
�P�r�a�k�t�y�c�z�n�a� �o�p�t�y�m�a�l�i�z�a�c�j�a� �[�r�o�d�o�w�i�s�k�a� �o�d�s�B�u�c�h�u� �k�r�y�t�y�c�z�n�e�g�o�:� �U�s�t�a�w�i�e�n�i�e� �g�B�o�[�n�i�k�ó�w�,� �s�t�a�b�i�l�n�o�[��� �k�o�m�p�o�n�e�n�t�ó�w� �i� �c�o�d�z�i�e�n�n�y� �n�a�k�B�a�d� �k�o�n�s�e�r�w�a�c�j�iEQUATORIAL AUDIO

1

PRAKTYCZNA OPTYMALIZACJA
�Z�R�O�D�O�W�I�S�K�A� �O�D�S�A�U�C�H�U

KRYTYCZNEGO: USTAWIENIE
�G�A�O�Z�N�I�K�Ó�W�,� �S�T�A�B�I�L�N�O�Z��

KOMPONENTÓW I CODZIENNY
�N�A�K�A�A�D� �K�O�N�S�E�R�W�A�C�J�I



�P�r�a�k�t�y�c�z�n�a� �o�p�t�y�m�a�l�i�z�a�c�j�a� �[�r�o�d�o�w�i�s�k�a� �o�d�s�B�u�c�h�u� �k�r�y�t�y�c�z�n�e�g�o�:� �U�s�t�a�w�i�e�n�i�e� �g�B�o�[�n�i�k�ó�w�,� �s�t�a�b�i�l�n�o�[��� �k�o�m�p�o�n�e�n�t�ó�w� �i� �c�o�d�z�i�e�n�n�y� �n�a�k�B�a�d� �k�o�n�s�e�r�w�a�c�j�iEQUATORIAL AUDIO

2

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

H. Park, M. Ferro, L. Solder
Equatorial Audio Research Division, Mitad del Mundo, Quito, Ecuador (0.0000deg N)

Journal of Equatorial Audio Science, 2025.

Abstrakt
�P�o�m�i�e�s�z�c�z�e�n�i�e� �o�d�s�B�u�c�h�o�w�e� �r�e�f�e�r�e�n�c�y�j�n�e� �n�i�e� �j�e�s�t� �s�y�s�t�e�m�e�m� �s�t�a�t�y�c�z�n�y�m�.� �Z�m�i�a�n�y� �t�e�m�p�e�r�a�t�u�r�y� �p�r�z�e�s�u�w�a�j��� �p�o�d�a�t�n�o�[��� �d�r�i�v�e�r�a� �g�B�o�[�n�i�k�a� �i
�w�a�r�t�o�[�c�i� �k�o�m�p�o�n�e�n�t�ó�w� �z�w�r�o�t�n�i�c�y�.� �W�i�l�g�o�t�n�o�[��� �z�m�i�e�n�i�a� �p�r���d�k�o�[��� �d�z�w�i���k�u� �i� �c�h�a�r�a�k�t�e�r�y�s�t�y�k�i� �a�b�s�o�r�p�c�j�i� �o�b�r�ó�b�k�i� �a�k�u�s�t�y�c�z�n�e�j�.� �N�i�n�i�e�j�s�z�a� �p�r�a�c�a
�p�r�e�z�e�n�t�u�j�e� �p�r�a�k�t�y�c�z�n�e� �r�a�m�y� �o�p�t�y�m�a�l�i�z�a�c�j�i� �i� �u�t�r�z�y�m�y�w�a�n�i�a� �[�r�o�d�o�w�i�s�k�a� �o�d�s�B�u�c�h�u� �k�r�y�t�y�c�z�n�e�g�o�,� �o�p�a�r�t�e� �n�a� �3� �l�a�t�a�c�h� �c�i���g�B�e�g�o� �m�o�n�i�t�o�r�o�w�a�n�i�a� �4
�p�o�k�o�i� �r�e�f�e�r�e�n�c�y�j�n�y�c�h� �n�a� �r�ó�|�n�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�.� �W�y�n�i�k�o�w�y� �n�a�k�B�a�d� �k�o�n�s�e�r�w�a�c�j�i� �w�y�n�o�s�i� �2�0�-�4�5� �m�i�n�u�t� �n�a� �s�e�s�j��� �o�d�s�B�u�c�h�o�w���.

1. WPROWADZENIE

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

�N�i�n�i�e�j�s�z�a� �p�r�a�c�a� �j�e�s�t� �p�r�a�k�t�y�c�z�n�y�m� �p�r�z�e�w�o�d�n�i�k�i�e�m� �o�p�a�r�t�y�m� �n�a� �t�r�z�e�c�h� �l�a�t�a�c�h� �c�i���g�B�e�g�o� �m�o�n�i�t�o�r�o�w�a�n�i�a� �c�z�t�e�r�e�c�h� �p�o�k�o�i� �r�e�f�e�r�e�n�c�y�j�n�y�c�h�:
Quito (Ekwador), Zurych (Szwajcaria), Nashville (Tennessee) i Sapporo (Japonia).

�2�.� �U�S�T�A�W�I�E�N�I�E� �G�A�O�Z�N�I�K�Ó�W

�R�o�z�s�z�e�r�z�a�l�n�o�[��� �t�e�r�m�i�c�z�n�a� �p�o�d�B�o�g�i� �p�r�z�e�s�u�w�a� �g�B�o�[�n�i�k�i� �d�o� �0�,�3� �m�m� �n�a� �s�t�o�p�i�e�D� �C�e�l�s�j�u�s�z�a� �n�a� �b�e�t�o�n�i�e� �i� �d�o� �1�,�2� �m�m� �n�a� �d�r�e�w�n�i�a�n�y�c�h
�p�o�d�B�o�g�a�c�h�.� �S�e�z�o�n�o�w�a� �z�m�i�a�n�a� �t�e�m�p�e�r�a�t�u�r�y� �1�5� �d�e�g�C� �w� �p�o�k�o�j�u� �z� �d�r�e�w�n�i�a�n��� �p�o�d�B�o�g��� �w�y�t�w�a�r�z�a� �p�r�z�e�s�u�n�i���c�i�e� �d�o� �1�8� �m�m�.

�W� �p�o�k�o�j�u� �N�a�s�h�v�i�l�l�e� �(�d�r�e�w�n�i�a�n�a� �p�o�d�B�o�g�a�,� �z�a�k�r�e�s� �1�8�-�3�2� �d�e�g�C�)� �l�e�w�y� �g�B�o�[�n�i�k� �p�r�z�e�s�u�n���B� �s�i��� �1�4�,�3� �m�m� �k�u� �t�y�l�n�e�j� �[�c�i�a�n�i�e�,� �a� �p�r�a�w�y� �1�1�,�7
�m�m�.� �R�ó�|�n�i�c�a� �c�z�a�s�u� �p�r�o�p�a�g�a�c�j�i� �z�m�i�e�n�i�B�a� �s�i��� �o� �1�7�,�2� �m�i�k�r�o�s�e�k�u�n�d� �-�-� �o�d�p�o�w�i�a�d�a�j���c� �p�r�z�e�s�u�n�i���c�i�u� �o�b�r�a�z�u� �s�t�e�r�e�o� �o� �o�k�o�B�o� �1�,�4�d�e�g�.

Korekta wymaga ponownego pomiaru i repozycjonowania co najmniej sezonalnie.

�P�o�k�ó�j� �Q�u�i�t�o�,� �n�a� �b�e�t�o�n�o�w�e�j� �p�B�y�c�i�e� �p�r�z�y� �w�a�h�a�n�i�a�c�h� �t�e�m�p�e�r�a�t�u�r�y� �4� �d�e�g�C� �r�o�c�z�n�i�e�,� �w�y�k�a�z�a�B� �B���c�z�n�e� �p�r�z�e�s�u�n�i���c�i�e� �0�,�8� �m�m� �w� �c�i���g�u
trzech lat.

�3�.� �W�P�A�Y�W� �T�E�M�P�E�R�A�T�U�R�Y� �N�A� �E�L�E�K�T�R�O�N�I�K��

�Z�m�i�a�n�a� �t�e�m�p�e�r�a�t�u�r�y� �o� �1�0� �d�e�g�C� �p�r�z�e�s�u�w�a� �c�z���s�t�o�t�l�i�w�o�[��� �z�w�r�o�t�n�i�c�y� �o� �0�,�2�-�0�,�5�%�.� �Z�m�i�e�r�z�y�l�i�[�m�y�:� �z�w�r�o�t�n�i�c�a� �3� �k�H�z� �p�r�z�e�s�u�n���B�a� �s�i��� �z� �2
987 Hz przy 15 degC do 3 014 Hz przy 30 degC -- zmiana 27 Hz.

Dla wzmacniaczy klasy A/B czas rozgrzewania od zimnego startu do równowagi termicznej to 45 minut. Zalecamy 60 minut
�r�o�z�g�r�z�e�w�a�n�i�a� �i� �s�t�a�b�i�l�n�o�[��� �t�e�m�p�e�r�a�t�u�r�y� �p�o�m�i�e�s�z�c�z�e�n�i�a� �+�/�-� �0�,�5� �d�e�g�C�.

�4�.� �W�I�L�G�O�T�N�O�Z��� �I� �A�B�S�O�R�P�C�J�A� �A�K�U�S�T�Y�C�Z�N�A

�W�i�l�g�o�t�n�o�[��� �w�p�B�y�w�a� �n�a� �a�b�s�o�r�p�c�j��� �a�k�u�s�t�y�c�z�n��� �p�o�w�y�|�e�j� �2� �k�H�z�.� �W� �p�o�k�o�j�u� �N�a�s�h�v�i�l�l�e� �R�T�6�0� �p�o�w�y�|�e�j� �4� �k�H�z� �w�a�h�a�B� �s�i��� �o�d� �0�,�2�8� �s� �(�l�a�t�o�,
65% RH) do 0,22 s (zima, 25% RH) -- 21% zmiana sezonowa.

�Z�a�l�e�c�a�m�y� �w�i�l�g�o�t�n�o�[��� �4�0�-�5�5�%� �R�H�.� �P�o�k�ó�j� �Q�u�i�t�o� �u�t�r�z�y�m�u�j�e� �4�5�-�5�0�%� �R�H� �p�r�z�e�z� �c�a�B�y� �r�o�k� �b�e�z� �i�n�g�e�r�e�n�c�j�i� �m�e�c�h�a�n�i�c�z�n�e�j�.

5. WIBRACJE I IZOLACJA MECHANICZNA

�K�a�|�d�y� �k�o�m�p�o�n�e�n�t� �s�y�s�t�e�m�u� �a�u�d�i�o� �j�e�s�t� �o�b�i�e�k�t�e�m� �m�e�c�h�a�n�i�c�z�n�y�m� �i� �k�a�|�d�y� �o�b�i�e�k�t� �m�e�c�h�a�n�i�c�z�n�y� �j�e�s�t� �m�i�k�r�o�f�o�n�e�m�.

Wyniki izolacji preamplifikatora 15 kg:

�1�.� �B�e�z�p�o�[�r�e�d�n�i�e� �s�p�r�z���|�e�n�i�e�:� �0� �d�B�.
2. Hemisferki Sorbothane: -6 dB przy 15 Hz.
3. Platforma pneumatyczna: -28 dB przy 15 Hz.
4. Piaskownica (30 kg suchego piasku): -18 dB przy 15 Hz.

�Z�a�l�e�c�e�n�i�e�:� �p�i�a�s�k�o�w�n�i�c�a� �d�l�a� �c�i���|�k�i�c�h� �k�o�m�p�o�n�e�n�t�ó�w�,� �S�o�r�b�o�t�h�a�n�e� �d�l�a� �l�e�k�k�i�c�h�,� �b�r�a�k� �i�z�o�l�a�c�j�i� �d�l�a� �g�B�o�[�n�i�k�ó�w�.
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�6�.� �Z�A�K�A�Ó�C�E�N�I�A� �E�L�E�K�T�R�O�M�A�G�N�E�T�Y�C�Z�N�E

�Z�m�i�e�r�z�o�n�a� �g���s�t�o�[��� �e�n�e�r�g�i�i� �R�F�:� �Q�u�i�t�o�:� �-�8�8� �d�B�m�/�m�2�.� �Z�u�r�y�c�h�:� �-�6�2� �d�B�m�/�m�2�.� �N�a�s�h�v�i�l�l�e�:� �-�5�8� �d�B�m�/�m�2�.� �S�a�p�p�o�r�o�:� �-�5�4� �d�B�m�/�m�2�.� �R�ó�|�n�i�c�a
�3�4� �d�B� �j�e�s�t� �z�n�a�c�z���c�a�.

�M�i�t�i�g�a�c�j�a�:� �(�1�)� �e�k�r�a�n�o�w�a�n�e� �k�a�b�l�e�,� �(�2�)� �d�e�d�y�k�o�w�a�n�y� �o�b�w�ó�d� �z� �f�i�l�t�r�e�m� �E�M�I�,� �(�3�)� �u�s�u�n�i���c�i�e� �z�b���d�n�e�j� �e�l�e�k�t�r�o�n�i�k�i� �z� �p�o�k�o�j�u�,� �(�4�)� �o�k�r�e�s�o�w�e
pomiary RF.

7. PROWADZENIE KABLI

�K�a�b�l�e� �s�y�g�n�a�B�o�w�e� �n�i�e� �p�o�w�i�n�n�y� �b�i�e�c� �r�ó�w�n�o�l�e�g�l�e� �d�o� �k�a�b�l�i� �z�a�s�i�l�a�j���c�y�c�h�.� �Z�w�i�n�i���t�y� �k�a�b�e�l� �t�w�o�r�z�y� �i�n�d�u�k�c�y�j�n�o�[��� �-�-� �a�n�t�e�n���.� �N�a�p�r���|�e�n�i�e
kabla wytwarza rezonans wibracyjny. Wspieraj kable co 50 cm.

�8�.� �N�A�K�A�A�D� �K�O�N�S�E�R�W�A�C�J�I

�A���c�z�n�y� �c�z�a�s� �b�e�z� �k�o�r�e�k�t�:� �1�5�-�2�0� �m�i�n�u�t� �a�k�t�y�w�n�e�j� �p�r�a�c�y� �+� �4�5�-�6�0� �m�i�n�u�t� �r�o�z�g�r�z�e�w�a�n�i�a�.� �Z� �k�o�r�e�k�t�a�m�i�:� �3�0�-�4�5� �m�i�n�u�t� �+� �r�o�z�g�r�z�e�w�a�n�i�e�.

�P�r�z�e�s�t�r�z�e�g�a�n�i�e� �p�r�o�c�e�d�u�r�y� �w� �c�i���g�u� �t�r�z�e�c�h� �l�a�t�:� �Q�u�i�t�o� �9�4�%�,� �Z�u�r�y�c�h� �7�1�%�,� �N�a�s�h�v�i�l�l�e� �5�3�%�,� �S�a�p�p�o�r�o� �3�1�%�.� �K�o�r�e�l�a�c�j�a� �m�i���d�z�y
�p�r�z�e�s�t�r�z�e�g�a�n�i�e�m� �a� �s�t�a�b�i�l�n�o�[�c�i��� �p�o�m�i�a�r�ó�w�:� �r� �=� �0�,�9�1�.� �P�o�k�ó�j� �Q�u�i�t�o� �w�a�h�a�B� �s�i��� �o� �+�/�-� �0�,�1�5� �d�B�.� �S�a�p�p�o�r�o� �o� �+�/�-� �1�,�4� �d�B�.

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

9. WNIOSKI

�Z�r�o�d�o�w�i�s�k�o� �o�d�s�B�u�c�h�u� �k�r�y�t�y�c�z�n�e�g�o� �j�e�s�t� �s�y�s�t�e�m�e�m� �d�y�n�a�m�i�c�z�n�y�m�.� �N�i�e�s�k�o�r�y�g�o�w�a�n�a� �s�k�u�m�u�l�o�w�a�n�a� �d�r�y�f�o�w�a�n�a� �m�o�|�e� �p�r�z�e�k�r�o�c�z�y��� �1� �d�B
�w� �o�d�p�o�w�i�e�d�z�i� �c�z���s�t�o�t�l�i�w�o�[�c�i�o�w�e�j�.� �U�t�r�z�y�m�y�w�a�n�i�e� �w�a�r�u�n�k�ó�w� �r�e�f�e�r�e�n�c�y�j�n�y�c�h� �w�y�m�a�g�a� �r�e�g�u�l�a�r�n�e�g�o� �p�r�o�t�o�k�o�B�u� �k�o�n�s�e�r�w�a�c�j�i�.

�D�z�i�e�l�n�i�c�a� �j�e�s�t� �p�r�o�s�t�a�:� �k�o�n�t�r�o�l�u�j� �t�e�m�p�e�r�a�t�u�r��� �+�/�-� �0�,�5� �d�e�g�C�,� �u�t�r�z�y�m�u�j� �w�i�l�g�o�t�n�o�[��� �4�0�-�5�5�%� �R�H�,� �i�z�o�l�u�j� �k�o�m�p�o�n�e�n�t�y� �o�d� �w�i�b�r�a�c�j�i�,� �e�k�r�a�n�u�j
�[�c�i�e�|�k�i� �s�y�g�n�a�B�o�w�e�,� �s�p�r�a�w�d�z�a�j� �p�o�z�y�c�j��� �g�B�o�[�n�i�k�ó�w� �c�o� �m�i�e�s�i���c� �i� �r�o�z�g�r�z�e�w�a�j� �e�l�e�k�t�r�o�n�i�k��� �6�0� �m�i�n�u�t�.

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