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St¥idavy proud Uvod R, C, L

Analyza linedrnich obvodi se stfidavym proudem (AC)

Stfidavé napéti (ustdleny stav):

u(t) = Asin(wt + )

A je amplituda [V]
w je uhlova frekvence [rad/s] (w = 2xf)
¢ je fazovy posuv v [rad] nebo stupnich [°] (27 rad = 360°)

P¥iklad pro f = 1Hz, riiznd amplituda a faze

u(t) [V]
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St¥idavy proud Uvod R, C, L dB Fazory RC

Zakladni pojmy

Ustdleny stav (steady state)

Periodicky signal s periodou T [s]:

u(t+ T) = u(t)

Amplituda A [V] je maximalni napéti (nebo proud)
Frekvence f [Hz,s™1]: f=+

Uhlova frekvence w = 2rf [rad/s]

Fazovy posuv ¢ [rad] nebo [°] (27rad = 360°)
Efektivni hodnota nap&ti (RMS) U = -

V2
Priklad: U =230V = A= UsVv2 =325V

P¥iklady: oscildtory, modulace (CW, AM, FM, QAM)
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Rezistor — rovnice a ptiklad FeSeni

I'R R
UR o—p——  }——00

Rovnice (Ohmiv zakon):

ur(t) = Rir(t)
Regeni pro ug(t) = sin(wt):

in(t) = %UR(t) - %sin(wt)

Napéti a proud na odporu jsou ve fazi.
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St¥idavy proud Uvod R, C,L dB Fdzory RC RLC Zavér

Rezistor — napéti a proud pro R =2Q, w =1

u V], i[A]
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St¥idavy proud Uvod R, C,L dB Fazor

Kondenzator — rovnice a pfiklad feSeni

Uco—'»—H—oO
(Rovnice: .

Ic

Rovnice:

. duc(t)
t)=C———— 0)=0
IC( ) dt ’ UC( )
Regeni pro napéti uc(t) = sin(wt):
ic(t) = Cw cos(wt) = Cw sin(wt + g)

Napéti a proud na kondenzatoru nejsou ve fazi.
Proud " pfedbihd” napéti, fazovy posun je ¢ = 7 = 90°.
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St¥idavy proud Uvod R, C,L dB Fdzory RC RLC Zavér

Kondenzator — napéti a proud prow =1a C = 1F

u V], i[A]
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St¥idavy proud Uvod R, C,L dB Fazor

Civka — rovnice a priklad feSeni

di (t) o
w(t)=L=2~",  i(0)=0

~

Regeni pro proud i (t) = sin(wt):
ur(t) = Lwcos(wt) = Lw sin(wt + g)

Napéti a proud na civce nejsou ve fazi.
Napéti " ptedbihd” proud, fazovy posun je ¢ = T = 90°.
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St¥idavy proud Uvod R, C, L dB Fazory

Civka — napéti a proud prow =1a L =1H

ulV] i TA

=== (1)
_UL(t)
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Poznamky

P¥ehled

Rezistor: proud i napéti ve fazi
Kondenzator: proud predbiha napéti o 90°
Civka: napéti predbiha proud o 90°

o Prtiklady: simulace

@ Test znalosti: nakreslete pfedchozi obrazky pro w =2
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Reaktance

Odpor R:
Ur
R _ R
Ir
Kapacitni reaktance Xc:
Uc 1
_— = X =
IC < wC
Induktivni reaktance X;:
U
LoX =wL

n
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Zavislost reaktance na frekvenci
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Reaktance — logaritmické soutadnice
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St¥idavy proud Uvod R, C, L dB

Reaktance kondenzator( a civek — vybér

108 UL L B L AL DL IR LLL B LLL B
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Jednotka decibel

Pomérova jednotka decibel — definice:
@ Pomé&r vykonu: G, = 10/og(%) [dB]
([dBm] pro Py = 1mW)
@ Pomér napéti: G, = 20/og(%i) [dB]
(nap¥. pro U; = 0.775V)

e P¥ikladl: Nap&tové zesileni zesilovate (zisk)
G =g =100000 = G, =100dB
o Priklad2: Utlum kabelu G = {# =0.01 = G, = —40dB
o Ptiklad3: Odstup signdl/Sum (SNR=Signal to Noise Ratio)
G= e =1000 = SNR =60dB

noise

o Prikladd: G =2 = G, ~6dB
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Stfidavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Vyjéd¥eni amplitudy i faze vektorem / komplexnim &islem:

Im

Re

A2+ (B =|CI?
Poznamky: Operace + — */, poldrni soufadnice
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Stfidavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Fazor napéti

Komplexni vyjadfeni amplitudy a faze stfidavého napéti
(Pozor: j je jiné oznaleni pro imagindrni jednotku 1)

u(t) = AdWHH) = A(cos(wt + @) + j sin(wt + )
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Impedance

Impedance je komplexni &islo vyjadfujici i fazovy posuv

Impedance idedIniho rezistoru
Zr =R

Impedance idedIniho kondenzatoru

-1 _ i
Zc_ij_ wC

Impedance idedlni civky

Z = jwl
Poznamky:
@ Reaktance je imaginarni ¢ast impedance.

@ Ohmiv zdkon plati i pro impedanci: U =2Z1I
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St¥idavy proud

Uvod R, C,L dB Fdzory RC RLC Zavér

Impedance R, L, C — fazory

Im
(2, = jwl
0 Zze =R Re
Zc=—L
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Integraéni RC ¢&lanek

Impedance RC &lanku: Zgrc = R + NLC —R— WJT
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St¥idavy proud Uvod R, C, 3 Fazory RC RLC Zavér

Integraéni RC &lanek — odvozeni prenosu

@ UvaZujeme pouze amplitudy napéti U a proudu /

@ Znime: Ugr=RI, Uc=Xcl =1

@ Z trojuhelniku napéti (viz obrdzek) a Pythagorovy véty
/

U? = (RI? + (—)?
2= (R + ()

vypocteme velikost proudu

I S
R2+ (Je)?
a vystupni napéti

/ U
Uh=Uc=—=——n—
wC (WRC)2 +1

5 C o~ Uy 1
Q Ptenos signdlu: G = @2 = (wRC)2+1
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St¥idavy proud Uvo R, C, L dB Fazory RC RLC Zavér

Integraéni RC ¢&lanek

P¥enos signalu:

U> 1
G=—=—
U1 (WRC)?2 +1
Faze:
RI
0 = —tan! (Z’S) = —tan ! <Xcl> == —tan }(wRC)

Mezni frekvence (G, = —3dB, plati Ug = Uc¢):

o
0~ RC

1
f0_27rRC
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Integraéni RC &lanek — frekvenéni charakteristika

P¥enos integratniho RC (R = 1009, C = 1uF)
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Bode plot — frekvenéni charakteristika

P¥enos integratniho RC (R = 1009, C = 1uF)
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St¥idavy proud

Uvod R, C,L dB Fazory RC RLC Zavér

Integraéni RC &lanek — fazovy posuv vy — w»

Faze integratniho RC (R = 1009, C = 1uF)
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St¥idavy proud dB Fézory RC RLC Zavér

Derivaéni RC ¢lanek

C
U10—| us
R
Oo ® o ()

Impedance RC &lanku: Zrc = R+ 2z = R— 2
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Derivaéni RC ¢lanek

P¥enos:

Faze:

U 1
= tan (UR> tan <wRC>

Mezni frekvence (Ug = Uc):

_ 1
“ = Re
1
£ =
0 2mRC
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Derivaéni RC ¢lanek — frekvenéni charakteristika

PY¥enos derivagéniho RC (R = 10082, C = 1uF)
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Derivaéni RC ¢lanek — fazovy posuv u; — wp

Faze integratniho RC (R = 1009, C = 1uF)
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St¥idavy proud Uvod R, C,L dB Fazory

Sériovy RLC obvod

ity R L €
u(t) o——F—— b——0

Rovnice
u(t) = ur(t) + u(t) + uc(t)

i(t) = ir(t) = i(t) = ic(t)

Impedance:
/= ZR —+ ZL + ZC

g

Z =R+ jwl —
+Jw oC
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St¥idavy proud Uvod R, C, dB Fézory RC RLC Zavér

Sériovy RLC: fazory

UrLc
Im /
UL
R
L
Uc
UrLc Cc

UR T
0 / Re 0
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Uvod R, C,L dB Fazory RC RLC Zavér

St¥idavy proud

Rezonance sériového RLC

Impedance RLC:  Z = R + jwl — wJT

Podminka rezonance:

1
w,C

wrl =

Z toho vypocteme rezonanéni frekvenci:

nebo po lpravé:
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zavér

Frekven¢ni zavislost impedance sériového RLC

Sériovy RLC (R = 1Q,L = 10uH,C = 1nF)
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St¥idavy proud Uvod R, C,L dB Fazory RC RLC Zav&r

Poznamky

o (Paralelni RLC)
e P¥iklady RC, RL, RLC: simulace
@ Pouziti RC, RL, RLC ¢lankii:

o Blokovaci a vazebni kondenzétory (RC)
o Filtry:

dolni propust (low-pass),
@ horni propust (high-pass),
@ pasmova propust (band-pass)
o pasmova zddrz (band-stop)
® Vykon (&inny,jalovy)
Cmny vykon: P = Re(U1*) = Uef lof cos()
Uginnik (Power Factor): cos(p) (fazovy posun proud—napéti)
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