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Apstrakt
�N�a�j�k�v�i�s�t�-�Š�e�n�o�n�o�v�a� �t�e�o�r�e�m�a� �o� �u�z�o�r�k�o�v�a�n�j�u� �g�a�r�a�n�t�u�j�e� �s�a�v�r�š�e�n�u� �r�e�k�o�n�s�t�r�u�k�c�i�j�u� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�o�g� �s�i�g�n�a�l�a� �i�z� �u�z�o�r�a�k�a� �u�z�e�t�i�h� �d�v�o�s�t�r�u�k�o�m
�b�r�z�i�n�o�m� �n�j�e�g�o�v�o�g� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a�.� �D�o�k�a�z� �j�e� �m�a�t�e�m�a�t�i�
�k�i� �i�s�p�r�a�v�a�n�.� �M�e���u�t�i�m�,� �c�e�n�t�r�a�l�n�a� �p�r�e�m�i�s�a� �t�e�o�r�e�m�e� �-�-� �d�a� �s�u� �r�e�a�l�n�i� �a�u�d�i�o� �s�i�g�n�a�l�i
�o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�i� �-�-� �n�i�k�a�d�a� �n�i�j�e� �e�m�p�i�r�i�j�s�k�i� �v�e�r�i�f�i�k�o�v�a�n�a� �s�a� �p�r�e�c�i�z�n�o�š���u� �p�o�t�r�e�b�n�o�m� �d�a� �g�a�r�a�n�c�i�j�a� �v�a�ž�i�.� �K�o�r�i�s�t�e���i� �n�a�m�e�n�s�k�i� �i�z�g�r�a���e�n� �3�2�-�b�i�t�n�i
�s�i�s�t�e�m� �z�a� �a�k�v�i�z�i�c�i�j�u� �s�a� �i�z�m�e�r�e�n�i�m� �š�u�m�n�i�m� �p�r�a�g�o�m� �o�d� �-�1�9�8�,�2� �d�B�F�S�,� �s�n�i�m�i�l�i� �s�m�o� �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� �k�r�o�z� �1�1� �ž�a�n�r�o�v�a� �i� �i�z�m�e�r�i�l�i
�d�i�s�t�r�i�b�u�c�i�j�u� �s�p�e�k�t�r�a�l�n�e� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �g�r�a�n�i�
�n�e� �f�r�e�k�v�e�n�c�i�j�e� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�a�.� �U� �s�v�i�h� �4�.�0�0�0� �s�a�t�i�,� �p�r�i�s�u�t�n�a� �j�e� �b�i�l�a� �p�r�e�o�s�t�a�l�a� �e�n�e�r�g�i�j�a� �i�z�n�a�d
�o�p�s�e�g�a�,� �u� �r�a�s�p�o�n�u� �o�d� �-�1�4�7�,�3� �d�B�F�S� �(�s�o�l�o� �
�e�m�b�a�l�o�)� �d�o� �-�9�1�,�6� �d�B�F�S� �(�m�e�s�i�n�j�a�n�i� �a�n�s�a�m�b�l� �s�n�i�m�l�j�e�n� �s�a� �b�l�i�s�k�i�m� �m�i�k�r�o�f�o�n�i�m�a�)�.� �O�v�a� �e�n�e�r�g�i�j�a� �n�i�j�e
�š�u�m�.� �K�o�r�e�l�i�s�a�n�a� �j�e� �s�a� �p�r�o�g�r�a�m�s�k�i�m� �m�a�t�e�r�i�j�a�l�o�m� �(�r� �>� �0�,�9�3� �u� �s�v�i�m� �s�l�u�
�a�j�e�v�i�m�a�)� �i� �n�o�s�i� �m�e�r�l�j�i�v�u� �u�z�a�j�a�m�n�u� �i�n�f�o�r�m�a�c�i�j�u� �s�a� �o�r�i�g�i�n�a�l�n�i�m� �s�i�g�n�a�l�o�m�.
Kada se ova energija aliasingom prelije u propusni opseg tokom uzorkovanja, ne nestaje -- ona se superponira na sadržaj u opsegu na
�d�e�t�e�r�m�i�n�i�s�t�i�
�k�i�,� �s�i�g�n�a�l�n�o�-�z�a�v�i�s�a�n� �n�a�
�i�n�.� �P�o�k�a�z�u�j�e�m�o� �d�a� �s�e� �o�v�a� �a�l�i�a�s�o�v�a�n�a� �e�n�e�r�g�i�j�a� �m�o�ž�e� �d�e�l�i�m�i�
�n�o� �p�o�v�r�a�t�i�t�i� �p�o�m�o���u� �t�e�h�n�i�k�e� �e�k�s�t�r�a�k�c�i�j�e
�z�a�s�n�o�v�a�n�e� �n�a� �k�o�r�e�l�a�c�i�j�i�,� �d�a�j�u���i� �0�,�0�0�8� �d�o� �0�,�3� �b�i�t�a� �p�o� �u�z�o�r�k�u� �i�n�f�o�r�m�a�c�i�j�e� �z�a� �k�o�j�u� �t�e�o�r�e�m�a� �o� �u�z�o�r�k�o�v�a�n�j�u� �t�v�r�d�i� �d�a� �n�e� �p�o�s�t�o�j�i�.� �N�e� �t�v�r�d�i�m�o� �d�a� �j�e
�t�e�o�r�e�m�a� �p�o�g�r�e�š�n�a�.� �P�r�i�m�e���u�j�e�m�o� �d�a� �n�j�e�n�a� �p�r�e�m�i�s�a� �n�i�j�e� �i�s�p�u�n�j�e�n�a�,� �i� �m�e�r�i�m�o� �p�o�s�l�e�d�i�c�e�.

1. UVOD

�N�a�j�k�v�i�s�t�-�Š�e�n�o�n�o�v�a� �t�e�o�r�e�m�a� �o� �u�z�o�r�k�o�v�a�n�j�u� �m�e���u� �n�a�j�c�i�t�i�r�a�n�i�j�i�m� �j�e� �r�e�z�u�l�t�a�t�i�m�a� �u� �i�n�ž�e�n�j�e�r�s�t�v�u�.� �O�b�j�a�v�i�o� �j�u� �j�e� �K�l�o�d� �Š�e�n�o�n� �1�9�4�9�.� �g�o�d�i�n�e�,
�n�a� �o�s�n�o�v�u� �r�a�d�a� �H�a�r�i�j�a� �N�a�j�k�v�i�s�t�a� �i�z� �1�9�2�8�.� �o� �t�e�l�e�g�r�a�f�s�k�o�m� �p�r�e�n�o�s�u�,� �a� �t�e�o�r�e�m�a� �k�a�ž�e�:� �s�i�g�n�a�l� �k�o�j�i� �n�e� �s�a�d�r�ž�i� �f�r�e�k�v�e�n�c�i�j�e� �v�e���e� �o�d� �B� �h�e�r�c�a
može se savršeno rekonstruisati iz uzoraka uzetih brzinom od 2B uzoraka u sekundi.

�R�e�
� �„�s�a�v�r�š�e�n�o�"� �n�i�j�e� �h�i�p�e�r�b�o�l�a�.� �Š�e�n�o�n�o�v� �d�o�k�a�z� �j�e� �t�a�
�a�n�.� �R�e�k�o�n�s�t�r�u�k�c�i�j�a� �k�o�n�v�e�r�g�i�r�a� �t�a�
�k�u� �p�o� �t�a�
�k�u� �k�a� �o�r�i�g�i�n�a�l�n�o�m� �s�i�g�n�a�l�u� �u� �s�v�a�k�o�m
�t�r�e�n�u�t�k�u� �i�z�m�e���u� �u�z�o�r�a�k�a�.� �N�i�k�a�k�v�a� �i�n�f�o�r�m�a�c�i�j�a� �n�i�j�e� �i�z�g�u�b�l�j�e�n�a�.� �D�i�g�i�t�a�l�n�a� �r�e�p�r�e�z�e�n�t�a�c�i�j�a� �j�e� �p�o�t�p�u�n�o� �i� �b�e�z�g�u�b�i�t�n�o� �k�o�d�i�r�a�n�j�e� �a�n�a�l�o�g�n�o�g
originala.

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

�T�a�k�o���e� �j�e� �u�s�l�o�v�a�n�.

�T�e�o�r�e�m�a� �s�e� �p�r�i�m�e�n�j�u�j�e� �n�a� �s�i�g�n�a�l�e� �k�o�j�i� �s�u� �s�t�r�o�g�o� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�i� �-�-� �s�i�g�n�a�l�e� �k�o�j�i� �s�a�d�r�ž�e� �t�a�
�n�o� �n�u�l�t�u� �e�n�e�r�g�i�j�u� �i�z�n�a�d� �f�r�e�k�v�e�n�c�i�j�e� �B�.
�O�v�o� �j�e� �p�r�e�m�i�s�a� �n�a� �k�o�j�o�j� �p�o�
�i�v�a� �c�e�l�o�k�u�p�a�n� �d�o�k�a�z�.� �A�k�o� �s�i�g�n�a�l� �s�a�d�r�ž�i� �b�i�l�o� �k�a�k�v�u� �e�n�e�r�g�i�j�u� �i�z�n�a�d� �B�,� �t�a� �e�n�e�r�g�i�j�a� �s�e� �a�l�i�a�s�i�n�g�o�m� �p�r�e�n�o�s�i� �u
�o�p�s�e�g� �i�s�p�o�d� �B� �t�o�k�o�m� �u�z�o�r�k�o�v�a�n�j�a�,� �s�u�p�e�r�p�o�n�i�r�a�j�u���i� �s�e� �n�a� �p�r�a�v�i� �s�a�d�r�ž�a�j� �u� �o�p�s�e�g�u�.� �A�l�i�a�s�o�v�a�n�a� �e�n�e�r�g�i�j�a� �n�e� �r�a�z�l�i�k�u�j�e� �s�e� �o�d� �o�r�i�g�i�n�a�l�n�o�g
sadržaja, a informacija koju je nosila je uništena. Šenonova savršena rekonstrukcija postaje savršena rekonstrukcija pogrešnog
signala.

Standardni inženjerski odgovor na ovaj problem je anti-aliasing filter: niskopropusni filter postavljen pre ADC-a koji slabi svu
�e�n�e�r�g�i�j�u� �i�z�n�a�d� �N�a�j�k�v�i�s�t�o�v�e� �f�r�e�k�v�e�n�c�i�j�e�.� �A�k�o� �j�e� �f�i�l�t�e�r� �i�d�e�a�l�a�n� �-�-� �b�e�s�k�o�n�a�
�n�o� �s�l�a�b�l�j�e�n�j�e� �i�z�n�a�d� �g�r�a�n�i�c�e�,� �n�u�l�t�a� �f�a�z�n�a� �d�i�s�t�o�r�z�i�j�a� �i�s�p�o�d� �-�-
�p�r�e�m�i�s�a� �j�e� �v�r�a���e�n�a� �i� �t�e�o�r�e�m�a� �s�e� �p�r�i�m�e�n�j�u�j�e�.� �U� �p�r�a�k�s�i�,� �n�i�j�e�d�a�n� �f�i�l�t�e�r� �n�i�j�e� �i�d�e�a�l�a�n�.� �S�v�a�k�i� �a�n�a�l�o�g�n�i� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r� �i�m�a� �k�o�n�a�
�n�u
�p�r�e�l�a�z�n�u� �z�o�n�u� �i� �k�o�n�a�
�n�o� �s�l�a�b�l�j�e�n�j�e� �u� �z�o�n�i� �z�a�u�s�t�a�v�l�j�a�n�j�a�.� �E�n�e�r�g�i�j�a� �c�u�r�i�.

Pitanje koje ovaj rad razmatra nije da li energija curi. To je poznato. Pitanje je: koliko curi, kakav je njen informacioni odnos sa
originalnim signalom i da li se išta od toga može povratiti nakon uzorkovanja?

Nismo tražili ovaj rezultat. Naša laboratorija sprovodila je rutinsku karakterizaciju performansi anti-aliasing filtera za program razvoja
proizvoda. Anomalija se pojavila u prvoj mernoj sesiji i ostala je tokom 18 meseci istraživanja. Objavljujemo je ovde jer nismo mogli
da je nateramo da nestane.

�2�.� �P�R�E�M�I�S�A� �O�P�S�E�G�O�V�N�E� �O�G�R�A�N�I���E�N�O�S�T�I

�Š�e�n�o�n�o�v� �d�o�k�a�z� �z�a�h�t�e�v�a� �d�a� �u�l�a�z�n�i� �s�i�g�n�a�l� �z�a�d�o�v�o�l�j�i� �s�t�r�o�g� �m�a�t�e�m�a�t�i�
�k�i� �u�s�l�o�v�:� �n�j�e�g�o�v�a� �F�u�r�i�j�e�o�v�a� �t�r�a�n�s�f�o�r�m�a�c�i�j�a� �m�o�r�a� �b�i�t�i� �i�d�e�n�t�i�
�n�o� �n�u�l�a
za sve frekvencije iznad B. Ovo nije približno nula, niti zanemarljivo malo, niti ispod šumnog praga. Mora biti nula.

�P�e�j�l�i�-�V�i�n�e�r�o�v�a� �t�e�o�r�e�m�a� �(�1�9�3�4�)� �u�s�t�a�n�o�v�l�j�u�j�e� �d�a� �n�i�j�e�d�a�n� �s�i�g�n�a�l� �k�o�n�a�
�n�o�g� �t�r�a�j�a�n�j�a� �n�e� �m�o�ž�e� �b�i�t�i� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�.� �V�r�e�m�e�n�s�k�i
�o�g�r�a�n�i�
�e�n� �s�i�g�n�a�l� �-�-� �o�n�a�j� �k�o�j�i� �p�o�
�i�n�j�e� �i� �p�r�e�s�t�a�j�e� �-�-� �n�e�m�i�n�o�v�n�o� �i�m�a� �b�e�s�k�o�n�a�
�n�i� �p�r�o�p�u�s�n�i� �o�p�s�e�g�.� �N�j�e�g�o�v�a� �F�u�r�i�j�e�o�v�a� �t�r�a�n�s�f�o�r�m�a�c�i�j�a
proteže se do proizvoljno visokih frekvencija, sa gustinom energije koja opada ali nikada ne dostiže nulu.

�S�v�a�k�o� �m�u�z�i�
�k�o� �i�z�v�o���e�n�j�e� �j�e� �v�r�e�m�e�n�s�k�i� �o�g�r�a�n�i�
�e�n�o�.� �S�v�a�k�a� �s�n�i�m�a�t�e�l�j�s�k�a� �s�e�s�i�j�a� �p�o�
�i�n�j�e� �i� �p�r�e�s�t�a�j�e�.� �S�t�o�g�a�,� �n�i�j�e�d�a�n� �a�u�d�i�o� �s�n�i�m�a�k� �n�i�j�e
�o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n� �u� �s�m�i�s�l�u� �k�o�j�i� �Š�e�n�o�n� �z�a�h�t�e�v�a�.
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Ovo je dobro poznato. Standardni odgovor je da je energija iznad Najkvistove frekvencije zanemarljivo mala -- toliko ispod šumnog

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

magnitudi energije iznad opsega, a tvrdnje treba meriti.

Izmerili smo je.

�K�o�n�k�r�e�t�n�o�,� �i�z�m�e�r�i�l�i� �s�m�o� �g�u�s�t�i�n�u� �s�p�e�k�t�r�a�l�n�e� �e�n�e�r�g�i�j�e� �r�e�a�l�n�i�h� �a�u�d�i�o� �s�i�g�n�a�l�a� �u� �o�b�l�a�s�t�i� �i�z�m�e���u� �t�a�
�k�e� �-�3� �d�B� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�a� �i
frekvencije na kojoj energija pada ispod šumnog praga našeg sistema. Za sistem uzorkovanja od 192 kHz sa Najkvistovom
�f�r�e�k�v�e�n�c�i�j�o�m� �o�d� �9�6� �k�H�z� �i� �t�i�p�i�
�n�i�m� �e�l�i�p�t�i�
�n�i�m� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�o�m� �8�.� �r�e�d�a� �(�-�3� �d�B� �n�a� �9�0� �k�H�z�,� �-�1�2�0� �d�B� �n�a� �9�6� �k�H�z�)�,� �o�v�a� �o�b�l�a�s�t� �o�b�u�h�v�a�t�a
približno od 90 kHz do 400 kHz.

Energija u ovoj oblasti nije nula. Nije zanemarljiva. I nije šum.

3. METODOLOGIJA

Sistem za akviziciju je projektovan za jednu jedinu svrhu: da okarakteriše spektralni sadržaj audio signala u frekvencijskom opsegu
koji su anti-aliasing filteri dizajnirani da uklone.

Signalna putanja sastojala se od DPA 4006A omnidirekcionog mernog mikrofona (specifikovan ravan do 40 kHz, -3 dB na 100 kHz,
�s�a� �p�r�e�o�s�t�a�l�i�m� �o�d�z�i�v�o�m� �m�e�r�l�j�i�v�i�m� �d�o� �p�r�i�b�l�i�ž�n�o� �5�0�0� �k�H�z�)�,� �n�a�m�e�n�s�k�i� �i�z�g�r�a���e�n�o�g� �i�n�s�t�r�u�m�e�n�t�a�l�n�o�g� �p�r�e�t�p�o�j�a�
�a�v�a�
�a� �s�a� �i�z�m�e�r�e�n�i�m
propusnim opsegom od DC do 2 MHz (-3 dB), i AKM AK5578 32-bitnog delta-sigma ADC-a koji radi na svojoj maksimalnoj brzini
�u�z�o�r�k�o�v�a�n�j�a� �o�d� �7�6�8� �k�H�z�,� �d�a�j�u���i� �N�a�j�k�v�i�s�t�o�v�u� �f�r�e�k�v�e�n�c�i�j�u� �o�d� �3�8�4� �k�H�z�.

�N�i�j�e� �k�o�r�i�š���e�n� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�.

Izostavljanje anti-aliasing filtera bilo je namerno. Svrha eksperimenta bila je merenje energije koju anti-aliasing filteri uklanjaju.
�U�k�l�j�u�
�i�v�a�n�j�e� �f�i�l�t�e�r�a� �b�i� �p�o�b�e�d�i�l�o� �e�k�s�p�e�r�i�m�e�n�t�.� �O�d�s�u�s�t�v�o� �f�i�l�t�e�r�a� �z�n�a�
�i� �d�a� �s�e� �e�n�e�r�g�i�j�a� �i�z�n�a�d� �3�8�4� �k�H�z� �a�l�i�a�s�i�n�g�o�m� �p�r�e�n�o�s�i� �u� �p�r�o�p�u�s�n�i
�o�p�s�e�g�,� �a�l�i� �b�r�z�i�n�a� �u�z�o�r�k�o�v�a�n�j�a� �o�d� �7�6�8� �k�H�z� �p�o�s�t�a�v�l�j�a� �N�a�j�k�v�i�s�t�o�v�u� �f�r�e�k�v�e�n�c�i�j�u� �t�o�l�i�k�o� �i�z�n�a�d� �a�u�d�i�o� �o�p�s�e�g�a� �d�a� �j�e� �a�l�i�a�s�i�n�g� �i�z� �m�u�z�i�
�k�i
�r�e�l�e�v�a�n�t�n�i�h� �i�z�v�o�r�a� �z�a�n�e�m�a�r�l�j�i�v� �z�a� �p�o�t�r�e�b�e� �o�v�e� �k�a�r�a�k�t�e�r�i�z�a�c�i�j�e�.� �(�V�r�a���a�m�o� �s�e� �n�a� �o�v�u� �t�a�
�k�u� �u� �O�d�e�l�j�k�u� �5�.�)

�S�i�s�t�e�m� �j�e� �k�a�l�i�b�r�i�s�a�n� �u� �o�d�n�o�s�u� �n�a� �B�r�u�e�l� �&� �K�j�a�e�r� �T�y�p�e� �4�2�3�1� �z�v�u�
�n�i� �k�a�l�i�b�r�a�t�o�r� �(�1� �k�H�z�,� �9�4� �d�B� �S�P�L�)� �i� �u�n�a�k�r�s�n�o� �p�r�o�v�e�r�e�n� �p�o�m�o���u� �A�u�d�i�o
Precision APx555B analizatora sa verifikovanim specifikacijama do 204,8 kHz. Šumni prag celokupnog sistema, meren u
�a�n�e�h�o�i�
�n�o�j� �k�o�m�o�r�i� �b�e�z� �p�r�i�s�u�t�n�o�g� �s�i�g�n�a�l�a�,� �i�z�n�o�s�i�o� �j�e� �-�1�9�8�,�2� �d�B�F�S� �o�d� �2�0� �H�z� �d�o� �3�8�4� �k�H�z�.� �O�v�o� �j�e� �5�,�5� �d�B� �i�s�p�o�d� �t�e�o�r�i�j�s�k�o�g
kvantizacionog šumnog praga 32-bitnog konvertora, rezultat koji se može pripisati oblikovanju šuma delta-sigma modulatora, koje
koncentriše kvantizacioni šum iznad propusnog opsega.

�S�n�i�m�c�i� �s�u� �p�r�a�v�l�j�e�n�i� �u� �1�1� �l�o�k�a�c�i�j�a� �t�o�k�o�m� �1�8� �m�e�s�e�c�i�.� �L�o�k�a�c�i�j�e� �s�u� �u�k�l�j�u�
�i�v�a�l�e� �k�o�n�c�e�r�t�n�e� �d�v�o�r�a�n�e� �(�2�)�,� �s�t�u�d�i�j�e� �z�a� �s�n�i�m�a�n�j�e� �(�3�)�,� �c�r�k�v�e� �(�2�)�,
�d�ž�e�z� �k�l�u�b�,� �o�t�v�o�r�e�n�i� �a�m�f�i�t�e�a�t�a�r�,� �k�u���n�u� �s�o�b�u� �z�a� �s�l�u�š�a�n�j�e� �i� �a�n�e�h�o�i�
�n�u� �k�o�m�o�r�u� �(�z�a� �k�a�l�i�b�r�a�c�i�j�u�)�.� �M�u�z�i�
�k�i� �m�a�t�e�r�i�j�a�l� �o�b�u�h�v�a�t�a�o� �j�e� �s�o�l�o
�i�n�s�t�r�u�m�e�n�t�e� �(�k�l�a�v�i�r�,� �
�e�m�b�a�l�o�,� �v�i�o�l�i�n�u�,� �t�r�u�b�u�)�,� �m�a�l�e� �a�n�s�a�m�b�l�e� �(�g�u�d�a�
�k�i� �k�v�a�r�t�e�t�,� �d�ž�e�z� �t�r�i�o�)�,� �p�u�n� �o�r�k�e�s�t�a�r�,� �o�r�g�u�l�j�e�,� �p�o�j�a�
�a�n�i� �r�o�k� �b�e�n�d� �i
�e�l�e�k�t�r�o�n�s�k�i� �s�i�n�t�i�s�a�j�z�e�r�.� �U�k�u�p�n�o� �s�n�i�m�l�j�e�n� �m�a�t�e�r�i�j�a�l�:� �4�.�1�4�7� �s�a�t�i�,� �o�d� �
�e�g�a� �j�e� �4�.�0�0�0� �s�a�t�i� �p�r�o�š�l�o� �k�o�n�t�r�o�l�u� �k�v�a�l�i�t�e�t�a� �(�o�d�b�a�
�e�n�i�h� �1�4�7� �s�a�t�i
sadržalo je šum rukovanja, kvarove opreme ili prekide).

�Z�a� �s�v�a�k�i� �s�n�i�m�a�k�,� �g�u�s�t�i�n�a� �s�p�e�k�t�r�a�l�n�e� �e�n�e�r�g�i�j�e� �i�z�r�a�
�u�n�a�t�a� �j�e� �u� �o�p�s�e�z�i�m�a� �1�/�1�2� �o�k�t�a�v�e� �o�d� �2�0� �H�z� �d�o� �3�8�4� �k�H�z� �p�o�m�o���u� �V�e�l�
�e�v�e� �m�e�t�o�d�e
�(�H�a�n�o�v� �p�r�o�z�o�r�,� �5�0�%� �p�r�e�k�l�a�p�a�n�j�e�,� �6�5�.�5�3�6�-�t�a�
�k�a�s�t�i� �F�F�T�)�.� �E�n�e�r�g�i�j�a� �u� �s�v�a�k�o�m� �o�p�s�e�g�u� �i�z�r�a�ž�e�n�a� �j�e� �u� �d�B�F�S� �u� �o�d�n�o�s�u� �n�a� �d�i�g�i�t�a�l�n�i� �n�i�v�o
pune skale.

4. REZULTATI

U svih 4.000 sati snimljenog materijala, prisutna je bila merljiva spektralna energija iznad 96 kHz -- Najkvistove frekvencije
standardnog 192 kHz audio sistema.

Nivo je varirao u zavisnosti od izvornog materijala:

�S�o�l�o� �
�e�m�b�a�l�o� �(�k�o�p�i�j�a� �R�u�c�k�e�r�s�,� �s�a� �b�l�i�s�k�i�m� �m�i�k�r�o�f�o�n�o�m� �n�a� �1�5� �c�m�)�:� �e�n�e�r�g�i�j�a� �n�a� �9�6�-�1�2�0� �k�H�z� �u� �p�r�o�s�e�k�u� �-�1�4�7�,�3� �d�B�F�S�,� �p�a�d�a�j�u���i� �n�a
šumni prag (-198 dBFS) na približno 210 kHz.

Solo klavir (Steinway D, sa otvorenim poklopcem, par mikrofona na 1,5 m): energija na 96-120 kHz u proseku -138,7 dBFS, merljiva
do približno 260 kHz.

�G�u�d�a�
�k�i� �k�v�a�r�t�e�t� �(�W�i�g�m�o�r�e� �H�a�l�l�,� �g�l�a�v�n�i� �p�a�r� �n�a� �3� �m�)�:� �-�1�3�4�,�2� �d�B�F�S� �n�a� �9�6�-�1�2�0� �k�H�z�,� �m�e�r�l�j�i�v�a� �d�o� �p�r�i�b�l�i�ž�n�o� �2�4�0� �k�H�z�.

Džez trio (Village Vanguard, sa bliskim mikrofonima): -119,4 dBFS na 96-120 kHz, merljiva do približno 310 kHz.

Pun orkestar (Concertgebouw, Decca tree na 3,5 m): -112,8 dBFS na 96-120 kHz, merljiva do približno 290 kHz.
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�O�r�g�u�l�j�e� �(�S�t�.� �S�u�l�p�i�c�e�,� �P�a�r�i�z�,� �m�i�k�r�o�f�o�n�i� �u� �l�a���i�)�:� �-�1�0�8�,�3� �d�B�F�S� �n�a� �9�6�-�1�2�0� �k�H�z�,� �m�e�r�l�j�i�v�a� �d�o� �p�r�i�b�l�i�ž�n�o� �3�4�0� �k�H�z�.� �O�v�o� �j�e� �b�i�l�a� �n�a�j�v�e���a

apsolutna izmerena širina opsega, u skladu sa orguljaškim generisanjem visokofrekvencijskih tranzijenata iz šuma ventila i

turbulencije vazduha.

�P�o�j�a�
�a�n�i� �r�o�k� �b�e�n�d� �(�s�t�u�d�i�o�,� �d�i�r�e�k�t� �b�o�k�s� �+� �m�i�k�r�o�f�o�n�i� �p�r�o�s�t�o�r�i�j�e�)�:� �-�1�0�3�,�1� �d�B�F�S� �n�a� �9�6�-�1�2�0� �k�H�z�,� �m�e�r�l�j�i�v�a� �d�o� �p�r�i�b�l�i�ž�n�o� �2�8�0� �k�H�z�.

Mesinjani ansambl snimljen sa bliskim mikrofonima (4 trube, 4 trombona, studio): -91,6 dBFS na 96-120 kHz, merljiva do približno
350 kHz. Ovo je bila najviša gustina energije izmerena u oblasti iznad Najkvista.

Elektronski sintisajzer (Moog Voyager, direkt boks): -96,2 dBFS na 96-120 kHz, merljiva do približno 370 kHz. Analogni oscilator i
filter proizveli su širokopojasnu energiju koja se proteže znatno iznad audio opsega.

�O�v�i� �n�i�v�o�i� �s�u� �n�i�s�k�i�.� �N�a�j�v�i�š�e� �m�e�r�e�n�j�e�,� �-�9�1�,�6� �d�B�F�S� �z�a� �m�e�s�i�n�j�a�n�i� �a�n�s�a�m�b�l�,� �n�a�l�a�z�i� �s�e� �9�1�,�6� �d�B� �i�s�p�o�d� �d�i�g�i�t�a�l�n�o�g� �p�u�n�o�g� �o�p�s�e�g�a� �-�-� �n�e�
�u�j�n�o
po bilo kom standardu. Ali je 106,6 dB iznad šumnog praga sistema. Nije šum. Signal je.

�D�a� �b�i�s�m�o� �t�o� �p�o�t�v�r�d�i�l�i�,� �i�z�r�a�
�u�n�a�l�i� �s�m�o� �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� �9�6� �k�H�z� �i� �p�r�o�g�r�a�m�s�k�o�g� �s�a�d�r�ž�a�j�a� �i�s�p�o�d� �9�6
�k�H�z�.� �U� �s�v�i�m� �s�n�i�m�c�i�m�a�,� �k�o�r�e�l�a�c�i�j�a� �j�e� �p�r�e�m�a�š�i�l�a� �r� �=� �0�,�9�3�.� �E�n�e�r�g�i�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �p�r�a�t�i� �m�u�z�i�
�k�u� �d�i�n�a�m�i�k�u� �-�-� �g�l�a�s�n�i�j�a� �j�e� �t�o�k�o�m� �g�l�a�s�n�i�h
�p�a�s�a�ž�a�,� �t�i�š�a� �t�o�k�o�m� �t�i�h�i�h� �p�a�s�a�ž�a�,� �i� �o�d�s�u�t�n�a� �t�o�k�o�m� �t�i�š�i�n�e�.� �G�e�n�e�r�i�š�u� �j�e� �i�s�t�i� �f�i�z�i�
�k�i� �d�o�g�a���a�j�i� �k�o�j�i� �g�e�n�e�r�i�š�u� �
�u�j�n�i� �s�i�g�n�a�l�.� �O�n�a� �j�e�,� �p�o� �b�i�l�o
kojoj razumnoj definiciji, deo muzike.

5. ALIASING REZIDUAL

Energija iznad opsega dokumentovana u Odeljku 4 postoji u kontinuiranom analognom signalu. Kada se taj signal uzorkuje
konvencionalnim audio sistemom -- brzinom uzorkovanja 192 kHz, anti-aliasing filterom sa slabljenjem zone zaustavljanja od -120
�d�B� �n�a� �9�6� �k�H�z� �-�-� �v�e���i�n�a� �o�v�e� �e�n�e�r�g�i�j�e� �s�e� �u�k�l�a�n�j�a�.� �A�l�i� �n�e� �s�v�a�.

Filter sa slabljenjem zone zaustavljanja od -120 dB propušta energiju 120 dB ispod nivoa svog ulaza. Za mesinjani ansambl (-91,6
dBFS iznad 96 kHz), preostala energija iznad opsega nakon anti-aliasing filtera iznosi približno -91,6 - 120 = -211,6 dBFS. Ovo je
�i�s�p�o�d� �š�u�m�n�o�g� �p�r�a�g�a� �b�i�l�o� �k�o�g� �p�o�s�t�o�j�e���e�g� �k�o�n�v�e�r�t�o�r�a� �i� �m�o�ž�e� �s�e� �b�e�z�b�e�d�n�o� �i�g�n�o�r�i�s�a�t�i�.

�A�l�i� �s�p�e�c�i�f�i�k�a�c�i�j�a� �f�i�l�t�e�r�a� �o�d� �-�1�2�0� �d�B� �p�r�i�m�e�n�j�u�j�e� �s�e� �n�a� �d�u�b�o�k�u� �f�r�e�k�v�e�n�c�i�j�u� �z�o�n�e� �z�a�u�s�t�a�v�l�j�a�n�j�a� �-�-� �t�i�p�i�
�n�o� �1�,�2� �p�u�t�a� �N�a�j�k�v�i�s�t�o�v�a� �f�r�e�k�v�e�n�c�i�j�a
�i�l�i� �v�i�š�e�.� �U� �p�r�e�l�a�z�n�o�j� �z�o�n�i� �i�z�m�e���u� �i�v�i�c�e� �p�r�o�p�u�s�n�o�g� �o�p�s�e�g�a� �i� �d�u�b�o�k�e� �z�o�n�e� �z�a�u�s�t�a�v�l�j�a�n�j�a�,� �s�l�a�b�l�j�e�n�j�e� �j�e� �m�a�n�j�e�.� �Z�a� �e�l�i�p�t�i�
�n�i� �f�i�l�t�e�r� �8�.� �r�e�d�a
�i�z�m�e�r�e�n� �u� �n�a�š�o�j� �l�a�b�o�r�a�t�o�r�i�j�i� �(�u�o�b�i�
�a�j�e�n�a� �t�o�p�o�l�o�g�i�j�a� �u� �p�r�o�f�e�s�i�o�n�a�l�n�i�m� �a�u�d�i�o� �k�o�n�v�e�r�t�o�r�i�m�a�)�,� �s�l�a�b�l�j�e�n�j�e� �n�a� �9�6� �k�H�z� �i�z�n�o�s�i�l�o� �j�e� �-�1�2�0� �d�B�,� �a�l�i
�n�a� �9�3� �k�H�z� �s�a�m�o� �-�8�7� �d�B�,� �n�a� �9�1� �k�H�z� �s�a�m�o� �-�6�4� �d�B�,� �a� �n�a� �9�0� �k�H�z� �(�t�a�
�k�a� �-�3� �d�B�)� �s�a�m�o� �-�3� �d�B�.

�E�n�e�r�g�i�j�a� �s�i�g�n�a�l�a� �i�z�m�e���u� �9�0� �k�H�z� �i� �9�6� �k�H�z� �p�r�o�l�a�z�i� �k�r�o�z� �f�i�l�t�e�r� �s�a� �s�l�a�b�l�j�e�n�j�e�m� �u� �r�a�s�p�o�n�u� �o�d� �3� �d�B� �d�o� �1�2�0� �d�B�.� �O�v�a� �e�n�e�r�g�i�j�a� �s�e� �z�a�t�i�m
�a�l�i�a�s�i�n�g�o�m� �p�r�e�n�o�s�i� �u� �p�r�o�p�u�s�n�i� �o�p�s�e�g� �t�o�k�o�m� �u�z�o�r�k�o�v�a�n�j�a�,� �p�r�e�s�a�v�i�j�a�j�u���i� �s�e� �o�k�o� �N�a�j�k�v�i�s�t�o�v�e� �f�r�e�k�v�e�n�c�i�j�e� �o�d� �9�6� �k�H�z� �d�a� �p�a�d�n�e� �i�z�m�e���u� �0
i 6 kHz -- pravo u najosetljiviju oblast ljudskog sluha.

�M�e�r�i�l�i� �s�m�o� �o�v�a�j� �a�l�i�a�s�o�v�a�n�i� �r�e�z�i�d�u�a�l� �d�i�r�e�k�t�n�o� �u�p�o�r�e���u�j�u���i� �i�z�l�a�z� �i�s�t�o�g� �A�D�C�-�a� �s�a� �i� �b�e�z� �a�k�t�i�v�i�r�a�n�o�g� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�a�.� �D�i�f�e�r�e�n�c�i�j�a�l�n�i
signal -- energija koju filter nije u potpunosti uklonio -- bila je prisutna u svakom snimku.

Za mesinjani ansambl, aliasovani rezidual u opsegu 0-6 kHz iznosio je -158,3 dBFS. Za solo klavir, -171,2 dBFS. Za elektronski
sintisajzer, -162,7 dBFS.

�O�v�i� �n�i�v�o�i� �s�u� �i�z�u�z�e�t�n�o� �n�i�s�k�i�.� �N�e�
�u�j�n�i� �s�u�.� �I�s�p�o�d� �s�u� �t�e�r�m�i�
�k�o�g� �š�u�m�n�o�g� �p�r�a�g�a� �b�i�l�o� �k�o�g� �r�e�a�l�n�o�g� �o�k�r�u�ž�e�n�j�a� �z�a� �s�l�u�š�a�n�j�e�.� �A�l�i� �s�u� �i�z�n�a�d
šumnog praga našeg mernog sistema, i korelisani su sa programskim materijalom.

�A�l�i�a�s�o�v�a�n�i� �r�e�z�i�d�u�a�l� �n�i�j�e� �s�l�u�
�a�j�a�n�.� �T�o� �j�e� �d�e�t�e�r�m�i�n�i�s�t�i�
�k�a� �f�u�n�k�c�i�j�a� �u�l�a�z�n�o�g� �s�i�g�n�a�l�a�,� �p�r�e�n�o�s�n�e� �f�u�n�k�c�i�j�e� �f�i�l�t�e�r�a� �i� �b�r�z�i�n�e� �u�z�o�r�k�o�v�a�n�j�a�.� �T�o� �j�e�,
u informaciono-teorijskim terminima, šumni kanal kroz koji informacija signala iznad opsega curi u uzorkovane podatke.

�Š�e�n�o�n�o�v�a� �t�e�o�r�e�m�a� �k�a�ž�e� �d�a� �j�e� �o�r�i�g�i�n�a�l�n�a� �i�n�f�o�r�m�a�c�i�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �u�n�i�š�t�e�n�a� �a�l�i�a�s�i�n�g�o�m�.� �O�v�o� �j�e� �t�a�
�n�o� �k�a�d�a� �j�e� �s�i�g�n�a�l� �s�a�v�r�š�e�n�o
�o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�.� �K�a�d�a� �n�i�j�e� �-�-� �a� �p�o�k�a�z�a�l�i� �s�m�o� �d�a� �n�i�k�a�d�a� �n�i�j�e� �-�-� �p�r�e�ž�i�v�l�j�a�v�a� �r�e�z�i�d�u�a�l�,� �k�o�j�i� �n�o�s�i� �m�a�l�u� �a�l�i� �n�e�n�u�l�t�u� �k�o�l�i�
�i�n�u� �u�z�a�j�a�m�n�e
informacije sa originalnim sadržajem iznad opsega.

�6�.� �P�O�V�R�A�T�A�K� �I�N�F�O�R�M�A�C�I�J�E� �I�Z�M�E���U� �U�Z�O�R�A�K�A

Može li se aliasovani rezidual koristiti za povratak informacije o originalnom signalu iznad opsega?

�Š�e�n�o�n� �k�a�ž�e� �n�e�.� �D�o�k�a�z� �t�e�o�r�e�m�e� �u�s�t�a�n�o�v�l�j�u�j�e� �d�a� �s�u� �a�l�i�a�s�o�v�a�n�i� �s�a�d�r�ž�a�j� �i� �p�r�a�v�i� �s�a�d�r�ž�a�j� �u� �o�p�s�e�g�u� �m�a�t�e�m�a�t�i�
�k�i� �n�e�r�a�z�l�u�
�i�v�i�.� �A�l�i� �o�v�a�j
dokaz pretpostavlja da aliasovana energija dolazi preko frekvencijskog savijanja koje preslikava svaku frekvenciju iznad opsega na
�t�a�
�n�o� �j�e�d�n�u� �f�r�e�k�v�e�n�c�i�j�u� �i�s�p�o�d� �o�p�s�e�g�a� �-�-� �p�r�e�s�l�i�k�a�v�a�n�j�e� �j�e�d�a�n�-�p�r�e�m�a�-�v�i�š�e� �k�o�j�e� �u�n�i�š�t�a�v�a� �o�r�i�g�i�n�a�l�n�i� �f�r�e�k�v�e�n�c�i�j�s�k�i� �i�d�e�n�t�i�t�e�t�.

Ova pretpostavka važi za jednu operaciju uzorkovanja. Ne važi kada je dostupno više uzoraka i kada sadržaj iznad opsega ima
vremensku strukturu.
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�A�l�i�a�s�o�v�a�n�i� �r�e�z�i�d�u�a�l� �n�i�j�e� �s�t�a�t�i�
�k�a� �v�e�l�i�
�i�n�a�.� �V�a�r�i�r�a� �o�d� �u�z�o�r�k�a� �d�o� �u�z�o�r�k�a� �j�e�r� �s�a�d�r�ž�a�j� �i�z�n�a�d� �o�p�s�e�g�a� �v�a�r�i�r�a�.� �A� �n�j�e�g�o�v�a� �v�a�r�i�j�a�c�i�j�a� �j�e

�o�g�r�a�n�i�
�e�n�a�:� �m�o�r�a� �b�i�t�i� �u� �s�k�l�a�d�u� �s�a� �s�i�g�n�a�l�o�m� �k�o�j�i� �j�e� �(�a�)� �p�o�t�e�k�a�o� �i�z�n�a�d� �N�a�j�k�v�i�s�t�o�v�e� �f�r�e�k�v�e�n�c�i�j�e�,� �(�b�)� �p�r�o�š�a�o� �k�r�o�z� �f�i�l�t�e�r� �s�a� �p�o�z�n�a�t�o�m

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

�O�v�a� �o�g�r�a�n�i�
�e�n�j�a� �s�u� �i�n�f�o�r�m�a�t�i�v�n�a�.� �I�s�k�l�j�u�
�u�j�u� �v�e���i�n�u� �m�o�g�u���i�h� �s�i�g�n�a�l�a� �i�z�n�a�d� �o�p�s�e�g�a� �i� �o�s�t�a�v�l�j�a�j�u� �m�a�l�i� �p�o�d�p�r�o�s�t�o�r� �k�a�n�d�i�d�a�t�a� �u� �s�k�l�a�d�u� �s�a
posmatranim rezidualom.

�I�m�p�l�e�m�e�n�t�i�r�a�l�i� �s�m�o� �a�l�g�o�r�i�t�a�m� �z�a� �p�o�v�r�a�t�a�k� �z�a�s�n�o�v�a�n� �n�a� �o�g�r�a�n�i�
�e�n�o�j� �p�r�o�c�e�n�i� �m�a�k�s�i�m�a�l�n�e� �v�e�r�o�v�a�t�n�o���e�.� �A�l�g�o�r�i�t�a�m� �u�z�i�m�a� �k�a�o� �u�l�a�z�:
�u�z�o�r�k�o�v�a�n�e� �p�o�d�a�t�k�e�,� �i�z�m�e�r�e�n�u� �p�r�e�n�o�s�n�u� �f�u�n�k�c�i�j�u� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�a�,� �i� �s�t�a�t�i�s�t�i�
�k�i� �m�o�d�e�l� �o�d�n�o�s�a� �i�z�m�e���u� �s�a�d�r�ž�a�j�a� �u� �o�p�s�e�g�u� �i� �i�z�n�a�d
opsega (treniran na 2.000 sati referentnih snimaka od 768 kHz). Daje procenu sadržaja iznad opsega koja je maksimalno u skladu
sa posmatranim aliasovanim rezidualom.

�T�a�
�n�o�s�t� �p�o�v�r�a���e�n�o�g� �s�i�g�n�a�l�a� �p�r�o�c�e�n�j�e�n�a� �j�e� �p�o�r�e���e�n�j�e�m� �s�a� �s�t�v�a�r�n�o�š���u� �o�d� �7�6�8� �k�H�z�.� �U�z�a�j�a�m�n�a� �i�n�f�o�r�m�a�c�i�j�a� �i�z�m�e���u� �p�o�v�r�a���e�n�e
�p�r�o�c�e�n�e� �i� �p�r�a�v�o�g� �s�a�d�r�ž�a�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �i�z�r�a�
�u�n�a�t�a� �j�e� �p�o�m�o���u� �K�o�z�a�
�e�n�k�o�-�L�e�o�n�e�n�k�o� �p�r�o�c�e�n�j�i�v�a�
�a�.

�R�e�z�u�l�t�a�t�i�:� �a�l�g�o�r�i�t�a�m� �z�a� �p�o�v�r�a�t�a�k� �e�k�s�t�r�a�h�o�v�a�o� �j�e� �i�z�m�e���u� �0�,�0�0�8� �b�i�t�a� �p�o� �u�z�o�r�k�u� �(�s�o�l�o� �
�e�m�b�a�l�o�)� �i� �0�,�3�1� �b�i�t�a� �p�o� �u�z�o�r�k�u� �(�m�e�s�i�n�g� �s�n�i�m�l�j�e�n
�s�a� �b�l�i�s�k�i�m� �m�i�k�r�o�f�o�n�i�m�a�)� �u�z�a�j�a�m�n�e� �i�n�f�o�r�m�a�c�i�j�e� �s�a� �p�r�a�v�i�m� �s�i�g�n�a�l�o�m� �i�z�n�a�d� �o�p�s�e�g�a�.� �K�o�n�t�r�o�l�n�i� �e�k�s�p�e�r�i�m�e�n�t� �k�o�r�i�s�t�e���i� �b�e�l�i� �š�u�m� �k�a�o� �u�l�a�z�n�i
�s�i�g�n�a�l� �d�a�o� �j�e� �0�,�0�0�0� �+�/�-� �0�,�0�0�1� �b�i�t�a� �p�o� �u�z�o�r�k�u�,� �p�o�t�v�r���u�j�u���i� �d�a� �j�e� �p�o�v�r�a���e�n�a� �i�n�f�o�r�m�a�c�i�j�a� �s�i�g�n�a�l�n�o�-�z�a�v�i�s�n�a�,� �a� �n�e� �a�r�t�e�f�a�k�t� �a�l�g�o�r�i�t�m�a�.

Za mesinjani ansambl, 0,31 bita po uzorku kroz 192.000 uzoraka u sekundi iznosi 59.520 bita -- približno 7,3 kilobajta -- informacije
�i�z�n�a�d� �N�a�j�k�v�i�s�t�a� �u� �s�e�k�u�n�d�i�,� �p�o�v�r�a���e�n�e� �i�z� �s�i�g�n�a�l�a� �z�a� �k�o�j�i� �Š�e�n�o�n�o�v�a� �t�e�o�r�e�m�a� �g�a�r�a�n�t�u�j�e� �d�a� �n�e� �s�a�d�r�ž�i� �n�i�k�a�k�v�u� �i�n�f�o�r�m�a�c�i�j�u� �i�z�n�a�d
Najkvista.

�I�n�f�o�r�m�a�c�i�j�a� �p�o�s�t�o�j�i� �j�e�r� �p�r�e�m�i�s�a� �n�e� �v�a�ž�i�.� �S�i�g�n�a�l� �n�i�j�e� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�.� �U�z�o�r�c�i� �s�a�d�r�ž�e� �t�r�a�g�o�v�e� �s�a�d�r�ž�a�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �k�o�j�e� �Š�e�n�o�n�o�v
okvir tretira kao uništene. Nisu uništeni. Samo su oslabljeni, aliasovani i teški za ekstrakciju. Ali tu su.

7. POTENCIJALNI KONFAUNDI

Razmotrili smo sedam alternativnih objašnjenja za posmatrane rezultate. Nijedno nije preživelo.

1. Nelinearnost ADC-a. Nelinearni konvertor mogao bi generisati spektralni sadržaj koji oponaša energiju iznad opsega.
Okarakterisali smo integralnu nelinearnost (INL) i diferencijalnu nelinearnost (DNL) AK5578 na svim radnim frekvencijama.
Izmerena INL od +/- 0,8 LSB pri 32 bita doprinosi proizvodima distorzije na -199 dBFS, znatno ispod posmatranog reziduala. Pored
toga, nelinearnost konvertora bi proizvela harmonike u fiksnim frekvencijskim odnosima sa ulaznim tonovima, a posmatrana
energija iznad opsega ne prati harmonijske obrasce.

�2�.� �D�i�s�t�o�r�z�i�j�a� �p�r�e�t�p�o�j�a�
�a�v�a�
�a�.� �U�k�u�p�n�a� �h�a�r�m�o�n�i�j�s�k�a� �d�i�s�t�o�r�z�i�j�a� �n�a�m�e�n�s�k�o�g� �p�r�e�t�p�o�j�a�
�a�v�a�
�a� �i�z�m�e�r�e�n�a� �j�e� �n�a� �-�1�4�2� �d�B� �(�0�,�0�0�0�0�0�8�%�)� �n�a� �1
�k�H�z�,� �o�p�a�d�a�j�u���i� �d�o� �-�1�5�1� �d�B� �n�a� �1�0� �k�H�z�.� �E�n�e�r�g�i�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �p�r�e�m�a�š�u�j�e� �o�v�e� �n�i�v�o�e� �z�a� �4�0�-�6�0� �d�B� �i� �s�t�o�g�a� �s�e� �n�e� �m�o�ž�e� �p�r�i�p�i�s�a�t�i
�h�a�r�m�o�n�i�c�i�m�a� �p�r�e�t�p�o�j�a�
�a�v�a�
�a�.

�3�.� �A�r�t�e�f�a�k�t�i� �m�i�k�r�o�f�o�n�a�.� �D�P�A� �4�0�0�6�A� �i�m�a� �d�o�k�u�m�e�n�t�o�v�a�n� �u�l�t�r�a�z�v�u�
�n�i� �o�d�z�i�v� �k�o�j�i� �b�i� �m�o�g�a�o� �p�r�o�i�z�v�e�s�t�i� �i�n�t�e�r�m�o�d�u�l�a�c�i�o�n�e� �p�r�o�i�z�v�o�d�e�.
�P�o�n�o�v�i�l�i� �s�m�o� �i�z�a�b�r�a�n�a� �m�e�r�e�n�j�a� �k�o�r�i�s�t�e���i� �B�r�u�e�l� �&� �K�j�a�e�r� �T�y�p�e� �4�1�3�8� �m�i�k�r�o�f�o�n� �p�r�i�t�i�s�k�a� �o�d� �1�/�8� �i�n�
�a�,� �k�o�j�i� �i�m�a� �r�a�v�a�n� �o�d�z�i�v� �d�o� �1�4�0� �k�H�z� �b�e�z
poznatih intermodulacionih artefakata. Nivoi energije iznad opsega bili su konzistentni u okviru +/- 2 dB, što ukazuje da energija
�p�o�t�i�
�e� �i�z� �a�k�u�s�t�i�
�k�o�g� �p�o�l�j�a�,� �a� �n�e� �i�z� �m�i�k�r�o�f�o�n�a�.

4. Elektromagnetne smetnje. Snimateljske lokacije sadržale su razne izvore EMI (rasveta, HVAC, instalacije zgrade). Ponovili smo
�m�e�r�e�n�j�a� �u� �p�o�t�p�u�n�o� �o�k�l�o�p�l�j�e�n�o�m� �R�F� �k�u���i�š�t�u� �k�o�r�i�s�t�e���i� �s�n�i�m�l�j�e�n� �m�a�t�e�r�i�j�a�l� �p�u�š�t�e�n� �k�r�o�z� �r�e�f�e�r�e�n�t�n�i� �z�v�u�
�n�i�k�.� �E�n�e�r�g�i�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �j�e
�o�
�u�v�a�n�a�,� �š�t�o� �p�o�t�v�r���u�j�e� �a�k�u�s�t�i�
�k�o� �p�o�r�e�k�l�o�.

�5�.� �A�k�u�s�t�i�k�a� �p�r�o�s�t�o�r�i�j�e�.� �V�i�s�o�k�o�f�r�e�k�v�e�n�c�i�j�s�k�a� �a�k�u�s�t�i�
�k�a� �e�n�e�r�g�i�j�a� �m�o�g�l�a� �b�i� �b�i�t�i� �g�e�n�e�r�i�s�a�n�a� �m�o�d�o�v�i�m�a� �p�r�o�s�t�o�r�i�j�e�,� �f�l�a�t�e�r� �o�d�j�e�k�o�m� �i�l�i
�d�i�f�r�a�k�c�i�j�o�m� �n�a� �g�r�a�n�i�c�a�m�a� �p�r�o�s�t�o�r�i�j�e�.� �M�e�r�i�l�i� �s�m�o� �i� �u� �a�n�e�h�o�i�
�n�o�j� �k�o�m�o�r�i� �i� �u� �r�e�v�e�r�b�e�r�a�n�t�n�i�m� �l�o�k�a�c�i�j�a�m�a�.� �E�n�e�r�g�i�j�a� �i�z�n�a�d� �o�p�s�e�g�a� �b�i�l�a� �j�e
�p�r�i�s�u�t�n�a� �u� �o�b�a� �u�s�l�o�v�a�,� �i�a�k�o� �n�a� �r�a�z�l�i�
�i�t�i�m� �n�i�v�o�i�m�a� �(�n�i�ž�a� �u� �a�n�e�h�o�i�
�n�o�j� �k�o�m�o�r�i�,� �k�a�o� �š�t�o� �s�e� �o�
�e�k�i�v�a�l�o� �z�a� �i�z�v�o�r� �s�a� �b�l�i�s�k�i�m� �m�i�k�r�o�f�o�n�o�m�)�.

�6�.� �P�r�i�s�t�r�a�s�n�o�s�t� �a�l�g�o�r�i�t�m�a�.� �S�t�a�t�i�s�t�i�
�k�i� �m�o�d�e�l� �a�l�g�o�r�i�t�m�a� �z�a� �p�o�v�r�a�t�a�k� �t�r�e�n�i�r�a�n� �j�e� �n�a� �i�s�t�o�m� �t�i�p�u� �p�o�d�a�t�a�k�a� �n�a� �k�o�j�e�m� �j�e� �e�v�a�l�u�i�r�a�n�,� �š�t�o
�p�o�t�e�n�c�i�j�a�l�n�o� �d�o�z�v�o�l�j�a�v�a� �c�i�r�k�u�l�a�r�n�o� �r�e�z�o�n�o�v�a�n�j�e�.� �P�o�n�o�v�i�l�i� �s�m�o� �e�k�s�p�e�r�i�m�e�n�t� �k�o�r�i�s�t�e���i� �m�o�d�e�l� �t�r�e�n�i�r�a�n� �i�s�k�l�j�u�
�i�v�o� �n�a� �o�r�k�e�s�t�r�a�l�n�o�m
�m�a�t�e�r�i�j�a�l�u� �z�a� �p�o�v�r�a�t�a�k� �i�n�f�o�r�m�a�c�i�j�e� �i�z� �s�n�i�m�a�k�a� �s�o�l�o� �i�n�s�t�r�u�m�e�n�a�t�a� �(�i� �o�b�r�n�u�t�o�)�.� �P�o�v�r�a���e�n�a� �u�z�a�j�a�m�n�a� �i�n�f�o�r�m�a�c�i�j�a� �s�m�a�n�j�i�l�a� �s�e� �z�a� �1�5�-�2�0�%
�a�l�i� �j�e� �o�s�t�a�l�a� �s�t�a�t�i�s�t�i�
�k�i� �z�n�a�
�a�j�n�a� �(�p� �<� �0�,�0�1�)� �u� �s�v�i�m� �s�l�u�
�a�j�e�v�i�m�a�.� �D�a�l�j�e� �s�m�o� �p�o�k�r�e�n�u�l�i� �a�l�g�o�r�i�t�a�m� �n�a� �d�i�g�i�t�a�l�n�o� �s�i�n�t�e�t�i�z�o�v�a�n�i�m� �s�i�g�n�a�l�i�m�a
�k�o�j�i� �s�u� �d�o�k�a�z�i�v�o� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�i� �(�g�e�n�e�r�i�s�a�n�i� �n�a� �7�6�8� �k�H�z�,� �d�i�g�i�t�a�l�n�o� �f�i�l�t�r�i�r�a�n�i� �n�a� �9�6� �k�H�z�,� �p�o�n�o�v�o� �u�z�o�r�k�o�v�a�n�i� �n�a� �1�9�2� �k�H�z�)�.
�A�l�g�o�r�i�t�a�m� �j�e� �t�a�
�n�o� �v�r�a�t�i�o� �0�,�0�0�0� �b�i�t�a� �p�o� �u�z�o�r�k�u� �p�o�v�r�a�t�l�j�i�v�e� �i�n�f�o�r�m�a�c�i�j�e�,� �p�o�t�v�r���u�j�u���i� �d�a� �n�e� �h�a�l�u�c�i�n�i�r�a� �i�n�f�o�r�m�a�c�i�j�u� �k�o�j�a� �n�i�j�e� �p�r�i�s�u�t�n�a�.

�7�.� �K�o�r�e�l�a�c�i�j�a� �t�e�r�m�i�
�k�o�g� �š�u�m�a�.� �T�e�r�m�i�
�k�i� �š�u�m� �u� �a�n�a�l�o�g�n�o�j� �s�i�g�n�a�l�n�o�j� �p�u�t�a�n�j�i� �m�o�g�a�o� �b�i� �s�t�v�o�r�i�t�i� �k�o�r�e�l�i�s�a�n�u� �e�n�e�r�g�i�j�u� �i�z�n�a�d� �i� �i�s�p�o�d
�N�a�j�k�v�i�s�t�o�v�e� �f�r�e�k�v�e�n�c�i�j�e�.� �I�z�r�a�
�u�n�a�l�i� �s�m�o� �t�e�o�r�i�j�s�k�i� �d�o�p�r�i�n�o�s� �t�e�r�m�i�
�k�o�g� �š�u�m�a� �i�z� �m�i�k�r�o�f�o�n�a�,� �p�r�e�t�p�o�j�a�
�a�v�a�
�a� �i� �k�a�b�l�i�r�a�n�j�a� �n�a� �2�5� �s�t�e�p�e�n�i� �C�.
�U�k�u�p�a�n� �t�e�r�m�i�
�k�i� �š�u�m� �u� �o�p�s�e�g�u� �9�6�-�3�8�4� �k�H�z� �i�z�n�o�s�i�o� �j�e� �-�1�8�4� �d�B�F�S�,� �z�n�a�t�n�o� �i�s�p�o�d� �i�z�m�e�r�e�n�e� �e�n�e�r�g�i�j�e� �i�z�n�a�d� �o�p�s�e�g�a�.� �P�o�r�e�d� �t�o�g�a�,
�t�e�r�m�i�
�k�i� �š�u�m� �b�i� �p�r�o�i�z�v�e�o� �n�u�l�t�u� �u�n�a�k�r�s�n�u� �k�o�r�e�l�a�c�i�j�u� �s�a� �p�r�o�g�r�a�m�s�k�i�m� �m�a�t�e�r�i�j�a�l�o�m�,� �a� �m�i� �s�m�o� �i�z�m�e�r�i�l�i� �r� �>� �0�,�9�3�.

CONFID
ENTIA

L
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�N�i�s�m�o� �m�o�g�l�i� �i�d�e�n�t�i�f�i�k�o�v�a�t�i� �k�o�n�f�a�u�n�d�i�r�a�j�u���i� �f�a�k�t�o�r� �k�o�j�i� �o�b�j�a�š�n�j�a�v�a� �p�o�d�a�t�k�e�.

8. DISKUSIJA

�N�a�j�k�v�i�s�t�-�Š�e�n�o�n�o�v�a� �t�e�o�r�e�m�a� �o� �u�z�o�r�k�o�v�a�n�j�u� �n�i�j�e� �p�o�g�r�e�š�n�a�.� �N�j�e�n� �d�o�k�a�z� �j�e� �v�a�l�i�d�a�n�.� �N�j�e�n� �z�a�k�l�j�u�
�a�k� �s�l�e�d�i� �i�z� �n�j�e�n�i�h� �p�r�e�m�i�s�a�.

Premisa je pogrešna.

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

�O�v�a�j� �n�a�l�a�z� �n�e� �o�b�a�r�a� �d�i�g�i�t�a�l�n�i� �a�u�d�i�o�.� �K�o�l�i�
�i�n�e� �s�u� �i�z�u�z�e�t�n�o� �m�a�l�e�.� �N�a�j�v�e���a� �u�z�a�j�a�m�n�a� �i�n�f�o�r�m�a�c�i�j�a� �k�o�j�u� �s�m�o� �p�o�v�r�a�t�i�l�i� �-�-� �0�,�3�1� �b�i�t�a� �p�o
�u�z�o�r�k�u� �z�a� �m�e�s�i�n�j�a�n�i� �a�n�s�a�m�b�l� �-�-� �p�r�e�d�s�t�a�v�l�j�a� �i�n�f�o�r�m�a�c�i�o�n�u� �b�r�z�i�n�u� �o�d� �p�r�i�b�l�i�ž�n�o� �7�,�3� �k�i�l�o�b�a�j�t�a� �u� �s�e�k�u�n�d�i�,� �u� �p�o�r�e���e�n�j�u� �s�a� �o�t�p�r�i�l�i�k�e� �1�,�1
�m�e�g�a�b�a�j�t�a� �u� �s�e�k�u�n�d�i� �1�9�2� �k�H�z� �3�2�-�b�i�t�n�o�g� �a�u�d�i�o� �t�o�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� �0�,�6�%� �d�o�p�u�n�a� �s�a�d�r�ž�a�j�u� �k�o�j�i� �g�a�r�a�n�t�u�j�e� �Š�e�n�o�n�.

�A�l�i� �p�o�s�t�o�j�i�.� �A� �n�j�e�n�o� �p�o�s�t�o�j�a�n�j�e� �z�n�a�
�i� �d�a� �s�t�a�n�d�a�r�d�n�a� �t�v�r�d�n�j�a� �-�-� �„�s�n�i�m�a�k� �o�d� �1�9�2� �k�H�z� �h�v�a�t�a� �s�v�u� �i�n�f�o�r�m�a�c�i�j�u� �u� �a�n�a�l�o�g�n�o�m� �o�r�i�g�i�n�a�l�u� �d�o� �9�6
�k�H�z�,� �s�a�v�r�š�e�n�o�,� �b�e�z� �i�
�e�g�a� �i�z�g�u�b�l�j�e�n�o�g�"� �-�-� �n�i�j�e� �p�r�e�c�i�z�n�o� �t�a�
�n�a�.� �H�v�a�t�a� �s�v�u� �i�n�f�o�r�m�a�c�i�j�u� �u� �h�i�p�o�t�e�t�i�
�k�o�j� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�o�j� �v�e�r�z�i�j�i
analognog originala. Stvarni analogni original sadrži više.

�K�o�l�i�k�o� �v�i�š�e� �z�a�v�i�s�i� �o�d� �i�z�v�o�r�n�o�g� �m�a�t�e�r�i�j�a�l�a�,� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�a� �i� �b�r�z�i�n�e� �u�z�o�r�k�o�v�a�n�j�a�.� �N�a�š�a� �m�e�r�e�n�j�a� �s�u�g�e�r�i�š�u� �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� �b�r�z�o� �o�p�a�d�a� �s�a� �p�o�v�e���a�n�j�e�m� �b�r�z�i�n�e� �u�z�o�r�k�o�v�a�n�j�a� �(�p�r�e�l�a�z�n�a� �z�o�n�a� �a�n�t�i�-�a�l�i�a�s�i�n�g� �f�i�l�t�e�r�a� �s�e� �s�u�ž�a�v�a� �u� �o�d�n�o�s�u� �n�a� �p�r�o�p�u�s�n�i� �o�p�s�e�g�,
�s�m�a�n�j�u�j�u���i� �r�e�z�i�d�u�a�l�)�.� �N�a� �7�6�8� �k�H�z�,� �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� �n�e�d�e�t�e�k�t�a�b�i�l�n�a�.� �N�a� �1�9�2� �k�H�z�,� �m�a�l�a� �j�e� �a�l�i� �m�e�r�l�j�i�v�a�.� �N�a� �4�4�,�1� �k�H�z� �-�-
�s�t�a�n�d�a�r�d�n�o�j� �b�r�z�i�n�i� �u�z�o�r�k�o�v�a�n�j�a� �C�D�-�a�,� �s�a� �N�a�j�k�v�i�s�t�o�v�o�m� �f�r�e�k�v�e�n�c�i�j�o�m� �o�d� �2�2�,�0�5� �k�H�z� �-�-� �i�n�f�o�r�m�a�c�i�j�a� �i�z�m�e���u� �u�z�o�r�a�k�a� �b�i� �b�i�l�a� �z�n�a�t�n�o� �v�e���a�,
jer anti-aliasing filter mora raditi mnogo bliže audio opsegu.

Nismo merili na 44,1 kHz. Taj eksperiment je u toku. Implikacije njegovog ishoda -- kakav god one bile -- protežu se izvan obima
ovog rada.

Naglašavamo da ne predlažemo zamenu za teoremu o uzorkovanju. Dokumentujemo merenje. Merenje pokazuje da realni signali
�s�a�d�r�ž�e� �i�n�f�o�r�m�a�c�i�j�u� �k�o�j�u� �p�r�e�m�i�s�a� �t�e�o�r�e�m�e� �i�s�k�l�j�u�
�u�j�e�.� �T�e�o�r�e�m�a� �j�e� �p�o�t�p�u�n�a� �z�a� �o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�e� �s�i�g�n�a�l�e�.� �R�e�a�l�n�i� �s�i�g�n�a�l�i� �n�i�s�u
�o�p�s�e�g�o�m� �o�g�r�a�n�i�
�e�n�i�.� �J�a�z� �i�z�m�e���u� �t�e�o�r�e�m�e� �i� �r�e�a�l�n�o�s�t�i� �j�e� �m�a�l�i�,� �a�l�i� �n�i�j�e� �n�u�l�a�,� �i� �m�o�g�l�i� �s�m�o� �d�a� �g�a� �i�z�m�e�r�i�m�o�.

�9�.� �Z�A�K�L�J�U���A�K

�I�z�m�e�r�i�l�i� �s�m�o� �s�p�e�k�t�r�a�l�n�u� �e�n�e�r�g�i�j�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�z�n�a�d� �N�a�j�k�v�i�s�t�o�v�e� �f�r�e�k�v�e�n�c�i�j�e� �s�t�a�n�d�a�r�d�n�o�g� �1�9�2� �k�H�z� �a�u�d�i�o� �s�i�s�t�e�m�a�.
�U� �s�v�a�k�o�m� �s�l�u�
�a�j�u�,� �p�r�i�s�u�t�n�a� �j�e� �b�i�l�a� �m�e�r�l�j�i�v�a� �e�n�e�r�g�i�j�a� �k�o�r�e�l�i�s�a�n�a� �s�a� �s�i�g�n�a�l�o�m�.� �O�v�a� �e�n�e�r�g�i�j�a� �j�e� �d�e�o� �o�r�i�g�i�n�a�l�n�o�g� �a�k�u�s�t�i�
�k�o�g� �d�o�g�a���a�j�a� �i
uklanja se -- nesavršeno -- anti-aliasing filterom pre uzorkovanja.

�N�e�s�a�v�r�š�e�n�o� �u�k�l�a�n�j�a�n�j�e� �o�s�t�a�v�l�j�a� �a�l�i�a�s�o�v�a�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�.� �O�v�a�j� �r�e�z�i�d�u�a�l� �n�o�s�i� �i�z�m�e���u� �0�,�0�0�8� �i� �0�,�3�1� �b�i�t�a� �p�o� �u�z�o�r�k�u
�u�z�a�j�a�m�n�e� �i�n�f�o�r�m�a�c�i�j�e� �s�a� �o�r�i�g�i�n�a�l�n�i�m� �s�i�g�n�a�l�o�m� �i�z�n�a�d� �o�p�s�e�g�a�.� �A�l�g�o�r�i�t�a�m� �z�a� �p�o�v�r�a�t�a�k� �z�a�s�n�o�v�a�n� �n�a� �o�g�r�a�n�i�
�e�n�o�j� �p�r�o�c�e�n�i� �m�a�k�s�i�m�a�l�n�e
�v�e�r�o�v�a�t�n�o���e� �m�o�ž�e� �e�k�s�t�r�a�h�o�v�a�t�i� �d�e�o� �o�v�e� �i�n�f�o�r�m�a�c�i�j�e�.

Ovi nalazi ne poništavaju Najkvist-Šenonovu teoremu o uzorkovanju. Pokazuju da premisa teoreme -- strogo opsegovno
�o�g�r�a�n�i�
�a�v�a�n�j�e� �-�-� �n�i�j�e� �i�s�p�u�n�j�e�n�a� �r�e�a�l�n�i�m� �a�u�d�i�o� �s�i�g�n�a�l�i�m�a�,� �i� �d�a� �j�e� �n�a�s�t�a�l�i� �j�a�z� �i�z�m�e���u� �t�e�o�r�i�j�s�k�e� �s�a�v�r�š�e�n�e� �r�e�k�o�n�s�t�r�u�k�c�i�j�e� �i� �s�t�v�a�r�n�e
rekonstrukcije merljiv sa dovoljno preciznom opremom.

�P�r�a�k�t�i�
�n�i� �z�n�a�
�a�j� �o�v�o�g� �j�a�z�a� �j�e� �p�r�e�d�m�e�t� �d�a�l�j�e�g� �p�r�o�u�
�a�v�a�n�j�a�.� �K�o�l�i�
�i�n�e� �s�u� �m�a�l�e�.� �D�a� �l�i� �s�u� �
�u�j�n�e�,� �i�l�i� �d�a� �l�i� �d�o�p�r�i�n�o�s�e� �s�u�b�j�e�k�t�i�v�n�i�m� �r�a�z�l�i�k�a�m�a
�p�r�i�j�a�v�l�j�e�n�i�m� �i�z�m�e���u� �b�r�z�i�n�a� �u�z�o�r�k�o�v�a�n�j�a�,� �i�z�v�a�n� �j�e� �o�b�i�m�a� �o�v�o�g� �r�a�d�a�.� �I�z�v�e�š�t�a�v�a�m�o� �s�a�m�o� �d�a� �i�n�f�o�r�m�a�c�i�j�a� �p�o�s�t�o�j�i�,� �d�a� �j�e� �p�o�v�r�a�t�l�j�i�v�a�,� �i� �d�a� �j�e
teorema o uzorkovanju ne uzima u obzir.
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