
Sťŕıdavý proud
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Analýza lineárńıch obvodů se sťŕıdavým proudem (AC)

Sťŕıdavé napět́ı (ustálený stav):

u(t) = A sin(ωt + φ)

A je amplituda [V ], ω je úhlová frekvence [rad/s] (ω = 2πf )
φ je fázový posuv v [rad ] nebo stupńıch [◦] (2π rad = 360◦)

Př́ıklad pro f = 1Hz , r̊uzná amplituda a fáze
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Základńı pojmy

Ustálený stav (anglicky: steady state)

Periodický signál s periodou T [s]:

u(t + T ) = u(t)

Amplituda A [V ] je maximálńı napět́ı (peak voltage)

Frekvence f = 1
T [Hz , s−1]

Úhlová frekvence ω = 2πf [rad/s]

Fázový posuv φ [rad ] nebo [◦] (2π rad = 360◦)

Efektivńı hodnota napět́ı (RMS) Uef = A√
2

Př́ıklad: Uef = 230V ⇒ A = Uef

√
2 = 325V

Poznámky: oscilátory, signály, modulace (CW, AM, FM, QAM, ...)
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Rezistor — rovnice a p̌ŕıklad řešeńı

uR
iR R

0

Rovnice (Ohmův zákon):

uR(t) = R iR(t)

Řešeńı po p̌ripojeńı zdroje napět́ı uR(t) = UR sin(ωt) :

iR(t) =
1

R
uR(t) =

UR

R
sin(ωt) = IR sin(ωt)

Pro amplitudu plat́ı: IR = UR
R .

Napět́ı a proud na odporu jsou ve fázi.
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Rezistor — napět́ı a proud pro UR = 1V , R = 2Ω, ω = 1
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Kondenzátor — rovnice a p̌ŕıklad řešeńı

uC
iC

C

0

Rovnice:

iC (t) = C
duC (t)

dt
, uC (0) = 0

Řešeńı po p̌ripojeńı na zdroj napět́ı uC (t) = UC sin(ωt) :

iC (t) = C UC ω cos(ωt) = C UC ω sin(ωt +
π

2
) = IC sin(ωt +

π

2
)

Pro amplitudu plat́ı: IC = UC ω C . Napět́ı a proud nejsou ve fázi, proud
”p̌redb́ıhá” napět́ı. Fázový posun je φ = π

2 = 90◦.
Matematika:

d sin(kx)
dx

= k cos(kx)
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Kondenzátor — napět́ı a proud pro UC = 1V , ω = 1 a C = 1F
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Ćıvka — rovnice a p̌ŕıklad řešeńı

uL
iL L

0

Rovnice:

uL(t) = L
diL(t)

dt
, iL(0) = 0

Řešeńı po p̌ripojeńı na zdroj proudu iL(t) = IL sin(ωt) :

uL(t) = L IL ω cos(ωt) = L IL ω sin(ωt +
π

2
) = UL sin(ωt +

π

2
)

Pro amplitudu plat́ı: UL = IL ω L. Napět́ı a proud nejsou ve fázi, napět́ı
”p̌redb́ıhá” proud. Fázový posun je φ = π

2 = 90◦.
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Ćıvka — napět́ı a proud pro IL = 1A, ω = 1 a L = 1H
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Poznámky

Shrnut́ı

Rezistor: proud i napět́ı ve fázi

Kondenzátor: proud p̌redb́ıhá napět́ı o 90◦

Ćıvka: napět́ı p̌redb́ıhá proud o 90◦

Př́ıklady: viz simulace

Test znalost́ı: nakreslete p̌redchoźı obrázky pro ω = 2

Test znalost́ı: nakreslete obrázky pro amplitudu 2

Poznámka: Ćıvkou i kondenzátorem teče proud i p̌ri nulovém napět́ı.
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Reaktance

Reaktanci vypočteme jako poměr amplitud napět́ı a proudu:

Odpor:

R =
UR

IR

Kapacitńı reaktance:

XC =
UC

IC
=

1

ωC

Induktivńı reaktance:

XL =
UL

IL
= ωL
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Závislost reaktance na frekvenci
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Reaktance — logaritmické soǔradnice
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Reaktance ideálńıch kondenzátor̊u a ćıvek — p̌ŕıklady
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Jednotka decibel

Poměrová jednotka decibel — definice:

Poměr výkonu: Gp = 10log(P2
P1
) [dB]

([dBm] pro referenčńı výkon P1 = 1mW )

Poměr napět́ı: Gu = 20log(U2
U1
) [dB]

(nap̌r. pro referenčńı napět́ı U1 = 0.775V ; odpov́ıdá 1mW na 600Ω)

Př́ıklad1: Napět’ové ześıleńı zesilovače (zisk)
G = U2

U1
= 10000 ⇒ Gu = 80dB

Př́ıklad2: Útlum kabelu G = U2
U1

= 0.01 ⇒ Gu = −40dB

Př́ıklad3: Odstup signál/šum (SNR=Signal to Noise Ratio)

G =
Usig

Unoise
= 1000 ⇒ SNR = 60dB

Př́ıklad4: G = 2 ⇒ Gu ≈ 6dB

Signál ze sondy Voyager 1, rok 2017: -160 dBm
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Fázory

Fázor: vyjáďreńı amplitudy i fáze vektorem / komplexńım č́ıslem:

Re

Im

0 A

B

C

|A|2 + |B|2 = |C |2

Poznámky: polárńı soǔradnice, komplexńı č́ısla, operace +− ∗ /
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Fázor napět́ı

Komplexńı vyjáďreńı amplitudy A i fáze φ sťŕıdavého napět́ı
(Pozor: j je jiné označeńı pro imaginárńı jednotku i)

u(t) = Ae j(ωt+φ) = A(cos(ωt + φ) + j sin(ωt + φ))

Re

Im

0

p̌ŕıklad pro A = 1

cos(φ)

j sin(φ)

φ
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Impedance

Impedance je komplexńı č́ıslo vyjaďruj́ıćı amplitudu i fázový posuv

Impedance ideálńıho rezistoru

ZR = R

Impedance ideálńıho kondenzátoru

ZC = 1
jωC = − j

ωC

Impedance ideálńı ćıvky

ZL = jωL

Poznámky:

Ohmův zákon plat́ı i pro impedanci: U = Z I

Reaktance kondenzátoru(ćıvky) je absloutńı hodnota ZC(ZL).
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Impedance R, L, C — fázory

Re

Im

0 ZR = R

ZL = jωL

ZC = − j
ωC
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Integračńı RC článek

u1
R

u2

C

0 0

Impedance RC článku: ZRC = R + 1
jωC = R − j

ωC

Re

Im

0

UR

U2 = UC

U1

θ

Úkol: nakreslete fázor proudu
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Integračńı RC článek — odvozeńı p̌renosu

1 Uvažujeme pouze amplitudy napět́ı U a proudu I
2 Známe: UR = RI , UC = XC I =

I
ωC

3 Z trojúhelńıku napět́ı (viz obrázek) a Pythagorovy věty

U2
1 = (RI )2 + (

I

ωC
)2

vypočteme velikost proudu

I =
U1√

R2 + ( 1
ωC )

2

a výstupńı napět́ı

U2 = UC =
I

ωC
=

U1√
(ωRC )2 + 1

4 Přenos signálu: G = U2
U1

= 1√
(ωRC)2+1
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Integračńı RC článek — pokračováńı

Přenos signálu:

G =
U2

U1
=

1√
(ωRC )2 + 1

Fáze:

θ = −tan−1

(
UR

UC

)
= −tan−1

(
RI

XC I

)
= −tan−1(ωRC )

Mezńı frekvence (pro UR = UC plat́ı Gu = −3dB, θ = −45◦):

ω0 =
1

RC
f0 =

1

2πRC
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Integračńı RC článek — frekvenčńı charakteristika
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Bode plot — frekvenčńı charakteristika
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Integračńı RC článek — fázový posuv u1 → u2
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Derivačńı RC článek

u1

C

u2

R

0 0

Impedance RC článku: ZRC = R + 1
jωC = R − j

ωC

Re

Im

0

U2 = UR

UC

U1

φ
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Derivačńı RC článek

Přenos:

G =
U2

U1
=

1√
1 + 1

(ωRC)2

Fáze:

φ = tan−1

(
UC

UR

)
= tan−1

(
1

ωRC

)
Mezńı frekvence (plat́ı UR = UC ):

ω0 =
1

RC
f0 =

1

2πRC
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Derivačńı RC článek — frekvenčńı charakteristika
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Derivačńı RC článek — fázový posuv u1 → u2

101 102 103 104 105 106 107

0

45

90

f [Hz ]

φ
[◦
]
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Sériový RLC obvod

u(t)
i(t) R L C

0

Rovnice:
u(t) = uR(t) + uL(t) + uC (t)

i(t) = iR(t) = iL(t) = iC (t)

Impedance:
Z = ZR + ZL + ZC

Z = R + jωL− j

ωC
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Sériový RLC obvod — fázory

Re

Im

0

UR

I

UL

UC

URLC

URLC

I

R

L

C

0
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Rezonance sériového RLC

Impedance RLC: Z = R + jωL− j
ωC

Podḿınka rezonance — imaginárńı část Z je nulová, proto muśı platit:

ωrL =
1

ωrC

Z toho vypočteme rezonančńı frekvenci:

ωr =
1√
LC

a po úpravě:

fr =
1

2π
√
LC
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Frekvenčńı závislost impedance sériového RLC
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Poznámky

Existuje také paralelńı LC obvod

Př́ıklady RC, RL, RLC: viz simulace

Použit́ı RC, RL, RLC článk̊u:

Zesilovače: blokovaćı a vazebńı kondenzátory
Filtry: (r̊uzné topologie: Π, T, ...)

dolńı propust (low-pass),
horńı propust (high-pass),
pásmová propust (band-pass)
pásmová zádrž (band-stop)

Parazitńı indukčnosti, kapacity, odpory u reálných součástek
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Výkon v obvodu se sťŕıdavým proudem

Okamžitý výkon:

p(t) = u(t)i(t) = Uef Ief (cos(φ)− cos(2ωt + φ)) [W ]

může být záporný, frekvence 2ω
φ = fázový posun proud–napět́ı
Uef = U√

2
= 0.707U je efektivńı napět́ı

Zdánlivý výkon: S = Uef Ief [VA]

Jalový výkon: Q = Uef Ief sin(φ) [var ]

Činný výkon: P = 1
T

∫ T
0 p(t)dt = Uef Ief cos(φ) [W ]

Účinńık (Power Factor): cos(φ)

Plat́ı Pythagorova věta: S2 = P2 + Q2

Poznámka: Kompenzace účinńıku (Power Factor Correction, PFC)
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Fourierova řada

Fourierova řada rozkládá periodickou funkci na součet harmonických
složek:

f (t) =
1

2
a0 +

∞∑
n=1

ancos(n t) +
∞∑
n=1

bnsin(n t)

Výpočet koeficient̊u an, bn viz literatura

Nap̌r. pro obdélńıkový signál s periodou T plat́ı:

f (t) =
4

π

∞∑
n=1,3,5,...

1

n
sin

(n2πt
T

)
viz následuj́ıćı obrázek

Literatura: mathworld.wolfram.com
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Př́ıklad Fourierovy řady

Př́ıklad pro obdélńıkový signál, A = 1, ω = 1

2 4 6

−1

1

t

y signál
1. harmonická
1.+3. harm.
1.+3.+5.
1.+3.+5.+7.
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Poznámky

Fourierova transformace — p̌revod časového pr̊uběhu na spektrum

Spektrum signálu vyjaďruje jaké frekvence jsou p̌ŕıtomny

Zpětná Fourierova transformace — p̌revod spektra na časový pr̊uběh

Př́ıklady použit́ı:

audio kodeky (MP3, AAC, Opus, ... ),
analýza a zpracováńı signál̊u,
SDR (Software-Defined Radio)
...

Poznámky:
- Proč obdélńıkové signály — nap̌r. logické — ruš́ı analog

- Algoritmus FFT — rychlá Fourierova transformace
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Sťŕıdavý proud Úvod R, C, L dB Fázory RC RLC Výkon Fourier Závěr

Shrnut́ı

Sťŕıdavé napět́ı a proud

Frekvence, amplituda a fáze signálu

Reaktance, impedance, fázový posun

Fázorové diagramy

Frekvenčńı analýza obvodů RC a RLC

Výkon

Fourierova řada

...

Proč je dobré znát tyto základy
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