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Sažetak
Geomagnetske oluje izazvane solarnim koronalnim izbacivanjima mase (CME) proizvode brze fluktuacije u magnetskom polju Zemlje koje
�m�o�g�u� �p�r�i�j�e���i� �5�0�0� �n�T�/�m�i�n� �t�i�j�e�k�o�m� �t�e�š�k�i�h� �d�o�g�a���a�j�a� �(�K�p� �>�=� �7�)�.� �P�o�k�a�z�u�j�e�m�o� �d�a� �s�u� �o�v�e� �f�l�u�k�t�u�a�c�i�j�e� �d�e�t�e�k�t�a�b�i�l�n�e� �k�a�o� �m�j�e�r�l�j�i�v�e� �v�a�r�i�j�a�c�i�j�e
�i�m�p�e�d�a�n�c�i�j�e� �u� �a�u�d�i�o� �k�a�b�e�l�i�m�a� �s� �h�e�m�i�s�f�e�r�n�o�m� �p�r�i�s�t�r�a�n�o�š���u�,� �t�e� �d�a� �s�u� �m�a�g�n�e�t�s�k�i� �n�e�u�t�r�a�l�n�i� �k�a�b�e�l�i� �i�n�h�e�r�e�n�t�n�o� �i�m�u�n�i� �n�a� �o�v�a�j� �u�
�i�n�a�k�.
�K�o�n�t�i�n�u�i�r�a�n�o� �p�r�a���e�n�j�e� �1�2� �k�a�b�e�l�a� �(�3� �p�o� �r�a�z�i�n�i�:� �T�r�o�p�i�c�,� �M�e�r�i�d�i�a�n�,� �E�q�u�i�n�o�x�,� �Z�e�r�o�-�P�o�i�n�t�)� �t�i�j�e�k�o�m� �g�e�o�m�a�g�n�e�t�s�k�e� �o�l�u�j�e� �u� �l�i�s�t�o�p�a�d�u� �2�0�2�4�.� �(�K�p� �=
8,3) otkrilo je fluktuacije impedancije do 0,08 % u kabelima razine Tropic, 0,003 % u kabelima razine Equinox i ispod razine šuma (< 0,0001
%) u kabelima Zero-Point. Predlažemo Indeks solarne aktivnosti za specifikacije performansi audio kabela.

1. UVOD

�S�u�n�
�e�v� �1�1�-�g�o�d�i�š�n�j�i� �c�i�k�l�u�s� �a�k�t�i�v�n�o�s�t�i� �p�r�o�i�z�v�o�d�i� �p�e�r�i�o�d�i�
�n�e� �m�a�k�s�i�m�u�m�e� �u� �u�
�e�s�t�a�l�o�s�t�i� �i� �i�n�t�e�n�z�i�t�e�t�u� �s�o�l�a�r�n�i�h� �b�a�k�l�j�i� �i� �k�o�r�o�n�a�l�n�i�h
izbacivanja mase (CME). Kada magnetsko polje CME-a komunicira s magnetosferom Zemlje, nastala geomagnetska oluja može
proizvesti brze fluktuacije velike amplitude u površinskom magnetskom polju. Trenutni solarni ciklus (Ciklus 25) proizvodi aktivnost
�j�a�
�u� �o�d� �p�r�e�d�v�i���e�n�e�,� �s� �n�e�k�o�l�i�k�o� �o�l�u�j�a�m�a� �K�p� �>�=� �7� �z�a�b�i�l�j�e�ž�e�n�i�h� �u� �2�0�2�4�.

Ove geomagnetske fluktuacije dobro su dokumentirane kao izvor smetnji u elektroenergetskim mrežama (geomagnetski inducirane
�s�t�r�u�j�e�)�,� �s�u�s�t�a�v�i�m�a� �z�a� �n�a�d�z�o�r� �k�o�r�o�z�i�j�e� �c�j�e�v�o�v�o�d�a� �i� �p�r�e�c�i�z�n�o�j� �m�a�g�n�e�t�o�m�e�t�r�i�j�i�.� �Š�t�o� �n�i�j�e� �i�s�t�r�a�ž�e�n�o� �j�e�s�t� �n�j�i�h�o�v� �u�
�i�n�a�k� �n�a� �a�u�d�i�o� �s�i�g�n�a�l�n�e
kabele.

�M�e�h�a�n�i�z�a�m� �j�e� �j�e�d�n�o�s�t�a�v�a�n�:� �a�u�d�i�o� �k�a�b�e�l� �s� �h�e�m�i�s�f�e�r�n�o�m� �p�r�i�s�t�r�a�n�o�š���u� �s�a�d�r�ž�i� �v�o�d�i�
�e� �
�i�j�a� �s�t�r�u�k�t�u�r�a� �z�r�n�a� �i�m�a� �p�r�e�f�e�r�i�r�a�n�u� �o�r�i�j�e�n�t�a�c�i�j�u� �u
�o�d�n�o�s�u� �n�a� �m�a�g�n�e�t�s�k�o� �p�o�l�j�e� �Z�e�m�l�j�e�.� �K�a�d�a� �s�e� �p�o�l�j�e� �b�r�z�o� �m�i�j�e�n�j�a� �-�-� �k�a�o� �t�i�j�e�k�o�m� �g�e�o�m�a�g�n�e�t�s�k�e� �o�l�u�j�e� �-�-� �o�d�n�o�s� �i�z�m�e���u� �o�r�i�j�e�n�t�a�c�i�j�e� �z�r�n�a
�i� �p�o�l�j�a� �s�e� �m�i�j�e�n�j�a�,� �p�r�o�i�z�v�o�d�e���i� �p�r�o�l�a�z�n�u� �p�r�o�m�j�e�n�u� �u� �e�f�e�k�t�i�v�n�o�j� �i�m�p�e�d�a�n�c�i�j�i� �v�o�d�i�
�a�.� �O�v�a� �m�o�d�u�l�a�c�i�j�a� �i�m�p�e�d�a�n�c�i�j�e� �p�o�j�a�v�l�j�u�j�e� �s�e� �k�a�o
neželjena modulacija audio signala.

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

2. METODOLOGIJA

�D�v�a�n�a�e�s�t� �u�z�o�r�a�k�a� �k�a�b�e�l�a� �(�p�o� �1�,�0� �m� �s�v�a�k�i�,� �m�e���u�p�o�v�e�z�n�i� �k�a�b�e�l�i� �s� �R�C�A� �t�e�r�m�i�n�a�l�i�m�a�)� �i�n�s�t�a�l�i�r�a�n�o� �j�e� �u� �m�a�g�n�e�t�s�k�i� �n�e�o�k�l�o�p�l�j�e�n�o�j
prostoriji u postrojenju Equatorial Audio. Tri kabela po razini (Tropic, Meridian, Equinox, Zero-Point) povezana su s kontinuiranim
sustavom za nadzor impedancije temeljenim na Keysight E4990A analizatoru impedancije koji radi na 1 kHz s mjernim intervalima
od 5 sekundi.

Istovremeni podaci o magnetskom polju zabilježeni su Bartington Mag-13 troosnim fluxgate magnetometrom postavljenim 1 m od
kabelskog niza.

�M�j�e�r�n�a� �k�a�m�p�a�n�j�a� �t�r�a�j�a�l�a� �j�e� �k�o�n�t�i�n�u�i�r�a�n�o� �o�d� �1�5�.� �r�u�j�n�a� �d�o� �1�5�.� �s�t�u�d�e�n�o�g� �2�0�2�4�.�,� �s�n�i�m�a�j�u���i� �5�,�3� �m�i�l�i�j�u�n�a� �m�j�e�r�e�n�j�a� �i�m�p�e�d�a�n�c�i�j�e� �p�o� �k�a�b�e�l�u�.
�R�a�z�d�o�b�l�j�e� �j�e� �u�k�l�j�u�
�i�v�a�l�o� �t�r�i� �g�e�o�m�a�g�n�e�t�s�k�e� �o�l�u�j�e�:� �1�8�.� �r�u�j�n�a� �(�K�p� �=� �5�,�7�)�,� �1�0�.�-�1�2�.� �l�i�s�t�o�p�a�d�a� �(�K�p� �=� �8�,�3�,� �n�a�j�j�a�
�a� �o�l�u�j�a� �C�i�k�l�u�s�a� �2�5� �d�o� �s�a�d�a�)� �i
3. studenog (Kp = 6,1).

�A�n�a�l�i�z�a� �u�n�a�k�r�s�n�e� �k�o�r�e�l�a�c�i�j�e� �i�z�m�e���u� �b�r�z�i�n�e� �p�r�o�m�j�e�n�e� �m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a� �(�d�B�/�d�t�)� �i� �o�d�s�t�u�p�a�n�j�a� �i�m�p�e�d�a�n�c�i�j�e� �k�a�b�e�l�a� �(�d�Z�/�Z�)� �i�z�v�e�d�e�n�a� �j�e
�p�o�m�o���u� �k�l�i�z�n�i�h� �p�r�o�z�o�r�a� �o�d� �6�0� �s�e�k�u�n�d�i�.

3. REZULTATI

�T�i�j�e�k�o�m� �o�l�u�j�e� �o�d� �1�0�.�-�1�2�.� �l�i�s�t�o�p�a�d�a� �(�K�p� �=� �8�,�3�)� �z�a�b�i�l�j�e�ž�e�n�a� �s�u� �s�l�j�e�d�e���a� �m�a�k�s�i�m�a�l�n�a� �o�d�s�t�u�p�a�n�j�a� �i�m�p�e�d�a�n�c�i�j�e�:

Razina Tropic: 0,082 +/- 0,008 % (srednja vrijednost 3 uzorka)
Razina Meridian: 0,031 +/- 0,004 %
Razina Equinox: 0,0033 +/- 0,0005 %
Razina Zero-Point: < 0,0001 % (ispod razine šuma)

�U�n�a�k�r�s�n�a� �k�o�r�e�l�a�c�i�j�a� �i�z�m�e���u� �d�B�/�d�t� �i� �d�Z�/�Z� �b�i�l�a� �j�e� �z�n�a�
�a�j�n�a� �z�a� �r�a�z�i�n�e� �T�r�o�p�i�c� �(�r� �=� �0�,�7�1�,� �p� �<� �0�,�0�0�0�1�)�,� �M�e�r�i�d�i�a�n� �(�r� �=� �0�,�5�4�,� �p� �<� �0�,�0�0�0�1�)� �i
�E�q�u�i�n�o�x� �(�r� �=� �0�,�2�3�,� �p� �<� �0�,�0�1�)�.� �N�i�j�e� �p�r�o�n�a���e�n�a� �z�n�a�
�a�j�n�a� �k�o�r�e�l�a�c�i�j�a� �z�a� �Z�e�r�o�-�P�o�i�n�t� �(�r� �=� �0�,�0�2�,� �p� �=� �0�,�3�4�)�.
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Odstupanje impedancije linearno se mijenjalo s umnoškom HBA kabela i brzine promjene magnetskog polja: dZ/Z je približno

jednako k × HBA × dB/dt, gdje je k = 2,1 × 10^-6 (deg × min/nT)^-1.

Tijekom magnetski mirnih razdoblja (Kp <= 2), nijedna razina kabela nije pokazala odstupanja impedancije iznad razine šuma.

4. RASPRAVA

�R�e�z�u�l�t�a�t�i� �p�o�t�v�r���u�j�u� �h�i�p�o�t�e�z�u�:� �k�a�b�e�l�i� �s� �h�e�m�i�s�f�e�r�n�o�m� �p�r�i�s�t�r�a�n�o�š���u� �o�s�j�e�t�l�j�i�v�i� �s�u� �n�a� �g�e�o�m�a�g�n�e�t�s�k�e� �o�l�u�j�e�,� �a� �o�s�j�e�t�l�j�i�v�o�s�t� �j�e� �p�r�o�p�o�r�c�i�o�n�a�l�n�a
�v�e�l�i�
�i�n�i� �p�r�i�s�t�r�a�n�o�s�t�i�.� �V�o�d�i�
�i� �r�a�z�i�n�e� �Z�e�r�o�-�P�o�i�n�t� �s�p�o�j�e�n�i� �E�k�v�a�t�o�r�i�j�a�l�n�i�m� �s�p�o�j�e�m�,� �s� �n�j�i�h�o�v�i�m� �H�B�A�-�o�m� �i�s�p�o�d� �0�,�0�0�0�0�1�d�e�g�,� �u�
�i�n�k�o�v�i�t�o� �s�u
imuni na solarnu aktivnost. Ova imunost ne postiže se oklopljavanjem (koje može oslabiti, ali ne i eliminirati spreganje s vanjskim
poljem), nego kroz fundamentalno odsutstvo usmjerene strukture zrna.

�P�r�a�k�t�i�
�n�i� �z�n�a�
�a�j� �f�l�u�k�t�u�a�c�i�j�e� �i�m�p�e�d�a�n�c�i�j�e� �o�d� �0�,�0�8� �%� �t�i�j�e�k�o�m� �t�e�š�k�e� �o�l�u�j�e� �j�e� �d�i�s�k�u�t�a�b�i�l�a�n�.� �N�a� �-�6�2� �d�B� �u� �o�d�n�o�s�u� �n�a� �s�i�g�n�a�l�,� �o�n�a� �j�e� �i�s�p�o�d
�p�r�a�g�a� �
�u�j�n�o�s�t�i� �z�a� �t�o�n�o�v�e� �u� �s�t�a�b�i�l�n�o�m� �s�t�a�n�j�u�.� �M�e���u�t�i�m�,� �f�l�u�k�t�u�a�c�i�j�a� �n�i�j�e� �u� �s�t�a�b�i�l�n�o�m� �s�t�a�n�j�u� �-�-� �o�n�a� �j�e� �m�o�d�u�l�i�r�a�n�a� �k�a�o�t�i�
�n�o�m
�v�r�e�m�e�n�s�k�o�m� �s�t�r�u�k�t�u�r�o�m� �g�e�o�m�a�g�n�e�t�s�k�e� �o�l�u�j�e�,� �p�r�o�i�z�v�o�d�e���i� �k�o�n�t�a�m�i�n�a�c�i�j�u� �n�a�l�i�k� �š�u�m�u� �k�o�j�a� �m�o�ž�e� �b�i�t�i� �z�a�m�j�e�t�l�j�i�v�a� �k�a�o� �s�u�p�t�i�l�a�n� �g�u�b�i�t�a�k
�j�a�s�n�o���e� �i�l�i� �p�r�o�s�t�o�r�n�e� �p�r�e�c�i�z�n�o�s�t�i� �t�i�j�e�k�o�m� �v�r�h�u�n�c�a� �o�l�u�j�n�e� �a�k�t�i�v�n�o�s�t�i�.

�P�r�e�d�l�a�ž�e�m�o� �d�a� �p�r�o�i�z�v�o���a�
�i� �k�a�b�e�l�a� �u�s�v�o�j�e� �o�c�j�e�n�u� �I�n�d�e�k�s�a� �s�o�l�a�r�n�e� �a�k�t�i�v�n�o�s�t�i� �(�S�A�I�)� �k�o�j�a� �s�p�e�c�i�f�i�c�i�r�a� �m�a�k�s�i�m�a�l�n�o� �o�d�s�t�u�p�a�n�j�e
�i�m�p�e�d�a�n�c�i�j�e� �p�o� �j�e�d�i�n�i�c�i� �g�e�o�m�a�g�n�e�t�s�k�o�g� �p�o�r�e�m�e���a�j�a�:� �S�A�I� �=� �m�a�x�(�d�Z�/�Z�)� �/� �m�a�x�(�d�B�/�d�t�)�.� �N�i�ž�e� �v�r�i�j�e�d�n�o�s�t�i� �u�k�a�z�u�j�u� �n�a� �v�e���u� �i�m�u�n�o�s�t�.
�R�a�z�i�n�a� �Z�e�r�o�-�P�o�i�n�t� �p�o�s�t�i�ž�e� �S�A�I� �<� �1�0�^�-�9�,� �š�t�o� �o�z�n�a�
�a�v�a�m�o� �k�a�o� �„�s�o�l�a�r�n�u� �r�a�z�i�n�u�"�.

�S�l�u�š�a�l�i�c�e� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �S�o�l�a�r� �F�l�a�r�e�,� �k�o�j�e� �u�k�l�j�u�
�u�j�u� �n�a�d�z�o�r� �s�o�l�a�r�n�e� �a�k�t�i�v�n�o�s�t�i� �u� �s�t�v�a�r�n�o�m� �v�r�e�m�e�n�u� �i� �a�d�a�p�t�i�v�n�u� �k�o�m�p�e�n�z�a�c�i�j�u
frekvencijskog odziva, predstavljaju alternativni pristup za slušatelje koji koriste kabele koji nisu solarne razine.

�5�.� �Z�A�K�L�J�U���A�K

�G�e�o�m�a�g�n�e�t�s�k�e� �o�l�u�j�e� �p�r�o�i�z�v�o�d�e� �m�j�e�r�l�j�i�v�e� �f�l�u�k�t�u�a�c�i�j�e� �i�m�p�e�d�a�n�c�i�j�e� �u� �a�u�d�i�o� �k�a�b�e�l�i�m�a� �s� �h�e�m�i�s�f�e�r�n�o�m� �p�r�i�s�t�r�a�n�o�š���u�.� �U�
�i�n�a�k� �s�e� �m�i�j�e�n�j�a� �s
�v�e�l�i�
�i�n�o�m� �p�r�i�s�t�r�a�n�o�s�t�i� �i� �i�n�t�e�n�z�i�t�e�t�o�m� �o�l�u�j�e�.� �M�a�g�n�e�t�s�k�i� �n�e�u�t�r�a�l�n�i� �k�a�b�e�l�i� �(�H�B�A� �<� �0�,�0�0�0�0�1�d�e�g�)� �s�u� �i�m�u�n�i�.� �P�r�e�p�o�r�u�
�u�j�e�m�o� �u�s�v�a�j�a�n�j�e
standardiziranog Indeksa solarne aktivnosti za specifikacije performansi audio kabela.
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