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5. Neharmonické periodické signály

5.1 )RXULHURY\ �DG\

'RSRVXG MVPH VH VH]QiPLOL VH ]S$VRE\ �HãHQt REYRG$ ]D S�HGSRNODGX� åH PiPH FR G�ODW VH

VWHMQRVP�UQêP SURXGHP � Y WRP S�tSDG� XYDåXMHPH SRX]H ]GURMH D UH]LVWLYQt SUYN\ REYRG$ �

kapacitory nahrazujeme rozpojeným obvodem a induktory  ( ideální ) zkratem / nebo sþLVW�

KDUPRQLFNêP SU$E�KHP� NG\ ]DYiGtPH SRMHP LPSHGDQFH � ZC = 1/jωC   ,   ZL = jωL  / a
SRPRFt QLFK �HãtPH REYRG\ � MHMLFK XVWiOHQp SRP�U\ � SUR QH]QiPp SURXG\ D QDS�Wt� S�tSDGQ�

GDOãt RGYR]HQp YHOLþLQ\�

V WpWR NDSLWROH QiV EXGH ]DMtPDW S�tSDG VLJQiO$ D SU$E�K$� NWHUp MVRX VLFH SHULRGLFNp �

tak tomu bylo i vS�tSDG� þLVW� KDUPRQLFNpKR VLJQiOX �� DOH QHEXGRX PtW MHGQRGXFKê

KDUPRQLFNê FKDUDNWHU� 3HULRGLFNi IXQNFH VSO�XMH Y]WDK

I W I W Q7� � � �= +          kde        Q = ± ± ±� � �� � ��              ( 5.1.1 )

1iVOHGXMtFt ~YDK\ D YêVOHGN\ MVRX ]DORåHQ\ QD SUiFL -HDQD %DSWLVW\ -RVHSKD )RXULHUD ����� �

����� D QDFKi]HMt SRXåLWt QHMHQRP Y SUREOHPDWLFH HOHNWULFNêFK REYRG$� DOH L �DG� GDOãtFK

Y�GHFNêFK GLVFLSOtQ� 9 S�HGQiãNiFK ] PDWHPDWLN\ E\OD WDWR SUREOHPDWLND MLVW� GRVWDWHþQ�

SUREUiQD D E\OR ]G$YRGQ�QR� åH ]D S�HGSRNODGX VSOQ�Qt MLVWêFK SRGPtQHN � 'LULFKOHWRY\

podmínky / periodická funkce  f(t) P$åH EêW UHSUH]HQWRYiQD VXPRX KDUPRQLFNêFK IXQNFt�

/Z KOHGLVND YêSRþWX REYRG$ YãDN PXVtPH NOiVW SRåDGDYHN MHMLFK OLQHDULW\� W]Q� DE\ SODWLOR� åH

S$VREHQt VRXþWX VLJQiO$ QD Q�MDNê REYRG MH HNYLYDOHQWQt VRXþWX S$VREHQt MHGQRWOLYêFK VLJQiO$��

8YH�PH WHG\ SRX]H YêVOHGN\ QD ]iNODG� S�HGQiãHN ] matematiky. Periodickou funkci mohu
Y\MiG�LW YH WYDUX �

I W $ $ Q W
Q

Q

Q
� � FRV� �= + +

=

∞

∑�

�

�
ω ϕ                              ( 5.1.2)

kde  ω0 = 2π/T     a     A0 MH VW�HGQt KRGQRWD SU$E�KX �

Pro  n = 1 GRVWiYiPH W]Y� ]iNODGQt KDUPRQLFNRX VORåNX D SUR  n > 1 tzv. vyšší harmonické
tj. pro  n = 2  druhou harmonickou,  n = 3 W�HWt KDUPRQLFNRX DWG� -LQDN P$åHPH WHQWR Y]WDK

Y\MiG�LW QiVOHGRYQ� �

I W $ D Q W E Q W
Q Q

Q

� � � FRV VLQ �= + +
=

∞

∑� � �

�

ω ω                         ( 5.1.3 )

kde
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Pokud bychom do ( 5.1.3 ) dosadili

VLQQ W
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ω ω
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dostaneme po provedených úpravách
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                                        ( 5.1.6 )

FRå MH W]Y� H[SRQHQFLiOQt WYDU )RXULHURY\ �DG\� .RPSOH[Qt )RXULHURY\ NRHILFLHQW\ cn O]H XUþLW

ze vztahu

F
7

I W H
MQ W

GW
Q
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W 7

= ⋅
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∫
� �
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ω

                                 ( 5.1.7 )

3�LWRP O]H RGYRGLW� åH

�F D ME
Q Q Q

= −     pro   Q > �  ,    �F D ME
Q Q Q

= +       pro   Q < �         ( 5.1.8 )

/LERYROQê SHULRGLFNê SU$E�K MH WHG\ XUþHQ MHGQR]QDþQ� SDUDPHWU\ An ; ϕn  ; nω0 . MnoåLQ�

amplitud An �tNiPH DPSOLWXGRYp VSHNWUXP ; PQRåLQ� SRþiWHþQtFK Ii]t ϕn �tNiPH Ii]RYp

VSHNWUXP� 7DWR VSHNWUD PRKRX Y\SDGDW QDS�tNODG WDNWR�

� �I� QI� I

$Q  � _ &Q _

I�

                  
� I� �I� QI� I

ϕQ

Obr. 5.1-1

-VRX WR GLVNUpWQt VSHNWUD � þiURYi � Q�NG\ Wpå QD]êYDQi MHGQRVWUDQQi� 1D ]iNODG� Y]WDKX

� ����� � P$åHPH NUHVOLW W]Y� RERXVWUDQQp VSHNWUXP MDNR VSHNWUXP PRGXO$ NRPOH[QtFK

amplitud | cn | a fází ϕn .

�QI� � I� �I� QI� I

_ &Q _
_ &Q _  $Q � �_ &�Q _  $�Q � �

I�

  

� I� �I� QI� I

ϕQ

�QI� �I�

Obr. 5.1-2
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3�tNODG � 8UþHWH )RXULHURYX �DGX SUR SHULRGLFNê SU$E�K SRGOH REUi]NX

Obr. 5.1-3
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3�L YêSRþWX )RXULHURYêFK �DG O]H V YêKRGRX XåtW V\PHWULH � VXGi IXQNFH �  f(t) = f(-t)  ,
lichá funkce :  f(t) = -f(-t) .

V Q�NWHUêFK S�tSDGHFK QiV P$åH ]DMtPDW þDVRYê SRVXQ VLJQiOX� %XGHPH�OL PtW þDVRYRX

periodickou funkci  f(t)  definovanou vztahem

I W F H
MQ W

Q

Q

� � =
=−∞

∞

∑
ω

�

pak

I W W F H
MQ W W

F H
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H
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Q Q
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� �
� �

− =
−

=
−








=−∞

∞

=−∞

∞

∑∑�

� � � � �
ω ω ω

         ( 5.1.9 )

3�tNODG � =SR]G�PH SU$E�K� NWHUê MVPH SRþtWDOL� R þWYUWLQX SHULRG\ D Y\SRþW�PH )RXULHURYX

�DGX� =SRåG�Qê SU$E�K MH QD REUi]NX �

Obr. 5.1-4
3RVXQXWê SU$E�K EXGH PtW

F
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Q
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=
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� �
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∞

∑∑
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π
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1D ]iNODG� YêUD]X SUR SRVXQXWê SU$E�K E\FKRP PRKOL YH VSRMLWRVWL V principem superpozice
Y\SRþtWiYDW �DG\ SUR FHORX �DGX VORåLW�MãtFK SU$E�K$� 8YH�PH VL Q\Qt �DG\ SUR Q�NROLN

]iNODGQtFK þDVRYêFK SU$E�K$ �

Obr. 5.1-5
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99

Obr. 5.1-6
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ω                       ( 5.1.11 )

Obr. 5.1-7
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∑ π
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                 ( 5.1.12 )

3$VREHQt SHULRGLFNpKR QHKDUPRQLFNpKR VLJQiOX QD REYRG VL P$åHPH S�HGVWDYLW SRGOH REUi]NX�

             
Obr. 5.1-8

3UR YVWXSQt VLJQiO P$åHPH SViW

Y W Y Y W Y W Y W� � � � � � � �= + + + +
� � � �

�                         ( 5.1.13 )

%XGH�OL REYRG OLQHiUQt� P$åHPH S$VREHQt VLJQiOX v(t) QDKUDGLW S$VREHQtP GtOþtFK VLJQiO$

vi(t) D YêVOHGHN GRVWDQHPH MDNR VXSHUSR]LFL RGH]HY QD GtOþt VLJQiO\�

V S�HGFKi]HMtFtFK S�HGQiãNiFK MVPH VL GHILQRYDOL W]Y� HIHNWLYQt KRGQRWX� 3UR Q�NWHUp ~þHO\ MH

YêKRGQp MHMt Y\MiG�HQt SRPRFt KDUPRQLFNêFK VORåHN� =D WtP ~þHOHP XåLMHPH NRPSOH[Qt WYDU

)RXULHURY\ �DG\ QDS�� SURXGX

L W , H
MQ W

Q

Q

� � =
=−∞

∞

∑
ω
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3UR NYDGUiW HIHNWLYQt KRGQRW\ P$åHPH SViW

,
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L W GW
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L W , H
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Q

Q

77

� � �

��

� �
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=−∞

∞
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ω

                  ( 5.1.14 )

Proud  i(t)  nezávisí na  n  a  In MH Ii]RU D QHQt WXGtå ]iYLVOê QD þDVH� 7\WR VNXWHþQRVWL QiP

XPRå�XMt ]DP�QLW SR�DGt PDWHPDWLFNêFK RSHUDFt�

, ,
7

L W H
MQ W

GW
Q

7

Q

� �

�

�
= ⋅∫∑

=−∞

∞

� �
ω

                              ( 5.1.15 )

Z � ����� � SO\QH� åH

� �

�
7

L W H
MQ W

GW , ,Q Q

7

� � ⋅ = =−∫
ω

                              ( 5.1.16 )

D SURWR P$åHPH SViW � KY�]GLþNRX R]QDþXMHPH NRPSOH[Q� VGUXåHQRX YHOLþLQX �

, , , , , ,Q Q Q Q HI

QQQ

� �

�

� �

�

= ⋅ = = +
=

∞

=−∞

∞

=−∞

∞

∑∑∑ 

� �                   ( 5.1.17 )

a tedy

, , , ,HI HI= + + +�

�

�

�

�

�

� � � � �                                   ( 5.1.18 )

-HVWOLåH Q�MDNê ]GURM SHULRGLFNpKR QDS�Wt u(t)  dodává do obvodu proud  i(t) � MH RNDPåLWê

výkon dán
S X W L W= ⋅� � � �                                             ( 5.1.19 )

ýLQQê YêNRQ MH VW�HGQt KRGQRWD p ]D GREX MHGQp SHULRG\ þLOL

3
7

X W L W GW

7

= ⋅∫
�

�

� � � �                                     ( 5.1.20 )

-HVWOLåH SUR S�tSDG REHFQpKR SHULRGLFNpKR SU$E�KX Y\MiG�tPH QDS�Wt D SURXG )RXULHURYêPL
�DGDPL� EXGH

X W 8 H
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� � =
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         L W , H
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∑
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kde  Un  a  In  jsou fázory
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1D ]iNODG� S�HGFKR]tKR P$åHPH QDSVDW

3
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=−∞

∞

∑                                           ( 5.1.21 )

3RVOHGQtPX QDãHPX YêVOHGNX VH �tNiYi 3DUVHYDO$Y Y]WDK D XGiYi Y]WDK PH]L YêNRQHP Y þDVRYp
D IUHNYHQþQt REODVWL� 6RXþDVQ� QiP WHQWR Y]WDK �tNi� åH þLQQê YêNRQ PRKRX SRVN\WRYDW SRX]H
VORåN\ SURXGX D QDS�Wt R VWHMQpP NPLWRþWX� 6ORåN\ R QHVWHMQpP NPLWRþWX � U$]Qp KDUPRQLFNp �
QHGiYDMt VSROX åiGQê þLQQê YêNRQ�

Z S�HGFKi]HMtFtFK S�tNODG$ D ~YDK YãDN MHGQR]QDþQ� Y\SO\QXOR� åH Y S�tSDG� DSOLNDFH
QHKDUPRQLFNpKR VLJQiOX QD OLQHiUQt REYRG YêVWXSQt REYRG P$åH REVDKRYDW MHQRP KDUPRQLFNp
VORåN\� NWHUp E\O\ REVDåHQ\ Y signálu vstupním. VOLQHiUQtP REYRGX WHG\ SUiY� Y G$VOHGNX
MHKR OLQHDULW\ QHPRKRX Y]QLNQRXW åiGQp QRYp KDUPRQLFNp VORåN\�

3�HVQ� OLQHiUQt REYRG� QD MHKRå YVWXSX S$VREt KDUPRQLFNê VLJQiO� EXGH PtW QD VYpP
YêVWXSX RS�W KDUPRQLFNê VLJQiO � RYãHP V jinou amplitudou a jinou fází.

6NXWHþQp REYRG\ QHMVRX QLNG\ S�HVQ� OLQHiUQt D �DGD SRXåtYDQêFK REYRG$ MH ~P\VOQ�
QHOLQHiUQtFK SUR GRVDåHQt XUþLWpKR S$VREHQt� 1D ]iY�U WpWR NDSLWRO\ VL WHG\ XYH�PH S$VREHQt
SHULRGLFNpKR VLJQiOX QD QHOLQHiUQt REYRG� 2EHFQ� QHOLQHiUQt FKDUDNWHULVWLNX Q�MDNpKR REYRGX
VL P$åHPH S�HGVWDYLW Y tomto tvaru

\ D [
N

N

N

=
=

∞

∑
�

                                           ( 5.1.22 )

kde  x  a  y PRKRX EêW SURXG\ QHER QDS�Wt� 3�LYHGHPH�OL þLVW� KDUPRQLFNê VLJQiO
[ W $ W� � VLQ= ω D GRVDGtPH GR Y]WDKX � ������ � � SDN S�L XåLWt Y]WDK$ SUR PRFQLQ\ IXQNFH

VLQωW   dostaneme

\ W D D $ W D
$

W D
$

W W� � VLQ � FRV � � VLQ VLQ �= + + − + − +
� � �

�

�

�

�
� �

�
� �ω ω ω ω �

V G$VOHGNX QHOLQHDULW\ Y]QLNDMt VORåN\ � Y\ããt KDUPRQLFNp NPLWRþW\� 6WHMQRVP�UQi VORåND QD

výstupu  y(t)  bude

$ D D $ D $� � �

�

�

�
�

�

�

�
= + + +�                               ( 5.1.23 )

První / základní / harmonická bude

$ D $ D $ D $� � �

�

�
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�

�
= + + +�
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Další harmonické jsou dány vztahem

$
N Q

N N Q
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Q N Q N Q
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∞
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                       ( 5.1.24 )

Spektra amplitud na vstupu a výstupu jsou

Obr. 5.1-9

1HOLQHiUQtFK REYRG$ P$åHPH XåtW Y WRPWR XVSR�iGiQt QDS�� SUR S�HP�QX VW�tGDYpKR

KDUPRQLFNpKR SU$E�KX QD VWHMQRVP�UQê þLOL Y\XåtW VWHMQRVP�UQRX VORåNX y(t) . Z ( 5.1.23 )
Y\SOêYi� åH SRW�HEQê QHOLQHiUQt REYRG QHER SUYHN E\ P�O PtW Y � ������ � SRX]H VXGp þOHQ\�

FRå ]QDPHQi� åH E\ WR P�OD EêW VXGi IXQNFH�

Obr. 5.1-10

&KDUDNWHULVWLNX SRGOH REUi]NX YãDN åiGQê SUYHN QHPi� MH PRåQp XYDåRYDW SUYHN

s FKDUDNWHULVWLNRX GLRG\� 8åLWtP GYRX GLRG D GYRXFHVWQpKR ]DSRMHQt � GYRXFHVWQê XVP�U�RYDþ�

P$VWHN � P$åHPH ]D FHQX VORåLW�MãtKR REYRGX UHDOL]RYDW þLQQRVW SRGOH S�HGFKi]HMtFt ~YDK\�

V åiGQpP S�tSDG� SUR ]tVNiQt VWHMQRVP�UQp VORåN\ QHP$åH EêW � ������ � IXQNFt OLFKRX � Y tom
S�tSDG� A0 = 0  / viz obrázek /.
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Obr. 5.1-11

1HOLQHiUQt REYRG\ P$åHPH Wpå XåtW SUR ]tVNiQt SRW�HEQp Y\ããt KDUPRQLFNp� ]GH DOH YROtPH WYDU

FKDUDNWHULVWLN\ SRGOH �iGX KDUPRQLFNp� 3�L S$VREHQt MHGQRKR KDUPRQLFNpKR VLJQiOX Y]QLNDMt

v QHOLQHiUQtP REYRGX Y\ããt KDUPRQLFNp NPLWRþW\ � þLOL RNWiY\ � Y UHSURGXNRYDQp KXGE� P�Qt

EDUYX WyQX� DOH QH]Qt QHOLE� � �

8YDåXMPH Q\Qt VLWXDFL� NG\ EXGRX S$VRELW GYD KDUPRQLFNp VLJQiO\ VRXþDVQ� D WHG\

[ W $ W % W
D E

� � VLQ VLQ= +ω ω                                    ( 5.1.25 )

Dosazením do ( 5.1.22 ) dostaneme

( )\ W D $ W % W
N D E
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� � VLQ VLQ= +
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∑ ω ω
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3RXåLMHPH�OL ELQRPLFNê UR]YRM� GRVWDQHPH

( ) ( )\ W D
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P
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 ⋅
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∞

∑∑ ω ω
��

               ( 5.1.26 )

3RGUREQêP UR]ERUHP WRKRWR Y]WDKX E\FKRP GRVS�OL N ]iY�UX� åH VH QiP EXGRX Y\VN\WRYDW

NPLWRþW\

ω ω ω= ±S T
D E                                             ( 5.1.27 )

kde  p , q = 0  ,  1  ,  2  ,  3  ,  ....
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7HQWR MHY MH GDOHNR PpQ� åiGRXFt � Y]QLNi WRWLå W]Y� LQWHUPRGXODþQt ]NUHVOHQt � REMHYXMt VH

VORåN\ V QRYêPL NPLWRþW\� 1DRSDN VH WRKRWR MHYX XåtYi SUR DPSOLWXGRYRX PRGXODFL

Y\VRNRIUHNYHQþQtFK VLJQiO$�

Obr. 5.1-12

Na Obr. 5.1-12 MH QD]QDþHQR S$VREHQt GYRX QDS�Wt X W 8 W
P Q� �

� � VLQ= ω
a   X W 8 8 W

P� � �
� � VLQ= + Ω  na prvek s charakteristikou  i = au2      pro  u > 0    a    i = 0

pro u < 0 � 6NXWHþQê þDVRYê SU$E�K VLJQiOX V amplitudovou modulací bude podle
následujícího obrázku :

Obr. 5.1-13

6. )RXULHU$Y LQWHJUiO D WUDQVIRUPDFH� /DSODFHRYD WUDQVIRUPDFH

6.1 )RXULHU$Y LQWHJUiO D )RXULHURYD WUDVIRUPDFH

1HSHULRGLFNRX IXQNFL � PiPH MHGHQ MHGLQê SU$E�K � PRKX FKiSDW MDNR OLPLWQt S�tSDG SHULRGLFNp

funkce, kde T → ∞ � SRWRP IUHNYHQþQt LQWHUYDO VSHNWUD  ω0 = 2π / T = 2π f0 → 0
a spektrum se stane spektrem spojitým. 6RXþDVQ� DOH VXPD XGiYDMtFt )RXULHURYX �DGX VH ]P�Qt

QD LQWHJUiO QD]êYDQê )RXULHU$Y LQWHJUiO

) I W H
M W

GW� � � �ω
ω

= ⋅
−

−∞

+∞

∫                                    ( 6.1.1 )

D REUiFHQ� SRGREQêP SRVWXSHP ]H Y]WDKX � ����� �

I W ) H
M W

G� � � �= ⋅
−∞

+∞

∫
�

�π
ω

ω
ω                                 ( 6.1.2 )
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7\WR GYD Y]WDK\ XUþXMt S�tPRX D ]S�WQRX )RXULHURYX WUDQVIRUPDFL D PRKO E\FK MH SRXåtYDW

VWHMQêP ]S$VREHP MDNR )RXULHURYX �DGX� DOH WHQWRNUiW SUR IXQNFH QHSHULRGLFNp�

Na funkci f(t) je však kladena další podmínka, a to aby existoval integrál ( 6.1.1 ) .
7RPX EXGH ]D SRGPtQN\� åH H[LVWXMH LQWHJUiO

I W GW� �
−∞

+∞

∫                                                  ( 6.1.3 )

5HDOL]RYDWHOQp SU$E�K\ WRWR ]�HMP� VSO�XMt� 0\ MVPH YãDN ]DYHGOL Q�NWHUp LGHDOL]RYDQp

SU$E�K\� SRPRFt QLFKå MVPH VWXGRYDOL FKRYiQt QDãLFK REYRG$� S�tSDGQ� MVPH ] QLFK QD ]iNODG�

VXSHUSR]LFH Y\WYi�HOL LGHDOL]RYDQp WYDU\ MDNR QDS�� W\WR�

$

W7�
  

$

W7�

Obr. 6.1-1
FRå RGSRYtGi WRPXWR

      

$

W

7

�

     

$

W

7

�

Obr. 6.1-2

=�HMP� DOH QHH[LVWXMH Y S�HVQpP VP\VOX )RXULHURYD WUDQVIRUPDFH W�FKWR SU$E�K$ / lze ji však
XUþLW OLPLWQtPL PHWRGDPL / , a navíc YêSRþW\ ]S�WQp WUDQVIRUPDFH QHPXVt EêW MHGQRGXFKp � MH WR

LQWHJUiO NRPSOH[Qt IXQNFH UHiOQp SURP�QQp ω  / viz ( 6.1.2 ) / .

$E\FKRP VL SRPRKOL� XYDåXMPH� åH QDãH IXQNFH Y\QiVREtPH þOHQHP exp(-σ t) � þLOL

budeme pracovat s funkcemi f(t)⋅exp(-σ t) D ]YROtPH�OL YKRGQ� σ , bude ( 6.1.3 )
D WHG\ L � ����� � H[LVWRYDW� 8YDåXMPH WHG\ WHQWR LQWHJUiO �

      I W H
W
H

M W
GW I W H

M W
GW� � � �

� �
⋅

−
⋅

−
= ⋅

− +

−∞

+∞

−∞

+∞

∫ ∫
σ ω σ ω
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6.2 Laplaceova transformace

1HFK" SODWt � ) S I W H
SW

GW� � � �= ⋅
−

−∞

+∞

∫            kde          S M= +σ ω            ( 6.2.1 )

9]WDK � ����� � GHILQXMH W]Y� /DSODFHRYX WUDQVIRUPDFL� D WR W]Y� S�tPRX� NG\ N reálnému
þDVRYpPX VLJQiOX f(t) KOHGiPH MHKR /DSODFH$Y REUD] F(p).

2EUiFHQi ~ORKD P$åH EêW QDMtW N REUD]X S$YRGQt VLJQiO � RULJLQiO f(t). Ten bych mohl
XUþLW ~SUDYRX Y]WDKX � ����� � � WHG\�

I W
M

) S H
SW
GS

& M

& M

� � � �= ⋅
− ∞

+ ∞

∫
�

�π                               ( 6.2.2 )

FRå MH LQWHJUiO Y RERUX NRPSOH[Qt SURP�QQp� D MHKR �HãHQt MH SRP�UQ� MHGQRGXFKp�

$E\FKRP GRViKOL Y]iMHPQp MHGQR]QDþQRVWL S�L�D]HQt PH]L RULJLQiOHP D REUD]HP� MH QXWQp YH

Y]WDKX � ����� � XYDåRYDW GROQt PH] LQWHJUiOX URYQX QXOH� 7tP VH QDãH S$YRGQt RERXVWUDQQi

/DSODFHRYD WUDQVIRUPDFH P�Qt QD MHGQRVWUDQQRX � DOH MHGQR]QDþQRX � /DSODFHRYX WUDQVIRUPDFL

D Y]WDK � ����� � S�HFKi]t QD Y]WDK � ����� � �

 ) S I W H
SW
GW� � � �= ⋅

−∞

∫
�

                                     ( 6.2.3 )

-HGQRVWUDQQRVW QiP QHQt QD ]iYDGX� SURWRåH YtPH� åH NDåGê G�M Y MLVWpP RNDPåLNX ]DþtQi� D WR

P$åH WHG\ EêW Qiã ÄQXORYê þDV³�

/DSODFH$Y REUD] IXQNFH �  δ1(t) = 0 pro t ≤ 0   a    δ1(t) = 1 pro t > 0

Obr. 6.2-1
P$åHPH SViW �

{ }/ W H
SW
GW

S
H

SW

S
δ�

� �

� �
� � =

−
= −

−
=

∞ ∞

∫                    ( 6.2.4 )

1HER SRVXQXWt Y þDVH þLOL

Obr. 6.2-2
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3RVXQXWRX IXQNFL Y\MiG�tPH MDNR f (t-T) :

{ }) S / I W 7 I W 7 H
SW
GW�

�

� � � � � �= − = − ⋅
−∞

∫
a provedeme-li  substituci     u = t-T  , dostaneme

) S I X H
SX

H
S7

GX H
S7

I X H
SX

GX H
S7

) S�

��

� � � � � � � �= ⋅
−

⋅
−

=
−

⋅ ⋅
−

=
−

⋅
∞∞

∫∫

Posunutí vþDVH� FRå ]QDPHQi QiVREHQt S$YRGQtKR REUD]X QH]SRåG�QpKR VLJQiOX YêUD]HP

exp(-pT) .

1\Qt MLå P$åHPH Y\SRþtWDW REUD] REGpOQtNRYpKR LPSXOVX DPSOLWXG\ A a délky T .

 
Obr. 6.2-3

Obraz bude

) S
$

S

$

S
H

S7 $

S
H

S7
� � = − ⋅

−
= −

−





�

3RGREQ� E\FKRP RGYRGLOL� åH QDS�� MH�OL REUD] IXQNFH f(t) roven F(p) þLOL L{f(t)} = F(p)  ,
pak bude

� � � � � � � ��

�

�
) S / I X GX

S
) S

W

=








=∫                            ( 6.2.5 )

a pro derivaci

) S /
GI W

GW
S) S )� � � �

� �
� � � �� �= 








= − +
                         ( 6.2.6 )
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3�tNODG � 9\�HãWH UHDNFL QiVOHGXMtFtKR REYRGX u2(t) , bude-li u1(t) = A⋅δ1(t) ; ]D S�HGSRNODGX�

åH uC(0) = 0 .

Obr. 6.2-4

X W
&

L G 5 L W
&

L G 5 W W

WW

�

�

� �
� � � � � � � � � �= + ⋅ = + ⋅∫∫

−∞

τ τ τ τ

QHER" X
&

L G& � � � ��
�

�

�

= =
−∞
∫ τ τ

{ }/ X W /
&

L G 5 W W
$

S S&
L S 5 L S

W

�

�

� �
� � � � � � � � � �= + ⋅









⇒ = + ⋅∫ τ τ

Tedy

L S
$

5 S 5&
� �

� �
=

⋅ +�
             { }/ X W X S 5 L S

$

5 5&� � �
� � � � � �

� �
= = ⋅ =

⋅ +

$ SR SURYHGHQt ]S�WQp WUDQVIRUPDFH GRVWiYiPH

X W $ H
W 5&

� � � = ⋅
−

W�

τ  5&

$

Obr. 6.2-5

0HWRGD /DSODFHRY\ WUDQVIRUPDFH PL XPRå�XMH �HãLW RE\þHMQp GLIHUHQFLiOQt URYQLFH WtP� åH MH

S�HYHGX GR /DSODFHRY\ WUDQVIRUPDFH D QDMGX REUD] �HãHQt MDNR �HãHQt DOJHEUDLFNp URYQLFH D

SURYHGX ]S�WQRX WUDQVIRUPDFL� 1DS�� �

 
G\

G[
F\ I [+ = � �              \ \� ��

�
=             { }/

G\

G[
F\ / I [+








= � �

S \ S \ F \ S I S⋅ − + ⋅ =� � � � � � � ��
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a tedy                                             \ S
I S

S F

\

S F
� �

� �
=

+
+

+
�

Známe-li f(x) a y0 � VSRþtWiPH y(p) D ]S�WQRX WUDQVIRUPDFL XUþtPH WDNWR �

{ }\ [ / \ S� � � �= −�

=S�WQRX WUDQVIRUPDFL SURYiGtPH QHMþDVW�ML SRPRFt VORYQtNX /DSODFHRY\ WUDQVIRUPDFH �

I W� � ) S� �

$ $ S

δ
�
� �W �

δ
�
� �W � S

δ
� �
� �W W− � �

S
H

W S−

δ
�

� �

�
� �W

W

W W
=

≤
>

�
�S

H
Wα �

S − α

W
α Γ� �α

α
+
+
�

�S

W Q Q

SQ

�
+�

W

Q
H

WQ

�

α �
�� �S Q− +α

VLQαW α
αS� �+

FRVαW S

S� �+ α
� πW � S

H
W

W
− α

ωVLQ
ω

α ω� �S + +� �

H
W

W
− α

ωFRV
S

S

+
+ +

α
α ω� �� �
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3�tNODG � 0�MPH REYRG GOH Obr. 6.2-6 :

Obr. 6.2-6

3RGOH �� .LUFKKRIIRYD ]iNRQD P$åHPH SViW

H W 5 L W /
GL W

GW
X

&
L G

&

W

� � � �
� �

� � � �= ⋅ + + + ∫�
�

�

τ τ

{ }/ H W H S� � � �=                { }/ L W L S� � � �=
WDNåH

H S 5 L S S/ L S / L
S&

L S
X

S/

&
� � � � � � � � � �

� �
= ⋅ + ⋅ − ⋅ + +�

� �

Z toho tedy plyne :

L S
H S / L X S

5 S/ S&

/ &� �
� � � � � �

=
+ ⋅ −

+ +
� �

�

1D ]iNODG� ]QiPpKR e(t) , iL(0) , uC(0) E\FKRP ]S�WQRX WUDQVIRUPDFt QDOH]OL �HãHQt�

7. =S�WQi YD]ED Y lineárních obvodech

7.1 3�HQRV

0�MPH OLQHiUQt REYRG �QDS�� Q�MDNê ]HVLORYDþ�

                Obr. 7.1-1

3RP�U\ þDVRYêFK YHOLþLQ ϕ2(t) a ϕ1(t) XGiYi W]Y� NRQYROXþQt LQWHJUiO

ϕ τ ϕ τ τ
� �

�

� � � � � �W D W G

W

= ⋅ −∫                                   ( 7.1.1 )

kde a(t) je odezva na jednotkový impuls.

6QDGQ�ML RYãHP ]tVNiPH Y]iMHPQê Y]WDK QD ]iNODG� )RXULHURY\ QHER /DSODFHRY\ WUDQVIRUPDFH�

%XGLå { }Φ� � � �M ) Wω ϕ= S�tSDGQ� { }Φ� � � �S / W= ϕ .
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3RWRP SRP�U QHER

Φ
Φ

�

�

� �

� �
� � � �

� �M

M
. M $ H

Mω
ω

ω ω
ϕ ω

= = ⋅            
Φ
Φ

�

�

� �

� �
� �

S

S
. S=         ( 7.1.2 )

QD]êYiPH S�HQRVHP QHER RSHUiWRURYêP S�HQRVHP�

K(jω) S�tSDGQ� K(p) ]tVNiPH DQDOê]RX REYRGX� ]DYHGHPH�OL LPSHGDQFH S�tSDGQ�

operátorové impedance

= M &
&

= � ω     = M /
/

= ω                  = S&
&

= �      = S/
/

=            ( 7.1.3 )

Stanovíme K(p) nebo K(jω)    / YtPH åH  . M . S
S M

� � � �ω ω= =     /

a dále    { }Φ
� �
� � � �S / W= ϕ      Φ Φ

� �
� � � � � �S . S S= ⋅

a nakonec                                     { }ϕ
�

�

�
� � � �W / S= − Φ                                           ( 7.1.4 )

7.2 =S�WQi YD]ED

V S�HGFKR]tFK  p�HGQiãNiFK MVPH YLG�OL� åH SDUDPHWU\ SUYN$ � NURP� VYp WROHUDQFH �FKFHPH

VWHMQp YêVOHGN\ RG �DG\ UHDOL]RYDQêFK ]D�t]HQt� � ]iYLVt QD WHSORW� D ]P�QiFK QDSiMHQt� 1DYtF

þDVHP VH P�Qt SRPDOX SDUDPHWU\ Y G$VOHGNX VWiUQXWt SUYN$�

S teplotou se naS�� P�Qt QDS�Wt QD GLRG� R ���� P9/°C ; WRWpå VH WêNi QDS�Wt VBE
bipolárního tranzistoru.

Obr. 7.2-1
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Obr. 7.2-2

-H ]�HMPp� åH SRW�HEXMHPH UDGLNiOQ� RPH]LW YOLY W�FKWR ]P�Q QD YêVOHGQp YODVWQRVWL REYRGX�

Jsou však i problémy další. VG$VOHGNX QHOLQHDULW\ SUYN$ Y]QLNi ]NUHVOHQt VLJQiO$� 9 S�tSDG�

S�HVQ� OLQHiUQtKR REYRGX E\ YH VSHNWUX YêVWXSQtKR VLJQiOX E\O\ REVDåHQ\ SRX]H NPLWRþW\�

které obsahovalo spektrum vstupního signálu. VG$VOHGNX QHOLQHDULW VH REMHYXMt YH YêVWXSQtP

VSHNWUX Y\ããt KDUPRQLFNp NPLWRþW\ D S�L VRXþDVQpP S$VREHQt Q�NROLND KDUPRQLFNêFK NPLWRþW$

MHãW� L NRPELQDþQt NPLWRþW\� 1HOLQHiUQt ]NUHVOHQt � XGiYi VH Y % ) se definuje vztahem

  N
8 8

8 8 8
=

+ +
+ + +
�

�

�

�

�

�

�

�

�

�

�

�

                                    ( 7.2.1 )

kde U1, U2, U3� ��� MVRX DPSOLWXG\ ]iNODGQtKR D Y\ããtFK KDUPRQLFNêFK NPLWRþW$�

Pan H. Black vURFH ���� S�LãHO sP\ãOHQNRX W]Y� ]iSRUQp ]S�WQp YD]E\� NWHUi QiP SRP$åH

UHGXNRYDW YêãH XYHGHQp YOLY\ � NODGQi ]S�WQi YD]ED E\OD SUR ~þHO\ JHQHUDFH VLJQiOX ]QiPD MLå

G�tYH ��

=iNODGQt VFKpPD ]S�WQRYD]HEQtKR REYRGX MH QD Obr. 7.2-3

Obr. 7.2-3

-DNR SRGPtQNX �HãHQt VWDQRYPH MHGQRVWUDQQRVW S�HQRVX REYRGX S�tPp D ]S�WQp YD]E\�1DãH

základní idea je vWRP� åH S�LYHGHQtP MLVWp þiVWL YêVWXSQtKR VLJQiOX ]S�W QD YVWXS Y takové fázi,
åH WHQWR VLJQiO EXGH Y SURWLIi]L VH VLJQiOHP YVWXSQtP� GRMGH NH VQtåHQt YOLYX LQWHUQtFK ]P�Q

v obvodu a(p) � S�tPp YD]E\ ��
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Pro obvod platí

    
Φ
Φ

�

D

D S= � �         Φ Φ ΦD I= +
�        I S

I
� � =

Φ
Φ

�

               ( 7.2.2 )

�HãtPH�OL W\WR URYQLFH� GRVWDQHPH

Φ
Φ

�

�
�

=
− ⋅

=
D S

I S D S
$ S

� �

� � � �
� �                                  ( 7.2.3 )

7RWR MH REHFQê Y]WDK SUR ]S�WQRYD]HEQt REYRG � ]D SRGPtQN\ MHGQRVWUDQQRVWL S�HQRV$ ��

%XGH�OL ]QDPpQNR VRXþLQX a(p)⋅f(p) kladné, bude se jednat o vazbu kladnou, a bude-li
]QDPpQNR ]iSRUQp� S$MGH R Qiã S�tSDG ]iSRUQp ]S�WQp YD]E\�

7.3 Citlivost

&KW�OL E\FKRP Q\Qt GRViKQRXW WRKR� DE\ YêVOHGHN A(p) E\O PiOR ]iYLVOê QD ]P�QiFK a(p) a
f(p)� MLQêPL VORY\ DE\ FLWOLYRVW QD ]P�Q\ a(p) a f(p) E\OD FR QHMPHQãt� =P�Q\ WHSORW\ D

QDSiMHFtFK SRGPtQHN MVRX SRPDOp� VWHMQ� WDN ]P�Q\ SDUDPHWU$ V þDVHP� SURWR P$åHPH EUiW GR

úvahy následující vztahy

 D M D S
S M

� � � �ω
ω

=
=       D M D� �ω

ω →
=

� �       I S I� � →
�

þLOL

$
D

D I
�

�

� �
�

=
−                                               ( 7.3.1 )

5HODWLYQt FLWOLYRVW YHOLþLQ\ A QD ]P�Q\ SDUDPHWUX k definujeme

6
$ $

. .
.

$ =
∂
∂                                                  ( 7.3.2 )

8YDåXMPH Q\Qt ]P�QX YHOLþLQ\ a0 a sledujme tedy   6
$

D

�

�

∂
∂
$

D D I

�

� � �

�

�

�
=

−� �
              6

$

D

$ $

D D

D

$

$

D D I

�

�

� �

� �

�

�

�

� � �

�

�
= = =

−
∂
∂

∂
∂             ( 7.3.3 )

neboli                                               
∂ ∂$

$
6
$

D

D

D

�

�

�

�

�

�

= ⋅                                            ( 7.3.4 )

-H YLG�W� åH SRNXG XG�OiPH a0f0 záporné a velké, dosáhneme velmi malou citlivosti A0 v na
]iYLVORVWL QD ]P�QiFK a0 .
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3�tNODG � 0iPH ]HVLORYDþ� SUR NWHUê SODWt a0  ����� �� ��� � =D SRPRFt ]iSRUQp ]S�WQp YD]E\

SRW�HEXMHPH Y\WYR�LW ]HVLORYDþ� NWHUê EXGH P�QLW ]HVtOHQt PD[LPiOQ� R �� ��� % � 1DMG�WH
hodnotu f0 SRW�HEQRX SUR GRVDåHQt WRKRWR HIHNWX D Y\SRþW�WH YHOLNRVW YêVOHGQpKR ]HVtOHQt�

Podle zadání je 
∂D
D

�

�

�
���

����
��= = −

  a musíme dosáhnout  
∂$
$

�

�

���= −
� 3ODWt ]�HMP�

∂ ∂$

$ D I

D

D

�

� � �

�

�

�

�
=

−
⋅   , zþHKRå Y\SOêYi� åH f0 ≅ 10-1 . Výsledné zesílení bude potom

$
D

D I
�

�

� �
�

��=
−

≅ −

Z WRKRWR þtVHOQpKR S�tNODGX YLGtPH� MDN ]DSODWtPH ]D GRVDåHQt QH]iYLVORVWL QD SRGPtQNiFK

VQtåHQtP ]HVtOHQt � ����→10 ) .

-HãW� MHGHQ REHFQ�Mãt S�tNODG � $E\FKRP GRViKOL ]�HMP� SRW�HEQpKR YHONpKR ]HVtOHQt a0 ,
EXGHPH �DGLW Q�NROLN MHGQRGXFKêFK ]HVLORYDþ$ GR NDVNiG\� 3RNXG VH QHEXGRX RYOLY�RYDW�

bude jejich výsledné zesílení a0 = a01⋅a02⋅a03⋅ … 0�MPH WHG\ ]HVLORYDþ VNOiGDMtFt VH ]H W�t

LGHQWLFNêFK VWXS�$ Y NDVNiG��

Obr. 7.3-1

Z YêVWXSX ]DYHGHPH ]iSRUQRX ]S�WQRX YD]EX D SRåDGXMHPH� DE\ UHODWLYQt ]P�QD ∂A0/A0

QHE\OD Y�Wãt QHå ψ � -DNi PXVt EêW PLQLPiOQt YHOLNRVW ]HVtOHQt VWXS�$ EH] ]S�WQp YD]E\�

abychom tohoto dosáhli ?

3�HGSRNOiGHMPH UHODWLYQt ]P�QX YãHFK W�t VWXS�$ VWHMQRX � Ψ
�

��

��

=
∂D
D

=HVtOHQt MHGQRKR VWXSQ� MH D D D
�� � �� �� �

�± ⋅ = ⋅ ±Ψ Ψ� � �=HVtOHQt W�t VWXS�$ Y NDVNiG�

bude D D D
� ��

�

�

�

��

�

�
� � �= ⋅ ± ≅ ⋅ ±� � � �Ψ Ψ    ,   Ψ�

�<<  .

3URWRåH SODWt
∂ ∂$

$ D I

D

D

�

� � �

�

�

�

�
=

−
⋅      →     Ψ Ψ=

−
⋅

�

�
�

��

�

�

�D I
     ,  D D

��

�

�
=

D SURWRåH $
D

D I
�

�

� �
�

=
−   ,  dostaneme  D $

� �

��= ⋅
Ψ
Ψ � &KFHPH�OL QDS�� A0 = - 100 ;

Ψ1 = 10-1 a Ψ = 10-3
� SDN WRKR P$åHPH GRViKQRXW MHGLQ� WHKG\� EXGH�OL

D $
�

� �� � ��= ⋅ = − ⋅
Ψ
Ψ D WR ]QDPHQi� åH ]HVtOHQt EH] YD]E\ PXVt EêW PLQLPiOQ� �� ��� �

DE\FKRP GRViKOL SRåDGRYDQêFK YODVWQRVWt�
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3�HGORåHQp GYD S�tNODG\ E\ P�O\ GRVWDWHþQ� LOXVWURYDW WR� åH FKFHPH�OL ]tVNDW DQDORJRYê

REYRG QH]iYLVOê QD WHSORW�� QDSiMHQt� VWiUQXWt DWG�� PXVtPH Y\WYR�LW REYRG V vysokým zesílením
D SRPRFt VLOQp ]iSRUQp ]S�WQp YD]E\ GRViKQRXW åiGDQpKR ~þLQNX� 2SHUDþQt ]HVLORYDþH

QHMU$]Q�MãtFK W\S$ MVRX SUR WHQWR ~þHO WDNWR NRQVWUXRYiQ\�

Obr. 7.3-2

$
5

5�

�

�

= −   ,  D�
→ ∞   ,   $

D

D I I
�

�

� � �
�

�
=

−
≅ −      ⇒    I

$

5

5�

�

�

�

�
≅ − =

0H]QtP S�tSDGHP YHOLNRVWL ]S�WQRYD]HEQtKR S�HQRVX f(p) EXGH MLVW� S�tSDG� NG\ VH WHQWR URYQi
MHGQLþFH� FRå ]QDPHQi� åH FHOê YêVWXSQt VLJQiO MH VLJQiOHP ]S�WQRYD]HEQtP� WHG\

I S� � = �           $
D

D I

D

D
�

�

� �

�

�
� �

=
−

=
−            D�

�<                 ( 7.3.5 )

-H ]�HMPp� åH ]HVtOHQt MH YåG\ PHQãt QHå MHGQD D EXGH VH WtP YtFH EOtåLW WpWR OLPLW�� þtP Y�Wãt

bude a0 � 2EYRG P$åH Y\SDGDW WDNWR � VOHGRYDþ �

Obr. 7.3-3
a v nejjednodušším provedení i takto

Obr. 7.3-4
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3R]QiPND � 6OHGRYDþ Pi Yê]QDP Y WRP� åH DþNROLY QHSRVN\WXMH ]HVtOHQt� YêVWXSQt HQHUJLH MH

þHUSiQD ] QDSiMHFtFK ]GURM$ D QLNROLY ]H ]GURMH VLJQiOX; zdroj signálu by ji nemusel být schopen
GRGDW � MHGQi VH R W]Y� LPSHGDQþQt WUDQVIRUPDFL ��

Prakticky ve všech analogových obvodech i vW�FK QHMMHGQRGXããtFK XåtYiPH ]iSRUQp ]S�WQp

YD]E\ SUR RPH]HQt YOLY$ QD REYRG\ D W\WR REYRG\ SDN U$]QêPL ]S$VRE\ �DGtPH GR NDVNiG\�

To vede potom kWRPX� åH YH YêVOHGQpP REYRGX H[LVWXMH L �DGD ]S�WQêFK YD]HE YQLW�QtFK

NURP� QiPL XYDåRYDQp KODYQt ]S�WQp YD]E\�

Podívejme se nyní na problém citlivosti zKOHGLVND ]S�WQRYD]HEQtKR REYRGX D ]NRXPHMPH YOLY
]P�Q WRKRWR REYRGX� 7DNåH PXVt SODWLW QiVOHGXMtFt Y]WDK\

6
$

I

$ $

I I

$

I

I

$
$ I

�

�

� �

� �

�

�

�

�

� �
= = =

∂
∂

∂
∂ QHER" $

D

D I
�

�

� �
�

=
−

∂
∂

∂$

I
$ I

I

I

�

�

� �

�

�

= ⋅                                             ( 7.3.6 )

9LGtPH� åH FLWOLYRVW QD ]P�Q\ ]S�WQp YD]E\ MH YHOLNi� 3URWR ]S�WQRYD]HEQt REYRG PXVt EêW FR

QHMPpQ� ]iYLVOê QD YQ�MãtFK SRGPtQNiFK D QD ]iNODG� QDãLFK ]QDORVWt E\ WHG\ P�O REVDKRYDW

SRX]H SDVLYQt SUYN\ � 5� /� & � D SRNXG MH WR PRåQp� P�OL E\FKRP VH Y\YDURYDW XåLWt SUYN$ QD

Ei]L SRORYRGLþ$ � GLRG\� WUDQ]LVWRU\� DWG� � D SRNXG VH EH] QLFK QHREHMGHPH� PXVtPH

]DEH]SHþLW YêVOHGHN MLQêPL PHWRGDPL � NRPSHQ]DFH� VWDELOL]DFH QDSiMHFtFK QDS�Wt�

termostatování, atd.

7.4 )UHNYHQþQt YODVWQRVWL ]S�WQRYD]HEQtFK REYRG$

3RYãLPQ�PH VL GiOH� åH EXGH�OL  | a(p)⋅f(p) | >> 1 , bude

$ S
D S

D S I S I S
� �

� �

� � � � � �
=

−
≅ −

�

�
                                ( 7.4.1 )

D WR ]QDPHQi� åH IUHNYHQþQt YODVWQRVWL FHONRYpKR REYRGX MVRX ]FHOD GiQ\ ]D WpWR SRGPtQN\

REYRGHP ]S�WQp YD]E\� 0$åHPH SURWR Y\WYi�HW GOH SRW�HE\ SDVtYQt REYRG\ V jistými
IUHNYHQþQtPL YODVWQRVWPL D WtP UHDOL]RYDW åiGDQê SU$E�K IUHNYHQþQt FKDUDNWHULVWLN\ FHOpKR

obvodu.

=DWtP MVPH VH S�tPR QH]DEêYDOL YOLYHP ]S�WQp YD]E\ QD IUHNYHQþQt YODVWQRVWL ]HVLORYDþH�

8NDåPH VL MH QD QiVOHGXMtFtP S�tNODGX �

3�tNODG � 0�MPH ]HVLORYDþ� MHKRå RSHUiWRURYê S�HQRV  K(p) = a(p) je dán vztahem

 D S
D S S

S S S S
� �

� �� �
=

−
+ +

� �

� �

      , kde p1, p2 MVRX UHiOQi þtVOD
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7HQWR S�HQRV VL P$åHPH S�HGVWDYLW L Y WpWR IRUP�

D S
S

S S
D

S

S S
� � � �=

+
⋅ − ⋅

+
�

�

�

�

FRå RGSRYtGi WRPXWR ]DSRMHQt

Obr. 7.4-1

$PSOLWXGRYi FKDUDNWHULVWLND ]D S�HGSRNODGX� åH p1 a p2 MVRX GRVWDWHþQ� Y]GiOHQp� EXGH GOH

našich znalostí odpovídat Obr. 7.4-4 . Mezní frekvence budou dány prakticky póly
ωd  ≅ p1,   ωh ≅ p2 .

3R]QiPND� 9êSRþHW GHULYDþQtKR REYRGX � YL] Obr. 7.4-2 )

Obr. 7.4-2

X S
S&

5 L S
�

�

�

�
� � � �= +







 ⋅             X S 5 L S

� �
� � � �= ⋅

. S
X S

X S

S

S 5 &

S

S

S

S S
� �

� �

� �
= =

+
=

+
=

+
�

� � � � �
� � τ

9êSRþHW LQWHJUDþQtKR REYRGX � YL] Obr. 7.4-3 )

Obr. 7.4-3

X S
S&

5 L S
�

�

�

�
� � � �= +







 ⋅                       X S

S&
L S

�

�

�
� � � �= ⋅

( ). S
X S

X S 5 & S 5 &

S

S

S

S S
� �

� �

� �
= =

+
=

+
=

+
�

� � � � � � �

�

�

�

�

�

�τ τ
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=DYHGHPH�OL ]S�WQRX YD]EX WDN� åH SODWt f(p) = f0 , bude

$ S
D S

D S I S

D S S

S S S S

I
D S S

S S S S

D S S

S S S S
� �

� �

� � � �

� �� �

� �� �

� �� �





 

=

−
=

−
+ +

+
+ +

=
−

+ +�
�

� �

� �

�

� �

� �

� �

� �

kde

S
S

D I
�

�

� �
�


 =
+                      S S D I

� � � �
�
 � �= +

D
D

D I
�

�

� �
�


 =
+             ω G

S
 
=
�            ωK

S
 
=
�

&KDUDNWHU JUDIX ]$VWiYi� ]HVtOHQt YH VW�HGX SiVPD NOHVOR IDNWRUHP 1/(1+a0f0) � S�LþHPå VH

]PHQãLOD D ]Y�WãLOD PH]Qt IUHNYHQFH ωd  a ωh ( viz obr. Obr. 7.4-4 ) .

Obr. 7.4-4

3RGREQ� E\FKRP PRKOL GRNi]DW VQtåHQt YQLW�QtFK ãXP$� EUXP$ D ]NUHVOHQt�

7.5 6WDELOLWD ]S�WQRYD]HEQtFK REYRG$

V S�HGFKR]t NDSLWROH MVPH �HNOL� åH SRW�HEXMHPH UHDOL]RYDW YHONp a0f0 � DOH QH�HNOL MVPH� ]GD WR

P$åHPH YåG\ XG�ODW D ]GD Y Q�NWHUêFK S�tSDGHFK QHGRMGH N QHåiGRXFtP� W�HED SUR QiV QRYêP

MHY$P�

8YDåXMPH WDNWR� 0iPH OLQHiUQt REYRG D ]QiPH MHKR K(p) þLOL RSHUiWRURYê S�HQRV D

FKFHPH Y�G�W� MDN VH EXGH FKRYDW S�L Y\FKêOHQt ] URYQRYiåQpKR � NOLGRYpKR VWDYX� $SOLNXMPH

QD Q�M WHG\ VLJQiO YH WYDUX W]Y� MHGQRWNRYpKR LPSXOVX � GHOWD IXQNFL � δ0(t) .  Platí :

δ
� �

�

�
� �W

W

W
=

∞ =
≠              { }X S / W

� �
�� � � �= =δ                     ( 7.5.1 )

potom tedy bude

{ } { } { }X W / X S / X S . S / . S
�

�

�

�

�

�� � � � � � � � � �= = ⋅ =− − −
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3UR VRXVW�HG�Qp REYRG\ MH K(p) lomenou funkcí v  p þLOL

. S
1 S

' S

D D S D S D S

E E S E S E S

P

P

Q

Q
� �

� �

� �
= =

+ + + +
+ + + +

� � �

�

� � �

�

�

�

a v jiném tvaru

. S .
S ] S ] S ]

S S S S S S

P

Q

� �
� �� � � �

� �� � � �
= ⋅

− − −
− − −

� �

� �

�

�

                           ( 7.5.2 )

z1, z2, ... zm  nazýváme nuly S�HQRVRYp IXQNFH

p1, p2, ... pn  nazýváme póly S�HQRVRYp IXQNFH

Polynom D(p) Pi UHiOQp� NRQVWDQWQt NRHILFLHQW\� D SURWR SyO\ EXGRX EX� þtVOD UHiOQi QHER

NRPSOH[Q� VGUXåHQp GYRMLFH�

9êUD] � ����� � P$åHPH S�HYpVW Y S�tSDG�� åH VH EXGH MHGQDW MHGQRGXFKp SyO\ � QDS��

PHWRGRX QHXUþLWêFK NRHILFLHQW$ QHER MLQRX � QD WYDU

. S
.

S S

.

S S

.

S S

Q

Q

� � =
−

+
−

+ +
−

�

�

�

�

�                            ( 7.5.3 )

kde K1, K2, ... Kn MVRX SDW�LþQp NRQVWDQW\ � UHiOQp QHER NRPSOH[Qt � � 2GH]YD QD GtOþt ORPHQp

funkce pak bude

/
.

S S
. H

S W
Q

Q

Q

Q−

−








= ⋅�

                                       ( 7.5.4 )

Bude-li pn UHiOQp� GRVWDQHPH NOHVDMtFt QHER QDU$VWDMtFt H[SRQHQFLiOX� %XGH�OL pn komplexní  :

H
S W

H
M W

H
W

H
M W

Q =
±

= ⋅
±� �σ ω σ ω

 , dostaneme sþDVHP NOHVDMtFt QHER QDU$VWDMtFt

KDUPRQLFNê SU$E�K�

Poznámka :  VS�tSDG� k - násobného pólu dostaneme

. S
1 S

' S S S

.

S S

.

S S

.

S S
N

N

N
� �

� �

� � � � � � � �

=

⋅ −
=

−
+

−
+ +

−
�

��

�

��

�

�

�

�

�         ( 7.5.5 )

FRå YHGH N ]S�WQp /DSODFHRY� WUDQVIRUPDFL WRKRWR WYDUX

/
S D

W H
DW

QQ

Q

−
++









=
⋅

−

�

�

�
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                                    ( 7.5.6 )

7YDU\ SU$E�K$ YãDN EXGRX ]FHOD DQDORJLFNp MDNR X SyO$ SURVWêFK�
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3UR Y�Wãt Qi]RUQRVW VL Q\Qt QDNUHVOHPH SRORKX SyO$ D MLP RGSRYtGDMtFt þDVRYRX RGH]YX QD δ0(t)

Obr. 7.5-1

Obr. 7.5-2

Z KR�HMãtKR REUi]NX MH ]�HMPp� åH SRNXG UHiOQi þiVW SyOX EXGH ]iSRUQi� þLOL SyO\ VH EXGRX

nacházet vOHYp þiVWL NRPSOH[Qt URYLQ\� EXGH þDVRYi RGH]YD SRVWXSQ� NOHVDW � MHGQi se tedy o
W]Y� VWDELOQt REYRG\� 1DRSDN EXGRX�OL UHiOQp þiVWL SyO$ NODGQp� þLOL SyO\ VH EXGRX QDFKi]HW

v SUDYp þiVWL NRPSOH[Qt URYLQ\� EXGRX þDVRYp RGH]Y\ QDU$VWDW QDGH YãHFKQ\ PH]H � MHGQi VH

tedy o tzv. nestabilní obvody.
0H]L RE�PD S�tSDG\ MH S�tSDG SyO$ QD LPDJLQiUQt RVH � MH WR S�tSDG þLVW� WHRUHWLFNê�

1DS�� �� E\ RGSRYtGDOR REYRGX� Y Q�På E\ QHH[LVWRYDO UHiOQê RGSRU� � D � � S�L VHEHPHQãt

]P�Q� SDUDPHWU$ REYRGX S�HFKi]t QD VWDELOQt QHER QHVWDELOQt REYRG� $E\ WHG\ REYRG E\O

obvodem stabilním, musí mít póly vOHYp þiVWL NRPSOH[Qt URYLQ\�

=S�WQi YD]ED ]�HMP� EXGH P�QLW SRORKX SyO$ REYRGX Y NRPSOH[Qt URYLQ� D SRNXG

S�HVXQH SyO\ ] OHYp SRORURYLQ\ GR SUDYp� REYRG� NWHUê E\O S$YRGQ� VWDELOQt� VH VWDQH

QHVWDELOQtP � ]H ]HVLORYDþH VH VWDQH JHQHUiWRU KDUPRQLFNpKR QHER QHKDUPRQLFNpKR SU$E�KX ��

1D WRPWR PtVW� ]QRYX PXVtPH ]NRXPDW� ]GD VH WDN QHVWDQH SUR YHONp KRGQRW\ a0f0 � 8NDåPH

VL WRWR QD QiVOHGXMtFtFK GYRX S�tNODGHFK�
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3�tNODG � 0�MPH REYRG� SUR NWHUê SODWt Y]WDK

D S
D

S S
� �

� �� �
= −

+ +
�

� �

�

           D�
�>

FRå P$åH RGSRYtGDW REYRGX

                            Obr. 7.5-3

þLOL GYD VWXSQ� Y NDVNiG� V RPH]HQtP QD Y\ããtFK NPLWRþWHFK� =DYHGHPH�OL ]S�WQRX YD]EX

f(p) = f0  ;  f0 > 0 a dosadíme-li do vztahu    

$ S
D S

D S I S
� �

� �

� � � �
=

−�     ,

dostaneme

$ S
D

S S D I
� � =

−
+ + +

�

� � �

�

�

� �

a nazveme-li 2a0f0 = K � P$åHPH VSRþtWDW SRORKX SyOX Y závislosti na K . Dostaneme

 S
.

� �

�

�

�

�

� �

��
= − ± −

+

FRå RGSRYtGi REUi]NX

           Obr. 7.5-4

=�HMP� VH WHQWR REYRG QLNG\ QHGRVWDQH GR QHVWDELOLW\� SURWRåH NRPSOH[Q� VGUXåHQp GYRMLFH

SyO$ SUR OLERYROQp K VH QDFKi]HMt QD URYQRE�åFH V imaginární osou.

3�tNODG � -H GiQ REYRG

D S
D

S S S S S S
� �

� �� �� �
=

− − −
�

� � �

   ,  I S I� � =
�     ,   I� �>
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FRå RGSRYtGi WRPXWR ]DSRMHQt

Obr. 7.5-5

                                                                         D D D D
� � � �

=

1D ]iNODG� WRKR� FR MH ]QiPR R �HãHQt DOJHEUDLFNêFK URYQLF W�HWtKR �iGX V konstantními
UHiOQêPL NRHILFLHQW\� P$åHPH QDNUHVOLW YêVOHGHN

Obr. 7.5-6

6WHMQ� MDNR Y S�HGFKR]tP S�tSDG�� ãLSN\ R]QDþXMt ]Y�WãXMtFt VH a0f0 .  V WRPWR S�tSDG� Xå

ovšem  pro velké a0f0 GRFKi]t MDVQ� N QHVWDELOLW�� D WHG\ NH Y]QLNX V þDVHP QDU$VWDMtFtFK NPLW$�

Z S�HGFKR]tKR MH SDWUQp� åH ]S�WQi YD]ED P$åH GiW Y]QLN NRPSOH[Q� VGUXåHQêP SyO$P� NWHUp

ovšem mají za následek vWRP� åH MDNiNROLY U\FKOi ]P�QD YVWXSQtKR VLJQiOX EXGH QD YêVWXSX

GRSURYi]HQD WOXPHQêPL KDUPRQLFNêPL NPLW\� 7R MH QHS�t]QLYê MHY� D SURWR QDãLP SRåDGDYNHP

EXGH� DE\ S�L ]DYHGHQt ]S�WQp YD]E\ SyO\ ]$VWDO\ L QDGiOH UHiOQp QHER VH QDFKi]HO\ EOt]NR

UHiOQp RV\ WDN� DE\ DPSOLWXGD WOXPHQêFK NPLW$ QHS�HViKOD Q�NROLN SURFHQW FHONRYp DPSOLWXG\

výstupního signálu.
=QiPH WHG\ MLå NULWpULD XPtVW�Qt SyO$ REYRGX D NULWpULD SUR Y]QLN QHVWDELOLW\� 3RWtå MH

však vWRP� åH MVRX WR NULWpULD YODVWQ� PDtematická, vycházející zYODVWQRVWt S�HQRVRYp IXQNFH�

1HMVPH VFKRSQL P��HQtP ]MLVWLW SRORKX SyO$ S�tPR� 3URWR MH YêKRGQp ]DYpVW NULWpULD VRXYLVHMtFt

sSRORKRX SyO$ DOH QD ]iNODG� P��HQt� NWHUi PRKX XG�ODW� -HGQRX ] GREUêFK PRåQRVWt MH P��HQt

amplitudové charakteristiky. Vzniká tedy otázka, jak souvisí amplitudová charakteristika (
S�tSDGQ� L Ii]RYi FKDUDNWHULVWLND � V SRORKRX SyO$ Y NRPSOH[Qt URYLQ�� � 3UR MHGQRGXFKRVW

EXGHPH XYDåRYDW S�tSDG MHGQRGXFKêFK SyO$ ] G$YRG$� NWHUp E\O\ XYHGHQ\ G�tYH� � 7DNRYêP

SyO$P RGSRYtGi S�HQRV YH WYDUX � YL] Y]WDK � ����� �
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Z WRKR XUþtPH� åH

( )[ ]$� �ω ω ω= +
−

�
�

�
� �

   neboli    ( )[ ]$
G%

� � ORJω ω ω= − +�� �
�

�

     ( 7.5.8 )

Φ� � � �ω ω ω= −DUFWJ
�           kde         ω�

= S
Q

                      ( 7.5.9 )

3RWRP P$åHPH QDNUHVOLW W\WR FKDUDNWHULVWLN\ D DE\ P�O\ REHFQRX SODWQRVW� EXGHPH Y\QiãHW

závislost  A(ω)  v dB  na  ω/ω1  a  ϕ(ω)  ve stupních na  ω/ω1 . Charakteristiky jsou
uvedeny na dalším obrázku.Abychom nahradili tyto charakteristiky jednodušší závislostí,
pokusme se je sestavit zS�tPNRYêFK ~VHN$� MDN MH Wpå QD REUi]NX ]Qi]RUQ�QR�

  

Obr. 7.5-7

Obr. 7.5-8

Z REUi]NX MH ]�HMPp� åH SUR ω/ω1 > 1 NOHVi DPSOLWXGRYi FKDUDNWHULVWLND R �� G%�GHN D åH

ERG ]ORPX MH XUþHQ SyOHP S�HQRVX� 7R MH WHG\ Y]WDK PH]L SyOHP REYRGX D DPSOLWXGRYRX

FKDUDNWHULVWLNRX� =QDPHQi WR � QDP��tPH�OL  A(ω) D SURYHGX�OL DSUR[LPDFL S�tPNDPL D EXGH�OL

SRNOHV �� G%�GHN � PRKX WYUGLW� åH Y ERG� ]ORPX VH SURPtWi MHGQRGXFKê� UHiOQê � ]iSRUQê �

pól.
1DãH REYRG\ MVRX YãDN VORåLW�Mãt� -DN WRPX EXGH Y WRPWR S�tSDG�� GRND]XMH QiVOHGXMtFt

REUi]HN � RGSRYtGi WR VWDUãtP W\S$P RSHUDþQtFK ]HVLORYDþ$ � �
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Obr. 7.5-9

A1(f)  ,  ϕ1(f) ����� FKDUDNWHULVWLN\ UR]GtORYpKR YVWXSQtKR ]HVLORYDþH

A2(f)  ,  ϕ2(f) ����� FKDUDNWHULVWLN\ PH]LVWXSQ�

A3(f)  ,  ϕ3(f) ����� FKDUDNWHULVWLN\ NRQFRYpKR VWXSQ�

3RGPtQNX SUR Y]QLN QHVWDELOLW\ P$åHPH WDNp RGYRGLW ]H Y]WDKX SUR ]S�WQRX YD]EX

$ S
D S

D S I S

D S

/ S
� �

� �

� � � �

� �

� �
=

−
=

−� �

a podmínka nestability je
/ S� � = �                                                     ( 7.5.10 )

-DNR QHEH]SHþQi ] KOHGLVND QHVWDELOLW\ VH MHYt S�tWRPQRVW SUXGNpKR poklesu amplitudové
FKDUDNWHULVWLN\� WR MHVW RQ�FK � �� G%�GHN � 2EMHYXMH�OL VH WHQWR SRNOHV Y Q�NWHUp þiVWL

DPSOLWXGRYp FKDUDNWHULVWLN\� MH W�HED YHONp REH]�HWQRVWL S�L ]DYiG�Qt ]S�WQp YD]E\� 3UR Q�NWHUp

S�tSDG\ P$åH GRFKi]HW N QHVWDELOLW�� $E\ N Qt QHGRFKi]HOR� XåtYDMt VH U$]Qp NRPSHQ]DþQt

REYRG\� VORåHQp ] NDSDFLWRU$ D UH]LVWRU$� NWHUp RPH]XMt SiVPR SURSXVWQRVWL REYRGX� 3UR

MHGQRWOLYp SRåDGDYN\ MVRX W\WR NRPSHQ]DþQt REYRG\ D MHMLFK SDUDPHWU\ S�tPR S�HGHSViQ\

výrobcem.
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-HãW� MHGHQ REYRG VWRMt ]D SRYãLPQXWt� 0�MPH REYRG� SUR NWHUê SODWt D S
D

S S
� � = −

−
�

�

  ,

D
�

�>  ,  tj. obvod sMHGQRX LQWHJUDþQt NRQVWDQWRX� D WHG\ VH VSiGHP � �� G%�GHN �

=DYHGHPH�OL IUHNYHQþQ� QH]iYLVORX ]S�WQRX YD]EX WM� f(p) = f0  , bude platit

$ S
D

S S D I
� � =

−
− +

�

� � �

3yO\ EXGRX �HãHQtP URYQLFH S S D I− + =
� � �

�  a dostáváme tak S S D I
� � � �

= −  . Po
]DYHGHQt ]S�WQp YD]E\ ]$VWiYi SyO UHiOQê D SRK\EXMH VH YH VP�UX ãLSHN þLOL QHP$åH Y åiGQpP

S�tSDG� GRMtW N QHVWDELOLW�� 7RKRWR SULQFLSX VH Q�NG\ Y\XåtYi WDN� åH Y\WYR�tPH REYRG� NWHUê

Pi MHGHQ MHGLQê GRPLQXMtFt SyO � QDS�� WDN� åH PH]Qt NPLWRþHW Q�NWHUp þiVWL REYRGX EXGH QLåãt

QHå þiVWt RVWDWQtFK � �

Obr. 7.5-10

V WRPWR S�tSDG� SRNOHV\ Y�Wãt QHå �� G%�GHN QDVWiYDMt Då QD NPLWRþWHFK� SUR NWHUp SODWt

$ I� � < � D ]GH WHG\ NH JHQHUDFL � QHVWDELOLW� � GRMtW QHP$åH� � 7DNWR MH QDS�� �HãHQ RSHUDþQt

]HVLORYDþ W\SX ��� � SRYDåRYDQê ]D REYRG SUR XQLYHU]iOQt SRXåLWt� � 'RViKOL MVPH FtOH ]D FHQX

GUDVWLFNpKR VQtåHQt ãt�H SiVPD REYRGX EH] ]S�WQp YD]E\ � WRWR QiP RYãHP QHQt QD ]iYDGX�

SURWRåH MLå YtPH� åH ]S�WQi YD]ED QiP RS�W ãt�L SiVPD ]Y�Wãt�
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8. Vzorkování

8.1 Základní úvahy

6LJQiO\� NWHUp MVPH GRVXG XYDåRYDOL� E\O\ VSRMLWRX IXQNFt Y þDVH D UHDOL]RYDWHOQp VLJQiO\ L

v DPSOLWXG� � WDNRYêP VLJQiO$P �tNiPH VLJQiO\ DQDORJRYp�

Obr. 8.1-1

-LQêP W\SHP VLJQiO$ MVRX VLJQiO\ GLVNUpWQt� 7\ PRKRX EêW U$]QpKR W\SX�

a/ Signály diskrétní vþDVH � W\ ]$VWiYDMt YãDN VSRMLWp Y RNDPåLWp KRGQRW�� WR ]QDPHQi� åH

PRKRX GRVDKRYDW YãHFK PRåQêFK RNDPåLWêFK KRGQRW�

Obr. 8.1-2

7\WR VLJQiO\ Y]QLNDMt W]Y� Y]RUNRYiQtP S$YRGQtKR DQDORJRYpKR SU$E�KX�

b/ Signály diskrétní vRNDPåLWp KRGQRW� � ]$VWiYDMt VSRMLWp Y þDVH� 7DNRYê VLJQiO P$åH QDEêYDW

MHQ NRQHþQê SRþHW VWDY$ Y U$]QêFK þDVRYêFK RNDPåLFtFK� 7HQWR VLJQiO P$åHPH ]tVNDW

NYDQWRYiQtP DQDORJRYêFK VLJQiO$�

Obr. 8.1-3
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F� -LQêP W\SHP VLJQiOX MVRX VLJQiO\ þtVOLFRYp � GLJLWiOQt �� -VRX WR VLJQiO\� NWHUp MVRX GLVNUpWQt

v þDVH L Y RNDPåLWp KRGQRW��

Obr. 8.1-4

1D SRþiWNX HOHNWURQLN\ E\O\ VLJQiO\ DQDORJRYp ]SUDFRYiYiQ\ Y analogových obvodech.
8ND]XMH VH YãDN� åH GRFKi]t YOLYHP QHGRNRQDORVWt ]SUDFRYiQt NH ]NUHVOHQt VLJQiO$ �

NPLWRþWRYp� QHOLQHiUQt� YOLY ãXP$ D GDOãtFK QHåiGRXFtFK VLJQiO$ DWG� �� 9KRGQRX DOWHUQDWLYQt

FHVWRX MH S�HYHGHQt DQDORJRYpKR VLJQiOX QD VLJQiO GLVNUpWQtKR FKDUDNWHUX D QD VLJQiO GLJLWiOQt D

zpracování vWpWR IRUP��

$QDORJRYê VLJQiO P$åHPH S�HYpVW QD þDVRY� GLVNUpWQt VLJQiO SRPRFt Y]RUNRYiQt�

9]RUNRYiQt P$åHPH XVNXWHþQLW SRPRFt �t]HQpKR VStQDþH � NOtþH � � NWHUê EXGH VStQDW Y jistých
GLVNUpWQtFK þDVRYêFK RNDPåLFtFK�

.Otþ K SHULRGLFN\ VStQi SR YHOPL NUiWNRX GREX� WDNåH GLVNUpWQt VLJQiO Pi DPSOLWXGX URYQRX

RNDPåLWp KRGQRW� DQDORJRYpKR VLJQiOX Y okDPåLNX Y]RUNRYiQt� %\OR E\ PRåQp L QHSUDYLGHOQp

� QiKRGQp � Y]RUNRYiQt� DOH XåtYi VH YHOPL PiOR� 0iPH WHG\ VLWXDFL SRGOH REUi]NX �

Obr. 8.1-5

Obr. 8.1-6
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3U$E�K  f#(t) MH ]�HMP� VRXþLQHP IXQNFt  f(t)  a  s(t) � S�LþHPå  f(t) P$åH EêW OLERYROQê VLJQiO�

který však má omezené spektrum a  s(t) MH SHULRGLFNê VLJQiO� D SURWR P$åH EêW UHSUH]HQWRYiQ

vztahem vyplývajícím z Fourierovy tUDQVIRUPDFH þLOL

I W I W V W I W F H
MQ W

Q

V

Q

�� � � � � � � �= ⋅ = ⋅
=−∞

∞

∑
ω

                    ( 8.1.1 )

3URWRåH  f(t)  a  s(t) MVRX Y]iMHPQ� QH]iYLVOp VLJQiO\� P$åHPH QDSVDW

I W F I W H
MQ W

Q

V

Q

� � � � �= ⋅ ⋅
=−∞

∞

∑
ω

                                   ( 8.1.2 )

Poznámka :

2 Y]RUNRYiQt �� GUXKX POXYtPH� MH�OL ãt�ND Y]RUNRYDFt LPSXOV$ NRQHþQi D YUFKRO LPSXOVX

VOHGXMH VSRMLWê SU$E�K� 2 Y]RUNRYiQt �� GUXKX POXYtPH� MH�OL ãt�ND Y]RUNRYDFtFK LPSXOV$

NRQHþQi D YUFKRO LPSXOVX MH XGUåRYiQ QD KRGQRW� XUþHQp RNDPåLNHP Y]RUNRYiQt VSRMLWpKR

SU$E�KX � WDN MH SUDNWLFN\ SURFHV Y]RUNRYiQt YåG\ UHDOL]RYiQ � YL] Obr. 8.1-7 .

         

Obr. 8.1-7

Nyní chceme zjistit, jak bude vypadat spektrum vzorkovaného signálu  f#(t)  a jaký vztah bude
PtW NH VSHNWUX S$YRGQtKR DQDORJRYpKR VLJQiOX  f(t) � 3URYH�PH SURWR )RXULHURYX

transformaci vztahu ( 8.1.2 )

) ) I W F ) I W H
MQ W

Q

V

Q

� �� � � � �� � �ω
ω

= = ⋅






=−∞

∞

∑                  ( 8.1.3 )

9]SRPH�PH VL QD Y�WX R SRVXYX� NWHURX MVPH SR]QDOL Y /DSODFHRY� WUDQVIRUPDFL� 3RGREQi

Y�WD SODWt L SUR )RXULHURYX WUDQVIRUPDFL� -H�OL { }) ) I W� � � �ω =  , pak platí

{ }) I W H
M

)� � � �− =
−

⋅τ
ωτ

ω                                 ( 8.1.4 )

DOH Y]WDK SODWt L REUiFHQ� WM�

) ) I W H
M W

� � � �ω − = ⋅








Ω
Ω

                                  ( 8.1.5 )
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D WRKRWR GUXKpKR Y]WDKX SRXåLMHPH N ~SUDY� URYQLFH � ����� � D GRVWDQHPH

) F ) Q
Q V

Q

� � � � �ω ω ω= ⋅ −
=−∞

∞

∑                                    ( 8.1.6 )

7HQWR Y]WDK QiP �tNi� åH VSHNWUXP Y]RUN$ � �� Y]RUNRYiQt � DQDORJRYpKR VLJQiOX f(t)  je

VORåHQR ] QHNRQHþQp �DG\ VSHNWHU SRVXQXWêFK R QiVREN\ Y]RUNRYDFt IUHNYHQFH ωs . Proto
MVPH MLå QD ]DþiWNX ~YDK\ S�HGSRNOiGDOL� åH  f(t) Pi RPH]HQp VSHNWUXP� MLQDN E\ QXWQ� YåG\

došlo kS�HNUêYiQt MHGQRWOLYêFK VSHNWHU Y]RUNRYDQpKR SU$E�KX f#(t) � 8YDåXMPH VSHNWUXP

PRGXO$ NRPSOH[QtFK DPSOLWXG RPH]HQpKR FKDUDNWHUX SRGOH REUi]NX �

Obr. 8.1-8

3ODWt WHG\� åH )� �ω ≡ �   pro  ω ω>
F
� =�HMP� EXGH ]iOHåHW QD Y]iMHPQpP Y]WDKX PH]L

ωc  a  ωs þLOL PH]L QHMY\ããtP NPLWRþWHP REVDåHQêP YH VSHNWUX DQDORJRYpKR VLJQiOX D

vzorkovací frekvencí, jak bude vypadat výsledné spektrum  f#(t) � 8YDåXMPH GYD S�tSDG\ �

a/ ωs  <  ωc   ,   b/ ωs  >  ωc � 2ED MVRX ]Qi]RUQ�Q\ QD QiVOHGXMtFtP REUi]NX �

  
Obr. 8.1-9

V S�tSDG� D� GRãOR N S�HNUêYiQt VSHNWHU D ] WRKR Y\SOêYi� åH VH QiP åiGQêP ]S$VREHP

QHSRGD�t REQRYLW S$YRGQt VLJQiO� SURWRåH VSHNWUXP MH SRUXãHQR� 9 S�tSDG� E� VWDþt SRXåtW ILOWU

D Y\EUDW YKRGQp VSHNWUXP D GRVWDQHPH S$YRGQt VLJQiO�

=QDPHQi WR WHG\� åH PXVtPH YROLW YåG\ S�tSDG ω ω
V F

≥ �                                     ( 8.1.7 )



130

9]RUHF � ����� � MH W]Y� Y�WD R Y]RUNRYiQt � 6KDQQRQ$Y Y]RUNRYDFt WHRUpP � �

Pokud dovolí následné obvody a samotný vzorkovací obvod tuto frekvenci generovat a
]SUDFRYiYDW� P$åHPH SUDFRYDW Y UHiOQpP þDVH� 7RPX VH �tNi Y]RUNRYiQt Y UHiOQpP þDVH�

3RNXG WRPX WDN QHEXGH D EXGHPH�OL PtW RSDNXMtFt VH SU$E�K� P$åHPH SRXåtW VHNYHQþQt

vzorkování, kdy bereme zMHGQRKR SU$E�KX SRX]H MHGHQ Y]RUHN D ] QiVOHGXMtFtKR QHER

Q�NWHUpKR GDOãtKR GDOãt Y]RUHN Y MLQpP þDVH DWG�

3RNXG H[LVWXMH PRåQRVW S�HNUêYiQt VSHNWHU� MH YKRGQp ]D�DGLW GR �HW�]FH YKRGQê ILOWU� NWHUê

]DEH]SHþt� åH VH YH VSHNWUX QHEXGRX Y\VN\WRYDW IUHNYHQFH Y�Wãt QHå ωc � 3RWRP XVSR�iGiQt

P$åH EêW SRGOH REUi]NX� NGH MVRX Wpå SU$E�K\ VLJQiO$�

Obr. 8.1-10

'RVDYDGQt ~YDK\ QiP QHGDO\ RGSRY�� QD WR� MDNê YOLY EXGH PtW ãt�ND Y]RUNRYDFtFK LPSXOV$ �

R]QDþHQD  τ �� 0XVHOL E\FKRP XYDåRYDW WYDU Y]RUNRYDFtKR LPSXOVX D NDåGê Y]RUHN EUiW MDNR

VRXþLQ RNDPåLWp KRGQRW\ VSRMLWpKR SU$E�KX VH Y]RUNRYDFtP SU$E�KHP Y RNDPåLNX

Y]RUNRYiQt� =MLVWLOL E\FKRP� åH VYRMt UROL ]GH KUDMH QHMHQ WYDU Y]RUNRYDFtKR SU$E�KX� DOH L

FKDUDNWHU Y]RUNRYDþH � MHKR YROWDPSpURYi FKDUDNWHULVWLND � D GRVWDOL E\FKRP �DGX NRQNUpWQtFK

�HãHQt� 3UR S�tSDG LGHiOQtKR Y]RUNRYDþH D REGpOQtNRYpKR Y]RUNRYDFtKR LPSXOVX GRVWDQHPH� åH

spektrum  f#(t) EXGH PRGLILNRYiQR þOHQHP
VLQωτ

ωτ � D WR ]QDPHQi� åH EXGH GRFKi]HW

k ~WOXPX Y\VRNêFK NPLWRþW$�


