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VWXYZV[Y
\]^_` abcdef afghdhi^b_ j\aak ^l h mf]]no_bm_

gdbp]fq irhi hd^lfl ^_ h ]hdsf _cqpfd bt l^s_h] gdb eflln
^_s hgg]^ehi^b_l u v_ ir^l ghgfd mf gdflf_i h _fm hgn
gdbher `fwf]bgf` ^_ irf eb_ifxi bt c_lcgfdw^lf` ]fhd_n
^_s bt yfcdh] yfimbdol jyyk h_` phlf` b_ irf z{|
} ~� �� � ��{��� �� tbd irf lfghdhi^b_ bt ]^_fhd q ^xicdfl
bt lbcdefl m ^ir qfqbd� jeb_wb]ci^wf q ^xicdflk u �rf
gdbp]fq ^l lb]wf` ^_ irf tdf�cf_e� `bq h^_ � icd_^_s
irf eb_wb]ci^b_ bgfdhi^b_ ^_ irf i^q f `bq h^_ ^_ib h
qc]i^g]^ehi^b_ ^_ irf tdf�cf_e� `bqh^_ u �rf l^qc]hn
i^b_ dflc]il lrbm irf gfdtbdq h_ef bt irf gdbgblf` h]n
sbd^irq tbd irf lfghdhi^b_ bt eb_wb]ci^wf q ^xicdfl bt
mr^if lbcdefl u

�� ��YZ���[Y���
�bli bt irf hggdbherfl irhi rhwf pff_ `fwf]bg f` ib
lb]wf irf \ ]^_` abcdef afghdhi^b_ j\aak gdbp ]fq eb_n
l^`fd irhi irf ^_gci bt irf lfghdhi^_s l�lifq ^l h ]^_fhd
h_` ^_lih_ih_fbcl q ^xicdf bt irf lbcdefl u �_tbdicn
_hif]�� ir^l o^_` bt q ^xicdf ^l lf]`bq tbc_` ^_ dfh]
mbd]` hgg]^ehi^b_l h_` ^i ^l q bdf lc^ihp]f ib eb_l^`fd
q ^x ^_s l�lifq l irhi eh_ pf qb`f]f` m ^ir �^_^if vq n
gc]lf �flgb_lf j�v� k � ]ifdl u v_ ir^l ehlf irf lfghdhi^b_
eh_ pf her^fwf` cl^_s ed^ifd^h phlf` b_ �^srfd �d`fd
aihi^li^el j��ak ib ^_wfdi irf f�fei bt irf �v� �]ifdl
^_ irf q ^xicdf ��� u

� bli bt irf lb]ci^b_l ib irf eb_wb]ci^wf gdbp ]fq
hdf i^q f `bq h^_ fxif_l^b_l bt h`hgi^wf h]sbd^irq l tbd
^_ lih_ih_fbcl q ^xicdfl c_`fd irf r�gbirfl^l bt lihi^ln
i^eh]]� ^_`fgf_`f_ef hqb_s irf lbcdefl ��� u   `^�fdf_i
h]ifd_hi^wf ^l ib mbdo ^_ irf tdf�cf_e� `bq h^_ �¡ � ¢� u
 gg]�^_s irf £ ^ledfif �bcd^fd �dh_ltbdq j£��k ib h
`hih m ^_`bm � ^ uf u� irf arbdin� ^q f �bcd^fd �dh_ltbdq
ja���k � ^i ^l g bll^p]f ib eb_wfdi irf sf_fdh] gdbp ]fq
bt eb_wb]ci^wf q ^xicdfl ^_ib lfwfdh] gdbp]fq l bt ^_lih_n
ih_fbcl q ^xicdfl � b_f tbd fher tdf�cf_e�u v_ ir^l mh�
^i ^l gbll^p]f ib hgg]� irf lhq f h]sbd^irq l clf` tbd irf
^_ lih_ih_fbcl ehlf ib fher tdf�cf_e� ph_` h_` � �_h]]��

dfebwfd irf bd^s ^_h] lbcdefl ^_ irf i^q f `bq h^_ cl^_s
irf v_wfdlf arbdin� ^q f �bcd^fd �dh_ltbdq jva���ku v_
h``^i^b_ � l^_ef tbd fher tdf�cf_e� irf lbcdefl eh_ pf
bpih^_f` m ^ir h `^�fdf_i bd`fd � h g fdqcihi^b_ lihsf ^l
_ff`f` pftbdf irf va��� jlff �scdf �k u
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�^scdf �¤ afghdhi^b_ ^_ irf tdf�cf_e� `bq h^_ u
v_ ir^l ghgfd mf gdflf_i h _fm hggdbher ib lb]wf

irf eb_wb]ci^wf q ^xicdfl bt mr^if lbcdefl phlf` b_ h
gdfw^bcl mbdo tbd ^_lih_ih_fbcl q ^xicdfl �¥� irhi clfl
irf z{} ~� �� � ��{��� ��u afei^b_ � gdflf_il irf gdbp]fq
lihifq f_i u v_ lfei^b_ ¡ h_ fxif_l^b_ bt irf ^_tbdq hn
i^b_ idh_ltfd q hx^q ^¦hi^b_ ^_ irf tdf�cf_e� `bq h^_ ^l
lrbmf` h_` irf ]fhd_^_s dc ]f ^l `fd^wf` u v_ lfei^b_ ¢
h q firb` ^l gdbgblf` ib lb]wf irf gfdqcihi^b_ gdbpn
]fq u afei^b_ ¥ gdflf_il lbq f l^qc]hi^b_ fxgfd^q f_il
h_` lfei^b_ § eb_ih^_l irf eb_e]c l^b_l u

¨ � ©Z�Wª«¬ XYVY«¬«�Y
­fi cl eb_l^`fd h wfeibd bt bplfdwhi^b_l ® j¯ k °
�± ² j¯ k ³ ´ ´ ´ ³ ±µ j¯ k�¶ mr^er ^l h eb_wb]ci^wf q ^xicdf bt h
wfeibd bt c_o_bm_ lbcdefl · j¯ k ° �¸² j¯ k ³ ´ ´ ´ ³ ¸µ j¯ k�¶ �
irhi ^l �

® j¯ k ° ¹º
»¼½¹

¾ j¿ k· j¯ À ¿k j�k

mrfdf ¾ j¯ k ^l h_ c_o_bm_ Á Â Á qhid^x bt ]^_fhd
� ]ifdl dfgdflf_i^_s irf q ^x ^_s l�lifq u �rf f]fq f_i
ÃÄÅ j¯ k bt ir ^l q hid^x `f_bifl irf ^qgc]lf dflgb_lf bt
irf � ]ifd bwfd irf Æ lbcdef ^_ ^il mh� ibmhd`l irf Ç
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lf_lbd u �f m ^]] hllcq f irhi irf lbcdefl hdf lihi^li^eh]]�
^_`fg f_`f_i � ¦fdbnq fh_ � c_^inwhd^h_ef h_` ifqgbdh]]�
mr^if u

�b dfebwfd irf lbcdefl � ® j¯ k ^l gdb efllf` irdbcsr
h ]^_fhd �c]i^nv_gci �c]i^n�cigci j� v��k l�lifq
mr^er lrbc]` _bi b_]� dfebwfd irf lbcdefl pci h]lb dfn
q bwf irf f�fei `cf ib irf q fqbd� ^_ irf q ^x ^_s l�ln
ifq u �rf bcigci � j¯ k htifd h ]^_fhd � ]ifd^_s bt irf
bplfdwhi^b_l eh_ pf fxgdfllf` hl tb]]bm l

� j¯ k ° ¹º
»¼½¹

� � j¿ k® j¯ À ¿k j�k

mrfdf � j¯ k ^l h Á Â Á qhid^x bt ]^_fhd � ]ifdl dfgdfn
lf_i^_s irf lfghdhi^_s l�lifq h_` � Ä j¯ k ^l h ghdi^ec]hd
bcigci � Ä j¯ k ° �µÅ¼ ² � ÄÅ j¯ k � ±Å j¯ k � p f^_s � irf ]^_fhd
eb_wb]ci^b_ bgfdhibd u�bqp^_ ^_s j�k h_` j�k � mf eh_ fxgdfll irf bcigci
^_ irf 	n`bq h^_ hl tb]]bm l

 �� 
 � � � �� 
� �� 
 � � � �� 
� �� 
� �� 
 � �� �� 
� �� 
 ��

�rf bp � fei^wf ib dfebwfd irf bd^s^_h] lbcdefl ^l ib
lf]fei irf � ]ifd q hid^x � j� k ^_ bd`fd irhi fher
bcigci ebddflgb_`l ib h l^_s]f h_` `^�fdf_i lbcdef u� rf_ ir^l b eecdl � irf q hid^x � j� k eh_ pf fxn
gdfllf` hl � ����� j� k ° � j� k© j� k � mrfdf � j� k °� Ç ! j" ²²� ½#$ ³ ´ ´ ´ ³ "µ µ � ½#% k � pf^_s " ÄÄ h ebqg]fx
eb_lih_i � h_` © j� k h g fdqcihi^b_ qhid^x u

v_ gdhei^ef mf m ^]] hllcq f irhi irf � ]ifdl ^_ ¾ j¯ k
eh_ pf qb`f]f` hl �v� ehclh] � ]ifd bt bd`fd & u �rf_ �
mf eh_ fxgdfll irf wfeibd bt bplfdwhi^b_l ® j¯ k s^wf_ ^_
j�k hl tb]]bm l

® j¯ k ° ' ½²º
»¼( ¾ j¿ k· j¯ À ¿k

v_ irf lhq f mh�� hllcq ^_s �v� �]ifdl bt bd`fd ) ^_ irf
lfghdhi^_s l�lifq � mf eh_ fxgdfllf` irf bcigci wfeibd� j¯ k ° �� ² j¯ k ³ ´ ´ ´ ³ � Ä j¯ k ³ ´ ´ ´ ³ �µ j¯ k�¶ hl

� j¯ k ° * ½²º
»¼( � � j¿ k® j¯ À ¿k j¢ k

+ � «,Y«�X��� �- ��-�¬V, ©Z��[�©ª«
Y� [��.�ª�Y�.« ¬ �,Y�Z«X

v_ �¥� h ]fhd_^_s dc ]f ib cg`hif irf ebf/ e^f_il bt h
l^_s]f ]h�fd _b_]^_fhd yfcdh] yfimbdo jyy k rhl pff_
`fd^wf` tdbq h c_lcgfdw^lf` ]fhd_^_s ghdh`^sq eh]]f`
z{} ~� �� � ��{ ��� �� �§� u \hlf` b_ ir^l gd^_e^g]f � ^i ^l
gdbgblf` hl h ed^ifd^b_ tbd irf lfghdhi^b_ bt ^_lih_n
ih_fbcl q ^xicdfl irf q hx^q ^¦hi^b_ bt irf ^_tbdqhi^b_
idh_ltfd pfimff_ irf ^_gci h_` irf bcigci bt irf yy u

�r^l ^l f�c^wh]f_i ib irf q hx^q ^¦hi^b_ bt irf bcigci
f_idbg� 0 j1 k � pf^_s 1 irf wfeibd bt irf bcigcil htn
ifd irf _b_]^_fhd hei^whi^b_ tc_ei^b_ bt irf yy � ^ uf u�2 Ä ° ! j� Ä k ³ Ç ° �³ ´ ´ ´ ³ Á u �rbbl^_s hl _b_]^_fhd^i� irf
tc_ei^b_ ! j± k ° 3 4½¹ 5±6 jÀ 778 79 À � 79 k:8 � ^i ^l `fqb_n
lidhif` ^_ �¥� irhi irf q hx^q ^¦hi^b_ bt 0 j1 k ^l f�c^whn
]f_i ib irf q ^_^q ^¦hi^b_ bt irf tb]]bm ^_s ebli tc_ei^b_

; j� k °
µº
Ä¼² < �77� Ä 79 À � 79 � À ]_ 7`58 � 7 j¥k

�rf gdfw^bcl tc_ei^b_ h`q ^il h_birfd ^_ifdfli^_s ^_n
ifdgdfihi^b_ tdbq irf gfdlg fei^wf bt p]^_` h`hgi^wf � ]n
ifd^_s u �rf �dli ghdi bt j¥k ^l irf fxif_l^b_ ib � v��
l�lifq l bt irf mf]]no_bm_ �b_lih_i �b`c]cl j��k ed^n
ifd^b_ �=� m ^`f]� clf` ^_ p]^_` f�ch]^¦hi^b_ u � rf_ ir^l
ed^ifd^b_ ^l clf` ib lb]wf irf \aa gdbp]fq � ^i eh_ ]fh`
ib h l^ichi^b_ mrfdf irf lhqf lbcdef ^l fxidheif` hi
`^�fdf_i bcigcil u �r^l l^ichi^b_ ^l hwb^`f` p� irf lfen
b_` ifdq pfehclf � mrf_ ^i b eecdl � imb eb]cq_l bt �
hdf ]^_fhd]� `fgf_`f_i h_` irf lfeb_` ghdi bt j¥k sdbm l
wfd� ]hdsf u v_ �>� ^i ^l h]lb gdflf_if` h_ h_h]�l^l bt irf
lihi^b_hd� gb^_il bt j¥k � mr^er `fqb_lidhifl ^il hp^]n
^i� ib lfghdhif ^_lih_ih_fbcl q ^xicdfl bt lbcdefl m ^ir
_fshi^wf ocdibl^l u

�b fxif_` irf ed^ifd^b_ j¥k ib irf lfghdhi^b_ bt eb_n
wb]ci^wf q ^xicdfl ^_ irf tdf�cf_e� `bq h^_ � mf m ^]] eb_n
l^`fd h _fm ^_lih_ih_fbcl q ^x^_s h_` lfghdhi^_s qb`f]
tbd fher tdf�cf_e� ph_` �>� u �bmhd`l ir^l h^q � mf lg]^i
fher ghdi^ec]hd bplfdwhi^b_ ±Å j¯ k � ^_ ? _b_ bwfd]hggf`
lfsq f_il ± �@�Å jA k bt ]f_sir B jlff �scdf �k � mrfdfC ° D ³ ´ ´ ´ ³? À � h_` A ° D ³ ´ ´ ´ ³B À �� ^ uf u�

±Å j¯ k ° ¹º@¼( ±
�@ �Å j¯ À CB k

mrfdf fher lfsq f_i ^l bpih^_f` tdbq irf tb]]bm ^_s fxn
gdfll^b_

± �@ �Å jA k ° E ±Å jCB F A k D G A G B À �D C5¸8�ho^_s ^_ib heebc_i ir^l lfsqf_ihi^b_ � mf eh_ eb_n
l^`fd h l^q ^]hd qb`f] ib irf b_f `fled^p f` ^_ j¢k tbd
fher m ^_`bm ± �@ �Å jA k h_` ib `f�_f h wfeibd � �@� jA k °
�� �@�² jA k ³ ´ ´ ´ ³ � �@�Ä jA k ³ ´ ´ ´ ³ � �@ �µ jA k�¶ mrblf ebqgb_f_il
hdf bpih^_f` hl tb ]]bm l

H IJ KL �M 
 � NºO P L Q LO �R 
 S T IJ KO �M 

�f `f�_f _bm irf U gb^_il £�� bt V �@�Å j¿ k hl

V �@�Å j¿ k ° W ÄÅ j¿ kX �@�Å j¿ k
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x (n)j

n0

(R-1)(r)(1)(0)

RK2KK

. . . . . .

. . . . . .

x (m)x  (m)x  (m)x  (m) jj j j

. . . . . .

K Samples K Samples K Samples K Samples

Segment 1 Segment 2 Segment r Segment R

�^scdf � ¤ afsq f_ihi^b_ bt irf bplfdwhi^b_l u

mrfdf W ÄÅ j¿ k h_` X �@�Å j¿ k dfgdflf_i irf U gb^_il £��l
bt irf lf�cf_efl � ÄÅ jA k h_` ± �@ �Å jA k bt ]f_sir ) h_`B dflg fei^wf]� � p f^_s U � ) F B À �

W ÄÅ j¿ k ° �½²º�¼( � ÄÅ jA k5½
Å ��� »� ¿ ° D ³ ´ ´ ´ ³U À �

X �@�Å j¿ k ° �½²º�¼( ±
�@ �Å jA k5½

Å ��� »� ¿ ° D ³ ´ ´ ´ ³U À �

�bqgci^_s irf v£�� bt V �@�Å j¿ k � mf bpih^_ fher ebq n
gb_f_i bt irf wfeibd � �@� jA k

� �@�Ä jA k ° �U �½²º
»¼( V

�@ �Å j¿ k5
Å ��� »�

�b dfebwfd h ghdi^ec]hd bcigci � Ä j¯ k mf h`` irf `f]h�f`
lf�cf_efl � � �@�Ä jA k � iho^_s ^_ib heebc_i irf bwfd]hgg ^_s
bt ) À � gb^_il `cf ib irf lr^ti bt B gb^_il bt fher ^_gci
lfsq f_i

� Ä j¯ k ° ¹º@¼ ( �
�@ �Ä j¯ À CB k j§k

�r^l dfeb_lidcei^b_ gdb ef`cdf ^l eh]]f` ~������ |��� �§� u
�ho^_s ^_ib heebc_i irf _bihi^b_ `fd^wf` hpbwf � irf

q ^x ^_s qb`f] tbd fher tdf�cf_e� ph_` eh_ pf fxgdfllf`
_bm hl tb]]bm l

, �@� j¿ k ° ¾ j¿ kX �@ � j¿ k
mrfdf X �@ � j¿ k ° �� �@ �² j¿ k ³ ´ ´ ´ ³ � �@ �µ j¿ k�¶ � , �@� j¿ k °
�X �@�

² j¿ k ³ ´ ´ ´ ³X �@�
µ j¿ k�¶ h_` ¾ j¿ k ^l h Á Â Á qhid^x

bt irf tbdq

¾ j¿ k °

	





�

0 ²² j¿ k ´ ´ ´ 0 ²Å j¿ k ´ ´ ´ 0 ²µ j¿ k
uuu uuu uuu0 Ä² j¿ k ´ ´ ´ 0 ÄÅ j¿ k ´ ´ ´ 0 Äµ j¿ k
uuu uuu uuu0µ ² j¿ k ´ ´ ´ 0µ Å j¿ k ´ ´ ´ 0µ µ j¿ k

�
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v_ irf lhq f mh�� irf lfghdhi^_s l�lifq eh_ pf `f�_f`
hl � �@ � j¿ k ° �� j¿ k, �@� j¿ k
mrfdf � j¿ k ^l h Á Â Á qhid^x h_`

� �@ � j¿ k °
�V �@�² j¿ k ³ ´ ´ ´ ³ V �@�

µ j¿ k�¶ u�xif_`^_s irf gdfw^bcl _bihi^b_ ib irf gdbgblf`
ed^ifd^b_ ^_ j¥k h_` iho^_s ^_ib heebc_i irf qb`f]
lrbmf` ^_ �scdf ¡ � mf bpih^_ irhi irf bcigci f_idbg�
bt irf yy ^l

0 j� �@ � j¿ kk ° �¯ 7:58 j�� j¿ kk 7 À µº
Ä¼² < �77V �@ �Ä j¿ k 79 À � 79 �

mrfdf � �@� j¿ k ° �� �@ �² j¿ k ³ ´ ´ ´ ³ � �@ �
µ j¿ k�¶ h_` � �@ �Ä j¿ k °! jV �@�Ä j¿ kk p f^_s ! j�k irf _b_ ]^_fhd hei^whi^b_ tc_ei^b_

bt irf yy `f�_f` hpbwf u
�rf q hx^q ^¦hi^b_ bt irf bcigci f_idbg��0 j� �@ � j¿ kk � ^l f�c^wh]f_i ib irf q ^_ ^q ^¦hi^b_ bt irf

tb]]bm ^_s ebli tc_ei^b_ tbd fher tdf�cf_e� ¿

q ^_� �»� ; j� j¿ kk ���° µº
Ä¼² < �77V �@�Ä j¿ k 79 À � 79 �

À �¯ 7:58 j�� j¿ kk 7 j=k

 Mixture

(r)
(k) (k)

(r)
(k)

(r)

(k)H W (.)g

(k)
(r)

H

Separation

(k)

S X U      Y

Sigle layer no-linear NN

�^scdf ¡ ¤ � ^x ^_s qb`f] h_` lfghdhi^_s � v�� l�lifq
tbd fher tdf�cf_e� ¿ u

�rf bgi^q ^¦hi^b_ gdbp]fq j=k eh_ pf lb]wf` m ^ir
h l^qg]f liberhli^e sdh`^f_i h`hgi^wf h]sbd^irq � irhi
h]]bm l cl ib dfecdl^wf]� cg`hif irf ebf/ e^f_il bt irf
q hid^efl � j¿ k ^_ fher tdf�cf_e�

� �� ² j¿ k ° � � j¿ k F ��� �»� ; j¯ k
mrfdf � � j¿ k ^l irf wh]cf bt irf q hid^x � j¿ k hi i^q f ¯ �� ^l h gbl^i^wf eb_lih_i h_` �� �»� ; j¯ k ^l irf sdh`^f_i
bt irf tc_ei^b_ m ^ir dflgfei ib irf q hid^x � j¿ k hi i^q f
¯ u   l^q ^]hd gdb ef`cdf gdflf_if` ^_ �¥� ]fh`l cl ib irf
tb]]bm ^_s ]fhd_^_s dc ]f ib q ^_^q ^¦f irf ebli tc_ei^b_
j=k
� �� � �� 
 � � � �� 
  ! �" # $� IJK� �� 
 �
 IJ K� �� 

� %& " # $� IJK� �� 
 �
 IJ K� �� 

�' �
 IJ K� �� 

% $�� � �� 

� %( �
 �)
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mrfdf j�k� `f_bifl irf rfdq ^i^e bg fdhibd h_`
� j

� �@� j¿ kk ° � Ç ! j 7V �@ �² j¿ k 79 ³ ´ ´ ´ ³ 7V �@�
µ j¿ k 79 k u

�rf ebli tc_ei^b_ j=k eh_ h]lb p f q ^_^q ^¦f` cl^_s
h df]hi^wf lib erhli^e sdh`^f_i h]sbd^irq ��� � �¡� hl� �� � �� 
 � � � �� 
  ! � � �� 
 �� � �� 

� �� I� K� �R 
� � � �� 
  ! � � �� 
 �" # $
 IJK� �� 
 �
 IJ K� �� 

� %& " # $
 IJK� �� 
 �
 IJ K� �� 

�' �
 IJ K� �� 

%  �
 ��

mrfdf � `f_bifl irf ^`f_i^i� qhid^x u� � ©«Z¬�YVY��� ©Z�Wª«¬
\aa h]sbd^irq l tbd ^_lih_ih_fbcl q ^xicdfl bt lbcdefl
`b _bi ihof ^_ib heebc_i irf bd`fd ^_ mr^er irf bd^s^n
_h] lbcdefl hdf dfebwfdf` u v_ ir^l ehlf irf lfghdhi^b_
^l her^fwf` mrf_ � ����� ° �© mrfdf � ^l h `^hsn
b_h] q hid^x h_` © ^l h g fdqcihi^b_ q hid^x u   l h
eb_lf�cf_ef � mrf_ irf \aa bt eb_wb]ci^wf q ^xicdfl
^l lb]wf` ^_ irf tdf�cf_e� `bq h^_ irf lfghdhi^b_ ^l
her^fwf` mrf_ � ����� j� k ° � j� k© j� k mrfdf � j� k ^l
h `^hsb_h] q hid^x h_` © j� k ^l h gfdqcihi^b_ q hid^x u

a^_ef hi fher tdf�cf_e� mf hdf hgg]�^_s h_ h]sbn
d^irq tbd ^_lih_ih_fbcl q ^xicdfl � ^i ^l gbll^p]f irhi
irf gfdqcihi^b_ q hid^x © j� k p f `^�fdf_i tbd fher b_f
bt irflf tdf�cf_e^fl u � rf_ ir^l b eecdl � mf rhwf h gfdn
qcihi^b_ gdbp ]fq irhi eh_ ]fh` cl ib h mdb_s dfeb_n
lidcei^b_ bt irf lg feidcq bt irf dfebwfdf` lbcdefl hi
irf bcigci bt irf lfghdhi^_s l�lifq u

  ]irbcsr bcd h]sbd^irq lffq l ib eb_wfdsf ib irf
lhq f gfdqcihi^b_ q hid^x tbd h]] irf tdf�cf_e^fl � hl ^i
m ^]] p f lrbm_ ^_ irf l^qc]hi^b_l � ir^l ^l h_ ^qgbdih_i
gdbp]fq ib ihof ^_ib heebc_i h_` tbd mrblf lb]ci^b_
`^�fdf_i hggdbherfl rhwf pff_ gdbgblf` �¢ � �D � ��� u
  �dli hggdbher eb_l^lil bt eb_l^`fd^_s irf lihi^li^n
eh]]� df]hi^b_lr^g hqb_s fher b_f bt irf tdf�cf_e^fl
bt irf fli^q hif` lbcdefl u �rf l^qg]fli df]hi^b_ mbc]`
pf ib `fifdq ^_f irf ebddf]hi^b_ pfimff_ imb tdf�cf_e�
ph_`l u �bmfwfd � irf ebddf]hi^b_ pfimff_ imb ph_`l bt
h`� hef_i tdf�cf_e^fl bt irf lhq f lbcdef `fg f_`l b_ irf
tbdq bt irf lgfeidh] `f_l^i� �¢� u �r^l ^l pfehclf ^i ^l
_bi h]mh�l fhl� ib `f�_f h irdflrb]` mr^er h]]bm l cl ib
`fe^`f ^t h ghdi^ec]hd tdf�cf_e� ph_` pf]b_sl ib b_f bd
h_birfd lbcdef u � bdfbwfd � mrf_ irf lbcdefl hdf mr^if �
hl ^_ bcd ehlf � irf ebddf]hi^b_ pfimff_ imb tdf�cf_e�
ph_`l bt irf lhq f lbcdef mbc]` pf ¦fdb u �f gdbgblf h
`^�fdf_i h]ifd_hi^wf � mr^er eb_l^lil bt `fifdq ^_^_s irf
tbcdirnbd`fd edbllnecqc]h_i bt irf bcigcil ^_ h]] irf
tdf�cf_e^fl iho^_s ^_ib heebc_i irf `^�fdf_i gbll^p]f
ebqp^_hi^b_l � ^ uf u�� �M �	
 ��
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 �� 
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% ��
mrfdf A ³ � ° �³ ´ ´ ´ ³ Á h_` Ç ³ Æ ° �³ ´ ´ ´ ³U � p f^_s Ç �
Æ u a^_ef irf lbcdefl hdf lihi^li^eh]]� ^_`fg f_`f_i � irf

edbllnecqc]h_il j�Dk m ^]] p f _b_n¦fdb mrf_ irf bcigcilV� jÇk h_` V � jÆ k fxidhei irf lhq f lbcdef u v_ eb_idhli �
fxgdfll^b_ j�D k m ^]] p f ¦fdb mrf_ `^�fdf_i lbcdefl hdf
fxidheif` u � � X�¬�ªVY���X
v_ ir^l lfei^b_ mf gdflf_i irf dflc]il bt h ebqgcifd
l^qc]hi^b_ ehdd^f` bci ib ^]]clidhif irf p frhw^bd bt
irf ]fhd_^_s dc]f gdbgblf` ^_ j�k m ^ir h lifg l^¦f� ° ¡ Â �D½9 u �f rhwf eb_l^`fdf` h_ f_w^db_q f_i
m ^ir imb mr^if h_` lihi^li^eh]]� ^_`fg f_`f_i lbcdefl �
h ¢n� � h_` h �§n� � u  l irf q ^x ^_s l�lifq mf
rhwf eb_l^`fdf` �v� �]ifdl bt bd`fd & ° ¢ bpih^_f`
p� idc_ehi^_s ib tbcd lhqg]fl irf idh_ltfd q hid^x

¾ j� k ° � ÀD �> ( �²� � �$²�( �²� �$ D �¥ ( �9� � �$²�( �9� �$D �¥ ( ��� � �$²�( ��� �$ ÀD �> ( �²� � �$²�( �²� �$ �
�rf dflc]i bt ir^l q ^xicdf ^_ irf i^q f `bq h^_ ^l lrbmf`
^_ irf ]fti eb]cq_ bt �scdf ¢ u �f rhwf eb_l^`fdf` lfsn
q f_il bt ]f_sir B ° � h_` irf fxgfeihi^b_l rhwf p ff_
fli^q hif` m ^ir ¥ �� lhqg]fl jp]beo hggdbx ^q hi^b_ �>�k u
v_ irf lfghdhi^_s l�lifq mf rhwf clf` �v� �]ifdl bt
bd`fd ) ° ��u �rf d^sri eb]cq_ bt �scdf ¢ lrbm l irf
bcigcil bpih^_f` htifd hgg]�^_s irf h`hgi^wf ]fhd_ ^_s
dc]f ^_ fher b_f bt irf U ° �� tdf�cf_e^fl htifd �¥D
^ifdhi^b_l u vi ^l e]fhd]� lff_ irhi bcd hggdbher ^l hp ]f
ib lceeflltc]]� dfebwfd irf bd^s ^_h] lbcdefl u

�plfdwhi^b_l �cigcil

�^scdf ¢ ¤ afghdhi^b_ tdbq irf eb_wb]ci^wf q ^xicdf bt
imb lbcdefl �§n� � � ¢n� � u

v_ bd`fd ib q fhlcdf irf g fdtbdqh_ef bt bcd h]sbn
d^irq hi fher tdf�cf_e� ph_` mf clf` irf tb]]bm ^_s gfdn
tbdq h_ef ^_`fx `fled^p f` ^_ ��� � mr^er ^l ¦fdb mrf_ irf
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qhid^x � j� k ° �� j� k¾ j� k ebddflgb_`l ib irf lfghn
dhi^b_ bt irf lbcdefl � ^ uf u� mrf_ � ����� j� k ° � j� k© j� k �

� j� j� kk °
µº
Ä¼²

�� µº
Å¼²

7! ÄÅ j� k 79
qhx � j 7! Ä� j� k 79 k À ���

F µº
Å¼²

� µº
Ä¼ ²

7! ÄÅ j� k 79
qhx � j 7! �Å j� k 79 k À ��

�^scdf ¥ ^]]c lidhifl irf fwb]ci^b_ bt ir^l ^_`fx tbd fher
b_f bt irf U ° �� tdf�cf_e^fl u �f eh_ lff irhi irf
h]sbd^irq rhl lfghdhif` irf lbcdefl ^_ h]] irf tdf�cf_n
e^fl u �hp]f � lrbm l irf edbllnecqc]h_il ebqgcif`
tdbq j�D k hqb_s irf bcigcil hi `^�fdf_i tdf�cf_n
e^fl u �f eh_ lff irhi irf tbcdirnbd`fd edbllnecqc]h_il� 2A jV ² jÇk ³ V ² jÆ kk h_` � 2A jV9 jÇk ³ V9 jÆ kk tbd h]] irf
tdf�cf_e^fl hdf _b_n¦fdb u v_ eb_idhli � irf tbcdirnbd`fd
edbllnecqc]h_il � 2A jV ² jÇk ³ V9 jÆ kk ihof wh]cfl e]blf ib¦fdb u �r^l q fh_l irhi irf lhq f lbcdef rhl pff_ fxn
idheif` hi irf lhq f bcigci tbd h]] irf tdf�cf_e^fl u

v_ h``^i^b_ � ^i ^l ^_ifdfli^_s ib ebqghdf irf dflc]il
^_ �hp]f � m ^ir irf irfbdfi^e wh]cfl bpih^_f` tdbq irf
lihp^]^i� h_h]�l^l gdflf_if` ^_ �> � u �xif_`^_s irf dfn
lc ]il `fd^wf` ^_ �>� ib irf tdf�cf_e� `bq h^_ � h_` hln
lcq ^_s irhi irf Ç À 8Ã lbcdef ^l fxidheif` hi irf Ç À 8Ãbcigci tbd h]] irf tdf�cf_e^fl � mf bpih^_ irhi hi fher
tdf�cf_e� ¿

� ��	 
 �� 
 � � ��
 ��  � �  � � �� 
�� � �� 
 � �  � �  � � �� 
��� �� 
 �
mrfdf � Ä j¿ k ° < �7� Ä j¿ k 7� � ^l irf tbcdirnbd`fd qbqf_i
bt irf Ç À 8Ã lbcdef hi tdf�cf_e� ¿ u v_ bcd fxgfd^q f_il �
mf rhwf bplfdwf` irhi irf tbcdirnbd`fd qbqf_il bt irf
lbcdefl ^_ irf tdf�cf_e� `bq h^_ hdf �² j¿ k ° � �¢>> � � ¿
h_` �9 j¿ k ° � �§§§¢ � ¿ � h_` irhi irf ocdibl^l hdf
¿² jÇk ° ÀD �¥�� � Ç h_` ¿9 jÇk ° ÀD �¡¡> � Ç � Ç ° �³ ´ ´ ´ ³U u
�rf_ tbd irflf ghdi^ec]hd lbcdefl mf bpih^_ irhi irf
q hid^x �9��� j¿ k ° � Ç ! jD �>§§ ³ D �=�Dk u ybm � cl^_s irf
gdbg fdi^fl bt irf ecqc]h_il � mf bpih^_ irhi irf irfbn
dfi^e wh]cfl tbd irf tbcdirnbd`fd edbllnecqc]h_i bt irf
bcigcil hdf � 2A jV ² jÇk ³ V ² jÆ kk ° ! 9²² jÇk! 9²² jÆ k¿² jÇk °
ÀD �¡>¢D h_` � 2A jV9 jÇk ³ V9 jÆ kk ° ! 999 jÇk! 999 jÆ k¿9 jÇk °
ÀD ��D>¢ u ybif irhi irflf wh]cfl hdf e]blf ib irf fxgfdn
^q f_ih] dflc]il lrbm_ ^_ �hp]f �u

� � [��[ª�X���X
v_ ir ^l ghgfd mf h``dfll irf p]^_` lbcdef lfghdhi^b_ bt
eb_wb]ci^wf q ^xicdfl bt lbcdefl u �r^l gdbp]fq eh_ pf
lb]wf` ^_ irf i^q f bd ^_ irf tdf�cf_e� `bqh^_ u � rf_
irf lfeb_` bgi^b_ ^l erblf_ � irf eb_wb]ci^wf gdbp ]fq
eh_ pf idfhif` hl U gdbp ]fq l bt ^_lih_ih_fbcl q ^xicdfl
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Frecuencia 12

�^scdf ¥ ¤ �fdtbdq h_ef ^_`fx tbd fher tdf�cf_e�u

� 2A jV ² jÇk ³ V ² jÆ kkV ² j�k V ² j�k V ² j¡k V ² j¢ kV ² j�k n nD u¡§=D nD u¡=�D nD u¡=¡¥V ² j�k n n nD u¡=¥� nD u¡=§¢V ² j¡k n n n nD u¡> �¡V ² j¢k n n n n� 2A jV ² jÇk ³ V9 jÆ kkV9 j�k V9 j�k V9 j¡k V9 j¢kV ² j�k nD uDD �§ nD uDD�¢ nD uDD �� nD uDD �>V ² j�k n nD uDD§¡ nD uDD=� nD uDD=¥V ² j¡k n n nD uD �D¥ nD uD �D§V ² j¢ k n n n nD uD �D§� 2A jV9 jÇk ³ V9 jÆ kkV9 j�k V9 j�k V9 j¡k V9 j¢ kV9 j�k n nD u��=D nD u��§� nD u��=¢V9 j�k n n nD u��=� nD u��>>V9 j¡k n n n nD u�DDDV9 j¢k n n n n
�hp]f �¤ �bcdirnbd`fd edbllnecqc]h_i wh]cfl u
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tbd fher b_f bt irf tdf�cf_e� ph_`l bpih^_f` htifd hgn
g]�^_s h £�� ib h `hih lfsq f_i bt irf bplfdwhi^b_l u
v_ ir ^l mh�� h_� h]sbd^irq tbd irf \aa bt ebqg]fx ^_n
lih_ih_fbcl q ^xicdfl bt lbcdefl eh_ pf hgg]^f` ib fher
b_f bt irf U tdf�cf_e^fl u

  l lfghdhi^b_ ed^ifd^b_ tbd fher tdf�cf_e�� mf rhwf
gdbgblf` h_ fxif_l^b_ bt irf z{} ~� �� � ��{ ��� �� clf`
^_ irf c_lcgfdw^lf` ]fhd_^_s bt yy �¥� u �rf bgi^q ^¦hn
i^b_ gdbp ]fq rhl p ff_ lb]wf` m ^ir h l^qg]f lib erhli^e
h`hgi^wf sdh`^f_i h]sbd^irq ^_ imb wfdl^b_l � eb_wf_n
i^b_h] h_` _hicdh] bd df]hi^wf u �rf bd^s ^_h] lbcdefl ^_
irf i^q f `bq h^_ eh_ pf dfebwfdf` htifd irf dfeb_lidcen
i^b_ bt irf^d lgfeidcq h_` h_ ^_wfdl^b_ gdb efll bt irf
£��l bt fher lfsq f_i u �rf l^qc]hi^b_ dflc]il lrbm irf
pfrhw^bd bt irf df]hi^wf h]sbd^irq m ^ir h p]beo hggdbxn
^q hi^b_ tbd irf \aa bt eb_wb]ci^wf q ^xicdfl bt mr^if
lbcdefl u �

� V[���� ª«��¬«�YX
�rf mbdo mhl lcggbdif` p� gdbsdhq ��£�� j��£ �=nDD>�k u

� � Z«-«Z«�[«X
��� £ u �f]]^_ h_` � u�f^_lif^_ � ��d^ifd^h tbd �c]i^erh_n

_f] a^s_h] afghdhi^b_� � ^_ z��� ���{� 	 
 ��{�� � �~|���� � wb] u ¢� _b u > � gg u � �¥>n� �§> �  cscli � ���¢ u
��� � u ysc�f_ h_` � u �ciif_ � �\]^_` abcdef afghdhn

i^b_ tbd �b_wb]ci^wf � ^xicdfl� � ^_ 
 ��{�� � �~����|�{� � wb] u ¢¥ _b u �¡ � gg u �D�n��� �  cscli � ���¥ u
�¡� � u ­ff h_`   u \f]] h_` � u ­hqpfdi � �\]^_` afghdhn

i^b_ bt �c]i^g]f agfhofdl ^_ h �c]i^ghir �_w^db_n
qf_i� � ^_ � �~�����{� � ~} 
 z�
� �� ���= u

�¢� � u �hg`fw^f]]f h_` � u afdw^fdf h_` � u­ u ­hebcqf ��\]^_` afghdhi^b_ bt � ^`fnph_` abcdefl ^_ irf �dfn
�cf_e� £bqh^_� � ^_ � �~�����{� � ~} z��

� ��� gg u�D>Dn�D>¡ � ���¥ u

�¥� � u � f�cib h_` ­ u �hlif`b � �  yfcdh] yfimbdo  gn
gdbher ib \ ]^_` abcdef afghdhi^b_� � ^_ � �~�����{��~} 


� � �� gg u ¢>§n¢�¥ � � ]bd^`h � �a  � afgifqpfd �
���= u

�§� a u �h�o^_ � �yfcdh] yfimbdol �   �bqgdfrf_l^wf
�bc_`hi^b_� � � heq ^]]h_ �b]]fsf �cp]^lr ^_s �bq n
gh_�� v_e u� ���§ u

�=� £ u y u �b`hd` � �af]tn�febwfd^_s ��ch]^¦hi^b_ h_`�hdd^fd �dheo^_s ^_ �mbn£^q f_l^b_h] £hih �bq n
qc_^ehi^b_ a�lifq l� � z��� ���{� 	 ~{ �~�� �{�|
����~{� � wb] u ���n�> � gg u �>§=n �>=¥ � ybwfqpfd
��>D u

�>� � u � f�cib � �ycfwhl  gdbx ^q he^b_fl h] � dbp]fq h
`f afghdhe^ �b_ � ^fsh `f �cf_ifl� � �r£ �rfl^l � �_^n
wfdl^`h` `f ­h �bdc �_h � a� vy � afgifqpfd � ���� u

��� � u � h]bcerf h_` � u � heer^ � � `hgi^wf �_lcgfdn
w^lf` �xidhei^b_ bt �_f �bqgb_f_i bt h ­^_fhd
� ^xicdf m ^ir h a^_s]f yfcdb_� � ���� ����� �~ z������{� 	 
 ����� 
 ��� ~��� � ���§ u

��D� ­ u �hddh h_` � u agf_ef � ��b_wb]ci^wf \ ]^_`
abcdef afghdhi^b_ phlf` b_ �c]i^g]f £febddf]hn
i^b_� � ^_ � �~�����{� � z��� �~���� ~� 
 ����� 
 ��|� ~��� } ~� 
 ��{�� � �~���� �{� 


� �� � �hqpd^`sf �
� � afgifqpfd � ���> u

���� �n� �c h_` � u� u � d^_e^gf �a^qc]ih_fbcl £ ^hsn
b_h]^¦hi^b_ ^_ irf �df�cf_e� £bqh^_ ja£v� k tbd
abcdef afghdhi^b_� � ^_ � �~�����{� � z�� �� � gg u �¢¥n�¥D �  cllb^l � �� y�� � �h_chd�� ���� u

���� a u  q hd^ �   u � ^erb eo^ h_` � u �h_s � �  yfm
­fhd_^_s   ]sbd^irq tbd \]^_` abcdef afghdhi^b_� �� ���{��� �{ 
 ����� z{} ~�� ���~{ � �~���� �{� 
!�|��� � � � ���§ u

��¡� � u � u �hd`blb h_` \ u � u ­hrf]` � ���c^whd^h_i
 `hgi^wf abcdef afghdhi^b_� � z��� ���{� 	
 ��{��� �~���� �{� � wb] u a� n¢¢ � gg u ¡D �=n¡D¡D � £fe u ���§ u


