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��: ADSL, bucle normalizado de cobre, limitaciones de capacidad, diafonías. 

��������: ADSL, standardized copper loop, limitations of capacity, interferences. 
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Usuario-Red 
(US) 

Red-Usuario 
(DS) 

Pots 

4Khz  25,875Khz      134 Khz 138Khz         1 .104 Khz   

25 canales  224 canales 

Amplitud  
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Resistencia 286,17578 
Ω/Km 

00 0,14769620 
(ohms4/km4 Hz2) 

0,0 

�
�
� �
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� �� 	

�
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Inductancia 675,36888 
μHy./Km 

488,95186 
μHy./Km 

0,92930728 806,33863 
Khz. 
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Capacitancia 
49 nF/Km 0,0 nF/Km 0,0 - 

�
�
� �

�
� - - 

Conductancia 
43 nS/Km 0,70 - - 

�
�

�'� #"�&5'�,�8%(,'�$"� ��%�,*'$&(-���%�+�%� &(+$'�*+'�:"&&')("+#'�-�$"&�%'�-'&'�"��
'+8�(%(%�"�(+#"&-&"#',(9+�$"��5+"'%�$"�#&'+%)(%(9+7�%"�-*"$"�"+,�+#&'&��'%�&"4"&"+,('%� 8%(�
,'%�$"���%�)�$"��%�:(-"& 9�(,�%�$"��'�)'#&(.���3�%*%�-'&8)"#&�%�7�7�7��"+�L'&'<'%:�
@��/0A��
� ���)�$"���$"�'+8�(%(%�$"�*+� *,�"�$"�' �+'$��"%�-&"%"+#'$��-�&��#'&&7�����(�44(����
�(�?"&)'+7����@����'A���'&'�"%#"�,'%���,*-'&")�%�"��)(%)��)�$"���'-�(,'+$��"��,*'$&(�
-���� $"� #&'+%)(%(9+� �� '��  *,�"� +�&)'�(.'$�� ���/0�1�� �/2��� ��%� -'&8)"#&�%� $"�
#&'+%)(%(9+�%�+�,�+%#'+#"%�-&�-('%�$"��'�&"$�3�%(&?"+�-'&'�&"�',(�+'&�"��?��#'!"�3��'�,��
&&("+#"�$"�*+�-*"&#��%*�"+#&'$'�,�+�"��?��#'!"�3��'�,�&&("+#"�$"��#&��-*"&#���'�%'�($'���'�
",*',(9+�,'&',#"&5%#(,'�$"��,*'$&(-���7�%"�"6-&"%'�"+�4*+,(9+�$"��'�#"+%(9+�3�,�&&("+#"�$"�
"+#&'$'�3�%*%�-'&8)"#&�%�$"�#&'+%)(%(9+�7�7�7��?(+,*�'+$��,�+��'%�#"+%(�+"%�3�,�&&("+�
#"%�$"�%'�($'�@�A��
�
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T1.601 Loop #9 

1500’  1500’  

3000’  1500’  6000’  

26 AWG  
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$"�� *,�"�3��'�4&",*"+,('7�'%5�,�)��#') (D+�%*�#�-�=&'45'�"�D,#&(,'7�%"�-*"$"+�� #"+"&�%*%�
-'&8)"#&�%�$(%#&( *($�%�&"�',(�+'$�%��'�()-"$'+,('�,'&',#"&5%#(,'�$"��'��5+"'����3��'�,�+%�
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�
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'%���'�&"�',(9+��M��@�:'++�+���GKA�&"%*�#'�$"�*+�,�,("+#"�"+#&"��'%�-�#"+,('%�$"��'�%"C'��
'�*+'�$"�$(%#*& (��>*"�%"�',�-�'�)"$('+#"�*+'�4*+,(9+�#&'+%4"&"+,('�$"�&"$�������+$"���
"%�*+'�,�+%#'+#"�3�$"-"+$"�$"��'�,'�($'$�$"�,�+%#&*,,(9+�$"���%�-'&"%�#"�"49+(,�%7��'�>*"�
%"�"+,*"+#&'�"%-",(4(,'$'�-�&���%�4' &(,'+#"%���'�4*+,(9+�#&'+%4"&"+,('�-'&'�"��#&'#')("+#��
$"��'%�(+#"&4"&"+,('%�-�&�B����� ("+"�$'$��-�&��'�",*',(9+�@/A7�3�%*�(+#"&-&"#',(9+�%"�:'��'�
"+��'��(=��H��
�
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�
�'�)(%)'� (+#"&-&"#',(9+�$"��)�$"���"%�*#(�(.'$'�-'&'�"�� #&'#')("+#��$"�������3�

"%#'� &"-&"%"+#'$�� -�&� �'� 4*+,(9+� $"� #&'+%4"&"+,('�B����� @NA�� �"� -*"$"� '-&",('&� >*"� %*�
)'=+(#*$�$"-"+$"�$"��,*'$&'$��$"��'�4&",*"+,('�3��'�'#"+*',(9+�α�$"�� *,�"���'�&"%-*"%�
#'�"+�4&",*"+,('�$"��,'+'��3�%*���+=(#*$�$"� *,�"�!*"='+�*+�-'-"��()-�&#'+#"�"+��'�",*'�
,(9+��
�

(7) 
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������: Esquema de un canal multitono QAM. 
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%* � -�&#'$�&'� "%-',('$�%� *+� '+,:�� $"�  '+$'� ,�+%#'+#"� ��7� �+� ,'$'� %* � -�&#'$�&'� %"�
#&'+%-�&#'+�+�� (#%�-�&�%5) ���%�O���
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T1.601 Loop #9 

1500’  1500’  

3000’  1500’  6000’  

26 AWG  
ATU-R 

ATU-R ATU-C 

ATU-C 

AWGN 

FEXT 
NEXT 
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#'+�"+�-&()"&�#D&)(+�7�"��,8�,*���$"��'�)'#&(.�$"�#&'+%)(%(9+���3�%*%�-'&8)"#&�%�7��7��7�
��'�-'&#(&�$"��'%�,'&',#"&(%#(,'%�"�D,#&(,'%�$"�,'$'�*+��$"���%�#&')�%�$"�� *,�"���'&'��*"=��
#�)'&��'%�,'&',#"&5%#(,'%�$"��'�%"C'��$"��������7�$"�"��'�%"�� #("+"+��'%�$"+%($'$"%�$"�
-�#"+,('�"%-",#&'�"%�����"+�%"+#($�%��%*'&(����	"$�3�	"$���%*'&(��-'&'�,'$'�*+��$"���%�
,'+'�"%���*"=��$"��'�� #"+,(9+�$"�����%"�,'�,*�'+��'%�$('4�+5'%��"6#�3��"6#�'$(,(�+'+$��
"+�D��,'�,*���"��"4",#��$"��&*($��$"�4�+$��2�����"�"%#"�)�$��%"�� #("+"�"��&*($��#�#'��
$"��%(%#")'���+�"%#"�-*+#��%"�,�)-'&'+���%�$'#�%�� #"+($�%�,�+��'��'%�-�#"+,('�$"�#&'+%�
)(%(9+�$"�,'$'�%* �-�&#'$�&'7�-'&'�$"#"&)(+'&�"+�4*+,(9+�$"��'�-&� ' (�($'$"%�$"�"&&�&7�
�����'�,'+#($'$�$"�%5) ���%�O��>*"�-*"$"+�#&'+%)(#(&%"�-�&�,'$'�%* �,'+'���
�
�

�
����
Q���������	���������
�

�+��'��' �'���%"�-&"%"+#'+���%�&"%*�#'$�%�� #"+($�%�-�&�%()*�',(9+���"�-*"$"+�$(%�
#(+=*(&�,�'&')"+#"��'%�?'&(',(�+"%�$"�?"��,($'$�$"���%�,'+'�"%�"+���%�%"+#($�%����3���7�
&"%-",#��$"��'%�#"9&(,'%�)86()'%�-'&'�*+� *,�"�()'=(+'&(��$"���+=(#*$�,"&����'%��()(#'�
,(�+"%�$"�#'%'�$"�(+4�&)',(9+�-&�?("+"+�"%-",('�)"+#"�-�&��'�#�-�=&'45'�3���+=(#*$�$"��
 *,�"��(=*&'�J�3��'�,'+#($'$�$"�-"&#*& '$�&"%�$('49+(,�%�"6(%#"+#"%�'%(�,�)��#') (D+�"��
&*($�� �'+,��'$(#(?���
�

QAM N 

QAM 2 

QAM 1 

AWGN 

H(f) + + 

Demo. 1 

Demo. 2 

Demo. N 
G(f) 

Ruido  
NEXT- FEXT 

P1,f1,n
 

P2,f2,n2 

PN,fN,nN 

Pr1,f1,n1 

PrN,frN,nrN 

Pr2,f2,n2 

Bwi=4,3125 Khz 

Canal 
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N° de Per-
turbadores 

Sentido DS 
Mbps 

Sentido US 
Mbps PES 

Sentido DS 
Mbps (Max) 

Sentido US 
Mbps 

2,695 0,85608 10-7 
2,8128 0.88022 10-6 

 

1 
3,1359 0,94339 10-4 
1,7915 0,64494 10-7 
1,8819 0,66856 10-6 

 
10 

2,1320 0,73069 10-4 
1,3007 0,50406 10-7 
1,3742 0,52668 10-6 

 
49 

1,5790 0,58675 10-4 

 
 
 
 

14,49 

 
 
 
 

1,61718 

�
+'�(.'+$����%�)(%)�%�-�$")�%�?"&�>*"�"��,'+'�����&"%*�#'�)"+�%�'+#"+*'$��-�&�

"+,�+#&'&%"�"+��'%�4&",*"+,('%��J7KNJ�L:.�3��HGL:.���(=*("+$��"��)(%)��&'.�+')("+#��
"��,'+'����7�"+#&"��HKL:.�3����0GL:.�%"�"+,*"+#&'�4*"&#")"+#"�'#"+*'$����+�4*+,(9+�$"�
��%�&"%*�#'$�%�� #"+($�%�%"�$"#"&)(+'�>*"�'�-'&#(&�$"���%�/K0�L:.�'-&�6()'$')"+#"7�%"�
-&�$*,"�"%#'�'#"+*',(9+7�-�&����,*'���'%�%* �-�&#'$�&'%�O��%�+�&"%#&(+=($'%�-�&�"��%(%�
#")'����7��()(#'+$��'%5�%"&(')"+#"��'�,'-',($'$�$"�"%#"�,'+'���
�
�

�������
�����
�

�'�?"&%'#(�($'$�$"��)�$"���"%#'�$'$'�-�&�%*�,'-',($'$�$"�'$'-#',(9+�'�%(#*',(�+"%�
&"'�"%7�"%�$",(&�-�$"&�'-�(,'&���'�$(%#(+#�%�#(-�%����-�>*"�%"�"+,*"+#&'+��-"&'+$��"+�-�'+�
#'�"6#"&+'E�(+,�*3"+$���'%�,�+$(,(�+"%�&"'�"%�$"��"%#'$��$"���%�-'&"%�#"�"49+(,�%�'�-'&#(&�
$"��'%�)"$(,(�+"%�%*%�-'&8)"#&�%�"�D,#&(,�%���%#'�?"&%'#(�($'$�%"�"6#("+$"7�3'�>*"�%"�-*"�
$"+�%()*�'&�%"C'�"%� '!���'%�&",�)"+$',(�+"%��
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�5+"'%�$"�
���7�B���7����",#�����,*'��-&"%"+#'�=&'+�*#(�($'$�"+��'�-&',#(,'�3�%(&?"+�-'&'�
-&"$",(&�"��,�)-�&#')("+#��$"�*+�%(%#")'������

��&� *�#()�� -�$")�%� $",(&� >*"� >*"$'� ' ("&#�� *+� -*+#�� $"� $(%,*%(9+� ()-�&#'+#"��
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