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Sažetak
�R�e�f�e�r�e�n�t�n�a� �p�r�o�s�t�o�r�i�j�a� �z�a� �s�l�u�š�a�n�j�e� �n�i�j�e� �s�t�a�t�i�
�k�i� �s�u�s�t�a�v�.� �P�r�o�m�j�e�n�e� �t�e�m�p�e�r�a�t�u�r�e� �p�o�m�i�
�u� �k�o�m�p�l�i�a�n�s�u� �p�o�g�o�n�s�k�o�g� �s�k�l�o�p�a� �z�v�u�
�n�i�k�a� �i� �v�r�i�j�e�d�n�o�s�t�i
�k�o�m�p�o�n�e�n�a�t�a� �s�k�r�e�t�n�i�c�e�.� �V�l�a�ž�n�o�s�t� �m�i�j�e�n�j�a� �b�r�z�i�n�u� �z�v�u�k�a� �i� �k�a�r�a�k�t�e�r�i�s�t�i�k�e� �a�p�s�o�r�p�c�i�j�e� �a�k�u�s�t�i�
�k�e� �o�b�r�a�d�e�.� �A�t�m�o�s�f�e�r�s�k�i� �t�l�a�k� �m�o�d�u�l�i�r�a� �m�i�r�u�j�u���i
položaj membrane. Vibracije iz HVAC-a, prometa i zgradnih usluga uvode niskofrekventnu kontaminaciju. Elektromagnetske smetnje iz
�k�u���a�n�s�k�e� �e�l�e�k�t�r�o�n�i�k�e� �n�a�s�e�l�j�a�v�a�j�u� �R�F� �s�p�e�k�t�a�r� �u�n�u�t�a�r� �p�r�o�s�t�o�r�i�j�e�.� �O�v�e� �v�a�r�i�j�a�b�l�e� �k�o�n�t�i�n�u�i�r�a�n�o� �s�e� �m�i�j�e�n�j�a�j�u�,� �a� �n�j�i�h�o�v� �k�o�m�b�i�n�i�r�a�n�i� �u�
�i�n�a�k� �n�a
�p�e�r�c�i�p�i�r�a�n�u� �a�u�d�i�o� �k�v�a�l�i�t�e�t�u� �r�e�f�e�r�e�n�t�n�o�g� �s�u�s�t�a�v�a� �m�j�e�r�l�j�i�v� �j�e�.� �O�v�a�j� �r�a�d� �p�r�e�d�s�t�a�v�l�j�a� �p�r�a�k�t�i�
�n�i� �o�k�v�i�r� �z�a� �o�p�t�i�m�i�z�a�c�i�j�u� �i� �o�d�r�ž�a�v�a�n�j�e� �k�r�i�t�i�
�n�o�g
�o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�,� �t�e�m�e�l�j�e�n� �n�a� �3� �g�o�d�i�n�e� �k�o�n�t�i�n�u�i�r�a�n�o�g� �p�r�a���e�n�j�a� �4� �r�e�f�e�r�e�n�t�n�e� �p�r�o�s�t�o�r�i�j�e� �n�a� �r�a�z�l�i�
�i�t�i�m� �g�e�o�g�r�a�f�s�k�i�m� �š�i�r�i�n�a�m�a�.
�D�o�k�u�m�e�n�t�i�r�a�m�o� �v�e�l�i�
�i�n�u� �s�v�a�k�e� �o�k�o�l�i�š�n�e� �v�a�r�i�j�a�b�l�e�,� �n�j�e�z�i�n� �u�
�i�n�a�k� �n�a� �m�j�e�r�l�j�i�v�e� �a�u�d�i�o� �p�a�r�a�m�e�t�r�e� �i� �k�o�r�e�k�t�i�v�n�e� �p�o�s�t�u�p�k�e� �p�o�t�r�e�b�n�e� �z�a� �o�d�r�ž�a�v�a�n�j�e
�u�v�j�e�t�a� �r�e�f�e�r�e�n�t�n�e� �k�v�a�l�i�t�e�t�e�.� �R�e�z�u�l�t�i�r�a�j�u���e� �o�p�t�e�r�e���e�n�j�e� �o�d�r�ž�a�v�a�n�j�e�m� �z�n�a�
�a�j�n�o� �j�e� �-�-� �i�z�m�e���u� �2�0� �i� �4�5� �m�i�n�u�t�a� �p�o� �s�e�s�i�j�i� �s�l�u�š�a�n�j�a� �z�a� �r�u�
�n�u� �k�o�r�e�k�c�i�j�u
-- ali se može smanjiti sustavnom kontrolom okoliša i, gdje je dostupna, automatiziranom instrumentacijom za poravnavanje.

1. UVOD

�S�v�a�k�i� �a�u�d�i�o�f�i�l� �z�n�a� �d�a� �s�u�s�t�a�v� �z�v�u�
�i� �r�a�z�l�i�
�i�t�o� �i�z� �d�a�n�a� �u� �d�a�n�.� �U�o�b�i�
�a�j�e�n�o� �o�b�j�a�š�n�j�e�n�j�e� �j�e� �p�s�i�h�o�l�o�š�k�o� �-�-� �r�a�s�p�o�l�o�ž�e�n�j�e�,� �u�m�o�r�,� �o�
�e�k�i�v�a�n�j�e�.
�M�a�n�j�e� �u�o�b�i�
�a�j�e�n�o� �a�l�i� �t�o�
�n�i�j�e� �o�b�j�a�š�n�j�e�n�j�e� �j�e� �f�i�z�i�
�k�o�.� �O�k�r�u�ž�e�n�j�e� �z�a� �s�l�u�š�a�n�j�e� �s�e� �m�i�j�e�n�j�a�,� �o�p�r�e�m�a� �s�e� �m�i�j�e�n�j�a�,� �a� �o�v�e� �p�r�o�m�j�e�n�e� �s�u
mjerljive.

�O�v�a�j� �r�a�d� �j�e� �p�r�a�k�t�i�
�n�i� �v�o�d�i�
�.� �N�a�m�i�j�e�n�j�e�n� �j�e� �s�v�a�k�o�m�e� �t�k�o� �o�d�r�ž�a�v�a� �k�r�i�t�i�
�n�u� �p�r�o�s�t�o�r�i�j�u� �z�a� �s�l�u�š�a�n�j�e� �-�-� �b�i�l�o� �z�a� �p�r�o�c�j�e�n�u� �p�r�o�i�z�v�o�d�a�,
�m�a�s�t�e�r�i�r�a�n�j�e� �i�l�i� �o�s�o�b�n�u� �u�p�o�r�a�b�u� �-�-� �i� �t�k�o� �ž�e�l�i� �r�a�z�u�m�j�e�t�i� �š�t�o� �s�e� �m�i�j�e�n�j�a�,� �k�o�l�i�k�o�,� �i� �š�t�o� �s� �t�i�m� �u�
�i�n�i�t�i�.

�S�m�j�e�r�n�i�c�e� �s�e� �t�e�m�e�l�j�e� �n�a� �t�r�i� �g�o�d�i�n�e� �k�o�n�t�i�n�u�i�r�a�n�o�g� �p�r�a���e�n�j�a� �
�e�t�i�r�i� �r�e�f�e�r�e�n�t�n�e� �p�r�o�s�t�o�r�i�j�e� �z�a� �s�l�u�š�a�n�j�e�:� �n�a�š�e� �p�r�i�m�a�r�n�e� �p�r�o�s�t�o�r�i�j�e� �z�a
procjenu u Quitu, Ekvador; partnerske ustanove u Zürichu, Švicarska; mastering studija u Nashvilleu, Tennessee; i privatne
prostorije za slušanje u Sapporu, Japan. Svaka prostorija opremljena je senzorima temperature, vlažnosti, atmosferskog tlaka,
vibracija i elektromagnetskog polja koji bilježe u intervalima od 1 sekunde. Audio sustav svake prostorije mjeren je tjedno
�k�o�r�i�š�t�e�n�j�e�m� �s�t�a�n�d�a�r�d�i�z�i�r�a�n�o�g� �p�r�o�t�o�k�o�l�a� �(�f�r�e�k�v�e�n�c�i�j�s�k�i� �o�d�z�i�v�,� �i�z�o�b�l�i�
�e�n�j�e�,� �i�m�p�u�l�s�n�i� �o�d�z�i�v�,� �p�r�a�g� �š�u�m�a�)�.

�P�o�d�a�c�i� �o�t�k�r�i�v�a�j�u� �d�a� �s�v�a�k�a� �o�k�o�l�i�š�n�a� �v�a�r�i�j�a�b�l�a� �k�o�j�u� �s�m�o� �i�z�m�j�e�r�i�l�i� �p�r�o�i�z�v�o�d�i� �d�e�t�e�k�t�a�b�i�l�a�n� �u�
�i�n�a�k� �n�a� �i�z�m�j�e�r�e�n�i� �r�a�d� �a�u�d�i�o� �s�u�s�t�a�v�a�.� �N�e�k�i
�u�
�i�n�c�i� �s�u� �v�e�l�i�k�i� �(�p�o�m�a�c�i� �f�r�e�k�v�e�n�c�i�j�s�k�o�g� �o�d�z�i�v�a� �u�z�r�o�k�o�v�a�n�i� �t�e�m�p�e�r�a�t�u�r�o�m� �d�o� �0�,�8� �d�B�)�.� �N�e�k�i� �s�u� �m�a�l�i� �(�u�
�i�n�c�i� �a�t�m�o�s�f�e�r�s�k�o�g� �t�l�a�k�a� �n�a
komplijansu pogonskog sklopa od 0,02 dB). Svi su stvarni i svi se mijenjaju s vremenom.

�P�i�t�a�n�j�e� �n�i�j�e� �t�r�e�b�a� �l�i� �k�o�r�i�g�i�r�a�t�i� �o�v�e� �u�
�i�n�k�e�.� �P�i�t�a�n�j�e� �j�e� �k�o�l�i�k�o� �n�a�p�o�r�a� �k�o�r�e�k�c�i�j�a� �z�a�h�t�i�j�e�v�a� �i� �m�o�ž�e� �l�i� �s�e� �t�a�j� �n�a�p�o�r� �s�m�a�n�j�i�t�i�.

�2�.� �P�O�S�T�A�V�L�J�A�N�J�E� �Z�V�U���N�I�K�A

�P�o�s�t�a�v�l�j�a�n�j�e� �z�v�u�
�n�i�k�a� �u� �p�r�a�v�o�k�u�t�n�o�j� �p�r�o�s�t�o�r�i�j�i� �r�i�j�e�š�e�n� �j�e� �p�r�o�b�l�e�m� �u� �a�k�u�s�t�i�c�i�.� �O�p�t�i�m�a�l�n�i� �p�o�l�o�ž�a�j� �m�o�ž�e� �s�e� �i�z�r�a�
�u�n�a�t�i� �i�z� �d�i�m�e�n�z�i�j�a
�p�r�o�s�t�o�r�i�j�e� �k�o�r�i�š�t�e�n�j�e�m� �m�o�d�a�l�n�e� �a�n�a�l�i�z�e�,� �p�r�o�f�i�n�j�e�n� �m�j�e�r�e�n�j�e�m� �i� �f�i�k�s�i�r�a�n�.� �N�a�k�o�n� �š�t�o� �s�u� �z�v�u�
�n�i�c�i� �p�o�s�t�a�v�l�j�e�n�i�,� �n�e� �b�i� �s�e� �t�r�e�b�a�l�i� �p�o�m�i�c�a�t�i�.

�A�l�i� �p�o�m�i�
�u� �s�e�.

�T�o�p�l�i�n�s�k�o� �š�i�r�e�n�j�e� �p�o�d�a� �p�o�m�i�
�e� �p�o�l�o�ž�a�j� �z�v�u�
�n�i�k�a� �d�o� �0�,�3� �m�m� �p�o� �s�t�u�p�n�j�u� �C�e�l�z�i�j�u�s�a� �u� �p�r�o�s�t�o�r�i�j�a�m�a� �s� �p�o�d�o�m� �o�d� �b�e�t�o�n�s�k�e� �p�l�o�
�e� �i� �d�o� �1�,�2
mm po stupnju u prostorijama s ovješenim drvenim podovima. Sezonska promjena temperature od 15 degC u prostoriji s drvenim
�p�o�d�o�m� �p�r�o�i�z�v�o�d�i� �k�u�m�u�l�a�t�i�v�n�i� �p�o�m�a�k� �z�v�u�
�n�i�k�a� �d�o� �1�8� �m�m� �-�-� �g�o�t�o�v�o� �d�v�a� �c�e�n�t�i�m�e�t�r�a�.

�O�v�a�j� �p�o�m�a�k� �n�i�j�e� �u�j�e�d�n�a�
�e�n�.� �O�v�i�s�i� �o� �p�o�l�o�ž�a�j�u� �z�v�u�
�n�i�k�a� �u� �o�d�n�o�s�u� �n�a� �s�r�e�d�i�š�t�e� �t�o�p�l�i�n�s�k�o�g� �š�i�r�e�n�j�a� �p�r�o�s�t�o�r�i�j�e� �(�t�i�p�i�
�n�o� �b�l�i�z�u� �g�e�o�m�e�t�r�i�j�s�k�o�g
�s�r�e�d�i�š�t�a� �p�l�o�
�e� �i�l�i� �p�o�d�l�o�g�e�)�.� �Z�v�u�
�n�i�c�i� �p�o�s�t�a�v�l�j�e�n�i� �a�s�i�m�e�t�r�i�
�n�o� �-�-� �u�o�b�i�
�a�j�e�n� �s�l�u�
�a�j� �-�-� �p�o�m�i�
�u� �s�e� �a�s�i�m�e�t�r�i�
�n�o�.� �L�i�j�e�v�i� �z�v�u�
�n�i�k� �s�e� �p�o�m�i�
�e
�v�i�š�e� �o�d� �d�e�s�n�o�g�,� �i�l�i� �o�b�r�a�t�n�o�,� �n�a�r�u�š�a�v�a�j�u���i� �g�e�o�m�e�t�r�i�j�u� �s�t�e�r�e�o� �s�l�i�k�e�.

�I�z�m�j�e�r�i�l�i� �s�m�o� �o�v�a�j� �u�
�i�n�a�k� �i�z�r�a�v�n�o� �k�o�r�i�s�t�e���i� �l�a�s�e�r�s�k�e� �s�e�n�z�o�r�e� �p�o�m�a�k�a� �(�K�e�y�e�n�c�e� �I�L�-�3�0�0�,� �r�e�z�o�l�u�c�i�j�a� �0�,�5� �u�m�)� �z�a�l�i�j�e�p�l�j�e�n�e� �z�a� �s�t�o�l�i�c�u� �z�a
�s�l�u�š�a�n�j�e� �i� �k�u���i�š�t�a� �z�v�u�
�n�i�k�a�.� �T�i�j�e�k�o�m� �k�a�l�e�n�d�a�r�s�k�e� �g�o�d�i�n�e� �u� �p�r�o�s�t�o�r�i�j�i� �u� �N�a�s�h�v�i�l�l�e�u� �(�d�r�v�e�n�i� �p�o�d�,� �s�e�z�o�n�s�k�i� �r�a�s�p�o�n� �t�e�m�p�e�r�a�t�u�r�e� �1�8�-�3�2
�d�e�g�C�)�,� �l�i�j�e�v�i� �z�v�u�
�n�i�k� �m�i�g�r�i�r�a�o� �j�e� �1�4�,�3� �m�m� �p�r�e�m�a� �s�t�r�a�ž�n�j�e�m� �z�i�d�u� �i� �2�,�1� �m�m� �p�r�e�m�a� �b�o�
�n�o�m� �z�i�d�u�.� �D�e�s�n�i� �z�v�u�
�n�i�k� �m�i�g�r�i�r�a�o� �j�e� �1�1�,�7� �m�m
�p�r�e�m�a� �s�t�r�a�ž�n�j�e�m� �z�i�d�u� �i� �3�,�8� �m�m� �d�a�l�j�e� �o�d� �b�o�
�n�o�g� �z�i�d�a�.� �R�a�z�m�a�k� �i�z�m�e���u� �z�v�u�
�n�i�k�a� �p�r�o�m�i�j�e�n�i�o� �s�e� �z�a� �5�,�9� �m�m�,� �a� �r�a�z�l�i�k�a� �u� �v�r�e�m�e�n�u
�p�r�o�p�a�g�a�c�i�j�e� �i�z�m�e���u� �l�i�j�e�v�o�g� �i� �d�e�s�n�o�g� �k�a�n�a�l�a� �n�a� �p�o�z�i�c�i�j�i� �s�l�u�š�a�n�j�a� �p�r�o�m�i�j�e�n�i�l�a� �s�e� �z�a� �1�7�,�2� �m�i�k�r�o�s�e�k�u�n�d�e� �-�-� �š�t�o� �o�d�g�o�v�a�r�a� �p�o�m�a�k�u� �s�t�e�r�e�o
slike od približno 1,4 stupnja.

�K�o�r�e�k�c�i�j�a� �z�a�h�t�i�j�e�v�a� �p�o�n�o�v�n�o� �m�j�e�r�e�n�j�e� �i� �p�o�n�o�v�n�o� �p�o�z�i�c�i�o�n�i�r�a�n�j�e� �b�a�r�e�m� �s�e�z�o�n�s�k�i�,� �i�d�e�a�l�n�o� �m�j�e�s�e�
�n�o�.� �S�v�a�k�a� �s�e�s�i�j�a� �p�o�n�o�v�n�o�g
�p�o�z�i�c�i�o�n�i�r�a�n�j�a� �t�r�a�j�e� �1�5�-�2�5� �m�i�n�u�t�a� �s� �m�j�e�r�n�o�m� �t�r�a�k�o�m� �i� �S�P�L� �m�j�e�r�a�
�e�m�,� �i�l�i� �3�-�5� �m�i�n�u�t�a� �s�a� �s�u�s�t�a�v�o�m� �p�o�z�i�c�i�o�n�i�r�a�n�j�a� �s� �l�a�s�e�r�s�k�o�m
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�P�r�a�k�t�i�
�n�a� �o�p�t�i�m�i�z�a�c�i�j�a� �k�r�i�t�i�
�n�o�g� �o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�:� �p�o�s�t�a�v�l�j�a�n�j�e� �z�v�u�
�n�i�k�a�,� �s�t�a�b�i�l�n�o�s�t� �k�o�m�p�o�n�e�n�a�t�a� �i� �d�n�e�v�n�o� �o�p�t�e�r�e���e�n�j�e� �o�d�r�ž�a�v�a�n�j�e�mEQUATORIAL AUDIO
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referencom.

�Z�a� �p�r�o�s�t�o�r�i�j�e� �n�a� �b�e�t�o�n�s�k�i�m� �p�l�o�
�a�m�a�,� �t�o�p�l�i�n�s�k�i� �p�o�m�a�k� �j�e� �z�a� �r�e�d� �v�e�l�i�
�i�n�e� �m�a�n�j�i� �i� �i�n�t�e�r�v�a�l� �k�o�r�e�k�c�i�j�e� �m�o�ž�e� �s�e� �p�r�o�š�i�r�i�t�i� �n�a� �g�o�d�i�š�n�j�e�.
�P�r�o�s�t�o�r�i�j�a� �u� �Q�u�i�t�u�,� �i�z�g�r�a���e�n�a� �n�a� �a�r�m�i�r�a�n�o�-�b�e�t�o�n�s�k�o�j� �p�l�o�
�i� �n�a� �n�a�d�m�o�r�s�k�o�j� �v�i�s�i�n�i� �o�d� �2�.�8�5�0� �m� �s�a� �s�e�z�o�n�s�k�o�m� �v�a�r�i�j�a�c�i�j�o�m� �t�e�m�p�e�r�a�t�u�r�e
�o�d� �4� �d�e�g�C�,� �p�o�k�a�z�a�l�a� �j�e� �u�k�u�p�n�i� �p�o�m�a�k� �z�v�u�
�n�i�k�a� �o�d� �0�,�8� �m�m� �t�i�j�e�k�o�m� �t�r�i� �g�o�d�i�n�e� �-�-� �i�s�p�o�d� �p�r�a�g�a� �
�u�j�n�o�g� �u�
�i�n�k�a� �z�a� �b�i�l�o� �k�o�j�i� �p�o�l�o�ž�a�j
�z�v�u�
�n�i�k�a� �u� �p�r�o�s�t�o�r�i�j�i�.

�S�t�a�l�e�ž�i� �z�v�u�
�n�i�k�a� �s�a� �š�i�l�j�c�i�m�a� �z�a�b�o�d�e�n�i�m� �u� �t�e�p�i�h� �p�r�e�k�o� �b�e�t�o�n�a� �p�r�u�ž�a�j�u� �n�a�j�s�t�a�b�i�l�n�i�j�e� �p�o�s�t�a�v�l�j�a�n�j�e�.� �S�t�a�l�e�ž�i� �n�a� �t�v�r�d�o�m� �d�r�v�u� �i�l�i� �p�l�o�
�i�c�a�m�a
�t�r�e�b�a�l�i� �b�i� �k�o�r�i�s�t�i�t�i� �p�o�l�i�m�e�r�n�e� �i�z�o�l�a�c�i�j�s�k�e� �n�o�g�e� �(�S�h�o�r�e� �4�0�A� �d�u�r�o�m�e�t�a�r�)� �u�m�j�e�s�t�o� �m�e�t�a�l�n�i�h� �š�i�l�j�a�k�a�,� �k�o�j�i� �p�o�v�e�z�u�j�u� �z�v�u�
�n�i�k� �s� �v�i�b�r�a�c�i�j�a�m�a
�p�r�e�n�e�s�e�n�i�m� �s� �p�o�d�a�.� �M�a�s�a� �z�v�u�
�n�i�k�a� �t�r�e�b�a�l�a� �b�i� �p�r�e�m�a�š�i�t�i� �1�5� �k�g� �p�o� �k�a�n�a�l�u� �z�a� �a�d�e�k�v�a�t�n�u� �i�n�e�r�c�i�j�u� �p�r�o�t�i�v� �v�i�b�r�a�c�i�j�a� �p�r�e�n�e�s�e�n�i�h� �z�r�a�k�o�m� �i�z
�v�l�a�s�t�i�t�o�g� �i�z�l�a�z�a� �z�v�u�
�n�i�k�a� �-�-� �m�i�n�i�m�u�m� �k�o�j�i� �s�e� �r�i�j�e�t�k�o� �s�p�o�m�i�n�j�e�,� �a�l�i� �
�e�s�t�o� �k�r�š�i� �k�o�d� �m�o�n�i�t�o�r� �s�u�s�t�a�v�a� �p�o�s�t�a�v�l�j�e�n�i�h� �n�a� �s�t�a�l�e�ž�e�.

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

�T�e�m�p�e�r�a�t�u�r�n�i� �k�o�e�f�i�c�i�j�e�n�t� �e�l�e�k�t�r�o�n�i�
�k�i�h� �k�o�m�p�o�n�e�n�a�t�a� �d�o�b�r�o� �j�e� �d�o�k�u�m�e�n�t�i�r�a�n� �u� �i�n�ž�e�n�j�e�r�s�k�o�j� �l�i�t�e�r�a�t�u�r�i�,� �a�l�i� �s�e� �r�i�j�e�t�k�o� �r�a�s�p�r�a�v�l�j�a� �u� �a�u�d�i�o
�p�o�d�r�u�
�j�u�.� �T�r�e�b�a�o� �b�i� �s�e�.

�T�i�p�i�
�n�a� �m�r�e�ž�a� �s�k�r�e�t�n�i�c�e� �s�a�d�r�ž�i� �p�o�l�i�p�r�o�p�i�l�e�n�s�k�e� �f�i�l�m�s�k�e� �k�o�n�d�e�n�z�a�t�o�r�e� �(�t�e�m�p�e�r�a�t�u�r�n�i� �k�o�e�f�i�c�i�j�e�n�t� �p�r�i�b�l�i�ž�n�o� �-�2�0�0� �p�p�m�/�d�e�g�C�)�,� �f�e�r�i�t�n�e
�i�n�d�u�k�t�o�r�e� �(�t�e�m�p�e�r�a�t�u�r�n�i� �k�o�e�f�i�c�i�j�e�n�t� �+�8�0�0� �d�o� �+�2�0�0�0� �p�p�m�/�d�e�g�C� �o�v�i�s�n�o� �o� �k�v�a�l�i�t�e�t�i� �f�e�r�i�t�a�)� �i� �ž�i�
�a�n�e� �o�t�p�o�r�n�i�k�e� �(�t�e�m�p�e�r�a�t�u�r�n�i� �k�o�e�f�i�c�i�j�e�n�t
�+�2�0� �d�o� �+�5�0� �p�p�m�/�d�e�g�C�)�.� �P�r�o�m�j�e�n�a� �t�e�m�p�e�r�a�t�u�r�e� �o�d� �1�0� �d�e�g�C� �p�o�m�i�
�e� �f�r�e�k�v�e�n�c�i�j�u� �s�k�r�e�t�n�i�c�e� �z�a� �0�,�2�-�0�,�5� �%�,� �o�v�i�s�n�o� �o� �t�o�p�o�l�o�g�i�j�i�.� �Z�a
�s�k�r�e�t�n�i�c�u� �o�d� �3� �k�H�z�,� �o�v�o� �j�e� �p�o�m�a�k� �o�d� �6�-�1�5� �H�z� �-�-� �m�a�l�o� �u� �a�p�s�o�l�u�t�n�i�m� �t�e�r�m�i�n�i�m�a�,� �a�l�i� �m�i�j�e�n�j�a� �f�a�z�n�u� �v�e�z�u� �i�z�m�e���u� �p�o�g�o�n�s�k�i�h� �s�k�l�o�p�o�v�a� �u
�p�o�d�r�u�
�j�u� �s�k�r�e�t�n�i�c�e�,� �p�r�o�i�z�v�o�d�e���i� �m�j�e�r�l�j�i�v�u� �p�r�o�m�j�e�n�u� �u� �f�r�e�k�v�e�n�c�i�j�s�k�o�m� �o�d�z�i�v�u� �n�a� �p�o�z�i�c�i�j�i� �s�l�u�š�a�n�j�a�.

�I�z�m�j�e�r�i�l�i� �s�m�o� �o�v�o� �i�z�r�a�v�n�o�.� �P�a�r� �r�e�f�e�r�e�n�t�n�i�h� �z�v�u�
�n�i�k�a� �(�3�-�s�m�j�e�r�n�i�,� �L�i�n�k�w�i�t�z�-�R�i�l�e�y� �s�k�r�e�t�n�i�c�e� �4�.� �r�e�d�a� �n�a� �5�0�0� �H�z� �i� �3� �k�H�z�)� �p�o�s�t�a�v�l�j�e�n� �j�e� �u
temperaturno kontroliranu prostoriju i pomican s 15 degC na 30 degC u koracima od 1 deg, s razdobljem stabilizacije od 2 sata na
svakom koraku. Frekvencijski odziv mjeren je na poziciji slušanja korištenjem kalibriranog mjernog mikrofona i 10-sekundnog log
sweepa.

Izmjereni pomak: skretnica od 3 kHz pomakla se s 2.987 Hz pri 15 degC na 3.014 Hz pri 30 degC, ukupni pomak od 27 Hz (0,9 %).
Skretnica od 500 Hz pomakla se s 497 Hz na 504 Hz (1,4 %). Frekvencijski odziv na poziciji slušanja promijenio se za do 0,8 dB u
�p�o�d�r�u�
�j�i�m�a� �s�k�r�e�t�n�i�c�e�.

�Z�a� �p�o�j�a�
�a�l�a�,� �d�o�m�i�n�a�n�t�n�i� �u�
�i�n�a�k� �j�e� �d�r�i�f�t� �r�a�d�n�e� �t�o�
�k�e� �u� �i�z�l�a�z�n�o�m� �s�t�u�p�n�j�u�.� �P�o�j�a�
�a�l�a� �k�l�a�s�e� �A� �i� �k�l�a�s�e� �A�/�B� �p�o�k�a�z�u�j�u� �m�j�e�r�l�j�i�v�e� �p�r�o�m�j�e�n�e� �u
�s�p�e�k�t�r�u� �i�z�o�b�l�i�
�e�n�j�a� �k�a�k�o� �s�e� �i�z�l�a�z�n�i� �u�r�e���a�j�i� �z�a�g�r�i�j�a�v�a�j�u�.� �I�z�m�j�e�r�i�l�i� �s�m�o� �r�e�p�r�e�z�e�n�t�a�t�i�v�n�o� �p�o�j�a�
�a�l�o� �k�l�a�s�e� �A�/�B� �o�d� �h�l�a�d�n�o�g� �s�t�a�r�t�a
�(�t�e�m�p�e�r�a�t�u�r�a� �h�l�a�d�n�j�a�k�a� �2�5� �d�e�g�C�)� �d�o� �t�o�p�l�i�n�s�k�e� �r�a�v�n�o�t�e�ž�e� �(�t�e�m�p�e�r�a�t�u�r�a� �h�l�a�d�n�j�a�k�a� �5�8� �d�e�g�C�)�.� �U�k�u�p�n�o� �h�a�r�m�o�n�i�j�s�k�o� �i�z�o�b�l�i�
�e�n�j�e� �p�r�i� �1
�k�H�z� �s�m�a�n�j�i�l�o� �s�e� �s� �0�,�0�0�4�2� �%� �n�a� �0�,�0�0�1�9� �%� �t�i�j�e�k�o�m� �p�r�v�i�h� �4�5� �m�i�n�u�t�a� �r�a�d�a�,� �a� �z�a�t�i�m� �s�e� �s�t�a�b�i�l�i�z�i�r�a�l�o�.� �S�p�e�k�t�a�r� �i�z�o�b�l�i�
�e�n�j�a� �t�a�k�o���e�r� �s�e
�p�r�o�m�i�j�e�n�i�o�:� �o�m�j�e�r� �d�r�u�g�o�g� �p�r�e�m�a� �t�r�e���e�m� �h�a�r�m�o�n�i�k�u� �p�o�m�a�k�a�o� �s�e� �s� �3�,�2�:�1� �n�a� �4�,�7�:�1� �k�a�k�o� �s�e� �r�a�d�n�a� �t�o�
�k�a� �m�i�j�e�n�j�a�l�a� �s� �t�e�m�p�e�r�a�t�u�r�o�m�.

�P�r�a�k�t�i�
�n�a� �p�r�e�p�o�r�u�k�a� �j�e� �u�k�l�j�u�
�i�t�i� �s�u�s�t�a�v� �n�a�j�m�a�n�j�e� �6�0� �m�i�n�u�t�a� �p�r�i�j�e� �k�r�i�t�i�
�n�o�g� �s�l�u�š�a�n�j�a�.� �O�v�o� �j�e� �u�o�b�i�
�a�j�e�n�i� �s�a�v�j�e�t�.� �Š�t�o� �s�e� �m�a�n�j�e
�u�o�b�i�
�a�j�e�n�o� �r�a�s�p�r�a�v�l�j�a� �j�e�s�t� �d�a� �b�i� �t�e�m�p�e�r�a�t�u�r�a� �p�r�o�s�t�o�r�i�j�e� �t�i�j�e�k�o�m� �o�v�o�g� �r�a�z�d�o�b�l�j�a� �z�a�g�r�i�j�a�v�a�n�j�a� �t�r�e�b�a�l�a� �b�i�t�i� �s�t�a�b�i�l�n�a� �-�-� �s�u�s�t�a�v� �k�o�j�i� �s�e
�z�a�g�r�i�j�a�v�a� �u� �h�l�a�d�n�o�j� �p�r�o�s�t�o�r�i�j�i�,� �a� �z�a�t�i�m� �s�e� �s�l�u�š�a� �u� �z�a�g�r�i�j�a�n�o�j� �p�r�o�s�t�o�r�i�j�i� �n�i�j�e� �d�o�s�e�g�a�o� �s�v�o�j�u� �u�s�t�a�l�j�e�n�u� �r�a�d�n�u� �t�o�
�k�u�,� �j�e�r� �s�e� �t�e�m�p�e�r�a�t�u�r�a
prostorije nastavila mijenjati nakon što se elektronika stabilizirala.

�P�r�e�p�o�r�u�
�u�j�e�m�o� �s�t�a�b�i�l�n�o�s�t� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�s�t�o�r�i�j�e� �o�d� �+�/�-� �0�,�5� �d�e�g�C� �t�i�j�e�k�o�m� �s�e�s�i�j�a� �s�l�u�š�a�n�j�a�.� �P�o�s�t�i�z�a�n�j�e� �o�v�o�g�a� �z�a�h�t�i�j�e�v�a� �i�l�i� �n�a�m�j�e�n�s�k�i
�i�z�g�r�a���e�n� �H�V�A�C� �s�u�s�t�a�v� �s� �p�r�o�p�o�r�c�i�o�n�a�l�n�o�m� �k�o�n�t�r�o�l�o�m� �(�n�e� �u�k�l�j�u�
�i�v�a�n�j�e�/�i�s�k�l�j�u�
�i�v�a�n�j�e� �r�e�z�i�d�e�n�c�i�j�a�l�n�i�h� �t�e�r�m�o�s�t�a�t�a�)� �i�l�i� �-�-� �p�r�a�k�t�i�
�n�i�j�e� �-�-
�i�s�k�l�j�u�
�i�v�a�n�j�e� �H�V�A�C�-�a� �i� �o�s�l�a�n�j�a�n�j�e� �n�a� �t�o�p�l�i�n�s�k�u� �m�a�s�u� �p�r�o�s�t�o�r�i�j�e�,� �k�o�j�a� �u� �d�o�b�r�o� �i�z�o�l�i�r�a�n�o�j� �p�r�o�s�t�o�r�i�j�i� �p�r�u�ž�a� �2�-�3� �s�a�t�a� �s�t�a�b�i�l�n�o�s�t�i� �o�d� �+�/�-� �0�,�5
degC nakon što sustav dosegne ciljnu temperaturu.

�4�.� �V�L�A�Ž�N�O�S�T� �I� �A�K�U�S�T�I���K�A� �A�P�S�O�R�P�C�I�J�A

Brzina zvuka u zraku ovisi o temperaturi (dobro poznato) i vlažnosti (manje dobro poznato). Pri 20 degC i 50 % relativne vlažnosti,
brzina zvuka je 343,8 m/s. Pri 20 degC i 20 % RH, ona je 343,4 m/s. Razlika -- 0,4 m/s, ili 0,12 % -- mala je, ali proizvodi mjerljivu
promjenu u vremenu dolaska refleksija, što mijenja impulsni odziv prostorije.

�Z�n�a�
�a�j�n�i�j�i� �j�e� �u�
�i�n�a�k� �v�l�a�ž�n�o�s�t�i� �n�a� �a�k�u�s�t�i�
�k�u� �a�p�s�o�r�p�c�i�j�u�.� �Z�r�a�k� �a�p�s�o�r�b�i�r�a� �z�v�u�k� �n�a� �n�a�
�i�n� �o�v�i�s�a�n� �o� �f�r�e�k�v�e�n�c�i�j�i�,� �s� �k�o�e�f�i�c�i�j�e�n�t�o�m� �a�p�s�o�r�p�c�i�j�e
�k�o�j�i� �s�e� �n�a�g�l�o� �p�o�v�e���a�v�a� �i�z�n�a�d� �2� �k�H�z�.� �P�r�i� �2�0� �d�e�g�C� �i� �5�0� �%� �R�H�,� �k�o�e�f�i�c�i�j�e�n�t� �a�p�s�o�r�p�c�i�j�e� �j�e� �p�r�i�b�l�i�ž�n�o� �0�,�0�0�6� �d�B�/�m� �p�r�i� �4� �k�H�z� �i� �0�,�0�2� �d�B�/�m� �p�r�i
�1�0� �k�H�z�.� �P�r�i� �2�0� �%� �R�H�,� �o�v�e� �v�r�i�j�e�d�n�o�s�t�i� �s�e� �p�o�v�e���a�v�a�j�u� �n�a� �0�,�0�1�1� �d�B�/�m� �i� �0�,�0�3�8� �d�B�/�m� �-�-� �g�o�t�o�v�o� �d�v�o�s�t�r�u�k�o�.

�U� �p�r�o�s�t�o�r�i�j�i� �s� �p�r�o�s�j�e�
�n�o�m� �d�u�l�j�i�n�o�m� �p�u�t�a� �z�v�u�k�a� �o�d� �8� �m� �(�i�z�r�a�v�n�a� �p�l�u�s� �j�e�d�n�a� �r�e�f�l�e�k�s�i�j�a�)�,� �r�a�z�l�i�k�a� �a�p�s�o�r�p�c�i�j�e� �o�v�i�s�n�e� �o� �v�l�a�ž�n�o�s�t�i� �p�r�i� �1�0� �k�H�z
�j�e� �p�r�i�b�l�i�ž�n�o� �0�,�1�4� �d�B� �i�z�m�e���u� �5�0� �%� �i� �2�0� �%� �R�H�.� �O�v�o� �j�e� �i�s�p�o�d� �p�r�a�g�a� �
�u�j�n�o�s�t�i� �z�a� �p�o�j�e�d�i�n�a�
�n�i� �t�o�n�,� �a�l�i� �s�e� �a�k�u�m�u�l�i�r�a� �p�r�e�k�o� �s�p�e�k�t�r�a� �i� �p�r�e�k�o
�v�i�š�e� �r�e�f�l�e�k�s�i�j�a�.� �K�u�m�u�l�a�t�i�v�n�i� �u�
�i�n�a�k� �n�a� �v�i�s�o�k�o�f�r�e�k�v�e�n�t�n�o� �v�r�i�j�e�m�e� �r�e�v�e�r�b�e�r�a�c�i�j�e� �p�r�o�s�t�o�r�i�j�e� �j�e� �m�j�e�r�l�j�i�v�:� �u� �p�r�o�s�t�o�r�i�j�i� �u� �N�a�s�h�v�i�l�l�e�u�,� �R�T�6�0
iznad 4 kHz varirao je od 0,28 s (ljeto, 65 % RH) do 0,22 s (zima, 25 % RH) -- sezonska varijacija od 21 % u vremenu
visokofrekventnog opadanja.
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�P�r�a�k�t�i�
�n�a� �o�p�t�i�m�i�z�a�c�i�j�a� �k�r�i�t�i�
�n�o�g� �o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�:� �p�o�s�t�a�v�l�j�a�n�j�e� �z�v�u�
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�P�r�e�p�o�r�u�
�u�j�e�m�o� �o�d�r�ž�a�v�a�n�j�e� �v�l�a�ž�n�o�s�t�i� �p�r�o�s�t�o�r�i�j�e� �z�a� �s�l�u�š�a�n�j�e� �i�z�m�e���u� �4�0� �%� �i� �5�5� �%� �R�H�.� �I�s�p�o�d� �4�0� �%�,� �v�i�s�o�k�o�f�r�e�k�v�e�n�t�n�a� �a�p�s�o�r�p�c�i�j�a� �s�e

�p�o�v�e���a�v�a� �i� �a�k�u�m�u�l�a�c�i�j�a� �s�t�a�t�i�
�k�o�g� �n�a�b�o�j�a� �n�a� �d�i�e�l�e�k�t�r�i�c�i�m�a� �k�a�b�e�l�a� �p�o�s�t�a�j�e� �z�n�a�
�a�j�n�a� �-�-� �t�e�m�a� �k�o�j�u� �s�m�o� �o�b�r�a�d�i�l�i� �u� �p�r�e�t�h�o�d�n�o�m� �r�a�d�u� �o

�f�e�r�o�e�l�e�k�t�r�i�
�n�o�m� �s�p�o�j�n�o�m� �u�t�j�e�c�a�j�u�.� �I�z�n�a�d� �5�5� �%�,� �p�o�v�e���a�v�a� �s�e� �r�i�z�i�k� �k�o�n�d�e�n�z�a�c�i�j�e� �n�a� �p�o�v�r�š�i�n�a�m�a� �o�p�r�e�m�e� �i� �m�a�t�e�r�i�j�a�l�i�m�a� �a�k�u�s�t�i�
�k�e

�o�b�r�a�d�e� �(�o�s�o�b�i�t�o� �m�i�n�e�r�a�l�n�i�m� �v�u�n�e�n�i�m� �p�a�n�e�l�i�m�a�,� �k�o�j�i� �d�o�b�i�v�a�j�u� �m�a�s�u� �i� �g�u�b�e� �a�p�s�o�r�p�t�i�v�n�u� �u�
�i�n�k�o�v�i�t�o�s�t� �k�a�d�a� �s�u� �v�l�a�ž�n�i�)�.

�S�a�m�o�s�t�a�l�a�n� �o�v�l�a�ž�i�v�a�
� �i�l�i� �o�d�v�l�a�ž�i�v�a�
� �s� �h�i�g�r�o�s�t�a�t�o�m� �d�o�v�o�l�j�a�n� �j�e� �z�a� �v�e���i�n�u� �k�l�i�m�a�.� �U� �p�r�o�s�t�o�r�i�j�a�m�a� �s� �v�e�l�i�k�i�m� �s�e�z�o�n�s�k�i�m� �o�s�c�i�l�a�c�i�j�a�m�a
�v�l�a�ž�n�o�s�t�i� �(�u�o�b�i�
�a�j�e�n�o� �u� �k�o�n�t�i�n�e�n�t�a�l�n�i�m� �k�l�i�m�a�m�a�)�,� �p�o�ž�e�l�j�n�i�j�i� �j�e� �s�u�s�t�a�v� �k�o�n�t�r�o�l�e� �v�l�a�ž�n�o�s�t�i� �z�a� �c�i�j�e�l�u� �p�r�o�s�t�o�r�i�j�u�.� �U�s�t�a�n�o�v�a� �u� �Q�u�i�t�u�,� �n�a
�n�a�d�m�o�r�s�k�o�j� �v�i�s�i�n�i� �o�d� �2�.�8�5�0� �m� �u� �t�r�o�p�s�k�o�j� �v�i�s�i�n�s�k�o�j� �k�l�i�m�i�,� �o�d�r�ž�a�v�a� �4�5�-�5�0� �%� �R�H� �t�i�j�e�k�o�m� �c�i�j�e�l�e� �g�o�d�i�n�e� �b�e�z� �m�e�h�a�n�i�
�k�e� �i�n�t�e�r�v�e�n�c�i�j�e� �-�-
jedna od manje raspravljenih prednosti ekvatorijalne nadmorske visine za audio rad.

�5�.� �V�I�B�R�A�C�I�J�E� �I� �M�E�H�A�N�I���K�A� �I�Z�O�L�A�C�I�J�A

�S�v�a�k�a� �k�o�m�p�o�n�e�n�t�a� �u� �a�u�d�i�o� �s�u�s�t�a�v�u� �j�e� �m�e�h�a�n�i�
�k�i� �o�b�j�e�k�t�,� �a� �s�v�a�k�i� �m�e�h�a�n�i�
�k�i� �o�b�j�e�k�t� �j�e� �m�i�k�r�o�f�o�n�.

�G�r�a�m�o�f�o�n�s�k�i� �t�a�n�j�u�r�i�,� �r�u�
�i�c�e� �t�o�n�a�r�m�o�v�a� �i� �
�a�h�u�r�e� �s�u� �o�
�i�t�o� �o�s�j�e�t�l�j�i�v�i� �n�a� �v�i�b�r�a�c�i�j�e�.� �M�a�n�j�e� �o�
�i�t�o� �j�e� �o�s�j�e�t�l�j�i�v�o�s�t� �k�o�n�d�e�n�z�a�t�o�r�a�,
�t�r�a�n�s�f�o�r�m�a�t�o�r�a�,� �v�a�k�u�u�m�s�k�i�h� �c�i�j�e�v�i�,� �
�a�k� �i� �p�o�l�u�v�o�d�i�
�k�i�h� �i�z�l�a�z�n�i�h� �u�r�e���a�j�a�.� �K�o�n�d�e�n�z�a�t�o�r�i� �s�u� �p�i�e�z�o�e�l�e�k�t�r�i�
�n�i�:� �m�e�h�a�n�i�
�k�i� �s�t�r�e�s� �n�a
�d�i�e�l�e�k�t�r�i�k�u� �p�r�o�i�z�v�o�d�i� �n�a�p�o�n� �p�r�e�k�o� �p�l�o�
�a�.� �F�i�l�m�s�k�i� �k�o�n�d�e�n�z�a�t�o�r�i� �s�u� �n�a�j�m�a�n�j�e� �o�s�j�e�t�l�j�i�v�i� �(�t�i�p�i�
�n�o� �-�8�0� �d�B�V� �p�r�i� �1� �g� �u�b�r�z�a�n�j�a�)�,� �a�l�i� �k�e�r�a�m�i�
�k�i
kondenzatori mogu proizvesti napone koji se približavaju razini milivolta pod vibracijama -- jedan razlog zašto se izbjegavaju u
analognim signalnim putanjama.

�T�r�a�n�s�f�o�r�m�a�t�o�r�s�k�e� �l�a�m�e�l�e� �s�u� �m�a�g�n�e�t�o�s�t�r�i�k�t�i�v�n�e�:� �m�e�h�a�n�i�
�k�a� �v�i�b�r�a�c�i�j�a� �m�o�d�u�l�i�r�a� �m�a�g�n�e�t�s�k�o� �s�p�a�j�a�n�j�e�,� �p�r�o�i�z�v�o�d�e���i� �e�l�e�k�t�r�i�
�k�i� �š�u�m� �n�a
frekvenciji vibracije i njezinim harmonicima. Izmjerili smo šum induciran vibracijama tri reprezentativna toroidalna transformatora (50
�V�A�,� �2�0�0� �V�A�,� �5�0�0� �V�A�)� �p�r�i� �r�a�z�i�n�a�m�a� �v�i�b�r�a�c�i�j�a� �t�i�p�i�
�n�i�m� �z�a� �u�r�b�a�n�o� �s�t�a�m�b�e�n�o� �o�k�r�u�ž�e�n�j�e� �(�5�-�5�0� �H�z�,� �0�,�0�0�1�-�0�,�0�1� �g�)�.� �I�n�d�u�c�i�r�a�n�i� �š�u�m� �k�r�e�t�a�o
se od -118 dBV (50 VA, 0,001 g) do -94 dBV (500 VA, 0,01 g pri 50 Hz). U sustavu s razinom izlaza od 2 Vrms, šum induciran
vibracijama transformatora od 500 VA pri 0,01 g predstavlja degradaciju omjera signal-šum od približno 0,003 dB -- malo, ali
prisutno.

Izolacija komponenata slijedi jednostavnu hijerarhiju: masa, zatim komplijansa, zatim prigušenje. Teška komponenta na podatljivom
�n�o�s�a�
�u� �s� �v�i�s�k�o�z�n�i�m� �p�r�i�g�u�š�e�n�j�e�m� �o�d�b�a�c�i�t� ���e� �v�i�š�e� �v�i�b�r�a�c�i�j�a� �o�d� �l�a�k�e� �k�o�m�p�o�n�e�n�t�e� �n�a� �k�r�u�t�o�m� �n�o�s�a�
�u� �s� �e�l�a�s�t�i�
�n�i�m� �p�r�i�g�u�š�e�n�j�e�m�.
�O�p�t�i�m�a�l�n�a� �p�l�a�t�f�o�r�m�a� �z�a� �i�z�o�l�a�c�i�j�u� �z�a� �a�u�d�i�o� �k�o�m�p�o�n�e�n�t�e� �i�m�a� �r�e�z�o�n�a�n�t�n�u� �f�r�e�k�v�e�n�c�i�j�u� �z�n�a�t�n�o� �i�s�p�o�d� �n�a�j�n�i�ž�e� �z�n�a�
�a�j�n�e� �f�r�e�k�v�e�n�c�i�j�e
�v�i�b�r�a�c�i�j�a� �u� �p�r�o�s�t�o�r�i�j�i� �-�-� �t�i�p�i�
�n�o� �i�s�p�o�d� �3� �H�z�,� �š�t�o� �z�a�h�t�i�j�e�v�a� �i�l�i� �p�n�e�u�m�a�t�s�k�u� �i�z�o�l�a�c�i�j�u� �(�z�r�a�
�n�e� �o�p�r�u�g�e�)� �i�l�i� �v�r�l�o� �m�e�k�a�n� �e�l�a�s�t�o�m�e�r�n�i� �n�o�s�a�
� �s
�t�e�š�k�i�m� �o�p�t�e�r�e���e�n�j�e�m�.

�T�e�s�t�i�r�a�l�i� �s�m�o� �
�e�t�i�r�i� �s�t�r�a�t�e�g�i�j�e� �i�z�o�l�a�c�i�j�e� �n�a� �p�r�e�d�p�o�j�a�
�a�l�u� �o�d� �1�5� �k�g� �u� �p�r�o�s�t�o�r�i�j�i� �u� �N�a�s�h�v�i�l�l�e�u�,� �k�o�j�a� �j�e� �i�m�a�l�a� �i�z�m�j�e�r�e�n�i� �v�i�b�r�a�c�i�j�s�k�i� �s�p�e�k�t�a�r
poda od 0,003 g pri 15 Hz (HVAC), 0,001 g pri 30 Hz (promet) i širokopojasne vibracije ispod 0,0005 g od 50-200 Hz:

1. Izravno spajanje (bez izolacije): vibracija poda prenesena na šasiju pri 0 dB (jedinica).
2. Sorbothane polukugle (Shore 30A, rezonantna frekvencija približno 12 Hz): -6 dB pri 15 Hz, -14 dB pri 30 Hz, -22 dB pri 50 Hz.
3. Pneumatska izolacijska platforma (Newport RS2000, rezonantna frekvencija 1,5 Hz): -28 dB pri 15 Hz, -38 dB pri 30 Hz, -46 dB
pri 50 Hz.
�4�.� �P�j�e�š�
�a�n�i�k� �(�3�0� �k�g� �s�u�h�o�g� �p�i�j�e�s�k�a� �n�a� �S�o�r�b�o�t�h�a�n�e� �n�o�g�a�m�a�)�:� �-�1�8� �d�B� �p�r�i� �1�5� �H�z�,� �-�2�6� �d�B� �p�r�i� �3�0� �H�z�,� �-�3�4� �d�B� �p�r�i� �5�0� �H�z�.

�P�n�e�u�m�a�t�s�k�a� �p�l�a�t�f�o�r�m�a� �b�i�l�a� �j�e� �n�a�j�u�
�i�n�k�o�v�i�t�i�j�a�,� �a�l�i� �i� �n�a�j�s�k�u�p�l�j�a� �(�8�0�0� �U�S�D�)� �i� �n�a�j�z�a�h�t�j�e�v�n�i�j�a� �z�a� �o�d�r�ž�a�v�a�n�j�e� �(�z�r�a�
�n�i� �m�j�e�h�u�r�i���i� �z�a�h�t�i�j�e�v�a�j�u
�p�e�r�i�o�d�i�
�k�o� �p�o�n�o�v�n�o� �n�a�p�u�h�a�v�a�n�j�e�,� �p�r�i�b�l�i�ž�n�o� �s�v�a�k�a� �3� �m�j�e�s�e�c�a�)�.� �P�j�e�š�
�a�n�i�k� �j�e� �b�i�o� �g�o�t�o�v�o� �j�e�d�n�a�k�o� �u�
�i�n�k�o�v�i�t�,� �k�o�š�t�a�o� �j�e� �4�0� �U�S�D� �u
�m�a�t�e�r�i�j�a�l�i�m�a� �i� �n�i�j�e� �z�a�h�t�i�j�e�v�a�o� �o�d�r�ž�a�v�a�n�j�e� �o�s�i�m� �p�o�v�r�e�m�e�n�o�g� �p�o�n�o�v�n�o�g� �i�z�r�a�v�n�a�v�a�n�j�a� �a�k�o� �s�e� �p�i�j�e�s�a�k� �s�l�e�g�n�e� �-�-� �š�t�o� �
�i�n�i�,� �b�r�z�i�n�o�m� �o�d
približno 0,5 mm godišnje.

�N�a�š�a� �p�r�a�k�t�i�
�n�a� �p�r�e�p�o�r�u�k�a� �z�a� �v�e���i�n�u� �s�u�s�t�a�v�a�:� �p�j�e�š�
�a�n�a� �i�z�o�l�a�c�i�j�a� �z�a� �t�e�š�k�e� �k�o�m�p�o�n�e�n�t�e� �(�p�o�j�a�
�a�l�a�,� �n�a�p�a�j�a�n�j�a�)�,� �S�o�r�b�o�t�h�a�n�e� �n�o�g�e� �z�a
�l�a�k�e� �k�o�m�p�o�n�e�n�t�e� �(�D�A�C�-�o�v�i�,� �p�r�e�d�p�o�j�a�
�a�l�a�)� �i� �b�e�z� �i�z�o�l�a�c�i�j�e� �z�a� �z�v�u�
�n�i�k�e� �(�k�o�j�i� �b�i� �t�r�e�b�a�l�i� �b�i�t�i� �
�v�r�s�t�o� �s�p�o�j�e�n�i� �s� �p�o�d�o�m� �i�l�i� �v�i�s�o�k�o�m�a�s�n�i�m
�s�t�a�l�e�ž�i�m�a�)�.� �G�r�a�m�o�f�o�n�i� �s�u� �p�o�s�e�b�a�n� �s�l�u�
�a�j� �i� �k�o�r�i�s�t�e� �n�a�m�j�e�n�s�k�i� �i�z�r�a���e�n�e� �z�i�d�n�e� �p�o�l�i�c�e� �u� �p�o�t�p�u�n�o�s�t�i� �r�a�z�d�v�o�j�e�n�e� �o�d� �p�o�d�a�.

Kvartalna provjera vibracija korištenjem jeftinog MEMS akcelerometra (ADXL345, 15 USD) postavljenog na svaku policu
�k�o�m�p�o�n�e�n�t�e� �d�o�v�o�l�j�n�a� �j�e� �z�a� �o�t�k�r�i�v�a�n�j�e� �p�r�o�m�j�e�n�a� �u� �v�i�b�r�a�c�i�j�s�k�o�m� �o�k�r�u�ž�e�n�j�u� �-�-� �g�r�a���e�v�i�n�s�k�e� �a�k�t�i�v�n�o�s�t�i� �n�a� �s�u�s�j�e�d�n�i�m� �n�e�k�r�e�t�n�i�n�a�m�a�,
nova HVAC oprema ili sezonske promjene u prometnim obrascima sve mogu izmijeniti vibracijsku osnovicu prostorije. Equatorial
�A�u�d�i�o�'�s� �H�e�m�i�s�p�h�e�r�i�c� �C�a�l�i�b�r�a�t�i�o�n� �T�o�o�l� �u�k�l�j�u�
�u�j�e� �n�a�
�i�n� �i�s�t�r�a�ž�i�v�a�n�j�a� �v�i�b�r�a�c�i�j�a� �k�o�j�i� �a�u�t�o�m�a�t�i�z�i�r�a� �o�v�u� �p�r�o�v�j�e�r�u� �i� �o�z�n�a�
�a�v�a� �k�o�m�p�o�n�e�n�t�e� �
�i�j�a
je izolacija degradirana od posljednje sesije.

6. ELEKTROMAGNETSKE SMETNJE

�E�l�e�k�t�r�o�m�a�g�n�e�t�s�k�o� �o�k�r�u�ž�e�n�j�e� �u�n�u�t�a�r� �p�r�o�s�t�o�r�i�j�e� �z�a� �s�l�u�š�a�n�j�e� �n�i�j�e� �t�i�h�o�.� �T�i�p�i�
�n�a� �s�t�a�m�b�e�n�a� �p�r�o�s�t�o�r�i�j�a� �n�a�v�e�
�e�r� �-�-� �n�a�j�
�e�š���e� �v�r�i�j�e�m�e
�s�l�u�š�a�n�j�a� �-�-� �s�a�d�r�ž�i� �R�F� �e�n�e�r�g�i�j�u� �i�z� �W�i�-�F�i� �u�s�m�j�e�r�i�v�a�
�a� �(�2�,�4� �i� �5� �G�H�z�)�,� �B�l�u�e�t�o�o�t�h� �u�r�e���a�j�a� �(�2�,�4� �G�H�z�)�,� �m�o�b�i�l�n�i�h� �t�e�l�e�f�o�n�a� �(�7�0�0� �M�H�z� �-� �2�,�6
�G�H�z�)�,� �D�E�C�T� �b�e�ž�i�
�n�i�h� �t�e�l�e�f�o�n�a� �(�1�,�8�8� �G�H�z�)�,� �m�i�k�r�o�v�a�l�n�i�h� �p�e���n�i�c�a� �(�2�,�4�5� �G�H�z�)�,� �L�E�D� �r�a�s�v�j�e�t�e� �(�š�i�r�o�k�o�p�o�j�a�s�n�i� �p�r�e�k�i�d�a�
�k�i� �š�u�m� �o�d� �1�0�0� �k�H�z
�d�o� �3�0� �M�H�z�)� �i� �p�r�e�k�i�d�a�
�k�i�h� �n�a�p�a�j�a�n�j�a� �u� �s�v�a�k�o�m� �p�o�v�e�z�a�n�o�m� �u�r�e���a�j�u� �(�5�0� �k�H�z� �d�o� �5� �M�H�z� �o�s�n�o�v�n�i�,� �h�a�r�m�o�n�i�c�i� �d�o� �1�0�0� �M�H�z� �i� �d�a�l�j�e�)�.
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�P�r�a�k�t�i�
�n�a� �o�p�t�i�m�i�z�a�c�i�j�a� �k�r�i�t�i�
�n�o�g� �o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�:� �p�o�s�t�a�v�l�j�a�n�j�e� �z�v�u�
�n�i�k�a�,� �s�t�a�b�i�l�n�o�s�t� �k�o�m�p�o�n�e�n�a�t�a� �i� �d�n�e�v�n�o� �o�p�t�e�r�e���e�n�j�e� �o�d�r�ž�a�v�a�n�j�e�mEQUATORIAL AUDIO
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�V�e���i�n�a� �o�v�e� �e�n�e�r�g�i�j�e� �d�a�l�e�k�o� �j�e� �i�z�n�a�d� �a�u�d�i�o� �o�p�s�e�g�a� �i� �o�d�b�a�c�u�j�u� �j�e� �a�u�d�i�o� �s�k�l�o�p�o�v�i�,� �k�o�j�i� �i�m�a�j�u� �o�g�r�a�n�i�
�e�n�u� �p�r�o�p�u�s�n�o�s�t�.� �B�r�i�g�a� �n�i�s�u� �n�o�s�i�v�e

�f�r�e�k�v�e�n�c�i�j�e� �v�e��� �p�r�o�i�z�v�o�d�i� �r�e�k�t�i�f�i�k�a�c�i�j�e�.� �B�i�l�o� �k�o�j�i� �n�e�l�i�n�e�a�r�n�i� �s�p�o�j� �u� �s�i�g�n�a�l�n�o�j� �p�u�t�a�n�j�i� �-�-� �k�o�r�o�d�i�r�a�n�i� �k�o�n�e�k�t�o�r�,� �p�o�l�u�v�o�d�i�
�k�i� �s�p�o�j� �n�a� �r�u�b�u

�s�v�o�g� �o�p�s�e�g�a� �p�r�e�d�n�a�p�o�n�a�,� �m�a�g�n�e�t�o�s�t�r�i�k�t�i�v�n�a� �j�e�z�g�r�a� �t�r�a�n�s�f�o�r�m�a�t�o�r�a� �-�-� �m�o�ž�e� �r�e�k�t�i�f�i�c�i�r�a�t�i� �v�i�s�o�k�o�f�r�e�k�v�e�n�t�n�u� �e�n�e�r�g�i�j�u�,� �p�r�o�i�z�v�o�d�e���i� �š�u�m

osnovnog opsega i intermodulacijske proizvode unutar audio opsega.

�I�z�m�j�e�r�i�l�i� �s�m�o� �g�u�s�t�o���u� �R�F� �e�n�e�r�g�i�j�e� �u�n�u�t�a�r� �n�a�š�e� �
�e�t�i�r�i� �r�e�f�e�r�e�n�t�n�e� �p�r�o�s�t�o�r�i�j�e� �k�o�r�i�š�t�e�n�j�e�m� �k�a�l�i�b�r�i�r�a�n�e� �š�i�r�o�k�o�p�o�j�a�s�n�e� �a�n�t�e�n�e� �(�A�a�r�o�n�i�a
�H�y�p�e�r�L�O�G� �3�0�1�0�0�,� �3�0� �M�H�z� �-� �1�0� �G�H�z�)� �i� �a�n�a�l�i�z�a�t�o�r�a� �s�p�e�k�t�r�a�.� �R�e�z�u�l�t�a�t�i� �s�u� �z�n�a�
�a�j�n�o� �v�a�r�i�r�a�l�i�:

�L�a�b�o�r�a�t�o�r�i�j� �u� �Q�u�i�t�u�:� �-�8�8� �d�B�m�/�m�2� �p�r�o�s�j�e�k�,� �-�9�6� �d�B�m�/�m�2� �p�r�i� �5�0� �k�H�z�-�3�0� �M�H�z�.� �(�U�s�t�a�n�o�v�a� �s�e� �n�a�l�a�z�i� �u� �r�u�r�a�l�n�o�m� �p�o�d�r�u�
�j�u� �b�e�z� �b�l�i�s�k�i�h
�s�u�s�j�e�d�a�,� �s� �n�a�m�j�e�n�s�k�i�m� �t�r�a�n�s�f�o�r�m�a�t�o�r�o�m� �i� �o�p�t�i�
�k�o�m� �m�r�e�ž�o�m�.�)

Ustanova u Zürichu: -62 dBm/m2 prosjek, -71 dBm/m2 pri 50 kHz-30 MHz. (Urbana poslovna zgrada, više Wi-Fi mreža, LED
rasvjeta posvuda.)

�S�t�u�d�i�o� �u� �N�a�s�h�v�i�l�l�e�u�:� �-�5�8� �d�B�m�/�m�2� �p�r�o�s�j�e�k�,� �-�6�4� �d�B�m�/�m�2� �p�r�i� �5�0� �k�H�z�-�3�0� �M�H�z�.� �(�K�o�m�e�r�c�i�j�a�l�n�a� �z�g�r�a�d�a�,� �d�i�j�e�l�j�e�n�a� �e�l�e�k�t�r�i�
�n�a� �e�n�e�r�g�i�j�a� �s�a
susjednim uredima, fluorescentna rasvjeta u hodnicima.)

Prostorija u Sapporu: -54 dBm/m2 prosjek, -59 dBm/m2 pri 50 kHz-30 MHz. (Stambeni stan, gusto urbano okruženje, 12 vidljivih
Wi-Fi mreža.)

�R�a�z�l�i�k�a� �o�d� �3�4� �d�B� �u� �R�F� �o�k�r�u�ž�e�n�j�u� �i�z�m�e���u� �n�a�j�t�i�š�e� �i� �n�a�j�b�u�
�n�i�j�e� �p�r�o�s�t�o�r�i�j�e� �z�n�a�
�a�j�n�a� �j�e�.� �N�j�e�z�i�n� �
�u�j�n�i� �u�
�i�n�a�k� �o�v�i�s�i� �o� �k�v�a�l�i�t�e�t�i� �o�k�l�a�p�a�n�j�a� �i
�R�F� �i�m�u�n�o�s�t�i� �a�u�d�i�o� �o�p�r�e�m�e�.� �D�o�b�r�o� �d�i�z�a�j�n�i�r�a�n�a� �o�p�r�e�m�a� �s� �p�r�a�v�i�l�n�i�m� �R�F� �f�i�l�t�r�i�r�a�n�j�e�m� �i� �o�k�l�o�p�l�j�e�n�i�m� �k�u���i�š�t�i�m�a� �u�g�l�a�v�n�o�m� �j�e� �i�m�u�n�a�.
�P�o�t�r�o�š�a�
�k�a� �o�p�r�e�m�a� �s� �n�e�o�k�l�o�p�l�j�e�n�i�m� �m�e���u�s�p�o�j�e�v�i�m�a� �i� �m�i�n�i�m�a�l�n�i�m� �R�F� �f�i�l�t�r�i�r�a�n�j�e�m� �n�i�j�e�.

�P�r�a�k�t�i�
�n�o� �u�b�l�a�ž�a�v�a�n�j�e�:� �(�1�)� �K�o�r�i�s�t�i�t�e� �o�k�l�o�p�l�j�e�n�e� �m�e���u�s�p�o�j�n�e� �k�a�b�e�l�e� �-�-� �u�
�i�n�k�o�v�i�t�o�s�t� �o�k�l�a�p�a�n�j�a� �p�l�e�t�e�n�e� �b�a�k�r�e�n�e� �z�a�š�t�i�t�e� �t�i�p�i�
�n�o� �j�e� �6�0�-�8�0
�d�B�,� �š�t�o� �j�e� �d�o�v�o�l�j�n�o� �d�a� �s�e� �
�a�k� �i� �o�k�r�u�ž�e�n�j�e� �S�a�p�p�o�r�a� �d�o�v�e�d�e� �i�s�p�o�d� �o�s�n�o�v�i�c�e� �Q�u�i�t�a� �u�n�u�t�a�r� �k�a�b�e�l�a�.� �(�2�)� �N�a�p�a�j�a�j�t�e� �a�u�d�i�o� �s�u�s�t�a�v� �i�z
�n�a�m�j�e�n�s�k�o�g� �k�r�u�g�a� �s� �E�M�I� �f�i�l�t�r�o�m� �n�a� �r�a�z�d�j�e�l�n�o�m� �o�r�m�a�r�i���u�.� �(�3�)� �U�k�l�o�n�i�t�e� �n�e�p�o�t�r�e�b�n�e� �e�l�e�k�t�r�o�n�i�
�k�e� �u�r�e���a�j�e� �i�z� �p�r�o�s�t�o�r�i�j�e� �-�-� �s�v�a�k�i� �u�r�e���a�j� �j�e
i izvor RF energije i potencijalno mjesto rektifikacije. (4) Ako se LED rasvjeta mora koristiti, odaberite armature s pravilno filtriranim
�u�p�r�a�v�l�j�a�
�k�i�m� �s�k�l�o�p�o�v�i�m�a� �(�s�u�k�l�a�d�n�o�s�t� �s� �E�N� �5�5�0�1�5� �m�i�n�i�m�u�m� �j�e�;� �n�e�k�i� �L�E�D� �u�p�r�a�v�l�j�a�
�k�i� �s�k�l�o�p�o�v�i� �k�o�j�i� �p�r�o�l�a�z�e� �E�N� �5�5�0�1�5� �i� �d�a�l�j�e� �p�r�o�i�z�v�o�d�e
mjerljive vodljive emisije ispod 150 kHz koje padaju izvan opsega standarda, ali unutar audio opsega).

�P�e�r�i�o�d�i�
�n�o� �i�s�t�r�a�ž�i�v�a�n�j�e� �R�F�-�a� �v�r�i�j�e�d�n�o� �j�e�.� �E�l�e�k�t�r�o�m�a�g�n�e�t�s�k�o� �o�k�r�u�ž�e�n�j�e� �s�e� �m�i�j�e�n�j�a� �-�-� �n�o�v�i� �s�u�s�j�e�d�i�,� �n�o�v�i� �u�s�m�j�e�r�i�v�a�
�i�,� �n�o�v�i� �u�r�e���a�j�i�.
�I�s�t�r�a�ž�i�v�a�n�j�e� �t�r�a�j�e� �5� �m�i�n�u�t�a� �s� �r�u�
�n�i�m� �a�n�a�l�i�z�a�t�o�r�o�m� �s�p�e�k�t�r�a� �i�l�i� �k�o�m�p�a�t�i�b�i�l�n�i�m� �s�o�f�t�v�e�r�s�k�i� �d�e�f�i�n�i�r�a�n�i�m� �r�a�d�i�j�e�m�.� �P�r�o�m�j�e�n�e� �v�e���e� �o�d� �6� �d�B� �o�d
osnovice opravdavaju istragu.

7. POSTAVLJANJE I USMJERAVANJE KABELA

�F�i�z�i�
�k�o� �u�s�m�j�e�r�a�v�a�n�j�e� �k�a�b�e�l�a� �u�n�u�t�a�r� �p�r�o�s�t�o�r�i�j�e� �z�a� �s�l�u�š�a�n�j�e� �u�t�j�e�
�e� �i� �n�a� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�o� �h�v�a�t�a�n�j�e� �i� �n�a� �m�i�k�r�o�f�o�n�s�k�i� �š�u�m�.� �N�i�t�i� �j�e�d�a�n
�u�
�i�n�a�k� �n�i�j�e� �v�e�l�i�k�,� �a�l�i� �o�b�a� �s�u� �k�u�m�u�l�a�t�i�v�n�a� �i� �o�b�a� �s�e� �l�a�k�o� �i�z�b�j�e�g�a�v�a�j�u� �s�l�i�j�e�d�e���i� �n�e�k�o�l�i�k�o� �n�a�
�e�l�a�.

�S�i�g�n�a�l�n�i� �k�a�b�e�l�i� �n�e� �b�i� �t�r�e�b�a�l�i� �i���i� �p�a�r�a�l�e�l�n�o� �s� �n�a�p�o�n�s�k�i�m� �k�a�b�e�l�i�m�a�.� �P�a�r�a�l�e�l�n�i� �h�o�d� �o�d� �1� �m� �i�z�m�e���u� �n�e�o�k�l�o�p�l�j�e�n�o�g� �s�i�g�n�a�l�n�o�g� �k�a�b�e�l�a� �i
mrežnog naponskog kabela na razmaku od 10 cm inducira približno -90 dBV brujanja od 50/60 Hz. Oklapanje smanjuje to na
�p�r�i�b�l�i�ž�n�o� �-�1�5�0� �d�B�V� �-�-� �n�e�
�u�j�n�o� �-�-� �a�l�i� �i�s�t�o� �o�k�l�a�p�a�n�j�e� �n�e�m�a� �u�
�i�n�k�a� �n�a� �k�o�m�p�o�n�e�n�t�u� �m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a�,� �k�o�j�a� �z�a�h�t�i�j�e�v�a� �f�i�z�i�
�k�o� �o�d�v�a�j�a�n�j�e�.
Razmak od 30 cm smanjuje magnetsko spajanje za 10 dB. Razmak od 1 m smanjuje ga za 20 dB. Gdje signalni i naponski kabeli
moraju prelaziti, prelazak pod 90 stupnjeva minimizira duljinu spajanja.

Signalni kabeli ne bi trebali biti namotani. Namotani kabel formira induktor, a induktor je antena. Induktivnost jednoslojnog namota
od N zavoja, polumjera R, je približno u0 * N^2 * R / (0,9 * R + duljina). Kabel od 3 m namotan u 5 zavoja polumjera 15 cm ima
induktivnost od približno 4 uH -- dovoljno da formira rezonantni krug s parazitskim kapacitetom kabela na frekvenciji koja može pasti
�u� �n�i�s�k�i� �M�H�z� �r�a�s�p�o�n�,� �s�t�v�a�r�a�j�u���i� �u�s�k�u� �a�n�t�e�n�u� �z�a� �R�F� �s�m�e�t�n�j�e�.� �I�s�t�i� �k�a�b�e�l� �p�o�l�o�ž�e�n� �r�a�v�n�o� �u� �b�l�a�g�o�m� �l�u�k�u� �i�m�a� �i�n�d�u�k�t�i�v�n�o�s�t� �i�s�p�o�d� �0�,�5� �u�H�.

�N�a�p�e�t�o�s�t� �k�a�b�e�l�a� �u�t�j�e�
�e� �n�a� �m�i�k�r�o�f�o�n�s�k�i� �š�u�m�.� �K�a�b�e�l� �p�o�d� �n�a�p�e�t�o�š���u� �d�j�e�l�u�j�e� �k�a�o� �v�i�b�r�i�r�a�j�u���a� �s�t�r�u�n�a�.� �O�s�n�o�v�n�a� �r�e�z�o�n�a�n�t�n�a� �f�r�e�k�v�e�n�c�i�j�a
�r�a�s�p�o�n�a� �k�a�b�e�l�a� �o�d� �1� �m� �p�o�d� �n�a�p�e�t�o�š���u� �o�d� �0�,�5� �N� �(�u�m�j�e�r�e�n�o� �o�p�u�š�t�a�n�j�e�)� �j�e� �p�r�i�b�l�i�ž�n�o� �1�5� �H�z� �-�-� �u�n�u�t�a�r� �o�p�s�e�g�a� �s�u�b�w�o�o�f�e�r�a�.� �K�o�r�a�k� �u
�p�r�o�l�a�z�u� �i�l�i� �H�V�A�C� �v�i�b�r�a�c�i�j�a� �m�o�g�u� �p�o�b�u�d�i�t�i� �o�v�u� �r�e�z�o�n�a�n�c�u�,� �p�r�o�i�z�v�o�d�e���i� �m�i�k�r�o�f�o�n�s�k�i� �i�m�p�u�l�s� �k�o�j�i� �s�e� �š�i�r�i� �k�r�o�z� �k�a�b�e�l� �k�a�o� �z�a�j�e�d�n�i�
�k�i�-�m�o�d�n�i
�n�a�p�o�n�.� �L�i�j�e�k� �j�e� �j�e�d�n�o�s�t�a�v�a�n�:� �p�o�d�r�ž�i�t�e� �k�a�b�e�l� �u� �i�n�t�e�r�v�a�l�i�m�a� �n�e� �v�e���i�m� �o�d� �5�0� �c�m� �p�o�m�o���u� �m�e�k�i�h� �k�o�p�
�i� �i�l�i� �V�e�l�c�r�o� �v�e�z�i�c�a� �i� �o�s�i�g�u�r�a�j�t�e� �d�a
�k�a�b�e�l� �i�m�a� �b�l�a�g�i� �l�a�b�a�v�i� �d�i�o� �n�a� �s�v�a�k�o�j� �t�o�
�k�i� �p�o�d�r�š�k�e�.

�O�v�o� �s�u� �s�t�a�v�k�e� �o�d�r�ž�a�v�a�n�j�a�.� �K�a�b�e�l�i� �s�e� �p�o�m�i�
�u� �t�i�j�e�k�o�m� �p�r�o�m�j�e�n�a� �o�p�r�e�m�e�,� �
�i�š���e�n�j�a� �i� �p�r�e�r�a�s�p�o�d�j�e�l�e�.� �P�r�o�v�j�e�r�a� �u�s�m�j�e�r�a�v�a�n�j�a� �k�a�b�e�l�a� �p�r�i�j�e
�s�v�a�k�e� �s�e�s�i�j�e� �k�r�i�t�i�
�n�o�g� �s�l�u�š�a�n�j�a� �t�r�a�j�e� �2�-�3� �m�i�n�u�t�e� �i� �l�a�k�o� �s�e� �z�a�n�e�m�a�r�u�j�e�.� �S�m�a�t�r�a�m�o� �d�a� �j�e� �l�a�k�š�e� �u�s�p�o�s�t�a�v�i�t�i� �f�i�k�s�n�u� �k�a�b�e�l�s�k�u
�i�n�f�r�a�s�t�r�u�k�t�u�r�u� �-�-� �t�r�a�j�n�e� �k�a�b�e�l�s�k�e� �l�a�d�i�c�e�,� �o�z�n�a�
�e�n�e� �p�u�t�o�v�e� �u�s�m�j�e�r�a�v�a�n�j�a�,� �s�i�d�r�a� �z�a� �r�a�s�t�e�r�e���e�n�j�e� �n�a�p�e�t�o�s�t�i� �n�a� �s�v�a�k�o�j� �k�o�m�p�o�n�e�n�t�i� �-�-� �i
�t�r�e�t�i�r�a�t�i� �s�v�a�k�o� �o�d�s�t�u�p�a�n�j�e� �o�d� �u�s�p�o�s�t�a�v�l�j�e�n�o�g� �u�s�m�j�e�r�a�v�a�n�j�a� �k�a�o� �k�v�a�r� �k�o�j�i� �t�r�e�b�a� �p�o�p�r�a�v�i�t�i� �p�r�i�j�e� �n�e�g�o� �š�t�o� �s�l�u�š�a�n�j�e� �z�a�p�o�
�n�e�.
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�P�r�a�k�t�i�
�n�a� �o�p�t�i�m�i�z�a�c�i�j�a� �k�r�i�t�i�
�n�o�g� �o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�:� �p�o�s�t�a�v�l�j�a�n�j�e� �z�v�u�
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�8�.� �O�P�T�E�R�E���E�N�J�E� �O�D�R�Ž�A�V�A�N�J�E�M

�S�a�s�t�a�v�i�l�i� �s�m�o� �k�o�n�t�r�o�l�n�i� �p�o�p�i�s� �o�d�r�ž�a�v�a�n�j�a� �i�z� �n�a�l�a�z�a� �o�p�i�s�a�n�i�h� �i�z�n�a�d� �i� �t�e�m�p�i�r�a�l�i� �k�o�m�p�l�e�t�n�i� �p�o�s�t�u�p�a�k� �u� �s�v�a�k�o�j� �o�d� �n�a�š�e� �
�e�t�i�r�i� �r�e�f�e�r�e�n�t�n�e
�p�r�o�s�t�o�r�i�j�e�.� �K�o�n�t�r�o�l�n�i� �p�o�p�i�s� �u�k�l�j�u�
�u�j�e�:

1. Provjera i stabilizacija temperature (provjeriti je li prostorija unutar +/- 0,5 degC od cilja, prilagoditi ako je potrebno): 0-15 minuta
�o�v�i�s�n�o� �o� �p�o�
�e�t�n�o�m� �o�d�s�t�u�p�a�n�j�u�.

�2�.� �P�r�o�v�j�e�r�a� �i� �s�t�a�b�i�l�i�z�a�c�i�j�a� �v�l�a�ž�n�o�s�t�i� �(�p�r�o�v�j�e�r�i�t�i� �4�0�-�5�5� �%� �R�H�,� �p�r�i�l�a�g�o�d�i�t�i� �o�v�l�a�ž�i�v�a�
�/�o�d�v�l�a�ž�i�v�a�
� �a�k�o� �j�e� �p�o�t�r�e�b�n�o�)�:� �0�-�1�0� �m�i�n�u�t�a�.

�3�.� �P�r�o�v�j�e�r�a� �p�o�l�o�ž�a�j�a� �z�v�u�
�n�i�k�a� �(�l�a�s�e�r�s�k�a� �m�j�e�r�a� �p�r�e�m�a� �r�e�f�e�r�e�n�t�n�i�m� �o�z�n�a�k�a�m�a� �n�a� �p�o�d�u�)�:� �3�-�5� �m�i�n�u�t�a�.� �K�o�r�e�k�c�i�j�a�,� �a�k�o� �j�e� �p�o�t�r�e�b�n�a�:� �1�0�-�1�5
minuta.

�4�.� �Z�a�g�r�i�j�a�v�a�n�j�e� �k�o�m�p�o�n�e�n�t�i� �(�u�k�l�j�u�
�i�v�a�n�j�e�,� �
�e�k�a�n�j�e� �t�o�p�l�i�n�s�k�e� �r�a�v�n�o�t�e�ž�e�)�:� �4�5�-�6�0� �m�i�n�u�t�a�.� �O�v�o� �s�e� �m�o�ž�e� �p�r�e�k�l�a�p�a�t�i� �s� �d�r�u�g�i�m� �z�a�d�a�c�i�m�a�,
�a�l�i� �p�r�e�d�s�t�a�v�l�j�a� �s�t�v�a�r�n�o� �p�r�o�t�e�k�l�o� �v�r�i�j�e�m�e� �p�r�i�j�e� �n�e�g�o� �š�t�o� �k�r�i�t�i�
�k�o� �s�l�u�š�a�n�j�e� �m�o�ž�e� �z�a�p�o�
�e�t�i�.

5. Provjera vibracija (akcelerometar na svakoj polici, usporedba s osnovicom): 3-5 minuta.

6. Inspekcija usmjeravanja kabela (vizualna provjera svih signalnih i naponskih kabelskih trasa): 2-3 minute. Korekcija, ako je
potrebna: 5-10 minuta.

7. Brza provjera RF okruženja (širokopojasno mjerenje na poziciji slušanja): 2-3 minute.

8. Brza provjera slušanja (30-sekundna referentna pjesma, provjera subjektivne normalnosti): 1 minuta.

Ukupno vrijeme za sesiju gdje nisu potrebne korekcije: približno 15-20 minuta aktivnog rada plus 45-60 minuta vremena
�z�a�g�r�i�j�a�v�a�n�j�a�.� �U�k�u�p�n�o� �v�r�i�j�e�m�e� �k�a�d�a� �s�u� �p�o�t�r�e�b�n�e� �k�o�r�e�k�c�i�j�e� �(�t�i�p�i�
�n�o� �z�a� �t�j�e�d�n�e� �s�e�s�i�j�e�)�:� �3�0�-�4�5� �m�i�n�u�t�a� �a�k�t�i�v�n�o�g� �r�a�d�a� �p�l�u�s� �z�a�g�r�i�j�a�v�a�n�j�e�.

�O�v�o� �o�p�t�e�r�e���e�n�j�e� �n�i�j�e� �t�r�i�v�i�j�a�l�n�o�.� �P�r�e�d�s�t�a�v�l�j�a� �s�t�v�a�r�a�n� �t�r�o�š�a�k� �v�r�e�m�e�n�a� �i� �p�a�ž�n�j�e�,� �a� �u� �n�a�š�e�m� �i�s�k�u�s�t�v�u�,� �p�r�i�m�a�r�n�i� �j�e� �r�a�z�l�o�g� �z�a�š�t�o� �r�e�f�e�r�e�n�t�n�e
prostorije za slušanje odstupaju od svog kalibriranog stanja. Održavanje nije teško, ali je dosadno, a dosadni zadaci su oni koje je
�n�a�j�v�j�e�r�o�j�a�t�n�i�j�e� �p�r�e�s�k�o�
�i�t�i�.

�T�i�j�e�k�o�m� �t�r�o�g�o�d�i�š�n�j�e�g� �r�a�z�d�o�b�l�j�a� �p�r�a���e�n�j�a�,� �p�r�a�t�i�l�i� �s�m�o� �p�r�i�d�r�ž�a�v�a�n�j�e� �k�o�n�t�r�o�l�n�o�g� �p�o�p�i�s�a� �u� �s�v�a�k�o�j� �u�s�t�a�n�o�v�i�.� �P�r�o�s�t�o�r�i�j�a� �u� �Q�u�i�t�u�,� �k�o�j�o�m
�u�p�r�a�v�l�j�a� �o�b�u�
�e�n�o� �o�s�o�b�l�j�e� �n�a� �d�n�e�v�n�o�m� �r�a�s�p�o�r�e�d�u�,� �o�d�r�ž�a�v�a�l�a� �j�e� �9�4� �%� �p�r�i�d�r�ž�a�v�a�n�j�a�.� �U�s�t�a�n�o�v�a� �u� �Z�ü�r�i�c�h�u�,� �k�o�j�o�m� �u�p�r�a�v�l�j�a� �i�n�ž�e�n�j�e�r�s�k�o
osoblje s drugim odgovornostima, održavala je 71 %. Studio u Nashvilleu, kojim upravlja samostalni mastering inženjer, održavao je
53 %. Prostorija u Sapporu, privatna instalacija, održavala je 31 %.

�K�o�r�e�l�a�c�i�j�a� �i�z�m�e���u� �p�r�i�d�r�ž�a�v�a�n�j�a� �k�o�n�t�r�o�l�n�o�g� �p�o�p�i�s�a� �i� �s�t�a�b�i�l�n�o�s�t�i� �m�j�e�r�e�n�j�a� �b�i�l�a� �j�e� �v�i�s�o�k�a� �(�r� �=� �0�,�9�1�)�.� �I�z�m�j�e�r�e�n�i� �f�r�e�k�v�e�n�c�i�j�s�k�i� �o�d�z�i�v
prostorije u Quitu varirao je za ne više od 0,15 dB u bilo kojem 30-dnevnom razdoblju. Prostorija u Sapporu varirala je do 1,4 dB.

Napominjemo da prostorija u Quitu ima koristi od više od samo marljivog osoblja. Njezina ekvatorijalna lokacija pruža inherentnu
stabilnost okoliša -- godišnji raspon temperature od 4 degC najmanji je od bilo koje ustanove, vlažnost je prirodno stabilna pri 45-50
%, a ruralno mjesto ima najnižu RF pozadinu. Okolišne varijable koje zahtijevaju dnevnu korekciju u Nashvilleu i Sapporu
�z�a�h�t�i�j�e�v�a�j�u� �s�a�m�o� �t�j�e�d�n�u� �p�a�ž�n�j�u� �u� �Q�u�i�t�u�.� �O�p�t�e�r�e���e�n�j�e� �o�d�r�ž�a�v�a�n�j�e�m� �n�i�ž�e� �j�e� �n�e� �z�a�t�o� �š�t�o� �j�e� �s�t�a�n�d�a�r�d� �n�i�ž�i�,� �v�e��� �z�a�t�o� �š�t�o� �o�k�r�u�ž�e�n�j�e� �m�a�n�j�e
odstupa.

�A�u�t�o�m�a�t�i�z�a�c�i�j�a� �d�o�d�a�t�n�o� �s�m�a�n�j�u�j�e� �o�p�t�e�r�e���e�n�j�e�.� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �H�e�m�i�s�p�h�e�r�i�c� �C�a�l�i�b�r�a�t�i�o�n� �T�o�o�l�,� �k�a�d�a� �s�e� �i�n�s�t�a�l�i�r�a� �u� �p�r�o�s�t�o�r�i�j�u�,
kontinuirano prati temperaturu, vlažnost, atmosferski tlak, vibracije i RF okruženje, te pruža upozorenja o odstupanjima u stvarnom
�v�r�e�m�e�n�u�.� �N�e� �e�l�i�m�i�n�i�r�a� �p�o�t�r�e�b�u� �z�a� �f�i�z�i�
�k�o�m� �k�o�r�e�k�c�i�j�o�m� �-�-� �z�v�u�
�n�i�c�i� �s�e� �i� �d�a�l�j�e� �m�o�r�a�j�u� �p�o�m�i�c�a�t�i� �r�u�
�n�o�,� �k�a�b�e�l�i� �s�e� �i� �d�a�l�j�e� �m�o�r�a�j�u� �i�z�n�o�v�a
postaviti -- ali zamjenjuje šest od osam stavki kontrolnog popisa s jednim pogledom na zaslon statusa. U našem testiranju, ovo je
�s�m�a�n�j�i�l�o� �a�k�t�i�v�n�o� �v�r�i�j�e�m�e� �o�d�r�ž�a�v�a�n�j�a� �s� �1�5�-�2�0� �m�i�n�u�t�a� �n�a� �3�-�5� �m�i�n�u�t�a� �z�a� �s�e�s�i�j�e� �k�o�j�e� �n�e� �z�a�h�t�i�j�e�v�a�j�u� �f�i�z�i�
�k�u� �k�o�r�e�k�c�i�j�u�,� �t�e� �s� �3�0�-�4�5� �m�i�n�u�t�a
na 10-15 minuta za sesije koje zahtijevaju prilagodbu.

�N�a�j�u�
�i�n�k�o�v�i�t�i�j�a� �o�p�t�i�m�i�z�a�c�i�j�a�,� �m�e���u�t�i�m�,� �j�e�d�n�o�s�t�a�v�n�o� �j�e� �o�d�a�b�r�a�t�i� �p�r�o�s�t�o�r�i�j�u� �s� �i�n�h�e�r�e�n�t�n�o�m� �s�t�a�b�i�l�n�o�š���u�.� �D�o�b�r�o� �i�z�o�l�i�r�a�n�a� �p�r�o�s�t�o�r�i�j�a� �n�a
�b�e�t�o�n�s�k�o�j� �p�l�o�
�i�,� �d�a�l�e�k�o� �o�d� �g�l�a�v�n�i�h� �R�F� �i�z�v�o�r�a�,� �s�a� �s�t�a�b�i�l�n�o�m� �k�o�n�t�r�o�l�o�m� �k�l�i�m�e�,� �e�l�i�m�i�n�i�r�a� �v�e���i�n�u� �o�p�t�e�r�e���e�n�j�a� �o�d�r�ž�a�v�a�n�j�e�m� �n�a� �i�z�v�o�r�u�.
Najbolje održavanje je ono koje nikada ne morate izvesti.

�9�.� �Z�A�K�L�J�U���A�K

�K�r�i�t�i�
�n�o� �o�k�r�u�ž�e�n�j�e� �z�a� �s�l�u�š�a�n�j�e� �j�e� �d�i�n�a�m�i�
�n�i� �s�u�s�t�a�v� �p�o�d�l�o�ž�a�n� �k�o�n�t�i�n�u�i�r�a�n�o�m� �d�r�i�f�t�u� �t�e�m�p�e�r�a�t�u�r�e�,� �v�l�a�ž�n�o�s�t�i�,� �v�i�b�r�a�c�i�j�a�,
�e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�i�h� �s�m�e�t�n�j�i� �i� �f�i�z�i�
�k�o�g� �p�o�l�o�ž�a�j�a� �k�o�m�p�o�n�e�n�a�t�a�.� �S�v�a�k�a� �o�d� �o�v�i�h� �v�a�r�i�j�a�b�l�i� �p�r�o�i�z�v�o�d�i� �m�j�e�r�l�j�i�v�e� �u�
�i�n�k�e� �n�a� �r�a�d� �a�u�d�i�o� �s�u�s�t�a�v�a�.
�O�s�t�a�v�l�j�e�n� �b�e�z� �k�o�r�e�k�c�i�j�e�,� �k�u�m�u�l�a�t�i�v�n�i� �d�r�i�f�t� �m�o�ž�e� �p�r�e�m�a�š�i�t�i� �1� �d�B� �u� �f�r�e�k�v�e�n�c�i�j�s�k�o�m� �o�d�z�i�v�u� �i� �u�v�e�s�t�i� �š�u�m� �i� �p�r�o�i�z�v�o�d�e� �i�z�o�b�l�i�
�e�n�j�a� �k�o�j�i
�p�r�i�k�r�i�v�a�j�u� �r�a�z�l�i�k�e� �i�z�m�e���u� �k�o�m�p�o�n�e�n�a�t�a� �u� �p�r�o�c�j�e�n�i�.

Održavanje uvjeta referentne kvalitete zahtijeva redoviti protokol održavanja. Protokol opisan u ovom radu traje 15-45 minuta po
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�P�r�a�k�t�i�
�n�a� �o�p�t�i�m�i�z�a�c�i�j�a� �k�r�i�t�i�
�n�o�g� �o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�:� �p�o�s�t�a�v�l�j�a�n�j�e� �z�v�u�
�n�i�k�a�,� �s�t�a�b�i�l�n�o�s�t� �k�o�m�p�o�n�e�n�a�t�a� �i� �d�n�e�v�n�o� �o�p�t�e�r�e���e�n�j�e� �o�d�r�ž�a�v�a�n�j�e�mEQUATORIAL AUDIO
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�s�e�s�i�j�i�,� �o�v�i�s�n�o� �o� �v�e�l�i�
�i�n�i� �p�o�t�r�e�b�n�i�h� �k�o�r�e�k�c�i�j�a�.� �P�r�i�m�a�r�n�a� �o�d�r�e�d�n�i�c�a� �o�p�t�e�r�e���e�n�j�a� �o�d�r�ž�a�v�a�n�j�e�m� �j�e� �i�n�h�e�r�e�n�t�n�a� �s�t�a�b�i�l�n�o�s�t� �o�k�o�l�i�š�a� �p�r�o�s�t�o�r�i�j�e

�-�-� �p�r�o�s�t�o�r�i�j�e� �s�a� �s�t�a�b�i�l�n�o�m� �t�e�m�p�e�r�a�t�u�r�o�m�,� �v�l�a�ž�n�o�š���u� �i� �n�i�s�k�i�m� �R�F� �s�m�e�t�n�j�a�m�a� �z�a�h�t�i�j�e�v�a�j�u� �m�a�n�j�e� �u�
�e�s�t�a�l�u� �i� �m�a�n�j�e� �o�p�s�e�ž�n�u� �k�o�r�e�k�c�i�j�u�.

�O�v�i� �n�a�l�a�z�i� �n�i�s�u� �n�o�v�i�.� �P�o�j�e�d�i�n�a�
�n�i� �u�
�i�n�c�i� �d�o�k�u�m�e�n�t�i�r�a�n�i� �s�u� �u� �a�k�u�s�t�i�c�i�,� �e�l�e�k�t�r�o�n�i�c�i� �i� �E�M�C� �l�i�t�e�r�a�t�u�r�i� �d�e�s�e�t�l�j�e���i�m�a�.� �O�n�o� �š�t�o� �j�e� �n�e�d�o�s�t�a�j�a�l�o
�j�e� �o�b�j�e�d�i�n�j�e�n�i� �p�r�a�k�t�i�
�n�i� �o�k�v�i�r� �k�o�j�i� �k�v�a�n�t�i�f�i�c�i�r�a� �k�o�m�b�i�n�i�r�a�n�o� �o�p�t�e�r�e���e�n�j�e� �o�d�r�ž�a�v�a�n�j�e�m� �z�a� �s�p�e�c�i�f�i�
�n�i� �s�l�u�
�a�j� �u�p�o�r�a�b�e� �k�r�i�t�i�
�n�o�g� �a�u�d�i�o
slušanja. Ovaj rad pruža taj okvir.

Smjernice su jasne: kontrolirajte temperaturu na +/- 0,5 degC, održavajte vlažnost na 40-55 % RH, izolirajte komponente od
�v�i�b�r�a�c�i�j�a�,� �š�t�i�t�i�t�e� �s�i�g�n�a�l�n�e� �p�u�t�o�v�e� �o�d� �E�M�I�,� �m�j�e�s�e�
�n�o� �p�r�o�v�j�e�r�i�t�e� �p�o�l�o�ž�a�j� �z�v�u�
�n�i�k�a� �i� �z�a�g�r�i�j�t�e� �e�l�e�k�t�r�o�n�i�k�u� �6�0� �m�i�n�u�t�a� �p�r�i�j�e� �s�l�u�š�a�n�j�a�.� �N�i�t�i
�j�e�d�n�a� �o�d� �o�v�i�h� �p�r�e�p�o�r�u�k�a� �n�i�j�e� �k�o�n�t�r�o�v�e�r�z�n�a�.� �S�v�e� �s�e� �
�e�s�t�o� �z�a�n�e�m�a�r�u�j�u�.

�R�a�z�l�i�k�a� �i�z�m�e���u� �r�e�f�e�r�e�n�t�n�e� �p�r�o�s�t�o�r�i�j�e� �k�o�j�a� �s�e� �o�d�r�ž�a�v�a� �i� �o�n�e� �k�o�j�a� �s�e� �n�e� �o�d�r�ž�a�v�a� �m�j�e�r�l�j�i�v�a� �j�e�,� �p�o�n�o�v�l�j�i�v�a� �i� �-�-� �u� �n�a�š�e�m� �i�s�k�u�s�t�v�u� �-�-� �
�u�j�n�a�.
�O�d�r�ž�a�v�a�n�j�e� �j�e� �n�e�g�l�a�m�u�r�o�z�n�i� �d�i�o� �a�u�d�i�j�a� �v�i�s�o�k�e� �v�j�e�r�n�o�s�t�i�.� �T�o� �j�e� �t�a�k�o���e�r� �d�i�o� �k�o�j�i� �n�a�j�v�i�š�e� �v�a�ž�i�.
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