F �T�I�J�F�M�E �P�S�
 �B�M�U�F�S�O�B�U�J�W�F�M�Z�
 �U�I�F �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F
�T�I�J�F�M�E �B�O�E �U�I�F �D�P�J�M�T �D�B�O �C�F �E�F�D�S�F�B�T�F�E �<	A	>�>�� �)�P�X�F�W�F�S�
 �T�Q�M�J	R�J�O�H �B �M�B�S�H�F
�D�P�J�M �J�O�U�P �U�X�P �T�N�B�M�M�F�S �D�P�J�M�T �J�T �J�O�U�S�J�O�T�J�D�B�M�M�Z �O�P�U �B�E�W�B�O�U�B�H�F�P�V�T �G�P�S �U�I�F
�N�B�H�O�F�U�J�D �Q�S�P�Q�F�S�U�J�F�T �	�J���F���
 �N�B�H�O�F�U�J�D �D�P�V�Q�M�J�O�H�
 �J�O�E�V�D�U�B�O�D�F�
 �B�O�E �R�V�B�M�J�U�Z
�G�B�D�U�P�S�
�� 	_�J�T �I�B�T �B �O�F�H�B�U�J�W�F �J�N�Q�B�D�U �P�O �U�I�F �M�P�T�T�F�T�
 �W�P�M�V�N�F�
 �B�O�E �N�B�T�T �P�G
�U�I�F �D�P�N�Q�P�O�F�O�U �<	<	A�
 	=	8�>��

I 	_�F �U�P�S�P�J�E�B�M �T�U�S�V�D�U�V�S�F�T �	�5���"�$�5�
 �D�G���'�J�H�� �"���w�	�F�
�
 �B�S�F �N�B�H�O�F�U�J�D�B�M�M�Z �B�E��
�W�B�O�U�B�H�F�P�V�T �C�V�U �T�V
V�F�S �G�S�P�N �Q�S�B�D�U�J�D�B�M �J�T�T�V�F�T �D�P�O�D�F�S�O�J�O�H �U�I�F �U�I�F�S�N�B�M
�N�B�O�B�H�F�N�F�O�U�
 �F�M�F�D�U�S�J�D�B�M �J�O�T�V�M�B�U�J�P�O�
 �D�P�J�M �G�P�S�N�F�S �E�F�T�J�H�O�
 �B�O�E �X�J�O�E�J�O�H
�S�F�B�M�J�[�B�U�J�P�O�� 	_�F�T�F �E�S�B�X�C�B�D�L�T �B�S�F �Q�B�S�U�J�D�V�M�B�S�M�Z �D�S�J�U�J�D�B�M �G�P�S �B �I�J�H�I���Q�P�X�F�S
�N�F�E�J�V�N���W�P�M�U�B�H�F �T�Z�T�U�F�N�� �I�F�O�D�F �U�I�F �U�P�S�P�J�E�B�M �H�F�P�N�F�U�S�J�F�T �B�S�F �S�V�M�F�E �P�V�U��

�'�P�S �U�I�F �T�F�M�F�D�U�F�E �T�Q�F�D�J
W�D�B�U�J�P�O�T�
 �B �Q�S�F�M�J�N�J�O�B�S�Z �1�B�S�F�U�P �B�O�B�M�Z�T�J�T �I�B�T �T�I�P�X�O
�U�I�B�U �U�I�F �E�P�V�C�M�F���% �T�U�S�V�D�U�V�S�F�T �	�%�$���"�$�5 �B�O�E �%�4���"�$�5�
 �B�S�F �T�M�J�H�I�U�M�Z �J�O�G�F�S�J�P�S �U�P
�U�I�F �O�P�O���D�P�N�Q�F�O�T�B�U�F�E 
W�F�M�E �T�U�S�V�D�U�V�S�F�T �	�$���"�$�5�
 �B�O�E �4���"�$�5�
�� �'�P�S �B �H�J�W�F�O �Q�P�X�F�S
�E�F�O�T�J�U�Z �	�H�S�B�W�J�N�F�U�S�J�D �P�S �W�P�M�V�N�F�U�S�J�D�
�
 �U�I�F �F
Y�D�J�F�O�D�J�F�T �P�G �E�P�V�C�M�F���% �E�F�T�J�H�O�T �B�S�F
�G�P�V�O�E �U�P �C�F0”03 %�U�P0”18 %�M�P�X�F�S �U�I�B�O �U�I�F �O�P�O���D�P�N�Q�F�O�T�B�U�F�E 
W�F�M�E �E�F�T�J�H�O�T�� �*�U
�B�Q�Q�F�B�S�T �U�I�B�U�
 �E�V�F �U�P �U�I�F �I�J�H�I �N�B�H�O�F�U�J�D �D�P�V�Q�M�J�O�H �G�B�D�U�P�S�T �B�D�I�J�F�W�F�E �C�Z �"�$�5�T
�	�D�P�N�Q�B�S�F�E �U�P �*�1�5 �T�Z�T�U�F�N�T�
�
 �U�I�F �T�U�S�B�Z 
W�F�M�E �Q�S�P�E�V�D�F�E �C�Z �U�I�F �O�P�O���D�P�N�Q�F�O�T�B�U�F�E

W�F�M�E �T�U�S�V�D�U�V�S�F�T �D�B�O �C�F �T�I�J�F�M�E�F�E �X�J�U�I �N�P�E�F�S�B�U�F �M�P�T�T�F�T�� 	_�F�S�F�G�P�S�F�
 �U�I�F �S�F�E�V�D�U�J�P�O
�P�G �U�I�F �M�P�X�F�S �T�U�S�B�Z 
W�F�M�E �B�D�I�J�F�W�F�E �X�J�U�I �E�P�V�C�M�F���% �T�U�S�V�D�U�V�S�F�T �E�P�F�T �O�P�U �Q�S�P�W�J�E�F
�B �T�V
Y�D�J�F�O�U �B�E�W�B�O�U�B�H�F �U�P �D�P�N�Q�F�O�T�B�U�F �G�P�S �U�I�F�J�S �I�B�O�E�J�D�B�Q �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F
�X�J�O�E�J�O�H �M�P�T�T�F�T�
 �N�B�T�T�
 �B�O�E �W�P�M�V�N�F�� �'�P�S �U�I�F�T�F �S�F�B�T�P�O�T�
 �U�I�F �O�P�O���D�P�N�Q�F�O�T�B�U�F�E

W�F�M�E �H�F�P�N�F�U�S�J�F�T �	�$���"�$�5�
 �B�O�E �4���"�$�5�
�'�J�H�T�� �"���w�	�B�
���	�C�
�
 �B�S�F �T�F�M�F�D�U�F�E �G�P�S �B �E�F��
�U�B�J�M�F�E �B�O�B�M�Z�T�J�T��

�"���y���x �"�$�5 �.�P�E�F�M

�#�F�T�J�E�F�T �U�I�F �T�F�M�F�D�U�J�P�O �P�G �U�I�F �"�$�5 �D�P�J�M �H�F�P�N�F�U�S�Z�
 �T�F�W�F�S�B�M �P�U�I�F�S �E�F�T�J�H�O �D�I�P�J�D�F�T
�B�S�F �S�F�R�V�J�S�F�E �G�P�S �U�I�F �"�$�5�� 	_�F �T�F�M�F�D�U�F�E �Q�B�S�B�N�F�U�F�S�T �B�S�F �T�I�P�X�O �J�O�5�B�C�� �"���y�B�O�E
�F�Y�Q�M�B�J�O�F�E �B�T �G�P�M�M�P�X�T��

I �8�J�O�E�J�O�H�� �4�J�O�H�M�F���M�B�Z�F�S �X�J�O�E�J�O�H�T �B�S�F �V�T�F�E �G�P�S �U�I�F �D�P�J�M�T�� �4�V�D�I �X�J�O�E�J�O�H�T
�B�S�F �F�B�T�J�F�S �U�P �D�P�O�T�U�S�V�D�U�
 �G�F�B�U�V�S�F �S�F�E�V�D�F�E �T�U�S�B�Z �D�B�Q�B�D�J�U�B�O�D�F�T�
 �B�O�E �E�P �O�P�U
�S�F�R�V�J�S�F �M�B�Z�F�S �J�O�T�V�M�B�U�J�P�O��

I �-�J�U�[ �X�J�S�F�� 	_�F �D�P�J�M�T �B�S�F �S�F�B�M�J�[�F�E �X�J�U�I �Q�S�P
W�M�F�E �D�P�Q�Q�F�S �M�J�U�[ �X�J�S�F�T�� �"�M�V��
�N�J�O�V�N �M�J�U�[ �X�J�S�F�T�
 �X�I�J�D�I �X�P�V�M�E �C�F �B�E�W�B�O�U�B�H�F�P�V�T �G�P�S �U�I�F �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�Z�
 �B�S�F �O�P�U �D�P�O�T�J�E�F�S�F�E �E�V�F �U�P �B �M�B�D�L �P�G �D�P�N�N�F�S�D�J�B�M �B�W�B�J�M�B�C�J�M��
�J�U�Z�� 	_�F �T�J�[�F �B�O�E �B�T�Q�F�D�U �S�B�U�J�P �P�G �U�I�F �M�J�U�[ �X�J�S�F �J�T �M�J�N�J�U�F�E �J�O �P�S�E�F�S �U�P �F�O�T�V�S�F
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�N�B�O�V�G�B�D�U�V�S�B�C�J�M�J�U�Z�� �" �T�B�G�F�U�Z �N�B�S�H�J�O �	10 %�G�P�S �U�I�F �T�L�J�O �F
V�F�D�U �M�P�T�T�F�T
�B�O�E30 %�G�P�S �U�I�F �Q�S�P�Y�J�N�J�U�Z �F
V�F�D�U �M�P�T�T�F�T�
 �J�T �B�D�D�F�Q�U�F�E �G�P�S �U�I�F �X�J�O�E�J�O�H
�M�P�T�T�F�T�
 �U�B�L�J�O�H �J�O�U�P �B�D�D�P�V�O�U �U�I�F �J�N�Q�B�D�U �P�G �Q�P�U�F�O�U�J�B�M �U�X�J�T�U�J�O�H �J�N�Q�F�S�G�F�D��
�U�J�P�O�T�� 	_�F�T�F �T�B�G�F�U�Z �N�B�S�H�J�O�T �B�S�F �T�F�M�F�D�U�F�E �B�D�D�P�S�E�J�O�H �U�P �U�I�F �N�F�B�T�V�S�F�N�F�O�U�T
�D�P�O�E�V�D�U�F�E �J�O �<	=	?�
 	A	>�> �B�O�E �U�I�F �B�O�B�M�Z�T�J�T �Q�S�F�T�F�O�U�F�E �J�O �<	=
��>��

I �4�I�J�F�M�E�� 	_�F �T�I�J�F�M�E �J�T �N�B�E�F �P�G �O�P�O���Q�F�S�G�P�S�B�U�F�E �D�P�Q�Q�F�S �Q�M�B�U�F�T�
 �X�I�J�D�I
�G�F�B�U�V�S�F �C�F	R�F�S �Q�F�S�G�P�S�N�B�O�D�F �U�I�B�O �U�I�F �Q�F�S�G�P�S�B�U�F�E �B�M�V�N�J�O�V�N �Q�M�B�U�F�T �V�T�F�E
�J�O �<	A	>�>�� 	_�F �U�I�J�D�L�O�F�T�T �P�G �U�I�F �T�I�J�F�M�E �J�T �T�F�M�F�D�U�F�E �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F
�T�L�J�O �E�F�Q�U�I�
 �F�O�T�V�S�J�O�H �U�I�F �F
V�F�D�U�J�W�F�O�F�T�T �P�G �U�I�F �T�I�J�F�M�E�J�O�H �<	A	>�>�� �0�Q�F�O�J�O�H�T
�J�O �U�I�F �T�I�J�F�M�E �B�S�F �S�F�R�V�J�S�F�E �G�P�S �U�I�F �D�P�P�M�J�O�H �B�O�E �U�I�F �D�B�C�M�F �U�F�S�N�J�O�B�U�J�P�O�T
�B�O�E �B�S�F �D�B�V�T�J�O�H �F�E�E�Z���D�V�S�S�F�O�U �D�S�P�X�E�J�O�H �J�O �U�I�F �T�I�J�F�M�E�� 	_�F �J�N�Q�B�D�U �P�G
�U�I�F �P�Q�F�O�J�O�H�T �I�B�T �C�F�F�O �B�T�T�F�T�T�F�E �X�J�U�I �'�&�. �T�J�N�V�M�B�U�J�P�O�T �B�O�E �J�T �G�P�V�O�E �U�P
�J�O�D�S�F�B�T�F �T�I�J�F�M�E �M�P�T�T�F�T �C�Z20 %�U�P30 %�� �)�P�X�F�W�F�S�
 �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �N�P�E�F�M
�E�P�F�T �O�P�U �D�P�O�T�J�E�F�S �U�I�F �P�Q�F�O�J�O�H�T�� �"�D�D�P�S�E�J�O�H�M�Z�
 �B �T�B�G�F�U�Z �N�B�S�H�J�O �P�G30 %�J�T
�B�E�E�F�E �G�P�S �U�I�F �F�E�E�Z���D�V�S�S�F�O�U �M�P�T�T�F�T��

I �*�O�T�V�M�B�U�J�P�O�� �"�O �B�J�S �J�O�T�V�M�B�U�J�P�O �D�P�O�D�F�Q�U�
 �X�I�J�D�I �J�T �D�P�N�Q�B�U�J�C�M�F �X�J�U�I �N�F�E�J�V�N��
�G�S�F�R�V�F�O�D�Z �F�M�F�D�U�S�J�D 
W�F�M�E�T �X�J�U�I �G�B�T�U �T�M�F�X �S�B�U�F�T�
 �J�T �D�P�O�T�J�E�F�S�F�E�� �"�T �T�I�P�X�O
�J�O �<	A	>�>�
 �B �E�J�F�M�F�D�U�S�J�D �C�B�S�S�J�F�S �J�T �Q�M�B�D�F�E �C�F�U�X�F�F�O �U�I�F �D�P�J�M�T �J�O �P�S�E�F�S �U�P �B�W�P�J�E
�B �E�J�S�F�D�U �B�J�S �D�M�F�B�S�B�O�D�F�� 	_�F �Q�F�B�L �F�M�F�D�U�S�J�D 
W�F�M�E �C�F�U�X�F�F�O �U�I�F �D�P�J�M�T �J�T �M�J�N�J�U�F�E
�U�P �B �N�B�Y�J�N�V�N �W�B�M�V�F �P�G15 kV•cm�
 �X�I�J�D�I �J�T �C�F�M�P�X �U�I�F �J�P�O�J�[�B�U�J�P�O �F�M�F�D��
�U�S�J�D 
W�F�M�E �P�G �B�J�S �	�D�B��25 kV•cm�
 �<	9
�
��
 	9
�	A�>�� 	_�F�S�F�G�P�S�F�
 �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T�

�T�V�S�G�B�D�F �E�J�T�D�I�B�S�H�F�T�
 �B�O�E �Q�S�P�C�M�F�N�B�U�J�D �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �X�I�J�D�I �B�S�F �Q�B�S�U�J�D��
�V�M�B�S�M�Z �D�S�J�U�J�D�B�M �G�P�S �D�P�O�W�F�S�U�F�S�T �X�J�U�I �N�F�E�J�V�N���W�P�M�U�B�H�F �4�J�$ �E�F�W�J�D�F�T�
 �B�S�F �O�P�U
�F�Y�Q�F�D�U�F�E �E�V�S�J�O�H �S�B�U�F�E �D�P�O�E�J�U�J�P�O�T �<	<	;�
 	>	8�
 	9	A	8�>�� �#�F�T�J�E�F�T �C�F�J�O�H �T�J�N�Q�M�F
�B�O�E �S�P�C�V�T�U�
 �B�O �B�J�S �J�O�T�V�M�B�U�J�P�O �D�P�O�D�F�Q�U �B�M�T�P �I�B�T �U�I�F �B�E�W�B�O�U�B�H�F �U�P �S�F�E�V�D�F
�U�I�F �T�U�S�B�Z �D�B�Q�B�D�J�U�B�O�D�F�T �P�G �U�I�F �"�$�5��
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�"��	<�� �0�Q�U�J�N�J�[�B�U�J�P�O �#�P�V�O�E�B�S�Z �$�P�O�E�J�U�J�P�O�T

�"���y���| �0�Q�U�J�N�J�[�B�U�J�P�O �4�U�S�B�U�F�H�Z

�'�J�H�� �"���z�E�F�Q�J�D�U�T �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O �X�P�S�L
X�P�X �V�T�F�E �U�P �E�F�T�J�H�O �"�$�5�T �X�J�U�I �B
�S�F�B�T�P�O�B�C�M�F �D�P�N�Q�V�U�B�U�J�P�O �D�P�T�U�� �.�P�S�F �Q�S�F�D�J�T�F�M�Z�
 �U�I�F �P�Q�U�J�N�B�M �E�F�T�J�H�O �J�T �T�F�M�F�D�U�F�E
�X�J�U�I �S�F�T�Q�F�D�U �U�P �B �N�V�M�U�J���P�C�K�F�D�U�J�W�F �T�D�B�M�B�S �D�P�T�U �G�V�O�D�U�J�P�O�� 	_�F �W�B�S�J�B�C�M�F�T �S�F�R�V�J�S�F�E
�G�P�S �U�I�F �"�$�5 �'�&�. �N�P�E�F�M �	�D�G���5�B�C�� �"���z�
 �B�S�F �P�Q�U�J�N�J�[�F�E �C�Z �B �N�V�M�U�J���P�C�K�F�D�U�J�W�F
�H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N �J�O �P�S�E�F�S �U�P �F
Y�D�J�F�O�U�M�Z �F�Y�Q�M�P�S�F �U�I�F �E�F�T�J�H�O �T�Q�B�D�F �<	9	?	A�
 	9
�	8�>��
�*�O �P�S�E�F�S �U�P �J�O�J�U�J�B�M�J�[�F �U�I�F �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N�
 �S�B�O�E�P�N �Q�P�J�O�U�T �B�S�F �T�F�M�F�D�U�F�E �G�P�S
�U�I�F 
W�S�T�U �J�U�F�S�B�U�J�P�O�� �'�P�S �U�I�F �4�3�$���%�$�9 �N�P�E�F�M �	�D�G���5�B�C�� �"���z�
�
 �B �C�S�V�U�F �G�P�S�D�F �H�S�J�E
�T�F�B�S�D�I �B�Q�Q�S�P�B�D�I �D�B�O �C�F �V�T�F�E �E�V�F �U�P �U�I�F �S�F�E�V�D�F�E �O�V�N�C�F�S �P�G �W�B�S�J�B�C�M�F�T �B�O�E �U�I�F
�T�N�B�M�M �D�P�N�Q�V�U�B�U�J�P�O�B�M �D�P�T�U�� 	_�J�T �I�Z�C�S�J�E �P�Q�U�J�N�J�[�B�U�J�P�O �X�P�S�L
X�P�X�
 �D�P�N�C�J�O�J�O�H �B
�H�F�O�F�U�J�D �B�O�E �B �C�S�V�U�F �G�P�S�D�F �B�Q�Q�S�P�B�D�I �I�B�T �U�X�P �B�E�W�B�O�U�B�H�F�T�� �U�I�F �O�V�N�C�F�S �P�G �'�&�.
�T�J�N�V�M�B�U�J�P�O�T �J�T �S�F�E�V�D�F�E �	�H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N�
 �B�O�E �U�I�F �Q�F�S�G�P�S�N�F�E �'�&�. �T�J�N�V�M�B�U�J�P�O�T
�B�S�F �G�V�M�M�Z �F�Y�Q�M�P�J�U�F�E �	�C�S�V�U�F �G�P�S�D�F�
��

�'�P�S �U�I�F �C�S�V�U�F �G�P�S�D�F �H�S�J�E �T�F�B�S�D�I �	�4�3�$���%�$�9 �N�P�E�F�M�
�
 �B �S�F�H�V�M�B�S �H�S�J�E �X�J�U�I
30500�Q�P�J�O�U�T �J�T �D�P�O�T�J�E�F�S�F�E�� �'�P�S �U�I�F �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N �	�"�$�5 �'�&�. �N�P�E�F�M�
�
 �U�I�F
�G�P�M�M�P�X�J�O�H �Q�B�S�B�N�F�U�F�S�T �B�S�F �V�T�F�E �<	9	A	:�
 	9	A	;�>��

I �'�P�S �U�I�F �J�O�J�U�J�B�M�J�[�B�U�J�P�O �T�U�F�Q�
250000 �S�B�O�E�P�N �D�P�N�C�J�O�B�U�J�P�O�T �B�S�F �D�P�O�T�J�E��
�F�S�F�E�� �6�T�J�O�H �B �M�B�S�H�F �O�V�N�C�F�S �P�G �D�P�N�C�J�O�B�U�J�P�O�T �F�O�T�V�S�F�T �U�I�B�U �E�F�T�J�H�O�T �X�J�U�I
�S�F�B�T�P�O�B�C�M�F �Q�F�S�G�P�S�N�B�O�D�F �B�S�F �Q�S�F�T�F�O�U �J�O �U�I�F �J�O�J�U�J�B�M�J�[�B�U�J�P�O �Q�P�P�M��

I �'�S�P�N �U�I�F �J�O�J�U�J�B�M�J�[�B�U�J�P�O �Q�P�P�M�
 �U�I�F800�E�F�T�J�H�O�T �X�J�U�I �U�I�F �M�P�X�F�T�U �D�P�T�U �G�V�O�D��
�U�J�P�O �W�B�M�V�F �B�S�F �T�F�M�F�D�U�F�E �B�T �U�I�F �J�O�J�U�J�B�M �Q�P�Q�V�M�B�U�J�P�O �P�G �U�I�F �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N��

I �"	O�F�S �F�B�D�I �J�U�F�S�B�U�J�P�O �P�G �U�I�F �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N�
 �D�S�P�T�T�P�W�F�S �B�O�E �N�V�U�B�U�J�P�O
�B�S�F �B�Q�Q�M�J�F�E �U�P �U�I�F �Q�P�Q�V�M�B�U�J�P�O �X�J�U�I �U�I�F �G�P�M�M�P�X�J�O�H �T�Q�M�J�U��50�F�M�J�U�F �D�I�J�M�E�S�F�O�

350�D�S�P�T�T�P�W�F�S �D�I�J�M�E�S�F�O�
250�N�V�U�B�U�J�P�O �D�I�J�M�E�S�F�O�
 �B�O�E150�S�B�O�E�P�N �O�F�X
�D�P�N�C�J�O�B�U�J�P�O�T��

I 	_�F �D�P�O�W�F�S�H�F�O�D�F �P�G �U�I�F �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N �J�T �F�W�B�M�V�B�U�F�E �P�W�F�S10�H�F�O�F�S�B��
�U�J�P�O�T �X�J�U�I �U�I�F �G�P�M�M�P�X�J�O�H �N�F�U�S�J�D�T�� �U�I�F �S�F�M�B�U�J�W�F �D�I�B�O�H�F �P�G �U�I�F �D�P�T�U �G�V�O�D�U�J�P�O
�	0”5 %�U�P�M�F�S�B�O�D�F�
 �B�O�E �U�I�F �S�F�M�B�U�J�W�F �D�I�B�O�H�F �P�G �U�I�F �J�O�Q�V�U �	�D�G���5�B�C�� �"���z�
 �B�O�E
�P�V�U�Q�V�U �	�D�G���5�B�C�� �"���{�
 �W�B�S�J�B�C�M�F�T �	3 %�U�P�M�F�S�B�O�D�F�
��

I �$�P�O�W�F�S�H�F�O�D�F �J�T �U�Z�Q�J�D�B�M�M�Z �S�F�B�D�I�F�E �B	O�F�S120�H�F�O�F�S�B�U�J�P�O�T�
 �X�I�J�D�I �J�N�Q�M�J�F�T
�U�I�B�U �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z1200000�"�$�5 �H�F�P�N�F�U�S�J�F�T �B�S�F �T�J�N�V�M�B�U�F�E �	�J�O�D�M�V�E�J�O�H
�U�I�F �J�O�J�U�J�B�M�J�[�B�U�J�P�O �T�U�F�Q�
�� �(�J�W�F�O �U�I�F �O�V�N�C�F�S �P�G �P�Q�U�J�N�J�[�F�E �J�O�Q�V�U �W�B�S�J�B�C�M�F�T
�	�D�G���5�B�C�� �"���z�
�
 �U�I�J�T �S�F�Q�S�F�T�F�O�U�T �B �N�B�T�T�J�W�F �J�N�Q�S�P�W�F�N�F�O�U �P�W�F�S �C�S�V�U�F �G�P�S�D�F
�H�S�J�E �T�F�B�S�D�I�� �8�J�U�I �U�X�P �à�"�.�% �&�1�:�$ 	?	?	<	:�á �$�1�6�T �<	9	A	9�>�
 �U�I�F �P�Q�U�J�N�J�[�B�U�J�P�O
�J�T �Q�F�S�G�P�S�N�F�E �J�O6 �I�P�V�S�T��
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�'�J�H�� �"���z���0�Q�U�J�N�J�[�B�U�J�P�O �X�P�S�L
X�P�X �V�T�J�O�H �B �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �"�$�5 �'�&�. �N�P�E�F�M
�B�O�E �C�S�V�U�F �G�P�S�D�F �H�S�J�E �T�F�B�S�D�I �G�P�S �U�I�F �4�3�$���%�$�9 �N�P�E�F�M��
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�"��	<�� �0�Q�U�J�N�J�[�B�U�J�P�O �#�P�V�O�E�B�S�Z �$�P�O�E�J�U�J�P�O�T

�"���y���} �.�V�M�U�J���0�C�K�F�D�U�J�W�F �$�P�T�U �'�V�O�D�U�J�P�O

	_�F �N�V�M�U�J���P�C�K�F�D�U�J�W�F �D�P�T�U �G�V�O�D�U�J�P�O �T�I�P�V�M�E �C�F �T�F�M�F�D�U�F�E �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F
�D�P�O�T�U�S�B�J�O�U�T �	�F���H���
 �U�B�S�H�F�U �F
Y�D�J�F�O�D�Z�
 �U�B�S�H�F�U �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �Q�S�P�E�V�D�U�J�P�O �D�P�T�U�

�B�O�E �U�P�U�B�M �D�P�T�U �P�G �P�X�O�F�S�T�I�J�Q�
 �P�G �U�I�F �D�P�O�T�J�E�F�S�F�E �B�Q�Q�M�J�D�B�U�J�P�O �	�F���H���
 �B�V�U�P�N�P�U�J�W�F�

�B�J�S�C�P�S�O�F�
 �B�O�E �T�U�B�U�J�P�O�B�S�Z�
�� �"�T �U�I�F �"�$�5 �P�Q�U�J�N�J�[�B�U�J�P�O �Q�S�F�T�F�O�U�F�E �J�O �U�I�J�T �X�P�S�L �J�T
�O�P�U �U�J�F�E �U�P �B �T�Q�F�D�J
W�D �B�Q�Q�M�J�D�B�U�J�P�O�
 �U�I�F �D�P�T�U �G�V�O�D�U�J�P�O �J�T �T�F�M�F�D�U�F�E �U�P �I�J�H�I�M�J�H�I�U �U�I�F
�V�O�J�R�V�F �Q�P�U�F�O�U�J�B�M �P�G �"�$�5�T �U�P �E�F�T�J�H�O �Q�P�X�F�S �D�P�O�W�F�S�U�F�S�T �X�J�U�I �F�Y�U�S�F�N�F �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�J�F�T�� �" �R�V�B�E�S�B�U�J�D �D�P�T�U �G�V�O�D�U�J�P�O �J�T �V�T�F�E �B�O�E �U�I�F �X�F�J�H�I�U�T �	�T�D�B�M�J�O�H
�G�B�D�U�P�S�T�
 �E�F�U�F�S�N�J�O�F �U�I�F �E�F�T�J�S�F�E �U�S�B�E�F���P
V �C�F�U�X�F�F�O �U�I�F �P�C�K�F�D�U�J�W�F�T��

	_�F �T�F�M�F�D�U�J�P�O �P�G �U�I�F �X�F�J�H�I�U�T �U�Z�Q�J�D�B�M�M�Z �S�F�R�V�J�S�F�T �T�F�W�F�S�B�M �J�U�F�S�B�U�J�P�O�T�� 	_�F
�J�O�J�U�J�B�M �X�F�J�H�I�U�T �B�S�F �T�F�M�F�D�U�F�E �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F �E�F�T�J�S�F�E �Q�F�S�G�P�S�N�B�O�D�F�� �)�P�X�F�W�F�S�

�T�J�O�D�F �U�I�F �Q�P�T�J�U�J�P�O �B�O�E �T�U�F�F�Q�O�F�T�T �P�G �U�I�F �1�B�S�F�U�P �P�Q�U�J�N�B�M �T�V�S�G�B�D�F �J�T�
 �B �Q�S�J�P�S�J�
 �O�P�U
�L�O�P�X�O�
 �U�I�F �U�B�S�H�F�U�F�E �Q�F�S�G�P�S�N�B�O�D�F �N�J�H�I�U �C�F �F�Y�D�F�F�E�F�E �P�S �J�N�Q�P�T�T�J�C�M�F �U�P �S�F�B�D�I��
�*�O �T�V�D�I �D�B�T�F�T�
 �B�O �B�E�B�Q�U�B�U�J�P�O �P�G �U�I�F �X�F�J�H�I�U�T �J�T �P	O�F�O �S�F�R�V�J�S�F�E�
 �V�T�J�O�H �U�I�F �E�B�U�B�T�F�U
�	�J�O�J�U�J�B�M�J�[�B�U�J�P�O �Q�P�P�M�
 �Q�P�Q�V�M�B�U�J�P�O �B�D�S�P�T�T �U�I�F �J�U�F�S�B�U�J�P�O�T�
 �B�O�E �P�Q�U�J�N�B�M �E�F�T�J�H�O�

�Q�S�P�E�V�D�F�E �C�Z �U�I�F �H�F�O�F�U�J�D �B�M�H�P�S�J�U�I�N �X�J�U�I �U�I�F �Q�S�F�W�J�P�V�T�M�Z �T�F�M�F�D�U�F�E �X�F�J�H�I�U�T��

�*�O �U�I�J�T �"�Q�Q�F�O�E�J�Y�
 �U�I�F �D�P�T�U �G�V�O�D�U�J�P�O �J�T �E�F�D�P�N�Q�P�T�F�E �J�O�U�P �U�X�P �Q�B�S�U�T�� �'�J�S�T�U�

�U�I�F �"�$�5 �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �U�I�F �"�$�5 �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�
 �B�O�E
�U�I�F �4�3�$���%�$�9 �D�I�J�Q �B�S�F�B �Q�P�X�F�S �E�F�O�T�J�U�Z �	�U�S�B�O�T�G�F�S�S�F�E �Q�P�X�F�S �E�J�W�J�E�F�E �C�Z �U�I�F �U�P�U�B�M
�J�O�T�U�B�M�M�F�E �T�F�N�J�D�P�O�E�V�D�U�P�S �D�I�J�Q �B�S�F�B�
 �B�S�F �D�P�O�T�J�E�F�S�F�E�� 	_�F�T�F �U�I�S�F�F �W�B�M�V�F�T �B�S�F
�D�P�N�C�J�O�F�E �J�O�U�P �B �T�J�O�H�M�F �Q�P�X�F�S �E�F�O�T�J�U�Z �D�P�T�U �G�V�O�D�U�J�P�O��

3 =

vut �
8 kW•dm3

d�B�D�U

� 2
¸

�
30 kW•kg

W�B�D�U

� 2
¸

�
170 W•mm2

^ �T�S�D

� 2

3
�
 �	�"��	9	;�


�X�I�F�S�F �U�I�F �X�F�J�H�I�U�T �R�V�B�O�U�J�G�Z �U�I�F �T�F�M�F�D�U�F�E �Q�P�X�F�S �E�F�O�T�J�U�Z �P�C�K�F�D�U�J�W�F�T�� �*�O �P�S�E�F�S �U�P
�I�J�H�I�M�J�H�I�U �U�I�F �Q�P�U�F�O�U�J�B�M �P�G �"�$�5�T �G�P�S �S�F�B�M�J�[�J�O�H �M�J�H�I�U�X�F�J�H�I�U �T�Z�T�U�F�N�T�
 �U�I�F �N�B�J�O
�X�F�J�H�I�U �	30 kW•kg�
 �J�T �T�F�U �G�P�S �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�� 	_�F �S�F�N�B�J�O�J�O�H
�X�F�J�H�I�U�T �	8 kW•dm3 �B�O�E170 W•mm2�
 �B�S�F �F�O�T�V�S�J�O�H �U�I�F �D�P�N�Q�F�U�J�U�J�W�F�O�F�T�T �P�G
�"�$�5�T �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�Z�Q�J�D�B�M �W�B�M�V�F�T �P�C�U�B�J�O�F�E �X�J�U�I �.�$�5�T �<	:
��
 	A	>�>��

�*�O �B �T�F�D�P�O�E �T�U�F�Q�
 �U�I�F �P�C�U�B�J�O�F�E �Q�P�X�F�S �E�F�O�T�J�U�Z �D�P�T�U �G�V�O�D�U�J�P�O �	�D�G���	�"��	9	;�
�
 �J�T
�D�P�N�C�J�O�F�E �X�J�U�I �U�I�F �4�3�$���%�$�9 �M�P�T�T�F�T �	�N�P�S�F �Q�S�F�D�J�T�F�M�Z �U�I�F �M�P�T�T �G�S�B�D�U�J�P�O�
1� [ �T�S�D�

�J�O �P�S�E�F�S �U�P �P�C�U�B�J�O �U�I�F �H�M�P�C�B�M �N�V�M�U�J���P�C�K�F�D�U�J�W�F �D�P�T�U �G�V�O�D�U�J�P�O��

2 =

vut
32 ¸

�
1� [ �T�S�D
1”09 %

� 2

2
�� �	�"��	9	<�


	_�F �X�F�J�H�I�U �P�O �U�I�F �M�P�T�T �G�S�B�D�U�J�P�O �	1”09 %�
 �J�T �J�U�F�S�B�U�J�W�F�M�Z �T�F�M�F�D�U�F�E �T�V�D�I �U�I�B�U�
 �G�P�S
�U�I�F �P�Q�U�J�N�B�M �E�F�T�J�H�O�
 �U�I�F �Q�P�X�F�S �E�F�O�T�J�U�Z �D�P�T�U �G�V�O�D�U�J�P�O �B�Q�Q�S�P�B�D�I�F�T3 � 1�
 �J���F���


	:	:	;



�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�U�I�F �P�Q�U�J�N�B�M �E�F�T�J�H�O �X�J�M�M �N�F�F�U �U�I�F �D�S�J�U�F�S�J�B �E�F
W�O�F�E �J�O�	�"��	9	;�
�X�J�U�I �U�I�F �I�J�H�I�F�T�U
�Q�P�T�T�J�C�M�F �F
Y�D�J�F�O�D�Z��

�"���z �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

�*�O �U�I�J�T �4�F�D�U�J�P�O�
 �U�I�F �S�F�T�V�M�U�T �P�C�U�B�J�O�F�E �J�O�4�F�D�U�J�P�O �"���y�B�S�F �B�O�B�M�Z�[�F�E �J�O �E�F�U�B�J�M��
�'�J�S�T�U�
 �U�I�F �1�B�S�F�U�P �G�S�P�O�U�T �E�F�T�D�S�J�C�J�O�H �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �T�Q�B�D�F �P�G �U�I�F �"�$�5 �B�O�E
�4�3�$���%�$�9 �B�S�F �Q�S�F�T�F�O�U�F�E�� �"	O�F�S�X�B�S�E�T�
 �U�I�F �Q�S�P�Q�F�S�U�J�F�T �P�G �U�I�F �P�Q�U�J�N�B�M �E�F�T�J�H�O �B�S�F
�E�J�T�D�V�T�T�F�E�� �'�J�O�B�M�M�Z�
 �U�I�F �J�N�Q�B�D�U �P�G �U�I�F �J�O�T�V�M�B�U�J�P�O �S�F�R�V�J�S�F�N�F�O�U �P�O �U�I�F �"�$�5 �J�T
�F�Y�B�N�J�O�F�E��

�"���z���v �1�B�S�F�U�P �'�S�P�O�U�T

	_�F �E�B�U�B�T�F�U �E�F�T�D�S�J�C�F�E �J�O�4�F�D�U�J�P�O �"���y���{�J�T �D�P�O�T�J�E�F�S�F�E �B�O�E�'�J�H�� �"���{�E�F�Q�J�D�U�T �U�I�F
�P�C�U�B�J�O�F�E �1�B�S�F�U�P �G�S�P�O�U�T �C�F�U�X�F�F�O �U�I�F �B�D�I�J�F�W�F�E �F
Y�D�J�F�O�D�Z �	�"�$�5 �B�O�E �4�3�$���%�$�9�

�B�O�E �Q�P�X�F�S �E�F�O�T�J�U�Z �	�W�P�M�V�N�F�U�S�J�D �B�O�E �H�S�B�W�J�N�F�U�S�J�D�
�� 	_�F �B�O�B�M�Z�T�J�T �P�G �U�I�F �1�B�S�F�U�P
�G�S�P�O�U�T �S�F�W�F�B�M�T �U�I�F �G�P�M�M�P�X�J�O�H �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T��

I �&	!�D�J�F�O�D�Z�� �%�F�T�Q�J�U�F �U�I�F �J�O�D�S�F�B�T�F�E �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U�
 �I�J�H�I �F
Y�D�J�F�O�D�Z
�D�B�O �C�F �B�D�I�J�F�W�F�E �G�P�S �C�P�U�I �U�I�F �"�$�5 �	�V�Q �U�P99”65 %�
 �B�O�E �U�I�F �4�3�$���%�$�9 �	�V�Q
�U�P99”05 %�
��

I �7�P�M�V�N�F�� �"�T �B�M�S�F�B�E�Z �I�J�H�I�M�J�H�I�U�F�E �J�O �<	A	>�>�
 �U�I�F[ �B�D�U� d�B�D�U�1�B�S�F�U�P �G�S�P�O�U
�P�G �"�$�5�T �J�T �C�F�M�P�X �X�I�B�U �J�T �B�D�I�J�F�W�B�C�M�F �X�J�U�I �.�$�5�T�� �)�P�X�F�W�F�S�
 �U�I�F �P�Q��
�U�J�N�J�[�B�U�J�P�O �P�G �U�I�F �T�I�J�F�M�E �H�F�P�N�F�U�S�Z �Q�S�F�T�F�O�U�F�E �J�O �U�I�J�T �X�P�S�L �B�M�M�P�X�T �U�I�F
�B�D�I�J�F�W�F�N�F�O�U �P�G �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�J�F�T �B�C�P�W�F10 kW•dm3�
 �X�I�J�D�I
�J�T �T�J�H�O�J
W�D�B�O�U�M�Z �I�J�H�I�F�S �U�I�B�O �U�I�F �S�F�T�V�M�U�T �Q�S�F�T�F�O�U�F�E �J�O �<	A	>�>��

I �.�B�T�T�� 	_�F �N�B�J�O �B�E�W�B�O�U�B�H�F�T �P�G �"�$�5�T �B�S�F �U�I�F�J�S �F�Y�D�F�Q�U�J�P�O�B�M �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�J�F�T �	�V�Q �U�P41 kW•kg�
 �J�O�D�M�V�E�J�O�H �U�I�F �D�P�J�M �G�P�S�N�F�S�T�
 �U�I�F �G�B�O�T�

�U�I�F �D�P�J�M�T�
 �B�O�E �U�I�F �T�I�J�F�M�E�
�
 �X�I�J�D�I �J�T �T�J�H�O�J
W�D�B�O�U�M�Z �I�J�H�I�F�S �U�I�B�O �G�P�S �.�$�5�T
�	�U�Z�Q�J�D�B�M�M�Z �C�F�M�P�X12 kW•kg�
 �<	:
��
 	<	=�
 	A	>�>�� 	_�J�T �D�P�O
W�S�N�T �U�I�B�U �"�$�5�T �B�S�F
�Q�B�S�U�J�D�V�M�B�S�M�Z �J�O�U�F�S�F�T�U�J�O�H �G�P�S �X�F�J�H�I�U���D�P�O�T�U�S�B�J�O�F�E �B�Q�Q�M�J�D�B�U�J�P�O�T �<	<	=�
 	9	?	8�>��

I �'�S�F�R�V�F�O�D�Z�� 	_�F �4�3�$���%�$�9 �D�B�O �C�F �P�Q�F�S�B�U�F�E �J�O �B �M�B�S�H�F �G�S�F�R�V�F�O�D�Z �S�B�O�H�F��
�0�Q�F�S�B�U�J�P�O �B�U �I�J�H�I���G�S�F�R�V�F�O�D�Z �	�B�C�P�W�F100 kHz�
 �J�T �T�U�J�M�M �P
V�F�S�J�O�H �C�F	R�F�S
�Q�F�S�G�P�S�N�B�O�D�F�
 �F�T�Q�F�D�J�B�M�M�Z�
 �G�P�S �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�� �%�V�F �U�P �U�I�F
�M�P�X �N�B�H�O�F�U�J�[�J�O�H �J�O�E�V�D�U�B�O�D�F�
 �"�$�5�T �B�S�F �P�Q�F�S�B�U�F�E �B�U �I�J�H�I�F�S �G�S�F�R�V�F�O�D�J�F�T
�U�I�B�O �.�$�5�T �J�O �P�S�E�F�S �U�P �M�J�N�J�U �U�I�F �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U��

	:	:	<



�"��	=�� �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

�5�B�C�� �"���y���"�$�5 �� �1�B�S�B�N�F�U�F�S�T��

�"�$�5 �U�Z�Q�F

�$�P�J�M�T �$���"�$�5 �P�S �4���"�$�5

�4�I�J�F�M�E �$�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E

�-�J�U�[ �X�J�S�F

�5�Z�Q�F �1�S�P
W�M�F�E �M�J�U�[ �X�J�S�F �	�S�F�D�U�B�O�H�V�M�B�S�


�4�U�S�B�O�E�J�O�H 71�um�
 �M�F�T�T �U�I�B�O70500�T�U�S�B�O�E�T

�"�T�Q�F�D�U �S�B�U�J�P �#�F�U�X�F�F�O1 : 3�B�O�E3 : 1

�4�L�J�O �F
V�F�D�U �M�P�T�T�F�T10 %�T�B�G�F�U�Z �N�B�S�H�J�O

�1�S�P�Y�J�N�J�U�Z �F
V�F�D�U �M�P�T�T�F�T30 %�T�B�G�F�U�Z �N�B�S�H�J�O

	_�F�S�N�B�M �M�J�N�J�U0”28 W•cm2 �G�P�S �U�I�F �F�Y�Q�P�T�F�E �B�S�F�B

�0�Q�� �U�F�N�Q�F�S�B�U�V�S�F130�pC

�4�I�J�F�M�E

�5�Z�Q�F �$�P�Q�Q�F�S �T�I�J�F�M�E

	_�J�D�L�O�F�T�T 200 %�P�G �U�I�F �T�L�J�O �E�F�Q�U�I

�1�S�P�Y�J�N�J�U�Z �F
V�F�D�U �M�P�T�T�F�T30 %�T�B�G�F�U�Z �N�B�S�H�J�O

	_�F�S�N�B�M �M�J�N�J�U0”15 W•cm2 �G�P�S �U�I�F �F�Y�Q�P�T�F�E �B�S�F�B

�0�Q�� �U�F�N�Q�F�S�B�U�V�S�F70�pC

�$�P�J�M �G�P�S�N�F�S �B�O�E �G�B�O�T

�1�F�B�L �F�M�F�D�U�S�J�D 
W�F�M�E �-�F�T�T �U�I�B�O15 kV•cm

�$�P�J�M �G�P�S�N�F�S �(�M�B�T�T���S�F�J�O�G�P�S�D�F�E �Q�M�B�T�U�J�D

�%�J�F�M�F�D�U�S�J�D �C�B�S�S�J�F�S �/�P�N�F�Y �B�S�B�N�J�E �Q�P�M�Z�N�F�S

�'�B�O �X�F�J�H�I�U 1”0 kg

�'�B�O �W�P�M�V�N�F 2”0 dm3

�'�B�O �M�P�T�T�F�T 70 W

	:	:	=



�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�5�B�C�� �"���z���0�Q�U�J�N�J�[�F�E �*�O�Q�V�U �1�B�S�B�N�F�U�F�S�T��

�"�$�5 �'�&�. �N�P�E�F�M

=�U�V�S�O•1 2 »5•120¼ �1�S�J�N�B�S�Z �O�V�N�C�F�S �P�G �U�V�S�O�T �	�J�O�U���


=�U�V�S�O•2 2 »5•120¼ �4�F�D�P�O�E�B�S�Z �O�V�N�C�F�S �P�G �U�V�S�O�T �	�J�O�U���


A�N�J�O2 »20•180¼mm �.�J�O�J�N�V�N �D�P�J�M �S�B�E�J�V�T

G�T�I�J�F�M�E2 »20•180¼mm �4�I�J�F�M�E �E�J�T�U�B�O�D�F �	G�E�J�S�F�D�U�J�P�O�


H�T�I�J�F�M�E2 »20•180¼mm �4�I�J�F�M�E �E�J�T�U�B�O�D�F �	H�E�J�S�F�D�U�J�P�O�


3�J�T�P2 »5•25¼mm �%�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F �D�P�J�M�T

C�X�J�S�F2 »0”5•5”0¼mm �%�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F �U�V�S�O�T

G�X�J�S�FH�X�J�S�F2 »6•60¼mm2 �-�J�U�[ �X�J�S�F �D�S�P�T�T �T�F�D�U�J�P�O

G�X�J�S�F•H�X�J�S�F2 »1•3•3¼ �-�J�U�[ �X�J�S�F �B�T�Q�F�D�U �S�B�U�J�P

�4�3�$���%�$�9 �N�P�E�F�M

: �X�J�O�E�J�O�H2 »40•48¼% �-�J�U�[ �X�J�S�F 
W�M�M �G�B�D�U�P�S

� �E�J�F2 »150•300¼mm2 �$�I�J�Q �B�S�F�B �Q�F�S �T�X�J�U�D�I

5 2 »25•200¼kHz �0�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z
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�"��	=�� �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

�5�B�C�� �"���{���$�P�N�Q�V�U�F�E �'�J�H�V�S�F�T �P�G �.�F�S�J�U��

�"�$�5 �P�V�U�Q�V�U �W�B�S�J�B�C�M�F�T

+�B�D�U dm3 �"�$�5 �C�P�Y�F�E �W�P�M�V�N�F

< �B�D�U kg �"�$�5 �N�B�T�T

A�B�D�U % �3�B�U�J�P �C�F�U�X�F�F�O �U�I�F �"�$�5 �I�F�J�H�I�U �B�O�E �X�J�E�U�I

! �B�D�U•1 �uH �"�$�5 �Q�S�J�N�B�S�Z �J�O�E�V�D�U�B�O�D�F

! �B�D�U•2 �uH �"�$�5 �T�F�D�P�O�E�B�S�Z �J�O�E�V�D�U�B�O�D�F

: �B�D�U % �"�$�5 �N�B�H�O�F�U�J�D �D�P�V�Q�M�J�O�H �G�B�D�U�P�S

� �B�D�U pF �"�$�5 �J�O�U�F�S�X�J�O�E�J�O�H �D�B�Q�B�D�J�U�B�O�D�F

%�B�D�U kW �"�$�5 �M�P�T�T�F�T
^� �B�D�U kV•cm �"�$�5 �Q�F�B�L �F�M�F�D�U�S�J�D 
W�F�M�E

� �B�D�U W•cm2 �"�$�5 �U�I�F�S�N�B�M �E�J�T�T�J�Q�B�U�J�P�O �Q�F�S �B�S�F�B

d�B�D�U kW•dm3 �"�$�5 �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z

W�B�D�U kW•kg �"�$�5 �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z

[ �B�D�U % �"�$�5 �F
Y�D�J�F�O�D�Z

�4�3�$���%�$�9 �P�V�U�Q�V�U �W�B�S�J�B�C�M�F�T

� �T�S�D mm2 �4�3�$���%�$�9 �U�P�U�B�M �D�I�J�Q �B�S�F�B

%�T�S�D kW �4�3�$���%�$�9 �M�P�T�T�F�T

^ �T�S�D W•mm2 �4�3�$���%�$�9 �D�I�J�Q �B�S�F�B �Q�P�X�F�S �E�F�O�T�J�U�Z

_�T�S�D % �4�3�$���%�$�9 �Q�P�X�F�S �G�B�D�U�P�S

b�T�S�D % �4�3�$���%�$�9 �Q�F�B�L �W�P�M�U�B�H�F �S�B�U�J�P

[ �T�S�D % �4�3�$���%�$�9 �F
Y�D�J�F�O�D�Z

	:	:	?
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�"��	=�� �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

�'�J�H�� �"���|���$�P�S�S�F�M�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F �H�S�B�W�J�N�F�U�S�J�D �B�O�E �W�P�M�V�N�F�U�S�J�D �E�F�O�T�J�U�J�F�T �G�P�S�	�B�
�$���"�$�5
�B�O�E�	�C�
�4���"�$�5�� �'�P�S �F�B�D�I �D�P�N�C�J�O�B�U�J�P�O �	d�B�D�U� W�B�D�U�
�
 �P�O�M�Z �U�I�F �E�F�T�J�H�O�T �X�J�U�I �U�I�F �I�J�H�I�F�T�U
�4�3�$���%�$�9 �F
Y�D�J�F�O�D�J�F�T �	�D�P�M�P�S �N�B�Q�
 �B�S�F �T�I�P�X�O�� 	_�F �P�Q�U�J�N�B�M �E�F�T�J�H�O�T �	�D�G���	�"��	9	<�
�
 �B�S�F
�I�J�H�I�M�J�H�I�U�F�E �J�O �S�F�E��
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�'�J�H�� �"���}�� �	�B�
�0�Q�U�J�N�B�M �$���"�$�5 �H�F�P�N�F�U�S�Z���	�C�
�0�Q�U�J�N�B�M �4���"�$�5 �H�F�P�N�F�U�S�Z�� 	_�F �D�P�J�M�T
�	�T�J�F�O�O�B�
�
 �U�I�F �G�B�O�T �	�Z�F�M�M�P�X�
�
 �U�I�F �E�J�F�M�F�D�U�S�J�D �C�B�S�S�J�F�S �	�H�S�F�F�O�
�
 �B�O�E �U�I�F �T�I�J�F�M�E �	�H�S�B�Z�
 �B�S�F
�E�F�Q�J�D�U�F�E��

�'�J�H�� �"���|�T�I�P�X�T �U�I�F �D�P�S�S�F�M�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F �4�3�$���%�$�9 �F
Y�D�J�F�O�D�Z �B�O�E �U�I�F
�"�$�5 �H�S�B�W�J�N�F�U�S�J�D �B�O�E �W�P�M�V�N�F�U�S�J�D �E�F�O�T�J�U�J�F�T�� �*�U �D�B�O �C�F �T�F�F�O �U�I�B�U�
 �G�P�S �B �H�J�W�F�O
�F
Y�D�J�F�O�D�Z�
 �J�O�U�F�S�F�T�U�J�O�H �U�S�B�E�F���P
V�T �F�Y�J�T�U �C�F�U�X�F�F�O �U�I�F �H�S�B�W�J�N�F�U�S�J�D �B�O�E �W�P�M�V�N�F�U�S�J�D
�E�F�O�T�J�U�J�F�T��

�"���z���w �0�Q�U�J�N�B�M �%�F�T�J�H�O�T

	_�F �P�Q�U�J�N�B�M �E�F�T�J�H�O�T �	�$���"�$�5 �B�O�E �4���"�$�5�
 �P�C�U�B�J�O�F�E �X�J�U�I �U�I�F �B�G�P�S�F�N�F�O�U�J�P�O�F�E �P�Q��
�U�J�N�J�[�B�U�J�P�O �X�P�S�L
X�P�X �	�D�G���4�F�D�U�J�P�O �"���y���|�
 �B�O�E �D�P�T�U �G�V�O�D�U�J�P�O �	�D�G���4�F�D�U�J�P�O �"���y���}�

�B�S�F �E�F�Q�J�D�U�F�E �J�O�'�J�H�� �"���}�� 	_�F�T�F �P�Q�U�J�N�B�M �E�F�T�J�H�O�T �B�S�F �D�P�N�Q�V�U�F�E �X�J�U�I 	;���% �'�&�.
�N�P�E�F�M�T �B�O�E �U�I�F �E�F�W�J�B�U�J�P�O �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F 	:���% �B�Y�J�T�Z�N�N�F�U�S�J�D �N�P�E�F�M�T �J�T
�C�F�M�P�X5 %�G�P�S �B�M�M �U�I�F �D�P�O�T�J�E�F�S�F�E �W�B�S�J�B�C�M�F�T �	�D�G���5�B�C�� �"���{�
��

�5�B�C�� �"���|�B�O�E�5�B�C�� �"���}�E�F�T�D�S�J�C�F �U�I�F �P�Q�U�J�N�J�[�F�E �J�O�Q�V�U �W�B�S�J�B�C�M�F�T �B�O�E �U�I�F �P�C��
�U�B�J�O�F�E 
W�H�V�S�F�T �P�G �N�F�S�J�U�� �#�P�U�I �"�$�5 �P�Q�U�J�N�B�M �E�F�T�J�H�O�T �G�F�B�U�V�S�F �F�Y�U�S�F�N�F �H�S�B�W�J�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�J�F�T �	�B�C�P�W�F25 kW•kg�
 �X�I�J�M�F �N�B�J�O�U�B�J�O�J�O�H �H�P�P�E �F
Y�D�J�F�O�D�J�F�T �	�B�C�P�W�F
99”4 %�
 �B�O�E �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�J�F�T �	�B�C�P�W�F6”5 kW•dm3�
�� 	_�F �F
Y�D�J�F�O�D�J�F�T
�P�G �U�I�F �D�P�N�Q�M�F�U�F �P�Q�U�J�N�B�M �4�3�$���%�$�9 �T�Z�T�U�F�N�T �B�S�F �B�M�T�P �B�C�P�W�F98”6 %��

�'�J�H�� �"���~�T�I�P�X�T �U�I�F �N�B�H�O�F�U�J�D 
W�F�M�E �Q�B	R�F�S�O �X�J�U�I�P�V�U �U�I�F �T�I�J�F�M�E�� 	_�F �N�B�H�O�F�U�J�D

W�F�M�E �J�T �N�P�T�U�M�Z �D�P�O
W�O�F�E �C�F�U�X�F�F�O �U�I�F �D�P�J�M�T �C�V�U �B �O�P�O���O�F�H�M�J�H�J�C�M�F �T�U�S�B�Z 
W�F�M�E
�	�B�C�P�W�F5 mT�
 �J�T �B�M�T�P �D�S�F�B�U�F�E �C�Z �U�I�F �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U�� 	_�J�T �J�T�T�V�F �J�T �S�F�T�P�M�W�F�E
�C�Z �U�I�F �D�P�O�E�V�D�U�J�W�F �T�I�J�F�M�E�
 �B�T �T�I�P�X�O �J�O�'�J�H�� �"���v�u�� 	_�F �F�E�E�Z �D�V�S�S�F�O�U�T �J�O �U�I�F
�T�I�J�F�M�E �B�S�F�
 �B�T �F�Y�Q�F�D�U�F�E�
 �D�P�N�Q�M�F�U�F�M�Z �C�M�P�D�L�J�O�H �U�I�F �N�B�H�O�F�U�J�D 
W�F�M�E�� �*�U �T�I�P�V�M�E �C�F
�O�P�U�F�E �U�I�B�U�
 �G�P�S �U�I�F �P�Q�U�J�N�B�M �E�F�T�J�H�O�T�
 �U�I�F �T�I�J�F�M�E �J�T �Q�M�B�D�F�E �J�O �U�I�F �E�J�S�F�D�U �W�J�D�J�O�J�U�Z
�P�G �U�I�F �D�P�J�M �J�O �P�S�E�F�S �U�P �M�J�N�J�U �U�I�F �W�P�M�V�N�F �B�O�E �U�I�F �N�B�T�T�� 	_�J�T �J�N�Q�M�J�F�T �U�I�B�U �U�I�F
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�"��	=�� �0�Q�U�J�N�J�[�B�U�J�P�O �3�F�T�V�M�U�T

�5�B�C�� �"���|���0�Q�U�J�N�B�M �%�F�T�J�H�O�T �� �1�B�S�B�N�F�U�F�S�T��

�7�B�S�� �$���"�$�5 �4���"�$�5

%�P�V�U 166 kW 166 kW

+�%�$ 7 kV 7 kV

Ê�$�. 14 kV 14 kV

=�U�V�S�O•1 36 27

=�U�V�S�O•2 29 27

A�N�J�O 64”0 mm 39”0 mm

G�T�I�J�F�M�E55”4 mm 35”9 mm

H�T�I�J�F�M�E44”5 mm 69”8 mm

3�J�T�P 17”8 mm 18”0 mm

C�X�J�S�F 1”3 mm 0”6 mm

G�X�J�S�F 4”3 mm 3”4 mm

H�X�J�S�F 3”3 mm 4”3 mm

: �X�J�O�E�J�O�H48”0 % 48”0 %

� �E�J�F 225”0 mm2 225”0 mm2

5 161”8 kHz 148”6 kHz

�M�P�T�T�F�T �J�O �U�I�F �T�I�J�F�M�E �B�O�E �U�I�F �J�N�Q�B�D�U �P�G �U�I�F �T�I�J�F�M�E �P�O �U�I�F �J�O�E�V�D�U�B�O�D�F �N�B�U�S�J�Y
�D�B�O�O�P�U �C�F �O�F�H�M�F�D�U�F�E�� �.�P�S�F �T�Q�F�D�J
W�D�B�M�M�Z�
 �U�I�F �M�P�T�T�F�T �J�O �U�I�F �T�I�J�F�M�E �B�N�P�V�O�U �U�P
18 %�B�O�E20 %�P�G �U�I�F �U�P�U�B�M �$���"�$�5 �B�O�E �4���"�$�5 �M�P�T�T�F�T�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�� �)�P�X�F�W�F�S�

�U�I�F�T�F �O�V�N�C�F�S�T �D�P�V�M�E �C�F �S�F�E�V�D�F�E �U�P9 %�B�O�E10 %�J�G �U�I�F �T�I�J�F�M�E �X�P�V�M�E �C�F �Q�M�B�D�F�E
20 mm�G�V�S�U�I�F�S �B�X�B�Z �G�S�P�N �U�I�F �D�P�J�M�T�
 �J�O�E�J�D�B�U�J�O�H �B �D�M�F�B�S �U�S�B�E�F���P
V �C�F�U�X�F�F�O �U�I�F
�T�I�J�F�M�E �M�P�T�T�F�T �B�O�E �U�I�F �Q�P�X�F�S �E�F�O�T�J�U�Z��

�"���z���x �(�F�P�N�F�U�S�Z �$�P�N�Q�B�S�J�T�P�O

�'�J�H�� �"���{�S�F�W�F�B�M�T �U�I�B�U �U�I�F �$���"�$�5 �B�O�E �4���"�$�5 �G�F�B�U�V�S�F �F�Y�U�S�F�N�F�M�Z �T�J�N�J�M�B�S �1�B�S�F�U�P
�G�S�P�O�U�T�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �U�I�F �N�B�Y�J�N�V�N �W�P�M�V�N�F�U�S�J�D �B�O�E �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O��
�T�J�U�J�F�T �P�G �U�I�F �$���"�$�5 �E�F�T�J�H�O�T �B�S�F �T�M�J�H�I�U�M�Z �T�V�Q�F�S�J�P�S��7 %�B�O�E6 %�
 �S�F�T�Q�F�D�U�J�W�F�M�Z��
�'�J�H�� �"���|�T�I�P�X�T �U�I�B�U�
 �G�P�S �B �H�J�W�F�O �Q�P�X�F�S �E�F�O�T�J�U�Z �	�H�S�B�W�J�N�F�U�S�J�D �B�O�E �W�P�M�V�N�F�U�S�J�D�
�

�4�3�$���%�$�9�T �G�F�B�U�V�S�J�O�H �$���"�$�5�T �B�S�F �T�M�J�H�I�U�M�Z �N�P�S�F �F
Y�D�J�F�O�U �	0”02 %�U�P0”15 %�
 �U�I�B�O
�4�3�$���%�$�9 �X�J�U�I �4���"�$�5��
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�'�J�H�� �"���~���3�.�4 �N�B�H�O�F�U�J�D 
W�F�M�E �Q�S�P�E�V�D�F�E �C�Z �U�I�F �"�$�5 �D�P�J�M�T �X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H�� �"�T �U�I�F
�"�$�5 �G�F�B�U�V�S�F�T �T�Z�N�N�F�U�S�Z �Q�M�B�O�F�T�
 �P�O�M�Z �P�O�F �R�V�B�S�U�F�S �P�G �U�I�F �H�F�P�N�F�U�S�Z �J�T �T�I�P�X�O�� 	_�F
�Q�P�T�J�U�J�P�O �P�G �U�I�F �T�I�J�F�M�E �J�T �J�O�E�J�D�B�U�F�E �U�P �B�M�M�P�X �G�P�S �B �E�J�S�F�D�U �D�P�N�Q�B�S�J�T�P�O �X�J�U�I�'�J�H�� �"���v�u��

�" �D�P�N�Q�B�S�J�T�P�O �C�F�U�X�F�F�O �U�I�F �P�Q�U�J�N�B�M �$���"�$�5 �B�O�E �4���"�$�5 �E�F�T�J�H�O�T �	�D�G���4�F�D��
�U�J�P�O �"���z���w�
 �B�M�T�P �J�O�E�J�D�B�U�F�T �B �T�M�J�H�I�U �B�E�W�B�O�U�B�H�F �G�P�S �U�I�F �$���"�$�5 �H�F�P�N�F�U�S�Z �X�J�U�I �B
3 %�M�P�X�F�S �D�P�T�U �G�V�O�D�U�J�P�O �W�B�M�V�F �	�D�G���4�F�D�U�J�P�O �"���y���}�
�� �)�P�X�F�W�F�S�
 �B�M�M �U�I�F �Q�B�S�B�N�F�U�F�S�T
�	�F���H���
 �G�S�F�R�V�F�O�D�Z�
 �J�O�E�V�D�U�B�O�D�F�
 �W�P�M�V�N�F�
 �N�B�T�T�
 �B�O�E �M�P�T�T�F�T�
 �B�S�F �T�J�N�J�M�B�S �G�P�S �C�P�U�I
�E�F�T�J�H�O�T�
 �J�O�E�J�D�B�U�J�O�H �U�I�B�U �U�I�F �U�S�B�E�F���P
V�T �B�S�F �U�I�F �T�B�N�F �G�P�S �$���"�$�5 �B�O�E �4���"�$�5
�H�F�P�N�F�U�S�J�F�T��

�*�U �T�I�P�V�M�E �C�F �O�P�U�F�E �U�I�B�U�
 �E�F�T�Q�J�U�F �U�I�F �M�P�X�F�S �Q�F�S�G�P�S�N�B�O�D�F�
 �U�I�F �4���"�$�5 �H�F�P�N�F��
�U�S�Z �I�B�T �T�F�W�F�S�B�M �B�E�W�B�O�U�B�H�F�T �P�W�F�S �U�I�F �$���"�$�5�� �'�J�S�T�U�
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�G�S�P�O�U�T �S�F�T�Q�F�D�U�J�O�H �U�I�F �D�P�O�T�U�S�B�J�O�U^� �B�D�UŸ 15 kV•cm�
 �X�I�J�D�I �D�P�S�S�F�T�Q�P�O�E�T �U�P �U�I�F
�1�B�S�F�U�P �G�S�P�O�U�T �T�I�P�X�O �J�O�'�J�H�� �"���{�	�B�
�� �"�T �F�Y�Q�F�D�U�F�E�
 �E�F�T�J�H�O�T �X�J�U�I �M�P�X �J�O�T�V�M�B�U�J�P�O
�E�J�T�U�B�O�D�F�T �G�F�B�U�V�S�F �C�F	R�F�S �Q�F�S�G�P�S�N�B�O�D�F�
 �F�T�Q�F�D�J�B�M�M�Z �G�P�S �U�I�F �W�P�M�V�N�F�U�S�J�D �Q�P�X�F�S �E�F�O��
�T�J�U�Z �	�J���F���
40 %�J�O�D�S�F�B�T�F�
�� �)�P�X�F�W�F�S�
 �U�I�F �E�F�T�J�H�O�T �X�J�U�I �M�P�X �J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F�T
�X�P�V�M�E �S�F�R�V�J�S�F �E�S�Z���U�Z�Q�F �P�S �M�J�R�V�J�E �J�O�T�V�M�B�U�J�P�O �D�P�O�D�F�Q�U�T �X�I�J�D�I �B�S�F �T�J�H�O�J
W�D�B�O�U�M�Z
�N�P�S�F �D�P�N�Q�M�F�Y �	�F���H���
 �U�I�F�S�N�B�M �N�B�O�B�H�F�N�F�O�U�
 �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T�
 �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�

�B�O�E �N�B�O�V�G�B�D�U�V�S�J�O�H�
 �<	9
��
 	<	;�
 	9	A	8�>�� 	_�F�T�F �S�F�T�V�M�U�T �B�M�T�P �I�J�H�I�M�J�H�I�U �U�I�B�U �"�$�5�T �B�S�F
�B�O �J�O�U�F�S�F�T�U�J�O�H �D�P�O�D�F�Q�U �G�P�S �I�J�H�I���Q�P�X�F�S �M�P�X���W�P�M�U�B�H�F �T�Z�T�U�F�N�T �X�J�U�I �S�F�E�V�D�F�E
�J�O�T�V�M�B�U�J�P�O �S�F�R�V�J�S�F�N�F�O�U�T �<	9	?	;�>��

�"���{ �"�$�5 �4�D�B�M�J�O�H �-�B�X�T

	_�F �H�P�B�M �J�T �U�P �E�F�S�J�W�F �"�$�5 �T�D�B�M�J�O�H �M�B�X�T �T�J�N�J�M�B�S �U�P �U�I�F �S�F�T�V�M�U�T �P�C�U�B�J�O�F�E �J�O �<	9	8	:�>
�G�P�S �.�$�5�T�� �4�D�B�M�J�O�H �M�B�X�T �B�S�F �O�P�U �N�F�B�O�U �U�P �Q�S�P�W�J�E�F �B�D�D�V�S�B�U�F �R�V�B�O�U�J�U�B�U�J�W�F �S�F�T�V�M�U�T
�C�V�U �H�F�O�F�S�B�M �R�V�B�M�J�U�B�U�J�W�F �T�U�B�U�F�N�F�O�U�T �B�C�P�V�U �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �B�D�I�J�F�W�B�C�M�F �X�J�U�I
�"�$�5�T �G�P�S �E�J
V�F�S�F�O�U �Q�P�X�F�S �M�F�W�F�M�T�
 �Q�P�X�F�S �E�F�O�T�J�U�J�F�T�
 �B�O�E �W�P�M�U�B�H�F�T�� �)�F�O�D�F�
 �T�F�W�F�S�B�M
�B�T�T�V�N�Q�U�J�P�O�T �B�S�F �S�F�R�V�J�S�F�E �J�O �P�S�E�F�S �U�P �P�C�U�B�J�O �D�M�P�T�F�E���G�P�S�N �T�P�M�V�U�J�P�O�T��

I �$�J�S�D�V�J�U �N�P�E�F�M�� 	_�F �4�3�$���%�$�9 �E�F�Q�J�D�U�F�E �J�O�'�J�H�� �"���v�
 �X�I�J�D�I �G�F�B�U�V�S�F�T
�I�B�M�G���C�S�J�E�H�F�T �X�J�U�I �T�Q�M�J�U �%�$���M�J�O�L�T �B�O�E �B1 : 1�W�P�M�U�B�H�F �U�S�B�O�T�G�F�S �S�B�U�J�P�
 �J�T
�D�P�O�T�J�E�F�S�F�E�� �)�P�X�F�W�F�S�
 �U�I�F �F�Y�U�S�B�D�U�F�E �T�D�B�M�J�O�H �M�B�X�T �B�S�F �W�B�M�J�E �G�P�S �B�O�Z �4�3�$��
�%�$�9 �D�P�O
W�H�V�S�B�U�J�P�O��

	:	;
�
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�5�B�C�� �"���}���0�Q�U�J�N�B�M �%�F�T�J�H�O�T �� �'�J�H�V�S�F�T �P�G �.�F�S�J�U��

�7�B�S�� �$���"�$�5 �4���"�$�5

+�B�D�U 22”3 dm3 24”2 dm3

< �B�D�U 5”2 kg 5”5 kg

A�B�D�U 81”8 % 45”5 %

! �B�D�U•1 89”6�uH 96”8�uH

! �B�D�U•2 83”7�uH 96”8�uH

: �B�D�U 63”1 % 61”7 %

� �B�D�U 49”6 pF 47”0 pF

%�B�D�U 0”89 kW 0”96 kW
^� �B�D�U 15”0 kV•cm 14”9 kV•cm

� �B�D�U 0”28 W•cm2 0”28 W•cm2

d�B�D�U 7”5 kW•dm3 6”9 kW•dm3

W�B�D�U 31”6 kW•kg 29”9 kW•kg

[ �B�D�U 99”46 % 99”42 %

� �T�S�D 900”0 mm2 900”0 mm2

%�T�S�D 2”19 kW 2”23 kW

^ �T�S�D 184”4 W•mm2 184”4 W•mm2

_�T�S�D 79”2 % 79”3 %

b�T�S�D 187”4 % 184”8 %

[ �T�S�D 98”68 % 98”66 %

2 1”11 1”14
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I �8�B�W�F�G�P�S�N �N�P�E�F�M�� �" �G�V�O�E�B�N�F�O�U�B�M �G�S�F�R�V�F�O�D�Z �B�Q�Q�S�P�Y�J�N�B�U�J�P�O �P�G �U�I�F �4�3�$��
�%�$�9 �X�B�W�F�G�P�S�N�T�
 �X�I�J�D�I �J�O�D�M�V�E�F �U�I�F �M�P�B�E �B�O�E �N�B�H�O�F�U�J�[�J�O�H �D�V�S�S�F�O�U�T�
 �J�T
�N�B�E�F��

I �-�P�T�T �N�P�E�F�M�� 	_�F �"�$�5 �X�J�O�E�J�O�H �M�P�T�T�F�T�
 �J�O�D�M�V�E�J�O�H �U�I�F �I�J�H�I���G�S�F�R�V�F�O�D�Z
�F
V�F�D�U�T�
 �B�S�F �D�P�O�T�J�E�F�S�F�E�� 	_�F �M�P�T�T�F�T �Q�S�P�E�V�D�F�E �C�Z �U�I�F �T�F�N�J�D�P�O�E�V�D�U�P�S�T�
 �U�I�F
�S�F�T�P�O�B�O�U �D�B�Q�B�D�J�U�P�S�T�
 �B�O�E �U�I�F �T�I�J�F�M�E �B�S�F �O�F�H�M�F�D�U�F�E��

I �8�J�O�E�J�O�H �N�P�E�F�M�� 	_�F �X�J�O�E�J�O�H�T �B�S�F �N�P�E�F�M�F�E �B�T �C�M�P�D�L�T�
 �J���F���
 �U�I�F �E�J�T�D�S�F�U�F
�U�V�S�O�T �B�S�F �O�P�U �D�P�O�T�J�E�F�S�F�E�� 	_�F �T�U�S�B�O�E�J�O�H �	�T�U�S�B�O�E �E�J�B�N�F�U�F�S �B�O�E 
W�M�M �G�B�D�U�P�S�

�J�T �B�D�D�F�Q�U�F�E �U�P �C�F �D�P�O�T�U�B�O�U�� 	_�F �O�V�N�C�F�S �P�G �U�V�S�O�T �J�T �B�T�T�V�N�F�E �U�P �C�F �B
�D�P�O�U�J�O�V�P�V�T �	�O�P�O���E�J�T�D�S�F�U�F�
 �W�B�S�J�B�C�M�F �B�O�E �U�I�F �T�B�N�F �O�V�N�C�F�S �P�G �U�V�S�O�T �J�T
�V�T�F�E �G�P�S �C�P�U�I �D�P�J�M�T��

I �4�D�B�M�J�O�H�� 	_�F �W�P�M�V�N�F �P�G �U�I�F �"�$�5 �J�T �T�D�B�M�F�E �X�J�U�I �B �I�P�N�P�U�I�F�U�J�D �U�S�B�O�T�G�P�S��
�N�B�U�J�P�O�
 �J���F���
 �B�M�M �U�I�F �E�J�N�F�O�T�J�P�O�T �	�F���H���
 �M�J�U�[ �X�J�S�F �E�J�N�F�O�T�J�P�O�
 �D�P�J�M �E�J�N�F�O�T�J�P�O�

�J�O�T�V�M�B�U�J�P�O �E�J�T�U�B�O�D�F�
 �B�O�E �T�I�J�F�M�E �H�F�P�N�F�U�S�Z�
 �B�S�F �T�D�B�M�F�E �U�P�H�F�U�I�F�S��

�8�J�U�I �U�I�F�T�F �B�T�T�V�N�Q�U�J�P�O�T�
 �U�I�F �J�O�E�V�D�U�B�O�D�F �B�O�E �S�F�T�J�T�U�B�O�D�F �N�B�U�S�J�D�F�T �D�B�O �C�F
�F�Y�Q�S�F�T�T�F�E �B�T �G�V�O�D�U�J�P�O�T �P�G �U�I�F �"�$�5 �C�P�Y�F�E �W�P�M�V�N�F �	+�B�D�U�
�
 �U�I�F �O�V�N�C�F�S �P�G �U�V�S�O�T
�	=�
�
 �B�O�E �U�I�F �P�Q�F�S�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �	5�
�� 	_�F �J�O�E�V�D�U�B�O�D�F �N�B�U�S�J�Y �J�T �G�S�F�R�V�F�O�D�Z��
�J�O�E�F�Q�F�O�E�F�O�U �B�O�E �D�B�O �C�F �T�D�B�M�F�E �B�T

! �B�D�U¹+�B�D�U•=º =

"
! �B�D�U�
	9! �B�D�U�
�N

! �B�D�U�
�N! �B�D�U�
	:

#

= +
¸ 1

3
�B�D�U=2! 0

�B�D�U�
 �	�"��	9	=�


�X�I�F�S�F! 0
�B�D�U�S�F�Q�S�F�T�F�O�U�T �B �T�D�B�M�F�E �	�Q�F�S �U�V�S�O �B�O�E �Q�F�S �W�P�M�V�N�F�
 �J�O�E�V�D�U�B�O�D�F �N�B�U�S�J�Y��

	_�F �G�S�F�R�V�F�O�D�Z���J�O�E�F�Q�F�O�E�F�O�U �S�F�T�J�T�U�B�O�D�F �N�B�U�S�J�Y �	' �M�G�
 �J�T �B �E�J�B�H�P�O�B�M �N�B�U�S�J�Y�
 �X�I�J�D�I
�S�F�Q�S�F�T�F�O�U�T �U�I�F �M�P�X���G�S�F�R�V�F�O�D�Z �M�P�T�T�F�T �P�G �U�I�F �"�$�5 �X�J�O�E�J�O�H�T �<	9	8	:�>��
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"
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3
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�M�G�
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�X�I�F�S�F' 0
�M�G�S�F�Q�S�F�T�F�O�U�T �B �T�D�B�M�F�E �	�Q�F�S �U�V�S�O �B�O�E �Q�F�S �W�P�M�V�N�F�
 �M�P�X���G�S�F�R�V�F�O�D�Z �S�F��

�T�J�T�U�B�O�D�F �N�B�U�S�J�Y�� 	_�F �G�S�F�R�V�F�O�D�Z���E�F�Q�F�O�E�F�O�U �S�F�T�J�T�U�B�O�D�F �N�B�U�S�J�Y �	' �I�G�
 �D�P�O�U�B�J�O�T
�P
V���E�J�B�H�P�O�B�M �F�M�F�N�F�O�U�T �B�O�E �N�P�E�F�M�T �U�I�F �Q�S�P�Y�J�N�J�U�Z �F
V�F�D�U �M�P�T�T�F�T �P�G �U�I�F �"�$�5
�X�J�O�E�J�O�H�T�
 �X�I�J�D�I �B�S�F �R�V�B�E�S�B�U�J�D �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F �G�S�F�R�V�F�O�D�Z �<	9	8	:�>��
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�"�Q�Q�F�O�E�J�Y �"�� �(�F�P�N�F�U�S�J�D�B�M �0�Q�U�J�N�J�[�B�U�J�P�O �P�G �.�' �"�J�S���$�P�S�F �5�S�B�O�T�G�P�S�N�F�S�T

�X�I�F�S�F' 0
�I�G�S�F�Q�S�F�T�F�O�U�T �B �T�D�B�M�F�E �	�Q�F�S �U�V�S�O�
 �Q�F�S �G�S�F�R�V�F�O�D�Z�
 �B�O�E �Q�F�S �W�P�M�V�N�F�
 �I�J�H�I��

�G�S�F�R�V�F�O�D�Z �S�F�T�J�T�U�B�O�D�F �N�B�U�S�J�Y�� �'�J�O�B�M�M�Z�
 �U�I�F �B�S�F�B �B�W�B�J�M�B�C�M�F �G�P�S �U�I�F �D�P�P�M�J�O�H �P�G �U�I�F
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V�F�S�F�O�U �J�T�P�M�B�U�J�P�O �E�J�T�U�B�O�D�F�T �C�F�U�X�F�F�O �U�I�F �X�J�O�E�J�O�H�T
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 �U�I�F �B�E�E�J�U�J�P�O�B�M �N�B�T�T �P�G �U�I�F �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M �J�T
�B�D�D�P�V�O�U�F�E �G�P�S �J�O �U�I�F �H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z�� �*�O�'�J�H�� �#���y�	�B�
�U�I�F �W�P�M�V�N�F�U�S�J�D
�Q�P�X�F�S �E�F�O�T�J�U�Z �G�P�S �"�$�5�T �X�J�U�I�P�V�U �T�I�J�F�M�E�J�O�H �Q�M�B�U�F�T �J�T �Q�S�F�T�F�O�U�F�E �B�M�P�O�H �X�J�U�I �U�I�F
�J�O�G�P�S�N�B�U�J�P�O �B�C�P�V�U �U�I�F �D�P�V�Q�M�J�O�H �G�B�D�U�P�S �X�I�J�D�I �W�B�S�J�F�T �G�S�P�N 	8��	>	? �U�P �U�I�F�P�S�F�U�J�D�B�M�M�Z
	8��	A	< �G�P�S �T�N�B�M�M �J�T�P�M�B�U�J�P�O �E�J�T�U�B�O�D�F�T���'�J�H�T�� �#���y�	�C�
�
�	�D�
�D�M�F�B�S�M�Z �T�I�P�X �U�I�B�U �G�F�B�T�J�C�M�F
�E�F�T�J�H�O�T �T�U�B�S�U �G�S�P�N �U�I�F �E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O �C�S�F�B�L�E�P�X�O �C�P�V�O�E�B�S�Z �	2”25 mm�
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�X�I�J�D�I �J�T �U�I�F �P�O�M�Z �Q�P�T�T�J�C�J�M�J�U�Z �V�Q �U�P �U�I�F �B�J�S �C�S�F�B�L�E�P�X�O �C�P�V�O�E�B�S�Z �	13”33 mm�
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�"�T �F�Y�Q�F�D�U�F�E �J�U �J�T �N�P�S�F �C�F�O�F
W�D�J�B�M �U�P �V�T�F �B�J�S �J�O�T�V�M�B�U�J�P�O �B�T �T�J�H�O�J
W�D�B�O�U�M�Z �I�J�H�I�F�S
�H�S�B�W�J�N�F�U�S�J�D �E�F�O�T�J�U�J�F�T �D�B�O �C�F �B�D�I�J�F�W�F�E�
 �T�J�O�D�F �B�J�S �J�O�T�V�M�B�U�J�P�O �E�F�T�J�H�O�T �I�B�W�F �I�J�H�I�F�S
�H�S�B�W�J�N�F�U�S�J�D �Q�P�X�F�S �E�F�O�T�J�U�Z �U�I�B�O �E�S�Z���U�Z�Q�F �J�O�T�V�M�B�U�J�P�O �E�F�T�J�H�O�T �X�J�U�I �T�B�N�F �J�T�P��
�M�B�U�J�P�O �E�J�T�U�B�O�D�F�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �T�F�M�F�D�U�F�E �E�F�T�J�H�O �	F �J�T�P= 16�N�N�
 �X�J�U�I �B�J�S
�J�O�T�V�M�B�U�J�P�O �B�M�M�P�X�T �U�P �B�W�P�J�E �V�T�J�O�H �B�E�E�J�U�J�P�O�B�M �J�O�T�V�M�B�U�J�P�O �N�B�U�F�S�J�B�M�T �B�O�E �B�T�T�P�D�J�B�U�F�E
�D�I�B�M�M�F�O�H�F�T �T�V�D�I �B�T �E�J�F�M�F�D�U�S�J�D �M�P�T�T�F�T�
 �B�O�E �Q�B�S�U�J�B�M �E�J�T�D�I�B�S�H�F�T �<	<	;�>��
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