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\RQTS�UWV<X(Y[Z]\ é ^�ì$_iï ð�ñ�òBó�ô)õ
ê�õ v ó�ñ ô�`badc
eEcfc�ghc�ô�i�ðdc�jlkmaTcfgbkon�`bp�ðdeHk ê�ì

q ð ïÃó�ñd`rc�ñda ósi�ðdc
xm(t)

cÍôwð�ñtk ôEc�udk�ghj�óva ðdgbk�a ó:eEkwp:cÍñdx�e�`byzkocÍñ|{dk�ñdatks{tk�ô�cfaTc}c�ôBï�c�y7òHe>ó
gb`rjl`�ò0k�a ó é

Xm(jω) = 0
ôE`

|ω| > |ωm|
õ�~�ad`bp:kfi�ðdc~ô�c�utk�g�adc)c�ñ©òHeEk�atk

y(t) �
adcÍô�� k�ô�c

φ0

ôBó�ñ
ñdc�y
c�ôEk�eE` ó�ô|ïdk�eHk�i�ðdclcÍñ�c
g ï ð ñ©òJó

E
ô�c�ó:{�òHc�ñTp>k�ñ�gDk�ôzô�`bp�ðd`rc�ñ©òHcÍô�j�óva ðdgDk�y�`Çó�ñdc�ô {I� ó:{Tgbc

{tk�ñdadkRgDk
òEc�eHk�g�adc�k�j�ïdgr` òJðTa^ð ñd`ratk�a8~��&k�ñdadkRgDk
òEc�eHk�g�� ñd`ryzk�ô>ð ï�c�eE` ó:e
� uz� y�ó�ñ�� ñdad`by
c

adcfj�óva ðdgbk�y�`r��ñ
m = 0,5

ì � `b{�ð���c�c
g(c�ôBï�c�y7òHe>ó�eEcÍôBðdg�ò0k�ñ©òHcfc�ñ�yzk�adklyzk
ôBó�ô>ð ïÃó�ñd`bcÍñda óli�ðTc
ωp >> ωm

ì
� eBó�ïÃó�ñdp>kdð ñ�aTcÍòHc
yÍòBó:e�ïtk�eHk�yzk�atkgð ñtk�adc�gbk�ôsj�óva ðdgbk�y�` ó�ñdc�ôsk
ñ�òEc�e�`Çó:e�c�ô

�
aT`b{ ð���c�ð ñ

c�ô�i�ðTc�jlkmadc
ghjl` ôEj�ó ì
v ó�ñ ô�`badc
eEc�i�ðdcãò0k�ñ©òJó

x(t)
yÍó:j�ó

y(t)
ôBó�ñ�a ó�ô~ô�c�utk�grc�ô)adc�`Çñ��@ó:eEjlk�y�`r��ñ�p:c�ñTx�eE`ryzk�ô

�
i�ðTc

c�g�adc�ô�� k�ôEc
φ0 = π/2

ì � `ÇôEc
udcið ñ�aTcÍòHc
yÍòBó:e~ïtk�eEk�c�ô�òHcaòE`ÇïÃó�adcwj�óva ðdgbk�y�`r��ñIì�� � ôtï=ó�ô�`b{dgrc
ôEcÍïtk�eHk�e&c�ñ�e�c�y�cÍï�y
`b��ñ�gbk�ô�a�ó�ô.ôEc
utk�grc�ôAk�ñ©òEc�eE` ó:eEcÍô0��ì �W� ðdx~ô>ðdy�c
adczôE`�c�ñ�c
gØó�ô�y�`bgbk�a ó:e�gÇóvyzk�g
adcCeEc
y�c�ï�y�`r��ñ|c���`Çô�òHc�ð ñ|c�eEe>ó:eAadc}� k�ô�c

∆φ
�©ì���ð�ô>òH`5�ti�ðdcfk�adc
y�ðtk�adk�jlcÍñ©òHcfgDk�ô&e�c�ô>ï ðdc�ô�ò0k�ôÍì

  õ � `b{�ð���c+c
g�y
`beEyÍðd` òBó�c
gbx
yÍòHe�`byÍówi�ðdcWe�czk�gr`b¡zk}gbkf�@ð ñdy
`b��ñladctð�ñ�j�óva ðdgbk�a ó:e�cÍñ�a ó:{dgrc){dk�ñdatkfgDk
òEc�eHk�g
{tk�gbk�ñdy�c�k�a ó ì � ��ïdgr`bi�ðdcCgDkw�@ð�ñdy�`r��ñ�i�ðTc�adcÍôEc
j�ï�c�utksyzk�atk�ð�ñtkoadc�ôBð ôwïtk�e�òHc�ôÍì

\RQTS�UWV<X(Y[Z£¢ é ^�ìCë ï ð�ñ�òBó�ô)õ
ê�õ q `bp�ðd`bcÍñda ó�c�g�c�ô�i�ðTc�jlk�adc�gbkRn�`rp�ðdeHk ê�~¤ad`rp>k�y�ó�j�ó�¥tkRaTc�ôEc�eogbkfôEc
utk�g

y(t)
~�c
g�adcÍô�� k�ô�c

∆φ

�
gbkRk�j�ïdgb`�òJðda�jl¦���`bjlk�adc�gbkhô�c�utk�g�j�óva ðdgbk�a ó:eEk

xm(t)
ïtk�eHk�i�ðTc�c�ñ§c�gÅï ð ñ©òJó

E
ôEc�òEc�ñdp>k

ð ñtk�j�óva ðdgbk�y�`r��ñ�aTcs� k
ôEchéL¨=©�õ+y�ó�ñgð ñtk�adcÍô�ªv`Dk�y
`b��ñ�jl¦���`bjlk�adco� k�ô�c
∆φmax = 0,1 rad/V

ì
� cÍôBïÃó�ñdatk«adc��@ó:eEjlk§eHk�¡Íó�ñtk�adk { � � ôhïÃó�ôE`r{dgbc�jmc�aT`Dk�ñ©òHc�cÍô>òEc ïde>ó�y
c�ad`rjl`rc�ñ©òJó�p:cÍñdc�eEk�eUð ñtk
j�óva ðdgbk�y�`r��ñ�adc}� k�ô�c�ós�¬e�c�yÍðdc�ñdy
`DksadcC{tk�ñdadklk�ñTy0¥tk>��ì
y ó�òHk { m c�ñdp:kmcÍñ�yÍðdc�ñ©ò0kmi�ðdc�ôEcãïdeEc7òHc�ñTadc�`rj�ïTgbc�jmc�ñ©òHk�eWð ñ|j�ó�a ðTgDk�a ó�e�adczòH` ï=ó u eEj�ô>òEeBó�ñdp�ì

  õ � ñ­gDk�n�`bp�ðdeEk   ô�c�e�c�ïde�c�ô�c�ñ©ò0kgð ñ®aT`ÇôEy
eE`rjl` ñtk�a ó:e�{tk�gbk�ñdy�c�k�a ó�adc|n � ì � ��ïdgb`ri�ðdc�y�ðtk�gAcÍôlc
g
ïdeE` ñdy�` ïd`Çósadc|ó�ï�c�eHk�y�`b��ñ�adc�c�ô�òHcwaT`ÇôEy
eE`rjl` ñtk�a ó:eÍì � ` ô>òE`Çñdp>ksy�ðdk�g(c�ô+gbks�@ð�ñdy�`r��ñ�adcfyzk�atk�ð ñdk�adc
gDk�ôWïtk�e>òEc�ô&aTc�g8y
`beEyÍðd` òBó ì � v ðtk�g8c�ô&gbkaïde�`Çñdy
`Çïtk�g�ad`5�ty�ðdg�ò0k�a�adc}`bj�ïdgbc
jlcÍñ©ò0k�y
`b��ñmadc}c�ô�òHc~òE`ÇïÃó�adc
ad`Çô�y�e�`bjm`Çñtk�a�ó:eEcÍô0��ì�� � ðdxfk�g�òHc�e>ñtk
òE`rª�kwc���` ô>òHcz��ì
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\RQTS�UWV<X(Y[Z�� é ^�ì$_iï ð�ñ�òBó�ô)õ
ê�õ q czòH`rc�ñdcCc�ghcÍôEi�ðdc
j�ksadc�ð ñ|gDk�¡Íóoc�ñdp>k
ñdy0¥tk�a ólc�ñ�� k�ôEc�é ��s�s õ�c�ñ|gDksn�`rp�ðdeEko^�ì

� c�ô�y�e�`b{tkmgDko�@ð ñdy�`r��ñ|adcwy�k�atk�ð�ñ ó�adcfgÇó�ô�{TgÇóvi�ðTc�ô�eEc�ïTeEc�ô�c�ñ©ò0k�a ó�ôWcÍñ�n�`bp�ðdeHko^�ì � v ðtk�g(c�ô
c�gEôE`rp�ñd`r�dyzk�a óladc�gbk�ô)yÍó�ñ ô�ò0k�ñ©òHcÍô

Ad � K0

��ì � ó:eW�Tg òH`rj�óT~ ó:{�òEc�ñdp>kladcw�@ó:e�j�k+�>ð ô>òE`r�ty�k�atk
gDkw�@ð ñTy�`b��ñ|aTc�òEeHk�ñ�ô��¬c�e�c�ñdy
`Dksadc}� k�ôEcCadc
g ��sEs

H(s) = φv(s)/φr(s)
ì

� ��ïTgb`bi�ðdc�gDk�ô¤y�k�eHk�yÍòHc
eE� ô>òH`ryzk�ô�adcAgÇó�ô�ad` ô>òH` ñ©òJó�ô��dg òHe>ó�ô»ïTeEc�ô�c�ñ©ò0k�a ó�ô=c�ñiòEc�ó:e��Dk {!u òHcÍñ�ðdk�a ó:e ó
k�j�ïdgb`5�tyzk�a�ó:e�aTcAp>k�ñtk�ñTy�`Dk)y�ó�ñ ô�ò0k�ñ©òEc�~:�tg�òHeBó �ov ~��tg�òHeBó+gbczk�a��Lgbk�ptïtk
ôE`rª�ó

�
gbc�k�a��PgDk�p)k�yÍòE`rª�ó ì

� `bp:kT~tc�ñ�yzk�atkmyzk�ô>ód~¸c�g(c�e�eBó:e�adcC� k�ôEc�i�ðdc|ô�caïde>ó�a�ðdy�cfc�ñRe�x�p:`rjlcÍñUï�c
eEjlk�ñdc�ñ©òEc�k�ñ©òHcãð ñ
ôHk�g�òJóoadc}� k�ô�c

�
ð ñ�ôHk�g�òJósadc}�¬eEc
y�ðdcÍñdy�`bk�ì

  õ q c~ïde>ó�ïÃó�ñdcWc
gÄc�ô�òJðdaT`Çóoadc
gÄy�ó�j�ïÃó:e>òHk�jm`bc�ñ©òBó�adctð ñ ��sEs i�ðdcW` ñdy�ó:e>ï=ó�eEcWk�g òHc
eBñtk!òH`rª�k�jmc�ñ©òEc)g ó�ô
�tg òEeBó�ôAe�c�ïde�c�ô�c�ñ©ò0k�a�ó�ô+cÍñ�gbkon�`bp�ðTeHk��

�
n�`rp�ðdeHks_�ì

� `bp:klc�gEó:e�adc�ñ
�

c
g¤òH` ï=ómadc�yzk�atkm�tg òEeBó ì v k�gry�ðdgrc�~¸c�ñfô>ð�yzk�ô>ód~�gDk�ï�ðdgÇôEk�y�`r��ñ�ïde>ó�ïd`bk
ωn �c�ghyÍó�c��ty�`rc�ñ©òHcCadcfk�j�ó:e>òE`bp�ðdk�jl`rc�ñ©òJó

χ
ì

� ô>òJðTad`bc�c�g>cÍñdp>k�ñdy0¥Tc�adc
g ��s�s ïdk�eHk.yzk�adk.�tg�òHe>ó�yÍðtk�ñda�ó)cÍñwgDkoô�c�utk�g�adc=cÍñ�òEeHk�adk�ôEc�ïde>ó�a ðTy�c
ð ñ�c�ôEy�k�gb��ñ�aTcs� k
ôEc�ì � c�ïT` ò0k�g ó|jm`Çô�j�ó�ïtk�eHk�ð ñ�c�ô�yzk�gr��ñ�adco�¬eEc�yÍðdc�ñTy�`Dk�ì�� � ��`Çô�òHcmk�gbp�ð ñtk
�@ó:eEjlk�adcCeEc
a ðdy
`be.c�g8c
eEe>ó:e0��ì

+

A

B

C

D

E

cos(ωpt)

xm(t)

y(t)

φ0

���
	���
��������Wµ�¨�����¨�ªã¨�²©«.´©¬�ª�¶�²�´©®�¨�²©¶�����«J¬����pµ �)¶

¯T°0±$²´³LµH¶8·¸¶L¹$º%²2±¼»L½
¾=²2½ ²2±¼»L¿�À<Á�¾=»<¿K²2°%»�ÂÄÃ�»<Å�º%µE¹d¾=µE¿5»L½2½ »�À<Á ½
¾�»L¿t¹$Æ%°�ÂtÇ�ÈPÉ�ÈPÉ�Ã�»L¿K±¼»�³�Á °%»



���������
	�����
���
��
�������������������
�������	������ �!���
"�#%$'&)(+* ,.-!/0$'132�$4,657&+87('902�:;9=<>(?@1BA>('172C(+90DC,E<B(F-7(+*G(0$4:;HI&J132�$4,>$'2�K;1

A

B

D

E

+

+

−

+

−

R1 R2

R3

R4

R5

R6

R7

C1

C2

C3

C4

Vg Vsal

��� 	�� 
�� � ���Åµ�� ���pµ ªzµ ¬�¨�²©¶��Å²©«����	��¨�®�¨�¬��)«3¨�²©¶

      de
    Fase

 Detector   Filtro

F(S)
    
 VCO

xr(t) xd(t) xc(t) xv(t)

Ad K0

��� 	�� 
���
 � ¦���

´�«Jªã¨z²©«o´©¬ ®�¨��3¶�«J¬ �!¨�¬�����¨�²©¶|«J¬��@¨��;«��@¹������

L

RVin Vout

��� 	�� 
 �������Øµ ®�� �;¶� �!Z²©«J®�"� � 

C

C

RVin Vout

��� 	�� 
��$#��%�=µ ®�� �;¶'&(!Z²©«J®)"� ) 
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