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Kivonat : �$�� �N�D�U�V�]�W�R�V�� �W�H�U�•�O�H�W�H�N�H�Q�� �D�� �J�H�R�O�y�J�L�D�L szerkezet �p�V�� �D�� �K�L�G�U�R�O�y�J�L�D�L�� �I�R�O�\�D�P�D�W�R�N�� �N�|�]�|�W�W�L��
�N�|�O�F�V�|�Q�K�D�W�i�V�R�N���P�H�J�L�V�P�H�U�p�V�H���G�|�Q�W�����I�R�Q�W�R�V�V�i�J�~���D���K�L�G�U�R�J�H�R�O�y�J�L�D���V�]�H�P�S�R�Q�W�M�i�E�y�O�����$���G�R�O�L�Q�i�N�Q�D�N��
�L�V���Q�H�Y�H�]�H�W�W���Y�t�]�Q�\�H�O���N���R�O�\�D�Q���I�H�O�V�]�t�Q�L���P�p�O�\�H�G�p�V�H�N�����D�P�H�O�\�H�N���D�]���R�O�G�K�D�W�y���N���]�H�W�H�N�����S�p�O�G�i�X�O���P�p�V�]�N������
dolomit vagy gipsz ki�R�O�G�y�G�i�V�i�Y�D�O���N�H�O�H�W�N�H�]�W�H�N�����(�]�H�N���D���I�H�O�V�]�t�Q�L���Yizek �V�]�i�P�i�U�D���E�H�O�p�S�p�V�L���S�R�Q�W�N�p�Q�W��
�V�]�R�O�J�i�O�Q�D�N�� �D�� �I�H�O�V�]�t�Q�� �D�O�D�W�W�L �W�i�U�R�]�y�N�E�D���� �M�H�O�H�Q�W���V�H�Q�� �E�H�I�R�O�\�i�V�R�O�Y�D�� �D�� �K�H�O�\�L�� �K�L�G�U�R�J�H�R�O�y�J�L�D�L��
�U�H�Q�G�V�]�H�U�H�N�H�W�����$���Y�t�]�Q�\�H�O���N���E�H�W�H�N�L�Q�W�p�V�W���Q�\�~�M�W�D�Q�D�N���D���I�H�O�V�]�t�Q���D�O�D�W�W�L���K�L�G�U�R�J�H�R�O�y�J�L�D�L���I�R�O�\�D�P�D�W�R�N�E�D����
Ez a �W�D�Q�X�O�P�i�Q�\ �D���Y�t�]�Q�\�H�O���N���p�V���N�|�U�Q�\�H�]�H�W�•�N���~�M���J�H�R�O�y�J�L�D�L���W�p�U�N�p�S�H�]�p�V�L���W�H�F�K�Q�L�N�i�M�i�W���P�X�W�D�Wja be, a 
multi�H�O�H�N�W�U�y�G�i�V�� �J�H�R�H�O�H�N�W�U�R�P�R�V�� �P�y�G�V�]�H�U�W�� �D�O�N�D�O�P�D�]va���� �$�� �K�D�J�\�R�P�i�Q�\�R�V�� �O�L�Q�H�i�U�L�V��
�H�O�H�N�W�U�y�G�D�H�O�U�H�Q�G�H�]�p�V�H�N�� �I�L�J�\�H�O�P�H�Q�� �N�t�Y�•�O�� �K�D�J�\�K�D�W�M�i�N�� �D�� �N�D�U�V�]�W�R�V�� �W�H�U�•�O�H�W�H�N�� �|�V�V�]�H�W�H�W�W�� �W�p�U�E�H�O�L��
�Y�i�O�W�R�]�p�N�R�Q�\�V�i�J�i�W���� �(�Q�Q�H�N�� �P�H�J�R�O�G�i�V�i�U�D�� �D�� �Y�t�]�Q�\�H�O���� �N�|�U�•�O�� �N�|�U�� �D�O�D�N�~�� �H�O�H�N�W�U�y�G�D�� �H�O�U�H�Q�G�H�]�p�V�W��
�D�O�N�D�O�P�D�]�W�X�Q�N���� �D�P�H�O�\�� �i�W�I�R�J�y�� �W�p�U�E�H�O�L�� �O�H�I�H�G�H�W�W�V�p�J�H�W�� �E�L�]�W�R�V�t�W�� �W�R�Y�i�E�E�i �~�M�� �N�Y�i�]�L-�Q�X�O�O�� �H�O�U�H�Q�G�H�]�p�V�H�N 
�D�O�N�D�O�P�D�]�K�D�W�y�V�i�J�i�W���L�V���Y�L�]�V�J�i�O�W�X�N�����$���N�•�O�|�Q�E�|�]�����H�O�H�N�W�U�y�G�H�O�U�H�Q�G�H�]�p�V�H�N��- �K�D�J�\�R�P�i�Q�\�R�V���p�V���N�Y�i�]�L-
null - �|�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�i�Y�D�O�� �D�� �I�H�O�V�]�t�Q�� �D�O�D�W�W�L�� �i�U�D�P�O�i�V�L�� �~�W�Y�R�Q�D�O�D�N���� �W�|�U�p�V�H�N�� �p�V�� �R�O�G�y�G�i�V�L�� �F�V�D�W�R�U�Q�i�N��
�N�L�P�X�W�D�W�i�V�i�Q�D�N�� �R�S�W�L�P�D�O�L�]�i�O�i�V�D�� �D�� �F�p�O�X�Q�N���� �$�]�� �L�Q�Q�R�Y�D�W�t�Y�� �J�H�R�H�O�H�N�W�U�R�P�R�V�� �W�H�F�K�Q�L�N�i�N�� �p�V�� �D��
�K�L�G�U�R�J�H�R�O�y�J�L�D�L�� �H�O�Y�H�N�� �L�Q�W�H�J�U�i�O�i�V�i�Y�D�O�� �H�]�� �D�� �F�L�N�N�� �W�|�E�E�� �R�O�G�D�O�~�� �P�H�J�N�|�]�H�O�t�W�p�V�W�� �Q�\�~�M�W�� �D�� �N�D�U�V�]�W�R�V��
�W�H�U�•�O�H�W�H�N �D�O�D�W�W�L���J�H�R�O�y�J�L�D���I�H�O�W�i�U�i�V�i�K�R�]�����V�H�J�t�W�Y�H���D���Y�t�]�Q�\�H�O���N���p�V���V�]�H�U�H�S�•�N���P�p�O�\�H�E�E���P�H�J�p�U�W�p�V�p�W�� 
 
 
1. BEVEZETÉS 

A �Y�t�]�Q�\�H�O���N �p�V�� �G�R�O�L�Q�i�N�� �I�H�O�V�]�t�Q�� �D�O�D�W�W�L �R�O�G�y�G�i�V�L�� �I�R�O�\�D�P�D�W�R�N�E�y�O �H�U�H�G���� �N�D�U�V�]�W�M�H�O�H�Q�V�p�J�H�N���� �$��
�Y�t�]�Q�\�H�O���� �N�|�]�H�O �N�|�U�� �D�O�D�N�~�� �Y�D�J�\�� �R�Y�i�O�L�V���� �D�N�i�U �W�|�E�E�� �W�t�]�� �P�p�W�H�U�� �i�W�P�p�U���M�&�� �p�V�� �Y�i�O�W�R�]�y�� �P�p�O�\�V�p�J�&��
�P�p�O�\�H�G�p�V���� �D�P�H�O�\�� �D�]�� �D�O�D�W�W�D�� �K�~�]�y�G�y barlangrendszerek���� �•�U�H�J�H�N�� �M�H�O�H�Q�O�p�W�p�U�H utal���� �$�� �G�R�O�L�Q�i�N��a 
�Q�D�J�\�R�E�E���� �P�p�O�\�H�E�E�� �N�D�U�V�]�W�M�H�O�H�Q�V�p�J�H�N���� �D�P�H�O�\�H�N�� �D�� �I�|�O�G�D�O�D�W�W�L�� �Y�t�]�U�H�Q�G�V�]�H�U�H�N�� �p�V�� �D�� �N�|�U�Q�\�H�]���� �N���]�H�W��
�N�|�]�|�W�W�L�� �K�R�V�V�]�~�� �W�i�Y�~�� �N�|�O�F�V�|�Q�K�D�W�i�V�R�N�E�y�O�� �N�H�O�H�W�N�H�]�Q�H�N���� �D�P�H�O�\�� �K�D�W�i�V�R�N ki�R�O�G�y�G�i�V�K�R�]���� �Y�p�J�•�O 
�|�V�V�]�H�R�P�O�i�V�K�R�]�� �Y�H�]�H�W�Q�H�N���� �$�� �Q�\�t�O�W�� �N�D�U�V�]�W�W�H�U�•�O�H�W�H�Nen szemmel �O�i�W�K�D�W�y�� �N�D�U�V�]�W�I�R�O�\�D�P�D�W�Rk 
�I�L�J�\�H�O�K�H�W���N���P�H�J�����P�t�J���D���I�H�G�H�W�W���N�D�U�V�]�W�W�H�U�•�O�H�W�H�N�H�Q���D���I�H�O�V�]�t�Q�H�Q���P�L�Q�L�P�i�O�L�V���Y�i�O�W�R�]�i�V�W �P�X�W�D�W�y���I�|�O�G�D�O�D�W�W�L��
folyamatok zajlanak. A �P�X�O�W�L�H�O�H�N�W�U�y�G�i�V geoelektromos �V�]�H�O�Y�p�Q�\�H�]�p�V�L �P�y�G�V�]�H�U�W�� ��Electric 
Resisitivity Tomography - �(�5�7���� �V�]�p�O�H�V�� �N�|�U�E�H�Q�� �D�O�N�D�O�P�D�]�]�i�N���� �P�L�Y�H�O�� �V�]�i�P�R�V�� �W�H�U�•�O�H�W�H�Q��
�D�O�N�D�O�P�D�]�K�D�W�y���>��-���@�����.�H�]�G�H�W�E�H�Q���V�]�H�U�N�H�]�H�W�L���p�V���p�U�F�N�X�W�D�W�i�V�U�D���K�D�V�]�Q�i�O�W�i�N���� �P�D�� �P�i�U���K�L�G�U�R�J�H�R�O�y�J�L�D�L����
�N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L �>���@�����P�p�U�Q�|�N�L�����E�L�]�W�R�Q�V�i�J�L �>���@�����U�p�J�p�V�]�H�W�L���p�V���H�J�\�p�E���N�p�U�G�psekkel is foglalkozik, 
�D�P�H�O�\�H�N�U�H�� �D�]�� �L�S�D�U�Q�D�N�� �V�]�•�N�V�p�J�H�� �Y�D�Q���� �$�]�� �(�5�7�� �V�H�N�p�O�\�� �P�p�O�\�V�p�J�E�H�Q�� �P�&�N�|�G�L�N �M�y�O���� �t�J�\�� �V�]�i�P�R�V��
�I�H�O�V�]�t�Q�N�|�]�H�O�L���N�X�W�D�W�i�V�L���I�H�O�D�G�D�W�U�D �D�O�N�D�O�P�D�V�����.�p�W���H�O�H�N�W�U�y�G�i�Q���N�H�U�H�V�]�W�•�O���i�U�D�P�R�W���Y�H�]�H�W�•�Q�N �D���W�D�O�D�M�E�D�����p�V��
�N�p�W�� �P�i�V�L�N�� �H�O�H�N�W�U�y�G�D�� �N�|�]�|�W�W a �S�R�W�H�Q�F�L�i�O�N�•�O�|�Q�E�V�p�J�H�W �P�p�U�M�•�N. A �Q�p�J�\�� �H�O�H�N�W�U�y�G�i�V�� �U�H�Q�G�V�]�H�U�H�N az 
elterjedtek���� �G�H�� �H�Q�Q�p�O�� �E�R�Q�\�R�O�X�O�W�D�E�E�� �H�O�U�H�Q�G�H�]�p�V�H�N�� �L�V�� �O�H�K�H�W�V�p�J�H�V�H�N���� �$�� �S�R�W�H�Q�F�L�i�O�N�•�O�|�Q�E�V�p�J�� �D��
�O�i�W�V�]�y�O�D�J�R�V�� �I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�� ���!a���� �N�L�V�]�i�P�t�W�i�V�i�U�D�� �K�D�V�]�Q�i�Oatos, amely a �P�p�U�W�� �S�R�Q�W�R�W�� �N�|�U�Q�\�H�]����
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�.�i�U�S�L���0�����(�W�����D�O 

�N���]�H�W�� �i�W�O�D�J�R�V�� �M�H�O�O�H�P�]���M�H����ezt �D�� �Y�t�]�W�D�U�W�D�O�R�P is �E�H�I�R�O�\�i�V�R�Oja���� �0�L�Q�G�H�Q�� �(�5�7�� �H�O�U�H�Q�G�H�]�p�V�Q�H�N��
�P�H�J�Y�D�Q�Q�D�N�� �D�]�� �H�O���Q�\�H�L�� �p�V�� �K�i�W�U�i�Q�\�D�L���� �p�V�� �D�]�� �R�S�W�L�P�i�O�L�V�� �N�R�Q�I�L�J�X�U�i�F�L�y�� �P�H�J�W�D�O�i�O�i�V�D�� �D�O�D�S�Y�H�W����
�I�R�Q�W�R�V�V�i�J�~�� 

�$�]�� �L�S�D�U�E�D�Q�� �Q�p�K�D�� �L�Q�W�H�J�U�i�O�W�� �P�p�U�p�V�L�� �P�y�G�V�]�H�U�H�N�H�W�� �>���@�� �D�O�N�D�O�P�D�]�Q�D�N���� �D�P�H�O�\�� �V�]�L�Q�W�p�Q�� �Q�D�J�\�R�Q��
�K�D�W�p�N�R�Q�\���� �G�H�� �N�|�O�W�V�p�J�H�V�� �P�y�G�V�]�H�U�� �$�� �Q�X�O�O�� �H�O�U�H�Q�G�H�]�p�V�H�N�N�H�O �K�R�P�R�J�p�Q�� �I�p�O�W�p�U�� �I�H�O�H�W�W nulla 
�S�R�W�H�Q�F�L�i�O�N�•�O�|�Q�E�V�p�J�� �P�p�U�K�H�W������ �p�V�� �Y�p�J�W�H�O�H�Q�� �J�H�R�P�H�W�U�L�D�L�� �W�p�Q�\�H�]���M�•�N�� �P�L�D�W�W�� �O�H�K�H�W�H�W�O�H�Q�Q�p�� �W�H�V�]�L�N�� �D��
�O�i�W�V�]�y�O�D�J�R�V�� �I�D�M�O�D�J�R�V�� �H�O�O�H�Q�i�O�O�i�V�� �V�]�i�P�t�W�i�V�i�W�� �>���@���� �$�� �O�H�J�~�M�D�E�E�� �N�X�W�D�W�i�Vaink a Szalai (2020) �i�O�W�D�O��
fejlesztett �N�Y�i�]�L-null �H�O�U�H�Q�G�H�]�p�V�H�N�U�H �|�V�V�]�S�R�Q�W�R�V�t�W�D�Q�D�N���� �D�P�H�O�\�H�Nkel nagyon kicsi, �N�|�]�H�O�� �Q�X�O�O�D��
jelek �P�p�U�K�H�W���N�����O�H�K�H�W���Y�p���W�p�Y�H���D���I�D�M�O�D�J�R�V���H�O�O�H�Q�i�O�O�i�V���V�]�i�P�t�W�i�V�R�N�D�W�����$���P�R�G�H�U�Q���P�p�U�p�V�H�N���V�]�i�P�t�W�y�J�p�S��
�i�O�W�D�O�� �Y�H�]�p�U�H�O�W���� �W�|�E�E�� �H�O�H�N�W�U�y�G�i�W�� �W�D�U�W�D�O�P�D�]�y�� �U�H�Q�G�V�]�H�U�H�N�H�W�� �K�D�V�]�Q�i�O�Q�D�N���� �D�P�H�O�\�H�N��szisztematikusan 
�Y�i�O�W�R�J�D�W�M�i�N�� �D�]�� �H�O�H�N�W�U�y�G�i�N�� �V�]�H�U�H�S�p�W���� �*�\�D�N�R�U�L�D�N�� �D�� �N�p�W�G�L�P�H�Q�]�L�y�V�� �����'���� �V�]�H�O�Y�p�Q�\�H�N���� �I�H�O�W�p�W�H�O�H�]�Y�H����
�K�R�J�\���D���V�]�H�O�Y�p�Q�\�U�H���P�H�U���O�H�J�H�V�H�Q���Q�H�P���Y�i�O�W�R�]�L�N���D fajlagos �H�O�O�H�Q�i�O�O�i�V ���Q�L�Q�F�V���R�O�G�D�O�K�D�W�i�V��. Az ilyen 
�V�]�H�O�Y�p�Q�\�H�N�E���O�� �V�]�i�U�P�D�]�y�� �D�G�D�W�R�N�D�W�� �L�Q�Y�H�U�]�L�y�Q�D�N�� �Y�H�W�M�•�N �D�O�i���� �K�R�J�\�� �Y�D�O�y�G�L�� �I�D�M�O�D�J�R�V��
�H�O�O�H�Q�i�O�O�i�V�S�U�R�I�L�O�R�N�D�W�� �K�R�]�]unk �O�p�W�U�H���� �(bben a �W�D�Q�X�O�P�i�Q�\ban �D�� �:���T�Q�X�O�O�� �N�Y�i�]�L-null �H�O�U�H�Q�G�H�]�p�V�W 
�Y�L�]�V�J�i�O�Muk���� �p�V�� �|�V�V�]�H�K�D�V�R�Q�O�t�W�Muk �D�� �K�D�J�\�R�P�i�Q�\�R�V�� �'�3�'�3�� �H�O�U�H�Q�G�H�]�p�V�V�H�O���� �(�]�Hn �H�O�U�H�Q�G�H�]�p�V�H�N��
�D�O�N�D�O�P�D�]�i�V�i�Y�D�O�� �N�L�N�•�V�]�|�E�|�O�K�H�W���N a null�H�O�U�H�Q�G�H�]�p�V�H�N �S�U�R�E�O�p�P�ii���� �p�V�� �~�M�� �W�i�Y�O�D�W�R�N�� �Q�\�t�O�Q�D�N��a 
geoelektromos �P�y�G�V�]�H�U���H�U�H�G�P�p�Q�\�H�L�Q�H�N���p�U�W�H�O�P�H�]�p�V�p�E�H�Q���p�V���K�D�V�]�Q�i�O�D�W�i�E�D�Q.  

2. KUTATÁSI HELYSZÍN 

�$���Y�L�]�V�J�i�O�W���Y�t�]�Q�\�H�O�����D���%�•�N�N-�K�H�J�\�V�p�J���&�V�y�N�i�V���7�H�W�����W�H�U�•�O�H�W�p�Q���W�D�O�i�O�K�D�W�y�����7�|�E�E���Y�t�]�Q�\�H�O�����W�D�O�i�O�K�D�W�y��
�H�J�\�P�i�V�W�y�O�� �Q�p�K�i�Q�\�� �V�]�i�]�� �P�p�W�H�U�U�H�� �������� �i�E�U�D������ �$ geoelektromos �P�p�U�p�V�H�N�� �F�p�O�M�D�� �D�]�� �H�]�H�N�H�W�� �D��
�Y�t�]�Q�\�H�O���N�H�W�� �|�V�V�]�H�N�|�W���� �W�|�U�p�V�Y�R�Q�D�O�� �I�H�O�G�H�U�t�W�p�V�H���� �$�� �P�p�U�p�V�L�� �K�H�O�\�V�]�t�Q�� �N�R�R�U�G�L�Q�i�W�i�L�� �D�� �N�|�Y�H�W�N�H�]���N����
x=764862,135955; y=311145,138105. 

 

 
1�����i�E�U�D 

�$���P�p�U�p�V�L���W�H�U�•�O�H�W �W�p�U�N�p�S�H���D���V�]�H�O�Y�p�Q�\�H�N�N�H�O�����&�V�y�N�i�V-�W�H�W�������%�•�N�N���K�H�J�\�V�p�J 
 
3. SZELVÉNYEK GEOMETRIÁJA 

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

��



�Ò�M���J�H�R�H�O�H�N�W�U�R�P�R�V �W�H�F�K�Q�L�N�D���Y�t�]�Q�\�H�O���N���V�]�H�U�N�H�]�H�W�p�Q�H�N���N�X�W�D�W�i�V�i�U�D�����N�|�U���J�H�R�P�H�W�U�L�i�M�~���W�H�V�]�W�P�p�U�p�V�H�N 

 
2�����i�E�U�D 

�$���K�i�U�R�P��geoelektromos �V�]�H�O�Y�p�Q�\���S�D�U�D�P�p�W�H�U�H�L 
 

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

 
3�����i�E�U�D 

�$���K�i�U�R�P���V�]�H�O�Y�p�Q�\���p�V���D�]���i�W�I�H�G�p�V�H�N 
 
3.1 ERT �V�]�H�O�Y�p�Q�\�H�N 

A �P�p�U�p�V�L���V�]�H�O�Y�p�Q�\�H�N���p�U�W�H�O�P�H�]�p�V�p�K�H�]���Q�p�K�i�Q�\���D�O�D�S�Y�H�W�����L�Q�I�R�U�P�i�F�L�y�W���W�L�V�]�W�i�]�Q�L���N�H�O�O�����$���N�X�W�D�W�i�V��
�U�p�V�]�H�� �D�� �N�Y�i�]�L-null �H�O�U�H�Q�G�H�]�p�V�E�H�Q �P�p�U�W�� �H�U�H�G�P�p�Q�\�H�N�� �J�U�D�I�L�N�X�V�� �i�E�U�i�]�R�O�i�V�D�� �L�V���� �D�P�L�� �S�U�R�J�U�D�P�R�]�i�V�W��
�L�J�p�Q�\�H�O���� �g�V�V�]�H�K�D�V�R�Q�O�t�W�i�V�N�p�S�S�H�Q�� �E�H�P�X�W�D�W�X�Q�N�� �H�J�\�� �K�D�J�\�R�P�i�Q�\�R�V�� �H�O�U�H�Q�G�H�]�p�V�E�H�Q �P�p�U�W���� �p�V��az 
iparban elterjedt RES2DINV szoftver�E�H�Q���L�Q�Y�H�U�W�i�O�W���H�U�H�G�P�p�Q�\�W�����N�p�V���E�E���S�H�G�L�J���D���5�(�6���'�+�8-ban 
�L�Q�Y�H�U�W�i�O�W�� �N�Y�i�]�L-�Q�X�O�O�� �H�U�H�G�P�p�Q�\�H�N�H�W���� �$�� �5�(�6���'�,�1�9�� �V�]�R�I�W�Y�H�U�� �N�L�P�H�Q�H�W�L�� �I�i�M�O�M�D�L�E�y�O�� �V�L�N�H�U�•�O�W��
�S�R�O�i�U�G�L�D�J�U�D�P�R�N�D�W���N�p�V�]�t�W�H�Q�•�Q�N�����H�]�H�N���N�|�]�•�O���D�]���H�J�\�L�N�H�W���D���K�D�J�\�R�P�i�Q�\�R�V���H�O�H�N�W�U�y�G�D�H�O�U�H�Q�G�H�]�p�V�E�H�Q��

��



�.�i�U�S�L���0�����(�W�����D�O 

�P�p�U�W�� �H�U�H�G�P�p�Q�\�H�N�N�H�O�� �P�X�W�D�W�M�X�N�� �E�H���� �0�H�J�H�P�O�t�W�H�Q�G���� �D�� �5�(�6���'�,�1�9�� �J�U�D�I�L�N�D�L�� �S�U�R�E�O�p�P�i�L�� �P�L�D�W�W�� �D��
�W�R�S�R�J�U�i�I�L�i�W�� �Q�H�P�� �D�G�W�X�N�� �K�R�]�]�i���� �$�� �N�Y�i�]�L-null �H�O�U�H�Q�G�H�]�p�V�H�N �N�p�S�H�L�� ���S�L�[�H�O�H�V�Q�H�N���� �Y�D�J�\�� �D�O�D�F�V�R�Q�\��
�I�H�O�E�R�Q�W�i�V�~�Q�D�N�� �W�&�Q�K�H�W�Q�H�N���� �G�H�� �H�]�� �D�]�� �i�E�U�i�]�R�O�i�V�� �Y�D�O�y�M�i�E�D�Q�� �M�R�E�E�D�Q�� �V�]�H�P�O�p�O�W�H�W�L�� �D�� �P�y�G�V�]�H�U��
�I�H�O�E�R�Q�W�y�N�p�S�H�V�V�p�J�p�W���D�]���L�S�D�U�L���V�]�R�I�W�Y�H�U�K�H�]���N�p�S�H�V�W�����D�P�H�O�\���D�]���i�E�U�i�]�R�O�i�V�D�L�E�D�Q���V�L�P�t�W�i�V�W���D�O�N�D�O�P�D�]�����Ë�J�\����
�E�i�U�� �H�]�H�N�� �D�� �N�p�S�H�N�� �Y�L�]�X�i�O�L�V�D�Q�� �W�D�O�i�Q�� �Q�H�P�� �R�O�\�D�Q �O�i�W�Y�i�Q�\�R�V�D�N, mint a RES2DINV-�p���� �G�H�� �D��
geofizikusok �V�]�i�P�i�U�D���X�J�\�D�Q�R�O�\�D�Q���M�y�O�����Y�D�J�\���D�N�i�U���N�|�Q�Q�\�H�E�E�H�Q �L�V���p�U�W�H�O�P�H�]�K�H�W���H�N�� 

3.2 L1 �O�L�Q�H�i�U�L�V �V�]�H�O�Y�p�Q�\ 

�$���������i�E�U�i�Q���O�i�W�K�D�W�M�X�N���D���'�3-DP �H�O�U�H�Q�G�H�]�p�V�E�H�Q �P�p�U�W���H�U�H�G�P�p�Q�\�H�N�H�W�����)�R�Q�W�R�V���P�H�J�M�H�J�\�H�]�Q�L�����K�R�J�\��
a DP-�'�3���H�O�U�H�Q�G�H�]�p�V���K�R�U�L�]�R�Q�W�i�O�L�V �p�U�]�p�N�H�Q�\�V�p�J�H���D�]���H�J�\�L�N���O�H�J�M�R�E�E���D���K�D�J�\�R�P�i�Q�\�R�V���H�O�U�H�Q�G�H�]�p�V�H�N��
�N�|�]�|�W�W���� �$�� �N�p�S�H�Q�� �N�p�W�� �Q�D�J�\�� �H�O�O�H�Q�i�O�O�i�V�~�� �E�O�R�N�N�� �O�i�W�K�D�W�y�� ������ �p�V�� ���� �M�H�O�|�O�p�V�V�H�O������ �D�]�� �H�J�\�L�N�� �D�� �V�]�D�N�D�V�]��
�N�|�]�H�S�p�Q���� �D�� �P�i�V�L�N�� �D�� �V�]�D�N�D�V�]�� �Y�p�J�p�Q���� �$�]�� �������� �N�|�]�p�S�H�Q�� �O�p�Y���� �O�H�N�H�U�H�N�t�W�H�W�W�� �D�O�D�N�M�D�� �D�� �V�]�p�O�H�L�Q�� �O�p�Y����
�N���]�H�W�K�D�W�i�U�R�N�Q�D�N���W�X�G�K�D�W�y���E�H�����P�L�Y�H�O���D fajlagos �H�O�O�H�Q�i�O�O�i�V�E�D�Q���M�H�O�H�Q�W���V���N�•�O�|�Q�E�V�p�J���Y�D�Q�����$���������V�]�i�P�~��
�D�Q�R�P�i�O�L�D���•�U�H�J�U�H���Y�D�J�\���W�|�U�H�G�H�]�H�W�W���P�p�V�]�N���U�H���X�W�D�O�K�D�W�����$���N�p�W��blokk �N�|�]�|�W�W���E�D�U�Q�D���V�]�t�Q�E�H�Q���P�H�J�M�H�O�H�Q����
�N�L�V���D�Q�R�P�i�O�L�D (3) �H�O�W�p�U�����P�L�Q���V�p�J�&���P�p�V�]�N�����Y�D�J�\���•�U�H�J���O�H�K�H�W�����$�P�L�Q�W���O�i�W�K�D�W�y�����H�]���D���N�p�S���F�V�D�N���D���K�i�U�R�P��
�H�P�O�t�W�H�W�W�� �D�Q�R�P�i�O�L�i�U�y�O�� �W�D�U�W�D�O�P�D�]�� �p�U�W�H�O�P�H�]�K�H�W���� �L�Q�I�R�U�P�i�F�L�y�W���� �G�H�� �D�� �Y�t�]�Q�\�H�O���� �D�O�D�N�M�i�U�D�� �Y�D�J�\�� �D��
�U�H�S�H�G�p�V�Y�R�Q�D�O�D�N�U�D�� �Y�D�O�y�� �N�|�Y�H�W�N�H�]�W�H�W�p�V�U�H�� �Q�H�P�� �D�G�� �O�H�K�H�W���V�p�J�H�W���� �0�H�J�i�O�O�D�S�t�W�K�D�W�M�X�N���� �K�R�J�\�� �D��
�K�D�J�\�R�P�i�Q�\�R�V���P�y�G�V�]�H�U���H�E�E�H�Q���D���K�H�O�\�]�H�W�E�H�Q���U�p�V�]�E�H�Q sikertelen, mint technika. 

 

 
4�����i�E�U�D 

�$�]���/�����V�]�H�O�Y�p�Q�\���'�3�'�3���N�p�S�H (RES2DINV) 
 

�$�� �N�Y�i�]�L-�Q�X�O�O�� �P�p�U�p�V�H�N�� �L�Q�Y�H�U�W�i�O�i�V�i�U�D�� �D�� �3�U�i�F�V�H�U �(�U�Q���� �p�V�� �6�]�D�O�D�L�� �6�i�Q�G�R�U�� �i�O�W�D�O�� �N�L�I�H�M�O�H�V�]�W�H�W�W��
RES2DHU program [5] �i�O�O�W�� �U�H�Q�G�H�O�N�H�]�p�V�•�Q�N�U�H���� �(�]�]�H�O�� �D�� �V�]�R�I�W�Y�H�U�U�H�O�� �K�D�J�\�R�P�i�Q�\�R�V��
�H�O�U�H�Q�G�H�]�p�V�H�N�E�H�Q���P�p�U�W���D�G�D�W�R�N �L�V���L�Q�Y�H�U�W�i�O�K�D�W�y�N�����$�]���������i�E�U�i�Q a DP-�'�3���H�U�H�G�P�p�Q�\�H�L���O�i�W�K�D�W�y�N�����,�W�W���N�p�W��
nagy fajlagos �H�O�O�H�Q�i�O�O�i�V�~���E�O�R�N�N���M�H�O�H�Q�L�N���P�H�J�����D���N�|�]�p�S�V�����E�O�R�N�N���N�~�S���D�O�D�N�~�������������M�R�E�E�U�D���S�H�G�L�J���H�J�\��
�Q�D�J�\�R�E�E�� �N�H�U�H�N�� �D�O�D�N�~�� ���������� �$�� �N�p�W�� �E�O�R�N�N�� �N�|�]�|�W�W�� �]�|�O�G�� �Y�R�Q�D�O�O�D�O�� �M�H�O�|�O�W�� �I�H�U�G�H�� �N���]�H�W�K�D�W�i�U�� �I�L�J�\�H�O�K�H�W����
�P�H�J���� �$�� �N�p�W�� �I���� �E�O�R�N�N�� �N�|�]�|�W�W�L�� �N�L�V�� �D�Q�R�P�i�O�L�D�� �������� �D�O�D�F�V�R�Q�\�D�E�E�� �H�O�O�H�Q�i�O�O�i�V�L�� �p�U�W�p�N�H�N�H�W�� �P�X�W�D�W. Az 5. 
�i�E�U�i�Q���]�|�O�G���S�D�U�D�E�R�O�i�Y�D�O���M�H�O�|�O�Y�H���O�i�W�K�D�W�y���D���V�•�O�O�\�H�G�p�V���D�O�D�N�M�D���p�V���H�J�\���i�W�P�H�Q�H�W�L���]�y�Q�D�����(�]���D�]���i�W�P�H�Q�H�W�L��
�]�y�Q�D�� �H�O�W�p�U���� �P�L�Q���V�p�J�&�� �W�D�O�D�M�W�� �p�V�� �N���]�H�W�H�W�� �M�H�O�H�Q�Whet���� �O�H�K�H�W�� �U�H�S�H�G�H�]�H�W�W�H�E�E���� �S�R�U�y�]�X�V�D�E�E�� �p�V�� �Y�t�]�]�H�O��
�W�H�O�t�W�H�W�W�H�E�E�����P�L�Q�W���D���N�|�U�Q�\�H�]�H�W�H�����$�]�W���L�V���P�H�J���N�H�O�O���H�P�O�t�W�H�Q�L�����K�R�J�\���D���������p�V���D�]���������i�E�U�D���N�|�]�|�W�W���D �N�X�W�D�W�i�V�L��
�P�p�O�\�V�p�J���H�O�W�p�U�����D�Q�Q�D�N���H�O�O�H�Q�p�U�H�����K�R�J�\���X�J�\�D�Q�D�]�]�D�O���D�]���H�O�U�H�Q�G�H�]�p�V�V�H�O���O�H�W�W�H�N���P�p�U�Y�H. Ennek oka, hogy 
�D���N�p�W���L�Q�Y�H�U�]�L�y�V���V�]�R�I�W�Y�H�U���H�O�W�p�U�����N�p�S�D�O�N�R�W�i�V�L���P�y�G�V�]�H�U�U�H�O���G�R�O�J�R�]�L�N�� 

��



�Ò�M���J�H�R�H�O�H�N�W�U�R�P�R�V �W�H�F�K�Q�L�N�D���Y�t�]�Q�\�H�O���N���V�]�H�U�N�H�]�H�W�p�Q�H�N���N�X�W�D�W�i�V�i�U�D�����N�|�U���J�H�R�P�H�W�U�L�i�M�~���W�H�V�]�W�P�p�U�p�V�H�N 
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3.3 CIR1 �N�|�U�V�]�H�O�Y�p�Q�\ 

�0�L�Y�H�O�� �D�� �N�|�U�P�p�U�p�V�H�N�� �Q�H�P�� �V�]�R�N�Y�i�Q�\�R�V�D�N�� �D�� �V�]�D�N�P�i�E�D�Q���� �D�� �S�R�O�i�U�G�L�D�J�U�D�P�� �i�E�U�i�]�R�O�i�V�L�� �P�y�G�� ��������
�i�E�U�D�����V�]�L�Q�W�p�Q���~�M�G�R�Q�V�i�J�Q�D�N���V�]�i�P�t�W�����8�J�\�D�Q�D�N�N�R�U���H�]���D�]���H�J�\�L�N���O�H�J�U�H�S�U�H�]�H�Q�W�D�W�t�Y�D�E�E���P�y�G�M�D���D�]���L�O�\�H�Q��
�P�p�U�p�V�H�N���P�H�J�M�H�O�H�Q�t�W�p�V�p�Q�H�N�����(�]�H�N�K�H�]���D���P�H�J�M�H�O�H�Q�t�W�p�V�H�N�K�H�]���H�J�\���H�J�\�H�G�L���3�\�W�K�R�Q���S�U�R�J�U�D�P�R�W �t�U�W�X�Q�N����
�$�� ������ �P�p�O�\�V�p�J�L�� �V�]�L�Q�W�� �P�L�Q�G�H�J�\�L�N�H�� �H�J�\-�H�J�\�� �N�•�O�|�Q�� �G�L�D�J�U�D�P�R�W�� �N�p�S�Y�L�V�H�O���� �$ fajlagos �H�O�O�H�Q�i�O�O�i�V��
�K�L�U�W�H�O�H�Q�� �Y�i�O�W�R�]�i�V�D�L���� �D�P�H�O�\�H�N�� �W�|�E�E�� �H�]�H�U��o�K�P�P�� �p�U�W�p�N�&�� �W�•�V�N�p�N�N�p�Q�W�� �M�H�O�H�Q�Q�H�N�� �P�H�J���� �Y�D�O�y�V�]�t�Q�&�O�H�J��
�W�|�U�p�V�Y�R�Q�D�O�D�N�N�p�Q�W�� �D�]�R�Q�R�V�t�W�K�D�W�y�N���� �$�� �S�R�O�i�U�G�L�D�J�U�D�P�� �I�H�O�R�V�]�W�i�V�D�L�� �D�]�� �p�J�W�i�M�D�N�D�W �M�H�O�|�O�L�N���� �$��
�U�H�S�H�G�p�V�Y�R�Q�D�O�D�N���I�����L�U�i�Q�\�D���D�]���|�V�V�]�H�V���P�p�O�\�V�p�J�L���V�]�L�Q�W�H�W���I�L�J�\�H�O�H�P�E�H���Y�p�Y�H���p�V�]�D�N�Q�\�X�J�D�W�L�����D�K�R�J�\���D�]��������
�i�E�U�i�Q���O�i�W�K�D�W�y�����D���Y�t�]�Q�\�H�O���N���V�]�L�Q�W�p�Q���p�V�]�D�N�Q�\�X�J�D�W�L���L�U�i�Q�\�~���O�i�Q�F�R�O�D�W�E�D�Q���V�R�U�D�N�R�]�Q�D�N�����$�]���H�O�V�����Q�p�K�i�Q�\��
�P�p�O�\�V�p�J�L�� �V�]�L�Q�W�H�Q�� �K�L�U�W�H�O�H�Q�� �Y�i�O�W�R�]�i�V�R�N�� �M�H�O�H�Q�Q�H�N�� �P�H�J���� �D�]�� �H�O�V���� �D�� �O�H�J�E�L�]�R�Q�\�W�D�O�D�Q�D�E�E�� �Y�D�J�\�� �D��
�O�H�J�U�H�S�H�G�H�]�H�W�W�H�E�E�����K�i�U�R�P���I�����L�U�i�Q�\�D���Y�D�Q�� 
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3.4 CIR2 �N�|�U�V�]�H�O�Y�p�Q�\ 

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

�$�� �:�*�4�� �H�U�H�G�P�p�Q�\�H�N�� �������� �i�E�U�D���� �N�•�O�|�Q�E�|�]���� �V�]�i�P�t�W�i�V�L�� �p�V�� �P�p�U�p�V�W�H�F�K�Q�L�N�D�L�� �R�N�R�N�� �P�L�D�W�W�� �Q�H�P��
�P�L�Q�G�L�J���L�Q�Y�H�U�W�i�O�K�D�W�y�N�����t�J�\���D�]���L�Q�Y�H�U�W�i�O�W���N�p�S�H�N���Q�H�P���P�L�Q�G�L�J���p�U�W�H�O�P�H�]�K�H�W���H�N�����$�]���L�V�P�p�W�H�O�W���P�p�U�p�V�H�N��
�D�]�W���P�X�W�D�W�W�i�N�����K�R�J�\���D���K�D�V�R�Q�O�y���N�Y�i�]�L-�Q�X�O�O���H�O�U�H�Q�G�H�]�p�V�H�N�K�H�]���N�p�S�H�V�W���H�O�O�H�Q�W�p�W�H�V�����V�]�L�Q�W�H���Q�H�J�D�W�t�Y���N�p�S�H�W��
�H�U�H�G�P�p�Q�\�H�]�K�H�W���� �(�Q�Q�H�N�� �H�O�O�H�Q�p�U�H�� �~�J�\�� �W�&�Q�L�N���� �K�R�J�\�� �Q�D�J�\�R�Q�� �M�y�O�� �N�|�Y�H�W�L�� �D�� �K�L�U�W�H�O�H�Q��
�H�O�O�H�Q�i�O�O�i�V�Y�i�O�W�R�]�i�V�R�N�D�W���� �D�P�H�O�\�H�N�� �•�U�H�J�H�N�� �Y�D�J�\�� �W�|�U�p�V�H�N�� �P�H�Q�W�p�Q�� �P�p�U�K�H�W���N���� �(�]�� �D�� �N�p�U�G�p�V�� �W�R�Y�i�E�E�L��
�N�X�W�D�W�i�V�W���L�J�p�Q�\�H�O�����P�L�Y�H�O���D���O�i�W�V�]�y�O�D�J�R�V���H�O�O�H�Q�i�O�O�i�V�N�p�S�E�H�Q���L�V���O�i�W�V�]�y�O�D�J���M�y���H�U�H�G�P�p�Q�\�Hket adhat. A 8. 
�i�E�U�i�Q���K�i�U�R�P���I�����V�]�D�N�D�G�i�V���O�i�W�K�D�W�y���D���Q�D�J�\���H�O�O�H�Q�i�O�O�i�V�~���D�O�D�S�N���]�H�W�E�H�Q�����p�V���D���V�]�H�O�Y�p�Q�\���H�O�H�M�p�Q���p�V���Y�p�J�p�Q��
�L�V���Y�D�Q�Q�D�N���P�p�O�\�H�G�p�V�H�N���D�]���L�G���M�i�U�i�V�L���U�p�W�H�J�E�H�Q�����$���Q�D�J�\���H�O�O�H�Q�i�O�O�i�V�~���D�O�M�]�D�W���M�y�O���H�O�N�•�O�|�Q�•�O�� 
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�$���&�L�U�����V�]�H�O�Y�p�Q�\ DPDP �S�R�O�irdiagramjain ���������i�E�U�D�����D���N�|�Y�H�W�N�H�]�����W�H�Q�G�H�Q�F�L�i�N���I�L�J�\�H�O�K�H�W���N���P�H�J����
�D�]�� �H�O�V���� �|�W�� �P�p�O�\�V�p�J�L�� �V�]�L�Q�W�� �p�V�]�D�N�Q�\�X�J�D�W�L, nyugati �L�U�i�Q�\�W�� �P�X�W�D�W���� �D�� �N�|�Y�H�W�N�H�]���� �Q�p�J�\�� �V�]�L�Q�W�� �p�V�]�D�N�L��
�L�U�i�Q�\�W���� �P�D�M�G�� ������������ �P�p�W�H�U�� �X�W�i�Q�� �D�]�� �X�U�D�O�N�R�G�y�� �L�U�i�Q�\�� �W�|�E�E�Q�\�L�U�H�� �N�H�O�H�W���� �D�]�� �D�O�V�y�� �N�p�W�� �P�p�O�\�V�p�J�L�� �V�]�L�Q�W��

����



�Ò�M���J�H�R�H�O�H�N�W�U�R�P�R�V �W�H�F�K�Q�L�N�D���Y�t�]�Q�\�H�O���N���V�]�H�U�N�H�]�H�W�p�Q�H�N���N�X�W�D�W�i�V�i�U�D�����N�|�U���J�H�R�P�H�W�U�L�i�M�~���W�H�V�]�W�P�p�U�p�V�H�N 

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

�g�V�V�]�H�V�V�p�J�p�E�H�Q�� �D�]�� �~�M�� �P�p�U�p�V�W�H�F�K�Q�L�N�D�L �p�V�� �D�G�D�W�I�H�O�G�R�O�J�R�]�i�V�L�� �H�U�H�G�P�p�Q�\�H�N�E���O�� �P�H�J�i�O�O�D�S�t�W�K�D�W�y����
�K�R�J�\���D���N�|�U���J�H�R�P�H�W�U�L�i�M�~���P�p�U�p�V�H�N���D���J�\�D�N�R�U�O�D�W�E�D�Q���Q�D�J�\�R�Q���M�y�O���P�&�N�|�G�Q�H�N�����6�R�N���V�]�D�N�H�P�E�H�U���W�D�U�W���D�]��
�H�O�H�N�W�U�y�G�i�N�� �S�R�]�L�F�L�R�Q�i�O�i�V�i�E�y�O�� �H�U�H�G���� �K�L�E�i�N�W�y�O���� �G�H�� �H�]�H�N�� �D�� �P�p�U�p�V�H�N�� �E�L�]�R�Q�\�t�W�M�i�N�� �D�� �P�y�G�V�]�H�U��
�U�R�E�X�V�]�W�X�V�V�i�J�i�W�����$���S�R�O�i�U�G�L�D�J�U�D�P���i�E�U�i�]�R�O�i�V�D�����P�L�Q�W���~�M�t�W�i�V�����M�y���P�L�Q���V�p�J�&���L�Q�I�R�U�P�i�F�L�y�W���Q�\�~�M�W���D���W�|�U�p�V�H�N��
�L�U�i�Q�\�i�U�y�O���� �p�V�� �D�� �N�Y�i�]�L-�Q�X�O�O�� �W�|�P�E�|�N�� �V�]�R�U�R�V�D�Q�� �N�|�Y�H�W�L�N�� �D�� �Y�t�]�Q�\�H�O���N�� �i�W�D�O�D�N�X�O�i�V�L�� �I�U�R�Q�W�M�D�L�W���� �$��
�S�R�O�i�U�G�L�D�J�U�D�P���i�E�U�i�]�R�O�i�V���p�V���D���N�Y�i�]�L-null �H�O�U�H�Q�G�H�]�p�V�H�N �N�R�P�E�L�Q�i�O�i�V�D���~�M���W�i�Ylatokat nyithat az ERT 
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Abstract. This study aimed to optimize the land use in agriculture by evaluating Electrical 
Resistivity Tomography (ERT) measurements �L�Q�� �6�]�i�U���� �+�X�Q�J�D�U�\, with a focus on enhancing 
agricultural applications. Through resistivity surveys, this study identified variability in subsur-
face resistivity, correlating with differences in soil characteristics and water content. The key 
findings of this study include the identification of four distinct subsurface layers, namely dry 
soil, moist soil, a limestone layer, and a deeper low-resistance layer. In particular, the study 
highlights that quasi-null arrays offer superior resolution and sensitivity compared to traditional 
dipole-dipole arrays, especially in detecting fractures within the limestone layer. The presence 
of fractures and the topographical variations of the limestone surface influence soil quality, 
moisture distribution and movement, which are critical for plant growth. These findings under-
score the potential of geoelectrical data for precision irrigation management, soil mapping, and 
drainage pattern identification. 
 
Keywords: Geoelectrical methods, Quasi-null arrays, Soil mapping, Agriculture. 
 
 
1. INTRODUCTION 

Understanding subsurface characteristics is crucial for optimizing agricultural practices, par-
ticularly in regions such as �L�Q���6�]�i�U�� Southern Hungary, where soil is thin and low quality, vari-
ability can significantly affect crop productivity. Traditional agricultural methods often over-
look the complex interplay between soil properties, moisture content, and subsurface features. 
Two-dimensional (2D) Electrical Resistivity Tomography (ERT) measurements and inversion 
of the acquired data are very common procedures used for geotechnical and environmental 
[Ward, 1990, Dahlin, 1996, Kvon et. al, 2019, Conaway et. al, 2020], hydrogeophysical 
[Sharma&Verma, 2015, Kirsch, 2006, Auken et. al, 2009], and archaeological studies and land-
slide characterization [Perrone et. al, 2014]. However, advances in geoelectrical methods pro-
vide a noninvasive means to map these subsurface characteristics, offering detailed insights that 
can inform more efficient and sustainable agricultural practices. 

The apparent resistivity data were collected from these measurements using a traditional 
array, the dipole-dipole (DD), and two quasi-null arrays. Quasi-null arrays are unconventional 
electrode arrangements whose aim is to improve the sensitivity of the measurements, and they 
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produce a larger depth of detectability than any traditional array [Szalai et. al, 2014]. Further-
more, they provided better horizontal and vertical resolution in numerical investigations. These 
results were verified by quasi-field analog modeling [Szalai et. al, 2020]. 

The primary purpose of this study was to investigate the subsurface electrical resistivity dis-
�W�U�L�E�X�W�L�R�Q���L�Q���6�]�i�U���9�L�O�O�D�J�H���X�V�L�Q�J���J�H�R�H�O�H�F�W�U�L�F�D�O���P�H�W�K�R�G�V to optimize land usage. This approach has 
been shown to reveal critical variations in soil properties and moisture content, which are es-
sential for applications such as precision irrigation management, soil mapping, and drainage 
pattern identification. The significance of this research lies in its potential to enhance resource 
allocation and productivity, particularly in organic farming contexts, where soil health and 
moisture management are pivotal. 
 
2. STUDY AREA  

The geoelectric dataset was gathered from �6�]�i�U village �L�Q���)�H�M�p�U���F�R�X�Q�W�\�����+�X�Q�J�D�U�\, within the 
premises of an organic farm (Fig. 1). 

 

 
Figure 1. 

The location map of the study area 
 
3. MATERIALS AND METHODS 

The measurements were conducted with the Iris Syscal instrument from the University of 
Miskolc, Department of Geophysics. Eighteen ERT sections have been measured using dipole-
dipole (DD) and quasi-null arrays with 72 electrodes and a spacing of 0.5 m between the elec-
trodes. Sixteen of these were executed along a long profile, and two were executed perpendic-
ular to them. 

The measurements were made on three lines, and the sections were named P11, P12, P21-
P28, and P31-P38 (Fig. 2). The sections were overlapped by 5 m to ensure a gapless fit of the 
profiles at the shallow depth, which is considered the most interesting from an agrotechnical 
point of view, and at the same time to cover the measurement sections with a relatively small 
number of measurements. 
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The apparent resistivity data for the traditional array were processed using RES2DINV, a 
tomographic inversion software described in [Geotomo software, 2006]. This software is de-
signed to generate true resistivity images by the processing of the observed data. It applies a 
two-dimensional inversion method to the apparent resistivity dataset to ascertain the true resis-
tivity distribution beneath the surface. This algorithm minimizes the difference between ob-
served and calculated values through an iterative process. Initially, the subsurface is modelled 
with uniform resistivity values in rectangular cells, creating an initial model. During each iter-
ation, these cell resistivities are adjusted based on the differences between the observed and 
calculated pseudo sections. The iterations continue until a specified error threshold is reached, 
yielding the final solution. The data for quasi-null array has been inverted by the Res2D-Hu 
code [�3�U�i�F�V�H�U������������]. For the forward modeling this code applies the method of Finite Differ-
ences [Dey&Morrison, 1979]. 

 

 
Figure 2. 

A total of 18 measured geoelectric profiles are displayed on an aerial photo 
 
4. MEASUREMENT RESULTS ����AND INTERPRETATION USING DIPOLE-DIPOLE 

ARRAY  

We chose the P21 section to show an example of the interpretation of the results (Fig. 3). 
Each section typically includes four distinct layers. The topmost layer, shown here as about 1 
m thick with a resistivity of 50-100 �: m, is interpreted as dry soil. Just beneath it is a similarly 
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thick layer with 5-50 �: m resistivity, its lower resistivity is most likely due to its higher water 
content. Between 2 and 6 m depth, the resistivity values range from 100 to 1500 �: m. We iden-
tified this limestone layer based on geological observation from the neighbouring sand mine. 
Below the limestone is another layer with a lower resistivity (under 100 �: m). Because of its 
depth, this layer probably has little agricultural value. 

In the P21 section, there is a significant gap in continuity within the limestone layer����Fig. 3) 
which����is����supposed to correspond a fragmented, weathered zone. Such zones may have signifi-
cant impact to the water balance and thus the productivity of the plants. This statement is veri-
fied by the conductive anomaly at the same position in the topmost layer. It is most likely due 
to its increased water content at this place. Contrary, in the second layer, there is a resistive 
anomaly, demonstrating that this layer loses its water content more easily by down filtration. 
This downward water contributes to the emergence of the conductive anomaly in the third layer.  

Smaller variations in the topography of the limestone surface (e.g., at about 14 and 18 m) 
have a smaller influence on these parameters, however, if they refer to fractures (which may 
not be visible because of the limited resolution of the method) they may be more important than 
it seems. Figure 3 demonstrates that the geoelectric method can determine the depth and thick-
ness of the layers, their topographical variations, the location and width of fractured zones and 
eventually fractures. It presents also variations of the water content of the topmost layer, which 
is the most important for the plants. This information can be very important to understand sub-
surface features, thus planning agricultural activity.  
 

Figure 3. 
Interpretation of results based on P21 profile 

 

5. MEASUREMENT RESULTS USING QUASI-NULL ARRAYS  

An example shows how quasi-null arrays can be advantageous over traditional arrays (Fig. 
4). In the case of both quasi-null arrays, the course of the limestone surface changes much more 
markedly than with the DD array, and the quasi-null array divides the limestone layer itself 
much more; thus, it can be, among other perspectives, more suitable for detecting cracks be-
tween individual blocks.  
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Figure 4. 

�7�K�H�������������D�Q�G���:������quasi-null arrangement results for section P11. The vertical red lines indi-
cate fracture zones, which play a significant role in water balance 

 
6. SUGGESTIONS FOR AGRICULTURE  

Figure 5 shows the parameters obtained from geoelectric measurements that are important 
for agricultural research. The Slope of the limestone surface (indicated by the black dashed line) 
This affects the water content and stone debris content of the second layer owing to its mechan-
ical hardness and water retention capacity, which could potentially influence crop yield and the 
selection of the ideal plant species. For example, it is clear from the given section that where 
there is a discontinuity in the limestone layer (between 23-27 m), water drains more quickly 
from the moist layer, causing it to dry out faster (hence the higher electrical resistance in the 
second layer). This is likely due to tectonic displacement, which caused cracks in this part of 
the section. Theoretically, this should be detectable with a penetrometer, even if its positioning 
is not the most accurate, as it averages values over a larger area. Surface near moist zones 
(marked with red ellipses) The spots with lower electrical resistance near the surface are likely 
due to their moisture content. These should also be aligned with penetrometer measurements, 
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but accurate positioning of penetrometer data is necessary, as our information here is almost 
point-specific. The slope of the less eroded limestone surface (indicated by the purple dashed 
line) fortunately, this information can also be beneficial to us, adding further contributions to 
changes in the soil layer thickness. The depth of penetrometer insertion or even the measured 
moisture content may correlate with it. 

 
Figure 5. 

 Recommendations for utilizing the results based on the P21 section. Black dashed 
line: Slope of the limestone surface. Purple dashed line: Slope of the less eroded 

limestone surface. Red ellipses: Areas of lower electrical resistivity, likely indicat-
ing moister zones. 

 

7. CONCLUSIONS 

The main findings indicated variability in subsurface electrical resistivity, suggesting diverse 
soil properties and moisture content within the study area. These results are crucial for devel-
oping precise agricultural interventions. Additionally, the study explores the advantages of 
quasi-null arrays over traditional arrays. An example demonstrates that quasi-null arrays more 
distinctly reveal changes in the course of the limestone surface compared to the DD arrays, this 
research provides valuable insights into the subsurface characteristics of agricultural land in 
Northern Hungary, with implications for improving agricultural practices and resource man-
agement. The findings of this study underscore the potential of geoelectrical methods to con-
tribute to sustainable and productive agricultural systems. 
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�I�H�Q�Q�W�D�U�W�K�D�W�y�� �p�V�� �K�D�W�p�N�R�Q�\�� �P�H�J�R�O�G�i�V�W�� �Q�\�~�M�W�D�Q�D�N�� �N�|�]�Y�H�W�O�H�Q�� �I�&�W�p�V�L�� �D�O�N�D�O�P�D�]�i�V�R�N�K�R�]���� �%�i�U�� �D��
�I�|�O�G�K���V�]�R�Q�G�i�N�D�W���M�H�O�O�H�P�]���H�Q���V�H�N�p�O�\���P�p�O�\�V�p�J�E�H����������-���������P�����P�p�O�\�t�W�L�N�����W�|�E�E���I�~�U�i�V�U�D���L�V���V�]�•�N�V�p�J��
�O�H�K�H�W���E�L�]�R�Q�\�R�V���O�p�W�H�V�t�W�P�p�Q�\�H�N���H�Q�H�U�J�L�D�L�J�p�Q�\�p�Q�H�N���N�L�H�O�p�J�t�W�p�V�p�K�H�]�����6�]�i�P�R�V���N�X�W�D�W�i�V���D�O�D�S�M�i�Q���t�J�p�U�H�W�H�V��
�P�H�J�R�O�G�i�V�Q�D�N�� �E�L�]�R�Q�\�X�O�K�D�W�� �D�� �P�H�G�G������ �K�D�V�]�Q�i�O�D�W�R�Q�� �N�t�Y�•�O�L�� �V�]�p�Q�K�L�G�U�R�J�p�Q�� �N�X�W�D�N�� �]�i�U�W�� �F�L�N�O�X�V�~��
�I�|�O�G�K���V�]�R�Q�G�i�Y�i�� �W�|�U�W�p�Q���� �i�W�N�p�S�]�p�V�H���� �P�H�O�O�\�H�O�� �M�H�O�H�Q�W���V�H�E�E�� �K���N�p�V�]�O�H�W �p�U�K�H�W���� �H�O���� �(�]�H�Q�� �K���F�V�H�U�p�O���N��
�N�~�W�I�H�M�K���P�p�U�V�p�N�O�H�W�H�����p�V���H�]�]�H�O���D���K���W�H�O�M�H�V�t�W�P�p�Q�\��egyenletes �F�L�U�N�X�O�i�F�L�y mellett �H�J�\�H�Q�V�~�O�\�L���i�O�O�D�S�R�W�L�J 
�F�V�|�N�N�H�Q���� �t�J�\�� �D�]�� �R�S�W�L�P�i�O�L�V�� �N�~�W�J�H�R�P�H�W�U�L�D�L��-�p�V�� �•�]�H�P�L�� �S�D�U�D�P�p�W�H�U�H�N�� �P�H�J�Y�i�O�D�V�]�W�i�V�i�Q�� �I�H�O�•�O�� �D��
�I�R�J�\�D�V�]�W�y�K�R�]�� �L�J�D�]�t�W�R�W�W�D�Q�� �P�H�J�Y�L�]�V�J�i�O�D�Q�G�y�� �D�� �V�]�D�N�D�V�]�R�V�� �•�]�H�P�H�O�W�H�W�p�V�� �S�D�V�V�]�t�Y�� �F�L�N�O�X�V�D�L�� �V�R�U�i�Q��
�N�L�D�O�D�N�X�O�y���K�����Y�L�V�V�]�D�S�y�W�O�y�G�i�V�����P�H�O�O�\�H�O���D���U�H�Q�G�V�]�H�U���K�D�W�p�N�R�Q�\�V�i�J�D���W�R�Y�i�E�E���Q�|�Y�H�O�K�H�W���� 
 
Kulcsszavak: �0�p�O�\�I�~�U�i�V�L���K���F�V�H�U�p�O�������K���U�H�J�H�Q�H�U�i�F�L�y�����V�]�D�N�D�V�]�R�V���•�]�H�P�����K�D�W�p�N�R�Q�\�V�i�J�Q�|�Y�H�O�p�V 
 
 
1. �%�(�9�(�=�(�7�e�6 

�$�� �P�p�O�\�I�~�U�i�V�L�� �K���F�V�H�U�p�O���N�� �N�|�U�Q�\�H�]�H�W�p�E�H�Q�� �N�L�D�O�D�N�X�O�y�� �K���P�p�U�V�p�N�O�H�W�Y�L�V�]�R�Q�\�R�N�D�W�� �V�]�i�P�R�V��
�J�H�R�O�y�J�L�D�L�����N�~�W�J�H�R�P�H�W�U�L�D�L���p�V���•�]�H�P�L���Y�i�O�W�R�]�y���E�H�I�R�O�\�i�V�R�O�M�D�����K�D�W�p�N�R�Q�\�V�i�Juk �D���N�~�W�V�]�H�U�N�H�]�H�W�����W�H�U�P�H�O����
�V�]�H�U�H�O�Y�p�Q�\������ �Y�D�O�D�P�L�Q�W�� �D�]�� �P�X�Q�N�D�N�|�]�H�J�� �K���P�p�U�V�p�N�O�H�W�p�Q�H�N�� �p�V�� �W�p�U�I�R�J�D�W�i�U�D�P�i�Q�D�N�� �R�S�W�L�P�i�O�L�V��
�P�H�J�Y�i�O�D�V�]�W�i�V�i�Y�D�O���Q�|�Y�H�O�K�H�W�� [Baracza&Pap, 2022]. �&�L�U�N�X�O�i�F�L�y���N�|�]�E�H�Q���D���N�~�W�I�H�M���K���P�p�U�V�p�N�O�H�W�H���p�V��
�t�J�\���D���K���F�V�H�U�p�O�����W�H�O�M�H�V�t�W�P�p�Q�\�H���L�V���H�J�\�H�Q�V�~�O�\�L���i�O�O�D�S�R�W�L�J���F�V�|�N�N�H�Q�� �Y�D�J�\�L�V���K���G�H�S�U�H�V�V�]�L�y���D�O�D�N�X�O���N�L�� A 
folyamattal �H�J�\�L�G���E�H�Q���D���N���]�H�W�U�p�W�H�J�H�N�E���O���K�����i�U�D�P�O�L�N���D���N�~�W���L�U�i�Q�\�i�E�D�����P�H�O�\�Q�H�N���N�|�V�]�|�Q�K�H�W���H�Q���D��
�P�X�Q�N�D�N�|�]�H�J���i�U�D�P�O�i�V�i�Q�D�N���P�H�J�V�]�&�Q�W�p�Y�H�O�����Q�\�X�J�D�O�P�L���i�O�O�D�S�R�W�E�D�Q���D���N�~�W���N�|�U�•�O�L���K���H�O�R�V�]�O�i�V���D���N�H�]�Geti 
�i�O�O�D�S�R�W�K�R�]���N�|�]�H�O�t�W�����$�]���D�O�i�E�E�L���F�L�N�N�E�H�Q��numerikus �V�]�L�P�X�O�i�F�L�y�N���V�H�J�t�W�V�p�J�p�Y�H�O���P�H�J�Y�L�]�V�J�i�O�M�X�N�����K�R�J�\��
�H�J�\�� �K�D�V�]�Q�i�O�D�W�R�Q�� �N�t�Y�•�O�L�� �N�~�W�E�D�� �W�H�O�H�S�t�W�H�W�W�� �H�O�O�H�Q�i�U�D�P�~�� �K���F�V�H�U�p�O�� �W�H�O�M�H�V�t�W�P�p�Q�\�H�� �P�L�N�p�Q�W�� �Y�i�O�W�R�]�L�N 
�N�•�O�|�Q�E�|�]�����W�p�U�I�R�J�D�W�i�U�D�P�~ �P�X�Q�N�D�N�|�]�H�J�H�N���H�V�H�W�p�E�H�Q, valamint �|�V�V�]�H�K�D�V�R�Q�O�t�W�M�X�N�����K�R�J�\���V�]�D�N�D�V�]�R�V��
�F�L�U�N�X�O�i�F�L�y�� �V�R�U�i�Q�� �D�� �K���U�H�J�H�Q�H�U�i�F�L�y�Q�D�N�� �N�|�V�]�|�Q�K�H�W���H�Q�� �P�H�N�N�R�U�D�� �K���H�Q�H�U�J�L�D�� �W�|�E�E�O�H�W�� �p�U�K�H�W���� �H�O�� 
 
2. AZ ALKALMAZOTT MODELL 

A bemutatott alapmodell a FlexPDE �Y�p�J�H�V�H�O�H�P�&�� �V�]�L�P�X�O�i�F�L�y�V�� �V�]�R�I�W�Y�H�U [Toth et. al, 2018] 
�V�H�J�t�W�V�p�J�p�Y�H�O�� �N�p�V�]�•�O�W�� �H�O���� �K�R�P�R�J�p�Q�� �N�|�]�H�J�E�H�Q���� �H�J�\�V�]�H�U�&�� �N�~�W�V�]�H�U�N�H�]�H�W�H�W�� �I�H�O�W�p�W�H�O�H�]�Y�H. A 
�P�R�G�H�O�O�S�D�U�D�P�p�W�H�U�H�N�H�W���D�]���������W�i�E�O�i�]�D�W���W�D�U�W�D�O�P�D�]�]�D�� 

����



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

 

�������W�i�E�O�i�]�D�W 
�0�R�G�H�O�O���H�O�H�P�F�V�R�S�R�U�W�R�N���p�V���D�]�R�N���W�H�U�P�R�I�L�]�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L 

ELEMCSOPORT R [m] Z [m] k [W/mK] Cp [J/kgK] rho [kg/m3] 
�.���]�H�W�I�R�U�P�i�F�L�y 50 1707+R 1.79 960 2100 

�%�p�O�p�V�F�V�� 0.085 1707 54 490 7850 
�*�\�&�U�&�V�W�p�U 0.075 1707 0.6 4200 1000 

�7�H�U�P�H�O���F�V�� 0.040 1707 54 490 7850 
�7�H�U�P�H�O���F�V��-�E�H�O�V�� 0.030 1707 0.6 4200 1000 

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

�H�O�R�V�]�O�i�V���D�]���D�O�i�E�E�L�D�N���V�]�H�U�L�Q�W���I�H�M�H�]�K�H�W�����N�L  
 
 �� �:�œ�; 
L �� �6�4 
E �6�Ú�å�Ô�×��̃V  (1) 
 
ahol �6�4 �L�V�� �D�� �W�D�O�D�M�I�H�O�V�]�t�Q�� �K���P�p�U�V�p�N�O�H�W�H�� �p�V���6�Ú�å�Ô�× �D�� �J�H�R�W�H�U�P�L�N�X�V�� �J�U�D�G�L�H�Q�V���� �$�� �K���N�p�V�]�O�H�W�� ���T����
�P�H�J�D�G�K�D�W�y���D�]���D�O�i�E�E�L���H�J�\�H�Q�O�H�W�W�H�O 
 �“ 
L ���O�…�ì�Ï �6�:�V�;�@�8 (2) 
 
R �V�X�J�D�U�~�� �p�V L �P�p�O�\�V�p�J�&�� �K�H�Q�J�H�U�V�]�L�P�P�H�W�U�L�N�X�V�� �N�|�]�H�J�� �H�V�H�W�p�E�H�Q, �G�L�I�I�H�U�H�Q�F�L�i�O�L�V �W�p�U�I�R�J�D�W elem 
�K�H�Q�J�H�U�V�]�L�P�P�H�W�U�L�N�X�V���N�R�R�U�G�L�Q�i�W�D-rendszerben �@�8 
L �N���@�N���@�à���@�V�����t�J�\���D�]��alap�L�Q�W�H�J�U�i�O 
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�$�]���L�Q�W�H�J�U�i�O�H�J�\�H�Q�O�H�W���I�H�O�E�R�Q�W�i�V�i�Y�D�O, az R �|�V�V�]�H�W�H�Y�����L�Q�W�H�J�U�i�O�i�V�D 
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majd a �à �|�V�V�]�H�W�H�Y�����L�Q�W�H�J�U�i�O�i�V�D   
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valamint a Z �|�V�V�]�H�W�H�Y�����L�Q�W�H�J�U�i�O�i�V�D 
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A 6. egyenlet egyes tagjait felbontva kapjuk 
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�7�R�Y�i�E�E�i���D���������p�V���������H�J�\�H�Q�O�H�W���|�V�V�]�H�Y�R�Q�i�V�i�Y�D�O �D�G�y�G�L�N 
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Pap J. �± Baracza M.K. 
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�$�]���L�Q�W�H�J�U�i�O�H�J�\�H�Q�O�H�W���Y�p�J�V�����D�O�D�N�M�D 
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E �6�Ú�å�Ô�×
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�$�]�� ������ �W�i�E�O�i�]�D�W�� �D�O�D�S�M�i�Q �D�� �P�R�G�H�O�O�W�H�U�H�W�� �W�R�Y�i�E�E�L�� ������ �P�� �N�~�W�� �D�O�D�W�W�L�� �V�]�D�N�D�V�]�� �H�J�p�V�]�t�W�L�� �N�L, melyre 

�Y�R�Q�D�W�N�R�]�y�D�Q���D���K���N�p�V�]�O�H�W�H�W���D�����������H�J�\�H�Q�O�H�W���D�O�D�S�M�i�Q�� �N�6 �I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�H �Q�p�O�N�•�O���K�D�W�i�U�R�]�W�X�N���P�H�J. 
�$���P�X�Q�N�D�N�|�]�H�J���i�U�D�P�O�i�V�L���V�H�E�H�V�V�p�J�p�W���D���W�p�U�I�R�J�D�W�i�U�D�P�E�y�O���K�D�W�i�U�R�]�W�X�N���P�H�J�����P�H�O�\���D���J�\�&�U�&�V�W�p�U�E�H�O�L���p�V��
�D���F�V���E�H�O�V�����V�]�D�N�D�V�]�R�N�E�D�Q���P�H�J�H�J�\�H�]�L�N 
 
 �#�5�:
F�R�â�; 
E �#�6�R�Ü
L �r  (12)  
 
ahol �#�5 �p�V �#�6 �J�\�&�U�&�V�W�p�U�E�H�O�L�� �p�V�� �F�V���E�H�O�V���� �i�U�D�P�O�i�V�L�� �N�H�U�H�V�]�W�P�H�W�V�]�H�W�H�N. �$�� �E�H�O�V���� �P�X�Q�N�D�N�|�]�H�J��
�V�H�E�H�V�V�p�J�p�W (�R�Ü�; �p�V���D���J�\�&�U�&�V�W�p�U�E�H�O�L���P�X�Q�N�D�N�|�]�H�J���V�H�E�H�V�V�p�J�p�W (�R�â�; �D�]���D�O�i�E�E�L�D�N���D�O�D�S�M�i�Q���V�]�i�P�R�Ojuk 
 

 �R�Ü
L
�Ê

�7�:�4�4
�+�4�ç�Õ�Ú

�6 �è (13) 
 

 �R�â 
L 
F�R�Ü
�Â�Ë�ß�Í�Ò

�.

�Â�Ë�Î�Þ�Ò
�. �?�È�Ë�ß�Í�Ò

�.   (14) 

 
Az 1. �H�J�\�H�Q�O�H�W�� �D�O�D�S�M�i�Q�� �I�H�O�W�p�W�H�O�H�]�]�•�N, �K�R�J�\�� �D�� �V�]�L�P�X�O�i�F�L�y�W�� �P�H�J�H�O���]���H�Q�� �D�� �K���P�p�U�V�p�N�O�H�W�� �D��

�Y�t�]�V�]�L�Q�W�H�V���W�H�Q�J�H�O�\���P�H�Q�W�p�Q���V�X�J�i�U�L�U�i�Q�\�E�D�Q���i�O�O�D�Q�G�y a teljes modellben. �$�]���•�]�H�P���D�O�D�W�W���N�L�D�O�D�N�X�O�y��
�K���P�p�U�V�p�N�O�H�W�Y�L�V�]�R�Q�\�R�N�� �L�V�P�H�U�H�W�p�E�H�Q�� �D 3. egyenlet �V�]�i�P�t�W�K�D�W�y�� �D�� �K���N�p�V�]�O�H�W�� �D�]�� �H�J�\�H�V��
�L�G���O�p�S�F�V���N�E�H�Q. �9�p�J�H�V���P�R�G�H�O�O�W�p�U���H�V�H�W�p�E�H�Q���D�]���D�O�i�E�E�L���H�Q�H�U�J�H�W�L�N�D�L���|�V�V�]�H�I�•�J�J�p�V���p�U�Y�p�Q�\�H�V 
 
 �M�Ü�á
F �M�â�è�ç
E �M�Ú�Ø�á
L �M�ž�ß�ß�Ô�á�×�×  (15) 
 
�P�H�O�\���L�J�D�]���P�L�Q�G�H�Q�����D���P�R�G�H�O�O�W�p�U�H�Q���E�H�O�•�O�L���N�R�Q�W�U�R�O�O-�W�p�U�I�R�J�D�W�U�D���L�V. �(�J�\���Y�p�J�H�V���N�R�Q�W�U�R�O�O-�W�p�U�I�R�J�D�W�R�W (dx, 
dy, dz) a 15. �H�J�\�H�Q�O�H�W�E�H���K�H�O�\�H�W�W�H�V�t�W�Y�H kapjuk 
 

 �M�T
F �M�:�T 
E �@�T�; 
E�M�U
F �M�:�U 
F �@�U�; 
E�M�V
F �M�:�V 
E �@�V�; 
E �M�Ú�Ø�á
L �M�ž�ß�ß�Ô�á�×�×  (16) 
 

A �K�i�U�R�P���P�H�U���O�H�J�H�V �L�U�i�Q�\�E�Dn �i�U�D�P�O�y���K�����D���N�|�Y�H�W�N�H�]���N�p�S�S�H�Q���M�H�O�O�H�P�H�]�K�H�W�� 
 

 �M�T
L �M�6�[�$�[��� ���T�6�T�@�U�@�V (17) 
 �M�U
L �M�6�\�$�\��� ���T�6�U�@�T�@�V (18) 
 �M�V
L �M�6�]�$�]��� ���T�6�V�@�T�@�U (19) 
 

A 17-19. egyenleteket a 16. �H�J�\�H�Q�O�H�W�E�H���K�H�O�\�H�W�W�H�V�t�W�Y�H, majd dxdydz kontroll-�W�p�U�I�R�J�D�W�W�D�O���R�V�]�W�Y�D, 
�D�]���D�O�i�E�E�L��egyenletet kapjuk �G�[���G�\���G�]���:���� �H�V�H�W�p�E�H�Q 
 

 
F
�!�ä�6�ë

�!�ë

F

�!�ä�6�ì

�!�ì

F

�!�ä�6�í

�!�í

E �M�6 
L �é�%�L
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�!�ç
  (20) 

 
A Fourier �W�|�U�Y�p�Q�\���D�O�N�D�O�P�D�]�i�V�i�Y�D�O 

����



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

 

 �M�6�T�� 
L �� 
F�G
�!�Í

�!�ë
�â ���M�6�U�� 
L �� 
F�G

�!�Í

�!�ì
�â ���M�6�V�� 
L �� 
F�G

�!�Í

�!�í
��  (21) 

 
�D�]���D�O�i�E�E�L���i�O�W�D�O�i�Q�R�V���W�p�U�E�H�O�L���K���H�J�\�H�Q�O�H�W�H�W���N�D�S�M�X�N 
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E �M�6 
L �é�%�L
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  (22) 

 
�0�L�Y�H�O�� �D�]�� �D�O�N�D�O�P�D�]�R�W�W�� �P�R�G�H�O�O�� �Q�H�P�� �U�H�Q�G�H�O�N�H�]�L�N�� �E�H�O�V���� �K���I�R�U�U�i�V�V�D�O���� �t�J�\ �M�6 �H�O�K�D�J�\�K�D�W�y. Az 

�i�U�D�P�O�i�V���V�R�U�i�Q���N�L�D�O�D�N�X�O�y�� �L�Q�V�W�D�E�L�O���i�O�O�D�S�R�W�R�W (ahol �M 
M �r) �I�L�J�\�H�O�H�P�E�H���Y�p�Y�H�� �D���I�H�Q�L�� �H�J�\�H�Q�O�H�W���M�R�E�E��
�R�O�G�D�O�i�K�R�]���H�J�\���N�R�Qv�H�N�W�t�Y���W�p�Q�\�H�]�����K�R�]�]�i�D�G�i�V�D���V�]�•�N�V�p�J�H�V [Templeton et. al, 2014] 
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  (23) 

 
A 23. egyenlet, �K�H�Q�J�H�U�V�]�L�P�P�H�W�U�L�N�X�V���N�R�R�U�G�L�Q�i�W�D���U�H�Q�G�V�]�H�U�E�H�Q���O�H�t�U�Y�D 
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�$�� �P�R�G�H�O�O�� �F�H�O�O�D�V�]�i�P�� �p�V�� �H�J�\�E�H�Q�� �D�� �V�]�L�P�X�O�i�F�L�y�V�� �L�G���� �F�V�|�N�N�H�Q�W�p�V�H���� �Y�D�O�D�P�L�Q�W�� �D�� �P�H�J�I�H�O�H�O����

�Y�L�]�X�D�O�L�]�i�F�L�y�� �p�U�G�H�N�p�E�H�Q�� �D�]��egyenletet �<�æ�Ö�Ô�ß�Ø �I�•�J�J���O�H�J�H�V�� �P�p�U�H�W�D�U�i�Q�\-�W�p�Q�\�H�]���Y�H�O�� �V�]�•�N�V�p�J�H�V��
�N�L�H�J�p�V�]�t�W�H�Q�L�����P�H�O�\���D�O�D�S�M�i�Q���D���P�R�G�H�O�O�E�H�Q���D�O�N�D�O�P�D�]�R�W�W���K���H�J�\�H�Q�O�H�W���Y�p�J�V�����D�O�D�N�M�D 
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�3�H�U�H�P�I�H�O�W�p�W�H�O�N�p�Q�W adjuk meg���� �K�R�J�\�� �D�� �N�~�W�R�V�]�O�R�S�� �P�X�Q�N�D�N�|�]�H�J�� �W�D�O�S�L�� �F�H�O�O�i�L�Q�D�N�� �K���P�p�U�V�p�N�O�H�W-

�i�W�O�D�J�D���P�L�Q�G�N�p�W���i�U�D�P�O�i�V�L���R�O�G�D�O�R�Q���D���V�]�L�P�X�O�i�F�L�y���W�H�O�M�H�V���L�G���W�D�U�W�D�O�P�D���D�O�D�W�W���P�H�J�H�J�\�H�]�L�N�����$���P�H�J�W�H�U�P�H�O�W��
�P�X�Q�N�D�N�|�]�H�J�� �W�H�O�M�H�V�� �K���P�H�Q�Q�\�L�V�p�J�H�� �D�� �W�p�U�I�R�J�D�W�i�U�D�P���� �D�� �K���N�D�S�D�F�L�W�i�V�� �p�V�� �D�� �E�H�W�i�S�O�i�O�i�V�L���� �Y�D�O�D�P�L�Q�W�� �D��
�N�L�I�R�O�\�y���N�~�W�I�H�M�K���P�p�U�V�p�N�O�H�W-�N�•�O�|�Q�E�V�p�J�p�Q�H�N���V�]�R�U�]�D�W�D�� 
 
 �3 
L �I �%�L�Ù�@�6 (26) 
 

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

����



Pap J. �± Baracza M.K. 

 

 
1. �i�E�U�D 

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

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

3. �(�5�(�'�0�e�1�<�(�.  

������ ������ �p�V�� ������ �P�� �S�H�U�H�P�W�i�Y�R�O�V�i�J�R�N�N�D�O���� �S�H�U�H�P�� �K���I�R�U�U�i�V�V�D�O�� �N�L�H�J�p�V�]�t�W�H�W�W���� �Y�D�J�\�� �K���I�R�U�U�i�V�� �Q�p�O�N�•�O�L��
�V�]�L�P�X�O�i�F�L�y�N�D�W�� �I�X�W�W�D�W�W�X�Q�N�� �N�•�O�|�Q�E�|�]���� �W�p�U�I�R�J�D�W�i�U�D�P�R�N�N�D�O�� �������� �������� ������ �p�V�� ������ �P3/h) folyamatos 
�F�L�U�N�X�O�i�F�L�y�Y�D�O���� �Y�D�O�D�P�L�Q�W�� �V�]�D�N�D�V�]�R�V�� �•�]�H�P�H�O�W�H�W�p�V�V�H�O���� �$�� �E�H�W�i�S�O�i�O�W�� �P�X�Q�N�D�N�|�]�H�J, valamint a 
�W�D�O�D�M�I�H�O�V�]�t�Q �K���P�p�U�V�p�N�O�H�W�p�W �����ƒ�&-nak, a geotermikus gradienst �������ƒ�&���N�P-�Q�H�N���I�H�O�W�p�W�H�O�H�]�W�•�N. A 11. 
�H�J�\�H�Q�O�H�W���D�O�D�S�M�i�Q���V�]�i�P�t�W�R�W�W���W�H�O�M�H�V���K���N�p�V�]�O�H�W�H�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 
�����ƒ�&���Q�X�O�O�S�R�Q�W�L���K���P�p�U�V�p�N�O�H�W�W�H�O���V�]�i�P�R�O�W���I�R�U�P�i�F�L�y���K���N�p�V�]�O�H�W���N�•�O�|�Q�E�|�]�����S�H�U�H�P�W�i�Y�R�O�V�i�J�R�N��

�H�V�H�W�p�E�H�Q 
�3�H�U�H�P�W�i�Y�R�O�V�i�J [m] �7�H�O�M�H�V���K���N�p�V�]�O�H�W [TJ] 

2 1,329 
10 33,434 
50 855,383 

 
�$���I�X�W�i�V�L���L�G�� 1 728 000 s (20 nap), �D�K�R�O���D���V�]�D�N�D�V�]�R�V���•�]�H�P�&���P�R�G�H�O�O�H�N���H�V�H�W�p�E�H�Q���D�N�W�t�Y���F�L�N�O�X�V�V�D�O��

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

����



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

 

 
2. �i�E�U�D 

�$���V�]�L�P�X�O�i�F�L�y���V�R�U�i�Q���J�\�&�M�W�|�W�W���W�D�O�S�L���p�V���N�~�W�I�H�M�K���P�p�U�V�p�N�O�H�W�H�N���I�R�O�\�D�P�D�W�R�V�����Y�D�O�D�P�L�Q�W���V�]�D�N�D�V�]�R�V��
�•�]�H�P�N�|�U�Q�\�H�]�H�W�E�H�Q��(Q=5 m3/h, Rperem = 50 m, �S�H�U�H�P���K���I�R�U�U�i�V���Q�p�O�N�•�O�L���P�R�G�H�O�O���H�V�H�W�p�E�H�Q) 

 

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

 
3. �i�E�U�D 

�$�]���H�J�\�H�V���F�L�N�O�X�V�R�N���V�R�U�i�Q���V�]�i�P�t�W�R�W�W���W�H�O�M�H�V�t�W�P�p�Q�\�W�|�E�E�O�H�W��5 m3/h �W�p�U�I�R�J�D�W�i�U�D�P���H�V�H�W�p�E�H�Q, perem 
�K���I�R�U�U�i�V���Q�p�O�N�•�O�L���P�R�G�H�O�O���H�V�H�W�p�E�H�Q 

 

�$�K�R�J�\���D�]�� �D�������� �i�E�U�i�Q���L�V���O�i�W�K�D�W�y, �D���K���F�V�H�U�p�O���� �W�H�O�M�H�V�t�W�P�p�Q�\�H��103.02 kW-�U�y�O (1. ciklus) 74.46 
kW-ra (20. ciklus) �F�V�|�N�N�H�Q�W. �$�]�R�Q�R�V�� �P�R�G�H�O�O�Y�i�O�W�R�]�y�N�N�D�O���� �G�H�� �V�]�D�N�D�V�]�R�V�� �•�]�H�P�P�H�O�� �I�X�W�W�D�W�R�W�W��
�V�]�L�P�X�O�i�F�L�y���H�V�H�W�p�E�H�Q���D�]���X�W�R�O�V�y���������������D�N�W�t�Y���F�L�N�O�X�V���D�O�D�S�M�i�Q��91.27 kW �D���W�H�O�M�H�V�t�W�P�p�Q�\, mely +21.98% 
�H�Q�H�U�J�L�D�W�|�E�E�O�H�W���� �P�t�J�� �P�D�J�D�V�D�E�E�� �W�p�U�I�R�J�D�W�i�U�D�P�~�� �V�]�L�P�X�O�i�F�L�y�N�� �D�O�D�S�M�i�Q�� �D�N�i�U 69.61 kW (+48.83%) 
�H�Q�H�U�J�L�D�W�|�E�E�O�H�W�� �L�V�� �H�O�p�U�K�H�W��. �$�� ������ �i�E�U�D�� �P�X�W�D�W�M�D�� �D�]�� ���'-���'�� �V�]�D�N�D�V�]�R�V�� �•�]�H�P�P�H�O�� �H�O�p�U�K�H�W����

����



Pap J. �± Baracza M.K. 

 

�N�~�W�I�H�M�K���P�p�U�V�p�N�O�H�W�� �W�|�E�E�O�H�W�H�W���� �W�D�O�S�L�� �K���P�p�U�V�p�N�O�H�W�� �W�|�E�E�O�H�W�H�W�� �p�V�� �W�H�O�M�H�V�t�W�P�p�Q�\�W�� �S�H�U�H�P�� �K���I�R�U�U�i�V�V�D�O����
�Y�D�O�D�P�L�Q�W���K���I�R�U�U�i�V���Q�p�O�N�•�O�L���P�R�G�H�O�O�H�N���H�V�H�W�p�E�H�Q�� 

 
4. �i�E�U�D 

1D-1D szakaszos �•�]�H�P�P�H�O���H�O�p�U�K�H�W�����N�~�W�I�H�M�K���P�p�U�V�p�N�O�H�W���W�|�E�E�O�H�W [�E�D�O���I�H�Q�W�@�����W�D�O�S�L���K���P�p�U�V�p�N�O�H�W��
�W�|�E�E�O�H�W [jobb fent] �p�V���W�H�O�M�H�V�t�W�P�p�Q�\ [lent] �S�H�U�H�P���K���I�R�U�U�i�V�V�D�O�����Y�D�O�D�P�L�Q�W���K���I�R�U�U�i�V���Q�p�O�N�•�O�L��

�P�R�G�H�O�O�H�N���H�V�H�W�p�E�H�Q 
 
4. �.�g�9�(�7�.�(�=�7�(�7�e�6�(�. 

�$�� �N�|�]�O�H�P�p�Q�\�� �H�J�\ olyan �i�O�W�D�O�X�Q�N�� �I�H�M�O�H�V�]�W�H�W�W numerikus modellt mutat be FlexPDE 
�N�|�U�Q�\�H�]�H�W�E�H�Q���� �D�P�H�O�\�� �D�O�N�D�O�P�D�V�� �D�� �P�p�O�\�I�~�U�i�V�L�� �K���F�V�H�U�p�O���N�� �N�|�U�Q�\�H�]�H�W�p�E�H�Q�� �I�H�O�O�p�S����
�K���P�p�U�V�p�N�O�H�W�Y�L�V�]�R�Q�\�R�N���V�]�i�P�t�W�i�V�i�U�D�����$���P�R�G�H�O�O���V�H�J�t�W�V�p�J�p�Y�H�O���N�•�O�|�Q�E�|�]�����V�]�L�P�X�O�i�F�L�y�N���H�U�H�G�P�p�Q�\�H�L�W��
�|�V�V�]�H�K�D�V�R�Q�O�t�W�Y�D�� �Y�L�]�V�J�i�O�W�X�N���� �K�R�J�\�� �D�]�R�Q�R�V�� �P�R�G�H�O�O�S�D�U�D�P�p�W�H�U�H�N�� �P�H�O�O�H�W�W�� �P�H�N�N�R�U�D�� �H�Q�H�U�J�L�D�W�|�E�E�O�H�W��
n�\�H�U�K�H�W�����N�L���D���V�]�D�N�D�V�]�R�V���•�]�H�P���F�L�N�O�X�V�D�L���V�R�U�i�Q�����$�]���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���D���Y�L�]�V�J�i�O�W���N�~�W�V�]�H�U�N�H�]�H�W�W�H�O��
�D�N�i�U���N�|�]�H�O���������N�:���p�V���t�J�\�����������W�H�O�M�H�V�t�W�P�p�Q�\�Q�|�Y�H�N�H�G�p�V���p�U�K�H�W�����H�O�� 
 
�.�g�6�=�g�1�(�7�1�<�,�/�9�È�1�Ë�7�È�6 

�$���N�X�W�D�W�y�P�X�Q�N�D���D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�H�Q���P�&�N�|�G�����$�O�N�D�O�P�D�]�R�W�W���)�|�O�G�W�X�G�R�P�i�Q�\�L���.�X�W�D�W�y�L�Q�W�p�]�H�W��
GINOP-2.3.2-15-2016-������������ �M�H�O�&�� �Ä�)�|�O�G�L�� �H�Q�H�U�J�L�D�I�R�U�U�i�V�R�N�� �K�D�V�]�Q�R�V�t�W�i�V�i�K�R�]�� �N�D�S�F�V�R�O�y�G�y��
�K�D�W�p�N�R�Q�\�V�i�J���Q�|�Y�H�O�����P�p�U�Q�|�N�L���H�O�M�i�U�i�V�R�N���I�H�M�O�H�V�]�W�p�V�H�´���S�U�R�M�H�N�W�M�p�Q�H�N���U�p�V�]�H�N�p�Q�W���± �D���6�]�p�F�K�H�Q�\�L������������
p�U�R�J�U�D�P�� �N�H�U�H�W�p�E�H�Q�� �± �D�]�� �(�X�U�y�S�D�L�� �8�Q�L�y�� �W�i�P�R�J�D�W�i�V�i�Y�D�O���� �D�]�� �(�X�U�y�S�D�L�� �6�W�U�X�N�W�X�U�i�O�L�V�� �p�V�� �%�H�U�X�K�i�]�i�V�L��
�$�O�D�S�R�N���W�i�U�V�I�L�Q�D�Q�V�]�t�U�R�]�i�V�i�Y�D�O���Y�D�O�y�V�X�O���P�H�J�� 
 
�,�5�2�'�$�/�2�0�-�(�*�<�=�e�.  

Aniko N. Toth, Peter Szucs, Jozsef Pap, Attila Nyikos, David K. Fenerty (2018) Converting 
Abandoned Hungarian Oil and Gas wells into Geothermal Sources - PROCEEDINGS, 43rd 
Workshop on Geothermal Reservoir Engineering - Stanford University, Stanford, California, 
SGP-TR-213. 

5 m3/h 10 m3/h 15 m3/h 20 m3/h 5 m3/h 10 m3/h 15 m3/h 20 m3/h
TRUE 1.62 1.84 1.49 1.60 TRUE 3.86 3.39 2.40 1.85
FALSE 1.90 1.81 1.38 1.44 FALSE 4.23 3.36 2.39 1.85
TRUE 1.92 1.78 1.36 1.32 TRUE 4.24 3.34 2.38 1.89
FALSE 1.64 1.80 1.41 1.45 FALSE 3.94 3.37 2.37 1.85
TRUE 1.63 1.90 1.46 1.24 TRUE 4.06 3.54 2.48 1.90
FALSE 1.67 1.82 1.38 1.47 FALSE 4.06 3.46 2.45 1.92

5 m3/h 10 m3/h 15 m3/h 20 m3/h 5 m3/h 10 m3/h 15 m3/h 20 m3/h
TRUE 14.53 43.45 59.88 69.61 TRUE 18.99% 36.47% 44.24% 48.83%
FALSE 16.45 43.23 57.84 67.58 FALSE 21.98% 36.24% 42.12% 46.61%
TRUE 16.31 42.86 57.52 68.22 TRUE 21.86% 35.89% 41.94% 47.54%
FALSE 14.77 42.87 58.41 68.48 FALSE 19.43% 35.90% 42.74% 47.40%
TRUE 15.31 43.22 58.80 62.96 TRUE 20.22% 36.84% 44.15% 43.21%
FALSE 15.17 42.88 57.96 68.87 FALSE 20.12% 36.59% 43.59% 49.52%
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technical review (2018) - Renewable Energy 123, 353-381, DOI: 
https://doi.org/10.1016/j.renene.2018.02.055 
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�������0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�����%�i�Q�\�D���p�V���(�Q�H�U�J�L�D���,�Q�W�p�]�H�W 
���V�L�R�P�R�V���D�Q�J�H�O�R�V�#�X�Q�L���P�L�V�N�R�O�F���K�X�������D�N�R�V���G�H�E�U�H�F�]�H�Q�L�#�X�Q�L���P�L�V�N�R�O�F���K�X 

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

�$���Y�t�]�Q�t�Y�y�� �D�O�y�O�L�� �W�H�U�P�H�O���� �E�H�U�H�Q�G�H�]�p�V�H�N�� �M�|�Y�H�V�]�W�p�V�L�� �p�V�� �I�H�M�W�p�V�L�� �P�y�G�M�D�L�� �V�R�N�V�]�R�U�� �N�•�O�|�Q�E�|�]�Q�H�N�� �D��
�V�]�i�U�D�]�I�|�O�G�L���E�H�U�H�Q�G�H�]�p�V�H�N�W���O�����9�D�Q�Q�D�N���K�D�V�R�Q�O�y���D�O�N�D�O�P�D�]�i�V�R�N���P�L�Q�G�N�p�W���H�V�H�W�E�H�Q�����D�]�R�Q�E�D�Q���M�H�O�H�Q�W���V��
�N�•�O�|�Q�E�V�p�J�H�N�� �N�•�O�|�Q�t�W�L�N�� �H�O�� �D�� �V�]�i�U�D�]�I�|�O�G�L�� �p�V�� �D�� �Y�t�]�� �D�O�y�O�L�� �N�L�W�H�U�P�H�O�p�V�W�����$�]�� �H�O�V���� �M�H�O�H�Q�W���V�� �N�•�O�|�Q�E�V�p�J����
�K�R�J�\�� �P�t�J�� �D�� �V�]�i�U�D�]�I�|�O�G�L�� �W�H�U�P�H�O�p�V�� �H�V�H�W�p�E�H�Q�� �D�]�R�Q�Q�D�O�L�� �Y�L�]�X�i�O�L�V�� �L�Q�I�R�U�P�i�F�L�y�W�� �N�D�S�� �D�� �N�R�W�U�y��
�•�]�H�P�H�O�W�H�W���M�H���� �D���Y�t�]�� �D�O�y�O�L���N�L�W�H�U�P�H�O�p�V���H�V�H�W�p�E�H�Q���D���K�H�O�\�]�H�W���O�H�J�M�R�E�E�D�Q���D���Ä�V�|�W�p�W�E�H�Q���W�D�S�R�J�D�W�y�]�i�V�V�D�O�´��
�O�H�K�H�W�Q�H���O�H�t�U�Q�L�����$���N�R�W�U�y���•�]�H�P�H�O�W�H�W���M�H���F�V�D�N���N�|�]�Y�H�W�H�W�W���L�Q�I�R�U�P�i�F�L�y�N���D�O�D�S�M�i�Q���G�R�O�J�R�]�L�N�����p�V���D�]�R�N���L�V���F�V�D�N��
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0 mol% H2 5 mol% H2
10 mol% H2 15 mol% H2
20 mol% H2 25 mol% H2
30 mol% H2 50 mol% H2
80 mol% H2 100 mol% H2
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�K�\�G�U�R�J�H�Q���L�V���V�W�U�R�Q�J�O�\���O�L�Q�N�H�G���W�R���H�I�I�R�U�W�V���W�R���U�H�G�X�F�H���J�U�H�H�Q�K�R�X�V�H���J�D�V���H�P�L�V�V�L�R�Q�V�����V�L�Q�F�H���L�W�V���F�R�P�E�X�V�W�L�R�Q��
�F�O�H�D�U�O�\���I�X�O�I�L�O�V���W�K�L�V���F�U�L�W�H�U�L�R�Q�����V�L�Q�F�H���L�W�V���F�R�P�E�X�V�W�L�R�Q���S�U�R�G�X�F�H�V���D�O�P�R�V�W���D�O�O���Z�D�W�H�U���Y�D�S�R�U�����,�Q���W�K�L�V���S�D�S�H�U����
�W�K�H�� �D�X�W�K�R�U�V�� �L�Q�Y�H�V�W�L�J�D�W�H���K�R�Z�� �W�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �K�\�G�U�R�J�H�Q�� �P�R�G�L�I�L�H�V�� �W�K�H�� �H�[�W�H�Q�W���R�I�� �W�K�H�� �I�O�D�U�L�Q�J�� �K�H�D�W��
�H�I�I�H�F�W���]�R�Q�H�� 
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�1�D�S�M�D�L�Q�N���H�J�\�L�N���O�H�J�V�•�U�J�H�W���E�E���S�U�R�E�O�p�P�i�M�D���D�]���p�J�K�D�M�O�D�W�Y�i�O�W�R�]�i�V���P�H�J�I�p�N�H�]�p�V�H�����D�P�H�O�\�Q�H�N���H�J�\�L�N��
�M�H�O�H�Q�W���V�� �I�R�U�U�i�V�D�� �D�]�� �H�Q�H�U�J�L�D�I�H�O�K�D�V�]�Q�i�O�i�V�K�R�]�� �N�|�W�K�H�W���� �•�Y�H�J�K�i�]�K�D�W�i�V�~�� �J�i�]�R�N�� �O�p�J�N�|�U�E�H�� �M�X�W�i�V�D����
�(�X�U�y�S�D�L���V�]�L�Q�W�H�Q���L�V���H�U���V�|�G�L�N���D�]���L�J�p�Q�\���H�J�\���R�O�\�D�Q�����P�H�J�~�M�X�O�y���I�R�U�U�i�V�E�y�O���V�]�i�U�P�D�]�y���H�Q�H�U�J�L�D�K�R�U�G�R�]�y�U�D����
�D�P�H�O�\���D���K�D�J�\�R�P�i�Q�\�R�V���I�R�V�V�]�L�O�L�V���W�•�]�H�O���D�Q�\�D�J�R�N���K�H�O�\�H�W�W�H�V�t�W�p�V�p�U�H���U�p�V�]�E�H�Q�����Y�D�J�\���W�H�O�M�H�V�H�Q���D�O�N�D�O�P�D�V��
�O�H�K�H�W�����$���K�L�G�U�R�J�p�Q���H�U�U�H���D���F�p�O�U�D���D�O�N�D�O�P�D�V�Q�D�N���t�J�p�U�N�H�]�L�N�����$���P�H�J�~�M�X�O�y���I�R�U�U�i�V�E�y�O���V�]�i�U�P�D�]�y���K�L�G�U�R�J�p�Q��
�H�J�\�L�N�� �O�H�J�Q�D�J�\�R�E�E�� �H�O���Q�\�H�� �D�� �M�H�O�H�Q�O�H�J�� �D�O�N�D�O�P�D�]�R�W�W�� �I�R�V�V�]�L�O�L�V�� �W�•�]�H�O���D�Q�\�D�J�R�N�N�D�O�� �V�]�H�P�E�H�Q���� �K�R�J�\��
�H�O�W�•�]�H�O�p�V�H�� �V�R�U�i�Q�� �Y�t�]�J���]�� �N�H�O�H�W�N�H�]�L�N���� �H�]�]�H�O�� �M�H�O�H�Q�W���V�H�Q�� �F�V�|�N�N�H�Q�W�Y�H�� �D�� �O�p�J�N�|�U�E�H�� �N�H�U�•�O���� �&�2����
�N�L�E�R�F�V�i�W�i�V�� �P�p�U�W�p�N�p�W���� �$�� �K�L�G�U�R�J�p�Q�� �I�|�O�G�J�i�]�K�R�]�� �Y�D�O�y�� �K�R�]�]�i�N�H�Y�H�U�p�V�H�� �M�H�O�H�Q�W���V�H�Q�� �E�H�I�R�O�\�i�V�R�O�M�D�� �D��
�N�H�O�H�W�N�H�]�H�W�W�� �J�i�]�H�O�H�J�\�� �W�•�]�H�O�p�V�W�H�F�K�Q�L�N�D�L���� �p�V�� �D�Q�\�D�J�M�H�O�O�H�P�]���L�W���� �H�]�]�H�O�� �L�V�� �N�L�K�t�Y�i�V�� �H�O�p�� �i�O�O�t�W�Y�D�� �D��
�I�|�O�G�J�i�]�K�i�O�y�]�D�W�R�W�� �•�]�H�P�H�O�W�H�W���� �V�]�D�N�H�P�E�H�U�H�N�H�W���� �8�J�\�D�Q�L�O�\�H�Q�� �Q�\�L�W�R�W�W�� �N�p�U�G�p�V���� �K�R�J�\�� �D�� �K�L�G�U�R�J�p�Q��
�P�H�J�M�H�O�H�Q�p�V�H�� �K�R�J�\�D�Q�� �E�H�I�R�O�\�i�V�R�O�M�D�� �D�� �I�i�N�O�\�i�]�i�V�� �V�R�U�i�Q�� �N�H�O�H�W�N�H�]���� �K���K�D�W�i�V�� �|�Y�H�]�H�W�� �P�p�U�W�p�N�p�W����
�9�L�]�V�J�i�O�D�W�D�L�Q�N�� �D�U�U�D�� �D�� �N�p�U�G�p�V�U�H�� �Y�R�Q�D�W�N�R�]�y�D�Q�� �Y�p�J�H�]�W�•�N�� �H�O���� �K�R�J�\�� �D�� �K�L�G�U�R�J�p�Q�� �I�|�O�G�J�i�]�K�R�]�� �Y�D�O�y��
�K�R�]�]�i�N�H�Y�H�U�p�V�p�Y�H�O���� �Y�D�O�D�P�L�Q�W�� �D�� �W�L�V�]�W�D�� �K�L�G�U�R�J�p�Q�� �P�H�J�M�H�O�H�Q�p�V�p�Y�H�O�� �V�]�•�N�V�p�J�H�V���H�� �P�y�G�R�V�t�W�D�Q�L�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W�H�N���P�p�U�W�p�N�p�W���D�]���D�U�U�D���Y�R�Q�D�W�N�R�]�y���H�O���t�U�i�V�R�N�D�W���I�L�J�\�H�O�H�P�E�H���Y�p�Y�H�� 
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�$���K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P���I�i�N�O�\�D���K���K�D�W�i�V�|�Y�H�]�H�W�p�Q�H�N���Q�D�J�\�V�i�J�i�U�D���J�\�D�N�R�U�R�O�W���K�D�W�i�V�i�Q�D�N���Y�L�]�V�J�i�O�D�W�D���D��
�)�/�$�5�(���V�]�R�I�W�Y�H�U�U�H�O���Y�D�O�y�V�X�O�W���P�H�J�����$���Y�L�]�V�J�i�O�D�W���V�R�U�i�Q���H�J�\���'�1���������Q�p�Y�O�H�J�H�V���i�W�P�p�U���Y�H�O���U�H�Q�G�H�O�N�H�]����
�I�i�N�O�\�D���P�R�G�H�O�O���D�G�D�W�D�L���N�H�U�•�O�W�H�N���I�H�O�K�D�V�]�Q�i�O�i�V�U�D�����$���P�L�Q�W�D���I�|�O�G�J�i�]���|�V�V�]�H�W�p�W�H�O�N�p�Q�W���D���������������������J�i�]�p�Y�U�H��
�Y�R�Q�D�W�N�R�]�y���� �D�]�� �R�U�V�]�i�J�R�V�� �V�~�O�\�R�]�R�W�W�� �J�i�]�|�V�V�]�H�W�p�W�H�O�� �N�H�U�•�O�W�� �I�H�O�K�D�V�]�Q�i�O�i�V�U�D�� �D�� ������������ �p�Y�L�� �V�]�i�O�O�t�W�R�W�W��
�I�|�O�G�J�i�]�P�H�Q�Q�\�L�V�p�J�H�N���D�O�D�S�M�i�Q�������)�*�6�=���0�(�5�����������������$���Y�L�]�V�J�i�O�D�W�R�N���V�R�U�i�Q���D�]���D�O�D�S���I�|�O�J�i�]�|�V�V�]�H�W�p�W�H�O��
�H�V�H�W�p�Q���� �D�� �N�p�]�L�� �V�]�D�E�i�O�\�]�y�V�]�H�O�H�S�S�H�O�� �E�H�i�O�O�t�W�R�W�W�� �H�O�W�p�U���� �N�H�]�G�H�W�L�� �J�i�]�i�U�D�P�R�N�� �������������������������� �P�����K����
�P�H�O�O�H�W�W���M�H�O�H�Q�W�N�H�]�����K���K�D�W�i�V�|�Y�H�]�H�W�H�N���N�H�U�•�O�W�H�N���P�H�J�K�D�W�i�U�R�]�i�V�U�D�����(�]�X�W�i�Q�����������������������p�V���������P�R�O�����+����
�W�D�U�W�D�O�P�~�� �J�i�]�H�O�H�J�\���� �Y�D�O�D�P�L�Q�W�� �W�L�V�]�W�D�� �K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�� �H�V�H�W�p�E�H�Q�� �L�V�� �P�H�J�K�D�W�i�U�R�]�i�V�U�D�� �N�H�U�•�O�W�� �D��
�K���K�D�W�i�V�|�Y�H�]�H�W�H�N�� �Q�D�J�\�V�i�J�D���� �$�� �N�H�]�G�H�W�L�� �J�i�]�i�U�D�P�� �p�V�� �D�� �I�i�N�O�\�D�� �J�H�R�P�H�W�U�L�D�L�� �D�G�D�W�D�L�� �D�� �Y�i�O�W�R�]�y��
�I�|�O�G�J�i�]�|�V�V�]�H�W�p�W�H�O�� �P�H�O�O�H�W�W�� �L�V�� �Y�i�O�W�R�]�D�W�O�D�Q�X�O�� �N�H�U�•�O�W�H�N�� �I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�U�H���� �$�� �E�L�]�W�R�Q�V�i�J�L�� �|�Y�H�]�H�W��
�P�p�U�W�p�N�H���~�J�\���O�H�W�W���P�H�J�K�D�W�i�U�R�]�Y�D�����K�R�J�\���D���O�H�I�~�Y�D�W�i�V�L���P�&�Y�H�O�H�W���P�D�[�L�P�i�O�L�V���K�R�]�D�P�i�W���I�L�J�\�H�O�H�P�E�H���Y�p�Y�H����
�D�Q�Q�D�N�� �P�p�U�H�W�H�� �D�]�� �H�P�E�H�U�U�H�� �Y�H�V�]�p�O�\�H�V�� �K���K�D�W�i�V�� �|�Y�H�]�H�W�W�H�O�� �H�J�\�H�]�L�N�� �P�H�J���� �D�P�L�Q�H�N�� �P�p�U�W�p�N�H�� ����������
�:���P ������ �$�� �Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q�� �D�]�� �H�V�H�W�O�H�J�H�V�� �V�]�p�O�� �P�L�D�W�W�� �E�H�N�|�Y�H�W�N�H�]���� �O�i�Q�J�G���O�p�V�� �K�D�W�i�V�D�� �Q�H�P�� �N�H�U�•�O�W��
�I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�U�H�� 
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�$���K���K�D�W�i�V�|�Y�H�]�H�W�H�N���D�O�D�N�X�O�i�V�D���D���K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�����Y�D�O�D�P�L�Q�W���D���N�H�]�G�H�W�L���J�i�]�i�U�D�P�R�N��
�I�•�J�J�Y�p�Q�\�p�E�H�Q���P���P�p�U�W�p�N�H�J�\�V�p�J�E�H�Q���N�L�I�H�M�H�]�Y�H 

Kezdeti  
�J�i�]�i�U�D�P���>�P3/h] 

�+���K�D�W�i�V�|�Y�H�]�H�W���>�P�@ 

H2-tartalom [%] 

0 5 10 15 20 100 

2 500 11,94 11,73 11,5 11,30 11,07 6,31 

5 000 17,11 16,80 16,48 16,19 15,86 9,27 

7 500 21,03 20,66 20,28 19,89 19,49 11,51 

10 000 24,33 23,90 23,46 23,02 22,55 13,37 

15 000 29,90 29,37 28,81 28,29 27,72 16,49 

20 000 34,68 34,07 33,43 32,81 32,15 19,10 

30 000 42,69 41,93 41,15 40,38 39,57 23,46 

40 000 49,42 48,56 47,66 46,75 45,82 27,13 

50 000 55,36 54,39 53,38 52,37 51,33 30,46 
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�~�J�\�� �F�V�|�N�N�H�Q�� �D�� �K���K�D�W�i�V�|�Y�H�]�H�W�� �P�p�U�W�p�N�H���� �$�� �Y�L�]�V�J�i�O�D�W�� �V�R�U�i�Q�� �D�O�N�D�O�P�D�]�R�W�W�� �D�O�D�S�D�G�D�W�R�N�� �P�H�O�O�H�W�W�� �D��
�I�|�O�G�J�i�]�K�R�]�� �K�R�]�]�i�D�G�R�W�W�� ������ �K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�� �������N�D�O���� �������� �K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�� �������N�D�O���� ��������
�K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�� �������N�D�O���� �P�t�J�� �������� �K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�� �������N�D�O�� �F�V�|�N�N�H�Q�W�H�W�W�H�� �D�]�� �D�O�D�S��
�I�|�O�G�J�i�]�|�V�V�]�H�W�p�W�H�O�� �H�V�H�W�p�E�H�Q�� �M�H�O�H�Q�W�N�H�]���� �K���K�D�W�i�V�|�Y�H�]�H�W�� �P�p�U�W�p�N�p�W���� �7�L�V�]�W�D�� �K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P��
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�$���K�L�G�U�R�J�p�Q���K�D�W�i�V�D���D���I�i�N�O�\�D���K���K�D�W�i�V���|�Y�H�]�H�W�p�Q�H�N���N�L�W�H�U�M�H�G�p�V�p�U�H 

 

�P�H�W�i�Q�W�D�U�W�D�O�R�P�K�R�]�� �Y�L�V�]�R�Q�\�t�W�Y�D���� ������������ �F�P���V�� �O�i�Q�J�W�H�U�M�H�G�p�V�L�� �V�H�E�H�V�V�p�J�J�H�O���� �$�� �P�H�J�Q�|�Y�H�N�H�G�H�W�W��
�O�i�Q�J�W�H�U�M�H�G�p�V�L�� �V�H�E�H�V�V�p�J�� �D�� �O�i�Q�J�Y�L�V�V�]�D�J�\�X�O�O�D�G�i�V�� �N�L�D�O�D�N�X�O�i�V�i�Q�D�N�� �L�U�i�Q�\�i�E�D�� �P�R�]�G�t�W�M�D�� �H�O�� �D�]�� �p�J�p�V�L��
�I�R�O�\�D�P�D�W�R�W�����t�J�\�����������P�R�O�����K�L�G�U�R�J�p�Q�W�D�U�W�D�O�R�P�P�D�O���W�|�U�W�p�Q�����•�]�H�P�H�O�p�V���H�V�H�W�p�E�H�Q���D���N�p�U�G�p�V�W���N�L�H�P�H�O�W�H�Q��
�N�H�O�O���N�H�]�H�O�Q�L�����$���N�p�U�G�p�V���W�R�Y�i�E�E�L���Y�L�]�V�J�i�O�D�W�D���M�D�Y�D�V�R�O�W�� 
 
�,�5�2�'�$�/�2�0�-�(�*�<�=�e�.  

�)�/�$�5�(�����������V�]�R�I�W�Y�H�U�������������� 

�K�W�W�S�V�������I�J�V�]���K�X���S�D�U�W�Q�H�U�H�L�Q�N���U�H�Q�G�V�]�H�U�X�]�H�P�H�O�W�H�W�R�N���V�]�D�E�D�O�\�R�]�D�V�L���N�R�U�Q�\�H�]�H�W��
�U�H�Q�G�V�]�H�U�X�]�H�P�H�O�W�R�N���I�R�O�G�J�D�]�P�L�Q�R�V�H�J���H�O�V�]�D�P�R�O�D�V�L���U�H�Q�G�M�H 

�7�L�K�D�Q�\�L�� �/�����=�V�X�J�D�� �-������ �)�|�O�G�J�i�]�V�]�i�O�O�t�W�y�� �U�H�Q�G�V�]�H�U�H�N�� �W�H�U�Y�H�]�p�V�H�� �p�V�� �O�p�W�H�V�t�W�p�V�H���� �0�L�V�N�R�O�F�L�� �(�J�\�H�W�H�P����
�������������,�6�%�1������������������������������������ 

�)�D�U�N�D�V�����2�����Q�p�������1�D�J�\�����*�������7�•�]�H�O�p�V�W�D�Q�����7�D�Q�N�|�Q�\�Y�N�L�D�G�y�����%�X�G�D�S�H�V�W�����������������S�S�����������������������,�6�%�1����������
������������������ 
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HAVASI I �6�7�9�È�1 

Miskolci Egyetem, �)�|�O�G�U�D�M�]- Geoinformatika �,�Q�W�p�]�H�W, �*�H�R�G�p�]�L�D�L���p�V���%�i�Q�\�D�P�p�U�p�V�W�D�Q�L���,�Q�W�p�]�H�W�L��
�7�D�Q�V�]�p�N; istvan.havasi@uni-miskolc.hu 

 
Kivonat : A 2024. �i�S�U�L�O�L�V�� ����-�in �I�H�O�O���W�W, �p�V��szeptember 5-�p�Q�� �U�H�Q�G�V�]�H�U�E�H�� �i�O�O�y, 2 Galileo 
�Ä�Y�p�J�O�H�J�H�V�´���I�i�]�L�V�~��M�(�2���P�&�K�R�O�G�G�D�O���N�|�]�H�O���J�O�R�E�i�O�L�V���N�L�W�H�U�M�H�V�]�W�p�V�&�Q�H�N�����p�V��majdnem befejezettnek 
�W�H�N�L�Q�W�K�H�W���� �D Galileo �H�X�U�y�S�D�L �P�&�K�R�O�G�D�V�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�y rendszer. �(�J�\�� �P�i�V�R�G�J�H�Q�H�U�i�F�L�y�V��
�P�&�K�R�O�G�D�V�� �D�O�D�S�U�H�Q�G�V�]�H�U�� �N�L�p�S�•�O�p�V�H��fog hamarosan �O�H�]�i�U�X�O�Q�L. A �W�D�Q�X�O�P�i�Q�\ �U�|�Y�L�G�H�Q�� �U�i�Y�L�O�i�J�t�W��az 
�H�X�U�y�S�D�L �P�&�K�R�O�G�D�V�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�y rendszer (Galileo) �Q�p�Y�Y�i�O�D�V�]�W�i�V�i�U�D, �p�V�� �E�H�P�X�W�D�W�M�D�� �D�Q�Q�D�N��
�I���E�E���M�H�O�O�H�P�]���L�W���� �(�]�X�W�i�Q���I�R�J�O�D�O�N�R�]�L�N���D���O�H�J�H�O�V���� �U�H�Q�G�V�]�H�U�E�H�O�L���W�H�V�]�W�P�&�K�R�O�G�D�N�N�D�O���� �P�D�M�G���D���N�t�V�p�U�O�H�W�L��
�I�i�]�L�V���P�H�V�W�H�U�V�p�J�H�V���K�R�O�G�M�D�L�Y�D�O. �9�p�J�•l pedig a �J�O�R�E�i�O�L�V���N�L�W�H�U�M�H�V�]�W�p�V�K�H�] �p�V���Ä�Y�p�J�O�H�J�H�V�´���N�L�p�S�t�W�p�V�K�H�] 
�L�J�H�Q�� �N�|�]�H�O�� �i�O�O�y�� �P�&�K�R�O�G�D�V alaprendszer �L�V�P�H�U�W�H�W�p�V�H �W�|�U�W�p�Q�L�N�� �P�H�J, �U�|�Y�L�G�H�Q�� �N�L�W�p�U�Y�H�� �D�Q�Q�D�N 
�M�|�Y���E�H�O�L �Y�i�U�K�D�W�y���I�H�M�O�H�V�]�W�p�V�p�U�H��is. 

 
Kulcsszavak: �P�&�K�R�O�G�D�V�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�i�V����alaprendszerek, Galileo, �N�|�]�H�O�� ������ �p�Y�H�V��
�I�H�M�O���G�p�V�W�|�U�W�p�Q�H�W�����M�|�Y���N�p�S. 
 
 
1. �%�(�9�(�=�(�7�e�6 

�$�� �P�&�K�R�O�G�D�V�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�y�� �D�O�D�S�U�H�Q�G�V�]�H�U�H�N�� �P�H�J�K�D�W�i�U�R�]�y�� �V�]�H�U�H�S�H�� �D�� �P�L�Q�G�H�Q�Q�D�S�L�� �p�O�H�W��
�V�]�i�P�R�V�� �W�H�U�•�O�H�W�p�Q�� �Y�L�W�D�W�K�D�W�D�W�O�D�Q���� �D�O�N�D�O�P�D�]�i�V�L�� �W�H�U�•�O�H�W�•�N�� �I�R�O�\�D�P�D�W�R�V�D�Q�� �E���Y�•�O���� �$�]�� �H�O���]����
�P�H�J�i�O�O�D�S�t�W�i�V�� �D�Q�Q�\�L�U�D�� �Q�\�L�O�Y�i�Q�Y�D�O�y���� �K�R�J�\�� �D�Q�Q�D�N�� �L�J�D�]�R�O�i�V�D�� �Q�H�P�� �V�]�•�N�V�p�J�H�V���� �.�L�p�S�•�O�p�V�•�N�H�W 
�W�H�N�L�Q�W�Y�H���H�O���V�]�|�U���N�H�W�W�����H�O�V���J�H�Q�H�U�i�F�L�y�V���U�H�Q�G�V�]�H�U, az amerikai NAVSTAR GPS (1994-�W���O), majd 
a szovjet/orosz GLONASS (1995 /igen �U�|�Y�L�G�� �L�G�H�L�J���� �p�V�� ��������-�W���O���� �Y�D�O�y�V�X�O�W�� �P�H�J����Ezeket 2020 
�M�~�Q�L�X�V�i�W�y�O�� �D�� �N�t�Q�D�L�� �%�H�L�'�R�X�� ������ ���� �U�H�Q�G�V�]�H�U�� �N�|�Y�H�W�W�H���� �$��jelenleg �V�]�L�Q�W�H�� �P�i�U�� �J�O�R�E�i�O�L�V�� �O�H�I�H�G�H�W�W�V�p�J�& 
(23+2 �P�&�N�|�G�����V�]�D�W�H�O�O�L�W�����P�i�V�R�G�J�H�Q�H�U�i�F�L�y�V���P�&�K�R�O�G�D�V���K�H�O�\�P�H�J�K�D�W�i�U�R�]�y���D�O�D�S�U�H�Q�G�V�]�H�U, a Galileo 
�O�p�W�U�H�K�R�]�i�V�i�Q�D�N���W�|�U�W�p�Q�H�W�H�����I���E�E���M�H�O�O�H�P�]���L�����M�H�O�H�Q�O�H�J�L���V�W�i�W�X�V�]�D���S�H�G�L�J most lesznek ismertetve.    
 
2. �$���*�$�/�,�/�(�2���0�%�+�2�/�'�$�6���+�(�/�<�0�(�*�+�$�7�È�5�2�=�Ï���$�/�$�3�5�(�1�'�6�=�(�5���)���%�%��

�-�(�/�/�(�0�=���,  

�$�� �P�&�K�R�O�G�D�V�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�y�� �D�O�D�S�U�H�Q�G�V�]�H�U�� �Q�H�Y�p�W�� �D�]�� �L�V�P�H�U�W�� �R�O�D�V�]�� �F�V�L�O�O�D�J�i�V�]�U�y�O���� �I�L�]�L�N�X�V�U�y�O 
Galileo Galilei�U���O�� �N�D�S�W�D���� �D�N�L�K�H�]�� �V�]�i�P�R�V�� �W�X�G�R�P�i�Q�\�R�V�� �H�U�H�G�P�p�Q�\�� �N�|�W�K�H�W������ �p�V��a�]�� �H�O�V���N�� �N�|�]�|�W�W��
volt, aki �F�V�L�O�O�D�J�i�V�]�D�W�L�� �Y�L�]�V�J�i�O�D�W�R�N�U�D�� �W�i�Y�F�V�|�Y�H�W�� �K�D�V�]�Q�i�O�W. A Galileo rendszert �D�]�� �(�X�U�y�S�D�L�� �8�Q�L�y 
���(�8�����p�V���D�]���(�X�U�y�S�D�L���%�U�•�J�\�Q�|�N�V�p�J��(angolul �(�6�$�����V�S�H�F�L�i�O�L�V���S�R�O�J�i�U�L���I�H�O�K�D�V�]�Q�i�O�i�V�L���F�p�O�R�N�U�D���N�|�]�|�V��
�Y�i�O�O�D�O�N�R�]�i�V�� �N�H�U�H�W�p�E�H�Q��fejlesztette. �$�� �P�i�U�� �H�P�O�t�W�H�W�W�� �W�|�E�E�L�� �D�O�D�S�U�H�Q�G�V�]�H�U�W���O�� �H�O�W�p�U���H�Q, a Galileo 
p�R�O�J�i�U�L���H�O�O�H�Q���U�]�p�V���D�O�D�W�W���i�O�O�����p�V���V�]�R�O�J�i�O�W�D�W�i�V�D�L�Q�D�N���W�|�E�E�V�p�J�H��ingyenes �P�L�Q�G�H�Q�•�W�W���D���Y�L�O�i�J�R�Q�� 

A Galileo �Ä�Y�p�J�O�H�J�H�V�´�� �P�&�K�R�O�G�D�V�� �D�O�U�H�Q�G�V�]�H�U�H �K�i�U�R�P�� �N�|�]�H�S�H�V�� �I�|�O�G�W�i�Y�R�O�V�i�J�~�� �S�i�O�\�D�V�t�N�U�D��
elosztott ������ �P�H�V�W�H�U�V�p�J�H�V���K�R�O�G�E�y�O���I�R�J���i�O�O�Q�L���� �$���S�i�O�\�D�V�t�N�R�N���K�D�M�O�i�V�D���D�]�� �(�J�\�H�Q�O�t�W���K�|�]�� �N�p�S�H�V�W�������ƒ����
egy-�H�J�\�� �S�i�O�\�D�V�t�N�R�Q�� �S�H�G�L�J�� ��-���� �P�&�K�R�O�G�� �p�V�� ��-2 m�&�N�|�G���N�p�S�H�V�� �W�D�U�W�D�O�p�N�� �I�R�J�� �H�O�K�H�O�\�H�]�N�H�G�Q�L�� A 
�P�D�J�D�V�D�E�E�� �I�|�O�G�U�D�M�]�L�� �V�]�p�O�H�V�V�p�J�&�� �K�H�O�\�H�N�H�Q�� �± �t�J�\�� �(�X�U�y�S�D�� �p�V�]�D�N�L�� �U�p�V�]�p�Q�� �± e�]�� �D�� �P�&�K�R�O�G�D�V��
�N�R�Q�I�L�J�X�U�i�F�L�y �M�R�E�E�� �O�H�I�H�G�H�W�W�V�p�J�H�W�� �E�L�]�W�R�V�t�W, mint amilyen ma az amerikai NAVSTAR GPS 
�P�H�V�W�H�U�V�p�J�H�V�� �K�R�O�G�D�N�N�D�O�� �P�H�J�Y�D�O�y�V�X�O���� �$��MEO �P�&�K�R�O�G�D�N�� �N�H�U�L�Q�J�p�V�L�� �P�D�J�D�V�V�i�J�D�� ������������ �N�P����

����



�+�H�O�\�]�H�W�N�p�S���D�]���H�X�U�y�S�D�L���P�&�K�R�O�G�D�V���K�H�O�\�P�H�J�K�D�W�i�U�R�]�y���D�O�D�S�U�H�Q�G�V�]�H�U�U���O�����D��Galileo-�U�y�O 

�N�H�U�L�Q�J�p�V�L�� �L�G�H�M�•�N�� ������ �y�U�D���� �V�~�O�\�X�N�� �������� �N�J���� �p�O�H�W�W�D�U�W�D�P�X�N�� �S�H�G�L�J�� �H�O�p�U�K�H�W�L�� �D�� ������ �p�Y�H�W�� �L�V���� �$�]�� �H�J�\�H�V��
�P�H�V�W�H�U�V�p�J�H�V���K�R�O�G�D�N���I�H�G�p�O�]�H�W�p�Q���D���V�]�•�N�V�p�J�H�V���I�U�H�N�Y�H�Q�F�L�D�H�W�D�O�R�Q�W���N�p�W���D�W�R�P�y�U�D���E�L�]�W�R�V�t�W�M�D�����$�]���H�J�\�L�N��
�U�X�E�t�G�L�X�P�����D���P�i�V�L�N���S�H�G�L�J���K�L�G�U�R�J�p�Q �P�p�]�H�U����amely �H�O���V�]�|�U���H�]�H�Q���D�O�D�S�U�H�Q�G�V�]�H�U���P�&�K�R�O�G�I�H�G�p�O�]�H�W�p�Q 
jelent meg. �1�R�U�P�i�O�� �•�]�H�P�P�H�Q�H�W�E�H�Q�� �D�]�� �X�W�y�E�E�L�� �V�]�R�O�J�i�O�W�D�W�M�D�� �D�]�W�� �D�� �U�H�I�H�U�H�Q�F�L�D�� �I�U�H�N�Y�H�Q�F�L�i�W����
�D�P�H�O�\�E���O�� �O�p�W�U�H�M�|�Q�� �D�� �Q�D�Y�L�J�i�F�L�y�V�� �M�H�O���� �$�]�� �H�J�\�H�V�� �V�]�D�W�H�O�O�L�W�H�N�H�Q�� �P�L�Q�G�N�p�W�� �y�U�D�W�t�S�X�V�E�y�O�� ��-2 van. Az 
�(�X�U�y�S�i�E�D�Q�� �N�p�V�]�t�W�H�W�W �y�U�i�N�D�W�� �D �N�t�V�p�U�O�H�W�L�� �P�&�K�R�O�G�D�N�R�Q�� �W�H�V�]�W�H�O�W�p�N���� �$�� �*�D�O�L�O�H�R�� �U�H�Q�G�V�]�H�U�L�G���W�� �D��
�Q�H�P�]�H�W�N�|�]�L�� �D�W�R�P�L�G���K�|�]�� �L�O�O�H�V�]�W�L�N���� �$�� �*�D�O�L�O�H�R�� �P�&�K�R�O�G�D�N�� �W�t�]�� �N�•�O�|�Q�E�|�]���� �M�H�O�H�W�� �V�X�J�i�U�R�]�Q�D�N a 
�N�|�Y�H�W�N�H�]�����Q�p�J�\���/-�V�i�Y�~���I�U�H�N�Y�H�Q�F�L�i�Q���������������������0�+�]���������������������0�+�]���������������������0�+�]���p�V������������42 
�0�+�]�����-�y�O���O�i�W�V�]�L�N���D�]�����K�R�J�\���N�H�W�W�� �*�D�O�L�O�H�R���M�H�O���I�U�H�N�Y�H�Q�F�L�i�M�D���P�H�J�H�J�\�H�]�L�N���D�]���Dmerikai GPS rendszer 
�/�����p�V���D���%�O�R�N�N����F-�W�t�S�X�V�~���P�&�K�R�O�G�D�N���/�����M�H�O�p�Q�H�N���I�U�H�N�Y�H�Q�F�L�i�M�i�Y�D�O�����$���*�D�O�L�O�H�R���M�H�O�H�N���i�O�W�D�O���E�L�]�W�R�V�t�W�R�W�W��
�V�]�R�O�J�i�O�W�D�W�i�V�� �N�p�W�� �V�]�L�Q�W�� �V�]�H�U�L�Q�W�� �R�V�]�W�i�O�\�R�]�K�D�W�y���� �D�O�D�S�V�]�L�Q�W�� �p�V�� �N�R�U�O�i�W�R�]�R�W�W�� �K�R�]�]�i�I�p�U�p�V�&�� �V�]�R�O�J�i�O�W�D�W�i�V�L��
szint. Az alapszint �± mint az amerikai NAVSTAR GPS-�Q�p�O���± itt is ingyenes, de �D�]�� �i�O�W�D�O�i�Q�R�V��
�I�H�O�K�D�V�]�Q�i�O�y�L���D�O�N�D�O�P�D�]�i�V�R�N�Q�i�O���M�R�E�E���P�L�Q���V�p�J�&���p�V���P�H�J�E�t�]�K�D�W�y�E�E���V�]�R�O�J�i�O�W�D�W�i�V���L�V���L�J�p�Q�\�E�H���Y�H�K�H�W������
A �P�i�V�L�N�� �p�U�W�p�N�Q�|�Y�H�O�W�� �N�H�U�H�V�N�H�G�H�O�P�L�� �p�V�� �S�U�R�I�H�V�V�]�L�R�Q�i�O�L�V�� �V�]�R�O�J�i�O�W�D�W�i�V�L�� �V�]�L�Q�W�� �K�D�V�]�Q�i�O�D�W�i�p�U�W��
�W�H�U�P�p�V�]�H�W�H�V�H�Q���I�L�]�H�W�Q�L���N�H�O�O�����p�V���D�]�W���F�V�D�N���D�]���D�U�U�D���M�R�J�R�V�X�O�W���D�O�N�D�O�P�D�]�y�N �Y�H�K�H�W�L�N���L�J�p�Q�\�E�H�� 

�$�� �*�D�O�L�O�H�R�� �U�H�Q�G�V�]�H�U�� �W�H�U�Y�H�]�H�W�W�� �I�|�O�G�L�� �N�L�V�]�R�O�J�i�O�y�� �L�Q�I�U�D�V�W�U�X�N�W�~�U�i�M�D�� �D�� �N�|�Y�H�W���i�O�O�R�P�i�V�R�N��
�D�O�U�H�Q�G�V�]�H�U�H�� �P�H�O�O�H�W�W�� �E���Y�•�O�W�� �H�J�\���� �D�]�� �H�O���]���W���O�� �H�O�N�•�O�|�Q�•�O�W�� �L�Q�W�H�J�U�L�W�i�V-�P�H�J�I�L�J�\�H�O���� �L�Q�I�U�D�V�W�U�X�N�W�~�U�i�Y�D�O 
is���� �$�� �N�|�Y�H�W���i�O�O�R�P�i�V�R�N�� �D�O�U�H�Q�G�V�]�H�U�p�Q�H�N�� �O�H�J�I�R�Q�W�R�V�D�E�E�� �I�H�O�D�G�D�W�D�L�� �D�� �P�&�K�R�O�G�D�V��alakzat folyamatos 
�H�O�O�H�Q���U�]�p�V�H�����D�]�D�]���D���P�&�K�R�O�G�S�i�O�\�i�N���P�H�J�K�D�W�i�U�R�]�i�V�D���p�V���D�]���L�G���V�]�L�Q�N�U�R�Q�L�]�i�F�L�y���E�L�]�W�R�V�t�W�i�V�D�����W�R�Y�i�E�E�i��
�D�� �Q�D�Y�L�J�i�F�L�y�V�� �•�]�H�Q�H�W�H�N�� �H�O���i�O�O�t�W�i�V�D���� �$�� �U�H�Q�G�V�]�H�U�� �L�Q�W�H�J�U�L�W�i�V�i�Q�D�N�� �H�O�O�H�Q���U�]�p�V�p�p�U�W��pedig �|�Q�i�O�O�y��
�P�H�J�I�L�J�\�H�O���� �K�i�O�y�]�D�W���� �H�X�U�y�S�D�L�� �L�Q�W�H�J�U�L�W�i�V�� �N�|�]�S�R�Q�W�� �p�V�� ���� �D�G�y�i�O�O�R�P�i�V�� �I�H�O�H�O���� �$�� �U�H�Q�G�V�]�H�U��
�L�Q�W�H�J�U�L�W�i�V�i�Q�D�N���N�p�S�H�V�V�p�J�H���X�J�\�D�Q�L�V���Q�D�Y�L�J�i�F�L�y�V���F�p�O�~���D�O�N�D�O�P�D�]�i�V�R�N�Q�i�O���N�X�O�F�V�N�p�U�G�p�V�Q�H�N���W�H�N�L�Q�W�H�Q�G���� 
�$���I�|�O�G�L���V�]�H�J�P�H�Q�V���N�p�W���I�����L�U�i�Q�\�t�W�y�N�|�]�S�R�Q�W�M�D���2�E�H�U�S�I�D�I�I�H�Q�K�R�I�H�Q�E�H�Q�����1�p�P�H�W�R�U�V�]�i�J�� �p�V �)�X�F�L�Q�y�Ean 
���2�O�D�V�]�R�U�V�]�i�J���� �Y�D�Q. E�]�H�N�� �H�J�\�U�p�V�]�W�� �L�U�i�Q�\�t�W�M�i�N�� �D�� �P�&�K�R�O�G�D�N�D�W���� �P�i�V�U�p�V�]�W�� �S�H�G�L�J��kezelik a 
�Q�D�Y�L�J�i�F�L�y�V�� �U�H�Q�G�V�]�H�U�W����A �I�|�O�G�L��alrendszer �I�R�Q�W�R�V�� �U�p�V�]�H�L���� �D�� �7�R�U�U�H�M�y�Q�E�D�Q�� ���6�S�D�Q�\�R�O�R�U�V�]�i�J����
�W�D�O�i�O�K�D�W�y���(�X�U�y�S�D�L���*�1�6�6���6�]�R�O�J�i�O�W�D�W�y���.�|�]�S�R�Q�W����a Galileo �%�L�]�W�R�Q�V�i�J�L���0�H�J�I�L�J�\�H�O�����.�|�]�S�R�Q�W��Saint 
Germain-en-Laye-�E�H�Q�� ���)�U�D�Q�F�L�D�R�U�V�]�i�J���� �p�V�� �0�D�G�U�L�G�E�D�Q�� ���6�S�D�Q�\�R�O�R�U�V�]�i�J������ �W�R�Y�i�E�E�i a Galileo 
�5�H�I�H�U�H�Q�F�L�D�� �.�|�]�S�R�Q�W��Noordwijkben (Hollandia). A �V�]�•�N�V�p�J�H�V�� �S�R�Q�W�R�V�V�i�J�� �p�V�� �E�L�]�W�R�Q�V�i�J��
�E�L�]�W�R�V�t�W�i�V�D��k�D�S�F�V�i�Q�� �D�]�� �H�O���]�� �N�|�]�S�R�Q�W�R�N�Q�D�N�� �P�H�J�K�D�W�i�U�R�]�y�� �V�]�H�U�H�S�•�N�� �Y�D�Q a Galileo rendszer 
�P�&�N�|�G�p�V�p�E�H�Q���p�V���W�H�O�M�H�V�t�W�P�p�Q�\�p�Q�H�N���Y�L�]�V�J�i�O�D�W�i�E�D�Q. 

�$���I�H�O�K�D�V�]�Q�i�O�y�L���D�O�U�H�Q�G�V�]�H�U���O�H�J�I�R�Q�W�R�V�D�E�E���H�O�H�P�H���P�D�J�D���D���P�&�K�R�O�G�Y�H�Y�������$���*�D�O�L�O�H�R���N�R�P�S�D�W�L�E�L�O�L�V��
�D�]���D�P�H�U�L�N�D�L���*�3�6���U�H�Q�G�V�]�H�U�U�H�O�����$���*�D�O�L�O�H�R���Y�H�Y���N���W�H�U�Y�H�]�p�V�H�N�R�U���R�O�\�D�Q���N�R�P�E�L�Q�i�O�W���P�&�K�R�O�G�Y�H�Y���N�E�H�Q��
gondolkozt�D�N���� �D�P�H�O�\�H�N�� �N�p�S�H�V�H�N�� �D�� �K�i�U�R�P �*�� �N�H�]�G���E�H�W�&�M�&�� �D�O�D�S�U�H�Q�G�V�]�H�U�� �V�X�J�i�U�]�R�W�W�� �M�H�O�H�L�Q�H�N��
�Y�p�W�H�O�p�U�H���� �(�E�E���O�� �D�]�� �L�V�� �N�L�G�H�U�•�O���� �K�R�J�\�� �~�M�� �I�H�O�G�R�O�J�R�]�y�� �V�]�R�I�W�Y�H�U�H�N�U�H�� �L�V�� �V�]�•�N�V�p�J��volt. A 
versenyhelyzet miatt nem volt �Q�H�K�p�]��azt sem �P�H�J�M�y�V�R�O�Q�L���� �K�R�J�\�� �D�]�� �H�O�V���� �N�H�W�W�� �•�]�H�P�H�O�� 
�D�O�D�S�U�H�Q�G�V�]�H�U���P�R�G�H�U�Q�L�]�i�F�L�y�M�D���K�R�V�V�]�D�E�E���W�i�Y�R�Q���H�O���U�H�Y�H�W�t�W�H�W�W�H���D�]�R�N���N�D�S�F�V�i�Q���L�V���D���N�R�P�E�L�Q�i�O�W���Y�H�Y���N��
�K�D�V�]�Q�i�O�D�W�D���L�U�i�Q�W�L���I�R�N�R�]�y�G�y���L�J�p�Q�\�H�N�H�W�����D�P�H�O�\�H�W���D�]���H�O�P�~�O�W���p�Y�H�N�E�H�Q��a piac vissza is igazolt. 

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

����



Havasi I. 

3. A GALILEO �5�(�1�'�6�=�(�5���0�%�+�2�/�'�$�6���$�/�$�.�=�$�7�$���/�e�7�5�(�+�2�=�È�6�È�1�$�.��
�7�g�5�7�e�1�(�7�( 

�$�P�L���S�H�G�L�J���D���*�D�O�L�O�H�R���I�H�M�O�H�V�]�W�p�V�p�Q�H�N���W�|�U�W�p�Q�H�W�p�W���L�O�O�H�W�L�����D�U�U�y�O���L�V���H�P�O�t�W�V�•�Q�N���P�H�J���Q�p�K�i�Q�\���G�R�O�J�R�W����
�$�� �U�H�Q�G�V�]�H�U���N�D�S�F�V�i�Q�� �M�y�O�� �L�V�P�H�U�W���� �K�R�J�\�� �D�]�� �X�Q���� �.�H�]�G�H�W�L�� �.�t�V�p�U�O�H�W�L �0�&�N�|�G�p�V�L�� �)�i�]�L�V�� �P�i�U�� �W�|�E�E�� �P�L�Q�W��
15 �p�Y�H�� �O�H�]�i�U�X�O�W���� �(�Q�Q�H�N�� �U�p�V�]�H�� �Y�R�O�W�� �D�� �W�H�U�Y�H�]�H�W�W�� �S�i�O�\�D�� �P�R�G�H�O�O�H�]�p�V�H���� �D�� �Q�D�Y�L�J�i�F�L�y�V�� �•�]�H�Q�H�W��
�N�L�D�O�D�N�t�W�i�V�D�� �p�V�� �D�� �I�H�G�p�O�]�H�W�L�� �y�U�i�N�� �W�H�V�]�W�H�O�p�V�H���� �(�]�H�N�H�W�� �D�� �I�H�O�D�G�D�W�R�N�D�W�� �D �I�H�O�O���W�W�� �N�H�W�W�� teszthold a 
GIOVE-�$�����p�V���D���*�,�2�9�(-�%���Y�R�O�W���K�L�Y�D�W�R�W�W���W�H�O�M�H�V�t�W�H�Q�L�����$�]���H�P�O�t�W�H�W�W���N�p�W���K�R�O�G���U�|�Y�L�G���p�O�H�W�W�|�U�W�p�Q�H�W�H���p�V��
�N�•�O�G�H�W�p�V�H���D���N�|�Y�H�W�N�H�]�����Y�R�O�W�� 

�‡ 2005. december 28-�i�Q�� �U�H�J�J�H�O�� �D�� �N�D�]�D�K�V�]�W�i�Q�L�� �%�D�M�N�R�Q�X�U�� �P�H�O�O���O�� �H�J�\�� �6�]�R�M�X�]-Fregat 
�U�D�N�p�W�i�Y�D�O�� �V�L�N�H�U�H�V�H�Q�� �I�H�O�O���W�W�p�N�� �p�V�� �Y�p�J�O�H�J�H�V�� �S�i�O�\�i�M�i�U�D�� �i�O�O�t�W�R�W�W�i�N�� �D�� �*�,�2�9�(-A /magyarul Jupiter/ 
�N�t�V�p�U�O�H�W�L���*�D�O�L�O�H�R���P�&�K�R�O�Gat. A GIOVE-�$���W�H�K�i�W���P�H�J�N�H�]�G�W�H���W�H�U�Y�H�]�H�W�W���N�•�O�G�H�W�p�V�p�W�����D�P�H�O�\��a Galileo 
�Q�D�Y�L�J�i�F�L�y�V�� �M�H�O�H�N�� �p�V�� �D�� �N�p�W�� �I�H�G�p�O�]�H�W�L�� �U�X�E�t�G�L�X�P�� �D�W�R�P�y�U�D�� �W�H�V�]�W�H�O�p�V�H�� �Y�R�O�W���� �$�]�� �&�U�M�i�U�P�&�� �W�R�Y�i�E�E�L��
�I�H�O�D�G�D�W�D�� �Y�R�O�W�� �P�p�J�� �D�� ������������ �N�P�� �P�D�J�D�V�V�i�J�~���� �p�V�� �D�]�� �(�J�\�H�Q�O�t�W���Y�H�O�� �����ƒ-os �V�]�|�J�H�W�� �E�H�]�i�U�y���� �&�U�E�p�O�L��
�N�|�U�S�i�O�\�D���P�H�Q�W�p�Q���D���I�H�O�O�p�S�����V�X�J�i�U�]�i�V���Y�L�]�V�J�i�O�D�W�D���L�V�� 

�‡ �������������i�S�U�L�O�L�V������-�p�Q���± �D���W�H�U�Y�H�]�H�W�W���L�G���S�R�Q�W�K�R�]���N�p�S�H�V�W���M�H�O�H�Q�W���V���N�p�V�p�V�V�H�O��- �S�i�O�\�i�U�D���i�O�O�t�W�R�W�W�i�N��
a GIOVE B-t is. A hold kiemelt feladata �D�� �Y�p�J�O�H�J�H�V�� �&�U�M�i�U�P�&�Y�H�N�U�H�� �W�H�U�Y�H�]�H�W�W�� �p�V�� �S�U�H�F�t�]�H�E�E��
�K�H�O�\�P�H�J�K�D�W�i�U�R�]�i�V�W�� �E�L�]�W�R�V�t�W�y�� �I�U�H�N�Y�H�Q�F�L�D�� �H�W�D�O�R�Q�Q�D�N���� �D�� �S�D�V�V�]�t�Y�� �K�L�G�U�R�J�p�Q�� �P�p�]�H�U�� �y�U�i�Q�D�N��a 
�W�H�V�]�W�H�O�p�V�H�����D�G�G�L�J���D�]���&�U�E�H���N�H�U�•�O�W���O�H�J�S�R�Q�W�R�V�D�E�E���D�W�R�P�y�U�D�� volt. 
���������� �Q�\�D�U�i�Q�� �P�L�Q�G�N�p�W�� �W�H�V�]�W�P�&�K�R�O�G�D�W�� �N�L�Y�R�Q�W�i�N �D�� �V�]�R�O�J�i�O�D�W�E�y�O���� �.�•�O�G�H�W�p�V�•�N�H�W��- az illet�p�N�H�V�H�N��
szerint - �W�H�O�M�H�V�t�W�H�W�W�p�N�� 

�$�� �P�i�U�� �Y�D�O�y�G�L�� �V�]�R�O�J�i�O�W�D�W�i�V�W�� �Q�\�~�M�W�y�� �W�R�Y�i�E�E�L�� �P�&�K�R�O�G�D�N�� �S�i�O�\�i�U�D�� �i�O�O�t�W�i�V�i�W�� �D�]�� �D�N�N�R�U�L�� �L�G���V�]�D�N��
�J�D�]�G�D�V�i�J�L�� �Q�H�K�p�]�V�p�J�H�L�� �M�H�O�H�Q�W���V�H�Q�� �N�p�V�O�H�O�W�H�W�W�p�N���� ������������ �R�N�W�y�E�H�U�� ����-�p�Q�� �D�]�W�i�Q�� �D��francia-guyanai 
�.�R�X�U�R�X�� �N�L�O�|�Y���i�O�O�R�P�i�V�U�y�O�� �6�]�R�M�X�]�� �K�R�U�G�R�]�y�U�D�N�p�W�i�Y�D�O�� �I�H�O�O���W�W�p�N�� �D�]�� �H�O�V���� �N�p�W�� �Ä�L�J�D�]�L�´�� �*�D�O�L�O�H�R��
�&�U�M�i�U�P�&�Y�H�W���� �D�P�H�O�\�H�N�� �P�i�U�� �D�� �Y�p�J�O�H�J�H�V�� �N�R�Q�V�W�H�O�O�i�F�L�y�Q�D�N�� �L�V�� �U�p�V�]�H�L�� �O�H�W�W�H�N���� �$�� �N�|�Y�H�W�N�H�]���� �N�p�W�� �K�R�O�G��
�L�Q�G�t�W�i�V�i�U�D�� ������������ �R�N�W�y�E�H�U�� ����-�p�Q�� �N�H�U�•�O�W�� �V�R�U���� ���������� �H�O�H�M�p�Q�� �D�� �*�D�O�L�O�H�R�� �P�&�K�R�O�G�D�V�� �D�O�U�H�Q�G�V�]�H�U�H�� ����
�P�&�K�R�O�G�D�W���I�R�J�O�D�O�W���P�D�J�i�E�D���������N�t�V�p�U�O�H�W�L���p�V�������I�X�Q�N�F�L�R�Q�i�O�L�V���K�R�O�G�D�W�����$�]���p�Y���Y�p�J�p�Q���S�H�G�L�J���P�i�U���F�V�D�N���D�]��
�X�W�y�E�E�L�E�y�O�� �•�]�H�P�H�O�W�� ���� �G�E���� �P�L�Y�H�O�� �L�G���N�|�]�E�H�Q�� �D�� �N�p�W�� �W�H�V�]�W�K�R�O�G�� �N�L�Y�R�Q�i�V�U�D�� �N�H�U�•�O�W���� ��������-re az 
�L�O�O�H�W�p�N�H�V�H�N���P�i�U���������P�&�K�R�O�G�D�W���V�]�H�U�H�W�W�H�N���Y�R�O�Q�D���D�]���&�U�E�H�Q���P�&�N�|�G�W�H�W�Q�L�����H�]���D�]�R�Q�E�D�Q���F�V�D�N����������-ban 
�U�H�D�O�L�]�i�O�y�G�R�W�W���� �$�]�� �H�O�V���� �P�i�U�� �Ä�L�J�D�]�L�´�� �Q�H�P�� �W�H�V�]�W�F�p�O�~�� �~�Q���� �)�2�&�� ���)�X�O�O�� �2�S�H�U�D�W�L�R�Q�� �&�D�S�D�F�L�W�\����
�P�&�K�R�O�G�D�N�D�W���������G�E�����������������D�X�J�X�V�]�W�X�V������-�p�Q���D���G�p�O-�D�P�H�U�L�N�D�L���*�X�\�D�Q�D���%�U�N�|�]�S�R�Q�W�E�y�O���L�Q�G�t�W�R�W�W�i�N���D�]��
�&�U�E�H���� �N�|�]�H�S�H�V�� ������������ �N�P�� �P�D�J�D�V�V�i�J�~�� �)�|�O�G�� �N�|�U�•�O�L�� �S�i�O�\�i�U�D���� �$�]�y�W�D�� �± �D�]�� �H�O���]���Y�H�O�� �H�J�\�•�W�W�� �± 
�|�V�V�]�H�V�H�Q����8 �G�E���*�D�O�L�O�H�R���)�2�&���P�&�K�R�O�G�D�W���O���W�W�H�N���I�H�O�����D�P�H�O�\�H�N���D������ �,�2�9���K�R�O�G�G�D�O���H�J�\�•�W�W���D�O�N�R�W�M�i�N���D��
jelenlegi 25 �•�]�H�P�H�O�����P�&�K�R�O�G�D�V���I�R�U�P�i�F�L�y�W�����������W�i�E�O�i�]�D�W���� 

2016. 11. 17-�p�Q���$�U�L�D�Q�H�������(�6���K�R�U�G�R�]�y�U�D�N�p�W�D���V�H�J�t�W�V�p�J�p�Y�H�O���P�i�U���H�J�\�V�]�H�U�U�H���Q�H�P���N�H�W�W�������K�D�Q�H�P��
�Q�p�J�\�� �&�U�M�i�U�P�&�Y�H�W�� ���������� �N�J���G�E���� �i�O�O�t�W�R�W�W�D�N�� �U�H�Q�G�V�]�H�U�E�H���� �$�� �N�|�Y�H�W�N�H�]���� �X�J�\�D�Q�L�O�\�H�Q�� �I�H�O�O�|�Y�p�V�� ������������
december 12-�p�Q���W�|�U�W�p�Q�W�����������������P�i�M�X�V���H�O�H�M�p�Q���S�H�G�L�J���D���N�L�O�|�Y�p�V�L���K�H�O�\�V�]�t�Q�U�H���O�H�V�]�i�O�O�t�W�R�W�W�D�N�������S�i�O�\�i�U�D��
�i�O�O�t�W�D�Q�G�y �*�D�O�L�O�H�R���K�R�O�G�D�W�����P�H�O�\�H�N�H�W���D���K�y�Q�D�S���Y�p�J�p�Q���~�M�D�E�E���N�H�W�W�����N�|�Y�H�W�H�W�W�����(�J�\�L�G�H�M�&���I�H�O�E�R�F�V�i�W�i�V�X�N��
(3. �Q�p�J�\-�P�&�K�R�O�G�D�V���L�Q�G�t�W�i�V�����D���W�H�U�Y�Q�H�N���P�H�J�I�H�O�H�O���H�Q���������������M�~�O�L�X�V������-�p�Q���P�H�J���L�V���Y�D�O�y�V�X�O�W�����(�N�N�R�U���D��
�*�D�O�L�O�H�R�� �P�&�K�R�O�G�D�V�� �D�O�D�N�]�D�W�� �P�&�K�R�O�G�M�D�L�Q�D�N�� �V�]�i�P�D�� ����-�U�D�� �Q���W�W���� �D�]�D�]�� �P�H�J�K�D�O�D�G�W�D�� �D�� �J�O�R�E�i�O�L�V 
�O�H�I�H�G�H�W�W�V�p�J�H�W�� �M�H�O�H�Q�W���� ����-�H�V�� �p�U�W�p�N�H�W���� �X�J�\�D�Q�D�N�N�R�U�� �N�|�]�|�W�W�•�N�� �Y�R�O�W�D�N�� �P�i�U�� �Q�H�P�� �P�&�N�|�G���� �ps 
�E�H�•�]�H�P�H�O�p�V�L���I�i�]�L�V�E�D�Q���O�p�Y����szatellitek is. �$�]���D�G�G�L�J�L�����������������P�&�K�R�O�G���J�\�i�U�W�y�L���P�L�Q�W�H�J�\�����������P�L�O�O�L�y��
�H�X�U�y���|�V�V�]�H�J�E�H�Q���N�p�V���E�E���~�M�D�E�E������ �K�R�O�G���H�O���i�O�O�t�W�i�V�i�U�D�� �t�U�W�D�N���D�O�i���V�]�H�U�]���G�p�V�W���� ��������-�E�H�Q���p�V����������-ben 
�L�V�P�p�W���N�H�W�W�H�V�p�Y�H�O���M�X�W�W�D�W�W�D�N���D�]���&�U�E�H��Galileo holdakat. A�]���X�W�R�O�V�y���Q�p�J�\, �)�D�O�F�R�Q�������U�D�N�p�W�i�Y�D�O, �D�]���H�O�V����
�D�P�H�U�L�N�D�L�� �I�O�R�U�L�G�D�L�� �I�H�O�O�|�Y�p�V�� �Y�R�O�W�� �$�]�� �H�G�G�L�J�� �O�H�J�\�i�U�W�R�W�W�� �������� �p�V�� �D�� �P�H�J�U�H�Q�G�H�O�W�� ���� �P�&�K�R�O�G�� �S�i�O�\�i�U�D��
�i�O�O�t�W�i�V�D �E�L�]�W�R�V�t�W�M�D�� �P�D�M�G�� �D�� �W�H�U�Y�H�]�H�W�W�� ������ �P�&�K�R�O�G�D�V�� �N�R�Q�I�L�J�X�U�i�F�L�y�W���� �p�V�� �P�p�J�� ���� �W�D�U�W�D�O�p�N�R�W�� �L�V���� �$��
�I�H�G�p�O�]�H�W�L���D�W�R�P�y�U�i�N���P�&�N�|�G�p�V�p�U�H���D�]�R�Q�E�D�Q���D�]�R�N���J�\�i�U�W�y�M�i�Q�D�N���D���M�|�Y���E�H�Q���P�p�J���Q�D�J�\�R�E�E���I�L�J�\�H�O�P�H�W��
�N�H�O�O���P�D�M�G���V�]�H�Q�W�H�O�Q�L�H�����P�H�U�W�K�R�J�\���P�H�J�K�L�E�i�V�R�G�i�V�X�N���D���U�H�P�p�O�W�Q�p�O���J�\�R�U�V�D�E�E���Y�R�O�W�� Az egyes holdakat 
�D�]���(�X�U�y�S�D�L���%�L�]�R�W�W�V�i�J���U�D�M�]�Y�H�U�V�H�Q�\�p�Q���Q�\�H�U�W�H�V���N�•�O�|�Q�E�|�]�����Q�H�P�]�H�W�L�V�p�J�&���J�\�H�U�H�N�H�N�U���O���L�V���H�O�Q�H�Y�H�]�W�p�N����
�$�����������P�&�K�R�O�G�����D���P�D�J�\�D�U���G�t�M�D�]�R�W�W���Q�H�Y�H���X�W�i�Q, Lisa lett. 

����



�+�H�O�\�]�H�W�N�p�S���D�]���H�X�U�y�S�D�L���P�&�K�R�O�G�D�V���K�H�O�\�P�H�J�K�D�W�i�U�R�]�y���D�O�D�S�U�H�Q�G�V�]�H�U�U���O�����D��Galileo-�U�y�O 

�������W�i�E�O�i�]�D�W 
Az eur�y�S�D�L���*�D�O�L�O�H�R���U�H�Q�G�V�]�H�U���P�&�K�R�O�G�M�D�L��������teszt (kivonva); 30 �,�2�9���p�V���)�2�&��(25 �•�]�H�P�H�O��, 2 

�E�H�•�]�H�P�H�O�p�V���D�O�D�W�W����4 �Q�H�P���K�D�V�]�Q�i�O�K�D�W�y����1 kivonva; 15 (13) �I�H�O�O�|�Y�ps. 2024. 09. 
GALILEO 
�P�&�K�R�O�G�D�N 

(�g�V�V�]�H�V�H�Q: 2+30) 
A 3 p�i�O�\�D�V�t�Non 

�P�&�N�|�G����
�P�&�K�R�O�G�D�N: 

A �������P�&�K�R�O�G���� 
B (8+1 hold), 

�&�������������P�&�K�R�O�G�� 
 

�7�H�V�]�W�P�&�K�R�O�G�D�N (2 db) 
1. GIOVE-A 2005. 12. 28. MEO kivonva (2012. 06.) 
2. GIOVE-B 2008. 04. 27. MEO kivonva (2012. 07.) 

�.�L�S�U�y�E�i�O�i�V�L���I�i�]�L�V���P�&�K�R�O�G�M�D�L (4 db) 
���,�2�9���P�&�K�R�O�G�D�N�����6�]�R�M�X�]���K�R�U�G�R�]�y�U�D�N�p�W�D�� 

1. IOV-1 /B5/ 2011. 10. 21. MEO �K�D�V�]�Q�i�O�K�D�W�y 
2. IOV-2 /B6/ 2011. 10. 21. MEO �K�D�V�]�Q�i�O�K�D�W�y 
3. IOV-3 /C4/ 2012. 10. 12. MEO �K�D�V�]�Q�i�O�K�D�W�y 
4. IOV-4 /C5/ 2012. 10. 12. MEO kivonva (2024. 03.) 

�Ä�9�p�J�O�H�J�H�V�´���P�&�K�R�O�G�D�N (26 db) 
���)�2�&���P�&�K�R�O�G�D�N�����6�]�R�M�X�]-2 1b, Ariane 5 ES �p�V Falcon 9 �K�R�U�G�R�]�y�U�D�N�p�W�i�N�� 

1.  FOC-1 2014. 08. 22. MEO csak tesztre (nem 
h�D�V�]�Q�i�O�K�D�W�y) 

2. FOC-2 2014. 08. 22. MEO csak tesztre (nem 
h�D�V�]�Q�i�O�K�D�W�y) 

3. FOC-3 /B8/ 2015. 03. 27. MEO  �K�D�V�]�Q�i�O�K�D�W�y 
4. FOC-4 /B3/ 2015. 03. 27. MEO �Q�H�P���K�D�V�]�Q�i�O�K�D�W�y��

(2017-12-08) 
5. FOC-5 /A8/ 2015. 09. 11. MEO �K�D�V�]�Q�i�O�K�D�W�y 
6. FOC-6 /A5/ 2015. 09. 11. MEO  �K�D�V�]�Q�i�O�K�D�W�y 

(2024. 02. 14.) 
7. FOC-8 /C7/ 2015. 12. 17. MEO �K�D�V�]�Q�i�O�K�D�W�y 
8. FOC-9 /C2/ 2015. 12. 17. MEO �K�D�V�]�Q�i�O�K�D�W�y 
9.  FOC-10 /A2/ 2016. 05. 24. MEO  �Q�H�P���K�D�V�]�Q�i�O�K�D�W�y 

(2023. 04. 30.) 
10. FOC-11 /A6/ 2016. 05. 24. MEO �K�D�V�]�Q�i�O�K�D�W�y 
11.  FOC-7 /C6/ 2016. 11. 17. MEO �K�D�V�]�Q�i�O�K�D�W�y 
12. FOC-12/Lisa 

/C8/ 
2016. 11. 17. MEO �K�D�V�]�Q�i�O�K�D�W�y 

13. FOC-13 /C3/ 2016. 11. 17. MEO  �K�D�V�]�Q�i�O�K�D�W�y 
14. FOC-14 /C1/ 2016. 11. 17. MEO �K�D�V�]�Q�i�O�K�D�W�y 
15. FOC-15 /A3/ 2017. 12. 12. MEO �K�D�V�]�Q�i�O�K�D�W�y 
16. FOC-16 /A7/ 2017. 12. 12. MEO �K�D�V�]�Q�i�O�K�D�W�y 
17. FOC-17 /A4/ 2017. 12. 12. MEO  �K�D�V�]�Q�i�O�K�D�W�y 
18. FOC-18 /A1/ 2017. 12. 12. MEO �K�D�V�]�Q�i�O�K�D�W�y 
19. FOC-19 /B4/ 2018. 07. 25. MEO �K�D�V�]�Q�i�O�K�D�W�y 
20. FOC-20 /B1/ 2018. 07. 25. MEO �K�D�V�]�Q�i�O�K�D�W�y 
21. FOC-21 /B2/ 2018. 07. 25. MEO  �K�D�V�]�Q�i�O�K�D�W�y 
22. FOC-22 /B7/ 2018. 07. 25. MEO �K�D�V�]�Q�i�O�K�D�W�y 
23. FOC-23 /B3/ 2021. 12. 05. MEO �K�D�V�]�Q�i�O�K�D�W�y 
24.  FOC-24 /B15/ 2021. 12. 05. MEO �K�D�V�]�Q�i�O�K�D�W�y 

�8�6�$���I�H�O�O�|�Y�p�V 25 FOC-25 /C5/ 2024. 04. 28. MEO �K�D�V�]�Q�i�O�K�D�W�y 
�8�6�$���I�H�O�O�|�Y�p�V 26 FOC-27 /C12/ 2024. 04. 28. MEO �K�D�V�]�Q�i�O�K�D�W�y 
�8�6�$���I�H�O�O�|�Y�p�V 27 FOC-26  2024. 09. 17. MEO �E�H�•�]�H�P�H�O�p�V 
USA �I�H�O�O�|�Y�p�V 28 FOC-32 2024. 09. 17. MEO �E�H�•�]�H�P�H�O�p�V 

 
�$�]���H�J�\�H�V���)�2�&���P�&�K�R�O�G�D�N���J�\�i�U�W�y�M�D���D���Q�p�P�H�W���E�U�p�P�D�L���2�+�%���6�\�V�W�H�P�����$�]�R�N���I�H�G�p�O�]�H�W�L���Q�D�Y�L�J�i�F�L�y�V��

�E�H�U�H�Q�G�H�]�p�V�H�L�W�� �S�H�G�L�J�� �D�]�� �D�Q�J�O�L�D�L�� �*�X�L�O�I�R�U�G�E�D�Q�� �D�� �6�X�U�U�H�\�� �6�D�W�H�O�O�L�W�H�� �7�H�F�K�Q�R�O�R�J�\�� �i�O�O�t�W�M�D�� �H�O���� A 24 

����



Havasi I. 

�P�&�N�|�G�����P�&�K�R�O�G�D�V���D�O�D�N�]�D�Wot ���������i�E�U�D�����D�]���L�O�O�H�W�p�N�H�V�H�N����������-�L�J���N�t�Y�i�Q�W�i�N���H�O�p�U�Q�L���������������Y�p�J�p�L�J���N�E����
�����P�L�O�O�L�i�U�G���H�X�U�y�W���N�|�O�W�|�W�W�H�N���D���*�D�O�L�O�H�R���U�H�Q�G�V�]�H�U�U�H�����D�P�H�O�\�E���O�����������P�L�O�O�L�y���D���I�H�M�O�H�V�]�W�p�V�L�������������P�L�O�O�L�i�U�G��
�S�H�G�L�J�� �W�H�O�H�S�t�W�p�V�L�� �N�|�O�W�V�p�J�H�N�H�W�� �I�H�G�W�H�� �O�H���� ��������-���������� �N�|�]�|�W�W�� �S�H�G�L�J�� �W�R�Y�i�E�E�L�� �������� �P�L�O�O�L�i�U�G�� �H�X�U�y�W��
�V�]�i�Q�W�D�N���D�]���H�X�U�y�S�D�L���P�&�K�R�O�G�D�V���K�H�O�\�P�H�J�K�D�W�i�U�R�]�y���U�H�Q�G�V�]�H�U�U�H�����$�]���H�J�\�H�V���N�|�O�W�V�p�J�W�p�W�H�O�H�N���I�H�O�|�O�H�O�L�N���D��
�*�D�O�L�O�H�R���N�L�p�S�t�W�p�V�p�W�����P�&�N�|�G�W�H�W�p�V�p�W���p�V���D�]���H�X�U�y�S�D�L���P�&�K�R�O�G�D�O�D�S�~���N�L�H�J�p�V�]�t�W�����U�H�Q�G�V�]�H�U�W�����D�]���(�*�1�2�6-t 
�L�V���� ���������� �H�O�H�M�p�Q�� �D�]�� �H�O�V���� �Q�D�Y�L�J�i�F�L�y�V�� �M�H�O�H�N�H�W�� �D�� �5�y�P�D�� �N�|�]�H�O�L�� �)�X�F�L�Q�R�� �(�O�O�H�Q���U�]���� �.�|�]�S�R�Q�W���� �P�L�Q�W��
�•�]�H�P�H�O�W�H�W�����p�V�]�O�H�O�W�H�� 
 

 
�������i�E�U�D 

�$���*�D�O�L�O�H�R���W�H�U�Y�H�]�H�W�W���P�&�K�R�O�G�D�V���N�R�Q�I�L�J�X�U�i�F�L�y�M�D 
 

�-�H�O�H�Q�W���V���H�O���U�H�O�p�S�p�V�Q�H�N���V�]�i�P�t�W�R�W�W���D�]���L�V�����K�R�J�\���D���6�H�S�W�H�Q�W�U�L�R���F�p�J���N�L�I�H�M�O�H�V�]�W�H�W�W�H���D���O�H�J�H�O�V�����*�D�O�L�O�H�R��
�Y�H�Y���N�i�U�W�\�i�W���� �$�� �E�H�O�J�D�� �6�H�S�W�H�Q�W�U�L�R�� �F�p�J�� �D�N�W�t�Y�� �U�p�V�]�W�Y�H�Y���M�H�� �D�� �*�D�O�L�O�H�R�� �S�U�R�J�U�D�P�Q�D�N���� �I�R�O�\�D�P�D�W�R�V�D�Q��
�W�|�E�E���N�X�W�D�W�i�V-�I�H�M�O�H�V�]�W�p�V�L���S�U�R�M�H�N�W�M�H���L�V���I�X�W���D���*�-�8-�Q�i�O�����*�D�O�L�O�H�R���-�R�L�Q�W���8�Q�G�H�U�W�D�N�L�Q�J���� �p�V���D�]�� �(�6�$-�Q�i�O��
���(�X�U�y�S�D�L���%�U�•�J�\�Q�|�N�V�p�J�������(�Q�Q�H�N���P�H�J�I�H�O�H�O���H�Q���D���6�H�S�W�H�Q�W�U�L�R���D���O�H�J�N�L�Y�i�O�y�E�E���*�D�O�L�O�H�R���Y�H�Y���N�H�W���N�p�S�H�V��
�D�M�i�Q�O�D�Q�L���D���N�H�U�H�V�N�H�G�H�O�P�L���I�R�U�J�D�O�R�P�E�D�Q�� 

�$�]���$�O�F�D�W�H�O���(�V�S�D�F�H���Y�H�]�H�W�W�H���*�D�O�L�O�H�R���N�R�Q�F�H�V�V�]�L�y�V���W�i�U�V�D�V�i�J���p�V���D�]���(�8���P�H�J�i�O�O�D�S�R�G�W�D�N���D���U�H�Q�G�V�]�H�U��
�O�H�J�I�R�Q�W�R�V�D�E�E���I�|�O�G�L���W�H�O�H�S�t�W�p�V�L���K�H�O�\�H�L�E�H�Q���L�V�����$�]���H�J�\�H�]�P�p�Q�\���p�U�W�H�O�P�p�E�H�Q���D���N�R�Q�F�H�V�V�]�L�y���W�X�O�D�M�G�R�Q�R�V�L��
�N�|�]�S�R�Q�W�M�i�W�� �7�R�X�O�R�X�V�H-�E�D�Q�� ���)�U�D�Q�F�L�D�R�U�V�]�i�J������ �P�t�J�� �P�&�Y�H�O�H�W�L�� �N�|�]�S�R�Q�W�M�i�W�� �/�R�Q�G�R�Q�E�D�Q�� ���1�D�J�\��
�%�U�L�W�D�Q�Q�L�D���� �D�O�D�N�t�W�R�W�W�i�N�� �N�L���� �$�� �P�&�K�R�O�G�D�N�� �L�U�i�Q�\�t�W�y�� �N�|�]�S�R�Q�W�M�i�W�� ���&�&�&�� �± Constellation Control 
�&�H�Q�W�H�U������ �L�O�O�H�W�Y�H�� �D�� �N�p�W�� �L�Q�W�H�J�U�L�W�i�V-�H�O�O�H�Q���U�]���� �N�|�]�S�R�Q�W�� ���3�(�&�� �± Peformance Evaluation Centres) 
�H�J�\�L�N�p�W�� �1�p�P�H�W�R�U�V�]�i�J�E�D�Q�� �p�S�t�W�H�W�W�p�N�� �N�L���� �$�� �P�i�V�R�G�L�N�� �3�(�&-�W���� �Y�D�O�D�P�L�Q�W�� �D�� �I�|�O�G�L�� �p�V�� �&�U�V�]�H�J�P�H�Q�V�W��
�H�J�\�•�W�W�H�V�H�Q�� �I�H�O�•�J�\�H�O���� �N�|�]�S�R�Q�W�R�W�� ���0�&�&�� �± �0�L�V�V�L�R�Q�� �&�R�Q�W�U�R�O�� �&�H�Q�W�H�U���� �2�O�D�V�]�R�U�V�]�i�J�E�D�Q�� �K�H�O�\�H�]�W�p�N��
�•�]�H�P�E�H���� �6�S�D�Q�\�R�O�R�U�V�]�i�J�� �R�O�\�D�Q�� �p�O�H�W- �p�V�� �Y�D�J�\�R�Q�E�L�]�W�R�Q�V�i�J�L�� �V�]�H�P�S�R�Q�W�E�y�O�� �N�U�L�W�L�N�X�V�� �D�O�N�D�O�P�D�]�i�V�R�N��
�V�]�i�P�i�U�D�����S�O�����N�H�U�H�V�N�H�G�H�O�P�L���K�D�M�y�]�i�V���p�V���N�|�]�I�R�U�J�D�O�P�L���U�H�S�•�O�p�V�����Q�p�O�N�•�O�|�]�K�H�W�H�W�O�H�Q���O�p�W�H�V�t�W�P�p�Q�\�H�N�Q�H�N��
�D�G�R�W�W�� �K�H�O�\�H�W���� �P�L�Q�W�� �S�p�O�G�i�X�O�� �H�J�\�� �P�i�V�R�G�L�N�� �L�U�i�Q�\�t�W�y�� �N�|�]�S�R�Q�W���� �$�P�L�N�R�U�� �D�]�� �H�O�V���G�O�H�J�H�V�� �L�U�i�Q�\�t�W�y��
�N�|�]�S�R�Q�W�R�N�� ���&�&�&�� �p�V�� �0�&�&���� �U�H�Q�G�E�H�Q�� �P�&�N�|�G�Q�H�N���� �H�]�� �D�]�� �i�O�O�R�P�i�V�� �D�� �K�H�O�\�V�]�t�Q�H�� �D�]�� �~�M�� �K�D�U�G�Y�H�U�H�N����
�V�]�R�I�W�Y�H�U�H�N�� �p�V�� �H�O�M�i�U�i�V�R�N�� �W�H�V�]�W�H�O�p�V�p�Q�H�N���� �L�O�O�H�W�Y�H�� �D�]�� �0�&�&�� �p�V�� �&�&�&�� �V�]�H�P�p�O�\�]�H�W�H�N�� �N�L- �p�V��
�W�R�Y�i�E�E�N�p�S�]�p�V�p�Q�H�N���� �$�� �*�D�O�L�O�H�R�� �I�H�O�O�|�Y�p�V�� �H�O���W�W�L�� �P�&�K�R�O�G�D�N�� �W�H�V�]�W�H�O�p�V�p�W�� �D�� �K�R�O�O�D�Q�G�L�D�L�� �Q�R�R�U�G�Z�L�M�N�L��
ESTEC-�Q�p�O�����(�X�U�R�S�H�D�Q���6�S�D�F�H���5�H�V�H�D�U�F�K���7�H�F�K�Q�R�O�R�J�\���&�H�Q�W�U�H�����Y�p�J�]�L�N�� 

2016. december 15-�W���O�����D���K�L�Y�D�W�D�O�R�V���N�H�]�G�H�W�L���V�]�R�O�J�i�O�W�D�W�i�V���L�Q�G�X�O�i�V�i�W�y�O�����D���������K�R�O�G�D�V���O�H�I�H�G�H�W�W�V�p�J��
���� �O�i�W�K�D�W�y�� �P�&�K�R�O�G�� �H�V�H�W�p�Q��a rendszer �P�i�U��3 m-�H�V�� �K�R�U�L�]�R�Q�W�i�O�L�V���� ���� �P-�H�V�� �Y�H�U�W�L�N�i�O�L�V�� �K�H�O�\�]�H�W�L�� �p�V�� ����
�P�L�O�O�L�i�U�G�R�G���P�i�V�R�G�S�H�U�F�H�V���L�G���P�p�U�p�V�L���S�R�Q�W�R�V�V�i�J�R�W��volt �N�p�S�H�V���V�]�R�O�J�i�O�W�D�W�Q�L (2013-�E�D�Q���D�]���H�O�V�����V�]�i�P��
�P�p�J�� ����-15 m volt). �8�J�\�D�Q�D�N�N�R�U�� �W�D�S�D�V�]�W�D�O�W�D�N�� �P�i�U�� ���� �P-�H�V�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�i�V�L�� �S�R�Q�W�R�V�V�i�J�R�W�� �L�V����

����



�+�H�O�\�]�H�W�N�p�S���D�]���H�X�U�y�S�D�L���P�&�K�R�O�G�D�V���K�H�O�\�P�H�J�K�D�W�i�U�R�]�y���D�O�D�S�U�H�Q�G�V�]�H�U�U���O�����D��Galileo-�U�y�O 

Napjainkban sok �F�p�J���J�\�i�U�W���*�D�O�L�O�H�R���M�H�O�H�N���Y�p�W�H�O�p�U�H���D�O�N�D�O�P�D�V���i�U�D�P�N�|�U�|�N�H�W�����I���O�H�J���R�N�R�V�W�H�O�H�I�R�Q�R�N��
�p�V���D�X�W�y�V���Q�D�Y�L�J�i�F�L�y�V���U�H�Q�G�V�]�H�U�H�N���V�]�i�P�i�U�D�� 

�$���*�D�O�L�O�H�R���M�H�O�H�Q�O�H�J���D���N�|�Y�H�W�N�H�]�����V�]�p�O�H�V�N�|�U�&���V�]�R�O�J�i�O�W�D�W�i�V�R�N�D�W �Q�\�~�M�W�M�D�����N�R�U�O�i�W�R�]�i�V���Q�p�O�N�•�O�L���Q�\�t�O�W��
(Open Service); �Q�D�J�\�� �S�R�Q�W�R�V�V�i�J�~�� ���+�L�J�K�� �$�F�F�X�U�D�F�\�� �6�H�U�Y�L�F�H������ �W�L�W�N�R�V�t�W�R�W�W�� �M�H�O�H�N�N�H�O�� �P�&�N�|�G����
���3�X�E�O�L�F���5�H�J�X�O�D�W�H�G���6�H�U�Y�L�F�H�����L�O�O�H�W�Y�H���N�H�U�H�V�p�V�L���p�V���P�H�Q�W�p�V�L���I�X�Q�N�F�L�y�����6�H�D�U�F�K���D�Q�G���5�H�V�H�D�U�F�K���6�H�U�Y�L�F�H������
�.�|�]�•�O�•�N�� �D�]�� �H�O�V������ �p�V�� �O�H�J�J�\�D�N�U�D�E�E�D�Q�� �K�D�V�]�Q�i�O�W az okostelefonok���� �D�]�� �R�N�R�V�y�U�i�N�� �p�V�� �D��
�M�i�U�P�&�Q�D�Y�L�J�i�F�L�y���I�H�O�K�D�V�]�Q�i�O�y�L���V�]�i�P�i�U�D���W�H�V�]�L���O�H�K�H�W���Y�p���D���S�R�]�L�F�L�R�Q�i�O�i�V�W���� �$�]�� �(�X�U�y�S�i�E�D�Q���O�H�J�\�i�U�W�R�W�W��
�P�R�E�L�O�W�H�O�H�I�R�Q�R�N�� �*�D�O�L�O�H�R�� �N�R�P�S�D�W�L�E�L�O�L�V�H�N���� �p�V�� �D�� �K�H�O�\�P�H�J�K�D�W�i�U�R�]�y�� �D�O�D�S�U�H�Q�G�V�]�H�U�W�� �K�D�V�]�Q�i�O�y��
�R�N�R�V�W�H�O�H�I�R�Q�R�V�� �I�H�O�K�D�V�]�Q�i�O�y�N�� �V�]�i�P�D�� �D�� �Y�L�O�i�J�R�Q�� �P�i�U�D�� �P�i�U�� �P�H�J�K�D�O�D�G�W�D�� �D�� ���� �P�L�O�O�L�i�U�G�R�W����Jelenleg 
�W�|�E�E�� �J�\�i�U�W�y�� �L�V�� �N�p�V�]�t�W�� �N�p�W�I�U�H�N�Y�H�Q�F�L�i�V�� �*�D�O�L�O�H�R�� �M�H�O�H�N�� �Y�p�W�H�O�p�U�H�� �D�O�N�D�Omas okostelefonokat, 
amelyekkel �E�L�]�R�Q�\�R�V�� �K�L�E�i�N�� ���L�R�Q�R�V�]�I�p�U�L�N�X�V���� �W�|�E�E�X�W�D�V�� �W�H�U�M�H�G�p�V���� �N�L�N�•�V�]�|�E�|�O�K�H�W���V�p�J�H�� �P�L�D�W�W�� �D��
�K�H�O�\�P�H�J�K�D�W�i�U�R�]�i�V�� �S�R�Q�W�R�V�V�i�J�D javul. �,�W�W�� �H�P�O�t�W�H�Q�G����meg az is, hogy 2018-�W�y�O�� �D�]�� �(�X�U�y�S�i�E�D�Q��
�I�R�U�J�D�O�R�P�E�D�� �K�H�O�\�H�]�H�W�W�� �D�X�W�y�N�D�W�� �J�\�i�U�L�O�D�J�� �*�D�O�L�O�H�R�� �Q�D�Y�L�J�i�F�L�y�Y�D�O�� �p�V�� �H-�V�H�J�p�O�\�K�t�Y�y�� �U�H�Q�G�V�]�H�U�U�H�O��
�W�H�U�Y�H�]�W�p�N felszerelni. A �Q�D�J�\���S�R�Q�W�R�V�V�i�J�~���V�]�R�O�J�i�O�W�D�W�i�V���N�D�S�F�V�i�Q���H�O�P�R�Q�G�K�D�W�y�����K�R�J�\���D�N�i�U���������F�P-
�H�V�� �S�R�Q�W�R�V�V�i�J�� �L�V�� �H�O�p�U�K�H�W���� �S�O���� �D�X�W�R�Q�y�P�� �G�U�y�Q�R�V�� �D�O�N�D�O�P�D�]�i�V�Q�i�O����A harmadik �N�•�O�|�Q�|�V�H�Q��
�P�H�J�E�t�]�K�D�W�y���V�]�R�O�J�i�O�W�D�W�i�V���I�H�O�K�D�V�]�Q�i�O�y�L���V�S�H�F�L�i�O�L�V���Y�H�Y���N�N�H�O���D���N�R�U�P�i�Q�\�]�D�W�L���P�H�J�K�D�W�D�O�P�D�]�i�V�V�D�O���E�t�U�y��
�R�O�\�D�Q�� �V�]�H�U�Y�H�N���� �P�L�Q�W�� �S�O���� �N�D�W�D�V�]�W�U�y�I�D�Y�p�G�H�O�H�P���� �Y�i�P�K�L�Y�D�W�D�O�R�N���� �U�H�Q�G���U�V�p�J���� �W�&�]�R�O�W�y�V�i�J���� �V�W�E����Ez a 
�W�L�W�N�R�V�t�W�R�W�W�� �U�H�Q�G�V�]�H�U�� �Y�p�V�]- �p�V�� �Y�i�O�V�i�J�K�H�O�\�]�H�W�H�N�E�H�Q�� �L�V�� �E�L�]�W�R�V�t�W�M�D�� �D�� �I�R�O�\�D�P�D�W�R�V�� �V�]�R�O�J�i�O�W�D�W�i�V�W����Az 
�X�W�R�O�V�y���V�]�R�O�J�i�O�W�D�W�i�V��pedig �D�������� �S�H�U�F�H�Q���E�H�O�•�O�L���K�H�O�\�P�H�J�K�D�W�i�U�R�]�i�V�V�D�O�� �D���E�D�M�E�D�M�X�W�R�W�W���I�H�O�K�D�V�]�Q�i�O�y�N�D�W��
�V�H�J�t�W�L�����$���F�p�O�����K�R�J�\���D���P�H�Q�W�p�V���P�L�H�O���E�E�L���P�H�J�N�H�]�G�p�V�H���p�U�G�H�N�p�E�H�Q���D���U�L�D�V�]�W�i�V�U�y�O���D���K�D�W�y�V�i�J�R�N���P�L�Q�p�O��
�J�\�R�U�V�D�E�E�D�Q�� �p�U�W�H�V�•�O�M�H�Q�H�N���� �(�]�� �F�V�|�N�N�H�Q���� �U�L�D�V�]�W�i�V�L�� �L�G���W�� �������� �S�H�U�F������ �p�V�� �M�D�Y�X�O�y�� �O�R�N�D�O�L�]�i�O�i�V�L��
�S�R�Q�W�R�V�V�i�J�R�W�� �H�U�H�G�P�p�Q�\�H�]���� �$�� �I�H�M�O�H�V�]�W���N�� �L�W�W���D�]�W�� �L�V�� �t�J�p�U�L�N���� �K�R�J�\�� �D�� �M�|�Y���E�H�Q�� �Y�D�O�D�K�R�O�� ���S�O���� �W�H�Q�J�H�U�H�Q����
�K�H�J�\�H�N�E�H�Q���� �V�H�J�t�W�V�p�J�H�W�� �N�p�U���� �V�]�H�P�p�O�\�� �D�U�U�y�O�� �L�V�� �p�U�W�H�V�•�O�K�H�W�� �P�D�M�G���� �K�D�� �D�� �W�D�U�W�y�]�N�R�G�i�V�L�� �K�H�O�\�p�W�� �P�i�U��
�W�X�G�M�i�N���p�V���D���P�H�Q�W�p�V�p�W���L�V���P�H�J�N�H�]�G�W�p�N�� 

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

���������� �H�O�H�M�p�Q�� �D�]�� �L�O�O�H�W�p�N�H�V�H�N�� �P�H�J�N�H�]�G�W�p�N�� �D�� �I�H�O�N�p�V�]�•�O�p�V�W�� �D�� �*�D�O�L�O�H�R�� �K�R�O�G�D�N�� �P�i�V�R�G�L�N��
�J�H�Q�H�U�i�F�L�y�M�i�Q�D�N��(G2G) �W�H�U�Y�H�]�p�V�p�U�H���� �D�]�� �H�X�U�y�S�D�L�� �D�O�D�S�U�H�Q�G�V�]�H�U�� �M�|�Y���M�p�Q�H�N�� �I�H�M�O�H�V�]�W�p�V�H�� �p�U�G�H�N�p�E�H�Q�� 
�$�]�� �H�O�V���� �J�H�Q�H�U�i�F�L�y�V���P�&�K�R�O�G�D�N���W�R�Y�i�E�E�I�H�M�O�H�V�]�W�p�V�H���]�D�M�O�L�N���� �$���M�|�Y���E�H�Q��Ariane-���� �K�R�U�G�R�]�y�U�D�N�p�W�i�Y�D�O��
�&�U�E�H�� �M�X�W�W�D�W�R�W�W, �p�V�� �P�D�M�G�� �U�H�Q�G�V�]�H�U�E�H�i�O�O�y�� �*��G �V�]�D�W�H�O�O�L�W�H�N�� ���������� �I���E�E�� �M�H�O�O�H�P�]���L�� �N�|�Y�H�W�N�H�]���N����2000 
kg; elektromos ���L�R�Q�K�D�M�W�y�P�&�Y�H�V�� �P�H�J�K�D�M�W�i�V���� �I�H�M�O�H�W�W�� �Q�D�Y�L�J�i�F�L�y�V�� �D�Q�W�H�Q�Q�i�N���� �W�R�Y�i�E�E�I�H�M�O�H�V�]�W�H�W�W��
�D�W�R�P�y�U�i�N���� �W�H�O�M�H�V�� �G�L�J�L�W�D�O�L�]�i�F�L�y���� �P�&�K�R�O�G�D�N�� �N�|�]�|�W�W�L�� �N�D�S�F�V�R�O�D�W�R�N���� �~�M�D�E�E�� �E�L�]�W�R�Q�V�i�J�L�� �I�X�Q�N�F�L�y�N����
�N�H�U�L�Q�J�p�V�� �N�|�]�E�H�Q�L�� �~�M�U�D�S�U�R�J�U�D�P�R�]�K�D�W�y�V�i�J���� �$�� �O�H�J�X�W�R�O�V�y�� �M�H�O�O�H�P�]���� �D�� �Y�i�O�W�R�]�y�� �S�L�D�F�L�� �L�J�p�Q�\�H�N�U�H��
�W�|�U�W�p�Q�����J�\�R�U�V���U�H�D�J�i�O�i�V�W���W�H�V�]i �O�H�K�H�W���Y�p�����Ò�M���V�]�R�O�J�i�O�W�D�W�i�V�D�L�N���L�V���O�H�V�]�Q�H�N���S�O�����D���Y�p�V�]�K�H�O�\�]�H�W�U�H���W�|�U�W�p�Q����
�I�L�J�\�H�O�P�H�]�W�H�W�p�V�� ��Emergency Warning Satellite Service) terv szerint 2025-re, amely a 
�O�D�N�y�V�V�i�J�Q�D�N�� �N�|�]�Y�H�W�O�H�Q�� �I�L�J�\�H�O�P�H�]�W�H�W�p�V�W�� �Q�\�~�M�W�� �D�]�� �H�V�H�W�O�H�J�H�V�� �N�D�W�D�V�]�W�U�y�I�i�N�U�y�O���� �$�� �Y�H�V�]�p�O�\�U�H��
�Y�R�Q�D�W�N�R�]�y�� �L�Q�I�R�U�P�i�F�L�y�N�� �R�N�R�V�W�H�O�H�I�R�Q�R�N�R�Q���� �p�V�� �Q�D�Y�L�J�i�F�L�y�V�� �H�V�]�N�|�]�|�N�|�Q�� �N�H�U�H�V�]�W�•�O�� �M�X�W�Q�D�N�� �H�O�� �D�]��
�H�J�\�H�V�� �I�H�O�K�D�V�]�Q�i�O�y�N�K�R�]���� �D�N�L�N�� �p�U�W�H�V�•�O�Q�H�N�� �D�Q�Q�D�N�� �V�~�O�\�R�V�V�i�J�i�U�y�O���� �L�G�H�M�p�U���O���� �D�]�� �p�U�L�Q�W�H�W�W�� �W�H�U�•�O�H�W�H�N�U���O 
�p�V���D���N�D�S�F�V�R�O�y�G�y���X�W�D�V�t�W�i�V�R�N�U�y�O���L�V�����$�]���~�M���V�]�R�O�J�i�O�W�D�W�i�V�W���D���P�i�U���P�H�J�O�p�Y�����I�L�J�\�H�O�P�H�]�W�H�W�����U�H�Q�G�V�]�H�U�H�N��
�N�L�H�J�p�V�]�t�W�p�V�p�U�H���W�H�U�Y�H�]�W�p�N���I���N�p�S�S���W�i�Y�R�O�L���p�V���Y�L�G�p�N�L���W�H�U�•�O�H�W�H�N �N�D�S�F�V�i�Q�����Y�D�J�\���R�O�\�D�Q���K�H�O�\�H�N�H�Q�����D�K�R�O��
�D�� �K�i�O�y�]�D�W�R�N�� �W�~�O�W�H�U�K�H�O�W�H�N���� �D�]�p�U�W���� �K�R�J�\��az �U�|�Y�L�G�� �L�G���Q�� �E�H�O�•�O�� �������� �P�i�V�R�G�S�H�U�F���� �Y�p�V�]�K�H�O�\�]�H�W�� �H�V�H�W�p�Q��
riasszon. �$�� �*���*�� �K�R�O�G�D�N�� �W�R�Y�i�E�E�L�� �M�H�O�O�H�P�]���M�H�� �D�]�� �D�W�R�P�y�U�i�N�� �P�D�J�D�V�D�E�E�� �V�]�i�P�D���� ��-�U���O�� ��-ra, 
�Y�D�O�D�P�L�Q�W�� �D�� �P�H�J�Q�|�Y�H�O�W�� �W�H�U�Y�H�]�H�W�W�� �p�O�H�W�W�D�U�W�D�P�� �L�V�� ������ �p�Y�U���O�� ������ �p�Y�U�H���� �$�]�� �H�P�O�t�W�H�W�W�� ������ �*���*�� �P�&�K�R�O�G��
�O�p�W�U�H�K�R�]�i�V�i�U�D���D�]���(�X�U�y�S�D�L���%�L�]�R�W�W�V�i�J�W�y�O���D���������������p�Y���H�O�H�M�p�Q���N�H�W�W�����&�U�L�S�D�U�L���N�R�Q�]�R�U�F�L�X�P���L�V���P�H�J�E�t�]�i�V�W��
kapott (mindegyik 6-6 db-ra). 
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Havasi I. 

 �$�� �N�|�Y�H�W�N�H�]���� �L�G���V�]�D�N�E�D�Q��azonban �P�p�J�� ���� �H�O�V���J�H�Q�H�U�i�F�L�y�V�� �P�&�K�R�O�G�� �I�H�O�O�|�Y�p�V�H�� �Y�i�U�K�D�W�y��
���N�|�]�•�O�•�N�� �N�H�W�W���p �P�i�U�� ������������ �V�]�H�S�W�H�P�E�H�U�� ����-�p�Q�� �P�H�J�W�|�U�W�p�Q�W), amelyet majd a terv szerint 2026-
�E�D�Q�� �D�]�� �H�O�V���� �*���*�� �K�R�O�G�� �S�i�O�\�i�U�D�� �i�O�O�t�W�i�V�D�� �N�|�Y�H�W�K�H�W�� A �O�H�J�X�W�y�E�E�L ���� �P�&�K�R�O�G�� �I�H�O�O�|�Y�p�V�p�W ���D�]�� �H�O���]����
�N�H�W�W���K�|�]�� �K�D�V�R�Q�O�y�D�Q������ �D�� ��������-�D�V�� �V�]�H�U�]���G�p�V�Q�H�N�� �P�H�J�I�H�O�H�O���H�Q�� �D�� �6�S�D�F�H�;�� �D�]�� �D�P�H�U�L�N�D�L�� �)�O�R�U�L�G�i�E�y�O��
�K�D�M�W�R�W�W�D���Y�p�J�U�H. 
 
4. �.�g�9�(�7�.�(�=�7�(�7�e�6�(�. 

Ismeretes, hogy a �*�O�R�E�i�O�L�V�� �1�D�Y�L�J�i�F�L�y�V�� �0�&�K�R�O�G�D�V�� �5�H�Q�G�V�]�H�U�H�N�� �P�D�J�X�N�E�D�� �I�R�J�O�D�O�M�i�N�� �D 
�P�&�K�R�O�G�D�V alap- �p�V���D���N�L�H�J�p�V�]�t�W�����U�H�Q�G�V�]�H�U�H�N�H�W�����(�X�U�y�S�i�E�D�Q���D���*�D�O�L�O�H�R���D�O�D�S�U�H�Q�G�V�]�H�U���P�H�J�Y�D�O�y�V�t�W�i�V�i�W��
�P�H�J�H�O���]�W�H�� �H�J�\�� �P�&�K�R�O�G�D�O�D�S�~�� �N�L�H�J�p�V�]�t�W���� �U�H�Q�G�V�]�H�Unek, az EGNOS-nak a �O�p�W�U�H�K�R�]�i�V�D���� �D�P�H�O�\�� �D�]��
�D�P�H�U�L�N�D�L�� �1�$�9�6�7�$�5�� �*�3�6�� �p�V�� �D�� �V�]�R�Y�M�H�W���R�U�R�V�]�� �*�/�2�1�$�6�6�� �D�O�D�S�U�H�Q�G�V�]�H�U�H�N�H�W�� �K�D�V�]�Q�i�O�W�D. Az 
�(�*�1�2�6���P�D�J�Y�D�O�y�V�t�W�i�V�i�Y�D�O���D�]���H�O�V���G�O�H�J�H�V���F�p�O���D���I�|�O�G�L�����O�p�J�L���p�V���W�H�Q�J�H�U�L���Q�D�Y�L�J�i�F�L�y���W�i�P�R�J�D�W�i�V�D���Y�R�O�W�� 
�(�]�W�� �N�|�Y�H�W�W�H�� �D�� �*�D�O�L�O�H�R��alaprendszer folyamatos �N�L�D�O�D�N�t�W�i�V�D�� �p�V�� �I�H�M�O�H�V�]�W�p�V�H�� �$�� �W�D�Q�X�O�P�i�Q�\, a 
�Q�p�Y�Y�i�O�D�V�]�W�i�V�� �U�|�Y�L�G�� �P�D�J�\�D�U�i�]�D�W�D�� �X�W�i�Q, �E�H�P�X�W�D�W�W�D�� �D�]�� �H�X�U�y�S�D�L�� �P�&�K�R�O�G�D�V�� �D�O�D�S�U�H�Q�G�V�]�H�U�� �I���E�E��
�M�H�O�O�H�P�]���L�W �p�V�� �D�N�W�X�i�O�L�V�� �V�W�i�W�X�V�]�i�W, majd �L�V�P�H�U�W�H�W�W�H�� �D�� �P�&�K�R�O�G�D�V�� �V�]�H�J�P�H�Q�V�� �O�p�W�U�H�K�R�]�i�V�i�Q�D�N��
�W�|�U�W�p�Q�H�W�p�W���� �(�]�X�W�i�Q�� �I�R�J�O�D�O�N�R�]�R�W�W�� �D�� �U�H�Q�G�V�]�H�U�� �V�]�R�O�J�i�O�W�D�W�i�V�D�L�Y�D�O���� �D�O�N�D�O�P�D�]�i�V�L�� �W�H�U�•�O�H�W�H�L�Y�H�O���� �9�p�J�•�O��
pedig, �D�� �M�|�Y���N�p�S�� �N�H�U�H�W�p�E�H�Q����ismereteket adott �D�]�� �~�M�� �P�i�V�R�G�L�N�� �J�H�Q�H�U�i�F�L�y�V�� �P�&�K�R�O�G�D�N�U�y�O, azok 
�M�H�O�O�H�P�]���L�U���O �p�V���D���K�R�]�]�i�M�X�N���N�D�S�F�V�R�O�y�G�y���P�D�M�G�D�Q�L���~�M���V�]�R�O�J�i�O�W�D�W�i�V�R�N�U�y�O�� 
 
�,�5�2�'�$�/�2�0�-�(�*�<�=�e�.  

Frey S. (2018), (2023), (2024), (2024). �5�|�Y�L�G�F�L�N�N�H�N�� �D�]�� �%�U�Y�L�O�i�J�� �D�V�]�W�U�R�O�y�J�L�D�L�� �K�t�U�S�R�U�W�i�O�R�Q����
�S�p�O�G�i�X�O�����.�p�W���*�D�O�L�O�H�R���P�&�K�R�O�G���O�H�V�]�i�O�O�t�W�Y�D�������������������$���*�D�O�L�O�H�R���M�|�Y���M�H���������������.�p�W���*�D�O�L�O�H�R���P�&�K�R�O�G��
Falcon-�����U�D�N�p�W�i�Y�D�O�������������������-�|�Q���D���P�i�V�R�G�L�N���J�H�Q�H�U�i�F�L�y���������������� 

�+�D�Y�D�V�L���,�������������������*�/�2�1�$�6�6���p�V���*�D�O�L�O�H�R�����K�H�O�\�]�H�W�N�p�S���p�V���M�|�Y�� 

�;�/�,�,�,�����%�i�Q�\�D�P�p�U�����7�R�Y�i�E�E�N�p�S�]�����p�V���7�D�S�D�V�]�W�D�O�D�W�F�V�H�U�H�����.�L�D�G�Y�i�Q�\�����'�R�E�R�J�y�N���������������� 

�+�D�Y�D�V�L���,�����0�p�V�]�i�U�R�V���0�����)������������������ �%���Y�•�O�����*�1�6�6�����~�M���M�|�Y���E�H�O�L���D�O�D�S�U�H�Q�G�V�]�H�U�H�N��- �K�H�O�\�]�H�W�N�p�S a 
GALILEO-�U�y�O�� �p�V�� �D�� �.�2�0�3�$�6�=-�U�y�O. �0�R�G�H�U�Q�� �W�H�F�K�Q�R�O�y�J�L�i�N�� �D�� �E�i�Q�\�D�P�p�U�p�V�E�H�Q�� LVII. 
�%�i�Q�\�D�P�p�U���� �7�R�Y�i�E�E�N�p�S�]���� �p�V�� �7�D�S�D�V�]�W�D�O�D�W�F�V�H�U�H���� �.�R�Q�I�H�U�H�Q�F�L�D�� �N�L�D�G�Y�i�Q�\�� ���S�S���� ����-33), 
�6�]�H�U�N�H�V�]�W�������:�p�E�H�U�������������.�I�W�������7�D�W�D�E�i�Q�\�D��������������������������- 2018.06.08.   

https://defence-industry-space.ec.europa.eu/eu-space/galileo-satellite-navigation_en. 

https://en.wikipedia.org/wiki/Galileo_(satellite_navigation). 

https://news.satnews.com. 
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https://defence-industry-space.ec.europa.eu/eu-space/galileo-satellite-navigation_en
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Abstract: With the BeiDou-3 GEO satellite, which was launched on 23 June 2020 and later 
became operational, the BeiDou-3 including BeiDou-2 (Compass) the Chinese satellite 
positioning fundamental system was globally extended and the "Space Silk Road" had been 
created. From here, the role of the BeiDou satellites to be launched in the future will be, on 
the one hand, to replace the "old" ones, and on the other hand, future modernization. First, the 
study sheds light on the choice of names for the Chinese satellite positioning systems 
(BeiDou-1, Compass /BeiDou-2/ and BeiDou-3). Next, the BeiDou-1 experimental satellite 
navigation system is briefly introduced. This is followed by the study of the Compass 
(BeiDou-2) system. Finally, BeiDou-3, which represents the global expansion, is presented, 
and then the expected future of the fundamental satellite system is briefly mentioned. 
 
Keywords: satellite positioning, fundamental systems, BeiDou, 20 years development history, 
future vision 
 
 
1. INTRODUCTION 

Nowadays, satellite navigation has become an integral part of everyday life. Its field of 
application and the circle of users of the technology are constantly expanding; GNSS (Global 
Navigation Satellite System) systems are developing dynamically. It is also known that the 
basis of this is mainly provided by satellite fundamental systems. Among them, the two 
earliest known and fully operational systems are the American NAVSTAR GPS (07. 2024: 31 
operating spacecraft, of which 7 IIR, 7 IIR-M, 11 IIF and 6 IIIA type satellites) and the 
Russian GLONASS (07. 2024: 24 working satellites (21 M and 3 K1 type). The continuous 
modernization of these systems is still taking place today, but their detailed presentation is not 
the purpose of this study. 

Despite the statement of the previous sentence, it is still worth mentioning the following 
regarding the modernization of the American GPS system: the satellite service currently relies 
on 25 GPS II and 6 GPS III type moons. The new GPS IIIA type spacecraft are characterized 
by a stronger design; a 15-year lifetime; a new L1C civil signal (enables interoperability with 
other fundamental systems /e.g. EU Galileo/); higher accuracy; and a multifold improved anti-
blocking ability. Between 2026 and 2034, 22 GPS IIIF moons will be planned to launch. 

As for the Russian GLONASS system, the operational satellite configuration is made up of 
second-generation M-type satellites and 3 third-generation K1 prototype moons (launched in 
2014, 2020 and 2022). Another 7 of the latter satellites are expected to be produced, and 10 of 
this type will be able to orbit in space in the future. In 2023, the first prototype K2 satellite, 

����



I. Havasi 

with an average 10 years lifetime, was already put into orbit. It will also be possible to count 
on the first launch of a third-generation new and lighter (965 kg) K1 artificial moon. 

Regarding the future, in the competition for the market positions of satellite navigation, in 
addition to the two basic systems mentioned just now, with a full satellite configuration, a 
new fundamental system, BeiDou-3, had also joined from 2020. As for the European Galileo 
fundamental system, it can be said that its development, in the previous period, was slower 
than the authorities had predicted. Recently, however, this process - thanks to the 3 quadruple 
satellite launches (2016-2018) - has accelerated significantly. Currently, this system is very 
close to global coverage, as it has 25 operational and 2 under commissioning satellites. Two 
of the three satellite orbital planes are covered in global sense. 

The main purpose of this study, however, is to examine the Chinese BeiDou-2, 3 systems. 
The development of China's fundamental satellite system has been extremely dynamic until 
now. We often read about the launch of more and more navigational moons. Based on the 
above, one of the reasons for choosing the topic was to present the history and structure of the 
new fundamental positioning system established in 2020. The other reason was that the 
BeiDou system has received less attention than perhaps necessary in both international and 
domestic special literature. Thus, this study can be considered to fill a gap in this regard. 
 
2. NAME SELECTION OF THE CHINESE BEIDOU 

Regarding the basic Chinese satellite positioning system, the following two names can be 
found in professional literature: BeiDou and Compass. Even the abbreviation CNSS, which 
stands for the initials of the Chinese Navigation Satellite System in English, can be found 
sometimes in several articles. Both Compass and BeiDou are terminologies related to 
geographic positioning and navigation. One means a magnetic device, the compass, and the 
other represents a constellation, the Great Bear (its 7 brightest stars, the Ursa Major) (Fig. 1). 
It is also well known that this group of stars can be used to locate the Pole Star (also called the 
Navel of the Sky). The Pole Star, which is the brightest star of the Ursa Minor constellation, 
could be regarded by travelers in the northern hemisphere as a reliable "compass" for celestial 
orientation, as its position marks the astronomical north direction with a very good 
approximation. 
 

 
Figure 1 

The Great Bear and the Ursa Major 
 

The Ursa Major was already well known in ancient cultures. It consists of seven stars. It is 
also known that by connecting its last two wheels and measuring the distance of the wheels 
five more times in the direction determined in this way, we arrive at the first star of the Ursa 
Minor. And this is the already mentioned North Star, or Polaris (Fig. 2). 
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Figure 2 

The location of the Pole Star based on the Ursa Major 
 
Another common name for the BeiDou-2 system is Compass, which means an orientation 

device, the compass. The compass can be considered the oldest tool of orientation, which we 
know is based on the strength of the Earth's magnetic field and is used to mark the direction of 
magnetic north. This device has been known for thousands of years and it is one of the four 
famous inventions of ancient China. A compass is a simple direction-finding device 
consisting of a free-swinging magnetic steel needle on a vertical axis capable of aligning to 
magnetic north. Later, it was enclosed in a box, and the main and secondary cardinal points 
were drawn on the bottom of it. An improved version of it was the orientator (compass), 
which was already equipped with degrees and was suitable not only for determining world 
landscapes, but also for measuring magnetic azimuths. As an important feature of the device, 
we can highlight the fact that the magnetic needle was placed in a damping liquid filled in a 
closed box, which accelerated the alignment in the north-south direction. In practice, it was/is 
used with degree, less often line-based angle classification. 
 
3. THE FIRST CHINESE SATELLITE NAVIGATION SYSTEM, THE BEIDOU-1 

(BD-1) 

China began studying satellite-based positioning and navigation as early as the late 1960s. 
The goal was to create a working system, but initially the pace of development was slow. By 
the mid-80s, specialists from the Chinese Academy of Space Technology developed the so-
called the theory of "twin satellite" navigation, which was successfully tested in 1989 with the 
help of DFH-2A communication satellites. The test results rivaled the accuracy of the 
American GPS open access service, so the Chinese leaders gave the green light for the 
system's construction. The goal of the implementation of BeiDou-1 was to provide navigation, 
accurate timekeeping and short messaging services for the East Asian and Oceanic regions, 
and especially for China. 

The first phase of the BeiDou system, BD-1, was an experimental regional system that 
included 4 first-generation satellites (3 operational and 1 spare). The first satellite of the 
satellite formation (BD-1A) was launched on 30 October 2000, and the second (BD-1B) was 
launched on 20 December 2000. By sending the first two of its own navigation moons into 
space, China tried to start on the path on which it later steadily progressed to become one of 
the dominant market representatives of satellite navigation. The third satellite of the 
constellation (BeiDou-1C) took its position in space on 24 May 2003. This also meant the 
creation of the BeiDou-1 satellite navigation system, which was considered the world's third 
independent positioning system, along with the American GPS and the Russian GLONASS. 
The fourth backup satellite (BeiDou-1D, sometimes called BeiDou-2A) was launched on 2 
February 2007. It should be noted that there was a bit of a problem with this moon as its solar 
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panels did not open due to a malfunction of the control system. Later, by solving this problem, 
this moon in the experimental system also became operational. From 2012, with the end of the 
planned operational lifetime, with the withdrawal of the last operating first-generation 
satellite: BD-1C, the authorities terminated the operation of the BeiDou-1 regional system. 

This study now briefly presents the main features and creation of the BeiDou-1 system. 
The previous four satellites were placed in the so-called geostationary orbit (GEO, 35786 
km), and their lifetime was planned for 5 years. The individual satellites were launched from 
Xichang (Xichang Satellite Launch Centre, hereinafter referred to as XSLC) using a Long 
March-3A launch vehicle. 

The operational area of the satellite test system covered the East Asian region closed by 
�O�D�W�L�W�X�G�H�� ���ž-�����ž��N�R�U�W�K�� �D�Q�G�� �O�R�Q�J�L�W�X�G�H�� �����ž-�������ž��East (Fig. 3) and provided navigation and 
communication services for the users of the mentioned region. 
 

 
Figure 3 

Operational area of the BD-1 system 
 

The basic principle of the measurement was based on two-way signal transmission 
between the satellites and the receiver, i.e. this system still had two-way GPS distance 
measurement. For this, so-called S-band and L-band radio signals were used. The satellites 
broadcasted �W�K�H�� �V�L�J�Q�D�O�� �D�W�� �D�� �I�U�H�T�X�H�Q�F�\�� �R�I�� ���������������“���������� �0�+�]���� �D�Q�G�� �L�W�� �Z�D�V�� �V�H�Q�W�� �E�D�F�N�� �W�R�� �W�K�H��
moons by ground receivers at 1615.68 MHz. The BeiDou's coordinate system: first Beijing-
1954, then CGS-2000, which deviated from ITRF by only a few cm. The time measurement 
was compared to the Chinese UTC defined in Beijing. 

The ground subsystem included the central control station, ground tracking stations 
(Jamushi, Kashi, and Zhangjiang) for determining satellite orbits, ground correction stations, 
and signal transmission devices. The user subsystem consisted of the various users and the 
satellite receivers. The BD-1 receivers were quite large, heavy and expensive, which could be 
explained by the specific measurement and communication design of the system. BeiDou-1 
was able to serve 540,000 users per hour and 150 users simultaneously. Taking advantage of 
the system's terrestrial and space capabilities (e.g. the 3rd and 4th satellites), i.e. applying the 
differentiation method, the positional accuracy could be improved to below 20 m. BD-1 was 
already available to military users from 2001, but the first civilian applications took place 
only from 2004. In 2009, BeiDou-1 had more than 10,000 registered customers. In later years, 
this number increased several times. 

The geographic position of the customer was determined as follows (Fig. 4). The central 
monitoring station sent signals of interest to individual users via the two GEO twin satellites. 
This continuous signal was first detected by the active receiver of the user in question, and 
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then the response signals were radiated back to the satellites, which then forwarded them to 
the ground monitoring station, where they were evaluated. The running time was accurately 
measured by the clocks of the satellites, and the round-trip measurement eliminated the clock 
error. Knowing the running time, the satellite-receiver distance could be calculated. By 
considering the distance between the two satellites and an approximate altitude coordinate, the 
ground station was able to determine a preliminary position. This was then refined based on a 
high-precision digital terrain model, and the 3D position obtained in this way was sent back to 
the remote terminal in the form of an encrypted message with the help of the afore-mentioned 
satellites. The calculated spatial coordinates were also used for the next measurement. Thanks 
to this iteration technique, the positioning accuracy in the horizontal sense was approximately 
20 m. To use BeiDou-1, it was therefore necessary to "see" both geostationary satellites at the 
same time. An innovative feature of the BD-1 system was even the two-way encrypted 
messaging as well. 
 

 
Figure 4 

Operational principle of the BeiDou-1 system 
 

The BeiDou-1's fields of application included mapping, telecommunications, fishing, 
transport, disaster mitigation and national security tasks. The BD-1 was the first development 
phase of China's satellite navigation system. 
 
4. THE BEIDOU-3 (BEIDOU-2 /COMPASS/) GLOBAL NAVIGATION SATELLITE 

FUNDAMENTAL SYSTEM 

From the middle of the first decade of the 2000s, China first started the construction of 
BeiDou's second generation satellite positioning system and then its third one, which were 
first regional (China and its surroundings, phase 1) and then global (extended to the whole 
Earth, phase 2) designed to be implemented. The first system was called Compass. The 
Compass is also known as BeiDou-2. The Compass was not at all an extension of the already 
existing BD-1. The specialists planned that this system would consist of 16 satellites, of 
which 6 are in geostationary orbit /hereafter GEO/, 6 are in inclined geosynchronous orbit 
/IGSO/, and 4 are in a medium Earth orbit (hereafter will be called MEO) (Fig. 5). The GEO 
moons also ensured backward compatibility towards the BD-1. The MEO moons moved in a 
�F�L�U�F�X�O�D�U���R�U�E�L�W���R�I�����������������N�P���Z�L�W�K���D�Q���L�Q�F�O�L�Q�D�W�L�R�Q���R�I�������ž���U�H�O�D�W�L�Y�H���W�R���W�K�H���H�T�X�D�W�R�U�����D�Q�G���W�K�H�L�U���R�Ubital 
period was approximately 12.5 hours. The first herald of the Compass system was a MEO 
�V�D�W�H�O�O�L�W�H�����������������N�P���������������K�R�X�U�V���������ž����which was launched on 13 April 2007. 
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Figure 5 

The designed Compass satellite configuration 
 

The task of the first BeiDou-2 satellite was to validate and test the frequencies of the 
Compass signals. This launch was also indicative, as it became clear that the Asian country 
had already started building its own global system, independent of its rivals. It was known 
that China was one of the financiers of the European Galileo system from 2003. He invested 
about 230 million euros in this program, and in 2004 even a Chinese Galileo company was 
established. As a result of the official accession, the EU and China signed several (11) 
cooperation projects by April 2006. Later, in 2008, the Asian country officially announced 
that it was not satisfied with its role in the Galileo project, and that in the Asian market it 
would become a competitor of the European satellite system. 

The Compass satellites - in contrast to the BeiDou-1 moons /S-band/ - sent already L-band 
signals. BeiDou-2, 3 - aligned with the American GPS, the European Galileo and the Russian 
GLONASS - introduced a signal structure which used frequencies close to or completely 
identical to the basic navigation systems listed above for the developing regional/global 
systems. 

The Chinese BeiDou global navigation system - based on the combined signal structure of 
phases 2 and 3 - offers 10 services to individual users. Five of them are free (open) and five 
are limited (official). The different services are based on eight carrier frequencies and use two 
types of modulation techniques. One of the so-called Quad Phase Skip Keying (QPSK, Phase 
2, end of 2012) and the other is Binary Offset Carrier (BOC). By 2020 (Phase 3), after the 
implementation of the global coverage system, the BeiDou signals - mainly using the BOC 
modulation technique - have moved closer to the American GPS and the European Galileo. 
The Compass phase 2 frequencies (QPSK modulation) are placed on 4 bands. These are 
1.561098 GHz (B1), 1.589742 GHz (B1-2), 1.207140 GHz (B2) and 1.268520 GHz (B3), 
characterized by E1, E2 (1.559-1.592 GHz), E5B (1.164-1.215 GHz, E5a and E5b) and E6 
(1.260-1.300 GHz) overlap with Galileo frequencies. Although this is beneficial from the 
point of view of receiver design, it can cause interference phenomena, especially on Galileo's 
open service E1 and E2 bands. The BD-3 uses the following frequencies: 1575.420 MHz (B1, 
BOC), 1207.140 MHz (B2, BOC), 1268.520 MHz (B3, BOC) and 1176.450 MHz (L5, 
QPSK). 

The first two test satellites of the Compass (BeiDou-2) system were followed in the first 
half of 2010 by two more GEO satellites (B2-G1 and B2-G3), and on 31 July 2010, the 
Chinese successfully launched the fifth, also the first IGSO moon (B2-IG1). In 2010, a GEO 
(B2-G4) and an IGSO moon (B2-IG2) were added to the system's satellite configuration. 

����



20 years of the development of chinese global satellite positioning fundamental system 

According to Chinese officials, with the launch of the eighth B2-IG3 satellite (10 April 
2011), the basic function of the Compass navigation network was realized. Together with the 
previous five moons launched in 2010 (3 GEO and 2 IGSO), the basic form of the navigation 
system was developed, which after the tests was able to meet the navigation needs of most 
parts of China. 

The tenth Chinese navigation satellite (B2-IG5) was launched from Xichang by an HM-3A 
launch vehicle on 1 December 2011. At the end of December, the Chinese authorities 
announced the official trial operation status of the BD-2, and a document showing the exact 
description of the system's navigation signals was also published (BNSS ICD). This 
characterized the regional service system (expansion: 12. 2012), which was then developed 
into a global one by 2020. The nominal satellite subsystem of the BNSS regional system 
covered 5 GEO and 9 non-GEO satellites, the latter group of which included 5 IGSO and 4 
MEO moons. 

On 24 February 2012, the Chinese first placed the 5th GEO satellite into geostationary 
orbit, and then on 29 April 2012, they launched two MEO moons simultaneously into space 
with a single LM-3B rocket. The actual satellite configuration then was as follows: 4 GEO; 5 
IGSO and 3 MEO. In 2012, 3 more spacecraft were launched (two at the same time in 
September and one in October). With the launch of the last moon, the construction of the 
satellite structure of the already declared regional system was completed. From 27 December  
�������������W�K�H���F�R�Q�W�L�Q�X�R�X�V���V�H�U�Y�L�F�H���D�O�V�R���V�W�D�U�W�H�G���L�Q���W�K�H���U�H�J�L�R�Q���R�I���O�D�W�L�W�X�G�H�������ƒ���1-�6���D�Q�G���O�R�Q�J�L�W�X�G�H�������ƒ-
�������ƒ���(�� 

The first new generation experimental satellite of BeiDou's third phase (BD-3, global 
coverage) had to wait about 2.5 years, which was one IGSO moon (15 years) on 30 March  
2015. To establish the global configuration, there were also a double and a single test MEO 
satellite launch (1030 kg, 12 years) in July 2015 and February 2016. In addition, 2 IGSO 
moons (1 B3 and 1 B2) were also launched in September 2015 and March 2016. Among 
them, the first Chinese hydrogen maser atomic clock appeared on board the B3 test moon. 
This new clock and the rubidium atomic clock have increased (compared to BD-2) frequency 
stability. The last navigation launch of 2016 was a GEO moon (8-year design life), which 
entered space on 12 June 2016. On 5 November 2017, two new, already final B3 MEO 
spacecraft were launched simultaneously. Their main characteristics were the ability to 
communicate with each other, and broadcasting signals which were more accurate and 
compatible with additional global navigation systems. On 12 January 2018, the first BeiDou-3 
launch was two MEO moons (with laser reflector and cosmic ray recorder). These satellites 
were originally supposed to send into orbit at the end of 2017; the delay was caused by the 
partial failure of the HM-3 carrier rocket in June. These satellites had already been designed 
for a new generation platform. The take-off weight of such a spacecraft is 1014 kg, 
�G�L�P�H�Q�V�L�R�Q�V�������������[���������[�����P�����W�K�H���L�Q�F�O�L�Q�D�W�L�R�Q���R�I���L�W�V���R�U�E�L�W�D�O���S�O�D�Q�H���L�V�����������ƒ���D�Q�G���L�W�V���R�U�E�L�W�D�O���K�H�L�J�K�W���L�V��
approx. 21500 km. As mentioned earlier, the frequency and coding of the civil navigation 
carrier waves have also changed, adapting to the similar purpose signals of the NAVSTAR 
GPS and Galileo systems. With the help of the satellite shape of the BD-3 navigation system, 
in real time with a receiver, the expected horizontal accuracy was 6 m, and the height 
accuracy was 10 m. Another pair of these MEO satellites were sent into orbit on 12 February  
2018, and the next two spacecraft were launched on 29 March 2018. On 9 July 2018, a pair of 
B2 IGSO satellites was launched, followed by a pair of third generation MEO satellites on 29 
July 2018 and 25 August 2018. In 2018 (19 September, 15 October and 18 November), the 
authorities launched the same pair of satellites 3 more times, and even launched a GEO moon 
(4600 kg) on 1 November. By the end of 2018, the number of new MEO moons in the global 
phase was 18. In 2019 and 2020, the number of B3 satellites put into orbit was 11 (2 GEO, 3 
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IGSO and 6 MEO), i.e. nearly 30 new B3 satellites were already orbiting in space. Among 
them, the most recently launched GEO-3 (55th B3) provided China's satellite fundamental 
system with global coverage. In 2023, three more artificial moons one GEO-4 (17 May) and 2 
MEOs (26 December, two-moon launch) were put into orbit (Fig. 6). The last 2 MEO 
satellites (technological demonstration for future BeiDou 4) were launched on 19 September  
2024. Since 2000, a total of 64 BeiDou satellites have been launched into space. 
 

 
Figure 6 

The launch of the B3-M25 and M26 satellites 
 

Table 2 shows how the BeiDou-2 and 3 satellite configurations (50 operational satellites, 
09. 2024.) were built at the end September of this year: 9 GEO, 10 IGSO, 31 MEO and 
another 4 test moons (2 MEO, 2 IGSO). 
 

Table 2 
Satellites of the BeiDou-2 system (15 operational /5 GEO, 7 IGSO, 3 MEO/, 8 withdrawn, 

09.2024) 
BeiDou-2 

(COMPASS) 
and 

BeiDou-3 

Phase 2 /23/ (China and the wider surrounding regions) 
1. B2-M1 13. 04. 2007. MEO test, withdrawn 
2. B2-G2 14. 04. 2009. GEO drifting, withdrawn 
3. B2-G1 16. 01. 2010. GEO withdrawn 
4. B2-G3 01. 06. 2010. GEO withdrawn (28.09.2018) 
5. B2-IG1 31. 07. 2010. IGSO usable 
6. B2-G4 31. 10. 2010. GEO usable 
7. B2-IG2 17. 12. 2010. IGSO usable 
8. B2-IG3 09. 04. 2011. IGSO  usable 
9. B2-IG4 26. 07. 2011. IGSO  usable 
10. B2-IG5 01. 12. 2011. IGSO  usable 
11. B2-G5 24. 02. 2012. GEO usable 
12. B2-M3 29. 04. 2012. MEO usable 
13. B2-M4 29. 04. 2012. MEO usable  
14. B2-M5 18. 09. 2012. MEO withdrawn 

(21.10.2014.) 
15. B2-M6 18. 09. 2012. MEO usable 
16. B2-G6 25. 10. 2012. GEO usable 
22. B2-IG6 29. 03. 2016. IGSO usable 
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23. B2-G7 12. 06. 2016. GEO usable 
32. B2-IG7 09. 07. 2018. IGSO usable 
45. B2-G8 17. 05. 2019. GEO usable 
Phase 3 (global coverage, test + not withdrawn (4), 35 (28 MEO, 3 IGSO, 
4 GEO); rubidium (E-14, 1 s/3x106 year difference) and hydrogen maser 
(E-15) atomic clocks 
Test satellites (5, 1 withdrawn) 
17. B3 I1-S 30.  03. 2015. IGSO test  
18. B3 M1-S 25. 07. 2015. MEO test  
19. B3 M2-S 25. 07. 2015. MEO test  
20. B3 I2-S 29. 09. 2015. IGSO (h. - 

maser) 
test  

21. B3 M3-S 2016. 02. 01. MEO withdrawn 
Final global constellation: 35 /28 MEO, 3 IGSO, 4 GEO/ 
24. B3-M1 05. 11. 2017. MEO usable 
25. B3-M2 05. 11. 2017. MEO usable 
26. B3-M7 12. 01. 2018. MEO usable 
27. B3-M8 12. 01. 2018. MEO usable 
28. B3-M3 12. 02. 2018. MEO usable 
29. B3-M4 12. 02. 2018. MEO usable 
30. B3-M9 29. 03. 2018. MEO usable 
31. B3-M10 29. 03. 2018. MEO usable 
33. B3-M5 29. 07. 2018. MEO usable 
34. B3-M6 29. 07. 2018. MEO usable 
35. B3-M11 25. 08. 2018. MEO usable 
36. B3-M12 25. 08. 2018. MEO usable 
37. B3-M13 19. 09. 2018. MEO usable 
38. B3-M14 19. 09. 2018. MEO usable 
39. B3-M15 15. 10. 2018. MEO usable 
40. B3-M16 15. 10. 2018. MEO usable 
41 B3-G1Q 01. 11. 2018. GEO-1 usable 
42. B3-M17 18. 11. 2018. MEO usable 
43. B3-M18 18. 11. 2018. MEO usable 
44 B3-1Q 20. 04. 2019. IGSO-1 usable 
46. B3-2Q 24. 06. 2019. IGSO-2 usable 
47. B3-M23 22. 09. 2019. MEO usable 
48. B3-M24 22. 09. 2019. MEO usable 
49. B3-G3Q 04. 11. 2019. IGSO-3 usable 
50. B3-M21 23. 11. 2019. MEO usable 
51. B3-M22 23. 11. 2019. MEO usable 
52. B3-M19 16. 12. 2019. MEO usable 
53. B3-M20 16. 12. 2019. MEO usable 
54. B3-G2Q 09. 03. 2020. GEO-2 usable 
55. B3-G3 23. 06. 2020. GEO-3 usable 

 56. B3-G4 17. 05. 2023. GEO-4 usable 
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57. B3-M26 26. 12. 2023. MEO usable 
58. B3-M28 26. 12. 2023. MEO usable 
59. B3-M25 19. 09. 2024. MEO usable 
60. B3-M27 19. 09. 2024. MEO usable 

 
It can be said about the BeiDou-2 moons that they are more robust than their predecessors. 

Their planned lifetime is approximately 8 years. The BeiDou-2, Compass (China's regional 
system), designed for 16 satellites, was completed by developers in 2012. This was followed, 
by 2020, by the afore-mentioned global CNSS /Chinese Navigation Satellite System/ system, 
which already represented the full operational capacity. The estimated system costs were 
approximately 62 billion US dollars. In 2012, already, hundreds of Chinese enterprises were 
engaged in the production of satellite receivers and specialized in various GNSS services. In 
2012, China's contribution to the global satellite-based navigation service was about 25%. 

By the autumn of 2012, the BD-2 tests were completed. The accuracy of the created 
regional development phase system had improved to 5-10 m. With the B1 + GPS L1 signals, 
an accuracy of up to 5 m could be achieved, and with the combined use of the B1/B2 and GPS 
L1/L2 signals, an absolute positioning accuracy of around 2 m could be ensured. 

The CNSS system (5 GEO, 3 IGSO and 27 MEO moons) is completely similar to the other 
basic systems already mentioned in the study in the sense that it uses one-way range survey to 
determine the location of the passive ground receiver. The accuracy of the autonomous 
measurement is approximately 10 m, the reliability of time measurement with synchronized 
clocks became 1 second. Relying on the measurements of the ground supplementary system, 
with real-time corrections, the reliability of the positioning could even reach 1 m. The second 
level (licensed) was to satisfy military and official needs, for which, compared to the previous 
data, the operators promised much higher accuracy, communication options and system status 
information. The location accuracy of the encrypted military service was given in 10 cm, 
which is now used by several armies (e.g. Pakistan, Argentina) in addition to the Chinese one. 
Beside this a Chinese-Russian cooperation interoperability agreement was signed in 2022. 

The ground reference station network covering the entire country was quickly built up. The 
central processing station is responsible for precise track and clock data. They use their own 
Chinese geodetic reference system and system time. Thanks to both the new satellites and the 
terrestrial supplementary service, especially in the densely populated eastern parts of China, 
the accuracy of positioning has increased significantly. In the vicinity of the capital, cm 
values were also available. In areas unsuitable for satellite navigation, which are deep, 
covered, indoor or underwater, the developers have launched technological research. 

In connection with the use of the BeiDou system, even for 2015, based on the PP 
presentation published in the references, some interesting figures are worth noting: 
BDS/GNSS navigation chip/module: more than 24 million; geodetic accuracy receiver: 
120,000; navigation antenna 4 million; antenna with geodetic accuracy: more than 500,000; 
satellite navigation unit used in mobile communication: approx. 18 million. 

Since November 2017, 33 B3 final moons (4 GEO, 3 IGSO and 26 MEO, global coverage) 
have been launched. As for the accuracy of the current open access, it is 3.6 m globally and 
2.6 m regionally. The ground subsystem of the BD-3 satellite basic system is made up of 
various ground stations, among them are tracking, master control, data transmission facilities, 
as well as facilities ensuring time synchronization and operation of the connection between 
satellites. 

Today, the BeiDou system is widely used in traffic, transportation, precision agriculture, 
fisheries, geodesy, industry and finance. The service takes on a prominent role in connection 
with self-driving cars, the docking of watercraft, the takeoff and landing of aircraft, and even 
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smartphone applications. About 2/3 of Chinese smartphones are equipped with a receiver 
capable of processing BeiDou signals. BeiDou receivers are operated in a significant part of 
the world's countries (approx. 50%, more than 200 countries). In addition to the high-
precision 3D positioning service, the basic BD satellite system is also capable of other critical 
roles, such as natural disaster prevention and rescue. The individual satellites are also 
equipped with special sensors which enable the detection of heat and possible flames in space, 
which, when integrated with data from ground sensors, can help make the right decisions in 
the fight against possible forest fires. The unique feature of the Chinese BeiDou basic system 
is the so-called short messaging capability. This two-way communication function can ensure 
contact with the "outside world" in critical situations (e.g. earthquake) - in the event of the 
destruction of ground facilities, thus increasing the chance of rescue. 

As for future goals, the operators of the system wish to further develop the flexible, 
precise, safe navigation service and precise location and time determination. Better 
compatibility and coordination of co-operation with other known GNSS systems is considered 
an important aspect in this regard. By 2035, the authorities are planning to implement a 
national navigation and timing system which is available everywhere and is more integrated 
and advanced than the current one. In addition to the previously mentioned unique feature of 
sending short messages, to expand the possibility of communication with the "outside world", 
the development of voice and video sending functions is also planned in the future. 
 
CONCLUSIONS 

The creation of BeiDou-2, 3 was one of the main objectives of China's national strategy. Its 
cost reached about 10 billion US dollars. Among the fundamental systems, in terms of the 
completion of its construction, it ranks third, ahead of the European Galileo system, which 
should also be treated as nearly completed. Among other things, this justifies the special 
professional attention directed at it. The article also tried to briefly shed light on the 
background of the choice of names for the Chinese BeiDou-1 and Beidou-2, 3. The first 
Chinese navigation system, BeiDou-1, was also presented in detail. Based on this, it could 
also be established that the BD-1 system - after its creation - became an integral part of the 
Chinese navigation market. After that, the BeiDou-2, 3 systems, which were built in the 
middle of 2020, were also thoroughly studied presenting the current status of the Chinese 
fundamental satellite system, and then its bright future was also briefly discussed. 
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�O�R�P�E�D���N�H�U�•�O�����D�X�W�y�N���Q�D�J�\���U�p�V�]�E�H�Q���W�D�U�W�D�O�P�D�]�Q�D�N���H�O�H�N�W�U�R�P�R�V���H�J�\�V�p�J�H�N�H�W�����V�]�H�Q�]�R�U�R�N�D�W���D���E�L�]�W�R�Q�V�i��
�J�R�V���Y�H�]�H�W�p�V���p�U�G�H�N�p�E�H�Q�����$���O�H�J�W�|�E�E���N�|�]�~�W�L���E�D�O�H�V�H�W���H�P�E�H�U�L���P�X�O�D�V�]�W�i�V���P�L�D�W�W���N�|�Y�H�W�N�H�]�L�N���E�H���� �t�J�\���D��
�N�R�U�V�]�H�U�&���M�i�U�P�&�W�H�F�K�Q�R�O�y�J�L�D���D�G�D�S�W�i�O�i�V�D���p�V���I�H�M�O�H�V�]�W�p�V�H���H�O�H�Q�J�H�G�K�H�W�H�W�O�H�Q�����$���Y�H�]�H�W�p�V�W�i�P�R�J�D�W�y���U�H�Q�G��
�V�]�H�U�H�N�����t�J�\���H�]�H�N���Y�H�]�p�U�O�����H�J�\�V�p�J�H�L�����E�L�]�R�Q�\�t�W�R�W�W�D�Q���F�V�|�N�N�H�Q�W�H�W�W�p�N���D�]���H�O�P�~�O�W���p�Y�H�N�E�H�Q���D���K�D�O�i�O�R�V���N�|�]��
�~�W�L���E�D�O�H�V�H�W�H�N���V�]�i�P�i�W (A. Saxena, 2020; IIHS report, 2022). �(�]�H�N���D���E�L�]�W�R�Q�V�i�J�L���I�X�Q�N�F�L�y�N���D�]�p�U�W��
�M�|�W�W�H�N�� �O�p�W�U�H���� �K�R�J�\�� �I�H�O�K�t�Y�M�i�N�� �D�� �Y�H�]�H�W���N�� �I�L�J�\�H�O�P�p�W�� �D�]�� �X�W�D�N�R�Q�� �D�N�W�X�i�O�L�Van �M�H�O�H�Q�W�N�H�]���� �Y�H�V�]�p�O�\�H�N�U�H����
�L�Q�I�R�U�P�i�F�L�y�W���Q�\�~�M�W�V�D�Q�D�N���V�]�i�P�X�N�U�D�����L�O�O�H�W�Y�H���V�H�J�t�W�V�p�N���D���E�D�O�H�V�H�W���H�O�N�H�U�•�O�p�V�p�W�����$���Y�H�]�p�U�O���H�J�\�V�p�J�H�N���p�V��
�V�]�H�Q�]�R�U�R�N���W�D�U�W�D�O�P�D�]�Q�D�N���p�U�W�p�N�H�V���Q�\�H�U�V�D�Q�\�D�J�R�N�D�W�����D�P�H�O�\�H�N�H�W���p�U�G�H�P�H�V���Y�L�V�V�]�D�Q�\�H�U�Q�L���D���N�|�U�I�R�U�J�i�V�R�V��
�J�D�]�G�D�V�i�J���V�]�H�O�O�H�P�p�E�H�Q�����L�O�O�H�W�Y�H���D�]���H�J�\�U�H���F�V�|�N�N�H�Q�����Q�\�H�U�V�D�Q�\�D�J�R�N���H�O�p�U�K�H�W���V�p�J�H���P�L�D�W�W���� 
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1. BEVEZETÉS 

�$���P�H�J�Q�|�Y�H�N�H�G�H�W�W���V�]�i�P�~���M�i�U�P�&�Y�H�N�N�H�O���H�J�\�•�W�W���D���E�D�O�H�V�H�W�H�N���V�]�i�P�D���L�V���Q���W�W�����(�Q�Q�H�N���H�U�H�G�P�p�Q�\�H��
�N�p�S�S�H�Q�� �D�]�� �H�O�P�~�O�W�� �p�Y�H�N�� �N�X�W�D�W�i�V�L�E�D�Q�� �N�L�H�P�H�O�W�� �V�]�H�U�H�S�H�W�� �N�D�S�R�W�W�� �D�� �E�L�]�W�R�Q�V�i�J�R�V�� �Y�H�]�H�W�p�V�W�� �H�O���V�H�J�t�W����
�U�H�Q�G�V�]�H�U�H�N�����H�J�\�V�p�J�H�N���I�H�M�O�H�V�]�W�p�V�H�����$���M�H�O�H�Q�O�H�J���J�\�i�U�W�i�V�E�D�Q���O�p�Y�����D�X�W�y�N���H�O�H�N�W�U�R�Q�L�N�i�M�i�Q�D�N���p�U�W�p�N�H���P�D��
�J�D�V�D�E�E�����P�L�Q�W���D���E�H�Q�Q�•�N���O�p�Y�����D�F�p�O�W�D�U�W�D�O�R�P�����P�L�Y�H�O���P�H�J���N�H�O�O���I�H�O�H�O�Q�L�•�N���D�]���H�J�\�U�H���V�]�L�J�R�U�R�G�y���N�|�U�Q�\�H��
�]�H�W�Y�p�G�H�O�P�L���p�V���E�L�]�W�R�Q�V�i�J�L���V�]�D�E�i�O�\�R�]�i�V�R�N�Q�D�N (Nagpal et al., 2022; Nairn, 1998). �$���I�H�G�p�O�]�H�W�L���H�O�H�N�W��
�U�R�Q�L�N�D���P�L�Q���V�p�J�H�����N�R�P�S�O�H�[�L�W�i�V�D�����P�H�J�E�t�]�K�D�W�y�V�i�J�D���p�V���W�H�O�M�H�V�t�W�P�p�Q�\�H���I�R�N�R�]�D�W�R�V���Q�|�Y�H�N�H�G�psben van. 
�(�]�H�N�� �D�� �U�H�Q�G�V�]�H�U�H�N�� �D�]�� �~�J�\�� �Q�H�Y�H�]�H�W�W�� �Y�H�]�H�W�p�V�W�i�P�R�J�D�W�y�� ���D�G�Y�D�Q�F�H�G�� �G�U�L�Y�L�Q�J�� �D�V�V�L�V�W�D�Q�F�H�� �V�\�V�W�H�P�V����
�U�H�Q�G�V�]�H�U�H�N�����U�|�Y�L�G�t�W�p�V�H���D���W�R�Y�i�E�E�L�D�N�E�D�Q���$�'�$�6�������(�]�H�N���D���W�H�F�K�Q�R�O�y�J�L�i�N���V�H�J�t�W�L�N���D���M�i�U�P�&�Y�H�]�H�W���N�H�W���D��
�E�L�]�W�R�Q�V�i�J�R�V���Y�H�]�H�W�p�V�E�H�Q���� �F�p�O�M�X�N���F�V�|�N�N�H�Q�W�H�Q�L���D�]�� �X�W�D�N�R�Q���E�H�N�|�Y�H�W�N�H�]���� �E�D�O�H�V�H�W�H�N���V�]�i�P�i�W���� �)�H�O�V�]�H��
�U�H�O�W�V�p�J�W���O�� �I�•�J�J���H�Q�� �H�J�\�� �D�X�W�y�E�D�Q�� �W�|�E�E�I�p�O�H�� �$�'�$�6�� �U�H�Q�G�V�]�H�U�U�H�O�� �W�D�O�i�O�N�R�]�K�D�W�X�Q�N����Ilyen rendszerek 
�S�p�O�G�i�X�O���D���V�i�Y�H�O�K�D�J�\�i�V�U�D���I�L�J�\�H�O�P�H�]�W�H�W�����U�H�Q�G�V�]�H�U�����D���S�D�U�N�R�O�i�V�W���V�H�J�t�W�����U�H�Q�G�V�]�H�U�����D�]���D�G�D�S�W�t�Y���V�H�E�H�V��
�V�p�J�W�D�U�W�y���D�X�W�R�P�D�W�L�N�D�����$�]���$�'�$�6���D�]���D�X�W�R�Q�y�P���Y�H�]�H�W�p�V���N�•�O�|�Q�E�|�]�����V�]�L�Q�W�M�H�L�W���W�H�V�]�L���O�H�K�H�W���Y�p�����-�H�O�H�Q�O�H�J��
6 (0-6) �V�]�L�Q�W�H�W���N�•�O�|�Q�E�|�]�W�H�W�•�Q�N���P�H�J. A �����V�]�L�Q�W�H�Q���D�]���D�X�W�y�E�D���p�S�t�W�H�W�W���U�H�Q�G�V�]�H�U�H�N���F�V�D�N���L�Q�I�R�U�P�i�F�L�y�W��
�V�]�R�O�J�i�O�W�D�W�Q�D�N���� �P�L�Q�W���S�p�O�G�i�X�O���S�D�U�N�R�O�i�V�W�� �H�O���V�H�J�t�W���� �U�H�Q�G�V�]�H�U�H�N���� �W�i�E�O�D���I�H�O�L�V�P�H�U���� �U�H�Q�G�V�]�H�U�H�N���� �P�t�J�� �D��
�V�]�L�Q�W�H�N���Q�|�Y�H�N�H�G�p�V�p�Y�H�O���H�J�\�U�H���W�|�E�E���P�L�Q�G�H�Q���Y�D�Q���D�X�W�R�P�D�W�L�]�i�O�Y�D���D���M�i�U�P�&�Y�H�N�E�H�Q���� �D���O�H�J�I�H�O�V���� �V�]�L�Q�W��
�S�H�G�L�J���D�]���|�Q�Y�H�]�H�W�����M�i�U�P�& (Nagpal et al., 2022; Brookhuis et al, 2001).  

�$�]���D�X�W�y�L�S�D�U���I�H�M�O���G�p�V�p�Y�H�O���S�i�U�K�X�]�D�P�R�V�D�Q���D�]���t�J�\���N�H�O�H�W�N�H�]�����K�X�O�O�D�G�p�N���P�H�Q�Q�\�L�V�p�J�H���L�V���P�H�J�Q���W�W����
�1�D�S�M�D�L�Q�N���H�J�\�L�N���O�H�J�p�J�H�W���E�E���S�U�R�E�O�p�P�i�M�D���D���K�X�O�O�D�G�p�N�R�N���P�H�J�I�H�O�H�O�����|�V�V�]�H�J�\�&�M�W�p�V�H���p�V���N�H�]�H�O�p�V�H�����$�]��
�(�X�U�y�S�D�L���8�Q�L�y���i�O�W�D�O���O�p�W�U�H�K�R�]�R�W�W���L�U�i�Q�\�H�O�Y�����D�P�H�O�\���D���K�X�O�O�D�G�p�N�M�i�U�P�&�Y�H�N�U�H���Y�R�Q�D�W�N�R�]�L�N�����W�|�E�E�H�N���N�|�]�|�W�W��
kiterjed a�]���D�Q�\�D�J�R�N���~�M�U�D���I�H�O�K�D�V�]�Q�i�O�i�V�i�U�D�����~�M�U�D�K�D�V�]�R�V�t�W�i�V�i�U�D�����D���N�|�U�Q�\�H�]�H�W�U�H���N�i�U�R�V���D�Q�\�D�J�R�N���N�H�]�H��
�O�p�V�p�U�H�� �p�V�� �P�H�J�I�H�O�H�O���H�Q�� �W�|�U�W�p�Q���� �i�U�W�D�O�P�D�W�O�D�Q�t�W�i�V�i�U�D���� �O�H�U�D�N�i�V�i�U�D���� �$�]�R�Q�E�D�Q�� �D�]�� �$�'�$�6�� �U�H�Q�G�V�]�H�U�H�N��
�H�O�H�N�W�U�R�Q�L�N�i�M�i�U�D�� �Y�R�Q�D�W�N�R�]�y�D�Q�� �Q�H�P�� �W�D�U�W�D�O�P�D�]�� �N�R�U�O�i�W�R�]�i�V�R�N�D�W���� �$�]�� �$�'�$�6�� �U�H�Q�G�V�]�H�U�H�N�H�W�� �V�]�i�P�Rs 
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�)�y�U�L�V���,.  �± Nagy S. 

 

�H�O�H�F�W�U�R�Q�L�F�� �F�R�Q�W�U�R�O���X�Q�L�W���� �U�|�Y�L�G�H�Q���(�&�8���p�S�t�W�L���I�H�O���� ���N���I�H�O�H�O���V�H�N�� �D���M�i�U�P�&�� �I�H�G�p�O�]�H�W�L���H�O�H�N�W�U�R�Q�L�N�i�M�i�p�U�W 
(Brookhuis et al., 2001). �0�L�Y�H�O���D���M�H�O�H�Q�O�H�J���J�\�i�U�W�i�V�E�D�Q���O�p�Y�����D�X�W�y�N���P�L�Q�G�H�J�\�L�N�p�E�H���p�S�t�W�H�Q�H�N���E�H���L�O�\�H�Q��
�W�H�F�K�Q�R�O�y�J�L�i�N�D�W���� �I�H�O�V�]�H�U�H�O�W�V�p�J�W���O�� �I�•�J�J���� �K�R�J�\�� �P�H�Q�Q�\�L�W�� �p�V�� �P�L�O�\�H�Q�� �M�H�O�O�H�J�&�W���� �N�L�H�P�H�O�W�� �I�R�Q�W�R�V�V�i�J�~�� �D��
�W�p�P�D�����$���W�p�P�D���D�N�W�X�D�O�L�W�i�V�i�W���I�R�N�R�]�]�D�����K�R�J�\���H�]�H�N���D�]���D�X�W�y�N���W�|�E�E�V�p�J�•�N�E�H�Q���P�p�J���I�R�U�J�D�O�R�P�E�D�Q���Y�D�Q�Q�D�N����
�t�J�\���D���N�p�V���E�E�L�H�N���V�R�U�i�Q���P�H�U�•�O���I�H�O���D���P�H�J�I�H�O�H�O�����N�H�]�H�O�p�V�•�N���D�]���p�O�H�W�W�D�U�W�D�O�P�X�N���Y�p�J�p�Y�H�O�����1�D�S�M�D�L�Q�N�E�D�Q���D��
�N�H�O�H�W�N�H�]�����K�X�O�O�D�G�p�N�R�N���S�U�R�E�O�p�P�i�M�i�Q���W�~�O���D���Q�\�H�U�V�D�Q�\�D�J���K�L�i�Q�\���L�V���M�H�O�H�Q�W���V���P�p�U�H�W�H�N�H�W���|�O�W�����t�J�\���H�P�L�D�W�W��
�L�V���I�R�Q�W�R�V�����K�R�J�\���W�L�V�]�W�i�E�D�Q���O�H�J�\�•�Q�N���D���K�X�O�O�D�G�p�N�N�i���Y�i�O�W���M�i�U�P�&�Y�H�N���~�M�U�D�K�D�V�]�Q�R�V�t�W�i�V�i�Y�D�O�����K�L�V�]�H�Q���U�H�Q��
�J�H�W�H�J���p�U�W�p�N�H�V���Q�\�H�U�V�D�Q�\�D�J�R�W���W�D�U�W�D�O�P�D�]�Q�D�N�� �$���W�D�Q�X�O�P�i�Q�\���F�p�O�N�L�W�&�]�p�V�H���|�V�V�]�H�I�R�J�O�D�O�Q�L���D���M�H�O�H�Q�O�H�J���D�O��
�N�D�O�P�D�]�R�W�W���Y�H�]�p�U�O���H�J�\�V�p�J�H�N (ECU) �p�V�� �V�]�H�Q�]�R�U�R�N���W�t�S�X�V�D�L�W���� �L�O�O�H�W�Y�H�� �I�H�O�W�i�U�Q�L�� �D�]�� �~�M�U�D�K�D�V�]�Q�R�V�t�W�i�V�X�N��
�N�R�U�O�i�W�D�L�W. 

 
2. �+�8�/�/�$�'�e�.�-�È�5�0�%�9�(�.���(�8�5�Ï�3�È�%�$�1 

�$�]���~�J�\�Q�H�Y�H�]�H�W�W���Ä�H�Q�G���R�I���O�L�I�H���Y�H�K�L�F�O�H�V���± �(�/�9�´�����D�]�D�]���D���K�X�O�O�D�G�p�N�i���Y�i�O�W �M�i�U�P�&�Y�H�N���P�L�Q�G���D���P�H�Q�\��
�Q�\�L�V�p�J�•�N�����P�L�Q�G���S�H�G�L�J���D�]���D�Q�\�D�J�W�D�U�W�D�O�P�X�N���W�H�N�L�Q�W�H�W�p�E�H�Q���U�H�Q�G�N�t�Y�•�O���N�U�L�W�L�N�X�V���K�X�O�O�D�G�p�N�i�U�D�P�Q�D�N���E�L��
�]�R�Q�\�X�O�Q�D�N�����t�J�\���Y�L�O�i�J�V�]�H�U�W�H���S�U�R�E�O�p�P�i�W���M�H�O�H�Q�W�H�Q�H�N�����e�Y�H�Q�W�H���K�R�]�]�i�Y�H�W���O�H�J�H�V�H�Q��8-9 �P�L�O�O�L�y��db ilyen 
�M�i�U�P�&�K�X�O�O�D�G�p�N�� �N�H�O�H�W�N�H�]�L�N���� �p�V�� �D�� �E�H�F�V�O�p�V�H�N�� �V�]�H�U�L�Q�W�� �W�R�Y�i�E�E�L�� �Q�|�Y�H�N�H�G�p�V�� �Y�i�U�K�D�W�y�� �H�]�H�Q�� �D�� �W�p�U�H�Q 
(Brookhuis et al., 2001, Belboom et al., 2016). �$�]���H�J�\���R�U�V�]�i�J�E�D�Q���N�H�O�H�W�N�H�]�����H�O�K�D�V�]�Q�i�O�y�G�R�W�W���M�i�U��
�P�&�Y�H�N���P�H�Q�Q�\�L�V�p�J�p�W���D���K�D�V�]�Q�i�O�D�W�E�D�Q���O�p�Y�����D�X�W�y�N���V�]�i�P�D�����D�]�R�N���N�R�U�P�H�J�R�V�]�O�i�V�D���p�V���D���N�•�O�|�Q�E�|�]�����M�i�U��
�P�&�Y�H�N���V�H�O�H�M�W�H�]�p�V�L���N�R�U�P�H�J�R�V�]�O�i�V�D���K�D�W�i�U�R�]�]�D���P�H�J�����(�]�H�Q���W�~�O�P�H�Q���H�Q���D�]���H�O�K�D�V�]�Q�i�O�y�G�R�W�W���M�i�U�P�&�Y�H�N��
�V�]�i�P�i�W���H�J�\���R�U�V�]�i�J�E�D�Q���E�H�I�R�O�\�i�V�R�O�M�D���D���K�D�V�]�Q�i�O�W���D�X�W�y�N���E�H�K�R�]�D�W�D�O�D���p�V���N�L�Y�L�W�H�O�H�����.�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L��
�V�]�H�P�S�R�Q�W�E�y�O���D�]���H�O�K�D�V�]�Q�i�O�y�G�R�W�W���M�i�U�P�&�Y�H�N���~�M�U�D�K�D�V�]�Q�R�V�t�W�i�V�i�W���W�|�E�E���W�p�Q�\�H�]�������S�p�O�G�i�X�O���J�D�]�G�D�V�i�J�L���p�V��
�W�H�F�K�Q�R�O�y�J�L�D�L���V�]�H�P�S�R�Q�W�R�N���L�V���|�V�]�W�|�Q�]�L�N�����*�i�O�G�L�������������������$�]���H�O�K�D�V�]�Q�i�O�y�G�R�W�W���M�i�U�P�&�Y�H�N���N�H�]�H�O�p�V�H���p�V��
�i�U�W�D�O�P�D�W�O�D�Q�t�W�i�V�D�� �N�L�K�t�Y�i�V�W�� �M�H�O�H�Q�W�� �D�]�� �H�X�U�y�S�D�L�� �S�R�O�L�W�L�N�i�N�� �p�V�� �V�W�U�D�W�p�J�L�i�N���� �Y�D�O�D�P�L�Q�W�� �D�]�� �H�O�K�D�V�]�Q�i�O�y�G�R�W�W��
�M�i�U�P�&�Y�H�N���N�H�]�H�O�p�V�p�Y�H�O���N�D�S�F�V�R�O�D�W�R�V���F�p�O�R�N���p�V���M�R�J�V�]�D�E�i�O�\�R�N���P�L�D�W�W���V�]�i�P�R�V���R�U�V�]�i�J�E�D�Q�����-�H�O�H�Q�O�H�J���N�•��
�O�|�Q�E�|�]�����N�H�]�H�O�p�V�L���P�y�G�V�]�H�U�H�N���i�O�O�Q�D�N���U�H�Q�G�H�O�N�H�]�p�V�U�H�����E�i�U���H�]�H�N���N�|�]�•�O���Q�H�P���P�L�Q�G�H�J�\�L�N���N�p�S�H�V���P�H�J��
�I�H�O�H�O�Q�L���D�������������������(�.���L�U�i�Q�\�H�O�Y�E�H�Q���P�H�J�K�D�W�i�U�R�]�R�W�W���~�M���H�X�U�y�S�D�L���F�p�O�R�N�Q�D�N��(Belboom et al., 2016).  

 
3. BALESET ELKERÜLÉSÉRE SZOLGÁLÓ SZABÁLYOZÁSOK 

�9�L�O�i�J�V�]�H�U�W�H�����t�J�\���(�X�U�y�S�i�E�D�Q���L�V���V�R�N���E�D�O�H�V�H�W���W�|�U�W�p�Q�L�N���D�]���X�W�D�N�R�Q�����D�P�H�O�\�H�N���H�O�N�H�U�•�O�p�V�H���p�U�G�H�N�p�E�H�Q��
�D�]���(�X�U�y�S�D�L���8�Q�L�y���H�O�I�R�J�D�G�W�D����������-ben a General Security Regulation �± �*�6�5�����D�]�D�]���i�O�W�D�O�i�Q�R�V���E�L�]��
�W�R�Q�V�i�J�L���U�H�Q�G�H�O�H�W�H�W�����(�E�E�H�Q���V�]�H�U�H�S�H�O�����K�R�J�\�������������X�W�i�Q���R�O�\�D�Q���M�i�U�P�&�Y�H�N�H�W���O�H�K�H�W���J�\�i�U�W�D�Q�L�����L�O�O�H�W�Y�H���I�R�U��
�J�D�O�R�P�E�D���K�R�]�Q�L���D���S�L�D�F�R�Q�����D�P�H�O�\�H�N���D���P�H�J�K�D�W�i�U�R�]�R�W�W���E�L�]�W�R�Q�V�i�J�L���U�H�Q�G�V�]�H�U�H�N���H�J�\���U�p�V�]�p�Y�H�O���P�L�Q�L�P�X�P��
�U�H�Q�G�H�O�N�H�]�Q�H�N�����H�]�]�H�O���L�V���Q�|�Y�H�O�Y�H���D���N�|�]�~�W�L���E�L�]�W�R�Q�V�i�J�R�W�����$���U�H�Q�G�H�O�H�W���V�]�H�U�L�Q�W���D�]���D�O�i�E�E�L���I�H�O�V�R�U�R�O�W���E�L�]��
�W�R�Q�V�i�J�L���U�H�Q�G�V�]�H�U�H�N�N�H�O���N�H�O�O���U�H�Q�G�H�O�N�H�]�Q�L�•�N���D�]���D�X�W�y�N�Qak (Mock & Sonsoles, 2021): 

- �L�Q�W�H�O�O�L�J�H�Q�V���V�H�E�H�V�V�p�J�D�V�V�]�L�V�]�W�H�Q�V, 
- �D���M�i�U�P�&�Y�H�]�H�W�����D�O�Y�y- �p�V���U�L�D�V�]�W�y�U�H�Q�G�V�]�H�U�H�N, 
- �D���M�i�U�P�&�Y�H�]�H�W�����I�L�J�\�H�O�P�p�W���H�O�W�H�U�H�O�����I�L�J�\�H�O�P�H�]�W�H�W�����U�H�Q�G�V�]�H�U�H�N, 
- �Y�p�V�]�O�H�i�O�O�t�W�y���M�H�O�]�p�V�H�N, 
- �W�R�O�D�W�i�V�p�U�]�p�N�H�O�����U�H�Q�G�V�]�H�U�H�N, 
- �H�V�H�P�p�Q�\���U�|�J�]�t�W���N, 
- �S�R�Q�W�R�V���D�E�U�R�Q�F�V�Q�\�R�P�i�V���H�O�O�H�Q���U�]�p�V�p�U�H���D�O�N�D�O�P�D�V���U�H�Q�G�V�]�H�U, 
- alkohol szonda. 
 

4. ELECTRONIC CONTROL UNITS- ECU 

�$���M�i�U�P�&�Y�H�N�E�H�Q���I�H�O�O�H�O�K�H�W�����I�H�G�p�O�]�H�W�L���H�O�H�N�W�U�R�Q�L�N�i�W���D�]���~�J�\���Q�H�Y�H�]�H�W�W���(�&�8�����H�O�H�F�W�U�R�Q�L�F���F�R�Q�W�U�R�O���X�Q�L��
�W�R�N���P�&�N�|�G�W�H�W�L�N�����$���P�R�G�H�U�Q���D�X�W�y�N���D�N�i�U���������N�•�O�|�Q�E�|�]�����(�&�8-t is tartalmazhatnak. Erre az egyre 
�V�]�L�J�R�U�R�G�y�� �N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L�� �p�V�� �E�L�]�W�R�Q�V�i�J�L�� �H�O���t�U�i�V�R�N����illetve a �I�H�O�K�D�V�]�Q�i�O�y�N�� �i�O�W�D�O�� �W�i�P�D�V�]�W�R�W�W��
�H�J�\�U�H�� �P�D�J�D�V�D�E�E�� �N�|�Y�H�W�H�O�P�p�Q�\�H�N�� �P�L�D�W�W�� �Y�D�Q�� �V�]�•�N�V�p�J���� �6�]�i�P�R�V�� �H�O���Q�Q�\�H�O�� �U�H�Q�G�H�O�N�H�]�Q�H�N�� �D�]�� �L�O�\�H�Q��

����



�*�p�S�M�i�U�P�&���Y�H�]�p�U�O���H�J�\�V�p�J�H�N���p�V���~�M�U�D�K�D�V�]�Q�R�V�t�W�i�V�L���N�R�U�O�i�W�D�L�N 

 

�U�H�Q�G�V�]�H�U�H�N�N�H�O���I�H�O�V�]�H�U�H�O�W���D�X�W�y�N�����H�O�V���G�O�H�J�H�V���F�p�O�M�X�N���Y�L�V�]�R�Q�W���D �E�H�Q�Q�H���X�W�D�]�y�N���p�V��a �N�|�U�Q�\�H�]�H�W�•�N���p�S�V�p��
�J�p�Q�H�N�� �Y�p�G�H�O�P�H���� �E�D�O�H�V�H�W�H�N�� �K�D�W�i�V�D�L�Q�D�N�� �P�p�U�V�p�N�O�p�V�H �p�V �P�H�J�H�O���]�p�V�H (Andreev, 2016; Pupala & 
Shukla, 2018).  

�$�O�D�S�Y�H�W���H�Q�������F�V�R�S�R�U�W�M�X�N�D�W���N�•�O�|�Q�E�|�]�W�H�W�M�•�N���P�H�J�����D���P�&�N�|�G�W�H�W�����U�H�Q�G�V�]�H�U�H�N�����D���E�L�]�W�R�Q�V�i�J�L���U�H�Q�G��
�V�]�H�U�H�N�����L�O�O�H�W�Y�H���D���N�p�Q�\�H�O�P�L���U�H�Q�G�V�]�H�U�H�N. �$���P�&�N�|�G�W�H�W�����U�H�Q�G�V�]�H�U�H�N�����D�P�H�O�\�H�N���D���M�i�U�P�&���D�O�D�S�I�X�Q�N�F�L�y�L�W��
�N�H�]�H�O�L�N���p�V���L�U�i�Q�\�t�W�M�i�N�����L�G�H���V�R�U�R�O�K�D�W�y�N���D���N�R�U�P�i�Q�\�]�i�V���p�V���D���I�X�W�y�P�&���Y�H�]�p�U�O�p�V�p�K�H�]���V�]�•�N�V�p�J�H�V���U�H�Q�G�V�]�H��
�U�H�N�����$���E�L�]�W�R�Q�V�i�J�L���U�H�Q�G�V�]�H�U�H�N�����D�P�H�O�\�H�N���D���M�i�U�P�&���L�U�i�Q�\�t�W�K�D�W�y�V�i�J�i�Q�D�N���I�H�Q�Q�W�D�U�W�i�V�i�W�����E�D�O�H�V�H�W���P�H�J�H�O����
�]�p�V�p�W���V�H�J�t�W�L�N���H�O�������,�W�W���N�p�W���D�O�F�V�R�S�R�U�W�R�W���N�•�O�|�Q�E�|�]�W�H�W�•�Q�N���P�H�J�����D�]���D�N�W�t�Y���•�W�N�|�]�p�V�W���P�H�J�H�O���]�����p�V���M�i�U�P�&��
�L�U�i�Q�\�t�W�i�V�i�W���V�H�J�t�W�����U�H�Q�G�V�]�H�U�H�N�����P�L�Q�W���D�]���$�%�6���p�V���D���S�D�V�V�]�t�Y���D�]���•�W�N�|�]�p�V���H�V�H�W�p�Q���D���U�p�V�]�W�Y�H�Y���N���V�p�U�•�O�p�V�H�L�W��
�P�p�U�V�p�N�O�����U�H�Q�G�V�]�H�U�H�N�����S�p�O�G�i�X�O���O�p�J�]�V�i�N�Y�H�]�p�U�O�p�V���Y�D�J�\���|�Y�I�H�V�]�t�W���N (Wolf,2023). �$���N�p�Q�\�H�O�P�L���U�H�Q�G��
�V�]�H�U�H�N���P�H�J�O�p�W�p�Q�H�N���V�]�i�P�D���p�V���P�L�Q���V�p�J�H���Q�D�J�\�U�p�V�]�W���D���M�i�U�P�&���I�H�O�V�]�H�U�H�O�W�V�p�J�L���N�D�W�H�J�y�U�L�i�M�i�Q�D�N���P�H�J�I�H��
�O�H�O�������,�O�\�H�Q���U�H�Q�G�V�]�H�U�H�N���D���O�p�J�N�R�Q�G�L�F�L�R�Q�i�O�y�����H�O�H�N�W�U�R�P�R�V���D�E�O�D�N�H�P�H�O���N�����Y�D�J�\���D���E�H�p�S�t�W�H�W�W���Q�D�Y�L�J�i�F�L�y��
�P�H�J�O�p�W�H�����%�L�]�W�R�Q�V�i�J���V�]�H�P�S�R�Q�W�M�i�E�y�O���H�]�H�N���D���U�H�Q�G�V�]�H�U�H�N���D�O�D�F�V�R�Q�\�D�Q���i�O�O�Q�D�N�����t�J�\���K�L�i�Q�\�X�N���Q�H�P���M�i�U��
�M�H�O�H�Q�W���V���E�L�]�W�R�Q�V�i�J�L���N�R�F�N�i�]�D�W�W�D�O�����D�]�R�Q�E�D�Q�����K�D���P�H�J�K�L�E�i�V�R�G�Q�D�N�����D�N�N�R�U���Q�|�Y�H�O�K�H�W�L�N���D���E�D�O�H�V�H�W���N�L�D�O�D��
�N�X�O�i�V�i�Q�D�N���N�R�F�N�i�]�D�W�i�W���� 

 
 

 
1. �i�E�U�D 

�(�O�H�N�W�U�R�Q�L�N�X�V���Y�H�]�p�U�O�����H�J�\�V�p�J�H�N�����(�&�8�����W�t�S�X�V�D�L���>9] 
 

5. SZENZOROK 

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

 

����



�)�y�U�L�V���,.  �± Nagy S. 

 

 
2. �i�E�U�D 

�*�p�S�M�i�U�P�&�E�H�Q���W�D�O�i�O�K�D�W�y���V�]�H�Q�]�R�U�R�N��(Mahmud, 2023) 
 

�$���V�]�H�Q�]�R�U�R�N���V�]�i�P�D���O�H�J�L�Q�N�i�E�E���D�]���D�X�W�y���I�H�O�V�]�H�U�H�O�W�V�p�J�p�W���O���p�V���P�p�U�H�W�p�W���O���I�•�J�J�����K�L�V�]�H�Q���D�]���H�J�\�V�]�H��
�U�&�E�E���N�L�Y�L�W�H�O�H�N�E�H�Q���N�H�Y�H�V�H�E�E���p�U�]�p�N�H�O�����W�D�O�i�O�K�D�W�y���P�H�J�����P�L�Q�W���D���N�R�P�S�O�H�[�H�E�E���N�L�D�O�D�N�t�W�i�V�V�D�O���U�H�Q�G�H�O�N�H�]����
�M�i�U�P�&�Y�H�N�E�H�Q�����6�]�i�P�R�V���p�U�]�p�N�H�O�����W�D�O�i�O�K�D�W�y���D�]���D�X�W�y�N�E�D�Q�����D�P�H�O�\�H�N���~�J�\���P�&�N�|�G�Q�H�N�����P�L�Q�W���D�]���H�P�E�H�U�L��
�p�U�]�p�N�V�]�H�U�Y�H�N�����M�H�O�H�N�H�W���N�•�O�G�H�Q�H�N���D�]���D�J�\�Q�D�N�����D�P�H�O�\���X�W�i�Q�D���I�H�O�G�R�O�J�R�]�]�D���D���N�D�S�R�W�W���L�Q�I�R�U�P�i�F�L�y�N�D�W�����$�]��
�D�X�W�y�N���H�V�H�W�p�E�H�Q���D�]���D�J�\���D�]���H�O�H�F�W�U�R�Q�L�F���F�R�Q�W�U�R�O���X�Q�L�W-ok jelentik. A szenzorok az egyik legkritiku-
�V�D�E�E�� �H�O�H�N�W�U�R�Q�L�N�X�V�� �D�O�N�D�W�U�p�V�]�H�N�� �N�|�]�p�� �W�D�U�W�R�]�Q�D�N�� �H�J�\�� �J�p�S�M�i�U�P�&�Y�|�Q�� �E�H�O�•�O���� �(�Q�Q�H�N�� �I���� �R�N�D���� �K�R�J�\�� �D��
�W�H�F�K�Q�R�O�y�J�L�D�� �I�H�M�O���G�p�V�p�Y�H�O�� �D�� �N�R�P�S�O�H�[�L�W�i�V�X�N�� �H�J�\�U�H�� �Q�D�J�\�R�E�E�� �O�H�W�W���� �p�V�� �D�� �M�H�O�H�Q�O�H�J�� �J�\�i�U�W�i�V�E�D�Q�� �O�p�Y����
�V�]�H�Q�]�R�U�R�N���W�|�E�E�V�p�J�H���E�R�Q�\�R�O�X�O�W���I�H�O�p�S�t�W�p�V�V�H�O���U�H�Q�G�H�O�N�H�]�L�N�����$���������i�E�U�i�Q���O�i�K�D�W�y�����K�R�J�\���P�L�O�\�H�Q���V�R�N�I�p�O�H��
�W�H�U�•�O�H�W�H�Q���p�V���P�H�Q�Q�\�L�V�p�J�E�H�Q���I�R�U�G�X�O�Q�D�N���H�O�����D���V�]�H�Q�]�R�U�R�N���H�J�\���J�p�S�M�i�U�P�&�E�H�Q���� 

 

 
3. �ibra 

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

 

5.1. �.�L�K�t�Y�i�V�R�N���D�]���~�M�U�D�K�D�V�]�Q�R�V�t�W�i�V���V�R�U�i�Q 

�$�K�K�R�]�����K�R�J�\���P�H�J�p�U�W�V�•�N���D���S�U�R�E�O�p�P�i�W�����D�P�H�O�\���p�U�L�Q�W�L���H�]�H�N�H�W���D���V�]�H�Q�]�R�U�R�N�D�W���p�V���H�J�\�V�p�J�H�N�H�W�����W�L�V�]��
�W�i�]�Q�X�Q�N���N�H�O�O���D���P�i�V�R�G�Q�\�H�U�V�D�Q�\�D�J�R�N�E�y�O���W�|�U�W�p�Q�����p�U�W�p�N�H�V���p�V���N�U�L�W�L�N�X�V���H�O�H�P�H�N���N�L�Q�\�H�U�p�V�p�Q�H�N���N�R�U�O�i�W�D�L�W��
�p�V���S�U�R�E�O�p�P�i�L�W���� �0�L�Q�G�H�Q���H�V�H�W�E�H�Q���H�O�N�•�O�|�Q�t�W�H�W�W���E�H�J�\�&�M�W�p�V�W���I�H�O�W�p�W�H�O�H�]nek, sokszor nagyon kis kon-
�F�H�Q�W�U�i�F�L�y�E�D�Q���Y�D�Q�Q�D�N���M�H�O�H�Q���D�]���D�Q�\�D�J�E�D�Q�����U�H�Q�G�N�t�Y�•�O���|�V�V�]�H�W�H�W�W���V�]�H�U�N�H�]�H�W�W�H�O���U�H�Q�G�H�O�N�H�]�Q�H�N���D���N�•�O�|�Q��
�E�|�]�����U�p�W�H�J�H�]�H�W�W�V�p�J�H�N���p�V���E�H�Y�R�Q�D�W�R�N���U�p�Y�p�Q. A�K�R�J�\���I�H�M�O���G�L�N���D���J�\�i�U�W�i�V�L���W�H�F�K�Q�R�O�y�J�L�D���~�J�\���H�J�\�U�H���N�H��
�Y�H�V�H�E�E���P�H�Q�Q�\�L�V�p�J���N�H�U�•�O���W�p�Q�\�O�H�J�H�V���D�O�N�D�O�P�D�]�i�V�U�D�����t�J�\���W�|�E�E���W�H�U�P�p�N���M�|�Q���O�p�W�U�H, �G�H���D�]���p�U�W�p�N�H�V���H�O�H�P�H�W��
�N�L�V�H�E�E���N�R�Q�F�H�Q�W�U�i�F�L�y�E�D�Q���W�D�U�W�D�O�P�D�]�]�i�N�����M�H�O�H�Q�W���V���P�H�Q�Q�\�L�V�p�J�&���P�&�D�Q�\�D�J�R�W���W�D�U�W�D�O�P�D�]�Q�D�N. �$�]���������W�i�E��
�O�i�]�D�W�E�D�Q���O�i�W�K�D�W�y���H�J�\���S�p�O�G�D���H�J�\���$�&�&���V�]�H�Q�]�R�U���D�Q�\�D�J�L���|�V�V�]�H�W�p�W�H�O�p�U���O�����M�H�O�H�Q�W���V���P�p�U�W�p�N�&���P�&�D�Q�\�D�J��
�W�D�U�W�D�O�R�P�P�D�O���E�t�U�Q�D�N���H�]�H�N���D���V�]�H�Q�]�R�U�R�N�����D�]�R�Q�E�D�Q���D�]���L�V���O�i�W�K�D�W�y�����K�R�J�\���D�]���D�U�D�Q�\���W�D�U�W�D�O�R�P��is jelen van, 
�t�J�\���J�D�]�G�D�V�i�J�L���p�V���Q�\�H�U�V�D�Q�\�D�J���V�]�H�P�S�R�Q�W�E�y�O���p�U�G�H�P�H�V���I�R�J�O�D�O�N�R�]�Q�L���D�]���L�O�\�H�Q���W�t�S�X�V�~���H�O�H�N�W�U�R�Q�L�N�i�N���~�M��
�U�D�K�D�V�]�Q�R�V�t�W�i�V�i�Y�D�O�����$���N�t�V�p�U�O�H�W�H�W���D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P���1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V���p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K��
�Q�R�O�y�J�L�D���,�Q�W�p�]�H�W�E�H�Q���Y�p�J�H�]�W�p�N�����D���P�L�Q�W�D���D�Q�\�D�J���S�H�G�L�J���D�]���$�X�W�R���0�D�Q�G�\���&�D�U���.�I�W��-�W���O���p�U�N�H�]�H�W�W��(G�\�•�U�p�N����
2021). 

 
1. �W�i�E�O�i�]�D�W 

�$���������i�E�U�i�Q���V�]�H�U�H�S�O�����$�&�&���U�D�G�D�U���D�Q�\�D�J�L���|�V�V�]�H�W�p�W�H�O�H���>�����@ 
�5�p�V�]�H�J�\�V�p�J �7�|�P�H�J [g] Aranytartalom [g/t]  

�0�&�D�Q�\�D�J�� �E�X�U�N�R��
latok (2 db)  

53,94 50,4 

�$�O�X�P�t�Q�L�X�P���K�i�] 107,89 0 

�1�<�È�.���O�D�S�R�N��
PCB (2 db) 35,89 81,3 

�)�p�P���N�D�S�F�V�R�N��    
(4 db) 8,80 0 

�g�V�V�]�H�V�H�Q 206,52 27,3 
 
T�|�E�E���p�U�W�p�N�H�V���H�O�H�P�H�W���P�i�V���H�O�H�P�P�H�O���K�H�O�\�H�W�W�H�V�t�W�H�Q�H�N���p�V���Y�i�O�W�D�Q�D�N���N�L���D���J�\�i�U�W�i�V���V�R�U�i�Q�����H�]�H�Q���N�t�Y�•�O��

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

 
6. KÖVETKEZTETÉSEK 

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

����



�)�y�U�L�V���,.  �± Nagy S. 

 

�K�L�V�]�H�Q���D���N�L�Q�\�H�U�Q�L���N�t�Y�i�Q�W���p�U�W�p�N�H�V���H�O�H�P���Q�H�K�H�]�H�Q���K�R�]�]�i�I�p�U�K�H�W�����D���N�•�O�|�Q�E�|�]�����U�p�W�H�J�]�H�W�W�V�p�J�H�N���p�V���E�H��
�Y�R�Q�D�W�R�N���U�p�Y�p�Q����A f�R�O�\�D�P�D�W�R�V���S�L�D�F�L���i�U�D�N���Y�i�O�W�R�]�i�V�D���P�L�D�W�W���V�R�N�V�]�R�U���N�R�F�N�i�]�D�W�R�V���D�]���H�O�H�P�H�N���N�L�Q�\�H��
�U�p�V�H. Azonban �V�]�i�P�R�W�W�H�Y�� �P�H�Q�Q�\�L�V�p�J�E�H�Q �L�O�O���� �Q�D�J�\�� �V�]�i�P�E�D�Q �Y�D�Q�Q�D�N���M�H�O�H�Q���D���J�p�S�M�i�U�P�&�Y�H�N�E�H�Q����
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Kivonat:  �(�E�E�H�Q���D���F�L�N�N�E�H�Q���L�V�P�H�U�W�H�W�p�V�U�H���N�H�U�•�O�Q�H�N���D���Y�i�U�R�V�L���E�i�Q�\�i�V�]�D�W���W�p�P�D�W�H�U�•�O�H�W�H�Q���E�H�O�•�O���D���M�H��
�O�H�Q�W���V���V�]�i�P�E�D�Q�����p�V���N�•�O�|�Q�E�|�]�����W�H�U�•�O�H�W�H�N�H�Q���D�O�N�D�O�P�D�]�R�W�W���H�O�H�N�W�U�R�Q�L�N�D�L���H�V�]�N�|�]�|�N���N�|�]�•�O���D���/�(�'-ek 
(Light-Emitting Diode), ill. LED-�H�N�H�W���W�D�U�W�D�O�P�D�]�y���I�p�Q�\�I�R�U�U�i�V�R�N �I�H�O�G�R�O�J�R�]�i�V�L���O�H�K�H�W���V�p�J�H�L�����(���U�H�Q�G��
�N�t�Y�•�O�� �H�Q�H�U�J�L�D�W�D�N�D�U�p�N�R�V�� �I�p�Q�\�I�R�U�U�i�V�R�N�� �Q�D�J�\�R�Q�� �V�]�p�O�H�V�� �N�|�U�E�H�Q�� �H�O�W�H�U�M�H�G�W�H�N�� ���D�� �J�\�H�U�H�N�M�i�W�p�N�R�N�W�y�O��
�N�H�]�G�Y�H���D���J�p�S�N�R�F�V�L���Y�L�O�i�J�t�W�i�V�L�J���P�L�Q�G�H�Q���W�H�U�•�O�H�W�H�Q�� �N�L�V�]�R�U�t�W�Y�D���D���N�R�U�i�E�E�L���W�H�F�K�Q�R�O�y�J�L�i�N�D�W�����V�R�N���p�U�W�p�N�H�V��
�H�O�H�P�H�W���W�D�U�W�D�O�P�D�]�Q�D�N�����Y�L�V�]�R�Q�W���p�O�H�W�W�D�U�W�D�P�X�N���Y�p�J�p�Y�H�O���D���E�H�J�\�&�M�W�p�V�•�N�����H�O�N�•�O�|�Q�t�W�p�V�•�N���p�V���t�J�\���I�H�O�G�R�O��
�J�R�]�i�V�X�N���M�H�O�H�Q�W���V���N�L�K�t�Y�i�V�W���M�H�O�H�Q�W����N�D�J�\���V�]�i�P�E�D�Q���K�D�V�]�Q�i�O�M�i�N�����N�H�W�����G�H���W�|�P�H�J�•�N���F�V�H�N�p�O�\�����,�V�P�H�U�W�H��
�W�p�V�U�H���N�H�U�•�O���D���I�H�O�p�S�t�W�p�V�•�N�����p�V��- �H�O�V�����V�R�U�E�D�Q��- �P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�p�Y�H�O���N�D�S�F�V�R�O�D�W�R�V���H�U�H�G�P�p�Q�\�H�N����
�O�H�K�H�W���V�p�J�H�N���� 
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1. �%�(�9�(�=�(�7�e�6 

�9�L�O�i�J�Y�L�V�]�R�Q�\�O�D�W�E�D�Q���D�]���p�Y�H�Q�W�H���N�H�O�H�W�N�H�]�����H�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���P�H�Q�Q�\�L�V�p�J�H���P�H�J�K�D�O�D�G�M�D���D�]��
50 mil�O�L�y�� �W�R�Q�Q�i�W�� �D��2023-�D�V�� �p�Y�E�H�Q�� ��Web2)���� �$�� �Q�|�Y�H�N�H�G�p�V�� �R�N�D�L�� �D�]�� �H�J�\�U�H�� �W�|�E�E�I�p�O�H�� �H�O�H�N�W�U�R�Q�L�N�D�L��
�H�V�]�N�|�]���P�H�J�M�H�O�H�Q�p�V�H�����S�O�����D�N�N�X�P�X�O�i�W�R�U�R�V���Y�i�O�W�R�]�D�W�R�N���P�H�J�M�H�O�H�Q�p�V�H�������D�]���H�V�]�N�|�]�|�N���Y�L�O�i�J�Y�L�V�]�R�Q�\�O�D�W��
�E�D�Q���H�J�\�U�H���W�|�E�E���H�P�E�H�U�K�H�]���W�|�U�W�p�Q�����H�O�M�X�W�i�V�D�����D�]���H�V�]�N�|�]�|�N���p�O�H�W�W�D�U�W�D�P�i�Q�D�N���F�V�|�N�N�H�Q�p�V�H�����Y�D�O�D�P�L�Q�W���D��
�W�H�F�K�Q�R�O�y�J�L�i�N���J�\�R�U�V���Y�i�O�W�R�]�i�V�D���� 

�-�y�O���P�H�J�I�L�J�\�H�O�K�H�W�����W�H�Q�G�H�Q�F�L�D���W�R�Y�i�E�E�i�����K�R�J�\���H�J�\�U�H���W�|�E�E���H�V�]�N�|�]�E�H�Q���M�H�O�H�Q�Q�H�N���P�H�J���Q�\�R�P�W�D�W�R�W�W��
�i�U�D�P�N�|�U�|�N����LED-�H�N���p�V���/�(�'�� �K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�~�� �/�&�'�� �N�L�M�H�O�]���N�����S�O���� �R�N�R�V���K�&�W�������p�V���D�N�N�X�P�X�O�i�W�R�U�R�N��
���S�O�����D�N�N�X�P�X�O�i�W�R�U�R�V���S�R�U�V�]�t�Y�y�����Y�H�Q�W�L�O�i�W�R�U�����I�R�U�U�D�V�]�W�y�S�i�N�D�������-�H�O�O�H�P�]�����D���J�p�S�M�i�U�P�&�Y�H�N�����p�O�H�W�W�D�U�W�D�P�X�N��
�Y�p�J�p�U�H���p�U�W�����V�p�U�•�O�W�����Y�D�J�\���P�H�J�K�L�E�i�V�R�G�R�W�W���J�p�S�M�i�U�P�&�Y�H�N�����H�V�H�W�p�Q���L�V���P�H�J�M�H�O�H�Q�����N�•�O�|�Q�I�p�O�H���H�O�H�N�W�U�R�Q�L�N�D�L��
�K�X�O�O�D�G�p�N�R�N�����~�J�\�����P�L�Q�W �/�(�'���I�p�Q�\�I�R�U�U�i�V�R�N�����V�]�i�P�t�W�y�J�p�S�H�N�����1�\�È�.-ok), szenzorok, Li-ion akku-
�P�X�O�i�W�R�U�R�N�����/�&�'���N�L�M�H�O�]���N�����(�]�H�N���D���W�H�Q�G�H�Q�F�L�i�N���± �D���N�D�W�H�J�y�U�L�i�N���N�|�]�W�L���i�W�I�H�G�p�V�H�N��- �Q�H�K�H�]�t�W�L�N���D�]���H�J�\�H�V��
�K�X�O�O�D�G�p�N���i�U�D�P�R�N���H�O�N�•�O�|�Q�t�W�H�W�W���P�y�G�R�Q���W�|�U�W�p�Q�����E�H�J�\�&�M�W�p�V�p�W�� 

�$���K�D�W�i�O�\�R�V���(�(�%���N�D�W�H�J�y�U�L�i�N���D���N�|�Y�H�W�N�H�]�����K�D�W���W�H�U�P�p�N�N�|�U���V�]�H�U�L�Q�W���F�V�R�S�R�U�W�R�V�t�W�K�D�W�y�N�� 
�‡ �+���F�V�H�U�p�O�����E�H�U�H�Q�G�H�]�p�V�H�N�����S�O�����K�&�W��- �p�V���I�D�J�\�D�V�]�W�y�J�p�S�����O�p�J�N�R�Q�G�L�F�L�R�Q�i�O�y�����K���V�]�L�Y�D�W�W�\�~���� 
�‡ �.�p�S�H�U�Q�\���N�����P�R�Q�L�W�R�U�R�N���p�V�����������F�P2-�Q�p�O���Q�D�J�\�R�E�E���N�p�S�H�U�Q�\���W���W�D�U�W�D�O�P�D�]�y���E�H�U�H�Q�G�H�]�p�V�H�N�� 
�‡ �/�i�P�S�i�N�����S�O�����I�p�Q�\�F�V�|�Y�H�N�����N�R�P�S�D�N�W���I�p�Q�\�F�V�|�Y�H�N�����/�(�'���O�i�P�S�i�N���V�W�E������ 
�‡ �1�D�J�\�J�p�S�H�N�����E�i�U�P�H�O�\���N�•�O�V�����P�p�U�H�W���P�H�J�K�D�O�D�G�M�D���D�]���������F�P-t), 
�‡ �.�L�V�J�p�S�H�N�����H�J�\�L�N���N�•�O�V�����P�p�U�H�W�•�N���V�H�P���K�D�O�D�G�M�D���P�H�J���D�]���������F�P-t), 
�‡ �.�L�V�P�p�U�H�W�&���V�]�i�P�t�W�i�V�W�H�F�K�Q�L�N�D�L���E�H�U�H�Q�G�H�]�p�V�H�N���p�V���W�i�Y�N�|�]�O�p�V�L���E�H�U�H�Q�G�H�]�p�V�H�N�����H�J�\�L�N���N�•�O�V�����P�p��

�U�H�W�•�N���V�H�P���K�D�O�D�G�M�D���P�H�J���D�]���������F�P-t). 
Az �(�8���N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L���p�V���J�D�]�G�D�V�i�J�S�R�O�L�W�L�N�i�M�i�Q�D�N���H�J�\�L�N���O�H�J�I�R�Q�W�R�V�D�E�E���F�p�O�N�L�W�&�]�p�V�H���D���N�|�U�I�R�U��

�J�i�V�R�V���J�D�]�G�D�V�i�J���L�U�i�Q�\�i�E�D���W�|�U�W�p�Q�����H�O�P�R�]�G�X�O�i�V�����$���N�|�U�I�R�U�J�i�V�R�V���J�D�]�G�D�V�i�J�L���P�R�G�H�O�O�E�H�Q���P�L�Q�G�H�Q���Q�H�P��
�P�H�J�~�M�X�O�y���D�Q�\�D�J���]�i�U�W���N�|�U�E�H�Q���N�H�U�L�Q�J���� 
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Kritikus elemek. �$���I�p�P�H�N�����i�V�Y�i�Q�\�L���D�Q�\�D�J�R�N���p�V���W�H�U�P�p�V�]�H�W�H�V���D�Q�\�D�J�R�N���P�L�Q�G�H�Q�Q�D�S�L���p�O�H�W�•�Q�N���U�p��
�V�]�p�W���N�p�S�H�]�L�N�����$���N�L�H�P�H�O�N�H�G�����J�D�]�G�D�V�i�J�L���M�H�O�H�Q�W���V�p�J�&���p�V���D�]���H�O�O�i�W�i�V���V�]�H�P�S�R�Q�W�M�i�E�y�O���P�D�J�D�V���N�R�F�N�i�]�D��
�W�R�W���M�H�O�H�Q�W�����Q�\�H�U�V�D�Q�\�D�J�R�N�D�W���N�U�L�W�L�N�X�V���I�R�Q�W�R�V�V�i�J�~���Q�\�H�U�V�D�Q�\�D�J�R�N�Q�D�N���Q�H�Y�H�]�]�•�N�����(���Q�\�H�U�V�D�Q�\�D�J�R�N��(1. 
�W�i�E�O�i�]�D�W�����Q�p�O�N�•�O�|�]�K�H�W�H�W�O�H�Q�H�N���V�]�i�P�W�D�O�D�Q���L�S�D�U�L���|�N�R�V�]�L�V�]�W�p�P�D���P�&�N�|�G�p�V�p�K�H�]���p�V���L�Q�W�H�J�U�L�W�i�V�i�K�R�], �S�p�O��
�G�i�X�O���D���P�R�E�L�O-�W�H�O�H�I�R�Q�R�N���U�H�]�J�����K�t�Y�i�V�M�H�O�p�K�H�]���Y�R�O�I�U�i�P���N�H�O�O�����D���I�p�Q�\�N�L�E�R�F�V�i�W�y���G�L�y�G�i�V�����/�(�'�����W�H�F�K�Q�R��
�O�y�J�L�i�K�R�]���W�|�E�E�H�N���N�|�]�W���J�D�O�O�L�X�P�U�D���p�V���L�Q�G�L�X�P�U�D���Y�D�Q���V�]�•�N�V�p�J�����D���I�p�O�Y�H�]�H�W���N�E�H�Q���V�]�L�O�t�F�L�X�P�I�p�P�H�W���K�D�V�]��
�Q�i�O�Q�D�N�����D���K�L�G�U�R�J�p�Q-�F�H�O�O�i�N���p�V���D�]���H�O�H�N�W�U�R�O�L�]�i�W�R�U�R�N���S�O�D�W�L�Q�D�F�V�R�S�R�U�W�E�D���W�D�U�W�R�]�y���I�p�P�H�N�H�W���W�D�U�W�D�O�P�D�]�Q�D�N��
(Web1). 

�$�]���H�J�\�H�V���Q�\�H�U�V�D�Q�\�D�J�R�N���N�U�L�W�L�N�X�V���I�R�Q�W�R�V�V�i�J�i�Q�D�N���P�H�J�K�D�W�i�U�R�]�i�V�i�K�R�]���K�D�V�]�Q�i�O�W���N�p�W���I�����S�D�U�D�P�p�W�H�U��
�D�� �J�D�]�G�D�V�i�J�L�� �M�H�O�H�Q�W���V�p�J�� �p�V�� �D�]�� �H�O�O�i�W�i�V�L�� �N�R�F�N�i�]�D�W���� �$�� �J�D�]�G�D�V�i�J�L�� �M�H�O�H�Q�W���V�p�J�� �P�H�J�i�O�O�D�S�t�W�i�V�i�K�R�]�� �D�]�W��
�Y�L�]�V�J�i�O�M�i�N���U�p�V�]�O�H�W�H�V�H�Q�����K�R�J�\���D���Q�\�H�U�V�D�Q�\�D�J�R�N���P�H�O�\���L�S�D�U�L���D�O�N�D�O�P�D�]�i�V�R�N�R�Q���D�O�D�S�X�O�y���Y�p�J�I�H�O�K�D�V�]�Q�i��
�O�i�V�R�N�K�R�]���U�H�Q�G�H�O�K�H�W���N���K�R�]�]�i�����$�]���H�O�O�i�W�i�V�L���N�R�F�N�i�]�D�W�W�D�O���N�D�S�F�V�R�O�D�W�E�D�Q���S�H�G�L�J���D�]���D���P�p�U�Y�D�G�y�����K�R�J�\���D�]��
�H�O�V���G�O�H�J�H�V�� �Q�\�H�U�V�D�Q�\�D�J�R�N�� �J�O�R�E�i�O�L�V�� �W�H�U�P�H�O�p�V�H�� �p�V�� �D�]�� �(�8�� �E�H�V�]�H�U�]�p�V�L�� �I�R�U�U�i�V�D�L�� �H�J�\-�H�J�\�� �R�U�V�]�i�J�E�D�Q��
�|�V�V�]�S�R�Q�W�R�V�X�O�Q�D�N-�H�����p�V���H�]�H�N�Q�H�N���D�]���R�U�V�]�i�J�R�N�Q�D�N���P�L�O�\�H�Q���D���S�R�O�L�W�L�N�D�L���L�U�i�Q�\�t�W�i�V�D�����G�H���L�G�H-tartoznak a 
�N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L���V�]�H�P�S�R�Q�W�R�N���L�V�����D�]���~�M�U�D�I�H�O�G�R�O�J�R�]�i�V�����D�]�D�]���D���P�i�V�R�G�O�D�J�R�V���Q�\�H�U�V�D�Q�\�D�J�R�N�����U�p�V�]��
�D�U�i�Q�\�D�����D���K�H�O�\�H�W�W�H�V�t�W�K�H�W���V�p�J�����D�]���(�8���L�P�S�R�U�W�I�•�J�J���V�p�J�H�����Y�D�O�D�P�L�Q�W���D���K�D�U�P�D�G�L�N���R�U�V�]�i�J�R�N�N�D�O���V�]�H�P��
ben alkalmazott ke�U�H�V�N�H�G�H�O�P�L���N�R�U�O�i�W�R�]�i�V�R�N���L�V����Web1). 
 

1. t�i�E�O�i�]�D�W 
�.�U�L�W�L�N�X�V���I�R�Q�W�R�V�V�i�J�~���Q�\�H�U�V�D�Q�\�D�J�R�N���������������p�Y�L���i�O�O�D�S�R�W������Web1) 

2023 Kritikus nyersanyagok (Critical Raw Materials 34) 

Antimon �)�R�O�\�S�i�W �0�D�J�Q�p�]�L�X�P �)�p�P���V�]�L�O�t�F�L�X�P 

Barit Gallium �7�H�U�P�p�V�]�H�W�H�V���J�U�D�I�L�W �7�D�Q�W�i�O 

Bauxit �*�H�U�P�i�Q�L�X�P �7�L�W�i�Q �9�D�Q�i�G�L�X�P  

Berillium Hafnium �1�L�y�E�L�X�P Wolfram 

Bizmut �1�H�K�p�]���U�L�W�N�D�I�|�O�G�I�� Platina csoport Stroncium 

�%�R�U�i�W�R�N Kobalt  �)�R�V�]�I�i�W�W�D�U�W�D�O�P�~���N���]�H�W Foszfor 

�/�t�W�L�X�P �.�R�N�V�]�V�]�p�Q �.�|�Q�Q�\�&���U�L�W�N�D�I�|�O�G�I�p�P�H�N  Szkandium 

�$�U�]�p�Q  �)�|�O�G�S�i�W  �5�p�]   Nikkel 

�0�D�Q�J�i�Q �+�p�O�L�X�P   

 
Szemben a 2011-�H�V�� �O�L�V�W�i�W�� �D�O�N�R�W�y�� ������ �D�Q�\�D�J�J�D�O���� �D�� ��������-�H�V�� �O�L�V�W�D�� �W�i�U�J�\�i�W�� �N�p�S�H�]���� ������ �D�Q�\�D�J�J�D�O���� �D��
2017-�H�V���O�L�V�W�i�Q���V�]�H�U�H�S�O�����������D�Q�\�D�J�J�D�O�����L�O�O�H�W�Y�H���D����������-�D�V���X�Q�L�y�V���O�L�V�W�D���������D�Q�\�D�J�i�Y�D�O�����D����������-as lista 
34 anyagot tartalmaz (Web1). 

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

�������H�J�\�U�p�V�]�W���D���S�U�L�P�H�U���p�U�F�H�V���i�V�Y�i�Q�\-�H�O���I�R�U�G�X�O�i�V�R�N���D�Q�\�D�J�i�Q�D�N���E�i�Q�\�i�V�]�D�W�L���N�L�W�H�U�P�H�O�p�V�H�����H�O���N�p��
�V�]�t�W�p�V�H���p�V���N�R�K�i�V�]�D�W�L���I�H�O�G�R�O�J�R�]�i�V�D�� 
�������P�i�V�U�p�V�]�W���D�]���p�U�F�H�V���i�V�Y�i�Q�\�R�N���E�i�Q�\�i�V�]�D�W�L���P�H�G�G���L�Q�H�N���N�L�W�H�U�P�H�O�p�V�H�����H�O���N�p�V�]�t�W�p�V�H���p�V���N�R�K�i�V�]�D�W�L��
�I�H�O�G�R�O�J�R�]�i�V�D�����Y�D�O�D�P�L�Q�W���D���V�]�H�Q�H�N���N�L�W�H�U�P�H�O�p�V�H���p�V���H�Q�H�U�J�H�W�L�N�D�L���K�D�V�]�Q�R�V�t�W�i�V�D���P�D�U�D�G�p�N�D�Q�\�D�J�D�L���p�V��
�P�H�O�O�p�N�W�H�U�P�p�N�H�L�E���O���W�|�U�W�p�Q�����N�L�Q�\�H�U�p�V�H�� 
�������K�D�U�P�D�G�U�p�V�]�W���D���O�D�N�R�V�V�i�J�L���p�V���L�S�D�U�L���F�p�O�U�D���J�\�i�U�W�R�W�W���p�V���H�O�K�D�V�]�Q�i�O�W���H�O�H�N�W�U�R�Q�L�N�D�L���H�V�]�N�|�]�|�N���D�O�N�D�W��
�U�p�V�]�H�L�E�H�Q�����V�]�H�U�N�H�]�H�W�L���D�Q�\�D�J�D�L�E�D�Q���U�H�M�O�����N�U�L�W�L�N�X�V���H�O�H�P�H�N���N�L�Q�\�H�U�p�V�H���± �Y�i�U�R�V�L���E�i�Q�\�i�V�]�D�W�����&�V���N�H����
2013). 
Jelen �N�|�]�O�H�P�p�Q�\ �D�]���~�M�R�Q�Q�D�Q���Q�D�J�\���V�]�i�P�E�D�Q���P�H�J�M�H�O�H�Q�����H�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N�����H�]�H�Q���E�H�O�•�O���D��

LED-�H�N���W�p�P�D�N�|�U�p�Y�H�O���I�R�J�O�D�O�N�R�]�L�N�����N�L�H�P�H�O�W�H�Q���D�]���/�&�'���N�L�M�H�O�]���N�H�W���p�V���D���J�p�S�N�R�F�V�L���Y�L�O�i�J�t�W�i�V�W�����(�]�H�Q��

����



LED (light-�H�P�L�W�W�L�Q�J���G�L�R�G�H�����I�p�Q�\�I�R�U�U�i�V�R�N���p�U�W�p�N�H�V�D�Q�\�D�J���W�D�U�W�D�O�P�D���p�V���P�H�F�K�D�Q�L�N�D�L���I�H�O�G�R�O�J�R�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

�K�X�O�O�D�G�p�N�i�U�D�P�R�N���H�O���N�p�V�]�t�W�p�V�p�Q�H�N���D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P���1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V���p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K��
�Q�R�O�y�J�L�D�� �,�Q�W�p�]�H�W�p�E�H�Q�� �M�H�O�H�Q�W���V�� �K�D�J�\�R�P�i�Q�\�D�� �Y�D�Q���� �V�]�i�P�R�V�� �L�S�D�U�L�� �P�H�J�E�t�]�i�V���� �S�U�R�M�H�N�W�� �p�V�� �G�L�S�O�R�P�D��
�P�X�Q�N�D���I�y�N�X�V�]�i�O�W���p�V���I�y�N�X�V�]�i�O���H���W�p�P�D�N�|�U�U�H�����&�V���N�H�����������������&�V���N�H�����������������%�R�N�i�Q�\�L�����������������%�R�N�i�Q�\�L����
�������������0�i�G�D�L�Q�p������������a; �2�U�R�V�]�����������������1�D�J�\�����������������3�y�O�\�D�����������������0�i�G�D�L�Q�p�������������E�����1�D�J�\����������������
Jorgenson. 2005; Nagy, 2024). 
 
2. �0�(�&�+�$�1�,�.�$�,���(�/���.�e�6�=�Ë�7�e�6 �)�2�1�7�2�6�6�È�*�$ 

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

�$�]���D�S�U�t�W�i�V���L�O�O�����V�]�p�W�Y�i�O�D�V�]�W�i�V���i�O�W�D�O�i�Q�R�V���V�p�P�i�M�i�W���D���N�|�Y�H�W�N�H�]����1. �i�E�U�D���P�X�W�D�W�M�D�����P�H�O�\�Q�H�N���V�R�U�i�Q���D�]��
�D�S�U�t�W�i�V�W�� �N�|�Y�H�W���H�Q���D�� �V�]�H�U�N�H�]�H�W�L�� �D�Q�\�D�J�R�N�� ���H�V�H�W�O�H�J�� �D�O�N�D�W�U�p�V�]�H�N���� �I�H�O�W�i�U�W���i�O�O�D�S�R�W�E�D�� �N�H�U�•�O�Q�H�N���� �D�O�N�D�O��
�P�D�V�V�i���Y�i�O�Q�D�N���D���N�•�O�|�Q�E�|�]�����I�L�]�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���H�O�W�p�U�p�V�p�Q���D�O�D�S�X�O�y���V�]�p�W�Y�i�O�D�V�]�W�i�V�U�D�� 
 

 
1. �ibra 

�$�S�U�t�W�i�V���p�V���V�]�p�W�Y�i�O�D�V�]�W�i�V���N�D�S�F�V�R�O�D�W�D 
 

 
2. �ibra 

�(�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���H�O���N�p�V�]�t�W�p�V�p�Q�H�N���i�O�W�D�O�i�Q�R�V���W�|�U�]�V�I�i�M�D 
 

����



Nagy S. 

 

�$�P�t�J�� �D�� �V�]�t�Q�H�V�I�p�P�H�N�� �O�H�J�J�\�D�N�U�D�E�E�D�Q�� �Y�D�V�W�D�J�D�E�E�� �U�p�W�H�J�H�N�E�H�Q�� ���Q�D�J�\�R�E�E�� �P�p�U�H�W�E�H�Q���� �I�R�U�G�X�O�Q�D�N��
�H�O�������D�G�G�L�J���D���Q�H�P�H�V�I�p�P�H�N�H�W���Y�p�N�R�Q�\�D�E�E���U�p�W�H�J�H�N�E�H�Q���W�D�O�i�O�M�X�N�����D���N�U�L�W�L�N�X�V���H�O�H�P�H�N�����p�V���U�p�V�]�E�H�Q���D���Q�H��
�P�H�V�I�p�P�H�N�����S�H�G�L�J���U�H�Q�G�V�]�H�U�L�Q�W���|�W�Y�|�]�H�W�D�O�N�R�W�y�N�����Y�D�J�\���K�L�Q�W�H�W�W�H�Q���E�H�p�S�•�O�Q�H�N���D�]���D�O�D�S�D�Q�\�D�J�E�D�������(�E�E���O��
�N�|�Y�H�W�N�H�]���H�Q���� �D�P�t�J�� �D�� �V�]�t�Q�H�V�I�p�P�H�N�� �D�S�U�t�W�i�V�W�� �N�|�Y�H�W���H�Q�� �I�L�]�L�N�D�L�� �V�]�H�S�D�U�i�O�i�V�� �~�W�M�i�Q�� �L�V�� �M�y�U�p�V�]�W�� �Y�L�V�V�]�D��
�Q�\�H�U�K�H�W���N�����D�G�G�L�J���D���Q�H�P�H�V�I�p�P�H�N���p�V���D���N�U�L�W�L�N�X�V���H�O�H�P�H�N�����P�i�U���F�V�D�N���N�p�P�L�D�L�����p�V���Y�D�J�\���E�L�R�N�p�P�L�D�L�����~�W�R�Q��
�W�i�U�K�D�W�y�N���I�H�O���p�V���Y�i�O�D�V�]�W�K�D�W�y�N���O�H�����������i�E�U�D�������&�V���N�H��������������.  
 
3. �/�(�'���)�e�1�<�)�2�5�5�È�6�2�. 

A LED-�H�N���W�p�U�Q�\�H�U�p�V�H���W�|�U�H�W�O�H�Q�����O�H�J�W�|�E�E���K�H�O�\�H�Q���P�i�U���Y�H�O�•�N���W�D�O�i�O�N�R�]�X�Q�N�����P�L�Q�W���I�p�Q�\�I�R�U�U�i�V�����$�]��
�R�W�W�K�R�Q�R�N�E�D�Q�����P�X�Q�N�D�K�H�O�\�H�N�H�Q�����N�|�]�Y�L�O�i�J�t�W�i�V���H�V�H�W�p�Q�����J�p�S�N�R�F�V�L�N���H�O�V�����p�V���K�i�W�V�y���I�p�Q�\�V�]�y�U�y�L�N�E�D�Q�����V�R�N��
�D�X�W�y�W�t�S�X�V���P�i�U���F�V�D�N���/�(�'���Y�L�O�i�J�t�W�i�V�V�D�O���p�U�K�H�W�����H�O�������N�L�M�H�O�]���N���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�D�N�pnt (LCD LED TV-k 
�p�V���P�R�Q�L�W�R�U�R�N�������p�V���K�R�U�G�R�]�K�D�W�y���I�p�Q�\�I�R�U�U�i�V�R�N�E�D�Q���J�\�D�N�U�D�Q���/�L-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U�R�N�U�y�O���W�i�S�O�i�O�Y�D�����(���N�L�V��
�P�p�U�H�W�&���Y�L�O�i�J�t�W�y�W�H�V�W�H�N���V�]�i�P�R�V���p�U�W�p�N�H�V���H�O�H�P�H�W���W�D�U�W�D�O�P�D�]�Q�D�N�����S�O�����N�U�L�W�L�N�X�V���H�O�H�P�H�N�����D�U�D�Q�\�������Y�L�V�]�R�Q�W��
a LED-�H�N�� �N�L�V�� �P�p�U�H�W�H���� �L�O�O���� �D�� �N�L�V�� �N�R�Q�F�H�Q�W�U�i�F�L�y�N�� �P�L�D�W�W���� �Y�D�O�D�P�L�Q�W���D�� �V�]�i�P�W�D�O�D�Q�� �W�H�U�•�O�H�W�H�Q�� �P�H�J�O�p�Y����
�M�H�O�H�Q�O�p�W�•�N���P�L�D�W�W�����Y�D�O�y�V�i�J�J�D�O���G�L�V�]�S�H�U�J�i�O�W���I�R�U�P�i�E�D�Q���Y�D�Q�Q�D�N���M�H�O�H�Q���D���Y�L�O�i�J�E�D�Q�����E�H�J�\�&�M�W�p�V�•�N���p�V���K�D�V�]��
�Q�R�V�t�W�i�V�X�N���M�H�O�H�Q�W���V�����P�H�J���Q�H�P���R�O�G�R�W�W���N�L�K�t�Y�i�V���� 

 
�����������/�&�'���N�L�M�H�O�]���N���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�D 

�$�]���L�Q�W�p�]�H�W�•�Q�N�E�H�Q���Y�L�]�V�J�i�O�D�W�R�N�E�D���Y�R�Q�W�X�N���D�]���/�&�'�� �N�L�M�H�O�]���N���K�p�W�W�p�U�Y�L�O�i�J�t�W�i�V�D�L�W���p�V���V�]�H�P�p�O�\�J�p�S��
�N�R�F�V�L�N���H�O�V�����L�O�O�����K�i�W�V�y���O�i�P�S�i�L�E�y�O���V�]�i�U�P�D�]�y���/�(�'-�M�H�L�W�����(�O���E�E�L�H�N�E���O������-�������G�E���W�D�O�i�O�K�D�W�y���D���N�p�V�]�•�O�p��
�N�H�N�E�H�Q���� �H�J�\�� �/�(�'�� �W�|�P�H�J�H�� �N�E���� ���������� �J���� �7�9�� �N�p�V�]�•�O�p�N�H�N�E���O�� �Q�D�J�\�V�i�J�U�H�Q�G�L�O�H�J�� �������� �P�L�O�O�L�y darabot 
�p�U�W�p�N�H�V�t�W�H�Q�H�N���p�Y�H�V���V�]�L�Q�W�H�Q���Y�L�O�i�J�Y�L�V�]�R�Q�\�O�D�W�E�D�Q�����P�H�O�\�H�N���W�~�O�Q�\�R�P�y���W�|�E�E�V�p�J�H���/�(�'���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�~��
�/�&�'���7�9�����$���/�(�'���F�K�L�S�����W�p�J�O�D�O�D�S���D�O�D�N�~�����]�D�I�t�U���W�|�P�E���D�O�D�S�~���D�O�N�D�W�U�p�V�]���J�\�D�Q�W�i�Y�D�O���E�H�i�J�\�D�]�Y�D�����D���� (b) 
�i�E�U�D���N�|�]�H�S�p�Q�����W�D�U�W�D�O�P�D�]�]�D���D���N�U�L�W�L�N�X�V���H�O�H�P�H�N���Q�D�J�\�U�p�V�]�p�W�����J�D�O�O�L�X�P���p�V���L�Q�G�L�X�P�����I�p�O�Y�H�]�H�W�����I�R�U�P�i��
�E�D�Q�����D���]�D�I�t�U���W�|�P�E���I�H�O�•�O�H�W�p�Q���Y�p�N�R�Q�\���U�p�W�H�J�E�H�Q�����$���J�\�D�Q�W�i�E�D�Q���L�V���V�]�i�P�R�V���H�J�\�p�E���N�U�L�W�L�N�X�V���H�O�H�P�H�W���P�p�U��
�W�•�Q�N���P�L�Q�L�P�i�O�L�V���N�R�Q�F�H�Q�W�U�i�F�L�y�E�D�Q�����$���F�K�L�S�U�H���D���I�H�V�]�•�O�W�V�p�J���V�]�t�Q�D�U�D�Q�\���V�]�i�O�D�N�R�Q���M�X�W���H�O��(Nagy, 2014; 
�3�y�O�\�D��������������. 

 

  
3. �ibra 

�/�&�'���K�p�W�W�p�U�Y�L�O�i�J�t�W�i�V���/�(�'���P�L�N�U�R�V�]�N�y�S���D�O�D�W�W�����E�������p�V���D�S�U�t�W�i�V�W���N�|�Y�H�W���H�Q���D���I�H�O�W�i�U�W���D�O�N�D�W�U�p�V�]�H�N�����M) 
���1�D�J�\�����������������3�y�O�\�D�������������� 

 
A LED-�H�N�� �I�H�O�p�S�t�W�p�V�p�Q�H�N�� �S�R�Q�W�R�V�D�E�E�� �P�H�J�p�U�W�p�V�H�� �p�U�G�H�N�p�E�H�Q�� �&�7�� �Y�L�]�V�J�i�O�D�W�R�W�� �Y�p�J�H�]�W�•�Q�N�� �U�D�M�W�X�N��

�����'���/�D�E�R�U�D�W�y�U�L�X�P�����0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�����;�<�/�2�1���)�)�������'�X�D�O���&�7�����)�H�L�Q�)�R�F�X�V�����������N�9���Q�D�Q�R-focus 
�U�|�Q�W�J�H�Q�F�V���������$�]���t�J�\���N�p�V�]�•�O�W���I�H�O�Y�p�W�H�O�H�N�H�Q���D�]���D�O�N�D�W�U�p�V�]���I�p�P���U�p�V�]�H�L�Q�H�N���H�O�K�H�O�\�H�]�N�H�G�p�V�H�����p�V��geomet-
ria�L���N�L�W�H�U�M�H�G�p�V�H���K�D�W�i�U�R�]�K�D�W�y���P�H�J�����������i�E�U�D�������0�i�G�D�L�Q�p�������������E��. 
 

����



LED (light-�H�P�L�W�W�L�Q�J���G�L�R�G�H�����I�p�Q�\�I�R�U�U�i�V�R�N���p�U�W�p�N�H�V�D�Q�\�D�J���W�D�U�W�D�O�P�D���p�V���P�H�F�K�D�Q�L�N�D�L���I�H�O�G�R�O�J�R�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

 
4. �ibra 

�6�$�0�6�8�1�*���/�(�'���&�7���I�H�O�Y�p�W�H�O�H�����0�i�G�D�L�Q�p�������������E�� 
 

�$���P�H�F�K�D�Q�L�N�D�L���H�O�M�i�U�i�V�R�N���D���N�|�Y�H�W�N�H�]�����O�p�S�p�V�H�N�E���O���i�O�O�W�D�N�����S�D�Q�H�O�U���O���W�|�U�W�p�Q�����/�(�'���H�O�W�i�Y�R�O�t�W�i�V�����D�S��
�U�t�W�i�V�����Y�H�]�H�W���N�p�S�H�V�V�p�J���V�]�H�U�L�Q�W�L���V�]�H�S�D�U�i�O�i�V���D���U�p�]���N�L�Q�\�H�U�p�V�H���p�U�G�H�N�p�E�H�Q�����V�&�U�&�V�p�J���V�]�H�U�L�Q�W�L���V�]�H�S�D�U�i�O�i�V��
���/�(�'���F�K�L�S���L�O�O�����P�&�D�Q�\�D�J���V�]�p�W�Y�i�O�D�V�]�W�i�V�D�������(�]�H�N���H�U�H�G�P�p�Q�\�H���D��2�����W�i�E�O�i�]�D�W�E�D�Q���O�i�W�K�D�W�y ���������M�����i�E�U�D��, a 
�F�K�L�S�E�H�Q���O�p�Y����Au, Ga, In elemek �H�V�H�W�p�Q���O�H�J�D�O�i�E�E���N�p�W���Q�D�J�\�V�i�J�U�H�Q�G�&���G�~�V�t�W�i�V�W���p�U�W�•�Q�N���H�O�����p�V���D���U�p�]��
�W�D�U�W�D�O�P�D�W���J�\�D�N�R�U�O�D�W�L�O�D�J���O�H�Y�i�O�D�V�]�W�R�W�W�X�N�� 
 

2. t�i�E�O�i�]�D�W 
LED-�H�N���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�p�Q�H�N�����F�K�L�S���N�L�Q�\�H�U�p�V�H�����H�U�H�G�P�p�Q�\�H�����1�D�J�\�����������������3�y�O�\�D�������������� 

�/�(�'���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�� 
���S�D�Q�H�O�U���O���H�O�W�i�Y�R�O�t�W�R�W�W���/�(�'-ek) 

�/�(�'���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V���F�K�L�S 
���D�S�U�t�W�i�V�W�� �N�|�Y�H�W���H�Q�� �D�� �Q�H�P�� �Y�H�]�H�W������ �Q�H�K�p�]�� �W�H�U��
�P�p�N�� 

Elem ci [mg/kg] Elem ci [mg/kg] Elem ci [mg/kg] Elem ci [mg/kg] 

Au 167 Cu 545000 Au 30400 Cu 40 
Ga 184 In 0.3 Ga 19000 In  244 

 
�����������*�p�S�N�R�F�V�L���Y�L�O�i�J�t�W�y�W�H�V�W 

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

�$���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�H�Q���L�V���I�R�O�\�Q�D�N���N�X�W�D�W�i�V�R�N���H�]�H�Q���D�O�N�D�W�U�p�V�]�H�N���I�H�O�G�R�O�J�R�]�K�D�W�y�V�i�J�i�W���L�O�O�H�W���H�Q�����D�]��
Auto Mandy Car Kft-�Y�H�O���H�J�\�•�W�W�P�&�N�|�G�Y�H�����$���Y�L�]�V�J�i�O�D�W�R�N�E�D���E�H�Y�R�Q�W�X�N���D���J�p�S�N�R�F�V�L�N�E�D�Q���W�D�O�i�O�K�D�W�y��
�V�]�i�P�t�W�y�J�p�S�H�N�H�W�����V�]�H�Q�]�R�U�R�N�D�W�����S�O�����U�D�G�D�U�������Y�D�O�D�P�L�Q�W���D���K�D�J�\�R�P�i�Q�\�R�V���K�D�O�R�J�p�Q���L�O�O�����/�(�'���I�p�Q�\�I�R�U�U�i��
sokat (5-�������i�E�U�D����3�����W�i�E�O�i�]�D�W�������7�y�W�K����������������Nagy, 2024)�����$���Y�L�]�V�J�i�O�D�W�R�N���N�L�W�H�U�M�H�G�Q�H�N���D�]���D�O�N�D�W�U�p�V�]�H�N��
�I�H�O�p�S�t�W�p�V�p�Q�H�N���� �p�V�� �D�Q�\�D�J�L�� �|�V�V�]�H�W�p�W�H�O�p�Q�H�N�� �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D���� �Y�D�O�D�P�L�Q�W�� �D�� �P�H�F�K�D�Q�L�N�D�L�� �H�O���N�p�V�]�t�W�p�V��
�Y�L�]�V�J�i�O�D�W�i�U�D�� 
 

����



Nagy S. 

 

  
5. �ibra 

 �9�L�]�V�J�i�O�D�W�R�N�E�D���E�H�Y�R�Q�W���/�(�'���I�p�Q�\�V�]�y�U�y�����J�\�i�U�W�y���Ä�$�´�������p�V���D���E�H�Q�Q�H���W�D�O�i�O�K�D�W�y���/�(�'-�H�N�H�W���W�D�U�W�D�O�P�D�]�y��
�1�\�È�. (Nagy, 2024) 

 
3. t�i�E�O�i�]�D�W 

�*�p�S�M�i�U�P�&���/�(�'���I�p�Q�\�V�]�y�U�y���|�V�V�]�H�W�p�W�H�O�H 
�*�p�S�M�i�U�P�&���/�(�'���I�p�Q�\�V�]�y�U�y���D�Q�\�D�J�L���|�V�V�]�H�W�p�W�H�O�H�����J�\�i�U�W�y���Ä�$�´�� 
�(�J�\�V�p�J���P�H�J�Q�H�Y�H�]�p�V�H �7�|�P�H�J�����P���>�J�@ �7�|�P�H�J�K�i�Q�\�D�G���>���@ 
�2�S�W�L�N�D�L���V�]�i�O�D�N�� 350,03 7,16 
�&�V�L�V�]�R�O�W���•�Y�H�J�H�N 381,53 7,81 
�+�&�W�����H�O�H�P�H�N�����I�p�P�� 817,46 16,73 
Csavarok 113,16 2,31 
�1�\�È�. 85,85 1,75 
�0�&�D�Q�\�D�J���D�O�N�R�W�y�H�O�H�P�H�N 2477,88 50,71 
�$�O�X�P�t�Q�L�X�P���K�&�W�����O�H�P�H�] 12,70 0,26 
�0�&�D�Q�\�D�J���F�V�D�W�O�D�N�R�]�y�N 60,00 1,23 
�.�i�E�H�O�H�N���P�&�D�Q�\�D�J���E�R�U�t�W�i�V�D�� 20,39 0,41 
�.�i�E�H�O�H�N���U�p�]�W�D�U�W�D�O�P�D 63,72 1,30 
�/�i�P�S�D�E�~�U�D�����H�O�V�������3�&�� 504,00 10,33 
�g�V�V�]�H�V�H�Q�� 4886,72 100,00 

 

 
�������È�E�U�D 

�*�\�i�U�W�y���Ä�%�´���O�i�P�S�D�W�H�V�W�p�E�H�Q���W�D�O�i�O�K�D�W�y���/�(�'���F�K�L�S (�7�y�W�K������������) 
 

�7�R�Y�i�E�E�L���I�H�O�W�i�U�i�V�L���Y�L�]�V�J�i�O�D�W�R�N�D�W���Y�p�J�H�]�W�•�Q�N���/�(�'���I�p�Q�\�V�]�y�U�y�N�N�D�O�����$���I�p�Q�\�V�]�y�U�y�N�D�W���H�O�V�����O�p�S�p�V�E�H�Q��
�U�|�S�t�W�����W�|�U���Y�H�O�����N�D�O�D�S�i�F�V�R�V���V�K�U�H�G�G�H�U�U�H�O �L�O�O�����N�p�]�L���~�W�R�Q���L�V���E�R�Q�W�R�W�W�X�N�����$�]���H�O�V�����O�p�S�F�V���V���E�R�Q�W�i�V���X�W�i�Q���D�]��
�H�J�\�E�H�Q���O�p�Y�����D�O�N�D�W�U�p�V�]�H�N���W�R�Y�i�E�E�L���D�S�U�t�W�i�V�D���V�]�•�N�V�p�J�H�V�� Mechano-�N�p�P�L�D�L���p�V���W�H�U�P�L�N�X�V���N�H�]�H�O�p�V�H�N�N�H�O��
�D�]���p�U�W�p�N�H�V���H�O�H�P�H�N���W�R�Y�i�E�E�L���G�~�V�t�W�i�V�i�W���W�X�G�W�X�N���H�O�p�U�Q�L��(Nagy, 2017). 
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LED (light-�H�P�L�W�W�L�Q�J���G�L�R�G�H�����I�p�Q�\�I�R�U�U�i�V�R�N���p�U�W�p�N�H�V�D�Q�\�D�J���W�D�U�W�D�O�P�D���p�V���P�H�F�K�D�Q�L�N�D�L���I�H�O�G�R�O�J�R�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

4. �.�g�9�(�7�.�(�=�7�(�7�e�6�(�. 

A LED-ek �H�V�H�W�p�E�H�Q�� �L�V�� �O�i�W�K�D�W�y���� �K�R�J�\�� �D�]�R�Q�R�V�� �W�t�S�X�V�~�� �H�V�]�N�|�]�|�N���� �N�•�O�|�Q�E�|�]���� �D�Q�\�D�J�i�U�D�P�R�N�E�D�Q��
�M�H�O�H�Q�Q�H�N�� �P�H�J���� �N�•�O�|�Q�I�p�O�H�� �H�O�H�N�W�U�R�Q�L�N�D�L�� �H�V�]�N�|�]�|�N�E�H�Q���� �U�R�Q�F�V�D�X�W�y�N�E�D�Q. A�]�� �H�]�H�N�U�H�� �D�� �I���� �K�X�O�O�D�G�p�N��
�i�U�D�P�R�N�U�D���D�O�N�D�O�P�D�]�R�W�W���W�H�F�K�Q�R�O�y�J�L�ikka�O���D�]���p�U�W�p�N�H�V���U�p�V�]�H�N���Q�H�P�����Y�D�J�\���F�V�D�N���U�R�V�V�]���K�D�W�i�V�I�R�N�N�D�O���Q�\�H�U��
�K�H�W���N���N�L. �-�H�O�H�Q�W���V���S�U�R�E�O�p�P�i�W��okoz �D�]���p�U�W�p�N�H�V���H�O�H�P�H�N���U�H�Q�G�N�t�Y�•�O���N�L�V���N�R�Q�F�H�Q�W�U�i�F�L�y�M�D (g/�W���Q�D�J�\�V�i�J��
rend). �(���I�p�Q�\�I�R�U�U�i�V�R�N �|�V�V�]�H�W�H�W�W���V�]�H�U�N�H�]�H�W�H�N�����Y�p�N�R�Q�\���U�p�W�H�J�H�N�����E�H�Y�R�Q�D�W�R�N���I�R�U�P�i�M�i�E�D�Q���Y�D�Q�Q�D�N���M�H��
�O�H�Q���D�]���p�U�W�p�N�H�V���H�O�H�P�H�N�����D�P�L���D���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�W�����G�~�V�t�W�i�V�W���N�|�Y�H�W��en �W�R�Y�i�E�E�L���H�O�M�i�U�i�V�R�N�D�W���L�J�p��
�Q�\�H�O�����P�H�O�\�H�N���P�p�J���Q�H�P���W�H�O�M�H�V���H�J�p�V�]�p�E�H�Q���N�L�G�R�O�J�R�]�R�W�W�D�N. K�p�U�G�p�V�H�V���H�J�\�i�O�W�D�O�i�Q�� �P�H�J�R�O�G�K�D�W�y-e jelen 
�K�H�O�\�]�H�W�E�H�Q���H�]�H�N���E�H�J�\�&�M�W�p�V�H�����I�H�O�G�R�O�J�R�]�i�V�D���D���N�L�V���W�|�P�H�J�•�N�����p�V���H�O�V�]�y�U�W���M�H�O�H�Q�O�p�W�•�N���P�L�D�W�W�� �$���N�|�U�I�R�U��
�J�i�V�R�V���J�D�]�G�D�V�i�J���V�]�H�O�O�H�P�p�E�H�Q���D���I�H�Q�W���O�H�t�U�W���S�U�R�E�O�p�P�i�N���H�Q�\�K�t�W�K�H�W���N�����D�]�R�Q�E�D�Q���H�K�K�H�]���V�]�•�N�V�p�J�H�V���P�i�U��
�D���W�H�U�P�p�N�H�N���E�H�Y�H�]�H�W�p�V�H�N�R�U�����J�\�i�U�W�i�V�D�N�R�U���N�L�G�R�O�J�R�]�Q�L���D���K�X�O�O�D�G�p�N�R�N���E�H�J�\�&�M�W�p�V�p�Q�H�N���U�H�Q�G�V�]�H�U�p�W���� �p�V��
�I�H�O�G�R�O�J�R�]�i�V�i�Q�D�N���W�H�F�K�Q�R�O�y�J�L�i�M�i�W�� 
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�W�i�P�R�J�D�W�W�D�� 
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Kivonat:  �-�H�O�H�Q�� �W�D�Q�X�O�P�i�Q�\�� �D�� �P�D�J�\�D�U�R�U�V�]�i�J�L�� �E�D�U�Q�D�N���V�]�p�Q�� �I�L�Q�R�P�� �I�U�D�N�F�L�y�M�i�Q�D�N�� �K�D�V�]�Q�R�V�t�W�i�V�i�Y�D�O��
foglalkozik �N�•�O�|�Q�I�p�O�H���D�Q�\�D�J�R�N�N�D�O�����I�H�N�H�W�H�N���V�]�p�Q�����S�H�W�U�R�O�N�R�N�V�]�����E�L�R�P�D�V�V�]�D�����W�|�U�W�p�Q�����H�J�\�•�W�Wbriket-
�W�i�O�K�D�W�y�V�i�J�i�Q�D�N���Y�L�]�V�J�i�O�D�W�D �N�D�S�F�V�i�Q. �$���Y�L�]�V�J�i�O�D�W�R�N���N�L�W�H�U�M�H�G�W�H�N���H�J�\�U�p�V�]�W���D���P�L�Q�W�D�D�Q�\�D�J�R�N���H�O�M�i�U�i�V��
�W�H�F�K�Q�L�N�D�L���D�O�D�S�Y�L�]�V�J�i�O�D�W�i�U�D�����V�]�H�P�F�V�H�P�p�U�H�W���H�O�R�V�]�O�i�V�����Q�H�G�Y�H�V�V�p�J�W�D�U�W�D�O�R�P�����K�D�P�X�W�D�U�W�D�O�R�P���P�H�J�K�D�W�i��
�U�R�]�i�V�i�U�D������ �Y�D�O�D�P�L�Q�W�� �V�]�L�V�]�W�H�P�D�W�L�N�X�V�� �Y�L�]�V�J�i�O�D�W�V�R�U�R�]�D�W�W�D�O�� �N�•�O�|�Q�E�|�]���� �Q�\�R�P�i�V�R�Q�� ���������� ���������� �������� �p�V��
200 MPa) �Y�L�]�V�J�i�O�W�X�N���D���I�H�N�H�W�H�V�]�p�Q�����L�O�O�H�W�Y�H���S�H�W�U�R�O�N�R�N�V�]���D�G�D�J�R�O�i�V���K�D�W�i�V�i�W �D���W�D�E�O�H�W�W�i�N���V�&�U�&�V�p�J�p�U�H �p�V��
�V�]�L�O�i�U�G�V�i�J�i�U�D���Y�R�Q�D�W�N�R�]�y�D�Q�� �$�]�� �H�U�H�G�P�p�Q�\�H�N���D�]�W���P�X�W�D�W�W�i�N���� �K�R�J�\�� �D���I�H�N�H�W�H�N���V�]�p�Q���Q�p�O�N�•�O�L���W�D�E�O�H�W��
�W�i�N�K�R�]���Y�L�V�]�R�Q�\�t�W�Y�D���D���I�H�N�H�W�H�V�]�p�Q���W�D�U�W�D�O�R�P���Q�|�Y�H�O�p�V�H���M�H�O�H�Q�W���V�H�Q���F�V�|�N�N�H�Q�W�H�W�W�H���D���W�D�E�O�H�W�W�i�N���V�&�U�&�V�p�J�p�W����
�P�H�O�\���I���N�p�Q�W���D���I�H�N�H�W�H�N���V�]�p�Q���N�L�V�H�E�E���V�]�H�P�F�V�H�V�&�U�&�V�p�J�p�E���O���D�G�y�G�L�N�����7�R�Y�i�E�E�i���D���I�H�N�H�W�H�V�]�p�Q-tartalom 
�Q�|�Y�H�O�p�V�H���D�]�R�Q�R�V���S�D�U�D�P�p�W�H�U�H�N���P�H�O�O�H�W�W���D���V�]�L�O�i�U�G�V�i�J�R�W���M�H�O�H�Q�W���V�H�Q���U�R�Q�W�R�W�W�D�� �$���S�H�W�U�R�O�N�R�N�V�]���D�G�D�J�R�O�i�V��
�H�V�H�W�p�Q�� �D�� �S�U�p�V�H�O�p�V�L�� �Q�\�R�P�i�V�� �Q�|�Y�H�O�p�V�p�Y�H�O�� �M�H�O�H�Q�W���V�� �V�]�L�O�i�U�G�V�i�J�Q�|�Y�H�N�H�G�p�V�W�� �W�D�S�D�V�]�W�D�O�W�X�Q�N�� �������� �0�3�D��
�S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�L�J�����H�I�|�O�|�W�W���P�i�U���F�V�D�N���N�L�V�P�p�U�W�p�N�E�H�Q���Q���W�W���D���V�]�L�O�i�U�G�V�i�J�� 
 
Kulcsszavak: barna�N���V�]�p�Q��por, �I�H�N�H�W�H�V�]�p�Q, biomassza, �E�U�L�N�H�W�W�i�O�K�D�W�y�V�i�J, �V�]�L�O�i�U�G�V�i�J 
 
 
1. BEVEZETÉS 

Az a�J�J�O�R�P�H�U�i�W�X�P forma �V�]�i�P�R�V���H�O���Q�Q�\�H�O���U�H�Q�G�H�O�N�H�]�L�N���D���S�R�U�I�R�U�P�i�Y�D�O���V�]�H�P�E�H�Q�����W�|�E�E�H�N���N�|�]�W��
a �K�D�O�P�D�]���W�p�U�I�R�J�D�W�V�~�O�\���Q�|�Y�H�N�V�]�L�N (s�]�i�O�O�t�W�i�V�����W�i�U�R�O�i�V�����F�V�R�P�D�J�R�O�i�V), �D���I�R�O�\�i�V�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���P�H�J��
�Y�i�O�W�R�]�Q�D�N�����t�J�\���M�D�Y�X�O���D���V�]�i�O�O�t�W�K�D�W�y�V�i�J���p�V���D�G�D�J�R�O�K�D�W�y�V�i�J�� �D�J�J�O�R�P�H�U�i�W�X�P���I�R�U�P�i�E�D�Q���D���N�H�Y�H�U�p�N��stabil 
marad, �D�� �J�U�D�Q�X�O�i�W�X�P�� �K�D�O�P�D�]�� �i�W�i�U�D�P�O�i�V�L�� �H�O�O�H�Q�i�O�O�i�V�D�� �O�p�Q�\�H�J�H�V�H�Q�� �N�L�V�H�E�E���� �P�L�Q�W�� �D�� �S�R�U�I�R�U�P�i�Q�D�N�� 
�F�V�|�N�N�H�Q���D���N�L�S�R�U�]�i�V. 

�$���N�p�V�]���E�U�L�N�H�W�W�H�N���H�J�\�L�N���O�H�J�I�R�Q�W�R�V�D�E�E���P�L�Q���V�p�J�L���M�H�O�O�H�P�]���M�H���D���W�|�U�p�V�L���V�]�L�O�i�U�G�V�i�J�����D�P�H�O�\�H�W���D���E�U�L��
�N�H�W�W���N�p�V���E�E�L���I�H�O�K�D�V�]�Q�i�O�i�V�Q�D�N���P�H�J�I�H�O�H�O���H�Q���N�H�O�O���E�H�i�O�O�t�W�D�Q�L�����È�O�W�D�O�i�E�D�Q���P�H�J�I�H�O�H�O���H�Q���V�]�i�O�O�t�W�K�D�W�y�Q�D�N��
�p�V���D�G�D�J�R�O�K�D�W�y�Q�D�N���N�H�O�O���O�H�Q�Q�L�H���E�U�L�N�H�W�W�H�N�Q�H�N�����I�H�O�K�D�V�]�Q�i�O�i�V�X�N���V�R�U�i�Q���D�]�R�Q�E�D�Q �D�G�R�W�W���L�J�p�Q�\�E�H�Y�p�W�H�O�U�H��
�D���O�H�J�W�|�E�E���H�V�H�W�E�H�Q���V�]�p�W���N�H�O�O���H�V�Q�L�•�N�����S�O�����W�•�]�H�O���D�Q�\�D�J���W�&�]�W�p�U�E�H�Q�� [Quyen et. al, 2019, 2020].  
�6�]�H�Q�H�N���H�V�H�W�p�Q���M�H�O�O�H�P�]���H�Q���O�D�N�R�V�V�i�J�L���I�H�O�K�D�V�]�Q�i�O�i�V�U�D���N�p�V�]�t�W�H�Q�H�N���E�U�L�N�H�W�W�H�N�H�W�����P�H�O�\���M�y�O���N�H�]�H�O�K�H�W�����D��
�O�D�N�R�V�V�i�J���V�]�i�P�i�U�D�����H�]�H�Q���I�H�O�•�O���N�•�O�|�Q�E�|�]�����V�W�D�E�L�O���N�H�Y�H�U�p�N�H�N���N�p�S�H�]�K�H�W���N�����D�N�i�U���D���P�L�Q���V�p�J���M�D�Y�t�W�i�V�D��
�p�U�G�H�N�p�E�H�Q�����$�]���2�U�P�R�V�V�]�p�Q���=�U�W�����N�L�W�H�U�P�H�O�p�V�L���N�D�S�D�F�L�W�i�Va �D�]���i�O�O�D�P�L���W�X�O�D�M�G�R�Q�E�D���N�H�U�•�O�p�V (2023) �X�W�i�Q��
�p�Y�L�� ���������������� �W�R�Q�Q�i�U�D�� �Q�|�Y�H�N�H�G�H�W�W���� �(�Q�Q�H�N�� �D�� �Q�|�Y�H�N�P�p�Q�\�Q�H�N�� �D�� �V�W�U�D�W�p�J�L�D�L�� �F�p�O�M�D�� �D�� �K�i�E�R�U�~�� �R�N�R�]�W�D����
�H�V�H�W�O�H�J�H�V���H�O�O�i�W�i�V�L���J�R�Q�G�R�N���P�H�J�H�O���]�p�V�H�� �&�p�O���D���V�]�p�Q���P�L�Q���V�p�J�p�Q�H�N���M�D�Y�t�W�i�V�D���D���Y�H�Y���N���H�O�p�J�H�G�H�W�W�V�p�J�p��
�Q�H�N�� �P�L�Q�p�O�� �M�R�E�E�� �N�L�V�]�R�O�J�i�O�i�V�D�� �Y�p�J�H�W�W, valamint az expo�U�W�� �O�H�K�H�W���V�p�J�H�N�� �N�L�D�N�Q�i�]�i�V�D�� �D�]�� �R�S�W�L�P�i�O�L�V��
�V�]�i�O�O�t�W�i�V�L���W�i�Y�R�O�V�i�J�R�N�R�Q���E�H�O�•�O�� �(�]�H�N�U�H���M�y���P�H�J�R�O�G�i�V���O�H�K�H�W���D���N�H�Y�H�U�p�N�H�N�E���O���W�|�U�W�p�Q�����E�U�L�N�H�W�W���H�O���i�O�O�t�W�i�V�� 
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2. ANYAGOK  �e�6 �0�Ï�'�6�=�(�5�(�.  

2.1. Alapanyagok 

�$�� �E�U�L�N�H�W�W�i�O�i�V�L�� �N�t�V�p�U�O�H�W�H�N�� �V�R�U�i�Q �P�D�J�\�D�U�R�U�V�]�i�J�L �E�D�U�Q�D�N���V�]�p�Q�� ���%�6�=������lengyel �I�H�N�H�W�H�N���V�]�p�Q��
(FSZ), petrolkoksz (PK), polivinil-�D�O�N�R�K�R�O�� ���3�9�$���� �N�|�W���D�Q�\�D�J�� �p�V�� �I�&�U�p�V�]�S�R�U, mint biomassza 
���%�0�����N�H�U�•�O�Wek �I�H�O�K�D�V�]�Q�i�O�i�V�U�D�����P�H�O�\�H�N�H�W�����D���E�L�R�P�D�V�V�]�D���N�L�Y�p�W�H�O�p�Y�H�O�����D�]���2�U�P�R�V�V�]�p�Q���=�U�W�����E�L�]�W�R�V�t��
�W�R�W�W�D���V�]�i�P�X�Q�N�U�D�����$���E�D�U�Q�D�N���V�]�p�Q���D�]���2�U�P�R�V�V�]�p�Q���=�U�W�����%�R�U�V�R�G�L-�P�H�G�H�Q�F�p�M�p�E�H�Q���W�D�O�i�O�K�D�W�y���I�H�O�V���Q�\�i��
�U�i�G�L���W�H�U�P�H�O���K�H�O�\�p�U���O���V�]�i�U�P�D�]�y����-20 mm-�H�V���I�U�D�N�F�L�y���Y�R�O�W�����$���3�9�$���R�O�G�D�W���H�O���i�O�O�t�W�i�V�D���3�9�$���N�U�L�V�W�i�O�\��
�E�y�O���W�|�U�W�p�Q�W�������P���P��-�E�D�Q���3�9�$���N�U�L�V�W�i�O�\���p�V���������P���P��-�E�D�Q���������ƒ�&-�R�V���Y�t�]���������S�H�U�F�L�J���W�|�U�W�p�Q�����N�H�Y�H�U�p��
�V�p�Y�H�O�� �$���E�H�p�U�N�H�]�H�W�W���V�]�p�Q���p�V���N�R�N�V�]���P�L�Q�W�i�N���V�]�H�P�F�V�H�P�p�U�H�W���H�O�R�V�]�O�i�V�i�W���V�]�L�W�D�H�O�H�P�]�p�V�V�H�O �K�D�W�i�U�R�]�W�X�N��
meg, �P�H�O�\�H�N���H�U�H�G�P�p�Q�\�H�L�W���D�]���������i�E�U�D tartalmazza. �$�]���i�E�U�D���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���O�H�J��
�N�L�V�H�E�E���V�]�H�P�F�V�H�P�p�U�H�W�W�H�O���D���3�.���U�H�Q�G�H�O�N�H�]�H�W�W�� 
 

 
�������i�E�U�D 

A mintaanyagok eredeti �V�]�H�P�F�V�H�P�p�U�H�W-�H�O�R�V�]�O�i�V�D 
 

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

�������W�i�E�O�i�]�D�W 
�0�L�Q�W�D�D�Q�\�D�J�R�N���I���E�E���M�H�O�O�H�P�]���L 

Minta-
anyag 

�Q�H�G�Y�H�V�V�p�J�W�D�U�W�����D�S�U�t�W�i�V���H�O���W�W��
(%) 

�V�]�H�P�F�V�H�V�&�U�&�V�p�J��
(kg/m3) 

hamutartalom 
(%) 

barna�N���V�]�p�Q 17,93 1678 50,29 
fekete�N����

�V�]�p�Q 12,51 1344 5,61 

petrolkoksz 0,16 1331 0,7 
 

�$���Y�L�]�V�J�i�O�D�W�R�N���V�R�U�i�Q egyes esetekben a Huntimber �.�I�W�����I�&�U�p�V�]�•�]�H�P�p�E���O���V�]�i�U�P�D�]�y���J���]�|�O�H�W�O�H�Q��
�E�•�N�N���I�&�U�p�V�]�S�R�U�W���L�V �K�D�V�]�Q�i�O�Wunk, amely �M�H�O�O�H�P�]���H�Q�������P�P���D�O�D�W�W�L���V�]�H�P�F�V�p�N�H�W���W�D�U�W�D�O�P�D�]�R�W�W (x50=0,5 
mm)���� �H�U�H�G�H�W�L�� �Q�H�G�Y�H�V�V�p�J�W�D�U�W�D�O�P�D�� �������������� �Y�R�O�W���� �P�H�O�\�� �O�p�J�V�]�i�U�D�]�� �i�O�O�D�S�R�Wra �V�]�i�U�t�W�i�V�W�� �N�|�Y�H�W���H�Q 
8,06%-�U�D���F�V�|�N�N�H�Q�W�� 
 

����



�.�•�O�|�Q�E�|�]�����V�]�p�Q�N�H�Y�H�U�p�N�H�N���E�U�L�N�H�W�W�i�O�K�D�W�y�V�i�J�i�Q�D�N���Y�L�]�V�J�i�O�D�W�D 
 

 

 

2.2. �9�L�]�V�J�i�O�D�W�L���P�y�G�V�]�H�U�H�N 

�0�L�Q�G�K�i�U�R�P���V�]�p�Qminta �H�V�H�W�p�Q���V�]�•�N�V�p�J�H�V���Y�R�O�W���D���V�]�H�P�F�V�H�P�p�U�H�W���F�V�|�N�N�H�Q�W�p�V�H�����D���E�U�L�N�H�W�W�i�O�i�V�K�R�] 
�D�O�N�D�O�P�D�]�K�D�W�y�������P�P���D�O�D�W�W�L���D�Q�\�D�J�R�N���H�O���i�O�O�t�W�i�V�i�Q�D�N���p�U�G�H�N�p�E�H�Q�����(�K�K�H�]���N�D�O�D�S�i�F�V�R�V���W�|�U���W���D�O�N�D�O�P�D�]��
tunk, 5 mm-�H�V���U�R�V�W�D���K�D�V�]�Q�i�O�D�W�i�Y�D�O. A �N�D�S�R�W�W���W�|�U�H�W�H�N���V�]�H�P�F�V�H�P�p�U�H�W-�H�O�R�V�]�O�i�V�D�L�W���D���������i�E�U�i�Q���W�•�Q�W�H�W��
�W�•�N���I�H�O�� �$�]���i�E�U�D���M�y�O���P�X�W�D�W�M�D�����K�R�J�\���D���%�6�=���p�V���)�6�=���W�|�U�H�W�H�N���V�]�H�P�F�V�H�P�p�U�H�W-�H�O�R�V�]�O�i�V�D���N�|�]�H�O���D�]�R�Q�R�V��
volt, �M�H�O�O�H�P�]���H�Q�������P�P���D�O�D�W�W�L���V�]�H�P�F�V�p�N�N�H�O�����P�t�J���D���3�.���I�L�Q�R�P�D�E�E���V�]�H�P�F�V�p�]�H�W�&�����I���N�pnt 2 mm alatti 
�V�]�H�P�F�V�p�Net tartalmazott. 
 
 

0 1 2 3 4 5
Szemcseméret, mm

0

20

40

60

80

100

S
ze

m
cs

em
ér

et
-e

lo
sz

lá
s,

 %

barnakõszén

feketekõszén

petrolkoksz

 
�������i�E�U�D 

�$���P�L�Q�W�D�D�Q�\�D�J�R�N���V�]�H�P�F�V�H�P�p�U�H�W-�H�O�R�V�]�O�i�V�D���D�S�U�t�W�i�V���X�W�i�Q 
 

�$���I�H�O�V�R�U�R�O�W���D�O�D�S�D�Q�\�D�J�R�N�E�y�O���N�p�V�]�•�O�W �N�•�O�|�Q�E�|�]�����V�]�p�Q�N�H�Y�H�U�p�Nek �E�U�L�N�H�W�W�i�O�K�D�W�y�V�i�J�i�W���Y�L�]�V�J�i�O�W�X�N����
�D�]���,�����V�]�p�Q�P�L�[���E�D�U�Q�D�N���V�]�p�Q-�I�H�N�H�W�H�N���V�]�p�Q-�3�9�$���N�|�W���D�Q�\�D�J�����P�t�J���D���,�,�����V�]�p�Q�P�L�[���E�D�U�Q�D�N���V�]�p�Q-pet-
rolkoksz-�E�L�R�P�D�V�V�]�D���N�•�O�|�Q�E�|�]�����D�U�i�Q�\�~���N�H�Y�H�U�p�N�H�L���Y�R�O�W�D�N�� �$���W�D�E�O�H�W�W�i�N���|�V�V�]�H�W�p�W�H�O�p�W���D�]���D�O�i�E�E�L�D�N�E�D�Q��
�L�V�P�H�U�W�H�W�M�•�N: 
 
�,�����$���V�]�p�Q�P�L�[:  0% FSZ �= 90% BSZ �= 10% PVA, 
�,�����%���V�]�p�Q�P�L�[: 20% FSZ �= 70% BSZ �= 10% PVA, 
�,�����&���V�]�p�Q�P�L�[: 40% FSZ �= 50% BSZ �= 10% PVA. 
 
�$�� �I�H�N�H�W�H�V�]�p�Q�� �K�D�W�i�V�i�W�� �Y�L�]�V�J�i�O�W�X�N�� �3�9�$�� �K�R�]�]�i�D�G�i�V�D�� �Q�p�O�N�•�O�� �L�V�� �������� �0�3�D�� �S�U�p�V�H�O�p�V�L�� �Q�\�R�P�i�V�R�Q�� �D�]��
�D�O�i�E�E�L�D�N���V�]�H�U�L�Q�W�����D���N�p�W���V�]�p�Q���D�U�i�Q�\�i�W���Q�H�P���Y�i�O�W�R�]�W�D�W�W�X�N���� 
 
�,�����$�
���V�]�p�Q�P�L�[: 0% FSZ �= 100% BSZ, 
�,�����%�
���V�]�p�Q�P�L�[: 22% FSZ �= 78% BSZ, 
�,�����&�
���V�]�p�Q�P�L�[: 44% FSZ �= 56% BSZ. 
 
�$���,�,�����V�]�p�Q�P�L�[���H�V�H�W�p�E�H�Q���D��PK �K�D�W�i�V�i�W���Y�L�]�V�J�i�O�W�X�N���N�p�W���N�•�O�|�Q�E�|�]�����D�G�D�J�R�O�i�V�Q�i�O �����������p�V�������������� �$��
�N�H�Y�H�U�p�N�H�N�K�H�]��������-ban BM-t is adagoltunk. A PK �D�G�D�J�R�O�i�V�i�W���D���N�|�Y�H�W�N�H�]�����|�V�V�]�H�W�p�W�H�O�H�N�Q�p�O vizs-
�J�i�O�W�X�N�� 
 
�,�,�����$���V�]�p�Q�P�L�[: 10% PK �= 70% BSZ �= 20% BM, 

����
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�,�,�����%���V�]�p�Q�P�L�[: 20% PK �= 60% BSZ �= 20% BM. 
 

�$���E�U�L�N�H�W�W�i�O�i�V�L���N�t�V�p�U�O�H�W�H�N�H�W���D �1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V���p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K�Q�R�O�y�J�L�D �,�Q�W�p�]�H�W���i�O�W�D�O���I�H�M��
�O�H�V�]�W�H�W�W���N�t�V�p�U�O�H�W�L���G�X�J�D�W�W�\�~�V���S�U�p�V�H�Q���Y�p�J�H�]�W�•�N���H�O�����������ƒ�&���S�U�p�V�H�O�p�V�L���K���P�p�U�V�p�N�O�H�W�H�Q�����$���������P�P���i�W�P�p��
�U���M�&���W�D�E�O�H�W�W�i�N���O�H�J�\�i�U�W�i�V�D���Q�p�J�\���N�•�O�|�Q�E�|�]�����Q�\�R�P�i�V�R�Q���W�|�U�W�p�Q�W�������������������������������p�V�����������0�3�D�������$���3�9�$��
�W�D�U�W�D�O�P�~�� �W�D�E�O�H�W�W�i�N (I./A-I./C) �H�V�H�W�p�Q�� �N�L�Y�i�O�D�V�]�W�R�W�W�� �Q�\�R�P�i�V�R�Q�� ���������� �0�3�D���� �Y�L�]�V�J�i�O�W�X�N�� �D�� �W�D�E�O�H�W�W�i�N��
�W�X�O�D�M�G�R�Q�V�i�J�D�L�W��a�]���p�U�O�H�O�p�V�L���L�G����(2, 4, 6, �����p�V���������y�U�D�����I�•�J�J�Y�p�Q�\�p�E�H�Q���L�V�����0�L�Q�G�H�J�\�L�N���|�V�V�]�H�W�p�W�H�O�Q�p�O���p�V��
�S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�Q�i�O����-�����G�E���W�D�E�O�H�W�W�D���N�p�V�]�•�O�W�����D�P�H�O�\�H�N���P�L�Q���V�t�W�p�V�H���W�H�V�W�V�&�U�&�V�p�J�•�N�����L�O�O�H�W�Y�H���V�]�L�O�i�U�G��
�V�i�J�X�N���D�O�D�S�M�i�Q���W�|�U�W�p�Q�W�� 

�$�]���H�O���i�O�O�t�W�R�W�W���E�U�L�N�H�W�W�H�N���K�~�]�y�V�]�L�O�i�U�G�V�i�J�i�W��Brazil-�Y�L�]�V�J�i�O�D�W�W�D�O���K�D�W�i�U�R�]�W�X�N���P�H�J 7 napos korban. 
�$���W�|�U�p�V���V�R�U�i�Q���I�H�O�O�p�S�����P�D�[�L�P�i�O�L�V���H�U�������)max�����P�p�U�p�V�p�U�H���,�Q�V�W�U�R�Q���X�Q�L�Y�H�U�]�i�O�L�V���K�~�]�y-�Q�\�R�P�y���E�H�U�H�Q�G�H��
�]�p�V�W���K�D�V�]�Q�i�O�W�Xn�N�����D�P�H�O�\���P�p�U�p�V�L���S�D�U�D�P�p�W�H�U�H�L���D���%�O�X�H���+�L�O�O���V�]�R�I�W�Y�H�U�U�H�O���Y�H�]�p�U�H�O�K�H�W��k. A szoftver a 
�P�D�[�L�P�i�O�L�V���H�U�����P�H�O�O�H�W�W�����W�|�E�E�H�N���N�|�]�|�W�W���U�|�J�]�t�W�L���D���W�|�U��lapok �H�O�P�R�]�G�X�O�i�V�i�W�����D���W�|�Q�N�U�H�P�H�Q�H�W�H�O�L�J���H�O�W�H�O�W��
�L�G���W���p�V���D���I�H�O�O�p�S�����H�U���W�����$���N�|�]�Y�H�W�H�W�W���K�~�]�y�V�]�L�O�i�U�G�V�i�J�R�W���D�]���D�O�i�E�E�L���N�p�S�O�H�W���D�O�D�S�M�i�Q���K�D�W�i�U�R�]�W�X�N���P�H�J�� 
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ahol  

�1h �± a �W�D�E�O�H�W�W�D���K�~�]�y�V�]�L�O�i�U�G�V�i�J�D�� 
Fmax �± �D���P�D�[�L�P�i�O�L�V���H�U�����D���W�|�U�p�V���V�R�U�i�Q�� 
h, D �± �D���W�D�E�O�H�W�W�D���P�D�J�D�V�V�i�J�D�����L�O�O�����i�W�P�p�U���M�H�� 

 
�$���V�]�p�Q�P�L�[�H�N���K�~�]�y�V�]�L�O�i�U�G�V�i�J�D�N�p�Q�W���p�V���W�H�V�W�V�&�U�&�V�p�J�H�N�p�Q�W���|�W���W�D�E�O�H�W�W�D���K�~�]�y�V�]�L�O�i�U�G�V�i�J�i�Q�D�N�����L�O�O�����W�H�V�W��
�V�&�U�&�V�p�J�p�Q�H�N���i�W�O�D�J�i�W���D�G�W�X�N���P�H�J�� 
 
3. �(�5�(�'�0�e�1�<�(�.  

3.1. FSZ �D�G�D�J�R�O�i�V���K�D�W�i�V�D 

A 3�����i�E�U�D���V�]�H�P�O�p�O�W�H�W�L���D���)�6�=-�W�D�U�W�D�O�P�~���W�D�E�O�H�W�W�i�N���N�|�]�Y�H�W�H�W�W���K�~�]�y�V�]�L�O�i�U�G�V�i�J���p�U�W�p�N�H�L�W���D���S�U�p�V�H�O�p�V�L��
�Q�\�R�P�i�V���I�•�J�J�Y�p�Q�\�p�E�H�Q�����$�]���i�E�U�D���D�O�D�S�M�i�Q���P�H�J�i�O�O�D�S�t�W�K�D�W�y�����K�R�J�\���D�G�R�W�W���|�V�V�]�H�W�p�W�H�O���H�V�H�W�p�Q���D���S�U�p�V�H�O�p�V�L��
�Q�\�R�P�i�V���M�H�O�O�H�P�]���H�Q���Q�H�P���R�N�R�]�R�W�W���M�H�O�H�Q�W���V���Y�i�O�W�R�]�i�V�W���D���V�]�L�O�i�U�G�V�i�J�R�N�E�D�Q�����/�H�J�Q�D�J�\�R�E�E���V�]�L�O�i�U�G�V�i�J�D��
�P�L�Q�G�H�Q�� �|�V�V�]�H�W�p�W�H�O�� �H�V�H�W�p�Q�� �������� �0�3�D-on �N�p�V�]�•�O�W �W�D�E�O�H�W�W�i�N�Q�D�N�� �Y�R�O�W�� Ugyanakkor, �D�]�� �M�y�O�� �O�i�W�V�]�L�N����
hogy a FSZ mennyis�p�J�p�Q�H�N���Q�|�Y�H�O�p�Ve �M�H�O�H�Q�W���V���V�]�L�O�i�U�G�V�i�J�F�V�|�N�N�H�Q�p�V�W �H�U�H�G�P�p�Q�\�H�]�H�Wt. �7�R�Y�i�E�E�i���D�]��
�L�V���P�H�J�i�O�O�D�S�t�W�K�D�W�y�����K�R�J�\���D���3�9�$��mentes �W�D�E�O�H�W�W�i�N�������������0�3�D-on) min�G�H�Q���H�V�H�W�E�H�Q���N�p�W�V�]�H�U���D�N�N�R�U�D��
�V�]�L�O�i�U�G�V�i�J�J�D�O���U�H�Q�G�H�O�N�H�]�W�H�N�����P�L�Q�W���D���3�9�$-�W�D�U�W�D�O�P�~�������������0�3�D�����W�D�E�O�H�W�W�i�N�� 
 

����



�.�•�O�|�Q�E�|�]�����V�]�p�Q�N�H�Y�H�U�p�N�H�N���E�U�L�N�H�W�W�i�O�K�D�W�y�V�i�J�i�Q�D�N���Y�L�]�V�J�i�O�D�W�D 
 

 

 

 
3�����i�E�U�D 

�)�6�=���D�G�D�J�R�O�i�V���K�D�W�i�V�D���D���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i�J�i�U�D �N�•�O�|�Q�E�|�]�����S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�R�Q 
 

�$���������i�E�U�i�Q���W�•�Q�W�H�W�W�•�N���I�H�O���)�6�=-�W�D�U�W�D�O�P�~���W�D�E�O�H�W�W�i�N���W�H�V�W�V�&�U�&�V�p�J���p�U�W�p�N�H�L�W���D���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V���I�•�J�J��
�Y�p�Q�\�p�E�H�Q�����$�]���H�U�H�G�P�p�Q�\�H�N���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���)�6�=���Q�p�O�N�•�O�L���W�D�E�O�H�W�W�i�N�K�R�]���Y�L�V�]�R�Q�\�t�W�Y�D��
a FSZ-�W�D�U�W�D�O�R�P���Q�|�Y�H�O�p�V�H���M�H�O�H�Q�W���V�H�Q���F�V�|�N�N�H�Q�W�H�W�W�H �D���W�D�E�O�H�W�W�i�N���V�&�U�&�V�p�J�p�W�����D�P�H�O�\���I���N�p�Q�W���D���)�6�=���N�L��
�V�H�E�E���V�]�H�P�F�V�H�V�&�U�&�V�p�J�p�E���O���D�G�y�G�L�N�����8�J�\�D�Q�D�N�N�R�U���D���W�D�E�O�H�W�W�i�N���V�&�U�&�V�p�J�H���M�H�O�O�H�P�]���H�Q���N�L�V���P�p�U�W�p�N�E�H�Q��
�Q���W�W���D���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V���Q�|�Y�H�O�p�V�p�Y�H�O�����3�9�$��mentes �W�D�E�O�H�W�W�i�N���H�V�H�W�p�Q�������������0�3�D-on) minden eset-
�E�H�Q���Q�D�J�\�R�E�E���V�&�U�&�V�p�J�H�W���P�p�U�W�•�Q�N���D���3�9�$-�W�D�U�W�D�O�P�~�������������0�3�D�����W�D�E�O�H�W�W�i�N�K�R�]���N�p�S�H�V�W�� 
 

 
�������i�E�U�D 

�)�6�=���D�G�D�J�R�O�i�V���K�D�W�i�V�D���D���W�D�E�O�H�W�W�i�N���W�H�V�W�V�&�U�&�V�p�J�p�U�H �N�•�O�|�Q�E�|�]�����S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�R�Q 
 
 
3.2. �3�.���D�G�D�J�R�O�i�V���K�D�W�i�V�D 

PK-tartalomnak �D���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i�J�i�U�D���J�\�D�N�R�U�R�O�W���K�D�W�i�V�i�W���D�]���������i�E�Ua�����P�t�J���D���W�D�E�O�H�W�W�i�N���V�&�U�&��
�V�p�J�p�Q�H�N���Y�i�O�W�R�]�i�V�i�W���D���������i�E�U�D �V�]�H�P�O�p�O�W�H�W�L �N�•�O�|�Q�E�|�]�����S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�R�Q�����$���Q�D�J�\�R�E�E��PK tartalom 
�± �t�J�\���N�L�V�H�E�E��BSZ tartalom �± �D���P�L�Q�L�P�i�O�L�V�D�Q���N�L�V�H�E�E���V�&�U�&�V�p�J���P�H�O�O�H�W�W �M�H�O�H�Q�W���V�H�Q���N�L�V�H�E�E���V�]�L�O�i�U�G�V�i�J�R�W��
�H�U�H�G�P�p�Q�\�H�]�H�W�W�� �8�J�\�D�Q�D�N�N�R�U�� �D�� �S�U�p�V�H�O�p�V�L�� �Q�\�R�P�i�V�� �Q�|�Y�H�O�p�V�H�� �V�]�L�J�Q�L�I�L�N�i�Q�V �V�]�L�O�i�U�G�V�i�J�Q�|�Y�H�N�H�G�p�V�W��
�H�U�H�G�P�p�Q�\�H�]�H�W�W azonos �|�V�V�]�H�W�p�W�H�O���H�V�H�W�p�Q�����$���O�H�J�Q�D�J�\�R�E�E���V�]�L�O�i�U�G�V�i�J�~���W�D�E�O�H�W�W�i�N�����������0�3�D���S�U�p�V�H�O�p�V�L��

����
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�Q�\�R�P�i�V�R�Q���N�p�V�]�•�O�W�H�N���P�L�Q�G�N�p�W���3�.-�W�D�U�W�D�O�R�P���H�V�H�W�p�Q�����(�]���D���E�L�R�P�D�V�V�]�D���N�|�W���D�Q�\�D�J���D�O�N�D�O�P�D�]�i�V�i�U�D���Y�H��
�]�H�W�K�H�W�����Y�L�V�V�]�D�����N�R�U�i�E�E�L���N�X�W�D�W�i�V�D�L�Q�N�E�D�Q��[Quyen et. al, 2019, 2020, 2015] is kimutattuk, a bio-
�P�D�V�V�]�D���Q�D�J�\�R�E�E���Q�\�R�P�i�V�R�Q���p�U���H�O���M�H�O�H�Q�W���V���N�|�W���H�U���W�����P�H�O�\���D���E�H�Q�Q�H���O�p�Y�����O�L�J�Q�L�Q���Y�L�V�H�O�N�H�G�p�V�p�U�H���Y�H��
�]�H�W�K�H�W�����Y�L�V�V�]�D�� 

�$���3�9�$���K�D�V�]�Q�i�O�D�W�i�Y�D�O���D���W�D�E�O�H�W�W�i�N���V�&�U�&�V�p�J�H���p�V���V�]�L�O�i�U�G�V�i�J�D is �M�H�O�H�Q�W���V�H�Q���O�H�F�V�|�N�N�H�Q�W�����$���V�]�L�O�i�U�G��
�V�i�J�R�N���H�E�E�H�Q���D�]���H�V�H�W�E�H�Q���D�O�L�J���p�U�W�p�N���H�O���D���������N�3�D-t�����P�H�O�\�Q�p�O���D �3�9�$���K�D�V�]�Q�i�O�D�W�D���Q�p�O�N�•�O�����������0�3�D-on 
�N�p�V�]�•�O�W���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i�J�D���L�V���Q�D�J�\�R�E�E���p�U�W�p�N�H�W���P�X�W�D�W�R�W�W��(kb. 50 kPa). 
 

 
5�����i�E�U�D 

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

�$�� �S�U�p�V�H�O�p�V�L�� �Q�\�R�P�i�V�� �Q�|�Y�H�O�p�V�H�� �������� �0�3�D�� �H�V�H�W�p�Q�� �D�]�� ������ �0�3�D-�K�R�]�� �N�p�S�H�V�W�� �M�H�O�H�Q�W���V�H�Q�� �Q�D�J�\�R�E�E��
�V�&�U�&�V�p�J�&���W�D�E�O�H�W�W�i�N�D�W���D�G�R�W�W���P�L�Q�G�N�p�W���N�H�Y�H�U�p�N�D�U�i�Q�\�Q�i�O ���������i�E�U�D�������Y�L�V�]�R�Q�W���D���Q�\�R�P�i�V���W�R�Y�i�E�E�L���Q�|�Y�H��
�O�p�V�p�Y�H�O���D���V�&�U�&�V�p�J���P�i�U���F�V�D�N���N�L�V�P�p�U�W�p�N�E�H�Q���Q���W�W�� 
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�3�.���D�G�D�J�R�O�i�V���K�D�W�i�V�D���D���W�D�E�O�H�W�W�i�N���W�H�V�W�V�&�U�&�V�p�J�p�U�H �N�•�O�|�Q�E�|�]�����S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�R�Q 
 
 

����



�.�•�O�|�Q�E�|�]�����V�]�p�Q�N�H�Y�H�U�p�N�H�N���E�U�L�N�H�W�W�i�O�K�D�W�y�V�i�J�i�Q�D�N���Y�L�]�V�J�i�O�D�W�D 
 

 

 

3.3. �e�U�O�H�O�p�V�L �L�G�����Y�L�]�V�J�i�O�D�W�D  

�$���������i�E�U�D���D���3�9�$-�W�D�U�W�D�O�P�~���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i�J�i�Q�D�N���Y�i�O�W�R�]�i�V�i�W���P�X�W�D�W�M�D���D���J�\�i�U�W�i�V�W�y�O���H�O�W�H�O�W���L�G����
�I�•�J�J�Y�p�Q�\�p�E�H�Q����Az �i�E�U�D�� �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�� �)�6�=-�W�D�U�W�D�O�P�~�� �W�D�E�O�H�W�W�i�N�� ���,�����%�� �p�V�� �,�����&����
�V�]�L�O�i�U�G�V�i�J�i�E�D�Q�� �Q�H�P�� �P�X�W�D�W�N�R�]�R�W�W�� �M�H�O�H�Q�W���V�� �H�O�W�p�U�p�V�� �D�]�� �L�G���� �H�O���U�H�K�D�O�D�G�W�i�Y�D�O���� �P�t�J�� �D�� �)�6�=�� �P�H�Q�W�H�V��
�W�D�E�O�H�W�W�i�N�����,�����$�����V�]�L�O�i�U�G�V�i�J�D��- �D���N�H�]�G�H�W�L���V�]�L�O�i�U�G�V�i�J�F�V�|�N�N�H�Q�p�V���H�O�O�H�Q�p�U�H - ���� �p�V���������y�U�D���H�O�W�H�O�W�p�Y�H�O���L�V��
�N�|�]�H�O���D�]�R�Q�R�V���Y�R�O�W�� �(�]���D�U�U�D���H�Q�J�H�G���N�|�Y�H�W�N�H�]�W�H�W�Q�L�����K�R�J�\���D���3�9�$���Y�L�V�]�R�Q�\�O�D�J���J�\�R�U�V�D�Q���N�|�W�|�W�W�����t�J�\���P�i�U��
�����y�U�D���H�O�W�H�O�W�p�Y�H�O��kialakult a �V�]�H�P�F�V�p�N���N�|�]�|�W�W�L���N�|�W�p�V�H�N���M�H�O�H�Q�W���V���U�p�V�]e. 
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�e�U�O�H�O�p�V�L���L�G�����K�D�W�i�V�D���D���W�D�E�O�H�W�W�i�N �V�]�L�O�i�U�G�V�i�J�i�U�D 
 

�+�D�� �P�H�J�Y�L�]�V�J�i�O�M�X�N�� �D�� �W�D�E�O�H�W�W�i�N�� �W�H�V�W�V�&�U�&�V�p�J�p�Q�H�N�� �Y�i�O�W�R�]�i�V�i�W�� �������� �i�E�U�D������ �D�]�W�� �W�D�S�D�V�]�W�D�O�M�X�N���� �K�R�J�\��
azo�N���V�&�U�&�V�p�J�H�������y�U�D���H�O�W�H�O�W�p�Y�H�O���L�V���N�|�]�H�O���D�]�R�Q�R�V���Y�R�O�W�����D�]�R�Q�E�D�Q���������y�U�D���p�U�O�H�O�p�V�W���N�|�Y�H�W���H�Q���P�i�U���M�H�O�H�Q��
�W���V�H�Q���F�V�|�N�N�H�Q�W�����(�]���D���W�D�E�O�H�W�W�i�N���V�]�i�U�D�G�i�V�D���V�R�U�i�Q���I�H�O�O�p�S�����Y�t�]�Y�H�V�]�W�p�V�E���O����vagyis a PVA oldat kike-
�P�p�Q�\�H�G�p�V�p�E���O �D�G�y�G�K�D�W�� �$�Q�Q�D�N���H�O�O�H�Q�p�U�H�����K�R�J�\���D���W�H�V�W�V�&�U�&�V�p�J���F�V�|�N�N�H�Q�W���D�]���L�G�����H�O���U�H�K�D�O�D�G�W�i�Y�D�O�����D��
�W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i�J�D���Q�H�P���Y�i�O�W�R�]�R�W�W, �D�P�L���V�]�L�Q�W�p�Q���D�U�U�D���H�Q�J�H�G���N�|�Y�H�W�N�H�]�W�H�W�Q�L�����K�R�J�\���D���N�|�W�p�V�H�N���M�H�O�H�Q��
�W���V���U�p�V�]�H���P�i�U���D�]���H�O�V������-�����y�U�i�E�D�Q���N�L�D�O�D�N�X�O�W�� 
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�e�U�O�H�O�p�V�L �L�G�����K�D�W�i�V�D���D���W�D�E�O�H�W�W�i�N���W�H�V�W�V�&�U�&�V�p�J�p�U�H 
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Nagy S. et.al 

 

4. K �g�9�(�7�.�(�=�7�(�7�e�6�(�. 

�$�]���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q���D�]���D�O�i�E�E�L���P�H�J�i�O�O�D�S�t�W�i�V�R�N�D�W���W�H�V�V�]�•�N�� 
- �$�� �)�6�=�� �D�G�D�J�R�O�i�V�� �Q�H�J�D�W�t�Y�D�Q�� �K�D�W�R�W�W�� �D�� �W�D�E�O�H�W�W�i�N�� �V�]�L�O�i�U�G�V�i�J�i�U�D���� �$�� �V�]�p�Q�N�H�Y�H�U�p�N�E�H�Q�� �O�p�Y����

�P�H�Q�Q�\�L�V�p�J�•�N���Q�|�Y�H�O�p�V�p�Y�H�O���M�H�O�H�Q�W���V�H�Q���F�V�|�N�N�H�Q�W���D���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i�J�D�������������N�3�D-�U�y�O����������
kPa-�U�D���F�V�|�N�N�H�Q�W�����������)�6�=���D�G�D�J�R�O�i�V���H�V�H�W�p�Q��, 

- �$�]���)�6�=���W�D�U�W�D�O�P�~���W�D�E�O�H�W�W�i�N�Q�i�O���D���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V���Q�H�P���E�H�I�R�O�\�i�V�R�O�W�D���D���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G�V�i��
�J�i�W�����P�t�J���D���W�H�V�W�V�&�U�&�V�p�J�•�N���F�V�D�N���N�L�V�P�p�U�W�p�N�E�H�Q���Q���W�W���Q�D�J�\�R�E�E���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�R�Q, 

- �$���3�9�$���R�O�G�D�W���K�D�V�]�Q�i�O�D�W�D���M�H�O�H�Q�W���V�H�Q�����W�|�E�E�����P�L�Q�W���I�H�O�p�U�H�����F�V�|�N�N�H�Q�W�H�W�W�H���D���W�D�E�O�H�W�W�i�N���V�]�L�O�i�U�G��
�V�i�J�i�W�����D���3�9�$���P�H�Q�W�H�V���W�D�E�O�H�W�W�i�N�p�K�R�]���N�p�S�H�V�W, 

- A PK �P�H�Q�Q�\�L�V�p�J�p�Q�H�N�� �Q�|�Y�H�O�p�V�H��- �N�L�V�P�p�U�W�p�N�&�� �W�H�V�W�V�&�U�&�V�p�J�� �F�V�|�N�N�H�Q�p�V�� �P�H�O�O�H�W�W��- �M�H�O�H�Q�W���V��
�V�]�L�O�i�U�G�V�i�J�F�V�|�N�N�H�Q�p�V�W���R�N�R�]�R�W�W, 

- �$���3�9�$���K�D�V�]�Q�i�O�D�W�D���V�R�U�i�Q���D���W�D�E�O�H�W�W�i�N���P�i�U����-�����y�U�D���H�O�W�H�O�W�p�Y�H�O���H�O�p�U�W�p�N���D���V�]�L�O�i�U�G�V�i�J�X�N���M�H�O�H�Q�W���V��
�U�p�V�]�p�W�����0�t�J���D���W�H�V�W�V�&�U�&�V�p�J�•�N���D���V�]�i�U�D�G�i�V�L���L�G�����I�•�J�J�Y�p�Q�\�p�E�H�Q���F�V�|�N�N�H�Q�W�� 

�7�R�Y�i�E�E�L���W�•�]�H�O�p�V�W�H�F�K�Q�L�N�D�L���Y�L�]�V�J�i�O�D�W�R�N���V�]�•�N�V�p�J�H�V�H�N���D���P�H�J�I�H�O�H�O�����V�]�L�O�i�U�G�V�i�J�~���N�H�Y�H�U�p�N�H�N�N�H�O���� 
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�0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�����1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V���p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K�Q�R�O�y�J�L�D���,�Q�W�p�]�H�W��
�Q�H�Q�R�����������������#�J�P�D�L�O���F�R�P 

���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�����1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V���p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K�Q�R�O�y�J�L�D���,�Q�W�p�]�H�W�� 
�L�O�G�L�N�R���I�R�U�L�V�#�X�Q�L���P�L�V�N�R�O�F���K�X 

���2�U�P�R�V�V�]�p�Q���=�U�W���� 
�E�H�O�D�K�X�V�]�W�L�#�J�P�D�L�O���F�R�P 

���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P�����1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V���p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K�Q�R�O�y�J�L�D���,�Q�W�p�]�H�W��
�V�D�Q�G�R�U���Q�D�J�\�#�X�Q�L���P�L�V�N�R�O�F���K�X 

 
�.�L�Y�R�Q�D�W���� �$�]�� �2�U�P�R�V�V�]�p�Q�� �=�U�W���� �N�L�W�H�U�P�H�O�p�V�L�� �N�D�S�D�F�L�W�i�V�D�� �D�]�� �i�O�O�D�P�L�� �W�X�O�D�M�G�R�Q�E�D�� �N�H�U�•�O�p�V�� �X�W�i�Q�� �p�Y�L��
���������������� �W�R�Q�Q�i�U�D�� �Q�|�Y�H�N�H�G�H�W�W�� ������������ �p�Y������ �(�Q�Q�H�N�� �D�� �Q�|�Y�H�N�P�p�Q�\�Q�H�N�� �D�� �V�W�U�D�W�p�J�L�D�L�� �F�p�O�M�D�� �D�� �K�i�E�R�U�~��
�R�N�R�]�W�D�����H�V�H�W�O�H�J�H�V���H�O�O�i�W�i�V�L���J�R�Q�G�R�N���P�H�J�H�O���]�p�V�H�����&�p�O���D���V�]�p�Q���P�L�Q���V�p�J�p�Q�H�N���M�D�Y�t�W�i�V�D���±���V�]�p�Q���G�~�V�t�W�i�V�D��
���� �D�� �Y�H�Y���N�� �H�O�p�J�H�G�H�W�W�V�p�J�p�Q�H�N�� �P�L�Q�p�O�� �M�R�E�E�� �N�L�V�]�R�O�J�i�O�i�V�D�� �Y�p�J�H�W�W���� �Y�D�O�D�P�L�Q�W�� �D�]�� �H�[�S�R�U�W�� �O�H�K�H�W���V�p�J�H�N��
�N�L�D�N�Q�i�]�i�V�D�� �D�]�� �R�S�W�L�P�i�O�L�V�� �V�]�i�O�O�t�W�i�V�L�� �W�i�Y�R�O�V�i�J�R�N�R�Q�� �E�H�O�•�O���� �-�H�O�H�Q�� �N�X�W�D�W�i�V�� �D�]�� �2�U�P�R�V�V�]�p�Q�� �=�U�W����
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Abstract:  The focus on waste management in the glass industry has led to extensive exploration 
of utilizing waste glass in building materials to mitigate environmental impact and reduce pro-
duction costs. Numerous studies which discuss the potential of waste glass in cementitious and 
geopolymer applications, emphasizing its role in enhancing sustainability and performance are 
presented in this article. Mechanical activation techniques that have been investigated to im-
prove the reactivity of waste glass were as well mentioned and reviewed, with findings indicat-
ing enhanced mechanical properties and durability in resulting materials. Additionally, incor-
poration of fine-ground waste glass in geopolymer formulations has shown promise in improv-
ing mechanical strength and sustainability in construction practices, although effects on prop-
erties vary depending on specific compositions. Similarly, in cementitious systems, the addition 
of waste glass has demonstrated positive impacts on workability, hydration kinetics, and me-
chanical properties, while also addressing issues like alkali-silica reaction. However, further 
research is needed to fully understand and optimize its potential in these applications. 
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1. INTRODUCTION  

The increasing concern about waste management and the environmental impact of glass has 
led to a focus on reclamation options, particularly the potential for waste glass to be utilized in 
building materials. The glass industry has highlighted the need for effective waste management 
strategies, emphasizing the recycling of waste to minimize energy requirements and reduce 
production costs (Adekomaya & Majozi, 2021). Waste glass presents a viable solution for ad-
dressing the high greenhouse gas emissions and intensive resource consumption in the cement 
and glass industries. Several studies have reviewed its use in cement and concrete production, 
identifying waste glass as a promising supplementary material in geopolymer and cementitious 
applications (Jani & Hogland, 2014). Federico and Chidiac (2009) and Jiang et al. (2019) em-
phasize the eco-friendly potential of waste glass powder (GP) in cement-based and extended 
construction materials. Federico particularly notes the significance of particle size and percent-
age addition in controlling alkali-silica reaction (ASR) expansion. Rivera et al. (2018) further 
demonstrate the feasibility and environmental benefits of utilizing waste glass in the production 
of geopolymeric tiles. 

Additionally, a review by Aphale and Sahare (2016) underscores the positive impact of waste 
glass on concrete strength, indicating that reducing the particle size of waste glass enhances 
concrete strength. Specifically, particles smaller than 75 microns exhibit pozzolanic activity, 
though an increase in glass content as a cement replacement may decrease the workability of 
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concrete. Draganovska and Sicakova (2015) caution that while specific grinding parameters can 
be optimized, the strength activity index of fine-grained waste glass may not always meet the 
required limits for certain applications, highlighting the need for systematic investigation into 
the effects of grinding fineness on supplementary cementitious materials (SCM) and concrete 
properties. Recycling waste glass in cementitious applications, particularly in geopolymer and 
conventional concrete, presents significant opportunities to enhance both sustainability and per-
formance. The incorporation of waste glass contributes to effective solid waste management 
and improves the mechanical properties of concrete. For instance, utilizing fine glass particles 
as partial replacements for cement can enhance compressive strength due to both the pozzolanic 
reaction, which generates additional calcium silicate hydrate (C-S-H) gel, and the filler effect 
that increases the surface area for hydration reactions. Studies have shown that replacing up to 
25% of cement with waste glass powder can lead to increased compressive strength, while 
proper gradation and particle size of the glass significantly influence flowability and mechani-
cal interlock within the concrete matrix. Furthermore, the refined microstructure achieved 
through the use of glass enhances durability characteristics, such as reduced permeability and 
improved resistance to sulfate attack and freeze-thaw cycles, making it a valuable material for 
the development of high-performance and sustainable construction materials (Guo et al. 2020). 

 
2. CHARACTERIZATION OF WASTE GLASS 

Waste glass, a byproduct of various industries, has a complex composition and diverse prop-
erties. It is characterized by a low leach rate, tolerance to changes in waste composition, and 
low surface area. The particle size distribution of waste glass varies depending on the source, 
�Z�L�W�K���V�R�P�H���V�W�X�G�L�H�V���U�H�S�R�U�W�L�Q�J���D���U�D�Q�J�H���R�I�����������P�P���W�R�������������������P�����$�\�D�G�L���H�W���D�O���������������������7�K�H���D�P�R�U��
phous content of waste glass, which is crucial for its reactivity, has been studied in the context 
of its use in concrete. Moreover, the chemical composition of waste glass can also be tailored 
for specific applications, as demonstrated in the production of glasses and glass ceramics using 
industrial wastes (Kara, 2013). A range of methods have been used to characterize waste glass, 
including X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier-trans-
form infrared spectroscopy to investigate the crystallization behavior of glasses produced from 
industrial wastes. 

 
3. MECHANICAL ACTIVATION TECHNIQUES 

A range of techniques have been explored for  mechanical activation by fine grinding of 
waste glass. �)�y�U�L�V���D�Q�G���0�X�F�V�L�������������� presented a study that systematically investigates the grind-
ing characteristics of container glass waste using three different types of ball mills: a drum mill, 
a vibrating mill, and a planetary mill, each operating under varying energy intensities (low, 
medium, and high) in dry conditions. The research focuses on the grindability of glass waste, 
aiming to achieve energy-efficient milling to produce glass foam powder for sustainable appli-
cations. Results indicate that the drum mill is the optimal choice for grinding container glass, 
as it exhibits the lowest specific grinding work (151.52 kWh/t) compared to the planetary mill 
(3488.37 kWh/t) and the vibrating mill (1106.38 kWh/t), while achieving a relatively high spe-
�F�L�I�L�F�� �V�X�U�I�D�F�H�� �D�U�H�D�� �������������� �F�P�ð���J������ �7�K�L�V�� �Vuggests that for industrial-scale processing of glass 
waste, the drum mill not only maximizes efficiency but also enhances the potential for recycling 
glass into useful materials, thereby contributing to environmental sustainability. On the other 
hand, Yoon and Yun (2005) used a disk type ball mill for recycling fly ash (FA) and waste 
glass. FA glass�±ceramic was prepared by using fly ash from the thermal power plant and waste 
glass cullet as raw materials. Fly ash, which is produced as a by-product of coal combustion in 
power stations, contains a significant amount of CaO, SiO2, and Al2O3, making it a suitable raw 
material for glass�±ceramic production. The process involved mechanically grinding a mixture 
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of fly ash and waste glass in a disk-type ball mill, followed by pressing the mixture into cylin-
�G�U�L�F�D�O�� �V�K�D�S�H�V�� �D�Q�G�� �V�L�Q�W�H�U�L�Q�J�� �D�W�� �Y�D�U�L�R�X�V�� �W�H�P�S�H�U�D�W�X�U�H�V�� ������������ ���������� �D�Q�G�� ���������� �ƒ�&���� �I�R�U�� ���� �K�R�X�U���� �7�K�H��
resulting glass�±ceramics were characterized by various methods, including X-ray diffraction 
(XRD) for crystallinity, field emission-scanning electron microscopy (FE-SEM) for morpho-
logical properties, and energy dispersive X-ray spectrometer (EDX) for chemical composition 
analysis. The mechanical properties such as density, compressive strength, bending strength, 
and chemical durability were also evaluated, demonstrating the potential of utilizing waste ma-
terials for producing advanced glass�±ceramic materials that possess enhanced mechanical and 
thermal properties. Zeng and Gan (2011) discussed the importance of controlling the grinding 
mode for hard and brittle glasses, and the potential of ultra-precision grinding and electrolytic 
in-process dressing. �)�l�K�Q�O�H�� �D�Q�G�� �+�D�X�V�H�U�� ������������ analyzed various fine-grinding techniques in 
terms of achievable surface qualities. These studies collectively show the importance of select-
ing the appropriate grinding technique based on the specific properties and intended use of the 
waste glass. Chen et al. (2020) found that the specific surface area and activity index of waste 
glass powder increase with prolonged mechanical activation, indicating that mechanical grind-
ing can effectively enhance the reactivity of waste glass. 

 
3.1 Effects of Fine Grinding on Reactivity 

A range of studies have explored the impact of fine grinding on the reactivity of waste glass 
in geopolymer and cementitious systems. Wang et al. (2020) found that wet-ground superfine 
waste glass powder significantly improved the workability of cement pastes and accelerated the 
reaction of cement. The fineness of WGP plays a crucial role in enhancing its pozzolanic activ-
ity, with smaller particle sizes produces a greater surface area that promotes more effective 
chemical interactions with cement. As highlighted by Wang et al. (2020), the wet grinding pro-
cess not only reduces the median particle size (D50) of WGP to as low as 0.9 micrometers but 
also alters its morphology, resulting in more regular shapes that enhance dispersibility in cement 
pastes. This increased surface area and improved dispersion lead to accelerated hydration reac-
tions, as evidenced by a marked reduction in setting times for pastes incorporating finely ground 
WGP. For instance, when the median grain size of the WGP was reduced to 5 micrometers, the 
initial setting time was significantly shortened to just 60 minutes. Furthermore, the fine WGP 
particles contribute to a higher degree of interparticle bonding and hydration product formation, 
which in turn increases the overall strength and durability of the cementitious matrix. This is 
complemented by an observed increase in electrical resistivity and chemical shrinkage, indicat-
ing a denser microstructure resulting from the enhanced reactivity of finely ground WGP. 
Therefore, optimizing the grinding duration and achieving an appropriate particle size distribu-
tion is essential for maximizing the benefits of WGP in cement-based materials. Mirzahosseini 
and Riding (2015) and Nwaubani (2013) emphasized the potential of waste glass powder to 
enhance the compressive strength and pozzolanic reactivity of concrete, with the latter empha-
sizing the role of particle size in this reactivity. Afshinnia and Rangaraju (2015) further demon-
strated the ability of fine ground recycled glass to mitigate alkali-silica reaction in mortars, 
particularly when used as an aggregate replacement material.  

 
3.2 Geopolymer Applications 

Manikandan and Vasugi (2021) provide in their article an extensive overview of the utiliza-
tion of waste glass powder (WGP) in geopolymer concrete as an eco-friendly alternative to 
conventional Portland cement. It emphasizes the urgent need to address the environmental chal-
lenges posed by waste glass. The authors highlight that WGP, containing a high percentage of 
silica, can effectively function as an aluminosilicate precursor when combined with suitable 
alumina sources and alkaline activators. The synthesis of geopolymer concrete using WGP has 
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gained traction over the last two decades, with a notable increase in research publications in the 
past ten years. The review summarizes findings regarding the fresh and hardened properties of 
geopolymer concrete incorporating WGP, demonstrating that its inclusion can enhance worka-
bility and mechanical strength, particularly in binary and ternary blends with other aluminosil-
icate materials such as fly ash and ground granulated blast furnace slag. The authors conclude 
that utilizing WGP not only conserves natural resources and reduces CO2 emissions by up to 
80% compared to traditional methods but also offers a sustainable construction solution, fos-
tering innovation in the cement and glass industries. Overall, this review serves as a compre-
hensive resource for researchers and practitioners interested in the advancements and potential 
applications of WGP in geopolymer concrete production. Another study by Arulrajah et al. 
(2017) evaluated the use of recycled glass (RG) as a supplementary filler material in spent cof-
fee grounds (CG) geopolymers, demonstrating that RG enhances both mechanical and chemical 
strength. The research found that heat-treated RG combined with CG geopolymers could 
achieve a compressive strength of up to 10 MPa in just 7 days. Various proportions of RG (25%, 
50%, and 75%) were tested to analyze their effects on the final strength of the RG + CG product. 
Results indicated that higher RG content led to greater unconfined compressive strength (UCS), 
with optimized liquid-to-precursor (L/P) ratios required to achieve maximum strength. The 
study by de Azevedo et al. (2021) evaluates the durability properties of geopolymeric mortars 
incorporating glass polishing waste, an industrial by-product often discarded in landfills. High-
lighting the environmental impact of the cement industry which contributes approximately 7% 
�W�R���J�O�R�E�D�O���&�2�w���H�P�L�V�V�L�R�Q�V���G�X�H���W�R���K�L�J�K temperature processes this paper discusses alternative ma-
terials and methods to enhance sustainability by replacing ordinary Portland cement (OPC) with 
geopolymers, known for their low carbon footprint and superior mechanical properties. The 
authors examine the effects of various processing conditions and curing methods on geopoly-
meric mortars made from metakaolin (MK) and natural sand as precursors, with a mixture of 
sodium hydroxide (NaOH) and glass polishing waste as the alkaline solution. Two processing 
methods were compared: Method A, where activators were dry-mixed before adding water, and 
Method B, where NaOH was dissolved in water before incorporating the glass waste. Key find-
�L�Q�J�V���L�Q�G�L�F�D�W�H���W�K�H���6�L�2�w���$�O�w�2�x���P�R�O�D�U���U�D�W�L�R���F�U�L�W�L�F�D�O�O�\���D�I�I�H�F�W�V���P�R�U�W�D�U���S�H�U�I�R�U�P�D�Q�F�H�����)�R�U���L�Q�V�W�D�Q�F�H�����D��
ratio of 2.5 exhibited the least mass and mechanical strength loss under durability tests such as 
wetting-drying cycles, saline immersion, and thermal shock. These results show that glass pol-
ishing waste enhances the durability of geopolymeric mortars when processed effectively, sup-
porting waste management efforts. The authors conclude that optimal mixture conditions de-
pend on specific exposure conditions in practical applications, contributing valuable insights to 
developing sustainable construction materials from industrial waste and reducing environmen-
tal impacts in construction practices. 

 
3.3 Cementitious Applications 

The use of fine-ground waste glass as a supplementary material in cementitious systems, 
including Portland cement concrete and alkali-activated binders, has been explored in several 
studies. Shi and Zheng (2007) highlight the potential for controlling alkali-silica reaction (ASR) 
and achieving suitable strength and durability in concrete mixtures that use waste glass as an 
aggregate. Bueno et al. (2020) provide a comprehensive review of the use of ground waste glass 
as a supplementary cementitious material, noting its potential as a pozzolan and its ability to 
reduce expansion caused by ASR. Particularly, in response to the decreasing availability of coal 
fly ash. It highlights the environmental impact of Portland cement production, which contrib-
utes approximately 5-9% of global anthropogenic carbon dioxide emissions, generating about 
�R�Q�H���W�R�Q���R�I���&�2�w���I�R�U���H�Y�Hry ton of cement produced. This production is responsible for 10-15% of 
�W�R�W�D�O���L�Q�G�X�V�W�U�L�D�O���H�Q�H�U�J�\���X�V�H���D�Q�G���D�U�R�X�Q�G�����������R�I���L�Q�G�X�V�W�U�L�D�O���&�2�w���H�P�L�V�V�L�R�Q�V�����7�U�D�G�L�W�L�R�Q�D�O�O�\�����F�R�D�O���I�O�\��
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�D�V�K���K�D�V���E�H�H�Q���W�K�H���P�R�V�W���Z�L�G�H�O�\���X�V�H�G���S�R�]�]�R�O�D�Q���I�R�U���W�K�H���O�D�V�W���������\�H�D�U�V�����H�Q�K�D�Q�F�L�Q�J���F�R�Q�F�U�H�W�H�¶�V���V�W�U�H�Q�J�W�K��
and durability, with its utilization rate recently rising from 40% to 60%. However, the shift 
towards renewable energy sources has led to a decline in coal use, consequently reducing the 
production of fly ash in the U.S. and Europe. Ground waste glass is explored as a potential 
alternative SCM due to its abundance, availability, and low cost. In 2015, it was estimated that 
approximately 10.4 million tons of waste glass were in the municipal solid waste stream, with 
�������� �O�D�Q�G�I�L�O�O�H�G���D�Q�G���R�Q�O�\�� �������� �U�H�F�\�F�O�H�G���� �1�R�W�D�E�O�\���� �L�Q�F�R�U�S�R�U�D�W�L�Q�J���J�U�R�X�Q�G���J�O�D�V�V���F�D�Q���U�H�G�X�F�H���&�2�w��
emissions by about 0.5 kg for every kilogram of glass used in concrete. The performance char-
acteristics of concrete with waste glass as a pozzolan show lower compressive strength at early 
ages but comparable or higher strength as the concrete matures, with an optimal glass replace-
ment level for strength gain around 10-20%. However, the modulus of elasticity tends to de-
crease with increased glass content, which could lead to greater deformation under load. Re-
garding alkali-silica reaction (ASR) resistance, literature consistently indicates a reduction in 
expansion caused by ASR when waste glass is included in concrete mixtures. Effective perfor-
mance is often achieved with glass replacement levels of 20% or higher. However, challenges 
arise due to the standard ASTM C1567, which imposes a maximum alkali content of 4% in 
SCMs, a limit that soda-lime glass typically exceeds. Common test methods for evaluating ASR 
include ASTM C1260, an accelerated mortar bar test, and ASTM C1293, which involves a 
concrete prism test over one to two years. The economic landscape is also considered, with the 
price of Portland cement in the U.S. at approximately $115/ton and coal fly ash around $36/ton 
as of 2018. The feasibility of using waste glass hinges on processing costs, which can remain 
competitive at a throughput of about 55,000 tons annually. 

Gao et al. (2020) observed improvements in workability and hydration kinetics, The study 
evaluates the effects of waste glass powder as a partial replacement for the binder in alkali-
activated and Portland cement systems, using commercial silica fume as a comparative refer-
ence. It concludes that waste glass powder slightly enhances workability and exhibits different 
early-age hydration characteristics compared to silica fume. While silica fume shows higher 
pozzolanic reactivity in Portland cement systems, both materials demonstrate similar reactivity 
in alkali-activated systems. The addition of waste glass generally increases compressive 
strength, although silica fume leads to a more significant strength increase. Aly et al. (2012) 
reported enhanced mechanical properties, specifically attributing this to the presence of colloi-
dal nano-silica. �$�E�G�H�O�(�5�D�K�P�D�Q���H�W���D�O���������������� investigate the impact of incorporating waste glass 
powder into ordinary Portland cement (OPC) to enhance the physico-chemical and mechanical 
properties of cement mortar composites. Specifically, the research evaluates various substitu-
tion ratios of waste glass (5%, 10%, and 20% by weight of cement) and their effects on com-
pressive strength, total porosity, and water absorption of the resulting blended cement mortars. 
The results indicate that the mechanical properties significantly improve as the waste glass con-
tent increases, particularly at the 20% substitution level, which exhibited enhanced compressive 
strength compared to neat cement specimens. This enhancement is attributed to the pozzolanic 
activity of the waste glass, which reacts with calcium hydroxide generated during the hydration 
of OPC, leading to the formation of additional calcium silicate hydrate (C-S-H) gel, thus filling 
voids and reducing porosity. Furthermore, the inclusion of 10% styrene-acrylic ester latex in 
the mortar matrix, combined with gamma irradiation, further boosts the mechanical properties 
and reduces total porosity and water absorption. The findings are corroborated by techniques 
such as X-ray diffraction, thermogravimetric analysis, and scanning electron microscopy, un-
derscoring the potential of using waste glass as a sustainable material in construction applica-
tions.  
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4. CHALLENGES IN WG CONCRETE AND REMEDIES  

4.1 ASR Expansion in WG-Based Concrete 

The high silica and alkali content in both glass and cement pose a challenge in waste glass 
(WG) concrete, as it can lead to the alkali-silica reaction (ASR), potentially causing expansive 
gel formation. ASR is particularly accelerated by the presence of sodium (Na) and potassium 
(K) ions, which create expansive stresses along the reaction zone. When these stresses surpass 
the tensile strength of the concrete, cracks may develop, allowing external solutions to penetrate 
and deteriorate its durability. One approach to reducing the risk associated with ASR is using 
finer WG powder rather than coarse glass aggregates. Research suggests an optimal WG parti-
cle size range between 1�±1.18 mm, with some studies advocating for even smaller particles, 
around 0.6 mm, to limit ASR expansion. For example, when 70% of fine aggregates were re-
placed with 36�±���������P���:�*���S�R�Z�G�H�U�����Q�R���K�D�U�P�I�X�O���$�6�5���H�[�S�D�Q�V�L�R�Q���Z�D�V���R�E�V�H�U�Y�H�G�����,�W���K�D�V���D�O�V�R���E�H�H�Q��
shown that glass sand particles below 4.5 mm in size do not produce significant ASR gel for-
mation �Z�K�H�Q���U�H�S�O�D�F�L�Q�J���X�S���W�R�����������R�I���W�K�H���V�D�Q�G�����,�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R���Q�R�W�H���W�K�D�W���P�L�F�U�R-cracks within 
WG particles are undesirable as they facilitate ASR by retaining reactive solutions. Thus, ASR 
risk in WG concrete is not only determined by particle size but also by factors such as WG 
content, cement and aggregate properties, mix ratio, and water-cement ratio. Properly graded 
WG powders improve density and limit ASR, with lithium ions proving effective in suppressing 
expansion by altering ASR gel composition ���$�Q�G�L�o-�d�D�N�Õ�U et al., 2016; Zhu et al., 2009; Kawa-
mura & Fuwa, 2003). 

In geopolymer concrete, the risk of ASR expansion appears lower than in ordinary cement 
concrete. This is likely due to the high silica dissolution and alkali activation, which supports 
geopolymerization and forms a dense microstructure. Research indicates that ASR-related ex-
pansion in geopolymer concrete may be only around 5% of that in traditional cement concrete. 
Alkali ions in the raw mix contribute to the formation of crystalline silicates and zeolite-like 
structures, which reduce expansion risk. However, while geopolymerization may limit ASR, 
the risk cannot be completely ignored (Hajimohammadi et al. 2018; Williamson and Juenger 
2016; Menchaca-Ballinas and Escalante-Garcia 2019). 

Addressing ASR expansion in WG concrete requires careful consideration during mix de-
sign. For instance, alkali-silica products can be transformed into rigid forms that enhance con-
crete strength. Ongoing research, such as that by Lee et al., indicates that using borosilicate 
glass and other additives can improve ASR resistance, strengthen concrete, and even serve spe-
cialized applications like neutron shielding (Lee et al., 2019). Further measures to mitigate ASR 
include using polyester resin to neutralize alkali and stabilizers such as fly ash, metakaolin, 
silica fume, and blast furnace slag ���$�Q�G�L�o-�d�D�N�Õ�U���H�W���D�O��������������������Moreover, the presence of calcium 
(CaO) and magnesium (MgO) in high quantities, combined with minimized glass modifiers like 
Na, K, and Pb, helps reduce ASR gel formation (Bignozzi et al., 2015). Lithium treatments, like 
lithium carbonate and lithium nitrate, are also effective in lowering ASR expansion, as they 
precipitate lithium silicate, which stabilizes amorphous silica (Federico & Chidiac, 2009). Ad-
ditionally, the Ca/Si ratio in concrete mix designs should be maintained within optimal ranges, 
as low Ca/Si values can contribute to significant ASR expansion. Calcium sources, such as 
eggshell waste, which contains calcium carbonate, could serve as a supplementary calcium 
source in WG-based cement and geopolymer concrete. Although eggshell waste's applicability 
in concrete has not been extensively researched, its potential warrants investigation (Federico 
& Chidiac, 2009). 
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4.2 Low Adhesion between WG and Cement-Paste 

Low adhesion between the cement paste and waste glass (WG) particles is a significant fac-
tor in reducing the strength of WG-based concrete. This issue often arises due to the smooth 
surface of WG and the presence of micro-cracks within the particles, which lead to a weak and 
porous interfacial transition zone (ITZ) between the WG powder and the binder paste. A 
rougher surface on WG particles can aid in interlocking with cement paste, though excessive 
roughness may create a porous structure, potentially compromising the material's integrity. 
Studies have found that well-graded glass particles help achieve higher packing density, which 
is advantageous for concrete strength (Lu & Poon, 2019). 

 
5. CONCLUSIONS 

This review provides a comprehensive overview of the current state of research on the use 
of waste glass (WG) in both cement and geopolymer concretes, emphasizing its significant 
potential as a sustainable construction material. The findings indicate that WG serves as a val-
uable source of silica, enhancing pozzolanic activity and hydration product formation, thereby 
improving the microstructure and durability of concrete. The optimal particle size of WG is 
crucial for maximizing its benefits, ideally maintained between 38�±������ ���P���� �)�X�U�W�K�H�U�P�R�U�H���� �W�K�H��
incorporation of WG leads to reductions in drying shrinkage, chloride and sulfate penetration, 
and overall chemical attack resistance, which collectively contribute to the enhanced durability 
of concrete structures. However, the review highlights a critical gap in research concerning the 
durability of WG-based geopolymer concrete, particularly under various environmental condi-
tions and chemical exposures. The potential risk of alkali-silica reaction (ASR) in WG concrete 
remains a significant concern, although it appears to be less pronounced in geopolymer systems. 
Future investigations should focus on establishing comprehensive guidelines for the optimal 
inclusion levels of WG, exploring its interactions with different activators, and assessing its 
performance in harsh conditions. By addressing these research gaps, WG can be effectively 
utilized to not only mitigate waste but also to contribute significantly to sustainable construction 
practices, ultimately paving the way for more environmentally friendly concrete solutions. 
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�=�K�X�����+�������&�K�H�Q�����:�������=�K�R�X�����:�������D�Q�G���%�\�D�U�V�����(���$�������������������µ�(�[�S�D�Q�V�L�R�Q���E�H�K�D�Y�L�R�X�U���R�I���J�O�D�V�V���D�J�J�U�H�J�D�W�H�V��
in different testing for alkali-�V�L�O�L�F�D�� �U�H�D�F�W�L�Y�L�W�\�¶���� �0�D�W�H�U�L�D�O�V�� �D�Q�G�� �6�W�U�X�F�W�X�U�H�V���� �������� �S�S���� �������±
494.https://doi.org/10.1016/j.jclepro.2020.120180. 
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1. �%�(�9�(�=�(�7�e�6 

A �P�H�J�W�H�U�P�H�O�W���K�X�O�O�D�G�p�N�R�N���P�H�Q�Q�\�L�V�p�J�H a 2020-�D�V���p�Y�H�N�U�H���K�D�W�D�O�P�D�V�U�D���Q���W�W�����D�]���p�Y�H�Q�W�H���N�H�O�H�W�N�H�]����
�H�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���P�H�Q�Q�\�L�V�p�J�H���P�H�J�K�D�O�D�G�M�D���D�]���������P�L�O�O�L�y���W�R�Q�Q�i�W����Web1)�����$���Q�|�Y�H�N�H�G�p�V���R�N�D�L��
�D�]���H�J�\�U�H���W�|�E�E�I�p�O�H���H�O�H�N�W�U�R�Q�L�N�D�L���H�V�]�N�|�]���P�H�J�M�H�O�H�Q�p�V�H�����S�O�����D�N�N�X�P�X�O�i�W�R�U�R�V���Y�i�O�W�R�]�D�W�R�N�������D�]���H�V�]�N�|�]�|�N��
�Y�L�O�i�J�Y�L�V�]�R�Q�\�O�D�W�E�D�Q���H�J�\�U�H���W�|�E�E���H�P�E�H�U�K�H�]���W�|�U�W�p�Q�����H�O�M�X�W�i�V�D�����D�]���H�V�]�N�|�]�|�N���p�O�H�W�W�D�U�W�D�P�i�Q�D�N���F�V�|�N�N�H��
�Q�p�V�H�����Y�D�O�D�P�L�Q�W���D���W�H�F�K�Q�R�O�y�J�L�i�N���J�\�R�U�V���Y�i�O�W�R�]�i�V�D�����8�W�y�E�E�L�U�D���M�y���S�p�O�G�D�����P�L�N�R�U���H�J�\���M�H�O�H�Q�W���V���V�S�R�U�W�H�V�H��
�P�p�Q�\�� �H�O���W�W���V�R�N�D�Q�� �O�H�F�V�H�U�p�O�W�p�N�� �K�D�J�\�R�P�i�Q�\�R�V�� �± �P�p�J�� �W�|�N�p�O�H�W�H�V�H�Q�� �P�&�N�|�G���� �± TV-�M�•�N�H�W���D�� �P�L�Q�G�H�Q��
tekintet�E�H�Q���N�R�U�V�]�H�U�&�E�E���/�&�'�� �7�9-�U�H���� �t�J�\�� �W�p�Y�H�� �p�O�Y�H�]�H�W�H�V�H�E�E�p���D���N�|�]�Y�H�W�t�W�p�V�H�N���P�H�J�W�H�N�L�Q�W�p�V�p�W�� �-�y�O��
�P�H�J�I�L�J�\�H�O�K�H�W�����W�H�Q�G�H�Q�F�L�D���W�R�Y�i�E�E�i�����K�R�J�\���H�J�\�U�H���W�|�E�E���H�V�]�N�|�]�E�H�Q���M�H�O�H�Q�Q�H�N���P�H�J���Q�\�R�P�W�D�W�R�W�W���i�U�D�P��
�N�|�U�|�N�����/�&�'���N�L�M�H�O�]���N�����S�O�����R�N�R�V���K�&�W�������p�V���D�N�N�X�P�X�O�i�W�R�U�R�N�����S�O�����D�N�N�X�P�X�O�i�W�R�U�R�V���S�R�U�V�]�t�Y�y�����Y�H�Q�W�L�O�i�W�R�U����
�I�R�U�U�D�V�]�W�y�S�i�N�D������ 

�$���K�D�W�i�O�\�R�V���(�(�%���N�D�W�H�J�y�U�L�i�N���D���N�|�Y�H�W�N�H�]�����K�D�W���W�H�U�P�p�N�N�|�U���V�]�H�U�L�Q�W���F�V�R�S�R�U�W�R�V�t�W�K�D�W�y�N�� h���F�V�H�U�p�O����
�E�H�U�H�Q�G�H�]�p�V�H�N�����S�O�����K�&�W��- �p�V���I�D�J�\�D�V�]�W�y�J�p�S�����O�p�J�N�R�Q�G�L�F�L�R�Q�i�O�y�����K���V�]�L�Y�D�W�W�\�~�������N�p�S�H�U�Q�\���N�����P�R�Q�L�W�R�U�R�N��
�p�V�����������F�P2-�Q�p�O���Q�D�J�\�R�E�E���N�p�S�H�U�Q�\���W���W�D�U�W�D�O�P�D�]�y���E�H�U�H�Q�G�H�]�p�V�H�N�����O�i�P�S�i�N�����S�O�����I�p�Q�\�F�V�|�Y�H�N�����N�R�P�S�D�N�W 
�I�p�Q�\�F�V�|�Y�H�N�����/�(�'���O�i�P�S�i�N�����V�W�E���������Q�D�J�\�J�p�S�H�N; k�L�V�J�p�S�H�N�����H�J�\�L�N���N�•�O�V�����P�p�U�H�W�•�N���V�H�P���K�D�O�D�G�M�D���P�H�J��
az 50 cm-t); k�L�V�P�p�U�H�W�&���V�]�i�P�t�W�i�V�W�H�F�K�Q�L�N�D�L���E�H�U�H�Q�G�H�]�p�V�H�N���p�V���W�i�Y�N�|�]�O�p�V�L���E�H�U�H�Q�G�H�]�p�V�H�N�� �(�8���N�|�U�Q�\�H��
�]�H�W�Y�p�G�H�O�P�L�� �p�V�� �J�D�]�G�D�V�i�J�S�R�O�L�W�L�N�i�M�i�Q�D�N�� �H�J�\�L�N�� �O�H�J�I�R�Q�W�R�V�D�E�E�� �F�p�O�N�L�W�&�]�p�V�H�� �D�� �N�|�U�I�R�U�J�i�V�R�V�� �J�D�]�G�D�V�i�J��
�L�U�i�Q�\�i�E�D���W�|�U�W�p�Q�����H�O�P�R�]�G�X�O�i�V�����$���N�|�U�I�R�U�J�i�V�R�V���J�D�]�G�D�V�i�J�L���P�R�G�H�O�O�E�H�Q���P�L�Q�G�H�Q���Q�H�P���P�H�J�~�M�X�O�y���D�Q�\�D�J��
�]�i�U�W���N�|�U�E�H�Q���N�H�U�L�Q�J�����$���N�|�U�I�R�U�J�i�V�R�V���J�D�]�G�D�V�i�J���W�H�U�P�H�O�p�V�L���p�V���I�R�J�\�D�V�]�W�i�V�L���P�R�G�H�O�O�M�H���D�U�U�D���p�S�•�O�����K�R�J�\��
�H�J�\�V�]�H�U�L�� �I�R�J�\�D�V�]�W�i�V�� �K�H�O�\�H�W�W�� �D�� �W�H�U�P�p�N�H�N�� �p�O�H�W�W�D�U�W�D�P�i�W�� �D�� �O�H�K�H�W���� �O�H�J�M�R�E�E�D�Q�� �P�H�J�K�R�V�V�]�D�E�E�t�W�V�X�N��
(Web2). 

�$�� �I�p�P�H�N���� �i�V�Y�i�Q�\�L�� �D�Q�\�D�J�R�N�� �p�V�� �W�H�U�P�p�V�]�H�W�H�V�� �D�Q�\�D�J�R�N�� �P�L�Q�G�H�Q�Q�D�S�L�� �p�O�H�W�•�Q�N�� �U�p�V�]�p�W�� �N�p�S�H�]�L�N���� �$��
�N�L�H�P�H�O�N�H�G�����J�D�]�G�D�V�i�J�L���M�H�O�H�Q�W���V�p�J�&���p�V���D�]���H�O�O�i�W�i�V���V�]�H�P�S�R�Q�W�M�i�E�y�O���P�D�J�D�V���N�R�F�N�i�]�D�W�R�W���M�H�O�H�Q�W�����Q�\�H�U�V��
�D�Q�\�D�J�R�N�D�W���N�U�L�W�L�N�X�V���I�R�Q�W�R�V�V�i�J�~��nyersanyagoknak �Q�H�Y�H�]�]�•�N�����(���Q�\�H�U�V�D�Q�\�D�J�R�N���Q�p�O�N�•�O�|�]�K�H�W�H�W�O�H�Q�H�N��
�V�]�i�P�W�D�O�D�Q���L�S�D�U�L���|�N�R�V�]�L�V�]�W�p�P�D���P�&�N�|�G�p�V�p�K�H�]���p�V���L�Q�W�H�J�U�L�W�i�V�i�K�R�]�����S�p�O�G�i�X�O���D���P�R�E�L�O-�W�H�O�H�I�R�Q�R�N���U�H�]�J����
�K�t�Y�i�V�M�H�O�p�K�H�]���Y�R�O�I�U�i�P���N�H�O�O�����D���I�p�Q�\�N�L�E�R�F�V�i�W�y���G�L�y�G�i�V�����/�(�'�����W�H�F�K�Q�R�O�y�J�L�i�K�R�]���J�D�O�O�L�X�P�U�D���p�V���L�Q�G�L�X�P�U�D��
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�Y�D�Q���V�]�•�N�V�p�J�����D���I�p�O�Y�H�]�H�W���N�E�H�Q���V�]�L�O�t�F�L�X�P�I�p�P�H�W���K�D�V�]�Q�i�O�Q�D�N�����D���K�L�G�U�R�J�p�Q-�F�H�O�O�i�N���p�V���D�]���H�O�H�N�W�U�R�O�L�]�i�W�R��
rok platinacsoportba ta�U�W�R�]�y�� �I�p�P�H�N�H�W�� �W�D�U�W�D�O�P�D�]�Q�D�N�� ��Web3; Nagy, 2023). A 2023-as lista 34 
anyagot tartalmaz (Web3).  
 

A kritikus �V�W�U�D�W�p�J�L�D�L �H�O�H�P�H�N�� �K�D�]�D�L�� �Q�\�H�U�V�D�Q�\�D�J�I�R�U�U�i�V�R�N�E�y�O�� �W�|�U�W�p�Q���� �H�O���i�O�O�t�W�i�V�i�U�D�� �D�O�D�S�Y�H�W���H�Q��
�K�i�U�R�P���~�W���N�t�Q�i�O�N�R�]�L�N�� 

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

2) �P�i�V�U�p�V�]�W���D�]���p�U�F�H�V���i�V�Y�i�Q�\�R�N���E�i�Q�\�i�V�]�D�W�L���P�H�G�G���L�Q�H�N���N�L�W�H�U�P�H�O�p�V�H�����H�O���N�p�V�]�t�W�p�V�H���p�V���N�R�K�i��
�V�]�D�W�L���I�H�O�G�R�O�J�R�]�i�V�D�����Y�D�O�D�P�L�Q�W���D���V�]�H�Q�H�N���N�L�W�H�U�P�H�O�p�V�H���p�V���H�Q�H�U�J�H�W�L�N�D�L���K�D�V�]�Q�R�V�t�W�i�V�D���P�D�U�D��
�G�p�N�D�Q�\�D�J�D�L���p�V���P�H�O�O�p�N�W�H�U�P�p�N�H�L�E���O���W�|�U�W�p�Q�����N�L�Q�\�H�U�p�V�H�� 

3) �K�D�U�P�D�G�U�p�V�]�W�� �D�� �O�D�N�R�V�V�i�J�L�� �p�V�� �L�S�D�U�L�� �F�p�O�U�D�� �J�\�i�U�W�R�W�W�� �p�V�� �H�O�K�D�V�]�Q�i�O�W�� �H�O�H�N�W�U�R�Q�L�N�D�L�� �H�V�]�N�|�]�|�N��
�D�O�N�D�W�U�p�V�]�H�L�E�H�Q�����V�]�H�U�N�H�]�H�W�L���D�Q�\�D�J�D�L�E�D�Q���U�H�M�O�����N�U�L�W�L�N�X�V���H�O�H�P�H�N���N�L�Q�\�H�U�p�V�H���± �Y�i�U�R�V�L���E�i�Q�\�i��
szat ���&�V���N�H��������������. 

 
Jelen �W�D�Q�X�O�P�i�Q�\ �D�]���~�M�R�Q�Q�D�Q���Q�D�J�\���V�]�i�P�E�D�Q���P�H�J�M�H�O�H�Q�����D�N�N�X�P�X�O�i�W�R�U�R�N�����/�(�'-ek �W�p�P�D�N�|�U�p�Y�H�O��

foglalkozik�����(�]�H�Q���K�X�O�O�D�G�p�N�i�U�D�P�R�N���H�O���N�p�V�]�t�W�p�V�p�Q�H�N���D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P���1�\�H�U�V�D�Q�\�D�J�H�O���N�p�V�]�t�W�p�V 
�p�V���.�|�U�Q�\�H�]�H�W�W�H�F�K�Q�R�O�y�J�L�D �,�Q�W�p�]�H�W�p�E�H�Q���M�H�O�H�Q�W���V���K�D�J�\�R�P�i�Q�\�D���Y�D�Q�����V�]�i�P�R�V���L�S�D�U�L���P�H�J�E�t�]�i�V�����S�U�R�M�H�N�W��
�p�V���G�L�S�O�R�P�D�P�X�Q�N�D���I�y�N�X�V�]�i�O�W���p�V���I�y�N�X�V�]�i�O�� �H���W�p�P�D�N�|�U�U�H�� ���&�V���N�H���� ������������ �%�R�N�i�Q�\�L���� ������������ �%�R�N�i�Q�\�L����
�������������0�i�G�D�L�Q�p�������������D�����&�V���N�H�����������������2�U�R�V�]�����������������1�D�J�\�����������������3�y�O�\�D�����������������0�i�G�D�L�Q�p�������������E����
�1�D�J�\���������������-�R�U�J�H�Q�V�R�Q�������������������U�V�L��������������. 
 
2. MECHANIKAI  �(�/���.�e�6�=�Ë�7�e�6 �-�(�/�(�1�7���6�e�*�(  

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

�$�]���D�S�U�t�W�i�V���L�O�O�����V�]�p�W�Y�i�O�D�V�]�W�i�V���i�O�W�D�O�i�Q�R�V���V�p�P�i�M�i�W���Dz 1. �i�E�U�D���P�X�W�D�W�M�D�����P�H�O�\�Q�H�N���V�R�U�i�Q���D�]���D�S�U�t�W�i�V�W��
�N�|�Y�H�W���H�Q���D���V�]�H�U�N�H�]�H�W�L���D�Q�\�D�J�R�N�����H�V�H�W�O�H�J���D�O�N�D�W�U�p�V�]�H�N�����I�H�O�W�i�U�W���i�O�O�D�S�R�W�E�D���N�H�U�•�O�Q�H�N�����D�O�N�D�O�P�D�V�V�i���Y�i�O��
�Q�D�N���D���N�•�O�|�Q�E�|�]�����I�L�]�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�R�N���H�O�W�p�U�p�V�p�Q���D�O�D�S�X�O�y���V�]�p�W�Y�i�O�D�V�]�W�i�V�U�D�� 

 

 
1. �ibra 

Az a�S�U�t�W�i�V���p�V���V�]�p�W�Y�i�O�D�V�]�W�i�V���N�D�S�F�V�R�O�D�W�D 

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

������



�(�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�H 

 

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

 

 
2. �ibra 

�(�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���H�O���N�p�V�]�t�W�p�V�p�Q�H�N���i�O�W�D�O�i�Q�R�V���W�|�U�]�V�I�i�M�D 

 
3. LI-ION  �$�.�.�8�0�8�/�È�7�2�5�2�.  

A Li- �L�R�Q���D�N�N�X�P�X�O�i�W�R�U�R�N�����������i�E�U�D�����W�H�U�M�H�G�p�V�H���W�|�U�H�W�O�H�Q�����D�]�R�Q�E�D�Q���D���K�X�O�O�D�G�p�N�N�i���Y�i�O�W���D�N�N�X�P�X�O�i�W�R��
�U�R�N���I�H�O�G�R�O�J�R�]�i�V�i�U�D���D�]�R�Q�E�D�Q���V�]�i�P�R�W�W�H�Y�����N�D�S�D�F�L�W�i�V���P�p�J���Q�H�P���i�O�O���U�H�Q�G�H�O�N�H�]�p�V�U�H az EU-ban. Jelen-
�O�H�J���Q�D�J�\�R�E�E���W�|�P�H�J�E�H�Q���D���N�•�O�|�Q�E�|�]�����J�\�i�U�W�i�V�L���V�H�O�H�M�W�H�N���M�H�O�H�Q�Q�H�N���P�H�J�����P�L�Q�W���I�H�O�G�R�O�J�R�]�D�Q�G�y���D�Q�\�D�J�� 

 
3. �ibra 

�)���E�E���/�L-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U���D�O�N�D�O�P�D�]�i�V�L���W�H�U�•�O�H�W�H�N�����H�O�H�N�W�U�R�P�R�V���D�X�W�y�����N�p�]�L�V�]�H�U�V�]�i�P�����P�R�E�L�W�H�O�H�I�R�Q�� 

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

������



Nagy S. 

 

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

A Li- �L�R�Q���D�N�N�X�P�X�O�i�W�R�U�R�N���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H���M�H�O�H�Q�W���V�H�Q���H�O�W�p�U �D���N�•�O�|�Q�E�|�]�����W�t�S�X�V�R�N���W�H�N�L�Q�W�H�W�p��
�E�H�Q���� �D�� �I���E�E�� �I�D�M�W�ii���� �/�t�W�L�X�P-kobalt-dioxid (LiCoO2������ �/�t�W�L�X�P-�P�D�Q�J�i�Q-oxid (LiMn2O4������ �/�t�W�L�X�P-
nikkel-�P�D�Q�J�i�Q-kobalt-oxid (LiNiMnCoO2 �Y�D�J�\���1�0�&�������/�t�W�L�X�P-nikkel-kobalt-�D�O�X�P�t�Q�L�X�P-oxid 
(LiNiCoAlO2 �Y�D�J�\���1�&�$�������/�t�W�L�X�P-�W�L�W�i�Q�����/�L4Ti5O12�������/�t�W�L�X�P-vas-�I�R�V�]�I�i�W�����/�L�)�H�3�24�������)�H�O�p�S�t�W�p�V�•�N��
�W�|�E�E�I�p�O�H���O�H�K�H�W�����D���I���E�E���D�O�N�D�W�U�p�V�]�H�L�N���D���N�|�Y�H�W�N�H�]���N�����������i�E�U�D���� 
 

- �N�D�W�y�G�����D�O�X�P�t�Q�L�X�P���J�\�&�M�W���I�y�O�L�D���p�V���O�t�W�L�X�P-�I�p�P�R�[�L�G���I�����D�O�N�R�W�y�M�~���E�H�Y�R�Q�D�W���� 
- �V�]�H�S�D�U�i�W�R�U���I�L�O�P�����3�(���3�3���I�y�O�L�D�� 
- �D�Q�y�G�����U�p�]���J�\�&�M�W���I�y�O�L�D�����J�U�D�I�L�W���I�����D�O�N�R�W�y�M�~���E�H�Y�R�Q�D�W���� 
- �H�O�H�N�W�U�R�O�L�W�����V�]�H�U�Y�H�V���R�O�G�y�V�]�H�U�����V�y�N�����D�G�D�O�p�N�R�N���� 
- �E�X�U�N�R�O�D�W�����K�i�]�����D�O�X�P�t�Q�L�X�P�����I�y�O�L�i�N�����F�V�D�W�O�D�N�R�]�y�N�����N�H�U�H�W�����H�O�H�N�W�U�R�Q�L�N�D�����K�&�W���U�H�Q�G�V�]�H�U�����V�W�E���� 

 

 
4. �ibra 

Li-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U���I�H�O�p�S�t�W�p�V�H�����S�p�O�G�D����(Tarascon, 2001) 

 
5. �ibra 

�6�]�p�W�E�R�Q�W�R�W�W���P�R�E�L�O���W�H�O�H�I�R�Q���D�N�N�X�P�X�O�i�W�R�U�����D�Q�y�G���p�V���N�D�W�y�G���W�H�N�H�U�F�V�H�N�����E�������K�i�]���p�V���E�O�D�F�N���P�D�V�V���E�H�Y�R��
nat (j) (Orosz, 2019) 

�$���P�R�E�L�O�W�H�O�H�I�R�Q�R�N�E�y�O���V�]�i�U�P�D�]�y���D�N�N�X�P�X�O�i�W�R�U�R�N�����������G�E-os minta, 5�����i�E�U�D�����H�V�H�W�p�Q���D���N�|�Y�H�W�N�H�]����
�I�R�O�\�D�P�D�W���V�]�H�U�L�Q�W���M�i�U�W�X�Q�N���H�O�����V�y�R�O�G�D�W�E�D�Q���W�|�U�W�p�Q�����N�L�V�•�W�p�V���������y�U�i�Q���i�W�����D�S�U�t�W�i�V���N�D�O�D�S�i�F�V�R�V���W�|�U���Y�H�O����������
mm-�H�V���V�]�L�W�D�E�H�W�p�W�W�H�O�������G�X�U�Y�D���I�U�D�N�F�L�y�����!���������P�P�����V�]�H�S�D�U�i�O�i�V�D���O�p�J�i�U�D�P�N�p�V�]�•�O�p�N�N�H�O���p�V���H�O�H�N�W�U�R�G�L�Q�D��
�P�L�N�X�V���V�]�H�S�D�U�i�W�R�U�U�D�O�����p�U�W�p�N�H�V���I�p�P�H�N�H�W���W�D�U�W�D�O�P�D�]�y���I�L�Q�R�P���I�U�D�N�F�L�y���������������P�P�����W�R�Y�i�E�E�L��- nem mecha-
nikai - �I�H�O�G�R�O�J�R�]�i�V�D�����6�(�0���Y�L�]�V�J�i�O�D�W�R�W���Y�p�J�H�]�W�•�Q�N���D�������������P�P-�H�V���I�U�D�N�F�L�y�Q�����E�O�D�F�N���P�D�V�V���D�Q�\�D�J�D), 
�P�L�N�U�R�V�]�R�Q�G�i�V���P�p�U�p�V���D�O�D�S�M�i�Q�����������i�E�U�D�����D���N�D�W�y�G���Y�L�O�i�J�R�V�D�E�E���V�]�H�P�F�V�p�N���M�H�O�H�Q�W���V���N�R�E�D�O�W���W�D�U�W�D�O�R�P�P�D�O��
�E�t�U�W�D�N�����������������������D�]���D�Q�y�G���V�|�W�p�W�H�E�E���V�]�H�P�F�V�p�N��������������-ban szenet tartalmaztak (Orosz, 2019). 
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�(�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�H 

 

 
6. �ibra 

0,5 mm �i�W�P�p�U�����D�O�D�W�W�L���V�]�H�P�F�V�p�N���6�(�0���Y�L�]�V�J�i�O�D�W�D��(Orosz, 2019) 

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

 

   
7. �ibra 

�+�L�E�U�L�G���V�]�H�P�p�O�\�D�X�W�y���N�L�V���W�H�O�M�H�V�t�W�P�p�Q�\�&���/�L-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U�D�����E�������H�O�H�N�W�U�R�P�R�V���M�i�U�P�~���/�L-ion akku-
�P�X�O�i�W�R�U���F�H�O�O�i�M�D�����I�p�Q�\�N�p�S�����3�D�W�D�N�L���*�i�E�R�U�������N), mild-hibrid modul Li-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U���F�H�O�O�i�M�D��

���I�p�Q�\�N�p�S�����)�L�F�V�y�U���7�H�J�H����(j) 

A Li- �L�R�Q���D�N�N�X�P�X�O�i�W�R�U�R�N���H�V�H�W�p�Q���L�V���N�L�H�P�H�O�W���V�]�H�U�H�S�S�H�O���E�t�U���D���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V���� �O�H�J�W�|�E�E��
�W�H�F�K�Q�R�O�y�J�L�i�Q�D�N���H�]���D�]���H�O�V�����U�p�V�]�H�����H�]�W���N�|�Y�H�W�L���D���M�H�O�O�H�P�]���H�Q���K�L�G�U�R�P�H�W�D�O�O�X�U�J�L�D�L���I�H�O�G�R�O�J�R�]�i�V�����6�S�H�F�L�i�O�L�V��
�L�J�p�Q�\���D�]���D�N�N�X�P�X�O�i�W�R�U�R�N���N�L�V�•�W�p�V�H���D�]���D�S�U�t�W�i�V���H�O���W�W�����$�]���D�S�U�t�W�i�V���Q�H�G�Y�H�V���p�V���V�]�i�U�D�]���P�y�G�R�Q���L�V���W�|�U�W�p�Q�K�H�W��
���S�O�����Y�p�G���J�i�]���N�|�]�H�J�E�H�Q�����D���N�L�J�\�X�O�O�D�G�i�V���H�O�N�H�U�•�O�p�V�H���p�U�G�H�N�p�E�H�Q�����W�R�Y�i�E�E�i���D���Y�H�V�]�p�O�\�H�V���D�Q�\�D�J�R�N�D�W���W�D�U��
�W�D�O�P�D�]�y���H�O�H�N�W�U�R�O�L�W���H�O�W�i�Y�R�O�t�W�i�V�i�W���L�V���P�H�J���N�H�O�O���R�O�G�D�Q�L�����$�]���D�S�U�t�W�i�V���I�����V�]�H�U�H�S�H���D���O�H�J�p�U�W�p�N�H�V�H�E�E���D�Q�\�D��
�J�R�N�D�W���W�D�U�W�D�O�P�D�]�y���E�O�D�F�N���P�D�V�V���I�H�O�W�i�U�i�V�D�����H�J�\�I�D�M�W�D���V�]�H�O�H�N�W�t�Y���V�]�H�P�F�V�H�P�p�U�H�W���F�V�|�N�N�H�Q�W�p�V�������D�Q�Q�D�N���p�U��
�G�H�N�p�E�H�Q�����K�R�J�\���D�]���V�]�H�P�F�V�H�P�p�U�H�W���V�]�H�U�L�Q�W���O�H�Y�i�O�D�V�]�W�i�V�U�D���W�X�G�M�R�Q���N�H�U�•�O�Q�L�� Fontos szempont a kapott 
�E�O�D�F�N���P�D�V�V���W�L�V�]�W�D�V�i�J�D�����I�p�P�I�y�O�L�i�N�W�y�O���Y�D�O�y���P�H�Q�W�H�V�V�p�J�H�� 
  

�í�X 

�î�X 

������



Nagy S. 

 

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

 
8. �ibra 

�*�p�S�N�R�F�V�L�E�y�O���V�]�i�U�P�D�]�y���/�L-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U���W�|�U�H�W�H�����H�O�V�����O�p�S�F�V���V���D�S�U�t�W�i�V�� 
 
4. LED  �)�e�1�<�)�2�5�5�È�6�2�. 

�/�H�J�W�|�E�E���H�V�H�W�E�H�Q���P�i�U��LED-ekkel �W�D�O�i�O�N�R�]�X�Q�N�����P�L�Q�W���I�p�Q�\�I�R�U�U�i�V�����$�]���R�W�W�K�R�Q�R�N�E�D�Q�����P�X�Q�N�D�K�H��
�O�\�H�N�H�Q���� �N�|�]�Y�L�O�i�J�t�W�i�V�� �H�V�H�W�p�Q���� �J�p�S�N�R�F�V�L�N�� �H�O�V���� �p�V�� �K�i�W�V�y�� �I�p�Q�\�V�]�y�U�y�L�N�E�D�Q�� ���V�R�N�� �D�X�W�y�W�t�S�X�V�� �P�i�U�� �F�V�D�N��
�/�(�'�� �Y�L�O�i�J�t�W�i�V�V�D�O���p�U�K�H�W���� �H�O������ �N�L�M�H�O�]���N���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�D�N�p�Q�W�����/�&�'�� �/�(�'�� �7�9-�N���p�V���P�R�Q�L�W�R�U�R�N������ �p�V��
�K�R�U�G�R�]�K�D�W�y���I�p�Q�\�I�R�U�U�isokban gyakran Li-�L�R�Q���D�N�N�X�P�X�O�i�W�R�U�R�N�U�y�O���W�i�S�O�i�O�Y�D�����(���N�L�V���P�p�U�H�W�&���Y�L�O�i�J�t�W�y��
�W�H�V�W�H�N���V�]�i�P�R�V���p�U�W�p�N�H�V���H�O�H�P�H�W���W�D�U�W�D�O�P�D�]�Q�D�N�����S�O�����N�U�L�W�L�N�X�V���H�O�H�P�H�N�����D�U�D�Q�\�������Y�L�V�]�R�Q�W���D���/�(�'-ek kis 
�P�p�U�H�W�H�����L�O�O�����D���N�L�V���N�R�Q�F�H�Q�W�U�i�F�L�y�N���P�L�D�W�W�����Y�D�O�D�P�L�Q�W���D���V�]�i�P�W�D�O�D�Q���W�H�U�•�O�H�W�H�Q���P�H�J�O�p�Y�����M�H�O�H�Q�O�p�W�•�N���P�L�D�W�W��
���Y�D�O�y�V�i�J�J�D�O���G�L�V�]�S�H�U�J�i�O�W���I�R�U�P�i�E�D�Q���Y�D�Q�Q�D�N���M�H�O�H�Q���D���Y�L�O�i�J�E�D�Q�����E�H�J�\�&�M�W�p�V�•�N���p�V���K�D�V�]�Q�R�V�t�W�i�V�X�N���M�H�O�H�Q��
�W���V�����P�H�J���Q�H�P���R�O�G�R�W�W���N�L�K�t�Y�i�V�����$�]���L�Q�W�p�]�H�W�•�Q�N�E�H�Q���Y�L�]�V�J�i�O�D�W�R�N�E�D���Y�R�Q�W�X�N���D�]���/�&�'���N�L�M�H�O�]���N���K�p�W�W�p�U�Y�L��
�O�i�J�t�W�i�V�D�L�W���p�V���V�]�H�P�p�O�\�J�p�S�N�R�F�V�L�N���H�O�V�����L�O�O�� �K�i�W�V�y���O�i�P�S�i�L�E�y�O���V�]�i�U�P�D�]�y���/�(�'-�M�H�L�W�����(�O���E�E�L�H�N�E���O������-80 
�G�E���W�D�O�i�O�K�D�W�y���D���N�p�V�]�•�O�p�N�H�N�E�H�Q�����H�J�\���/�(�'���W�|�P�H�J�H���N�E���������������J�����$���/�(�'���F�K�L�S�����W�p�J�O�D�O�D�S���D�O�D�N�~�����]�D�I�t�U��
�W�|�P�E���D�O�D�S�~���D�O�N�D�W�U�p�V�]���J�\�D�Q�W�i�Y�D�O���E�H�i�J�\�D�]�Y�D�����D���� ���E�����i�E�U�D���N�|�]�H�S�p�Q�����W�D�U�W�D�O�P�D�]�]�D���D���N�U�L�W�L�N�X�V���H�O�H�P�H�N��
�Q�D�J�\�U�p�V�]�p�W�����J�D�O�O�L�X�P���p�V���L�Q�G�L�X�P�����I�p�O�Y�H�]�H�W�����I�R�U�P�i�E�D�Q�����D���]�D�I�t�U���W�|�P�E���I�H�O�•�O�H�W�p�Q���Y�p�N�R�Q�\���U�p�W�H�J�E�H�Q�����$��
�J�\�D�Q�W�i�E�D�Q���L�V���V�]�i�P�R�V���H�J�\�p�E���N�U�L�W�L�N�X�V���H�O�H�P�H�W���P�p�U�W�•�Q�N���P�L�Q�L�P�i�O�L�V���N�R�Q�F�H�Q�W�U�i�F�L�y�E�D�Q�����$���F�K�L�S�U�H���D���I�H��
�V�]�•�O�W�V�p�J���V�]�t�Q�D�U�D�Q�\���V�]�i�O�D�N�R�Q���M�X�W���H�O�����1�D�J�\�����������������3�y�O�\�D�����������������0�i�G�D�L�Q�p�����������E��. 
 

  
9. �ibra 

�/�&�'���K�p�W�W�p�U�Y�L�O�i�J�t�W�i�V���/�(�'���P�L�N�U�R�V�]�N�y�S���D�O�D�W�W�����E�������p�V���D�S�U�t�W�i�V�W���N�|�Y�H�W���H�Q���D���I�H�O�W�i�U�W���D�O�N�D�W�U�p�V�]�H�N�����E����
���1�D�J�\�����������������3�y�O�\�D�������������� 

������



�(�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N�R�N���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�H 

 

�$���P�H�F�K�D�Q�L�N�D�L���H�O�M�i�U�i�V�R�N���D���N�|�Y�H�W�N�H�]�����O�p�S�p�V�H�N�E���O���i�O�O�W�D�N�����S�D�Q�H�O�U���O���W�|�U�W�p�Q�����/�(�'���H�O�W�i�Y�R�O�t�W�i�V�����D�S��
�U�t�W�i�V�����Y�H�]�H�W���N�p�S�H�V�V�p�J���V�]�H�U�L�Q�W�L���V�]�H�S�D�U�i�O�i�V���D���U�p�]���N�L�Q�\�H�U�p�V�H���p�U�G�H�N�p�E�H�Q�����V�&�U�&�V�p�J���V�]�H�U�L�Q�W�L���V�]�H�S�D�U�i�O�i�V��
���/�(�'���F�K�L�S���L�O�O�����P�&�D�Q�\�D�J���V�]�p�W�Y�i�O�D�V�]�W�i�V�D�������(�]�H�N���H�U�H�G�P�p�Q�\�H���Dz 1�����W�i�E�O�i�]�D�W�E�D�Q���O�i�W�K�D�W�y�����P�L�Q�G�H�Q���H�O�H�P��
�H�V�H�W�p�Q�����D�P�L���D���F�K�L�S�E�H�Q���W�D�O�i�O�K�D�W�y���O�H�J�D�O�i�E�E���N�p�W���Q�D�J�\�V�i�J�U�H�Q�G�&���G�~�V�t�W�i�V�W���p�U�W�•�Q�N���H�O�����p�V���D���U�p�]�W�D�U�W�D�O�P�D�W��
�J�\�D�N�R�U�O�D�W�L�O�D�J���O�H�Y�i�O�D�V�]�W�R�W�W�X�N�� 

1. t�i�E�O�i�]�D�W 
LED-�H�N���P�H�F�K�D�Q�L�N�D�L���H�O���N�p�V�]�t�W�p�V�p�Q�H�N�����F�K�L�S���N�L�Q�\�H�U�p�V�H�����H�U�H�G�P�p�Q�\�H�����1�D�J�\�����������������3�y�O�\�D�������������� 

�/�(�'���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V�� 
���S�D�Q�H�O�U���O���H�O�W�i�Y�R�O�t�W�R�W�W���/�(�'���H�N�� 

�/�(�'���K�i�W�W�p�U�Y�L�O�i�J�t�W�i�V���F�K�L�S 
���D�S�U�t�W�i�V�W���N�|�Y�H�W���H�Q���D���Q�H�P���Y�H�]�H�W�������Q�H�K�p�]���W�H�U��

�P�p�N�� 
�(�O�H�P �F�L���>�P�J���N�J�@ �(�O�H�P �F�L���>�P�J���N�J�@ �(�O�H�P �F�L���>�P�J���N�J�@ �(�O�H�P �F�L���>�P�J���N�J�@ 

�$�X ������ �&�X ������������ �$�X ���������� �&�X ���� 
�*�D ������ �,�Q ������ �*�D ���������� �,�Q ������ 

Mechano-�N�p�P�L�D�L�� �p�V�� �W�H�U�P�L�N�X�V�� �N�H�]�H�O�p�V�H�N�N�H�O�� �D�]�� �p�U�W�p�N�H�V�� �H�O�H�P�H�N�� �W�R�Y�i�E�E�L�� �G�~�V�t�W�i�V�i�W�� �W�X�G�W�X�N�� �H�O�p�U�Q�L��
(Nagy, 2017). 
 
5. �.�g�9�(�7�.�(�=�7�(�7�e�6�(�. 

�(���Q�\�H�U�V�D�Q�\�D�J�R�N�E�y�O���D�]���p�U�W�p�N�H�V���D�O�N�R�W�y���N�L�Q�\�H�U�p�V�H���K�i�U�R�P���I�i�]�L�V�E�y�O���i�O�O�����������D�]���H�O�K�D�V�]�Q�i�O�W���N�p�V�]�•�O�p��
�N�H�N���V�]�H�O�H�N�W�t�Y���E�H�J�\�&�M�W�p�V�H�����D�P�L���D���Q�\�H�U�V�D�Q�\�D�J�I�R�U�U�i�V�W���E�L�]�W�R�V�t�W�M�D�����������D���Q�\�H�U�V���H�O�H�N�W�U�R�Q�L�N�D�L���K�X�O�O�D�G�p�N��
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�D�F�T�X�L�U�H�� �D�� �O�D�U�J�H�� �G�D�W�D�V�H�W�� �R�I�� �U�H�V�L�V�W�L�Y�L�W�\�� �Y�D�O�X�H�V���� �2�E�V�H�U�Y�H�G�� �G�D�W�D�� �Z�H�U�H�� �P�R�Q�L�W�R�U�H�G�� �W�R�� �H�Q�V�X�U�H�� �K�L�J�K��
�T�X�D�O�L�W�\���D�Q�G���W�R���S�U�H�Y�H�Q�W���D�Q�R�P�D�O�R�X�V���U�H�D�G�L�Q�J�V���Z�K�L�F�K���F�D�Q���L�Q�G�L�F�D�W�H���S�R�R�U���H�O�H�F�W�U�R�G�H���F�R�Q�W�D�F�W�����Z�D�W�H�U���Z�D�V��
�S�R�X�U�H�G���R�Q�W�R���W�K�H�V�H���H�O�H�F�W�U�R�G�H�V���R�U���P�R�U�H���K�D�P�P�H�U�L�Q�J���R�I���H�O�H�F�W�U�R�G�H���I�R�U���E�H�W�W�H�U���F�R�Q�Q�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H��
�H�O�H�F�W�U�R�G�H���D�Q�G���W�K�H���V�R�L�O�����H�V�S�H�F�L�D�O�O�\���Z�K�H�Q���W�K�H���W�H�U�U�D�L�Q���L�V���U�R�F�N�\���D�Q�G���G�U�\�����D�Q�G���Z�H���J�H�W���E�D�G���F�R�Q�Q�H�F�W�L�R�Q�V����
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�7�K�H�� �G�L�S�R�O�H���G�L�S�R�O�H�� ���'�S���'�S���� �D�Q�G�� �W�K�H�� �:�H�U�Q�H�U�� �D�U�U�D�\�� �F�U�R�V�V���V�H�F�W�L�R�Q�V�� �L�V�� �R�E�W�D�L�Q�H�G�� �I�U�R�P�� ������
�H�O�H�F�W�U�R�G�H�V���R�I�����P���V�S�D�F�L�Q�J���Z�L�W�K���D���W�R�W�D�O���Q�X�P�E�H�U���R�I�������������G�D�W�X�P���S�R�L�Q�W�V���D�Q�G���G�H�S�W�K���R�I���G�H�W�H�F�W�D�E�L�O�L�W�\��
�D�E�R�X�W�� �����P�����7�K�H�� �5�0�6�� �H�U�U�R�U���G�H�F�U�H�D�V�H�V�� �D�F�U�R�V�V�� �W�K�H�� �L�W�H�U�D�W�L�R�Q�� �I�U�R�P�� �W�K�H�� �L�Q�Y�H�U�V�L�R�Q�� �P�R�G�H�O�O�L�Q�J�����7�K�H��
�V�W�X�G�\�
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Abstract: This paper discusses the pressure dependences of elasticity parameters. Assuming 
the Hook model, from the pressure-dependent P- and S-type acoustic velocities the pressure 
dependences of the elastic moduli can also be produced. Similarly, by knowing the quality fac-
tor and assuming a constant Q model (that is using complex L�D�P�p���F�R�Q�V�W�D�Q�W�V�������W�K�H���S�U�H�V�V�X�U�H���G�H��
pendences of the dissipative rock physical parameters (�H and '�H) can also be determined. 

 
Keywords: P and S wave velocities, elastic properties, quality factor, constant Q model  

 
 

1. INTRODUCTION  

It is known that the variation of the ratio of P and S wave velocities (�.���D�Q�G����) is significant 
in the determination of the site for quarrying activities, engineering foundations and oil industry 
applications because velocity varies with the densities and elastic moduli (George et al., 2010). 
The elastic properties and the depth of different layers as well as the thickness of the layers can 
be determined from the knowledge of compressional and shear wave velocities (Sheriff, 1991). 
It is also well-known that these wave velocities increase with confining pressure. Sandstone 
velocities show an increase with depth of burial and with age, due to the combined effects of 
progressive compaction and cementation (Griffiths and King, 1981; Owoyemi et al., 2002). The 
literature provides a variety of different qualitative models that conclude that the increasing 
pressure acting on the rock results in the closure of microcracks (Walsh and Brace, 1964) and 
the closure of pore volume (Birch, 1960). The presence of gas in sedimentary rocks reduces the 
�.���� ratio, the elastic moduli, and P�R�L�V�V�R�Q�¶�V���U�D�W�L�R�����'�R�U�E�U�L�Q������������). If the �.���� ratio greater than 2 
is diagnostic of unconsolidated sand, a value less than 2 may indicate either consolidated sand-
stone or gas-filled unconsolidated sand (George et al., 2010). The value for Poisso�Q�¶�V�� �U�D�W�L�R��
speaks volumes for the elastic properties of rocks and defines the ratio of the fractional change 
in width to the fractional change in length of the rock sample. The quality factor of the rocks is 
related to the attenuation of the waves in inverse proportion. It is assumed that Q is linked to 
the physical state of the rock. This dimensionless parameter is a ratio of stored energy to dis-
persed energy (a large Q indicates a low energy loss, and vice versa). The determination of Q 
values is important for considering the attenuation effect in seismic wave modeling. The infor-
mation obtained from the velocity data is very useful in the practice during the measurement 
on the field and in the laboratory. However, measuring the quality factor is not as simple as 
measuring velocities. Yet knowledge of the quality factor provides further insights into the 
elastic behavior of rocks. There are several models to describe attenuation in international lit-
erature, the Biot model (Biot, 1956; Birch, 1960), the viscoelastic model (Bland, 1960), and the 
elastic dispersion model. The authors propose petrophysical models for the explanation of the 
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exponential relationship between the P and S wave velocities/quality factors/elasticity parame-
ters and rock pressure. 
 

 
2. THEORETICAL BACKGROUND 

Moduli of elasticity such as compression, shear and Young's modulus are quantities that can 
be used to characterize the stress vs. strain relationship. Rocks are often considered to be per-
fectly elastic bodies. This means that they undergo deformation under load, but regain their 
original shape when the load is removed. The stress-strain relation for the linearly elastic Hooke 
�E�R�G�\���L�V���G�H�V�F�U�L�E�H�G���E�\���W�K�H���/�D�P�p���S�D�U�D�P�H�W�H�U�V�����Z�K�L�F�K���F�D�Q���E�H���F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���D�F�R�X�V�W�L�F���S�U�R�S�D�J�D��
tion velocities. For their calculation, the velocities measured in the unloaded state are most often 
used, but the change in velocity due to the pressure on the rocks must also be reflected in the 
value of the elasticity parameters. Since it is the elastic parameters associated with the in situ 
stresses in the subsurface that characterize the rock at a given location and time, it is useful to 
use the pressure-dependent velocities to give the pressure-dependent values of the moduli. It 
follows that the more accurate the velocity model used, the better the estimate of the derived 
moduli. The linearly elastic isotropic body is characterized by only two elastic parameters 
which can be introduced in several ways. With thermodynamic considerations, the two param-
eters are the so-called first (�P) and second Lame coefficient (�O) with which the material equation 
of the linearly elastic isotropic Hooke body can be written as 

 
�Vik �  2�P �Hik �� �O�4 �Gik                                                             (1) 

 
where �Vik is an element of the stress tensor, �Hik is that of the deformation tensor, �4 is the trace 
of �Hik and �Gik is the Kronecker delta symbol. �,�Q�V�W�H�D�G���R�I���/�D�P�p���F�R�H�I�I�L�F�L�H�Q�W�V, one can use Young�¶�V 
modulus E  and the Poisson number m �H�[�S�U�H�V�V�H�G���Z�L�W�K���W�K�H���/�D�P�p��parameters as  
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Another choice can be the use of the compression- and shear moduli K and G expressed with 
�W�K�H���/�D�P�p���S�D�U�D�P�H�W�H�U�V���D�V 
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For the analysis of the wave solution, the equation of motion can be written in the following 

form 
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where s

�*
 denotes the displacement vector. For a transverse wave, equation (5) leads to 
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with the monochromatic plane wave solution written in the form of 
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assumed that the dispersion relation is fulfilled in the form 
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where �E is the phase velocity. Similarly for longitudinal waves, equation (5) gives the wave 
equation as 
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The monochromatic plane wave solution has the form of 
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where 
�D
�Z

� lk  with the longitudinal phase velocity  
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As is shown above, the wave solutions in the framework of the Hooke model cannot contain 
absorption. The seismic experiences show that for most rocks the phase velocity is constant 
regardless of the frequency, but there is an absorption coefficient increasing in direct proportion 
with the frequency 

 

Qv
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ph2
�Z

�      (12) 

 
where phv  is the phase velocity (�D or �E) and Q is the frequency-independent (constant) quality 

factor of rocks. This rock model is called the constant Q model. In the case of the Hooke body, 
the �/�D�P�p���F�R�Q�V�W�D�Q�W�V are real and there is no absorption. The constant Q model can be character-
�L�]�H�G���E�\���W�K�H���F�R�P�S�O�H�[���/�D�P�p���F�R�Q�V�W�D�Q�W�V 
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and the material equation is assumed in a similar �I�R�U�P���W�R���W�K�H���+�R�R�N�H���E�R�G�\�¶�V���I�R�U�P�X�O�D�����H and '�H
are frequency frequency-independent) ikikik �G�O�H�P�V �4��� **2 . The dissipative rock-physical 
parameters can be defined by the following formulas 
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where �Gis the loss angle (the angle between the stress and the deformation). If k is a real value, 
then there is no absorption in the body, if it is a complex value, then there is attenuation, and 
weak attenuation at that, so the following dispersion equation can be obtained for transverse 
waves 
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Assuming weak attenuation (i.e. Im(k)<<Re(k)), one can approximate tk  with the first two 
terms of its Taylor series 
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A decaying wave has a complex transverse wave number 
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where bt is the real part of the wavenumber, at is the absorption factor 
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The quality factor of the transverse waves is independent of the frequency 
�H
1

� tQ , similar to 

the phase velocity �E
�Z

� � 
b

vph . 

 
In the framework of the constant Q model, the equation of motion for longitudinal waves has 
the form 
 

�� �� l
l s

t

s �*
�*

�'��� 
�w

�w **
2

2

2�P�O�U      (19) 

 
Searching for its monochromatic plane wave solution in the form of 
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the complex dispersion relation can be found as 
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or assuming weak attenuation 
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A decaying wave has a complex longitudinal wave number 
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where bl is the real part of the wavenumber, al is the absorption factor 
 

lph
l Qv

a
22

2'
2
1 �Z

�P�O
�P�H�O�H

�D
�Z

� 
��
��

�     (24) 

 
Thus, the quality factor for longitudinal waves can be obtained in the form 
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If we measure the phase velocities and the quality factor as a function of pressure ()(�V�D , 

)(�V�E , )(�V�DQ , )(�V�EQ ) the elastic and the dissipative parameters can also be calculated 
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In the knowledge of )(�V�P  and )(�V�O  the pressure dependence of )(�VE  and )(�Vm can be 

derived using equations (2) and (3), while )(�VK  and )(�VG  are given using equation (4). 
 

3. MEASUREMENTS AND CALCULATIONS 

A well-consolidated sandstone sample (Fig. 1a) with the parameters shown in Table 1 was 
used to measure the P- and S-wave velocities in the Seismo-acoustic Laboratory of the Depart-
ment of Geophysics at the University of Miskolc. The acoustic waveform was initially measured 
in the unloaded state and then progressively (allowing a relaxation time of 300 s between meas-
urements) loaded in the automatically controlled loading frame (Fig. 1b) up to a pressure of 82.2 
MPa, recording P and S waves at each measured pressure value. To calculate the spectral ratios 
(Turai-�9�X�U�R�P���D�Q�G���'�R�E�U�y�N�D, 2023), the measurement was also performed on an aluminium sam-
ple of the same geometry ���7�R�N�V�|�]���H�W���D�O����������������. The P wave velocity ���.�� of the sandstone varied 
between 4477 and 4773 m/s ���û�.� ���������P���V��, and the S wave velocity ������ between 2682 and 2880 
�P���V�� ���û��� �������� �P���V������ �7�K�H�� �.���� ratio ranged from 1.65 to 1.67. From the wave velocity data, we 
derived dynamic mechanical properties, includi�Q�J���/�D�P�H�¶�V���F�R�Q�V�W�D�Q�W�V�����… �D�Q�G����), elastic modulus 
(E), bulk modulus (K), and Poisson's ratio, and determined the pressure dependences of these 
values (Fig. 2). The results of our calculations are summarized in Table 2.  
 
 
 

            a)                                                                           b) 
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Figure 1 

(a) The rock sample, (b) the loading frame system 
 

Table 1 
The parameters of the sample and the required formulae 

Parameters of the sandstone  
sample Equations of the calculations 

diameter 3.5 cm �������1���P���� �!����2 m                      
(Poisson number) �������������������� 

length 5.265 cm �������1���P���� �!���.2-������2) 
weight 131.05 g E (N/m2) ���������������������������� 

Poisson's ratio 1/m 
density 2.588 g/cm3 K (N/m2) ���������������� 

 
Because of the lack of transverse waves quality factor data measured on our sample, to prove 

the applicability of the presented models, laboratory-measured data published in the literature 
were processed. Acoustic velocity and quality factor datasets ()(�V�D , )(�V�E , )(�V�DQ , )(�V�EQ

) of a coal sample (Coal Nr. 16) were measured by Yu et al. (1993). The authors applied the 
pulse transmission technique to measure the P and S wave velocities and the spectral ratio tech-
�Q�L�T�X�H�����7�R�N�V�|�]���H�W���D�O��, 1979) was used to determine quality factors. The data were inverted uti-
lizing joint inversion processing. The inverse problem was significantly overdetermined; hence 
the inversion procedure was numerically stable and could be handled by a linear inversion tech-
nique. With the estimated parameters the velocities and quality factors can be determined at 
any pressure through the developed model equations. Figure 3 represents the results, the calcu-
�O�D�W�H�G���/�D�P�p���F�R�H�I�I�L�F�L�H�Q�W�V���D�Q�G���O�R�V�V���D�Q�J�O�H�V���D�U�H���S�U�R�G�X�F�H�G���E�\���(�T�V������26) and (27). 

 
 
 
 

Table 2 
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 The pressure dependent elastic parameters 

 
 

 
 
 
 
 
 
 
 
 

a.)                                                                            b.) 

Pressure 
(MPa)

�r���~�u�l�•�• �t���~�u�l�•�• �…���~�E�l�u�î�• �„���~�E�l�u�î�•E (N/m2) K (N/m2)
m (Poisson 
number)

Poisson's ratio

0.26 4477 2682 18615804912 14641043228 45427058872 27051579836 4.5430 0.22012
1.04 4494 2695 18796708700 14673923768 45834118284 27205062901 4.5619 0.21921
3.12 4556 2735 19358822300 15001823368 47169686962 27907704901 4.5809 0.21830
5.2 4575 2755 19642984700 14882488100 47753238994 27977811233 4.6397 0.21553

7.279 4590 2768 19828800512 14866641776 48154039018 28085842117 4.6676 0.21424
9.359 4606 2779 19986712508 14931605752 48520048288 28256080757 4.6771 0.21381

11.439 4620 2788 20116379072 15006549056 48827640332 28417468437 4.6810 0.21363
13.519 4632 2795 20217520700 15091595912 49076284286 28569943045 4.6793 0.21371
15.599 4640 2799 20275429788 15167745224 49227637354 28684698416 4.6735 0.21397
17.678 4649 2804 20347932608 15239098972 49409268530 28804387377 4.6705 0.21411
19.758 4657 2810 20435106800 15257422012 49605572474 28880826545 4.6787 0.21373
21.838 4668 2815 20507894300 15377311112 49803707389 29049240645 4.6673 0.21426
23.918 4675 2821 20595410108 15371537284 49992877030 29101810689 4.6797 0.21369
25.998 4683 2826 20668482288 15419140956 50167976793 29198129148 4.6809 0.21363
28.077 4689 2829 20712387708 15476858532 50282729856 29285117004 4.6766 0.21383
30.157 4693 2833 20771000732 15456754948 50404053841 29304088769 4.6876 0.21333
32.237 4695 2837 20829696572 15387955556 50509399322 29274419937 4.7073 0.21244
34.317 4699 2841 20888475228 15367644932 50630812068 29293295084 4.7185 0.21193
36.397 4702 2844 20932613568 15352357616 50721923417 29307433328 4.7270 0.21155
38.477 4706 2846 20962065008 15390846352 50798905369 29365556357 4.7240 0.21169
40.556 4709 2848 20991537152 15405000124 50867837983 29399358225 4.7253 0.21163
42.636 4713 2851 21035784188 15414042596 50967261501 29437898721 4.7294 0.21144
44.716 4717 2854 21080077808 15423074716 51066773061 29476459921 4.7336 0.21126
46.796 4719 2855 21094852700 15442365668 51105393119 29505600801 4.7321 0.21132
48.876 4722 2856 21109632768 15486105456 51152163601 29559193968 4.7263 0.21158
50.955 4726 2857 21124418012 15554340664 51207056148 29637286005 4.7162 0.21203
53.035 4728 2859 21154004028 15544102536 51268143563 29646771888 4.7218 0.21178
55.115 4730 2860 21168804800 15563455600 51306830389 29675992133 4.7203 0.21185
57.195 4735 2863 21213238172 15597065956 51414836607 29739224737 4.7202 0.21186
59.275 4740 2864 21228059648 15690029504 51477953574 29842069269 4.7059 0.21250
61.354 4746 2866 21257718128 15778011152 51571677896 29949823237 4.6946 0.21301
63.434 4749 2869 21302244668 15762677252 51663739701 29964173697 4.7029 0.21264
65.514 4751 2871 21331954908 15752428772 51725139016 29973732044 4.7084 0.21239
67.594 4754 2873 21361685852 15766763704 51794708029 30007887605 4.7097 0.21233
69.674 4758 2875 21391437500 15805728632 51872472175 30066686965 4.7068 0.21246
71.754 4761 2877 21421209852 15820089444 51942141310 30100896012 4.7081 0.21240
73.833 4765 2878 21436103792 15888914716 51997358451 30179650577 4.6982 0.21285
75.913 4768 2879 21451002908 15933130696 52044430688 30233799301 4.6926 0.21310
80.073 4772 2879.5 21458454407 16016985778 52088242289 30322622049 4.6795 0.21370
82.153 4773 2880.197 21468843010 16020911032 5211220403430333473039 4.6801 0.21367
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c.)                                                                            d.) 

 
e.)                                                                            f.) 

 
g.)                                                                            h.) 

 
Figure 2 

The stress dependence of the elastic parameters 
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Figure 3 

�9�H�O�R�F�L�W�L�H�V���/�D�P�p���F�R�H�I�I�L�F�L�H�Q�W�V���O�R�V�V���D�Q�J�O�H�V���Y�V�����S�U�H�V�V�X�U�H���R�I���6�D�P�S�O�H���&�R�D�O���1�U�����������V�R�O�L�G���O�L�Q�H���± calcu-
lated data produced by models, asterisks �± measured data). Data were obtained by Yu et al. 

(1993). 
 

As can be seen, the quality factor values similarly to the seismic velocities increase with 
increasing pressure. The rate of increase is high at low pressures and levels off at higher pres-
sures. The calculated curves are in good accordance with the measured data. In the case of 
quality factors, the fitting errors are higher than those at the velocities which can be explained 
by the difficulty of quality factor measurements. Even so, the noise in data space is small-scale, 
which confirms the accuracy of the inversion results and the feasibility of the petrophysical 
models suggested by Somogyi et al. (2015) to explain the exponential relationship between the 
P and S wave velocities/quality factors and rock pressure. 
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4. CONCLUSIONS 

In this paper, the pressure dependence of elasticity parameters was presented. The basic idea 
follows the analogy of the previously introduced and successfully applied velocity model, 
namely that the increasing pressure closes the microcracks and results in the closure of pore 
volume, which allows the waves to travel faster through the rock. Moduli of elasticity can be 
used to characterize the stress-strain relationship. From the acoustic propagation velocities can 
be calculated these moduli, for their calculation, the velocities measured in the unloaded state 
are most often used. But we must also consider the velocity changes due to the pressure in-
crease, and with this, we were also able to determine the pressure dependences of the elastic 
moduli using the model equations developed by Somogyi et al. (2015). Because of the difficul-
ties in calculating Qt, the applicability of our theory has been demonstrated with laboratory 
measurements published in the literature and the data were inverted using joint inversion pro-
cessing. With the estimated parameters the velocities and quality factor can be determined at 
any pressure utilizing the model equations developed by Somogyi et al. (2015). 
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Abstract: El-Alamein area lies in the Northern portion of the Western Desert, about 100 km 
west of Alexandria city. The New El-Alamein city is considered as an important new urban 
extension of the Northwestern part of Egypt. In the present work, thirty-two rock samples were 
collected from some shallow boreholes, representing a great part of the Marmarica Formation 
(Miocene). These samples were subjected to numerous laboratory measurements and dynamic 
mechanical properties. The sedimentological features of the Miocene limestone rocks were in-
vestigated using several thin sections to detect petrographic features and diagenesis. The corre-
lation between the different petrophysical parameters and the concluded sedimentological dis-
crimination were used to construct multi-regression models to predict the different petrophysi-
cal parameters with high coefficient of determination R2 to be applicable and useful. 

 
Keywords: New El-Alamein City, North Coast, Marmarica Formation, Miocene limestone 
rocks, rock physics modeling. 
 
 
1. INTRODUCTION 

�7�K�H���V�W�X�G�\���D�U�H�D���O�L�H�V���L�Q���W�K�H���1�R�U�W�K�H�U�Q���S�D�U�W���R�I���W�K�H���:�H�V�W�H�U�Q���'�H�V�H�U�W���E�H�W�Z�H�H�Q���/�D�W�L�W�X�G�H�V�������ƒ�����¶���D�Q�G��
�����ƒ�����¶���1�R�U�W�K���D�Q�G���/�R�Q�J�L�W�X�G�H�V�������ƒ�����¶���D�Q�G�������ƒ�����¶���(�D�V�W�����,�W���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���D�Q���D�U�L�G���W�R���K�\�S�H�U-
arid climate and contains many typical desert morphologies (Parsons and Abrahams, 2009). It 
is covered by sedimentary rocks having been formed during Tertiary and Quarterly geologic 
ages (Selim, 1971). According to (Saad et al., 2017), these Quaternary deposits are unconform-
ably overlying Middle Miocene deposits (Marmarica Formation) that were underlain by the 
Moghra Formation of the Lower Miocene. The study area is located on an unstable-shelf, where 
the structure is primarily controlled by Northwest-oriented faults and East-West faults and folds 
associated with the Syrian Arc system in Northern Egypt (Parson, 2010).  

The stratigraphic sequence (Fig. 1) occurring in the study area ranges from the early Miocene 
to the Pleistocene. The Southern sector bordering El Qattara Depression is characterized by a 
clastic sequence of early Miocene age, alternating sandstones, marlstones, and limestone rocks 
(El-Barkooky et al., 2009). 

It is important to examine the physical properties of the bedrock in the study area for Urban 
purposes due to its significance being a great touristic interest.  The present work aims to in-
vestigate the relationships between different elastic moduli and petrophysical properties such 
as density, porosity, and permeability to make a correlation between the different petrophysical 
parameters and the concluded sedimentological discrimination were used to construct multi-
regression models to predict the different petrophysical parameters with high coefficient of de-
termination R2 to be applicable and useful. 
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Figure 1. 

Generalized stratigraphic column of the North-Western Desert (Schlumberger, 1984) 
 

2. MATERIALS AND METHODS 

2.1. Petrography 

Detailed petrographic investigations were undertaken on ten of the Middle Miocene car-
bonate samples. These rock samples represent a great part of the Marmarica Formation. Thin 
sections were prepared and investigated under the polarizing microscope (Plate 1a and 1b). 
They revealed some diagenetic features such as dissolution, recrystallization, micritization, and 
formation of gypsum veinlets. These diagenetic processes affect porosity and permeability. 
Some of these samples are shown in Fig. 2. 
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Plate 1a 

 
Plate 1b 

 
Figure 2. 

Plate1a - �%�L�R�P�L�F�U�L�W�H���P�L�F�U�R�I�D�F�L�H�V�����V�F�D�O�H�����F�P� ���������P�������3�O�D�W�H���E��- Pelbiomicro-sparaite micro-
�I�D�F�L�H�V�����V�F�D�O�H�����F�P��� ���������P�� 

 
Some samples have low porosity and permeability due to pore filling, lining and cementation 

(see Plate 1a in Fig. 2), but many samples have high porosity and permeability because of the 
dissolution and crystallization processes (see Plate 1b in Fig. 2). Density, porosity, permeabil-
ity, and acoustic properties (velocity and dynamic mechanical properties) have been measured 
(El Sayed, 2011). 
 
3. RESULTS AND DISCUSSION  

3.1. Storage and fluid flow capacity 

Thirty-two core samples were prepared (cutting, cleaning, and drying - according to API, 
Specifications, 1952) and they were subjected to numerous laboratory measurements such as 
density, porosity, and permeability using methods adopted by (El Sayed, 1981). 

 
3.1.1. Relation between bulk density and porosity 

The relationship between bulk density and porosity for the study samples in (Fig. 3) shows 
a close inverse relationship with a high coefficient of determination (R2 = 0.85), thus porosity 
can be predicted from bulk density using the regression equation shown on the cross-plot. 
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Figure 3. 

Porosity (%) versus bulk density (g/cm3) 
 

3.1.2. Permeability versus porosity relationship  

High rock porosity does not guarantee that a significant permeability exists and vice versa. 
Figure 4 shows the relationship between permeability and porosity of studied samples and the 
relation shows two rock populations each of which has an average permeability; the wake stone-
mudstone has an average permeability of K_av.=0.025 mD, and moldic grain-stone of K_av. = 
592 mD. 

 

 
Figure 4. 

The relationship between porosity and permeability 
 

3.1.3. Pore radius (R35 and R36) 

It is a fact that rock types with the highest value of pore throat size have high rock quality to 
transmit the fluids. Figure 5 shows the porosity and permeability relationship with the Z-axis 
Winland R35. This study classified hydraulic flow units (HFUs) based on R35 and FZI values. 
The three hydraulic flow units (HFU1, HFU2, HFU3) have been distinguished by comparable 
average values of R35 and the FZI values. The mega porous unit represents the HFU 5 (about 
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12 samples of study samples), with high porosity and permeability values and with an average 
value of R35 = 31.8. The microporous unit represents the HFU 4 (about 25 samples) and with 
an average value of R35 = 15.3. The HFU3 is represented by mesoporous flow units (about 7 
samples) and with an average value of R35 = 3.2. The HFU 2 is represented by mesoporous to 
microporous flow units (about 4 samples). 

 

 
Figure 5. 

Porosity permeability relationship of all the studied samples with R35 (Winland) lines 
 

R36 (El Sayed and El Sayed, 2021) measurements of the studied samples showed that the 
pore aperture size (r36) of the Middle Miocene rocks of the Marmarica Formation varied from 
0.001 to 19.6 micrometer, with a mean of 4.4 micrometer and standard deviation of 5.5 mi-
crometer, variance of 30.5 micrometer, and a median of 1.3 micrometer. 
 
3.2. Acoustic properties of the studied samples 

3.2.1. Relationship between acoustic wave velocities and bulk density  

The acoustic wave velocities (for the primary wave Vp and the shear wave Vs) and bulk 
density (g/cm3) relation for the studied samples are shown in Fig. 6. Velocities Vp and Vs show 
a direct relationship with the bulk density where it converges with decreasing bulk density, as 
indicated by determination coefficient of 0.99 for Vp and 0.92 for Vs. 
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Figure 6. 

The relationship between bulk density and Vp -Vs 
 

3.2.2. Relationship between acoustic wave velocities and porosity 

The relations between the acoustic velocities (Vp and Vs) with porosity for the studied sam-
ples are shown in Fig. 7. Velocities Vp and Vs show an inverse relationship with the porosity, 
as indicated by coefficient of determination R2=0.72 for Vp and 0.62 for Vs. 

 
 

 
Figure 7. 

The relationship between porosity and acoustic velocities (Vp and Vs) 
 

3.2.3. �5�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���<�R�X�Q�J�¶�V���P�R�G�X�O�X�V���D�Q�G��acoustic velocities: 

The calculated coefficient of determination for Vp and Vs �Y�H�U�V�X�V���<�R�X�Q�J�¶�V��modulus (E) 
were 0.96 and 0.9, respectively, as seen in Fig. 8. 
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Figure 8. 

�7�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���<�R�X�Q�J�¶�V��modulus and acoustic velocities (Vp and Vs) 
 

3.3. Rock physics modelling 

Petrophysical modeling is usually performed to facilitate the estimation of an important res-
ervoir parameter difficult to measure or estimate in either laboratory or by field measurement, 
from other conventional or directly measurable reservoir parameters.  

 
3.3.1. Porosity modeling  

�,�Q���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\�����W�K�H���S�U�H�G�L�F�W�L�R�Q���R�I���I�R�U�P�D�W�L�R�Q���S�R�U�R�V�L�W�\�����‘���L�Q���������L�V���F�R�Q�V�L�G�H�U�H�G���D���F�U�X�F�L�D�O��
process. The multi-regression analysis technique has been used for performing the porosity 
model by using SPSS software. The prediction of the porosity of Miocene limestone rock sam-
ples has been carried out where the selected independent variables were  

�‡ �%�X�O�N���G�H�Q�V�L�W�\���R�I���W�K�H���G�U�\���U�R�F�N�����!b in g/cm3).  
�‡ Compressional wave velocity (Vp in m/s).  
�‡ Shear wave velocity (Vs in m/s).  
The calculated multi-regression equation for the Miocene carbonate rocks is characterized 

by high coefficient of determination (R2= 0.824) which seems to be reliable for predicting the 
porosity from the above-listed parameters. The calculated multi-regression equation is  

 
�‘��� ��-536.625 �± ���������������!b �± 0.074Vp �± 0.004Vs                           (1) 

 
Figure 9 shows a very close relation between measured porosity (on the x-axis) and the cal-

culated porosity (on the y-axis) from the equation with a high coefficient. 
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Figure 9. 

The relationship between actual porosity and predicted porosity 
 

3.3.2. Compressional wave velocity modeling 

The model of prediction of the compressional wave velocity (Vp in m/s) of the rock samples 
has been carried out where the selected independent variables were 

�‡ �%�X�O�N���G�H�Q�V�L�W�\���R�I���W�K�H���G�U�\���U�R�F�N�����!b in g/cm3). 
�‡ �3�R�U�R�V�L�W�\�����‘���L�Q�������� 

�‡ Shear wave velocity (Vs in m/s). 
 

 
Figure 10. 

The relationship between calculated Vp and predicted Vp. 
 
The calculated multi-regression equation for samples is characterized by the high correlation 

(R2= 0.998) which seems to be reliable for predicting the dependent variable compressional 
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wave (Vp) from the above-listed reservoir parameters. The calculated multi-regression equation 
is  

Vp = -�����������������������������!b -�����������‘������0.021Vs                     (2) 
 

Figure 10 shows a very strong relation between the measured Vp and the calculated Vp from 
equation (2) with a high coefficient of determination. 
 
3.3.3. Shear wave velocity modeling 

The model of prediction of the shear wave velocity (Vs in m/s) of the rock samples has been 
carried out where the selected independent variables were:  

�‡ B�X�O�N���G�H�Q�V�L�W�\���R�I���W�K�H���G�U�\���U�R�F�N�����!�E in g/cm3 ). 
�‡ �3�R�U�R�V�L�W�\�����‘  in %).  
�‡ Compressional wave velocity (Vp in m/s0.  
 

 
Figure 11. 

The relationship between calculated Vs and predicted Vs 
 
The calculated multi-regression equation for samples is characterized by the high coefficient 

of determination (R2=0.92) which seems to be reliable for predicting the dependent variable 
shear wave (Vs in m/s) from the above-listed reservoir parameters. The calculated multi-regres-
sion equation is  

 
Vs = -���������������������������������!b �± �����������‘�����������������9p                           (3) 

 
Figure 11 shows a very good agreement between measured Vs and the calculated Vs from 

equation (3) with a high coefficient of determination. 
 

3.3.4. Permeability modeling  

In the present study, the outline and prediction of the gas permeability of the Miocene car-
bonate rocks are considered essential in groundwater and oil exploration. The model of predic-
tion of gas permeability (k in mD) of the rock samples have been carried out where the selected 
independent variables were  
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�‡ �%�X�O�N���G�H�Q�V�L�W�\���R�I���W�K�H���G�U�\���U�R�F�N�����!b in g/cm3).  
�‡ Compressional wave velocity (Vp in m/s).  
�‡ Shear wave velocity (Vs in m/s).  
�‡�������������3�R�U�R�V�L�W�\�����‘���L�Q���������� 
The calculated multi-regression equation for samples is characterized by a low coefficient 

of determination (R2 = 0.326) because of the high variation in permeability values for rock 
samples in addition to there are three hydraulic flow units (HFU) each one of them has its 
characteristics that effect on permeability, so the multi-regression equation for samples seems 
to be not reliable to predict the permeability from the above-listed reservoir parameters. The 
calculated multi-regression equation is  

 
k = �������������������������������!b+2.011Vp+0.273Vs �±�������������‘��             (4) 

 
3.3.5. Resistivity modeling  

The resistivity model for the rock samples has been constructed where the selected inde-
pendent variables were 

�‡ B�X�O�N���G�H�Q�V�L�W�\���R�I���W�K�H���G�U�\���U�R�F�N�����!b in g/cm3).  
�‡ �3�R�U�R�V�L�W�\�����‘ in %).  
�‡ Compressional wave velocity (Vp in m/s).  
�‡ Shear wave velocity (Vs in m/s).  
The calculated multi-regression equation for samples is characterized by a medium coeffi-

cient of determination (R2=0.583) which can be used for predicting the dependent variable re-
sistivity (R in ohmm) from the above-listed parameters with risk. This is maybe due to these 
samples having four electric flow Units (EFU) each one of them has its characteristics that 
affect resistivity, so the multi-regression equation for samples seems to be not reliable to predict 
the dependent variable permeability from the above-listed reservoir parameters. The calculated 
multi-regression equation is 

 
�5��� �������������������������������!b + 135.251Vp-48.668Vs���������������‘����������          (5) 

 
4. CONCLUSIONS  

Based on the conducted research, we can can make the following comments and draw the fol-
lowing conclusions: 
 

�x Some samples have low porosity and permeability due to the filling of pore spaces by 
algae and gypsum, but most samples have high porosity and permeability because of 
the dissolution process. 

�x The middle Miocene limestone rock samples reflect good storage and flow capacity 
properties.  

�x Three hydraulic flow units (HFUs) in the study samples were derived and identified 
using FZI and R35 values. 

�x The study samples varied from nano- to mega-porous units.  
�x The compressional and shear waves have a direct relationship with the bulk density of 

rocks, which is based on porosity and diagenesis. 
�x The petrophysical parameters can be modelled by empirical equations with high corre-

lation coefficients between the studied variables. 
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Abstract: The growing demand for clean and sustainable energy sources has prompted the in-
vestigation of numerous renewable and ecologically friendly options. Among these, geothermal 
energy is particularly noteworthy because of its widespread availability, compact size, and con-
sistent, weather-independent power production. A geothermal play fairway analysis (GPFA) 
model is �F�U�H�D�W�H�G���I�R�U���W�K�H���V�W�X�G�\���D�U�H�D�����Z�K�L�F�K���L�V���O�R�F�D�W�H�G���L�Q���%�p�N�p�V���F�R�X�Q�W�\�����V�R�X�W�K�H�D�V�W�H�U�Q���+�X�Q�J�D�U�\����
The GPFA model approach in the current study is the first model developed in Hungary to 
achieve three main goals. firstly, to quantitively assess the geothermal potential, secondly, to 
identify the most favorable areas for geothermal exploration and development, and thirdly, to 
evaluate the corresponding risk levels in the study area. The study focuses on identifying and 
assessing three main risk components associated with exploitable geothermal systems in the 
study area. The risk parameters consist of the heat source, reservoir fracture permeability, and 
seal capacity. Advanced 3D seismic interpretation, Geographic Information System (GIS) are 
used to evaluate the study area subsurface structural and geothermal settings. Two phases of 
seismic interpretation are used; conventional interpretation phase focused on conventional seis-
mic data interpretation and advanced attribute generation phase where various seismic attribute 
cube volumes, are generated. Common Risk Segment Maps (CRS) for each risk parameter are 
created by combining data from all the elements contributing to that risk using GIS toolbox. 
The resulted CRS maps of the study area three risk parameters are summed to produce a Com-
posite Common Risk Segment Map (CCRS) map. Based on the constructed CCRS map and the 
developed GPFA model, the study area holds valuable untapped geothermal potential, poses 
varying risk levels associated with geothermal exploration and development. The amount of 
risk resulted from the three risk components are not equal, and the reservoir fracture permea-
bility is the main risk factor. The GPFA model is successfully narrowed down an expansive 
exploration area of around 350 km2 to just 4 highly promising targets with high geothermal 
favorability and low risk as future drilling targets. The findings of this study have made im-
portant contributions to the field of geothermal exploration methodologies and offer valuable 
insights for making well-informed decisions about sustainable energy development in the study 
area.   

 
Keywords: Geothermal Energy, Risk Assessment, Sustainable Energy, Pannonian basin. 

������



M.A. Elbalawy et. al 

 

 
1. INTRODUCTION  

Hungary's location in the Pannonian Basin offers a wealth of geothermal potential. The Mid-
dle Miocene (17.5�±12.5 Ma) lithospheric extension in the Pannonian Basin has led to significant 
heat flow density, causing the lithosphere to become thinner and the asthenosphere to rise (Roy-
den et al., 1983). The average heat flow density in Hungary is 90 mW/m2, with fluctuations 
ranging from 30 mW/m2 to 120 mW/m2. The mean value of 90 mW/m2 exceeds the average of 
65 mW/m2 for continental heat flow density (Lenkey et al., 2021). The eastern and southern 
parts of the country have high heat flow values due to buried basement highs, while the recharge 
areas of karstic flow systems have low values. In the sedimentary basins, the thickness of the 
Neogene and Quaternary sediments can reach 5-7 km. The heat flow in these areas is slightly 
lower than the average value of 80-90 mW/m2. These sedimentary basins are highly regarded 
as the primary thermal water aquifers in Hungary, widely utilized for district heating and green-
house heating purposes. The buried basement highs have a significant heat flow and typically 
exceed the average value (100-120 mW/m2), making them attractive locations for geothermal 
exploration applications (Lenkey et al., 2021). Geothermal energy is being extensively investi-
gated in Hungary as several authors have provided comprehensive insights into geothermal en-
ergy exploration, covering various aspects such as the history of geothermal energy in Hungary, 
the current status of geothermal energy production and utilization, an analysis of geothermal 
conditions, risk management in geothermal projects, and updates on the country's geothermal 
sector ���1�i�G�R�U�� �H�W�� �D�O������ ������������ �7�yth, 2020; T�yth et al., 2021). Other authors have discussed the 
geological and thermal assessment of known reservoirs or abandoned oil wells, such as the 
works by (Budai et al., 2024; Masri and �7�D�N�i�F�V�����������������6�]�&�F�V���H�W���D�O����������������. Based on the previous 
literatures, it is clear that there exists notable gap research in the investigation and quantitative 
evaluation in areas where there are no surface geothermal manifestations or any previous indi-
cations (referred to as blind geothermal systems) especially deep basement targets. Further-
more, it is imperative to precisely assess the risks associated with the exploration and develop-
ment of these systems. This gap will be bridged through the used methodology in this study. 

 Play Fairway Analysis (PFA) is an exploration approach that has been originated by experts 
in the petroleum industry. This process entails the integration of regional or basin-scale data to 
systematically identify promising patterns for exploration. Data is combined to pinpoint the 
highest probability success of the plays. The approach provided by PFA is recognized for its 
exceptional technical rigor, exceeding that of conventional exploration approaches. This ap-
proach allows for informed decision-making, even in scenarios with limited or insufficient data 
(Fugelli and Olsen, 2005; Grant et al., 1996). PFA is widely recognized as a proven methodol-
ogy in the petroleum industry, while it is still gaining traction as an exploration technique in the 
geothermal industry. The geothermal industry has made significant progress, moving beyond 
drilling conventional visible geothermal systems towards currently exploring blind systems 
within known or inferred geothermal trends. Nevertheless, PFA has not been widely embraced 
by the geothermal industry.  

The study is focused on identifying and assessing three critical risk parameters for exploita-
ble geothermal systems in the study area: heat source, reservoir fracture permeability, and seal. 
The heat source is a crucial factor that must be carefully assessed and evaluated, as it is essential 
for the proper functioning of a geothermal system. The reservoir fracture permeability serves 
as the conduits that allow fluids to flow, carrying heat to the surface. The seal effectively insu-
lates the reservoirs, ensuring that no venting occurs to the surface. The seal poses a significant 
risk in the Pannonian basin due to the vertical connection of the Upper Pannonian aquifer sys-
tem through semipermeable layers. The pumping tests indicate a hydraulic connection between 
the shallower cold-water aquifers and the deeper thermal aquifers (Szanyi and �.�R�Y�i�F�V��������������. 
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The compilation for heat source includes data such as heat flow maps and estimates of reservoir 
temperature. The fracture reservoir permeability is determined by 3D seismic attribute analysis, 
inversion results, and published fault maps. Data for the seal includes the spatial coverage and 
vertical thickness of the impermeable upper basement marl deposits. Common Risk Segment 
(CRS) maps for each risk parameter are created by combining data from all the elements con-
tributing to that source of risk parameter. The maps generated from these three components are 
utilized to create the ultimate predictive CCRS map which represents the GPFA model of the 
study area. Using geothermal PFA approach, our primary focus is on minimizing risk in explo-
ration and directing our efforts toward areas with a higher likelihood of success.  
 

2. MATERIALS AND METHODS 

2.1 Site description 

The study area is located between longitude 21.22E and latitude 46.3N on the southeastern 
part of Hungary in the Pannonian Basin which is a young sedimentary basin formed since the 
Mid Miocene to Quaternary. Specifically, on the Battonya-�3�X�V�]�W�D�I�|�O�G�Y�i�U�� �5�L�G�J�H�� �E�H�W�Z�H�H�Q�� �W�K�H��
�0�D�N�y���D�Q�G���%�p�N�p�V���%�D�V�L�Q�V�����)�L�J. 1a).  

 
2.2 Geological overview 

The crystalline rocks in the study area are classified under the Battonya unit, which falls 
�Z�L�W�K�L�Q�� �W�K�H�� �%�p�N�p�V�L�� �7�H�U�U�D�Q�H���� �7�K�H�� �J�U�D�Q�L�W�R�L�G�� �U�R�F�N�V�� �K�D�Y�H�� �D�Q�� �R�U�L�J�L�Q�� �W�K�D�W�� �L�V�� �D�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I�� �W�K�H��
Earth's crust and mantle (Buda et al., 2005; Finger et al., 1997). They are situated along the 
central axis of the Battonya- �3�X�V�]�W�D�I�|�O�G�Y�i�U���K�L�J�K���D�Q�G���D�U�H���V�X�U�U�R�X�Q�G�H�G���E�\���D���E�U�R�D�G���]�R�Q�H���R�I���P�L�J�P�D��
tite and crystalline schist on the northeast and southwest sides (Haas and �3�p�U�y�����������������+�D�D�V���H�W��
al., 2014) (Fig. 1b). Generally, above the basement uplifts, in the innermost part of the basin, a 
starving basin developed with condensed sedimentary sequences (limestone, marl, clay marl). 
�,�Q���W�K�H�V�H���E�D�V�L�Q�V�����W�K�H�V�H���I�R�U�P�D�W�L�R�Q�V���F�R�Q�V�W�L�W�X�W�H���W�K�H���(�Q�G�U���G���0�D�U�O���)�R�U�P�D�W�L�R�Q�����I�R�U�P�L�Q�J���W�K�H���3annonian 
base. This formation is formed under extremely variable water depth conditions (15�±800 m), 
with a thickness of 20�±100 m on the ridge but reaching up to 700 meters towards the basins. Its 
sequence typically begins with sporadic deposition of limestone and marl layers, each about 
40�±������ �P�H�W�H�U�V�� �W�K�L�F�N�� ���7�y�W�N�R�P�O�y�V�� �0�H�P�E�H�U������ �J�U�D�G�X�D�O�O�\�� �W�U�D�Q�V�L�W�L�R�Q�L�Q�J�� �X�S�Z�D�U�G�V�� �L�Q�W�R�� �G�H�H�S-water 
���K�H�P�L�S�H�O�D�J�L�F�����F�O�D�\���P�D�U�O�����1�D�J�\�N�|�U�•���0�H�P�E�H�U�������7�K�H���(�Q�G�U���G���0�D�U�O���)�R�U�P�D�W�L�R�Q���L�V���S�U�H�V�H�Q�W���L�Q���D�O�P�R�V�W��
all wells proposed for concession and is the main seal for the geothermal system in the study 
area ���+�D�D�V���H�W���D�O�������������������.�R�Y�i�F�V���H�W���D�O����������������. 
 
2.3 Hydrological settings 

The Pannonian basin is dominated by two distinct fluid flow regimes. The first is an upper 
flow system that is driven by gravity. The second is a deeper system that is driven by pressure, 
specifically overpressure. This deeper system is found in the fine grain deep-sea deposits and 
deeper formations (Szanyi and �.�R�Y�i�F�V��������������. The Pannonian basin has porous formations that 
hold water at temperatures ranging from 130-���������ž�&�����D�V���D���U�H�V�X�O�W���R�I���W�K�H���K�L�J�K���J�H�R�W�K�H�U�P�D�O���J�U�D�G�L�H�Q�W����
In certain cases, deep aquifers that are made up of karstified and fractured carbonated and met-
amorphic baseme�Q�W���F�D�Q���H�Y�H�Q���U�H�D�F�K���W�H�P�S�H�U�D�W�X�U�H�V���D�V���K�L�J�K���D�V�����������ž�&�������7�K�H�V�H���F�R�Q�G�L�W�L�R�Q�V���F�U�H�D�W�H���D�Q��
ideal environment for the development of medium- and high-energy geothermal systems (Sza-
nyi and �.�R�Y�i�F�V���� ����������. In a study conducted by Szanyi and �.�R�Y�i�F�V����(2010), the geothermal 
resources of Hungary are assessed. The study showed that the amount of stored heat increases 
as the depth increases. The measured quantity of stored heat is determined to be around 100,000 
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exajoules. The majority of the heat is contained within the rock matrix, while a small portion, 
approximately 5%, is stored in the pore waters. 

 
 
 
 
 
 
 
 
 
 
 
 
 

                 (a) 
 

                                         (b) 
Figure 1.   

a) Geographical location of the investigated region, b) geological map of the Pre-Tertiary 
basement map (Haas et al., 2014) 

 
2.4 Three-dimensional seismic model 

The 3D seismic and well data play a crucial role in assessing the adopted three geothermal 
risk sources parameters: heat source, reservoir fracture permeability, and seal in the study area. 
This study utilizes a high-resolution 3D post-stack seismic dataset acquired in 2006 and pro-
cessed in 2007. This data offers detailed insights into the subsurface geology of the study area. 
The seismic data interpretation process involved two key phases: 

 
a) Conventional Interpretation: this initial phase focuses on identifying major faults and the 

top boundaries of the seal and pre-Tertiary basement. 
b) Attribute Generation: this advanced phase involved applying various seismic attribute tech-

niques such as frequency filtering attributes, structural attributes, and colored inversion. 
 
It is necessary to establish a consistent set of terms when referring to the different GIS layers 

as data are processed in the creation of the CRS maps. The following terms are applicable to all 
data types and facilitate communication among different domain experts. In this study, we uti-
lized the terminology established by (Shervais et al., 2024). The layers are defined as follows: 
1) raw data layers, 2) evidence layers, 3) CRS maps, and 4) CCRS map. The primary interpre-
tation software packages utilized in this workflow are Petrel (Schlumberger, 2016) and QGIS 
3.34.8. Petrel software is employed for both stratigraphic and structure interpretation, enabling 
the generation of initial raw data layers. QGIS, also known as Quantum Geographic Information 
System, is a freely available open-source software that enables users to perform various tasks 
related to geospatial information. QGIS is utilized to merge data layers obtained from petrel 
software and other publicly available published data sources. The purpose of this merging pro-
cess is to generate a set of evidence layers that can be further analyzed at later stages. Various 
processing techniques are employed to handle different types of data. To generate a CRS map, 
the evidence maps of the various elements are assigned weights in proportion to their respective 
influences, and then these weighted maps are merged together. The normalized CRS for each 
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risk component (heat source, reservoir fracture permeability, and seal) will be assigned weights 
and then combined to calculate the final CCRS. In this study, a knowledge-driven approach is 
employed to determine the values of weights based on expert opinion. The CCRS will be further 
normalized to provide the final favorability geothermal map of the study area. The CCRS map 
delineates multiple high-priority objectives for a forthcoming, concentrated investigation. Fig-
ure 2 displays the comprehensive sequence of steps for this technique in the form of flowchart. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
Figure 2 

The workflow for evaluating geothermal potential and creation of risk maps 
 

3. RESULTS 

In this study, the PFA approach is performed to construct a geothermal play fairway model 
for the study area. The purpose is to identify the most favorable prospects and mitigate the risks 
and expenses associated with geothermal development. This study aimed to assess three essen-
tial resource components in the study area as the main risk components for geothermal explo-
ration and development in this play type: heat source, cap or seal, and reservoir fracture perme-
ability. CRS maps for each component are generated by aggregating data from all the constitu-
ent items that contribute to that particular component. The CRS maps of the three risk 
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components in the study area exhibit varying degrees of risk and favorability. The weighted 
CRS maps are summed to produce the final CCRS favorability map for geothermal exploration 
in the study area.  
 
3.1 Heat Source 

The CRS map for the heat source is generated by merging data that represents the heat flow 
in the study area with the estimated temperature of the reservoir (Fig. 3). The heat flow distri-
bution map displays a range of high heat flow values, ranging from 90 to 105 mW/m2. These 
values exhibit a gradual increase from west to east across the study area. The estimated reservoir 
temperature in the study area is high and exhibits a continuous increase with depth, as deter-
mined by the measured geothermal gradient.  
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The CRS map of the heat source component, as shown in Fig. 6a, exhibits high favorability 
values. These values range from 0.7 at shallower depths to 1 at deeper parts of the investigated 
target. Based on the analysis of the heat source CRS map, it can be determined that the heat 
source in the study area shows promise and does not pose a significant risk for geothermal 
exploration and development. 
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4. CONCLUSIONS 

The application of the PFA approach, when utilized with GIS tools and advanced seismic 
attribute analysis, has resulted in noteworthy discoveries in the study area near �0�H�]���N�R�Y�i�F��
�V�K�i�]�D���U�H�J�L�R�Q�����7�K�H���J�H�Q�H�U�D�W�L�R�Q���R�I���&�5�6���P�D�S�V���I�R�U���H�D�F�K���F�U�L�W�L�F�D�O���U�L�V�N���F�R�P�S�R�Q�H�Q�W���Z�L�W�K�L�Q���W�K�H���V�W�X�G�\��
area, including heat source, reservoir fracture permeability, and seal integrity, in addition to the 
ultimate favorability CCRS map, offers a robust tool for the identification of promising geo-
thermal prospects. 

The geothermal PFA model of study area has been constructed, and several inferences have 
been derived from it, which are outlined below: 

- The study area exhibits considerable potential as a source of clean energy for direct 
use applications and electricity generation. 

- The study area poses varying risk levels associated with geothermal exploration and 
development. 

- The successful process of conventional geothermal exploration and development in 
the study area relies heavily on the presence of the three key resource components. 
Lacking even one of them, the process would come to a halt.  

- The weights of the three resource components are not equal as the fact that they do 
not hold equal risk.  

- The reservoir fracture permeability is the main risk factor, and it plays a crucial role 
in determining the success of the geothermal exploration and development. Accu-
rately measuring and having confidence in this factor is of utmost importance. 

- The study area exhibits substantial potential for the deployment of Enhanced Geo-
thermal Systems (EGS), particularly in areas where natural fracture components are 
absent. This is due to the area's highly favorable conditions for heat source and seal 
components. 

 
The study finding is not only exciting from a resource exploration standpoint but also holds 

immense practical value for sustainable energy development in Hungary. For future work, a 
techno-economic model will be used to assess the practicality and financial considerations of 
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drilling geothermal doublets and building a geothermal power plant. This analysis will provide 
valuable information on the financial feasibility of geothermal energy projects in the region. 

Overall, this study stands out for its innovative and thorough approach to geothermal explo-
ration risk assessment. The combination of advanced seismic attribute analysis and the PFA 
framework offers a more comprehensive and data-driven methodology for identifying promis-
ing geothermal prospects. The study not only advances geothermal exploration methodologies 
but also provides valuable insights for informed decision-making in sustainable energy devel-
�R�S�P�H�Q�W�����Q�R�W���M�X�V�W���L�Q���W�K�H���0�H�]���N�R�Y�i�F�V�K�i�]�D���V�W�X�G�\���D�U�H�D���E�X�W���W�K�U�R�Xghout Hungary. 
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Abstract: Well logs are essential for evaluating subsurface reservoirs because they provide 
continuous, in-situ measurements on rock and fluid properties, enabling accurate assessments 
of lithology, porosity, and fluid saturation. Carbonate reservoirs are highly valuable for hydro-
carbon production but pose challenges due to their complex pore systems and heterogeneity. 
This study used well logs data combined with petrographic data to evaluate the carbonate Ya-
mama reservoir in south of Iraq. The formation consists of porous, argillaceous, compacted 
limestones with a few streaks of shales. The formation is divided into reservoir and non-reser-
voir units based on porosity, volume of shale and water saturation. The non-reservoir units 
consist of mud-supported facies that deposited in middle-outer ramp. The reservoir units consist 
of grain supported facies that deposited in the inner ramp, shoal area. The primary depositional 
environment and diagenetic process are the main control on the evolution of the porosity in the 
formation.  
 
Keywords: well log, carbonate reservoir, Yamama Formation, depositional environment 
 
 
1. INTRODUCTION  

Carbonate reservoirs are key contributors to global hydrocarbon reserves, particularly in re-
gions like the Middle East, where they account for a significant amount of oil and gas produc-
tion. These reservoirs present unique challenges for exploration and development due to their 
complex pore systems, heterogeneity, and susceptibility to diagenetic processes such as cemen-
tation, dolomitization and dissolution, which can profoundly alter reservoir properties [1-3]. 
Accurate characterization of carbonate reservoirs is critical for effective resource estimation 
and production optimization [4]. 

Well logs are essential tools that are widely used for subsurface reservoir evaluation, offering 
continuous in situ measurements of various physical properties over long vertical sections. Well 
logs such as natural gamma-ray, resistivity, bulk density, sonic, and neutron porosity logs are 
utilized to assess lithology, porosity, and fluid saturation, providing essential insights into res-
ervoir quality and hydrocarbon reserves [5]. In carbonate rocks, well logs are particularly val-
uable for understanding the heterogeneity and vertical distribution of reservoir and non-reser-
voir units. 

This study aims to evaluate the Yamama Formation, a Lower Cretaceous carbonate reservoir 
located in southern Iraq based on well logs. By interpreting natural gamma-ray, sonic, resistiv-
ity, bulk density, and neutron porosity logs, the study will assess the reservoir potential, delin-
eate key reservoir units, and explore the factors contributing to reservoir heterogeneity in this 
region. 
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2. THE  AREA  OF STUDY 

The carbonate Yamama Formation was selected as a case study for this research. The age of 
formation is early Cretaceous, and it extends in south of Iraq regions [6]. The Yamama For-
mation underlies the Ratawi Formation and overlies the Sulaiy Formation (Fig. 1).  
 
3. MATERIALS  AND METHODS 

Well log data including sonic, bulk density, natural gamma-ray, resistivity, and neutron poros-
ity logs along with petrographic data from the Yamama Formation in south of Iraq used for this 
study to evaluate the formation and divided it into reservoir and non-reservoir units. Following 
the approaches in Mohammed et al. [7] and Mohammed and Velledits [6], the effective porosity, 
sonic-derived porosity, volume of shale and water saturation were empirically calculated from 
well logs. The formation is divided into reservoir and non-reservoir units based on porosity, vol-
ume of shale and water saturation. Intervals with porosity < 5% considered non-reservoir, inter-
vals with porosity 5-10% are fair reservoir units, while intervals with porosity >10% are good 
reservoir units. Thin sections were prepared and analyzed under an optical microscope to reveal 
the micro controls on the formation. 

 

 
Figure 1 

Generalized stratigraphic column of south of Iraq [6] 
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4. RESULTS AND DISCUSSION  

The well logs interpretation revealed that the Yamama Formation mainly consists of porous 
limestone, compacted limestone, argillaceous-marly limestone, and streaks of shale (Fig. 2). 
The formation is divided into reservoir units (YR0, YRA, YRB, and YRC) that are separated 
by non-reservoir units (YB0, YB1, YB2, and YB3). Those units recorded various thickness 
within the formation. 
 

 
Figure 2 

Result of well logs interpretation of Yamama Formation 
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The YRB is subdivided into YRB1 and YRB2. YEB2 recorded higher porosity values, 
higher volume of shale and water saturation than YRB2 (Table 1). The Ratawi Formation that 
overlies the Yamama Formation sealed the Yamama Formation. The YRA and YRC are the 
best reservoir units within the area of study (Table 1). The overall porosity of the formation is 
fair-good. RB0, YRB, and YRC showed higher porosity values that reached more than 25% at 
some intervals. However, the overall porosity in the formation is around 5-10% (Fig. 2). The 
reservoir units consist of porous and argillaceous limestone, while the non-reservoir units con-
sist of compacted and argillaceous limestones. The upper half of the formation showed better 
porosity values but higher volume of shale than the lower half (Fig. 2). The latter is mainly 
compacted limestone. Petrographic investigation on the thin sections under optical microscope 
shows that the non-reservoir unit YB0 consist of mud-wackestone facies with pore spaces that 
filled with cement. The reservoir unit YRA consists of grain supported facies, mainly peloidal 
packstone and grainstone (Fig. 3). The mud supported facies such as mudstone and wackstone 
likely deposited in the middle and outer ramp. Whereas the grain supported facies were depos-
ited in the shoal area within a carbonate ramp. These grains supported facies contain interpar-
ticle porosity that exists between the grains, as well as vuggy and moldic porosity that were 
formed by dissolution of the matrix and/or the bio-contents including foraminifera, echino-
derms, bivalves, and shell fragments. Therefore, the primary depositional environment and di-
agenetic process are the main controls on the evolution of the porosity in the Yamama For-
mation. 
 

Table 1 
Averaged petrophysical properties of Yamama Formation including effective porosity (PHIE), 

sonic-derived porosity (PHIS), volume of shale (VSH), water saturation (SW), and thickness 
of each unit 

Unit 
Average 

Thick-
ness m Description PHIE 

% 
PHIS 

% 
VSH 
% 

SW 
% 

YR0 26 7,2 8.9 50 5.8 Fair reservoir 
YB0 3.5 5 16 57 50.3 Non-reservoir 
YRA 17 20 8.1 17 13.8 Good reservoir 
YB1 5.5 5.7 17 44 37.3 Non-reservoir 

YRB1 7.5 10 10 41 34.13 Fair reservoir 
YRB2 5.5 7.8 7 32 37.3 Poor reservoir 
YB2 3.7 3.6 8 72 150.8 Non-reservoir 
YRC 12 2.4 12 8 7 Good reservoir 
YB3 4.3 3.1 18 43 14.9 Non-reservoir 
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Figure 3 

Core and micrographic photos of the reservoir and non-reservoir units in the Yamama For-
mation (a) and (b) micrographic photos show the cementation in the non-reservoir unit YB0, 

(c) and (d) shows the interparticle and vuggy porosity in the reservoir unit YRA. 
 
5. CONCLUSIONS  

The carbonate Yamama formation evaluated based on well logs and petrographic data re-
vealed the porosity, volume of shale and water saturation in the formation.  

�x The formation consists of porous, compacted, and argillaceous limestones with streak of 
shales. 

�x The formation is divided into reservoir units that are separated by non-reservoir units. 
The reservoir units consist of porous and argillaceous limestones and are composed of 
mainly grain supported facies such as peloidal packstone and grainstone. While the non-
reservoir units consist of compacted and argillaceous limestones and composed of mud-
supported facies such as mud-wackestone.  

�x The reservoir units deposited in the shoal area, within shallow inner ramp, while the non-
reservoir units deposited in the middle-outer ramp. 

�x Diagenetic processes such as cementation and dissolution have a clear impact on the po-
rosity of the formation. Cementation is common in the mud-supported facies and occludes 
the vuggy and moldic porosity, while the dissolution has created secondary porosity such 
as vuggy, moldic, intraparticle porosity, within the grain supported facies. 
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Kivonat : �$���%�•�N�N���K�H�J�\�V�p�J�L���%�i�Q-�Y�|�O�J�\�I�� �H�J�\���N�R�U�i�E�E�L���N�X�W�D�W�i�V�E�y�O��ismert, mint U-�D�Q�R�P�i�O�L�is te-
�U�•�O�H�W���� �$�� �K�H�O�\�V�]�t�Q�H�Q�� �D�� �N�|�]�H�O�P�~�O�W�E�D�Q�� �~�M�D�E�E�� �W�H�U�P�p�V�]�H�W�H�V�� �J�D�P�P�D-�P�p�U�p�V�H�N�H�W�� �Y�p�J�H�]�W�•�Q�N���� �D�P�L�Q�H�N��
�D�O�D�S�M�i�Q�� �8-ban, illetve Th-�E�D�Q�� �J�D�]�G�D�J�� �K�R�P�R�N�N��- �p�V�� �N�R�Q�V�]�R�O�L�G�i�O�D�W�O�D�Q�� �•�O�H�G�pk�P�L�Q�W�i�N�D�W�� �J�\�&�M�W�|�W��
�W�•�Q�N �D���I�H�O�V�]�t�Q�U���O. �$���N�p�P�L�D�L���H�O�H�P�]�p�V�H�N���D�O�D�S�M�i�Q���D���E�H�J�\�&�M�W�|�W�W���P�L�Q�W�i�N�E�D�Q���D���P�D�[�L�P�i�O�L�V���8-tartalom 
114 ppm-�Q�H�N�� �D�G�y�G�R�W�W���� �D�P�L�� �P�L�Q�W�H�J�\�� ����-�V�]�H�U�H�V�� �G�~�V�X�O�i�V�W�� �M�H�O�H�Q�W�� �D�� �I�H�O�V���� �I�|�O�G�N�p�U�H�J�K�H�]�� �N�p�S�H�V�W�� A 
�K�R�P�R�N�N�|�Y�H�N���W�~�O�Q�\�R�P�y�U�p�V�]�W���N�Y�D�U�F�E�y�O���i�O�O�Q�D�N�����M�H�O�H�Q�W���V���H�P�H�O�O�H�W�W���D�]���D�O�E�L�W���p�V���D�]���L�O�O�L�W���P�X�V�]�N�R�Y�L�W���M�H��
�O�H�Q�O�p�W�H�����-�i�U�X�O�p�N�R�V���i�V�Y�i�Q�\�R�N���D��surit, Ti-oxidok, Fe-�R�[�L�G�R�N�����D���N�•�O�|�Q�I�p�O�H���V�]�X�O�I�L�G�R�N���p�V���V�]�X�O�I�i�W�R�N, a 
�U�L�W�N�D�I�|�O�G�I�p�P-�I�R�V�]�I�i�W�R�N, az apatit �p�V���D���F�L�U�N�R�Q�����$�]���H�G�G�L�J�L�H�N�E�H�Q���8-�i�V�Y�i�Q�\�W���H�J�\���E�U�D�Q�Q�H�U�L�W�K�H�]���N�|�]�H�O��
�i�O�O�y���|�V�V�]�H�W�p�W�H�O�&�����7�L-�R�[�L�G�G�D�O���W�i�U�V�X�O�W���I�i�]�L�V�W���O�H�V�]�i�P�t�W�Y�D���Q�H�P���V�L�N�H�U�•�O�W���N�L�P�X�W�D�W�Q�L�����G�H���D���P�R�Q�D�F�L�W�R�N�E�D��
�J�\�D�N�U�D�Q���p�S�•�O���E�H���8�����$�]�� �8���G�~�V�X�O�i�V�D���I�H�O�W�H�K�H�W���H�Q �N�•�O�V�����I�R�U�U�i�V�E�y�O���H�U�H�G�H�]�W�H�W�K�H�W�������p�V szerkezethez 
�N�|�W���G�����W�H�O�H�S�N�p�Q�W van jelen. 

 
Kulcsszavak: �8�U�i�Q�����W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�P�p�U�p�V�����%�•�N�N���K�H�J�\�V�p�J�����%�i�Q-�Y�|�O�J�\ 

 
 

1. BEVEZETÉS 

�$�]���X�U�i�Q �K�i�U�R�P���L�]�R�W�y�S�M�D���I�R�U�G�X�O���H�O�� a �W�H�U�P�p�V�]�H�W�E�H�Q (U238, U235 �p�V���8234), �D�P�H�O�\�E���O���D�]���H�O�V�����N�H�W�W����
�S�U�L�P�R�U�G�L�i�O�L�V���U�D�G�L�R�Q�X�N�O�L�G�����D���K�D�U�P�D�G�L�N���S�H�G�L�J���D�]���H�O�V�����E�R�P�O�i�V�L���V�R�U�i�Q�D�N��egyik �O�H�i�Q�\�H�O�H�P�H�� Az �|�V�]��
�V�]�H�V���X�U�i�Q���W�|�E�E�����P�L�Q�W���������W��-�i�W���D�]���8238 teszi ki. B�R�P�O�i�V�L���V�R�U�D���N�p�W���F�V�R�S�R�U�W�U�D���R�V�]�W�K�D�W�y�����D��nehezebb, 
�K�R�V�V�]�D�E�E���I�H�O�H�]�p�V�L���L�G�H�M�&���H�O�H�P�H�N�E���O���i�O�O�y���8-�F�V�R�S�R�U�W�U�D�����p�V���D���U�|�Y�L�G�H�E�E���I�H�O�H�]�p�V�L���L�G�H�M�& �H�O�H�P�H�N�E���O���i�O�O�y 
Ra-csoportra. A�]�� �X�U�i�Q��maga nem gamma-�I�R�U�U�i�V, a radiometrikus �P�H�J�K�D�W�i�U�R�]�i�V�D�� �V�R�U�i�Q �P�p�U�W��
�J�D�P�P�D�V�X�J�i�U�]�i�V�� �L�J�D�]�i�E�y�O�� �D�� �N�•�O�|�Q�E�|�]���� �O�H�i�Q�\�H�O�H�P�H�N�� �H�J�\�•�W�W�H�V�� �K�D�W�i�V�D�N�p�Q�W�� �D�O�D�N�X�O�� �N�L (Sarangi, 
2000). 

�$�]���X�U�i�Q���M�H�O�O�H�P�]���H�Q���������p�V���������Y�H�J�\�p�U�p�W�N�H�W���Y�H�K�H�W���I�H�O�����È�V�Y�i�Q�\�R�N���D�O�N�R�W�y�M�D���O�H�J�L�Q�N�i�E�E���D�]���H�O���E�E�L��
�I�R�U�P�i�M�i�E�D�Q���O�H�K�H�W�����P�t�J���D�]���X�W�y�E�E�L���H�U���V�H�Q���P�R�E�L�O�L�V���V�D�Y�D�V���p�V���O�~�J�R�V���R�O�G�D�W�R�N�E�D�Q���L�V�� �$�]���X�U�i�Q�W�H�O�H�S�H�N��
�N�L�D�O�D�N�X�O�i�V�D���U�H�Q�G�V�]�H�U�L�Q�W���D���P�R�E�L�O�L�V���86+ �U�H�G�X�N�W�t�Y���N�|�U�Q�\�H�]�H�W�E�H���N�H�U�•�O�p�V�p�Y�H�O���P�D�J�\�D�U�i�]�K�D�W�y�� �$�]���X�U�i�Q 
komplexei �N�|�Q�Q�\�H�Q���D�G�V�]�R�U�E�H�i�O�y�Gnak �V�]�H�U�Y�H�V���D�Q�\�D�J�R�N���p�V �N�•�O�|�Q�I�p�O�H���i�V�Y�i�Q�\�R�N�����~�J�\�P�L�Q�W��vasoxi-
dok / hidroxidok, ferrihidrit, kaolinit, muszkovit, kalcit, szmektit �p�V��SiO2 polimorfok �I�H�O�•�O�H�W�p�Q. 
�$���I�R�O�\�D�P�D�W���W�|�E�E�H�N���N�|�]�|�W�W���I�•�J�J���D�]���i�V�Y�i�Q�\���W�t�S�X�V�i�W�y�O �p�V���D�Q�Q�D�N���I�H�O�V�]�t�Q�L���W�|�O�W�p�V�p�W���O, a pH-�W�y�O����a komp-
�O�H�[�N�p�S�]�����L�R�Q�R�N���M�H�O�H�Q�O�p�W�p�W���O����a �N���]�H�W���I�O�X�L�G�X�P���D�U�i�Q�\�W�y�O �p�V���D���K���P�p�U�V�p�N�O�H�W�W���O is (Shi et al., 2019; 
�3�D�\�Q�H���p�V���:�D�L�W�H�����������������<�D�Q�J��������������. 

�$���0�H�F�V�H�N�L���e�U�F�E�i�Q�\�i�V�]�D�W�L���9�i�O�O�D�O�D�W�����0�e�9���������������p�V�������������N�|�]�|�W�W���X�U�i�Q�U�D���L�U�i�Q�\�X�O�y���N�X�W�D�W�i�V�R�N�D�W��
�Y�p�J�]�H�W�W���D���%�•�N�N���K�H�J�\�V�p�J�L���%�i�Q-�Y�|�O�J�\�E�H�Q ���6�]�D�E�y���p�V���9�L�Q�F�]�H��������������. A �N�X�W�D�W�i�V���V�R�U�i�Q �I�~�U�i�V�R�N�E�y�O���p�V��
�i�U�N�R�O�i�V�R�N�E�y�O���Y�H�W�W���P�L�Q�W�i�N�R�Q���Y�p�J�H�]�W�H�N �Y�L�]�V�J�i�O�D�W�R�Nat, ami �D�O�D�S�M�i�Q���D�]���X�U�i�Q���I�����K�R�U�G�R�]�y���i�V�Y�i�Q�\�D���D��
kasolit (Pb(UO2)(SiO4) * H2O). H�i�U�R�P���i�V�Y�i�Q�\�W�i�U�V�X�O�i�V�W���N�•�O�|�Q�t�W�H�W�W�H�N���H�O�����H�]�H�N���D���N�|�Y�H�W�N�H�]���H�N������������
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kasolit �± cerusszit +/- U-Ti-�R�[�L�G�R�N�����X�U�D�Q�i�W�R�N�����8-�W�D�U�W�D�O�P�~���F�V�L�O�O�i�P�R�N�����V�]�X�O�I�L�G�R�N�������������F�H�U�X�V�V�]�L�W������- 
�H�S�L�J�p�Q���$�J-�i�V�Y�i�Q�\�R�N�����N�D�V�R�O�L�W�����J�R�H�W�K�L�W����limonit, jarosit; (3) galenit (Ag-tartalommal), szfalerit +/- 
Cu-�V�]�X�O�I�L�G�R�N���� �S�L�U�L�W���� �K�H�P�D�W�L�W���� �J�R�H�W�K�L�W���� �$�� �G�~�V�X�O�i�V�� �D�� �U�D�G�L�R�P�H�W�U�L�D�L�� �N�R�U�P�H�J�K�D�W�i�U�R�]�i�V�� �V�]�H�U�L�Q�W�� �N�U�p�W�D��
�N�R�U�~, a �E�H�I�R�J�D�G�y���N���]�H�W�H�N �U�H�J�L�R�Q�i�O�L�V���P�H�W�D�P�R�U�I�y�]�L�V�i�Y�D�O���H�J�\�L�G�H�M�&. F�R�U�U�i�V�i�X�O���H�J�\���V�D�Y�D�Q�\�~-neut-
�U�i�O�L�V���P�D�J�P�i�V���K�D�W�y �M�H�O�H�Q�O�p�W�p�W���I�H�O�W�p�W�H�O�H�]t�pk. 

�$�� �0�e�9-�H�V�� �N�X�W�D�W�i�V�R�N, �E�i�U�� �U�H�Q�G�N�t�Y�•�O�� �U�p�V�]�O�H�W�H�V�H�N�� �Y�R�O�W�D�N���� �H�O�V���V�R�U�E�D�Q�� �D�]�� �X�U�i�Q�U�D�� �I�y�N�X�V�]�i�O�W�D�N����
�)�L�J�\�H�O�P�H�Q���N�t�Y�•�O���K�D�J�\�W�i�N���D�]�R�Q���N���]�H�W�W�H�V�W�H�N���Y�L�]�V�J�i�O�D�W�i�W�����P�H�O�\�H�N���Q�H�P���8-, hanem Th-�W�D�U�W�D�O�P�X�N�Q�i�O��
fogva mutatnak �W�H�U�P�p�V�]�H�W�H�V gamma-�D�Q�R�P�i�O�L�i�W�����L�O�O�H�W�Y�H���N�H�Y�p�V���I�L�J�\�H�O�P�H�W���V�]�H�Q�W�H�O�W�H�N���D�]���8-�W�y�O���H�O��
�W�p�U�����Q�\�R�P�H�O�H�P�H�N���Y�L�]�V�J�i�O�D�W�inak. 

A �N�|�]�H�O�P�~�O�W�E�D�Q���D���W�H�U�•�O�H�W�H�Q���~�M�D�E�E���W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�P�p�U�p�V�H�N�H�W���Y�p�J�H�]�W�•�Q�N���U�p�V�]�E�H�Q���D�]���H�O����
�]���H�N�E�H�Q���H�P�O�t�W�H�W�W �K�L�i�Q�\�R�V�V�i�J���S�y�W�O�i�V�D �F�p�O�M�i�E�y�O�����.�X�W�D�W�i�V�X�Q�N���P�i�V�L�N���F�p�O�M�D �D�]���H�J�\�N�R�U�L���H�U�H�G�P�p�Q�\�H�N��
modernebb, �P�H�J�E�t�]�K�D�W�y�E�E �D�Q�D�O�L�W�L�N�D�L���P�y�G�V�]�H�U�H�N�N�H�O���Y�D�O�y���D�O�i�W�i�P�D�V�]�W�i�Va, illetve annak �P�H�J�K�D�W�i��
�U�R�]�i�V�i�U�D���� �P�H�Q�Q�\�L�E�H�Q�� �W�p�U�� �H�O�� �D�� �I�H�O�V�]�t�Q�H�Q�� �J�\�&�M�W�|�W�W���� �D�]�D�]�� �R�[�L�G�i�O�W �P�L�Q�W�i�N�� �|�V�V�]�H�W�p�W�H�O�H�� �D�� �P�p�O�\�V�]�L�Q�W�L��
�P�L�Q�W�i�N�p�W�y�O. 

 
2. FÖLDTANI FELÉPÍTÉS 

�$���%�•�N�N���W�H�U�•�O�H�W�p�Q���I�H�O�V�]�t�Q�U�H���E�X�N�N�D�Q�y���N���]�H�W�H�N���N�R�U�D���D���N�p�V��-�N�D�U�E�R�Q�W�y�O���D���M�X�U�i�L�J���W�H�U�M�H�G�����$���%�•�N�N�L��
�3�D�U�D�D�X�W�R�F�K�W�R�Q���U�p�W�H�J�W�D�Q�L���Q�D�J�\�H�J�\�V�p�J�p�W���•�O�H�G�p�N�K�p�]�D�J�J�D�O���H�J�\�P�i�V�U�D���W�H�O�H�S�•�O�������N�R�Q�W�L�Q�H�Q�W�i�O�L�V���D�O�M�]�D��
�W�R�Q���N�L�D�O�D�N�X�O�W���I�H�O�V��-karbon, perm-�W�U�L�i�V�]�����L�O�O�H�W�Y�H���N�|�]�p�S�V��-�M�X�U�D���U�p�W�H�J�V�R�U�R�N���D�O�N�R�W�M�i�N���$�]���X�U�in �G�~�V�X��
�O�i�Va �H�J�\���S�H�U�P���N�R�U�~���N�p�S�]���G�P�p�Q�\�K�H�]�����D���6�]�H�Q�W�O�p�O�H�N�L���)�R�U�P�i�F�L�yhoz, annak is a Farkasnyaki Ho-
�P�R�N�N�����W�D�J�R�]�D�W�i�K�R�]���N�|�W���G�L�N�����D�P�L �V�]�|�J�G�L�V�]�N�R�U�G�D�Q�F�L�i�Y�D�O���W�H�O�H�S�•�O���D���N�D�U�E�R�Q���N�p�S�]���G�P�p�Q�\�H�N�U�H���� 

 

 
1�����i�E�U�D 

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

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

�G�p�V�p�Q�H�N�� �N�|�U�Q�\�H�]�H�W�H�� �D�U�L�G���� �V�L�Y�D�W�D�J�R�V�� �p�J�K�D�M�O�D�W�~�� �W�H�Q�J�H�U�S�D�U�W��(Less et al., 2005). �6�]�D�E�y�� �p�V�� �9�L�Q�F�]�H��
(2002) �V�]�H�U�L�Q�W�� �X�U�i�Q�G�~�V�X�O�i�V�� �R�W�W�� �M�|�W�W�� �O�p�W�U�H�� �D�� �K�R�P�R�N�N���E�H�Q���� �D�K�R�O�� �D�]�� �N�|�]�Y�H�W�O�H�Q�•�O�� �D�� �I�H�O�V��-karbon 

������



A B�•�N�N���K�H�J�\�V�p�J�L��B�i�Q-�Y�|�O�J�\���W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�D�Q�R�P�i�O�L�i�W���P�X�W�D�W�y���K�R�P�R�N�N�|�Y�H�L�Q�H�N���i�V�Y�i�Q�\�W�D�Q�L���p�V�� 

 

�0�i�O�\�L�Q�N�D�L���)�R�U�P�i�F�L�y���]�i�W�R�Q�\�P�p�V�]�N��-�W�H�V�W�M�H�L�U�H���W�H�O�H�S�•�O�����Q�H�P���S�H�G�L�J���D���I�R�U�P�i�F�L�y���Q�D�J�\�R�E�E���U�p�V�]�p�W���N�L��
�W�H�Y�����D�O�H�X�U�R�O�L�W- �p�V���D�J�\�D�J�S�D�O�i�U�D�����$���Y�L�]�V�J�i�O�W���W�H�U�•�O�H�W���I�|�O�G�W�D�Q�L���W�p�U�N�p�S�p�W���D���P�L�Q�W�D�J�\�&�M�W�p�V�L���K�H�O�\�H�N���p�V���D�]��
�H�J�\�N�R�U�L���N�X�W�D�W�y�I�~�U�i�V�R�N���M�H�O�|�O�p�V�p�Y�H�O���D�]��1�����i�E�U�D mutatja be. 

 
3. ALKALMAZOTT MÓDSZEREK 

�$���P�H�J�I�H�O�H�O�����P�L�Q�W�i�N���N�L�Y�i�O�D�V�]�W�i�V�i�K�R�]���D���N���]�H�W�H�N���W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�L�Q�W�H�Q�]�L�W�i�V�i�W �K�D�V�]�Q�i�O�W�X�N��
�N�L�����D���0�L�V�N�R�O�F�L���(�J�\�H�W�H�P���1�\�H�U�V�D�Q�\�D�J�N�X�W�D�W�y���)�|�O�G�W�X�G�R�P�i�Q�\�L���,�Q�W�p�]�H�W�p�Q�H�N���*�D�P�P�D���6�X�U�Y�H�\�R�U���W�t�S�X�V�~��
�V�]�F�L�Q�W�L�O�O�i�F�L�y�V�� �G�H�W�H�N�W�R�U�i�Q�D�N�� �V�H�J�t�W�V�p�J�p�Y�H�O���� �$�� �P�&�V�]�H�U�� �N�H�U�H�V���� �•�]�H�P�P�y�G�E�D�Q�� �D�O�N�D�O�P�D�V�� �D�]�� �|�V�V�]�E�H��
�•�W�p�V�V�]�i�P�� �U�H�J�L�V�]�W�U�i�O�i�V�i�U�D���� �$�K�R�O�� �H�]�� �D�]�� �p�U�W�p�N�� �D�� �������� �F�S�V-�W�� �H�O�p�U�W�H���� �V�S�H�N�W�U�i�O�L�V�� ���N�i�O�L�X�P-, ekvivalens 
�X�U�i�Q- (eU) �p�V ekvivalens �W�y�U�L�X�P- (eTh) �N�R�Q�F�H�Q�W�U�i�F�L�y�U�D���L�U�i�Q�\�X�O�y�����P�p�U�p�V�H�N�H�W���Y�p�J�H�]�W�•�Q�N�� Az ek-
�Y�L�Y�D�O�H�Q�V���H�E�E�H�Q���D�]���H�V�H�W�E�H�Q���D�]�W���M�H�O�H�Q�W�L�����K�R�J�\���D���P�&�V�]�H�U���D�]���8���p�V��a Th �N�R�Q�F�H�Q�W�U�i�F�L�y�p�U�W�p�N�p�W���D���E�R�P�O�i�V�L��
�H�J�\�H�Q�V�~�O�\���I�H�O�W�p�W�H�O�H�]�p�V�p�Y�H�O���K�D�W�i�U�R�]�]�D���P�H�J a 214Bi, illetve a 218Tl �O�H�i�Q�\�H�O�H�P�H�N��karakterisztikus 
�K�X�O�O�i�P�K�R�V�V�]�R�N�R�Q���N�L�E�R�F�V�i�W�R�W�W���J�D�P�P�D-�V�X�J�i�U�]�i�V�i�E�y�O���V�]�i�P�t�W�R�W�W �N�R�Q�F�H�Q�W�U�i�F�L�y�M�D���D�O�D�S�M�i�Q. 

�$���P�L�Q�W�i�N���I���H�O�H�P- �p�V���Q�\�R�P�H�O�H�P�N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�p�U�H���Y�R�Q�D�W�N�R�]�y���P�p�U�p�V�H�N�H�W��ICP-�$�(�6���p�V���,�&�3-
�0�6���V�H�J�t�W�V�p�J�p�Y�H�O���D�]���$�/�6���O�D�E�R�U�D�W�y�U�L�X�P�D���Y�p�J�H�]�W�H���H�O�� �$���Y�L�]�V�J�i�O�W���P�L�Q�W�i�N���i�V�Y�i�Q�\�W�D�Q�L���|�V�V�]�H�W�p�W�H�O�p�Q�H�N��
�P�H�J�K�D�W�i�U�R�]�i�V�D���U�|�Q�W�J�H�Q-�S�R�U�G�L�I�I�U�D�N�F�L�y�����;�5�'�����V�H�J�t�W�V�p�J�p�Y�H�O���W�|�U�W�p�Q�W�����$���P�p�U�p�V�K�H�]���H�J�\���%�U�X�N�H�U���'����
Advance �P�&�V�]�H�U�W���K�D�V�]�Q�i�O�W�X�Q�N��(40 kV, 40 mA, Cu K-�.���V�X�J�i�U�]�i�V, Vantec-�����K�H�O�\�]�H�W�p�U�]�p�N�H�O�����G�H��
�W�H�N�W�R�U�����S�i�U�K�X�]�D�P�R�V���Q�\�D�O�i�E���J�H�R�P�H�W�U�L�D�������$���N�L�p�U�W�p�N�H�O�p�V���D�]���,�&�'�'���3�'�)���������������D�G�D�W�E�i�]�L�V�R�Q���D�O�D�S�X�O�y��
�'�L�I�I�U�D�F�3�O�X�V�� �(�Y�D�� �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�� Elektron-�P�L�N�U�R�V�]�R�Q�G�i�V�� �Y�L�]�V�J�i�O�D�W�R�N�N�D�O��(JEOL 
JXA 8600 Superprobe elektron-�P�L�N�U�R�V�]�N�y�S���� �6�'�'-EDX detektor, SamX-�Y�H�]�p�U�O�p�V���� ����-20 kV 
�J�\�R�U�V�t�W�y�I�H�V�]�•�O�W�V�p�J�����������Q�$���P�L�Q�W�D�i�U�D�P�����K�D�W�i�U�R�]�W�X�N���P�H�J���H�J�\�H�G�L���i�V�Y�i�Q�\�V�]�H�P�F�V�p�N���N�p�P�L�D�L���|�V�V�]�H�W�p��
�W�H�O�p�W�� ���H�Q�H�U�J�L�D-�G�L�V�]�S�H�U�]�t�Y�� �U�|�Q�W�J�H�Q-�V�S�H�N�W�U�R�P�H�W�U�L�D���� �(�'�;������ �p�V�� �N�•�O�|�Q�t�W�H�W�W�•�N�� �H�O�� �H�J�\�P�i�V�W�y�O�� �D�� �N�•�O�|�Q��
�E�|�]�����i�V�Y�i�Q�\�R�N�D�W���Y�L�V�V�]�D�V�]�y�U�W���H�O�H�N�W�U�R�Q�N�p�S�H�N�H�Q�����%�6�(���� �$���N���]�H�W�D�O�N�R�W�y���i�V�Y�i�Q�\�R�N���p�V���N���]�H�W�V�]�|�Y�H�W��
�Y�L�]�V�J�i�O�D�W�i�U�D��Zeiss AxioCam �0�5�F���� �N�D�P�H�U�i�Y�D�O�� �H�O�O�i�W�R�W�W���=�H�L�V�V���,�P�D�J�H�U���$���P�� �$�;�,�2���S�R�O�D�U�L�]�i�F�L�y�V��
�P�L�N�U�R�V�]�N�y�S�R�W���K�D�V�]�Q�i�O�W�X�Q�N�� Az ICP �$�(�6���p�V���0�6���Y�L�]�V�J�i�O�D�W�R�N�R�Q���N�t�Y�•�O���D�]���|�V�V�]�H�V���Y�L�]�V�J�i�O�D�W���D���0�L�V��
kolci Egyetem �1�\�H�U�V�D�Q�\�D�J�N�X�W�D�W�y���)�|�O�G�W�X�G�R�P�i�Q�\�L �,�Q�W�p�]�H�W�p�E�H�Q���W�|�U�W�p�Q�W�� 

 
4. ERDEMÉNYEK 

4.1. �5�D�G�L�R�P�H�W�U�L�D�L���P�p�U�p�V�H�N �p�V���P�L�Q�W�D�J�\�&�M�W�p�V 

�5�D�G�L�R�P�H�W�U�L�D�L���P�p�U�p�V�H�N�U�H���D���%�•�N�N���K�H�J�\�V�p�J�L���%�i�Q-�Y�|�O�J�\�I���E�H�Q���N�H�U�•�O�W���V�R�U����Az �H�U�H�G�P�p�Q�\�Hket az 1. 
�W�i�E�O�i�]�D�W �I�R�J�O�D�O�M�D���|�V�V�]�H����A �P�p�U�p�V�L���K�H�O�\�V�]�t�Q�H�N���V�R�N���H�V�H�W�E�H�Q���H�J�\�E�H�H�V�W�H�N���D�]���H�J�\�N�R�U�L���0�e�9-es kuta-
�W�i�V�R�N���P�p�J���I�H�O�O�H�K�H�W�����Q�\�R�P�D�L�Y�D�O�����$�]���H�U�H�G�P�p�Q�\�H�N��szerint a K-�W�D�U�W�D�O�R�P�����������p�V�����������������D�]���8-tartalom 
�������� �p�V�� �������� �S�S�P���� �D�� �7�K-�W�D�U�W�D�O�R�P�� �������� �p�V�� ���������� �S�S�P�� �N�|�]�p�� �H�V�L�N���� �$�� �P�D�J�D�V��e�8�� �p�V��eTh �p�U�W�p�N�H�N��nem 
�M�i�U�Q�D�N���H�J�\�•�W�W�����E�i�U���D���.���p�V��az e�7�K���N�|�]�|�W�W���P�i�U���P�H�J�I�L�J�\�H�O�K�H�W�����N�D�S�F�V�R�O�D�W�� Magas �D�N�W�L�Y�L�W�i�V�R�N��sokszor 
�Q�H�P���V�]�i�O�E�D�Q���i�O�O�y���N���]�H�W�H�Q�����K�D�Q�H�P���N�R�Q�V�]�R�O�L�G�i�O�D�W�O�D�Q�����W�D�O�D�M�V�]�H�U�&���P�i�O�O�D�G�p�N�R�Q, illetve �W�|�U�P�H�O�p�N�H�N�H�Q��
jelentkeztek (1946-os pont, 1950-es pont). �,�O�\�H�Q���K�H�O�\�H�N�H�Q���P�L�Q�W�D�Y�p�W�H�O���W�|�U�W�p�Q�W���D���W�D�O�D�M�E�y�O���� �p�V���D�]��
abba bekeveredett, legfeljebb cm-es�����N�•�O�|�Q�E�|�]�� �W�|�U�P�H�O�p�N�G�D�U�D�E�R�N�E�y�O���L�V�����(�J�\���V�]�L�Q�W�p�Q���Y�L�V�]�R�Q�\�O�D�J��
magas U-�D�Q�R�P�i�O�L�i�W���P�X�W�D�W�y���P�p�U�p�V�L���S�R�Q�W���H�V�H�W�p�E�H�Q������������-�D�V���S�R�Q�W�����N�p�W���N�•�O�|�Q�I�p�O�H���W�t�S�X�V�~���N���]�H�W���± 
�D�O�H�X�U�R�O�L�W�����$���Y�i�O�W�R�]�D�W�����p�V�� �P�i�O�O�R�W�W���K�R�P�R�N�N�� ���%���Y�i�O�W�R�]�D�W�� �± �Y�R�O�W���P�H�J�W�D�O�i�O�K�D�W�y���H�J�\�P�i�V���N�|�]�Y�H�W�O�H�Q��
�V�]�R�P�V�]�p�G�V�i�J�i�E�D�Q�����t�J�\ �L�W�W���P�L�Q�G�N�H�W�W���E���O���W�|�U�W�p�Q�W���P�L�Q�W�D�Y�p�W�H�O�����0�H�J�H�P�O�t�W�H�Q�G�����P�p�J���D�]����������-�D�V���P�p��
�U�p�V�L���S�R�Q�W�����D�P�L �N�L�I�H�M�H�]�H�W�W�H�Q���D�O�D�F�V�R�Q�\���X�U�i�Q�D�Q�R�P�i�O�L�i�W���P�X�W�D�W�����H�K�H�O�\�H�W�W magas Th-tartalma miatt ke-
�U�•�O�W�� �P�L�Q�W�i�]�i�V�U�D�� �$�� �E�H�J�\�&�M�W�|�W�W�� �K�R�P�R�N�N���P�L�Q�W�i�N�� �O�H�J�W�|�E�E�V�]�|�U�� �V�i�U�J�i�V�E�D�U�Q�D���� �H�V�H�W�O�H�J�� �V�]�•�U�N�p�V�V�i�U�J�D��
�V�]�t�Q�&�H�N�����N�L�Y�p�W�H�O�W���H�]���D�O�y�O a �O�L�O�i�V���V�]�t�Q�& �X�U�i�Q�V�]�H�J�p�Q�\���K�R�P�R�N�N�����N�p�S�H�]�� 

 
4.1. �5�D�G�L�R�P�H�W�U�L�D�L���H�U�H�G�P�p�Q�\�H�N���p�V���N�p�P�L�D���|�V�V�]�H�Y�H�W�p�V�H 

�$���W�H�U�H�S�L���D�G�D�W�R�N���D�O�D�S�M�i�Q���X�U�i�Q���V�]�H�P�S�R�Q�W�M�i�E�y�O���t�J�p�U�H�W�H�V�Q�H�N�����Y�D�J�\���Y�D�O�D�P�L�O�\�H�Q���P�i�V���V�]�H�P�S�R�Q�W�E�y�O��
�H�J�\�H�G�L�Q�H�N�� �V�]�i�P�t�W�y�� �P�L�Q�W�i�N�E�y�O�� �N�p�P�L�D�L�� �H�O�H�P�]�p�V�H�N�H�W�� �Y�p�J�H�]�W�H�W�W�•�Q�N�� �D�]�� �$�/�6-sel. Az �H�U�H�G�P�p�Q�\�Hk 
�Q�H�P���H�U���V�t�W�H�W�W�p�N���P�H�J���P�D�U�D�G�p�N�W�D�O�D�Q�X�O���D���J�D�P�P�D���P�p�U�p�V�H�N���i�O�W�D�O���P�p�U�W���P�H�Q�Q�\�L�V�p�J�H�N�H�W����2�����i�E�U�D). Az 

������



Cs. Balassa et. al 

 

ICP-MS-sel kimutatott legmagasabb U-�p�U�W�p�N�� �������� �S�S�P-�Q�H�N�� �D�G�y�G�R�W�W���� �P�H�O�\�� �p�U�W�p�N���� �E�i�U�� �D�O�D�F�V�R��
nyabb, mint a gamma-�P�p�U�p�V�H�N���i�O�W�D�O���L�Q�G�L�N�i�O�W���P�D�[�L�P�X�P�����P�p�J���P�L�Q�G�L�J���N�E��������-�V�]�H�U�H�V���G�~�V�X�O�i�V�W���M�H��
�O�H�Q�W���D�� �I�H�O�V���� �I�|�O�G�N�p�U�H�J�U�H�� �M�H�O�O�H�P�]���� �i�W�O�D�J�p�U�W�p�N�K�H�]�� �N�p�S�H�V�W���� �P�L�Q�W�� �D��3���� �i�E�U�D is mutatja ���5�X�G�Q�L�F�N�� �p�V��
Gao, 2013)�����(�]�W���D�]���p�U�W�p�N�H�W���H�J�\���K�R�P�R�N�N���P�L�Q�W�i�Q���P�p�U�W�p�N (1947-es minta)�����D�P�H�O�\�U�H���D���J�D�P�P�D���P�p��
�U�p�V�H�N���P�L�Q�G�|�V�V�]�H���N�E�����������S�S�P���X�U�i�Q�W�����D�]�D�]���D���N�p�P�L�i�Y�D�O���L�J�D�]�R�O�W���P�H�Q�Q�\�L�V�p�J���I�H�O�p�W�����M�y�V�R�O�W�D�N. Az ezt 
�N�|�Y�H�W�����O�H�J�P�D�J�D�V�D�E�E���p�U�W�p�N�����������S�S�P�������D�E�E�D�Q���D���W�D�O�D�M�P�L�Q�W�i�E�D�Q���Y�R�O�W���N�L�P�X�W�D�W�K�D�W�y�����D�P�H�O�\���D���J�D�P�P�D��
�P�p�U�p�V�H�N�� �D�O�D�S�M�i�Q�� �O�H�J�L�Q�N�i�E�E�� �U�D�G�L�R�D�N�W�t�Y�Q�D�N�� �E�L�]�R�Q�\�X�O�W (1950 talajminta)���� �G�H�� �H�W�W���O�� �D�O�L�J�� �P�D�U�D�G�W���H�O��
���������S�S�P�����D���P�H�J�H�J�\�H�]�����K�H�O�\�V�]�t�Q�H�Q���P�L�Q�W�i�]�R�W�W���N���]�H�W�G�D�U�D�E�����D�P�L���D���N�p�P�L�D�L���H�O�H�P�]�p�V�U�H���Y�p�O�H�W�O�H�Q�V�]�H��
�U�&�H�Q���N�H�U�•�O�W���N�L�Y�i�O�D�V�]�W�i�V�U�D���D���W�|�E�E�����N�•�O�|�Q�E�|�]�����W�t�S�X�V�~���K�R�P�R�N�N���G�D�U�D�E���N�|�]�•�O. 

1�����W�i�E�O�i�]�D�W 
�$���U�D�G�L�R�P�H�W�U�L�D�L���P�p�U�p�V�H�N���H�U�H�G�P�p�Q�\�H�L. A *-gal �M�H�O�|�O�W���D�]�R�Q�R�V�t�W�y�N���H�V�H�W�p�E�H�Q���W�|�U�W�p�Q�W���P�L�Q�W�D��

�Y�p�W�H�O. Egy-�H�J�\���P�p�U�p�V�L���S�R�Q�W�E�D�Q���J�\�D�N�U�D�Q���W�|�E�E���P�L�Q�W�i�W���L�V���Y�H�W�W�•�Q�N�� 
ID K [%] eU [ppm] eTh [ppm] �'�y�]�L�V [nGy/h] 

1946* 2.48 15.75 6.8 139.2 
1946 talaj* 2.23 22.6 10.2 183.3 
1947* 1.89 56.05 5.8 357.6 
1948* 3.42 92.63 11.9 600.53 
1949 2.44 14.4 8.3 134.7 
1950* 3.13 150 10.5 918.8 
1918* 5.61 2.55 17.9 132.95 
1963 2.51 4.1 12.25 106.55 
1964* 3.04 16.9 7.85 155.7 
1920* 2.32 26.6 8 201 
1916 3.6 2.6 9.4 85.6 
1917 3.6 1.2 10.6 81.1 
1921 2.6 2.4 9.7 72.8 
1922 1.7 7.1 9.3 86.7 

 

  

2�����i�E�U�D 
A terepen, �W�H�U�P�p�V�]�H�W�H�V��gamma-�P�p�U�p�V�V�H�O���P�H�J�K�D�W�i�U�R�]�R�W�W���p�V���D�]���,�&�3-MS-sel �P�p�U�W���p�U�W�p�N�H�N���N�D�S�F�V�R��

lata. Balra az U, jobbra a Th esete. 
  

�$�]���H�J�\�p�E���P�L�Q�W�i�N���H�V�H�W�p�E�H�Q���V�H�P���W�~�O���M�y���D���U�D�G�L�R�P�H�W�U�L�D���i�O�W�D�O���M�H�O�]�H�W�W���p�V���D���W�p�Q�\�O�H�J�H�V���8-�N�R�Q�F�H�Q�W�U�i�F�L�y�N��
�H�J�\�H�]�p�V�H�����E�i�U���D�]���L�J�D�]�����K�R�J�\���D�K�R�O���D���V�]�F�L�Q�W�L�O�O�i�F�L�y�V���G�H�W�H�N�W�R�U���P�D�J�D�V���p�U�W�p�N�H�W���M�H�O�]�H�W�W�����R�W�W���Y�D�O�y�E�D�Q���D�]��
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A B�•�N�N���K�H�J�\�V�p�J�L��B�i�Q-�Y�|�O�J�\���W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�D�Q�R�P�i�O�L�i�W���P�X�W�D�W�y���K�R�P�R�N�N�|�Y�H�L�Q�H�N���i�V�Y�i�Q�\�W�D�Q�L���p�V�� 

 

�i�W�O�D�J�R�V�Q�i�O���P�D�J�D�V�D�E�E���D�]���8-�W�D�U�W�D�O�R�P�����$���7�K���H�V�H�W�p�E�H�Q���D���N�p�W���p�U�W�p�N���H�J�\�H�]�p�V�H���Y�D�O�D�P�L�Y�H�O���M�R�E�E����ha�E�i�U��
�R�W�W���D�]���p�U�W�p�N�H�N���Y�L�V�]�R�Q�\�O�D�J���D�O�D�F�V�R�Q�\�Dk�����p�V���N�H�Y�p�V�E�p���V�]�p�O�H�V���W�D�U�W�R�P�i�Q�\�E�D�Q���Y�i�O�W�R�]�Q�D�N�� 

�$���U�D�G�L�R�P�H�W�U�L�i�Y�D�O���P�p�U�W���p�V���D�]���,�&�3-MS-sel �N�L�P�X�W�D�W�R�W�W���p�U�W�p�N�H�N���N�•�O�|�Q�E�|�]���V�p�J�H���W�|�E�E���R�N�U�D���L�V���Y�L�V�]��
�V�]�D�Y�H�]�H�W�K�H�W������ �(�J�\�U�p�V�]�W�� �N�p�U�G�p�V�H�V���� �P�H�Q�Q�\�L�U�H�� �V�L�N�H�U�•�O�W�� �Y�D�O�y�E�D�Q�� �D�]�W�� �D�� �N���]�H�W�H�W���•�O�H�G�p�N�H�W�� �P�H�J�P�L�Q��
�W�i�]�Q�L�����D�P�H�O�\�L�N���D���P�p�U�W���J�D�P�P�D���D�N�W�L�Y�L�W�i�V�W���R�N�R�]�W�D�����D�P�L���N�•�O�|�Q�|�V�H�Q���L�J�D�]���D���P�i�U���|�Q�P�D�J�i�E�D�Q���L�V���Y�H�J�\�H�V��
�D�Q�\�D�J�R�N�D�W���W�D�U�W�D�O�P�D�]�y���P�L�Q�W�D�Y�p�W�H�O�L���K�H�O�\�H�N�����t�J�\���S�O�����D�]����������-�H�V���P�p�U�p�V�L���S�R�Q�W�����H�V�H�W�p�E�H�Q�����0�i�V�U�p�V�]�W���D��
�N�•�O�|�Q�E�V�p�J�H�N���I�L�]�L�N�D�L���R�N�R�N�U�D���L�V���Y�L�V�V�]�D�Y�H�]�H�W�K�H�W���H�N���O�H�K�H�W�Q�H�N�����$���G�H�W�H�N�W�i�O�W���W�H�U�P�p�V�]�H�W�H�V��gamma-su-
�J�i�U�]�i�V�� ������-�E�D�Q�� �W�X�O�D�M�G�R�Q�N�p�S�S�H�Q�� �D�]�� �X�U�i�Q�� �E�R�P�O�i�V�L�� �V�R�U�i�Q�D�N�� �U�D�G�R�Q-�F�V�R�S�R�U�W�M�i�W�y�O�� �V�]�i�U�P�D�]�L�N���� �t�J�\��
amennyiben �D�]���8���R�O�G�D�W�E�D���N�H�U�•�O�Y�H���W�i�Y�R�]�L�N���D���U�H�Q�G�V�]�H�U�E���O����vagy ahol �D���P�R�E�L�O�L�]�i�O�W���O�H�i�Q�\�H�O�H�P�H�N��
�F�V�D�S�G�i�]�y�G�Q�D�N, �D�� �W�p�Q�\�O�H�J�H�V�H�Q�� �M�H�O�H�Q�� �O�H�Y���� �8-�Q�i�O�� �P�D�J�D�V�D�E�E�� �P�H�Q�Q�\�L�V�p�J�� �P�X�W�D�W�K�D�W�y�� �N�L�� �D�� �J�D�P�P�D-
�P�p�U�p�V�H�N���V�H�J�t�W�V�p�J�p�Y�H�O�����$�P�H�Q�Q�\�L�E�H�Q���Y�L�V�]�R�Q�W���D���J�i�]���K�D�O�P�D�]�i�O�O�D�S�R�W�~���O�H�i�Q�\�H�O�H�P�H�N�����I���O�H�J���D���U�D�G�R�Q����
�V�]�D�E�D�G�X�O�Q�D�N���N�L���D���U�H�Q�G�V�]�H�U�E���O�����D���W�p�Q�\�O�H�J�H�V���8-�W�D�U�W�D�O�R�P�Q�i�O���D�O�D�F�V�R�Q�\�D�E�E���P�p�U�K�H�W����(Sarangi, 2000). 
�$�]���H�O�H�P�]�H�W�W���P�L�Q�W�i�N���H�V�H�W�p�E�H�Q���D���O�H�J�L�Q�N�i�E�E���X�U�i�Q�G�~�V�����������������p�V���N�L�V�H�E�E���P�p�U�W�p�N�E�H�Q���D�]���X�U�i�Q�V�]�H�J�p�Q�\��
�������������� �K�R�P�R�N�N�|�Y�H�W�� �O�H�V�]�i�P�t�W�Y�D�� �D�]�� �H�O�V���� �H�V�H�W�� �i�O�O�� �I�H�Q�Q���� �D�]�D�]�� �D�� �J�D�P�P�D-�P�p�U�p�V�H�N�� �W�~�O�E�H�F�V�•�O�W�p�N�� �D�]��
�X�U�i�Q�W�D�U�W�D�O�P�D�W�� 

 
4.2. �$���P�L�Q�W�i�N���N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H 

�$�� �Y�L�]�V�J�i�O�W���P�L�Q�W�i�N �I���H�O�H�P-�N�p�P�L�D�L�� �|�V�V�]�H�W�p�W�H�O�p�W���D��2���� �W�i�E�O�i�]�D�W mutatja be. �$�� �I���H�O�H�P�|�V�V�]�H�W�p�W�H�O��
�H�J�\�p�U�W�H�O�P�&�H�Q���|�V�V�]�H�I�•�J�J�p�V�E�H���K�R�]�K�D�W�y���D���N���]�H�W�H�N���i�V�Y�i�Q�\�W�D�Q�L���|�V�V�]�H�W�p�W�H�O�p�Y�H�O�����$���P�D�J�D�V���6�L�22-tarta-
�O�R�P�� �P�D�J�D�V�� �N�Y�D�U�F�W�D�U�W�D�O�R�P�U�D�� �X�W�D�O���� �P�t�J�� �$�O2O3, Fe2O3���� �0�J�2�� �p�V�� �.2�2�� �D�� �U�p�W�H�J�V�]�L�O�L�N�i�W�R�N�� �M�H�O�H�Q�O�p�W�p�W��
�M�H�O�]�L�����(�]�H�N���D�O�D�S�M�i�Q���W�H�U�P�p�V�]�H�W�H�V�H�Q���D�]���D�O�D�F�V�R�Q�\�D�E�E���6�L�22-�W�D�U�W�D�O�R�P�P�D�O���E�t�U�y���N���]�H�W�H�N�Q�H�N���Y�L�V�]�R�Q�\�O�D�J��
magasabb az Al2O3-, Fe2O3-, MgO- �p�V���.2O-tartalmuk. 

A SiO2-tartalom viszonylag alacsonyabb az egyik talajminta (1946), a Th-�G�~�V�����8-�V�]�H�J�p�Q�\��
�K�R�P�R�N�N�������������������p�V���D�]���D�O�H�X�U�R�O�L�W�P�L�Q�W�D���������������$�������N�|�]�H�S�H�V���D���P�i�V�L�N���W�D�O�D�M�P�L�Q�W�D�����������������p�V���D���P�i�O�O�R�W�W��
�K�R�P�R�N�N�����������������%�����H�V�H�W�p�E�H�Q�����O�H�J�P�D�J�D�V�D�E�E���D���W�|�E�E�L���K�R�P�R�N�N���Q�p�O�� A Na-�W�D�U�W�D�O�R�P���D�]���D�O�E�L�W���M�H�O�H�Q�O�p��
�W�p�U�H���X�W�D�O�����H�]���D���P�i�O�O�R�W�W���K�R�P�R�N�N���P�L�Q�W�i�E�D�Q���D���O�H�J�P�D�J�D�V�D�E�E. A TiO2-�W�D�U�W�D�O�R�P�����������p�V����������t�����N�|�]�|�W�W��
�P�R�]�R�J�����p�V���L�Q�N�i�E�E���D�]���D�O�D�F�V�R�Q�\�D�E�E���6�L�22-�W�D�U�W�D�O�P�~���P�L�Q�W�i�N�E�D�Q��vesz fel viszonylag magasabb �p�U�W�p��
keket, kiemelten az �D�O�H�X�U�R�O�L�W�P�L�Q�W�i�E�D�Q���p�V���D�] U-�V�]�H�J�p�Q�\���K�R�P�R�N�N���P�L�Q�W�i�E�D�Q. 

 
2�����W�i�E�O�i�]�D�W 

A �Y�L�]�V�J�i�O�W���P�L�Q�W�i�N���I���H�O�H�P-oxidos �|�V�V�]�H�W�p�W�H�O�H, ICP-�$�(�6���D�O�D�S�M�i�Q [t%] 
 SiO2 Al 2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO 2 MnO P2O5 SrO BaO LOI Total 

1920 85 8.69 1 0.11 0.26 2.4 1.44 0.002 0.29 0.03 0.05 <0.01 0.02 1.6 100.89 

1946_t 56.7 14.8 4.65 0.73 1.7 1.02 3.41 0.008 0.63 0.14 0.24 0.01 0.06 15.4 99.5 

1947 86.1 8.42 0.81 0.13 0.22 2.74 1.1 0.002 0.28 0.02 0.05 <0.01 0.02 1.52 101.41 

1948 A 64.8 20 2.58 0.17 1.2 1.92 5.75 0.01 1.04 0.01 0.09 <0.01 0.07 3.74 101.38 

1948 B 77 9.5 4.95 0.12 0.12 4.43 0.47 <0.002 0.3 0.52 0.05 <0.01 0.01 2.78 100.25 

1950 81.2 11 1.14 0.18 0.51 1.74 2.54 0.003 0.36 0.01 0.08 <0.01 0.03 2.14 100.93 

1950 t 71.9 11.75 2.78 1.06 0.75 1.04 2.84 0.004 0.44 0.11 0.18 <0.01 0.03 6.71 99.59 

1918 60.7 19.55 7.04 0.13 1.88 1.36 6.32 0.007 0.88 0.01 0.06 <0.01 0.05 3.73 101.72 

 
Az elemzett nyomelemek �M�H�O�O�H�P�]���H�Q �Q�H�P���G�~�V�X�O�W�D�N���I�H�O (3�����i�E�U�D�������O�H�V�]�i�P�t�W�Y�D���D�]���H�O���]���H�N�E�H�Q��

�P�i�U�� �H�P�O�t�W�H�W�W���8-t���� �9�L�V�]�R�Q�\�O�D�J�� �P�D�J�D�V�D�E�E�� �U�L�W�N�D�I�|�O�G�I�p�P�� ���W�R�Y�i�E�E�L�D�N�E�D�Q�� �5�)�)��-�W�D�U�W�D�O�R�P�P�D�O�� �E�t�U�� �D�]��
U-�E�D�Q���V�]�H�J�p�Q�\ �K�R�P�R�N�N���P�L�Q�W�D (1918)�����G�H���D���O�H�J�L�Q�N�i�E�E���8-�G�~�V���P�L�Q�W�i�Q�D�N���N�L�I�H�M�H�]�H�W�W�H�Q���D�O�D�F�V�R�Q�\���D��
RFF-�W�D�U�W�D�O�P�D�����$���W�|�E�E�L���Y�L�]�V�J�i�O�W���P�L�Q�W�i�Y�D�O���|�V�V�]�H�K�D�V�R�Q�O�t�W�Y�D���V�]�L�Q�W�p�Q���P�D�J�D�V�Q�D�N���P�R�Q�G�K�D�W�y���D���5�)�)-
�W�D�U�W�D�O�R�P���D���W�D�O�D�M�P�L�Q�W�i�N�E�D�Q�����N�•�O�|�Q�|�V�H�Q���D�]���8-�E�D�Q���N�H�Y�p�V�E�p���G�~�V�E�D�Q (1946 talaj), valamint az �H�U���V�H�Q��
�P�i�O�O�R�W�W���K�R�P�R�N�N���P�L�Q�W�i�E�D�Q (1948 B). Az aleurolitminta (1948 A) �E�i�U���5�)�)-�H�N�E�H�Q���V�]�H�J�p�Q�\�����7�L-
ban, Zr-�E�D�Q���p�V���7�K-�E�D�Q���Y�L�V�]�R�Q�\�O�D�J���G�~�V�Q�D�N���V�]�i�P�t�W�� 

������



Cs. Balassa et. al 

 

 

 
3�����i�E�U�D 

�$���Y�L�]�V�J�i�O�W���P�L�Q�W�i�N���Q�\�R�P�H�O�H�P-�|�V�V�]�H�W�p�W�H�O�H���D�]���,�&�3-�0�6���Y�L�]�V�J�i�O�D�W���D�O�D�S�M�i�Q�����I�H�O�V�����I�|�O�G�N�p�U�H�J-�|�V�V�]�H�W�p��
telre ���5�X�G�Q�L�F�N���p�V���*�D�R�������������� �Q�R�U�P�D�O�L�]�i�O�Y�D 

 
4.3. �È�V�Y�i�Q�\�W�D�Q�L���|�V�V�]�H�W�p�W�H�O 

�$�]�� �;�5�'�� �Y�L�]�V�J�i�O�D�W�� �V�H�J�t�W�V�p�J�p�Y�H�O�� �D�� �I���� �N���]�H�W�D�O�N�R�W�y�� �i�V�Y�i�Q�\�R�N�� �N�L�P�X�W�D�W�K�D�W�y�D�N�� �Y�R�O�W�D�N. Ezek a 
�N�Y�D�U�F�����D�O�E�L�W���p�V���Dz illit/ �P�X�V�]�N�R�Y�L�W�����L�O�O�H�W�Y�H���N�L�P�X�W�D�W�K�D�W�y���O�H�K�H�W���P�p�J���D klorit, az �L�O�P�H�Q�L�W���p�V���U�X�W�L�O. �1�p��
�K�i�Q�\���P�L�Q�W�D���H�J�\�P�i�V���I�|�O�p���W�R�O�W���U�|�Q�W�J�H�Q-�G�L�I�I�U�D�N�W�R�J�U�D�P�M�i�W���D��4�����i�E�U�D mutatja be. �$���Y�L�]�V�J�i�O�W���P�L�Q�W�i�N�E�D�Q��
�D�]���i�V�Y�i�Q�\�R�N���D�U�i�Q�\�D���Q�H�P���i�O�O�D�Q�G�y, de �M�y���|�V�V�]�K�D�Q�J�E�D�Q���Y�D�Q���D���I���H�O�H�P�N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�O�H�O�����$z U-
�W�D�U�W�D�O�R�P���p�V���D�]���i�V�Y�i�Q�\�R�V���D�O�N�R�W�y�N���D�U�i�Q�\�D���N�|�]�|�W�W���Q�H�P���I�L�J�\�H�O�K�H�W�����P�H�J���N�D�S�F�V�R�O�D�W�����$���W�D�O�D�M�P�L�Q�W�i�N�E�D�Q��
�M�H�O�O�H�P�]���H�Q�� �D�O�D�F�V�R�Q�\�D�E�E�� �D�� �N�Y�D�U�F�� �p�V�� �D�� �I�|�O�G�S�i�W�R�N���� �P�D�J�D�V�D�E�E�� �D�� �F�V�L�O�O�i�P�R�N�� �D�U�i�Q�\�D���� �H�]�H�Q�� �I�H�O�•�O��kis 
�P�H�Q�Q�\�L�V�p�J�E�H�Q���D���N�O�R�U�L�W���p�V���D���N�D�O�F�L�W���L�V���P�H�J�M�H�O�H�Q�L�N���E�H�Q�Q�•�N. B�i�U���D���U�p�J�L���0�e�9-�H�V���Y�L�]�V�J�i�O�D�W�R�N���O�H�t�U�W�D�N��
�N�D�U�E�R�Q�i�W�R�V�R�G�R�W�W�� �K�R�P�R�N�N���W�H�V�W�H�N�H�W�� �L�V���� �Y�D�O�y�V�]�t�Q�&�E�E���� �K�R�J�\�� �D�� �N�D�O�F�L�W�� �L�Q�N�i�E�E�� �D�� �N�|�U�Q�\�H�]�H�W�E�H�Q�� �O�H�Y����
�N�D�U�E�R�Q�i�W�R�V�� �N���]�H�W�D�Q�\�D�J�� �E�H�N�H�Y�H�U�H�G�p�V�H�� �P�L�D�W�W�� �Y�D�Q�� �M�H�O�H�Q���� �(�]�W�� �E�L�]�R�Q�\�t�W�M�D�� �D�]�� ��������-�H�V�� �P�L�Q�W�D�Y�p�W�H�O�L 
�S�R�Q�W�E�D�Q���D���K�R�P�R�N�N��-�W�|�U�P�H�O�p�N�H�N�N�H�O���H�J�\�•�W�W���E�H�J�\�&�M�W�|�W�W�����V�P�D�U�D�G�Y�i�Q�\�W�D�U�W�D�O�P�~���P�p�V�]�N���G�D�U�D�E���L�V�� 

 

 
4�����i�E�U�D 

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

 
�$�]���R�S�W�L�N�D�L���Y�L�]�V�J�i�O�D�W�R�N�N�D�O���L�V��ezeket a �N���]�H�W�D�O�N�R�W�y�N�D�W���O�H�K�H�W�H�W�W���p�V�]�O�H�O�Q�L�����$���F�V�L�O�O�i�P�R�N���U�H�Q�G�V�]�H��

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

������



A B�•�N�N���K�H�J�\�V�p�J�L��B�i�Q-�Y�|�O�J�\���W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�D�Q�R�P�i�O�L�i�W���P�X�W�D�W�y���K�R�P�R�N�N�|�Y�H�L�Q�H�N���i�V�Y�i�Q�\�W�D�Q�L���p�V�� 

 

pertitesedettek �O�H�K�H�W�Q�H�N�����(�V�H�W�H�Q�N�p�Q�W���P�H�J�I�L�J�\�H�O�K�H�W�����Y�R�O�W���F�L�U�N�R�Q (55�����i�E�U�D), vagy allanit. �$�]���X�U�i�Q��
�V�]�H�J�p�Q�\���K�R�P�R�N�N���E�H�Q���J�\�D�N�R�U�L���D���]�|�O�G���V�]�t�Q�&���N�O�R�U�L�W�O�H�P�H�]�H�N���M�H�O�H�Q�O�p�W�H�� 

 

  
5�����i�E�U�D 

�&�L�U�N�R�Q���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�H������������-os minta). Jobbra 1N, balra XN 
 
Elektron-�P�L�N�U�R�V�]�R�Q�G�i�Y�D�O�� �W�R�Y�i�E�E�L�� �p�U�G�H�N�H�V�� �i�V�Y�i�Q�\�I�i�]�L�V�R�N�� �Y�R�O�W�D�N�� �P�H�J�I�L�J�\�H�O�K�H�W���H�N, melyek 

�Q�H�P���i�O�W�D�O�i�Q�R�V�D�Q���Y�D�Q�Q�D�N���M�H�O�H�Q�����K�D�Q�H�P���Q�p�K�i�Q�\���P�L�Q�W�i�U�D���V�S�H�F�L�I�L�N�X�V�D�Q. A �N�•�O�|�Q�I�p�O�H���P�H�J�I�L�J�\�H�O�K�H�W����
�i�V�Y�i�Q�\�W�i�U�V�X�O�i�V�R�N���D�]�R�Q�E�D�Q���Q�H�P���H�J�\�H�]�Q�H�N���P�H�J���D���6�]�D�E�y���p�V���9�L�Q�F�]�H�������������� �i�O�W�D�O���O�H�t�U�W�D�N�N�D�O, aminek 
oka �U�p�V�]�E�H�Q���Y�D�O�y�V�]�t�Q�&�O�H�J���D���P�L�Q�W�i�N���R�[�L�G�i�O�W���M�H�O�O�H�J�p�E�H�Q���N�H�U�H�V�H�Q�G���� 

�%�L�]�R�Q�\�R�V���P�L�Q�W�i�N�E�D�Q ���N�•�O�|�Q�|�V�H�Q�������������p�V�������������$�� �Q�D�J�\���P�H�Q�Q�\�L�V�p�J�E�H�Q���Y�D�Q�Q�D�N���M�H�O�H�Q���N�D�U�E�R��
�Q�i�W�W�D�U�W�D�O�P�~�� �3�E-�V�]�L�O�L�N�i�W�� �i�V�Y�i�Q�\�R�N���� �P�H�O�\�H�N�� �|�V�V�]�H�W�p�W�H�O�H�� �(�'�;�� �P�p�U�p�V�H�N�� �V�]�H�U�L�Q�W�� �D�� �V�X�U�L�W�K�R�]��
((Pb,Ca)3(Al,Fe2+,Mg)2((Si,Al)4O10)(CO3)2(OH)2) �i�O�O�� �N�|�]�H�O. �(�]�� �D�]�� �i�V�Y�i�Q�\�� �V�]�H�U�N�H�]�H�W�L�O�H�J�� �D��
�V�]�P�H�N�W�L�W���p�V���D���F�H�U�X�V�V�]�L�W�����3�E-�N�D�U�E�R�Q�i�W�����N�H�Y�H�U�p�N�H�N�p�Q�W���I�R�J�K�D�W�y���I�H�O�����p�V �O�H�J�L�Q�N�i�E�E���S�R�O�L�P�H�W�D�O�O�L�N�X�V���W�H��
lepek �R�[�L�G�i�F�L�y�V�� �]�y�Q�ii�U�D�� �M�H�O�O�H�P�]�� (Hayase et al., 1978)���� �$�� �Y�L�]�V�J�i�O�W�� �P�L�Q�W�i�N�E�D�Q�� �J�\�D�N�U�D�Q�� �K�i�O�y�V��
�P�H�J�M�H�O�H�Q�p�V�&�����Y�D�J�\���U�R�V�W�R�V���K�D�O�P�D�]�R�N�D�W���D�O�N�R�W�����*�\�D�N�U�D�Q���W�i�U�V�X�O���S�L�U�L�W�W�H�O�����$�J-�V�]�X�O�I�L�G�G�D�O�����G�H���D�N�i�U���+�J-
szulfiddal is (6-�������i�E�U�D). �.�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O�H���Q�H�P���W�H�O�M�H�V�H�Q���K�R�P�R�J�p�Q�����D�]���3�E���D�U�i�Q�\�D���H�Q�\�K�p�Q���Y�i�O��
�W�R�]�K�D�W���� �L�O�O�H�W�Y�H�� �p�S�•�O�K�H�W�� �E�H�O�p�� �&�X���� �=�Q�� �p�V�� �$�V�� �L�V (3���� �W�i�E�O�i�]�D�W). �*�\�D�N�R�U�L�D�N�� �D�� ���O�H�J�W�|�E�E�V�]�|�U�� �D�O�E�L�W�E�D�Q����
�K�L�Q�W�H�W�W���� �Q�p�K�i�Q�\�� �P�L�N�U�R�Q�R�V�� �J�D�O�H�Q�L�W�V�]�H�P�F�V�p�N (9���� �i�E�U�D)���� �D�P�H�O�\�H�N�Q�H�N�� �N�L�P�X�W�D�W�K�D�W�y�� �6�H- �p�V�� �&�G-tart-
�D�O�P�D���O�H�K�H�W�����(�J�\�p�E���P�H�J�I�L�J�\�H�O�K�H�W�����M�i�U�X�O�p�N�R�V���i�V�Y�i�Q�\�R�N���D���E�D�U�L�W-�F�H�O�H�V�]�W�L�Q���H�O�H�J�\�N�U�L�V�W�i�O�\�R�N�����D���7�L-oxid 
���U�L�W�N�i�Q���1�E-�P�D�O���p�V���:-�P�D�O�������F�L�U�N�R�Q�����[�H�Q�R�W�L�P���p�V���P�R�Q�D�F�L�W (10�����i�E�U�D)�����8�W�y�E�E�L�Q�D�N���P�p�U�K�H�W�����8-tart-
alma lehet. �$���P�i�O�O�R�W�W���K�R�P�R�N�N���P�L�Q�W�D (1948 B) �M�H�O�O�H�P�]���� �i�V�Y�i�Q�\�D�� �H�J�\�� �H�G�G�L�J���N�|�]�H�O�H�E�E�U���O���P�H�J��
�Q�H�P���K�D�W�i�U�R�]�R�W�W���0�Q-Pb-oxid/hidroxid �i�V�Y�i�Q�\�����W�D�O�i�Q���F�H�V�D�U�R�O�L�W����PbMn4+

3O6(OH)2). 
U �V�]�H�P�S�R�Q�W�M�i�E�y�O���D �O�H�J�p�U�G�H�N�H�V�H�E�E���N�L�P�X�W�D�W�R�W�W���i�V�Y�i�Q�\�I�i�]�L�V���P�L�Q�G�|�V�V�]�H���Q�p�K�i�Q�\���P�L�N�U�R�P�p�W�H�U�H�V����

rostos halmaz, mely Ti-�R�[�L�G�G�D�O���W�i�U�V�X�O (9�����i�E�U�D)�����%�H�Q�Q�H���D���P�p�U�W���8�22-tartalom kb. 17 t%, a ThO2 
4 t%, a TiO2 25 t% (12�����i�E�U�D, 4�����W�i�E�O�i�]�D�W). B�i�U���D�]���D�S�U�y���V�]�H�P�F�V�H�P�p�U�H�W���D���P�p�U�W���P�H�Q�Q�\�L�V�p�J�L���D�G�D�W�R�N��
�E�D�Q���M�H�O�H�Q�W���V���D���N�|�U�Q�\�H�]�H�W�E���O���V�]�i�U�P�D�]�y���K�D�W�i�V, az �8���p�V���7�K���D�U�i�Q�\a �P�i�U���S�R�Q�W�R�V���O�H�K�H�W�����$�P�H�Q�Q�\�L�E�H�Q��
�D���7�L���Y�D�O�y�E�D�Q���H�E�E�H�Q���D���I�i�]�L�V�E�D�Q���W�D�O�i�O�K�D�W�y�����H�]���D�]���|�V�V�]�H�W�p�W�H�O���D���E�U�D�Q�Q�H�U�L�W�Q�H�N (UTi2O6), illetve annak 
�D�E�V�L�W���Q�H�Y�&���7�K-gazdag���� �Y�t�]�W�D�U�W�D�O�P�~ �Y�i�O�W�R�]�D�W�i�Q�D�N (Ti7U2ThO20 ���� ���+2O) �I�H�O�H�O�W�H�W�K�H�W���� �P�H�J���� �E�i�U���D��
�P�p�U�p�V���S�R�Q�W�D�W�O�D�Q�V�i�J�D���P�L�D�W�W���H�O���I�R�U�G�X�O�K�D�W�����K�R�J�\���H�J�\���H�J�\�V�]�H�U�&���8-Th-�R�[�L�G���i�V�Y�i�Q�\. 

Az U-�V�]�H�J�p�Q�\���K�R�P�R�N�N�������������������i�V�Y�i�Q�\�R�V���|�V�V�]�H�W�p�W�H�O�H���N�L�V�V�p���H�O�W�p�U�����D���W�|�E�E�L�W���O�����%�H�Q�Q�H���D���W�|�E�E��
�Q�\�L�U�H���I�H�Q�J�L�W�H�V���P�X�V�]�N�R�Y�L�W�R�N���Y�i�O�W�R�]�D�W�R�V���|�V�V�]�H�W�p�W�H�O�O�H�O���Y�D�Q�Q�D�N���M�H�O�H�Q�����)�H�����)�H���0�J��� �������±0,6). Szul-
�I�L�G�i�V�Y�i�Q�\�R�N���p�V���D���V�X�U�L�W���Y�D�J�\���P�i�V���3�E-�i�V�Y�i�Q�\���Q�H�P���I�R�U�G�X�O���H�O��, ren�G�N�t�Y�•�O���J�\�D�N�R�U�L�D�N���D�]�R�Q�E�D�Q���D���Q�p��
�K�i�Q�\���P�L�N�U�R�Q�R�V���K�H�P�D�W�L�W�S�L�N�N�H�O�\�H�N �± �P�H�O�\�H�N���D���P�L�Q�W�D���V�]�D�E�D�G���V�]�H�P�P�H�O���O�i�W�K�D�W�y���O�L�O�i�V���V�]�t�Q�p�W���D�G�M�i�N���± 
�p�V���D�]���D�N�i�U���W�|�E�E���������P�L�N�U�R�P�p�W�H�U�H�V�����V�D�M�i�W�D�O�D�N�~, Th-�W�D�U�W�D�O�P�~ �H�S�L�J�p�Q monacitok (11�����i�E�U�D), emellett 
�H�O���I�R�U�G�X�O���E�H�Q�Q�H���N�O�R�U�L�W�����7�L-�R�[�L�G�����D�S�D�W�L�W�����p�V���H�O�Y�p�W�Y�H���[�H�Q�R�W�L�P�� 
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Cs. Balassa et. al 

 

 
6�����i�E�U�D 

�6�X�U�L�W���S�L�U�L�W���p�V���$�J-�V�]�X�O�I�L�G���]�i�U�Y�i�Q�\�R�N�N�D�O�����%�6�(��
�N�p�S�������������� 

 
7�����i�E�U�D 

Surit �S�L�U�L�W���p�V���$�J-�V�]�X�O�I�L�G���]�i�U�Y�i�Q�\�R�N�N�D�O�����D�]��6. 
�i�E�U�D �H�O�H�P�W�p�U�N�p�S�H�������������� 

 
8�����i�E�U�D 

Fe-�R�[�L�G�K�R�]���W�i�U�V�X�O�W�����K�i�O�y�]�D�W�R�V�����L�Q�K�R�P�R�J�p�Q��
�|�V�V�]�H�W�p�W�H�O�&���V�X�U�L�W�����%�6�(���N�p�S���������������$�� 

 
9�����i�E�U�D 

�+�L�Q�W�H�W�W���J�D�O�H�Q�L�W�V�]�H�P�F�V�p�N�����Y�D�O�D�P�L�Q�W���H�J�\���7�L-
�R�[�L�G�G�D�O���W�i�U�V�X�O�W�����8-Th-�G�~�V���i�V�Y�i�Q�\�I�i�]�L�V�����%�6�(��

�N�p�S�������������� 

 
10�����i�E�U�D 

�5�H�O�L�N�W���P�R�Q�D�F�L�W�����%�6�(���N�p�S�������������� 

 
11�����i�E�U�D 

�6�D�M�i�W�D�O�D�N�~���P�R�Q�D�F�L�W�����0�H�J�I�L�J�\�H�O�K�H�W���H�N���D���P�i�W��
rixban hintett hematitpikkelyek is. �%�6�(���N�p�S��

(1918) 
 

  

������



A B�•�N�N���K�H�J�\�V�p�J�L��B�i�Q-�Y�|�O�J�\���W�H�U�P�p�V�]�H�W�H�V���J�D�P�P�D-�D�Q�R�P�i�O�L�i�W���P�X�W�D�W�y���K�R�P�R�N�N�|�Y�H�L�Q�H�N���i�V�Y�i�Q�\�W�D�Q�L���p�V�� 

 

3�����W�i�E�O�i�]�D�W 
A surit �P�p�U�W���|�V�V�]�H�W�p�W�H�O�H���D���N�p�W���M�H�O�|�O�W���P�p�U�p�V�L���S�R�Q�W�E�D�Q (8�����i�E�U�D) 

Elem [t%]  1-es pont 2-es pont 
Al 2O3 9,94 8,84 
SiO2 18,26 21,76 
P2O5 2,82 2,43 
FeO 58,12 53,65 
CuO 1,62 1,81 
ZnO 1,57 0,91 

As2O5 1,31 2,79 
PbO 6,36 7,82 

Al 2O3 9,94 8,84 
 

 
12�����i�E�U�D 

Az U-Th-�G�~�V���I�i�]�L�V����9�����i�E�U�D) EDX spektruma. Az 
�H�U�H�G�P�p�Q�\�E�H�Q���Q�H�P���H�O�K�D�Q�\�D�J�R�O�K�D�W�y���D���N�|�U�Q�\�H�]�H�W�E���O��
�V�]�i�U�P�D�]�y �K�D�W�i�V�����t�J�\���D�]���I�H�Q�Q�W�D�U�W�i�V�V�D�O���N�H�]�H�O�H�Q�G��. 3. 

�W�i�E�O�i�]�D�W 

4�����W�i�E�O�i�]�D�W 
A bal oldali EDX spektrumnak megfe-

�O�H�O�����N�p�P�L�D�L���|�V�V�]�H�W�p�W�H�O���>�W���@ 
MgO 1,78 
Al 2O3 12,22 
SiO2 31,81 
P2O5 2,01 
K2O 3,27 
TiO2 25,44 
FeO 1,14 
PbO 1,91 
ThO2 3,87 
UO2 16,55 

 

 
5. KÖVETKEZTETÉSEK 

�$�� �%�•�N�N�� �K�H�J�\�V�p�J�L�� �%�i�Q-�Y�|�O�J�\�I���E�H�Q�� �W�H�U�P�p�V�]�H�W�H�V�� �J�D�P�P�D-�P�p�U�p�V�H�N�H�W�� �Y�p�J�H�]�W�•�Q�N�� �V�]�F�L�Q�W�L�O�O�i�F�L�y�V��
�G�H�W�H�N�W�R�U���V�H�J�t�W�V�p�J�p�Y�H�O�����$���F�p�O���D���N�R�U�i�E�E�D�Q���D���0�e�9���i�O�W�D�O���Y�L�]�V�J�i�O�W���8-�G�~�V�����L�O�O�H�W�Y�H���D�]���i�O�W�D�O�X�N���I�L�J�\�H�O�P�H�Q��
�N�t�Y�•�O���K�D�J�\�R�W�W���7�K-�G�~�V �I�|�O�G�W�D�Q�L���W�H�V�W�H�N���N�L�P�X�W�D�W�i�V�D, �P�H�J�P�L�Q�W�i�]�i�V�D�����P�D�M�G���Y�L�]�V�J�i�O�D�W�D���Y�R�O�W�����$���P�L�Q�W�i�N��
�V�]�L�O�L�F�L�N�O�D�V�]�W�R�V���•�O�H�G�p�N�H�N���± homokk�������D�O�H�X�U�R�O�L�W�����L�O�O�H�W�Y�H���N�R�Q�V�]�R�O�L�G�i�O�D�W�O�D�Q���P�i�O�O�D�G�p�N, talaj. A terepi 
radiometri�D�� �D�]�� �H�V�H�W�H�N�� �W�|�E�E�V�p�J�p�E�H�Q�� �W�~�O�E�H�F�V�•�O�W�H�� �D�]�� �X�U�i�Q�W�D�U�W�D�O�P�D�W. �$�� �N�•�O�|�Q�E�V�p�J��leg�Y�D�O�y�V�]�t�Q�&bb 
�R�N�D���� �K�R�J�\�� �D�]�� �8�� �D�]�� �R�[�L�G�D�W�t�Y���N�|�U�Q�\�H�]�H�W�E���O���N�L�P�R�V�y�G�R�W�W���� �G�H���O�H�i�Q�\�H�O�H�P�H�L���K�i�W�U�D maradtak a rend-
szerben. �(�]�]�H�O�� �V�]�H�P�E�H�Q�� �D�� �O�H�J�P�D�J�D�V�D�E�E�� �N�R�Q�F�H�Q�W�U�i�F�L�y�Y�D�O�� ��114 ppm �8���� �E�t�U�y�� �P�L�Q�W�D���H�V�H�W�p�E�H�Q���� �D��
�U�D�G�L�R�P�H�W�U�L�D���D�O�X�O�E�H�F�V�•�O�W�H���D���W�p�Q�\�O�H�J�H�V���p�U�W�p�N�H�W�� 

�%�i�U���D���O�H�J�P�D�J�D�V�D�E�E��U-�N�R�Q�F�H�Q�W�U�i�F�L�y���H�J�\���K�R�P�R�N�N���K�|�]���N�|�W���G�L�N�����M�H�O�O�H�P�]���H�Q���D���W�D�O�D�M�M�Hl�O�H�J�&���P�L�Q��
�W�i�N is �P�D�J�D�V���p�U�W�p�N�N�H�O���E�t�U�Q�D�N�����D�P�L���U�p�V�]�E�H�Q���D�]���i�V�Y�i�Q�\�R�N���I�H�O�•�O�H�W�p�Q �Y�D�O�y���Dd�V�]�R�U�E�H�i�O�y�G�i�V�����U�p�V�]�E�H�Q��
az anyagba bekeveredett U-�W�D�U�W�D�O�P�~���Q�H�K�p�]�i�V�Y�i�Q�\�R�N���M�H�O�H�Q�O�p�W�H���P�L�D�W�W���O�H�K�H�W�� �$�]���D�G�V�]�R�U�S�F�L�y���I�H�O�H�O���V��
a talajbeli RFF-�G�~�V�X�O�i�V�p�U�W���L�V����Az U �P�H�Q�Q�\�L�V�p�J�H egyetlen �P�i�Vik �Y�L�]�V�J�i�O�W nyomelemmel sem kor-
�U�H�O�i�O���� �D�� �O�H�J�L�Q�N�i�E�E�� �8-�G�~�V�� �K�R�P�R�N�N���� �P�L�Q�G�H�Q�� �P�i�V�� �P�p�U�W���Q�\�R�P�H�O�H�P�E�H�Q���V�]�H�J�p�Q�\. Azonban az U-
�V�]�H�J�p�Q�\���K�R�P�R�N�N�����Y�L�V�]�R�Q�\�O�D�J���P�D�J�D�V���5�)�)-, Ti-, Nb-, Zr- �p�V���7�K-tartalmat mutat. �$�]���H�O�H�P�H�J�\�•�W��
�W�H�V�� �D�� �Q�H�K�p�]�i�V�Y�i�Q�\�R�N�� �O�R�N�i�O�L�V�� �•�O�H�G�p�N�H�V�� �G�~�V�X�O�i�V�i�U�D�� �X�W�D�O���� �G�H�� �D�� �M�H�O�H�Q�O�H�J�L�� �H�O���I�R�U�G�X�O�i�V�E�D�Q��nemcsak 
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�U�H�O�L�N�W�����K�D�Q�H�P���N�p�V���E�E�L���P�H�W�D�P�R�U�I�y�]�L�V���V�R�U�i�Q���N�p�S�]���G�|�W�W �i�V�Y�i�Q�\�V�]�H�P�F�V�p�N is �W�D�U�W�D�O�P�D�]�]�i�N���H�]�H�N�H�W. 
�(�]�H�N���D�]�� �H�O�H�P�H�N���N�L�V�H�E�E�� �P�p�U�W�p�N�E�H�Q�� �D�]�� �D�O�H�X�U�R�O�L�W�����O�H�V�]�i�P�t�W�Y�D���D���5�)�)-eket�����p�V���D���N�R�Q�V�]�R�O�L�G�i�O�D�W�O�D�Q��
�P�i�O�O�D�G�p�N�P�L�Q�W�i�N�E�D�Q���G�~�V�X�O�K�D�W�Q�D�N���P�p�J�����X�W�y�E�E�L�D�N�E�D�Q���I�H�O�W�H�K�H�W���H�Q���L�Q�N�i�E�E���D���E�H�N�H�Y�H�U�H�G�H�W�W���G�H�W�U�L�W�i�O�L�V��
�i�V�Y�i�Q�\�R�N���K�D�W�i�V�i�U�D�� 

A�]���i�O�W�D�O�X�Q�N���N�L�P�X�W�D�W�R�W�W���O�H�J�P�D�J�D�V�D�E�E���8-�W�D�U�W�D�O�R�P���M�y�Y�D�O���H�O�P�D�U�D�G���D���U�p�J�L���P�p�U�p�V�H�N���H�U�H�G�P�p�Q�\�H�L�W���O����
�D�P�L���E�i�U���U�p�V�]�E�H�Q���H�U�H�G�K�H�W���D�]���D�N�N�R�U�L���D�Q�D�O�L�W�L�N�D�L���P�y�G�V�]�H�U�H�N���P�H�J�E�t�]�K�D�W�D�W�O�D�Q�V�i�J�i�W�y�O�����Y�D�O�y�V�]�t�Q�&�����K�R�J�\��
emellett �D���I�H�O�V�]�t�Q�L���P�L�Q�W�i�N���p�V���D���I�~�U�i�V�E�y�O���i�U�N�R�O�i�V�E�y�O���V�]�i�U�P�D�]�y�N���N�|�]�W�L���N�•�O�|�Q�E�V�p�J�E���O is fakad. Az 
�~�M�R�Q�Q�D�Q�����I�H�O�V�]�t�Q�U���O���J�\�&�M�W�|�W�W���P�L�Q�W�i�N���H�V�H�W�p�E�H�Q���D���N���]�H�W�D�Q�\�D�J���H�U���V�H�E�E�H�Q���R�[�L�G�i�O�y�G�R�Wt, a�P�L�Q�H�N���K�D�W�i��
�V�i�U�D���D�]���X�U�i�Q �����Y�H�J�\�p�U�W�p�N�&���I�R�U�P�i�M�iban �U�p�V�]�E�H�Q���H�O�W�i�Y�R�]�R�W�W���D���U�H�Q�G�V�]�H�U�E���O. �(�O���I�R�U�G�X�O�i�V�i�W��azonban 
�D�]���X�W�i�Q�D���P�D�U�D�G�y���O�H�i�Q�\�H�O�H�P�H�N�Q�H�N���K�i�O�D���W�R�Y�i�E�E�U�D���L�V���Ni lehet mutatni a �W�H�U�P�p�V�]�H�W�H�V gamma-�P�p�U�p��
�V�H�N���V�H�J�t�W�V�p�J�p�Y�H�O�� 

Az �i�V�Y�i�Q�\�W�D�Q�L���Y�L�]�V�J�i�O�D�W�R�N �H�U�H�G�P�p�Q�\�Hi �D�O�D�S�M�i�Q���H�J�\�p�U�W�H�O�P�&�����K�R�J�\���D���I�H�O�V�]�t�Q�H�Q���J�\�&�M�W�|�W�W���P�L�Q�W�i�N��
�|�V�V�]�H�W�p�W�H�O�H���L�O�\�H�Q���V�]�H�P�S�R�Q�W�E�y�O���V�H�P�� �I�H�O�H�O�W�H�W�K�H�W���� �P�H�J���W�H�O�M�H�V�H�Q�� �D���U�p�J�H�E�E�L���0�e�9-�H�V���N�X�W�D�W�i�V���V�R�U�i�Q��
�O�H�t�U�W���N���]�H�W�D�Q�\�D�J�Q�D�N�� Nemcsak U-t, hanem U-�W�D�U�W�D�O�P�~���i�V�Y�i�Q�\�W��is �O�p�Q�\�H�J�H�V�H�Q���N�H�Y�H�V�H�E�E�H�W���V�L�N�H�U�•�O�W��
kimutatni. Eddigiekben U-t �F�V�D�N���P�R�Q�D�F�L�W�R�N�E�D�Q���V�L�N�H�U�•�O�W���D�]�R�Q�R�V�t�W�D�Q�L�����L�O�O�H�W�Y�H���H�J�\���8-Th-Ti-oxid 
�i�V�Y�i�Q�\�E�D�Q�����1�D�J�\���P�H�Q�Q�\�L�V�p�J�E�H�Q���M�H�O�H�Q��van a surit, a�P�H�O�\���D���F�H�U�X�V�V�]�L�W���R�[�L�G�i�F�L�y�V���W�H�U�P�p�N�H���O�H�K�H�W�����p�V��
Pb-�W�D�U�W�D�O�P�D���U�p�V�]�E�H�Q���D�]���8-�E�R�P�O�i�V�W�H�U�P�p�N�p�E���O���V�]�i�U�P�D�]hat. 

�$���0�e�9���i�O�W�D�O���Y�p�J�]�H�W�W���N�R�U�P�H�J�K�D�W�i�U�R�]�i�V�L���Y�L�]�V�J�i�O�D�W�R�N���p�U�W�H�O�P�p�E�H�Q�����6�]�D�E�y���D�Q�G���9�L�Q�F�]�H�������������� a 
�G�~�V�X�O�i�V���H�S�L�J�H�Q�H�W�L�N�X�V���H�U�H�G�H�W�H���N�L�]�i�U�K�D�W�y���� �$�]�� �X�U�i�Q�W���R�O�G�D�W�R�N���V�]�i�O�O�t�W�R�W�W�i�N �D���N�U�p�W�D �U�H�J�L�R�Q�i�O�L�V���P�H�W�D��
�P�R�U�I�y�]�L�V���V�R�U�i�Q�����N�L�F�V�D�S�y�G�i�V�it �D�]���R�O�G�D�W�R�N���P�p�V�]�N���Y�H�O���Y�D�O�y���p�U�L�Q�W�N�H�]�p�V���P�L�D�W�W�L���S�+���Q�|�Y�H�N�H�G�p�V�H���R�N�R�]��
hatta �D���K�L�Y�D�W�N�R�]�R�W�W���H�U�H�G�P�p�Q�\�H�N���D�O�D�S�M�i�Q�����G�H���D���W�R�Y�i�E�E�L�D�N�E�D�Q���L�V���Q�D�J�\�P�p�U�W�p�N�E�H�Q���P�R�E�L�O�L�]�i�O�K�D�W�y ma-
radt; a �W�|�E�E���p�Y�W�L�]�H�G�H���O�H�]�D�M�O�R�W�W���N�X�W�D�W�i�V���y�W�D���D���P�H�J�E�R�O�\�J�D�W�R�W�W���N���]�H�W�D�Q�\�D�J�E�y�O���D���I�H�O�V�]�t�Q�H�Q, �D���P�i�O�O�D��
�G�p�N�R�N�E�D�Q���M�H�O�H�Q�W���V���P�p�U�W�p�N�E�H�Q���V�]�p�W�V�]�y�U�y�G�R�W�W. Az elektron-�P�L�N�U�R�V�]�R�Q�G�i�V���Y�L�]�V�J�i�O�D�W�R�N���D�O�D�S�M�i�Q��az 
�X�U�i�Q���G�~�V�X�O�i�V�D���S�R�O�L�P�H�W�D�O�O�L�N�X�V���M�H�O�O�H�J�&. 
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Abstract: this study aims to investigate surface and subsurface structural features in the area 
around Merowe Dam. It utilizes satellite gravity data as the most cost-effective source of infor-
mation for covering large areas. Bouguer anomaly map was obtained after implementation of 
necessary corrections. The horizontal gradient (total horizontal derivative) and Balanced Hori-
zontal Derivative (BHD) filters were employed for structural manifestation. However, the pre-
dominant structural patterns were in the NE and NW directions, with N-S and E-W orientations 
being less frequent. Observations near the Merowe Dam indicate that NW-SE trending features 
are highly significant, likely representing a major fault extending on both sides of the dam. This 
fault can delineate the boundary between basement rocks to the north and Cretaceous sediments 
to the south. This finding suggests that the fault zone may serve as a pathway for water from 
the dam to the northwest, influenced by the topography. 

 
Keywords: Structural mapping, total horizontal derivative, balanced horizontal derivative, sat-
ellite gravity, Merowe dam 
 
 
1. INTRODUCTION 

The potential field data have been applied for geological mapping since the early 20th cen-
tury. In the beginning, gravity surveys were employed to find differences in subsurface density 
related to oil reservoirs (Dobrin, 1976). In a similar manner, ferrous mineral reserves were lo-
cated by magnetic surveys (Hinze et al., 2013). A breakthrough in the mid-20th century was the 
introduction of aerial and satellite-based survey techniques, which made it possible to quickly 
and extensively collect data over wide areas. Satellite gravity data is derived from the subtle 
changes in a satellite's trajectory caused by variations in Earth's mass distribution, revealing 
information about the planet's density beneath the surface. It is now possible to represent the 
Earth's global gravity field and its variations with better spatial and temporal resolutions 
through the highly accurate satellite measurements such as EIGEN-6C4 model (Ince et al., 
2019), EGM2008 model (Pavlis et al., 2012), and the GGMplus model (Hirt et al., 2013).  

The potential field data processing and interpretation have been matter of debate for long 
time, different processing steps were carried out such as anomaly separation to enhance features 
of interest (Nettleton, 1954; Gupta and Ramani, 1982; Jacobsen 1987), gradient-based methods 
for structural mapping and depth estimation (Nabighian, 1972, 1974; Stanley and Green, 1976; 
Cordell, 1979; Murthy, 1985; Barongo, 1985; Blakely and Simpson, 1986; Keating and Pilk-
ington, 2004) and forward and inversion techniques (Talwani et al., 1959; Oldenburg, 1974; 
Parker, 1973). 

The study area lies in Northern Sudan (Fig. 1), even though it covers large area approxi-
mately 300 km by 500 km there have only been a few geological studies done in the area, even 
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though it contains various geological provinces of high economic and strategic importance. 
Unfortunately, most of these studies consisted solely of regional geological and structural map-
ping using remote sensing techniques, which cannot be regarded as a reliable source of infor-
mation. Other geological studies are merely local inquiries carried out by various mining cor-
porations holding mining leases for the purpose of exploring and exploiting gold in the area; 
these studies, however, are not publicized and are created exclusively for the benefit of these 
corporations.  

Among these studies, the Saharan Metacraton as introduced by Abdelsalam et al. (2003) 
covers most of our area and composes of pre-Neoproterozoic continental crust which is some-
times highly remobilized during Neoproterozoic time. Stern and Abdelsalam (1996) studied the 
structural elements that control the Nile River course at the great bend in northern Sudan. Ab-
delrahman (1993) examined the eastern portion of our region, known as the Bayuda-Gabgaba 
area, and divided the rock units into five categories based on field data. The gravity anomalies 
northwest of the CASZ were interpreted by Ibrahim et al. (1996) as fault-bounded sedimentary 
basins with amplitudes and trends comparable to those basins known to exist southeast of the 
CASZ. Farah (2018) in his unpublished MS. thesis conducted a geological mapping and mineral 
prospecting in the north Karima area using digital image processing and limited ground verifi-
cation. 

Due to limited geological and geophysical investigations in the study area, the availability 
and acceptable reliability of the satellite gravity data, and the development of effective linea-
ment mapping filters, the current study aims to provide insights into the major structures in the 
area. Additionally, it seeks to identify the rock boundaries of the main lithological units.  

Figure 1 
Location map of the study area 
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2. MATERIALS AND METHODS 

2.1. Satellite gravity data 

     Satellite gravity grid data for the current study obtained from the Satellite Geodesy at the 
Scripps Institution of Oceanography, University of California San Diego. These data have been 
acquired and retrieved by implementation of different methods from various satellites such as 
Geosat, ERS-1, Cryosat-2, Envisat and Jason-1 for the purpose of improving the accuracy to 
level of 1 mGal (Sandwell and Smith, 2009; Sandwell et al., 2013; Garcia et al., 2013; Sandwell 
et al., 2014). Also, satellite radar altimetry collected during several geodetic missions which 
provided a new understanding of the topography and tectonics of the deep oceans (Sandwell et 
al., 2019). Grid of satellite gravity data over the study area between latitude; 17� ̂- 20�N̂ and 
longitude; 30� ̂ - 35�Ê have been downloaded from https://topex.ucsd.edu/WWWhtml/mar-
grav.html.  
 
2.2. Data processing 

2.2.1. Bouguer anomaly map 

The satellite data were in the form of gravity disturbance equivalent to the Free Air Anomaly 
(FAA) together with their corresponding topography data. The Bouguer correction which ac-
counts for the gravitational effect of the mass of material between the observation point on the 
Earth's surface and a reference datum, typically sea level was calculated using average density 
of 2.67 g/cm3 and subtracted from the FAA to obtain Bouguer anomaly map. After calculating 
the Bouguer anomaly values, the minimum curvature method was employed to grid the data for 
2D gravity map visualization (Briggs, 1974). For efficient gravity data processing, a 2D fast 
Fourier transform was applied to convert the data from the spatial to the frequency domain, 
simplifying and improving the accuracy of mathematical operations (Bracewell, 1965). Subse-
quently, the gravity field derivatives in the x, y, and z dimensions were computed. 

 
2.2.2. Horizontal gradient 

Horizontal gradient, also known as total horizontal derivative, is commonly employed as a 
tool to delineate structures such as faults and geological boundaries (Cordell, 1979; Cordell and  
Grauch, 1985). It is highly advantageous because it is less affected by noise, relying solely on 
the calculation of two first-order horizontal derivatives of the field (Eq. (1)). This method is 
also more effective in identifying both shallow and deep sources compared to the vertical gra-
dient method, which is primarily useful for detecting shallower structures. The amplitude of the 
horizontal gradient is expressed as 

�6�*�) 
L ��
§�B
�!�Ú

�!�ë
�C
�6


E �B
�!�Ú

�!�ì
�C
�6
                                                   (1) 

�Z�K�H�U�H�����˜�J���˜�[�����D�Q�G�����˜�J���˜�\�����D�Q�G���D�U�H���W�K�H���K�R�U�L�]�R�Q�W�D�O���G�H�U�L�Y�D�W�L�Y�H�V���R�I���W�K�H���J�U�D�Y�L�W�\���I�L�H�O�G with respect to 
directions x and y, separately. The above method is based on the principle that a near vertical, 
fault-like boundary produces a gravity anomaly whose horizontal gradient is largest directly 
over the top edge of the boundary although the method has some limitations (Grauch and Cor-
dell, 1987). 
 
2.2.3. Balanced horizontal derivative 

The Balanced Horizontal Derivative (BHD) filter has emerged as an efficient tool for edge 
detection in the interpretation of potential field data (Ma et al., 2014). Traditional methods, 
relying solely on total horizontal or vertical derivatives, often fail to clearly display the edges 
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of deeper sources. This limitation has led to the development of balanced edge detection filters, 
such as the BHD filter which effectively integrates both horizontal and vertical derivative to 
recognize the source edges (Eq. (2)). The Balanced Horizontal Derivative (BHD) filter can be 
obtained through 
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p                                    (2) 

�Z�K�H�U�H�����˜g���˜�[�����˜g���˜�\���D�Q�G���˜2g���˜�]2 are the derivatives of the data g, and �G 
L
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 , also 

note that � 2̃g���˜�]2 is computed in space domain using Laplace equation (Blakely, 1995) in order 
to reduce the noise effect which is equivalent to �±��� 2̃g���˜�[2 �����2̃g���˜�\2). 

3. RESULTS 

3.1. Interpretation of Bouguer anomaly map  

The Bouguer anomaly (BA) map reveals the density distribution in the study area (Fig. 2). 
High BA values, observed in the northwest and southeast parts, indicate areas of higher density, 
attributed to shallow basement rocks. Conversely, low BA values suggest regions of lower den-
sity. In the southwestern part of the study area, these low anomalies are interpreted as rift basins 
by Ibrahim (1993), while in the northeastern part, they are believed to represent granitic intru-
sions. 

Figure 2 
The Bouguer anomaly map illustrates the density distribution within the study area. 
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3.2. Horizontal gradient  

The amplitude of the horizontal gradient of the Bouguer anomaly map was computed in the 
frequency domain, as shown in (Fig. 3). High gradient values were primarily observed around 
low BA components, previously identified as rift basins in the southwest and southeast of the 
study area. These high gradients exhibit broad patterns, potentially indicating non-vertical 
boundaries, deep boundaries, or multiple contributing boundaries to these anomalies (Grauch 
and Cordell, 1987). However, the broad horizontal gradient patterns have been interpreted as 
major structural features in the study area. In contrast, the narrow horizontal gradient patterns, 
which dominate the remaining parts of the study area, are believed to represent vertical to sub-
vertical structures. Overall, the area is dissected by major faults or fault sets striking NE-SW 
and NW-SE, along with other minor trends predominantly striking in N-S and E-W directions. 

 

Figure 3 
Proposed structural features in the study area as deduced from the horizontal gradient map. 

 
3.3. Balanced horizontal derivative 

Although the total horizontal derivative also known as horizontal gradient filter is frequently 
used to discover source edges, it has some serious disadvantages. One significant problem is 
that this filter frequently finds limits that are greater than the actual locations of the edges, which 
results in imprecise interpretations. Furthermore, it is difficult for the total horizontal derivative 
to distinguish the limits of deeper geological entities. These drawbacks are addressed by the 
Balanced Horizontal Derivative (BHD) filter, which offers a more accurate edge detection ca-
pability. The BHD filter produces more precise delineation of subsurface structures by not only 
accurately identifying the genuine borders of sources but also successfully balancing the 
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amplitude changes generated by sources at different depths. Thus, switching to the BHD filter 
from the total horizontal derivative filter can greatly improve the precision of geological inter-
pretations (Ma et al., 2014). The balanced horizontal derivative of the Bouguer anomaly map 
was computed, as shown in (Fig. 4). 

Typically, the BHD map displays a dense distribution, limited extension, and a narrow max-
imum amplitude (Fig. 4). These features help to distinguish both shallow and deep edges and 
emphasize the exact position of structural components. The common structural directions in-
ferred from the map predominantly strike in the NE and NW directions, with E-W and N-S 
directions being less prominent. 

 

Figure 4  
More accurate locations and extensions of structural features, serving as indicators of source 

edges.  
 

4. DISCUSSION AND CONCLUSIONS 

In the area under investigation, several structural patterns have been noted. The most preva-
lent directions are NE and NW, with N-S and E-W appearing less frequently. NW-SE trending 
features are notably prominent at the Merowe Dam. In the region west of the dam, these NW-
SE structural components are thought to represent a large fault that runs on both sides of the 
dam and marks the border between basement rocks to the north and Cretaceous-Tertiary sedi-
ments to the south. 
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1. BEVEZETÉS 

�$���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V�����V�X�U�I�D�F�H���U�X�Q�R�I�I�����D���F�V�D�S�D�G�p�N���D�]�R�Q���U�p�V�]�H�����D�P�L���Q�H�P���W�X�G���E�H�V�]�L�Y�i�U�R�J�Q�L���D���W�D�O�D�M�E�D 
(Kontur et al., 1993)�����(�]���G�L�I�I�~�]���I�H�O�•�O�H�W�L���O�H�I�R�O�\�i�V�N�p�Q�W���L�Q�G�X�O�����D�P�L���D���W�H�U�H�S�D�O�D�N�X�O�D�W�R�W���N�|�Y�H�W�Y�H���I�R�O�\�D��
matosan �N�R�Q�F�H�Q�W�U�i�O�y�G�L�N���� �P�t�J�� �Y�p�J�•�O�� �H�O�p�U�L�� �D�� �Y�t�]�J�\�&�M�W���� �I�� �Y�t�]�I�R�O�\�i�V�i�W ���.�U�L�]�V�i�Q, 2012). Mivel a 
�I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V���D���F�V�D�S�D�G�p�N�E�y�O���V�]�i�U�P�D�]�L�N�����t�J�\���D���N�H�W�W�����N�|�]�|�W�W���H�U���V���N�R�U�U�H�O�i�F�L�y�Q�D�N���N�H�O�O���O�p�W�H�]�Q�L�H. 
�$�]�� �D�G�D�W�I�H�O�G�R�O�J�R�]�i�V �V�R�U�i�Q �D�� �F�V�D�S�D�G�p�N�R�W�� �H�J�\�� �E�H�P�H�Q�H�W�L�� �M�H�O�Q�H�N�� �W�H�N�L�Q�W�M�•�N���� �P�H�O�\�Q�H�N�� �D�� �Y�t�]�K�R�]�D�P����
�Y�D�J�\�� �Y�t�]�V�]�L�Q�W�� �D�G�D�W�R�N�E�D�Q�� �W�|�U�W�p�Q���� �P�H�J�M�H�O�H�Q�p�V�p�W�� �D�� �U�H�Q�G�V�]�H�U�� ���Y�t�]�J�\�&�M�W������ �E�H�I�R�O�\�i�V�R�O�M�D (Padilla �p�V 
Pulido-Bosch, 1995)�����0�L�Y�H�O���D���M�H�O���W�H�U�M�H�G�p�V�p�K�H�]���D���U�H�Q�G�V�]�H�U�E�H�Q���L�G�����N�H�O�O�����t�J�\���D legnagyobb csapa-
�G�p�N�P�D�J�D�V�V�i�J�K�R�]�� �W�D�U�W�R�]�y�� �F�V�~�F�V�K�R�]�D�P�� �N�p�V�O�H�O�W�H�W�Y�H�� �I�R�J�� �P�H�J�M�H�O�H�Q�Q�L���� �/�H�J�H�J�\�V�]�H�U�&�E�E�� �P�y�G�V�]�H�U�� �D��
�N�p�V�O�H�O�W�H�W�p�V�� �P�H�J�K�D�W�i�U�R�]�i�V�i�U�D�� �D�� �N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V�� �I�•�J�J�Y�p�Q�\�� �H�O���i�O�O�t�W�i�V�D���� �P�H�O�\�U���O�� �D�� �\� ���� �p�V��
y=max(rxy(k)) (1. egyenlet) �N�|�]�|�W�W���H�O�W�H�O�W���L�G�����D�]��abszcissza-�W�H�Q�J�H�O�\�U���O���O�H�R�O�Y�D�V�K�D�W�y����Amennyiben 
�P�H�J�I�H�O�H�O���H�Q���K�R�V�V�]�~���D�G�D�W�V�R�U���i�O�O���D���U�H�Q�G�H�O�N�H�]�p�V�•�Q�N�U�H�����~�J�\���D���N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V���I�•�J�J�Y�p�Q�\�E�H�Q���S�H��
�U�L�y�G�X�V�R�N�D�W���O�H�K�H�W���I�H�O�I�H�G�H�]�Q�L���� �K�D���D�� �U�H�Q�G�V�]�H�U�����Y�t�]�J�\�&�M�W�������J�\�R�U�V�D�Q���U�H�D�J�i�O�� �D���F�V�D�S�D�G�p�N�U�D���� �(�E�E�H�Q�� �D�]��
�H�V�H�W�E�H�Q���D���N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V�H�N�H�Q���N�H�U�H�V�]�W�•�O���P�p�O�\�H�E�E���L�Q�I�R�U�P�i�F�L�y�N�K�R�]���M�X�W�K�D�W�X�Q�N���D���U�H�Q�G��
�V�]�H�U���P�&�N�|�G�p�V�p�W���L�O�O�H�W���H�Q (Padilla �p�V Pulido-Bosch, 1995). 

 
2. ANYAG ÉS MÓDSZER 

2.1. �9�L�]�V�J�i�O�W���Y�t�]�J�\�&�M�W�����E�H�P�X�W�D�W�i�V�D 

A Csernely-patak �Y�t�]�J�\�&�M�W���M�p�Q�H�N���W�H�U�•�O�H�W�H�������������N�P2 �D�]���X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�p�L�J��(Koris, 2020). A 
�S�D�W�D�N���D���%�•�N�N-�Y�L�G�p�N���N�|�]�S�R�Q�W�L���U�p�V�]�p�Q�H�N���Q�\�X�J�D�W�L���O�H�M�W���L�Q���H�U�H�G���D���%�H�W�\�i�U�N�~�W���Q�H�Y�&���I�R�U�U�i�V�E�y�O�����/�H�I�R��
�O�\�i�V�D���P�H�Q�W�p�Q���&�V�H�U�Q�H�O�\�����/�p�Q�i�U�G�G�D�U�y�F�����1�H�N�p�]�V�H�Q�\���p�V���8�S�S�R�Q�\���W�H�O�H�S�•�O�p�V�H�N�H�Q���I�R�O�\�L�N���N�H�U�H�V�]�W�•�O���P�L��
�H�O���W�W���D�]���8�S�S�R�Q�\�L-�V�]�R�U�R�V�W���H�O�p�U�L�����$���V�]�R�U�R�V���H�J�\���N�D�U�V�]�W�V�]�X�U�G�R�N�Y�|�O�J�\�����P�H�O�\�H�Q���i�W�W�|�U�Y�H���p�U�L���H�O���D���S�D�W�D�N��
�D���/�i�]�E�p�U�F�L-�Y�t�]�W�i�U�R�]�y�W�����D�K�R�O���D���%�i�Q-�S�D�W�D�N�N�D�O���H�J�\�H�V�•�O�����(�]���D���N�p�W���S�D�W�D�N���I�H�O�H�O���V���D���/�i�]�E�p�U�F�L-�Y�t�]�W�i�U�R�]�y��

������



�)�H�O�V�]�t�Q�L���Y�t�]�I�R�O�\�i�V���Y�i�O�D�V�]�L�G�H�M�p�Q�H�N �Y�L�]�V�J�i�O�D�W�D���N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V�V�H�O 

 

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

 
1�����i�E�U�D 

A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�H���D�]���X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�p�L�J 
 

2.2. �)�H�O�K�D�V�]�Q�i�O�W���D�G�D�Wok 

�$���F�V�D�S�D�G�p�N���D�G�D�W�R�N���D���+�X�Q�J�D�U�R�0�H�W���0�H�W�H�R�U�R�O�y�J�L�D�L���$�G�D�W�W�i�U�i�E�y�O���V�]�i�U�P�D�]�Q�D�N�����$���&�V�H�U�Q�H�O�\-patak 
�Y�t�]�J�\�&�M�W���M�p�Q���D���O�p�Q�i�U�G�G�D�U�y�F�L���i�O�O�R�P�i�V���D�G�D�W�D�L���O�H�W�W�H�N���I�H�O�K�D�V�]�Q�i�O�Y�D�����P�H�O�\���V�]�L�Q�W�H���N�|�]�S�R�Q�W�L���K�H�O�\�]�H�W�E�H�Q��
�Y�D�Q���D���Y�t�]�J�\�&�M�W���Q����1�����i�E�U�D�������0�X�Q�N�i�Q�N���V�R�U�i�Q���F�V�D�N���D����������-�D�V���p�Y���F�V�D�S�D�G�p�N���H�V�H�P�p�Q�\�H�L�W���H�O�H�P�H�]�W�•�N, 
�t�J�\���O�H�K�H�W�H�W�W���I�H�O�K�D�V�]�Q�i�O�Q�L���D���O�p�Q�i�U�G�G�D�U�y�F�L���i�O�O�R�P�i�V���D�G�D�W�D�L�W�����D�P�L���K�R�V�V�]�~�W�i�Y�~���Y�L�]�V�J�i�O�D�W�U�D�� �P�p�J��nem 
�D�O�N�D�O�P�D�V�����P�L�Y�H�O���F�V�D�N�������������y�W�D���•�]�H�P�H�O���� 

�$���Y�t�]�K�R�]�D�P���D�G�D�W�R�N�D�W���D�]���eszak-�P�D�J�\�D�U�R�U�V�]�i�J�L��V�t�]�•�J�\�L��I�J�D�]�J�D�W�y�V�i�J �9�t�]�U�D�M�]�L���2�V�]�W�i�O�\�D���V�]�R�O��
�J�i�O�W�D�W�W�D�� A Csernely-�S�D�W�D�N�R�Q���8�S�S�R�Q�\�Q�i�O����1�����i�E�U�D�����W�D�O�i�O�K�D�W�y���Y�t�]�P�p�U�F�H�����D�K�R�O����������, ill. �����������y�W�D��
�i�O�O�Q�D�N���U�H�Q�G�H�O�N�H�]�p�V�U�H���Y�t�]�V�]�L�Q�W���p�V���Y�t�]�K�R�]�D�P���D�G�D�W�R�N�� �$���I�H�O�K�D�V�]�Q�i�O�W���D�G�D�W�R�N�U�D���Y�R�Q�D�W�N�R�]�y���L�Q�I�R�U�P�i��
�F�L�y�N�D�W���|�V�V�]�H�I�R�J�O�D�O�y�D�Q���D�]���������W�i�E�O�i�]�D�W���p�V���D���������i�E�U�D���P�X�W�D�W�M�D. 

 
1. �W�i�E�O�i�]�D�W 

�$���I�H�O�K�D�V�]�Q�i�O�W���D�G�D�W�R�Nra �Y�R�Q�D�W�N�R�]�y���L�Q�I�R�U�P�i�F�L�y�N 
�$�G�D�W�W�t�S�X�V �0�p�U���K�H�O�\ �$�G�D�W�V�]�R�O�J�i�O��

�W�D�W�y 
�0�p�U�p�V���N�H�]��
�G�H�W�H���D���P�p�U����
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�7�y�W�K���0.  �± �7�y�W�K-Darabos E. 

 

 
2�����i�E�U�D  

Az �X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�H���Y�t�]�K�R�]�D�P���p�V���O�p�Q�i�U�G�G�D�U�y�F�L���F�V�D�S�D�G�p�N���P�R�G�H�O�O�H�]�p�V�U�H���K�D�V�]�Q�i�O�W���L�G���V�R�U�D 
 

2.3. �.�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V 

�$�G�R�W�W���N�p�W���G�L�V�]�N�U�p�W���L�G���V�R�U�����D�]���H�O�V�����[t (x1, x2�����«�����[n�������D���P�i�V�R�G�L�N���\t (y1, y2�����«�����\n), ahol n az 
�D�G�D�W�R�N���V�]�i�P�i�W���M�H�O�H�Q�W�L�����$���N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V���I�•�J�J�Y�p�Q�\���D�O�N�D�O�P�D�]�i�V�D�N�R�U���I�H�O�W�p�W�H�O�H�]�]�•�N�����K�R�J�\���D���N�p�W��
�L�G���V�R�U���Q�H�P���V�]�L�P�P�H�W�U�L�N�X�V�����Y�D�J�\�L�V���U+k �z r-k. A �N�L�I�H�M�H�]�p�V�H�N���H�J�\���P���H�O�W�R�O�i�V�L���S�R�Q�W�L�J�����D�K�R�O���N� ������������������
�«�����P-�L�J�����S�O�����N� �������Q�D�S���H�O�W�R�O�i�V�����N� �����Q�D�S���H�O�W�R�O�i�V��stb.�����D���N�|�Y�H�W�N�H�]���N 
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�)�H�O�V�]�t�Q�L���Y�t�]�I�R�O�\�i�V���Y�i�O�D�V�]�L�G�H�M�p�Q�H�N �Y�L�]�V�J�i�O�D�W�D���N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V�V�H�O 
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ahol yx, az tt yx , �L�G���V�R�U�R�N���i�W�O�D�J�i�W���M�H�O�|�O�L�� �$���N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V���I�•�J�J�Y�p�Q�\���D���Y�t�]�D�G�y���L�P�S�X�O�]�X�V���Y�i��
�O�D�V�]�i�W���D�G�M�D���P�H�J�����D�E�E�D�Q���D�]���H�V�H�W�E�H�Q�����K�D���D���F�V�D�S�D�G�p�N���L�G���V�R�U�W���I�H�K�p�U���]�D�M�Q�D�N���W�H�N�L�Q�W�K�H�W�M�•�N�����D�P�L���(�X�U�y��
�S�i�E�D�Q���D���O�H�J�W�|�E�E���H�V�H�W�E�H�Q���W�H�O�M�H�V�•�O (Mangin and Pulido-Bosch, 1983; Padilla and Pulido-Bosch, 
1995). 
 
2.3.1. �$���N�H�U�H�V�]�W�V�S�H�N�W�U�X�P���p�V���I�i�]�L�V���I�•�J�J�Y�p�Q�\���V�]�i�P�t�W�i�V�D 

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

�> �@)(exp)()( fiff xyxyxy �)��� �* �D  (7) 

ahol i �D�]���L�P�D�J�L�Q�i�U�L�X�V���H�J�\�V�p�J ( 1�� ), )( fxy�D �p�V���0�ë�ì�:�B�; �D���N�H�U�H�V�]�W���D�P�S�O�L�W�~�G�y���p�V���D���I�i�]�L�V���I�•�J�J�Y�p�Q�\��

�p�U�W�p�N�H�L���D�]��f �I�U�H�N�Y�H�Q�F�L�i�Q�����P�H�O�\�H�N���p�U�W�p�N�H���D���N�|�Y�H�W�N�H�]�� 

)()()( 22 fff xyxyxy �/���<� �D  (8) 

�0�ë�ì�:�B�; 
L �=�N�?�P�C
�É�ë�ì�:�B�;

�Ö�ë�ì�:�B�;
 (9) 

 
amelyben a keresztspektrum, )( fxy�<  �p�V���D���Q�p�J�\�]�H�W�H�V���V�S�H�N�W�U�X�P����)( fxy�/  
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ahol Dk �H�J�\���V�~�O�\�I�•�J�J�Y�p�Q�\�����D�P�L���D��)( fxy�< �p�V���D�� )( fxy�/ �H�J�\�•�W�W�K�D�W�y�E�D�Q���M�H�O�H�Q�W�N�H�]�����W�R�U�]�t�W�i�V���N�L�N�•�V�]��

�|�E�|�O�p�V�p�W���V�]�R�O�J�i�O�M�D�����$���V�S�H�N�W�U�X�P���V�L�P�t�W�i�V�i�W���D�E�O�D�N���V�]�&�U���N�N�H�O���O�H�K�H�W���H�O�Y�p�J�H�]�Q�L�����$���V�R�N�I�p�O�H �L�V�P�H�U�W���V�~�O�\��
�I�•�J�J�Y�p�Q�\���N�|�]�•�O���D���7�X�N�H�\���D�E�O�D�N���D�]�����D�P�H�O�\�L�N���D���K�L�G�U�R�O�y�J�L�D�L���D�G�D�W�V�R�U�R�N���H�V�H�W�p�E�H�Q���D���O�H�J�H�U�H�G�P�p�Q�\�H��
�V�H�E�E�H�Q���D�O�N�D�O�P�D�]�K�D�W�y����Jenkins �p�V Watts (1968), Mangin (1984), Padilla �p�V Pulido-Bosch (1995), 
�3�L�Q�W�p�U (2007) �D�O�D�S�M�i�Q���H�]���D���N�|�Y�H�N�H�]�� 
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�+�L�G�U�R�O�y�J�L�D�L���L�G���V�R�U�R�N�U�D���D�O�N�D�O�P�D�]�Y�D���H�]�W���D���P�y�G�V�]�H�U�W�����D���N�H�U�H�V�]�W���D�P�S�O�L�W�~�G�y���I�•�J�J�Y�p�Q�\����)( fxy�D

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

�$���I�i�]�L�V���I�•�J�J�Y�p�Q�\�E���O����)( fxy�)  �D���F�V�D�S�D�G�p�N���p�V���D���Y�t�]�K�R�]�D�P���N�|�]�|�W�W�L���N�p�V�O�H�O�W�H�W�p�V�W���O�H�K�H�W���P�H�J�K�D�W�i��

�U�R�]�Q�L���N�•�O�|�Q�E�|�]�����I�U�H�N�Y�H�Q�F�L�i�N���H�V�H�W�p�E�H�Q�����(�]���D�]���p�U�W�p�N���S2 �N�|�]�|�W�W���Y�i�O�W�R�]�L�N�����i�O�W�D�O�i�E�D�Q���S��  �p�V���S��  
�N�|�]�|�W�W�����H�Q�Q�H�N���P�H�J�I�H�O�H�O���H�Q��)( fxy�) �p�U�W�p�N�H��c���S  �p�V�� c���� �S  �p�U�W�p�N�H�N�H�W���L�V���I�H�O�Y�H�K�H�W�����D�P�L�W���D���I�•�J�J��

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

dffxy �S2)( � �)  (13)1 

 
3. EREDMÉNYEK 

�$�� �N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V�� �H�O�H�P�]�p�V�H�N�� �D�O�D�S�M�D�� �D�� �N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V�� �I�•�J�J�Y�p�Q�\���� �$�� �P�y�G�V�]�H�U�W�� �N�D�U�V�]�W�R�V��
�Y�t�]�D�G�y�N���Y�L�]�V�J�i�O�D�W�i�U�D���K�D�V�]�Q�i�O�W�i�N (Padilla �p�V Pulido-Bosch, 1995)�����G�H���Y�D�Q���S�p�O�G�D���I�H�O�V�]�t�Q�L���Y�t�]�J�\�&�M��
�W���Q���Y�D�O�y���D�O�N�D�O�P�D�]�i�V�U�D���L�V��(Weedon et al., 2023) �$���P�y�G�V�]�H�U���D�O�N�D�O�P�D�]�K�D�W�y�V�i�J�i�Q�D�N���N�U�L�W�L�N�X�V���V�D�U�R�N��
�S�R�Q�W�M�D�����K�R�J�\���I�R�O�\�D�P�D�W�R�V���L�G���V�R�U���V�]�•�N�V�p�J�H�V���K�R�]�]�i�����P�L�Q�G�N�p�W���Y�i�O�W�R�]�y���H�V�H�W�p�E�H�Q�����D�]�R�Q�R�V���L�G���E�H�O�L���I�H�O��
�E�R�Q�W�i�V�E�D�Q�����$���N�|�Y�H�W�N�H�]�����Y�L�]�V�J�i�O�D�W�R�N �V�R�U�i�Q �y�U�i�V���I�H�O�E�R�Q�W�i�V�~���D�G�D�W�R�Nat �K�D�V�]�Q�i�Otunk fel. 

�8�S�S�R�Q�\�Q�i�O�����D���&�V�H�U�Q�H�O�\-�S�D�W�D�N�R�Q���D���O�H�J�Q�D�J�\�R�E�E���N�R�U�U�H�O�i�F�L�y�V���H�J�\�•�W�W�K�D�W�y���������y�U�i�Q�i�O���W�D�O�i�O�K�D�W�y����3. 
�i�E�U�D). �$���N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V���I�•�J�J�Y�p�Q�\���V�D�M�i�W�R�V�V�i�J�D�����K�R�J�\�K�D���H�J�\���U�H�Q�G�V�]�H�U���J�\�R�U�V�D�Q���U�H�D�J�i�O���D���F�V�D�S�D��
�G�p�N�U�D�����Ä�I�H�O�W�H�O�L�N�´�����P�D�M�G���J�\�R�U�V�D�Q���Ä�O�H�•�U�•�O�´�����D�N�N�R�U���D���F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�H�N���Q�H�P���P�R�V�y�G�Q�D�N���|�V�V�]�H�����t�J�\��
�H�O�Y�i�O�D�V�]�W�K�D�W�y�N�����+�D���H�O�p�J���Q�D�J�\���S�R�]�L�W�t�Y�����Q�H�J�D�W�t�Y���L�G���E�H�O�L���H�O�W�R�O�i�V�W�����P�����D�O�N�D�O�P�D�]�X�Q�N (m =2���¾�J, ahol 
�Q���D�]���D�G�D�W�S�i�U�R�N���V�]�i�P�D�������D�N�N�R�U���Ä�U�i���W�X�G�M�X�N���W�R�O�Q�L�´�����D���Y�L�]�V�J�i�O�W���F�V�D�S�D�G�p�N���H�V�H�P�p�Q�\�W���W�|�E�E���i�U�K�X�O�O�i�P�U�D��
�L�V�����D�]���P���p�U�W�p�N�H���D�G�R�W�W���H�V�H�W�E�H�Q������- 191 �y�U�D�������(�]�p�U�W���O�i�W�K�D�W�y����3�����i�E�U�D�����������y�U�i�Q�i�O���p�V���������y�U�i�Q�i�O�����K�R�J�\���D��
�N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V���H�J�\�•�W�W�K�D�W�y���p�U�W�p�N�H��hirtelen meg�Q�������$�]���H�J�\�H�]�p�V���W�H�U�P�p�V�]�H�W�H�V�H�Q���Q�H�P���O�H�V�]���R�O�\�D�Q��
�H�U���V���D���F�V�D�S�D�G�p�N���p�V���Y�t�]�K�R�]�D�P���D�G�D�W�R�N���N�|�]�|�W�W�����P�L�Q�W���������y�U�i�Q�i�O�����P�H�U�W���Q�H�P���D�]���|�V�V�]�H�W�D�U�W�R�]�y���F�V�D�S�D�G�p�N��
�p�V���Y�t�]�K�R�]�D�P���D�G�D�W�R�N�U�y�O���E�H�V�]�p�O�•�Q�N�� 

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

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

������



�)�H�O�V�]�t�Q�L���Y�t�]�I�R�O�\�i�V���Y�i�O�D�V�]�L�G�H�M�p�Q�H�N �Y�L�]�V�J�i�O�D�W�D���N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V�V�H�O 

 

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

 

 
3�����i�E�U�D�� 

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

�]�L�N���P�H�J���D�]���i�U�K�X�O�O�i�P�������R�W�W���Q�D�J�\���I�U�H�N�Y�H�Q�F�L�i�N�R�Q���D���N�H�U�H�V�]�W�D�P�S�O�L�W�~�G�y���I�•�J�J�Y�p�Q�\���p�U�W�p�N�H���Q�D�J�\�R�Q���P�H�J��
�N�|�]�H�O�t�W�L���D����-�W�����-�y�O���P�H�J�I�L�J�\�H�O�K�H�W�������K�R�J�\���D���&�V�H�U�Q�H�O�\-�S�D�W�D�N���N�H�U�H�V�]�W�D�P�S�O�L�W�~�G�y���I�•�J�J�Y�p�Q�\�H���Q�D�J�\���I�U�H�N��
�Y�H�Q�F�L�i�N�R�Q���N�|�]�H�O���I�X�W���D�]��abszcissza tengelyhez (4�����i�E�U�D). 

 

 
4�����i�E�U�D 

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

(5�����i�E�U�D�����p�V���D���J�D�L�Q���I�•�J�J�Y�p�Q�\�H�Q����6�����i�E�U�D). Padilla �p�V Pulido-Bosch (1995) �D�O�D�S�M�i�Q���W�X�G�M�X�N�����K�R�J�\���D��

������



�7�y�W�K���0.  �± �7�y�W�K-Darabos E. 

 

�J�\�R�U�V���O�H�I�R�O�\�i�V���L�G���W�D�U�W�D�P�D���D�G�G�L�J���W�D�U�W�����P�t�J���D���J�D�L�Q���I�•�J�J�Y�p�Q�\���H�O�p�U�L���D��������-�H�V���p�U�W�p�N�H�W�����D�]���D�O�D�S�K�R�]�D�P��
pedig 1-�H�V���p�U�W�p�N���I�H�O�H�W�W���N�H�]�G���G�L�N�����$���N�H�W�W�����N�|�]�|�W�W�L���L�Q�W�H�U�Y�D�O�O�X�P�E�D�Q���D�]���L�Q�W�H�U�P�H�G�L�H�U���i�U�D�P�O�i�V���W�|�U�W�p�Q�L�N����
A Csernely-�S�D�W�D�N�R�Q�� �D�� �J�\�R�U�V�� �O�H�I�R�O�\�i�V�� �L�G���W�D�U�W�D�P�D�� ���������� �y�U�D���� �P�t�J�� �D�] �D�O�D�S�K�R�]�D�P�� ������ �y�U�D�� �X�W�i�Q��
�N�H�]�G���G�L�N����6�����i�E�U�D).  

 

 
5�����i�E�U�D 

A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�Q�H�N���N�R�K�H�U�H�Q�F�L�D���I�•�J�J�Y�p�Q�\�H�� 
 
�$�� �N�R�K�H�U�H�Q�F�L�D�� �I�•�J�J�Y�p�Q�\�� ��5���� �i�E�U�D���� �Q�H�P�� �F�V�X�S�i�Q�� �D�� �J�\�R�U�V�� �O�H�I�R�O�\�i�V�� �M�H�O�H�Q�O�p�W�p�Q�H�N�� �N�L�P�X�W�D�W�i�V�i�U�D��

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

 

.  
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�)�H�O�V�]�t�Q�L���Y�t�]�I�R�O�\�i�V���Y�i�O�D�V�]�L�G�H�M�p�Q�H�N �Y�L�]�V�J�i�O�D�W�D���N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V�V�H�O 

 

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

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

�O�L�Q�H�i�U�L�V���I�•�J�J�Y�p�Q�\���P�H�U�H�G�H�N�V�p�J�H�����Œd-�Y�H�O���H�J�\�H�Q�O�������$���&�V�H�U�Q�H�O�\-patak �I�i�]�L�V�I�•�J�J�Y�p�Q�\�p�U�H���L�O�O�H�V�]�W�H�W�W��
�O�L�Q�H�i�U�L�V���P�H�U�H�G�H�N�V�p�J�H ���������������t�J�\ �D�]���i�W�O�D�J�R�V���N�p�V�O�H�O�W�H�W�p�V���p�U�W�p�N�H 

�@ 
L
�y�x�á�r�v
�t �® �è


L �s�t�á�s���×�N�= (14) 

�,�W�W���P�H�J���N�H�O�O���M�H�J�\�H�]�Q�L�����K�R�J�\���H�]���D���N�p�V�O�H�O�W�H�W�p�V���Q�H�P���D�]�R�Q�R�V���D�]�R�N�N�D�O�����P�H�O�\�H�N���D���N�H�U�H�V�]�W�N�R�U�U�H�O�i�F�L�y�V��
�I�•�J�J�Y�p�Q�\�U���O����3�����i�E�U�D) �R�O�Y�D�V�K�D�W�y�N���O�H�����P�H�U�W���H�]�H�N���D�]���p�U�W�p�N�H�N���W�|�E�E���I�i�]�L�V���p�U�W�p�N�E���O���O�H�W�W�H�N���V�]�i�P�t�W�Y�D���� 

 
4. KÖVETKEZTETÉSEK 

A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�H�� �D�]�� �8�S�S�R�Q�\�L-�K�H�J�\�V�p�J�� �U�p�V�]�H���� �D�P�L�� �D�O�D�F�V�R�Q�\�� �N�|�]�p�S�K�H�J�\�V�p�J�� �M�H�O��
�O�H�J�&���W�H�U�•�O�H�W�����$���W�H�Q�J�H�U�V�]�L�Q�W���I�H�O�H�W�W�L���P�D�J�D�V�V�i�J�����������P���p�V�����������P���N�|�]�|�W�W���Y�i�O�W�R�]�L�N�����P�H�O�\�Q�H�N���N�|�Y�H�W�N�H�]��
�W�p�E�H�Q�� �D�� �I�H�O�V�]�t�Q�L�� �O�H�I�R�O�\�i�V�� �O�D�V�V�D�E�E�D�Q�� �P�H�J�\�� �Y�p�J�E�H���� �P�L�Q�W�� �H�J�\�� �N�|�]�p�S�K�H�J�\�V�p�J�L�� �Y�t�]�J�\�&�M�W���Q���� �$�� �I�H�Q�W��
�E�H�P�X�W�D�W�R�W�W���I�i�]�L�V���I�•�J�J�Y�p�Q�\���D�O�D�S�M�i�Q���V�L�N�H�U�•�O�W���P�H�J�K�D�W�i�U�R�]�Q�L�����K�R�J�\���i�W�O�D�J�R�V�D�Q����mivel a keresztkor-
�U�H�O�i�F�L�y�V���V�]�i�P�t�W�i�V�W�������p�Y���K�R�V�V�]�~�V�i�J�~���F�V�D�S�D�G�p�N���p�V���Y�t�]�K�R�]�D�P���D�G�D�W���D�O�D�S�M�i�Q���Y�p�J�H�]�W�•�N�����t�J�\���W�p�O�L�����W�D�Y�D��
�V�]�L�����Q�\�i�U�L�������V�]�L���F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�H�N��is szerepelnek benne�����������yr�D���W�H�O�L�N���H�O�����P�t�J���D���F�V�D�S�D�G�p�N�H�V�H��
�P�p�Q�\���O�H�J�Q�D�J�\�R�E�E���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J�i�K�R�]���W�D�U�W�R�]�y���L�G���S�R�Q�W�M�i�W�y�O���V�]�i�P�t�W�Y�D���D���K�R�]�D�P�F�V�~�F�V megje-
lenik �D�]���X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�p�Q�p�O�����$���P�H�J�K�D�W�i�U�R�]�R�W�W���L�G���W�D�U�W�D�P���Y�R�O�W�D�N�p�S�S�H�Q a �Y�t�]�J�\�&�M�W���U�H���M�H�O�O�H�P�]�� 
�|�V�V�]�H�J�\�•�O�H�N�H�]�p�V�L���L�G���W���M�H�O�H�Q�W�L. A �Y�t�]�p�S�t�W�p�V�L���I�H�O�D�G�D�W�R�N �P�H�J�R�O�G�i�V�D���V�R�U�i�Q���D�]���|�V�V�]�H�J�\�•�O�H�N�H�]�p�V�L���L�G����
�D�� �P�p�U�W�p�N�D�G�y�� �K�R�]�D�P�� �V�]�i�P�t�W�i�V�i�Q�D�N�� �H�J�\�L�N�� �P�H�J�K�D�W�i�U�R�]�y�� �S�D�U�D�P�p�W�H�U�H���� �0�L�Q�p�O�� �S�R�Q�W�R�V�D�E�E�D�Q�� �W�X�G�M�X�N��
�P�H�J�K�D�W�i�U�R�]�Q�L���D�]���|�V�V�]�H�J�\�•�O�H�N�H�]�p�V�L���L�G��t�����D�Q�Q�i�O���S�R�Q�W�R�V�D�E�E���W�X�G�M�X�N���E�H�F�V�•�O�Q�L���D���P�p�U�W�p�N�D�G�y���K�R�]�D�P�R�W�� 

������
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�W�i�U�W���� �Y�D�J�\�L�V�� �D�� �N�L�I�R�O�\�i�V�L�� �S�R�Q�W�M�i�Q�i�O�� �Q�L�Q�F�V�� �Y�t�]�P�p�U�F�H���� �,�V�P�H�U�W���Y�t�]�J�\�&�M�W���� �H�V�H�W�p�E�H�Q�� �D�� �P�p�U�W�p�N�D�G�y�� �&N 
�V�]�i�P�t�W�K�D�W�y�����(�J�\���Y�t�]�J�\�&�M�W�����P�p�U�W�p�N�D�G�y���&�1���V�]�i�P�i�Q�D�N���P�H�J�K�D�W�i�U�R�]�i�V�D���D���Y�t�]�p�S�t�W�p�V�L���I�H�O�D�G�D�W�R�N���P�H�J��
�R�O�G�i�V�L���V�]�H�P�S�R�Q�W�M�i�E�y�O���M�H�O�H�Q�W���V�����X�J�\�D�Q�L�V���H�]�H�Q���N�H�U�H�V�]�W�•�O���V�]�i�P�t�W�K�D�W�y���D���Q�D�J�\���Y�L�V�V�]�D�W�p�U�p�V�L���L�G�H�M�&���H�V�H��
�P�p�Q�\�H�N�K�H�]���W�D�U�W�R�]�y���F�V�~�F�V�K�R�]�D�P�����D�P�L���E�i�P�H�O�\���Y�t�]�H�O�Y�H�]�H�W�p�V�L���P�&�W�i�U�J�\���P�p�U�H�W�H�]�p�V�p�Q�H�N���D�]���D�O�D�S�M�D�����$��
Csernely-�S�D�W�D�N���8�S�S�R�Q�\�L�J���W�D�U�W�y���Y�t�]�J�\�&�M�W���M�p�U�H���D���&�1�’ � �������������p�U�W�p�N�H�W���N�D�S�W�X�N���H�U�H�G�P�p�Q�\�•�O�� 
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1. BEVEZETÉS 

�$�� �K�L�G�U�R�O�y�J�L�D�L�� �P�R�G�H�O�O�H�N�E�H�Q�� �D �Y�H�V�]�W�H�V�p�J�H�N�� �P�H�J�K�D�W�i�U�R�]�i�V�i�Q�� �N�H�U�H�V�]�W�•�O�� �M�X�W�X�Q�N�� �H�O�� �D�� �O�H�I�R�O�\�i�V��
�N�p�S�]�����F�V�D�S�D�G�p�N���W�p�U�I�R�J�D�W�i�K�R�]�����$���Y�t�]�J�\�&�M�W���U�H���p�U�N�H�]�����F�V�D�S�D�G�p�N�Q�D�N���F�V�D�N���N�L�V���U�p�V�]�H���W�i�Y�R�]�L�N���R�Q�Q�D�Q����
�P�L�Q�W���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V�����$���F�V�D�S�D�G�p�N���I�H�Q�Q�P�D�U�D�G�y���U�p�V�]�H���D���K�L�G�U�R�O�y�J�L�D�L���F�L�N�O�X�V���N�•�O�|�Q�E�|�]�����I�R�O�\�D�P�D�W�D��
�L�E�D�Q�� �R�V�]�W�y�G�L�N�� �V�]�p�W���� �P�L�Q�W�� �E�H�V�]�L�Y�i�U�J�i�V���� �S�i�U�R�O�J�i�V���� �L�Q�W�H�U�F�H�S�F�L�y ���.�U�L�]�V�i�Q���� ����������. �(�]�H�N�� �N�|�]�•�O�� �H�J�\��
egyedi �F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\���P�R�G�H�O�O�H�]�p�V�H���V�R�U�i�Q���D���E�H�V�]�L�Y�i�U�J�i�V���i�O�W�D�O�L���Y�H�V�]�W�H�V�p�J���D���P�H�J�K�D�W�i�U�R�]�y�����6�]�i��
�P�R�V���P�y�G�V�]�H�U�W���G�R�O�J�R�]�W�D�N���P�i�U���N�L���D���E�H�V�]�L�Y�i�U�J�i�V���V�]�i�P�t�W�i�V�U�D�����P�L�Q�W���D��Brooks-Corey modell (Brooks 
�p�V Corey, 1966), Van Genuchten modell (Van Genuchten, 1980) vagy a Green-Ampt modell 
(Green �p�V Ampt, 1911)�����$���8�6���6�&�6�����6�R�L�O���&�R�Q�V�H�U�Y�D�W�L�R�Q���6�H�U�Y�L�F�H�����i�O�W�D�O���N�L�G�R�O�J�R�]�R�W�W���&�1���P�y�G�V�]�H�U��
�D�Q�Q�\�L�E�D�Q���W�p�U���H�O���D�]���H�O���]�����P�R�G�H�O�O�H�N�W���O�����K�R�J�\���D�E�E�D�Q���D�]���H�I�I�H�N�W�t�Y���V�]�L�Y�i�U�J�i�V�L���I�R�O�\�D�P�D�W���Q�L�Q�F�V���P�H�J�K�D��
�W�i�U�R�]�Y�D�����$���Y�H�V�]�W�H�V�p�J�H�W���H�J�\���D�U�i�Q�\�V�]�i�P���M�H�O�O�H�P�]�L�����D�P�L�E�H�Q���W�H�U�P�p�V�]�H�W�H�V�H�Q���W�•�N�U�|�]���G�L�N���D���Y�t�]�J�\�&�M�W���W��
�M�H�O�O�H�P�]�����W�D�O�D�M�R�N���I�L�]�L�N�D�L���W�D�O�D�M�I�p�O�H�V�p�Je �p�V���D���W�H�U�•�O�H�W�K�D�V�]�Q�i�O�D�W�����$�]���(�J�\�H�V�•�O�W���È�O�O�D�P�R�N�E�D�Q���Q�D�J�\�R�Q���H�O��
terjedt �P�y�G�V�]�H�U���D���P�p�U�W�p�N�D�G�y���i�U�K�X�O�O�i�P���V�]�i�P�t�W�i�V�i�U�D���p�V���Q�H�P���L�V�P�H�U�W���Y�t�]�J�\�&�M�W���N���H�V�H�W�p�E�H�Q���L�V���D�O�N�D�O��
�P�D�]�]�i�N�����P�H�U�W���&�1���p�U�W�p�N���N�D�W�H�J�y�U�L�i�N�D�W���K�R�]�W�D�N���O�p�W�U�H���D���W�H�U�•�O�H�W�K�D�V�]�Q�i�O�D�W���p�V���D���W�D�O�D�M���I�L�]�L�N�D�L���W�D�O�D�M�I�p�O�H�V�p�J��
�D�O�D�S�M�i�Q���� �(�� �N�H�W�W���� �L�Q�I�R�U�P�i�F�L�y�� �I�H�O�W�i�U�i�V�i�Y�D�O�� �D�� �Y�t�]�J�\�&�M�W���U���O�� �O�H�I�R�O�\�y�� �Y�t�] �P�H�Q�Q�\�L�V�p�Je �E�H�F�V�•�O�K�H�W��. 
�8�J�\�D�Q�D�N�N�R�U���P�H�J���N�H�O�O���M�H�J�\�H�]�Q�L�����K�R�J�\���p�U�G�H�P�H�V���H�O���V�]�|�U���L�V�P�H�U�W���Y�t�]�J�\�&�M�W���Q���N�L�S�U�y�E�i�O�Q�L���p�V���P�H�J�E�L��
�]�R�Q�\�R�V�R�G�Q�L�����K�R�J�\���Q�L�Q�F�V���M�H�O�H�Q�W���V���H�O�W�p�U�p�V���D���V�]�i�P�tt�R�W�W���N�D�U�D�N�W�H�U�L�V�]�W�L�N�X�V���&�1���p�V���D���W�i�E�O�i�]�D�W���E�p�O�L���D�G�D�W�R�N��
�D�O�D�S�M�i�Q���V�]�i�P�t�W�R�W�W���N�D�U�D�N�W�H�U�L�V�]�W�L�N�X�V���&�1���p�U�W�p�N�H�N���N�|�]�|�W�W�����$�]���i�U�K�X�O�O�i�P���V�]�i�P�t�W�i�V���P�H�J�O�H�K�H�W���V�H�Q���p�U��
�]�p�N�H�Q�\�� �H�U�U�H���D���S�D�U�D�P�p�W�H�U�U�H���� �t�J�\�� �N�L�V���H�O�W�p�U�p�V���L�V���M�H�O�H�Q�W���V���W�p�U�I�R�J�D�W���p�V���F�V�~�F�V�K�R�]�D�P���N�•�O�|�Q�E�V�p�J�H�W���W�X�G��
okozni. 
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2. ANYAG ÉS MÓDSZER 

2.1. �9�L�]�V�J�i�O�W���Y�t�]�J�\�&�M�W�����E�H�P�X�W�D�W�i�V�D 

A Csernely-patak �Y�t�]�J�\�&�M�W���M�p�Q�H�N���W�H�U�•�O�H�W�H�������������N�P2 �D�]���X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�p�L�J��(Koris, 2020). A 
�S�D�W�D�N���D���%�•�N�N-�Y�L�G�p�N���N�|�]�S�R�Q�W�L���U�p�V�]�p�Q�H�N���Q�\�X�J�D�W�L���O�H�M�W���L�Q���H�U�H�G���D���%�H�W�\�i�U�N�~�W���Q�H�Y�&���I�R�U�U�i�V�E�y�O�����/�H�I�R��
�O�\�i�V�D���P�H�Q�W�p�Q���&�V�H�U�Q�H�O�\�����/�p�Q�i�U�G�G�D�U�y�F�����1�H�N�p�]�V�H�Q�\���p�V���8�S�S�R�Q�\���W�H�O�H�S�•�O�p�V�H�N�H�Q���I�R�O�\�L�N���N�H�U�H�V�]�W�•�O���P�L��
�H�O���W�W���D�]���8�S�S�R�Q�\�L-�V�]�R�U�R�V�W���H�O�p�U�L ���'�|�Y�p�Q�\�L�������������������$���V�]�R�U�R�V���H�J�\���N�D�U�V�]�W�V�]�X�U�G�R�N�Y�|�O�J�\�����P�H�O�\�H�Q���i�W��
�W�|�U�Y�H���p�U�L���H�O���D���S�D�W�D�N���D���/�i�]�E�p�U�F�L-�Y�t�]�W�i�U�R�]�y�W�����D�K�R�O���D���%�i�Q-�S�D�W�D�N�N�D�O���H�J�\�H�V�•�O�����(�]���D���N�p�W���S�D�W�D�N���I�H�O�H�O���V���D��
�/�i�]�E�p�U�F�L-�Y�t�]�W�i�U�R�]�y���I�H�O�W�|�O�W�p�V�p�p�U�W�����D�P�L���P�H�J�K�D�W�i�U�R�]�y���L�Y�y�Y�t�]�E�i�]�L�V���D���W�p�U�V�p�J�E�H�Q���p�V���N�|�]�H�O��������.000 fo-
�J�\�D�V�]�W�y���Y�t�]�H�O�O�i�W�i�V�i�W���E�L�]�W�R�V�t�W�M�D�� 
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2.2. �)�H�O�K�D�V�]�Q�i�O�W���D�G�D�Wok 

�$���F�V�D�S�D�G�p�N���D�G�D�W�R�N���D���+�X�Q�J�D�U�R�0�H�W���0�H�W�H�R�U�R�O�y�J�L�D�L���$�G�D�W�W�i�U�i�E�y�O���V�]�i�U�P�D�]�Q�D�N�����$���&�V�H�U�Q�H�O�\-patak 
�Y�t�]�J�\�&�M�W���M�p�Q���D���O�p�Q�i�U�G�G�D�U�y�F�L���i�O�O�R�P�i�V���D�G�D�W�D�L���O�H�W�W�H�N���I�H�O�K�D�V�]�Q�i�O�Y�D�����P�H�O�\���V�]�L�Q�W�H���N�|�]�S�R�Q�W�L���K�H�O�\�]�H�W�E�H�Q��
�Y�D�Q���D���Y�t�]�J�\�&�M�W���Q����1�����i�E�U�D�������0�X�Q�N�i�Q�N���V�R�U�i�Q���F�V�D�N���D����������-�D�V���p�Y���F�V�D�S�D�G�p�N���H�V�H�P�p�Q�\�H�L�Y�H�O���G�R�O�J�R�]��
�W�X�Q�N�����t�J�\���O�H�K�H�W�H�W�W���I�H�O�K�D�V�]�Q�i�O�Q�L���D���O�p�Q�i�U�G�G�D�U�y�F�L���i�O�O�R�P�i�V���D�G�D�W�D�L�W���L�V�����D�P�L���K�R�V�V�]�~�W�i�Y�~���Y�L�]�V�J�i�O�D�W�U�D���Q�H�P��
�D�O�N�D�O�P�D�V�����P�L�Y�H�O���F�V�D�N�������������y�W�D���•�]�H�P�H�O���� 

�$���Y�t�]�K�R�]�D�P���D�G�D�W�R�N�D�W���D�]���eszak-�P�D�J�\�D�U�R�U�V�]�i�J�L��V�t�]�•�J�\�L��I�J�D�]�J�D�W�y�V�i�J �9�t�]�U�D�M�]�L���2�V�]�W�i�O�\�D���V�]�R�O��
�J�i�O�W�D�W�W�D���� �$�� �&�V�H�U�Q�H�O�\-�S�D�W�D�N�R�Q�� �8�S�S�R�Q�\�Q�i�O�� ��1���� �i�E�U�D���� �W�D�O�i�O�K�D�W�y�� �Y�t�]�P�p�U�F�H���� �D�K�R�O�� ���������� �p�V�� ���������� �y�W�D��
�i�O�O�Q�D�N���U�H�Q�G�H�O�N�H�]�p�V�U�H���Y�t�]�V�]�L�Q�W���p�V���Y�t�]�K�R�]�D�P���D�G�D�W�R�N�����$���I�H�O�K�D�V�]�Q�i�O�W���D�G�D�W�R�N�D�W���D�����������i�E�U�D�����P�X�W�D�W�M�D�� 
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2�����i�E�U�D 

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

2.3. �$�]���6�&�6���&�1���P�y�G�V�]�H�U 

�$���P�y�G�V�]�H�U���N�L�L�Q�G�X�O�i�V�L���|�V�V�]�H�I�•�J�J�p�V�H���D�]���D�O�i�E�E�L���i�O�W�D�O�i�Q�R�V���Y�t�]�K�i�]�W�D�U�W�i�Vi egyenleten alapul (Haw-
kins et al., 2009) 

�2 
L �3 
E �( (1) 

�D�K�R�O���3���D�]���|�V�V�]�H�J�]�H�W�W���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J��(mm)�����4���D�]���|�V�V�]�H�J�]�H�W�W���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V��(mm) �p�V���)���D�]��
�D�N�W�X�i�O�L�V���Y�H�V�]�W�H�V�p�J��(mm). A �P�y�G�V�]�H�U �N�L�G�R�O�J�R�]�i�V�D���V�R�U�i�Q���H�O���V�]�|�U���|�V�V�]�H�W�D�U�W�R�]�y���3���4���D�G�D�W�R�N�D�W���i�E�U�i��
�]�R�O�W�D�N�����P�H�O�\�H�N���Y�i�O�W�R�]�i�V�i�E�y�O���D�]���D�O�i�E�E�L���P�H�J�i�O�O�D�S�t�W�i�V�R�N�D�W���W�H�W�W�p�N (Hawkins et al., 2009): 
 

�x �D���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V���i�O�W�D�O�i�Q�R�V���W�U�H�Q�G�M�H���4� ��-�Q�i�O���N�H�]�G���G�L�N�����D�P�L�N�R�U���3� ��, 
�x P:Q �D�G�D�W�S�i�U�R�N�U�D���H�J�\���N�R�Q�Y�H�[���I�•�J�J�Y�p�Q�\���L�O�O�H�V�]�W�K�H�W��, 
�x �D�]���L�O�O�H�V�]�W�H�W�W���J�|�U�E�H���H�J�\���i�O�O�D�Q�G�y���3-�4�����)�����p�U�W�p�N���I�H�O�p���K�D�M�O�L�N�����D�K�R�J�\���D���3���p�U�W�p�N�H���Q��, 
�x �M�H�O�H�Q�W���V���V�]�y�U�i�V���W�D�S�D�V�]�W�D�O�K�D�W�y���D�]���L�O�O�H�V�]�W�H�W�W���N�R�Q�Y�H�[���I�•�J�J�Y�p�Q�\���N�|�U�•�O. 
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�(�]�W���N�|�Y�H�W���H�Q���E�H�Y�H�]�H�W�W�p�N���D�]���6�����P�D�[�L�P�i�O�L�V���S�R�W�H�Q�F�L�i�O�L�V���Y�H�V�]�W�H�V�p�J�����I�R�J�D�O�P�i�W 

�5 
L �Ž�‹�•
�É�\�¶

�:�2 
F �3�; 
L �Ž�‹�•
�É�\�¶

�:�(�; (2) 

�$���O�H�Y�H�]�H�W�p�V���I�R�O�\�W�D�W�i�V�i�E�D�Q���D���4���3���O�H�I�R�O�\�i�V�L���K�i�Q�\�D�G�R�W���D�]���)�����6���p�V���3���Y�i�O�W�R�]�y�N���I�•�J�J�Y�p�Q�\�p�E�H�Q���N�H�O��
�O�H�W�W���N�L�I�H�M�H�]�Q�L�����D�P�L���D���N�|�Y�H�W�N�H�]�����|�V�V�]�H�I�•�J�J�p�V�W���H�U�H�G�P�p�Q�\�H�]�W�H 

�3
�2


L
�(
�5


L
�=�G�P�Q�ž�H�E�O���R�A�O�V�P�A�O�±�C

�L�K�P�A�J�?�E�ž�H�E�O���R�A�O�V�P�A�O�±�C
 (3) 

�%�H�K�H�O�\�H�W�W�H�V�t�W�Y�H���D�]���)� �3-�4���|�V�V�]�H�I�•�J�J�p�V�W���D��(3�+�L�E�D�����$���K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y��) egyen-
letbe, Q-ra megoldva kapjuk 

�3 
L
�2�6

�:�2 
E �5�;
 (4) 

�(�]���D���O�H�I�R�O�\�i�V�L���H�J�\�H�Q�O�H�W���H�O�V�����D�O�D�S���I�R�U�P�i�M�D�����P�H�O�\�E�H�Q���4���D���3���p�V���D�]���6���I�•�J�J�Y�p�Q�\�H�����)�H�Q�W�L�H�N���P�H�O�O�H�W�W��
�D���3���4���D�G�D�W�R�N���H�O�H�P�]�p�V�H�N�R�U���D�]�W���L�V���p�V�]�U�H�Y�H�W�W�p�N�����K�R�J�\���H�J�\�H�V���H�V�H�W�H�N�Q�p�O���D���O�H�I�R�O�\�i�V���F�V�D�N���H�J�\���F�V�D�S�D��
�G�p�N�P�H�Q�Q�\�L�V�p�J���O�H�p�U�N�H�]�p�V�H���X�W�i�Q���L�Q�G�X�O���P�H�J�����(�]�W���N�H�]�G�H�W�L���H�O�Y�R�Q�i�V�Q�D�N�����,a�����Q�H�Y�H�]�W�p�N���H�O�����D�P�L���D�]���L�Q�W�H�U��
�F�H�S�F�L�y�����D���W�p�U�V�]�t�Q�L���P�p�O�\�S�R�Q�W�R�N�E�D�Q���Y�D�O�y���|�V�V�]�H�J�\�•�O�H�N�H�]�p�V�L���p�V���D���E�H�V�]�L�Y�i�U�J�i�V�L���I�R�O�\�D�P�D�W�R�N�E�y�O���D�G�y�G�y��
�Y�H�V�]�W�H�V�p�J�H�N�H�W���I�R�J�O�D�O�M�D���P�D�J�i�E�D�����(�P�L�D�W�W���D���3���p�U�W�p�N�p�W���N�R�U�U�L�J�i�O�W�i�N���p�V���D���3-Ia �N�L�I�H�M�H�]�p�V���N�H�U�•�O�W���D (4Hiba! 
�$���K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y��) egyenletbe (USDA, 2003) 
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L �r

��������������������
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�2 
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 (5) 

Az (5) �H�J�\�H�Q�O�H�W�E�H�Q���V�]�H�U�H�S�O����P-Ia �P�H�Q�Q�\�L�V�p�J���D���O�H�I�R�O�\�i�V�N�p�S�]�����F�V�D�S�D�G�p�N�����3e). Az (1)-(4) egyen-
�O�H�W�H�N�E�H�Q���F�p�O�V�]�H�U�&���D���3���K�H�O�\�H�W�W���3e -�Y�H�O���V�]�i�P�R�O�Q�L�����Ë�J�\���D�]���H�J�\�H�Q�O�H�W 

�3 
L
�2�Ø

�6

�:�2�Ø
E �5�;
 (6) 

Ebben az esetben az S a Pe �p�V���4���N�|�]�|�W�W�L���P�D�[�L�P�i�O�L�V���S�R�W�H�Q�F�L�i�O�L�V���G�L�I�I�H�U�H�Q�F�L�i�W���I�H�M�H�]�L���N�L�����$���N�H�]�G�H�W�L��
�H�O�Y�R�Q�i�V�����,a���� �E�H�Y�H�]�H�W�p�V�H���V�]�•�N�V�p�J�V�]�H�U�&�����X�J�\�D�Q�D�N�N�R�U���H�J�\�� �~�M�D�E�E���S�D�U�D�P�p�W�H�U�����P�H�O�\�Q�H�N���P�H�J�K�D�W�i�U�R��
�]�i�V�D���~�M�D�E�E���I�H�O�D�G�D�W�����$�]���+�L�E�D�����$���K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y��-�|�V���H�J�\�H�Q�O�H�W���H�J�\�V�]�H�U�&�V�t�W�p�V�H��
�P�L�D�W�W�� �H�O�N�H�]�G�W�p�N�� �Y�L�]�V�J�i�O�Q�L�� �D�� �P�H�J�O�p�Y���� �F�V�D�S�D�G�p�N-�O�H�I�R�O�\�i�V�� �D�G�D�W�R�N�E�D�Q�� �D�]�� �,a �p�V�� �D�]�� �6�� �Y�L�V�]�R�Q�\�i�W���� �$��
�N�|�Y�H�W�N�H�]�����i�W�O�D�J�R�V���|�V�V�]�H�I�•�J�J�p�V�U�H���M�X�W�R�W�W�D�N�� 

�+�Ô
L �r�á�t �® �5 (7) 

A fenti �|�V�V�]�H�I�•�J�J�p�V�W���E�H�K�H�O�\�H�W�W�H�V�t�W�Y�H���D�] (5) egyenletbe �D�G�y�G�L�N 

�3 
L
�:�2 
F �r�á�t �® �5�;�6

�2 
E �r�á�z �® �5
�������������������������2 
R �r�á�t �® �5 (8) 

�(�]���D���O�H�I�R�O�\�i�V�L���H�J�\�H�Q�O�H�W���O�H�J�H�O�W�H�U�M�H�G�W�H�E�E���I�R�U�P�i�M�D���D���&�1���P�y�G�V�]�H�U�E�H�Q�����$�]���H�O�P�p�O�H�W���J�U�D�I�L�N�X�V���|�V�]��
�V�]�H�I�R�J�O�D�O�i�V�D���D �������i�E�U�i�Q���O�i�W�K�D�W�y�� �(�]�W���N�|�Y�H�W���H�Q���D�]���6���K�H�O�\�H�W�W���H�J�\���R�O�\�D�Q���N�L�I�H�M�H�]�p�V�W���Y�H�]�H�W�W�H�N���E�H�����P�H�O�\��
�E�H�Q�� �6�� �D�]�� �~�Q���� �&�1�� ���&�X�U�Y�H�� �1�X�P�E�H�U���� �I�•�J�J�Y�p�Q�\�H���� �$�� �&�1-�Y�H�O�� �O�H�K�H�W�� �I�L�J�\�H�O�H�P�E�H�� �Y�H�Q�Q�L�� �D�� �O�H�I�R�O�\�i�V��
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A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�W���M�H�O�O�H�P�]�����P�p�U�W�p�N�D�G�y��CN �V�]�i�P���P�H�J�K�D�W�i�U�R�]�i�V�D 

 

�V�]�i�P�t�W�i�V�D���V�R�U�i�Q���D���I�H�O�V�]�t�Q�E�R�U�t�W�R�W�W�V�i�J�R�W���p�V���D���M�H�O�O�H�P�]�����W�D�O�D�M�Y�L�V�]�R�Q�\�R�N�D�W�����$���&�1���p�U�W�p�N�H���H�O�P�p�O�H�W�E�H�Q��
�����p�V�����������N�|�]�|�W�W���Y�i�O�W�R�]�L�N�����D�K�R�O�����������D���Y�H�V�]�W�H�V�p�J���Q�p�O�N�•�O���O�H�I�R�O�\�i�V�W�����P�t�J���D�������D����������-�R�V���Y�H�V�]�W�H�V�p�J�H�W��
jelenti: 

�%�0
L
�t�w�v�r�r

�:�t�w�v
E �5�;
 (9) 

�$���I�H�Q�W�L���N�p�S�O�H�W�H�W���I�H�O�K�D�V�]�Q�i�O�Y�D���W�X�G�M�X�N���H�O���i�O�O�t�W�D�Q�L���D���&�1���V�]�i�P�R�N���J�|�U�E�H���V�H�U�H�J�p�W����4�����i�E�U�D). Ki kell 
�K�D�Q�J�V�~�O�\�R�]�Q�L���� �K�R�J�\�� �D�]�� �D�O�i�E�E�L�� �J�|�U�E�p�N (8) �H�J�\�H�Q�O�H�W�� �V�]�H�U�L�Q�W�L�� �|�V�V�]�H�I�•�J�J�p�V�H�� �F�V�D�N�� �3�•�������6�� �I�H�O�W�p�W�H�O��
�P�H�O�O�H�W�W���L�J�D�]�����H�J�\�p�E��esetben a Q=0. 

 

 
3�����i�E�U�D�� 

�$���&�1�����&�X�U�Y�H���1�X�P�E�H�U�����P�y�G�V�]�H�U���J�U�D�I�L�N�X�V���|�V�V�]�H�I�R�J�O�D�O�i�V�D (CN, 2024) 
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�7�y�W�K���0.  �± �7�y�W�K-Darabos E. 

 

�$���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J�R�N�K�R�]���W�D�U�W�R�]�y���O�H�I�R�O�\�i�V���N�•�O�|�Q�E�|�]�����&�1���V�]�i�P�R�N���H�V�H�W�p�Q�����V�D�M�i�W��szerk.) 
2.3.1. �&�1���D�O�N�D�O�P�D�]�i�V�D���L�V�P�H�U�W���Y�t�]�J�\�&�M�W���Q��- �$���&�1���D�O�D�S�H�J�\�H�Q�O�H�W���P�H�J�R�O�G�i�V�D�� 

A (�+�L�E�D�����$���K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y��) �H�J�\�H�Q�O�H�W���G�L�U�H�N�W���P�H�J�R�O�G�i�V�D���P�H�J�D�G�K�D�W�y a P, 
�4�����6�����&�1���p�V���� �S�D�U�D�P�p�W�H�U�H�N�U�H�����$���G�L�U�H�N�W���P�H�J�R�O�G�i�V���D���1�(�+-4-ben (NEH4, 2022) 

�5 
L �w �® �B�2 
E �t �® �3 
F
¥�v �® �3�6 
E �w �® �2 �® �3�C (10) 

�%�0
L
�t�w�v�r�r

�t�w�v
E �:�w �® �B�2 
E �t �® �3 
F
¥�v �® �3�6 
E �w �® �2 �® �3�C�;
 (11) 

�D�P�L���O�H�K�H�W���Y�p���W�H�V�]�L�����K�R�J�\���P�p�U�W���D�G�D�W�R�N�E�y�O���&�1���V�]�i�P�R�W���K�D�W�i�U�R�]�]�X�Q�N���P�H�J���D�]���H�J�\�H�V���3���4���D�G�D�W�S�i�U�R�N�U�D��
0�”Q�”�3���H�V�H�W�p�E�H�Q�����$��(10)�+�L�E�D�����$���K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y�� �H�J�\�H�Q�O�H�W���P�i�V�R�G�I�R�N�~���P�H�J��
�R�O�G�i�V�i�E�D�Q���D���Q�H�J�D�W�t�Y���J�\�|�N���V�]�H�U�H�S�H�O�����P�H�U�W���H�]���D���P�H�J�R�O�G�i�V�D���D�G�M�D���H�U�H�G�P�p�Q�\�•�O���4� �����H�V�H�W�p�E�H�Q�����K�R�J�\��
Pe=0; �Y�D�O�D�P�L�Q�W���6� �����H�V�H�W�p�E�H�Q�����K�R�J�\���3� �4�� 

 
2.3.2. �$�V�]�L�P�S�W�R�W�L�N�X�V���F�V�D�S�D�G�p�N-�O�H�I�R�O�\�i�V���|�V�V�]�H�I�•�J�J�p�V 

�$���F�V�D�S�D�G�p�N-�O�H�I�R�O�\�i�V���D�G�D�W�R�N���W�D�Q�X�O�P�i�Q�\�R�]�i�V�D���V�R�U�i�Q (Hawkins, 1990; Hawkins, 1992) �P�H�J�i�O�O�D��
�S�t�W�R�W�W�i�N�����K�R�J�\���D���F�V�D�S�D�G�p�N-�O�H�I�R�O�\�i�V���D�G�D�W�R�N�E�y�O���V�]�i�U�P�D�]�W�D�W�R�W�W���&�1���p�U�W�p�N�H�N���p�V���D���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J��
�N�|�]�|�W�W���H�U���V���P�i�V�R�G�O�D�J�R�V���W�U�H�Q�G���I�L�J�\�H�O�K�H�W���� �P�H�J���� �$�� �&�1-�3���J�U�D�I�L�N�R�Q�R�N�Q�D�N���K�i�U�R�P���I�D�M�W�i�M�D���L�V�P�H�U�W���D��
�O�H�I�R�O�\�i�V���F�V�D�S�D�G�p�N�U�D���D�G�R�W�W���Y�i�O�D�V�]�D���D�O�D�S�M�i�Q�����������Q�\�X�J�R�G�W�����������Q�R�U�P�i�O���p�V 3. viharos (5�����i�E�U�D). Ezen 
�W�t�S�X�V�R�N���H�J�\�L�N�H���V�H�P���H�U���V�t�W�L���P�H�J���W�|�N�p�O�H�W�H�V�H�Q���D���4-�3���N�|�]�|�W�W�L���|�V�V�]�H�I�•�J�J�p�V�W�����D�P�L�W��a (8) �H�J�\�H�Q�O�H�W���t�U��
le. Ugyanakkor a �Q�R�U�P�i�O �P�y�G���D�V�]�L�P�S�W�R�W�L�N�X�V�D�Q���N�R�P�S�D�W�L�E�L�O�L�V���D���&�1���P�y�G�V�]�H�U�U�H�O����ahogy P �p�U�W�p�N�H��
�Q�������(�]���D�O�D�S�M�i�Q���D���Q�R�U�P�i�O �P�y�G�U�y�O���D�]�W���W�D�O�i�O�W�i�N�����K�R�J�\ �D���P�H�J�I�L�J�\�H�O�W���Y�t�]�J�\�&�M�W���N���Q�D�J�\ �W�|�E�E�V�p�J�p�E�H�Q �M�y��
�H�O���U�H���M�H�O�]���M�H���D���O�H�I�R�O�\�isnak (NEH4, 2022)�����(�U�U�H���P�X�W�D�W���S�p�O�G�i�W���D��(6�����i�E�U�D). Ez a CN-P kapcsolat 
nem �Y�R�O�W���U�p�V�]�H az eredeti 1954-�H�V���P�y�G�V�]�H�Unek�����K�D�Q�H�P���N�L�V�H�E�E���Y�t�]�J�\�&�M�W�����D�G�D�W�V�R�U�R�N���H�O�H�P�]�p�V�p�Y�H�O��
�D�]�R�Q�R�V�t�W�R�W�W�i�N. Ez a CN-�3���|�V�V�]�H�I�•�J�J�p�V���D �Y�t�]�H�O�Y�H�]�H�W�����W�H�U�•�O�H�W���Q�|�Y�H�N�H�G�p�V�p�Y�H�O���H�J�\�U�H���L�Q�N�i�E�E���i�O�W�D�O�i��
�Q�R�V�t�W�K�D�W�y�� �p�V���V�]�L�Q�W�H���i�O�W�D�O�i�Q�R�V�D�Q���p�U�Y�p�Q�\�H�V���D���K�H�J�\�Y�L�G�p�N�L�����F�V�D�S�D�G�p�N�R�V���Y�t�]�J�\�&�M�W���N�|�Q (NEH4, 2022). 
 

 
5�����i�E�U�D 

A CN-�3���J�U�D�I�L�N�R�Q�R�N���Q�R�U�P�i�O�����Y�L�K�D�U�R�V���p�V���Q�\�X�J�R�G�W���W�t�S�X�V�D�L�Q�D�N���W�L�S�L�N�X�V���D�O�D�N�M�D��(Hawkins et al., 
2015) 
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A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�W���M�H�O�O�H�P�]�����P�p�U�W�p�N�D�G�y��CN �V�]�i�P���P�H�J�K�D�W�i�U�R�]�i�V�D 

 

�$���Y�L�K�D�U�R�V���p�V���Q�\�X�J�R�G�W���W�t�S�X�V���H�O�W�p�U�����Y�L�V�H�O�N�H�G�p�V�H���N�L�U�t�Y�y���D���Q�R�U�P�i�O���W�t�S�X�V�K�R�]���Y�L�V�]�R�Q�\�t�W�Y�D�����D�K�R�O���D��
CN-�3���p�U�W�p�N�S�i�U�R�N���D��x-�W�H�Q�J�H�O�O�\�H�O���S�i�U�K�X�]�D�P�R�V���H�J�\�H�Q�H�V���N�|�U�•�O���F�V�R�S�R�U�W�R�V�X�O�Q�D�N�����Q�D�J�\���F�V�D�S�D�G�p�N�P�D��
�J�D�V�V�i�J�R�N���H�V�H�W�p�Q�����$���Q�R�U�P�i�O���N�D�S�F�V�R�O�D�W�U�D���P�H�J�K�D�W�i�U�R�]�W�D�N���H�J�\���H�J�\�H�Q�O�H�Wet (Hawkins, 1990; Banasik 
et al., 2014)�����D�P�L���D�V�]�L�P�S�W�R�W�L�N�X�V�D�Q���N�|�]�H�O�t�W�L���Dz abszcissza-�W�H�Q�J�H�O�O�\�H�O���S�i�U�K�X�]�D�P�R�V egyenest: 

 

�%�0�:�2�; 
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6�����i�E�U�D�� 

�3�p�O�G�D���Q�R�U�P�i�O���D�V�]�L�P�S�W�R�W�L�N�X�V���U�H�Q�G�H�]�H�W�W���&�1���Y�i�O�D�V�]�U�D (NEH4, 2022) 
 

�D�K�R�O���&�1���3�����D���3���F�V�D�S�D�G�p�N���P�D�J�D�V�V�i�J�K�R�]���W�D�U�W�R�]�y���&�1���p�U�W�p�N�����3���D���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J�����P�P�������&�1�’  a 
�Y�t�]�J�\�&�M�W���W���M�H�O�O�H�P�]�����&�1���V�]�i�P�����E���D�]���D�V�]�L�P�S�W�R�W�L�N�X�V���L�O�O�H�V�]�W�p�V���W�p�Q�\�H�]���M�H�����P�P�������$�]���H�J�\�H�Q�O�H�W�H�W���V�R�U�E�D��
rendezett CN-�3���D�G�D�W�S�i�U�R�N�U�D���N�H�O�O���L�O�O�H�V�]�W�H�Q�L�����$�G�R�W�W���p�Y���O�H�J�Q�D�J�\�R�E�E���F�V�D�S�D�G�p�N�i�W�����D�G�R�W�W���p�Y���D���O�H�J�Q�D��
�J�\�R�E�E���O�H�I�R�O�\�i�V�i�Y�D�O���N�H�O�O���S�i�U�E�D���i�O�O�t�W�D�Q�L�����D�N�N�R�U���L�V�����K�D���H�]�H�N���Q�H�P���|�V�V�]�H�W�D�U�W�R�]�y���p�U�W�p�N�H�N���D�]���L�G���V�R�U�E�D�Q������
�P�D�M�G�� �i�E�U�i�]�R�O�Q�L�� �D�� �&�1-P grafikonon (NEH4, 2022)���� �7�|�E�E�� �W�t�]�� �p�Y�� �H�O�H�P�]�p�V�p�E���O�� �V�]�i�U�P�D�]�y�� �&�1-P 
�S�i�U�R�N���D�V�]�L�P�S�W�R�W�L�N�X�V�D�Q���N�|�]�H�O�t�W�H�Q�H�N���H�J�\���N�R�Q�V�W�D�Q�V���&�1���p�U�W�p�N�H�W�����D�P�L���D���Y�t�]�J�\�&�M�W�����N�D�U�D�N�W�H�U�L�V�]�W�L�N�X�V��
�&�1���p�U�W�p�N�p�W���M�H�O�H�Q�W�L����6�����i�E�U�D�������$�]���i�E�U�i�N�R�Q����5-6�����i�E�U�D�����P�H�J�M�H�O�H�Q�L�N���P�p�J���D���&�10�����D�P�L���D�]�W���D���N�•�V�]�|�E�p�U��
�W�p�N�H�W���M�H�O�H�Q�W�L�����P�H�O�\���D�O�D�W�W���Q�H�P���W�|�U�W�p�Q�L�N���O�H�I�R�O�\�i�V�����Y�D�J�\�L�V���D�G�G�L�J�����D�P�t�J���D���F�V�D�S�D�G�p�N���P�H�J���Q�H�P���K�D�O�D�G�M�D��
az S 20%-�i�W�� 

 
3. EREDMÉNYEK 

�$���Y�t�]�J�\�&�M�W���W���M�H�O�O�H�P�]�����&�1���V�]�i�P���P�H�J�K�D�W�i�U�R�]�i�V�i�Q�D�N���H�O�V�����O�p�S�p�V�H���D���F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�H�N �V�R�U�i�Q 
�D���O�H�I�R�O�\�i�V�N�p�S�]�����F�V�D�S�D�G�p�N���P�H�Q�Q�\�L�V�p�J�p�Q�H�N���D���P�H�J�K�D�W�i�U�R�]�i�V�D�����0�L�Y�H�O���L�V�P�H�U�W���Y�t�]�J�\�&�M�W���W���Y�L�]�V�J�i�O�X�Q�N����
�t�J�\���D���K�L�G�U�R�J�U�i�I�R�Q���H�J�\���i�U�K�X�O�O�i�P���D�O�D�W�W�L���W�H�U�•�O�H�W���S�R�Q�W�R�V�D�Q���D���O�H�I�R�O�\�i�V�N�p�S�]�����F�V�D�S�D�G�p�N���P�H�Q�Q�\�L�V�p�J�p�Y�H�O��
�O�H�V�]���D�]�R�Q�R�V�����$���Y�t�]�J�\�&�M�W���U�H���p�U�N�H�]�����F�V�D�S�D�G�p�N�W�p�U�I�R�J�D�W���D���P�H�W�H�R�U�R�O�y�J�L�D�L���i�O�O�R�P�i�V���D�G�D�W�D�L���D�O�D�S�M�i�Q���E�H��
�F�V�•�O�K�H�W������ �.�L�� �N�H�O�O�� �K�D�Q�J�V�~�O�\�R�]�Q�L���� �K�R�J�\�� �E�H�F�V�•�O�K�H�W������ �P�H�U�W�� �D �F�V�D�S�D�G�p�N�� �W�H�U�•�O�H�W�L�� �H�O�R�V�]�O�i�Va �H�J�p�V�]�H�Q��
�E�L�]�W�R�V�D�Q���Q�H�P���K�R�P�R�J�p�Q�����P�L�Q�W���D�K�R�J�\���D�]�W���N�p�Q�\�W�H�O�H�Q�H�N���Y�D�J�\�X�Q�N���I�H�O�W�p�W�H�O�H�]�Q�L�� E k�p�W �D�G�D�W���E�L�U�W�R�N�i�E�D�Q 
a (11) �H�J�\�H�Q�O�H�W���D�O�D�S�M�i�Q���D�]���D�G�R�W�W���H�V�H�P�p�Q�\���&�1���p�U�W�p�N�H���V�]�i�P�t�W�K�D�W�y�����(�]�H�N���D�O�D�S�M�i�Q���D����������-�E�D�Q���W�|�U�W�p�Q�W��
�F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�H�N�U�H���Y�R�Q�D�W�N�R�]�y���&�1���p�U�W�p�N�H�N�H�W���D��( 2�����W�i�E�O�i�]�D�W) �I�R�J�O�D�O�M�D���|�V�V�]�H�� 

 

������



�7�y�W�K���0.  �± �7�y�W�K-Darabos E. 

 

 2�����W�i�E�O�i�]�D�W 
A Csernely-patakon 2023-�E�D�Q���O�H�Y�R�Q�X�O�y���i�U�K�X�O�O�i�P�R�N���D�O�D�S�M�i�Q���V�]�i�P�R�O�W���&�1���p�U�W�p�N�H�N 

�'�i�W�X�P Qlef [mm] P [mm] Ia CN 

2023.03.27 0.62 20.30 13.36 78.96 

2023.04.24 1.32 25.30 15.14 77.03 

2023.06.10 3.05 20.10 7.65 86.90 

2023.08.10 3.51 25.00 9.94 83.64 

2023.10.27 0.23 27.00 21.88 69.89 

2023.11.05 0.60 21.10 14.23 78.11 

2023.11.08 0.39 9.90 6.21 89.10 

2023.11.12 2.87 27.50 12.55 80.18 
 
�$���P�p�U�W�p�N�D�G�y���&�1���P�H�J�K�D�W�i�U�R�]�i�V�D���V�R�N�N�D�O���|�V�V�]�H�W�H�W�W�H�E�E���I�H�O�D�G�D�W�����P�L�Y�H�O���W�|�E�E���p�Y�W�L�]�H�G���i�U�K�X�O�O�i�P�D��

�L�U�D���Y�R�Q�D�W�N�R�]�y�D�Q���N�H�O�O���D���&�1���p�U�W�p�N�H�W���V�]�i�P�t�W�D�Q�L�����P�D�M�G���D���V�R�U�E�D���U�H�Q�G�H�]�H�W�W���&�1-�3���D�G�D�W�S�i�U�R�N�U�D���L�O�O�H�V�]�W�H�Q�L��
kell a (12) �H�J�\�H�Q�O�H�W�H�W�����$�]���L�O�O�H�V�]�W�p�V���V�R�U�i�Q���H�U�H�G�P�p�Q�\�•�O���N�D�S�R�W�W���&�1�’  �p�U�W�p�N�H���I�R�J�M�D���M�H�O�H�Q�W�H�Q�L���D���Y�t�]��
�J�\�&�M�W�����P�p�U�W�p�N�D�G�y���&�1���p�U�W�p�N�p�W�����6�D�M�Q�R�V���F�V�D�N���N�H�Y�p�V���D�G�D�W���i�O�O�W���U�H�Q�G�H�O�N�H�]�p�V�U�H���D���&�V�H�U�Q�H�O�\-�S�D�W�D�N���Y�t�]��
�J�\�&�M�W���M�p�U�H���Y�R�Q�D�W�N�R�]�y�D�Q�����t�J�\���D���E�H�P�X�W�D�W�R�W�W���P�y�G�V�]�H�U�U�H�O���H�U�H�G�P�p�Q�\�•�O���N�D�S�R�W�W���P�p�U�W�p�N�D�G�y���&�1���p�U�W�p�N�H��
�L�U�i�Q�\�P�X�W�D�W�y�����G�H���W�R�Y�i�E�E�L���S�R�Q�W�R�V�t�W�i�V�W���L�J�p�Q�\�H�O (7. �i�E�U�D��.  

 

 
7�����i�E�U�D 

�$���P�p�U�W�p�N�D�G�y���&�1���V�]�i�P���P�H�J�K�D�W�i�U�R�]�i�V�D���D���&�V�H�U�Q�H�O�\-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�Q 
 

4. KÖVETKEZTETÉSEK 

�$�� �O�H�I�R�O�\�i�V�� �P�R�G�H�O�O�H�]�p�V�E�H�Q�� �V�R�N�� �E�L�]�R�Q�\�W�D�O�D�Q�V�i�J�� �W�H�U�K�H�O�L�� �V�]�i�P�t�W�i�V�D�L�Q�N�D�W���� �N�H�]�G�Y�H�� �D�� �U�H�J�L�V�]�W�U�i�O�W��
�Y�t�]�K�R�]�D�P�����Y�t�]�V�]�L�Q�W���D�G�D�W�R�N���K�H�O�\�H�V�V�p�J�p�Y�H�O�����'�H���P�H�J���N�H�O�O���H�P�O�t�W�H�Q�L���D���V�]�i�P�t�W�i�V�R�N���V�R�U�i�Q���D�O�D�S�X�O���Y�H�W�W��
�F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J���Y�D�O�y�G�L���p�U�W�p�N�p�W�����D�P�L�W���Q�p�K�i�Q�\���P�H�W�H�R�U�R�O�y�J�L�D�L���i�O�O�R�P�i�V���D�O�D�S�M�i�Q���S�U�y�E�i�O�X�Q�N���P�H�J��
�K�D�W�i�U�R�]�Q�L���� �$���&�V�H�U�Q�H�O�\-patakon 2023-�E�D�Q���O�H�Y�R�Q�X�O�W���i�U�K�X�O�O�i�P�R�N���P�R�G�H�O�O�H�]�p�V�H���U�p�V�]�H�U�H�G�P�p�Q�\�H�N�H�W��

������



A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�W���M�H�O�O�H�P�]�����P�p�U�W�p�N�D�G�y��CN �V�]�i�P���P�H�J�K�D�W�i�U�R�]�i�V�D 

 

�V�]�R�O�J�i�O�W�D�W�R�W�W���� �D�� �P�X�Q�N�D�� �Q�H�P�� �W�H�N�L�Q�W�K�H�W���� �E�H�I�H�M�H�]�H�W�W�Q�H�N���� �$�� ��������-�D�V�� �H�V�H�P�p�Q�\�H�N�� �Y�L�]�V�J�i�O�D�Wa �V�R�U�i�Q��
�E�H�E�L�]�R�Q�\�R�V�R�G�R�W�W�����K�R�J�\���E�i�U���F�V�D�S�D�G�p�N�R�V���p�Y���Y�R�O�W���D����������-�D�V���L�J�D�]�i�Q���N�L�X�J�U�y�����Q�D�J�\���Y�L�V�V�]�D�W�p�U�p�V�L���L�G�H�M�&��
�H�V�H�P�p�Q�\�� �Q�H�P�� �W�|�U�W�p�Q�W���� �P�H�O�\�H�N�� �P�H�J�L�V�P�H�U�p�V�H���� �P�R�G�H�O�O�H�]�p�V�H�� �Q�p�O�N�•�O�|�]�K�H�W�H�W�O�H�Q�� �D�� �P�p�U�W�p�N�D�G�y�� �&�1��
�V�]�i�P���P�H�J�K�D�W�i�U�R�]�i�V�i�K�R�]�����$���V�]�i�P�t�W�i�V�K�R�]���K�D�V�]�Q�i�O�W���D�G�D�W�R�N���V�]�R�O�J�i�O�W�D�W�i�V�i�E�D���K�L�E�D���F�V�~�V�]�R�W�W�����t�J�\���Q�H�P��
�V�L�N�H�U�•�O�W���P�H�J�I�H�O�H�O�����V�]�i�P�~���D�G�D�W���I�H�O�K�D�V�]�Q�i�O�i�V�i�Y�D�O���H�O�Y�p�J�H�]�Q�L���D���Y�t�]�J�\�&�M�W�����P�p�U�W�p�N�D�G�y���&�1���V�]�i�P�i�Q�D�N��
�P�H�J�K�D�W�i�U�R�]�i�V�i�W�����$�]���&�1�’ � �������������p�U�W�p�N���H�J�\���N�L�L�Q�G�X�O�i�V�L���p�U�W�p�N�Q�H�N���H�O�I�R�J�D�G�K�D�W�y�����G�H���P�L�Q�G�H�Q�N�p�S�S���S�R�Q��
�W�R�V�t�W�i�V�U�D���V�]�R�U�X�O�����(�]���D�]���p�U�W�p�N���H�J�\�p�E�N�p�Q�W���D�]�W���P�X�W�D�W�M�D�����K�R�J�\���D���Q�D�J�\���Y�L�V�V�]�D�W�p�U�p�V�L���L�G�H�M�&�������� ill. 100 
�p�Y�H�Q�W�H���H�O���I�R�U�G�X�O�y���H�V�H�P�p�Q�\�H�N���V�R�U�i�Q���D���K�L�G�U�R�O�y�J�L�D�L���Y�H�V�]�W�H�V�p�J�H�N���D�U�i�Q�\�D���Q�D�J�\�����D���N�L�V�H�E�E���F�V�D�S�D�G�p�N��
�P�D�J�D�V�V�i�J�~���H�V�H�P�p�Q�\�H�N�K�H�]���Y�L�V�]�R�Q�\�t�W�Y�D�� 

 
KÖSZÖNETNYILVÁNÍTÁS 

�$���F�L�N�N�E�H�Q���E�H�P�X�W�D�W�R�W�W���N�X�W�D�W�i�V���D���6�]�p�F�K�H�Q�\�L���7�H�U�Y���3�O�X�V�]���S�U�R�J�U�D�P���N�H�U�H�W�p�E�H�Q���D�]���5�5�)-2.3.1-21-
2022-�������������V�]�i�P�~���S�U�R�M�H�N�W���W�i�P�R�J�D�W�i�V�i�Y�D�O���Y�D�O�y�V�X�O�W���P�H�J�� 
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�P�H�N�N�R�U�D���U�p�V�]�H���Y�i�O�L�N���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V�V�i�����t�J�\���i�U�K�X�O�O�i�P�P�i�����0�R�G�H�O�O�V�]�i�P�t�W�i�V�L�Q�N�K�R�]���D���+�(�&-HMS 
�S�U�R�J�U�D�P�R�W���K�D�V�]�Q�i�O�W�X�N�����P�H�O�\�E�H�Q���D���K�L�G�U�R�O�y�J�L�D�L���Y�H�V�]�W�H�V�p�J�H�N�H�W���D�]���~�Q�����6�&�6�����6�R�L�O���&�R�Q�F�Hrvation Ser-
�Y�L�F�H�����&�1�����&�X�U�Y�H���1�X�P�E�H�U�����V�]�i�P�P�D�O���M�H�O�O�H�P�H�]�W�•�N�����$�]���i�U�K�X�O�O�i�P���D�O�D�N�M�i�Q�D�N���V�]�i�P�t�W�i�V�i�K�R�]���D�]���6�&�6��
�8�+�����8�Q�L�W���+�\�G�U�R�J�U�D�S�K�����P�y�G�V�]�H�U�p�W���D�O�N�D�O�P�D�]�W�X�N�����P�H�O�\�E�H�Q���D���3�5�)���p�V���N�p�V�O�H�O�W�H�W�p�V���N�X�O�F�V�S�D�U�D�P�p�W�H�U�H��
�N�H�W���L�W�H�U�i�F�L�y�Y�D�O���K�D�W�i�U�R�]�W�X�Q�N���P�H�J�� �$���Y�L�]�V�J�i�O�W���L�G���V�]�D�N�E�D�Q���Q�H�P���Y�R�O�W���N�L�X�J�U�y�D�Q���Q�D�J�\���F�V�D�S�D�G�p�N�H�V�H��
�P�p�Q�\�����H�]�p�U�W���D���Y�H�V�]�W�H�V�p�J�H�N�H�W������-�������N�|�]�|�W�W�L���&�1���V�]�i�P�R�N�N�D�O���O�H�K�H�W�H�W�W���M�H�O�O�H�P�H�]�Q�L�����8�J�\�D�Q�D�N�N�R�U���P�H�J��
�N�H�O�O���M�H�J�\�H�]�Q�L�����K�R�J�\���Q�H�P���V�L�N�H�U�•�O�W���L�J�D�]�i�Q���M�y�O���P�R�G�H�O�O�H�]�Q�L���D�]���H�V�H�P�p�Q�\�H�N�H�W�����D���1�D�V�K-Sutcliff modell 
�K�D�W�p�N�R�Q�\�V�i�J�L���P�X�W�D�W�y�N����������-�����������N�|�]�|�W�W�L���p�U�W�p�N�H�N�������P�H�O�\���P�|�J�|�W�W��esetleg adat�U�|�J�]�t�W�p�V�L���K�L�E�D���i�O�O�K�D�W�� 
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1. BEVEZETÉS 

�$���F�V�D�S�D�G�p�N�Q�D�N���D�]�R�Q���U�p�V�]�p�W�����P�H�O�\���D���Y�t�]�J�\�&�M�W���Q���I�H�O�V�]�t�Q�L���Y�t�]�I�R�O�\�i�V�R�N�E�D�Q �|�V�V�]�H�J�\�•�O�H�N�H�]�Y�H vo-
nul le, �I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V�Q�D�N���Q�H�Y�H�]�]�•�N ���.�U�L�]�V�i�Q�������������������(�]���N�H�]�G�H�W�E�H�Q���G�L�I�I�~�]���I�H�O�•�O�H�W�L���O�H�I�R�O�\�i�V�N�p�Q�W��
�L�Q�G�X�O�����P�D�M�G���I�R�O�\�D�P�D�W�R�V�D�Q���N�R�Q�F�H�Q�W�U�i�O�y�G�Y�D���D���Y�t�]�J�\�&�M�W�����I�����Y�t�]�I�R�O�\�i�V�i�E�D���M�X�W�����P�H�O�\�E�H�Q���H�J�\���i�U�K�X�O�O�i��
�P�R�W���K�R�]���O�p�W�U�H (Kontur et al., 1993)�����$�]���i�U�K�X�O�O�i�P�R�N���P�p�U�H�W�p�K�H�]���N�p�S�H�V�W���P�H�J�O�H�S�����O�H�K�H�W�����G�H���D���F�V�D��
�S�D�G�p�N�Q�D�N�� �F�V�D�N���N�L�V���U�p�V�]�H�� �I�R�U�G�t�W�y�G�L�N���D���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V�U�D���� �M�H�O�H�Q�W���V���U�p�V�]�H���N�•�O�|�Q�E�|�]���� �K�L�G�U�R�O�y�J�L�D�L��
�I�R�O�\�D�P�D�W�R�N�E�D�Q���Y�H�V�]�L�N�� �H�O�����S�O���� �E�H�V�]�L�Y�i�U�J�i�V���� �L�Q�W�H�U�F�H�S�F�L�y���� �S�i�U�R�O�J�i�V������ �/�i�W�K�D�W�y���� �K�R�J�\�� �H�J�\�� �i�U�K�X�O�O�i�P��
�N�H�O�H�W�N�H�]�p�V�H���U�H�Q�G�N�t�Y�•�O���|�V�V�]�H�W�H�W�W���I�R�O�\�D�P�D�W�����H�]�p�U�W���K�L�G�U�R�O�y�J�L�D�L���P�R�G�H�O�O�H�N�H�W���D�O�N�D�O�P�D�]�X�Q�N�����K�R�J�\���D���K�L�G��
rol�y�J�L�D�L�� �Y�H�V�]�W�H�V�p�J�H�N�� �I�L�J�\�H�O�H�P�E�H�Y�p�W�H�O�p�Y�H�O�� �P�H�J�K�D�W�i�U�R�]�]�X�N�� �D�� �F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�� �i�O�W�D�O�� �N�H�O�W�H�W�W�� �i�U��
�K�X�O�O�i�P�R�W�����$���P�R�G�H�O�O�V�]�i�P�t�W�i�V�R�N���V�R�U�i�Q���D���P�H�J�R�O�G�D�Q�G�y��feladat az �H�O���E�E���H�P�O�t�W�H�W�W���Ä�K�L�G�U�R�O�y�J�L�D�L���Y�H�V�]��
�W�H�V�p�J�H�N�´���P�H�J�I�H�O�H�O�����P�p�U�W�p�N�E�H�Q �W�|�U�W�p�Q�� �V�]�i�P�t�W�i�V�E�D���Y�p�W�H�Oe, �D�Q�Q�D�N���p�U�G�H�N�p�E�H�Q�����K�R�J�\ az �H�U�H�G�P�p�Q�\�•�O 
�N�D�S�R�W�W���i�U�K�X�O�O�i�P���N�|�]�H�O���D�]�R�Q�R�V���N�p�S�H�W���P�X�W�D�V�V�R�Q�����P�L�Q�W a �Y�t�]�I�R�O�\�i�V monitoring pont�M�iban �P�p�U�W �i�U��
�K�X�O�O�i�P.  

�$���J�\�D�N�R�U�O�D�W�E�D�Q���V�]�i�P�R�V���P�y�G�V�]�H�U�W���G�R�O�J�R�]�W�D�N���P�i�U���N�L���H�]�H�N�Q�H�N���D���Y�H�V�]�W�H�V�p�J�H�N�Q�H�N���D���P�H�J�K�D�W�i�U�R��
�]�i�V�i�U�D�����D���G�R�O�J�R�]�D�W�X�Q�N�E�D�Q���Dz �(�J�\�H�V�•�O�W���È�O�O�D�P�R�N���E�p�O�L �6�&�6�����6�R�L�O���&�R�Q�V�H�U�Y�D�W�L�R�Q���6�H�U�Y�L�F�H�����i�O�W�D�O���N�L��
�G�R�O�J�R�]�R�W�W�� �&�1�� �P�y�G�V�]�H�U�W�� �D�O�N�D�O�P�D�]�W�X�N (CN, 2024). �$�� �Y�t�]�J�\�&�M�W���Q�� �O�H�Y�R�Q�X�O�y�� �i�U�K�X�O�O�i�P�E�D�Q�� �D�� �Y�t�]��
�J�\�&�M�W�� �V�D�M�i�W�R�V�V�i�J�D�L���W�•�N�U�|�]���G�Q�H�N�����P�L�Q�W���W�D�O�D�M�I�p�O�H�V�p�J�H�N���H�O�R�V�]�O�i�V�D�����W�H�U�•�O�H�W�K�D�V�]�Q�i�O�D�W�����G�R�P�E�R�U�]�D�W�L���Y�L��
�V�]�R�Q�\�R�N���p�V���V�]�i�P�R�V���P�i�V���W�X�O�D�M�G�R�Q�V�i�J�����0�L�Y�H�O���H�]�H�Q���W�X�O�D�M�G�R�Q�V�i�J�R�N���O�H�J�W�|�E�E�M�H���Y�i�O�W�R�]�D�W�O�D�Q�����t�J�\���H�J�\��
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�Y�D�O�L�G�i�O�W���P�R�G�H�O�O���D�O�N�D�O�P�D�V���O�H�K�H�W���W�H�W�V�]���O�H�J�H�V���F�V�D�S�D�G�p�N���i�O�W�D�O���N�L�Y�i�O�W�R�W�W���i�U�K�X�O�O�i�P���P�H�J�K�D�W�i�U�R�]�i�V�i�U�D����
�P�H�O�\�H�N���N�|�]�•�O���D���Y�t�]�p�S�t�W���P�p�U�Q�|�N�L���I�H�O�D�G�D�W�R�N���P�H�J�R�O�G�i�V�D���V�R�U�i�Q���N�L�H�P�H�O�W���V�]�H�U�H�S�H���Y�D�Q���D�]���~�Q�����P�p�U�W�p�N��
�D�G�y���F�V�D�S�D�G�p�N�Q�D�N�� 

 
2. ANYAG ÉS MÓDSZER 

2.1. �9�L�]�V�J�i�O�W���Y�t�]�J�\�&�M�W�����E�H�P�X�W�D�W�i�V�D 

A Csernely-patak �Y�t�]�J�\�&�M�W���M�p�Q�H�N���W�H�U�•�O�H�W�H�������������N�P2 �D�]���X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�p�L�J��(Koris, 2020). A 
patak a �%�•�N�N-�Y�L�G�p�N���N�|�]�S�R�Q�W�L���U�p�V�]�p�Q�H�N���Q�\�X�J�D�W�L���O�H�M�W���L�Q���H�U�H�G���D���%�H�W�\�i�U�N�~�W���Q�H�Y�&���I�R�U�U�i�V�E�y�O�����/�H�I�R��
�O�\�i�V�D���P�H�Q�W�p�Q���&�V�H�U�Q�H�O�\�����/�p�Q�i�U�G�G�D�U�y�F�����1�H�N�p�]�V�H�Q�\���p�V���8�S�S�R�Q�\���W�H�O�H�S�•�O�p�V�H�N�H�Q���I�R�O�\�L�N���N�H�U�H�V�]�W�•�O���P�L��
�H�O���W�W���D�]���8�S�S�R�Q�\�L-�V�]�R�U�R�V�W���H�O�p�U�L ���'�|�Y�p�Q�\�L�������������������$���V�]�R�U�R�V���H�J�\���N�D�U�V�]�W�V�]�X�U�G�R�N�Y�|�O�J�\�����P�H�O�\�H�Q���i�W��
�W�|�U�Y�H���p�U�L���H�O���D���S�D�W�D�N���D���/�i�]�E�p�U�F�L-�Y�t�]�W�i�U�R�]�y�W�����D�K�R�O���D���%�i�Q-�S�D�W�D�N�N�D�O���H�J�\�H�V�•�O�����(�]���D���N�p�W���S�D�W�D�N���I�H�O�H�O���V���D��
�/�i�]�E�p�U�F�L-�Y�t�]�W�i�U�R�]�y���I�H�O�W�|�O�W�p�V�p�p�U�W�����D�P�L���P�H�J�K�D�W�i�U�R�]�y���L�Y�y�Y�t�]�E�i�]�L�V���D���W�p�U�V�p�J�E�H�Q���p�V���N�|�]�H�O��������.000 fo-
�J�\�D�V�]�W�y���Y�t�]�H�O�O�i�W�i�V�i�W���E�L�]�W�R�V�t�W�M�D�� 

 

 
1�����i�E�U�D 

A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�H���D�]���X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�p�L�J 
 

2.2. �)�H�O�K�D�V�]�Q�i�O�W���D�G�D�Wok 

�$���F�V�D�S�D�G�p�N���D�G�D�W�R�N���D���+�X�Q�J�D�U�R�0�H�W���0�H�W�H�R�U�R�O�y�J�L�D�L���$�G�D�W�W�i�U�i�E�y�O���V�]�i�U�P�D�]�Q�D�N�����$���&�V�H�U�Q�H�O�\-patak 
�Y�t�]�J�\�&�M�W���M�p�Q���D���O�p�Q�i�U�G�G�D�U�y�F�L���i�O�O�R�P�i�V���D�G�D�W�D�L�W���O�H�W�W�H�N���I�H�O�K�D�V�]�Q�i�O�Y�D�����P�H�O�\���V�]�L�Q�W�H���N�|�]�S�R�Q�W�L���K�H�O�\�]�H�W�E�H�Q��
�Y�D�Q���D���Y�t�]�J�\�&�M�W���Q����1�����i�E�U�D�������0�X�Q�N�i�Q�N���V�R�U�i�Q���F�V�D�N���D����������-�D�V���p�Y���F�V�D�S�D�G�p�N���H�V�H�P�p�Q�\�H�L���O�H�W�W�H�N���H�O�H��
�P�H�]�Y�H�����t�J�\���O�H�K�H�W�H�W�W���I�H�O�K�D�V�]�Q�i�O�Q�L���D���O�p�Q�i�U�G�G�D�U�y�F�L���i�O�O�R�P�i�V���D�G�D�W�D�L�W�����D�P�L���K�R�V�V�]�~�W�i�Y�~���Y�L�]�V�J�i�O�D�W�U�D���Q�H�P��
�D�O�N�D�O�P�D�V�����P�L�Y�H�O���F�V�D�N�������������y�W�D���•�]�H�P�H�O���� 

������



�È�U�K�X�O�O�i�P�R�N���P�R�G�H�O�O�H�]�p�V�H���D���&�V�H�U�Q�H�O�\-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�Q 

 

�$���Y�t�]�K�R�]�D�P���D�G�D�W�R�N�D�W���D�]���eszak-�P�D�J�\�D�U�R�U�V�]�i�J�L��V�t�]�•�J�\�L��I�J�D�]�J�D�W�y�V�i�J �9�t�]�U�D�M�]�L���2�V�]�W�i�O�\�D���V�]�R�O��
�J�i�O�W�D�W�W�D�� A Csernely-�S�D�W�D�N�R�Q�� �8�S�S�R�Q�\�Q�i�O�� ��1���� �i�E�U�D���� �W�D�O�i�O�K�D�W�y�� �Y�t�]�P�p�U�F�H���� �D�K�R�O�� ���������� �p�V�� ���������� �y�W�D��
�i�O�O�Q�D�N���U�H�Q�G�H�O�N�H�]�p�V�U�H���Y�t�]�V�]�L�Q�W���p�V���Y�t�]�K�R�]�D�P���D�G�D�W�R�N (1�����W�i�E�O�i�]�D�W�����������i�E�U�D�� 

1. �W�i�E�O�i�]�D�W 
�$���I�H�O�K�D�V�]�Q�i�O�W���D�G�D�W�R�Nra �Y�R�Q�D�W�N�R�]�y���L�Q�I�R�U�P�i�F�L�y�N 

�$�G�D�W�W�t�S�X�V �0�p�U���K�H�O�\ �$�G�D�W�V�]�R�O�J�i�O�W�D�W�y �0�p�U�p�V���N�H�]��
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2�����i�E�U�D  

Az �X�S�S�R�Q�\�L���Y�t�]�P�p�U�F�H���Y�t�]�K�R�]�D�P���p�V���O�p�Q�i�U�G�G�D�U�y�F�L���F�V�D�S�D�G�p�N���P�R�G�H�O�O�H�]�p�V�U�H���K�D�V�]�Q�i�O�W���L�G���V�R�U�D 
 

2.3. �0�R�G�H�O�O�V�]�i�P�t�W�i�V 

�$�� �P�R�G�H�O�O�V�]�i�P�t�W�i�V�R�N�D�W�� �D HEC-�+�0�6�� �Y���������� ���+�\�G�U�R�O�R�J�L�F�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �&�H�Q�W�H�U�¶�V�� �+�\�G�U�R�O�R�J�L�F��
Modeling System) programmal �Y�p�J�H�]�W�•�N���� �$�� �V�]�R�I�W�Y�H�U�W�� �K�L�G�U�R�O�y�J�L�D�L�� �I�R�O�\�D�P�D�W�R�N�� �P�R�G�H�O�O�H�]�p�V�p�U�H��
�K�R�]�W�i�N���O�p�W�U�H�����P�H�O�\���H�J�\�H�G�L���H�V�H�P�p�Q�\�H�N���P�R�G�H�O�O�H�]�p�V�p�W���O���N�H�]�G�Y�H���K�R�V�V�]�~�W�i�Y�~���O�H�I�R�O�\�i�V���P�R�G�H�O�O�H�]�p�V�U�H��
is alkalmas (Scharffenberg, 2016). 

 
2.3.1. �9�t�]�J�\�&�M�W���P�R�G�H�O�O 

�(�O�V�����O�p�S�p�V�N�p�Q�W���D���Y�t�]�J�\�&�M�W�����D���'�(�0�����G�L�J�L�W�D�O���H�O�H�Y�D�W�L�R�Q���P�R�G�H�O�����D�O�D�S�M�i�Q���N�H�U�•�O���O�H�K�D�W�i�U�R�O�i�V�U�D�����$��
�U�p�J�L���J�\�D�N�R�U�O�D�W�W�D�O���H�O�O�H�Q�W�p�W�E�H�Q���D���Y�����������H�V�H�W�p�E�H�Q���P�i�U���Q�L�Q�F�V���V�]�•�N�V�p�J���D���+�(�&-GeoHMS programra, 
a HMS-�H�Q���E�H�O�•�O���H�O�Y�p�J�H�]�K�H�W�����D���Y�t�]�J�\�&�M�W�����O�H�K�D�W�i�U�R�O�i�V���D���3�U�H�S�U�R�F�H�V�V���V�L�Q�N�V���!���3�U�H�S�U�R�F�H�V�V���G�U�D�L�Q�D�J�H��
�!�� �,�G�H�Q�W�L�I�\�� �6�W�U�H�D�P�V�� �!�� �'�H�O�L�Q�H�D�W�H�� �H�O�H�P�H�Q�W�V�� �S�D�U�D�Q�F�V�V�R�U�R�N�R�Q�� �N�H�U�H�V�]�W�•�O���� �$�� �&�V�H�U�Q�H�O�\-patakra egy 

������



�7�y�W�K���0.  �± �7�y�W�K-Darabos E. 

 

�H�J�\�V�]�H�U�&���Y�t�]�J�\�&�M�W�����N�H�U�•�O�W���O�H�K�D�W�i�U�R�O�i�V�U�D�����P�L�Y�H�O���D���U�p�V�]�Y�t�]�J�\�&�M�W���N���F�V�D�W�O�D�N�R�]�i�V�i�Q�i�O���Q�L�Q�F�V���Y�t�]�K�R�]�D�P��
�L�Q�I�R�U�P�i�F�L�y�����t�J�\���I�H�O�H�V�O�H�J�H�V���W�~�O���E�R�Q�\�R�O�t�W�D�Q�L���D���P�R�G�H�O�Ot �D�O�Y�t�]�J�\�&�M�W���N���E�H�Y�H�]�H�W�p�V�p�Y�H�O����3�����i�E�U�D).  

 
2.3.2. �0�H�W�H�R�U�R�O�y�J�L�D�L���P�R�G�H�O�O 

�$���P�H�W�H�R�U�R�O�y�J�L�D���P�R�G�H�O�O���V�]�L�Q�W�p�Q���H�J�\���H�J�\�V�]�H�U�&���P�R�G�H�O�O���Y�R�O�W�����P�H�O�\�E�H�Q���F�V�D�N���D���F�V�D�S�D�G�p�N���L�G���V�R�U�R�N��
�G�H�I�L�Q�L�i�O�i�V�i�U�D�� �Y�R�O�W�� �V�]�•�N�V�p�J�� ���6�S�H�F�L�I�L�H�G�� �K�\�H�W�R�J�U�D�S�K������ �(�Q�Q�H�N�� �O�H�J�I���E�E�� �R�N�D���� �K�R�J�\�� �F�V�D�N�� �H�V�H�P�p�Q�\��
�D�O�D�S�~���P�R�G�H�O�O�H�]�p�V���W�|�U�W�p�Q�W�����(�]�H�N���V�R�U�i�Q���D�]���L�G�����U�|�Y�L�G�V�p�J�H���P�L�D�W�W���Q�H�P���p�U�G�H�P�H�V���I�L�J�\�H�O�Hmbe venni a 
�S�i�U�R�O�J�i�V�W�����Y�D�O�D�P�L�Q�W���D���Y�L�]�V�J�i�O�W���H�V�H�P�p�Q�\�H�N���I�D�J�\�P�H�Q�W�H�V���L�G���V�]�D�N�E�y�O���V�]�i�U�P�D�]�Q�D�N�����t�J�\���K�y�R�O�Y�D�G�i�V�V�D�O��
�V�H�P���N�H�O�O�H�W�W���V�]�i�P�R�O�Q�L�����5�H�Q�G�N�t�Y�•�O���V�]�H�U�H�Q�F�V�p�V���N�|�U�•�O�P�p�Q�\���Y�R�O�W���D���P�R�G�H�O�O�H�]�p�V�H�N���V�R�U�i�Q�����K�R�J�\���D���Y�t�]��
�J�\�&�M�W�����U�H�Q�G�H�O�N�H�]�H�W�W���Ä�V�D�M�i�W�´ �F�V�D�S�D�G�p�N�P�p�U�����i�O�O�R�P�i�V�V�D�O���� 

 

 
3�����i�E�U�D 

A Csernely-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�H�����Y�J�\�����W�H�U�•�O�H�W�������������������N�P2�����O�H�J�K�R�V�V�]�D�E�E���O�H�I���������������������N�P�����i�W�O�D�J�R�V��
�H�V�p�V������������������ 

 
2.3.3. �/�H�I�R�O�\�i�V�N�p�S�]�����F�V�D�S�D�G�p�N���P�H�J�K�D�W�i�U�R�]�i�V�D 

�$���Y�t�]�J�\�&�M�W���U�H���p�U�N�H�]�����F�V�D�S�D�G�p�N���M�H�O�H�Q�W���V���U�p�V�]�H���D���N�•�O�|�Q�E�|�]�����K�L�G�U�R�O�y�J�L�D�L���I�R�O�\�D�P�W�R�N���V�R�U�i�Q�����S�O����
�L�Q�W�H�U�F�H�S�F�L�y�����E�H�V�]�L�Y�i�U�J�i�V���V�W�E�������H�O�Y�p�V�]�����D���P�R�G�H�O�O�E�H�Q���H�Q�Q�H�N���E�H�i�O�O�t�W�i�V�D���D���/�2�6�6���F�V�R�P�D�J���D�O�D�W�W���W�|�U�W�p��
�Q�L�N�����$���Y�L�]�V�J�i�O�D�W�R�N���V�R�U�i�Q���F�V�D�N���D�]���6�&�6���&�X�U�Y�H���1�X�P�E�H�U���P�y�G�V�]�H�U lett alkalmazva �D���O�H�I�R�O�\�i�V�N�p�S�]����
�F�V�D�S�D�G�p�N���W�p�U�I�R�J�D�W�i�Q�D�N���P�H�J�K�D�W�i�U�R�]�i�V�i�U�D�����$���&�1���H�J�\���D�U�i�Q�\�V�]�i�P�����P�H�O�\���P�H�J�P�X�W�D�W�M�D�����K�R�J�\���D���F�V�D��
�S�D�G�p�N���P�H�Q�Q�\�L�V�p�J���Q�|�Y�H�N�H�G�p�V�p�Q�H�N���I�•�J�J�Y�p�Q�\�p�E�H�Q���P�H�N�N�R�U�D���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V���Y�i�U�K�D�W�y (Banasik et 
al., 2014). Az �&�1�� �D�O�D�S�H�J�\�H�Q�O�H�W�� �G�L�U�H�N�W�� �P�H�J�R�O�G�i�V�i�Y�D�O�� �D�� �F�V�D�S�D�G�p�N�� �p�V �D�]�� �i�U�K�X�O�O�i�P�� �W�p�U�I�R�J�D�W�i�Q�D�N��
�L�V�P�H�U�H�W�p�E�H�Q���D�]���D�G�R�W�W���H�V�H�P�p�Q�\�W���M�H�O�O�H�P�]�����&�1���V�]�i�P �P�H�J�K�D�W�i�U�R�]�K�D�W�y�����8�J�\�D�Q�D�N�N�R�U���D���P�y�G�V�]�H�U���N�L��
�G�R�O�J�R�]�y�L���D�]�W���L�V���p�V�]�U�H�Y�H�W�W�p�N�����K�R�J�\���H�J�\���D�G�R�W�W���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J���D�O�D�W�W���Q�H�P���L�Q�G�X�O���E�H���I�H�O�V�]�t�Q�L���O�H�I�R��
�O�\�i�V�����P�H�U�W���D�]���I�H�O�K�D�V�]�Q�i�O�y�G�L�N���D���Y�t�]�J�\�&�M�W�����Ä�i�W�Q�H�G�Y�H�V�t�W�p�V�p�U�H�´�����(�]�W���N�H�]�G�H�W�L���H�O�Y�R�Q�i�V�Q�D�N (Ia) �Q�H�Y�H�]�W�p�N��
el. Az Ia �p�U�W�p�N�H���D���&�1���D�O�D�S�M�i�Q���V�]�i�P�t�W�K�D�W�y�� 

������



�È�U�K�X�O�O�i�P�R�N���P�R�G�H�O�O�H�]�p�V�H���D���&�V�H�U�Q�H�O�\-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�Q 

 

�$���6�&�6���&�1���Y�H�V�]�W�H�V�p�J �V�]�i�P�t�W�i�V���F�V�R�P�D�J�E�D�Q���D���N�H�]�G�H�W�L���H�O�Y�R�Q�i�V�����,a), a CN-�W���p�V���D�]���Y�t�]�]�i�U�y���I�H�O�•��
�O�H�W�H�N�� �D�U�i�Q�\�i�W�� �������� �N�H�O�O�� �P�H�J�D�G�Q�L���� �$�� �Y�t�]�]�i�U�y�� �I�H�O�•�O�H�W�H�N�� �D�U�i�Q�\�D�� �P�L�Q�G�H�Q�� �H�V�H�W�E�H�Q�� ���� �Y�R�O�W���� �W�H�N�L�Q�W�Y�H����
�K�R�J�\���D���Y�t�]�J�\�&�M�W���N�|�Q���N�H�Y�p�V���W�H�O�H�S�•�O�p�V���W�D�O�i�O�K�D�W�y���p�V���D�]�R�N���W�H�U�•�O�H�W�p�Q���L�V���F�V�D�N���D�]���~�W�E�X�U�N�R�O�D�W�R�N���W�H�N�L�Q�W��
�K�H�W���N�� �Y�t�]�]�i�U�y�Q�D�N���� �P�H�O�\�H�N�� �|�V�V�]�I�H�O�•�O�H�W�H�� �H�O�K�D�Q�\�D�J�R�O�K�D�W�y�� �D�� �Y�t�]�J�\�&�M�W���� �W�H�O�M�H�V�� �W�H�U�•�O�H�W�p�K�H�]�� �Y�L�V�]�R��
�Q�\�t�W�Y�D�� 

 
2.3.4. �)�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V���V�]�i�P�t�W�i�V�D 

�$���+�0�6���P�R�G�H�O�O�E�H�Q���D���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�Vt �D���7�5�$�1�6�)�2�5�0���F�V�R�P�D�J�E�D�Q���O�H�K�H�W���P�H�J�K�D�W�i�U�R�]�Q�L�����D�P�L��
�H�V�H�W�•�Q�N�E�H�Q �D�]���6�&�6���8�+���P�y�G�V�]�H�U���Y�R�O�W�����$���/�2�6�6���F�V�R�P�D�J�E�D�Q���V�]�i�P�t�W�R�W�W���O�H�I�R�O�\�i�V�N�p�S�]�����F�V�D�S�D�G�p�N��
�P�D�J�D�V�V�i�J���D�]���H�J�\�L�N���E�H�P�H�Q�H�W�L���D�G�D�W�D���H�Q�Q�H�N���D���F�V�R�P�D�J�Q�D�N�����D���3�5�)�����3�H�D�N���5�D�W�H���)�D�F�W�R�U�����p�V���D���N�p�V�O�H�O�W�H��
�W�p�V�� ���/�D�J�� �W�L�P�H���� �>�P�L�Q�@�� �P�H�O�O�H�W�W���� �(�O���E�E�L�� �D�� �Y�t�]�K�R�]�D�P�� �L�G���E�H�O�L�� �Y�i�O�W�R�]�i�V�i�W�� �K�D�W�i�U�R�]�]�D�� �P�H�J�� ���p�U�W�p�N�p�W�� �D��
�F�V�~�F�V�K�R�]�D�P���H�O���W�W�L���p�V���X�W�i�Q�L���i�U�K�X�O�O�i�P�W�p�U�I�R�J�D�W���D�U�i�Q�\�D���K�D�W�i�U�R�]�]�D���P�H�J�������P�t�J���D���N�p�V�O�H�O�W�H�W�p�V���D���O�H�I�R�O�\�i�V��
�N�p�S�]�����F�V�D�S�D�G�p�N���L�G���W�D�U�W�D�P�i�Q�D�N���I�H�O�p�W���O���D���F�V�~�F�V�K�R�]�D�P�L�J���W�D�U�W�y���L�G���W�D�U�W�D�P�R�W���M�H�O�H�Q�W�L�����$���3�5�)���V�]�i�P �p�V��
�D�� �N�p�V�O�H�O�W�H�W�p�V�� �L�V�� �L�W�H�U�i�F�L�y�Y�D�O lett �P�H�J�K�D�W�i�U�R�]�Y�D �D�]�� �H�J�\�H�V�� �H�V�H�P�p�Q�\�H�N�U�H���� �P�H�O�\�H�N�� �Y�p�J�V���� �p�U�W�p�N�H�� �D�]��
volt, ahol a Nash-Sutcliff �P�R�G�H�O�O�� �K�D�W�p�N�R�Q�\�V�i�J�L�� �P�X�W�D�W�y �D�� �O�H�J�M�R�E�E�� �p�U�W�p�N�H�W�� �D�G�W�D�� �D�� �P�p�U�W���� �L�O�O�H�W�Y�H��
�V�]�i�P�t�W�R�W�W���i�U�K�X�O�O�i�P�R�N���N�|�]�|�W�W�� 

 
2.3.5. Alaphozam 

�$�]�� �D�O�D�S�K�R�]�D�P�� ���&�R�Q�V�W�D�Q�W�� �0�R�Q�W�K�O�\���� �P�L�Q�G�H�Q�� �H�J�\�H�V�� �V�]�i�P�t�W�i�V�� �V�R�U�i�Q�� ���� �Y�R�O�W���� �P�L�Y�H�O�� �D�� �U�H�N�X�U�]�t�Y��
�V�]�&�U�������+�L�E�D�����$���K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y�������H�J�\�H�Q�O�H�W�����P�y�G�V�]�H�U�W��(Nathan �p�V McMahon, 
1990) �D�O�N�D�O�P�D�]�Y�D���D�]���i�U�K�X�O�O�i�P �O�H�Y�i�O�D�V�]�W�i�V�U�D���N�H�U�•�O�W �D�]���D�O�D�S�K�R�]�D�P�U�y�O (2�����i�E�U�D, szaggatott vonal). 
�$���U�H�N�X�U�]�t�Y���V�]�&�U�����P�D�W�H�P�D�W�L�N�D�L���I�R�U�P�i�M�D 

�3�×�:�P�; 
L �Ú �® �3�×�:�P 
F �s�; 
E
�s 
E �Ú

�t
�®�>�3�:�P�; 
F �3�:�P 
F �s�;�?�� (1) 

ahol Qd(t) [m3���V�@���p�V���4d(t-1) [m3���V�@���D���N�|�]�Y�H�W�O�H�Q���O�H�I�R�O�\�i�V���W���p�V���W-�����L�G���S�R�Q�W�E�D�Q�����P�t�J���D���4���W�����p�V���4���W-1) 
�D�]�� �|�V�V�]�H�V���O�H�I�R�O�\�i�V���W�� �p�V���W-���� �L�G���S�R�Q�W�E�D�Q���� �Y�D�O�D�P�L�Q�W���� �D���U�H�N�X�U�]�t�Y���V�]�&�U�����S�D�U�D�P�p�W�H�U�����8�J�\�D�Q�D�N�N�R�U���D��
�P�y�G�V�]�H�U�� �D�O�N�D�O�P�D�]�i�V�D�� �H�V�H�W�p�Q�� �P�H�J�� �N�H�O�O�� �M�H�J�\�H�]�Q�L���� �K�R�J�\�� �D�� �V�]�i�P�t�W�R�W�W�� �D�O�D�S�K�R�]�D�P�� �H�O�W�p�U�K�H�W�� �D�� �Y�D�O�y�V��
�D�O�D�S�K�R�]�D�P�W�y�O�����P�L�Y�H�O���D�]���W�p�Q�\�O�H�J�H�V�H�Q���Q�H�P���L�V�P�H�U�W (Szilagyi et al., 2003). �$���U�H�N�X�U�]�t�Y���V�]�&�U�����S�D�U�D��
�P�p�W�H�U���p�U�W�p�N�H����� ������������volt. 
 
3. EREDMÉNYEK 

�$���P�R�G�H�O�O�V�]�i�P�t�W�i�V�R�N�K�R�]���D�]���H�J�\�H�V���H�V�H�P�p�Q�\�H�N���&�1���p�V���,a �D�G�D�W�D�L�W���D���I�H�Q�W���H�P�O�t�W�H�W�W���P�y�G�R�Q���K�D�W�i�U�R�]��
tuk �P�H�J���� �P�t�J�� �D�� �3�5�)�� �p�V�� �N�p�V�O�H�O�W�H�W�p�V�� �S�D�U�D�P�p�W�H�U�H�N�� �L�W�H�U�i�F�L�y�Y�D�O���� �$�� �3�5�)�� �V�]�i�P�� �Q�H�P�� �Y�i�O�W�R�]�L�N�� �Q�D�J�\��
intervallumban (100-�������������t�J�\���D�Q�Q�D�N���P�R�]�J�i�V�W�H�U�H���D�]���L�W�H�U�i�F�L�y���V�R�U�i�Q���N�R�U�O�i�W�R�]�R�W�W���Y�R�O�W�����(�O�O�H�Q�W�p�W�E�H�Q��
�D���N�p�V�O�H�O�W�H�W�p�V�V�H�O�����P�H�O�\���V�]�L�Q�W�H���W�H�W�V�]���O�H�J�H�V���p�U�W�p�N�H�W���Y�H�K�H�W���I�H�O�����$�]���L�W�H�U�i�F�L�y���P�H�J�J�\�R�U�V�t�W�i�V�D���p�U�G�H�N�p�E�H�Q��
�H�J�\���N�H�]�G�H�W�L���p�U�W�p�Net �Y�H�W�W�•�Q�N���I�H�O, amit �D���F�V�D�S�D�G�p�N-�Y�t�]�K�R�]�D�P���L�G���V�R�U���N�H�U�H�V�]�W�V�S�H�N�W�U�i�O�L�V���H�O�H�P�]�p�V�p�Y�H�O��
�K�D�W�i�U�R�]tunk meg���� �$�� �N�H�]�G�H�W�L�� �p�U�W�p�N�� �P�L�Q�L�P�i�O�L�V�� �N�R�U�U�H�N�F�L�y�M�D�� �H�U�H�G�P�p�Q�\�•�O�� �L�V�� �D�G�W�D�� �D�� �P�p�U�W�� �D�G�D�W�R�N�U�D��
�O�H�J�M�R�E�E�D�Q���L�O�O�H�V�]�N�H�G�����V�]�i�P�t�W�R�W�W���i�U�K�X�O�O�i�P���J�|�U�E�p�W�� A 4�����i�E�U�D �H�J�\���J�U�D�I�L�N�X�V���S�p�O�G�i�W���P�X�W�D�W���E�H���D�]���i�U��
�K�X�O�O�i�P���P�R�G�H�O�O�H�N���L�W�H�U�D�W�t�Y���P�H�J�R�O�G�i�V�i�U�D�����$���V�]�i�P�t�W�R�W�W���&�1���p�V���,a �S�D�U�D�P�p�W�H�U�H�N���P�H�O�O�H�W�W�����D���N�H�]�G�H�W�L���p�U��
�W�p�N�H�N�N�H�O���I�H�O�Y�H�W�W���3�5�)���p�V���N�p�V�O�H�O�W�H�W�p�V���S�D�U�D�P�p�W�H�U�H�N���D���S�R�Q�W�R�]�R�W�W���J�|�U�E�p�W �D�G�W�i�N���H�U�H�G�P�p�Q�\�•�O����4�����i�E�U�D). 
�0�L�Y�H�O���D���V�]�i�P�t�W�R�W�W���i�U�K�X�O�O�i�P���J�|�U�E�H���H�O�Q�\�~�M�W�R�W�W�V�i�J�D���N�|�]�H�O���P�H�J�H�J�\�H�]�H�W�W���D���P�p�U�W���i�U�K�X�O�O�i�P���H�O�Q�\�~�M�W�R�W�W��
�V�i�J�i�Y�D�O�����t�J�\���D���3�5�)���V�]�i�P�R�W���Q�H�P���N�H�O�O�H�W�W���P�y�G�R�V�t�W�D�Q�L�����$���N�p�V�O�H�O�W�H�W�p�V���L�G�H�M�p�Q�H�N���P�L�Q�L�P�i�O�L�V���F�V�|�N�N�H�Q��
�W�p�V�p�Y�H�O���H�O���i�O�O�W���D���P�p�U�W���D�G�D�W�R�N�U�D���O�H�J�M�R�E�E�D�Q���L�O�O�H�V�]�N�H�G�����i�U�K�X�O�O�i�P���J�|�U�E�H����4�����i�E�U�D, szaggatott �J�|�U�E�H������
�$�� �W�|�E�E�L�� �F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�� �Y�L�]�V�J�i�O�D�W�D �V�R�U�i�Q�� �D�]�R�Q�R�V�� �P�y�G�V�]�H�U�U�H�O�� �O�H�W�W�� �P�H�J�K�D�W�i�U�R�]�Y�D�� �D�� �V�]�i�P�t�W�R�W�W��
�i�U�K�X�O�O�i�P�����P�H�O�\�H�N���|�V�V�]�H�V�t�W�H�W�W���H�U�H�G�P�p�Q�\�p�W��a (2�����W�i�E�O�i�]�D�W) tartalmazza.  

������



�7�y�W�K���0.  �± �7�y�W�K-Darabos E. 

 

Nyolc �H�V�H�P�p�Q�\�W���V�L�N�H�U�•�O�W���P�R�G�H�O�O�H�]�Q�L�����P�H�O�\�H�N���H�V�H�W�p�E�H�Q���H�O�P�R�Q�G�K�D�W�y�����K�R�J�\���Q�H�P���Y�R�O�W���N�|�]�|�W�W�•�N��
�N�L�X�J�U�y�D�Q���Q�D�J�\���F�V�D�S�D�G�p�N�H�V�H�P�p�Q�\�����D�]���H�V�H�P�p�Q�\�H�N���F�V�D�S�D�G�p�N�P�D�J�D�V�V�i�J�D�L���������p�V���������P�P���N�|�]�|�W�W���Y�i�O��
�W�R�]�W�D�N���� �(�Q�Q�H�N���R�N�i�Q���D���&�1���V�]�i�P�R�N���Y�i�O�W�R�]�i�V�D���V�H�P���|�O�H�O���I�H�O���Q�D�J�\�� �L�Q�W�H�U�Y�D�O�O�X�P�R�W���� ������ �p�V�������� �N�|�]�|�W�W 
�Y�i�O�W�R�]nak az �p�U�W�p�N�Hk�����$���&�1���V�]�i�P�R�N���H�V�H�W�p�Q���P�H�J���N�H�O�O���M�H�J�\�H�]�Q�L�����K�R�J�\���P�L�Q�p�O���Q�D�J�\�R�E�E���D�Q�Q�D�N���p�U��
�W�p�N�H�����D�Q�Q�i�O���N�L�V�H�E�E���D���Y�H�V�]�W�H�V�p�J���D���Y�t�]�J�\�&�M�W���Q�����t�J�\���D�Q�Q�i�O���Q�D�J�\�R�E�E���D���I�H�O�V�]�t�Q�L���O�H�I�R�O�\�i�V���K�i�Q�\�D�G�D�����$�]��
�i�U�K�X�O�O�i�P�� �J�|�U�E�p�N�� �H�O�Q�\�~�M�W�R�W�W�V�i�J�D�� ���3�5�)���� �������� �p�V�� �������� �N�|�]�|�W�W���Y�i�O�W�R�]�L�N���� �P�t�J �D�� �N�p�V�O�H�O�W�H�W�p�V�� ������-900 
�S�H�U�F���N�|�]�|�W�W�����(�]�H�N�N�H�O���D���S�D�U�D�P�p�W�H�U�H�N�N�H�O���D���O�H�J�M�R�E�E���L�O�O�H�V�]�W�p�V�H�N���1�D�V�K-�6�X�W�F�O�L�I�I���P�X�W�D�W�y�M�D�������������p�U�W�p�N�W���O��
�����������p�U�W�p�N�L�J���W�H�U�M�H�G�����D�P�L���P�H�J�P�X�W�D�W�M�D�����K�R�J�\���Q�H�P���P�L�Q�G�H�Q���H�V�H�W�E�H�Q���V�L�N�H�U�•�O�W���D���O�H�J�M�R�E�E���L�O�O�H�V�]�W�p�V�W���H�O��
�p�U�Q�L����Ugyanakkor a �V�]�i�P�t�W�R�W�W���p�V���P�p�U�W���K�R�]�D�P�F�V�~�F�V�R�N���N�|�]�|�W�W���P�L�Q�L�P�i�O�L�V���H�O�W�p�U�p�V�H�N���W�D�S�D�V�]�W�D�O�K�D�W�y�N���� 

 

 
4�����i�E�U�D  

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

2�����W�i�E�O�i�]�D�W 
A Csernely-patakon 2023-�E�D�Q���Y�L�]�V�J�i�O�W���i�U�K�X�O�O�i�P�R�N���P�R�G�H�O�O���V�]�i�P�t�W�i�V�i�Q�D�N���E�H�P�H�Q�H�W�L���S�D�U�D�P�p�W�H��

�U�H�L���p�V���H�U�H�G�P�p�Q�\�H�L 
�'�i�W�X�P P 

 
 

[mm] 

Ia CN PRF 
(ka-
lib.) 

Lag 
Time  
(ka-
lib.) 

[min] 

NSE �6�]�i�P�t�W�R�W�W-
m�p�U�W���W�p�U��
fogat diff. 

[%] 

�0�p�U�W���F�V�~�F�V��
hozam  

 
[m3/s] 

�6�]�i�P�t�W�R�W�W��
�F�V�~�F�V�K�R�]�D�P�� 

 
[m3/s] 

03.27 20,30 13,36 78,96 600 900 0,865 -26,79 0,60 0,5 

04.24 25,30 15,14 77,03 300 600 0,670 11,22 1,30 1,2 

06.09 20,10 7,65 86,90 450 520 0,750 -24,65 2,90 2,4 

08.05 25,00 9,94 83,64 600 800 0,890 -20,53 3,60 3,5 

10.27 27,00 21,88 69,89 500 700 0,556 13,09 0,30 0,3 

11.05 21,10 14,23 78,11 500 800 0,862 15,65 0,70 0,7 

11.08 9,90 6,21 89,10 600 800 0,721 -1,70 0,60 0,5 

������



�È�U�K�X�O�O�i�P�R�N���P�R�G�H�O�O�H�]�p�V�H���D���&�V�H�U�Q�H�O�\-�S�D�W�D�N���Y�t�]�J�\�&�M�W���M�p�Q 

 

11.11 27,50 12,55 80,18 250 500 0,921 14,02 2,30 2,5 
 

4. KÖVETKEZTETÉSEK 

A Nash-Sutcliff modell �K�D�W�p�N�R�Q�\�V�i�J�L���P�X�W�D�W�y�N���D�O�D�S�M�i�Q���P�H�J�i�O�Oap�t�W�K�D�W�M�X�N�����K�R�J�\���J�\�H�Q�J�p�Q���N�|��
�]�H�O�t�W�L�N���D���V�]�i�P�t�W�R�W�W���i�U�K�X�O�O�i�P�R�N���D���P�p�U�W���i�U�K�X�O�O�i�P�R�N�D�W�����(�O�N�p�S�]�H�O�K�H�W�������K�R�J�\���D���I�H�O�K�D�V�]�Q�i�O�W���D�G�D�W�R�N�E�D�Q��
�L�V�� �Y�D�Q�� �K�L�E�D���� �P�L�Y�H�O�� �D�]�� �i�U�K�X�O�O�i�P�R�N�� �D�O�D�N�M�D�� �D�� �K�L�G�U�R�J�U�i�I�R�N�R�Q�� �Q�H�P�� �D�� �V�]�R�N�Y�i�Q�\�R�V�� �i�U�K�X�O�O�i�P�� �D�O�D�N�R�W��
mutatj�i�N. A �P�R�G�H�O�O�H�N���M�H�O�H�Q�O�H�J�L���i�O�O�D�S�R�W�X�N���D�O�D�S�M�i�Q���Q�H�P���D�O�N�D�O�P�D�V�D�N���D���Y�t�]�J�\�&�M�W���Q���O�H�Y�R�Q�X�O�y���i�U�K�X�O��
�O�i�P�R�N���V�]�i�P�t�W�i�V�i�U�D�����0�L�Q�G�H�Q�N�p�S�S���V�]�•�N�V�p�J���Y�D�Q���D�]���L�G���V�R�U�R�N �N�L�W�H�U�M�H�V�]�W�p�V�p�U�H�����H�J�\�U�p�V�]�W���I�H�O�W�i�U�Q�L�����K�R�J�\��
�D���Y�p�O�W���D�G�D�W�U�|�J�]�t�W�p�V�L���K�L�E�D���P�i�V���p�Y�H�N�E�H�Q���L�V���I�H�Q�Q�i�O�O�W-e�����Y�D�O�D�P�L�Q�W���P�H�J�Y�L�]�V�J�i�O�Q�L���Q�D�J�\�R�E�E���F�V�D�S�D�G�p�N��
�H�V�H�P�p�Q�\�H�N�H�W���L�V�����P�H�O�\�H�N���Q�D�J�\�R�E�E���&�1���p�U�W�p�N�H�W���H�U�H�G�P�p�Q�\�H�]�Q�H�N�� 

  
KÖSZÖNETNYILVÁNÍTÁS 

�$���F�L�N�N�E�H�Q���E�H�P�X�W�D�W�R�W�W���N�X�W�D�W�i�V���D���6�]�p�F�K�H�Q�\�L���7�H�U�Y���3�O�X�V�]���S�U�R�J�U�D�P���N�H�U�H�W�p�E�H�Q���D�]���5�5�)-2.3.1-21-
2022-�������������V�]�i�P�~���S�U�R�M�H�N�W���W�i�P�R�J�D�W�i�V�i�Y�D�O���Y�D�O�y�V�X�O�W���P�H�J�� 
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Abstract: This study employs geostatistical methods to characterize the Quaternary aquifer 
system in Debrecen area, Eastern Hungary. K-means clustering assisted with sequential indica-
tor simulation are applied to delineate and map the 3D distribution of the lithofacies within 
hydrostratigraphic units. Based on geological and mathematical principles, this integration 
streamlined the complex subsurface variability into distinct lithofacies, providing a clearer rep-
resentation of the lithology in the study area. Moreover, �&�V�y�N�i�V���P�H�W�K�R�G��is employed to generate 
a continuous profile of hydraulic conductivity, enabling a detailed characterization of the iden-
�W�L�I�L�H�G���O�L�W�K�R�I�D�F�L�H�V�����7�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���F�O�X�V�W�H�U���D�Q�D�O�\�V�L�V���D�Q�G���W�K�H���&�V�y�N�i�V���P�H�W�K�R�G���S�O�D�\�V���D���F�U�X�F�L�D�O���U�R�O�H��
in developing an accurate conceptual site model, which is essential for reliable groundwater 
flow and contaminant transport simulations. 

 
Keywords: Debrecen, �3�D�Q�Q�R�Q�L�D�Q���%�D�V�L�Q�����&�O�X�V�W�H�U���D�Q�D�O�\�V�L�V�����&�V�y�N�i�V���P�H�W�K�R�G����Hydraulic conduc-
tivity 

 
 

1. INTRODUCTION  

The sustainable management of groundwater resources requires a thorough understanding 
of the geological and hydrological characteristics of aquifer systems. The characterization of 
lithological and hydrogeological properties in groundwater aquifers has traditionally relied on 
core data analysis and pumping tests. While these methods are efficient, they come with signif-
icant limitations. Both core data analysis and pumping tests are expensive and time-consuming 
and also require considerable logistical planning, particularly when dealing with extensive areas 
(Mohammed et al., 2024). Furthermore, these traditional approaches are often inadequate for 
handling the complexity inherent in heterogeneous aquifer systems, where variations in lithol-
ogy and hydraulic properties occur on a fine scale. 

Geophysical well logging, on the other hand, offers a promising alternative to these conven-
tional techniques ���6�]�&�F�V���H�W���D�O��, 2021). Well logging involves the measurement of various phys-
ical properties of the subsurface directly in boreholes using specialized instruments. This ap-
proach provides continuous, in-situ data on lithological, structural, and fluid properties without 
the need for extensive core sampling or invasive testing. Although well logs are incredibly use-
ful for characterizing lithological and hydrogeological properties of aquifers, their true potential 
is only realized when analyzed with advanced techniques. Traditionally, well logs have been 
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analyzed using deterministic approaches, which involve predefined models and assumptions to 
relate the measured physical properties to specific lithological and hydraulic parameters. While 
effective in some cases, deterministic methods can fall short when dealing with the inherent 
complexity and variability of aquifer systems. To address this, statistical methods are increas-
ingly employed to analyze well log data (Abdideh and Ameri, �������������6�]�D�E�y���H�W���D�O��, 2019). These 
methods allow for a more flexible interpretation by identifying patterns, correlations, and trends 
in the data without relying solely on fixed models. Statistical techniques such as multivariate 
analysis and geostatistical simulations can uncover subtle variations in lithofacies ���6�]�D�E�y���H�W���D�O��, 
2023). Multivariate clustering techniques are widely used unsupervised learning algorithm that 
allows the identification of the lithological units and groundwater aquifers in complex subsur-
face settings with improved accuracy and efficiency. A range of clustering algorithms, includ-
ing hierarchical and non-hierarchical, have recently been developed to assess the groundwater, 
oil, and gas reservoirs. Among the non-hierarchical methods, K-means clustering gained pop-
ularity in geophysical studies in the identification of the lithofacies, fluid content, and subsur-
face zonation (Braun et al., �������������*�y�P�H�]���H�W���D�O��, �������������6�]�D�E�y���H�W���D�O��, 2019). 

The Debrecen area is part of the Great Hungarian Plain and represents an essential hydroge-
ological region that supplies thermal and groundwater resources. The complex geology of De-
brecen has resulted in the formation of a diverse range of sedimentary deposits with varying 
properties, leading to severe groundwater system heterogeneity ���7�y�W�K���D�Q�G���$�O�P�i�V�L, 2001). This 
study aims to characterize the Quaternary aquifer system around Debrecen area, Eastern Hun-
gary. The study uses K-�P�H�D�Q�V���F�O�X�V�W�H�U�L�Q�J���D�Q�G���&�V�y�N�i�V���P�H�W�K�R�G���I�R�U���G�L�V�W�L�Q�J�X�L�V�K�L�Q�J���O�L�W�K�R�I�D�F�L�H�V���D�Q�G��
detecting the distribution of hydraulic conductivity within the hydrostratigraphic units of the 
aquifer system. This research introduces an innovative methodology for characterizing the aq-
uifer systems for effective water resource development. 
 
2. METHODS 

2.1. Study area 

The study area is located around Debrecen in Eastern Hungary, within the Tisza River wa-
tershed and covers about 650 km2 (Fig. 1). It is part of the Great Hungarian Plain (GHP), which 
is considered part of the wider Pannonian basin in central Europe. GHP now has a significant 
disparity in land surface elevation because of neotectonics processes, erosion, and considerable 
deposition ���7�y�W�K���D�Q�G���$�O�P�i�V�L, 2001). These tectonic changes affected the study area and resulted 
in an elevation range between 88 to 160 m a.s.l (Fig. 1). 

The surface geology is primarily dominated by Quaternary deposits of Pleistocene age. 
These deposits are predominantly composed of fluvial sediments, including river gravels and 
sandy loess. Quaternary deposits in the study area can be further subdivided into Upper, Middle, 
and Lower Pleistocene units (Buday et al., 2015). The Lower and Upper Pleistocene sub-units 
predominantly comprise river and overbank sediments, while the Middle Pleistocene unit is 
characterized by fine-grained fluviolacustrine deposits ���3�•�V�S�|�N�L�� �H�W�� �D�O��, 2013). This study fo-
cuses on the characterization of the Quaternary system that boasts a permeability exceeding 
1000 mD ���7�y�W�K�� �D�Q�G�� �$�O�P�i�V�L, 2001). A recent in-depth investigation by (Flores et al., 2023) 
examined the upper 280 meters of the Great Plain Aquifer indicating that the two key hy-
drostratigraphic components are the Pre-Quaternary and Quaternary sequences (Fig. 2). The 
Pre-Quaternary sequence is named the Late Miocene unit, features silt occasionally punctuated 
by fine sand deposits. The Quaternary sequence is divided into three hydrostratigraphic units 
including incised valley, alluvial, and coarsening upward units. The incised valley unit is an 
elongated ribbon of sand and gravel with low clay content oriented northeast southwest. Above 
this lies the alluvial unit, characterized by a consecutive sand body exhibiting significant 
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horizontal variability and interspersed with silty clay deposits. Finally, the coarsening upward 
unit presents diverse layers of clay, silt, and sand.  

 

 
Figure 1 

Location map of the study area with the GHP 
 
2.2. K-means cluster analysis 

Multivariate K-means cluster analysis is a popular unsupervised machine-learning technique 
that involves grouping similar data points based on their inherent similarities. K-means cluster 
analysis was employed as the initial step to identify and delineate spatially coherent lithological 
groups within the aquifer system. In this study, the well logs including spontaneous potential 
(SP), natural gamma ray (NGR), shallow resistivity (RS), and deep resistivity (RD) logs data 
were subjected to clustering to reveal inherent lithological patterns within the aquifer system. 
The similarity between different data objects and clusters is measured using Euclidean distance, 
a widely used for grouping data points based on their proximity in Euclidean space.  

The optimal number of clusters (k) was determined through rigorous analysis of the data 
using elbow method, considering the dataset's characteristics and geological understanding of 
the groundwater system. The elbow method comes from the visual representation of the clus-
tering results, where the line plot of the within-cluster sum of squares (WCSS) resembles an 
elbow-like shape where the optimal number of clusters is indicated by the deflection of the 
elbow curve.  

 
2.3. �&�V�y�N�i�V���P�H�W�K�R�G 

�&�V�y�N�i�V��method ���&�V�y�N�i�V, 1995) is a deterministic model established for determining the hy-
draulic conductivity of the loosely consolidated hydrogeological units based on well-logging 
data. It is an empirically revised version of the well-known Kozeny-Carman equation. This 
method relies on the interpretation of geophysical logs sensitive to lithology and groundwater 
saturation. �,�Q���W�K�H���&�V�y�N�i�V���D�S�S�U�R�D�F�K�����W�K�H���S�D�U�D�P�H�W�H�U�V of Kozeny-Carman equation (Carman, 1937; 
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Kozeny, 1927) including �S�R�U�R�V�L�W�\�����3�� and the dominant grain size of the aquifer materials are 
obtained directly from well logs based on the connection established by (Alger, 1971) between 
the formation factor and the effective grain size of the aquifer materials (d10). Accordingly, the 
hydraulic conductivity (K) in m/s using �&�V�y�N�i�V���P�H�W�K�R�G���F�D�Q���E�H��estimated using Eq. (1) as 
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where Ck is the proportionality constant, �î  is the porosity, �4�4��is the resistivity of the saturated 
formation, �4�ê is the resistivity of water. 
 
2.4. Sequential indicator simulation and kriging methods 

Sequential indicator simulation (SIS) and kriging interpolation are two widely used geosta-
tistical techniques for spatial data analysis. These methods are used to model the spatial varia-
bility of lithofacies and hydraulic conductivity across the main hydrostratigraphical units. SIS 
is a stochastic geostatistical method used to model categorical variables (Journel and Alabert, 
1990). SIS generates multiple equally probable realizations of spatial distributions by simulat-
ing the spatial variability of indicator variables at unsampled locations. The process is sequen-
tial in nature, meaning that each unsampled location is simulated based on the data and the 
previously simulated points. This method accounts for the uncertainty in the spatial distribution 
by producing a set of realizations rather than a single deterministic outcome. Kriging interpo-
lation, on the other hand, is a deterministic geostatistical method that provides a best linear 
unbiased estimate for continuous variables (Oliver and Webster, 1990). Kriging uses the spatial 
correlation between known data points to predict values at unsampled locations. It incorporates 
a variogram model, which describes how the similarity between data points changes with dis-
tance. Kriging procedure assumes that spatial continuity exists and uses this information to 
minimize prediction error.  
 
3. RESULTS AND DISCUSSION 

3.1. Facies distribution 

K-means clustering algorithm was used to explore the main lithological and hydrostrati-
graphical units presented in the Quaternary groundwater system in the study area. The cluster 
analysis was considered based on mathematical and geological principles. The selection of the 
optimal number of the clusters (i.e., lithology) is essential because a higher number than the 
optimal gives lithologies that don't exist in the aquifer system ���6�]�D�E�y���H�W���D�O��, 2023). On the other 
hand, fewer clusters neglect lithological units during the discretization, resulting in low vertical 
resolution. Mathematically, Elbow method is used to identify the optimal number of clusters 
and indicated that 3 clusters are the optimal number (Fig. 2a). These clusters were identified 
and differentiated according to the response of the input logs. Cluster 1 (C1) is associated with 
low RS and high NGR responses, cluster 2 (C2) with high RS and low NGR values, and Cluster 
3 (C3) is characterized by with moderate RS and NGR responses (Fig. 2b).  

Geologically, the Quaternary sediments of the Pannonian basin in the eastern part of Hun-
�J�D�U�\���D�U�H���G�H�V�F�U�L�E�H�G���D�V���D���F�R�P�S�O�H�[���I�O�X�Y�L�D�O���V�\�V�W�H�P���S�U�H�G�R�P�L�Q�D�W�H�G���E�\���F�O�D�V�W�L�F���V�H�G�L�P�H�Q�W�D�U�\���U�R�F�N�����7�y�W�K��
�D�Q�G���$�O�P�i�V�L, 2001). The variations in the fluvial transport capacity impacted the homogeneity 
and the spatial continuity of the fluvial sediments, resulting in wide variation rock texture from 
shale to gravel. Accordingly, the obtained clusters are interpreted. These clusters C1, C2, and 
C3 were assigned to clay, silt, and sand and gravel, respectively. A comparison between 
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clustering and lithology obtained from rock sampling indicated overall agreement in delineating 
layer boundaries, yet discrepancies exist, notably within shaly and coarse sand layers. Cluster-
ing methods exhibit more detailed variations within these layers compared to lithological logs. 
The clustering-based identification of shaly sand lithology encompasses a mix of silty sand, 
silty clay, and sandy clay. 

 

 
(a) 

 
(b) 

Figure 2 
(a) Selection of number of clusters using the Elbow method and (b) Scree plot showing the 

distance between the extracted clusters 
 

 
Figure 3 

The vertical distribution of the lithofacies (track 6) and hydraulic conductivity (track 5) ob-
tained from analysis of well logs (1-4) 

 
The distribution of the lithofacies is studied in 1D along the boreholes (Fig. 3) and subse-

quently interpolated in 3D (Fig. 4) using SIS, allowing for a comprehensive visualization of 
their vertical and horizontal distribution along the hydrostratigraphical units. The results indi-
cated a significant spatial variability in facies distribution. The upper section of the profile is 
primarily composed of clay and silt, gradually transitioning into sand layers. However, the sand 
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layers are discontinuous. These lithologies form the upper hydrostratigraphic unit of the study 
area, known as the coarsening upward unit (CUU). The CUU hosts the upper unconfined to 
semi-confined aquifer unit in the area. The Alluvial unit (AU) is characterized by alternating 
layers of sand, silt, and clay, although it is predominantly composed of clay. These lithologies 
exhibit discontinuous patterns, particularly in the central and western parts of the study area, 
where they disappear. The boundary between the CUU and AU is marked by variations in the 
thickness of fine-grained sediments. The incised valley unit (IVU) consists of continuous sandy 
layers with an average thickness of 70 m. Comprising mainly coarse sand and gravel, the IVU 
is regarded as the primary aquifer unit when present. The basal unit in this investigation is the 
Late Miocene unit (LMU), which consists of alluvial plain deposits of fine sand, silt, and clay. 
 

 
Figure 4 

The 3D distribution of the lithofacies in the study area obtained from the 3D cluster analysis 
 
3.2.  Hydraulic conductivity distribution 

�7�K�H���&�V�y�N�i�V���P�H�W�K�R�G���Z�D�V���H�P�S�O�R�\�H�G���W�R���F�R�Q�W�L�Q�X�R�X�V�O�\���H�V�W�L�P�D�W�H���K�\�G�U�D�X�O�L�F���F�R�Q�G�X�F�W�L�Y�L�W�\���D�F�U�R�V�V��
the hydrostratigraphical units and interpolated with kriging method. This required the estima-
tion of petrophysical parameters such as shale volume and porosity. The 3D spatial distribution 
of hydraulic conductivity (Fig. 5) is closely aligned with the lithofacies distribution, revealing 
that sand and gravel layers were associated with higher hydraulic conductivity compared to the 
clayey and silty layers. The statistical summary of the estimated hydraulic conductivity across 
the hydrostratigraphical units is illustrated in Fig. 6. 

 Due to the higher heterogeneity, the 3D distribution showed dramatic variations along and 
across hydrostratigraphical units. The CUU exhibited a broad range of hydraulic conductivity, 
varying from 0.0001 to 7.5 m/d. The lowest values were observed in the clayey layers, while 
the highest value, 7.5 m/d, was recorded in D5 at an elevation of 50 m a.s.l. The intermittent 
silty layers within the CUU displayed an average hydraulic conductivity of 0.9 m/d. In contrast, 
the AU demonstrated lower hydraulic conductivity compared to the CUU, with values ranging 
from 0.00003 to 3.6 m/d. The IVU showed hydraulic conductivity values between 0.1 and 5 
m/d. This unit exhibited a more uniform distribution of hydraulic conductivity indicative of 
homogeneous sedimentary conditions (Mohammed et al., 2024). Lastly, the Late Miocene de-
posits exhibited hydraulic conductivity variations between 0.53 and 7 m/d. 

�7�K�H���U�H�V�X�O�W�V���R�E�W�D�L�Q�H�G���I�U�R�P���E�R�W�K���W�K�H���F�O�X�V�W�H�U���D�Q�D�O�\�V�L�V���D�Q�G���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���W�K�H���&�V�y�N�i�V���P�H�W�K�R�G��
offer critical insights that substantially enhance the development of a robust conceptual 
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hydrogeological model, which is essential for accurate groundwater flow and solute transport 
simulations ���6�]�D�E�y���H�W���D�O��, 2015).  
 

 
Figure 5 

�7�K�H�����'���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���K�\�G�U�D�X�O�L�F���F�R�Q�G�X�F�W�L�Y�L�W�\���R�E�W�D�L�Q�H�G���I�U�R�P���&�V�y�N�i�V���P�H�W�K�R�G 
 

 
Figure 6 

The descriptive statistics of the calculated hydraulic conductivity along the hydrostratigraph-
ical units using �&�V�y�N�i�V���P�H�W�K�R�G 

 
The clusters identified through analysis of the lithological data allow for a more nuanced 

understanding of the subsurface, preventing the oversimplification of complex geological for-
mations. This leads to a more accurate delineation of aquifer boundaries, which is fundamental 
for establishing appropriate boundary conditions within the model (Mohammed et al., 2024). 
Furthermore, the continuous profile of hydraulic conductivity provides allows for the precise 
assignment of hydraulic conductivity values throughout the aquifer. This can be done either by 
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directly populating the model grid with the measured values or by using equivalent averaged 
values that account for the lithological characteristics of the various stratigraphic layers. Ulti-
mately, this improved conceptual model serves as a solid foundation for predictive modeling, 
enabling more accurate simulations of both groundwater movement and solute transport. 

 
4. CONCLUSIONS 

The combined application of K-�P�H�D�Q�V���F�O�X�V�W�H�U���D�Q�D�O�\�V�L�V���D�Q�G���&�V�y�N�i�V method interpreted with 
sequential indicator simulation and kriging interpolation provided a robust framework for char-
acterizing groundwater aquifers in Debrecen area. The identification of lithofacies clusters sig-
�Q�L�I�L�F�D�Q�W�O�\���H�Q�K�D�Q�F�H�V���W�K�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���D�T�X�L�I�H�U�¶�V���K�H�W�H�U�R�J�H�Q�H�L�W�\�����D�O�O�R�Z�L�Q�J���I�R�U���D���P�R�U�H���U�H�D�O��
istic conceptualization of the subsurface lithology. This detailed characterization contributes to 
more accurate boundary definitions for groundwater flow models. Moreover, the continuous 
�H�V�W�L�P�D�W�L�R�Q���R�I���K�\�G�U�D�X�O�L�F���F�R�Q�G�X�F�W�L�Y�L�W�\���D�O�R�Q�J���W�K�H���E�R�U�H�K�R�O�H�V���X�V�L�Q�J���W�K�H���&�V�y�N�i�V���P�H�W�K�R�G���R�I�I�H�U�V���D���K�L�J�K-
resolution profile of the flow condition. Accordingly, the sandy layers within the incised valley 
unit, with relatively uniform hydraulic conductivity, were confirmed as the primary aquifer unit 
in the study area. This approach enhances the accuracy of groundwater flow and contaminant 
transport modeling, contributing to improved groundwater management and resource develop-
ment strategies.  
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1. BEVEZETÉS 

�0�D�J�\�D�U�R�U�V�]�i�J�R�Q���D���K�D�J�\�R�P�i�Q�\�R�V���D�N�N�X�P�X�O�i�W�R�U-�K�X�O�O�D�G�p�N�R�N���P�H�Q�Q�\�L�V�p�J�H���p�Y�U���O-�p�Y�U�H�� �H�P�H�O�N�H��
dik. Az �y�O�R�P-sav, nikkel-kadmium (NiCd), nikkel-�F�L�Q�N�� ���1�L�=�Q���� �p�V�� �Q�L�N�N�H�O-�I�p�P�K�L�G�U�L�G�� ���1�L�0�+����
�D�N�N�X�P�X�O�i�W�R�U�K�X�O�O�D�G�p�N���P�H�Q�Q�\�L�V�p�J�H���D���������������p�Y�L������.000-20.���������W�R�Q�Q�i�U�y�O����EMAH, 2013) - �U�p�V�]�E�H�Q��
�D�]���H�O�H�N�W�U�R�P�R�V���P�R�E�L�O�L�]�i�F�L�y�����U�p�V�]�E�H�Q���D���I�R�W�R�Y�R�O�W�D�L�N�X�V���H�Q�H�U�J�L�D�W�H�U�P�H�O�p�V�W���N�t�V�p�U�����H�Q�H�U�J�L�D�W�i�U�R�O�i�V���P�L�D�W�W 
- �P�L�Q�W�H�J�\���P�i�V�I�p�O���p�Y�W�L�]�H�G�H�V���L�G���V�]�D�N���D�O�D�W�W������-15-�V�]�|�U�|�V�p�U�H��������.000-300.���������W�R�Q�Q�i�U�D���H�P�H�O�N�H�G�L�N�� 
�$�]���2�U�V�]�i�J�R�V���+�X�O�O�D�G�p�N�J�D�]�G�i�O�N�R�G�i�V�L��Terv (ITM, 2018) �V�]�H�U�L�Q�W���F�V�D�N���D���K�R�U�G�R�]�K�D�W�y���D�N�N�X�P�X�O�i�W�R�U�R�N��
�p�V���H�O�H�P�H�N���K�X�O�O�D�G�p�N�D����������-�E�D�Q�������������W���Y�R�O�W�����D�P�H�O�\���p�U�W�p�N����������-�W���O���N�E�� 35%-kal emelkedett meg. 
�(�]�W�� �D�� �W�U�H�Q�G�H�W���I�L�J�\�H�O�H�P�E�H�Y�p�Y�H�� �D�� �N�L�V�P�p�U�H�W�&�� �H�O�H�P�H�N�� �p�V�� �D�N�N�X�P�X�O�i�W�R�U�R�N�E�y�O�� �P�i�U�� �p�Y�L�� ��������-4000 t 
�K�X�O�O�D�G�p�N���N�p�S�]���G�L�N�����D�P�L�Q�H�N���Y�L�V�V�]�D�J�\�&�M�W�p�V�L���U�i�W�i�M�D�����X�J�\�D�Q���D�]���(�8��������-�R�V���H�O���t�U�i�V�i�W���P�H�J�K�D�O�D�G�y�����G�H��
�P�p�J���t�J�\���L�V�������������D�O�D�W�W�L���Y�R�O�W�� �%�i�U���D���K�D�J�\�R�P�i�Q�\�R�V���D�N�N�X�P�X�O�i�W�R�U�R�N���~�M�U�D�K�D�V�]�Q�R�V�t�W�K�D�W�y�V�i�J�D���P�D�J�D�V 
�H�O�p�U�L���D�N�i�U���D����������-�R�W�����D���N�L�V�H�E�E���D�N�N�X�P�X�O�i�W�R�U�R�N���p�V���W�H�O�H�S�H�N���W�|�E�E�����P�L�Q�W���I�H�O�p�W���Q�H�P���J�\�&�M�W�L�N���|�V�V�]�H, �H�]�p�U�W��
f�H�O�P�H�U�•�O�W���D�]���L�J�p�Q�\���R�O�\�D�Q���F�H�O�O�i�N���N�L�N�t�V�p�U�O�H�W�H�]�p�V�p�U�H�����P�H�O�\�H�N�Q�p�O���D�]�� �D�Q�y�G���p�V��a �N�D�W�y�G anyaga olyan 
�D�Q�\�D�J�R�N�E�y�O���p�S�•�O���I�H�O, melyek �D���N�|�U�Q�\�H�]�H�W�E�H�Q���V�]�p�O�H�V�N�|�U�E�H�Q���U�H�Q�G�H�O�N�H�]�p�V�U�H���i�O�O�Q�D�N�����D���E�L�R�V�]�I�p�U�i�U�D��
�Y�H�V�]�p�O�\�W�H�O�H�Q�H�N���� �H�V�H�W�O�H�J�H�V�H�Q�� �E�L�R�O�y�J�L�D�L�O�D�J�� �N�|�Q�Q�\�H�Q�� �O�H�E�R�P�O�D�Q�D�N���� �D�� �N�|�U�Q�\�H�]�H�W�L�� �O�i�E�Q�\�R�P�X�N�� �D�O�D��
csony.  

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

������



�.�R�Y�i�F�V���%. et. al 

 

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

Ezen szempontok �P�p�U�O�H�J�H�O�p�V�H���P�L�D�W�W���H�V�H�W�W���D���Y�i�O�D�V�]�W�i�V���P�D�Q�J�i�Q�R�[�L�G ���E�D�U�Q�D�N���� a�O�D�S�~���N�D�W�y�G �p�V��
�P�D�J�Q�p�]�L�X�P���D�Q�y�G���D�O�N�D�O�P�D�]�i�V�i�U�D�����V�y�V�Y�t�]-�H�O�H�N�W�U�R�O�L�W���I�H�O�K�D�V�]�Q�i�O�i�V�i�Y�D�O, amely elemek az elektrolit 
�Q�p�O�N�•�O�����V�]�i�U�D�]���i�O�O�D�S�R�W�E�D�Q���N�R�U�O�i�W�O�D�Q���L�G�H�L�J���W�i�U�R�O�K�D�W�y�N�����P�D�M�G���I�R�U�P�i�]�i�V���Q�p�O�N�•�O�����D�]�D�]���W�R�Y�i�E�E�L���H�P�E�H�U�L��
�E�H�D�Y�D�W�N�R�]�i�V���Q�p�O�N�•�O �N�p�S�H�V�H�N���P�&�N�|�G�Q�L���D���V�y�V���Y�t�]�]�H�O���W�|�U�W�p�Q�����p�U�L�Q�W�N�H�]�p�V�W���N�|�Y�H�W���H�Q���� 

�(�]�H�N�H�W�� �D�]�� �i�U�D�P�I�R�U�U�i�V�R�N�D�W�� �Q�p�K�i�Q�\�� �Q�D�S�R�V���� �O�H�J�I�H�O�M�H�E�E�� ���� �K�H�W�H�V�� �P�&�N�|�G�p�V�W�� �L�J�p�Q�\�O������ �H�O�V���V�R�U�E�D�Q��
�Q�\�t�O�W�W�H�Q�J�H�U�L�� �I�H�O�K�D�V�]�Q�i�O�i�V�L�� �W�H�U�•�O�H�W�H�N�H�W�� �S�O���� �W�H�Q�J�H�U�L�� �N�|�U�Q�\�H�]�H�W�L�� �i�O�O�D�S�R�W�� �P�p�U���� �V�]�R�Q�G�i�N���� �W�H�Q�J�H�U�L�� �Y�H��
�V�]�p�O�\�M�H�O�]�����E�H�U�H�Q�G�H�]�p�V�Hk�����p�O�H�W�P�H�Q�W�����P�H�O�O�p�Q�\�H�N���M�H�O�D�G�y�L���i�U�D�P�I�R�U�U�i�V�D�L�N�p�Q�W���O�H�K�H�W���I�H�O�K�D�V�]�Q�i�O�Q�L�����(�]�H��
�N�H�Q���D���W�H�U�•�O�H�W�H�N�H�Q���D���K�X�O�O�D�G�p�N�R�N���|�V�V�]�H�J�\�&�M�W�p�V�H���H�J�\�p�E�N�p�Q�W���L�V���O�H�K�H�W�H�W�O�H�Q���Y�D�J�\���Q�H�K�H�]�H�Q���P�H�J�R�O�G�K�D�W�y����
�L�O�\�H�Q���P�y�G�R�Q���D���N�|�U�Q�\�H�]�H�W�E�D�U�i�W�����Y�H�V�]�p�O�\�W�H�O�H�Q���D�Q�\�D�J�R�N�N�i���O�H�E�R�P�O�y�����L�O�O�H�W�Y�H���V�]�p�W�H�V�����F�H�O�O�i�N���D�O�N�D�O�P�D��
�]�i�V�D���N�•�O�|�Q�|�V�H�Q���L�Q�G�R�N�R�O�W�� 
 
2. �$���0�%�.�g�'�e�6�,���(�/�9 

�$�]���H�O�H�N�W�U�R�P�R�V���F�H�O�O�i�N���D�Q�y�G�E�y�O�����N�D�W�y�G�E�y�O���p�V���H�O�H�N�W�U�R�O�L�W�E�y�O���i�O�O�Q�D�N�����$���I�H�O�D�G�D�W���P�H�J�R�O�G�i�V�D���V�R�U�i�Q���D 
�V�y�V�Y�t�]��elektrolitot �D�G�R�W�W�V�i�J�N�p�Q�W���� �S�H�U�H�P�I�H�O�W�p�W�H�O�N�p�Q�W �N�H�]�H�O�W�•�N���� �)�R�Q�W�R�V�� �N�|�Y�H�W�H�O�P�p�Q�\�� �Y�R�O�W�� �D�]�� �L�V����
�K�R�J�\���D���O�p�W�U�H�K�R�]�R�W�W���W�H�U�P�p�N���N�|�U�Q�\�H�]�H�W�E�D�U�i�W���O�H�J�\�H�Q�����Y�D�J�\�L�V���V�H�P���D�]���H�O�H�N�W�U�R�O�L�W�����V�H�P���D�]���H�O�H�N�W�U�y�G�i�N��
ne tartalmazzanak �R�O�\�D�Q�� �|�V�V�]�H�W�H�Y���N�H�W���� �P�H�O�\�H�N�� �D�� �W�H�Q�J�H�U�Y�t�]�E�H�Q�� �|�N�R�W�R�[�L�N�X�V�� �K�D�W�i�V�W�� �Y�i�O�W�D�Q�D�N�� �N�L����
�D�P�L���M�H�O�H�Q�W���V�H�Q���V�]�&�N�t�W�H�W�W�H���D���I�L�J�\�H�O�H�P�E�H���Y�H�K�H�W����alapanyagok �N�|�U�p�W�����$�]���H�O�H�N�W�U�y�G�R�N�Q�D�N���W�H�K�i�W���R�O�\�D�Q��
�D�Q�\�D�J�R�N�E�y�O���N�H�O�O���N�p�V�]�•�O�Q�L�•�N�����P�H�O�\�H�N��vagy �P�H�J�W�D�O�i�O�K�D�W�y�N���D���W�H�Q�J�H�U�Y�t�]�E�H�Q�����Y�D�J�\���S�H�G�L�J���|�N�R�W�R�[�L��
�N�R�O�y�J�L�D�L���V�]�H�P�S�R�Q�W�E�y�O���N�|�]�|�P�E�|�Vek. 

A �J�D�O�Y�i�Q�H�Oemek �H�O�H�N�W�U�y�G�M�D�L �H�V�H�W�p�E�H�Q��fontos, hogy �H�J�\�U�p�V�]�W���P�H�J�I�H�O�H�O�����H�O�H�N�W�U�y�G�S�R�W�H�Q�F�L�i�O�W le-
�J�\�H�Q�H�N���N�p�S�H�V�H�N���O�p�W�U�H�K�R�]�Q�L�����P�i�V�U�p�V�]�W���N�H�O�O���H�Q���Q�D�J�\��elektromos �Y�H�]�H�W���N�p�S�H�V�V�p�J�&�H�N���O�H�J�\�H�Q�H�N an-
�Q�D�N�� �p�U�G�H�N�p�E�H�Q���� �K�R�J�\�� �D�]�� �|�V�V�]�H�i�O�O�t�W�R�W�W�� �F�H�O�O�D�� �E�H�O�V���� �H�O�O�H�Q�i�O�O�i�V�D�� �D�O�D�F�V�R�Q�\�� �O�H�J�\�H�Q. Az elektromos 
�F�H�O�O�D���E�H�O�V�����H�O�O�H�Q�i�O�O�i�V�D���X�J�\�D�Q�L�V���H�J�\���i�O�O�D�Q�G�y���P�&�N�|�G�p�V�L���Y�H�V�]�W�H�V�p�J�H�W���M�H�O�H�Q�W�����D�P�L���U�p�V�]�E�H�Q���D���N�D�S�R�F�V��
�I�H�V�]�•�O�W�V�p�J�H�W�� �F�V�|�N�N�H�Q�W�L���� �U�p�V�]�E�H�Q�� �D�� �W�H�O�H�S�� �N�D�S�D�F�L�W�i�V�i�W�� �± �Q�H�P�� �D�� �F�p�O�I�H�O�D�G�D�W�� �H�O�Y�p�J�]�p�V�H�� �p�U�G�H�N�p�E�H�Q��- 
fogyasztja. 

�$�]���D�Q�y�G�D�Q�\�D�J�R�N���i�O�W�D�O�i�E�D�Q���I�p�P�H�V���H�O�H�P�H�N�����L�O�O�H�W�Y�H���H�]�H�N�E���O���i�O�O�y���N�R�P�S�R�]�L�W�R�N���Y�D�J�\���|�W�Y�|�]�H�W�H�N����
�t�J�\���D���Y�H�]�H�W���N�p�S�H�V�V�p�J�J�H�O���i�O�W�D�O�i�E�D�Q���Q�L�Q�F�V���S�U�R�E�O�p�P�D�����(�V�H�W�•�Q�N�E�H�Q���P�D�J�Q�p�]�L�X�P���H�O�H�N�W�U�y�G�i�N���D�O�N�D�O�P�D��
�]�i�V�D���P�H�O�O�H�W�W���G�|�Q�W�|�W�W�•�Q�N�����D�P�L���D���F�H�O�O�D���P�&�N�|�G�p�V�H���V�R�U�i�Q���K�L�G�U�R�J�p�Q�J�i�]���I�H�M�O���G�p�V�H���P�H�O�O�H�W�W���I�R�N�R�]�D�W�R�V�D�Q��
�D���W�H�Q�J�H�U�Y�t�]�E�H���R�O�G�y�G�L�N�����7�H�N�L�Q�W�H�W�W�H�O���D�U�U�D�����K�R�J�\���D���W�H�Q�J�H�U�Y�t�]�E�H�Q���D���P�D�J�Q�p�]�L�X�P-�L�R�Q���D���N�D�W�L�R�Q�R�N���i�W�O�D��
gosan 3,7%-�i�W�� �W�H�V�]�L�� �N�L (Chester �p�V Jickells, 2012)���� �H�]�p�U�W�� �F�H�O�O�D�� �P�&�N�|�G�p�V�H�� �V�R�U�i�Q�� �P�R�E�L�O�L�]�i�O�y�G�y��
�N�L�V�P�H�Q�Q�\�L�V�p�J�&���P�D�J�Q�p�]�L�X�P���N�|�U�Q�\�H�]�H�W�L���S�U�R�E�O�p�P�i�W���Q�H�P���R�N�R�]�K�D�W�����$���W�H�O�H�S�H�N���W�H�U�Y�H�]�p�V�H���V�R�U�i�Q���D�U�U�D��
�W�|�U�H�N�H�G�W�•�Q�N�����K�R�J�\���D�]���H�O�H�N�W�U�R�P�R�V���F�H�O�O�i�N���p�O�H�W�W�D�U�W�D�P�i�W���D���U�H�Q�G�H�O�N�H�]�p�V�U�H���i�O�O�y���P�D�J�Q�p�]�L�X�P���K�D�W�i�U�R�]�]�D��
�P�H�J�����D�]�D�]�����K�R�J�\���D���P�&�N�|�G�p�V���V�R�U�i�Q���D���W�H�O�M�H�V���P�D�J�Q�p�]�L�X�P-�D�Q�y�G���P�R�E�L�O�L�]�i�O�y�G�M�R�Q�� �.�R�U�i�E�E�D�Q���=�K�D�R���p�V��
�V�]�H�U�]���W�i�U�V�D�L�����������������K�D�V�]�Q�i�O�W�D�N���0�J���|�W�Y�|�]�H�W���D�O�D�S�~���D�Q�y�G�R�W���W�H�Q�J�H�U�L���N�|�U�Q�\�H�]�H�W�E�H�Q��  

A �N�D�W�y�G�D�Q�\�D�J�R�N���H�V�H�W�p�E�H�Q azonban �D���Y�H�]�H�W���N�p�S�H�V�V�p�J�H�W���i�O�W�D�O�i�E�D�Q���Y�D�O�D�P�L�O�\�H�Q���V�H�J�p�G�D�Q�\�D�J�J�D�O��
�V�]�•�N�V�p�J�H�V�� �E�L�]�W�R�V�t�W�D�Q�L���� �$�� �Y�H�]�H�W���� �V�H�J�p�G�D�Q�\�D�J�J�D�O�� �V�]�H�P�E�H�Q�� �D�]�� �L�V�� �N�|�Y�H�W�H�O�P�p�Q�\���� �K�R�J�\�� �Q�H�� �O�H�J�\�H�Q��
�V�]�i�P�R�W�W�H�Y�����H�O�H�N�W�U�y�G�S�R�W�H�Q�F�L�i�O�M�D�����P�H�U�W���D�E�E�D�Q���D�]���H�V�H�W�E�H�Q���D���N�D�W�y�G�E�D�Q���O�R�N�i�O�L�V���H�O�H�P�H�N���M�|�K�H�W�Q�H�N���O�p�W�U�H����
�P�H�O�\�H�N���L�J�H�Q���J�\�R�U�V�D�Q���W�|�Q�N�U�H���W�H�K�H�W�L�N���D�]���H�O�H�N�W�U�y�G���D�Q�\�D�J�i�W����A felsorolt �V�]�H�P�S�R�Q�W�R�N���I�L�J�\�H�O�H�P�E�H�Y�p��
�W�H�O�p�Y�H�O�� �D�� �Y�H�]�H�W�p�V �E�L�]�W�R�V�t�W�i�V�i�U�D �I�p�P�H�N�� �Q�H�P�� �M�|�K�H�W�Q�H�N�� �V�]�y�E�D����ugyanakkor a grafit, mint �N�L�Y�i�O�y��
�H�O�H�N�W�U�R�P�R�V���Y�H�]�H�W���N�p�S�H�V�p�J�&���D�Qyag �P�H�J�I�H�O�H�O�������P�L�Y�H�O���R�[�L�G�M�D���O�p�J�Q�H�P�&�����L�O�O�H�W�Y�H���Y�t�]�]�H�O���U�H�D�J�i�O�Y�D���R�O��
�G�y�G�L�N�����W�R�Y�i�E�E�i���D���J�U�D�I�L�W�Q�D�N���Q�L�Q�F�V���P�p�U�K�H�W�����H�O�H�N�W�U�y�G�S�R�W�H�Q�F�L�i�O�M�D���D���V�y�V���Y�L�]�H�V���R�O�G�D�W�R�N�E�D�Q�� �$���N�D�W�y��
dokban viszont �R�[�L�G�i�O�y�� �D�Q�\�D�J�R�W�� �N�H�O�O�� �D�O�N�D�O�P�D�]�Q�X�Q�N�� �D�Q�Q�D�N�� �p�U�G�H�N�p�E�H�Q���� �K�R�J�\�� �N�H�O�O���H�Q�� �S�R�]�L�W�t�Y��
�H�O�H�N�W�U�y�G�S�R�W�H�Q�F�L�i�O�W���K�R�]�]�X�Q�N���O�p�W�U�H����amire �D�O�N�D�O�P�D�V�� �O�H�K�H�W���S�p�O�G�i�X�O���D���P�D�Q�J�i�Q-dioxid ���N�|�]�|�Q�V�p�J�H�V��
�Q�H�Y�p�Q���D���E�D�U�Q�D�N����. Sajnos a �P�D�Q�J�i�Q-oxid �Q�H�P���Y�H�]�H�W�L���M�y�O���D�]���H�O�H�N�W�U�R�P�R�V���i�U�D�P�R�W�����t�J�\���F�p�O�V�]�H�U�& azt 
�S�R�U�U�i�����U�|�O�Y�H �M�y�O���Y�H�]�H�W�����J�U�D�I�L�Wporral �N�H�Y�H�U�Y�H���D�O�N�D�O�P�D�]�Q�L���D���N�H�O�O���H�Q���N�L�V���H�O�O�H�Q�i�O�O�i�V���H�O�p�U�p�V�H���p�U�G�H�N�p��
�E�H�Q���� �$�]�p�U�W���� �K�R�J�\�� �D�� �N�D�W�y�G-�N�H�Y�H�U�p�N�� �V�]�H�P�F�V�p�L�� �P�H�J�I�H�O�H�O���H�Q�� �Q�D�J�\�� �I�H�O�•�O�H�W�H�Q�� �p�U�L�Q�W�N�H�]�]�H�Q�H�N��

������



�.�|�U�Q�\�H�]�H�W�E�D�U�i�W���H�Q�H�U�J�L�D�F�H�O�O�D���I�H�M�O�H�V�]�W�p�V�H���p�V���D�O�N�D�O�P�D�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

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

 
1�����i�E�U�D�� 

A�]���N�t�V�p�U�O�H�W�L���H�Q�H�U�J�L�D�F�H�O�O�D �N�p�S�H 
 

A tapasztalatok szerint a �E�D�U�Q�D�N��-�J�U�D�I�L�W���N�H�Y�H�U�p�N �P�i�U���D�O�D�S�Y�H�W���H�Q���D�O�N�D�O�P�D�V���H�Q�H�U�J�L�D�F�H�O�O�i�N���N�D��
�W�y�G�M�i�Q�D�N�����G�H���Q�D�J�\���Q�\�R�P�i�V�R�Q�����!���������E�D�U�����W�|�U�W�p�Q�����S�U�p�V�H�O�p�V�p�Y�H�O���p�V���I�R�U�P�i�]�i�V�i�Y�D�O���F�V�D�N���W�H�Q�J�H�U�Y�t�]�E�H�Q��
�U�|�Y�L�G�H�E�E���L�G�H�L�J���D�O�D�N�W�D�U�W�y���W�H�V�W�H�N�H�W���O�H�K�H�W���O�p�W�U�H�K�R�]�Q�L�����H�]�p�U�W���D���N�H�Y�H�U�p�N�K�H�]���F�p�O�V�]�H�U�&�H�Q���Y�D�O�D�P�L�O�\�H�Q���V�W�D��
�E�L�O�L�]�i�O�y�����U�D�J�D�V�]�W�y�D�Q�\�D�J�R�W���N�H�O�O���N�H�Y�H�U�Q�L�����(�]�W���D���V�W�D�E�L�O�L�]�i�O�i�V�W �H�J�\���E�L�R�O�y�J�L�D�L�O�D�J���O�H�E�R�P�O�y���N�|�W���D�Q�\�D�J��
�D�G�D�J�R�O�i�V�i�Y�D�O�����V�]�W�H�D�U�L�Q�V�D�Y���H�P�X�O�]�L�y���E�H�N�H�Y�H�U�p�V�p�Y�H�O���R�O�G�R�W�W�X�N���P�H�J�����D�P�L�Y�H�O���D���N�H�G�Y�H�]�����H�O�H�N�W�U�R�P�R�V��
�W�X�O�D�M�G�R�Q�V�i�J�R�N�D�W���F�V�D�N���H�O�K�D�Q�\�D�J�R�O�K�D�W�y���P�p�U�W�p�N�E�H�Q���U�R�Q�W�R�W�W�X�N���O�H�����P�L�N�|�]�E�H�Q���D���I�R�U�P�i�]�R�W�W���N�D�W�y�G�W�H�V�W�H�N��
�P�H�F�K�D�Q�L�N�D�L���W�X�O�D�M�G�R�Q�V�i�J�D�L���p�U�G�H�P�L���M�D�Y�X�O�i�V�W���P�X�W�D�W�W�D�N���� 

 
3. ANYAG ÉS MÓDSZER 

�(�O���N�t�V�p�U�O�H�W�H�N���D�O�D�S�M�i�Q���P�D�J�Q�p�]�L�X�P���D�Q�y�G���I�H�O�K�D�V�]�Q�i�O�i�V�D���P�H�O�O�H�W�W���G�|�Q�W�|�W�W�•�Q�N�����P�L�Y�H�O���D���P�D�J�Q�p�]�L��
�X�P�Q�D�N���N�H�O�O���H�Q���Q�H�J�D�W�t�Y���D�]���H�O�H�N�W�U�y�G���S�R�W�H�Q�F�L�i�O�M�D (-2,38 V), amivel �P�H�J�I�H�O�H�O���H�Q���Q�D�J�\���F�H�O�O�D�I�H�V�]�•�O�W��
�V�p�J�H�W���K�R�]�K�D�W�X�Q�N���O�p�W�U�H�����$���I�p�P�H�V���P�D�J�Q�p�]�L�X�P�Q�D�N���M�y���D�]���H�O�H�N�W�U�R�P�R�V���Y�H�]�H�W���N�p�S�H�V�V�p�J�H�����t�J�\���D���F�H�O�O�D��
�P�&�N�|�G�p�V�H���V�R�U�i�Q���H�O�p�J���H�J�\���S�R�Q�W�R�Q���N�L�Y�H�]�H�W�p�V�W���N�p�V�]�t�W�H�Q�L�����K�L�V�]�H�Q���D���W�H�O�M�H�V���I�p�P�W�|�P�E���H�O�H�N�W�U�R�P�R�V���S�R��
�W�H�Q�F�L�i�O�M�D���N�|�]�H�O azonos lesz. �$���P�D�J�Q�p�]�L�X�P���V�H�P���H�O�H�P�L���i�O�O�D�S�R�W�iban, sem �Y�H�J�\�•�O�H�W�H�L�E�H�Q���Q�H�P���W�R�[�L��
�N�X�V�����V�H�P�P�L�O�\�H�Q���N�i�U�R�V���N�|�U�Q�\�H�]�H�W�L���K�D�W�i�Va nem ismert�����6�]�i�U�D�]���N�|�U�•�O�P�p�Q�\�H�N���N�|�]�|�W�W �± �D�]���D�O�X�P�t�Q�L��
�X�P�K�R�]���K�D�V�R�Q�O�y���P�y�G�R�Q���± �D���I�H�O�•�O�H�W�p�Q���N�L�D�O�D�N�X�O�y �Y�p�N�R�Q�\���R�[�L�G�U�p�W�H�J���J�i�W�R�O�M�D���D���N�R�U�U�y�]�L�y�M�i�W�� ami biz-
�W�R�V�t�Wja, hogy a�]���D�Q�y�G���D�Q�\�D�J�D �D���V�y�V�Y�t�]���H�O�H�N�W�U�R�O�L�W�W�D�O���W�|�U�W�p�Q�����p�U�L�Q�W�N�H�]�p�V�H�����D���W�H�Q�J�H�U�E�H���M�X�W�i�Va) �H�O���W�W��
�W�H�W�V�]���O�H�J�H�V���L�G�H�L�J���N�D�U�E�D�Q�W�D�U�W�i�V���Y�D�J�\���U�H�Y�t�]�L�y���Q�p�O�N�•�O���Y�i�O�W�R�]�D�W�O�D�Q���P�D�U�D�G�M�R�Q. 

�$���P�D�J�Q�p�]�L�X�P���D�Q�y�G�R�V���H�O�H�N�W�U�R�P�R�V���F�H�O�O�D���I�H�O�•�O�H�W�p�Q a �W�H�Q�J�H�U�Y�t�]�E�H���N�H�U�•�O�Y�H���L�R�Q�R�V���i�O�O�D�S�R�W�E�D�Q���Q�H��
�K�H�]�H�Q���R�O�G�y�G�y���0�J���2�+��2 �F�V�D�S�D�G�p�N���N�H�O�H�W�N�H�]�L�N�����D�P�H�O�\���E�H�Y�R�Q�Y�D���D�]���H�O�H�N�W�U�y�G���I�H�O�•�O�H�W�p�W���D���W�H�Q�J�H�U�Y�t�]��
�E�H�Q�� �D�� �P�i�V�R�G�I�D�M�~�� �H�O�H�N�W�U�R�P�R�V�� �i�U�D�P�Y�H�]�H�W�p�V�W�� �J�i�W�R�O�M�D���� �D�P�L�� �D�]�� �H�O�H�N�W�U�R�P�R�V�� �F�H�O�O�D�� �P�&�N�|�G�p�V�p�W��egyre 
�H�U���V�H�E�E�H�Q���J�i�W�R�O�M�D�����P�D�M�G���H�O�O�H�K�H�W�H�W�O�H�Q�t�W�L�����0�L�Y�H�O���D���F�H�O�O�D���P�&�N�|�G�p�V�H���V�R�U�i�Q��ugyanakkor folyamatosan 
�K�L�G�U�R�J�p�Q���J�i�]���I�H�M�O���G�L�N�����H�]���D���J�i�]�N�p�S�]���G�p�V��- �P�H�J�I�H�O�H�O�����N�L�D�O�D�N�t�W�i�V���H�V�H�W�p�Q��- �H�O�W�i�Y�R�O�t�W�M�D���D���N�L�D�O�D�N�X�O�y��
�P�D�J�Q�p�]�L�X�P-hidroxid �O�H�S�H�G�p�N�H�W, ami �O�H�K�H�W���Y�p�� �W�H�V�]�L�� �D��cella �I�R�O�\�D�P�D�W�R�V�� �P�&�N�|�G�p�V�pt. �$�� �P�D�J�Q�p��
�]�L�X�P���H�O�H�N�W�U�y�G���W�R�N�R�]�i�V�i�W���p�S�S�H�Q���H�]�p�U�W���~�J�\���N�H�O�O���N�L�D�O�D�N�t�W�D�Q�L�����K�R�J�\���D���N�H�O�H�W�N�H�]�����K�L�G�U�R�J�p�Q�J�i�]���H�O���W�X�G��
�M�R�Q���W�i�Y�R�]�Q�L���p�V���D���P�D�J�Q�p�]�L�X�P���I�H�O�•�O�H�W�p�W���Ä�W�L�V�]�W�i�Q�´���W�X�G�M�D���W�D�U�W�D�Q�L�����D�]�D�]���D���N�H�O�H�W�N�H�]�����F�V�D�S�D�G�p�N�R�W���R�Q�Q�D�Q��
�H�O���W�X�G�M�D���W�i�Y�R�O�t�W�D�Q�L�� 

������



�.�R�Y�i�F�V���%. et. al 

 

�$���N�D�W�y�G�R�N�E�D�Q���P�D�Q�J�i�Q-�G�L�R�[�L�G�R�W���D�O�N�D�O�P�D�]�W�X�Q�N�����D�P�L���D���P�D�J�Q�p�]�L�X�P�K�R�]���K�D�V�R�Q�O�y�D�Q���Q�H�P���W�R�[�L�N�X�V��
�p�V�� �D�� �N�|�U�Q�\�H�]�H�W�U�H�� �V�H�P�� �N�i�U�R�V���� �$�� �P�D�Q�J�i�Q�� �H�O�H�N�W�U�y�G�S�R�W�H�Q�F�L�i�O�M�D�� ����51 V, ami azt jelenti, hogy a 
�0�J���0�Q���H�O�H�N�W�U�y�G�R�V���H�Q�H�U�J�L�D�F�H�O�O�D���± �I�L�J�\�H�O�H�P�E�H���Y�p�Y�H���D���Y�i�U�K�D�W�y���Y�H�V�]�W�H�V�p�J�H�N�H�W���L�V���± �D�N�i�U���W�D�U�W�y�V�D�Q���L�V��
1,2-1,5 �9���N�|�U�•�O�L���N�D�S�R�F�V�I�H�V�]�•�O�W�V�p�J�U�H���O�H�K�H�W���N�p�S�H�V���� 

�$�]�R�Q�E�D�Q���D���P�D�Q�J�i�Q-�G�L�R�[�L�G���Q�H�P���Y�H�]�H�W�L���M�y�O���D�]���H�O�H�N�W�U�R�P�R�V���i�U�D�P�R�W�����t�J�\���S�R�U���I�R�U�P�i�E�D�Q���J�U�D�I�L�W�S�R�U��
�U�D�O���N�H�Y�H�U�Y�H���D�O�N�D�O�P�D�]�W�X�N���D���N�H�O�O���H�Q���N�L�V���E�H�O�V�����H�O�O�H�Q�i�O�O�i�V���H�O�p�U�p�V�H���p�U�G�H�N�p�E�H�Q�����D�P�L�W���D���V�]�H�P�F�V�p�N���P�L�Q�p�O��
�H�U���V�H�E�E���N�R�Q�W�D�N�W�X�V�i�Q�D�N���P�H�J�W�H�U�H�P�W�p�V�H���p�U�G�H�N�p�E�H�Q��500 bar feletti n�\�R�P�i�V�R�Q���S�U�p�V�H�O�W�•�Q�N���|�V�V�]�H�����$��
�S�U�p�V�H�O�p�V���V�H�J�t�W�V�p�J�p�Y�H�O���H�J�\���W�|�E�E�p-�N�H�Y�p�V�E�p���V�]�L�O�i�U�G���N�D�W�y�G�D�Q�\�D�J�R�W���N�D�S�X�Q�N�����D�P�L�Q�H�N���D�]�R�Q�E�D�Q���D���Y�t�]�]�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�H���Y�L�V�]�R�Q�\�O�D�J���N�L�F�V�L�����Y�D�J�\�L�V���D�]���H�O�H�N�W�U�y�G���Q�p�K�i�Q�\���y�U�D �D�O�D�W�W���V�]�p�W�i�]�L�N�� 

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

�$���F�H�O�O�D���|�V�V�]�H�i�O�O�t�W�i�V�i�K�R�]���D�]���H�O�H�N�W�U�y�G�R�N�D�W���H�J�\�����'���Q�\�R�P�W�D�W�R�W�W���S�R�O�L�W�H�M�V�D�Y�����3�/�$�����D�Q�\�D�J�~���W�R�N�E�D�Q��
�K�H�O�\�H�]�W�•�N���H�O�����$���3�/�$���O�H�J�N�H�G�Y�H�]���E�E���W�X�O�D�M�G�R�Q�V�i�J�D���D���F�H�O�O�D���V�]�H�P�S�R�Q�W�M�i�E�y�O�����K�R�J�\���D���N�|�U�Q�\�H�]�H�W�E�H�Q��
�P�L�N�U�R�E�L�R�O�y�J�L�D�L���K�D�W�i�V�U�D���N�|�Q�Q�\�H�Q���O�H�E�R�P�O�L�N�����L�J�\���Q�H�P���W�H�U�K�H�O�L���D���W�H�Q�J�H�U�H�N�H�W���P�L�N�U�R�P�&anyag szeny-
�Q�\�H�]�p�V�V�H�O�����.�t�V�p�U�O�H�W�H�L�Q�N���V�R�U�i�Q���W�D�S�D�V�]�W�D�O�W�X�N�����K�R�J�\���N�p�W-�K�i�U�R�P���Q�D�S�L���P�&�N�|�G�p�V���X�W�i�Q���D���3�/�$���W�D�U�W�y�V�]�H�U��
�N�H�]�H�W���P�i�U���W�|�U�p�N�H�Q�Q�\�p���Y�i�O�W�����Y�p�N�R�Q�\�D�E�E���U�p�V�]�H�L���V�]�p�W�H�V�W�H�N���p�V���P�i�U���U�p�V�]�E�H�Q���I�H�O���L�V���R�O�G�y�G�W�D�N�� 

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

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

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

�$���M�H�O�H�Q�O�H�J���V�]�D�E�Y�i�Q�\�R�V���I�H�V�]�•�O�W�V�p�J�V�]�L�Q�W�H�N�E���O���� V, illetve 3.3 �9���I�H�V�]�•�O�W�V�p�J�V�]�L�Q�W�H�N�K�H�]�� �p�S�t�W�H�W��
�W�•�Q�N���I�H�V�]�•�O�W�V�p�J���V�W�D�E�L�O�L�]�i�W�R�U���i�U�D�P�N�|�U�|�N�H�W���'�&-DC konverterrel, ilyen �P�y�G�R�Q���D���I�H�V�]�•�O�W�V�p�J�W�|�E�E��
�V�]�|�U�|�]�p�V���P�H�J�Y�D�O�y�V�t�W�K�D�W�y�Y�i���Y�i�O�W (2�����i�E�U�D) 

������



�.�|�U�Q�\�H�]�H�W�E�D�U�i�W���H�Q�H�U�J�L�D�F�H�O�O�D���I�H�M�O�H�V�]�W�p�V�H���p�V���D�O�N�D�O�P�D�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

 
2�����i�E�U�D�� 

�$���I�H�V�]�•�O�W�V�p�J�Q�|�Y�H�O�����N�R�Q�Y�H�U�W�H�U���H�J�\�V�]�H�U�&�V�t�W�H�W�W���Y�i�]�O�D�W�D 
 

 
4. EREDMÉNYEK - A MAGNÉZIUM/MANGÁN KÖRNYEZETBARÁT ENERGIA-

CELLA TULAJDONSÁGAI  

 
4.1. �$�]���H�Q�H�U�J�L�D�F�H�O�O�D���W�H�O�M�H�V�t�W�P�p�Q�\�H 

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

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

�(�Q�Q�H�N���Y�L�]�V�J�i�O�D�W�i�U�D���D �N�•�O�|�Q�E�|�]�����|�V�V�]�H�W�p�W�H�O�&�����D�]�R�Q�R�V���P�y�G�R�Q���N�p�V�]�t�W�H�W�W���N�D�W�y�G�W�D�E�O�H�W�W�i�N���H�O�H�N�W�U�R��
�P�R�V���H�O�O�H�Q�i�O�O�i�V�i�W���P�H�J�P�p�U�W�•�N ���D���P�p�U�W���p�U�W�p�N�H�N������-���������P�6���N�|�]�|�W�W���Y�i�O�W�R�]�W�D�N�������P�D�M�G���D���1� �����5���N�p�S��
�O�H�W�W�H�O�� �N�L�V�]�i�P�t�W�R�W�W�X�N�� �D�� �Y�H�]�H�W���N�p�S�H�V�V�p�J�•�N�H�W���� �$�� �N�D�S�R�W�W�� �p�U�W�p�N�H�N�H�W�� �i�E�U�i�]�R�O�W�X�N�� �D�� �J�U�D�I�L�W�� �V�]�i�]�D�O�p�N�R�V��
�D�U�i�Q�\�i�Q�D�N���I�•�J�J�Y�p�Q�\�p�E�H�Q�����P�D�M�G���D���N�|�Y�H�W�N�H�]�����N�p�S�O�H�W�W�H�O��(1) �O�H�t�U�K�D�W�y���V�]�L�J�P�Rid-�I�•�J�J�Y�p�Q�\�W���L�O�O�H�V�]�W�H�W��
�W�•�N���D���N�D�S�R�W�W���p�U�W�p�N�H�N�U�H 

�ê 
L �ê�4 
E
�� �-

�5�>�Ø�7�Ö
� �:�ã�7�ã
� �;,      (1) 

ahol �1 �D�]���H�O�H�N�W�U�R�P�R�V���Y�H�]�H�W���N�p�S�H�V�V�p�J��[mS], �10 �D���N�H�]�G�H�W�L�������������J�U�D�I�L�W�W�D�U�W�D�O�R�P�K�R�]���W�D�U�W�R�]�y���Y�H�]�H�W����
�N�p�S�H�V�V�p�J��[mS], �11 a �Y�H�]�H�W���N�p�S�H�V�V�p�J���O�H�J�Q�D�J�\�R�E�E���Y�i�O�W�R�]�i�V�D���D���J�U�D�I�L�W�W�D�U�W�D�O�R�P���I�•�J�J�Y�p�Q�\�p�E�H�Q��[mS], 
k�1 �D���P�H�J�Y�i�O�W�R�]�i�V���P�p�U�W�p�N�p�W���P�H�J�K�D�W�i�U�R�]�y���i�O�O�D�Q�G�y��[1/%], x�1 �D���J�|�U�E�H���L�Q�I�O�H�[�L�y�V���S�R�Q�W�M�i�K�R�]���W�D�U�W�R�]�y��
�|�V�V�]�H�W�p�W�H�O��[%�@���p�V��x �D���J�U�D�I�L�W���D�U�i�Q�\�D��[%]. 

�+�D�V�R�Q�O�y�N�p�S�S�H�Q���P�p�U�W�•�N���D���F�H�O�O�i�N���H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�H�M�p�W���L�V ���D���P�p�U�W���p�U�W�p�N�H�N����������-�����������9���N�|�]�|�W�W��
�Y�i�O�W�R�]�W�D�N�� �D���J�U�D�I�L�W�W�D�U�W�D�O�R�P���I�•�J�J�Y�p�Q�\�p�E�H�Q���p�V���X�J�\�D�Q�F�V�D�N���V�]�L�J�P�R�L�G-�I�•�J�J�Y�p�Q�Q�\�H�O���N�|�]�H�O�t�W�H�W�W�•�N�� 

�7 
L �7�4 
E
�Î �-

�5�>�Ø�7�Ö�Æ�:�ã�7�ã�Æ�;,      (2) 

ahol U az elektromo�W�R�U�R�V���H�U�� �Y�H�]�H�W���N�p�S�H�V�V�p�J��[V], U0 �D���N�H�]�G�H�W�L�������������J�U�D�I�L�W�W�D�U�W�D�O�R�P�K�R�]���W�D�U�W�R�]�y��
�H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�� [V], U1 �D�]���H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�� �O�H�J�Q�D�J�\�R�E�E���Y�i�O�W�R�]�i�V�D���D���J�U�D�I�L�W�W�D�U�W�D�O�R�P���I�•�J�J��
�Y�p�Q�\�p�E�H�Q��[V]. kU �D�� �P�H�J�Y�i�O�W�R�]�i�V�� �P�p�U�W�p�N�p�W�� �P�H�J�K�D�W�i�U�R�]�y�� �i�O�O�D�Q�G�y��[1/%], xU �D�� �J�|�U�E�H�� �L�Q�I�O�H�[�L�y�V��
�S�R�Q�W�M�i�K�R�]���W�D�U�W�R�]�y���|�V�V�]�H�W�p�W�H�O��[%�@���p�V��x �D���J�U�D�I�L�W���D�U�i�Q�\�D��[%]. �$���P�p�U�W���J�|�U�E�p�N�H�W��3�����i�E�U�D mutatja be, 
�D�]���L�O�O�H�V�]�W�H�W�W���J�|�U�E�H�S�D�U�D�P�p�W�H�U�H�N�H�W���D 1�����W�i�E�O�i�]�D�W tartalmazza. 

 

 

������



�.�R�Y�i�F�V���%. et. al 

 

 
3�����i�E�U�D 

�$���F�H�O�O�i�Q���P�p�U�W���H�O�H�N�W�U�R�P�R�V���H�O�O�H�Q�i�O�O�i�V���p�V���H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�����I�•�J�J�p�V�H���D���N�D�W�y�G���J�U�D�I�L�W-�W�D�U�W�D�O�P�i�W�y�O 
 

1�����W�i�E�O�i�]�D�W 
Az elek�W�U�R�P�R�V���H�O�O�H�Q�i�O�O�i�V���p�V���D�]���H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�����J�U�D�I�L�W�W�D�U�W�D�O�R�P���I�•�J�J�p�V�p�Q�H�N���S�D�U�D�P�p�W�H�U�H�L 

P�D�U�D�P�p�W�H�U 
E�O�H�N�W�U�R�P�R�V���H�O�O�H�Q�i�O�O�i�V�� E�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�� 

�p�U�W�p�N hiba �p�U�W�p�N hiba 

R2 0,9947   0.88076   

�10 [mS], U0 [V] 22,53 4,01 2.00208 0.08552 

�11 [mS], U1 [V] 125,51 5,35 -0.52751 0.11304 

k�1 �p�V��kU [1/%] 0,33 0,06 0.32403 0.27121 

x�1 �p�V���[U [%] 43,84 0,59 43.27826 3.1078 

 
Mivel az �H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�����p�V���D���E�H�O�V�����Y�H�]�H�W���N�p�S�H�V�V�p�J���p�U�W�p�N�H�N���H�J�\�•�W�W�H�V�H�Q���K�D�W�i�U�R�]�]�i�N���P�H�J��

�H�J�\���D�G�R�W�W���N�•�O�V�����W�H�U�K�H�O�p�V���H�V�H�W�p�Q���D���J�D�O�Y�i�Q�H�O�H�P���i�O�W�D�O���N�L�Q�\�H�U�K�H�W�����W�H�O�M�H�V�t�W�P�p�Q�\�W�����H�]�p�U�W���D���N�p�W���J�|�U�E�p�W���D��
0-���������� �p�U�W�p�N�W�D�U�W�R�P�i�Q�\�U�D���Q�R�U�P�i�O�W�X�N���� �D�K�R�O������ �D���O�H�J�N�L�V�H�E�E���� ���������� �D���P�D�[�L�P�i�O�L�V���Y�H�]�H�W���N�p�S�H�V�V�p�J����
�L�O�O�H�W�Y�H�� �H�O�H�N�W�U�R�P�R�W�R�U�R�V�� �H�U������ �$�]�� �t�J�\�� �i�W�V�]�i�P�R�O�W�� �p�U�W�p�N�H�N���� �p�V�� �D�]�� �D�]�R�N�U�D�� �V�]�i�P�R�O�W�� �S�D�U�D�P�p�W�H�U�H�N�� �D 4. 
�i�E�U�Dn �p�V��2�����W�i�E�O�i�]�D�Wban �O�i�W�K�D�W�y�N�� 

 
4�����i�E�U�D 

�$���Q�R�U�P�i�O�W���H�O�H�N�W�U�R�P�R�V���H�O�O�H�Q�i�O�O�i�V���p�V���H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�����I�•�J�J�p�V�H���D���N�D�W�y�G���J�U�D�I�L�W�W�D�U�W�D�O�P�i�W�y�O 

������



�.�|�U�Q�\�H�]�H�W�E�D�U�i�W���H�Q�H�U�J�L�D�F�H�O�O�D���I�H�M�O�H�V�]�W�p�V�H���p�V���D�O�N�D�O�P�D�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

 
2�����W�i�E�O�i�]�D�W 

A 0-�����������W�D�U�W�R�P�i�Q�\�U�D���Q�R�U�P�i�O�W��elek�W�U�R�P�R�V���H�O�O�H�Q�i�O�O�i�V���p�V���D�]���H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�����J�U�D�I�L�W�W�D�U�W�D�O�R�P��
�I�•�J�J�p�V�p�Q�H�N���S�D�U�D�P�p�W�H�U�H�L 

P�D�U�D�P�p�W�H�U 

 elektromos �H�O�O�H�Q�i�O�O�i�V   �H�O�H�N�W�U�R�P�R�W�R�U�R�V���H�U�� 

�p�U�W�p�N hiba �p�U�W�p�N hiba 

R2 0.9945  0.88076   

�10 [mS], U0 [V] 0,00 0,00 2.00208 0.08552 

�11 [mS], U1 [V] 94,14 2,21 -0.52751 0.11304 

k�1 �p�V��kU [1/%] 0,32 0,04 0.32403 0.27121 

x�1 �p�V���[U [%] 43,75 0,46 43.27826 3.1078 
 
�(�J�\�� �J�D�O�Y�i�Q�H�O�H�P�� �P�&�N�|�G�p�V�H�� �V�R�U�i�Q�� �D�G�R�W�W�� �W�H�U�K�H�O�p�V�� �H�V�H�W�p�Q�� �D�� �O�H�D�G�R�W�W�� �W�H�O�M�H�V�t�W�P�p�Q�\�� �N�p�W�� �D�O�D�S�Y�H�W����

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

�$���F�H�O�O�D���V�]�i�P�t�W�R�W�W���i�U�D�P�i�W���>�P�$�@���D�]���D�O�i�E�E�L��(2) �|�V�V�]�H�I�•�J�J�p�V�V�H�O���V�]�i�P�t�W�K�D�W�M�X�N 
 

�+ 
L
�Î �-

�5�>�Ø�7�Ö�Æ�:�ã�7�ã�Æ�; �Û
�� �-

�5�>�Ø�7�Ö
� �:�ã�7�ã
� �;      (3) 

 
�$���F�H�O�O�D���3�>�P�:�@���W�H�O�M�H�V�t�W�P�p�Q�\�p�W���D���I�H�V�]�•�O�W�V�p�J���Q�p�J�\�]�H�W�p�Q�H�N���p�V���Y�H�]�H�W���N�p�S�H�V�V�p�J���V�]�R�U�]�D�W�i�E�y�O �V�]�i�P�t��
tottuk ki a (4) �N�p�S�O�H�W���V�H�J�t�W�V�p�J�p�Y�H�O�����I�H�O�K�D�V�]�Q�i�O�Y�D���D�]���H�O���]���H�N�E�H�Q���G�H�I�L�Q�L�i�O�W���N�p�S�O�H�W�H�N�H�W���p�V���Y�i�O�W�R�]�y�N�D�W����
�0�L�Y�H�O���D�O�D�S�Y�H�W���H�Q���D���W�H�O�M�H�V�t�W�P�p�Q�\���J�U�D�I�L�W�P�H�Q�Q�\�L�V�p�J�W���O���Y�D�O�y���I�•�J�J�p�V�p�U�H���Y�R�O�W�X�Q�N���N�t�Y�i�Q�F�V�L�D�N�����D���I�•�J�J��
�Y�p�Q�\�H�N���N�R�Q�V�W�D�Q�V���S�D�U�D�P�p�W�H�U�H�L�W���Q�X�O�O�i�Q�D�N���Y�i�O�D�V�]�W�R�W�W�X�N 

 

�2 
L �@
�Î �-

�5�>�Ø�7�Ö�Æ�:�ã�7�ã�Æ�;�A
�6

�Û
�� �-

�5�>�Ø�7�Ö
� �:�ã�7�ã
� �;      (4) 

 

5�����i�E�U�D 
�$�]���H�Q�H�U�J�L�D�F�H�O�O�i�Q���P�p�U�W���i�U�D�P�H�U���V�V�p�J���p�V���D���O�H�D�G�R�W�W���W�H�O�M�H�V�t�W�P�p�Q�\���D���J�U�D�I�L�W�W�D�U�W�D�O�R�P���I�•�J�J�Y�p�Q�\�p�E�H�Q�� 
 

������



�.�R�Y�i�F�V���%. et. al 

 

�$�]�� �i�U�D�P-�I�•�J�J�Y�p�Q�\�Q�H�N�� �������� �D�� �W�H�O�M�H�V�t�W�P�p�Q�\-�I�•�J�J�Y�p�Q�\�Q�H�N�� ���� ���� �J�U�D�I�L�W�W�D�U�W�D�O�R�P�Q�i�O�� �Y�D�Q�� �P�D�[�L��
�P�X�P�D���� �L�O�\�H�Q�� �P�y�G�R�Q�� �D�� �N�D�W�y�G�� �D�Q�\�D�J�i�E�D�� �N�H�Y�H�U�W�� ����-55 %-�Q�\�L�� �J�U�D�I�L�W�S�R�U�W�� �W�H�N�L�Q�W�K�H�W�•�Q�N�� �R�S�W�L�P�i�O�L�V��
�|�V�V�]�H�W�p�W�H�O�Q�H�N�� 

 
�$���P�p�U�p�V�H�N���D�O�D�S�M�i�Q���O�i�W�V�]�L�N�����K�R�J�\���D�N�i�U���� �9���N�|�U�•�O�L���N�D�S�R�F�V�I�H�V�]�•�O�W�V�p�J�L���i�U�D�P�I�R�U�U�i�V���L�V���H�O���i�O�O�t�W�K�D�W�y��

(3�����i�E�U�D�������G�H���D�]���R�S�W�L�P�i�O�L�V������-55%-�R�V���J�U�D�I�L�W�W�D�U�W�D�O�P�~���D�Q�y�G����5�����i�E�U�D�����H�V�H�W�p�Q��������-���������9���N�|�U�•�O�L���N�H�]��
�G�H�W�L���I�H�V�]�•�O�W�V�p�J�H�N�N�H�O���V�]�i�P�R�O�K�D�W�X�Q�N�����D�P�L���D���K�D�V�]�Q�i�O�D�W���N�|�]�E�H�Q���± �D���F�H�O�O�D���N�L�P�H�U�•�O�p�V�p�Y�H�O���S�i�U�K�X�]�D�P�R��
san �± �F�V�|�N�N�H�Q�����7�H�N�L�Q�W�Y�H���D���V�]�R�N�i�V�R�V���~�M�U�D�W�|�O�W�K�H�W�����1�L�&�G���Y�D�J�\���1�L�0�+���W�H�O�H�S�H�N�����������9-�R�V���Q�p�Y�O�H�J�H�V��
�I�H�V�]�•�O�W�V�p�J�p�W�����D�]���H�Q�H�U�J�L�D�F�H�O�O�D���K�D�V�R�Q�O�y���D�O�N�D�O�P�D�]�i�V�L���N�|�U�|�N�E�H�Q���O�H�K�H�W���K�D�V�]�Q�R�V�t�W�K�D�W�y���� 
 
4.2. Az energiacella mechanikai �V�W�D�E�L�O�L�W�i�V�D 

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

�$���S�U�p�V�H�O�W���K�H�Q�J�H�U���D�O�D�N�~���W�D�E�O�H�W�W�i�N�D�W���p�O�P�H�Q�W�L���W�|�U�p�V�H�V�����%�U�D�]�L�O�����K�~�]�y-�Q�\�R�P�y���N�t�V�p�U�O�H�W�H�N�Q�H�N���Y�H�W�H�W��
�W�•�N���D�O�i�����$���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�W���D���N�R�U�i�E�E�L�����������E�D�U���K�H�O�\�H�W�W����������-�����������E�D�U���W�D�U�W�R�P�i�Q�\�U�D���H�P�H�O�W�•�N���p�V��
�����������E�D�U���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�O�p�S�F�V���Y�H�O���P�p�U�W�•�N���D���W�H�K�H�U�E�t�U�y���N�p�S�H�V�V�p�J���Y�i�O�W�R�]�i�V�i�W�� �$���N�t�V�p�U�O�H�W�H�N���D�U�U�D���D��
�Q�H�P���Y�i�U�W���H�U�H�G�P�p�Q�\�U�H���Y�H�]�H�W�W�H�N�����K�R�J�\���D���N�D�W�y�G�W�D�E�O�H�W�W�i�N���K�~�]�y�V�]�L�O�i�U�G�V�i�J �D�O�D�S�M�i�Q���V�]�i�P�t�W�R�W�W��mecha-
nikai �V�W�D�E�L�O�L�W�i�V�D���D���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V�W�y�O���I�•�J�J�H�W�O�H�Q�•�O����������-2,0 �0�3�D���W�D�U�W�R�P�i�Q�\�E�D���H�V�H�W�W�����D�]�D�]���D���S�U�p��
�V�H�O�p�V�L���Q�\�R�P�i�V���H�P�H�O�p�V�H���Q�H�P���Y�i�O�W�R�]�W�D�W�W�D���P�H�J���D���P�L�Q�W�i�N���V�W�D�E�L�O�L�W�i�V�i�W�����(�]�W���N�|�Y�H�W���H�Q���D���P�L�Q�W�i�N�D�W���V�]�W�H��
�D�U�L�Q�V�D�Y�D�V���N�|�W���D�Q�\�D�J�J�D�O���N�H�]�H�O�W�•�N�����D�P�L�Q�H�N���K�D�W�i�V�i�U�D���D�������0�3�D���N�|�U�•�O�L���K�~�]�y�V�]�L�O�i�U�G�V�i�J��������-3,4 MPa 
�p�U�W�p�N�U�H���H�P�H�O�N�H�G�H�W�W���� 

�$���1h �K�~�]�y�V�]�L�O�i�U�G�V�i�J���>�0�3�D�@���p�V���D���3���S�U�p�V�H�O�p�V�L���Q�\�R�P�i�V���>�E�D�U�@���N�|�]�|�W�W�L���|�V�V�]�H�I�•�J�J�p�V�U�H���D���N�|�W���D�Q�\�D�J��
�Q�p�O�N�•�O�L���H�V�H�W�E�H�Q���1h� �������������0�3�D���p�U�W�p�N�H�W���P�p�U�W�•�Q�N���������������0�3�D���V�]�y�U�i�V�V�D�O�����P�t�J���D���V�]�W�H�D�U�L�Q�V�D�Y�D�V���N�|�W����
�D�Q�\�D�J�~���P�L�Q�W�i�N���H�V�H�W�p�E�H�Q���D���1h[MPa]=1,515+1,78�710-4�7P[bar] �p�U�W�p�N�H�W��kaptunk �������������0�3�D���V�]�y�U�i�V��
sal. �$���Q�D�J�\�R�E�E���K�~�]�y�V�]�L�O�i�U�G�V�i�J���P�H�O�O�H�W�W���D���P�L�Q�W�i�N���W�H�K�H�U�Y�L�V�H�O���N�p�S�H�V�V�p�J�p�Q�H�N���V�]�y�U�i�V�D���L�V���O�H�F�V�|�N�N�H�Q�W 
a szte�D�U�L�Q�V�D�Y���D�G�D�J�R�O�i�V���N�|�Y�H�W�N�H�]�W�p�E�H�Q�����D�P�L���D���F�H�O�O�i�N���N�p�V���E�E�L���J�\�i�U�W�K�D�W�y�V�i�J�D���V�]�H�P�S�R�Q�W�M�i�E�y�O���H�J�\��
�N�H�G�Y�H�]���� �D�G�R�W�W�V�i�J�� Mivel a sztearinsav rossz elektromos vezet������ �H�]�p�U�W�� �D�]�W�� �D�� �O�H�K�H�W���� �O�H�J�N�L�V�H�E�E��
�N�R�Q�F�H�Q�W�U�i�F�L�y�E�D�Q���p�V���D���O�H�J�M�R�E�E�D�Q���G�L�V�]�S�H�U�J�i�O�W���I�R�U�P�i�E�D�Q���N�H�O�O�H�W�W���D���N�D�W�y�G���D�Q�\�D�J�i�E�D���N�H�Y�H�U�Q�L���� 

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

�$���V�]�W�H�D�U�L�Q�V�D�Y���P�H�J�I�H�O�H�O�����D�G�D�J�R�O�i�V�i�W���N�t�V�p�U�O�H�W�V�R�U�R�]�D�W�W�D�O���i�O�O�t�W�R�W�W�X�N���E�H�����$�]���|�V�V�]�H�W�p�W�H�O���p�V���D�G�D�J�R�O�i�V�L��
�P�y�G���R�S�W�L�P�D�O�L�]�i�O�i�V�i�Y�D�O���D���N�D�W�y�G�W�D�E�O�H�W�W�i�N���E�H�O�V�����H�O�O�H�Q�i�O�O�i�V�i�W���P�L�Q�G�|�V�V�]�H�V�H�Q����������-�N�D�O���H�P�H�O�W�•�N���P�H�J����
�P�L�N�|�]�E�H�Q���D���K�~�]�y�V�]�L�O�i�U�G�V�i�J�E�D�Q���N�|�]�H�O��30%-�R�V���H�P�H�O�N�H�G�p�V�W���p�U�W�•�Q�N���H�O (6�����i�E�U�D).  

 

������



�.�|�U�Q�\�H�]�H�W�E�D�U�i�W���H�Q�H�U�J�L�D�F�H�O�O�D���I�H�M�O�H�V�]�W�p�V�H���p�V���D�O�N�D�O�P�D�]�i�V�L���O�H�K�H�W���V�p�J�H�L 

 

 
(a)                                                                     (b) 

6�����i�E�U�D 
�$���V�]�W�H�D�U�L�Q�V�D�Y���K�D�W�i�V�D��a �N�D�W�y�G�F�H�O�O�D���V�]�L�O�i�U�G�V�i�J�i�U�D�����D�����p�V���H�O�H�N�W�U�R�P�R�V���H�O�O�H�Q�i�O�O�i�V�i�U�D (b) 

 
5. KÖVETKEZTETÉSEK 

�$���F�p�O�X�Q�N���H�J�\���R�O�\�D�Q���H�Q�H�U�J�L�D�F�H�O�O�D���|�V�V�]�H�i�O�O�t�W�i�V�D���Y�R�O�W�����D�P�L�Q�H�N���D���O�H�J�I�R�Q�W�R�V�D�E�E���|�V�V�]�H�W�H�Y���L���Y�D�J�\��
�|�Q�P�D�J�X�N�E�D�Q���L�V���D���N�|�U�Q�\�Hz�H�W�E�H�Q���P�H�J�W�D�O�i�O�K�D�W�y�D�N�����Y�D�J�\���N�|�Q�Q�\�H�Q���p�V���N�|�U�Q�\�H�]�H�W�N�t�P�p�O�����P�y�G�R�Q���E�R�P��
lanak le, ilyen �p�U�W�H�O�H�P�E�H�Q���D�]���H�Q�H�U�J�L�D�F�H�O�O�D���N�|�U�Q�\e�]�H�W�L���O�i�E�Q�\�R�P�D���P�L�Q�L�P�i�O�L�V�����$���V�R�U�R�]�D�W�R�V���N�t�V�p�U�O�H��
tekkel magn�p�]�L�X�P���I�p�P���D�Q�y�G���p�V���G�L�V�]�S�H�U�J�i�W���V�]�W�H�D�U�L�Q�V�D�Y���N�|�W���D�Q�\�D�J�~�� �P�D�Q�J�i�Q-�R�[�L�G���p�V���J�U�D�I�L�W���N�E����
fele-�I�H�O�H���D�U�i�Q�\�E�D�Q���N�p�V�]�t�W�H�W�W���P�D�J�D�V���Q�\�R�P�i�V�R�Q���S�U�p�V�H�O�W���N�H�Y�H�U�p�N�p�E���O���i�O�O�y���N�D�W�y�G���D�O�D�S�~���H�Q�H�U�J�L�D�F�H�O�O�i�W��
�N�t�V�p�U�O�H�W�H�]�W�•�Q�N���N�L�����D�P�L�W���S�R�O�L�W�H�M�V�D�Y�����3�/�$�����D�O�D�S�~�����'���Q�\�R�P�W�D�W�R�W�W���W�R�N�R�]�i�V�E�D���K�H�O�\�H�]�W�•�Q�N���H�O�����$�]���H�Q�H�U��
�J�L�D�F�H�O�O�i�W���O�D�E�R�U�D�W�y�U�L�X�P�L���p�V���W�H�U�H�S�L���N�|�U�•�O�P�p�Q�\�H�N���N�|�]�|�W�W���L�V���W�H�V�]�W�H�O�W�•�N���p�V���D�]�W���W�D�S�D�V�]�W�D�O�W�X�N�����K�R�J�\��az 
�D�O�D�F�V�R�Q�\���I�R�J�\�D�V�]�W�i�V�~���H�O�H�N�W�U�R�P�R�V���I�R�J�\�D�V�]�W�y�N���H�O�O�i�W�i�V�i�U�D���P�H�J�I�H�O�H�O�������$���W�H�U�H�S�L���W�H�V�]�W�H�N�H�Q az ener-
giacella 3-�����Q�D�S�R�V���L�G���V�]�D�N�R�Q���i�W���W�X�G�R�W�W����������-1500 m-�H�V���W�i�Y�R�O�V�i�J�E�y�O���M�y�O���p�V�]�O�H�O�K�H�W��, �/�(�'���D�O�D�S�~, 
1-�����P�i�V�R�G�S�H�U�F�H�V���L�G���N�|�]�|�Q�N�p�Q�W�L���Y�L�O�O�D�Q�y�I�p�Q�\-�I�R�U�U�i�V�W �N�L�V�]�R�O�J�i�O�Q�L�����D�P�L�Q�H�N���D�O�D�S�M�i�Q���K�D�V�R�Q�O�y���L�G���W�i�Y��
�O�D�W�E�D�Q���O�H�K�H�W���N�p�S�H�V���D���F�H�O�O�D���D���/�(�'-�K�H�]���K�D�V�R�Q�O�y���I�R�J�\�D�V�]�W�i�V�~��LP LoRa (Low Power - Long Range) 
�D�O�D�S�~���W�i�Y�N�|�]�O�p�V�L���U�H�Q�G�V�]�H�U�H�N���N�L�V�]�R�O�J�i�O�i�V�i�U�D���L�V (LoRa Alliance, 2015). Az energiacella alkalmas 
�O�H�K�H�W���P�p�O�\�W�H�Q�J�H�U�L���N�|�U�Q�\�H�]�H�W�E�H�Q���Y�D�J�\���O�D�N�R�W�W���W�H�U�•�O�H�W�H�N�W���O���W�i�Y�R�O���W�D�O�i�O�K�D�W�y���W�p�U�V�p�J�H�N�E�H�Q���y�F�H�i�Q�N�X�W�D�W�y��
vagy bizton�V�i�J�L���F�p�O�~���P�&�V�]�H�U�H�N�����H�V�]�N�|�]�|�N���L�G���V�]�D�N�L���H�Q�H�U�J�L�D�H�O�O�i�W�i�V�i�U�D�����6�K�L�Q�R�K�D�U�D���H�W���D�O�������������������� 
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Kivonat : �0�D�J�\�D�U�R�U�V�]�i�J���V�S�H�F�L�i�O�L�V���I�|�O�G�U�D�M�]�L���H�O�K�H�O�\�H�]�N�H�G�p�V�H��miatt �D���Y�t�]�N�p�V�]�O�H�W�H�L�Q�N�U�H���J�\�D�N�R�U�R�O�W��
�K�D�W�i�V�R�N igen �M�H�O�H�Q�W���V�H�N���� �(�]�H�N�� �D�� �K�D�W�i�U�R�Q�� �i�W�Q�\�~�O�y�� �K�D�W�i�V�R�N�� �Q�H�P�F�V�D�N�� �D�� �K�D�]�D�L�� �I�H�O�V�]�t�Q�L�� �Y�t�]�W�H�V�W�H�N��
�P�H�Q�Q�\�L�V�p�J�L���p�V���P�L�Q���V�p�J�L���i�O�O�D�S�R�W�i�U�D���J�\�D�N�R�U�R�O�Q�D�N���E�H�I�R�O�\�i�V�W�����K�D�Q�H�P���D���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�W�H�V�W�H�N���H�J�\��
�M�H�O�H�Q�W���V���U�p�V�]�p�U�H���L�V����A hazai v�t�]�J�D�]�G�i�O�N�R�G�i�V���V�]�i�P�i�U�D���N�•�O�|�Q�|�V�H�Q���I�R�Q�W�R�V�����K�R�J�\���L�V�P�H�U�M�•�N���H�]�H�N�H�W��
az�R�Q���|�V�V�]�H�I�•�J�J�p�V�H�N�H�W�����I�R�O�\�D�P�D�W�R�N�D�W�����D�P�H�O�\�H�N���K�D�]�i�Q�N���I�H�O�V�]�t�Q�L-�����p�V���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�L�]�H�L�U�H���K�D�W�i�V�W��
gyakorolnak. F�H�Q�Q�W�D�U�W�K�D�W�y���P�y�G�R�Q���F�V�D�N���t�J�\���W�X�G�M�X�N���S�i�U�D�W�O�D�Q���p�U�W�p�N�&���Y�t�]�N�p�V�]�O�H�W�•�Q�N�H�W �K�D�V�]�Q�R�V�t�W�D�Q�L����
�O�H�J�\�H�Q�� �V�]�y�� �D�N�i�U �L�Y�y�Y�t�]�H�O�O�i�W�i�V�U�y�O�� �E�D�O�Q�H�R�O�y�J�L�D�L�� �Y�D�J�\�� �H�Q�H�U�J�H�W�L�N�D�L�� �F�p�O�~�� �I�H�O�K�D�V�]�Q�i�O�i�V�U�y�O�� 
�7�D�Q�X�O�P�i�Q�\�X�Q�N�E�D�Q��bemutatunk �Q�p�K�i�Q�\���R�O�\�D�Q���N�X�W�D�W�i�V�W�����D�P�H�O�\�H�N���V�]�D�N�P�D�L���W�i�P�R�J�D�W�i�V�W���Q�\�~�M�W�D�Q�D�N��
�D�� �K�D�W�i�U�R�Q�� �i�W�Q�\�~�O�y�� �Y�t�]�W�H�V�W�H�N�N�H�O�� �W�|�U�W�p�Q���� �J�D�]�G�i�O�N�R�G�i�V�� �V�R�U�i�Q����Ezen �N�X�W�D�W�i�V�R�N�K�R�]�� �N�D�S�F�V�R�O�y�G�y��
�S�U�R�M�H�N�W�H�N���M�y���S�p�O�G�i�W���D�G�K�D�W�Q�D�N���K�D�V�R�Q�O�y���K�H�O�\�]�H�W�&���Y�t�]�E�i�]�L�V�R�N���Y�L�]�V�J�i�O�D�W�D���H�V�H�W�p�Q�� 
 
Abstract:  Due to the special geographical location of Hungary, the effects on our water 
resources are very significant. These transboundary effects not only affect the quantitative and 
qualitative state of domestic surface water bodies, but also a significant part of underground 
water bodies. It is particularly important for domestic water management to know these 
connections and processes that affect our country's surface and underground waters. This is the 
only way we can sustainably utilize our invaluable water resources, be it drinking water supply, 
balneological or energetic use. In our study, we present some projects that provide professional 
support in the management of transboundary water bodies. These projects can provide a good 
example when examining water bases in a similar situation. 
 
Kulcsszavak: �Y�t�]�N�p�V�]�O�H�W�Y�p�G�H�O�H�P�����Y�t�]�J�\�&�M�W�������K�D�W�i�U�U�D�O���R�V�]�W�R�W�W���Y�t�]�W�H�V�W 
 
 
1. �%�(�9�(�=�(�7�e�6 

�0�D�J�\�D�U�R�U�V�]�i�J�� �p�V�� �I�|�O�G�U�D�M�]�L�� �K�H�O�\�]�H�W�H�� �H�J�p�V�]�H�Q�� �N�•�O�|�Q�O�H�J�H�V (Bobok �p�V �7�y�W�K, 2010). Ez is a 
�P�D�J�\�D�U�i�]�D�W�D�� �D�Q�Q�D�N, �K�R�J�\�� �D�� �K�D�W�i�U�R�Q�� �i�W�Q�\�~�O�y�� �K�D�W�i�V�R�N�Q�D�N�� �L�J�H�Q�� �M�H�O�H�Q�W���V�� �V�]�H�U�H�S�H�� �Y�D�Q�� �D�� �K�D�]�D�L��
�Y�t�]�N�p�V�]�O�H�W�H�N�U�H. A D�X�Q�D�� �Y�t�]�J�\�&�M�W���� �W�H�U�•�O�H�W�H�� �(�X�U�y�S�D �P�i�V�R�G�L�N �O�H�J�Q�D�J�\�R�E�E�� �Y�t�]�J�\�&�M�W���� �W�H�U�•�O�H�W�H 
���6�]�&�F�V�� �H�W�� �D�O., 2013). �7�H�U�•�O�H�W�H �W�|�E�E, mint �Q�\�R�O�F�V�]�i�]�H�]�H�U�� �Q�p�J�\�]�H�W�N�L�O�R�P�p�W�H�U (1���� �i�E�U�DHiba! A 
�K�L�Y�D�W�N�R�]�i�V�L���I�R�U�U�i�V���Q�H�P���W�D�O�i�O�K�D�W�y��). Ezen �D���Y�t�]�J�\�&�M�W�����W�H�U�•�O�H�W�H�Q���W�|�E�E, �P�L�Q�W���������P�L�O�O�L�y���H�P�E�H�U���p�O��
�P�L�Q�W�H�J�\�������� �R�U�V�]�i�J�Ean. �(�� �W�p�Q�\�H�N���D�O�D�S�M�i�Q���H�]�� �D���Y�t�]�J�\�&�M�W�����W�H�U�•�O�H�W���W�H�N�L�Q�W�K�H�W�����D���O�Hg�Q�H�P�]�H�W�N�|�]�L�E�E��
�Y�t�]�J�\�&�M�W���� �W�H�U�•�O�H�W�Q�H�N�� �D�� �Y�L�O�i�J�R�Q ���6�]�&�F�V�� �H�W�� �D�O., 2013; Fernandez et al., 2017). �0�D�J�\�D�U�R�U�V�]�i�J�� �D��
D�X�Q�D�� �Y�t�]�J�\�&�M�W���M�p�Q�H�N�� �D�� �N�H�O�O���V�� �N�|�]�H�S�p�Q�� �K�H�O�\�H�]�N�H�G�L�N�� �H�O�� �W�D�O�i�Q�� �H�]�� �L�V�� �N�|�]�U�H�M�i�W�V�]�L�N�� �D�E�E�D�Q, hogy a 
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�3�����6�]�&�F�V���H�W�����D�O 

 

�K�D�W�i�U�R�Q�� �i�W�Q�\�~�O�y���K�D�W�i�V�R�N�� �L�J�H�Q���M�H�O�H�Q�W���V�H�N���D���P�D�J�\�D�U�R�U�V�]�i�J�L�� �I�H�O�V�]�t�Q�L���p�V���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�W�H�V�W�H�N�U�H 
���6�]�p�N�H�O�\�����������������6�]�p�N�H�O�\���H�W���D�O., 2015).  

 
�������i�E�U�D 
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�1�H�P�]�H�W�N�|�]�L���N�L�K�t�Y�i�V�R�N���D���K�D�]�D�L���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�N�p�V�]�O�H�W�H�N�N�H�O���N�D�S�F�V�R�O�D�W�E�D�Q 
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�(�X�U�y�S�D���K�D�W�i�U�U�D�O���R�V�]�W�R�W�W���Y�t�]�W�H�V�W�H�L�� 

���)�|�O�G�U�D�M�]�L���V�]�H�P�S�R�Q�W�E�y�O���0�D�J�\�D�U�R�U�V�]�i�J���D���.�i�U�S�i�W-�P�H�G�H�Q�F�H���N�|�]�H�S�p�Q���K�H�O�\�H�]�N�H�G�L�N���H�O���� �$���.�i�U�S�i�W-
�P�H�G�H�Q�F�H���D���I�|�O�G���H�J�\�L�N���O�H�J�]�i�U�W�D�E�E���P�H�G�H�Q�F�p�M�p�Q�H�N���W�H�N�L�Q�W�K�H�W���� �Y�t�]�K�i�]�W�D�U�W�i�V�L���V�]�H�P�S�R�Q�W�E�y�O���� �(�]�� �D�]�W��
�M�H�O�H�Q�W�L�� �S�p�O�G�i�X�O���� �K�R�J�\�� �N�L�O�H�Q�F�Y�H�Q�K�D�W�� �V�]�i�]�D�O�p�N�D�� �D�� �P�D�J�\�D�U�R�U�V�]�i�J�L�� �I�H�O�V�]�t�Q�L�� �Y�L�]�H�N�Q�H�N�� �N�•�O�I�|�O�G�U���O��
�p�U�N�H�]�L�N���� �G�H�� �D�� �V�]�i�]�Q�\�R�O�F�Y�D�Q�|�W�� �N�L�M�H�O�|�O�W�� �I�H�O�V�]�t�Q�� �D�O�D�W�W�L�� �Y�t�]�W�H�V�W�� �P�L�Q�W�H�J�\�� �I�H�O�H�� �L�V�� �K�D�W�i�U�U�D�O�� �R�V�]�W�R�W�W��
�Q�H�P�]�H�W�N�|�]�L�� �I�H�O�V�]�t�Q�� �D�O�D�W�W�L�� �Y�t�]�� �D�G�y�Q�D�N�� �W�H�N�L�Q�W�K�H�W���� ��2���� �i�E�U�D������ �(�]�� �D�� �N�|�U�•�O�P�p�Q�\�� �R�O�\�D�Q�� �Q�H�P�]�H�W�N�|�]�L��
�Y�t�]�•�J�\�L�� �I�H�O�D�G�D�W�R�N�D�W���� �V�]�D�E�i�O�\�R�]�i�V�R�N�D�W�� �p�V�� �K�L�G�U�R�J�H�R�O�y�J�L�D�L�� �P�H�J�R�O�G�i�V�R�N�D�W�� �N�t�Y�i�Q���� �D�P�H�O�\�H�N�H�W��
�N�R�Q�I�O�L�N�W�X�V�� �Q�p�O�N�•�O���� �V�]�D�N�P�D�L�� �V�]�H�P�S�R�Q�W�R�N�D�W�� �V�]�H�P�� �H�O���W�W�� �W�D�U�W�Y�D�� �W�X�G�X�Q�N�� �Y�p�J�U�H�K�D�M�W�D�Q�L���� �(�]�H�Q��
�Q�H�P�]�H�W�N�|�]�L�� �P�H�J�R�O�G�i�V�R�N�� �S�p�O�G�D�N�p�Q�W�� �i�O�O�K�D�W�Q�D�N�� �P�i�V�� �R�U�V�]�i�J�R�N�� �H�O���W�W���� �K�R�J�\�� �D�]�� �L�O�\�H�Q�� �W�t�S�X�V�~��
�S�U�R�E�O�p�P�i�N�D�W���N�R�P�R�O�\���N�R�Q�I�O�L�N�W�X�V�R�N���Q�p�O�N�•�O���W�X�G�M�i�N���H�O�K�i�U�t�W�D�Q�L�� 
 
2. HÁTÁRON ÁTNYÚLÓ HATÁSOK KEZELÉSE A HAZAI VÍZKÉSZLETEK 

VONATKOZÁSÁBAN 

S�D�M�Q�R�V�� �W�|�E�E�� �H�V�H�W�E�H�Q�� �0�D�J�\�D�U�R�U�V�]�i�J�� �D�� �Y�t�]�J�D�]�G�i�O�N�R�G�i�V�L�� �V�]�H�P�S�R�Q�W�E�y�O�� �N�H�G�Y�H�]���W�O�H�Q�� �D�O�Y�t�]�L��
oldalon helyezkedik el ���6�]�&�F�V���H�W���D�O., 2015a). A �I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�N�p�V�]�O�H�W�H�N���N�X�O�F�V�I�R�Q�W�R�V�V�i�J�~�D�N, 
illetve �V�W�U�D�W�p�J�L�D�L���I�R�Q�W�R�V�V�i�J�~�D�N���0�D�J�\�D�U�R�U�V�]�i�J�R�Q (Szanyi �p�V �.�R�Y�i�F�V, 2010; Buday et al., 2015; 
�6�R�P�O�\�y�G�\��������������. �$���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�N�p�V�]�O�H�W�H�N���M�H�O�H�Q�W���V�p�J�p�W���P�L���V�H�P���P�X�W�D�W�M�D���M�R�E�E�D�Q�����P�L�Q�W�K�R�J�\��
�L�Y�y�Y�t�]�H�O�O�i�W�i�V�X�Q�N���W�|�E�E���P�L�Q�W����������-�E�D�Q���L�O�\�H�Q���W�t�S�X�V�~���Y�t�]�E�i�]�L�V�R�N�U�D���W�i�P�D�V�]�N�R�G�L�N�� E�]�p�U�W���N�•�O�|�Q�|�V�H�Q��
fontos, �K�R�J�\���D���K�D�W�i�Ural osztott �I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]���D�G�y�N���H�V�H�W�p�E�H�Q���M�y���J�\�D�N�R�U�O�D�W�R�N�N�D�O���U�H�Q�G�H�O�N�H�]�]�•�Q�N. 
I�O�\�H�Q�� �M�y�� �J�\�D�N�R�U�O�D�W�U�y�O�� �V�]�i�P�R�O�K�D�Wunk be a SQUASH NATO T�X�G�R�P�i�Q�\��a B�p�N�p�p�U�W�� �S�U�R�J�U�D�P��
�N�H�U�H�W�p�E�H�Q�� �D��S�]�D�P�R�V�� �D�O�O�X�Y�L�i�O�L�V�� �Y�t�]�J�\�&�M�W���M�p�Q�H�N�� �D�� �Y�L�]�V�J�i�O�D�W�i�U�y�O. E�E�E�H�Q�� �D�]�� �L�G���V�]�D�N�E�D�Q��
megtanultuk, �K�R�J�\���K�R�J�\�D�Q���O�H�K�H�W���D�]���H�X�U�y�S�D�L���Y�t�]���N�H�U�H�W�L�U�i�Q�\�H�O�Y�Q�H�N���P�H�J�I�H�O�H�O���H�Q���N�H�]�H�O�Q�L���D���K�D�W�i�U�U�D�O��
�R�V�]�W�R�W�W�� �I�H�O�V�]�t�Q�� �D�O�D�W�W�L�� �Y�t�]�D�G�y�N�D�W�� �p�V�� �H�J�\�� �N�R�Q�N�U�p�W�� �S�U�R�M�H�N�W�� �V�R�U�i�Q�� �Q�D�J�\�R�Q�� �M�y�� �H�J�\�•�W�W�P�&�N�|�G�p�V�W��
�D�O�D�N�t�W�R�W�W�X�Q�N�� �N�L�� �D�� �U�R�P�i�Qiai �p�V�� �D�� �P�D�J�\�D�U�R�U�V�]�i�J�L szakemberek k�|�]�|�W�W���� �8�J�\�D�Q�F�V�D�N�� �M�y��
�H�J�\�•�W�W�P�&�N�|�G�p�V�U���O�� �V�]�i�P�R�O�K�D�Wunk be egy magyar-�X�N�U�i�Q�� �K�D�W�i�U�U�D�O�� �R�V�]�W�R�W�W�� �Y�t�]�D�G�y�� �N�R�P�S�O�H�[��
�K�L�G�U�R�J�H�R�O�y�J�L�D�L�� �Y�L�]�V�J�i�O�D�W�D�� �H�V�H�W�p�E�H�Q�� �L�V, �D�P�H�O�\�Q�H�N�� �N�H�U�H�W�p�E�H�Q�� �N�L�D�O�D�N�t�W�R�W�W�X�N�� �D�]�W�� �D�� �M�y��szakmai 
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gyakorlatot, �K�R�J�\���K�R�J�\�D�Q���O�H�K�H�W���P�H�J�K�D�W�i�U�R�]�Q�L���D�]���~�Q�����Äfair�  ́�Y�t�]�J�D�]�G�i�O�N�R�G�i�V�L���J�\�D�N�R�U�O�D�W�R�W, illetve 
�K�R�J�\�D�Q���O�H�K�H�W���P�H�J�K�D�W�i�U�R�]�Q�L���D���I�H�Q�Q�W�D�U�W�K�D�W�y���P�y�G�R�Q���K�D�V�]�Q�R�V�t�W�K�D�W�y���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�N�p�V�]�O�H�W�H�W���H�J�\��
�K�D�W�i�U�U�D�O���R�V�]�W�R�W�W���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�t�]�D�G�y���H�V�H�W�p�E�H�Q.  

�$�� �I�H�O�V�]�t�Q�L�� �Y�L�]�H�N�� �W�H�N�L�Q�W�H�W�p�E�H�Q�� �Q�H�P�� �P�L�Q�G�H�Q�� �H�V�H�W�E�H�Q�� �W�X�G�X�Q�N�� �E�H�V�]�i�P�R�O�Q�L�� �M�y�� �N�p�W�R�O�G�D�O�L��
�H�J�\�•�W�W�P�&�N�|�G�p�V�U���O����S�D�M�Q�R�V���W�p�Q�\, �K�R�J�\���P�L�Q�G�H�Q���p�Y�E�H�Q���D���7�L�V�]�D���M�H�O�H�Q�W���V���P�H�Q�Q�\�L�V�p�J�&���~�V�]�y���V�]�H�P�H�W�H�W��
�K�R�]�� �O�H�� �D�]�� �i�U�D�G�i�V�R�N�� �V�R�U�i�Q�� �8�N�U�D�M�Q�i�E�y�O. E�Q�Q�H�N�� �H�J�\�L�N�� �I���� �R�N�D�� �D�], �K�R�J�\�� �D�� �N�R�P�P�X�Q�i�O�L�V�� �K�X�O�O�D�G�p�N��
�J�\�&�M�W�p�V��rendszere nincs megoldva �.�i�U�S�i�W�D�O�M�i�Q���� �$ �7�L�V�]�D�� �P�H�Q�W�p�Q��az �i�U�D�G�i�V�R�N�� �L�G�H�M�p�Q�� �E�L�]�R�Q�\��
�M�H�O�H�Q�W���V���P�H�Q�Q�\�L�V�p�J�&���O�H�U�D�N�R�W�W���K�X�O�O�D�G�p�N���P�R�V�y�G�L�N���E�H���D���I�R�O�\�y�E�D�����(�]���D���M�H�O�H�Q�W���V���P�H�Q�Q�\�L�V�p�J�&���~�V�]�y��
�K�X�O�O�D�G�p�N�� �D�]�W�i�Q�� �D�]�� �i�U�D�G�i�V�V�D�O�� �0�D�J�\�D�U�R�U�V�]�i�J�� �W�H�U�•�O�H�W�p�U�H�� �p�U�N�H�]�L�N. Sajnos ezekben az esetekben 
�0�D�J�\�D�U�R�U�V�]�i�J�R�Q���N�H�O�O���J�R�Q�G�R�V�N�R�G�Q�X�Q�N���D�U�U�y�O�����K�R�J�\���H���K�X�O�O�D�G�p�N���P�H�Q�Q�\�L�V�p�J���H�O�W�i�Y�R�O�t�W�i�V�U�D���N�H�U�•�O�M�|�Q��
�D���I�R�O�\�y�E�y�O�� �9�i�V�i�U�R�V�Q�D�P�p�Q�\���N�|�U�Q�\�p�N�p�Q���p�S�t�W�H�W�W�H�N���N�L���H�J�\���R�O�\�D�Q���K�X�O�O�D�G�p�N���E�H�I�R�J�y���F�V�D�S�G�i�W, ahol ezt 
az �H�O�V���V�R�U�E�D�Q���P�&�D�Q�\�D�J���K�X�O�O�D�G�p�N�R�W���D��T�L�V�]�i�E�y�O���H�O���O�H�K�H�W���W�i�Y�R�O�t�W�D�Q�L.  

�$���I�H�O�V�]�t�Q�L���p�V���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�L�]�H�N���N�R�P�P�X�Q�L�N�i�F�L�y�M�D���U�p�Y�p�Q���O�p�W�U�H�M�|�Y�����S�D�U�W�L���V�]�&�U�p�V�&���U�H�Q�G�V�]�H�U�H�N�Q�p�O��
�L�V���P�H�J�I�L�J�\�H�O�K�H�W�•�Q�N���K�D�W�i�U�R�Q���i�W�Q�\�~�O�y���K�D�W�i�V�R�N�D�W�����K�L�V�]�H�Q���H�]�H�Q���U�H�Q�G�V�]�H�U�H�N���H�J�\�L�N���I�R�Q�W�R�V���M�H�O�O�H�P�]���M�H��
�D�� �I�R�O�\�y�� �Y�t�]�P�L�Q���V�p�J�H�� �%�X�G�D�S�H�V�W�� �L�Y�y�Y�t�]�� �H�O�O�i�W�i�V�i�E�D�Q�� �D�� �S�D�U�W�L�� �V�]�&�U�p�V�&�� �Y�t�]�D�G�y�N�Q�D�N �L�J�H�Q�� �M�H�O�H�Q�W���V��
szerepe van���� �K�L�V�]�H�Q�� �D�� �I���Y�i�U�R�V�� �L�Y�y�Y�L�]�H�� �G�|�Q�W���H�Q���L�O�\�H�Q�� �W�t�S�X�V�~�� �Y�t�]�D�G�y�N�E�y�O�� �V�]�i�U�P�D�]�L�N����Ebben az 
esetben B�X�G�D�S�H�V�W�Q�p�O���D��D�X�Q�D���M�i�W�V�V�]�D���D���Y�t�]���X�W�i�Q�S�y�W�O�i�V�Q�D�N���D��s�]�H�U�H�S�p�W. Ugyanakkor azt is tudjuk, 
hogy a D�X�Q�D���Y�t�]�P�L�Q���V�p�J�H���D�O�D�S�Y�H�W���H�Q���N�•�O�I�|�O�G�L���K�D�W�i�U�R�Q���i�W�Q�\�~�O�y���K�D�W�i�V�R�N�W�y�O���I�•�J�J. �$���S�D�U�W�L���V�]�&�U�p�V��
�P�H�V�W�H�U�V�p�J�H�V�H�Q�� �H�O���L�G�p�]�H�W�W�� �W�H�U�P�p�V�]�H�W�H�V�� �I�R�O�\�D�P�D�W�D�� �L�J�H�Q�� �M�y�� �K�D�W�i�V�I�R�N�N�D�O�� �W�i�Y�R�O�t�W�M�D�� �H�O�� �D��
�V�]�H�Q�Q�\�H�]���D�Q�\�D�J�R�N�D�W���� �D�]�R�Q�E�D�Q�� �D�]�� �~�M�� �W�t�S�X�V�~�� �V�]�H�Q�Q�\�H�]���G�p�V�H�N�� �P�H�J�M�H�O�H�Q�p�V�p�Y�H�O�� �I�R�Q�W�R�V�� �H�]�H�Q��
�U�H�Q�G�V�]�H�U�H�N�� �I�R�O�\�D�P�D�W�R�V�� �Y�L�]�V�J�i�O�D�W�D���� �)�R�Q�W�R�V�� �W�X�G�Q�X�Q�N���� �K�R�J�\�� �P�L�O�\�H�Q�� �V�]�H�Q�Q�\�H�]���N�� �p�U�N�H�]�K�H�W�Q�H�N�� �D��
�K�D�W�i�U�D�L�Q�N�R�Q���W�~�O�U�y�O���p�V���H�]�H�N���K�R�J�\�D�Q���Y�L�V�H�O�N�H�G�Q�H�N���D���S�D�U�W�L���V�]�&�U�p�V���I�R�O�\�D�P�D�W�D���V�R�U�i�Q����E�Q�Q�H�N���D�]���H�J�p�V�]��
�N�R�P�S�O�H�[���U�H�Q�G�V�]�H�U�Q�H�N���D���Y�L�]�V�J�i�O�D�W�i�U�D���H�J�\���Q�H�P�]�H�W�L���N�L�Y�i�O�y�V�i�J�L���S�U�R�J�U�D�P�R�W���L�Q�G�t�W�R�W�W�X�Q�N, amelynek 
a neve T�L�V�]�W�D�� �L�Y�y�Y�t�]: �D�� �E�L�]�W�R�Q�V�i�J�R�V�� �Y�t�]�H�O�O�i�W�i�V�� �P�X�O�W�L�G�L�V�]�F�L�S�O�L�Q�i�U�L�V�� �p�U�W�p�N�H�O�p�V�H�� �D�� �I�R�U�U�i�V�W�y�O�� �D��
�I�R�J�\�D�V�]�W�y�L�J��volt. A �I���E�E�� �P�H�J�i�O�O�D�S�t�W�i�V�R�N�� �N�|�]�|�W�W�� �V�]�H�U�H�S�H�Ot, �K�R�J�\�� �D�� �Y�L�]�V�J�i�O�W�� �N�R�P�S�R�Q�H�Q�V�H�N��
�|�W�Y�H�Q�K�D�W���V�]�i�]�D�O�p�N�i�W���H�O�W�i�Y�R�O�t�W�M�D���D���S�D�U�W�L���V�]�&�U�p�V���%�X�G�D�S�H�V�W���H�V�H�W�p�E�H�Q. A �M�y���P�L�Q���V�p�J�&���p�V���E�L�]�W�R�Q�V�i�J�R�V��
�L�Y�y�Y�t�]�H�O�O�i�W�i�V���J�H�Q�H�U�i�F�L�y�N�R�Q���N�H�U�H�V�]�W�•�O���E�L�]�W�R�V�t�W�K�D�W�y. G�\�y�J�\�V�]�H�U�P�D�U�D�G�Y�i�Q�\�R�N���P�H�J�M�H�O�H�Q�W�H�N���D��Duna 
�Y�L�]�p�E�H�Q, �G�H���H�]�H�N�Q�H�N���D���N�R�Q�F�H�Q�W�U�i�F�L�y�M�D���P�p�J���P�L�Q�G�L�J���Q�D�J�\�R�Q���N�L�F�V�L, 10 ng/�O�L�W�H�U�Q�p�O���N�L�V�H�E�E���p�U�W�p�N�&�H�N. 
B�L�]�R�Q�\�� �H�J�\�p�U�W�H�O�P�&�H�Q�� �N�L�P�X�W�D�W�K�D�W�y�D�N�� �D�� �N�O�L�P�D�W�L�N�X�V�� �K�D�W�i�V�R�N vagy �p�J�K�D�M�O�D�W�Y�i�O�W�R�]�i�V�U�D�� �K�D�W�i�V�R�N�� �D��
D�X�Q�D���Y�t�]�P�L�Q���V�p�J�H���N�D�S�F�V�i�Q. P�p�O�G�i�X�O���P�L�N�U�R�E�L�R�O�y�J�L�D�L���p�V���H�J�\�p�E���V�]�H�P�S�R�Q�W�E�y�O���L�V���P�R�Q�G�K�D�W�M�X�N, hogy 
�D���V�]�H�S�W�H�P�E�H�U���K�y�Q�D�S���P�D�Q�D�S�V�i�J���P�i�U���H�J�\�p�U�W�H�O�P�&�H�Q���D���Q�\�i�U�L���K�y�Q�D�S�Q�D�N���W�H�N�L�Q�W�K�H�W��. H�D�V�R�Q�O�y, mint 
�D���M�~�O�L�X�V���Y�D�J�\���D�]���D�X�J�X�V�]�W�X�V��a �Y�t�]�P�L�Q���V�p�J�L���N�p�U�G�p�V�H�N���V�]�H�P�S�R�Q�W�M�i�E�y�O. �)�R�Q�W�R�V���P�H�J�i�O�O�D�S�t�W�i�V���D�]���L�V����
�K�R�J�\�� �D�O�D�S�Y�H�W���H�Q�� �D�� �V�]�H�Q�Q�\�H�]���D�Q�\�D�J�R�N�� �I�R�O�\�y�E�D�� �W�|�U�W�p�Q���� �E�H�N�H�U�•�O�p�V�p�W�� �N�H�O�O�� �P�H�J�D�N�D�G�i�O�\�R�]�Q�L����
�P�L�Q�W�V�H�P���D���S�D�U�W�L���V�]�&�U�p�V���K�D�W�p�N�R�Q�\�V�i�J�i�W�����L�O�O�H�W�Y�H���D���Y�t�]�W�H�U�P�H�O�����W�i�U�V�D�V�i�J�R�N���I�H�O�H�O���V�V�p�J�p�W���Y�L�]�V�J�i�O�Q�L�� 
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�������i�E�U�D 

�$�]���H�O�i�U�D�V�]�W�R�W�W���p�V���E�H�V�]�D�N�D�G�W���V�y�E�i�Q�\�D���$�N�Q�D�V�]�O�D�W�L�Q�i�Q�� 

�0�D�J�\�D�U�R�U�V�]�i�J�� �H�J�\�� �P�H�G�H�Q�F�H�I�H�Q�p�N-�R�U�V�]�i�J���� �t�J�\�� �L�J�H�Q�� �M�H�O�H�Q�W���V�H�N�� �D�� �K�D�W�i�U�R�Q�� �W�~�O�U�y�O�� �V�]�i�U�P�D�]�y 
�K�D�W�i�V�R�N�����6�]�&�F�V���H�W���D�O.�������������E�������(�P�L�D�W�W���I�R�Q�W�R�V���p�V���Q�D�J�\���M�H�O�H�Q�W���V���V�]�H�U�H�S�H���Y�D�Q���H�J�\���M�y�O���P�&�N�|�G�����U�L�D�V�]�W�y��
�U�H�Q�G�V�]�H�U�Q�H�N���� �K�R�J�\�� �D�� �Y�p�O�H�W�O�H�Q�V�]�H�U�&�� �Y�D�J�\�� �K�D�Y�i�U�L�i�V�� �V�]�H�Q�Q�\�H�]���G�p�V�H�N�� �K�D�W�i�V�D�L�W�� �P�L�Q�p�O�� �K�D�P�D�U�D�E�E��
�p�V�]�O�H�O�Q�L���O�H�K�H�V�V�H�Q���� �Y�D�O�D�P�L�Q�W���P�H�J���W�X�G�M�X�N���W�H�Q�Q�L�� �D���V�]�•�N�V�p�J�H�V���E�H�D�Y�D�W�N�R�]�i�V�R�N�D�W���� �$�]�� �L�O�\�H�Q���K�D�W�i�U�R�Q��
�i�W�Q�\�~�O�y�� �S�U�R�E�O�p�P�i�N�� �V�R�N�� �H�V�H�W�E�H�Q�� �H�J�p�V�]�H�Q�� �P�H�V�V�]�L�U���O�� �L�V�� �N�H�G�Y�H�]���W�O�H�Q�•�O�� �N�p�S�H�V�H�N�� �E�H�I�R�O�\�i�V�R�O�Q�L�� �D��
�P�D�J�\�D�U�R�U�V�]�i�J�L���I�R�O�\�y���Y�L�]�H�N�Q�H�N���D���P�L�Q���V�p�J�L���i�O�O�D�S�R�W�i�W�����$�]���H�J�\�L�N���L�O�\�H�Q �M�y�O���L�V�P�H�U�W���Q�H�P�]�H�W�N�|�]�L���S�p�O�G�D��
�D�]���$�N�Q�D�V�]�O�D�W�L�Q�D���W�H�O�H�S�•�O�p�V���p�V���D�]���R�W�W���W�D�O�i�O�K�D�W�y���H�O�i�U�D�V�]�W�R�W�W���p�V���E�H�V�]�D�N�D�G�W���V�y�E�i�Q�\�D���N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L��
�S�U�R�E�O�p�P�i�M�D�����(�]���D���N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L���S�U�R�E�O�p�P�D���V�]�i�]�Q�p�J�\���N�L�O�R�P�p�W�H�U�U�H���K�H�O�\�H�]�N�H�G�L�N���H�O���D���P�D�J�\�D�U��
�K�D�W�i�U�W�y�O�����P�p�J�L�V���P�D�J�\�D�U�R�U�V�]�i�J�L���W�H�U�•�O�H�W�H�Q���D���Q�\�i�U�L���L�G���V�]�D�N�R�N�E�D�Q���M�H�O�H�Q�W���V���P�H�Q�Q�\�L�V�p�J�&���V�y�W�H�U�K�H�O�p�V�W����
�N�O�R�U�L�G���p�V���Q�i�W�U�L�X�P���N�R�Q�F�H�Q�W�U�i�F�L�y���H�P�H�O�N�H�G�p�V�W���W�X�G�W�D�N���N�L�P�X�W�D�W�Q�L���D���Y�t�]�•�J�\�H�V���N�R�O�O�p�J�i�N�����$���Y�L�]�V�J�i�O�D�W�R�N��
�V�R�U�i�Q�� �V�L�N�H�U�•�O�W�� �I�H�O�G�H�U�t�W�H�Q�L�� �H�� �Q�D�J�\�� �R�O�G�R�W�W�� �V�y�� �W�H�U�K�H�O�p�V�Q�H�N�� �D�� �I�R�U�U�i�V�i�W���� �6�L�N�H�U�•�O�W�� �D�]�R�Q�R�V�t�W�D�Q�L�� �p�V��
�P�H�J�W�D�O�i�O�Q�L�� �$�N�Q�D�V�]�O�D�W�L�Q�i�Q�� �D�� �W�L�V�]�D�L�� �Y�t�]�P�L�Q���V�p�J-�Y�p�G�H�O�P�L�� �S�U�R�E�O�p�P�D�� �R�N�i�W���� �(�� �N�R�P�S�O�H�[��
�N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L�� �S�U�R�E�O�p�P�D�� �N�H�]�H�O�p�V�H�� �������� �i�E�U�D���� �R�N�i�Q�� �H�J�\�� �Q�H�P�]�H�W�N�|�]�L�� �S�U�R�M�H�N�W�H�W�� �J�H�Q�H�U�i�O�W�X�Q�N��
�5�(�9�,�7�$�/�� �,���� �+�8�6�.�5�2�8�$�� �S�U�R�M�H�N�W�� �Q�p�Y�H�Q���� �K�R�J�\�� �H�]�W�� �D�� �K�H�O�\�]�H�W�H�W�� �N�H�]�H�O�M�•�N���� �$�� �5�(�9�,�7�$�/�� �,����
�Q�H�P�]�H�W�N�|�]�L�� �S�U�R�M�H�N�W�� �W�H�K�i�W�� �H�O�L�Q�G�t�W�R�W�W�� �H�J�\�� �V�]�p�O�H�V�N�|�U�&�� �V�]�D�N�P�D�L�� �|�V�V�]�H�I�R�J�i�V�W���� �0�H�J�L�Q�G�X�O�W�� �D�]��
�i�O�O�D�S�R�W�I�H�O�P�p�U�p�V���� �p�V�� �D�� �0�L�V�N�R�O�F�L�� �(�J�\�H�W�H�P�� �V�]�D�N�P�D�L�� �Y�H�]�H�W�p�V�p�Y�H�O�� �H�O�L�Q�G�t�W�R�W�W�X�Q�N�� �H�J�\�� �P�R�Q�L�W�R�U�L�Q�J��
�W�H�Y�p�N�H�Q�\�V�p�J�H�W���L�V���$�N�Q�D�V�]�O�D�W�L�Q�i�Q�����(�P�H�O�O�H�W�W���H�O�N�p�V�]�t�W�H�W�W�•�Q�N���H�J�\���U�H�Y�L�W�D�O�L�]�i�F�L�y�V���W�H�U�Y�H�W���L�V�����Y�D�O�D�P�L�Q�W��
�L�Q�Q�R�Y�D�W�t�Y�� �~�M�� �W�X�G�R�P�i�Q�\�R�V�� �P�y�G�V�]�H�U�H�N�H�W�� �L�V�� �V�L�N�H�U�•�O�W�� �D�O�N�D�O�P�D�]�Q�X�Q�N�� �D�� �W�H�U�•�O�H�W�H�Q���� �3�p�O�G�D�N�p�S�S�H�Q��
�P�H�J�H�P�O�t�W�K�H�W�M�•�N���D���8�1�(�;�0�,�1���D�X�W�R�Q�y�P���E�~�Y�i�U���U�R�E�R�W�Q�D�N���D�]���D�O�N�D�O�P�D�]�i�V�i�W�����D�P�H�O�\�Q�H�N���V�H�J�t�W�V�p�J�p�Y�H�O��
�V�L�N�H�U�•�O�W�� �D�]�� �H�O�i�U�D�V�]�W�R�W�W�� �D�� �E�i�Q�\�D�W�H�U�H�N�H�W�� �p�V�� �D�N�Q�i�N�D�W�� �I�H�O�W�p�U�N�p�S�H�]�Q�L�� �p�V�� �D�]�� �R�W�W�� �O�p�Y���� �i�O�O�D�S�R�W�R�N�D�W��
�H�J�\�p�U�W�H�O�P�&�H�Q���P�H�J�L�V�P�H�U�Q�L�� 

�0�D�J�\�D�U�R�U�V�]�i�J�� �I�H�O�Y�t�]�L�� �V�]�R�P�V�]�p�G�M�D�L�Q�i�O�� �M�H�O�H�Q�W���V�� �P�H�Q�Q�\�L�V�p�J�&�� �P�&�N�|�G���� �p�V�� �I�H�O�K�D�J�\�R�W�W��
�E�i�Q�\�D�W�H�U�•�O�H�W���W�D�O�i�O�K�D�W�y����4�����i�E�U�D�������D�P�H�O�\�H�N���S�R�W�H�Q�F�L�i�O�L�V���V�]�H�Q�Q�\�H�]�����I�R�U�U�i�V�N�p�Q�W���P�&�N�|�G�Q�H�N�����6�]�&�F�V���H�W��
al.�������������E�������,�W�W���H�J�\���V�]�L�Q�W�p�Q���H�J�\���M�y���S�p�O�G�i�U�D���K�t�Y�K�D�W�M�X�N���I�H�O���D���I�L�J�\�H�O�P�H�W�����(�J�\���R�O�\�D�Q���K�D�W�i�U�R�Q���i�W�Q�\�~�O�y��
�N�R�R�S�H�U�i�F�L�y�U�D�� �N�H�U�•�O�W�� �V�R�U�� �V�]�O�R�Y�i�N�� �p�V�� �P�D�J�\�D�U�� �V�]�D�N�H�P�E�H�U�H�N�� �N�|�]�|�W�W���� �D�P�H�O�\�Q�H�N�� �N�H�U�H�W�p�E�H�Q��
�H�O�L�Q�G�t�W�R�W�W�X�Q�N�� �H�J�\�� �,�Q�W�H�U�U�H�J�� �S�i�O�\�i�]�D�W�L�� �S�U�R�J�U�D�P�R�W���� �D�P�H�O�\�� �D�� �6�D�M�y�� �I�R�O�\�y�� �P�H�Q�W�p�Q�� �O�p�Y���� �E�i�Q�\�i�V�]�D�W�L��
�W�H�Y�p�N�H�Q�\�V�p�J���N�|�U�Q�\�H�]�H�W�L���K�D�W�i�V�i�W���N�t�Y�i�Q�M�D���I�H�O�P�p�U�Q�L�����&�p�O�X�Q�N���H�J�\���R�O�\�D�Q���~�M���P�y�G�V�]�H�U�W�D�Q�W���O�p�W�U�H�K�R�]�Q�L����
�D�P�H�O�\�Q�H�N�� �N�H�U�H�W�p�E�H�Q�� �H�O�N�H�U�•�O�K�H�W�M�•�N�� �D�]�R�N�D�W�� �D�� �N�|�U�Q�\�H�]�H�W�Y�p�G�H�O�P�L�� �S�U�R�E�O�p�P�i�N�D�W���� �D�P�H�O�\�H�N�� �S�p�O�G�i�X�O��
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�����������H�O�H�M�p�Q���L�V���H�O���I�R�U�G�X�O�W�D�N���D���6�D�M�y�E�D�Q�����D�P�L�N�R�U���D���I�R�O�\�y���V�]�O�R�Y�i�N�L�D�L���R�O�G�D�O�i�Q���H�J�\���E�i�Q�\�i�E�y�O���M�H�O�H�Q�W���V��
�P�H�Q�Q�\�L�V�p�J�&���R�O�G�R�W�W���I�p�P�����H�O�V���V�R�U�E�D�Q���Y�D�V�����Y�D�O�D�P�L�Q�W���W�R�[�L�N�X�V���I�p�P�H�N���N�H�U�•�O�W�H�N���N�L�� 
 

 

�������i�E�U�D�����%�i�Q�\�D�W�H�O�H�S�•�O�p�V�H�N���D���6�D�M�y���Y�t�]�J�\�&�M�W�����W�H�U�•�O�H�W�p�Q 
 

�0�D�J�\�D�U�R�U�V�]�i�J�� �H�V�H�W�p�E�H�Q�� �W�H�U�P�p�V�]�H�W�V�]�H�U�&�O�H�J�� �P�H�J�� �N�H�O�O�� �H�P�O�t�W�H�Q�L�� �D�� �Y�|�U�|�V�L�V�]�D�S�� �N�D�W�D�V�]�W�U�y�I�i�W����
amely 2010-�E�H�Q���W�|�U�W�p�Q�W�����(�E�E�H�Q���D�]���H�V�H�W�E�H�Q���D���M�y���V�]�D�N�P�D�L���S�p�O�G�i�W���D�E�E�D�Q���D���W�H�N�L�Q�W�H�W�E�H�Q���P�R�Q�G�K�D�W�M�X�N����
�K�R�J�\���D�]���D�]�R�Q�Q�D�O�L���E�H�D�Y�D�W�N�R�]�i�V�R�N���H�U�H�G�P�p�Q�\�H�N�p�S�S�H�Q���V�L�N�H�U�•�O�W���D���S�U�R�E�O�p�P�i�W���D���G�X�Q�i�Q�W�~�O�L���U�p�J�L�y�E�D�Q��
�K�H�O�\�E�H�Q���W�D�U�W�D�Q�L�����Ë�J�\���D���'�X�Q�D���Y�t�]�P�L�Q���V�p�J�H���P�i�U���Q�H�P���V�]�H�Q�Y�H�G�H�W�W���N�i�U�W�����Ë�J�\���X�J�\�D�Q���$�M�N�D���N�|�U�Q�\�p�N�H����
�.�R�O�R�Q�W�i�U�� �p�V�� �D�� �V�]�R�P�V�]�p�G�R�V�� �W�H�O�H�S�•�O�p�V�H�N�� �H�V�H�W�p�E�H�Q�� �W�p�Q�\�O�H�J�� �H�J�\�� �H�O�N�p�S�H�V�]�W���� �N�D�W�D�V�]�W�U�y�I�i�U�y�O��
�E�H�V�]�p�O�K�H�W�•�Q�N�����D�]�R�Q�E�D�Q���D���'�X�Q�D���Y�t�]�P�L�Q���V�p�J�H�����L�O�O�H�W�Y�H���D���0�D�J�\�D�U�R�U�V�]�i�J�W�y�O���G�p�O�U�H���O�p�Y�����R�U�V�]�i�J�R�N�E�D�Q��
�D���'�X�Q�D���Y�t�]�P�L�Q���V�p�J�H���P�i�U���V�H�P�P�L�I�p�O�H���S�U�R�E�O�p�P�i�W���Q�H�P���P�X�W�D�W�R�W�W�� 
 
3. KÖVETKEZTETÉSEK 

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

 

�W�H�U�•�O�H�W�H�W���N�H�O�O���Y�L�]�V�J�i�O�Q�L���P�L�Q�G���D���I�H�O�V�]�t�Q�L���Y�L�]�H�N, �P�L�Q�G���D���I�H�O�V�]�t�Q���D�O�D�W�W�L���Y�L�]�H�N���Y�R�Q�D�W�N�R�]�i�V�i�E�D�Q, amikor 
�N�R�P�S�O�H�[�� �Y�L�]�V�J�i�O�D�W�R�N�D�W�� �Y�p�J�]�•�Q�N. Az �H�J�\�U�H�� �J�\�D�N�R�U�L�E�E�Q�D�N�� �P�R�Q�G�K�D�W�y �H�[�W�U�p�P�� �L�G���M�i�U�i�V�L��
�H�V�H�P�p�Q�\�H�N �I�H�O�J�\�R�U�V�t�W�M�i�N�� �D�� �K�D�W�i�U�R�Q�� �i�W�Q�\�~�O�y�� �K�D�W�i�V�R�N�D�W. A �P�H�J�I�H�O�H�O���H�Q�� �N�L�G�R�O�J�R�]�R�W�W�� �p�V��
�P�&�N�|�G�W�H�W�H�W�W�� �I�L�J�\�H�O�P�H�]�W�H�W���� �U�H�Q�G�V�]�H�U�H�N�� �p�V�� �P�R�Q�L�W�R�U�L�Q�J�� �U�H�Q�G�V�]�H�U�H�N �V�W�U�D�W�p�J�L�D�L�� �I�R�Q�W�R�V�V�i�J�~�D�N a 
�Y�t�]�W�H�V�W�H�N���i�O�O�D�S�R�W�i�Q�D�N���P�H�J���U�]�p�V�p�E�H�Q. Nagyon fontosnak tartjuk a teljes �Q�H�P�]�H�W�N�|�]�L adatcser�p�W 
�p�V�� �D�� �N�•�O�|�Q�E�|�]���� �R�U�V�]�i�J�R�N��szakemberei �N�|�]�|�W�W�L�� �H�J�\�•�W�W�P�&�N�|�G�p�Vt �K�D�W�i�U�U�D�O�� �R�V�]�W�R�W�W�� �Y�t�]�N�p�V�]�O�H�W�H�N��
�H�V�H�W�p�E�H�Q�� A �S�U�H�Y�H�Q�F�L�y�� �P�L�Q�G�L�J�� �M�R�E�E, �P�L�Q�W�� �D�� �N�i�U�H�O�K�i�U�t�W�i�V. Emellett �S�U�y�E�i�O�M�X�Q�N�� �P�L�Q�p�O�� �W�|�E�E�� �~�M��
�W�X�G�R�P�i�Q�\�R�V���H�U�H�G�P�p�Q�\�W���L�V���D�O�N�D�O�P�D�]�Q�L���D���P�L�Q�G�H�Q�Q�D�S�R�N�� �Y�t�]�J�D�]�G�i�O�N�R�G�i�V�L�� �J�\�D�N�R�U�O�D�W�i�E�D�Q, hiszen 
�F�V�D�N���t�J�\�����U�L�]�K�H�W�M�•�N���P�H�J���Y�t�]�N�p�V�]�O�H�W�H�L�Q�N���p�S�V�p�J�p�W���D���M�|�Y�����J�H�Q�H�U�i�F�L�y�L���V�]�i�P�i�U�D�� 
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