
�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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�:� �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�t�i� �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

1

�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� �S�L�U�Š�N�O�G

OKRUŽENJA: POSTAVLJANJE
�Z�V�U���N�I�K�A�,� �S�T�A�B�I�L�N�O�S�T
KOMPONENTI I DNEVNO

�O�P�T�E�R�E���E�N�J�E� �O�D�R�Ž�A�V�A�N�J�E�M



�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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�:� �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�t�i� �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

2

�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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�:� �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�t�i� �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�m

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

Journal of Equatorial Audio Science, 2025.

Sažetak
�R�e�f�e�r�e�n�t�n�a� �s�l�u�š�n�a� �s�o�b�a� �n�i�j�e� �s�t�a�t�i�
�k�i� �s�i�s�t�e�m�.� �P�r�o�m�j�e�n�e� �t�e�m�p�e�r�a�t�u�r�e� �p�o�m�j�e�r�a�j�u� �p�o�p�u�s�t�l�j�i�v�o�s�t� �d�r�a�j�v�e�r�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�t�i
�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�o�g� �t�r�e�t�m�a�n�a�.� �B�a�r�o�m�e�t�a�r�s�k�i� �p�r�i�t�i�s�a�k� �m�o�d�u�l�i�r�a� �m�i�r�o�v�n�i� �p�o�l�o�ž�a�j
�m�e�m�b�r�a�n�e�.� �V�i�b�r�a�c�i�j�e� �i�z� �H�V�A�C�-�a�,� �s�a�o�b�r�a���a�j�a� �i� �i�n�s�t�a�l�a�c�i�j�a� �z�g�r�a�d�e� �u�n�o�s�e� �n�i�s�k�o�f�r�e�k�v�e�n�t�n�u� �k�o�n�t�a�m�i�n�a�c�i�j�u�.� �E�l�e�k�t�r�o�m�a�g�n�e�t�n�a� �i�n�t�e�r�f�e�r�e�n�c�i�j�a� �i�z
�k�u���a�n�s�k�e� �e�l�e�k�t�r�o�n�i�k�e� �p�o�p�u�n�j�a�v�a� �R�F� �s�p�e�k�t�a�r� �u�n�u�t�a�r� �s�o�b�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� �f�l�u�k�t�u�i�r�a�j�u�,� �a� �n�j�i�h�o�v� �k�o�m�b�i�n�o�v�a�n�i� �e�f�e�k�a�t� �n�a� �p�e�r�c�i�p�i�r�a�n�i
�k�v�a�l�i�t�e�t� �a�u�d�i�j�a� �r�e�f�e�r�e�n�t�n�o�g� �s�i�s�t�e�m�a� �j�e� �m�j�e�r�l�j�i�v�.� �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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�,
�z�a�s�n�o�v�a�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� �s�o�b�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�u�j�e�m�o� �m�a�g�n�i�t�u�d�u� �s�v�a�k�e
okolinske varijable, njen efekat na mjerljive audio parametre i korektivne procedure potrebne za održavanje uslova referentnog razreda.
�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� �j�e� �z�n�a�
�a�j�n�o� �-�-� �i�z�m�e���u� �2�0� �i� �4�5� �m�i�n�u�t�a� �p�o� �s�e�a�n�s�i� �s�l�u�š�a�n�j�a� �z�a� �r�u�
�n�o� �k�o�r�i�g�o�v�a�n�j�e� �-�-� �a�l�i� �s�e� �m�o�ž�e� �s�m�a�n�j�i�t�i
sistematskom kontrolom okoline i, gdje je dostupno, automatizovanom instrumentacijom za poravnavanje.

1. UVOD

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

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

�S�m�j�e�r�n�i�c�e� �s�e� �z�a�s�n�i�v�a�j�u� �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� �s�l�u�š�n�e� �s�o�b�e�:� �n�a�š�e� �p�r�i�m�a�r�n�e� �e�v�a�l�u�a�c�i�j�s�k�e� �s�o�b�e� �u� �Q�u�i�t�u�,
Ekvador; partnerske ustanove u Cirihu, Švicarska; mastering studija u Nashvilleu, Tennessee; i privatne slušne sobe u Sapporu,
Japan. Svaka soba bila je opremljena senzorima temperature, vlažnosti, barometarskog pritiska, vibracije i elektromagnetnog polja
�k�o�j�i� �b�i�l�j�e�ž�e� �n�a� �1�-�s�e�k�u�n�d�n�i�m� �i�n�t�e�r�v�a�l�i�m�a�.� �A�u�d�i�o� �s�i�s�t�e�m� �s�v�a�k�e� �s�o�b�e� �m�j�e�r�i�o� �s�e� �s�e�d�m�i�
�n�o� �k�o�r�i�s�t�e���i� �s�t�a�n�d�a�r�d�i�z�o�v�a�n�i� �p�r�o�t�o�k�o�l� �(�f�r�e�k�v�e�n�t�n�i
odziv, distorzija, impulsni odziv, prag buke).

Podaci otkrivaju da svaka okolinska varijabla koju smo izmjerili proizvodi mjerljiv efekat na izmjerene performanse audio sistema.
Neki efekti su veliki (temperaturno inducirani pomaci frekventnog odziva do 0,8 dB). Neki su mali (efekti barometarskog pritiska na
popustljivost drajvera od 0,02 dB). Svi su stvarni i svi fluktuiraju tokom vremena.

Pitanje nije da li korigovati ove efekte. Pitanje je koliko napora korekcija zahtijeva i da li se taj napor može smanjiti.

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

Pomjeraju se.

�T�e�r�m�a�l�n�o� �š�i�r�e�n�j�e� �p�o�d�a� �p�o�m�j�e�r�a� �p�o�z�i�c�i�j�u� �z�v�u�
�n�i�k�a� �d�o� �0�,�3� �m�m� �p�o� �s�t�e�p�e�n�u� �C�e�l�z�i�j�u�s�a� �u� �s�o�b�a�m�a� �s� �b�e�t�o�n�s�k�o�m� �p�o�d�n�o�m� �p�l�o�
�o�m�,� �i� �d�o� �1�,�2
�m�m� �p�o� �s�t�e�p�e�n�u� �u� �s�o�b�a�m�a� �s� �v�i�s�e���e� �d�r�v�e�n�i�m� �p�o�d�o�v�i�m�a�.� �S�e�z�o�n�s�k�a� �t�e�m�p�e�r�a�t�u�r�n�a� �o�s�c�i�l�a�c�i�j�a� �o�d� �1�5� �d�e�g�C� �u� �s�o�b�i� �s� �d�r�v�e�n�i�m� �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�n�i�f�o�r�m�a�n�.� �O�v�i�s�i� �o� �p�o�z�i�c�i�j�i� �z�v�u�
�n�i�k�a� �u� �o�d�n�o�s�u� �n�a� �c�e�n�t�a�r� �t�e�r�m�a�l�n�o�g� �š�i�r�e�n�j�a� �s�o�b�e� �(�o�b�i�
�n�o� �b�l�i�z�u� �g�e�o�m�e�t�r�i�j�s�k�o�g� �c�e�n�t�r�a
�p�l�o�
�e� �i�l�i� �p�o�d�n�o�g� �p�o�k�r�i�v�a�
�a�)�.� �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�i� �s�l�u�
�a�j� �-�-� �p�o�m�j�e�r�a�j�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�j�e�r�a� �v�i�š�e� �o�d� �d�e�s�n�o�g�,� �i�l�i� �o�b�r�n�u�t�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� �e�f�e�k�a�t� �d�i�r�e�k�t�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� �n�a� �s�l�u�š�n�u
�s�t�o�l�i�c�u� �i� �k�u���i�š�t�a� �z�v�u�
�n�i�k�a�.� �T�o�k�o�m� �k�a�l�e�n�d�a�r�s�k�e� �g�o�d�i�n�e� �u� �s�o�b�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� �t�e�m�p�e�r�a�t�u�r�n�i� �r�a�s�p�o�n� �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�l�a�s�k�a
�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�i� �-�-� �e�k�v�i�v�a�l�e�n�t� �p�o�m�a�k�u� �s�t�e�r�e�o� �s�l�i�k�e� �o�d
približno 1,4 stepena.

�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�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�,� �a� �i�d�e�a�l�n�o� �m�j�e�s�e�
�n�o�.� �S�v�a�k�a� �s�e�a�n�s�a� �r�e�p�o�z�i�c�i�o�n�i�r�a�n�j�a� �t�r�a�j�e
15-25 minuta s mjernom trakom i SPL metrom, ili 3-5 minuta sa sistemom za pozicioniranje s laserskom referencom.
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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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�:� �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�t�i� �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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�Z�a� �s�o�b�e� �n�a� �b�e�t�o�n�s�k�i�m� �p�l�o�
�a�m�a�,� �t�e�r�m�a�l�n�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�i�.� �Q�u�i�t�o� �s�o�b�a�,

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

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

3. EFEKTI TEMPERATURE NA ELEKTRONIKU

Temperaturni koeficijent elektronskih komponenti dobro je dokumentovan u inženjerskoj literaturi ali se rijetko diskutuje u audiu.
Trebalo bi.

�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�)�,� �i�n�d�u�k�t�o�r�e� �s
�f�e�r�i�t�n�i�m� �j�e�z�g�r�o�m� �(�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� �s�t�e�p�e�n�u� �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
koeficijent +20 do +50 ppm/degC). Promjena temperature od 10 degC pomjera frekvenciju skretnice za 0,2-0,5%, ovisno 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�i� �u� �a�p�s�o�l�u�t�n�o�m� �s�m�i�s�l�u�,� �a�l�i� �m�i�j�e�n�j�a� �f�a�z�n�u� �v�e�z�u� �i�z�m�e���u� �d�r�a�j�v�e�r�a� �u
�r�e�g�i�j�i� �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�t�n�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� �d�i�r�e�k�t�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 kontrolisanu sobu i prebrisan od 15 degC do 30 degC u koracima od 1 degC, sa periodom stabilizacije od 2 sata u
�s�v�a�k�o�m� �k�o�r�a�k�u�.� �F�r�e�k�v�e�n�t�n�i� �o�d�z�i�v� �m�j�e�r�e�n� �j�e� �n�a� �p�o�z�i�c�i�j�i� �s�l�u�š�a�n�j�a� �k�o�r�i�s�t�e���i� �k�a�l�i�b�r�i�s�a�n�i� �m�j�e�r�n�i� �m�i�k�r�o�f�o�n� �i� �1�0�-�s�e�k�u�n�d�n�i� �l�o�g� �s�w�e�e�p�.

Izmjereni pomak: skretnica od 3 kHz pomjerila se sa 2.987 Hz na 15 degC na 3.014 Hz na 30 degC, ukupni pomak od 27 Hz
(0,9%). Skretnica od 500 Hz pomjerila se sa 497 Hz na 504 Hz (1,4%). Frekventni odziv na poziciji slušanja promijenio se do 0,8 dB
u regijama skretnica.

�Z�a� �p�o�j�a�
�a�l�a�,� �d�o�m�i�n�a�n�t�n�i� �e�f�e�k�a�t� �j�e� �d�r�i�f�t� �r�a�d�n�e� �t�a�
�k�e� �u� �i�z�l�a�z�n�o�m� �s�t�e�p�e�n�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� �d�i�s�t�o�r�z�i�j�e� �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� �p�o�k�r�e�t�a�n�j�a
(temperatura hladnjaka 25 degC) do termalne ravnoteže (temperatura hladnjaka 58 degC). Ukupna harmonska distorzija na 1 kHz
�s�m�a�n�j�i�l�a� �s�e� �s�a� �0�,�0�0�4�2�%� �n�a� �0�,�0�0�1�9�%� �t�o�k�o�m� �p�r�v�i�h� �4�5� �m�i�n�u�t�a� �r�a�d�a�,� �z�a�t�i�m� �s�e� �s�t�a�b�i�l�i�z�o�v�a�l�a�.� �S�p�e�k�t�a�r� �d�i�s�t�o�r�z�i�j�e� �s�e� �t�a�k�o���e�r� �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�j�e�r�i�o� �s�e� �s�a� �3�,�2�:�1� �n�a� �4�,�7�:�1� �k�a�k�o� �j�e� �r�a�d�n�a� �t�a�
�k�a� �d�r�i�f�t�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�i�s�t�e�m� �b�a�r�e�m� �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� �
�e�s�t� �s�a�v�j�e�t�.� �O�n�o� �š�t�o� �s�e� �m�a�n�j�e� �
�e�s�t�o
diskutuje je da bi temperatura sobe tokom ovog perioda zagrijavanja trebala biti stabilna -- sistem koji se zagrijava u hladnoj sobi a
�z�a�t�i�m� �s�e� �s�l�u�š�a� �u� �z�a�g�r�i�j�a�n�o�j� �s�o�b�i� �n�i�j�e� �d�o�s�e�g�a�o� �s�v�o�j�u� �r�a�d�n�u� �t�a�
�k�u� �s�t�a�b�i�l�n�o�g� �s�t�a�n�j�a�,� �j�e�r� �s�e� �t�e�m�p�e�r�a�t�u�r�a� �s�o�b�e� �n�a�s�t�a�v�i�l�a� �m�i�j�e�n�j�a�t�i� �n�a�k�o�n
što se elektronika stabilizovala.

�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� �s�o�b�e� �o�d� �+�/�-� �0�,�5� �d�e�g�C� �t�o�k�o�m� �s�e�a�n�s�i� �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�i�s�t�e�m� �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�-�i�s�k�l�j�u�
�i� �c�i�k�l�i�r�a�n�j�e� �s�t�a�m�b�e�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�e�r�m�a�l�n�u� �m�a�s�u� �s�o�b�e�,� �k�o�j�a� �u� �d�o�b�r�o� �i�z�o�l�o�v�a�n�o�j� �s�o�b�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� �d�e�g�C
nakon što sistem 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 (poznato) i vlažnosti (manje poznato). Na 20 degC i 50% relativne vlažnosti, brzina zvuka
je 343,8 m/s. Na 20 degC i 20% RH, iznosi 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 sobe.

�Z�n�a�
�a�j�n�i�j�i� �j�e� �e�f�e�k�a�t� �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�u�j�e� �z�v�u�k� �n�a� �f�r�e�k�v�e�n�t�n�o�-�z�a�v�i�s�a�n� �n�a�
�i�n�,� �s� �k�o�e�f�i�c�i�j�e�n�t�o�m� �a�p�s�o�r�p�c�i�j�e
koji oštro raste iznad 2 kHz. Na 20 degC i 50% RH, koeficijent apsorpcije je približno 0,006 dB/m na 4 kHz i 0,02 dB/m na 10 kHz.
Na 20% RH, ove vrijednosti rastu na 0,011 dB/m i 0,038 dB/m -- gotovo dvostruko.

�U� �s�o�b�i� �s� �p�r�o�s�j�e�
�n�o�m� �d�u�ž�i�n�o�m� �z�v�u�
�n�o�g� �p�u�t�a� �o�d� �8� �m� �(�d�i�r�e�k�t�n�o� �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�a� �o� �v�l�a�ž�n�o�s�t�i� �n�a� �1�0� �k�H�z
�i�z�n�o�s�i� �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� �j�e�d�a�n� �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� �k�r�o�z� �v�i�š�e
refleksija. Kumulativni efekat na vrijeme reverberacije visokih frekvencija sobe je mjerljiv: u sobi u Nashvilleu, RT60 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 opadanja visokih
frekvencija.

�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� �s�l�u�š�n�e� �s�o�b�e� �i�z�m�e���u� �4�0�%� �i� �5�5�%� �R�H�.� �I�s�p�o�d� �4�0�%�,� �a�p�s�o�r�p�c�i�j�a� �v�i�s�o�k�i�h� �f�r�e�k�v�e�n�c�i�j�a� �r�a�s�t�e� �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�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�j
�s�p�r�e�z�i�.� �I�z�n�a�d� �5�5�%�,� �r�a�s�t�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�o�g� �t�r�e�t�m�a�n�a� �(�p�o�s�e�b�n�o� �p�a�n�e�l�i�m�a� �o�d
mineralne vune, koji dobivaju masu i gube apsorpcionu efikasnost kada su vlažni).
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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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�:� �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�t�i� �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�a�m�o�s�t�a�l�n�i� �o�v�l�a�ž�i�v�a�
� �i�l�i� �o�d�v�l�a�ž�i�v�a�
� �s�a� �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� �s�o�b�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�i�s�t�e�m� �z�a� �k�o�n�t�r�o�l�u� �v�l�a�ž�n�o�s�t�i� �c�i�j�e�l�e� �s�o�b�e�.� �Q�u�i�t�o� �u�s�t�a�n�o�v�a�,� �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� �p�l�a�n�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�o�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 diskutovanih prednosti ekvatorijalne nadmorske visine za audio rad.

�5�.� �V�I�B�R�A�C�I�J�A� �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�i�s�t�e�m�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�e� �p�l�o�
�e�,� �t�o�n�a�r�m�o�v�i� �i� �g�l�a�v�e� �o�
�i�t�o� �s�u� �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�a� �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� �i� �
�a�k� �i�z�l�a�z�n�i�h� �u�r�e���a�j�a� �u� �
�v�r�s�t�o�m� �s�t�a�n�j�u�.� �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�o� �n�a�p�r�e�z�a�n�j�e� �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� �k�r�o�z� �p�l�o�
�e�.� �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� �(�o�b�i�
�n�o� �-�8�0� �d�B�V� �p�r�i� �u�b�r�z�a�n�j�u� �o�d� �1� �g�)�,� �a�l�i� �k�e�r�a�m�i�
�k�i
kondenzatori mogu proizvesti napone koji se približavaju milivoltnim nivoima pod vibracijom -- jedan razlog zašto se izbjegavaju u
analognim signalnim putevima.

�L�a�m�e�l�e� �t�r�a�n�s�f�o�r�m�a�t�o�r�a� �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�n�u� �s�p�r�e�g�u�,� �p�r�o�i�z�v�o�d�e���i� �e�l�e�k�t�r�i�
�n�u� �b�u�k�u� �n�a
frekvenciji vibracije i njenim harmonicima. Izmjerili smo vibracijom induciranu buku tri reprezentativna toroidalna transformatora (50
�V�A�,� �2�0�0� �V�A�,� �5�0�0� �V�A�)� �n�a� �n�i�v�o�i�m�a� �v�i�b�r�a�c�i�j�e� �t�i�p�i�
�n�i�m� �z�a� �u�r�b�a�n�e� �s�t�a�m�b�e�n�e� �s�r�e�d�i�n�e� �(�5�-�5�0� �H�z�,� �0�,�0�0�1�-�0�,�0�1� �g�)�.� �I�n�d�u�c�i�r�a�n�a� �b�u�k�a� �k�r�e�t�a�l�a� �s�e
od -118 dBV (50 VA, 0,001 g) do -94 dBV (500 VA, 0,01 g na 50 Hz). U sistemu s izlaznim nivoom od 2 Vrms, vibracijom inducirana
buka transformatora od 500 VA na 0,01 g predstavlja degradaciju odnosa signal-šum od približno 0,003 dB -- mala ali prisutna.

Izolacija komponenti slijedi jednostavnu hijerarhiju: masa, zatim popustljivost, zatim prigušenje. Teška komponenta na popustljivom
�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�i���e� �v�i�š�e� �v�i�b�r�a�c�i�j�a� �n�e�g�o� �l�a�k�a� �k�o�m�p�o�n�e�n�t�a� �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� �i�z�o�l�a�c�i�j�s�k�a� �p�l�a�t�f�o�r�m�a� �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�e� �u� �s�o�b�i� �-�-� �o�b�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�o� �e�l�a�s�t�o�m�e�r�n�o� �p�o�s�t�o�l�j�e� �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� �s�o�b�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� �s�p�e�k�t�a�r� �v�i�b�r�a�c�i�j�e� �p�o�d�a� �o�d
�0�,�0�0�3� �g� �n�a� �1�5� �H�z� �(�H�V�A�C�)�,� �0�,�0�0�1� �g� �n�a� �3�0� �H�z� �(�s�a�o�b�r�a���a�j�)� �i� �š�i�r�o�k�o�p�o�j�a�s�n�u� �v�i�b�r�a�c�i�j�u� �i�s�p�o�d� �0�,�0�0�0�5� �g� �o�d� �5�0�-�2�0�0� �H�z�:

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

�K�v�a�r�t�a�l�n�a� �p�r�o�v�j�e�r�a� �v�i�b�r�a�c�i�j�a� �k�o�r�i�s�t�e���i� �j�e�f�t�i�n� �M�E�M�S� �a�k�c�e�l�e�r�o�m�e�t�a�r� �(�A�D�X�L�3�4�5�,� �1�5� �U�S�D�)� �p�o�s�t�a�v�l�j�e�n� �n�a� �s�v�a�k�o�j� �p�o�l�i�c�i� �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� �o�k�o�l�i�n�i� �v�i�b�r�a�c�i�j�a� �-�-� �g�r�a���e�v�i�n�s�k�a� �a�k�t�i�v�n�o�s�t� �n�a� �s�u�s�j�e�d�n�i�m� �p�o�s�j�e�d�i�m�a�,� �n�o�v�a� �H�V�A�C� �o�p�r�e�m�a� �i�l�i
�s�e�z�o�n�s�k�e� �p�r�o�m�j�e�n�e� �u� �o�b�r�a�s�c�i�m�a� �s�a�o�b�r�a���a�j�a� �s�v�e� �m�o�g�u� �i�z�m�i�j�e�n�i�t�i� �o�s�n�o�v�n�u� �v�i�b�r�a�c�i�j�u� �s�o�b�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� �u�k�l�j�u�
�u�j�e� �n�a�
�i�n� �m�j�e�r�e�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�u�j�e� �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� �s�e� �i�z�o�l�a�c�i�j�a� �d�e�g�r�a�d�i�r�a�l�a� �o�d
posljednje seanse.

6. ELEKTROMAGNETNA INTERFERENCIJA

�E�l�e�k�t�r�o�m�a�g�n�e�t�n�o� �o�k�r�u�ž�e�n�j�e� �u�n�u�t�a�r� �s�l�u�š�n�e� �s�o�b�e� �n�i�j�e� �t�i�h�o�.� �T�i�p�i�
�n�a� �s�t�a�m�b�e�n�a� �s�o�b�a� �u� �v�e�
�e�r�n�j�i�m� �s�a�t�i�m�a� �-�-� �n�a�j�u�o�b�i�
�a�j�e�n�i�j�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� �r�u�t�e�r�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�a� �p�r�e�k�i�d�a�
�k�a� �b�u�k�a� �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�)�.

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

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

Zurich ustanova: -62 dBm/m2 prosjek, -71 dBm/m2 na 50 kHz-30 MHz. (Urbana poslovna zgrada, više Wi-Fi mreža, LED rasvjeta
posvuda.)

Nashville studio: -58 dBm/m2 prosjek, -64 dBm/m2 na 50 kHz-30 MHz. (Komercijalna zgrada, dijeljeno napajanje sa susjednim
uredima, fluorescentna rasvjeta u hodnicima.)

Sapporo soba: -54 dBm/m2 prosjek, -59 dBm/m2 na 50 kHz-30 MHz. (Stambeni stan, gusta urbana sredina, 12 vidljivih Wi-Fi
mreža.)

�R�a�z�l�i�k�a� �o�d� �3�4� �d�B� �u� �R�F� �o�k�o�l�i�n�i� �i�z�m�e���u� �n�a�j�t�i�h�š�i�h� �i� �n�a�j�b�u�
�n�i�j�i�h� �s�o�b�a� �j�e� �z�n�a�
�a�j�n�a�.� �N�j�e�n� �
�u�j�n�i� �e�f�e�k�a�t� �o�v�i�s�i� �o� �k�v�a�l�i�t�e�t�u� �o�k�l�o�p�a� �i� �R�F
�i�m�u�n�i�t�e�t�a� �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� �v�e�l�i�k�o�j� �m�j�e�r�i� �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� �p�o�v�e�z�i�v�a�n�j�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� �p�o�v�e�z�u�j�u���e� �k�a�b�l�o�v�e� �-�-� �e�f�i�k�a�s�n�o�s�t� �o�k�l�o�p�a� �p�l�e�t�e�n�e� �b�a�k�r�e�n�e� �o�k�l�o�p�e� �o�b�i�
�n�o� �j�e� �6�0�-�8�0� �d�B�,
što je dovoljno da i Sapporo okruženje dovede ispod Quito osnovice unutar kabla. (2) Napajajte audio sistem iz namjenskog kola sa
�E�M�I� �f�i�l�t�e�r�o�m� �n�a� �r�a�z�v�o�d�n�o�j� �p�l�o�
�i� �o�s�i�g�u�r�a�
�a�.� �(�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�s�k�e� �u�r�e���a�j�e� �i�z� �s�o�b�e� �-�-� �s�v�a�k�i� �u�r�e���a�j� �j�e� �i� �i�z�v�o�r� �R�F� �e�n�e�r�g�i�j�e� �i
�p�o�t�e�n�c�i�j�a�l�n�o� �m�j�e�s�t�o� �i�s�p�r�a�v�l�j�a�n�j�a�.� �(�4�)� �A�k�o� �s�e� �L�E�D� �r�a�s�v�j�e�t�a� �m�o�r�a� �k�o�r�i�s�t�i�t�i�,� �o�d�a�b�e�r�i�t�e� �u�r�e���a�j�e� �s� �p�r�a�v�i�l�n�o� �f�i�l�t�r�i�r�a�n�i�m� �d�r�a�j�v�e�r�i�m�a
(sukladnost s EN 55015 je minimum; neki LED drajveri koji prolaze EN 55015 i dalje proizvode mjerljive provedne emisije ispod 150
kHz koje padaju izvan opsega standarda ali unutar audio opsega).

�P�e�r�i�o�d�i�
�n�a� �R�F� �a�n�k�e�t�a� �j�e� �v�r�i�j�e�d�n�a�.� �E�l�e�k�t�r�o�m�a�g�n�e�t�n�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� �r�u�t�e�r�i�,� �n�o�v�i� �u�r�e���a�j�i�.� �A�n�k�e�t�a� �t�r�a�j�e� �5
�m�i�n�u�t�a� �s� �r�u�
�n�i�m� �s�p�e�k�t�r�a�l�n�i�m� �a�n�a�l�i�z�a�t�o�r�o�m� �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�o�m�.� �P�r�o�m�j�e�n�e� �v�e���e� �o�d� �6� �d�B� �o�d� �o�s�n�o�v�i�c�e
opravdavaju istragu.

�7�.� �V�O���E�N�J�E� �I� �O�B�R�A�D�A� �K�A�B�L�O�V�A

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

�S�i�g�n�a�l�n�i� �k�a�b�l�o�v�i� �n�e� �b�i� �t�r�e�b�a�l�i� �i���i� �p�a�r�a�l�e�l�n�o� �s�a� �k�a�b�l�o�v�i�m�a� �n�a�p�a�j�a�n�j�a�.� �P�a�r�a�l�e�l�n�i� �v�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�l�a� �i
mrežnog kabla na razmaku od 10 cm inducira približno -90 dBV brujanja od 50/60 Hz. Oklop ovo smanjuje na približno -150 dBV --
�n�e�
�u�j�n�o� �-�-� �a�l�i� �i�s�t�i� �o�k�l�o�p� �n�e�m�a� �e�f�e�k�t�a� �n�a� �k�o�m�p�o�n�e�n�t�u� �m�a�g�n�e�t�n�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�u� �s�e�p�a�r�a�c�i�j�u�.� �R�a�z�m�a�k� �o�d� �3�0� �c�m� �s�m�a�n�j�u�j�e
magnetnu spregu za 10 dB. Razmak od 1 m smanjuje je za 20 dB. Gdje signalni i naponski kablovi moraju ukrstiti, ukrštanje pod 90
stepeni minimizira dužinu sprege.

Signalni kablovi ne bi trebali biti namotani. Namotani kabal formira induktor, a induktor je antena. Induktivnost jednoslojnog namota
od N navoja, polumjera R, je približno u0 * N^2 * R / (0,9 * R + dužina). Kabal od 3 m namotan u 5 navoja polumjera 15 cm ima
induktivnost od približno 4 uH -- dovoljno da formira rezonantno kolo s parazitskim kapacitetom kabla na frekvenciji koja može pasti
�u� �o�p�s�e�g� �n�i�s�k�i�h� �M�H�z�,� �s�t�v�a�r�a�j�u���i� �u�s�k�o�p�o�j�a�s�n�u� �a�n�t�e�n�u� �z�a� �R�F� �i�n�t�e�r�f�e�r�e�n�c�i�j�u�.� �I�s�t�i� �k�a�b�a�l� �p�o�l�o�ž�e�n� �r�a�v�n�o� �u� �b�l�a�g�o�j� �k�r�i�v�i�n�i� �i�m�a� �i�n�d�u�k�t�i�v�n�o�s�t
ispod 0,5 uH.

�N�a�p�e�t�o�s�t� �k�a�b�l�a� �u�t�j�e�
�e� �n�a� �m�i�k�r�o�f�o�n�s�k�u� �b�u�k�u�.� �K�a�b�a�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� �ž�i�c�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�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�i� �p�r�o�g�i�b�)� �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� �p�r�o�l�a�z�n�i�k�a� �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�a�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�a�l� �u� �i�n�t�e�r�v�a�l�i�m�a� �o�d� �n�a�j�v�i�š�e� �5�0� �c�m� �k�o�r�i�s�t�e���i� �m�e�k�e� �k�o�p�
�e� �i�l�i� �V�e�l�c�r�o� �v�e�z�i�c�e� �i� �o�s�i�g�u�r�a�j�t�e� �d�a� �k�a�b�a�l� �i�m�a
�b�l�a�g�i� �l�a�b�a�v�o�s�t� �n�a� �s�v�a�k�o�j� �t�a�
�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�l�o�v�i� �s�e� �p�o�m�j�e�r�a�j�u� �t�o�k�o�m� �p�r�o�m�j�e�n�e� �o�p�r�e�m�e�,� �
�i�š���e�n�j�a� �i� �p�r�e�u�r�e���i�v�a�n�j�a�.� �P�r�o�v�j�e�r�a� �o�b�r�a�d�e� �k�a�b�l�a� �p�r�i�j�e
�s�v�a�k�e� �k�r�i�t�i�
�n�e� �s�e�a�n�s�e� �s�l�u�š�a�n�j�a� �t�r�a�j�e� �2�-�3� �m�i�n�u�t�a� �i� �l�a�k�o� �s�e� �z�a�n�e�m�a�r�u�j�e�.� �S�m�a�t�r�a�l�i� �s�m�o� �l�a�k�š�i�m� �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� �p�o�l�i�c�e�,� �o�z�n�a�
�e�n�e� �r�u�t�e� �v�o���e�n�j�a�,� �s�i�d�r�a� �z�a� �o�d�t�e�r�e���e�n�j�e� �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�e� �o�b�r�a�d�e� �k�a�o� �k�v�a�r� �k�o�j�i� �t�r�e�b�a� �i�s�p�r�a�v�i�t�i� �p�r�i�j�e� �p�o�
�e�t�k�a� �s�l�u�š�a�n�j�a�.

�8�.� �O�P�T�E�R�E���E�N�J�E� �O�D�R�Ž�A�V�A�N�J�A

�S�a�s�t�a�v�i�l�i� �s�m�o� �k�o�n�t�r�o�l�n�u� �l�i�s�t�u� �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� �i�z�m�j�e�r�i�l�i� �k�o�m�p�l�e�t�n�u� �p�r�o�c�e�d�u�r�u� �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
�s�o�b�e�.� �K�o�n�t�r�o�l�n�a� �l�i�s�t�a� �u�k�l�j�u�
�u�j�e�:

1. Provjera temperature i stabilizacija (provjerite je li soba unutar +/- 0,5 degC ciljne, prilagodite 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�.
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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�
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�2�.� �P�r�o�v�j�e�r�a� �v�l�a�ž�n�o�s�t�i� �i� �s�t�a�b�i�l�i�z�a�c�i�j�a� �(�p�r�o�v�j�e�r�i�t�e� �4�0�-�5�5�%� �R�H�,� �p�r�i�l�a�g�o�d�i�t�e� �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�.� �V�e�r�i�f�i�k�a�c�i�j�a� �p�o�z�i�c�i�j�e� �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�:
10-15 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� �n�a� �t�e�r�m�a�l�n�u� �r�a�v�n�o�t�e�ž�u�)�:� �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�
�n�o� �s�l�u�š�a�n�j�e� �m�o�ž�e� �p�o�
�e�t�i�.

�5�.� �P�r�o�v�j�e�r�a� �v�i�b�r�a�c�i�j�a� �(�a�k�c�e�l�e�r�o�m�e�t�a�r� �n�a� �s�v�a�k�o�j� �p�o�l�i�c�i�,� �p�o�r�e���e�n�j�e� �s� �o�s�n�o�v�n�o�m�)�:� �3�-�5� �m�i�n�u�t�a�.

6. Inspekcija obrade kablova (vizualna provjera svih signalnih i naponskih kabelskih vodova): 2-3 minuta. Korekcija, ako je
potrebna: 5-10 minuta.

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

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

Ukupno vrijeme za seansu gdje korekcije nisu potrebne: 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� �k�o�r�e�k�c�i�j�e� �p�o�t�r�e�b�n�e� �(�t�i�p�i�
�n�o� �z�a� �s�e�d�m�i�
�n�e� �s�e�a�n�s�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
zagrijavanje.

�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�n�i� �t�r�o�š�a�k� �u� �v�r�e�m�e�n�u� �i� �p�a�ž�n�j�i�,� �i� �p�r�e�m�a� �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� �š�t�o
referentne slušne sobe odlutaju iz svog kalibrisanog stanja. Održavanje nije teško, ali je dosadno, a dosadni zadaci su oni koji se
�n�a�j�v�j�e�r�o�v�a�t�n�i�j�e� �p�r�e�s�k�a�
�u�.

�T�o�k�o�m� �t�r�o�g�o�d�i�š�n�j�e�g� �p�e�r�i�o�d�a� �p�r�a���e�n�j�a�,� �p�r�a�t�i�l�i� �s�m�o� �p�o�š�t�i�v�a�n�j�e� �k�o�n�t�r�o�l�n�e� �l�i�s�t�e� �u� �s�v�a�k�o�j� �u�s�t�a�n�o�v�i�.� �Q�u�i�t�o� �s�o�b�a�,� �k�o�j�o�m� �u�p�r�a�v�l�j�a� �o�b�u�
�e�n�o
osoblje na dnevnom rasporedu, održavala je 94% poštivanja. Zurich ustanova, kojom upravlja inženjersko osoblje s drugim
odgovornostima, održavala je 71%. Nashville studio, kojim upravlja slobodni mastering inženjer, održavao je 53%. Sapporo soba,
privatna instalacija, održavala je 31%.

�K�o�r�e�l�a�c�i�j�a� �i�z�m�e���u� �p�o�š�t�i�v�a�n�j�a� �k�o�n�t�r�o�l�n�e� �l�i�s�t�e� �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�t�n�i� �o�d�z�i�v� �Q�u�i�t�o� �s�o�b�e
varirao je za najviše 0,15 dB tokom bilo kojeg 30-dnevnog perioda. Sapporo soba varirala je do 1,4 dB.

Napominjemo da Quito soba ima koristi od više od samo marljivog osoblja. Njena ekvatorijalna lokacija pruža inherentnu okolišnu
stabilnost -- godišnji temperaturni raspon od 4 degC najmanji je od bilo koje ustanove, vlažnost je prirodno stabilna na 45-50%, a
ruralno mjesto ima najnižu RF pozadinu. Okolinske varijable koje zahtijevaju dnevnu korekciju u Nashvilleu i Sapporu zahtijevaju
�s�a�m�o� �s�e�d�m�i�
�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� �j�e� �n�i�ž�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�a�l�j�e� �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� �s�o�b�i�,� �k�o�n�t�i�n�u�i�r�a�n�o
nadzire temperaturu, vlažnost, barometarski pritisak, vibraciju i RF okruženje, te pruža upozorenja o odstupanjima u realnom
�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�j�e�r�a�t�i� �r�u�
�n�o�,� �k�a�b�l�o�v�i� �s�e� �i� �d�a�l�j�e� �m�o�r�a�j�u
ponovno obraditi -- ali zamjenjuje šest od osam stavki kontrolne liste jednim pogledom na prikaz 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�a� �1�5�-�2�0� �m�i�n�u�t�a� �n�a� �3�-�5� �m�i�n�u�t�a� �z�a� �s�e�a�n�s�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�,� �i� �s�a� �3�0�-�4�5
�m�i�n�u�t�a� �n�a� �1�0�-�1�5� �m�i�n�u�t�a� �z�a� �s�e�a�n�s�e� �k�o�j�e� �z�a�h�t�i�j�e�v�a�j�u� �p�r�i�l�a�g�o���a�v�a�n�j�e�.

�N�a�j�e�f�i�k�a�s�n�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�i�r� �s�o�b�e� �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�o�v�a�n�a� �s�o�b�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�.� �N�a�j�b�o�l�j�e
održavanje je ono koje nikad ne morate izvršiti.

�9�.� �Z�A�K�L�J�U���A�K

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

Održavanje uslova referentnog razreda zahtijeva redovan protokol održavanja. Protokol opisan u ovom radu traje 15-45 minuta po
�s�e�a�n�s�i�,� �o�v�i�s�n�o� �o� �m�a�g�n�i�t�u�d�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� �d�e�t�e�r�m�i�n�a�n�t�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�n�e
�s�o�b�e� �-�-� �s�o�b�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�o�m� �R�F� �i�n�t�e�r�f�e�r�e�n�c�i�j�o�m� �z�a�h�t�i�j�e�v�a�j�u� �m�a�n�j�e� �u�
�e�s�t�a�l�e� �i� �m�a�n�j�e� �o�p�s�e�ž�n�e
korekcije.

�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� �e�f�e�k�t�i� �d�o�k�u�m�e�n�t�o�v�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�c�e�n�i�j�a�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�o�v�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� �k�r�i�t�i�
�n�o�g� �a�u�d�i�o� �s�l�u�š�a�n�j�a�.
Ovaj rad pruža taj okvir.
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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� �s�l�u�š�n�o�g� �o�k�r�u�ž�e�n�j�a�:� �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�t�i� �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

7

Smjernice su jednostavne: kontrolišite temperaturu na +/- 0,5 degC, održavajte vlažnost na 40-55% RH, izolujte komponente od

�v�i�b�r�a�c�i�j�a�,� �o�k�l�o�p�a�j�t�e� �s�i�g�n�a�l�n�e� �p�u�t�e�v�e� �o�d� �E�M�I�-�a�,� �v�e�r�i�f�i�k�u�j�t�e� �p�o�z�i�c�i�j�u� �z�v�u�
�n�i�k�a� �m�j�e�s�e�
�n�o� �i� �z�a�g�r�i�j�a�v�a�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�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� �s�o�b�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� �j�e� �m�j�e�r�l�j�i�v�a�,� �p�o�n�o�v�l�j�i�v�a� �i� �-�-� �p�r�e�m�a� �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�n�i� �d�i�o� �v�i�s�o�k�o�k�v�a�l�i�t�e�t�n�o�g� �a�u�d�i�j�a�.� �T�a�k�o���e�r� �j�e� �d�i�o� �k�o�j�i� �n�a�j�v�i�š�e� �b�i�t�a�n�.
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