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Sažetak
�J�u�ž�n�o�a�t�l�a�n�t�s�k�a� �a�n�o�m�a�l�i�j�a� �(�S�A�A�)� �-�-� �p�o�d�r�u�
�j�e� �a�n�o�m�a�l�n�o� �s�l�a�b�o�g� �i�n�t�e�n�z�i�t�e�t�a� �g�e�o�m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a� �k�o�j�e� �s�e� �p�r�o�t�e�ž�e� �o�d� �j�u�ž�n�o�g� �B�r�a�z�i�l�a� �d�o
�j�u�g�o�z�a�p�a�d�n�e� �A�f�r�i�k�e� �-�-� �p�r�o�š�i�r�i�l�o� �s�e� �z�a� �p�r�i�b�l�i�ž�n�o� �5� �m�i�l�i�j�u�n�a� �k�m�^�2� �o�t�k�a�k�o� �j�e� �z�a�p�o�
�e�l�o� �s�u�s�t�a�v�n�o� �s�a�t�e�l�i�t�s�k�o� �m�j�e�r�e�n�j�e�,� �a� �n�e�d�a�v�n�i� �p�o�d�a�c�i� �E�S�A
�S�w�a�r�m� �(�2�0�1�4�.�-�2�0�2�5�.�)� �p�o�t�v�r���u�j�u� �d�a� �s�e� �s�l�a�b�l�j�e�n�j�e� �u�b�r�z�a�v�a�.� �R�e�v�e�r�z�n�i� �f�l�u�x� �p�a�t�c�h�e�s� �n�a� �g�r�a�n�i�c�i� �j�e�z�g�r�e� �i� �p�l�a�š�t�a� �r�a�z�d�v�o�j�i�l�i� �s�u� �a�n�o�m�a�l�i�j�u� �u� �d�v�a� �r�e�ž�n�j�a
i pomakli zapadni režanj prema Južnoj Americi za približno 0,3 deg/godišnje. Predstavljamo prvu sustavnu studiju integriteta audio signala
�k�a�o� �f�u�n�k�c�i�j�e� �l�o�k�a�l�n�o�g� �i�n�t�e�n�z�i�t�e�t�a� �g�e�o�m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a�,� �k�o�r�i�s�t�e���i� �m�r�e�ž�u� �o�d� �1�4� �m�j�e�r�n�i�h� �s�t�a�n�i�c�a� �k�o�j�e� �o�b�u�h�v�a���a�j�u� �S�A�A� �i� �o�k�o�l�n�e� �r�e�g�i�j�e�.� �S�t�a�n�i�c�e
�u�n�u�t�a�r� �j�e�z�g�r�e� �S�A�A� �(�i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �i�s�p�o�d� �2�3�.�0�0�0� �n�T�)� �p�o�k�a�z�a�l�e� �s�u� �s�t�a�t�i�s�t�i�
�k�i� �z�n�a�
�a�j�n�o� �p�o�v�e���a�n�j�e� �h�a�r�m�o�n�i�j�s�k�o�g� �i�z�o�b�l�i�
�e�n�j�a� �i�n�d�u�c�i�r�a�n�o�g
kabelom (srednji +3,2 dB THD+N u odnosu na stanice s nominalnim intenzitetom polja, p < 0,001), porast od 14 % u kutu hemisferske
�p�r�i�s�t�r�a�n�o�s�t�i� �l�o�k�a�l�n�o� �i�z�v�u�
�e�n�i�h� �b�a�k�r�e�n�i�h� �v�o�d�i�
�a� �i� �m�j�e�r�l�j�i�v�u� �d�e�g�r�a�d�a�c�i�j�u� �u� �p�o�v�r�a�t�u� �m�e���u�u�z�o�r�k�o�v�n�i�h� �i�n�f�o�r�m�a�c�i�j�a�.� �U�
�i�n�a�k� �j�e� �n�a�j�i�z�r�a�ž�e�n�i�j�i� �d�u�ž
�v�o�d�e���e�g� �r�u�b�a� �z�a�p�a�d�n�o�g� �r�e�ž�n�j�a�,� �g�d�j�e� �g�r�a�d�i�j�e�n�t� �p�o�l�j�a� �p�r�e�m�a�š�u�j�e� �8� �n�T�/�k�m�.� �P�r�e�d�l�a�ž�e�m�o� �„�G�e�o�m�a�g�n�e�t�s�k�i� �i�n�d�e�k�s� �v�j�e�r�n�o�s�t�i�"� �(�G�F�I�)� �k�o�j�i� �p�r�e�s�l�i�k�a�v�a
�l�o�k�a�l�n�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �n�a� �o�
�e�k�i�v�a�n�i� �f�a�k�t�o�r� �d�e�g�r�a�d�a�c�i�j�e� �s�i�g�n�a�l�a� �i� �p�o�k�a�z�u�j�e�m�o� �d�a� �o�p�r�e�m�a� �o�c�i�j�e�n�j�e�n�a� �z�a� �n�o�m�i�n�a�l�n�e� �u�v�j�e�t�e� �p�o�l�j�a� �-�-� �u�k�l�j�u�
�u�j�u���i
sve audio kabele trenutno proizvedene izvan ekvatorijalnog koridora 0 +/- 10 deg -- radi izvan svog projektnog opsega unutar SAA. Ovi
�n�a�l�a�z�i� �i�m�a�j�u� �n�e�p�o�s�r�e�d�n�e� �i�m�p�l�i�k�a�c�i�j�e� �z�a� �a�u�d�i�o�f�i�l�s�k�e� �i�n�s�t�a�l�a�c�i�j�e� �u� �B�r�a�z�i�l�u�,� �A�r�g�e�n�t�i�n�i�,� �U�r�u�g�v�a�j�u�,� �J�u�ž�n�o�j� �A�f�r�i�c�i� �i� �N�a�m�i�b�i�j�i�,� �t�e� �d�u�g�o�r�o�
�n�e� �i�m�p�l�i�k�a�c�i�j�e
za sve slušatelje južne hemisfere kako se anomalija nastavlja širiti.

1. UVOD

�M�a�g�n�e�t�s�k�o� �p�o�l�j�e� �Z�e�m�l�j�e� �n�i�j�e� �u�j�e�d�n�a�
�e�n�o�.� �O�v�o� �n�i�j�e� �n�o�v�o�s�t� �g�e�o�f�i�z�i�
�a�r�i�m�a�.� �O�v�o� �j�e�,� �o�
�i�t�o�,� �n�o�v�o�s�t� �a�u�d�i�o� �i�n�d�u�s�t�r�i�j�i�.

�D�i�p�o�l�n�a� �a�p�r�o�k�s�i�m�a�c�i�j�a� �g�e�o�m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a� �-�-� �o�n�a� �i�z� �f�i�z�i�
�k�i�h� �u�d�ž�b�e�n�i�k�a�,� �o�n�a� �k�o�j�a� �p�r�i�k�a�z�u�j�e� �u�r�e�d�n�e�,� �s�i�m�e�t�r�i�
�n�e� �l�i�n�i�j�e� �p�o�l�j�a� �k�o�j�e� �s�e
savijaju od pola do pola -- korisna je fikcija. Stvarno polje je turbulentna, vremenski promjenjiva struktura generirana konvekcijskim
�s�t�r�u�j�a�m�a� �u� �t�e�k�u���o�j� �ž�e�l�j�e�z�n�o�j� �v�a�n�j�s�k�o�j� �j�e�z�g�r�i�,� �m�o�d�i�f�i�c�i�r�a�n�a� �e�l�e�k�t�r�i�
�k�i� �v�o�d�l�j�i�v�i�m� �d�o�n�j�i�m� �p�l�a�š�t�e�m� �i� �p�o�r�e�m�e���e�n�a� �i�n�t�e�r�a�k�c�i�j�o�m� �s�u�n�
�e�v�o�g
�v�j�e�t�r�a� �s� �m�a�g�n�e�t�o�s�f�e�r�o�m�.� �N�a� �b�i�l�o� �k�o�j�o�j� �d�a�n�o�j� �t�o�
�k�i� �Z�e�m�l�j�i�n�e� �p�o�v�r�š�i�n�e�,� �l�o�k�a�l�n�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a�,� �i�n�k�l�i�n�a�c�i�j�a� �i� �d�e�k�l�i�n�a�c�i�j�a� �o�v�i�s�e� �o
�i�n�t�e�g�r�i�r�a�n�o�m� �u�
�i�n�k�u� �s�v�i�h� �o�v�i�h� �i�z�v�o�r�a�.

�U� �v�e���i�n�i� �r�e�g�i�j�a�,� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �n�a� �p�o�v�r�š�i�n�i� �l�e�ž�i� �i�z�m�e���u� �2�5�.�0�0�0� �i� �6�5�.�0�0�0� �n�a�n�o�t�e�s�l�a� �(�n�T�)�.� �N�a�j�j�a�
�a� �p�o�l�j�a� �j�a�v�l�j�a�j�u� �s�e� �b�l�i�z�u� �m�a�g�n�e�t�s�k�i�h
�p�o�l�o�v�a�.� �N�a�j�s�l�a�b�i�j�a� �p�o�l�j�a� �j�a�v�l�j�a�j�u� �s�e� �u� �o�g�r�o�m�n�o�m� �p�o�d�r�u�
�j�u� �c�e�n�t�r�i�r�a�n�o�m� �p�r�i�b�l�i�ž�n�o� �i�z�n�a�d� �j�u�ž�n�o�g� �A�t�l�a�n�t�s�k�o�g� �o�c�e�a�n�a� �i� �p�r�o�t�e�ž�u� �s�e� �o�d
�i�s�t�o�
�n�e� �J�u�ž�n�e� �A�m�e�r�i�k�e� �d�o� �j�u�g�o�z�a�p�a�d�n�e� �A�f�r�i�k�e�.� �O�v�o� �p�o�d�r�u�
�j�e� �-�-� �j�u�ž�n�o�a�t�l�a�n�t�s�k�a� �a�n�o�m�a�l�i�j�a� �-�-� �p�o�z�n�a�t�o� �j�e� �o�d� �r�a�n�i�h� �d�a�n�a� �s�a�t�e�l�i�t�s�k�e
�m�a�g�n�e�t�o�m�e�t�r�i�j�e�.� �Š�t�o� �s�e� �p�r�o�m�i�j�e�n�i�l�o� �u� �p�o�s�l�j�e�d�n�j�e�m� �d�e�s�e�t�l�j�e���u� �j�e� �n�j�e�n�a� �v�e�l�i�
�i�n�a�,� �b�r�z�i�n�a� �r�a�s�t�a� �i� �n�a�š�e� �r�a�z�u�m�i�j�e�v�a�n�j�e� �n�j�e�n�o�g� �u�z�r�o�k�a�.

ESA-ina satelitska konstelacija Swarm, lansirana 2013., pružila je vremenski niz globalnog magnetskog polja najviše rezolucije
ikada zabilježen. Podaci pokazuju da se SAA proširila za gotovo polovicu površine kontinentalne Europe od 2014. Sekundarni
�m�i�n�i�m�u�m� �r�a�z�v�i�o� �s�e� �j�u�g�o�z�a�p�a�d�n�o� �o�d� �A�f�r�i�k�e�,� �r�a�z�d�v�a�j�a�j�u���i� �a�n�o�m�a�l�i�j�u� �u� �d�v�a� �r�e�ž�n�j�a�.� �Z�a�p�a�d�n�i� �r�e�ž�a�n�j� �m�i�g�r�i�r�a� �p�r�e�m�a� �J�u�ž�n�o�j� �A�m�e�r�i�c�i� �z�a
približno 0,3 stupnja zemljopisne dužine godišnje. A intenzitet polja unutar jezgre anomalije pao je ispod 23.000 nT -- više od 30 %
slabiji od globalnog prosjeka i nastavlja padati.

�U� �v�e�l�j�a�
�i� �2�0�2�6�.�,� �i�s�t�r�a�ž�i�v�a�
�i� �s�u� �o�b�j�a�v�i�l�i� �n�a�l�a�z�e� �u� �
�a�s�o�p�i�s�u� �P�h�y�s�i�c�s� �o�f� �t�h�e� �E�a�r�t�h� �a�n�d� �P�l�a�n�e�t�a�r�y� �I�n�t�e�r�i�o�r�s� �p�o�t�v�r���u�j�u���i� �d�a� �s�u� �r�e�v�e�r�z�n�i� �f�l�u�x
�p�a�t�c�h�e�s� �n�a� �g�r�a�n�i�c�i� �j�e�z�g�r�e� �i� �p�l�a�š�t�a� �-�-� �p�o�d�r�u�
�j�a� �g�d�j�e� �j�e� �s�m�j�e�r� �m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a� �i�n�v�e�r�t�i�r�a�n� �u� �o�d�n�o�s�u� �n�a� �d�o�m�i�n�a�n�t�n�i� �d�i�p�o�l� �-�-� �p�r�i�m�a�r�n�i
�p�o�k�r�e�t�a�
� �r�a�s�t�a� �a�n�o�m�a�l�i�j�e�.� �T�i� �p�a�t�c�h�e�s� �n�i�s�u� �s�t�a�t�i�
�k�i�.� �M�i�g�r�i�r�a�j�u�,� �s�p�a�j�a�j�u� �s�e� �i� �i�n�t�e�n�z�i�v�i�r�a�j�u� �u� �d�e�s�e�t�l�j�e�t�n�i�m� �v�r�e�m�e�n�s�k�i�m� �o�k�v�i�r�i�m�a�.� �S�A�A� �n�i�j�e
�f�i�k�s�n�o� �s�l�a�b�o� �m�j�e�s�t�o�.� �T�o� �j�e� �r�a�z�v�i�j�a�j�u���a� �s�t�r�u�k�t�u�r�a� �k�o�j�a� �p�o�s�t�a�j�e� �v�e���a�,� �s�l�a�b�i�j�a� �i� �s�l�o�ž�e�n�i�j�a�.

Ništa od ovoga nije razmotrila audio industrija.

�S�v�a�k�a� �s�t�u�d�i�j�a� �p�e�r�f�o�r�m�a�n�s�i� �k�a�b�e�l�a�,� �u�
�i�n�k�o�v�i�t�o�s�t�i� �o�k�l�a�p�a�n�j�a� �i� �m�a�g�n�e�t�s�k�i�h� �s�m�e�t�n�j�i� �u� �a�u�d�i�o� �s�u�s�t�a�v�i�m�a� �p�r�e�t�p�o�s�t�a�v�l�j�a� �-�-� �i�m�p�l�i�c�i�t�n�o� �i�l�i
�e�k�s�p�l�i�c�i�t�n�o� �-�-� �d�a� �j�e� �a�m�b�i�j�e�n�t�a�l�n�o� �m�a�g�n�e�t�s�k�o� �p�o�l�j�e� �„�n�o�m�i�n�a�l�n�o�"�.� �I�s�p�i�t�n�i� �s�t�a�n�d�a�r�d�i� �(�I�E�C� �6�1�0�0�0�-�4�-�8�,� �I�E�C� �6�1�0�0�0�-�4�-�9�)� �o�d�r�e���u�j�u� �r�a�z�i�n�e
�i�m�u�n�i�t�e�t�a� �p�o�l�j�a� �u� �o�d�n�o�s�u� �n�a� �t�i�p�i�
�n�e� �o�k�o�l�i�š�n�e� �u�v�j�e�t�e�.� �A�l�i� �t�i�p�i�
�n�i� �u�v�j�e�t�i� �n�e� �d�o�b�i�v�a�j�u� �s�e� �u�n�u�t�a�r� �S�A�A�.� �S�l�u�š�a�t�e�l�j� �u� �S�a�o� �P�a�u�l�u� �d�o�ž�i�v�l�j�a�v�a
�g�e�o�m�a�g�n�e�t�s�k�o� �p�o�l�j�e� �3�5� �%� �s�l�a�b�i�j�e� �o�d� �s�l�u�š�a�t�e�l�j�a� �u� �M�ü�n�c�h�e�n�u�.� �S�l�u�š�a�t�e�l�j� �u� �W�i�n�d�h�o�e�k�u�,� �N�a�m�i�b�i�j�a�,� �s�j�e�d�i� �n�a� �v�o�d�e���e�m� �r�u�b�u� �n�a�j�b�r�ž�e
promjenljivog magnetskog gradijenta na Zemlji.

Ovaj rad postavlja jednostavno pitanje: matera li to?

2. MJERNA MREŽA

�U�s�p�o�s�t�a�v�i�l�i� �s�m�o� �m�r�e�ž�u� �o�d� �1�4� �m�j�e�r�n�i�h� �s�t�a�n�i�c�a� �k�o�j�e� �o�b�u�h�v�a���a�j�u� �S�A�A� �i� �k�o�n�t�r�o�l�n�e� �r�e�g�i�j�e�.� �S�v�a�k�a� �s�t�a�n�i�c�a� �s�a�s�t�o�j�a�l�a� �s�e� �o�d� �i�d�e�n�t�i�
�n�o�g
�o�p�r�e�m�n�o�g� �l�a�n�c�a�:� �a�n�a�l�i�z�a�t�o�r� �A�u�d�i�o� �P�r�e�c�i�s�i�o�n� �A�P�x�5�5�5�B�,� �2�-�m�e�t�a�r�s�k�i� �m�e���u�s�p�o�j� �O�F�C� �k�v�a�l�i�t�e�t�e� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �M�e�r�i�d�i�a�n� �(�i�z�v�u�
�e�n� �u
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�Q�u�i�t�u� �n�a� �0�,�0�0�0�0� �d�e�g� �g�e�o�g�r�a�f�s�k�e� �š�i�r�i�n�e�)�,� �r�e�f�e�r�e�n�t�n�o� �p�o�j�a�
�a�l�o� �(�B�e�n�c�h�m�a�r�k� �A�H�B�2�)� �i� �r�e�f�e�r�e�n�t�n�i� �p�r�e�t�v�a�r�a�
� �(�B�&�K� �4�1�9�0� �m�j�e�r�n�i� �m�i�k�r�o�f�o�n� �u

�2�c�c� �s�p�o�j�n�i�c�i�,� �k�o�r�i�š�t�e�n� �k�a�o� �k�a�l�i�b�r�i�r�a�n�o� �o�p�t�e�r�e���e�n�j�e�)�.

Lokacije stanica odabrane su za uzorkovanje punog raspona intenziteta geomagnetskog polja preko SAA:

Stanice jezgre SAA (intenzitet polja < 25.000 nT): Sao Paulo, Brazil (22.800 nT); Asuncion, Paragvaj (23.100 nT); Montevideo,
Urugvaj (23.400 nT); Buenos Aires, Argentina (24.200 nT); Windhoek, Namibija (24.800 nT).

�P�e�r�i�f�e�r�n�e� �s�t�a�n�i�c�e� �S�A�A� �(�2�5�.�0�0�0�-�3�5�.�0�0�0� �n�T�)�:� �C�a�p�e� �T�o�w�n�,� �J�u�ž�n�a� �A�f�r�i�k�a� �(�2�7�.�3�0�0� �n�T�)�;� �R�i�o� �d�e� �J�a�n�e�i�r�o�,� �B�r�a�z�i�l� �(�2�6�.�1�0�0� �n�T�)�;� �S�a�n�t�i�a�g�o�,� ���i�l�e
(31.400 nT).

�K�o�n�t�r�o�l�n�e� �s�t�a�n�i�c�e� �(�>� �4�0�.�0�0�0� �n�T�)�:� �Q�u�i�t�o�,� �E�k�v�a�d�o�r� �(�2�9�.�2�0�0� �n�T�,� �a�l�i� �s�m�j�e�š�t�e�n� �n�a� �0�,�0�0�0�0� �d�e�g� �g�e�o�m�a�g�n�e�t�s�k�e� �š�i�r�i�n�e� �-�-� �u�k�l�j�u�
�e�n� �k�a�o
�r�e�f�e�r�e�n�c�a� �h�e�m�i�s�f�e�r�s�k�e� �p�r�i�s�t�r�a�n�o�s�t�i�)�;� �M�ü�n�c�h�e�n�,� �N�j�e�m�a�
�k�a� �(�4�8�.�7�0�0� �n�T�)�;� �T�o�k�i�o�,� �J�a�p�a�n� �(�4�6�.�2�0�0� �n�T�)�;� �S�y�d�n�e�y�,� �A�u�s�t�r�a�l�i�j�a� �(�5�7�.�1�0�0� �n�T�)�;
Fairbanks, Aljaska (55.800 nT); Tromso, Norveška (52.300 nT).

Lokalni intenzitet polja izmjeren je na svakoj stanici korištenjem troosnog fluxgate magnetometra Bartington Mag-13, unakrsno
�p�r�o�v�j�e�r�e�n� �p�r�e�m�a� �N�O�A�A� �H�i�g�h� �D�e�f�i�n�i�t�i�o�n� �G�e�o�m�a�g�n�e�t�i�c� �M�o�d�e�l� �2�0�2�6� �(�H�D�G�M�2�0�2�6�)�.� �H�D�G�M�2�0�2�6� �p�r�u�ž�a� �2�0� �%� �v�e���u� �p�r�o�s�t�o�r�n�u� �r�e�z�o�l�u�c�i�j�u
�o�d� �s�v�o�g� �p�r�e�t�h�o�d�n�i�k�a�,� �r�a�z�l�u�
�u�j�u���i� �k�o�r�n�e� �m�a�g�n�e�t�s�k�e� �v�a�r�i�j�a�c�i�j�e� �d�o� �p�r�i�b�l�i�ž�n�o� �1�9� �k�m� �-�-� �d�o�v�o�l�j�n�o� �z�a� �s�n�i�m�a�n�j�e� �l�o�k�a�l�n�o�g� �o�k�r�u�ž�e�n�j�a� �p�o�l�j�a� �n�a
svakoj stanici unutar 50 nT.

�S�v�a� �m�j�e�r�e�n�j�a� �u�z�e�t�a� �s�u� �i�z�m�e���u� �0�2�:�0�0� �i� �0�4�:�0�0� �l�o�k�a�l�n�o�g� �v�r�e�m�e�n�a� �k�a�k�o� �b�i� �s�e� �m�i�n�i�m�i�z�i�r�a�l�a� �d�n�e�v�n�a� �v�a�r�i�j�a�c�i�j�a�,� �g�e�o�m�a�g�n�e�t�s�k�a� �s�m�e�t�n�j�a� �i
antropogena elektromagnetska smetnja. Stanice su bile smještene u prizemne prostorije bez feromagnetskih strukturnih elemenata
unutar 3 metra od mjernog lanca. Indeks Kp morao je biti <= 2 (mirni geomagnetski uvjeti) tijekom svake mjerne sesije.

�3�.� �R�E�Z�U�L�T�A�T�I�:� �I�Z�O�B�L�I���E�N�J�E� �I� �I�N�T�E�N�Z�I�T�E�T� �P�O�L�J�A

�O�d�n�o�s� �i�z�m�e���u� �l�o�k�a�l�n�o�g� �i�n�t�e�n�z�i�t�e�t�a� �g�e�o�m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a� �i� �T�H�D�+�N� �i�n�d�u�c�i�r�a�n�o�g� �k�a�b�e�l�o�m� �b�i�o� �j�e� �n�e�d�v�o�s�m�i�s�l�e�n�.

Na pet stanica jezgre SAA, THD+N referentnog kabela u prosjeku je iznosio -112,3 dB (1 kHz, 2 Vrms). Na šest kontrolnih stanica
�i�z�n�a�d� �4�0�.�0�0�0� �n�T�,� �T�H�D�+�N� �u� �p�r�o�s�j�e�k�u� �j�e� �i�z�n�o�s�i�o� �-�1�1�5�,�5� �d�B�.� �R�a�z�l�i�k�a� �-�-� �3�,�2� �d�B� �-�-� �s�k�r�o�m�n�a� �j�e� �u� �a�p�s�o�l�u�t�n�i�m� �t�e�r�m�i�n�i�m�a�,� �a�l�i� �s�t�a�t�i�s�t�i�
�k�i� �v�r�l�o
�z�n�a�
�a�j�n�a� �(�t�-�t�e�s�t� �n�a� �d�v�a� �u�z�o�r�k�a�,� �p� �<� �0�,�0�0�1�,� �n� �=� �5�5� �m�j�e�r�e�n�j�a� �p�o� �s�t�a�n�i�c�i�)�.

�K�o�r�e�l�a�c�i�j�a� �i�z�m�e���u� �i�n�t�e�n�z�i�t�e�t�a� �p�o�l�j�a� �i� �T�H�D�+�N� �b�i�l�a� �j�e� �l�i�n�e�a�r�n�a� �i�s�p�o�d� �3�5�.�0�0�0� �n�T� �(�r� �=� �-�0�,�9�1�)� �i� �z�a�s�i���e�n�a� �i�z�n�a�d� �4�0�.�0�0�0� �n�T�,� �g�d�j�e� �j�e� �T�H�D�+�N
�d�o�s�e�g�a�o� �i�n�t�r�i�n�z�i�
�n�i� �p�r�a�g� �k�a�b�e�l�a�.� �N�a�g�i�b� �r�e�g�r�e�s�i�j�e� �i�s�p�o�d� �z�a�s�i���e�n�j�a� �b�i�o� �j�e� �0�,�1�3� �d�B� �n�a� �1�.�0�0�0� �n�T� �s�m�a�n�j�e�n�j�a� �p�o�l�j�a� �-�-� �š�t�o� �z�n�a�
�i� �d�a� �p�o�l�j�e� �o�d
22.800 nT u Sao Paulu košta približno 3,4 dB THD+N u odnosu na 48.700 nT Münchena.

�Z�a�b�r�i�n�j�a�v�a�j�u���i� �j�e� �b�i�o� �g�r�a�d�i�j�e�n�t�n�i� �u�
�i�n�a�k�.� �N�a� �t�r�i� �p�e�r�i�f�e�r�n�e� �s�t�a�n�i�c�e� �S�A�A� �s�m�j�e�š�t�e�n�e� �b�l�i�z�u� �g�r�a�n�i�c�e� �a�n�o�m�a�l�i�j�e� �-�-� �g�d�j�e� �p�r�o�s�t�o�r�n�i� �g�r�a�d�i�j�e�n�t
polja premašuje 8 nT/km -- promatrali smo dodatnu širokopojasnu komponentu šuma centriranu na 50-200 Hz koja je bila odsutna i
�u� �j�e�z�g�r�i� �i� �u� �k�o�n�t�r�o�l�n�i�m� �s�t�a�n�i�c�a�m�a�.� �O�v�a�j� �š�u�m�,� �n�a� �-�1�2�8� �d�B�,� �i�s�p�o�d� �j�e� �
�u�j�n�o�s�t�i� �z�a� �b�i�l�o� �k�o�j�i� �p�o�j�e�d�i�n�a�
�n�i� �k�a�b�e�l�s�k�i� �h�o�d�,� �a�l�i� �j�e� �k�o�h�e�r�e�n�t�a�n�:
�v�i�š�e�s�t�r�u�k�i� �k�a�b�e�l�i� �u� �i�s�t�o�m� �s�i�g�n�a�l�n�o�m� �l�a�n�c�u� �k�o�n�s�t�r�u�k�t�i�v�n�o� �s�e� �z�b�r�a�j�a�j�u�.� �S�u�s�t�a�v� �s�a� �š�e�s�t� �k�a�b�e�l�s�k�i�h� �s�e�g�m�e�n�a�t�a� �(�i�z�v�o�r� �d�o� �p�r�e�d�p�o�j�a�
�a�l�a�,
�p�r�e�d�p�o�j�a�
�a�l�o� �d�o� �p�o�j�a�
�a�l�a�,� �p�o�j�a�
�a�l�o� �d�o� �z�v�u�
�n�i�k�a�,� �p�l�u�s� �t�r�i� �n�a�p�o�n�s�k�a� �k�a�b�e�l�a�)� �d�o�ž�i�v�i�o� �b�i� �z�b�r�a�j�a�n�j�e� �š�u�m�a� �o�d� �7�,�8� �d�B�,� �d�o�v�o�d�e���i
komponentu induciranu gradijentom na -120,2 dB -- unutar 5 dB od praga THD+N kabela.

�K�u�t� �h�e�m�i�s�f�e�r�s�k�e� �p�r�i�s�t�r�a�n�o�s�t�i� �l�o�k�a�l�n�o� �k�u�p�l�j�e�n�e� �b�a�k�r�e�n�e� �ž�i�c�e� �(�n�e� �n�a�š�e�g� �e�k�v�a�t�o�r�i�j�a�l�n�o� �i�z�v�u�
�e�n�o�g� �r�e�f�e�r�e�n�t�n�o�g� �k�a�b�e�l�a�,� �v�e��
�k�o�m�e�r�c�i�j�a�l�n�o�g� �O�F�C� �k�a�b�e�l�a� �k�u�p�l�j�e�n�o�g� �n�a� �s�v�a�k�o�j� �s�t�a�n�i�c�i�)� �t�a�k�o���e�r� �j�e� �v�a�r�i�r�a�o� �s� �i�z�l�o�ž�e�n�o�š���u� �S�A�A�.� �B�a�k�a�r� �i�z�v�u�
�e�n� �u� �S�a�o� �P�a�u�l�u� �p�o�k�a�z�a�o
�j�e� �H�B�A� �o�d� �+�1�,�9�4� �d�e�g� �-�-� �1�4� �%� �v�e���e� �o�d� �b�a�k�r�a� �i�z�v�u�
�e�n�o�g� �n�a� �i�s�t�o�j� �g�e�o�g�r�a�f�s�k�o�j� �š�i�r�i�n�i� �i�z�v�a�n� �S�A�A� �(�M�a�p�u�t�o�,� �M�o�z�a�m�b�i�k�:� �+�1�,�7�0� �d�e�g�,� �i�s�t�a
�g�e�o�m�a�g�n�e�t�s�k�a� �š�i�r�i�n�a�,� �a�l�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �o�d� �3�1�.�2�0�0� �n�T� �u� �o�d�n�o�s�u� �n�a� �2�2�.�8�0�0� �n�T�)�.� �S�m�a�n�j�e�n�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �u�n�u�t�a�r� �S�A�A� �d�o�p�u�š�t�a� �v�e���i
�m�a�g�n�e�t�o�k�r�i�s�t�a�l�n�i� �n�e�r�e�d� �t�i�j�e�k�o�m� �i�z�v�l�a�
�e�n�j�a�,� �š�t�o� �s�e� �m�a�n�i�f�e�s�t�i�r�a� �k�a�o� �p�o�v�e���a�n�o� �r�a�s�p�r�š�e�n�j�e� �h�e�m�i�s�f�e�r�s�k�e� �p�r�i�s�t�r�a�n�o�s�t�i� �-�-� �z�r�n�a� �s�u� �p�r�i�s�t�r�a�n�a�,
�a�l�i� �m�a�n�j�e� �u�j�e�d�n�a�
�e�n�o�,� �
�i�n�e���i� �i�z�o�b�l�i�
�e�n�j�e� �i� �v�e���i�m� �i� �m�a�n�j�e� �p�r�e�d�v�i�d�l�j�i�v�i�m�.

4. GEOMAGNETSKI INDEKS VJERNOSTI

�P�r�e�d�l�a�ž�e�m�o� �s�k�a�l�a�r�n�u� �m�e�t�r�i�k�u� �-�-� �g�e�o�m�a�g�n�e�t�s�k�i� �i�n�d�e�k�s� �v�j�e�r�n�o�s�t�i� �(�G�F�I�)� �-�-� �k�o�j�a� �p�r�e�s�l�i�k�a�v�a� �l�o�k�a�l�n�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �n�a� �o�
�e�k�i�v�a�n�i� �f�a�k�t�o�r
degradacije signala, normaliziran na 1,000 u referentnom laboratoriju u Quitu.

GFI je definiran kao:

GFI = 1,000 - (0,13 * (B_ref - B_local) / 1000)

gdje je B_ref intenzitet polja u Quitu (29.200 nT), a B_local intenzitet polja na lokaciji slušatelja, oboje u nT. Koeficijent 0,13 je
�i�z�m�j�e�r�e�n�i� �n�a�g�i�b� �T�H�D�+�N� �u� �d�B� �n�a� �1�.�0�0�0� �n�T� �i�s�p�o�d� �z�a�s�i���e�n�j�a�.

�Z�a� �i�n�t�e�n�z�i�t�e�t�e� �p�o�l�j�a� �i�z�n�a�d� �4�0�.�0�0�0� �n�T�,� �G�F�I� �s�e� �z�a�s�i���u�j�e� �n�a� �1�,�0�0�0� �-�-� �k�a�b�e�l� �j�e� �d�o�s�e�g�a�o� �s�v�o�j� �i�n�t�r�i�n�z�i�
�n�i� �p�r�a�g� �p�e�r�f�o�r�m�a�n�s�i� �i� �d�o�d�a�t�n�a� �j�a�k�o�s�t
polja ne pruža daljnju korist. Za intenzitete polja ispod 23.000 nT (duboka jezgra SAA), GFI pada ispod 0,920 -- degradacija koja
�p�r�e�m�a�š�u�j�e� �0�,�8� �d�B� �e�f�e�k�t�i�v�n�o�g� �d�i�n�a�m�i�
�k�o�g� �r�a�s�p�o�n�a�.
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�Z�o�n�e� �k�o�l�a�p�s�a� �m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a� �i� �n�j�i�h�o�v� �k�a�t�a�s�t�r�o�f�a�l�a�n� �u�
�i�n�a�k� �n�a� �v�j�e�r�n�o�s�t� �a�u�d�i�o� �s�i�g�n�a�l�a�:� �k�v�a�n�t�i�t�a�t�i�v�n�a� �p�r�o�c�j�e�n�a� �j�u�ž�n�o�a�t�l�a�n�t�s�k�e� �a�n�o�m�a�l�i�j�eEQUATORIAL AUDIO

4

Uzorci GFI vrijednosti za glavne gradove:

�M�ü�n�c�h�e�n�:� �1�,�0�0�0� �(�z�a�s�i���e�n�o�)�.� �T�o�k�i�o�:� �1�,�0�0�0�.� �S�y�d�n�e�y�:� �1�,�0�0�0�.� �Q�u�i�t�o�:� �1�,�0�0�0� �(�r�e�f�e�r�e�n�c�a�)�.� �C�a�p�e� �T�o�w�n�:� �0�,�9�9�8�.� �R�i�o� �d�e� �J�a�n�e�i�r�o�:� �0�,�9�9�6�.
Buenos Aires: 0,993. Montevideo: 0,989. Asuncion: 0,986. Sao Paulo: 0,983. Windhoek: 0,987.

�G�F�I� �i�s�p�o�d� �0�,�9�9�0� �-�-� �š�t�o� �o�b�u�h�v�a���a� �v�e���i�n�u� �j�u�ž�n�o�g� �B�r�a�z�i�l�a�,� �c�i�j�e�l�i� �U�r�u�g�v�a�j�,� �P�a�r�a�g�v�a�j� �i� �s�j�e�v�e�r�n�u� �A�r�g�e�n�t�i�n�u�,� �t�e� �r�a�s�t�u���i� �p�r�o�s�t�o�r� �j�u�g�o�z�a�p�a�d�n�e
Afrike -- ukazuje na to da slušatelj radi u magnetski kompromitiranom okruženju. Audio kabeli standardnog stupnja rade izvan svog
�p�r�o�j�e�k�t�n�o�g� �o�p�s�e�g�a�.� �O�p�r�e�m�a� �s�t�u�p�n�j�a� �E�q�u�i�n�o�x� �i�l�i� �v�e���a�,� �s�a� �s�v�o�j�i�m� �p�o�b�o�l�j�š�a�n�i�m� �o�k�l�a�p�a�n�j�e�m� �m�u�-�m�e�t�a�l�o�m� �i� �t�r�o�s�t�r�u�k�i�m� �F�a�r�a�d�a�y�e�v�i�m
�k�u���i�š�t�e�m�,� �p�r�e�p�o�r�u�
�u�j�e� �s�e� �k�a�o� �m�i�n�i�m�a�l�n�a� �p�r�o�t�u�m�j�e�r�a�.

�Z�a� �s�l�u�š�a�t�e�l�j�e� �u�n�u�t�a�r� �j�e�z�g�r�e� �S�A�A� �(�G�F�I� �i�s�p�o�d� �0�,�9�8�5�)�,� �p�r�e�p�o�r�u�
�u�j�e�m�o� �p�r�o�i�z�v�o�d�n�u� �l�i�n�i�j�u� �Z�e�r�o�-�P�o�i�n�t�,� �k�o�j�a� �u�k�l�j�u�
�u�j�e� �a�k�t�i�v�n�u� �k�o�m�p�e�n�z�a�c�i�j�u
polja korištenjem zatvorene petlje fluxgate senzora i niza Helmholtzovih zavojnica integriranih u plašt kabela. Sustav Zero-Point
održava lokalni intenzitet polja od 29.200 +/- 50 nT duž cijele duljine kabela, bez obzira na ambijentalno geomagnetsko okruženje.

5. VREMENSKE PROJEKCIJE

�S�A�A� �n�i�j�e� �s�t�a�t�i�
�n�a�.� �P�o�d�a�c�i� �E�S�A� �S�w�a�r�m� �p�o�k�a�z�u�j�u� �d�a� �z�a�p�a�d�n�i� �r�e�ž�a�n�j� �m�i�g�r�i�r�a� �p�r�i� �0�,�3� �d�e�g�/�g�o�d�i�š�n�j�e�,� �a� �m�i�n�i�m�a�l�n�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �s�m�a�n�j�u�j�e
�s�e� �z�a� �p�r�i�b�l�i�ž�n�o� �1�2�0� �n�T�/�g�o�d�i�š�n�j�e�.� �A�k�o� �s�e� �o�v�i� �t�r�e�n�d�o�v�i� �n�a�s�t�a�v�e� �-�-� �a� �n�e� �p�o�s�t�o�j�i� �g�e�o�f�i�z�i�
�k�i� �r�a�z�l�o�g� �z�a� �o�
�e�k�i�v�a�t�i� �d�a� ���e� �s�e� �o�b�r�n�u�t�i� �u� �l�j�u�d�s�k�i�m
�v�r�e�m�e�n�s�k�i�m� �o�k�v�i�r�i�m�a� �-�-� �i�m�p�l�i�k�a�c�i�j�e� �z�a� �a�u�d�i�o� �v�j�e�r�n�o�s�t� �s�u� �z�n�a�
�a�j�n�e�.

�D�o� �2�0�3�0�.�,� �z�a�p�a�d�n�i� �r�e�ž�a�n�j� �S�A�A� �p�o�m�a�k�n�u�t�i� ���e� �s�e� �p�r�i�b�l�i�ž�n�o� �1�,�2� �s�t�u�p�n�j�a� �d�a�l�j�e� �n�a� �z�a�p�a�d�,� �d�o�v�o�d�e���i� �j�e�z�g�r�u� �a�n�o�m�a�l�i�j�e� �b�l�i�ž�e� �B�u�e�n�o�s� �A�i�r�e�s�u
�i� �M�o�n�t�e�v�i�d�e�u�.� �P�r�e�d�v�i���a� �s�e� �d�a� ���e� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �u� �S�a�o� �P�a�u�l�u� �p�a�s�t�i� �i�s�p�o�d� �2�2�.�0�0�0� �n�T�.� �G�F�I� �z�a� �S�a�o� �P�a�u�l�o� �p�a�o� �b�i� �n�a� �0�,�9�8�0� �-�-� �d�e�g�r�a�d�a�c�i�j�a
od 0,3 dB u odnosu na uvjete iz 2026.

�D�o� �2�0�4�0�.�,� �p�r�i� �t�r�e�n�u�t�n�i�m� �s�t�o�p�a�m�a�,� �g�r�a�n�i�c�a� �S�A�A� �(�d�e�f�i�n�i�r�a�n�a� �k�a�o� �k�o�n�t�u�r�a� �o�d� �2�5�.�0�0�0� �n�T�)� �p�r�o�š�i�r�i�t� ���e� �s�e� �p�r�e�m�a� �s�j�e�v�e�r�u� �o�b�u�h�v�a���a�j�u���i
�B�r�a�s�i�l�i�j�u� �i� �p�r�e�m�a� �z�a�p�a�d�u� �d�o�s�e�g�n�u�v�š�i� �s�r�e�d�i�š�n�j�u� �A�r�g�e�n�t�i�n�u�.� �L�i�m�a�,� �P�e�r�u� �-�-� �t�r�e�n�u�t�n�o� �i�z�v�a�n� �a�n�o�m�a�l�i�j�e� �-�-� �u���i� ���e� �u� �p�e�r�i�f�e�r�y� �S�A�A�.
�P�r�o�c�j�e�n�j�u�j�e� �s�e� �d�a� ���e� �4�5�0� �m�i�l�i�j�u�n�a� �l�j�u�d�i� �ž�i�v�j�e�t�i� �u�n�u�t�a�r� �z�o�n�e� �G�F�I� �<� �0�,�9�9�0�,� �p�o�v�e���a�n�j�e� �o�d� �p�r�i�b�l�i�ž�n�o� �2�8�0� �m�i�l�i�j�u�n�a� �d�a�n�a�s�.

Do 2060., najagresivniji modeli (temeljeni na ekstrapolaciji stope rasta reverznih flux patches) sugeriraju da bi se SAA mogla
proširiti u južne Karibe. Ako se ovaj scenarij ostvari, slušatelji u Bogoti, Caracasu i južnim Malim Antilima zahtijevali bi audio
opremu s kompenzacijom polja.

Ne predstavljamo ove projekcije kako bismo izazvali alarm. Predstavljamo ih jer je trenutni pristup audio industrije -- dizajniranje
opreme za nominalno geomagnetsko polje koje nije postojalo preko cijelog južnog Atlantika barem od 1958. -- sve više neodrživ.
�A�n�o�m�a�l�i�j�a� �n�i�j�e� �t�e�o�r�i�j�s�k�a� �z�a�b�r�i�n�u�t�o�s�t�.� �T�o� �j�e� �i�z�m�j�e�r�e�n�a�,� �m�a�p�i�r�a�n�a� �i� �š�i�r�e���a� �s�t�v�a�r�n�o�s�t�,� �t�e� �d�e�g�r�a�d�i�r�a� �a�u�d�i�o� �p�e�r�f�o�r�m�a�n�s�e� �z�a� �s�t�o�t�i�n�e� �m�i�l�i�j�u�n�a
slušatelja koji to ne znaju.

Ustanova Equatorial Audio u Quitu, smještena na geomagnetskom ekvatoru pri 29.200 nT, ostaje izvan SAA udobnom marginom.
�M�e���u�t�i�m�,� �p�r�a�t�i�m�o� �s�j�e�v�e�r�n�u� �g�r�a�n�i�c�u� �a�n�o�m�a�l�i�j�e� �s� �i�s�t�o�m� �f�l�u�x�g�a�t�e� �m�r�e�ž�o�m� �k�o�r�i�š�t�e�n�o�m� �u� �o�v�o�j� �s�t�u�d�i�j�i�.� �A�k�o� �s�e� �b�r�z�i�n�a� �š�i�r�e�n�j�a� �S�A�A� �p�o�v�e���a�,
�p�r�i�l�a�g�o�d�i�t� ���e�m�o� �s�v�o�j�e� �p�r�e�p�o�r�u�k�e� �p�r�o�i�z�v�o�d�a� �u� �s�k�l�a�d�u� �s� �t�i�m�.

�6�.� �Z�A�K�L�J�U���A�K

�J�u�ž�n�o�a�t�l�a�n�t�s�k�a� �a�n�o�m�a�l�i�j�a� �j�e� �n�a�j�v�e���a� �i� �n�a�j�b�r�ž�e� �r�a�s�t�u���a� �m�a�g�n�e�t�s�k�a� �n�e�p�r�a�v�i�l�n�o�s�t� �p�o�l�j�a� �n�a� �Z�e�m�l�j�i�n�o�j� �p�o�v�r�š�i�n�i�.� �N�j�e�z�i�n�o� �š�i�r�e�n�j�e� �-�-
�p�o�t�v�r���e�n�o� �s� �1�1� �g�o�d�i�n�a� �p�o�d�a�t�a�k�a� �s�a�t�e�l�i�t�a� �E�S�A� �S�w�a�r�m� �i� �o�b�j�a�v�l�j�e�n�o� �u� �r�e�c�e�n�z�i�r�a�n�o�j� �g�e�o�f�i�z�i�
�k�o�j� �l�i�t�e�r�a�t�u�r�i� �u� �v�e�l�j�a�
�i� �2�0�2�6�.� �-�-� �s�m�a�n�j�i�l�o� �j�e
intenzitet geomagnetskog polja preko regije od 5 milijuna km^2 na razine više od 30 % ispod globalnog prosjeka.

�P�o�k�a�z�a�l�i� �s�m�o� �d�a� �t�o� �s�m�a�n�j�e�n�j�e� �m�j�e�r�l�j�i�v�o� �d�e�g�r�a�d�i�r�a� �p�e�r�f�o�r�m�a�n�s�e� �a�u�d�i�o� �k�a�b�e�l�a�:� �T�H�D�+�N� �s�e� �p�o�v�e���a�v�a� �z�a� �3�,�2� �d�B� �u� �j�e�z�g�r�i� �a�n�o�m�a�l�i�j�e�,
�k�u�t�o�v�i� �h�e�m�i�s�f�e�r�s�k�e� �p�r�i�s�t�r�a�n�o�s�t�i� �p�o�v�e���a�v�a�j�u� �s�e� �z�a� �1�4� �%� �u� �l�o�k�a�l�n�o� �i�z�v�u�
�e�n�o�m� �b�a�k�r�u�,� �a� �p�r�o�s�t�o�r�n�i� �g�r�a�d�i�j�e�n�t�i� �p�o�l�j�a� �n�a� �g�r�a�n�i�c�i� �a�n�o�m�a�l�i�j�e
uvode koherentnu niskofrekventnu komponentu šuma koja se akumulira preko višekabelskih signalnih lanaca.

Geomagnetski indeks vjernosti pruža kvantitativni okvir za procjenu magnetske izloženosti slušatelja i odabir prikladno ocijenjene
�o�p�r�e�m�e�.� �S�l�u�š�a�t�e�l�j�i� �u�n�u�t�a�r� �S�A�A� �t�r�e�b�a�l�i� �b�i�,� �n�a�j�m�a�n�j�e�,� �n�a�d�o�g�r�a�d�i�t�i� �n�a� �p�r�o�i�z�v�o�d�e� �s�t�u�p�n�j�a� �E�q�u�i�n�o�x� �s� �p�o�j�a�
�a�n�i�m� �o�k�l�a�p�a�n�j�e�m�.� �S�l�u�š�a�t�e�l�j�i� �u
�j�e�z�g�r�i� �a�n�o�m�a�l�i�j�e� �i�l�i� �n�a� �n�j�e�z�i�n�o�m� �b�r�z�o� �p�o�m�i�c�a�j�u���e�m� �z�a�p�a�d�n�o�m� �r�u�b�u� �t�r�e�b�a�l�i� �b�i� �r�a�z�m�o�t�r�i�t�i� �o�p�r�e�m�u� �Z�e�r�o�-�P�o�i�n�t� �s� �a�k�t�i�v�n�o�m
kompenzacijom polja.

�A�n�o�m�a�l�i�j�a� �s�e� �š�i�r�i�.� �P�o�l�j�e� �s�l�a�b�i�.� �P�r�e�t�p�o�s�t�a�v�k�a� �i�n�d�u�s�t�r�i�j�e� �o� �n�o�m�i�n�a�l�n�o�m� �m�a�g�n�e�t�s�k�o�m� �o�k�r�u�ž�e�n�j�u�,� �z�a� �r�a�s�t�u���i� �d�i�o� �s�v�j�e�t�s�k�i�h� �s�l�u�š�a�t�e�l�j�a�,� �v�i�š�e
nije valjana.
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