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Apstrakt
Južnoatlantska anomalija (SAA) -- region anomalno slabog intenziteta geomagnetnog polja koji se proteže od južnog Brazila do
�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�a� �s�e� �z�a� �p�r�i�b�l�i�ž�n�o� �5� �m�i�l�i�o�n�a� �k�m�^�2� �o�t�k�a�k�o� �j�e� �p�o�
�e�l�o� �s�i�s�t�e�m�a�t�s�k�o� �s�a�t�e�l�i�t�s�k�o� �m�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�e�
�e�v�i� �n�a� �g�r�a�n�i�c�i� �j�e�z�g�r�a�-�o�m�o�t�a�
� �p�o�d�e�l�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
pokrenuli zapadni režanj prema Južnoj Americi brzinom od približno 0,3 deg/godišnje. Predstavljamo prvu sistematsku studiju integriteta
�a�u�d�i�o� �s�i�g�n�a�l�a� �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�n�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�e�r�n�i�h� �s�t�a�n�i�c�a� �k�o�j�e� �o�b�u�h�v�a�t�a�j�u� �S�A�A� �i� �o�k�o�l�n�e
�r�e�g�i�o�n�e�.� �S�t�a�n�i�c�e� �u�n�u�t�a�r� �j�e�z�g�r�a� �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�a�n� �p�o�r�a�s�t� �u� �h�a�r�m�o�n�i�j�s�k�o�m� �i�z�o�b�l�i�
�e�n�j�u
indukovanom kablom (srednji +3,2 dB THD+N u odnosu na stanice na nominalnom intenzitetu polja, p < 0,001), porast od 14% u uglu
�h�e�m�i�s�f�e�r�n�e� �p�r�i�s�t�r�a�s�n�o�s�t�i� �l�o�k�a�l�n�o� �i�z�v�u�
�e�n�i�h� �b�a�k�a�r�n�i�h� �p�r�o�v�o�d�n�i�k�a� �i� �m�e�r�l�j�i�v�u� �d�e�g�r�a�d�a�c�i�j�u� �u� �r�e�k�o�n�s�t�r�u�k�c�i�j�i� �i�n�f�o�r�m�a�c�i�j�e� �i�z�m�e���u� �u�z�o�r�a�k�a�.� �E�f�e�k�a�t� �j�e
�n�a�j�i�z�r�a�ž�e�n�i�j�i� �d�u�ž� �v�o�d�e���e� �i�v�i�c�e� �z�a�p�a�d�n�o�g� �r�e�ž�n�j�a�,� �g�d�e� �g�r�a�d�i�j�e�n�t� �p�o�l�j�a� �p�r�e�l�a�z�i� �8� �n�T�/�k�m�.� �P�r�e�d�l�a�ž�e�m�o� �„�I�n�d�e�k�s� �g�e�o�m�a�g�n�e�t�n�e� �v�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�e�n�j�e�n�a� �z�a� �n�o�m�i�n�a�l�n�e� �u�s�l�o�v�e� �p�o�l�j�a� �-�-
�u�k�l�j�u�
�u�j�u���i� �s�v�e� �a�u�d�i�o� �k�a�b�l�o�v�e� �t�r�e�n�u�t�n�o� �p�r�o�i�z�v�e�d�e�n�e� �i�z�v�a�n� �e�k�v�a�t�o�r�i�j�a�l�n�o�g� �k�o�r�i�d�o�r�a� �0� �+�/�-� �1�0� �d�e�g� �-�-� �r�a�d�i� �i�z�v�a�n� �s�v�o�g� �d�i�z�a�j�n�e�r�s�k�o�g� �o�p�s�e�g�a� �u�n�u�t�a�r
�S�A�A�.� �O�v�i� �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�,� �i� �d�u�g�o�r�o�
�n�e
implikacije za sve slušaoce južne hemisfere kako se anomalija nastavlja širiti.

1. UVOD

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

�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�n�o�g� �p�o�l�j�a� �-�-� �o�n�a� �k�o�j�a� �s�e� �n�a�l�a�z�i� �u� �u�d�ž�b�e�n�i�c�i�m�a� �f�i�z�i�k�e�,� �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� �l�u�
�e� �o�d� �p�o�l�a� �d�o� �p�o�l�a� �-�-� �k�o�r�i�s�n�a� �j�e� �f�i�k�c�i�j�a�.� �R�e�a�l�n�o� �p�o�l�j�e� �j�e� �t�u�r�b�u�l�e�n�t�n�a�,� �v�r�e�m�e�n�s�k�i� �p�r�o�m�e�n�l�j�i�v�a� �s�t�r�u�k�t�u�r�a� �g�e�n�e�r�i�s�a�n�a
�k�o�n�v�e�k�c�i�o�n�i�m� �s�t�r�u�j�a�m�a� �u� �t�e�
�n�o�m� �g�v�o�z�d�e�n�o�m� �s�p�o�l�j�a�š�n�j�e�m� �j�e�z�g�r�u�,� �m�o�d�u�l�i�s�a�n�a� �e�l�e�k�t�r�i�
�k�i� �p�r�o�v�o�d�n�i�m� �d�o�n�j�i�m� �o�m�o�t�a�
�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�o�l�a�r�n�o�g� �v�e�t�r�a� �s�a� �m�a�g�n�e�t�o�s�f�e�r�o�m�.� �U� �b�i�l�o� �k�o�j�o�j� �d�a�t�o�j� �t�a�
�k�i� �n�a� �Z�e�m�l�j�i�n�o�j� �p�o�v�r�š�i�n�i�,� �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
deklinacija zavise od integralnog efekta svih ovih izvora.

�U� �v�e���i�n�i� �r�e�g�i�o�n�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�n�i�h
polova. Najslabija polja javljaju se u ogromnom regionu centriranom približno iznad južnog Atlantskog okeana koji se proteže od
�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�a�j� �r�e�g�i�o�n� �-�-� �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� �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�.� �O�n�o� �š�t�o� �s�e� �p�r�o�m�e�n�i�l�o� �u� �p�o�s�l�e�d�n�j�o�j� �d�e�c�e�n�i�j�i� �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�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. godine, pružila je vremensku seriju globalnog magnetnog polja najviše
rezolucije ikada zabeleženu. Podaci pokazuju da se SAA proširila za skoro polovinu površine kontinentalne Evrope od 2014.
�g�o�d�i�n�e�.� �S�e�k�u�n�d�a�r�n�i� �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�,� �d�e�l�e���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
Americi brzinom od približno 0,3 stepena geografske dužine godišnje. A intenzitet polja unutar jezgra anomalije pao je ispod 23.000
nT -- više od 30% slabiji od globalnog proseka i nastavlja da pada.

�U� �f�e�b�r�u�a�r�u� �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� �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� �k�o�j�i� �p�o�t�v�r���u�j�u� �d�a� �s�u� �r�e�v�e�r�z�n�i� �f�l�u�x� �p�e�
�e�v�i
�n�a� �g�r�a�n�i�c�i� �j�e�z�g�r�a�-�o�m�o�t�a�
� �-�-� �r�e�g�i�o�n�i� �g�d�e� �j�e� �s�m�e�r� �m�a�g�n�e�t�n�o�g� �p�o�l�j�a� �i�n�v�e�r�z�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�.� �O�v�i� �p�e�
�e�v�i� �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�k�a�d�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�a� �s�l�a�b�a
�t�a�
�k�a�.� �T�o� �j�e� �e�v�o�l�u�i�r�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�.

�N�i�
�i�m� �o�d� �o�v�o�g�a� �a�u�d�i�o� �i�n�d�u�s�t�r�i�j�a� �s�e� �n�i�j�e� �b�a�v�i�l�a�.

Svaka studija performansi kablova, efektivnosti oklapanja i magnetnih smetnji u audio sistemima pretpostavlja -- implicitno ili
eksplicitno -- da je ambijentno magnetno polje „nominalno". Test standardi (IEC 61000-4-8, IEC 61000-4-9) specificiraju nivoe
�i�m�u�n�i�t�e�t�a� �p�o�l�j�a� �r�e�f�e�r�e�n�c�i�r�a�n�e� �n�a� �t�i�p�i�
�n�e� �e�k�o�l�o�š�k�e� �u�s�l�o�v�e�.� �A�l�i� �t�i�p�i�
�n�i� �u�s�l�o�v�i� �s�e� �n�e� �d�o�b�i�j�a�j�u� �u�n�u�t�a�r� �S�A�A�.� �S�l�u�š�a�l�a�c� �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�n�o� �p�o�l�j�e� �3�5�%� �s�l�a�b�i�j�e� �n�e�g�o� �s�l�u�š�a�l�a�c� �u� �M�i�n�h�e�n�u�.� �S�l�u�š�a�l�a�c� �u� �V�i�n�d�h�u�k�u�,� �N�a�m�i�b�i�j�a�,� �s�e�d�i� �n�a� �v�o�d�e���o�j� �i�v�i�c�i� �n�a�j�b�r�ž�e
�m�e�n�j�a�j�u���e�g� �m�a�g�n�e�t�n�o�g� �g�r�a�d�i�j�e�n�t�a� �n�a� �Z�e�m�l�j�i�.

�O�v�a�j� �r�a�d� �p�o�s�t�a�v�l�j�a� �j�e�d�n�o�s�t�a�v�n�o� �p�i�t�a�n�j�e�:� �i�m�a� �l�i� �t�o� �z�n�a�
�a�j�a�?

2. MREŽA MERENJA

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

Lokacije stanica odabrane su da se uzme uzorak punog opsega intenziteta geomagnetnog polja preko SAA:

Stanice u jezgru SAA (intenzitet polja < 25.000 nT): Sao Paulo, Brazil (22.800 nT); Asunsion, Paragvaj (23.100 nT); Montevideo,
Urugvaj (23.400 nT); Buenos Ajres, Argentina (24.200 nT); Vindhuk, Namibija (24.800 nT).

�S�t�a�n�i�c�e� �n�a� �p�e�r�i�f�e�r�i�j�i� �S�A�A� �(�2�5�.�0�0�0�-�3�5�.�0�0�0� �n�T�)�:� �K�e�j�p�t�a�u�n�,� �J�u�ž�n�a� �A�f�r�i�k�a� �(�2�7�.�3�0�0� �n�T�)�;� �R�i�o� �d�e� �Ž�a�n�e�i�r�o�,� �B�r�a�z�i�l� �(�2�6�.�1�0�0� �n�T�)�;� �S�a�n�t�j�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�e�š�t�e�n� �n�a� �0�,�0�0�0�0� �d�e�g� �g�e�o�m�a�g�n�e�t�n�o�j� �š�i�r�i�n�i� �-�-� �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�n�e� �p�r�i�s�t�r�a�s�n�o�s�t�i�)�;� �M�i�n�h�e�n�,� �N�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�i�d�n�e�j�,� �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).

�L�o�k�a�l�n�i� �i�n�t�e�n�z�i�t�e�t� �p�o�l�j�a� �m�e�r�e�n� �j�e� �n�a� �s�v�a�k�o�j� �s�t�a�n�i�c�i� �k�o�r�i�s�t�e���i� �B�a�r�t�i�n�g�t�o�n� �M�a�g�-�1�3� �t�r�o�o�s�n�i� �f�l�u�x�g�a�t�e� �m�a�g�n�e�t�o�m�e�t�a�r�,� �u�n�a�k�r�s�n�o� �r�e�f�e�r�e�n�c�i�r�a�n
�s�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�r�e�š�a�v�a�j�u���i� �v�a�r�i�j�a�c�i�j�e� �m�a�g�n�e�t�n�e� �k�o�r�e� �d�o� �p�r�i�b�l�i�ž�n�o� �1�9� �k�m� �-�-� �d�o�v�o�l�j�n�o� �d�a� �s�e� �u�h�v�a�t�i� �l�o�k�a�l�n�o� �o�k�r�u�ž�e�n�j�e� �p�o�l�j�a� �n�a� �s�v�a�k�o�j
stanici unutar 50 nT.

�S�v�a� �m�e�r�e�n�j�a� �s�u� �i�z�v�r�š�e�n�a� �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�o�v�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�n�i
�p�o�r�e�m�e���a�j� �i� �a�n�t�r�o�p�o�g�e�n�e� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�e� �s�m�e�t�n�j�e�.� �S�t�a�n�i�c�e� �s�u� �b�i�l�e� �s�m�e�š�t�e�n�e� �u� �p�r�o�s�t�o�r�i�j�a�m�a� �u� �p�r�i�z�e�m�l�j�u� �b�e�z� �f�e�r�o�m�a�g�n�e�t�n�i�h
strukturnih elemenata u krugu od 3 metra od mernog lanca. Kp indeks je bio zahtevan da bude <= 2 (mirni geomagnetni uslovi)
tokom svake sesije merenja.

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

Na pet stanica jezgra SAA, THD+N referentnog kabla iznosio je u proseku -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� �i�z�n�o�s�i�o� �j�e� �u� �p�r�o�s�e�k�u� �-�1�1�5�,�5� �d�B�.� �R�a�z�l�i�k�a� �-�-� �3�,�2� �d�B� �-�-� �j�e� �s�k�r�o�m�n�a� �u� �a�p�s�o�l�u�t�n�i�m� �t�e�r�m�i�n�i�m�a� �a�l�i� �v�i�s�o�k�o� �s�t�a�t�i�s�t�i�
�k�i
�z�n�a�
�a�j�n�a� �(�t�e�s�t� �d�v�a� �u�z�o�r�k�a� �t�,� �p� �<� �0�,�0�0�1�,� �n� �=� �5�5� �m�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�e� �j�e� �T�H�D�+�N
�d�o�s�t�i�g�a�o� �i�n�h�e�r�e�n�t�n�i� �p�r�a�g� �k�a�b�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� �p�o� �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 u Minhenu.

�V�e���a� �b�r�i�g�a� �b�i�o� �j�e� �e�f�e�k�a�t� �g�r�a�d�i�j�e�n�t�a�.� �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�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�e� �p�r�o�s�t�o�r�n�i� �g�r�a�d�i�j�e�n�t� �p�o�l�j�a
prelazi 8 nT/km -- primetili smo dodatnu širokopojasnu komponentu šuma centriranu na 50-200 Hz koja je bila odsutna na
�s�t�a�n�i�c�a�m�a� �j�e�z�g�r�a� �i� �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�l�o�v�s�k�i� �p�u�t�,� �a�l�i� �j�e
koherentan: više kablova u istom signalnom lancu dodaju se konstruktivno. Sistem sa šest segmenata kabla (od izvora do
�p�r�e�d�p�o�j�a�
�a�l�a�,� �o�d� �p�r�e�d�p�o�j�a�
�a�l�a� �d�o� �p�o�j�a�
�a�l�a�,� �o�d� �p�o�j�a�
�a�l�a� �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�l�a�)� �d�o�ž�i�v�e�o� �b�i� �s�u�m�i�r�a�n�j�e� �š�u�m�a� �o�d� �7�,�8� �d�B�,
�d�o�v�o�d�e���i� �k�o�m�p�o�n�e�n�t�u� �i�n�d�u�k�o�v�a�n�u� �g�r�a�d�i�j�e�n�t�o�m� �n�a� �-�1�2�0�,�2� �d�B� �-�-� �u�n�u�t�a�r� �5� �d�B� �o�d� �p�r�a�g�a� �T�H�D�+�N� �k�a�b�l�a�.

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

4. INDEKS GEOMAGNETNE VERNOSTI

�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� �-�-� �I�n�d�e�k�s� �g�e�o�m�a�g�n�e�t�n�e� �v�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
degradacije signala, normalizovan na 1,000 u referentnoj laboratoriji u Quitu.

GFI je definisan kao:

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

gde je B_ref intenzitet polja u Quitu (29.200 nT) a B_local intenzitet polja na lokaciji slušaoca, oba u nT. Koeficijent 0,13 je izmereni
�n�a�g�i�b� �T�H�D�+�N� �u� �d�B� �p�o� �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�l� �j�e� �d�o�s�t�i�g�a�o� �s�v�o�j� �i�n�h�e�r�e�n�t�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�
�i�n�a
polja ne pruža dalju korist. Za intenzitete polja ispod 23.000 nT (duboko u jezgru SAA), GFI pada ispod 0,920 -- degradacija koja
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�p�r�e�l�a�z�i� �0�,�8� �d�B� �u� �e�f�e�k�t�i�v�n�o�m� �d�i�n�a�m�i�
�k�o�m� �o�p�s�e�g�u�.

Uzorak GFI vrednosti za glavne gradove:

�M�i�n�h�e�n�:� �1�,�0�0�0� �(�z�a�s�i���e�n�)�.� �T�o�k�i�o�:� �1�,�0�0�0�.� �S�i�d�n�e�j�:� �1�,�0�0�0�.� �Q�u�i�t�o�:� �1�,�0�0�0� �(�r�e�f�e�r�e�n�c�a�)�.� �K�e�j�p�t�a�u�n�:� �0�,�9�9�8�.� �R�i�o� �d�e� �Ž�a�n�e�i�r�o�:� �0�,�9�9�6�.� �B�u�e�n�o�s
Ajres: 0,993. Montevideo: 0,989. Asunsion: 0,986. Sao Paulo: 0,983. Vindhuk: 0,987.

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

�Z�a� �s�l�u�š�a�o�c�e� �u�n�u�t�a�r� �j�e�z�g�r�a� �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� �l�i�n�i�j�u� �p�r�o�i�z�v�o�d�a� �Z�e�r�o�-�P�o�i�n�t�,� �k�o�j�a� �i�n�k�o�r�p�o�r�i�r�a� �a�k�t�i�v�n�u� �k�o�m�p�e�n�z�a�c�i�j�u
�p�o�l�j�a� �k�o�r�i�s�t�e���i� �z�a�t�v�o�r�e�n�u� �p�e�t�l�j�u� �f�l�u�x�g�a�t�e� �s�e�n�z�o�r�a� �i� �H�e�l�m�h�o�l�t�z�-�o�v�u� �z�a�v�o�j�n�i�c�u� �i�n�t�e�g�r�i�r�a�n�u� �u� �j�a�k�n�i� �k�a�b�l�a�.� �S�i�s�t�e�m� �Z�e�r�o�-�P�o�i�n�t� �o�d�r�ž�a�v�a
lokalni intenzitet polja od 29.200 +/- 50 nT duž pune dužine kabla, bez obzira na ambijentno geomagnetno 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� �b�r�z�i�n�o�m� �o�d� �0�,�3� �d�e�g�/�g�o�d�i�š�n�j�e�,� �a� �m�i�n�i�m�u�m� �i�n�t�e�n�z�i�t�e�t�a� �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�m�a� �g�e�o�f�i�z�i�
�k�o�g� �r�a�z�l�o�g�a� �d�a� �s�e� �o�
�e�k�u�j�e� �d�a� �s�e� �o�b�r�n�u� �n�a
�l�j�u�d�s�k�i�m� �v�r�e�m�e�n�s�k�i�m� �s�k�a�l�a�m�a� �-�-� �i�m�p�l�i�k�a�c�i�j�e� �z�a� �a�u�d�i�o� �v�e�r�n�o�s�t� �s�u� �z�n�a�
�a�j�n�e�.

�D�o� �2�0�3�0�.� �g�o�d�i�n�e�,� �z�a�p�a�d�n�i� �r�e�ž�a�n�j� �S�A�A� �p�o�m�e�r�i���e� �s�e� �z�a� �p�r�i�b�l�i�ž�n�o� �1�,�2� �s�t�e�p�e�n�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�o� �a�n�o�m�a�l�i�j�e� �b�l�i�ž�e� �B�u�e�n�o�s
�A�j�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� �b�i� �p�a�o� �n�a� �0�,�9�8�0� �-�-
degradacija od 0,3 dB u odnosu na uslove iz 2026. godine.

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

�D�o� �2�0�6�0�.� �g�o�d�i�n�e�,� �n�a�j�a�g�r�e�s�i�v�n�i�j�i� �m�o�d�e�l�i� �(�z�a�s�n�o�v�a�n�i� �n�a� �e�k�s�t�r�a�p�o�l�a�c�i�j�i� �s�t�o�p�e� �r�a�s�t�a� �r�e�v�e�r�z�n�i�h� �f�l�u�x� �p�e�
�e�v�a�)� �s�u�g�e�r�i�š�u� �d�a� �b�i� �s�e� �S�A�A� �m�o�g�l�a
protezati u južne Karibe. Ako se ovaj scenario ostvari, slušaocima u Bogoti, Karakasu i južnim Malim Antilima trebala bi audio
oprema sa kompenzacijom polja.

Ove projekcije ne predstavljamo da bismo izazvali alarm. Predstavljamo ih jer je trenutni pristup audio industrije -- projektovanje
opreme za nominalno geomagnetno polje koje ne postoji preko celog Južnog Atlantika najmanje od 1958. godine -- sve neodrživiji.
�A�n�o�m�a�l�i�j�a� �n�i�j�e� �t�e�o�r�i�j�s�k�a� �b�r�i�g�a�.� �T�o� �j�e� �i�z�m�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�,� �i� �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�o�n�a
slušalaca koji to ne znaju.

Quito postrojenje Equatorial Audija, smešteno na geomagnetnom ekvatoru na 29.200 nT, ostaje izvan SAA udobnom marginom.
�M�e���u�t�i�m�,� �p�r�a�t�i�m�o� �s�e�v�e�r�n�u� �g�r�a�n�i�c�u� �a�n�o�m�a�l�i�j�e� �s�a� �i�s�t�o�m� �f�l�u�x�g�a�t�e� �m�r�e�ž�o�m� �k�o�r�i�š���e�n�o�m� �u� �o�v�o�j� �s�t�u�d�i�j�i�.� �A�k�o� �s�e� �s�t�o�p�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���e�m�o� �n�a�š�e� �p�r�e�p�o�r�u�k�e� �z�a� �p�r�o�i�z�v�o�d�e� �u� �s�k�l�a�d�u� �s�a� �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� �n�e�p�r�a�v�i�l�n�o�s�t� �m�a�g�n�e�t�n�o�g� �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�n�o� �š�i�r�e�n�j�e� �-�-
�p�o�t�v�r���e�n�o� �s�a� �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� �p�e�e�r�-�r�e�v�i�e�w�e�d� �g�e�o�f�i�z�i�
�k�o�j� �l�i�t�e�r�a�t�u�r�i� �u� �f�e�b�r�u�a�r�u� �2�0�2�6�.� �-�-� �s�m�a�n�j�i�l�o
je intenzitet geomagnetnog polja preko regiona od 5 miliona km^2 na nivoe više od 30% ispod globalnog proseka.

Pokazali smo da ovo smanjenje merljivo degradira performanse audio kabla: THD+N raste za 3,2 dB u jezgru anomalije, uglovi
�h�e�m�i�s�f�e�r�n�e� �p�r�i�s�t�r�a�s�n�o�s�t�i� �r�a�s�t�u� �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� �u�v�o�d�e� �k�o�h�e�r�e�n�t�n�u
niskofrekventnu komponentu šuma koja se akumulira preko više-kablovskih signalnih lanaca.

�I�n�d�e�k�s� �g�e�o�m�a�g�n�e�t�n�e� �v�e�r�n�o�s�t�i� �p�r�u�ž�a� �k�v�a�n�t�i�t�a�t�i�v�n�i� �o�k�v�i�r� �z�a� �p�r�o�c�e�n�u� �m�a�g�n�e�t�n�e� �i�z�l�o�ž�e�n�o�s�t�i� �s�l�u�š�a�o�c�a� �i� �o�d�a�b�i�r� �o�d�g�o�v�a�r�a�j�u���e� �o�c�e�n�j�e�n�e
opreme. Slušaoci unutar SAA treba, u najmanjem, da se nadograde na proizvode Equinox-class sa poboljšanim oklopom. Slušaoci
�u� �j�e�z�g�r�u� �a�n�o�m�a�l�i�j�e� �i�l�i� �n�a� �n�j�e�n�o�j� �b�r�z�o� �p�o�m�e�r�a�j�u���o�j� �z�a�p�a�d�n�o�j� �i�v�i�c�i� �t�r�e�b�a� �d�a� �r�a�z�m�o�t�r�e� �o�p�r�e�m�u� �Z�e�r�o�-�P�o�i�n�t� �s�a� �a�k�t�i�v�n�o�m� �k�o�m�p�e�n�z�a�c�i�j�o�m
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�n�o�m� �o�k�r�u�ž�e�n�j�u� �j�e�,� �z�a� �r�a�s�t�u���i� �d�e�o� �s�v�e�t�s�k�i�h� �s�l�u�š�a�l�a�c�a�,
više nije validna.
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