
�C�y�k�l�i�c�z�n�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�:� �K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h� �s�u�b�s�t�r�a�t�a�c�hEQUATORIAL AUDIO

1

CYKLICZNA CHARAKTERYSTYKA
WOLTAMPEROMETRYCZNA

PRZEWODNIKÓW KLASY AUDIO:
KWANTYFIKACJA SYGNATURY
EKSTRAKCJI W MIEDZIANYCH,

SREBRNYCH I
�N�A�D�P�R�Z�E�W�O�D�Z���C�Y�C�H

SUBSTRATACH



�C�y�k�l�i�c�z�n�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�:� �K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h� �s�u�b�s�t�r�a�t�a�c�hEQUATORIAL AUDIO

2

Cykliczna charakterystyka woltamperometryczna przewodników klasy audio:
�K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h
substratach

M. Ferro, C. Ohm, L. Solder, R. Flux
Equatorial Audio Research Division, Mitad del Mundo, Quito, Ecuador (0.0000deg N)

Journal of Equatorial Audio Science, 2026.

Abstrakt
�W� �k�w�i�e�t�n�i�u� �2�0�2�6� �H�e�r�t�z� �i� �w�s�p�ó�B�p�r�a�c�o�w�n�i�c�y� �z� �U�n�i�v�e�r�s�i�t�y� �o�f� �O�r�e�g�o�n� �o�p�u�b�l�i�k�o�w�a�l�i� �w� �N�a�t�u�r�e� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �m�e�t�o�d��� �i�d�e�n�t�y�f�i�k�a�c�j�i� �p�r�o�f�i�l�u
�s�m�a�k�o�w�e�g�o� �z�a�p�a�r�z�o�n�e�j� �k�a�w�y� �z�a� �p�o�m�o�c��� �c�y�k�l�i�c�z�n�e�j� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�i�.� �Z�a�n�u�r�z�a�j���c� �p�a�r��� �o�b�o�j���t�n�y�c�h� �e�l�e�k�t�r�o�d� �w� �p�r�ó�b�c�e� �c�z�a�r�n�e�j� �k�a�w�y� �i
�p�r�o�w�a�d�z���c� �w�y�m�i�a�t�a�n�i�e� �p�o�t�e�n�c�j�a�B�u� �z�e� �s�t�a�B��� �s�z�y�b�k�o�[�c�i���,� �a�u�t�o�r�z�y� �u�z�y�s�k�a�l�i� �d�w�a� �o�r�t�o�g�o�n�a�l�n�e� �p�o�m�i�a�r�y� �z� �j�e�d�n�e�g�o� �e�k�s�p�e�r�y�m�e�n�t�u�:� �m�o�c� �n�a�p�o�j�u�,
�z�a�k�o�d�o�w�a�n��� �w� �p�r���d�z�i�e� �s�z�c�z�y�t�o�w�y�m� �p�i�e�r�w�s�z�e�g�o� �s�k�a�n�u�,� �o�r�a�z� �k�o�l�o�r� �p�a�l�e�n�i�a�,� �z�a�k�o�d�o�w�a�n�y� �w� �t�B�u�m�i�e�n�i�u� �k�o�l�e�j�n�y�c�h� �s�k�a�n�ó�w� �p�r�z�e�z
�z�a�n�i�e�c�z�y�s�z�c�z�e�n�i�e� �p�o�w�i�e�r�z�c�h�n�i�.� �T�e�c�h�n�i�k�a� �j�e�s�t� �n�i�e�n�i�s�z�c�z���c�a�,� �n�i�e� �w�y�m�a�g�a� �r�o�z�d�z�i�a�B�u� �c�h�r�o�m�a�t�o�g�r�a�f�i�c�z�n�e�g�o� �i� �r�o�z�d�z�i�e�l�a� �r�ó�|�n�i�c�e� �m�o�l�e�k�u�l�a�r�n�e�,
�k�t�ó�r�e� �w�y�s�z�k�o�l�o�n�e� �p�a�n�e�l�e� �s�e�n�s�o�r�y�c�z�n�e� �p�o�t�r�a�f�i��� �o�p�i�s�a���,� �l�e�c�z� �n�i�e� �s�k�w�a�n�t�y�f�i�k�o�w�a���.� �A�d�a�p�t�u�j�e�m�y� �t��� �t�e�c�h�n�i�k��� �d�o� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�.
�W�p�r�o�w�a�d�z�a�j���c� �p�a�r��� �m�i�k�r�o�e�l�e�k�t�r�o�d� �p�r�z�e�z� �z�e�w�n���t�r�z�n�y� �d�i�e�l�e�k�t�r�y�k� �k�a�b�l�a� �a�u�d�i�o�,� �u�s�t�a�n�a�w�i�a�j���c� �k�r�ó�t�k�i� �k�o�n�t�a�k�t� �e�l�e�k�t�r�o�l�i�t�y�c�z�n�y� �z� �w�e�w�n���t�r�z�n�y�m
�p�r�z�e�w�o�d�n�i�k�i�e�m� �i� �s�t�o�s�u�j���c� �l�i�n�i�o�w�e� �w�y�m�i�a�t�a�n�i�e� �p�o�t�e�n�c�j�a�B�u� �5�0� �m�V�/�s�,� �o�t�r�z�y�m�u�j�e�m�y� �p�r�o�f�i�l�e� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e�,� �k�t�ó�r�e� �s��� �p�o�w�t�a�r�z�a�l�n�e� �z
�d�o�k�B�a�d�n�o�[�c�i��� �d�o� �1�,�4� �p�r�o�c�e�n�t�,� �s�p�e�c�y�f�i�c�z�n�e� �d�l�a� �p�r�z�e�w�o�d�n�i�k�a� �i� �s�t�a�t�y�s�t�y�c�z�n�i�e� �o�r�t�o�g�o�n�a�l�n�e� �d�o� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�c�h� �p�o�m�i�a�r�ó�w� �e�l�e�k�t�r�y�c�z�n�y�c�h�,� �w
�t�y�m� �r�e�z�y�s�t�a�n�c�j�i� �D�C�,� �i�m�p�e�d�a�n�c�j�i� �A�C� �i� �i�m�p�e�d�a�n�c�j�i� �c�h�a�r�a�k�t�e�r�y�s�t�y�c�z�n�e�j�.� �W� �4�7� �p�r�ó�b�k�a�c�h� �k�a�b�l�i� �o�b�e�j�m�u�j���c�y�c�h� �p�i����� �p�o�z�i�o�m�ó�w� �j�a�k�o�[�c�i� �k�o�n�s�t�r�u�k�c�j�i� �i
�t�r�z�y� �m�e�t�a�l�u�r�g�i�e� �s�u�b�s�t�r�a�t�ó�w� �o�b�s�e�r�w�u�j�e�m�y� �s�y�s�t�e�m�a�t�y�c�z�n�e� �z�m�i�a�n�y� �p�r���d�u� �s�z�c�z�y�t�o�w�e�g�o�,� �w�s�p�ó�B�c�z�y�n�n�i�k�a� �t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �i� �p�o�t�e�n�c�j�a�B�u� �p�o�c�z���t�k�u
�u�t�l�e�n�i�a�n�i�a�,� �k�t�ó�r�e� �z�b�i�o�r�c�z�o� �n�a�z�y�w�a�m�y� �s�y�g�n�a�t�u�r��� �e�k�s�t�r�a�k�c�j�i�.� �M�i�e�d�z� �O�F�C� �p�o�z�i�o�m�u� �T�r�o�p�i�c� �w�y�k�a�z�u�j�e� �s�z�e�r�o�k�i�e�,� �s�t�B�u�m�i�o�n�e� �p�r�o�f�i�l�e
�w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e�,� �z�g�o�d�n�e� �z� �w�y�s�o�k��� �g���s�t�o�[�c�i��� �t�l�e�n�k�ó�w� �p�o�w�i�e�r�z�c�h�n�i�o�w�y�c�h� �i� �z�a�n�i�e�c�z�y�s�z�c�z�e�n�i�e�m� �m�i���d�z�y�z�i�a�r�n�o�w�y�m�.� �M�o�n�o�k�r�y�s�t�a�l�i�c�z�n�e
�s�r�e�b�r�o� �p�o�z�i�o�m�u� �E�q�u�i�n�o�x� �w�y�k�a�z�u�j�e� �w���|�s�z�e� �s�z�c�z�y�t�y� �i� �z�m�n�i�e�j�s�z�o�n�e� �t�B�u�m�i�e�n�i�e� �s�k�a�n�u�.� �C�e�r�a�m�i�c�z�n�e� �p�r�z�e�w�o�d�n�i�k�i� �Y�B�C�O� �k�l�a�s�y� �Z�e�r�o�-�P�o�i�n�t
�p�r�a�c�u�j���c�e� �p�o�n�i�|�e�j� �t�e�m�p�e�r�a�t�u�r�y� �k�r�y�t�y�c�z�n�e�j� �w�y�t�w�a�r�z�a�j��� �s�k�a�n�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e�,� �k�t�ó�r�e� �-�-� �w� �g�r�a�n�i�c�a�c�h� �r�o�z�d�z�i�e�l�c�z�o�[�c�i� �n�a�s�z�e�g�o
�p�o�t�e�n�c�j�o�s�t�a�t�u� �-�-� �s��� �i�d�e�a�l�n�i�e� �p�B�a�s�k�i�e�,� �c�o� �i�n�t�e�r�p�r�e�t�u�j�e�m�y� �j�a�k�o� �d�o�w�ó�d� �t�r�a�n�s�p�a�r�e�n�t�n�o�[�c�i� �m�o�l�e�k�u�l�a�r�n�e�j�.� �T�e�c�h�n�i�k�a� �r�o�z�d�z�i�e�l�a� �r�ó�|�n�i�c�e� �m�i���d�z�y
�p�r�z�e�w�o�d�n�i�k�a�m�i�,� �k�t�ó�r�y�c�h� �p�o�m�i�a�r�y� �S�I�N�A�D� �n�a� �s�t�a�n�d�a�r�d�o�w�y�c�h� �s�z�e�r�o�k�o�[�c�i�a�c�h� �g�e�o�g�r�a�f�i�c�z�n�y�c�h� �n�i�e� �p�o�t�r�a�f�i��� �r�o�z�d�z�i�e�l�i���,� �a� �k�t�ó�r�e� �p�o�m�i�a�r�y� �S�I�N�A�D
�s�k�o�r�y�g�o�w�a�n�e� �o� �o�d�c�h�y�l�e�n�i�e� �h�e�m�i�s�f�e�r�y�c�z�n�e� �n�a� �r�ó�w�n�i�k�u� �g�e�o�m�a�g�n�e�t�y�c�z�n�y�m� �p�o�t�r�a�f�i��� �r�o�z�d�z�i�e�l�i��� �t�y�l�k�o� �c�z���[�c�i�o�w�o�.� �P�r�o�p�o�n�u�j�e�m�y� �c�h�a�r�a�k�t�e�r�y�s�t�y�k��
�w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n��� �j�a�k�o� �u�z�u�p�e�B�n�i�a�j���c�e� �r�a�m�y� �p�o�m�i�a�r�o�w�e� �d�l�a� �o�c�e�n�y� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�.

1. WPROWADZENIE

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

�H�e�r�t�z�,� �N�a�k�a�h�a�r�a� �i� �B�o�e�t�t�c�h�e�r� �(�2�0�2�6�)�,� �p�u�b�l�i�k�u�j���c� �w� �N�a�t�u�r�e� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �w�y�k�a�z�a�l�i�,� �|�e� �z�n�a�c�z�n��� �c�z���[��� �c�h�e�m�i�c�z�n�i�e� �i�s�t�o�t�n�e�j
�i�n�f�o�r�m�a�c�j�i� �w� �p�r�ó�b�c�e� �z�a�p�a�r�z�o�n�e�j� �k�a�w�y� �m�o�|�n�a� �o�d�z�y�s�k�a��� �z� �p�o�j�e�d�y�n�c�z�e�g�o� �e�k�s�p�e�r�y�m�e�n�t�u� �c�y�k�l�i�c�z�n�e�j� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�i�.� �A�u�t�o�r�z�y
�z�a�n�u�r�z�y�l�i� �r�o�b�o�c�z��� �e�l�e�k�t�r�o�d��� �z� �w���g�l�a� �s�z�k�l�i�s�t�e�g�o� �i� �r�e�f�e�r�e�n�c�j��� �z�e� �s�r�e�b�r�n�e�g�o� �d�r�u�t�u� �w� �2�5� �m�L� �c�z�a�r�n�e�j� �k�a�w�y�,� �z�a�s�t�o�s�o�w�a�l�i� �l�i�n�i�o�w�e
�w�y�m�i�a�t�a�n�i�e� �p�o�t�e�n�c�j�a�B�u� �o�d� �-�0�,�4� �V� �d�o� �+�1�,�2� �V� �p�r�z�y� �5�0� �m�V�/�s� �i� �z�a�r�e�j�e�s�t�r�o�w�a�l�i� �w�y�n�i�k�o�w�y� �p�r���d�.� �P�i�e�r�w�s�z�y� �s�k�a�n� �w�y�t�w�o�r�z�y�B
�c�h�a�r�a�k�t�e�r�y�s�t�y�c�z�n�y� �s�z�c�z�y�t� �u�t�l�e�n�i�a�n�i�a�,� �k�t�ó�r�e�g�o� �w�i�e�l�k�o�[��� �k�o�r�e�l�o�w�a�B�a� �l�i�n�i�o�w�o� �z� �c�a�B�k�o�w�i�t��� �z�a�w�a�r�t�o�[�c�i��� �r�o�z�p�u�s�z�c�z�o�n�y�c�h� �s�u�b�s�t�a�n�c�j�i
�s�t�a�B�y�c�h� �w� �n�a�p�a�r�z�e� �(�R� �k�w�a�d�r�a�t� �=� �0�,�9�4�,� �n� �=� �1�4�2�)�.� �D�r�u�g�i� �i� �k�o�l�e�j�n�e� �s�k�a�n�y� �w�y�t�w�o�r�z�y�B�y� �s�z�c�z�y�t�y�,� �k�t�ó�r�y�c�h� �w�i�e�l�k�o�[�c�i� �b�y�B�y� �p�r�o�g�r�e�s�y�w�n�i�e
�t�B�u�m�i�o�n�e� �w� �s�t�o�s�u�n�k�u� �d�o� �p�i�e�r�w�s�z�e�g�o�,� �p�r�z�y� �c�z�y�m� �t�e�m�p�o� �t�B�u�m�i�e�n�i�a� �k�o�r�e�l�o�w�a�B�o� �z� �k�o�l�o�r�e�m� �p�a�l�e�n�i�a� �z�i�a�r�e�n� �z�r�ó�d�B�o�w�y�c�h� �(�R� �k�w�a�d�r�a�t� �=
0,89, n = 142).

�D�w�a� �p�o�m�i�a�r�y� �s��� �o�r�t�o�g�o�n�a�l�n�e�.� �M�o�c� �n�a�p�o�j�u� �i� �k�o�l�o�r� �p�a�l�e�n�i�a� �s��� �n�i�e�z�a�l�e�|�n�i�e� �z�m�i�e�n�n�e� �w� �p�r�z�y�g�o�t�o�w�a�n�i�u� �k�a�w�y� �-�-� �m�o�|�n�a� �w�y�t�w�o�r�z�y��� �m�o�c�n��
�f�i�l�i�|�a�n�k��� �z� �l�e�k�k�i�e�g�o� �p�a�l�e�n�i�a� �l�u�b� �s�B�a�b��� �f�i�l�i�|�a�n�k��� �z� �c�i�e�m�n�e�g�o� �p�a�l�e�n�i�a� �-�-� �a� �e�k�s�p�e�r�y�m�e�n�t� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �o�d�z�y�s�k�u�j�e� �o�b�a� �w� �o�k�o�B�o
�d�z�i�e�w�i�����d�z�i�e�s�i���c�i�u� �s�e�k�u�n�d�.

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

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

�J�e�[�l�i� �s�t�a�n� �m�o�l�e�k�u�l�a�r�n�y� �z�a�p�a�r�z�o�n�e�j� �k�a�w�y�,� �s�c�a�B�k�o�w�a�n�y� �p�o� �p�e�B�n�e�j� �o�b�j���t�o�[�c�i� �f�i�l�i�|�a�n�k�i�,� �m�o�|�n�a� �r�z�u�t�o�w�a��� �n�a� �d�w�u�w�y�m�i�a�r�o�w��
�w�s�p�ó�B�r�z���d�n��� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n���,� �t�o� �s�t�a�n� �m�o�l�e�k�u�l�a�r�n�y� �p�r�z�e�w�o�d�n�i�k�a� �a�u�d�i�o� �-�-� �r�ó�w�n�i�e�|� �z�B�o�|�o�n�e�g�o�,� �h�e�t�e�r�o�g�e�n�i�c�z�n�e�g�o� �m�e�d�i�u�m� �-�-
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�C�y�k�l�i�c�z�n�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�:� �K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h� �s�u�b�s�t�r�a�t�a�c�hEQUATORIAL AUDIO
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�p�o�w�i�n�i�e�n� �d�o�p�u�s�z�c�z�a��� �p�o�d�o�b�n��� �p�r�o�j�e�k�c�j���.� �P�y�t�a�n�i�e� �b�r�z�m�i�,� �c�z�y� �p�r�o�j�e�k�c�j�a� �j�e�s�t� �i�n�f�o�r�m�a�t�y�w�n�a�.

�N�i�n�i�e�j�s�z�a� �p�r�a�c�a� �p�r�z�e�d�s�t�a�w�i�a� �n�a�s�z��� �p�r�ó�b��� �o�d�p�o�w�i�e�d�z�i� �n�a� �t�o� �p�y�t�a�n�i�e�.

2. METODA

�Z�a�a�d�a�p�t�o�w�a�l�i�[�m�y� �p�r�o�t�o�k�ó�B� �H�e�r�t�z�a� �d�o� �s�t�a�B�e�g�o� �p�r�z�e�w�o�d�n�i�k�a� �p�o�p�r�z�e�z� �n�a�s�t���p�u�j���c�e� �m�o�d�y�f�i�k�a�c�j�e�.� �B�a�d�a�n�y�m� �p�r�z�e�w�o�d�n�i�k�i�e�m� �b�y�B� �1� �m
�k�a�b�e�l� �a�u�d�i�o� �z�a�k�o�D�c�z�o�n�y� �s�t�a�n�d�a�r�d�o�w�y�m�i� �z�B���c�z�a�m�i� �R�C�A�.� �W� �p�o�B�o�w�i�e� �d�B�u�g�o�[�c�i� �k�a�b�l�a� �w�y�w�i�e�r�c�o�n�o� �o�t�w�ó�r� �0�,�5� �m�m� �p�r�z�e�z� �z�e�w�n���t�r�z�n�y
�p�B�a�s�z�c�z� �i� �d�i�e�l�e�k�t�r�y�k�,� �o�d�s�B�a�n�i�a�j���c� �o�k�o�B�o� �4� �m�m� �k�w�a�d�r�a�t�o�w�y�c�h� �w�e�w�n���t�r�z�n�e�g�o� �p�r�z�e�w�o�d�n�i�k�a�.� �W� �t�y�m� �m�i�e�j�s�c�u� �s�k�o�n�s�t�r�u�o�w�a�n�o� �n�i�e�w�i�e�l�k��
�s�t�u�d�n�i��� �e�l�e�k�t�r�o�l�i�t�y�c�z�n��� �p�r�z�e�z� �u�s�z�c�z�e�l�n�i�e�n�i�e� �k�o�B�n�i�e�r�z�a� �P�T�F�E� �o� �[�r�e�d�n�i�c�y� �5� �m�m� �d�o� �p�B�a�s�z�c�z�a� �k�a�b�l�a� �o�b�o�j���t�n�y�m� �s�i�l�i�k�o�n�e�m�.� �S�t�u�d�n�i��
�w�y�p�e�B�n�i�o�n�o� �0�,�5� �m�L� �0�,�1� �M� �h�e�k�s�a�f�l�u�o�r�o�f�o�s�f�o�r�a�n�u� �t�e�t�r�a�b�u�t�y�l�o�a�m�o�n�i�o�w�e�g�o� �w� �s�u�c�h�y�m� �a�c�e�t�o�n�i�t�r�y�l�u� �-�-� �n�i�e�w�o�d�n�y�m�,� �n�i�e�k�o�r�o�z�y�j�n�y�m
elektrolicie powszechnie stosowanym w niewodnej woltamperometrii powierzchni metalicznych.

�M�i�k�r�o�e�l�e�k�t�r�o�d�a� �p�l�a�t�y�n�o�w�a� �o� �[�r�e�d�n�i�c�y� �0�,�5� �m�m� �s�B�u�|�y�B�a� �j�a�k�o� �p�r�z�e�c�i�w�e�l�e�k�t�r�o�d�a�.� �P�s�e�u�d�o�r�e�f�e�r�e�n�c�y�j�n�a� �e�l�e�k�t�r�o�d�a� �z�e� �s�r�e�b�r�n�e�g�o� �d�r�u�t�u
�z�o�s�t�a�B�a� �w�p�r�o�w�a�d�z�o�n�a� �d�o� �s�t�u�d�n�i� �n�a� �s�t�a�B��� �g�B���b�o�k�o�[��� �2� �m�m�.� �B�a�d�a�n�y� �p�r�z�e�w�o�d�n�i�k� �s�B�u�|�y�B� �j�a�k�o� �e�l�e�k�t�r�o�d�a� �r�o�b�o�c�z�a� �p�o�p�r�z�e�z
�b�e�z�p�o�[�r�e�d�n�i� �k�o�n�t�a�k�t� �z� �e�l�e�k�t�r�o�l�i�t�e�m� �n�a� �o�d�s�B�o�n�i���t�e�j� �p�o�w�i�e�r�z�c�h�n�i�.

�P�o�t�e�n�c�j�o�s�t�a�t� �B�i�o�L�o�g�i�c� �S�P�-�3�0�0� �z�a�s�t�o�s�o�w�a�n�o� �w� �t�r�y�b�i�e� �j�e�d�n�o�k�a�n�a�B�o�w�y�m�.� �L�i�n�i�o�w�e� �w�y�m�i�a�t�a�n�i�a� �p�o�t�e�n�c�j�a�B�u� �o�d� �-�0�,�6� �V� �d�o� �+�1�,�4� �V� �(�v�s�.
�p�s�e�u�d�o�r�e�f�e�r�e�n�c�j�a� �A�g�)� �p�r�z�y� �5�0� �m�V�/�s� �s�t�o�s�o�w�a�n�o� �p�r�z�e�z� �d�z�i�e�s�i����� �k�o�l�e�j�n�y�c�h� �s�k�a�n�ó�w�.� �P�r���d� �p�r�ó�b�k�o�w�a�n�o� �z� �c�z���s�t�o�t�l�i�w�o�[�c�i��� �1� �k�H�z�.

�W�s�z�y�s�t�k�i�e� �p�o�m�i�a�r�y� �p�r�z�e�p�r�o�w�a�d�z�o�n�o� �w� �r�e�f�e�r�e�n�c�y�j�n�y�m� �l�a�b�o�r�a�t�o�r�i�u�m� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �w� �Q�u�i�t�o�,� �E�k�w�a�d�o�r� �(�0�,�0�0�0�0�d�e�g� �N� �s�z�e�r�o�k�o�[�c�i
�g�e�o�m�a�g�n�e�t�y�c�z�n�e�j�,� �i�n�t�e�n�s�y�w�n�o�[��� �p�o�l�a� �2�9� �2�0�0� �n�T�,� �i�n�k�l�i�n�a�c�j�a� �0�,�8�d�e�g�)�.� �P�o�t�e�n�c�j�o�s�t�a�t� �b�y�B� �z�a�m�k�n�i���t�y� �w� �t�r�ó�j�w�a�r�s�t�w�o�w�e�j� �k�o�m�o�r�z�e
�m�u�-�m�e�t�a�l�o�w�e�j�,� �r�e�d�u�k�u�j���c�e�j� �o�t�a�c�z�a�j���c�e� �p�o�l�e� �m�a�g�n�e�t�y�c�z�n�e� �n�a� �s�t�o�p�n�i�u� �w�e�j�[�c�i�o�w�y�m� �p�o�n�i�|�e�j� �5�0� �n�T� �i� �e�l�i�m�i�n�u�j���c�e�j� �g�e�o�m�a�g�n�e�t�y�c�z�n�y
�w�k�B�a�d� �b�a�z�o�w�y� �d�o� �p�o�m�i�a�r�u� �p�r���d�u�,� �k�t�ó�r�y� �w� �p�r�z�e�c�i�w�n�y�m� �r�a�z�i�e� �d�o�m�i�n�o�w�a�B�b�y� �n�a� �p�o�z�i�o�m�i�e� �p�i�k�o�a�m�p�e�r�ó�w�.

�D�l�a� �k�a�|�d�e�j� �p�r�ó�b�k�i� �k�a�b�l�a� �r�a�p�o�r�t�u�j�e�m�y� �t�r�z�y� �p�o�c�h�o�d�n�e� �m�e�t�r�y�k�i�:� �s�z�c�z�y�t�o�w�y� �p�r���d� �u�t�l�e�n�i�a�n�i�a� �w� �p�i�e�r�w�s�z�y�m� �s�k�a�n�i�e� �(�I�_�p�,�1�)�,� �w�s�p�ó�B�c�z�y�n�n�i�k
�t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �p�o� �d�z�i�e�s�i���c�i�u� �s�k�a�n�a�c�h� �(�z�d�e�f�i�n�i�o�w�a�n�y� �j�a�k�o� �I�_�p�,�1�0� �/� �I�_�p�,�1�)� �o�r�a�z� �p�o�t�e�n�c�j�a�B� �p�o�c�z���t�k�u� �u�t�l�e�n�i�a�n�i�a� �(�E�_�o�n�s�e�t�,� �p�o�t�e�n�c�j�a�B�,
�p�r�z�y� �k�t�ó�r�y�m� �p�r���d� �p�o� �r�a�z� �p�i�e�r�w�s�z�y� �p�r�z�e�k�r�a�c�z�a� �t�r�z�y�k�r�o�t�n�o�[��� �s�z�u�m�u� �b�a�z�o�w�e�g�o�)�.� �K�o�m�b�i�n�a�c�j�a� �t�y�c�h� �t�r�z�e�c�h� �w�a�r�t�o�[�c�i� �d�e�f�i�n�i�u�j�e� �s�y�g�n�a�t�u�r��
ekstrakcji przewodnika.

�Z�m�i�e�r�z�o�n�o� �c�z�t�e�r�d�z�i�e�[�c�i� �s�i�e�d�e�m� �p�r�ó�b�e�k� �k�a�b�l�i�.� �P�r�ó�b�k�i� �r�o�z�d�z�i�e�l�o�n�o� �n�a� �p�i����� �p�o�z�i�o�m�ó�w� �k�o�n�s�t�r�u�k�c�j�i� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �(�T�r�o�p�i�c�,� �M�e�r�i�d�i�a�n�,
�E�q�u�i�n�o�x�,� �Z�e�r�o�-�P�o�i�n�t� �o�r�a�z� �p�i���t�y� �p�o�z�i�o�m� �k�a�b�l�i� �k�o�n�k�u�r�e�n�c�y�j�n�y�c�h� �w� �c�e�n�a�c�h� �d�e�t�a�l�i�c�z�n�y�c�h� �o�d� �7� �U�S�D� �d�o� �4� �0�0�0� �U�S�D�)� �i� �t�r�z�y� �p�o�d�s�t�a�w�o�w�e
�m�a�t�e�r�i�a�B�y� �s�u�b�s�t�r�a�t�o�w�e� �(�m�i�e�d�z� �b�e�z�t�l�e�n�o�w�a�,� �m�o�n�o�k�r�y�s�t�a�l�i�c�z�n�e� �s�r�e�b�r�o� �o�r�a�z� �n�a�d�p�r�z�e�w�o�d�z���c�a� �c�e�r�a�m�i�k�a� �Y�B�a�2�C�u�3�O�7�-�d�e�l�t�a� �z
�m�i�e�d�z�i�a�n��� �t�u�l�e�j��� �d�o� �o�b�s�B�u�g�i� �w� �t�e�m�p�e�r�a�t�u�r�z�e� �p�o�k�o�j�o�w�e�j�)�.

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

3. WYNIKI

�P�r�o�f�i�l�e� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e� �r�o�z�d�z�i�e�l�a�j��� �s�i��� �c�z�y�s�t�o� �n�a� �t�r�z�y� �o�d�r���b�n�e� �r�o�d�z�i�n�y�.

�P�r�z�e�w�o�d�n�i�k�i� �z� �m�i�e�d�z�i� �O�F�C� �(�n� �=� �2�1�)� �w�y�t�w�a�r�z�a�j��� �s�z�e�r�o�k�i�e� �s�z�c�z�y�t�y� �u�t�l�e�n�i�a�n�i�a� �w�y�[�r�o�d�k�o�w�a�n�e� �p�r�z�y� �+�0�,�6�2� �V� �(�s�i�g�m�a� �=� �0�,�0�4� �V�)� �z� �p�r���d�a�m�i
�s�z�c�z�y�t�o�w�y�m�i� �1�8�4� �m�i�k�r�o�a�m�p�e�r�ó�w� �(�s�i�g�m�a� �=� �3�1� �m�i�k�r�o�a�m�p�e�r�ó�w�)� �i� �w�s�p�ó�B�c�z�y�n�n�i�k�a�m�i� �t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �0�,�4�1� �(�s�i�g�m�a� �=� �0�,�0�7�)� �p�o� �d�z�i�e�s�i���c�i�u
�s�k�a�n�a�c�h�.� �K�s�z�t�a�B�t� �s�z�c�z�y�t�u� �j�e�s�t� �a�s�y�m�e�t�r�y�c�z�n�y�,� �z� �o�g�o�n�e�m� �r�o�z�c�i���g�a�j���c�y�m� �s�i��� �w� �s�t�r�o�n��� �w�y�|�s�z�y�c�h� �p�o�t�e�n�c�j�a�B�ó�w�,� �z�g�o�d�n�i�e� �z
�h�e�t�e�r�o�g�e�n�i�c�z�n�y�m� �p�r�o�c�e�s�e�m� �u�t�l�e�n�i�a�n�i�a� �o�b�e�j�m�u�j���c�y�m� �w�i�e�l�e� �g�a�t�u�n�k�ó�w� �p�o�w�i�e�r�z�c�h�n�i�o�w�y�c�h�.� �S�z�e�r�o�k�o�[��� �s�z�c�z�y�t�u� �(�p�e�B�n�a� �s�z�e�r�o�k�o�[��� �w
�p�o�B�o�w�i�e� �m�a�k�s�i�m�u�m� �=� �0�,�3�1� �V�)� �w�s�k�a�z�u�j�e� �n�a� �z�n�a�c�z�n��� �z�m�i�e�n�n�o�[��� �c�h�e�m�i�c�z�n��� �n�a� �p�o�w�i�e�r�z�c�h�n�i� �p�r�z�e�w�o�d�n�i�k�a� �-�-� �w�y�n�i�k� �z�g�o�d�n�y� �z� �d�o�b�r�z�e
�u�d�o�k�u�m�e�n�t�o�w�a�n��� �o�b�e�c�n�o�[�c�i��� �z�a�n�i�e�c�z�y�s�z�c�z�e�D� �m�i���d�z�y�z�i�a�r�n�o�w�y�c�h�,� �r�e�s�z�t�k�o�w�y�c�h� �s�m�a�r�ó�w� �c�i���g�a�r�s�k�i�c�h� �i� �w�a�r�s�t�w� �t�l�e�n�k�ó�w
powierzchniowych w komercyjnym OFC.

�M�o�n�o�k�r�y�s�t�a�l�i�c�z�n�e� �p�r�z�e�w�o�d�n�i�k�i� �s�r�e�b�r�n�e� �(�n� �=� �1�4�)� �w�y�t�w�a�r�z�a�j��� �w���|�s�z�e� �s�z�c�z�y�t�y� �w�y�[�r�o�d�k�o�w�a�n�e� �p�r�z�y� �+�0�,�4�1� �V� �(�s�i�g�m�a� �=� �0�,�0�2� �V�)� �z� �p�r���d�a�m�i
�s�z�c�z�y�t�o�w�y�m�i� �1�4�2� �m�i�k�r�o�a�m�p�e�r�ó�w� �(�s�i�g�m�a� �=� �1�8� �m�i�k�r�o�a�m�p�e�r�ó�w�)� �i� �w�s�p�ó�B�c�z�y�n�n�i�k�a�m�i� �t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �0�,�7�4� �(�s�i�g�m�a� �=� �0�,�0�5�)�.� �K�s�z�t�a�B�t
�s�z�c�z�y�t�u� �j�e�s�t� �s�y�m�e�t�r�y�c�z�n�y�,� �a� �F�W�H�M� �w�y�n�o�s�i� �0�,�1�8� �V� �-�-� �r�e�d�u�k�c�j�a� �o� �4�1� �p�r�o�c�e�n�t� �w� �s�t�o�s�u�n�k�u� �d�o� �O�F�C�.� �N�i�|�s�z�y� �p�r���d� �s�z�c�z�y�t�o�w�y� �i
�z�m�n�i�e�j�s�z�o�n�e� �t�B�u�m�i�e�n�i�e� �s��� �z�g�o�d�n�e� �z� �b�a�r�d�z�i�e�j� �c�h�e�m�i�c�z�n�i�e� �j�e�d�n�o�r�o�d�n��� �p�o�w�i�e�r�z�c�h�n�i��� �i� �n�i�|�s�z��� �g���s�t�o�[�c�i��� �g�a�t�u�n�k�ó�w
�z�a�n�i�e�c�z�y�s�z�c�z�a�j���c�y�c�h�.� �S�u�b�s�t�r�a�t� �m�o�n�o�k�r�y�s�t�a�l�i�c�z�n�y�,� �i�n�n�y�m�i� �s�B�o�w�y�,� �a�k�u�m�u�l�u�j�e� �z�a�n�i�e�c�z�y�s�z�c�z�e�n�i�a� �p�o�w�i�e�r�z�c�h�n�i�o�w�e� �w�o�l�n�i�e�j� �p�o�d
�w�p�B�y�w�e�m� �p�o�w�t�a�r�z�a�n�e�g�o� �u�t�l�e�n�i�a�n�i�a� �n�i�|� �p�o�l�i�k�r�y�s�t�a�l�i�c�z�n�a� �m�i�e�d�z�.

�C�e�r�a�m�i�c�z�n�e� �p�r�z�e�w�o�d�n�i�k�i� �Y�B�C�O� �p�r�a�c�u�j���c�e� �w� �7�7� �K� �(�n� �=� �1�2�,� �z� �p�r�ó�b�k��� �k�a�b�l�a� �s�c�h�B�o�d�z�o�n��� �d�o� �t�e�m�p�e�r�a�t�u�r�y� �c�i�e�k�B�e�g�o� �a�z�o�t�u� �w�e�w�n���t�r�z
�k�o�m�o�r�y� �p�o�m�i�a�r�o�w�e�j�)� �w�y�t�w�a�r�z�a�j��� �s�k�a�n�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e�,� �k�t�ó�r�e� �w� �g�r�a�n�i�c�a�c�h� �r�o�z�d�z�i�e�l�c�z�o�[�c�i� �n�a�s�z�e�g�o� �p�o�t�e�n�c�j�o�s�t�a�t�u� �s��
�n�i�e�o�d�r�ó�|�n�i�a�l�n�e� �o�d� �[�l�e�p�e�j� �p�r�ó�b�y� �e�l�e�k�t�r�o�l�i�t�u�.� �P�r���d�y� �s�z�c�z�y�t�o�w�e� �n�i�e� �p�r�z�e�k�r�a�c�z�a�j��� �0�,�8� �m�i�k�r�o�a�m�p�e�r�a� �(�p�o�z�i�o�m� �s�z�u�m�ó�w� �n�a�s�z�e�g�o
�i�n�s�t�r�u�m�e�n�t�u�)� �w� �|�a�d�n�y�m� �p�u�n�k�c�i�e� �w�y�m�i�a�t�a�n�i�a�.� �T�B�u�m�i�e�n�i�e� �s�k�a�n�u� �j�e�s�t� �n�i�e�z�d�e�f�i�n�i�o�w�a�n�e�,� �p�o�n�i�e�w�a�|� �n�i�e� �m�a� �s�z�c�z�y�t�u� �d�o� �s�t�B�u�m�i�e�n�i�a�.

�N�i�e� �p�r�z�e�w�i�d�y�w�a�l�i�[�m�y� �t�e�g�o� �w�y�n�i�k�u�.

�O�c�z�e�k�i�w�a�l�i�[�m�y�,� �|�e� �Y�B�C�O�,� �j�a�k� �k�a�|�d�a� �p�o�w�i�e�r�z�c�h�n�i�a� �m�e�t�a�l�i�c�z�n�a�,� �b���d�z�i�e� �w�y�k�a�z�y�w�a��� �p�e�w�n��� �a�k�t�y�w�n�o�[��� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n��� �-�-� �|�e
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�C�y�k�l�i�c�z�n�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�:� �K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h� �s�u�b�s�t�r�a�t�a�c�hEQUATORIAL AUDIO
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�b�r�a�k� �r�e�z�y�s�t�a�n�c�j�i� �w� �m�a�s�o�w�y�m� �n�a�d�p�r�z�e�w�o�d�n�i�k�u� �n�i�e� �r�o�z�c�i���g�n�i�e� �s�i��� �n�a� �i�n�t�e�r�f�e�j�s� �p�r�z�e�w�o�d�n�i�k�-�e�l�e�k�t�r�o�l�i�t�,� �g�d�z�i�e� �t�r�a�n�s�f�e�r� �B�a�d�u�n�k�u� �j�e�s�t

�r�z���d�z�o�n�y� �c�h�e�m�i��� �m�i���d�z�y�f�a�z�o�w���,� �a� �n�i�e� �t�r�a�n�s�p�o�r�t�e�m� �m�a�s�o�w�y�m�.� �L�i�t�e�r�a�t�u�r�a� �d�o�t�y�c�z���c�a� �e�l�e�k�t�r�o�c�h�e�m�i�i� �n�a�d�p�r�z�e�w�o�d�n�i�k�ó�w� �j�e�s�t� �s�k���p�a�,� �a�l�e

�o�g�ó�l�n�i�e� �w�s�p�i�e�r�a� �t�o� �o�c�z�e�k�i�w�a�n�i�e�:� �n�a�d�p�r�z�e�w�o�d�n�i�k�i� �r�z�e�c�z�y�w�i�[�c�i�e� �w�y�k�a�z�u�j��� �s�z�c�z�y�t�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e�,� �p�r�z�y�p�i�s�y�w�a�n�e

�m�i���d�z�y�f�a�z�o�w�e�m�u� �u�t�l�e�n�i�a�n�i�u� �s�t�e�c�h�i�o�m�e�t�r�i�i� �t�l�e�n�k�u� �m�i�e�d�z�i�.

�N�a�s�z�e� �p�r�ó�b�k�i� �Y�B�C�O� �n�i�e� �w�y�k�a�z�u�j��� �t�a�k�i�c�h� �s�z�c�z�y�t�ó�w�.� �P�o�w�t�ó�r�z�y�l�i�[�m�y� �p�o�m�i�a�r� �d�l�a� �w�s�z�y�s�t�k�i�c�h� �d�w�u�n�a�s�t�u� �p�r�ó�b�e�k� �k�a�b�l�i� �Y�B�C�O�,� �z
�e�l�e�k�t�r�o�l�i�t�e�m� �o�d� �t�r�z�e�c�h� �r�ó�|�n�y�c�h� �d�o�s�t�a�w�c�ó�w�,� �z� �p�o�l�e�m� �k�o�m�o�r�y� �z�r�e�d�u�k�o�w�a�n�y�m� �p�o�n�i�|�e�j� �1�0� �n�T�,� �i� �z� �p�o�t�e�n�c�j�o�s�t�a�t�e�m� �z�a�s�t���p�i�o�n�y�m� �p�r�z�e�z
�C�H�I� �6�6�0�E�,� �b�y� �w�y�k�l�u�c�z�y��� �a�r�t�e�f�a�k�t�y� �s�p�e�c�y�f�i�c�z�n�e� �d�l�a� �i�n�s�t�r�u�m�e�n�t�u�.� �S�k�a�n�y� �p�o�z�o�s�t�a�j��� �p�B�a�s�k�i�e�.

�N�i�e� �m�a�m�y� �p�e�B�n�e�j� �f�i�z�y�c�z�n�e�j� �i�n�t�e�r�p�r�e�t�a�c�j�i� �t�e�g�o� �w�y�n�i�k�u�.� �R�a�p�o�r�t�u�j�e�m�y� �g�o� �t�a�k�i�m�,� �j�a�k�i�m� �z�o�s�t�a�B� �z�a�o�b�s�e�r�w�o�w�a�n�y�.

�K�a�b�l�e� �k�o�n�k�u�r�e�n�c�y�j�n�e� �(�n� �=� �7�,� �w� �z�a�k�r�e�s�i�e� �o�d� �i�n�t�e�r�k�o�n�e�k�t�u� �A�m�a�z�o�n� �B�a�s�i�c�s� �z�a� �7� �U�S�D� �d�o� �K�i�m�b�e�r� �K�S� �1�0�3�6� �z�a� �4� �0�0�0� �U�S�D�)� �g�r�u�p�u�j��� �s�i��� �w
�r�o�d�z�i�n�a�c�h� �O�F�C� �i� �s�r�e�b�r�a� �z�g�o�d�n�i�e� �z� �d�e�k�l�a�r�o�w�a�n�y�m� �s�k�B�a�d�e�m� �s�u�b�s�t�r�a�t�u�.� �K�a�b�e�l� �z�a� �7� �U�S�D� �w�y�t�w�a�r�z�a� �s�y�g�n�a�t�u�r��� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n��� �w
�o�b�r���b�i�e� �0�,�3� �s�i�g�m�a� �o�d� �[�r�e�d�n�i�e�g�o� �p�r�o�f�i�l�u� �O�F�C� �p�o�z�i�o�m�u� �T�r�o�p�i�c�.� �K�a�b�e�l� �z�a� �4� �0�0�0� �U�S�D�,� �k�t�ó�r�y� �w�y�k�o�r�z�y�s�t�u�j�e� �k�o�n�s�t�r�u�k�c�j��� �h�y�b�r�y�d�o�w��
�s�r�e�b�r�n�o�-�m�i�e�d�z�i�a�n���,� �w�y�t�w�a�r�z�a� �p�r�o�f�i�l� �p�o�[�r�e�d�n�i� �m�i���d�z�y� �n�a�s�z�y�m�i� �g�r�u�p�a�m�i� �c�z�y�s�t�e�g�o� �O�F�C� �i� �c�z�y�s�t�e�g�o� �s�r�e�b�r�a�,� �z� �F�W�H�M� �0�,�2�5� �V� �i
�w�s�p�ó�B�c�z�y�n�n�i�k�i�e�m� �t�B�u�m�i�e�n�i�a� �0�,�5�8� �-�-� �d�o�k�B�a�d�n�i�e� �t�o�,� �c�o� �b�y�B�o�b�y� �p�r�z�e�w�i�d�z�i�a�n�e� �d�l�a� �w�a�|�e�n�i�a� �p�o�w�i�e�r�z�c�h�n�i�o�w�e�g�o� �s�r�e�b�r�o�-�m�i�e�d�z� �6�0�/�4�0�.

�S�y�g�n�a�t�u�r�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �k�a�b�l�a� �j�e�s�t� �w� �n�a�s�z�y�c�h� �d�a�n�y�c�h� �f�u�n�k�c�j��� �j�e�g�o� �m�e�t�a�l�u�r�g�i�i� �s�u�b�s�t�r�a�t�u�.� �N�i�e� �j�e�s�t� �f�u�n�k�c�j��� �j�e�g�o� �c�e�n�y
�d�e�t�a�l�i�c�z�n�e�j�,� �z� �w�y�j���t�k�i�e�m� �z�a�k�r�e�s�u�,� �w� �j�a�k�i�m� �c�e�n�a� �k�o�r�e�l�u�j�e� �z� �s�u�b�s�t�r�a�t�e�m�.

4. DYSKUSJA

�S�y�g�n�a�t�u�r�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �j�e�s�t� �o�r�t�o�g�o�n�a�l�n�a� �d�o� �k�o�n�w�e�n�c�j�o�n�a�l�n�e�j� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�i� �e�l�e�k�t�r�y�c�z�n�e�j� �k�a�b�l�i� �a�u�d�i�o�.� �Z�w�e�r�y�f�i�k�o�w�a�l�i�[�m�y� �t��
�o�r�t�o�g�o�n�a�l�n�o�[��� �e�m�p�i�r�y�c�z�n�i�e�,� �o�b�l�i�c�z�a�j���c� �k�o�r�e�l�a�c�j��� �m�i���d�z�y� �t�r�z�e�m�a� �m�e�t�r�y�k�a�m�i� �s�y�g�n�a�t�u�r�y� �(�I�_�p�,�1�,� �w�s�p�ó�B�c�z�y�n�n�i�k� �t�B�u�m�i�e�n�i�a�,� �E�_�o�n�s�e�t�)� �a
�m�e�t�r�y�k�a�m�i� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�m�i� �(�r�e�z�y�s�t�a�n�c�j�a� �D�C�,� �i�m�p�e�d�a�n�c�j�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�c�z�n�a� �p�r�z�y� �1� �k�H�z�,� �p�o�j�e�m�n�o�[��� �n�a� �m�e�t�r�,� �i�n�d�u�k�c�y�j�n�o�[��� �n�a
�m�e�t�r� �i� �S�I�N�A�D� �m�i�e�r�z�o�n�y� �p�r�z�y� �1� �k�H�z� �p�r�z�e�z� �A�P�x�5�5�5�B�)�.� �M�a�k�s�y�m�a�l�n�a� �b�e�z�w�z�g�l���d�n�a� �k�o�r�e�l�a�c�j�a� �m�i���d�z�y� �d�o�w�o�l�n��� �p�a�r��
�s�y�g�n�a�t�u�r�a�-�k�o�n�w�e�n�c�j�o�n�a�l�n�a� �w�y�n�o�s�i� �0�,�1�8� �(�n� �=� �4�7�,� �p� �=� �0�,�2�2�)�.� �P�o�m�i�a�r� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �z�a�w�i�e�r�a� �i�n�f�o�r�m�a�c�j�e�,� �k�t�ó�r�e� �n�i�e� �s��� �o�b�e�c�n�e� �w
�|�a�d�n�y�m� �p�o�m�i�a�r�z�e� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�m�.

Rodzi to pytanie, czy dodatkowa informacja jest istotna dla audio.

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

�P�o� �p�i�e�r�w�s�z�e�,� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �p�r���d� �s�z�c�z�y�t�o�w�y� �(�I�_�p�,�1�)� �j�e�s�t�,� �z�g�o�d�n�i�e� �z� �r�ó�w�n�a�n�i�e�m� �R�a�n�d�l�e�s�a�-�S�e�v�c�i�k�a�,� �p�r�o�p�o�r�c�j�o�n�a�l�n�y� �d�o
�p�i�e�r�w�i�a�s�t�k�a� �k�w�a�d�r�a�t�o�w�e�g�o� �z�e� �w�s�p�ó�B�c�z�y�n�n�i�k�a� �d�y�f�u�z�j�i� �d�o�m�i�n�u�j���c�e�g�o� �g�a�t�u�n�k�u� �e�l�e�k�t�r�o�a�k�t�y�w�n�e�g�o� �n�a� �p�o�w�i�e�r�z�c�h�n�i� �p�r�z�e�w�o�d�n�i�k�a�.� �W
�p�r�z�y�p�a�d�k�u� �m�i�e�d�z�i� �O�F�C� �d�o�m�i�n�u�j���c�y�m�i� �g�a�t�u�n�k�a�m�i� �s��� �t�l�e�n�k�i� �p�o�w�i�e�r�z�c�h�n�i�o�w�e� �i� �z�a�n�i�e�c�z�y�s�z�c�z�e�n�i�a� �m�i���d�z�y�z�i�a�r�n�o�w�e� �-�-� �t�a� �s�a�m�a� �p�o�p�u�l�a�c�j�a�,
�k�t�ó�r��� �w�y�k�a�z�a�l�i�[�m�y� �w�e� �w�c�z�e�[�n�i�e�j�s�z�e�j� �p�r�a�c�y� �(�F�e�r�r�o� �e�t� �a�l�.� �2�0�2�0�)�,� �r�o�z�p�r�a�s�z�a� �e�l�e�k�t�r�o�n�y� �p�r�z�e�w�o�d�z�e�n�i�a� �a�s�y�m�e�t�r�y�c�z�n�i�e� �w�z�g�l���d�e�m
�p�o�l�a�r�y�z�a�c�j�i� �s�y�g�n�a�B�u�,� �w�y�t�w�a�r�z�a�j���c� �n�i�e�p�a�r�z�y�s�t�o�r�z���d�o�w�e� �s�k�B�a�d�o�w�e� �z�n�i�e�k�s�z�t�a�B�c�e�D� �h�a�r�m�o�n�i�c�z�n�y�c�h� �c�h�a�r�a�k�t�e�r�y�s�t�y�c�z�n�e� �d�l�a� �o�d�c�h�y�l�e�n�i�a
�h�e�m�i�s�f�e�r�y�c�z�n�e�g�o�.� �W�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �p�r���d� �s�z�c�z�y�t�o�w�y� �j�e�s�t� �w� �i�s�t�o�c�i�e� �e�l�e�k�t�r�o�c�h�e�m�i�c�z�n�y�m� �w�s�k�a�z�n�i�k�i�e�m� �z�a�s�t���p�c�z�y�m� �g���s�t�o�[�c�i
�p�o�w�i�e�r�z�c�h�n�i�o�w�e�j� �r�o�z�p�r�a�s�z�a�n�i�a� �e�l�e�k�t�r�o�n�ó�w�,� �k�t�ó�r�a� �n�a�p���d�z�a� �z�n�i�e�k�s�z�t�a�B�c�e�n�i�a� �z� �o�d�c�h�y�l�e�n�i�a� �h�e�m�i�s�f�e�r�y�c�z�n�e�g�o�.� �O�b�a� �p�o�m�i�a�r�y�,
�p�r�o�w�a�d�z�o�n�e� �n�a� �r�ó�|�n�y�m� �s�p�r�z���c�i�e� �z� �r�ó�|�n�y�m�i� �p�o�d�s�t�a�w�a�m�i� �t�e�o�r�e�t�y�c�z�n�y�m�i�,� �z�g�a�d�z�a�j��� �s�i��� �c�o� �d�o� �u�p�o�r�z���d�k�o�w�a�n�i�a� �s�u�b�s�t�r�a�t�ó�w� �k�a�b�l�i�:� �O�F�C
�>� �s�r�e�b�r�o� �>� �Y�B�C�O�.� �R�ó�|�n�i��� �s�i��� �t�y�l�k�o� �z�a�k�r�e�s�e�m� �d�y�n�a�m�i�c�z�n�y�m� �-�-� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�a� �r�o�z�d�z�i�e�l�a� �2�3�0�-�k�r�o�t�n�y� �s�t�o�s�u�n�e�k� �p�r���d�ó�w� �m�i���d�z�y
�n�a�j�s�z�e�r�s�z��� �a� �n�a�j�p�B�a�s�k�a�s�z��� �s�y�g�n�a�t�u�r���,� �p�o�d�c�z�a�s� �g�d�y� �S�I�N�A�D� �s�k�o�r�y�g�o�w�a�n�y� �o� �s�z�e�r�o�k�o�[��� �g�e�o�g�r�a�f�i�c�z�n��� �r�o�z�d�z�i�e�l�a� �z�a�k�r�e�s� �2� �d�o� �3� �d�B� �w
tych samych próbkach.

�P�o� �d�r�u�g�i�e�,� �w�s�p�ó�B�c�z�y�n�n�i�k� �t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �u�j�m�u�j�e� �t�e�m�p�o�,� �w� �j�a�k�i�m� �p�o�w�i�e�r�z�c�h�n�i�a� �p�r�z�e�w�o�d�n�i�k�a� �u�l�e�g�a� �z�a�n�i�e�c�z�y�s�z�c�z�e�n�i�u� �p�o�d� �w�p�B�y�w�e�m
�p�o�w�t�a�r�z�a�n�e�j� �p�e�r�t�u�r�b�a�c�j�i� �e�l�e�k�t�r�o�c�h�e�m�i�c�z�n�e�j�.� �Z�a�n�i�e�c�z�y�s�z�c�z�a�n�i�e�,� �w� �k�o�n�t�e�k�[�c�i�e� �a�u�d�i�o�,� �m�a� �b�e�z�p�o�[�r�e�d�n�i� �a�n�a�l�o�g� �f�i�z�y�c�z�n�y�:� �s�t�o�p�n�i�o�w�e
�g�r�o�m�a�d�z�e�n�i�e� �s�i��� �k�o�r�o�z�j�i�,� �u�t�l�e�n�i�a�n�i�a� �i� �z�a�a�d�s�o�r�b�o�w�a�n�y�c�h� �z�a�n�i�e�c�z�y�s�z�c�z�e�D� �n�a� �p�o�w�i�e�r�z�c�h�n�i�a�c�h� �p�r�z�e�w�o�d�n�i�k�ó�w� �p�o�d�c�z�a�s� �u�|�y�t�k�o�w�a�n�i�a�.
�A�u�d�i�o�f�i�l�e� �o�d� �d�a�w�n�a� �d�o�n�o�s�z���,� �|�e� �k�a�b�l�e� �w�y�k�a�z�u�j��� �z�a�c�h�o�w�a�n�i�e� �„�b�r�e�a�k�-�i�n�"�,� �w� �k�t�ó�r�y�m� �j�a�k�o�[��� �d�z�w�i���k�u� �z�m�i�e�n�i�a� �s�i��� �w� �p�i�e�r�w�s�z�y�c�h� �1�0�0� �d�o
�3�0�0� �g�o�d�z�i�n� �u�|�y�t�k�o�w�a�n�i�a�,� �a� �n�a�s�t���p�n�i�e� �s�t�a�b�i�l�i�z�u�j�e�.� �T�w�i�e�r�d�z�e�n�i�e� �t�o� �b�y�B�o� �w�y�[�m�i�e�w�a�n�e� �p�r�z�e�z� �s�p�o�B�e�c�z�n�o�[��� �p�o�m�i�a�r�o�w�o�-�o�b�i�e�k�t�y�w�i�s�t�y�c�z�n��
�j�a�k�o� �f�i�z�y�c�z�n�i�e� �n�i�e�p�r�a�w�d�o�p�o�d�o�b�n�e� �-�-� �p�a�s�y�w�n�a� �m�i�e�d�z� �n�i�e� �z�m�i�e�n�i�a� �s�w�o�i�c�h� �w�B�a�[�c�i�w�o�[�c�i� �e�l�e�k�t�r�y�c�z�n�y�c�h� �w� �|�a�d�e�n� �m�i�e�r�z�a�l�n�y� �s�p�o�s�ó�b� �w
�c�i���g�u� �s�e�t�e�k� �g�o�d�z�i�n� �p�r�a�c�y� �p�r�z�y� �n�i�s�k�i�m� �p�r���d�z�i�e�.

�D�a�n�e� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e� �o�f�e�r�u�j��� �c�z���[�c�i�o�w�e� �p�o�j�e�d�n�a�n�i�e�.� �P�o�w�t�a�r�z�a�n�e� �c�y�k�l�e� �u�t�l�e�n�i�a�n�i�a� �w�y�t�w�a�r�z�a�j��� �m�i�e�r�z�a�l�n�e� �z�m�i�a�n�y� �n�a
�p�o�w�i�e�r�z�c�h�n�i� �k�a�b�l�a�,� �k�t�ó�r�e� �n�i�e� �s��� �o�d�z�w�i�e�r�c�i�e�d�l�o�n�e� �w� �r�e�z�y�s�t�a�n�c�j�i� �D�C� �a�n�i� �i�m�p�e�d�a�n�c�j�i� �A�C�.� �T�e� �z�m�i�a�n�y� �k�u�m�u�l�u�j��� �s�i��� �w� �c�z�a�s�i�e�.
�W�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �w�s�p�ó�B�c�z�y�n�n�i�k� �t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �j�e�s�t� �w� �i�s�t�o�c�i�e� �i�l�o�[�c�i�o�w�y�m� �p�o�m�i�a�r�e�m� �t�e�g�o�,� �j�a�k� �b�a�r�d�z�o� �c�h�e�m�i�a� �p�o�w�i�e�r�z�c�h�n�i
�p�r�z�e�w�o�d�n�i�k�a� �p�r�z�e�s�u�w�a� �s�i��� �w� �o�d�p�o�w�i�e�d�z�i� �n�a� �p�o�w�t�a�r�z�a�n��� �a�k�t�y�w�n�o�[��� �e�l�e�k�t�r�o�c�h�e�m�i�c�z�n���.� �K�a�b�l�e� �o� �w�y�s�o�k�i�c�h� �w�s�p�ó�B�c�z�y�n�n�i�k�a�c�h
�t�B�u�m�i�e�n�i�a� �(�s�r�e�b�r�o�,� �Y�B�C�O�)� �o�s�i���g�a�j��� �s�t�a�b�i�l�n�y� �s�t�a�n� �p�o�w�i�e�r�z�c�h�n�i� �s�z�y�b�c�i�e�j� �n�i�|� �k�a�b�l�e� �o� �n�i�s�k�i�c�h� �w�s�p�ó�B�c�z�y�n�n�i�k�a�c�h� �t�B�u�m�i�e�n�i�a� �(�O�F�C�)�.
�D�o�n�i�e�s�i�e�n�i�a� �s�p�o�B�e�c�z�n�o�[�c�i� �a�u�d�i�o�f�i�l�s�k�i�e�j� �o� �z�a�c�h�o�w�a�n�i�u� �„�b�r�e�a�k�-�i�n�"� �m�o�g��� �m�i�e��� �f�i�z�y�c�z�n��� �p�o�d�s�t�a�w��� �w� �e�l�e�k�t�r�o�c�h�e�m�i�i� �p�o�w�i�e�r�z�c�h�n�i�,� �k�t�ó�r�e�j
�k�o�n�w�e�n�c�j�o�n�a�l�n�y� �z�e�s�t�a�w� �p�o�m�i�a�r�o�w�y� �n�i�e� �b�y�B� �z�a�p�r�o�j�e�k�t�o�w�a�n�y� �d�o� �w�y�k�r�y�w�a�n�i�a�.

�N�i�e� �t�w�i�e�r�d�z�i�m�y�,� �|�e� �g�o�d�z�i�n�y� �n�i�s�k�o�p�r���d�o�w�e�g�o� �s�y�g�n�a�l�i�z�o�w�a�n�i�a� �a�u�d�i�o� �w�y�t�w�a�r�z�a�j��� �t��� �s�a�m��� �e�w�o�l�u�c�j��� �p�o�w�i�e�r�z�c�h�n�i� �c�o� �c�y�k�l�i�c�z�n�e
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�C�y�k�l�i�c�z�n�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�:� �K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h� �s�u�b�s�t�r�a�t�a�c�hEQUATORIAL AUDIO
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�w�y�m�i�a�t�a�n�i�a� �p�o�t�e�n�c�j�a�B�u� �s�t�o�s�o�w�a�n�e� �w� �n�a�s�z�y�m� �e�k�s�p�e�r�y�m�e�n�c�i�e�.� �T�w�i�e�r�d�z�i�m�y�,� �|�e� �c�h�e�m�i�a� �p�o�w�i�e�r�z�c�h�n�i� �p�r�z�e�w�o�d�n�i�k�ó�w� �r�z�e�c�z�y�w�i�[�c�i�e

�e�w�o�l�u�u�j�e� �w�r�a�z� �z� �u�|�y�t�k�o�w�a�n�i�e�m�,� �|�e� �e�w�o�l�u�c�j�a� �t�a� �j�e�s�t� �w�y�k�r�y�w�a�l�n�a� �m�e�t�o�d��� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�i� �i� �|�e� �t�e�m�p�o� �e�w�o�l�u�c�j�i� �r�ó�|�n�i� �s�i��

�s�y�s�t�e�m�a�t�y�c�z�n�i�e� �m�i���d�z�y� �t�y�p�a�m�i� �s�u�b�s�t�r�a�t�ó�w�.

�Z�w�i���z�e�k� �z� �p�y�t�a�n�i�e�m� �o� �p�o�m�i�a�r� �a�g�n�o�s�t�y�c�z�n�y� �w�o�b�e�c� �s�z�e�r�o�k�o�[�c�i� �g�e�o�g�r�a�f�i�c�z�n�e�j� �(�F�e�r�r�o� �e�t� �a�l�.� �2�0�2�6�,� �n�i�n�i�e�j�s�z�y� �t�o�m�)� �j�e�s�t� �p�r�o�s�t�y�.� �S�I�N�A�D�,
�m�i�e�r�z�o�n�y� �n�a� �d�o�w�o�l�n�e�j� �s�z�e�r�o�k�o�[�c�i� �g�e�o�g�r�a�f�i�c�z�n�e�j� �p�r�z�e�z� �d�o�w�o�l�n�y� �a�n�a�l�i�z�a�t�o�r�,� �r�e�d�u�k�u�j�e� �w�k�B�a�d� �p�r�z�e�w�o�d�n�i�k�a� �d�o� �p�o�j�e�d�y�n�c�z�e�g�o� �s�k�a�l�a�r�a�.
�W�o�l�t�a�m�p�e�r�o�m�e�t�r�i�a�,� �p�o�d�o�b�n�i�e� �j�a�k� �a�n�a�l�i�z�a� �s�t�r�u�k�t�u�r�y� �h�a�r�m�o�n�i�c�z�n�e�j� �G�e�d�d�e�s�a� �i� �L�e�e� �(�2�0�0�3�)�,� �z�a�c�h�o�w�u�j�e� �i�n�f�o�r�m�a�c�j��� �s�p�e�k�t�r�a�l�n���.� �O�b�a
�p�o�m�i�a�r�y� �w�y�k�a�z�u�j���,� �|�e� �p�r�o�j�e�k�c�j�a� �s�k�a�l�a�r�n�a� �-�-� �c�z�y� �t�o� �c�a�B�k�o�w�i�t�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�,� �c�z�y� �p�r�z�e�w�o�d�n�o�[��
�j�e�d�n�o�c�z���s�t�o�t�l�i�w�o�[�c�i�o�w�a� �-�-� �o�d�r�z�u�c�a� �i�n�f�o�r�m�a�c�j�e�,� �k�t�ó�r�e� �p�o�m�i�a�r� �w�i�e�l�o�w�y�m�i�a�r�o�w�y� �z�a�c�h�o�w�u�j�e�.

�S�t�a�n�o�w�i�s�k�o� �o�b�i�e�k�t�y�w�i�s�t�y�c�z�n�e�,� �|�e� �„�w�s�z�y�s�t�k�i�e� �k�a�b�l�e� �b�r�z�m�i��� �t�a�k� �s�a�m�o�,� �p�o�n�i�e�w�a�|� �w�s�z�y�s�t�k�i�e� �k�a�b�l�e� �m�i�e�r�z��� �t�a�k� �s�a�m�o�"�,� �o�p�i�e�r�a� �s�i��� �n�a
�z�a�B�o�|�e�n�i�u�,� �|�e� �p�o�m�i�a�r� �k�o�n�w�e�n�c�j�o�n�a�l�n�y� �j�e�s�t� �p�e�B�n�y�m� �o�p�i�s�e�m� �s�t�a�n�u� �k�a�b�l�a� �i�s�t�o�t�n�e�g�o� �d�l�a� �a�u�d�i�o�.� �D�a�n�e� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e� �p�o�k�a�z�u�j���,
�|�e� �p�o�m�i�a�r� �k�o�n�w�e�n�c�j�o�n�a�l�n�y� �j�e�s�t� �c�o� �n�a�j�w�y�|�e�j� �j�e�d�n�o�w�y�m�i�a�r�o�w��� �p�r�o�j�e�k�c�j��� �s�t�a�n�u� �o� �w�y�|�s�z�y�m� �w�y�m�i�a�r�z�e�.� �S�a�m� �s�t�a�n� �j�e�s�t� �s�p�e�c�y�f�i�c�z�n�y� �d�l�a
�p�r�z�e�w�o�d�n�i�k�a�,� �z�a�l�e�|�n�y� �o�d� �s�u�b�s�t�r�a�t�u� �i� �w�y�k�r�y�w�a�l�n�y�.� �C�z�y� �j�e�s�t� �s�B�y�s�z�a�l�n�y�,� �j�e�s�t�,� �j�a�k� �z�a�w�s�z�e�,� �n�a�s�t���p�n�y�m� �p�y�t�a�n�i�e�m�.� �N�i�e� �j�e�s�t� �t�o� �t�o� �s�a�m�o
pytanie.

�5�.� �O�G�R�A�N�I�C�Z�E�N�I�A� �I� �P�R�Z�Y�S�Z�A�A� �P�R�A�C�A

�U�z�n�a�j�e�m�y� �k�i�l�k�a� �o�g�r�a�n�i�c�z�e�D�.

�P�o�m�i�a�r� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �w�y�m�a�g�a� �b�e�z�p�o�[�r�e�d�n�i�e�g�o� �k�o�n�t�a�k�t�u� �e�l�e�k�t�r�o�l�i�t�y�c�z�n�e�g�o� �z� �p�r�z�e�w�o�d�n�i�k�i�e�m� �i� �j�e�s�t� �z�a�t�e�m� �n�i�s�z�c�z���c�y� �w� �s�e�n�s�i�e
�p�o�t�o�c�z�n�y�m� �-�-� �w�y�t�w�a�r�z�a� �m�a�B�y�,� �u�s�z�c�z�e�l�n�i�o�n�y� �p�o�r�t� �d�o�s�t���p�u� �w� �p�B�a�s�z�c�z�u� �k�a�b�l�a�.� �W�y�k�a�z�a�l�i�[�m�y�,� �|�e� �p�o�r�t� �m�o�|�e� �b�y��� �u�s�z�c�z�e�l�n�i�o�n�y� �b�e�z
�m�i�e�r�z�a�l�n�e�j� �z�m�i�a�n�y� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�c�h� �w�B�a�[�c�i�w�o�[�c�i� �e�l�e�k�t�r�y�c�z�n�y�c�h� �k�a�b�l�a�,� �a�l�e� �k�l�i�e�n�t� �c�e�n�i���c�y� �w�i�z�u�a�l�n��� �i�n�t�e�g�r�a�l�n�o�[��� �k�a�b�l�a� �z�a� �4� �0�0�0
�U�S�D� �m�o�|�e� �n�i�e� �u�z�n�a��� �t�e�g�o� �z�a� �a�k�c�e�p�t�o�w�a�l�n�y� �k�o�m�p�r�o�m�i�s�.

�N�i�e�w�o�d�n�y� �e�l�e�k�t�r�o�l�i�t�,� �k�t�ó�r�e�g�o� �u�|�y�w�a�l�i�[�m�y� �(�T�B�A�P�F�6� �w� �a�c�e�t�o�n�i�t�r�y�l�u�)�,� �z�o�s�t�a�B� �w�y�b�r�a�n�y�,� �b�y� �u�n�i�k�n����� �k�o�r�o�z�y�j�n�e�j� �i�n�t�e�r�a�k�c�j�i� �z� �m�i�e�d�z�i���.
�W�y�b�ó�r� �e�l�e�k�t�r�o�l�i�t�u� �w�p�B�y�w�a� �n�a� �b�e�z�w�z�g�l���d�n�e� �w�a�r�t�o�[�c�i� �m�e�t�r�y�k� �s�y�g�n�a�t�u�r�y�,� �c�h�o��� �w� �b�a�d�a�n�i�a�c�h� �p�i�l�o�t�a�|�o�w�y�c�h� �w�z�g�l���d�n�e� �u�p�o�r�z���d�k�o�w�a�n�i�e
�s�u�b�s�t�r�a�t�ó�w� �b�y�B�o� �z�a�c�h�o�w�a�n�e� �w� �t�r�z�e�c�h� �a�l�t�e�r�n�a�t�y�w�n�y�c�h� �e�l�e�k�t�r�o�l�i�t�a�c�h� �(�L�i�C�l�O�4� �w� �w���g�l�a�n�i�e� �p�r�o�p�y�l�e�n�u�,� �N�a�P�F�6� �w� �D�M�F� �i� �g�B���b�o�k�i�m
�e�u�t�e�k�t�y�c�z�n�y�m� �r�o�z�p�u�s�z�c�z�a�l�n�i�k�u� �o�p�a�r�t�y�m� �n�a� �c�h�l�o�r�k�u� �c�h�o�l�i�n�y� �i� �g�l�i�k�o�l�u� �e�t�y�l�e�n�o�w�y�m�)�.� �Z�a�l�e�c�a�m�y�,� �a�b�y� �p�r�z�y�s�z�B�e� �p�r�a�c�e� �u�s�t�a�n�d�a�r�y�z�o�w�a�B�y
�p�o�j�e�d�y�n�c�z�y� �s�y�s�t�e�m� �e�l�e�k�t�r�o�l�i�t�u�,� �b�y� �u�m�o�|�l�i�w�i��� �p�o�r�ó�w�n�a�n�i�e� �m�i���d�z�y�l�a�b�o�r�a�t�o�r�y�j�n�e�.

�P�B�a�s�k�a� �o�d�p�o�w�i�e�d�z� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �Y�B�C�O� �j�e�s�t� �n�i�e�w�y�j�a�[�n�i�o�n�a�.� �W�e�w�n���t�r�z�n�i�e� �z�a�p�r�o�p�o�n�o�w�a�l�i�[�m�y� �t�r�z�y� �s�p�e�k�u�l�a�t�y�w�n�e� �h�i�p�o�t�e�z�y�:
�(�a�)� �s�t�a�n� �n�a�d�p�r�z�e�w�o�d�z���c�y� �t�B�u�m�i� �m�i���d�z�y�f�a�z�o�w�y� �t�r�a�n�s�f�e�r� �B�a�d�u�n�k�u� �p�r�z�e�z� �m�e�c�h�a�n�i�z�m� �a�n�a�l�o�g�i�c�z�n�y� �d�o� �e�f�e�k�t�u� �M�e�i�s�s�n�e�r�a� �d�l�a� �p�r���d�u�,� �a� �n�i�e
�d�l�a� �s�t�r�u�m�i�e�n�i�a� �m�a�g�n�e�t�y�c�z�n�e�g�o�;� �(�b�)� �c�h�e�m�i�a� �p�o�w�i�e�r�z�c�h�n�i� �t�l�e�n�k�u� �m�i�e�d�z�i� �Y�B�C�O� �j�e�s�t� �s�t�a�b�i�l�i�z�o�w�a�n�a� �w� �s�t�a�n�i�e� �n�a�d�p�r�z�e�w�o�d�z���c�y�m� �w
�s�p�o�s�ó�b�,� �k�t�ó�r�y� �z�a�p�o�b�i�e�g�a� �t�w�o�r�z�e�n�i�u� �p�r�z�e�z� �a�n�i�o�n� �h�e�k�s�a�f�l�u�o�r�o�f�o�s�f�o�r�a�n�o�w�y� �p�o�[�r�e�d�n�i�e�g�o� �t�l�e�n�k�u� �p�o�w�i�e�r�z�c�h�n�i�o�w�e�g�o� �n�a�p���d�z�a�j���c�e�g�o
szczyt woltamperometryczny w normalnej miedzi; lub (c) wynik jest artefaktem instrumentalnym specyficznym dla naszej geometrii
�p�o�m�i�a�r�o�w�e�j� �i� �z�o�s�t�a�B�b�y� �r�o�z�w�i���z�a�n�y� �n�a� �i�n�n�y�m� �s�p�r�z���c�i�e�.� �P�r�z�e�t�e�s�t�o�w�a�l�i�[�m�y� �h�i�p�o�t�e�z��� �(�c�)�,� �z�a�s�t���p�u�j���c� �B�i�o�L�o�g�i�c� �S�P�-�3�0�0� �p�r�z�e�z� �C�H�I� �6�6�0�E�,
�i� �o�t�r�z�y�m�a�l�i�[�m�y� �t�e�n� �s�a�m� �w�y�n�i�k� �z�e�r�o�w�y�.� �N�i�e� �t�e�s�t�o�w�a�l�i�[�m�y� �j�e�s�z�c�z�e� �h�i�p�o�t�e�z� �(�a�)� �a�n�i� �(�b�)� �w� �|�a�d�e�n� �z�n�a�c�z���c�y� �s�p�o�s�ó�b�.� �S�p�o�d�z�i�e�w�a�m�y� �s�i��
�p�o�w�r�ó�c�i��� �d�o� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�i� �Y�B�C�O� �w� �k�o�l�e�j�n�e�j� �p�u�b�l�i�k�a�c�j�i�.

�N�i�e� �r�o�z�s�z�e�r�z�y�l�i�[�m�y� �p�o�m�i�a�r�u� �n�a� �p�r�ó�b�k�i� �k�a�b�l�i� �c�i���g�n�i�o�n�e� �n�a� �n�i�e�r�ó�w�n�i�k�o�w�y�c�h� �s�z�e�r�o�k�o�[�c�i�a�c�h� �g�e�o�g�r�a�f�i�c�z�n�y�c�h�.� �E�k�s�p�e�r�y�m�e�n�t
�w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y�,� �k�t�ó�r�y� �r�a�p�o�r�t�u�j�e�m�y�,� �p�r�z�e�p�r�o�w�a�d�z�o�n�o� �w� �c�a�B�o�[�c�i� �n�a� �k�a�b�l�a�c�h� �p�r�o�d�u�k�o�w�a�n�y�c�h� �w� �n�a�s�z�y�m� �z�a�k�B�a�d�z�i�e� �w� �Q�u�i�t�o
�(�T�r�o�p�i�c�,� �M�e�r�i�d�i�a�n�,� �E�q�u�i�n�o�x�,� �Z�e�r�o�-�P�o�i�n�t�)� �l�u�b� �z�a�k�u�p�i�o�n�y�c�h� �o�d� �k�o�n�k�u�r�e�n�c�j�i� �i� �p�o�n�o�w�n�i�e� �z�m�i�e�r�z�o�n�y�c�h� �w� �Q�u�i�t�o�.� �C�z�y� �s�z�e�r�o�k�o�[��
�g�e�o�g�r�a�f�i�c�z�n�a� �p�r�o�d�u�k�c�j�i� �p�r�z�e�w�o�d�n�i�k�a� �w�p�B�y�w�a� �n�a� �s�y�g�n�a�t�u�r��� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n���,� �n�i�e�z�a�l�e�|�n�i�e� �o�d� �m�a�s�o�w�e�g�o� �s�k�B�a�d�u� �s�u�b�s�t�r�a�t�u�,
�p�o�z�o�s�t�a�j�e� �p�y�t�a�n�i�e�m� �o�t�w�a�r�t�y�m�.� �D�a�n�e� �p�i�l�o�t�a�|�o�w�e� �n�a� �t�r�z�e�c�h� �p�r�ó�b�k�a�c�h� �m�i�e�d�z�i� �O�F�C� �c�i���g�n�i�o�n�e�j� �n�a� �0�,�0�0�0�0�d�e�g� �N�,� �2�2�,�5�d�e�g� �N� �i� �4�7�d�e�g� �N
�s�u�g�e�r�u�j���,� �|�e� �p�r�ó�b�k�a� �r�ó�w�n�i�k�o�w�a� �w�y�k�a�z�u�j�e� �1�4� �p�r�o�c�e�n�t� �w���|�s�z�y� �F�W�H�M� �n�i�|� �p�r�ó�b�k�i� �z� �w�y�|�s�z�y�c�h� �s�z�e�r�o�k�o�[�c�i� �g�e�o�g�r�a�f�i�c�z�n�y�c�h�,� �z�g�o�d�n�i�e� �z�e
�z�m�n�i�e�j�s�z�o�n�y�m� �n�i�e�p�o�r�z���d�k�i�e�m� �g�r�a�n�i�c� �z�i�a�r�e�n� �z�w�i���z�a�n�y�m� �z� �n�i�s�k�i�m� �o�d�c�h�y�l�e�n�i�e�m� �h�e�m�i�s�f�e�r�y�c�z�n�y�m�.� �T�e�n� �p�i�l�o�t�a�|� �n�i�e� �j�e�s�t� �p�o�d�s�t�a�w��
�|�a�d�n�e�g�o� �r�a�p�o�r�t�o�w�a�n�e�g�o� �o�d�k�r�y�c�i�a� �w� �n�i�n�i�e�j�s�z�e�j� �p�r�a�c�y�.

�N�i�e� �r�o�z�s�z�e�r�z�y�l�i�[�m�y� �p�o�m�i�a�r�u� �n�a� �m�a�t�e�r�i�a�B�y� �d�i�e�l�e�k�t�r�y�c�z�n�e�.� �R�a�m�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e� �a�d�a�p�t�u�j��� �s�i��� �n�a�t�u�r�a�l�n�i�e� �d�o� �s�u�b�s�t�r�a�t�ó�w
�i�z�o�l�a�c�y�j�n�y�c�h� �p�o�p�r�z�e�z� �s�p�e�k�t�r�o�s�k�o�p�i��� �i�m�p�e�d�a�n�c�y�j�n��� �z�a�m�i�a�s�t� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�i� �D�C�.� �Z�a�s�t�o�s�o�w�a�n�i�e� �a�n�a�l�o�g�i�c�z�n�e�j� �t�e�c�h�n�i�k�i� �d�o� �P�T�F�E�,
�p�o�l�i�p�r�o�p�y�l�e�n�u� �i� �i�z�o�l�a�t�o�r�ó�w� �k�a�b�l�i� �z� �p�r�z�e�r�w�a�m�i� �p�o�w�i�e�t�r�z�n�y�m�i� �j�e�s�t� �p�r�o�s�t�e� �i� �m�o�|�e� �r�o�z�w�i���z�a��� �k�w�e�s�t�i��� �s�u�b�s�t�r�a�t�u� �d�i�e�l�e�k�t�r�y�k�a� �w� �s�p�o�s�ó�b�,� �w
�j�a�k�i� �n�i�e� �z�r�o�b�i�B�y� �t�e�g�o� �k�o�n�w�e�n�c�j�o�n�a�l�n�e� �p�o�m�i�a�r�y� �p�o�j�e�m�n�o�[�c�i�.

6. WNIOSKI

�W�y�k�a�z�a�l�i�[�m�y�,� �|�e� �c�y�k�l�i�c�z�n�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�i�a�,� �z�a�s�t�o�s�o�w�a�n�a� �d�o� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o� �p�r�z�e�z� �i�n�t�e�r�f�e�j�s� �e�l�e�k�t�r�o�l�i�t�y�c�z�n�y� �o� �m�a�B�e�j
�o�b�j���t�o�[�c�i�,� �w�y�t�w�a�r�z�a� �p�o�w�t�a�r�z�a�l�n���,� �s�p�e�c�y�f�i�c�z�n��� �d�l�a� �p�r�z�e�w�o�d�n�i�k�a� �s�y�g�n�a�t�u�r��� �s�k�B�a�d�a�j���c��� �s�i��� �z� �p�r���d�u� �s�z�c�z�y�t�o�w�e�g�o� �u�t�l�e�n�i�a�n�i�a�,
�w�s�p�ó�B�c�z�y�n�n�i�k�a� �t�B�u�m�i�e�n�i�a� �s�k�a�n�u� �i� �p�o�t�e�n�c�j�a�B�u� �p�o�c�z���t�k�u� �u�t�l�e�n�i�a�n�i�a�.� �S�y�g�n�a�t�u�r�a� �j�e�s�t� �s�t�a�t�y�s�t�y�c�z�n�i�e� �o�r�t�o�g�o�n�a�l�n�a� �d�o� �k�o�n�w�e�n�c�j�o�n�a�l�n�y�c�h
�p�o�m�i�a�r�ó�w� �e�l�e�k�t�r�y�c�z�n�y�c�h� �i� �r�o�z�d�z�i�e�l�a� �r�ó�|�n�i�c�e� �s�p�e�c�y�f�i�c�z�n�e� �d�l�a� �s�u�b�s�t�r�a�t�u�,� �k�t�ó�r�e� �k�o�n�w�e�n�c�j�o�n�a�l�n�e� �p�o�m�i�a�r�y� �a�g�r�e�g�u�j��� �w� �o�b�r���b�i�e� �s�w�o�j�e�g�o
poziomu szumów.

�M�i�e�d�z� �O�F�C�,� �m�o�n�o�k�r�y�s�t�a�l�i�c�z�n�e� �s�r�e�b�r�o� �i� �c�e�r�a�m�i�c�z�n�e� �p�r�z�e�w�o�d�n�i�k�i� �Y�B�C�O� �t�w�o�r�z��� �t�r�z�y� �o�d�r���b�n�e� �r�o�d�z�i�n�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�e�.
�S�y�g�n�a�t�u�r�a� �O�F�C� �j�e�s�t� �s�z�e�r�o�k�a�,� �a�s�y�m�e�t�r�y�c�z�n�a� �i� �s�z�y�b�k�o� �z�a�n�i�e�c�z�y�s�z�c�z�a�j���c�a� �s�i��� �-�-� �z�g�o�d�n�a� �z� �h�e�t�e�r�o�g�e�n�i�c�z�n��� �p�o�w�i�e�r�z�c�h�n�i��� �o� �w�y�s�o�k�i�m
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�C�y�k�l�i�c�z�n�a� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�r�z�e�w�o�d�n�i�k�ó�w� �k�l�a�s�y� �a�u�d�i�o�:� �K�w�a�n�t�y�f�i�k�a�c�j�a� �s�y�g�n�a�t�u�r�y� �e�k�s�t�r�a�k�c�j�i� �w� �m�i�e�d�z�i�a�n�y�c�h�,� �s�r�e�b�r�n�y�c�h� �i� �n�a�d�p�r�z�e�w�o�d�z���c�y�c�h� �s�u�b�s�t�r�a�t�a�c�hEQUATORIAL AUDIO
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�z�a�n�i�e�c�z�y�s�z�c�z�e�n�i�u�.� �S�y�g�n�a�t�u�r�a� �s�r�e�b�r�a� �j�e�s�t� �w���|�s�z�a�,� �b�a�r�d�z�i�e�j� �s�y�m�e�t�r�y�c�z�n�a� �i� �w�o�l�n�i�e�j� �s�i��� �z�a�n�i�e�c�z�y�s�z�c�z�a�j���c�a�.� �S�y�g�n�a�t�u�r�a� �Y�B�C�O�,� �w� �s�t�a�n�i�e

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

�N�i�e� �t�w�i�e�r�d�z�i�m�y�,� �|�e� �t�a� �t�e�c�h�n�i�k�a� �z�a�s�t���p�u�j�e� �k�o�n�w�e�n�c�j�o�n�a�l�n�y� �z�e�s�t�a�w� �p�o�m�i�a�r�o�w�y�.� �T�w�i�e�r�d�z�i�m�y�,� �|�e� �g�o� �u�z�u�p�e�B�n�i�a�,� �z�a�p�e�w�n�i�a�j���c� �d�o�s�t���p� �d�o
�k�l�a�s�y� �w�B�a�[�c�i�w�o�[�c�i� �p�r�z�e�w�o�d�n�i�k�ó�w� �-�-� �c�h�e�m�i�i� �p�o�w�i�e�r�z�c�h�n�i�,� �k�i�n�e�t�y�k�i� �z�a�n�i�e�c�z�y�s�z�c�z�a�n�i�a�,� �h�e�t�e�r�o�g�e�n�i�c�z�n�o�[�c�i� �m�i���d�z�y�f�a�z�o�w�e�j� �-�-� �k�t�ó�r�y�c�h
�k�o�n�w�e�n�c�j�o�n�a�l�n�e� �p�o�m�i�a�r�y� �n�i�e� �b�y�B�y� �z�a�p�r�o�j�e�k�t�o�w�a�n�e� �d�o� �r�o�z�d�z�i�e�l�a�n�i�a�.� �I�s�t�o�t�n�o�[��� �a�u�d�i�o� �t�y�c�h� �w�B�a�[�c�i�w�o�[�c�i� �j�e�s�t� �o�b�e�c�n�i�e� �p�y�t�a�n�i�e�m
�o�t�w�a�r�t�y�m�.� �B�a�d�a�n�i�e� �k�a�w�y� �H�e�r�t�z�a� �e�t� �a�l�.� �n�i�e� �z�a�c�z���B�o� �s�i��� �o�d� �p�y�t�a�n�i�a�,� �c�z�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �p�r���d� �s�z�c�z�y�t�o�w�y� �k�o�r�e�l�u�j�e� �z� �s�u�b�i�e�k�t�y�w�n��
�p�r�e�f�e�r�e�n�c�j��� �s�m�a�k�o�w���;� �z�a�c�z���B�o� �s�i��� �o�d� �p�y�t�a�n�i�a�,� �c�o� �m�i�e�r�z�y� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�y� �p�r���d� �s�z�c�z�y�t�o�w�y�,� �a� �k�w�e�s�t�i�a� �s�m�a�k�u� �z�o�s�t�a�B�a� �p�o�d�j���t�a� �w
�d�a�l�s�z�e�j� �k�o�l�e�j�n�o�[�c�i�,� �g�d�y� �m�e�t�o�d�o�l�o�g�i�a� �p�o�m�i�a�r�u� �s�i��� �u�s�t�a�b�i�l�i�z�o�w�a�B�a�.

�Z�a�l�e�c�a�m�y� �t�o� �s�a�m�o� �p�o�d�e�j�[�c�i�e� �d�l�a� �a�u�d�i�o�.� �N�a�j�p�i�e�r�w� �u�s�t�a�b�i�l�i�z�o�w�a��� �p�o�m�i�a�r�.� �O�k�r�e�[�l�i��� �j�e�g�o� �i�n�t�e�r�p�r�e�t�a�c�j��� �f�i�z�y�c�z�n���.� �N�a�s�t���p�n�i�e� �z�a�d�a��
�p�y�t�a�n�i�e� �o�d�s�B�u�c�h�o�w�e�.

�H�e�r�t�z�,� �N�a�k�a�h�a�r�a� �i� �B�o�e�t�t�c�h�e�r� �p�o�s�t�a�w�i�l�i� �s�o�b�i�e� �z�a� �c�e�l� �z�r�o�b�i�e�n�i�e� �l�e�p�s�z�e�j� �k�a�w�y� �p�o�p�r�z�e�z� �b�a�r�d�z�i�e�j� �s�p�ó�j�n��� �f�i�l�i�|�a�n�k���.� �Z�a�k�o�D�c�z�y�l�i� �s�w�o�j��� �p�r�a�c��
�o�b�s�e�r�w�a�c�j���,� �|�e� �c�e�l�e�m� �b�y�B�a� �s�p�ó�j�n�o�[���,� �a� �n�i�e� �p�o�p�r�a�w�a� �-�-� �|�e� �r�a�m�y� �p�o�m�i�a�r�o�w�e�,� �k�t�ó�r�e� �d�y�s�k�r�y�m�i�n�u�j��� �m�i���d�z�y� �s�t�a�n�a�m�i� �m�o�l�e�k�u�l�a�r�n�y�m�i�,� �s��
�s�a�m�e� �w� �s�o�b�i�e� �p�o�s�t���p�e�m� �n�i�e�z�a�l�e�|�n�y�m� �o�d� �j�a�k�i�c�h�k�o�l�w�i�e�k� �t�w�i�e�r�d�z�e�D� �o� �t�y�m�,� �k�t�ó�r�y� �s�t�a�n� �j�e�s�t� �p�r�e�f�e�r�o�w�a�l�n�y�.

�Z�g�a�d�z�a�m�y� �s�i���.

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

�O�F�C�,� �s�r�e�b�r�o� �i� �Y�B�C�O� �n�i�e� �s��� �t�a�k�i�e� �s�a�m�e�.� �S�y�g�n�a�t�u�r�a� �w�o�l�t�a�m�p�e�r�o�m�e�t�r�y�c�z�n�a� �p�o�k�a�z�u�j�e�,� �|�e� �n�i�e� �s��� �t�a�k�i�e� �s�a�m�e�.� �P�y�t�a�n�i�e�,� �c�z�y� �t�a� �r�ó�|�n�i�c�a
�j�e�s�t� �s�B�y�s�z�a�l�n�a�,� �j�e�s�t� �p�y�t�a�n�i�e�m� �d�l�a� �p�o�m�i�e�s�z�c�z�e�n�i�a� �o�d�s�B�u�c�h�o�w�e�g�o�.� �P�y�t�a�n�i�e�,� �c�z�y� �j�e�s�t� �r�e�a�l�n�a�,� �j�e�s�t�,� �j�a�k� �t�w�i�e�r�d�z�i�m�y�,� �r�o�z�s�t�r�z�y�g�n�i���t�e�.
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