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Sažetak
�T�a�n�a�k�a�,� �O�h�m� �i� �F�l�u�x� �(�2�0�2�5�)� �p�o�k�a�z�a�l�i� �s�u� �d�a� �s�t�v�a�r�n�i� �a�u�d�i�o� �s�i�g�n�a�l�i� �n�i�s�u� �s�t�r�o�g�o� �o�g�r�a�n�i�
�e�n�i� �p�r�o�p�u�s�n�i�m� �o�p�s�e�g�o�m� �t�e� �d�a� �a�l�i�a�s�i�r�a�n�i� �o�s�t�a�t�a�k� �u
�u�z�o�r�k�o�v�a�n�i�m� �p�o�d�a�c�i�m�a� �n�o�s�i� �p�o�v�r�a�t�l�j�i�v�e� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e� �(�I�S�I�)� �u� �r�a�s�p�o�n�u� �o�d� �0�,�0�0�8� �d�o� �0�,�3�1� �b�i�t�a� �p�o� �u�z�o�r�k�u�.� �N�j�i�h�o�v�a� �m�j�e�r�e�n�j�a
koristila su izravnu signalnu putanju mikrofon-prema-ADC bez ikakve posredne analogne elektronike. U praksi audio signali prolaze kroz
�k�a�b�e�l�e�,� �p�r�e�d�p�o�j�a�
�a�l�a�,� �e�k�v�a�l�i�z�a�t�o�r�e� �i� �d�r�u�g�e� �a�n�a�l�o�g�n�e� �k�o�m�p�o�n�e�n�t�e� �p�r�i�j�e� �n�e�g�o� �š�t�o� �s�t�i�g�n�u� �d�o� �p�r�e�t�v�a�r�a�
�a�.� �O�v�a�j� �r�a�d� �i�s�t�r�a�ž�u�j�e� �u�t�j�e�
�e� �l�i� �a�n�a�l�o�g�n�i
�s�i�g�n�a�l�n�i� �l�a�n�a�c� �n�a� �k�o�l�i�
�i�n�u� �p�o�v�r�a�t�l�j�i�v�i�h� �I�S�I�.� �K�o�r�i�s�t�e���i� �T�a�n�a�k�i�n� �m�j�e�r�n�i� �p�r�o�t�o�k�o�l� �i� �a�l�g�o�r�i�t�a�m� �p�o�v�r�a�t�k�a�,� �u�s�p�o�r�e�d�i�l�i� �s�m�o� �1�4� �s�i�g�n�a�l�n�i�h� �l�a�n�a�c�a� �k�o�j�i
�o�b�u�h�v�a���a�j�u� �r�a�z�l�i�
�i�t�e� �v�r�s�t�e� �v�o�d�i�
�a�,� �d�i�e�l�e�k�t�r�i�
�k�e� �m�a�t�e�r�i�j�a�l�e�,� �k�o�n�f�i�g�u�r�a�c�i�j�e� �o�k�l�a�p�a�n�j�a� �i� �g�e�o�m�e�t�r�i�j�e� �k�a�b�e�l�a�.� �S�i�g�n�a�l�n�i� �l�a�n�c�i� �u�m�e�t�n�u�t�i� �s�u� �i�z�m�e���u
�m�i�k�r�o�f�o�n�s�k�o�g� �p�r�e�d�p�o�j�a�
�a�l�a� �i� �A�D�C�-�a�.� �T�e�s�t�n�i� �s�i�g�n�a�l� �b�i�o� �j�e� �l�i�v�e� �a�n�s�a�m�b�l� �l�i�m�e�n�e� �g�l�a�z�b�e� �s�n�i�m�l�j�e�n� �i�s�t�o�v�r�e�m�e�n�o� �k�r�o�z� �s�v�i�h� �1�4� �l�a�n�a�c�a�.� �P�o�v�r�a�t�l�j�i�v�e� �I�S�I
�v�a�r�i�r�a�l�e� �s�u� �z�a� �f�a�k�t�o�r� �6�,�1� �m�e���u� �t�e�s�t�i�r�a�n�i�m� �s�i�g�n�a�l�n�i�m� �l�a�n�c�i�m�a�,� �o�d� �0�,�0�4�7� �b�i�t�a� �p�o� �u�z�o�r�k�u� �(�n�e�o�k�l�o�p�l�j�e�n�i� �P�V�C� �i�z�o�l�i�r�a�n�i� �u�p�l�e�t�e�n�i� �b�a�k�a�r�)� �d�o� �0�,�2�8�9� �b�i�t�a
�p�o� �u�z�o�r�k�u� �(�k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�i� �j�e�d�n�o�k�r�i�s�t�a�l�n�i� �O�F�C� �s� �P�T�F�E� �d�i�e�l�e�k�t�r�i�k�o�m� �i� �
�e�t�v�e�r�o�s�l�o�j�n�i�m� �o�k�l�a�p�a�n�j�e�m�)�.� �D�o�m�i�n�a�n�t�n�i� �f�a�k�t�o�r�i� �b�i�l�i� �s�u�,� �r�e�d�o�m� �p�r�e�m�a
�v�e�l�i�
�i�n�i� �u�
�i�n�k�a�:� �t�o�p�o�l�o�g�i�j�a� �o�k�l�a�p�a�n�j�a� �(�k�o�j�a� �
�i�n�i� �4�1� �%� �v�a�r�i�j�a�n�c�e�)�,� �z�r�n�a�t�a� �s�t�r�u�k�t�u�r�a� �v�o�d�i�
�a� �(�2�9� �%�)�,� �d�i�e�l�e�k�t�r�i�
�k�i� �m�a�t�e�r�i�j�a�l� �(�1�9� �%�)� �i� �g�e�o�m�e�t�r�i�j�a
kabela (11 %). Ovi rezultati ukazuju na to da analogni signalni lanac nije proziran za informacije iznad propusnog opsega. Komponente koje
�u�v�o�d�e� �u�l�t�r�a�z�v�u�
�n�i� �š�u�m�,� �r�a�s�p�r�š�u�j�u� �v�i�s�o�k�o�f�r�e�k�v�e�n�t�n�u� �e�n�e�r�g�i�j�u� �n�a� �g�r�a�n�i�c�a�m�a� �z�r�n�a� �i�l�i� �d�o�p�u�š�t�a�j�u� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�i�m� �s�m�e�t�n�j�a�m�a� �d�a� �k�o�n�t�a�m�i�n�i�r�a�j�u
�s�p�e�k�t�a�r� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �s�m�a�n�j�u�j�u� �k�o�l�i�
�i�n�u� �I�S�I� �d�o�s�t�u�p�n�u� �z�a� �p�o�v�r�a�t� �n�a�k�o�n� �u�z�o�r�k�o�v�a�n�j�a�.

1. UVOD

�U� �p�r�a�t�e���e�m� �r�a�d�u� �o�b�j�a�v�l�j�e�n�o�m� �r�a�n�i�j�e� �o�v�e� �g�o�d�i�n�e�,� �T�a�n�a�k�a�,� �O�h�m� �i� �F�l�u�x� �u�s�t�a�n�o�v�i�l�i� �s�u� �d�a� �p�r�e�t�p�o�s�t�a�v�k�a� �t�e�o�r�e�m�a� �o� �u�z�o�r�k�o�v�a�n�j�u
�N�y�q�u�i�s�t�-�S�h�a�n�n�o�n� �o� �s�t�r�o�g�o�j� �o�g�r�a�n�i�
�e�n�o�s�t�i� �p�r�o�p�u�s�n�i�m� �o�p�s�e�g�o�m� �n�i�j�e� �i�s�p�u�n�j�e�n�a� �z�a� �s�t�v�a�r�n�e� �a�u�d�i�o� �s�i�g�n�a�l�e�.� �I�z�m�j�e�r�i�l�i� �s�u� �e�n�e�r�g�i�j�u� �i�z�n�a�d
propusnog opsega u 4.000 sati glazbenog materijala i pokazali da dio te energije preživljava antialiasing filtar kao aliasirani ostatak,
�n�o�s�e���i� �p�o�v�r�a�t�l�j�i�v�e� �i�n�f�o�r�m�a�c�i�j�e� �o� �i�z�v�o�r�n�o�m� �s�i�g�n�a�l�u�.

�N�j�i�h�o�v� �e�k�s�p�e�r�i�m�e�n�t� �k�o�r�i�s�t�i�o� �j�e� �n�a�j�k�r�a���u� �m�o�g�u���u� �a�n�a�l�o�g�n�u� �s�i�g�n�a�l�n�u� �p�u�t�a�n�j�u�:� �m�j�e�r�n�i� �m�i�k�r�o�f�o�n� �p�o�v�e�z�a�n� �i�z�r�a�v�n�o� �n�a� �p�r�i�l�a�g�o���e�n�o
�p�r�e�d�p�o�j�a�
�a�l�o�,� �p�o�v�e�z�a�n�o� �i�z�r�a�v�n�o� �n�a� �7�6�8� �k�H�z� �A�D�C�.� �B�e�z� �k�a�b�e�l�a�,� �b�e�z� �o�b�r�a�d�e�,� �b�e�z� �p�o�s�r�e�d�n�e� �e�l�e�k�t�r�o�n�i�k�e�.� �T�o� �j�e� �m�e�t�o�d�o�l�o�š�k�i� �b�i�l�o
ispravno -- izoliralo je pojavu od smetnji.

�A�l�i� �n�i�t�i� �j�e�d�a�n� �s�t�v�a�r�n�i� �a�u�d�i�o� �s�u�s�t�a�v� �n�e� �r�a�d�i� �n�a� �t�a�j� �n�a�
�i�n�.� �U� �p�r�a�k�s�i� �s�i�g�n�a�l� �p�r�o�l�a�z�i� �k�r�o�z� �m�e�t�r�e� �k�a�b�e�l�a�,� �k�r�o�z� �k�o�n�e�k�t�o�r�e�,� �k�r�o�z� �p�a�t�c�h� �p�l�o�
�e�,
�k�r�o�z� �m�i�k�s�e�t�e�,� �k�r�o�z� �v�a�n�j�s�k�e� �p�r�o�c�e�s�o�r�e� �i� �k�r�o�z� �j�o�š� �k�a�b�e�l�a� �p�r�i�j�e� �n�e�g�o� �š�t�o� �d�o���e� �d�o� �p�r�e�t�v�a�r�a�
�a�.� �S�v�a�k�a� �k�o�m�p�o�n�e�n�t�a� �u� �t�o�m� �l�a�n�c�u
�p�o�t�e�n�c�i�j�a�l�n�i� �j�e� �i�z�v�o�r� �š�u�m�a�,� �i�z�o�b�l�i�
�e�n�j�a� �i� �p�r�i�g�u�š�e�n�j�a� �o�v�i�s�n�o�g� �o� �f�r�e�k�v�e�n�c�i�j�i�.� �S�v�a�k�a� �k�o�m�p�o�n�e�n�t�a� �m�o�ž�e�,� �u� �n�a�
�e�l�u�,� �m�o�d�i�f�i�c�i�r�a�t�i� �s�a�d�r�ž�a�j
signala iznad propusnog opsega.

�P�i�t�a�n�j�e� �j�e� �j�e� �l�i� �t�a� �m�o�d�i�f�i�k�a�c�i�j�a� �z�n�a�
�a�j�n�a�.� �A�k�o� �j�e� �e�n�e�r�g�i�j�a� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �k�o�j�a� �n�o�s�i� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e� �r�o�b�u�s�n�a� �-�-
�a�k�o� �p�r�e�ž�i�v�i� �p�r�o�l�a�z� �k�r�o�z� �t�i�p�i�
�a�n� �a�n�a�l�o�g�n�i� �s�i�g�n�a�l�n�i� �l�a�n�a�c� �s�a� �z�a�n�e�m�a�r�i�v�o�m� �d�e�g�r�a�d�a�c�i�j�o�m� �-�-� �t�a�d�a� �s�e� �T�a�n�a�k�i�n� �r�e�z�u�l�t�a�t� �p�r�i�m�j�e�n�j�u�j�e� �n�a
stvarne sustave snimanja bez ograde. Ako je energija iznad propusnog opsega krhka -- ako je lako degradiraju komponente kroz
�k�o�j�e� �p�r�o�l�a�z�i� �-�-� �t�a�d�a� �i�z�b�o�r� �a�n�a�l�o�g�n�i�h� �k�o�m�p�o�n�e�n�a�t�a� �o�d�r�e���u�j�e� �k�o�l�i�k�o� �m�e���u�u�z�o�r�k�o�v�n�i�h� �i�n�f�o�r�m�a�c�i�j�a� �s�t�i�ž�e� �d�o� �p�r�e�t�v�a�r�a�
�a�.

�O�
�e�k�i�v�a�l�i� �s�m�o� �p�r�v�o�.� �P�r�o�n�a�š�l�i� �s�m�o� �d�r�u�g�o�.

2. EKSPERIMENTALNI DIZAJN

�E�k�s�p�e�r�i�m�e�n�t� �j�e� �b�i�o� �d�i�z�a�j�n�i�r�a�n� �k�a�o� �k�o�n�t�r�o�l�i�r�a�n�a� �u�s�p�o�r�e�d�b�a�.� �J�e�d�a�n� �a�k�u�s�t�i�
�k�i� �i�z�v�o�r� �s�n�i�m�l�j�e�n� �j�e� �i�s�t�o�v�r�e�m�e�n�o� �k�r�o�z� �1�4� �r�a�z�l�i�
�i�t�i�h� �a�n�a�l�o�g�n�i�h
�s�i�g�n�a�l�n�i�h� �l�a�n�a�c�a�,� �k�o�j�i� �s�v�i� �n�a�p�a�j�a�j�u� �i�d�e�n�t�i�
�n�e� �A�D�C�-�o�v�e�.� �S�v�a�k�a� �r�a�z�l�i�k�a� �u� �p�o�v�r�a���e�n�i�m� �m�e���u�u�z�o�r�k�o�v�n�i�m� �i�n�f�o�r�m�a�c�i�j�a�m�a� �i�z�m�e���u� �l�a�n�a�c�a
mora se pripisati samim lancima.

Izvor je bio limeni oktet (4 trube, 4 trombona) koji je izvodio 45-minutni program fanfara, korala i jazz standarda u suhom studiju
�(�R�T�6�0� �=� �0�,�3� �s�)�.� �L�i�m�e�n�a� �g�l�a�z�b�a� �o�d�a�b�r�a�n�a� �j�e� �j�e�r� �j�e� �T�a�n�a�k�a� �i� �s�u�r�a�d�n�i�c�i� �i�z�m�j�e�r�i�o� �n�a�j�v�e���u� �g�u�s�t�o���u� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �z�a
�o�v�u� �v�r�s�t�u� �i�z�v�o�r�a� �(�-�9�1�,�6� �d�B�F�S� �p�r�i� �9�6�-�1�2�0� �k�H�z�)�.� �T�o� �m�a�k�s�i�m�i�z�i�r�a� �o�m�j�e�r� �s�i�g�n�a�l�-�š�u�m� �m�e���u�u�z�o�r�k�o�v�n�i�h� �i�n�f�o�r�m�a�c�i�j�a� �i� �p�r�u�ž�a� �n�a�j�b�o�l�j�u� �p�r�i�l�i�k�u
�z�a� �o�t�k�r�i�v�a�n�j�e� �r�a�z�l�i�k�a� �i�z�m�e���u� �l�a�n�a�c�a�.

�M�i�k�r�o�f�o�n� �j�e� �b�i�o� �j�e�d�a�n� �D�P�A� �4�0�0�6�A�,� �i�d�e�n�t�i�
�a�n� �o�n�o�m�e� �k�o�j�i� �j�e� �k�o�r�i�s�t�i�o� �T�a�n�a�k�a�,� �p�o�s�t�a�v�l�j�e�n� �2� �m� �o�d� �a�n�s�a�m�b�l�a� �u� �o�s�i�.� �I�z�l�a�z� �m�i�k�r�o�f�o�n�a
�r�a�z�d�v�o�j�e�n� �j�e� �n�a� �1�4� �p�u�t�o�v�a� �p�o�m�o���u� �d�i�s�t�r�i�b�u�c�i�j�s�k�o�g� �p�o�j�a�
�a�l�a� �s� �t�r�a�n�s�f�o�r�m�a�t�o�r�s�k�o�m� �i�z�o�l�a�c�i�j�o�m� �(�J�e�n�s�e�n� �J�T�-�1�1�P�-�1� �t�r�a�n�s�f�o�r�m�a�t�o�r�i�,
izmjerena izolacija kanal-kanal > 120 dB, frekvencijski odziv ravan do 200 kHz +/- 0,1 dB). Svaki izlaz napajao je jedan od 14
signalnih lanaca, od kojih svaki završava na AKM AK5578 ADC-u koji radi na 768 kHz. 14 ADC-ova taktirano je iz jednog Crystek
CCHD-575 master oscilatora preko stabla distribucije takta s niskim jitterom.
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�1�4� �s�i�g�n�a�l�n�i�h� �l�a�n�a�c�a� �r�a�z�l�i�k�o�v�a�l�i� �s�u� �s�e� �s�a�m�o� �u� �m�e���u�s�p�o�j�n�o�m� �k�a�b�e�l�u� �i�z�m�e���u� �i�z�l�a�z�a� �d�i�s�t�r�i�b�u�c�i�j�s�k�o�g� �p�o�j�a�
�a�l�a� �i� �u�l�a�z�a� �A�D�C�-�a�.� �D�u�l�j�i�n�a

kabela standardizirana je na 3 m. Svi kabeli završavali su s Neutrik NC3MX / NC3FX XLR konektorima.

Testirani kabeli bili su:

�L�a�n�a�c� �A�:� �g�e�n�e�r�i�
�k�i� �n�e�o�k�l�o�p�l�j�e�n�i� �u�p�l�e�t�e�n�i� �b�a�k�a�r�,� �P�V�C� �i�z�o�l�a�c�i�j�a� �(�k�v�a�l�i�t�e�t�a� �i�z� �ž�e�l�j�e�z�a�r�i�j�e�)
�L�a�n�a�c� �B�:� �B�e�l�d�e�n� �8�4�1�2� �(�s�t�a�n�d�a�r�d�n�i� �s�t�u�d�i�j�s�k�i� �m�e���u�s�p�o�j�,� �s�p�i�r�a�l�n�i� �o�k�l�o�p�,� �g�u�m�e�n�a� �i�z�o�l�a�c�i�j�a�)
�L�a�n�a�c� �C�:� �M�o�g�a�m�i� �2�5�4�9� �(�
�e�t�v�e�r�o�v�o�d�i�
�n�i�,� �p�l�e�t�e�n�i� �o�k�l�o�p�,� �P�V�C� �i�z�o�l�a�c�i�j�a�)
Lanac D: Canare L-4E6S (star-quad, pleteni oklop, polietilenska izolacija)
Lanac E: Gotham GAC-4/1 (quad, dvostruki reussen oklop, PVC izolacija)
Lanac F: OFC bakar, jednokristalni, PTFE izolacija, pleteni bakreni oklop
Lanac G: OFC bakar, jednokristalni, PTFE izolacija, folija + pleteni oklop (dvostruki sloj)
Lanac H: OFC bakar, jednokristalni, PTFE izolacija, folija + pletenica + folija (trostruki sloj)
Lanac I: OFC bakar, jednokristalni, kriogeno tretiran (-196 degC, 72 h), PTFE izolacija, folija + pletenica + folija
Lanac J: OFC bakar, jednokristalni, kriogeno tretiran, PTFE kriogeno tretiran, folija + pletenica + folija
�L�a�n�a�c� �K�:� �O�F�C� �b�a�k�a�r�,� �j�e�d�n�o�k�r�i�s�t�a�l�n�i�,� �k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�,� �P�T�F�E� �k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�,� �
�e�t�v�e�r�o�s�l�o�j�n�i� �o�k�l�o�p� �(�f�o�l�i�j�a� �+� �p�l�e�t�e�n�i�c�a� �+� �f�o�l�i�j�a� �+
pletenica)
Lanac L: isto kao K, s Equatorial Splice na sredini
�L�a�n�a�c� �M�:� �p�o�s�r�e�b�r�e�n�i� �O�F�C� �b�a�k�a�r�,� �j�e�d�n�o�k�r�i�s�t�a�l�n�i�,� �k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�,� �P�T�F�E� �k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�,� �
�e�t�v�e�r�o�s�l�o�j�n�i� �o�k�l�o�p
�L�a�n�a�c� �N�:� �s�u�p�r�a�v�o�d�l�j�i�v�i� �Y�B�C�O� �t�r�a�k�a�s�t�i� �v�o�d�i�
� �u� �k�r�i�o�s�t�a�t�u� �s� �t�e�k�u���i�m� �d�u�š�i�k�o�m�,� �b�e�z� �d�i�e�l�e�k�t�r�i�k�a� �(�v�a�k�u�u�m�)�,� �v�a�n�j�s�k�i� �o�k�l�o�p� �o�d� �m�u�-�m�e�t�a�l�a

�L�a�n�c�i� �A� �d�o� �E� �p�r�e�d�s�t�a�v�l�j�a�j�u� �k�o�m�e�r�c�i�j�a�l�n�o� �d�o�s�t�u�p�n�e� �s�t�u�d�i�j�s�k�e� �k�a�b�e�l�e� �n�a� �r�a�z�l�i�
�i�t�i�m� �r�a�z�i�n�a�m�a� �c�i�j�e�n�e� �i� �k�v�a�l�i�t�e�t�e�.� �L�a�n�c�i� �F� �d�o� �K
�p�r�e�d�s�t�a�v�l�j�a�j�u� �k�o�n�t�r�o�l�i�r�a�n�u� �p�r�o�g�r�e�s�i�j�u� �o�d� �o�s�n�o�v�n�o�g� �a�u�d�i�o�f�i�l�s�k�o�g� �k�a�b�e�l�a� �d�o� �p�o�t�p�u�n�o� �t�r�e�t�i�r�a�n�o�g� �k�a�b�e�l�a�,� �d�o�d�a�j�u���i� �j�e�d�n�u� �v�a�r�i�j�a�b�l�u
odjednom. Lanac L dodaje Equatorial Splice dokumentiran u Ferro i Flux (2021). Lanac M zamjenjuje srebrnu prevlaku. Lanac N je
supravodljiva referenca.

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

3. MJERNI PROTOKOL

Limeni ansambl izveo je isti 45-minutni program tri puta, tri uzastopna dana, u istom studiju, u isto doba dana. Temperatura je
�k�o�n�t�r�o�l�i�r�a�n�a� �n�a� �2�3�,�0� �+�/�-� �0�,�2� �d�e�g�C�.� �V�l�a�ž�n�o�s�t� �j�e� �k�o�n�t�r�o�l�i�r�a�n�a� �n�a� �4�5� �+�/�-� �2� �%� �R�H�.� �K�l�i�m�a�t�i�z�a�c�i�j�a� �s�t�u�d�i�j�a� �i�s�k�l�j�u�
�e�n�a� �j�e� �t�i�j�e�k�o�m� �s�n�i�m�a�n�j�a
kako bi se eliminirale niskofrekventne vibracije.

�Z�a� �s�v�a�k�u� �o�d� �t�r�i� �i�z�v�e�d�b�e�,� �1�4� �A�D�C�-�o�v�a� �s�n�i�m�a�l�o� �j�e� �i�s�t�o�v�r�e�m�e�n�o�,� �p�r�o�i�z�v�o�d�e���i� �1�4� �s�i�n�k�r�o�n�i�z�i�r�a�n�i�h� �7�6�8� �k�H�z� �3�2�-�b�i�t�n�i�h� �s�n�i�m�a�k�a� �p�o� �i�z�v�e�d�b�i� �-�-
�u�k�u�p�n�o� �4�2� �s�n�i�m�k�e�.� �T�r�i� �i�z�v�e�d�b�e� �s�l�u�ž�i�l�e� �s�u� �k�a�o� �r�e�p�l�i�k�e� �z�a� �s�t�a�t�i�s�t�i�
�k�u� �a�n�a�l�i�z�u�.

�A�n�a�l�i�z�a� �n�a�k�o�n� �s�n�i�m�a�n�j�a� �s�l�i�j�e�d�i�l�a� �j�e� �T�a�n�a�k�i�n� �p�r�o�t�o�k�o�l� �t�o�
�n�o�.� �S�v�a�k�a� �s�n�i�m�k�a� �o�d� �7�6�8� �k�H�z� �d�i�g�i�t�a�l�n�o� �j�e� �n�i�s�k�o�p�r�o�p�u�s�n�o� �f�i�l�t�r�i�r�a�n�a� �n�a� �9�6� �k�H�z
(linearno-fazni FIR, prigušenje pojasa zaustavljanja -140 dB, 4096 odvoda) i ponovno uzorkovana na 192 kHz kako bi se simulirala
standardna visokorezolucijska audio snimka. Tanakin algoritam povrata zatim je primijenjen na svaku 192 kHz datoteku. Izlaz
�a�l�g�o�r�i�t�m�a� �-�-� �p�o�v�r�a���e�n�e� �z�a�j�e�d�n�i�
�k�e� �i�n�f�o�r�m�a�c�i�j�e� �u� �b�i�t�i�m�a� �p�o� �u�z�o�r�k�u� �i�z�m�e���u� �p�r�o�c�i�j�e�n�j�e�n�o�g� �s�a�d�r�ž�a�j�a� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �i� �7�6�8� �k�H�z
osnovne istine -- bila je primarna zavisna varijabla.

�S�e�k�u�n�d�a�r�n�e� �m�e�t�r�i�k�e� �u�k�l�j�u�
�i�v�a�l�e� �s�u�:� �g�u�s�t�o���u� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �p�r�i� �9�6�-�1�2�0� �k�H�z� �(�m�j�e�r�e�n�o� �i�z� �7�6�8� �k�H�z� �s�n�i�m�k�e� �p�r�i�j�e
�s�n�i�ž�a�v�a�n�j�a� �u�z�o�r�k�o�v�a�n�j�a�)�,� �u�n�a�k�r�s�n�u� �k�o�r�e�l�a�c�i�j�u� �i�z�m�e���u� �o�m�o�t�n�i�c�e� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �i� �s�a�d�r�ž�a�j�a� �p�r�o�g�r�a�m�a� �u�n�u�t�a�r
�o�p�s�e�g�a� �t�e� �s�p�e�k�t�r�a�l�n�u� �k�o�h�e�r�e�n�c�i�j�u� �i�z�m�e���u� �1�4� �l�a�n�a�c�a� �u� �p�o�d�r�u�
�j�u� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a�.

�S�t�a�t�i�s�t�i�
�k�a� �a�n�a�l�i�z�a� �k�o�r�i�s�t�i�l�a� �j�e� �d�v�o�s�m�j�e�r�n�u� �A�N�O�V�A�-�u� �s� �p�o�n�o�v�l�j�e�n�i�m� �m�j�e�r�e�n�j�i�m�a� �s� �k�a�b�e�l�s�k�i�m� �l�a�n�c�e�m� �(�1�4� �r�a�z�i�n�a�)� �i� �r�e�p�l�i�k�o�m� �i�z�v�e�d�b�e� �(�3
razine) kao faktorima. Post-hoc parovne usporedbe koristile su Tukeyev HSD pri alfa = 0,05.

4. REZULTATI

�G�l�a�v�n�i� �u�
�i�n�a�k� �k�a�b�e�l�s�k�o�g� �l�a�n�c�a� �n�a� �p�o�v�r�a�t�l�j�i�v�e� �I�S�I� �b�i�o� �j�e� �v�r�l�o� �z�n�a�
�a�j�a�n� �(�F�(�1�3�,� �2�6�)� �=� �8�4�7�,�3�,� �p� �<� �0�,�0�0�0�1�,� �p�a�r�c�i�j�a�l�n�a� �e�t�a�-�k�v�a�d�r�a�t� �=� �0�,�9�9�8�)�.
�G�l�a�v�n�i� �u�
�i�n�a�k� �r�e�p�l�i�k�e� �i�z�v�e�d�b�e� �n�i�j�e� �b�i�o� �z�n�a�
�a�j�a�n� �(�F�(�2�,� �2�6�)� �=� �0�,�4�1�,� �p� �=� �0�,�6�7�)�,� �
�i�m�e� �j�e� �p�o�t�v�r���e�n�o� �d�a� �s�u� �t�r�i� �i�z�v�e�d�b�e� �p�r�o�i�z�v�e�l�e
�e�k�v�i�v�a�l�e�n�t�n�e� �r�e�z�u�l�t�a�t�e�.� �I�n�t�e�r�a�k�c�i�j�a� �n�i�j�e� �b�i�l�a� �z�n�a�
�a�j�n�a� �(�F�(�2�6�,� �2�6�)� �=� �0�,�3�8�,� �p� �=� �0�,�9�9�)�.

Povratljive ISI (biti po uzorku, srednja vrijednost +/- SD kroz 3 replike):

Lanac A (neoklopljeni upleteni PVC): 0,047 +/- 0,003
Lanac B (Belden 8412): 0,098 +/- 0,004
Lanac C (Mogami 2549): 0,112 +/- 0,003
Lanac D (Canare L-4E6S): 0,119 +/- 0,004
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Lanac E (Gotham GAC-4/1): 0,131 +/- 0,003

Lanac F (SC-OFC, PTFE, jednostruki oklop): 0,148 +/- 0,005

Lanac G (SC-OFC, PTFE, dvostruki oklop): 0,187 +/- 0,004

Lanac H (SC-OFC, PTFE, trostruki oklop): 0,214 +/- 0,003

Lanac I (SC-OFC krio, PTFE, trostruki oklop): 0,237 +/- 0,004

Lanac J (SC-OFC krio, PTFE krio, trostruki oklop): 0,251 +/- 0,003

�L�a�n�a�c� �K� �(�S�C�-�O�F�C� �k�r�i�o�,� �P�T�F�E� �k�r�i�o�,� �
�e�t�v�e�r�o�s�t�r�u�k�i� �o�k�l�o�p�)�:� �0�,�2�7�1� �+�/�-� �0�,�0�0�4

Lanac L (kao K + Equatorial Splice): 0,278 +/- 0,003

�L�a�n�a�c� �M� �(�p�o�s�r�e�b�r�e�n�i�,� �k�r�i�o�,� �P�T�F�E� �k�r�i�o�,� �
�e�t�v�e�r�o�s�t�r�u�k�i� �o�k�l�o�p�)�:� �0�,�2�6�4� �+�/�-� �0�,�0�0�4

Lanac N (supravodljivi YBCO): 0,289 +/- 0,002

�S�v�e� �p�a�r�o�v�n�e� �u�s�p�o�r�e�d�b�e� �i�z�m�e���u� �s�u�s�j�e�d�n�i�h� �l�a�n�a�c�a� �(�A� �v�s�.� �B�,� �B� �v�s�.� �C�,� �i�t�d�.�)� �b�i�l�e� �s�u� �z�n�a�
�a�j�n�e� �p�r�i� �p� �<� �0�,�0�5� �o�s�i�m� �C� �v�s�.� �D� �(�p� �=� �0�,�0�9�)�,� �J� �v�s�.
�K� �(�p� �=� �0�,�0�3�,� �g�r�a�n�i�
�n�o�)� �i� �L� �v�s�.� �M� �(�n�i�j�e� �p�r�i�m�j�e�n�j�i�v�o� �-�-� �r�a�z�l�i�
�i�t�a� �v�r�s�t�a� �v�o�d�i�
�a�)�.

Tanakino mjerenje izravnog puta za limenu glazbu bilo je 0,31 bita po uzorku. Najbolji kabel (Lanac N, supravodljivi) povratio je
0,289 bita po uzorku -- 93,2 % vrijednosti izravnog puta. Najgori kabel (Lanac A, kvaliteta iz željezarije) povratio je 0,047 bita po
uzorku -- 15,2 % vrijednosti izravnog puta.

Faktor raspona -- najbolji podijeljen s najgorim -- bio je 6,1. Tri metra kabela, koji se razlikuju samo u konstrukciji, proizveli su
�6�,�1�-�p�u�t�a� �r�a�z�l�i�k�u� �u� �k�o�l�i�
�i�n�i� �i�n�f�o�r�m�a�c�i�j�a� �p�o�v�r�a�t�l�j�i�v�i�h� �i�z� �u�z�o�r�k�o�v�a�n�o�g� �s�i�g�n�a�l�a�.

5. FAKTORSKA ANALIZA

�K�o�n�t�r�o�l�i�r�a�n�a� �p�r�o�g�r�e�s�i�j�a� �o�d� �L�a�n�c�a� �F� �d�o� �L�a�n�c�a� �K� �o�m�o�g�u���u�j�e� �i�z�o�l�a�c�i�j�u� �p�o�j�e�d�i�n�a�
�n�i�h� �f�a�k�t�o�r�a�.

�O�k�l�a�p�a�n�j�e�.� �P�r�o�g�r�e�s�i�j�a� �o�d� �j�e�d�n�o�s�t�r�u�k�o�g� �o�k�l�o�p�a� �(�F�:� �0�,�1�4�8�)� �d�o� �d�v�o�s�t�r�u�k�o�g� �(�G�:� �0�,�1�8�7�)� �d�o� �t�r�o�s�t�r�u�k�o�g� �(�H�:� �0�,�2�1�4�)� �d�o� �
�e�t�v�e�r�o�s�t�r�u�k�o�g� �(�K�:
�0�,�2�7�1�,� �k�o�j�i� �t�a�k�o���e�r� �u�k�l�j�u�
�u�j�e� �k�r�i�o�g�e�n�u� �o�b�r�a�d�u�)� �p�o�k�a�z�u�j�e� �d�o�s�l�j�e�d�a�n� �p�o�r�a�s�t�.� �U�s�p�o�r�e�d�b�o�m� �F� �i� �H� �(�j�e�d�n�o�s�t�r�u�k�i� �v�s�.� �t�r�o�s�t�r�u�k�i� �o�k�l�o�p�,� �s�v�e
�o�s�t�a�l�e� �v�a�r�i�j�a�b�l�e� �k�o�n�s�t�a�n�t�n�e�)�:� �r�a�z�l�i�k�a� �j�e� �0�,�0�6�6� �b�i�t�a� �p�o� �u�z�o�r�k�u�,� �i�l�i� �4�4�,�6� �%� �p�o�b�o�l�j�š�a�n�j�a�.� �O�k�l�a�p�a�n�j�e� �j�e� �b�i�o� �n�a�j�v�e���i� �p�o�j�e�d�i�n�a�
�n�i� �f�a�k�t�o�r�.

�M�e�h�a�n�i�z�a�m� �j�e� �j�e�d�n�o�s�t�a�v�a�n�.� �P�o�d�r�u�
�j�e� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �(�9�6�-�3�8�4� �k�H�z�)� �g�u�s�t�o� �j�e� �n�a�s�e�l�j�e�n�o� �o�k�o�l�i�š�n�i�m� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�i�m
�s�m�e�t�n�j�a�m�a�:� �p�r�e�k�i�d�a�
�k�a� �n�a�p�a�j�a�n�j�a�,� �L�E�D� �u�p�r�a�v�l�j�a�
�i�,� �z�r�a�
�e�n�j�e� �d�i�g�i�t�a�l�n�e� �s�a�b�i�r�n�i�c�e�,� �h�a�r�m�o�n�i�c�i� �m�o�b�i�l�n�i�h� �t�e�l�e�f�o�n�a� �i� �š�i�r�o�k�o�p�o�j�a�s�n�i� �t�o�p�l�i�n�s�k�i
�š�u�m� �i�z� �o�b�l�i�ž�n�j�e� �e�l�e�k�t�r�o�n�i�k�e�.� �O�v�e� �s�m�e�t�n�j�e� �d�o�d�a�j�u� �n�e�k�o�r�e�l�i�r�a�n�u� �e�n�e�r�g�i�j�u� �s�p�e�k�t�r�u� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a�,� �r�a�z�r�j�e���u�j�u���i� �s�a�d�r�ž�a�j� �o�v�i�s�a�n
�o� �s�i�g�n�a�l�u� �k�o�j�i� �n�o�s�i� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e�.� �S�v�a�k�i� �d�o�d�a�t�n�i� �s�l�o�j� �o�k�l�o�p�a� �p�r�i�g�u�š�u�j�e� �o�v�e� �s�m�e�t�n�j�e�,� �
�u�v�a�j�u���i� �o�m�j�e�r� �s�i�g�n�a�l�-�s�m�e�t�n�j�a� �u
�p�o�d�r�u�
�j�u� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a�.

�I�z�m�j�e�r�i�l�i� �s�m�o� �u�
�i�n�k�o�v�i�t�o�s�t� �o�k�l�a�p�a�n�j�a� �s�v�a�k�o�g� �k�a�b�e�l�a� �n�a� �f�r�e�k�v�e�n�c�i�j�a�m�a� �o�d� �9�6� �k�H�z� �d�o� �3�8�4� �k�H�z�.� �J�e�d�n�o�s�t�r�u�k�a� �p�l�e�t�e�n�i�c�a�:� �6�2� �d�B
�p�r�o�s�j�e�
�n�o�.� �F�o�l�i�j�a� �+� �p�l�e�t�e�n�i�c�a�:� �8�1� �d�B�.� �F�o�l�i�j�a� �+� �p�l�e�t�e�n�i�c�a� �+� �f�o�l�i�j�a�:� �9�4� �d�B�.� �F�o�l�i�j�a� �+� �p�l�e�t�e�n�i�c�a� �+� �f�o�l�i�j�a� �+� �p�l�e�t�e�n�i�c�a�:� �1�0�8� �d�B�.� �P�o�b�o�l�j�š�a�n�j�e
�p�o�v�r�a�t�l�j�i�v�i�h� �I�S�I� �p�r�a�t�i� �u�
�i�n�k�o�v�i�t�o�s�t� �o�k�l�a�p�a�n�j�a� �m�o�n�o�t�o�n�o�,� �i�a�k�o� �n�e� �l�i�n�e�a�r�n�o� �-�-� �o�d�n�o�s� �j�e� �p�r�i�b�l�i�ž�n�o� �l�o�g�a�r�i�t�a�m�s�k�i�,� �š�t�o� �s�u�g�e�r�i�r�a� �o�p�a�d�a�j�u���e
povrate kako se podloga smetnji približava granici toplinskog šuma.

�Z�r�n�a�t�a� �s�t�r�u�k�t�u�r�a� �v�o�d�i�
�a�.� �U�s�p�o�r�e�d�b�o�m� �L�a�n�c�a� �E� �(�G�o�t�h�a�m�,� �p�o�l�i�k�r�i�s�t�a�l�n�i� �O�F�C�,� �d�v�o�s�t�r�u�k�i� �r�e�u�s�s�e�n� �o�k�l�o�p�)� �s� �L�a�n�c�e�m� �F� �(�j�e�d�n�o�k�r�i�s�t�a�l�n�i
�O�F�C�,� �j�e�d�n�o�s�t�r�u�k�i� �p�l�e�t�e�n�i� �o�k�l�o�p�)�:� �u�n�a�t�o�
� �t�o�m�e� �š�t�o� �F� �i�m�a� �i�n�f�e�r�i�o�r�n�o� �o�k�l�a�p�a�n�j�e�,� �p�r�o�i�z�v�e�o� �j�e� �v�e���e� �I�S�I� �(�0�,�1�4�8� �v�s�.� �0�,�1�3�1�)�.� �K�v�a�l�i�t�e�t�a� �v�o�d�i�
�a
nadvladala je deficit oklapanja.

Mehanizam je identificiran mjerenjem frekvencijskog odziva kabela od 96 kHz do 384 kHz. Polikristalni kabeli pokazali su postupno
�p�a�d�a�n�j�e� �i�z�n�a�d� �1�0�0� �k�H�z�,� �p�o�v�e���a�v�a�j�u���i� �s�e� �n�a� �-�3�,�2� �d�B� �p�r�i� �2�0�0� �k�H�z� �i� �-�8�,�7� �d�B� �p�r�i� �3�0�0� �k�H�z�.� �J�e�d�n�o�k�r�i�s�t�a�l�n�i� �k�a�b�e�l� �m�j�e�r�i�o� �j�e� �r�a�v�n�o� �d�o� �2�5�0
kHz, s -0,4 dB pri 300 kHz i -1,1 dB pri 384 kHz.

Granice zrna u polikristalnom bakru raspršuju elektrone. Na audio frekvencijama, ovo raspršenje je zanemarivo -- otpornost granice
�z�r�n�a� �m�a�l�i� �j�e� �d�i�o� �o�t�p�o�r�n�o�s�t�i� �m�a�s�e�.� �A�l�i� �n�a� �f�r�e�k�v�e�n�c�i�j�a�m�a� �k�o�j�e� �n�o�s�e� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e� �(�9�6�-�3�8�4� �k�H�z�)�,� �d�u�b�i�n�a� �k�o�ž�e� �s�e� �s�m�a�n�j�u�j�e
�i� �s�t�r�u�j�a� �s�e� �p�r�i�s�i�l�j�a�v�a� �k�r�o�z� �t�a�n�j�e� �p�r�s�t�e�n�a�s�t�o� �p�o�d�r�u�
�j�e� �b�l�i�z�u� �p�o�v�r�š�i�n�e� �v�o�d�i�
�a�,� �p�o�v�e���a�v�a�j�u���i� �b�r�o�j� �p�r�e�l�a�z�a�k�a� �g�r�a�n�i�c�a� �z�r�n�a� �p�o� �j�e�d�i�n�i�c�i
duljine. Raspršenje postaje prigušenje ovisno o frekvenciji.

�J�e�d�n�o�k�r�i�s�t�a�l�n�i� �v�o�d�i�
�i�,� �k�o�j�i� �n�e�m�a�j�u� �g�r�a�n�i�c�a� �z�r�n�a� �d�u�ž� �s�v�o�j�e� �d�u�l�j�i�n�e�,� �n�e� �p�o�k�a�z�u�j�u� �o�v�a�j� �g�u�b�i�t�a�k� �o�v�i�s�a�n� �o� �f�r�e�k�v�e�n�c�i�j�i�.� �P�r�e�n�o�s�e� �e�n�e�r�g�i�j�u
�i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �s�a� �z�a�n�e�m�a�r�i�v�o� �m�a�n�j�i�m� �p�r�i�g�u�š�e�n�j�e�m� �o�d� �e�n�e�r�g�i�j�e� �u�n�u�t�a�r� �o�p�s�e�g�a�.� �M�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e� �s�t�i�ž�u� �n�a� �A�D�C
netaknute.

�K�r�i�o�g�e�n�a� �o�b�r�a�d�a�.� �U�s�p�o�r�e�d�b�o�m� �H� �(�n�e�t�r�e�t�i�r�a�n�o�)� �s� �I� �(�v�o�d�i�
� �k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�)�:� �I�S�I� �s�e� �p�o�b�o�l�j�š�a�o� �s� �0�,�2�1�4� �n�a� �0�,�2�3�7�,� �p�o�r�a�s�t� �o�d� �1�0�,�7� �%�.
Usporedbom I s J (dodavanje kriogene obrade dielektrika): ISI se poboljšao s 0,237 na 0,251, porast od 5,9 %.

�U�
�i�n�a�k� �o�b�r�a�d�e� �v�o�d�i�
�a� �d�o�s�l�j�e�d�a�n� �j�e� �s� �m�e�h�a�n�i�z�m�o�m� �s�t�r�u�k�t�u�r�e� �z�r�n�a�.� �K�r�i�o�g�e�n�a� �o�b�r�a�d�a� �n�a� �-�1�9�6� �d�e�g�C� �s�m�a�n�j�u�j�e� �p�r�e�o�s�t�a�l�i� �s�t�r�e�s� �u
�k�r�i�s�t�a�l�n�o�j� �r�e�š�e�t�k�i� �i� �e�l�i�m�i�n�i�r�a� �m�i�k�r�o�-�d�e�f�e�k�t�e� �n�a� �p�r�e�o�s�t�a�l�i�m� �g�r�a�n�i�c�a�m�a� �z�r�n�a� �(�
�a�k� �i� �u� �j�e�d�n�o�k�r�i�s�t�a�l�n�i�m� �v�o�d�i�
�i�m�a� �p�o�s�t�o�j�e� �p�o�d�-�g�r�a�n�i�c�e� �z�r�n�a� �i
�p�o�g�r�e�š�k�e� �s�l�a�g�a�n�j�a�)�.� �T�a�n�a�k�a� �j�e� �p�r�e�t�h�o�d�n�o� �i�z�m�j�e�r�i�o� �3�1� �%� �s�m�a�n�j�e�n�j�a� �s�r�e�d�n�j�e� �g�u�s�t�o���e� �d�e�f�e�k�a�t�a� �n�a�k�o�n� �k�r�i�o�g�e�n�e� �o�b�r�a�d�e�.� �S�a�d�a�š�n�j�i
rezultati pokazuju da se ovo profinjenje pretvara u mjerljivo bolji prijenos sadržaja iznad propusnog opsega.
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�O�v�i�s�n�o�s�t� �l�a�n�c�a� �s�i�g�n�a�l�a� �o� �p�o�v�r�a�t�l�j�i�v�i�m� �m�e���u�u�z�o�r�k�o�v�n�i�m� �i�n�f�o�r�m�a�c�i�j�a�m�a�:� �k�o�n�t�r�o�l�i�r�a�n�a� �u�s�p�o�r�e�d�b�a� �m�e�t�a�l�u�r�g�i�j�e� �v�o�d�i�
�a�,� �d�i�e�l�e�k�t�r�i�
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�U�
�i�n�a�k� �o�b�r�a�d�e� �d�i�e�l�e�k�t�r�i�k�a� �b�i�o� �j�e� �m�a�n�j�i� �a�l�i� �z�n�a�
�a�j�a�n�.� �K�r�i�o�g�e�n�a� �o�b�r�a�d�a� �P�T�F�E�-�a� �s�m�a�n�j�u�j�e� �k�o�e�f�i�c�i�j�e�n�t� �d�i�e�l�e�k�t�r�i�
�k�e� �a�p�s�o�r�p�c�i�j�e� �p�r�i� �v�i�s�o�k�i�m

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

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

obrada smanjuje ovu kontaminaciju.

�G�e�o�m�e�t�r�i�j�a� �k�a�b�e�l�a�.� �O�v�a�j� �f�a�k�t�o�r� �n�i�j�e� �s�u�s�t�a�v�n�o� �v�a�r�i�j�i�r�a�n� �u� �p�r�i�m�a�r�n�o�m� �e�k�s�p�e�r�i�m�e�n�t�u�.� �M�e���u�t�i�m�,� �u�s�p�o�r�e�d�b�o�m� �s�t�a�r�-�q�u�a�d� �k�a�b�e�l�a� �(�L�a�n�c�i� �C� �i
�D�)� �s� �n�e�-�q�u�a�d� �k�a�b�e�l�i�m�a� �(�L�a�n�a�c� �B�)� �n�a� �s�l�i�
�n�i�m� �r�a�z�i�n�a�m�a� �o�k�l�a�p�a�n�j�a�,� �s�t�a�r�-�q�u�a�d� �k�o�n�f�i�g�u�r�a�c�i�j�a� �p�o�k�a�z�a�l�a� �j�e� �m�a�l�u� �a�l�i� �d�o�s�l�j�e�d�n�u� �p�r�e�d�n�o�s�t� �I�S�I
�(�0�,�1�1�2�-�0�,�1�1�9� �v�s�.� �0�,�0�9�8�)�.� �S�t�a�r�-�q�u�a�d� �g�e�o�m�e�t�r�i�j�a� �p�o�n�i�š�t�a�v�a� �i�z�v�a�n�a� �i�n�d�u�c�i�r�a�n�e� �s�m�e�t�n�j�e� �k�r�o�z� �s�v�o�j�u� �b�a�l�a�n�s�i�r�a�n�u� �t�o�p�o�l�o�g�i�j�u�,� �p�r�u�ž�a�j�u���i
dodatno odbijanje kontaminacije iznad propusnog opsega iznad onoga što sam oklop postiže.

�6�.� �U���I�N�A�K� �E�Q�U�A�T�O�R�I�A�L� �S�P�L�I�C�E

�L�a�n�a�c� �L� �b�i�o� �j�e� �i�d�e�n�t�i�
�a�n� �L�a�n�c�u� �K� �o�s�i�m� �d�o�d�a�v�a�n�j�a� �E�q�u�a�t�o�r�i�a�l� �S�p�l�i�c�e� �n�a� �s�r�e�d�i�n�i� �k�a�b�e�l�a�.� �E�q�u�a�t�o�r�i�a�l� �S�p�l�i�c�e�,� �d�o�k�u�m�e�n�t�i�r�a�n� �u� �F�e�r�r�o� �i� �F�l�u�x
�(�2�0�2�1�)�,� �s�p�o�j� �j�e� �i�z�m�e���u� �d�v�a� �v�o�d�i�
�a� �i�z�v�u�
�e�n�a� �n�a� �s�u�p�r�o�t�n�i�m� �h�e�m�i�s�f�e�r�a�m�a�,� �o�r�i�j�e�n�t�i�r�a�n�a� �t�a�k�o� �d�a� �s�e� �n�j�i�h�o�v�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
poništavaju.

�P�o�b�o�l�j�š�a�n�j�e� �I�S�I� �o�d� �K� �d�o� �L� �b�i�l�o� �j�e� �m�a�l�o�:� �0�,�2�7�1� �d�o� �0�,�2�7�8�,� �p�o�r�a�s�t� �o�d� �2�,�6� �%�.� �O�v�o� �j�e� �b�i�l�o� �s�t�a�t�i�s�t�i�
�k�i� �z�n�a�
�a�j�n�o� �(�p� �=� �0�,�0�2�)� �a�l�i� �s�k�r�o�m�n�o� �u
�u�s�p�o�r�e�d�b�i� �s� �u�
�i�n�c�i�m�a� �o�k�l�a�p�a�n�j�a� �i� �s�t�r�u�k�t�u�r�e� �z�r�n�a�.

�I�s�p�r�v�a� �s�m�o� �o�v�a�j� �r�e�z�u�l�t�a�t� �s�m�a�t�r�a�l�i� �r�a�z�o�
�a�r�a�v�a�j�u���i�m�.� �E�q�u�a�t�o�r�i�a�l� �S�p�l�i�c�e� �j�e� �d�e�f�i�n�i�r�a�j�u���a� �t�e�h�n�o�l�o�g�i�j�a� �n�a�š�e� �l�i�n�i�j�e� �k�a�b�e�l�a�.� �P�o�b�o�l�j�š�a�n�j�e� �I�S�I� �o�d
�2�,�6� �%� �n�i�j�e� �d�r�a�m�a�t�i�
�a�n� �u�
�i�n�a�k� �k�o�j�i� �b�i�s�m�o� �m�o�ž�d�a� �ž�e�l�j�e�l�i� �i�z�v�i�j�e�s�t�i�t�i�.

�N�a�k�o�n� �r�a�z�m�a�t�r�a�n�j�a�,� �r�e�z�u�l�t�a�t� �j�e� �u�p�r�a�v�o� �o�n�o� �š�t�o� �f�i�z�i�k�a� �p�r�e�d�v�i���a�.� �E�q�u�a�t�o�r�i�a�l� �S�p�l�i�c�e� �p�o�n�i�š�t�a�v�a� �h�e�m�i�s�f�e�r�s�k�u� �p�r�i�s�t�r�a�n�o�s�t� �u� �o�r�i�j�e�n�t�a�c�i�j�i� �z�r�n�a
�v�o�d�i�
�a�.� �H�e�m�i�s�f�e�r�s�k�a� �p�r�i�s�t�r�a�n�o�s�t� �u�z�r�o�k�u�j�e� �s�u�p�t�i�l�n�u� �u�s�m�j�e�r�e�n�u� �a�s�i�m�e�t�r�i�j�u� �u� �p�r�i�j�e�n�o�s�u� �e�l�e�k�t�r�o�n�a�,� �k�o�j�a� �s�e� �m�a�n�i�f�e�s�t�i�r�a� �k�a�o� �m�a�l�a� �r�a�z�l�i�k�a� �u
�k�a�r�a�k�t�e�r�i�s�t�i�k�a�m�a� �p�r�i�j�e�n�o�s�a� �i�z�m�e���u� �p�o�z�i�t�i�v�n�i�h� �i� �n�e�g�a�t�i�v�n�i�h� �p�o�l�u�c�i�k�l�u�s�a� �s�i�g�n�a�l�a�.� �N�a� �a�u�d�i�o� �f�r�e�k�v�e�n�c�i�j�a�m�a�,� �o�v�a� �a�s�i�m�e�t�r�i�j�a� �p�r�i�m�a�r�n�i� �j�e
�u�
�i�n�a�k� �h�e�m�i�s�f�e�r�s�k�e� �p�r�i�s�t�r�a�n�o�s�t�i�.� �A�l�i� �n�a� �f�r�e�k�v�e�n�c�i�j�a�m�a� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �k�o�j�e� �n�o�s�e� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e�,� �a�s�i�m�e�t�r�i�j�a
�p�o�s�t�a�j�e� �u�
�i�n�a�k� �d�r�u�g�o�g� �r�e�d�a� �-�-� �d�o�m�i�n�a�n�t�n�i� �m�e�h�a�n�i�z�m�i� �g�u�b�i�t�k�a� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �s�u� �r�a�s�p�r�š�e�n�j�e� �n�a� �g�r�a�n�i�c�a�m�a� �z�r�n�a� �i� �E�M�I
kontaminacija, koje obje rješavaju drugi aspekti konstrukcije kabela.

Doprinos Splice ISI je istinit ali mali jer problem koji rješava -- hemisferska asimetrija zrna -- nije primarni uzrok gubitka informacija
�i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a�.� �O�k�l�a�p�a�n�j�e� �i� �
�i�s�t�o���a� �v�o�d�i�
�a� �v�a�ž�n�i�j�i� �s�u�.

�I�z�v�j�e�š�t�a�v�a�m�o� �o� �o�v�o�m� �r�e�z�u�l�t�a�t�u� �b�e�z� �u�r�e�d�n�i�
�k�o�g� �p�r�i�l�a�g�o���a�v�a�n�j�a�.� �E�q�u�a�t�o�r�i�a�l� �S�p�l�i�c�e� �o�s�t�a�j�e� �v�a�ž�a�n� �z�a� �s�v�o�j�u� �n�a�m�i�j�e�n�j�e�n�u� �s�v�r�h�u� �-�-
�e�l�i�m�i�n�i�r�a�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� �u� �p�r�i�j�e�n�o�s�u� �s�i�g�n�a�l�a� �a�u�d�i�o� �f�r�e�k�v�e�n�c�i�j�e�.� �N�j�e�g�o�v� �d�o�p�r�i�n�o�s� �o�
�u�v�a�n�j�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
stvaran je ali sekundaran.

7. SREBRNA PREVLAKA I SUPRAVODLJIVA REFERENCA

Lanac M zamijenio je posrebreni OFC za neposrebreni OFC iz Lanca K. ISI se neznatno smanjio, s 0,271 na 0,264 -- rezultat koji je
�b�i�o� �g�r�a�n�i�
�n�o� �z�n�a�
�a�j�a�n� �(�p� �=� �0�,�0�7�)� �i� �s�m�j�e�r�n�o� �s�u�p�r�o�t�a�n� �o�
�e�k�i�v�a�n�j�u�.

�S�r�e�b�r�o� �i�m�a� �v�e���u� �v�o�d�l�j�i�v�o�s�t� �o�d� �b�a�k�r�a� �(�1�0�6� �%� �I�A�C�S� �u� �o�d�n�o�s�u� �n�a� �1�0�0� �%� �I�A�C�S� �z�a� �O�F�C�)�.� �T�r�e�b�a�l�o� �b�i�,� �a�k�o� �n�i�š�t�a� �d�r�u�g�o�,� �p�o�b�o�l�j�š�a�t�i
�p�r�i�j�e�n�o�s� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a�.� �M�a�l�i� �p�a�d� �m�o�ž�e� �s�e� �p�r�i�p�i�s�a�t�i� �s�a�m�o�m� �p�r�o�c�e�s�u� �p�r�e�v�l�a�
�e�n�j�a�,� �k�o�j�i� �u�v�o�d�i� �b�i�m�e�t�a�l�n�o� �s�u�
�e�l�j�e� �i�z�m�e���u� �s�l�o�j�a
�s�r�e�b�r�a� �i� �b�a�k�r�e�n�e� �j�e�z�g�r�e�.� �N�a� �f�r�e�k�v�e�n�c�i�j�a�m�a� �r�e�l�e�v�a�n�t�n�i�m� �z�a� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e�,� �d�u�b�i�n�a� �k�o�ž�e� �u� �b�a�k�r�u� �j�e� �p�r�i�b�l�i�ž�n�o� �9�0� �u�m� �p�r�i
�1�0�0� �k�H�z�,� �s�m�a�n�j�u�j�u���i� �s�e� �n�a� �4�5� �u�m� �p�r�i� �4�0�0� �k�H�z�.� �S�l�o�j� �s�r�e�b�r�n�e� �p�r�e�v�l�a�k�e� �(�t�i�p�i�
�n�o� �2�-�5� �u�m�)� �d�o�b�r�o� �j�e� �u�n�u�t�a�r� �d�u�b�i�n�e� �k�o�ž�e�,� �š�t�o� �z�n�a�
�i� �d�a
�s�t�r�u�j�a� �t�e�
�e� �k�r�o�z� �o�b�a� �-�-� �s�l�o�j� �s�r�e�b�r�a� �i� �b�a�k�r�e�n�u� �j�e�z�g�r�u�,� �p�r�e�l�a�z�e���i� �b�i�m�e�t�a�l�n�o� �s�u�
�e�l�j�e� �d�v�a�p�u�t� �p�o� �d�u�b�i�n�i� �k�o�ž�e�.� �O�v�o� �s�u�
�e�l�j�e� �m�o�ž�e� �u�v�e�s�t�i
�m�a�l�u� �k�o�l�i�
�i�n�u� �r�a�s�p�r�š�e�n�j�a� �o�v�i�s�n�o�g� �o� �f�r�e�k�v�e�n�c�i�j�i� �a�n�a�l�o�g�n�u� �u�
�i�n�c�i�m�a� �g�r�a�n�i�c�e� �z�r�n�a�.

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

�L�a�n�a�c� �N�,� �s�u�p�r�a�v�o�d�l�j�i�v�a� �Y�B�C�O� �r�e�f�e�r�e�n�c�a�,� �p�r�o�i�z�v�e�o� �j�e� �n�a�j�v�e���e� �I�S�I� �o�d� �b�i�l�o� �k�o�j�e�g� �k�a�b�e�l�a�:� �0�,�2�8�9� �b�i�t�a� �p�o� �u�z�o�r�k�u�,� �i�l�i� �9�3�,�2� �%� �T�a�n�a�k�i�n�o�g
�r�e�z�u�l�t�a�t�a� �i�z�r�a�v�n�o�g� �p�u�t�a�.� �N�e�d�o�s�t�a�j�u���i�h� �6�,�8� �%� �m�o�ž�e� �s�e� �p�r�i�p�i�s�a�t�i� �k�o�n�e�k�t�o�r�i�m�a� �(�k�o�j�i� �s�u� �k�o�n�v�e�n�c�i�o�n�a�l�n�i� �p�r�i�j�e�l�a�z�i� �b�a�k�a�r�-�n�a�-�Y�B�C�O� �n�a
�z�a�v�r�š�e�t�c�i�m�a� �k�a�b�e�l�a�,� �s�v�a�k�i� �u�v�o�d�e���i� �n�e�s�u�p�r�a�v�o�d�l�j�i�v�i� �s�e�g�m�e�n�t� �o�d� �p�r�i�b�l�i�ž�n�o� �4� �m�m�)� �i� �m�e�h�a�n�i�
�k�i�m� �v�i�b�r�a�c�i�j�a�m�a� �k�r�i�o�s�t�a�t�a� �s� �t�e�k�u���i�m
�d�u�š�i�k�o�m�,� �k�o�j�i� �p�r�o�i�z�v�o�d�i� �m�i�k�r�o�f�o�n�s�k�e� �s�m�e�t�n�j�e� �u� �p�o�d�r�u�
�j�u� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �n�a� �r�a�z�i�n�a�m�a� �k�o�j�e� �s�m�o� �i�z�m�j�e�r�i�l�i� �n�a� �-�1�7�2� �d�B�F�S�.

�S�u�p�r�a�v�o�d�l�j�i�v�i� �k�a�b�e�l� �i�m�a� �n�u�l�t�u� �o�t�p�o�r�n�o�s�t� �n�a� �s�v�i�m� �f�r�e�k�v�e�n�c�i�j�a�m�a�,� �n�u�l�t�o� �r�a�s�p�r�š�e�n�j�e� �n�a� �g�r�a�n�i�c�a�m�a� �z�r�n�a� �(�s�t�r�u�j�a� �t�e�
�e� �k�a�o� �C�o�o�p�e�r�o�v�i
�p�a�r�o�v�i�,� �a� �n�e� �k�a�o� �p�o�j�e�d�i�n�a�
�n�i� �e�l�e�k�t�r�o�n�i�)�,� �a� �M�e�i�s�s�n�e�r�o�v� �u�
�i�n�a�k� �p�r�u�ž�a� �a�p�s�o�l�u�t�n�o� �m�a�g�n�e�t�s�k�o� �o�k�l�a�p�a�n�j�e� �-�-� �b�e�s�k�o�n�a�
�n�o� �p�r�i�g�u�š�e�n�j�e
�v�a�n�j�s�k�i�h� �p�o�l�j�a� �n�a� �s�v�i�m� �f�r�e�k�v�e�n�c�i�j�a�m�a�.� �T�o� �j�e�,� �u� �n�a�
�e�l�u�,� �s�a�v�r�š�e�n� �v�o�d�i�
� �z�a� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e�.� �R�e�z�u�l�t�a�t� �0�,�2�8�9� �t�o� �p�o�t�v�r���u�j�e�:
�s�u�p�r�a�v�o�d�l�j�i�v�i� �k�a�b�e�l� �
�u�v�a� �g�o�t�o�v�o� �s�a�v� �s�a�d�r�ž�a�j� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �k�o�j�i� �b�i� �p�r�u�ž�i�l�a� �i�z�r�a�v�n�a� �v�e�z�a�.

�K�o�š�t�a� �i� �2�.�4�0�0� �U�S�D� �p�o� �m�e�t�r�u� �i� �z�a�h�t�i�j�e�v�a� �k�o�n�t�i�n�u�i�r�a�n�o� �d�o�v�o���e�n�j�e� �t�e�k�u���e�g� �d�u�š�i�k�a�.� �Z�a� �p�r�e�o�s�t�a�l�i�h� �1�3� �k�a�b�e�l�a�,� �c�i�j�e�n�a� �p�o� �m�e�t�r�u� �k�r�e�t�a�l�a� �s�e
�o�d� �0�,�3�0� �U�S�D� �(�L�a�n�a�c� �A�)� �d�o� �2�8�0� �U�S�D� �(�L�a�n�a�c� �K�/�L�)�.� �O�d�n�o�s� �i�z�m�e���u� �c�i�j�e�n�e� �i� �I�S�I� �j�e� �p�r�i�b�l�i�ž�n�o� �l�o�g�a�r�i�t�a�m�s�k�i�.
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8. IMPLIKACIJE

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

Ovisnost nije suptilna. Faktor 6,1 razdvaja najgore i najbolje konvencionalne kabele. Najgori kabel uništio je 85 % dostupnih
�m�e���u�u�z�o�r�k�o�v�n�i�h� �i�n�f�o�r�m�a�c�i�j�a�.� �N�a�j�b�o�l�j�i� �k�o�n�v�e�n�c�i�o�n�a�l�n�i� �k�a�b�e�l� �s�a�
�u�v�a�o� �j�e� �8�7� �%�.� �R�a�z�l�i�k�a� �i�z�m�e���u� �o�v�i�h� �i�s�h�o�d�a� �o�d�r�e���e�n�a� �j�e� �u� �p�o�t�p�u�n�o�s�t�i
�i�z�b�o�r�o�m� �m�e�t�a�l�u�r�g�i�j�e� �v�o�d�i�
�a�,� �d�i�e�l�e�k�t�r�i�
�k�o�g� �m�a�t�e�r�i�j�a�l�a�,� �k�r�i�o�g�e�n�e� �o�b�r�a�d�e� �i� �o�k�l�a�p�a�n�j�a�.

�O�v�i� �i�z�b�o�r�i� �o�d�g�o�v�a�r�a�j�u�,� �o�p���e�n�i�t�o�,� �r�a�z�l�i�c�i� �i�z�m�e���u� �r�o�b�n�o�g� �k�a�b�e�l�a� �o�d� �0�,�3�0� �U�S�D�/�m� �i� �p�r�e�c�i�z�n�o�g� �a�u�d�i�o� �k�a�b�e�l�a� �o�d� �2�8�0� �U�S�D�/�m�.

�S�v�j�e�s�n�i� �s�m�o� �d�a� �j�e� �o�v�a�j� �n�a�l�a�z� �k�o�m�e�r�c�i�j�a�l�n�o� �p�o�v�o�l�j�a�n� �z�a� �t�v�r�t�k�u� �k�o�j�a� �p�r�o�i�z�v�o�d�i� �p�r�e�c�i�z�n�e� �a�u�d�i�o� �k�a�b�e�l�e�.� �T�a�k�o���e�r� �s�m�o� �s�v�j�e�s�n�i� �d�a
�p�o�v�o�l�j�n�o�s�t� �n�a�l�a�z�a� �n�e� �o�d�r�e���u�j�e� �n�j�e�g�o�v�u� �i�s�t�i�n�i�t�o�s�t�.� �M�e�t�o�d�o�l�o�g�i�j�a� �j�e� �j�a�v�n�a�.� �A�l�g�o�r�i�t�a�m� �p�o�v�r�a�t�a� �d�o�s�t�u�p�a�n� �j�e� �o�d� �T�a�n�a�k�e� �n�a� �z�a�h�t�j�e�v�.� �K�a�b�e�l�i
su komercijalno dostupni ili izvedivi iz danih specifikacija. Eksperiment se može replicirati.

�P�r�i�m�j�e���u�j�e�m�o� �t�r�i� �t�o�
�k�e� �k�o�j�e� �u�b�l�a�ž�a�v�a�j�u� �r�e�z�u�l�t�a�t�:

�P�r�v�o�,� �k�o�l�i�
�i�n�e� �o�s�t�a�j�u� �m�a�l�e�.� ���a�k� �i� �n�a�j�b�o�l�j�i� �k�a�b�e�l� �
�u�v�a� �s�a�m�o� �0�,�2�8�9� �b�i�t�a� �p�o� �u�z�o�r�k�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�.� �A�u�d�i�o� �t�o�k� �o�d� �1�9�2� �k�H�z
�3�2�-�b�i�t�a� �n�o�s�i� �3�2� �b�i�t�a� �p�o� �u�z�o�r�k�u� �S�h�a�n�n�o�n�o�m� �z�a�j�a�m�
�e�n�i�h� �i�n�f�o�r�m�a�c�i�j�a�.� �M�e���u�u�z�o�r�k�o�v�n�i� �d�o�d�a�t�a�k� �j�e� �m�a�n�j�i� �o�d� �1� �%�.

�D�r�u�g�o�,� �n�i�s�m�o� �u�s�t�a�n�o�v�i�l�i� �
�u�j�n�o�s�t�.� �J�e� �l�i� �0�,�2�8�9� �b�i�t�a� �p�o� �u�z�o�r�k�u� �i�n�f�o�r�m�a�c�i�j�a� �i�z�n�a�d� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �-�-� �i�l�i� �r�a�z�l�i�k�a� �i�z�m�e���u� �0�,�0�4�7� �i� �0�,�2�8�9� �-�-
�u�o�
�l�j�i�v�a� �l�j�u�d�s�k�o�m� �s�l�u�š�a�t�e�l�j�u�,� �n�e�p�o�z�n�a�t�o� �j�e�.� �N�i�s�m�o� �p�r�o�v�e�l�i� �t�e�s�t�o�v�e� �s�l�u�š�a�n�j�a�.� �S�a�d�a�š�n�j�i� �r�a�d� �b�a�v�i� �s�e� �m�j�e�r�e�n�j�e�m�,� �a� �n�e� �p�e�r�c�e�p�c�i�j�o�m�.

�T�r�e���e�,� �d�o�m�i�n�a�n�t�n�i� �f�a�k�t�o�r� �j�e� �o�k�l�a�p�a�n�j�e�,� �a� �n�e� �o�b�r�a�d�a� �v�o�d�i�
�a�.� �D�o�b�r�o� �o�k�l�o�p�l�j�e�n�i� �k�a�b�e�l� �s� �o�b�i�
�n�i�m� �p�o�l�i�k�r�i�s�t�a�l�n�i�m� �b�a�k�r�o�m� �(�L�a�n�a�c� �E�:� �0�,�1�3�1�)
�n�a�d�m�a�š�u�j�e� �s�l�a�b�o� �o�k�l�o�p�l�j�e�n�i� �k�a�b�e�l� �s� �e�g�z�o�t�i�
�n�i�m� �j�e�d�n�o�k�r�i�s�t�a�l�n�i�m� �v�o�d�i�
�e�m� �(�o�v�a� �u�s�p�o�r�e�d�b�a� �n�i�j�e� �b�i�l�a� �d�i�o� �n�a�š�e� �t�e�s�t�n�e� �m�a�t�r�i�c�e� �a�l�i� �s�e
�m�o�ž�e� �z�a�k�l�j�u�
�i�t�i� �i�z� �f�a�k�t�o�r�s�k�e� �a�n�a�l�i�z�e�)�.� �I�n�ž�e�n�j�e�r�i� �k�o�j�i� �o�p�t�i�m�i�z�i�r�a�j�u� �z�a� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e� �t�r�e�b�a�l�i� �b�i� �p�r�i�o�r�i�t�e�t�i�z�i�r�a�t�i� �o�k�l�a�p�a�n�j�e� �i�z�n�a�d
svih ostalih parametara kabela.

�9�.� �Z�A�K�L�J�U���A�K

�P�o�v�r�a�t�l�j�i�v�e� �m�e���u�u�z�o�r�k�o�v�n�e� �i�n�f�o�r�m�a�c�i�j�e� �-�-� �s�a�d�r�ž�a�j� �s�i�g�n�a�l�a� �i�z�n�a�d� �N�y�q�u�i�s�t�a� �k�o�j�i� �p�r�e�ž�i�v�l�j�a�v�a� �a�n�t�i�a�l�i�a�s�i�n�g� �i� �u�s�t�r�a�j�e� �k�a�o� �k�o�r�e�l�i�r�a�n�i� �o�s�t�a�t�a�k� �u
�u�z�o�r�k�o�v�a�n�i�m� �a�u�d�i�o� �p�o�d�a�c�i�m�a� �-�-� �n�i�s�u� �f�i�k�s�n�o� �s�v�o�j�s�t�v�o� �a�k�u�s�t�i�
�k�o�g� �i�z�v�o�r�a�.� �M�o�d�i�f�i�c�i�r�a� �i�h� �s�v�a�k�a� �k�o�m�p�o�n�e�n�t�a� �u� �a�n�a�l�o�g�n�o�m� �s�i�g�n�a�l�n�o�m
�l�a�n�c�u� �i�z�m�e���u� �m�i�k�r�o�f�o�n�a� �i� �p�r�e�t�v�a�r�a�
�a�.

U kontroliranoj usporedbi 14 konstrukcija kabela, povratljive ISI varirale su od 0,047 do 0,289 bita po uzorku -- faktor 6,1. Primarna
�o�d�r�e�d�n�i�c�a� �b�i�l�a� �j�e� �t�o�p�o�l�o�g�i�j�a� �o�k�l�a�p�a�n�j�a� �(�4�1� �%� �v�a�r�i�j�a�n�c�e�)�,� �a� �s�l�i�j�e�d�e� �z�r�n�a�t�a� �s�t�r�u�k�t�u�r�a� �v�o�d�i�
�a� �(�2�9� �%�)�,� �d�i�e�l�e�k�t�r�i�
�k�i� �m�a�t�e�r�i�j�a�l� �(�1�9� �%�)� �i
geometrija kabela (11 %).

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

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