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\TSVU�WYX?Z�[]\_^ ì$`�ïðî�ñ�ò ó²ôJõ�öJ÷
í�÷ ��a ñcbedef�òVghg�b2i@ò óVj�dÊõ�óVk�lmdng�ó²ôJõpoVg�ò óql�õro òVbek�o õ=stoVg uz� oVgubng�vwjÐòxk�oVsGy
ôJdnjzk�ï � dn{ ò�|�g~}�ocdni(g�s?�

g�óVj�dFk�óco õubek�öEoVdÊö�ôJd ó�ôJk�özñxk�s�ôJgÐö�}�g�b@g�ö�f�òVg�lmkug�be��j7ôJs�dej�õ�oVg�ò ó�j�des�j�òVd�ôJõ�f�òVg�sGgzk~bedej�gtbFk�k�ó²ôJg�sGd õ=s
i@ò óVj�de��óIï�� v �=l�õ�ö�g|ñ òcg�oVgEj�õ�ó�ôGsBõ=bek�s�g�b�� óVoVdnj�gYoVg�l�õ�o òcbFk�j�de��ó���ï

� ÷-����k�sGk�f�òVg�ö�des���g�óubFk�ö+i@ò ócj�dÊõ�óVg�ö�oVg �hu mrs6u/�]���r�
�N��� }=�@� �?��� } ��������� v�� �(�4�r  ¡*� ��ï
`²÷ � öGj�s�de{xk�ò ófñVs>õ=¢=sGk�l£k �hu mrs6u/� f�òVgaö�deliòVbngEg�b�j�õ=l�ñÆõ=s>ôJk�lmdng�ó²ôJõ¤oVgæò óul�õro òVbek�o õ=s�oVg uz�

oVgEbeg�v¥j�òxk~oVsJy
ôGdej�ktv¦sGg�ñcsGg�ö�g�ó²ôJg�g�b�gÐöBñ�g�j7ôJsBõmoVgEbFkiö�g�§xk�b�oVg�öGk�bednoxk�ï v õ�lmgÐó�ôGgEg�b�j��roVdn¢�õ ï

\TSVU�WYX?Z�[]\©¨ ì$`�ïðî�ñ�ò ó²ôJõ�öJ÷
ª gzk¤g�b�g�ö�f�òVg�lmkmoVg�ò ó�ôGsGdÊñcbedej�k�o õ=s�sGgÐñVsGgÐöGg�ó²ôJk�o õ£gÐóubek¬«x¢�òVsGk�­®de¢�òVsGk í�ï

í�÷ v õ=l�g�ó²ôJgEbFk¬i@ò ócj�de��óhf�òVgEoVgÐöGg�l�ñ�g�§xk
ó¯bÊõ�ö�oVdÊö�ôJdÊó²ôBõ�ö�j�õ=l�ñÆõ�óVg�ó²ôGg�ö2g�bng�jÐôGsG��ócdej�õ�ö�oVg�b�j�desGjÐòVd ôBõ ï
� ÷ � gÐñVsGgÐöGgÐó�ôGg�g�b+l�õ�ocg�bÊõuoVg ñ�g�f�òVg�§xk×öGg�§Vk�b+oVg�b�k�ó²ôJg�sGdÊõ�s�j�dnsGjÐòVd ôBõ ï v k~bej�òcbeg£bek¯del�ñ�g�oxk�ócj�dFkhoVg

öJk�bndeoxk�ï�� � óuf�òVg�dÊó�° òcv=gEg�b;��k~bÊõ=s+ocg�bektjzk�s�¢Ak
RL

��ï
`²÷ ª d�k�bek±g�ó²ôJsGk�oxkEoVg�b ôJs�dÊñVbndej�k�o õ=s¤öGgrôJdegÐóVgrò óxkæöGg�§Vk�b�­ � ocg2i(s�g�jÐòVg�óVj�dFk

fp = 5
�¯²-³ g2�ÊóVoVdnj�g2oVg

l�õro òVbek�j�dn��ó
β = 0,5

}xoVdn¢Ak¤j�õ=l�õ¤´xk�ó¯ocg|ö�g�s�bÊõ�ö��~k�bÊõ�sGg�ö2oVg
L
v

C
ñxk�sGk�ôGg�óVg�sYk¤bFk­öJk�bndeoxk­ö�g

õ={�ôGg�óV¢Ak|ò óxkaö�g�§xk�bµ­ � ocg/i(sGg�j�òVgÐóVj�dek
fp = 15

�¯²�³ ï � ö�j�sGdn{xk�bek�g a ñcsGg�ö�de��ó¥ocg/bFk�l�õro òVbek�j�dn��ó
­ � k£bekmgÐó�ôGsJk�oVk£v¯kmbFk�öGk�bednoxkmocg�b¤ôGsGd ñVbednjzk�o õ�s�ï���¶~òV�¬bng�´Vk�öBòVj�g�oVdno õ�k�b®k�óVj4´ õ¥ocg�{xk�ócoxk¦oVg
bFktl�õ�o òcbFk�j�de��ó���ï

� de{�ò�|�g-g�b�g�öGf�òVg�l£k�¢=g�óVg�sJk�b�oVgwò ómoVg�l�õ�o�òVbFk�o�õ=s@oVg/­ � }!j�õ=l�g�ó²ô4k
óVo õ�bFk±i@ò óVj�dn��ó�f�òcg/oVgÐöGg�lt�
ñ�g�§xk¤jzk�oxk�ò óxktoVg�ö>ò ö�ñVk�s>ôGg�ö�ï
��sBõ�ñÆõ�óV¢Ak�o õ�ö'gÐöGf�òVg�l£k�ö�g�be��j7ôJs�dej�õ�ö�oVg@bedel�d ôJk�o õ=s�g�ö�oVg�k�l�ñVbed�ôJòVo/vYoVg�ö�j�sGdn{xkoöBò�j�õ=l�ñÆõ=s>ôJk�lmdng�ó��
ôJõ ï
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\TSVU�WYX?Z�[]\�� ì�� ïðî�ñ�ò ó²ôJõ�öJ÷

í�÷ v õ=l�g�ó²ôJgmbFk�ö�k�ñVbndej�k�j�d õ�óVg�özñcsJy�j7ôJdej�k�öEoVg�bÊõ�öEj�dnsGjÐòVd ôBõ�ö�� s�s f�òVgmj�õ�ó õ ³ jzk�ï � de{ ò�|�g�ñxk�sGkhj�k�oxk
ò óxk¤oVgEg�bnbFk�ö+g�b�g�ö�f�òcg�lmkmj�õ�sGsGgÐöBñÆõ�óVoVdng�ó²ôJg
ï

� ÷¥��k�sGkTbÊõ�ö��@� s öts�g�ñVs�g�öGgÐó²ô4k�o õ�ö�gÐówbFk�ö�«x¢�òVsGk�öt­�dn¢�òVsJk � v ­�dn¢�òVsJkt`�}¾õ={�ôGg�óV¢=kTbFkhi@ò�óVj�dn��ó oVg
ôJsGk�ó ö�i(g�sGgÐóVj�dekpocg¦i$k�öGg¦v�}�g�ó`ö>ò j�k�öBõc} bFk�ñ�òVbÊöGk�j�dn��ó óxk
ôBòVsJk�b�oVg�bÐbFk ³ õ

ωn

v g�bÐj�õrg�«Vj�degÐó²ôJg�oVg
k�l�õ=s>ôGde¢�òxk~lmdng�ó²ôJõ

ξ
ï u ö�del�dÊöGl�õV}®oVde¢Akpg�boõ�sGoVgÐóqv ôJd ñ=õpoVghjzk~oxk ò ó�õ oVghg�bnbÊõ�öÐï��¤õ=s��Vb�ôJdel�õV}

jzk�bnj�òVbngYg�bµg�sGs>õ=s+oVgYi$k
öGgYf�òVg�öGgzñcsBõro òVj�gEk
ó�ôGgzò óUöJk�b�ôJõ¬ocgYi$k�öGg~} ò ó�öJk~b ôJõtocgYi(sGg�jÐòVg�ócj�dFk�v�ò óxk
sJk�l�ñxktoVg±i(sGg�j�òVgÐóVj�dek�ï

`²÷ ��a ñcbedef�òVg¤g�b öGde¢�óVdn«xj�k�o õ�oVg�b�oVdFk�¢�sJk�lmk£oVg s dÊöBöGk�|>õ�ò öEoVg¤bek�özöGg�§xk�begÐöEoVg¤g�ó²ôJsGk�oxk¥vdöJk�bndeoxk¦oVg�b
� sEs ï � de{�ò�|�g�g�b®k
öBñ�g�jÐôBõ�ôJ� ñVdejÐõmf�òVg|ôJg�ócoVsJy�oVdej4´ õ£oVdFk�¢�sJk�lmktk�ó²ôJg|ò óföJk~b ôJõmoVg�i$k
öGg�} ò ó�öJk�b�ôJõ
oVg+i(sGg�j�òVgÐóVj�dekYviò óxk±sGk�l�ñVkYoVg+i(sGg�j�òVgÐóVj�dekc}�ñxk�sGk~ò ó�� sEs oVgoõ=s�oVg�ó � vaôGdÊñÆõií�ï ² k�¢AkYb õYlmd öGl�õ
ñxk�sGk�ò�ó¯� s�s oVg�õ=s�oVg�ó � v ôJd ñ=õ � ï
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F(s) VCOde Fase
DetectorΦr Φo

��� � � � � � ���6¸p¶ ©�ªJ¸������ *

de Fase
Detector F(s) F(s) VCO
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