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Sažetak
Konvencionalno elektromagnetsko oklapanje oslanja se na apsorpciju i refleksiju -- mehanizme koji slabe vanjska polja, ali ih ne mogu
�e�l�i�m�i�n�i�r�a�t�i�.� �M�e�i�s�s�n�e�r�o�v� �u�
�i�n�a�k� �u� �s�u�p�r�a�v�o�d�i�
�i�m�a� �t�i�p�a� �I�I� �p�r�u�ž�a� �t�e�m�e�l�j�n�o� �d�r�u�k�
�i�j�u� �p�a�r�a�d�i�g�m�u�:� �p�o�t�p�u�n�o� �i�s�t�i�s�k�i�v�a�n�j�e� �m�a�g�n�e�t�s�k�o�g� �t�o�k�a� �i�z
�u�n�u�t�r�a�š�n�j�o�s�t�i� �v�o�d�i�
�a� �k�r�o�z� �g�e�n�e�r�i�r�a�n�j�e� �p�o�v�r�š�i�n�s�k�i�h� �z�a�š�t�i�t�n�i�h� �s�t�r�u�j�a�.� �P�o�k�a�z�u�j�e�m�o� �d�a� �a�u�d�i�o� �s�i�g�n�a�l�n�a� �s�t�a�z�a� �z�a�t�v�o�r�e�n�a� �u� �s�u�p�r�a�v�o�d�l�j�i�v�o�m� �p�l�a�š�t�u
�d�o�ž�i�v�l�j�a�v�a� �n�u�l�t�o� �s�p�r�e�g�n�u���e� �s� �v�a�n�j�s�k�i�m� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�i�m� �p�o�l�j�i�m�a� �b�i�l�o� �k�o�j�e� �f�r�e�k�v�e�n�c�i�j�e�,� �o�r�i�j�e�n�t�a�c�i�j�e� �i�l�i� �m�a�g�n�i�t�u�d�e� �i�s�p�o�d� �k�r�i�t�i�
�n�o�g� �p�o�l�j�a� �H�c�2�.
�M�j�e�r�e�n�j�a� �u� �p�r�i�s�u�t�n�o�s�t�i� �k�u���n�i�h� �i�z�v�o�r�a� �E�M�I� �(�W�i�F�i� �r�u�t�e�r�a�,� �n�a�p�o�n�s�k�i�h� �t�r�a�n�s�f�o�r�m�a�t�o�r�a�,� �k�o�m�p�r�e�s�o�r�a� �h�l�a�d�n�j�a�k�a�)� �p�o�t�v�r���u�j�u� �d�a� �j�e� �s�t�a�z�a� �s�u�p�r�a�v�o�d�l�j�i�v�o�g
kabela elektromagnetski nevidljiva -- unutarnje polje ne razlikuje se od polja u praznom prostoru. Raspravljamo o implikacijama
Meissnerovog oklapanja za dizajn cjelovitog supravodljivog audio sustava.

1. UVOD

Elektromagnetsko oklapanje preokupacija je industrije audio kabela od najranijih dana reprodukcije visoke vjernosti. Bakrena
�p�l�e�t�e�n�i�c�a�,� �a�l�u�m�i�n�i�j�s�k�a� �f�o�l�i�j�a�,� �m�u�-�m�e�t�a�l�n�a� �f�o�l�i�j�a�,� �v�o�d�l�j�i�v�i� �p�o�l�i�m�e�r�n�i� �s�l�o�j�e�v�i�,� �o�m�o�t�i� �o�d� �u�g�l�j�i�
�n�i�h� �v�l�a�k�a�n�a� �-�-� �k�a�t�a�l�o�g� �m�a�t�e�r�i�j�a�l�a� �z�a� �o�k�l�a�p�a�n�j�e
�o�p�s�e�ž�a�n� �j�e� �i� �k�o�n�t�i�n�u�i�r�a�n�o� �s�e� �š�i�r�i�.� �S�v�a�k�i� �m�a�t�e�r�i�j�a�l� �n�u�d�i� �r�a�z�l�i�
�i�t�u� �k�o�m�b�i�n�a�c�i�j�u� �m�a�g�n�e�t�s�k�e� �p�e�r�m�e�a�b�i�l�n�o�s�t�i�,� �e�l�e�k�t�r�i�
�n�e� �v�o�d�l�j�i�v�o�s�t�i� �i
frekventno ovisnog slabljenja, a svaki je promoviran kao definitivno rješenje za elektromagnetske smetnje.

Nijedan to nije. Svaki konvencionalni materijal za oklapanje radi po istim dvama mehanizmima: apsorpcija (pretvaranje
�e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�e� �e�n�e�r�g�i�j�e� �u� �t�o�p�l�i�n�u� �p�o�m�o���u� �v�r�t�l�o�ž�n�i�h� �s�t�r�u�j�a�)� �i� �r�e�f�l�e�k�s�i�j�a� �(�p�r�e�u�s�m�j�e�r�a�v�a�n�j�e� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�e� �e�n�e�r�g�i�j�e� �o�d� �v�o�d�i�
�a� �k�r�o�z
�n�e�u�s�k�l�a���e�n�o�s�t� �i�m�p�e�d�a�n�c�i�j�e�)�.� �O�b�a� �m�e�h�a�n�i�z�m�a� �i�n�t�r�i�n�z�i�
�n�o� �s�u� �n�e�s�a�v�r�š�e�n�a�.� �A�p�s�o�r�p�c�i�j�a� �o�v�i�s�i� �o� �d�e�b�l�j�i�n�i� �m�a�t�e�r�i�j�a�l�a� �i� �f�r�e�k�v�e�n�c�i�j�i�;� �t�a�n�k�i
�o�k�l�o�p�i� �p�r�o�p�u�š�t�a�j�u� �n�a� �n�i�s�k�i�m� �f�r�e�k�v�e�n�c�i�j�a�m�a�.� �R�e�f�l�e�k�s�i�j�a� �o�v�i�s�i� �o� �k�o�n�t�r�a�s�t�u� �i�m�p�e�d�a�n�c�i�j�e�;� �p�r�i� �o�d�r�e���e�n�i�m� �k�u�t�o�v�i�m�a� �i� �f�r�e�k�v�e�n�c�i�j�a�m�a�,� �p�o�l�j�a
prodiru bez obzira na to.

�M�e�i�s�s�n�e�r�o�v� �u�
�i�n�a�k� �r�a�z�l�i�k�u�j�e� �s�e� �p�o� �v�r�s�t�i�,� �n�e� �s�a�m�o� �p�o� �s�t�u�p�n�j�u�.� �K�a�d�a� �s�e� �s�u�p�r�a�v�o�d�i�
� �t�i�p�a� �I�I� �h�l�a�d�i� �i�s�p�o�d� �s�v�o�j�e� �k�r�i�t�i�
�n�e� �t�e�m�p�e�r�a�t�u�r�e� �u
�p�r�i�s�u�t�n�o�s�t�i� �v�a�n�j�s�k�o�g� �m�a�g�n�e�t�s�k�o�g� �p�o�l�j�a�,� �s�p�o�n�t�a�n�o� �n�a�s�t�a�j�u� �p�o�v�r�š�i�n�s�k�e� �z�a�š�t�i�t�n�e� �s�t�r�u�j�e� �k�o�j�e� �g�e�n�e�r�i�r�a�j�u� �p�o�l�j�e� �t�o�
�n�o� �j�e�d�n�a�k�o� �i� �s�u�p�r�o�t�n�o
�p�r�i�m�i�j�e�n�j�e�n�o�m� �p�o�l�j�u�.� �N�e�t�o� �p�o�l�j�e� �u�n�u�t�a�r� �s�u�p�r�a�v�o�d�i�
�a� �j�e� �n�u�l�a� �-�-� �n�e� �m�a�l�o�,� �n�e� �o�s�l�a�b�l�j�e�n�o�,� �n�u�l�a�.� �O�v�o� �n�i�j�e� �p�a�r�a�m�e�t�a�r� �d�i�z�a�j�n�a� �k�o�j�i� �s�e� �m�o�ž�e
�o�p�t�i�m�i�z�i�r�a�t�i�;� �t�o� �j�e� �t�e�m�e�l�j�n�o� �s�v�o�j�s�t�v�o� �s�u�p�r�a�v�o�d�l�j�i�v�o�g� �s�t�a�n�j�a�,� �j�e�d�n�a�k�o� �i�n�t�r�i�n�z�i�
�n�o� �k�a�o� �n�u�l�t�i� �o�t�p�o�r�.

2. EKSPERIMENTALNA PROVJERA

�P�a�r� �S�C� �I�n�t�e�r�k�o�n�e�k�t�a� �o�d� �1�,�5� �m� �i�n�s�t�a�l�i�r�a�n� �j�e� �u� �s�t�a�n�d�a�r�d�n�o�j� �s�t�a�m�b�e�n�o�j� �s�o�b�i� �z�a� �s�l�u�š�a�n�j�e� �u�z� �s�l�j�e�d�e���e� �i�z�v�o�r�e� �E�M�I�:

Izvor A: WiFi 6E ruter (6 GHz, pojas od 160 MHz, snaga prijenosa 1 W) na udaljenosti od 0,5 m.
Izvor B: 500 VA toroidalni naponski transformator na udaljenosti od 0,3 m.
Izvor C: motor kompresora hladnjaka (u radu) na udaljenosti od 1,0 m.
�I�z�v�o�r� �D�:� �p�o�j�a�
�a�l�o� �s� �p�r�e�k�i�d�a�
�k�i�m� �m�o�d�o�m� �k�l�a�s�e� �D� �(�p�r�a�v�o�k�u�t�n�i� �v�a�l� �1� �k�H�z�,� �1�0�0� �W�)� �n�a� �u�d�a�l�j�e�n�o�s�t�i� �o�d� �0�,�2� �m�.
�I�z�v�o�r� �E�:� �s�v�a� �
�e�t�i�r�i� �i�z�v�o�r�a� �r�a�d�e� �i�s�t�o�v�r�e�m�e�n�o�.

�U�n�u�t�a�r�n�j�e� �m�a�g�n�e�t�s�k�o� �p�o�l�j�e� �n�a� �v�o�d�i�
�u� �k�a�b�e�l�a� �m�j�e�r�e�n�o� �j�e� �m�i�k�r�o�-�f�l�u�x�g�a�t�e� �s�e�n�z�o�r�o�m� �(�B�a�r�t�i�n�g�t�o�n� �M�a�g�6�9�0�,� �r�e�z�o�l�u�c�i�j�a� �0�,�1� �n�T�)� �u�m�e�t�n�u�t�i�m
u kriostat kroz namjenski mjerni otvor.

�R�a�d�i� �u�s�p�o�r�e�d�b�e�,� �i�d�e�n�t�i�
�n�a� �m�j�e�r�e�n�j�a� �i�z�v�e�d�e�n�a� �s�u� �n�a� �
�e�t�i�r�i� �k�o�n�v�e�n�c�i�o�n�a�l�n�a� �k�a�b�e�l�a�:� �n�e�o�k�l�o�p�l�j�e�n�i� �O�F�C�,� �j�e�d�n�o�s�t�r�u�k�a� �b�a�k�r�e�n�a� �p�l�e�t�e�n�i�c�a�,
dvostruka bakrena pletenica + mu-metalna folija i Equatorial Audio Equinox Interkonekt (troslojni oklop).

�R�e�z�u�l�t�a�t�i� �(�R�M�S� �m�a�g�n�e�t�s�k�o� �p�o�l�j�e� �n�a� �v�o�d�i�
�u�,� �i�z�v�o�r� �E�,� �s�v�i� �i�z�v�o�r�i� �i�s�t�o�v�r�e�m�e�n�o� �a�k�t�i�v�n�i�)�:

Neoklopljeni OFC: 847 nT
Jednostruka bakrena pletenica: 124 nT (slabljenje 17 dB)
Dvostruka pletenica + mu-metal: 8,3 nT (slabljenje 40 dB)
Equinox troslojni: 1,7 nT (slabljenje 54 dB)
�S�C� �I�n�t�e�r�k�o�n�e�k�t� �(�M�e�i�s�s�n�e�r�)�:� �<� �0�,�1� �n�T� �(�s�l�a�b�l�j�e�n�j�e� �>� �7�9� �d�B�;� �o�g�r�a�n�i�
�e�n�o� �p�r�a�g�o�m� �š�u�m�a� �m�a�g�n�e�t�o�m�e�t�r�a�)

�U�n�u�t�a�r�n�j�e� �p�o�l�j�e� �s�u�p�r�a�v�o�d�l�j�i�v�o�g� �k�a�b�e�l�a� �n�i�j�e� �s�e� �m�o�g�l�o� �r�a�z�l�i�k�o�v�a�t�i� �o�d� �p�r�a�g�a� �š�u�m�a� �m�a�g�n�e�t�o�m�e�t�r�a� �u� �s�v�i�m� �u�v�j�e�t�i�m�a� �i�s�p�i�t�i�v�a�n�j�a�,� �u�k�l�j�u�
�u�j�u���i
�n�a�j�g�o�r�i� �s�l�u�
�a�j� �i�s�t�o�v�r�e�m�e�n�o�g� �r�a�d�a� �s�v�i�h� �i�z�v�o�r�a� �E�M�I�.
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3. CJELOVITI SUPRAVODLJIVI SUSTAV

�P�u�n�i� �p�o�t�e�n�c�i�j�a�l� �M�e�i�s�s�n�e�r�o�v�o�g� �o�k�l�a�p�a�n�j�a� �o�s�t�v�a�r�u�j�e� �s�e� �s�a�m�o� �k�a�d�a� �j�e� �c�i�j�e�l�i� �s�i�g�n�a�l�n�i� �l�a�n�a�c� �s�u�p�r�a�v�o�d�l�j�i�v�.� �P�o�j�e�d�i�n�a�
�n�i� �k�o�n�v�e�n�c�i�o�n�a�l�n�i
�s�e�g�m�e�n�t� �k�a�b�e�l�a� �u� �i�n�a�
�e� �s�u�p�r�a�v�o�d�l�j�i�v�o�m� �s�u�s�t�a�v�u� �s�t�v�a�r�a� �„�m�a�g�n�e�t�s�k�i� �p�r�o�z�o�r�"� �k�r�o�z� �k�o�j�i� �s�e� �v�a�n�j�s�k�a� �p�o�l�j�a� �m�o�g�u� �s�p�r�e�g�n�u�t�i� �s�a� �s�i�g�n�a�l�o�m�.

�R�e�f�e�r�e�n�t�n�i� �s�u�s�t�a�v� �Z�e�r�o� �K�e�l�v�i�n� �t�o� �r�j�e�š�a�v�a� �p�r�u�ž�a�j�u���i� �s�u�p�r�a�v�o�d�l�j�i�v�e� �k�a�b�e�l�e� �z�a� �s�v�a�k�i� �s�e�g�m�e�n�t� �s�i�g�n�a�l�n�o�g� �l�a�n�c�a�:� �n�a�p�a�j�a�n�j�e� �(�S�C� �P�o�w�e�r
�C�o�r�d�)�,� �t�a�k�t� �(�S�C� �W�o�r�d� �C�l�o�c�k� �C�a�b�l�e�)�,� �d�i�g�i�t�a�l�n�i� �(�S�C� �D�i�g�i�t�a�l� �C�a�b�l�e�)�,� �a�n�a�l�o�g�n�i� �(�S�C� �I�n�t�e�r�c�o�n�n�e�c�t�)� �i� �z�v�u�
�n�i�
�k�i� �(�S�C� �S�p�e�a�k�e�r� �C�a�b�l�e�)�.
�C�e�n�t�r�a�l�n�i� �r�e�z�e�r�v�o�a�r� �L�N�2� �i� �r�a�z�d�j�e�l�n�i� �r�a�z�v�o�d�n�i�k� �s� �1�2� �p�r�i�k�l�j�u�
�a�k�a� �o�s�i�g�u�r�a�v�a�j�u� �d�a� �s�e� �s�v�i� �s�e�g�m�e�n�t�i� �k�a�b�e�l�a� �i�s�t�o�v�r�e�m�e�n�o� �o�d�r�ž�a�v�a�j�u� �n�a� �7�7
K.

�K�a�d�a� �c�j�e�l�o�v�i�t�i� �s�u�s�t�a�v� �r�a�d�i�,� �s�i�g�n�a�l�n�a� �s�t�a�z�a� �z�v�u�k�a� �o�d� �z�i�d�n�e� �u�t�i�
�n�i�c�e� �d�o� �u�p�r�a�v�l�j�a�
�a� �z�v�u�
�n�i�k�a� �u� �p�o�t�p�u�n�o�s�t�i� �j�e� �z�a�t�v�o�r�e�n�a� �u� �s�u�p�r�a�v�o�d�l�j�i�v�o�m
materijalu. Svaki segment pokazuje nulti otpor i potpuno Meissnerovo istiskivanje toka. Sustav postiže ono što nijedna kombinacija
konvencionalnog oklapanja ne može: elektromagnetsku nevidljivost.

�P�r�a�k�t�i�
�n�a� �r�a�z�l�i�k�a� �n�a�j�b�o�l�j�e� �s�e� �
�u�j�e� �p�r�i� �u�v�j�e�t�i�m�a� �v�i�s�o�k�o�g� �a�m�b�i�j�e�n�t�a�l�n�o�g� �E�M�I�.� �U� �d�e�m�o�n�s�t�r�a�c�i�j�i� �z�a� �p�a�n�e�l� �a�u�d�i�o� �r�e�c�e�n�z�e�n�a�t�a� �(�M�u�n�i�c�h� �H�i�g�h
�E�n�d� �2�0�2�4�.�)�,� �r�e�f�e�r�e�n�t�n�i� �s�u�s�t�a�v� �Z�e�r�o� �K�e�l�v�i�n� �r�a�d�i�o� �j�e� �u� �s�o�b�i� �s� �n�a�m�j�e�r�n�o�m� �E�M�I� �k�o�n�t�a�m�i�n�a�c�i�j�o�m� �(�v�i�š�e� �W�i�F�i� �r�u�t�e�r�a�,� �i�n�d�u�k�c�i�j�s�k�i�m� �g�r�i�j�a�
�e�m
�o�d� �2� �k�W� �i� �r�a�d�n�i�m� �u�s�i�s�i�v�a�
�e�m�)�.� �R�e�c�e�n�z�e�n�t�i� �n�i�s�u� �m�o�g�l�i� �d�e�t�e�k�t�i�r�a�t�i� �n�i�k�a�k�v�u� �r�a�z�l�i�k�u� �u� �k�v�a�l�i�t�e�t�i� �z�v�u�k�a� �i�z�m�e���u� �
�i�s�t�i�h� �i� �k�o�n�t�a�m�i�n�i�r�a�n�i�h
�u�v�j�e�t�a�.� �S�u�s�t�a�v� �j�e�,� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�i� �g�o�v�o�r�e���i�,� �b�i�o� �n�e�s�v�j�e�s�t�a�n� �d�a� �s�m�e�t�n�j�e� �p�o�s�t�o�j�e�.

�4�.� �Z�A�K�L�J�U���A�K

�M�e�i�s�s�n�e�r�o�v� �u�
�i�n�a�k� �p�r�u�ž�a� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�o� �o�k�l�a�p�a�n�j�e� �k�o�j�e� �j�e� �t�e�m�e�l�j�n�o� �p�o�t�p�u�n�o� �-�-� �n�e� �o�s�l�a�b�l�j�e�n�o�,� �n�e� �f�r�e�k�v�e�n�t�n�o� �o�v�i�s�n�o�,� �n�e�g�o
apsolutno. Audio signalne staze zatvorene u supravodljivom materijalu imune su na vanjska elektromagnetska polja na bilo kojoj
�f�r�e�k�v�e�n�c�i�j�i� �i� �b�i�l�o� �k�o�j�o�j� �m�a�g�n�i�t�u�d�i� �i�s�p�o�d� �k�r�i�t�i�
�n�o�g� �p�o�l�j�a�.� �R�e�f�e�r�e�n�t�n�i� �s�u�s�t�a�v� �Z�e�r�o� �K�e�l�v�i�n� �p�o�k�a�z�u�j�e� �d�a� �j�e� �c�j�e�l�o�v�i�t� �s�u�p�r�a�v�o�d�l�j�i�v�i� �s�i�g�n�a�l�n�i
�l�a�n�a�c� �o�s�t�v�a�r�i�v� �u� �s�t�a�m�b�e�n�o�m� �o�k�r�u�ž�e�n�j�u�,� �u�z� �o�d�g�o�v�a�r�a�j�u���u� �k�r�i�o�g�e�n�u� �i�n�f�r�a�s�t�r�u�k�t�u�r�u�.� �P�r�e�d�l�a�ž�e�m�o� �d�a� �M�e�i�s�s�n�e�r�o�v�o� �o�k�l�a�p�a�n�j�e� �p�r�e�d�s�t�a�v�l�j�a
fizikalnu granicu elektromagnetske zaštite za audio signalne staze.
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