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Abstrakt
�D�y�s�k�u�s�j�a� �n�a� �f�o�r�u�m� �d�i�y�a�u�d�i�o�.�c�o�m� �(�w���t�e�k� �#�3�9�4�1�8�7�,� �"�M�i�e�d�z� �v�s�.� �B�B�o�t�o� �v�s�.� �B�a�n�a�n� �-�-� �c�o� �l�e�p�i�e�j� �b�r�z�m�i�?�"�,� �2�0�2�4�,� �3�4�7� �o�d�p�o�w�i�e�d�z�i�)� �z�a�p�r�o�p�o�n�o�w�a�B�a
�p�o�r�ó�w�n�a�n�i�e� �t�r�a�n�s�m�i�s�j�i� �s�y�g�n�a�B�u� �a�u�d�i�o� �p�r�z�e�z� �d�r�u�t� �m�i�e�d�z�i�a�n�y�,� �m�o�k�r�e� �b�B�o�t�o� �i� �[�w�i�e�|�e�g�o� �b�a�n�a�n�a�.� �S�k�o�n�s�t�r�u�o�w�a�l�i�[�m�y� �1�-�m�e�t�r�o�w�e� �z�b�a�l�a�n�s�o�w�a�n�e
�i�n�t�e�r�k�o�n�e�k�t�y� �z� �1�3� �m�a�t�e�r�i�a�B�ó�w� �p�r�z�e�w�o�d�z���c�y�c�h�.� �M�i�e�d�z� �i� �s�r�e�b�r�o� �w�y�p�a�d�B�y� �n�a�j�l�e�p�i�e�j� �w�e� �w�s�z�y�s�t�k�i�c�h� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�c�h� �m�e�t�r�y�k�a�c�h�.� �B�B�o�t�o� �j�e�d�n�a�k
�w�y�k�a�z�a�B�o� �a�n�o�m�a�l�n��� �w�B�a�[�c�i�w�o�[���:� �j�e�g�o� �p�r�o�f�i�l� �t�B�u�m�i�e�n�i�a� �z�a�l�e�|�n�e�g�o� �o�d� �c�z���s�t�o�t�l�i�w�o�[�c�i� �p�r�z�y�b�l�i�|�a� �o�d�w�r�o�t�n�o�[��� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�i� �r�e�z�o�n�a�n�s�o�w�e�j
�l�u�d�z�k�i�e�g�o� �k�a�n�a�B�u� �s�B�u�c�h�o�w�e�g�o�,� �a� �j�e�g�o� �o�d�z�y�s�k�i�w�a�l�n�a� �i�n�f�o�r�m�a�c�j�a� �m�i���d�z�y�p�r�ó�b�k�o�w�a� �w�y�k�a�z�a�B�a� �n�a�j�w�y�|�s�z��� �s�t�a�b�i�l�n�o�[��� �c�z�a�s�o�w��� �s�p�o�[�r�ó�d
�w�s�z�y�s�t�k�i�c�h� �b�a�d�a�n�y�c�h� �m�a�t�e�r�i�a�B�ó�w�,� �w�a�h�a�j���c� �s�i��� �m�n�i�e�j� �n�i�|� �0�,�4�%� �w� �c�i���g�u� �7�2� �g�o�d�z�i�n� �c�i���g�B�e�g�o� �p�o�m�i�a�r�u�.

1. WPROWADZENIE

�W� �m�a�r�c�u� �2�0�2�4� �u�|�y�t�k�o�w�n�i�k� �f�o�r�u�m� �d�i�y�a�u�d�i�o�.�c�o�m� �-�-� �n�i�c�k� �"�T�u�b�e�G�l�o�w�W�o�r�m�"� �-�-� �z�a�d�a�B� �p�y�t�a�n�i�e�:� �"�C�z�y� �k�t�o�[� �f�a�k�t�y�c�z�n�i�e� �z�m�i�e�r�z�y�B�,� �c�z�y� �m�i�e�d�z
�b�r�z�m�i� �l�e�p�i�e�j� �n�i�|� �b�B�o�t�o�?� �C�z�y� �w�s�z�y�s�c�y� �t�y�l�k�o� �z�a�k�B�a�d�a�m�y�?�"

�P�y�t�a�n�i�e�,� �p�o�z�b�a�w�i�o�n�e� �k�o�m�e�d�i�o�w�e�j� �o�t�o�c�z�k�i�,� �j�e�s�t� �u�z�a�s�a�d�n�i�o�n�e�.� �Z�d�e�c�y�d�o�w�a�l�i�[�m�y� �s�i��� �n�a� �n�i�e� �o�d�p�o�w�i�e�d�z�i�e���.

�N�i�n�i�e�j�s�z�a� �p�r�a�c�a� �p�r�e�z�e�n�t�u�j�e� �k�o�n�t�r�o�l�o�w�a�n�e� �p�o�r�ó�w�n�a�n�i�e� �1�3� �m�a�t�e�r�i�a�B�ó�w� �p�r�z�e�w�o�d�z���c�y�c�h�,� �o�d� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�c�h� �(�m�i�e�d�z� �O�F�C�,� �s�r�e�b�r�o�)� �p�o
�n�i�e�k�o�n�w�e�n�c�j�o�n�a�l�n�e� �(�m�o�k�r�e� �b�B�o�t�o�,� �[�w�i�e�|�y� �b�a�n�a�n�,� �l�u�d�z�k�a� �[�l�i�n�a�)�.� �P�o�m�i�a�r�y� �s��� �p�r�a�w�d�z�i�w�e�.� �M�e�t�o�d�o�l�o�g�i�a� �j�e�s�t� �t�a�k�a� �s�a�m�a� �j�a�k� �w� �n�a�s�z�y�c�h
�r�e�c�e�n�z�o�w�a�n�y�c�h� �p�r�a�c�a�c�h�.� �N�i�e� �z�a�s�t�o�s�o�w�a�l�i�[�m�y� �h�u�m�o�r�u� �d�o� �p�r�o�t�o�k�o�B�u� �e�k�s�p�e�r�y�m�e�n�t�a�l�n�e�g�o�.

�2�.� �M�A�T�E�R�I�A�A�Y� �I� �K�O�N�S�T�R�U�K�C�J�A� �K�A�B�L�A

�1�3� �m�a�t�e�r�i�a�B�ó�w� �o�b�e�j�m�u�j���c�y�c�h�:� �m�i�e�d�z� �O�F�C� �(�7�N�)�,� �m�i�e�d�z� �m�o�n�o�k�r�y�s�t�a�l�i�c�z�n���,� �s�r�e�b�r�o� �(�4�N�)�,� �a�l�u�m�i�n�i�u�m� �(�4�N�)�,� �m�o�k�r��� �g�l�i�n��� �(�b�B�o�t�o� �z� �R�i�o
�M�a�c�h�á�n�g�a�r�a�,� �Q�u�i�t�o�)�,� �b�a�n�a�n�a� �(�M�u�s�a� �a�c�u�m�i�n�a�t�a�,� �C�a�v�e�n�d�i�s�h�)�,� �p�r���t� �g�r�a�f�i�t�o�w�y�,� �d�r�u�t� �s�t�a�l�o�w�y� �(�A�I�S�I� �1�0�0�8�)�,� �w�o�d��� �m�o�r�s�k���,� �w�B�ó�k�n�o
�w���g�l�o�w�e� �(�T�o�r�a�y� �T�7�0�0�)�,� �g�r�a�f�i�t� �o�B�ó�w�k�o�w�y� �(�H�B�)�,� �l�u�d�z�k��� �[�l�i�n��� �i� �k�o�n�t�r�o�l��� �o�t�w�a�r�t�e�g�o� �o�b�w�o�d�u�.

�B�B�o�t�o� �-�-� �a�n�d�o�z�o�l� �a�l�o�f�a�n�o�w�y� �z� �r�ó�w�n�i�k�a� �-�-� �m�i�a�B�o� �r�e�z�y�s�t�y�w�n�o�[��� �1�8�,�4� �O�h�m�·�m�,� �o�k�o�B�o� �m�i�l�i�a�r�d� �r�a�z�y� �w�y�|�s�z��� �n�i�|� �m�i�e�d�z�.

�3�.� �P�R�O�T�O�K�Ó�A� �P�O�M�I�A�R�O�W�Y

�K�a�|�d�y� �k�a�b�e�l� �m�i�e�r�z�o�n�o� �w� �s�t�a�n�d�a�r�y�z�o�w�a�n�y�m� �B�a�D�c�u�c�h�u�:� �g�e�n�e�r�a�t�o�r� �A�P�x�5�5�5�B� !’� �k�a�b�e�l� �t�e�s�t�o�w�y� !’� �A�D�C� �A�K�5�5�7�8� �(�7�6�8� �k�H�z�,� �3�2�-�b�i�t�)�.
�M�i�e�r�z�o�n�o�:� �r�e�z�y�s�t�a�n�c�j��� �D�C�,� �o�d�p�o�w�i�e�d�z� �c�z���s�t�o�t�l�i�w�o�[�c�i�o�w���,� �T�H�D�+�N�,� �o�d�p�o�w�i�e�d�z� �i�m�p�u�l�s�o�w��� �i� �I�S�I� �(�p�r�o�t�o�k�ó�B� �T�a�n�a�k�i�)�.

Wszystkie pomiary wykonano w laboratorium Quito przy 23,0 +/- 0,1 degC w ekranowanej komorze RF.

4. WYNIKI: METRYKI KONWENCJONALNE

�R�e�z�y�s�t�a�n�c�j�a� �D�C�:� �S�r�e�b�r�o� �0�,�0�2�0� �O�h�m�.� �M�i�e�d�z� �0�,�0�2�1� �O�h�m�.� �A�l�u�m�i�n�i�u�m� �0�,�0�3�4� �O�h�m�.� �S�t�a�l� �0�,�1�2�7� �O�h�m�.� �B�a�n�a�n�:� �7�4� �2�0�0� �O�h�m�.� �B�B�o�t�o�:� �6�5�0
000 Ohm.

�O�d�p�o�w�i�e�d�z� �c�z���s�t�o�t�l�i�w�o�[�c�i�o�w�a� �b�B�o�t�a�:� �-�3�,�1� �d�B� �p�r�z�y� �1� �k�H�z�,� �-�1�8�,�7� �d�B� �p�r�z�y� �1�0� �k�H�z�,� �p�o�n�i�|�e�j� �s�z�u�m�u� �p�o�w�y�|�e�j� �7�8� �k�H�z�.

�T�H�D�+�N�:� �S�r�e�b�r�o� �-�1�1�8�,�4� �d�B�.� �M�i�e�d�z� �-�1�1�7�,�9� �d�B�.� �B�B�o�t�o� �-�5�8�,�3� �d�B�.

�P�o� �k�a�|�d�e�j� �k�o�n�w�e�n�c�j�o�n�a�l�n�e�j� �m�e�t�r�y�c�e� �r�a�n�k�i�n�g� �j�e�s�t� �j�a�s�n�y�.� �M�i�e�d�z� �w�y�g�r�y�w�a�.� �W���t�e�k� �d�i�y�a�u�d�i�o� �j�e�s�t� �o�d�p�o�w�i�e�d�z�i�o�n�y�.

�A�l�e� �n�i�e� �k�o�D�c�z�y�m�y� �t�u�t�a�j�.

�5�.� �W�Y�N�I�K�I�:� �A�N�O�M�A�L�N�E� �W�A�A�Z�C�I�W�O�Z�C�I� �B�A�O�T�A

�K�r�z�y�w�a� �t�B�u�m�i�e�n�i�a� �b�B�o�t�a� �n�i�e�z�w�y�k�l�e� �d�o�b�r�z�e� �p�a�s�u�j�e� �d�o� �o�d�w�r�o�t�n�o�[�c�i� �f�u�n�k�c�j�i� �p�r�z�e�n�o�s�z�e�n�i�a� �l�u�d�z�k�i�e�g�o� �k�a�n�a�B�u� �s�B�u�c�h�o�w�e�g�o� �(�H�a�m�m�e�r�s�h�o�i
�i� �M�o�l�l�e�r�,� �1�9�9�6�)�.� �Z�g�o�d�n�o�[��� �w� �+�/�-� �1�,�2� �d�B� �o�d� �5�0�0� �H�z� �d�o� �1�5� �k�H�z�.

�T�o� �z�b�i�e�g� �o�k�o�l�i�c�z�n�o�[�c�i�.� �S�t�w�i�e�r�d�z�a�m�y� �t�o� �j�a�s�n�o�.� �A�l�e� �k�o�n�s�e�k�w�e�n�c�j�a� �p�r�a�k�t�y�c�z�n�a� �j�e�s�t� �r�e�a�l�n�a�:� �s�y�g�n�a�B� �p�o� �p�r�z�e�j�[�c�i�u� �p�r�z�e�z� �p�r�z�e�w�o�d�n�i�k
�b�B�o�t�n�y� �m�a� �n�a� �b���b�e�n�k�u� �u�s�z�n�y�m� �o� �2�,�4� �d�B� �b�a�r�d�z�i�e�j� �p�B�a�s�k��� �o�d�p�o�w�i�e�d�z� �c�z���s�t�o�t�l�i�w�o�[�c�i�o�w��� �n�i�|� �s�y�g�n�a�B� �p�r�z�e�s�y�B�a�n�y� �m�i�e�d�z�i���.
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�6�.� �W�Y�N�I�K�I�:� �S�T�A�B�I�L�N�O�Z��� �C�Z�A�S�O�W�A

�K�a�b�e�l� �b�a�n�a�n�o�w�y� �z�d�e�g�r�a�d�o�w�a�B� �s�i��� �s�z�y�b�k�o� �-�-� �p�o� �4�8� �g�o�d�z�i�n�a�c�h� �b�y�B� �o�t�w�a�r�t�y� �o�b�w�o�d�e�m�.

�B�B�o�t�o� �b�y�B�o� �n�i�e�s�p�o�d�z�i�a�n�k���.� �R�e�z�y�s�t�a�n�c�j�a� �u�s�t�a�b�i�l�i�z�o�w�a�B�a� �s�i��� �p�o� �1�2� �g�o�d�z�i�n�a�c�h� �i� �w�a�h�a�B�a� �s�i��� �o� �m�n�i�e�j� �n�i�|� �0�,�2�%� �p�r�z�e�z� �k�o�l�e�j�n�e� �6�0� �g�o�d�z�i�n�.
�I�S�I� �b�B�o�t�a� �w�a�h�a�B�a� �s�i��� �0�,�4�%� �-�-� �s�i�e�d�e�m� �r�a�z�y� �s�t�a�b�i�l�n�i�e�j� �n�i�|� �m�i�e�d�z� �(�2�,�8�%�)�.

�M�e�c�h�a�n�i�z�m�:� �j�o�n�o�w�a� �p�r�z�e�w�o�d�n�o�[��� �w� �m�a�t�r�y�c�y� �g�l�i�n�i�a�s�t�e�j� �j�e�s�t� �b�u�f�o�r�o�w�a�n�a� �p�r�z�e�z� �p�o�j�e�m�n�o�[��� �w�y�m�i�a�n�y� �k�a�t�i�o�n�o�w�e�j� �g�l�i�n�y� �-�-
�s�a�m�o�r�e�g�u�l�u�j���c�y� �s�i��� �r�ó�w�n�o�w�a�g�a� �e�l�e�k�t�r�o�c�h�e�m�i�c�z�n�a�.� �R�ó�w�n�i�k�o�w�a� �g�l�i�n�a� �w�u�l�k�a�n�i�c�z�n�a� �(�a�n�d�o�z�o�l� �a�l�o�f�a�n�o�w�y�)� �m�a� �j�e�d�n��� �z� �n�a�j�w�y�|�s�z�y�c�h
�p�o�j�e�m�n�o�[�c�i� �w�y�m�i�a�n�y� �k�a�t�i�o�n�o�w�e�j� �s�p�o�[�r�ó�d� �n�a�t�u�r�a�l�n�y�c�h� �g�l�i�n�.

7. WYNIKI: STAL I PROBLEM PRZEWODNIKA MAGNETYCZNEGO

�S�t�a�l� �w�y�k�a�z�a�B�a� �n�a�j�w�y�|�s�z�e� �z�n�i�e�k�s�z�t�a�B�c�e�n�i�a� �h�a�r�m�o�n�i�c�z�n�e� �s�p�o�[�r�ó�d� �m�e�t�a�l�i�c�z�n�y�c�h� �p�r�z�e�w�o�d�n�i�k�ó�w�:� �-�9�8�,�7� �d�B� �T�H�D�+�N�.� �S�p�e�k�t�r�u�m
�z�d�o�m�i�n�o�w�a�n�e� �p�r�z�e�z� �3�.�,� �5�.� �i� �7�.� �h�a�r�m�o�n�i�c�z�n��� �-�-� �z�n�i�e�k�s�z�t�a�B�c�e�n�i�a� �n�i�e�p�a�r�z�y�s�t�e�g�o� �r�z���d�u� �z� �h�i�s�t�e�r�e�z�y� �p���t�l�i� �B�-�H�.

�A�l�g�o�r�y�t�m� �o�d�z�y�s�k�i�w�a�n�i�a� �I�S�I� �d�l�a� �s�t�a�l�i� �d�a�B� �a�n�o�m�a�l�n��� �I�S�I� �-�0�,�0�0�2� �b�i�t�ó�w� �n�a� �p�r�ó�b�k��� �-�-� �w�a�r�t�o�[��� �u�j�e�m�n�a�,� �f�i�z�y�c�z�n�i�e� �n�i�e�m�o�|�l�i�w�a�.� �S�t�a�l�o�w�y
�k�a�b�e�l� �a�k�t�y�w�n�i�e� �w�p�r�o�w�a�d�z�a� �f�a�B�s�z�y�w�e� �k�o�r�e�l�a�c�j�e�.

8. DYSKUSJA

�M�i�e�d�z� �j�e�s�t� �l�e�p�s�z�y�m� �p�r�z�e�w�o�d�n�i�k�i�e�m�.� �B�B�o�t�o�,� �n�a� �b���b�e�n�k�u� �u�s�z�n�y�m�,� �w�y�t�w�a�r�z�a� �b�a�r�d�z�i�e�j� �p�B�a�s�k��� �o�d�p�o�w�i�e�d�z� �c�z���s�t�o�t�l�i�w�o�[�c�i�o�w���.� �O�b�a
�s�t�w�i�e�r�d�z�e�n�i�a� �s��� �p�r�a�w�d�z�i�w�e�.

�B�B�o�t�o� �m�a� �d�w�i�e� �a�n�o�m�a�l�n�e� �w�B�a�[�c�i�w�o�[�c�i�.� �{�a�d�n�a� �n�i�e� �c�z�y�n�i� �z� �n�i�e�g�o� �p�r�a�k�t�y�c�z�n�e�g�o� �p�r�z�e�w�o�d�n�i�k�a�.� �O�b�i�e� �s��� �r�e�a�l�n�e� �i� �-�-� �o� �i�l�e� �n�a�m� �w�i�a�d�o�m�o� �-�-
�w�c�z�e�[�n�i�e�j� �n�i�e�r�a�p�o�r�t�o�w�a�n�e�.

�D�l�a� �u�c�z�e�s�t�n�i�k�ó�w� �w���t�k�u� �d�i�y�a�u�d�i�o�:� �m�i�e�d�z� �j�e�s�t� �w�B�a�[�c�i�w�y�m� �w�y�b�o�r�e�m�.� �A�l�e� �j�e�[�l�i� �k�i�e�d�y�k�o�l�w�i�e�k� �z�a�s�t�a�n�a�w�i�a�l�i�[�c�i�e� �s�i���,� �c�z�y� �b�B�o�t�o� �p�o�d
�w�a�s�z�y�m�i� �s�t�o�p�a�m�i� �r�o�b�i� �c�o�[� �i�n�t�e�r�e�s�u�j���c�e�g�o� �z� �s�y�g�n�a�B�a�m�i� �e�l�e�k�t�r�y�c�z�n�y�m�i� �-�-� �r�o�b�i�.� �B�a�r�d�z�i�e�j� �i�n�t�e�r�e�s�u�j���c�e�g�o�,� �n�i�|� �p�r�a�w�d�o�p�o�d�o�b�n�i�e
�o�c�z�e�k�i�w�a�l�i�[�c�i�e�.

9. WNIOSKI

�M�i�e�d�z� �i� �s�r�e�b�r�o� �p�o�z�o�s�t�a�j��� �o�p�t�y�m�a�l�n�y�m�i� �m�a�t�e�r�i�a�B�a�m�i� �p�r�z�e�w�o�d�n�i�k�ó�w� �a�u�d�i�o�.� �B�B�o�t�o� �w�y�k�a�z�a�B�o� �d�w�i�e� �a�n�o�m�a�l�n�e� �w�B�a�[�c�i�w�o�[�c�i�:� �o�d�p�o�w�i�e�d�z
�c�z���s�t�o�t�l�i�w�o�[�c�i�o�w��� �z�b�i�e�|�n��� �z� �o�d�w�r�o�t�n�o�[�c�i��� �k�a�n�a�B�u� �s�B�u�c�h�o�w�e�g�o� �i� �s�i�e�d�m�i�o�k�r�o�t�n�i�e� �w�y�|�s�z��� �s�t�a�b�i�l�n�o�[��� �c�z�a�s�o�w��� �I�S�I� �n�i�|� �m�i�e�d�z�.

�W���t�e�k� �d�i�y�a�u�d�i�o� �j�e�s�t� �z�a�r�c�h�i�w�i�z�o�w�a�n�y�.� �D�a�n�e� �s��� �t�r�w�a�B�e�.

BIBLIOGRAFIA

[1] �T�u�b�e�G�l�o�w�W�o�r�m� �e�t� �a�l�.�,� �"�C�o�p�p�e�r� �v�s�.� �M�u�d� �v�s�.� �B�a�n�a�n�a� �-�-� �w�h�i�c�h� �o�n�e� �s�o�u�n�d�s� �b�e�t�t�e�r�?�"�,� �d�i�y�a�u�d�i�o�.�c�o�m�,� �w���t�e�k� �#�3�9�4�1�8�7�,� �m�a�r�z�e�c� �2�0�2�4�,� �3�4�7� �o�d�p�o�w�i�e�d�z�i�.

[2] C. E. Shannon, "Communication in the presence of noise," Proc. IRE, vol. 37, no. 1, pp. 10-21, 1949.

[3] �Y�.� �T�a�n�a�k�a�,� �C�.� �O�h�m�,� �R�.� �F�l�u�x�,� �"�O� �n�i�e�k�o�m�p�l�e�t�n�o�[�c�i� �r�e�k�o�n�s�t�r�u�k�c�j�i� �N�y�q�u�i�s�t�a�-�S�h�a�n�n�o�n�a�,�"� �J�.� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �S�c�i�.�,� �v�o�l�.� �6�,� �n�o�.� �1�,� �2�0�2�5�.

[4] D. Hammershoi and H. Moller, "Sound transmission to and within the human ear canal," J. Acoust. Soc. Am., vol. 100, no. 1, pp. 408-427, 1996.

[5] �I�S�O� �1�1�9�0�4�-�1�:�2�0�0�2�,� �A�k�u�s�t�y�k�a� �-�-� �O�k�r�e�[�l�a�n�i�e� �i�m�i�s�j�i� �d�z�w�i���k�u� �z�e� �z�r�ó�d�e�B� �u�m�i�e�s�z�c�z�o�n�y�c�h� �b�l�i�s�k�o� �u�c�h�a�.

[6] �I�n�t�e�r�n�a�t�i�o�n�a�l� �A�n�n�e�a�l�e�d� �C�o�p�p�e�r� �S�t�a�n�d�a�r�d� �(�I�A�C�S�)�,� �A�S�T�M� �B�1�9�3�-�1�6�,� �S�t�a�n�d�a�r�d�o�w�a� �m�e�t�o�d�a� �b�a�d�a�w�c�z�a� �r�e�z�y�s�t�y�w�n�o�[�c�i� �m�a�t�e�r�i�a�B�ó�w� �p�r�z�e�w�o�d�z���c�y�c�h�.

CONFID
ENTIA

L


