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A Miskolci �(�J�\�H�W�H�P�� �P�H�J�N�H�]�G�H�W�W�� �i�W�D�O�D�N�X�O�i�V�i�Q�D�N�� �I�R�O�\�D�P�D�W�D�L�W�� �H�E�E�H�Q�� �D�]�� �p�Y�E�H�Q���W�D�O�i�Q���P�i�U�� �M�R�E�E�D�Q��
�P�H�J�p�U�W�H�W�W�•�N�� �p�V�� �D�]�W�� �J�R�Q�G�R�O�R�P���� �K�R�J�\���H�O���Q�\�H�L�W�� �N�|�]�|�V�V�p�J�N�p�Q�W�� �V�L�N�H�U�U�H�O�� �W�X�G�W�X�N�� �N�L�K�D�V�]�Q�i�O�Q�L���� �7�D�O�i�Q�� �D��
�O�H�J�S�R�]�L�W�t�Y�D�E�E�� �G�R�O�R�J���� �K�R�J�\�� �D�� �N�p�Q�\�H�O�P�L�� �]�y�Q�i�Q�� �N�t�Y�•�O�L�� �N�R�F�N�i�]�D�W�Y�i�O�O�D�O�i�V���� �O�H�J�\�H�Q�� �D�]�� �H�J�\�� �~�M�� �V�]�D�N�L�U�i�Q�\�~��
�N�p�S�]�p�V�� �N�L�G�R�O�J�R�]�i�V�D���� �P�D�M�G�� �H�O�L�Q�G�t�W�i�V�D���� �Y�D�J�\�� �O�H�J�\�H�Q�� �H�J�\�� �L�S�D�U�L�� �N�X�W�D�W�i�V-�I�H�M�O�H�V�]�W�p�V�L�� �P�X�Q�N�D, amelynek az 
ere�G�P�p�Q�\�H�L�E���O�� �Q�D�J�\�R�E�E�� �P�R�]�J�i�V�W�p�U�U�H�O�� �U�H�Q�G�H�O�N�H�]�W�•�Q�N���� �P�L�Q�W�� �D�]�� �i�W�D�O�D�N�X�O�i�V�� �H�O���W�W���� �(�]�� �O�H�K�H�W���Y�p�� �W�H�W�W�� �V�R�N����
�U�p�J�H�E�E�H�Q�� �I�R�U�U�i�V�K�L�i�Q�\�� �P�L�D�W�W�� �H�O�P�D�U�D�G�W, �Q�D�J�\�p�U�W�p�N�&���H�V�]�N�|�]�H�L�Q�N�� �i�O�O�D�J�P�H�J�y�Y�i�V�i�W���F�p�O�]�y���E�H�U�X�K�i�]�i�V�W�� 
�5�H�P�p�O�M�•�N, hogy �H�]�� �D�� �V�]�H�P�O�p�O�H�W�� �P�H�J�P�D�U�D�G�� �D�� �W�R�Y�i�E�E�L�D�N�E�D�Q�� �L�V���� �P�H�U�W�� �Y�D�Q�� �P�p�J�� �D�� �O�L�V�W�i�Q�N�R�Q�� �H�J�\-�N�p�W��
�H�O�P�D�U�D�G�W���W�p�W�H�O�����0�L�Q�G�H�Q���H�V�H�W�U�H���D�]���P�L�Q�G�H�Q�N�L�W���M�y���p�U�]�p�V�V�H�O���W�|�O�W�K�H�W���H�O�����K�R�J�\���Y�i�O�O�D�O�i�V�D�L�Q�N���N�L�I�L�]�H�W���G���H�N�� 

�(�E�E�H�Q�� �D�]�� �p�Y�E�H�Q�� �W�|�E�E�� �R�O�\�D�Q�� �S�U�R�M�H�N�W�� �L�V�� �H�O�L�Q�G�X�O�K�D�W�R�W�W���� �D�Pely �K�R�V�V�]�~�W�i�Y�U�D�� �E�L�]�W�R�V�t�W�� �N�X�W�D�W�i�V�L��
�W�H�Y�p�N�H�Q�\�V�p�J�H�N�H�W �p�V�� �I�L�Q�D�Q�V�]�t�U�R�]�� �H�V�]�N�|�]�I�H�M�O�H�V�]�W�p�Veket, �E�L�]�W�R�V�t�W�Y�D�� �W�D�O�i�Q���� �K�R�J�\�� �D�� ��������-�H�V�� �p�Y�N�|�Q�\�Y�� �L�V��a 
�P�H�J�V�]�R�N�R�W�W�� �V�]�D�N�P�D�L�� �V�]�t�Q�Y�R�Q�D�O�R�Q, �Q�H�K�p�]�V�p�J�H�N�� �Q�p�O�N�•�O�� �H�O�N�p�V�]�•�O�K�H�V�V�H�Q���� �(�]�H�Q�� �S�U�R�M�H�N�W�H�N�� �N�|�]�•�O���W�|�E�E��
�H�O���N�p�V�]�t�W�p�V�H���Q�H�P���L�V���H�E�E�H�Q���D���Q�D�S�W�i�U�L���p�Ybe�Q���N�H�]�G���G�|�W�W�����.�|�V�]�|�Q�H�W���D�]�R�N�Q�D�N�����D�N�L�N���H�E�E�H�Q���W�H�Y�p�N�H�Q�\�H�Q���U�p�V�]�W��
�Y�i�O�O�D�O�W�D�N�����1�D�J�\�� �Y�D�O�y�V�]�t�Q�&�V�p�J�J�H�O�� �W�|�E�E�H�N�� �•�O�W�H�N�� ��������-�E�D�Q�� �L�V�� �R�O�\�D�Q�� �S�U�R�M�H�N�W�� �H�O���N�p�V�]�t�W���� �P�H�J�E�H�V�]�p�O�p�V�H�N�H�Q����
amelyek�E���O���U�H�P�p�O�K�H�W���O�H�J���M�y���V�]�i�]�D�O�p�N�N�D�O���P�H�J�Y�D�O�y�V�X�O�W�K�D�W�Q�D�N���D���M�|�Y�����S�U�R�M�H�N�W�M�H�L�� 

�8�W�D�]�W�X�Q�N�� �P�L�� �L�V�� �V�R�N�D�W���� �G�H�� �V�R�N�D�Q�� �X�W�D�]�W�D�N�� �K�R�]�]�i�Q�N�� �L�V���� �7�|�E�E�� �K�t�U�H�V�� �N�•�O�I�|�O�G�L�� �S�U�R�I�H�V�V�]�R�U�W�� �L�V�� �Y�H�Q�G�p�J�•�O��
�O�i�W�W�X�Q�N���� �(�]�]�H�O���L�V�� �W�R�Y�i�E�E�� �p�S�t�W�Y�H�� �D�]�� �,�Q�W�p�]�H�W���Q�H�P�]�H�W�N�|�]�L�� �O�i�W�K�D�W�y�V�i�J�i�W���� �$�� �O�i�W�R�J�D�W�i�V�R�N���V�R�U�i�Q�� �D�� �Y�H�Q�G�p�J�H�L�Q�N��
�H�O���D�G�i�V�D�L�E�y�O �E�H�O�H�O�i�W�K�D�W�X�Q�N�� �D�E�E�D���� �K�R�J�\�� �P�i�V�� �N�X�O�W�X�U�i�O�L�V�� �N�|�U�Q�\�H�]�H�W�E�H�Q�� �K�R�J�\�D�Q�� �R�N�W�D�W�M�i�N�� �D�]�� �i�O�W�D�O�X�Q�N�� �L�V��
�R�N�W�D�W�R�W�W�� �L�V�P�H�U�H�W�D�Q�\�D�J�R�N�D�W���� �(�]�H�Q�� �D�� �W�H�U�•�O�H�W�H�Q�� �V�H�P�� �N�H�O�O�H�W�W �V�]�p�J�\�H�Q�N�H�]�Q�•�Q�N���� �R�N�W�D�W�y�L�Q�N�� �I�R�O�\�D�P�D�W�R�V��
�|�Q�N�p�S�]�p�V�V�H�O�� �Q�D�S�U�D�N�p�V�]�H�Q�� �W�D�U�W�M�i�N�� �D�]�� �D�Q�\�D�J�W�X�G�R�P�i�Q�\�R�N�� �p�V�� �D�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�i�N�� �W�H�U�•�O�H�W�p�Q�� �R�N�W�D�W�Rtt 
�W�D�Q�W�i�U�J�\�D�L�Q�N�D�W�� 

�$�]�� �,�Q�W�p�]�H�W�� �V�]�H�P�p�O�\�L�� �K�i�W�W�H�U�p�E�H�Q�� ��������-�E�D�Q�� �L�V�� �Y�R�O�W�D�N�� �Y�i�O�W�R�]�i�V�R�N���� �Yoltak �D�N�L�N�� �Q�\�X�J�i�O�O�R�P�i�Q�\�E�D��
vonultak, voltak �D�N�L�N�� �p�O�H�W�K�H�O�\�]�H�W�•�N�� �P�H�J�Y�i�O�W�R�]�i�V�D�� �P�L�D�W�W�� �P�i�V�K�R�Y�i�� �N�H�U�•�O�W�H�N���� �G�H�� �p�U�N�H�]�W�H�N�� �L�V�� �K�R�]�]�i�Q�N, 
�H�]�p�U�W�� �D�]�� �H�O���W�W�•�Q�N�� �i�O�O�y�� �N�L�K�t�Y�i�V�R�N�Q�D�N�� ��������-�E�D�Q�� �L�V�� �P�H�J�� �W�X�G�W�X�Q�N�� �I�H�O�H�O�Q�L���� �(�E�E�H�Q�� �V�R�N�D�W�� �V�H�J�t�W�H�W�W�� �D�]�� �D��
�N�|�]�|�V�V�p�J�L�� �V�]�H�O�O�H�P���� �D�Pely a mindenkori �L�Q�W�p�]�H�W�L���N�R�O�O�H�N�W�t�Y�i�W jellemezte, �p�V minket is jellemez. A 
�I�H�O�D�G�D�W�R�N�� �p�V�V�]�H�U�&�� �P�H�J�R�V�]�W�i�V�i�Y�D�O�� �P�L�Q�G�H�Q�N�L�� �D�]�R�Q�� �D�� �W�H�U�•�O�H�W�H�Q�� �W�X�G�R�W�W�� �W�|�E�E�H�W�� �W�H�Q�Q�L, amely �D�� �V�]�i�P�i�U�D��
�N�|�]�H�O�H�E�E���i�O�O�y�����6�]�H�U�H�Q�F�V�p�U�H���V�R�N�V�]�t�Q�&�H�N���Y�D�J�\�X�Q�N, �H�]�p�U�W���P�L�Q�G�L�J���Y�R�O�W���R�O�\�D�Q, �D�N�L���R�W�W���W�X�G�R�W�W���W�|�E�E�H�W���V�H�J�t�W�H�Q�L, 
�D�K�R�O���D���P�i�V�L�N�Q�D�N���W�D�O�i�Q���Q�H�P���D�Q�Q�\�L�U�D���N�|�Q�Q�\�H�Q���P�H�Q�W���Y�R�O�Q�D���D���I�H�O�D�G�D�W���P�H�J�R�O�G�i�V�D�� 

2023-�E�D�Q���D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�U�H���I�H�O�Y�H�W�W�H�N���V�]�i�P�i�E�D�Q���X�J�U�i�V�V�]�H�U�&���Q�|�Y�H�N�H�G�p�V���W�|�U�W�p�Q�W�����(�P�L�D�W�W���W�D�O�i�Q���H�]��
�D�]�� �p�Y�� ���V�]�L�� �V�]�H�P�H�V�]�W�H�U�H�� �D�� �P�H�J�V�]�R�N�R�W�W�Q�i�O�� �L�V�� �Q�D�J�\�R�E�E�� �N�L�K�t�Y�i�V�R�N�D�W�� �R�N�R�]�R�W�W���� �Ò�M���� �D�� �K�D�O�O�J�D�W�y�N�� �P�H�J�W�D�U�W�i�V�i�W��
�V�]�H�P���H�O���W�W���W�D�U�W�y���I�R�J�D�O�P�D�N�N�D�O���E���Y�•�O�W���D���V�]�y�N�L�Q�F�V�•�Q�N�����W�X�W�R�U�����P�H�Q�W�R�U�����(�]�H�Q���U�H�Q�G�V�]�H�U�H�N���N�L�D�O�D�N�t�W�i�V�i�Q�D�N���U�i�Q�N��
�H�V���� �U�p�V�]�p�W�� �L�V���E�H�F�V�•�O�H�W�W�H�O �Y�p�J�L�J�F�V�L�Q�i�O�W�X�N���� �7�|�E�E�� �N�R�O�O�p�J�D�� �U�H�Q�G�V�]�H�U�H�V�H�Q�� �P�H�Q�W�R�U�L�� �I�H�O�D�G�D�W�R�N�D�W�� �O�i�W�� �H�O����
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�6�]�i�P�X�Q�N�U�D���P�p�J���H�]�H�N���V�H�P���W�H�U�K�H�N�����K�L�V�]�H�Q���D���K�D�O�O�J�D�W�y�L�Q�N�D�W���H�]�H�Q���U�H�Q�G�V�]�H�U�H�N���Q�p�O�N�•�O���L�V���P�L�Q�G�L�J���V�]�H�U�H�W�Httel, 
�D�Q�\�D�L���� �D�W�\�D�L�� �J�R�Q�G�R�O�N�R�G�i�V�V�D�O���Y�H�]�H�W�W�•�N�� �D�� �P�p�U�Q�|�N�N�p�� �Y�i�O�i�V�� �V�R�N�V�]�R�U���J�|�U�|�Q�J�\�|�V�� �~�W�M�i�Q���� �5�|�Y�L�G�H�Q, �F�V�L�Q�i�O�M�X�N, 
�D�K�R�J�\���P�L���L�V���O�i�W�W�X�N���D���P�L�Q�N�H�W���R�N�W�D�W�y�N�W�y�O, �O�H�J�\�H�Q���H�]���U�H�Q�G�V�]�H�U�K�H�]���N�|�W�Y�H�����Y�D�J�\���V�H�P�� 

�$�K�R�J�\�� �D�]�� �H�O���E�E�L�H�N�E�H�Q�� �P�i�U�� �H�P�O�t�W�H�W�W�H�P a 2023-a�V�� �e�Y�N�|�Q�\�Y�Y�H�O�� �H�J�\�� �V�R�U�R�]�D�W�R�W��folytatunk, �E�t�]�Y�D��
abban�����K�R�J�\���D���V�R�U�R�]�D�W���H�J�\�P�i�V�W���N�|�Y�H�W�����p�Y�V�]�i�P�D�L�Q�D�N���V�]�i�P�D���D�O�D�S�M�i�Q���Y�D�O�D�P�L�N�R�U���K�D�J�\�R�P�i�Q�Q�\�i���D�O�D�N�X�Ohat 
�D���N�H�]�G�H�P�p�Q�\�H�]�p�V�•�Q�N�����(�E�E�H�Q���D�]���L�U�i�Q�\�E�D�Q���H�]�H�Q���p�Y�E�H�Q���L�V���W�H�W�W�•�Q�N���H�J�\���O�p�S�p�V�W�� 

�9�p�J�H�]�H�W�•�O���� �V�]�H�U�H�W�Q�p�N�� �N�|�V�]�|�Q�H�W�H�W�� �P�R�Q�G�D�Q�L�� �P�L�Q�G�H�Q�� �H�J�\�H�V�� �N�R�O�O�p�J�i�P�Q�D�N���� �D�N�L�N�� �D 2023-ban folytatott 
�V�R�N�V�]�t�Q�&�� �p�V�� �p�U�W�p�N�H�V�� �V�]�D�N�P�D�L�� �P�X�Q�N�i�M�X�N�D�W�� �F�L�N�N�H�N�� �I�R�U�P�i�M�i�E�D�Q���E�H�P�X�W�D�W�W�i�N�� �Ëgy, az idei, a 2023-as 
�p�Y�N�|�Q�\�Y�•�N�� �V�]�D�N�P�D�L�� �V�]�t�Q�Y�R�Q�D�O�i�E�D�Q���� �N�|�Y�H�W�Y�H�� �D�]�� �H�O���]���� �p�Y�E�H�Q�� �P�H�J�M�H�O�H�Q�W�� �p�Y�N�|�Q�\�Y�•�Q�N�H�W�� az egykori 
�0�H�F�K�D�Q�L�N�D�L�� �7�H�F�K�Q�R�O�y�J�L�D�L�� �7�D�Q�V�]�p�N�� �p�V�� �M�R�J�X�W�y�G�M�D�� �D�]�� �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �p�V�� �$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�Di �,�Q�W�p�]�H�W��
�K�D�J�\�R�P�i�Q�\�D�L�K�R�]���P�p�O�W�y���N�L�D�G�Y�i�Q�\t tud �L�V�P�p�W��megjelentetni. 

K�•�O�|�Q���� �p�V�� �Q�p�Y�� �V�]�H�U�L�Q�W���V�]�H�U�H�W�Q�p�N���N�|�V�]�|�Q�H�W�H�W�� �P�R�Q�G�D�Q�L���3�U�R�I���� �'�U���� �/�X�N�i�F�V�� �-�i�Q�R�V�Q�D�N�� �p�V�� �'�U���� �6�L�P�R�Q-
Koncsik Zsuzs�D�Q�Q�i�Q�D�N���� �K�R�J�\�� �D��szakmai �O�H�N�W�R�U�i�O�i�V�� �p�V��az �H�J�\�V�p�J�H�V�� �I�R�U�P�i�W�X�P�U�D�� �V�]�H�U�N�H�V�]�W�p�V�� �V�R�N�V�]�R�U��
�K�i�O�i�W�O�D�Q���I�H�O�D�G�D�W�i�W���P�D�J�X�N�U�D���Y�i�O�O�D�O�W�i�N�� 
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Absztrakt  
�$�� �F�L�N�N�� �D�O�X�P�t�Q�L�X�P���F�V�|�Y�H�N���L�Q�Q�R�Y�D�W�t�Y�� �H�J�\�H�V�t�W�p�V�p�Y�H�O���I�R�J�O�D�O�N�R�]�L�N, a �N�|�W�p�V�H�N���N�p�S�O�p�N�H�Q�\�D�O�D�N�t�W�i�V�V�D�O���N�H�U�•�O�Q�H�N��
�N�L�D�O�D�N�t�W�i�V�U�D�����$���I�R�O�\�D�P�D�W���H�J�\���O�p�S�p�V�E�H�Q���W�|�U�W�p�Q�L�N���D���F�V���W�i�J�t�W�i�V���H�O�Y�p�W���D�O�N�D�O�P�D�]�Y�D�����D�Q�Q�D�N���p�U�G�H�N�p�E�H�Q�����K�R�J�\���D��
�N�p�W�� �F�V���� �L�O�O�H�V�]�N�H�G���� �I�H�O�•�O�H�Wei�W�� �P�H�J�I�H�O�H�O���� �K�H�O�\�]�H�W�E�H�� �K�R�]�]�D�� �D�� �N�p�V���E�E�L�� �N�|�W�p�V�K�H�]���� �D�P�H�O�\�� �D�� �N�p�S�O�p�N�H�Q�\��
�L�Q�V�W�D�E�L�O�L�W�i�V�� �p�V�� �D�]�� �H�J�\�L�G�H�M�&�� �Q�\�R�P�i�V�R�V�� �S�H�U�H�P�H�]�p�V�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �M�|�Q�� �O�p�W�U�H���� �$�� �N�|�W�p�V�H�N�� �O�p�W�U�H�K�R�]�i�V�i�K�R�]��
�N�p�V�]�t�W�H�W�W �V�]�H�U�V�]�i�P�R�N�N�D�O�� �N�t�V�p�U�O�H�W�L�� �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �Y�p�J�H�]�W�H�P, �D�� �O�H�J�P�H�J�I�H�O�H�O���E�E �N�|�W�p�V�L�� �V�]�L�O�i�U�G�V�i�J�~ �N�|�W�p�V�H�N��
�N�L�D�O�D�N�t�W�i�V�D���F�p�O�M�i�E�y�O����Elemeztem a k �N�|�W�p�V�E�H�Q���U�p�V�]�W�Y�H�Y�����N�p�S�O�p�N�H�Q�\�H�Q���D�O�D�N�t�W�R�W�W���F�V���V�]�D�N�D�V�]�R�N���K�R�V�V�]�i�Q�D�N����
�D���O�H�p�O�H�]�H�W�W���F�V���Y�p�J�H�N���V�]�|�J�p�Q�H�N�����Y�D�O�D�P�L�Q�W���D���N�L�D�O�D�N�t�W�R�W�W���N�|�W�p�V�H�N���Y�D�V�W�D�J�V�i�J�i�Q�D�N���D���K�D�W�i�V�i�W. 

Kulcsszavak: �L�Q�Q�R�Y�D�W�t�Y���F�V���N�|�W�p�V�����N�p�S�O�p�N�H�Q�\���L�Q�V�W�D�E�L�O�L�W�i�V�����N�|�W�p�V���N�p�S�O�p�N�H�Q�\���D�O�D�N�t�W�i�V�V�D�O  

Abstract  
The article deals with an innovative type of joining of aluminum pipes; the joints are formed by plastic 
forming. The process is carried out in one step using the principle of pipe expansion, in order to bring 
the connecting surfaces of the two pipes into a suitable position for the subsequent joining, which is 
created by means of plastic instability and simultaneous pressure flanging. Experimental tests were 
carried out with the tools designed to produce the joints in order to find the most suitable joints 
strenght. The length of the plastically formed pipe sections involved in the joint, the angle of the 
sharpened pipe ends, and the thickness of the formed joints were analysed. 

Keywords: innovative pipe connection, plastic instability, joining with plastic deformation 

1. �%�H�Y�H�]�H�W�p�V�� 

�$�� �F�V�|�Y�H�N�� �Y�p�J�H�L�Q�H�N�� �|�V�V�]�H�N�|�W�p�V�p�U�H�� �V�]�i�P�R�V�� �P�H�J�R�O�G�i�V�� �i�O�O�� �U�H�Q�G�H�O�N�H�]�p�V�U�H���� �.�p�W�� �F�V���Y�p�J�� �|�V�V�]�H�N�|�W�p�V�p�U�H��
�P�H�Q�H�W�H�V�����S�U�p�V�H�O�W�����K�H�J�H�V�]�W�H�W�W�����N�H�P�p�Q�\�I�R�U�U�D�V�]�W�R�W�W���Y�D�J�\���U�D�J�D�V�]�W�R�W�W���N�|�W�p�V�H�N�H�W���D�O�N�D�O�P�D�]�Q�D�N����1�����i�E�U�D���� 

�0�L�Q�G�H�J�\�L�N���Y�i�O�W�R�]�D�W�Q�D�N���Y�D�Q�Q�D�N���H�O���Q�\�H�L���p�V���K�i�W�U�i�Q�\�D�L�����D�P�H�O�\�H�N�H�W���I�L�J�\�H�O�H�P�E�H���N�H�O�O���Y�H�Q�Q�L���D���N�•�O�|�Q�E�|�]����
�D�O�N�D�O�P�D�]�i�V�R�N���V�R�U�i�Q�� 

�$�� �P�H�Q�H�W�H�V�� �N�|�W�p�V�H�N��(1���� �i�E�U�D��a)) �P�H�Q�H�W�H�N�H�W���� �F�V�D�Y�D�U�R�N�D�W�� �K�D�V�]�Q�i�O�Q�D�N�� �D�� �F�V�|�Y�H�N�� �|�V�V�]�H�N�D�S�F�V�R�O�i�V�i�U�D����
�(�J�\�V�]�H�U�&�H�Q�� �P�H�J�W�H�U�Y�H�]�K�H�W���N���� �N�|�Q�Q�\�H�Q�� �|�V�V�]�H- �p�V�� �V�]�p�W�V�]�H�U�H�O�K�H�W���N���� �p�V�� �V�]�D�E�Y�i�Q�\�R�V�� �P�p�U�H�W�E�H�Q�� �N�D�S�K�D�W�y�N����
�/�H�J�I�R�Q�W�R�V�D�E�E�� �N�R�U�O�i�W�D�L�N�� �D���P�p�U�H�W-���� �D�� �Y�t�]- �Y�D�J�\�� �D�� �J�i�]�W�|�P�|�U�V�p�J�L�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N�N�H�O�� �N�D�S�F�V�R�O�D�W�R�V�D�N���� �$��
�N�R�U�U�y�]�L�y�p�U�]�p�N�H�Q�\�V�p�J�� �L�V�� �P�H�J�D�N�D�G�i�O�\�R�]�K�D�W�M�D�� �D�� �P�H�Q�H�W�H�V�� �N�|�W�p�V�H�N�� �I�H�O�K�D�V�]�Q�i�O�i�V�i�W���� �K�D�� �D�� �N�•�O�|�Q�E�|�]����
�D�Q�\�D�J�R�N�E�y�O���N�p�V�]�•�O�W���F�V�|�Y�H�N���p�V���N�|�W�p�V�H�N���Q�H�G�Y�H�V���N�|�U�Q�\�H�]�H�W�Q�H�N���Y�D�Q�Q�D�N���N�L�W�p�Y�H��[2]. 

�$�� �S�U�p�V�H�O�W�� �L�O�O�H�V�]�W�p�V�H�N�� ��1���� �i�E�U�D�� �E������ �N�H�U�H�V�]�W�P�H�W�V�]�H�W�� �F�V�|�N�N�H�Q�W�p�V�V�H�O�� �N�p�V�]�•�O�Q�H�N���� �(�O�O�H�Q�W�p�W�E�H�Q�� �D�� �P�H�Q�H�Wes 
�N�|�W�p�V�H�N�N�H�O���� �D�� �S�U�p�V�H�O�W�� �N�|�W�p�V�H�N�H�W�� �Q�H�P�� �N�R�U�O�i�W�R�]�]�i�N�� �D�]�� �H�V�]�W�p�W�L�N�D�L�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N���� �D�� �V�]�D�E�Y�i�Q�\�R�V�� �P�p�U�H�W�&��
�N�D�U�L�P�i�N�� �Y�D�J�\�� �D�� �F�V�D�W�O�D�N�R�]�i�V�R�N���� �.�R�U�O�i�W�� �O�H�K�H�W�� �D�]�R�Q�E�D�Q�� �D�� �V�]�•�N�V�p�J�H�V�� �N�L�K�~�]�y�H�U���� ���L�J�p�Q�\���� �p�V�� �D�� �Y�t�]- vagy a 
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�J�i�]�W�|�P�|�U�V�p�J�� �V�]�•�N�V�p�J�H�V�V�p�J�H���� �$�� �N�p�W�� �F�V�D�W�O�D�N�R�]�W�D�W�D�Q�G�y�� �F�V���� �Y�D�V�W�D�J�V�i�J�i�Q�D�N�� �Y�p�N�R�Q�\�Q�D�N�� �N�H�O�O�� �O�H�Q�Q�L�H���� �p�V�� �D�]��
�D�Q�\�D�J�� �U�X�J�D�O�P�D�V�V�i�J�i�Q�D�N�� �P�H�J�I�H�O�H�O���Q�H�N�� �N�H�O�O�� �O�H�Q�Q�L�H�� �D�K�K�R�]���� �K�R�J�\�� �W�|�U�p�V�� �Q�p�O�N�•�O�� �H�O�O�H�Q�i�O�O�M�R�Q�� �D�� �Q�D�J�\�� �K�H�O�\�L��
�N�p�S�O�p�N�H�Q�\���D�O�D�N�Y�i�O�W�R�]�i�V�R�N�Q�D�N��[3], [4]. 

 
1�����i�E�U�D�����.�p�W���F�V���Y�p�J���H�J�\�H�V�t�W�p�V�H �D�����P�H�Q�H�W�H�V�����E�����S�U�p�V�H�O�W�����F�����|�P�O�H�V�]�W����hegeszt�p�V�V�H�O���N�p�V�]�•�O�W���Y�D�J�\ 

�N�H�P�p�Q�\�I�R�U�U�D�V�]�W�R�W�W, �G�����U�D�J�D�V�]�W�R�W�W���H�����G�|�U�]�V�K�H�J�H�V�]�W�H�W�W���I����tompahegesztett �N�|�W�p�V �D�O�N�D�O�P�D�]�i�V�i�Y�D�O [1] . 

A�]�� �|�P�O�H�V�]�W�� hegeszt�p�V�V�H�O�� �N�p�V�]�•�O�W �N�|�W�p�V�H�N�H�W��(1���� �i�E�U�D�� �F��) �i�O�W�D�O�i�E�D�Q�� �Y�D�V�W�D�J(abb) �I�D�O�~�� �F�V�|�Y�H�N�Q�p�O��
�K�D�V�]�Q�i�O�M�i�N���� �P�L�Y�H�O�� �D�� �F�V�|�Y�H�N�H�W�� �R�O�Y�D�G�i�V�S�R�Q�W�M�X�N�U�D�� �N�H�O�O���K�H�Y�t�W�H�Q�L�� �D�Q�p�O�N�•�O���� �K�R�J�\�� �M�H�O�H�Q�W���V�� �W�R�U�]�X�O�i�V�W����
�Y�H�W�H�P�H�G�p�V�W�� �p�V��anyagszerkezettani �Y�i�O�W�R�]�i�V�R�N�D�W�� �R�N�R�]�Q�i�Q�D�N���� �$�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �N�L�Y�i�O�D�V�]�W�i�V�i�Q�i�O��
�I�L�J�\�H�O�H�P�E�H�� �N�H�O�O�� �Y�H�Q�Q�L�� �D�� �N�•�O�|�Q�E�|�]���� �D�Q�\�D�J�R�N�E�y�O�� �N�p�V�]�•�O�W�� �F�V�|�Y�H�N�� �Y�p�J�S�R�Q�W�R�N�� �N�|�]�|�W�W�L�� �|�V�V�]�H�L�O�O�H�V�]�W�p�V�p�E���O��
�D�G�y�G�y���Q�H�K�p�]�V�p�J�H�N�H�W���p�V���D���V�D�O�D�N�H�O�W�i�Y�R�O�t�W�i�V���N�|�O�W�V�p�J�H�L�W���L�V�� 

�$�� �I�R�U�U�D�V�]�W�R�W�W�� �N�|�W�p�V�H�N��(mint 1���� �i�E�U�D��c) vagy d)) �M�y�� �D�O�W�H�U�Q�D�W�t�Y�i�W�� �M�H�O�H�Q�W�H�Q�H�N�� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�N�H�O��
�V�]�H�P�E�H�Q���� �Y�p�N�R�Q�\�� �I�D�O�~�� �F�V�|�Y�H�N�� �H�V�H�W�p�E�H�Q���� �(�]�H�N�H�W�� �~�J�\�� �i�O�O�t�W�M�i�N�� �H�O������ �K�R�J�\�� �H�J�\�� �W�|�O�W���I�p�P�H�W���± amelynek az 
�R�O�Y�D�G�i�V�S�R�Q�W�M�D�� �D�� �F�V�|�Y�H�N�� �R�O�Y�D�G�ispontja alatt van �±, �K�H�O�\�H�]�Q�H�N�� �D�� �F�V�|�Y�H�N�� �H�J�\�P�i�V�V�D�O�� �V�]�H�P�E�H�Q�� �O�p�Y����
�I�H�O�•�O�H�W�H�L�� �N�|�]�p���� �P�D�M�G�� �D�� �K���P�p�U�V�p�N�O�H�W�•�N�H�W���O�i�Q�J�J�D�O���� �L�Q�G�X�N�F�L�y�V�� �W�H�N�H�U�F�F�V�H�O�� �Y�D�J�\�� �N�H�P�H�Q�F�p�E�H�Q�� �Q�|�Y�H�O�L�N���� �$��
�P�H�J�R�O�Y�D�G�W���W�|�O�W���D�Q�\�D�J���N�D�S�L�O�O�i�U�L�V�D�Q���i�U�D�P�O�L�N�����p�V���K�&�W�p�V�N�R�U���H�U���V���N�D�S�F�V�R�O�D�W�R�W���K�R�]���O�p�W�U�H���D���F�V�|�Y�H�N���L�O�O�H�V�]�N�H�G����
�I�H�O�•�O�H�W�H�L���N�|�]�|�W�W�����$���I�R�U�U�D�V�]�W�R�W�W���N�|�W�p�V�H�N���O�H�J�I�R�Q�W�R�V�D�E�E���H�O���Q�\�Hi a �N�|�Q�Q�\�& �D�X�W�R�P�D�W�L�]�i�O�K�D�W�y�V�i�J �p�V��a �K�D�W�p�N�R�Q�\ 
�D�O�N�D�O�P�D�]�K�D�W�y�V�i�J �N�•�O�|�Q�E�|�]�����D�Q�\�D�J�R�N�E�y�O���N�p�V�]�•�O�W���Y�D�J�\���M�H�O�H�Q�W���V���I�D�O�Y�D�V�W�D�J�V�i�J�N�•�O�|�Q�E�V�p�J�H�W���P�X�W�D�W�y���F�V�|�Y�H�N��
�|�V�V�]�H�N�D�S�F�V�R�O�i�V�i�U�D���� �/�H�J�I�R�Q�W�R�V�D�E�E�� �N�R�U�O�i�W�D�L�N�� �D�� �I�&�W�p�V�L-�K�&�W�p�V�L�� �F�L�N�O�X�V�� �R�N�R�]�W�D�� �W�R�U�]�X�O�i�V�E�y�O���� �Y�D�O�D�P�L�Q�W�� �D�E�E�y�O��
�D�G�y�G�Q�D�N�����K�R�J�\���V�S�H�F�L�i�O�L�V���F�p�O�~���F�V���Y�p�J�I�R�U�P�i�N�D�W���N�H�O�O���N�p�V�]�t�W�H�Q�L���Q�D�J�\�R�Q���V�]�&�N���W�&�U�p�V�V�H�O���p�V���Q�D�J�\�R�Q���M�y���I�H�O�•�O�H�W�L��
�P�L�Q���V�p�J�J�H�O�� 

�$�� �U�D�J�D�V�]�W�R�W�W���N�|�W�p�V�H�N��(1���� �i�E�U�D�� �G������a�]�� �|�P�O�H�V�]�W�� hegeszt�p�V�V�H�O���N�p�V�]�•�O�W �p�V��a �N�H�P�p�Q�\�I�R�U�U�D�V�]�W�R�W�W���N�|�W�p�V�H�N��
�D�O�W�H�U�Q�D�W�t�Y�i�L�� �R�O�\�D�Q�� �K�H�O�\�]�H�W�H�N�E�H�Q���� �D�K�R�O���Q�|�Y�H�O�W �K���P�p�U�V�p�N�O�H�W�� �Q�H�P�� �D�O�N�D�O�P�D�]�K�D�W�y���� �Y�D�J�\�� �K�D�� �N�•�O�|�Q�E�|�]����
�D�Q�\�D�J�R�N�D�W�� ���S�p�O�G�i�X�O�� �I�p�P�H�N�H�W�� �p�V�� �S�R�O�L�P�H�U�H�N�H�W�����H�J�\�H�V�t�W�H�Q�H�N. A �U�D�J�D�V�]�W�y�K�p�]�D�J�R�N�� �N�L�N�•�V�]�|�E�|�O�L�N�� �D�� �W�|�E�E�L��
�W�t�S�X�V�~�� �N�|�W�p�V�K�H�]�� �N�D�S�F�V�R�O�y�G�y�� �N�R�U�O�i�W�R�]�i�V�R�N�� �W�|�E�E�V�p�J�p�W���� �G�H�� �J�R�Q�G�R�V�� �I�H�O�•�O�H�W-�H�O���N�p�V�]�t�W�p�V�W�� �L�J�p�Q�\�H�O�Q�H�N�� �V�]�&�N��
�W�&�U�p�V�K�D�W�i�U�R�N�N�D�O���� �L�O�O�H�W�Y�H�� �D�� �U�D�J�D�V�]�W�y�� �P�H�J�N�|�W�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �L�G���Y�H�O�� �L�V�� �V�]�i�P�R�O�Q�L�� �N�H�O�O���� �.�H�G�Y�H�]���W�O�H�Q��
�N�|�U�Q�\�H�]�H�W�L���Y�L�V�]�R�Q�\�R�N���N�|�]�|�W�W���L�G���Y�H�O���F�V�|�N�N�H�Q�K�H�W���D���N�|�W�p�V���W�H�K�H�U�E�t�U�y���N�p�S�H�V�V�p�J�H [5]. 

�7�R�Y�i�E�E�L�� �P�H�J�R�O�G�i�V�R�N�� �D�� �F�V�|�Y�H�N�� �Y�p�J�H�L�Q�H�N���H�J�\�H�V�t�W�p�V�p�U�H �D�� �G�|�U�]�V�K�H�J�H�V�]�W�p�V�L (1���� �i�E�U�D�� �H��) �p�V�� �D��
�W�R�P�S�D�K�H�J�H�V�]�W�p�V�L�� �W�H�F�K�Q�R�O�y�J�L�i�N (1���� �i�E�U�D�� �I��) �D�O�N�D�O�P�D�]�i�V�D [6]���� �$�� �G�|�U�]�V�K�H�J�H�V�]�W�p�V�Q�p�O�� �D�]�� �H�J�\�L�N�� �F�V���� �i�O�O�y��
�K�H�O�\�]�H�W�E�H�Q�� �P�D�U�D�G���� �P�t�J�� �D�� �P�i�V�L�N���� �W�R�N�P�i�Q�\�E�D�� �K�H�O�\�H�]�W�W�� �Y�p�J�� �Q�D�J�\�� �V�H�E�H�V�V�p�J�J�H�O�� �I�R�U�R�J���� �$�� �G�|�U�]�V�K�H�J�H�V�]�Wett 
�N�|�W�p�V���D�N�N�R�U���M�|�Q���O�p�W�U�H�����D�P�L�N�R�U���D���F�V�|�Y�H�N�H�W���D�[�L�i�O�L�V���Q�\�R�P�y�H�U�����K�D�W�i�V�i�U�D���p�U�L�Q�W�N�H�]�p�V�E�H���K�R�]�]�X�N�����p�V���D���V�~�U�O�y�G�i�V��
�K�D�W�i�V�i�U�D�� �I�H�O�K�H�Y�•�O���� �D�Q�\�D�J�R�N�� �|�V�V�]�H�K�H�J�H�G�Q�H�N���� �$�� �W�R�P�S�D�K�H�J�H�V�]�W�p�V�Q�p�O�� �D�� �F�V���Y�p�J�H�N�H�Q�� �N�H�O�H�W�N�H�]���� �t�Y�� �K�H�O�\�L��
hev�t�W�p�V�W�� �p�V�� �D�Q�\�D�J�O�i�J�\�X�O�i�V�W�� �L�G�p�]�� �H�O������ �$�� �W�R�P�S�D�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �D�N�N�R�U�� �L�V�� �O�p�W�U�H�M�|�Q���� �K�D�� �D�� �F�V�|�Y�H�N�H�W�� �D�[�L�i�O�L�V��
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�Q�\�R�P�y�H�U���� �p�U�L���� �0�L�Q�G�N�p�W�� �W�t�S�X�V�~�� �N�|�W�p�V�� �N�|�Q�Q�\�H�Q�� �D�X�W�R�P�D�W�L�]�i�O�K�D�W�y���� �G�H�� �D�O�N�D�O�P�D�]�i�V�X�N�� �Y�D�V�W�D�J�� �I�D�O�~�� �F�V�|�Y�H�N�U�H��
�N�R�U�O�i�W�R�]�y�G�L�N�����P�L�Y�H�O���D���Y�p�N�R�Q�\���I�D�O�~���F�V�|�Y�H�N���K�D�M�O�D�P�R�V�D�N���N�L�K�D�Mlani a �M�H�O�O�H�P�]�� �Q�\�R�P�y�H�U���N���p�V���K���P�p�U�V�p�N�O�H�W�L��
�W�D�U�W�R�P�i�Q�\�R�N���D�O�D�W�W. 

�$�� �N�•�O�|�Q�E�|�]���� �F�V���Y�p�J�H�N���L�V�P�H�U�W�� �p�V�� �D�O�N�D�O�P�D�]�R�W�W���|�V�V�]�H�N�D�S�F�V�R�O�i�V�L�� �O�H�K�H�W���V�p�J�H�L�� �P�H�O�O�H�W�W�� �L�Q�G�R�N�R�O�W�� �~�M��
�P�H�J�R�O�G�i�V�R�N�� �N�L�D�O�D�N�t�W�i�V�D���� �D�P�H�O�\ek a�]�� �H�O���]���H�N�E�H�Q�� �U�p�V�]�O�H�W�H�]�H�W�W �Q�H�K�p�]�V�p�J�H�N�H�W�� �N�L�N�•�V�]�|�E�|�O�Lk �p�V�� �K�D�W�p�N�R�Q�\����
�J�\�R�U�V�����N�|�U�Q�\�H�]�H�W�E�D�U�i�W���P�H�J�R�O�G�i�Vokat jelentenek. 

Az [1] �W�D�Q�X�O�P�i�Q�\ �V�]�H�U�]���L le�t�U�M�i�N�� hogy �~�M�� �K�L�G�H�J�D�O�D�N�t�W�i�V�L�� �H�O�M�i�U�i�V�W�� �G�R�O�J�R�]�W�D�N�� �N�L�� �D�� �F�V�|�Y�H�N�� �Y�p�J�H�L�Q�H�N��
�|�V�V�]�H�N�D�S�F�V�R�O�i�V�i�U�D���� �D�P�H�O�\�� �V�]�i�P�R�V�� �H�O���Q�\�|�V�� �W�X�O�D�M�G�R�Q�V�i�J�D�� �P�H�O�O�H�W�W���Q�D�J�\�R�Q���K�D�W�p�N�R�Q�\�D�Q�� �D�O�N�D�O�P�D�]�K�D�W�y�� Az 
�H�O�M�i�U�i�V�W���H�J�\���•�W�p�V�V�H�O���K�D�M�W�M�i�N���Y�p�J�U�H���p�V���N�p�W���H�J�\�P�i�V���X�W�i�Q�L���D�O�D�N�t�W�i�V�L���O�p�S�p�V�W���D�O�N�D�O�P�D�]�Q�D�N�����D�P�L�Q�W���D�]���D��2�����i�E�U�i�Q��
�V�H�P�D�W�L�N�X�V�D�Q�� �O�i�W�K�D�W�y���� �$�]�� �H�O�V���� �O�p�S�p�V�E�H�Q�� �D�� �V�]�R�P�V�]�p�G�R�V �H�O�O�H�Q�W�p�W�H�V�� �I�H�O�•�O�H�W�H�N�� �M�|�Q�Q�H�N�� �O�p�W�U�H���� �D�� �P�i�V�R�G�L�N��
�O�p�S�p�V�E�H�Q�� �S�H�G�L�J���± �D�� �W�H�Q�J�H�O�\�V�]�L�P�P�H�W�U�L�N�X�V�� �N�p�S�O�p�N�H�Q�\�� �L�Q�V�W�D�E�L�O�L�W�i�V�� �U�p�Y�p�Q���± �D�� �N�|�W�p�V�W�� �H�� �I�H�O�•�O�H�W�H�N�� �N�|�]�|�W�W��
alakul ki. 

 

2�����i�E�U�D�����+�L�G�H�J�D�O�D�N�t�W�i�V�L���H�O�M�i�U�i�V���F�V�|vek �H�J�\�H�V�t�W�p�V�p�U�H [1] . 

2. �.�t�V�p�U�O�H�W�L���P�X�Q�N�D 

A 2�����i�E�U�i�Q���O�i�W�K�D�W�y���D���F�V�|�Y�H�N���N�p�S�O�p�N�H�Q�\���L�Q�V�W�D�E�L�O�L�W�i�V���i�O�W�D�O���O�p�W�U�H�K�R�]�K�D�W�y���|�V�V�]�H�N�D�S�F�V�R�O�i�V�i�Q�D�N���~�M���H�O�M�i�U�i�V�D�����$��
�V�]�H�U�V�]�i�P�U�H�Q�G�V�]�H�U�� �Q�\�L�W�R�W�W���� �N�|�]�E�H�Q�V���� �p�V�� �]�i�U�W�� �K�H�O�\�]�H�W�p�Q�H�N�� �P�H�J�I�L�J�\�H�O�p�V�p�E���O���P�H�J�i�O�O�D�S�t�W�K�D�W�y, hogy az 
�|�V�V�]�H�L�O�O�H�V�]�W�p�V�� �H�J�\�� �P�R�]�G�X�O�D�W�W�D�O�� �W�|�U�W�p�Q�L�N, �N�p�W�� �N�•�O�|�Q�E�|�]���� �H�O�H�P�L�� �F�V���D�O�D�N�t�W�i�V�L�� �P�&�Y�H�O�H�W�� �V�H�J�t�W�V�p�J�p�Y�H�O����
amelyek �D���W�i�J�t�W�i�V���p�V��a �S�U�p�V�H�O�p�V�����$���W�i�J�t�W�i�V�W���~�J�\���K�D�M�W�M�i�N���Y�p�J�U�H�����K�R�J�\���D���I�H�O�V�����F�V�|�Y�H�W���D�]���D�O�V�y���F�V�����O�H�p�O�H�]�H�W�W��
�Y�p�J�p�K�H�]�� �N�p�Q�\�V�]�H�U�t�W�L�N���� �D�]�p�U�W���� �K�R�J�\�� �D�� �I�H�O�V���� �F�V���� �P�H�J�W�i�P�D�V�]�W�i�V�� �Q�p�O�N�•�O�L�� �U�p�V�]�p�W�� �V�X�J�i�U�L�U�i�Q�\�E�D�Q�� �W�i�J�t�W�D�Q�L��
lehessen, �t�J�\ �D���N�p�W���F�V�����H�J�\�P�i�V�E�D���W�X�G���F�V�~�V�]�Q�L���D���N�•�O�V�����F�V�����W�i�J�X�O�i�V�D���P�H�O�O�H�W�W�����$�]���|�V�V�]�H�L�O�O�H�V�]�W�p�V�L���I�R�O�\�D�P�D�W��
�H�O�V���� �V�]�D�N�D�V�]�i�E�D�Q�� �D�]�� �D�O�V�y�� �F�V���� �N�~�S�R�V�� �O�\�X�N�D�V�]�W�y�N�p�Q�W�� �P�&�N�|�G�L�N���� �p�V�� �O�H�N�H�U�H�N�t�W�H�W�W�� �p�O�p�Q�H�N�� �P�H�U�H�G�H�N�V�p�J�H��
�N�X�O�F�V�V�]�H�U�H�S�H�W���M�i�W�V�]�L�N���D�]���H�O�M�i�U�i�V���i�O�W�D�O�i�Q�R�V���P�H�J�Y�D�O�y�V�t�W�K�D�W�y�V�i�J�i�E�D�Q�� 

Amint a �I�H�O�V���� �F�V���� �W�i�P�D�V�]�W�p�N�� �Q�p�O�N�•�O�L�� �O0 �P�D�J�D�V�V�i�J�D�� �p�U�L�Q�W�N�H�]�p�V�E�H�� �N�H�U�•�O�� �D�]�� �D�O�V�y�� �V�]�H�U�V�]�i�P�P�D�O��
�E�H�I�H�M�H�]���G�L�N�� �D�� �F�V���W�i�J�t�W�i�V�L�� �I�R�O�\�D�P�D�W���� �$�� �W�i�J�X�O�i�V�W�� �D�� �N�p�S�O�p�N�H�Q�\�� �L�Q�V�W�D�E�L�O�L�W�i�V�� �Y�i�O�W�M�D�� �I�H�O���� �D�]�D�]�� �D�� �F�V�|�Y�H�N��
�N�L�K�D�M�O�D�Q�D�N�����p�V���D���N�|�W�p�V�W���D���N�p�W���F�V�����H�J�\�L�G�H�M�&���Q�\�R�P�i�V�R�V���S�H�U�H�P�H�]�p�V�p�Y�H�O���p�U�L�N���H�O�� 
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A �V�]�H�U�V�]�i�P�U�H�Q�G�V�]�H�U�� �Y�i�]�O�D�W�R�V�� �i�E�U�i�]�R�O�i�V�D�� ��2���� �i�E�U�D���� �O�H�K�H�W���Y�p�� �W�H�V�]�L�� �D�� �I�R�O�\�D�P�D�W�� �I���E�E�� �P�&�N�|�G�p�V�L��
�S�D�U�D�P�p�W�H�U�H�L�Q�H�N��az �D�]�R�Q�R�V�t�W�i�V�i�W���� 

�‡ �D���I�H�O�V�����F�V�����N�H�]�G�H�W�L���W�i�P�D�V�]�W�p�N���Q�p�O�N�•�O�L���P�D�J�D�V�V�iga l0�����D�P�H�O�\���V�X�J�i�U�L�U�i�Q�\�E�D�Q���W�i�J�X�O; 
�‡ �D�]�� �D�O�V�y�� �F�V���� �N�H�]�G�H�W�L�� �W�i�P�D�V�]�W�p�N�� �Q�p�O�N�•�O�L�� �P�D�J�D�V�V�i�J�D�� �O1���� �D�P�H�O�\�� �D�� �I�R�O�\�D�P�D�W�� �H�O�V���� �V�]�D�N�D�V�]�i�E�D�Q�� �N�~�S�R�V��

�W�•�V�N�H�N�p�Q�W���Y�L�V�H�O�N�H�G�L�N; 
�‡ az �., �D���F�V���Y�p�J�H�N���O�H�p�O�H�]�p�V�p�Q�H�N���V�]�|�J�H�� 
Jelen �N�|�]�O�H�P�p�Q�\ �D�]�]�D�O���I�R�J�O�D�O�N�R�]�L�N�����K�R�J�\���N�p�W���F�V���Y�p�J���|�V�V�]�H�N�|�W�p�V�p�W���H�]�]�H�O���D���P�y�G�V�]�H�U�U�H�O���K�R�J�\�D�Q���W�X�G�M�X�N��

�P�H�J�Y�D�O�y�V�t�W�D�Q�L���� �$�� �I�H�O�V���� �p�V��az �D�O�V�y�� �V�]�H�U�V�]�i�P�R�N�� �D�� �Y�L�]�V�J�i�O�D�Q�G�y�� �F�V�|�Y�H�N�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �U0 referencia 
�V�X�J�D�U�i�K�R�]���� �D�� �W�•�V�N�H��pedig �D�]�� �|�V�V�]�H�N�D�S�F�V�R�O�D�Q�G�y�� �F�V�|�Y�H�N�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �W0 �I�D�O�Y�D�V�W�D�J�V�i�J�i�K�R�] �N�H�U�•�O�W��
�P�H�J�W�H�U�Y�H�]�p�V�U�H. 

2.1. �6�]�H�U�V�]�i�P�N�L�D�O�D�N�t�W�i�V 

�$���N�t�V�p�U�O�H�W�H�N�K�H�]���K�D�V�]�Q�i�O�W���H�V�]�N�|�]�|�N���N�R�U�i�E�E�D�Q���Y�p�J�]�H�W�W���)�(�$���V�]�L�P�X�O�i�F�L�yk �D�O�D�S�M�i�Q���N�H�U�•�O�Wek �P�H�J�W�H�U�Y�H�]�p�V�U�H��
[7]. �$�� �N�t�V�p�U�O�H�W�L�� �Y�L�]�V�J�i�O�D�W�R�N�K�R�]�� �H�O�V���� �O�p�S�p�V�N�p�Q�W�� �D�� �V�]�H�U�V�]�i�P�R�N�D�W�� �N�H�O�O�H�W�W�� �H�O�N�p�V�]�t�W�H�Q�L���� �$�� �F�V�|�Y�H�N�� �N�|�W�p�V�p�K�H�]��
�N�H�W�W�����G�D�U�D�E���E�H�I�R�J�y���I�H�M�U�H���p�V���H�J�\���G�D�U�D�E���W�•�V�N�p�U�H���Y�D�Q���V�]�•�N�V�p�J�•�Q�N���D���E�H�O�V�����I�H�O�•�O�H�W�H�N���P�H�J�W�i�P�D�V�]�W�i�V�i�K�R�]�����$��
�V�]�H�U�V�]�i�P�R�N�� �Y�L�]�V�J�i�O�y�U�H�Q�G�V�]�H�U�E�H�Q�� �W�|�U�W�p�Q���� �E�H�I�R�J�i�V�i�K�R�]�� �N�H�W�W���� �G�D�U�D�E�� �F�V�D�W�O�D�N�R�]�y�W�� �L�V�� �N�p�V�]�t�W�H�W�W�•�Q�N���� �$��
�V�]�H�U�V�]�i�P�R�N���H�O�H�P�H�L�U���O �N�p�V�]�t�W�H�W�W�� �U�D�M�]�R�N�D�W�� �p�V�� �I���E�E�� �P�p�U�H�W�H�L�N�H�W�� �D��3���� �i�E�U�D���� �D�]�� �H�O�N�p�V�]�•�O�W�� �G�D�U�D�E�R�N�D�W pedig 4. 
�i�E�U�D mutatja be.  

 
3�����i�E�U�D. �&�V���N�|�W�p�V�H�N�K�H�]���N�L�D�O�D�N�t�W�R�W�W���V�]�H�U�V�]�i�P���U�p�V�]�H�L�U���O���N�p�V�]�t�W�H�W�W���U�D�M�]�R�N: �D�����E�H�I�R�J�y���I�H�M�����E�����F�V�D�W�O�D�N�R�]�y�����F����

�W�i�P�D�V�]�W�y�W�•�V�N�H�� 
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4. �i�E�U�D. Az e�O�N�p�V�]�•�O�W���V�]�H�U�V�]�i�P��elemek. 

2.2. �.�t�V�p�U�O�H�W�L���Y�L�]�V�J�i�O�D�W�R�N 

�$���N�t�V�p�U�O�H�W�L���Y�L�]�V�J�i�O�D�W�R�N�K�R�]���$�O�0�J�6�L���P�L�Q���V�p�J�&���D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�E���O���N�p�V�]�•�O�W �F�V�|�Y�H�N�H�W���K�D�V�]�Q�i�O�W�X�Q�N�����$��
�F�V�|�Y�H�N���J�H�R�P�H�W�U�L�D�L�� �P�p�U�H�W�H�L�W���D�� �N�H�U�H�V�N�H�G�H�O�P�L�� �I�R�U�J�D�O�R�P�E�D�Q�� �N�D�S�K�D�W�y�� �P�p�U�H�W�H�N���K�D�W�i�U�R�]�W�i�N�� �P�H�J���� �$�� �Y�L�]�V�J�i�O�W��
�F�V�|�Y�H�N�� �K�R�V�V�]�D�� �M�H�O�O�H�P�]���H�Q�� �OCS = �������� �P�P���� �N�•�O�V���� �i�W�P�p�U���M�H�� �G = ������ �P�P���� �D�� �I�D�O�Y�D�V�W�D�J�V�i�J�X�N�� �S�H�G�L�J�� �W = 1,5 
mm volt. 

�$���V�]�H�U�V�]�i�P�U�H�Q�G�V�]�H�U�W��MTS ���������W�t�S�X�V�~���H�O�H�N�W�U�R-hidraulikus anyag�Y�L�]�V�J�i�O�y rendszerbe szerelt�•�N���E�H, a 
�E�H�U�H�Q�G�H�]�p�V keresztfej�p�Q�H�N���D���V�H�E�H�V�V�p�J�p�W pedig 120 mm/perc (2 mm/s) �p�U�W�p�N�U�H���i�O�O�t�W�R�W�W�X�N���E�H�� 

�$�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�R�U�i�Q�� �H�O�H�P�H�]�W�•�N�� �D�� �V�]�H�U�V�]�i�P�R�N�� �N�|�]�|�W�W�L�� �W�i�Y�R�O�V�i�J���� �Y�D�O�D�P�L�Q�W�� �D�� �O�H�p�O�H�]�p�V�H�N�� �K�D�W�i�V�i�W���� �$��
�V�]�H�U�V�]�i�P�R�N�� �N�|�]�|�W�W�L�� �W�i�Y�R�O�V�i�J�R�N�� ���OT���� �V�R�U�i�Q�� �D�� �V�]�H�U�V�]�i�P�E�y�O�� �N�L�i�O�O�y�� �F�V���V�]�D�N�D�V�]�R�N�� ���O0, l1���� �H�J�\�H�Q�O����
�K�R�V�V�]�~�V�i�J�~�D�N���Y�R�O�W�D�N�����������P�P���������� �P�P���p�V�������� �Pm). A szakirodalom [1] �����ƒ-�R�V���p�O�H�N�H�W���M�D�Y�D�V�R�O���D���F�V�|�Y�H�N��
�Y�p�J�H�L�Q�����$���F�V���N�|�W�p�V�H�N���V�R�U�i�Q���D���F�V�|�Y�H�N���Y�p�J�H�L�Q���.��� �� �����ƒ���������ƒ���p�V�������ƒ-�R�V���p�O�H�N�H�W���D�O�D�N�t�W�R�W�W�X�Q�N���N�L�����$���Y�L�]�V�J�i�O�W��
�S�D�U�D�P�p�W�H�U�H�N���K�D�W�i�V�i�Q�D�N���H�O�H�P�]�p�V�H���V�R�U�i�Q���D���O�p�W�U�H�K�R�]�R�W�W���N�|�W�p�V�H�N���Y�D�V�W�D�J�V�i�J�D�����D���V�]�H�U�V�]�i�P�R�N���N�|�]�|�W�W�L���W�i�Y�R�O�V�i�J��
az �D�O�D�N�t�W�i�V���Y�p�J�p�Q�����E��� �������P�P���Y�R�O�W�����$���N�|�W�p�V���Y�D�V�W�D�J�V�i�J�i�W���L�V���Y�L�]�V�J�i�O�W�X�N�����D�K�R�O���D�]�������P�P-�H�V���N�|�W�p�V�Y�D�V�W�D�J�V�i�J�R�W��
7 mm-re, majd 9 mm-�U�H�� �P�y�G�R�V�t�W�R�W�W�X�N�� �$�� �Y�L�]�V�J�i�O�y�� �E�H�U�H�Q�G�H�]�p�V�W�� �D�� �N�|�W�p�V�H�N�� �O�p�W�U�H�K�R�]�i�V�i�U�D�� �N�L�D�O�D�N�t�W�R�W�W��
�V�]�H�U�V�]�i�P�P�D�O�� �H�J�\�•�W�W���� �Y�D�O�D�P�L�Q�W�� �D�� �J�H�R�P�H�W�U�L�D�L �S�D�U�D�P�p�W�H�U�H�N�H�W���± az �. �p�U�W�p�N�H�N�� �N�L�Y�p�W�H�O�p�Y�H�O���± az 5���� �i�E�U�D 
�V�]�H�P�O�p�O�W�H�W�L�� 

A teljes �N�t�V�p�U�O�H�W�V�R�U�R�]�D�W �S�D�U�D�P�p�W�H�U�H�L�W az 1�����W�i�E�O�i�]�D�W���I�R�J�O�D�O�M�D���|�V�V�]�H. 
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5�����i�E�U�D. �$���Y�L�]�V�J�i�O�y���E�H�U�H�Q�G�H�]�p�V���D���N�|�W�p�V�H�N���O�p�W�U�H�K�R�]�i�V�i�U�D���N�L�D�O�D�N�t�W�R�W�W���V�]�H�U�V�]�i�P�P�D�O. 

1�����W�i�E�O�i�]�D�W�����.�t�V�p�U�O�H�W�V�R�U�R�]�D�W���S�D�U�D�P�p�W�H�U�H�L 

A k�|�W�p�V �V�]�i�P�D lCS [mm] lo [mm] l1 [mm] lT [mm] �.��[�ƒ] b [mm] 
1 95 20 20 40 20 5 
2 100 25 25 50 20 5 
3 110 35 35 70 20 5 
4 100 25 25 50 40 5 
5 100 25 25 50 60 5 
6 100 25 25 50 20 7 
7 100 25 25 50 20 9 

 
�$�]���H�O�N�p�V�]�•�O�W���N�|�W�p�V�H�N�H�W���p�V���D���N�L�D�O�D�N�t�W�R�W�W���S�H�U�H�P�H�N���N�•�O�V�����i�W�P�p�U���L�W�����'�������P�L�Q�G���D���K�p�W���Y�L�]�V�J�i�O�W���H�V�H�W�U�H�� a 6. 

�i�E�U�D mutatja be. 
�$���N�|�W�p�V�H�N���P�L�Q���V�p�J�p�Q�H�N���Y�L�]�V�J�i�O�D�W�i�W���D���N�|�W�p�V�H�N���O�p�W�U�H�K�R�]�i�V�D�N�R�U���U�H�J�L�V�]�W�U�i�O�W���H�U��-�H�O�P�R�]�G�X�O�i�V���G�L�D�J�U�D�P�R�N��

�V�H�J�t�W�V�p�J�p�Y�H�O�� �Y�p�J�H�]�W�•�N�� �H�O���� �$��7���� �i�E�U�D �������� �P�P�� �K�R�V�V�]�~���� �����ƒ-�R�V�� �O�H�p�O�H�]�p�V�V�H�O�� �N�p�V�]�•�O�W�� �F�V�|�Y�H�N�� �N�|�W�p�V�H�� �V�R�U�i�Q��
�P�p�U�W�� �H�U���� �p�U�W�p�N�H�N�H�W�� �P�X�W�D�W�M�D�� �D�]�� �H�O�P�R�]�G�X�O�i�V�� �I�•�J�J�Y�p�Q�\�p�E�H�Q���� �$�]�� �D�O�D�N�t�W�i�V�� �V�R�U�i�Q�� �O0 �p�V�� �O1 �p�U�W�p�N�H�� ������ �P�P���� �D��
�O�p�W�U�H�K�R�]�R�W�W���N�|�W�p�V���Y�D�V�W�D�J�V�i�J�D���S�H�G�L�J�������P�P���Y�R�O�W�� 
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6�����i�E�U�D. �.�t�V�p�U�O�H�W�V�R�U�R�]�D�W���N�|�W�p�V�Hi. 

 
7�����i�E�U�D. �$���N�|�W�p�V�K�H�]���V�]�•�N�V�p�J�H�V���H�U��-�H�O�P�R�]�G�X�O�i�V���G�L�D�J�U�D�P������ �V�]�i�P�~���N�|�W�p�V). 

�$�]���D�O�D�N�t�W�i�V���V�R�U�i�Q���N�D�S�R�W�W���G�L�D�J�U�D�P�E�D�Q��hat �M�y�O���H�O�N�•�O�|�Q�t�W�K�H�W�� �U�p�V�]�W���W�D�O�i�O�X�Q�N�����O�H�p�O�H�]�p�V�E���O���D�G�y�G�y���W�i�J�t�W�i�V��
�P�H�J�L�Q�G�X�O�i�V�i�K�R�]�� �V�]�•�N�V�p�J�H�V�� �H�U���� �Q�|�Y�H�N�H�G�p�V�� ����.������ �W�i�J�t�W�i�V�K�R�]�� �V�]�•�N�V�p�J�H�V�� �i�O�O�D�Q�G�y�V�X�O�W�� �H�U���� ����.������ �D�� �N�L�W�i�J�t�W�R�W�W��
�F�V�����D�O�V�y���V�]�H�U�V�]�i�P�P�D�O���W�|�U�W�p�Q�����W�D�O�i�O�N�R�]�i�V�D������.�������N�p�S�O�p�N�H�Q�\���L�Q�V�W�D�E�L�O�L�W�i�V���V�R�U�i�Q���E�H�N�|�Y�H�W�N�H�]�H�W�W���N�L�K�D�M�O�i�V��(4.), 
�N�L�K�D�M�O�t�W�R�W�W���U�p�V�]���]�i�U�i�V�D������.�������N�L�K�D�M�R�O�W���U�p�V�]���O�D�S�t�W�i�V�D������.). 

�(�O�V���� �O�p�S�p�V�E�H�Q�� �D�� �V�]�H�U�V�]�i�P�R�N�� �N�|�]�|�W�W�L�� �W�i�Y�R�O�V�i�J�R�W�� �Y�i�O�W�R�]�W�D�W�W�X�N���� �9�L�]�V�J�i�O�W�X�N�� �D�� ������ �P�P-es (l0 �p�V�� �O1= 20 
mm), az 50 mm-es (l0 �p�V�� �O1� �� ������ �P�P���� �p�V��a 70 mm-es (l0 �p�V�� �O1� �� ������ �P�P���� �W�i�Y�R�O�V�i�J�R�N�D�W���� �$�� �N�|�W�p�V��
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�Y�D�V�W�D�J�V�i�J�i�W�� ����mm-es �p�U�W�p�N�E�H�Q�� �K�D�W�i�U�R�]�W�X�N�� �P�H�J�� �D�� �O�H�P�H�]�Y�D�V�W�D�J�V�i�J�� �I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�p�Y�H�O�� �p�V�� �D��
�V�]�D�N�L�U�R�G�D�O�P�D�N�� �V�]�H�U�L�Q�W�L�� �����ƒ-�R�V�� �O�H�W�|�U�p�V�W�� �D�O�N�D�O�P�D�]�W�X�N�� �D�� �F�V�|�Y�H�N�� �Y�p�J�H�L�Q���� �$�]�� �D�O�D�N�t�W�i�V�R�N�� �V�R�U�i�Q�� �U�H�J�L�V�]�W�U�i�O�W��
�H�U��-�H�O�P�R�]�G�X�O�i�V���p�U�W�p�N�H�N�H�W���D��8�����i�E�U�D���V�]�H�P�O�p�O�W�H�W�L�� 

 
8�����i�E�U�D. �.�|�W�p�V�H�N���N�•�O�|�Q�E�|�]�����OT �p�U�W�p�N�H�N���H�V�H�W�p�Q�� 

�$���G�L�D�J�U�D�P�E�y�O���O�i�W�K�D�W�y�����K�R�J�\���K�D���W�~�O���N�L�F�V�L���D���W�i�Y�R�O�V�i�J���D���V�]�H�U�V�]�i�P�R�N���N�|�]�|�W�W�����������P�P�������D�N�N�R�U���Q�H�P���D�O�D�N�X�O��
�N�L���D�O�D�N�]�i�U�y���N�|�W�p�V�����K�D���Y�L�V�]�R�Q�W���W�~�O���Q�D�J�\ (70 mm)�����D�N�N�R�U���D���N�|�W�p�V���N�L�D�O�D�N�t�W�i�V�i�K�R�]���W�~�O�]�R�W�W�D�Q���Q�D�J�\���H�U���U�H���Y�D�Q��
�V�]�•�N�V�p�J�� �p�V�� �D�� �N�L�D�O�D�N�X�O�W�� �N�D�U�L�P�D�� �V�H�P�� �L�G�H�i�O�L�V�� �P�p�U�H�W�&���� �2�S�W�L�P�i�O�L�V�� �W�i�Y�R�O�V�i�J�Q�D�N�� �D�]�� ������ �P�P-�H�V�� �V�]�H�U�V�]�i�P-
�W�i�Y�R�O�V�i�J���E�L�]�R�Q�\�X�O�W�� 

A k�|�Y�H�W�N�H�]�����O�p�S�p�Vben �D���O�H�p�O�H�]�p�V���P�p�U�W�p�N�p�W���Y�i�O�W�R�]�W�D�W�W�X�N����Az �.� �����ƒ���������ƒ���p�V�������ƒ-os �p�O�H�N�N�H�O���U�H�Q�G�H�O�N�H�]����
�F�V�|�Y�H�N�� �D�O�D�N�t�W�i�V�D�� �V�R�U�i�Q�� �N�D�S�R�W�W�� �H�U��-�H�O�P�R�]�G�X�O�i�V�� �G�L�D�J�U�D�P�Rkat a 9���� �i�E�U�D mutatja. �$�� �V�]�H�U�V�]�i�P�R�N�� �N�|�]�|�W�W�L��
�W�i�Y�R�O�V�i�J���������P�P�����D���N�|�W�p�V�H�N���Y�D�V�W�D�J�V�i�J�D �S�H�G�L�J���H�]�~�W�W�D�O��is 5 mm volt. 

 
9�����i�E�U�D. A l�H�p�O�H�]�p�V���K�D�W�i�V�D���D�]���H�U��-�H�O�P�R�]�G�X�O�i�V���G�L�D�J�U�D�P�U�D�� 



�.�R�Y�i�F�V, P. Z. �&�V�|�Y�H�N���H�J�\�H�V�t�W�p�V�H���N�p�S�O�p�N�H�Q�\�D�O�D�N�t�W�i�V�V�D�O 

17 

�$�� �N�L�D�O�D�N�X�O�W�� �N�|�W�p�V�H�N�� �V�R�U�i�Q�� �D�]�� �H�O�P�R�]�G�X�O�i�V�R�N�� �N�L�V�P�p�U�W�p�N�E�H�Q�� �H�O�W�p�U�Q�H�N�� �D�� �O�H�p�O�H�]�p�V�� �P�p�U�W�p�N�p�Q�H�N��
�P�H�J�I�H�O�H�O���H�Q�����D�]�� �|�V�V�]�H�L�O�O�H�V�]�W�p�V�N�R�U���Y�i�O�W�R�]�L�N�� �D�� �V�]�H�U�V�]�i�P�R�N���N�|�]�|�W�W�L���W�i�Y�R�O�V�i�J���� �$ �W�i�J�t�W�i�V�K�R�]�� �V�]�•�N�V�p�J�H�V�� �H�U����
�N�L�D�O�D�N�X�O�i�V�D�� �D�� �����ƒ-�R�V�� �O�H�W�|�U�p�V�Q�p�O�� �D�� �O�H�J�R�S�W�L�P�i�O�L�V�D�E�E���� �P�L�Y�H�O�� �D�� �W�i�J�t�W�i�V�� �P�H�J�L�Q�G�X�O�i�V�i�K�R�]�� �H�N�N�R�U�� �N�H�O�O�� �D��
�O�H�J�N�L�V�H�E�E���H�U�������0�L�Q�p�O���Q�D�J�\�R�E�E���D���V�]�|�J�����D�Q�Q�i�O���Q�D�J�\�R�E�E���D�]���H�V�p�O�\���D���U�R�V�V�]���N�|�W�p�V���N�L�D�O�D�N�t�W�i�V�i�U�D�� 

�$�� �N�L�D�O�D�N�t�W�R�W�W�� �N�|�W�p�V�� �Y�D�V�W�D�J�V�i�J�i�W�� �H�O�H�P�H�]�Y�H�� �Q�D�J�\�R�E�E�� �Y�D�V�W�D�J�V�i�J�R�W�� �L�V���P�H�J�Y�L�]�V�J�i�O�W�X�Q�N���� �$�]�� �i�O�W�D�O�X�Q�N��
�D�O�N�D�O�P�D�]�R�W�W���Y�D�V�W�D�J�V�i�J�R�W������mm-re �p�V������mm-�U�H���Q�|�Y�H�O�W�•�N, �D���N�L�D�O�D�N�X�O�W���S�H�U�H�P���F�V�|�N�N�H�Q�W�p�V�H���p�U�G�H�N�p�E�H�Q�� 

�$�� �N�|�W�p�V�H�N�� �H�O�H�P�]�p�V�H�� �V�R�U�i�Q�� �P�H�W�V�]�H�W�H�N�� �L�V�� �N�p�V�]�•�O�W�H�N�� �D�]�� ���� �P�P-�H�V�� �p�V��a 7 mm-�H�V�� �N�|�W�p�V�Y�D�V�W�D�J�V�i�J�~��
�N�|�W�p�V�H�N�E���O����10�����i�E�U�D�����D�]�p�U�W�����K�R�J�\���D���N�L�D�O�D�N�X�O�W���N�|�W�p�V�E�H�Q���Y�p�J�E�H�P�H�Q�� �D�Q�\�D�J�i�U�D�P�O�i�V�W��is �Y�L�]�V�J�i�O�K�D�V�V�X�N�� 

 

10�����i�E�U�D. Az e�O�N�p�V�]�•�O�W �N�|�W�p�V�H�N���P�H�W�V�]�H�W�H�������P�P-�H�V���N�|�W�p�V�Y�D�V�W�D�J�V�i�J�Q�i�O���p�V��7 mm-�H�V���N�|�W�p�V�Y�D�V�W�D�J�V�i�J�Q�i�O. 

�6�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�W�W�D�O�� �H�O�O�H�Q���U�L�]�W�•�N�� �D�� �N�•�O�|�Q�E�|�]���� �Y�D�V�W�D�J�V�i�J�~�� �F�V���N�|�W�p�V�H�N�� �N�|�W�p�V�L�� �V�]�L�O�i�U�G�V�i�J�i�W���� �$�]��
�H�J�\�H�V�t�W�H�W�W �F�V�|�Y�H�N�� �Y�p�J�H�L�Q�H�N�� �P�H�J�I�R�J�i�V�D�� �V�R�U�i�Q�� �W�|�U�W�p�Q���� �E�H�K�R�U�S�D�G�i�V�� �H�O�N�H�U�•�O�p�V�H�� �p�U�G�H�N�p�E�H�Q�� �E�H�W�p�W�H�N��
�N�p�V�]�•�O�W�H�N�� �D�� �F�V�|�Y�H�N�� �E�H�O�V���� �I�H�O�•�O�H�W�p�Q�H�N�� �P�H�J�W�i�P�D�V�]�W�i�V�i�K�R�]���� �$�� �N�|�W�p�V�H�N�� �V�]�L�O�i�U�G�V�i�J�i�W�� �E� ���� �P�P-�H�V�� �p�V�� �E� ����
mm-�H�V�� �N�|�W�p�V�Y�D�V�W�D�J�V�i�J�Q�i�O���P�p�U�W�•�N���P�H�J�� �H�O���V�]�|�U���� �P�D�M�G�� �D�� �N�D�S�R�W�W�� �H�U�H�G�P�p�Q�\�H�N�� �X�W�i�Q�� �D�� �E� ���� �P�P-es 
�Y�D�V�W�D�J�V�i�J�R�W���L�V���P�H�J�Y�L�]�V�J�i�O�W�X�N�����(�]�H�N�H�W���D�]���H�U�H�G�P�p�Q�\�H�N�H�W���D��11�����i�E�U�D �V�]�H�P�O�p�O�W�H�W�L�� 

 
11�����i�E�U�D. �$���N�|�W�p�V�H�N���V�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�Wainak �H�U�H�G�P�p�Q�\�H�L���N�•�O�|�Q�E�|�]�����E���p�U�W�p�N�H�N �H�V�H�W�p�Q. 
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�$�]�������P�P���Y�D�V�W�D�J���N�|�W�p�V�Q�p�O�������������N�1�����D�������P�P���Y�D�V�W�D�J���N�|�W�p�V�Q�p�O�������������N�1�����P�t�J���D�������P�P���Y�D�V�W�D�J���N�|�W�p�V�Q�p�O��
19,7 kN �P�D�[�L�P�i�O�L�V���H�U���W���P�p�U�W�•�Q�N�����$�������P�P-�H�V���N�|�W�p�V�Y�D�V�W�D�J�V�i�J�Q�i�O���N�L�F�V�~�V�]�R�W�W���D���E�H�O�V�����F�V�����D���N�•�O�V�����F�V���E���O�� 
�$���N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N�E���O���O�i�W�K�D�W�y�����K�R�J�\���D�]�������P�P-�H�V���N�|�W�p�V�Y�D�V�W�D�J�V�i�J�Q�i�O���N�L�V�H�E�E�����P�t�J���D�������P�P���Y�D�V�W�D�J�V�i�J�~��
�N�|�W�p�V�Q�p�O���Q�D�J�\�R�E�E���N�|�W�p�V�L���V�]�L�O�i�U�G�V�i�J���Y�D�O�y�V�t�W�K�D�W�y���P�H�J�����$�]������mm-es �p�V��a 7 mm-�H�V���H�V�H�W�H�N���Y�L�]�V�J�i�O�D�W�D���V�R�U�i�Q��
�P�H�J�I�L�J�\�H�O�K�H�W������ �K�R�J�\�� �D�� �V�]�D�N�t�W�y�G�L�D�J�U�D�P�M�D�L�N�� �K�D�V�R�Q�O�y�� �N�D�U�D�N�W�H�U�L�V�]�W�L�N�i�W�� �P�X�W�D�W�Q�D�N���� �D�� ���� �P�P-es viszont 
sokkal lapultabb. Emiatt, ha csak az 5 mm-es �p�V��a 7 mm-�H�V�� �N�|�W�p�V�U�H�� �I�y�N�X�V�]�i�O�X�Q�N���� �D�N�N�R�U�� �Q�H�P�F�V�D�N�� �D��
�N�|�W�p�V���V�]�L�O�i�U�G�V�i�J�D���P�p�U�Y�D�G�y�����G�H���D���M�H�O�H�Q�W���V�Q�H�N���P�R�Q�G�K�D�W�y���W�|�Q�N�U�H�P�H�Q�H�W�H�O�L�J���E�H�N�|�Y�H�W�N�H�]�����H�O�P�R�]�G�X�O�i�V���L�V�����$��
�N�|�W�p�V�H�N��azonban �Q�H�P�F�V�D�N�� �K�~�]�y�� �L�J�p�Q�\�E�H�Y�p�W�H�O�Q�H�N�� �Y�D�Q�Q�D�N�� �N�L�W�p�Y�H���� �K�D�Q�H�P�� �F�V�D�Y�D�U�y���� �K�D�M�O�t�W�y�� �p�V�� �H�J�\�p�E��
�K�D�W�i�V�Q�D�N��is, �S�p�O�G�i�X�O�� �I�R�O�\�D�G�p�N�� �R�N�R�]�W�D�� �Q�\�R�P�i�V�i�Q�D�N���� �(�]�p�U�W�� �H�J�\�p�U�W�H�O�P�&�H�Q�� �Q�H�P�� �O�H�K�H�W�� �N�L�M�H�O�H�Q�W�H�Q�L���� �K�R�J�\��
mely �Y�D�V�W�D�J�V�i�J�~�� �N�|�W�p�V�� �D�� �O�H�J�P�H�J�I�H�O�H�O���E�E���� �$�� �N�•�O�|�Q�E�|�]���� �Y�D�V�W�D�J�V�i�J�~�� �N�|�W�p�V�H�N�� �P�L�Q���V�t�W�p�V�p�K�H�]�� �W�R�Y�i�E�E�L��
�Y�L�]�V�J�i�O�D�W�R�N���H�O�Y�p�J�]�p�V�H���V�]�•�N�V�p�J�H�V�� 

3. �g�V�V�]�H�I�R�J�O�D�O�i�V 

�$�]�� �~�M���� �M�D�Y�D�V�R�O�W�� �L�O�O�H�V�]�W�p�V�L�� �H�O�M�i�U�i�V�� �O�H�K�H�W���Y�p�� �W�H�V�]�L�� �D�� �P�H�J�O�p�Y���� �P�H�J�R�O�G�i�V�R�N�� �H�J�\�V�]�H�U�&�� �p�V�� �K�D�W�p�N�R�Q�\��
�K�H�O�\�H�W�W�H�V�t�W�p�V�p�W���D���U�|�J�]�t�W�H�W�W�����S�U�p�V�H�O�W�����K�H�J�H�V�]�W�H�W�W�����N�H�P�p�Q�\�I�R�U�U�D�V�]�W�R�W�W���Y�D�J�\���U�D�J�D�V�]�W�R�W�W���N�|�W�p�V�H�N���I�H�O�K�D�V�]�Q�i�O�i�V�i�Q��
alapulva. �6�L�N�H�U�H�V�H�Q���O�H�J�\�i�U�W�R�W�W�X�Q�N���H�J�\���H�J�\�V�]�H�U�&���H�O�H�P�H�N�E���O���i�O�O�y���V�]�H�U�V�]�i�P���N�p�V�]�O�H�W�H�W�����D�P�H�O�\���V�H�J�t�W�V�p�J�p�Y�H�O��
�F�V���N�|�W�p�V�H�N�H�W�� �K�R�]�W�X�Q�N�� �O�p�W�U�H, �H�J�\�� �O�p�S�p�V�E�H�Q, �D�� �F�V���W�i�J�t�W�i�V�W�� �p�V�� �D�]�� �H�J�\�L�G�H�M�&�� �Q�\�R�P�i�V�R�V�� �S�H�U�H�P�H�]�p�Vt 
alkalmazva. �$�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�R�U�i�Q�� �H�O�H�P�]�p�V�U�H�� �N�H�U�•�O�W�H�N�� �D �N�|�W�p�V�W�� �D�O�N�R�W�y�� �N�p�S�O�p�N�H�Q�\�H�Q���D�O�D�N�t�W�R�W�W�� �F�V��-
�V�]�D�N�D�V�]�R�N�� �K�R�V�V�]�i�Q�D�N���� �D�� �O�H�p�O�H�]�H�W�W�� �F�V���Y�p�J�H�N�� �V�]�|�J�p�Q�H�N���� �Y�D�O�D�P�L�Q�W�� �D�� �N�L�D�O�D�N�t�W�R�W�W�� �N�|�W�p�V�Y�D�V�W�D�J�V�i�Jok 
�P�H�J�Y�i�O�W�R�]�i�V�i�Q�D�N a �K�D�W�i�V�D�L���� �$�� �J�\�i�U�W�i�V�L�� �I�R�O�\�D�P�D�W�R�N���H�U��-elmozd�X�O�i�V�� �G�L�D�J�U�D�P�M�D�L mellett �V�]�D�N�t�W�y-
�Y�L�]�V�J�i�O�D�W�R�Nra is �V�R�U���N�H�U�•�O�W, �D�P�H�O�\�H�N���P�i�U���D���N�|�W�p�V�H�N���V�]�L�O�i�U�G�V�i�J�i�U�D���Y�R�Q�D�W�N�R�]�y�D�Q���D�G�Q�D�N���H�O���U�H�M�H�O�]�p�V�H�N�H�W���D��
�W�R�Y�i�E�E�L���N�X�W�D�W�i�Vokhoz. 

A bemutatott �H�U�H�G�P�p�Q�\�H�N�� �D�O�D�S�M�i�Q�� �D�� �O�H�J�P�H�J�I�H�O�H�O���E�E�� �N�|�W�p�V�W�� �D�N�N�R�U�� �N�D�S�M�X�N���� �K�D��az alkalmazott 
�V�]�H�U�V�]�i�P�W�i�Y�R�O�V�i�J���������P�P, a �F�V�|�Y�H�N �O�H�p�O�H�]�p�V�H �����ƒ�����D���N�|�W�p�V�Y�D�V�W�D�J�V�i�J��pedig 7 mm. 
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Absztrakt 
�1�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �$�$���������� �W�t�S�X�V�~�� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�� �D�X�W�y�L�S�D�U�L�� �I�H�O�G�R�O�J�R�]�i�V�i�Q�D�N�� �H�J�\�� �O�H�K�H�W�V�p�J�H�V��
�W�H�F�K�Q�R�O�y�J�L�i�M�D���D���:-�W�H�P�S�H�U���P�H�O�H�J�D�O�D�N�t�W�i�V�L���H�O�M�i�U�i�V�����$�]���H�O�M�i�U�i�V���V�R�U�i�Q���D���O�H�P�H�]�D�Q�\�D�J�R�W���I�p�P�W�D�Q�L���p�U�W�H�O�H�P�E�H�Q��
egy nem-�H�J�\�H�Q�V�~�O�\�L�� �i�O�O�D�S�R�W�i�E�D�Q�� �D�O�D�N�t�W�M�X�N���� �'�R�O�J�R�]�D�W�X�Q�N�E�D�Q�� �D�]�W�� �Y�L�]�V�J�i�Ojuk �± �I�L�]�L�N�D�L�� �p�V�� �Q�X�P�H�U�L�N�X�V��
�D�O�D�N�t�W�i�V�L�� �N�t�V�p�U�O�H�W�H�N�N�H�O �±���� �K�R�J�\�� �D�]�� �D�O�D�N�t�W�i�V�L�� �O�p�S�p�V�W�� �P�H�J�H�O���]�����~�Q���� �Y�i�U�D�N�R�]�i�V�L�� ���|�U�H�J�t�W�p�V�L���� �L�G���� �P�L�Q�N�p�Q�W��
�E�H�I�R�O�\�i�V�R�O�M�D���D�]���D�O�D�N�t�W�i�V�W���N�|�Y�H�W�����Y�L�V�V�]�D�U�X�J�y�]�i�V�W�� 

Kulcsszavak: �$�$���������� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�����O�H�P�H�]�D�O�D�N�t�W�i�V�����W�H�U�P�p�V�]�H�W�H�V���|�U�H�J�H�G�p�V�����Y�L�V�V�]�D�U�X�J�y�]�i�V�� 
�J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y 

Abstract  
One possible technology for the automotive industry processing of high-strength aluminium alloy 
AA6082 is the W-temper hot forming process. During the process, the sheet material is formed in a 
non-equilibrium state for material science sense. In this paper we investigate, by means of physical 
and numerical deformation experiments, how the so-called waiting (aging) time before the 
deformation step affects the post-forming springback geometry. 

Keywords: AA8082 aluminium alloy, sheet metal forming, natural ageing, springback, geometrical 
compensation 

1. Bevezetés 

�$���Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N���P�H�J�M�H�O�H�Q�p�V�H���D �O�H�P�H�]�D�O�D�N�t�W�i�V�E�D�Q���p�V���N�|�]�Y�H�W�O�H�Q�•�O���D�]���D�X�W�y�L�S�D�U�E�D�Q��
�D�]���X�W�y�E�E�L���p�Y�W�L�]�H�G�Hk �W�|�P�H�J�F�V�|�N�N�H�Q�W�p�V�L���N�L�K�t�Y�i�V�D�L���P�L�D�W�W���F�V�D�N���L�G�����N�p�U�G�p�V�H���Y�R�O�W�����$�]���D�O�X�P�t�Q�L�X�P���D�]���D�F�p�O�K�R�]��
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�Y�L�V�]�R�Q�\�t�W�Y�D���O�p�Q�\�H�J�H�V�H�Q �N�L�V�H�E�E���V�&�U�&�V�p�J�&�� �H�]�p�U�W���D���U�H�S�•�O���J�p�S�L�S�D�U���P�i�U���W�|�E�E���p�Y�W�L�]�H�G�H���V�L�N�H�U�H�V�H�Q���D�O�N�D�O�P�D�]�]�D��
a �N�•�O�|�Q�E�|�]���� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N�H�W��(5xxx, 6xxx, 7xxx), �D�]�� �|�Q�W�|�W�W�� �D�O�N�D�W�U�p�V�]�H�N��
�D�O�D�S�D�Q�\�D�J�D�N�p�Q�W, azok �N�H�G�Y�H�]���� �W�|�P�H�Je miatt���� �$�]�� �|�Q�W�|�W�W�� �D�O�N�D�W�U�p�V�]�H�N �|�Q�W�p�V�W�� �N�|�Y�H�W���� �K���N�H�]�H�O�p�V�H�L��
�Y�L�V�]�R�Q�\�O�D�J�� �V�]�p�O�H�V�� �P�R�]�J�i�V�W�H�U�H�W�� �E�L�]�W�R�V�t�W�D�Q�D�N�� �D�� �N�•�O�|�Q�E�|�]���� �L�J�p�Q�\�E�H�Y�p�W�H�O�H�N�� �N�L�H�O�p�J�t�W�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V��
�P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���E�H�i�O�O�t�W�i�V�i�E�D�Q�� 

�$�� �O�H�P�H�]�D�O�D�N�t�W�i�V�� �W�H�U�•�O�H�W�p�U�H���D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �Y�p�N�R�Q�\�O�H�P�H�]�� �P�H�J�p�U�N�H�]�p�V�p�K�H�]�� �W�|�E�E, az alapanyag 
�D�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�E�y�O�� �I�D�N�D�G�y�� �Q�H�K�p�]�V�p�J�H�W�� �N�H�O�O�H�W�W�� �O�H�N�•�]�G�H�Q�L, �D�� �W�|�P�H�J�J�\�i�U�W�i�V�U�D�� �M�H�O�O�H�P�]����
�N�|�U�•�O�P�p�Q�\�H�N�� �V�]�H�P �H�O���Wt �W�D�U�W�i�V�D�� �P�H�O�O�H�W�W���� �(�E�E�H�Q�� �D�]�� �H�J�\�L�N�� �O�H�J�Q�D�J�\�R�E�E�� �N�L�K�t�Y�i�V���� �K�R�J�\�� �D�]�� �D�O�N�D�W�U�p�V�]��
�V�R�U�R�]�D�W�V�]�i�P�R�N���Q�D�J�\�V�i�J�D���P�H�J�N�|�Y�H�W�H�O�L���D�]���D�O�N�D�W�U�p�V�]ek �Y�L�V�]�R�Q�\�O�D�J���U�|�Y�L�G���H�O���i�O�O�t�W�i�V�L��ciklus �L�G�H�M�p�W�� 

�$�� �K���N�H�]�H�O�K�H�W���� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N�� �V�]�L�O�i�U�G�V�i�J�i�W�� �D�� �K���N�H�]�H�O�p�V�� �V�R�U�i�Q�� �N�L�D�O�D�N�X�O�W�� �G�L�V�]�S�H�U�]�� �H�O�R�V�]�O�i�V�~��
�N�L�Y�i�O�i�V�R�N���Q�|�Y�H�O�L�N�� �P�H�J �D�� �Y�L�V�]�R�Q�\�O�D�J�� �O�i�J�\���� �t�J�\�� �N�|�Q�Q�\�H�Q�� �D�O�D�N�t�W�K�D�W�y�� �D�O�D�S�V�]�|�Y�H�W�E�H�Q���� �$�]�� �$�$����������
alapanyag ezen �i�O�O�D�S�R�W�i�W�� �P�H�V�W�H�U�V�p�J�H�V�H�Q�� �|�U�H�J�t�W�H�W�W�� ���7������ �i�O�O�D�S�R�W�E�D�Q�� �p�U�L�� �H�O���� �(�E�E�H�Q�� �D�]�� �i�O�O�D�S�R�W�E�D�Q�� �D��
�I�R�O�\�i�V�K�D�W�i�U�D��~250 �0�3�D���� �V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J�D��300-310 �0�3�D�� �Q�D�J�\�V�i�J�U�H�Q�G�E�H�� �H�V�L�N���� �(�]�]�H�O�� �H�J�\�•�W�W, a 
�V�]�L�O�i�U�G�V�i�J�Q�|�Y�H�O�p�V�V�H�O�� �I�R�U�G�t�W�R�W�W�� �D�U�i�Q�\�E�D�Q���� �D�]�� �L�O�\�H�Q�� �O�H�P�H�]�H�N�� �K�L�G�H�J�D�O�D�N�t�W�K�D�W�y�V�i�J�D�� �U�H�Q�G�N�t�Y�•�O�� �V�]�H�U�p�Q�\����
�(�]�p�Ut, �N�R�P�S�O�H�[�� �D�O�D�N�~�� �D�X�W�y�L�S�D�U�L�� �N�D�U�R�V�V�]�p�U�L�D�� �H�O�H�P�H�N�� �D�O�D�S�D�Q�\�D�J�D�N�p�Q�W, �F�V�D�N�� �O�i�J�\�t�W�R�W�W�� ��O) �i�O�O�D�S�R�W�i�E�D�Q��
�O�H�K�H�W���I�H�O�K�D�V�]�Q�i�O�Q�L, amellyel �Y�L�V�]�R�Q�W���H�O�Y�H�V�]�t�W�M�•�N���D���N�H�G�Y�H�]�����V�]�L�O�i�U�G�V�i�J�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�W�� 

�%�i�U�� �D�]�� �D�X�W�y�L�S�D�U�L�� �O�H�P�H�]�D�O�N�D�W�U�p�V�]�H�N�� �H�O���i�O�O�t�W�i�V�i�U�D��a �K�L�G�H�J�D�O�D�N�t�W�i�V�L�� �H�O�M�i�U�i�V�R�N�� �D �W�H�U�P�H�O�p�N�H�Q�\�H�E�E�H�N, az 
�X�W�y�E�E�L���p�Y�H�N���I�H�M�O�H�V�]�W�p�V�H�L�����N�|�Y�H�W�Y�H���D�]���D�X�W�y�L�S�D�U���H�J�\�U�H���N�L�V�H�E�E���N�|�U�Q�\�H�]�H�W�L���W�H�U�K�H�O�p�V�U�H���Y�R�Q�D�W�N�R�]�y���N�L�K�t�Y�i�V�D�L�W, 
�P�p�J�L�V���D�� �O�H�P�H�]�H�N�� �P�H�O�H�J�D�O�D�N�t�W�i�V�D�� �I�H�O�p�� �I�R�U�G�X�O�Wak���� �5�H�Q�J�H�W�H�J�� �W�D�Q�X�O�P�i�Q�\�� �I�R�J�O�D�O�N�R�]�L�N�� �Dz 1980-�D�V�� �p�Y�H�N�E�H�Q��
bevezetett �P�H�O�H�J�D�O�D�N�t�W�y �D�F�p�O�O�H�P�H�]-�V�D�M�W�R�O�i�V�L�� �W�H�F�K�Q�R�O�y�J�L�i�N�� ��HPF = Hot Press Forming���� �E�H�P�X�W�D�W�i�V�i�Y�D�O����
�D�P�H�O�\�� �Q�D�S�M�D�L�Q�N�E�D�Q�� �V�]�L�Q�W�H�� �P�L�Q�G�H�Q�Q�D�S�R�V�� �P�H�J�R�O�G�i�V�Q�D�N�� �W�H�N�L�Q�W�K�H�W���N�� �D�]�� �|�Q�K�R�U�G�y�� �N�D�U�R�V�V�]�p�U�L�D�� �H�O�H�P�H�N��
�J�\�i�U�W�i�V�L���I�R�O�\�D�P�D�W�i�E�D�Q [1]. 

�$�P�t�J�� �D�]�� �D�F�p�O�O�H�P�H�]�H�N�� �V�]�L�O�i�U�G�V�i�J�i�W�� �D�]�� �D�X�Vztenite�V�t�W�p�V �X�W�i�Q�L�� �K�L�G�H�J�� �V�D�M�W�R�O�y�V�]�H�U�V�]�i�P�� �K�&�W�p�V�H�� �V�R�U�i�Q��
�i�W�D�O�D�N�X�O�W���P�D�U�W�H�Q�]�L�W�H�V���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W���J�D�U�D�Q�W�i�O�M�D�����D�P�L���D���V�]�H�U�V�]�i�P�H�O�H�P�H�N���L�Q�W�H�Q�]�t�Y���K�&�W�p�V�H���P�H�O�O�H�W�W���Q�p�K�i�Q�\��
�P�i�V�R�G�S�H�U�F���D�O�D�W�W���N�L�D�O�D�N�X�O�����D�G�G�L�J���D���Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�O�X�P�t�Q�L�X�P���O�H�P�H�]�H�N���K�R�P�R�J�H�Q�L�]�i�O�y���K���N�H�]�H�O�p�V�H���X�W�i�Q�L��
�D�O�D�N�t�W�i�V�L�� �I�R�O�\�D�P�D�W�E�D�Q�� �D�� �V�]�L�O�i�U�G�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W�� �J�D�U�D�Q�W�i�O�y�� �D�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �Y�i�O�W�R�]�i�V�R�N�� �Q�H�P��
�P�H�Q�Q�H�N���Y�p�J�E�H�����$���V�]�L�O�i�U�G�V�i�J���F�V�D�N���D�]���D�O�D�N�t�W�i�V�W���N�|�Y�H�W�����~�M�D�E�E���K���N�H�]�H�O�p�V�L���P�&�Y�H�O�H�W�����P�H�V�W�H�U�V�p�J�H�V���|�U�H�J�t�W�p�V����
�K�D�W�i�V�i�U�D�� �Q�\�H�U�L�� �Y�L�V�V�]�D�� �N�H�G�Y�H�]���� �p�U�W�p�N�p�W���� �(�]�]�H�O�� �D�� �P�&�Y�H�O�H�W�W�H�O�� �H�J�\�•�W�W�� �Y�L�V�]�R�Q�W�� �D �F�L�N�O�X�V�L�G���� �M�H�O�H�Q�W���V�H�Q��
�P�H�J�Q�|�Y�H�N�V�]�L�N�� 

�È�W�W�|�U�p�V�H�N�� �D�� �W�|�P�H�J�J�\�i�U�W�i�V�E�D�� �W�|�U�W�p�Q���� �E�H�Y�H�]�H�W�K�H�W���V�pg�E�H�Q�� �D�N�N�R�U�� �M�|�W�W�H�N�� �O�p�W�U�H���� �D�P�L�N�R�U�� �D�� �N�X�W�D�W�i�V�R�N��a 
�P�H�V�W�H�U�V�p�J�H�V�� �|�U�H�J�t�W�p�V�� �K���P�p�U�V�p�N�O�H�W- �p�V�� �L�G���W�D�U�W�R�P�i�Q�\�i�E�D�Q�� �R�O�\�D�Q�� �H�U�H�G�P�p�Q�\�H�N�H�W�� �K�R�]�W�D�N, amelyek egybe 
�H�V�W�H�N�� �D�� �N�D�U�R�V�V�]�p�U�L�D�H�O�H�P�H�N�� �I�H�V�W�p�V�H�� �X�W�i�Q�L�� �V�]�i�U�t�W�i�V�L�� �K���P�p�U�V�p�N�O�H�W- �p�V�� �L�G���W�D�U�W�R�P�i�Q�\�R�N�N�D�O���� �t�J�\�� �H�E�E�H�Q�� �D��
�W�H�F�K�Q�R�O�y�J�L�D�L���O�p�S�p�V�E�H�Q���H�J�\�E�H�Q���D�]���D�O�D�S�D�Q�\�D�J���V�]�L�O�i�U�G�V�i�J�D���L�V���Q�|�Y�H�O�K�H�W���Y�p���Y�i�O�W [2].  

 

1�����i�E�U�D�� W-�W�H�P�S�H�U���D�O�D�N�t�W�y�V�R�U���N�L�D�O�D�N�t�W�i�V�D���>3]. 
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Az 1. �i�E�U�i�Q���Dz �$�3�	�7���S�U�p�V�J�\�i�U�W�y���Y�i�O�O�D�O�D�W���:-�W�H�P�S�H�U���D�O�D�N�t�W�y�V�R�U�D���O�i�W�K�D�W�y�����D�P�H�O�\���W�|�P�H�J�W�H�U�P�H�O�p�V�E�H�Q���L�V��
�E�H�Y�H�]�H�W�K�H�W�����P�H�J�R�O�G�i�V�W���N�t�Q�i�O���D���Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�O�X�P�t�Q�L�X�P���O�H�P�H�]�H�N���D�O�D�N�t�W�i�V�i�U�D�� 

�$�]���~�Q�����:-�W�H�P�S�H�U���D�O�D�N�t�W�i�V�L���W�H�F�K�Q�R�O�y�J�L�D�L���P�H�J�Y�D�O�y�V�t�W�i�V�i�W mutatja a 2 �i�E�U�D���K���P�p�U�V�p�N�O�H�W-�L�G�����G�L�D�J�U�D�P�M�D�� 
�$�� �N�L�Y�i�J�R�W�W�� �$�$��������-�H�V�� �W�H�U�t�W�p�N�H�N�H�W���� �|�V�V�]�K�D�Q�J�E�D�Q�� �Dz 1. �i�E�U�i�Y�D�O, �D�� �J�\�i�U�W�y�V�R�U�� �H�O�H�M�p�Q�� �I�H�O�K�D�O�P�R�]�]�i�N���� �(�]�W��
�N�|�Y�H�W���H�Q�� �D�� �W�H�U�t�W�p�N�H�N�� �D�Q�\�D�J�P�R�]�J�D�W�y�� �H�J�\�V�p�J�H�N�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �D�� �I�L�y�N�R�V�� �K�H�Y�t�W���N�H�P�H�Q�F�p�E�H�� �N�H�U�•�O�Q�H�N�� �p�V�� �L�W�W��
�R�O�G�y���L�]�]�t�W�i�V�R�Q�����6�+�7 = Solution Heat Treatment)�����H�V�W�Q�H�N���i�W�����(�E�E�H�Q���D���O�p�S�p�V�E�H�Q���D���V�]�L�O�i�U�G�V�i�J�R�W���E�L�]�W�R�V�t�W�y��
�N�L�Y�i�O�i�V�R�N�� �Y�L�V�V�]�D�R�O�G�y�G�Q�D�N�� �Dz �D�O�D�S�V�]�|�Y�H�W�E�H�����$�� �N�|�Y�H�W�N�H�]���� �O�p�S�p�V�E�H�Q �H�]�W�� �D�]�� �i�O�O�D�S�R�W�R�W �Y�t�]�K�&�W�p�V�V�H�O��
�Ä�E�H�I�D�J�\�D�V�]�W�M�i�N�´�����(�E�E�H�Q�� �D�]�� �i�O�O�D�S�R�W�i�E�D�Q�� �D�]�� �D�O�D�S�D�Q�\�D�J�� �N�H�G�Y�H�]���� �D�O�D�N�t�W�K�D�W�y�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O��
�U�H�Q�G�H�O�N�H�]�L�N�����,�W�W���M�H�J�\�H�]�]�•�N���P�H�J�����K�R�J�\���H�]���D�]���D�Q�\�D�J�V�]�H�U�N�H�]�H�W�L���i�O�O�D�S�R�W���H�J�\���Q�H�P-�H�J�\�H�Q�V�~�O�\�L���i�O�O�D�S�R�W�D���H�Q�Q�H�N��
�D�]�� �|�W�Y�|�]�H�W�Q�H�N���� �$�� �S�U�p�V�K�H�]�� �W�|�U�W�p�Q���� �W�R�Y�i�E�E�t�W�i�V�� �X�W�i�Q���H�O�Y�p�J�]�L�N���D�]�� �D�O�D�N�t�W�i�V�W���� �$�� �N�H�Q���D�Q�\�D�J�R�N�� �H�O�W�i�Y�R�O�t�W�i�V�D��
�X�W�i�Q�L�� �K���N�H�]�H�O�p�V�L�� �O�p�S�p�V�E�H�Q�� �D�]�� �D�O�D�N�t�W�R�W�W�� �O�H�P�H�]�� �D�� �P�H�V�W�H�U�V�p�J�H�V�� �|�U�H�J�t�W�p�V�� �K�D�W�i�V�i�U�D�� �Y�L�V�V�]�D�Q�\�H�U�L�� �N�L�L�Q�G�X�O�y��
�i�O�O�D�S�R�W�i�K�R�]�����7�������W�D�U�W�R�]�y���V�]�L�O�i�U�G�V�i�J�i�W�� 

 

�������i�E�U�D����A W-�W�H�P�S�H�U���D�O�D�N�t�W�i�V���K���P�p�U�V�p�N�O�H�W-�L�G�����G�L�D�J�U�D�P�M�D. 

�$�]�� �D�X�W�y�L�S�D�U�L�� �N�D�U�R�V�V�]�p�U�L�D�� �V�]�H�U�V�]�i�P�R�N�� �W�H�U�Y�H�]�p�V�H�� �Q�D�S�M�D�L�Q�N�E�D�Q�� �H�O�N�p�S�]�H�O�K�H�W�H�W�O�H�Q�� �D�� �W�H�F�K�Q�R�O�y�J�L�D�L- �p�V��a 
�V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�L�� �I�R�O�\�D�P�D�W�R�N�� �F�p�O�V�]�R�I�W�Y�H�U�H�N�N�H�O�� �W�|�U�W�p�Q���� �W�i�P�R�J�D�W�i�V�D�� �Q�p�O�N�•�O���� �(�]�H�Q�� �D�O�N�D�O�P�D�]�i�V�R�N�� �D��
�O�H�P�H�]�D�O�D�N�t�W�i�V�� �H�J�\�L�N�� �O�H�J�Q�D�J�\�R�E�E�� �N�L�K�t�Y�i�V�i�W, �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�M�i�W, �P�i�U�� �K�R�V�V�]�~��
�L�G�H�M�H�� �W�i�P�R�J�D�W�M�i�N�� �D�� �K�L�G�H�J�D�O�D�N�t�W�i�V�L���W�H�F�K�Q�R�O�y�J�L�i�N �W�H�N�L�Q�W�H�W�p�E�H�Q [4]. Amikor �D�]�� �D�X�W�y�L�S�D�U�E�D�Q��egy �~�M�R�Q�Q�D�Q��
kifejlesztett �D�O�D�N�t�W�i�V�L�� �W�H�F�K�Q�R�O�y�J�L�D�� �P�H�J�M�H�O�H�Q�L�N�� ���S�p�O�G�i�X�O�� �D W-temper forming���� �D�]�� �H�O�V���� �O�H�J�I�R�Q�W�R�V�D�E�E��
�N�p�U�G�p�V�� �D�� �W�H�F�K�Q�R�O�y�J�L�D�L�� �W�H�U�Y�H�]�p�V�L�� �I�R�O�\�D�P�D�W�E�D�Q���� �K�R�J�\�� �D�� �K�L�G�H�J�D�O�D�N�t�W�i�V�Q�i�O�� �E�H�Y�i�Ot szoftveres �D�O�N�D�O�P�D�]�i�V�R�N��
�Y�D�M�R�Q���W�X�G�M�i�N-�H���W�i�P�R�J�D�W�Q�L���D�]���~�M���P�H�J�Y�i�O�W�R�]�R�W�W���W�H�F�K�Q�R�O�y�J�L�D���W�H�U�Y�H�]�p�V�L���I�R�O�\�D�P�D�W�i�W, vagy sem. 

�'�R�O�J�R�]�D�W�X�Q�N�E�D�Q�� �D�]�� �$�$���������� �|�W�Y�|�]�H�W�� �D�O�D�N�t�W�i�V�� �X�W�i�Q�L�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�i�Q�D�N�� �I�L�]�L�N�D�L�� �p�V�� �Q�X�P�H�U�L�N�X�V��
�Y�L�]�V�J�i�O�D�W�i�U�D�� �I�y�N�X�V�]�i�O�X�Q�N���� �&�p�O�X�Q�N annak �Y�L�]�V�J�i�Oata, hogy �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�W�� �E�H�I�R�O�\�i�V�R�O�y�� �D�Q�\�D�J-
�S�D�U�D�P�p�W�H�U�H�N���P�H�Q�Q�\�L�U�H���p�U�]�p�N�H�Q�\�H�N���D���J�\�i�U�W�i�V�L���I�R�O�\�D�P�D�W�E�D�Q���E�H�N�|�Y�H�W�N�H�]�����H�V�H�W�O�H�J�H�V���S�U�R�E�O�p�P�i�N�U�D, �S�p�O�G�i�X�O��
�H�J�\�� �U�|�Y�L�G�� �O�H�i�O�O�i�Vra �D�]�� �R�O�G�y�� �L�]�]�t�W�i�V�� �p�V�� �D�]�� �D�O�D�N�t�W�i�V�L�� �I�R�O�\�D�P�D�W�� �N�|�]�|�W�W���� �$�]�W�� �I�H�O�W�p�W�H�O�H�]�]�•�N���� �K�R�J�\�� �D�]�� �R�O�G�y��
�L�]�]�t�W�i�V�W�� �N�|�Y�H�W���H�Q, a nem-�H�J�\�H�Q�V�~�O�\�L�� �I�p�P�W�D�Q�L�� �i�O�O�D�S�R�W�� �P�L�D�W�W���� �P�H�J�L�Q�G�X�O�K�D�W�� �H�J�\�� �W�H�U�P�p�V�]�H�W�H�V�� �|�U�H�J�H�G�p�V�L��
�I�R�O�\�D�P�D�W���� �+�D�� �H�]�� �D�� �I�R�O�\�D�P�D�W�� �Y�L�V�]�R�Q�\�O�D�J�� �U�|�Y�L�G�� �L�G���� �D�O�D�W�W�� �O�H�M�i�W�V�]�y�G�L�N�� �D�N�N�R�U�� �E�H�I�R�O�\�i�V�R�O�K�D�W�M�D��az anyag 
�V�]�L�O�i�U�G�V�i�J�L�� �S�D�U�D�P�p�W�H�U�H�L�W�� �p�V�� �N�|�]�Y�H�W�O�H�Q�•�O�� �E�H�I�R�O�\�i�V�R�O�K�D�W�M�D�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �D�Q�\�D�J�S�D�U�D�P�ptereit, majd a 
�Y�L�V�V�]�D�U�X�J�y�]�R�W�W�� �J�H�R�P�H�W�U�L�i�W���� �+�D�� �H�]�� �L�J�D�], �D�N�N�R�U�� �D�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�R�U�i�Q�� �D�� �P�H�J�Y�i�O�W�R�]�R�W�W��
�D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N��miatt �K�L�E�i�V�� �N�R�P�S�H�Q�]�i�O�W�� �V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N �M�|�Q�Q�H�N�� �O�p�W�U�H���� �D�P�L�� �Y�p�J�V���� �V�R�U�R�Q�� �D�]��
�D�O�N�D�W�U�p�V�]���J�H�R�P�H�W�U�L�D�L���K�L�E�i�M�i�W���R�N�R�]�]�D�� 
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2. A visszarugózás numerikus modellezése és anyagparaméterei 

�$���Y�L�V�V�]�D�U�X�J�y�]�i�V���Q�X�P�H�U�L�N�X�V���P�R�G�H�O�O�H�]�p�V�p�W���D���F�p�O�W�H�U�•�O�H�W�U�H���N�L�I�H�M�O�H�V�]�W�H�W�W���Y�p�J�H�V�H�O�H�P�H�V���V�]�R�I�W�Y�H�U�H�N���W�|�E�E���p�Y�H, 
�D�]�� �D�X�W�y�L�S�D�U�L�� �O�H�P�H�]�D�O�N�D�W�U�p�V�]�H�N�� �W�H�N�L�Q�W�H�W�p�E�H�Q�� �P�H�J�I�H�O�H�O���� �S�R�Q�W�R�V�i�J�J�D�O�� �N�H�]�H�O�L�N���� �(�Q�Q�H�N�� �D�O�D�S�M�D�� �D�]���� �K�R�J�\�� �D��
szoftverben alkalmazott matematikai- �p�V���P�H�F�K�D�Q�L�N�D�L���P�R�G�H�O�O�H�N�H�W���W�|�E�E���p�Y�W�L�]�H�G�H��folyamatosan fejlesztik 
[5]�±[7]. 

A �Y�L�V�V�]�D�U�X�J�y�]�i�V�L��jelen�V�p�J���P�R�G�H�O�O�H�]�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N�� �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D 
napjainkban �~�Q���� �K�~�]�y-�Q�\�R�P�y�� �H�J�\�W�H�Q�J�H�O�\�&���I�H�V�]�•�O�W�V�p�J�i�O�O�D�S�R�W�E�D�Q�� �Y�p�J�]�H�W�W�� �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �D�O�N�D�O�P�D�]�Q�D�N����
�(�J�\���L�O�\�H�Q���Y�L�]�V�J�i�O�D�W���V�R�U�i�Q���I�H�O�Y�H�W�W���G�L�D�J�U�D�P�R�W���V�]�H�P�O�p�O�W�H�W���D��3. �i�E�U�D���E�D�O���R�O�G�D�O�L���U�p�V�]�O�H�W�H�� �$�]���D�O�D�N�t�W�i�V���V�R�U�i�Q���D��
�W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�L�� �p�V��nyom�y �L�J�p�Q�\�E�H�Y�p�W�H�O�L�� �W�D�U�W�R�P�i�Q�\�R�Q�� �M�y�O�� �P�H�J�I�L�J�\�H�O�K�H�W���� �D�]�� �~�Q���� �%�D�X�V�F�K�L�Q�J�H�U�� �K�D�W�i�V��
(�U�X�J�D�O�P�D�V���X�W�y�K�D�W�i�V) jel�H�Q�V�p�J�H, �D�P�L�Q�H�N���D���Y�L�V�V�]�D�U�X�J�y�]�i�V�L���J�H�R�P�H�W�U�L�i�U�D���J�\�D�N�R�U�R�O�W���K�D�W�i�V�i�Y�D�O���W�|�E�E �N�X�W�D�W�y is 
foglalkozott �D�]���p�Y�H�N���V�R�U�i�Q���>���@�� �$���%�D�X�V�F�K�L�Q�J�H�U���K�D�W�is �D�O�D�S�M�D�L�E�D�Q���D���Q�\�R�P�y���L�J�p�Q�\�E�H�Y�p�W�H�O�L���W�D�U�W�R�P�i�Q�\ban a 
�Y�i�U�W�Q�i�O���N�L�V�H�E�E���I�R�O�\�i�V�K�D�W�i�U���P�H�J�M�H�O�H�Q�p�V�p�W���M�H�O�H�Q�W�L, amelynek a �K�D�W�i�V�i�W���Ä�O�i�J�\�X�O�i�V�Q�D�N�´���Q�H�Y�H�]�L���D�]���L�U�R�G�D�O�R�P����
�$�]�� �i�O�O�D�Q�G�y�V�X�O�W�� �N�L�V�H�E�E���I�R�O�\�i�V�K�D�W�i�U���H�O�O�H�Q�W�p�W�H�V���H�O���M�H�O�&���W�H�U�K�H�O�p�V�� �H�V�H�W�p�Q �H�J�\�� �i�W�P�H�Q�H�W�L�� �W�D�U�W�R�P�i�Q�\�� �X�W�i�Q��
�M�H�O�H�Q�W�N�H�]�L�N�����(�E�E�H�Q���D���W�D�U�W�R�P�i�Q�\�E�D�Q���D���I�R�O�\�i�V�K�D�W�i�U���p�U�W�p�N�p�E�H�Q���H�J�\���V�W�D�J�Q�i�O�i�V���I�L�J�\�H�O�K�H�W�����P�H�J�� 

 

3. �i�E�U�D�� A�O�D�N�t�W�i�V�L���K�L�V�]�W�H�U�p�]�L�V �H�J�\�W�H�Q�J�H�O�\�&���K�~�]�y-�Q�\�R�P�y���Y�L�]�V�J�i�O�D�W���V�R�U�i�Q. 

A 3. �i�E�U�D�� �E�D�O�� �R�O�G�D�O�L�� �U�p�V�]�p�Q�� �D�� �W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�� �V�R�U�i�Q�� �D�� �V�]�D�N�L�U�R�G�D�O�R�P�� �H�J�\�� �~�Q���� �Ä�H�O�O�H�Q�W�p�W�H�V�� �L�U�i�Q�\�~��
�U�X�J�D�O�P�D�V�� �V�]�D�N�D�V�]�W�´�� �G�H�I�L�Q�L�i�O���� �(�E�E�H�Q�� �D�� �V�]�D�N�D�V�]�E�D�Q�� �I�H�O�W�&�Q�L�N���� �K�R�J�\�� �D�]�� �L�]�R�W�U�y�S�� �N�H�P�p�Q�\�H�G�p�V�&�� �D�Q�\�D�J-
�P�R�G�H�O�O�H�N�K�H�]���N�p�S�H�V�W���D���W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V���V�R�U�i�Q���Q�H�P���D���N�H�]�G�H�W�L���U�X�J�D�O�P�D�V���V�]�D�N�D�V�V�]�D�O���S�i�U�K�X�]�D�P�R�V�D�Q���F�V�|�N�N�H�Q��
�O�H���D���I�H�V�]�•�O�W�V�p�J-�D�O�D�N�Y�i�O�W�R�]�i�V���I�•�J�J�Y�p�Q�\�����K�D�Q�H�P���P�H�U�H�G�H�N�V�p�J�p�E�H�Q���H�O�W�p�U �D�]���H�U�H�G�H�W�L���p�U�W�p�N�p�W���O. Ez azt jelenti, 
hogy a kezdeti Young-�I�p�O�H���U�X�J�D�O�P�D�V�V�i�J�L���P�R�G�X�O�X�V���p�U�W�p�N�H���P�H�J�Y�i�O�W�R�]�L�N����ami �t�J�\���D�O�D�S�M�D�L�E�D�Q���E�H�I�R�O�\�i�V�R�O�M�D��
�D���Y�L�V�V�]�D�U�X�J�y�]�i�V���P�p�U�W�p�N�p�W�����(�Q�Q�H�N���D���V�]�D�N�D�V�]�Q�D�N���D���N�L�Q�D�J�\�t�W�R�W�W���N�p�S�p�W���P�X�W�D�W�M�D���D������ �i�E�U�D���M�R�E�E���R�O�G�D�O�L���U�p�V�]�O�H�W�H�� 

�(�]�W�� �D�� �M�H�O�H�Q�V�p�J�H�W�� �W�|�E�E�H�Q�� �L�V�� �N�X�W�D�W�W�i�N�� �p�V�� �~�M�D�E�E�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N�� �E�H�Y�H�]�H�W�p�V�p�Y�H�O�� �P�y�G�R�V�t�W�R�W�W�i�N�� �D�]��
�L�]�R�W�U�y�S�� �N�H�P�p�Q�\�H�G�p�V�L�� �P�R�G�H�O�O�H�N�H�W. A piacvezet���� �P�R�G�H�O�O�H�]���� �V�]�R�I�W�Y�H�U�H�N�� �Q�D�S�M�D�L�Q�N�E�D�Q���D�� �W�H�O�M�H�V�� �D�O�D�N�t�W�i�V�L��
�K�L�V�]�W�H�U�p�]�L�V�� �M�H�O�H�Q�V�p�J�H�W�� �D�� �I�L�]�L�N�D�L�� �P�p�U�p�V�V�H�O�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �K�L�V�]�W�H�U�p�]�L�V�� �J�|�U�E�p�N�H�W�� �M�y�� �N�|�]�H�O�t�W�p�V�V�H�O�� �O�H�t�U�y, �~n. 
Yoshida-�8�H�P�R�U�L�� ���<�8���� �N�L�Q�H�P�D�W�L�N�X�V�� �N�H�P�p�Q�\�H�G�p�V�L�� �P�R�G�H�O�O�W�� �K�D�V�]�Q�i�O�M�i�N [8]. Ennek �O�H�t�U�i�V�i�U�D�� �W�|�E�E��
anyagpara�P�p�W�H�U�� �P�H�J�K�D�W�i�U�R�]�i�V�D�� �L�V�� �V�]�•�N�V�p�J�H�V, �D�P�L�� �P�H�J�O�H�K�H�W���V�H�Q�� �E�R�Q�\�R�O�X�O�W�� �O�H�K�H�W�� ���� �G�L�P�H�Q�]�L�y�V��
�N�R�Q�W�L�Q�X�X�P�R�N���H�V�H�W�p�Q�� 
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�$�]�� �$�X�W�R�)�R�U�P�� �S�U�R�J�U�D�P�U�H�Q�G�V�]�H�U�� �D�� �Y�D�O�y�V, ���� �G�L�P�H�Q�]�L�y�V���� �W�p�U�I�R�J�D�W�L�� �K�i�O�y�H�O�H�P�H�N�N�H�O�� �W�|�U�W�p�Q���� �Q�X�P�H�U�L�N�X�V��
�P�R�G�H�O�O�H�]�p�Vt egy, a �O�H�P�H�]�Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�i�E�D�Q�� �S�i�U�K�X�]�D�P�R�V�D�Q�� �H�O�W�R�O�W�� �V�t�N�E�H�O�L�� �K�p�M�H�O�H�P�H�N�N�H�O���Y�p�J�]�H�W�W��
�V�]�i�P�t�W�i�V�V�D�O���K�H�O�\�H�W�W�H�V�t�W�L���� �t�J�\�� �O�H�K�H�W���V�p�J�� �D�G�y�G�L�N�� �D�� ���� �G�L�P�H�Q�]�L�y�V�� �N�R�P�S�O�H�[�� �N�R�Q�W�L�Q�X�X�P�P�H�F�K�D�Q�L�N�D�L��
�|�V�V�]�H�I�•�J�J�p�V�H�N�� �p�V�� �D�]�R�N�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U �V�]�i�P�i�Q�D�N��az �H�J�\�V�]�H�U�&�V�t�W�p�V�p�U�H���� �$�]�� �$�X�W�R�)�R�U�P�E�D�Q�� �H�J�\�� �W�H�O�M�H�V��
�D�O�D�N�t�W�i�V�L���K�L�V�]�W�H�U�p�]�L�V���O�H�t�U�i�V�i�U�D���.�X�E�O�L���p�V���V�]�H�U�]���W�i�U�V�D�L���G�R�O�J�R�]�W�D�N���N�L���P�R�G�H�O�O�H�N�H�W���>���@�����$�]���i�O�W�D�O�X�N���N�L�I�H�M�O�H�V�]�W�H�W�W��
�P�R�G�H�O�O�H�N�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�L�W�� �I�R�J�O�D�O�M�D�� �|�V�V�]�H�� �D�]�� ���� �W�i�E�O�i�]�D�W���� �|�V�V�]�K�D�Q�J�E�D�Q�� �D�� ���� �i�E�U�i�Q��bemutatott 
�M�H�O�H�Q�V�p�J�H�N�N�H�O�����$���Q�p�J�\���S�D�U�D�P�p�W�H�U���N�|�]�•�O���± az iparban szerzett tapasztalataink szerint �± �D���Y�L�V�V�]�D�U�X�J�y�]�i�V��
�P�p�U�W�p�N�p�W���� �t�J�\�� �D�� �N�R�P�S�H�Q�]�i�F�L�y�� �P�p�U�W�p�N�p�W is, �D�]�� �H�O�O�H�Q�W�p�W�H�V�� �L�U�i�Q�\�~�� �U�X�J�D�O�P�D�V�� �V�]�D�N�D�V�]�W�� �P�H�J�K�D�W�i�U�R�]�y���� �p�V���F 
�S�D�U�D�P�p�W�H�U�H�N�� �E�H�I�R�O�\�i�V�R�O�M�i�N�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �P�p�U�W�p�N�E�H�Q�� A �� �S�D�U�D�P�p�W�H�U�� �D�� �<�R�X�Q�J�� �P�R�G�X�O�X�V�� �N�H�]�G�H�W�L��
�p�U�W�p�N�p�K�H�]���Y�L�V�]�R�Q�\�t�W�R�W�W�D�Q���D���F�V�|�N�N�H�Q�p�V���P�p�U�W�p�N�p�W�����P�t�J���D���F �S�D�U�D�P�p�W�H�U���H�Q�Q�H�N���D���F�V�|�N�N�H�Q�p�V�Q�H�N���D���V�H�E�H�V�V�p�J�p�W��
�t�U�M�D���O�H�� 

�������W�i�E�O�i�]�D�W�� �$���N�L�Q�H�P�D�W�L�N�X�V���N�H�P�p�Q�\�H�G�p�V���D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�L 

�0�H�J�Q�H�Y�H�]�p�V���D�]���������i�E�U�i�Q �$�Q�\�D�J�S�D�U�D�P�p�W�H�U���Q�H�Y�H �$�Q�\�D�J�S�D�U�D�P�p�W�H�U���M�H�O�H 

�(�O�O�H�Q�W�p�W�H�V���L�U�i�Q�\�~���U�X�J�D�O�P�D�V��
szakasz 

Young modulus 
�F�V�|�N�N�H�Q�p�V�L���I�D�N�W�R�U �� 

Young modulus 
�F�V�|�N�N�H�Q�p�V�L���V�H�E�H�V�V�p�J�H �F 

�È�W�P�H�Q�H�W�L���O�i�J�\�X�O�i�V �È�W�P�H�Q�H�W�L���O�i�J�\�X�O�i�V��
�V�H�E�H�V�V�p�J�H �N 

�.�H�P�p�Q�\�H�G�p�V���V�W�D�J�Q�i�O�i�V�D �6�W�D�J�Q�i�O�i�V�L���D�U�i�Q�\ �[ 

3. A fizikai kísérlet a visszarugózás mérésére 

�$�K�R�J�\���D�]�W���D���E�H�Y�H�]�H�W�p�V�E�H�Q���P�i�U���P�H�J�I�R�J�D�O�P�D�]�W�X�N, �D���I�L�]�L�N�D�L���Y�L�]�V�J�i�O�D�W�D�L�Q�N���V�R�U�i�Q���D�U�U�D���N�R�Q�F�H�Q�W�U�i�O�X�Q�N�����K�R�J�\��
�P�H�J�Y�L�]�V�J�i�O�M�X�N�����D�]���$�$�����������Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W���Y�L�V�V�]�D�U�X�J�y�]�i�V�i�U�D���P�L�O�\�H�Q���K�D�W�i�V�V�D�O���O�H�K�H�W����
ha a W-�W�H�P�S�H�U�� �D�O�D�N�t�W�i�V�� �W�H�F�K�Q�R�O�y�J�L�D�L�� �I�R�O�\�D�P�D�W�i�E�D�Q�� �H�J�\�� �Q�H�P�� �Y�i�U�W���� �p�V���± �H�J�\�~�W�W�D�O���± �Q�H�P�� �K�R�V�V�]�~�� �L�G�H�M�&��
�O�H�i�O�O�i�V�� �N�|�Y�H�W�N�H�]�L�N�� �E�H���� �/�H�V�]-�H�� �H�Q�Q�H�N�� �K�D�W�i�V�D�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �D�O�D�N�M�i�U�D, �p�V�� �K�D�� �L�J�H�Q, akkor lehet-e ezt a 
�K�D�W�i�V�W���H�V�H�W�O�H�J���Q�X�P�H�U�L�N�X�V���P�R�G�H�O�O�H�]�p�V�V�H�O���Y�L�]�V�J�i�O�Q�L? 

Ahhoz, hogy a numerikus modell�H�]�p�V�•�Q�N�H�W���|�V�V�]�H tudjuk �Y�H�W�Q�L�� �D�� �Y�D�O�y�V�i�J�J�D�O��egy olyan fizikai W-
�W�H�P�S�H�U�� �D�O�D�N�t�W�i�V�U�D�� �Y�D�Q�� �V�]�•�N�V�p�J�•�Q�N���� �D�P�H�O�\�� �D�� �U�H�Q�G�H�O�N�H�]�p�V�•�Q�N�U�H�� �i�O�O�y�� �H�U���I�R�U�U�i�V�R�N�N�D�O�� �P�H�J�Y�D�O�y�V�t�W�K�D�W�y���� �$ 
Miskolci Egyetem �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �p�V�� �$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�p�E�H�Q�� �P�i�U�� �W�|�E�E�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�L��
�Y�L�]�V�J�i�O�D�W�K�R�]��alkalmaztuk �D�� �'�U���� �6�]�D�E�D�G�t�W�V�� �g�G�|�Q�W���O�� a Budapesti M�&�V�]�D�N�L�� �p�V�� �*�D�]�G�D�V�i�J�W�X�G�R�P�i�Q�\�L��
Egyetem �Q�\�X�J�D�O�P�D�]�R�W�W���R�N�W�D�W�y�M�i�W�y�O���V�]�D�E�D�G���I�H�O�K�D�V�]�Q�i�O�i�V�U�D�� �N�D�S�R�W�W���O�H�P�H�]�H�N�� �8-�D�O�D�N�~�� �K�D�M�O�t�W�i�V�i�U�D�� �V�]�R�O�J�i�O�y��
�V�]�H�U�V�]�i�P�R�W (4. �i�E�U�D���D�O�V�y �U�p�V�]�O�H�W�H���� �D�P�L�W���H�]���~�W�R�Q���L�V���N�|�V�]�|�Q�•�Q�N���Q�H�N�L���>�����@�� 
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4�����i�E�U�D�� �2�O�G�y���L�]�]�t�W�i�V���N�L�Y�L�W�H�O�H�]�p�V�p�U�H���V�]�R�O�J�i�O�y���E�H�U�H�Q�G�H�]�p�V���p�V���D�]���D�O�D�N�t�W�y���V�]�H�U�V�]�i�P. 

A W-�W�H�P�S�H�U�� �D�O�D�N�t�W�i�V�� �H�O�V���� �O�p�S�p�V�H�N�p�Q�W�� �D�]�� �$�$�������� �7���� �i�O�O�D�S�R�W�~�� �O�H�P�H�]�F�V�t�N�R�N�D�W�� �������ƒ�&�� �I�R�N�R�Q�� �R�O�G�y��
�L�]�]�t�W�i�V�Q�D�N (SHT) �Y�H�W�H�W�W�•�N�� �D�O�i, a 2. �i�E�U�i�Y�D�O�� �|�V�V�]�K�D�Q�J�E�D�Q���� �(�K�K�H�]�� �H�J�\�� �V�S�H�F�L�i�O�L�V�� �K�H�Y�t�W���� �H�V�]�N�|�]�W��
�W�H�U�Y�H�]�W�•�Q�N, �D�P�L�E�H�Q�� �D�� �K���P�p�U�V�p�N�O�H�W�H�W���P�H�J�I�H�O�H�O���� �S�R�Q�W�R�V�V�i�J�J�D�O���V�]�D�E�i�O�\ozni �W�X�G�W�X�N���� �$�� �K�H�Y�t�W���E�H�U�H�Q�G�H�]�p�V�W��
mutatja a 4. �i�E�U�D���I�H�O�V�� �U�p�V�]�O�H�W�H�� 

�$���N�t�V�p�U�O�H�W���N�L�Y�L�W�H�O�H�]�p�V�H���D���N�|�Y�H�W�N�H�]���N�p�S�S�H�Q���]�D�M�O�R�W�W�����$�]���R�O�G�y���L�]�]�t�W�i�V�W���N�|�Y�H�W���H�Q���D���O�H�P�H�]�F�V�t�N�R�N�D�W���Y�t�]�E�H�Q��
�O�H�K�&�W�|�W�W�•�N���P�D�M�G���D������ �i�E�U�i�Q���Ä�W�R�Y�i�E�E�t�W�i�V�L���L�G���Q�H�N�´���I�H�O�W�•�Q�W�H�W�H�W�W�������������������������p�V�����������S�H�U�F���X�W�i�Q���H�O�Y�p�J�H�]�W�•�N���D�]��
�D�O�D�N�t�W�i�V�L���I�R�O�\�D�P�D�W�R�W, ezzel modellezve azt, ha a �J�\�i�U�W�i�V���V�R�U�i�Q���D�]���D�O�D�N�t�W�i�Vt �Q�H�P���N�|�]�Y�H�W�O�H�Q�•�O���D���K���N�H�]�H�O�p�V��
�X�W�i�Q���Y�p�J�]�L�N���H�O�����t�J�\���W�H�U�P�p�V�]�H�W�H�V���|�U�H�J�H�G�p�V�U�H���D�G�Q�D�N���L�G���W���D�]���D�O�D�S�D�Q�\�D�J�Q�D�N�� 

�$�]�� �D�O�D�N�t�W�y�V�]�H�U�V�]�i�P�� �O�H�K�H�W���V�p�J�H�W�� �E�L�]�W�R�V�t�W�R�W�W�� �D�U�U�D�� �L�V���� �K�R�J�\�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�R�W�W��geometria �U�i�Q�F�W�D�U�W�y�H�U����
�I�•�J�J�p�V�p�W���L�V��meg�Y�L�]�V�J�i�O�M�X�N�����(�E�E���O���D���F�p�O�E�y�O �D���Y�L�]�V�J�i�O�D�W�R�N�D�W���P�H�J�L�V�P�p�W�H�O�W�•�N������ �����p�V���� kN-�R�V���U�i�Q�F�W�D�U�W�y���H�U����
�P�H�O�O�H�W�W�� �L�V���� �(�W�W���O�� �D�]�W�� �Y�i�U�W�X�N���� �K�R�J�\�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �P�p�U�W�p�N�p�W�� �F�V�|�N�N�H�Q�Wen�L�� �W�X�G�M�X�N�� �D�� �U�i�Q�F�W�D�U�W�y�� �H�U����
�Q�|�Y�H�O�p�V�p�Y�H�O, �|�V�V�]�K�D�Q�J�E�D�Q���D�]���H�O�P�p�O�H�W�H�N�N�H�O�� 
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3.1. A fizikai kísérletek eredményei 

�$�� �I�L�]�L�N�D�L�� �N�t�V�p�U�O�H�W�H�N�� �H�O�Y�p�J�]�p�V�H�� �X�W�i�Q�� �D�]�� ���� �i�E�U�D�� �E�D�O�� �R�O�G�D�O�L�� �U�p�V�]�O�H�W�p�Q�� �E�H�P�X�W�D�W�R�W�W�� �Y�L�V�V�]�D�U�X�J�y�]�R�W�W�� �D�O�D�N�R�N�D�W��
�N�D�S�W�X�N�� �D�� �V�]�H�U�V�]�i�P�Q�\�L�W�i�V�W�� �N�|�Y�H�W���H�Q���� �$ �N�L�p�U�W�p�N�H�O�p�V�� �J�H�R�P�H�W�U�L�D�L�� �S�D�U�D�P�p�W�H�U�H�L�� �P�H�J�H�J�\�H�]�W�H�N�� �D�]��
�1�8�0�,�6�+�(�(�7������ �N�R�Q�I�H�U�H�Q�F�L�i�Q�� �N�|�]�]�p�W�H�W�W�� �P�R�G�H�O�O�H�]�p�V�L�� �N�L�K�t�Y�i�V�� �N�L�p�U�W�p�N�H�O�p�V�p�K�H�]�� �K�D�V�]�Q�i�O�W�� �J�H�R�P�H�W�U�L�D�L��
�S�D�U�D�P�p�W�H�U�H�N�N�H�O�����#�5�á�p�V���#�6�á). A 5. �i�E�U�D���E�D�O���R�O�G�D�O�L���U�p�V�]�O�H�W�p�Q���D�]���� kN-�R�V���U�i�Q�F�W�D�U�W�y���H�U���Y�H�O���Y�p�J�H�W�W���D�O�D�N�t�W�i�V�R�N��
visszar�X�J�y�]�R�W�W���D�O�D�N�M�D�L���O�i�W�K�D�W�y�N���N�•�O�|�Q�E�|�]���� �~�Q���� �|�U�H�J�t�W�p�V�L�� �L�G���� �D�O�N�D�O�P�D�]�i�V�i�Y�D�O���� �$�]�� �i�E�U�i�Q�� �E�H�M�H�O�|�O�W�•�N�� �D���#�5�á 
�p�V a �#�6�á�V�]�|�J�H�N���p�U�W�H�O�P�H�]�p�V�p�W���L�V�� 

 

5�����i�E�U�D����A �Y�L�V�V�]�D�U�X�J�y�]�R�W�W���D�O�D�N�R�N���p�V���D���Y�L�V�V�]�D�U�X�J�y�]�i�V�L���V�]�|�J�H�N���Y�i�O�W�R�]�i�V�D���N�•�O�|�Q�E�|�]�����|�U�H�J�t�W�p�V�L���L�G���N��
�D�O�N�D�O�P�D�]�i�V�D���H�V�H�W�p�Q. 

Az 5. �i�E�U�D �M�R�E�E�� �R�O�G�D�O�i�Q�� �D�]�� �|�U�H�J�t�W�p�V�L�� �L�G���N�� �K�D�W�i�V�D�� �O�i�W�K�D�W�y�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�L�� �V�]�|�J�H�N�� �W�H�N�L�Q�W�H�W�p�E�H�Q, az 
�i�E�U�D���H�J�\�~�W�W�D�O���D�� �U�i�Q�F�W�D�U�W�y�H�U���N�� �K�D�W�i�V�i�Q�D�N���H�O�H�P�]�p�V�p�W �L�V�� �O�H�K�H�W���Y�p�� �W�H�V�]�L���� �$�� �U�i�Q�F�W�D�U�W�y�H�U���N�� �W�H�N�L�Q�W�H�W�p�E�H�Q��
�N�L�M�H�O�H�Q�W�K�H�W������ �K�R�J�\�� �D�]�R�N�� �Q�|�Y�H�O�p�V�H�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�L�� �V�]�|�J�H�N�H�W�� �D�� �V�]�H�U�V�]�i�P���]�i�U�W�� �i�O�O�D�S�R�W�i�E�D�Q�� �����ƒ-�R�W�� �P�p�U�W��
�p�U�W�p�N�H�N�K�H�]�� �N�|�]�H�O�t�W�L, �D�]�D�]�� �D�� �U�i�Q�F�W�D�U�W�y�H�U���� �Q�|�Y�H�O�p�V�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�W�� �F�V�|�N�N�H�Q�W�L���� �(�]�� �|�V�V�]�K�D�Q�J�E�D�Q�� �Y�D�Q�� �D�]��
�H�O�P�p�O�H�W�L���p�V��a fizikai tapasztalatokkal. 

Az 5. �i�E�U�i�E�y�O�� �D�]�� �L�V�� �P�H�J�i�O�O�D�S�t�W�K�D�W�y���� �K�R�J�\�� �D�]�� �|�U�H�J�t�W�p�V�L�� �L�G���� �Q�|�Y�H�O�p�V�p�Y�H�O���� �P�i�U�� �Y�L�V�]�R�Q�\�O�D�J�� �N�Ls 
�L�G���W�D�U�W�R�P�i�Q�\�~���Y�i�O�W�R�]�i�V���H�V�H�W�p�Q���L�V���Q�|�Y�H�N�V�]�L�N���D���Y�L�V�V�]�D�U�X�J�y�]�i�V���P�p�U�W�p�N�H�����(�Q�Q�H�N���K�i�W�W�H�U�p�E�H�Q���Y�D�O�y�V�]�t�Q�&�O�H�J���D��
�V�]�L�O�i�U�G�V�i�J�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���W�H�U�P�p�V�]�H�W�H�V���|�U�H�J�t�W�p�V���V�R�U�i�Q���E�H�N�|�Y�H�W�N�H�]�����Q�|�Y�H�N�H�G�p�V�H���i�O�O�� 

4. Numerikus modellezés leírása 

�$�� �Q�X�P�H�U�L�N�X�V�� �P�R�G�H�O�O�H�]�p�V�W�� �D�]�� �$�X�W�R�)�R�U�P�� �S�U�R�J�U�D�P�U�H�Q�G�V�]�H�U�E�H�Q�� �Y�p�J�H�]�W�•�N�� �H�O���� �$�� �P�R�G�H�O�O�H�]�p�V��
�|�V�V�]�H�i�O�O�t�W�i�V�i�K�R�]�� �U�H�Q�G�H�O�N�H�]�p�V�•�Q�N�U�H�� �i�O�O�W�� �D�� ���� �i�E�U�i�Q�� �E�H�P�X�W�D�W�R�W�W�� �V�]�H�U�V�]�i�P�� �&�$�'�� �P�R�G�H�O�O�M�H���� �(�]�� �D�O�D�S�M�i�Q�� �D��
�I�L�]�L�N�D�L���P�p�U�p�V�V�H�O���W�H�O�M�H�V�H�Q���|�V�V�]�K�D�Q�J�E�D�Q���O�H�K�H�W�H�W�W���D�]���D�O�D�N�t�W�i�V�L���I�R�O�\�D�P�D�W�R�W���I�H�O�p�S�t�W�H�Q�L�� 

�1�H�P�� �i�O�O�W�� �Y�L�V�]�R�Q�W�� �U�H�Q�G�H�O�N�H�]�p�V�•�Q�Nre az AA���������� �D�Q�\�D�J�P�L�Q���V�p�J�� �~�Q���� �D�Q�\�D�J�N�i�U�W�\�i�M�D���� �D�P�L�� �D�]��
�D�Q�\�D�J�P�R�G�H�O�O�K�H�]�� �V�]�•�N�V�p�J�H�V�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N�H�W�� �I�R�J�O�D�O�M�D�� �|�V�V�]�H���� �(�]�p�U�W�� �H�]�H�N�H�W�� �D�� �Y�L�]�V�J�i�O�D�W�� �H�O���W�W��
�H�J�\�W�H�Q�J�H�O�\�&���K�~�]�y�Y�L�]�V�J�i�O�D�W�R�N�N�D�O���P�H�J���N�H�O�O�H�W�W���K�D�W�i�U�R�]�Q�L�� 
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4.1. Anyagparaméterek meghatározása 

A �V�]�•�N�V�p�J�H�V �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N��mindegyike �H�J�\�W�H�Q�J�H�O�\�&�� �K�~�]�y�Y�L�]�V�J�i�O�D�W�W�D�O�� �P�H�J�K�D�W�i�U�R�]�K�D�W�y. Annak 
�p�U�G�H�N�p�E�H�Q���� �K�R�J�\�� �D�]�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N�� �Y�i�O�W�R�]�i�V�i�W�� �L�V�� �P�H�J�� �W�X�G�M�X�N�� �K�D�W�i�U�R�]�Q�L�� �D�]�� �|�U�H�J�t�W�p�V�L�� �L�G���N��
�I�•�J�J�Y�p�Q�\�p�E�H�Q, az anyag�Y�L�]�V�J�i�O�D�W�R�N�D�W��������perc �p�V�����������S�H�U�F���|�U�H�J�t�W�p�V�L���L�G�����H�O�W�H�O�W�p�Y�H�O��is el�Y�p�J�H�]�W�•�N�� 

�$�� �K�~�]�y�Y�L�]�V�J�i�O�D�W�R�N�� �N�H�]�G�H�W�p�Q�� �D�]�� �0�7�6���J�\�i�U�W�P�i�Q�\�~�� �X�Q�L�Y�H�U�]�i�O�L�V �D�Q�\�D�J�Y�L�]�V�J�i�O�y�� �E�H�U�H�Q�G�H�]�p�V��
�P�L�Q�W�D�Y�p�W�H�O�H�]�p�V�L�� �L�G�H�M�p�W�� �V�&�U�t�W�H�W�W�•�N, �t�J�\�� �O�H�K�H�W���V�p�J�•�Q�N�� �Y�R�O�W�� �D�� �N�H�]�G�H�W�L�� �<�R�X�Q�J�� �P�R�G�X�O�X�V�� �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D����
�(�Q�Q�H�N�� �p�U�W�p�N�p�U�H�� ���� �*�3�D�� �p�U�W�p�N�H�W�� �N�D�S�W�X�Q�N���� �I�•�J�J�H�W�O�H�Q�•�O�� �D�]�� �|�U�H�J�t�W�p�V�L�� �L�G���W���O���� �(�]�� �D�]�� �p�U�W�p�N�� �Q�H�P���i�O�O��teljesen 
�|�V�V�]�K�D�Q�J�E�Dn az irodalmi 70 �*�3�D�� �N�|�U�•�O�L�� �p�U�W�p�N�H�N�N�H�O, �H�]�p�U�W�� �H�]�Hket a �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �P�p�J�� �P�H�J�� �I�R�J�M�X�N��
�L�V�P�p�W�H�O�Q�L�����(�Q�Q�H�N���D�]���|�V�V�]�K�D�Q�J�Q�D�N���D���K�L�i�Q�\�i�Y�D�O �N�D�S�F�V�R�O�D�W�E�D�Q���Q�H�P�]�H�W�N�|�]�L���N�R�Q�I�H�U�H�Q�F�L�i�Q���L�V���N�D�S�W�X�Q�N���X�W�D�O�i�V�W 
�p�V���N�p�U�G�p�V�H�N�H�W [11]. 

�$�]�� �H�J�\�W�H�Q�J�H�O�\�&�� �K�~�]�y�Y�L�]�V�J�i�O�D�W�R�N�� �D�O�N�D�O�P�D�V�D�N�� �D�U�U�D�� �L�V���� �K�D�� �D���W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�L �V�]�D�N�D�V�]�R�Q�� �L�V�� �V�&�U�t�W�M�•�N�� �D��
�P�L�Q�W�D�Y�p�W�H�O�H�]�p�V�W�����K�R�J�\���P�H�J�K�D�W�i�U�R�]�R�W�W���Y�D�O�y�G�L���D�O�D�N�t�W�i�V�L���P�p�U�W�p�N�H�N���X�W�i�Q�������������� 0,04; 0,06; 0,08; 0,10; 0,12; 
������������ �H�O�H�J�H�Q�G���� �P�p�U�p�V�L�� �D�G�D�W�X�Q�N�� �O�Hgyen arra, hogy a 3. �i�E�U�D�� �M�R�E�E�� �R�O�G�D�O�L�� �U�p�V�]�O�H�W�p�Q�� �E�H�P�X�W�D�W�R�W�W�� �P�y�G�R�Q��
�P�H�J�K�D�W�i�U�R�]�]�X�N�� �D�� �W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�L�� �V�]�D�N�D�V�]�U�D�� �M�H�O�O�H�P�]���� �U�X�J�D�O�P�D�V�V�i�J�L�� �P�R�G�X�O�X�V�W�� �p�V�� �D�Q�Q�D�N�� �D�O�D�N�t�W�i�V�L��
�P�p�U�W�p�N�W���O�� �Y�D�O�y �I�•�J�J�p�V�p�W���� �(�K�K�H�]�� �P�L�Q�G�H�Q�� �H�J�\�H�V�� �W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�� �P�p�U�p�V�L�� �D�G�D�W�V�R�U�i�W���Q�p�J�\���U�p�V�]�U�H osztottuk 
(l�i�Vd a 3. �i�E�U�D�� �M�R�E�E�� �R�O�G�D�O�L�� �U�p�V�]�O�H�W�H�����p�V�� �D�� �U�p�V�]-�V�]�D�N�D�V�]�R�N�R�Q�� �D�� �I�•�J�J�Y�p�Q�\t �O�L�Q�H�D�U�L�]�i�O�W�X�N�����P�H�J�K�D�W�i�U�R�]�Y�D��
�H�]�]�H�O�� �D�� �P�H�U�H�G�H�N�V�p�J�� �p�U�W�p�N�p�W���� �(�]�W�� �N�|�Y�H�W���H�Q�� �D�� �Q�p�J�\���U�p�V�]-szakasz �P�H�U�H�G�H�N�V�p�J �p�U�W�p�N�p�Q�H�N �V�]�i�P�W�D�Q�L��
�i�W�O�D�Ja�N�p�Q�W�� �p�U�W�H�O�P�H�]�W�•�N�� �D�� �W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�U�H�� �Y�R�Q�D�W�N�R�]�y�� �U�X�J�D�O�P�D�V�V�i�J�L�� �P�R�G�X�O�X�V�W���� �$�]�� �t�J�\�� �P�H�J�K�D�W�i�U�R�]�R�W�W��
rugalma�V�V�i�J�L���P�R�G�X�O�X�V�R�N���p�U�W�p�N�p�Q�H�N���F�V�|�N�N�H�Q�p�V�p�W���P�X�W�D�W�M�D���D������ �i�E�U�D���M�R�E�E���R�O�G�D�O�L���U�p�V�]�O�H�W�H, �D�]���H�O���D�O�D�N�t�W�i�V���p�V��
�D�]���|�U�H�J�t�W�p�V�L���L�G���N���I�•�J�J�Y�p�Q�\�p�E�H�Q�� 

  

6�����i�E�U�D����Az �H�J�\�W�H�Q�J�H�O�\�&���K�~�]�y-�W�H�K�H�U�P�H�Q�W�H�V�t�W�����Y�L�]�V�J�i�O�D�W�R�N���G�L�D�J�U�D�P�M�D�L���p�V���D�]���H�E�E���O���P�H�J�K�D�W�i�U�R�]�K�D�W�y��
�<�R�X�Q�J���P�R�G�X�O�X�V���F�V�|�N�N�H�Q�p�V. 

A 6. �i�E�U�D�� �M�R�E�E�� �R�O�G�D�O�L�� �U�p�V�]�p�Q�� �E�H�P�X�W�D�W�R�W�W�� �P�p�U�p�V�L�� �S�R�Q�W�R�N�U�D�� �D�� �V�]�D�N�L�U�R�G�D�O�R�P�E�D�Q�� �D�O�N�D�O�P�D�]�R�W�W��
�P�D�W�H�P�D�W�L�N�D�L���|�V�V�]�H�I�•�J�J�p�V�V�H�O��(1) �O�H�t�U�K�D�W�y���I�R�O�\�W�R�Q�R�V���I�•�J�J�Y�p�Q�\�W���L�O�O�H�V�]�W�H�W�W�•�Q�N [12]: 

�' �ß
L �' �4�>�s
F�Û�:�s
F�A�?���ã�;�?��.   (1) 

�$�]�� �L�O�O�H�V�]�W�p�V�� �V�R�U�i�Q�� �D���� �p�V a �F �p�U�W�p�N�H�L�� �P�H�J�K�D�W�i�U�R�]�K�D�W�y�N�� �p�V�� �t�J�\ �I�H�O�K�D�V�]�Q�i�O�K�D�W�y�N�� �D�]�� �$�X�W�R�)�R�U�P��
�D�Q�\�D�J�P�R�G�H�O�O�E�H�Q�����(�]�H�Q���S�D�U�D�P�p�W�H�U�H�N���L�V�P�H�U�H�W�p�E�H�Q���D���Q�X�P�H�U�L�N�X�V���P�R�G�H�O�O�H�]�p�V���H�O�Y�p�J�H�]�K�H�W���� 
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4.2. A fizikai és a numerikus kísérletek összevetése 

�$�� �I�L�]�L�N�D�L�� �p�V��a �Q�X�P�H�U�L�N�X�V�� �N�t�V�p�U�O�H�W�H�N�� �H�U�H�G�P�p�Q�\�H�L�W�� �Dz 5. �i�E�U�i�Q�� �G�H�I�L�Q�L�i�O�W �Y�L�V�V�]�D�U�X�J�y�]�i�V�L�� �V�]�|�J�H�N��
�I�•�J�J�Y�p�Q�\�p�E�H�Q�� �Y�H�W�M�•�N�� �|�V�V�]�H�� �D�� ���� �i�E�U�i�Q�� a 15 perces �p�V�� �������� �S�H�U�F�H�V�� �Y�i�U�D�N�R�]�i�V�L�� ���|�U�H�J�t�W�p�V�L���� �L�G���N��
�W�H�N�L�Q�W�H�W�p�E�H�Q���� �$�]�� �i�E�U�D�� �D�O�D�S�M�i�Q�� �N�L�M�H�O�H�Q�W�K�H�W������ �K�R�J�\�� �D�� �Q�X�P�H�U�L�N�X�V�� �P�R�G�H�O�O�H�]�p�V�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�L�� �H�U�H�G�P�p�Q�\�H�L��
�a���ƒ-�R�W���Q�H�P���P�H�J�K�D�O�D�G�y���H�O�W�p�U�p�V�W���P�X�W�D�W�Y�D���K�R�]�]�i�N���D���I�L�]�L�N�D�L���Y�L�]�V�J�i�O�D�W�R�N���H�U�H�G�P�p�Q�\�H�L�W�� 

�$���Q�X�P�H�U�L�N�X�V���P�R�G�H�O�O�H�]�p�V���H�U�H�G�P�p�Q�\�p�W���i�E�U�i�]�R�O�y���V�i�U�J�D���V�]�t�Q�&���Q�p�J�\�]�H�W�H�N���L�V���D�]���|�U�H�J�t�W�p�V�L���L�G�����Q�|�Y�H�O�p�V�p�Y�H�O��
�D�U�i�Q�\�E�D�Q���Q�D�J�\�R�E�E���Y�L�V�V�]�D�U�X�J�y�]�i�V�W���P�X�W�D�W�Q�D�N�����D�P�L���|�V�V�]�K�D�Q�J�E�D�Q���Y�D�Q���D���I�L�]�L�N�D�L���P�p�U�p�V�H�N���H�U�H�G�P�p�Q�\eivel. A 
�#�5�Y�L�V�V�]�D�U�X�J�y�]�i�V�L�� �V�]�|�J�� �W�H�N�L�Q�W�H�W�p�E�H�Q�� �D�]�� �L�V�� �N�L�M�H�O�H�Q�W�K�H�W���� �K�R�J�\�� �D�� �P�R�G�H�O�O�H�]�p�V���� �E�i�U�� �N�L�V�� �P�p�U�W�p�N�E�H�Q���� �G�H��
�D�O�X�O�E�H�F�V�O�L���D���I�L�]�L�N�D�L�� �P�p�U�p�V�H�N���H�U�H�G�P�p�Q�\�H�L�W���� �$���#�6�Y�L�V�V�]�D�U�X�J�y�]�i�V�L�� �V�]�|�J�� �W�H�N�L�Q�W�H�W�p�E�H�Q���H�]�� �Q�H�P�� �M�H�O�H�Q�W�K�H�W���� �N�L����
�(�E�E�H�Q���Y�D�O�y�V�]�t�Q�&�O�H�J���E�H�Q�Q�H���O�H�K�H�W���D���I�L�]�L�N�D�L���P�p�U�p�V���N�L�p�U�W�p�N�H�O�p�V�p�Q�H�N���K�L�E�i�M�D�����D�Pely �P�L�D�W�W���H�]�W���D���N�L�p�U�W�p�N�H�O�p�V�W��
meg kell ism�p�W�H�O�Q�•�Q�N�� 

 

7�����i�E�U�D�����9�L�V�V�]�D�U�X�J�y�]�i�V�L���V�]�|�J�H�N���Y�i�O�W�R�]�i�V�D���D�]���|�U�H�J�t�W�p�V�L���L�G�����I�•�J�J�Y�p�Q�\�p�E�H�Q�� 

5. Összefoglalás 

�&�L�N�N�•�Q�N�E�H�Q���E�H�P�X�W�D�W�W�X�N�����K�R�J�\���D���Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���$�$�����������D�O�X�P�t�Q�L�X�P-�|�W�Y�|�]�H�W���Y�L�V�]�R�Q�\�O�D�J���|�V�V�]�H�W�H�W�W���~�Q������
W-temper �D�O�D�N�t�W�i�V�D�� �V�R�U�i�Q�� �D�]�� �R�O�G�y�� �L�]�]�t�W�i�V�W�� �N�|�Y�H�W���� �Y�t�]�K�&�W�p�V�� �X�W�i�Q�� �D�]�� �D�O�D�S�D�Q�\�D�J�� �D�O�D�N�t�W�i�V�D�� �Y�L�V�]�R�Q�\�O�D�J��
�K�D�P�D�U�� �P�H�J�� �N�H�O�O�� �W�|�U�W�p�Q�M�H�Q���� �K�L�V�]�H�Q�� �D�� �Q�H�P�� �H�J�\�H�Q�V�~�O�\�L�� �I�p�P�W�D�Q�L�� �i�O�O�D�S�R�W�� �P�L�D�W�W�� �U�|�Y�L�G�� �L�G���� ���S�i�U�� ������ �S�H�U�F����
�H�O�W�H�O�W�p�Y�H�O���L�V���P�i�U���P�H�J�L�Q�G�X�O���D�]���D�Q�\�D�J���W�H�U�P�p�V�]�H�W�H�V���|�U�H�J�H�G�p�V�H�����(�]���D���M�H�O�H�Q�V�p�J���D���E�H�I�R�O�\�i�V�R�O�M�D���D�]���D�O�D�S�D�Q�\�D�J��
�Y�L�V�V�]�D�U�X�J�y�]�i�V�V�D�O���|�V�V�]�H�I�•�J�J�����V�]�L�O�i�U�G�V�i�J�L���S�D�U�D�P�p�W�H�U�H�L�W�����t�J�\���D���Q�D�J�\���K�D�W�i�V�V�D�O���Y�D�Q���D���Y�L�V�V�]�D�U�X�J�y�]�R�W�W���D�O�D�N�U�D��
is. 

�(���N�L�M�H�O�H�Q�W�p�V�•�Q�N�H�W���D�]���D�G�R�W�W���D�Q�\�D�J�P�L�Q���V�p�J���:-�W�H�P�S�H�U���D�O�D�N�t�W�i�V�i�Q�D�N���I�L�]�L�N�D�L���p�V���Q�X�P�H�U�L�N�X�V���P�R�G�H�O�O�H�]�p�V�L��
�H�U�H�G�P�p�Q�\�H�L�U�H�� �D�O�D�S�R�]�]�X�N���� �$ �Q�X�P�H�U�L�N�X�V�� �Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q�� �E�H�P�X�W�D�W�W�X�N���� �K�R�J�\�� �Y�L�V�]�R�Q�\�O�D�J�� �H�J�\�V�]�H�U�&�H�Q��
�N�L�Y�L�W�H�O�H�]�K�H�W���� �D�Q�\�D�J�Y�L�]�V�J�i�O�D�W�L�� �P�y�G�V�]�H�U�U�H�O�� �P�H�J�K�D�W�i�U�R�]�K�D�W�y�N�� �D�]�R�N�� �D�]�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N���� �D�P�H�O�\�H�N�� �D��
�Y�L�V�V�]�D�U�X�J�y�]�i�V�� �O�H�t�U�i�V�i�Q�D�N�� �P�D�W�H�P�D�W�L�N�D�L�� �|�V�V�]�H�I�•�J�J�p�V�H�L�E�H�Q�� �V�]�H�U�H�S�H�O�Q�H�N�� �$�� �Y�L�]�V�J�i�O�D�W�D�L�Q�N�� �V�R�U�i�Q�� �E�i�U��
nagy�U�p�V�]�E�H�Q�� �D�]�� �H�O�P�p�O�H�W�L�� �p�V�� �J�\�D�N�R�U�O�D�W�L�� �W�D�S�D�V�]�W�D�O�D�W�R�N�N�D�O�� �H�J�\�E�H�Y�i�J�y�� �H�U�H�G�P�p�Q�\�H�N�H�W�� �N�D�S�W�X�Q�N���� �Q�p�K�i�Q�\��
�H�V�H�W�H�N�E�H�Q�� �H�]�� �D�]�� �|�V�V�]�K�D�Q�J���Q�H�P�� �Y�D�O�y�V�X�O���P�H�J���� �H�]�H�N�H�W���D�� �P�p�U�p�V�H�N�H�W���D�� �N�|�]�H�O�M�|�Y���E�H�Q���H�J�\�� �W�R�Y�i�E�E�I�H�M�O�H�V�]�W�H�W�W��
�P�p�U�p�V�L���E�H�U�H�Q�G�H�]�p�V���V�H�J�t�W�V�p�J�p�Y�H�O���S�R�Q�W�R�V�t�W�D�Q�L���I�R�J�M�X�N�� 
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Absztrakt 
�/�H�P�H�]�D�O�N�D�W�U�p�V�]�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�H�� �V�R�U�i�Q�� �D�]�� �H�O�N�p�V�]�•�O�W�� �P�X�Q�N�D�G�D�U�D�E�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�D�� �P�L�D�W�W�L��
�V�]�H�U�V�]�i�P�N�R�P�S�H�Q�]�i�F�L�y�� �I�R�O�\�D�P�D�W�D���H�J�\�� �M�y�O �L�V�P�H�U�H�W�� �N�L�K�t�Y�i�V�� �D�� �W�H�U�•�O�H�W�H�Q�� �G�R�O�J�R�]�y�� �P�p�U�Q�|�N�|�N�Q�H�N���� �$��
�V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�V�� �I�R�O�\�D�P�D�W�i�Q�D�N�� �W�i�P�R�J�D�W�i�V�i�U�D�� �Q�D�S�M�D�L�Q�N�E�D�Q�� �W�|�E�E��
�V�]�R�I�W�Y�H�U�P�H�J�R�O�G�i�V���L�V���H�O�p�U�K�H�W�������'�R�O�J�R�]�D�W�X�Q�N�E�D�Q���H�J�\���N�R�Q�N�U�p�W���D�X�W�y�L�S�D�U�L���O�H�P�H�]�D�O�N�D�W�U�p�V�]���V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�L��
�I�R�O�\�D�P�D�W�D���p�V���D�]���D�N�W�t�Y���V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�M�i�Q���N�H�U�H�V�]�W�•�O���E�H�P�X�W�D�W�M�X�N���D�]���$�X�W�R�)�R�U�P��
�S�U�R�J�U�D�P�U�H�Q�G�V�]�H�U���6�S�U�L�Q�J�E�D�F�N���&�R�P�S�H�Q�V�D�W�L�R�Q���P�R�G�X�O�M�i�Q�D�N���P�&�N�|�G�p�V�p�W�� 

Kulcsszavak: �O�H�P�H�]�D�O�D�N�t�W�i�V, �Y�L�V�V�]�D�U�X�J�y�]�i�V�����J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�����$�X�W�R�)�R�U�P���P�R�G�H�O�O�H�]�p�V 

Abstract  
The process of tool compensation due to springback of the finished workpiece in the tool design of a 
sheet metal part is a well-known challenge for process planning engineers working in the field. 
Several software solutions to support the geometric compensation process of tool surfaces are 
available on the market today. In this paper, the tool design process of a specific automotive sheet 
metal part and the geometric compensation of the active tool surfaces are used to demonstrate the 
functionality of the Springback Compensation module of the AutoForm software system. 

Keywords: sheet metal forming, springback, geometrical compensation, AutoForm modelling 

1 Bevezetés 

�/�H�P�H�]�D�O�N�D�W�U�p�V�]�H�N���W�H�F�K�Q�R�O�y�J�L�D�L- �p�V���V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�p�Q�H�N���H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q���W�H�U�Y�H�]�p�V�L���O�p�S�p�V�H���D�]���~n. �D�N�W�t�Y��
�V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�O�i�V�D���D�]���D�O�N�D�W�U�p�V�]�H�N���V�]�H�U�V�]�i�P�Q�\�L�W�i�V�W���N�|�Y�H�W�����Y�L�V�V�]�D�U�X�J�y�]�i�V�i�Y�D�O����
�$�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �M�H�O�H�Q�V�p�J�H�� �M�y�O�� �L�V�P�H�U�W�� �D�� �N�p�S�O�p�N�H�Q�\�D�O�D�N�t�W�i�V�� �W�H�U�•�O�H�W�p�Q�� �>���@���� �$�� �M�H�O�H�Q�V�p�J�� �P�H�F�K�D�Q�L�N�D�L��
�P�R�G�H�O�O�M�H�L���I�R�O�\�D�P�D�W�R�V�D�Q���I�H�M�O���G�W�H�N�����t�J�\���H�J�\�U�H���Y�D�O�y�V�i�J�R�V�D�E�E���N�p�S�H�W���D�G�W�D�N���D���I�L�]�L�N�D�L���Y�L�V�V�]�D�U�X�J�y�]�i�V�U�y�O���>���@�� 

�1�D�S�M�D�L�Q�N�� �I�H�M�O�H�W�W�� �Y�p�J�H�V�H�O�H�P�H�V�� �H�O�Y�H�Q�� �P�&�N�|�G���� �P�R�G�H�O�O�H�]���� �D�O�N�D�O�P�D�]�i�V�D�L�� �D�O�D�S�Y�H�W���H�Q�� �D�]���~n. 
�N�L�Q�H�P�D�W�L�N�X�V�D�Q�� �N�H�P�p�Q�\�H�G��, anizotr�y�S�� �P�H�F�K�D�Q�L�N�D�L�� �P�R�G�H�O�O�W�� �K�D�V�]�Q�i�O�M�i�N, �D�P�H�O�\�H�N�� �Q�H�P�� �W�~�O�� �Q�D�J�\�� �V�]�i�P�~��
�E�H�P�H�Q�H�W�L�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�� �D�O�N�D�O�P�D�]�i�V�D���P�H�O�O�H�W�W�� �D�]�� �L�S�D�U�L�� �N�|�U�•�O�P�p�Q�\�H�N�� �N�|�]�|�W�W�� �P�H�J�N�|�Y�H�W�H�O�W�� �J�H�R�P�H�W�U�L�D�L��
�S�R�Q�W�R�V�V�i�J�R�W���P�H�V�V�]�H�P�H�Q���H�Q���N�p�S�H�V�H�N���N�L�H�O�p�J�t�W�H�Q�L���>���@�� 

�'�R�O�J�R�]�D�W�X�Q�N�E�D�Q�� �H�J�\�� �N�R�Q�N�U�p�W���D�X�W�y�L�S�D�U�L���O�H�P�H�]�D�O�N�D�W�U�p�V�]�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�H�� �V�R�U�i�Q���P�X�W�D�W�M�X�N���E�H���� �K�R�J�\��
�D�]�� �D�X�W�y�L�S�D�U�� �H�J�\�L�N�� �S�L�D�F�Y�H�]�H�W���� �V�]�R�I�W�Y�H�U�U�H�� �D�]�� �$�X�W�R�)�R�U�P�����P�L�O�\�H�Q�� �O�p�S�p�V�H�N�� �V�R�U�R�]�D�W�i�Y�D�O�� �Y�D�O�y�V�t�W�M�D�� �P�H�J�� �D��
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�V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�M�i�W�� �p�V�� �H�E�E�H�Q�� �D�� �I�R�O�\�D�P�D�W�E�D�Q�� �K�R�O�� �Y�D�Q�Q�D�N�� �D�]�R�N�� �D�� �V�~�O�\�S�R�Q�W�L��
�N�p�U�G�p�V�H�N�����D�P�H�O�\�H�N���D�O�D�S�M�D�L�E�D�Q���K�D�W�i�U�R�]�]�i�N���P�H�J���D���N�R�P�S�H�Q�]�i�F�L�y���S�R�Q�W�R�V�V�i�J�i�W���� 

2 Klasszikus szerszámtervezési folyamat, kompenzációval 

�$�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�� �V�R�U�i�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�� �Q�H�K�p�]�V�p�J�H���� �H�O�W�H�N�L�Q�W�Y�H�� �D�� �O�H�P�H�]�H�N�U�H��
�M�H�O�O�H�P�]���� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �N�p�S�O�p�N�H�Q�\�D�O�D�N�t�W�i�V�L�� �R�N�D�L�W�y�O���� �P�D�J�i�W�y�O�� �D�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�� �I�R�O�\�D�P�D�W�i�E�y�O�� �L�V��
�N�|�Y�H�W�N�H�]�L�N���� �(�]�p�U�W�� �H�O�V���N�p�Q�W�� �W�H�N�L�Q�W�V�•�N�� �i�W�� �D�� �P�D�L�� �P�R�G�H�U�Q�� �&�$�'�� �U�H�Q�G�V�]�H�U�H�N�E�H�Q�� �Y�p�J�]�H�W�W�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V��
�I�R�O�\�D�P�D�W�i�W�� 

Az 1. �i�E�U�D�� �M�R�E�E�� �I�H�O�V���� �U�p�V�]�p�Q�� �H�J�\�� �W�i�O�F�D�V�]�H�U�& �O�H�P�H�]�D�O�N�D�W�U�p�V�]�� �O�i�W�K�D�W�y���� �(�]�� �D�� �&�$�'�� �P�R�G�H�O�O�� �p�V�� �D�� �K�R�]�]�i��
�W�D�U�W�R�]�y�� �i�W�Y�p�W�H�O�L�� �H�O���t�U�i�V�R�N�� ���D�O�D�N�� �p�V�� �P�p�U�H�W�W�&�U�p�V�H�N�� jelentik �D�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�� �N�L�L�Q�G�X�O�y�� �D�G�D�W�D�L�W���� �$�� �P�D�L��
CAD rendsze�U�H�N�E�H�Q�� �D�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�� �I�R�O�\�D�P�D�W�D�� �Q�H�P�� �P�i�V���� �P�L�Q�W�� �F�p�O�V�]�H�U�&�H�Q�� �p�V�� �D�]�� �D�G�R�W�W��
�W�H�F�K�Q�R�O�y�J�L�D�L�i�U�D�� �M�H�O�O�H�P�]���� �I�H�O�•�O�H�W�L�� �H�O�H�O�H�P�H�N�N�H�O�� �N�L�H�J�p�V�]�t�W�M�•�N�� �D�]�� �D�O�N�D�W�U�p�V�]�� �J�H�R�P�H�W�U�L�D�L�� �P�R�G�H�O�O�M�p�W�� �>���@���� �>���@����
�Ë�J�\�� �N�D�S�M�X�N�� �P�H�J�� �D�]���~�Q���� �D�O�D�N�D�G�y�� �I�H�O�•�O�H�W�H�N�H�W���� �D�P�L�N�� �D�Q�\�D�J�Y�D�V�W�D�J�V�i�J�J�D�O�� ���V�]�H�U�V�]�i�P�O�D�S�����N�L�H�J�p�V�]�t�W�Y�H�� �H�O���i�O�O��
�H�J�\�� �V�]�H�U�V�]�i�P�H�O�H�P���� �$�]�� ���� �i�E�U�i�Q�� �D�� �V�]�y�E�D�Q�� �I�R�U�J�y�� �D�O�N�D�W�U�p�V�]�� �J�H�R�P�H�W�U�L�i�E�y�O���H�O���i�O�O�t�W�R�W�W�� �D�O�V�y�� �V�]�H�U�V�]�i�P�H�O�H�P�H��
�O�i�W�K�D�W�y�� �$���V�]�H�U�V�]�i�P���I�H�O�•�O�H�W�p�Q���M�y�O���D�]�R�Q�R�V�t�W�K�D�W�y���D�]���D�O�N�D�W�U�p�V�]���N�L�L�Q�G�X�O�y���J�H�R�P�H�W�U�L�i�M�D�� 

 

1. �i�E�U�D����A�]���D�O�N�D�W�U�p�V�]���J�H�R�P�H�W�U�L�D�L���P�R�G�H�O�O�M�H���p�V���D�]���D�E�E�y�O���I�H�O�p�S�t�W�H�W�W���D�O�V�y-�V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�� 

�(�]�]�H�O���D�� �P�H�J�R�O�G�i�V�V�D�O���H�J�\�E�H�Q�� �H�O���i�O�O�t�W�M�X�N���D�� �V�]�H�U�V�]�i�P�Q�\�L�W�i�V�� �X�W�i�Q�L�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�E�y�O���D�G�y�G�y�� �J�H�R�P�H�W�U�L�D�L��
�H�O�W�p�U�p�V�W�� �L�V. Mivel �D�� �V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N�� �]�i�U�W�� �i�O�O�D�S�R�W�X�N�E�D�Q�� �N�p�S�]�L�N�� �O�H�� �D�]�� �D�O�N�D�W�U�p�V�]�� �J�H�R�P�H�W�U�L�i�W�� �H�]�p�U�W�� �D��
�V�]�H�U�V�]�i�P�Q�\�L�W�i�V���N�|�Y�H�W���H�Q���D���O�H�P�H�]�D�O�D�N�t�W�i�V���V�D�M�i�W�R�V�V�i�J�i�Q�D�N���W�H�N�L�Q�W�K�H�W�����Y�L�V�V�]�D�U�X�J�y�]�i�V���X�W�i�Q���D���J�H�R�P�H�W�U�L�D���H�O��
�I�R�J���W�p�U�Q�L���D�]���H�O�p�U�Q�L���N�t�Y�i�Q�W���J�H�R�P�H�W�U�L�i�W�y�O�� 

�(�]�W���D���S�U�R�E�O�p�P�i�W���N�H�]�G�H�W�E�H�Q���W�D�S�D�V�]�W�D�O�D�W�L���~�W�R�Q���Ä�H�O�W�R�U�]�t�W�R�W�W�´���V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�W�H�O���N�R�U�U�L�J�i�O�W�i�N�����(�]���V�R�N�V�]�R�U��
�K�R�V�V�]�D�G�D�O�P�D�V�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�L�� �p�V�� �J�\�i�U�W�i�V�L�� �I�R�O�\�D�P�D�W�R�W�� �H�U�H�G�P�p�Q�\�H�]�H�W�W�� �p�V�� �D�� �N�R�U�U�H�N�F�L�y�W�� �P�i�U�� �F�V�D�N�� �D��
�V�]�H�U�V�]�i�P�� �O�H�J�\�i�U�W�i�V�i�W�� �N�|�Y�H�W���� �P�y�G�R�V�t�W�i�V�R�N�N�D�O�� �O�H�K�H�W�� �Y�p�J�U�H�K�D�M�W�D�Q�L���� �D�P�L�� �Q�H�P�� �F�V�D�N�� �D�]�� �L�G���W���� �K�D�Q�H�P�� �D��
�N�|�O�W�V�p�J�H�N�H�W���L�V���Q�|�Y�H�O�W�H�� 

�$�� �N�p�S�O�p�N�H�Q�\�D�O�D�N�t�W�i�V�L�� �I�R�O�\�D�P�D�W�R�N�� �P�R�G�H�O�O�H�]�p�V�p�E�H�Q�� �D�]�� �X�W�y�E�E�L�� �Q�p�K�i�Q�\�� �p�Y�W�L�]�H�G�E�H�Q�� �U�R�E�E�D�Q�i�V�V�]�H�U�&��
�I�H�M�O���G�p�V�� �P�H�Q�W�� �Y�p�J�E�H���� �$�� �P�D�W�H�P�D�W�L�N�D�L-�P�H�F�K�D�Q�L�N�D�L�� �P�H�F�K�D�Q�L�N�D�L�� �P�R�G�H�O�O�H�N�� �I�H�M�O�H�V�]�W�p�V�H�� �O�H�K�H�W���Y�p�� �W�H�W�W�H�� �D��
�V�]�H�U�V�]�i�P�Q�\�L�W�i�V�� �X�W�i�Q�L�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �H�J�\�U�H�� �S�R�Q�W�R�V�D�E�E�� �Y�L�U�W�X�i�O�L�V�� �W�p�U�E�H�Q�� �W�|�U�W�p�Q���� �Y�L�]�V�J�i�O�D�W�i�W���� �(�Q�Q�H�N��
�L�V�P�H�U�H�W�p�E�H�Q�� �D�� �V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N�� �P�p�J�� �D�� �O�H�J�\�i�U�W�i�V�� �H�O���W�W�� �N�R�P�S�H�Q�]�i�O�K�D�W�y�Y�i�� �Y�i�O�W�D�N�� �H�]�]�H�O���M�H�O�H�Q�W���V�� �L�G��- �p�V��
�N�|�O�W�V�p�J�P�H�J�W�D�N�D�U�t�W�i�V�W���p�U�K�H�W�����H�O az �D�X�W�y- �p�V���O�H�P�H�]�D�O�D�N�t�W�y�L�S�D�U�L���W�H�F�K�Q�R�O�y�J�L�D���W�H�U�Y�H�]�p�Ve �W�H�U�•�O�H�W�p�Q�� 

Az AutoForm szoftver �± �S�L�D�F�Y�H�]�H�W���� �V�]�H�U�H�S�p�E���O�� �D�G�y�G�y�D�Q���± �V�]�L�Q�W�H�� �D�� �O�H�J�K�D�P�D�U�D�E�E�� �O�p�S�H�W�W�� �D�]�� �~�M��
�H�O�P�p�O�H�W�H�N���V�]�R�I�W�Y�H�U�U�H�Q�G�V�]�H�U�•�N�E�H���L�Q�W�H�J�U�i�O�i�V�i�Y�D�O���N�D�S�F�V�R�O�D�W�E�D�Q�����V���W���H�Q�Q�H�N���D���I�R�O�\�D�P�D�W�Q�D�N���D�]���p�O�p�U�H���i�O�O�Y�D���D�]��
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�D�X�W�y�L�S�D�U�E�D�Q�� �H�O�V���N�p�Q�W�� �Y�H�]�H�W�W�H�� �E�H�� �D�]���~n. Springback Compensator �P�R�G�X�O�M�i�W���� �(�Q�Q�H�N�� �P�&�N�|�G�p�Vi alapjait 
�P�X�W�D�W�M�X�N���E�H���D���N�|�Y�H�W�N�H�]���N�E�H�Q�� 

2.1 A geometriai kompenzáció elve 

�$�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�M�i�Q�D�N�� �H�O�Y�H�� �U�|�Y�L�G�H�Q�� �|�V�V�]�H�I�R�J�O�D�O�K�D�W�y�� �H�J�\�� �V�]�y�E�D�Q���� �W�~�O�K�D�M�O�t�W�i�V����
�(�Q�Q�H�N�� �H�O�Y�L�� �Y�i�]�O�D�W�i�W���V�]�H�P�O�p�O�W�H�W�L a 2 �i�E�U�D���� �$�]�� ���� �i�E�U�D�� �I�R�O�\�W�R�Q�R�V�� �Y�R�Q�D�O�O�D�O�� �P�X�W�D�W�M�D��a munkadarab eredeti 
�J�H�R�P�H�W�U�L�i�M�i�W���� �D�P�L�Q�H�N�� �I�H�O�K�D�V�]�Q�i�O�i�V�i�Y�D�O�� �D�]�� �D�N�W�t�Y�� �V�]�H�U�V�]�i�P�H�O�H�P�H�N�� �H�O���i�O�O�t�W�K�D�W�y�N���� �$�]�� �i�E�U�i�Q�� �V�]�D�J�J�D�W�R�W�W��
�Y�R�Q�D�O�� �M�H�O�]�L�� �D�� �V�]�H�U�V�]�i�P�Q�\�L�W�i�V�� �X�W�i�Q�L�� �D�O�N�D�W�U�p�V�]�� �J�H�R�P�H�W�U�L�i�W�� ���Y�L�V�V�]�D�U�X�J�y�]�R�W�W������ �$�]�� �H�K�K�H�]�� �D�]�� �H�O�P�R�]�G�X�O�i�V�K�R�]��
�W�D�U�W�R�]�y���Y�H�N�W�R�U�W���I�H�O�I�H�O�p���P�X�W�D�W�y���N�p�N���V�]�t�Q�Q�H�O���M�H�O�|�O�W�•�N�� 

�$�� �N�R�P�S�H�Q�]�i�F�L�y�� �D�O�D�S�I�H�O�W�H�Y�p�V�H���� �K�R�J�\�� �K�D�� �D�]�� �H�U�H�G�H�W�L�� �J�H�R�P�H�W�U�L�i�W���H�]�]�H�O�� �D�� �Y�H�N�W�R�U�U�D�O���H�O�O�H�Q�W�p�W�H�V�� �L�U�i�Q�\�E�D�Q��
�P�y�G�R�V�t�W�M�X�N�� ���W�~�O�K�D�M�O�t�W�M�X�N���� �D�N�N�R�U�� �D�]�� �H�]�H�Q�� �P�y�G�R�V�t�W�R�W�W�� �D�O�N�D�W�U�p�V�]�� ���S�R�Q�W�Y�R�Q�D�O�� �D�� ���� �i�E�U�i�Q���� �P�R�G�H�O�O��
�I�H�O�K�D�V�]�Q�i�O�i�V�i�Y�D�O���N�p�V�]�•�O�W���D�N�W�t�Y�� �V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N���Q�\�L�W�i�V�D���V�R�U�i�Q�� �D�]�� �H�U�H�G�H�W�H�L�� �D�O�N�D�W�U�p�V�]�J�H�R�P�H�W�U�L�i�W���N�D�S�M�X�N��
�Y�L�V�V�]�D�� �D�� �V�]�H�U�V�]�i�P�Q�\�L�W�i�V�W�� �N�|�Y�H�W���H�Q���� �6�]�•�U�N�H�� �I�R�O�\�W�R�Q�R�V�� �Y�R�Q�D�O�O�D�O�� �D�� �P�i�U�� �N�R�P�S�H�Q�]�i�O�W�� �V�]�H�U�V�]�i�P�R�N�� �Q�\�L�W�i�V�D��
�X�W�i�Q�L���Y�L�V�V�]�D�U�X�J�y�]�R�W�W���J�H�R�P�H�W�U�L�i�W���V�]�H�P�O�p�O�W�H�W�W�•�N�����(�E�E���O���O�i�W�K�D�W�y�����K�R�J�\���D���N�L�V�H�E�E���H�O�W�p�U�p�V���L�U�i�Q�\�i�E�D���L�Q�G�X�O�X�Q�N��
�H�O�����G�H���Q�D�J�\���Y�D�O�y�V�]�t�Q�&�V�p�J�J�H�O���H�J�\���N�R�P�S�H�Q�]�i�F�L�y�V���K�X�U�R�N���Q�H�P���O�H�V�]���H�O�H�J�H�Q�G���� 

 

�������i�E�U�D�����$���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y���H�O�Y�L���P�H�J�Y�D�O�y�V�t�W�i�V�D�� 

�$�� �Y�D�O�y�V�� ���'-�V�� �J�H�R�P�H�W�U�L�i�Q�� �D�� �S�U�R�E�O�p�P�D�� �D�Q�Q�\�L�E�D�Q�� �E�R�Q�\�R�O�X�O�W�D�E�E���� �K�R�J�\�� �D�� �Y�p�J�H�V�H�O�H�P�H�V�� �K�i�O�y�� �P�L�Q�G�H�Q��
�H�J�\�H�V���F�V�R�P�y�S�R�Q�W�M�i�K�R�]���W�D�U�W�R�]�Q�L���I�R�J���H�J�\�� �Y�H�N�W�R�U�����t�J�\���D�� �V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�U�H���Y�R�Q�D�W�N�R�]�y�D�Q���H�J�\���H�O�P�R�]�G�X�O�i�V-
�Y�H�N�W�R�U�W�H�U�H�W���N�D�S�X�Q�N�����(�]�W���V�]�H�P�O�p�O�W�H�W�L���D������ �i�E�U�D���D�]�R�Q���U�p�V�]�H�����D�K�R�O���D�]���H�O�W�p�U�p�V���P�p�U�W�p�N�p�Y�H�O���D�U�i�Q�\�R�V���V�]�t�Q�V�N�i�O�D��
�V�]�t�Q�H�L�W���U�H�Q�G�H�O�W�•�N���D�]���H�J�\�H�V���F�V�R�P�y�S�R�Q�W�R�N���H�O�P�R�]�G�X�O�i�V��vektoraihoz. 

�$�� �P�R�G�H�O�O�H�]�H�W�W�� �Y�L�V�V�]�D�U�X�J�y�]�R�W�W�� �J�H�R�P�H�W�U�L�D�� �S�R�Q�W�R�V�V�i�J�D�� �p�V�� �D�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�L�N�H�U�H���� �P�p�J�� �V�]�i�P�R�V��
�S�D�U�D�P�p�W�H�U���E�H�i�O�O�t�W�i�V�i�Q�D�N���L�V���I�•�J�J�Y�p�Q�\�H, �D�P�H�O�\�H�N���N�|�]�•�O���D���O�H�J�I�R�Q�W�R�V�D�E�E�D�N�D�W���D���N�|�Y�H�W�N�H�]�����U�p�V�] �W�i�U�J�\�D�O�M�D�� 

3 Geometriai kompenzáció kihívásai 

�$�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�L�N�H�U�H�V�V�p�J�p�Q�H�N�� �N�L�K�t�Y�i�V�D�� �D�O�D�S�Y�H�W���H�Q�� �D�E�E�y�O�� �i�O�O���� �K�R�J�\�� �D�]�� �H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q��
�L�W�H�U�i�F�L�y�V�� �K�X�U�N�R�N�� �H�J�\�P�i�V�U�D�� �p�S�•�O�p�V�p�Y�H�O�� �D�� �N�H�]�G�H�W�L�� �J�H�R�P�H�W�U�L�D�� �p�V�� �D�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�R�U�i�Q�� �H�O���i�O�O�t�W�R�W�W��
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�J�H�R�P�H�W�U�L�i�N���J�H�R�P�H�W�U�L�D�L���H�O�W�p�U�p�V�H���D�]���L�W�H�U�i�F�L�y�N���V�]�i�P�i�Q�D�N���Q�|�Y�H�O�p�V�p�Y�H�O���N�R�Q�Y�H�U�J�i�O�Q�D�N-�H���D�E�E�D���D���W�&�U�p�V�P�H�]���E�H, 
�D�P�L���D�]���i�W�Y�p�W�H�O�L���N�|�Y�H�W�H�O�P�p�Q�\�H�N���V�R�U�i�Q���P�H�J�I�R�J�D�O�P�D�]�i�V�U�D���N�H�U�•�O�����(�]�W���D �I�R�O�\�D�P�D�W�R�W���V�]�H�P�O�p�O�W�H�W�L���D������ �i�E�U�D�� 

A 3. �i�E�U�i�Q���D���O�H�J�Q�D�J�\�R�E�E���H�O�W�p�U�p�V�H�N���O�i�W�K�D�W�y�D�N���S�O�X�V�]-�P�t�Q�X�V�]�����I�H�O�I�H�O�p-�O�H�I�H�O�p�����L�U�i�Q�\�E�D�Q���D�]���D�O�N�D�W�U�p�V�]���~n. 
�U�H�I�H�U�H�Q�F�L�D���P�R�G�H�O�O�M�p�K�H�]���N�p�S�H�V�W�����$�]���i�E�U�i�Q���•�U�H�V���Q�p�J�\�]�H�W�H�N���M�H�O�|�O�L�N���D���S�R�]�L�W�t�Y���H�O�W�p�U�p�V�H�N���O�H�J�Q�D�J�\�R�E�E���p�U�W�p�Neit, 
�D�P�L�� �D�� �N�R�P�S�H�Q�]�i�O�D�Wlan (0.) esetben 4,17 �P�P���� �$�]�� �•�U�H�V�� �K�i�U�R�P�V�]�|�J�H�N�� �D�]�� �H�O�O�H�Q�W�p�W�H�V�� �L�U�i�Q�\�~�� �H�O�W�p�U�p�V�H�N��
�O�H�J�Q�D�J�\�R�E�E���p�U�W�p�Neit mutatj�i�N�����D�P�L���D���N�R�P�S�H�Q�]�i�O�D�W�O�D�Q���H�V�H�W�E�H�Q��-8,43 �P�P�����$�]���i�E�U�i�E�y�O���O�H�R�O�Y�D�V�K�D�W�y�����K�R�J�\��
�D�]�� �L�W�H�U�i�F�L�y�V�� �K�X�U�N�R�N�� �V�]�i�P�i�Q�D�N�� �Q�|�Y�H�O�p�V�p�Y�H�O�� �D�]�� �H�O�W�p�U�p�V�H�N�� �P�L�Q�G�� �S�R�]�L�W�t�Y���� �P�L�Q�G�� �Q�H�J�D�W�t�Y���L�U�i�Q�\�E�Dn 
�Ä�E�H�O�H�V�L�P�X�O�Q�D�N�´���D�]���H�O���t�U�W���W�&�U�p�V�P�H�]���E�H�����,�O�\�H�Q�N�R�U���V�L�N�H�U�H�V���N�R�P�S�H�Q�]�i�F�L�y�U�y�O���E�H�V�]�p�O�K�H�W�•�Q�N�� 

 

�������i�E�U�D�����$�]���H�O�W�p�U�p�V�H�N���D�O�D�N�X�O�i�V�D���D�]���L�W�H�U�i�F�L�y�V���F�L�N�O�X�V�R�N���V�]�i�P�i�E�D�Q�� 

�$�]�� �H�V�H�W�H�N�� �Q�D�J�\�� �U�p�V�]�p�E�H�Q�� �D�]�R�Q�E�D�Q�� �J�\�D�N�U�D�Q�� �W�D�O�i�O�N�R�]�X�Q�N�� �R�O�\�D�Q��helyzettel���� �D�P�L�N�R�U�� �D�]�� �H�O�V����
�N�R�P�S�H�Q�]�i�F�L�y���V�R�U�i�Q���P�i�U���D���W�&�U�p�V�P�H�]���E�H���H�V�����H�O�W�p�U�p�V�H�N a 2. �L�W�H�U�i�F�L�y���X�W�i�Q�����D�P�L�W���D�O�D�S�Y�H�W���H�Q���D���N�R�Q�Y�H�U�J�i�O�i�V�L��
�I�R�O�\�D�P�D�W���H�O�O�H�Q���U�]�p�V�H���P�L�D�W�W���Y�p�J�]�•�Q�N�����D�]���H�O�W�p�U�p�V�H�N���D���W�&�U�p�V�P�H�]���Q���N�t�Y�•�O�U�H���N�H�U�•�O�Q�H�N���p�V���H�J�\�H�V���H�V�H�W�H�N�E�H�Q���D�]��
�D�G�R�W�W�� �S�R�Q�W�� �H�O�P�R�]�G�X�O�i�V�D�� �P�p�J���H�O�P�R�]�G�X�O�i�V�L���L�U�i�Q�\�W�� �L�V�� �Y�i�O�W�K�D�W�� Ezt szem�O�p�O�W�H�W�Lk a 3. �i�E�U�D�� �S�L�U�R�V�� �N�|�U�|�N�N�H�O��
�M�H�O�|�O�W���S�R�Q�W�M�D�L�����(�]���D���Q�\�L�O�Y�i�Q�Y�D�O�y���V�]�H�U�H�Q�F�V�p�V���W�D�O�i�O�D�W���Älucky shoot�´���H�V�H�W�H�����D�P�L���I�H�O�H�O���V���W�H�U�Y�H�]���L���P�D�J�D�W�D�U�W�i�V��
�P�H�O�O�H�W�W���Q�H�P���I�R�U�G�X�O�K�D�W���H�O���� 

�*�\�D�N�R�U�O�D�W�L���W�D�S�D�V�]�W�D�O�D�W�R�N���V�]�H�U�L�Q�W���D���N�R�P�S�H�Q�]�i�F�L�y�V���K�X�U�N�R�N���N�R�Q�Y�H�U�J�i�O�i�V�i�U�y�O���P�L�Q�G�L�J���P�H�J���N�H�O�O���J�\���]���G�Q�L��
�W�R�Y�i�E�E�L�� �L�W�H�U�i�F�L�y�V�� �K�X�U�N�R�N�� �H�O�Y�p�J�]�p�V�p�Y�H�O���� �$�O�D�S�Y�H�W���H�Q�� �D��3. �i�E�U�i�Q�� �E�H�P�X�W�D�W�R�W�W�� �D�O�N�D�W�U�p�V�]�� �J�H�R�P�H�W�U�L�D�L��
�N�R�P�S�H�Q�]�i�F�L�y�M�D�� �L�V�� �~�J�\�� �N�H�U�•�O�W�� �D�]���$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �p�V�� �$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�E�H���� �K�R�J�\�� �D��
�P�H�J�U�H�Q�G�H�O���Q�H�N�� �Y�D�O�D�N�L�� �Ä�P�i�U�� �N�R�P�S�H�Q�]�i�O�W�D�´�� �D�� �V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�N�H�W���� �G�H�� �D�� �O�H�J�\�i�U�W�i�V�� �X�W�i�Q�� �D�]�� �i�W�Y�p�W�H�O�L��
�N�p�V�]�•�O�p�N�E�H�Q������ mm-�Q�p�O���Q�D�J�\�R�E�E���H�O�W�p�U�p�V�H�N�H�W���L�V���S�U�R�G�X�N�i�O�W���D�]���D�O�N�D�W�U�p�V�]���D���U�H�I�H�U�H�Q�F�L�D���I�H�O�•�O�H�W�K�H�]���N�p�S�H�V�W�� 

�5�|�Y�L�G�H�Q���|�V�V�]�H�I�R�J�O�D�O�Y�D, �D���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�K�R�]���V�]�•�N�V�p�J�H�V���H�V�]�N�|�]���U�H�Q�G�H�O�N�H�]�p�V�U�H���i�O�O���D���W�H�F�K�Q�R-
�O�y�J�X�V���P�p�U�Q�|�N�|�N���V�]�i�P�i�U�D�����G�H���Y�D�Q�Q�D�N���R�O�\�D�Q���D�O�D�S�Y�H�W�����E�H�P�H�Q�H�W�L���S�D�U�D�P�p�W�H�U�H�N���p�V���E�H�i�O�O�t�W�i�V�R�N�����D�Pelyek az 
�H�U�H�G�P�p�Q�\�H�N�U�H���Q�D�J�\���K�D�W�i�V�W���I�H�M�W�H�Q�H�N���N�L, �H�]�p�U�W���F�p�O�V�]�H�U�&���H�]�H�N�H�U�H���N�L�W�•�Q�W�H�W�H�W�W���I�L�J�\�H�O�P�H�W���I�R�U�G�t�W�D�Q�L�� 

3.1 Visszarugózás modellezése 

�0�L�Y�H�O���D���Y�L�V�V�]�D�U�X�J�y�]�i�V�E�y�O���V�]�i�U�P�D�]�y���H�O�W�p�U�p�V�L���Y�H�N�W�R�U�P�H�]�����D�]���D�O�D�S�M�D���D���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�Q�D�N, �H�]�p�U�W��
�D�]�� �H�]�W�� �E�H�I�R�O�\�i�V�R�O�y�� �D�Q�\�D�J�S�D�U�D�P�p�W�H�U�H�N�� �U�H�Q�G�N�t�Y�•�O�L�� �M�H�O�H�Q�W���V�p�J�J�H�O�� �E�t�U�Q�D�N���� �$�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �P�D�W�H�P�D�W�L�N�D�L-



�/�X�N�i�F�V, Zs. �9�L�V�V�]�D�U�X�J�y�]�i�V���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�M�D 
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�P�H�F�K�D�Q�L�N�D�L�� �P�R�G�H�O�O�H�N�N�H�O�� �W�|�U�W�p�Q���� �O�H�t�U�i�V�i�U�D�� �D�]���~�Q���� �N�L�Q�H�P�D�W�L�N�X�V�D�Q�� �N�H�P�p�Q�\�H�G���� �D�Q�\�D�J�P�R�G�H�O�O�W�� �K�D�V�]�Q�i�O�M�X�N��
�>���@���� �>���@���� �(�]�H�N�E�H�Q�� �H�O�V���G�O�H�J�H�V�H�Q a Young-�I�p�O�H�� �U�X�J�D�O�P�D�V�V�i�J�L�� �P�R�G�X�O�X�V���� �D�]���~�Q���� �I�R�O�\�i�V�L�� �J�|�U�E�H�� �p�V�� �D�]�� �H�E�E���O��
�V�]�i�U�P�D�]�W�D�W�R�W�W�� �D�Q�L�]�R�W�U�y�S�L�D�� �W�p�Q�\�H�]���N�N�H�O�� �P�y�G�R�V�t�W�R�W�W�� �I�R�O�\�i�V�L�� �I�H�O�•�O�H�W�H�N�� �D�� �O�H�J�M�H�O�H�Q�W���V�H�E�E�H�N���� �1�D�J�\��
�M�H�O�H�Q�W���V�p�J�H���Y�D�Q���D���W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V���p�V���H�O�O�H�Q�W�p�W�H�V���L�U�i�Q�\�~���D�O�D�N�Y�i�O�W�R�]�i�V�R�N�����~n. �D�O�D�N�Y�i�O�W�R�]�i�V�L���K�L�V�]�W�H�U�p�]�L�V�H�N����
�I�L�]�L�N�D�L�� �P�p�U�p�V�H�� �V�R�U�i�Q�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �D�� �<�R�X�Q�J�� �P�R�G�X�O�X�V�� �W�H�K�H�U�P�H�Q�W�H�V�t�W�p�V�L�� �I�R�O�\�D�P�D�W�� �V�R�U�i�Q�� �W�D�S�D�V�]�W�D�O�K�D�W�y��
�Y�i�O�W�R�]�i�V�i�W�� �O�H�t�U�y�� �S�D�U�D�P�p�W�H�U�H�N�Q�H�N�� ������ �p�V���F���� �p�V�� �D�� �%�D�X�V�F�K�L�Q�J�H�U-�K�D�W�i�V�W�� �P�D�W�H�P�D�W�L�N�D�L�O�D�J�� �O�H�t�U�y�� �W�R�Y�i�E�E�L��
�S�D�U�D�P�p�W�H�U�H�N�Q�H�N���L�V���>���@�� 

�6�R�N�V�]�R�U���H�]�H�N���D���S�D�U�D�P�p�W�H�U�H�N���D���V�]�R�I�W�Y�H�U�H�N���D�O�D�S�D�Q�\�D�J���D�G�D�W�E�i�]�L�V�i�E�D�Q���Q�H�P���L�V�P�H�U�W�H�N�����Y�D�J�\���F�V�D�N���Q�D�J�\�R�Q��
�i�O�W�D�O�i�Q�R�V�D�Q���N�•�O�|�Q�E�|�]�Q�H�N���D�]���H�J�\�H�V���D�O�D�S�D�Q�\�D�J�F�V�R�S�R�U�W�R�N���W�H�N�L�Q�W�H�W�p�E�H�Q�����(�]�p�U�W���P�L�Q�G�H�Q���R�O�\�D�Q���Y�L�]�V�J�i�O�D�W�����D�P�L��
�D�� �W�p�Q�\�O�H�J�H�V�� �D�O�D�S�D�Q�\�D�J�R�Q�� �Y�p�J�]�H�W�W�� �I�L�]�L�N�D�L�� �P�p�U�p�V�H�N�N�H�O�� �K�D�W�i�U�R�]�]�D�� �P�H�J�� �H�]�H�Q�� �S�D�U�D�P�p�W�H�U�H�N�H�W�� �V�]�D�N�P�D�L��
sz�H�P�S�R�Q�W�E�y�O���p�U�W�p�N�H�V���P�X�Q�N�i�Q�D�N���W�H�N�L�Q�W�K�H�W�����>�����@�� 

3.2 Visszarugózás értékelése 

�$���Y�L�V�V�]�D�U�X�J�y�]�i�V���N�L�p�U�W�p�N�H�O�p�V�p�Q�H�N���H�J�\���I�R�Q�W�R�V���V�]�H�P�S�R�Q�W�M�D�����K�R�J�\���D���Y�L�V�V�]�D�U�X�J�y�]�R�W�W���J�H�R�P�H�W�U�L�D���H�O�P�R�]�G�X�O�i�V�i�W��
�P�L�K�H�]�� �N�p�S�H�V�W�� �P�p�U�M�•�N�����$�� �Y�L�U�W�X�i�O�L�V�� �W�p�U�E�H�Q�� �D�� �V�]�H�U�V�]�i�P�Q�\�L�W�i�V, �D�� �Y�D�O�y�V�i�J�W�y�O�� �H�O�W�p�U���H�Q, csak a�]�� �D�N�W�t�Y��
�V�]�H�U�V�]�i�P�H�O�H�P�H�N�� �K�D�W�i�V�i�Q�D�N��a �P�H�J�V�]�•�Q�W�H�W�p�V�p�W�� �M�H�O�H�Q�W�L���� �(�]�p�U�W���p�V���H�]�W�� �N�|�Y�H�W���H�Q, �P�p�J�� �D�� �Y�L�U�W�X�i�O�L�V�� �W�p�U�E�H�Q��
�N�•�O�|�Q�E�|�]�����N�p�Q�\�V�]�H�U�H�N�H�W���K�R�]�K�D�W�X�Q�N���O�p�W�U�H�����D�Pely�H�N���K�D�W�i�V�D���X�W�i�Q���P�p�U�K�H�W�M�•�N���D�]���H�O�W�p�U�p�V�W���D���P�X�Q�N�D�G�D�U�D�E���~n. 
�U�H�I�H�U�H�Q�F�L�D���I�H�O�•�O�H�W�p�W���O�� 

�(�]�� �D�� �Y�D�O�y�V�i�J�E�D�Q�� �H�J�\�p�U�W�H�O�P�&�����K�L�V�]�H�Q�� �D�]�� �D�O�N�D�W�U�p�V�]�� �H�O���U�H�� �H�J�\�H�]�W�H�W�H�W�W���~�Q���� �P�p�U���N�p�V�]�•�O�p�N�E�H�Q�� �K�H�O�\�H�]�L�N����
�D�P�H�O�\�H�N�� �I�H�O�I�H�N�Y���� �I�H�O�•�O�H�W�H�N�N�H�O���� �W�i�M�R�O�y�� �F�V�D�S�R�N�N�D�O�� �p�V�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �S�R�Q�W�R�Q���O�H�V�]�R�U�t�W�y�� �H�O�H�P�H�N�N�H�O�� �Y�D�Q�Q�D�N��
�H�O�O�i�W�Y�D���� �+�D�� �H�]�W�� �Q�H�P�� �N�p�S�H�]�]�•�N�� �O�H�� �D�� �Y�D�O�y�V�i�J�J�D�O�� �P�H�J�H�J�\�H�]���� �P�y�G�R�Q�� �D�� �Y�L�U�W�X�i�O�L�V�� �W�p�U�E�H�Q�� ���P�R�G�H�O�O�H�]�p�V�L��
�N�|�U�Q�\�H�]�H�W�E�H�Q������ �D�N�N�R�U�� �D�]�� �H�O�P�R�]�G�X�O�i�V�� �P�H�]���E�H�Q�� �H�O�W�p�U�p�V�H�N�� �M�|�Q�Q�H�N�� �O�p�W�U�H���� �D�P�L�� �K�L�E�i�V�� �J�H�R�P�H�W�U�L�D�L��
�N�R�P�S�H�Q�]�i�F�L�y�W�� �H�U�H�G�P�p�Q�\�H�]�� �$�]�� �$�X�W�R�)�R�U�P�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �N�L�p�U�W�p�N�H�O�p�V�p�U�H�� �D�]�� �D�X�W�y�L�S�D�U�E�D�Q�� �H�O���I�R�U�G�X�O�y��
�H�V�H�W�H�N�� �P�L�Q�G�H�J�\�L�N�p�U�H�� �I�H�O�� �W�X�G�� �p�S�t�W�H�Q�L�� �P�p�U���N�p�V�]�•�O�p�N�H�W, �D�� �O�H�J�H�J�\�V�]�H�U�&�E�E�� �V�]�D�E�D�G�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�W�y�O�� �D��
�W�p�Q�\�O�H�J�H�V���P�p�U���N�p�V�]�•�O�p�N�N�H�O���P�H�J�H�J�\�H�]�����P�R�G�H�O�O�L�J�� 

�7�D�O�i�Q�� �D�� �O�H�J�W�|�E�E�� �K�L�E�i�V�� �N�R�P�S�H�Q�]�i�F�L�y�� �H�U�U�H���D�]�� �H�J�\�V�]�H�U�&�� �R�N�U�D���Y�H�]�H�W�K�H�W���� �Y�L�V�V�]�D�����(�]�p�U�W�� �D��
�V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�� �V�R�U�i�Q�� �P�i�U�� �W�L�V�]�W�i�E�D�Q�� �N�H�O�O�� �O�H�Q�Q�L azzal���� �K�R�J�\�� �P�L�O�\�H�Q�� �P�p�U���N�p�V�]�•�O�p�N�E�H�Q�� �W�|�U�W�p�Q�L�N�� �D�]��
�D�O�N�D�W�U�p�V�]�� �i�W�Y�p�W�H�O�H���� �(�]�W���V�R�N�V�]�R�U���D�� �P�H�J�U�H�Q�G�H�O���� �Q�H�P�� �W�D�U�W�M�D�� �R�O�\�D�Q���M�H�O�H�Q�W���V�Q�H�N���� �*�\�D�N�U�D�Q�� �K�D�Q�J�]�L�N�� �H�O���� �K�R�J�\��
�V�]�H�U�V�]�i�P�R�W�� �N�H�O�O�� �W�H�U�Y�H�]�Q�L���� �Q�H�P�� �P�p�U���N�p�V�]�•�O�p�N�H�W���� �G�H�� �H�Q�Q�H�N�� �L�V�P�H�U�H�W�H�� �Q�p�O�N�•�O�� �D�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y��
�H�U�H�G�P�p�Q�\�H���L�V���H�U���V�H�Q���P�H�J�N�p�U�G���M�H�O�H�]�K�H�W���� 

3.3 Kompenzációs stratégiák 

�$�� �N�R�P�S�H�Q�]�i�F�L�y�V�� �V�W�U�D�W�p�J�L�i�N�R�Q�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �X�W�i�Q�L�� �H�O�P�R�]�G�X�O�i�V�� �Y�H�N�W�R�U�P�H�]���Q�H�N�� �D�� �N�L�L�Q�G�X�O�y��
�D�O�N�D�W�U�p�V�]�J�H�R�P�H�W�U�L�D���N�R�P�S�H�Q�]�i�O�i�V�i�Q�D�N�����W�~�O�K�D�M�O�t�W�i�V�i�Q�D�N�����P�y�G�M�i�W���P�H�J�I�R�J�D�O�P�D�]�y���S�D�U�D�P�p�W�H�U�H�N�H�W���p�U�W�M�•�N�� 

�$�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�R�U�i�Q�� �Y�i�O�W�R�]�W�D�W�K�D�W�y�� �D�� �Y�H�N�W�R�U�P�H�]���� �p�U�W�p�N�H���� �$�� �V�]�R�I�W�Y�H�U�� �D�O�D�S�E�H�i�O�O�t�W�i�V�� �V�R�U�i�Q�� �D�]��
�H�O�P�R�]�G�X�O�i�V���Y�H�N�W�R�U�P�H�]���W���D�]�R�Q�R�V���Q�D�J�\�V�i�J�J�D�O���p�V���H�O�O�H�Q�W�p�W�H�V���L�U�i�Q�Q�\�D�O���Y�H�V�]�L���I�L�J�\�H�O�H�P�E�H�����(�]���D�]���p�U�W�p�N���D�]���~n. 
�N�R�P�S�H�Q�]�i�F�L�y�V�� �I�D�N�W�R�U, amely ebben az esetben -1-�V�]�H�U�H�V�H�� �D�� �Y�H�N�W�R�U�W�p�U�Q�H�N���� �(�E�E�H�Q���W�t�S�X�V�� �D�O�N�D�W�U�p�V�]�H�N��
���P�R�W�R�U�K�i�]�W�H�W������ �F�V�R�P�D�J�W�D�U�W�y�I�H�G�p�O�����V�i�U�Y�p�G���� �H�O�H�P�����Y�L�]�V�J�i�O�D�W�D�� �V�R�U�i�Q���N�L�D�O�D�N�X�O�K�D�W�Q�D�N�� �N�•�O�|�Q�E�|�]����
�|�N�|�O�V�]�D�E�i�O�\�R�N���� �t�J�\�� �D�N�i�U��-1-�W���O�� �H�O�W�p�U���� �N�R�P�S�H�Q�]�i�F�L�y�V�� �I�D�N�W�R�U�R�N�D�W�� �L�V�� �D�O�N�D�O�P�D�]�K�D�W�X�Q�N���� �$�]�� �L�W�W�� �I�H�O�K�D�V�]�Q�i�O�W��
�W�D�S�D�V�]�W�D�O�D�W���N�R�P�R�O�\���Y�H�U�V�H�Q�\�H�O���Q�\�W���M�H�O�H�Q�W�K�H�W���D���Y�H�W�p�O�\�W�i�U�V�D�N�N�D�O���V�]�H�P�E�H�Q, �H�]�p�U�W���H�]�H�N���D���W�D�S�D�V�]�W�D�O�D�W�R�N���Q�H�P 
publikusak. 

�0�L�Y�H�O���D���Y�H�N�W�R�U�P�H�]�����D���Y�p�J�H�V�H�O�H�P�H�V���F�V�R�P�y�S�R�Q�W�R�N���Y�L�V�V�]�D�U�X�J�y�]�i�V���X�W�i�Q�L���H�O�P�R�]�G�X�O�i�V�i�K�R�]���N�|�W�|�W�W���H�]�p�U�W���D��
�K�i�O�y�P�p�U�H�W���I�•�J�J�Y�p�Q�\�p�E�H�Q���Q�D�J�\�R�E�E�� �X�J�U�i�V�R�N���L�V���O�H�K�H�W�Q�H�N���D�� �Y�H�N�W�R�U�R�N���K�R�V�V�]�i�E�D�Q���� �+�D�� �t�J�\�� �K�D�V�]�Q�i�O�M�X�N���I�H�O���D��
�Y�H�N�W�R�U�W�H�U�H�W�� �D�N�N�R�U�� �R�O�\�D�Q�� �K�L�E�i�N�D�W�� �Y�L�K�H�W�•�Q�N�� �E�H�� �D�� �N�R�P�S�H�Q�]�i�F�L�y�E�D���� �D�Pelyeke�W�� �D�� �W�p�Q�\�O�H�J�H�V�� �V�]�H�U�V�]�i�P��
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�P�H�J�P�X�Q�N�i�O�i�V�D���V�R�U�i�Q���Q�H�P���I�R�J�Q�D�N���p�U�Y�p�Q�\�H�V�t�W�H�Q�L�����$�]�D�], �D���Y�H�N�W�R�U�W�H�U�H�W���J�\�D�N�U�D�Q���V�L�P�t�W�D�Q�L���L�V���V�]�•�N�V�p�J�H�V�����$��
�V�L�P�t�W�i�V���V�R�U�i�Q���D���Y�H�N�W�R�U�P�H�]�����P�y�G�R�V�X�O, �H�]�p�U�W���Q�D�J�\���K�D�W�i�V�D �Y�D�Q���D���W�R�Y�i�E�E�L���H�U�H�G�P�p�Q�\�H�N�U�H�� 

�g�V�V�]�H�V�p�J�p�E�H�Q�� �H�O�P�R�Q�G�K�D�W�y���� �K�R�J�\�� �D�]�W�� �L�W�W�� �I�H�O�V�R�U�R�O�W�� �S�D�U�D�P�p�W�H�U�H�N�� �H�J�\�P�i�V�U�D�� �K�D�W�i�V�D�� �H�U�H�G�P�p�Q�\�H�]�K�H�W��
�R�O�\�D�Q���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�W, �D�P�L���D�]���L�W�H�U�i�F�L�y�N���V�]�i�P�i�Q�D�N���Q�|�Y�H�O�p�V�p�Y�H�O���E�H�O�H�V�L�P�X�O���D���W�&�U�p�V�P�H�]���E�H�����O�i�V�G��
3. �i�E�U�D�� 

4 Konkrét autóipari szerszám kompenzációjának eredménye 

�$�]�� �H�O���]���� �I�H�M�H�]�H�W�E�H�Q�� �H�O�P�R�Q�G�R�W�W�D�N�D�W�� �V�]�H�P���H�O���W�W�� �W�D�U�W�Y�D�� �D�]�� ���� �i�E�U�i�Q�� �E�H�P�X�W�D�W�R�W�W�� �D�O�N�D�W�U�p�V�]��
�V�]�H�U�V�]�i�P�I�H�O�•�O�H�W�H�L�Q���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�V���L�W�H�U�i�F�L�y�N�D�W���Y�p�J�H�]�W�•�Q�N�����$���P�R�G�H�O�O�H�]�p�V�W���Q�H�K�H�]�t�W�H�W�W�H�����K�R�J�\���D��
�N�L�L�Q�G�X�O�y�� �O�H�P�H�]�� �H�J�\�� �S�H�U�I�R�U�i�O�W�� �O�H�P�H�]�� �Y�R�O�W���� �D�Pelye�W�� �H�O���]�H�W�H�V�H�Q�� �D�� �P�H�J�D�G�R�W�W�� �'�&������ �D�F�p�O�P�L�Q���V�p�J��
�D�Q�\�D�J�P�R�G�H�O�O�M�p�Y�H�O�� �Q�H�P�� �O�H�K�H�W�H�W�W�� �P�R�G�H�O�O�H�]�Q�L���� �P�L�Y�H�O�� �D�]�� �H�O���]�H�W�H�V�� �S�H�U�I�R�U�i�F�L�y�� �P�L�D�W�W�� �D�]�� �H�U�H�G�H�W�H�L��
�D�Q�\�D�J�P�L�Q���V�p�J�� �P�H�F�K�D�Q�L�N�D�L�� �D�Q�\�D�J�W�X�O�D�M�G�R�Q�V�i�J�D�L�� �P�H�J�Y�i�O�W�R�]�W�D�N���� �Ë�J�\�� �H�J�\�� �S�H�U�I�R�U�i�O�D�W�O�D�Q���� �G�H�� �P�H�F�K�D�Q�L�N�D�L��
�W�X�O�D�M�G�R�Q�V�i�J�D�L�E�D�Q�� �D�� �S�H�U�I�R�U�i�O�W�� �O�H�P�H�]�Q�H�N�� �P�H�J�I�H�O�H�O��, �P�y�G�R�V�t�W�R�W�W�� �D�Q�\�D�J�P�R�G�H�O�O�W�� �K�D�V�]�Q�i�O�W�X�Q�N���� �(�K�K�H�]��
�H�O���]�H�W�H�V���J�\�i�U�W�i�V�L���W�D�S�D�V�]�W�D�O�D�W�R�N�U�D���Y�R�O�W���V�]�•�N�V�p�J�����D�P�L���V�]�L�Q�W�p�Q���H�J�\���R�O�\�D�Q���N�Q�R�Z-how, amit ebben a cikkben 
�Q�H�P���H�P�O�t�W�K�H�W�•�Q�N�� 

A 4. �i�E�U�D���D�]���H�J�\�H�V���L�W�H�U�i�F�L�y�V���O�p�S�p�V�H�N���V�R�U�i�Q���D �U�H�I�H�U�H�Q�F�L�D�I�H�O�•�O�H�W�K�H�]���P�p�U�W �H�O�P�R�]�G�X�O�i�V �P�H�]�����F�V�|�N�N�H�Q�p�V�p�W��
mutatja, �D���Y�L�V�V�]�D�U�X�J�y�]�i�V���X�W�i�Q�����$�������� �i�E�U�D �E�D�O���I�H�O�V�����U�p�V�]�O�H�W�p�Q���D���N�R�P�S�H�Q�]�i�O�D�W�O�D�Q���P�R�G�H�O�O���H�O�W�p�U�p�V�H���O�i�W�K�D�W�y, 
�D�]���i�E�U�D���M�R�E�E���D�O�V�y���U�p�V�]�O�H�W�p�Q��pedig �D���������L�W�H�U�i�F�L�y�V���K�X�U�R�N���X�W�i�Q�L���H�U�H�G�P�p�Q�\�H�N���P�i�U���D���P�H�J�D�G�R�W�W������- 1,5 mm-es 
�W�D�U�W�R�P�i�Q�\�R�Q���E�H�O�•�Ore �N�H�U�•�O�W�H�N���p�V���W�R�Y�i�E�E�L���L�W�H�U�i�F�L�y�Y�D�O���D�]�R�Q���p�U�W�p�N�H�Q���E�H�O�•�O���L�V���P�D�U�D�G�W�D�N�� 

 

4�����i�E�Ua. �$�]���H�J�\�P�i�V�W���N�|�Y�H�W�����L�W�H�U�i�F�L�y�N���H�U�H�G�P�p�Q�\�H�L�� 

Az 5. �i�E�U�i�Q�� �E�H�P�X�W�D�W�R�W�W�� �I�R�W�y�N�R�Q�� �D�� �W�p�Q�\�O�H�J�H�V�� �D�O�N�D�W�U�p�V�]�� �O�i�W�K�D�W�y���� �$�]�� ���� �i�E�U�D�� �E�D�O�� �R�O�G�D�O�L�� �U�p�V�]�O�H�W�p�Q, a 
�P�p�U���N�p�V�]�•�O�p�N�E�H�� �K�H�O�\�H�]�p�V�� �X�W�i�Q, �O�i�W�K�D�W�y�O�D�J�� �P�p�J�� �H�O�i�O�O�� �D�� �V�D�E�O�R�Q�N�p�Q�W�� �K�D�V�]�Q�i�O�W�� �I�H�O�•�O�H�W�W���O���� �G�H�� �D�]�� �i�E�U�D�� �M�R�E�E��
�R�O�G�D�O�i�Q���P�X�W�D�W�R�W�W���O�H�V�]�R�U�t�W�y���H�O�H�P���]�i�U�i�V�D���X�W�i�Q���D���I�H�O�•�O�H�W�W���O���Y�D�O�y���H�O�W�p�U�p�V���D���W�&�U�p�V�P�H�]���Q���E�H�O�•�O���P�D�U�D�G�W�� 



�/�X�N�i�F�V, Zs. �9�L�V�V�]�D�U�X�J�y�]�i�V���J�H�R�P�H�W�U�L�D�L���N�R�P�S�H�Q�]�i�F�L�y�M�D 

35 

�(�]�� �D�O�D�S�M�i�Q�� �N�L�M�H�O�H�Q�W�K�H�W������ �K�R�J�\�� �D�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�L�N�H�U�H�V�� �Y�R�O�W���� �D�P�L�� �L�J�D�]�i�E�y�O�� �F�V�D�N��a 
�N�R�P�S�H�Q�]�i�F�L�y�V�� �V�W�U�D�W�p�J�L�i�Q�� �P�~�O�R�W�W���� �.�H�O�O���� �W�D�S�D�V�]�W�D�O�D�W�W�D�O���W�H�K�i�W��az AutoForm Springback Compensation 
�P�R�G�X�O�M�D���K�D�V�]�Q�R�V���H�V�]�N�|�]���D���V�]�H�U�V�]�i�P�W�H�U�Y�H�]�����P�p�U�Q�|�N�|�N���N�H�]�p�E�H�Q�� 

 

5�����i�E�U�D�����$�O�N�D�W�U�p�V�]���D���P�p�U���N�p�V�]�•�O�p�N�U�H���K�H�O�\�H�]�Y�H�����P�D�M�G���O�H�V�]�R�U�t�W�Y�D�� 

5 Összefoglalás 

�&�L�N�N�•�Q�N�E�H�Q�� �E�H�P�X�W�D�W�W�X�N���� �K�R�J�\�� �P�L�O�\�H�Q�� �H�V�]�N�|�]�|�N�� �V�H�J�t�W�L�N�� �D�� �W�H�F�K�Q�R�O�y�J�L�D�L- �p�V�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�V�H�O��
�I�R�J�O�D�O�N�R�]�y���P�p�U�Q�|�N�|�N���P�X�Q�N�i�M�i�W���Q�D�S�M�D�L�Q�N���V�]�R�I�W�Y�H�U���N�|�U�Q�\�H�]�H�W�p�E�H�Q����Bemutattuk, hogy melyek a modern 
�V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�L�� �I�R�O�\�D�P�D�W�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�� �N�R�P�S�H�Q�]�i�O�i�V�D�� �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �O�H�J�N�U�L�W�L�N�X�V�D�E�E�� �N�p�U�G�p�V�H�L. 
�%�H�P�X�W�D�W�W�X�N�� �P�L�O�\�H�Q�� �V�]�R�I�W�Y�H�U�H�V�� �P�H�J�R�O�G�i�V�R�N�� �W�i�P�R�J�D�W�M�i�N�� �D�� �V�]�H�U�V�]�i�P�W�H�U�Y�H�]�p�V�L�� �I�R�O�\�D�P�D�W�R�W�����.�L�W�p�U�W�•�Q�N�� �D��
�Y�L�V�V�]�D�U�X�J�y�]�i�V�� �P�R�G�H�O�O�H�]�p�V�p�Q�H�N�� �S�R�Q�W�R�V�V�i�J�i�W�� �P�H�J�K�D�W�i�U�R�]�y�� �E�H�P�H�Q�H�W�L�� �S�D�U�D�P�p�W�H�U�H�N�U�H���� �%�H�P�X�W�D�W�W�X�N���� �K�R�J�\��
�E�i�U���D���S�U�R�E�O�p�P�D���P�H�J�R�O�G�i�V�i�U�D���K�D�W�p�N�R�Q�\���H�V�]�N�|�]�|�N���i�O�O�Q�D�N���U�H�Q�G�H�O�N�H�]�p�V�U�H�����G�H���D�]���H�U�H�G�P�p�Q�\���V�]�H�P�S�R�Q�W�M�i�E�y�O��
�N�U�L�W�L�N�X�V�� �S�D�U�D�P�p�W�H�U�H�N�� �L�V�P�H�U�H�W�H�� �N�R�P�R�O�\�� �H�O���Q�\�H�O�� �M�i�U�� �D�� �V�L�N�H�U�H�V�� �N�R�P�S�H�Q�]�i�F�L�y�� �V�R�U�i�Q���� �(�J�\�� �N�R�Q�N�U�p�W�� �L�S�D�U�L��
�D�O�N�D�W�U�p�V�]�� �V�]�H�U�V�]�i�P�H�O�H�P�H�L�Q�H�N�� �J�H�R�P�H�W�U�L�D�L�� �N�R�P�S�H�Q�]�i�F�L�y�M�i�Q�� �N�H�U�H�V�]�W�•�O�� �E�H�P�X�W�D�W�W�X�N���� �K�R�J�\�� �D�]�� �$�X�W�R�)�R�U�P��
Springback Compensation �P�R�G�X�O�M�D�� �K�D�W�p�N�R�Q�\�� �H�V�]�N�|�]�� �D�� �Y�L�V�V�]�D�U�X�J�y�]�i�V�V�D�O�� �|�V�V�]�H�I�•�J�J���� �S�U�R�E�O�p�P�i�N��
�N�H�]�H�O�p�V�p�U�H�� 
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Absztrakt  
A �N�|�]�O�H�P�p�Q�\�E�H�Q egy �I�U�|�F�F�V�|�Q�W�|�W�W�� �D�O�N�D�W�U�p�V�]�� �Y�D�O�L�G�i�O�i�V�i�Q�D�N��a �V�]�L�P�X�O�i�F�L�y�M�D�� �N�H�U�•�O�� �E�H�P�X�W�D�W�i�V�U�D���� �$��
�I�U�|�F�F�V�|�Q�W�p�V�L�� �V�]�L�P�X�O�i�F�L�y���D�� �0�R�O�G�H�[���'�� �V�]�L�P�X�O�i�F�L�y�V�� �V�]�R�I�W�Y�H�U�E�H�Q�� �N�p�V�]�•�O�W. A Moldex 3D programot 
�Y�L�O�i�J�V�]�H�U�W�H�� �W�|�E�E�� �H�]�U�H�Q�� �D�O�N�D�O�P�D�]�]�i�N�� �W�H�U�P�p�N�I�H�M�O�H�V�]�W�p�V�L�� �N�|�O�W�V�p�J�H�N�� �F�V�|�N�N�H�Q�W�p�V�p�U�H���� �D�� �W�H�U�P�p�N�P�L�Q���V�p�J�H�N��
�M�D�Y�t�W�i�V�i�U�D���� �D�� �W�H�U�P�H�O�p�N�H�Q�\�V�p�J�� �Q�|�Y�H�O�p�V�p�U�H���� �Y�D�O�D�P�L�Q�W�� �D�� �S�L�D�F�U�D�� �M�X�W�i�V�L�� �L�G���� �O�H�U�|�Y�L�G�t�W�p�V�p�U�H���� �$�� �V�]�L�P�X�O�i�F�L�y 
�H�U�H�G�P�p�Q�\�p�L�E���O���N�L�L�Q�G�X�O�Y�D���P�i�U���P�H�J���O�H�K�H�W���W�H�U�Y�H�]�Q�L���D�]���D�O�N�D�W�U�p�V�]���I�U�|�F�F�V�|�Q�W�����V�]�H�U�V�]�i�P�i�W�����p�V���L�U�i�Q�\�P�X�W�D�W�i�V�W��
�D�G�� �D�� �I�U�|�F�F�V�|�Q�W�p�V�L�� �I�R�O�\�D�P�D�W�S�D�U�D�P�p�W�H�U�H�N�� �E�H�i�O�O�t�W�i�V�i�K�R�]�� �L�V�� �$�� �V�]�L�P�X�O�i�F�L�y�� �V�R�U�i�Q�� �W�|�E�E�H�N�� �N�|�]�|�W�W��
�P�H�J�Y�L�]�V�J�i�O�K�D�W�y�� �D�� �N�L�W�|�O�W�p�V�� �P�L�Q���V�p�J�H���� �D�� �O�H�K�H�W�V�p�J�H�V�� �O�p�J�E�X�E�R�U�p�N�� �F�V�D�S�G�i�N�� �H�O�K�H�O�\�H�]�N�H�G�p�V�H���� �D�� �K�H�J�H�G�p�V�L��
�Y�R�Q�D�O�D�N���N�L�D�O�D�N�X�O�i�V�i�Q�D�N���K�H�O�\�H���p�V���W�X�O�D�M�G�R�Q�V�i�J�D�����D���Q�\�R�P�i�V���H�O�R�V�]�O�i�V���D�]���•�U�H�J�E�H�Q�����D���V�]�H�U�V�]�i�P���|�V�V�]�H�V�]�R�U�t�W�y��
�H�U������ �D�� �]�V�X�J�R�U�R�G�i�V���� �D�� �Y�H�W�H�P�H�G�p�V���P�p�U�W�p�N�H���� �D�]�� �i�U�D�P�O�i�V�L�� �V�H�E�H�V�V�p�J���� �D�� �K�&�W�p�V�K�H�]�� �V�]�•�N�V�p�J�H�V�� �L�G������ �L�O�O�H�W�Y�H�� �D�]��
�|�P�O�H�G�p�N�F�V�D�W�R�U�Q�D���Y�L�V�H�O�N�H�G�p�V�H���L�V���D���I�R�O�\�D�P�D�W���D�O�D�W�W�� 

Kulcsszavak: Moldex3D, �I�U�|�F�F�V�|�Q�W�p�V�����W�H�U�P�p�N���Y�D�O�L�G�i�O�i�V 

Abstract  
The publication presents a simulation of the validation of an injection-molded part. The injection 
molding simulation was made in the Moldex3D simulation software. The Moldex 3D program is used 
by thousands of people worldwide to reduce product development costs, improve product quality, 
increase productivity, and shorten time to market. Based on the results of the simulation, the injection 
molding tool of the part can be designed, and it also provides guidelines for setting the injection 
molding process parameters. During the simulation, among other things, the quality of the filling, the 
location of possible air bubble traps, the location and properties of the formation of the welding lines, 
the pressure distribution in the cavity, the clamping force of the tool, the shrinkage, the degree of 
warping, the flow rate, the cooling required time and the behavior of the melt channel during the 
process. 

Keywords: Moldex3D, injection molding, product validation  

1. �%�H�Y�H�]�H�W�p�V�� 

�$�� �0�R�O�G�H�[�� ���'�� �H�J�\�� �I�U�|�F�F�V�|�Q�W���� �V�]�L�P�X�O�i�F�L�y�V�� �V�]�R�I�W�Y�H�U���� �D�P�L�� �D�� �O�H�J�I�H�M�O�H�W�W�H�E�E�� ���'�� �W�H�F�K�Q�R�O�y�J�L�i�W�� �K�D�V�]�Q�i�O�M�D�� �D��
�P�&�D�Q�\�D�J�� �I�U�|�F�F�V�|�Q�W�p�V�L�� �I�R�O�\�D�P�D�W�� �V�]�L�P�X�O�i�O�i�V�i�U�D���� �p�V�� �D�� �O�H�J�P�D�J�D�V�D�E�E�� �S�R�Q�W�R�V�V�i�J�~�� �H�O�H�P�]�p�V�L�� �H�U�H�G�P�p�Q�\�H�N�H�W��
�D�G�M�D�� �V�]�i�P�X�Q�N�U�D�� A �S�U�R�J�U�D�P�R�W�� �V�]�p�O�H�V�� �N�|�U�E�H�Q�� �K�D�V�]�Q�i�O�M�i�N�� �N�•�O�|�Q�E�|�]���� �L�S�D�U�i�J�D�N�E�D�Q���� �P�L�Q�W�� �S�p�O�G�i�X�O�� �D�]��
�D�X�W�y�L�S�D�U�E�D�Q. N�D�S�M�D�L�Q�N�E�D�Q�� �H�J�\�U�H�� �Q�D�J�\�R�E�E�� �S�U�R�E�O�p�P�i�W�� �M�H�O�H�Q�W�� �D�� �N�|�U�Q�\�H�]�H�W�V�]�H�Q�Q�\�H�]�p�V���� �H�]�p�U�W�� �H�J�\�U�H�� �W�|�E�E��
�V�]�D�E�i�O�\�R�]�i�V�W���K�R�]�Q�D�N���D���N�|�U�Q�\�H�]�H�W�U�H���J�\�D�N�R�U�R�O�W���N�i�U�R�V���K�D�W�i�V�R�N���F�V�|�N�N�H�Q�W�p�V�H���p�U�G�H�N�p�E�H�Q����Erre tekintettel az 
�D�X�W�y�J�\�i�U�W�y�N�Q�D�N�� �~�M�� �P�y�G�V�]�H�U�H�N�H�W�� �N�H�O�O�� �N�L�I�H�M�O�H�V�]�W�H�Q�L�•�N�� �D�� �V�]�p�Q-�G�L�R�[�L�G�� �N�L�E�R�F�V�i�W�i�V�� �F�V�|�N�N�H�Q�W�p�V�H�� �p�U�G�H�N�p�E�H�Q����
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a�P�H�O�\�Q�H�N�� �H�J�\�L�N�� �P�H�J�R�O�G�i�Va �D�]�� �D�O�N�D�W�U�p�V�]�H�N�� �D�Q�\�D�J�i�Q�D�N�� �P�H�J�Y�i�O�W�R�]�W�D�W�i�V�D���� �V�~�O�\�F�V�|�N�N�H�Q�W�p�V��el�p�U�p�V�H��
�p�U�G�H�N�p�E�H�Q. �(�]�p�U�W�� �H�O�H�P�H�]�W�p�N�� �D�]�� �D�X�W�y�� �R�O�D�M�W�H�N�Q����kompozi�W�E�y�O���W�|�U�W�p�Q���� �H�O���i�O�O�t�W�i�V�i�Q�D�N�� �O�H�K�H�W���V�p�J�pt [1]. Az 
o�O�D�M�W�H�N�Q�����I�U�|�F�F�V�|�Q�W�p�V�V�H�O���Y�D�O�y �H�O�N�p�V�]�t�W�p�V�p�Q�H�N�� �H�O�H�P�]�p�V�p�W �0�R�O�G�H�[���'�� �V�]�R�I�W�Y�H�U�� �V�H�J�t�W�V�p�J�p�Y�H�O �Y�p�J�H�]�W�p�N. A 
�I�p�P�E���O�� �N�p�V�]�•�O�W�� �p�V��a �N�R�P�S�R�]�L�W�E�y�O�� �N�p�V�]�•�O�W�� �R�O�D�M�W�H�N�Q���� �W�p�U�I�R�J�D�W�D�� �P�H�J�N�|�]�H�O�t�W���O�H�J�� �P�H�J�H�J�\�H�]�L�N���� �H�]�p�U�W�� �D�� �N�p�W��
�D�Q�\�D�J�� �V�&�U�&�V�p�J�p�W�� �|�V�V�]�H�K�D�V�R�Q�O�t�W�Y�D�� �P�H�J�i�O�O�D�S�t�W�R�W�W�i�N, hogy �D�]�� �D�Q�\�D�J�P�L�Q���V�p�J�� �Y�i�O�W�i�V�V�D�O���P�H�J�N�|�]�H�O�t�W���O�H�J��
48%-�R�V���V�~�O�\�F�V�|�N�N�H�Q�W�p�V���p�U�K�H�W�����H�O. 

�(�J�\���P�i�V�L�N���S�p�O�G�i�E�D�Q���D�]���D�X�W�y���P�&�V�]�H�U�I�D�O���K�i�W�O�D�S�M�i�Q�D�N���I�U�|�F�F�V�|�Q�W�p�V�p�W��elemzik [2]�����D�K�R�O���N�H�W�W�� �N�•�O�|�Q�E�|�]����
�W�t�S�X�V�~��(�K�L�G�H�J���p�V���I�R�U�U�y�� csatornarendszert �Y�L�]�V�J�i�O�Q�D�N �p�V���K�D�V�R�Q�O�t�W�D�Q�D�N���|�V�V�]�H, �D���P�H�J�I�H�O�H�O�� �V�]�H�U�V�]�i�Pforma 
�N�L�D�O�D�N�t�W�i�V�i�Q�D�N�� �p�V�� �D �J�\�i�U�W�i�V�L�� �I�R�O�\�D�P�D�W�� �V�R�U�i�Q�� �I�H�O�P�H�U�•�O���� �S�U�R�E�O�p�P�i�N �H�O�N�H�U�•�O�p�V�H�� �p�U�G�H�N�p�E�H�Q�� A 
�V�]�L�P�X�O�i�F�L�y�K�R�]���V�]�L�Q�W�p�Q�� �D��Moldex3D �Y�p�J�H�V�H�O�H�P�H�V �V�]�R�I�W�Y�H�U�W�� �K�D�V�]�Q�i�O�W�i�N�� �p�V�� �P�H�J�i�O�O�D�S�t�W�i�V�W�� �Q�\�H�U�W���� �K�R�J�\�� �D��
�N�•�O�|�Q�E�|�]�����I�U�|�F�F�V�|�Q�W���U�H�Q�G�V�]�H�U�H�Nnek vannak �H�O���Q�\�H�L�� �p�V�� �K�i�W�U�inyai. A�]�� �R�S�W�L�P�i�O�L�V���I�U�|�F�F�V�|�Q�W�p�V�L�� �I�R�O�\�D�P�D�W 
�N�H�U�•�O�W�� �N�L�Y�i�O�D�V�]�W�isra a �V�]�H�U�V�]�i�P�I�R�U�P�D�� �N�L�D�O�D�N�t�W�i�V�i�Q�D�N, valamint �D�� �P�&�D�Q�\�D�J�� �D�O�N�D�W�U�p�V�]�H�N�� �J�\�i�U�W�i�V�L��
�P�L�Q���V�p�J�p�Q�H�N �M�D�Y�t�W�i�V�D���p�U�G�H�N�p�E�H�Q��  

�$���0�R�O�G�H�[���'���V�]�R�I�W�Y�H�U�W���H�]�H�Q���N�t�Y�•�O���D�]���H�O�H�N�W�U�R�Q�L�N�i�N�Q�i�O�����R�U�Y�R�V�W�H�F�K�Q�L�N�D�L���H�V�]�N�|�]�|�N�Q�p�O, elektro-optikai, 
�W�H�U�P�p�N�H�N�Q�p�O �L�V�� �K�D�V�]�Q�i�O�K�D�W�M�X�N. A CALIN Technology a Moldex3D-t alkalmazta [3] a projektorlencse 
�W�H�U�P�p�N�p�Q�� �O�p�Y�����K�L�E�D�O�H�K�H�W���V�p�J�H�N �p�V�� �K�H�J�H�G�p�V�L vonalak e�O���U�H�M�H�O�]�p�V�p�U�H���� �$�� �V�]�L�P�X�O�i�F�L�y�V�� �H�O�H�P�]�p�V�� �U�p�Y�p�Q�� �D��
�&�$�/�,�1�� �7�H�F�K�Q�R�O�R�J�\�� �N�p�S�H�V�� �Y�R�O�W�� �E�H�i�O�O�t�W�D�Q�L�� �p�V�� �R�S�W�L�P�D�O�L�]�i�O�Q�L�� �D�� �I�R�O�\�D�P�D�W�S�D�U�D�P�p�W�H�U�H�N�H�W�� �D�� �Y�D�O�y�G�L�� �J�\�i�U�W�i�V��
�H�O���W�W���� �K�R�J�\�� �P�H�J�R�O�G�M�D�� �D�� �K�H�J�Hd�p�V�L�� �Y�R�Q�D�O�� �S�U�R�E�O�p�P�i�M�i�W�� �p�V�� �M�D�Y�t�W�V�D�� �D�� �W�H�U�P�p�N�� �]�V�X�J�R�U�R�G�i�V�i�W�� A Moldex3D 
�H�O�H�P�]�p�V�H�N���D�O�D�S�M�i�Q a �&�$�/�,�1�� �7�H�F�K�Q�R�O�R�J�\�� �H�J�\�p�U�W�H�O�P�&�H�Q�� �P�H�J�p�U�W�H�W�W�H�� �D���N�L�W�|�O�W�p�V�L���Y�L�V�H�O�N�H�G�p�V�W���� �p�V��
�P�H�J�M�y�V�R�O�W�D�� �D�� �K�H�J�Hd�p�V�L�� �Y�R�Q�D�O�D�N�� �H�O�K�H�O�\�H�]�N�H�G�p�V�p�W�� �D�� �W�p�Q�\�O�H�J�H�V�� �J�\�i�U�W�i�V�� �H�O���W�W���� �$�� �0�R�O�G�H�[���'�� �V�]�L�P�X�O�i�F�L�y�V��
�H�O�H�P�]�p�V�H�N�� �S�R�Q�W�R�V�V�i�J�i�W�� �D�� �W�p�Q�\�O�H�J�H�V�� �S�U�y�E�i�N �H�U�H�G�P�p�Q�\�H�L�� �L�V�� �L�J�D�]�R�O�W�i�N���� �9�p�J�•�O�� �D�� �&�$�/�,�1�� �7�H�F�K�Q�R�O�R�J�\ 
�V�L�N�H�U�H�V�H�Q���P�H�J�R�O�G�R�W�W�D���D���J�\�i�U�W�i�V�L���S�U�R�E�O�p�P�i�N�D�W�����p�V���R�S�W�L�P�D�O�L�]�i�O�W�D���D���W�H�U�P�p�N- �p�V���I�R�U�P�D�W�H�U�Y�H�N�H�W. 

A �I�R�J�\�D�V�]�W�i�V�L �W�H�U�P�p�N�H�N�� �Y�R�Q�D�W�N�R�]�i�V�i�E�D�Q���Y�L�O�O�i�N�� �p�V�� �N�p�V�H�N�� �J�\�i�U�W�i�V�i�Q�D�N�� �H�O�H�P�]�p�V�p�K�H�]�� �L�V�� �K�D�V�]�Q�i�O�W�i�N�� �D��
szoftvert, ahol egy kajszibarack mag �K�p�M�i�Y�D�O �P�H�J�H�U���V�t�W�H�W�W���S�R�O�L�W�H�M�V�D�Y�����3LA) kompozit�R�W���K�R�]�W�D�N���O�p�W�U�H �p�V��
az �H�E�E���O�� �Y�D�O�y�� �J�\�i�U�W�i�V�W�� �H�O�H�P�H�]�W�pk [4]. �$�� �I�R�O�\�D�P�D�W�� �U�p�V�]�H�N�p�Q�W�� �'�L�J�L�P�D�W�� �V�]�R�I�W�Y�H�U�U�H�O�� �P�H�J�K�D�W�i�U�R�]�W�ik az 
�D�Q�\�D�J���|�V�V�]�H�W�p�W�H�O�p�W�����Y�D�O�D�P�L�Q�W���I�U�|�F�F�V�|�Q�W�p�V�L���V�]�L�P�X�O�i�F�L�y�N�N�D�O���Y�L�]�V�J�i�O�W�i�N���D���J�\�i�U�W�K�D�W�y�V�i�J�R�W��  

�1�D�S�M�D�L�Q�N�E�D�Q���D���P�&�D�Q�\�D�J�R�N���I�H�O�K�D�V�]�Q�i�O�i�V�D���U�H�Q�G�N�t�Y�•�O�L���•�W�H�P�E�H�Q���Q�|�Y�H�N�V�]�L�N; k�H�G�Y�H�]�����W�X�O�D�M�G�R�Q�V�i�J�D�L�E�y�O 
�D�G�y�G�y�D�Q���D���N�•�O�|�Q�E�|�]�����L�S�D�U�i�J�D�N���V�]�p�O�H�V���N�|�U�E�H�Q���D�O�N�D�O�P�D�]�]�i�N azokat�����9�L�O�i�J�V�]�H�U�W�H���p�Y�H�Q�N�p�Q�W���i�W�O�D�J�R�V�D�Q����������
�P�L�O�O�L�y tonna �P�&�D�Q�\�D�J�R�W�� �W�H�U�P�H�O�Q�H�N���� �(�Q�Q�H�N�� ������-�i�E�y�O�� �H�O�G�R�E�K�D�W�y�� �W�H�U�P�p�N�H�N�� �N�p�V�]�•�O�Q�H�N���� �D�P�H�O�\�H�N��
�U�H�Q�G�N�t�Y�•�O�� �Q�D�J�\ �O�H�E�R�P�O�i�V�L�� �L�G���Y�H�O�� �U�H�Q�G�H�O�N�H�]�Q�H�N���� �t�J�\�� �D�� �Y�L�O�i�J�� �K�X�O�O�D�G�p�N�W�H�U�K�H�O�p�V�p�Q�H�N�� �Q�D�J�\�� �U�p�V�]�p�W�� �D��
�P�&�D�Q�\�D�J�R�N�E�y�O�� �N�p�V�]�•�O�W �W�H�U�P�p�N�H�N�� �D�G�M�i�N [5]���� �$�� �S�U�R�E�O�p�P�D�� �H�J�\�L�N�� �O�H�K�H�W�V�p�J�H�V�� �P�H�J�R�O�G�i�V�D�� �O�H�K�H�W�� �R�O�\�D�Q��
�P�&�D�Q�\�D�J�R�N�� �K�D�V�]�Q�i�O�D�W�D�� �D�P�H�O�\�H�N�� �E�L�R�W�L�N�X�V�� �N�|�U�Q�\�H�]�H�W�E�H�� �K�H�O�\�H�]�Y�H���� �Y�D�J�\�� �N�R�P�S�R�V�]�W�i�O�Y�D�� �D�� �N�|�U�Q�\�H�]�H�W�U�H��
�i�U�W�D�O�P�D�W�O�D�Q���� �W�H�U�P�p�V�]�H�W�H�V anyagokra bomlanak. A Moldex���'�� �S�U�R�J�U�D�P�� �K�D�V�]�Q�i�O�D�W�i�Y�D�O�� �P�H�J�i�O�O�D�S�t�W�R�W�W�i�N, 
hogy �L�O�\�H�Q���D�Q�\�D�J�R�N�E�y�O���N�p�V�]�•�O�� �W�H�U�P�p�N�H�N���I�U�|�F�F�V�|�Q�W�p�V���V�H�J�t�W�V�p�J�p�Y�H�O���H�O���i�O�O�t�W�K�D�W�y�N [6]. 

�$�� �0�R�O�G�H�[���'�� �D�� �O�H�J�M�R�E�E�� �P�L�Q���V�p�J�&�� �V�]�L�P�X�O�i�F�L�y�V�� �W�H�F�K�Q�R�O�y�J�L�i�M�i�Y�D�O�� �V�H�J�t�W�� �D�� �I�U�|�F�F�V�|�Q�W�p�V�L�� �I�R�O�\�D�P�D�W�R�N��
�V�]�L�P�X�O�i�O�i�V�i�E�D�Q�� �W�|�E�E�� �H�J�\�H�G�L�� �D�O�N�D�O�P�D�]�i�V�L�� �W�H�U�•�O�H�W�H�Q�� �L�V�� ���J�i�]�U�i�V�H�J�t�W�p�V�H�V�� �I�U�|�F�F�V�|�Q�W�p�V���� �I�y�O�L�i�U�D�� �I�U�|�F�F�V�|�Q�W�p�V����
�I�U�|�F�F�V�K�D�E�R�V�t�W�i�V�� [7]�����0�L�Q�G�H�]�H�N���P�H�O�O�H�W�W���R�S�W�L�P�D�O�L�]�i�O�M�D���D���W�H�U�P�p�N�W�H�U�Y�H�]�p�V�W���p�V��a �J�\�i�U�W�K�D�W�y�V�i�J�R�W�� 

�$�� �S�L�D�F�Y�H�]�H�W���� �I�U�|�F�F�V�|�Q�W���� �V�]�L�P�X�O�i�F�L�y�V�� �V�]�R�I�W�Y�H�U�� �D�� �W�H�U�P�p�N�W�H�U�Y�H�]���N���� �D�� �I�R�U�P�D�W�H�U�Y�H�]���N���� �D��
�I�U�|�F�F�V�|�Q�W���V�]�H�U�V�]�i�P�R�N�� �J�\�i�U�W�y�L�� �V�]�i�P�i�U�D�� �O�H�K�H�W���Y�p�� �W�H�V�]�L�� �D�� �P�X�Q�N�i�M�X�N�� �N�L�P�H�Q�H�W�H�O�p�Q�H�N�� �H�O���U�H�M�H�O�]�p�V�p�W�� 
�9�L�O�i�J�V�]�H�U�W�H�� �W�|�E�E�� �H�]�U�H�Q�� �D�O�N�D�O�P�D�]�]�i�N�� �D�� �0�R�O�G�H�[�� ���'�� �S�U�R�J�U�D�P�R�W�� �W�H�U�P�p�N�I�H�M�O�H�V�]�W�p�V�L�� �N�|�O�W�V�p�J�H�N��
�F�V�|�N�N�H�Q�W�p�V�p�U�H���� �D�� �W�H�U�P�p�N�P�L�Q���V�p�J�H�N�� �M�D�Y�t�W�i�V�i�U�D���� �D�� �W�H�U�P�H�O�p�N�H�Q�\�V�p�J�� �Q�|�Y�H�O�p�V�p�U�H���� �Y�D�O�D�P�L�Q�W�� �D�� �S�L�D�F�U�D�� �M�X�W�i�V�L��
�L�G�����O�H�U�|�Y�L�G�t�W�p�V�p�U�H [8]. 

�$�� �I�H�O�K�D�V�]�Q�i�O�y�N�� �H�O�H�P�]�p�V�V�H�O �E���Y�t�W�L�N�� �D�� �O�H�J�~�M�D�E�E�� �P�&�D�Q�\�D�J�� �I�R�O�\�D�P�D�W�R�N�� �N�Q�R�Z-how-�M�i�W���� �K�R�J�\�� �Y�p�J�•�O��
�Y�H�U�V�H�Q�\�N�p�S�H�V�V�p�J�•�N�H�W�� �H�U���V�t�W�V�p�N [9]. A programhoz �V�]�i�P�R�V�� �H�V�H�W�W�D�Q�X�O�P�i�Q�\�W�� �W�D�O�i�O�K�D�W�X�Q�N�� �P�p�J�� �D 
�V�]�D�N�L�U�R�G�D�O�P�D�N���I�H�O�G�R�O�J�R�]�i�V�D���V�R�U�i�Q��[10].  
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A �V�]�R�I�W�Y�H�U���H�J�\���P�H�J�E�t�]�K�D�W�y���D�Q�D�O�t�]�L�V���H�V�]�N�|�]�����P�L�Y�H�O���D�]���H�U�H�G�P�p�Q�\�H�N���P�H�J�E�t�]�K�D�W�y���H�O���U�H�M�H�O�]�p�V�W���D�G�Q�D�N�����$��
�Q�D�J�\�R�Q�� �S�R�Q�W�R�V�� �Y�L�]�V�J�i�O�D�W�� �D�� ���'-�V�� �K�i�O�y�]�i�V�E�D�Q�� �U�H�M�O�L�N���� �$�� �V�]�R�I�W�Y�H�U�� �D�X�W�R�P�D�W�L�N�X�V�D�Q�� �K�i�O�y�]�]�D�� �D�� �J�H�R�P�H�W�U�L�i�W����
�L�O�O�H�W�Y�H���D���N�U�L�W�L�N�X�V���K�H�O�\�H�N�H�Q���D�X�W�R�P�D�W�L�N�X�V�D�Q���I�L�Q�R�P�t�W�M�D���D���K�i�O�y�W�� Enne�N���D���N�L�K�D�W�i�V�D�L�� teljes keresztmetszetet 
�O�H�t�U�y�� �D�Q�D�O�t�]�L�V���� ���'�� �N�L�W�|�O�W�p�V���� ���'�� �K�&�W�p�V���� ���'�� �Q�\�R�P�i�V�Y�L�V�]�R�Q�\�R�N���� ���'�� �Q�\�t�U�i�V���� ���'�� �V�]�i�O�R�U�L�H�Q�W�i�F�L�y [11], 3D 
�Y�H�W�H�P�H�G�p�V���V�W�E��  

�+�D�W�p�N�R�Q�\�� �D�Q�D�O�t�]�L�V�� �H�V�]�N�|�]���� �P�L�Y�H�O�� �D�]�� �H�U�H�G�P�p�Q�\�H�N�� �K�D�W�p�N�R�Q�\�D�Q�� �V�H�J�t�W�H�Q�H�N�� �D�� �G�|�Q�W�p�V�H�N�E�H�Q���� �0�p�U�p�V�L��
pontot �K�H�O�\�H�]�K�H�W�•�Q�N �D�� �J�H�R�P�H�W�U�L�i�U�D��(�H�J�\�� �Y�D�J�\�� �W�|�E�E�� �P�p�U�p�V�L�� �S�R�Q�Wban), a �V�]�D�E�D�G�R�Q�� �Y�i�O�D�V�]�W�Rtt 
�F�V�R�P�y�S�R�Q�W�E�D�Q���� �$�]�� �H�U�H�G�P�p�Q�\�H�N �W�i�E�O�i�]�D�W�E�D�Q�� �Y�D�J�\�� �J�U�D�I�L�N�R�Q�R�Q���N�H�U�•�O�Q�H�N�� �i�E�U�i�]�R�O�i�V�U�D���� �$�]���H�U�H�G�P�p�Q�\�H�N 
�V�]�t�Q�V�N�i�O�D�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �L�V�� �p�U�W�H�O�P�H�]�K�H�W���N �W�H�O�M�H�V�� �P�p�U�p�V�L�� �W�H�U�M�H�G�H�O�H�P�E�H�Q�� �Y�D�J�\�� �D�G�R�W�W�� �p�U�W�p�N�K�D�W�i�U�R�N�� �N�|�]�|�W�W�L��
�Y�L�]�V�J�i�O�D�W�W�D�O���� �L�O�O�H�W�Y�H�� �V�]�L�P�X�O�i�F�L�y�Y�D�O���� �$�G�R�W�W�� �S�L�O�O�D�Q�D�W�R�N�E�D�Q�� �L�V�� �N�L�Q�\�H�U�K�H�W���N�� �D�G�D�W�R�N. A modellek 
impo�U�W�i�O�i�V�D�N�R�U�� �Q�H�P�� �F�V�D�N�� �D�� �J�H�R�P�H�W�U�L�D�� �D�G�K�D�W�y meg, hanem �R�O�\�D�Q�� �D�O�N�D�W�U�p�V�]�H�N is, amelyekre az 
alka�W�U�p�V�]�•�Q�N �U�i�I�U�|�F�F�V�|�Q�W�p�V�H���D���F�p�O [12]. 

A �N�|�]�O�H�P�p�Q�\�E�H�Q �± �D�� �O�H�K�H�W���V�p�J�H�N�� �V�]�H�P�O�p�O�W�H�W�p�V�p�Q�H�N�� �V�]�i�Q�G�p�N�i�Y�D�O���± �H�J�\�� �P�&�D�Q�\�D�J�� �J�O�H�W�W�H�O�� �V�]�H�U�V�]�i�P��
�Y�L�]�V�J�i�O�D�W�i�U�D�� �N�H�U�•�O�� �V�R�U; a darab alapanyaga ABS. A Moldex3D-be�Q�� �Y�D�O�y�� �D�O�N�D�O�P�D�]�i�V�� �H�O���W�W��a darab 
�P�H�J�W�H�U�Y�H�]�p�V�H�� �V�]�•�N�V�p�J�H�V���� �D�Pely a PTC Creo Parametric programban �N�H�U�•�O�W�� �P�H�J�Y�D�O�y�V�t�W�i�V�U�D [13]. A 
�N�p�V�]���G�D�U�D�E�R�W���Dz 1. �i�E�U�D���V�]�H�P�O�p�O�W�H�W�L. 

 
 

1�����i�E�U�D�� �$���Y�L�]�V�J�i�O�W���G�D�U�D�E��3D-s modellje. 

2. Moldex ���'���E�H�P�X�W�D�W�i�V�D, a �G�D�U�D�E���V�]�L�P�X�O�i�F�L�y�M�D���0�R�O�G�H�[���'-ben 

�(�O�V���� �O�p�S�p�V�N�p�Q�W�� �O�p�W�U�H�� �N�H�O�O�� �K�R�]�Q�L�� �H�J�\�� �~�M�� �S�U�R�M�H�N�W�H�W�� �D�� �S�U�R�J�U�D�P�E�D�Q. A programban az egyik legfontosabb 
�O�p�S�p�V���D�]�����K�R�J�\���N�L�Y�i�O�D�V�]�W�i�V�U�D���N�H�U�•�O�M�|�Q, hogy pontosan melyik �W�H�F�K�Q�R�O�y�J�La �V�]�L�P�X�O�i�O�i�V�D���V�]�•�N�V�p�J�H�V. Ilyen 
�S�p�O�G�i�X�O���� �H�J�\�V�]�H�U�&�� �I�U�|�F�F�V�|�Q�W�p�V���� �K�D�E�R�V�R�G�y�� �I�U�|�F�F�V�|�Q�W�p�V���� �J�i�]-�Y�t�]�� �U�i�V�H�J�t�W�p�V�H�V���� �Y�D�J�\�� �W�|�E�E�� �N�R�P�S�R�Q�H�Q�V�&��
�I�U�|�F�F�V�|�Q�W�p�V�� �-�H�O�H�Q���H�V�H�W�E�H�Q���H�J�\���H�J�\�V�]�H�U�&���I�U�|�F�F�V�|�Q�W�p�V�H�V���I�R�O�\�D�P�D�W���V�]�L�P�X�O�i�O�i�V�i�U�D���N�H�U�•�O���V�R�U�� 

2.1. �$�]���D�O�N�D�W�U�p�V�]���E�H�L�P�S�R�U�W�i�O�i�V�i�Q�D�N���I�R�O�\�D�P�D�W�D 

�$���N�|�Y�H�W�N�H�]�����G�R�O�R�J�����D�]���D���J�H�R�P�H�W�U�L�D���E�H�L�P�S�R�U�W�i�O�i�V�D�����D�P�L�W���K�i�U�R�P�I�p�O�H�N�p�S�S�H�Q���L�V���P�H�J���O�H�K�H�W���W�H�Q�Q�L�� 
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�‡ Import geometry �± ezalat�W�� �D�]�W�� �p�U�W�M�•�N�����K�R�J�\�� �E�H�L�P�S�R�U�W�i�O�i�V�U�D�� �N�H�U�•�O�� �D�� �J�H�R�P�H�W�U�L�D valamilyen CAD 
�I�R�U�P�i�W�X�P�E�D�Q�� 

�‡ Import geometry (Auto Heal) �± �$�� �E�H�L�P�S�R�U�W�i�O�W�� �J�H�R�P�H�W�U�L�i�W�� �D�� �S�U�R�J�U�D�P�� �E�H�N�•�O�G�L�� �H�J�\�� �0�R�O�G�H�[���'��
�J�H�R�P�H�W�U�L�D���M�D�Y�t�W�y���V�]�R�I�W�Y�H�Ue�Q�����D�P�L���H�J�\���D�O�J�R�U�L�W�P�X�V���V�H�J�t�W�V�p�J�p�Y�H�O���H�O�W�i�Y�R�O�t�W�M�D���U�y�O�D���D���K�L�E�i�N�D�W�� 

�‡ Import Mesh �± �+�D���Y�D�Q���H�J�\���N�p�V�]���S�U�R�M�H�N�W�����p�V���Y�D�Q���H�J�\���N�p�V�]���K�i�O�y�����D�N�N�R�U���F�V�D�N���E�H���N�H�O�O���K�t�Y�Q�L���p�V���P�H�J��
�O�H�K�H�W���Y�i�O�W�R�]�W�D�W�Q�L���D���I�U�|�F�F�V�|�Q�W�p�V���S�D�U�D�P�p�W�H�U�H�L�W�����G�H���L�W�W���X�W�y�O�D�J���Q�H�P���O�H�K�H�W���P�y�G�R�V�t�W�D�Q�L���D���K�i�O�y�]�i�V�W�� 

2.2. �$�]���D�O�N�D�W�U�p�V�]���K�L�E�i�L�Q�D�N���H�O�O�H�Q���U�]�p�V�H 

A beimport�i�O�i�V�� �X�W�i�Q�� �P�H�J�M�H�O�H�Q�L�N�� �D�� �P�R�G�H�O�O �D�� �S�U�R�J�U�D�P�E�D�Q���� �D�P�L�W�� �U�|�J�W�|�Q�� �H�J�\�� �&�K�H�F�N�� �*�H�R�P�H�W�U�\-vel kell 
kezdeni, �D�P�L���H�O�O�H�Q���U�L�]�Q�L���I�R�J�M�D�����K�R�J�\���Y�D�Q-e benne valamilyen hiba. �$�]���H�O�O�H�Q���U�]�p�V���X�W�i�Q���E�H���N�H�O�O���i�O�O�t�W�D�Q�L���D��
geo�P�H�W�U�L�D�� �D�W�W�U�L�E�~�W�X�P�i�W���� �P�L�Y�H�O�� �D�� �V�]�R�I�W�Y�H�U�� �Q�H�P�� �W�X�G�M�D���� �K�R�J�\�� �D�� �E�H�L�P�S�R�U�W�i�O�W�� �J�H�R�P�H�W�U�L�i�W�� �P�L�N�p�Q�W�� �N�H�]�H�O�M�H��
���S�D�U�W���� �S�D�U�W�� �L�Q�V�H�U�W���� �V�]�H�U�V�]�i�P�� �L�Q�V�H�U�W������ �H�]�p�U�W�� �H�]�W�� �E�H�� �N�H�O�O�� �i�O�O�t�W�D�Q�L���� �$�� �V�D�M�i�W�� �G�D�U�D�E�Q�i�O�� �D�� �S�D�U�W�� �D�W�W�U�L�E�~�W�X�P��
�P�H�J�D�G�i�V�U�D���N�H�U�•�O�W�����H�]�]�H�O���M�H�O�H�]�Y�H�����K�R�J�\���H�]���H�J�\���W�H�U�P�p�N�����D�P�L�Q�H�N���D �I�U�|�F�F�V�|�Q�W�p�V�H���V�]�•�N�V�p�J�H�V�� 

2.3. �$���P�H�J�O�|�Y�p�V�L���S�R�Q�W 

Most, hogy a darab part-�N�p�Q�W���Y�D�Q���M�H�O�H�Q���P�i�U���O�p�W�U�H���O�H�K�H�W���K�R�]�Q�L���J�i�W�D�N�D�W�����$���J�i�W���D�]���D�]���H�O�R�V�]�W�y���F�V�D�W�R�U�Q�D���p�V���D��
�W�H�U�Y�H�]�H�W�W���P�X�Q�N�D�G�D�U�D�E���W�D�O�i�O�N�R�]�i�V�L���S�R�Q�W�M�D�����D�P�H�O�\�H�Q���i�W���O�p�S���E�H���D�]���D�Q�\�D�J���D�]���•�U�H�J�E�H�����$���V�]�&�N���N�H�U�H�V�]�W�P�H�W�V�]�H�W��
�D�]�W�� �D�� �F�p�O�W�� �V�]�R�O�J�i�O�M�D���� �K�R�J�\�� �N�|�Q�Q�\�H�Q���� �J�\�R�U�V�D�Q���� �Q�\�R�P�W�D�O�D�Q�X�O�� �H�O���O�H�K�H�V�V�H�Q�� �W�i�Y�R�O�t�W�D�Q�L�� �D�� �P�D�U�D�G�p�N�R�W���� �$�� �V�]�&�N��
�N�H�U�H�V�]�W�P�H�W�V�]�H�W�� �K�D�W�i�V�i�U�D�� �D�]�� �D�Q�\�D�J�� �I�H�O�J�\�R�U�V�X�O���� �D�� �V�~�U�O�y�G�i�V�� �P�L�D�W�W�� �S�H�G�L�J�� �L�V�P�p�W�� �I�H�O�P�H�O�H�J�V�]�L�N�� �p�V��
�I�R�O�\�p�N�R�Q�\�D�E�E�i�� �Y�i�O�L�N���� �$�� �J�i�W�� �D�O�D�N�M�D�� �p�V�� �H�O�K�H�O�\�H�]�p�V�H�� �V�]�H�U�L�Q�W�� �P�H�J�N�•�O�|�Q�E�|�]�W�H�W�K�H�W�� �I�L�O�P�V�]�H�U�&�� �E�H�|�P�O�p�V�W����
�L�O�O�H�W�Y�H�� �J�i�W�D�W���� �V�]�D�O�D�J�J�i�W�D�W���� �W�&�K�H�J�\-�J�i�W�D�W�� �p�V�� �D�O�D�J�~�W�� �J�i�W�D�W�� �$�]�� �p�O�J�i�W�D�W�� �D�]�� �D�O�N�D�W�U�p�V�]�� �H�J�\�� �S�R�Q�W�M�i�U�D�� �O�H�K�H�W��
�O�H�U�D�N�Q�L�����D�P�L�Q�H�N���D���E�H�i�O�O�t�W�i�V�i�W���V�]�L�Q�W�p�Q���D�]���D�W�W�U�L�E�~�W�X�P�R�N���P�y�G�R�V�t�W�i�V�i�Y�D�O���O�H�K�H�W�V�p�J�H�V���Y�p�J�U�H�K�D�M�W�D�Q�L�����$���S�U�R�J�U�D�P��
�K�D�V�]�Q�i�O�D�W�D�� �H�E�E���O�� �D�� �V�]�H�P�S�R�Q�W�E�y�O���Q�D�J�\�R�Q�� �I�H�O�K�D�V�]�Q�i�O�y�� �E�D�U�i�W���� �P�L�Y�H�O�� �S�R�Q�W�R�V�D�Q�� �P�X�W�D�W�M�D���� �K�R�J�\�� �P�L�Y�H�O�� �P�L�W��
�O�H�K�H�W�� �P�y�G�R�V�t�W�D�Q�L���� �,�W�W�� �Y�D�Q�� �O�H�K�H�W���V�p�J�� �P�y�G�R�V�t�W�D�Q�L�� �D�� �J�i�W�Q�D�N�� �D�� �P�p�U�H�W�H�L�W���� �L�O�O�H�W�Y�H�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W���� �S�p�O�G�i�X�O����
�K�L�G�H�J�F�V�D�W�R�U�Q�i�V�U�D���i�O�O�t�W�D�Q�L���P�H�O�H�J�F�V�D�W�R�U�Q�i�V�U�y�O [14]. 

2.4. �$���K�L�G�H�J�F�V�D�W�R�U�Q�D���O�p�W�U�H�K�R�]�i�V�D 

�+�D�� �H�O�N�p�V�]�•�O�W�� �D�� �J�i�W���� �D�N�N�R�U�� �O�p�W�U�H�� �O�H�K�H�W�� �K�R�]�Q�L�� �D�]�� �|�P�O�H�G�p�N�� �F�V�D�W�R�U�Q�i�W�� �D�� �Y�D�U�i�]�V�O�y�� �V�H�J�t�W�V�p�J�p�Y�H�O�� Ezen a 
�F�V�D�W�R�U�Q�i�Q���i�U�D�P�O�L�N���i�W���Q�D�J�\���V�H�E�H�V�V�p�J�J�H�O���D���S�R�O�L�P�H�U���|�P�O�H�G�p�N���D���I�U�|�F�F�V�|�Q�W�� �J�p�S���I�~�Y�y�N�i�M�i�E�y�O���D���V�]�H�U�V�]�i�P�E�D����
�$�� �F�V�D�W�R�U�Q�D�� �D�� �V�]�H�U�V�]�i�P�� �I�H�O�p�� �E���Y�•�O������ �N�~�S�R�V�� �D�O�D�N�~���� �K�R�J�\�� �D�� �E�H�O�H�G�H�U�P�H�G���� �S�R�O�L�P�H�U�D�Q�\�D�J�� �D���V�]�H�U�V�]�i�P��
�Q�\�L�W�i�V�D�N�R�U�� �D�� �W�H�U�P�p�N�N�H�O�� �H�J�\�•�W�W�� �H�O�W�i�Y�R�O�t�W�K�D�W�y�� �O�H�J�\�H�Q�� �$�]�� �H�O�R�V�]�W�y�� �F�V�D�W�R�U�Q�i�N�U�D�� �W�|�E�E�� �I�p�V�]�N�H�V�� �V�]�H�U�V�]�i�P�R�N��
�H�V�H�W�p�Q�� �Y�D�Q�� �V�]�•�N�V�p�J���� �G�H�� �D�]�� �L�V���H�O���I�R�U�G�X�O�K�D�W���� �K�R�J�\�� �H�J�\�� �E�R�Q�\�R�O�X�O�W�� �D�O�N�D�W�U�p�V�]�K�H�]�� �W�|�E�E�� �F�V�D�W�R�U�Q�i�Q�� �Y�H�]�H�W�K�H�W�� 
oda az anyag. 

�$�� �0�R�O�G�H�[�E�H�Q�� �H�Q�Q�H�N�� �D�� �O�p�W�U�H�K�R�]�i�V�D�� �D�� �5�X�Q�Q�H�U���Y�D�U�i�]�V�O�y�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �O�H�K�H�W�V�p�J�H�V���� �,�W�W�� �O�H�K�H�W���V�p�J�� �Y�D�Q��
�N�L�Y�i�O�D�V�]�W�D�Q�L�� �H�J�\�� �Y�D�J�\�� �N�p�W�� �O�D�S�R�V�� �V�]�H�U�V�]�i�P�� �K�D�V�]�Q�i�O�D�W�i�W�� �.�|�Y�H�W�N�H�]���� �O�p�S�p�V�E�H�Q�� �D�� �F�V�R�Q�N�Q�D�N�� �D�� �P�p�U�H�W�H�L��
�i�O�O�t�W�K�D�W�y�N�� �E�H. �(�]�H�N�� �X�W�i�Q�� �O�H�K�H�W���V�p�J �Y�D�Q�� �E�H�i�O�O�t�W�D�Q�L���� �K�R�J�\�� �O�H�J�\�H�Q-�H�� �K�L�G�H�J�G�X�J�y�� �F�V�D�S�G�D�� ha igen, akkor 
�E�H�i�O�O�t�W�K�D�W�y�N �D�Q�Q�D�N���P�p�U�H�W�H�L�����$���K�L�G�H�J�G�X�J�y���F�V�D�S�G�D���D�U�U�D���Y�D�O�y�����K�R�J�\�K�D���H�V�H�W�O�H�J���P�D�U�D�G�W���P�H�J���Q�H�P���|�P�O�Hsztett 
�V�]�H�P�F�V�H�����D�N�N�R�U���D�]���L�G�H���F�V�D�S�y�G�M�R�Q���E�H���p�V���Q�H���M�X�V�V�R�Q���E�H���D���W�H�U�P�p�N�E�H�����P�L�Y�H�O���D�]���D���O�p�Q�\�H�J�����K�R�J�\���D���W�H�U�P�p�N�E�H�Q��
�Q�H�� �O�H�J�\�H�Q�� �K�L�E�D���� �$�]�� �|�P�O�H�G�p�N�� �F�V�D�W�R�U�Q�D�� �W�t�S�X�V�i�W�� �p�V�� �P�p�U�H�W�H�L�W�� �D�� �N�|�Y�H�W�N�H�]���� �O�p�S�p�V�E�H�Q�� �Y�D�Q�� �O�H�K�H�W���V�p�J��
�N�L�Y�i�O�D�V�]�W�D�Q�L���p�V���E�H�i�O�O�t�W�D�Q�L�� 

�$�]���|�P�O�H�G�p�N���F�V�D�W�R�U�Q�D���D���P�H�J�O�|�Y�p�V�L���S�R�Q�W�W�D�O��a 2. �i�E�U�i�Q���O�i�W�K�D�W�y [14]. 
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2�����i�E�U�D�� �g�P�O�H�G�p�N���F�V�D�W�R�U�Q�D���D���P�H�J�O�|�Y�p�V�L���S�R�Q�W�W�D�O. 

2.5. �0�R�O�G�E�D�V�H���O�p�W�U�H�K�R�]�i�V�D 

�0�L�X�W�i�Q���E�H�i�O�O�t�W�i�V�U�D���N�H�U�•�O�W���D���P�H�J�O�|�Y�p�V�L���S�R�Q�W���p�V���D�]���|�P�O�H�G�p�N���F�V�D�W�R�U�Q�D�����D���N�|�Y�H�W�N�H�]�����D���0�R�O�G�E�D�V�H���E�H�i�O�O�t�W�i�V�D��
�O�H�V�]�����(�]�W���D���0�R�O�G�E�D�V�H���Q�H�Y�&���Y�D�U�i�]�V�O�y�Y�D�O���O�H�K�H�W���P�H�J�Y�D�O�y�V�t�W�D�Q�L�������$���V�]�H�U�V�]�i�P�Q�D�N���D�]���/���p�V���:���p�U�W�p�N�H�L�W�����W�H�K�i�W���D��
�V�]�p�O�H�V�V�p�J�H�W���p�V���D���Y�D�V�W�D�J�V�i�J�i�W���O�H�K�H�W���P�y�G�R�V�t�W�D�Q�L�����L�W�W���P�L�Q�G�N�p�W���R�O�G�D�O�R�Q�����������P�P �N�H�U�•�O�W���E�H�i�O�O�t�W�i�V�U�D, hogy az 
�D�O�N�D�W�U�p�V�]���E�H�O�H�I�p�U�M�H�Q���� �$�� �V�]�H�U�V�]�i�P�Q�D�N�� �D�� �P�D�J�D�V�V�i�J�i�W�� �L�V�� �Y�D�Q�� �O�H�K�H�W���V�p�J�� �E�H�i�O�O�t�W�D�Q�L�� �F�R�U�H�� �p�V�� �F�D�Yity oldalon 
�H�J�\�D�U�i�Q�W�����$���P�R�G�H�O�O �P�p�U�H�W�H�L�W �L�W�W���L�V���I�L�J�\�H�O�H�P�E�H���Y�p�Y�H�����������P�P���E�H�i�O�O�t�W�i�V�i�U�D���N�H�U�•�O�W���V�R�U�����(�]�]�H�O���H�O���L�V���N�p�V�]�•�O�W���D��
Moldbase, ami a 3. �i�E�U�i�Q���O�i�W�K�D�W�y�� 
 

 

3�����i�E�U�D�� Moldbase. 



�.�R�Y�i�F�V�����3����Z. �$�O�N�D�W�U�p�V�]�H�N���Y�L�]�V�J�i�O�D�Wa Moldex3D-ben 

42 

2.6. �$���K�&�W���N�|�U���O�p�W�U�H�K�R�]�i�V�D 

�$�� �N�|�Y�H�W�N�H�]���� �O�p�S�p�V�� �D�� �K�&�W���N�|�U��(4. �i�E�U�D�����E�H�i�O�O�t�W�i�V�D�� �O�H�V�]���� �D�P�L�� �D�� �&�R�R�O�L�Q�J�� �&�K�D�Q�Q�H�O�� �Y�D�U�i�]�V�O�y�Y�D�O�� �V�]�L�Q�W�p�Q��
�O�p�W�U�H�K�R�]�K�D�W�y���� �$�� �V�]�H�U�V�]�i�P�� �I���W�|�P�H�J�p�W���K�&�W�H�Q�L�� �N�H�O�O���� �$�� �������±�������� �ƒ�&�� �K���P�p�U�V�p�N�O�H�W�&�� �S�R�O�L�P�H�U�|�P�O�H�G�p�N��
�O�H�K�&�W�p�V�p�K�H�]�� �D�� �V�]�H�U�V�]�i�P�E�D�Q�� �P�D�� �P�i�U�� �Q�H�P���P�H�J�I�H�O�H�O�� �D�]�� �H�J�\�V�]�H�U�&�� �F�V�D�S�Y�t�]-�K�&�W�p�V. A megolvadt polimert 
�D�G�G�L�J�� �N�H�O�O�� �K�&�W�H�Q�L���� �D�P�t�J�� �V�]�L�O�i�U�G�� �Q�H�P�� �O�H�V�]�����p�V ki tudjuk venni az �|�Q�W���I�R�U�P�i�E�y�O���� �$�� �K�&�W�p�V�� �D�� �I�U�|�F�F�V�|�Q�W�p�V�L��
�F�L�N�O�X�V�� �N�U�L�W�L�N�X�V�� �U�p�V�]�H���� �P�L�Y�H�O�� �M�H�O�H�Q�W���V�� �K�D�W�i�V�V�D�O�� �Y�D�Q�� �D�]�� �D�O�N�D�W�U�p�V�]�� �P�L�Q���V�p�J�p�U�H���� �L�O�O�H�W�Y�H�� �D�]�� �|�Q�W���I�R�U�P�D��
�W�H�U�P�H�O�p�N�H�Q�\�V�p�J�p�U�H���� �5�H�Q�J�H�W�H�J�� �K�L�E�i�W, �S�p�O�G�i�X�O�� �D�� �P�D�U�D�G�p�N�� �I�H�V�]�•�O�W�V�p�J�H�N�H�W���� �D�� �G�H�I�R�U�P�i�F�L�y�W���� �L�O�O�H�W�Y�H�� �D��
�]�V�X�J�R�U�R�G�i�V�W���D�]���H�J�\�H�Q�H�W�O�H�Q���K�&�W�p�V���R�N�R�]�]�D�� 

�(�]�H�N�� �D�� �K�L�E�i�N�� �P�Lnd �E�H�I�R�O�\�i�V�R�O�M�i�N�� �D�]�� �D�O�N�D�W�U�p�V�] �P�L�Q���V�p�J�p�W�� �P�L�Q�G�� �D�� �P�H�J�M�H�O�H�Q�p�V���� �P�L�Q�G�� �S�H�G�L�J�� �D��
�S�R�Q�W�R�V�V�i�J���V�]�H�P�S�R�Q�W�M�i�E�y�O�����$���K�&�W�p�V���D���W�H�O�M�H�V���E�H�I�H�F�V�N�H�Q�G�H�]�p�V�L���F�L�N�O�X�V���W�|�E�E, �P�L�Q�W���N�p�W�K�D�U�P�D�G�i�Q�i�O���W�D�U�W�K�D�W�����p�V��
�D�� �K�D�W�p�N�R�Q�\�� �K�&�W���F�V�D�W�R�U�Q�D�� �N�L�D�O�D�N�t�W�i�V�D�� �F�V�|�N�N�H�Q�W�K�H�W�L�� �D�� �K�&�W�p�V�L�� �L�G���W�� �p�V�� �M�D�Y�t�W�K�D�W�M�D�� �D�� �E�H�I�H�F�V�N�H�Q�G�H�]�p�V��
�K�D�W�p�N�R�Q�\�V�i�J�i�W���� 

A Moldex �V�]�R�I�W�Y�H�U�� �P�L�X�W�i�Q�� �O�p�W�U�H�K�R�]�W�D�� �D�� �K�&�W���� �F�V�D�W�R�U�Q�i�W���� �D�]�X�W�i�Q�� �E�H�� �O�H�K�H�W�� �i�O�O�t�W�D�Q�L���� �K�R�J�\�� �K�i�Q�\�� �G�D�U�D�E��
�O�H�J�\�H�Q���� �P�H�N�N�R�U�D�� �O�H�J�\�H�Q�� �D�]�� �i�W�P�p�U���M�H���� �P�L�O�\�H�Q�� �W�i�Y�R�O�V�i�J�� �O�H�J�\�H�Q�� �D�� �N�p�W�� �F�V�D�W�R�U�Q�D�� �N�|�]�|�W�W���� �L�O�O�H�W�Y�H�� �D�� �F�V����
�N�|�]�p�S�Y�R�Q�D�O�D�� �p�V�� �D���W�H�U�P�p�N�� �V�]�p�O�H�� �N�|�]�|�W�W���� �$�� �N�|�Y�H�W�N�H�]���� �O�p�S�p�V�E�H�Q�� �O�H�K�H�W���V�p�J�� �Y�D�Q �|�V�V�]�H�N�|�W�Q�L�� �D�� �F�V�D�W�R�U�Q�i�N�D�W����
�D�P�L�� �D�]�p�U�W�� �L�V�� �H�O���Q�\�|�V���� �K�R�J�\�� �Q�H�� �O�H�J�\�H�Q�� �D�Q�Q�\�L�� �N�|�U���� �0�L�X�W�i�Q�� �D�� �P�p�U�H�W�H�N�� �E�H�i�O�O�t�W�i�V�U�D�� �N�H�U�•�O�W�H�N�� �D�� �V�]�R�I�W�Y�H�U��
�D�X�W�R�P�D�W�L�N�X�V�D�Q�� �U�i�W�H�W�W�H�� �D�]�� �L�Q�O�H�W�H�N�H�W�� �p�V�� �D�]�� �R�X�W�O�H�W�H�N�H�W���� �(�]�X�W�i�Q�� �H�O�O�H�Q���U�L�]�Q�L�� �N�H�O�O�� �D�� �&�K�H�F�N�� �&�R�R�O�L�Q�J�� �6�\�V�W�H�P-
mel, hogy minden rendben van-e, �P�H�J�I�H�O�H�O���H�Q���P�&�N�|�G�L�N-�H���D���K�&�W���N�|�U [14], [15]�����D�P�L���D���������i�E�U�i�Q���O�i�W�K�D�W�y�� 

 
 

4�����i�E�U�D�� �$���K�&�W���N�|�U�� 

2.7. �$���K�i�O�y�]�i�V 

�$���N�|�Y�H�W�N�H�]�����O�p�S�p�V���D���K�i�O�y�]�i�V���O�H�V�]�����$���P�R�G�H�O�O�W���N�L�V���H�O�H�P�H�N�U�H���N�H�O�O���I�H�O�R�V�]�W�D�Q�L�����D�P�L�W���K�i�O�y�]�i�V�Q�D�N���Q�H�Y�H�]�•�Q�N����
�H�]�� �D�� �K�i�O�y�]�i�V�� �t�U�M�D�� �O�H�� �D�� �W�i�U�J�\�� �I�H�O�•�O�H�W�p�W���� �(�]�� �D�� �S�U�R�J�U�D�P�E�D�Q�� �D�� �0�H�V�K�� �I�•�O�� �D�O�D�W�W�� �Y�D�O�y�V�t�W�K�D�W�y�� �P�H�J���� �$�� �V�]�R�I�W�Y�H�U��
�N�p�W�I�p�O�H���K�i�O�y�]�i�V�L���O�H�K�H�W���V�p�J�H�W���N�t�Q�i�O���I�H�O�����$�]���H�J�\�L�N���D���6�R�O�L�G���K�i�O�y�]�i�V�����D���P�i�V�L�N���S�H�G�L�J���D�]���H�'�H�V�L�J�Q��[16] �K�i�O�y�]�i�V����
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�$�]�� �H�'�H�V�L�J�Q�� �D�]�� �H�J�\�V�]�H�U�&�E�E�� �Y�H�U�]�L�y���� �H�J�\�� �W�H�O�M�H�V�H�Q�� �D�X�W�R�P�D�W�L�N�X�V�� �K�i�O�y�]�i�V���� �$�� �*�H�Q�H�U�D�W�H�� �0�H�V�K�� �L�N�R�Q�U�D�� �Y�D�O�y��
�N�D�W�W�L�Q�W�i�V���X�W�i�Q���H�O�N�H�]�G�L���D���K�i�O�y�]�i�V�W�����G�H���N�|�]�E�H�Q���D�]�W���L�V���N�L���O�H�K�H�W���Y�i�O�D�V�]�W�D�Q�L�����K�R�J�\�� �P�L�O�\�H�Q���V�&�U�&�V�p�J�&���O�H�J�\�H�Q���D��
�K�i�O�y�����$���K�i�O�y���V�&�U�&�V�p�J�H���D�]�p�U�W���I�R�Q�W�R�V�����P�H�U�W���K�D���H�]���D�]���p�U�W�p�N���Q�������D�N�N�R�U���D���V�]�L�P�X�O�i�F�L�y���S�R�Q�W�R�V�V�i�J�D���L�V���Q�|�Y�H�N�H�G�Q�L��
fog. �$���K�i�W�U�i�Q�\�D���Y�L�V�]�R�Q�W�����K�R�J�\���H�]�]�H�O���H�J�\�•�W�W���D���V�]�L�P�X�O�i�F�L�y���L�G�H�M�H���L�V���M�H�O�H�Q�W���V�H�Q���P�H�J�Q�|�Y�H�N�V�]�L�N�� 

2.8. �$�]���D�O�D�S�D�Q�\�D�J���N�L�Y�i�O�D�V�]�W�i�V�D 

�0�L�Q�G�H�]�H�N�� �X�W�i�Q�� �N�L�� �N�H�O�O�� �Y�i�O�D�V�]�W�D�Q�L�� �D�]�� �D�O�D�S�D�Q�\�D�J�R�W���� �p�V�� �D�]�� �D�O�D�S�D�Q�\�D�J�Q�D�N�� �P�H�J�I�H�O�H�O���H�Q�� �E�H�� �O�H�K�H�W�� �i�O�O�t�W�D�Q�L��
�I�R�O�\�D�P�D�W���S�D�U�D�P�p�W�H�U�H�N�H�W, �S�p�O�G�i�X�O���P�L�O�\�H�Q���K���P�p�U�V�p�N�O�H�W�&���O�H�J�\�H�Q���D�]���|�P�O�H�G�p�N�����P�L�O�\�H�Q���K���P�p�U�V�p�N�O�H�W�&���O�H�J�\�H�Q��
�D���V�]�H�U�V�]�i�P�����D���K�&�W���N�|�U���E�H�i�O�O�t�W�i�V�D�����L�O�O�H�W�Y�H���P�H�J�D�G�K�D�W�y���D���N�L�W�|�O�W�p�V�L���p�V���X�W�y�Q�\�R�P�i�V�L���S�U�R�I�L�O�� 
A Moldex3D Bank-ban �Q�D�J�\�M�i�E�y�O�������������K���U�H���O�i�J�\�X�O�y �D�Q�\�D�J���W�D�O�i�O�K�D�W�y�� 

Jelen esetben a �N�H�U�H�V�����V�H�J�t�W�V�p�J�p�Y�H�O�� �N�L�Y�i�O�D�V�]�W�i�V�U�D�� �N�H�U�•�O a megfele�O���� �D�Q�\�D�J, ami a PC+ABS 
Bayblend T85. �$�� �3�&���$�%�6�����3�R�O�L�N�D�U�E�R�Q�i�W���$�N�U�L�O�Q�L�W�U�L�O-�E�X�W�D�G�L�p�Q-sztirol) polikarbon�i�W���p�V�� �$�%�6���N�H�Y�H�U�p�N�H����
�D�P�H�O�\�� �Y�H�J�\�t�W�L�� �D�]�� �$�%�6�� �N�L�Y�i�O�y�� �I�H�O�G�R�O�J�R�]�K�D�W�y�V�i�J�i�W�� �D�� �S�R�O�L�N�D�U�E�R�Q�i�W�� �Q�D�J�\�V�]�H�U�&�� �P�H�F�K�D�Q�L�N�D�L��
�W�X�O�D�M�G�R�Q�V�i�J�D�L�Y�D�O���� �•�W�p�V- �p�V�� �K���i�O�O�y�V�i�J�i�Y�D�O�� �$�� �3�&���$�%�6�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�Q�D�N�� �H�J�\�H�Q�V�~�O�\�i�W�� �D�� �N�|�Y�H�W�N�H�]���N��
�K�D�W�i�U�R�]�]�i�N���P�H�J�����D���3�&���p�V���D�]���$�%�6���D�U�i�Q�\�D���D���N�H�Y�H�U�p�N�E�H�Q�����D���S�R�O�L�N�D�U�E�R�Q�i�W���P�R�O�H�N�X�O�D���V�~�O�\�D���p�V���D���I�H�O�K�D�V�]�Q�i�O�W��
�D�G�D�O�p�N�D�Q�\�D�J�R�N���� �$�� �S�R�O�L�N�D�U�E�R�Q�i�W�� �p�V�� �D�]�� �D�N�U�L�O�Q�L�W�U�L�O-�E�X�W�D�G�L�p�Q-�V�]�W�L�U�R�O�� �D�U�i�Q�\�D�� �H�O�V���V�R�U�E�D�Q�� �D�� �Y�p�J�W�H�U�P�p�N��
�K���i�O�O�y�V�i�J�i�W���E�H�I�R�O�\�i�V�R�O�M�D�� �$���3�&���$�%�6���R�O�\�D�Q���V�]�L�Q�H�U�J�L�i�V���K�D�W�i�V�W���P�X�W�D�W�����D�P�H�O�\�Q�H�N���H�U�H�G�P�p�Q�\�H�N�p�Q�W���D�]���D�Q�\�D�J��
�•�W�p�V�i�O�O�y�V�i�J�D���D�O�D�F�V�R�Q�\���K���P�p�U�V�p�N�O�H�W�H�Q���M�R�E�E�����P�L�Q�W���D�]���$�%�6���Y�D�J�\���D���3�&���•�W�p�V�i�O�O�y�V�i�J�D�� 

�$���3�&���$�%�6���O�H�J�I���E�E���W�X�O�D�M�G�R�Q�V�i�J�D�L�� 
�‡ �Q�D�J�\���•�W�p�V�i�O�O�y�V�i�J���D�O�D�F�V�R�Q�\���K���P�p�U�V�p�N�O�H�W�H�Q���L�V�� 
�‡ �Q�D�J�\���P�H�U�H�Y�V�p�J�� 
�‡ �N�L�V�P�p�U�W�p�N�&���i�O�W�D�O�i�Q�R�V���]�V�X�J�R�U�R�G�i�V���p�V���Q�D�J�\���P�p�U�H�W�S�R�Q�W�R�V�V�i�J�� 
�‡ �K���i�O�O�y�V�i�J�� 
�‡ �N�|�Q�Q�\�&���I�H�O�G�R�O�J�R�]�K�D�W�y�V�i�J�� 
�‡ �V�]�t�Q�H�]�K�H�W�����p�V���Q�\�R�P�W�D�W�K�D�W�y�� 

�$�� �3�&���$�%�6���P�&�D�Q�\�D�J�R�N�� �P�H�J�I�H�O�H�O�Q�H�N���R�O�\�D�Q�� �D�O�N�D�O�P�D�]�i�V�R�N�K�R�]���� �D�P�H�O�\�H�N�E�H�Q�� �H�O�Y�i�U�W���D�� �P�D�J�D�V�� �O�H�K�D�M�O�i�V�L��
�K���P�p�U�V�p�N�O�H�W�� ������-�������ƒ�&���� �p�V�� �D�� �P�H�J�I�H�O�H�O���� �N�H�P�p�Q�\�V�p�J���� �(�]�H�Q�� �P�&�D�Q�\�D�J�R�N�� �D�O�D�F�V�R�Q�\�� �K���P�p�U�V�p�N�O�H�W�L��
�N�H�P�p�Q�\�V�p�J�H�� �N�L�Y�i�O�y���� �D�P�L�� �K�D�V�]�Q�i�O�D�W�X�N�D�W�� �L�G�H�i�O�L�V�V�i�� �W�H�V�]�L���R�O�\�D�Q�� �W�H�U�P�p�N�H�N�E�H�Q���� �D�P�H�O�\�H�N�� �Y�i�U�K�D�W�y�D�Q�� �Q�D�J�\��
�K���P�p�U�V�p�N�O�H�W�L���N�•�O�|�Q�E�V�p�J�H�N�Q�H�N���O�H�V�]�Q�H�N���N�L�W�p�Y�H [17]. 

2.9. �$���I�R�O�\�D�P�D�W���E�H�i�O�O�t�W�i�V�D�L 

�$�]�� �D�O�D�S�D�Q�\�D�J�� �N�L�Y�i�O�D�V�]�W�i�V�D�� �X�W�i�Q�� �D�� �I�R�O�\�D�P�D�W���E�H�i�O�O�t�W�i�V�D�� �N�|�Y�H�W�N�H�]�L�N, amely �D�� �3�U�R�F�H�V�V�� �Y�D�U�i�]�V�O�y�Y�D�O���W�H�K�H�W����
meg. 

�(�O�V���N�p�Q�W���N�L���N�H�O�O���Y�i�O�D�V�]�W�D�Q�L�����K�R�J�\���P�L�O�\�H�Q���P�y�G�R�Q���O�H�J�\�H�Q�H�N���E�H�i�O�O�t�W�Y�D���D���I�R�O�\�D�P�D�W���S�D�U�D�P�p�W�H�U�H�N�����$���&�$�(��
�P�y�G���D���V�]�i�P�t�W�y�J�p�S�H�V���P�y�G�R�W���M�H�O�H�Q�W�L�����,�W�W���P�H�J���O�H�K�H�W���D�G�Q�L���D���I�U�|�F�F�V�|�Q�W�p�V���V�H�E�H�V�V�p�J�H�W�����X�W�y�Q�\�R�P�i�V�W�����p�V���P�L�Qden 
�P�i�V���G�R�O�J�R�W���L�V�����Y�L�V�]�R�Q�W���D���I�U�|�F�F�V�J�p�S���Q�L�Q�F�V���E�H�Q�Q�H���D���V�]�L�P�X�O�i�F�L�y�E�Dn. A Machine mode fogja azt jelenteni, 
hogy maga �D�� �I�U�|�F�F�V�|�Q�W���� �J�p�S�� �L�V�� �U�p�V�]�H�V�H�� �D�� �V�]�L�P�X�O�i�F�L�y�Q�D�N���� �W�H�K�i�W�� �D�� �I�U�|�F�F�V�|�Q�W���� �J�p�S�� �N�R�U�O�i�W�D�L�� �P�H�J�� �I�R�J�Q�D�N��
�M�H�O�H�Q�Q�L���D���E�H�i�O�O�t�W�i�V�L���O�H�K�H�W���V�p�J�H�N�Q�p�O�����p�V���D���J�p�S���O�H���I�R�J�M�D���N�R�U�O�i�W�R�]�Q�L���D���V�]�L�P�X�O�i�F�L�y�W���H�J�\���D�G�R�W�W���Q�\�R�P�i�V���p�U�W�p�N�U�H����
�p�V �O�H���I�R�J�M�D���N�R�U�O�i�W�R�]�Q�L���D���I�U�|�F�F�V�V�H�E�H�V�V�p�J�H�W���H�J�\���D�G�R�W�W���W�p�U�I�R�J�D�W�i�U�D�P�U�D�����+�D���N�L�F�V�L���D���I�U�|�F�F�V�|�Q�W�����J�p�S�����D�N�N�R�U���D��
�S�U�R�J�U�D�P�� �D�X�W�R�P�D�W�L�N�X�V�D�Q�� �N�L�t�U�M�D���� �K�R�J�\�� �D�� �I�U�|�F�F�V�|�Q�W���� �J�p�S�� �W�~�O�� �N�L�F�V�L���� �L�O�O�H�W�Y�H�� �P�H�J�� �O�H�K�H�W�� �Y�L�]�V�J�i�O�Q�L���� �K�R�J�\�� �D��
�J�p�S�Q�H�N�� �P�H�N�N�R�U�D�� �D�� �]�i�U�y�� �H�U�H�M�H�� �p�V�� �H�]�W�� �D�� �V�]�L�P�X�O�i�F�L�y�� �V�R�U�i�Q�� �W�~�O�O�p�S�L-�H���� �W�H�K�i�W�� �H�O���U�H�� �O�H�K�H�W�� �M�H�O�H�]�Q�L���� �K�R�J�\�� �D��
�V�]�H�U�V�]�i�P���D���I�U�|�F�F�V�|�Q�W�p�V���V�R�U�i�Q���P�H�J���I�R�J���Q�\�t�O�Q�L�����D�P�L���Q�H�P���W�H�V�]���M�y�W���J�\�D�N�R�U�O�D�W�L�O�D�J���V�H�P�P�L�Q�H�N�� 

�-�H�O�H�Q���H�V�H�W�E�H�Q���D���&�$�(���P�y�G���N�H�U�•�O���N�L�Y�i�O�D�V�]�W�i�V�U�D�� 



�.�R�Y�i�F�V�����3����Z. �$�O�N�D�W�U�p�V�]�H�N���Y�L�]�V�J�i�O�D�Wa Moldex3D-ben 

44 

2.10. �$�]���D�Q�D�O�t�]�L�V���N�L�Y�i�O�D�V�]�W�i�V�D 

Az eddigi �E�H�i�O�O�t�W�i�V�R�N���H�O�Y�p�J�]�p�V�H���X�W�i�Q���N�L���N�H�O�O���Y�i�O�D�V�]�W�D�Q�L�����K�R�J�\���P�L�O�\�H�Q���D�Q�D�O�t�]�L�V���O�H�J�\�H�Q���Y�p�J�U�H�K�D�M�W�Y�D, amit 
az Analysis f�•�O�U�H���N�D�W�W�L�Q�W�Y�D���O�H�K�H�W���P�H�J�W�H�Q�Q�L�� 

�+�D���W�H�O�M�H�V���D�Q�D�O�t�]�L�V���Y�p�J�U�H�K�D�M�W�i�V�i�U�D���Y�D�Q���V�]�•�N�V�p�J, akkor a Full Analysis-t [C, F, P, C, W] �N�L�Y�i�O�D�V�]�W�i�V�D��
�V�]�•�N�V�p�J�H�V���� �$�]�� �H�O�V���� �&�� �H�J�\�� �K�&�W�p�V�L�� �F�L�N�O�X�V�W�� �M�H�O�H�Q�W���� �H�]�]�H�O�� �N�L�� �I�R�J�� �V�]�i�P�R�O�Q�L�� �D�� �I�U�|�F�F�V�|�Q�W���� �V�]�H�U�V�]�i�P�U�D�� �H�J�\��
�K���P�p�U�V�p�N�O�H�W�� �H�O�R�V�]�O�i�V�W���� �D�P�L���D�]�W�� �P�R�Q�G�M�D���� �K�R�J�\�� �D�]�� �H�J�p�V�]�� �I�U�|�F�F�V�|�Q�W�p�V�L�� �F�L�N�O�X�V�� �D�O�D�W�W�� �D�� �V�]�H�U�V�]�i�P�E�D�Q�� �H�]�� �D��
�K���P�p�U�V�p�N�O�H�W���H�O�R�V�]�O�i�V���O�H�V�]���p�U�Y�p�Q�\�H�V�����X�W�i�Q�D���M�|�Q �D���N�L�W�|�O�W�p�V�����)�������X�W�y�Q�\�R�P�i�V�����3�������D���W�H�U�P�p�N���K�&�W�p�V�H�����&�������P�D�M�G��
�N�L�G�R�E�i�V, �p�V���Y�p�J�•�O���D �Y�H�W�H�P�H�G�p�V�����:�������(�]�]�H�O���V�]�H�P�E�H�Q���Y�D�Q���P�p�J���D���7�U�D�Q�V�L�H�Q�W���$�Q�D�O�\�V�L�V���>�&�W�� F, P, Ct, W]. Az 
�H�O�V���� �&�W�� �D�]�W�� �M�H�O�H�Q�W�L���� �K�R�J�\�� �D�]�� �H�O�H�M�p�Q�� �I�R�J�� �V�]�i�P�R�O�Q�L�� �H�J�\�� �V�]�H�U�V�]�i�P�� �K���P�p�U�V�p�N�O�H�W�� �H�O�R�V�]�O�i�V�W�� �D�� �I�U�|�F�F�V�|�Q�W�p�V��
�P�L�Q�G�H�Q�� �L�G���S�L�O�O�D�Q�D�W�i�U�D���� �W�H�K�i�W�� �D�� �I�U�|�F�F�V-�V�]�H�U�V�]�i�P�R�Q�� �E�H�O�•�O�� �L�V�� �Y�i�O�W�R�]�Q�L�� �I�R�J�� �D�� �K���P�p�U�V�p�N�O�H�W�� �H�O�R�V�]�O�i�V���� �P�D�M�G��
�X�W�i�Q�D���I�R�J���M�|�Q�Q�L���D���N�L�W�|�O�W�p�V�����)�������X�W�y�Q�\�R�P�i�V�����3�������D���W�H�U�P�p�N���K�&�W�p�V�H�����&�W�����p�V �N�L�G�R�E�i�V���X�W�i�Q �D���Y�H�W�H�P�H�G�p�V�����:�������$��
�7�U�D�Q�V�L�H�Q�W���$�Q�D�O�\�V�L�V���S�R�Q�W�R�V�D�E�E�����Y�L�V�]�R�Q�W���D���V�]�L�P�X�O�i�F�L�y���W�|�E�E���L�G���W���Y�H�V�]���L�J�p�Q�\�E�H�� 

Jelen esetben a Transient Analysis-t �N�H�O�O���N�L�Y�i�O�D�V�]�W�D�Q�L. 

2.11. �6�]�i�P�t�W�i�V�L���S�D�U�D�P�p�W�H�U�H�N���E�H�i�O�O�t�W�i�V�D 

�$�]���X�W�R�O�V�y���O�p�S�p�V���D���&�R�P�S�X�W�D�W�L�R�Q���S�D�U�D�P�p�W�H�U�H�N���E�H�i�O�O�t�W�i�V�D�����,�W�W���O�H�K�H�W���P�H�J�D�G�Q�L���D���E�H�U�H�Q�G�H�]�p�V�Q�H�N, hogy milyen 
�S�O�X�V�]���G�R�O�J�R�N�D�W���Y�H�J�\�H�Q���I�L�J�\�H�O�H�P�E�H�����P�L�N�H�W���V�]�i�P�R�O�M�R�Q���N�L�����P�L���D�], ami nem fontos, mi az, ami fontos. A 
Solver-�Q�p�O���N�L�Y�i�O�D�V�]�W�K�D�W�y�����K�R�J�\���6�W�D�Q�G�D�U�G�����(�Q�K�D�Q�F�H�G-P vagy Viscoelastic F. 

2.12. A szi�P�X�O�i�F�L�y �H�U�H�G�P�p�Q�\�H�L 

�$���V�]�L�P�X�O�i�F�L�y���O�H�I�X�W�W�D�W�i�V�D���X�W�i�Q���D�]���H�U�H�G�P�p�Q�\�H�N������csoportban jelennek meg. 
�‡ �)�L�O�O�L�Q�J�����N�L�W�|�O�W�p�V��, 
�‡ �3�D�F�N�L�Q�J�����X�W�y�Q�\�R�P�i�V��, 
�‡ �&�R�R�O�L�Q�J�����K�&�W�p�V��, 
�‡ �:�D�U�S�D�J�H�����Y�H�W�H�P�H�G�p�V��. 

2.12.1. �$���N�L�W�|�O�W�p�V 
�(�O�V�����N�|�U a Filling �N�L�p�U�W�p�N�H�O�p�V�p�Y�H�O���N�H�]�G���G�L�N, abban is a Melt Front Time-mal. �(�E�E�H�Q���O�i�W�K�D�W�y, hogy hol, 
�P�H�Q�Q�\�L�� �L�G���� �N�H�O�O�H�W�W�� �D�K�K�R�]�����K�R�J�\�� �D�]�� �|�P�O�H�G�p�N���N�L�W�|�O�W�V�H�� �D�� �V�]�H�U�V�]�i�P�•�U�H�J�H�W (5���� �i�E�U�D��. Ebben az esetben 
�O�i�W�K�D�W�y�����K�R�J�\�������V���L�G���S�L�O�O�D�Q�D�W�E�D�Q���L�Q�G�X�O�W���H�O���D�]���|�P�O�H�G�p�N�����p�V�����������V���D�O�D�W�W���W�|�O�W�|�W�W�H���N�L���D�]���•�U�H�J�H�W�� 
 



�.�R�Y�i�F�V�����3����Z. �$�O�N�D�W�U�p�V�]�H�N���Y�L�]�V�J�i�O�D�Wa Moldex3D-ben 

45 

 

5�����i�E�U�D�� �$���N�L�W�|�O�W�p�V�L���L�G���� 

�$���:�H�O�G���O�L�Q�H���R�S�F�L�y�Y�D�O���H�O�O�H�Q���U�L�]�K�H�W���N���D���K�H�J�H�V�H�G�p�V�L���Y�R�Q�D�O�D�N�����D�P�L�N���M�H�O�H�Q���H�V�H�W�E�H�Q���Q�H�P���I�R�U�G�X�O�Q�D�N���H�O������
ami �H�O���Q�\�|�V�����P�H�U�W���D�]���D�O�N�D�W�U�p�V�]�H�Q���Q�H�P���M�H�O�H�Q�L�N���P�H�J���L�O�\�H�Q���H�V�]�W�p�W�L�N�D�L���K�L�E�D���p�V���Q�H�P���I�R�U�G�X�O���H�]�i�O�W�D�O���H�O�������K�R�J�\��
�D�]�R�N�R�Q���D���S�R�Q�W�R�N�R�Q�����D�K�R�O���H�V�H�W�O�H�J���O�H�K�H�W�Q�H�����R�W�W���J�\�H�Q�J�p�E�E���O�H�V�]�� 

�$���N�|�Y�H�W�N�H�]�����O�p�S�p�V�E�H�Q���D���Q�\�R�P�i�V���P�H�J�Y�L�]�V�J�i�O�i�V�i�U�D���N�H�U�•�O���V�R�U (6�����i�E�U�D�������$���Q�\�R�P�i�V�H�O�R�V�]�O�i�V���N�•�O�|�Q�E�|�]����
�V�]�t�Q�H�N�E�H�Q���M�H�O�H�Q�L�N���P�H�J���D�]���D�N�W�X�i�O�L�V���S�L�O�O�D�Q�D�W�E�D�Q�����$���Q�\�R�P�i�V�H�V�p�V���p�V���D�]���H�O�R�V�]�O�i�V���D�O�D�S�M�i�Q �I�H�O�•�O�Y�L�]�V�J�i�O�K�D�W�y���D�]��
�D�O�N�D�W�U�p�V�] �N�L�D�O�D�N�t�W�i�V�D���� �$���Q�\�R�P�i�V�H�O�R�V�]�O�i�V�E�y�O�� �D�� �N�|�Y�H�W�N�H�]���N �H�O�O�H�Q���U�L�]�K�H�W���N: �Q�\�R�P�i�V�i�W�Y�L�W�H�O�� �K�H�O�\�]�H�W�H���� �D�]��
�i�U�D�P�O�i�V���H�J�\�H�Q�V�~�O�\a �D���N�L�D�O�D�N�t�W�i�V�E�D�Q�� 
 

 

6�����i�E�U�D�� �$���Q�\�R�P�i�V�H�O�R�V�]�O�i�V�� 
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�$�]�� �i�E�U�i�Q�� �L�V�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�� �Q�\�R�P�i�V�� �D�]�� �H�O�H�M�p�Q�� �D�� �O�H�J�Q�D�J�\�R�E�E���� �D�K�R�O�� ������ �0�3�D-�O�D�O�� �i�U�D�P�O�L�N���� �P�D�M�G�� �D��
�O�H�J�Q�D�J�\�R�E�E���I�H�O�•�O�H�W�H�Q���V�]�L�Q�W�H���H�J�\�H�Q�O�H�W�H�V�H�Q���P�L�Q�L�P�i�O�L�V���Q�\�R�P�i�V�V�D�O���i�U�D�P�O�L�N���D�]���|�P�O�H�G�p�N�� 

A Temperature pontban �O�i�W�K�D�W�y, hogy �V�]�L�Q�W�H���H�J�\�V�]�t�Q�&���D�]���H�J�p�V�]���P�R�G�H�O�O�����D�P�L���D�]�p�U�W���Y�D�Q����mert ez azt a 
�K���P�p�U�V�p�N�O�H�W�H�W���P�X�W�D�W�M�D�����D�P�L���D���I�H�O�•�O�H�W�H�Q���Y�D�Q���D���N�L�W�|�O�W�p�V���X�W�R�O�V�y���S�L�O�O�D�Q�D�W�i�E�D�Q (7�����i�E�U�D�������$�P�L�N�R�U���D���I�H�O�•�O�H�W�H�Q��
�P�H�J�p�U�N�H�]�L�N�� �D�]�� �|�P�O�H�G�p�N���� �D�]�� �U�|�J�W�|�Q meg is fagy (�V�]�L�O�i�U�G�X�O)���� �G�H�� �D�� �W�H�U�P�p�N�� �E�H�O�V�H�M�p�E�H�Q�� �P�p�J�� �|�P�O�H�G�p�N��
�i�O�O�D�S�R�W�E�D�Q���Y�D�Q�� 

 

7�����i�E�U�D�� �$���I�H�O�•�O�H�W�H�Q���O�p�Y�����K���P�p�U�V�p�N�O�H�W�� 

�$�� �N�|�Y�H�W�N�H�]���� �I�R�Q�W�R�V�� �p�U�W�p�N�� �D�� �9�R�O�X�P�H�W�U�L�F�� �6�K�U�L�Q�N�D�J�H���� �D�P�L�E���O�� �W�X�G�X�Q�N�� �N�|�Y�H�W�N�H�]�W�H�W�Q�L�� �D�U�U�D���� �K�R�J�\�� �D�]��
�X�W�y�Q�\�R�P�i�V�� �P�H�Q�Q�\�L�U�H�� �Y�R�O�W���K�D�W�p�N�R�Q�\���� �+�D�� �P�H�J�W�|�U�W�p�Q�L�N�� �D�� �N�L�W�|�O�W�p�V���� �D�N�N�R�U�� �O�i�W�V�]�L�N, hogy mennyit fog 
zsugorodni a rendszer. �$���&�R�P�S�D�U�H���I�•�O�U�H���N�D�W�W�L�Q�W�Y�D �|ssze�Y�H�W�K�H�W�������K�R�J�\���D���N�L�W�|�O�W�p�V���X�W�R�O�V�y���L�G���S�L�O�O�D�Q�D�W�i�E�D�Q��
�p�V�� �D�]�� �X�W�y�Q�\�R�P�i�V�� �X�W�R�O�V�y���L�G���S�L�O�O�D�Q�D�W�i�E�D�Q���P�H�Q�Q�\�L�W���Y�i�O�W�R�]�L�N�� �D�� �]�V�X�Jor�R�G�i�V (8�����i�E�U�D������ �(�E�E���O�� �O�i�W�K�D�W�y���� �K�R�J�\��
�D�]�� �X�W�y�Q�\�R�P�i�V�Q�D�N���Y�R�O�W�� �K�D�W�i�V�D���� �P�L�Y�H�O�� �D�� �N�L�W�|�O�W�p�V�� �V�R�U�i�Q�� �D�� �P�D�[�L�P�i�O�L�V�� ������-�R�V�� �W�p�U�I�R�J�D�W�L�� �]�V�X�J�R�U 
�O�H�F�V�|�N�N�H�Q�W�p�V�U�H���N�H�U�•�O�W 7,7%-ra. 

 

8. �i�E�U�D. �$���W�p�U�I�R�J�D�W�L���]�V�X�J�R�U���p�U�W�p�N�H���D���N�L�W�|�O�W�p�V���p�V���D�]���X�W�y�Q�\�R�P�i�V���V�R�U�i�Q. 
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A �V�&�U�&�V�p�J�Q�p�O�� �O�i�W�K�D�W�y���� �K�R�J�\�� �K�D�V�R�Q�O�y���� �P�L�Q�W�� �D�� �9�R�O�X�P�H�W�U�L�F�� �6�K�U�L�Q�N�D�J�H-�Q�p�O���� �P�L�Y�H�O�� �D�K�R�O�� �Q�D�J�\�R�E�E�� �D��
�W�p�U�I�R�J�D�W�L���]�V�X�J�R�U���R�W�W���V�&�U�&�E�E���O�H�V�]���D�]���D�Q�\�D�J�����P�H�U�W���M�R�E�E�D�Q���|�V�V�]�H�W�|�P�|�U�|�G�L�N.  

A Frozen Layer Ratio (9�����i�E�U�D�����P�H�J�P�X�W�D�W�M�D�����K�R�J�\���H�E�E�H�Q���D�]���L�G���S�L�O�O�D�Q�D�W�E�D�Q���D���W�H�U�P�p�N���D�G�R�W�W���S�R�Q�W�M�i�Q���D��
�N�H�U�H�V�]�W�P�H�W�V�]�H�W�E�H�Q���K�i�Q�\���V�]�i�]�D�O�p�N�E�D�Q���Y�D�Q���i�W�I�D�J�\�Y�D ���P�H�J�V�]�L�O�i�U�G�X�O�Y�D�� az anyag, vagyis melyik az �D���U�p�V�]����
�D�P�H�O�\�L�N���P�i�U���D���I�D�J�\�i�V�L ���G�H�U�P�H�G�p�V�L�� �K���P�p�U�V�p�N�O�H�W���D�O�D�W�W���Y�D�Q�� 

 

9�����i�E�U�D����Forzen Layer Ratio. 

�$���V�]�R�I�W�Y�H�U���V�H�J�t�W�V�p�J�p�Y�H�O���N�•�O�|�Q�E�|�]�����J�|�U�E�p�N�H�W���O�H�K�H�W���N�L�P�X�W�D�W�Q�L���� �P�L�Q�W���S�p�O�G�i�X�O���P�H�N�N�R�U�D���Q�\�R�P�i�V�U�D�� �Y�R�O�W��
�V�]�•�N�V�p�J�� �D�]�� �D�G�R�W�W�� �L�G���S�L�O�O�D�Q�D�W�E�D�Q����a �N�L�Y�i�O�D�V�]�W�R�W�W�� �I�H�O�D�G�D�W�� �H�O�Y�p�J�]�p�V�p�U�H. A Clamping Force mutatja a 
�V�]�•�N�V�p�J�H�V�� �]�i�U�y�H�U���W���� �D�P�L�� �D�K�K�R�]�� �N�H�O�O���� �K�R�J�\�� �]�i�U�Y�D�� �P�D�U�D�G�M�R�Q�� �D�� �V�]�H�U�V�]�i�P �D�� �I�U�|�F�F�V�|�Q�W�p�Vi �F�L�N�O�X�V�� �V�R�U�i�Q���� �G�H��
�p�U�G�H�P�H�V�� �|�V�V�]�H�Y�H�W�Q�L���� �K�R�J�\�� �K�i�Q�\�� �W�R�Q�Q�i�V�� �]�i�U�y�H�U���� �Y�D�Q�� �p�V�� �D���K�D�V�]�Q�i�O�W�� �I�U�|�F�F�V�J�p�S���K�i�Q�\�� �W�R�Q�Q�i�V�� Meg lehet 
�Q�p�]�Q�L���D���)�O�R�Z���U�D�W�H���i�O�W�D�O���D���W�p�U�I�R�J�D�W���i�U�D�P�R�W�����D���W�H�U�P�p�N���W�|�P�H�J�p�W�����D�P�L���D�]�p�U�W���Q�X�O�O�D���D�]���H�O�H�M�p�Q�����P�H�U�W���P�p�J���Q�H�P��
�O�p�S�H�W�W���E�H���D�]���|�P�O�H�G�p�N���D���V�]�H�U�V�]�i�P�E�D�� 

2.12.2. �$�]���X�W�y�Q�\�R�P�i�V 
�$�]�� �X�W�y�Q�\�R�P�i�V�� �V�R�U�i�Q�� �N�p�W�� �I�R�Q�W�R�V�� �p�U�W�p�N�� �Y�D�Q���� �D�P�L�� �Q�L�Q�F�V�� �D�� �N�L�W�|�O�W�p�V�Q�p�O���� �$�� �6�L�Q�N�� �0�D�U�N�� �,�Q�G�L�F�D�W�R�U�� �p�V�� �D�� �6�L�Q�N��
Mark Disp�O�D�F�H�P�H�Q�W���� �$�O�D�S�Y�H�W���H�Q�� �P�L�Q�G�� �D�� �N�p�W�� �H�U�H�G�P�p�Q�\�� �D�� �E�H�V�]�t�Y�y�G�i�V�R�N�D�W�� �I�R�J�M�D�� �P�X�W�D�W�Q�L���� �p�V�� �H�]�� �R�O�\�D�Q��
�K�H�O�\�H�Q���D�O�D�N�X�O���N�L�����D�P�L�Q�H�N���D���W�~�O�R�O�G�D�O�i�Q���Y�D�Q���Y�D�O�D�P�L�O�\�H�Q���E�R�U�G�D�����W�H�K�i�W���D�K�R�O���E�R�U�G�D���Y�D�Q�����R�W�W���E�H���I�R�J���V�]�t�Y�y�G�Q�L��
�D�]���D�Q�\�D�J���p�V���R�W�W���H�V�]�W�p�W�L�N�D�L�O�D�J���J�R�Q�G�R�W���I�R�J���R�N�R�]�Q�L�� 

2.12.3. �$���K�&�W�p�V 
�$���N�|�Y�H�W�N�H�]�����O�p�S�p�V�E�H�Q���D���K�&�W�p�V���H�O�H�P�]�p�V�p�U�H���N�H�U�•�O���V�R�U�����$���K�&�W�p�V���V�R�U�i�Q���P�H�J���O�H�K�H�W���Y�L�]�V�J�i�O�Q�L�����K�R�J�\�� �P�H�Q�Q�\�L��
�L�G���U�H���Y�D�Q���V�]�•�N�V�p�J���D�K�K�R�]�����K�R�J�\���H�O�p�U�K�H�W�����O�H�J�\�H�Q���D���N�L�G�R�E�i�V�L���K���P�p�U�V�p�N�O�H�W�����(�]���D���7�L�P�H���W�R���5�H�D�F�K���,�Q�M�H�F�W�L�R�Q��
Temperatur�H�� �H�U�H�G�P�p�Q�Q�\�H�O�� �Y�L�]�V�J�i�O�K�D�W�y�� �P�H�J���� �(�E�E���O�� �O�i�W�K�D�W�y���� �K�R�J�\ ami meghat�i�U�R�]�i�V�U�D�� �N�H�U�•�O�W���� �D�Q�Q�i�O��
�Q�D�J�\�R�E�E�U�D���N�H�O�O���Y�H�Q�Q�L���D���K�&�W�p�V�L���L�G���W�����P�H�U�W���H�]���D���J�H�R�P�H�W�U�L�D���H�J�\���K�R�V�V�]�D�E�E���F�L�N�O�X�V�L�G���W���I�R�J���L�J�p�Q�\�H�O�Q�L�� 

�$���N�L�G�R�E�i�V�L���K���P�p�U�V�p�N�O�H�W���D�O�D�F�V�R�Q�\�D�E�E�����P�L�Q�W���D���I�D�J�\�i�V�L���K���P�p�U�V�p�N�O�H�W�����0�R�O�W�H�Q���&�R�U�H�������P�H�U�W���D�W�W�y�O�����K�R�J�\���i�W��
van dermedve �D�]���H�J�p�V�]���W�H�U�P�p�N�����Q�H�P���E�L�]�W�R�V�����K�R�J�\���N�L���O�H�K�H�W���G�R�E�Q�L�����P�H�U�W���Q�H�P���E�L�]�W�R�V�����K�R�J�\���H�O�p�J���P�H�U�H�Y���D�]��
anyag. 

�$���&�R�R�O�L�Q�J���(�I�I�L�F�L�H�Q�F�\���D���K�&�W���N�|�U���K�D�W�p�N�R�Q�\�V�i�J�i�W���I�R�J�M�D���P�X�W�D�W�Q�L (10�����i�E�U�D�������K�R�J�\���|�V�V�]�H�V�H�Q���P�H�Q�Q�\�L���K�� 
�W�i�Y�R�]�R�W�W�� �H�O�� �H�]�H�N�H�Q�� �D�� �K�&�W���N�|�U�|�N�|�Q�� �N�H�U�H�V�]�W�•�O���� �$�� �S�L�U�R�V�� �K�&�W���N�|�U�|�Q�� �P�H�Q�W�� �H�O�� �D�� �K���Q�H�N�� ��������-�D���� �D�� �N�p�N��
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�K�&�W���N�|�U�|�Q���S�H�G�L�J���D�]����������-�D�����$���P�D�U�D�G�p�N���S�H�G�L�J���D���V�]�H�U�V�]�i�P�R�Q���N�H�U�H�V�]�W�•�O���W�i�Y�R�]�R�W�W���D���N�|�U�Q�\�H�]�H�W�E�H�����(�]�]�H�O���D�]�W��
�O�H�K�H�W���Y�L�]�V�J�i�O�Q�L�����K�R�J�\���D�]���H�J�\�H�V���K�&�W���N�|�U�|�N���P�H�Q�Q�\�L�U�H���Y�L�V�]�L�N���H�O���H�J�\�H�Q�O�H�W�H�V�H�Q���D���K���W�� 

 

10�����i�E�U�D. �$���K�&�W���N�|�U�|�N���K�D�W�p�N�R�Q�\�V�i�J�D�� 

2.12.4. �$���Y�H�W�H�P�H�G�p�V 
�$�]�� �X�W�R�O�V�y�� �O�p�S�p�V�E�H�Q�� �D�� �Y�H�W�H�P�H�G�p�V�� �Y�L�]�V�J�i�O�D�W�i�U�D�� �N�H�U�•�O�� �V�R�U�� �$�� �Y�H�W�H�P�H�G�p�V�� �D�� �I�U�|�F�F�V�|�Q�W�|�W�W�� �D�O�N�D�W�U�p�V�]��
�G�H�I�R�U�P�i�F�L�y�M�i�W���M�H�O�H�Q�W�L�����(�Q�Q�H�N���D���G�H�I�R�U�P�i�F�L�y�Q�D�N���D���P�p�U�W�p�N�p�W���L�V���O�H�K�H�W���Y�L�]�V�J�i�O�Q�L���D���0�R�O�G�H�[-�H�Q���E�H�O�•�O�����$�]���H�O�V����
�O�H�J�H�J�\�V�]�H�U�&�E�E�� �H�U�H�G�P�p�Q�\�� �D�� �7�R�W�D�O�� �'�L�V�S�O�D�F�H�P�H�Q�W ���������� �i�E�U�D��, ami azt mutatja meg, hogy az adott 
�F�V�R�P�y�S�R�Q�W���D�]���H�U�H�G�H�W�L���S�R�Q�W�M�i�K�R�]���N�p�S�H�V�W���P�H�Q�Q�\�L�W���P�R�]�G�X�O�W���H�O��  

 

11�����i�E�U�D�����$���G�H�I�R�U�P�i�F�L�y���P�p�U�W�p�N�H�� 
 
�$�]�� �i�E�U�i�Q�� �L�V�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�� �O�H�Jnagyobb �G�H�I�R�U�P�i�F�L�y�� ���� �P�P���� �$�K�K�R�]���� �K�R�J�\��a �Y�L�]�V�J�i�O�W�� �G�D�U�D�E�R�W 

�S�R�Q�W�R�V�D�E�E�i�� �O�H�K�H�V�V�H�Q�� �W�H�Q�Q�L���� �O�H�K�H�W���V�p�J�� �Y�D�Q�� �D�U�U�D���� �K�R�J�\ �D�� �N�D�S�R�W�W�� �p�U�W�p�N�H�N�� �D�O�D�S�M�i�Q�� �D�� �V�]�H�U�V�]�i�P�R�W 
�N�R�P�S�H�Q�]�i�Ojuk a kritikus helyeken�����Y�D�J�\�L�V���H�O�����O�H�K�H�W���I�H�V�]�t�W�H�Q�L���D���V�]�H�U�V�]�i�P�R�W���]�V�X�J�R�U�R�G�i�V�U�D. Ez azt jelenti, 
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hogy a darabnak lesz helye �]�V�X�J�R�U�R�G�Q�L�����p�V���H�]���H�O���V�H�J�t�W�L���D���S�R�Q�W�R�V�D�E�E���P�p�U�H�W���O�p�W�U�H�K�R�]�i�V�i�W�����$���]�V�X�J�R�U�R�G�i�V�W��
�O�H�K�H�W�V�p�J�H�V���Y�L�]�V�J�i�O�Q�L���N�•�O�|�Q-�N�•�O�|�Q���L�U�i�Q�\�R�N�E�D�Q���L�V����pl.: X,Y,Z).   

�$�]�� �H�O�W�p�U���� �K���P�p�U�V�p�N�O�H�W�� �L�V�� �E�H�I�R�O�\�i�V�R�O�K�D�W�M�D�� �D�� �G�H�I�R�U�P�i�F�L�y�W���� �D�P�L�� �D�� �7�R�W�D�O�� �7�K�H�U�P�D�O�� �'�L�V�S�O�D�F�H�P�H�Q�W��
�H�U�H�G�P�p�Q�Q�\�H�O (12���� �i�E�U�D�� �Y�L�]�V�J�i�O�K�D�W�y�� �P�H�J���� �K�R�J�\�� �Hzek �P�L�D�W�W�� �D�]�� �H�O�W�p�U�p�V�H�N�� �P�L�D�W�W�� �K�i�Q�\�� �P�L�O�O�L�P�p�W�H�U�W��
vetemedett az anyag. 

�/�H�K�H�W���V�p�J�� �Y�D�Q�� �D�U�U�D���� �K�R�J�\�� �I�H�O�Y�H�J�\�•�Q�N�� �N�p�W�� �S�R�Q�W�R�W���� �p�V�� �H�Q�Q�H�N�� �P�H�J�P�p�U�K�H�W���� �D�� �W�i�Y�R�O�V�i�J�D���� �D�P�L�� �P�X�W�D�W�Q�L��
�I�R�J�M�D�� �D�]�W�� �L�V���� �K�R�J�\�� �P�H�N�N�R�U�D�� �D�]�� �p�U�W�p�N�� �D�� �]�V�X�J�R�U�R�G�i�V�� �X�W�i�Q�� �p�V�� �P�H�N�N�R�U�D�� �D�� �N�•�O�|�Q�E�V�p�J�� �D�� �N�p�W�� �p�U�W�p�N�� �N�|�]�|�W�W����
�L�O�O�H�W�Y�H���D�]���D�Q�\�D�J���O�L�Q�H�i�U�L�V���]�V�X�J�R�U�R�G�i�V�i�U�D���L�V���D�G���L�Q�I�R�U�P�i�F�L�y�W����Ez a 13�����i�E�U�i�Q �O�i�W�K�D�W�y. 

 
  

12�����i�E�U�D�� �$���K���P�p�U�V�p�N�O�H�W���H�O�W�p�U�p�V��
�i�O�W�D�O�L���G�H�I�R�U�P�i�F�L�y���P�p�U�W�p�N�H�� 

13�����i�E�U�D�� �.�p�W���S�R�Q�W���W�i�Y�R�O�V�i�J�D���D���]�V�X�J�R�U�R�G�i�V���X�W�i�Q�� 

3. �g�V�V�]�H�I�R�J�O�D�O�i�V 

�$�� �V�]�L�P�X�O�i�F�L�y�� �V�R�U�i�Q���P�H�J�K�D�W�i�U�R�]�R�W�W�� �p�U�W�p�N�H�N�N�H�O��lett �E�H�i�O�O�t�W�Y�D�� �D�� �P�H�J�O�|�Y�p�V�L�� �S�R�Q�W���� �D�]�� �|�P�O�H�G�p�N�F�V�D�W�R�U�Q�D����a 
�K�&�W���N�|�U�����D���P�R�O�G�E�D�V�H�����L�O�O�H�W�Y�H�����K�R�J�\���P�L�O�\�H�Q���S�D�U�D�P�p�W�H�U�H�N�N�H�O kell �Y�p�J�U�H�K�D�M�W�D�Q�L���D���I�U�|�F�F�V�|�Q�W�p�V�W�����$���Y�L�]�V�J�i�O�D�W��
�H�U�H�G�P�p�Q�\�H�����K�R�J�\���D���W�H�U�P�p�N���Q�H�P���W�D�U�W�D�O�P�D�]���K�H�J�H�V�H�G�p�V�L���Y�R�Q�D�O�D�N�D�W�����D�P�L���D�]�p�U�W���M�y�����P�H�U�W���t�J�\���H�U�U���O���D�]���R�O�G�D�O�U�y�O��
�Q�H�P�� �W�D�U�W�D�O�P�D�]�� �H�V�]�W�p�W�L�N�D�L�� �K�L�E�i�W���� �L�O�O�H�W�Y�H�� �Q�H�P�� �i�O�O�� �I�H�Qn �D�� �Y�H�V�]�p�O�\�H�� �D�]�� �H�V�H�W�O�H�J�H�V�� �J�\�H�Q�J�p�E�E�� �S�R�Q�W�R�N�Q�D�N�� �D��
�W�H�U�P�p�N�H�Q�����$���K�&�W�p�V���Y�L�]�V�J�i�O�D�W�i�Q�i�O���Y�L�V�]�R�Q�W���D�]���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���Q�|�Y�H�O�Q�L���N�H�O�O���D���W�H�U�P�p�N���K�&�W�p�V�L���L�G�H�M�p�W�����t�J�\��
ez �K�R�V�V�]�D�E�E�� �F�L�N�O�X�V�L�G���W�� �I�R�J�� �M�H�O�H�Q�W�H�Q�L�� �D�� �I�U�|�F�F�V�|�Q�W�p�V�� �V�R�U�i�Q���� �$�� �W�H�U�P�p�N�� �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �I�R�Q�W�R�V���� �P�H�U�W�� �D��
�Y�H�W�H�P�H�G�p�V���Y�L�]�V�J�i�O�D�W�D���V�R�U�i�Q�����D�P�L�E�H�Q���V�]�H�U�H�S�H�W���M�i�W�V�]�L�N���D���K�&�W�p�V�L���L�G�����L�V�����H�]�i�O�W�D�O���R�O�\�D�Q���G�H�I�R�U�P�i�F�L�y�N���M�|�K�H�W�Q�H�N��
�O�p�W�U�H���� �D�Pelyek �D�� �W�H�U�P�p�N�� �K�D�V�]�Q�i�O�D�W�i�W�� �E�H�I�R�O�\�i�V�R�O�M�i�N���� �P�L�Q�W�� �D�� �V�t�N�O�D�S�~�V�i�J�Q�i�O�� �L�V�� �O�i�W�K�D�W�y����Ez pedig �W�H�U�P�p�N��
�I�X�Q�N�F�L�y�M�i�W���I�L�J�\�H�O�H�P�E�H�� �Y�p�Y�H���I�R�Q�W�R�V���W�p�Q�\�H�]������ �L�O�O�H�W�Y�H��e�V�]�W�p�W�L�N�D�L�O�D�J �V�H�P�� �H�O�I�R�J�D�G�K�D�W�y���� �$�� �W�D�S�D�V�]�W�D�O�D�W���S�H�G�L�J��
�H�E�E���O�����K�R�J�\���D���O�H�K�H�W�����O�H�J�U�|�Y�L�G�H�E�E���L�G���U�H���Y�H�W�W���F�L�N�O�X�V�L�G�����D���W�H�U�P�p�N���U�R�Y�i�V�i�U�D���P�H�J�\�� 
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Absztrakt  
�$�]���R�I�I�V�K�R�U�H���D�F�p�O�R�N�N�D�O���V�]�H�P�E�H�Q���W�i�P�D�V�]�W�R�W�W���N�|�Y�H�W�H�O�P�p�Q�\�H�N���N�|�]�|�W�W���D���N�H�G�Y�H�]�����V�]�L�O�i�U�G�V�i�J�L���M�H�O�O�H�P�]���N���P�H�O�O�H�W�W 
fontos szerepet kap a kis �K���P�p�U�V�p�N�O�H�W�H�Q�� �L�V�� �N�L�H�P�H�O�N�H�G���� �V�]�t�Y�y�V�V�i�J�����D�P�H�O�O�\�H�O�� �E�L�]�W�R�V�t�W�D�Q�L�� �O�H�K�H�W�� �D��sokszor 
�U�H�Q�G�N�t�Y�•�O�� �K�L�G�H�J�� �N�|�U�Q�\�H�]�H�W�E�H�Q �•�]�H�P�H�O���� �E�H�U�H�Q�G�H�]�p�V�H�N�� �E�L�]�W�R�Q�V�i�J�i�W. A tenger�L�� �D�O�N�D�O�P�D�]�i�V�L���W�H�U�•�O�H�Whez 
fejlesztett �D�F�p�O�R�N���N�|�]�H�S�H�V�� �V�]�L�O�i�U�G�V�i�J�~�� �~�M�� �J�H�Q�H�U�i�F�L�y�L figyelemrem�p�O�W�y�� �V�]�t�Y�y�V�V�i�J�R�W�� �P�X�W�D�W�Q�D�N �Q�H�J�D�W�t�Y��
�K���P�p�U�V�p�N�O�H�W�H�Q�� �D�P�H�O�\�H�W���D���O�H�K�H�W�����O�H�J�Q�D�J�\�R�E�E���P�p�U�W�p�N�E�H�Q���P�H�J���N�H�O�O�����U�L�]�Q�L���D���K�H�J�H�V�]�W�p�V���V�R�U�i�Q�����$�]���|�P�O�H�V�]�W�� 
�K�H�J�H�V�]�W�p�V�L�� �H�O�M�i�U�i�V�R�N���i�O�W�D�O�� �R�N�R�]�R�W�W�� �K���E�H�Y�L�W�H�O viszont �M�H�O�H�Q�W���V�H�Q�� �F�V�|�N�N�H�Q�W�L �D�]�� �•�W���P�X�Q�N�i�W�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q���� �(�]�H�Q�N�t�Y�•�O���N�L�K�t�Y�i�V�W�� �M�H�O�H�Q�W�� �D�� �W�|�E�E�U�p�W�H�J�&���� �G�H�Q�G�U�L�W�H�V�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�& varratban a 
�I�L�Q�R�P�V�]�H�P�F�V�p�V���D�F�p�O�O�H�P�H�]�]�H�O�� �P�H�J�H�J�\�H�]���� �V�]�t�Y�y�V�V�i�J�� �E�L�]�W�R�V�t�W�i�V�D, amely �D�]�� �D�F�p�O�J�\�i�U�W�i�V�� �V�R�U�i�Q�� �V�S�H�F�L�i�O�L�V��
�K�H�Q�J�H�U�O�p�V�L�� �I�R�O�\�D�P�D�W�R�N�R�Q���� �J�\�D�N�U�D�Q�� �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�� �N�H�]�H�O�p�V�H�Q�� �P�H�J�\�� �N�H�U�H�V�]�W�•�O���� �$�� �K�H�J�H�V�]�W�p�V�L�� �I�Rlyamat 
�p�V�� �D�Q�Q�D�N�� �S�D�U�D�P�p�W�H�U�H�L���� �Y�D�O�D�P�L�Q�W�� �D��hozaganyag-�Y�i�O�D�V�]�W�i�V�� �M�H�O�H�Q�W���V�� �V�]�H�U�H�S�H�W�� �M�i�W�V�]�L�N�� �D�� �P�H�J�I�H�O�H�O����
�V�]�L�O�i�U�G�V�i�J�~ �p�V�� �V�]�t�Y�y�V�V�i�J�~ �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V �N�L�D�O�D�N�t�W�i�V�i�E�D�Q����A �Q�D�J�\�R�E�E�� �V�]�H�O�Y�p�Q�\�Y�D�V�W�D�J�V�i�J�R�N�U�D�� �Y�D�O�y��
�W�H�N�L�Q�W�H�W�W�H�O���D���K�X�]�D�O�H�O�H�N�W�U�y�G�i�V���Y�p�G���J�i�]�R�V���t�Y�K�H�J�H�V�]�W�p�V���p�V���D���I�H�G�H�W�W�t�Y�&���K�H�J�H�V�]�W�p�V���D���O�H�J�H�O�W�H�U�M�H�G�W�H�E�E���K�H�J�H�V�]�W����
�H�O�M�i�U�i�V�R�N�� �H�]�H�N�Q�p�O�� �D�]�� �D�F�p�O�R�N�Q�i�O. A �P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N���� �D�]�R�Q�� �E�H�O�•�O�� �L�V�� �H�O�V���V�R�U�E�D�Q�� �D�� �V�]�t�Y�y�V�V�i�J 
�P�H�J���U�]�p�V�H���V�]�H�P�S�R�Q�W�M�i�E�y�O���P�H�J�K�D�W�i�U�R�]�y���V�]�H�U�H�S�H���Y�D�Q���D���K�H�J�\�H�V�����L�O�O�H�W�Y�H���W�&�V ferrit (acicular ferrite, (AF)) 
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�E�H�Q�� �Y�D�O�y�� �H�O���I�R�U�G�X�O�i�V�i�Q�D�N. �$�� �I�H�U�U�L�W�� �H�]�H�Q�� �V�S�H�F�L�i�O�L�V �P�R�U�I�R�O�y�J�L�i�M�i�Q�D�N�� �D�� �N�L�D�O�D�N�X�O�i�V�i�W a 
�P�L�N�U�R�|�W�Y�|�]���N��(Ti, Al, N, B) �M�H�O�H�Q�W���V�� �P�p�U�W�p�N�E�H�Q�� �E�H�I�R�O�\�i�V�R�O�M�i�N, amelyek �U�p�V�]�Y�p�W�H�O�p�Y�H�O���N�p�S�]���G�|�W�W�� �D�S�U�y��
�]�i�U�Y�i�Q�\�R�N�� �N�U�L�V�W�i�O�\�R�V�R�G�i�V�L�� �F�V�t�U�D�N�p�Q�W�� �I�X�Q�N�F�L�R�Q�i�O�Q�D�N �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q�� �p�V�� �D�� �Y�D�U�U�D�W�E�D�Q. A 
�N�|�]�O�H�P�p�Q�\�E�H�Q �U�p�V�]�O�H�W�H�V szak�L�U�R�G�D�O�P�L�� �i�W�W�H�N�L�Q�W�p�V�W�� �Q�\�~�M�Wunk a �N�R�U�V�]�H�U�& �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�U�D�� �Y�R�Q�D�W�N�R�]�y��
�N�|�Y�H�W�H�O�P�p�Q�\�H�N�U���O�����D�]�R�N���M�H�O�O�H�P�]���L�U���O�����J�\�i�U�W�i�V�L���P�y�G�M�D�L�U�y�O �p�V���K�H�J�H�V�]�W�K�H�W���V�p�J�p�U���O���� 

Kulcsszavak: �R�I�I�V�K�R�U�H���D�F�p�O�����K�H�J�H�V�]�W�p�V�����K�H�J�H�V�]�W�K�H�W���V�p�J�����V�]�t�Y�y�V�V�i�J 

Abstract 
Among the requirements placed on offshore steels in addition to favourable strength characteristics, 
the criteria for outstanding toughness at low temperatures plays a prominent role which can be used 
to ensure the safety of equipment operating often in extremely cold environment. The new generations 
of steels used in the marine application area show remarkable toughness in the medium strength 
range at negative temperatures, which must be preserved as much as possible during welding. The 
welding heat input caused by fusion welding processes can significantly reduce the impact energy in 
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the heat-affected zone. In addition, it is challenging to ensure the same toughness in a weld seam with 
a multilayer dendritic microstructure which undergoes special rolling processes during steel 
production, including thermomechanically controlled process. The welding technology, and its 
parameters, as well as the selection of the filler material, play a significant role in creating a welded 
joint with adequate strength and toughness. Due to the larger cross sections gas metal arc welding 
and submerged arc welding are the most common welding processes for these steels. The presence of 
acicular ferrite (AF) in the microstructure is advantageous in terms of the preservation of mechanical 
properties, especially the toughness. The formation of acicular ferrite can be controlled by the 
microalloying elements (Ti, Al, N, B) which can form small inclusions that can be considered as the 
nuclei of ferrite. In this paper a detailed literature review is provided on the characteristics, 
production processes and weldability of modern offshore steels. 

Keywords: offshore steel, welding, weldability, toughness 

1. Bevezetés 

A �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�R�N�N�D�O�� �I�R�J�O�D�O�N�R�]�y �N�X�W�D�W�y�N���M�H�O�H�Q�W���V�� �U�p�V�]�p�Q�H�N�� �I�L�J�\�H�O�P�H��napjainkban a �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~��
�D�F�p�O�R�N���I�H�M�O�H�V�]�W�p�V�p�U�H���L�U�i�Q�\�X�O�����D�]�R�Q�E�D�Q���V�]�i�P�R�V���R�O�\�D�Q���L�S�D�U�L���W�H�U�•�O�H�W���Y�D�Q�����D�K�R�O���D���I�H�O�K�D�V�]�Q�i�O�i�V�L���N�|�U�•�O�P�p�Q�\�H�N��
miatt �P�i�V���D�F�p�O�W�t�S�X�V�R�N�� ���S�pl�G�i�X�O �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N���� �D�O�N�D�O�P�D�]�i�V�D�� �L�Q�G�R�N�R�O�W���� �D�P�H�O�\ek �W�H�U�•�O�H�W�p�Q�� �V�]�L�Q�W�p�Q��
�W�|�U�W�p�Q�W�� �I�H�M�O���G�p�V�� �D�]�� �H�O�P�~�O�W�� �p�Y�H�N�E�H�Q [1]���� �$�]�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�D�W�� �M�H�O�O�H�P�]���H�Q�� �R�O�D�M�I�~�U�y��platformokhoz, 
�W�H�Q�J�H�U�H�Q�� �•�]�H�P�H�O�����V�]�p�O�H�U���P�&�Y�H�N �W�H�Q�J�H�U�L�� �D�O�D�S�M�i�K�R�]�� �p�V�� �V�]�H�U�N�H�]�H�W�L�� �H�O�H�P�H�L�K�H�]�� valamint �K�D�M�y�p�S�t�W�p�Vhez 
�K�D�V�]�Q�i�O�M�i�N���� �D�K�R�O��a szerkezetek �P�H�J�O�H�K�H�W���V�H�Q�� �Y�L�V�]�R�Q�W�D�J�V�i�J�R�V�� �L�G���M�i�U�i�V�L�� �N�|�U�•�O�P�p�Q�\�H�Nnek���� �W�R�Y�i�E�E�i��
�I�R�N�R�]�R�W�W���P�H�F�K�D�Q�L�N�D�L���L�J�p�Q�\�E�H�Y�p�W�H�O�Q�H�N �Y�D�Q�Q�D�N���N�L�W�p�Y�H [2]�±[7].  

   

�������i�E�U�D�����2�I�I�V�K�R�U�H���D�F�p�O�R�N���M�H�O�O�H�P�]�����D�O�N�D�O�P�D�]�i�V�L���W�H�U�•�O�H�W�Hi [6] , [7] . 

�$�� �N�H�G�Y�H�]���W�O�H�Q�� �p�J�K�D�M�O�D�W�L�� �Y�i�O�W�R�]�i�V�R�N�� �P�L�D�W�W�� �D�]�� �H�O�P�~�O�W�� �p�Y�W�L�]�H�G�H�N�E�H�Q�� �G�U�D�V�]�W�L�N�X�V�D�Q�� �F�V�|�N�N�H�Q�W�� �D��
�V�D�U�N�Y�L�G�p�N�L�� �M�p�J����ami �~�M�� �O�H�K�H�W���V�p�J�H�N�H�W�� �Q�\�L�W�R�W�W�� �D�� �V�D�U�N�Y�L�G�p�N�L�� �Q�\�H�U�V�D�Q�\�D�J-�N�X�W�D�W�i�V�E�D�Q�����$�]�� �~j tengeri 
�R�O�D�M�P�H�]���N�� �p�V�� �L�S�D�U�L���O�p�W�H�V�t�W�P�p�Q�\�H�N�� �P�H�J�Q�\�L�W�i�V�D�� �P�H�J�Q�|�Y�H�Ote �D�� �V�D�U�N�Y�L�G�p�N�L�� �Y�L�V�]�R�Q�\�R�N�Q�D�N���H�O�O�H�Q�i�O�O�y�� �D�F�p�O�R�N��
�L�U�i�Q�W�L���N�H�U�H�V�O�H�W�H�W�����$�]���D�F�p�O�J�\�i�U�W�y�N���N�•�O�|�Q�I�p�O�H���W�t�S�X�V�~���D�F�p�O�R�N�D�W���N�t�Q�i�O�Q�D�N���D�]���R�I�I�V�K�R�U�H���L�S�D�U���V�]�i�P�i�U�D�����E�H�O�H�p�U�W�Y�H��
�D�� �Q�R�U�P�D�O�L�]�i�O�W�� ���1������ �D�� �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�D�Q��hengerelt (TMCP), valamint a �Q�H�P�H�V�t�W�H�W�W (Q+T) szerkezeti 
�D�F�p�O�R�N �R�I�I�V�K�R�U�H���F�p�O�R�N�U�D���V�]�i�Q�W���Y�i�O�W�R�]�D�W�D�L�W [8], [9]. 
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�$�� �U�H�Q�G�H�O�N�H�]�p�V�U�H�� �i�O�O�y�� �V�]�i�P�R�V���D�F�p�O�W�t�S�X�V�� �H�O�O�H�Q�p�U�H �D�� �O�H�J�Q�D�J�\�R�E�E�� �V�]�t�Y�y�V�V�i�J�~�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�D�W��
�M�H�O�O�H�P�]���H�Q���W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V���K�H�Q�J�H�U�O�p�V�V�H�O���J�\�i�U�W�M�i�N, amely �U�H�Q�G�N�t�Y�•�O���I�L�Q�R�P�V�]�H�P�F�V�p�V���V�]�|�Y�H�Wszerkezetet 
�H�U�H�G�P�p�Q�\�H�]�����(�]�]�H�O���D�]���D�F�p�O�J�\�i�U�W�i�V�L �P�y�G�V�]�H�U�U�H�O��ke�G�Y�H�]�� �V�]�L�O�i�U�G�V�i�J�R�W���p�V���V�]�t�Y�y�V�V�i�J�R�W���p�U�•�Q�N el, m�L�N�|�]�E�H�Q 
a kis karbon- �p�V���D�� �F�V�H�N�p�O�\���|�W�Y�|�]���W�D�U�W�D�O�R�P�����|�V�V�]�H�V�V�p�J�p�E�H�Q�� �D�� �N�L�V�� �N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N (CEV), �M�y��
�K�H�J�H�V�]�W�K�H�W���V�p�J�H�W�� �E�L�]�W�R�V�t�W���� �$��termomechanikusan kezelt �D�F�p�O�R�Nra viszonylag kis primer ausztenit 
�V�]�H�P�F�V�H�P�p�U�H�W���M�H�O�O�H�P�]��, �D���K�H�Q�J�H�U�O�p�V�W���N�|�Y�H�W�����J�\�R�U�V���K�&�W�p�V���N�|�Y�H�W�N�H�]�W�p�E�H�Q���I�L�Q�R�P�V�]�H�P�F�V�p�V���I�H�U�U�L�W�H�V�����E�p�Q�L�Wes 
vagy martenzites �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W, �L�O�O�H�W�Y�H�� �H�]�H�N�� �N�H�Y�H�U�p�N�H�� �M�H�O�O�H�P�]�L�� �H�]�H�N�H�W�� �D�]�� �D�F�p�O�R�N�D�W [10]. A 
�K���E�H�Y�L�W�H�O�O�H�O�� �M�i�U�y�� �J�\�i�U�W�i�V�W�H�F�K�Q�R�O�y�J�L�i�N (�S�p�O�G�i�X�O�� �D�� �K�H�J�H�V�]�W�p�V) �D�]�i�O�W�D�O�� hogy me�J�Y�i�O�W�R�]�W�D�W�M�i�N�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�W, �D�� �P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�� �U�R�P�O�i�V�i�W�� �H�U�H�G�P�p�Q�\�H�]�L�N [10]. A 
�K���K�D�W�i�V�|�Y�H�]�H�W �V�]�t�Y�y�V�V�i�J�i�Q�D�N���U�R�P�O�i�V�D���L�V�P�H�U�W���S�U�R�E�O�p�P�D���D���W�H�Q�J�H�U�L szerkezetekben alkalmazott �D�F�p�O�R�N�Q�i�O����
�.�L�K�t�Y�i�V�W���M�H�O�H�Q�W���W�R�Y�i�E�E�i�� �D�Q�Q�D�N�� �J�D�U�D�Q�W�i�O�i�V�D���� �K�R�J�\�� �D �W�|�E�E�U�p�W�H�J�&�� �G�H�Q�G�U�L�W�H�V�� �N�U�L�V�W�i�O�\�R�V�R�G�i�V�~ varratban az 
�•�W���P�X�Q�N�D���H�O�p�U�M�H a �I�L�Q�R�P�V�]�H�P�F�V�p�V���p�V���P�L�N�U�R�|�W�Y�|�]�|�W�W���D�F�p�O�O�H�P�H�] �V�]�t�Y�y�V�V�i�J�i�W, amely �D�]���D�F�p�O�J�\�i�U�W�i�V���V�R�U�i�Q 
�P�H�J�K�D�W�i�U�R�]�R�W�W�� �K�H�Q�J�H�U�O�p�V�L�� �I�R�O�\�D�P�D�W�R�N�R�Q���P�H�J�\�� �N�H�U�H�V�]�W�•�O. Az alkalmazott alapanyag, valamint a 
�K�H�J�H�V�]�W�p�V�W�H�F�K�Q�R�O�y�J�L�D�� �W�D�Q�~�V�t�W�i�V�i�Y�D�O�� �I�R�J�O�D�O�N�R�]�y���V�]�D�E�Y�i�Q�\�R�N���N�•�O�|�Q�E�|�]���� �H�O���t�U�i�V�R�N�D�W�� �W�D�U�W�D�O�P�D�]�Q�D�N��a 
�K���K�D�W�i�V�|�Y�H�]�H�W�� �V�]�t�Y�y�V�V�i�J�i�U�D�� �Y�R�Q�D�W�N�R�]�y�D�Q���� �D�P�H�O�\�H�W�� �•�W���Y�L�]�V�J�i�O�D�W�R�N, �Y�D�O�D�P�L�Q�W�� �W�|�U�p�V�P�H�F�K�D�Q�L�N�D�L��
���H�O�V���V�R�U�E�D�Q�� �&�7�2�'���� �Y�L�]�V�J�i�O�D�W�R�N�� �H�O�Y�p�J�]�p�V�p�Y�H�O�� �N�H�O�O�� �P�H�J�K�D�W�i�U�R�]�Q�L [8]. Egyes esetekben a 
�W�|�U�p�V�P�H�F�K�D�Q�L�N�D�L�� �Y�L�]�V�J�i�O�D�W�R�N�� �N�L�p�U�W�p�N�H�O�p�V�H�� �N�L�K�t�Y�i�V�W�� �M�H�O�H�Q�W�K�H�W���� �P�L�Y�H�O�� �D�� �Q�D�J�\�R�E�E�� �V�]�L�O�i�U�G�V�i�J�~��
termomechanikusan kezelt �D�F�p�O�R�N���N�p�S�O�p�N�H�Q�\���Y�L�V�H�O�N�H�G�p�V�H���P�L�D�W�W���D���W�|�U�p�V�L���V�]�t�Y�y�V�V�i�J���P�H�J�K�D�W�i�U�R�]�i�V�D���Q�H�P��
�H�J�\�V�]�H�U�&�� �N�L�V�P�p�U�H�W�& �S�U�y�E�D�W�H�V�W�H�N�H�Q�� �>11]. Ilyen �D�F�p�O�R�N �H�V�H�W�p�Q���D�]�� �H�U�H�G�P�p�Q�\�H�N���p�U�W�p�N�H�O�K�H�W���V�p�J�H �p�V��
�P�H�J�E�t�]�K�D�W�y�V�i�J�D javul a �Y�L�]�V�J�i�O�D�W�L���K���P�p�U�V�p�N�O�H�W���F�V�|�N�N�H�Q�p�V�p�Y�H�O. 

Jelen fejezet �F�p�O�M�D���� �K�R�J�\�� �i�W�W�H�N�L�Q�W�p�V�W�� �Q�\�~�M�W�V�R�Q�� �Dz offshore �D�F�p�O�R�N�� �J�\�i�U�W�i�V�L�� �I�R�O�\�D�P�D�W�D�L�U�y�O�� �p�V��
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�U���O�����W�R�Y�i�E�E�i���D�]���H�]�H�Q���D�F�p�O�R�N �K�H�J�H�V�]�W�p�V�p�Y�H�O���N�D�S�F�V�R�O�D�W�R�V���N�L�K�t�Y�i�V�R�N�U�y�O. 

2. Offshore acélok és hegesztésük 

2.1. �*�\�i�U�W�i�V�L���P�y�G�V�]�H�U�H�N���p�V���D�F�p�O�W�t�S�X�V�R�N 

�$�� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�R�N�� �i�O�W�D�O�i�Q�R�V�� �p�V���V�]�p�O�H�V�N�|�U�E�H�Q �L�V�P�H�U�W���J�\�i�U�W�i�V�L�� �P�y�G�M�D�L�W����N, TMCP, Q+T) �D�O�N�D�O�P�D�]�]�i�N 
�R�I�I�V�K�R�U�H�� �D�F�p�O�R�N �H�O���i�O�O�t�W�i�V�i�K�R�]�� �D�]�]�D�O�� �D�� �N�•�O�|�Q�E�V�p�J�J�H�O, hogy �H�]�H�N�Q�H�N�� �D�]�� �D�F�p�O�R�N�Q�D�N�� �P�i�V���I�H�O�K�D�V�]�Q�i�O�i�V�L��
�W�H�U�•�O�H�W�K�H�] �N�p�S�H�V�W���V�S�H�F�L�i�O�L�V���K�H�J�H�V�]�W�K�H�W���V�p�J�L�� �p�V�� �V�]�t�Y�y�V�V�i�J�L�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N�H�W���N�H�O�O���W�H�O�M�H�V�t�W�H�Q�L�•�N���� �$�]��MSZ 
EN 10225-�����V�]�D�E�Y�i�Q�\���>8] foglalkozik az offshore szerkezetekben alkalmazott �V�]�H�U�N�H�]�H�W�L���D�F�p�O�R�N�N�D�O. A 
�V�]�D�E�Y�i�Q�\�E�D�Q�� �D�]�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�� ������ MPa szi�O�i�U�G�V�i�J�L�� ���I�R�O�\�i�V�K�D�W�i�U���� �N�D�W�H�J�y�U�L�i�L�J�� �V�]�H�U�H�S�H�O�Q�H�N���� �D��
�V�]�t�Y�y�V�V�i�J�U�D���Y�R�Q�D�W�N�R�]�y���H�O���t�U�i�V�R�N�D�W���D�]���H�O���t�U�i�V �±�������ƒ�&-ig tartalmazza. �$���V�]�D�E�Y�i�Q�\�E�D�Q���V�]�H�U�H�S�O�����|�V�V�]�H�V�H�Q��
11 �R�I�I�V�K�R�U�H���D�F�p�O��vegyi �|�V�V�]�H�W�p�W�H�O�p�W���p�V���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�W���D�]���������p�V���������W�i�E�O�i�]�D�Wok �W�D�U�W�D�O�P�D�]�]�i�N. A 
felsorolt �D�F�p�O�R�N���N�|�]�•�O�� �H�J�\�� �D�� �Q�R�U�P�D�O�L�]�i�O�W���D�F�p�O�R�N���F�V�R�S�R�U�W�M�i�E�D���W�D�U�W�R�]�L�N���� �Q�p�J�\��termomechanikusan kezelt 
�D�F�p�O �p�V���K�D�W���Q�H�P�H�V�t�W�H�W�W���V�]�H�U�N�H�]�H�W�L �D�F�p�O�����$ �M�H�O�|�O�p�V�•�N�E�H�Q���V�]�H�U�H�S�O�� O a tengeri (offshore) �D�O�N�D�O�P�D�]�i�Vra utal. 
�%�i�U�� �D�� �V�]�D�E�Y�i�Q�\�� �Q�H�P�� �W�H�V�]�� �N�•�O�|�Q�E�V�p�J�H�W�� �H�]�H�N�Q�p�O�� �Dz �D�F�p�O�P�L�Q���V�p�J�H�N�Q�p�O�� �D�]�� �•�W���P�X�Q�N�i�U�D�� �Y�R�Q�D�W�N�R�]�y��
�N�|�Y�H�W�H�O�P�p�Q�\�E�H�Q���� �I�H�O�W�p�W�H�O�H�]�K�H�W������ �K�R�J�\�� �D�� �N�|�]�H�S�H�V�� �V�]�L�O�i�U�G�V�i�J�~��termomechanikusan kezelt �D�F�p�O�R�N�� �D��
�O�H�J�Q�D�J�\�R�E�E�� �V�]�t�Y�y�V�V�i�J�~ �W�t�S�X�V�R�N�Q�D�N�� �W�H�N�L�Q�W�K�H�W���N. �7�R�Y�i�E�E�i, �D�]�W�� �L�V�� �p�U�G�H�P�H�V�� �I�L�J�\�H�O�H�P�E�H�� �Y�H�Q�Q�L���� �K�R�J�\ az 
�D�F�p�O�J�\�i�U�D�N��rendszerint biztons�i�Jgal �W�~�O�W�H�O�M�H�V�t�W�L�N���D�� �V�]�D�E�Y�i�Q�\�E�D�Q�� �V�]�H�U�H�S�O���� �•�W���P�X�Q�N�D�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N�H�W. 
�$�]�� �D�F�p�O�J�\�i�U�W�y�N���W�i�M�p�N�R�]�W�D�W�i�V�D�� �D�O�D�S�M�i�Q���H�J�\�U�H�� �Q�D�J�\�R�E�E�� �D�� �N�H�U�H�V�O�H�W�� �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �L�U�i�Q�W�� �D��
tenger�K�H�]�� �N�|�W�K�H�W�� �D�O�N�D�O�P�D�]�i�V�L�� �W�H�U�•�O�H�W�H�N�H�Q is [9]. Napjainkban az offshore �D�F�p�O�R�N���Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~��
�Y�i�O�W�R�]�D�W�D�L���H�J�\�H�V���D�F�p�O�J�\�i�U�W�y�N���N�t�Q�i�O�D�W�i�E�D�Q���P�i�U���D��620-�����������0�3�D���I�R�O�\�i�V�K�D�W�i�U �W�D�U�W�R�P�i�Q�\�E�D�Q �L�V���H�O�p�U�K�H�W���N�� 
27-69 J, -�������ƒ�&-on �J�D�U�D�Q�W�i�O�W���•�W���P�X�Q�N�D �p�U�W�p�N�H�N��mellett [9]. Ezeket a �N�D�W�H�J�y�U�L�i�N�D�W���i�O�W�D�O�i�E�D�Q���Q�H�P�H�V�t�W�H�W�W��
�i�O�O�D�S�R�W�E�D�Q�� �V�]�i�O�O�t�W�M�i�N. A �N�|�]�H�S�H�V�� �V�]�L�O�i�U�G�V�i�J�L�� �W�D�U�W�R�P�i�Q�\nak tekintett �������� �p�V�� �������� �0�3�D�� �I�R�O�\�i�V�K�D�W�i�U��
�L�Q�W�H�U�Y�D�O�O�X�P�E�D�Q���O�p�Y�� �R�I�I�V�K�R�U�H���D�F�p�O�R�N�D�W���W�|�E�E�Q�\�L�U�H���W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V���K�H�Q�J�H�U�O�p�V�V�H�O �i�O�O�t�W�M�i�N���H�O���� 
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A �N�|�Y�H�W�N�H�]�� �U�p�V�]�E�H�Q���D�O�D�S�Y�H�W���H�Q�� �D �7�0�&�3�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�U�D�� �p�V�� �K�H�J�H�V�]�W�K�H�W���V�p�J�p�U�H��
kon�F�H�Q�W�U�i�O�X�Q�N�����P�L�Y�H�O���H�]�H�N �D���O�H�J�t�J�p�U�H�W�H�V�H�E�E�H�N �N�H�G�Y�H�]���W�O�H�Q���N�|�U�Q�\�H�]�H�W�L���N�|�U�•�O�P�p�Q�\�H�N���N�|�]�|�W�W�� 

 

1. �W�i�E�O�i�]�D�W�� �2�I�I�V�K�R�U�H���D�F�p�O�R�N��vegyi �|�V�V�]�H�W�p�W�H�O�H��az MSZ EN 10225-1 szerint (�P�D�[�L�P�i�O�L�V���p�U�W�p�N�H�N, �Q�p�K�i�Q�\��
�N�L�Y�p�W�H�O�W���O���H�O�W�H�N�L�Q�W�Y�H) �>�W�|�P�H�J���@ 

�$�F�p�O C Si Mn Cr  Ni Mo N Al  Cu Nb Ti  V Nb+V Nb+V+Ti  

S355NLO 0,14 0,55 
1,00 

1,65 
0,25 0,70 0,08 0,010 

0,015 

0,055 
0,30 0,050 0,025 0,060 0,06 0,08 

S355MLO 0,14 0,55 
1,00 

1,65 
0,25 0,70 0,08 0,010 

0,015 

0,055 
0,30 0,050 0,025 0,060 0,06 0,08 

S420MLO 0,14 0,55 1,65 0,25 0,70 0,25 0,010 
0,015 

0,055 
0,30 0,050 0,025 0,080 0,09 0,11 

S460MLO 0,14 0,55 1,70 0,25 0,70 0,25 0,010 
0,015 

0,055 
0,30 0,050 0,025 0,080 0,12 0,13 

S500MLO 0,14 0,55 2,00 0,30 1,00 0,25 0,010 
0,015 

0,055 
0,35 0,050 0,025 0,080 0,12 0,13 

S420QLO 0,14 0,55 1,65 0,25 0,70 0,25 0,010 
0,015 

0,055 
0,30 0,050 0,025 0,080 0,09 0,11 

S460QLO 0,14 0,55 1,70 0,25 0,70 0,25 0,010 
0,015 

0,055 
0,30 0,050 0,025 0,080 0,12 0,13 

S500QLO 0,14 0,55 1,70 0,30 1,00 0,25 0,010 
0,015 

0,055 
0,40 0,050 0,025 0,080 0,12 0,13 

S550QLO 0,16 0,55 1,70 0,40 1,00 0,60 0,008 
0,015 

0,10 
0,40 0,050 0,025 0,080 0,12 0,13 

S620QLO 0,20 0,55 1,70 1,00 2,00 0,60 0,008 
0,015 

0,10 
0,40 0,050 0,025 0,080 0,12 0,13 

S690QLO 0,20 0,55 1,70 1,00 2,00 0,60 0,008 
0,015 

0,10 
0,40 0,050 0,025 0,080 0,12 0,13 

�6�������1�/�2���p�V���6�������4�/�2���N�|�]�|�W�W���3max=0,020%, Smax=0,010% 

�6�������4�/�2���p�V���6�������4�/�2���N�|�]�|�W�W���3max� ���������������p�V���6max=0,050% 
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2. �W�i�E�O�i�]�D�W�� �2�I�I�V�K�R�U�H���D�F�p�O�R�N��karbon�H�J�\�H�Q�p�U�W�p�N�H�L���p�V���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L���D�]��MSZ EN 10225-1 
�D�O�D�S�M�i�Q 

�$�F�p�O CEV 
ReH 

[MPa] 

Rm 

[MPa] 

ReH /Rm max. 

[-] 

A 

[%]  

CVN 

[�ƒ�&] [J] 

S355NLO 0,43 355 470-630 0,87 22 -40 50 

S355MLO 0,39 355 470-630 0,93 22 -40 60 

S420MLO 0,42 420 500-660 0,93 19 -40 60 

S460MLO 0,43 460 520-700 0,93 17 -40 60 

S500MLO 0,47 500 560-740 0,95 15 -40 60 

S420QLO 0,42 420 500-660 0,93 19 -40 60 

S460QLO 0,43 460 520-700 0,93 17 -40 60 

S500QLO 0,44 500 560-740 0,93 15 -40 60 

S550QLO 0,47 550 590-750 0,93 15 -40 60 

S620QLO 0,65 620 720-890 - 14 -40 60 

S690QLO 0,65 690 770-940 - 14 -40 60 

2.2. �6�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�L���M�H�O�O�H�P�]���N���p�V���|�W�Y�|�]���N 

�$�� �N�|�]�H�S�H�V�� �V�]�L�O�i�U�G�V�i�J�~�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�� �i�O�W�D�O�i�E�D�Q���N�L�V�� �N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N�&�H�N���� �I�L�Q�R�P�V�]�H�P�F�V�p�V���� �E�p�Q�L�Wes, 
�U�p�V�]�E�H�Q�� �I�H�U�U�L�W�H�V���V�]�|�Y�H�Wszerkezet�&�H�N���� �Q�H�J�D�W�t�Y�� �K���P�p�U�V�p�N�O�H�W�L�� �W�D�U�W�R�P�i�Q�\�E�D�Q�� �N�L�H�P�H�O�N�H�G���� �V�]�t�Y�y�V�V�i�Ji 
�W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O [2]�±[4], [12], [13]. Napjainkban a�]���D�F�p�O�J�\�i�U�W�y�N�� �V�]�i�P�i�U�D���P�i�U�� �Q�H�P�� �M�H�O�H�Q�W���Q�H�K�p�]�V�p�J�H�W 
�H�]�H�Q�� �D�F�p�O�R�N�� �N�L�H�P�H�O�N�H�G���� �P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�Q�D�N�� �H�O�p�U�p�V�H���� �L�Q�N�i�E�E�� �N�L�K�t�Y�i�V�W�� �M�H�O�H�Q�W���� �K�R�J�\�D�Q�� �O�H�K�H�W��
�R�O�\�D�Q���R�I�I�V�K�R�U�H���D�F�p�O�W���N�L�I�H�M�O�H�V�]�W�H�Q�L�����D�P�H�O�\ �D���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q���N�p�S�H�V �P�H�J���Uizni �N�L�H�P�H�O�N�H�G�� �V�]�t�Y�y�V�V�i�J�i�W����
Az offshore szerkezetekben �W�|�E�E�Q�\�L�U�H�� �Y�D�V�W�D�J�D�E�E�� �O�H�P�H�]�H�N�H�W�� �K�D�V�]�Q�i�O�Q�D�N���� �D�P�H�O�\�H�N�H�W�� �W�|�E�E�U�p�W�H�J�& 
�Y�D�U�U�D�W�I�H�O�p�S�t�W�p�V�V�H�O hegesztenek, aminek �H�U�H�G�P�p�Q�\�H�N�p�Q�W�� �P�H�J�O�H�K�H�W���V�H�Q�� �N�R�P�S�O�H�[�� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N��
alakulnak ki. 

A�]�� �R�S�W�L�N�D�L�� �P�L�N�U�R�V�]�N�y�S�R�V�� �Y�L�]�V�J�i�O�D�W�R�Nat �U�p�J�y�W�D�� �D�O�N�D�O�P�D�]�]�i�N �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �D�F�p�Ook �V�]�|�Y�H�W-
�V�]�H�U�N�H�]�H�W�p�Q�H�N �M�H�O�O�H�P�]�p�V�p�U�H �p�V �D�]�� �H�J�\�H�V�� �V�]�|�Y�H�W�H�O�H�P�H�N �P�H�Q�Q�\�L�V�p�J�p�Q�H�N �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D. A tengeri 
�D�F�p�O�P�L�Q���V�p�J�H�N�U�H�� �M�H�O�O�H�P�]�����E�p�Q�L�W-ferrites �V�]�|�Y�H�W�H�N azonban �U�H�Q�G�N�t�Y�•�O���|�V�V�]�H�W�H�W�W�H�N���� �H�E�E���O�� �D�G�y�G�y�D�Q��
�K�D�J�\�R�P�i�Q�\�R�V�� �P�L�N�U�R�V�]�N�y�S�L�� �W�H�F�K�Q�L�N�i�Y�D�O��csak �N�R�U�O�i�W�R�]�R�W�W�D�Q���Y�L�]�V�J�i�O�K�D�W�y�N. Fejlettebb mikroszerkezet 
�Y�L�]�V�J�il�y �H�O�M�i�U�i�V�R�N �D�O�N�D�O�P�D�]�i�V�i�Y�D�O�����P�L�Q�W���S�p�O�G�i�X�O���D��v�L�V�V�]�D�V�]�y�U�W���H�O�H�N�W�U�R�Q-�G�L�I�I�U�D�N�F�L�y�V���Y�L�]�V�J�i�O�D�W�����(�%�6�'�����D�]��
�H�J�\�H�V���V�]�|�Y�H�W�H�O�H�P�H�N���p�V���D�]�R�N���P�R�U�I�R�O�y�J�L�D�L���M�H�O�O�H�P�]���L���S�R�Q�W�R�V�D�Q���E�H�D�]�R�Q�R�V�t�W�K�D�W�y�N��[15]. 

�$�� �W�H�Q�J�H�U�L�� �D�F�p�O�R�N��hegesztett �N�|�W�p�V�H�L�Q�H�N�� �V�]�t�Y�y�V�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �G�|�Q�W���� �M�H�O�H�Q�W���V�p�J�&����
�K�R�J�\�� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�E�H�Q�� �D�� �K�H�J�\�H�V���� �L�O�O�H�W�Y�H�� �W�&�V ferrit (acicular ferrite) jelen legyen. A hegesztett 
�N�|�W�p�V�H�N�E�H�Q�� �D�� �N�L�V�P�p�U�H�W�&�� �Q�H�P�I�p�P�H�V�� �]�i�U�Y�i�Q�\�Rk�E�y�O���� �P�L�Q�W�� �N�U�L�V�W�i�O�\�R�V�R�G�i�V�L�� �F�V�t�U�i�N�E�y�O���V�X�J�i�U�L�U�i�Q�\�E�D�Q��
�N�L�L�Q�G�X�O�y ferrit�W�&�N �M�H�O�H�Q�W���V�� �P�p�U�W�p�N�E�H�Q���K�R�]�]�i�M�i�U�X�O�Q�D�N�� �D�� �V�]�t�Y�y�V�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�� �M�D�Y�t�W�i�V�i�K�R�]���� �(�]�p�U�W��
�V�]�i�P�R�V���N�X�W�D�W�i�V���I�R�J�O�D�O�N�R�]�L�N���D���P�L�N�U�R�|�W�Y�|�]���N�����Y�D�O�D�P�L�Q�W���D�]���D�]�R�N���U�p�V�]�Y�p�W�H�O�p�Y�H�O���N�L�D�O�D�N�X�O�y���]�i�U�Y�i�Q�\�R�Nnak a 
�W�&�V���I�H�U�U�L�W���N�L�D�O�D�N�X�O�i�V�i�U�D���J�\�D�N�R�U�R�O�W �K�D�W�i�V�i�Yal. A �K�H�J�\�H�V�����L�O�O�H�W�Y�H���W�&�V �I�H�U�U�L�W���V�H�P�D�W�L�N�X�V���i�E�U�i�]�R�O�i�V�i�W, valamint 
�D���W�&�V���I�H�U�U�L�W�U���O���N�p�V�]�•�O�W���W�p�Q�\�O�H�J�H�V���P�L�N�U�R�V�]�N�y�S�L���I�H�O�Y�p�W�H�O�H�N�H�W a 2�����i�E�U�D���V�]�H�P�O�p�O�W�H�W�L���>3], [13], [14]. 
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2�����i�E�U�D����(a) �7�&�V �I�H�U�U�L�W�����$�)�����V�H�P�D�W�L�N�X�V���i�E�U�i�]�R�O�i�V�D���>��3] , (b) �W�&�V���I�H�U�U�L�W��a varratban �>�����@���p�V��(c) ���������W�&�V��
ferrit a �K���K�D�W�i�V�|�Y�H�]�H�W�Een [3] . 

Tervo �p�V�� �V�]�H�U�]���W�i�U�V�D�L 500 MPa �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�M�~ �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�p�Q�H�N 
�V�]�L�P�X�O�i�O�W���G�X�U�Y�D�V�]�H�P�F�V�p�V���K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�M�i�Q�D�N �V�]�t�Y�y�V�V�i�J�i�W �Y�L�]�V�J�i�O�W�i�N [2]. �.�t�V�p�U�O�H�W�H�L�N �V�R�U�i�Q���D�U�U�D���D��
�N�|�Y�H�W�N�H�]�W�H�W�p�V�U�H���M�X�W�R�W�W�D�N, hogy a �Q�D�J�\�P�p�U�H�W�& �W�L�W�i�Q-�Q�L�W�U�L�G�H�N�H�W���W�D�U�W�D�O�P�D�]�y���6������MLO �D�F�p�O���•�W���P�X�Q�N�i�M�D �p�V��
�W�|�U�p�V�L���V�]�t�Y�y�V�V�i�J�D��is kisebb, �W�R�Y�i�E�E�i��a�]���H�J�\�H�V���Y�L�]�V�J�i�O�D�W�R�N���H�U�H�G�P�p�Q�\�H�L�Q�H�N �V�]�y�U�i�Va pedig nagyobb, mint 
�D���Q�D�J�\�� �P�H�Q�Q�\�L�V�p�Jben �N�D�O�F�L�X�P���D�O�D�S�~���]�i�U�Y�i�Q�\�R�Nat �W�D�U�W�D�O�P�D�]�y�����W�L�W�i�Q-�Q�L�W�U�L�G�H�N�W���O���P�H�Q�W�H�V �D�F�p�O�p�����$���S�U�y�E�D-
�W�H�V�W�H�N�� �W�|�U�H�W�I�H�O�•�O�H�W�p�Q�H�N�� �Y�L�]�V�J�i�O�D�W�D�� �V�R�U�i�Q�� �N�L�P�X�W�D�W�W�i�N, hogy a legkisebb �V�]�t�Y�y�V�V�i�J�~�� �P�L�Q�W�i�N�E�D�Q�� �D�� �W�|�U�p�Vt 
�N�L�Y�i�O�W�y���R�N�R�N�D�W �D���G�X�U�Y�D���W�L�W�i�Q-�Q�L�y�E�L�X�P-nitridek �M�H�O�H�Q�O�p�W�p�U�H���O�H�K�H�W�H�W�W���Y�L�V�V�]�D�Y�H�]�H�W�Q�L. A �G�X�U�Y�D�V�]�H�P�F�V�p�V���]�y�Q�D 
�U�L�G�H�J�V�p�J�p�Q�H�N�� �H�O�N�H�U�•�O�p�V�H�� �p�U�G�H�N�p�E�H�Q���H�]�p�U�W���N�L�V�� �K���P�p�U�V�p�N�O�H�W�H�Q�� �•�]�H�P�H�O���� �E�H�U�H�Q�G�H�]�p�V�H�N�Q�p�O�� �K�D�V�]�Q�i�O�W��
�D�F�p�O�R�N�Q�i�O���D�]���D�F�p�O�J�\�i�U�W�i�V�L���I�R�O�\�D�P�D�W���V�R�U�i�Q���N�H�U�•�O�Q�L���N�H�O�O a �Q�D�J�\�P�p�U�H�W�& nitridek k�L�D�O�D�N�X�O�i�V�i�W. 

�(�J�\���P�i�V�L�N���N�|�]�O�H�P�p�Q�\�E�H�Q���N�t�V�p�U�O�H�W�L���~�W�R�Q���L�J�D�]�R�O�W�i�N�����K�R�J�\���K�H�J�H�V�]�W�p�V�N�R�U���D���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q �N�L�D�O�D�N�X�O�y 
�W�&�V ferrit �N�H�G�Y�H�]�� �D�� �V�]�t�Y�y�V�V�i�J�� �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �>���@�����$�� �V�]�H�U�]���N h�i�U�R�P�� �N�t�V�p�U�O�H�W�L�� �D�F�p�O�W�� �W�D�Q�X�O�P�i�Q�\�R�]�W�D�N��
�D�Q�Q�D�N�� �p�U�G�H�N�p�E�H�Q���� �K�R�J�\�� �P�H�J�W�D�O�i�O�M�i�N �D�]�� �R�S�W�L�P�i�O�L�V�� �I�H�O�W�p�W�H�O�H�N�H�W �D�� �W�&�V�� �I�H�U�U�L�W�� �N�L�D�O�D�N�X�O�i�V�i�K�R�] a 
�G�X�U�Y�D�V�]�H�P�F�V�p�V�� �|�Y�H�]�H�W�E�H�Q. Az �H�J�\�L�N�� �D�F�p�O�W�� �D�]�� �D�F�p�O�J�\�i�U�W�i�V�� �V�R�U�i�Q�� �D�O�X�P�t�Q�L�X�P�P�D�O�����P�t�J�� �D�� �P�i�V�L�N�� �N�H�W�W��t 
�W�L�W�i�Q�Q�D�O��dez�R�[�L�G�i�O�W�i�N. A �Y�L�]�V�J�i�O�D�W�� �D�U�U�D �L�U�i�Q�\�X�O�W���� �K�R�J�\�� �D�� �G�Hz�R�[�L�G�i�F�L�y�V�� �J�\�D�N�R�U�O�D�W�� �E�H�I�R�O�\�i�V�R�Oja-e a �W�&�V��
ferrit �N�L�D�O�D�N�X�O�i�V�i�W�� �D�� �V�]�L�P�X�O�i�O�W���G�X�U�Y�D�V�]�H�P�F�V�p�V�� �]�y�Q�i�E�D�Q. A �W�L�W�i�Q�Q�D�O���G�H�]�R�[�L�G�i�O�W�� �D�F�p�O���K���K�D�W�i�V�|�Y�H�]�H�W�p�Q�H�N��
�V�]�H�P�F�V�H�G�X�U�Y�X�O�W�� �U�p�V�]�p�E�H�Q�� �M�H�O�H�Q�W���V�� �P�H�Q�Q�\�L�V�p�J�&�� �W�&�V�� �I�H�U�U�L�W�H�W�� �W�D�O�i�O�W�D�N, �D�P�H�O�\�Q�H�N�� �P�H�Q�Q�\�L�V�p�J�H a t8/5 �K�&l�p�V�L��
�L�G���Y�H�O���Q���W�W�����(�E�E�H�Q���D�]���D�F�p�O�E�D�Q���D���]�i�U�Y�i�Q�\�R�N���I���N�p�Q�W���N�L�V�P�p�U�H�W�&������-�������P�����7�L�2-MnS �Y�H�J�\�•�O�H�W�H�N�E���O �i�O�O�W�D�N�� 

�(�J�\�� �P�i�V�L�N�� �W�D�Q�X�O�P�i�Q�\�E�D�Q [4] a �W�&�V�� �I�H�U�U�L�W �Y�i�O�W�R�]�y���P�H�Q�Q�\�L�V�p�J�p�Q�H�N (0-������ �W�p�U�I�R�J�D�W�������V�]�t�Y�y�V�V�i�J�U�D��
gyakorolt �K�D�W�i�V�i�W �Y�L�]�V�J�i�O�W�i�N �K�i�U�R�P�� �N�t�V�p�U�O�H�W�L�� �D�F�p�O�� �V�]�L�P�X�O�i�O�W �G�X�U�Y�D�V�]�H�P�F�V�p�V�� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�M�i�E�D�Q. 
�.�p�W�� �D�F�p�O�W�� �W�L�W�i�Q�Q�D�O���� �H�J�\�H�W���D�O�X�P�t�Q�L�X�P�P�D�O dez�R�[�L�G�i�O�W�D�N���� �$ �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W �M�H�O�O�H�P�]�p�V�pt �S�i�V�]�W�i�]�y��
elektronmikr�R�V�]�N�y�S�S�D�O (SEM), �H�Q�H�U�J�L�D�G�L�V�]�S�H�U�]�t�Y�� �U�|�Q�W�J�H�Q�� �V�S�H�N�W�U�R�P�H�W�U�L�i�Y�D�O (EDS), �Y�L�V�V�]�D�V�]�y�U�W��
elektron-�G�L�I�I�U�D�N�F�L�y�V���Y�L�]�V�J�i�O�D�Wtal (EBSD) �p�V���U�|�Q�W�J�H�Q�G�L�I�I�U�D�N�F�L�y�V (XRD) �P�y�G�V�]�H�U�H�N�N�H�O���Y�p�J�H�]�W�pk el. A �W�&�V��
ferrit �K�i�Q�\�D�G�D�� �D�� �*�O�H�H�E�O�H�� �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�� �V�]�L�P�X�O�i�W�R�U�E�D�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �K���E�H�Y�L�W�H�O �p�V�� �K�&l�p�V�L�� �L�G����
�I�•�J�J�Y�p�Q�\�p�E�H�Q���Y�i�O�W�R�]�R�W�W�����$���W�&�V���I�H�U�U�L�W az egyik �W�L�W�i�Q�Q�D�O���G�H�]�R�[�L�G�i�O�W���D�F�p�O�E�D�Q���D�]���|�V�V�]�H�V���D�O�N�D�O�P�D�]�R�W�W���K�&l�p�V�L��
�L�G�����P�H�O�O�H�W�W���M�H�O�H�Q���Y�R�O�W�����P�H�Q�Q�\�L�V�p�J�H �S�H�G�L�J���D���K�&l�p�V�L���L�G�����Q�|�Y�H�N�H�G�p�V�p�Y�H�O���Q���W�W�����$���W�|�E�E�L���D�F�p�O�Q�i�O azonban csak 
�N�L�V�� �P�H�Q�Q�\�L�V�p�J�&��(13�±22%) �W�&�V�� �I�H�U�U�L�W �Y�R�O�W���M�H�O�H�Q���� �p�V��az is �F�V�D�N�� �D�N�N�R�U���� �D�P�L�N�R�U�� �D�� �O�H�J�K�R�V�V�]�D�E�E�� �K�&l�p�V�L�� �L�G���W��
�D�O�N�D�O�P�D�]�W�i�N�����$���V�]�L�P�X�O�i�O�W���K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N���V�]�t�Y�y�V�V�i�J�i�W �P�&�V�]�H�U�Hzett �•�W���Y�L�]�V�J�i�O�D�W�W�D�O���H�O�H�P�H�]�W�p�N. Az 
�H�O���]�H�W�H�V�� �Y�i�U�D�N�R�]�i�V�R�N�N�D�O���H�O�O�H�Q�W�p�W�E�H�Q�� �D�� �O�H�J�Q�D�J�\�R�E�E���V�]�t�Y�y�V�V�i�J�R�W �D�� �K�D�J�\�R�P�i�Q�\�R�V, �D�O�X�P�t�Q�L�X�P�P�D�O��
dez�R�[�L�G�i�O�W�� �D�F�p�Oban �P�p�U�W�p�N, amelynek a �V�]�|�Y�H�Wszerkezet�p�E�H�Q�� �N�H�Y�p�V���W�&�V�� �I�H�U�U�L�W�� �Y�R�O�W�� �M�H�O�H�Q, �P�L�N�|�]�E�H�Q a 
legnagyobb �P�H�Q�Q�\�L�V�p�J�E�H�Q�� �W�&�V�� �I�H�U�U�L�W�H�W �W�D�U�W�D�O�P�D�]�y���P�L�Q�W�i�N�R�Q�� �N�L�V�H�E�E�� �•�W���P�X�Q�N�i�W�� �P�p�U�W�H�N. Arra a 
�N�|�Y�H�W�N�H�]�W�H�W�p�V�U�H���M�X�W�R�W�W�D�N�����K�R�J�\���D �W�&�V���I�H�U�U�L�W�H�W���W�D�U�W�D�O�P�D�]�y �D�F�p�O�R�N��durva�V�]�H�P�F�V�p�V���|�Y�H�]�H�W�p�Q�H�N �V�]�t�Y�y�V�V�i�J�D a 
�G�X�U�Y�i�E�E��mikroszerkezetnek �p�V���D�� �Q�D�J�\�R�E�E�� �P�p�U�H�W�&���]�i�U�Y�i�Q�\�Rknak �N�|�V�]�|�Q�K�H�W������ �Y�D�O�D�P�L�Q�W�� �D �W�&�V�� �I�H�U�U�L�W 
�P�H�Q�Q�\�L�V�p�J�H sem lehetett el�H�J�H�Q�G�� ahhoz, hogy �p�U�G�H�P�E�H�Q���M�D�Y�t�W�V�D�� �D�� �Y�L�]�V�J�i�O�W�� �D�F�p�O�R�N���G�X�U�Y�D�V�]�H�P�F�V�p�V��
�]�y�Q�i�M�i�Q�D�N �V�]�t�Y�y�V�V�i�J�i�W�� 

(a) (b) (c) 
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Ilman �V�]�H�U�]���W�i�U�V�D�Lval �N�•�O�|�Q�E�|�]���� �Q�L�W�U�R�J�p�Q- �p�V�� �E�y�U�W�D�U�W�D�O�P�~�� �&-Mn-�7�L�� �|�W�Y�|�]�p�V�& �D�F�p�O�� �Y�D�U�U�D�W�i�E�D�Q��
�Y�p�J�E�H�P�H�Q�����I�i�]�L�V�i�W�D�O�D�N�X�O�i�V�R�N�D�W���Y�L�]�V�J�i�O�Wa [16�@�����$�]���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q �N�L�V���P�H�Q�Q�\�L�V�p�J�&�����M�H�O�O�H�P�]���H�Q��������
�S�S�P�� �E�y�U�� �K�R�]�]�i�D�G�i�V�D�� �H�J�\�� �&-Mn-Ti �|�W�Y�|�]�p�V�&�� �D�F�p�O�Q�i�O �H�O�H�J�H�Q�G��nek bizonyul az �i�W�D�O�D�N�X�O�i�V�� �N�H�]�G�H�W�L��
�K���P�p�U�V�p�N�O�H�W�p�Q�H�N���� �Y�D�O�D�P�L�Q�W �D�� �V�]�H�P�F�V�H�K�D�W�i�U�R�Q�� �N�L�Y�i�O�y���I�H�U�U�L�W�� �P�H�Q�Q�\�L�V�p�J�p�Q�H�N�� �F�V�|�N�N�H�Q�p�V�phez, �p�V��
�H�J�\�L�G�H�M�&�O�H�J��a �W�&�V�� �I�H�U�U�L�Wtartalom �Q�|�Y�H�O�p�V�p�K�H�]���� �$�]�� �i�W�D�O�D�N�X�O�i�V�� �N�H�]�G�H�W�L�� �K���P�p�U�V�p�N�O�H�W�p�Q�H�N�� �W�R�Y�i�E�E�L��
�F�V�|�N�N�H�Q�p�V�p�W �I�L�J�\�H�O�W�p�N�� �P�H�J �D�� �E�y�U�W�D�U�W�D�O�R�P�� �������� �S�S�P-re �W�|�U�W�p�Q���� �Q�|�Y�H�O�p�V�p�Y�H�O, amely �E�p�Q�L�Wes 
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W �N�L�D�O�D�N�X�O�i�V�i�W�� �H�U�H�G�P�p�Q�\�H�]�W�H����A�]�� �H�]�W�� �N�|�Y�H�W���� �������� �S�S�P�� �N�|�U�•�O�L�� �Q�L�W�U�R�J�p�Q�� �K�R�]�]�i�D�G�i�V�D��a 
�Y�L�]�V�J�i�O�W�� �D�F�p�O�� �H�V�H�W�p�E�H�Q �P�H�J�Q�|�Y�H�O�W�H�� �D�]�� �i�W�D�O�D�N�X�O�i�V�L�� �K���P�p�U�V�p�N�O�H�W�H�W���� �p�V�� �P�y�G�R�V�t�W�R�W�W�D�� �D���N�L�D�O�D�N�X�O�y varrat 
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�W, amelyben szemcs�p�V�� �I�H�U�U�L�W �p�V��a �Ä�7�L�2�´�� �W�t�S�X�V�~�� �W�|�E�E�I�i�]�L�V�~�� �]�i�U�Y�i�Q�\�R�N �N�|�U�Q�\�H�]�H�W�p�E�H�Q��
�N�L�D�O�D�N�X�O�y�� �W�&�V�� �I�H�U�U�L�W volt jelen. �(�]�H�N�E�H�Q�� �D�� �W�|�E�E�I�i�]�L�V�~�� �7�L�2-�W�D�U�W�D�O�P�~�� �]�i�U�Y�i�Q�\�R�N�� �I�H�O�•�O�H�W�p�Q���E�y�U-nitrid volt 
�P�H�J�I�L�J�\�H�O�K�H�W�������D�P�H�O�\���D�]���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���H�O���V�H�J�t�Wette �D���W�&�V���I�H�U�U�L�W���N�L�D�O�D�N�X�O�i�V�i�W. 

Seo �p�V���V�]�H�U�]���W�i�U�V�D�L a �W�L�W�i�Q�W�D�U�W�D�O�R�Pnak a varrat �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�U�H�����P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�U�D���p�V��a 
�]�i�U�Y�i�Q�\ok �M�H�O�O�H�P�]���L�U�H �J�\�D�N�R�U�R�O�W�� �K�D�W�i�V�i�W�� �Y�L�]�V�J�i�O�W�i�N �E�p�Q�L�Wes �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�&�� �Y�D�U�U�D�W�R�N�E�D�Q�� �>17]. 
�(�U�H�G�P�p�Q�\�H�L�N�� �D�O�D�S�M�i�Q �D�� �W�L�W�i�Q�� �K�R�]�]�i�D�G�i�V�D���H�O���V�H�J�t�W�H�W�W�H a �W�&�V�� �I�H�U�U�L�W �N�p�S�]���G�p�V�p�W����amelynek �P�D�[�L�P�i�O�L�V��
�P�H�Q�Q�\�L�V�p�J�p�W ������������ �7�L�� �P�H�O�O�H�W�W�� �p�U�W�p�N �H�O���� �$�� �W�L�W�i�Q�W�D�U�W�D�O�P�~�� �Y�D�U�U�D�W���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�Q�H�N���N�H�G�Y�H�]���� �L�U�i�Q�\�~ 
�Y�i�O�W�R�]�i�V�i�W���D�]�� �•�W���Y�L�]�V�J�i�O�D�W�L�� �H�U�H�G�P�p�Q�\�H�N�� �L�V�� �L�J�D�]�R�O�W�i�N���� �P�L�Y�H�O�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �W�&�V�� �I�H�U�U�L�W�� �P�H�Q�Q�\�L�V�p�J�H�W��
�E�L�]�W�R�V�t�W�y 0,07 % Ti tartalom mellett �Y�R�O�W�� �D�� �O�H�J�N�L�V�H�E�E�� �D�� �Y�D�U�U�D�W�� �i�W�P�H�Q�H�W�L�� �K���P�p�U�V�p�N�O�H�W�H���� �$�� �]�i�U�Y�i�Q�\�R�N 
�N�|�U�Q�\�H�]�H�W�p�E�H�Q���Y�p�J�]�H�W�W �W�U�D�Q�V�]�P�L�V�V�]�L�y�V���H�O�H�N�W�U�R�Q�P�L�N�U�R�V�]�N�y�S�R�V�����7�(�0�����p�V���S�i�V�]�W�i�]�y���H�O�H�N�W�U�R�Q�P�L�N�U�R�V�]�N�y�S�R�V��
(SEM) �Y�L�]�V�J�i�O�D�W�R�N�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �V�L�N�H�U�•�O�W kimutatni, hogy a varratban a �P�D�[�L�P�i�O�L�V���W�&�V�� �I�H�U�U�L�W�W�D�U�W�D�O�R�P 
�I���N�p�Q�W���D���P�D�Q�J�i�Q�V�]�H�J�p�Q�\���]�y�Q�D�����0�'�=�����N�L�D�O�D�N�X�O�i�V�i�Q�D�N���W�X�O�D�M�G�R�Q�t�W�K�D�W�y�����D�Pelyhez a Ti2O3-ban �G�R�P�L�Q�i�Q�V��
�Q�H�P�I�p�P�H�V���]�i�U�Y�i�Q�\�R�N���N�p�S�]���G�p�Ve �W�i�U�V�X�O�� 

Ilman �p�V���V�]�H�U�]���W�i�U�V�D�L�Q�D�N���V�L�N�H�U�•�O�W kimutatniuk, hogy 160 ppm �D�O�X�P�t�Q�L�X�P �K�R�]�]�i�D�G�i�V�D���H�J�\���D�O�D�F�V�R�Q�\��
�Y�D�J�\���Ä�Q�R�U�P�i�O�´���Q�L�W�U�R�J�p�Qtartalm�~���7�L-B-N �P�L�N�U�R�|�W�Y�|�]�p�V�&���D�F�p�O���H�V�H�W�p�E�H�Q �I�H�O�J�\�R�U�V�t�W�R�W�W�D���D�]���i�W�D�O�D�N�X�O�i�V���N�L�Q�H-
�W�L�N�i�M�i�W�����D�P�L�� �D���V�]�|�Y�H�Wszerkezet �M�H�O�H�Q�W���V���U�p�V�]�p�E�H�Q���W�&�V�� �P�R�U�I�R�O�y�J�L�i�M�~�� �I�H�U�U�L�W�H�W���H�U�H�G�P�p�Q�\�H�]�H�W�W��[18]. Amikor 
az �D�O�X�P�t�Q�L�X�P �P�H�Q�Q�\�L�V�p�J�H�����������S�S�P-�U�H���Q���W�W�����D�]���i�W�D�O�D�N�X�O�i�V���O�H�O�D�V�V�X�O�W����amely �I�H�O�V��-�E�p�Q�L�W �W�D�U�W�D�O�P�~ �V�]�|�Y�H�W-
�V�]�H�U�N�H�]�H�W�H�W���H�U�H�G�P�p�Q�\�H�]�H�W�W. A �Q�L�W�U�R�J�p�Q���N�H�G�Y�H�]�� �K�D�W�i�V�W���I�H�M�W�H�Wt ki a Ti�±B�±N �P�L�N�U�|�W�Y�|�]�p�V�&���D�F�p�O�R�N�E�D�Q 560 
ppm �D�O�X�P�t�Q�L�X�P�W�D�U�W�D�O�R�P���H�V�H�W�p�Q���L�V, amikor a �Q�L�W�U�R�J�p�Q���P�H�Q�Q�\�L�V�p�J�p�W���H�J�\���N�|�]�H�S�H�V���V�]�L�Q�W�U�H�����D�]�D�]�����������S�S�P-
re emel�W�p�N. �(�]�]�H�O���H�O�O�H�Q�W�p�W�H�V�� �K�D�W�i�V�� �p�U�Y�p�Q�\�H�V�•�O�W���D�N�N�R�U����amikor a �Q�L�W�U�R�J�p�Q��szint 240 ppm-re emelkedett, 
mivel ilyenkor a �W�&�V���I�H�U�U�L�W���P�H�O�O�H�W�W���D���V�]�H�P�F�V�H�K�D�W�i�U�R�N���P�H�Q�W�p�Q �K�D�J�\�R�P�i�Q�\�R�V ferrit keletkezett. 

3. �+�H�J�H�V�]�W�K�H�W���V�p�J 

�$�]�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N���H�V�H�W�p�E�H�Q�� �U�H�Q�G�V�]�H�U�L�Q�W �F�V�H�N�p�O�\�� �U�H�S�H�G�p�V�p�U�]�p�N�H�Q�\�V�p�J�J�H�O�� �N�H�O�O�� �V�]�i�P�R�O�Q�L�� �W�R�Y�i�E�E�i�� �D�]��
�L�O�\�H�Q�� �D�F�p�O�N�D�W�H�J�y�U�L�i�N�Q�D�N �V�S�H�F�L�i�O�L�V�� �K�H�J�H�V�]�W�K�H�W���V�p�J�L�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N�H�W�� �N�H�O�O�� �W�H�O�M�H�V�t�W�H�Q�L�•�N�� �D�� �K�D�J�\�R�P�i�Q�\�R�V��
�V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�R�N�K�R�] �N�p�S�H�V�W�����H�]�]�H�O�� �E�L�]�W�R�V�t�W�Y�D�� �D�� �G�L�Q�D�P�L�N�X�V�� �L�J�p�Q�\�E�H�Y�p�W�H�O�O�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�X�N�D�W��
�Q�H�J�D�W�t�Y���K���P�p�U�V�p�N�O�H�W�H�Q. 

�$�P�L�N�R�U�� �H�J�\�� �D�G�R�W�W�� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�� �K�H�J�H�V�]�W�K�H�W���V�p�J�p�W�� �Y�L�]�V�J�i�O�M�X�N���� �H�O�V���� �O�p�S�p�V�N�p�Q�W���F�p�O�V�]�H�U�&�� �D�Q�Q�D�N 
�H�O�K�H�O�\�H�]�N�H�G�p�V�p�W���P�H�J�Y�L�]�V�J�i�O�Q�L a Graville-diagramon. �$���G�L�D�J�U�D�P�Q�D�N���K�i�U�R�P���W�D�U�W�R�P�i�Q�\�D���Y�D�Q�����D�P�H�O�\�H�N�E�H��
az egyes �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�R�N �K�H�J�H�V�]�W�K�H�W���V�p�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�N�� �V�]�H�U�L�Q�W�� �V�R�U�R�O�K�D�W�y�N�� �E�H: az I �W�D�U�W�R�P�i�Q�\�E�D�� �D 
�N�|�Q�Q�\�H�Q�� �K�H�J�H�V�]�W�K�H�W�� �D�F�p�O�R�N�� �W�D�U�W�R�]�Q�D�N, a �,�,�� �]�y�Q�i�E�D�Q�� �O�p�Y���� �D�F�p�O�R�N�� �K�H�J�H�V�]�W�p�V�p�Q�p�O�� �P�i�U�� �N�|�U�•�O�W�H�N�L�Q�W�p�V�V�H�O��
�N�H�O�O�� �H�O�M�i�U�Q�L, a III  �W�D�U�W�R�P�i�Q�\�E�D�� �S�H�G�L�J�� �D �Q�H�K�H�]�H�Q�� �K�H�J�H�V�]�W�K�H�W�����D�F�p�O�R�N�� �W�D�U�W�R�]�Q�D�N��[19]. A diagram �M�y�O��
�V�]�H�P�O�p�O�W�H�W�L, hogy a karbon�H�J�\�H�Q�p�U�W�p�N�� �Q�|�Y�H�O�p�V�p�Y�H�O a �U�H�S�H�G�p�V�L�� �Y�H�V�]�p�O�\�� �Q��, valamint kiemeli a karbon-
t�D�U�W�D�O�R�P�� �K�H�J�H�V�]�W�K�H�W���V�p�J�U�H�� �J�\�D�N�R�U�R�O�W���Q�H�J�D�W�t�Y���K�D�W�i�V�i�W���� �$�� ������ �i�E�U�i�Q�� �D�� �N�•�O�|�Q�E�|�]���� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O-
�P�L�Q���V�p�J�H�N���� �N�|�]�W�•�N�� �Q�p�K�i�Q�\�� �R�I�I�V�K�R�U�H�� �D�F�p�O���H�O�K�H�O�\�H�]�N�H�G�p�V�p�W�� �K�D�W�i�U�R�]�W�X�N�� �P�H�J�� �N�•�O�|�Q�E�|�]�� �D�F�p�O�J�\�i�U�W�yknak 
az MSZ �(�1�� ������������ �V�]�H�U�L�Q�W�L�� �������� �W�t�S�X�V�~�� �D�O�D�S�D�Q�\�D�J�� �W�D�Q�~�V�t�W�Y�i�Q�\�i�E�D�Q�� �V�]�H�U�H�S�O���� �L�Q�I�R�U�P�i�F�L�yi �D�O�D�S�M�i�Q���� �$��
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diagramon �D�� �7�0�&�3�� �D�F�p�O�R�N���� �N�|�]�|�W�W�•�N�� �D�]�� �6�������0LO �p�V S500MLO �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N, �D�� �N�H�Y�p�V�E�p��
�S�U�R�E�O�p�P�i�V���H�O�V�����W�H�U�•�O�H�W�E�H���V�R�U�R�O�K�D�W�y�N, amely kis �K�L�G�H�J�U�H�S�H�G�p�V�L���p�U�]�p�N�H�Q�\�V�p�J�H�W���M�H�O�H�]�����P�t�J���D���K�D�J�\�R�P�i�Q�\�R�V��
�Q�R�U�P�D�O�L�]�i�O�W���V�]�H�U�N�H�]�H�W�L���D�F�p�O�R�N���D���,�,���]�y�Q�i�E�D���H�V�Q�H�N�����t�J�\���Y�i�U�K�D�W�y�D�Q��nagyobb �K�L�G�H�J�U�H�S�H�G�p�V�L���p�U�]�p�N�H�Q�\�V�p�J�J�H�O��
�N�H�O�O�� �V�]�i�P�R�O�Q�L�� �D�� �K�H�J�H�V�]�W�p�V�•�N�� �V�R�U�i�Q. Ahogyan haladunk a nagyobb �V�]�L�O�i�U�G�V�i�J�L���N�D�W�H�J�y�U�L�i�N �L�U�i�Q�\�iba, az 
�6�������4�/���D�F�p�O�R�N���H�J�\�H�V���W�t�S�X�V�D�L���P�i�U a Graville-�G�L�D�J�U�D�P���O�H�J�N�R�F�N�i�]�D�W�R�V�D�E�E��III  �]�y�Q�i�M�i�E�D��esnek. 

 

3�����i�E�U�D�����6�]�H�U�N�H�]�H�W�L���D�F�p�O�R�N���D���*�U�D�Y�L�O�O�H���G�L�D�J�U�D�P�E�D�Q���Q�p�K�i�Q�\���7�0�&�3���R�I�I�V�K�R�U�H���D�F�p�O�O�D�O���H�J�\�•�W�W�� 

�%�i�U�� �D�� �O�H�J�W�|�E�E�� �R�I�I�V�K�R�U�H�� �D�F�p�O�� �H�V�H�W�p�E�H�Q���F�V�H�N�p�O�\ �K�L�G�H�J�U�H�S�H�G�p�V�L�� �p�U�]�p�N�H�Q�\�V�p�J�� �S�U�R�J�Q�R�V�]�W�L�]�i�O�K�D�W�y���� �D��
hegesztett szerkezetekben alkalmazott nagy keresztmetszetek miatt �P�p�J�L�V���N�|�U�•�O�W�H�N�L�Q�W�p�V�V�H�O �N�H�O�O���H�O�M�i�U�Q�L�� 

�1�p�P�H�W�R�U�V�]�i�J�� �H�Q�H�U�J�L�D�V�W�U�D�W�p�J�L�i�M�i�E�D�Q�� �V�]�H�U�H�S�H�O�� �D�� �W�H�Q�J�H�U�L�� �V�]�p�O�H�U���P�&�Y�H�N�� �V�]�i�P�i�Q�D�N�� �Q�|�Y�H�O�p�V�H [5]. A 
�V�]�p�O�H�U���P�& alka�W�U�p�V�]�Hi �K�H�J�H�V�]�W�H�W�W�� �D�F�p�O�O�H�P�H�]�H�N�E���O�� �N�p�V�]�•�O�Q�H�N, �D�N�i�U 200 mm lemez�Y�D�V�W�D�J�V�i�J�E�D�Q���� �$ 
�V�]�p�O�H�U���P�&�Y�H�N �p�S�t�W�p�V�p�U�H�� �Y�R�Q�D�W�N�R�]�y�� �D�O�D�S�Y�H�W���� �V�]�D�E�Y�i�Q�\�R�Nban �p�V�� �P�&�V�]�D�N�L�� �D�M�i�Q�O�i�V�R�Nban szerepel az 
�~�J�\�Q�H�Y�H�]�H�W�W�� �P�L�Q�L�P�i�O�L�V�� �Y�i�U�D�N�R�]�i�V�L�� �L�G���� ��MWT) fogalma, amely a hegesztett �N�|�W�p�V�H�N�� �U�R�Q�F�V�R�O�i�V�P�H�Q�W�H�V��
�Y�L�]�V�J�i�O�D�W�D (NDT) �H�O���W�W�� �V�]�•�N�V�p�J�H�V�� �Y�i�U�D�N�R�]�i�V�L�� �L�G���U�H�� �Y�R�Q�D�W�N�R�]�L�N. Ennek oka���� �K�R�J�\�� �D�� �K�L�G�U�R�J�p�Q��
�G�L�I�I�~�]�L�y�M�i�Y�D�O�� �|�V�V�]�H�I�•�J�J�p�V�E�H�� �K�R�]�R�W�W�� �K�L�G�H�J�U�H�S�H�G�p�V�H�N�� �P�H�J�M�H�O�H�Q�p�V�p�Q�H�N��nagyobb a �N�R�F�N�i�]�D�W�D a nagy 
falvastag�V�i�J�~ lemezek miatt. A �M�H�O�H�Q�O�H�J�L���H�O���t�U�i�V�R�N�E�D�Q���V�]�H�U�H�S�O����min. 48 �y�U�D���L�G���W�D�U�W�D�P�~ �Y�i�U�D�N�R�]�i�V�L���L�G����
�D�� �V�]�p�O�H�U���P�&�Y�H�N�� �W�H�O�H�S�t�W�p�V�H�N�R�U���M�H�O�H�Q�W���V���N�|�O�W�V�p�J�Y�R�Q�]�D�W�W�D�O�� �M�i�U ���S�p�O�G�i�X�O�� �D�U�i�Q�\�W�D�O�D�Q�X�O�� �P�D�J�D�V�� �N�|�O�W�V�p�J�H�N�� �D��
�V�]�H�U�H�O���K�D�M�y�N���H�V�H�W�p�E�H�Q�����Y�D�O�D�P�L�Q�W���V�]�i�U�D�]�I�|�O�G�L���W�i�U�R�O�i�V�L���S�U�R�E�O�p�P�i�N)�����(�E�E�H�Q���D���W�D�Q�X�O�P�i�Q�\�E�D�Q���>���@���D �V�]�H�U�]���N 
S355ML �W�t�S�X�V�~�� �D�F�p�O�E�y�O �p�V �6�������� �*�����0�� �R�I�I�V�K�R�U�H�� �D�F�p�O�P�L�Q���V�p�J�E���O�� �N�p�V�]�•�O�W�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�H�W��
�Y�L�]�V�J�i�O�W�D�N. A �N�t�V�p�U�O�H�W�L�� �P�X�Q�N�D �F�p�Oja �D�� �U�R�Q�F�V�R�O�i�V�P�H�Q�W�H�V���Y�L�]�V�J�i�O�D�W�R�N �H�O���W�W�L���Y�i�U�D�N�R�]�i�V�L�� �L�G�� �F�V�|�N�N�H�Q�W�p�V�H��
�Y�R�O�W���� �I�L�J�\�H�O�H�P�E�H�� �Y�p�Y�H�� �D�� �Y�i�O�W�R�]�y�� �K���E�H�Y�L�W�H�O�W �p�V a �K�L�G�U�R�J�p�Q�N�R�Q�F�H�Q�W�U�i�F�L�y�W���� �$�� �K�L�G�H�J�U�H�S�H�G�p�V�H�N��
�P�H�J�M�H�O�H�Q�p�V�p�L�J�� �V�]�•�N�V�p�J�H�V�� �N�p�V�O�H�O�W�H�W�p�V�L�� �L�G���� �V�]�i�P�V�]�H�U�&�V�t�W�p�V�p�U�H�� �D�N�X�V�]�W�L�N�X�V�� �H�P�L�V�V�]�L�y�V�� ���$�(�����Y�L�]�V�J�i�O�D�W�R�N�D�W 
alkalmaztak �N�|�]�Y�H�W�O�H�Q�•�O���D���K�H�J�H�V�]�W�p�V���X�W�i�Qi �������y�U�i�Q���N�H�U�H�V�]�W�•�O�����$���K�H�J�H�V�]�W�p�V�L���H�O�W�p�U�p�V�H�N �I���N�p�Q�W���D���Y�D�U�U�D�W�R�N��
�H�O�H�M�p�Q�� �p�V�� �Y�p�J�p�Q jelentkeztek. P�i�V�]�W�i�]�y�� �H�O�H�N�W�U�R�Q�P�L�N�U�R�V�]�N�y�S�R�V���Y�L�]�V�J�i�O�D�W�R�N�N�D�O�� �V�L�N�H�U�•�O�W�� �L�J�D�]�R�O�Q�L, hogy a 
�U�R�Q�F�V�R�O�i�V�P�H�Q�W�H�V �p�V��a �P�H�W�D�O�O�R�J�U�i�I�L�D�L�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�R�U�i�Q�� �W�D�O�i�O�W�� �U�H�S�H�G�p�V�H�N�� �D�O�D�S�Y�H�W���H�Q�� �D�� �P�H�O�H�J�U�H�S�H�G�p�V�H�N��
�N�D�W�H�J�y�U�L�i�M�i�E�D�� �W�D�U�W�R�]�Q�D�N. Ezek�E���O �D�� �Y�D�U�U�D�W�� �O�H�K�&�O�p�V�H�N�R�U�� �N�L�D�O�D�N�X�O�y�� �P�H�O�H�J�U�H�S�H�G�p�V�H�N�E���O�� �L�Q�G�X�O�W�D�N�� �N�L a 
�K�H�J�H�V�]�W�p�V�� �X�W�i�Q �P�H�J�M�H�O�H�Q�����K�L�G�H�J�U�H�S�H�G�p�Vek, amelyet a �V�]�H�P�F�V�p�N�H�Q�� �i�W�K�D�O�D�G�y�� �U�L�G�H�J�� �W�|�U�H�W�I�H�O�•�O�H�W�� �L�J�D�]�R�O�W 
[5]. Mivel a �K�L�G�H�J�U�H�S�H�G�p�V�H�N�Q�H�N�� �D�]�� �L�Q�G�X�O�i�V�i�W �D�]�� �H�O�V����varratsor �Y�p�J�N�U�i�W�H�U�p�E�H�Q�� �O�p�Y�����P�H�O�H�J�U�H�S�H�G�p�V�H�N 
�V�H�J�t�W�H�W�W�p�N, �H�]�p�U�W���|�Q�P�D�J�X�N�E�D�Q �Y�D�O�y�V�]�t�Q�&�O�H�J�� �Q�H�P�� �I�R�U�G�X�O�W�D�N�� �Y�R�O�Q�D�� �H�O�� �������� �i�E�U�D��. A �U�H�S�H�G�p�V�H�N��
�N�L�D�O�D�N�X�O�i�V�i�U�D���X�W�D�O�y���D�N�X�V�]�W�L�N�X�V���H�P�L�V�V�]�L�y�V jel �P�L�Q�G�H�Q���H�V�H�W�p�E�H�Q �D���K�H�J�H�V�]�W�p�V���X�W�i�Q���O�H�J�I�H�O�M�H�E�E���������y�U�i�Q���E�H�O�•�O��
�P�H�J�M�H�O�H�Q�W�����(�]���D�]�W���M�H�O�H�Q�W�L�����K�R�J�\���D���V�]�D�E�Y�i�Q�\�R�N�E�D�Q���V�]�H�U�H�S�O�����0�:�7�����P�L�Q�����������y�U�D�����W�D�O�i�Q���W�~�O���N�R�Q�]�H�U�Y�D�W�t�Ynak 
�W�H�N�L�Q�W�K�H�W��. �(�Q�Q�H�N���P�H�J�E�t�]�K�D�W�y���L�J�D�]�R�O�i�V�i�U�D���D�]�R�Q�E�D�Q���W�R�Y�i�E�E�L���Y�L�]�V�J�i�O�D�W�R�N���H�O�Y�p�J�]�p�V�H���L�Q�G�R�N�R�O�W. 
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4�����i�E�U�D�����5�H�S�H�G�p�V���R�I�I�V�K�R�U�H���D�F�p�O���Y�D�U�U�D�W�i�E�D�Q���D���Y�D�U�U�D�W�V�R�U���Y�p�J�p�Q [5] . 

4. Összefoglalás 

1. �1�D�S�M�D�L�Q�N�E�D�Q�� �D�]�� �R�I�I�V�K�R�U�H�� �D�F�p�O�R�N�D�W�� �Q�R�U�P�D�O�L�]�i�O�i�V�V�D�O�� ���1������ �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V �K�H�Q�J�H�U�O�p�V�V�H�O (TM�&�3���� �p�V��
�Q�H�P�H�V�t�W�H�W�W�� �i�O�O�D�S�R�W�E�D�Q (Q+T) �L�V�� �J�\�i�U�W�M�i�N, ugyanakkor �D�� �N�|�]�H�S�H�V�� �V�]�L�O�i�U�G�V�i�J�L�� �W�D�U�W�R�P�i�Q�\�E�D�� �W�D�U�W�R�]�y��
TMCP-�D�F�p�O�R�N���V�]�t�Y�y�V�V�i�J�D��a legnagyobb a kis karbon�W�D�U�W�D�O�P�~���E�p�Q�L�Wes-ferrites �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W���P�L�D�W�W. 
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Absztrakt  
�$�� �K�D�J�\�R�P�i�Q�\�R�V�� �|�P�O�H�V�]�W���� �K�H�J�H�V�]�W���� �H�O�M�i�U�i�V�R�N�� �Y�L�V�]�R�Q�\�O�D�J�� �Q�D�J�\�� �K���E�H�Y�L�W�H�O�H�� �P�L�D�W�W�� �H�J�\�H�V�� �K�H�J�H�V�]�W�p�V�L��
�I�H�O�D�G�D�W�R�N���P�H�J�Y�D�O�y�V�t�W�i�V�D���Q�H�K�p�]�����Y�D�J�\���V�]�L�Q�W�H���O�H�K�H�W�H�W�O�H�Q�����H�]�p�U�W���D���K�H�J�H�V�]�W�� �E�H�U�H�Q�G�H�]�p�V �J�\�i�U�W�y�N���N�•�O�|�Q�E�|�]����
�H�O�M�i�U�i�V�R�N�D�W���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�R�N�D�W���I�H�M�O�H�V�]�W�H�W�W�H�N���N�L���D���S�U�R�E�O�p�P�D���P�H�J�R�O�G�i�V�i�U�D�����,�O�\�H�Q���I�H�M�O�H�V�]�W�p�V���H�U�H�G�P�p�Q�\�H��
a CMT (cold metal transfer) �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W is, a�P�H�O�\�H�W���H�U�H�G�H�W�L�O�H�J���D�F�p�O���p�V���D�O�X�P�t�Q�L�X�P���Y�H�J�\�H�V���N�|�W�p�V�p�Qek 
�K�H�J�H�V�]�W�p�V�pre hoztak �O�p�W�U�H�� �$�]�� �H�O�M�i�U�i�V�� �D�O�D�S�M�D�� �D�� �K�X�]�D�O�H�O�H�N�W�U�y�G�is, �Y�p�G���J�i�]�R�V�� �t�Y�K�H�J�H�V�]�W�p�V�� �U�|�Y�L�G�]�i�U�O�D�W�R�V��
�Y�i�O�W�R�]�D�W�D����a�P�H�O�\�K�H�]�� �N�p�S�H�V�W �D�� �O�H�J�Q�D�J�\�R�E�E�� �N�•�O�|�Q�E�V�p�J���� �K�R�J�\�� �D�� �&�0�7���K�H�J�H�V�]�W�p�V���V�R�U�i�Q�� �D�� �F�V�H�S�S�O�H�Y�i�O�i�V�� �L�V��
�V�]�D�E�i�O�\�R�]�R�W�W���D���K�X�]�D�O���Y�L�V�V�]�D�K�~�]�i�V�i�Q�D�N���V�H�J�t�W�V�p�J�pvel. Ennek nagy el���Q�\�H�����K�R�J�\���H�]�i�O�W�D�O���D���K�H�J�H�V�]�W�p�V���V�]�L�Q�W�H��
�I�U�|�F�V�N�|�O�p�V�P�H�Q�W�H�V����A�]���H�O�P�~�O�W���p�Y�H�N �I�H�M�O�H�V�]�W�p�V�Hi �U�p�Y�p�Q���V�]�i�P�R�V CMT �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W���M�H�O�H�Q�W meg, �H�]�p�U�W���M�H�O�H�Q��
�F�L�N�N�E�H�Q���D���&�0�7���H�O�M�i�U�i�V���I�R�O�\�D�P�D�W�i�W�����H�O���Q�\�H�L�W�����D�O�N�D�O�P�D�]�i�V�i�W���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�W���I�R�J�O�D�O�M�X�N���|�V�V�]�H�� 

Kulcsszavak: �&�0�7�����K�H�J�H�V�]�W�p�V, �K�X�]�D�O�H�O�H�N�W�U�y�G�i�V, �Y�p�G���J�i�]�R�V���t�Y�K�H�J�H�V�]�W�p�V�����U�|�Y�L�G�]�i�U�O�D�W�R�V���D�Q�\�D�J�i�W�P�H�Q�H�W 

Abstract  

Due to the relatively high heat input of conventional fusion welding processes, some welding tasks are 
difficult or almost impossible to be performed, so the welding equipment manufacturers have 
developed different processes and process variations to solve the problem. One such development was 
the CMT (cold metal transfer) process, developed for welding dissimilar joints of steel and aluminium. 
The process was based on a short-circuit version of gas metal arc welding process, but the main 
difference is, that during the CMT process, the droplet deposition is controlled by the retraction of the 
wire, which also has the advantage of providing a joint with almost no spatter. In recent years, 
developments have led to the appearance of different CMT process variants, therefore the aim of this 
article is to summarise the process, advantages, applications, and process variants of the CMT. 

Keywords: CMT, welding, gas-shielded metal arc welding (GMAW), short-circuit metal transfer 
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1. Bevezetés 

�$�]�� �|�P�O�H�V�]�W���� �K�H�J�H�V�]�W���� �H�O�M�i�U�i�V�R�N�D�W���H�O���V�]�H�U�H�W�H�W�W�H�O �D�O�N�D�O�P�D�]�]�i�N�� �D�� �N�•�O�|�Q�E�|�]���� �L�S�D�U�i�J�D�N�E�D�Q����azonban a 
�K�D�J�\�R�P�i�Q�\�R�V���t�Y�K�H�J�H�V�]�W�����H�O�M�i�U�i�V�R�N�� �H�J�\�L�N �D�O�D�S�Y�H�W�� �K�i�W�U�i�Q�\�D���� �K�R�J�\�� �D�� �I�R�O�\�D�P�D�W�� �V�R�U�i�Q�� �D�� �K�H�J�H�V�]�W�H�Q�G����
�D�O�D�S�D�Q�\�D�J�R�W�� �Q�D�J�\�� �K���W�H�U�K�H�O�p�V�� �p�U�L����a�P�H�O�\�Q�H�N�� �K�D�W�i�V�i�U�D�� �P�H�J�Y�i�O�W�R�]�L�N�� �D�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�H�� �p�V�� �D�� �P�H�F�K�D�Q�L�N�D�L��
�W�X�O�D�M�G�R�Q�V�i�J�D�L [1], [2]���� �$�� �K�D�J�\�R�P�i�Q�\�R�V�� �H�O�M�i�U�i�V�R�N�� �P�i�V�L�N�� �S�U�R�E�O�p�P�i�M�D�� �D�� �I�U�|�F�V�N�|�O�p�V����amelynek az 
�H�O�W�i�Y�R�O�t�W�i�V�D�� �S�p�Q�]- �p�V�� �L�G���L�J�p�Q�\�H�V�� �I�R�O�\�D�P�D�W�� �O�H�K�H�W [3]. �(�]�p�U�W�� �V�]�i�P�R�V�� �J�\�i�U�W�y�� �I�H�M�O�H�V�]�W�H�W�W�� �N�•�O�|�Q�E�|�]����
�Ä�V�S�H�F�L�i�O�L�V�� �W�H�F�K�Q�R�O�y�J�L�i�N�D�W�´�� �D�]�� �H�P�O�t�W�H�W�W�� �S�U�R�E�O�p�P�i�N�� �P�H�J�R�O�G�i�V�D�� �p�U�G�H�N�p�E�H�Q���� �1�p�K�i�Q�\�� �S�p�O�G�i�W ilyen 
�W�H�F�K�Q�R�O�y�J�L�i�N�U�D���± �P�H�J�W�D�U�W�Y�D���D���I�H�M�O�H�V�]�W���N���i�O�W�D�O���K�D�V�]�Q�i�O�W���H�O�Q�H�Y�H�]�p�V�H�N�H�W���±, �D�]���������W�i�E�O�i�]�D�W fogl�D�O���|�V�V�]�H.  

�������W�i�E�O�i�]�D�W�� �.�•�O�|�Q�E�|�]�����J�\�i�U�W�y�N���Ä�V�S�H�F�L�i�O�L�V���W�H�F�K�Q�R�O�y�J�L�i�L�´ [4]  

�*�\�i�U�W�y �(�[�W�U�D���N�L�V���K���E�H�Y�L�W�H�O�&��
�H�O�M�i�U�i�V�R�N 

�,�U�i�Q�\�t�W�R�W�W���U�|�Y�L�G�]�i�U�O�D�W�R�V��
�H�O�M�i�U�i�V�R�N 

�6�S�H�F�L�i�O�L�V���Q�D�J�\-
�W�H�O�M�H�V�t�W�P�p�Q�\�&���H�O�M�i�U�i�V�R�N 

CLOOS Cold weld Control weld Rapid weld 
ESAB �± Qset �± 
EWM (ColdArc) RootArc ColdArc (RootArc) ForceArc 

FRONIUS CMT  
CMT Advanced SteelRoot (CMT) 

SteelsDynamic PCS 
(Pulse Controlled 

Sprayarc) 
LINCOLN �± STT Power Mode Power Mode 
LORCH SpeedRoot (SpeedRoot) (SpeedArc) SpeedArc 

�*�\�i�U�W�y �6�S�H�F�L�i�O�L�V���L�P�S�X�O�]�X�V�t�Y�&��
�H�O�M�i�U�i�V�R�N 

�.�H�W�W���V impulzus 
�W�H�F�K�Q�R�O�y�J�L�D 

�(�J�\�p�E���V�S�H�F�L�i�O�L�V��
�W�H�F�K�Q�R�O�y�J�L�i�N 

CLOOS Vari weld Speed weld Duo Pulse �± 
ESAB �± Aristo Superpulse Aristo Superpulse 
EWM �± SuperPulse PipeSolution 

FRONIUS CMT Pulse  SynchroPulse CMT Pulse Advanced 
LINCOLN RapidArc Pulse on Pulse �± 

LORCH SpeedPulse TwinPuls 
S-TwinPuls SpeedUp 

�$�� �W�i�E�O�i�]�D�W�E�D�Q�� �O�i�W�K�D�W�y��a CMT �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W, amely egy �P�y�G�R�V�t�W�R�W�W���K�X�]�D�O�H�O�H�N�W�U�y�G�i�V, �Y�p�G���J�i�]�R�V��
�t�Y�K�H�J�H�V�]�W�p�V�Q�H�N�� ���*as Metal Arc Welding, GMAW, MSZ EN ISO 4063 [5] szerinti �������� �V�]�i�P�N�y�G�~��
�H�O�M�i�U�i�V) felel meg �p�V az ausztriai Fronius fejlesztette ki 2004-ben [6]. �$�]���H�O�P�~�O�W���p�Y�H�N�E�H�Q �V�]�i�P�R�V��olyan 
�L�S�D�U�i�J�E�D�Q�� �W�H�U�M�H�G�W el���� �D�]�]�D�O�� �D�� �F�p�O�O�D�O���� �K�R�J�\�� �D�� �K�H�J�H�V�]�W�p�V�� �V�R�U�i�Q�� �F�V�|�N�N�H�Q�W�V�p�N�� �D�� �K�H�J�H�V�]�W�H�Q�G���� �I�p�P�H�N��
�K���W�H�U�K�H�O�p�V�p�W���� �0�D�J�D�� �D�� �&�0�7�� �W�H�F�K�Q�R�O�y�J�L�D�� �V�]�i�P�R�V�� �H�O���Q�Q�\�H�O�� �U�H�Q�G�H�O�N�H�]�L�N�� �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �|�P�O�H�V�]�W����
�K�H�J�H�V�]�W���� �H�O�M�i�U�i�V�R�N�K�R�]�� �N�p�S�H�V�W���� �P�L�Q�W �S�p�O�G�i�X�O�� �D�� �K�X�]�D�O�H�O�H�N�W�U�y�G�is, �Y�p�G���J�i�]�R�V�� �t�Y�K�H�J�H�V�]�W�p�V�� �Y�D�J�\��a 
�Y�R�O�I�U�i�P�H�O�H�N�W�U�y�G�i�V�����Y�p�G���J�i�]�R�V�� �t�Y�K�H�J�H�V�]�W�p�V���� �D�K�R�O�� �D�� �I�D�M�O�D�J�R�V�� �K���E�H�Y�L�W�H�O�� �Y�L�V�]�R�Q�\�O�D�J�� �Q�D�J�\�Q�D�N�� �W�H�N�L�Q�W�K�H�W����
[7], [8].  

�$�� �&�0�7�� �W�H�F�K�Q�R�O�y�J�L�D�� �D�O�D�S�M�D�� �D�� �U�|�Y�L�G�]�i�U�O�D�W�R�V���D�Q�\�D�J�i�W�Y�L�W�H�O�H�Q�� �D�O�D�S�X�O���� �D�P�H�O�\nek a �I�H�M�O�H�V�]�W�p�V�H �p�V��
�D�O�N�D�O�P�D�]�i�V�D �P�p�J�� �P�D�� �L�V�� �W�D�U�W�R�J�D�W�� �N�L�K�t�Y�i�V�R�N�D�W���� �(�]�p�U�W�� �M�H�O�H�Q���N�|�]�O�H�P�p�Q�\�E�H�Q �D�� �&�0�7�� �I�R�O�\�D�P�D�W�i�W���� �H�O���Q�\�H�L�W����
�N�•�O�|�Q�E�|�]�����D�O�N�D�O�P�D�]�i�V�L���O�H�K�H�W���V�p�J�Hi�W���p�V���H�J�\�H�V���Y�i�O�W�R�]�D�W�D�L�W���I�R�J�O�D�O�W�X�N���|�V�V�]�H���� 
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2. A CMT eljárás 

�$�� �&�0�7�� �H�O�M�i�U�i�V�� �H�J�\�� �P�y�G�R�V�t�W�R�W�W�� �K�X�]�D�O�H�O�H�N�W�U�y�G�i�V�� �t�Y�K�H�J�H�V�]�W�p�V�Q�H�N�� �I�H�O�H�O�� �P�H�J���� �D�P�H�O�\nek �V�R�U�i�Q�� �D�� �K�X�]�D�O��
�P�R�]�J�i�V�D�� �p�V�� �D�� �F�V�H�S�S�O�H�Y�i�O�i�V�� �N�D�S�F�V�R�O�D�W�E�D�Q�� �i�O�O�� �H�J�\�P�i�V�V�D�O���� �H�]�i�O�W�D�O�� �V�]�D�E�i�O�\�R�]�Y�D�� �D�� �K�H�J�H�V�]�W�H�Q�G���� �I�p�P��
�K���W�H�U�K�H�O�p�V�p�W���� �$�� �U�|�Y�L�G�]�i�U�O�D�W�� �P�L�Q�G�H�Q�� �I�i�]�L�V�i�E�D�Q���O�H�F�V�|�N�N�H�Q, �D�]�� �i�U�D�P�H�U���V�V�p�J �p�V�� �D�� �K�X�]�D�O�� �Y�L�V�V�]�D�K�~�]�isa is 
�V�]�D�E�i�O�\�R�]�R�W�Wan megy �Y�p�J�E�H, �t�J�\ �W�H�O�M�H�V�H�Q���V�]�D�E�i�O�\�R�]�R�W�W���K���E�H�Y�L�W�H�O���p�U�K�H�W�����H�O���I�U�|�F�V�N�|�O�p�V�P�H�Q�W�H�V�H�Q�����$���Kuzal 
�P�R�]�J�i�V�i�Q�D�N���V�]�D�E�i�O�\�R�]�i�V�D���i�W�O�D�J�R�Van 70 �+�]���I�U�H�N�Y�H�Q�F�L�i�L�J���W�H�U�M�H�Ghet [9]�±[11]. 

�$�� �&�0�7�� �H�O�Y�p�W�� �D�]�� ������ �i�E�U�D�� �V�]�H�P�O�p�O�W�H�W�L�����$�� �I�R�O�\�D�P�D�W�� �V�R�U�i�Q�� �D�� �K�X�]�D�O�� �D�� �K�H�J�I�•�U�G���� �I�H�O�p halad �������� �i�E�U�D�� �D��), 
�P�D�M�G���E�H�O�H�P�H�U�•�O���D���K�H�J�I�•�U�G���E�H���p�V���D�]���t�Y���N�L�D�O�V�]�L�N�����������i�E�U�D���E��) E�]�X�W�i�Q���D���K�X�]�D�O���K�i�W�U�D�I�H�O�p���P�R�]�R�J ���������i�E�U�D���F����, 
�P�H�J�N�|�Q�Q�\�t�W�Y�H��ezzel �D���F�V�H�S�S�O�H�Y�i�O�i�V�W�����D���F�V�H�S�S�O�H�Y�i�O�i�V���P�H�F�K�D�Q�L�N�X�V �~�W�R�Q m�H�J�\���Y�p�J�E�H, �H�E�E�H�Q���N�•�O�|�Q�E�|�]�L�N���D��
�K�D�J�\�R�P�i�Q�\�R�V�� ������-�|�V�� �H�O�M�i�U�i�V�W�y�O), �p�V�� �N�|�]�E�H�Q�� �D�� �U�|�Y�L�G�]�i�U�O�D�W�L�� �i�U�D�P�H�U���V�V�p�J�H�W�� �N�L�V�� �p�U�W�p�N�H�Q�� �W�D�U�W�M�D���� �(�]�X�W�i�Q�� �D��
�K�R�]�D�J�D�Q�\�D�J�� �L�V�P�p�W�� �D�� �K�H�J�I�•�U�G���� �I�H�O�p��kezd el mozogni �p�V �D�]�� �H�J�p�V�]�� �I�R�O�\�D�P�D�W�� �P�H�J�L�V�P�p�W�O���G�L�N�� �������� �i�E�U�D�� �G��) 
[12].  

 

�������i�E�U�D����A CMT �K�H�J�H�V�]�W�p�V �I�R�O�\�D�P�D�W�i�Q�D�N��sematikus rajza [12] . 

�$���������i�E�U�i�Q���J�\�R�U�V�N�D�P�H�U�D���N�p�S�H�N���V�]�H�P�O�p�O�W�H�W�L�N���D���&�0�7���I�R�O�\�D�P�D�W�i�W���� 
�$�� �I�R�O�\�D�P�D�W�� �V�R�U�i�Q�� �H�J�\�� �W�L�S�L�N�X�V�� �K�H�J�H�V�]�W�p�V�L�� �F�L�N�O�X�V�W���� �~�J�\�� �O�H�K�H�W�� �P�H�J�K�D�W�i�U�R�]�Q�L���� �P�L�Q�W��az 1 csepp 

�O�H�Y�i�O�i�V�i�K�R�]�� �V�]�•�N�V�p�J�H�V�� �L�G���W�D�U�W�D�P�R�W���� �$�K�K�R�]���� �K�R�J�\�� �W�D�Q�X�O�P�i�Q�\�R�]�Q�L�� �W�X�G�M�X�N�� �D�� �F�V�H�S�S�O�H�Y�i�O�i�V�L�� �I�R�O�\�D�P�D�W��
�N�•�O�|�Q�E�|�]���� �I�i�]�L�V�D�L�Q�D�N�� �H�Q�H�U�J�L�D�H�O�R�V�]�O�i�V�i�W, �H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q�� �D�]�� �i�U�D�P�� �p�V��a �I�H�V�]�•�O�W�V�p�J�� �K�X�O�O�i�Palak�M�i�Q�D�N��az 
�H�O�H�P�]�p�V�H���>��3�@�����$���K�H�J�H�V�]�W�p�V�L���F�L�N�O�X�V���K�i�U�R�P���U�p�V�]�U�H���R�V�]�W�K�D�W�y, �D���N�|�Y�H�W�N�H�]���N szerint.  

- �&�V�~�F�V�i�U�D�P����e�J�\�� �i�O�O�D�Q�G�y�� �I�H�V�]�•�O�W�V�p�J�&�� �Q�D�J�\�� �i�U�D�P�L�P�S�X�O�]�X�V����amellyel �D�]�� �t�Y�J�\�~�M�W�i�V�� �N�|�Q�Q�\�H�Q��
megva�O�y�V�t�W�K�D�W�y, �p�V���D�P�H�O�\ �V�H�J�t�W�V�p�J�p�Y�H�O���D���K�X�]�D�O���I�H�O�P�H�O�H�J�V�]�L�N���D���F�V�H�S�S�N�p�S�]���G�p�V�K�H�]���� 

- �$�O�D�S�i�U�D�P����c�V�|�N�N�H�Q�W�H�W�W���i�U�D�P�H�U���V�V�p�J�&���I�i�]�L�V�����D�Q�Q�D�N���p�U�G�H�N�p�E�H�Q�����K�R�J�\�� �P�H�J�D�N�D�G�i�O�\�R�]�]�X�N���D���K�X�]�D�O��
�Y�p�J�p�Q���N�L�D�O�D�N�X�O�W���F�V�H�S�S���O�H�Y�i�O�i�V�i�W�������(�]���D���I�i�]�L�V���D���U�|�Y�L�G�]�i�U�O�D�W���E�H�N�|�Y�H�W�N�H�]�p�V�p�L�J���W�D�U�W���� 

- �5�|�Y�L�G�]�i�U�O�D�W: a�]���t�Y�I�H�V�]�•�O�W�V�p�J���O�H�F�V�|�N�N�H�Q��null�i�U�D, �p�V �H�]�]�H�O���H�J�\�L�G�H�M�&�O�H�J���D���K�X�]�D�O�D�G�D�J�R�O�y���M�H�O�H�W���N�D�S���p�V��
�Y�L�V�V�]�D�K�~�]�]�D���D���K�X�]�D�O�W�����(�E�E�H�Q���D���I�i�]�L�V�E�D�Q���W�|�U�W�p�Q�L�N���P�H�J���D���F�V�H�S�S�O�H�Y�i�O�i�V���>��4]. 
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�������i�E�U�D�����*�\�R�U�V�N�D�P�H�U�D���N�p�S�H�N���D���&�0�7���K�H�J�H�V�]�W�p�V�U���O��[9] . 

�$�� �K�H�J�H�V�]�W���i�U�D�P�� �N�R�P�S�O�H�[�� �K�X�O�O�i�Palak�M�D�� �p�V�� �D��hozaganyag vissza�K�~�]�i�V�D, amely mechanikus 
�I�p�P�i�W�D�G�i�V�W �H�U�H�G�P�p�Q�\�H�]�� �P�H�J�Q�H�K�H�]�t�W�L�� �D�� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N���� �D�� �I�p�P�i�W�D�G�i�V�� �p�V�� �D�� �K���i�W�D�G�i�V�� �N�|�]�|�W�W�L��
�N�D�S�F�V�R�O�D�W���P�H�J�p�U�W�p�V�p�W���� �$�� ������ �i�E�U�i�Q���O�i�W�K�D�W�y�� �H�J�\�� �S�p�O�G�D��az AA4043 �± S235 ���D�O�X�P�t�Q�L�X�P �± �D�F�p�O�� �N�|�W�p�V�p�Q�p�O��
alkalmazott �W�H�F�K�Q�R�O�y�J�Lai �F�L�N�O�X�V�U�D�����$���W�|�N�p�O�H�W�H�V���t�Y�K�R�V�V�]�N�H�]�H�O�p�V���p�V���D���O�H�P�H�]�H�N���L�O�O�H�V�]�W�p�V�p�Q�p�O���D�O�N�D�O�P�D�]�K�D�W�y��
�Q�D�J�\���W�&�U�p�V���P�L�D�W�W���D���&�0�7���H�O�M�i�U�i�V���V�]�i�P�R�V���K�H�J�H�V�]�W�p�V�L���S�U�R�E�O�p�P�i�U�D���Q�\�~�M�W�K�D�W���P�H�J�R�O�G�i�V�W���>��5].  

 

�������i�E�U�D�����$�]���i�U�D�P�H�U���V�V�p�J���p�V���D���I�H�V�]�•�O�W�V�p�J��jelalakja �&�0�7���H�V�H�W�p�Q��[15] . 
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�$�� �I�R�O�\�D�P�D�W�� �P�&�N�|�G�p�V�L���H�O�Y�p�E�H�Q�� �H�J�\�H�G�•�O�i�O�O�y���� �K�R�J�\�� �K�H�J�H�V�]�W�p�V�� �V�R�U�i�Q�� �D�� �Y�H�]�p�U�O���H�J�\�V�p�J�� �I�H�O�L�V�P�H�U�L�� �D��
�U�|�Y�L�G�]�i�U�O�D�W�R�W, �p�V�� �D�� �K�X�]�D�O�� �P�R�]�J�D�W�i�V�i�Q�D�N�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �L�U�i�Q�\�t�W�M�D�� �D�� �F�V�H�S�S�O�H�Y�i�O�i�V�W���� �0�L�Y�H�O�� �H�]�� �D��ciklus 
�I�R�O�\�D�P�D�W�R�V�D�Q�� �L�V�P�p�W�O���G�L�N, �D�]�� �t�Y�� �Q�D�J�\�R�Q�� �U�|�Y�L�G�� �L�G�H�L�J�� �W�H�U�P�H�O�� �K���W����A �U�|�Y�L�G�]�i�U�O�D�W���p�V�� �D�� �K�X�]�D�O��
vi�V�V�]�D�K�~�]�i�V�i�Q�D�N���L�G�H�M�H���D�O�D�W�W���D�]���i�U�D�P�H�U���V�V�p�J���N�L�F�V�L, �p�V �D���K�H�J�H�V�]�W�p�V���V�]�L�Q�W�H���I�U�|�F�V�N�|�O�p�V�P�H�Q�W�H�V�Q�H�N���W�H�N�L�Q�W�K�H�W�� 
[16], [17]. �(�]�H�Q���N�t�Y�•�O, a folyamat �V�R�U�i�Q �D�]���t�Y�K�R�V�V�]���L�V���M�y�O���Q�\�R�P�R�Q���N�|�Y�H�W�K�H�W�����p�V���N�|�Q�Q�\�H�Q���V�]�D�E�i�O�\�R�]�K�D�W�y����
�(�Q�Q�H�N�� �N�|�V�]�|�Q�K�H�W���H�Q�� �D�]�� �t�Y�� �V�W�D�E�L�O �J�\�R�U�V�D�E�E�� �K�H�J�H�V�]�W�p�V�L�� �V�H�E�H�V�V�p�J�� �H�V�H�W�p�Q�� �L�V���� �I�•�J�J�H�W�O�H�Q�•�O�� �D�]�� �D�O�D�S�D�Q�\�D�J��
�I�H�O�•�O�H�W�p�W���O�����H�]�p�U�W���D�]���H�O�M�i�U�i�V���P�L�Q�G�H�Q���S�R�]�t�F�L�y�E�D�Q���D�O�N�D�O�P�D�]�K�D�W�y��[18]. 

3. A CMT alkalmazása 

�$�]�� �H�O�M�i�U�i�V�� �H�J�\�L�N�� �O�H�J�Q�D�J�\�R�E�E�� �H�O���Q�\�H�� �D�� �S�R�Q�W�R�V�V�i�J�� �p�V�� �D�� �M�y�� �V�]�D�E�i�O�\�R�]�K�D�W�y�V�i�J���� �$�� �K�H�J�H�V�]�W�p�V�L�� �i�U�D�P��
�P�H�J�I�H�O�H�O�����V�]�D�E�i�O�\�R�]�i�V�D���U�p�Y�p�Q���D�]���L�P�S�X�O�]�X�V�R�N���p�V���D���I�D�M�O�D�J�R�V���K���E�H�Y�L�W�H�O���W�|�N�p�O�H�W�H�V�H�Q���N�p�]�E�H�Q���W�D�U�W�K�D�W�y. Mivel 
�D���I�R�O�\�D�P�D�W���P�D�J�D���D�X�W�R�P�D�W�L�]�i�O�W���p�V���H�O�H�N�W�U�R�Q�L�N�X�V�D�Q���V�]�D�E�i�O�\�R�]�R�W�W, ez�p�U�W �D���K�H�J�H�V�]�W�p�V�L���I�H�O�D�G�D�W�R�N���Q�D�J�\�R�Q���M�y�O��
�U�H�S�U�R�G�X�N�i�O�K�D�W�y�N���� �Y�D�O�D�P�L�Q�W�� �D�� �N�|�W�p�V�� �P�L�Q���V�p�J�p�W�� �Q�H�P�� �E�H�I�R�O�\�i�V�R�O�M�D�� �D�� �K�H�J�H�V�]�W���� �N�p�S�H�V�V�p�J�H���� �t�J�\�� �D�]�� �H�P�E�H�U�L��
�W�p�Q�\�H�]���� �i�O�W�D�O�� �R�N�R�]�R�W�W�� �K�L�E�D�� �H�V�p�O�\�H�� �Q�D�J�\�P�p�U�W�p�N�E�H�Q�� �O�H�F�V�|�N�N�H�Q�W�K�H�W���� �>��9]. A h�D�J�\�R�P�i�Q�\�R�V�� �|�P�O�H�V�]�W����
�K�H�J�H�V�]�W�����H�O�M�i�U�i�V�R�N���H�V�H�W�p�Q���D��k�|�W�p�V���D�Q�\�D�J�D�L�Q�D�N �V�]�H�U�N�H�]�H�W�L���W�X�O�D�M�G�R�Q�V�i�J�D�L���M�H�O�H�Q�W���V�H�Q �P�H�J�Y�i�O�W�R�]�Q�D�N���D���Q�D�J�\��
�K���E�H�Y�L�W�H�O���P�L�D�W�W�����Y�L�V�]�R�Q�W���&�0�7���D�O�N�D�O�P�D�]�i�V�D���H�V�H�W�p�Q���D���K���E�H�Y�L�W�H�O���P�L�Q�L�P�i�O�L�V����amelynek �H�U�H�G�P�p�Q�\�H�N�p�Q�W���Dz 
anyagszerkezeti �Y�i�O�W�R�]�i�Vok �V�H�P�� �D�Q�Q�\�L�U�D�� �M�H�O�H�Q�W���Vek���� �t�J�\�� �M�y�� �P�L�Q���V�p�J�&�� �N�|�W�p�V�� �K�R�]�K�D�W�y�� �O�p�W�U�H [20]. Az 
�H�O�M�i�U�i�V�� �W�R�Y�i�E�E�L �H�O���Q�\�H���� �K�R�J�\�� �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �K�H�J�H�V�]�W���� �H�O�M�i�U�i�V�R�N�K�R�]�� �N�p�S�H�V�W�� �Q�H�P�� �L�J�p�Q�\�H�O�� �D�O�i�W�p�W�H�N�H�W�� �D 
varrat �i�W�U�R�V�N�D�G�i�V�i�Q�D�N �P�H�J�H�O���]�p�V�H���p�U�G�H�N�p�E�H�Q [21]. 

�$�� �&�0�7�� �W�H�F�K�Q�R�O�y�J�L�D�� �O�H�J�L�Q�N�i�E�E�� �Y�p�N�R�Q�\�� �O�H�P�H�]�H�N�� �H�J�\�H�V�t�W�p�V�p�U�H�� �D�O�N�D�O�P�D�V�� �D�� �N�L�V�� �I�D�M�O�D�J�R�V�� �K���E�H�Y�L�W�H�O��
miatt. Alka�O�P�D�]�i�V�D kisebb �P�D�U�D�G�y�� �D�O�D�N�Y�i�O�W�R�]�i�Vokat �H�U�H�G�P�p�Q�\�H�], �p�V�� �Q�H�P�� �L�J�p�Q�\�H�O�� �E�R�Q�\�R�O�X�O�W�� �I�H�O�•�O�H�W-
�W�L�V�]�W�t�W�i�V�L���I�R�O�\�D�P�D�W�R�N�D�W�����W�R�Y�i�E�E�i���O�H�K�H�W���Y�p���W�H�V�]�L���S�p�O�G�i�X�O �D�O�X�P�t�Q�L�X�P���p�V���D�F�p�O���Y�H�J�\�H�V �N�|�W�p�V�p�Q�H�N���N�p�V�]�t�W�p�V�p�W��
is, amely �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �|�P�O�H�V�]�W���� �K�H�J�H�V�]�W���� �H�O�M�i�U�i�V�R�N�N�D�O�� �Q�H�K�H�]�H�Q�� �P�H�J�Y�D�O�y�V�t�W�K�D�W�y����A CMT 
�W�H�F�K�Q�R�O�y�J�L�D�� �D�O�N�D�O�P�D�]�i�V�i�Y�D�O�� �N�|�Q�Q�\�H�Q�� �H�J�\�H�V�t�W�K�H�W���N�� �K�R�U�J�D�Q�\�]�R�W�W�� �O�H�P�H�]�H�N, valamint �K�D�V�]�Q�i�O�D�W�D 
�H�O���Q�\�|�V�Q�H�N�� �E�L�]�R�Q�\�X�O��a �P�D�J�Q�p�]�L�X�P�� �p�V��a �W�L�W�i�Q�� �K�H�J�H�V�]�W�p�V�H�N�R�U�� �L�V�� �>18]. Mindezek mellett alkalmas 
�,�Q�F�R�Q�H�O�����V�i�U�J�D�U�p�]�����N�R�U�U�y�]�L�y�i�O�O�y���D�F�p�O���V�W�E�����H�J�\�H�V�t�W�p�V�p�U�H is. �%�i�U���I���N�p�Q�W���Y�p�N�R�Q�\���O�H�P�H�]�H�N���H�V�H�W�p�Q���K�D�V�]�Q�i�O�M�i�N, 
egyes �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L���V�H�J�t�W�V�p�J�p�Y�H�O���D�O�N�D�O�P�D�V���Y�D�V�W�D�J���O�H�P�H�]�H�N���K�H�J�H�V�]�W�p�V�p�U�H���L�V���>��2].  

A CMT �W�H�F�K�Q�R�O�y�J�L�D elterjedt offshore szerkezetek �K�H�J�H�V�]�W�p�V�H���H�V�H�W�p�Q�����D�]�� �D�X�W�y�L�S�D�U�E�D�Q���� �P�R�W�R�U�R�N����
�F�V���Y�H�]�H�W�p�N�H�N �J�\�i�U�W�i�V�D�� �p�V �I�p�P�O�H�P�H�]�H�N �H�J�\�H�V�t�W�p�V�H���W�H�U�•�O�H�W�p�Q [23]. �0�L�Q�G�H�]�H�N�H�Q�� �W�~�O�P�H�Q���H�Q, a nagy 
�S�R�Q�W�R�V�V�i�J�i�Q�D�N���N�|�V�]�|�Q�K�H�W���H�Q, �R�S�W�L�P�i�O�L�V���Y�i�O�D�V�]�W�i�V��az elektronikai ipar �V�]�i�P�i�U�D is [24]. 

4. CMT eljárásváltozatok 

�7�|�E�E�� �&�0�7 �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�� �L�V��ismert, a�P�H�O�\�H�N�� �N�|�]�•�O�� �D�� �W�R�Y�i�E�E�L�D�N�E�D�Q�� �D�� �K�i�U�R�P�� �O�H�J�J�\�D�N�R�U�L�E�Ean 
alkalmazottat �U�p�V�]�O�H�W�H�]�]�•�N���� �D�P�H�O�\ek �D�� �N�|�Y�H�W�N�H�]���N���� �&�0�7�� �3�X�O�V�H���� �&�0�7�� �$�G�Y�D�Q�F�H�G�� �p�V�� �&�0�7�� �3�X�O�V�H��
�$�G�Y�D�Q�F�H�G���� �(�]�H�Q�� �Y�i�O�W�R�]�D�W�R�N�R�Q�� �N�t�Y�•�O���D�� �V�]�D�N�L�U�R�G�D�O�P�D�N�E�D�Q�� �P�H�J�W�D�O�i�O�K�D�W�y�� �P�p�J�� �D�� �&�0�7�� �'�\�Q�D�P�L�F [18], a 
CMT Twin [25], a CMT Pin [26] �p�V���D���&�0�7���%�U�D�]�L�Q�J��[27] is. 

�$�� �&�0�7�� �'�\�Q�D�P�L�F�� �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�R�W���Y�D�V�W�D�J�D�E�E�� �O�H�P�H�]�H�N�� �K�H�J�H�V�]�W�p�V�p�U�H���W�H�U�Y�H�]�W�p�N���� �$���K�X�]�D�O���H�O���U�H-�K�i�W�U�D��
�P�R�]�J�i�V�i�W�� ������ Hz-�U�H�� �Q�|�Y�H�O�W�p�N�����D�]�� �D�O�D�S�Y�i�O�W�R�]�D�W�� �H�V�H�W�p�O�� �H�]�� �i�W�O�D�J�R�V�D�Q�� ���� Hz). �$�O�N�D�O�P�D�]�i�V�i�Y�D�O�� �P�p�O�\�H�E�E��
�E�H�R�O�Y�D�G�i�V�� �p�V�� �J�\�R�U�V�D�E�E�� �K�H�J�H�V�]�W�p�V�L�� �V�H�E�H�V�V�p�J�� �p�U�K�H�W���� �H�O���� �Y�L�V�]�R�Q�W�� �D�]�� �D�O�D�S�� �&�0�7���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�K�R�]���N�p�S�H�V�W��
�Q�D�J�\�R�E�E���D���K���E�H�Y�L�W�H�O���L�V [18]. A CMT �7�Z�L�Q���V�R�U�i�Q���D���K�H�J�H�V�]�W�p�V�W���H�J�\�V�]�H�U�U�H���N�p�W���K�X�]�D�O�O�D�O���Y�p�J�]�L�N����amelyeket 



Pap, �È��; �*�i�V�S�i�U, M.; Meilinger, �È�� A CMT folyamat �M�H�O�O�H�P�]���L�Q�H�N���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�Q�D�N���|�V�V�]�H�I�R�J�O�D�O�i�V�D 

66 

�N�p�W�� �I�•�J�J�H�W�O�H�Q�� �i�U�D�P�I�R�U�U�i�V�V�D�O�� �P�&�N�|�G�W�H�W�Q�H�N���� �Ë�J�\�� �D�� �O�H�R�O�Y�D�V�]�W�i�V�L�� �W�H�O�M�H�V�t�W�P�p�Q�\�� �D�N�i�U��a 20 kg/h-t is �H�O�p�U�K�H�W�L 
[28]. A CMT Pin �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W �N�•�O�|�Q�E�|�]�����Q�H�P�I�p�P�H�V, p�pl�G�i�X�O polimer c�V�D�S�R�N���Y�D�J�\���F�V�D�S�V�]�H�U�&���H�O�H�P�H�N��
�I�p�P�O�H�P�H�]�H�N�K�H�] �W�|�U�W�p�Q���� �K�H�J�H�V�]�W�p�V�p�W�� �W�H�V�]�L�� �O�H�K�H�W���Y�p [26]. A CMT �N�H�P�p�Q�\�I�R�U�U�D�V�]�W�i�V�W (CMT Brazing) 
pedig �D�O�D�F�V�R�Q�\���R�O�Y�D�G�i�V�S�R�Q�W�~���D�Q�\�D�J�R�N���H�J�\�H�V�t�W�p�V�p�K�H�]���I�H�M�O�H�V�]�W�H�W�W�p�N ki�����$�]���H�O�M�i�U�i�V���D�O�D�S�M�D���H�E�E�H�Q���D�]���H�V�H�W�E�H�Q��
�L�V���D���&�0�7���I�R�O�\�D�P�D�W�����Y�L�V�]�R�Q�W���D���K�R�]�D�J�D�Q�\�D�J���R�O�Y�D�G�i�V�S�R�Q�W�M�D���N�L�V�H�E�E�����P�L�Q�W���D���K�H�J�H�V�]�W�����H�O�M�i�U�i�V�R�N���H�V�H�W�p�Q [27]. 

�$���N�|�Y�H�W�N�H�]���N�E�H�Q���D���K�i�U�R�P���O�H�J�J�\�D�N�R�U�L�E�E���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�R�W���P�X�W�D�W�M�X�N���E�H���U�p�V�]�O�H�W�H�V�Hbben. 

4.1 CMT Pul se 

�$���&�0�7���3�X�O�V�H���D���&�0�7���p�V���D�]���L�P�S�X�O�]�X�V �K�H�J�H�V�]�W�p�V �N�R�P�E�L�Q�i�F�L�y�M�D�����$���&�0�7���3�X�O�V�H���H�V�H�W�p�Q���D��CMT folyamat 
�P�H�O�O�p �H�J�\���L�P�S�X�O�]�X�V���F�L�N�O�X�V���L�V���E�H�N�H�U�•�O�����D�P�L���Q�D�J�\�R�E�E���K���E�H�Y�L�W�H�O�W���H�U�H�G�P�p�Q�\�H�]�����Y�L�V�]�R�Q�W���Q�|�Y�H�O�L���D���K�H�J�H�V�]�W�p�V�L��
�V�H�E�H�V�V�p�J�H�W, �p�V���P�L�Q�G�H�Q�� �F�L�N�O�X�V�K�R�]�� �K�R�]�]�i�D�G�� �H�J�\�� �H�[�W�U�D�� �F�V�H�S�S�O�H�Y�i�O�i�V�W���� �D�P�L�� �Q�|�Y�H�O�L�� �D�� �W�H�U�P�H�O�p�N�H�Q�\�V�p�J�H�W���� �$��
�F�L�N�O�X�V���H�O�V�����U�p�V�]�H���P�H�J�I�H�O�H�O���D���&�0�7���I�R�O�\�D�P�D�W�i�Q�D�N�����H�]�X�W�i�Q���N�|�Y�H�W�N�H�]�L�N���H�J�\���L�P�S�X�O�]�X�V�t�Y�H�V���V�]�D�N�D�V�]�����D�K�R�O���D��
�K�X�]�D�O���D���P�X�Q�N�D�G�D�U�D�E���I�H�O�p���P�R�]�R�J, �p�V���H�]�]�H�O���H�J�\�L�G�H�M�&�O�H�J���Y�p�J�E�H�P�H�J�\���H�J�\���F�V�H�S�S�O�H�Y�i�O�i�V�����(�]�X�W�i�Q���L�V�P�p�W���H�J�\��
�Q�R�U�P�i�O���&�0�7���F�L�N�O�X�V���N�|�Y�H�W�Nezik [3]�����$���I�R�O�\�D�P�D�W�R�W���D���������i�E�U�D���V�]�H�P�O�p�O�W�H�W�L. 

 

�������i�E�U�D����A CMT Pulse folyamata [29]. 

�$�]�� ������ �i�E�U�D�� �D�� �&�0�7�� �3�X�O�V�H�� �M�H�O�O�H�Jg�|�U�E�p�L�W�� �P�X�W�D�W�M�D be���� �$�� �E�H�P�X�W�D�W�R�W�W�� �S�p�O�G�D�� �H�V�H�W�p�Q az impulzus 
�F�L�N�O�X�V�R�N�E�D�Q�� �N�p�W�� �L�P�S�X�O�]�X�V van. �$�]�� �ib�U�i�Q�� �Dlkalmazott �M�H�O�|�O�p�V�H�N�� �D�� �N�|�Y�H�W�N�H�]���N���� ���������� �&�0�7�� �F�L�N�O�X�V���� ����������
impulzus �F�L�N�O�X�V�����������������t�Y �I�i�]�L�V����������-�������������D���S�U�R�J�U�D�P�R�]�i�V�N�R�U���E�H�i�O�O�t�W�K�D�W�y���S�D�U�D�P�p�W�H�U�H�N�����.�6�3�����U�|�Y�L�G�]�i�U�O�D�W����
BoP: �I�H�O�I�X�W�i�V�L���I�i�]�L�V, BrP: �t�Y�p�J�p�V�L���I�i�]�L�V��[30]. 

A CMT Pulse �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�R�W���O�H�J�L�Q�N�i�E�E���&�U�1�L �p�V���N�•�O�|�Q�E�|�]�����D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N���Y�p�N�R�Q�\���O�H�P�H�]�H�L��
(0,5-3 �P�P�����H�V�H�W�p�Q���K�D�V�]�Q�i�O�M�i�N���>31]. 
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�������i�E�U�D�����+�X�]�D�O�D�G�D�J�R�O�i�V�L���V�H�E�H�V�V�p�J�����i�U�D�P�H�U���V�V�p�J���p�V���I�H�V�]�•�O�W�V�p�J���J�|�U�E�p�N��a CMT Pulse �H�V�H�W�p�Q [30]. 

4.2 CMT Advanced 

A CMT Advanced �K�H�J�H�V�]�W�p�V�L���I�R�O�\�D�P�D�W���V�R�U�i�Q���Q�H�J�D�W�t�Y���p�V���S�R�]�L�W�t�Y���S�R�O�D�U�L�W�i�V�~���&�0�7���F�L�N�O�X�V�R�N���Y�i�O�W�D�N�R�]�Q�D�N��
�������� �i�E�U�D������ �Y�D�J�\�L�V�� �Y�i�O�W�D�N�R�]�y���i�U�D�P�R�W ���Y�i�O�W�D�N�R�]�y�� �S�R�O�D�U�L�W�i�V�W�� �D�O�N�D�O�P�D�]�X�Q�N���� �(�]�i�O�W�D�O�� �D�� �K�H�J�H�V�]�W�H�Q�G����
�D�Q�\�D�J�R�N�D�W�� �P�p�J�� �N�L�V�H�E�E�� �K���W�H�U�K�H�O�p�V�� �p�U�L���� �P�L�Q�W�� �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �&�0�7�� �H�V�H�W�p�Q���� �$�� �S�R�O�D�U�L�W�i�V�� �Y�i�O�W�i�V�� �D��
�U�|�Y�L�G�]�i�U�O�D�W�L�� �I�i�]�L�V�E�D�Q�� �N�|�Y�H�W�N�H�]�L�N�� �E�H�����t�J�\ �P�p�J�� �M�R�E�E�D�Q�� �N�R�Q�W�U�R�O�i�O�K�D�W�y�� �D�� �K���E�H�Y�L�W�H�O���� �Q�D�J�\�R�E�E�� �K�H�J�H�V�]�W�p�V�L��
�K�p�]�D�J���L�V���i�W�K�L�G�D�O�K�D�W�y���p�V���Q�D�J�\�R�E�E���D���F�V�H�S�S�O�H�Y�i�O�i�V�L���V�H�E�H�V�V�p�J���L�V [29]. 

 

�������i�E�U�D����A CMT Advanced folyamata [29]. 
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�$�� �&�0�7�� �$�G�Y�D�Q�F�H�G���M�H�O�O�H�J�J�|�U�E�p�L�� �D�� ������ �i�E�U�i�Q���O�i�W�K�D�W�y�N����Az �i�E�U�i�Q�� �Dlkalmazott �M�H�O�|�O�p�V�H�N���D�� �N�|�Y�H�W�N�H�]���N����
���������� �U�|�Y�L�G�]�i�U�O�D�W���� ���������� �t�Y�� �I�i�]�L�V���� ���������I�H�O�I�X�W�i�V�L�� �I�i�]�L�V, (4): �t�Y�p�J�p�V�L�� �I�i�]�L�V, (5)-������������ �D�� �S�U�R�J�U�D�P�R�]�i�V�N�R�U��
�E�H�i�O�O�t�W�K�D�W�y���S�D�U�D�P�p�W�H�U�H�N�����$���V�]�•�U�N�H���V�]�t�Q���D���Q�H�J�D�W�t�Y���S�R�O�D�U�L�W�i�V�~���W�D�U�W�R�P�i�Q�\�W���M�H�O�|�O�L [30].  

 

�������i�E�U�D�����+�X�]�D�O�D�G�D�J�R�O�i�V�L���V�H�E�H�V�V�p�J�����i�U�D�P�H�U���V�V�p�J���p�V���I�H�V�]�•�O�W�V�p�J���J�|�U�E�p�N��a CM�7���$�G�Y�D�Q�F�H�G���H�V�H�W�p�Q���>30] . 

A CMT Advanced �H�O�M�i�U�i�V�� �Y�i�O�W�R�]�D�W���D�O�N�D�O�P�D�]�i�V�D �N�•�O�|�Q�|�V�H�Q�� �H�O���Q�\�|�V���D�O�X�P�t�Q�L�X�P�� �p�V�� �U�p�]�� �|�W�Y�|�]�H�W�H�N��
�H�V�H�W�p�Q���>�����@�� 

4.3 CMT Pulse Advanced 

A CMT Pulse Advanced �I�R�O�\�D�P�D�W�� �Q�H�J�D�W�t�Y�� �S�R�O�D�U�L�W�i�V�~�� �&�0�7���F�L�N�O�X�V�R�N�D�W�� �p�V�� �S�R�]�L�W�t�Y�� �S�R�O�D�U�L�W�i�V�~��
�L�P�S�X�O�]�X�V�R�N�D�W���N�R�P�E�L�Q�i�O, amelyet a 8�����i�E�U�D���V�]�H�P�O�p�O�W�H�W�����(�O���V�]�|�U���D���&�0�7���V�]�D�N�D�V�]�E�D�Q���D���K�X�]�D�O���D���K�H�J�I�•�U�G�� 
�I�H�O�p�� �P�R�]�R�J���� �P�D�M�G�� �P�L�X�W�i�Q�� �E�H�O�H�p�U�� �D�� �K�H�J�I�•�U�G���E�H, �U�|�Y�L�G�]�i�U�O�D�W�� �D�O�D�N�X�O�� �N�L, �p�V���D�� �J�p�S���H�O�N�H�]�G�L�� �Y�L�V�V�]�D�K�~�]�Q�L�� �D��
huzalt. E�N�N�R�U���W�|�U�W�p�Q�L�N��meg �D���S�R�O�D�U�L�W�i�V���Y�i�O�W�i�V���p�V���D���I�R�O�\�D�P�D�W���D�]���L�P�S�X�O�]�X�V�t�Y�H�V���F�L�N�O�X�V�V�D�O���I�R�O�\�W�D�W�y�G�L�N�����7�H�K�i�W��
az impulzus�t�Y�H�V���F�L�N�O�X�V �P�L�Q�G�L�J���S�R�]�L�W�t�Y���S�R�O�D�U�L�W�i�V�V�D�O���]�D�M�O�L�N [3].  



Pap, �È��; �*�i�V�S�i�U, M.; Meilinger, �È�� A CMT folyamat �M�H�O�O�H�P�]���L�Q�H�N���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�Q�D�N���|�V�V�]�H�I�R�J�O�D�O�i�V�D 

69 

 

�������i�E�U�D����A CMT Pulse Advanced folyamata [29]. 

�$�� ������ �i�E�U�i�Q�� �D�� �&�0�7�� �3�X�O�V�H�� �$�G�Y�D�Q�F�H�G�� �M�H�O�O�H�J�J�|�U�E�p�L�� �O�i�W�K�D�W�y�N���� �$�]�� �i�E�U�i�Q alkalmazott �M�H�O�|�O�p�V�H�N�� �D��
�N�|�Y�H�W�N�H�]���N����(1): CMT ciklus, (2): i�P�S�X�O�]�X�V���F�L�N�O�X�V���������������t�Y �I�i�]�L�V����������-�������������D���S�U�R�J�U�D�P�R�]�i�V�N�R�U���E�H�i�O�O�t�W�K�D�W�y��
�S�D�U�D�P�p�W�H�U�H�N�����.�6�3���� �U�|�Y�L�G�]�i�U�O�D�W���� �%�R�3�����I�H�O�I�X�W�i�V�L�� �I�i�]�L�V, BrP: �t�Y�p�J�p�V�L�� �I�i�]�L�V. �$�� �V�]�•�U�N�H�� �V�]�t�Q�� �D�� �Q�H�J�D�W�t�Y��
�S�R�O�D�U�L�W�i�V�~���W�D�U�W�R�P�i�Q�\�W���M�H�O�|�O�L [30]. 

 

�������i�E�U�D�����+�X�]�D�O�D�G�D�J�R�O�i�V�L���V�H�E�H�V�V�p�J�����i�U�D�P�H�U���V�V�p�J���p�V���I�H�V�]�•�O�W�V�p�J���J�|�U�E�p�N��a CMT Pulse Advanced 
�H�V�H�W�p�Q [30]. 
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�$�K�R�J�\���D�]�W���D�]���i�E�U�D���L�V��mutatja, �Q�H�J�D�W�t�Y���S�R�O�D�U�L�W�i�V���F�V�D�N���D���&�0�7���F�L�N�O�X�V�R�N���D�O�D�W�W���Y�D�Q, �D�]���L�P�S�X�O�]�X�V�t�Y���L�G�H�M�p�Q��
�D�� �S�R�O�D�U�L�W�i�V�� �P�L�Q�G�L�J�� �S�R�]�L�W�t�Y����Ez azt jelenti, hogy �D�� �I�R�O�\�D�P�D�W�� �D�� �&�0�7�� �3�X�O�V�H�� �p�V�� �D�� �&�0�7�� �$�G�Y�D�Q�F�H�G��
�N�R�P�E�L�Q�i�F�L�y�M�D���� 

�$�]�� �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�� �D�� �Q�D�J�\�R�E�E�� �K���E�H�Y�L�W�H�O���P�H�O�O�H�W�W, �D�]�� �L�P�S�X�O�]�X�V�� �I�i�]�L�V�E�D�Q�� �O�p�W�U�H�M�|�Y���� �Q�H�P�� �U�|�Y�L�G�]�i�U�O�D�W�R�V��
�F�V�H�S�S�i�W�P�H�Q�H�W�� �H�O���Q�\�H�L�W�� �L�V�� �E�L�]�W�R�V�t�W�M�D���� �$�O�N�D�O�P�D�]�i�V�D�� �N�•�O�|�Q�|�V�H�Q�� �H�O���Q�\�|�V�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�Q����
miv�H�O���D���Q�D�J�\���O�H�R�O�Y�D�G�i�V�L���W�H�O�M�H�V�t�W�P�p�Q�\���P�H�O�O�H�W�W���N�L�V���K���E�H�Y�L�W�H�O�W���E�L�]�W�R�V�t�W [33].  

4.4 �g�V�V�]�H�K�D�V�R�Q�O�t�W�i�V 

�$���M�R�E�E���|�V�V�]�H�K�D�V�R�Q�O�t�W�K�D�W�y�V�i�J���p�U�G�H�N�p�E�H�Q, a ���������i�E�Ua bemutatja �D���I�H�V�]�•�O�W�V�p�J���p�V��az �i�U�D�P�H�U���V�V�p�J���Y�i�O�W�R�]�i�V�i�W 
�D�]�� �L�G���� �I�•�J�J�Y�p�Q�\�p�E�H�Q, �N�•�O�|�Q�E�|�]���� �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�R�N�� �H�V�H�W�p�Q. �$�� �I�H�V�]�•�O�W�V�p�J�H�W�� �p�V�� �D�]�� �i�U�D�P�H�U���V�V�p�J�H�W 
�$�0�9���������� �W�t�S�X�V�~�� �E�H�U�H�Q�G�H�]�p�V�V�H�O�� �N�|�Y�H�W�W�p�N�� �Q�\�R�P�R�Q�� A�]�� �i�E�U�D�� �U�p�V�]�O�H�W�H�N�H�Q �O�i�W�K�D�W�y�� �D�G�D�W�R�Nat AA2219 
�D�O�X�P�t�Q�L�X�P��alapanyag �D�O�X�P�t�Q�L�X�P��huzallal (AA2319) �W�|�U�W�p�Q�����K�H�J�H�V�]�W�p�V�H�N�R�U���U�|�J�]�t�W�H�W�W�p�N�����$�]���D�O�N�D�O�P�D�]�R�W�W��
�Y�p�G���J�i�]���D�U�J�R�Q���Y�R�O�W. A huzaladago�O�i�V�L���V�H�E�H�V�V�p�J�����S�H�G�L�J���D���Q�p�J�\���H�V�H�W�E�H�Q���D�]�R�Q�R�V���������� m/perc) volt [34].  

 

���������i�E�U�D�����.�•�O�|�Q�E�|�]�����&�0�7���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�R�N �|�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�D�������D�����&�0�7�������E�� CMT Pulse, (c) CMT 
Advanced, (d) CMT Pulse Advanced [34]. 

�$�� �������� �i�E�U�D�� ���D���� �U�p�V�]�p�Q�� �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �&�0�7�� �H�O�M�i�U�i�V�U�D�� �M�H�O�O�H�P�]���� �J�|�U�E�p�N�� �O�i�W�K�D�W�y�N���� �$�� �������� �i�E�U�D�� ���E����
�U�p�V�]�p�Q���E�H�D�]�R�Q�R�V�t�W�K�D�W�y�N���D���&�0�7���3�X�O�V�H���I�R�O�\�D�P�D�W���V�R�U�i�Q���Y�i�O�W�D�N�R�]�y���L�P�S�X�O�]�X�V�R�N���p�V���U�|�Y�L�G�]�i�U�O�D�W�L���V�]�D�N�D�V�]�R�N����
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�$�����������i�E�U�D�����F�����i�E�U�D�U�p�V�]�O�H�W�p�Q���D���&�0�7���$�G�Y�Dn�F�H�G���I�R�O�\�D�P�D�W�D���O�i�W�K�D�W�y�����P�H�O�\ �V�R�U�i�Q���Y�p�J�E�H���P�H�J�\���D���S�R�O�D�U�L�W�i�V��
�Y�i�O�W�i�V�����$�����������i�E�U�D�����G�����U�p�V�]�O�H�W�p�Q�����S�H�G�L�J���D���&�0�7���3�X�O�V�H���$�G�Y�D�Q�F�H�G���I�R�O�\�D�P�D�W���O�i�W�K�D�W�y, �P�H�O�\���M�y�O���V�]�H�P�O�p�O�W�H�W�L����
�K�R�J�\���H�]���D���I�R�O�\�D�P�D�W���D���&�0�7���3�X�O�V�H���p�V���&�0�7���$�G�Y�D�Q�F�H�G���I�R�O�\�D�P�D�W�R�N���N�R�P�E�L�Q�i�F�L�y�M�D�� 

5. Összefoglalás  

A �V�]�D�N�L�U�R�G�D�O�P�L�� �I�R�U�U�i�V�R�N �i�W�W�H�N�L�Q�W�p�V�H��al�D�S�M�i�Q, a �&�0�7�� �H�O�M�i�U�i�V�V�D�O�� �p�V�� �D�Q�Q�D�N�� �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�Y�D�O 
�|�V�V�]�H�I�•�J�J�p�V�E�H�Q�� a �N�|�Y�H�W�N�H�]�����P�H�J�i�O�O�D�S�t�W�i�V�R�N���W�H�K�H�W���N. 
- �$�� �&�0�7�� �H�O�M�i�U�i�V��az �|�P�O�H�V�]�W���� �K�H�J�H�V�]�W�p�Vsel �Q�H�K�H�]�H�Q�� �H�J�\�H�V�t�W�K�H�W���� �D�Q�\�D�J�R�N�� �p�V�� �D�Q�\�D�J�S�i�U�R�V�t�W�i�V�R�N��

�K�H�J�H�V�]�W�p�V�p�W�� �L�V�� �O�H�K�H�W���Y�p�� �W�H�V�]�L���� �$�� �Q�H�P�]�H�W�N�|�]�L�� �V�]�D�N�L�U�R�G�D�O�R�P�E�D�Q�� �W�D�O�i�O�K�D�W�y�� �I�R�U�U�i�V�R�N�� �D�O�D�S�M�i�Q��a 
�I�H�O�K�D�V�]�Q�i�O�i�V�D���Q�D�J�\�R�Q���V�R�N�U�p�W�&���� 

- �$�� �K�X�]�D�O�� �Y�L�V�V�]�D�K�~�]�i�V�D�� �D�� �U�|�Y�L�G�]�i�U�O�D�W�� �I�i�]�L�V�i�E�D�Q�� �I�R�Q�W�R�V�� �V�]�H�U�H�S�H�W�� �W�|�O�W�� �E�H a folyamatban, mivel 
�V�]�D�E�i�O�\�R�]�]�D�� �D�� �F�V�H�S�S�O�H�Y�i�O�i�V�W���� �H�]�i�O�W�D�O�� �P�H�J�D�N�D�G�i�O�\�R�]�]�D�� �D�� �I�U�|�F�V�N�|�O�p�V�W, �p�V�� �H�V�]�W�p�W�L�N�X�V�D�E�E�� �Y�D�U�U�D�W�R�W��
�H�U�H�G�P�p�Q�\�H�]. 

- Az �H�O�M�i�U�i�V���Q�D�J�\���H�O���Q�\�H�����K�R�J�\���D�O�N�D�O�P�D�]�i�V�D�N�R�U���N�L�V�H�E�E���K���W�H�U�K�H�O�p�V�W���N�D�S���Dz alap�D�Q�\�D�J�����P�L�Q�W���S�p�O�G�i�X�O���D�]��
�D�O�D�S�M�i�X�O�� �V�]�R�O�J�i�O�y�� �K�X�]�D�O�H�O�H�N�W�U�y�G�is, �Y�p�G���J�i�]�R�V�� �t�Y�K�H�J�H�V�]�W�p�V�� �H�V�H�W�p�Q���� �Y�D�O�D�P�L�Q�W�� �Q�D�J�\�R�Q�� �M�y�O��
�V�]�D�E�i�O�\�R�]�K�D�W�y���p�V���U�H�S�U�R�G�X�N�i�O�K�D�W�y. 

- �$�]���H�O�P�~�O�W���p�Y�H�N�E�H�Q���D���&�0�7���H�O�M�i�U�i�V���V�]�i�P�R�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D��is megjelent, amelyek �W�R�Y�i�E�E �E���Y�t�W�L�N���D�]��
�D�O�N�D�O�P�D�]�i�V�L���O�H�K�H�W���V�p�J�H�N�H�W���� 

- �$�� �&�0�7�� �H�O�M�i�U�i�V�� �M�y�O�� �N�R�P�E�L�Q�i�O�K�D�W�y�� �D�]�� �L�P�S�X�O�]�X�V�� �K�H�J�H�V�]�W�p�V�V�H�O (CMT Pulse), a �N�R�P�E�L�Q�i�F�L�y��a 
�W�H�U�P�H�O�p�N�H�Q�\�V�p�J���Q�|�Y�H�N�H�G�p�V�p�W���H�U�H�G�P�p�Q�\�Hzi.  

- �$�� �&�0�7�� �$�G�Y�D�Q�F�H�G�� �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W �V�H�J�t�W�V�p�J�p�Y�H�O�� �P�H�J�Y�D�O�y�V�t�W�K�D�W�y�� �D�� �S�R�O�D�U�L�W�i�V�� �Y�i�O�W�i�V�� �L�V���� �t�J�\�� �D��
�K�H�J�H�V�]�W�H�Q�G�����D�Q�\�D�J���K���W�H�U�K�H�O�p�V�H���P�p�J���M�R�E�E�D�Q���O�H�F�V�|�N�N�H�Q�W�K�H�W������ 

- A CMT Pulse Advanced �H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W �D�� �&�0�7�� �3�X�O�V�H�� �p�V�� �D�� �&�0�7�� �$�G�Y�D�Q�F�H�G�� �N�R�P�E�L�Q�i�F�L�y�M�D���� �P�H�O�\��
�D�O�N�D�O�P�D�]�i�V�D�N�R�U���D���Q�D�J�\���O�H�R�O�Y�D�V�]�W�i�V�L���W�H�O�M�H�V�t�W�P�p�Q�\���P�H�O�O�H�W�W���D���K���E�H�Y�L�W�H�O���N�L�F�V�L���Parad. 

 
Irodalom  
[1] M. Balasubramanian, M. V. Choudary, A. Nagaraja, K. O. C. Sai�����³�&�R�Od metal transfer process 

�± A review��� ́ Mat. Today: Proc., vol. 33, no. 1, pp. 543-549, 2020, doi: 
10.1016/j.matpr.2020.05.225. 

[2] J. �.�R�Y�i�F�V �D�Q�G���-�����/�X�N�i�F�V, �³Influence of filler metals on microstructure and mechanical properties 
of gas metal arc welded high strength steel,�´��Lect. Notes in Mech. Eng.: Vehicle and Autom. 
Eng. 4, pp. 995-1005, 2022, doi: 10.1007/978-3-031-15211-5_83. 

[3] �-���� �7�D�S�L�R�O�D���� �³�&�R�O�G�� �P�H�W�D�O�� �W�U�D�Q�V�I�H�U��cladding of wear and corrosion resistant coatings in engine 
applications,�´���0�6�F���W�K�H�V�L�V����Faculty of Engineering Sciences, Tampere University of Technology, 
Tampere, Finland, 2016. 

[4] L. �*�\�X�U�D�����³�+�X�]�D�O�H�O�H�N�W�U�y�G�i�V���Y�p�G���J�i�]�R�V���t�Y�K�H�J�H�V�]�W�p�V�������������������  ́�2�N�W�D�W�i�V�L���D�Q�\�D�J�� �3�U�H�]�H�Q�W�i�F�L�y, 2023. 
[5] �+�H�J�H�V�]�W�p�V���� �I�R�U�U�D�V�]�W�i�V�� �p�V�� �W�H�U�P�L�N�X�V�� �Y�i�J�i�V���� �$�� �K�H�J�H�V�]�W�p�V�L�� �H�O�M�i�U�i�V�R�N�� �P�H�J�Q�H�Y�H�]�p�V�H�� �p�V�� �D�]�R�Q�R�V�t�W�y��

�V�]�i�P�X�N, MSZ EN ISO 4063, �0�D�J�\�D�U���6�]�D�E�Y�i�Q�\�•�J�\�L���7�H�V�W�•�O�H�W, �%�X�G�D�S�H�V�W�����0�D�J�\�D�U�R�U�V�]�i�J����2023. 
[6] Z. Silvayeh, R. Vallant, C. Sommitsch, B. �*�|�W�]�L�Q�J�H�U�����:. Karner, and M. Hartmann�����³�,�Q�I�O�X�H�Q�F�H��

of filler alloy composition and process parameters on the intermetallic layer thickness in single-



Pap, �È��; �*�i�V�S�i�U, M.; Meilinger, �È�� A CMT folyamat �M�H�O�O�H�P�]���L�Q�H�N���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�Q�D�N���|�V�V�]�H�I�R�J�O�D�O�i�V�D 

72 

sided cold metal transfer welding of aluminum-steel blanks,�´��Metalurg. Mat. Trans. A, vol. 48, 
pp. 5376-5386, 2017, doi: 10.1007/s11661-017-4277-5. 

[7] C. Satheesh, P. Sevvel, and R. S. Kumar���� �³�(�[�S�H�U�L�P�H�Q�W�D�O�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �R�I�� �R�S�W�L�P�L�]�H�G�� �S�U�R�F�H�V�V��
parameters for FSW of AZ91C Mg alloy using quadratic regression models,�´��J. Mech. Engng., 
vol. 66, no. 12, pp. 739-751, 2020, doi: 10.5545/sv-jme.2020.6929. 

[8] J. G. Roy, N. Yuvaraj, and Vipin���� �³�(�I�I�H�F�W�� �R�I�� �Z�H�O�G�L�Q�J�� �S�D�U�D�P�H�W�H�U�V�� �R�Q�� �P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I��
cold metal transfer welded thin AISI 304 stainless-steel sheets,�´��Trans. Indian Inst. Metals, vol. 
74, pp. 2397-2408, 2021, doi: 10.1007/s12666-021-02326-2. 

[9] S. Selvi, A. Vishvaksenan, and E. Rajasekar���� �³�&�R�O�G�� �P�H�W�D�O�� �W�U�D�Q�V�I�H�U�� ���&�0�7���� �W�H�F�K�Q�R�O�R�J�\���± An 
overview,�´��Defense Techn., vol. 14, no. 1, pp. 28-44, 2018, doi: 10.1016/j.dt.2017.08.002. 

[10] A. R. Kannan, N. S. Shanmugam, and S. A. Vendan, �³�(�I�I�H�F�W�� �R�I�� �F�R�O�G�� �P�H�W�D�O�� �W�U�D�Q�V�I�H�U�� �S�U�R�F�H�V�V��
parameters on microstructural evolution and mechanical properties of AISI 316L tailor welded 
blanks,�´��Int. J. Adv. Manufact. Techn., vol. 103, pp. 4265-4282, 2019, doi: 10.1007/s00170-
019-03856-2. 

[11] S. D. D. Babu, P. Sevvel, and R. S. Kumar�����³�6�L�P�X�O�D�W�L�R�Q���R�I���K�H�D�W���W�U�D�Q�V�I�H�U���D�Q�G���D�Q�D�O�\�V�L�V���R�I���L�P�S�D�F�W��
of tool pin geometry and tool speed during friction stir welding of AZ80A Mg alloy plates,�  ́J. 
Mech. Sci. Techn., vol. 34, pp. 4239-4250, 2020, doi: 10.1007/s12206-020-0916-7. 

[12] B. Girinath N. S. Shanmugam, and C. Sathiyanarayanan���� �³�6�W�X�G�L�H�V�� �R�Q�� �L�Q�I�O�X�H�Q�F�H�� �R�I�� �W�R�U�F�K��
orientation on microstructure, mechanical properties and formability of AA5052 CMT welded 
blanks,�´��Arc. Civil Mech. Engng., vol. 20, Art no. 15, 2020, doi: 10.1007/s43452-020-00021-5. 

[13] Z. Sun, Y. Lv, B. Xu, Y. Liu, J. Lin, and K. Wang�����³�,�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I���G�U�R�S�O�H�W���W�U�D�Q�V�I�H�U���E�H�K�D�Y�L�R�X�U�V��
in cold metal transfer (CMT) process on welding Ti-6Al-4V alloy,�´��Int. J. Adv. Manufact. 
Techn., vol. 80, pp. 2007-2014, 2015, doi: 10.1007/s00170-015-7197-9. 

[14] J. Feng, H. Zhang, and P. He�����³�7�K�H���&�0�7���V�K�R�U�W-circuiting metal transfer process and its use in 
thin aluminium sheets welding,�´��Mat. Des., vol. 30, no. 5, pp. 1850-1852, 2009, doi: 
10.1016/j.matdes.2008.07.015. 

[15] G. Lorenzin and G. Rutili���� �³�7�K�H�� �L�Q�Q�R�Y�D�W�L�Y�H�� �X�V�H�� �R�I�� �O�R�Z�� �K�H�D�W�� �L�Q�S�X�W�� �L�Q�� �Z�H�O�G�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�V�� �R�Q��
�µ�F�O�D�G�G�L�Q�J�¶�� �D�Q�G�� �E�U�D�]�L�Q�J�� �X�V�L�Q�J�� �W�K�H�� �&�0�7�� �S�U�R�F�H�V�V,�´��Weld. Int., vol. 23, no. 8, pp. 622-632, 2009, 
doi: 10.1080/09507110802543252. 

[16] G. Cornacchia, S. Cecchel, and A. Panvini���� �³�$�� �F�R�P�S�D�U�D�W�L�Y�H�� �V�W�X�G�\�� �R�I�� �P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V�� �R�I��
metal inert gas (MIG)-cold metal transfer (CMT) and fiber laser-MIG hybrid welds for 6005A 
T6 extruded sheet,�´��Int. J. Adv. Manufact. Techn., vol. 94, pp. 2017-2030, 2018, doi: 
10.1007/s00170-017-0914-9. 

[17] A. R. Kannan, N. S. Shanmugam, and S Naveenkumar�����³�(�I�I�H�F�W���R�I���D�U�F���O�H�Q�J�W�K���F�R�U�U�H�F�W�L�R�Q���R�Q���Z�H�O�G��
bead geometry and mechanical properties of AISI 316L weldments by cold metal transfer 
(CMT) process,�  ́ Mat. Today: Proc., vol. 18, no. 7, pp. 3916-3921, 2019, doi: 
10.1016/j.matpr.2019.07.331. 

[18] D. Srinivasan, P. Sevvel, I. J. Solomon, and P. Tanushkumaar�����³�$���U�H�Y�L�H�Z���R�Q���F�R�O�G���P�H�W�D�O���W�U�D�Q�V�I�H�U��
(CMT) technology of welding,�´��Mat. Today: Proc., vol. 64, no. 1, pp. 108-115, 2022, doi: 
10.1016/j.matpr.2022.04.016. 

https://doi/


Pap, �È��; �*�i�V�S�i�U, M.; Meilinger, �È�� A CMT folyamat �M�H�O�O�H�P�]���L�Q�H�N���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�Q�D�N���|�V�V�]�H�I�R�J�O�D�O�i�V�D 

73 

[19] �7�����(�G�H�U�����³�7�K�H���&�0�7���S�U�R�F�H�V�V���± News and its advantages in industry,�  ́SAE Mobilus, vol. 32, Art 
no. 0071, 2010, doi: 10.4271/2010-32-0071. 

[20] J. Li, J. Shen, S. Hu, Y. Liang, and Q. Wang���� �³�0�L�F�U�R�V�W�U�X�F�W�X�U�H�� �D�Q�G�� �P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I��
6061/7N01 CMT+P joints,�´��J. Mat. Proc. Techn., vol. 264, pp. 134-144, 2019, doi: 
10.1016/j.jmatprotec. 2018.09.011. 

[21] A. M. Milani and M. Paidar�����³�,�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�Q���H�I�I�H�F�W���R�I���S�X�O�V�H���F�R�U�U�H�F�W�L�R�Q���R�Q���V�W�U�X�F�W�Xre property in 
dissimilar welds of galvanized steel and aluminum alloy obtained by gas metal arc welding cold 
metal transfer,�´��Russian J. Non-Ferr Met., vol. 57, no. 5, pp. 467-476, 2016, doi: 
10.3103/s1067821216050023. 

[22] P. Wang, S. Hu, J. Shen, Y. Liang, and J. Pang, �³�(�I�I�H�F�W���R�I���H�O�H�F�W�U�R�G�H���S�R�V�L�W�L�Y�H���Q�H�J�D�W�L�Y�H���U�D�W�L�R�Q���R�Q��
microstructure and mechanical properties of Mg/Al dissimilar variable polarity cold metal 
transfer welded joints,�´�� Mat. Sci. Engng. A, vol. 652, pp. 127-135, 2016, doi: 
10.1016/j.msea.2015.11.080. 

[23] H. Zhang, S. Hu, Z. Wang, and Y. Liang �³�7�K�H�� �H�I�I�H�F�W�� �R�I�� �Z�H�O�G�L�Q�J�� �V�S�H�H�G�� �R�Q�� �P�L�F�U�R�V�W�U�X�F�W�X�U�H�V�� �R�I��
cold metal transfer deposited AZ31 magnesium alloy clads,�´��Mat. Des., vol. 84, pp. 894-901, 
2015, doi: 10.1016/j.matdes.2015.07.143. 

[24] P. Sevvel, S. D. D. Babu, and R. S. Kumar���� �³�3�H�D�N�� �W�H�P�S�H�U�D�W�X�U�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �D�Q�G�� �W�H�P�S�H�U�D�W�X�U�H��
distribution during joining of AZ80A Mg alloy by FSW �± A numerical and experimental 
investigation,�´��J.. of Mech. Engng., vol. 66, no. 6, pp. 395-407, 2020, doi: 10.5545/sv-
jme.2020.6566. 

[25] T. Xiang, H. Li, C. Q. Huang, H. L. Wei, J. X. Li, and Y. Gao�����³�7�K�H���P�H�W�D�O���W�U�D�Q�V�I�H�U���E�H�K�D�Y�L�R�U���D�Q�G��
effect of arcing mode on metal transfer process in twin-arc integrated cold wire hybrid 
welding,�´��Int. J. Adv. Manufact. Techn., vol. 90, pp. 1043-1050, 2017, doi: 10.1007/s00170-
016-9451-1. 

[26] �*���� �6�R�P�R�V�N���L �D�Q�G�� �,���� �7�|�U�|�N���� �³�&�0�7�� �3�L�Q���± Define the shape of the welded pin through welding 
parameters,�´��Prod. Proc. Syst., vol. 6, no. 1, pp. 47-56, 2013. 

[27] R. Cao Z. Feng, Q. Lin, and J. H. Chen�����³�6�W�X�G�\���F�R�O�G���P�H�W�D�O���W�U�D�Q�V�I�H�U���Z�H�O�G�L�Q�J-brazing of titanium 
to copper,�´��Mat. Des., vol. 56, pp. 165-173, 2014, doi: 10.1016/j.matdes.2013.10.044. 

[28] G. Posch, H. Weber, and G. Schmitt�����³�,�Q�Q�R�Y�D�W�L�Y�H���*�0�$�:���V�R�O�X�W�L�R�Q�V���I�R�U���K�L�J�K-alloyed and nickel 
base overlays,�´���2�3�(�������������&�R�Q�I�H�U�H�Q�F�H�����0�D�P�D�O�O�D�S�X�U�D�P�����,�Q�G�L�D�����)�H�E�U���������������� 

[29] �1���� �(���� �,�P�R�X�G�X���� �³�7�K�H�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �F�R�O�G�� �P�H�W�D�O�� �W�U�D�Q�V�I�H�U�� ���&�0�7���� �D�Q�G�� �L�W�V�� �D�S�S�O�L�F�D�W�L�R�Q�� �I�R�U��
cladding,�´�� �0�6�F�� �W�K�H�V�L�V����Faculty of Technology, The Arctic University of Norway, Tromso, 
Norge, 2017. 

[30] Fronius International G,bH, RCU 500i, �³Operating Instructions�  ́
[31] �)�U�R�Q�L�X�V���� �³CMT Pulse: attractive synergies�´���� [Online.] Available: 

https://www.fronius.com/en/welding-technology/world-of-welding/fronius-welding-
processes/cmt-pulse  

[32] F. R. Teiceira, F. M. Scotti, R. P. Reis, and A. Scotti���� �³Effect of the CMT advanced process 
combined with an active cooling technique on macro and microstructural aspects of aluminum 



Pap, �È��; �*�i�V�S�i�U, M.; Meilinger, �È�� A CMT folyamat �M�H�O�O�H�P�]���L�Q�H�N���p�V���H�O�M�i�U�i�V�Y�i�O�W�R�]�D�W�D�L�Q�D�N���|�V�V�]�H�I�R�J�O�D�O�i�V�D 

74 

WAAM ,�´��Rapid Prototyping J., vol. 27, no. 6, pp. 1206-1219, 2021, doi: 10.1108/RPJ-11-2020-
0285. 

[33] �)�U�R�Q�L�X�V���� �³�&�0�7 Advanced Pulse: joining high-strength steels with low heat input,�  ́ [Online.] 
Available: https://www.fronius.com/en/welding-technology/world-of-welding/fronius-welding-
processes/cmt-pulse-advanced  

[34] B. Cong, J. Ding, and S. Williams, "Effect of arc mode in cold metal transfer process on 
porosity of additively manufactured Al-6.3%Cu alloy," Int. J. Adv. Manufact. Techn., vol. 76, 
pp. 1593�±1606, 2014, doi: 10.1007/s00170-014-6346-x. 



�$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L���p�V���$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W���± �e�Y�N�|�Q�\�Y���������������S�S����75-84. ISBN 978-963-358-307-4 

75 

 

 
�+���+�$�7�È�6�g�9�(�=�(�7�, �6�$�-�È�7�2�6�6�È�*�2�. S690QL �$�&�e�/ ALAPANYAG  

�)�(�/�5�$�.�Ï�+�(�*�(�6�=�7�e�6�e�1�e�/ 
 

�7�H�U�G�L�N���*�i�E�R�U 
PhD �K�D�O�O�J�D�W�y, Miskolci Egyetem, �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L���p�V���$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�� 

M�H�F�K�D�Q�L�N�D�L���7�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�L���7�D�Q�V�]�p�N 
3515 Miskolc, Miskolc-�(�J�\�H�W�H�P�Y�i�U�R�V�����H-mail: terdikgabor@gmail.com 

�0�H�L�O�L�Q�J�H�U���È�N�R�V 
Egyetemi docens�����0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�����$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L���p�V���$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�� 

�0�H�F�K�D�Q�L�N�D�L���7�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�L���7�D�Q�V�]�p�N 
3515 Miskolc, Miskolc-�(�J�\�H�W�H�P�Y�i�U�R�V�����H-mail: akos.meilinger@uni-miskolc.hu 

 

Absztrakt  
�(�J�\�U�H�� �J�\�D�N�U�D�E�E�D�Q�� �W�D�O�i�O�N�R�]�K�D�W�X�Q�N�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �D�O�N�D�O�P�D�]�i�V�i�Y�D�O�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�� �H�V�H�W�p�Q����
�(�Q�Q�H�N�� �H�J�\�L�N�� �M�H�O�O�H�P�]���� �H�V�H�W�H�� �D�]�� �p�S�•�O�H�W�H�N�� �E�R�Q�W�i�V�L�� �P�X�Q�N�i�O�D�W�D�L�Q�i�O�� �K�D�V�]�Q�i�O�W�� �R�O�O�y�N�� �D�O�N�D�O�P�D�]�i�V�D���� �D�K�R�O��
�M�H�O�O�H�P�]���H�Q�� �M�H�O�H�Q�W���V�� �G�L�Q�D�P�L�N�X�V�� �L�J�p�Q�\�E�H�Y�p�W�H�O�� �O�p�S�� �I�H�O�� �D�� �N�R�S�W�D�W�y�K�D�W�i�V�� �P�H�O�O�H�W�W���� �$�]�� �6�������4�/�� �Q�H�P�H�V�t�W�H�W�W��
�Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�F�p�O���D�O�N�D�O�P�D�]�i�V�D���H�J�\�U�H���L�Q�N�i�E�E���H�O�W�H�U�M�H�G�W���H�]�H�Q���D���W�H�U�•�O�H�W�H�Q�����N�L�I�H�M�H�]�H�W�W�H�Q���D���I�H�O�U�D�N�R�W�W���U�p�W�H�J��
�D�O�D�S�D�Q�\�D�J�D�N�p�Q�W���� �D�� �E�R�Q�W�y�� �R�O�O�y�N�� �O�H�J�L�Q�N�i�E�E�� �W�H�U�K�H�O�W�� �U�p�V�]�H�L�Q�����$�� �Q�H�P�H�V�t�W�H�W�W�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O��
�D�O�D�S�D�Q�\�D�J�R�N�� �U�H�Q�G�N�t�Y�•�O�� �p�U�]�p�N�H�Q�\�H�N�� �D�� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�U�D���� �D�P�L�� �M�H�O�O�H�P�]���H�Q�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W (heat-
affected zone, HAZ) �N�i�U�R�V�� �Y�i�O�W�R�]�i�V�D�L�E�D�Q�� �P�X�W�D�W�N�R�]�L�N�� �P�H�J���� �$�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�� �K���F�L�N�O�X�V�D�L�� �H�O�W�p�U�Q�H�N�� �D��
�N�|�W���K�H�J�H�V�]�W�p�V�p�W���O���� �t�J�\�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �L�V�� �H�O�W�p�U�p�V�W�� �P�X�W�D�W�K�D�W���� �U�i�D�G�i�V�X�O�� �D�� �I�H�O�K�H�J�H�V�]�W�H�Q�G���� �V�R�U�R�N��
el�K�H�O�\�H�]�N�H�G�p�V�p�E���O�� �D�G�y�G�y�D�Q�� �W�|�E�E�V�]�|�U�|�V�H�Q�� �i�W�K���N�H�]�H�O�W�� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N�� �L�V�� �P�H�J�M�H�O�H�Q�Q�H�N���� �$�� �N�t�V�p�U�O�H�W�L��
�P�X�Q�N�D�� �V�R�U�i�Q�� �6�������4�/�� �D�O�D�S�D�Q�\�D�J�R�Q�� �Y�p�J�H�]�W�•�Q�N�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�H�N�H�W�� �N�•�O�|�Q�E�|�]���� �K���E�H�Y�L�W�H�O�O�H�O�� �p�V��
�P�H�J�Y�L�]�V�J�i�O�W�X�N���D���K���K�D�W�i�V�|�Y�H�]�H�W���N�H�P�p�Q�\�V�p�J�p�W, �N�•�O�|�Q�|�V���W�H�N�L�Q�W�H�W�W�H�O���D���W�|�E�E�V�]�|�U�|�V�H�Q���i�W�K���N�H�]�H�O�W���]�y�Q�i�N�U�D�� 
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Abstract  
High-strength steels are more and more often used for hardfacing nowadays. One of the typical 
applications of this combination is the special demolition shears for building demolition, where 
significant dynamic loading occurs beside the abrasion of the surfaces. The application of S690QL 
high-strength steel is becoming more and more widespread in this area, especially as a base material 
for the hardfacing layer, in the most heavily loaded parts of the demolition shears. These types of 
materials are very sensitive to the welding heat cycles, which typically demonstrated in harmful 
changes in the heat-affected zone (HAZ). The heat cycles of hardfacing are different from those of 
normal welding, so the heat-affected zone may also differ, and due to the location of the layers to be 
welded, reheated sub-zones can appear in the HAZ. During the experimental work, we carried out 
hardfacing on S690QL base material with different heat inputs and examined the hardness of the heat-
affected zone, with special attention to the multiple heat-treated zones. 
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1. Bevezetés  

�$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�D�W�� �P�D�Q�D�S�V�i�J�� �J�\�D�N�U�D�Q�� �K�D�V�]�Q�i�O�M�i�N�� �V�]�H�U�N�H�]�H�W�L�� �H�O�H�P�H�N�K�H�]���� �N�•�O�|�Q�|�V�H�Q�� �D�� �M�i�U�P�&- 
�p�V�� �N�|�]�O�H�N�H�G�p�V�L�� �L�S�D�U�E�D�Q�� �>���@, �>���@���� �G�H�� �H�J�\�U�H�� �W�|�E�E�� �S�p�O�G�D�� �W�D�O�i�O�K�D�W�y�� �V�S�H�F�L�i�O�L�V�� �E�H�U�H�Q�G�H�]�p�V�H�N �H�V�H�W�p�Q is. Ilyen 
�E�H�U�H�Q�G�H�]�p�V���S�p�O�G�i�X�O���D �E�R�Q�W�y �R�O�O�y�����D�K�R�O���D�]���R�O�O�y�N���Q�D�J�\���V�]�L�O�i�U�G�V�i�J�~���D�F�p�O�E�y�O���N�p�V�]�•�On�H�N�����(�]�H�N���D���V�]�H�U�V�]�i�P�R�N��
�|�V�V�]�H�W�H�W�W�� �W�H�U�K�H�O�p�V�Q�H�N�� �Y�D�Q�Q�D�N�� �N�L�W�p�Y�H���� �H�]�p�U�W�� �Q�D�J�\�R�Q�� �I�R�Q�W�R�V�� �D���G�L�Q�D�P�L�N�X�V�� �W�H�U�K�H�O�p�V�H�N�Q�H�N�� �M�y�O�� �H�O�O�H�Q�i�O�O�y����
�Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���� �G�H�� �H�J�\�E�H�Q�� �Q�D�J�\�� �N�R�S�i�V�i�O�O�y�V�i�J�~ anyagok �D�O�N�D�O�P�D�]�i�V�D [3], [4]. �(�E�E���O���N�|�Y�H�W�N�H�]ik a 
�Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�F�p�O�R�N���K�D�V�]�Q�i�O�D�W�D����a�P�H�O�\�H�N���I�H�O�•�O�H�W�p�W���Q�D�J�\���N�R�S�i�V�i�O�O�y�V�i�J�~���U�p�W�H�J�J�H�O���O�i�W�M�i�N���H�O�� 

Az �������i�E�U�D �P�X�W�D�W���S�p�O�G�ika�W���D���E�R�Q�W�y���R�O�O�y�N���D�O�N�D�O�P�D�]�i�V�i�U�D. 

 

�������i�E�U�D�����3�p�O�G�i�N���D���E�R�Q�W�y���R�O�O�y�N���K�D�V�]�Q�i�O�D�W�i�U�D [5] . 

A�K�R�J�\�� �D�U�U�y�O�� �P�i�U�� �V�]�i�P�R�V�� �S�X�E�O�L�N�i�F�L�y�� �E�H�V�]�i�P�R�O�W [6]�±[8�@���� �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N �H�V�H�W�p�Q�� �D 
�N�|�W���K�H�J�H�V�]�W�p�V�L�� �Y�D�J�\���I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�L �K���F�L�N�O�X�Vok �M�H�O�O�H�P�]���H�Q�� �U�R�V�V�] �K�D�W�i�V�V�D�O�� �Y�D�Q�Q�D�N�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W 
(HAZ) �W�X�O�D�M�G�R�Q�V�i�J�D�L�U�D���� �M�H�O�H�Q�W���V�� �O�i�J�\�X�O�i�V���� �L�O�O�H�W�Y�H���N�H�G�Y�H�]���W�O�H�Q �•�W���P�X�Q�N�i�Y�D�O���H�U�H�G�P�p�Q�\�H�]�� �]�y�Q�i�N�� �L�V��
�N�H�O�H�W�N�H�]�K�H�W�Q�H�N���� �)�•�J�J�H�W�O�H�Q�•�O�� �D�W�W�y�O���� �K�R�J�\�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�U���O�� �Y�D�J�\�� �N�|�W���K�H�J�H�V�]�W�p�V�U���O�� �Y�D�Q�� �V�]�y, a tipikus 
�K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�ik megegyeznek: szuperkritikus �|�Y�H�]�H�W (UCHAZ = upper-critical heat-affected 
zone, interkritikus �|�Y�H�]�H�W (ICHAZ = inter-critical heat-affected zone�����p�V���V�]�X�E�N�U�L�W�L�N�X�V���|�Y�H�]�H�W (SCHAZ 
= sub-critical heat-affected zone) [1], [7], [9�@�����7�|�E�E�U�p�W�H�J�&���K�H�J�H�V�]�W�p�V���H�V�H�W�p�Q���W�R�Y�i�E�E�L���D�O�]�y�Q�i�N���W�D�O�i�O�K�D�W�y�N����
interkritikusan �P�H�J�H�U�H�V�]�W�H�W�W�� �G�X�U�Y�D�V�]�H�P�F�V�p�V�� �|�Y�H�]�H�W (inter-critically reheated coarse-grained heat-
affected zone, �,�5�&�*�+�$�=���� �p�V�� �V�]�X�E�N�U�L�W�L�N�X�V�D�Q���P�H�J�H�U�H�V�]�W�H�W�W�� �G�X�U�Y�D�V�]�H�P�F�V�p�V�� �|�Y�H�]�H�W��(sub-critically 
reheated course-grained heat-affected zone, SRCGHAZ). Az �,�5�&�*�+�$�=�� �p�V�� �6�5�&�*�+�$�=�� �H�V�H�W�p�E�H�Q���N�p�W 
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�K�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V���K�D�W���D���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�U�H�����N�L�V�H�E�E���G�L�Q�D�P�L�N�X�V���H�O�O�H�Q�i�O�O�i�V���p�V���Q�D�J�\�R�E�E���U�L�G�H�J�V�p�J jellemzi 
�H�]�H�N�H�W�� �D�]�� �|�Y�H�]�H�W�H�N�H�W [10]�±[12]. �$�� �N�p�W�V�]�H�U�H�V�H�Q�� �i�W�K���N�H�]�H�O�W�� �U�p�V�]�H�N�� �M�H�O�O�H�P�]���H�Q�� �N�L�V�� �P�p�U�H�W�&�H�N���� �G�H��
�D�O�D�F�V�R�Q�\�D�E�E�� �K���P�p�U�V�p�N�O�H�W�H�Q�� �V�]�i�P�R�W�W�H�Y���H�Q�� �E�H�I�R�O�\�i�V�R�O�K�D�W�M�i�N�� �D�� �N�|�W�p�V�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W���� �)�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V��
�H�V�H�W�p�Q�� �H�]�H�N�� �D�]�� �|�Y�H�]�H�W�H�N�� �Q�D�J�\�R�E�E�D�N�� �O�H�K�H�W�Q�H�N�� �P�L�Y�H�O�� �D�� �U�p�W�H�J�H�N�� �H�J�\�P�i�V�� �P�H�O�O�H�W�W�� �K�H�O�\�H�]�N�H�G�Q�H�N�� �H�O����
�(�]�H�Q�N�t�Y�•�O, �D�� �P�i�V�R�G�L�N�� �U�p�W�H�J�� ���S�pl�G�i�X�O felrakott �U�p�W�H�J���� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�D�� �W�R�Y�i�E�E�L�� �P�L�N�U�R�V�]�H�U�N�H�]�H�W�L��
�Y�i�O�W�R�]�i�V�R�N�D�W�� �R�N�R�]�K�D�W�� �D���K���K�D�W�i�V�|�Y�H�]�H�Wben. �(�E�E���O�� �D�]�� �D�G�y�G�L�N���� �K�R�J�\�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�� �H�V�H�W�p�Q�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W���I�H�O�p�S�t�W�p�V�H���E�R�Q�\�R�O�X�O�W�D�E�E���O�H�K�H�W�����P�L�Q�W���N�|�W���K�H�J�H�V�]�W�p�V���H�V�H�W�p�Q����A �Q�H�P�H�V�t�W�H�W�W �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~��
�D�F�p�O�R�N�� �H�V�H�W�p�E�H�Q�� �D�� �V�L�N�H�U�H�V�� �K�H�J�H�V�]�W�p�V�� �H�J�\�L�N�� �O�H�J�I�R�Q�W�R�V�D�E�E�� �M�H�O�O�H�P�]���M�H�� �D���K���E�H�Y�L�W�H�O �Q�D�J�\�V�i�J�D�� �K�H�J�H�V�]�W�p�V��
�V�R�U�i�Q���� �$�P�H�Q�Q�\�L�E�H�Q�� �D�� �K���E�H�Y�L�W�H�O �W�~�O�]�R�W�W�D�Q�� �N�L�V�� �p�U�W�p�N�&�� �D�� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�� �W�~�O�]�R�W�W�D�Q��nagy lehet, ami 
�K�L�G�H�J�U�H�S�H�G�p�V�H�N���� �Y�D�O�D�P�L�Q�W�� �N�|�W�p�V�K�L�E�i�N �N�L�D�O�D�N�X�O�i�V�i�W �H�U�H�G�P�p�Q�\�H�]�K�H�W�L���� �(�]�]�H�O�� �V�]�H�P�E�H�Q���� �Q�D�J�\ �K���E�H�Y�L�W�H�O 
�H�V�H�W�p�Q���V�]�H�P�F�V�H�G�X�U�Yul�i�V�V�D�O���O�H�K�H�W���V�]�i�P�R�O�Q�L���D���K���K�D�W�i�V�|�Y�H�]�H�W���N�U�L�W�L�N�X�V���]�y�Q�i�L�E�D�Q�����H�]���S�H�G�L�J���D���V�]�L�O�i�U�G�V�i�J�L���p�V 
a �V�]�t�Y�y�V�V�i�J�L���M�H�O�O�H�P�]���N���F�V�|�N�N�H�Q�p�V�p�W���H�U�H�G�P�p�Q�\�H�]�K�H�W�L�����(zek�E���O���N�|�Y�H�W�N�H�]���H�Q���F�V�X�S�i�Q���H�J�\���V�]�&�N���K�H�J�H�V�]�W�p�V�L��
�P�X�Q�N�D�W�D�U�W�R�P�i�Q�\���i�O�O���U�H�Q�G�H�O�N�H�]�p�V�U�H���H�]�H�Q���D�F�p�O�R�N���K�H�J�H�V�]�W�p�V�H���V�R�U�i�Q����amelyen �N�t�Y�•�O���D���N�|�W�p�V���P�L�Q���V�p�J�H���Q�H�P��
�J�D�U�D�Q�W�i�O�K�D�W�y�� �>13�@���� �0�H�J�� �N�H�O�O�� �M�H�J�\�H�]�Q�L���� �K�R�J�\�� �D�� �V�]�&�N�� �P�X�Q�N�D�W�D�U�W�R�P�i�Q�\�R�Q�� �E�H�O�•�O�� �p�Udemes a vonalenergia 
�p�U�W�p�N�H�W���D�O�D�F�V�R�Q�\�D�Q���W�D�U�W�D�Q�L; a tapasztalatok szerint ugyanis �± a �N�L�V�H�E�E���p�U�W�p�N���P�H�O�O�H�W�W���± �N�H�G�Y�H�]���E�E���O�H�V�]���D��
�N�|�W�p�V�� �V�]�L�O�i�U�G�V�i�J�D���� �V�]�t�Y�y�V�V�i�J�D�� �p�V�� �D�� �P�D�U�D�G�y�� �I�H�V�]�•�O�W�V�p�J�H�N �Q�D�J�\�V�i�J�D���� �0�L�Q�G�H�]�H�N�� �P�H�O�O�H�W�W�� �D�]�� �H�O���P�H�O�H�J�t�W�p�V��
�P�L�Q�L�P�i�O�L�V�� �K���P�p�U�V�p�N�O�H�W�H���� �L�O�O�H�W�Y�H�� �D �P�D�[�L�P�i�O�L�V�� �U�p�W�H�J�N�|�]�L�� �K���P�p�U�V�p�N�O�H�W���L�V�� �K�D�W�i�V�V�D�O�� �Y�D�Q�� �D�� �N�L�D�O�D�N�X�O�y�� �Y�D�U�U�D�W��
�M�H�O�O�H�P�]���L�U�H���� �H�]�H�N�� �H�J�\�•�W�W�H�V�H�Q�� �K�D�W�i�U�R�]�]�i�N�� �P�H�J�� �Dzokat [13]. �(�E�E���O�� �D�G�y�G�y�D�Q�� �D �N�X�W�D�W�y�P�X�Q�N�D�� �F�p�O�M�D���� �K�R�J�\��
�U�p�V�]�O�H�W�H�V�H�Q�� �I�H�O�W�p�U�N�p�S�H�]�]�H���D�]�� �H�J�\�H�V�� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N�D�W �Q�H�P�H�V�t�W�H�W�W �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O���Dlapanyag 
�I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�p�Q�p�O���� �p�V�� �i�W�I�R�J�y�� �N�p�S�H�W�� �D�G�M�R�Q�� �D�� �N�p�W�V�]�H�U�H�V�H�Q���� �H�V�H�W�O�H�J�H�V�H�Q�� �K�i�U�R�P�V�]�R�U�R�V�D�Q�� �i�W�K���N�H�]�H�O�W��
�]�y�Q�i�N���W�X�O�D�M�G�R�Q�V�i�J�D�L�U�y�O, �N�•�O�|�Q�E�|�]�����K���E�H�Y�L�W�H�O���D�O�N�D�O�P�D�]�i�V�D���P�H�O�O�H�W�W���� 

2. Az alkalmazott alapanyag 

�$�� �N�X�W�D�W�y�P�X�Q�N�i�K�R�]���D�]�� �$�]�R�Y�V�W�D�O�� �i�O�W�D�O�� �J�\�i�U�W�R�W�W, �6�������4�/�� �M�H�O�&, ne�P�H�V�t�W�H�W�W�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O��
�D�O�D�S�D�Q�\�D�J�R�W�� �K�D�V�]�Q�i�O�W�X�N�� �$�]�� �D�O�D�S�D�Q�\�D�J�� �Y�D�V�W�D�J�V�i�J�D�� ������ �P�P�� �Y�R�O�W���� �D�� �E�R�Q�W�y�� �R�O�O�y�N�� �H�V�H�W�p�Q���H�Q�Q�p�O nagyobb 
�Y�D�V�W�D�J�V�i�J�R�W���Q�H�P�� �K�D�V�]�Q�i�O�Q�D�N�����)�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�� �H�V�H�W�p�Q���J�\�D�N�U�D�Q�� �V�]�•�N�V�p�J�� �Y�D�Q�� �S�i�U�Q�D�U�p�W�H�J�� �D�O�N�D�O�P�D�]�i�V�i�U�D��
�L�V���D���N�H�G�Y�H�]���E�E���N�|�W�p�V�W�X�O�D�M�G�R�Q�V�i�J�R�N���H�O�p�U�p�V�H���p�U�G�H�N�p�E�H�Q���>��4], [15], �N�•�O�|�Q�|�V�H�Q���D�N�N�R�U�����K�D���D�]���D�O�D�S�D�Q�\�D�J���p�V���D��
�I�H�O�U�D�N�R�W�W�� �U�p�W�H�J�� �D�Q�\�D�J�D�� �M�H�O�H�Q�W���V�H�Q�� �H�O�W�p�U �H�J�\�P�i�V�W�y�O���� �-�H�O�H�Q�� �H�V�H�W�E�H�Q�� �D�� �I�H�O�U�D�N�R�W�W�� �U�p�W�H�J�� �P�H�J�O�H�K�H�W���V�H�Q�� �U�L�G�H�J����
�Y�D�O�D�P�L�Q�W�� �D�]�� �D�O�D�S�D�Q�\�D�J�� �H�J�\�H�V�� �U�p�V�]�H�L�� �L�V�� �H�O�U�L�G�H�J�H�G�K�H�W�Q�H�N���� �t�J�\�� �H�J�\�� �V�]�t�Y�y�V�� �S�i�U�Q�D�U�p�W�H�J�� �D�O�N�D�O�P�D�]�i�V�D��
�L�Q�G�R�N�R�O�W���� �$�� �/�L�Q�F�R�O�Q�� �(�O�H�F�W�U�L�F�� �i�W�D�O�� �J�\�i�U�W�R�W�W�� �/�1�0������ �W�t�S�X�V�~�� �S�i�U�Q�D�U�p�W�H�J�� �D�Q�\�D�J�R�W�� �K�D�V�]�Q�i�O�W�X�N����amelynek 
�V�]�D�E�Y�i�Q�\�R�V�� �E�H�V�R�U�R�O�i�V�D��G CrMo1Si (ISO21952-A)���� �(�]�� �D�� �S�i�U�Q�D�U�p�W�H�J�� �D�Q�\�D�J�� �Y�L�V�]�R�Q�\�O�D�J�� �O�i�J�\���� �M�y��
�V�]�t�Y�y�V�i�J�~���� �Y�D�O�D�P�L�Q�W�� �N�|�O�W�V�p�J�K�D�W�p�N�R�Q�\���� �$�� �I�H�O�U�D�N�R�W�W�� �U�p�W�H�J�� �D�Q�\�D�J�D�� �Q�D�J�\�� �N�H�P�p�Q�\�V�p�J�&�� �p�V�� �N�R�S�i�V�i�O�O�y�V�i�J�~����
viszont �P�H�J�O�H�K�H�W���V�H�Q rideg, s�]�L�Q�W�p�Q�� �/�L�Q�F�R�O�Q�� �(�O�H�F�W�U�L�F�� �J�\�i�U�W�P�i�Q�\���� �&�D�U�E�R�I�L�O�� �$������, �6�� �)�(���� �E�H�V�R�U�R�O�i�V�~��
�I�H�O�U�D�N�y���K�R�]�D�J�D�Q�\�D�J (EN14700). 

�$�]�� ������ �W�i�E�O�i�]�D�W���|�V�V�]�H�I�R�J�O�D�O�M�D �D�]�� �D�O�D�S�D�Q�\�D�J���� �D�� �S�i�U�Q�D�U�p�W�H�J�� �D�Q�\�D�J�D���� �Y�D�O�D�P�L�Q�W�� �D�� �I�H�O�U�D�N�R�W�W�� �U�p�W�H�J��
�D�Q�\�D�J�i�Q�D�N �N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�p�W�����D���������W�i�E�O�i�]�D�W���S�H�G�L�J��az alap�D�Q�\�D�J���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�W���P�X�W�D�W�Ma be. 
A �W�i�E�O�i�]�D�Wok�E�D�Q�� �W�D�O�i�O�K�D�W�y�� �D�G�D�W�R�N�� �D�]�� �D�G�R�W�W�� �P�&�E�L�]�R�Q�\�O�D�W�R�N�E�D�Q�� �V�]�H�U�H�S�O���� �p�U�W�p�N�H�N�H�W�� �U�H�S�U�H�]�H�Q�W�i�O�M�i�N�� A 
�S�i�U�Q�D�U�p�W�H�J�U�H���p�V���D���I�H�O�U�D�N�R�W�W���U�p�W�H�J�U�H���Y�R�Q�D�W�N�R�]�y�D�Q���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���Q�H�P���N�|�]�|�O�W���D���P�&�E�L�]�R�Q�\�O�D�W�� 

�������W�i�E�O�i�]�D�W�� A�]���D�O�D�S�D�Q�\�D�J�����D���S�i�U�Q�D�U�p�W�H�J���p�V���D���I�H�O�U�D�N�R�W�W���U�p�W�H�J���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H��[ �W�|�P�H�J��]  

�$�Q�\�D�J�P�L�Q���V�p�J C Si Mn P S Cr  Cu Mo Ni Fe 
S690QL 0,15 0,23 1,1 0,013 0,003 0,58 0,05 0,21 0,66 �P�D�U�D�G�p�N 
LNM19 0,1 0,65 0,97 0,003 0,009 1,18 0,01 0,46 0,02 �P�D�U�D�G�p�N 

Carbofil A600 0,47 2,98 0,39 0,02 0,001 9,15 0,06 NA 0,17 �P�D�U�D�G�p�N 
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2�����W�i�E�O�i�]�D�W�� Az alapanyag �P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�$�Q�\�D�J�P�L�Q���V�p�J �6�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J����
Rm [MPa] 

�(�J�\�H�]�P�p�Q�\�H�V��
�I�R�O�\�i�V�K�D�W�i�U����
Rp0,2 [MPa] 

�6�]�i�]�D�O�p�N�R�V��
�V�]�D�N�D�G�i�V�L���Q�\�~�O�i�V����

A50 [%]  

Rm*A 50 szorzat, 
[MPa*%]  

S690QL 777 711 18 13986 

3. Hegesztési körülmények 

�$�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�L�� �N�t�V�p�U�O�H�W�H�N�� �H�O�Y�p�J�]�p�V�p�K�H�]�� �K�X�]�D�O�H�O�H�N�W�U�y�G�i�V���� �Y�p�G���J�i�]�R�V�� �t�Y�K�H�J�H�V�]�W�p�V�W�� �K�D�V�]�Q�i�O�W�X�Q�N 
(�0�6�=�� �(�1�� �,�6�2�� ���������� �V�]�H�U�L�Q�W�� �������� �N�y�G�V�]�i�P�~���H�O�M�i�U�i�V)���� �$�� �K�H�J�H�V�]�W�p�V�W��Cloos �K�H�J�H�V�]�W���� �U�R�E�R�Wrendszerrel 
�Y�p�J�H�]�W�•�N���H�O�����H�]�]�H�O���E�L�]�W�R�V�t�W�Y�D���D���S�R�Q�W�R�V���S�R�]�t�F�L�R�Q�i�O�i�V�W����az �H�J�\�H�Q�O�H�W�H�V���K�H�J�H�V�]�W�p�V�L���V�H�E�H�V�V�p�J�H�W���p�V���H�]�]�H�O���H�J�\�•�W�W��
�D���U�H�S�U�R�G�X�N�i�O�K�D�W�y�V�i�J�R�W�����$z alkalmazott �Y�p�G���J�i�]�� �P�L�Q�G�H�Q���H�V�H�W�E�H�Q����������Ar + 20% CO2 �N�H�Y�H�U�p�N���Y�R�O�W�����$��
h���E�H�Y�L�W�H�O���K�D�W�i�V�i�Q�D�N���|�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�D���L�V���F�p�O�M�D���Y�R�O�W���D���N�t�V�p�U�O�H�W�V�R�U�R�]�D�W�Q�D�N�����t�J�\���Q�p�J�\ �N�•�O�|�Q�E�|�]�����K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�W���D�O�N�D�O�P�D�]�W�X�Q�N����a�P�H�O�\�H�N���N�•�O�|�Q�E�|�]�����K���E�H�Y�L�W�H�O�W���p�V���W8/5 �K�&�O�p�V�L�G���W���H�U�H�G�P�p�Q�\�H�]�W�H�N�����$���K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�H�N�H�W���D���������W�i�E�O�i�]�D�W���I�R�J�O�D�O�M�D���|�V�V�]�H�� 

�������W�i�E�O�i�]�Dt. �$���N�t�V�p�U�O�H�W�H�N�K�H�]���K�D�V�]�Q�i�O�W���K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�H�N 

�3�D�U�D�P�p�W�H�U��
�V�R�U�V�]�i�P�D 

�+�H�J�H�V�]�W���i�U�D�P��
[A]  

�Ë�Y�I�H�V�]�•�O�W�V�p�J��
[V]  

�+�H�J�H�V�]�W�p�V�L���V�H�E�H�V�V�p�J 
[cm/min]  

�+���E�H�Y�L�W�H�O��
[kJ/mm]  

t8/5  
[s] 

1. 130 17,2 160 0,67 4,7 
2. 170 19,2 210 0,75 5,3 
3. 220 21,3 250 0,90 6,4 
4. 280 26,7 280 1,28 9 

�$�]���������V�R�U�V�]�i�P�~���K�H�J�H�V�]�W�p�V�L �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y���D�O�N�D�O�P�D�]�i�V�i�Y�D�O���N�L�V���K���E�H�Y�L�W�H�O�O�H�O���P�p�J���H�O�I�R�J�D�G�K�D�W�y��
�P�L�Q���V�p�J�&�� �N�|�W�p�V�W�� �O�H�K�H�W�H�W�W�� �O�p�W�U�H�K�R�]�Q�L���� �P�H�J�I�H�O�H�O���� �E�H�R�O�Y�D�G�i�V�V�D�O���� �$�� ������ �V�R�U�V�]�i�P�~�� �K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�D�O���S�H�G�L�J���P�p�O�\���E�H�R�O�Y�D�G�i�V�W���O�H�K�H�W�H�W�W���H�O�p�U�Q�L�����G�H���H�W�W���O���Q�D�J�\�R�E�E���K���E�H�Y�L�W�H�O���H�V�H�W�p�Q���P�i�U��
r�H�S�H�G�p�V�H�N�� �M�H�O�H�Q�W�H�N�� �P�H�J�� �D�� �I�H�O�U�D�N�R�W�W�� �U�p�W�H�J�E�H�Q���� �t�J�\�� �D�� �K���E�H�Y�L�W�H�O�� �I�H�O�V���� �K�D�W�i�U�i�W�� �H�]�� �D�� �N�R�P�E�L�Q�i�F�L�y�� �D�G�W�D����Az 
�H�O���]�H�W�H�V�� �J�\�i�U�W�i�V�L�� �W�D�S�D�V�]�W�D�O�D�W�R�N�� �D�O�D�S�M�i�Q�� �D�]�� �H�O���P�H�O�H�J�t�W�p�V�L�� �p�V�� �D���U�p�W�H�J�N�|�]�L �K���P�p�U�V�p�N�O�H�W�Q�H�N�� �L�V�� �������� �ƒ�&-ot 
�Y�i�O�D�V�]�W�R�Wtunk. �+�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�N�p�Q�W�����������P�P �[�����������P�P���P�p�U�H�W�&���I�H�O�•�O�H�W�H�Q���Y�p�J�H�]�W�•�N���H�O��
�D�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�W���� �S�i�U�Q�D�U�p�W�H�J�E���O�� �H�J�\�� �U�p�W�H�J�� �N�H�U�•�O�W�� �I�H�O�K�H�J�H�V�]�W�p�V�U�H���� �P�t�J�� �D�� �I�H�O�U�D�N�R�W�W�� �U�p�W�H�J�E���O�� �K�i�U�R�P��
�N�p�V�]�•�O�W�����$���������i�E�U�D��be�P�X�W�D�W�M�D���D���K�H�J�H�V�]�W�p�V�L���H�O�U�H�Q�G�H�]�p�V�W���� 

 

�������i�E�U�D�����$���K�H�J�H�V�]�W���U�R�E�R�W���p�V���D���P�X�Q�N�D�G�D�U�D�E���H�O�U�H�Q�G�H�]�p�V�H. 
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4. Vizsgálati körülmények 

�$�]���H�O�N�p�V�]�•�O�W���G�D�U�D�E�R�N�R�Q���H�O���V�]�|�U���N�H�U�H�V�]�W�F�V�L�V�]�R�O�D�W�R�W���N�p�V�]�t�W�H�W�W�•�Q�N����a�P�H�O�\�H�N�H�W���D�����������P�P���[�����������P�P���P�p�U�H�W�&��
�U�p�V�]�H�N�� �N�|�]�H�S�p�E���O�� �Y�H�W�W�•�Q�N�� �N�L���� �$�� �N�L�Y�i�J�R�W�W�� �I�H�O�•�O�H�Wet �H�O���V�]�|�U�� �F�V�L�V�]�R�Otuk���� �P�D�M�G�� �S�R�O�t�U�R�]tuk; a �P�D�U�D�W�i�V�K�R�]��
2%-�R�V���1�L�W�D�O���R�O�G�D�W�R�W���K�D�V�]�Q�i�O�W�X�Q�N�����D�]�p�U�W�����K�R�J�\���H�J�\�p�U�W�H�O�P�&�H�Q���D�]�R�Q�R�V�t�W�K�D�W�y�D�N���O�H�J�\�H�Q�H�N���D���Y�D�U�U�D�W�V�R�U�R�N�����p�V���D��
�K���K�D�W�i�V�|�Y�H�]�H�W���]�y�Q�i�L���� �$�� �F�V�L�V�]�R�O�D�W���H�O�N�p�V�]�•�O�W�H�� �X�W�i�Q��minden darabon �N�H�P�p�Q�\�V�p�J�P�p�U�p�V�H�N�H�W���Y�p�J�H�]�W�•�Q�N. A 
�O�H�J�W�|�E�E�� �H�V�H�W�E�H�Q�� �H�J�\�� �Y�R�Q�D�O�P�H�Q�W�L�� �N�H�P�p�Q�\�V�p�J�P�p�U�p�V�� �H�U�H�G�P�p�Q�\�H�L�� �O�i�W�K�D�W�y�D�N�� �D�� �U�H�O�H�Y�i�Q�V�� �S�X�E�O�L�N�i�F�L�y�N�E�D�Q 
[16], [17]���� �Y�L�V�]�R�Q�W�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �M�y�Y�D�O�� �E�R�Q�\�R�O�X�O�W�D�E�E�� �O�H�K�H�W�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�Q�p�O���� �t�J�\�� �I�R�Q�W�R�V�� �Dnnak 
�P�p�O�\�H�E�E���P�H�J�L�V�P�H�U�p�V�H�����(�Q�Q�H�N���p�U�G�H�N�p�E�H�Q �D���N�H�P�p�Q�\�V�p�J�P�p�U�p�V�W���Q�H�P���F�V�D�N���H�J�\���Y�R�Q�D�O���P�H�Q�W�p�Q���Y�p�J�H�]�W�•�N���H�O����
�K�D�Q�H�P�� �H�J�\�� �W�H�O�M�H�V�� �W�H�U�•�O�H�W�H�W�� �O�H�I�H�G�Y�H���� �H�J�\�� �~�J�\�Q�H�Y�H�]�H�W�W�� �N�H�P�p�Q�\�V�p�J���W�p�U�N�p�S�H�W�� �K�R�]�W�X�Q�N�� �O�p�W�U�H���� �$�� �O�H�I�H�G�H�W�W��
�W�H�U�•�O�H�W���P�L�Q�G�H�Q���H�V�H�W�E�H�Q���D���K���K�D�W�i�V�|�Y�H�]�H�W�L���U�p�V�]�W���M�H�O�H�Q�W�L, �N�p�W���U�p�W�H�J���N�|�]�|�W�W�����(�U�U�H���P�X�W�D�W���S�p�O�G�i�W���D���������i�E�U�D��  

 

�������i�E�U�D�����3�p�O�G�D���D���N�H�P�p�Q�\�V�p�J�P�p�U�p�V���K�H�O�\�p�U�H���p�V���D���O�H�Q�\�R�P�D�W�R�N���H�O�U�H�Q�G�H�]�p�V�p�U�H. 

�$�]�� �D�G�R�W�W�� �W�H�U�•�O�H�W�H�Q���9�L�F�N�H�U�V�� �N�H�P�p�Q�\�V�p�J�P�p�U�p�V�W�� �Y�p�J�H�]�W�•�Q�N�� ���+�9���������� �D�� �O�H�Q�\�R�P�D�W�R�N�� �N�|�]�|�W�W�L�� �W�i�Y�R�O�V�i�J��
�P�L�Q�G�H�Q�� �L�U�i�Q�\�E�D�Q�� �������� �P�P�� �Y�R�O�W���� �$�� �O�H�Q�\�R�P�D�W�R�N�� �V�]�i�P�i�W�� �D�O�D�S�Y�H�W���H�Q�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �P�p�U�H�W�H�� �K�D�W�i�U�R�]�W�D��
�P�H�J���� �P�L�V�]�H�U�L�Q�W�� �D�� �N�L�V�H�E�E�� �E�H�R�O�Y�D�G�i�V�W�� �H�U�H�G�P�p�Q�\�H�]���� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�Q�p�O�� �N�H�Yesebb���� �P�t�J�� �D�� �Q�D�J�\��
�E�H�R�O�Y�D�G�i�V�~�Q�i�O���W�|�E�E lenyom�D�W�U�D���Y�R�O�W���V�]�•�N�V�p�J�����(�]�H�N���D�O�D�S�M�i�Q���D���O�H�Q�\�R�P�D�W���P�H�Q�Q�\�L�V�p�J�H�N�����������p�V 750 �N�|�]�|�W�W 
�N�|�]�|�W�W�� �Y�i�O�W�R�]�W�D�N, �S�U�y�E�D�G�D�U�D�E�R�Q�N�p�Q�W���� �$�� �O�H�Q�\�R�P�D�W�R�N�� �N�p�V�]�t�W�p�V�H�� �D�X�W�R�P�D�W�D�� �P�y�G�R�Q�� �W�|�U�W�p�Q�W; a ������ �i�E�U�i�Q��
�O�i�W�K�D�W�y��a �Y�L�]�V�J�i�O�D�W�R�N�K�R�]���K�D�V�]�Q�i�O�W���5�H�L�F�K�H�U�W�H�U���8�+���������W�t�S�X�V�~���N�H�P�p�Q�\�V�p�J�P�p�U�����E�H�U�H�Q�G�H�]�p�V�� 

 

4. �i�E�U�D�����5�H�L�F�K�H�U�W�H�U���8�+���������W�t�S�X�V�~���N�H�P�p�Q�\�V�p�J�P�p�U�����E�H�U�H�Q�G�H�]�p�V. 
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5. Keménységmérési eredmények 

�$�� �N�H�P�p�Q�\�V�p�J�P�p�U�p�V�L�� �H�U�H�G�P�p�Q�\�H�N�H�W�� �G�L�D�J�U�D�Pokban �i�E�U�i�]�R�O�W�X�N����amelyek �Y�L�]�X�i�O�L�V�D�Q�� �M�y�O�� �P�X�W�D�W�M�i�N a 
�N�•�O�|�Q�E�|�]�����K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N���N�|�]�|�W�W�L���N�•�O�|�Q�E�V�p�J�H�N�H�W�����D���W�|�E�E�V�]�|�U�|�V�H�Q���i�W�K���N�H�]�H�O�W �U�p�V�]�H�N�H�W���L�V���P�X�W�D�W�Y�D����
Emellett, a felrakott- �p�V���D���S�i�U�Q�D�U�p�W�H�J�U���O���L�V���D�Gnak �L�Q�I�R�U�P�i�F�L�ykat. 

�$�]���������i�E�U�D���P�X�W�D�W�M�D���D�]���������K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�D�O���N�p�V�]�•�O�W���I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V���N�H�P�p�Q�\�V�p�J-
�P�p�U�p�V�L�� �H�U�H�G�P�p�Q�\�p�W���� �(�]�� �D�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�� �H�U�H�G�P�p�Q�\�H�]�W�H�� �D�� �O�H�J�N�L�V�H�E�E�� �K���E�H�Y�L�W�H�O�� �p�U�W�p�N�H�W�� �p�V�� �D��
�O�H�J�U�|�Y�L�G�H�E�E�� �W8/5 �L�G���W�� �L�V���� �$�]�� �i�E�U�D�� �E�D�O�� �R�O�G�D�O�L�� �U�p�V�]�H�� �V�]�H�P�O�p�O�W�H�W�L �D�� �P�D�N�U�R�F�V�L�V�]�R�O�D�W�� �D�]�R�Q�� �U�p�V�]�p�W, ahol a 
�N�H�P�p�Q�\�V�p�J�P�p�U�p�V���W�|�U�W�p�Q�W�����P�t�J���D���M�R�E�E���R�O�G�D�O�L���U�p�V�]�p�Q �D���N�H�P�p�Q�\�V�p�J�P�p�U�p�V���W�p�U�N�p�S�H���O�i�W�K�D�W�y, �D���K�R�]�]�i���W�D�U�W�R�]�y��
�V�]�t�Q�V�N�i�O�i�Y�D�O���H�J�\�•�W�W�� 

A�]�� ������ �i�E�U�i�Q �M�y�O�� �O�i�W�K�D�W�y�D�N�� �D���M�H�O�H�Q�W���V �N�•�O�|�Q�E�V�p�J�H�N �D�� �P�p�U�W�� �p�U�W�p�N�H�N�E�H�Q a felrakott-, �p�V �D�� �S�i�U�Q�D�U�p�W�H�J����
�Y�D�O�D�P�L�Q�W�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W �N�|�]�|�W�W���� �$��felrakott �U�p�V�]�� �N�H�P�p�Q�\�V�p�J�H�� �������� �p�V�� �������� �+�9�� �N�|�]�|�W�W�� �Y�D�Q���� �D�P�L�� �D�]�W��
�M�H�O�H�Q�W�L���� �K�R�J�\�� �D�� �K���K�D�W�i�V�� �M�H�O�H�Q�W���V�� �O�i�J�\�X�O�i�V�W�� �R�N�R�]�R�W�W���� �D�]�� �H�J�\�p�E�N�p�Q�W�� �Q�D�J�\�� �N�H�P�p�Q�\�V�p�J�&���U�p�V�]�E�H�Q. A 
�S�i�U�Q�D�U�p�W�H�J �N�H�P�p�Q�\�V�p�Je ���������p�V�����������+�9���N�|�]�|�W�Wi. Az UCHAZ a �S�i�U�Q�D�U�p�W�H�J���E�H�R�O�Y�D�G�i�V�D���X�W�i�Q���N�|�]�Y�H�W�O�H�Q�•�O��
�O�i�W�K�D�W�y���� �D�� �M�H�O�O�H�P�]���� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N 330 �p�V 360 HV �N�|�]�|�W�W�� �Y�D�Q�Q�D�N. Az ICHAZ �]�y�Q�i�E�D�Q�� �N�L�V�H�E�E��
�N�H�P�p�Q�\�p�J�� �P�p�U�K�H�W������ �P�L�Q�W�� �D�]�� �H�O���]���� �]�y�Q�i�N�E�D�Q, a �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N 280 �p�V 30���� �+�9�� �N�|�]�|�W�Wiek. Az 
�6�&�+�$�=���N�H�P�p�Q�\�V�p�J�H���N�|�]�H�O���D�]�R�Q�R�V���D�]���D�O�D�S�D�Q�\�D�J�p�Y�D�O��(230 �± ���������+�9�������$�]���,�5�&�*�+�$�=���p�V���D�]���6�5�&�*�+�$�= 
�K�H�O�\�H�� �D�� �F�V�L�V�]�R�O�D�W�U�y�O�� �D�]�R�Q�R�V�t�W�K�D�W�y�� �E�H���� �P�L�Y�H�O�� �Q�L�Q�F�V�H�Q�H�N�� �M�H�O�H�Q�W���V�� �N�•�O�|�Q�E�V�p�J�H�N�� �D���P�p�U�W���N�H�P�p�Q�\�V�p�J-
�p�U�W�p�N�H�Nben, az ICHAZ-�K�R�]���p�V���D���6�&�+�$�=-�K�R�]���N�p�S�H�V�W�� A �Y�L�]�V�J�i�O�W �U�p�V�]���N�|�]�H�S�p�Q���Y�D�Q���H�J�\���|�Y�H�]�H�W, amelyre 
�K�i�U�R�P�� �K���F�L�N�O�X�V�� �L�V�� �K�D�W�R�W�W���� �(�E�E�H�Q�� �D�]�� �D�O�]�y�Q�i�E�D�Q�� �D�� �N�H�P�p�Q�\�V�p�J���N�|�]�H�O�� �D�]�R�Q�R�V az UCHAZ-�Q�i�O�� �P�p�U�W�H�N�N�H�O. 
�$�]���D�O�D�S�D�Q�\�D�J���N�H�P�p�Q�\�V�p�J�H�����������± 250 HV.  

 

�������i�E�U�D�����$���N�H�P�p�Q�\�V�p�J�P�p�U�p�Vek helye (bal oldalon�����p�V���H�U�H�G�P�p�Q�\�H�����M�R�E�E���R�O�G�D�Oon�����D�]���������K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O. 

A ������ �i�E�U�D�� �D�� ��. �K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�D�O �N�p�V�]�•�O�W�� �S�U�y�E�D�G�D�U�D�E�� �N�H�P�p�Q�\�V�p�J�P�p�U�p�V�L��
�H�U�H�G�P�p�Q�\eit �V�]�H�P�O�p�O�W�H�W�L. 

A 2. �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y �Q�D�J�\�R�E�E�� �K���E�H�Y�L�W�H�O�W�� �H�U�H�G�P�p�Q�\�H�]ett �p�V�� �D��t8/5 �K�&�O�p�V�L�� �L�G���� �L�V��
hosszabb volt. A felrakott �U�p�W�H�J�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�L�� �J�\�D�N�R�U�O�D�W�L�O�D�J��megegyeznek az �H�O���]���� �i�E�U�i�Q��
�O�p�Y���N�N�H�O. A �S�i�U�Q�D�U�p�W�H�J�� �N�H�P�p�Q�\�V�p�J�H��azonban alacsonyabb, mint az 1. �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�� �H�V�H�W�p�Q, 
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�~�J�\�� �W�&�Q�L�N���� �K�R�J�\�� �D�� �P�D�J�D�V�D�E�E�� �K���E�H�Y�L�W�H�O�� �M�H�O�H�Q�W���V�H�E�E�� �O�i�J�\�X�O�ist okozott a �S�i�U�Q�D�U�p�W�H�J�E�H�Q����A 6. �i�E�U�i�Q�� �M�y�O��
�O�i�W�K�D�W�y�� �D�]�� �8�&�+�$�=�� �N�H�P�p�Q�\�V�p�J�H���� �D�P�H�O�\�� �������� �p�V�� �������� �+�9�� �N�|�]�|�W�Wi, �p�V�� �D�P�H�O�\�� �N�L�V�H�E�E�� mint a kisebb 
�K���E�H�Y�L�W�H�O�� �H�V�H�W�p�E�H�Q�� �P�p�U�W. �$�]�� �H�O���]���� �H�V�H�W�K�H�]�� �N�p�S�H�V�W�� �N�L�V�H�E�E�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�� �I�L�J�\�H�O�K�H�W���H�N�� �P�H�J�� �Dz 
ICHAZ (270 �± 290 HV) �H�V�H�W�p�E�H�Q���Ls. �$�]���6�&�+�$�=���N�H�P�p�Q�\�V�p�J�H���Q�H�P���Y�i�O�W�R�]�R�W�W���V�]�i�P�R�W�W�H�Y���H�Q�������������± 250 
HV). �$�� �N�p�W�V�]�H�U�H�V�H�Q�� �i�W�K���N�H�]�H�O�W�� �]�y�Q�i�N�� �H�V�H�W�p�E�H�Q�� �V�H�P�� �O�i�W�K�D�W�y�� �p�U�G�H�P�L�� �H�O�W�p�U�p�V�� �D�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�E�H�Q����
�(�Q�Q�p�O���D���G�D�U�D�E�Q�i�O���Q�H�P���W�D�O�i�O�K�D�W�y���K�i�U�R�P�V�]�R�U�R�V�D�Q���i�W�K���N�H�]�H�O�W���]�y�Q�D���D���K���K�D�W�i�V�|�Y�H�]�H�W�H�Q�� 

 

�������i�E�U�D�����$���N�H�P�p�Q�\�V�p�J�P�p�U�p�Vek helye (bal oldalon�����p�V���H�U�H�G�P�p�Q�\�H�����M�R�E�E���R�O�G�D�Oon�����D���������K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O. 

�$�� ������ �i�E�U�D��bemutatja a 3. �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�D�O �N�p�V�]�•�O�W�� �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�� �K���K�D�W�i�V�|�Y�H�]�H�W�p�Q�H�N��
�N�H�P�p�Q�\�V�p�J�p�W�� 

 

�������i�E�U�D�����$���N�H�P�p�Q�\�V�p�J�P�p�U�p�Vek helye (bal oldalon�����p�V���H�U�H�G�P�p�Q�\�H�����M�R�E�E���R�O�G�D�Oon) a 3�����K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O. 
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A �Q�D�J�\�R�E�E���K���E�H�Y�L�W�H�O�W���H�U�H�G�P�p�Q�\�H�]�� 3. �K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�D�O���N�p�V�]�•�O�W���I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V 
�H�V�H�W�p�Q�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W �H�J�\�H�Q�O�H�W�H�V�H�E�E�� �N�H�P�p�Q�\�V�p�J�H�O�R�V�]�O�i�V�W�� �P�X�W�D�W���� �P�L�Q�W�� �D�]���H�O���]���� �H�V�H�W�H�N�E�H�Q�� �D�� �P�p�U�W��
k�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N ���������p�V�����������+�9���N�|�]�|�W�W���Y�D�Q�Q�D�N�� A �S�i�U�Q�D�U�p�W�H�J���N�H�P�p�Q�\�V�p�J�H���D�O�D�F�V�R�Q�\�D�E�E�������������± 280 
HV), mint az 1. vagy a 2. �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y �H�V�H�W�p�E�H�Q�����$���P�D�[�L�P�i�O�L�V���N�H�P�p�Q�\�V�p�J���p�U�W�p�N�H�N���D�]���8�&�+�$�=��
�|�Y�H�]�H�W�E�H�Q vannak (300 �± 330 HV)���� �Y�L�V�]�R�Q�W���O�i�W�K�D�W�y�D�Q���N�L�V�H�E�E�� �P�p�U�H�W�&�� �H�]�� �D�]�� �|�Y�H�]�H�W�� �D�]�� �H�O���]���� �H�V�H�W�H�N�K�H�]��
�N�p�S�H�V�W. Az ICHAZ �P�p�J���O�i�J�\�D�E�E�� �����������± �������� �+�9������ �P�L�Q�W�� �D�� �N�R�U�i�E�E�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�N�Q�i�O, az 
�6�&�+�$�=���X�J�\�D�Q�D�]�R�N�D�W���D���N�H�P�p�Q�\�V�p�J���p�U�W�p�N�H�N�H�W���P�X�W�D�W�M�D�����P�L�Q�W���N�R�U�i�E�E�D�Q�����$�]���,�5�&�*�+�$�=-ban �N�L�V���P�p�U�W�p�N�&��
�O�i�J�\�X�O�i�V�W��tapasztalhatunk az ICHAZ-�K�R�]���N�p�S�H�V�W�����D�] SRCGHAZ pedig �X�J�\�D�Q�R�O�\�D�Q���N�H�P�p�Q�\�V�p�J�&�����P�L�Q�W���D��
SCHAZ. A �K�i�U�R�Pszo�U�� �i�W�K���N�H�]�H�O�W�� �|�Y�H�]�H�W �N�H�P�p�Q�\�V�p�J�H��gyakorlatilag megegyezik az UCHAZ 
�N�H�P�p�Q�\�V�p�J�p�Y�H�O�� 

A legnagyobb �K���E�H�Y�L�W�H�O�W �p�V�� �O�H�J�K�R�V�V�]�D�E�E�� �W8/5 �K�&�O�p�V�L�� �L�G���W�� �H�U�H�G�P�p�Q�\�H�]��, 4. �K�H�J�H�V�]�W�p�V�L �S�D�U�D�P�p�W�H�U-
�N�R�P�E�L�Q�i�F�L�y�Y�D�O���N�p�V�]�•�O�W���G�D�U�D�E���N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�L�W���P�X�W�D�W�M�D���D���������i�E�U�D���� 

 

�������i�E�U�D�����$���N�H�P�p�Q�\�V�p�J�P�p�U�p�Vek helye (bal oldalon�����p�V���H�U�H�G�P�p�Q�\�H�����M�R�E�E���R�O�G�D�Oon�����D���������K�H�J�H�V�]�W�p�V�L��
�S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O. 

A ������ �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�� �K�D�V�R�Q�O�y���N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�H�W���H�U�H�G�P�p�Q�\�Hzett a 
�K���K�D�W�i�V�|�Y�H�]�H�W�E�Hn, mint a 3. �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y, de a �K���K�D�W�i�V�|�Y�H�]�H�W alakja �N�•�O�|�Q�E�|�]�L�N���� �P�p�O�\�H�E�E��
�E�H�R�O�Y�D�G�i�V�� �I�L�J�\�H�O�K�H�W���� �P�H�J���� �$�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�E�H�Q���V�]�L�Q�W�p�Q �Q�L�Q�F�V�H�Q�H�N�� �Q�D�J�\�� �N�•�O�|�Q�E�V�p�J�H�N��(250 �± 330 
HV)�����Q�H�P���~�J�\�����P�L�Q�W���D�]���������S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O. Ahogy az eddigi esetekben is, az UCHAZ �|�Y�H�]�H�W��
�H�V�H�W�p�Q�� �W�D�S�D�V�]�W�D�O�K�D�W�y�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �N�H�P�p�Q�\�V�p�J, a �N�p�W�V�]�H�U�H�V�H�Q�� �i�W�K���N�H�]�H�O�W IRCGHAZ �|�Y�H�]�H�W kisebb 
�N�H�P�p�Q�\�V�p�J�H�W�� �P�X�W�D�W���� �P�L�Q�W�� �D�]�� �,�&�+�$�=���� �D�]�� �6�5�&�*�+�$�=�� �N�H�P�p�Q�\�V�p�J�H��pedig megegyezik a SCHAZ 
�|�Y�H�]�H�W�E�H�Q���P�p�U�W���p�U�W�p�N�H�N�N�H�O. A �K�i�U�R�Pszor �i�W�K���N�H�]elt �]�y�Q�D���N�L�V�H�E�E���N�H�P�p�Q�\�V�p�J�&�����P�L�Q�W az UCHAZ. 

A �Q�p�J�\ �N�•�O�|�Q�E�|�]���� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�D�O�� �N�p�V�]�•�O�W�� �N�|�W�p�V�� �|�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�i�E�y�O�� �O�i�W�K�D�W�y����
�K�R�J�\�� �D�� �Q�D�J�\�R�E�E�� �K���E�H�Y�L�W�H�O���K�D�V�R�Q�O�y�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�H�W�� �H�U�H�G�P�p�Q�\�H�]�� �D�]�� �8�&�+�$�=�� �N�L�Y�p�W�H�O�p�Y�H�O���� �P�L�Q�W���D�]��
�D�O�D�S�D�Q�\�D�J�����$���N�H�P�p�Q�\�H�G�H�W�W���8�&�+�$�=���P�p�U�H�W�H���L�V���F�V�|�N�N�H�Q�W���D���Q�D�J�\�R�E�E���K���E�H�Y�L�W�H�O���p�V���H�]�]�H�O���H�J�\�•�W�W���D���P�p�O�\�H�E�E��
�E�H�R�O�Y�D�G�i�V�� �N�|�Y�H�W�N�H�]�W�p�E�H�Q���� �$�� �N�H�P�p�Q�\�V�p�J�P�p�U�p�V�L�� �H�U�H�G�P�p�Q�\�H�N�E���O�� �H�J�\�p�U�W�H�O�P�&�H�Q�� �O�i�W�K�D�W�y���� �K�R�J�\�� �6�������4�/��
�D�O�D�S�D�Q�\�D�J���K���K�D�W�i�V�|�Y�H�]�H�W�p�E�H�Q���D���O�H�J�N�L�V�H�E�E���K���E�H�Y�L�W�H�O�W���H�U�H�G�P�p�Q�\�H�]�����K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Y�Dl 
�O�H�K�H�W�� �H�O�p�U�Q�L�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�H�W���� �$�� �P�i�V�R�G�L�N�� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�� �O�i�J�\�X�O�i�V�W�� �R�N�R�]�R�W�W�� �D�]��
�8�&�+�$�=�� �|�Y�H�]�H�W�E�H�Q�� �P�L�Q�G�H�J�\�L�N�� �K���E�H�Y�L�W�H�O�� �H�V�H�W�p�Q���� �$�� �K�i�U�R�P�V�]�R�U�� �i�W�K���N�H�]�H�O�W�� �|�Y�H�]�H�W�� �F�V�D�N�� �D�� �O�H�J�N�L�V�H�E�E��
�K���E�H�Y�L�W�H�O���H�V�H�W�p�Q���P�X�W�D�W�R�W�W���Q�D�J�\���N�H�P�p�Q�\�V�p�J�H�W�����D���W�|�E�E�L���H�V�H�W�E�H�Q���O�i�J�\�X�O�i�V���Y�R�O�W���P�H�J�I�L�J�\�H�O�K�H�W���� 
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6. Összefoglalás 

Az �H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N �p�V���D�]�R�N���H�U�H�G�P�p�Q�\�Hi �D�O�D�S�M�i�Q a�]���D�O�i�E�E�L �N�|�Y�H�W�N�H�]�W�H�W�p�V�H�N �I�R�J�D�O�P�D�]�K�D�W�y�N���P�H�J�� 
�x �$�� �N�H�P�p�Q�\�V�p�J�� �W�p�U�N�p�S�H�N�� �U�p�V�]�O�H�W�H�V�� �L�Q�I�R�U�P�i�F�L�y�W�� �D�G�K�D�W�Q�D�N�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �N�H�P�p�Q�\�V�p�J�H�O�R�V�]�O�i�V�i�U�y�O��

�I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�Q�p�O, azokon a �N�p�Wszer �Y�D�J�\���D�N�i�U �K�i�U�R�Pszor �i�W�K���N�H�]�H�O�W���|�Y�H�]�H�W�H�N���L�V���I�H�O�I�H�G�H�]�K�H�W���N�� 
�x Az S690QL alapanyag �I�H�O�U�D�N�y�K�H�J�H�V�]�W�p�V�H�� �H�V�H�W�p�Q �D�]�� �8�&�+�$�=�� �N�H�P�p�Q�\�V�p�J�H�� �Y�R�O�W�� �D�� �O�H�J�P�D�J�D�V�D�E�E�� �D�]��

�|�V�V�]�H�V�� �K���E�H�Y�L�W�H�O�Q�p�O���� �$�]�� �,�&�+�$�=�� �p�V�� �D�]�� �,�5�&�*�+�$�=���|�Y�H�]�H�W�H�N�E�H�Q�� �D�� �N�H�P�p�Q�\�V�p�J�� �M�H�O�O�H�P�]���H�Q�� �Q�D�J�\�R�E�E��
volt, mint az alapanyag �N�H�P�p�Q�\�V�p�J�H. Az �6�&�+�$�=�� �p�V�� �D�]�� �6�5�&�*�+�$�=���|�Y�H�]�H�W�H�N�E�H�Q�� �P�p�U�W�•�N�� �D��
�O�H�J�N�L�V�H�E�E�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N�H�W����a�P�H�O�\�H�N�� �N�|�]�H�O�� �D�]�R�Q�R�V�D�N�� �Y�R�O�W�D�N�� �D�]�� �D�O�D�S�D�Q�\�D�J�p�Y�D�O���� �$�� �O�H�J�N�L�V�H�E�E��
�K���E�H�Y�L�W�H�O�� �R�N�R�]�W�D�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �N�H�P�p�Q�\�V�p�J�H�N�H�W�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q���� �Y�D�O�D�P�L�Q�W�� �D�� �O�H�J�V�]�p�O�H�V�H�E�E��
�8�&�+�$�=�� �|�Y�H�]�H�W�� �L�V�� �H�E�E�H�Q�� �D�]�� �H�V�H�W�E�H�Q�� �N�H�O�H�W�N�H�]�H�W�W���� �$�� �K���E�H�Y�L�W�H�O�� �Q�|�Y�H�N�H�G�p�V�p�Y�H�O���H�J�\�U�H�� �L�Q�N�i�E�E��
�F�V�|�N�N�H�Q�W�H�N�� �D�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�N���� �Y�D�O�D�P�L�Q�W�� �D�]�� �8�&�+�$�=�� �P�p�U�H�W�H�� �L�V���� �H�P�H�O�O�H�W�W�� �D�� �Q�D�J�\�R�E�E�� �K���E�H�Y�L�W�H�O��
�H�J�\�H�Q�O�H�W�H�V�H�E�E���N�H�P�p�Q�\�V�p�J�H�O�R�V�]�O�i�V�W���L�V���H�U�H�G�P�p�Q�\�H�]�H�W�W���� 

�x A �K�i�U�R�P�V�]�R�U�R�V�D�Q�� �i�W�K���N�H�]�H�O�W�� �|�Y�H�]�H�W�H�N�� �N�H�P�p�Q�\�V�p�J�p�U�W�p�N�H�L�� �Q�H�P�� �P�X�W�D�W�W�D�N�� �N�L�X�J�U�y�� �p�U�W�p�N�H�N�H�W���� �t�J�\��
�W�R�Y�i�E�E�L���Y�L�]�V�J�i�O�D�W�R�N�����S�pl�G�i�X�O �P�L�N�U�R�V�]�H�U�N�H�]�H�W�L�����V�]�•�N�V�p�J�H�V�H�N���D���W�X�O�D�M�G�R�Q�V�i�J�D�L�N���M�R�E�E���I�H�O�W�p�U�N�p�S�H�]�p�V�p�K�H�]�� 

�x �$�� �N�H�P�p�Q�\�V�p�J�� �W�p�U�N�p�S�H�N���U�p�V�]�E�H�Q��a felrakott �U�p�W�H�J�H�N�U���O�� �L�V�� �D�G�W�D�N�� �L�Q�I�R�U�P�i�F�L�y�W�����M�H�O�H�Q�W���V�� �N�•�O�|�Q�E�V�p�J�H�N��
mutatva. Ezt a tap�D�V�]�W�D�O�i�V�W �D���M�|�Y���E�H�Q���p�U�G�H�P�H�V���P�p�O�\�H�E�E�H�Q���P�H�J�Y�L�]�V�J�i�O�Q�L�� 
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Absztrakt  
�$�� �M�i�U�P�&ip�D�U�E�D�Q�� �D�]�� �X�W�y�E�E�L�� �p�Y�H�N�E�H�Q�� �N�H�G�Y�H�O�W���N�|�W�p�V�W�H�F�K�Q�R�O�y�J�L�D�� �D�]�� �D�O�X�P�t�Q�L�X�P-�D�F�p�O�� �Y�H�J�\�H�V�N�|�W�p�V���� �(�]�H�Q��
�K�L�E�U�L�G���N�|�W�p�V�H�N���M�y�� �P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O���U�H�Q�G�H�O�N�H�]�Q�H�N�� �D�Q�Q�Dk ell �H�Q�p�U�H���� �K�R�J�\�� �D���N�p�W���D�Q�\�D�J���N�|�]�|�W�W��
�|�V�V�]�H�R�O�Y�D�G�i�V�� �Q�H�P�� �M�|�Q�� �O�p�W�U�H���� �0�H�J�I�H�O�H�O���� �S�D�U�D�P�p�W�H�U�H�N�� �E�H�i�O�O�t�W�i�V�i�Y�D�O�� �D�� �N�|�W�p�V�� �Yo�Q�D�O�i�E�D�Q�� �L�Q�W�H�U�P�H�W�D�O�O�L�N�X�V��
�Y�H�J�\�•�O�H�W�� ���,�0�&���� �N�H�O�H�W�N�H�]�L�N���� �D�P�L�Q�H�N�� �D�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �M�H�O�H�Q�W���V�� �K�D�W�i�V�V�D�O�� �Y�D�Q�Q�D�N�� �D�� �N�H�O�H�W�N�H�]�H�W�W�� �N�|�W�p�V��
�W�X�O�D�M�G�R�Q�V�i�J�D�L�U�D���� �(�]�H�N�H�W�� �D�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W�� �W�|�E�E�� �N�X�W�D�W�y�� �Y�L�]�V�J�i�O�M�D���� �D�]�� �H�O�Y�p�J�]�H�W�W�� �V�W�D�W�L�N�X�V�� �P�H�F�K�D�Q�L�N�D�L��
�Y�L�]�V�J�i�O�D�W�R�N�� �H�U�H�G�P�p�Q�\�H�L�� �M�y�O�� �S�X�E�O�L�N�i�O�W���� �|�V�V�]�H�K�D�V�R�Q�O�t�W�K�D�W�y�� �H�U�H�G�P�p�Q�\�H�N�H�W��mutatnak. Ezzel szemben a 
�N�|�W�p�V�H�N�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�Q�D�N�� �G�L�Q�D�P�L�N�X�V�� �Y�L�]�V�J�i�O�D�W�i�U�D�� �Y�R�Q�D�W�N�R�]�y�� �H�U�H�G�P�p�Q�\�H�N�� �N�H�Y�p�V�� �K�H�O�\�H�Q�� �M�H�O�H�Q�Q�H�N�� �P�H�J. 
E�]�]�H�O�� �D�� �F�L�N�N�H�O�� �V�]�H�U�H�W�Q�p�P�� �D�]�� �i�O�W�D�Ounk �Y�p�J�]�H�W�W�� �D�O�X�P�t�Q�L�X�P-�D�F�p�O�� �S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �G�L�Q�D�P�L�N�X�V��
�Y�L�]�V�J�i�O�D�W�i�Q�D�N�� �H�U�H�G�P�p�Q�\�H�L�W�� �E�H�P�X�W�D�W�Q�L�� Az a�O�i�E�E�L�D�N�E�D�Q�� �'�3�������� �D�F�p�O�� �p�V�� ��������-�+������ �D�O�X�P�t�Q�L�X�P�� �L�O�O�H�W�Y�H��
6082-�7�����D�O�X�P�t�Q�L�X�P���|�W�Y�|�]�H�W���P�&�V�]�H�U�H�]�H�W�W���•�W���Y�L�]�V�J�i�O�D�W�i�Q�D�N���H�U�H�G�P�p�Q�\�p�W���P�X�W�D�W�R�P���E�H�� 

Kulcsszavak: �5�6�:���� �K�H�J�H�V�]�W�p�V���� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V���� �P�&�V�]�H�U�H�]�H�W�W���•�W���Y�L�]�V�J�i�O�D�W���� �D�O�X�P�t�Q�L�X�P���± �D�F�p�O����
�K�L�E�U�L�G���N�|�W�p�V�� 

Abstract  
In the vehicle industry, the joining technology that has been popular in recent years is aluminium-steel 
mixed joining. These hybrid bonds have good mechanical properties despite the fact that fusion does 
not occur between the two materials. By setting the appropriate parameters, an intermetallic 
compound (IMC) is formed in the bond wall, the properties of which have a significant effect on the 
properties of the resulting bond. These properties are investigated by several researchers, and the 
results of the static mechanical tests performed show well-published, comparable results. On the other 
hand, the results of the dynamic testing of the properties of the joints are published in few places, with 
this article I would like to present the results of the dynamic testing of aluminium-steel spot-welded 
joints. Below I present the results of the instrumented impact test of DP600 steel and 5754-H22 
aluminium and 6082-T6 aluminium alloy. 

Keywords: RSW, welding, resistance spot welding, instrumented impact tests, aluminium �± steel, 
hybrid joint 
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1. �%�H�Y�H�]�H�W�p�V�� 

�$�O�X�P�t�Q�L�X�P-�D�F�p�O�� �N�|�W�p�V�H�N�� �N�p�V�]�•�O�K�H�W�Q�H�N�� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�V�H�O, [1], [2] de a szakirodalomban  
�H�J�\�p�E���N�|�W�p�V�W�H�F�K�Q�R�O�y�J�L�i�N�N�D�O���L�V���O�H�K�H�W���W�D�O�i�O�N�R�]�Q�L [4], [5]. A p�R�Q�W�K�H�J�H�V�]�W�p�V���V�R�U�i�Q���L�Q�W�H�U�P�H�W�D�O�O�L�N�X�V���Y�H�J�\�•�O�H�W��
(IMC = InterMetallic Compound) �N�p�S�]���G�L�N���� �D�P�H�O�\�� �D�� �N�|�W�p�V �M�H�O�O�H�J�]�H�W�H�V�V�p�J�H [6], �>���@���� �7�X�O�D�M�G�R�Q�V�i�J�D�L�W��
�W�H�N�L�Q�W�Y�H�� �Q�D�J�\�� �N�H�P�p�Q�\�V�p�J�� �p�V�� �M�H�O�H�Q�W���V���U�L�G�H�J�V�p�J �M�H�O�O�H�P�]�L���� �U�p�W�H�J�Y�D�V�W�D�J�V�i�J�D�� �D�O�D�S�Y�H�W���H�Q�� �E�H�I�R�O�\�i�V�R�O�M�D�� �D��
�N�|�W�p�V�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W����A v�D�V�W�D�J�� �,�0�&�� �U�p�W�H�J��az �D�O�D�N�t�W�K�D�W�y�V�i�J �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �N�H�G�Y�H�]���W�O�H�Q �>���@���� �P�t�J�� �D��
�Q�H�K�H�]�H�Q�� �H�O�p�U�K�H�W��, �Y�p�N�R�Q�\�� �,�0�&�� �M�R�E�E�� �N�|�W�p�V�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���H�U�H�G�P�p�Q�\�H�]���� �$�]�� �D�O�X�P�t�Q�L�X�P-�D�F�p�O�� �N�|�W�p�V�H�N��
�V�W�D�W�L�N�X�V���W�H�U�K�H�O�p�V�V�H�O���V�]�H�P�E�H�Q�L���Y�L�V�H�O�N�H�G�p�V�p�W���W�|�E�E�H�Q���S�X�E�O�L�N�i�O�W�i�N�����S�p�O�G�i�X�O��[9], [10])�����p�V���D�O�D�S�Y�H�W���H�Q���Q�\�t�U�y-
�V�]�D�N�t�W�y �Y�L�]�V�J�i�O�D�W�R�N�D�W���Y�p�J�H�]�W�H�N, a �G�L�Q�D�P�L�N�X�V���L�J�p�Q�\�E�H�Y�p�W�H�O�O�H�O���V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�i�V�X�N���D�]�R�Q�E�D�Q���P�p�J nincs 
�I�H�O�W�i�U�Y�D. 

Az �D�X�W�y�L�S�D�U�E�D�Q �K�D�V�]�Q�i�O�W���K�L�E�U�L�G���N�|�W�p�V�H�N���G�L�Q�D�P�L�N�X�V���Y�L�]�V�J�i�O�D�W�D, �p�V��annak �H�U�H�G�P�p�Q�\�Hi, �Q�H�P���F�V�X�S�i�Q���D��
�V�S�H�F�L�i�O�L�V�� �D�Q�\a�J�N�R�P�E�L�Q�i�F�L�y�N�� �P�L�D�W�W�� �I�R�Q�W�R�Vak���� �K�D�Q�H�P�� �D�]�R�Q�� �R�N�E�y�O�� �N�L�I�R�O�\�y�O�D�J�� �L�V����hogy �D�� �M�i�U�P�&�Y�H�N��
�•�W�N�|�]�p�V�H�� �V�R�U�i�Q�� �G�L�Q�D�P�L�N�X�V�� �W�H�U�K�H�O�p�V�W�� �N�D�S�� �D�� �N�D�U�R�V�V�]�p�U�L�D���� �Ë�J�\�� �D�� �G�L�Q�D�P�L�N�X�V�� �•�W�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�y��
�N�p�S�H�V�V�p�J�� �M�H�O�H�Q�W���V�� �W�p�Q�\�H�]���Y�p�� �Y�i�O�L�N���� �$�� �N�|�W�p�V�H�N�� �,�0�&�� �U�p�W�H�J�p�Q�H�N�� �W�X�O�D�M�G�R�Q�V�i�J�D�� �D�O�D�S�Y�H�W���H�Q�� �E�H�I�R�O�\�i�V�R�O�M�D�� �D��
�N�|�W�p�V�� �G�L�Q�D�P�L�N�X�V�� �L�J�p�Q�\�E�H�Y�p�W�H�O�O�H�O�� �V�]�H�P�E�H�Q�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W���� �t�J�\�� �D�� �N�|�W�p�V�H�N�� �N�i�U�R�V�R�G�i�V�i�Q�D�N��a 
�N�|�Y�H�W�N�H�]�P�p�Q�\�H�L�W���L�V�����,�O�\�H�Q���G�L�Q�D�P�L�N�X�V���Y�L�]�V�J�i�O�D�W�L���P�y�G�V�]�H�U���D���&�K�D�U�S�\-�I�p�O�H �•�W���Y�L�]�V�J�i�O�D�W. A ponthegesztett 
�N�|�W�p�V�H�N���Y�L�]�V�J�i�O�D�W�i�K�R�] �V�S�H�F�L�i�O�L�V���N�L�D�O�D�N�t�W�i�V�~���•�O�p�N���V�]�•�N�V�p�J�H�V�����D�Pely �L�J�D�]�R�G�L�N���D���S�U�y�E�D�W�H�V�W���J�H�R�P�H�W�U�L�i�M�i�K�R�]����
valamint a kala�S�i�F�V�R�W���L�V���i�W���N�H�O�O���D�O�D�N�t�W�D�Q�L���H�U�U�H���D���F�p�O�U�D�� 

�9�L�]�V�J�i�O�D�W�D�Lnk �V�R�U�i�Q�� �D�F�p�O�� �D�O�D�S�D�Q�\�D�J�Q�D�N�� �'�3�������� �D�F�p�O�W�� �K�D�V�]�Q�i�O�Wunk �D�E�E�y�O�� �N�L�L�Q�G�X�O�Y�D���� �K�R�J�\�� �H�]�� �H�J�\��
�J�\�D�N�U�D�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �D�Q�\�D�J�P�L�Q���V�p�J�� �D�� �M�i�U�P�&�L�S�D�U���W�H�U�•�O�H�W�p�Q���� �$�]�� �D�O�X�P�t�Q�L�X�P�� �R�O�G�D�O�K�R�]�� �N�p�W�� �H�O�W�p�U����
�W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O�� �U�H�Q�G�H�O�N�H�]���� �D�Q�\�D�J�P�L�Q���V�p�J�H�W���Y�i�O�D�V�]�W�R�W�W�X�Q�N���� �D�P�H�O�\�H�N �± az �D�F�p�O�K�R�]�� �K�D�V�R�Q�O�y�D�Q �±, 
�J�\�D�N�U�D�Q�� �K�D�V�]�Q�i�O�D�W�R�Vak �D�� �M�i�U�P�&�L�S�D�U�E�D�Q���� �H�]�H�N��az 5754-�+������ �p�V��a 6082-�7���� �|�W�Y�|�]�H�W�H�N���� �$ �Y�L�]�V�J�i�O�D�W�D�L�Q�N��
�V�R�U�i�Q���I�H�O�K�D�V�]�Q�i�O�W���D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N�� �H�O�W�p�U���� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �P�L�D�W�W�� �H�O�W�p�U���� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�N�D�W��
alkalmaztunk az 5747-H22-�'�3���������p�V���D����������-T6-�'�3���������Y�H�J�\�H�V���N�|�W�p�V�H�N���H�O�N�p�V�]�t�W�p�V�p�K�H�]. A dinamikus 
�L�J�p�Q�\�E�H�Y�p�W�H�O�O�H�O �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�y �N�p�S�H�V�V�p�J�� �Y�L�]�V�J�i�O�D�W�i�U�D�� �P�&�V�]�H�U�H�]�H�W�W��Charpy-�I�p�O�H���•�W���Y�L�]�V�J�i�O�D�Wot 
�K�D�V�]�Q�i�O�W�X�Q�N�����$���Y�L�]�V�J�i�O�D�W���V�R�U�i�Q���D�]���H�U�����p�U�W�p�N�H�N�H�W���U�H�J�L�V�]�W�U�i�O�W�X�N���D�]���L�G�����I�•�J�J�Y�p�Q�\�p�E�H�Q. 

�-�H�O�H�Q���N�|�]�O�H�P�p�Q�\�E�H�Q���D�]���H�O�Y�p�J�]�H�W�W �Y�L�]�V�J�i�O�D�W�R�N�D�W���p�V���D�]�R�N �H�U�H�G�P�p�Q�\eit mutatjuk be. 

2. �$���Y�L�]�V�J�i�O�D�W���P�H�Q�H�W�H  

A dinamikus �L�J�p�Q�\�E�H�Y�p�W�H�O�O�H�O �V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�y���N�p�S�H�V�V�p�J, �Y�L�]�V�J�i�O�D�W�i�U�D���D �M�y�O �E�H�Y�i�O�W���P�y�G�V�]�H�U���D���&�K�D�U�S�\-
�I�p�O�H �•�W���Y�L�]�V�J�i�Oat. A klasszikus Charpy �I�p�O�H�� �Y�L�]�V�J�i�O�D�W�W�D�O�� �P�p�U�K�H�W���� �D�]�� �•�W���P�X�Q�N�D�� �p�U�W�p�N�H�����p�V�� �L�Q�I�R�U�P�i�F�L�y�W��
�N�D�S�X�Q�N���D�]���D�G�R�W�W���G�D�U�D�E���W�|�Q�N�U�H�P�H�Q�H�W�H�O�p�U���O���L�V. 

�$�P�H�Q�Q�\�L�E�H�Q�� �H�]�W�� �D�� �E�H�U�H�Q�G�H�]�p�V�W�� �I�H�O�P�&�V�]�H�U�H�]�]�•�N���� �U�H�J�L�V�]�W�U�i�Ohatjuk �D�� �Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q�� �D�]�� �H�U��-�L�G����(F-t) 
�G�L�D�J�U�D�P�R�W���� �D�P�H�O�\�E���O�� �H�U��-�H�O�P�R�]�G�X�O�i�V�� �G�L�D�J�U�D�P�� �V�]�i�U�P�D�]�W�D�W�K�D�W�y. �(�]�]�H�O�� �D�� �P�y�G�V�]�H�U�U�H�O �M�y�O�� �Q�\�R�P�R�Q 
�N�|�Y�H�W�K�H�W�����D���S�R�Q�W�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���D�O�D�N�Y�i�O�W�R�]�i�Vi �Y�L�V�H�O�N�H�G�p�V�H, az �•�W���P�X�Q�N�D �L�V�P�H�U�H�W�H���P�H�O�O�H�W�W�����Ë�J�\���~�M�D�E�E 
�L�Q�I�R�U�P�i�F�L�ykat kaphatunk a �S�R�Q�W�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V���W�|�Q�N�U�H�P�H�Q�H�W�H�O�p�U���O�� A kapott diagramok �V�H�J�t�W�V�p�J�p�Y�H�O���D��
�P�&�V�]�H�U�Hzett �•�W���Y�L�]�V�J�i�O�D�W���Q�H�P�F�V�D�N���D���W�|�U�p�V�U���O�����K�D�Q�H�P���D �W�|�U�p�V�L���I�R�O�\�D�P�D�W�U�y�O �L�V���D�G���L�Q�I�R�U�P�i�F�L�y�W�� 

A Charpy-�I�p�O�H���•�W���Y�L�]�V�J�i�O�D�W �V�R�U�i�Q�����D���V�]�R�N�i�V�R�V���•�W�p�V�L���V�H�E�H�V�V�p�J���� �± �����P���V�����$���K�D�J�\�R�P�i�Q�\�R�V���V�]�D�E�Y�i�Q�\�R�V��
�Y�L�]�V�J�i�O�D�W�R�N�K�R�]���K�D�V�]�Q�i�O�W���O�H�Q�J���N�D�O�D�S�i�F�V���P�D�[�L�P�i�O�L�V���•�W���P�X�Q�N�i�M�D ���������-�����•�W�p�V�L���V�H�E�H�V�V�p�J�H��pedig 5,5 m/s. Az 
�H�O���]�H�W�H�V�� �N�t�V�p�U�O�H�W�H�N�� �W�D�S�D�V�]�W�D�O�D�W�D�L�� �D�]�R�Q�E�D�Q�� �D�]�W�� �P�X�W�D�W�W�i�N���� �K�R�J�\�� �D�O�X�P�t�Q�L�X�P-�D�F�p�O�� �S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N��
�H�V�H�W�p�Q���D�]�������P�P�����������P�P���O�H�P�H�]�Y�D�V�W�D�J�V�i�J�~���i�W�O�D�S�R�O�W���N�|�W�p�V�Hk�Q�p�O���H�]���D�]���p�U�W�p�N���W�~�O �Q�D�J�\�����H�]�p�U�W���P�y�G�R�V�t�W�D�Q�X�Q�N��
kellett a �Y�L�]�V�J�i�O�y���E�H�U�H�Q�G�H�]�p�V�W�����$���P�D�[�L�P�i�O�L�V���•�W���P�X�Q�N�D 118,25 J-�U�D���Y�i�O�W�R�]�R�W�W�����$���P�y�G�R�V�t�W�R�W�W���E�H�U�H�Q�G�H�]�p�V��
�D�]���������i�E�U�i�Q���O�i�W�K�D�W�y�� 
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1. �i�E�U�D. �0�&�V�]�H�U�H�]�H�W�W���•�W���Y�L�]�V�J�i�O�D�W���H�O�U�H�Q�G�H�]�p�V�H���p�V��a �N�D�O�D�S�i�F�V���J�H�R�P�H�W�U�L�D. 

�(�K�K�H�]�� �D�� �V�S�H�F�L�i�O�L�V�� �Y�L�]�V�J�i�O�D�W�K�R�]�� �p�V�� �I�H�O�V�]�H�U�H�O�p�V�K�H�]�� �V�S�H�F�L�i�O�L�V�� �S�U�y�E�D�W�H�V�W�� �J�H�R�P�H�W�U�L�i�U�D�� �Y�D�Q�� �V�]�•�N�V�p�J���� �$��
�N�L�D�O�D�N�t�W�R�W�W�� �S�U�y�E�D�W�H�V�W�� �J�H�R�P�H�W�U�L�i�M�D�� �D�� ������ �i�E�U�i�Q�� �O�i�W�K�D�W�y�����$�]�� �H�O���]�H�W�H�V�� �N�t�V�p�U�O�H�W�H�N�� �D�O�D�S�M�i�Q���� �Ka a �S�U�y�E�D�W�H�V�W��
�Y�L�]�V�J�i�O�D�W�L�� �V�]�D�N�D�V�]�D �W�~�O���V�]�p�O�H�V���� �D�]�� �Q�D�J�\�� �K�D�W�i�V�W��gyakorol az �H�U��-�L�G���� �G�L�D�J�U�D�P�R�N�U�D�� ami rontja a 
�N�L�p�U�W�p�N�H�O�K�H�W���V�p�J�H�W�����+�D���W�~�O���N�L�F�V�L�����D�N�N�R�U���D���N�|�W�p�V���K�H�O�\�H�W�W���D�]���D�O�D�S�D�Q�\�D�J�E�D�Q���I�R�U�G�X�O�K�D�W���H�O�����D���W�|�U�p�V. 

 

2. �i�E�U�D. �$���Y�L�]�V�J�i�O�D�W�K�R�]���N�L�D�O�D�N�t�W�R�W�W���S�U�y�E�D�W�H�V�W���J�H�R�P�H�W�U�L�i�M�D. 

�$�� �S�U�y�E�D�W�H�V�W�� �J�H�R�P�H�W�U�L�i�M�D�� �P�L�D�W�W�� �V�]�•�N�V�p�J�H�V�� �Y�R�O�W�� �D�]�� �•�O�p�N �i�W�W�H�U�Y�H�]�p�V�H�� �L�V���� �D�P�H�O�\�� �D�O�N�D�O�P�D�V�� �D��
�S�R�Q�W�K�H�J�H�V�]�W�H�W�W���S�U�y�E�D�W�H�V�W���P�H�J�W�D�U�W�i�V�i�U�D; �H�]���D���������i�E�U�i�Q���O�i�W�K�D�W�y�� 
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3. �i�E�U�D. A�]���•�W���Y�L�]�V�J�i�O�D�W�K�R�] �N�L�D�O�D�N�t�W�R�W�W���~�M���•�O�p�N. 

3. �.�t�V�p�U�O�H�W�L���N�|�U�•�O�P�p�Q�\�H�N 

�$�� �N�t�V�p�U�O�H�W�H�N�K�H�]�� �D�]�� �D�X�W�y�L�S�D�U�E�D�Q�� �J�\�D�N�U�D�Q�� �K�D�V�]�Q�i�O�W�� �D�O�D�S�D�Q�\�D�J�R�N�D�W�� �Y�i�O�D�V�]�W�R�W�Wunk���� �$�]�� �D�F�p�O�� �R�O�G�D�O�� �'�3�� ��������
�Y�R�O�W���� �D�P�H�O�\�H�W�� �H�O�V���� �H�V�H�W�E�H�Q�� ��������-�+������ �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�W�H�O���� �P�i�V�R�G�L�N�� �H�V�H�W�E�H�Q��pedig 6082-T6 
�D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�W�H�O�� �N�R�P�E�L�Q�i�O�W�X�Q�N���� �0�L�Q�G�H�J�\�L�N�� �D�O�D�S�D�Q�\�D�J�� ���� �P�P�� �Y�D�V�W�D�J�V�i�J�~�� �Y�R�O�W, a jobb 
�|�V�V�]�H�K�D�V�R�Q�O�t�W�K�D�W�y�V�i�J���p�U�G�H�N�p�E�H�Q�� 

�$�� �N�p�W�I�i�]�L�V�~�� ���'�3���� �D�F�p�O�� �N�H�P�p�Q�\��martenzit szigeteket tartalmaz ferrit �P�i�W�U�L�[�E�D�� �i�J�\�D�]�Y�D���� �G�L�V�]�S�H�U�]��
�H�O�R�V�]�O�i�V�V�D�O�� �>�����@����A DP600-�D�V�� �D�F�p�O�� �Q�D�J�\�R�Q�� �M�y�� �D�O�D�N�t�W�K�D�W�y�V�i�J�J�D�O���� �Y�D�O�D�P�L�Q�W�� �D�� �'�3�� �D�F�p�O�R�N�� �N�|�]�|�W�W�� �N�L�V��
�V�]�L�O�i�U�G�V�i�J�J�D�O���U�H�Q�G�H�O�N�H�]�L�N�����$�]���H�J�\�L�N���O�H�J�J�\�D�N�U�D�E�E�D�Q���D�O�N�D�O�P�D�]�R�W�W���D�X�W�y�L�S�D�U�L���D�O�D�S�D�Q�\�D�J�� 

Az 5754-H22 al�X�P�t�Q�L�X�P�O�H�P�H�]�� �K�D�V�]�Q�i�Oata �V�]�L�Q�W�p�Q�� �H�O�W�H�U�M�H�G�W���� �I���N�p�Q�W�� �M�y�� �D�O�D�N�t�W�K�D�W�y�V�i�J�D�� �p�V�� �D�]�� �H�K�K�H�]��
�N�D�S�F�V�R�O�y�G�y�� �M�y�� �V�]�L�O�i�U�G�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �P�L�D�W�W���� �)���� �|�W�Y�|�]���H�O�H�P�H�� �D�� �P�D�J�Q�p�]�L�X�P���� �V�]�L�O�i�U�G�V�i�J�i�W�� �D�O�D�N�t�W�i�V�V�D�O��
�Q�|�Y�H�O�W�p�N�����P�D�M�G���Q�H�J�\�H�G���N�H�P�p�Q�\�V�p�J�&�U�H���O�i�J�\�t�W�R�W�W�i�N.  

A 6082-�7�����D�O�D�S�D�Q�\�D�J���V�]�p�O�H�V���N�|�U�E�H�Q���K�D�V�]�Q�i�O�W���D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W, a�P�H�O�\�H�W���Q�D�J�\���V�]�L�O�i�U�G�V�i�J���M�H�O�O�H�P�H�]����
�D�P�L�W�� �K���N�H�]�H�O�p�V�V�H�O�� �p�U�W�H�N�� �H�O�� �(�]�W�� �D�]�� �|�W�Y�|�]�H�W�W�t�S�X�V�W�� �M�y�� �N�R�U�U�y�]�L�y�i�O�O�y�V�i�J�� �M�H�O�O�H�P�]�L���� �G�H�� �D�� �K�H�J�H�V�]�W�p�V�� �V�R�U�i�Q��
�M�H�O�H�Q�W���V�� �O�i�J�\�X�O�i�V�� �O�p�S�K�H�W�� �I�H�O�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q���� �$�]�� ������ �W�i�E�O�i�]�D�W�� �D�]�� �D�O�D�S�D�Q�\�D�J�R�N�� �N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�p�W��
�P�X�W�D�W�M�D���W�|�P�H�J��-ban.  

1. �W�i�E�O�i�]�D�W. �$���I�H�O�K�D�V�]�Q�i�O�W���D�O�D�S�D�Q�\�D�J�R�N���|�V�V�]�H�W�p�W�H�O�H��[ �W�|�P�H�J��]  

�$�F�p�O���D�O�D�S�D�Q�\�D�J C Si Mn P S Nb V B 

DP600 0,098 0,20 0,81 0,015 0,002 0,014 0,010 0,0002 

Al �X�P�t�Q�L�X�P alapanyagok Cu Fe Mn Cr  Mg Ti  Si Zn 

5754-H22 0,055 0,294 0,358 0,009 2,796 0,016 0,193 0,034 

6082-T6 0,09 0,46 0,46 0,02 0,7 0,03 0,9 0,08 

�$�� �I�H�O�K�D�V�]�Q�i�O�W�� �D�O�D�S�D�Q�\�D�J�R�N�� �P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W�� �D�� ������ �W�i�E�O�i�]�D�W�� �W�D�U�W�D�O�P�D�]�]�D���� �$�]�� ������ �p�V�� �D�� ������
�W�i�E�O�i�]�D�W�R�N�E�D�Q���|�V�V�]�H�I�R�J�O�D�O�W �D�G�D�W�R�N�D�W���D�]���D�O�D�S�D�Q�\�D�J�R�N���P�&�E�L�]�R�Q�\�O�D�W�D���W�D�U�W�D�O�P�D�]�]�D�� 
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2. �W�i�E�O�i�]�D�W. �$���I�H�O�K�D�V�]�Q�i�O�W���D�O�D�S�D�Q�\�D�J�R�N���O�H�J�I�R�Q�W�R�V�D�E�E���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�� 

A�Q�\�D�J�P�L�Q���V�p�J Rm [MPa] Rp0,2 [MPa] A50 [%]  

5754-H22 220 137 22,0 

6082-T6 348 303 15,0 

DP600 669 448 18,7 

 
�$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N �H�O�N�p�V�]�t�W�p�V�p�K�H�]���7�(�&�1�$�������������W�t�S�X�V�~���K�H�J�H�V�]�W���J�p�S�H�W�����$�&�����������+�]�����7�(�����������W�t�S�X�V�~��

�Y�H�]�p�U�O�p�V�V�H�O���D�O�N�D�O�P�D�]�W�X�Q�N. A �V�D�M�W�R�O�y���Q�\�R�P�i�V�W �S�Q�H�X�P�D�W�L�N�X�V���K�H�Q�J�H�U���E�L�]�W�R�V�t�W�R�W�W�D�����$���N�t�V�p�U�O�H�W�H�Nhez CuCrZr 
�K�H�J�H�V�]�W���H�O�H�N�W�U�y�G�i�N�D�W�� �K�D�V�]�Q�i�O�W�X�Q�N�� ���� �P�P-�H�V�� �J�|�P�E�I�H�M�� �i�W�P�p�U���Y�H�O���� �$�� �J�|�P�E�I�H�M�&�� �H�O�H�N�W�U�y�G�i�N�� �V�X�J�D�U�i�W�� �D��
�K�H�J�H�V�]�W�H�Q�G�����O�H�P�H�]���Y�D�V�W�D�J�V�i�J�i�W�y�O���I�•�J�J���H�Q���N�H�O�O���P�H�J�Y�ilasztani. 1 mm-�H�V���O�H�P�H�]�Y�D�V�W�D�J�V�i�J�Q�i�O���5 = 50 mm 
sugarat alkalmaztunk a szakirodalom �D�M�i�Q�O�i�V�D��szerint [12], [13].  

 

4. �i�E�U�D. �$���K�H�J�H�V�]�W�p�V�K�H�]���K�D�V�]�Q�i�O�W���H�O�H�N�W�U�y�G�D���J�H�R�P�H�W�U�L�i�M�D. 

 
�8�J�\�D�Q�D�]�W�� �D�� �J�H�R�P�H�W�U�L�i�W�� �D�O�N�D�O�P�D�]�W�X�N�� �D�� �I�H�O�V���� �p�V�� �D�]�� �D�O�V�y�� �H�O�H�N�W�U�y�G�i�N�K�R�]���� �$�� ������ �i�E�U�i�Q �D�]�� �H�O�H�N�W�U�y�G�i�N��

�J�H�R�P�H�W�U�L�i�M�i�W���O�i�W�K�D�W�M�X�N.  
�$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���O�p�W�U�H�K�R�]�i�V�i�K�R�]��alkalmazott �S�D�U�D�P�p�W�H�U�H�N�H�W���D��3�����W�i�E�O�i�]�D�W���W�D�U�W�D�O�P�D�]�]�D�� 

3. �W�i�E�O�i�]�D�W. �$�]���D�Q�\�D�J�N�R�P�E�L�Q�i�F�L�y�N�K�R�]���K�D�V�]�Q�i�O�W���K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�H�N 

Alapanyag �N�R�P�E�L�Q�i�F�L�y �È�U�D�P�H�U���V�V�p�J���>�N�$�@ �+�H�J�H�V�]�W�p�V�L���L�G�����>�P�V�@ �6�D�M�W�R�O�y���H�U�����>�N�1�@ 

5754-H22 / DP600 16,5 220 2,5 

6082-T6 / DP600 15 220 2,5 
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4. �$���N�t�V�p�U�O�H�W�L���H�U�H�G�P�p�Q�\�H�N 

�$�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�R�U�i�Q�� �P�L�Q�G�N�p�W �N�R�P�E�L�Q�i�F�L�y�E�y�O�� ����-11 �G�D�U�D�E�� �S�U�y�E�D�W�H�V�W�H�Q�� �Y�p�J�H�]�W�•�Q�N�� �•�W���Y�L�]�V�J�i�O�D�W�R�W���� �t�J�\��
�|�V�V�]�H�V�H�Q�������� �Y�L�]�V�J�i�O�D�W�U�D�� �N�H�U�•�O�W�� �V�R�U���� �$�]�� �•�W���Y�L�]�V�J�i�O�D�W�K�R�]�� �D�]�� �H�O���]���H�N�E�H�Q���O�H�t�U�W�� �P�y�G�V�]�H�Ut alkalmaztuk, 
azokra �����ƒ�&-�R�V�� �V�]�R�E�D�K���P�p�U�V�p�N�O�H�W�H�Q���N�H�U�•�O�W�� �V�R�U. A �Y�L�]�V�J�i�O�D�W �J�\�R�U�V�D�V�i�J�D�� �P�L�D�W�W, �Q�D�J�\�� �P�L�Q�W�D�Y�p�W�H�O�H�]�p�V�L��
�V�H�E�H�V�V�p�J�&���E�H�U�H�Q�G�H�]�p�V�W���K�D�V�]�Q�i�O�W�X�Q�N���D�]���H�U��-�L�G�� diagrammok �I�H�O�Y�p�W�H�O�p�K�H�]�� �$���P�L�Q�W�D�Y�p�W�H�O�L���L�G�����������P�V volt, 
�t�J�\ e�J�\�� �P�p�U�p�V �L�G��tartama alatt 2500 minta�Y�p�W�H�O�U�H�� �N�H�U�•�O�W�� �V�R�U���� �(�]�� �D�� �P�D�J�D�V�� �P�L�Q�W�D�Y�p�W�H�O�L�� �D�U�i�Q�\�� �S�R�Q�W�R�V��
�H�U�H�G�P�p�Q�\�H�N�H�W���D�G�R�W�W�� 

�$�]�� �•�W���Y�L�]�V�J�i�O�D�W�R�N�� �H�O�Y�p�J�]�p�V�H���V�R�U�i�Q�� �K�i�U�R�P�I�p�O�H���W�|�Q�N�U�H�P�H�Q�H�W�H�O�L �P�y�G�� �I�R�U�G�X�Ot �H�O������ �W�H�O�M�H�V�H�Q��
�N�L�J�R�P�E�R�O�y�G�R�W�W�����U�p�V�]legesen �N�L�J�R�P�E�R�O�y�G�R�W�W���p�V���Q�\�t�U�y�G�R�W�W. Az �������i�E�U�D���D���S�R�Q�W�N�|�W�p�V�H�N���H�]�H�Q���K�i�U�R�P tipikus 
�W�|�Q�N�U�H�P�H�Q�H�W�H�O�L�� �P�y�G�M�i�W �P�X�W�D�W�M�D���� �D�K�R�O�� �D�� �I�H�O�V���� �D�Q�\�D�J az �D�F�p�O���� �D�]�� �D�O�V�y�� �S�H�G�L�J��az �D�O�X�P�t�Q�L�X�P���� �$�]�� �|�V�V�]�H�V��
�W�|�Q�N�U�H�P�H�Q�H�W�H�O���H�V�H�W�p�Q���D�O�X�P�t�Q�L�X�P���I�U�|�F�F�V�H�Q�p�V���O�i�W�K�D�W�y���D���N�p�W��lemez �N�|�]�|�W�W���� 

 

�������i�E�U�D. �7�|�Q�N�U�H�P�H�Q�H�W�H�O�L �W�t�S�X�V�R�N:  
a) �U�p�V�]legesen �N�L�J�R�P�E�R�O�y�G�R�W�W; b) �W�H�O�M�H�V�H�Q���N�L�J�R�P�E�R�O�y�G�R�W�W ; c.) �Q�\�t�U�y�G�R�W�W. 

�$�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�R�U�i�Q�� �P�H�J�I�L�J�\�H�O�K�H�W���� �Y�R�O�W���� �K�R�J�\�� �D�� �W�H�O�M�H�V�H�Q���U�p�V�]legesen �N�L�J�R�P�E�R�O�y�G�R�W�W�� �N�|�W�p�V�H�N��
�Q�D�J�\�R�E�E�� �•�W���H�U���W�� �P�X�W�D�W�Q�D�N���� �P�t�J�� �D�� �Q�\�t�U�R�W�W�D�N�� �N�L�V�H�E�E�H�W���� �$�]�� �•�W���P�X�Q�N�D�� �W�H�Q�G�H�Q�F�L�i�M�D�� �N�L�J�R�P�E�R�O�y�G�R�W�W�� �N�|�W�p�V��
�H�V�H�W�p�Q���Q�D�J�\�R�E�E�����p�V���Q�\�t�U�y�G�R�W�W �N�|�W�p�V���H�V�H�W�p�Q��kisebb�����0�L�Q�G�N�p�W���N�|�W�p�V���N�R�P�E�L�Q�i�F�L�y���M�H�O�H�Q�W���V���H�O�W�p�U�p�V�W���P�X�W�D�W���D�]��
�•�W���P�X�Q�N�D���p�U�W�p�N�H�N���Y�R�Q�D�W�N�R�]�i�V�i�E�D�Q.  

�$�]�� ������ �W�i�E�O�i�]�D�W�� �D�� �P�&�V�]�H�U�Hzett �•�W���Y�L�]�V�J�i�O�D�Wok �H�U�H�G�P�p�Q�\�H�L�W�� �P�X�W�D�W�M�D�� �E�H�� �D�]���•�W���P�X�Q�N�i�U�D���� �D�� �P�D�[�L�P�i�O�L�V��
�•�W���H�U���U�H �p�V���D���P�H�J�K�L�E�i�V�R�G�i�V�L���P�y�G�U�D���I�y�N�X�V�]�i�O�Y�D���� 

�È�O�W�D�O�i�Q�R�V�V�i�J�E�D�Q���H�O�P�R�Q�G�K�D�W�y�����K�R�J�\���D���'�3����������������-�+�������N�R�P�E�L�Q�i�F�L�y���•�W���P�X�Q�N�D���p�V���P�D�[�L�P�i�O�L�V���•�W���H�U�� 
�H�U�H�G�P�p�Q�\�H�� �M�R�E�E���� �P�L�Q�W�� �D�� �'�3����������������-�7���� �N�R�P�E�L�Q�i�F�L�y�p���� �$�� �P�D�[�L�P�i�O�L�V�� �•�W���H�U���� �'�3����������������-H22 
�N�|�W�p�V�N�R�P�E�L�Q�i�F�L�y�� �H�V�H�W�p�Q�� ���������� �N�1�� �p�V�� ���������� �N�1�� �N�|�]�|�W�W�� �Y�i�O�W�R�]�R�W�W ���i�W�O�D�J�R�V�D�Q�� ���������� �N�1������ �(�]�� �D�� �W�D�U�W�R�P�i�Q�\�� �D��
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DP600/6082-�7���� �N�R�P�E�L�Q�i�F�L�y�Q�i�O�� ���������� �N�1�� �p�V�� ���������� �N�1�� �N�|�]�|�W�Wi ���i�W�O�D�J�R�V�D�Q�� �������� �N�1������ �$�]�� �•�W���P�X�Q�N�D�� �Q�D�J�\��
�H�O�W�p�U�p�V�H�N�H�W�� �P�X�W�D�W�� �������� �--t�yl 30 J-�L�J���� �i�W�O�D�J�R�V�D�Q�� ������������ �-����a DP600/5754-�+������ �N�R�P�E�L�Q�i�F�L�y�� �H�V�H�W�p�Q���� �$��
DP600/6082-T6 kom�E�L�Q�i�F�L�y�� �H�U�H�G�P�p�Q�\�H�L�� �N�L�V�H�E�E�� �H�O�W�p�U�p�V�W�� �P�X�W�D�W�Q�D�N�� �D�]�� �•�W���P�X�Q�N�D �W�H�N�L�Q�W�H�W�p�E�H�Q (18,5 J-
�W�y�O 24 J-ig���� �i�W�O�D�J�R�V�D�Q�� ���������� �-������ �$�� ��������-�7���� �D�Q�\�D�J�� �V�]�L�O�i�U�G�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �M�R�E�E�D�N���� �P�L�Q�W�� �D�]�� ��������-H22 
�D�Q�\�D�J�p�����G�H���U�R�V�V�]�D�E�E���H�U�H�G�P�p�Q�\�W���P�X�W�D�Wnak �P�D�[�L�P�i�O�L�V���•�W���H�U�����p�V��az �•�W���P�X�Q�N�D���H�V�H�W�pben.  

4. �W�i�E�O�i�]�D�W. �$���P�&�V�]�H�U�H�]�H�W�W���•�W���Y�L�]�V�J�i�O�D�Wok �H�U�H�G�P�p�Q�\�H�L 

�6�R�U�V�]�i�P �$�Q�\�D�J���N�R�P�E�L�Q�i�F�L�y �h�W���P�X�Q�N�D 
[J]  

�0�D�[�L�P�i�O�L�V���•�W���H�U�� 
[kN]  

�7�|�Q�N�U�H�P�H�Q�H�W�H�O�L���P�y�G 

1 

DP600/5754-H22 
 

24 2,4018 �7�H�O�M�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
2 27 1,5947 �7�H�O�M�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
3 18,5 3,052 �1�\�t�U�y�G�i�V 
4 23 2,164 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
5 22 2,0443 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
6 18 2,1254 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
7 20,5 2,2515 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
8 30 2,719 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
9 24,5 2,2908 �7�H�O�M�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
10 17,5 1,5777 �1�\�t�U�y�G�i�V 
11 10 1,9272 �1�\�t�U�y�G�i�V 
12 

DP600/6082-T6 
 

18,5 1,4101 �1�\�t�U�y�G�i�V 
13 19 1,4725 �1�\�t�U�y�G�i�V 
14 18,5 1,49 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
15 21,5 2,1166 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
16 19 1,4314 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
17 20 1,8333 �1�\�t�U�y�G�i�V 
18 24 2,5983 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
19 19 1,3878 �1�\�t�U�y�G�i�V 
20 18 1,8774 �1�\�t�U�y�G�i�V 
21 22 2,3439 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 
22 20 1,9239 �5�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V 

 
�.�R�U�i�E�E�L���Y�L�]�V�J�i�O�D�W�D�L�Q�N���V�]�H�U�L�Q�W���D�]���L�Q�W�H�U�P�H�W�D�O�O�L�N�X�V���Y�H�J�\�•�O�H�W�����,�0�&�����Y�D�V�W�D�J�V�i�J�D���N�•�O�|�Q�E�V�p�J�H�N�H�W���P�X�W�D�W���H��

�N�p�W�� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�� �N�|�]�|�W�W�� �>���@, �D�]�R�Q�R�V�� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N mellett. A 6082-�7���� �i�W�O�D�J�R�V��
�L�Q�W�H�U�P�H�W�D�O�O�L�N�X�V���Y�H�J�\�•�O�H�W��(IMC) �Y�D�V�W�D�J�V�i�J�D�������������—�P����ami az 5754-�+�������H�V�H�W�p�E�H�Q�������������—�P���Y�R�O�W���� 

Mivel az IMC nagyon rideg���� �H�]�p�U�W�� �I�H�O�W�p�W�H�O�H�]�W�•�N���� �K�R�J�\�� �K�D�� �H�Q�Q�H�N�� �D�]���L�Q�W�H�U�P�H�W�D�O�O�L�N�X�V�� �Y�H�J�\�•�O�H�Wnek 
�Q�D�J�\�R�E�E���D���Y�D�V�W�D�J�V�i�J�D����akkor �D�]���U�L�G�H�J�H�G�p�V�W���R�N�R�]�K�D�W�����H�]�p�U�W �F�V�|�N�N�H�Q���D�]���•�W���P�X�Q�N�D �p�V���D���P�D�[�L�P�i�O�L�V���•�W���H�U����
�p�U�W�p�N�H. �g�V�V�]�H�V�V�p�J�p�E�H�Q���D�]���H�U�H�G�P�p�Q�\�H�N���V�]�y�U�i�V�D���W�~�O���Q�D�J�\�����H�]�p�U�W���D���N�|�W�p�V�H�N���U�H�S�U�R�G�X�N�i�O�K�D�W�y�V�i�J�D �Q�H�P���M�y�����D��
�N�•�O�|�Q�E�|�]�����P�H�J�K�L�E�i�V�R�G�i�V�L���P�y�G�R�N���L�V���X�J�\�D�Qezt �W�i�P�D�V�]�W�M�i�N���D�O�i�����$�]���D�O�N�D�O�P�D�]�R�W�W���K�H�J�H�V�]�W�p�V�L���W�H�F�K�Q�R�O�y�J�L�D���D��
�O�H�J�Y�p�N�R�Q�\�D�E�E�� �,�0�&-�U�H�� �Y�D�Q�� �R�S�W�L�P�D�O�L�]�i�O�Y�D�� �H�]�H�N�H�Q�� �D�]�� �D�Q�\�D�J�N�R�P�E�L�Q�i�F�L�y�N�R�Q. �$�� ������ �i�E�U�D�� �H�J�\�� �W�L�S�L�N�X�V��
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�U�p�V�]�E�H�Q�� �N�L�J�R�P�E�R�O�y�G�R�W�W���N�|�W�p�V �H�U��-�L�G����(F-t) diagram�M�i�W mutatja be. �$�� �G�L�D�J�U�D�P�� �H�O�V���� �V�]�D�N�D�V�]�i�Q��az 
alapanyag �G�H�I�R�U�P�i�F�L�y�M�i�E�y�O�� �D�G�y�G�y�� �Y�i�O�W�R�]�i�V�� �I�L�J�\�H�O�K�H�W���� �P�H�J 0,8 ms-�L�J���� �P�D�M�G�� �D�� �S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V��
�H�O�O�H�Q�i�O�O�i�V�D��4,5 ms-�L�J�� �O�i�W�K�D�W�y���� �$�]�� �X�W�R�O�V�y�� �V�]�D�N�D�V�]�� �D�]�� �D�O�D�S�D�Q�\�D�J�� �W�R�Y�i�E�E�L�� �G�H�I�R�U�P�i�F�L�y�M�D�� �D�� �N�|�W�p�V��
�P�H�J�K�L�E�i�V�R�G�i�V�D���X�W�i�Q���� 

 

�������i�E�U�D�� �5�p�V�]�O�H�J�H�V�H�Q���N�L�J�R�P�E�R�O�y�G�R�W�W���N�|�W�p�V���H�U��-�L�G�����G�L�D�J�U�D�P�M�D. 
 

 

�������i�E�U�D�� �7�H�O�M�H�V�H�Q���N�L�J�R�P�E�R�O�y�G�R�W�W���N�|�W�p�V���H�U��-�L�G�����G�L�D�J�U�D�P�M�D. 
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�7�H�O�M�H�V�� �N�L�J�R�P�E�R�O�y�G�i�V�� �H�V�H�W�p�Q�� �D�� �G�L�D�J�U�D�P�� �D�O�D�N�M�D�� �K�D�V�R�Q�O�y�� �D�� ������ �i�E�U�i�K�R�]���� �$�]�� �H�U���� �J�\�R�U�V�D�Q�� �Q�|�Y�H�N�V�]�L�N�� �p�V��
�P�D�J�D�V�D�E�E���p�U�W�p�N�H�W���P�X�W�D�W�����P�L�Q�W���U�p�V�]�O�H�J�H�V���N�L�J�R�P�E�R�O�y�G�i�V���H�V�H�W�p�E�H�Q. E�]�W���O�i�W�K�D�W�M�X�N���D���������i�E�U�i�Q. 

�$�� ������ �i�E�U�D�� �D���Q�\�t�U�y�G�i�V tipi�N�X�V�� �G�L�D�J�U�D�P�M�i�W�� �P�X�W�D�W�M�D���� �(�]�� �D�� �G�L�D�J�U�D�P�� �L�V�� �D�]�� �D�O�D�S�D�Q�\�D�J�� �G�H�I�R�U�P�i�F�L�y�M�i�Y�D�O��
�N�H�]�G���G�L�N�� �������� �P�V-�L�J���� �P�D�M�G�� �D�� �S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �H�O�O�H�Q�i�O�O�i�V�D�� �������� �P�V-�L�J�� �O�i�W�K�D�W�y���� �$�]�� �X�W�R�O�V�y�� �V�]�D�N�D�V�]��
�X�J�\�D�Q�D�]���� �P�L�Q�W���D�� ������ �i�E�U�i�Q�����$�]�� �H�U���� �H�E�E�H�Q���D�]�� �H�V�H�W�E�H�Q���Q�H�P�� �Q�|�Y�H�N�V�]�L�N�� �J�\�R�U�V�D�Q���� �p�V�� �M�H�O�O�H�P�]���H�Q�� �Q�H�P �p�U�� �H�O��
�P�D�J�D�V�� �p�U�W�p�N�H�N�H�W���� �$�� �J�|�U�E�H�� �D�O�D�N�M�D�� �H�E�E�H�Q�� �D�]�� �H�V�H�W�E�H�Q�� �M�R�E�E���� �P�H�U�W�� �D�� �J�|�U�E�H�� �D�O�D�W�W�L�� �W�H�U�•�O�H�W�� �Q�D�J�\�R�E�E���� �D�]�R�Q�R�V��
�P�D�[�L�P�i�O�L�V���H�U���p�U�W�p�N���H�V�H�W�p�Q�� 

 

 

8�����i�E�U�D. �1�\�t�U�y�G�R�W�W���N�|�W�p�V���H�U��-�L�G�����G�L�D�J�U�D�P�M�D. 

�������g�V�V�]�H�I�R�J�O�D�O�i�V 

A�]���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���p�V���D���N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���D���N�|�Y�H�W�N�H�]���N���I�R�J�D�O�P�D�]�K�D�W�y�N���P�H�J�� 
A �P�&�V�]�H�U�Hzett �•�W���Y�L�]�V�J�i�O�D�W�� �H�U�H�G�P�p�Q�\�H�L�� �|�V�V�]�H�K�D�V�R�Q�O�t�W�K�D�W�y�� �H�U�H�G�P�p�Q�\�H�N�H�W�� �D�G�Q�D�N�� �K�L�E�U�L�G�� �N�|�W�p�V�H�N��

�H�O�O�H�Q�i�O�O�i�V�� �S�R�Q�W�K�H�J�H�V�]�W�p�V�H�� �H�V�H�W�p�Q���� �$�� �'�3����������������-�+������ �N�R�P�E�L�Q�i�F�L�y�� �M�R�E�E���•�W���P�X�Q�N�D �p�V�� �P�D�[�L�P�i�O�L�V��
�•�W���H�U���W �p�U el, mint a DP600/6082-�7������ �)�H�O�W�p�W�H�O�H�]�K�H�W������ �K�R�J�\�� �D�]�� �L�Q�W�H�U�P�H�W�D�O�O�L�N�X�V�� �Y�H�J�\�•�O�H�W�� �Y�D�V�W�D�J�V�i�J�D��
�R�N�R�]�W�D���H�]�W���D�]���H�U�H�G�P�p�Q�\�W; a DP600/6082-�7�����H�V�H�W�p�E�H�Q���D�]���,�0�&���Y�D�V�W�D�J�V�i�J�D���Q�p�J�\�V�]�H�U���Q�D�J�\�R�E�E���Y�R�O�W�����P�L�Q�W��
a DP600/5754-�+������ �H�V�H�W�p�E�H�Q���� �$�]�� �,�0�&�� �Y�D�V�W�D�J�V�i�J�� �p�V�� �D�� �N�|�W�p�V�H�N��dinamikus �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �N�|�]�|�W�W�L��
�|�V�V�]�H�I�•�J�J�p�V�H�N�� �Y�L�]�V�J�i�O�D�W�D�� �P�p�J�� �I�R�O�\�D�P�D�W�E�D�Q�� �Y�D�Q���� �$�]���•�W���P�X�Q�N�D �H�U�H�G�P�p�Q�\�H�N�� �Y�L�V�]�R�Q�\�O�D�J�� �Q�D�J�\�� �H�O�W�p�U�p�V�W��
mutatnak a DP600/5754-H22 �H�V�H�W�p�E�H�Q�� A DP600/6082-�7�����H�V�H�W�p�Q���D�]���•�W���P�X�Q�N�D �V�]�y�U�i�V�D���V�R�N�N�D�O���N�L�V�H�E�E����
�$���P�D�[�L�P�i�O�L�V���•�W�p�V�L���H�U�����H�U�H�G�P�p�Q�\�H�N���P�L�Q�G�N�p�W���H�V�H�W�E�H�Q���Q�D�J�\���H�O�W�p�U�p�V�H�N�H�W���P�X�W�D�W�Q�D�N�� 

�$�]�� �H�U��-�L�G���� �J�|�U�E�p�N�� �V�]�L�J�Q�L�I�L�N�i�Q�V�� �N�•�O�|�Q�E�V�p�J�H�N�H�W�� �P�X�W�D�W�Q�D�N�� �D�� �N�L�J�R�P�E�R�O�y�G�R�W�W�� �p�V�� �Q�\�t�U�W�� �P�H�J�K�L�E�i�V�R�G�i�V�L��
�P�y�G�R�N���N�|�]�|�W�W�����(�]�H�N���D���G�L�D�J�U�D�P�R�N���D�]�W���P�X�W�D�W�M�i�N�����K�R�J�\���D�]���•�W���P�X�Q�N�D �N�|�]�H�O���D�]�R�Q�R�V���O�H�K�H�W�����G�H���D���P�D�[�L�P�i�O�L�V��
�•�W���H�U���� �p�V�� �D�� �P�H�J�K�L�E�i�V�R�G�i�V�� �M�H�O�O�H�J�H�� �M�H�O�H�Q�W���V�H�Q�� �H�O�W�p�U�K�H�W���� �7�R�Y�i�E�E�L�� �Y�L�]�V�J�i�O�D�W�� �V�]�•�N�V�p�Jes a teljes 
�P�H�J�K�L�E�i�V�R�G�i�V�L���P�H�F�K�D�Q�L�]�P�X�V���I�H�O�W�i�U�i�V�i�K�R�], �Y�D�O�D�P�L�Q�W���D�]���H�U��-�L�G�����G�L�D�J�U�D�P�R�N���H�O�H�P�]�p�V�p�K�H�]���� 
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Absztrakt  
�$�]���H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V���P�p�J���P�L�Q�G�L�J���D���O�H�J�J�\�D�N�U�D�E�E�D�Q���D�O�N�D�O�P�D�]�R�W�W���K�H�J�H�V�]�W�����H�O�M�i�U�i�V���D�]���D�X�W�y�L�S�D�U�E�D�Q����
�D�K�R�O�� �D�� �Y�p�N�R�Q�\�O�H�P�H�]�H�N�E���O�� �i�O�O�y�� �D�X�W�y�N�D�U�R�V�V�]�p�U�L�i�N�� �i�W�O�D�S�R�O�W�� �N�|�W�p�V�H�L�� �N�p�V�]�•�O�Q�H�N����A jelenleg nagy 
�P�H�Q�Q�\�L�V�p�J�E�H�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�Q�� �Q�H�K�p�]�V�p�J�H�N���D�G�y�G�K�D�W�Q�D�N a 
�K�H�J�H�V�]�W�p�V�W�H�F�K�Q�R�O�y�J�L�D���W�H�U�Y�H�]�p�V�p�Q�p�O�����X�J�\�D�Q�L�V���O�i�J�\�X�O�i�V���N�|�Y�H�W�N�Hzhet be �D���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q (HAZ), amely 
�D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �V�]�L�O�i�U�G�V�i�J�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W�� �U�R�Q�W�M�D���� �$�]�� �H�O�O�H�Q�i�O�O�i�V-�K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�� �K�D�W�i�V�i�U�D��
�M�H�O�O�H�P�]���H�Q�� �D�� �P�D�U�W�H�Q�]�L�W�H�V�� �V�]�|�Y�H�W�� �P�H�J�H�U�H�V�]�W���G�L�N�����t�J�\�� �D�� �V�]�L�O�i�U�G�V�i�J�� �G�U�D�V�]�W�L�N�X�V�D�Q�� �F�V�|�N�N�H�Q�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q���� �$�� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N�� �N�•�O�|�Q�E�|�]���� �U�p�V�]�H�L�Q�� �P�i�V�� �D�� �O�i�J�\�X�O�i�V�� �P�p�U�W�p�N�H���� �D�P�L�� �D�]�� �H�O�W�p�U����
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�L�� �Y�i�O�W�R�]�i�V�R�N�N�D�O�� �P�D�J�\�D�U�i�]�K�D�W�y�� Ennek �P�H�J�p�U�W�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �W�X�G�Q�L, hogy milyen 
�K���F�L�N�O�X�V�� �p�U�W�H�� �D�� �N�•�O�|�Q�E�|�]�����K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N�D�W���� �$�� �N�X�W�D�W�i�V�D�L�Q�N�� �V�R�U�i�Q�� �O�H�P�p�U�W�•�N�� �D�]�� �H�O�O�H�Q�i�O�O�i�V-
�S�R�Q�W�K�H�J�H�V�]�W�p�V�N�R�U���O�p�W�U�H�M�|�Y�����K�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V�R�N�D�W���D���K���K�D�W�i�V�|�Y�H�]�H�W���D�O�]�y�Q�i�L�E�D�Q, 1 mm vastag MS1400 
�P�L�Q���V�p�J�&���D�F�p�O�O�H�P�H�]�H�N���H�V�H�W�p�Q�����N�•�O�|�Q�E�|�]�����K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�N���D�O�N�D�O�P�D�]�i�V�i�Y�D�O���� 

Kulcsszavak: �H�O�O�H�Q�i�O�O�i�V-pont�K�H�J�H�V�]�W�p�V (RSW)�����K���F�L�N�O�X�V�����K���K�D�W�i�V�|�Y�H�]�H�W�����K���P�p�U�V�p�N�O�H�W���P�p�U�p�V 

Abstract  
Resistance spot welding is still the most commonly used welding process in the automotive industry, 
where overlapped joints of thin sheet car bodies are made. In the case of high-strength steels, which 
are currently used in large quantities, difficulties may arise in the planning of the welding technology, 
because softening can occur in the heat-affected zone (HAZ), which decreases the strength properties 
of the welded joint. As a result of the resistance-welding thermal cycle, the martensite typically 
softens, so the strength is drastically reduced in the heat-affected zone. The degree of softening is 
different in the subzones of the heat-affected zone, which can be explained by the different 
microstructural changes. In order to understand this, it is necessary to know what kind of heat cycle 
affected the different HAZ subzones. In our research, we measured the welding thermal cycles created 
during resistance spot welding in the sub-zones of the heat-affected zone in the case of 1 mm thick 
MS1400 quality steel sheets, using different welding parameter combinations. 

Keywords: resistance spot welding (RSW), thermal cycle, heat-affected zone, temperature measuring 
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1. Bevezetés  

A�]�� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�� ���5�6�:���� �D�]�� �D�X�W�y�L�S�D�U�E�D�Q�� �V�]�p�O�H�V�� �N�|�U�E�H�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �K�H�J�H�V�]�W���� �H�O�M�i�U�i�V���� �D�P�L��
�D�O�D�S�Y�H�W���H�Q�� �D�� �Q�D�J�\�� �W�H�U�P�H�O�p�N�H�Q�\�V�p�J�p�Q�H�N���� �K�D�W�p�N�R�Q�\�V�i�J�i�Q�D�N�� �p�V�� �U�X�J�D�O�P�D�V�V�i�J�i�Q�D�N�� �N�|�V�]�|�Q�K�H�W���� �>1]. 
�/�H�J�L�Q�N�i�E�E���D�]���D�X�W�y�N�D�U�R�V�V�]�p�U�L�i�N���|�V�V�]�H�K�H�J�H�V�]�W�p�V�p�U�H���D�O�N�D�O�P�D�]�]�i�N�����P�H�O�\�H�N���W�|�E�E���H�]�H�U���S�R�Q�W�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V��
�H�O�N�p�V�]�t�W�p�V�p�Y�H�O���i�O�O�Q�D�N���|�V�V�]�H����Napjainkra, e�J�\�U�H���L�Q�N�i�E�E���H�O���W�p�U�E�H���N�H�U�•�O���D�]���D�X�W�y�N���W�|�P�H�J�p�Q�H�N���F�V�|�N�N�H�Q�W�p�V�H����
a�P�H�O�O�\�H�O���O�H�K�H�W���F�V�|�N�N�H�Q�W�H�Q�L���D���N�i�U�R�V�D�Q�\�D�J���N�L�E�R�F�V�i�W�i�V�W���p�V���D���J�\�i�U�W�i�V�L���N�|�O�W�V�p�J�H�N�H�W���L�V�����(�Q�Q�H�N���H�J�\�L�N�� �P�y�G�M�D����
�K�R�J�\�� �D�]�� �D�X�W�y�N�D�U�R�V�V�]�p�U�L�i�N�Q�i�O�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�D�W�� �D�O�N�D�O�P�D�]�Q�D�N���� �t�J�\�� �D�� �O�H�P�H�]�H�N�� �Y�D�V�W�D�J�V�i�J�i�W�� �O�H�K�H�W��
�F�V�|�N�N�H�Q�W�H�Q�L�� �p�V�� �H�]�]�H�O���H�J�\�•�W�W���W�H�U�P�p�V�]�H�W�H�V�H�Q���D�� �W�|�P�H�J�� �L�V�� �F�V�|�N�N�H�Q���� �(�P�H�O�O�H�W�W���P�H�J�M�H�O�H�Q�W�H�N���D�� �D�]�� �D�O�X�P�t�Q�L�X�P��
�N�D�U�R�V�V�]�p�U�L�D�� �H�O�H�P�H�N�� �L�V�� �P�H�O�\�H�N�H�W�� �V�R�N�� �H�V�H�W�E�H�Q�� �D�F�p�O�� �D�O�D�S�D�Q�\�D�J�J�D�O�� �N�H�O�O�� �|�V�V�]�H�N�|�W�Q�L�� �>2�@���� �$�]�� ������ �i�E�U�D�� �P�X�W�D�W��
�S�p�O�G�i�W���H�J�\���D�X�W�y�N�D�U�R�V�V�]�p�U�L�D���|�V�V�]�H�i�O�O�t�W�i�V�i�Q�i�O���D�O�N�D�O�P�D�]�R�W�W���D�O�D�S�D�Q�\�D�J�R�N�U�D���� 

 

�������i�E�U�D����Egy Volvo V60-�D�V���V�]�H�P�p�O�\�D�X�W�y���N�D�U�R�V�V�]�p�U�L�i�M�i�Q�D�N���D�Q�\�D�J�D�L. [3]  
 

�$�]�� �i�E�U�i�Q�� �M�y�O�� �O�i�W�K�D�W�y�� �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �Q�D�J�\�P�p�U�W�p�N�&�� �I�H�O�K�D�V�]�Q�i�O�i�V�D���� �3�L�U�R�V�V�D�O�� �N�L�H�P�H�O�Y�H�� �D�]��
ultra-�Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�F�p�O�R�N�D�W���O�i�W�K�D�W�M�X�N����a�P�H�O�\�H�N���M�H�O�O�H�P�]���H�Q���P�D�U�W�H�Q�]�L�W�H�V���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�&�H�N ���0�6�������p�V��
�D���W�|�P�H�J�F�V�|�N�N�H�Q�W�p�V���p�U�G�H�N�p�E�H�Q���J�\�D�N�U�D�Q���D�O�N�D�O�P�D�]�R�W�W���D�Q�\�D�J�R�N���>4]. �/�H�J�L�Q�N�i�E�E���D�]���•�W�N�|�]�p�V���V�]�H�P�S�R�Q�W�M�i�E�y�O��
�N�U�L�W�L�N�X�V�� �U�p�V�]�H�N�H�Q�� �D�O�N�D�O�P�D�]�]�i�N���� �S�p�O�G�i�X�O�� �D�]�� �$����a �%�� �p�V��a �&�� �R�V�]�O�R�S�R�N�� �H�V�H�W�p�Q�� �>5]. Ezeken a kritikus 
�K�H�O�\�H�N�H�Q�� �W�H�U�P�p�V�]�H�W�H�V�H�Q�� �Q�H�P�F�V�D�N�� �D�]�� �D�O�D�S�D�Q�\�D�J�Q�D�N���� �K�D�Q�H�P�� �D�� �S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�Q�H�N�� �L�V�� �Q�D�J�\��
�V�]�L�O�i�U�G�V�i�J�~�Q�D�N���N�H�O�O���O�H�Q�Q�L�H�� 

�$�]�� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�� �H�J�\�� �U�H�Q�G�N�t�Y�•�O�� �W�H�U�P�H�O�p�N�H�Q�\�� �K�H�J�H�V�]�W���� �H�O�M�i�U�i�V���� �D�P�L�� �D�� �J�\�R�U�V�� �K�H�J�H�V�]�W�p�V�L��
�K���F�L�N�O�X�V�Q�D�N�� �N�|�V�]�|�Q�K�H�W������ �D�� �K�H�J�H�V�]�W�p�V�L�� �L�G���N�� �P�V�� �Q�D�J�\�V�i�J�U�H�Q�G�&�H�N���� �$���K�H�J�H�V�]�W���� �i�U�D�P�� �E�H�N�D�S�F�V�R�O�i�V�i�Y�D�O���� �D��
�J�\�R�U�V���K���I�H�M�O���G�p�V���N�|�Y�H�W�N�H�]�W�p�E�H�Q���P�H�J�R�O�Y�D�G���D���N�p�W���O�H�P�H�]���N�|�]�|�W�W�L���U�p�V�]���p�V���H�J�\���K�H�Jlencse keletkezik, majd 
�D�]�� �i�U�D�P�� �N�L�N�D�S�F�V�R�O�i�V�D�� �X�W�i�Q�� �J�\�R�U�V�D�Q�� �O�H�K�&l [6�@���� �$�� �K���I�H�M�O���G�p�V�� �D�O�D�S�Y�H�W���H�Q�� �D�� �D�]�� �D�O�D�S�D�Q�\�D�J���� �Y�D�O�D�P�L�Q�W�� �D�]��
�D�O�D�S�D�Q�\�D�J�R�N�� �N�|�]�|�W�W�L�� �p�U�L�Q�W�N�H�]�p�V�L�� �H�O�O�H�Q�i�O�O�i�V�� �P�p�U�W�p�N�p�W���O�� �I�•�J�J�� �>7]. �$�� �K�&�O�p�V�� �V�H�E�H�V�V�p�J�H�� �V�]�i�P�R�V�� �W�p�Q�\�H�]���W���O��
�I�•�J�J�����~�J�\�� mint az alapanyag tulajd�R�Q�V�i�J�D�L�W�y�O���� �D�� �O�H�P�H�]�� �Y�D�V�W�D�J�V�i�J�i�W�y�O���� �D�� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N�W���O����
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�Y�D�O�D�P�L�Q�W�� �D�]�� �H�O�H�N�W�U�y�G�R�N�� �K�&�W���K�D�W�i�V�i�W�y�O�����$�]�� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�Vre �M�H�O�O�H�P�]���� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�H�N��
�P�H�J�K�D�W�i�U�R�]�i�V�i�U�D�� �P�i�U�� �W�|�E�E�� �H�V�H�W�E�H�Q�� �W�|�U�W�p�Q�W�H�N�� �S�U�y�E�i�O�N�R�]�i�V�R�N, �H�U�H�G�P�p�Q�\�•�O���M�H�O�O�H�P�]���H�Q�� ����2 �± 104 �ƒC/s 
�p�U�W�p�N�H�Net kaptak [8], [9]. �$�� �K�&�O�p�V�� �V�R�U�i�Q�� �D�� �������� �ƒ�&-�U�y�O�� �������� �ƒ�&-�U�D�� �W�|�U�W�p�Q���� �K�&�O�p�V�L�� �L�G���� �D�]�� �L�J�D�]�i�Q��
�P�H�J�K�D�W�i�U�R�]�y���� �K�L�V�]�H�Q�� �H�E�E�H�Q�� �D�� �W�D�U�W�R�P�i�Q�\�E�D�Q�� �M�i�W�V�]�y�G�Q�D�N�� �O�H�� �D�� �N�U�L�W�L�N�X�V�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�L�� �Y�i�O�W�R�]�i�V�R�N�� �>9], 
[10]. �(�E�E���O�� �D�G�y�G�y�D�Q�� �D�� �W8/5 �K�&�N�p�V�L�� �L�G���� �L�V�P�H�U�H�W�H�� �D�]�� �H�V�H�W�H�N�� �Q�D�J�\�� �U�p�V�]�p�E�H�Q�� �H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q�� �D�� �S�R�Q�W�R�V��
�W�H�F�K�Q�R�O�y�J�L�D�L�� �S�D�U�D�P�p�W�H�U�H�N�� �E�H�i�O�O�t�W�i�V�i�K�R�]�� �p�V�� �H�]�]�H�O�� �H�J�\�•�W�W�� �D�]�� �H�O�Y�i�U�W�� �P�L�Q���V�p�J�&�� �S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N��
�H�O�N�p�V�]�t�W�p�V�p�K�H�]���>��1]. 

�$���K�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V�R�N���P�p�U�p�V�p�Q�H�N���H�J�\�L�N���H�O�W�H�U�M�H�G�W���P�y�G�M�D���D���W�H�U�P�R�H�O�H�P�H�N�N�H�O���W�|�U�W�p�Q�����P�p�U�p�V����amely 
�D�N�i�U���L�Q�I�R�U�P�i�F�L�y�W���L�V���D�G�K�D�W���D���N�•�O�|�Q�E�|�]�����K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N�D�W���p�U�����K���K�D�W�i�V�R�N�U�y�O, amennyiben a termo-
�H�O�H�P�H�N�H�W�� �P�H�J�I�H�O�H�O���H�Q�� �W�X�G�M�X�N�� �S�R�]�t�F�L�R�Q�i�O�Q�L���� �1�D�J�\�V�]�L�O�i�U�G�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�E�H�Q�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�L��
�]�y�Q�i�N���N�•�O�|�Q�|�V�� �I�L�J�\�H�O�P�H�W�� �L�J�p�Q�\�H�O�Q�H�N���� �K�L�V�]�H�Q�� �D�� �N�|�W�p�V�� �W�X�O�D�M�G�R�Q�V�i�J�D�� �M�H�O�O�H�P�]���H�Q�� �H�]�H�Q�� �]�y�Q�i�N��
�W�X�O�D�M�G�R�Q�V�i�J�D�L�W�y�O���I�•�J�J���� �$�� �K���K�D�W�i�V�|�Y�H�]�H�W�H�Q���E�H�O�•�O���P�H�J�N�•�O�|�Q�E�|�]�W�H�W�•�Q�N���V�]�X�S�H�U�N�U�L�W�L�N�X�V�� �|�Y�H�]�H�W�H�W����UCHAZ 
= upper-critical heat-affected zone�������L�Q�W�H�U�N�U�L�W�L�N�X�V���|�Y�H�]�H�W�H�W����ICHAZ = inter-critical heat-affected zone) 
�p�V�� �V�]�X�E�N�U�L�W�L�N�X�V�� �|�Y�H�]�H�W�� ��SCHAZ = sub-critical heat-affected zone������ �(�]�H�N�E�H�Q�� �D�]�� �K���K�D�W�i�V�|�Y�H�]�H�W�L��
�]�y�Q�i�N�E�D�Q�� �N�•�O�|�Q�E�|�]���� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�� �K�D�W���� �D�P�L�� �M�H�O�H�Q�W���V�H�Q���H�O�W�p�U���� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�H�W���H�U�H�G�P�p�Q�\�H�]�K�H�W����
�(�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�� �H�V�H�W�p�Q�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �U�H�Q�G�N�t�Y�•�O�� �N�L�F�V�L���� �M�H�O�O�H�P�]���H�Q�� �����± ���� �P�P�� �V�]�p�O�H�V�V�p�J�&, a 
hegeszt�p�V�W�H�F�K�Q�R�O�y�J�L�i�W�y�O�� �I�•�J�J���H�Q���� �t�J�\�� �D�� �N�•�O�|�Q�E�|�]���� �]�y�Q�i�N�E�D�Q�� �Y�D�O�y�� �P�p�U�p�V�K�H�]�� �Q�D�J�\�� �S�R�Q�W�R�V�V�i�J�~��
�S�R�]�t�F�L�R�Q�i�O�i�V���V�]�•�N�V�p�J�H�V�����(�P�H�O�O�H�W�W, �H�J�\�p�E���Q�H�K�p�]�V�p�J�H�N���L�V���D�G�y�G�K�D�W�Q�D�N���D���P�p�U�p�V���V�R�U�i�Q�����S�p�O�G�i�X�O���D���Y�i�O�W�y�i�U�D�P��
�N�H�O�W�H�W�W�H���H�O�H�N�W�U�R�P�i�J�Q�H�V�H�V���W�p�U���]�D�Y�D�U�K�D�W�M�D���D���P�p�U�p�V�W�����p�V���P�H�F�K�D�Q�L�N�D�L���Y�L�E�U�i�F�L�y�W���L�V���R�N�R�]�K�D�W�����(�]�H�Q���S�U�R�E�O�p�P�i�N��
�P�H�J�R�O�G�i�V�i�U�D�� �P�H�J�I�H�O�H�O���H�Q�� �i�U�Q�\�p�N�R�O�W�� �W�H�U�P�R�H�O�H�P�H�N���� �L�O�O�H�W�Y�H�� �V�S�H�F�L�i�O�L�V�� �V�]�&�U�p�V�L�� �W�H�F�K�Q�L�N�i�N�� �D�O�N�D�O�P�D�]�i�V�D��
javasolt [12]. �(�P�H�O�O�H�W�W�� �Q�D�J�\�� �K���P�p�U�V�p�N�O�H�W�U�H�� �K�H�Y�•�O�� �I�H�O���D�� �G�D�U�D�E���� �D�P�L�� �D�G�R�W�W�� �H�V�H�W�E�H�Q�� �D�N�i�U�� �N�L�I�U�|�F�F�V�H�Q�p�Vt is 
okozhat���� �V�]�L�Q�W�p�Q�� �U�R�V�V�]�� �P�p�U�p�V�W�� �H�U�H�G�P�p�Q�\�H�]ve [13�@���� �3�U�R�E�O�p�P�i�W��jelenthet �P�p�J�� �D�� �W�H�U�P�R�H�O�H�P�H�N�� �S�R�Q�W�R�V��
�H�O�K�H�O�\�H�]�p�V�H�� �L�V�� �D�]�� �H�O�H�N�W�U�y�G�� �N�|�]�H�O�V�p�J�H�� �P�L�D�W�W���� �(�]�H�Q�� �Q�H�K�p�]�V�p�J�H�N�� �P�L�D�W�W�� �P�H�J�O�H�K�H�W���V�H�Q�� �Q�H�K�p�]�� �W�D�O�i�O�Q�L�� �D��
�V�]�D�N�L�U�R�G�D�O�R�P�E�D�Q���H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V���P�p�U�p�V�L���H�U�H�G�P�p�Q�\�H�N�H�W���p�V���D�]���H�V�H�W�H�N���W�|�E�E�V�p�J�p�E�H�Q���D�]��
�H�U�H�G�P�p�Q�\�H�N���Q�H�P���D�G�M�i�N���Y�L�V�V�]�D �W�|�N�p�O�H�W�H�V�H�Q���D�]���D�G�R�W�W���K���F�L�N�O�X�V�W�� 

�$���N�X�W�D�W�i�V���F�p�O�M�D�����K�R�J�\���Hgy �~�M���P�p�U�p�V�L���H�O�U�H�Q�G�H�]�p�V���D�O�N�D�O�P�D�]�i�V�i�Y�D�O, �D���O�H�K�H�W�����O�H�J�S�R�Q�W�R�V�D�E�E�D�Q���P�H�J�P�p�U�M�•�N��
�D�]�� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�R�N�D�W���D���K���K�D�W�i�V�|�Y�H�]�H�W���N�•�O�|�Q�E�|�]���� �]�y�Q�i�L�E�D�Q, ���� �L�O�O�H�W�Y�H�� ���� �L�P�S�X�O�]�X�V�~ 
�K�H�J�H�V�]�W�p�V���D�O�N�D�O�P�D�]�i�V�i�Y�D�O���� 

2. Alapanyag és mérési körülmények 

�$�� �P�p�U�p�V�K�H�]�� ���� �P�P�� �Y�D�V�W�D�J���� �D�]�� �6�6�$�%�� �i�O�W�D�O�� �J�\�i�U�W�R�W�W�� �'�R�F�R�O�� �0�6���������� �W�t�S�X�V�~, martenzites ultra-
�Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�F�p�O�O�H�P�H�]�W���K�D�V�]�Q�i�O�W�X�Q�N�� �$�]���D�O�D�S�D�Q�\�D�J���Y�H�J�\�L���|�V�V�]�H�W�p�W�H�O�p�W���p�V���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�W��
�D�]���������p�V���D���������W�i�E�O�i�]�D�Wok foglalj�i�N �|�V�V�]�H�����$���W�i�E�O�i�]�D�W�R�N�E�D�Q���V�]�H�U�H�S�O�����p�U�W�p�N�H�N�H�W���D�]���D�O�D�S�D�Q�\�D�J���P�&�E�L�]�R�Q�\�O�D�W�D��
�D�O�D�S�M�i�Q���N�|�]�|�O�M�•�N���� 

�������W�i�E�O�i�]�D�W�� �$�]���D�O�D�S�D�Q�\�D�J���Y�H�J�\���|�V�V�]�H�W�p�W�H�O�H��[ �W�|�P�H�J��]  

�-�H�O�|�O�p�V C Si Mn P S Cr  Ni 
MS1400 0,22 0,46 2,46 0,016 0,003 0,03 0,12 

2�����W�i�E�O�i�]�D�W�� �$�]���D�O�D�S�D�Q�\�D�J���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�-�H�O�|�O�p�V �)�R�O�\�i�V�K�D�W�i�U, Rp0,2 
[MPa] 

�6�]�D�N�t�W�y�V�]�L�O�i�U�G�V�ig, Rm 
[MPa] 

S�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L��
�Q�\�~�O�i�V, A8 

[%] 

�.�H�P�p�Q�\�V�p�J, 
HV10 

MS1400 1391 1496 4,5 470 
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�$���K���F�L�N�O�X�V �P�p�U�p�V�K�H�]���V�S�H�F�L�i�O�L�V���N�L�D�O�D�N�t�W�i�V�~���p�V���P�p�U�H�W�&���O�H�P�H�]�H�N�H�W���K�D�V�]�Q�i�O�W�X�Q�N�����$�]���D�O�V�y���O�H�P�H�]���P�p�U�H�W�H��

���������P�P���[�������� �P�P�� �Y�R�O�W�����P�t�J���D���I�H�O�V�����O�H�P�H�]�W���N�H�W�W�p�Y�i�J�W�X�N������-������ �P�P���K�R�V�V�]�~�V�i�J�~���G�D�U�D�Eokra. A lemezek 
�P�p�U�H�W�H�L�Q�H�N���P�H�J�Y�i�O�D�V�]�W�i�V�i�Q�i�O�� �I�L�J�\�H�O�H�P�E�H�� �N�H�O�O�H�W�W���Y�H�Q�Q�L���� �K�R�J�\�� �D�� �N�H�O�H�W�N�H�]���� �K���� �V�]�Dbadon tudjon terjedni 
az anyagban, �p�V���D�� �K���K�D�W�i�V�|�Y�H�]�H�W �P�L�Q�G�H�Q�� �]�y�Q�i�M�D �W�H�O�M�H�V�� �W�H�U�M�H�G�H�O�P�p�E�H�Q���N�L�� �W�X�G�M�R�Q�� �D�O�D�N�X�O�Q�L���� �(�O���]�H�W�H�V��
�N�t�V�p�U�O�H�W�H�L�Q�N���V�]�H�U�L�Q�W���D���������P�P���V�]�p�O�H�V���p�V�����������P�P���K�R�V�V�]�~���O�H�P�H�]���H�U�U�H���D���F�p�O�U�D���P�H�J�I�H�O�H�Ot. Az egyik 50 mm-
�H�V���O�H�P�H�]�Q�H�N���D���V�]�p�O�p�Q���K�H�J�H�V�]�W�H�W�W�•�Q�N�����P�t�J���D���P�i�V�L�N���������P�P-�H�V���O�H�P�H�]�W���S�R�Q�W�R�V�D�Q���L�O�O�H�V�]�W�H�W�W�•�N���K�R�]�]�i�����$���Q�H�P��
�O�H�K�H�J�H�V�]�W�H�W�W�� �O�H�P�H�]�� �K�R�P�O�R�N�I�H�O�•�O�H�W�p�E�H�� �H�J�\�� ���� �P�P�� �[�� ���� �P�P�� �P�p�U�H�W�&�� �E�H�P�H�W�V�]�p�V�W�� �N�p�V�]�t�W�H�W�W�•�Q�N����amely a 
�K���H�O�H�P�H�N���H�O�K�H�O�\�H�]�p�V�p�U�H���V�]�R�O�J�i�O�W�����$���S�U�y�E�D�G�D�U�D�E�R�W���p�V���D���K���H�O�H�P�H�N���H�O�U�H�Q�G�H�]�p�V�p�W���P�X�W�D�W�M�D���D���������i�E�U�D�� 

  

�������i�E�U�D�� �$���S�U�y�E�D�G�D�U�D�E���p�V���D���K���H�O�H�P�H�N���H�O�U�H�Q�G�H�]�p�V�H. 
 

�$�� �S�U�y�E�D�W�H�V�W���P�H�J�W�H�U�Y�H�]�p�V�H�� �V�R�U�i�Q �R�O�\�D�Q�� �J�H�R�P�H�W�U�L�D�� �N�L�D�O�D�N�t�W�i�V�i�U�D�� �W�|�U�H�N�H�G�W�•�Q�N���� �D�P�H�O�\�� �D�� �O�H�K�H�W����
�O�H�J�L�Q�N�i�E�E�� �N�|�]�H�O�t�W�� �D���Y�D�O�y�V�� �K�H�J�H�V�]�W�p�V�L�� �N�|�U�•�O�P�p�Q�\�H�N�K�H�]���� �H�]�p�U�W�� �K�D�V�]�Q�i�O�W�X�Q�N�� �H�J�\�� �L�O�O�H�V�]�W�H�W�W�� �O�H�P�H�]�W�� �L�V���� �$��
�E�H�P�H�W�V�]�p�V�U�H���D���K���H�O�H�P�H�N �H�O�K�H�O�\�H�]�p�V�H���P�L�D�W�W���Y�R�O�W���V�]�•�N�V�p�J�����+�D���D�]���L�O�O�H�V�]�W�H�W�W���O�H�P�H�]�W���Q�H�P���K�D�V�]�Q�i�O�W�X�N���Y�R�O�Q�D����
�D�N�N�R�U�� �D�� �K���H�O�Y�R�Q�i�V�� �P�p�U�W�p�N�H�� �W�H�O�M�H�V�H�Q�� �P�i�V�K�R�J�\�� �D�O�D�N�X�O�����W�R�Y�i�E�E�i �D�� �N�|�W�p�V�� �K�H�O�\�p�U���O�� �W�|�U�W�p�Q����
�D�Q�\�D�J�N�L�Q�\�R�P�y�G�i�V�����Y�D�O�D�P�L�Q�W���I�U�|�F�F�V�H�Q�p�V���L�V���M�H�O�H�Q�W�N�H�]�K�H�W�H�W�W���Y�R�O�Q�D�����(�]�H�N�U�H���D���M�H�O�H�Q�V�p�J�H�N�U�H�� �P�X�W�D�W���S�p�O�G�i�W���D��
�������i�E�U�D�� 
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�������i�E�U�D�����$���N�L�I�U�|�F�F�V�H�Q�p�V���p�V���D���N�L�Q�\�R�P�y�G�i�V���H�O�Y�L���i�E�U�i�M�D��a bal oldalon [14]  �p�V���D�]�R�N���N�p�S�H �D���W�p�Q�\�O�H�J�H�V��
�K�H�J�H�V�]�W�p�V�N�R�U���M�R�E�E���R�O�G�D�O�R�Q�����V�D�M�i�W���N�p�V�]�t�W�p�V�&���N�p�S) 

�0�L�Y�H�O���H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�p�V�N�R�U���D���O�H�J�Q�D�J�\�R�E�E���K�����D���N�p�W���O�H�P�H�]���N�|�]�|�W�W���N�H�O�H�W�N�H�]�L�N�����H�]�p�U�W���D���K���H�O�H�P�H�N��
�H�O�K�H�O�\�H�]�p�V�p�W�� �P�L�Q�G�H�Q�N�p�S�S�H�Q�� �D�]�� �D�O�D�S�D�Q�\�D�J�E�D�Q�� �N�H�O�O�H�W�W�� �P�H�J�R�O�G�D�Q�L���� �D�� �I�H�O�•�O�H�W�L�� �K���P�p�U�V�p�N�O�H�W�H�O�R�V�]�O�i�V��
�V�]�i�P�R�W�W�H�Y���H�Q���H�O�W�p�U�K�H�W���D�]���D�O�D�S�D�Q�\�D�J�E�D�Q���O�p�Y���W���O�����(�E�E���O���D�G�y�G�y�D�Q���D���I�H�O�V�������|�V�V�]�H�K�H�J�H�V�]�W�H�Q�G�����O�H�P�H�]���p�O�p�U�H��
�K�H�O�\�H�]�W�•�N���H�O���D���K���H�O�H�P�H�W�����0�L�Y�H�O���D���K�H�J�H�V�]�W�p�V���V�R�U�i�Q���N�L�V�P�p�U�W�p�N�&���Y�L�E�U�i�F�L�y���L�V���H�O���I�R�U�G�X�O�����H�]�p�U�W���D���K���H�O�H�P�H�N�H�W��
�U�i�� �N�H�O�O�H�W�W�� �K�H�J�H�V�]�W�H�Q�L�� �D�� �O�H�P�H�]�H�N�� �p�O�p�U�H�����$�� �K���H�O�H�P�� �I�H�O�K�H�J�H�V�]�W�p�V�p�K�H�]�� �H�J�\�� �N�L�I�H�M�H�]�H�W�W�H�Q�� �H�U�U�H�� �D�� �F�p�O�U�D��
�K�D�V�]�Q�i�O�K�D�W�y�� �N�R�Q�G�H�Q�]�i�W�R�U�N�L�V�•�W�p�V�H�V�� �H�O�O�H�Q�i�O�O�i�V�K�H�J�H�V�]�W���� �E�H�U�H�Q�G�H�]�p�V�W�� �K�D�V�]�Q�i�O�W�X�Q�N���� �$�� �K���H�O�H�P �K�H�J�H�V�]�W�p�V�p�W��
�Q�H�K�H�]�t�W�H�W�W�H�����K�R�J�\���D���.���W�t�S�X�V�~���K���H�O�H�P���P�L�Q�G�N�p�W���Y�H�]�H�W�p�N�p�W���H�J�\���S�R�Q�W�E�D�Q���N�H�O�O�H�W�W���P�H�J�K�H�J�H�V�]�W�H�Q�L���D���P�H�J�I�H�O�H�O����
�P�p�U�p�V�L�� �H�U�H�G�P�p�Q�\�H�N�� �H�O�p�U�p�V�p�K�H�]���� �$�� �K���H�O�H�P�� �K�H�J�H�V�]�W���� �E�H�U�H�Q�G�H�]�p�V�W���� �Y�D�O�D�P�L�Q�W�� �H�J�\���H�O�N�p�V�]�•�O�W�� �K�H�J�H�V�]�W�p�V�W��
�P�X�W�D�W���D���������i�E�U�D�� 

 

�������i�E�U�D�����$���K���H�O�H�P�H�N���K�H�J�H�V�]�W�p�V�p�U�H���K�D�V�]�Q�i�O�W���E�H�U�H�Q�G�H�]�p�V��(bal oldal�L���N�p�S�����p�V egy hegesztett darab (jobb 
oldal�L���N�p�S�� 
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Az �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���K���K�D�W�i�V�|�Y�H�]�H�W�H���P�H�J�O�H�K�H�W���V�H�Q���N�L�V�P�p�U�H�W�&�����M�H�O�O�H�P�]���H�Q�������± 3 mm 
�V�]�p�O�H�V�V�p�J�& ���D�]�� �D�G�R�W�W�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�W�y�O�� �I�•�J�J���H�Q), a�P�H�O�\�H�Q�� �E�H�O�•�O�� �N�•�O�|�Q�E�|�]�� �K���K�D�W�i�V�|�Y�H�]�H�W�L��
�]�y�Q�i�N�� �K�H�O�\�H�]�N�H�G�Q�H�N�� �H�O���� �$�� �K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q�� �O�H�M�i�W�V�]�y�G�y�� �I�R�O�\�D�P�D�W�R�N�� �P�H�J�p�U�W�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �W�X�G�Q�L�� �D�]��
�H�J�\�H�V�� �]�y�Q�i�N�U�D���M�H�O�O�H�P�]�� �K���F�L�N�O�X�V�R�N�D�W�����$�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �P�H�O�O�H�W�W�� �D heglencse (WN = weld nugget) 
�D�O�N�R�W�M�D���D���N�|�W�p�V�W�����D�P�L���K�H�J�H�V�]�W�p�V���N�|�]�E�H�Q���P�H�J�R�O�Y�D�G�����t�J�\ �D���K���P�p�U�V�p�N�O�H�W�P�p�U�p�V���H�E�E�H�Q���D���S�R�Q�W�E�D�Q���K���H�O�H�P�P�H�O��
�Q�H�P�� �P�H�J�R�O�G�K�D�W�y�����$�]�� ������ �i�E�U�D�� �P�X�W�D�W�M�D���D�� �K���K�D�W�i�V�|�Y�H�]�H�W�L �]�y�Q�i�N �p�V�� �D�� �K�H�J�O�H�Q�F�V�H�� �K�H�O�\�p�W �H�J�\�� �H�O�O�H�Q�i�O�O�i�V-
�S�R�Q�W�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V���P�D�N�U�R�F�V�L�V�]�R�O�D�W�L���N�p�S�p�Q�� 

 

�������i�E�U�D�����$�]���H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V���I�H�O�p�S�t�W�p�V�H�����K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N�����8�&�+�$�=�����,�&�+�$�=����
�6�&�+�$�=�������D���K�H�J�O�H�Q�F�V�H�����:�1�����p�V���D�]���D�O�D�S�D�Q�\�D�J�����%�0��. 

�$�� �K���P�p�U�V�p�N�O�H�W�P�p�U�p�V�W�� �P�H�J�H�O���]���H�Q�� �P�L�N�U�R�V�]�N�y�S�� �V�H�J�t�W�V�p�J�p�Y�H�O���P�H�J�P�p�U�W�•�N���D�]�� �D�G�R�W�W�� �K���K�D�W�i�V�|�Y�H�]�H�W�L��
�]�y�Q�i�N���S�R�Q�W�R�V���K�H�O�\�p�W���D���K�H�J�O�H�Q�F�V�p�K�H�]���N�p�S�H�V�W�����p�V���H�]���D�O�D�S�M�i�Q���W�|�U�W�p�Q�W���D���S�R�]�t�F�L�R�Q�i�O�i�V���D���W�p�Q�\�O�H�J�H�V���P�p�U�p�V�N�R�U����
�0�L�Y�H�O�� �D�]�� �H�O�O�H�Q�i�O�O�i�V-�S�R�Q�W�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �D�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�� �P�H�Q�W�p�Q�� �V�]�L�P�P�H�W�U�L�N�X�V���� �H�]�p�U�W�� �V�]�L�P�P�H�W�U�L�N�X�V��
�K���F�L�N�O�X�V�W�� �I�H�O�W�p�W�H�O�H�]�W�•�Q�N�� �D�� �N�|�W�p�V�� �N�p�W�� �R�O�G�D�O�i�Q����A 6., a ������ �p�V��a 8. �i�E�U�i�N �V�]�H�P�O�p�O�W�H�W�Lk pontosan, hogy az 
�D�G�R�W�W���K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N���P�p�U�p�V�p�K�H�]���K�R�O���N�H�O�O�H�W�W���H�O�K�H�O�\�H�]�Q�L���D���K���H�O�H�P�H�N�H�W�� 
 

 

�������i�E�U�D�����$���K���H�O�H�P�H�N���K�H�O�\�H���D���V�]�X�S�H�U�N�U�L�W�L�N�X�V���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q (UCHAZ). 
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�������i�E�U�D�����$���K���H�O�H�P�H�N���K�H�O�\�H���D�]���L�Q�W�H�U�N�U�L�W�L�N�X�V���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q (ICHAZ). 

 
  

�������i�E�U�D�����$���K���H�O�H�P�H�N���K�H�O�\�H���D���V�]�X�E�N�U�L�W�L�N�X�V���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q (SCHAZ). 

�$�� �K���P�p�U�V�p�N�O�H�W�P�p�U�p�V�K�H�]���K�D�V�]�Q�i�O�W���.�� �W�t�S�X�V�~�� �K���H�O�H�P�H�N�� �H�J�\�� �+�%�0�� �6�S�L�G�H�U�� ��-�D�V�� �M�H�O�I�H�O�G�R�O�J�R�]�y��
rendszerhez csatlakoztak. A Spider 8-as rendszer �H�J�\���V�]�i�P�t�W�y�J�p�S�S�H�O���N�R�P�P�X�Q�L�N�i�O�W���p�V���D���V�]�i�P�t�W�y�J�p�S�H�Q��
�O�p�Y���� �V�]�R�I�W�Y�H�U�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �W�|�U�W�p�Q�W�� �D�� �K���P�p�U�V�p�N�O�H�W���± �L�G���� �J�|�U�E�p�N�� �I�H�O�Y�p�W�H�O�H���� �0�L�Y�H�O�� �D�� �K�H�J�H�V�]�W�p�V�� �Q�D�J�\�R�Q��
�J�\�R�U�V�� �H�]�p�U�W�� �Y�L�V�]�R�Q�\�O�D�J�� �Q�D�J�\�� �P�L�Q�W�D�Y�p�W�H�O�L�� �I�U�H�N�Y�H�Q�F�L�i�W�� ���������� �+�]���� �N�H�O�O�H�W�W�� �D�O�N�D�O�P�D�]�Q�L���� �$�� �P�p�U�p�V�W�� �W�|�E�E��
�H�V�H�W�E�H�Q�� �L�V�� �]�D�Y�D�U�W�D�� �D�� �K�H�J�H�V�]�W���� �i�U�D�P�� �H�O�H�N�W�U�R�P�i�J�Q�H�V�H�V�� �W�H�U�H���� �H�]�p�U�W�� �D�� �K���P�p�U�V�p�N�O�H�W���± �L�G���� �J�|�U�E�p�N�� �K�H�Y�t�W�p�V�L��
�V�]�D�N�D�V�]�i�Q�D�N�� �V�L�P�t�W�i�V�i�Ua is �V�]�•�N�V�p�J�� �Y�R�O�W�����$�� �V�L�P�t�W�i�V�� �H�J�\�V�]�H�U�&�� �P�R�]�J�y�i�W�O�D�J�� �W�H�F�K�Q�L�N�i�Y�D�O�� �W�|�U�W�p�Q�W����Erre 
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�O�H�J�L�Q�N�i�E�E �D�� �K�H�J�H�V�]�W�p�V�K�H�]�� �O�H�J�N�|�]�H�O�H�E�E�� �H�V���� �U�p�V�]�H�N �J�|�U�E�p�L�Q�p�O�� �Y�R�O�W�� �V�]�•�N�V�p�J���� �$�� ������ �i�E�U�D�� �P�X�W�D�W�� �S�p�O�G�i�N�D�W���D��
�K���F�L�N�O�X�V���P�p�U�p�V���X�W�i�Q�L���S�U�y�E�D�W�H�V�W�H�N�U�H�� 
 

 

9�����i�E�U�D�����0�p�U�p�V���X�W�i�Q�L���S�U�y�E�D�W�H�V�W�H�N���N�p�W���N�•�O�|�Q�E�|�]�����K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y���H�V�H�W�p�Q. 

3. Hegesztési körülmények 

�$�� �K�H�J�H�V�]�W�p�V�K�H�]�� �7�(�&�1�$�� ���������� �W�t�S�X�V�~�� �Y�i�O�W�y�i�U�D�P�~�� �H�O�O�H�Q�i�O�O�i�V�K�H�J�H�V�]�W���� �E�H�U�H�Q�G�H�]�p�V�W�� �K�D�V�]�Q�i�O�W�X�Q�N, TE550 
�Y�H�]�p�U�O���� �H�J�\�V�p�J�J�H�O���� �$���F�V�R�Q�N�D�N�~�S�� �N�L�D�O�D�N�t�W�i�V�~, ���� �P�P�� �N�R�Q�W�D�N�W�� �i�W�P�p�U���M�& �K�H�J�H�V�]�W���� �H�O�H�N�W�U�y�G�R�N�� �D�Q�\�D�J�D��
CuCrZr volt. A �K���F�L�N�O�X�V�� �P�p�U�p�V�� �F�p�O�M�D�� �Q�H�P�F�V�D�N�� �H�J�\�� �D�G�R�W�W�� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O�� �D�G�y�G�y��
�K���P�p�U�V�p�N�O�H�W-�L�G���� �G�L�D�J�U�D�P�R�N�� �P�H�J�K�D�W�i�U�R�]�i�V�D, hanem a �N�•�O�|�Q�E�|�]���� �S�D�U�D�P�p�W�H�U�H�N�� �K�D�W�i�V�i�Q�D�N�� �Y�L�]�V�J�i�O�D�W�D�� �L�V��
�Y�R�O�W���� �(�E�E���O�� �D�G�y�G�y�D�Q���N�p�W �N�•�O�|�Q�E�|�]���� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�� �N�H�U�•�O�W�� �P�H�J�K�D�W�i�U�R�]�i�V�U�D����
�P�L�Q�G�N�H�W�W���Y�H�O���N�L�J�R�P�E�R�O�y�G�R�W�W���N�|�W�p�V�W���O�H�K�H�W�H�W�W���O�p�W�U�H�K�R�]�Q�L�����$���������W�i�E�O�i�]�D�W���P�X�W�D�W�M�D���D���K�D�V�]�Q�i�O�W���S�D�U�D�P�p�W�H�U�H�N�H�W�� 

�������W�i�E�O�i�]�D�W�� �$���K���F�L�N�O�X�V���P�p�U�p�V�H�N�K�H�]���K�D�V�]�Q�i�O�W���K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�N 

A t�H�F�K�Q�R�O�y�J�L�D��
�P�H�J�Q�H�Y�H�]�p�V�H 

�+�H�J�H�V�]�W�p�V�L��
�i�U�D�P�H�U���V�V�p�J 

[kA] 

�+�H�J�H�V�]�W�p�V�L��
�L�G���� 
[ms] 

Impulzusok 
�V�]�i�P�D 

�6�]�•�Q�H�W�L�G����
[ms] 

�+�H�J�H�V�]�W�p�V�L��
�H�U���� 

[kN] 
�/�i�J�\���P�X�Q�N�D�U�H�Q�G 8,5 320 1 - 5 

�����L�P�S�X�O�]�X�V�R�V���K�H�J�H�V�]�W�p�V 6,4 120 2 300 3 
 

Ahogy az �D���W�i�E�O�i�]�D�W�E�D�Q���O�i�W�K�D�W�y���D�]���H�J�\�L�N���W�H�F�K�Q�R�O�y�J�La �O�i�J�\���P�X�Q�N�D�U�H�Q�G�&���Y�R�O�W�����W�H�K�i�W���Y�L�V�]�R�Q�\�O�D�J���K�R�V�V�]�~��
�L�G�H�M�&�� �K�H�J�H�V�]�W�p�V�� �W�|�U�W�p�Q�W���� �P�t�J�� �D�� �P�i�V�L�N�� �W�H�F�K�Q�R�O�y�J�L�D�� �H�V�H�W�p�E�H�Q�� ���� �L�P�S�X�O�]�X�V�W�� �D�O�N�D�O�P�D�]�W�X�Q�N���� �(�]�H�N�N�H�O�� �D��
�S�D�U�D�P�p�W�H�U�H�N�N�H�O�� �P�i�U�� �H�O���]�H�W�H�V�H�Q�� �N�p�V�]�•�O�W�H�N�� �N�|�W�p�V�H�N����a�P�H�O�\�H�N�H�W�� �P�H�J�Y�L�]�V�J�i�O�W�X�Q�N�� �p�V�� �D�]�� �H�U�H�G�P�p�Q�\�H�N�H�W��
�S�X�E�O�L�N�i�O�W�X�N���L�V���>15�@�����$�]���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���D�O�D�S�M�i�Q���M�H�O�H�Q�W���V���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�L���N�•�O�|�Q�E�V�p�J�H�N���D�G�y�G�W�D�N���D��
�N�p�W�� �N�•�O�|�Q�E�|�]���� �S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�Q�i�O���� �t�J�\�� �D�� �P�p�U�p�V�� �V�R�U�i�Q�� �M�H�O�H�Q�W���V�H�Q�� �H�O�W�p�U���� �K���F�L�N�O�X�V�R�N�U�D�� �O�H�K�H�Wett 
�V�]�i�P�t�W�D�Q�L���� 
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4. Mérési eredmények 

�$�]�� �H�O�V���� �P�p�U�p�V�V�R�U�R�]�D�W�R�W�� �D�� �O�i�J�\�� �P�X�Q�N�D�U�H�Q�G�&�� �K�H�J�H�V�]�W�p�V�W�H�F�K�Q�R�O�y�J�L�i�Y�D�O�� �Y�p�J�H�]�W�•�N�� �H�O; itt egy hosszabb 
�K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�W�� �Y�i�U�W�X�Q�N. Emellett, �D�]�� �H�O���]�H�W�H�V�� �P�D�N�U�R�V�]�N�y�S�R�V�� �Y�L�]�V�J�i�O�D�W�R�N�� �D�]�W�� �P�X�W�D�W�W�i�N���� �K�R�J�\�� �D��
�K�H�J�O�H�Q�F�V�H�� �P�p�U�H�W�H�� �L�V�� �Q�D�J�\�R�E�E�� �H�E�E�H�Q�� �D�]�� �H�V�H�W�E�H�Q���� �P�L�Q�W�� �D�� ���� �L�P�S�X�O�]�X�V�R�V�� �W�H�F�K�Q�R�O�y�J�L�i�Q�i�O���� �t�J�\�� �D�� �Q�D�J�\�R�E�E��
�K�H�J�O�H�Q�F�V�H���i�W�P�p�U�����I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�p�Y�H�O���N�H�O�O�H�W�W���L�J�D�]�t�W�D�Q�L���D���P�p�U�p�V�L���K�H�O�\�H�N�H�W�����6�L�N�H�U�H�V���K�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V��
�P�p�U�p�V�W���Y�p�J�H�]�W�•�Q�N���D�]���8�&�+�$�=����az �,�&�+�$�=���p�V���D�]���6�&�+�$�=���]�y�Q�i�N�E�D�Q���L�V�����D���P�p�U�p�V�L���H�U�H�G�P�p�Q�\�H�N�H�W���D�����������i�E�U�D��
�I�R�J�O�D�O�M�D���|�V�V�]�H���� 
 

 

���������i�E�U�D�����+�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V�R�N���O�i�J�\���P�X�Q�N�D�U�H�Q�G���H�V�H�W�p�Q���D���N�•�O�|�Q�E�|�]�����K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N�E�D�Q. 

�$�]�� �i�E�U�i�Q�� �M�y�O�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�� �D�]�� �8�&�+�$�=�� �]�y�Q�i�E�D�Q�� �Y�R�O�W�� ������������ �ƒ�&������
�H�W�W���O���N�L�V�H�E�E���D�G�y�G�R�W�W���D�]���,�&�+�$�=���]�y�Q�i�E�D�Q�������������ƒ�&�������D���O�H�J�N�L�V�H�E�E���S�H�G�L�J���D�]���6�&�+�$�=���]�y�Q�i�E�D�Q �����������ƒ�&��. A 
�K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�H�N�� �P�H�J�O�H�K�H�W���V�H�Q�� �Q�D�J�\�R�N���� �S�p�O�G�i�X�O�� �D�� �������� �ƒ�&-�U�y�O�� �������� �ƒ�&-�U�D�� �W�|�U�W�p�Q�&�� �K�&�O�p�V�� �L�G�H�M�H�� ��������
�P�i�V�R�G�S�H�U�F�U�H���D�G�y�G�R�W�W���D�]���8�&�+�$�=���H�V�H�W�p�Q �������������ƒ�&���V�������P�t�J���,�&�+�$�=���H�V�H�W�p�Q���H�J�\���N�L�F�V�L�W���N�L�V�H�E�E���Y�R�O�W���D���K�&�O�p�V�L��
�L�G�����������������P�i�V�R�G�S�H�U�F�����p�V���Q�D�J�\�R�E�E���D���K�&�O�p�V�L���V�H�E�H�V�V�p�J���������������ƒ�&���V�������0�L�Q�G�K�i�U�R�P���J�|�U�E�p�Q�p�O���M�y�O���O�i�W�K�D�W�y�����K�R�J�\��
a 200 �± �������� �ƒ�&-os tart�R�P�i�Q�\�W�y�O�� �N�H�]�G�Y�H�� �D�� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�� �G�U�D�V�]�W�L�N�X�V�D�Q�� �F�V�|�N�N�H�Q����ami �D�E�E�y�O�� �D�G�y�G�L�N����
�K�R�J�\�� �H�E�E�H�Q�� �D�]�� �L�G���S�L�O�O�D�Q�D�W�E�D�Q�� �Q�\�t�O�Q�D�N�� �V�]�p�W�� �D�]�� �H�O�H�N�W�U�y�G�R�N���� �t�J�\�� �P�H�J�V�]�&�Q�L�N�� �D�� �K�&�W���K�D�W�i�V�X�N����Az SCHAZ 
�]�y�Q�i�E�D�Q���I�H�O�Y�H�W�W���J�|�U�E�H���O�D�V�V�~���K�H�Y�t�W�p�V�L���V�H�E�H�V�V�p�J�H���D�]�]�D�O���P�D�J�\�D�U�i�]�K�D�W�y�����K�R�J�\���D���P�p�U�p�V���D���]�y�Q�D���D�O�D�S�D�Q�\�D�J�K�R�]��
�N�|�]�H�O�L���V�]�p�O�p�Q���W�|�U�W�p�Q�W�����D�K�R�O���D���Q�D�J�\�R�E�E���K���H�O�Y�R�Q�i�V���P�L�D�W�W���O�D�V�V�D�E�E�D�Q���K�H�Y�•�O���I�H�O���D���G�D�U�D�E�����P�L�Q�W���D���K�H�J�O�H�Q�F�V�p�K�H�]��
�N�|�]�H�O�L���U�p�V�]�H�N�H�Q���� 

�$�� �P�i�V�R�G�L�N�� �P�p�U�p�V�L���V�R�U�R�]�D�Wot �D������ �L�P�S�X�O�]�X�V�R�V���W�H�F�K�Q�R�O�y�J�L�i�Q�i�O�� �Y�p�J�H�]�W�•�N�� �H�O�����D�P�H�O�\�Q�p�O���V�]�L�Q�W�p�Q �V�L�N�H�U�•�O�W��
az UCHAZ, az �,�&�+�$�=�� �p�V�� �D�]�� �6�&�+�$�=�� �]�y�Q�i�N�E�D�Q�� �P�H�J�P�p�U�Q�L�� �D�� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�Vokat. A heglencse 
�H�E�E�H�Q�� �D�]�� �H�V�H�W�E�H�Q�� �N�L�V�H�E�E�U�H�� �D�G�y�G�R�W�W���� �t�J�\�� �H�K�K�H�]�� �N�H�O�O�H�W�W�� �L�J�D�]�t�W�D�Q�L�� �D�� �S�R�]�t�F�L�R�Q�i�O�i�V�W���� �Y�D�O�D�P�L�Q�W�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W���P�p�U�H�W�H���L�V���M�y�Y�D�O���N�L�V�H�E�E���Y�R�O�W�����P�L�Q�W���D�]���H�O���]�����W�H�F�K�Q�R�O�y�J�L�i�Y�D�O���N�p�V�]�•�O�W���N�|�W�p�V���H�V�H�W�p�E�H�Q�����$����������
�i�E�U�D���P�X�W�D�W�M�D���D���P�p�U�p�V�L���H�U�H�G�P�p�Q�\�H�N�H�W���� 
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���������i�E�U�D�����+�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V�R�N�������L�P�S�X�O�]�X�V�R�V���K�H�J�H�V�]�W�p�V���H�V�H�W�p�Q���D���N�•�O�|�Q�E�|�]�����K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�N�E�D�Q. 

�0�L�Q�G�H�J�\�L�N�� �K���F�L�N�O�X�V�R�Q�� �W�L�V�]�W�i�Q�� �O�i�W�K�D�W�y�� �D�� ���� �i�U�D�P�L�P�S�X�O�]�X�V�� �K�D�W�i�V�D���� �D�]�� �H�O�V���� �L�P�S�X�O�]�X�V�� �H�V�H�W�p�Q�� �Q�D�J�\�R�E�E��
�K���P�p�U�V�p�N�O�H�W�U�H�� �K�H�Y�•�O�W�� �I�H�O���D�]�� �D�Q�\�D�J���� �P�L�Q�W�� �D�� �P�i�V�R�G�L�N�� �H�V�H�W�E�H�Q���� �(�]�� �D�E�E�y�O�� �D�G�y�G�L�N���� �K�R�J�\�� �D�]�� �H�O�V���� �L�P�S�X�O�]�X�V��
�H�V�H�W�p�Q���D�]���i�W�P�H�Q�H�W�L���H�O�O�H�Q�i�O�O�i�V���M�y�Y�D�O���Q�D�J�\�R�E�E�����P�L�Q�W���D���P�i�V�R�G�L�N���L�P�S�X�O�]�X�V�Q�i�O�����(�E�E���O���D�]���L�V��k�|�Y�H�W�N�H�]�L�N, hogy 
�D�� �P�i�V�R�G�L�N�� �L�P�S�X�O�]�X�V�Q�i�O�� �D�� �Q�D�J�\�R�E�E�� �D�O�D�S�D�Q�\�D�J�� �K���P�p�U�V�p�N�O�H�W�� �R�N�R�]�W�D�� �Q�D�J�\�R�E�E�� �D�Q�\�D�J�H�O�O�H�Q�i�O�O�i�V�� �P�p�U�W�p�N�H��
�Q�H�P���p�U�L���H�O���D�]���H�O�V�����L�P�S�X�O�]�X�V�Q�i�O���D�G�y�G�y���p�U�L�Q�W�N�H�]�p�V�L���H�O�O�H�Q�i�O�O�i�V���P�p�U�W�p�N�p�W�����$�]���8�&�+�$�=���H�V�H�W�p�Q���D���O�H�J�Q�D�J�\�R�E�E��
�P�p�U�W���K���P�p�U�V�p�N�O�H�W�����������ƒ�&���Y�R�O�W�����D�]���,�&�+�$�=���K���F�L�N�O�X�V�Q�i�O�����������ƒ�&���D�G�y�G�R�W�W�����P�t�J���D�]���6�&�+�$�=���H�V�H�W�p�Q�����������ƒ�&��
�F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�W���P�p�U�W�•�Q�N�����$���P�i�V�R�G�L�N���L�P�S�X�O�]�X�V���F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H���D�]���8�&�+�$�=���]�y�Q�i�E�D�Q�����������ƒ�&, az 
�,�&�+�$�=���]�y�Q�i�E�D�Q�����������ƒ�&�����P�t�J���D�]���6�&�+�$�=���]�y�Q�i�E�D�Q�����������ƒ�&���Y�R�O�W�����$�����������ƒ�&-�U�y�O�����������ƒ�&-�U�D���W�|�U�W�p�Q�����K�&�O�p�V��
�F�V�D�N���D�]���8�&�+�$�=���H�V�H�W�p�Q���V�]�i�P�R�O�K�D�W�y���������������V���D�O�D�W�W���K�&�O�W���O�H�����t�J�\���D���K�&�O�p�V�L���V�H�E�H�V�V�p�J�������������ƒ�&���V-�U�D���D�G�y�G�R�W�W�����-�y�O��
�O�i�W�K�D�W�y�����K�R�J�\���D���P�i�V�R�G�L�N���L�P�S�X�O�]�X�V���H�V�H�W�p�Q���D�]���8�&�+�$�=���]�y�Q�i�E�D�Q���M�y�Y�D�O���N�L�V�H�E�E���D���F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�����P�L�Q�W���D�]��
�H�O�V���� �L�P�S�X�O�]�X�V�� �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H���� �P�t�J�� �D�� �W�|�E�E�L�� �]�y�Q�i�E�D�Q�� �H�]�� �D�� �N�•�O�|�Q�E�V�p�J�� �H�J�\�U�H�� �N�L�V�H�Eb. Az is 
�P�H�J�I�L�J�\�H�O�K�H�W�������K�R�J�\���D���P�i�V�R�G�L�N���L�P�S�X�O�]�X�V�R�N���F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�L���N�|�]�|�W�W���N�L�F�V�L���D���N�•�O�|�Q�E�V�p�J���D���N�•�O�|�Q�E�|�]����
�K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N�E�D�Q���� �g�V�V�]�H�V�V�p�J�p�E�H�Q�� �D�� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�R�N�� �U�|�Y�L�G�H�E�E�H�N�� �D�� ���� �L�P�S�X�O�]�X�V�R�V��
�K�H�J�H�V�]�W�p�V�Q�p�O�����P�L�Q�W���D���O�i�J�\���P�X�Q�N�D�U�H�Q�G�&�Q�p�O�� 

5. Összefoglalás 

Az �H�O�Y�p�J�]�H�W�W���N�X�W�D�W�y�P�X�Q�N�D �p�V�� �D�Q�Q�D�N���H�U�H�G�P�p�Q�\�Hi �D�O�D�S�M�i�Q a �N�|�Y�H�W�N�H�]�� �P�H�J�i�O�O�D�S�t�W�i�V�R�N�D�W��fogalmazzuk 
meg. 

�x A �N�L�G�R�O�J�R�]�R�W�W�� �K�H�J�H�V�]�W�p�V�L�� �K���F�L�N�O�X�V�� �P�p�U�p�V�L�� �P�y�G�V�]�H�U�U�H�O���� �Y�D�O�D�P�L�Q�W�� �D�� �K�R�]�]�i�� �W�D�U�W�R�]�y�� �S�U�y�E�D�G�D�U�D�E��
�N�L�D�O�D�N�t�W�i�V�V�D�O���V�L�N�H�U�H�V�H�Q���P�H�J���O�H�K�H�W�H�W�W���P�p�U�Q�L���D���K�H�J�H�V�]�W�p�V�L���K���F�L�N�O�X�V�R�N�D�W �D���K���K�D�W�i�V�|�Y�H�]�H�W���8�&�+�$�=����
�,�&�+�$�=���p�V���6�&�+�$�=���]�y�Q�i�L�E�D�Q���O�i�J�\���P�X�Q�N�D�U�H�Q�G�&���p�V�������L�P�S�X�O�]�X�V�R�V���K�H�J�H�V�]�W�p�V���H�V�H�W�p�Q���L�V�����$���N�D�S�R�W�W��
�K���F�L�N�O�X�V�� �J�|�U�E�p�N�� �M�H�O�O�H�J�H�� �D�]�� �H�O�P�p�O�H�W�L�� �P�H�J�I�R�Q�W�R�O�i�V�R�N�Q�D�N�� �P�H�J�I�H�O�H�O���� �D�� �N�•�O�|�Q�E�|�]���� �K���F�L�N�O�X�V�R�N��
�N�|�]�|�W�W�L���N�•�O�|�Q�E�V�p�J�H�N���O�R�J�L�N�X�V�D�N���� 
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�x �$�� �O�i�J�\�� �P�X�Q�N�D�U�H�Q�G�&�� �K�H�J�H�V�]�W�p�V���H�V�H�W�p�Q�� �D�]�� �8�&�+�$�=�� �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�� ���������� �ƒ�&���� �D�]�� �,�&�+�$�=��
�F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�� �������� �ƒ�&���� �P�t�J�� �D�]�� �6�&�+�$�=�� �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�� �������� �ƒ�&-�U�D�� �D�G�y�G�R�W�W���� �$��
�N�•�O�|�Q�E�|�]���� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �]�y�Q�i�N�� �K���F�L�N�O�X�V�D�L�Q�D�N�� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�H�� �Q�H�P�� �H�J�\�I�R�U�P�D���� �D�� �Q�D�J�\�R�E�E��
�K���P�p�U�V�p�N�O�H�W�U�H�� �K�H�Y�•�O�W�� �U�p�V�]�H�N�� �J�\�R�U�V�D�E�E�D�Q�� �K�&�O�W�H�N���� �P�t�J�� �D�]�� �D�O�D�F�V�R�Q�\�D�E�E�� �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�&�H�N��
lassabban. �$�� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�� �G�U�D�V�]�W�L�N�X�V�D�Q�� �O�H�F�V�|�N�N�H�Q�W�� �D�� ���������± �������� �ƒ�&-�R�V�� �K���P�p�U�V�p�N�O�H�W-
�W�D�U�W�R�P�i�Q�\�E�D�Q���� �D�P�L�� �D�]�� �H�O�H�N�W�U�y�G�� �H�O�W�i�Y�R�O�R�G�i�V�i�Q�D�N�� �W�X�O�D�M�G�R�Q�t�W�K�D�W�y���� �$�� �N�U�L�W�L�N�X�V�� ���������± �������� �ƒ�&��
�K���P�p�U�V�p�N�O�H�W�W�D�U�W�R�P�i�Q�\�E�D�Q���D���K�&�O�p�V�L���V�H�E�H�V�V�p�J �����������ƒ�&���V���Y�R�O�W���D�]���8�&�+�$�=���H�V�H�W�p�Q�����P�t�J���D�]���,�&�+�$�=��
�H�V�H�W�p�Q�������������ƒ�&���V�� 

�x �$�� ���� �L�P�S�X�O�]�X�V�R�V�� �K�H�J�H�V�]�W�p�V�Q�p�O�� �D�]�� �H�O�V���� �L�P�S�X�O�]�X�V�� �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�� �P�L�Q�G�H�Q�� �H�V�H�W�E�H�Q�� �Q�D�J�\�R�E�E��
volt, mint �D���P�i�V�R�G�L�N���L�P�S�X�O�]�X�V�p, ami �D�U�U�D���X�W�D�O�����K�R�J�\���D�]���H�O�V�����L�P�S�X�O�]�X�V�Q�i�O���N�H�O�H�W�N�H�]�����p�U�L�Q�W�N�H�]�p�V�L��
�H�O�O�H�Q�i�O�O�i�V�� �i�O�W�D�O�� �N�H�O�W�H�W�W�� �K���� �Q�D�J�\�R�E�E���� �P�L�Q�W�� �D�� �P�i�V�R�G�L�N�� �L�P�S�X�O�]�X�V�Q�i�O�� �D�� �I���O�H�J�� �D�Q�\�D�J�H�O�O�H�Q�i�O�O�i�V�R�Q��
�N�H�O�H�W�N�H�]�����K�������$�]���H�O�V�����L�P�S�X�O�]�X�V�Q�i�O���D �F�V�~�F�V�K���P�p�U�V�p�N�O�H�W�H�N�����8�&�+�$�=�������������ƒ�&�����,�&�+�$�=�������������ƒ�&����
�6�&�+�$�=�������������ƒ�&�����N�|�]�|�W�W�L���N�•�O�|�Q�E�V�p�J�H�N���L�V���Q�D�J�\�R�E�E�D�N���Y�R�O�W�D�N�����P�L�Q�W���D���P�i�V�R�G�L�N���L�P�S�X�O�]�X�V���H�V�H�W�p�E�H�Q 
(UC�+�$�=�������������ƒ�&���� �,�&�+�$�=�������������ƒ�&�����6�&�+�$�=�������������ƒ�&�������$�����������ƒ�&-�U�y�O�����������ƒ�&-�U�D���W�|�U�W�p�Q�����K�&�O�p�V��
�F�V�D�N���D�]�� �8�&�+�$�=�� �H�V�H�W�p�Q���Y�R�O�W���V�]�i�P�R�O�K�D�W�y�����D���K�&�O�p�V�L���L�G����0,05 s volt���� �t�J�\�� �D�� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�� ����������
�ƒ�&���V-�U�D���D�G�y�G�R�W�W�� 
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Absztrakt  
�9�L�O�O�D�P�R�V�� �W�i�Y�Y�H�]�H�W�p�N�� �K�X�]�D�O�R�N�� �O�H�J�I�R�Q�W�R�V�D�E�E�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �D�� �Y�L�O�O�D�P�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �p�V�� �D��mechanikai 
s�]�L�O�i�U�G�V�i�J���� �$�� �F�L�N�N�E�H�Q���(�1�� �$�:�� ���������� �|�W�Y�|�]�H�W�E���O�� �N�p�V�]�•�O�W�� �K�L�G�H�J�H�Q�� �K�~�]�R�W�W�� �K�X�]�D�O�� �p�V�� �E�H�O���O�H�� �N�p�V�]�•�O�W�� �V�R�G�U�D�W��
�V�W�D�E�L�O�L�]�i�O�y�� �K���N�H�]�H�O�p�V�p�Q�H�N�� �D�� �W�H�F�K�Q�R�O�y�J�L�D�� �M�D�Y�t�W�i�V�D�� �F�p�O�M�i�E�y�O �Y�p�J�]�H�W�W f�H�O�•�O�Y�L�]�V�J�i�O�D�W�it mutatjuk be. A 
�M�H�O�H�Q�O�H�J���D�O�N�D�O�P�D�]�R�W�W�����������ƒ�&-on �K�D�W���y�U�i�Q���N�H�U�H�V�]�W�•�O���Y�p�J�]�H�W�W���V�W�D�E�L�O�L�]�i�O�y �K���N�H�]�H�O�p�V�W���O���E�L�]�R�Q�\�R�V���V�]�H�P�S�R�Q�W�R�N��
�V�]�H�U�L�Q�W���D�O�N�D�O�P�D�V�D�E�E���K���N�H�]�H�O�p�V�L���S�D�U�D�P�p�W�H�U�H�N���P�H�J�K�D�W�i�U�R�]�i�V�D���D���F�p�O. 

Kulcsszavak: �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�����W�i�Y�Y�H�]�H�W�p�N���K�X�]�D�O�����K���N�H�]�H�O�p�V�����V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V�����Y�L�O�O�D�P�R�V���H�O�O�H�Q�i�O�O�i�V����
�V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J. 

Abstract  
The most important properties of electric transmission wires are electrical resistance and tensile 
strength. In this article, a review of the stabilizing heat treatment of EN AW 6101 alloy cold drawn 
wire and stranded wire to improve the technology is presented. The aim is to determine more suitable 
�K�H�D�W���W�U�H�D�W�P�H�Q�W���S�D�U�D�P�H�W�H�U�V���W�K�D�Q���W�K�H���F�X�U�U�H�Q�W���D�J�H�L�Q�J���K�H�D�W���W�U�H�D�W�P�H�Q�W���D�W���������ƒ�&���L�Q���F�H�U�W�D�L�Q���D�V�S�H�F�W�V�� 

Keywords: aluminum alloy, transmission wire, heat treatment, stabilizing heat treatment, electric 
resistance, tensile strength. 

1. Bevezetés 

A�O�X�P�t�Q�L�X�P���I�H�O�V���Y�H�]�H�W�p�N�H�N���J�\�i�U�W�i�V�D���V�R�U�i�Q���|�W�Y�|�]�H�W�O�H�Q���p�V���|�W�Y�|�]�|�W�W���D�O�X�P�t�Q�L�X�P�E�y�O���L�V���N�p�V�]�•�O�Q�H�N���K�X�]�D�O�R�N, 
ez�H�N�E���O�� �N�p�V�]�•�O�� �D�� �N�p�V�]�� �V�R�G�U�D�W����amely �P�i�U �D�O�N�D�O�P�D�]�K�D�W�y nagyf�H�V�]�•�O�W�V�p�J�&�� �Y�L�O�O�D�P�R�V�� �Y�H�]�H�W�p�N�N�p�Q�W. Az 
�|�W�Y�|�]�H�W�O�H�Q���D�O�X�P�t�Q�L�X�P���I�H�O�K�D�V�]�Q�i�O�i�V�D���H�V�H�W�p�Q���H�O���Q�\�N�p�Q�W���M�H�O�H�Q�W�N�H�]�L�N���D���Q�D�J�\�R�Q���N�H�G�Y�H�]�����I�D�M�O�D�J�R�V���Y�L�O�O�D�P�R�V��
�H�O�O�H�Q�i�O�O�i�V���� �X�J�\�D�Q�D�N�N�R�U�� �K�i�W�U�i�Q�\�W�� �M�H�O�H�Q�W�� �D�]�� �D�O�D�F�V�R�Q�\�� �V�]�L�O�i�U�G�V�i�J, �D�P�H�O�\�� �P�L�D�W�W�� �Q�D�J�\�R�E�E�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�&��
�Y�H�]�H�W�p�N�� �V�]�•�N�V�p�J�H�V �D�� �P�H�J�I�H�O�H�O�����W�H�K�H�U�E�t�U�i�V �H�O�p�U�p�V�p�K�H�]���� �$�� �N�t�Y�i�Q�W���W�H�K�H�U�E�t�U�i�V �H�O�p�U�p�V�H�� �p�V�� �D�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W��
�F�V�|�N�N�H�Q�W�p�V�H�� �p�U�G�H�N�p�E�H�Q�� �Q�D�J�\�R�E�E�� �V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J�~�� �D�Q�\�D�J�� �D�O�N�D�O�P�D�]�i�V�D�� �Y�R�O�Q�D�� �F�p�O�V�]�H�U�&�E�E���� �$�]��
�D�O�X�P�t�Q�L�X�P�� �V�]�L�O�i�U�G�V�i�J�i�W�� �K�i�U�R�P�I�p�O�H�N�p�S�S�H�Q�� �O�H�K�H�W�� �Q�|�Y�H�O�Q�L���� �|�W�Y�|�]�p�V�V�H�O���� �K�L�G�H�J�D�O�D�N�t�W�i�V�V�D�O�� �p�V�� �K���N�H�]�H�O�p�V�V�H�O����
�(�E�E���O���D�]���H�O�V�����N�H�W�W�����D���Y�L�O�O�D�P�R�V���H�O�O�H�Q�i�O�O�i�V���Q�|�Y�H�N�H�G�p�V�p�W���L�V���H�U�H�G�P�p�Q�\�H�]�L�����S�H�G�L�J��fontos szempont, hogy a 
�V�]�L�O�i�U�G�V�i�J�Q�|�Y�H�O�p�V��hat�i�V�i�U�D���Q�H���H�P�H�O�N�H�G�M�H�Q���P�H�J���M�H�O�H�Q�W���V�H�Q���D���I�D�M�O�D�J�R�V���Y�L�O�O�D�P�R�V���H�O�O�H�Q�i�O�O�i�V�����X�J�\�D�Q�L�V���D�N�N�R�U��
�D�� �Y�H�]�H�W�p�N�� �Q�|�Y�H�N�Y���� �H�O�O�H�Q�i�O�O�i�V�D�� �P�L�D�W�W���N�H�O�O�H�Q�H�� �P�H�J�Q�|�Y�H�O�Q�L�� �D�� �V�R�G�U�D�W�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�p�W�� �D�]�� �H�O�O�H�Q�i�O�O�i�Vi 
�Y�H�V�]�W�H�V�p�J�H�N�� �F�V�|�N�N�H�Q�W�p�V�H�� �F�p�O�M�i�E�y�O. �$�� �K�i�U�R�P�� �V�]�L�O�i�U�G�V�i�J�Q�|�Y�H�O���� �H�O�M�i�U�i�V�E�y�O���� �P�D�U�D�G�� �D���K���N�H�]�H�O�p�V���� �P�L�Q�W��
�D�O�N�D�O�P�D�]�K�D�W�y���W�H�F�K�Q�R�O�y�J�L�D�� 

�9�L�O�O�D�P�R�V���Y�H�]�H�W�p�N�H�N���D�Q�\�D�J�D�N�p�Q�W���W�H�K�i�W�����R�O�\�D�Q���|�W�Y�|�]�H�W�H�W���N�H�O�O���D�O�N�D�O�P�D�]�Q�L����a�P�H�O�\�Q�H�N���W�X�O�D�M�G�R�Q�V�i�Jai �M�y�O��
�E�H�I�R�O�\�i�V�R�O�K�D�W�y�N�� �K���N�H�]�H�O�p�Vsel. �(�]�H�N�� �D�O�D�S�M�i�Q���� �Y�L�O�O�D�P�R�V�� �Y�H�]�H�W�p�N�H�N�� �J�\�i�U�W�i�V�i�U�D�� �N�H�G�Y�H�]����anyag a 6101-es 
�M�H�O�&���P�D�J�Q�p�]�L�X�P���p�V�� �V�]�L�O�t�F�L�X�P�� �|�W�Y�|�]�p�V�&�� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W���� �D�P�H�O�\�� �N�L�W�&�Q���� �V�]�L�O�i�U�G�V�i�J�D�� �P�H�O�O�H�W�W�� �N�H�G�Y�H�]����
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�Y�L�O�O�D�P�R�V�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O��is rendelkezik���� �p�V�� �K���N�H�]�H�O�p�V�V�H�O�� �P�L�Q�G�N�p�W�� �W�X�O�D�M�G�R�Q�V�i�J�D���V�]�p�O�H�V�� �K�D�W�i�U�R�N�� �N�|�]�W��
�P�y�G�R�V�t�W�K�D�W�y [1]�±[ 2]. 
 

2. �+���N�H�]�H�O�p�V 

 �+���N�H�]�H�O�p�V�Q�H�N�� �Q�H�Y�H�]�]�•�N�� �D�]�R�N�D�W�� �D�]�� �H�O�M�i�U�i�V�R�N�D�W, a�P�H�O�\�H�N�� �V�R�U�i�Q�� �D�� �K���P�p�U�V�p�N�O�H�W�� �W�X�G�D�W�R�V�� �V�]�D�E�i�O�\�R�]�i�V�i�Y�D�O��
�I�p�P�H�N���p�V�� �|�W�Y�|�]�H�W�H�N���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�W���Y�i�O�W�R�]�W�D�W�M�X�N���P�H�J�� �D�� �P�H�F�K�D�Q�L�N�D�L���� �Y�D�J�\�� �H�J�\�p�E�� �P�i�V���W�X�O�D�M�G�R�Q�V�i�J�R�N��
�E�H�I�R�O�\�i�V�R�O�i�V�D���F�p�O�M�i�E�y�O�����(�Q�Q�H�N���V�R�U�i�Q���D���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O���p�V���D���I�p�P�W�i�U�J�\���D�O�D�N�M�D���V�]�L�Q�W�H���Y�i�O�W�R�]�D�W�O�D�Q���P�D�U�D�G����
�O�H�V�]�i�P�t�W�Y�D�� �D�� �K���W�i�J�X�O�i�V�� �R�N�R�]�W�D�� �H�V�H�W�O�H�J�H�V�� �Y�H�W�H�P�H�G�p�V�W, �D�]�� �H�P�H�O�W�� �K���P�p�U�V�p�N�O�H�W�� �P�L�D�W�W�� �E�H�N�|�Y�H�W�N�H�]����
�U�H�Y�p�V�H�G�p�V�W�� �p�V��az �H�V�H�W�O�H�J�H�V�� �I�H�O�•�O�H�W�L�� �|�W�Y�|�]���N�L�p�J�p�V�W. �7�H�U�P�R�G�L�Q�D�P�L�N�D�L�� �V�]�H�P�S�R�Q�W�E�y�O�� �D�� �K���N�H�]�H�O�p�V�H�N�H�W�� �N�p�W��
�U�p�V�]�U�H���R�V�]�W�K�D�W�M�X�N�� az egyik esetben a nemegy�H�Q�V�~�O�\�L���D�Q�\�D�J�V�]�H�U�N�H�]�H�W���D�� �K���N�H�]�H�O�p�V�� �V�R�U�i�Q���D�]�� �H�J�\�H�Q�V�~�O�\�L��
�i�O�O�D�S�R�W�� �I�H�O�p�� �W�D�U�W���� �,�O�\�H�Q�� �S�p�O�G�i�X�O�� �D�� �I�H�V�]�•�O�W�V�p�J�F�V�|�N�N�H�Q�W�������D�� �V�W�D�E�L�O�L�]�i�O�y�� �K���N�H�]�H�O�p�V, �D�� �O�i�J�\�t�W�i�V�� �p�V�� �D��
�K�R�P�R�J�H�Q�L�]�i�O�i�V�����$���P�i�V�L�N���H�V�H�W���D�], �D�P�L�N�R�U���F�p�O�]�R�W�W�D�Q���D���Q�H�P�H�J�\�H�Q�V�~�O�\�L���i�O�O�D�S�R�W���O�p�W�U�H�K�R�]�i�V�i�U�D���W�|�U�H�N�V�]�•�Q�N���D��
�W�H�F�K�Q�R�O�y�J�L�D���P�H�J�Y�D�O�y�V�t�W�i�V�D�N�R�U. �,�O�\�H�Q�� �K���N�H�]�H�O�p�V�L�� �P�y�G�V�]�H�U�� �D�� �Q�H�P�H�V�t�W�p�V���� �D�P�H�O�\�� �V�R�U�i�Q�� �D�]�� �H�P�H�O�W��
�K���P�p�U�V�p�N�O�H�W�H�Q�� �O�p�W�U�H�K�R�]�R�W�W�� �K�R�P�R�J�p�Q�� �V�]�L�O�i�U�G oldatot �K�L�U�W�H�O�H�Q�� �O�H�K�&�W�p�Vsel �Ä�E�H�I�D�J�\�D�V�]�W�M�X�N�´�� �p�V�� �t�J�\, 
�V�]�R�E�D�K���P�p�U�V�p�N�O�H�W�H�Q, nemegye�Q�V�~�O�\�L���V�]�L�O�i�U�G���R�O�G�D�W�R�W���N�D�S�X�Q�N���>3]�±[4]. 

2.1.  Az a�O�X�P�t�Q�L�X�P���V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V�H 

�$�]�� �D�O�D�N�t�W�K�D�W�y�� �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N�� �K���N�H�]�H�O�p�V�L�� �W�H�F�K�Q�R�O�y�J�L�i�M�D�� �D�� �V�W�D�E�L�O�L�]�i�O�y�� �K���N�H�]�H�O�p�V���� �(�]�W�� �D�� �K���N�H�]�H�O�p�V�L��
�P�y�G�V�]�H�U�W���D���K�L�G�H�J�D�O�D�N�t�W�i�V�W���N�|�Y�H�W���H�Q���Y�p�J�]�L�N���H�O�����E�H�I�H�M�H�]�����W�H�F�K�Q�R�O�y�J�L�D�L���O�p�S�p�V�N�p�Q�W�����$���V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V��
�D���O�i�J�\�t�W�y���K���N�H�]�H�O�p�V�Q�p�O �N�L�V�H�E�E���K���P�p�U�V�p�N�O�H�W�H�Q���W�|�U�W�p�Q�L�N, �P�L�Y�H�O���H�Q�Q�H�N���V�R�U�i�Q���Q�H�P���F�p�O���D�]���~�M�U�D�N�U�L�V�W�i�O�\�R�V�R�G�i�V��
�P�H�J�L�Q�G�X�O�i�V�D���p�V���D���K�L�G�H�Jen �D�O�D�N�t�W�R�W�W���V�]�H�U�N�H�]�H�W���W�H�O�M�H�V���H�O�W�&�Q�W�H�W�p�V�H�� 

�$���V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V���V�R�U�i�Q���M�H�O�O�H�P�]���H�Q�����������ƒ�&-�Q�i�O���N�L�V�H�E�E���K���P�p�U�V�p�N�O�H�W�H�Q���W�|�U�W�p�Q�L�N���D���K���N�H�]�H�O�p�V�����D��
�K�H�Y�t�W�p�V�����Y�D�J�\�L�V���D���P�H�O�H�J�t�W�p�V���L�G���W�D�U�W�D�P�D�����D���V�]�H�O�Y�p�Q�\�Y�D�V�W�D�J�V�i�J�W�y�O���I�•�J�J���H�Q���Y�i�O�W�R�]�L�N. �$���K�X�]�D�O�R�N�D�W���M�H�O�O�H�P�]����
�P�y�G�R�Q�� �G�R�E�U�D�� �F�V�p�Y�p�O�Y�H. egyben �K���N�H�]�H�O�L�N���� �H�]�p�U�W�� �D�� �K�H�Y�t�W�p�V�L�� �L�G���� �H�J�\-�N�p�W�� �y�U�D�� �L�V�� �O�H�K�H�W���� �$�� �K���Q�W�D�U�W�i�V��
�L�G���L�Q�W�H�U�Y�D�O�O�X�P�D���D���K���P�p�U�V�p�N�O�H�W�W���O���I�•�J�J���H�Q����-�������y�U�D���N�|�]�|�W�W���Y�i�O�W�R�]�L�N�����D�]���H�O�p�U�Q�L���N�t�Y�i�Q�W���W�X�O�D�M�G�R�Q�V�i�J�R�N�Q�D�N��
meg�I�H�O�H�O���H�Q�����$�� �K���Q�W�D�U�W�i�V�W�� �N�|�Y�H�W���H�Q�� �D�� �K�&�W�p�V�� �Y�L�V�]�R�Q�\�O�D�J�� �O�D�V�V�D�Q�� �]�D�M�O�L�N���� �U�H�Q�G�V�]�H�U�L�Q�W�� �Q�\�X�J�Y�y�� �O�H�Y�H�J���Q��
�W�|�U�W�p�Q�L�N���� �$�� �V�W�D�E�L�O�L�]�i�O�y�� �K���N�H�]�H�O�p�V�� �F�p�O�M�D�� �Q�H�P�� �D�� �P�L�N�U�R�V�]�H�U�N�H�]�H�W�� �p�V�� �D�� �V�]�H�P�F�V�p�N�� �D�O�D�N�M�i�Q�D�N�� �D��
�P�H�J�Y�i�O�W�R�]�W�D�W�i�V�D���� �K�L�V�]�H�Q�� �D�]�� �D�O�D�N�t�W�R�W�W�� �V�]�H�U�N�H�]�H�W�� �W�H�O�M�H�V�� �~�M�U�D�N�U�L�V�W�i�O�\�R�V�t�W�i�V�D�� �V�R�U�i�Q�� �Q�\�H�U�W�� �W�H�[�W�~�U�D�P�H�Q�W�H�V��
�V�]�H�U�N�H�]�H�W���Q�H�P���K�R�U�G�R�]�Q�i���D���K�L�G�H�J�D�O�D�N�t�W�i�V���V�R�U�i�Q���V�]�H�U�]�H�W�W���V�]�L�O�i�U�G�V�i�J�Q�|�Y�H�N�H�G�p�V�W�����H�]�]�H�O���H�O�Y�H�V�]�t�W�Y�H���D�Q�Q�D�N���D��
�I�R�O�\�D�P�D�W�Q�D�N�� �P�L�Q�G�H�Q�� �H�O���Q�\�|�V�� �W�X�O�D�M�G�R�Q�V�i�J�i�W���� �$�� �K���N�H�]�H�O�p�V��elvi �K���P�p�U�V�p�N�O�H�W-�L�G���� �G�L�D�J�U�D�P�M�i�W��az 1���� �i�E�Ua 
�V�]�H�P�O�p�O�W�H�W�L [5]�±[6].  
 



Kuzsella L. �$�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�E���O���K�L�G�H�J�H�Q���K�~�]�R�W�W���Y�L�O�O�D�P�R�V���W�i�Y�Y�H�]�H�W�p�N���K�X�]�D�O���K���N�H�]�H�O�p�V�p�Q�H�N���Y�L�]�V�J�i�O�D�W�D 
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1�����i�E�Ua. �$���V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V���K���P�p�U�V�p�N�O�H�W-�L�G�����G�L�D�J�U�D�P�M�D �D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�H�N���H�V�H�W�p�Q. 

�$���V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V���F�p�O�M�D���D���P�D�U�D�G�y���I�H�V�]�•�O�W�V�p�J�H�N���F�V�|�N�N�H�Q�W�p�V�H�����D���G�L�V�]�O�R�N�i�F�L�y�V���V�]�H�U�N�H�]�H�W���U�p�V�]�O�H�J�H�V��
�~�M�U�D�U�H�Q�G�H�]���G�p�V�H�� �V�R�U�i�Q�� �Y�p�J�E�H�P�H�Q���� �U�p�V�]�O�H�J�H�V�� �P�H�J�~�M�X�O�i�V���� �(�Q�Q�H�N�� �V�R�U�i�Q�� �D�� �V�]�L�O�i�U�G�V�i�J�� �N�L�V�P�p�U�W�p�N�E�H�Q��
�F�V�|�N�N�H�Q�����D���V�]�D�N�D�G�i�V�L���Q�\�~�O�i�V���S�H�G�L�J���Q�|�Y�H�N�V�]�L�N�����I�•�J�J���H�Q���D���K���Q�W�D�U�W�i�V���K���P�p�U�V�p�N�O�H�W�p�W���O���p�V���L�G���W�D�U�W�D�P�i�W�y�O�����$��
�Y�L�O�O�D�P�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �D�� �K���N�H�]�H�O�p�V���V�R�U�i�Q�� �F�V�|�N�N�H�Q���� �D�P�H�O�\�� �D�Q�Q�D�N���N�|�V�]�|�Q�K�H�W������ �K�R�J�\��a �U�i�F�V�K�L�E�i�N�� �V�]�i�P�i�Q�D�N��
�F�V�|�N�N�H�Q�p�V�H�� �Q�D�J�\�R�E�E�� �W�p�U�I�R�J�D�W�K�i�Q�\�D�G�E�D�Q�� �K�R�]�� �O�p�W�U�H�� �K�L�E�D�P�H�Q�W�H�V�� �V�]�|�Y�H�W�H�W���� �D�P�H�O�\�� �t�J�\�� �D�]�� �H�O�H�N�W�U�R�Q�R�N��
�i�U�D�P�O�i�V�i�W�� �Q�H�P�� �D�N�D�G�i�O�\�R�]�]�D�� �R�O�\�� �P�H�U�W�p�N�E�H�Q�� �P�L�Q�W�� �D�� �U�i�F�V�K�L�E�i�N�N�D�O�� �W�&�]�G�H�O�W�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W���� �$�� �U�i�F�V�K�L�E�i�N��
�H�J�\�� �D�O�D�N�t�W�R�W�W�� �|�W�Y�|�]�H�W�E�H�Q�� �]�|�P�pben �D�]�� �D�O�i�E�E�L�� �N�p�W�� �I�D�M�W�i�Y�D�O�� �Y�D�Q�Q�D�N�� �M�H�O�H�Q���� �H�J�\�U�p�V�]�W�� �G�L�V�]�O�R�N�i�F�L�y�N��
�I�R�U�P�i�M�i�E�D�Q����a�P�H�O�\�H�N�� �V�]�i�P�D�� �D�� �K�L�G�H�J�D�O�D�N�t�W�i�V�� �P�p�U�W�p�N�p�Y�H�O�� �Q�|�Y�H�N�V�]�L�N���� �P�i�V�U�p�V�]�W�� �S�H�G�L�J�� �D�� �V�]�L�O�i�U�G�� �R�O�G�D�W�E�D�Q��
�O�p�Y��, �L�Q�W�H�U�V�W�L�F�L�y�V�D�Q�����Y�D�J�\���V�]�X�E�V�]�W�L�W�~�F�L�y�V�D�Q���R�O�G�R�W�W���L�G�H�J�H�Q���D�W�R�P�R�N���I�R�U�P�i�M�i�E�D�Q [7].  

�$�� �K���N�H�]�H�O�p�V�� �K�D�W�i�V�i�U�D�� �Y�p�J�E�H�P�H�Q���� �W�H�O�M�H�V�� �Y�D�J�\�� �U�p�V�]�O�H�J�H�V�� �P�H�J�~�M�X�O�i�V�� �V�R�U�i�Q�� �D�� �G�L�V�]�O�R�N�i�F�L�y�N�� �V�]�i�P�D��
�F�V�|�N�N�H�Q���R�O�\�D�Q���P�y�G�R�Q�����K�R�J�\���D�]���H�O�O�H�Q�W�p�W�H�V���L�U�i�Q�\�~���E�X�U�J�H�U�V���Y�H�N�W�R�U�U�D�O���U�H�Q�G�H�O�N�H�]�����G�L�V�]�O�R�N�i�F�L�y�N���P�R�]�J�i�V�X�N��
�V�R�U�i�Q���H�J�\�P�i�V�V�D�O���V�]�H�P�E�H���N�H�U�•�O�Q�H�N���p�V���H�J�\�P�i�V�W���N�L�R�O�W�M�i�N�����(�P�H�O�O�H�W�W���D���V�]�L�O�i�U�G���R�O�G�D�W�E�D�Q���O�p�Y�����L�G�H�J�H�Q���D�W�R�P�R�N��
�H�P�H�O�W���K���P�p�U�V�p�N�O�H�W�H�Q���� �D�K�R�O���O�H�K�H�W���V�p�J�� �Q�\�t�O�L�N�� �D�� �Q�D�J�\�R�E�E�� �G�L�I�I�~�]�L�y�V�� �V�H�E�H�V�V�p�J�U�H, �N�L�Y�i�O�i�V�R�N�D�W���K�R�]�Q�D�N���O�p�W�U�H����
a�P�H�O�\�H�N�� �V�]�L�Q�W�p�Q�� �F�V�|�N�N�H�Q�W�L�N�� �D�]�� �H�O�H�N�W�U�R�Q�R�N�� �i�U�D�P�O�i�V�i�Q�D�N��az �H�O�O�H�Q�i�O�O�i�V�i�W����mivel tiszta, �|�W�Y�|�]�H�W�O�H�Q��
�W�p�U�I�R�J�D�W�U�p�V�]�H�N keletkeznek. 

�$���V�W�D�E�L�O�L�]�i�O�y���K���N�H�]�H�O�p�V���D�]���|�W�Y�|�]�|�W�W���Y�L�O�O�D�P�R�V���W�i�Y�Y�H�]�H�W�p�N�H�N���H�V�H�W�p�Q��szinte minden esetben alkalmazott 
�K���N�H�]�H�O�p�V�L�� �P�y�G�V�]�H�U���� �$���W�H�F�K�Q�R�O�y�J�L�D �H�O���Q�\�H���� �K�R�J�\�� �D�� �K�L�G�H�J�D�O�D�N�t�W�i�V�� �V�R�U�i�Q�� �P�H�J�V�]�H�U�]�H�W�W�� �H�O���Q�\�|�V��
�P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�� �Q�H�P�� �W�&�Q�Q�H�N�� �H�O teljesen���� �t�J�\�� �W�R�Y�i�E�E�U�D�� �L�V�� �Q�D�J�\�� �V�]�L�O�i�U�G�V�i�J�~�� �K�X�]�D�O�W�� �N�D�S�X�Q�N�� �D��
�K���N�H�]�H�O�p�V�W�� �N�|�Y�H�W���H�Q�� �L�V���� �(�P�H�O�O�H�W�W�� �Y�L�V�]�R�Q�W�� �D�� �P�L�N�U�R�V�]�H�U�N�H�]�H�W�L�� �Y�i�O�W�R�]�i�V�R�N�Q�D�N�� �N�|�V�]�|�Q�K�H�W���H�Q�� �D�� �I�D�M�O�D�J�R�V��
�Y�L�O�O�D�P�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �P�p�U�W�p�N�H�� �P�p�J�L�V�� �F�V�|�N�N�H�Q���� �D�P�H�O�\�� �S�H�G�L�J�� �U�H�Q�G�N�t�Y�•�O�� �H�O���Q�\�|�V�� �W�X�O�D�M�G�R�Q�V�i�J�� �D�]��villamos 
�Y�H�]�H�W�p�N�H�N �H�V�H�W�p�Q�� 

2.2. A vizsgált alumíniumötvözet 

�$���Y�L�]�V�J�i�O�W���D�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W���D�]��EN AW 6101 �M�H�O�&�����P�D�J�Q�p�]�L�X�P���p�V���V�]�L�O�t�F�L�X�P���|�W�Y�|�]�p�V�&�����Q�p�S�V�]�H�U�&���Q�H�Y�p�Q��
AlMgSi �|�W�Y�|�]�H�W. 
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Az ebben �D�� �F�V�R�S�R�U�W�E�D�Q�� �W�D�O�i�O�K�D�W�y �|�W�Y�|�]�|�W�W �D�O�X�P�t�Q�L�X�P�R�N e�O���Q�\�|�V�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �N�|�]�p�� �W�D�U�W�R�]�L�N���� �K�R�J�\��
�Y�L�V�]�R�Q�\�O�D�J�� �M�y�� �V�]�L�O�i�U�G�V�i�J�� �P�H�O�O�H�W�W���L�V�� �P�H�J�W�D�U�W�M�i�N�� �D�O�D�N�t�W�K�D�W�y�V�i�J�X�N�D�W���� �p�V���H�P�H�O�O�H�W�W���D���I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�X�N���L�V��
�N�L�F�V�L���� �1�H�P�H�V�t�W�K�H�W���N���� �t�J�\�� �V�]�L�O�i�U�G�V�i�J�X�N�� �M�y�Y�D�O�� �P�H�J�K�D�O�D�G�M�D�� �D�� �V�]�L�O�i�U�G�R�O�G�D�W�R�V�� �|�W�Y�|�]�H�W�H�N�p�W���� �$�� �O�H�J�N�|�U�L��
k�R�U�U�y�]�L�y�Y�D�O�� �V�]�H�P�E�H�Q�� �H�O�O�H�Q�i�O�O�y�D�N���� �H�O�R�[�i�O�K�D�W�y�D�N���� �-�y�O�� �K�H�J�H�V�]�W�K�H�W���� �|�W�Y�|�]�H�W�H�N���� �H�]�p�U�W�� �H�O�W�H�U�M�H�G�W�H�Q��
�D�O�N�D�O�P�D�]�]�i�N�� �D�� �M�i�U�P�&�L�S�D�U�E�D�Q�� �N�D�U�R�V�V�]�p�U�L�D�H�O�H�P�N�p�Q�W���� �J�i�]�S�D�O�D�F�N�R�N, �Y�L�O�O�D�P�R�V�� �Y�H�]�H�W�p�N�H�N �p�V�� �J�\�&�M�W���V�t�Q�H�N 
�J�\�i�U�W�i�V�i�U�D���� �$�]�� �$�O�0�J�6�L�� �|�W�Y�|�]�H�W�H�N�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �P�H�Q�Q�\�L�V�p�J�E�H�Q�� �H�O���i�O�O�t�W�R�W�W���p�V�� �I�H�O�K�D�V�]�Q�i�O�W���D�O�X�P�t�Q�L�X�P-
�|�W�Y�|�]�H�W�H�N �N�|�]�p���W�D�U�W�R�]�Q�D�N. �$�]���|�W�Y�|�]�H�W���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�p�W, �W�|�P�H�J�V�]�i�]�D�O�p�N�E�D�Q, az �������W�i�E�O�i�]�D�W���W�D�U�W�D�O�P�D�]�]�D 
[8]. 

�������W�i�E�O�i�]�D�W�� Az EN AW 6101 �M�H�O�&���|�W�Y�|�]�H�W���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H [ �W�|�P�H�J%] 

Si Fe Cu Mn Mg Cr  Zn �(�J�\�p�E 
0,3 - 0,6 0,1 - 0,3 max. 0,05 max. 0,05 0,35 - 0,6 �± max. 0,1 max. 0,1 

3. Kísérleti terv 

�$�� �Y�L�]�V�J�i�O�D�W�V�R�U�R�]�D�W�R�W�� �H�J�\�� �N�R�Q�N�U�p�W�� �L�S�D�U�L�� �S�U�R�E�O�p�P�D�� �K�t�Y�W�D�� �p�O�H�W�U�H�����9�L�O�O�D�P�R�V�� �Y�H�]�H�W�p�N�H�N�� �K�X�]�D�O�i�Q�D�N��
�D�O�N�D�O�P�D�]�R�W�W�� �|�W�Y�|�]�H�W�� �V�W�D�E�L�O�L�]�i�O�y�� �K���N�H�]�H�O�p�V�p�W�� �������ƒ�&-�R�Q�� ���� �y�U�i�V�� �K���Q�W�D�U�W�i�V�V�D�O �Y�p�J�]�L�N���� �$�]�R�Q�E�D�Q�� �H�O�p�J��
�J�\�D�N�U�D�Q���I�H�O�P�H�U�•�O�����K�R�J�\���Q�H�P���P�H�J�I�H�O�H�O�����V�]�L�O�i�U�G�V�i�J�~���p�V �D�]���H�O�Y�i�U�W�W�y�O���N�L�V�H�E�E �D�O�D�N�Y�i�O�W�R�]�y �N�p�S�H�V�V�p�J�&���O�H�V�]���D��
huzal. 

�$�� �J�\�i�U�W�i�V�H�O�O�H�Q���U�]�p�V�� �V�R�U�i�Q�� �D�]�� �(�1�� ������������ �V�]�i�P�~ (Conductors for overhead lines) �V�]�D�E�Y�i�Q�\�Q�D�N��[9] 
megfele�O���H�Q�� �]�D�M�O�L�N�� �D�� �P�L�Q���V�p�J-ellen���U�]�p�V�� �$�� �V�]�D�E�Y�i�Q�\�� �P�L�Q���V�p�J�L�� �R�V�]�W�i�O�\�R�N�E�D�� �V�R�U�R�O�Y�D �p�V �i�W�P�p�U����
intervallumokban adja �P�H�J�� �D�� �P�H�J�I�H�O�H�O���V�p�J�L�� �P�p�U���V�]�i�P�R�N�D�W���� �$�� �O�H�J�J�\�D�N�U�D�E�E�D�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �P�L�Q���V�p�J�L��
�R�V�]�W�i�O�\, az AL �����H�V�H�W�p�Q���D���P�H�J�I�H�O�H�O���V�p�J�L���V�]�i�P�R�N�D�W���D���������W�i�E�O�i�]�D�W���W�D�U�W�D�O�P�D�]�]�D. 

2�����W�i�E�O�i�]�D�W����Az �(�1���������������V�]�i�P�~���V�]�D�E�Y�i�Q�\�E�D�Q���H�O���t�U�W���P�L�Q���V�p�J�E�L�]�W�R�V�t�W�i�V�L���p�U�W�p�N�H�N �$�/�����P�L�Q���V�p�J�L���R�V�]�W�i�O�\ra  

�0�L�Q���V�p�J�L��
�R�V�]�W�i�O�\ 

 

�1�p�Y�O�H�J�H�V���i�W�P�p�U����
[mm] �6�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J��

[N/mm2] 
�6�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L��

�Q�\�~�O�i�V���>���@ 
�)�D�M�O�D�J�R�V���H�O�O�H�Q�i�O�O�i�V��

[�P�
�Â�P�P2/m] 
�P�P-�W���O mm-ig 

AL 3 1,50 5,00 �• 295 �• 3,5 �” 32,53 
 

Az ipari gyakorlat azt mutatta, hogy �D�� �M�H�O�H�Q�O�H�J�� �D�O�N�D�O�P�D�]�R�W�W�� �K���N�H�]�H�O�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N�� �P�H�O�O�H�W�W����a 
�I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �M�yval a megengedett alatt maradt, vagyis �S�U�R�E�O�p�P�D�� �Q�p�O�N�•�O��megfelel. Ellenben a 
�V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J���p�V���D���V�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L���Q�\�~�O�i�V���H�O�p�J���J�\�D�N�U�D�Q���Q�H�P���p�Ui �H�O���D���P�H�J�N�t�Y�i�Q�W���p�U�W�p�N�H�W�� Ez azt 
a gondolatot veti fel, hogy egy kisebb �K���N�H�]�H�O�W�V�p�J�L�� �i�O�O�D�S�R�Wtal, is �E�L�]�W�R�V�t�W�D�Q�L�� �O�H�K�H�W�Q�H�� �D�� �P�H�J�N�t�Y�i�Q�W 
villamos �H�O�O�H�Q�i�O�O�i�V�� �p�U�W�p�N�H�W���� �P�L�N�|�]�E�H�Q�� �D�� �K�L�G�H�J�D�O�D�N�t�W�i�V�� �V�R�U�i�Q�� �N�L�D�O�D�N�t�W�R�W�W�� �N�H�G�Y�H�]���� �V�]�L�O�i�U�G�V�i�J�L�� �p�U�W�p�N�H�N��
�M�R�E�E�D�Q���P�H�J�P�D�U�D�G�Q�i�Q�D�N�� 

A kisebb �K���N�H�]�H�O�W�V�p�J�L�� �i�O�O�D�S�R�W�� �N�p�W�I�p�O�H�� �N�p�S�S�H�Q�� �p�U�K�H�W���� �H�O���� �Y�D�J�\��kisebb �K���P�p�U�V�p�N�O�H�W�&�� �K���N�H�]�H�O�p�V�V�H�O��
�Y�D�J�\�� �S�H�G�L�J�� �U�|�Y�L�G�H�E�E�� �L�G�H�L�J�� �W�|�U�W�p�Q���� �K���Q�W�D�U�W�i�V�V�D�O���� �0�L�Y�H�O�� �D�]�� �H�J�\�H�Q�V�~�O�\�L�K�R�]�� �N�|�]�H�O�L�� �i�W�D�O�D�N�X�O�i�V�R�N��
�L�G���V�]�•�N�V�p�J�O�H�W�H�� �Q�D�J�\���� �H�]�p�U�W �F�p�O�V�]�H�U�& �D�� �K���Q�W�D�U�W�i�V�L�� �L�G���W�� �Y�i�O�W�R�]�D�W�O�D�Q�X�O�� �K�D�J�\ni, �D�� �K���P�p�U�V�p�N�O�H�W�H�W ellenben 
�N�L�V�P�p�U�W�p�N�E�H�Q���F�V�|�N�N�H�Q�W�Y�H���H�O�p�U�K�H�W����a �N�L�V�H�E�E���K���N�H�]�H�O�W�V�p�J�L���i�O�O�D�S�R�W. 

A�]�� �H�O���]���H�N figyelembe�Y�p�W�H�O�p�Y�H�O���H�J�\�� �R�O�\�D�Q�� �N�t�V�p�U�O�H�W�W�H�U�Y�H�W���D�O�N�R�W�W�X�Q�N�� �P�H�J����a�P�H�O�\�Q�H�N�� �V�R�U�i�Q�� �D�]�� �H�G�G�L�J��
�D�O�N�D�O�P�D�]�R�W�W�� �������ƒ�&�� �K�H�O�\�H�W�W�� �H�J�\�� �N�L�F�V�L�W��alacsonyabb���� �������ƒ�&-�R�Q�� �Y�p�J�H�]tek �K���N�H�]�H�O�p�V�W. A �K���Q�W�D�U�W�i�V��
�L�G���W�D�U�W�D�P�i�W�� �H�O�O�H�Q�E�H�Q�� �P�H�J�Q�|�Y�H�O�Y�H�� ������ ������ ������ �p�V�� ������ �y�U�D�� �K���Q�W�D�U�W�i�V�L�� �L�G���� �X�W�i�Q �I�H�M�H�]�W�p�N�� �E�H�� �D�� �V�W�D�E�L�O�L�]�i�O�i�V�W����
�P�p�U�W�p�N�� �P�H�J���D�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���� �p�V�� �K�D�V�R�Q�O�t�W�D�Q�i�Q�N�� �|�V�V�]�H�� �D�� �K���N�H�]�H�O�H�W�O�H�Q�� ���������ƒ�&���� �����y�U�D���� �p�V��a jelenleg 
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�D�O�N�D�O�P�D�]�R�W�W�� �S�D�U�D�P�p�W�H�U�H�N�N�H�O�� ���������ƒ�&���� �����y�U�D���� �N�L�D�O�D�N�X�O�W�� �W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O. �g�V�V�]�H�V�H�Q�� �W�H�K�i�W�� �K�D�W�I�p�O�H��
�K���N�H�]�H�O�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�W���Y�L�]�V�J�i�O�W�X�Q�N�� 

�$�� �Y�L�]�V�J�i�O�D�W�R�N�D�W������ �P�P�� �i�W�P�p�U���M�&�� �p�V�� �������� �P�� �K�R�V�V�]�~�V�i�J�~�� �K�X�]�D�O�R�Q���Y�p�J�H�]�W�•�N���� �K�R�J�\�� �D�]�� �H�J�\�� �P�p�W�H�U�U�H���Y�H�W�W��
�I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�P�p�U�p�V�W�� �p�V�� �D�� �������� �P�P�� �M�H�O�W�i�Y�R�O�V�i�J�R�Q�� �Y�p�J�]�H�W�W�� �V�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�W�R�W�� �L�V�� �N�|�Q�Q�\�&�� �O�H�J�\�H�Q��
kivitelezni. 

�$���K���N�H�]�H�O�p�V�H�N�H�W���%�,�1�'�(�5���J�\�i�U�W�P�i�Q�\�~, �Y�L�O�O�D�P�R�V���I�&�W�p�V�&, 400 x 500 x 650 mm-es munkat�H�U�& labora-
�W�y�U�L�X�P�L�� �N�H�P�H�Q�F�pben �Y�p�J�H�]�W�p�N���� �$�� �I�D�M�O�D�J�R�V�� �Y�L�O�O�D�P�R�V�� �H�O�O�H�Q�i�O�O�i�V�W�� �5�H�V�L�V�W�R�P�D�W�� ���������� �W�t�S�X�V�~�� �E�H�U�H�Q�G�H�]�p�V�V�H�O��
�P�p�U�W�p�N. A �N�p�V�]�•�O�p�N�� �D�� �K�X�]�D�O�W�� �D�� �N�p�W�� �Y�p�J�p�Q�� �H�J�\-�H�J�\�� �V�]�R�U�t�W�y�S�R�I�D�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �U�|�J�]�t�W�L���� �D�P�H�O�\�H�N�� �O�H�K�H�W���Y�p��
�W�H�V�]�L�N���� �K�R�J�\�� �D�� �N�p�W�� �p�U�L�Q�W�N�H�]���� �N�|�]�|�W�W�L�� �K�X�]�D�O�U�p�V�]�� �S�R�Q�W�R�V�D�Q�� ���� �P�p�W�H�U�� �K�R�V�V�]�~�V�i�J�~�� �O�H�J�\�H�Q���� �$�]�� �p�U�L�Q�W�N�H�]���N��
�U�p�]�E���O���N�p�V�]�•�O�W�H�N���D���P�H�J�I�H�O�H�O�����Y�H�]�H�W���N�p�S�H�V�V�p�J���P�L�D�W�W���p�V���U�X�J�y�H�U�����V�]�R�U�t�W�M�D���D���K�X�]�D�O���I�H�O�•�O�H�W�p�K�H�]���D���P�H�J�I�H�O�H�O����
�H�O�H�N�W�U�R�P�R�V�� �N�R�Q�W�D�N�W�X�V�� �N�L�D�O�D�N�t�W�i�V�D�� �F�p�O�M�i�E�y�O�� �$�� �V�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�W�R�N�D�W�� �,�1�6�7�5�2�1�� ���������� �W�t�S�X�V�~�� �X�Q�L�Y�H�U�]�i�O�L�V��
�D�Q�\�D�J�Y�L�]�V�J�i�O�y�� �E�H�U�H�Q�G�H�]�p�V�V�H�O���� �p�N�S�i�O�\�i�V�� �E�H�I�R�J�y�N�N�D�O�� �Y�p�J�H�]�W�p�N�� �$�� �K���N�H�]�H�O�p�V�H�Nre, a fajlagos villamos 
�H�O�O�H�Q�i�O�O�i�V �P�p�U�p�Vekre �p�V���D���V�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�W�Rkra a FUX Z�U�W�����P�L�V�N�R�O�F�L���W�H�O�H�S�K�H�O�\�p�Q���N�H�U�•�O�W���V�R�U. 

4. Eredmények értékelése 

�0�L�Q�G�H�Q�� �K���N�H�]�H�O�W�V�p�J�L���Y�i�O�W�R�]�D�W�� �H�V�H�W�p�E�H�Q �W�t�]-�W�t�] �S�i�U�K�X�]�D�P�R�V�� �Y�L�]�V�J�i�O�D�W�R�W�� �Y�p�J�H�]�W�•�Q�N�� �D�� �Y�L�O�O�D�P�R�V�� �p�V�� �D��
�P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���P�H�J�K�D�W�i�U�R�]�i�V�i�U�D���� 

�$���Y�L�]�V�J�i�O�D�W�R�N���V�R�U�i�Q���Y�p�J�]�H�W�W���V�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�W�R�N���V�W�D�W�L�V�]�W�L�N�D�L���N�L�p�U�W�p�N�H�O�p�V�p�Q�H�N���H�U�H�G�P�p�Q�\�p�W���P�X�W�D�W�M�D���D 2. 
�i�E�U�D. �$���W�t�]���S�i�U�K�X�]�D�P�R�V���P�p�U�p�V���i�W�O�D�J�H�U�H�G�P�p�Q�\�H���Y�D�Q���i�E�U�i�]�R�O�Y�D���R�V�]�O�Rpdigramban, �D���V�]�y�U�i�V�N�|�]�|�N�N�H�O�� 

 

2�����i�E�U�D�����$���N�•�O�|�Q�E�|�]�����K���N�H�]�H�O�p�V�L���K���P�p�U�V�p�N�O�H�W�H�N���p�V���L�G���N���V�R�U�i�Q���P�H�J�K�D�W�i�U�R�]�R�W�W���V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J�R�N��
�i�W�O�D�J�D�L���D���V�]�y�U�i�V�P�H�]���N�N�H�O. 
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�$�� �V�]�D�N�t�W�y�Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q, a �V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J�� �P�H�O�O�H�W�W, a �V�]�i�]�D�O�p�N�R�V �V�]�D�N�D�G�i�V�L�� �Q�\�~�O�i�V�� �p�U�W�p�N�H���N�H�U�•�O�W��
�P�H�J�K�D�W�i�U�R�]�i�Va�����(�]���D���P�p�U���V�]�i�P���D�]���D�O�D�N�Y�i�O�W�R�]�i�V�U�D���X�W�D�O�y���P�H�Q�Q�\�L�V�p�J����a�P�H�O�\�E���O���D�]���D�Q�\�D�J���D�O�D�N�t�W�K�D�W�y�V�i�J�i�U�D��
�p�V���U�L�G�H�J-�N�p�S�O�p�N�H�Q�\���N�D�U�D�N�W�H�U�L�V�]�W�L�N�i�M�i�U�D���O�H�K�H�W���N�|�Y�H�W�N�H�]�W�H�W�Q�L�����$���K�X�]�D�O�R�N���H�V�H�W�p�E�H�Q���D���N�p�S�O�p�N�H�Q�\���Y�L�V�H�O�N�H�G�p�V�L��
�P�y�G�� �N�H�G�Y�H�]���E�E���� �H�]�� �D�� �Q�D�J�\�R�E�E���V�]�i�]�D�O�p�N�Rs �V�]�D�N�D�G�i�V�L�� �Q�\�~�O�i�V�� �H�V�H�W�p�E�H�Q�� �i�O�O�� �I�H�Q�Q����A 3���� �i�E�U�i�Q �O�i�W�K�D�W�yk a 
�N�•�O�|�Q�I�p�O�H�� �K���P�p�U�V�p�N�O�H�W�H�Q�� �p�V�� �L�G���W�D�U�W�D�P�P�D�O�� �K���N�H�]�H�O�W�� �P�L�Q�W�i�N���i�W�O�D�J�R�V���V�]�i�]�D�O�p�N�R�V sza�N�D�G�i�V�L�� �Q�\�~�O�i�V��
oszlopai, �D���V�]�y�U�i�V�P�H�]���N�N�H�O �H�J�\�•�W�W. 

 

3�����i�E�U�D�����$���N�•�O�|�Q�E�|�]�����K���N�H�]�H�O�p�V�L���K���P�p�U�V�p�N�O�H�W�H�N���p�V���L�G���N���V�R�U�i�Q���P�H�J�K�D�W�i�U�R�]�R�W�W���i�W�O�D�J�R�V���V�]�i�]�D�O�p�N�R�V 
�V�]�D�N�D�G�i�V�L���Q�\�~�O�i�V���i�W�O�D�J�R�N���D���V�]�y�U�i�V�P�H�]���N�N�H�O. 

�$�P�H�Q�Q�\�L�E�H�Q���F�V�D�N���D���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���Y�H�Q�Q�p�N���I�L�J�\�H�O�H�P�E�H, akkor �N�L�M�H�O�H�Q�W�K�H�W�Q�p�Q�N�����K�R�J�\���D��
�O�H�J�N�H�G�Y�H�]���E�E���p�U�W�p�N�H�N �P�L�Q�G�N�p�W���P�H�Q�Q�\�L�V�p�J���H�V�H�W�p�E�H�Q�� �D�� ���� �y�U�i�L�J�� �K���N�H�]�H�O�W���� �Y�D�J�\�L�V�� �K���N�H�]�H�O�H�W�O�H�Q darabon 
�I�L�J�\�H�O�K�H�W���N�� �P�H�J���� �K�L�V�]�H�Q�� �D�]�� �p�U�W�p�N�H�N�� �L�W�W�� �D�� �O�H�J�P�D�J�D�V�D�E�E�D�N�����9�D�J�\�L�V�� �N�L�M�H�O�H�Q�W�K�H�W������ �K�R�J�\�� �D�� �Y�i�U�W�Q�D�N��
�P�H�J�I�H�O�H�O���H�Q���D �K���N�H�]�H�O�p�V���D���P�H�F�Ka�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���U�R�Q�W�M�D�����D���K�R�V�V�]�D�E�E���L�G�H�L�J���W�|�U�W�p�Q�����K���Q�W�D�U�W�i�V���p�V���D��
nagyobb �K���P�p�U�V�p�N�O�H�W�H�Q�� �H�O�Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V���K�D�W�i�V�i�U�D �P�L�Q�G�� �D�� �V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J���� �P�L�Q�G�� �S�H�G�L�J�� �D��
�V�]�i�]�D�O�p�N�R�V �V�]�D�N�D�G�i�V�L�� �Q�\�~�O�i�V�� �F�V�|�N�N�H�Q�W�� �%�i�U�� �P�L�Q�G�H�Q�� �K���N�H�]�H�O�p�V�L�� �S�D�U�D�P�p�W�H�U�� �N�R�P�E�L�Q�i�F�L�y�� �H�V�H�W�p�E�H�Q��
�P�H�J�I�H�O�H�O���H�N�� �Y�R�O�W�D�N�� �D���V�]�L�O�i�U�G�V�i�J�L �M�H�O�O�H�P�]���N���� �D�� �������ƒ�&-�R�Q�� ���� �y�U�i�W�� �K���N�H�]�H�O�W�� �K�X�]�D�O�� �D�� �V�]�L�O�i�U�G�V�i�J�L�� �H�O���t�U�i�V�W��
(minimum 295 �0�3�D���� �F�V�D�N���N�L�V�� �P�p�U�W�p�N�E�H�Q�� �O�p�S�W�H�� �W�~�O (301,6 MPa). A �������� �ƒ�&-�R�Q�������� �y�U�i�W���K���N�H�]�H�O�W���K�X�]�D�O 
�H�V�H�W�p�Q�� �Q�D�J�\�R�E�E��lett �D�� �V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J (323,5 MPa); a ������ �y�U�i�Q�� �i�W�� �Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V�� �H�V�H�W�p�E�H�Q�� �S�H�G�L�J��
�W�|�E�E���P�L�Q�W 10%-kal meghaladta (331 MPa) az el�Y�i�U�W�D�N�D�W�� 

A �V�]�i�]�D�O�p�N�R�V �V�]�D�N�D�G�i�V�L���Q�\�~�O�i�V���H�V�H�W�p�E�H�Q�����P�p�J���H�Q�Q�\�L�U�H���V�H�P���Y�R�O�W���N�H�G�Y�H�]�����D���K�H�O�\�]�H�W�����$�������� �ƒ�&-on 6 
�y�U�i�W�� �K���N�H�]�H�O�W�� �K�X�]�D�O�� �H�V�H�W�p�E�H�Q�� �F�V�X�S�i�Q�� �������������� �������ƒ�&-�R�Q�� ������ �y�U�i�W�� �K���N�H�]�H�O�W�� �H�V�H�W�p�Q�� �S�H�G�L�J�� ������������ �Y�R�O�W, az 
�H�O�Y�i�U�W�� �P�L�Q�L�P�X�P�� ��������-os �V�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L�� �Q�\�~�O�i�V�V�D�O��szemben. �$�� �������� �ƒ�&-�R�Q�� ������ �y�U�i�W�� �K���N�H�]�H�O�W��
�H�V�H�W�p�E�H�Q���P�i�U���P�H�J�I�H�O�H�O�������������������Y�R�O�W���D�]���p�U�W�p�N�� 
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Tekintettel arra, hogy �D�� �Y�L�]�V�J�i�O�D�W���W�i�U�J�\�D�� �H�O�H�N�W�U�R�P�R�V�� �Y�H�]�H�W�p�N���� �H�]�p�U�W���Q�H�P�� �H�O�p�J�� �F�V�X�S�i�Q�� �D�� �P�H�F�Kanikai 
�W�X�O�D�M�G�R�Q�V�i�Jokat �I�L�J�\�H�O�H�P�E�H�� �Y�H�Q�Q�L�� �H�J�\�� �K���N�H�]�H�O�p�V�� �V�L�N�H�U�H�V�V�p�J�p�Q�H�N a �P�H�J�i�O�O�D�S�t�W�i�V�i�K�R�]���� �$�K�R�J�\�D�Q�� �D��
�N�R�U�i�E�E�D�Q�� �E�H�P�X�W�D�W�R�W�W��EN 50189 �V�]�D�E�Y�i�Q�\�� �L�V�� �H�O���t�U�M�D���� �V�]�•�N�V�p�J�H�V�� �D�� �K�X�]�D�O�R�N�� �I�D�M�O�D�J�R�V�� �Y�L�O�O�D�P�R�V��
�H�O�O�H�Q�i�O�O�i�V�i�Q�D�N���P�p�U�p�V�H���L�V�����K�L�V�]�H�Q���H�Q�Q�H�N���D���W�X�O�D�M�G�R�Q�V�i�J�Q�D�N���Q�D�J�\���M�H�O�H�Q�W���V�p�J�H���Y�D�Q���D���Y�L�O�O�D�P�R�V���W�i�Y�Y�H�]�H�W�p�N�H�N��
�H�V�H�W�p�E�H�Q���D�� �V�]�i�O�O�t�W�i�V�� �V�R�U�i�Q�� �N�H�O�H�W�N�H�]���� �K���Y�H�V�]�W�H�V�p�J���P�p�U�W�p�N�p�U�H���� �(�E�E�H�Q���D�]�� �H�V�H�W�E�H�Q���� �H�O�W�p�U���H�Q�� �D�� �P�H�F�K�D�Q�L�N�D�L��
�W�X�O�D�M�G�R�Q�V�i�J�R�N�W�y�O�����D�]���D�O�D�F�V�R�Q�\�D�E�E���p�U�W�p�N���D���N�H�G�Y�H�]���E�E�����K�L�V�]�H�Q���H�]���M�H�O�]�L���D���N�L�V�H�E�E���H�O�O�H�Q�i�O�O�i�V�W���� 

�$�]���I�D�M�O�D�J�R�V���H�O�O�H�Q�i�O�O�i�V���P�p�U�p�V�H�N���i�W�O�D�J�i�W���p�V���D���V�]�y�U�i�V�P�H�]���N�H�W��a 4�����i�E�U�D���V�]�H�P�O�p�O�W�H�W�L. 
 

4�����i�E�U�D�� �$���N�•�O�|�Q�E�|�]�����K���N�H�]�H�O�p�V�L���K���P�p�U�V�p�N�O�H�W�H�N���p�V���K���N�H�]�H�O�p�V�L���L�G���N���V�R�U�i�Q���P�H�J�K�D�W�i�U�R�]�R�W�W���I�D�M�O�D�J�R�V��
�H�O�O�H�Q�i�O�O�i�V���i�W�O�D�J�R�N���D���V�]�y�U�i�V�P�H�]���N�N�H�O. 

�$�� �O�H�J�N�H�G�Y�H�]���E�E���H�O�O�H�Q�i�O�O�i�V�� �p�U�W�p�N�H�W�� �D�� �������ƒ�&-�R�Q�� �Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V�� �H�V�H�W�p�Q�� �O�H�K�H�W�� �W�D�S�D�V�]�W�D�O�Q�L���� �G�H�� �D�]��
�|�V�V�]�H�V���K���N�H�]�H�O�W���K�X�]�D�O���H�V�H�W�p�E�H�Q���M�R�E�E���Y�R�O�W���D���I�D�M�O�D�J�R�V���H�O�O�H�Q�i�O�O�i�V�����P�L�Q�W���D���P�H�J�N�|�Y�H�W�H�O�W�� 

A �������ƒ�&-�R�Q�� �Y�p�J�]�H�W�W�� �V�W�D�E�L�O�L�]�i�O�i�V�� �H�V�H�W�p�Q�� �D�]�� �Y�R�O�W�� �P�H�J�I�L�J�\�H�O�K�H�W������ �K�R�J�\�� �D ���� �y�U�i�W�� �K���N�H�]�H�O�W�� �K�X�]�D�O��
e�O�O�H�Q�i�O�O�i�V�D���L�V���M�H�O�H�Q�W���V�H�Q���F�V�|�N�N�H�Q�W�����p�V���W�R�Y�i�E�E���F�V�|�N�N�H�Q�W���D���K���N�H�]�H�O�p�V�L���L�G�����Q�|�Y�H�O�p�V�p�Y�H�O�����H�J�p�V�]�H�Q���D���������y�U�i�W��
�Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V�L�J���� �D�P�L�N�R�U���� �P�H�J�O�H�S���� �P�y�G�R�Q�� �D�]�� �H�O�O�H�Q�i�O�O�i�V�� �p�U�W�p�N�H�� �P�H�J�L�Q�W�� �Q�D�J�\�R�E�E�� �O�H�W�W�� A nagyobb 
�I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�� ������ �y�U�i�V���K���N�H�]�H�O�p�V�� �H�V�H�W�p�Q���Y�D�O�y�V�]�t�Q�&�O�H�J�� �Q�H�P�� �D�� �P�p�U�p�V�� �K�L�E�i�M�i�E�y�O���V�]�i�U�P�D�]�L�N���� �P�L�Y�H�O���D�]��
�H�O�O�H�Q�i�O�O�i�V�P�p�U�p�V�Q�H�N���Q�D�J�\�R�Q���N�L�F�V�L���Y�R�O�W���D���K�L�E�i�M�D����1% �D�O�D�W�W�L�����D�]���H�O�W�p�U�p�V���Y�L�V�]�R�Q�W���M�y�Y�D�O���Q�D�J�\�R�E�E�� �$���P�p�U�p�V�H�N��
�i�W�O�D�J�H�U�H�G�P�p�Q�\�H�L�W, �L�O�O�H�W�Y�H���D���V�W�D�W�L�V�]�W�L�N�D�L���N�L�p�U�W�p�N�H�O�p�V�W���D���������W�i�E�O�i�]�D�W���W�D�U�W�D�O�P�D�]�]�D�� 

�$�� �I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �Y�i�U�D�W�O�D�Q�� �Q�|�Y�H�N�H�G�p�V�H�� �N�L�V�H�E�E�� �K���P�p�U�V�p�N�O�H�W�H�Q���� �K�R�V�V�]�D�E�E�� �K���N�H�]�H�O�p�V�H�N�� �H�V�H�W�p�Q��
�Y�D�O�y�V�]�t�Q�&�O�H�J�� �D��Guinier-Preston �]�y�Q�i�N���� �D�]�D�]���Q�p�K�i�Q�\�� �Q�D�Q�R�P�p�W�H�U�� �i�W�P�p�U���M�&�� �N�R�K�H�U�H�Q�V�� �Q�H�P�H�J�\�H�Q�V�~�O�\�L��
�N�L�Y�i�O�i�V�R�N�D�W���W�D�U�W�D�O�P�D�]�y�� �V�]�H�U�N�H�]�H�Wek �N�H�O�H�W�N�H�]�p�V�p�Y�H�O���p�V���Q�|�Y�H�N�H�G�p�V�p�Y�H�O���K�R�]�K�D�W�y�� �|�V�V�]�H�I�•�J�J�p�V�E�H���� �i�P�� �H�]�H�N��
�Y�L�]�V�J�ilata komoly �H�V�]�N�|�]�S�D�U�N�R�W���� �~�J�\�Q�H�Y�H�]�H�W�W�� �W�U�D�Q�V�]�P�L�V�V�]�L�y�V�� �H�O�H�N�W�U�R�Q�P�L�N�U�R�V�]�N�y�S�� �D�O�N�D�O�P�D�]�i�V�i�W��
�L�J�p�Q�\�H�O�Q�p�����D�P�L���M�H�O�H�Q���H�V�H�W�E�H�Q���Q�H�P���i�Ol�W���U�H�Q�G�H�O�N�H�]�p�V�•�Q�N�U�H���>�����@�� 
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�������W�i�E�O�i�]�D�W�� �$���P�p�U�p�V�L���H�U�H�G�P�p�Q�\�H�N���i�W�O�D�J�D�L���p�V���D���V�W�D�W�L�V�]�W�L�N�D�L���N�L�p�U�W�p�N�H�O�p�V 

�+���N�H�]�H�O�p�V Sz�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J [MPa] �6�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L��
n�\�~�O�i�V [%] 

�)�D�M�O�D�J�R�V���H�O�O�H�Q�i�O�O�i�V 
[�P�
�Â�P�P2/m] 

�i�W�O�D�J �V�]�y�U�i�V �U�H�O�D�W�t�Y��
�V�]�y�U�i�V 

�i�W�O�D�J �V�]�y�U�i�V �U�H�O�D�W�t�Y��
�V�]�y�U�i�V 

�i�W�O�D�J �V�]�y�U�i�V �U�H�O�D�W�t�Y��
�V�]�y�U�i�V 

0 h 343,30 6,06 1,76 5,10 0,30 5,92 34,58 0,01 0,03 

165 �ƒ�&����6 h 339,40 6,06 1,79 4,60 0,51 11,18 31,85 0,07 0,23 

8 h 337,10 6,57 1,95 4,38 0,60 13,69 31,42 0,03 0,09 

10 h 331,00 6,09 1,84 3,78 0,47 12,46 31,15 0,02 0,06 

12 h 323,50 3,54 1,09 3,32 0,44 13,23 31,37 0,08 0,26 

175 �ƒ�&������ h 301,60 3,57 1,19 3,01 0,56 18,53 30,93 0,04 0,14 

�e�U�G�H�P�H�V���P�H�J�I�L�J�\�H�O�Q�L���� �K�R�J�\�� �P�L�Q�G�� �D�� �K�i�U�R�P�� �Y�L�]�V�J�i�O�W�� �P�H�Q�Q�\�L�V�p�J�� �H�V�H�W�p�Q�� �Y�L�V�]�R�Q�\�O�D�J�� �N�L�F�V�L�� �D�� �P�p�U�p�V�H�N��
�V�]�y�U�i�V�D���� �.�•�O�|�Q�|�V�H�Q�� �L�J�D�]�� �H�]�� �D�� �I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�Vra, am�H�O�\�Q�p�O �D�� �U�H�O�D�W�t�Y�� �V�]�y�U�i�V�� ���������� �D�O�D�W�W�L�� �P�H�Q�Q�\�L�V�p�J��
minden esetben. 

5. Szerkezetvizsgálat 

A [9�@�� �V�]�D�E�Y�i�Q�\�� �i�O�W�D�O�� �H�O���t�U�W�� �Y�L�]�V�J�i�O�D�W�R�N�R�Q�� �W�~�O���� �P�L�N�U�R�V�]�H�U�N�H�]�H�W�� �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �L�V�� �Y�p�J�H�]�W�•�Q�N�� �Dz 
anyag�V�]�H�U�N�H�]�H�W�� �P�H�J�L�V�P�H�U�p�V�p�U�H���� �$�� �N�•�O�|�Q�E�|�]���� �P�y�G�R�Q�� �K���N�H�]�H�O�W�� �P�L�Q�W�i�N���P�D�U�D�W�i�V�i�U�D����gondos 
�P�L�Q�W�D�H�O���N�p�V�]�t�W�p�V�� �X�W�i�Q, �K�L�G�U�R�J�p�Q-�I�O�X�R�U�L�G�� �Y�L�]�H�V�� �R�O�G�D�W�i�E�D�Q�� �N�H�U�•�O�W�� �V�R�U, a mikroszerkezet jobb 
�Y�L�]�V�J�i�O�K�D�W�y�V�i�Ja �p�U�G�H�N�p�E�H�Q���� �$�� �E�H�i�J�\�D�]�R�W�W�� �p�V�� �H�O���N�p�V�]�t�W�H�W�W�� �P�L�Q�W�D�G�D�U�D�E�R�N�U�y�O�� �N�p�V�]�•�O�W�� �I�H�O�Y�p�W�H�O�W�� �Dz 5. �i�E�U�D��
mutatja. 

 

5�����i�E�U�D�� A �E�H�i�J�\�D�]�R�W�W���P�L�N�U�R�V�]�H�U�N�H�]�H�W���Y�L�]�V�J�i�O�D�W�U�D���H�O���N�p�V�]�t�W�H�W�W���K�X�]�D�O�R�N�� 

�$�� �P�D�U�D�W�i�V�� �H�O�O�H�Q�p�U�H�� �D�� �V�]�H�U�N�H�]�H�W�� �Q�H�P�� �Y�R�O�W�� �Y�L�]�V�J�i�O�K�D�W�y�� �R�S�W�L�N�D�L�� �P�L�N�U�R�V�]�N�y�S�S�D�O, e�]�p�U�W�� �S�i�V�]�W�i�]�y��
�H�O�H�N�W�U�R�Q�P�L�N�U�R�V�]�N�y�Sot alkalmaztunk. 

�$���Y�L�]�V�J�i�O�D�W�R�N�D�W���D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P���)�p�P�W�D�Q�L�����.�p�S�O�p�N�H�Q�\�D�O�D�N�t�W�i�V�L���p�V���1�D�Q�R�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�p�E�H�Q��
�Y�p�J�H�]�W�•�N�� �$�� �P�L�Q�W�i�E�D�Q�� �O�p�Y���� �D�W�R�P�R�N�� �U�H�Q�G�V�]�i�P�i�U�D�� �p�U�]�p�N�H�Q�\�H�E�E�� �Y�L�V�V�]�D�V�]�y�U�W�� �H�O�H�N�W�U�R�Q�R�N�� �i�O�W�D�O�� �D�O�N�R�W�R�W�W��
�I�H�O�Y�p�W�H�O�H�N������ �N�9���J�\�R�U�V�t�W�y�I�H�V�]�•�O�W�V�p�J�J�H�O���N�p�V�]�•�O�W�H�N. �$���Y�L�]�V�J�i�O�y�O�D�E�R�U�D�W�y�U�L�X�P���Y�p�J�H�V���N�D�S�D�F�L�W�i�V�D���P�L�D�W�W���F�V�D�N��
�D�� �N�L�L�Q�G�X�O�y�� �i�O�O�D�S�R�W�R�W�� �p�V�� �D�� ������ �ƒ�&�� �I�R�N�R�Q�� ������ �y�U�D�� �L�G���W�D�U�W�D�P�L�J�� �Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V�W�� �N�|�Y�H�W������ �O�H�J�W�|�E�E�H�W��
�K���N�H�]�H�O�W�� �i�O�O�D�S�R�W�R�W�� �Y�R�O�W�� �O�H�K�H�W���V�p�J�� �P�H�J�Y�L�]�V�J�i�O�Q�L���� �G�H�� �D�]�� �D�O�D�S�Y�H�W���� �Y�i�O�W�R�]�i�V�R�N�� �H�Q�Q�H�N�� �D�� �N�p�W�� �i�O�O�D�S�R�W�Q�D�N�� �D�]��
�|�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�i�Y�D�O��is �V�]�H�P�E�H�W�&�Q���H�N�����$���K���N�H�]�H�O�H�W�O�H�Q���K�X�]�D�O�U�y�O���������[���Q�D�J�\�t�W�i�V�E�D�Q���N�p�V�]�•�O�W���I�H�O�Y�p�W�H�O�W��a 6. 
�i�E�U�D���V�]�H�P�O�p�O�W�H�W�L. A �I�H�O�Y�p�W�H�O�H�Q�� �P�H�J�I�L�J�\�H�O�K�H�W���N�� �N�L�V�P�p�U�H�W�&���� �D���V�]�•�U�N�H�� �V�]�t�Q�&�� �D�O�D�S�P�i�W�U�L�[�Q�i�O�� �Y�L�O�i�J�R�V�D�E�E�Q�D�N��
�O�i�W�V�]�y���N�L�Y�i�O�i�V�R�N�����D�P�H�O�\�H�N���D�]���D�O�D�N�t�W�i�V�L���I���L�U�i�Q�\���V�]�H�U�L�Q�W���U�H�Q�G�H�]���G�p�V�W���P�X�W�D�W�Q�D�N�� 
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6�����i�E�U�D�� �.�L�L�Q�G�X�O�y�����K���N�H�]�H�O�H�W�O�H�Q���i�O�O�D�S�R�W��������x �Q�D�J�\�t�W�i�V�E�D�Q 

A 2500x �Q�D�J�\�t�W�i�V�~ �I�H�O�Y�p�W�H�O�W���D���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�U���O���D��7�����i�E�U�D���P�X�W�D�W�M�D���E�H. 

 

7�����i�E�U�D�����.�L�L�Q�G�X�O�y�����K���N�H�]�H�O�H�W�O�H�Q���i�O�O�D�S�R�W�����������[���Q�D�J�\�t�W�i�V�E�D�Q 



Kuzsella L. �$�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�E���O���K�L�G�H�J�H�Q���K�~�]�R�W�W���Y�L�O�O�D�P�R�V���W�i�Y�Y�H�]�H�W�p�N���K�X�]�D�O���K���N�H�]�H�O�p�V�p�Q�H�N���Y�L�]�V�J�i�O�D�W�D 
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A nagyobb, 2500x �Q�D�J�\�t�W�i�V�~���I�H�O�Y�p�W�H�O�H�Q���P�H�J�I�L�J�\�H�O�K�H�W�������K�R�J�\���D�]���D�O�D�S�P�i�W�U�L�[�E�D���i�J�\�D�]�y�G�R�W�W���N�L�Y�i�O�i�V�R�N��
�D�]�� �D�O�D�N�t�W�i�V�L�� �I���L�U�i�Q�\�i�E�D�� �P�H�J�Q�\�~�O�W�D�N���� �D�P�H�O�\�E���O�� �D�U�U�D���O�H�K�H�W�� �N�|�Y�H�W�N�H�]�W�H�W�Q�L���� �K�R�J�\�� �H�]�H�N�� �D�� �N�L�Y�i�O�i�V�R�N�� �P�i�U�� �D��
�K�X�]�D�O�K�~�]�i�V�W�� �P�H�J�H�O���]���� �i�O�O�D�S�R�W�E�D�Q�� �M�H�O�H�Q�� �Y�R�O�W�D�N�� �D�� �V�]�|�Y�H�W�E�H�Q���� �(�P�H�O�O�H�W�W�� �H�E�E�H�Q�� �D�� �Q�D�J�\�t�W�i�V�E�D�Q�� �P�i�U�� �P�H�J-
f�L�J�\�H�O�K�H�W���N�� �D�� �P�D�U�D�W�i�V�� �K�D�W�i�V�i�U�D�� �N�L�D�O�D�N�X�O�W�� �•�U�H�J�H�N�� �L�V����a�P�H�O�\�H�N�� �D�]�� �D�O�D�S�P�i�W�U�L�[�Q�i�O�� �V�|�W�p�W�H�E�E�� �V�]�t�Q�&�H�N���� �$��
�P�H�W�D�O�O�R�J�U�i�I�L�D�L�� �P�D�U�D�W�i�V�� �H�O���W�W�� �H�]�H�N�H�Q�� �D�� �K�H�O�\�H�N�� �L�V�� �N�L�Y�i�O�i�V�R�N�� �Y�R�O�W�D�N���� �Q�H�P�� �S�H�G�L�J�� �V�]�t�Y�y�G�i�V�L�� �•�U�H�J�H�N�U���O�� �Y�D�Q��
�V�]�y���� �K�L�V�]�H�Q�� �D�]�R�N�� �D�� �Q�D�J�\�P�p�U�W�p�N�&�� �N�p�S�O�p�N�H�Q�\���D�O�D�N�t�W�i�V�� �K�D�W�i�V�i�U�D�� �Q�H�P�� �P�D�U�D�G�W�D�N�� �Y�R�O�Q�D�� �P�H�J�� �D�� �V�]�|�Y�H�W�E�H�Q����
�(�]�H�N�H�Q���D���K�H�O�\�H�N�H�Q���Y�D�O�y�V�]�t�Q�&�O�H�J���R�O�\�D�Q���V�]�H�P�F�V�p�N���Y�R�O�W�D�N, a�P�H�O�\�H�N���|�V�V�]�H�W�p�W�H�O�•�N�E���O���D�G�y�G�y�D�Q���V�R�N�N�D�O���p�U�]�p-
�N�H�Q�\�H�E�E�H�N���Y�R�O�W�D�N���D���K�L�G�U�R�J�p�Q-�I�O�X�R�U�L�G�R�V���P�D�U�D�W�y�V�]�H�U�U�H���P�L�Q�W���D�]���D�O�D�S�P�i�W�U�L�[���p�V���D�]���H�O�Q�\�~�O�W���V�]�H�P�F�V�p�N�����t�J�\���D��
mara�W�i�V�W���N�|�Y�H�W�����P�L�N�U�R�V�]�N�y�S�R�V���Y�L�]�V�J�i�O�D�W���V�R�U�i�Q���P�i�U���F�V�X�S�i�Q���•�U�H�J�H�N �O�i�W�K�D�W�y�N�����H�]�H�Q���V�]�H�P�F�V�p�N���K�H�O�\�p�Q.  

A �������ƒ�&-os, ������ �y�U�i�V�� �K���N�H�]�H�O�p�V�H�Q�� �i�W�H�V�H�W�W�� �P�L�Q�W�D�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�Q�H�N�� ������x �Q�D�J�\�t�W�i�V�V�D�O�� �N�p�V�]�•�O�W��
�I�H�O�Y�p�W�H�O�W�p�W tartalmazza a 8�����i�E�U�D�����$���N�L�L�Q�G�X�O�y���i�O�O�D�S�R�W�W�D�O���|�V�V�]�H�K�D�V�R�Q�O�t�W�Y�D���O�i�W�K�D�W�y�����K�R�J�\���D���N�L�Y�i�O�i�V�R�N���V�]�i�P�D��
�M�H�O�H�Q�W���V�H�Q�� �P�H�J�Q�|�Y�H�N�H�G�H�W�W���� �Y�L�V�]�R�Q�W�� �P�p�U�H�W�•�N�� �Q�H�P�� �Y�i�O�W�R�]�R�W�W�� �V�]�i�P�R�W�W�H�Y���H�Q���� �(�P�H�O�O�H�W�W�� �D�]�� �L�V�� �p�V�]�U�H�Y�H�K�H�W������
�K�R�J�\�� �D�� �P�D�U�D�W�i�V�� �V�R�U�i�Q�� �N�L�P�D�U�y�G�R�W�W�� �W�p�U�I�R�J�D�W�U�p�V�]�H�N�� �D�U�i�Q�\�D�� �P�p�J�� �D�� �I�H�K�p�U�� �V�]�t�Q�&�� �V�]�H�P�F�V�p�N�Q�p�O�� �L�V nagyobb 
�V�]�i�P�E�D�Q���P�H�J�Q���W�W����a�P�H�O�\�E���O���D�U�U�D���O�H�K�H�W���N�|�Y�H�W�N�H�]�W�H�W�Q�L�����K�R�J�\���D���K���N�H�]�H�O�p�V���V�R�U�i�Q���M�|�W�W�H�N���O�p�W�U�H�����$���P�H�J�Q�\�~�O�W��
�I�H�K�p�U�� �V�]�H�P�F�V�p�N�� �V�]�i�P�D�� �Q�H�P�� �Y�i�O�W�R�]�R�W�W���� �K�L�V�]�H�Q�� �D�]�R�N�� �D�]�� �D�O�D�N�t�W�i�V�� �V�R�U�i�Q�� �L�V�� �M�H�O�H�Q�� �Y�R�O�W�D�N�� �D�� �V�]�|�Y�H�W�E�H�Q����
�P�H�O�O�H�W�W�•�N�� �~�M���� �S�R�O�L�J�R�Q�i�O�L�V�� �L�O�O�H�W�Y�H�� �V�]�I�H�U�R�L�G�� ���J�|�P�E�|�V�����P�R�U�I�R�O�y�J�L�i�M�~�� �N�L�Y�i�O�i�V�R�N�� �M�H�O�H�Q�W�H�N�� �P�H�J���� �D �P�i�U 
�H�P�O�t�W�H�W�W���� �D�]�� �H�O�H�N�W�U�R�Q�P�L�N�U�R�V�]�N�y�S�R�V�� �Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q�� �P�i�U�� �F�V�D�N�� �D�� �N�L�P�D�U�y�G�R�W�W �•�U�H�J�H�N�N�p�Q�W�� �M�H�O�H�Q�W�N�H�]����
�N�L�Y�i�O�i�V�R�N���P�H�O�O�H�W�W����a�P�H�O�\�H�N���P�H�Q�Q�\�L�V�p�J�H���L�V���V�]�H�P�P�H�O���O�i�W�K�D�W�y�D�Q���W�|�E�E���O�H�W�W���D���K���N�H�]�H�O�p�V���K�D�W�i�V�i�U�D. 

 

8�����ibra. ���������ƒ�&-�R�Q�����������y�U�i�Q���K���N�H�]�H�O�W���i�O�O�D�S�R�W���������[���Q�D�J�\�t�W�i�V�E�D�Q 

�0�L�Y�H�O�� �D�� �V�]�L�O�i�U�G�R�O�G�D�W�E�y�O�� �N�L�Y�i�O�y���P�D�J�Q�p�]�L�X�P�� �p�V�� �V�]�L�O�t�F�L�X�P���|�W�Y�|�]���N�� �K�D�W�i�V�i�U�D�� �D�� �V�]�L�O�i�U�G�R�O�G�D�W��
�|�W�Y�|�]���W�D�U�W�D�O�P�D���F�V�|�N�N�H�Q�����H�]�p�U�W���D���E�H�Q�Q�H���O�p�Y�����U�i�F�V�K�L�E�i�N�����V�]�X�E�V�]�W�L�W�~�F�L�y�V���D�W�R�P�R�N�����F�V�|�N�N�H�Q�p�V�p�Q�H�N���K�D�W�i�V�i�U�D��
javul a veze�W���N�p�S�H�V�V�p�J���� �(�]�W�� �E�L�]�R�Q�\�t�W�R�W�W�D���D�]�� �H�O���]���� �I�H�M�H�]�H�W�E�H�Q�� �E�H�P�X�W�D�W�R�W�W�� �Y�L�]�V�J�i�O�D�W�� �H�U�H�G�P�p�Q�\�H���� �K�R�J�\�� �D��
�K���N�H�]�H�O�H�W�O�H�Q�� �K�X�]�D�O�� �H�O�O�H�Q�i�O�O�i�V�D�� �M�y�Y�D�O�� �Q�D�J�\�R�E�E�� �Y�R�O�W���� �p�V�� �D�� �K���N�H�]�H�O�p�V�� �L�G�H�M�p�Q�H�N�� �Q�|�Y�H�O�p�V�p�Y�H�O�� ���H�J�\�� �L�G�H�L�J����
�F�V�|�N�N�H�Q�W���D���K�X�]�D�O���H�O�O�H�Q�i�O�O�i�V�D�� 
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�$�� �K���N�H�]�H�O�W�� �K�X�]�D�O�U�y�O�� ���������[�� �Q�D�J�\�t�W�i�V�E�D�Q�� �N�p�V�]�•�O�W�� �I�H�O�Y�p�W�H�O�W�� �D��9���� �i�E�U�D�� �W�D�U�W�D�O�P�D�]�]�D���� �-�y�O���O�i�W�K�D�W�y���� �K�R�J�\�� �D��
�N�L�L�Q�G�X�O�y�� �i�O�O�D�S�R�W�E�D�Q�� �L�V�� �M�H�O�H�Q�� �O�p�Y���� �P�H�J�Q�\�~�O�W�� �N�L�Y�i�O�i�V�R�N�� �P�H�O�O�H�W�W�� �P�H�J�M�H�O�H�Q�W�H�N�� �S�R�O�L�J�R�Q�i�O�L�V�� �P�R�U�I�R�O�y�J�L�i�Y�D�O��
�U�H�Q�G�H�O�N�H�]������ �D�� �P�L�N�U�R�V�]�N�y�S�L�� �N�p�S�H�Q�� �Y�L�O�i�J�R�V�Q�D�N�� �O�i�W�V�]�y�� �N�L�Y�i�O�i�V�R�N���� �L�O�O�H�W�Y�H�� �D�]�� �D�O�D�S�P�i�W�U�L�[�Q�i�O�� �V�|�W�p�W�H�E�E��
�P�D�U�y�G�i�V�L���•�U�H�J�H�N���L�V����a�P�H�O�\�H�N���D���K���N�H�]�H�O�p�V���V�R�U�i�Q���Y�p�J�E�H�P�H�Q�����I�R�O�\�D�P�D�W�R�N���K�D�W�i�V�i�U�D���N�H�O�H�W�N�H�]�W�H�N�� 

 

9�����i�E�U�D�������������ƒ�&-�R�Q�����������y�U�i�Q���N�H�U�H�V�]�W�•�O���K���N�H�]�H�O�W���i�O�O�D�S�R�W�����������[���Q�D�J�\�t�W�i�V�E�D�Q 

6. Összefoglalás 

�$�� �F�L�N�N�� �W�D�U�W�D�O�P�i�W�� �D�G�y�� �N�X�W�D�W�i�V�W�� �H�J�\�� �Q�D�J�\�R�Q�� �M�H�O�H�Q�W���V�� �W�H�F�K�Q�R�O�y�J�L�D�L�� �S�U�R�E�O�p�P�D�� �K�t�Y�W�D�� �p�O�H�W�U�H���� �$��villamos 
�W�i�Y�Y�H�]�H�W�p�N�H�Net �D�O�N�R�W�y�� �K�X�]�D�O�O�D�O���V�]�H�P�E�H�Q�� �J�\�D�N�U�D�Q�� �V�]�L�O�i�U�G�V�i�J�L�� �p�V�� �D�O�D�N�Y�i�O�W�R�]�i�V�L�� �S�U�R�E�O�p�P�i�N�� �P�H�U�•�O�W�H�N�� �I�H�O����
amelyek a �Y�L�O�O�D�P�R�V�� �W�i�Y�Y�H�]�H�W�p�N�� �J�\�i�U�W�i�V�� �V�R�U�i�Q�� �M�H�O�H�Q�W���V�� �V�H�O�H�M�W�V�]�i�]�D�O�p�N�R�W�� �H�U�H�G�P�p�Q�\�H�]�W�H�N���� �(�]��
�W�H�U�P�p�V�]�H�W�H�V�H�Q���M�H�O�H�Q�W���V���J�D�]�G�D�V�i�J�L���K�i�W�U�i�Q�\�W�����W�H�U�P�H�O�p�V�L���Y�R�O�X�P�H�Q���F�V�|�N�N�H�Q�p�V�W���Y�R�Q���P�D�J�i�Y�D�O�����'�H���H�]�H�N�H�Q���W�~�O����
�D�]�� �,�6�2�� �P�L�Q���V�t�W�p�V�Q�H�N�� �Y�D�O�y�� �P�H�J�I�H�O�H�O�W�H�W�p�V�� �H�V�H�W�p�Q�� �D�� �V�H�O�H�M�W�V�]�i�]�D�O�p�N�� �M�H�O�H�Q�W���V�� �Y�L�V�V�]�D�V�]�R�U�t�W�i�V�D�� �L�V�� �I�H�O�W�p�W�H�O�� 
�(�Q�Q�H�N�� �p�U�G�H�N�p�E�H�Q�� �P�H�U�•�O�W�� �I�H�O�� �D�� �K�X�]�D�O�� �K���N�H�]�H�O�p�V�L�� �S�D�U�D�P�p�W�H�U�H�L�Q�H�N�� �R�S�W�L�P�D�O�L�]�i�O�i�V�D���� �D�� �V�]�L�O�i�U�G�V�i�J�L�� �p�V��az 
�D�O�D�N�Y�i�O�W�R�]�i�V�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���P�H�J�M�D�Y�t�W�i�V�D���p�U�G�H�N�p�E�H�Q�� 

�9�L�O�O�D�P�R�V�� �W�i�Y�Y�H�]�H�W�p�N�� �V�R�G�U�R�Q�\�R�N�D�W�� �D�O�N�R�W�y�� �K�X�]�D�O�R�N�� �D�Q�\�D�J�D�N�p�Q�W�� �V�]�p�O�H�V�� �N�|�U�E�H�Q�� �D�O�N�D�O�P�D�]�R�W�W 
a�O�X�P�t�Q�L�X�P�|�W�Y�|�]�H�W�� �D�]�� �(�1�� �$�:�� ���������� �M�H�O�&���� �P�D�J�Q�p�]�L�X�P�� �p�V�� �V�]�L�O�t�F�L�X�P�� �|�W�Y�|�]�p�V�&���� �Q�p�S�V�]�H�U�&�� �Q�H�Y�p�Q�� �$�O�0�J�6�L��
�|�W�Y�|�]�H�W.  

�$�� �P�H�J�I�H�O�H�O���� �V�]�L�O�i�U�G�V�i�J�� �H�O�p�U�p�V�p�K�H�]�� �D�O�N�D�O�P�D�]�R�W�W�� �Q�H�P�H�V�t�W�p�V�� �p�V�� �K�L�G�H�J�D�O�D�N�t�W�i�V�� �K�D�W�i�V�i�U�D��a villamos 
�H�O�O�H�Q�i�O�O�i�V�D�� �Y�L�V�]�R�Q�\�O�D�J�� �P�H�J�Q��, �D�P�L�W�� �V�W�D�E�L�O�L�]�i�O�y�� �K���N�H�]�H�O�p�V�V�H�O�� �V�]�R�N�i�V��vissza�F�V�|�N�N�H�Q�W�H�Q�L���� �(�]t a jelen 
�W�H�F�K�Q�R�O�y�J�L�i�E�D�Q�� ������ �ƒ�&-�R�Q�� ���� �y�U�i�Q�� �N�H�U�H�V�]�W�•�O�� �Y�p�J�]�L�N����a�P�H�O�\�Q�H�N�� �H�U�H�G�P�p�Q�\�H�N�p�S�S�H�Q�� �D�� �I�D�M�O�D�J�R�V�� �Y�L�O�O�D�P�R�V��
vezet�p�V�� �P�H�J�I�H�O�H�O������ �G�H�� �D�� �V�]�L�O�i�U�G�V�i�J�L�� �p�V�� �D�O�D�N�t�W�K�D�W�y�V�i�J�L�� �p�U�W�p�Nek �J�\�D�N�U�D�Q�� �Q�H�P�� �I�H�O�H�O�Q�H�N�� �P�H�J�� �D�� �Y�R�Q�D�W�N�R�]�y��
�V�]�D�E�Y�i�Q�\�Q�D�N�� Ez azt a gond�R�O�D�W�R�W�� �Y�H�W�L�� �I�H�O���� �K�R�J�\�� �H�J�\�� �N�L�V�H�E�E�� �K���N�H�]�H�O�W�V�p�J�L�� �i�O�O�D�S�R�W�W�D�O���� �L�V�� �E�L�]�W�R�V�t�W�D�Q�L��
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�O�H�K�H�W�Q�H�� �D�� �P�H�J�N�t�Y�i�Q�W�� �Y�L�O�O�D�P�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �p�U�W�p�N�H�W���� �P�L�N�|�]�E�H�Q�� �D�� �K�L�G�H�J�D�O�D�N�t�W�i�V�� �V�R�U�i�Q�� �N�L�D�O�D�N�t�W�R�W�W�� �N�H�G�Y�H�]����
�V�]�L�O�i�U�G�V�i�J�L���p�U�W�p�N�H�N���M�R�E�E�D�Q���P�H�J�P�D�U�D�G�Q�i�Q�D�N�� 

�$���N�L�V�H�E�E���K���N�H�]�H�O�W�V�p�J�L���i�O�O�D�S�R�W���N�p�W�I�p�O�H�N�p�S�S�H�Q���p�U�K�H�W�����H�O�����Y�D�J�\���N�L�V�H�E�E���K���P�p�U�V�p�N�O�H�W�&���K���N�H�]�H�O�p�V�V�H�O���Y�D�J�\��
�S�H�G�L�J���U�|�Y�L�G�H�E�E���L�G�H�L�J���W�|�U�W�p�Q�����K���Q�W�D�U�W�i�V�V�D�O���� 

A�]�� �H�O���]���H�N �I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�p�Y�H�O���H�J�\�� �R�O�\�D�Q�� �N�t�V�p�U�O�H�W�W�H�U�Y�H�W���D�O�N�R�W�W�X�Q�N�� �P�H�J����a�P�H�O�\�Q�H�N�� �V�R�U�i�Q�� �D�]�� �H�G�G�L�J��
alkalmazott 175 �ƒ�&�� �K�H�O�\�H�W�W���H�J�\�� �N�L�F�V�L�W���N�L�V�H�E�E���� ������ �ƒ�&-on �Y�p�J�H�]t�p�N a huzalok �K���N�H�]�H�O�p�V�p�W���� �D�� �K���Q�W�D�U�W�i�V��
�L�G���W�D�U�W�D�P�i�W�� �H�O�O�H�Q�E�H�Q�� �P�H�J�Q�|�Y�H�O�Y�H�� ������ ������ ������ �p�V�� ������ �y�U�i�U�D���� �$���K���Q�W�D�U�W�i�V�L�� �L�G��k �X�W�i�Q�� �H�O�O�H�Q���U�L�]�W�•�N�� �D��
�W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W�����p�V���|�V�V�]�H�K�D�V�R�Q�O�t�W�R�W�W�X�N�� �D���K���N�H�]�H�O�H�W�O�H�Q�����Y�D�O�D�P�L�Q�W���D���M�H�O�H�Q�O�H�J���D�O�N�D�O�P�D�]�R�W�W���S�D�U�D�P�p�W�H�U�H�N�N�H�O��
kialakult tulajd�R�Q�V�i�J�R�N�N�D�O�����g�V�V�]�H�V�H�Q���W�H�K�i�W���K�D�W�I�p�O�H���K���N�H�]�H�O�p�V�L���S�D�U�D�P�p�W�H�U�N�R�P�E�L�Q�i�F�L�y�W���Y�L�]�V�J�i�O�W�X�Q�N�� 

�$�� �E�H�P�X�W�D�W�R�W�W�� �G�L�D�J�U�D�P�R�N�� �D�O�D�S�M�i�Q���D�]�� �Y�R�O�W�� �P�H�J�i�O�O�D�S�t�W�K�D�W�y�����K�R�J�\�� �D�� �������� �ƒ�&-�R�Q�� �Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V�H�N��
�V�R�U�i�Q���D���K���N�H�]�H�O�p�V���L�G���W�D�U�W�D�P�i�Q�D�N���Q�|�Y�H�N�H�G�p�V�p�Y�H�O���D���V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J���p�V���D���V�]�i�]�D�O�p�N�R�V sz�D�N�D�G�i�V�L���Q�\�~�O�i�V���L�V��
�I�R�O�\�D�P�D�W�R�V�D�Q�� �F�V�|�N�N�H�Q�W���� �G�H�� �D�� �V�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J�� �P�p�J�� �D�� ������ �y�U�i�V�� �K���N�H�]�H�O�p�V�� �X�W�i�Q�� �L�V�� �M�H�O�H�Q�W��sen nagyobb 
�Y�R�O�W�����P�L�Q�W�����������ƒ�&-�R�V���K���P�p�U�V�p�N�O�H�W�H�Q���Y�p�J�]�H�Wt 6 �y�U�i�V���K���N�H�]�H�O�p�V�W���N�|�Y�H�W���H�Q���� 

A �V�]�i�]�D�O�p�N�R�V �V�]�D�N�D�G�i�V�L�� �Q�\�~�O�i�V�� �D�� �M�H�O�H�Q�O�H�J�� �D�O�N�D�O�P�D�]�R�W�W�� �W�H�F�K�Q�R�O�y�J�L�D�L�� �S�D�U�D�P�p�W�H�U�H�N�N�H�O�� �D�� �V�]�D�E�Y�i�Q�\�Q�D�N��
nem felelt �P�H�J�����G�H���P�p�J���D���N�L�V�H�E�E���K���I�R�N�R�Q���������y�U�i�W���K���N�H�]�H�O�W��minta �V�H�P���D�G�R�W�W���H�O�I�R�J�D�G�K�D�W�y���p�U�W�p�N�H�W�� 

�$�� �I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �Y�R�Q�D�W�N�R�]�i�V�i�E�D�Q�� �D�� �O�H�J�N�H�G�Y�H�]���E�E�� �H�O�O�H�Q�i�O�O�i�Vt a 175 �ƒ�&-�R�Q�� �Y�p�J�]�H�W�W�� �K���N�H�]�H�O�p�V��
�H�V�H�W�p�Q�� �O�H�K�H�W�� �W�D�S�D�V�]�W�D�O�Q�L���� �G�H�� �D�]�� �|�V�V�]�H�V�� �K���N�H�]�H�O�p�V�L�� �S�D�U�D�P�p�W�H�U�� �N�R�P�E�L�Q�i�F�L�y�� �H�V�H�W�p�E�H�Q�� �M�R�E�E�� �Y�R�O�W�� �D�� �I�D�M�O�D�J�R�V��
�H�O�O�H�Q�i�O�O�i�V�����P�L�Q�W���D���P�H�J�N�|�Y�H�W�H�O�W�����$�������� �ƒ�&-�R�Q���V�W�D�E�L�O�L�]�i�O�W���K�X�]�D�O�R�N�D�W���Y�L�]�V�J�i�O�Y�D�����D���K���N�H�]�H�O�p�V���L�G���W�D�U�W�D�P�i�Q�D�N��
�Q�|�Y�H�O�p�V�p�Y�H�O�� �D�]�� �H�O�O�H�Q�i�O�O�i�V�� �F�V�|�N�N�H�Q�W��a 10 �y�U�i�V�� �K���N�H�]�H�O�p�V�L�J���� �G�H�� ������ �y�U�i�V���V�W�D�E�L�O�L�]�i�O�i�V �H�V�H�W�p�E�H�Q�� �L�V�P�p�W��
�P�H�J�Q���W�W�� 

�$�� �V�]�H�U�N�H�]�H�W�Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q�� �D�� �N�L�L�Q�G�X�O�y�� �i�O�O�D�S�R�W�E�D�Q�� �L�V�� �M�H�O�H�Q�� �O�p�Y���� �P�H�J�Q�\�~�O�W�� �N�L�Y�i�O�i�V�R�N�� �P�H�O�O�H�W�W��
�P�H�J�M�H�O�H�Q�W�H�N���S�R�O�L�J�R�Q�i�O�L�V�� �P�R�U�I�R�O�y�J�L�i�Y�D�O���U�H�Q�G�H�O�N�H�]������ �D���P�L�N�U�R�V�]�N�y�S�L�� �N�p�S�H�Q���Y�L�O�i�J�R�V�Q�D�N���O�i�W�V�]�y�� �N�L�Y�i�O�i�V�R�N. 
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Abstract  

This paper aims to briefly analyze PCD coatings for cutting tool applications. It explores the benefits 
of PCD coatings, which lead to improved tool performance. The paper discusses the challenges 
associated with weak thermal stability and cost considerations. It also suggests solutions such as 
developing thermally stable grades and cobalt leaching. In addition, the paper highlights the 
limitations of PCD coatings. Overall, it provides a valuable literature review for professionals 
considering incorporating PCD coatings in their tooling processes. 

Keywords: polycrystalline diamond, CVD diamond, PCD coatings, cutting tools, automotive industry 

Absztrakt 
�$�� �F�L�N�N�� �F�p�O�M�D, �K�R�J�\�� �U�|�Y�L�G�� �V�]�D�N�L�U�R�G�D�O�P�L�� �i�W�W�H�N�L�Q�W�p�V�W�� �Q�\�~�M�W�V�R�Q�� �D�� �I�R�U�J�i�F�V�R�O�y�V�]�H�U�V�]�i�P�R�N�K�R�]�� �K�D�V�]�Q�i�O�K�D�W�y��
�S�R�O�L�N�U�L�V�W�i�O�\�R�V�� �J�\�p�P�i�Q�W�� ���S�R�O�\�F�U�\�V�W�D�O�O�L�Q�H�� �G�L�D�P�R�Q�G = �3�&�'���� �E�H�Y�R�Q�D�W�R�N�U�y�O���� �,�V�P�H�U�W�H�W�L�� �D�� �3�&�'�� �E�H�Y�R�Q�D�W�R�N��
�H�O���Q�\�H�L�W���� �D�P�H�O�\�H�N�� �U�p�Y�p�Q�� �D�� �I�R�U�J�i�F�V�R�O�y�V�]�H�U�V�]�i�P�R�N�� �W�H�O�M�H�V�t�W�P�p�Q�\�H�� �Q�|�Y�H�O�K�H�W������ �W�R�Y�i�E�E�i�� �I�R�J�O�D�O�N�R�]�L�N�� �D�� �3�&�'��
�E�H�Y�R�Q�D�W�R�N�� �N�R�U�O�i�W�D�L�Y�D�O���� �P�L�Q�W�� �S�p�O�G�i�X�O�� �D�� �J�\�H�Q�J�H�� �K���V�W�D�E�L�O�L�W�i�V���� �Y�D�J�\�� �D�]�� �D�O�N�D�O�P�D�]�i�V�X�N�N�D�O�� �M�i�U�y�� �P�D�J�D�V��
�N�|�O�W�V�p�J�H�N���� �(�]�H�N�K�H�]�� �D�� �N�L�K�t�Y�i�V�R�N�K�R�]�� �N�D�S�F�V�R�O�y�G�y�D�Q�� �E�H�P�X�W�D�W�� �Q�p�K�i�Q�\�� �N�R�U�V�]�H�U�&�� �P�L�Q���V�p�J�I�H�M�O�H�V�]�W�p�V�L��
�L�U�i�Q�\�]�D�W�R�W���� �g�V�V�]�H�V�V�p�J�p�E�H�Q�� �D�� �F�L�N�N�� �K�D�V�]�Q�R�V�� �i�W�W�H�N�L�Q�W�p�V�W�� �N�t�Y�i�Q�� �D�G�Q�L�� �D�� �3�&�'�� �E�H�Y�R�Q�D�W�R�N�� �V�D�M�i�W�R�V�V�i�J�D�L�U�y�O��
�D�]�R�Q�� �V�]�D�N�H�P�E�H�U�H�N�� �V�]�i�P�i�U�D���� �D�N�L�N�� �D�]�� �L�O�\�H�Q�� �E�H�Y�R�Q�D�W�R�N�� �D�O�N�D�O�P�D�]�i�V�i�W�� �W�H�U�Y�H�]�L�N�� �D�� �I�R�U�J�i�F�V�R�O�y�V�]�H�U�V�]�i�P�R�N��
�W�H�O�M�H�V�t�W���N�p�S�H�V�V�p�J�p�Q�H�N���Q�|�Y�H�O�p�V�H���F�p�O�M�i�E�y�O�� 

Kulcsszavak: �S�R�O�L�N�U�L�V�W�i�O�\�R�V���J�\�p�P�i�Q�W�����&�9�'���J�\�p�P�i�Q�W�����3�&�'���E�H�Y�R�Q�D�W�����I�R�U�J�i�F�V�R�O�y���V�]�H�U�V�]�i�P�R�N�����D�X�W�y�L�S�D�U 

1. Introduction  

Diamond is classified as an allotropic form of carbon and possesses diverse applications due to its 
unique structure. Primarily recognized for its utilization in jewelry, it has further applications in the 
medical field, microelectromechanical systems (MEMS), and various other applications. There is a 
growing interest in utilizing monocrystalline and polycrystalline diamond materials for tools or 
electrical devices. Natural diamonds are usually single crystals 1-3 billion years old, created under 
extreme conditions (high T and p) below the Earth�¶s surface. The application of natural diamonds is 
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limited by their rarity, high cost, and difficulty finding them in appropriate sizes and shapes. For that 
reason, the discovery that diamonds can be artificially synthesized was revolutionary. 

Polycrystalline diamond (PCD) is a synthetic diamond produced in the laboratory in a sintering 
process. It has unique properties and is utilized in medicine and as cutting, sawing, grinding, drilling 
tools, or abrasive grains in various industries. In Table 1, a comparison of the mechanical properties of 
several cutting tool materials is demonstrated. It is seen that the PCD is the hardest one among them, 
and its bending strength and stiffness are also outstanding among the monolithic ceramics combined 
with excellent toughness. 

Selecting a cutting tool material and its particular grade is essential when planning a successful 
machining operation. Therefore, basic knowledge of each cutting tool material and its performance is 
necessary to select each application correctly. Considerations must include the type, mechanical, 
physical, and chemical properties of the material to be machined, the shape of the part/blank, the 
machining conditions, and the quality requirements of the machined parts for the considered operation. 
Note that the cost per machined part �± influenced by the size of the production lot, yearly production, 
the existing machines, available labor skills, etc.) should also be considered in selecting the technically 
and economically proper tool material. 

Modern manufacturing applies cemented carbide as the primary tool material. However, it does not 
perform satisfactorily when the machined part is made of high silicon aluminum-matrix (HSAM) or 
other metal-matrix composites (MMCs) containing highly abrasive reinforcing particles, especially in 
high-speed machining in the automotive industry [1]. 

In such cases, when the tool failure mechanism is mainly abrasive wear, PCD proved to be a 
superior tool material. Over the last 20 years, PCD has been accepted for volume production 
machining of hypereutectic aluminum-silicon alloy components in the automotive industry, the 
machining of nonferrous alloys of copper, the machining of abrasive plastics and plastic composites 
with glass fiber reinforcement, e.g., printed circuit boards, as well as volume machining of wood 
composites, such as chipboard [2]�±[5]. 

Table 1. Comparison of mechanical properties of different cutting tool materials [6]  

Material  K Ic [MPa� ̃m1/2] RTPB [MPa] E [GPa] HV 

Diamond  
single crystal 3.5 40 1140 8000-10000 

Diamond 
polycrystal 8 1100-1300 800-930 5000-8000 

Cubic BN 
polycrystal 7-9 570 480-680 4300-4600 

Al 2O3 2-4 300-700 340-380 1800-2300 

Si3N4 5-7 500-1000 290-330 1000-1900 

ZrO2 7-9 600-700 100-200 1000-1500 

Cemented carbide 
(WC+Co) 10-11 2000-2500 500-620 1000-2000 

High-speed steel 14-25 2500-3800 260-300 700-900 
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There are mainly two types of polycrystalline diamond-cutting tools. Firstly, there are tools when 
the cutting edge is built from a high-pressure sintered diamond compact. This PCD segment is of a 
specific size and shape and is mounted onto the tool head. In industrial practice, it is called a PCD 
tool. Secondly, tools are made of a rigid base material and then coated by a PCD layer, mainly in a 
CVD deposition process. It is called CVD diamond in the industry. These practically used terms, 
however, are inconsistent since both cases involve the application of PCD as the working tool 
material. Therefore, to differentiate the two cases, a more consistent terminology is used in the 
following: 

�� bulk PCD for the first and  

�� PCD coating for the second case. 
Further, we briefly introduce the most common processing techniques of bulk PCD and PCD 

coatings. 

2. Processing of PCD tools 

2.1. Processing and architecture of bulk PCD products 

PCD-tipped tools represent the vast majority of PCD tools. The tips are cut out of PCD discs (blanks). 
Bulk synthetic polycrystalline diamonds (PCD) are produced from fine powders of raw material, 
which are compacted into the required shapes and then sintered in a high-pressure, high-temperature 
process for various machining and grinding applications. 

Theoretically, a temperature of T=2600 �ƒ�&���D�Q�G���D���S�U�H�V�V�X�U�H���R�I���S� �����������*�3�D���Z�R�X�O�G���E�H���Q�H�H�G�H�G���G�X�U�L�Q�J��
the sintering process to produce a dense product. However, practically, using metallic catalysts like 
Co, these parameters may be reduced to a temperature of T= 1300-�����������ƒ�&�����D���S�U�H�V�V�X�U�H���R�I���S = 5.2 GPa, 
and a holding time of t=15 min.  

The cobalt is also a bonding material, giving sufficient toughness to the brittle diamond product. 
However, it limits the strength and application temperature.  

Figure 1 demonstrates the sintered microstructure of PCD and various PCD tips made out of a PCD 
blank [7], [8]. 

                
 

 

 a) b) 
 

Figure 1. a) Sintered structure of PCD, b) PCD bulk products and PCD tips cut out of the PCD blank 
[9] , [1] . 
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The extremely hard PCD blanks are cut into inserts with electro-discharge machining (EDM) or 
laser cutting. The small inserts are then brazed onto the tool bodies.  

A surface finish like trimming with EDM, laser cutting, or grinding (polishing) is executed to 
ensure the required edge quality. Figure 2. shows typical cutting tools with PCD inserts. 

 

Figure 2. Typical cutting tools with PCD inserts: drill, turning insert, and milling tool cartridge [1] . 

2.2. Processing of PCD coatings 

2.2.1. ���”�‹�•�…�‹�’�Ž�‡�•���‘�ˆ���†�‡�’�‘�•�‹�–�‹�‘�•���•�‡�–�Š�‘�†�•���‘�ˆ�����������…�‘�ƒ�–�‹�•�‰�•�� 

Polycrystalline diamond (PCD) coatings are typically deposited using two main processes: Chemical 
Vapour Deposition (CVD) and Physical Vapor Deposition (PVD). 

The characteristics of these process are as follows: 

�� CVD process: The direct deposition of polycrystalline diamond films by activated chemical 
vapor deposition methods expands the utilization of the unique tribological properties of 
diamonds to tools or components with complex shapes and relatively large surface areas. The 
rapid development of process and system technology has reduced deposition costs such that the 
development of CVD diamond products has become commercially attractive, too. In the CVD 
process, a mixture of hydrocarbon gas and hydrogen is introduced into a reaction chamber. The 
hydrocarbon gas decomposes under high temperatures and low pressure, leading to the 
deposition of diamond onto the substrate bonded to it by strong chemical bonds. The diamond 
growth occurs through the chemical reaction of carbon atoms from the hydrocarbon gas. During 
the high temperature of the CVD coating of PCD, high residual stresses arise in the substrate, 
reducing its toughness. Today�¶s most common deposition methods include hot-filament CVD, 
microwave plasma CVD, combustion flame, DC-arc jet, laser-assisted, and hydrothermal 
growth. The characteristic structure of a CVD-synthesized PCD layer indicating the applied 
pretreatments and their effect on the film structure is illustrated in Figure 3. 

�� PVD process: In the PVD process, a thin film of diamond is deposited onto the substrate 
through physical means. It is achieved by vaporizing diamonds using high-energy techniques 
such as arc discharge or laser ablation. The vaporized diamond condenses onto the substrate, 
forming the PCD coating bonded to the substrate by weak secondary forces. 
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�� High-pressure high-temperature (HPHT) processing: PCD coatings can also be synthesized 
through HPHT processes involving high-pressure and high-temperature conditions that convert 
diamond powders into a dense coating [7], [10]�±[12]. 

 

 

           
 

Figure 3. Formation of CVD diamond film on a cemented carbide tool substrate. Applying ion etching 
on the nano-diamond seeding prevents void formation [13] . 

2.2.2. ���‘�•�†�‹�•�‰���•�ƒ�–�‡�”�‹�ƒ�Ž���‹�•�����������…�‘�ƒ�–�‹�•�‰�• 

PCD coatings consist of diamond grains held together by a bonding material, commonly cobalt (Co), 
nickel (Ni), and tungsten carbide (WC-Co). Cobalt is widely used due to its excellent bonding 
properties, while nickel offers better chemical resistance. Tungsten carbide is sometimes added to 
improve the coating�¶s toughness.  

The bonding material acts as a binder, holding the diamond grains together and bonding them to 
the substrate. It provides mechanical support and helps transfer forces during machining operations. 

The properties of the coating, such as hardness, toughness, and wear resistance, are influenced by 
the bonding material. Higher cobalt content may enhance toughness but can decrease hardness. The 
ratio of diamond grains to bonding material also affects the properties. Higher diamond volume 
fractions lead to higher hardness and wear resistance but lower toughness.  

Therefore, selecting and optimizing the bonding material should consider factors such as the 
intended application, operating conditions, and tool geometry, which are crucial for achieving the 
desired coating properties [14]. 

3. Performance and application of PCD coatings 

3.1. Factors affecting the performance 

The performance of PCD coatings is influenced by several factors, broadly categorized into material 
properties, coating deposition, and operational conditions (Table 2).  

The interlayer characteristics are essential to improve the adhesion of coatings. It involves ensuring 
good chemical compatibility with carbon, adherence to the substrate material, and thermal stability of 
the interlayer. The microgeometry and roughness of the substrate surface also play a crucial role in 
determining the crystal morphology and interlocking, affecting the adhesion between the coating and 
substrate.  
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Table 2. �0�D�L�Q���I�D�F�W�R�U�V���L�Q�I�O�X�H�Q�F�L�Q�J���W�K�H���3�&�'���F�R�D�W�L�Q�J�¶�V���S�H�U�I�R�U�P�D�Q�F�H [11] , [15] , [16]  

Influencing factor Effect 

Substrate material 
The choice of substrate material impacts PCD coating adhesion, wear 
resistance, and performance. Typical substrates include tungsten carbide, 
cemented carbides, and high-speed steels. 

Coating thickness 
PCD coating thickness affects wear resistance and cutting performance. 
Optimal thickness varies fr�R�P���W�K�L�Q���I�L�O�P�������������—�P�����W�R����-�����—�P���G�H�S�H�Q�G�L�Q�J���R�Q��
application and material. The thicker coating is more prone to delamination. 

Coating adhesion 

Adhesion refers to the strength of the bond between the PCD layer and the 
substrate material on which it is deposited. Strong adhesion between the 
PCD coating and the substrate is essential for coating integrity and ensures 
good scratch resistance of the coating. Factors influencing adhesion include 
substrate preparation, roughness, coating deposition technique, residual 
stresses, and interfacial bonding. 

Grain size and 
distribution 

PCD grain size and distribution affect coating wear resistance, cutting 
performance, and surface finish. Coarser grains provide higher strength, 
hardness, better performance, and finer machined surfaces. 

Coating morphology The coating morphology, including grain orientation and coating roughness, 
affects cutting forces, chip evacuation, and machined surface quality. 

 
Figure 4 illustrates SEM images of surface microgeometries with different roughness levels, 

including polished, ground, ultrasonic vibration-assisted machining (UVAM) treated, glass-bed 
blasted, and corundum blasted surfaces [15]. 

  

Figure 4. SEM micrographs of the different microgeometries realized on steel substrates [15] . 

Besides substrate roughness, other factors such as coating thickness, loading type, contact 
geometry, and sliding conditions are essential for wear performance. 

The crystal morphology can significantly influence the friction and wear performance (Table 3). It 
is important to mention that high hardness is associated with high roughness in the Ramicro�×� �×�������×���P��
range. The grain size of nanocrystalline coatings ranges from dnano�×� �×���±�������×�Q�P�����U�H�V�X�Oting in a smooth 
surface suitable for machining adhesive materials. Combining micro- and nanocrystalline coating 
morphologies in multilayer structures interconnects the properties of both layer morphologies. The 
grain size of the ultra-nanocrystalline diamond coatings falling into the nanometer scale is not 
correlated with the surface roughness [12], [16]. 
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Table 3.  Crystal morphologies and related characteristics in PCD coatings [16]  

Morphology class 

Microcrystalline 
(MCD) 

d = 5 ���P���� 
Ra = �����������P 

Nanocrystalline 
(NCD)  

d = 5-500 nm; 
Ra = 1.0 ���P 

Multilayered 
micro/nanocrystalline 

Ultra -nanocrystalline 
(UNCD) 

d = 3-10 nm, 
Ra=independent of d! 

    

Prone to abrasive 
wear due to high 
roughness and 
possible non-
crystalline carbon 
phases and defects. 

New processing 
technologies provide a 
more dense structure 
and highly phase pure 
diamond film. Ra is 
still too high to 
achieve low friction 
and wear. 

The properties of both 
layer morphologies 
are interconnected. 

It is a far more refined 
surface, even for 
thicker films, but a 
higher non-diamond 
type carbon ratio in 
the films than for 
NCD. 

3.2. Advantages of PCD coatings in cutting tools 

The unique properties of PCD coatings are primarily utilized to enhance the performance and extend 
the lifespan of various industrial tools. The advantages of using PCD coatings for machining tools are 
briefly discussed below. 

High hardness. The extreme hardness of diamond grains in PCD coatings enables efficient cutting, 
improving productivity and reducing machining time.  

Low friction. PCD coatings have a low friction coefficient, reducing friction and minimizing heat 
build-up during machining processes, which enhances tool performance and dimensional accuracy.  

Temperature resistance. Polycrystalline diamond coatings can withstand high temperatures 
encountered during machining without significant degradation, maintaining their wear resistance and 
performance. The excellent thermal stability makes them well-suited for automotive tooling 
applications involving high-speed cutting and machining operations that generate considerable heat.  

High Thermal Conductivity: PCD coatings have exceptionally high thermal conductivity, allowing 
efficient heat dissipation during machining. The diamond grains in the coating efficiently transfer heat 
away from the cutting zone, preventing excessive heat build-up in the tool. The thermal stability and 
heat dissipation properties of PCD coatings contribute to improved tool life, reduced thermal damage 
to workpieces, and enhanced machining precision, particularly in high-temperature machining 
operations encountered in the automotive industry. 

Chemical inertness: PCD coatings are highly chemically inert, with minimal reactivity towards 
nonferrous metals and materials encountered in automotive machining. This inertness prevents 
chemical reactions between the coating and the workpiece material, reducing tool wear and enhancing 
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tool life. The exception is represented by the group of ferrous materials due to the strong tendency of 
Fe and C to form chemical compounds.  

Resistance to corrosive agents: PCD coatings resist corrosive agents commonly found in 
machining environments, such as coolant and cutting fluids. This resistance prevents coating 
degradation, maintains coating integrity, and prolongs tool life. 

These advantages of PCD coatings allow for increased machining productivity and a lower risk of 
tool failure [12], [17]�±[19]. 

Additional benefits and consequences of applying PCD-coated tools [20]:  

�� enhanced tool life compared to uncoated tools, reducing tool replacement frequency and 
associated costs; 

�� higher cutting speeds, resulting in faster machining and increased productivity; 

�� reduced cutting forces, enabling smoother and more stable machining, which enhances surface 
finish and dimensional accuracy; 

�� improved surface finish by reducing tool wear and minimizing tool marks during cutting 
operations. 

3.3. The application of PCD coating for cutting tools in the automotive industry 

Besides other applications, PCD coatings find their most extensive applications in various automotive 
tooling operations, including PCD-coated drills, end mills, inserts, and reamers for metal-cutting 
operations. In addition to the formerly mentioned advantages, PCD coatings facilitate efficient chip 
evacuation during drilling and milling, preventing chip clogging and improving machining efficiency.  

Some types of cutting tools where PCD coating is applied are shown in Figure 5. 
 

  

 

 

 

 

a) drill 
[21] 

b) end-mill  
[22] 

c) cutting inserts for turning 
tools [23] 

d) grinding wheel 
[24] 

 

Figure 5. Examples of CVD-produced PCD coatings on different cutting tools. 



Jalalova, P.; Maros Berkes, M. PCD coatings for cutting tool application 

127 

�� Drilling tools: drill bits, step drills, and countersinks for creating holes in automotive 
components.  

�� Milling tools: end mills, face mills, ball mills, and slot cutters for various milling operations on 
automotive parts. 

�� Turning tools: inserts for precision turning operations in automotive manufacturing. 

�� Grinding tools: grinding wheels and abrasives for efficient material removal and finishing in 
automotive applications. They are especially increasingly used in micromachining processes. 

 

A magnified SEM image of the PCD coatings on a cutting insert is seen in Figure 6.  

 

Figure 6. SEM micrographs of: a) the cross-section of a CVD diamond-coated cutting insert and 
b) the top view of the cutting tool edge [25] . 

 

A sketch of the microstructure and the SEM micrographs of the PCD coating �± produced by the 
CVD process on the grinding wheel shown in Figure 5. d) �± are illustrated in Figure 7. 

 
 a) b) c) 

Figure 7. CVD-produced diamond grinding layer: a) the schematic view of the layer cross-section, b) 
the broken section, c) the top view of the layer surface. Geometrical characteristics: ds�� film thickness, 

bk �± width of the crystallite tips, hk �� height of the crystallite tips [24] . 

60 �Pm 
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4. Some aspects contributing to the proper selection of PCD coatings 

This section discusses the most challenging problems encountered with PCD tools. These are the 
various casting defects, thermal instability, and wear-related failures. 

4.1. Casting defects 

Casting defects are the primary cause of the failure of PCD tools. They can be classified as follows: 

�� porosity and microinclusions; 

�� casting cavities; 

�� macroinclusions. 
PCD tools are more effective than carbide tools when handling small-size casting cavities and 

inclusions. However, when the size of these defects increases, PCD inserts tend to chip. As shown in 
Figure 8.a), the PCD insert within the PCD layer can chip when the size of the defects exceeds the 
loadability limit of the PCD tool material. With further increases in the size of these casting defects, 
the PCD inserts experience bulk fracture through the carbide substrate, as seen in Figure 8.b).  

                               

 a)  b) 

Figure 8. a) Chipping of the PCD insert within the PCD layer, b) Chipping of the PCD insert through 
the PCD layer and carbide substrate [1] . 

Microchipping of the cutting edge is the leading failure cause of PCD-coated tools, which have 
lowered toughness due to stress concentrators of processing origin [26], [27]. 

4.2. Thermal instability  

�3�&�'���K�D�V���O�L�P�L�W�H�G���W�K�H�U�P�D�O���U�H�V�L�V�W�D�Q�F�H�����D�Q�G���W�H�P�S�H�U�D�W�X�U�H�V���R�I���D�U�R�X�Q�G���������ƒ�&���F�D�X�V�H���D���V�L�J�Q�L�I�L�F�D�Q�W���G�U�R�S���L�Q���W�K�H��
performance of PCD cutters. Cobalt accelerates the transformation of diamond into graphite or 
amorphous carbon and degrades the material. Such transformations can occur at ambient temperature 
�D�Q�G���D�W�P�R�V�S�K�H�U�L�F���S�U�H�V�V�X�U�H���D�W�����������ƒ�&���Z�K�L�O�H���L�Q��a vacuum above �����������ƒ�&�� 

Thermal degradation also occurs at about �������� �ƒ�& due to the substantial difference between the 
thermal expansion coefficients of cobalt and diamond. The arising thermal stresses break the strong 
diamond-diamond bonding and may lead to cracking and chipping in the PCD layer first, then 
spreading to the cutting edges involving the cemented carbide substrate. These issues limit the 
�S�U�D�F�W�L�F�D�O���X�V�H���R�I���F�R�Q�Y�H�Q�W�L�R�Q�D�O���3�&�'���W�R�R�O���P�D�W�H�U�L�D�O�V���W�R���D�U�R�X�Q�G���������ƒ�&���� 
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Figure 9. a) depicts the process schematically, and Figure 9. b) shows the consequences of tool 
overheating during manufacturing [1]. 

 

                         

 a) b) 

Figure 9. a) A schematic representation of the graphitization (G) process due to the break of the 
diamond-diamond (D) bonds at high temperature; b) flaking as a result of tool overheating [1] . 

4.3. Solutions for improving thermal stability  

The main reason for the failure of PCD coatings is their thermal degradation, limiting their use, 
especially during high-speed machining. Therefore, improving their thermal stability is critical in 
increasing their performance. 

Scientists are working on creating a two-layer composite of diamond-containing/cemented tungsten 
carbide substrate combining high wear resistance and thermostability. They�¶re attempting to create 
thermally stable PCD (TSPCD) through cobalt leaching, two-step sintering, or using a ceramic matrix 
material like SiC as the catalyst. 

4.3.1. ���‘�„�ƒ�Ž�–���Ž�‡�ƒ�…�Š�‹�•�‰ 

After PCD finishing, the metallic phase can be removed by acid treatment, leaving a compact of 100% 
�D�E�U�D�V�L�Y�H���S�D�U�W�L�F�O�H�V�����&�R�E�D�O�W���L�V���U�H�P�R�Y�H�G���X�S���W�R������������m deep into the PCD layer, which reduces diamond 
degradation and improves thermal resistance. Without cobalt, diamond-to-diamond bonds remain 
strong, with less graphitization and cracking, and the heat conduction of the diamond surface 
increases, lowering the maximum cutting temperature. However, the resulting network of empty pores 
can increase vulnerability to oxidation, reducing the PCD cutter�¶s strength at high temperatures. The 
authors of a recent work [28] reported a significant improvement in the tribological properties of PCD 
due to Co leaching. They demonstrated the advantageous effect of a h�L�J�K�� �W�H�P�S�H�U�D�W�X�U�H�� ���7�!�������� �ƒ�&����
annealing during Co-leaching by indirectly influencing the transfer film formation and mechanism 
during friction of the Co-leached PCD against a Si3N4 counterpart. 

4.3.2. ���™�‘-�•�–�‡�’���•�‹�•�–�‡�”�‡�†���„�‹�Ž�ƒ�›�‡�”�‡�†���˜�•�ä���‘�•�‡-�•�–�‡�’���•�‹�•�–�‡�”�‡�†���–�Š�”�‡�‡-�Ž�ƒ�›�‡�”�‡�†������������  

The first solution for producing TSPCD coatings involved a combination of a Co-leached PCD 
toplayer attached to the WC/Co substrate (made separately) with an intermediate non-sintered 
diamond crystal layer containing sintering aids. This construction was subjected to an HPHT process, 
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resulting in a low degree of re-infiltrated TSPCD compact. However, this patented process [29] may 
result in high residual stresses, making the coating sensitive to brittle failure during machining. 

The high internal stress problem of the two-step sintered TSPCD product can be overcome by 
applying Si catalyst + HPHT sintering process. The starting and finishing stages of structure formation 
of thermally stable PCD blanks in HPHT-sintering are shown in Figure 10. First, a diamond micro-
powder layer, covered by a Si plate from the top, is placed onto the cemented carbide substrate 
(Figure 10.a). Then, the diamond layer is infiltrated from one side by liquid Si and from the other side 
by Co-WC-C melt during HPHT sintering (Figure 10.b).  

The process results in a three-layered composite composed of a thermally stable diamond-SiC 
composite toplayer, a sintered PCD intermediate layer with Co infiltration, and the cemented WC-Co 
substrate [30]. 

 

Figure 10. The initial (a) and the final (b) stage of the single-step HPHT process with additional Si 
catalyst resulting in a three-layered PCD coating due to double-sided infiltration [1] , [30] . 

4.4. Wear  

As mentioned earlier, wear-�W�\�S�H�� �I�D�L�O�X�U�H�V�� �D�U�H�� �R�Q�H�� �R�I�� �W�K�H�� �O�H�D�G�L�Q�J�� �F�D�X�V�H�V�� �O�L�P�L�W�L�Q�J�� �W�K�H�� �W�R�R�O�V�¶�� �O�L�I�H�� Wear 
damage, representing a critical aspect of their performance in various industrial applications, is 
realized by several mechanisms in PCD coatings. These mechanisms are, e.g., abrasive wear, adhesive 
wear, and diffusion wear, which all have distinct causes and effects on the coating�¶s durability.  

Understanding the wear mechanisms in PCD coatings is crucial to optimize their performance and 
design. 

�� Abrasive wear. Abrasive wear occurs when hard particles or surfaces rub against the PCD 
coating, causing material removal. Abrasive wear is characteristic of cutting high-strength (e.g., 
Ti) alloys. 

�� Adhesive Wear. Adhesive wear appears at the interfaces of the tool/chip and tool/workpiece due 
to the chemical affinity of the machined metallic alloy (such as titanium and aluminum) to the 
carbon at high cutting temperatures. Simultaneously, the high temperature at the interface 
induces chemical diffusion, forming a build-up edge (BUE) and build-up layer (BUL). Finally, 
the debris adhering to the tool surface, originating from the workpiece and the tool material, is 
removed by plucking, accelerating the tool�¶s wear. Due to their inherent capability for proper 
lubrication and low friction coefficients, PCD coatings can reduce adhesive wear in dry 
machining and cutting applications.  
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�� Combined abrasive/adhesive wear. In continuous cutting processes, such as turning and drilling, 
the predominant wear mechanism is adhesive-abrasive wear, which is thermally activated by 
high temperatures. 

�� Chipping. In non-continuous material removal processes, e.g., during milling of the titanium 
alloys, chipping and fracture of the brittle PCD coatings or inserts are commonly found, 
especially in higher cutting speed operations, due to the high-frequency dynamic load and 
vibration of the tooling system.  

�� Diffusion wear. Diffusion wear occurs when high temperatures and pressures initiate atomic 
diffusion between the PCD coating and the workpiece material. It can lead to chemical 
reactions, material transfer, and wear. However, this diffusional mechanism is not characteristic 
of PCD coatings �± due to their high thermal stability, which helps mitigate diffusion wear in 
high-temperature applications.  

�� Thermal degradation initiated wear. Excessive wear may appear at high temperatures in the 
form of intergranular cracking and chipping due to graphitization or oxidation processes or 
developing thermal stresses.  

�� Residual stresses initiated wear. High tensile residual stresses develop during the electric 
discharge machining of PCD tools due to the mismatch of thermal expansion coefficients of 
constituents. It leads to inner cracks at the interface of diamond and binding material, weakens 
the strength of the polycrystalline structure, and reduces the wear resistance of PCD tools. 

The above aspects must be considered during the selection and optimization of PCD coatings for 
specific automotive tooling requirements [8], [31]�±[34]. 

One of the most widely used areas of PCD-coated tools is the high-speed machining of high-silicon 
aluminium-matrix metal-matrix composites (HSAM MMCs). Some literature works deal with the 
unique features of the micro- and macro-level wear mechanisms experienced in PCD tools during the 
interrupted cutting (drilling, grinding) of the HSAM MMCs subjected to high-speed machining [26], 
[27]. 

The existing theory revealing the wear modes in PCDs is valid for the conditions of the usual 
machining processes and not applicable to the particular case of high-speed machining of the HSAM 
MMCs [1], where the following are observed. 

�� The wear resistance of a PCD insert increases as the grain size increases. This peculiarity 
contrasts with other materials used in tribological joints, where the wear resistance improves as 
the grain size decreases. This fact is fundamental to several wear theories, including those used 
in metal cutting for carbide and high-speed steel tool materials. 

�� Additionally, the tool life of a PCD tool can be extended by allowing it a 10-minute rest 
between drilling successive holes, compared to a PCD tool used in continuous operation with 
only 5 seconds for loading/unloading. The known wear mechanisms can�¶�W explain this 
phenomenon. 

The grade and properties of PCD-coated tools greatly vary with the producers. Therefore, limited 
information and no general recommendations can be found in the literature on properly selecting PCD-
coated tools. The work [1] provides some helpful information as a practical rule of thumb. 

�� PCD tools containing larger diamond particles (diameter of 20-������ ��m) are the most wear-
resistant but have the lowest strength and toughness.  
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�� Fine grades of PCD tools (typically with a diameter of 5�±������ ��m) possess high toughness but 
poor wear resistance. 

Examples of tool failure occurring during the machining of HSAM MMCs are shown in Figure 11. 
 

 

   

 a)  b)  c) 

Figure 11. Typical failure modes in PCD-coated cutting tools: a) OM macro photograph showing 
flaking on a diamond-coated turning insert, b) SEM image of the turning tool edge damaged by 

abrasive wear and slight flaking, c) SEM micrograph illustrating severe flaking of a diamond-coated 
cutting edge of a milling tool [25] . 

4.5. Cost considerations  

When assessing the use of PCD-coated tools in automotive applications, it is essential to conduct a 
cost analysis comparing them with other wear-resistant options.  

The main factors to consider include the initial investment, tool life, machining, and maintenance 
costs [35].  

PCD coatings typically involve a higher initial investment than conventional coatings due to the 
advanced manufacturing processes and the high cost of diamond materials. However, this cost can be 
justified by the extended tool life and improved performance of PCD-coated tools, resulting in lower 
machining costs.  

Additionally, PCD tools offer a significantly longer life than non-coated tools or tools with 
alternative coatings, which can reduce the frequency of tool replacement and lead to long-term cost 
savings. PCD tools also allow for higher cutting speeds and feed rates, reducing cycle times, lowering 
labor costs, and improving overall machining efficiency and productivity. Due to their superior wear 
resistance, these tools require less frequent maintenance and have lower costs associated with tool 
reconditioning or replacement. 

Considering these advantages, the cost-effectiveness of PCD-coated tools is evident, particularly in 
the automotive industry, where high-speed machining for increased productivity is crucial. Thus, tool 
longevity and performance are critical factors that can be achieved using PCD-coated tools. 

4.6. Further l imitations 

While polycrystalline diamond (PCD) coatings offer numerous advantages, it is essential to consider 
their limitations and challenges in automotive tooling applications. 
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The ultra-high hardness of PCD makes manufacturing PCD tools with conventional abrasive 
grinding very difficult. Unique methods, like electro-discharge machining (EDM) or its special 
version, i.e., electrical discharge grinding (EDG) and laser machining, are applied [8]. 

Another difficulty is represented by delamination or spall of PCD coatings under certain cutting 
conditions, e.g., when turning is accomplished with a high feed rate [36] or when the PCD tool is 
subjected to high-impact forces, like in the case of non-continuous machining (e.g., milling or 
grinding) [37]. 

To minimize the delamination risks, tool geometry, cutting parameters, and workpiece material 
compatibility should be carefully considered. In this consideration, PCD coatings are primarily suited 
for tools with simple geometries. Complex tool geometries, such as sharp corners or complex profiles, 
can pose challenges during CVD deposition and affect coating integrity. 

Understanding these limitations and challenges is crucial for adequately applying and optimizing 
PCD-coated tools. Conducting thorough testing and evaluation is recommended to ensure 
compatibility with specific machining requirements and mitigate potential risks. 

5. Summary 

This article aimed to provide a brief but comprehensive literature review on PCD coatings for tooling, 
exploring their advantages, challenges, limitations, and possible solutions. 

Besides introducing the main processing methods and the architecture of bulk PCD products and 
PCD coatings, the critical role of bonding materials in the tool performance was emphasized. 

The broad advantages of PCD coatings on tools were highlighted concerning practical applications, 
especially in high-speed machining operations relevant to the automotive industry. Besides their 
specific benefits �± the increased tool life and machining productivity �± the main factors limiting their 
performance were overviewed. In this regard, the paper elucidated the most common wear 
mechanisms �± abrasive wear, delamination, and flaking �± occurring in PCD coatings, presenting the 
efforts to overcome the associated difficulties.  

Another focus was put on their weak thermal stability, providing insight into the potential 
solutions, including developing thermally stable grades (TSPCDs) using innovative techniques like 
cobalt leaching and double-sided infiltration of PCD coatings using Si catalysts during TPHT 
sintering. Cost considerations may supply readers with valuable information on the economic aspects 
of adopting PCD coatings in tooling.  

The authors hope to equip professionals with the knowledge to make informed decisions regarding 
integrating PCD coatings into their tooling processes. 
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Absztrakt  
A cikkben a voestalpine �J�\�i�U�W�P�i�Q�\�~��alform 1100M x-�W�U�H�P�H���D�O�D�S�D�Q�\�D�J���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L���I�i�U�D�G�i�V�R�V��
�U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�inak a �Y�L�]�V�J�i�Oatait mutatjuk be���� �$�� �Y�L�]�V�J�i�O�W��1100 �0�3�D�� �I�R�O�\�i�V-
�K�D�W�i�U�~��alapanyag a jelenleg �H�O�p�U�K�H�W�� �O�H�J�Q�D�J�\�R�E�E�� �V�]�L�O�i�U�G�V�i�J�~�� �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�D�Q�� �N�H�]�H�O�W�� �V�]�H�U�N�H�]�H�W�L��
�D�F�p�O�� �W�t�S�X�V���� �$�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �H�O�N�p�V�]�t�W�p�V�p�K�H�]�� �N�p�W�� �N�•�O�|�Q�E�|�]���� �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�E�D�� �W�D�U�W�R�]�y���± egy 
matching (1100 MPa) �p�V���H�J�\���X�Q�G�H�U�P�D�W�F�K�L�Q�J (960 MPa) �± �K�R�]�D�J�D�Q�\�D�J�R�W���K�D�V�]�Q�i�O�W�X�Q�N�����t�J�\��a �I�i�U�D�G�i�V�R�V��
�U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �H�]�H�N�H�W�� �L�V�� �|�V�V�]�H�K�D�V�R�Q�O�t�Whattuk. A kapott 
�H�U�H�G�P�p�Q�\�H�N�� �D�O�D�S�M�i�Q���V�]�L�J�Q�L�I�L�N�i�Q�V�� �N�•�O�|�Q�E�V�p�J�H�N�H�W�� �W�D�O�i�O�W�X�Q�N�� �D�� �K�H�Q�J�H�U�O�p�V�L���L�U�i�Q�\�E�D�Q�� �p�V�� �D�� �Y�D�V�W�D�J�V�i�J��
�L�U�i�Q�\�E�D�Q���W�H�U�M�H�G�����U�H�S�H�G�p�V�H�N���N�|�]�|�W�W�����$���N�p�W���N�•�O�|�Q�E�|�]�����K�R�]�D�J�D�Q�\�D�J���H�V�H�W�p�E�H�Q��azonban �D���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N 
�I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�i�V�D���Q�H�P���N�•�O�|�Q�E�|�]�|�W�W.  

Kulcsszavak: �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O���� �W�Hrmomechanikus �K�H�Q�J�H�U�O�p�V, huzal-
�H�O�H�N�W�U�y�G�i�V, �Y�p�G���J�i�]�R�V���t�Y�K�H�J�H�V�]�W�p�V 

Abstract  
In the present paper, fatigue crack propagation resistance investigations on voestalpine's alform 
1100M x-treme base material and its welded joints are presented. The tested material, with yield 
strength of 1100 MPa, is the highest strength thermomechanically treated structural steel type 
currently available. Two different strength classes of filler metals- a matching (1100 MPa) and an 
undermatching (960 MPa) - were used for the welded joints, therefore these can be compared in terms 
of fatigue crack propagation resistance. The results obtained showed significant differences between 
cracks propagating in the rolling direction and in the thickness direction. However, the resistance of 
the welded joints to fatigue crack propagation did not differ for the two different yield materials. 

Keywords: fatigue crack propagation, high strength steel, thermomechanical rolling, gas-shielded 
metal arc welding 
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1. Bevezetés 

�$�]�� �D�F�p�O�� �D�]�� �H�J�\�L�N���O�H�J�I�R�Q�W�R�V�D�E�E�� �V�]�H�U�N�H�]�H�W�L�� �D�Q�\�D�J�� �Y�L�O�i�J�V�]�H�U�W�H���� �H�]�p�U�W�� �D�� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�Ook �I�H�M�O�H�V�]�W�p�V�pnek 
�J�O�R�E�i�O�L�V�� �K�D�W�i�Vai vannak [1], [2]. �$�� �P�H�J�I�H�O�H�O���� �N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�� a �K�H�Q�J�H�U�O�p�V�L�� �N�|�U�•�O�P�p�Q�\�H�N�� �p�V��a 
�K���N�H�]�H�O�p�V���|�V�V�]�H�K�D�Q�J�R�O�W���P�H�J�Y�i�O�D�V�]�W�i�V�i�Y�D�O �D�N�i�U���������� �0�3�D���I�R�O�\�i�V�K�D�W�i�U�~���Y�D�V�W�D�J���O�H�P�H�]�H�N���L�V���H�O���i�O�O�t�W�K�D�W�y�N����
�(�]�H�N���D�]���D�F�p�O�W�t�S�X�V�R�N���i�O�W�D�O�i�E�D�Q���Q�H�P�H�V�t�W�p�V�V�H�O���N�p�V�]�•�O�Q�H�N �p�V���D���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�•�N���P�D�U�W�H�Q�]�L�W�H�V���O�H�V�]���>3], [4]. 
�1�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�Q�� �D�� �P�i�V�L�N�� �H�O���i�O�O�t�W�i�V�L�� �O�H�K�H�W���V�p�J�� �D�� �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�� �N�H�]�H�O�p�V����amelynek 
�V�H�J�t�W�V�p�J�p�Y�H�O��napjainkban 1100 �0�3�D�� �I�R�O�\�i�V�K�D�W�i�U�~�� �Y�D�V�W�D�J �O�H�P�H�]�H�N�� �L�V�� �J�\�i�U�W�K�D�W�y�N�����$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~��
�D�F�p�O�R�N�D�W���H�O�V���V�R�U�E�D�Q���Q�D�J�\���W�H�K�H�U�E�t�U�i�V�~���D�O�N�D�W�U�p�V�]�H�N�E�H�Q���p�V���p�S�t�W���L�S�D�U�L���G�D�U�X�N�E�D�Q���K�D�V�]�Q�i�O�M�i�N�����Y�L�V�]�R�Q�W���D�Q�Q�D�N��
�H�O�O�H�Q�p�U�H�����K�R�J�\���p�Y�H�N���y�W�D���I�R�Ugalomban vannak, �U�L�W�N�ibba�Q���D�O�N�D�O�P�D�]�]�i�N��azokat [5], [6]. Ennek egyik oka 
lehet az, hogy �D���Q�D�S�M�D�L�Q�N�E�D�Q���p�U�Y�p�Q�\�H�V���U�H�O�H�Y�i�Q�V���V�]�D�E�Y�i�Q�\�R�N���������� �0�3�D���I�R�O�\�i�V�K�D�W�i�U���I�H�O�H�W�W�L���D�F�p�O�R�N�U�D���Q�H�P��
�W�D�U�W�D�O�P�D�]�Q�D�N���H�O���t�U�i�V�R�N�D�W�����1�H�P���Y�p�O�H�W�O�H�Q�����K�R�J�\���K�L�i�Q�\�S�y�W�O�y���M�H�O�O�H�J�&���Y�L�]�V�J�i�O�D�W�R�N���I�R�O�\�Q�D�N���S�p�O�G�i�X�O���D���W�&�]�K�D�W�i�V��
�D�O�D�W�W�L�� �Y�L�V�H�O�N�H�G�p�V�� �I�H�O�W�p�U�N�p�S�H�]�p�V�H�� �p�U�G�H�N�p�E�H�Q�� �>7]. �$�]�� �L�O�\�H�Q�� �D�F�p�O�R�N �D�O�N�D�O�P�D�]�i�Va �W�H�K�i�W, �I���O�H�J�� �K�H�J�H�V�]�Wett 
szerkezetek �H�V�H�W�p�Q, �N�|�U�•�O�W�H�N�L�Q�W�����W�H�U�Y�H�]�p�V�W���p�V���N�L�W�H�U�M�H�G�W���Y�L�]�V�J�i�O�D�W�R�N�D�W���L�J�p�Q�\�H�O���>5], [8], [9].  

�0�L�Y�H�O�� �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�J�\�L�N���M�H�O�O�H�P�]�� �I�H�O�K�D�V�]�Q�i�O�i�V�D�� �D�� �P�R�]�J�y�� �V�]�H�U�N�H�]�H�W�H�N�E�H�Q�� �W�|�U�W�p�Q����
�D�O�N�D�O�P�D�]�i�V [10], [11]�����D���K�D�J�\�R�P�i�Q�\�R�V���D�Q�\�D�J�Y�L�]�V�J�i�O�D�W�R�N���P�H�O�O�H�W�W���D�]���L�V�P�p�W�O���G�����L�J�p�Q�\�E�H�Y�p�W�H�O�O�H�O���V�]�H�P�E�H�Q�L��
�H�O�O�H�Q�i�O�O�i�V�X�N�D�W���L�V�� �P�H�J�� �N�H�O�O���Y�L�]�V�J�i�O�Q�L�� �$�]�� �L�V�P�p�W�O���G���� �L�J�p�Q�\�E�H�Y�p�W�H�O�&���V�]�H�U�N�H�]�H�W�H�N���� �N�•�O�|�Q�|�V�H�Q���D�� �K�H�J�H�V�]�W�H�W�W��
s�]�H�U�N�H�]�H�W�H�N�� �H�V�H�W�p�Q, �D�� �I�i�U�D�G�i�V�R�V�� �W�|�U�p�V�� �E�H�N�|�Y�H�W�N�H�]�p�V�p�Q�H�N�� �J�\�D�N�R�U�L�V�i�J�D�� �P�H�J�K�D�O�D�G�M�D�� �D�� �V�W�D�W�L�N�X�V�� �W�|�U�p�V�p�W. A 
�N�O�D�V�V�]�L�N�X�V���:�|�K�O�H�U-�J�|�U�E�p�Q���D�O�D�S�X�O�y���W�H�U�Y�H�]�p�V�L���P�y�G�V�]�H�U�H�N���Q�H�P���W�|�U�H�N�H�G�Q�H�N���D���N�i�U�R�V�R�G�i�V�����D���W�|�Q�N�U�H�P�H�Q�H�W�H�O�L��
�I�R�O�\�D�P�D�W���N�|�Y�H�W�p�V�p�U�H�����K�D�Q�H�P���P�H�J�H�Q�J�H�G�H�W�W���I�H�V�]�•�O�W�V�p�J�H�N�N�H�O���V�]�i�P�R�O�Q�D�N�����(�]�H�N���D���I�H�V�]�•�O�W�V�p�J�H�N���Y�D�O�D�P�L�O�\�H�Q��
�W�|�U�p�V�L���Y�D�O�y�V�]�t�Q�&�V�p�J�K�H�]���W�D�U�W�R�]�Q�D�N�����t�J�\���D���J�\�i�U�W�i�V�L���H�U�H�G�H�W�&���H�O�W�p�U�p�V�H�N�����Y�D�J�\���K�L�E�i�N���I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�p�U�H���Q�H�P��
�D�O�N�D�O�P�D�V�D�N���� �H�]�p�U�W��nagy fontos�V�i�J�~ �D�� �W�|�U�p�V�P�H�F�K�D�Q�L�N�D�L�� �V�]�H�P�O�p�O�H�W�P�y�G�����p�V�� �D�O�N�D�O�P�D�]�i�V�i�Q�D�N����az �H�O���W�p�U�E�H��
�N�H�U�•�O�p�V�H���>12]. 

Mive�O�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�Q�� �Q�H�P�� �i�O�O�Q�D�N�� �U�H�Q�G�H�O�N�H�]�p�V�U�H�� �P�H�J�I�H�O�H�O���� �H�O���t�U�i�V�R�N�� �p�V�� �Y�L�]�V�J�i�O�D�Wi 
�H�U�H�G�P�p�Q�\�H�N���� �M�H�O�H�Q�� �N�X�W�D�W�y�P�X�Q�N�D�� �F�p�O�M�D���� �H�J�\�� �D�� �Q�D�S�M�D�L�Q�N�E�D�Q�� �E�H�V�]�H�U�H�]�K�H�W���� �O�H�J�Q�D�J�\�R�E�E�� �V�]�L�O�i�U�G�V�i�J�L��
�N�D�W�H�J�y�U�L�i�E�D�� �W�D�U�W�R�]�y�� �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�D�Q�� �N�H�]�H�O�W�� �D�F�p�O���I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�pssel szembeni 
�H�O�O�H�Q�i�O�O�i�V�i�Q�D�N��a �Y�L�]�V�J�i�Oata. Az 1100 �0�3�D�� �I�R�O�\�i�V�K�D�W�i�U�~�� �D�Q�\�D�J�R�N�K�R�]���P�i�U��nem csak undermatching, 
�K�D�Q�H�P�� �P�D�W�F�K�L�Q�J�� �W�t�S�X�V�~�� �K�R�]�D�J�D�Q�\�D�J�� �L�V�� �U�H�Q�G�H�O�N�H�]�p�V�U�H�� �i�O�O���� �H�]�p�U�W�� �F�p�O�X�O�� �W�&�]�W�•�N�� �N�L�� �D�� �N�•�O�|�Q�E�|�]����
hozaganyagok�N�D�O���N�p�V�]�t�W�H�W�W���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N �Y�L�]�V�J�i�O�D�W�i�W is. 

2. Hegesztési nehézségek 

�$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�R�N�� �K�H�J�H�V�]�W�p�V�p�Q�H�N�� �Q�H�K�p�]�V�p�J�H�L�� �H�O�V���V�R�U�E�D�Q�� �D�� �Q�H�P-�H�J�\�H�Q�V�~�O�\�L��
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�E���O�� �D�G�y�G�Q�D�N���� �P�L�Y�H�O�� �|�P�O�H�V�]�W���� �K�H�J�H�V�]�W�p�V�� �H�V�H�W�p�Q�� �H�]�W�� �D�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�H�W�� �D�� �K�H�J�H�V�]�W�p�Vi 
�K���F�L�N�O�X�V�� �L�U�U�H�Y�H�U�]�L�E�L�O�L�V�H�Q�� �P�H�J�Y�i�O�W�R�]�W�D�W�M�D. Ezek �D�� �Y�i�O�W�R�]�i�V�R�N�� �O�H�J�L�Q�N�i�E�E�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q��
�K�D�Q�J�V�~�O�\�R�V�D�N�� �>13�@���� �$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�Q�� �D�� �O�H�J�Q�D�J�\�R�E�E�� �S�U�R�E�O�p�P�i�W�� �D�]�� �H�U�H�G�H�W�L��
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W���N�H�G�Y�H�]���W�O�H�Q���Y�i�O�W�R�]�i�V�D�L���R�N�R�]�]�i�N�����D���O�R�N�i�O�L�V���M�H�O�O�H�J�J�H�O���N�L�D�O�D�N�X�O�y���U�L�G�H�J���U�p�V�]�H�N����valamint a 
�K���K�D�W�i�V�|�Y�H�]�H�W�� �N�L�O�i�J�\�X�O�i�V�L��hajlama [14], [15], amely �I�R�N�R�]�R�W�W�D�Q�� �M�H�O�H�Q�W�N�H�]�L�N�� �D�� �Q�D�J�\�R�E�E�� �V�]�L�O�i�U�G�V�i�J�L��
�N�D�W�H�J�y�U�L�i�N�E�D�Q���� �$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�Ook �K���K�D�W�i�V�|�Y�H�]�H�W�p�Q�H�N�� �D�� �N�L�O�i�J�\�X�O�i�V�L�� �P�H�F�K�D�Q�L�]�P�X�V�D��
�H�O�V���G�O�H�J�H�V�H�Q���D�]���L�Q�W�H�U�N�U�L�W�L�N�X�V���]�y�Q�i�U�D���Y�R�Q�D�W�N�R�]�L�N�����$���V�]�X�S�H�U�N�U�L�W�L�N�X�V���]�y�Q�i�N�E�D�Q�����$3 �K���P�p�U�V�p�N�O�Ht felett), az 
�D�X�V�]�W�H�Q�L�W�� �E�R�P�O�i�V�D�N�R�U���± �D�]�� �D�F�p�O�� �H�G�]�K�H�W���V�p�J�p�W���O�� �p�V�� �D�� �K�&�O�p�V�L�� �L�G���W���O�� �I�•�J�J���H�Q���± martenz�L�W�� �W�D�U�W�D�O�P�~��
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W���D�O�D�N�X�O���N�L�����$�]�� �L�Q�W�H�U�N�U�L�W�L�N�X�V�� �]�y�Q�i�E�D�Q �D�� �K�H�Y�t�W�p�V���V�R�U�i�Q�� �H�J�\�V�]�H�U�U�H��meg�W�D�O�i�O�K�D�W�y�� �D�]�� �H�U�H�G�H�W�L��
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�� �p�V��az ausztenit is, majd pedig �D�]�� �D�X�V�]�W�H�Q�L�W�� �E�R�P�O�i�V�i�E�y�O�� �V�]�L�Q�W�p�Q�� �P�D�U�W�H�Qz�L�W�� �W�D�U�W�D�O�P�~��
�U�p�V�]�H�N�� �D�O�D�N�X�O�K�D�W�Q�D�N�� �N�L����Az A1 �P�H�J�H�U�H�V�]�W�p�V�L�� �K���P�p�U�V�p�N�O�H�W�� �D�O�D�W�W�� �D�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�� �P�D�U�W�H�Qzit/b�pnit 
�W�D�U�W�D�O�P�~�� �O�H�V�]�� �>16�@���� �$�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �N�L�O�i�J�\�X�O�i�V�i�Q�D�N�� �P�p�U�W�p�N�H�� �I�•�J�J�� �D�� �N�H�]�G�H�W�L�� �D�O�D�S�D�Q�\�D�J��
�V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�W���O�� �p�V�� �N�H�P�p�Q�\�V�p�J�p�W���O���� �Y�D�O�D�P�L�Q�W�� �D�]�� �D�F�p�O�� �N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�p�W���O�� �p�V�� �D�� �K�H�J�H�V�]�W�p�V�L��
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�K���F�L�N�O�X�V�W�y�O���>17], [18]. A nagyobb �I�D�M�O�D�J�R�V���K���E�H�Y�L�W�H�O�����Q�D�J�\�R�E�E���N�L�O�i�J�\�X�O�i�V�W���H�U�H�G�P�p�Q�\�H�]�K�H�W�����D�P�H�O�\���H�J�\�H�V��
�D�F�p�O�N�D�W�H�J�y�U�L�i�N �H�V�H�W�p�Q �D�N�i�U���D���G�X�U�Y�D�V�]�H�P�F�V�p�V���|�Y�H�]�H�W�E�H�Q���L�V���M�H�O�H�Q�W�N�H�]�K�H�W���>19]. 

�1�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�V�H�W�p�Q�� �D hozaganyag-�Y�i�O�D�V�]�W�i�V�� �W�H�U�•�O�H�W�H�� �L�V�� �V�R�N�N�D�O�� �|�V�V�]�H�W�H�W�W�H�E�E���� �P�L�Y�H�O�� �D�]��
�D�O�D�S�D�Q�\�D�J�� �H�O���i�O�O�t�W�i�V�D�N�R�U�� �D�O�N�D�O�P�D�]�R�W�W�� �J�\�i�U�W�i�V�W�H�F�K�Q�R�O�y�J�L�i�W�� �Q�H�P�� �O�H�K�H�W�� �D�� �K�H�J�H�V�]�W�p�V�� �V�R�U�i�Q�� �U�H�S�U�R�G�X�N�i�O�Q�L����
�H�]�p�U�W���Q�H�K�p�]���R�O�\�D�Q���K�R�]�D�J�D�Q�\�D�J�R�W���Y�i�O�D�V�]�W�D�Q�L�����D�P�H�O�\���H�J�\�L�G�H�M�&�O�H�J���J�D�U�D�Q�W�i�O�M�D���D���Y�D�U�U�D�W���N�H�O�O�����V�]�L�O�i�U�G�V�i�J�i�W�����p�V��
�D�� �U�H�S�H�G�p�V�N�p�S�]���G�p�V�� �H�O�N�H�U�•�O�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �D�O�D�N�Y�i�O�W�R�]�y�� �N�p�S�H�V�V�p�J�H�W���� �7�R�Y�i�E�E�i���� �E�L�]�R�Q�\�R�V�� �V�]�L�O�i�U�G�V�i�J��
�I�|�O�|�W�W�����D���V�]�L�O�i�U�G�V�i�J�L���N�U�L�W�p�U�L�X�P�Q�D�N���P�i�U���Q�H�P���E�L�]�W�R�V�����K�R�J�\���P�H�J���W�X�G�Q�D�N���I�H�O�H�O�Q�L���D���K�R�]�D�J�D�Q�\�D�J�R�N���>20], [21]. 

�1�H�K�p�]�V�p�J�H�W�� �M�H�O�H�Qt az is, �K�R�J�\�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q�� �O�R�N�i�O�L�V�� �M�H�O�O�H�J�J�H�O�� �N�L�D�O�D�N�X�O�y�� �U�L�G�H�J�� �U�p�V�]�H�N����
�N�•�O�|�Q�|�V�H�Q�� �H�O�H�J�H�Q�G���� �G�L�I�I�~�]�L�y�N�p�S�H�V�� �K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�P�D�O�� �S�i�U�R�V�X�O�Y�D���� �U�H�S�H�G�p�V�H�N�� �N�H�O�H�W�N�H�]�p�V�p�Q�H�N�� �K�H�O�\�H�L��
lehetnek. �$�� �K�H�J�H�V�]�W�p�V�E���O�� �D�G�y�G�y�� �M�i�U�X�O�p�N�R�V�� �I�H�V�]�•�O�W�V�p�J�H�N�� �p�V�� �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�U�D�� �M�H�O�O�H�P�]���� �N�L�V��
�D�O�D�N�Y�i�O�W�R�]�y���N�p�S�H�V�V�p�J���I�R�N�R�]�R�W�W�D�Q���Q�|�Y�H�O�L�N���D���U�H�S�H�G�p�V�N�p�S�]���G�p�V�L���K�D�M�O�D�P�R�W�����$�]���H�J�\�H�V���H�V�H�W�H�N�E�H�Q���P�H�J�M�H�O�H�Q����
�N�L�O�i�J�\�X�O�W���]�y�Q�i�N���D���N�|�W�p�Vek �W�H�K�H�U�Y�L�V�H�O�� �N�p�S�H�V�V�p�J�p�Q�H�N��a �U�R�P�O�i�V�i�W���L�G�p�]�L�N���H�O�����>20], [21]. 

E�J�\���D�O�W�H�U�Q�D�W�t�Y���P�H�J�N�|�]�H�O�t�W�p�V���D�]���D�F�p�O�R�N���R�V�]�W�i�O�\�R�]�i�V�i�U�D���D���*�U�D�Y�L�O�O�H���G�L�D�J�U�D�P�����D�P�L�W���D�]���������i�E�U�D���P�X�W�D�W�����$��
�G�L�D�J�U�D�P���D�]���D�F�p�O�R�N�D�W���K�i�U�R�P���N�•�O�|�Q�E�|�]�����N�D�W�H�J�y�U�L�i�E�D���V�R�U�R�O�M�D���K�H�J�H�V�]�W�K�H�W���V�p�J�•�N���D�O�D�S�M�i�Q�����,���]�y�Q�D��= �N�|�Q�Q�\�H�Q��
�K�H�J�H�V�]�W�K�H�W������ �,�,�� �]�y�Q�D��= �N�|�U�•�O�W�H�N�L�Q�W���H�Q�� �K�H�J�H�V�]�W�K�H�W���� �p�V�� �,�,�,�� �]�y�Q�D��= �Q�H�K�H�]�H�Q�� �K�H�J�H�V�]�W�K�H�W���� �>22]. A 
�G�L�D�J�U�D�P�E�y�O�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�� �N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N�� �Q�|�Y�Hked�p�V�p�Y�H�O�� �D�� �K�H�J�H�V�]�W�K�H�W���V�p�J���Q�H�K�H�]�H�E�E�p�� �Y�i�O�L�N, 
�Y�L�V�]�R�Q�W���D�]�W���L�V���K�D�Q�J�V�~�O�\�R�]�]�D�����K�R�J�\���D���N�D�U�E�R�Q�Q�D�N���P�L�O�\�H�Q���I�R�Q�W�R�V���K�D�W�i�V�D���Y�D�Q���D���K�H�J�H�V�]�W�K�H�W���V�p�J�U�H [23].  

 

�������i�E�U�D����Graville diagram [24] . 

A nagyobb �N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N �N�R�U�O�i�W�R�]�R�W�W�� �K�H�J�H�V�]�W�K�H�W���V�p�J�H�W�� �M�H�O�H�Q�W�� �>25]. A Graville diagram 
�R�V�]�W�i�O�\�R�]�i�V�D�� �D�O�D�S�M�i�Q, �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �K�H�J�H�V�]�W�p�V�Hkor �H�O���P�H�O�H�J�t�W�p�V�W�� �p�V�� �V�]�D�E�i�O�\�R�]�R�W�W��fajlagos 
�K���E�H�Y�L�W�H�O�W javasolt alkalmazni, mivel ezek a �P�L�Q���V�p�J�H�N �W�|�E�E�Q�\�L�U�H�� �D�� �,�,�,�� �]�y�Q�i�E�D�� �W�D�U�W�R�]�Q�D�N�� ���6�������4, 
�6���������4���� �6���������0���� �6���������4������ �D�K�R�O�� �D�]�� �D�F�p�O�R�N�Q�D�N�� �H�J�\�D�U�i�Q�W�� �P�D�J�D�V�� �D�� �N�D�U�E�R�Q�W�D�U�W�D�O�P�X�N�� �p�V�� �D��
�N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N�•�N���� �H�]�p�U�W�� �D�� �K�H�J�H�V�]�W�p�V�L�� �N�|�U�•�O�P�p�Q�\�H�N�� �K�D�W�i�V�i�U�D�� �U�H�S�H�G�p�V�p�U�]�p�N�H�Q�\�� �O�H�K�H�W�� �D�� �V�]�H�U�N�H�]�H�W����
�0�H�J�I�R�Q�W�R�O�Y�D�� �H�]�H�N�H�W�� �D�� �W�H�F�K�Q�R�O�y�J�L�D�L�� �M�D�Y�D�V�O�D�W�R�N�D�W�� �D�� �K�L�G�H�J�U�H�S�H�G�p�V�� �H�V�p�O�\�H�� �F�V�|�N�N�H�Q�W�K�H�W������ �Y�D�O�D�P�L�Q�W�� �D��
�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V���V�]�L�O�i�U�G�V�i�J�D���p�V���V�]�t�Y�y�V�V�i�J�D���L�V���H�O�I�R�J�D�G�K�D�W�y���O�H�K�H�W���>26]. 
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3. �$���Y�L�]�V�J�i�O�W���D�Q�\�D�J�P�L�Q���V�p�J 

�$�]���i�O�W�D�O�X�Q�N���Y�L�]�V�J�i�O�W���D�Q�\�D�J�P�L�Q���V�p�J���D��voestalpine �i�O�W�D�O���J�\�i�U�W�R�W�W��alform 1100M x-treme (S1100M) volt, 
amely a �W�H�U�P�R�P�H�F�K�D�Q�L�N�X�V�D�Q���N�H�]�H�O�W���D�F�p�O�R�N���N�|�]�p���W�Drtozik�����$�]���D�F�p�O���V�]�i�O�O�t�W�i�V�L���i�O�O�D�S�R�W�i�E�D�Q���N�p�V�]�•�O�W���R�S�W�L�N�D�L��
�P�L�N�U�R�V�]�N�y�S�R�V���I�H�O�Y�p�W�H�O�p�W���1��� ���������[-�R�V���Q�D�J�\�t�W�i�V�E�D�Q���D���������i�E�U�D���V�]�H�P�O�p�O�W�H�W�L. 

 

�������i�E�U�D����Az alform 1100M x-�W�U�H�P�H���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�H�����1��� ���������[�����P�D�U�y�V�]�H�U����3% HNO3. 

�$�� �Y�L�]�V�J�i�O�W�� �D�F�p�O�� �P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�W�� �p�V�� �N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�p�W�� �D�]�� ������ �p�V��a ������ �W�i�E�O�i�]�D�Wok 
tartalmazz�i�N, a �P�&�E�L�]�R�Q�\�O�D�W�R�Q���I�H�O�W�•�Q�W�H�W�H�W�W���N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N���&�(�9��� ������������. 

�������W�i�E�O�i�]�D�W�� �$���Y�L�]�V�J�i�O�W���D�F�p�O���Y�D�V�W�D�J�V�i�J�D���p�V���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�9�D�V�W�D�J�V�i�J��
[mm] 

�.�H�P�p�Q�\�V�p�J��
HV10 

�(�J�\�H�]�P�p�Q�\�H�V��
�I�R�O�\�i�V�K�D�W�i�U����
Rp0,2 [MPa] 

�6�]�D�N�t�W�y-
�V�]�L�O�i�U�G�V�i�J����Rm 

[MPa] 

�6�]�i�]�D�O�p�N�R�V��
�V�]�D�N�D�G�i�V�L��

n�\�~�O�i�V, A [%]  

Charpy-V 
�•�W���P�X�Q�N�D��-�������ƒ�&-

on, KV [J]  

15 394 1193 1221 11,6 88 

�������W�i�E�O�i�]�D�W�� �$���Y�L�]�V�J�i�O�W���D�F�p�O���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H���>�W�|�P�H�J���@ 

C Si Mn P S Cr  Cu Ni Mo V Ti  Al  Nb Zr  

0,23 0,45 1,86 0,012 0,001 0,85 0,093 2,43 0,36 0,03 0,002 0,063 <0,001 <0,001 

 

4. Hegesztés �p�V���D�]���D�]�W���N�|�Y�H�W�����R�S�W�L�N�D�L���P�L�N�U�R�V�]�N�y�S�R�V���Y�L�]�V�J�i�O�D�W�R�N 

�$�� �N�|�W�p�V�H�N�� �H�O�N�p�V�]�t�W�p�V�H�� �H�O���W�W�� �D�]�� �D�O�D�S�D�Q�\�D�J�E�y�O�� ������ x 150 x 15 mm-�H�V�� �O�H�P�H�]�H�N�H�W�� �P�X�Q�N�i�O�W�X�Q�N�� �N�L, X 
�O�H�p�O�H�]�p�V�V�H�O, amelyet �D���������i�E�U�D��mutat be.  
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�������i�E�U�D����A �O�H�P�H�]�H�N���O�H�p�O�H�]�p�V�H. 

A hegeszt�H�W�W���N�|�W�p�V�H�N���H�O�N�p�V�]�t�W�p�V�p�K�H�] �Y�i�O�D�V�]�W�R�W�W���H�O�M�i�U�i�V���D���K�X�]�D�O�H�O�H�N�W�U�y�G�i�V���Y�p�G���J�i�]�R�V���t�Y�K�H�J�H�V�]�W�p�V���Y�R�O�W. 
�$�� �K�H�J�H�V�]�W�p�V�K�H�]�� �N�p�W�� �N�•�O�|�Q�E�|�]���� �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�E�D�� �W�D�U�W�R�]�y�� ���P�D�W�F�K�L�Q�J�� �p�V�� �X�Q�G�H�U�P�D�W�F�K�L�Q�J) 
hozaganyagot �D�O�N�D�O�P�D�]�W�X�Q�N���� �P�L�Q�G�N�H�W�W�� 1,2 �P�P�� �i�W�P�p�U���M�&�� �Y�R�O�W����A hozaganyagok mechanikai 
�W�X�O�D�M�G�R�Q�V�i�J�D�Lt �p�V���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�p�W �D���������p�V��a �������W�i�E�O�i�]�D�W�R�N���I�R�J�O�D�O�M�i�N���|�V�V�]�H.  

�������W�i�E�O�i�]�D�W�� �$�]���D�O�N�D�O�P�D�]�R�W�W���K�R�]�D�J�D�Q�\�D�J�R�N���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�$���K�R�]�D�J�D�Q�\�D�J���W�t�S�X�V�D �)�R�O�\�i�V�K�D�W�i�U����
ReL/Rp0,2 [MPa] 

�6�]�D�N�t�W�y-
�V�]�L�O�i�U�G�V�i�J����Rm 

[MPa] 

�6�]�i�]�D�O�p�N�R�V��
�V�]�D�N�D�G�i�V�L��

�Q�\�~�O�i�V����A [%]  

Charpy-V 
�•�W���P�X�Q�N�D - 

40 �ƒ�&-on, KV [J]  
�%�|�K�O�H�U���8�Q�L�R�Q���;���� �•������ �•������ �•���� �•���� 

�%�|�K�O�H�U���D�O�I�R�U�P�������������/-MC �•�������� 1140-1250 �•���� �•���� 

�������W�i�E�O�i�]�D�W�� Az alkalmazott hozaganyagok �N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H���>�W�|�P�H�J���@ 

�$���K�R�]�D�J�D�Q�\�D�J���W�t�S�X�V�D C Si Mn P S Cr  Mo Ni V 
�%�|�K�O�H�U���8�Q�L�R�Q���;����*  0,1 0,8 1,94 0,015 0,011 0,52 0,53 2,28 <0,01 

�%�|�K�O�H�U���D�O�I�R�U�P�������������/-MC 0,08 0,46 1,54 0,01 0,007 0,64 0,52 2,73 0,22 
* Cu = 0,06; Ti = 0,06; Al < 0,01; Zr < 0,01 

A �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N�� �P�H�J�K�D�W�i�U�R�]�i�V�D�� �D�� �W8/5 �K�&�O�p�V�L�� �L�G���� �D�O�D�S�M�i�Q�� �W�|�U�W�p�Q�W���� �.�R�U�i�E�E�L�� �Y�L�]�V�J�i�O�D�W�R�N��
�H�U�H�G�P�p�Q�\�H�L�W�� �I�L�J�\�H�O�H�P�E�H�� �Y�p�Y�H�� �K�X�]�D�O�H�O�H�N�W�U�y�G�i�V�� �Y�p�G���J�i�]�R�V�� �t�Y�K�H�J�H�V�]�W�p�V�K�H�]�� �D�� �O�H�K�H�W���� �O�H�J�R�S�W�L�P�i�O�L�V�D�E�E��
�N�H�P�p�Q�\�V�p�J�� �p�V�� �•�W���P�X�Q�N�D�� �H�O�p�U�p�V�p�K�H�]���� �P�L�Q�p�O�� �N�L�V�H�E�E�� �K�&�O�p�V�L�� �L�G���� �D�O�N�D�O�P�D�]�i�V�D�� �F�p�O�V�]�H�U�&���� �H�]�p�U�W���D�� �Y�i�O�D�V�]�W�R�W�W��
t8/5 �K�&�O�p�V�L�� �L�G���� �� s volt. �$�� �K�&�O�p�V�L�� �L�G���� �D�O�D�S�M�i�Q�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N�H�W�� �D�]�� ������ �W�i�E�O�i�]�D�W��
tartalmazza.  

�������W�i�E�O�i�]�D�W�� �$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N��elk�p�V�]�t�W�p�V�p�K�H�] �D�O�N�D�O�P�D�]�R�W�W���S�D�U�D�P�p�W�H�U�H�N 

Sor �È�U�D�P�H�U���V�V�p�J��
[A]  

�)�H�V�]�•�O�W�V�p�J��
[V]  

�+�H�J�H�V�]�W�p�V�L���V�H�E�H�V�V�p�J��
[cm/min]  

t8/5 �K�&�O�p�V�L���L�G�� 
[s] 

�)�D�M�O�D�J�R�V���K���E�H�Y�L�W�H�O��
[J/mm] 

1 180 19,1 24 

5 

688 

2 190 19,7 27 666 

3-4 260 25,1 50 624 

5-8 280 28,7 61 632 

�$�� �N�|�W�p�V�H�N��Daihen WB-�3�������/�� �W�t�S�X�V�~�� �i�U�D�P�I�R�U�U�i�Vsal (Miskolci Egyetem, Anyagszerkezettani �p�V��
�$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L�� �,�Q�W�p�]�H�W�����N�p�V�]�•�O�W�H�N���� �3�$�� �S�R�]�t�F�L�y�E�D�Q�����$�� �O�H�P�H�]�H�N�H�W�� �K�H�J�H�V�]�W�p�V�� �H�O���W�W�� ������ �ƒ�&-ra 
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�P�H�O�H�J�t�W�H�W�W�•�N���H�O��. �$�]���H�O�V�����J�\�|�N�V�R�U�W���N�p�]�]�H�O���N�p�V�]�t�W�H�W�W�•k �H�O�����D���W�R�Y�i�E�E�L���V�R�U�R�N�D�W�����S�H�G�L�J���(�6�$�%���%�����������W�t�S�X�V�~��
�K�H�J�H�V�]�W���� �W�U�D�N�W�R�U �V�H�J�t�W�V�p�J�p�Y�H�O�����$�� �U�p�W�H�J�N�|�]�L�� �K���P�p�U�V�p�N�O�H�W�� �P�H�J�N�|�]�H�O�t�W���O�H�J�� �������� �ƒ�&�� �Y�R�O�W���� �$�]�� �D�O�N�D�O�P�D�]�R�W�W��
�Y�p�G���J�i�]�����������$�U���p�V�����������&�22 �N�H�Y�H�U�p�N�H���Y�R�O�W�����������O���S�H�U�F���i�U�D�P�O�i�V�L���V�H�E�H�V�V�p�J�J�H�O����A varratsorok sematikus 
�U�D�M�]�D���D���������i�E�U�i�Q�����D�]���H�J�\�L�N���H�O�N�p�V�]�•�O�W���N�|�W�p�V���S�H�G�L�J���D�]���������i�E�U�i�Q���O�i�W�K�D�W�y�� 

 

�������i�E�U�D����A varratsorok sematikus rajza. 

 

�������i�E�U�D�����(�J�\���H�O�N�p�V�]�•�O�W���N�|�W�p�V �I�H�O�p�S�t�W�p�V�H. 

�$�� �S�U�y�E�D�W�H�V�W�H�N�� �H�O���N�p�V�]�t�W�p�V�H�� �X�W�i�Q�� �D�]�� �R�S�W�L�N�D�L�� �P�L�N�U�R�V�]�N�y�S�R�V�� �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �D�� �=�H�L�V�V�� �2�E�V�H�U�Y�H�U�� �'���� �P��
�W�t�S�X�V�~���P�L�N�U�R�V�]�N�y�S�S�D�O���Y�p�J�H�]�W�•�N�����$���N�|�W�p�Vek�U���O���N�p�V�]�•�O�W���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�L���N�p�S�H�N���D���������i�E�U�i�Q���O�i�W�K�D�W�y�N�����D�K�R�O��
az �Äa�  ́ �p�V�� �D���Äc�  ́ �M�H�O�&���i�E�U�D�� �U�p�V�]�O�H�W�H�N �D�� �%�|�K�O�H�U�� �8�Q�L�R�Q�� �;������ �K�R�]�D�J�D�Q�\�D�J�J�D�O�� �N�p�V�]�t�W�H�W�W�� �N�|�W�p�V�U���O 
(undermatching), a �Äb�  ́�p�V���D���Äd�  ́�M�H�O�&���i�E�U�D���U�p�V�]�O�H�W�H�N �S�H�G�L�J���D���%�|�K�O�H�U���D�O�I�R�U�P�������������/-MC hozaganyaggal 
�N�p�V�]�t�W�H�W�W �N�|�W�p�V�U���O��(matching) �N�p�V�]�•�O�W�H�N�� A �I�H�O�Y�p�W�H�Oeken alkalmazott �M�H�O�|�O�p�V�H�N�� �D�� �N�|�Y�H�W�N�H�]���N���� �$�$�� � ��
�D�O�D�S�D�Q�\�D�J���� �,�.�� � �� �L�Q�W�H�U�N�U�L�W�L�N�X�V�� �K���K�D�W�i�V�|�Y�H�]�H�W�H�L�� �V�i�Y���� �)�6�=�� � �� �I�L�Q�R�P�V�]�H�P�F�V�p�V�� �K���K�D�W�i�V�|�Y�H�]�H�W�L�� �V�i�Y���� �'�6�=�� � ��
�G�X�U�Y�D�V�]�H�P�F�V�p�V���K���K�D�W�i�V�|�Y�H�]�H�W�L���V�i�Y�����9��� ���Y�D�U�U�D�W. 

�$�]���R�S�W�L�N�D�L���P�L�N�U�R�V�]�N�y�S�R�V���N�p�S�H�N���D�O�D�S�M�i�Q���± �D���K�D�V�R�Q�O�y���K���E�H�Y�L�W�H�O�L���p�V���K�&�O�p�V�L���L�G��k�Q�H�N���N�|�V�]�|�Q�K�H�W���H�Q���± a 
�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�p�E�H�Q���Q�L�Q�F�V�H�Q�H�N���V�]�i�P�R�W�W�H�Y�����N�•�O�|�Q�E�V�p�J�H�N�����$ 6�����i�E�U�D���Äa�  ́�p�V���Äb�  ́�M�H�O�&��
�U�p�V�]�O�H�W�H�L �D�O�D�S�M�i�Q���P�H�J�i�O�O�D�S�t�W�K�D�W�y���� �K�R�J�\���D�� �N�•�O�|�Q�E�|�]���� �K���K�D�W�i�V�|�Y�H�]�H�W�L �V�i�Y�R�N�� �V�]�p�O�H�V�V�p�J�H�� �L�V�� �K�D�V�R�Q�O�y���� �$�]��
alkalmazott, �H�O�W�p�U�����N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�&���K�R�]�D�J�D�Q�\�D�J�R�N���P�L�D�W�W���D���Y�D�U�U�D�W�I�p�P�E�H�Q���F�V�D�N���N�L�V�P�p�U�W�p�N�&���N�•�O�|�Q�E�V�p�J��
�O�i�W�K�D�W�y���� 
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�������i�E�U�D�����$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V���R�S�W�L�N�D�L���P�L�N�U�R�V�]�N�y�S�R�V���N�p�S�H�L�����P�D�U�y�V�]�H�U�� 3% HNO3. 

5. Fáradásos repedésterjedési sebesség vizsgálatok és eredményeik 

�$�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L�� �V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N�D�W��mind az alform 1100M x-treme alapanyagon, 
mind annak �D�� �N�•�O�|�Q�E�|�]���� �K�R�]�D�J�D�Q�\�D�J�R�N�N�D�O�� �N�p�V�]�t�W�H�W�W�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�L�Q��el�Y�p�J�H�]�W�•�N���� �$�� ���� mm vastag 
�O�H�P�H�]�H�N�E���O, �D�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L�� �H�O�O�H�Q�i�O�O�i�V�� �M�H�O�O�H�P�]�p�V�H�� �F�p�O�M�i�E�y�O, �K�i�U�R�P�� �S�R�Q�W�R�Q�� �W�H�U�K�H�O�W�� �K�D�M�O�t�W�y��(TPB) 
�S�U�y�E�D�W�H�V�W�H�N�H�W���P�X�Q�N�i�O�W�X�Q�N���N�L�����$�]�� �D�O�D�S�D�Q�\�D�J�R�N���H�V�H�W�p�E�H�Q�� �D�� �S�U�y�E�D�W�H�V�W�H�N���R�U�L�H�Q�W�i�F�L�y�M�D�� �>27] T-�/�� �p�V�� �7-S, a 
�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���H�V�H�W�p�E�H�Q���S�H�G�L�J���������p�V���������Y�R�O�W����A T-�/���p�V���D�����������L�O�O�H�W�Ye a T-�6���p�V���D���������L�U�i�Q�\�R�N���D�]�R�Q�R�V��
�L�U�i�Q�\�R�N�D�W�� �M�H�O�|�O�Q�H�N�� �P�H�J�����$�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�E���O�� �N�L�P�X�Q�N�i�O�W�� �S�U�y�E�D�W�H�V�W�H�N�H�Q�� �D�� �E�H�P�H�W�V�]�p�V�H�N�� �K�H�O�\eit �± a 
�N�|�W�p�V�H�N�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�i�Q�D�N�� �V�W�D�W�L�V�]�W�L�N�X�V�� �M�H�O�O�H�P�]�p�V�H�� �p�U�G�H�N�p�E�H�Q���± 
�Y�i�O�W�R�]�W�D�W�W�X�N���� �D�]�R�N�D�W���D�� ������ �i�E�U�D �V�]�H�P�O�p�O�W�H�W�L�����$�� �S�U�y�E�D�W�H�V�W�H�N�� �J�H�R�P�H�W�U�L�i�M�i�W�� �~�J�\�� �W�H�U�Y�H�]�W�•�N�� �P�H�J���� �K�R�J�\�� �D�]�R�N��
�M�H�O�O�H�P�]���� �P�p�U�H�W�H�� ���:�����± �W�H�N�L�Q�W�H�W�W�H�O�� �D�]�� �D�O�D�S�O�H�P�H�]�� �Y�D�V�W�D�J�V�i�J�i�U�D�� �p�V�� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �N�L�D�O�D�N�t�W�i�V�i�U�D���±, 
�P�L�Q�G���D�]���D�O�D�S�D�Q�\�D�J�����P�L�Q�G���D���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V���H�V�H�W�p�E�H�Q�����D���O�H�K�H�W�����O�H�J�Q�D�J�\�R�E�E���O�H�J�\�H�Q�� 
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7. �i�E�U�D����A �I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N�K�R�]���D�O�N�D�O�P�D�]�R�W�W, hegesztett �N�|�W�p�V�H�N�E���O��
�N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N���E�H�P�H�W�V�]�p�V�p�Q�H�N���R�U�L�H�Q�W�i�F�L�y�L���p�V���D���E�H�P�H�W�V�]�p�V�H�N���H�O�K�H�O�\�H�]�N�H�G�p�V�H. 

�$�� �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �D�� �0�L�V�N�R�O�F�L�� �(�J�\�H�W�H�P �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �p�V�� �$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L�� �,�Q�W�p�]�H�W�p�Een 
�W�D�O�i�O�K�D�W�y, �0�7�6�� �������� �X�Q�L�Y�H�U�]�i�O�L�V���� �H�O�H�N�W�U�R�K�L�G�U�D�X�O�L�N�X�V�� �D�Q�\�D�J�Y�L�]�V�J�i�O�y�� �E�H�U�H�Q�G�H�]�p�Ven �Y�p�J�H�]�W�•�N�� �H�O���� �$��
�Y�H�]�p�U�O�p�V�L�� �P�y�G�� �D�]�� �H�O���U�H�S�H�V�]�W�p�V�L�� �I�i�]�L�Vban �W�H�U�K�H�O�p�V�F�V�|�N�N�H�Q�W�p�V�H�V, a repe�G�p�V�W�H�U�M�H�V�]�W�p�V�L�� �I�i�]�L�V�E�D�Q���� �S�H�G�L�J��
�i�O�O�D�Q�G�y�� �W�H�U�K�H�O�p�V�D�P�S�O�L�W�~�G�y�M�~ volt. �6�]�L�Q�X�V�]�� �D�O�D�N�~�� �W�H�U�K�H�O�p�V�L �I�•�J�J�Y�p�Q�\�� �D�O�N�D�O�P�D�]�i�V�D�� �P�H�O�O�H�W�W���� �D �W�H�U�K�H�O�p�V��
�D�V�]�L�P�P�H�W�U�L�D���W�p�Q�\�H�]���� �p�U�W�p�N�H�� �D��teljes �Y�L�]�V�J�i�O�D�W�V�R�U�R�]�D�W�E�D�Q �i�O�O�D�Q�G�y���p�U�W�p�N�&�� �Y�R�O�W���� �5�� � �������������$�� �Y�L�]�V�J�i�O�D�W�R�Nra 
�V�]�R�E�D�K���P�p�U�V�p�N�O�H�W�H�Q���� �O�D�E�R�U�D�W�y�U�L�X�P�L�� �N�|�]�H�J�E�H�Q �N�H�U�•�O�W�� �V�R�U���� �7�H�N�L�Q�W�H�W�W�H�O�� �D�U�U�D���� �K�R�J�\�� �D�� �Y�L�]�V�J�i�O�D�W�R�N�K�R�]��
�V�]�R�I�W�Y�H�U�H�V�� �Y�H�]�p�U�O�p�V�W�� �D�O�N�D�O�P�D�]�W�X�Q�N���� �D�� �W�H�U�M�H�G�����U�H�S�H�G�p�V�W compliance ���U�H�F�L�S�U�R�N�� �U�X�J�y�i�O�O�D�Q�G�y�����P�y�Gszerrel 
�N�|�Y�H�W�W�•�N�� �$�� �P�p�U�p�V�L�� �D�G�D�W�R�N�� �I�H�O�G�R�O�J�R�]�i�V�i�K�R�]�� �p�V�� �D�]�� �H�U�H�G�P�p�Q�\�H�N�� �P�H�J�K�D�W�i�U�R�]�i�V�i�K�R�]���� �D�� �Y�L�]�V�J�i�O�D�W�R�N��
�E�H�I�H�M�H�]�p�V�H���X�W�i�Q�����D���V�]�R�I�W�Y�H�U���i�O�W�D�O���D���Y�L�]�V�J�i�O�D�W�R�N���V�R�U�i�Q���J�\�&�M�W�|�W�W���p�V���H�O�W�i�U�R�O�W���D�G�D�W�R�N�D�W �K�D�V�]�Q�i�O�W�X�N�� 

�$���Y�L�]�V�J�i�O�D�W�R�N���H�U�H�G�P�p�Q�\�H�L���D�O�D�S�M�i�Q���N�p�V�]�•�O�W �U�H�S�H�G�p�V�P�p�U�H�W���± �L�J�p�Q�\�E�H�Y�p�W�H�O�L���V�]�i�P�����D-�1�����J�|�U�E�p�Net �D���������p�V��
a ������ �i�E�U�i�N �P�X�W�D�W�M�i�N�� �E�H. �0�L�Q�G�N�p�W�� �i�E�U�i�Q�� �W�D�O�i�O�K�D�W�X�Q�N�� �H�J�\-�H�J�\�� �R�O�\�D�Q�� �J�|�U�E�p�W�� �������:-1, illetve 23W-1), 
�D�P�H�O�\�H�N�� �H�V�H�W�p�E�H�Q�� �D�� �S�U�y�E�D�W�H�V�W�� �W�|�Q�N�U�H�P�H�Q�H�W�H�O�H�� �O�p�Q�\�H�J�H�V�H�Q�� �Q�D�J�\�R�E�E�� �F�L�N�O�X�V�V�]�i�P�� �D�O�D�W�W�� �N�|�Y�H�W�N�H�]�H�W�W�� �E�H, 
�P�L�Q�W���D���W�|�E�E�L���S�U�y�E�D�W�H�V�W���H�V�H�W�p�E�H�Q�����(�Q�Q�H�N���R�N�D���P�L�Q�G�N�p�W���H�V�H�W�E�H�Q���D�]���D�O�D�F�V�R�Q�\�U�D���Y�i�O�D�V�]�W�R�W�W���W�H�U�K�H�O�p�V�D�P�S�O�L�W�~�G�y��
volt�����P�L�Q�G�N�p�W���S�U�y�E�D�W�H�V�W���D�]���D�G�R�W�W���V�R�U�R�]�D�Wban ���V�W�D�W�L�V�]�W�L�N�D�L���P�L�Q�W�i�E�D�Q����az �H�O�V���N�p�Q�W���Y�L�]�V�J�i�O�W���S�U�y�E�D�W�H�V�W���Y�R�O�W�� 

Az �H�J�\�H�V���S�U�y�E�D�W�H�V�W�H�N���U�H�S�H�G�p�V�P�p�U�H�W���± �L�J�p�Q�\�E�H�Y�p�W�H�O�L���V�]�i�P���J�|�U�E�p�L�E���O���V�]�i�U�P�D�]�W�D�W�R�W�W [28]�����D���I�i�U�D�G�i�V�R�V��
�U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�U�H���M�H�O�O�H�P�]�����N�L�Q�H�W�L�N�D�L���G�L�D�J�U�D�P�R�N��(da/dN-�¨�. ) �D�����������p�V���D�����������i�E�U�i�N�R�Q���O�i�W�K�D�W�y�N�����$�����������i�E�U�D��
�����:�� �J�|�U�E�p�L���M�y�O���P�X�W�D�W�M�i�N�� �D���N�•�O�|�Q�E�|�]���� �H�O�K�H�O�\�H�]�N�H�G�p�V�&���E�H�P�H�W�V�]�p�V�H�N�E���O�����O�i�V�G�� ������ �i�E�U�D���� �L�Q�G�X�O�W���U�H�S�H�G�p�V�H�N��
�Y�L�V�H�O�N�H�G�p�V�H���N�|�]�|�W�W�L���N�•�O�|�Q�E�V�p�J�H�N�H�W���� 

A Paris-�(�U�G�R�J�D�Q�� �|�V�V�]�H�I�•�J�J�p�V�� �>29�@�� �i�O�O�D�Q�G�y�M�i�Q�D�N�� ���&���� �p�V�� �N�L�W�H�Y���M�p�Q�H�N�� ���Q�����D�� �O�H�J�N�L�V�H�E�E�� �Q�p�J�\�]�H�W�H�N��
�P�y�G�V�]�H�U�p�Q�H�N�� �D�O�N�D�O�P�D�]�i�V�i�Y�D�O���V�]�i�P�t�W�R�W�W�� �p�U�W�p�N�H�Lt���� �D�� �N�R�U�U�H�O�i�F�L�y�V�� �L�Q�G�H�[�H�N�N�H�O�� �H�J�\�•�W�W���� �Y�D�O�D�P�L�Q�W�� �D �P�p�U�p�V��
�V�R�U�i�Q�����D�]���X�W�R�O�V�y���p�U�]�p�N�H�O�W���U�H�S�H�G�p�V�P�p�U�H�W�K�H�]���N�|�W�|�W�W �F�L�N�O�L�N�X�V���W�|�U�p�V�L���V�]�t�Y�y�V�V�i�J�����¨�.fc�����p�U�W�p�N�H�Net �D���������W�i�E�O�i�]�D�W 
�I�R�J�O�D�O�M�D���|�V�V�]�H. 
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�������i�E�U�D����Az �D�O�D�S�D�Q�\�D�J�E�y�O��T-L �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O���������R�U�L�H�Q�W�i�F�L�yk�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N���U�H�S�H�G�p�V�P�p�U�H�W���± �L�J�p�Q�\�E�H�Y�p�W�H�O�L���V�]�i�P �J�|�U�E�p�L. 

 

�������i�E�U�D����Az �D�O�D�S�D�Q�\�D�J�E�y�O��T-S �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O����3 �R�U�L�H�Q�W�i�F�L�yk�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N���U�H�S�H�G�p�V�P�p�U�H�W���± �L�J�p�Q�\�E�H�Y�p�W�H�O�L���V�]�i�P �J�|�U�E�p�L. 
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���������i�E�U�D����Az �D�O�D�S�D�Q�\�D�J�E�y�O��T-L �p�V���D���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N�E���O���������R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N���N�L�Q�H�W�L�N�D�L���G�L�D�J�U�D�P�M�Di. 

 

���������i�E�U�D����Az �D�O�D�S�D�Q�\�D�J�E�y�O��T-S �p�V���D���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N�E���O����3 �R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���Y�L�]�V�J�i�O�D�W�R�N���N�L�Q�H�W�L�N�D�L���G�L�D�J�U�D�P�M�D. 
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�������W�i�E�O�i�]�D�W�� A �I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�Wok �H�U�H�G�P�p�Q�\�H�L 

A p�U�y�E�D�W�H�V�W��
jele �-�H�O�|�O�p�V �2�U�L�H�Q�W�i�F�L�y 

n C Kor r �H�O�i�F�L�y�V��
index �¨�. fc 

[mm/ciklus, MPam1/2] [-] [MPam1/2] 
Alform 1100M x-treme alapanyag, T-�/���R�U�L�H�Q�W�i�F�L�y 

A1 TL-1 

T-L 

�Q�L�Q�F�V���H�U�H�G�P�p�Q�\�����V�W�D�W�L�N�X�V���W�|�U�p�V�� 
A2 TL-2 2,379 2,80E-08 0,9889 108,48 
A3 TL-3 2,283 3,78E-08 0,9846 103,63 
A4 TL-4 2,444 2,25E-08 0,9863 91,169 
A5 TL-5 2,66 7,84E-09 0,9713 96,75 

Alform 1100M x-treme alapanyag, T-�6���R�U�L�H�Q�W�i�F�L�y 

A6 TS-1 

T-S 

3,481 2,98E-10 0,9854 60,339 
A7 TS-2 3,222 8,23E-10 0,9770 60,767 
A8 TS-3 3,457 3,48E-10 0,9862 65,322 
A9 TS-4 3,108 1,13E-09 0,9807 65,898 
A10 TS-5 3,136 1,04E-09 0,9856 72,924 

�+�H�J�H�V�]�W�H�W�W���N�|�W�p�V, Union X96 hozaganyag ���X�Q�G�H�U�P�D�W�F�K�L�Q�J�������������R�U�L�H�Q�W�i�F�L�y 

C1 21W-1 21WC  3,704 7,62E-11 0,9846 122,986 
C2 21W-2 21WC  3,161 6,10E-10 0,9844 141,14 
C3 21W-3 21WA  3,631 9,52E-11 0,9779 114,5 
C4 21W-4 21WB  3,363 2,97E-10 0,9815 129,193 

�+�H�J�H�V�]�H�W�W���N�|�W�p�V, alform 1100 L-MC hozaganyag ���P�D�W�F�K�L�Q�J�������������R�U�L�H�Q�W�i�F�L�y 

D1 21W-1 21WC  3,05 1,11E-09 0,9856 114,869 
D2 21W-2 21WB  3,059 9,02E-10 0,9959 136,678 
D3 21W-3 21WA  3,573 1,31E-10 0,9892 123,192 
D4 21W-4 21WB  3,413 2,26E-10 0,9920 127,258 

�+�H�J�H�V�]�W�H�W�W���N�|�W�p�V, Union X96 hozaganyag ���X�Q�G�H�U�P�D�W�F�K�L�Q�J�������������R�U�L�H�Q�W�i�F�L�y 

C5 23W-1 23WA  4,885 5,16E-13 0,9022 74,009 
C6 23W-2 23WC  2,666 3,06E-09 0,9718 84,587 
C7 23W-3 23WC  2,654 4,11E-09 0,9802 87,876 
C8 23W-4 23WB  2,513 5,73E-09 0,8484 83,975 

�+�H�J�H�V�]�H�W�W���N�|�W�p�V, alform 1100 L-MC hozaganyag ���P�D�W�F�K�L�Q�J�������������R�U�L�H�Q�W�i�F�L�y 

D5 23W-1 23WA  4,211 1,58E-11 0,9680 59,906 
D6 23W-2 23WB  2,688 6,27E-09 0,9079 70,724 
D7 23W-3 23WA  �Q�L�Q�F�V���H�U�H�G�P�p�Q�\�����Q�H�P���V�L�N�H�U�•�O�W���D���Y�L�]�V�J�i�O�D�W�� 
D8 23W-4 23WA  3,034 2,10E-09 0,9093 60,15 
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A Paris-�(�U�G�R�J�D�Q���|�V�V�]�H�I�•�J�J�p�V���N�p�W���S�D�U�D�P�p�W�H�U�p�Q�H�N���D���N�D�S�F�V�R�O�D�W�i�W���D�����������i�E�U�D���V�]�H�P�O�p�O�W�H�W�L�� 

 

���������i�E�U�D�� �$���3�D�U�L�V���(�U�G�R�J�D�Q���|�V�V�]�H�I�•�J�J�p�V���N�p�W���S�D�U�D�P�p�W�H�U�p�Q�H�N���N�D�S�F�V�R�O�D�W�D���D�]���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���p�V a 
[30�@���D�G�D�W�D���D�O�D�S�M�i�Q�� 

Mind a 6. �W�i�E�O�i�]�D�W�E�D�Q���O�i�W�K�D�W�y�� �N�R�U�U�H�O�i�F�L�y�V�� �L�Q�G�H�[�� �p�U�W�p�N�H�N���� �P�L�Q�G���D�� �������� �i�E�U�i�Q�� �O�i�W�K�D�W�y���± a [30] munka 
�6���������4�� �D�F�p�O�E�y�O�� �V�]�i�U�P�D�]�y�� �D�G�D�W�D�� �Q�p�O�N�•�O�� �V�]�i�P�R�O�W���± �N�D�S�F�V�R�O�D�W�� �p�V�� �D�]�� �D�Q�Q�D�N�� �V�]�R�U�R�V�V�i�J�i�W�� �N�L�I�H�M�H�]����
�N�R�U�U�H�O�i�F�L�y�V���L�Q�G�H�[���P�H�J�E�t�]�K�D�W�y���p�V���M�y�O���U�H�S�U�R�G�X�N�i�O�K�D�W�y���Y�L�]�V�J�i�O�D�W�R�N�U�y�O���W�D�Q�~�V�N�R�G�Q�D�N�� 

�$�]�� �H�U�H�G�P�p�Q�\�H�N�� �p�U�W�p�N�H�O�p�V�p�K�H�]�� �D�]�� �H�J�\�H�V�� �Y�L�]�V�J�i�O�D�W�L�� �F�V�R�S�R�U�W�R�N�E�D�Q�����Q�� �p�V���ûK fc) kapott adatokat 
�V�W�D�W�L�V�]�W�L�N�D�L�� �P�L�Q�W�i�N�N�p�Q�W�� �N�H�]�H�O�W�•�N�� �p�V�� �P�H�J�Y�L�]�V�J�i�O�W�X�N�� �D�]�� �H�J�\�H�V�� �P�L�Q�W�i�N�� �D�]�R�Q�R�V�V�i�J�i�W���� �L�O�O�H�W�Y�H��
�N�•�O�|�Q�E�|�]���V�p�J�p�W���� �(�K�K�H�]�� �:�L�O�F�R�[�R�Q-�S�U�y�E�i�W�� �>31], [32�@�� �K�D�V�]�Q�i�O�W�X�Q�N�����0 = 0,���� �N�p�W�R�O�G�D�O�L��szignifikancia-
�V�]�L�Q�W�H�Q�����(�O���V�]�|�U���D���N�•�O�|�Q�E�|�]�����D�O�D�S�D�Q�\�D�J���R�U�L�H�Q�W�i�F�L�y�N�D�W�����7-�/���p�V���7-S) �Y�L�]�V�J�i�O�W�X�N���P�H�J���p�V���P�H�J�i�O�O�D�S�t�W�R�W�W�X�N����
�K�R�J�\�� �D�]�� �H�O�W�p�U�p�V�� �V�]�L�J�Q�L�I�L�N�i�Q�V���� �D�� �P�L�Q�W�i�N�� �N�•�O�|�Q�� �N�H�]�H�O�H�Q�G���N���� �(�]�W�� �N�|�Y�H�W���H�Q, �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V��
�R�U�L�H�Q�W�i�F�L�y�Q�N�p�Q�W�� �������:�� �p�V�� �����:���� �D�]�� �X�Q�G�H�U�P�D�W�F�K�L�Q�J�� �p�V�� �P�D�W�F�K�L�Q�J�� �S�i�U�R�V�t�W�i�V�R�N�D�W���H�O�H�P�H�]�W�•�N�� �p�V��
�P�H�J�i�O�O�D�S�t�W�R�W�W�X�N���� �K�R�J�\�� �D�]�� �H�O�W�p�U�psek �± �D�� �����:�� �R�U�L�H�Q�W�i�F�L�y���ûK fc �P�L�Q�W�i�L�W�� �N�L�Y�p�Y�H���± n�H�P�� �V�]�L�J�Q�L�I�L�N�i�Q�Vak, a 
�P�L�Q�W�i�N�� �W�H�K�i�W���± �D�� �����:�� �R�U�L�H�Q�W�i�F�L�y���ûK fc �P�L�Q�W�i�L�W�� �N�L�Y�p�Y�H���± egy-egy �P�L�Q�W�i�E�D�� �|�V�V�]�H�Y�R�Q�K�D�W�y�N�� Ennek 
�L�V�P�H�U�H�W�p�E�H�Q�� �D�]�W�� �L�V�� �P�H�J�Y�L�]�V�J�i�O�W�X�N���� �K�R�J�\�� �D���K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �R�U�L�H�Q�W�i�F�L�y�Q�N�p�Q�W�� �������:�� �p�V�� �����:���� �|�V�V�]�H�Y�R�Q�W��
�P�L�Q�W�i�N�� �D�]�R�Q�R�V�Q�D�N�� �W�H�N�L�Q�W�K�H�W���N-�H�� �Y�D�J�\�� �V�H�P���� �(�U�H�G�P�p�Q�\�•�O�� �D�]�W�� �N�D�S�W�X�N���� �K�R�J�\�� �H�]�H�N�� �D�� �P�L�Q�W�i�N minden 
�H�V�H�W�E�H�Q�� �V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q�� �N�•�O�|�Q�E�|�]�Q�H�N�� �H�J�\�P�i�V�W�y�O�� �$�� �N�•�O�|�Q�i�O�O�y�� �p�V�� �D�] �H�J�\�H�V�t�W�H�W�W�� �P�L�Q�W�i�N�D�W�� �p�V�� �D�]�R�N��
�V�W�D�W�L�V�]�W�L�N�D�L���M�H�O�O�H�P�]���L���D���������W�i�E�O�i�]�D�W�E�D�Q���I�R�J�O�D�O�W�X�N���|�V�V�]�H�����D�K�R�O���D���G���O�W���E�H�W�&�N�N�H�O���D�]�R�N���D���P�L�Q�W�i�N���V�]�H�U�H�S�H�O�Q�H�N����
�D�P�H�O�\�H�N�� �V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q�� �Q�H�P�� �N�•�O�|�Q�E�|�]�W�H�N���� �Y�D�J�\�L�V�� �D�P�H�O�\�H�N�H�W�� �D�]�W�i�Q�� �|�V�V�]�H�Y�R�Q�W�X�Q�N���� �$�� �W�i�E�O�i�]�D�W�E�D�Q��
�V�]�H�U�H�S�O���� �V�]�y�U�i�V�L�� �H�J�\�•�W�W�K�D�W�y�� �p�U�W�p�N�H�N���� �|�V�V�]�H�K�D�V�R�Q�O�t�W�Y�D�� �D�]�R�N�D�W�� �D�� �>12�@�� �p�V�� �D�� �>33�@�� �P�X�Q�N�i�N�E�D�Q�� �W�D�O�i�O�K�D�W�y��
�D�G�D�W�R�N�N�D�O���� �D�� �����:�� �R�U�L�H�Q�W�i�F�L�y�� �Q�� �P�L�Q�W�i�L�W�� �N�L�Y�pve, �N�H�G�Y�H�]���H�N���� �O�H�J�\�H�Q�� �V�]�y�� �D�N�i�U�� �N�•�O�|�Q�i�O�O�y���� �D�N�i�U�� �H�J�\�H�V�t�W�H�W�W��
�P�L�Q�W�i�U�y�O���� �(�]�� �D�� �P�H�J�i�O�O�D�S�t�W�i�V�� �W�R�Y�i�E�E�� �H�U���V�t�W�L�� �D�� ������ �W�i�E�O�i�]�D�W�� �p�V�� �D�� �������� �i�E�U�D�� �N�D�S�F�V�i�Q�� �P�H�J�I�R�J�D�O�P�D�]ott, a 
�Y�L�]�V�J�i�O�D�W�R�N���P�H�J�E�t�]�K�D�W�y�V�i�J�i�U�D���p�V���U�H�S�U�R�G�X�N�i�O�K�D�W�y�V�i�J�i�U�D���Y�R�Q�D�W�N�R�]�y���i�O�O�t�W�i�V�W�� 
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�������W�i�E�O�i�]�D�W�� �$���P�p�U�p�V�L���H�U�H�G�P�p�Q�\�H�N�E���O���N�p�S�]�H�W�W���V�W�D�W�L�V�]�W�L�N�D�L���P�L�Q�W�i�N���p�V���D�]�R�N���M�H�O�O�H�P�]���L 

Minta  �2�U�L�H�Q�W�i�F�L�y / mismatching A minta 
�H�O�H�P�V�]�i�P�D 

�È�W�O�D�J �6�]�y�U�i�V �6�]�y�U�i�V�L��
�H�J�\�•�W�W�K�D�W�y 

n T-L 4 2,442 0,160 0,0655 
n T-S 5 3,281 0,177 0,0540 

�ûK fc T-L 4 100,01 7,61 0,0761 
�ûK fc T-S 5 65,05 5,08 0,0781 

n 21W / undermatching 4 3,465 0,250 0,0722 
n 21W / matching 4 3,274 0,261 0,0799 

�û�.fc 21W / undermatching 4 126,95 11,21 0,0883 
�û�.fc 21W / matching 4 125,50 9,06 0,0722 

n 21W / undermatching �p�V��
21W / matching 

8 3,369 0,258 0,0765 

�ûK fc �����:�������X�Q�G�H�U�P�D�W�F�K�L�Q�J���p�V��
21W / matching 

8 126,23 9,47 0,0750 

n 23W / undermatching 4 3,180 1,139 0,3583 
n 23W / matching 3 3,311 0,798 0,2411 

�ûK fc 23W / undermatching 4 82,61 5,99 0,0725 
�ûK fc 23W / matching 3 63,59 6,18 0,0971 

n 23W / undermatching �p�V��
23W / matching 

7 3,24 0,93 0,2876 

6. Összefoglalás, következtetések 

A�]���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���p�V���D �N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���D���N�|�Y�H�W�N�H�]�����P�H�J�i�O�O�D�S�t�W�i�V�R�N���W�H�K�H�W���N. 
�� �$�� �V�W�D�W�L�V�]�W�L�N�D�L�� �V�]�H�P�O�p�O�H�W�E�H�Q�� �H�O�Y�p�J�]�H�W�W�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L�� �V�H�E�H�V�V�p�J�� �Y�L�]�V�J�i�O�D�W�R�N��

�P�H�J�E�t�]�K�D�W�y�V�i�J�D�� �p�V�� �U�H�S�U�R�G�X�N�i�O�K�D�W�y�V�i�J�D���� �P�L�Q�G�� �D�]�� �H�J�\�H�G�L�� �H�U�H�G�P�p�Q�\�H�N���� �P�L�Q�G�� �D�� �V�W�D�W�L�V�]�W�L�N�D�L�� �P�L�Q�W�i�N��
�M�H�O�O�H�P�]���L���D�O�D�S�M�i�Q���M�y�Q�D�N���P�R�Q�G�K�D�W�y�� A Paris-�(�U�G�R�J�D�Q���|�V�V�]�H�I�•�J�J�p�V���i�O�O�D�Q�G�y�L�Q�D�N���P�H�J�K�D�W�i�U�R�]�i�V�D���V�R�U�i�Q��
�H�J�\�H�W�O�H�Q���N�R�U�U�H�O�i�F�L�y�V���L�Q�G�H�[���p�U�W�p�N�H���Y�R�O�W���N�L�V�H�E�E�����P�L�Q�W�������������p�V���H�J�\�H�W�O�H�Q���H�U�H�G�����V�W�D�W�L�V�]�W�L�N�D�L���P�L�Q�W�D���V�]�y�U�i�V�L��
�H�J�\�•�W�W�K�D�W�y�M�D���Y�R�O�W���Q�D�J�\�R�E�E�����P�L�Q�W���������� 

�� A viz�V�J�i�O�W S1100M alapanyag �I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�D �D�� �K�H�Q�J�H�U�O�p�Vi 
�L�U�i�Q�\�E�D�Q�� ���7-�/���� �p�V�� �D�� �Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�E�D�Q�� ���7-�6���� �V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q�� �N�•�O�|�Q�E�|�]������ �D�]�� �D�Q�\�D�J�� �p�U�]�p�N�H�Q�\�H�E�E�� �D��
�Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�E�D�Q�� �W�H�U�M�H�G���� �U�H�S�H�G�p�V�H�N�U�H�� �$�� �V�]�L�J�Q�L�I�L�N�i�Q�V�� �N�•�O�|�Q�E�V�p�J�H�W�� �D�� �3�D�U�L�V-�(�U�G�R�J�D�Q�� �|�V�V�]�H�I�•�J�J�p�V��
�N�L�W�H�Y�������Q�����p�V���D���F�L�N�O�L�N�X�V���W�|�U�p�V�L���V�]�t�Y�y�V�V�i�J�����ûK fc�����p�U�W�p�N�H�N���H�J�\�D�U�i�Q�W���E�L�]�R�Q�\�t�W�M�i�N�� 

�� �$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�i�V�D���N�•�O�|�Q�E�|�]�L�N���Dz �D�O�D�S�D�Q�\�D�J�p�W�y�O, 
�D�� �N�•�O�|�Q�E�V�p�J�� �D�� �Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�E�D�Q��(T-S, illetve 23W) nagyobb, �P�L�Q�W�� �D�� �K�H�Q�J�H�U�O�p�Vi �L�U�i�Q�\�E�D�Q (T-L, 
illetve 21W). 

�� �$���N�p�W���N�•�O�|�Q�E�|�]�����K�R�]�D�J�D�Q�\�D�J�J�D�O���N�p�V�]�t�W�H�W�W���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L��
�H�O�O�H�Q�i�O�O�i�V�D �V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q�� �Q�H�P�� �N�•�O�|�Q�E�|�]�L�N���� �V�H�P�� �D�� �K�H�Q�J�H�U�O�p�V�L�� �L�U�i�Q�\�E�D�Q�� ������W), sem a �Y�D�V�W�D�J�V�i�J��
�L�U�i�Q�\�E�D�Q��������W). �$���Y�L�]�V�J�i�O�W���D�O�D�S�D�Q�\�D�J���H�V�H�W�p�E�H�Q���W�H�K�i�W���Q�L�Q�F�V���V�]�L�J�Q�L�I�L�N�i�Q�V���N�•�O�|�Q�E�V�p�J���D���P�D�W�F�K�L�Q�J���p�V���D�]��
�X�Q�G�H�U�P�D�W�F�K�L�Q�J���K�R�]�D�J�D�Q�\�D�J�J�D�O���N�p�V�]�t�W�H�W�W���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���V�R�U�i�Q���P�X�W�D�W�R�W�W��
�Y�L�V�H�O�N�H�G�p�V�H���N�|�]�|�W�W�� 

�� �8�J�\�D�Q�D�N�N�R�U���� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�D�� �D�� �K�H�Q�J�H�U�O�p�V�L��
�L�U�i�Q�\�E�D�Q�� ������W���� �p�V�� �D�� �Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�E�Dn (23W���� �V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q�� �N�•�O�|�Q�E�|�]������ �D�� �Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�E�D�Q��
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�W�H�U�M�H�G���� �U�H�S�H�G�p�V�H�N���P�i�V�N�p�S�S�� �Y�L�V�H�O�N�H�G�Q�H�N���� �P�L�Q�W���D�� �K�H�Q�J�H�U�O�p�V�L���L�U�i�Q�\�E�D�Q���W�H�U�M�H�G���� �U�H�S�H�G�p�V�H�N���� �(�Q�Q�H�N���R�N�D��
�D�]�����K�R�J�\���D�� �Y�D�V�W�D�J�V�i�J���L�U�i�Q�\�E�D�Q���W�H�U�M�H�G�����U�H�S�H�G�p�V�H�N���W�|�E�E���K���K�D�W�i�V�|�Y�H�]�H�W�L���]�y�Q�i�Q���N�H�U�H�V�]�W�•�O���K�D�O�D�G�Q�D�N���i�W����
�P�L�Q�W�� �D�� �K�H�Q�J�H�U�O�p�V�L�� �L�U�i�Q�\�E�D�Q�� �W�H�U�M�H�G���� �U�H�S�H�G�p�V�H�N���� �$�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �p�U�]�p�N�H�Q�\�H�E�E�H�N�� �D�� �Y�D�V�W�D�J�V�i�J��
�L�U�i�Q�\�E�D�Q���W�H�U�M�H�G�����U�H�S�H�G�p�V�H�N�U�H�� 

�� �$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���F�L�N�O�L�N�X�V���W�|�U�p�V�L���V�]�t�Y�y�V�V�i�Ja (�ûK fc) �M�H�O�O�H�P�]���H�Q �P�H�J�K�D�O�D�G�M�D���D�]���D�O�D�S�D�Q�\�D�J�p�W�� 
�� �$�� �N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�X�O���V�]�R�O�J�i�O�Q�D�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�i�V�W���N�L�I�H�M�H�]����

�W�H�U�Y�H�]�p�V�L���J�|�U�E�p�N���P�H�J�K�D�W�i�U�R�]�i�V�i�K�R�]���>����], [33]. 

7. Köszönetnyilvánítás 

�$���N�X�W�D�W�y�P�X�Q�N�D���D�]���(�X�U�y�S�D�L���8�Q�L�y���p�V���D���P�D�J�\�D�U���i�O�O�D�P���W�i�P�R�J�D�W�i�V�i�Y�D�O�����D�]���(�X�U�y�S�D�L���5�H�J�L�R�Q�i�O�L�V���)�H�M�O�H�V�]�W�p�V�L��
�$�O�D�S�� �W�i�U�V�I�L�Q�D�Q�V�]�t�U�R�]�i�V�i�Y�D�O���� �D�� �*�,�1�2�3-2.3.4-15-2016-������������ �S�U�R�M�H�N�W�� �N�H�U�H�W�p�E�H�Q�� �Y�D�O�y�V�X�O�W�� �P�H�J���� �D��
�I�H�O�V���R�N�W�D�W�i�V���p�V���D�]���L�S�D�U���H�J�\�•�W�W�P�&�N�|�G�p�V�p�Q�H�N���H�O���V�H�J�t�W�p�V�H���F�p�O�M�i�E�y�O�� 
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Absztrakt  
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Abstract  

Nowadays, structural steel thick plates with yield strengths of up to 1300 MPa are available, which, 
due to their advantageous properties, are often used in mobile structures. As these structures are often 
subjected to cyclic stresses during their operation and include welded joints, it is important to test 
their resistance to fatigue crack propagation. In our research work, S1300Q base material and its 
welded joints prepared with two different strength grades of undermatched filler metal were 
investigated. The results show a significant difference between cracks propagating in the rolling 
direction and in the thickness direction. However, for the two different undermatched filler metals, the 
resistance of the welded joints to fatigue crack propagation is considered to be the same. 

Keywords: fatigue crack propagation, high strength steel, shielded-gas metal arc welding 
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1. Bevezetés 

�$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �H�J�\�U�H���I�R�Q�W�R�V�D�E�E�� �V�]�H�U�H�S�H�W�� �W�|�O�W�H�Q�H�N�� �E�H�� �D�� �N�•�O�|�Q�E�|�]���� �P�&�V�]�D�N�L��
�D�O�N�D�O�P�D�]�i�V�R�N�E�D�Q�����N�•�O�|�Q�|�V�H�Q���D���M�i�U�P�&- �p�V���N�|�]�O�H�N�H�G�p�V�L���L�S�D�U�E�D�Q�����$�]���H�O�P�~�O�W���p�Y�W�L�]�H�G�H�N�E�H�Q�����D�]���|�W�Y�|�]�p�V �p�V��a 
�P�L�N�U�R�|�W�Y�|�]�p�V �W�X�G�D�W�R�V�� �W�H�U�Y�H�]�p�V�H �P�H�O�O�H�W�W���� �D�� �K�H�Q�J�H�U�O�p�V�L�� �p�V�� �D�� �K���N�H�]�H�O�p�V�L�� �H�O�M�i�U�i�V�R�N�� �N�R�P�E�L�Q�i�O�i�V�i�Y�D�O����
�N�•�O�|�Q�E�|�]�����Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�D�W�� �I�H�M�O�H�V�]�W�H�W�W�H�N�� �N�L���� �D�P�H�O�\ek �H�U�H�G�P�p�Q�\�H�N�p�Q�W�� �Q�D�S�M�D�L�Q�N�E�D�Q�� �P�i�U��
1300 �0�3�D���I�H�O�H�W�W�L���I�R�O�\�i�V�K�D�W�i�U�~ vastaglemezek is forgalomban vannak [1]�±[7]. 

�$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �D�O�N�D�O�P�D�]�i�V�i�Q�D�N�� �V�]�i�P�R�V�� �H�O���Q�\�H�� �O�H�K�H�W���� �(�]�H�Q�� �D�F�p�O�R�N�� �I�H�O�K�D�V�]�Q�i�O�i�V�i�Y�D�O��
�Y�p�N�R�Q�\�D�E�E�� �N�|�Q�Q�\�H�E�E���� �G�H�� �H�U���V�H�E�E��elemek �p�S�t�W�K�H�W���N���� �D�Pely �P�R�]�J�y�� �V�]�H�U�N�H�]�H�W�H�N�� �H�V�H�W�p�Q�� �N�•�O�|�Q�|�V�H�Q��
�H�O���Q�\�|�V���� �$�� �N�L�V�H�E�E�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�� �N�L�V�H�E�E�� �D�Q�\�D�J�L�J�p�Q�\�W�� �M�H�O�H�Q�W�� �D�]�� �D�O�D�S�D�Q�\�D�J�R�N�� �p�V�� �D�� �K�R�]�D�J�D�Q�\�D�J�R�N��
�R�O�G�D�O�i�Q�� �H�J�\�D�U�i�Q�W���� �H�]�i�O�W�D�O���D�� �J�\�i�U�W�i�V�L�� �L�G���� �p�V�� �D�� �J�\�i�U�W�i�V�L�� �N�|�O�W�V�p�J�H�N���L�V�� �F�V�|�N�N�H�Q�K�H�W�Q�H�N�����$�� �Y�p�J�H�U�H�G�P�p�Q�\�E�H�Q��
kisebb �W�|�P�H�J�&���V�]�H�U�N�H�]�H�W�� �•�]�H�P�H�O�W�H�W�p�Ve energia-�P�H�J�W�D�N�D�U�t�W�i�V�W�� �H�U�H�G�P�p�Q�\�H�]�� �>��]�±[12]. Ugyanakkor, a 
�Q�|�Y�H�O�W���V�]�L�O�i�U�G�V�i�J�� �p�V�� �D���V�]�H�U�N�H�]�H�W�� �P�&�N�|�G�p�V�H�� �i�O�W�D�O���P�H�J�N�t�Y�i�Q�W���V�]�t�Y�y�V�V�i�J�� �H�J�\�H�Q�V�~�O�\�i�Q�D�N���D�� �P�H�J�W�H�U�H�P�W�p�V�H����
�L�O�O�H�W�Y�H�� �D�]�� �L�V�P�p�W�O���G���� �L�J�p�Q�\�E�H�Y�p�W�H�O�H�N�N�H�O�� �V�]�H�P�E�H�Q�L �H�O�O�H�Q�i�O�O�i�V�� �E�L�]�W�R�V�t�W�i�V�D�� �>�����@���� �D�� �V�]�H�U�N�H�]�H�W�� �L�Q�W�H�J�U�L�W�i�V�D��
�p�U�G�H�N�p�E�H�Q [14], [�����@���N�R�P�S�O�H�[���P�H�J�N�|�]�H�O�t�W�p�V�W���L�J�p�Q�\�H�O�� 

�-�y�� �P�H�F�K�D�Q�L�N�D�L�� �W�X�O�D�M�G�R�Q�V�i�J�D�L�� �p�V�� �S�R�W�H�Q�F�L�i�O�L�V�� �H�O���Q�\�H�L�� �H�O�O�H�Q�p�U�H�� �D�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�� �K�H�J�H�V�]�W�p�V�H��
�P�p�J�� �P�L�Q�G�L�J�� �W�D�U�W�R�J�D�W�� �N�L�K�t�Y�i�V�R�N�D�W���� �I���N�p�Q�W�� �D�� �P�H�J�I�H�O�H�O���� �K�H�J�H�V�]�W�p�V�W�H�F�K�Q�R�O�y�J�L�D�� �p�V�� �D�� �W�H�F�K�Q�R�O�y�J�L�D�L��
�S�D�U�D�P�p�W�H�U�H�N��meg�Y�i�O�D�V�]�W�i�V�D�� �W�H�U�p�Q���� �$�� �I�D�M�O�D�J�R�V�� �K���E�H�Y�L�W�H�O�� �p�V�� �D�� �K�&�O�p�V�L�� �V�H�E�H�V�V�p�J�� �D�� �N�p�W�� �O�H�J�I�R�Q�W�R�V�D�E�E��
�S�D�U�D�P�p�W�H�U�����D�P�H�O�\�H�N���E�H�I�R�O�\�i�V�R�O�M�i�N���D���N�|�W�p�V���W�H�K�H�U�E�t�U�i�V�i�W�����D�O�D�N�Y�i�O�W�R�]�y���N�p�S�H�V�V�p�J�p�W���p�V���V�]�t�Y�y�V�V�i�J�i�W�����0�L�Y�H�O���D��
�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �N�•�O�|�Q�E�|�]���� �U�p�V�]�H�L�W�� �H�O�W�p�U���� �K���K�D�W�i�V�� �p�U�L���� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �N�•�O�|�Q�E�|�]���� �U�p�V�]�H�L�� �L�V�� �H�O�W�p�U����
�W�X�O�D�M�G�R�Q�V�i�J�~�D�N�����1�D�J�\�V�]�L�O�i�U�G�V�i�J�~���D�F�p�O�R�N���H�V�H�W�p�Q���D���K���K�D�W�i�V�|�Y�H�]�H�W�E�H�Q���E�H�N�|�Y�H�W�N�H�]�����O�i�J�\�X�O�i�V���p�V���V�]�t�Y�y�V�V�i�J��
�F�V�|�N�N�H�Q�p�V���D���O�H�J�P�H�J�K�D�W�i�U�R�]�y�E�E�����(�]�H�Q���D�F�p�O�R�N���K�H�J�H�V�]�W�p�V�H�N�R�U���V�]�L�Q�W�p�Q���S�U�R�E�O�p�P�i�W���R�N�R�]�K�D�W���D���K�L�G�H�J�U�H�S�H�G�p�V��
���p�U�]�p�N�H�Q�\�V�p�J���� �L�V���� �(�P�H�O�O�H�W�W���� �D�� �Q�D�J�\�� �I�R�O�\�i�V�K�D�W�i�U�� �P�L�D�W�W���� �P�H�J�M�H�O�H�Q�L�N�� �D�� �K�R�]�D�J�D�Q�\�D�J-�Y�i�O�D�V�]�W�i�V�� �|�U�|�N��
�G�L�O�H�P�P�i�M�D���� �P�L�Y�H�O�� �P�p�J�� �F�V�D�N���������� �0�3�D�� �I�R�O�\�i�V�K�D�W�i�U�~�� �D�Q�\�D�J�R�N�K�R�]�� �O�H�K�H�W���P�D�W�F�K�L�Q�J�� �W�t�S�X�V�~�� �K�R�]�D�J�D�Q�\�D�J�R�W��
beszerezni [1], [8], [9], [16]�±[20]. 

�$�� �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~�� �D�F�p�O�R�N�D�W�� �V�]�i�P�R�V�� �W�H�U�•�O�H�W�H�Q�� �p�V�� �L�S�D�U�i�J�E�D�Q�� �D�O�N�D�O�P�D�]�]�i�N��p�pl�G�i�X�O �F�V���Y�H�]�H�W�p�N�H�N����
�K�D�M�y�N���� �N�|�Q�Q�\�&�V�]�H�U�N�H�]�H�W�H�N�� �p�V�� �Q�D�J�\�� �W�H�U�K�H�O�p�V�&�� �K�H�J�H�V�]�W�H�W�W�� �V�]�H�U�N�H�]�H�W�H�N�� �H�V�H�W�p�Q���� �G�D�U�X�N�E�D�Q�� �p�V�� �H�J�\�p�E��
�p�S�t�W���L�S�D�U�L�� �J�p�S�H�N�E�H�Q���� �D�]�� �D�X�W�y�L�S�D�U�E�D�Q���� �W�H�K�H�U�D�X�W�y�N�E�D�Q �������� �i�E�U�D������ �0�L�Y�H�O��az �•z�H�P�H�O�p�V�� �V�R�U�i�Q��ezek a 
szerkezetek �L�V�P�p�W�O���G���� �L�J�p�Q�\�E�H�Y�p�W�H�O�Q�H�N�� �Y�D�Qnak �N�L�W�p�Y�H���� �H�]�p�U�W�� �J�\�D�N�U�D�Q�� �P�H�J�I�L�J�\�H�O�K�H�W���� �D�� �I�i�U�D�G�i�V�� �R�N�R�]�W�D��
�P�H�J�K�L�E�i�V�R�G�i�V���� �O�H�J�J�\�D�N�U�D�E�E�D�Q�� �U�p�V�]�O�H�J�H�V�� �Y�D�J�\�� �W�H�O�M�H�V�� �W�|�Q�N�U�H�P�H�Q�H�W�H�O�K�H�]�� �Y�H�]�H�W���� �W�|�U�p�V [21], [22]. Az 
i�V�P�p�W�O���G�����L�J�p�Q�\�E�H�Y�p�W�H�O�Q�H�N���N�L�W�H�W�W���V�]�H�U�N�H�]�H�W�H�N�����I���N�p�Q�W���K�H�J�H�V�]�W�H�W�W���V�]�H�U�N�H�]�H�W�H�N�����H�V�H�W�p�Q���I�R�Q�W�R�V���D���I�i�U�D�G�i�V�R�V��
�U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���� �L�O�O�H�W�Y�H�� �D�]�� �D�]�]�D�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V �Y�L�]�V�J�i�O�D�W�D���� �$�� �U�H�S�H�G�p�V�� �Q�|�Y�H�N�H�G�p�Ve �K�i�U�R�P���I�i�]�L�V�U�D 
�R�V�]�W�K�D�W�y���� �O�D�V�V�~�� �Q�|�Y�H�N�H�G�p�V���� �V�W�D�E�L�O�� �Q�|�Y�H�N�H�G�p�V�� �p�V�� �L�Q�V�W�D�E�L�O�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���� �$�P�L�Q�W�� �D�� �U�H�S�H�G�p�V�� �D�]�� �L�Q�Vtabil 
�W�D�U�W�R�P�i�Q�\�E�D�� �N�H�U�•�O�� �D�� �N�i�U�R�V�R�G�i�V�� �Y�L�V�V�]�D�I�R�U�G�t�W�K�D�W�D�W�O�D�Q�Q�i���� �D�� �W�|�Q�N�U�H�P�H�Q�H�W�H�O�� �P�H�J�H�O���]�p�V�H�� �S�H�G�L�J�� �F�V�H�N�p�O�\��
�Y�D�O�y�V�]�t�Q�&�V�p�J�&�Y�p �Y�i�O�L�N���� �$�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�� �Q�D�J�\�P�p�U�W�p�N�E�H�Q�� �I�•�J�J�� �D�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�W���O�� �p�V�� �D���± 
�V�]�p�O�H�V�� �p�U�W�H�O�H�P�E�H�Q�� �Y�H�W�W���± �L�J�p�Q�\�E�H�Y�p�W�H�O�L�� �N�|�U�•�O�P�p�Q�\�H�N�W���O���� �$���V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�L���M�H�O�O�H�P�]���N�� �E�H�I�R�O�\�i�V�R�O�M�i�N�� �D��
�U�H�S�H�G�p�V���W�H�U�M�H�G�p�V�p�Q�H�N �~�W�Y�R�Q�D�O�i�W���p�V���V�H�E�H�V�V�p�J�p�W�����H�]�i�O�W�D�O���D���N�L�D�O�D�N�X�O�y���W�|�U�p�V �P�R�U�I�R�O�y�J�L�i�W�����0�L�Y�H�O���D���N�•�O�|�Q�E�|�]����
szerkezeti �D�Q�\�D�J�R�N���N�•�O�|�Q�E�|�]�����V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�W�H�O���p�V���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N�N�D�O, e�E�E���O���N�|�Y�H�W�N�H�]���H�Q 
�N�•�O�|�Q�E�|�]�����U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���Y�L�V�H�O�N�H�G�p�V�V�H�O���U�H�Q�G�H�O�N�H�]�Q�H�N����a �I�H�O�K�D�V�]�Q�i�O�i�Vuk �H�O���W�W���H�]�W���L�V��fel kell �W�p�U�N�p�S�H�]�Q�L 
[23]�±[25]. 

Jelen �N�|�]�O�H�P�p�Q�\ �F�p�O�Ma egy S1300Q �M�H�O�&���V�]�H�U�N�H�]�H�W�L���D�F�p�O�Q�D�N���p�V���N�p�W���N�•�O�|�Q�E�|�]�����V�]�L�O�i�U�G�V�i�J�L���N�D�W�H�J�y�U�L�i�E�D��
�W�D�U�W�R�]�y�� �K�R�]�D�J�D�Q�\�D�J�J�D�O�� �H�O�N�p�V�]�t�W�H�W�W�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�L�Q�Hk a �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�Vsel szembeni 
�H�O�O�H�Q�i�O�O�i�V�i�Q�D�N�� �E�H�P�X�W�D�W�i�V�D. �0�L�Y�H�O�� �H�E�E�H�Q�� �D�]�� �D�O�D�S�D�Q�\�D�J�� �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�E�D�Q�� �P�i�U�� �P�D�W�F�K�L�Q�J�� �W�t�S�X�V�~��
�K�R�]�D�J�D�Q�\�D�J���V�H�P���i�O�O���U�H�Q�G�H�O�N�H�]�p�V�U�H�����H�]�p�U�W���P�L�Q�G�N�p�W���D�O�N�D�O�P�D�]�R�W�W���K�R�]�D�J�D�Q�\�D�J���X�Q�G�H�U�P�D�W�F�K�L�Q�J���W�t�S�X�V�~���Y�R�O�W�� 
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�������i�E�U�D����A �Q�D�J�\�V�]�L�O�i�U�G�V�i�J�~���V�]�H�U�N�H�]�H�W�L���D�F�p�O�R�N���D�O�N�D�O�P�D�]�i�V�D���D���M�i�U�P�&�L�S�D�U�E�D�Q [26] �±[30] . 

2. �$���Y�L�]�V�J�i�O�W���D�Q�\�D�J�P�L�Q���V�p�J���p�V���D���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���H�O�N�p�V�]�t�W�p�V�H 

2.1 �$���Y�L�]�V�J�i�O�W���D�Q�\�D�J�P�L�Q���V�p�J 

�$�]�� �i�O�W�D�O�X�Q�N�� �Y�L�]�V�J�i�O�W�������� �P�P�� �Y�D�V�W�D�J�V�i�J�~�����6���������4�� �D�Q�\�D�J�P�L�Q���V�p�J�Q�H�N�� �P�H�J�I�H�O�H�O���� �V�]�H�U�N�H�]�H�W�L�� �D�F�p�O�K�R�]��
�P�&�E�L�]�R�Q�\�O�D�W���Q�H�P���i�O�O�W���U�H�Q�G�H�O�N�H�]�p�V�U�H�����H�]�p�U�W���P�H�J���N�H�O�O�H�W�W���K�D�W�i�U�R�]�Q�L���Dnnak �P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L�W���p�V��a 
�N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�� �I�H�O�W�i�U�i�V�D�� �p�U�G�H�N�p�E�H�Q���Y�H�J�\�H�O�H�P�]�p�V�W�� �N�H�O�O�H�W�W�� �Y�p�J�H�]�Q�L���� �$z �D�F�p�O���D�O�D�S�Y�H�W����mechanikai 
�W�X�O�D�M�G�R�Q�V�i�J�D�L�W���p�V���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�p�W���D�]���������p�V��a �������W�i�E�O�i�]�Dtok tartalmazz�i�N. 

�������W�i�E�O�i�]�D�W�� �$���Y�L�]�V�J�i�O�W���D�F�p�O���D�O�D�S�Y�H�W�����P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�.�H�P�p�Q�\�V�p�J��
HV10 

�(�J�\�H�]�P�p�Q�\�H�V��
�I�R�O�\�i�V�K�D�W�i�U����Rp0,2 

[MPa] 

�6�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J����
Rm [MPa] 

�6�]�i�]�D�O�p�N�R�V��
�V�]�D�N�D�G�i�V�L���Q�\�~�O�i�V����

A [%]  

Charpy-V 
�•�W���P�X�Q�N�D -�������ƒ�&-

on, KV [J]  
468 1300 1560 12 78  

2�����W�i�E�O�i�]�D�W�� �$���Y�L�]�V�J�i�O�W���D�F�p�O���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H �>�W�|�P�H�J���@ 

C Si Mn P S Cr  Cu Ni Mo V Ti  Al  Nb Zr  

0,23 0,45 1,86 0,012 0,001 0,85 0,093 2,43 0,36 0,03 0,002 0,063 <0,001 <0,001 

�$�� �Y�L�]�V�J�i�O�W�� �D�Q�\�D�J�P�L�Q���V�p�J�� �V�]�|�Y�H�W�V�]�H�U�N�H�]�H�W�H���M�H�O�O�H�P�]���H�Q martenzites, a �N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�� �D�O�D�S�M�i�Q��
�V�]�i�P�t�W�R�W�W���N�D�U�E�R�Q�H�J�\�H�Q�p�U�W�p�N�����&�(�9��� ���������������� 

2.2 A hegeszt�H�W�W���N�|�W�p�V�H�N���H�O�N�p�V�]�t�W�p�V�H 

�$�� �Y�L�]�V�J�i�O�W�� �D�O�D�S�D�Q�\�D�J�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�Hi�W�� �N�p�W�� �N�•�O�|�Q�E�|�]���� �W�t�S�X�V�~�� �p�V�� �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�E�D�� �W�D�U�W�R�]�y��
�K�R�]�D�J�D�Q�\�D�J�J�D�O���N�p�V�]�t�W�H�W�W�•�N���H�O�����$�]���D�O�N�D�O�P�D�]�R�W�W���K�R�]�D�J�D�Q�\�D�J�R�N���D���%�|�Kl�H�U���i�O�W�D�O���J�\�i�U�W�R�W�W���8�Q�L�R�Q���;���������‘����������



�.�R�Y�i�F�V�����-�������:�L�O�K�H�O�P�����*�������/�X�N�i�F�V�����-�� �)�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���6���������4���D�F�p�O�E�D�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�E�H�Q 

156 

�P�P�����p�V���D�O�I�R�U�P�������������/-�0�&�����‘�����������P�P�����W�t�S�X�V�~���K�R�]�D�J�D�Q�\�D�J�R�N���Y�R�O�W�D�N�����$���K�R�]�D�J�D�Q�\�D�J�R�N���P�&�E�L�]�R�Q�\�O�D�W�i�Q��
�I�H�O�W�•�Q�W�H�W�H�W�W���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���D��3. �p�V���D��4. �W�i�E�O�i�]�D�Wok�����N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�•�N�H�W���S�H�G�L�J���Dz 5�����p�V��a 6. 
�W�i�E�O�i�]�D�W�R�N���W�D�U�W�D�O�P�D�]�]�i�N�� 

�������W�i�E�O�i�]�D�W�� A �%�|�K�O�H�U���8�Q�L�R�Q���;���� �K�R�]�D�J�D�Q�\�D�J���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�$�O�V�y�����H�J�\�H�]�P�p�Q�\�H�V��
�I�R�O�\�i�V�K�D�W�i�U����ReL/Rp0,2 

[MPa] 

�6�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J����
Rm [MPa] 

�6�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L��
�Q�\�~�O�i�V����A [%]  

Charpy-�9���•�W���P�X�Q�N�D��
-40 �ƒ�&-on, KV [J]  

�•������ �•������ �•���� �•���� 

�������W�i�E�O�i�]�D�W�� A �%�|�K�O�H�U���D�O�I�R�U�P�������������/-MC �K�R�]�D�J�D�Q�\�D�J���P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

�$�O�V�y�����H�J�\�H�]�P�p�Q�\�H�V��
�I�R�O�\�i�V�K�D�W�i�U����ReL/Rp0,2 

[MPa] 

�6�]�D�N�t�W�y�V�]�L�O�i�U�G�V�i�J����
Rm [MPa] 

�6�]�i�]�D�O�p�N�R�V���V�]�D�N�D�G�i�V�L��
�Q�\�~�O�i�V����A [%]  

Charpy-�9���•�W���P�X�Q�N�D��
-40 �ƒ�&-on, KV [J]  

�•�������� 1140-1250 �•���� �•���� 

�������W�i�E�O�i�]�D�W�� A �%�|�K�O�H�U���8�Q�L�R�Q���;���� hozaganyag �N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H���>�W�|�P�H�J���@ 

C Si Mn P S Cr  Mo Ni V Cu Ti  Al  Zr  
0,1 0,8 1,94 0,015 0,011 0,52 0,53 2,28 <0,01 0,06 0,06 <0,01 <0,01 

�������W�i�E�O�i�]�D�W�� A �%�|�K�O�H�U���D�O�I�R�U�P�������������/-MC hozaganyag �N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H���>�W�|�P�H�J���@ 

C Si Mn P S Cr  Mo Ni V 
0,08 0,46 1,54 0,01 0,007 0,64 0,52 2,73 0,22 

�$�� �K�H�J�H�V�]�W�p�V�L�� �S�D�U�D�P�p�W�H�U�H�N���P�H�J�K�D�W�i�U�R�]�i�V�D�� �D�� �K�&�O�p�V�L���L�G�����I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�p�Y�H�O���W�|�U�W�p�Q�W. K�R�U�i�E�E�L���I�L�]�L�N�D�L��
�V�]�L�P�X�O�i�F�L�y�V�� �Y�L�]�V�J�i�O�D�Wain�N�� �H�U�H�G�P�p�Q�\�H�L��[31], valamint a [32�@�� �N�|�]�O�H�P�p�Q�\�E�H�Q�� �E�H�P�X�W�D�W�R�W�W�D�N �D�O�D�S�M�i�Q a 
�Y�i�O�D�V�]�W�R�W�W���W8/5 �K�&�O�p�V�L���L�G������ �V���Y�R�O�W�����$�]���t�J�\���P�H�J�K�D�W�i�U�R�]�R�W�W���K�H�J�H�V�]�W�p�V�L���S�D�U�D�P�p�W�H�U�H�N�H�W���D��7�����W�i�E�O�i�]�D�W��mutatja 
be. 

7. �W�i�E�O�i�]�D�W�� �$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���N�p�V�]�t�W�p�V�H���V�R�U�i�Q���D�O�N�D�O�P�D�]�R�W�W���S�D�U�D�P�p�W�H�U�H�N 

Sor �È�U�D�P�H�U���V�V�p�J��
[A]  

�)�H�V�]�•�O�W�V�p�J��
[V]  

�+�H�J�H�V�]�W�p�V�L���V�H�E�H�V�V�p�J��
[cm/min]  

t8/5 �K�&�O�p�V�L���L�G�� 
[s] 

�)�D�M�O�D�J�R�V���K���E�H�Y�L�W�H�O��
[J/mm] 

�*�\�|�N 180 19,1 31 
5 

562 

�7�D�N�D�U�y 240 22,7 53 493 

�$�� �N�|�W�p�V�H�N�� �O�p�W�U�H�K�R�]�i�V�i�K�R�]���Y�i�O�D�V�]�W�R�W�W�� �H�O�M�i�U�i�V�� �D�� �K�X�]�D�O�H�O�H�N�W�U�y�G�i�V�� �Y�p�G���J�i�]o�V�� �t�Y�K�H�J�H�V�]�W�p�V�� �Y�R�O�W���� �Dzt a 
Miskolci Egyetem �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L���p�V���$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W�p�E�H�Q���W�D�O�i�O�K�D�W�y���'�D�L�K�H�Q���:�%-P500L 
�W�t�S�X�V�~���i�U�D�P�I�R�U�U�i�V���V�H�J�t�W�V�p�J�p�Y�H�O �Y�D�O�y�V�t�W�R�W�W�X�N���P�H�J. A 350 x 150 x 10 mm-�H�V���;���O�H�p�O�H�]�p�V�&���O�H�P�H�]�H�N�H�W���3�$��
�S�R�]�t�F�L�y�E�D�Q�� �H�J�\�H�V�t�W�H�W�W�•�N���� �$�� �O�H�p�O�H�]�p�V�W�� �p�V�� �D�� �V�R�U�R�N�D�W�� �D��2���� �i�E�U�D�� �V�]�H�P�O�p�O�W�H�W�L���� �$�]�� �H�J�\�H�Q�O�H�W�H�V�� �K�H�J�H�V�]�W�p�V�L��
�V�H�E�H�V�V�p�J���p�V���Y�D�U�U�D�W�N�p�S�]�p�V���E�L�]�W�R�V�t�W�i�V�D���p�U�G�H�N�p�E�H�Q�����D�]���H�O�V�����J�\�|�N�V�R�U���N�L�Y�p�W�H�O�p�Y�H�O�����D���S�L�V�]�W�R�O�\�W���(�6�$�%���%����������
�W�t�S�X�V�~�� �K�H�J�H�V�]�W���� �W�U�D�N�W�R�U�U�D�O�� �P�R�]�J�D�W�W�X�N���� �$�]�� �D�O�N�D�O�P�D�]�R�W�W�� �H�O���P�H�O�H�J�t�W�p�V�L�� �K���P�p�U�V�p�N�O�H�W�� �������� �ƒ�&���� �D�� �U�p�W�H�J�N�|�]�L��
�K���P�p�U�V�p�N�O�H�W���S�H�G�L�J���P�H�J�N�|�]�H�O�t�W���O�H�J�����������ƒ�&���Y�R�O�W�����$���N�t�V�p�U�O�H�W�H�N�K�H�]���D�O�N�D�O�P�D�]�R�W�W���Y�p�G���J�i�]���0�������W�t�S�X�V�~������������
Ar + 20% CO2���� �Y�p�G���J�i�]�� �N�H�Y�H�U�p�N�� �Y�R�O�W���� ������ �O���P�L�Q�� �i�U�D�P�O�i�V�L�� �V�H�E�H�V�V�p�J�J�H�O�� �g�V�V�]�H�Y�H�W�Y�H�� �D�]�� ���� �W�i�E�O�i�]�D�W����
�Y�D�O�D�P�L�Q�W���D���������p�V���D���������W�i�E�O�i�]�D�W�R�N���D�G�D�W�D�L�W�����P�H�J�i�O�O�D�S�t�W�K�D�W�y�����K�R�J�\���X�Q�G�H�U�P�D�W�F�K�L�Q�J��(um) �N�|�W�p�V�H�N���N�p�V�]�•�O�W�H�N�� 



�.�R�Y�i�F�V�����-�������:�L�O�K�H�O�P�����*�������/�X�N�i�F�V�����-�� �)�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���6���������4���D�F�p�O�E�D�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�E�H�Q 
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2�����i�E�U�D�����$���N�|�W�p�V�N�L�D�O�D�N�t�W�i�V���p�V���D���Y�D�U�U�D�W�V�R�U�R�N���V�H�P�D�W�L�N�X�V���i�E�U�i�M�D. 

3. Fáradásos repedésterjedési sebesség vizsgálatok és eredményeik 

�$�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�� �Y�L�]�V�J�i�O�D�W�R�N�D�W���D�� �0�L�V�N�R�O�F�L�� �(�J�\�H�W�H�P�� �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �p�V��
�$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L�� �,�Q�W�p�]�H�W�p�E�H�Q���P�&�N�|�G���� �0�7�6�� �J�\�i�U�W�P�i�Q�\�~���� �X�Q�L�Y�H�U�]�i�O�L�V���� �H�O�H�N�W�U�R-hidraulikus 
�D�Q�\�D�J�Y�L�]�V�J�i�O�y���U�H�Q�G�V�]�H�U�H�Q��(MTS 312) �Y�p�J�H�]�W�•�N���H�O�����$���U�H�S�H�G�p�V�W�H�U�M�H�G�p�Vsel szembeni �H�O�O�H�Q�i�O�O�i�V���M�H�O�O�H�P�]�p�V�H��
�p�U�G�H�N�p�E�H�Q �D���Y�L�]�V�J�i�O�W���D�O�D�S�D�Q�\�D�J�R�N�E�y�O���p�V���D���N�•�O�|�Q�E�|�]�����K�R�]�D�J�D�Q�\�D�J�R�N�N�D�O���N�p�V�]�t�W�H�W�W���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N�E���O��
�K�i�U�R�P���S�R�Q�W�R�Q���W�H�U�K�H�O�W���K�D�M�O�t�W�y��(TPB) �S�U�y�E�D�W�H�V�W�H�N�H�W���P�X�Q�N�i�O�W�X�Q�N���N�L�����$���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O���D���S�U�y�E�D�W�H�V�W�H�N��
�N�L�P�X�Q�N�i�O�i�V�D���D��3. �i�E�U�D���D�O�D�S�M�i�Q���W�|�U�W�p�Q�W���� 
 

 

3�����i�E�U�D�����+�i�U�R�P���S�R�Q�W�R�Q���W�H�U�K�H�O�W���K�D�M�O�t�W�y (TPB) �S�U�y�E�D�W�H�V�W�H�N���N�L�P�X�Q�N�i�O�i�V�D���D���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N�E���O�����D��
�E�H�P�H�W�V�]�p�V�L���L�U�i�Q�\�R�N���M�H�O�|�O�p�V�p�Y�H�O���>33] . 

�$�� �N�p�W�� �Y�L�]�V�J�i�O�W�� �D�O�D�S�D�Q�\�D�J�E�y�O�� �7-�/�� �p�V�� �7-�6�� �R�U�L�H�Q�W�i�F�L�y�M�~���� �P�t�J�� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�E���O�� ������ �p�V�� ������
�R�U�L�H�Q�W�i�F�L�y�M�~��[34] �S�U�y�E�D�W�H�V�W�H�N�H�W���N�p�V�]�t�W�H�W�W�•�Q�N�����+�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���H�V�H�W�p�Q���D���E�H�P�H�W�V�]�p�V�H�N���H�O�K�H�O�\�H�]�N�H�G�p�V�p�W��
a 4�����i�E�U�D���V�]�H�P�O�p�O�W�H�W�L�� 

�$���E�H�P�H�W�V�]�p�V�H�N���K�H�O�\�H���D���Y�L�]�V�J�i�O�D�W�R�N���V�R�U�i�Q���H�O�W�p�U�����Y�R�O�W�����t�J�\���D���U�H�S�H�G�p�V�H�N���W�H�U�M�H�G�p�V�H���D�O�D�S�M�i�Q���i�W�I�R�J�y���N�p�S�H�W��
kaphatt�X�Q�N�� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �Y�L�V�H�O�N�H�G�p�V�p�U���O���� �$�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�R�U�i�Q�� �D�� �Y�H�]�p�U�O�p�V�L�� �P�y�G��
�W�H�U�K�H�O�p�V�F�V�|�N�N�H�Q�W�p�V�H�V�� ���H�O���I�i�U�D�V�]�W�i�V������ �L�O�O�H�W�Y�H���i�O�O�D�Q�G�y�� �W�H�U�K�H�O�p�V�D�P�S�O�L�W�~�G�y�M�~�����U�H�S�H�G�p�V�W�H�U�M�H�V�]�W�p�V����volt, R = 
�������� �W�H�U�K�H�O�p�V�� �D�V�]�L�P�P�H�W�U�L�D�� �W�p�Q�\�H�]���Y�H�O�� �p�V�� �V�]�L�Q�X�V�]�� �D�O�D�N�~�� �W�H�U�K�H�O�p�V�L�� �I�•�J�J�Y�p�Q�Q�\�H�O���� �0�L�Q�G�H�Q�� �Y�L�]�V�J�i�O�D�W�R�W��
�O�D�E�R�U�D�W�y�U�L�X�P�L�� �N�|�U�Q�\�H�]�H�W�E�H�Q���� �V�]�R�E�D�K���P�p�U�V�p�N�O�H�W�H�Q�� �Y�p�J�H�]�W�•�Q�N�� �H�O���� �$�� �Y�L�]�V�J�i�O�D�W�R�N���N�H�]�G�H�W�p�Q a �W�H�U�K�H�O�p�V�L��
frekvencia f = 20 Hz volt���� �D�P�H�O�\�H�W�� �D�� �E�H�I�H�M�H�]���� �I�i�]�L�V�E�D�Q�� �I�� � �� ���� �+�]�� �p�U�W�p�N�&�U�H�� �F�V�|�N�N�H�Q�W�H�W�W�•�Q�N. Az 
�H�U�H�G�P�p�Q�\�H�N�� �P�H�J�I�H�O�H�O���� �|�V�V�]�H�K�D�V�R�Q�O�t�W�K�D�W�y�V�i�J�D�� �p�U�G�H�N�p�E�H�Q�� �D�� �S�U�y�E�D�W�H�V�W�H�N�� �H�O���N�p�V�]�t�W�p�V�H�� �P�L�Q�G�H�Q�� �Hsetben 



�.�R�Y�i�F�V�����-�������:�L�O�K�H�O�P�����*�������/�X�N�i�F�V�����-�� �)�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���6���������4���D�F�p�O�E�D�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�E�H�Q 
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�D�]�R�Q�R�V�� �Y�R�O�W���� �Y�D�O�D�P�L�Q�W�� �D�� �Y�L�]�V�J�i�O�D�W�R�N�� �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �P�H�J�K�D�W�i�U�R�]�y�� �M�H�O�O�H�P�]���� �S�U�y�E�D�W�H�V�W�� �P�p�U�H�W�� ���:����
�Q�p�Y�O�H�J�H�V���p�U�W�p�N�H���L�V���± �R�U�L�H�Q�W�i�F�L�y�Q�N�p�Q�W���± azonos volt. 

 

4�����i�E�U�D�����$���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N�K�R�]���D�O�N�D�O�P�D�]�R�W�W���7�3�%���S�U�y�E�D�W�H�V�W�H�N��
�E�H�P�H�W�V�]�p�Veinek �R�U�L�H�Q�W�i�F�L�y�M�D��a �K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�Hk �H�V�H�W�pben. 

�$���Y�L�]�V�J�i�O�D�W�R�N���X�W�i�Q���D���U�|�J�]�t�W�H�W�W adatok�E�y�O �P�H�J�U�D�M�]�R�O�K�D�W�y�N���D���U�H�S�H�G�p�V�P�p�U�H�W���± �L�J�p�Q�\�E�H�Y�p�W�H�O�L���V�]�i�P�����D-N) 
�J�|�E�p�N����amelyek a�]���������p�V a 6. �i�E�U�i�N�R�Q���O�i�W�K�D�W�y�N�����$���������i�E�U�i�Q���V�]�H�P�O�p�O�W�H�W�H�W�W���D-�1���J�|�U�E�p�N���N�|�]�•�O���D�������:-�����M�H�O�&��
�S�U�y�E�D�W�H�V�W���J�|�U�E�p�M�H�� �O�p�Q�\�H�J�H�V�H�Q�� �Q�D�J�\�R�E�E�� �H�O�Y�L�V�H�O�W�� �L�J�p�Q�\�E�H�Y�p�W�H�O�L�� �V�]�i�P�R�W�� �P�X�W�D�W���� �P�L�Q�W�� �D�]�� �|�V�V�]�H�V�� �W�|�E�E�L��
�S�U�y�E�D�W�H�V�W�p���� �$�� �M�R�E�E�� �V�]�H�P�O�p�O�W�H�W�p�V�� �p�U�G�H�N�p�E�H�Q, a 7���� �i�E�U�i�Q�� �H�Q�Q�H�N�� �D�� �S�U�y�E�D�W�H�V�W�Q�H�N�� �D�]�� �D�G�D�W�D�L�� �Q�p�O�N�•�O�� �L�V��
bemutatjuk a T-�6���p�V���������R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N�H�W�����(�U�U���O���D�]���i�E�U�i�U�y�O���P�H�J�i�O�O�D�S�t�W�K�D�W�M�X�N�����K�R�J�\���D��
�Y�D�V�W�D�J�V�i�J���L�U�i�Q�\�E�D�Q���W�H�U�M�H�G�����U�H�S�H�G�p�V�H�N���Q�D�J�\�R�Q���H�O�W�p�U�����Y�L�V�H�O�N�H�G�p�V�W���P�X�W�D�W�Q�D�N���� 

�$�]�� �H�J�\�H�V�� �S�U�y�E�D�W�H�V�W�H�N��a-N �J�|�U�E�p�L�E���O�� �V�]�i�U�P�D�]�W�D�W�R�W�W�� �>35�@���� �D�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�U�H�� �M�H�O�O�H�P�]����
�N�L�Q�H�W�L�N�D�L���G�L�D�J�U�D�P�R�N���D���������p�V���D���������i�E�U�i�N�R�Q���O�i�W�K�D�W�y�N�����$���������i�E�U�D���S�R�Q�W�V�R�U�D�L���Y�L�V�V�]�D�W�•�N�U�|�]�L�N���D���������i�E�U�i�Q���O�i�W�K�D�W�y��
�H�O�W�p�U�����Y�L�V�H�O�N�H�G�p�V�H�N�H�W�� 
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5�����i�E�U�D�����$�]���D�O�D�S�D�Q�\�D�J�E�y�O��T-L �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O���������R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N���D-�1���J�|�U�E�p�L. 

 

6�����i�E�U�D����Az alapany�D�J�E�y�O��T-S �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O����3 �R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N���D-�1���J�|�U�E�p�L. 
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�������i�E�U�D�����$�]���D�O�D�S�D�Q�\�D�J�E�y�O��T-S �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O����3 �R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N���D-�1���J�|�U�E�p�L, a 23W-�����M�H�O�&���S�U�y�E�D�W�H�V�W���Q�p�O�N�•�O�� 

 

8�����i�E�U�D�����$�]���D�O�D�S�D�Q�\�D�J�E�y�O��T-S �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O���������R�U�L�H�Q�W�i�F�L�y�N�E�D�Q���N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N��da/dN-�¨�.  �J�|�U�E�p�L. 
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�������i�E�U�D�����$�]���D�O�D�S�D�Q�\�D�J�E�y�O��T-S �p�V���D���K�H�J�H�V�]t�H�W�W���N�|�W�p�V�H�N�E���O���������R�U�L�H�Q�W�i�F�L�y�N�E�D�Q �N�L�P�X�Q�N�i�O�W���S�U�y�E�D�W�H�V�W�H�N�H�Q��
�H�O�Y�p�J�]�H�W�W���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�W�R�N��da/dN-�¨�.  �J�|�U�E�p�L. 

A Paris-�(�U�G�R�J�D�Q���|�V�V�]�H�I�•�J�J�p�V���>36�@���i�O�O�D�Q�G�y�M�i�Q�D�N�����&�����p�V���N�L�W�H�Y���M�p�Q�H�N�����Q�����D���N�L�Q�H�W�L�N�D�L���G�L�D�J�U�D�P�R�N�E�y�O���± a 
�O�H�J�N�L�V�H�E�E���Q�p�J�\�]�H�W�H�N���P�y�G�V�]�H�U�p�Y�H�O���± �P�H�J�K�D�W�i�U�R�]�R�W�W �p�U�W�p�N�H�L�W�����D���N�R�U�U�H�O�i�F�L�y�V���L�Q�G�H�[�H�N�N�H�O���H�J�\�•�W�W�����Y�D�O�D�P�L�Q�W���D��
�F�L�N�O�L�N�X�V�� �W�|�U�p�V�L�� �V�]�t�Y�y�V�V�i�J�� ���¨�.fc���� �p�U�W�p�N�H�N�H�W�� �D�� ������ �W�i�E�O�i�]�D�W�� �I�R�J�O�D�O�M�D�� �|�V�V�]�H�� �$�� �W�i�E�O�i�]�D�W�E�D�Q���± �p�V�� �D��
�W�R�Y�i�E�E�L�D�N�E�D�Q���L�V���± �D�]���X�Q�G�H�U�P�D�W�F�K�L�Q�J�����������P�H�J�Q�H�Y�H�]�p�V���D�]���6���������4-�%�|�K�O�H�U���8�Q�L�R�Q���;���������D�]���X�Q�G�H�U�P�D�W�F�K�L�Q�J��
�����������P�H�J�Q�H�Y�H�]�p�V���S�H�G�L�J���D�]���6���������4-�%�|�K�O�H�U���D�O�I�R�U�P�������������/-MC alapanyag-�K�R�]�D�J�D�Q�\�D�J���S�i�U�R�V�t�W�i�V�U�D���X�W�D�O����
�$�� �W�i�E�O�i�]�D�W�E�y�O�� �V�]�H�P�E�H�W�&�Q���� �D�]���� �D�P�L�� �D�� ������ �p�V�� �D�� ���� �i�E�U�D�� �|�V�V�]�H�Y�H�W�p�V�p�E���O�� �P�i�U�� �O�i�W�K�D�W�y�� �Y�R�O�W���� �Y�D�J�\�L�V�� �D�]���� �K�R�J�\��
�Q�H�P�� �P�L�Q�G�H�Q�� �S�U�y�E�D�W�H�V�W�� �D-�1�� �D�G�D�W�D�L�E�y�O�� �W�X�G�W�X�Q�N�� �P�H�J�E�t�]�K�D�W�y�� �N�L�Q�H�W�L�N�D�L�� �G�L�D�J�U�D�P�R�N�D�W�� ���G�D���G�1-�¨�.  �J�|�U�E�p�N����
�V�]�i�U�P�D�]�W�D�W�Q�L���� �(�]�� �H�J�\�U�p�V�]�W�� �P�X�W�D�W�M�D�� �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�i�E�D�Q�� ���������� �p�V�� �K�H�Q�J�H�U�O�p�V�L��
�L�U�i�Q�\�i�E�D�Q�� ���������� �W�H�U�M�H�G���� �U�H�S�H�G�p�V�H�L�� �N�|�]�|�W�W�L�� �N�•�O�|�Q�E�V�p�J�H�N�H�W���� �P�i�V�U�p�V�]�W�� �Q�H�K�H�]�t�W�L�� �D�]�� �H�U�H�G�P�p�Q�\�H�N�� �p�U�W�p�N�H�O�p�V�p�W��
�p�V���|�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�i�W�� 
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�������W�i�E�O�i�]�D�W�� �$���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L���V�H�E�H�V�V�p�J �Y�L�]�V�J�i�O�D�Wok �H�U�H�G�P�p�Q�\�H�L 

A p�U�y�E�D�W�H�V�W��
jele �-�H�O�|�O�p�V �2�U�L�H�Q�W�i�F�L�y 

n C Kor r �H�O�i�F�L�y�V��
index �¨�. fc 

[mm/ciklus, MPam1/2] [-] [MPam1/2] 

S1300Q alapanyag, T-�/���R�U�L�H�Q�W�i�F�L�y 

B1 TL-1 

T-L 

2,876 3,14E-09 0,9938 85,254 
B2 TL-2 2,860 3,57E-09 0,9906 82,398 
B3 TL-3 2,900 3,13E-09 0,9914 81,266 
B4 TL-4 2,852 3,49E-09 0,9921 81,936 
B5 TL-5 2,932 2,50E-09 0,9928 87,782 

S1300Q alapanyag, T-�6���R�U�L�H�Q�W�i�F�L�y 

B6 TS-1 

T-S 

�Q�H�P���p�U�W�p�N�H�O�K�H�W�������N�H�Y�p�V���D�G�D�W�����L�Q�V�W�D�E�L�O���D�G�D�W�V�R�U�� 
B7 TS-2 2,953 4,14E-09 0,9736 55,044 
B8 TS-3 �Q�H�P���p�U�W�p�N�H�O�K�H�W�������N�H�Y�p�V���D�G�D�W�� 
B9 TS-4 �Q�H�P���p�U�W�p�N�H�O�K�H�W�������N�H�Y�p�V���D�G�D�W�� 
B10 TS-5 3,024 3,32E-09 0,9750 64,447 

�+�H�J�H�V�]�W�H�W�W���N�|�W�p�V���8�Q�L�R�Q���;�������K�R�]�D�J�D�Q�\�D�J (undermatching (9)�������������R�U�L�H�Q�W�i�F�L�y 

E1 21W-1  21WB 4,289 9,52E-12 0,9711 83,902 
E2 21W-2  21WB 2,678 1,17E-08 0,9872 86,463 
E3 21W-3  21WB 3,542 1,76E-10 0,9714 85,668 
E4 21W-4  21WA 3,288 6,16E-10 0,9854 84,433 

Hegeszt�H�W�W���N�|�W�p�V���D�O�I�R�U�P�������������/-MC hozaganyag (undermatching (11)�������������R�U�L�H�Q�W�i�F�L�y 

F1 21W-1  21WB 3,787 4,87E-11 0,9885 78,515 
F2 21W-2  21WB 3,398 2,48E-10 0,9766 87,137 
F3 21W-3  21WB 3,880 3,49E-11 0,9873 85,662 
F4 21W-4  21WA 3,526 1,66E-10 0,9927 86,284 

�+�H�J�H�V�]�W�H�W�W���N�|�W�p�V���8�Q�L�R�Q���;�������K�R�]�D�J�D�Q�\�D�J (undermatching (9)�������������R�U�L�H�Q�W�i�F�L�y 

E5 23W-1  23WA 8,873 7,40E-18 0,8120 32,16 
E6 23W-2  23WA 3,705 2,37E-10 0,9632 54,721 
E7 23W-3  23WB �Q�L�Q�F�V���H�U�H�G�P�p�Q�\�����Q�H�P���V�L�N�H�U�•�O�W���D���Y�L�]�V�J�i�O�D�W�� 
E8 23W-4  23WB 4,222 2,35E-11 0,9745 65,814 

Hegeszt�H�W�W���N�|�W�p�V���D�O�I�R�U�P�������������/-MC hozaganyag (undermatching (11)�������������R�U�L�H�Q�W�i�F�L�y 

F5 23W-1  23WB �Q�H�P���p�U�W�p�N�H�O�K�H�W�������N�H�Y�p�V���D�G�D�W�����L�Q�V�W�D�E�L�O���D�G�D�W�V�R�U�� 
F6 23W-2  23WB �Q�H�P���p�U�W�p�N�H�O�K�H�W�������U�H�S�H�G�p�V�P�H�J�i�O�O�i�V�� 
F7 23W-3  23WB 3,321 3,57E-10 0,9373 65,602 
F8 23W-4  23WB 4,997 4,75E-12 0,9747 49,921 
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�0�H�J�M�H�J�\�H�]�]�•�N���� �K�R�J�\�� �D�]�� �(���� �M�H�O�& �p�V 23W-���� �M�H�O�|�O�p�V�&, 23WA �R�U�L�H�Q�W�i�F�L�y�M�~�� �S�U�y�E�D�W�H�V�W�� �H�V�H�W�p�Een csak a 
�I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�� �H�O�V���� �V�]�D�N�D�V�]�i�U�D�� ���D�� �U�H�S�H�G�p�V�� �O�D�V�V�~�� �Q�|�Y�H�N�H�G�p�V�p�Q�H�N�� �W�D�U�W�R�P�i�Q�\�D���� �N�D�S�W�X�Q�N��
�p�U�W�p�N�H�O�K�H�W���� �D�G�D�W�R�N�D�W���� �H�]�p�U�W�� �H�]�W�� �D�� �S�U�y�E�D�W�H�V�W�H�W�� �D�� �V�W�D�W�L�V�]�W�L�N�D�L�� �P�L�Q�W�i�N�� �P�H�J�K�D�W�i�U�R�]�i�V�D�N�R�U�� �Q�H�P�� �Y�H�W�W�•�N��
�I�L�J�\�H�O�H�P�E�H���������D�G�D�W���D���������W�i�E�O�i�]�D�W�E�D�Q���������D�G�D�W���D���������W�i�E�O�i�]�D�W�E�D�Q�� 

A �������� �i�E�U�i�Q�� �D��Paris-�(�U�G�R�J�D�Q�� �|�V�V�]�H�I�•�J�J�p�V �N�p�W�� �S�D�U�D�P�p�W�H�U�p�Q�H�N��kapcsolat�D�� �O�i�W�K�D�W�y���� �D�]�� �H�O�Y�p�J�]�H�W�W��
�Y�L�]�V�J�i�O�D�W�R�N�� �H�U�H�G�P�p�Q�\�H�L�� �D�O�D�S�M�i�Q. �$�]�� �i�E�U�i�Q�� �I�H�O�W�•�Q�W�H�W�W�•�N�� �D�]�R�N�Q�D�N�� �D�� �Y�L�]�V�J�i�O�D�W�R�N�Q�D�N�� �D�]�� �H�U�H�G�P�p�Q�\�H�L�W�� �L�V����
amelyeket �± �D�� �M�H�O�H�Q�� �N�|�]�O�H�P�p�Q�\�E�H�Q�� �E�H�P�X�W�D�W�R�W�W�� �O�R�J�Lk�i�Y�D�O���± Alform 1100M x-�W�U�H�P�H�� �D�O�D�S�D�Q�\�D�J�R�Q�� �p�V��
�K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�L�Q�� �Y�p�J�H�]�W�•�Q�N���� �$�� �N�p�W�� �S�D�U�D�P�p�W�H�U�� �N�D�S�F�V�R�O�D�W�i�W�� �N�L�I�H�M�H�]���� �|�V�V�]�H�I�•�J�J�p�V�� �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D�� �D�]��
�6���������4���D�O�D�S�D�Q�\�D�J�R�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�Q���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���H�U�H�G�P�p�Q�\�H�L���D�O�D�S�M�i�Q���N�H�U�•�O�W���V�R�U�� 
 

 

10�����i�E�U�D�� A Paris-�(�U�G�R�J�D�Q���|�V�V�]�H�I�•�J�J�p�V���N�p�W���S�D�U�D�P�p�W�H�U�p�Q�H�N���N�D�S�F�V�R�O�D�W�D���D �M�H�O�H�Q���N�|�]�O�H�P�p�Q�\�E�H�Q��
bemutatott, valamint Alform 1100M x-treme �D�O�D�S�D�Q�\�D�J�R�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�Q���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N 

�D�O�D�S�M�i�Q�� 
 

Mind a 8���� �W�i�E�O�i�]�D�W�E�D�Q�� �O�i�W�K�D�W�y�� �N�R�U�U�H�O�i�F�L�y�V�� �L�Q�G�H�[�� �p�U�W�p�N�H�N���� �P�L�Q�G�� �D�� �������� �i�E�U�i�Q�� �O�i�W�K�D�W�y���N�D�S�F�V�R�O�D�W�� �p�V�� �D�]��
�D�Q�Q�D�N�� �V�]�R�U�R�V�V�i�J�i�W�� �N�L�I�H�M�H�]���� �N�R�U�U�H�O�i�F�L�y�V�� �L�Q�G�H�[�� �P�H�J�E�t�]�K�D�W�y�� �p�V�� �M�y�O�� �U�H�S�U�R�G�X�N�i�O�K�D�W�y�� �Y�L�]�V�J�i�O�D�W�R�N�U�y�O��
�W�D�Q�~�V�N�R�G�Q�D�N�� �0�H�J�i�O�O�D�S�t�W�K�D�W�y�� �W�R�Y�i�E�E�i���� �K�R�J�\�� �D�� �N�p�W�� ���������� �0�3�D-�Q�i�O�� �Q�D�J�\�R�E�E�� �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�E�D��
ta�U�W�R�]�y���D�F�p�O�R�Q���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���H�U�H�G�P�p�Q�\�H�L���M�y���|�V�V�]�K�D�Q�J�E�D�Q���Y�D�Q�Q�D�N���H�J�\�P�i�V�V�D�O�� 

�$�]�� �H�U�H�G�P�p�Q�\�H�N�� �p�U�W�p�N�H�O�p�V�p�K�H�]�� �D�]�� �H�J�\�H�V�� �Y�L�]�V�J�i�O�D�W�L�� �F�V�R�S�R�U�W�R�N�E�D�Q�� ���Q�� �p�V���ûK fc) kapott adatokat 
�V�W�D�W�L�V�]�W�L�N�D�L�� �P�L�Q�W�i�N�N�p�Q�W�� �N�H�]�H�O�W�•�N�� �p�V���± �D�K�R�O�� �D�U�U�D�� �D�� �P�L�Q�W�i�N�� �H�O�H�P�V�]�i�P�D�� �R�N�i�Q�� �O�H�K�H�W���V�p�J�•�Q�N�� �Y�R�O�W���± 
�P�H�J�Y�L�]�V�J�i�O�W�X�N�� �D�]�� �H�J�\�H�V�� �P�L�Q�W�i�N�� �D�]�R�Q�R�V�V�i�J�i�W���� �L�O�O�H�W�Y�H�� �N�•�O�|�Q�E�|�]���V�p�J�p�W���� �(�K�K�H�]�� �:�L�O�F�R�[�R�Q-�S�U�y�E�i�W�� �>37], 
[38�@�� �K�D�V�]�Q�i�O�W�X�Q�N�����0 = 0,���� �N�p�W�R�O�G�D�O�L�� �V�]�L�J�Q�L�I�L�N�D�Q�F�L�D�V�]�L�Q�W�H�Q�����(�O�V���N�p�Q�W�� �D�� �N�•�O�|�Q�E�|�]���� �D�O�D�S�D�Q�\�D�J��
�R�U�L�H�Q�W�i�F�L�y�N�D�W�� ���7-�/�� �p�V�� �7-�6���� �Y�L�]�V�J�i�O�W�X�N�� �P�H�J�� �p�V�� �P�H�J�i�O�O�D�S�t�W�R�W�W�X�N���� �K�R�J�\�� �D�]�� �H�O�W�p�U�p�V�� �V�]�L�J�Q�L�I�L�N�i�Q�V���� �D�� �P�L�Q�W�i�N��
�N�•�O�|�Q�� �N�H�]�H�O�H�Q�G���N���� �(�]�X�W�i�Q�� �D�� �����: �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �R�U�L�H�Q�W�i�F�L�y�U�D�� �D�� �N�p�W undermatching (undermatching 
(9) �p�V��undermatching (11)) p�i�U�R�V�t�W�i�V�W���H�O�H�P�H�]�W�•�N���p�V���P�H�J�i�O�O�D�S�t�W�R�W�W�X�N�����K�R�J�\���D�]���H�O�W�p�U�p�V�H�N���± sem az n sem 



�.�R�Y�i�F�V�����-�������:�L�O�K�H�O�P�����*�������/�X�N�i�F�V�����-�� �)�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���6���������4���D�F�p�O�E�D�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�E�H�Q 
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a �ûK fc �P�L�Q�W�i�N�� �H�V�H�W�p�E�H�Q �± �Q�H�P�� �V�]�L�J�Q�L�I�L�N�i�Q�V�D�N���� �D�� �P�L�Q�W�i�N�� �W�H�K�i�W�� �H�J�\-�H�J�\�� �P�L�Q�W�i�E�D�� �|�V�V�]�H�Y�R�Q�K�D�W�y�N����
�8�J�\�D�Q�L�O�\�H�Q�� �H�O�H�P�]�p�V�W�� �D�� �����:�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�� �R�U�L�H�Q�W�i�F�L�y�U�D�� �Q�H�P�� �W�X�G�W�X�Q�N�� �Y�p�Jezni, az alacsony minta 
�H�O�H�P�V�]�i�P�R�N���P�L�D�W�W�����$���K�D�U�P�D�G�L�N���O�p�S�p�V�E�H�Q�����I�H�O�W�p�W�H�O�H�]�Y�H���D�]�W�����K�R�J�\���H�O�H�J�H�Q�G�����H�U�H�G�P�p�Q�\���E�L�U�W�R�N�i�E�D�Q���D�������:��
�R�U�L�H�Q�W�i�F�L�y�� �D�� �����:�� �R�U�L�H�Q�W�i�F�L�y�Y�D�O�� �D�]�R�Q�R�V�� �H�U�H�G�P�p�Q�\�U�H�� �Y�H�]�H�W�Q�H�����D�]�W�� �L�V�� �P�H�J�Y�L�]�V�J�i�O�W�X�N���� �K�R�J�\�� �D�� �K�H�J�H�V�]�W�H�W�W��
�N�|�W�p�V�� �R�U�L�H�Q�W�i�F�L�y�Q�N�p�Q�W�� �������:�� �p�V�� �����:���� �|�V�V�]�H�Y�R�Q�W�� �P�L�Q�W�i�Nat azonosnak tekinthet�Q�p�Q�N-e vagy sem. 
�(�U�H�G�P�p�Q�\�•�O���D�]�W���N�D�S�W�X�N�����K�R�J�\���H�]�H�N���D���P�L�Q�W�i�N���P�L�Q�G�H�Q���H�V�H�W�E�H�Q���V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q���N�•�O�|�Q�E�|�]�Q�p�Q�H�N���H�J�\�P�i�V�W�y�O����
�$�� �N�•�O�|�Q�i�O�O�y�� �p�V�� �D�]�� �H�J�\�H�V�t�W�H�W�W�� �P�L�Q�W�i�N�D�W���� �Y�D�O�D�P�L�Q�W�� �D�]�R�N�� �V�W�D�W�L�V�]�W�L�N�D�L�� �M�H�O�O�H�P�]���L�� �D�� ������ �W�i�E�O�i�]�D�W�E�D�Q�� �I�R�J�O�D�O�W�X�N��
�|�V�V�]�H���� �D�K�R�O�� �D�� �G���O�W�� �E�H�W�&�N�N�H�O�� �D�]�R�N�� �D�� �P�L�Q�W�i�N�� �V�]�H�U�H�S�H�O�Q�H�N���� �D�P�H�O�\�H�N�� �V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q�� �Q�H�P�� �N�•�O�|�Q�E�|�]�W�H�N����
�Y�D�J�\�L�V���D�P�H�O�\�H�N�H�W���D�]�W�i�Q���|�V�V�]�H�Y�R�Q�W�X�Q�N���� 

9�����W�i�E�O�i�]�D�W�� �$���P�p�U�p�V�L���H�U�H�G�P�p�Q�\�H�N�E���O���N�p�S�]�H�W�W���V�W�D�W�L�V�]�W�L�N�D�L���P�L�Q�W�i�N���p�V���D�]�R�N���M�H�O�O�H�P�]���L 

Minta  �2�U�L�H�Q�W�i�F�L�y�������P�L�V�P�D�W�F�K�L�Q�J A minta 
�H�O�H�P�V�]�i�P�D 

�È�W�O�D�J �6�]�y�U�i�V �6�]�y�U�i�V�L��
�H�J�\�•�W�W�K�D�W�y 

n T-L 5 2,884 0,032 0,0113 
n T-S 2 2,989 0,050 0,0168 

�ûK fc T-L 5 83,73 2,73 0,0326 
�ûK fc T-S 2 59,75 6,65 0,0113 

n 21W / undermatching (9) 4 3,449 0,667 0,1934 
n 21W / undermatching (11) 4 3,648 0,224 0,0614 

�û�.fc 21W / undermatching (9) 4 85,12 1,16 0,0137 
�û�.fc 21W / undermatching (11) 4 84,40 3,97 0,0470 

n 21W / undermatching (9) �p�V��
21W / undermatching (11) 

8 3,55 0,47 0,1332 

�ûK fc �����:�������X�Q�G�H�U�P�D�W�F�K�L�Q�J�����������p�V��
21W / undermatching (11) 

8 84,76 2,73 0,0323 

n 23W / undermatching (9) 2 3,964 0,366 0,0922 
n 23W / undermatching (11) 2 4,159 1,185 0,2850 

�ûK fc 23W / undermatching (9) 2 60,27 7,84 0,1302 
�ûK fc 23W / undermatching (11) 2 57,76 11,09 0,1920 

 
�$�� �W�i�E�O�i�]�D�W�E�D�Q�� �W�D�O�i�O�K�D�W�y�� �V�]�y�U�i�V�L�� �H�J�\�•�W�W�K�D�W�y�� �p�U�W�p�N�H�N�H�W�� �|�V�V�]�H�K�D�V�R�Q�O�t�W�Y�D�� �D�� �>39�@�� �p�V�� �D�� �>40�@�� �P�X�Q�N�i�N�E�D�Q��

�W�D�O�i�O�K�D�W�y�� �D�G�D�W�R�N�N�D�O���� �P�H�J�i�O�O�D�S�t�W�K�D�W�y���� �K�R�J�\�� �D�]�R�N���± a 23W / undermatching (11) �S�i�U�R�V�t�W�i�V���Q�� �P�L�Q�W�i�M�i�W��
�N�L�Y�p�Y�H���± �N�H�G�Y�H�]���H�N�� ���������� �D�O�D�W�W�L�D�N������ �P�L�Q�G�� �D�� �N�•�O�|�Q�i�O�O�y���� �P�L�Q�G�� �D�]�� �H�J�\�H�V�t�W�H�W�W�� �P�L�Q�W�i�N�� �H�V�H�W�p�E�H�Q���� �(�]�� �D��
�P�H�J�i�O�O�D�S�t�W�i�V�� �W�R�Y�i�E�E�� �H�U���V�t�W�L�� �D�� ������ �W�i�E�O�i�]�D�W�� �p�V�� �D�� ���������i�E�U�D�� �N�D�S�F�V�i�Q���� �D�� �Y�L�]�V�J�i�O�D�W�R�N�� �P�H�J�E�t�]�K�D�W�y�V�i�J�i�U�D�� �p�V��
�U�H�S�U�R�G�X�N�i�O�K�D�W�y�V�i�J�i�U�D���P�H�J�I�R�J�D�O�P�D�]�R�W�W���i�O�O�t�W�i�V�W�� 

4. Összefoglalás 

�$�]���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N���p�V���D���N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���D���N�|�Y�H�W�N�H�]�����P�H�J�i�O�O�D�S�t�W�i�V�R�N���W�H�K�H�W���N�� 
�� �$�� �V�W�D�W�L�V�]�W�L�N�D�L�� �V�]�H�P�O�p�O�H�W�E�H�Q�� �H�O�Y�p�J�]�H�W�W�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�L�� �V�H�E�H�V�V�p�J�� �Y�L�]�V�J�i�O�D�W�R�N��

�P�H�J�E�t�]�K�D�W�y�V�i�J�D���p�V���U�H�S�U�R�G�X�N�i�O�K�D�W�y�V�i�J�D�����P�L�Q�G���D�]���H�J�\�H�G�L���H�U�H�G�P�p�Q�\�H�N ���H�J�\���N�L�Y�p�W�H�O�W���O���H�O�W�H�N�L�Q�W�Y�H������������
�I�H�O�H�W�W�L�� �N�R�U�U�H�O�i�F�L�y�V�� �L�Q�G�H�[�H�N������ �P�L�Q�G�� �D�� �V�W�D�W�L�V�]�W�L�N�D�L�� �P�L�Q�W�i�N��adatai ���H�J�\�� �N�L�Y�p�W�H�O�W���O�� �H�O�W�H�N�L�Q�W�Y�H�� �������� �D�O�D�W�W�L��
�V�]�y�U�i�V�L���H�J�\�•�W�W�K�D�W�y�N�����D�O�D�S�M�i�Q���M�y�Q�D�N���P�R�Q�G�K�D�W�y�� 

�� �$�� �Y�L�]�V�J�i�O�W�� �61300Q �D�O�D�S�D�Q�\�D�J�� �I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�D�� �D�� �K�H�Q�J�H�U�O�p�V�L��
�L�U�i�Q�\�E�D�Q�����7-�/�����p�V���D���Y�D�V�W�D�J�V�i�J���L�U�i�Q�\�E�D�Q����T-�6�����V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q���N�•�O�|�Q�E�|�]�������$���V�]�L�J�Q�L�I�L�N�i�Q�V���N�•�O�|�Q�E�V�p�J�H�W��



�.�R�Y�i�F�V�����-�������:�L�O�K�H�O�P�����*�������/�X�N�i�F�V�����-�� �)�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���6���������4���D�F�p�O�E�D�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�E�H�Q 
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a Paris-�(�U�G�R�J�D�Q�� �|�V�V�]�H�I�•�J�J�p�V�� �N�L�W�H�Y���� ���Q���� �p�V�� �D�� �F�L�N�O�L�N�X�V�� �W�|�U�p�V�L�� �V�]�t�Y�y�V�V�i�J�� ���û�.fc���� �p�U�W�p�N�H�N�� �H�J�\�D�U�i�Q�W��
�E�L�]�R�Q�\�t�W�M�i�N�� 

�� �$���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�i�V�D���N�•�O�|�Q�E�|�]�L�N���D�]���D�O�D�S�D�Q�\�D�J�p�W�y�O����
ez �D���N�•�O�|�Q�E�V�p�J���D���Y�D�V�W�D�J�V�i�J���L�U�i�Q�\�E�D�Q�����7-S) nag�\�R�E�E�����P�L�Q�W���D���K�H�Q�J�H�U�O�p�V�L���L�U�i�Q�\�E�D�Q�����7-L). 

�� �$�� �N�p�W�� �N�•�O�|�Q�E�|�]����undermatching �K�R�]�D�J�D�Q�\�D�J�J�D�O�� �N�p�V�]�t�W�H�W�W�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �I�i�U�D�G�i�V�R�V��
�U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L���H�O�O�H�Q�i�O�O�i�V�D���D���K�H�Q�J�H�U�O�p�V�L���L�U�i�Q�\�E�D�Q�������������V�]�L�J�Q�L�I�L�N�i�Q�V�D�Q���Q�H�P���N�•�O�|�Q�E�|�]�L�N. 
A �Y�D�V�W�D�J�V�i�J�� �L�U�i�Q�\�E�D�Q�� �������� �L�O�\�H�Q�� �W�t�S�X�V�~�� �N�|�Y�H�W�N�H�]�W�H�W�p�V�� �P�H�J�I�R�J�D�O�P�D�]�i�V�i�K�Rz �Q�H�P�� �i�O�O��
�U�H�Q�G�H�O�N�H�]�p�V�•�Q�N�U�H�� �P�H�J�I�H�O�H�O���� �V�]�i�P�~�� �D�G�D�W�� �$�� �Y�L�]�V�J�i�O�W�� �D�O�D�S�D�Q�\�D�J�������� �R�U�L�H�Q�W�i�F�L�y�M�~�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�L��
�H�V�H�W�p�E�H�Q�� �W�H�K�i�W�� �Q�L�Q�F�V�� �V�]�L�J�Q�L�I�L�N�i�Q�V�� �N�•�O�|�Q�E�V�p�J�� �D���N�•�O�|�Q�E�|�]�� �X�Q�G�H�U�P�D�W�F�K�L�Q�J�� �K�R�]�D�J�D�Q�\�D�J�J�D�O�� �N�p�V�]�t�W�H�W�W��
�K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V���V�R�U�i�Q���P�X�W�D�W�R�W�W���Y�L�V�H�O�N�H�G�p�V�H���N�|�]�|�W�W�� 

�� �$�� �Y�L�V�]�R�Q�\�O�D�J�� �N�H�Y�p�V�� �Y�L�]�V�J�i�O�D�W�L�� �H�U�H�G�P�p�Q�\�� �H�O�O�H�Q�p�U�H�� �L�V�� �N�L�P�R�Q�G�K�D�W�y���� �K�R�J�\ �D�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N��
�I�i�U�D�G�i�V�R�V�� �U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O�� �V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�D�� �D�� �K�H�Q�J�H�U�O�p�V�L�� �L�U�i�Q�\�E�D�Q�� ���������� �p�V�� �D�� �Y�D�V�W�D�J�V�i�J��
�L�U�i�Q�\�E�Dn (23) �H�O�W�p�U��, a �N�p�W���L�U�i�Q�\�E�D�Q�� �W�H�U�M�H�G���� �U�H�S�H�G�p�V�H�N���H�O�W�p�U���H�Q viselkednek. Ennek oka a �N�p�W��
�L�U�i�Q�\�E�D�Q���W�H�U�M�H�G�����U�H�S�H�G�p�V�H�N���± �N�|�W�p�V�L���V�D�M�i�W�R�V�V�i�J�R�N�E�y�O���H�U�H�G�����± �U�H�S�H�G�p�V�L���~�W�M�D�� 

�� A�]�� �D�O�D�S�D�Q�\�D�J�� �p�V�� �D �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�N�� �F�L�N�O�L�N�X�V�� �W�|�U�p�V�L�� �V�]�t�Y�y�V�V�i�J�D�����û�.fc) �N�|�]�|�W�W�� �Q�L�Q�F�V�� �p�U�G�H�P�L��
�N�•�O�|�Q�E�V�p�J. 

�� �$�� �N�D�S�R�W�W���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�X�O���V�]�R�O�J�i�O�Q�D�N���I�i�U�D�G�i�V�R�V���U�H�S�H�G�p�V�W�H�U�M�H�G�p�V�V�H�O���V�]�H�P�E�H�Q�L�� �H�O�O�H�Q�i�O�O�i�V�W���N�L�I�H�M�H�]����
�W�H�U�Y�H�]�p�V�L���J�|�U�E�p�N���P�H�J�K�D�W�i�U�R�]�i�V�i�K�R�]���>39], [40]. 

�� �$�]�� �6���������4�� �D�O�D�S�D�Q�\�D�J�R�Q�� �p�V�� �K�H�J�H�V�]�W�H�W�W�� �N�|�W�p�V�H�L�Q�� �H�O�Y�p�J�]�H�W�W�� �Y�L�]�V�J�i�O�D�W�R�N�� �M�H�O�O�H�J�]�H�W�H�V�V�p�J�H�L�� �M�y��
�|�V�V�]�K�D�Q�J�E�D�Q�� �Y�D�Q�Q�D�N�� �H�J�\�� �P�i�V�L�N���� �V�]�L�Q�W�p�Q�� ���������� �0�3�D-�Q�i�O�� �Q�D�J�\�R�E�E�� �V�]�L�O�i�U�G�V�i�J�L�� �N�D�W�H�J�y�U�L�i�E�D�� �W�D�U�W�R�]�y����
alform 1100M x-�W�U�H�P�H���D�O�D�S�D�Q�\�D�J�R�Q���p�V���K�H�J�H�V�]�W�H�W�W���N�|�W�p�V�H�L�Q�����K�D�V�R�Q�O�y���O�R�J�L�N�i�Y�D�O���H�O�Y�p�J�]�H�W�W���Y�L�]�V�J�i�O�D�W�R�N��
�H�U�H�G�P�p�Q�\�H�L�Y�H�O���� 
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Abstract 
The critical elements of high-pressure gas transporting pipelines are often the complex loaded girth 
welds. The aim of the paper is to introduce our full-scale pipeline fatigue and burst tests applying 
cyclic internal pressure and superimposed external bending stress on girth welds. A unique testing 
system was built to study the behavior of the girth welds; 4 m long pipeline sections containing girth 
welds with no defects and with artificial flaws were tested. The artificial notches were located in the 
HAZ zone of the girth welds and along the longitudinal axis of the pipe, crossing the girth welds. 
100,000 fatigue cycles were applied, the internal pressure was varied between 60% and 100% of the 
MAOP, and the bending stress was two, four, six and eight times the axial stress from the MAOP. The 
tests were evaluated using video camera recordings, internal pressure vs. burst time functions and 
burst pressure values. A safety factor has interpreted that can be used to assess the risk of flaws. 

Keywords: gas transporting pipeline; full-scale pipeline test; complex loading condition; cyclic 
external pressure; static bending; safety factor 

Absztrakt 
�$���Q�D�J�\�Q�\�R�P�i�V�~���J�i�]�V�]�i�O�O�t�W�y���F�V���Y�H�]�H�W�p�N�H�N���N�U�L�W�L�N�X�V���H�O�H�P�H�L���J�\�D�N�U�D�Q���D�]���|�V�V�]�H�W�H�W�W���W�H�U�K�H�O�p�V�&���N�|�Uvarratok. A 
�N�|�]�O�H�P�p�Q�\ �F�p�O�M�D�����K�R�J�\���E�H�P�X�W�D�V�V�D���D���W�H�O�M�H�V���P�p�U�H�W�&���N�t�V�p�U�O�H�W�L���F�V���Y�H�]�H�W�p�N �V�]�D�N�D�V�]�R�N�R�Q���Y�p�J�]�H�W�W���I�i�U�D�V�]�W�y- �p�V��
�U�H�S�H�V�]�W���Y�L�]�V�J�i�O�D�Wok�D�W�����D�P�H�O�\�H�N���V�R�U�i�Q���F�L�N�O�L�N�X�V���E�H�O�V�����Q�\�R�P�i�V�W���p�V���N�•�O�V�����K�D�M�O�t�W�y�I�H�V�]�•�O�W�V�p�J�H�W���D�O�N�D�O�P�D�]�W�X�Q�N 
�D�� �N�|�U�Y�D�U�U�D�W�R�N�R�Q���� �$�� �N�|rvarratok vise�O�N�H�G�p�V�p�Q�H�N�� �W�D�Q�X�O�P�i�Q�\�R�]�i�V�i�U�D���H�J�\�H�G�L�� �Y�L�]�V�J�i�O�D�W�L�� �U�H�Q�G�V�]�H�U�W�� �p�S�t�W�H�W-
�W�•�Q�N, �����P���K�R�V�V�]�~���F�V���Y�H�]�H�W�p�N szakaszok �Y�L�]�V�J�i�O�D�W�i�U�D, amelyekben �K�L�E�i�W�O�D�Q���p�V���P�H�V�W�H�U�V�p�J�H�V���K�L�E�i�N�D�W���W�D�U-
�W�D�O�P�D�]�y���N�|�Uvarratok voltak���� �$�� �P�H�V�W�H�U�V�p�J�H�V���K�L�E�i�N�D�W �D�� �N�|�U�Y�D�U�U�D�W�R�N���K���K�D�W�i�V�|�Y�H�]�H�W�p�E�H�Q �p�V�� �D�� �F�V���� �K�R�V�V�]-
�W�H�Q�J�H�O�\�H�� �P�H�Q�W�p�Q���� �D�� �N�|�U�Y�D�U�U�D�W�R�N�D�W�� �N�H�U�H�V�]�W�H�]�Y�H�� �K�H�O�\�H�]�W�•k el. 100 �������� �I�i�U�D�G�i�V�L�� �F�L�N�O�X�V�W�� �D�O�N�D�O�P�D�]�W�X�Qk, a 
�E�H�O�V���� �Q�\�R�P�i�V�� �D�� �0�$�2�3�� ������-�D�� �p�V�� ��������-a �N�|�]�|�W�W�� �Y�i�O�W�R�]�R�W�W���� �D�� �K�D�M�O�t�W�y�I�H�V�]�•�O�W�V�p�J�� �S�H�G�L�J�� �D��MAOP-�E�y�O��
�V�]�i�U�P�D�]�y���D�[�L�i�O�L�V���I�H�V�]�•�O�W�V�p�J���N�p�W-�����Q�p�J�\-, hat- �p�V��nyolcszorosa volt. A �N�t�V�p�U�O�H�W�H�N�H�W �Y�L�G�H�R�N�D�P�H�U�i�V���I�H�O�Y�p�W�H-
�O�H�N�����D���E�H�O�V�����Q�\�R�P�i�V���p�V���D���U�H�S�H�V�]�W�p�V�L �L�G�����I�•�J�J�Y�p�Q�\�H�L�����Y�D�O�D�P�L�Q�W���D���U�H�S�H�V�]�W�p�V�L �Q�\�R�P�i�V�p�U�W�p�N�H�N���V�H�J�t�W�V�p�J�p�Y�H�O��
�p�U�W�p�N�H�O�W�•�N. B�L�]�W�R�Q�V�i�J�L���W�p�Q�\�H�]���W���p�U�W�H�O�P�H�]�W�•�Q�N�����D�P�H�O�\���D���K�L�E�i�N���N�R�F�N�i�]�D�W�i�Q�D�N���P�H�J�t�W�p�O�p�V�p�U�H �K�D�V�]�Q�i�O�K�D�W�y�� 

Kulcsszavak: �J�i�]�V�]�i�O�O�t�W�y���F�V���W�i�Y�Y�H�]�H�W�p�N�����W�H�O�M�H�V���P�p�U�H�W�&���N�t�V�p�U�O�H�W�L���F�V���V�]�D�N�D�V�]���Y�L�]�V�J�i�O�D�W�����|�V�V�]�H�W�H�W�W���W�H�U�K�H�O�p�V����
�F�L�N�O�L�N�X�V���E�H�O�V�����Q�\�R�P�i�V�����V�W�D�W�L�N�X�V���K�D�M�O�t�W�i�V�����E�L�]�W�R�Q�V�i�J�L���W�p�Q�\�H�]�� 
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1. Introduction  

The strategic role of pipelines, including hydrocarbon transporting pipelines, is unquestionable today. 
This role can be interpreted within a country (interpretation in a narrower sense), but also between 
neighboring countries, or within larger regions, continents and between continents (interpretation in a 
wider sense). An incident on such a pipeline can therefore cause disruption both within a country and 
beyond, in wider regions. A direct consequence of this is the regulation at different levels of 
legislation and/or standards [1]�±[5]. 

High-pressure pipelines are used for transporting various media (e.g. hydrocarbons, hot and cold 
water) and are made up of 12-18 m length (formerly 10-12 m length) pipe sections and pipe bends of 
different geometries and lengths. The individual sections are joined together by welding, so the 
pipelines contain a large number of girth welds. An example is the Hungarian high-pressure 
hydrocarbon transporting pipeline system, which has a total length of nearly 8,000 km and a number 
of girth welds of nearly 700,000. It is no coincidence that the construction and inspection of girth 
welds is subject to specific standards [6], [7]. A statistically based study [8] showed that failures due to 
construction defects and material discontinuities occur more frequently in girth welds than in other 
parts of pipelines. During the construction of pipelines, pipe sections are often subjected to external 
loads that result in excessive bending stresses in the girth welds; during operation, cyclic loads are 
caused by changing internal pressures and environmental influences. The combination of these and 
material discontinuities in the girth welds have a significant impact on the service life of girth welds, 
cracks can develop which can cause catastrophic fractures [9]. 

Full-scale tests are expensive possibilities of assessing the integrity of different structural elements 
or structures [10]. This is not different in the case of structures subject to internal pressure (e.g. 
pressure vessels, pipelines [11]), where the expenditure will in virtually all cases yield the required 
results: manageable risk and service life, safer operation, predictable remaining service life, 
predictable inspections and interventions. 

Different solutions are used to test full-scale pipeline sections. Tests can be performed with 
external load and/or internal pressure, or with quasi-static and/or cyclic loading conditions. Fig. 1 
shows a four-point bending test of large diameter pipeline section, both the sketch of the test frame 
and a pipeline section after failure (local buckling) can be seen [12]. 

  

(a) (b) 

Fig. 1. (a) Scheme of test set-up; (b) test set-up after formation of a local buckle [12] . 
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Fig. 2 shows an example of a four-point bending test and a reeling test of small diameter pipes, 
where the same test system and one-on-one pipe section during the test can be observed [13]. 

  

(a) (b) 

Fig.2. (a) Four-point bending test; (b) reeling test [13] . 

Considering that the girth welds of pipelines often contain differences due to the welding 
technology and may be subject to external impacts (damage) during construction and operation, the 
use of notches (artificial defects) is also appropriate when designing and implementing full-scale 
investigations. Examples of such notches can be seen in Fig. 3 [14]. 

  

Fig. 3. Notches in girth welds made by electron beam welding [14] . 

The effects of soil-transmitted loads and loads due to soil movements were investigated under 
bending [15] and shear [16]; the experimental setups are illustrated in Fig. 4. Road traffic loading tests 
are less common for hydrocarbon transporting steel pipelines and more common for concrete water 
and wastewater pipelines [17], [18]. In the examples shown, no internal pressure was applied to the 
pipeline sections. 
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(a) (b) 

Fig. 4. Investigation of the effects of soil-transmitted loads and loads due to soil movements on 
pipeline sections: (a) bending stress [15] ; (b) shear stress [16] . 

The aims of the research and this article are twofold. On the one hand, we present a test system 
developed for the investigation of full-scale pipeline sections subjected to internal cyclic pressure and 
external static bending loads. On the other hand, the results of the tests of twelve pipeline sections 
without and with artificial defects (notches) are presented; furthermore the importance and the 
applicability of the results are discussed. 

2. Testing equipment and their characteristics 

The elements and equipment that make up the test system are located in two areas, one in a laboratory 
building and the other in a test pit built in front of the building. The tests are controlled from the 
building, and the experimental pipeline sections are located in the test pit. Two systems are available 
for testing structures subjected to internal pressure, and a separate system has been developed for 
external bending loading. 

The two pressure increasing systems are essentially identical in design, one for pressures up to 100 
bar (called NEW) and the other up to 700 bar (called OLD). The lower capacity system is used for 
fatigue testing and the higher capacity system for burst testing; block diagrams of both systems can be 
found in a previous publication [9]. The hydraulic cylinders and control units in the laboratory area are 
shown in Fig. 5; the hydraulic power supplies are located in a separate room directly next to the 
laboratory to reduce operating noise. 

Based on these abilities and capacities a unique testing system has been developed for the complex 
loading of pipeline sections. Cyclic internal pressure and superimposed external bending loads can be 
applied for the investigations in the three-point bending (TPB or 3PB) configuration. In this series of 
experiments the tested girth weld was positioned in the middle of the tested pipeline section. The 
experimental layout together with the introduction of the key elements in the test pit can be seen in 
Fig. 6. 
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Fig. 5. The laboratory area with hydraulic cylinders and control units of the testing systems. 

 

Fig. 6. The pit area of our developed system with a pipeline section. 

The superimposed bending moment was set using a certified load cell and verified using a certified 
extensometer with an extended arm. Positioning of the tested girth welds was performed using a scaled 
plate with drilled holes (see Figs. 7 and 8). 
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The burst process was recorded with two video cameras, both positioned at the edge of the pit area, 
following the burst process from above. One camera was positioned in the direction of the longitudinal 
axis of the tested pipeline section and the other perpendicular to it. 

 

Fig. 7. Setting the deflection by load cell and its verification by extensometer with extended arm. 

 

Fig. 8. The positioning plate with scales and holes, and the measurement of the deflection by 
extensometer with extended arm. 
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3. Details of the investigations 

The investigated pipeline sections were made of P355NH seamless steel tubes for pressure purposes 
[19] with a nominal diameter of 114.3 mm (DN 100) and with a nominal wall thickness of 5.6 mm (t). 
The nominal lengths of the tested items were 4,000 mm (4 m). 

In order to ensure that only the right quality of girth welds are tested, i.e. that the quality of the 
girth welds does not affect the results of the tests; non-destructive investigations were carried out 
before the full-scale tests. For this purpose visual testing (VT), liquid penetrant testing (PT), and 
radiographic testing (RT) were performed. 

Twelve pipeline sections were tested with different characteristics. The experiences of the 
Hungarian transporting pipeline operator (FGSZ Ltd.) have pointed to that external undercuts and lack 
of fusions (between the base materials and weld metals) can be found in inadequate girth welds. Other 
experiences of the Hungarian transporting pipeline operator have shown that third-party (near) 
longitudinal damages are also common and significantly increase the operational risk, especially when 
interacting with both girth and spiral welds. These were the reasons why we also tested girth welds 
with artificial notches. The notches were cut using a hand grinding machine and located either in the 
heat-affected zone (HAZ) of the girth weld (circumferential direction) or through the girth weld (axial 
direction). The external undercuts and lack of fusions were modelled using circumferential notches, 
the third-party (near) longitudinal damages interacting with girth welds were modelled by longitudinal 
notches. Since the artificial notches were made by the same person using the same hand grinder, their 
maximum nominal width was 2 mm. The shape of the artificial notches followed the shape of both the 
pipe and the grinding wheel, with their width decreasing slightly in the direction of the pipe wall 
thickness. Fig. 9 demonstrates the two types of notch configurations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) (b) 

Fig. 9. (a) Artificial notch in the girth weld HAZ of the Y10 pipeline section; (b) artificial notch 
through the girth weld of the Y8 pipeline section. 
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All pipeline sections, except Y3, were subjected to 100,000 cycles of fatigue loading. The cyclic 
internal pressure was adjusted to the real operating pressure and was changed between 60% and 100% 
of the maximum allowable operating pressure (MAOP, 64 bar). The applied axial stress from bending 
was two, four, six and eight times (in relevant figures 2 sigma, 4 sigma, 6 sigma and 8 sigma, 
�U�H�V�S�H�F�W�L�Y�H�O�\�����R�I���W�K�H���D�[�L�D�O���V�W�U�H�V�V�����1a) from the maximum internal pressure. During the fatigue tests 0.2 
Hz testing frequency was applied, moreover during the fatigue and the burst tests water was used as 
�W�H�V�W�L�Q�J���P�H�G�L�D�����'�X�U�L�Q�J���W�K�H���O�R�Q�J���W�H�V�W���S�H�U�L�R�G�����W�K�H���D�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H���Y�D�U�L�H�G���E�H�W�Z�H�H�Q���������ƒ�&���D�Q�G���������ƒ�&����
but this variation had no significant effect on the implementation of the tests or the mode of the 
fracture behaviour of the pipeline sections. The main characteristics of the full-scale tests can be found 
in Table 1. 

Table 1. The main characteristics of the full -scale tests 

Pipeline 
section ID 

Fatigue External 
bending 

Notch 
location 

Notch 
direction 

Notch 
depth 

Notch length 
[mm] 

Y3 N/A N/A N/A N/A N/A N/A 
Y1 applied N/A N/A N/A N/A N/A 
Y2 applied N/A N/A N/A N/A N/A 
Y4 applied �����
���1a N/A N/A N/A N/A 
Y5 applied �����
���1a N/A N/A N/A N/A 
Y6 applied �����
���1a N/A N/A N/A N/A 
Y7 applied �����
���1a girth weld 

HAZ 
circum-
ferential 

0.37 * t 29 

Y8 applied �����
���1a through 
girth weld 

axial 0.5 * t 41 

Y9 applied �����
���1a girth weld 
HAZ 

circum-
ferential 

0.67 * t 40 

Y10 applied �����
���1a girth weld 
HAZ 

circum-
ferential 

0.5 * t 30 

Y11 applied �����
���1a through 
girth weld 

axial 0.67 * t 40 

Y12 applied 8 �
���1a girth weld 
HAZ 

circum-
ferential 

0.5 * t 40 

For the fatigue tests, a system with a maximum load capacity of 100 bar was used (see Fig. 5 
NEW). Throughout the process, the variation of the internal pressure and deflection was continuously 
monitored. These values were recorded every 5,000-8,000 cycles over a time interval of 50-60 fatigue 
cycles (250-300 s). The internal pressure-time functions recorded during the fatigue test of the pipeline 
section Y4 are illustrated in Fig. 10 as an example, and the deflection-time functions are illustrated in 
Fig. 11 as an example too. The cycle numbers in the figures represent the cycle numbers at the start of 
each sampling. 

Fig. 10 shows the stability of the internal pressure change, except for the initial transient. (This is 
emphasized because the time required to complete 100,000 cycles was nearly six full days (nearly 139 
hours).) The deflection-time functions in Fig. 11 on the one hand reflect both the change in internal 
pressure and the stability of the pressure change, on the other hand a very small (on the order of 
micrometers) reduction in deflection changes can be observed. 
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Fig. 10. Internal pressure-time functions recorded during the fatigue test of pipeline section Y4. 

 

Fig. 11. Deflection-time functions recorded during the fatigue test of pipeline section Y4. 
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After the fatigue tests, both the visual testing (VT) and the radiographic testing (RT) were repeated. 
These were followed by a hydrostatic pressure test at 1.5 * MAOP (90 bar) for 6 hours. The burst tests 
were performed using the 700 bar maximum load system (see Fig. 5, OLD) and during the test the 
internal pressure values were registered per second. 

4. Testing results 

Results of the visual testing (VT) and the radiographic testing (RT) repeated after the fatigue tests 
showed no detectable changes in any of the cases. This means that the fatigue stage did not cause 
significant changes in the quality of the investigated girth welds. All ten tested pipeline sections 
withstood the 6 hours long hydrostatic pressure test without any significant loss of internal pressure. 

Fig. 12 illustrates the average deflection vs. fatigue cycle number curves for each pipeline section 
subjected with superimposed bending. The data are derived from the systematic processing of 
�I�X�Q�F�W�L�R�Q�V���V�L�P�L�O�D�U���W�R���W�K�H���I�X�Q�F�W�L�R�Q�V���R�I���G�L�D�J�U�D�P���F�D�Q���E�H���V�H�H�Q���L�Q���)�L�J�������������7�K�H���F�X�U�Y�H�V���I�R�U�������
���1a���������
���1a, 6 * 
�1a and 8 �
���1a stresses, furthermore for circumferential and axial notches are clearly distinguished in the 
figure. As the figure illustrates, the magnitude of the stress plays a determining role. It is noteworthy 
that the curves for each pipeline section show the same trends and their location is fully consistent 
with our approach. 

 

Fig. 12. Average deflection values and their changes during the fatigue tests. 

Figs. 13 and 14 show the internal pressure vs. burst test time diagrams for the investigated pipeline 
sections, where the arrows indicate the burst points. 
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Fig. 13. Internal pressure vs. burst test time diagrams of the investigated Y1-Y5 pipeline sections. 

 

Fig. 14. Internal pressure vs. burst test time diagrams of the investigated Y6-Y12 pipeline sections. 
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The main characteristics of the Y1-Y5 and Y6-Y10 diagrams are the same; however different burst 
test times can be noticed. Partially different behaviour was observed for Y11 and Y12 pipeline 
sections, due to the larger size of the notches and the higher stress (�1a) resulting from the higher 
bending load. 

The average internal pressure growth rate values both in the first stage and in the latter stages can 
be assessed as quasi-static values, no significant dynamic effects were observed. In all cases we have 
experienced tines-like changes on the curves which demonstrate the volume increase of the pipeline 
sections. The increase in volume is the natural result of elastic-plastic deformation; during these 
periods, the system draws water from the water supply network. 

A dimensionless safety factor was interpreted to quantify the behavior of the pipeline sections, with 
the following equation: 

�5�=�B�A�P�U���B�=�?�P�K�N
L��
�»�è�å�æ�ç���É�å�Ø�æ�æ�è�å�Ø

�Æ�Ô�ë�Ü�à�è�à���º�ß�ß�â�ê�Ô�Õ�ß�Ø���È�ã�Ø�å�Ô�ç�Ü�á�Ú���É�å�Ø�æ�æ�è�å�Ø

L

�»�É

�Æ�º�È�É
���ä (1) 

where BP is the measured burst pressure [bar] and MAOP is the Maximum Allowable Operating 
Pressure [bar]. Table 2 summarizes both the main characteristics and the burst pressure (BP) and the 
safety factor (SF) values of the investigations, assuming that the value of the MAOP is 64 bar. 

Table 2. The main characteristics and the burst pressure (BP) and the safety factor (SF) values of the 
investigations 

Pipeline 
section ID 

Notch 
location 

Notch 
direction 

Burst 
pressure[bar] 

Failure location SF [�±] 

Y3 N/A N/A 446 pipe surface 6.97 
Y1 N/A N/A 447 pipe surface 6.98 
Y2 N/A N/A 447 pipe surface 6.98 
Y4 N/A N/A 473 pipe surface 7.39 
Y5 N/A N/A 446 pipe surface 6.97 
Y6 N/A N/A 462 pipe surface 7.22 
Y7 girth weld 

HAZ 
circum-
ferential 

457 pipe surface 7.14 

Y8 through 
girth weld 

axial 348 axial notch through 
girth weld 

5.44 

Y9 girth weld 
HAZ 

circum-
ferential 

461 pipe surface 7.20 

Y10 girth weld 
HAZ 

circum-
ferential 

467 pipe surface 7.30 

Y11 through 
girth weld 

axial 152 axial notch through 
girth weld 

2.38 

Y12 girth weld 
HAZ 

circum-
ferential 

250 circumferential 
notch 

3.91 

Three selected pipeline sections (Y3, Y6 and Y8) at the end of their burst tests, in other words at 
the moment of their failures, can be seen in Figs. 15-17, respectively. 
 



Dakhel, A. Y�������/�X�N�i�F�V, J. Full scale tests on pipeline sections under complex loading conditions 

181 

 

Fig. 15. The Y3 pipeline section at the moment of its failure. 

 

Fig. 16. The Y6 pipeline section at the moment of its failure. 

 

Fig. 17. The Y8 pipeline section at the moment of its failure. 
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5. Conclusions 

The own developed test system is suitable for testing full-scale pipeline sections without and with girth 
welds subjected to cyclic internal pressure and superimposed external bending. The outside diameter 
of the pipes to be investigated is limited by the structural element (device) designed to transmission 
the bending load. 

The failure of the tested pipeline sections without artificial notches occurred similarly, but in none 
of the cases in a girth weld, and the failure pressures (burst pressures) were significantly higher than 
the operating pressure. The failure of the tested circumferentially notched pipeline sections with one 
exception (Y12 pipeline section) occurred similarly too, in all cases in the pipe surface, regardless of 
the notch depth and the magnitude of additional stress from bending. The failure of the exceptional 
pipeline section (Y12) occurred in the notch at a significantly lower pressure than in other similar 
cases. Furthermore, the failure pressures (burst pressures) were significantly higher than the operating 
pressure. Failure of the pipeline sections containing axial notch (Y8 and Y11 pipeline sections) 
occurred in the notch and at significantly lower pressure than the other unnotched and notched 
pipeline sections. 

Both the performed full-scale tests and the determined safety factor values have confirmed the high 
load-bearing capacity of the girth welds produced to the required quality. The high load-bearing 
capacity covers both cyclic and complex loads. This also implies that previous damages in the 
Hungarian gas transporting system [9] have occurred in girth welds of unacceptable quality and/or 
subjected to significantly higher overloads. 

The investigations and their results have demonstrated the importance of the full-scale tests. 
Moreover, these investigations have confirmed that further full-scale tests should be executed in the 
near future.  
�� Pipeline sections containing girth weld should be investigated applying higher axial stresses from 

the superimposed external bending (e.g. eight times of the axial stress from the maximum internal 
pressure).  

�� Similarly necessary to test pipeline sections that contain deeper and/or longer artificial notches on 
the tensile bending stress side of the girth welds. 

�� The effect of the temperature, basically the lower temperatures, should also be investigated. The 
operating pipelines have below-�J�U�R�X�Q�G���V�H�F�W�L�R�Q�V�����Z�K�H�U�H���W�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���O�D�\�L�Q�J���G�H�S�W�K���L�V�������ƒ�&��
under the climatic conditions in Hungary. 

�� In many countries, including Hungary, there are plans to blend hydrogen into the natural gas 
transmission system [20]. Therefore, the tests should be extended to cover the testing of girth welds 
exposed to hydrogen. 

�� The future planned studies and investigations should be carried out by varying the parameters 
separately in the short term, and jointly in the medium and long term. 
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Absztrakt  
�1�D�S�M�D�L�Q�N�E�D�Q�� �N�L�H�P�H�O�W�� �V�]�H�U�H�S�H�W�� �N�D�S�Q�D�N�� �D�]�� �D�O�D�F�V�R�Q�\�� �V�]�p�Q�G�L�R�[�L�G�� �N�L�E�R�F�V�i�W�i�V�~�� �H�Q�H�U�J�L�D�W�H�U�P�H�O����
techn�R�O�y�J�L�i�N. A �F�L�N�N�E�H�Q�� �i�W�I�R�J�y���Y�L�]�V�J�i�O�D�W�� �D�O�i�� �N�H�U�•�O�W�H�N�� �D�� �N�•�O�|�Q�E�|�]���� �K���i�W�Y�L�W�H�O�� �I�R�N�R�]�i�V�L�� �P�y�G�V�]�H�U�H�N��
�N�•�O�|�Q�E�|�]���� �H�Q�H�U�J�L�D�W�H�U�P�H�O���� �H�J�\�V�p�J�H�N�E�H�Q���� �$z �|�V�V�]�H�I�R�J�O�D�O�i�V�� �D�O�D�S�M�i�Q�� �O�H�K�H�W���V�p�J�� �D�G�y�G�L�N�� �P�H�J�Y�L�]�V�J�i�O�Q�L�� �D 
�N�•�O�|�Q�E�|�]�� �D�O�N�D�O�P�D�]�i�V�L�� �H�V�H�W�H�N�H�W�� �D�� �Q�X�N�O�H�i�U�L�V�� �I�&�W���H�O�H�P�� �U�~�G�N�|�W�H�J�H�N�Q�p�O�� �$�� �M�H�O�H�Q�O�H�J�L�� �W�H�F�K�Q�R�O�y�J�L�D�L��
�O�H�K�H�W���V�p�J�H�N�� �V�]�H�U�L�Q�W���D�O�N�D�O�P�D�]�K�D�W�y���K���i�W�Y�L�W�H�O�� �I�R�N�R�]�i�V�L�� �W�H�F�K�Q�L�N�i�N �H�O�H�P�]�p�V�U�H�� �N�H�U�•�O�Q�H�N���� �N�•�O�|�Q�� �N�L�W�p�U�Y�H�� �D��
�K�i�U�R�P�G�L�P�H�Q�]�L�y�V�� �I�H�O�•�O�H�W�L�� �V�W�U�X�N�W�~�U�i�N�� �D�O�N�D�O�P�D�]�i�V�L�� �O�H�K�H�W���V�p�J�H�L�U�H���� �$�� �Y�L�]�V�J�i�O�D�W�R�N�� �N�L�W�H�U�M�H�G�Q�H�N�� �Dz 
�•�]�H�P�D�Q�\�D�J-�U�~�G�N�|�W�H�J�H�N���W�H�U�Y�H�]�p�V�H���V�R�U�i�Q���D�O�N�D�O�P�D�]�K�D�W�y���P�H�J�R�O�G�i�V�R�N�U�D�����L�O�O�H�W�Y�H���D���N�•�O�|�Q�E�|�]�����M�R�J�V�]�D�E�i�O�\�R�N��
�D�O�N�D�O�P�D�]�i�V�i�U�D���� �$�� �U�~�G�N�|�W�H�J�H�N�Q�p�O�� �W�|�U�W�p�Q���� �Y�L�]�V�J�i�O�D�W�R�N�� �N�L�H�P�H�O�W�H�Q�� �I�R�Q�W�R�V�D�N�� �D�� �E�L�]�W�R�Q�V�i�J�� �p�V�� �H�Q�H�U�J�H�W�L�N�D�L��
�K�D�W�p�N�R�Q�\�V�i�J�� �N�p�U�G�p�V�N�|�U�H�� �N�D�S�F�V�i�Q���� �$�]�� �D�O�N�D�O�P�D�]�i�V�L�� �N�R�U�O�i�W�R�N�� �D�O�D�S�M�i�Q�� �M�y�O�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�� �I�H�O�•�O�H�W�L��
�V�W�U�X�N�W�~�U�i�N���� �L�O�O�H�W�Y�H�� �N�•�O�|�Q�E�|�]���� �i�U�D�P�O�i�V�U�H�Q�G�H�]���� �H�O�H�P�H�N�� �E�H�p�S�t�W�p�V�H�� �M�H�O�H�Q�W�L��a �M�|�Y���U�H vonatkoztatott 
�I�H�M�O�H�V�]�W�p�V�L���W�H�Q�G�H�Q�F�L�i�N�D�W. 

Kulcsszavak: �D�W�R�P�H�U���P�&�����K���F�V�H�U�p�O�������K���i�W�Y�L�W�H�O�����i�U�D�P�O�i�V�U�H�Q�G�H�]�������I�H�O�•�O�H�W�L���W�H�[�W�~�U�D 

Abstract  
Today, low-carbon energy production techniques are a priority. In the study, different methods of heat 
transfer enhancement in different power generation units have been extensively investigated. Based on 
the technical summary, it is possible to examine the use cases for nuclear fuel rod assemblies. The 
heat transfer enhancement is analysed according to current technological possibilities, with a special 
focus on the application possibilities of three-dimensional surface structures. The investigations will 
cover the solutions that can be applied in the design of rod bundles and the relevant application of 
different legislation. The investigations in rod bundles are of particular relevance to the issues of 
safety and energy efficiency. The application constraints clearly show that the incorporation of 
surface structures and various flow control elements are the future directions of development. 

Keywords: nuclear power plant, heat exchanger, heat transfer, flow regulator, surface structure 

1. �%�H�Y�H�]�H�W�p�V 

�$�� �N�•�O�|�Q�E�|�]���� �P�&�V�]�D�N�L�� �W�H�U�•�O�H�W�H�N�H�Q�� �K�D�V�]�Q�i�O�W�� �E�H�U�H�Q�G�H�]�p�V�H�N�E�H�Q�� �D�� �K���F�V�H�U�p�W�� �I�R�N�R�]�y�� �H�V�]�N�|�]�|�N�� �I�H�M�O�H�V�]�W�p�V�H��
�D�O�D�S�Y�H�W���� �I�R�Q�W�R�V�V�i�J�X�N�N�D�O�� �P�D�J�\�D�U�i�]�K�D�W�y���� �D�O�N�D�O�P�D�]�i�V�X�N�� �M�H�O�H�Q�W���V�� �D�Q�\�D�J�P�H�J�W�D�N�D�U�t�W�i�V�W�� ���I�p�P���� �•�]�H�P�D�Q�\�D�J����
�p�V�� �D�� �J�\�i�U�W�i�V�� �V�R�U�i�Q�� �D�� �N�|�O�W�V�p�J�H�N�� �F�V�|�N�N�H�Q�W�p�V�p�W�� �H�U�H�G�P�p�Q�\�H�]�L���� �/�H�K�H�W���V�p�J�� �Q�\�t�O�L�N�� �W�R�Y�i�E�E�i�� �D�� �E�H�U�H�Q�G�H�]�p�V�H�N��
�P�H�J�E�t�]�K�D�W�y�E�E�i�� �p�V�� �W�D�U�W�y�V�D�E�E�i�� �W�p�W�H�O�p�U�H���� �$�� �V�R�U�R�]�D�W�E�D�Q�� �J�\�i�U�W�R�W�W�� �D�W�R�P�H�U���P�&�Y�L�� �E�O�R�N�N�R�N�� �W�H�O�M�H�V�t�W�P�p�Q�\�H��
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�i�O�W�D�O�i�E�D�Q�� ���������� �0�:�� �Y�D�J�\�� �D�Q�Q�i�O�� �Q�D�J�\�R�E�E���� �$�� �Q�D�J�\�� �N�D�S�D�F�L�W�i�V�� �H�J�\�E�H�Q�� �Q�D�J�\�� �P�p�U�H�W�H�W�� �p�V�� �M�H�O�H�Q�W���V��
�I�p�P�I�H�O�K�D�V�]�Q�i�O�i�V�W��is �M�H�O�H�Q�W���� �(�]�p�U�W�� �D�]�� �D�W�R�P�H�Q�H�U�J�H�W�L�N�D�L�� �E�H�U�H�Q�G�H�]�p�V�H�N�� �W�|�P�H�J���P�p�U�H�W��indexeinek 
�R�S�W�L�P�i�O�L�V�Q�D�N���N�H�O�O���O�H�Q�Q�L�•�N���p�V���H�]�p�U�W���D���K���F�V�H�U�H���I�R�N�R�]�i�V�D���H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q�����(�]���U�i�D�G�i�V�X�O���Q�|�Y�H�O�L���D�]���H�U���P�&�Y�H�N��
�E�L�]�W�R�Q�V�i�J�i�W �p�V���D���E�O�R�N�N�R�N �E�L�]�W�R�Q�V�i�J�i�W���L�V��[1]�±[4]. 

�6�]�i�P�R�V�� �D�W�R�P�H�U���P�&-�W�t�S�X�V�Q�i�O�� �D �E�H�O�V���� �V�S�L�U�i�O�R�]�i�V�~�� �F�V�|�Y�Hk �J�\�i�U�W�i�V�D�� �D�� �J���]�I�H�M�O�H�V�]�W���N�� �p�V�� �D�]��
�D�W�R�P�H�U���P�&�Y�H�N���V�]�i�P�i�U�D, �O�H�K�H�W���Y�p�� �W�H�V�]�L�� �D�� �N�D�]�i�Q�F�V�|�Y�H�N�� �K�R�V�V�]�i�Q�D�N���N�|�U�•�O�E�H�O�•�O���I�H�O�p�U�H���Y�D�O�y �F�V�|�N�N�H�Q�W�p�V�p�W�� 
�M�D�Y�t�W�Y�D�� �H�]�]�H�O�� �D�� �K���P�p�U�V�p�N�O�H�W-�V�]�D�E�i�O�\�R�]�i�V�W�� �D�� �N�D�]�i�Q�E�D�Q���� �(�J�\�L�G�H�M�&�O�H�J �V�H�J�t�W�Lk �D�� �I�D�O�K���P�p�U�V�p�N�O�H�W��
�F�V�|�N�N�H�Q�W�p�V�p�W �p�V���D���K���F�V�H�U�p�O�����G�H�J�U�D�G�i�F�L�y�V���]�y�Q�i�M�i�E�D�Q �D���S�X�O�]�i�F�L�y�N���N�L�N�•�V�]�|�E�|�O�p�V�p�W���>���@�� 

�$�P�H�Q�Q�\�L�E�H�Q�� �D�� �K���Y�H�]�H�W���� �O�H�P�H�]�H�N�� �H�O�K�H�O�\�H�]�p�V�H�� �V�S�L�U�i�O�L�V����az �Q�H�P�F�V�D�N�� �D�� �I�H�O�•�O�H�W���V�S�L�U�i�O�L�V���N�L�D�O�D�N�t�W�i�V�i�W��
�H�U�H�G�P�p�Q�\�H�]�L���� �K�D�Q�H�P�� �D�� �K�L�G�U�R�G�L�Q�D�P�L�N�i�U�D�� �L�V�� �K�D�W����Amennyiben a h�&�W���I�R�O�\�D�G�p�N�� �i�U�D�P�O�i�V�i�W���� �W�X�U�E�X�O�H�Q�F�L�i�W��
�N�H�O�W�Y�H�� �Y�D�J�\�� �F�H�Q�W�U�L�S�H�W�i�O�L�V���H�U���W�H�U�H�W�� �O�p�W�U�H�K�R�]�Y�D��zajlik���� �D�N�N�R�U�� �D�� �S�D�V�V�]�t�Y�� �p�V�� �D�N�W�t�Y�� �P�y�G�V�]�H�U�H�N�� �D�]��
�L�Q�W�H�Q�]�L�I�L�N�i�O�i�V�� �P�y�G�V�]�H�U�H�L�� �H�J�\�H�W�O�H�Q�� �V�]�H�U�H�O�Y�p�Q�\�E�H�Q�� �H�J�\�H�V�•�O�Q�H�N���� �$�� �K�R�V�V�]�D�Q�W�L�� �L�U�i�Q�\�E�D�Q�� �i�U�D�P�Y�R�Q�D�O�D�V����
�H�J�\�H�Q�H�V�� �F�V�|�Y�H�N�E���O���N�|�W�H�J�H�N�E���O�� �i�O�O�y�� �K���F�V�H�U�p�O���� �P�R�G�X�O�R�N�D�W�� �K�D�V�]�Q�i�O�Q�D�N�� �D�� �J���]�O�H�Y�i�O�D�V�]�W�y-�I�H�O�•�O�K�H�Y�t�W���N��
es�H�W�p�Q���� �$�� �K���O�H�D�G�i�V�� �H�J�\�•�W�W�K�D�W�y�M�D�� �D�� �N�•�O�V���� �K���V�]�L�J�H�W�H�O�p�V�K�H�]�� �Y�L�V�]�R�Q�\�t�W�Y�D���� �D�� �I�&�W���H�O�H�P�H�N�� �p�V�� �D�� �K���H�O�Y�R�Q�y��
�N�|�]�|�W�W�L���I�H�O�•�O�H�W�H�Q���Q�D�J�\�R�E�E�����P�L�Q�W���D���V�L�P�D���I�H�O�•�O�H�W�H�Q�����0�L�Y�H�O���D���I�&�W���H�O�H�P�H�N���Y�L�V�]�R�Q�\�O�D�J���P�D�J�D�V�D�N�����D���N�p�V�]�•�O�p�N��
�P�p�U�H�W�H�L���Q�D�J�\�R�E�E�D�N���D���V�]�R�N�i�V�R�V�Q�i�O���>���@���� 

�$���N�|�Y�H�W�N�H�]�����J�H�Q�H�U�i�F�L�y�V���J���]�O�H�Y�i�O�D�V�]�W�y�N���D���N�|�Y�H�W�N�H�]���N�E���O���i�O�O�Q�D�N�����F�V�|�Y�H�N�E���O���i�O�O�y���K���F�V�H�U�p�O����elemek, 
�D�P�H�O�\�H�N�� �O�H�K�H�W���Y�p�� �W�H�V�]�L�N�� hogy �H�E�E�H�Q�� �D�]�� �H�V�H�W�E�H�Q�� �D�� �J���]�� �W�~�O�K�H�Y�t�W���� �N�R�P�S�D�N�W�D�E�E�� �$�� �N�H�U�H�V�]�W�L�U�i�Q�\�E�D�Q��
�U�|�J�]�t�W�H�W�W�� �F�V�|�Y�H�N�N�H�O�� �H�O�O�i�W�R�W�W�� �J���]�O�H�Y�i�O�D�V�]�W�y-�W�~�O�K�H�Y�t�W���� �O�H�K�H�W���Y�p�� �W�H�V�]�L�� �K�R�J�\�� �D�� �P�D�J�D�V�V�i�J�R�W�� �H�J�\�� �W�R�Y�i�E�E�L���� �D��
�J���]�O�H�Y�i�O�D�V�]�W�y-�W�~�O�K�H�Y�t�W���K�|�]���W�D�U�W�R�]�y���F�V���Y�H�O���F�V�|�N�N�H�Q�W�V�p�N�����$�]���H�J�\- �p�V���N�p�W�I�i�]�L�V�~�����D�]���D�W�R�P�H�Q�H�U�J�L�i�E�D�Q�����J���]-
�Y�t�]���i�U�D�P�O�i�V�R�N�K�R�]���|�U�Y�p�Q�\�O�����p�V���N�H�Y�H�U�����E�H�U�H�Q�G�H�]�p�V�H�N�H�W���O�H�K�H�W���K�D�V�]�Q�i�O�Q�L�� 

�$�� �Y�t�]�K�&�W�p�V�H�V���� �Y�t�]�]�H�O�� �V�]�D�E�i�O�\�R�]�R�W�W�� �Q�X�N�O�H�i�U�L�V�� �U�H�D�N�W�R�U�R�N���W�H�O�M�H�V�t�W�P�p�Q�\�p�W�� �Q�H�P�� �O�H�K�H�W�� �Q�|�Y�H�O�Q�L�� �D�Q�p�O�N�•�O����
�K�R�J�\�� �D�� �U�H�D�N�W�R�U�P�D�J�� �•�]�H�P�D�Q�\�D�J�U�X�G�D�N�� �I�R�N�R�]�R�W�W�� �K���W�H�U�K�H�O�p�V�H�� �P�H�O�O�H�W�W�� �D�� �U�H�D�N�W�R�U�� �E�L�]�W�R�Q�V�i�J�R�V�� �P�&�N�|�G�p�V�p�W��
�E�L�]�W�R�V�t�W�y�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N�� �Q�H�� �W�H�O�M�H�V�•�O�Q�p�Q�H�N���� �$�]�� �•�]�H�P�D�Q�\�D�J�U�X�G�D�N�� �I�H�O�•�O�H�W�p�U���O�� �V�]�i�U�P�D�]�y�� �K���i�U�D�P�� �Q�D�J�\��
�V�&�U�&�V�p�J�H�� �p�V�� �D�� �U�H�D�N�W�R�U�P�D�J�E�D�Q �O�p�Y���� �K�&�W���N�|�]�H�J-�N�H�U�L�Q�J�W�H�W���� �Y�H�]�H�W�p�N�H�N�� �K�L�G�U�D�X�O�L�N�D�L�� �H�J�\�H�Q�O���W�O�H�Q�V�p�J�H����
�D�P�H�O�\�H�W���W�|�E�E�H�N���N�|�]�|�W�W���D�� �K�H�O�\�L�� �K�L�G�U�D�X�O�L�N�D�L�� �H�O�O�H�Q�i�O�O�i�V�R�N���R�N�R�]�Q�D�N���� �D�� �K�&�W���N�|�]�H�J�� �K�H�O�\�L�� �W�~�O�P�H�O�H�J�H�G�p�V�p�K�H�]����
�I�H�O�V�]�t�Q�L�� �I�H�O�I�R�U�U�D�O�i�V�i�K�R�]�� �p�V�� �N�L�p�J�p�V�p�K�H�]�� �Y�H�]�H�W�K�H�W���� �D�P�L�� �D�]�� �•�]�H�P�D�Q�\�D�J-�E�X�U�N�R�O�D�W�� �P�H�F�K�D�Q�L�N�D�L�� �N�i�U�R�V�R�G�i�V�it 
okozza �p�V���t�J�\ �U�D�G�L�R�D�N�W�t�Y���K�D�V�D�G�i�V�L���W�H�U�P�p�N�H�N��juthatnak ki �D���I�R�O�\�D�P�D�W�E�y�O���>���@�����$���K�&�W���N�|�]�H�J���V�H�E�H�V�V�p�J- �p�V��
�K���P�p�U�V�p�N�O�H�W�L�� �P�H�]���L�Q�H�N�� �N�L�H�J�\�H�Q�O�t�W�p�V�H�� �D�� �K�&�W���N�|�]�H�J�� �i�U�D�P�O�i�V�i�E�D�Q���� �D�P�L�� �D�]�R�Q�R�V�� �•�]�H�P�D�Q�\�D�J-�K�&�W�p�V�L��
�I�H�O�W�p�W�H�O�H�N�H�W�� �E�L�]�W�R�V�t�W�� �D�� �N�•�O�|�Q�E�|�]���� �P�D�J�W�H�U�•�O�H�W�H�N�H�Q���� �(�]�� �X�W�y�E�E�L�W�� �D�� �U�H�D�N�W�R�U�R�N�� �•�]�H�P�D�Q�\�D�J-�N�|�W�H�J�H�L�E�H�Q�� �P�i�U��
�P�H�J�Y�D�O�y�V�t�W�R�W�W�i�N�� �D�]�� �•�]�H�P�D�Q�\�D�J-�W�i�Y�W�D�U�W�y�� �U�i�F�V�V�]�H�U�N�H�]�H�W�E�H�� �E�H�Y�H�]�H�W�H�W�W�� �V�S�H�F�L�i�O�L�V�� �N�H�Y�H�U���H�O�H�P�H�N���� �W�H�U�H�O���N��
�Y�D�J�\�� �N�H�Y�H�U���O�D�S�i�W�R�N�� �I�R�U�P�i�M�i�E�D�Q���� �$�� �U�H�D�N�W�R�U�R�N�� �D�� �F�H�O�O�i�V�� �p�V�� �O�H�P�H�]�H�V�� �N�H�Y�H�U���U�i�F�V�R�N�� �N�L�I�H�M�O�H�V�]�W�p�V�p�K�H�]��
vezettek, amelyeket a stand�D�U�G�� �U�i�F�V�R�N�� �N�|�]�p���� �D�� �I�&�W���S�i�O�F�D �N�|�W�H�J�H�N�E�H�� �p�S�t�W�H�W�W�H�N�� �E�H����de az 
�•�]�H�P�D�Q�\�D�J�E�X�U�N�R�O�D�W���p�V���D���N�H�Y�H�U���U�i�F�V�R�N���N�|�]�|�W�W���Q�L�Q�F�V���U�X�J�D�O�P�D�V�� �N�D�S�F�V�R�O�D�W�� �-�H�O�H�Q���N�|�]�O�H�P�p�Q�\���F�p�O�N�L�W�&�]�p�V�H����
�K�R�J�\�� �|�V�V�]�H�I�R�J�O�D�O�M�D�� �D�� �N�•�O�|�Q�E�|�]���� �K���i�W�Y�L�W�H�O�L�� �I�R�N�R�]�i�V�L�� �W�H�F�K�Q�L�N�i�N�D�W���� �P�H�O�\�H�N�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �D�]�� �•�]�H�P�D�Q�\�D�J��
�N�|�W�H�J�H�N���W�H�U�Y�H�]�p�V�H���K�D�W�p�N�R�Q�\�D�E�E�i���Y�i�Ohat. 

2. T�H�U�Y�H�]�p�V�L���D�O�D�S�H�O�Y�H�N���p�V���N�R�F�N�i�]�D�W�p�U�W�p�N�H�O�p�V�L���U�H�Q�G�V�]�H�U�H�N 

�$���1�X�N�O�H�i�U�L�V���6�]�D�E�i�O�\�R�]�i�V�L���%�L�]�R�W�W�V�i�J�����1�5�& = Nuclear Regulatory Commission), a 10 CFR 50.109 [7] 
szerint, �Y�D�O�y�V�]�t�Q�&�V�p�J�L�� �N�R�F�N�i�]�D�W�p�U�W�p�N�H�O�p�V�L�� ���3�5�$ = Probabilistic Risk Assessment���� �P�y�G�V�]�H�U�H�N�H�W��
�D�O�N�D�O�P�D�]���D���V�~�O�\�R�V���U�H�D�N�W�R�U�E�D�O�H�V�H�W�H�N���Y�D�O�y�V�]�t�Q�&�V�p�J�p�Q�H�N���p�V���N�|�Y�H�W�N�H�]�P�p�Q�\�H�L�Q�H�N���p�U�W�p�N�H�O�p�V�p�U�H [8].  

�$���N�R�F�N�i�]�D�W�N�H�]�H�O�p�V���D�O�D�S�M�D�����K�R�J�\���W�|�E�E�V�]�|�U�|�V���J�i�W�D�N�D�W���p�S�t�W�V�•�Q�N���N�L���D���O�H�K�H�W�V�p�J�H�V���Y�H�V�]�p�O�\�I�R�U�U�i�V�R�N �N�|�]�|�W�W����
�D�P�H�O�\�H�N�� �N�H�G�Y�H�]���W�O�H�Q�� �H�V�H�P�p�Q�\ekhez vezethetnek �H�J�\�� �D�W�R�P�U�H�D�N�W�R�U�� �•�]�H�P�H�O�W�H�W�p�V�H �V�R�U�i�Q. A 2011. 
�P�i�U�F�L�X�V�L���I�X�N�X�V�L�P�D�L���N�D�W�D�V�]�W�U�y�I�D���H�V�H�W�p�E�H�Q���D���V�]�|�N���i�U���D�O�D�F�V�R�Q�\���J�\�D�N�R�U�L�V�i�J�~���p�V���Q�D�J�\���N�|�Y�H�W�N�H�]�P�p�Q�\�H�N�N�H�O��
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�M�i�U�y�� �H�V�H�P�p�Q�\�H�� �P�L�D�W�W�� �O�H�i�O�O�W�D�N�� �D�� �G�t�]�H�O�J�H�Q�H�U�i�W�R�U�R�N���� �D�P�H�O�\�H�N�� �D�� �U�H�D�N�W�R�U�E�D�Q�� �p�V�� �D�� �K�&�W���P�H�G�H�Q�F�p�N�E�H�Q�� �O�p�Y����
�I�&�W���H�O�H�P�H�N�� �K�&�W�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �Y�t�]�� �N�H�U�L�Q�J�W�H�W�p�V�p�K�H�]�� �V�]�•�N�V�p�J�H�V�� �Y�p�V�]�K�H�O�\�]�H�W�L�� �i�U�D�P�R�W�� �E�L�]�W�R�V�t�W�R�W�W�i�N����
�(�Q�Q�H�N�� �N�|�Y�H�W�N�H�]�W�p�E�H�Q�� �D�� �Y�t�]�� �p�V�� �D�� �J���]�� �J�\�R�U�V�D�Q�� �U�H�D�J�i�O�W�� �D�]�� �•�]�H�P�D�Q�\�D�J-�E�X�U�N�R�O�D�W�� �F�L�U�N�y�Q�L�X�P�� �D�Q�\�D�J�i�Y�D�O,  
���������ƒ�&���I�|�O�|�W�W�����K�D�W�D�O�P�D�V���P�H�Q�Q�\�L�V�p�J�&���K���W���p�V���K�L�G�U�R�J�p�Q�W���W�H�U�P�H�O�Y�H�����D�P�H�O�\���D���U�D�G�L�R�D�N�W�L�Y�L�W�i�V���H�J�\���U�p�V�]�p�Q�H�N���D��
�N�|�U�Q�\�H�]�H�W�E�H���W�|�U�W�p�Q�����N�L�E�R�F�V�i�W�i�V�i�K�R�]���Y�H�]�H�Wett. 

�0�L�X�W�i�Q�� �D�� �F�L�U�N�y�Q�L�X�P�� �I�p�P�E�X�U�N�R�O�D�W�R�W���D�� �J���]�� �H�O�K�D�V�]�Q�i�O�W�D���� �D�� �U�D�G�L�R�D�N�W�t�Y�� �•�]�H�P�D�Q�\�D�J�� �D�� �P�i�V�R�G�L�N�� �J�i�W�R�Q���� �D��
�Y�D�V�W�D�J���I�D�O�~���D�F�p�O���U�H�D�N�W�R�U �Q�\�R�P�i�V�W�D�U�W�y���H�G�p�Q�\�H�Q���E�H�O�•�O���V�]�D�E�D�G�X�Ot fel. Vagyis, �D���I�X�N�X�V�L�P�D�L���V�]�|�N���i�U���K�D�W�i�V�i�U�D��
�D�]�� �H�O�V���� �J�i�W���� �L�O�O�H�W�Y�H�� �D�� �U�D�G�L�R�D�N�W�t�Y�� �H�O�H�P�H�N�H�W�� �W�D�U�W�D�O�P�D�]�y�� �F�L�U�N�y�Q�L�X�P�� �I�p�P�E�X�U�N�R�O�D�W�� �P�H�J�V�H�P�P�L�V�•�O�W���� �$�]��
�•�]�H�P�H�O�����H�U���P�&���P�H�J�K�L�E�i�V�R�G�i�V�i�Q�D�N���N�R�F�N�i�]�D�W�i�W���P�L�Q�L�P�D�O�L�]�i�O�D�Q�G�y�����D�]���•�]�H�P�D�Q�\�D�J���p�V���D���P�i�V�R�G�L�N���J�i�W���N�|�]�p��
�H�U���V�H�E�E���H�O�V�����J�i�W�D�W���N�H�O�O���p�S�t�W�H�Q�L���>���@�� 

�$�]�� �D�W�R�P�H�U���P�&�Y�L�� �N�R�F�N�i�]�D�W�N�H�]�H�O�p�V�E���O�� �V�]�i�U�P�D�]�y�� �H�O���Q�\�|�N�� �Q�H�P�F�V�D�N�� �D�� �E�L�]�W�R�Q�V�i�J�L�� �I�R�U�J�D�W�y�N�|�Q�\�Y�H�N����
�K�D�Q�H�P�� �D�� �W�H�U�P�H�O�p�V�L�� ���•�]�H�P�H�O�W�H�W�p�V�L�� �Y�D�J�\�� �P�&�V�]�D�N�L���� �p�V�� �D�� �J�D�]�G�D�V�i�J�L�� ���S�p�Q�]�•�J�\�L���� �I�R�U�J�D�W�y�N�|�Q�\�Y�H�N�� �L�V�� �>���@�� ��������
�i�E�U�D������ 

 

�������i�E�U�D�����.�R�F�N�i�]�D�W�N�H�]�H�O�p�V�L���N�|�U�Q�\�H�]�H�W�L���P�R�G�H�O�O���H�J�\���D�W�R�P�H�U���P�&���•�]�H�P�H�O�W�H�W���M�H���V�]�i�P�i�U�D. A GE-ORNL 
�F�V�D�S�D�W�i�Q�D�N���F�p�O�M�D���D���P�&�V�]�D�N�L���N�R�F�N�i�]�D�W�R�N���P�L�Q�L�P�D�O�L�]�i�O�i�V�D���)�H�&�U�$�O���E�X�U�N�R�O�D�W���D�O�N�D�O�P�D�]�i�V�i�Y�D�O [8] . 

�(�� �N�R�F�N�i�]�D�W�L�� �G�L�V�]�F�L�S�O�t�Q�i�N�� �P�L�Q�G�H�J�\�L�N�H�� �P�D�J�i�E�D�Q�� �I�R�J�O�D�O�M�D�� �D�� �V�D�M�i�W�� �J�\�D�N�R�U�L�V�i�J�i�W�� �p�V�� �N�|�Y�H�W�N�H�]�P�p�Q�\�H�L�W����
�(�J�\�� �P�i�V�L�N�� �K�R�]�]�i�D�G�K�D�W�y�� �G�L�V�]�F�L�S�O�t�Q�D�� �Y�D�J�\�� �I�R�U�J�D�W�y�N�|�Q�\�Y�� �D�� �V�W�U�D�W�p�Jiai, amely olyan dolgokat foglal 
�P�D�J�i�E�D�Q�����P�L�Q�W���D�]���R�U�V�]�i�J���N�R�U�P�i�Q�\�i�Q�D�N���W�t�S�X�V�D�����i�O�O�D�P�R�V�t�W�i�V���Y�D�J�\���N�L�V�D�M�i�W�t�W�i�V�����D���N�|�]�Y�p�O�H�P�p�Q�\���P�H�J�t�W�p�O�p�V�H����
�V�]�D�E�i�O�\�R�]�i�V�L���p�V���M�R�J�L���N�H�U�H�W���V�W�E�������������i�E�Ua).  
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�)�R�Q�W�R�V���H�J�\���H�V�H�P�p�Q�\�����S�pl�G�i�X�O �V�]�|�N���i�U�����|�V�V�]�H�V���N�|�Y�H�W�N�H�]�P�p�Q�\�p�Q�H�N���D�]�R�Q�R�V�t�W�i�V�D�����K�R�J�\���P�L�Q�L�P�D�O�L�]�i�O�Q�L��
�O�H�K�H�V�V�H�Q�� �D�]�� �H�O�O�H�Q�W�p�W�H�V�� �N�L�P�H�Q�H�W�H�O�&�� �H�V�H�P�p�Q�\�H�N�H�W���� �p�V�� �N�|�O�W�V�p�J�K�D�W�p�N�R�Q�\�� �P�y�G�R�Q�� �P�D�[�L�P�D�O�L�]�i�O�Q�L�� �O�H�K�H�V�V�H�Q�� �D��
�N�|�]�Y�p�O�H�P�p�Q�\�� �U�H�D�N�F�L�y�M�i�W���p�V���D�� �N�H�U�H�V�N�H�G�H�O�P�L�� �K�D�V�]�Q�R�W���>���@���� �$�� �N�R�F�N�i�]�D�W�N�H�]�H�O�p�V�L�� �N�H�U�H�W�U�H�Q�G�V�]�H�U���H�J�\�� �L�W�H�U�D�W�t�Y��
�I�R�O�\�D�P�D�W�����D�P�H�O�\�E�H�Q���H�O���V�]�|�U���D���O�H�K�H�W�V�p�J�H�V���N�R�F�N�i�]�D�W�R�N�D�W���D�]�R�Q�R�V�t�W�M�i�N�����D���O�H�K�H�W�V�p�J�H�V���N�|�Y�H�W�N�H�]�P�p�Q�\�H�N�N�H�O���p�V��
�D�]�� �H�J�\�H�V�� �N�|�Y�H�W�N�H�]�P�p�Q�\�H�N�� �U�H�O�D�W�t�Y�� �K�D�W�i�V�i�Y�D�O�� �H�J�\�•�W�W������ �P�D�M�G�� �P�H�J�K�D�W�i�U�R�]�]�i�N�� �D�� �N�R�F�N�i�]�D�W�N�H�]�H�O�p�V�L��
�W�H�F�K�Q�L�N�i�N�D�W�����S�pl�G�i�X�O �N�R�F�N�i�]�D�W�F�V�|�N�N�H�Q�W�p�V���Y�D�J�\���N�R�F�N�i�]�D�W�i�W�D�G�i�V�������Y�p�J�•�O���S�H�G�L�J���D���N�L�Y�i�O�D�V�]�W�R�W�W���V�W�U�D�W�p�J�L�i�N�D�W��
vagy techn�L�N�i�N�D�W�� �Y�p�J�U�H�K�D�M�W�M�i�N���� �(�]�W�� �D�� �I�R�O�\�D�P�D�W�R�W�� �Q�\�R�P�R�Q�� �N�|�Y�H�W�L�� �D�]�� �H�O�O�H�Q���U�]�p�V�� �p�V�� �D�� �Y�L�V�V�]�D�M�H�O�]�p�V�� �D��
�P�H�J�R�O�G�i�V�R�N���K�D�W�p�N�R�Q�\�V�i�J�i�Q�D�N���P�H�J�t�W�p�O�p�V�H �p�U�G�H�N�p�E�H�Q�����p�V���V�]�•�N�V�p�J���H�V�H�W�p�Q���D���I�R�O�\�D�P�D�W���P�H�J�L�V�P�p�W�O�p�V�H���P�i�V����
�W�R�Y�i�E�E�I�H�M�O�H�V�]�W�H�W�W�� �L�Q�W�p�]�N�H�G�p�V�H�N�N�H�O���� �3�p�O�G�i�X�O�� �D�� �N�R�F�N�i�]�D�W�F�V�|�N�N�H�Q�W�p�V�� �P�H�J�Y�D�O�y�V�t�W�K�D�W�y�� �P�&�V�]�D�N�L��
�Y�i�O�W�R�]�W�D�W�i�V�R�N�N�D�O���� �V�]�H�U�Y�H�]�H�W�L�� �Y�i�O�W�R�]�W�D�W�i�V�R�N�N�D�O���� �D�� �V�]�H�P�p�O�\�]�H�W�� �N�p�S�]�p�V�p�Y�H�O�� �V�W�E��, �D�� �N�R�F�N�i�]�D�W�i�W�D�G�i�V��pedig 
�P�H�J�Y�D�O�y�V�t�W�K�D�W�y���D���E�H�V�]�i�O�O�t�W�y�N�N�D�O���N�|�W�|�W�W���V�]�H�U�]���G�p�V�H�N�N�H�O�����E�L�]�W�R�V�t�W�i�V�V�D�O�����V�]�D�E�i�O�\�R�]�i�V�V�D�O���V�W�E�� 

�$���I�X�N�X�V�L�P�D�L���E�D�O�H�V�H�W���S�p�O�G�i�M�i�W���N�|�Y�H�W�Y�H���D�]���H�U���P�&���•�]�H�P�p�E�H�Q���D���N�R�F�N�i�]�D�W���F�V�|�N�N�H�Q�W�p�V�p�Q�H�N���H�J�\�L�N���P�y�G�M�D��
�D�]���O�H�Q�Q�H�����K�D���D�]���H�U���P�&���Q�X�N�O�H�i�U�L�V���•�]�H�P�D�Q�\�D�J�i�E�D�Q���O�p�Y�����F�L�U�N�y�Q�L�X�P (Zr) �|�W�Y�|�]�H�W�H�N�H�W���)�H�&�U�$�O���|�W�Y�|�]�H�W�H�N�U�H��
�F�V�H�U�p�O�Q�p�N���� �(�]�� �H�J�\�� �R�O�\�D�Q�� �Q�\�L�O�Y�i�Q�Y�D�O�y�� �P�&�V�]�D�N�L�� �Y�i�O�W�R�]�W�D�W�i�V���� �D�P�H�O�\�� �Q�D�J�\�P�p�U�W�p�N�E�H�Q�� �F�V�|�N�N�H�Q�W�H�Q�p�� �D��
�U�R�E�E�D�Q�i�V���N�|�Y�H�W�N�H�]�P�p�Q�\�H�L�W�����D�P�H�O�\���M�H�O�H�Q�W���V�H�Q���E�H�I�R�O�\�i�V�R�O�W�D���D�]���D�W�R�P�H�U���P�&�Y�H�N���E�L�]�W�R�Q�V�i�J�R�V���P�&�N�|�G�p�V�p�Q�H�N��
�N�|�]�Y�p�O�H�P�p�Q�\�E�H�Q�� �N�L�D�O�D�N�X�O�W�� �N�p�S�p�W���� �9�D�J�\�L�V, �D�� �)�H�&�U�$�O�� �|�W�Y�|�]�H�W�H�N�� �D�O�N�D�O�P�D�]�i�V�D�� �F�V�D�N�� �D�]�� ������ �i�E�U�i�Q���O�p�Y�� 
�P�&�V�]�D�N�L�� �N�R�F�N�i�]�D�W�� �F�V�|�N�N�H�Q�W�p�V�p�Q�H�N�� �O�H�K�H�W���V�p�J�H�L�W�� �W�H�U�H�P�W�K�H�W�L�� �P�H�J���� �$�� �)�H�&�U�$�O�� �|�W�Y�|�]�H�W�� �D�]�� �H�O�V���� �J�i�W�� �D��
�U�D�G�L�R�D�N�W�t�Y�� �H�O�H�P�H�N�� �p�V�� �D�]�� �D�W�R�P�H�U���P�&�Y�H�W�� �N�|�U�•�O�Y�H�Y���� �E�L�R�V�]�I�p�U�D�� �N�|�]�|�W�W���� �$�]�� �H�O�V���� �J�i�W�� ���D�]�� �•�]�H�P�D�Q�\�D�J��
�E�X�U�N�R�O�D�W�D�����W�H�O�M�H�V�t�W�P�p�Q�\�p�Q�H�N���M�D�Y�t�W�i�V�i�Y�D�O���Q�D�J�\�P�p�U�W�p�N�E�H�Q���P�L�Q�L�P�D�O�L�]�i�O�K�D�W�y���D�]���p�J�K�H�W�����K�L�G�U�R�J�p�Q���U�R�E�E�D�Q�i�Va 
�Y�D�J�\���D���U�D�G�L�R�D�N�W�t�Y���H�O�H�P�H�N���D�W�R�P�H�U���P�&�Y�|�Q���N�t�Y�•�O�L���N�|�U�Q�\�H�]�H�W�E�H �N�H�U�•�O�p�Ve.  

�$�� �Y�L�]�V�J�i�O�W �E�L�]�W�R�Q�V�i�J�L�� �~�W�P�X�W�D�W�y�� �F�p�O�M�D���� �K�R�J�\�� �D�M�i�Q�O�i�V�R�N�D�W�� �D�G�M�R�Q�� �D�]�� �6�6�5-�������� ���5�H�Y���� ������ �>���@�� �i�O�W�D�O�� �D�]��
�D�W�R�P�H�U���P�&�Y�H�N�� �U�H�D�N�W�R�U�P�D�J�M�i�Q�D�N���N�L�D�O�D�N�t�W�i�V�i�U�D�� �Y�R�Q�D�W�N�R�]�y�D�Q�� �P�H�J�K�D�W�i�U�R�]�R�W�W�� �E�L�]�W�R�Q�V�i�J�L�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N��
�W�H�O�M�H�V�t�W�p�V�p�U�H�� 

A reaktormag �D�]�� �D�W�R�P�U�H�D�N�W�R�U�� �N�|�]�S�R�Q�W�L�� �U�p�V�]�H���� �D�K�R�O�� �D�� �P�D�J�K�D�V�D�G�i�V�� �W�|�U�W�p�Q�L�N���� �$�� �U�H�D�N�W�R�U�P�D�J�� �Q�p�J�\��
�D�O�D�S�Y�H�W�����U�H�Q�G�V�]�H�U�E���O���p�V���D�O�N�D�W�U�p�V�]�E���O���i�O�O, �D�]�D�]���D�]���•�]�H�P�D�Q�\�D�J�E�y�O�����E�H�O�H�p�U�W�Y�H���D�]���•�]�H�P�D�Q�\�D�J�U�X�G�D�N�D�W���p�V���D�]��
�•�]�H�P�D�Q�\�D�J�J�\�&�M�W���� �V�]�H�U�N�H�]�H�W�H�W������ �D�� �K�&�W���N�|�]�H�J�E���O���� �D�� �P�R�G�H�U�i�W�R�U�E�y�O�� �p�V�� �D�� �Y�H�]�p�U�O���� �U�X�G�D�N�E�y�O���� �Y�D�O�D�P�L�Q�W��
�W�R�Y�i�E�E�L�� �V�]�H�U�N�H�]�H�W�H�N�E���O�� ���S�pl�G�i�X�O �D�� �U�H�D�N�W�R�U�� �Q�\�R�P�i�V�W�D�U�W�y�� �H�G�p�Q�\�p�Q�H�N�� �E�H�O�V���� �U�p�V�]�H�L���� �D�� �P�D�J�W�D�U�W�y�� �O�H�P�H�]�H�N����
�Y�D�O�D�P�L�Q�W�� �D�� �N�|�Q�Q�\�&�Y�L�]�H�V�� �U�H�D�N�W�R�U�R�N�� �E�H�O�V���� �V�]�H�U�N�H�]�H�W�H���� �$�� �Y�L�]�V�J�i�O�W �E�L�]�W�R�Q�V�i�J�L�� �~�W�P�X�W�D�W�y���V�]�i�P�E�D�� �Y�H�V�]�L��a 
�U�H�D�N�W�R�U�P�D�J�� �W�H�U�Y�H�]�p�V�p�Y�H�O�� �N�D�S�F�V�R�O�D�W�R�V�� �Q�H�X�W�U�R�Q�L�N�D�L���� �W�H�U�P�R�K�L�G�U�D�X�O�L�N�D�L���� �W�H�U�P�R�P�H�F�K�D�Q�L�N�D�L���� �P�H�F�K�D�Q�L�N�D�L 
�E�L�]�W�R�Q�V�i�J�L szempontokat���� �D�� �U�H�D�N�W�R�U�P�D�J�� �Y�H�]�p�U�O�p�V�p�Y�H�O���� �O�H�i�O�O�t�W�i�V�i�Y�D�O�� �p�V�� �I�H�O�•�J�\�H�O�H�W�p�Y�H�O�� �N�D�S�F�V�R�O�D�W�R�V��
szempontokat, vala�P�L�Q�W�� �D�� �U�H�D�N�W�R�U�P�D�J�� �P�H�Q�H�G�]�V�P�H�Q�W�M�p�Q�H�N�� �V�]�H�P�S�R�Q�W�M�D�Lt �D�]�� �D�W�R�P�H�U���P�&�Y�H�N��
�U�H�D�N�W�R�U�P�D�J�M�i�Q�D�N�� �E�L�]�W�R�Q�V�i�J�R�V�� �W�H�U�Y�H�]�p�V�p�K�H�]���� �.�R�Q�N�U�p�W�D�Q�� �D�� �N�|�Y�H�W�N�H�]���� �V�]�H�U�N�H�]�H�W�H�N�N�H�O���� �U�H�Q�G�V�]�H�U�H�N�N�H�O�� �p�V��
�D�O�N�D�W�U�p�V�]�H�N�N�H�O�����6�6�& = Safety Standards Committees) foglalkozik. 

a) �h�]�H�P�D�Q�\�D�J�U�X�G�D�N���� �D�P�H�O�\�H�N�� �p�J�K�H�W�����D�E�V�]�R�U�E�H�U�H�N�N�H�O�� �Y�D�J�\�� �D�]�R�N�� �Q�p�O�N�•�O���� �E�X�U�N�R�O�D�W�F�V�|�Y�H�N�E�H�Q�� �O�p�Y����
�•�]�H�P�D�Q�\�D�Jpelletet �W�D�U�W�D�O�P�D�]�Q�D�N�����D�P�H�O�\�H�N���K���W���W�H�U�P�H�O�Q�H�N���p�V���D�G�Q�D�N���i�W���D���K�&�W���N�|�]�H�J�Q�H�N�� 

b) �h�]�H�P�D�Q�\�D�J�N�|�W�H�J�H�N�����D�P�H�O�\�H�N���•�]�H�P�D�Q�\�D�J�U�X�G�D�N���N�|�W�H�J�H�L�W���W�D�U�W�D�O�P�D�]�]�i�N�����Y�D�O�D�P�L�Q�W���V�]�H�U�N�H�]�H�W�H�N�H�W���p�V��
�D�O�N�D�W�U�p�V�]�H�N�H�W�� ���S�pl�G�i�X�O vezet���F�V�|�Y�H�N���� �W�i�Y�W�D�U�W�y�� �U�i�F�V�R�N���� �D�O�V�y�� �p�V�� �I�H�O�V���� �I�~�Y�y�N�i�N����
�•�]�H�P�D�Q�\�D�J�F�V�D�W�R�U�Q�i�N������ �D�P�H�O�\�H�N�� �D�]�� �•�]�H�P�D�Q�\�D�J�U�X�G�D�N�D�W�� �p�V�� �D�]�� �•�]�H�P�D�Q�\�D�J�N�|�W�H�J�H�N�H�W�� �H�J�\�� �H�O���U�H��
�P�H�J�K�D�W�i�U�R�]�R�W�W���J�H�R�P�H�W�U�L�D�L���N�R�Q�I�L�J�X�U�i�F�L�y�E�D�Q���W�D�U�W�M�i�N�� 

c) �$�� �U�H�D�N�W�R�U�P�D�J�� �Y�H�]�p�U�O���U�H�Q�G�V�]�H�U�H���� �D�� �O�H�i�O�O�t�W�y�U�H�Q�G�V�]�H�U�� �p�V�� �D�� �P�H�J�I�L�J�\�H�O���U�H�Q�G�V�]�H�U���� �E�H�O�H�p�U�W�Y�H�� �D��
�U�H�D�N�W�L�Y�L�W�i�V-�V�]�D�E�i�O�\�R�]�i�V�K�R�]�� �p�V�� �O�H�i�O�O�t�W�i�V�K�R�]�� �K�D�V�]�Q�i�O�W�� �D�O�N�D�W�U�p�V�]�H�N�H�W�� �p�V�� �E�H�U�H�Q�G�H�]�p�V�H�N�H�W���� �E�H�O�H�p�U�W�Y�H�� �D��
�Q�H�X�W�U�R�Q�H�O�Q�\�H�O���N�H�W�� ���V�]�L�O�i�U�G�� �Y�D�J�\�� �I�R�O�\�p�N�R�Q�\������ �D�� �N�D�S�F�V�R�O�y�G�y�� �V�]�H�U�N�H�]�H�W�H�W�� �p�V�� �D�� �P�H�J�K�D�M�W�y��
mechanizmust. 
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d) �$�� �U�H�D�N�W�R�U�W�D�U�W�i�O�\�R�Q�� �E�H�O�•�O�� �D�� �P�D�J�� �D�O�D�S�R�]�i�V�i�W�� �E�L�]�W�R�V�t�W�y�� �W�D�U�W�y�V�]�H�U�N�H�]�H�W�H�N�� ���D�� �Q�\�R�P�i�V�� �D�O�D�W�W�� �i�O�O�y��
�Q�H�K�p�]�Y�t�]�U�H�D�N�W�R�U�R�N�� �H�V�H�W�p�E�H�Q�� �D�� �N�D�O�D�Q�G�U�L�D�� �W�D�U�W�i�O�\�R�Q�� �E�H�O�•�O������ �D�]�� �i�U�D�P�O�i�V�W�� �Y�H�]�H�W���� �V�]�H�U�N�H�]�H�W�� ���Q�\�R�P�i�V��
�D�O�D�W�W���i�O�O�y���Y�t�]�U�H�D�N�W�R�U�R�N���H�V�H�W�p�E�H�Q�����p�V���D���U�H�D�N�W�L�Y�L�W�i�V �V�]�D�E�i�O�\�R�]�y���E�H�U�H�Q�G�H�]�p�V�H�N���Y�H�]�H�W���F�V�|�Y�H�L�����Q�\�R�P�i�V��
�D�O�D�W�W���i�O�O�y���Q�H�K�p�]�Y�t�]�U�H�D�N�W�R�U�R�N���H�V�H�W�p�E�H�Q���� 

e) �$���K�&�W���N�|�]�H�J�� 
f) �$���P�R�G�H�U�i�W�R�U�� 
g) �(�J�\�p�E���P�D�J�N�R�P�S�R�Q�H�Q�V�H�N�����S�p�O�G�i�X�O���J���]�O�H�Y�i�O�D�V�]�W�y�N�����I�R�U�U�i�V�Y�L�]�H�V���U�H�D�N�W�R�U�R�N�Q�i�O�����p�V���Q�H�X�W�U�R�Q�I�R�U�U�i�V�R�N�� 

3. �+���i�W�Y�L�W�H�O���I�R�N�R�]�i�V�i�Q�D�N���O�H�K�H�W���V�p�J�H�L 

�$�� �K���F�V�H�U�p�O���E�H�Q�� �D�� �K���� �D���I�R�U�U�y�� �I�R�O�\�D�G�p�N�E�y�O���i�W�D�G�y�G�L�N���D�� �K�L�G�H�J�� �I�R�O�\�D�G�p�N�E�D�� �Y�H�]�H�W�p�V�� �p�V�� �N�R�Q�Y�H�N�W�t�Y �K���i�W�D�G�i�V��
�U�p�Y�p�Q���� �$�� �I�R�U�U�y�� �Y�D�J�\��a �K�L�G�H�J�� �I�R�O�\�D�G�p�N�R�W�� �V�]�L�O�i�U�G�� �I�D�O�D�N�R�Q�� �N�H�U�H�V�]�W�•�O�� �Y�i�O�D�V�]�W�M�i�N�� �H�O���� �K�R�J�\�� �H�O�N�H�U�•�O�M�p�N�� �D��
�I�R�O�\�D�G�p�N�� �N�H�Y�H�U�H�G�p�V�p�W�� �Y�D�J�\�� �D�� �N�|�]�Y�H�W�O�H�Q�� �K���F�V�H�U�p�W�����$�]�� �D�O�N�D�O�P�D�]�R�W�W�� �K���F�V�H�U�p�O���N�� �K�p�M- �p�V�� �F�V���� �W�t�S�X�V�~ak, 
�G�X�S�O�D�F�V�|�Y�H�V���K���F�V�H�U�p�O��k, lemez- �Y�D�J�\���O�D�P�H�O�O�i�V���W�t�S�X�V�R�N [9].  

�5�H�Q�G�N�t�Y�•�O �I�R�Q�W�R�V�� �D�]�� �p�U�G�H�V�V�p�J�� �p�V�� �D�� �I�H�O�•�O�H�W�L�� �W�H�[�W�~�U�D�� �|�V�V�]�H�W�H�Y���M�H���� �$z �p�U�G�H�V�V�p�J���Q�D�J�\�� �p�U�W�p�N�H�� �D�� �J�\�i�U�W�i�V��
�E�R�Q�\�R�O�X�O�W�V�i�J�D�� �P�L�D�W�W�� �N�L�I�R�J�i�V�R�O�K�D�W�y���� �p�V�� �D�� �J�\�i�U�W�i�V�L�� �N�|�O�W�V�p�J�� �F�V�|�N�N�H�Q�p�V�p�Y�H�O�� �Q���� �D�� �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J���� �$��
�I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J�� �O�H�K�H�W�� �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J-�|�V�V�]�H�K�D�V�R�Q�O�t�W�y�Y�D�O�� �P�D�Q�X�i�O�L�V�D�Q�� �P�p�U�K�H�W������ �G�H�� �i�O�W�D�O�i�E�D�Q��
�S�U�R�I�L�O�R�P�p�W�H�U�U�H�O�� �P�p�U�L�N���� �$�� �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J�� �M�H�O�|�O�p�V�H���0r���� �$�]�� �p�U�G�H�V�V�p�J�Q�H�N�� �N�p�W�� �W�t�S�X�V�D�� �Y�D�Q���� �D�]�� �H�J�\�L�N�� �D�]��
�D�E�V�]�R�O�~�W���p�U�G�H�V�V�p�J�����D���P�i�V�L�N���D���U�H�O�D�W�t�Y���p�U�G�H�V�V�p�J�����$�E�V�]�R�O�~�W���p�U�G�H�V�V�p�J���D���I�H�O�•�O�H�W�L���p�U�G�H�V�V�p�J�� �P�p�U���V�]�i�P�D���p�V���H�]��
�D�]�� �p�U�G�H�V�V�p�J�� �I�R�Q�W�R�V�� �D�� �Q�\�R�P�i�V�H�V�p�V�� �N�L�V�]�i�P�t�W�i�V�i�K�R�]���� �N�•�O�|�Q�|�V�H�Q��a �W�X�U�E�X�O�H�Q�V�� �i�U�D�P�O�i�V�L�� �U�H�Q�G�V�]�H�U�E�H�Q���� �$��
�V�~�U�O�y�G�i�V�L�� �W�p�Q�\�H�]���� �p�U�W�p�N�H�� �D�� �N�|�Y�H�W�N�H�]���N�p�S�S�H�Q�� �K�D�W�i�U�R�]�K�D�W�y�� �P�H�J�� �D�� �0�R�R�G�\-�G�L�D�J�U�D�P�E�y�O�� �D�� �U�H�O�D�W�t�Y��
�p�U�G�H�V�V�p�J�J�H�O�� �>���@���� �+�D���-r �p�U�G�H�V�V�p�J�� �D�� �F�V���� �p�U�G�H�V�V�p�J�H�� ���P�P���� �p�V��D �D�� �F�V���� �i�W�P�p�U���M�H�� ���P�P������ �D�N�N�R�U�� �D�� �U�H�O�D�W�t�Y��
�p�U�G�H�V�V�p�J���D���N�|�Y�H�W�N�H�]���N�p�S�S�H�Q���I�H�M�H�]�K�H�W�����N�L����r�H�O�D�W�t�Y���p�U�G�H�V�V�p�J��� ���0r/D. 

�$���K���i�W�D�G�i�V���V�H�E�H�V�V�p�J�H���p�V���K�D�W�p�N�R�Q�\�V�i�J�D���D�]���D�Q�\�D�J���K���Y�H�]�H�W�����N�p�S�H�V�V�p�J�p�Q�H�N���Q�|�Y�H�N�H�G�p�V�p�Y�H�O���Q�����p�V���H�]�H�N��
�D���S�D�U�D�P�p�W�H�U�H�N���L�V���Y�i�O�W�R�]�Q�D�N���D���K�L�G�H�J���I�R�O�\�D�G�p�N���p�V���D���F�V�����p�U�G�H�V�V�p�J�p�Q�H�N���Y�i�O�W�R�]�i�V�i�Y�D�O���� 

3.1. �È�U�D�P�O�i�V�L���H�V�H�W�H�N���D���Q�R�U�P�i�O���•�]�H�P�&���U�H�D�N�W�R�U�R�N�Q�i�O 

Az �H�O���]���H�N�E�H�Q �M�y�O�� �O�i�W�K�D�W�y�� �D�]�� �|�V�V�]�H�I�•�J�J�p�V�� �D�� �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J�� �p�V�� �D�� �K���Y�H�]�H�W�p�V�� �N�|�]�|�W�W���� �(�]�H�Q��
�|�V�V�]�H�I�•�J�J�p�V�H�N �D�� �W�R�Y�i�E�E�L�D�N�E�D�Q �i�O�W�D�O�i�Q�R�V�� �K���F�V�H�U�p�O���N�Q�p�O�� �D�O�N�D�O�P�D�]�K�D�W�y�� �I�H�O�D�G�D�W�R�N�K�R�]�� �N�H�U�•�O�Q�H�N��
�E�H�P�X�W�D�W�i�V�U�D���� �$���Y�L�]�V�J�i�O�W�� �H�V�H�W�����K���i�W�D�G�i�V�� �D�� �N�|�Q�Q�\�&�Y�L�]�H�V�� �D�W�R�P�U�H�D�N�W�R�U�R�N�� �Q�X�N�O�H�i�U�L�V�� �I�&�W���H�O�H�P�N�|�W�H�J�H�L�E�H�Q��
�Q�R�U�P�i�O���N�|�U�•�O�P�p�Q�\�H�N���N�|�]�|�W�W���>�����@�� 

A �O�D�P�L�Q�i�U�L�V �i�U�D�P�O�i�V���D���U�H�D�N�W�R�U���O�H�i�O�O�t�W�i�V�D���V�R�U�i�Q���N�|�Y�H�W�N�H�]�L�N���E�H�����p�V���H�Oviszi �D���P�D�U�D�G�p�N���W�H�O�M�H�V�t�W�P�p�Q�\�W�����D��
�Q�p�Y�O�H�J�H�V���W�H�O�M�H�V�t�W�P�p�Q�\���N�H�Y�H�V�H�E�E���P�L�Q�W����������-�i�W�������%�i�U���H�O�V���V�R�U�E�D�Q���W�X�G�R�P�i�Q�\�R�V���p�U�G�H�N�O���G�p�V�U�H���W�D�U�W���V�]�i�P�R�W�����D��
�O�D�P�L�Q�i�U�L�V���i�U�D�P�O�i�V�L���H�J�\�H�Q�O�H�W�H�N�H�W���D�Q�D�O�L�W�L�N�X�V�D�Q���P�H�J�R�O�G�R�W�W�i�N�����W�i�Y�W�D�U�W�y���U�i�F�V�R�N���Q�p�O�N�•�O�������p�V���D�]���i�O�O�D�Q�G�y�V�X�O�W���p�V��
�W�H�O�M�H�V�H�Q�� �N�L�I�H�M�O�H�W�W�� �i�U�D�P�O�i�V�E�D�Q�� �Q�p�K�i�Q�\�� �i�O�O�D�Q�G�y�� �1�X�V�V�H�O�W-�V�]�i�P�R�W�� �H�U�H�G�P�p�Q�\�H�]�Q�H�N���� �D�]�� �R�V�]�W�i�V���i�W�P�p�U���� �D�U�i�Q�\�W��
���3���'���D�U�i�Q�\���� 

Az �H�J�\�I�i�]�L�V�~ �W�X�U�E�X�O�H�Q�V�� �i�U�D�P�O�i�V�� �D �O�H�J�i�O�W�D�O�i�Q�R�V�D�E�E�� �H�V�H�W���� �D�P�H�O�\�� �D���W�~�O�Q�\�R�P�i�V�R�V�� �Y�t�]�]�H�O�� �P�&�N�|�G����
reaktorok (PWR = Pressurized Water Reactor���� �Q�R�U�P�i�O�� �P�&�N�|�G�p�V�H�� �V�R�U�i�Q�� �I�R�U�G�X�O�� �H�O������ �$�� �U�H�D�N�W�R�U�P�D�J��
�K���P�p�U�V�p�N�O�H�W�L�� �P�H�]���M�p�Q�H�N�� �L�V�P�H�U�H�W�H�� �Q�H�P�F�V�D�N�� �D�]�p�U�W�� �I�R�Q�W�R�V���� �K�R�J�\�� �D�� �Q�H�X�W�U�R�Q�i�U�D�P-�P�H�]���W ki tudjuk 
�V�]�i�P�t�W�D�Q�L���� �K�D�Q�H�P�� �D�]�p�U�W�� �L�V���� �P�H�U�W�� �Q�p�K�i�Q�\�� �I�R�N�R�V�� �H�O�W�p�U�p�V�� �K�R�V�V�]abb �W�i�Y�R�Q�� �p�U�H�]�K�H�W���� �N�|�Y�H�W�N�H�]�P�p�Q�\�H�N�N�H�O��
�M�i�U�K�D�W���D���I�&�W���H�O�H�P�H�N���E�X�U�N�R�O�D�W�i�Q�D�N���N�p�P�L�D�L���p�V���P�H�W�D�O�O�X�U�J�L�D�L���Y�L�V�H�O�N�H�G�p�V�p�U�H�� 

Az �H�J�\�I�i�]�L�V�~ �W�X�U�E�X�O�H�Q�V�� �K���i�W�D�G�i�V�L�� �H�J�\�•�W�W�K�D�W�y�N�D�W�� �i�O�W�D�O�i�E�D�Q�� �D�� �F�V�|�Y�H�N�U�H�� �Y�R�Q�D�W�N�R�]�y�� �|�V�V�]�H�I�•�J�J�p�V�H�N�N�H�O��
�P�H�J�H�J�\�H�]���� �|�V�V�]�H�I�•�J�J�p�V�H�N�N�H�O�� �E�H�F�V�•�O�L�N�� �P�H�J���� �D�� �F�V���i�W�P�p�U���� �K�H�O�\�H�W�W�� �D�]�� �H�J�\�H�Q�p�U�W�p�N�&�� �K�L�G�U�D�X�O�L�N�X�V�� �i�W�P�p�U���W��
�K�D�V�]�Q�i�O�Y�D���� �6�]�i�P�R�V�� �V�]�H�U�]���� �V�]�H�U�L�Q�W�� �H�]�� �D�� �P�H�J�N�|�]�H�O�t�W�p�V�� �D�O�i�E�H�F�V�•�O�L�� �D�� �W�p�Q�\�O�H�J�H�V�� �K���i�W�D�G�i�V�L�� �H�J�\�•�W�W�K�D�W�y�W����A 
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[11] �N�|�]�O�H�P�p�Q�\���V�]�H�U�]���L��a C = 0,023 konstans m�y�G�R�V�t�W�i�V�i�W���M�D�Y�D�V�R�O�W�i�N a Dittus-�%�R�H�O�W�H�U���N�R�U�U�H�O�i�F�L�y�E�D�Q�����p�V��
helyette �D�M�i�Q�O�R�W�W�i�N���H�J�\���K�i�U�R�P�V�]�|�J-�R�V�]�W�i�V�~���U�i�F�V���H�V�H�W�p�E�H�Q a 
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F �r�á�r�r�x                                                            (1) 

�|�V�V�]�H�I�•�J�J�p�V�W�����Q�p�J�\�]�H�W�H�V���R�V�]�W�i�V�~���U�i�F�V���H�V�H�W�p�Q pedig a 

�%
L �r�á�r�v�t�Û
�É

�½

F �r�á�r�t�v�á                                                            (2) 

�|�V�V�]�H�I�•�J�J�p�V�W����ahol P/D �D�]���R�V�]�W�i�V���i�W�P�p�U���K�|�]���Y�L�V�]�R�Q�\�t�W�R�W�W���D�U�i�Q�\�D�� 
A �K���i�W�D�G�i�V�L �H�J�\�•�W�W�K�D�W�y�� �Q�|�Y�H�N�H�G�p�V�H�� �~�J�\�� �W�&�Q�L�N���� �K�R�J�\�� �H�O�V���V�R�U�E�D�Q�� �D�� �N�H�Y�H�U�p�V�L�� �U�i�F�V�R�N�Q�D�N�� �N�|�V�]�|�Q�K�H�W������

amelyek fokozz�i�N�� �D�� �W�X�U�E�X�O�H�Q�F�L�i�W�� �D�� �I�R�O�\�i�V�L�U�i�Q�\�E�D�Q���� �p�V�� �N�|�Y�H�W�N�H�]�p�V�N�p�S�S�H�Q�� �D�� �K���i�W�D�G�i�V�W���� �H�J�\�H�V�� �K�H�O�\�L��
�P�p�U�p�V�H�N�� �D�]�W�� �P�X�W�D�W�W�i�N���� �K�R�J�\�� �D�� �K���i�W�D�G�i�V�L�� �H�J�\�•�W�W�K�D�W�y�� �F�V�|�N�N�H�Q�� �D�� �N�H�Y�H�U�p�V�L�� �U�i�F�V�� �W�i�Y�R�O�V�i�J�i�Q�D�N��
�Q�|�Y�H�N�H�G�p�V�p�Y�H�O���� �$�� �S�R�Q�W�R�V�� �K���i�W�D�G�i�V�L�� �N�R�U�U�H�O�i�F�L�y�� �H�E�E�H�Q�� �D�� �J�H�R�P�H�W�U�L�i�E�D�Q�� �V�]�R�U�R�V�D�Q�� �I�•�J�J�� �D�� �U�i�F�V��
g�H�R�P�H�W�U�L�i�M�i�W�y�O���� �$�� �F�V���� �N�R�U�U�H�O�i�F�L�y�Y�D�O�� �N�D�S�R�W�W�� �I�D�O�K���P�p�U�V�p�N�O�H�W�� �W�~�O�E�H�F�V�O�p�V�H�� �D�]�R�Q�E�D�Q�� �Y�D�O�y�V�]�t�Q�&�O�H�J�� �N�L�V�H�E�E����
�P�L�Q�W���D���U�p�V�]�F�V�D�W�R�U�Q�D-�H�O�H�P�]�p�V�E���O���D�G�y�G�y���S�R�Q�W�D�W�O�D�Q�V�i�J���>�����@�� 

�$�]�� �H�O���]���H�N�E�H�Q�� �E�H�P�X�W�D�W�R�W�W�� �I�R�O�\�D�P�D�W�R�N�� �U�p�V�]�O�H�W�H�V�� �H�O�H�P�]�p�V�W�� �p�V�� �Y�L�]�V�J�i�O�D�W�R�W�� �L�J�p�Q�\�H�O�Q�H�N���� �P�L�Q�G�� �D�� �U�p�J�L, 
mind az �~�M���W�t�S�X�V�~���U�H�D�N�W�R�U�R�N�Q�i�O�� 

3.2. Termohidraulika a gyors�W�H�Q�\�p�V�]�W�����U�H�D�N�W�R�U�R�N�E�D�Q�����)�%�5�� 

�$���J�\�R�U�V�W�H�Q�\�p�V�]�W�� �U�H�D�N�W�R�U�R�N���V�S�L�U�i�O�L�V�D�Q���K�X�]�D�O�E�D���W�H�N�H�U�W���I�&�W���H�O�H�P�H�N�N�H�O���H�O�O�i�W�R�W�W�����F�V�D�W�R�U�Q�i�]�R�W�W���I�&�W���H�O�H�P�H�N�H�W��
�K�D�V�]�Q�i�O�Q�D�N���� �$�� �U�X�G�D�N���S�i�O�F�i�N �N�|�U�•�O�� �K�&�W���N�|�]�H�J�H�N�� �i�U�D�P�O�D�Q�D�N���� �p�V�� �H�O�Q�\�H�O�L�N�� �D�� �P�D�J�K�D�V�D�G�i�V�L�� �U�H�D�N�F�L�y�N�� �V�R�U�i�Q��
�I�H�O�V�]�D�E�D�G�X�O�y�� �K���W���� �(�]�H�N�E�H�Q�� �D�� �U�H�D�N�W�R�U�R�N�E�D�Q�� �Y�t�]�� �K�H�O�\�H�W�W�� �I�R�O�\�p�N�R�Q�\�� �I�p�P�H�N�H�W���� �S�p�O�G�i�X�O�� �Q�i�W�U�L�X�P�R�W�� �Y�D�J�\��
�y�O�P�R�W�� �W�H�U�Y�H�]�Q�H�N�� �K�&�W���N�|�]�H�J�N�p�Q�W���� �(�Q�Q�H�N�� �R�N�D���� �K�R�J�\�� �H�]�H�N�� ������-�V�]�R�U�� �Q�D�J�\�R�E�E�� �K���Y�H�]�H�W���� �N�p�S�H�V�V�p�J�J�H�O��
�U�H�Q�G�H�O�N�H�]�Q�H�N���� �P�L�Q�W�� �D�� �Y�t�]���� �P�D�J�D�V�D�E�E�� �D�� �I�R�U�U�i�V�K���P�p�U�V�p�N�O�H�W�•�N���� �p�V�� �N�L�V�H�E�E�� �D�� �Q�H�X�W�U�R�Q�R�N�N�D�O�� �Y�D�O�y��
�N�|�O�F�V�|�Q�K�D�W�i�V�X�N�� �>�����@���� �$�]�� �•�]�H�P�D�Q�\�D�J-�H�J�\�V�p�J�� �V�]�L�Q�W�M�p�Q�� �D�� �W�H�U�P�R�K�L�G�U�D�X�O�L�N�D�L�� �E�D�O�H�V�H�W�H�N�� �H�O�H�P�]�p�V�H�� �D��
�E�O�R�N�N�R�O�i�V�L�� �I�R�U�J�D�W�y�N�|�Q�\�Y�H�N�U�H�� �p�V�� �D�� �W�H�U�P�L�N�X�V�� �I�i�U�D�G�i�V�� �p�U�W�p�N�H�O�p�V�p�U�H�� �|�V�V�]�S�R�Q�W�R�V�t�W���� �9�p�J�•�O�� �D�]�� �D�O�F�V�D�W�R�U�Q�D��
�V�]�L�Q�W�M�p�Q���D���I�R�U�U�y���S�R�Q�W�R�N���I�H�O�G�H�U�t�W�p�V�p�U�H���|�V�V�]�S�R�Q�W�R�V�t�W�D�Q�D�N�����(�]�H�N�Q�H�N���D���W�H�U�P�L�N�X�V���Y�L�]�V�J�i�O�D�W�R�N�Q�D�N���N�•�O�|�Q�|�V�H�Q���D��
�J�\�R�U�V�W�H�Q�\�p�V�]�W���� �U�H�D�N�W�R�U�R�N�E�D�Q�� �Y�D�Q�� �Q�D�J�\�R�E�E�� �M�H�O�H�Q�W���V�p�J�H�� �D�� �Q�D�J�\���� �Q�p�J�\�]�H�W�P�p�W�H�U�H�Q�N�p�Q�W�� �N�E���� �������� �0�:-os 
�K���i�U�D�P���P�L�D�W�W�����e�U�G�H�N�H�V���P�y�G�R�Q���D���&�)�'-�H�V�]�N�|�]�|�N �F�V�D�N���D���N�|�]�H�O�P�~�O�W�E�D�Q���Y�i�O�W�D�N���H�O�p�J���I�H�M�O�H�W�W�p���D�K�K�R�]�����K�R�J�\���D��
�P�D�J�� �K�&�W���N�|�]�H�J�� �i�U�D�P�O�i�V�i�W�� �Q�D�J�\�� �U�p�V�]�O�H�W�H�V�V�p�J�J�H�O�� �p�V�� �I�H�O�E�R�Q�W�i�V�V�D�O�� �P�R�G�H�O�O�H�]�]�p�N���� �+�D�J�\�R�P�i�Q�\�R�V�D�Q�� �D��
�P�D�J�W�H�U�Y�H�]�p�V�W�� �W�H�O�M�H�V�� �H�J�p�V�]�p�E�H�Q�� �D�]�� �~�J�\�Q�H�Y�H�]�H�W�W�� �D�O�F�V�D�W�R�U�Q�i�V�� �N�y�G�R�N�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �Y�p�J�H�]�W�p�N���� �$�]�� �X�W�y�E�E�L��
�L�G���E�H�Q�� �D�� �&�)�'�� �H�J�\�U�H�� �Q�D�J�\�R�E�E�� �M�H�O�H�Q�W���V�p�J�J�H�O�� �E�t�U�� �D�� �P�D�J�W�H�U�Y�H�]�p�V�E�H�Q���� �$�� �&�)�'�� �i�O�W�D�O�� �E�L�]�W�R�V�t�W�R�W�W�� �Q�D�J�\�R�E�E��
�I�H�O�E�R�Q�W�i�V�� �p�V��alak�K�&�V�p�J�� �Q�D�J�\�R�Q�� �H�O���Q�\�|�V���� �N�•�O�|�Q�|�V�H�Q�� �D�]�� �R�O�\�D�Q�� �|�V�V�]�H�W�H�W�W�� �J�H�R�P�H�W�U�L�i�N�� �H�V�H�W�p�E�H�Q���� �P�L�Q�W�� �D��
huzal�O�D�O���N�|�U�E�H�W�H�N�H�U�W �•�]�H�P�D�Q�\�D�J�S�i�O�F�i�N ���������i�E�U�D��. 

 

2�����i�E�U�D�����'�U�y�W�W�D�O���V�S�L�U�i�O�L�V�D�Q���E�H�W�H�N�H�U�W���•�]�H�P�D�Q�\�D�J�S�i�O�F�D�����Y�i�O�W�R�]�y���P�H�Q�H�We�P�H�O�N�H�G�p�V�V�H�O [12] . 
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A h�H�[�D�J�R�Q�i�O�L�V �H�O�U�H�Q�G�H�]�p�V�&���� �G�U�y�W�E�D�� �W�H�N�H�U�W���S�i�O�F�i�N�E�y�O �i�O�O�y���N�|�W�H�J�H�N���D�� �Q�i�W�U�L�X�P�K�&�W�p�V�&�� �J�\�R�U�V�U�H�D�N�W�R�U�R�N��
�M�H�O�O�H�J�]�H�W�H�V�� �I�&�W���D�Q�\�D�J-�H�O�U�H�Q�G�H�]�p�V��rendszere �������� �i�E�U�D������ �$�� �K�X�]�D�O�R�N�� �D�]�� �•�]�H�P�D�Q�\�D�J�S�i�O�F�i�N �N�|�]�|�W�W��
�W�D�U�W�y�U�i�F�V�N�p�Q�W�� �V�]�R�O�J�i�O�Q�D�N���� �p�V�� �V�H�J�t�W�H�Q�H�N�� �I�H�Q�Q�W�D�U�W�D�Q�L�� �D���S�i�O�F�i�N���N�|�]�|�W�W�L�� �W�i�Y�R�O�V�i�J�R�W���� �$�� �V�S�L�U�i�O�L�V�D�Q�� �I�H�O�W�H�N�H�U�W��
�K�X�]�D�O�R�N���I�R�N�R�]�]�i�N���D���K�&�W���N�|�]�H�J�H�N���N�H�Y�H�U�H�G�p�V�p�W���D�]�i�O�W�D�O�����K�R�J�\���D���K�&�W���N�|�]�H�J�H�W���D���V�]�R�P�V�]�p�G�R�V���D�O�F�V�D�W�R�U�Q�i�N�Ea 
�W�H�U�H�O�L�N���� �(�]�� �D�� �I�R�N�R�]�R�W�W�� �N�H�Y�H�U�H�G�p�V�� �H�O���Q�\�|�V���� �P�L�Y�H�O�� �H�O���V�H�J�t�W�L�� �D�� �M�R�E�E�� �K���i�W�D�G�i�V�W���� �p�V�� �P�H�J�D�N�D�G�i�O�\�R�]�]�D�� �D��
�K���P�p�U�V�p�N�O�H�W-�F�V�~�F�V�R�N�� �N�L�D�O�D�N�X�O�i�V�i�W�� �D�� �I�R�U�U�y�� �F�V�D�W�R�U�Q�i�N�E�D�Q���� �7�R�Y�i�E�E�i���� �D�� �W�i�Y�W�D�U�W�y�N�p�Q�W�� �P�&�N�|�G���� �K�X�]�D�O�R�N��
�H�O�Y�i�O�D�V�]�W�M�i�N�� �D���S�i�O�F�i�N�D�W���H�J�\�P�i�V�W�y�O���� �p�V�� �P�L�Q�L�P�D�O�L�]�i�O�M�i�N�� �D�]�� �i�U�D�P�O�i�V���R�N�R�]�W�D�� �U�H�]�J�p�V�H�N�H�W���� �D�P�H�O�\�H�N��
�U�H�D�N�W�L�Y�L�W�i�V-�L�Q�J�D�G�R�]�i�V�W���R�N�R�]�K�D�W�Q�D�N�����D�P�L���D�]���•�]�H�P�D�Q�\�D�J-burkolat mechanikai �N�i�U�R�V�R�G�i�V�i�K�R�] vezethet. A 
�G�U�y�W�E�X�U�N�R�O�D�W�R�N�� �D�]�R�Q�E�D�Q�� �D�� �F�V�X�S�D�V�]���S�i�O�F�i�N�K�R�] �N�p�S�H�V�W�� �Q�\�R�P�i�V�F�V�|�N�N�H�Q�p�V�W�� �R�N�R�]�Q�D�N�� �D�� �P�D�J�E�D�Q���� �$��
�Q�\�R�P�i�V�F�V�|�N�N�H�Q�p�V�� �N�L�V�� �5�H�\�Q�R�O�G�V-�V�]�i�P�Q�i�O�� �P�D�U�J�L�Q�i�O�L�V�Q�D�N�� �W�&�Q�L�N���� �G�H�� �Q�D�J�\�� �5�H�\�Q�R�O�G�V-�V�]�i�P�Q�i�O�� �L�J�H�Q��
�M�H�O�H�Q�W���V�V�p���Y�i�O�L�N�� 

 

�������i�E�U�D�����$�]���i�U�D�P�O�i�V�L���P�L�Q�W�i�]�D�W���Y�i�O�W�R�]�i�V�D���D���K�X�]�D�O���V�]�|�J�p�Y�H�O�����$���S�L�U�R�V���N�H�U�H�W���D���N�•�O�V�����F�V�D�W�R�U�Q�i�N�E�D�Q���O�p�Y����
�|�U�Y�p�Q�\�i�U�D�P�O�i�V�W���P�X�W�D�W�M�D���>�����@. 

Az �•�]�H�P�D�Q�\�D�J�N�|�W�H�J �E�H�O�V�H�M�p�E�H�Q�� �D�]�� �i�U�D�P�O�i�V�� �N�p�W�� �U�p�J�L�y�U�D�� �R�V�]�W�K�D�W�y���� �H�J�\�� �S�H�U�L�I�p�U�L�i�V�� �U�p�J�L�y�U�D���� �D�K�R�O���Q�D�J�\��
�|�U�Y�p�Q�\�i�U�D�P�O�i�V���Y�D�Q�����p�V���D���E�H�O�V�����U�p�J�L�y�U�D�����D�K�R�O���N�R�P�S�O�H�[���N�H�U�H�V�]�W�L�U�i�Q�\�~���i�U�D�P�O�i�V���Y�D�Q�����0�H�J�I�L�J�\�H�O�K�H�W�������K�R�J�\��
�D�� �V�]�p�O�V���� �U�p�V�]�F�V�D�W�R�U�Q�i�E�D�Q�� �D�� �W�H�Q�J�H�O�\�L�U�i�Q�\�~�� �V�H�E�H�V�V�p�J�� �Q�D�J�\�R�E�E���� �P�L�Q�W�� �D�� �E�H�O�V���� �U�p�V�]�F�V�D�W�R�U�Q�i�E�D�Q���� �$�� �E�H�O�V����
�D�O�F�V�D�W�R�U�Q�D�� �D�[�L�i�O�L�V�� �V�H�E�H�V�V�p�J�H�� �p�V�� �i�U�D�P�Y�R�Q�D�O�D�L�Q�D�N�� �P�L�Q�W�i�]�D�W�D�� �L�V�� �K�D�V�R�Q�O�y���� �I�•�J�J�H�W�O�H�Q�•�O�� �D�� �E�H�O�V���� �D�O�F�V�D�W�R�U�Q�D��
�K�H�O�\�]�H�W�p�W���O���� �$�� �S�H�U�H�P�F�V�D�W�R�U�Q�D�� �O�H�J�N�•�O�V���� �U�p�J�L�y�M�i�Q�D�N�� �N�|�]�H�O�p�E�H�Q�� �D�]�R�Q�E�D�Q�� �D�]�� �i�U�D�P�O�i�V�� �Q�D�J�\��
�|�U�Y�p�Q�\�i�U�D�P�O�i�V�R�N�D�W���P�X�W�D�W�����D�P�H�O�\�H�N���K�D�M�O�D�P�R�V�D�N���D���K�X�]�D�O�O�D�O���H�J�\�•�W�W���I�R�U�R�J�Q�L�� 

�$�� �E�H�O�V���� �D�O�F�V�D�W�R�U�Q�i�N�E�D�Q�� �D�� �I�H�O�W�H�N�H�U�W�� �K�X�]�D�O�R�N�� �D�]�� �•�]�H�P�D�Q�\�D�J�N�|�W�H�J�H�N�� �E�H�O�V�H�M�p�E�H�Q�� �E�R�Q�\�R�O�t�W�M�i�N�� �D�]��
�i�U�D�P�O�i�V�W�� �D�]�i�O�W�D�O���� �K�R�J�\�� �S�|�U�J���� �i�U�D�P�O�i�V�W�� �p�V�� �|�U�Y�p�Q�\�i�U�D�P�O�i�V�W�� �K�R�]�Q�D�N�� �O�p�W�U�H����Ilyenkor az �W�|�U�W�p�Q�L�N���� �K�R�J�\�� �D�]��
�D�[�L�i�O�L�V���i�U�D�P�O�i�V���H�J�\���U�p�V�]�H���D���K�X�]�D�O���P�H�Q�W�p�Q���Ä�V�|�S�U�|�J�H�W�´�����p�V���N�H�U�H�V�]�W�L�U�i�Q�\�~���i�U�D�P�O�i�V�V�i���D�O�D�N�X�O���i�W�����(�]�H�Q�N�t�Y�•�O, a 
�W�H�Q�J�H�O�\�L�U�i�Q�\�~�� �i�U�D�P�O�i�V�� �H�J�\�� �P�i�V�L�N�� �V�]�H�J�P�H�Q�V�H�� �D�� �K�X�]�D�O�R�Q�� �P�H�J�D�N�D�G�Y�D�� �|�U�Y�p�Q�\�V�]�H�U�N�H�]�H�W�H�W�� �K�R�]�� �O�p�W�U�H (4. 
�i�E�U�D�� [12]. 

�$�]�� �|�U�Y�p�Q�\�H�N�� �S�H�U�L�R�G�L�N�X�V�D�Q�� �N�H�O�H�W�N�H�]�Q�H�N�� �D�� �E�H�O�V���� �D�O�F�V�D�W�R�U�Q�i�E�D�Q���� �P�L�Q�G�H�Q�� �H�J�\�H�V�� �K�X�]�D�O�I�R�U�G�X�O�D�W�Q�i�O��
�K�i�U�R�P�V�]�R�U�R�V�� �J�\�D�N�R�U�L�V�i�J�J�D�O���� �$�]�� �|�U�Y�p�Q�\�H�N�� �E�H�I�R�O�\�i�V�R�O�M�i�N�� �D�]�� �i�U�D�P�O�i�V�L�� �P�H�]���W�� �p�V�� �D�� �K���i�W�D�G�i�V�W�� �D�]��
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�D�O�F�V�D�W�R�U�Q�i�N�� �E�H�O�V�H�M�p�E�H�Q���� �H�]�p�U�W�� �i�U�D�P�O�i�V�L�� �M�H�O�O�H�P�]���L�N�� �P�H�J�p�U�W�p�V�H�� �D�O�D�S�Y�H�W���� �I�R�Q�W�R�V�V�i�J�~���� �$�� �E�H�O�V����
�D�O�F�V�D�W�R�U�Q�i�E�D�Q���D���I�����i�U�D�P�O�i�V���D�[�L�i�O�L�V�����p�V �D�P�L�N�R�U���D�]���i�U�D�P�O�i�V�W���D���K�X�]�D�O���H�O�]�i�U�M�D�����D�]���i�U�D�P�O�i�V���V�]�p�O���I�H�O���O�L���R�O�G�D�O�i�Q��
�D���Q�\�R�P�i�V���P�H�J�Q�����D���V�]�p�O���I�H�O���O�L���R�O�G�D�O�K�R�]���N�p�S�H�V�W�����$�K�R�J�\���D���K�X�]�D�O���i�W�K�D�O�D�G���D���E�H�O�V�����D�O�F�V�D�W�R�U�Q�i�Q�����D���I���i�U�D�P�O�i�V��
�H�J�\���U�p�V�]�H�����D�P�H�O�\���i�W�M�X�W�R�W�W���D���K�X�]�D�O�R�Q�����H�J�\���Q�D�J�\���N�|�]�S�R�Q�W�L���|�U�Y�p�Q�\�E�H���D�O�D�N�X�O���i�W�����(�]���D���G�U�y�W���I�R�U�J�i�V�L���L�U�i�Q�\�i�Y�D�O��
�H�O�O�H�Q�W�p�W�H�V�� �L�U�i�Q�\�E�D�Q�� �I�R�U�R�J���� �p�V�� �K�R�V�V�]�P�p�U�H�W�H�� �D�� �U�p�V�]�F�V�D�W�R�U�Q�D�� �V�]�p�O�H�V�V�p�J�p�W���O�� �p�V�� �D�� �N�H�U�H�V�]�W�L�U�i�Q�\�~�� �i�U�D�P�O�i�V�W�y�O��
�I�•�J�J���� �$�]�� �D�O�F�V�D�W�R�U�Q�i�E�D�Q�� �N�L�D�O�D�N�X�O�y�� �P�i�V�L�N�� �|�U�Y�p�Q�\�� �D�� �K�i�W�V�y�� �|�U�Y�p�Q�\���� �D�P�H�O�\�� �D�� �K�X�]�D�O�� �P�|�J�|�W�W�L�� �N�H�U�H�V�]�W�L�U�i�Q�\�~��
�i�U�D�P�O�i�V���P�L�D�W�W���D�O�D�N�X�O���N�L�����(�]���D�]���|�U�Y�p�Q�\���P�H�J�O�H�K�H�W���V�H�Q���N�L�F�V�L�����p�V���W�|�E�E�Q�\�L�U�H���D���S�i�O�F�D �p�V���D���K�X�]�D�O���I�H�O�•�O�H�W�H���N�|�]�p��
�V�]�R�U�X�O�����0�H�J�I�L�J�\�H�O�K�H�W�������K�R�J�\���D���O�H�J�Q�D�J�\�R�E�E���|�U�Y�p�Q�\�H�N���D���V�]�p�O�V�����D�O�F�V�D�W�R�U�Q�i�E�D�Q���N�H�O�H�W�N�H�]�Q�H�N�����D�P�L���K�D�M�O�D�P�R�V��
�E�O�R�N�N�R�O�Q�L�� �D�� �S�H�U�L�I�p�U�L�i�V�� �U�p�J�L�y�E�D�Q�� �D�]�� �|�U�Y�p�Q�\�O���� �i�U�D�P�O�i�V�W���� �$�� �V�D�U�R�N�� �D�O�F�V�D�W�R�U�Q�i�E�D�Q�� �N�L�D�O�D�N�X�O�y�� �|�U�Y�p�Q�\�H�N 
viszonylag kicsik. 

 

�������i�E�U�D�����'�U�y�W�E�D���F�V�R�P�D�J�R�O�W���•�]�H�P�D�Q�\�D�J�S�i�O�F�D [12] . 

�0�H�J�� �N�H�O�O�� �M�H�J�\�H�]�Q�L���� �K�R�J�\�� �H�]�H�N�Q�H�N�� �D�]�� �|�U�Y�p�Q�\�H�N�Q�H�N�� �D�� �P�H�J�M�H�O�H�Q�p�V�H�� �N�|�]�Y�H�W�O�H�Q�•�O�� �D�� �K�X�]�D�O�� �K�H�O�\�]�H�W�p�Y�H�O��
�I�•�J�J���|�V�V�]�H�����p�V���Q�H�P���I�•�J�J���V�H�P�P�L�O�\�H�Q���J�H�R�P�H�W�U�L�D�L���Y�i�O�W�R�]�y�W�y�O�����P�L�Q�W���S�p�O�G�i�X�O���D���S�i�O�F�i�N �V�]�i�P�D���Y�D�J�\���D���S�i�O�F�i�N 
�R�V�]�W�i�V�D���D�]���i�W�P�p�U���K�|�]���Y�L�V�]�R�Q�\�t�W�Y�D�� 

�$�� �V�S�L�U�i�O�L�V�� �K�X�]�D�O�� �P�L�D�W�W�� �N�L�D�O�D�N�X�O�y�� �N�H�U�H�V�]�W�L�U�i�Q�\�~�� �i�U�D�P�O�i�V�� �V�]�i�P�R�V�� �H�O���Q�Q�\�H�O�� �M�i�U���� �$�]�� �H�J�\�L�N���� �K�R�J�\�� �D��
�K�&�W���N�|�]�H�J�� �N�L�O�p�S���� �K���P�p�U�V�p�N�O�H�W�H�� �H�J�\�H�Q�O�H�W�H�V�H�E�E�p�� �Y�i�O�L�N���� �D�P�L�� �D�� �P�D�J�R�W�� �I�L�J�\�H�O���� �K���H�O�H�P�H�N�� �O�H�R�O�Y�D�V�i�V�D�L�Q�D�N��
�N�L�V�H�E�E�� �P�p�U�W�p�N�&�� �L�Q�J�D�G�R�]�i�V�i�K�R�]�� �Y�H�]�H�W���� �D�P�L�� �H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q�� �D�� �U�H�D�N�W�R�U�� �E�L�]�W�R�Q�V�i�J�R�V�D�E�E�� �Y�H�]�p�U�O�p�V�L��
�P�&�Y�H�O�H�W�H�L�K�H�]���� �$�� �P�i�Vik �H�O���Q�\���� �K�R�J�\�� �D�� �E�X�U�N�R�O�D�W�� �K���P�p�U�V�p�N�O�H�W�H�� �D�� �V�S�L�U�i�O�L�V�� �K�X�]�D�O�� �i�O�W�D�O�� �O�p�W�U�H�K�R�]�R�W�W�� �J�\�&�U�&�V��
�i�U�D�P�O�i�V�Q�D�N���N�|�V�]�|�Q�K�H�W���H�Q���H�J�\�H�Q�O�H�W�H�V�H�E�E�p���Y�i�O�L�N���D���N�H�U�•�O�H�W���L�U�i�Q�\�i�E�D�Q�����$���K�&�W���N�|�]�H�J���D���S�i�O�F�D �p�V���D���W�i�Y�W�D�U�W�y��
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�K�X�]�D�O�� �W�D�O�i�O�N�R�]�i�V�i�Q�i�O�� �N�L�D�O�D�N�X�O�y�� �V�D�U�N�R�N�D�W�� �Ä�V�|�S�|�U�Y�H�´�� �•�W�N�|�]�L�N���� �H�]�i�O�W�D�O�� �P�H�J�H�O���]�Y�H�� �D�� �K�X�]�D�O�W�H�N�H�U�F�V�� �D�O�D�W�W�L��
�H�V�H�W�O�H�J�H�V�� �I�R�U�U�y�� �S�R�Q�W�� �N�L�D�O�D�N�X�O�i�V�i�W���� �9�p�J�•�O�� �S�H�G�L�J�� �O�H�K�H�W���Y�p�� �W�H�V�]�L���� �K�R�J�\�� �Q�D�J�\�R�E�E�� �W�H�O�M�H�V�t�W�P�p�Q�\�W�� �W�X�G�M�R�Q��
�O�p�W�U�H�K�R�]�Q�L���D�Q�p�O�N�•�O�����K�R�J�\���W�~�O�O�p�S�Q�p���D���E�X�U�N�R�O�D�W���p�V���D���Q�i�W�U�L�X�P���K���P�p�U�V�p�N�O�H�W�L���K�D�W�i�U�p�U�W�p�N�H�L�W���>�����@�� 

�����������È�U�D�P�O�i�V�H�O�R�V�]�O�i�V���D���N�H�Y�H�U���O�D�S�i�W�W�D�O���H�O�O�i�W�R�W�W���•�]�H�P�D�Q�\�D�J�N�|�W�H�J�H�N�E�H�Q 

�$�� �Q�\�R�P�R�W�W�Y�L�]�H�V�� �U�H�D�N�W�R�U�E�D�Q�� �D�� �P�H�J�I�H�O�H�O���� �K���H�O�Y�R�Q�i�V�� �D�� �I�H�O�•�O�H�W�U���O�� �D�� �I�&�W���H�O�H�P-�N�|�W�H�J�E���O�� �D�� �K���P�p�U�V�p�N�O�H�W�L��
�K�D�W�i�U�R�N�� �p�V�� �E�L�]�W�R�Q�V�i�J�� �V�]�H�P�S�R�Q�W�M�i�E�y�O�� �I�R�Q�W�R�V���� �$�]�� �•�]�H�P�D�Q�\�D�J�S�i�O�F�i�N�D�W �W�D�U�W�y�� �W�i�Y�W�D�U�W�y�U�i�F�V�� �D�]�� �•�]�H�P�D�Q�\�D�J-
�N�|�W�H�J�E�H�Q�� �N�H�Y�H�U���� �O�D�S�i�W�R�N�N�D�O�� �Y�D�Q�� �I�H�O�V�]�H�U�H�O�Y�H���� �D�P�H�O�\�H�N�� �V�]�H�U�H�S�H�W�� �M�i�W�V�]�D�Q�D�N�� �D�� �K���i�W�D�G�i�V�� �M�D�Y�t�W�i�V�i�E�D�Q�� �D��
�I�&�W���H�O�H�P�H�N���I�R�U�U�y���I�H�O�V�]�t�Q�p�Q�p�O�� �P�L�Y�H�O���W�X�U�E�X�O�H�Q�F�L�i�W���I�R�N�R�]�y���H�V�]�N�|�]�|�N�� 

 

�������i�E�U�D�����È�U�D�P�O�i�V�L���P�L�Q�W�i�]�D�W���D�]���•�]�H�P�D�Q�\�D�J-�N�|�W�H�J���E�H�O�V�H�M�p�E�H�Q�����R�V�]�W�R�W�W���W�t�S�X�V�~���W�i�Y�W�D�U�W�y���U�i�F�V�� [13] . 
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Az �|�U�Y�p�Q�\�i�U�D�P�O�i�V �M�D�Y�t�W�M�D�� �D�� �K���H�O�Y�H�]�H�W�p�V�W�� �D�]�� �•�]�H�P�D�Q�\�D�J�U�~�G�� �I�H�O�•�O�H�W�p�Q�� �D�� �I�R�U�U�y�� �Y�t�]�� �N�H�Y�H�U�H�G�p�V�p�Y�H�O�� �D��
�I�&�W���H�O�H�P�H�N�� �N�|�]�H�O�p�E�H�Q���� �P�t�J�� �D�� �N�H�U�H�V�]�W�i�U�D�P�O�i�V�� �K�R�]�]�i�M�i�U�X�O�� �D�]�� �D�O�F�V�D�W�R�U�Q�D�� �N�|�]�H�S�p�Q�� �O�p�Y���� �K�L�G�H�J�� �Y�t�]�]�H�O��
�W�|�U�W�p�Q���� �K���F�V�H�U�p�W�� �M�D�Y�t�W�M�D���� �0�t�J�� �D�� �N�H�U�H�V�]�W�i�U�D�P�O�i�V�� �K�R�]�]�i�M�i�U�X�O�� �D�]�� �D�O�F�V�D�W�R�U�Q�i�N�� �I�R�U�U�y�� �W�H�W���]�p�V�p�Q�H�N��
�P�p�U�V�p�N�O�p�V�p�K�H�]��az �H�Q�W�D�O�S�L�D�F�V�H�U�H�� �U�p�Y�p�Q�� �>�����@����Az 5. �i�E�U�i�Q �O�i�W�K�D�W�y�� �D�]��az �i�U�D�P�O�i�V�L�� �P�L�Q�W�i�]�D�W�R�W�� �J�H�Q�H�U�i�O�y��
�N�H�Y�H�U���O�D�S�i�W�R�N�N�D�O�� �H�O�O�i�W�R�W�W�� �W�i�Y�W�D�U�W�y�� �U�i�F�V, amely �M�H�O�H�Q�W���V�H�Q�� �P�H�J�Q�|�Y�H�N�H�G�H�W�W�� �K�H�O�\�L�� �W�X�U�E�X�O�H�Q�F�L�D�V�]�L�Q�W�H�W��
�R�N�R�]�K�D�W�� �D�]�� �D�O�F�V�D�W�R�U�Q�i�E�D�Q����A �N�H�Y�H�U���O�D�S�i�W�� �J�H�R�P�H�W�U�L�i�M�D �p�V �H�O�U�H�Q�G�H�]�p�V�H�� �I�R�Q�W�R�V�� �W�p�Q�\�H�]��k, amelyek 
�P�H�J�K�D�W�i�U�R�]�]�i�N�� �D�� �N�H�Y�H�U�p�V�� �W�H�O�M�H�V�t�W�P�p�Q�\�p�W�� A 6. �i�E�U�D�� �D�� �V�H�E�H�V�V�p�J�Y�H�N�W�R�U���Y�i�O�W�R�]�i�V�i�W���P�X�W�D�W�M�D�� �E�H�� �N�H�Y�H�U���Y�H�O��
�H�O�O�i�W�R�W�W�� �U�i�F�V�� �N�•�O�|�Q�E�|�]���� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�L�� �V�t�N�M�D�L�E�D�Q���� �$�� �N�H�Y�H�U���O�D�S�i�W�� �F�V�~�F�V�i�E�D�Q�� �D�]�� �D�O�F�V�D�W�R�U�Qa 
�N�|�]�p�S�S�R�Q�W�M�i�E�D�Q egy nagy ellipt�L�N�X�V�� �|�U�Y�p�Q�\�� �N�H�O�H�W�N�H�]�H�W�W���p�V�� �N�p�W���N�L�V�H�E�E���� �P�i�V�R�G�O�D�J�R�V�� �|�U�Y�p�Q�\�� �D�� �S�H�U�L�I�p�U�L�i�V��
�U�p�J�L�y�E�D�Q�����7�R�Y�i�E�E�� �K�D�O�D�G�Y�D�� �D�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�L�� �V�t�N�R�N�R�Q az ellipszis nagytengelye az �D�O�F�V�D�W�R�U�Q�D�� �N�|�]�H�S�p�Q��
�N�|�U�•�O�E�H�O�•�O�� �����q-kal elfordult �D�]�� �y�U�D�P�X�W�D�W�y�� �M�i�U�i�V�i�Y�D�O�� �H�O�O�H�Q�W�p�W�H�V�� �L�U�i�Q�\�E�D�� �p�V��a �N�p�W���P�i�V�R�G�O�D�J�R�V�� �|�U�Y�p�Q�\ 
�H�O�W�&�Q�W�����P�t�J v�p�J�•�O��a �N�|�]�S�R�Q�W�L���|�U�Y�p�Q�\���D�O�D�N�M�D���N�|�]�H�O���N�|�U���D�O�D�N�~ra �Y�i�O�Wozott. 

   

�������i�E�U�D�����È�U�D�P�O�i�Vi �P�L�Q�W�i�]�D�W���D�]���D�O�F�V�D�W�R�U�Q�i�E�D�Q �D���N�•�O�|�Q�E�|�]�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�L���V�t�N�R�Nban ���R�V�]�W�R�W�W���W�t�S�X�V�~��
�W�i�Y�W�D�U�W�y���U�i�F�V�� [13] . 

A�]�� �D�O�F�V�D�W�R�U�Q�D�� �D�O�D�W�W�L�� �i�U�D�P�O�i�V�R�N�� �H�O���U�H�M�H�O�]�p�V�H���� �P�p�J�� �D�]�� �L�]�R�W�H�U�P�L�N�X�V�� �i�O�O�D�S�R�W�E�D�Q�� �L�V���� �Q�D�J�\�R�Q�� �Q�H�K�p�]����
�È�O�W�D�O�i�E�D�Q���D�]���D�O�F�V�D�W�R�U�Q�D���i�U�D�P�O�i�V�L���D�Q�D�O�t�]�L�V���N�y�G�R�N�����P�L�Q�W���S�p�O�G�i�X�O���D���&�2�%�5�$���Y�D�J�\���D���9�,�3�5�(���D�]���i�U�D�P�O�i�V���p�V��
�D�]�� �H�Q�W�D�O�S�L�D�� �H�O�R�V�]�O�i�V�i�Q�D�N�� �H�O���U�H�M�H�O�]�p�V�p�U�H�� �K�D�V�]�Q�i�O�W�i�N�� �D�]�� �•�]�H�P�D�Q�\�D�J-�N�|�W�H�J�H�N�H�Q�� �E�H�O�•�O���� �(�]�H�N��a �N�y�G�R�N��
azonban �J�H�R�P�H�W�U�L�D�L���I�•�J�J�����N�H�Y�H�U�p�V�L���W�p�Q�\�H�]���N�U�H���W�i�P�D�V�]�N�R�G�Q�D�N���p�V���H�P�S�L�U�L�N�X�V���N�R�U�U�H�O�i�F�L�y�N�N�D�O���K�D�W�i�U�R�O�M�i�N���O�H��
�D�]�� �L�U�i�Q�\�D�G�y�� �H�J�\�H�Q�O�H�W�H�N�H�W���� �$�]�� �D�O�F�V�D�W�R�U�Q�i�N�U�D�� �Y�R�Q�D�W�N�R�]�y�� �&�)�'-�V�]�R�I�W�Y�H�U�H�N�� �H�O���Q�\�H���� �K�R�J�\�� �i�U�D�P�O�i�V�L��
�H�O���U�H�M�H�O�]�p�V�H�N���H�V�H�W�p�Q���D�]���H�P�S�L�U�L�N�X�V���|�V�V�]�H�I�•�J�J�p�V�H�N�U�H���W�i�P�D�V�]�N�R�Gnak�����(�]�p�U�W���D���&�)�'���H�U�H�G�P�p�Q�\�H�N���V�]�p�O�H�V�H�E�E��
�N�|�U�E�H�Q�� �D�O�N�D�O�P�D�]�K�D�W�y�N�� �D�� �W�X�U�E�X�O�H�Q�V�� �V�W�U�X�N�W�~�U�i�N�� �D�O�D�S�Y�H�W���� �M�H�O�O�H�P�]���L�Q�H�N�� �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D�� �D�� �W�i�Y�W�D�U�W�y�� �U�i�F�V��
�X�W�i�Q�� 

A CFD-�N�y�G�R�N���D�W�R�P�H�U���P�&�Y�L���W�H�U�Y�H�]�p�V�U�H���Y�D�O�y���D�O�N�D�O�P�D�]�i�V�i�Y�D�O���N�D�S�F�V�R�O�D�W�R�V���N�R�R�U�G�L�Q�i�O�W���N�X�W�D�W�i�V�L���S�U�R�M�H�N�W 
(CRP = Coordinated Research Project) referencia-�V�]�L�P�X�O�i�F�L�y�M�i�Q�D�N�� �U�p�V�]�H�N�p�Q�W�� �D�� �F�V�D�Y�D�U�W�� �R�V�]�W�i�V�~��
�N�H�Y�H�U���O�D�S�i�W�R�N�N�D�O�� �H�O�O�i�W�R�W�W�� �•�]�H�P�D�Q�\�D�J-�N�|�W�H�J�H�Q�� �E�H�O�•�O�L�� �i�U�D�P�O�i�V�H�O�R�V�]�O�i�V�� �Y�L�]�V�J�i�O�D�W�D�� �p�U�G�H�N�p�E�H�Q��
�V�]�L�P�X�O�i�F�L�y�N�D�W���Y�p�J�H�]�W�H�N���D���N�H�U�H�V�N�H�G�H�O�P�L���I�R�U�J�D�O�R�P�E�D�Q���N�D�S�K�D�W�y���&�)�'-programmal. 

4. �g�V�V�]�H�I�R�J�O�D�O�i�V 

A�]�� �H�O�P�p�O�H�W�L �N�X�W�D�W�i�V�� �V�R�U�i�Q�� �i�W�I�R�J�y�� �Y�L�]�V�J�i�O�D�W�� �D�O�i�� �N�H�U�•�O�W�H�N�� �D�� �N�•�O�|�Q�E�|�]���� �K���i�W�Y�L�W�H�O�� �I�R�N�R�]�i�V�L�� �P�y�G�V�]�H�U�H�N��a 
�N�•�O�|�Q�E�|�]���� �H�Q�H�U�J�L�D�W�H�U�P�H�O���� �H�J�\�V�p�J�H�N�E�H�Q���� �$�� �W�H�F�K�Q�L�N�D�L�� �|�V�V�]�H�I�R�J�O�D�O�i�V�� �D�O�D�S�M�i�Q�� �O�H�K�H�W���V�p�J�� �D�G�y�G�L�N��
�P�H�J�Y�L�]�V�J�i�O�Q�L�� �D�]�� �D�O�N�D�O�P�D�]�i�V�L�� �H�V�H�W�H�N�H�W�� �D�� �Q�X�N�O�H�i�U�L�V�� �I�&�W���H�O�H�P�� �U�~�G�N�|�W�H�J�H�N�Q�p�O���� �$�� �K���i�W�Y�L�W�H�O�� �I�R�N�R�]�i�V�D��
�M�H�O�H�Q�O�H�J�L���W�H�F�K�Q�R�O�y�J�L�D�L���O�H�K�H�W���V�p�J�H�N���V�]�H�U�L�Q�W���H�O�H�P�]�p�V�U�H���N�H�U�•�Ot�H�N�����N�•�O�|�Q���N�L�W�p�U�Y�H���D���K�i�U�R�P�G�L�P�H�Q�]�L�y�V���I�H�O�•�O�H�W�L��
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�V�W�U�X�N�W�~�U�i�N�� �D�O�N�D�O�P�D�]�i�V�L�� �O�H�K�H�W���V�p�J�H�L�U�H���� �$�� �Y�L�]�V�J�i�O�D�W�R�N�� �N�L�W�H�U�M�H�G�Q�H�N�� �D�� �U�~�G�N�|�W�H�J�H�N�� �W�H�U�Y�H�]�p�V�H�� �V�R�U�i�Q��
�D�O�N�D�O�P�D�]�K�D�W�y�� �P�H�J�R�O�G�i�V�R�N�U�D���� �L�O�O�H�W�Y�H�� �D�� �N�•�O�|�Q�E�|�]���� �M�R�J�V�]�D�E�i�O�\�R�N�� �Y�R�Q�D�W�N�R�]�y�� �D�O�N�D�O�P�D�]�i�V�i�U�D���� �$��
�U�~�G�N�|�W�H�J�H�N�Q�p�O�� �W�|�U�W�p�Q���� �Y�L�]�V�J�i�O�D�W�R�N�� �N�L�H�P�H�O�W�H�Q�� �I�R�Q�W�R�V�D�N�� �D�� �E�L�]�W�R�Q�V�i�J�� �p�V�� �H�Q�H�U�J�H�W�L�N�D�L�� �K�D�W�p�N�R�Q�\�V�i�J��
�N�p�U�G�p�V�N�|�U�H�� �N�D�S�F�V�i�Q���� �$�]�� �D�O�N�D�O�P�D�]�i�V�L�� �N�R�U�O�i�W�R�N�� �D�O�D�S�M�i�Q�� �M�y�O�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�� �I�H�O�•�O�H�W�L�� �V�W�U�X�N�W�~�U�i�N���� �L�O�O�H�Wve 
�N�•�O�|�Q�E�|�]�����i�U�D�P�O�i�V�U�H�Q�G�H�]�����H�O�H�P�H�N���E�H�p�S�t�W�p�V�H���M�H�O�H�Q�W�L���D���M�|�Y�����I�H�M�O���G�p�V�L���L�U�i�Q�\�D�L�W�� 

�$�� �N�•�O�|�Q�E�|�]���� �H�O�M�i�U�i�V�R�N�� �M�y�� �D�O�D�S�R�W�� �Q�\�~�M�W�D�Q�D�N�� �D�� �W�R�Y�i�E�E�L�� �D�O�N�D�O�P�D�]�i�V�L�� �O�H�K�H�W���V�p�J�H�N�K�H�]�� ���Q�X�N�O�H�i�U�L�V��
�I�&�W���H�O�H�P�� �U�~�G�N�|�W�H�J�H�N�Q�p�O������ �)�R�Q�W�R�V�� �V�]�H�P�S�R�Q�W�� �Y�R�O�W�� �Dz �H�O�H�P�]�p�V�H�N �V�R�U�i�Q�� �P�H�J�Y�L�]�V�J�i�O�Q�L���� �K�R�J�\ milyen 
�W�H�U�Y�H�]�p�V�L�� �D�O�D�S�H�O�Y�H�N�H�W�� �N�H�O�O�� �D�O�N�D�O�P�D�]�Q�L�� �D�� �U�~�G�N�|�W�H�J�H�N�� �W�H�U�Y�H�]�p�V�p�Q�p�O���� �L�O�O�H�W�Y�H�� �P�L�O�\�H�Q�� �M�R�J�V�]�D�E�i�O�\�R�N��
�Y�R�Q�D�W�N�R�]�Q�D�N�� �D�]�� �D�O�N�D�O�P�D�]�R�W�W�� �W�H�F�K�Q�R�O�y�J�L�i�N�U�D����A �K���i�W�Y�L�W�H�O�L�� �I�R�N�R�]�i�V�L�� �O�H�K�H�W���V�p�J�H�N�� �D�G�R�W�W�D�N�� �D�� �M�H�O�H�Q�O�H�J�L��
�W�H�F�K�Q�R�O�y�J�L�D�L�� �I�H�M�O�H�W�W�V�p�J�� �P�H�O�O�H�W�W����A �N�|�]�O�H�P�p�Q�\ �N�•�O�|�Q foglalkozi�N�� �D�� �N�•�O�|�Q�E�|�]���� �i�U�D�P�O�i�V�W�� �P�y�G�R�V�t�W�y��
�H�O�M�i�U�i�V�R�N�N�D�O���� �t�J�\�� �E�L�]�W�R�V�t�W�Y�D�� �D�� �M�R�E�E�� �K���i�W�Y�L�W�H�O�� �N�L�D�O�D�N�t�W�i�V�i�W���� �.�•�O�|�Q�� �N�L�H�P�H�O�H�Q�G������ �K�R�J�\�� �D�� �K�i�U�R�P�G�L�P�H�Q�]�L�y�V��
�I�H�O�•�O�H�W�L�� �V�W�U�X�N�W�~�U�i�N�� �N�|�]�|�W�W�� �N�H�O�O�� �H�P�O�t�W�H�Q�L�� �D�� �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J�H�W�� �L�V���� �,�G���Y�H�O�� �D�� �Q�X�N�O�H�i�U�L�V�� �U�~�G�N�|�W�H�J�H�N�Q�p�O��
megjelen�K�H�W�Q�H�N�� �D�� �N�i�U�R�V�R�G�i�V�� �N�•�O�|�Q�E�|�]���� �I�R�U�P�i�L, amely elv�i�O�W�R�]�i�V�R�N��a �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J �p�V�� �I�H�O�•�O�H�W�L��
�W�H�[�W�~�U�D�� �P�H�J�Y�i�O�W�R�]�i�V�i�K�R�]�� �Y�H�]�H�W�Q�H�N���� �$�� �I�H�O�•�O�H�W�L�� �p�U�G�H�V�V�p�J�� �V�R�N�� �H�V�H�W�E�H�Q�� �Q�H�J�D�W�t�Y�� �K�D�W�i�V�V�D�O�� �Y�D�Q�� �K���i�W�Y�L�W�H�O��
�I�R�N�R�]�i�V�i�U�D�� 
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�o���Ì���i�o�}�š�š�� �l� �‰�Ì� �•�� �µ�š���v��kiemelt ���o�o���v���o�o���•-�Z���P���•�Ì�š�… � �•�����o�o���v���o�o���•-�Z���P���•�Ì�š�…��
�•�‰�����]���o�]�•�š��k szereztek ���µ�Œ�•�‰���]�� �•�Ì�]�v�š���v�� ���o�]�•�u���Œ�š�� �}�l�o���À���oet. A tanfolyamra az 
���o�o���v���o�o���•-�Z���P���•�Ì�š� �•�Œ���� � �•��a �Œ�}���}�š�š�����Z�v�]�l���Œ���� �•�‰�����]���o�]�Ì���o�•���}�š�š�� �Z���Á���Œ�}����
Solutions Kft. �~�����P�o� ���•���l�‚�Ì�Œ���u�¾�l�‚��� �•� �À���o �l���Œ�º�o�š���•�}�Œ�U���� �l� �‰�Ì� �•���•�Ì���Œ�À���Ì� �•� �Œ��������
�i�}�P�}�•�µ�o�š�•���P�}�š�� ���� �D���P�Ç���Œ�� �,���P���•�Ì�š� �•�š�����Z�v�]�l���]�� � �•�� ���v�Ç���P�À�]�Ì�•�P���o���š�]�� ���P�Ç���•�º�o� �•��
(MHt���•�����]�Ì�š�}�•�_�š�}�š�š���X 

�:���v�µ���Œ���ï�ì�X�� ���Œ�X�� �'���•�‰���Œ���D���Œ�����o�o�����P�Ç���š���u�]�� ���}�����v�•�� � �•�� �^���Z�u�� ���o�����v���������� ���o�� ���o�� �W�Z���� �Z���o�o�P���š�•��
�Œ� �•�Ì�š�� �À���š�š�� ���� ���]�P�]�š���o�� �d�Œ���]�v�]�v�P�� �(�}�Œ�� ���µ�Œ�}�‰�����v�� �t���o���]�v�P�� �/�v�•�‰�����š�}�Œ�•�� �~��-EWI) 
���Œ���•�u�µ�•�=�� �<���î�� �‰�Œ�}�i���l�š�� �º�o� �•� �v�U�� �D�����Œ�]�������v�� �~�^�‰���v�Ç�}�o�}�Œ�•�Ì���P�•�U�� ���u���o�Ç�v���l�� ����
�^�‰���v�Ç�}�o���,���P���•�Ì�š� �•�]���/�v�š� �Ì���š���~�����^�K�>�•�������}�š�š���}�š�š�Z�}�vt. 

�:���v�µ���Œ���ï�ì-31. ���Œ�X�� �D���]�o�]�v�P���Œ�� ���l�}�•�����o�…�������•�š�� �š���Œ�š�}�š�š�� ���Ì��IIW C-�/�/�/�� ���]�Ì�}�š�š�•���P (Resistance 
Welding, Solid State Welding and Allied Joining Process) �}�v�o�]�v���� �(�}�Œ�u�������v��
�u���P�Œ���v�����Ì� �•�Œ�����l���Œ�º�o�š��� �À�l�‚�Ì�]���º�o� �•� �v�X�� 

�:���v�µ���Œ���ï�í�X �'� �‰� �•�Ì�u� �Œ�v�‚�l�]�����^�������v�Ç���P�š�����Z�v�}�o�•�P�]���]���•�‰�����]���o�]�Ì�����]�•�v � �•���P� �‰� �•�Ì�u� �Œ�v�‚�l�]���D�^����
���v�Ç���P�š�����Z�v�}�o�•�P�]���]�� � �•�� �Z���P���•�Ì�š� �•�š�����Z�v�}�o�•�P�]���]�� �•�‰�����]���o�]�Ì�����]�•�v�� �À� �P�Ì���š�š�� �Z���o�o�P���š�•�l��
�Ì���Œ�•�À�]�Ì�•�P��ja ���Ì���]�v�š� �Ì���š�]���l�‚�v�Ç�À�š���Œ�����v. 

�&�����Œ�µ���Œ���í�ñ�X ���P�Ç���š���u�]���‚�•�•�Ì�}�l�š���š�•�]-�l�µ�š���š�•�]��� �Œ�š���l���Ì�o���š. 

�&�����Œ�µ���Œ���î�ï�X �/�v�š� �Ì���š�]���}�l�š���š�•�]-�l�µ�š���š�•�]��� �Œ�š���l���Ì�o���š. 

�&�����Œ�µ���Œ��24. A n���u�Ì���š�l�‚�Ì�]�� �Z���P���•�Ì�š�…�� �•�Ì���l�]�Œ���v�Ç�·�� �š�}�À�������l� �‰�Ì� �•�]�� �•�Ì���l�� �~���t���l�/�t���• 28. 
� �À�(�}�o�Ç���u���v���l���l� �‰�Ì� �•���v�Ç�]�š�• �Œ���v�����Ì�À� �v�Ç��. 

�D���Œ���]�µ�•���ò-8. �<�}�À�����•���:�µ���]�š���W�Z�����Z���o�o�P���š�•���Œ� �•�Ì�š���À���š�š��� �•�����o�…�������•�š���š���Œ�š�}�š�š az IIW C-�/�y�����]�Ì�}�š�š�•���P 
(Behaviour of Metals Subjected to Welding) � �À�l�‚�Ì�]�� �º�o� �•� �v�U���D�º�v���Z���v�����v��
�~�E� �u���š�}�Œ�•�Ì���P�•. 

�D���Œ���]�µ�•���í�ì�X ���Œ�X���>�µ�l�����•���:���v�}�•�����P�Ç���š���u�]���š���v���Œ���Œ� �•�Ì�š���À���š�š��� �•�����o�…�������•�š���š���Œ�š�}�š�š�������c�,�µ�v�P���Œ�]���v-
Korean-Japanese joint seminar on design, fabrication, and maintenance of 
�Á���o���������•�š�����o���•�š�Œ�µ���š�µ�Œ���•�_ ���_�u�¾�U���}�v�o�]�v�����(�}�Œ�u�������v���u���P�š���Œ�š�}�š�š���Œ���v�����Ì�À� �v�Ç���v�X 

�D���Œ���]�µ�•���î�ï�X Dr. Raghawendra Pratap Singh Sisodia egyetemi docens �u���P�Z�_�À���•�š���l���‰�}�š�š��� �•��
�Œ� �•�Ì�š�� �À���š�š��Budapesten, a �c�'�o�}�����o�]�•�� �l� �Œ��� �•���l�� � �•�� �/�v���]���� �'�î�ì�� ���o�v�‚�l�•� �P���_�� ���_�u�¾��
�Œ���v�����Ì�À� �v�Çen�U�����u���o�Ç���š���������µ�����‰���•�š�]���/�v���]���]���E���P�Ç�l�‚�À���š�•� �P��� �•�������<�º�o�P���Ì�����•���P�]��� �•��
�<�º�o�º�P�Ç�]���/�v�š� �Ì���š���•�Ì���Œ�À��zett. 

�D���Œ���]�µ�•���ï�í�X ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ�� � �•�� �E���P�Ç�� �E�•�Œ���� �š���v���Œ�•���P� ���� �Œ� �•�Ì�š�� �À���š�š�� � �•��
���o�…�������•�}�l���š�� �š���Œ�š�}�š�š�� ���� �^�Ì���P�������v, a �^�Ì���P�����]�� �d�µ���}�u���v�Ç���P�Ç���š���u�� �D� �Œ�v�‚�l�]��
Kar���v megrendezett �c�D�¾�•�Ì���l�]�U�� �š�����Z�v�}�o�•�P�]���]�� � �•�� �P���Ì�����•���P�]�� �l�]�Z�_�À���•�}�l�� ���� �î�í�X��
�•�Ì���Ì���������v�_ ���_�u�¾���l�}�v�(���Œ���v���]��n. 
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���‰�Œ�]�o�]�•���ð�X ��� �l���v�]�� ���]���•� �Œ���š�� �<�]�À���o�•�� ���}�o�P�}�Ì�•�� ���o�]�•�u���Œ� �•�š�� �À���š�š�� ���š�� �W���š�Œ�}�À�]���•�� ���v���Œ���•��
�š�����Z�v�]�l�µ�•�U�� �o�����}�Œ���v�•�U�� ���l�]�v���l�� �c���Ì�� �}�l�š���š���•�� � �•�� ���� �Z���o�o�P���š�•�]�� �‚�v�š���À� �l���v�Ç�� �l�‚�Œ��
�Z���P���•�Ì�š� �•�]���P�Ç���l�}�Œ�o���š���]�v���v�Ç�·�i�š�}�š�š���š���u�}�P���š���•���� �v���P�Ç�����v���Z�}�Ì�Ì���i���Œ�µ�o������ �Z���o�o�P���š�•�l��
gyakorlat �}�Œ�]���v�š���o�š���•�Ì���u�o� �o���š� �v���l�������l�]���o���l�_�š���•���Z�}�Ì�X�_ 

���‰�Œ�]�o�]�•���í�õ-21. �ï�ò�X���K�d���<���D�¾�•�Ì���l�]���•�Ì���l���]�•�ia (Baja) 

�&�º�o�‚�‰�� �&�Œ�µ�Ì�•�]�v�����,�]�����P���o���l�_�š�•�� �•�Ì���Œ�•�Ì���u����� �o�� �l�º�o�‚�v���‚�Ì�…�� �‚�•�•�Ì���š� �š���o�¾�U�� �W�s���� � �•��
�W�����s���� ���o�i���Œ���•�•���o�� �l� �•�Ì�º�o�š�� �l���Œ���u�]���� �����À�}�v���š�Œ���v���•�Ì���Œ���]�v���l�� �‚�•�•�Ì���Z���•�}�v�o�_�š�•��
�š�Œ�]���}�o�•�P�]���]�� �À�]�Ì�•�P���o���š�� ���_�u�¾�� �u�µ�v�l���i���À���o�����o�•�…�� ���_�i���š�� �v�Ç���Œ�š�U�� �<�•�l���]�� ���l�}�•�� �>���À���v�š����
�K�Æ�]�������]�•�•�� �u�����Z���v�]�Ì�u�µ�•�� �À�]�Ì�•�P���o���š���� �š���Œ�u�]�l�µ�•�� �‰�o���Ì�u���•�Ì�•�Œ���•�� �•�}�Œ���v ���_�u�¾��
���}�o�P�}�Ì���š���š�� �‰�����]�P���l�º�o�‚�v���_�i�i���o�� �i�µ�š���o�u���Ì�š���� ���� �Ì�•�¾�Œ�]�X�� ���}�o�P�}�Ì���š���]�l���š�� �u�]�v���l���š�š���v��
�D�^���� �Z���o�o�P���š�•�l� �v�š �l� �•�Ì�_�š���š�š� �l�U �š� �u���À���Ì���š�…�i�º�l�� ���Œ�X���D���Œ�}�•�v� �����Œ�X�� �����Œ�l���•�� �D���Œ�]����
���P�Ç���š���u�]�� �š���v���Œ�� �À�}�o�š�U�� �&�º�o�‚�‰�� �&�Œ�µ�Ì�•�]�v���� �u�µ�v�l���i���š���t �]�‰���Œ�]�� �l�}�v�Ì�µ�o���v�•�l� �v�š���t �^�Ì� �o�o��
���š�š�]�o�����~�d�^���,�µ�v�P���Œ�Ç�U�����µ�����‰���•�š�•���š���u�}�P���š�š���X 

�&�º�o�‚�‰���&�Œ�µ�Ì�•�]�v����� �•��Kiss Roberta Barbara �&���o�º�o���š�l���Ì���o� �•���l���Z���š���•���v���l���À�]�Ì�•�P���o���š����
�u�¾���v�Ç���P�(�Œ�‚�����•�‚�v�š�…�� �•�Ì���Œ�•�Ì���u�}�l�� �l���Œ�����o�o�•�•���P���Œ�� ���_�u�u���o�� �~�š� �u���À���Ì���š�…�l�W��Dr. 
�D���Œ�}�•�v� �� ���Œ�X�� �����Œ�l���•�� �D���Œ�]���� ���P�Ç���š���u�]�� �š���v���Œ �E���P�Ç�� �E�•�Œ���� �š���v���Œ�•���P� ��), �&���Z� �Œ��
Daniella ���o�^�]�ó���‚�š�À�‚�Ì���š�����o���l�_�š�Z���š�•�•���P���v���l���À�]�Ì�•�P���o���š�����u���o���P�Ì�‚�u�_�š�…���À�]�Ì�•�P���o���š�š���o 
���_�u�u���o�� �~�š� �u���À���Ì���š�…�W�����Œ�X�� �<�µ�Ì�•���o�o���� �>���•�Ì�o�•�� ���P�Ç���š���u�]�� ���}�����v�•), to�À�����������&�º�o�‚�‰��
Fruzsina � �•��Pusta Jalalova �<�}�Œ�•�Ì���Œ�¾�� �l���Œ���u�]���� �����À�}�v���š�}�•�� �•�Ì���Œ�•�Ì���u����� �o�}�l��
�š�Œ�]���}�o�•�P�]���]�� �À�]�Ì�•�P���o���š�� ���_�u�u���o�� �~�š� �u���À���Ì���š�…�W�����Œ�X�� �D���Œ�}�•�v� �� ���Œ�X�� �����Œ�l���•�� �D���Œ�]����
���P�Ç���š���u�]�� �š���v���Œ) mutatott be TDK dolgozatot egy-egy tagozatban. A 
���}�o�P�}�Ì���š�}�l���š�� �&�º�o�‚�‰�� �&�Œ�µ�Ì�•�]�v���� � �•�� �W�µ�•�š���� �:���o���o�}�À���� �D�^���U�� �&���Z� �Œ�� �����v�]���o�o���� � �•�� �<�]�•�•��
�Z�}�����Œ�š���������Œ�����Œ�������^�����š���v�µ�o�u���v�Ç�]�����o���š�š���l� �•�Ì�_�š���š�š���X 

���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•�� � �•�� ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ��
���o�v�‚�l�l� �v�š�U�� ���Œ�X�� �>�µ�l�����•�� �•�•�}�o�š�� ���P�Ç���š���u�]�� ���}�����v�•��tag�l� �v�š�� �À���š�š�� �Œ� �•�Ì�š�� ���P�Ç-egy 
tagozat �Ì�•�¾�Œ�]�i� �v���l��a �u�µ�v�l���i������n.  

���‰�Œ�]�o�]�•���î�õ�X Dr. Raghawendra Pratap Singh Sisodia egyetemi docens ���o�µ�u�v�]�l� �v�š�� �Œ� �•�Ì�š��
vett Budapesten, a �,���o�o�P���š�•�]�� �P�v�l�}�Œ�u���v�Ç�Ì���š�}�l�� �K�Œ�•�Ì���P�}�•�� �<�}�v�(���Œ���v���]���i����
(�,�P�K�<) ���o�š���o�� �o� �š�Œ���Z�}�Ì�}�š�š���c�^�š�]�‰���v���]�µ�u�� �,�µ�v�P���Œ�]���µ�u�� �D���v�š�}�Œ�Z���o�•�Ì���š�_�� �‚�š� �À���•��
�i�µ���]�o���µ�u�]���Œ���v�����Ì�À� �v�Ç� n tartott  kerekasztal-�����•�Ì� �o�P���š� �•���v�X�� 

�D���i�µ�•���í�ñ-19. Dr. Adam Grajcar �����^�]�o���•�]���v���h�v�]�À���Œ�•�]�š�Ç���}�(���d�����Z�v�}�o�}�P�Ç���~�'�o�]�Á�]�����U���>���v�P�Ç���o�}�Œ�•�Ì���P�•��
professzora az Erasmus+ program �l���Œ���š� �����v���o���š�}�P���š���•t tett a Miskolci 
���P�Ç���š���u���v�U�� �š���o���o�l�}�Ì�}�š�š�� ���� �<���Œ�� � �•�� ���Ì�� �/�v�š� �Ì���š�� �À���Ì���š�…�]�À���o�U�� �À���o���u�]�v�š�����o�…�������•t 
�š���Œ�š�}�š�š�� ���Ì�� �]�v�š� �Ì���š�]�� �l�‚�v�Ç�À�š���Œ�����v�X�� ���Ì�� ���o�…�������•�� ���_�u���W��Physical simulation of 
thermomechanical processing, hot stamping and welding of advanced high 
strength multiphase steels. 
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�D���i�µ�•���í�ó�X ���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•�U�� ���Œ�X�� �<�}�À�����•�� �W� �š���Œ�� �•�}�o�š���v�� ���P�Ç��temi 
���}�����v�•�U�� ���Œ�X�� �D�}�o�v���Œ�� ���v���Œ���•�� ���_�u�Ì���š���• egyetemi docens, Dr. Raghawendra 
�W�Œ���š���‰���^�]�v�P�Z���^�]�•�}���]�������P�Ç���š���u�]�����}�����v�•�U���^���Z�u�����o�����v�������������o�����o���W�Z�����Z���o�o�P���š�•��� �•��
���Œ�X���d�‚�Œ�‚�l���/�u�Œ�������_�u�Ì���š���• ���P�Ç���š���u�]���š���v���Œ���Œ� �•�Ì�š���À���š�š�����µ�����‰���•�š���v�U�������c�í�ì��� �À���•������
�D���P�Ç���Œ�� �,���P���•�Ì�š� �•�]�� ���P�Ç���•�º�o���š�_ ���_�u�¾ �º�v�v���‰�]�� �Œ���v�����Ì�À� �v�Ç���v�� � �•�� ���Ì���cIpar 
�E���‰�i���]�� �^�Ì���l�l�]���o�o�_�š���•on�_�X�� ���� �•�Ì���l�l�]���o�o�_�š���•�š�� �����v���u�Ì���š�l�‚�Ì�]�� �Z���P���•�Ì�š�…�� �•�Ì���l�]�Œ���v�Ç�·��
�š�}�À�������l� �‰�Ì� �•�]���•�Ì���l���~���t���l�/�t���•���Z���o�o�P���š�•�]���]�•���u���P�š���l�]�v�š���š�š� �l�X 

�:�·�v�]�µ�•���í�õ-22. Lucas Alexander De Carvalho �W�Z���� �Z���o�o�P���š�•�U��Jemal Ebrahim Dessie PhD 
�Z���o�o�P���š�• � �•�����Œ�X���>�µ�l�����•���•�•�}�o�š egyetemi docens �Œ� �•�Ì�š���À���š�š��� �•�����o�…�������•�š���š���Œ�š�}�š�š�����Ì��
International Deep Drawing Research Group ���o�š���o�� �•�Ì���Œ�À���Ì���š�š�� �cIDDRG2023 
�l�}�v�(���Œ���v���]��n�_, Lulea-ban �~�^�À� ���}�Œ�•�Ì���P�•. 

�:�·�v�]�µ�•���î�ì�X A doktori �~�W�Z���•�� �l� �‰�Ì� �•�� �l���Œ���š� �����v���•�]�l���Œ���•���l�}�u�‰�o���Æ���À�]�Ì�•�P��t tett Sahm Alden 
�������� ���o�� ���o�� �W�Z���� �Z���o�o�P���š�•�� �~�š� �u���À���Ì���š�…�W�� ���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•�U��
�š���Œ�•-�š� �u���À���Ì���š�…�W�� ���Œ�X�� �D���]�o�]�v�P���Œ�� ���l�}�•�� ���P�Ç���š���u�]�� ���}�����v�•�•�U�� �&�º�o�‚�‰�� �&�Œ�µ�Ì�•�]�v����PhD 
�Z���o�o�P���š�•���~�š� �u���À���Ì���š�…�W�� ���Œ�X�� �D���Œ�}�•�v� �� ���Œ�X�� �����Œ�l���•�� �D���Œ�]�•�� ���P�Ç���š���u�]�� �š���v���Œ�•�� � �•��
Pusta Jalalova �W�Z���� �Z���o�o�P���š�•���~�š� �u���À���Ì���š�…�W�� ���Œ�X�� �D���Œ�}�•�v� �� ���Œ�X�� �����Œ�l���•�� �D���Œ�]�•��
���P�Ç���š���u�]���š���v���Œ�•�������^���o�Ç�]���/�•�š�À���v���'� �‰� �•�Ì���š�]���d�µ���}�u���v�Ç�}�l�����}�l�š�}�Œ�]���/�•�l�}�o�������v. 

�:�·�v�]�µ�•���î�í�X G� �‰� �•�Ì�u� �Œ�v�‚�l�]�����^�������v�Ç���P�š�����Z�v�}�o�•�P�]���]���•�‰�����]���o�]�Ì�����]�•�v � �•���P� �‰� �•�Ì�u� �Œ�v�‚�l�]���D�^����
���v�Ç���P�š�����Z�v�}�o�•�P�]���]�� � �•�� �Z���P���•�Ì�š� �•�š�����Z�v�}�o�•�P�]���]�� �•�‰�����]���o�]�Ì�����]�•�v v� �P�Ì���š�š�� �Z���o�o�P���š�•�l��
�Ì���Œ�•�À�]�Ì�•�P���i�������Ì���]�v�š� �Ì���š�]���l�‚�v�Ç�À�š���Œ�����v�X 

�:�·�v�]�µ�•���î�î�X ���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•���Z�����]�o�]�š�����]�•�•�� ���o�…�������•ai, MS Teams 
platformon. A �š�µ���}�u���v�Ç�}�•�� �l�}�o�o�}�l�À�]�µ�u �š� �u���i���W������ �v���P�Ç�•�Ì�]�o���Œ���•���P�·�� ����� �o�}�l��
�Z���P���•�Ì�š���š�š�� �l�‚�š� �•���]�v���l�� �Z�…�Z���š���•�‚�À���Ì���š� �����v�� �À� �P�����u���v�…�� �•�Ì�_�À�•�•�•���P���•�‚�l�l���v� �•��
���o���u�Ì� �•�����(�]�Ì�]�l���]���•�Ì�]�u�µ�o�����]�•�À���o / Analysis of thoughness degradation 201nt he 
heat-affected zone of welded joints of high tensile steels by physical 
simulation; a �š���v�š���Œ�P�Ç�]�� ���o�…�������• �š���u���i���W������ �Z�µ�Ì���o���o���l�š�Œ�•�����•�� �À� ���…�P���Ì�}�•��
�_�À�Z���P���•�Ì�š� �•��� �•���l�}�Œ�•�Ì���Œ�¾�����o�i���Œ���•�À���o�š�}�Ì���š���]. 

�:�·�v�]�µ�•���î�ô�X ���Ì�����P�Ç���š���u�]�����]�‰�o�}�u�����š�����•���º�v�v���‰�•� �P���š���u���P���o�…�Ì�…���v���‰�}�v�U��Dr. David Porter a 
�h�v�]�À���Œ�•�]�š�Ç�� �}�(�� �K�µ�o�µ�� �~�K�µ�o�µ�U�� �&�]�v�v�}�Œ�Ì�•���P�•�� �‰�Œ�}�(���•�•�Ì�}�Œ�� ���u���Œ�]�š�µ�•�������_�•�Ì���}�l�š�}�Œ�]��
���o�…�������•�š�� �š���Œ�š�}�š�š az egyetemi Fintelligence teremben�X�� ���o�…�������•���v���l�� ���_�u���W��
Carbon Diffusion Phenomena during the Transformation of Austenite to Lath 
Martensite. 
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�:�·�v�]�µ�•���î�õ�X ���P�Ç���š���u�]�����]�‰�o�}�u�����š�����•���º�v�v���‰�•� �P 

���Ì�� ���v�Ç���P�•�Ì���Œ�l���Ì���š�š���v�]�� � �•�� ���v�Ç���P�š�����Z�v�}�o�•�P�]���]�� �/�v�š� �Ì���š�� �i���À���•�o���š���Œ���� � �•�� ����
�'� �‰� �•�Ì�u� �Œ�v�‚�l�]�� � �•�� �/�v�(�}�Œ�u���š�]�l���]�� �<���Œ�� ���o�…�š���Œ�i���•�Ì�š� �•� �Œ��, doctor honoris causa 
(Dr. h. c.) ���_�u���š�� �À���š�š�� ���š�� ���Œ�X�� �����À�]���� �W�}�Œ�š���Œ�U�� ����University of Oulu (Oulu, 
�&�]�v�v�}�Œ�•�Ì���P�•��professzor emeritusa. 

�,�����]�o�]�š�����]�•�•���}�l�o���À���o���š���À���š�š�����š�����Œ�X���'���•�‰���Œ���D���Œ�����o�o�����P�Ç���š���u�]�����}�����v�•. 

�E���u�Ì���š�l�‚�Ì�]�� �Z���o�o�P���š�•�]�� �v���P�Ç�l�‚�À���š (International Student Ambassador �t ISA) 
kine�À���Ì� �•�š���À���š�š�����š�������i�}�Œ�����v�]���] �•�Ì���Œ�u���Ì���•�·���^���Z�u�����o�����v�������������o�����o���W�Z�����Z���o�o�P���š�•�X 

�:�·�o�]�µ�•���ò�X �/�v�š� �Ì���š�]���š���v� �À�Ì���Œ�•��� �Œ�š���l���Ì�o���š �����D�]�•�l�}�o���]�����P�Ç���š���u�]���^�‰�}�Œ�š�����v�š�Œ�µ�u�������v�X 

�:�·�o�]�µ�•���ô�X ���� �'� �‰� �•�Ì�u� �Œ�v�‚�l�]�� � �•�� �/�v�(�}�Œ�u���š�]�l���]�� �<���Œ�� ���o�š���o�� �•�Ì���Œ�À���Ì���š�š�� � �À�(�}�o�Ç���u�š���o���o�l�}�Ì�•��
�º�v�v���‰�•� �P���v�����Œ���v�Ç�}�l�o���À���o���•�� �P� �‰� �•�Ì�u� �Œ�v�‚�l�� �}�l�o���À���o���š�� �À���š�š�� ���š�� ���Œ�X�� �^�Ì� �l���o�Ç��
Ferenc ny. egyetemi adjunktus. 

�:�·�o�]�µ�•���í�ò-21. ���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•�U�� �<�}�À�����•�� �:�µ���]�š�� �W�Z���� �Z���o�o�P���š�•�U�� ���Œ�X�� �>�µ�l�����•��
�:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ � �•�� ���Œ�X�� �Z���P�Z���Á���v���Œ���� �W�Œ���š���‰�� �^�]�v�P�Z�� �^�]�•�}���]����egyetemi 
docens r� �•�Ì�š�� �À���š�š, dokumentumokat mutatott be � �•�� ���o�…�������•�}�l���š�� �š���Œ�š�}�š�š��
�^�Ì�]�v�P���‰�·�Œ�����v�U�������E���u�Ì���š�l�‚�Ì�]���,���P���•�Ì�š� �•�]���/�v�š� �Ì���š���~�/�/�t���t International Institute 
of Welding) 76�X�� ���À���•�� �<�‚�Ì�P�Ç�¾�o� �•� �v��� �•�� �E���u�Ì���š�l�‚�Ì�]�� �<�}�v�(���Œ���v���]���i���v�� �~�c76th 
Annual Assembly and International Conference�_). 

Augusztus 24-25. ���Z�u�������z���•�•���Œ�������l�Z���o�U���<�}�À�����•���:�µ���]�š��� �•���W���‰���������u���W�Z�����Z���o�o�P���š�•�l���Œ� �•�Ì�š���À���š�š���l���� 
�,���P���•�Ì�š� �•�]�� �E�Ç���Œ�]�� ���P�Ç���š���uen, �W� ���•���š�š�U�� ���u���o�Ç�Œ���� ���� �D���P�Ç���Œ�� �,���P���•�Ì�š� �•�]��
���P�Ç���•�º�o���š�U�������W� ���•�]���d�µ���}�u���v�Ç���P�Ç���š���u���D�¾�•�Ì���l�]��� �•���/�v�(�}�Œ�u���š�]�l���]���<���Œ���U���À���o���u�]�v�š��
���� �����Œ���v�Ç���� �D���P�Ç���]�� �^�Ì���l�l� �‰�Ì� �•�]�� �����v�š�Œ�µ�u�� �•�]�‰���Œ�v�}�Á�•�Ì�l�Ç���<���Œ�}�o�Ç�� �D�¾�•�Ì���l�]��
�d�����Z�v�]�l�µ�u�����P�Ç�º�š�š�u�¾�l�‚��� �•� �����v���l���Œ�º�o�š���•�}�Œ�X 

Szeptember 7. �/�v�š� �Ì���š�]���}�l�š���š�•�]-�l�µ�š���š�•�]��� �Œ�š���l���Ì�o���š. 

Szeptember 8. A �'� �‰� �•�Ì�u� �Œ�v�‚�l�]�� � �•�� �/�v�(�}�Œ�u���š�]�l���]�� �<���Œ�� �<���Œ�]�� ���Œ���u�� �l�]�š�º�v�š���š� �•� t ve�š�š���� ���š��
���•���Œ�i� �•�v� �� �^�µ�š�Ç���l�� ���P�v���•�� �v�Ç�X�� �u���•�š���Œ�}�l�š���š�•, �c�š�‚������ �u�]�v�š�� �l� �š�� � �À�š�]�Ì������n 
�l���Œ���•�Ì�š�º�o �À� �P�Ì���š�š�� �u���P���•�� �•�Ì�]�v�š�¾�� � �•�� ���o�l�‚�š���o���Ì���š�š�� �}�l�š���š���•�]�� �š���À� �l���v�Ç�•� �P����
���o�]�•�u���Œ� �•� � rt�_�X 

Szeptember 11. ���P�Ç���š���u�]��� �À�v�Ç�]�š�•���º�v�v���‰�•� �P 

Az Anyagszerkezettani � �•�� ���v�Ç���P�š�����Z�v�}�o�•�P�]���]�� �/�v�š� �Ì���š�� �i���À���•�o���š���Œ���� � �•�� ����
�'� �‰� �•�Ì�u� �Œ�v�‚�l�]�� � �•�� �/�v�(�}�Œ�u���š�]�l���]�� �<���Œ�� ���o�…�š���Œ�i���•�Ì�š� �•� �Œ���U��doctor honoris causa 
�~���Œ�X�� �Z�X�� ���X�•�� ���_�u���š�� �À���š�š�� ���š�� ���Œ�X��Gerald Wilhelm, a Munich University of Applied 
Sciences �~�D�º�v���Z���v�U���E� �u���š�}�Œ�•�Ì���P�•��professzora. 



�$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L���p�V���$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L���,�Q�W�p�]�H�W���± �e�Y�N�|�Q�\�Y 2023. ISBN 978-963-358-307-4 

203 

�/���…�‰�}�v�š ���•���u� �v�Ç 

Szeptember 15. �c���Ì�� �}�l�š���š���•�����]�P�]�š���o�]�•�����š���o���l�_�š���•���� ���� �D�]�•�l�}�o���]�� ���P�Ç���š���u���v�_ ���_�u�¾ projekt (RRF-
2.1.2-21-2022-0001) �c�&���o�•�…�}�l�š���š���•�]�� �l� �‰�Ì� �•���l�� �P�Ç���l�}�Œ�o���š�}�Œ�]���v�š���o�š�� �l� �‰�Ì� �•- � �•��
�š���Œ�š���o�}�u�(���i�o���•�Ì�š� �•���_ ���_�u�¾��alprojektje �‰�������P�•�P�]���]�� � �Œ�Ì� �l���v�Ç�_�š�…�� �š�Œ� �v�]�v�P�i� �v���l��
�l���Œ�]�����o�}�l�l�i���X���d� �u���W���c�����•-�P���v���Œ�����]�•�•���•���i���š�}�•�•���P�}�l���u���P�]�•�u���Œ� �•���U���l�}�Œ�•�Ì���Œ�¾�U�������•-
�P���v���Œ�����]�•�•���Z���o�o�P���š�•�l���]�P� �v�Ç���]�Z���Ì���]�o�o���•�Ì�l�����…���‰�������P�•�P�]���]���u�•���•�Ì���Œ���l�_. 

Szeptember 20. ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ�� �(���o�l� �Œ�š�� ���o�…�����•�l� �v�š�� �Œ� �•�Ì�š�� �À���š�š�� � �•�� ���o�…�������•�š��
tartott Budapesten, az �c�D�d�^���À���À�…�]���v���‰�_ ���_�u�¾���Œ���v�����Ì�À� �v�Ç���v. 

Szeptember 22. ���Œ�X�� �'���•�‰���Œ���D���Œ�����o�o�����P�Ç���š���u�]�� ���}�����v�•�� � �•���^���Z�u�� ���o�����v���������� ���o�� ���o�� �W�Z���� �Z���o�o�P���š�•��
�Œ� �•�Ì�š�� �À���š�š�� ����Digital Training for European Welding Inspectors (D-EWI) 
���Œ���•�u�µ�•�=�� �<���î�� �‰�Œ�}�i���l�š�� �Ì���Œ�•�� �º�o� �•� �v�U�� �'���v�}�À�������v�� �~�K�o���•�Ì�}�Œ�•�Ì���P�•�U�� ���u���o�Ç�v���l�� ���Ì��
�K�o���•�Ì���,���P���•�Ì�š� �•�]���/�v�š� �Ì���š���~�/�/�^�•��� �•�������E���u�Ì���š�l�‚�Ì�]���,���P���•�Ì�š� �•�]���/�v�š� �Ì���š���~�/�/�t�• adott 
otthont. 

Szeptember 25. �t 
�}�l�š�•�����Œ���ï�X 

�&�}���}�Œ�v� �� ���•���Œ� �‰�]�� �D���Œ�]���v�v�� �š���v���Œ�•���P� ���U�� �<�}�À�����•�� �:�µ���]�š�� �W�Z���� �Z���o�o�P���š�•�� � �•�� �W���‰��
�������u�� �W�Z���� �Z���o�o�P���š�•�� �Œ� �•�Ì�š�� �À���š�š�� ����Digital Training for European Welding 
Inspectors (D-EWI) Erasmus+ KA2 projekt ���µ�Œ�•�‰���]�� �Z���P���•�Ì�š� �•�]�� �P�Ç���Œ�š���•-
���o�o���v�…�Œ�]���š�}�À�������l� �‰�Ì� �•� �v�U���'���v�}�À�������v���~�K�o���•�Ì�}�Œ�•�Ì���P�•�X 

Szeptember 27. ���Ì�� ���v�Ç���P�•�Ì���Œ�l���Ì���š�š���v�]�� � �•�� ���v�Ç���P�š�����Z�v�}�o�•�P�]���]�� �/�v�š� �Ì���š���<�}�Œ�•�Ì���Œ�¾�� �_�À�Z���P���•�Ì�š� �•i 
�o�����}�Œ���š�•�Œ�]�µ�u���v���l ���š�������•��, amely a Munich University of Applied Sciences 
�~�D�º�v���Z���v�U�� �E� �u���š�}�Œ�•�Ì���P�•, a Fronius GmbH (Pettenbach (Ausztria) / 
�<�����•�l���u� �š�•��� �•�������&�Œ�}�Á���o�����<�(�š�X���~�'�Ç���o�•���š���u�}�P���š���•���v���l���l�‚�•�Ì�‚�v�Z���š�…���v���i�‚�š�š���o� �š�Œ��. 

�K�l�š�•�����Œ���í�X �D���P�l���Ì���…���‚�š�š�������c�&�>�h�D���E���W�Œ�}�i���l�š���t A �Z�]���Œ�}�P� �v�������l���À���Œ� �•� �š���o���Z���š�…�À� ���š���À�…��
�(���i�o���•�Ì�š� �•���l�� ���� �(�‚�o���P���Ì�•�Ì���o�o�_�š�•�� �Œ���v���•�Ì���Œ���v���t �/�/�X�� �(���Ì�]�•�_ ���_�u�¾�U�� �Z���Œ�}�u�� � �À���•��
projekt �u���P�À���o�•�•�_�š���•���U�����u���o�Çben a �c�s���Ì���š� �l���]���P�v�}�•�Ì�š�]�l���]�_���•�š�Œ�����u�����P�Ç���š���u�]��
�À���Ì���š� �•� �š�� ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ�U��a �c�'���Ì���š�����•�� ���o�o�}�u���•�_�� �•�š�Œ�����u��
�]�v�š� �Ì���š�]�� �À���Ì���š� �•� �š�� �‰�����]�P�� ���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•�� �o���š�i���� ���o�X A 
�c�'���Ì���š�����•�� ���o�o�}�u���•�_�� �•�š�Œ�����u�� ���P�Ç���š���u�]�� �À���Ì���š�…�i���� ���Œ�X�� �^�Ì�µ�v�Ç�}�P�� �/�•�š�À���v�� ���P�Ç���š���u�]��
���}�����v�•�� �~�D�¾�•�Ì���l�]�� �&�‚�o��- � �•�� �<�‚�Œ�v�Ç���Ì���š�š�µ���}�u���v�Ç�]�� �<���Œ�U�������v�Ç���•�Ì���š�� � �•�� ���v���Œ�P�]����
�/�v�š� �Ì���š). 

�K�l�š�•�����Œ���ñ�X �D���P�Ç���Œ�� �,���P���•�Ì�š� �•�š�����Z�v�]�l���]�� � �•�� ���v�Ç���P�À�]�Ì�•�P���o���š�]�� ���P�Ç���•�º�o� �• �u���P���_�Ì���•�����•�o, az 
MHtE/ANB audit programja programja szerint, ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]��
�š���v���Œ���À���Ì���š�…�����µ���]�š�}�Œ�l� �v�š�U�����Œ�X�� �'���•�‰���Œ���D���Œ�����o�o�����P�Ç���š���u�]�� ���}�����v�•��auditor�l� �v�š��
���o�À� �P���Ì�š���� ���� ���µ�����‰���•�š�]�� �D�¾�•�Ì���l�]�� � �•�� �'���Ì�����•���P�š�µ���}�u���v�Ç�]�� ���P�Ç���š���u��
International Welded Structures Designer (IWSD) �l� �‰�Ì� �•� �v���l�����µ���]�š�i��t. 

�K�l�š�•�����Œ���ñ-6. ���Œ�X�� �'���•�‰���Œ�� �D���Œ�����o�o�� ���P�Ç���š���u�]�� ���}�����v�•�� � �•�� ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ��
�(���o�l� �Œ�š�� ���o�…�����•�l�l� �v�š�� �Œ� �•�Ì�š�� �À���š�š�� � �•�� ���o�…�������•�}�l���š�� �š���Œ�š�}�š�š�� �s�]�•���P�Œ�����}�v�U�� ����
�c�,���P���•�Ì�š� �•�]���&���o���o�…�•�‚�l���y�y�/�s�X���K�Œ�•�Ì���P�}�•���d���v�����•�l�}�Ì���•���_ ���_�u�¾���Œ���v�����Ì�À� �v�Ç���v�X 
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�K�l�š�•�����Œ���ô-10. ���Œ�X�� �>�µ�l�����•�� �•�•�}�o�š��egyetemi docens �Œ� �•�Ì�š�� �À��tt  � �•�� ���o�…�������•�š�� �š���Œ�šott az 
�cOATK2023 �l�}�v�(���Œ���v���]��n�_ (XIV. Ors�Ì���P�}�•�� ���v�Ç���P�š�µ���}�u���v�Ç�]�� �<�}�v�(���Œ���v���]���•�U��
�����o���š�}�v���o�u�����]�����v�X 

�K�l�š�•�����Œ���í�ì-11. ���Œ�X�� �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ�U�� ���Œ�X��Zygmunt Mikno (�B�µ�l���•�]���Á�]���Ì���t Upper 
Silesian Institute of Technology �t The Welding Centre, Gliwice�•���u���P�Z�_�À���•���Œ����
�Œ� �•�Ì�š���À���š�š��� �•�����o�…�������•�š���š���Œ�š�}�š�š�������c�ñ�X���D�]�'���Ì�Ç�v���Œ�}���}�Á�����^���u�]�v���Œ�]�µ�u���‰�š�X���W�}�•�š�'�‰���]��
innowacje technologii zgrzewania oraz technik alternatywnych�_ / �c�ñ�š�Z��
International Seminar on Advances and Innovations in Welding Technology 
���v�������o�š���Œ�v���š�]�À�����d�����Z�v�]�‹�µ���•�_ �Œ���v�����Ì�À� �v�Ç���v�U���<���š�}�Á�]��� �����v���~�>���v�P�Ç���o�}�Œ�•�Ì���P�•. 

�K�l�š�•�����Œ���í�ï�X A �c�&�>�h�D���E���W�Œ�}�i���l�š���t �����Z�]���Œ�}�P� �v�������l���À���Œ� �•� �š���o���Z���š�…�À� ���š���À�…���(���i�o���•�Ì�š� �•���l������
�(�‚�o���P���Ì�•�Ì���o�o�_�š�•�� �Œ���v���•�Ì���Œ���v���t �/�/�X�� �(���Ì�]�•�_�� ���_�u�¾�� �‰�Œ�}�i���l�š �v�Ç�]�š�•�� �º�o� �•e a Miskolci 
Egyetemen. 

�K�l�š�•�����Œ��16. A �/�/�X�� �^�Ç�Œ�]�µ�•�� �K�Œ�•�Ì���P�}�•�� �&� �u�]�‰���Œ�]�� �^�Ì���l���u�����Œ�� �s���Œ�•���v�Ç���v a �D�������Œ���•�Ì�� �E���v���}�Œ��
�Z���P���•�Ì�š�…�� �•�Ì���l�u� �Œ�v�‚�l�� �~���t���l�/�t���•�� �Z���o�o�P���š�•�� � �•�� �^���Z�u�� ���o�����v�� �������� ���o�� ���o��PhD 
�Z���o�o�P���š�•�����o�l�}�š�š�����]�v�š� �Ì���š�]�����•apat harmadik �Z���o�Ç���Ì� �•�š��� �Œ�š�����o�U���D�������Œ���•�Ì���E���v���}�Œ��
�š���o�i���•�_�š�u� �v�Ç� �š���‰�����]�P���l�º�o�‚�v���_�i�i���o���]�•���i�µ�š���o�u���Ì�š���������Ì�•�¾�Œ�]�X 

�K�l�š�•�����Œ���î�ì�X �c���Ì�� �}�l�š���š���•�����]�P�]�š���o�]�•�����š���o���l�_�š���•���� ���� �D�]�•�l�}�o���]�� ���P�Ç���š���u���v�_ ���_�u�¾ projekt (RRF-
2.1.2-21-2022-0001) �c�&���o�•�…�}�l�š���š���•�]�� �l� �‰�Ì� �•���l�� �P�Ç���l�}�Œ�o���š�}�Œ�]���v�š���o�š�� �l� �‰�Ì� �•- � �•��
tarta�o�}�u�(���i�o���•�Ì�š� �•���_ ���_�u�¾��alprojektje �‰�������P�•�P�]���]�� � �Œ�Ì� �l���v�Ç�_�š�…�� �š�Œ� �v�]�v�P�i� �v���l��
�]�v�š� �Ì���š�]�����o�}�l�l�i���X 

�K�l�š�•�����Œ���î�ó�X �<���Œ�]���‚�•�•�Ì���}�o�P�}�Ì�•�]��� �•���‚�•�•�Ì�}�l�š���š�•�]-�l�µ�š���š�•�] � �Œ�š���l���Ì�o���šek. 

November Dr. Adam Skowronek a Silesian University of Technology (Gliwice, 
�>���v�P�Ç���o�}�Œ�•�Ì���P) �l�µ�š���š�•�i���� ����Vise�P�Œ������ �W�}�•�š�� �D���•�š���Œ�[�•�� �^���Z�}�o���Œ�•�Z�]�‰�� �Wrogramme 
�l���Œ���š� �����v�� �l� �š�� �Z���š���• �o���š�}�P���š���•�š�� �š���š�š�� ���Ì�� �/�v�š� �Ì���š�����v�� � �•�����o�…�������•t tartott az 
�]�v�š� �Ì���š�]�� �l�‚�v�Ç�À�š���Œ�����v�X�� ���Ì�� ���o�…�������•�� ���_�u���W��Heat treatment and the resulting 
mechanical properties of modern medium-Mn steels. 

November 6. Dr. �>�µ�l�����•�� �:���v�}�•�� ���P�Ç���š���u�]�� �š���v���Œ �(���o�l� �Œ�š�� ���o�…�����•�l� �v�š�� �Œ� �•�Ì�š�� �À���š�š�� � �•�� ���o�…�������•�š��
�š���Œ�š�}�š�š�� ���µ�v���·�i�À���Œ�}�•�����v�U�� ���� ���µ�v���·�i�À���Œ�}�•�]�� ���P�Ç���š���u���c�d�µ���}�u���v�Ç�}�•�� �,� �š�� �î�ì�î�ï�_ 
���_�u�¾���Œ���v�����Ì�À� �v�Ç� �v���l���‰�o���v���Œ�]�•���º�o� �•� �v�X 

November 9. �—�&�]���š���o�}�l�������š�µ���}�u���v�Ç� �Œ�š�— ���_�u�¾���š�µ���}�u���v�Ç�v���‰�]���Œ���v�����Ì�À� �v�Ç az MTA Miskolci 
�d���Œ�º�o���š�]�����]�Ì�}�š�š�•���P���~�D�����•���'� �‰� �•�Ì���š�]��� �•���/�v�(�}�Œ�u���š�]�l���]���^�Ì���l���]�Ì�}�š�š�•���P�������v�Ç���P- � �•��
�'�Ç���Œ�š���•�š�����Z�v�}�o�•�P�]���]�� �D�µ�v�l�����]�Ì�}�š�š�•���P���v���l�� �~���'�Ç�D�•�� �•�Ì���Œ�À���Ì� �•� �����v�X�� �/�v�š� �Ì���š�]��
���o�…�����•�l�W��Sahm Alden Abd Al Al, Ahmad Yasser Dakhel, Jemal Ebrahim 
Dessie, Abdulhakim Shukurea, �d���Œ���]�l�� �'�����}r (Verarbeiten Pausits Kft.) PhD 
�Z���o�o�P���š�•�l � �•���<�}�À�����•���:�µ���]�š���š�µ���}�u���v�Ç�}�•���•���P� ���u�µ�v�l���š���Œ�•�X 
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November 9-10. �^���Z�u�� ���o�����v�� �������� ���o�� ���o�U�� �������µ�o�Z���l�]�u�� �^�Z�µ�l�µ�Œ������ � �•�� �d���Œ���]�l�� �'�����}�Œ�� �~�s���Œ���Œ�����]�š���v��
�W���µ�•�]�š�•�� �<�(�š�X�•�� �W�Z���� �Z���o�o�P���š�•�l�� �Œ� �•�Ì�š�� �À���š�š���l�� � �•�� ���o�…�������•�}�l���š�� �š���Œ�š�}�š�š���l�� ����
�d���u���•�À���Œ�}�v�� �~�Z�}�u���v�]���•�� �u���P�š���Œ�š�}�š�š "Innovative Technologies for Joining 
Advanced Materials" ���o�v���À���Ì� �•�¾���d�/�D���î�ï���l�}�v�(���Œ���v���]��n. 

November 16. ���Ì�� �M���µ�����]�� ���P�Ç���š���u�� �~�����v�l�]�� ���}�v���š�� �&�…�]�•�l�}�o���•�� ���v�Ç���P�š�����Z�v�}�o�•�P�]���]�� �/�v�š� �Ì���š�]��
�d���v�•�Ì� �l�� ���o���‰�_�š���•���v���l���ò�ì�X�� � �À�(�}�Œ���µ�o�•�i��n megtartott �º�v�v���‰�•� �P���v�� �Œ� �•�Ì�š�� �Àett 
� �•�����o�…�������•�š���š���Œ�š�}�š�š�����Œ�X���>�µ�l�����•���•�•�}�o�š�U�����P�Ç���š���u�]�����}�����v�•�U���]�v�š� �Ì���š�]�P���Ì�P���š�•�X 

December 5. A �c�&�>�h�D���E���W�Œ�}�i���l�š���t �����Z�]���Œ�}�P� �v�������l���À���Œ� �•� �š���o���Z���š�…�À� ���š���À�…���(���i�o���•�Ì�š� �•���l������
�(�‚�o���P���Ì�•�Ì���o�o�_�š�•���Œ���v���•�Ì���Œ���v���t �/�/�X���(���Ì�]�•�_ ���_�u�¾���‰�Œ�}�i���l�š online �‰�o���v���Œ�]�•���º�o� �•e. 

December 12. A Digital Training for European Welding Inspectors (D-EWI) Erasmus+ KA2 
projekt �Ì���Œ�• �Œ���v�����Ì�À� �v�Çe Budapesten. 

December 20. �/�v�š� �Ì���š�]��� �À�Ì���Œ�•��� �Œ�š���l���Ì�o���š ���Ì���]�v�š� �Ì���š�]���l�‚�v�Ç�À�š���Œ�����v��� �•�����Ì�����l�ð�X��� �‰�º�o���š�����v���o� �À�…��
�]�v�š� �Ì���š�]���š���v�š���Œ�u���l�����v�X 

 

 

 
https://d -ewiproject.eu/index.html 
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Dr. �/�X�N�i�F�V���=�V�R�O�W�����H�J�\�H�W�H�P�L���G�R�F�H�Q�V�����L�Q�W�p�]�H�W�L�J�D�]�J�D�W�y 

Miskolci Egyetem 
 

�7�L�V�]�W�H�O�W�� �5�H�N�W�R�U�� �$�V�V�]�R�Q�\���� �7�L�V�]�W�H�O�W�� �'�p�N�i�Q�� �Ò�U���� �7�L�V�]�W�H�O�W�� �3�U�R�I�H�V�V�]�R�U�� �8�U�D�N���� �.�H�G�Y�H�V�� �9�H�Q�G�p�J�H�L�Q�N���� �.�H�G�Y�H�V��
�.�R�O�O�p�J�i�N�� 

a�]�� �$�Q�\�D�J�V�]�H�U�N�H�]�H�W�W�D�Q�L�� �p�V�� �$�Q�\�D�J�W�H�F�K�Q�R�O�y�J�L�D�L�� �,�Q�W�p�]�H�W�� �M�H�O�H�Q�O�H�J�L�� �Y�H�]�H�W���M�H�N�p�Q�W�� �Q�H�N�H�P�� �M�X�W�R�W�W�� �D�]�� �D��
�P�H�J�W�L�V�]�W�H�O���� �I�H�O�D�G�D�W���� �K�R�J�\�� �K�i�]�L�J�D�]�G�D�N�p�Q�W�� �N�|�V�]�|�Q�W�V�H�P�� �g�Q�|�N�H�W�� �.�R�U�V�]�H�U�&�� �t�Y�K�H�J�H�V�]�W�p�V�L�� �O�D�E�R�U�D�W�y�U�L�X�P�X�Q�N��
�i�W�D�G�y���•�Q�Q�H�S�V�p�J�p�Q�� 

�(�O�V���N�p�Q�W���H�Q�J�H�G�M�p�N���P�H�J�����K�R�J�\���P�H�J�N�|�V�]�|�Q�M�H�P�����K�R�J�\���M�H�O�H�Q�O�p�W�•�N�N�H�O���P�H�J�W�L�V�]�W�H�O�L�N���U�H�Q�G�H�]�Y�p�Q�\�•�Q�N�H�W�� 

�.�L�W�•�Q�W�H�W�H�W�W�� �W�L�V�]�W�H�O�H�W�W�H�O�� �N�|�V�]�|�Q�W�|�P�� �3�U�R�I�H�V�V�]�R�U�� �*�H�U�D�O�G�� �:�L�O�K�H�O�P�� �X�U�D�W���� �D�N�L�Q�H�N�� �M�H�O�H�Q�W���V�� �V�]�H�U�H�S�H�� �Y�D�Q��
�D�E�E�D�Q�����K�R�J�\���P�R�V�W���H�]�H�Q���D�]���•�Q�Q�H�S�L���U�H�Q�G�H�]�Y�p�Q�\�H�Q���U�p�V�]�W���Y�H�K�H�W�•�Q�N�� 

�$�]���L�W�W���•�O���N���W�|�E�E�V�p�J�p�Q�H�N���W�D�O�i�Q���Q�H�P���~�M�G�R�Q�V�i�J�����K�R�J�\���,�Q�W�p�]�H�W�•�Q�N�����7�D�Q�V�]�p�N�•�Q�N���D�]���(�J�\�H�W�H�P���0�L�V�N�R�O�F�U�D��
�p�U�N�H�]�p�V�H�� �y�W�D�� �P�&�Y�H�O�L���� �R�N�W�D�W�M�D���� �W�|�E�E�H�N�� �N�|�]�|�W�W�� �D�� �K�H�J�H�V�]�W�p�V�� �W�X�G�R�P�i�Q�\�W�H�U�•�O�H�W�p�W�� �L�V���� �6�R�N�D�Q�� �D�� �P�i�U�� �L�W�W��
�0�L�V�N�R�O�F�R�Q�� �Y�p�J�]�H�W�W�� �P�p�U�Q�|�N�|�N�� �N�|�]�•�O�� �F�V�D�W�O�D�N�R�]�Y�D�� �,�Q�W�p�]�H�W�•�Q�N�� �P�L�Q�G�H�Q�N�R�U�L�� �N�R�O�O�H�N�W�t�Y�i�M�i�K�R�]�� �K�D�]�D�L- �p�V��
�Q�H�P�]�H�W�N�|�]�L���V�]�L�Q�W�H�Q���L�V���N�L�H�P�H�O�N�H�G�����N�X�W�D�W�i�V�L���W�H�Y�p�N�H�Q�\�V�p�J�•�N�N�H�O���W�R�Y�i�E�E���I�H�M�O�H�V�]�W�H�W�W�p�N���L�Q�W�p�]�H�W�•�Q�N���K�H�J�H�V�]�W�p�V�L��
�W�H�U�•�O�H�W�p�W�����5�|�Y�L�G�H�Q�����P�D�J�D�V�D�Q���Y�D�Q���D���O�p�F���D���M�H�O�H�Q�O�H�J���H�]�H�Q���D���W�H�U�•�O�H�W�H�Q���R�N�W�D�W�y-�N�X�W�D�W�y���N�R�O�O�p�J�i�L�P���H�O���W�W�� 

�$�� �P�&�V�]�D�N�L�� �W�X�G�R�P�i�Q�\�R�N�� �I�R�O�\�D�P�D�W�R�V�� �I�H�M�O���G�p�V�H���� �Q�H�P�� �N�H�U�•�O�K�H�W�W�H�� �H�O�� �D�� �K�H�J�H�V�]�W�p�V�� �W�H�U�•�O�H�W�p�W �V�H�P���� �$�]�� �~�M��
�D�Q�\�D�J�R�N�� �p�V�� �W�H�F�K�Q�R�O�y�J�L�i�N�� �P�H�J�M�H�O�H�Q�p�V�H�� �P�D�J�i�Y�D�O�� �K�R�]�W�D���� �K�R�J�\�� �H�]�H�Q�� �~�M�� �L�V�P�H�U�H�W�H�N�N�H�O�� �I�H�M�O�H�V�]�W�H�Q�L�� �N�H�O�O�� �D�]��
�|�U�|�N�|�O�W�� �L�V�P�H�U�H�W�D�Q�\�D�J�R�W���� �$�]�� �H�O�P�p�O�\�•�O�W�� �H�O�P�p�O�H�W�L�� �W�X�G�i�V�� �P�H�O�O�H�W�W�� �D�� �W�H�U�•�O�H�W�� �P�H�J�N�|�Y�H�W�H�O�L�� �D�� �Q�D�S�U�D�N�p�V�]��
�J�\�D�N�R�U�O�D�W�L�� �L�V�P�H�U�H�W�H�N�H�W�� �L�V���� �D�P�L�� �H�O�N�p�S�]�H�O�K�H�W�H�W�O�H�Q�� �P�R�G�H�U�Q�� �O�D�E�R�U�N�|�U�Q�\�H�]�H�W�� �Q�p�O�N�•�O���� �$�� �P�L�Q�G�H�Q�N�R�U�L�� �,�Q�W�p�]�H�W�L��
�Y�H�]�H�W�p�V�� �D�� �V�D�M�i�W�� �P�R�]�J�i�V�W�H�U�p�Q�� �E�H�O�•�O�� �P�L�Q�G�L�J�� �S�U�y�E�i�O�W�D�� �D�]�R�Q�� �H�V�]�N�|�]�|�N���� �K�H�J�H�V�]�W���� �E�H�U�H�Q�G�H�]�p�V�H�N��
�P�&�K�H�O�\�F�V�D�U�Q�R�N�X�Q�N�E�D�� �W�H�O�H�S�t�W�p�V�p�W�� �H�O�p�U�Q�L���� �D�P�L�Y�H�O�� �Q�D�S�U�D�N�p�V�]�� �J�\�D�N�R�U�O�D�W�L�� �L�V�P�H�U�H�W�H�N�N�H�O�� �U�H�Q�G�H�O�N�H�]����
�P�p�U�Q�|�N�|�N���K�D�J�\�K�D�W�W�i�N���H�O���(�J�\�H�W�H�P�•�Q�N�H�W���D���Y�p�J�]�p�V�•�N���X�W�i�Q�� 

�,�Q�W�p�]�H�W�•�Q�N�E�H�Q�� ���������� �y�W�D�� �I�R�O�\�L�N�� �K�H�J�H�V�]�W���� �V�]�D�N�P�p�U�Q�|�N�L�� �N�p�S�]�p�V���� �P�H�O�\�� �L�G���Y�H�O�� �Q�H�P�]�H�W�N�|�]�L�� �K�H�J�H�V�]�W����
�V�]�D�N�P�p�U�Q�|�N�L�� �N�p�S�]�p�V�V�p�� �D�O�D�N�X�O�W���� �(�]�W�� �N�|�Y�H�W���H�Q�� �P�i�U�� �Q�H�P�� �F�V�D�N�� �D�� �P�D�J�X�Q�N�� �H�O�p�� �i�O�O�t�W�R�W�W�� �R�N�W�D�W�i�V�L�� �P�L�Q���V�p�J��
�P�L�D�W�W���� �K�D�Q�H�P�� �D�� �1�H�P�]�H�W�N�|�]�L�� �+�H�J�H�V�]�W�p�V�L�� �6�]�H�U�Y�H�]�H�W�� �H�O���t�U�i�V�D�L�Q�D�N�� �E�H�W�D�U�W�i�V�D�� �P�L�D�W�W�� �L�V�� �I�R�Q�W�R�V�V�i�� �Y�i�O�W�� �D��
�J�\�D�N�R�U�O�D�W�L���H�V�]�N�|�]�S�D�U�N���I�R�O�\�D�P�D�W�R�V���I�H�M�O�H�V�]�W�p�V�H�� 

�(�E�E�H�Q�� �P�R�V�W�� �H�J�\�� �K�D�W�D�O�P�D�V�� �H�O���U�H�O�p�S�p�V���� �K�R�J�\�� �D�� �P�•�Q�F�K�H�Q�L�� �H�J�\�H�W�H�P�H�Q�� �R�N�W�D�W�y�� �:�L�O�K�H�O�P�� �S�U�R�I�H�V�V�]�R�U��
�N�H�]�G�H�P�p�Q�\�H�]�p�V�p�U�H�� �D�]�� �(�J�\�H�W�H�P�•�Q�N�U�H�� �N�H�U�•�O�K�H�W�W�H�N�� �D�� �P�D�� �i�W�D�G�i�V�i�U�D�� �N�H�U�•�O���� �N�R�U�V�]�H�U�& �H�V�]�N�|�]�|�N���� �(�]�p�U�W��
�V�]�H�U�H�W�Q�p�P���H�]�H�Q���U�H�Q�G�H�]�Y�p�Q�\�H�Q���L�V���P�H�J�N�|�V�]�|�Q�Q�L���:�L�O�K�H�O�P���S�U�R�I�H�V�V�]�R�U���V�H�J�t�W�V�p�J�p�W�� 
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�9�p�J�•�O�����G�H���Q�H�P���X�W�R�O�V�y���V�R�U�E�D�Q�����N�|�V�]�|�Q�H�W���L�O�O�H�W�L���D�]���L�Q�W�p�]�H�W���V�]�L�Q�W�H���W�H�O�M�H�V���N�R�O�O�H�N�W�t�Y�i�M�i�W���p�V���D�]�R�N�D�W���D���N�•�O�V����
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�(�Q�J�H�G�M�p�N�� �P�H�J���� �K�R�J�\�� �Q�p�Y�� �V�]�H�U�L�Q�W�� �L�V�� �N�L�H�P�H�O�M�H�P�� �p�V�� �N�|�V�]�|�Q�H�W�H�W�� �P�R�Q�G�M�D�N�� �*�i�V�S�i�U�� �0�D�U�F�H�O�O�� �L�Q�W�p�]�H�W�L��
�Y�H�]�H�W�����W�i�U�V�D�P�Q�D�N�����D�N�L���V�R�N�V�]�R�U���D���N�R�O�O�p�J�i�L�P���K�L�W�H�W�O�H�Q�N�H�G�p�V�H���P�H�O�O�H�W�W���L�V���K�L�Wt abban, hogy 2023. szeptember 
27-�p�Q���P�H�J�Q�\�L�W�y���•�Q�Q�H�S�V�p�J�H�W���W�D�U�W�K�D�W�X�Q�N�� 

�e�V�� �Y�p�J�H�]�H�W�•�O�� �H�Q�J�H�G�M�H�Q�H�N�� �P�H�J�� �H�J�\�� �V�]�H�P�p�O�\�H�V�� �J�R�Q�G�R�O�D�W�R�W���� �9�p�O�H�P�p�Q�\�H�P�� �V�]�H�U�L�Q�W���� �D�N�L�� �P�D��
�O�D�E�R�U�P�H�J�Q�\�L�W�y�� �•�Q�Q�H�S�V�p�J�H�W�� �W�D�U�W�� �D�]�� �Q�H�P�� �D�� �P�i�E�D�Q, �K�D�Q�H�P�� �D�� �M�|�Y���E�H�Q�� �J�R�Q�G�R�O�N�R�G�L�N���� �.�H�G�Y�H�V�� �I�L�D�W�D�O��
�N�R�O�O�p�J�i�L�P�� �P�D�� �L�V�P�p�W�� �P�D�J�D�V�D�E�E�� �O�H�W�W�� �D�� �O�p�F���� �5�H�P�p�O�H�P�� �H�]�]�H�O�� �D�� �P�D�� �i�W�D�G�R�W�W�� �N�R�U�V�]�H�U�&�� �O�D�E�R�U�N�|�U�Q�\�H�]�H�W�W�H�O��
�W�i�P�R�J�D�W�Y�D�����N�|�Q�Q�\�H�E�E���O�H�V�]���H�P�H�O�Q�L���U�D�Mta. 

�.�|�V�]�|�Q�|�P�����K�R�J�\���P�H�J�K�D�O�O�J�D�W�W�D�N�� 
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�3�U�R�I�����'�U�����6�L�P�p�Q�I�D�O�Y�L���=�R�O�W�i�Q�����*�p�S�p�V�]�P�p�U�Q�|�N�L���p�V���,�Q�I�R�U�P�D�W�L�N�D�L���.�D�U���G�p�N�i�Q�M�D (balra)�����'�U�����/�X�N�i�Fs Zsolt, az 
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(takarva)�����'�U�����*�i�W�L���-�y�]�V�H�I�����D���0�D�J�\�D�U���+�H�J�H�V�]�W�p�V�L���(�J�\�H�V�•�O�H�W�����0�$�+�(�*�����H�O�Q�|�N�H (jobbra). 
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GREETING  

 
Prof. Dr. Gerald Wilhelm  

University of Applied Sciences of Munich 
 

Your Excellencies, distinguished faculty members, esteemed guests, Ladies and Gentlemen, dear 
students, 

I want to welcome you to celebrate the opening of the Lab of Advanced Construction metals and 
Arc processes. 

It is a joint lab of the University of Miskolc and the University of Applied Sciences of Munich. It is 
coordinated by a Hungarian-German team and it is supposed to be operated by a binational team of 
Bachelor-, Master-, and PhD students. 

First I would like to express my gratitude to the staff of the University of Miskolc who was 
involved in building up the lab in particular Dr. habil. Marcell Gaspar, Mr. Sahm Alden and Dr. Akos 
Meilinger as well as to the companies that support this lab. In this context I say a special thank you to 
Froweld Kft, Fronius, OTC Daihen Europe GmbH, Kemper GmbH, Abicor Binzel GmbH, Nippon 
Gases Germany GmbH, and Messer Gas Hungary Kft. 

We are looking forward to implementing R&D activities including PhD thesis on a high scientific 
level as well as industrial driven projects. Furthermore we intend to develop advanced teaching 
methods by using digital training tools. As engineering science is related to practical applications it is 
necessary to be embedded in an industrial environment to understand upcoming technical challenges 
and customer needs. Especially with respect to the fact the weldability of a product depends on 
multiple parameters such as metallurgical aspects, the construction, the welding process, the level of 
automation, etc., the combination of theoretical knowledge and practical experience increases the 
capability to efficiently develop new technical solutions and applications. 

Universities benefit from the practical experiences of the industry and vice versa our industrial 
partners benefit from our ability to deal with complex technological tasks. It is a win-win situation. 
Beside that this lab is supposed to function as a basis for a transboundary collaboration of young 
people on a European level. 

Today we would like to show you the results of our first efforts. We are looking forward to 
presenting you the opportunities the lab offers. In addition we want to point out potential areas of 
cooperation to realize technological solutions that meet customer needs. 

Furthermore we invite you to participate in some lectures and fruitful discussions. 

Thank you for taking your time and have a nice and interesting day. 
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Sciences of Munich; �.�R�Y�i�F�V �-�y�]�V�H�I�����F�p�J�Y�H�]�H�W�������)�U�R�Z�H�O�G���.�I�W�� 
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