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Úvod

3�HGQiãN\ D FYLþHQt ] S�HGP�WX (OHNWURWHFKQLND , D ,, YH W�HWtP D þWYUWpP VHPHVWUX ,� HWDS\

VWXGLD Y\XåtYDMt ]QDORVWt� NWHUp Y S�HGFKR]tP VWXGLX ]tVNDOL VWXGHQWL Y S�HGQiãNiFK 0DWHPDWLND

�� �� � D )\]LND �� � � -LVWRX QHYêKRGRX MH VDPR]�HMP� WR� åH S�HGQiãN\ R GLIHUHQFLiOQtFK

URYQLFtFK SUREtKDMt Då VRXþDVQ� V Elektrotechnikou I , která tyto poznatky vMLVWp Pt�H Y\XåtYi�

'RPQtYiPH VH YãDN� åH S�L YêNODGX MH WRWR Y\XåtYiQR SRX]H Y QH]E\WQ� QXWQp D RPH]HQp Pt�H�

1D GUXKp VWUDQ� YãDN MH QXWQp ]G$UD]QLW� åH SR]QDWN\ ] matematiky a fyziky a jejich zvládnutí a
SRFKRSHQt MVRX QXWQRX SRGPtQNRX NH VWXGLX QDãHKR S�HGP�WX�

1. 3U$E�K\ QDS�Wt D SURXGX� ]iNRQ\ HOHNWULFNêFK REYRG$ D PHWRG\ MHMLFK

YêSRþWX

1.1 6WHMQRVP�UQê� VW�tGDYê� REHFQê QHKDUPRQLFNê SURXG; VW�HGQt D HIHNWLYQt

hodnota; LPSXOVQt SU$E�K\; p�HFKRGRYê G�M; ustálený stav

V WpWR ~YRGQt NDSLWROH VL �HNQHPH Q�FR R ]iNODGQtFK WYDUHFK HOHNWULFNpKR SURXGX D QDS�Wt�
DE\FKRP GHILQRYDOL YHOLþLQ\� V kterými se budeme nadále stýkat.

6WHMQRVP�UQê SURXG � QDS�Wt � � MH WtP P\ãOHQ S�tSDG� NG\ VH QD GREX SR]RURYiQt QHP�Qt
VP\VO HOHNWULFNpKR SURXGX � QDS�Wt �� 9 QHMMHGQRGXããtP S�tSDG�� NG\ VH QHP�Qt YHOLNRVW� MH
PRåQp WHQWR S�tSDG FKDUDNWHUL]RYDW MHGLQRX NRQVWDQWQt KRGQRWRX I nebo U� ýDVRYê GLDJUDP
bude vypadat takto - viz Obr. 1.1-1

, >$@

8 >9@

W

Obr. 1.1-1

6NXWHþQê G�M RYãHP Y UHiOQpP þDVH ]DSRþDO D Y Q�MDNpP UHiOQpP þDVH VNRQþLO� %XGH WR SURWR
YH VNXWHþQRVWL Y\SDGDW WDNWR � YL] Obr. 1.1-2

Obr. 1.1-2

7DNWR WHG\ Y\SDGi þDVRYê SU$E�K SURXGX QHER QDS�Wt WDP� NGH XåtYiPH VWHMQRVP�UQêFK � VV �
]GURM$ � EDWHULH� DNXPXOiWRU D GDOãt ��
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Z SUDNWLFNêFK G$YRG$ � PRåQRVW WUDQVIRUPDFH � MH HOHNWULFNi Vt" � Y�WãLQRX WURMIi]RYi� NWHUi MH
VFKRSQD Y\WYR�LW HOHNWULFNp WRþLYp SROH Y HOHNWURPRWRUX � ]GURMHP SURXGX VW�tGDYpKR D
SHULRGLFNpKR� 3HULRGLFNê SU$E�K Y\ND]XMH IXQNFH� MHMLFKå KRGQRW\ VH SR XUþLWpP þDVH RSDNXMt

X W N7 X W� � � �+ =                                        ( 1.1.1 )

kde k MH Q�MDNp FHOp þtVOR D T MH GRED SHULRG\� 3�HYUiFHQi KRGQRWD GRE\ T se nazývá
frekvence  f = 1 / T QHEROL NPLWRþHW�

1DS�Wt Y HOHNWULFNp VtWL Pi KDUPRQLFNê FKDUDNWHU D MHKR þDVRYê GLDJUDP P$åH Y\SDGDW

takto :

Obr. 1.1-3

'HMPH WRPX� åH VH MHGQi R QDS�Wt � SRWRP Um MH PD[LPiOQt KRGQRWD QDãHKR þDVRYpKR SU$E�KX

D PRKX SUR Q�M SViW

X W 8 W
P

� � VLQ= ω                                             ( 1.1.2 )

kde    ω π π= =� �I 7

8 YHOLþLQ� NWHUp P�Qt SRODULWX MH ]Y\NHP GHILQRYDW W]Y� VW�HGQt KRGQRWX � E�åQ� VH SUR

SUDYLGHOQ� VH RSDNXMtFt SU$E�K\ SRþtWi ]D GREX T D P$åHPH WHG\ SViW

8
7

X W GW
VW�

7

= ∫
�

�

� �                                          ( 1.1.3 )

3UR Qiã S�tSDG KDUPRQLFNpKR SU$E�KX MH WR ]�HMP� QXOD� DOH ] SUD[H YtPH� åH ~þLQN\ VW�tGDYpKR

SURXGX QXORYp QHMVRX� 3URWR MH OpSH SUR WHQWR W\S SU$E�KX GHILQRYDW VW�HGQt KRGQRWX WDNWR �

8
7

X W GW
VW�

W

W

= ∫
�

�

�

� �                                           ( 1.1.4 )

kde t1 a t2 MVRX RNDPåLN\ Y\PH]XMtFt SU$FKRG MHGQp SRODULW\
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Obr. 1.1-4
� PH]H PRKRX EêW QDS�� � Då 7 � � �

.G\E\FKRP SURYHGOL YêSRþHW Y W�FKWR PH]tFK� GRVWDOL E\FKRP

8 8 8
VW�

= = ⋅
�

� ���
π PD[ PD[

�                              ( 1.1.5 )

� 3UR Vt"RYp QDS�Wt MH Y Vt"RYp ]iVXYFH Umax = 311 VD VW�HGQt KRGQRWD MH ��� V /

ýDVW�ML QiV RYãHP EXGH ]DMtPDW W]Y� HIHNWLYQt KRGQRWD � WD VRXYLVt V WHSHOQêPL ~þLQN\
elektrického proudu. -H WR KRGQRWD VV SURXGX� NWHUê E\ S�L SU$FKRGX Q�MDNêP YRGLþHP Y\YLQXO
VWHMQp PQRåVWYt WHSOD MDNR SURXG SHULRGLFNê VW�tGDYê� %XGHPH�OL XYDåRYDW QDS�Wt� GRVWDQHPH
SUR Qt REHFQ�

8
7

X W GW

7

= ∫
�

�

�

� �                                           ( 1.1.6 )

3UR KDUPRQLFNê SU$E�K GRVWiYiPH Y]WDK

8
8

P=
�

                                                  ( 1.1.7 )

%�åQ� MH YHOLNRVW VW�tGDYpKR KDUPRQLFNpKR QDS�Wt QHER SURXGX XGiYiQD VYRMt HIHNWLYQt
KRGQRWRX� 1D REUi]NX MVRX SRP�U\ S�L VtWL ��� 9 ∼ �� +] � S$YRGQt QRUPD �

Obr. 1.1-5

7
I

PV= = =
� �

��
��            8 8 9

P
= = =� ��� � ���
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.URP� WRKRWR MHGQRGXFKpKR SU$E�KX EXGHPH þDVWR SUDFRYDW V REHFQ�MãtPL VLJQiO\ QDS�� W\SX

X�W�

W7�

Obr. 1.1-6

D MLQêPL QHER Wpå V SU$E�K\ QHSHULRGLFNêPL� -DNR S�tNODG VL P$åHPH XYpVW SU$E�K\ QD GDOãtP

Obr. 1.1-7

           W

X�W�

�

Obr. 1.1-7

D MLQp SU$E�K\ QHSHULRGLFNpKR FKDUDNWHUX� = QHSHULRGLFNêFK LGHDOL]RYDQêFK SU$E�K$ EXGRX SUR

nás mít základní význam jednotkový skok a jednotkový impuls.
Jednotkový skok je definován vztahy

I W� � = �              pro             W < �

I W� � = �              pro             W > �                               ( 1.1.8 )

W�

I�W�

�

Obr. 1.1-8

2EY\NOH VH R]QDþXMH δ1(t)
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Pokud by byl tento jednotkový skok posunut vþDVH R KRGQRWX tk , pak by vypadal podle
Obr. 1.1-9  :

W�

�

δ��W�

WN

Obr. 1.1-9

δ
�

�

�
� �W W

W W

W W
N

N

N

− =
<
>                                          ( 1.1.9 )

-HGQRWNRYê LPSXOV � GHOWD IXQNFL � VL P$åHPH S�HGVWDYLW MDNR OLPLWQt S�tSDG REGpOQtNRYpKR

impulsu podle      Obr. 1.1-10� MHKRå GRED WUYiQt t0 → 0 a jeho plocha  F0t0 = 1 .

W�

I�W�

)�

W�
     Obr. 1.1-10

2]QDþXMHPH MHM δ0(t) a pokud je vþDVH SRVXQXWê� potom δ0(t-tk) .
6\PEROLFN\ MHM ]QDþtPH

W�

δ��W�

            WWN

δ��W�WN�

�

Obr. 1.1-11

'LUDF$Y LPSXOV D MHGQRWNRYê VNRN MVRX QHUHDOL]RYDWHOQp SU$E�K\� SURWRåH VH P�Qt VNRNRY��

FRå RGSRUXMH I\]LNiOQtP SULQFLS$P� 0DMt YãDN MHGQRGXFKp PDWHPDWLFNp Y\MiG�HQt D P$åHPH VH

MLP OLPLWQ� S�LEOtåLW� 3RXåtYiPH MH NH VWXGLX S�HFKRGRYêFK G�M$� S�L ]NRXPiQt VRXVWDY� NWHUp

pracují sLPSXOVQtPL SU$E�K\�

1.2 =iNRQ\ HOHNWULFNêFK REYRG$

(OHNWULFNê REYRG MH WYR�HQ VSRMHQtP �DG\ MHGQRGXFKêFK SUYN$ � RGSRU$� NDSDFLWRU$� LQGXNWRU$

QH]iYLVOêFK ]GURM$� DOH L SUYN$ VORåLW�MãtFK MDNR MVRX WUDQ]LVWRU\� WUDQVIRUPiWRU\� LQWHJURYDQp

obvody atd.
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6W\NX SUYN$ EXGHPH �tNDW X]HO� 1�NROLN SUYN$ �D]HQêFK ]D VHERX P$åH XWYR�LW X]DY�HQê RNUXK

� VP\þNX � � -DNR S�tNODG REYRGX P$åH EêW WHQWR �

Obr. 1.2-1

8]HO MH VSRMHQt YRGLþ$ SURWpNDQêFK SURXG\� 9 S�tSDG� �� .LUFKKRIIRYD ]iNRQD� NWHUê WYUGt� åH

VRXþHW SURXG$ YVWXSXMtFtFK GR X]OX MH URYHQ VRXþWX SURXG$ ] uzlu vystupujících, platí

L�

L�

L�

L�

L�

                            L
M

M

P

=
∑ =

�

�                            ( 1.2.1 )

S�LþHPå SURXG\ GR X]OX YWpNDMtFt EXGHPH R]QDþRYDW MHGQtP ]QDPpQNHP D Y\WpNDMtFt RSDþQêP�

2]QDþtPH�OL YWpNDMtFt SURXG\ � D Y\WpNDMtFt � � P$åHPH QDSVDW

− − + + + =L L L L L
� � � � �

�

$OH VWHMQ� WDN GRE�H WR P$åHPH REUiWLW D YWpNDMtFt SURXG\ R]QDþLW � D Y\WpNDMtFt � D GRVWDQHPH

L L L L L
� � � � �

�+ − − − =
FRå MH WDWiå URYQLFH�

3UYQt ]iNRQ MH YODVWQ� Y\MiG�HQtP SULQFLSX NRQWLQXLW\ SUR HOHNWULFNp REYRG\� 5RYQLFH

NRQWLQXLW\ SUR HOHNWULFNp REYRG\ MH PDWHPDWLFNêP Y\MiG�HQtP ]iNRQD ]DFKRYiQt QiERMH� 7HQWR

]iNRQ Y\MDG�XMH H[SHULPHQWiOQ� RY��HQê SR]QDWHN� åH QiERM QLNGH QHY]QLNi� DQL YãDN QH]DQLNi�

7R ]QDPHQi� åH FHONRYê QiERM ]FHOD L]RORYDQp VRXVWDY\ MH NRQVWDQWQt � Gi VH GRNi]DW� åH WHQWR

zákon platí jak v makroskopickém, tak vPLNURVNRSLFNpP P��tWNX�

8YDåXMPH Q�MDNRX X]DY�Hnou plochu SD QHFK" ] WpWR SORFK\ Y\WHþH QiERM dq . Avšak o
WHQWR QiERM � E\O X]DY�HQ SORFKRX S � VH ]PHQãt S$YRGQt QiERM X]DY�HQê Y ploše S. Z této



9

~YDK\ SO\QH� åH - dq = i ⋅ dt .  Z WpWR ~YDK\ SO\QH� åH L
GT

GW
+ = � � 9\MiG�tPH�OL SURXG

pomocí proudové hustoty  J , dostaneme rovnici :

6

L�

L�

L�

L�

L�

                   
& &

-G6
GT

GW∫∫ + = �                            ( 1.2.2 )

( Proud tekoucí plochou S� ]P�QD QiERMH V þDVHP  � �

3R]Q�� 3UR YRGLþH dq/dt ��� G�MH VH Y þDVHFK τd = 10-15 - 10-13 s � GLHOHNWULFNi UHOD[DþQt

doba τ = ε/σ ) a potom tedy platí
& &

-G6∫∫ = �

7HQWR ]iNRQ SODWt YH YãHFK VOHGRYDQêFK S�tSDGHFK D MH WHG\ REHFQê � SRNXG SUDFXMHPH

v þDVRYp REODVWL SRGVWDWQ� GHOãtFK þDV$ QHå MH τd .

1HMþDVW�ML HOHNWULFNp REYRG\ Y\WYi�HMt X]DY�HQp GUiK\� NXG\ VH X]DYtUi SURXG ]GURM$�

     Obr.1.2-2

=QDþHQt QHQt MHGQRWQp � UDG�ML ãLSN\ QHEXGHPH XåtYDW � D EXGHPH SViW � D �

                             

8YDåXMHPH�OL GUXKRX 0D[ZHOORYX URYQLFL YH WYDUX

                                                           
& &

(GO
G

GW
= −∫

Φ
                     ( 1.2.3 )

SUR S�tSDG� NG\ dΦ/dt → 0 � P$åHPH SViW

X
L

L

Q

=
=
∑ �

�

                              ( 1.2.4 )

FRå MH �� .LUFKKRII$Y ]iNRQ� 3ODWQRVW MH RS�W REHFQi SRNXG PRKX ]DQHGEDW ]P�QX

magnetického pole v obvodu.
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Pro obvod podle Obr.1.2-2P$åHPH WHG\ QDSVDW

− + + + = − =X X X X
G

GW
� � � �

�
Φ

FRå QiV YHGH N Qi]RUX� åH .LUFKKRII$Y GUXKê ]iNRQ SODWt REHFQ�� DOH MH WR MLVWi DSUR[LPDFH SUR

REODVW QLåãtFK IUHNYHQFt�

6P\þN\ P$åHPH YpVW U$]QêP ]S$VREHP� MDN MH QD]QDþHQR QD Obr. 1.2-3 :

Obr. 1.2-3

.LUFKKRIIRY\ ]iNRQ\ SODWt EH] RKOHGX MDNê MH Y]WDK PH]L QDS�WtP D SURXGHP MHGQRWOLYêFK

SUYN$� D" MH OLQHiUQt QHER QHOLQHiUQt� =QDPHQi WR � åH SODWt MDN Y lineárních tak v nelineárních
obvodech.

8YH�PH Q\Qt Q�NROLN S�tNODG$ QD .LUFKKRIIRY\ ]iNRQ\ � Y W�FKWR S�tNODGHFK VH EXGH

Y\VN\WRYDW W]Y� RSHUDþQt ]HVLORYDþ � ]DWtP QiV QH]DMtPDMt MHKR GHWDLOQt YODVWQRVWL� DQL MDN MH

YQLW�Q� XVSR�iGiQ � SUR QiV MH WR ÄþHUQi NUDELþND³ VH VFKHPDWLFNRX ]QDþNRX SRGOH                
Obr. 1.2-4

               Obr. 1.2-4

=iNODGQt SUDYLGOD þLQQRVWL RSHUDþQtKR ]HVLORYDþH �

D� YVWXS\ QHRGHEtUDMt åiGQê SURXG � ��
-8
Då ��

-12 A )
E� PH]L YVWXS\ QHQt UR]GtO QDS�Wt � 8 ∼ 10-6

Då ��
-5 V )

=DSRMPH RSHUDþQt ]HVLORYDþ WtPWR ]S$VREHP

              Obr. 1.2-5
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Podle 1. Kirchhoffova zákona     i1 + i2 - i
- = 0 . 1D ]iNODG� WRKRWR ]iNRQD SUR UH]LVWRU\

P$åHPH SViW

                    
Y Y

5

Y Y

5
L

6 2
−

+
−

=
− −

−

� �

Ale   i- = 0    a     v- = v+ = 0 þLOL

Y

5

Y

5
Y

5

5
Y

6 2

2 6

� �

�

�

�+ = ⇒ = −                       ( 1.2.5 )

9êVWXSQt HQHUJLH MH GRGiYiQD VV ]GURML QDSiMHMtFtPL RSHUDþQt ]HVLORYDþ� QLNROLY YVWXSQtP

zdrojem. Abychom rovnici (1.2.5) mohli modelovat, zavedeme nový prvek - závislý zdroj
podle Obr. 1.2-6 :

Obr. 1.2-6

3�tNODG � 0iPH ]DSRMHQt V RSHUDþQtP ]HVLORYDþHP

Obr. 1.2-7

2]QDþPH SURXG\ Y uzlu A a napišme rovnice podle 1. Kirchhoffova zákona

L
Y

5

Y Y

5

6 6 2− + +
−

=
� �

�

Ale    i- = 0    , a proto

Y
5

5
Y

2 6
= +







 ⋅�

�

�

                                            ( 1.2.6 )
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D PRKX ]QRYX PRGHORYDW WHQWR VWDY SRPRFt ]iYLVOpKR ]GURMH � �t]HQpKR ]GURMH �

Obr. 1.2-8

-DN WR EXGH Y\SDGDW SUR S�tSDG R1 → ∞  a  R2 → 0 .
V WRPWR S�tSDG� EXGH

� �
�

�

+ =
5

5
                      Y Y

2 6
=

7RPXWR REYRGX �tNiPH QDS�"RYê VOHGRYDþ�

1D SUYQt SRKOHG VH WR ]Gi EêW QHVP\VOQp� DOH XYDåXMPH QiVOHGXMtFt VLWXDFL � 5HiOQê ]GURM

signálu vs EXGH PtW WX YODVWQRVW� åH MHKR VYRUNRYp QDS�Wt EXGH NOHVDW VH VWRXSDMtFtP ]DWtåHQtP

þLOL RGHEtUDQêP SURXGHP� 6LWXDFH EXGH WHG\ SRGOH Obr. 1.2-9. Pokud bude závislost lineární,
mohu psát :

Y Y
Y

L
L Y 5 L

6 6 6
= − = − ⋅

∆
∆                                  ( 1.2.7 )

Obr. 1.2-9
a modelovat reálný zdroj tímto

                           
                                              Obr. 1.2-10

3RWRP P�MPH ]DSRMHQt SRGOH Obr. 1.2-10 . VWRPWR S�tSDG� YHãNHUi HQHUJLH WHNRXFt GR

ÄQ�MDNpKR REYRGX³ SRFKi]t ]H ]GURMH vs .
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8YDåXMPH GUXKê S�tSDG� NG\ SRXåLMHPH QDS�"RYpKR VOHGRYDþH D PiPH VLWXDFL SRGOH REUi]NX

Obr. 1.2-11

(QHUJLH GRGiYDQi GR ÄQ�MDNpKR REYRGX³ Y WRPWR S�tSDG� QHSRFKi]t ]H ]GURMH YV � W�HED

SRW�HEQRX HQHUJLL QHQt VFKRSHQ GRGDW �� DOH MH GRGiYiQD Y G$VOHGNX S$VREHQt QDãHKR

RSHUDþQtKR ]HVLORYDþH � � YL] i+ = i- = 0 / ; GRGiYDMt ML QDSiMHFt ]GURMH ]HVLORYDþH�7RPXWR

]DSRMHQt P$åHPH �tNDW RGG�ORYDFt ]HVLORYDþ � Y DQJOLþWLQ� %XIIHU $PSOLILHU � � SURWRåH MH

VFKRSHQ YODVWQ� L]RORYDW MHGHQ REYRG RG GUXKpKR�

1.3 3UYN\ REYRG$ SDVLYQtKR W\SX

1.3.1 Rezistor

5H]LVWRU MH SUYHN� MHKRå ]iYLVORVW SURXGX QD QDS�Wt SURFKi]t SRþiWNHP VRX�DGQLF � QD]êYiPH ML

YROWDPSpURYRX FKDUDNWHULVWLNRX� 0RKRX QDVWDW W�L S�tSDG\ �

a/                                         
                   Obr. 1.3-1

V WRPWR S�tSDG� SODWt  U = R⋅I    / I = G⋅U / . JednáVH R OLQHiUQt UH]LVWRU � S�HVQ� WR WDN

nikdy nevypadá - teplotní vlivy, výkonový efekt  P = U⋅I ) . Mohu ho zapojit do obvodu -
]iP�QD VYRUHN QHPi YOLY�

b/                                         
               Obr. 1.3-2

-H WR W]Y� QHOLQHiUQt UH]LVWRU� =iP�QD VYRUHN RS�W QHPi YOLY� QHER" VH MHGQi R V\PHWULFNRX

závislost voltampérové charakteristiky.
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c/                                         
               Obr. 1.3-3

V WRPWR S�tSDG� Xå RYãHP EXGH ]iOHåHW QD WRP� MDN MH SUYHN ]DSRMHQ GR REYRGX�

V SUYQtP S�tSDG� E\OR MHGQRGXFKp FKDUDNWHUL]RYDW WHQWR SUYHN� 3ODWLOR U = R⋅I  nebo

I = G⋅U, kde R je konstanta charakterizující prvek. Vodivost G MH S�HYUiFHQRX KRGQRWRX

odporu R . V S�tSDG� QHOLQHiUQtFK UH]LVWRU$ WR Xå WDN MHGQRGXFKp QHQt� WDG\ P$åHPH GHILQRYDW

odpory dva: 1/ Statický odpor a  2/ Diferenciální odpor .

                                Obr. 1.3-4

6WDWLFNê RGSRU P$åHPH GHILQRYDW MDNR SRP�U NOLGRYpKR QDS�Wt D SURXGX  Uk ; Ik þLOL

Rk = Uk/Ik � 3�HMGHPH�OL N limitním hodnotám, dostaneme diferenciální odpor

5
8

,

G8

G,
G

,

= =
→∆

∆
∆�

OLP                                       ( 1.3.1 )

%XGRX�OL FKDUDNWHULVWLN\ SUYN$ PRQRWyQQtPL IXQNFHPL� EXGH GLIHUHQFLiOQt RGSRU YåG\ NODGQê�

V HOHNWURQLFH PRKRX YãDN QDVWDW L S�tSDG\ MLQp� D" MLå Y G$VOHGNX S$VREHQt I\]LNiOQtFK

PHFKDQLVP$ � WXQHORYê MHY� ODYLQRYê MHY� VHNXQGiUQt HPLVH DWG� � QHER REYRGRYêFK � YL] ]S�WQi

vazba atd. / . VW�FKWR S�tSDGHFK PRKRX PtW YROWDPSpURYp FKDUDNWHULVWLN\ VORåLW�Mãt FKDUDNWHU�

             

Obr. 1.3-5
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8 W�FKWR SUYN$ MVRX Y rozmezí (u1 , u2) a (i1 , i2) GLIHUHQFLiOQt RGSRU\ ]iSRUQp� � 3UYQt S�tSDG

RGSRYtGi WXQHORYp GLRG�� *XQQRY� GLRG� DWG� ]DWtPFR GUXKê GLDNX� W\ULVWRUX� WULDNX DSRG�

1.3.2 Kapacitor

V Qt]NRIUHNYHQþQt DSroximaci je kapacitor základní pasivní prvek, který má schopnost
hromadit energii / elektrické pole ; magnetické zanedbáváme /.

Symbol kapacitoru :       
2EHFQ� WR EXGH Y\SDGDW WDNWR �

                                  Obr. 1.3-6

&KDUDNWHULVWLND NDSDFLWRUX � WHQWRNUiW YROWFRXORPERYi SURFKi]t RS�W SRX]H SUYQtP D W�HWtP

kvadrantem.

3UR SUiFL P$åHPH SViW  dW = U⋅dq   , ale dq = i⋅dt þLOL ]D GREX RG t1 do t2 se nahromadí
energie :

: 8 , GW
W

W

= ⋅∫
�

�

                 nebo                : 8 T GT
T W

T W

= ∫ � �
� �

� �

�

�

Bude-li  q(t1) = 0 , bude tato energie rovna vyšrafované ploše na Obr. 1.3-6.

: 8 T GTN

TN

= ∫ � �
�

                                            ( 1.3.2 )

%XGH�OL NDSDFLWRU OLQHiUQt� FRå ]QDPHQi� åH EXGH SODWLW OLQHiUQt ]iYLVORVW PH]L QiERMHP D

QDS�WtP Q = C⋅U , pak to bude vypadat takto

Obr. 1.3-7
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a pro energii dostaneme

:
T

&
GT

&
T W &8 W

T W

= = =∫
�

�

�

�
� �

�

� � � �

� �

                       ( 1.3.3 )

%XGH�OL NDSDFLWRU QHOLQHiUQt � QDS�� SRORYRGLþRYi GLRGD Y LQYHU]QtP ]DSRMHQt � � P$åHPH VWHMQ�

jako u rezistoru rozlišovat statickou a diferenciální hodnotu.

9]WDK PH]L QDS�WtP QD VYRUNiFK NDSDFLWRUX D SURXGHP EXGH �

L
GT

GW
=                     T L G L G L G

WW

= = + ∫∫∫
−∞−∞

� � � � � �τ τ τ τ τ τ
�

�

T T L G

W

= + ∫� � � ��
�

τ τ                                          ( 1.3.4 )

Bude-li kapacitor lineární, bude  q = C⋅U þLOL

GT

GW
L &

G8

GW
= =           T &8 &8 L G

W

= = + ∫� � � ��
�

τ τ             ( 1.3.5 )

8 8
&

L G

W

= + ∫� � � ��
�

�

τ τ                                    ( 1.3.6 )

1.3.3 ,QGXNþQRVW

,QGXNþQRVW MH ] fyzikálního hlediska prvek, vQ�På GRPLQXMH PDJQHWLFNp SROH D HOHNWULFNp SROH

P$åHPH ]DQHGEDW�

6\PERO LQGXNþQRVWL �

3RVWXS SRSLVX P$åH EêW REGREQê MDNR X NDSDFLWRUX� 9 S�tSDG� OLQHiUQt LQGXNþQRVWL E\FKRP

RGYRGLOL� åH MH WR RS�W SUYHN VFKRSQê KURPDGLW HQHUJLL D WDWR HQHUJLH MH GiQD Y]WDKHP

: /,
/

=
�

�

�

                                                    ( 1.3.7 )

3URWRåH

Φ = /,                        8
G

GW
/
G,

GW
= =

Φ
                        ( 1.3.8 )

nebo

, ,
/

X W GW

W

= + ∫� � � ��
�

�

                                           ( 1.3.9 )

D VWHMQ� WDN P$åHPH KRYR�LW R QHOLQHiUQt D GLIHUHQFLiOQt LQGXNþQRVWL �
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&HOi �DGD SUYN$� ]HMPpQD UH]LVWRU$ D NDSDFLWRU$ VH Y\UiEt D MVRX E�åQ� GRVWXSQp�

5H]LVWRU\ MVRX FKDUDNWHUL]RYiQ\ VYRMt RKPLFNRX KRGQRWRX D S�tSXVWQêP YêNRQRYêP ]DWtåHQtP�

                    5
8

, WJ
= =

∆
∆

�

α               ( 1.3.10 )

     Obr. 1.3-8

1RPLQiOQt RKPLFNp KRGQRW\ MVRX YROHQ\ SRGOH �DG QRUPiOQtFK KRGQRW� 1DS�� ��� �DGD Y\SDGi

takto :  1   1,5   2,2   3,3   4,7   6,8   10 .

5R]G�OHQt KRGQRW E\ P�OR EêW SRGOH *DXVVRYD ]iNRQD� DOH Y G$VOHGNX YêE�UX S�HVQ�MãtFK

hodnot  ( 2% , 5% ) to vypadá takto - Obr. 1.3-9

Obr. 1.3-9

5R]ORåHQt VWDQGDUGQtFK KRGQRW Y\SOêYi ] WRKR� DE\ E\OD ]DMLãW�QD UHODWLYQ� OHYQi SURGXNFH�

0�MPH QDS�� UH]LVWRU V nominální hodnotou uvedenoX þtVHOQ� ���� Ω � � ��� D QHMEOtåH

k Q�PX UH]LVWRU ���� Ω  + - 20% . Potom se mohou vSUYQtP S�tSDG� Y\VN\WRYDW UH]LVWRU\

1500 + - 300 Ω a vGUXKpP S�tSDG� ���� � � ��� Ω .
5RYQ�å L NDSDFLWRU\ MVRX SUR SRW�HE\ HOHNWURQLN\ D HOHNWURWHFKQLN\ Y\UiE�Q\ KURPDGQ�

SRGREQ� MDNR UH]LVWRU\ Y �DGiFK QRUPiOQtFK KRGQRW� -HMLFK G$OHåLWêPL SDUDPHWU\ MVRX

QRPLQiOQt KRGQRWD D MHMt WROHUDQFH� PD[LPiOQt S�tSXVWQp QDS�Wt� DOH L SURYHGHQt WM� WYDU D XåLWp

GLHOHNWULNXP� MHKRå SDUDPHWU\ UR]KRGXMt R IUHNYHQþQtP UR]VDKX� Y Q�På Wakové kapacitory lze
SRXåtW� 6 YêMLPNRX W]Y� HOHNWURO\WLFNêFK NDSDFLWRU$ QH]iOHåt QD SRODULW� S�LORåHQpKR QDS�Wt�

V S�tSDG� UH]LVWRUX SODWLOR U = R⋅I � D SURWR QDS�Wt D SURXG P�O\ VWHMQê FKDUDNWHU D

NRQVWDQWRX ~P�UQRVWL PH]L QLPL E\OD YHOLNRVW RGSRUX� 9 S�tSDG� NDSDFLWRUX D LQGXNWRUX �

OLQHiUQtFK � MVRX Y]WDK\ VORåLW�Mãt � QD ]iNODG� GHULYDFH D LQWHJUDFH� 3URWRåH YãDN Y]WDK\ PH]L

QDS�WtP D SURXGHP QD W�FKWR SUYFtFK VFKRSQêFK KURPDGLW HQHUJLL KUDMt REURYVNRX UROL

v elektrotechnice a elektronice, probereme GiOH QD Q�NROLND S�tNODGHFK W\WR SRP�U\� 3R]G�ML VH

EXGHPH QD W\WR YêVOHGN\ RGYROiYDW S�L VWXGLX VORåLW�MãtFK REYRG$�
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3�tNODG � 0iP NDSDFLWRU� NWHUê QD ]DþiWNX QHQt QDELW D WHþH MtP SURXG WRKRWR þDVRYpKR

SU$E�KX � Obr. 1.3-10

W�

L&�W�

,

7

Obr. 1.3-10
Potom platí

X W X
&

L G
&

, GW
& & &

WW

� � � � � �= + = ∫∫�
� �

��

τ τ

X W
, W

&
&
� � =

⋅
          a vþDVH W  7 EXGH X 7

, 7

&
&
� � =

⋅

3UR þDV W > T  platí          X W X 7
&

L G
& & &

7

W

� � � � � �= + ∫
�

τ τ        L W
&
� � = �

a proto                             X W X 7
, 7

&
& &
� � � �= =

⋅

a bude to vypadat takto

W�

X&�W�

,

7

,⋅7�&

Obr. 1.3-11

3�tNODG � 3URXG WHNRXFt LQGXNþQRVWt �� P+ Pi þDVRYê SU$E�K SRGOH Obr. 1.3-12� XUþHWH
QDS�Wt QD LQGXNþQRVWL

W>PV@�

L/�W�[mA]

��

� �

Obr. 1.3-12
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/HKNR RGYRGtPH� åH SODWt

L W W
/
� � =

⋅
⋅

−

−

�� ��

� ��

�

�                                     pro           � �≤ ≤W PV

 L W W� � = −
⋅
⋅

+ ⋅
−

−
−�� ��

� ��
�� ��

�

�

�

               pro       � �PV W PV≤ ≤

v podstat� WR DOH DQL QHSRW�HEXMHPH SUR YêSRþHW

Y W /
GL W

GW
9

/

/
� �

� �
�= = ⋅ ⋅

⋅
⋅

= ⋅ =−
−

−
−�� ��

�� ��

� ��
��� �� ���

�

�

�

              � �≤ ≤W PV

Y W 9
/
� � �= ⋅ ⋅

− ⋅
⋅

= −−
−

−�� ��
�� ��

� ��
���

�

�                                               � �PV W PV≤ ≤

W>PV@�

Y/�W�[V]

���

� �

����

Obr. 1.3-13

1.4 �HãHQt OLQHiUQtFK REYRG$ Y þDVRYp REODVWL

Z výše uvedených závislRVWt SUR Q�NROLN S�tSDG$ Y\SOêYi� åH QDS�Wt D SURXG QD SUYFtFK

VFKRSQêFK KURPDGLW HQHUJLL Pi RGOLãQê FKDUDNWHU GHULYDFH QHER LQWHJUiOX� 7RKR P$åHPH

Y\XåtW QDS�� NG\E\FKRP FKW�OL JHQHURYDW QDS�"RYê SU$E�K OLQHiUQ� VH P�QtFt V þDVHP � EXGHPH

tedy nabíjet kapacitor konstantním proudem.
7R FR E\OR �HþHQR QiP GiYi L RGSRY�� QD RWi]NX MDN SRVWXSRYDW S�L SVDQt URYQLF SRGOH

.LUFKKRIIRYêFK ]iNRQ$ Y S�tSDG� REHFQpKR þDVRYpKR SU$E�KX v(t)  nebo  i(t) .
V S�tSDG� VWHMQRVP�UQpKR SURXGX QHER QDS�Wt MVPH PRKOL XYDåRYDW pouze rezistory obvodu a
SUYN\ VFKRSQp KURPDGLW HQHUJLL ]DQHGEDW� WR ]QDPHQi NDSDFLWRU\ Y\QHFKDW D LQGXNþQRVWL

nahradit zkratem. VS�tSDG� OLQHiUQtKR REYRGX MVPH GRVWDOL SUR SRSLV VRXVWDYX OLQHiUQtFK

algebraických rovnic a vS�tSDG�� åH VH Y obvodu vyskytovaly nelineární rezistory, soustavu
nelineárních rovnic.

V S�tSDG� REHFQpKR EXGtFtKR VLJQiOX e(t)  nebo  i(t)  to bude soustava
LQWHJURGLIHUHQFLiOQtFK URYQLF� NWHURX P$åHPH S�HYpVW QD VRXVWDYX URYQLF GLIHUHQFLiOQtFK�
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0�MPH REYRG GOH Obr. 1.4-1

Obr. 1.4-1

3RWRP P$åHPH GOH �� .LUFKKRIIRYD ]iNRQD SViW URYQLFL

H W 5 L W /
GL W

GW &
W W GW

W

� � � �
� �

� �= ⋅ + +
−∞
∫

�

D S�HYpVW GHULYRYiQtP WXWR URYQLFL QD URYQLFL GLIHUHQFLiOQt�

1iV YãDN YtFH QHå �HãHQt Q�MDNêFK REYRG$ ]DMtPi MDN WRPX EXGH Y S�tSDG�� åH Y lineárním
REYRGX EXGH S$VRELW YtFH VLJQiO$� 'HULYDFH D LQWHJUDFH MVRX RSHUDFH OLQHiUQt � GHULYDFH þL

LQWHJUDFH VRXþWX GYRX IXQNFt MH VRXþWHP GHULYDFt þL LQWHJUDFt GtOþtFK IXQNFt � D SURWR SODWt

v OLQHiUQtFK REYRGHFK W]Y� SULQFLS VXSHUSR]LFH� FRå MH REHFQê I\]LNiOQt SULQFLS SODWQê WDP� NGH

PH]L S�tþLQRX D QiVOHGNHP MH OLQHiUQt Y]WDK�

1D ]iNODG� WRKRWR SULQFLSX SODWt� åH ~þLQHN VRXþWX S�tþLQ VH URYQi VRXþWX ~þLQN$

MHGQRWOLYêFK S�tþLQ S$VREtFtFK VDPRVWDWQ�� 3RNXG E\ Y OLQHiUQtP REYRGX S$VRELOR Q�NROLN

QH]iYLVOêFK ]GURM$� P$åHPH QDS�Wt D SURXG\ XUþRYDW MDNR VRXþW\ S�tVOXãQêFK QDS�Wt D SURXG$

Y\YRODQêFK MHGQRWOLYêPL ]GURML VDPRVWDWQ� � �t]HQp ]GURMH PXVtPH SRQHFKDW� LGHiOQt ]GURM

QDS�Wt QDKUDGtPH ]NUDWHP� LGHiOQt ]GURM SURXGX RGSRMtPH ��

Obr. 1.4-2
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3ULQFLS VXSHUSR]LFH P$åHPH Y\XåtW L MLQDN� D WR Y S�tSDGHFK NG\ PiPH Q�MDNê VORåLW�Mãt VLJQiO D

WHQWR VLJQiO PRKX SRYDåRYDW ]D VRXþHW MHGQRGXããtFK VLJQiO$ � QDS�� Obr. 1.4-3 / .

W�

8

7
            =

W�

8

             +         

W

�

�8

7

Obr. 1.4-3

3RNXG E\FKRP QDS�� ]QDOL RGH]YX REYRGX QD MHGQRWNRYê LPSXOV � GHOWD IXQNFL � � QD]Y�PH WXWR

odezvu w(t)� P$åHPH VORåLWê VLJQiO Y\WYR�LW MDNR VRXþHW MHGQRWNRYêFK LPSXOV$ � YL] Obr.
1.4-4 .

Obr. 1.4-4

Potom platí
∆ ∆[ W [ W W Z W W

N N� �
� � � � � �≅ ⋅ ⋅ −

&HONRYi RGH]YD REYRGX MH GiQD VRXþWHP RGH]HY� D SURWR

[ W [ W W Z W W
N N

N

Q

� �

�

� � � � � �= ⋅ ⋅ −
=

∑ ∆                                  ( 1.4.1 )
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V OLPLW� S�HFKi]t WHQWR VRXþHW QD NRQYROXþQt LQWHJUiO

[ W [ Z W G

W

� �

�

� � � � � �= ⋅ −∫ τ τ τ                                    ( 1.4.2 )

3RGREQ� E\FKRP PRKOL VNOiGDW VLJQiO QLNROLY ] MHGQRWOLYêFK LPSXOV$� DOH ] MHGQRWNRYêFK VNRN$

Obr. 1.4-5

D GRVWDOL E\FKRP W]Y� 'XKDPHO$Y LQWHJUiO� %XGH�OL WRWLå RGH]YD QD MHGQRWNRYê VNRN k(t) ,
dostaneme

[ W [ N W [ N W G

W

� � �

�

�� � � � � � � � � �= ⋅ + ⋅ −′∫ τ τ τ

[ W [ N W [ W N G

W

� � �

�

�� � � � � � � � � �= ⋅ + − ⋅′∫ τ τ τ

[ W [ [ W [ N W G

W

� � � �

�

�� � � � � � � � � �= ⋅ + ⋅ −′∫ τ τ τ

[ W [ [ W [ W N G

W

� � � �

�

�� � � � � � � � � �= ⋅ + − ⋅ ′∫ τ τ τ                       ( 1.4.3 )

3RGOH W�FKWR Y]WDK$ WHG\ P$åHPH VSRþtWDW RGH]YX QD OLERYROQê VLJQiO ]D S�HGSRNODGX� åH

REYRG MH OLQHiUQt D åH PiPH EX� w(t) nebo  k(t) � QHER MH XPtPH MHGQRGXãH XUþLW� -LQi MH

RYãHP RWi]ND� ]GD Y$EHF SUR VORåLW�Mãt VLJQiO\ Y\SRþWHPH S�tVOXãQp LQWHJUiO\�

6ORåLW�Mãt VLJQiO\ P$åHPH YãDN VNOiGDW L ] MLQêFK þDVRYêFK SU$E�K$ MDN XYLGtPH SR]G�ML D

bude to mít i jisté výhody.
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3�tNODG QD VXSHUSR]LFL � QDOH]Q�WH 9out  pro obvod podle Obr. 1.4-6

Obr. 1.4-6

Obvod obsahuje dva nezávislé zdroje  V1  a  V2 � �HãPH QHMSUYH SUR V1 � WR ]QDPHQi� åH

svorku  V2 spojíme sQXORYêP � VSROHþQêP SRWHQFLiOHP � D GRVWDQHPH REYRG

Obr. 1.4-7

Máme dva obvody vNDVNiG� þLOL SUREOpP WHQWR

Obr. 1.4-8

3RNXG S�LSRMHQt REYRGX � N REYRGX � QH]P�Qt YODVWQRVWL VDPRVWDWQ� XYDåRYDQêFK REYRG$

� D � � P$åHPH SViW

9

9
.

�

�

�

′

=                   
9

9
.

�

�

�

′

=                   
9

9

9

9
. .

�

�

�

�

� �

′ ′

= ⋅

ale                   9 9
� �

′ =                      a proto                      
9

9
. .

�

�

� �

′

= ⋅

þLOL G$OHåLWê SR]QDWHN SUR NDVNiGQ� VSRMHQp REYRG\� 0RKX WHG\ ]D S�HGSRNODGX QH]iYLVORVWL

VWDQRYLW GtOþt YêVOHGN\ D FHONRYê REYRG GRVWDW MDNR VRXþLQ W�FKWR GtOþtFK YêVOHGN$� $OH GtOþt

YêVOHGN\ MVPH MLå ]GH P�OL D SUR ]DSRMHQt SRGOH Obr. 1.4-9
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Obr. 1.4-9
jsme ustanovili

9
5

5
9

�

�

�

�
�′ = +







 ⋅

'UXKê REYRG MVPH MLå ]GH WDNp P�OL

Obr. 1.4-10

D XVWDQRYLOL MVPH� åH SODWt 9
5

5
9

�

�

�

�

′ = − ⋅ � 3RWRP WHG\ SUYQt GtOþt YêVOHGHN MH

9
5

5

5

5
9

�

�

�

�

�

�
�′ = − +







 ⋅

�HãPH Q\Qt REYRG SUR V2 , a to znamená obvod

Obr. 1.4-11
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1D YVWXSX REYRGX � MH QXORYp QDS�Wt� D SURWR MH L QXORYp QDS�Wt QD MHKR YêVWXSX� SURWR VL

P$åHPH S�HGVWDYLW YêVWXS REYRGX X]HPQ�Q MDN MH QD]QDþHQR� 3RWRP QiP ]EêYi ]QiPê REYRG�

pro který máme výsledek

9
5

5
9

�

�

�

�
�′′ = +







 ⋅

Hledaný výsledek tedy bude

9 9 9
5

5

5

5
9

5

5
9

� � �

�

�

�

�

�

�

�

�
� �= + = − ⋅ +







 ⋅ + +







 ⋅′ ′′

1.5 8VWiOHQê KDUPRQLFNê UHåLP

9HOPL þDVWR VH Y\VN\WXMt Y HOHNWULFNêFK REYRGHFK ]GURMH� NWHUp GRGiYDMt þLVW� KDUPRQLFNê

signál

X W $ W� � VLQ= ⋅ ω                  kde      ω π= � I          a        I 7= �            ( 1.5.1 )

Obr. 1.5-1

6KRGOL MVPH VH QD WRP� åH Y S�tSDG� REHFQpKR VLJQiOX EXGHPH QD ]iNODG� .LUFKKRIIRYêFK

]iNRQ$ SRSLVRYDW REYRG\ GLIHUHQFLiOQt URYQLFt QHER VRXVWDYRX GLIHUHQFLiOQtFK URYQLF D åH

v S�tSDG� OLQHiUQtFK REYRG$ WR EXGRX OLQHiUQt GLIHUHQFLiOQt URYQLFH D MHMLFK VRXVtavy. Na pravé
VWUDQ� W�FKWR URYQLF VH EXGRX Y\VN\WRYDW SU$E�K\ � VLJQiO\ � QH]iYLVOêFK ]GURM$ ]DSRMHQêFK

v S�tVOXãQpP REYRGX� 1D OHYp VWUDQ� WR SDN EXGRX S�tVOXãQp GHULYDFH D NRQVWDQWQt þOHQ\

vyplývající zWRKR� åH QDS�� SUR NDSDFLWRU � OLQHiUQt � SODWt

X W
&

L G X
&

L G
& &

WW

� � � � � � � �= = + ∫∫
−∞

�
�

�

�

τ τ τ τ                  ( 1.5.2 )

D SRGREQ� SUR SURXG OLQHiUQt LQGXNþQRVWt

L W L
/

X G
/ /

W

� � � � � �= + ∫�
�

�

τ τ                                    ( 1.5.3 )
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�HãHQt GLIHUHQFLiOQt URYQLFH MH GiQR VXSHUSR]LFt NRPSOHPHQWiUQt IXQNFH D SDUWLNXOiUQtKR

LQWHJUiOX þLOL χ(t) = χp(t) + χc(t)  , kde χp(t) MH �HãHQt ~SOQp URYQLFH V pravou stranou a χc(t)
MH �HãHQt KRPRJHQQt URYQLFH� = QDãHKR KOHGLVND O]H �tFL� åH χp(t) RGSRYtGi S$VREHQt YQ�MãtKR

]GURMH D WHG\ SRSLVXMH UHåLP� NWHUê WHQWR ]GURM Y obvodu vynucuje v ustáleném stavu a  χc(t)
RGSRYtGi S�HFKRGRYêP SURFHV$P Y G$VOHGNX YQLW�QtFK SRGPtQHN REYRGX GDQêFK SRþiWHþQtPL

QiERML �L QDS�WtP� NDSDFLW  uC(0) D SRþiWHþQtPL SURXG\ LQGXNþQRVWPL iL(0) .

9UD"PH VH Q\Qt N QDãHPX S�tSDGX þLVW� KDUPRQLFNêFK ]GURM$ D XYDåXMPH MHGQRGXFKê REYRG

     Obr. 1.5-2

D FKFHPH XUþLW XVWiOHQê SURXG i(t) . Bude-li  Y W 9 W
0

� � FRV= ω   pak podle 2. Kirchhoffova
zákona platí rovnice

/
GL W

GW
5 L W 9 W

0

� �
� � FRV+ ⋅ = ω

Ustálený proud vOLQHiUQtP REYRGX EXGH PtW RS�W KDUPRQLFNê SU$E�K D P$åHPH KR REHFQ�

psát
L W $ W� � FRV� �= ⋅ +ω Φ

FRå MH PRåQp Wpå QDSVDW

L W $ W $ W $ W $ W� � FRV FRV VLQ VLQ FRV VLQ= ⋅ ⋅ − ⋅ ⋅ = +Φ Φω ω ω ω
� �

a dosadíme do diferenciální rovnice a poté provedeme-li derivaci, dostaneme

− ⋅ + ⋅ + ⋅ + ⋅ =$ / W $ / W $ 5 W $ 5 W 9 W
0� � � �

ω ω ω ω ω ω ωVLQ FRV FRV VLQ FRV

WDNåH

− + =$ / $ 5
� �

�ω                   $ / $ 5 9
0� �

ω + =

FRå MVRX GY� URYQLFH SUR QH]QiPp A1  a  A2 D MHMLFK YêSRþWHP GRVWDQHPH

$
5 9

5 /

0

� � � �
=

⋅
+ ω                  $

/ 9

5 /

0

� � � �
=

⋅
+

ω
ω

þLOL

L W
5 9

5 /
W

/ 9

5 /
W0 0� � FRV VLQ=

⋅
+

+
⋅

+� � � � � �ω
ω

ω
ω

ω
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D EXGHPH�OL WR FKWtW S�HYpVW QD WYDU

L W $ W� � FRV� �= ⋅ +ω Φ
XUþtPH� åH

$
5 9

5 /

0⋅ =
⋅

+
FRVΦ

� � �ω                            $
/ 9

5 /

0⋅ =
− ⋅

+
VLQΦ

ω
ω� � �

WDNåH SRG�OtPH�OL

WJ
$

$

/

5
DUFWJ

/

5
Φ

Φ
Φ

Φ=
⋅
⋅

= − ⇒ = −
VLQ

FRV

ω ω

a dále

� FRV � � VLQ �
� � � �

$ $
5 9

5 /

/ 9

5 /
$0 0Φ Φ� �

� �

� � � �

� � �

� � � �

�+ =
+

+
⋅

+
=

ω
ω

ω

$
9 5 /

5 /

9

5 /

0 0=
+

+
=

+

� � � �

� � � �
� � �

� �

� �

ω
ω ω

þLOL NRQHþQp �HãHQt MH

L W
9

5 /
W DUFWJ

/

5

0
� � FRV� �=

+
−

� � �ω
ω

ω

-HGQRGXFKê REYRG D SRP�UQ� ]GORXKDYê YêSRþHW� 1HYêKRGRX MH WR� åH PXVtPH �HãLW

GLIHUHQFLiOQt URYQLFL D KODYQ� QiP VLWXDFL NRPSOLNXMH XåtYiQt JRQLRPHWULFNêFK Y]WDK$�

$E\FKRP VH WRPX Y\KQXOL� XYDåXMPH (XOHU$Y Y]WDK

H
M W

W M W
ω

ω ω= +FRV VLQ                                     ( 1.5.4 )

þLOL

5H FRVH
M W

W
ω

ω






 =                         ,P VLQH

M W
W

ω
ω







 =            ( 1.5.5 )

Vezmeme-li v~YDKX� åH Qiã ]GURM EXGH GRGiYDW � QHUHDOL]RYDWHOQê � VLJQiO

Y W 9 H
M W

0
� � = ⋅

ω
FRå MH Y W 9 W M9 W

0 0
� � FRV VLQ= ⋅ + ⋅ω ω

0$åHPH XYDåRYDW � SURWRåH SODWt SULQFLS VXSHUSR]LFH � � åH

L W , W M, W
0 0

� � FRV� � VLQ� �= ⋅ + + ⋅ +ω ωΦ Φ
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D FHOê YêSRþHW SURYpVW SUR

Y W 9 H
M W

0
� � = ⋅

ω

D QD NRQFL Y]tW SRX]H UHiOQRX þiVW� 3UR VWHMQê S�tSDG MDNR S�HGHãOH WR ]QDPHQi� åH

L W , H
M W

0
� �

� �
= ⋅

+ω Φ

kde neznáme  IM  a  Φ � D SURWR RS�W GRVDGtPH GR GLIHUHQFLiOQt URYQLFH

/
GL

GW
, H

M W
5, H

M W
9 H

M W
0 0 0

⋅
+

+ ⋅
+

= ⋅
� � � �ω ω ωΦ Φ

poté  provedeme derivaci a upravíme rovnici

M /, H
M

5, H
M

9
0 0 0

ω ⋅ + ⋅ =
Φ Φ

       neboli       , H
M 9

5 M /0

0⋅ =
+

Φ
ω

3�HStãHPH�OL WRWR GR SROiUQtKR WYDUX� GRVWiYiPH

, H
M 9

5 /
H
M DUFWJ / 5

0

0⋅ =
+

−Φ
� � �ω

ω� � � ��

a porovnáním

,
9

5 /
0

0=
+� � �ω

                Φ = −DUFWJ
/

5

ω

WDNåH

L W
9

5 /
W DUFWJ

/

5

0� � FRV=
+

−



� � �ω

ω
ω

FRå MH VWHMQê YêVOHGHN MDNR G�tYH�

.RPSOH[Qt þtVOR z = a +jbPRKX Y\]QDþLW Y NRPSOH[Qt URYLQ� � YL] Obr. 1.5-3

5H
�

,P

$ VLQ Θ]

Θ

$ FRV Θ]

$

Obr. 1.5-3

] D ME $ M $ H
M

= + = + = ⋅FRV VLQΘ Θ
Θ
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Bude-li  Θ = ωt � SDN ] MH ÄYHNWRU³ � Ii]RU� RWiþHMtFt VH ~KORYRX U\FKORVWt ω D Y\WYi�HMtFt

VYêP SU$P�WHP GR LPDJLQiUQt RV\ IXQNFL  A sin ωt D SU$P�WHP GR UHiOQp RV\ IXQNFL

A cos ωt � 2EHFQ� QHPXVt SUR þDV W  � SURFKi]HW SU$E�K QXORX � P$åH EêW Ii]RY� SRVXQXW

Obr. 1.5-4
FRå PRKX Y\MiG�LW Y]WDKHP

X W 8 W 8 H
M W

0 0
� � VLQ� � ,P

� �
= + =

+







ω

ω
Φ

Φ

kde

ω π
π

= =�
�

I
7

                                          7
I

=
�

D SRNXG E\FKRP P�OL

X W 8 W 8 H
M W

0 0
� � FRV� � 5H

� �
= + =

+







ω

ω
Φ

Φ

a nazveme-li

8 H
M

8
0 0

⋅ =
Φ

�

P$åHPH SViW

8 W 8 H
M W

0 0
VLQ� � ,P �ω

ω
+ =









Φ               8 W 8 H

M W
0 0
FRV� � 5H �ω

ω
+ =









Φ

�8 H
M W

0

ω
MH ÄYHNWRU³ � Ii]RU RWiþHMtFt VH ~KORYRX U\FKORVWt ω  a vQXORYpP þDVH VYtUi

s reálnou osou úhel φ � .G\E\FKRP XYDåRYDOL REYRG� NWHUê MVPH �HãLOL D NWHUê MH SRSViQ

diferenciální rovnicí

/
GL W

GW
5 L W 9 W

0

� �
� � FRV+ ⋅ = ω

D þDVRYp SU$E�K\ QDKUDGLOL Ii]RU\
�9 H

M W
0

⋅
ω

� P$åHPH SViW

/
G

GW
, H

M W
5, H

M W
9 H

M W
0

� � �⋅ + ⋅ = ⋅
ω ω ω
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M /, 5, 9
0

ω � � �+ =               
�

�

,
9

M / 5

0=
+ω

D RS�W E\FKRP GRVWDOL

L W
9

5 /
W DUFWJ

/

5

0� � FRV=
+

−



� � �ω

ω
ω

9LG�OL MVPH� åH QD OLQHiUQtP UH]LVWRUX MH Y]WDK PH]L SURXGHP D QDS�WtP GiQ DOJHEUDLFNêP

vztahem

,
8

5
=           nebo         8 5 ,= ⋅ þLOL WDNp X W 5 L W� � � �= ⋅        ( 1.5.6 )

3�HGSRNOiGHMPH S$VREHQt NRPSOH[QtKR QDS�Wt 8 H
M W

0

9⋅
+� �ω Φ

 , které vyvolá

komplexní proud   , H
M W

0

L⋅
+� �ω Φ

8 H
M W

H
M

5 , H
M W

H
M

0

9

0

L⋅ ⋅ = ⋅ ⋅ ⋅
ω ωΦ Φ

þLOL

� �8 5 ,= ⋅       ,  kde           
�8 8 H

M
0

9= ⋅
Φ

             �, , H
M

0

L= ⋅
Φ

Aby však rovnice platila, musí být  φv =  φi � FRå ]QDPHQi� åH QDS�Wt D SURXG EXGRX YH Ii]L�
ýDVRY� WR WHG\ EXGH Y\SDGDW

Obr. 1.5-5
)i]RY� WR EXGH Y\SDGDW WDNWR

5H
�

,P

Θ9 ΘL

8P

,P

Obr. 1.5-6
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3R]Q�� )i]RU\ PRKX SViWL Wpå ]MHGQRGXãHQ� WDNWR �

ýDVRYi GRPpQD � $ WFRV� �ω ± Φ                   $ WVLQ� �ω ± Φ

)UHNYHQþQt GRPpQD � $ _± Φ                                $ _± − °Φ ��

3UR SUYN\ W\SX LQGXNWRU D NDSDFLWRU EXGHPH SRW�HERYDW þDVRYRX GHULYDFL D LQWHJUDFL

G

GW
8 H

M W
M 8 H

M W
0 0

� �⋅ = ⋅
ω

ω
ω

a nazvu-li

� �8 H
M W

8
0

⋅ =
ω

                platí               
G8

GW
M 8

�

�= ω

� 1HQt EH]SRGPtQHþQ� QXWQp XYDåRYDW D SRþtWDW V maximální hodnotou  Um � VWHMQ� WDN
P$åHPH SUDFRYDW V hodnotou, která je s  Um SHYQ� VSRMHQi QDS�� V hodnotou efektivní  Uef ;

platí  Um = Uef √2 /

Budeme-li mít lineární kapacitor, pro který platí  q = C⋅u , bude

GT

GW
L W &

GX W

GW
= =� �

� �

þLOL EXGH SODWLW

, H
M W

&
G

GW
8 H

M W
⋅

+
= ⋅

+� � � �ω ωΦ Ψ

, M &8= ω             pro             Ψ Φ=
�

3RGREQ� SUR LQGXNþQRVWL

X W /
GL W

GW/

/
� �

� �
=

8 H
M W

/
G

GW
, H

M W
0 0⋅

+
= ⋅

+� � � �ω ωΦ Ψ

8 M /,0 0= ω              pro               Ψ Φ=
�

8 M /,HI HI⋅ = ⋅� �ω



32

Porovnáme-li naše výsledky s2KPRYêP ]iNRQHP SUR OLQHiUQt SUYN\ � ,  8�5 � � YLGtPH� åH

pro kapacitor platí

,
8

M &
=

� ω                                                 ( 1.5.7 )

D QD]YHPH�OL NRQVWDQWX ~P�UQRVWL LPSHGDQFt� EXGH LPSHGDQFH NDSDFLWRUX URYQD

=
M && =
�

ω                                                  ( 1.5.8 )

V S�tSDG� LQGXNþQRVWL WRPX EXGH SRGREQ�

,
8

M /
=

ω                         = M // = ω                            ( 1.5.9 )

6KU�PH VL QDãH SR]QDWN\

Rezistor
X W 5 L W� � � �= ⋅
L W * X W� � � �= ⋅

8 5 ,= ⋅
, * 8= ⋅ ( 1.5.10 )

Kapacitor
X W

&
L W GW

W

� � � �= ∫
�

�

L W &
GX W

GW
� �

� �
=

8
M &

,=
�

ω

, M &8= ω

( 1.5.11 )

Induktor
X W /

GL W

GW
� �

� �
=

L W
/

X W GW

W

� � � �= ∫
�

�

8 M /,= ω

,
M /

8=
�

ω

( 1.5.12 )

8YDåXMPH RS�W LQGXNWRU ; zde platí

= M /
/

= ω                           8 M /,
/

= ω

� 0iPH�OL GY� NRPSOH[Qt þtVOD

] $ H
M

� �

�=
ϕ

                         ] $ H
M

� �

�=
ϕ

potom

] ] ] $ H
M

$ H
M

$ $ H
M

= ⋅ = ⋅ =
+

� � �

�

�

�

� �

� �
ϕ ϕ ϕ ϕ� �
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v QDãHP S�tSDG� EXGLå

] $ H
M

� �

�=
ϕ

       ] M H
M

�
�

�
= = ⋅

π �
           ] $ H

M
=

+
�

�
�� � �ϕ π

5H
�

,P

�

M

π��

Obr. 1.5-7

Násobení j � LPDJLQiUQt MHGQRWNRX � ]QDPHQi RWiþHQt Y kladném smyslu o úhel  π/2 , a proto
Ii]RURYê GLDJUDP SUR Qiã S�tSDG LQGXNWRUX EXGH Y\SDGDW WDNWR

5H�

,P

,/
8/ Mω/⋅,/

Obr. 1.5-8
a vþDVRYp GRPpQ� SDN WDNWR

Obr. 1.5-9

3URWRåH 1/j  = -j , násobení  -j ]QDPHQi ]SRåG�Qt R π/2 , tedy pro kapacitor musí platit
následující

5H�

,P
,&

8&  �M,& �ω&

Obr. 1.5-10
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a vþDVRYp GRPpQ� SDN

Obr. 1.5-11

1D ]iNODG� S�HGFKR]tKR P$åHPH SViW SUR OLQHiUQt SUYN\�

impedance  U = Z⋅I   nebo  admitance  I = Y⋅U

Rezistor impedance
admitance

Z = R
Y = G

Kapacitor impedance
admitance

Z = 1/jωC
Y = jωC

Induktor impedance
admitance

Z = jωL
Y = 1/jωL

0RKRX QDVWDW GYD S�tSDG\ Y obvodech :

D� 6pULRYp VSRMHQt SUYN$� NWHUp PDMt LPSHGDQFH Z1 Då Zn - všemi však protéká stejný proud -
MHMLFK QDS�Wt VH EXGRX VþtWDW D WHG\

� � � � �8 8 = , , = , =
N N N

N

Q

N

Q

N

Q

= = ⋅ = ⋅ = ⋅
===

∑∑∑
���

kde

= =
N

N

Q

=
=

∑
�

                                                  ( 1.5.13 )

3�tNODG �

Obr. 1.5-12

=
M &

M / 5= + +
�

ω
ω
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E� 3�L SDUDOHOQtP VSRMHQt MH FHONRYê SURXG GiQ VRXþWHP SURXG$ GtOþtFK � þLOL

� � � � �, , 8 < 8 < 8 <
N N N

N

Q

N

Q

N

Q

= = ⋅ = ⋅ = ⋅
===

∑∑∑
���

a tedy

< <
N

N

Q

=
=

∑
�

                                                  ( 1.5.14 )

3�tNODG �

          <
M /

M &
5

= + +
� �

ω
ω

Obr. 1.5-13

2EHFQ� LPSHGDQFH QHER DGPLWDQFH MVRX NRPSOH[Qt D P$åHPH MH Y\MiG�LW �

Z = R + jX    neboli    impedance = rezistance + reaktance

Y = G + jB   neboli    admitance = konduktance + susceptance
   
3�tNODG � 9\SRþW�WH YêVWXSQt QDS�Wt SUR REYRG V RSHUDþQtP ]HVLORYDþHP SRGOH REUi]NX�

8YDåXMWH QiKUDGQt REYRG RSHUDþQtKR ]HVLORYDþH YH WYDUX

Obr. 1.5-14

D GiOH XYDåXMWH� åH  Ri → ∞  ,  R0 → 0  .

Náš obvod má tedy tvar

Obr. 1.5-15
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Náhradní obvod bude

Obr. 1.5-16

[ ]� � � � � �9 9 M &
9

5
9 9 M & 9 $9 M &

6� �

�

�

� � � �
�− + + − + − − =ω ω ω

� �9 9 M &
9

5
− + =

� �

�

�ω                                                9 $ 9
2

= − ⋅

V1 , VS , V ,V0 MVRX Ii]RU\ � 3R YêSRþWX E\FKRP SUR 90 dostali

[ ]9
$ & & 5 5 9

M 5 & 5 & & & 5 5 & & & & $
2

6=
⋅

+ + + + − + +
ω

ω ω

�

� � � �

� � � � � �

�

� � � � � �
� � @ � �

Pokud by  A → ∞ , bylo by    9
&

&
9

2 6
= − ⋅�

�

 .

3�tNODG � 2EYRG QD REUi]NX MH þiVW HNYLYDOHQWQtKR REYRGX WUDQ]LVWRURYpKR ]HVLORYDþH� 8UþHWH

jeho vstupní admitanci

Obr. 1.5-17

1DStãHPH GY� URYQLFH SUR GYD X]O\

− + + − =, M &9 M & 9 9
2� � �

�ω ω � �

M & 9 9 69 9 5
2 2 /

ω
�

�� �− + + =

SR YêSRþWX GRVWDQHPH

<
,

9
M & &

M & 6 M &

M & 5L

/

= = + +
−
+

�

� �

� �

�
�

ω
ω ω

ω
� �

� �
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1.6 9êNRQRYp SRP�U\ Y elektrických obvodech sKDUPRQLFNêPL SU$E�K\

8YDåXMPH MHGQRGXFKê HOHNWULFNê REYRG

      Obr. 1.6-1

3UR XVWiOHQp QDS�Wt D SURXG P$åHPH SViW � REYRG E\O ]DSRMHQ D QDVWDO XVWiOHQê VWDY �

Y W 9 W
0 Y

� � FRV� �= +ω Θ              L W , W
0 L

� � FRV� �= +ω Θ            ( 1.6.1 )

2NDPåLWê YêNRQ MH GiQ

S W 9 , W W
0 0 Y L

� � FRV� � FRV� �= + ⋅ +ω ωΘ Θ
3URWRåH SODWt

[ ]FRV FRV FRV� � FRV� �Φ Φ Φ Φ Φ Φ
� � � � � �

�

�
= − + +

bude

[ ]S W
9 ,

W
0 0

Y L Y L� � FRV� � FRV� �= − + + +
�

�Θ Θ Θ Θω               ( 1.6.2 )

2NDPåLWê YêNRQ Pi GYD þOHQ\� 3UYQt ] QLFK MH NRQVWDQWD QH]iYLVOi QD þDVH� GUXKê þOHQ MH
harmonický s dvojnásobnou frekvencí  2ω .

6W�HGQt YêNRQ P$åHPH QDSVDW

3
7

S W GW
7

9 , W W GW
W

W 7

0 0 Y L

W

W 7

= = + ⋅ +
+ +

∫ ∫
� �

�

�

�

�

� � FRV� � FRV� �ω ωΘ Θ

nebo

[ ]3
9 ,

W GW0 0

Y L Y L

W

W 7

= − + + +
+

∫ �
�

�

�

FRV� � FRV� �Θ Θ Θ Θω

9êSRþWHP GRVWDQHPH

3 9 ,0 0 Y L= −
�

�
FRV� �Θ Θ                                     ( 1.6.3 )

SURWRåH VW�HGQt KRGQRWD ]D SHULRGX ] harmonické funkce je nula.
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3RWRP SUR þLVW� UH]LVWLYQt REYRG� NG\ Θv = Θi , bude

3 9 , 9 , 9 ,0 0 HI HI HI HI= = ⋅ ⋅ ⋅ = ⋅
�

�

�

�
� �                      ( 1.6.4 )

D SUR þLVW� UHDNWLYQt REYRG� NG\ Θv - Θi = + - 90°, je

3 9 ,0 0= ° =
�

�
�� �FRV                                         ( 1.6.5 )

3ULQFLS VXSHUSR]LFH SUR YêNRQ\ REHFQ� QHSODWt D P$åHPH KR XåtW SRX]H Y S�tSDG�� åH ]GURMH
PDMt U$]Qp IUHNYHQFH�

=DMtPi QiV Q\Qt SUREOpP Y]iMHPQpKR Y]WDKX ]GURMH D NRPSOH[Qt ]iW�åH ] hlediska maximálního
S�HQHVHQpKR YêNRQX�
0�MPH REYRG� Y Q�På S$VREt ]GURM V REHFQRX YQLW�Qt LPSHGDQFt =Z D ]iW�å =L � þLOL REYRG

     Obr. 1.6-2
3UR VW�HGQt YêNRQ MVPH GRVWDOL

3 9 ,/ /0 /0 9/ ,/= −
�

�
FRV� �Θ Θ

3URXG D QDS�Wt � MDNR Ii]RU\ � MVRX GiQ\

,
9

= =/

= /

=
+             9

9 =

= =/

/

= /

=
⋅
+

kde
= 5 M;= = == +           = 5 M;/ / /= +

$PSOLWXG\ W�FKWR Ii]RU$ GRVWDQHPH SR YêSRþWX

,
9

5 5 ; ;
/0

0

= / = /

=
+ + +� � � �� �           9

9 5 ;

5 5 ; ;
/0

0 / /

= / = /

=
+

+ + +

� �

� �� � � �

2]QDþtPH�OL ΘVL - ΘIL = ΘL , dostaneme

FRVΘ /

/

/ /

5

5 ;
=

+� �
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a dosadíme-li vše do rovnic pro  PL , dostaneme

3
9 5

5 5 ; ;/

0 /

= / = /

=
+ + +

�

�

�

� �� � � �

Chceme maximalizovat  PL D WRKR GRViKQHPH� XþLQtPH�OL XZ = - XL  , a tím minimalizujeme
jmenovatele. Potom dostáváme

3
9 5

5 5/

0 /

= /

=
+

�

� �� �

a maximum tohoto výrazu nastává pro  RL = RZ . Potom tedy jako podmínku výkonového
S�L]S$VREHQt P$åHPH QDSVDW

= 5 M; 5 M; =/ / / = = == + = − = 

                            ( 1.6.6 )

WR WHG\ ]QDPHQi� åH PD[LPiOQt S�HQRV YêNRQX PH]L ]GURMHP D ]iW�åt QDVWDQH Y S�tSDG�� åH
LPSHGDQFH ]iW�åH EXGH PtW KRGQRWX NRPSOH[Q� VGUXåHQRX N impedanci zdroje.

9UD"PH VH MHãW� MHGQRX NH Y]WDKX SUR VW�HGQt YêNRQ

3 9 , 9 ,0 0 Y L HI HI= − =
�

�
FRV� � FRVΘ Θ Θ

+RGQRW� cos Θ �tNiPH ~þLQtN� KRGQRW� P VW�HGQt YêNRQ � P��tPH MHM YH ZDWWHFK� ]DWtPFR

KRGQRW� VM⋅IM �tNiPH ]GiQOLYê YêNRQ D XGiYiPH MHM YH 9$ �

Bude-li  cos Θ = 1 � EXGRX QDS�Wt D SURXG ]iW�åH YH Ii]L D WR RGSRYtGi þLVW� RKPLFNp

]iW�åL� 1DRSDN Y S�tSDG� cos Θ = 0 � S$MGH R þLVW� UHDNWLYQt ]iW�å � NDSDFLWQtKR QHER
LQGXNWLYQtKR FKDUDNWHUX �� D VW�HGQt YêNRQ EXGH QXORYê� '$OHåLWRVW ~þLQtNX Y\VYLWQH
z QiVOHGXMtFtKR S�tNODGX�

3�tNODG � 0DOê SU$P\VORYê ]iYRG MH QDSiMHQ ]H VtW�� NWHUi Pi RGSRU ���� Ω � QDS�Wt MH ��� Vef.
ÒþLQtN MH ����� � 2EYRG WHG\ Y\SDGi WDNWR

   Obr. 1.6-3

Platí  3 9 ,HI HI= FRVΘ þLOL ,
3

9
$HI

/

HI

= =
⋅
⋅

=
FRV �

�
Θ

�� ��

��� � ���
����

�

Výkon, který musí dodat elektrárna  3 3 , N:6 / HI= + = + ⋅ =� �� �� � �� ��� � ��� �
� �

� � � � .
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.G\E\FKRP Q�MDNêP ]S$VREHP ]YHGOL ~þLQtN QD KRGQRWX ��� � GRVWDOL E\FKRP REGREQ�

Ief = 444,4 A  ,   PS  ����� N: D QDNRQHF NG\E\FKRP P�OL þLVW� RKPLFNRX ]iW�å� E\OR E\

Ief  ��� $ � ]WUiW\ QD S�tYRGHFK ���� N: D HOHNWUiUQD E\ PXVHOD GRGiYDW ����� N: �

Kdybychom namísto se sítí  220 Vef pracovali za jinak stejných podmínek se sítí  480 Vef ,

dostali bychom pro cos Θ = 0,707 ,  Ief = 259,3 A   a   PS = 93,38 kW   a pro cos Θ = 0,9 ,
Ief = 203,7 A   a    PS = 91,32 kW .

Z WRKRWR S�tNODGX SO\QH� åH ] G$YRGX ]WUiW YH YHGHQtFK VtW� MH YêKRGQp SUDFRYDW V ~þLQtNHP

EOtåtFtP VH N MHGQRWFH D VH Vt"RYêP QDS�WtP FR PRåQi QHMY\ããtP� 2ERMt WRWLå XUþXMt RGHEtUDQê

SURXG� %�åQi ]iW�å SU$P\VORYêFK SRGQLN$ Pi FKDUDNWHU RKPLFNp ]iW�åH V LQGXNWLYQt VORåNRX

�HOHNWULFNp PRWRU\ � � 3URWR SURXG WRXWR ]iW�åt EXGH

,
9

5 M;

9

=
,

/

/ / / =/

/ =/=
°

+
= = −

_

_
_

�

Θ
Θ

3�LSRMtPH�OL N WpWR ]iW�åL NDSDFLWRU SRGOH Obr. 1.6-4 , bude jeho proud

,
9

M;
, &9&

&

&=
°

−
= ° = ⋅ °

_
_ _

�
�� ��ω

Obr. 1.6-4

Celkový proud je dán   IT = IC + IL D MH WHG\ PRåQp WtPWR ]S$VREHP RYOiGDW YHOLNRVW cos Θ.

Komplexní výkon je definován jako

      � � �

6 9 ,HI HI= ⋅                                                 ( 1.6.7 )

kde  Ief
*

MH KRGQRWD NRPSOH[Q� VGUXåHQi N KRGQRW�  Ief � WR MHVW MHVWOLåH
�, , M,HI 5 ,= +  ,

potom    �

, , M,HI 5 ,= − D NRPSOH[Qt YêNRQ P$åH EêW Y\MiG�HQ YH WYDUX

�

� �
6 9 , H

M
HI HI

9 ,= ⋅
−Θ Θ

                                ( 1.6.8 )

D UR]HStãHPH�OL QD UHiOQRX D LPDJLQiUQt þiVW

3 9 ,HI HI 9 ,= −FRV� �Θ Θ           4 9 ,HI HI 9 ,= −VLQ� �Θ Θ          ( 1.6.9 )

kde  P S�HGVWDYXMH UHiOQê VW�HGQt YêNRQ� ]DWtPFR  Q  je imaginární - jalový výkon
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�6 3 M4= +                                              ( 1.6.10 )
3URWRåH LPSHGDQFL PRKX SViW REHFQ�

�

� �
�=

9

,
H
M

= H
M

= H
M

0

0

9 ,

0

= ==
−

= =
Θ Θ Θ Θ

platí

FRV� �
5H� �

�

Θ Θ9 ,

=

=
− =               VLQ� �

,P� �

�

Θ Θ9 ,

=

=
− =

5H�

,P

_=_ VLQ Θ]

Θ9 � ΘL  Θ]

_=_ FRV Θ]

Obr. 1.6-5

a dále

� �=
9

,
H
M 9

,
H
M

= H
M

0

0

= HI

HI

= == = =
Θ Θ Θ

þLOL

,
9

=
HI

HI=
�

a proto bude

3 9 , , =
=

=
, =HI HI 9 , HI HI= − = =FRV� � �

5H� ��

�

5H� ��Θ Θ � �

       ( 1.6.11 )

2EGREQ�

4 , =HI= � ,P� ��                                            ( 1.6.12 )

Proto tedy

6 3 M4 , =HI= + = ⋅�

                                     ( 1.6.13 )

1.7 3�HQRV D IUHNYHQþQt FKDUDNWHULVWLN\ OLQHiUQtFK REYRG$

ýDVWR QiV EXGH ]DMtPDW� MDN VH EXGH GDQê HOHNWULFNê OLQHiUQt REYRG FKRYDW Y jistém pásmu
IUHNYHQFt� $E\FKRP WRWR PRKOL SRVRXGLW� ]DYHGHPH IUHNYHQþQt FKDUDNWHULVWLN\� 0�MPH
elektrický obvod s jedním párem vstupních svorek a jedním párem svorek výstupních.
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Obr. 1.7-1

Abychom se vyhnuli stálému psaní  jω � ]DYH�PH jω ≡ s � SRWRP QD YVWXSX EXGH S$VRELW

V1⋅est  a na výstupu bude V2⋅est. .  V1  a V2  jsou fázory .

2EHFQ� QD YVWXSX EXGHPH PtW YHOLþLQX  X1⋅est , kde X1 EXGH EX�  V1  nebo  I1 D WRWpå

bude na výstupu  X2⋅est  a  X2 EXGH EX� V2  nebo  I2 � 3RWRP SRP�U

+ V

; H

VW

; H
VW

;

;
� �

�

�

�

�

= =
�

�

�

�

                                           ( 1.7.1 )

QD]YHPH S�HQRVHP QHER S�HQRVRYRX IXQNFt� 0RKRX H[LVWRYDW þW\�L W\S\

�� �
� � �

� � �
= V

9 V

, V
= �

�

              
�� �

� � �

� � �
< V

, V

9 V
= �

�

                             ( 1.7.2 )

D GY� ]EêYDMtFt IXQNFH MVRX EH]UR]P�UQp

� � �
� � �

� � �
* V

9 V

9 V
9

= �

�

          
� � �

� � �

� � �
* V

, V

, V
L

= �

�

                            ( 1.7.3 )

3RVOHGQt GY� IXQNFH VH QD]êYDMt QDS�"RYê D SURXGRYê S�HQRV�

3�tNODG � 8UþHWH S�HQRVRYRX DGPLWDQFL D QDS�"RYê S�HQRV SUR REYRG SRGOH REUi]NX

Obr. 1.7-2

� � � � � � � �5 V/ , V V/, V 9 V
� � � �

+ − =           9 V , V 5
� � �
� � � �= ⋅

− + + + =V/, V 5 V/ V& , V
� � �

� �� � � � � �

9\SRþWHPH

, V
V/9 V

5 V/ 5 V/ V& V /�

�

� �

� ��
� �

� �
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=

+ + + −
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a potom

< V
, V

9 V

/&V

5 5 /&V / 5 5 & V 5
� �

� �
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= =
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5 5 /&V / 5 5 & V 5
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� �

� �
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� �

�

� � �

2EHFQ� MVRX S�HQRVRYp IXQNFH Y\MiG�HQ\ MDNR SRGtO GYRX SRO\QRP$ Y  s� 3URWRåH KRGQRW\

REYRGRYêFK SUYN$ MVRX UHiOQi þtVOD� MVRX NRHILFLHQW\ SRO\QRP$ RS�W þtVOD UHiOQi� 0$åHPH

proto psát

� � �
� �

� �
+ V

1 V

' V

D V D V D V D

E V E V E V E

P

P

P

P

Q

Q

Q

Q
= =

+ + + +
+ + + +

−
−

−
−

�

�

� �

�

�

� �

�

�
                 ( 1.7.4 )

7XWR URYQLFL P$åHPH SViW Wpå YH WYDUX

� � �
� �� � � �

� �� � � �
+ V .

V ] V ] V ]

V S V S V S

P

Q

=
− − −
− − −�

� �

� �

��

��
                         ( 1.7.5 )

kde  K0 je konstanta , z1, z2, ..., zm  jsou tzv. nuly þLOL NR�HQ\ URYQLFH  N(s) = 0   
a   p1, p2 ,..., pn  jsou póly þLOL NR�HQ\ URYQLFH  D(s) = 0 .

3yO\ D QXO\ PRKRX EêW UHiOQp QHER NRPSOH[Q� VGUXåHQp GYRMLFH� 8YLGtPH Y GDOãtP� åH

SyO\ D QXO\ PDMt XUþXMtFt YOLY QD YODVWQRVWL OLQHiUQtFK REYRG$ D åH QD ]iNODG� ]QDORVWL MHMLFK

polohy vNRPSOH[Qt URYLQ� P$åHPH XUþLW FKRYiQt REYRGX�

σ

Mω

S� 3�




S�

Obr. 1.7-3

H(s) MH IXQNFH NRPSOH[Qt SURP�QQp s D P$åHPH ML Y S�tSDG� GV(s)  psát

* V * M $ H
M

9 9
� � � � � �

� �
= = ⋅ω ω

ϕ ω
                        ( 1.7.6 )

kde A(ω) XUþXMH DPSOLWXGX VLJQiOX QD YêVWXSX � KDUPRQLFNê VLJQiO V IUHNYHQFt ω / a nazýváme

ji proto amplitudová charakteristika. ϕ(ω) XUþXMH Ii]L D QD]êYiPH ML Ii]RYi FKDUDNWHULVWLND�
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3�tNODG DPSOLWXGRYp D Ii]RYp FKDUDNWHULVWLN\ Q�MDNpKR OLQHiUQtKR HOHNWURQLFNpKR REYRGX MH QD

obrázku.

   

Obr. 1.7-4

1D W�FKWR FKDUDNWHULVWLNiFK VL SRYãLPQ�PH Q�NROLND Y�Ft� 3URWRåH IUHNYHQFH � MHMLFK UR]VDK� YH

NWHUpP QiV W\WR FKDUDNWHULVWLN\ ]DMtPDMt ]DXMtPDMt þDVWR Q�NROLN �iG$� Y\QiãtPH IUHNYHQFH

v ORJDULWPLFNpP P��tWNX � QD IUHNYHQþQt RVH QHQDMGHPH SURWR QXOX � �

$PSOLWXGRYi FKDUDNWHULVWLND VH P$åH SRK\ERYDW RS�W Y ãLURNpP UR]PH]t Q�NROLND �iG$� 3URWR

VH Wpå Y\Qiãt ORJDULWPLFN\� SUDNWLFN\ WR ]QDPHQi� åH QDS��

� � �
� � �

� � �
� �

� �
* V

9 V

9 V V M
$ H

L
9

=
=

= ⋅�

�
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ω
ϕ ω

    ⇒        $
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HI

HI

� �ω = =�

�

�

�

     ( 1.7.7 )

a proto vynášíme  A(ω)  v GHFLEHOHFK� 3�L WRP SODWt

$
G%

9

9

,

,
� � ORJ ORJω = ⋅ = ⋅�� ���

�

�

�

                          ( 1.7.8 )

WR ]QDPHQi� åH SRP�UX V2/V1 = �� RGSRYtGi �� G%� 1iVOHGXMtFt WDEXOND XYiGt S�HYRG\
SRP�U$ QD GHFLEHO\ �

V2/V1 1/100 1/10 1 10 100 1000 10000

dB -40 -20 0 20 40 60 80

V S�tSDG� Ii]RYêFK FKDUDNWHULVWLN MVRX UR]VDK\ SRGVWDWQ� Xåãt D SURWR Y\VWDþtPH V lineární
stupnicí.
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ýDVWR VH VWiYi� åH Y\VWDþtPH V informací o tom, v jakém rozsahu frekvencí dodává náš obvod
QHMY�Wãt YêNRQ� =D WtP ~þHOHP GHILQXMHPH MDNR PH]Qt IUHNYHQFH � GROQt fd  a horní  fh /
IUHNYHQFH� S�L QLFKå GRGiYDQê YêNRQ NOHVi QD SRORYLQX�

3URWRåH SODWt 3 8 5 , 5= =� � ]QDPHQi WR� åH QDS�Wt QHER SURXG QD W�FKWR IUHNYHQFtFK

klesá na 8 �  nebo , � � 3URWRåH SRP�U QDS�Wt � � � � ���= � RGSRYtGi YHOPL S�LEOLåQ�

KRGQRW� � � G% � GHILQXMHPH WDNp PH]Qt IUHNYHQFH WDN� åH MVRX WR IUHNYHQFH� QD QLFKå

amplitudová charakteristika klesá o 3 dB .
Amplitudová a fázová charakteristika nám tedy dávají názorný obrázek, jak se daný

elektrický obvod chová vS�tSDG� þLVW� KDUPRQLFNpKR VLJQiOX� 1HGiYDMt QiP DOH RGSRY��

v S�tSDGHFK� NG\ VLJQiO QHEXGH PtW KDUPRQLFNê FKDUDNWHU QHER GRNRQFH NG\å S$MGH R VLJQiO\

LPSXOVQtKR FKDUDNWHUX� 3URWRåH N WRPX EXGHPH SRW�HERYDW GDOãt SR]QDWN\ ] matematiky a
WHRULH REYRG$� SRQHFKHMPH W\WR SDUWLH QD SR]G�Mãt GREX D REUD"PH VYRML SR]RUQRVW

k SRORYRGLþRYêP SUYN$P�


