
�S�u�p�e�r�p�r�o�v�o�d�l�j�i�v�i� �a�u�d�i�o� �i�n�t�e�r�k�o�n�e�k�t�i�:� �P�r�i�j�e�n�o�s� �s�i�g�n�a�l�a� �b�e�z� �o�t�p�o�r�a� �p�u�t�e�m� �Y�B�C�O� �k�e�r�a�m�i�
�k�i�h� �p�r�o�v�o�d�n�i�k�a� �n�a� �7�7�KEQUATORIAL AUDIO

1

SUPERPROVODLJIVI AUDIO
INTERKONEKTI: PRIJENOS

SIGNALA BEZ OTPORA PUTEM
�Y�B�C�O� �K�E�R�A�M�I���K�I�H� �P�R�O�V�O�D�N�I�K�A

NA 77K



�S�u�p�e�r�p�r�o�v�o�d�l�j�i�v�i� �a�u�d�i�o� �i�n�t�e�r�k�o�n�e�k�t�i�:� �P�r�i�j�e�n�o�s� �s�i�g�n�a�l�a� �b�e�z� �o�t�p�o�r�a� �p�u�t�e�m� �Y�B�C�O� �k�e�r�a�m�i�
�k�i�h� �p�r�o�v�o�d�n�i�k�a� �n�a� �7�7�KEQUATORIAL AUDIO

2

Superprovodljivi audio interkonekti: Prijenos signala bez otpora putem YBCO
�k�e�r�a�m�i�
�k�i�h� �p�r�o�v�o�d�n�i�k�a� �n�a� �7�7�K

M. Ferro, L. Solder, H. Park, B. Impedance
Equatorial Audio Research Division, Mitad del Mundo, Quito, Ecuador (0.0000deg N)

Journal of Equatorial Audio Science, 2024.

Sažetak
Izvještavamo o razvoju i karakterizaciji prvog superprovodljivog audio interkonekt kabla. Provodnik je YBCO (itrij-barij-bakar-oksid,
�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� �i�z�o�l�i�r�a�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� �n�a�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�e�r�o�t�a�
�k�a�s�t�i�m� �m�j�e�r�e�n�j�e�m� �s� �n�a�n�o�v�o�l�t�s�k�o�m� �o�s�j�e�t�l�j�i�v�o�š���u�.� �M�e�i�s�s�n�e�r�o�v
�e�f�e�k�a�t� �o�b�e�z�b�j�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�o�g� �p�u�t�a�,� �i�z�b�a�c�u�j�u���i� �s�a�v� �v�a�n�j�s�k�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
kroz superprovodljivi provodnik pokazuju nulti otporni gubitak, nulti doprinos termalnog šuma i potpunu magnetnu imunost. Kabl radi
neprekidno s pasivnim dopunjavanjem LN2 na 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�a� �p�o� �m�e�t�r�u� �-�-� �a�l�i� �n�i�j�e� �n�u�l�a�.� �P�o�s�l�j�e�d�i�c�e� �n�e�n�u�l�t�o�g
otpora su trojake: (1) otporni gubitak signala (prigušenje), (2) generisanje termalnog šuma (Johnson-Nyquistov šum, proporcionalan
otporu i temperaturi), i (3) varijacije impedance ovisne o frekvenciji (skin efekat, efekat blizine). Ovi efekti su dobro okarakterisani 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�a� �f�i�z�i�
�k�a� �o�g�r�a�n�i�
�e�n�j�a� �p�r�i�j�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�r�a� �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 prigušenje, nulti Johnson-Nyquistov šum i -- u niskofrekvencijskom audio opsegu -- nultu varijaciju impedance ovisnu o
�f�r�e�k�v�e�n�c�i�j�i�.� �S�i�g�n�a�l� �u�l�a�z�i� �n�a� �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� �n�a� �d�r�u�g�i� �k�r�a�j� �s� �m�a�t�e�m�a�t�i�
�k�i� �s�a�v�r�š�e�n�o�m� �v�j�e�r�n�o�š���u�.

�D�o�d�a�t�n�o�,� �M�e�i�s�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�j�e���u�j�e� �o�k�l�a�p�a�n�j�e
�k�o�j�e� �n�i�k�a�k�v�a� �k�o�l�i�
�i�n�a� �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�l�j�i�v�o�g� �p�o�l�i�m�e�r�a� �n�e� �m�o�ž�e� �p�a�r�i�r�a�t�i�.� �S�u�p�e�r�p�r�o�v�o�d�l�j�i�v�i� �k�a�b�l
�n�e� �p�r�i�g�u�š�u�j�e� �v�a�n�j�s�k�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�l�j�i�v�o�g� �s�t�a�n�j�a�:� �Y�B�C�O� �z�a�h�t�i�j�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� �i�z�o�l�i�r�a�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�t� �s�e� �s�a�s�t�o�j�i� �o�d� �s�l�j�e�d�e���i�h� �e�l�e�m�e�n�a�t�a�,� �o�d� �c�e�n�t�r�a� �p�r�e�m�a� �v�a�n�i�:

�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�)�,� �š�i�r�i�n�e� �4�,�0� �m�m� �x� �d�e�b�l�j�i�n�e� �0�,�1� �m�m�,� �s� �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� �v�l�a�s�t�i�t�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�o�i�d�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�h�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�i� �p�u�t�:� �D�v�i�j�e� �Y�B�C�O� �t�r�a�k�e� �(�s�i�g�n�a�l� �i� �p�o�v�r�a�t�a�k�)� �n�a�m�o�t�a�n�e� �s�u� �k�o�n�c�e�n�t�r�i�
�n�o� �s� �P�T�F�E� �r�a�z�d�j�e�l�n�i�k�o�m� �o�d� �0�,�5� �m�m�.� �K�a�r�a�k�t�e�r�i�s�t�i�
�n�a
impedanca je projektovana na 75 Ohm na audio frekvencijama, što odgovara standardnoj praksi interkonekta.

�K�r�i�o�s�t�a�t�:� �D�v�o�z�i�d�n�i� �D�e�w�a�r� �o�d� �b�o�r�o�s�i�l�i�k�a�t�n�o�g� �s�t�a�k�l�a�,� �v�a�n�j�s�k�i� �p�r�e�
�n�i�k� �4�8� �m�m�,� �u�n�u�t�r�a�š�n�j�i� �p�r�e�
�n�i�k� �2�8� �m�m�.� �P�r�o�s�t�o�r� �i�z�m�e���u� �z�i�d�o�v�a� �j�e
�v�a�k�u�u�m�i�r�a�n� �d�o� �<� �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�n�u�t�a�r� �u�n�u�t�r�a�š�n�j�e�g� �o�t�v�o�r�a�.� �O�t�v�o�r�i� �z�a� �p�u�n�j�e�n�j�e� �n�a� �s�v�a�k�o�m� �k�r�a�j�u
prihvataju standardne LN2 dovodne cijevi od 6 mm.

Konektori: Kriogeno ocijenjeni XLR konektori s pozlatom rodija, modifikovani vakuumskim provodnim brtvama i termalnim prekidima
�(�G�1�0� �r�a�z�d�j�e�l�n�i�c�i� �o�d� �f�i�b�e�r�g�l�a�s�a�)� �k�a�k�o� �b�i� �s�e� �s�p�r�i�j�e�
�i�l�a� �t�e�r�m�a�l�n�a� �p�r�o�v�o�d�l�j�i�v�o�s�t� �s� �t�o�p�l�o�g� �t�i�j�e�l�a� �k�o�n�e�k�t�o�r�a� �n�a� �h�l�a�d�n�i� �p�r�o�v�o�d�n�i�k�.

�U�k�u�p�n�i� �v�a�n�j�s�k�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�h� �i� �3�,�8� �k�g�/�m� �n�a�p�u�n�j�e�n� �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�j�e�r�e�n� �
�e�t�v�e�r�o�t�a�
�k�a�s�t�o�m� �t�e�h�n�i�k�o�m� �s� �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�o�m� �i� �6�2�2�1� �i�z�v�o�r�o�m� �s�t�r�u�j�e�.� �N�a� �7�7� �K� �(�u�r�o�n�j�e�n�j�e� �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� �n�i�v�o�a� �š�u�m�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�.

�A�C� �i�m�p�e�d�a�n�c�a�:� �P�r�i� �1� �k�H�z�,� �i�m�p�e�d�a�n�c�a� �i�z�n�o�s�i� �7�5�,�0� �+�/�-� �0�,�1� �O�h�m� �(�
�i�s�t�o� �r�e�a�k�t�i�v�n�a� �-�-� �b�e�z� �o�t�p�o�r�n�e� �k�o�m�p�o�n�e�n�t�e�)�.� �I�m�p�e�d�a�n�c�a� �j�e� �t�e�r�m�a�l�n�o
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�z�a�k�l�j�u�
�a�n�a�:� �b�u�d�u���i� �d�a� �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�o�j� �t�e�m�p�e�r�a�t�u�r�i� �o�d� �7�7� �K� �p�u�t�e�m� �L�N�2� �k�u�p�a�t�i�l�a�,� �n�e�m�a� �t�e�r�m�a�l�n�o�g� �d�r�i�f�t�a�.

Stabilnost impedance tokom 30-dnevne kampanje mjerenja iznosila je +/- 0,0003 Ohm.

Nivo šuma: Johnson-Nyquistov naponski šum otpornika je V_n = sqrt(4 * k_B * T * R * širina opsega). Za R = 0 (superprovodnik),
�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� �š�i�r�i�n�u� �o�p�s�e�g�a�.� �S�u�p�e�r�p�r�o�v�o�d�l�j�i�v�i� �i�n�t�e�r�k�o�n�e�k�t� �d�o�p�r�i�n�o�s�i� �t�a�
�n�o� �n�u�l�t�i�m� �t�e�r�m�a�l�n�i�m� �š�u�m�o�m
signalnom putu.

Magnetno oklapanje: Helmholtzova zavojnica koja proizvodi 1 mT (10 Gauss) na 50 Hz bila je postavljena 50 mm od kabla.
Fluxgate magnetometar unutar kriostata (uz provodnik) izmjerio je < 0,01 nT -- prigušenje preko 160 dB. Ovo je Meissnerov 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� �v�a�n�j�s�k�o� �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� �s�e
savršeno suprotstavljaju primijenjenom polju.

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

SC interkonekt zahtijeva neprekidno snabdijevanje LN2. Stopa termalnog gubitka vakuumski izoliranog kriostata iznosi približno
0,85 litara LN2 po danu po metru dužine kabla. Za par interkonekta od 1,5 m, godišnja potrošnja LN2 iznosi približno 930 litara --
�o�t�p�r�i�l�i�k�e� �9�3�0� �U�S�D� �g�o�d�i�š�n�j�e� �p�r�i� �t�r�e�n�u�t�n�i�m� �k�o�m�e�r�c�i�j�a�l�n�i�m� �c�i�j�e�n�a�m�a� �L�N�2� �(�1� �U�S�D�/�l�i�t�a�r� �z�a� �i�s�p�o�r�u�k�u� �m�a�l�i�h� �k�o�l�i�
�i�n�a�)�.

�K�a�b�l� �m�o�r�a� �b�i�t�i� �i�n�s�t�a�l�i�r�a�n� �s� �L�N�2� �o�t�v�o�r�i�m�a� �z�a� �p�u�n�j�e�n�j�e� �d�o�s�t�u�p�n�i�m� �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�a� �3�-�5� �d�a�n�a�,� �o�v�i�s�n�o� �o� �a�m�b�i�j�e�n�t�a�l�n�o�j
�t�e�m�p�e�r�a�t�u�r�i�)�.� �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�o�m� �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�l�a�z�i
�k�a�p�a�c�i�t�e�t� �i�s�p�u�s�t�a�.� �S�e�n�z�o�r� �s�m�a�n�j�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� �p�r�u�ž�a� �v�i�z�u�e�l�n�e� �(�ž�u�t�i� �L�E�D�)� �i� �z�v�u�
�n�e� �(�8�5� �d�B� �z�u�j�a�l�i�c�a�)� �a�l�a�r�m�e� �a�k�o
koncentracija ambijentalnog kisika padne ispod 19,5%.

�Z�a�h�t�j�e�v� �z�a� �v�e�n�t�i�l�a�c�i�j�u� �p�r�o�s�t�o�r�i�j�e� �j�e� �m�i�n�i�m�u�m� �1�0� �i�z�m�j�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�l�a�z�i� �v�e�n�t�i�l�a�c�i�j�u� �v�e���i�n�e� �s�t�a�m�b�e�n�i�h
prostora, ali se lako postiže s namjenskom HVAC instalacijom.

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

�5�.� �Z�A�K�L�J�U���A�K

SC interkonekt postiže ono što nijedan konvencionalni provodnik ne može: nulti DC otpor, nulti termalni šum i apsolutnu magnetnu
�i�m�u�n�o�s�t� �p�u�t�e�m� �M�e�i�s�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� �n�a�d�z�o�r� �-�-� �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�a�n� �j�e�,� �a�l�i� �i�z�v�o�d�l�j�i�v� �z�a� �p�o�s�v�e���e�n�e� �s�l�u�š�a�o�c�e�.� �V�j�e�r�u�j�e�m�o� �d�a� �s�u�p�e�r�p�r�o�v�o�d�l�j�i�v�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
provodnika: kada eliminišete sav otpor, ne ostaje ništa što se može poboljšati.
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