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Apstrakt
Izveštavamo o razvoju i karakterizaciji prvog superprovodnog audio interkonekcionog kabla. Provodnik je YBCO
�(�i�t�r�i�j�u�m�-�b�a�r�i�j�u�m�-�b�a�k�a�r�-�o�k�s�i�d�,� �Y�B�a�2�C�u�3�O�7�-�x�)� �k�e�r�a�m�i�
�k�a� �t�r�a�k�a� �k�o�j�a� �r�a�d�i� �n�a� �7�7� �K� �u� �v�a�k�u�u�m�s�k�i� �o�k�l�o�p�l�j�e�n�o�m� �k�r�i�o�s�t�a�t�u� �o�d� �b�o�r�o�s�i�l�i�k�a�t�n�o�g� �s�t�a�k�l�a
�i�s�p�u�n�j�e�n�o�m� �t�e�
�n�i�m� �a�z�o�t�o�m�.� �D�C� �o�t�p�o�r� �j�e� �n�u�l�a� �-�-� �n�e� �n�i�z�a�k�,� �n�e� �z�a�n�e�m�a�r�l�j�i�v�,� �n�u�l�a� �-�-� �š�t�o� �j�e� �p�o�t�v�r���e�n�o� �
�e�t�v�o�r�o�p�r�o�b�n�i�m� �m�e�r�e�n�j�e�m� �s�a� �n�a�n�o�v�o�l�t�n�o�m
�o�s�e�t�l�j�i�v�o�š���u�.� �M�a�j�s�n�e�r�o�v� �e�f�e�k�a�t� �o�b�e�z�b�e���u�j�e� �s�a�v�r�š�e�n�o� �d�i�j�a�m�a�g�n�e�t�n�o� �o�k�l�a�p�a�n�j�e� �s�i�g�n�a�l�n�e� �p�u�t�a�n�j�e�,� �i�z�b�a�c�u�j�u���i� �s�a�v� �s�p�o�l�j�a�š�n�j�i� �m�a�g�n�e�t�n�i� �f�l�u�k�s�.
�A�u�d�i�o� �s�i�g�n�a�l�i� �k�o�j�i� �s�e� �p�r�e�n�o�s�e� �p�r�e�k�o� �s�u�p�e�r�p�r�o�v�o�d�n�o�g� �p�r�o�v�o�d�n�i�k�a� �p�o�k�a�z�u�j�u� �n�u�l�t�i� �r�e�z�i�s�t�i�v�n�i� �g�u�b�i�t�a�k�,� �n�u�l�t�i� �d�o�p�r�i�n�o�s� �t�e�r�m�i�
�k�o�g� �š�u�m�a� �i� �p�o�t�p�u�n�u
magnetnu imunost. Kabl radi kontinuirano uz pasivno dopunjavanje LN2 od približno 310 litara godišnje po metru.

1. UVOD

�S�v�a�k�i� �k�o�n�v�e�n�c�i�o�n�a�l�n�i� �a�u�d�i�o� �k�a�b�l� �i�m�a� �o�t�p�o�r�.� �O�v�a�j� �o�t�p�o�r� �j�e� �m�a�l�i� �-�-� �t�i�p�i�
�n�o� �m�i�l�i�o�m�i� �d�o� �o�m�i� �p�o� �m�e�t�r�u� �-�-� �a�l�i� �n�i�j�e� �n�u�l�a�.� �P�o�s�l�e�d�i�c�e� �n�e�n�u�l�t�o�g
�o�t�p�o�r�a� �s�u� �t�r�o�s�t�r�u�k�e�:� �(�1�)� �r�e�z�i�s�t�i�v�n�i� �g�u�b�i�t�a�k� �s�i�g�n�a�l�a� �(�s�l�a�b�l�j�e�n�j�e�)�,� �(�2�)� �g�e�n�e�r�i�s�a�n�j�e� �t�e�r�m�i�
�k�o�g� �š�u�m�a� �(�D�ž�o�n�s�o�n�-�N�a�j�k�v�i�s�t�o�v� �š�u�m�,
proporcionalan otporu i temperaturi), i (3) varijacija impedanse zavisne od frekvencije (skin efekat, efekat blizine). Ovi efekti su
�d�o�b�r�o� �o�k�a�r�a�k�t�e�r�i�s�a�n�i� �i�,� �u� �k�o�n�v�e�n�c�i�o�n�a�l�n�i�m� �k�a�b�l�o�v�i�m�a�,� �p�r�e�d�s�t�a�v�l�j�a�j�u� �f�u�n�d�a�m�e�n�t�a�l�n�e� �f�i�z�i�
�k�e� �g�r�a�n�i�c�e� �p�r�e�n�o�s�a� �s�i�g�n�a�l�a�.

�S�u�p�e�r�p�r�o�v�o�d�l�j�i�v�o�s�t� �e�l�i�m�i�n�i�š�e� �s�v�a� �t�r�i�.� �S�u�p�e�r�p�r�o�v�o�d�n�i�k� �i�m�a� �t�a�
�n�o� �n�u�l�t�i� �D�C� �o�t�p�o�r� �i�s�p�o�d� �s�v�o�j�e� �k�r�i�t�i�
�n�e� �t�e�m�p�e�r�a�t�u�r�e� �(�T�c�)�.� �N�u�l�t�i� �o�t�p�o�r� �z�n�a�
�i
nulto slabljenje, nulti Džonson-Najkvistov šum i -- u niskofrekvencijskom audio opsegu -- nultu varijaciju impedanse zavisne od
�f�r�e�k�v�e�n�c�i�j�e�.� �S�i�g�n�a�l� �u�l�a�z�i� �u� �j�e�d�a�n� �k�r�a�j� �p�r�o�v�o�d�n�i�k�a� �i� �i�z�l�a�z�i� �s�a� �d�r�u�g�o�g� �k�r�a�j�a� �s�a� �m�a�t�e�m�a�t�i�
�k�i� �s�a�v�r�š�e�n�o�m� �v�e�r�n�o�š���u�.

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

�I�n�ž�e�n�j�e�r�s�k�i� �i�z�a�z�o�v� �j�e� �o�d�r�ž�a�v�a�n�j�e� �s�u�p�e�r�p�r�o�v�o�d�n�o�g� �s�t�a�n�j�a�:� �Y�B�C�O� �z�a�h�t�e�v�a� �n�e�p�r�e�k�i�d�n�o� �h�l�a���e�n�j�e� �i�s�p�o�d� �9�2� �K�.� �K�o�r�i�s�t�i�m�o� �t�e�
�n�i� �a�z�o�t
�(�t�a�
�k�a� �k�l�j�u�
�a�n�j�a� �7�7� �K� �n�a� �1� �a�t�m�)� �k�a�o� �k�r�i�o�g�e�n�,� �k�o�j�i� �c�i�r�k�u�l�i�š�e� �k�r�o�z� �v�a�k�u�u�m�s�k�i� �o�k�l�o�p�l�j�e�n�i� �k�r�i�o�s�t�a�t� �o�d� �b�o�r�o�s�i�l�i�k�a�t�n�o�g� �s�t�a�k�l�a� �k�o�j�i� �s�l�u�ž�i� �k�a�o
plašt kabla. Ovo, priznajemo, nije konvencionalni dizajn kabla.

2. KONSTRUKCIJA KABLA

�S�C� �i�n�t�e�r�k�o�n�e�k�c�i�o�n�i� �k�a�b�l� �s�a�s�t�o�j�i� �s�e� �o�d� �s�l�e�d�e���i�h� �e�l�e�m�e�n�a�t�a�,� �o�d� �c�e�n�t�r�a� �k�a� �s�p�o�l�j�a�:

�P�r�o�v�o�d�n�i�k�:� �Y�B�C�O� �k�e�r�a�m�i�
�k�a� �t�r�a�k�a� �(�S�u�p�e�r�P�o�w�e�r� �S�C�S�4�0�5�0�-�A�P�)�,� �4�,�0� �m�m� �š�i�r�o�k�a� �x� �0�,�1� �m�m� �d�e�b�e�l�a�,� �s�a� �k�r�i�t�i�
�n�o�m� �s�t�r�u�j�o�m� �o�d� �1�0�0� �A� �n�a
�7�7� �K� �i� �s�o�p�s�t�v�e�n�i�m� �p�o�l�j�e�m�.� �T�r�a�k�a� �j�e� �n�a�m�o�t�a�n�a� �u� �h�e�l�i�k�a�l�n�o�j� �k�o�n�f�i�g�u�r�a�c�i�j�i� �n�a� �n�o�s�a�
�u� �o�d� �n�e�r���a�j�u���e�g� �
�e�l�i�k�a� �k�a�k�o� �b�i� �s�e� �o�m�o�g�u���i�l�a
�o�g�r�a�n�i�
�e�n�a� �f�l�e�k�s�i�b�i�l�n�o�s�t�.

�S�i�g�n�a�l�n�a� �p�u�t�a�n�j�a�:� �D�v�e� �Y�B�C�O� �t�r�a�k�e� �(�s�i�g�n�a�l�n�a� �i� �p�o�v�r�a�t�n�a�)� �k�o�n�c�e�n�t�r�i�
�n�o� �s�u� �n�a�m�o�t�a�n�e� �s�a� �P�T�F�E� �r�a�z�d�v�a�j�a�
�e�m� �o�d� �0�,�5� �m�m�.
�K�a�r�a�k�t�e�r�i�s�t�i�
�n�a� �i�m�p�e�d�a�n�s�a� �j�e� �p�r�o�j�e�k�t�o�v�a�n�a� �d�a� �b�u�d�e� �7�5� �O�h�m� �n�a� �a�u�d�i�o� �f�r�e�k�v�e�n�c�i�j�a�m�a�,� �š�t�o� �o�d�g�o�v�a�r�a� �s�t�a�n�d�a�r�d�n�o�j� �p�r�a�k�s�i
interkonekcija.

�K�r�i�o�s�t�a�t�:� �D�v�o�z�i�d�n�i� �D�e�v�a�r�o�v� �s�u�d� �o�d� �b�o�r�o�s�i�l�i�k�a�t�n�o�g� �s�t�a�k�l�a�,� �s�p�o�l�j�a�š�n�j�e�g� �p�r�e�
�n�i�k�a� �4�8� �m�m�,� �u�n�u�t�r�a�š�n�j�e�g� �p�r�e�
�n�i�k�a� �2�8� �m�m�.� �M�e���u�z�i�d�n�i
�p�r�o�s�t�o�r� �j�e� �e�v�a�k�u�i�s�a�n� �n�a� �<� �1�0�^�-�3� �P�a�.� �S�k�l�o�p� �p�r�o�v�o�d�n�i�k�a� �j�e� �u�r�o�n�j�e�n� �u� �t�e�
�n�i� �a�z�o�t� �u� �u�n�u�t�r�a�š�n�j�e�m� �o�t�v�o�r�u�.� �O�t�v�o�r�i� �z�a� �p�u�n�j�e�n�j�e� �n�a� �s�v�a�k�o�m
kraju primaju standardne LN2 dovodne cevi od 6 mm.

�K�o�n�e�k�t�o�r�i�:� �K�r�i�o�-�r�e�j�t�i�r�a�n�i� �X�L�R� �k�o�n�e�k�t�o�r�i� �s�a� �r�o�d�i�j�u�m�s�k�o�m� �o�b�l�o�g�o�m�,� �m�o�d�i�f�i�k�o�v�a�n�i� �s�a� �v�a�k�u�u�m�s�k�i�m� �p�r�o�l�a�z�n�i�m� �z�a�p�t�i�v�a�
�i�m�a� �i� �t�e�r�m�i�
�k�i�m
�p�r�e�k�i�d�i�m�a� �(�G�1�0� �f�a�j�b�e�r�g�l�a�s� �r�a�z�d�v�a�j�a�
�i�)� �k�a�k�o� �b�i� �s�e� �s�p�r�e�
�i�l�a� �t�o�p�l�o�t�n�a� �p�r�o�v�o�d�l�j�i�v�o�s�t� �o�d� �t�o�p�l�o�g� �t�e�l�a� �k�o�n�e�k�t�o�r�a� �d�o� �h�l�a�d�n�o�g� �p�r�o�v�o�d�n�i�k�a�.

�U�k�u�p�n�i� �s�p�o�l�j�a�š�n�j�i� �p�r�e�
�n�i�k� �k�a�b�l�a� �j�e� �4�8� �m�m�.� �K�a�b�l� �t�e�ž�i� �2�,�4� �k�g�/�m� �s�u�v� �i� �3�,�8� �k�g�/�m� �n�a�p�u�n�j�e�n� �s�a� �L�N�2�.� �M�i�n�i�m�a�l�n�i� �r�a�d�i�j�u�s� �s�a�v�i�j�a�n�j�a� �j�e� �3�0�0� �m�m
�(�o�g�r�a�n�i�
�e�n� �s�t�a�k�l�e�n�i�m� �k�r�i�o�s�t�a�t�o�m�,� �a� �n�e� �f�l�e�k�s�i�b�i�l�n�i�m� �p�r�o�v�o�d�n�i�k�o�m�)�.

�3�.� �E�L�E�K�T�R�I���N�A� �K�A�R�A�K�T�E�R�I�Z�A�C�I�J�A

�D�C� �o�t�p�o�r�:� �M�e�r�e�n� �
�e�t�v�o�r�o�p�r�o�b�n�o�m� �t�e�h�n�i�k�o�m� �p�o�m�o���u� �K�e�i�t�h�l�e�y� �2�1�8�2�A� �n�a�n�o�v�o�l�t�m�e�t�r�a� �i� �6�2�2�1� �s�t�r�u�j�n�o�g� �i�z�v�o�r�a�.� �P�r�i� �7�7� �K� �(�u�r�o�n�j�e�n�o�s�t� �u
�L�N�2�)�,� �n�a�p�o�n� �n�a� �p�r�o�v�o�d�n�i�k�u� �d�u�ž�i�n�e� �1�,�5� �m� �k�o�j�i� �n�o�s�i� �1�0�0� �m�A� �D�C� �b�i�o� �j�e� �i�s�p�o�d� �š�u�m�n�o�g� �p�r�a�g�a� �i�n�s�t�r�u�m�e�n�t�a� �o�d� �1� �n�V�.� �I�z�r�a�
�u�n�a�t�a� �g�o�r�n�j�a
�g�r�a�n�i�c�a�:� �R� �<� �1�0�^�-�8� �O�h�m�.� �Z�a� �s�v�e� �p�r�a�k�t�i�
�n�e� �s�v�r�h�e�,� �o�t�p�o�r� �j�e� �n�u�l�a�.
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�A�C� �i�m�p�e�d�a�n�s�a�:� �N�a� �1� �k�H�z�,� �i�m�p�e�d�a�n�s�a� �j�e� �7�5�,�0� �+�/�-� �0�,�1� �O�h�m� �(�
�i�s�t�o� �r�e�a�k�t�i�v�n�a� �-�-� �b�e�z� �r�e�z�i�s�t�i�v�n�e� �k�o�m�p�o�n�e�n�t�e�)�.� �I�m�p�e�d�a�n�s�a� �j�e

�t�e�m�p�e�r�a�t�u�r�n�o� �z�a�k�l�j�u�
�a�n�a�:� �p�o�š�t�o� �s�e� �p�r�o�v�o�d�n�i�k� �o�d�r�ž�a�v�a� �n�a� �k�o�n�s�t�a�n�t�n�i�h� �7�7� �K� �k�u�p�k�o�m� �L�N�2�,� �n�e�m�a� �t�e�r�m�i�
�k�o�g� �d�r�i�f�t�a�.� �S�t�a�b�i�l�n�o�s�t

impedanse tokom merne kampanje od 30 dana iznosila je +/- 0,0003 Ohm.

Šumni prag: Napon Džonson-Najkvistovog šuma otpornika je V_n = sqrt(4 * k_B * T * R * propusni opseg). Za R = 0
�(�s�u�p�e�r�p�r�o�v�o�d�n�i�k�)�,� �V�_�n� �=� �0� �b�e�z� �o�b�z�i�r�a� �n�a� �t�e�m�p�e�r�a�t�u�r�u� �i�l�i� �p�r�o�p�u�s�n�i� �o�p�s�e�g�.� �S�u�p�e�r�p�r�o�v�o�d�n�i� �i�n�t�e�r�k�o�n�e�k�c�i�o�n�i� �k�a�b�l� �d�o�p�r�i�n�o�s�i� �t�a�
�n�o� �n�u�l�t�i�m
�t�e�r�m�i�
�k�i�m� �š�u�m�o�m� �s�i�g�n�a�l�n�o�j� �p�u�t�a�n�j�i�.

Magnetno oklapanje: Helmholcova zavojnica koja proizvodi 1 mT (10 Gauss) na 50 Hz postavljena je na 50 mm od kabla. Fluxgate
magnetometar unutar kriostata (uz provodnik) merio je < 0,01 nT -- slabljenje preko 160 dB. Ovo je Majsnerov efekat:
�s�u�p�e�r�p�r�o�v�o�d�n�i�k� �a�k�t�i�v�n�o� �i�s�k�l�j�u�
�u�j�e� �s�p�o�l�j�a�š�n�j�e� �p�o�l�j�e�,� �n�e� �a�p�s�o�r�p�c�i�j�o�m� �(�k�a�o� �u� �m�u�-�m�e�t�a�l�u�)� �v�e��� �g�e�n�e�r�i�s�a�n�j�e�m� �p�o�v�r�š�i�n�s�k�i�h� �s�t�r�u�j�a� �k�o�j�e
savršeno suprotstavljaju primenjeno polje.

�4�.� �P�R�A�K�T�I���N�A� �R�A�Z�M�A�T�R�A�N�J�A

�S�C� �i�n�t�e�r�k�o�n�e�k�c�i�o�n�i� �k�a�b�l� �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� �L�N�2�.� �S�t�o�p�a� �t�e�r�m�i�
�k�o�g� �g�u�b�i�t�k�a� �v�a�k�u�u�m�s�k�i� �o�k�l�o�p�l�j�e�n�o�g� �k�r�i�o�s�t�a�t�a� �i�z�n�o�s�i
približno 0,85 litara LN2 po danu po metru dužine kabla. Za par interkonekcija od 1,5 m, godišnja potrošnja LN2 iznosi približno 930
�l�i�t�a�r�a� �-�-� �o�t�p�r�i�l�i�k�e� �$�9�3�0� �g�o�d�i�š�n�j�e� �p�o� �t�r�e�n�u�t�n�i�m� �k�o�m�e�r�c�i�j�a�l�n�i�m� �c�e�n�a�m�a� �L�N�2� �(�$�1�/�l�i�t�r�a� �z�a� �i�s�p�o�r�u�k�u� �u� �m�a�l�i�m� �k�o�l�i�
�i�n�a�m�a�)�.

�K�a�b�l� �m�o�r�a� �b�i�t�i� �i�n�s�t�a�l�i�r�a�n� �t�a�k�o� �d�a� �o�t�v�o�r�i� �z�a� �p�u�n�j�e�n�j�e� �L�N�2� �b�u�d�u� �d�o�s�t�u�p�n�i� �z�a� �p�e�r�i�o�d�i�
�n�o� �d�o�p�u�n�j�a�v�a�n�j�e� �(�s�v�a�k�i�h� �3�-�5� �d�a�n�a�,� �u� �z�a�v�i�s�n�o�s�t�i� �o�d
�a�m�b�i�j�e�n�t�a�l�n�e� �t�e�m�p�e�r�a�t�u�r�e�)�.� �I�n�t�e�g�r�i�s�a�n�i� �s�i�g�u�r�n�o�s�n�i� �v�e�n�t�i�l� �z�a� �p�r�i�t�i�s�a�k� �s�p�r�e�
�a�v�a� �o�p�a�s�n�o� �p�r�e�o�p�t�e�r�e���e�n�j�e� �p�r�i�t�i�s�k�a� �a�k�o� �s�t�o�p�a� �i�s�p�a�r�a�v�a�n�j�a
�L�N�2� �p�r�e�m�a�š�i� �k�a�p�a�c�i�t�e�t� �v�e�n�t�i�l�a�.� �S�e�n�z�o�r� �o�s�i�r�o�m�a�š�e�n�j�a� �O�2� �m�o�n�t�i�r�a�n� �j�e� �n�a� �k�r�i�o�s�t�a�t�u� �i� �o�b�e�z�b�e���u�j�e� �v�i�z�u�e�l�n�o� �(�ž�u�t�i� �L�E�D�)� �i� �z�v�u�
�n�o� �(�z�u�j�a�l�i�c�a
od 85 dB) upozorenje ako koncentracija ambijentalnog kiseonika padne ispod 19,5%.

�Z�a�h�t�e�v� �z�a� �v�e�n�t�i�l�a�c�i�j�o�m� �p�r�o�s�t�o�r�i�j�e� �i�z�n�o�s�i� �m�i�n�i�m�u�m� �1�0� �i�z�m�e�n�a� �v�a�z�d�u�h�a� �n�a� �s�a�t� �(�A�C�H�)� �-�-� �s�t�a�n�d�a�r�d� �k�o�j�i� �p�r�e�v�a�z�i�l�a�z�i� �v�e�n�t�i�l�a�c�i�j�u� �v�e���i�n�e
stambenih prostora ali se lako postiže namenskom HVAC instalacijom.

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

�5�.� �Z�A�K�L�J�U���A�K

�S�C� �i�n�t�e�r�k�o�n�e�k�c�i�o�n�i� �k�a�b�l� �p�o�s�t�i�ž�e� �o�n�o� �š�t�o� �n�e� �m�o�ž�e� �n�i�j�e�d�a�n� �k�o�n�v�e�n�c�i�o�n�a�l�n�i� �p�r�o�v�o�d�n�i�k�:� �n�u�l�t�i� �D�C� �o�t�p�o�r�,� �n�u�l�t�i� �t�e�r�m�i�
�k�i� �š�u�m� �i� �a�p�s�o�l�u�t�n�u
�m�a�g�n�e�t�n�u� �i�m�u�n�o�s�t� �p�r�e�k�o� �M�a�j�s�n�e�r�o�v�o�g� �e�f�e�k�t�a�.� �I�n�ž�e�n�j�e�r�s�k�i� �i� �o�p�e�r�a�t�i�v�n�i� �t�r�o�š�k�o�v�i� �-�-� �k�r�i�o�g�e�n�o� �h�l�a���e�n�j�e�,� �v�a�k�u�u�m�s�k�a� �i�z�o�l�a�c�i�j�a�,� �L�N�2
�l�o�g�i�s�t�i�k�a� �-�-� �z�n�a�
�a�j�n�i� �s�u� �a�l�i� �u�p�r�a�v�l�j�i�v�i� �z�a� �p�o�s�v�e���e�n�e� �s�l�u�š�a�o�c�e�.� �V�e�r�u�j�e�m�o� �d�a� �s�u�p�e�r�p�r�o�v�o�d�n�i� �a�u�d�i�o� �p�r�e�d�s�t�a�v�l�j�a� �l�o�g�i�
�a�n� �k�r�a�j� �o�p�t�i�m�i�z�a�c�i�j�e
�p�r�o�v�o�d�n�i�k�a�:� �k�a�d�a� �e�l�i�m�i�n�i�š�e�t�e� �s�a�v� �o�t�p�o�r�,� �n�e�m�a� �v�i�š�e� �n�i�
�e�g�a� �š�t�o� �t�r�e�b�a� �p�o�b�o�l�j�š�a�t�i�.
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