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Apstrakt
�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� �r�e�a�l�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� �o�p�s�e�g�o�m� �i� �d�a� �p�r�e�k�l�o�p�l�j�e�n�i� �r�e�z�i�d�u�a�l� �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�u� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a� �(�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�e�r�e�n�j�a� �k�o�r�i�s�t�i�l�a� �s�u� �d�i�r�e�k�t�a�n
�s�i�g�n�a�l�n�i� �p�u�t� �o�d� �m�i�k�r�o�f�o�n�a� �d�o� �A�D�C� �b�e�z� �i�k�a�k�v�i�h� �m�e���u�e�l�e�k�t�r�o�n�i�k�a�.� �U� �p�r�a�k�s�i�,� �a�u�d�i�o� �s�i�g�n�a�l�i� �p�r�o�l�a�z�e� �k�r�o�z� �k�a�b�l�o�v�e�,� �p�r�e�d�p�o�j�a�
�a�l�a�,� �e�k�v�i�l�a�j�z�e�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�e� �n�e�g�o� �š�t�o� �s�t�i�g�n�u� �d�o� �k�o�n�v�e�r�t�o�r�a�.� �O�v�a�j� �r�a�d� �i�s�t�r�a�ž�u�j�e� �d�a� �l�i� �a�n�a�l�o�g�n�i� �l�a�n�a�c� �s�i�g�n�a�l�a� �u�t�i�
�e� �n�a� �k�o�l�i�
�i�n�u� �p�o�v�r�a�t�l�j�i�v�e
�I�S�I�.� �K�o�r�i�s�t�e���i� �T�a�n�a�k�i�n� �p�r�o�t�o�k�o�l� �m�e�r�e�n�j�a� �i� �a�l�g�o�r�i�t�a�m� �r�e�k�o�n�s�t�r�u�k�c�i�j�e�,� �u�p�o�r�e�d�i�l�i� �s�m�o� �1�4� �l�a�n�a�c�a� �s�i�g�n�a�l�a� �k�o�j�i� �o�b�u�h�v�a�t�a�j�u� �r�a�z�l�i�
�i�t�e� �t�i�p�o�v�e� �p�r�o�v�o�d�n�i�k�a�,
�d�i�e�l�e�k�t�r�i�
�n�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�o�p�a� �i� �g�e�o�m�e�t�r�i�j�e� �k�a�b�l�o�v�a�.� �L�a�n�c�i� �s�i�g�n�a�l�a� �b�i�l�i� �s�u� �u�m�e�t�n�u�t�i� �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�.
�T�e�s�t� �s�i�g�n�a�l� �b�i�o� �j�e� �ž�i�v�i� �m�e�s�i�n�g�a�n�i� �a�n�s�a�m�b�l� �s�n�i�m�l�j�e�n� �i�s�t�o�v�r�e�m�e�n�o� �p�r�e�k�o� �s�v�i�h� �1�4� �l�a�n�a�c�a�.� �P�o�v�r�a�t�l�j�i�v�a� �I�S�I� �v�a�r�i�r�a�l�a� �j�e� �f�a�k�t�o�r�o�m� �6�,�1� �m�e���u� �t�e�s�t�i�r�a�n�i�m
lancima signala, od 0,047 bita po uzorku (neogklopljen PVC-izolovan upredeni bakar) do 0,289 bita po uzorku (kriogeno tretirani
�m�o�n�o�k�r�i�s�t�a�l�n�i� �O�F�C� �s�a� �P�T�F�E� �d�i�e�l�e�k�t�r�i�k�o�m� �i� �
�e�t�v�o�r�o�s�l�o�j�n�i�m� �o�k�l�o�p�o�m�)�.� �D�o�m�i�n�a�n�t�n�i� �f�a�k�t�o�r�i� �b�i�l�i� �s�u�,� �p�o� �v�e�l�i�
�i�n�i� �e�f�e�k�t�a�:� �t�o�p�o�l�o�g�i�j�a� �o�k�l�o�p�a
�(�o�b�j�a�š�n�j�a�v�a� �4�1�%� �v�a�r�i�j�a�n�s�e�)�,� �z�r�n�a�s�t�a� �s�t�r�u�k�t�u�r�a� �p�r�o�v�o�d�n�i�k�a� �(�2�9�%�)�,� �d�i�e�l�e�k�t�r�i�
�n�i� �m�a�t�e�r�i�j�a�l� �(�1�9�%�)� �i� �g�e�o�m�e�t�r�i�j�a� �k�a�b�l�a� �(�1�1�%�)�.� �O�v�i� �r�e�z�u�l�t�a�t�i� �p�o�k�a�z�u�j�u
�d�a� �a�n�a�l�o�g�n�i� �l�a�n�a�c� �s�i�g�n�a�l�a� �n�i�j�e� �t�r�a�n�s�p�a�r�e�n�t�a�n� �z�a� �i�n�f�o�r�m�a�c�i�j�u� �i�z�n�a�d� �o�p�s�e�g�a�.� �K�o�m�p�o�n�e�n�t�e� �k�o�j�e� �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
visokofrekventnu energiju na granicama zrna ili dozvoljavaju elektromagnetnoj smetnji da kontaminira spektar iznad opsega smanjuju
�k�o�l�i�
�i�n�u� �I�S�I� �d�o�s�t�u�p�n�u� �z�a� �r�e�k�o�n�s�t�r�u�k�c�i�j�u� �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�e� �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�m� �o�g�r�a�n�i�
�e�n�j�u� �o�p�s�e�g�a� �n�i�j�e� �i�s�p�u�n�j�e�n�a� �z�a� �r�e�a�l�n�e� �a�u�d�i�o� �s�i�g�n�a�l�e�.� �I�z�m�e�r�i�l�i� �s�u� �e�n�e�r�g�i�j�u� �i�z�n�a�d� �o�p�s�e�g�a� �u� �4�.�0�0�0
�s�a�t�i� �m�u�z�i�
�k�o�g� �m�a�t�e�r�i�j�a�l�a� �i� �p�o�k�a�z�a�l�i� �d�a� �d�e�o� �t�e� �e�n�e�r�g�i�j�e� �p�r�e�ž�i�v�l�j�a�v�a� �a�n�t�i�a�l�i�a�s�i�n�g� �f�i�l�t�e�r� �k�a�o� �p�r�e�k�l�o�p�l�j�e�n�i� �r�e�z�i�d�u�a�l�,� �n�o�s�e���i� �p�o�v�r�a�t�l�j�i�v�u
informaciju o izvornom signalu.

�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���i� �m�o�g�u���i� �a�n�a�l�o�g�n�i� �s�i�g�n�a�l�n�i� �p�u�t�:� �m�e�r�n�i� �m�i�k�r�o�f�o�n� �p�o�v�e�z�a�n� �d�i�r�e�k�t�n�o� �s�a� �p�r�i�l�a�g�o���e�n�i�m
�p�r�e�d�p�o�j�a�
�a�l�o�m�,� �p�o�v�e�z�a�n�i�m� �d�i�r�e�k�t�n�o� �s�a� �A�D�C� �o�d� �7�6�8� �k�H�z�.� �B�e�z� �k�a�b�l�o�v�a�,� �b�e�z� �o�b�r�a�d�e�,� �b�e�z� �m�e���u�e�l�e�k�t�r�o�n�i�k�a�.� �O�v�o� �j�e� �b�i�l�o� �m�e�t�o�d�o�l�o�š�k�i
�i�s�p�r�a�v�n�o� �-�-� �i�z�o�l�o�v�a�l�o� �j�e� �f�e�n�o�m�e�n� �o�d� �k�o�n�f�u�n�d�i�r�a�j�u���i�h� �v�a�r�i�j�a�b�l�i�.

�A�l�i� �n�i�j�e�d�a�n� �r�e�a�l�a�n� �a�u�d�i�o� �s�i�s�t�e�m� �n�e� �r�a�d�i� �t�a�k�o�.� �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�l�a�,� �k�r�o�z� �k�o�n�e�k�t�o�r�e�,� �k�r�o�z� �p�a�
� �p�a�n�e�l�e�,� �k�r�o�z� �m�i�k�s
konzole, kroz spoljne procesore i kroz još kabla pre nego što stigne do konvertora. Svaka komponenta u ovom lancu je potencijalni
�i�z�v�o�r� �š�u�m�a�,� �i�z�o�b�l�i�
�e�n�j�a� �i� �f�r�e�k�v�e�n�c�i�j�s�k�i� �z�a�v�i�s�n�o�g� �s�l�a�b�l�j�e�n�j�a�.� �S�v�a�k�a� �k�o�m�p�o�n�e�n�t�a� �m�o�ž�e�,� �u� �p�r�i�n�c�i�p�u�,� �m�o�d�i�f�i�k�o�v�a�t�i� �s�a�d�r�ž�a�j� �i�z�n�a�d� �o�p�s�e�g�a
signala.

�P�i�t�a�n�j�e� �j�e� �d�a� �l�i� �j�e� �o�v�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� �o�p�s�e�g�a� �k�o�j�a� �n�o�s�i� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a� �r�o�b�u�s�n�a� �-�-� �a�k�o
�p�r�e�ž�i�v�l�j�a�v�a� �p�r�o�l�a�z�a�k� �k�r�o�z� �t�i�p�i�
�a�n� �a�n�a�l�o�g�n�i� �l�a�n�a�c� �s�i�g�n�a�l�a� �s�a� �z�a�n�e�m�a�r�i�v�i�m� �d�e�g�r�a�d�a�c�i�j�a�m�a� �-�-� �o�n�d�a� �s�e� �T�a�n�a�k�i�n� �r�e�z�u�l�t�a�t� �p�r�i�m�e�n�j�u�j�e� �n�a
�r�e�a�l�n�e� �s�i�s�t�e�m�e� �z�a� �s�n�i�m�a�n�j�e� �b�e�z� �o�g�r�a�n�i�
�e�n�j�a�.� �A�k�o� �j�e� �e�n�e�r�g�i�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �k�r�h�k�a� �-�-� �a�k�o� �s�e� �l�a�k�o� �d�e�g�r�a�d�i�r�a� �k�o�m�p�o�n�e�n�t�a�m�a� �k�r�o�z� �k�o�j�e
�p�r�o�l�a�z�i� �-�-� �o�n�d�a� �i�z�b�o�r� �a�n�a�l�o�g�n�i�h� �k�o�m�p�o�n�e�n�t�i� �o�d�r�e���u�j�e� �k�o�l�i�k�o� �i�n�f�o�r�m�a�c�i�j�e� �i�z�m�e���u� �u�z�o�r�a�k�a� �s�t�i�ž�e� �d�o� �k�o�n�v�e�r�t�o�r�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� �d�i�z�a�j�n�i�r�a�n� �k�a�o� �k�o�n�t�r�o�l�i�s�a�n�o� �p�o�r�e���e�n�j�e�.� �J�e�d�a�n� �a�k�u�s�t�i�
�n�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
�l�a�n�a�c�a� �s�i�g�n�a�l�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�.� �S�v�a�k�a� �r�a�z�l�i�k�a� �u� �r�e�k�o�n�s�t�r�u�i�s�a�n�o�j� �i�n�f�o�r�m�a�c�i�j�i� �i�z�m�e���u� �u�z�o�r�a�k�a� �m�e���u� �l�a�n�c�i�m�a� �m�o�r�a� �s�e
pripisati samim lancima.

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

�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� �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� �n�a� �o�s�i�.� �I�z�l�a�z� �m�i�k�r�o�f�o�n�a
�r�a�z�d�e�l�j�e�n� �j�e� �n�a� �1�4� �p�u�t�e�v�a� �p�o�m�o���u� �d�i�s�t�r�i�b�u�c�i�o�n�o�g� �p�o�j�a�
�a�l�a� �s�a� �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�,
�i�z�m�e�r�e�n�a� �i�z�o�l�a�c�i�j�a� �i�z�m�e���u� �k�a�n�a�l�a� �>� �1�2�0� �d�B�,� �f�r�e�k�v�e�n�c�i�j�s�k�i� �o�d�z�i�v� �r�a�v�a�n� �d�o� �2�0�0� �k�H�z� �+�/�-� �0�,�1� �d�B�)�.� �S�v�a�k�i� �i�z�l�a�z� �n�a�p�a�j�a� �j�e�d�a�n� �o�d� �1�4� �l�a�n�a�c�a
signala, od kojih se svaki završava na AKM AK5578 ADC koji radi na 768 kHz. Ovih 14 ADC taktovani su iz jednog Crystek
CCHD-575 master oscilatora preko stabla distribucije takta sa niskim džiterom.
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�O�v�i�h� �1�4� �l�a�n�a�c�a� �s�i�g�n�a�l�a� �r�a�z�l�i�k�o�v�a�l�i� �s�u� �s�e� �s�a�m�o� �p�o� �m�e���u�s�o�b�n�o� �p�o�v�e�z�u�j�u���e�m� �k�a�b�l�u� �i�z�m�e���u� �i�z�l�a�z�a� �d�i�s�t�r�i�b�u�c�i�o�n�o�g� �p�o�j�a�
�a�l�a� �i� �u�l�a�z�a

ADC. Dužina kabla standardizovana je na 3 m. Svi kablovi završeni su Neutrik NC3MX / NC3FX XLR konektorima.

Testirani kablovi 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�r�e�d�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� �ž�e�l�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�o�b�n�i� �k�a�b�l�,� �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�)
Lanac C: Mogami 2549 (kvad-provodnik, pleteni oklop, PVC izolacija)
Lanac D: Canare L-4E6S (zvezda-kvad, pleteni oklop, polietilenska izolacija)
Lanac E: Gotham GAC-4/1 (kvad, dvostruki reussen oklop, PVC izolacija)
Lanac F: OFC bakar, monokristalni, PTFE izolacija, pleteni bakarni oklop
Lanac G: OFC bakar, monokristalni, PTFE izolacija, folija + pleteni oklop (dvoslojni)
Lanac H: OFC bakar, monokristalni, PTFE izolacija, folija + pleteno + folija (troslojni)
Lanac I: OFC bakar, monokristalni, kriogeno tretiran (-196 degC, 72 h), PTFE izolacija, folija + pleteno + folija
Lanac J: OFC bakar, monokristalni, kriogeno tretiran, PTFE kriogeno tretiran, folija + pleteno + folija
�L�a�n�a�c� �K�:� �O�F�C� �b�a�k�a�r�,� �m�o�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�o�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�o� �+� �f�o�l�i�j�a� �+� �p�l�e�t�e�n�o�)
Lanac L: Isto kao K, sa 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�,� �m�o�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�o�r�o�s�l�o�j�n�i� �o�k�l�o�p
�L�a�n�a�c� �N�:� �S�u�p�e�r�p�r�o�v�o�d�n�i� �Y�B�C�O� �t�r�a�k�a�s�t�i� �p�r�o�v�o�d�n�i�k� �u� �k�r�i�o�s�t�a�t�u� �s�a� �t�e�
�n�i�m� �a�z�o�t�o�m�,� �b�e�z� �d�i�e�l�e�k�t�r�i�k�a� �(�v�a�k�u�m�)�,� �s�p�o�l�j�n�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�l�o�v�e� �n�a� �r�a�z�l�i�
�i�t�i�m� �c�e�n�o�v�n�i�m� �i� �k�v�a�l�i�t�a�t�i�v�n�i�m� �n�i�v�o�i�m�a�.� �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�s�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�l�a� �d�o� �p�o�t�p�u�n�o� �t�r�e�t�i�r�a�n�o�g� �k�a�b�l�a�,� �d�o�d�a�j�u���i� �p�o� �j�e�d�n�u� �v�a�r�i�j�a�b�l�u
odjednom. Lanac L dodaje Equatorial Splice dokumentovan u Ferro i Flux (2021). Lanac M zamenjuje srebrnu prevlaku. Lanac N je
superprovodna referenca.

Progresija od F do K je metodološka srž eksperimenta. Menjanjem jedne varijable odjednom -- slojeva oklopa, pa krio tretmana
�p�r�o�v�o�d�n�i�k�a�,� �p�a� �k�r�i�o� �t�r�e�t�m�a�n�a� �d�i�e�l�e�k�t�r�i�k�a�,� �p�a� �
�e�t�v�r�t�o�g� �s�l�o�j�a� �o�k�l�o�p�a� �-�-� �m�o�ž�e�m�o� �i�z�o�l�o�v�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� �r�e�k�o�n�s�t�r�u�i�s�a�n�o�j
�i�n�f�o�r�m�a�c�i�j�i� �i�z�m�e���u� �u�z�o�r�a�k�a�.

3. PROTOKOL MERENJA

Mesingani ansambl izvodio 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�s�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�s�a�n�a� �n�a� �4�5� �+�/�-� �2�%� �R�H�.� �H�V�A�C� �s�t�u�d�i�j�a� �i�s�k�l�j�u�
�e�n� �j�e� �t�o�k�o�m� �s�n�i�m�a�n�j�a� �k�a�k�o� �b�i� �s�e
eliminisala niskofrekventna vibracija.

�Z�a� �s�v�a�k�o� �o�d� �t�r�i� �i�z�v�o���e�n�j�a�,� �1�4� �A�D�C� �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�h�r�o�n�i�z�o�v�a�n�i�h� �s�n�i�m�a�k�a� �o�d� �7�6�8� �k�H�z�,� �3�2� �b�i�t�a� �p�o
�i�z�v�o���e�n�j�u� �-�-� �4�2� �s�n�i�m�k�a� �u�k�u�p�n�o�.� �T�r�i� �i�z�v�o���e�n�j�a� �s�l�u�ž�i�l�a� �s�u� �k�a�o� �r�e�p�l�i�k�a�t�i� �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�e�d�i�l�a� �j�e� �T�a�n�a�k�i�n� �p�r�o�t�o�k�o�l� �t�a�
�n�o�.� �S�v�a�k�i� �s�n�i�m�a�k� �o�d� �7�6�8� �k�H�z� �d�i�g�i�t�a�l�n�o� �j�e� �p�r�o�p�u�š�t�e�n� �k�r�o�z� �n�i�s�k�o�p�r�o�p�u�s�n�i� �f�i�l�t�e�r
na 96 kHz (FIR linearne faze, slabljenje u zaustavnom opsegu -140 dB, 4096 odbiraka) i preuzorkovan na 192 kHz da bi se
simulirao standardni audio snimak visoke rezolucije. Tanakin algoritam za rekonstrukciju zatim je primenjen na svaku 192 kHz
�d�a�t�o�t�e�k�u�.� �I�z�l�a�z� �a�l�g�o�r�i�t�m�a� �-�-� �r�e�k�o�n�s�t�r�u�i�s�a�n�a� �z�a�j�e�d�n�i�
�k�a� �i�n�f�o�r�m�a�c�i�j�a� �u� �b�i�t�i�m�a� �p�o� �u�z�o�r�k�u� �i�z�m�e���u� �p�r�o�c�e�n�j�e�n�o�g� �s�a�d�r�ž�a�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �i
osnovne istine od 768 kHz -- 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�i�n�u� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �o�p�s�e�g�a� �n�a� �9�6�-�1�2�0� �k�H�z� �(�m�e�r�e�n�o� �i�z� �s�n�i�m�k�a� �o�d� �7�6�8� �k�H�z� �p�r�e� �s�m�a�n�j�e�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�a�
�a� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �o�p�s�e�g�a� �i� �s�a�d�r�ž�a�j�a� �u� �o�p�s�e�g�u�,� �i� �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
lanaca u oblasti iznad opsega.

�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�e�r�n�u� �A�N�O�V�A� �s�a� �p�o�n�o�v�l�j�e�n�i�m� �m�e�r�e�n�j�i�m�a� �s�a� �l�a�n�c�e�m� �k�a�b�l�a� �(�1�4� �n�i�v�o�a�)� �i� �r�e�p�l�i�k�a�t�o�m� �i�z�v�o���e�n�j�a� �(�3
�n�i�v�o�a�)� �k�a�o� �f�a�k�t�o�r�i�m�a�.� �P�o�s�t�-�h�o�c� �p�a�r�n�a� �p�o�r�e���e�n�j�a� �k�o�r�i�s�t�i�l�a� �s�u� �T�u�k�e�y�-�e�v� �H�S�D� �n�a� �a�l�f�a� �=� �0�,�0�5�.

4. REZULTATI

�G�l�a�v�n�i� �e�f�e�k�a�t� �l�a�n�c�a� �k�a�b�l�a� �n�a� �p�o�v�r�a�t�l�j�i�v�u� �I�S�I� �b�i�o� �j�e� �v�i�s�o�k�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� �e�f�e�k�a�t� �r�e�p�l�i�k�a�t�a� �i�z�v�o���e�n�j�a� �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�)�,� �p�o�t�v�r���u�j�u���i� �d�a� �s�u� �t�r�i� �i�z�v�o���e�n�j�a� �p�r�o�i�z�v�e�l�a� �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�)�.

Povratljiva ISI (biti po uzorku, srednja vrednost +/- SD preko 3 replikata):

Lanac A (neoklopljen upredeni 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
Lanac E (Gotham GAC-4/1): 0,131 +/- 0,003
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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�o�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�,� �k�r�i�o�,� �P�T�F�E� �k�r�i�o�,� �
�e�t�v�o�r�o�s�t�r�u�k�i� �o�k�l�o�p�)�:� �0�,�2�6�4� �+�/�-� �0�,�0�0�4

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

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

Tanakino merenje direktnim putem za mesing iznosilo je 0,31 bita po uzorku. Najbolji kabl (Lanac N, superprovodni) povratio je
0,289 bita po uzorku -- 93,2% vrednosti direktnog puta. Najgori kabl (Lanac A, kvalitet železarije) povratio je 0,047 bita po uzorku --
15,2% vrednosti direktnog puta.

Raspon faktora -- najbolji podeljen najgorim -- bio je 6,1. Tri metra kabla, koji se razlikuju samo po konstrukciji, proizvela su 6,1-puta
�v�e���u� �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�e� �k�o�j�a� �s�e� �m�o�ž�e� �p�o�v�r�a�t�i�t�i� �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�s�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���a�v�a� �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�o�p�.� �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�o�r�o�s�t�r�u�k�o�g� �(�K�:� �0�,�2�7�1�,
�k�o�j�i� �t�a�k�o���e� �u�k�l�j�u�
�u�j�e� �k�r�i�o� �t�r�e�t�m�a�n�e�)� �p�o�k�a�z�u�j�e� �k�o�n�z�i�s�t�e�n�t�n�o� �p�o�v�e���a�n�j�e�.� �P�o�r�e���e�n�j�e�m� �F� �s�a� �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� �p�o�b�o�l�j�š�a�n�j�e� �o�d� �4�4�,�6�%�.� �O�k�l�o�p� �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�.

Mehanizam je jednostavan. Oblast iznad opsega (96-384 kHz) gusto je naseljena ekološkim elektromagnetnim smetnjama:
�p�r�e�k�i�d�a�
�k�a� �n�a�p�a�j�a�n�j�a�,� �L�E�D� �d�r�a�j�v�e�r�i�,� �z�r�a�
�e�n�j�e� �d�i�g�i�t�a�l�n�i�h� �m�a�g�i�s�t�r�a�l�a�,� �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�e�r�m�a�l�n�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�a� �s�m�e�t�n�j�a� �d�o�d�a�j�e� �n�e�k�o�r�e�l�i�s�a�n�u� �e�n�e�r�g�i�j�u� �u� �s�p�e�k�t�a�r� �i�z�n�a�d� �o�p�s�e�g�a�,� �r�a�z�r�e���u�j�u���i� �s�i�g�n�a�l�n�o� �z�a�v�i�s�a�n� �s�a�d�r�ž�a�j� �k�o�j�i
�n�o�s�i� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a�.� �S�v�a�k�i� �d�o�d�a�t�n�i� �s�l�o�j� �o�k�l�o�p�a� �s�l�a�b�i� �o�v�u� �s�m�e�t�n�j�u�,� �
�u�v�a�j�u���i� �o�d�n�o�s� �s�i�g�n�a�l�-�s�m�e�t�n�j�a� �u� �o�b�l�a�s�t�i� �i�z�n�a�d� �o�p�s�e�g�a�.

�I�z�m�e�r�i�l�i� �s�m�o� �e�f�e�k�t�i�v�n�o�s�t� �o�k�l�a�p�a�n�j�a� �s�v�a�k�o�g� �k�a�b�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�e�
�n�o�.
Folija + pletenica: 81 dB. Folija + pletenica + folija: 94 dB. Folija + pletenica + folija + pletenica: 108 dB. Poboljšanje povratljive ISI
�p�r�a�t�i� �e�f�e�k�t�i�v�n�o�s�t� �o�k�l�o�p�a� �m�o�n�o�t�o�n�o�,� �m�a�d�a� �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�,� �s�u�g�e�r�i�š�u���i� �o�p�a�d�a�j�u���e� �p�r�i�n�o�s�e� �k�a�k�o� �s�e� �n�i�v�o
smetnji približava granici termalnog šuma.

�Z�r�n�a�s�t�a� �s�t�r�u�k�t�u�r�a� �p�r�o�v�o�d�n�i�k�a�.� �P�o�r�e���e�n�j�e�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�a� �L�a�n�c�e�m� �F
�(�m�o�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�p�r�k�o�s� �t�o�m�e� �š�t�o� �F� �i�m�a� �i�n�f�e�r�i�o�r�a�n� �o�k�l�o�p�,� �p�r�o�i�z�v�e�o� �j�e� �v�e���u� �I�S�I� �(�0�,�1�4�8� �v�s�.� �0�,�1�3�1�)�.
Kvalitet provodnika nadmašio je deficit oklopa.

Mehanizam je identifikovan merenjem frekvencijskog odziva kablova od 96 kHz do 384 kHz. Polikristalni kablovi pokazali su
�p�o�s�t�e�p�e�n�o� �o�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� �n�a� �2�0�0� �k�H�z� �i� �-�8�,�7� �d�B� �n�a� �3�0�0� �k�H�z�.� �M�o�n�o�k�r�i�s�t�a�l�n�i� �k�a�b�l� �i�z�m�e�r�e�n� �j�e
ravno do 250 kHz, sa -0,4 dB na 300 kHz i -1,1 dB na 384 kHz.

Granice zrna u polikristalnom bakru raspršuju elektrone. Na audio frekvencijama, ovo raspršivanje je zanemarivo -- otpornost
�g�r�a�n�i�c�e� �z�r�n�a� �j�e� �m�a�l�i� �d�e�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� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a� �(�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�n�u���u�j�e� �k�r�o�z� �t�a�n�j�i� �p�r�s�t�e�n�a�s�t�i� �r�e�g�i�o�n� �b�l�i�z�u� �p�o�v�r�š�i�n�e� �p�r�o�v�o�d�n�i�k�a�,� �p�o�v�e���a�v�a�j�u���i� �b�r�o�j� �p�r�e�l�a�z�a� �p�r�e�k�o� �g�r�a�n�i�c�a� �z�r�n�a� �p�o
jedinici dužine. Raspršivanje postaje frekvencijski zavisno slabljenje.

Monokristalni provodnici, koji nemaju granice zrna duž svoje dužine, ne pokazuju ovaj frekvencijski zavisan gubitak. Oni prenose
�e�n�e�r�g�i�j�u� �i�z�n�a�d� �o�p�s�e�g�a� �s�a� �z�a�n�e�m�a�r�i�v�o� �m�a�n�j�e� �s�l�a�b�l�j�e�n�j�a� �o�d� �e�n�e�r�g�i�j�e� �u� �o�p�s�e�g�u�.� �I�n�f�o�r�m�a�c�i�j�a� �i�z�m�e���u� �u�z�o�r�a�k�a� �s�t�i�ž�e� �d�o� �A�D�C� �n�e�d�i�r�n�u�t�a�.

�K�r�i�o�g�e�n�i� �t�r�e�t�m�a�n�.� �P�o�r�e���e�n�j�e�m� �H� �(�n�e�t�r�e�t�i�r�a�n�)� �s�a� �I� �(�p�r�o�v�o�d�n�i�k� �k�r�i�o�-�t�r�e�t�i�r�a�n�)�:� �I�S�I� �s�e� �p�o�b�o�l�j�š�a�l�a� �s�a� �0�,�2�1�4� �n�a� �0�,�2�3�7�,� �p�o�v�e���a�n�j�e� �o�d� �1�0�,�7�%�.
�P�o�r�e���e�n�j�e�m� �I� �s�a� �J� �(�d�o�d�a�j�u���i� �k�r�i�o� �t�r�e�t�m�a�n� �d�i�e�l�e�k�t�r�i�k�a�)�:� �I�S�I� �s�e� �p�o�b�o�l�j�š�a�l�a� �s�a� �0�,�2�3�7� �n�a� �0�,�2�5�1�,� �p�o�v�e���a�n�j�e� �o�d� �5�,�9�%�.

Efekat tretmana provodnika konzistentan je sa mehanizmom strukture zrna. Kriogeni tretman na -196 degC smanjuje rezidualni
�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�š�e� �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� �m�o�n�o�k�r�i�s�t�a�l�n�i�m� �p�r�o�v�o�d�n�i�c�i�m�a�,� �p�o�s�t�o�j�e
sub-granice zrna i greške u slaganju). Tanaka je prethodno izmerio smanjenje od 31% u srednjoj gustini defekata nakon kriogenog
�t�r�e�t�m�a�n�a�.� �S�a�d�a�š�n�j�i� �r�e�z�u�l�t�a�t�i� �p�o�k�a�z�u�j�u� �d�a� �s�e� �o�v�o� �p�r�e�
�i�š���a�v�a�n�j�e� �p�r�e�t�v�a�r�a� �u� �m�e�r�l�j�i�v�o� �b�o�l�j�i� �p�r�e�n�o�s� �s�a�d�r�ž�a�j�a� �i�z�n�a�d� �o�p�s�e�g�a�.

�E�f�e�k�a�t� �t�r�e�t�m�a�n�a� �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�i� �t�r�e�t�m�a�n� �P�T�F�E� �s�m�a�n�j�u�j�e� �n�j�e�g�o�v� �k�o�e�f�i�c�i�j�e�n�t� �d�i�e�l�e�k�t�r�i�
�n�e� �a�p�s�o�r�p�c�i�j�e� �n�a
�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� �s�k�l�a�d�i�š�t�i� �i� �o�s�l�o�b�a���a� �u� �s�v�a�k�o�m� �s�i�g�n�a�l�n�o�m� �c�i�k�l�u�s�u�.� �O�v�a
�s�k�l�a�d�i�š�t�e�n�a�-�i�-�o�s�l�o�b�o���e�n�a� �e�n�e�r�g�i�j�a� �j�e� �o�d�l�o�ž�e�n�a� �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
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opsega. Krio tretman smanjuje ovu kontaminaciju.

�G�e�o�m�e�t�r�i�j�a� �k�a�b�l�a�.� �O�v�a�j� �f�a�k�t�o�r� �n�i�j�e� �s�i�s�t�e�m�a�t�s�k�i� �v�a�r�i�r�a�o� �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�,� �p�o�r�e���e�n�j�e�m� �z�v�e�z�d�a�-�k�v�a�d� �k�a�b�l�o�v�a� �(�L�a�n�c�i
�C� �i� �D�)� �s�a� �n�e�-�k�v�a�d� �k�a�b�l�o�v�i�m�a� �(�L�a�n�a�c� �B�)� �n�a� �s�l�i�
�n�i�m� �n�i�v�o�i�m�a� �o�k�l�o�p�a�,� �k�o�n�f�i�g�u�r�a�c�i�j�a� �z�v�e�z�d�a�-�k�v�a�d� �p�o�k�a�z�a�l�a� �j�e� �m�a�l�u� �a�l�i� �k�o�n�z�i�s�t�e�n�t�n�u
prednost u ISI (0,112-0,119 vs. 0,098). Geometrija zvezda-kvad poništava spolja indukovane smetnje kroz svoju balansiranu
�t�o�p�o�l�o�g�i�j�u�,� �p�r�u�ž�a�j�u���i� �d�o�d�a�t�n�o� �o�d�b�i�j�a�n�j�e� �k�o�n�t�a�m�i�n�a�c�i�j�e� �i�z�n�a�d� �o�p�s�e�g�a� �i�z�v�a�n� �o�n�o�g�a� �š�t�o� �s�a�m� �o�k�l�o�p� �p�o�s�t�i�ž�e�.

6. EFEKAT EQUATORIAL SPLICE

�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� �z�a� �d�o�d�a�v�a�n�j�e� �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�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�o�v�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� �p�r�o�v�o�d�n�i�k�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�s�a�n�i�h� �t�a�k�o� �d�a� �s�e� �n�j�i�h�o�v�e� �h�e�m�i�s�f�e�r�n�e
pristrasnosti zrna 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�v�e���a�n�j�e� �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
�p�o�r�e���e�n�j�u� �s�a� �e�f�e�k�t�i�m�a� �o�k�l�o�p�a� �i� �s�t�r�u�k�t�u�r�e� �z�r�n�a�.

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

�N�a�k�o�n� �r�a�z�m�i�š�l�j�a�n�j�a�,� �r�e�z�u�l�t�a�t� �j�e� �t�a�
�n�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�n�u� �p�r�i�s�t�r�a�s�n�o�s�t� �u� �o�r�i�j�e�n�t�a�c�i�j�i� �z�r�n�a
provodnika. Hemisferna pristrasnost uzrokuje suptilnu smernu asimetriju u transportu elektrona, koja se manifestuje kao mala
�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�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� �j�e
�p�r�i�m�a�r�n�i� �e�f�e�k�a�t� �h�e�m�i�s�f�e�r�n�e� �p�r�i�s�t�r�a�s�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� �o�p�s�e�g�a� �k�o�j�e� �n�o�s�e� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a�,� �a�s�i�m�e�t�r�i�j�a
postaje efekat drugog reda -- dominantni mehanizmi gubitka iznad opsega su raspršivanje na granicama zrna i EMI kontaminacija,
oba se rešavaju drugim aspektima konstrukcije kabla.

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

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

7. SREBRNA PREVLAKA I SUPERPROVODNA REFERENCA

Lanac M zamenio je posrebreni OFC za neposrebreni OFC iz Lanca K. ISI se neznatno smanjila, sa 0,271 na 0,264 -- rezultat koji
�j�e� �b�i�o� �m�a�r�g�i�n�a�l�n�o� �z�n�a�
�a�j�a�n� �(�p� �=� �0�,�0�7�)� �i� �s�m�e�r�o�v�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� �p�r�o�v�o�d�l�j�i�v�o�s�t� �o�d� �b�a�k�r�a� �(�1�0�6�%� �I�A�C�S� �v�s�.� �1�0�0�%� �I�A�C�S� �z�a� �O�F�C�)�.� �T�r�e�b�a�l�o� �b�i�,� �u� �n�a�j�m�a�n�j�u� �r�u�k�u�,� �d�a� �p�o�b�o�l�j�š�a� �p�r�e�n�o�s
�i�z�n�a�d� �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�i� �i�n�t�e�r�f�e�j�s� �i�z�m�e���u� �s�l�o�j�a� �s�r�e�b�r�a� �i� �b�a�k�a�r�n�o�g
�j�e�z�g�r�a�.� �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� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a�,� �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� �n�a� �1�0�0� �k�H�z�,
�s�m�a�n�j�u�j�u���i� �s�e� �n�a� �4�5� �u�m� �n�a� �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� �(�o�b�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� �i
�k�r�o�z� �s�l�o�j� �s�r�e�b�r�a� �i� �k�r�o�z� �b�a�k�a�r�n�o� �j�e�z�g�r�o�,� �p�r�e�l�a�z�e���i� �b�i�m�e�t�a�l�n�i� �i�n�t�e�r�f�e�j�s� �d�v�a� �p�u�t�a� �p�o� �d�u�b�i�n�i� �k�o�ž�e�.� �O�v�a�j� �i�n�t�e�r�f�e�j�s� �m�o�ž�e� �u�v�e�s�t�i� �m�a�l�u� �k�o�l�i�
�i�n�u
frekvencijski zavisnog raspršivanja analognog efektima granice zrna.

�N�i�s�m�o� �d�a�l�j�e� �s�l�e�d�i�l�i� �o�v�a�j� �n�a�l�a�z�.� �B�e�l�e�ž�i� �s�e� �k�a�o� �m�o�g�u���a� �s�t�a�z�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�l�j�i�v�o�s�t� �i�n�f�o�r�m�a�c�i�j�e� �i�z�m�e���u� �u�z�o�r�a�k�a� �i� �m�o�ž�d�a� �j�u� �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�e�r�p�r�o�v�o�d�n�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���u� �I�S�I� �o�d� �b�i�l�o� �k�o�g� �k�a�b�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� �d�i�r�e�k�t�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�e�l�a�z�i� �b�a�k�a�r�-�n�a�-�Y�B�C�O� �n�a
�z�a�v�r�š�e�c�i�m�a� �k�a�b�l�a�,� �s�v�a�k�i� �u�v�o�d�i� �n�e�s�u�p�e�r�p�r�o�v�o�d�n�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�o�j� �v�i�b�r�a�c�i�j�i� �k�r�i�o�s�t�a�t�a� �s�a� �t�e�
�n�i�m� �a�z�o�t�o�m�,� �k�o�j�a
proizvodi mikrofonsku smetnju u oblasti iznad opsega na nivoima koje smo izmerili na -172 dBFS.

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

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

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� �i�n�f�o�r�m�a�c�i�j�a� �i�z�m�e���u� �u�z�o�r�a�k�a� �p�o�s�t�o�j�i�.� �O�v�a�j� �r�a�d� �u�s�t�a�n�o�v�l�j�a�v�a� �d�a� �k�o�l�i�
�i�n�a� �i�n�f�o�r�m�a�c�i�j�e� �i�z�m�e���u� �u�z�o�r�a�k�a
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�Z�a�v�i�s�n�o�s�t� �l�a�n�c�a� �s�i�g�n�a�l�a� �o�d� �p�o�v�r�a�t�l�j�i�v�e� �i�n�f�o�r�m�a�c�i�j�e� �i�z�m�e���u� �u�z�o�r�a�k�a�:� �k�o�n�t�r�o�l�i�s�a�n�o� �p�o�r�e���e�n�j�e� �m�e�t�a�l�u�r�g�i�j�e� �p�r�o�v�o�d�n�i�k�a�,� �d�i�e�l�e�k�t�r�i�
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koja stiže do konvertora zavisi od analognog lanca signala.

Zavisnost nije suptilna. Faktor 6,1 razdvaja najgore i najbolje konvencionalne kablove. Najgori kabl uništio je 85% raspoložive
�i�n�f�o�r�m�a�c�i�j�e� �i�z�m�e���u� �u�z�o�r�a�k�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�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�i�m�a� �m�e�t�a�l�u�r�g�i�j�e� �p�r�o�v�o�d�n�i�k�a�,� �d�i�e�l�e�k�t�r�i�
�n�o�g� �m�a�t�e�r�i�j�a�l�a�,� �k�r�i�o�g�e�n�o�g� �t�r�e�t�m�a�n�a� �i� �o�k�l�o�p�a�.

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

�S�v�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�g�o�d�a�n� �z�a� �k�o�m�p�a�n�i�j�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�l�o�v�e�.� �T�a�k�o���e� �s�m�o� �s�v�e�s�n�i� �d�a
�p�o�g�o�d�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� �z�a� �r�e�k�o�n�s�t�r�u�k�c�i�j�u� �j�e� �d�o�s�t�u�p�a�n� �o�d� �T�a�n�a�k�e� �n�a
zahtev. Kablovi su komercijalno dostupni ili konstruktivni iz datih specifikacija. Eksperiment se može replicirati.

�N�a�p�o�m�i�n�j�e�m�o� �t�r�i� �t�a�
�k�e� �k�o�j�e� �u�m�a�n�j�u�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�l� �
�u�v�a� �s�a�m�o� �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�e� �i�z�m�e���u� �u�z�o�r�a�k�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�-�g�a�r�a�n�t�o�v�a�n�e� �i�n�f�o�r�m�a�c�i�j�e�.� �D�o�p�u�n�s�k�a� �i�n�f�o�r�m�a�c�i�j�a� �i�z�m�e���u� �u�z�o�r�a�k�a� �j�e� �m�a�n�j�a� �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�.� �D�a� �l�i� �j�e� �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�e� �i�z�n�a�d� �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� �-�-� �p�r�i�m�e�t�n�a
ljudskom slušaocu nije poznato. Nismo sproveli testove slušanja. Sadašnji rad bavi se merenjem, ne percepcijom.

�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�o�p�,� �n�e� �t�r�e�t�m�a�n� �p�r�o�v�o�d�n�i�k�a�.� �D�o�b�r�o� �o�k�l�o�p�l�j�e�n� �k�a�b�l� �s�a� �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� �k�a�b�l� �s�a� �e�g�z�o�t�i�
�n�i�m� �m�o�n�o�k�r�i�s�t�a�l�n�i�m� �p�r�o�v�o�d�n�i�k�o�m� �(�o�v�o� �p�o�r�e���e�n�j�e� �n�i�j�e� �b�i�l�o� �d�e�o� �n�a�š�e� �t�e�s�t� �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�u�j�u� �z�a� �i�n�f�o�r�m�a�c�i�j�u� �i�z�m�e���u� �u�z�o�r�a�k�a� �t�r�e�b�a� �d�a� �d�a�j�u� �p�r�i�o�r�i�t�e�t� �o�k�l�o�p�u� �i�z�n�a�d� �s�v�i�h
drugih parametara kabla.

�9�.� �Z�A�K�L�J�U���A�K

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

�U� �k�o�n�t�r�o�l�i�s�a�n�o�m� �p�o�r�e���e�n�j�u� �1�4� �k�o�n�s�t�r�u�k�c�i�j�a� �k�a�b�l�o�v�a�,� �p�o�v�r�a�t�l�j�i�v�a� �I�S�I� �v�a�r�i�r�a�l�a� �j�e� �o�d� �0�,�0�4�7� �d�o� �0�,�2�8�9� �b�i�t�a� �p�o� �u�z�o�r�k�u� �-�-� �f�a�k�t�o�r� �6�,�1�.� �P�r�i�m�a�r�n�i
�o�d�r�e�d�n�i�k� �b�i�l�a� �j�e� �t�o�p�o�l�o�g�i�j�a� �o�k�l�o�p�a� �(�4�1�%� �v�a�r�i�j�a�n�s�e�)�,� �p�r�a���e�n�a� �s�t�r�u�k�t�u�r�o�m� �z�r�n�a� �p�r�o�v�o�d�n�i�k�a� �(�2�9�%�)�,� �d�i�e�l�e�k�t�r�i�
�n�i�m� �m�a�t�e�r�i�j�a�l�o�m� �(�1�9�%�)� �i
geometrijom kabla (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� �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�u� �i�n�ž�e�n�j�e�r�s�k�u� �b�r�i�g�u�.� �K�o�l�i�
�i�n�a� �i�n�f�o�r�m�a�c�i�j�e� �k�o�j�u� �d�i�g�i�t�a�l�n�i
�a�u�d�i�o� �s�i�s�t�e�m� �s�n�i�m�a� �z�a�v�i�s�i� �n�e� �s�a�m�o� �o�d� �s�t�o�p�e� �u�z�o�r�k�o�v�a�n�j�a� �i� �b�i�t�n�e� �d�u�b�i�n�e� �-�-� �p�a�r�a�m�e�t�a�r�a� �k�o�j�e� �S�h�a�n�n�o�n�-�o�v�a� �t�e�o�r�e�m�a� �o�b�r�a���u�j�e� �-�-� �v�e��� �i
�o�d� �f�i�z�i�
�k�i�h� �k�a�r�a�k�t�e�r�i�s�t�i�k�a� �a�n�a�l�o�g�n�i�h� �k�o�m�p�o�n�e�n�t�i� �k�o�j�e� �i�s�p�o�r�u�
�u�j�u� �s�i�g�n�a�l� �k�o�n�v�e�r�t�o�r�u�.� �T�e�o�r�e�m�a� �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�n�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�n�a� �i�m�a� �s�o�p�s�t�v�e�n�i� �i�n�f�o�r�m�a�c�i�o�n�i� �b�u�d�ž�e�t�,� �a� �t�a�j� �b�u�d�ž�e�t� �j�e� �o�d�r�e���e�n� �l�a�n�c�e�m� �s�i�g�n�a�l�a�.

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