
Elektronika pro informačńı technologie
Teorie obvod̊u

Sb́ırka př́ıklad̊u
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I. Ustálený stejnosměrný stav

1. Ohmův zákon

R

UR

I

UR = R · I
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2. I. K.z. ∑ I = 0 (proudový)
(Proudy tekoućı z uzlu bereme s kladným znaménkem, proudy tekoućı do uzlu se
záporným znaménkem.)

I1

I2

I3

I1 + I2 − I3 = 0

Pozn. Na přednášce jsme si uváděli jinou konvenci - proudy tekoućı z uzlu bereme se
záporným znaménkem, proudy tekoućı do uzlu s kladným znaménkem (výše uvedenou
rovnici přenásob́ıme -1).
−I1 − I2 + I3 = 0

Obě rovnice splňuj́ı I. K.z. ∑ I = 0
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3. II. K.z. ∑U = 0 (napět’ový)
Napět́ı (úbytky na rezistorech, napět́ı zdroj̊u), jejichž č́ıtaj́ıćı šipka má směr, souhlaśıćı
se směrem oběhu kolem smyčky, bereme s kladným znaménkem, ostatńı napět́ı se
záporným znaménkem.

R1

R3 R2

Ui1 Ui2UR3 UR2

UR1

Ui1 + UR3 − Ui2 − UR2 − UR1 = 0
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1.1 Základńı zákony elektrických obvod̊u - jejich aplikace

Př.1.1: Určete proud IV dvou paralelně řazených např. chemických zdroj̊u el. energie
(nový a starš́ı) Ri1 = 0, 8Ω, Ri2 = 1, 2Ω, Ui1 = 1, 6V, Ui2 = 1, 45V

Ri1 Ri2

Ui1 Ui2

IV

U

Ri1IV + Ri2IV + Ui2 − Ui1 = 0
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Ri1 Ri2

Ui1 Ui2

IV

U

IV =
Ui1 − Ui2
Ri1 + Ri2

=
1, 6− 1, 45

0, 8 + 1, 2
= 0, 075A 1

1Paralelně řazené články jsou naprázdno a přesto uvnitř baterie teče proud. Proto v tomto zapojeńı nelze spojovat
nové a staré články.
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Př.1.2: Určete svorkové napět́ı zdroj̊u U1 a U2. Srovnejte napět́ı naprázdno a svorkové.
Vnitřńı odpor Ri1 = 0, 8Ω, Ri2 = 4Ω, vnitřńı napět́ı Ui1 = 1, 6V, Ui2 = 1, 2V .

a) RZ = 5Ω
b) RZ = 3Ω

RZ

Ri1 Ri2

Ui1 Ui2

U1 U2

I

RZI − Ui1 + Ri1I − Ui2 + Ri2I = 0
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a) RZ = 5Ω

RZ

Ri1 Ri2

Ui1 Ui2

U1 U2

I

Ia =
Ui1 + Ui2

Ri1 + Ri2 + RZ
=

1, 6 + 1, 2

0, 8 + 4 + 5
= 0, 2857A

U1a = Ui1 −Ri1Ia = 1, 6− 0, 8 · 0, 2857 = 1, 371V

U2a = Ui2 −Ri2Ia = 1, 2− 4 · 0, 2857 = 0, 05714V
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b) RZ = 3Ω

RZ

Ri1 Ri2

Ui1 Ui2

U1 U2

I

Ib =
Ui1 + Ui2

Ri1 + Ri2 + RZ
=

1, 6 + 1, 2

0, 8 + 4 + 3
= 0, 359A

U1b = Ui1 −Ri1Ib = 1, 6− 0, 8 · 0, 359 = 1, 313V

U2b = Ui2 −Ri2Ib = 1, 2− 4 · 0, 359 = −0, 2359V
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Př.1.3: Určete R3 tak, aby Uab = 20V . R1 = 5Ω, R2 = 10Ω, U1 = 10V, U2 = 20V,
U3 = 30V

R1 R2 R3

U1 U2 U3

a

b
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1) Zdroje napět́ı v serii s odporem převedeme na ekvivalentńı proudové zdroje.

R1 R2 R3

U1 U2 U3

a

b

G1 G2 G3
I1 I2 I3

a

b

I1 =
U1

R1
=

10

5
= 2A

I2 =
U2

R2
=

20

10
= 2A

I3 =
U3

R3
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R1 R2 R3

U1 U2 U3

a

b

G1 G2 G3
I1 I2 I3

a

b

G1 =
1

R1
=

1

5
= 0, 2S

G2 =
1

R2
=

1

10
= 0, 1S

G3 =
1

R3
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2) Celková vodivost:

G1 G2 G3
I1 I2 I3

a

b

G = G1 + G2 + G3 = 0, 2 + 0, 1 + G3 = 0, 3 + G3
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3) Rovnice podle I. KZ

GI1 I2 I3

I

a

b

U

I1 + I2 + I3 − I = 0

2 + 2 + 30G3 − 20(0, 2 + 0, 1 + G3) = 0

10G3 = 2

G3 = 0, 2S

R3 = 5Ω
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Př.1.4: Určete napět́ı U . R1 = 9Ω, R2 = 15Ω, U1 = 70V, U2 = 50V

R1 R2

U1 U2

I

U

R1I + R2I − U2 − U1 = 0

9I + 15I − 50− 70 = 0

24I = 120

I = 5A

U = R2I − U2 = 15 · 5− 50 = 25V
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1.2 Metody pro speciálńı př́ıpady

Př.2.1: Určete U4 a) metodou zjednodušováńı, b) metodou úměrných veličin.
U1 = 10V,R1 = 20Ω, R2 = 100Ω, R3 = R4 = 50Ω

1

0

R1 R3

R2 R4
U1 U4

I1

I2

I4

U10

2

2Oč́ıslujeme uzly: 0 , 1
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a) metoda zjednodušováńı

1

0

R1

R2 R34
U1

I1

I2

I4

U10

R34 = R3 + R4 = 50 + 50 = 100Ω
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1

0

R1

R234
U1

I1

U10

R234 =
R2 ·R34

R2 + R34
=

100 · 100

100 + 100
= 50Ω
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R1234

U1

I1

R1234 = R1 + R234 = 20 + 50 = 70Ω

I1 =
U1

R1234
=

10

70
= 0, 1429A
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1

0

R1 R3

R2 R4
U1 U4

I1

I2

I4

U10

U10 = U1 −R1I1 = 10− 20 · 0, 1429 = 7, 143V

U4 = R4
U10

R3 + R4
= 50 · 7, 143

50 + 50
= 3, 571V
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b) metoda úměrných veličin

1

0

R1 R3

R2 R4
U1 U4

I1

I2

I4

U10

Voĺıme U•
4

= 50V

I•
4

=
U•

4

R4
=

50

50
= 1A
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1

0

R1 R3

R2 R4
U1 U4

I1

I2

I4

U10

U •
10

= (R3 + R4)I•
4

= (50 + 50) · 1 = 100V

I•
2

=
U •

10

R2
=

100

100
= 1A

I•
1

= I•
2

+ I•
4

= 1 + 1 = 2A

22



1

0

R1 R3

R2 R4
U1 U4

I1

I2

I4

U10

U•
1

= U •
10

+ R1I•
1

= 100 + 20 · 2 = 140V

k =
U1

U•
1

=
10

140
= 0, 07143

U4 = kU•
4

= 0, 07143 · 50 = 3, 571V
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Př.2.2: Určete proudy obvodu: U = 10V,R1 = R3 = 3kΩ, R2 = 13kΩ, R4 = 2kΩ
R5 = 4kΩ

a) metodou zjednodušováńı
b) metodou úměrných veličin.

1 2

0

R1 R3

R2 R4 R5
U

I1

I2

I3

I4 I5

U10 U20
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a) metoda zjednodušováńı

1

0

R1 R3

R2 R45
U

I1

I2

I3

U10

R45 =
R4 ·R5

R4 + R5
=

2000 · 4000

2000 + 4000
= 1, 3333kΩ
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1

0

R1

R2 R345
U

I1

I2

I3

U10

R345 = R3 + R45 = 3000 + 1333, 3 = 4, 333kΩ
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R1

R2345
U

I1

R2345 =
R2 ·R345

R2 + R345
=

13000 · 4333

13000 + 4333
= 3, 25kΩ
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R12345
U

I1

R12345 = R1 + R2345 = 3000 + 3250 = 6, 25kΩ

I1 =
U

R12345
=

10

6250
= 1, 6mA

28



1

0

R1

R2 R345
U

I1

I2

I3

U10

U10 = U −R1I1 = 10− 3000 · 0, 0016 = 5, 2V

I2 =
U10

R2
=

5, 2

13000
= 0, 4mA

−I1 + I2 + I3 = 0⇒ I3 = I1 − I2 = 1, 6− 0, 4 = 1, 2mA
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1 2

0

R1 R3

R2 R4 R5
U

I1

I2

I3

I4 I5

U10 U20

U20 = U10 −R3I3 = 5, 2− 3000 · 0, 0012 = 1, 6V

I4 =
U20

R4
=

1, 6

2000
= 0, 8mA

I5 =
U20

R5
=

1, 6

4000
= 0, 4mA
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b) metoda úměrných veličin

1 2

0

R1 R3

R2 R4 R5
U

I1

I2

I3

I4 I5

U10 U20

Voĺıme I•
5

= 1mA

U •
20

= R5I•
5

= 4000 · 0, 001 = 4V
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1 2

0

R1 R3

R2 R4 R5
U

I1

I2

I3

I4 I5

U10 U20

I•
4

=
U •

20

R4
=

4

2000
= 2mA

−I•
3

+ I•
4

+ I•
5

= 0⇒ I•
3

= I•
4

+ I•
5

= 0, 002 + 0, 001 = 3mA
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1 2

0

R1 R3

R2 R4 R5
U

I1

I2

I3

I4 I5

U10 U20

U •
10

= U •
20

+ R3I•
3

= 4 + 3000 · 0, 003 = 13V

I•
2

=
U •

10

R2
=

13

13000
= 1mA
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1 2

0

R1 R3

R2 R4 R5
U

I1

I2

I3

I4 I5

U10 U20

−I•
1

+ I•
2

+ I•
3

= 0⇒ I•
1

= I•
2

+ I•
3

= 0, 001 + 0, 003 = 4mA

U• = U •
10

+ R1I•
1

= 13 + 3000 · 0, 004 = 25V

k =
U

U•
=

10

25
= 0, 4
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I1 = kI•
1

= 0, 4 · 0, 004 = 1, 6mA

I2 = kI•
2

= 0, 4 · 0, 001 = 0, 4mA

I3 = kI•
3

= 0, 4 · 0, 003 = 1, 2mA

I4 = kI•
4

= 0, 4 · 0, 002 = 0, 8mA

I5 = kI•
5

= 0, 4 · 0, 001 = 0, 4mA
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Př.2.3: Určete proudy obvodu: U = 10V,R1 = R3 = 3kΩ, R2 = 13kΩ, R4 = 2kΩ

a) metodou zjednodušováńı
b) metodou úměrných veličin.

R1

R3

R2

R4
U

I1

I3 I4
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a) metoda zjednodušováńı

R14

R3

R2

U

I1

I3 I4

R14 = R1 + R4 = 3000 + 2000 = 5kΩ
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R134

R2

U

I1

R134 =
R3 ·R14

R3 + R14
=

3000 · 5000

3000 + 5000
= 1, 875kΩ
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R1234
U

I1

R1234 = R134 + R2 = 1875 + 13000 = 14, 875kΩ

I1 =
U

R1234
=

10

14875
= 0, 6723mA
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R1

R3

R2

R4
U

I1

I3 I4

UR3 = U −R2I1 = 10− 13000 · 0, 6723 · 10−3 = 1, 26V

I3 =
UR3

R3
=

1, 26

3000
= 0, 42mA
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R1

R3

R2

R4
U

I1

I3 I4

I1 − I3 − I4 = 0⇒ I4 = I1 − I3 = 0, 6723 · 10−3 − 0, 42 · 10−3 = 0, 252mA
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b) metoda úměrných veličin

R1

R3

R2

R4
U

I1

I3 I4

Voĺıme I•
4

= 1mA 3

U •
R3

= (R1 + R4)I•
4

= (3000 + 2000) · 0, 001 = 5V

3Jestliže provedeme typ tohoto proudu s velkou chybou, neńı to na závadu, koeficienty budou úměrně větš́ı.
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R1

R3

R2

R4
U

I1

I3 I4

I•
3

=
U •
R3

R3
=

5

3000
= 1, 67mA

I•
1
− I•

3
− I•

4
= 0⇒ I•

1
= I•

3
+ I•

4
= 0, 00167 + 0, 001 = 2, 67mA
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R1

R3

R2

R4
U

I1

I3 I4

U• = U •
R3

+ R2I•
1

= 5 + 13000 · 0, 00267 = 39, 71V

k =
U

U•
=

10

39, 71
.= 0, 25
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I1 = kI•
1

= 0, 25 · 0, 00266 = 0, 6723mA

I3 = kI•
3

= 0, 25 · 0, 00166 = 0, 42mA

I4 = kI•
4

= 0, 25 · 0, 001 = 0, 252mA
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Př.2.4: Metodou zjednodušováńı a úměrných veličin určete všechny proudy obvodu.
U = 48V,R1 = 2Ω, R2 = 30Ω, R3 = 40Ω, R4 = 10Ω, R5 = 20Ω

R1

R2 R3 R4

R5
U

I2

I3 I4

I1

I5
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a) metoda zjednodušováńı

R1

R2 R34

R5
U

I2

I1

I5

R34 =
R3 ·R4

R3 + R4
=

40 · 10

40 + 10
= 8Ω
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R1

R234

R5
U

I2

I1

I5

R234 = R2 + R34 = 30 + 8 = 38Ω
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R1

R2345
U

I1

R2345 =
R234 ·R5

R234 + R5
=

38 · 20

38 + 20
= 13, 1Ω
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R12345
U

I1

R12345 = R1 + R2345 = 2 + 13, 1 = 15, 1Ω

I1 =
U

R12345
=

48

15, 1
= 3, 178A
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R1

R234

R5
U

I2

I1

I5

UR5 = U −R1I1 = 48− 2 · 3, 178 = 41, 64V

I5 =
UR5

R5
=

41, 46

20
= 2, 082A

I1 − I2 − I5 = 0⇒ I2 = I1 − I5 = 3, 178− 2, 082 = 1, 096A
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R1

R2 R3 R4

R5
U

I2

I3 I4

I1

I5

UR3 = U −R1I1 −R2I2 = 48− 2 · 3, 178− 30 · 1, 096 = 8, 764V

I3 =
UR3

R3
=

8, 764

40
= 0, 219A

I4 =
UR3

R4
=

8, 764

10
= 0, 877A
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b) metoda úměrných veličin

R1

R2 R3 R4

R5
U

I2

I3 I4

I1

I5

Voĺıme I•
4

= 1A

U •
R4

= R4I4 = 10 · 1 = 10V

I•
3

=
U •
R4

R4
=

10

40
= 0, 25A
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R1

R2 R3 R4

R5
U

I2

I3 I4

I1

I5

I•
2
− I•

3
− I•

4
= 0⇒ I•

2
= I•

3
+ I•

4
= 0, 25 + 1 = 1, 25A

U •
R5

= U •
R4

+ R2I•
2

= 10 + 30 · 1, 25 = 47, 5V

I•
5

=
U •
R5

R5
=

47, 5

20
= 2, 375A
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R1

R2 R3 R4

R5
U

I2

I3 I4

I1

I5

I•
1
− I•

2
− I•

5
= 0⇒ I•

1
= I•

2
+ I•

5
= 1, 25 + 2, 375 = 3, 625A

U• = R1I•
1

+ R5I•
5

= 2 · 3, 625 + 20 · 2, 375 = 54, 75V

k =
U

U•
=

10

54, 75
= 0, 8767
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I1 = kI•
1

= 0, 8767 · 3, 625 = 3, 178A

I2 = kI•
2

= 0, 8767 · 1, 25 = 1, 096A

I3 = kI•
3

= 0, 8767 · 0, 25 = 0, 219A

I4 = kI•
4

= 0, 8767 · 1 = 0, 8767A

I5 = kI•
5

= 0, 8767 · 2, 375 = 2, 082A
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Př.2.5: Proudy řešte superpozićı. U1 = 6V, U2 = 18V,R1 = 10Ω, R2 = 20Ω, R3 = 15Ω

1

0

R1 R2

R3
U2U1

I1 I2

I3
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1

0

R1 R2

R3
U1

I‘1 I‘2

I‘3

R23 =
R2 ·R3

R2 + R3
=

20 · 15

20 + 15
= 8, 571Ω

R123 = R1 + R23 = 10 + 8, 571 = 18, 571Ω

I ‘1 =
U1

R123
=

6

18, 571
= 0, 3231A

U ‘01 = U1 −R1I ‘1 = 6− 10 · 0, 3231 = 2, 769V

I ‘3 =
U ‘10

R3
=

2, 769

15
= 0, 1846A

I ‘2 = −U ‘10

R2
= −2, 769

20
= −0, 1385A
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1

0

R1 R2

R3
U2

I”1 I”2

I”3

R13 =
R1 ·R3

R1 + R3
=

10 · 15

10 + 15
= 6Ω

R123 = R2 + R13 = 20 + 6 = 26Ω

I“2 =
U2

R123
=

18

26
= 0, 6923A

U“01 = U2 −R2I“2 = 18− 20 · 0, 6923 = 4, 1538V

I“3 =
U“10

R3
=

4, 1538

15
= 0, 2769A

I“1 = −U“10

R1
= −4, 1538

10
= −0, 4153A
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1

0

R1 R2

R3
U1

I‘1 I‘2

I‘3

1

0

R1 R2

R3
U2

I”1 I”2

I”3

I1 = I ‘1 + I“1 = 0, 3231− 0, 4153 = −0, 0923A

I2 = I ‘2 + I“2 = −0, 1385 + 0, 6923 = 0, 5538A

I3 = I ‘3 + I“3 = 0, 1846 + 0, 2769 = 0, 4615A
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1.3 Univerzálńı metody

Př.3.1: Obvod řešte aplikaćı Kirchhoffových zákon̊u. U1 = 6V, U2 = 18V,R1 = 10Ω,
R2 = 20Ω, R3 = 15Ω

1

0

R1 R2

R3
U2U1

I1 I2

I3

−I1 − I2 + I3 = 0

R1I1 + R3I3 − U1 = 0

R2I2 + R3I3 − U2 = 0


−1 −1 1
R1 0 R3

0 R2 R3

 ·

I1

I2

I3

 =


0
U1

U2



−1 −1 1
10 0 15
0 20 15

 ·

I1

I2

I3

 =


0
6
18



I1 = −0, 09231A

I2 = 0, 5538A

I3 = 0, 4615A
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Př.3.2: Obvod popǐste pomoćı K.z.

1

2

3

R1

R2

R3

R4

RG

U

I

I1

I2

I3

I4

IG

Nezávislé smyčky s = 3,
nezávislé uzly n = 3.

I.K.z. : I − I1 − I3 = 0
I1 − I2 − IG = 0
−I + I2 + I4 = 0

II.K.z. : R1I1 + RGIG −R3I3 = 0
R2I2 −R4I4 −RGIG = 0
R3I3 + R4I4 − U = 0
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

−1 0 −1 0 0 1
1 −1 0 0 −1 0
0 1 0 1 0 −1
R1 0 −R3 0 RG 0
0 R2 0 −R4 −RG 0
0 0 R3 R4 0 0



·



I1

I2

I3

I4

IG
I



=



0
0
0
0
0
U



4

4Popis obvodu podle K.z. vede zřejmě na velké množstv́ı rovnic, proto často použ́ıváme MSP nebo MUN.
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Př.3.3: Řešte metodou smyčkových proud̊u. U1 = 6V, U2 = 18V,R1 = 10Ω,
R2 = 20Ω, R3 = 15Ω

II.K.z.5:

R1 R2

R3
U2U1

I1 I2

I3

Is1 Is2

R1Is1 + R3(Is1 − Is2)− U1 = 0

R2Is2 + R3(Is2 − Is1) + U2 = 0 R1 + R3 −R3

−R3 R2 + R3

 ·
 Is1
Is2

 =

 U1

−U2


 25 −15
−15 35

 ·
 Is1
Is2

 =

 6
−18


Is1 = −0, 09231A Is2 = −0, 5538A

I1 = Is1 = −0, 09231A

I2 = −Is2 = 0, 5538A

I3 = Is1 − Is2 = −0, 09231 + 0, 5538 = 0, 4615A

5Soustavu rovnic pro MSP lze zapsat př́ımo v maticovém tvaru: R · Is = U . Prvky hlavńı diagonály odporové matice
jsou dány součtem rezistor̊u př́ıslušné smyčky. Při souhlasném smyslu smyčkových proud̊u jsou pak ostatńı prvky určené
záporně vzatou hodnotou rezistor̊u společných větv́ı.
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Př.3.4: MSP určete proudy obvodu. U = 2V,R1 = R3 = 20Ω, R2 = 40Ω, R4 = 10Ω,
RG = 25Ω

R1 R2

RG

R3 R4

U

I1

I2

I3 I4

I

Is1 Is2

Is3


R1 + RG + R3 −RG −R3

−RG R2 + R4 + RG −R4

−R3 −R4 R3 + R4

 ·

Is1
Is2
Is3

 =


0
0
U




65 −25 −20
−25 75 −10
−20 −10 30

 ·

Is1
Is2
Is3

 =


0
0
2



Is1 = 0, 04321A Is2 = 0, 0284A Is3 = 0, 1049A

I1 = Is1 = 0, 04321A

I2 = Is2 = 0, 0284A

I3 = Is3 − Is1 = 0, 1049− 0, 04321 = 0, 06169A

I4 = Is3 − Is2 = 0, 1049− 0, 0284 = 0, 0765A

IG = Is1 − Is2 = 0, 04321− 0, 0284 = 0, 01481A

I = Is3 = 0, 1049A
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Př.3.5: MSP určete proudy obvodu. U1 = 5V, U2 = 7V,R1 = 7, 5Ω, R2 = 2, 5Ω,
R3 = 5Ω, R4 = 2Ω, R5 = 25Ω

R1 R2

R3

R4 R5

U1 U2

I1

I2

I3I4 I5

Is1 Is2Is3


R1 + R4 0 −R4

0 R2 + R5 −R5

−R4 −R5 R3 + R4 + R5

 ·

Is1
Is2
Is3

 =


U1

−U2

0




9, 5 0 −2
0 27, 5 −25
−2 −25 32

 ·

Is1
Is2
Is3

 =


5
−7
0



Is1 = 0, 4A Is2 = −0, 8A Is3 = −0, 6A

I1 = Is1 = 0, 4A

I2 = −Is3 = 0, 6A

I3 = −Is2 = 0, 8A

I4 = Is1 − Is3 = 0, 4 + 0, 6 = 1A

I5 = Is3 − Is2 = −0, 6 + 0, 8 = 0, 2A
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Př.3.6: MSP určete proudy obvodu. U1 = 110V, U2 = 15V, U3 = 90V,R1 = 500Ω,
R2 = 300Ω, R3 = 500Ω, R4 = 1000Ω, R5 = 200Ω, R6 = 700Ω

R1

R2

R3

R4

R5R6

U1

U2

U3

I1

I2

I3

I4

I5
I6

Is1

Is2 Is3

67




R1 + R3 + R4 −R1 −R4

−R1 R1 + R5 + R6 −R5

−R4 −R5 R2 + R4 + R5

 ·

Is1
Is2
Is3

 =


U3 − U1

U1

U2




2000 −500 −1000
−500 1400 −200
−1000 −200 1500

 ·

Is1
Is2
Is3

 =


−20
110
15



Is1 = 0, 04A Is2 = 0, 1A Is3 = 0, 05A

I1 = Is2 + Is1 = 0, 1− 0, 04 = 0, 06A

I2 = Is3 = 0, 05A I3 = Is1 = 0, 04A

I4 = Is3 − Is1 = 0, 05− 0, 04 = 0, 01A

I5 = Is2 − Is3 = 0, 1− 0, 05 = 0, 05A

I6 = Is2 = 0, 1A
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Př.3.7: MSP určete proudy obvodu. U1 = 100V, U2 = 30V, U3 = 10V, U4 = 6V,
R1 = 10Ω, R2 = 10Ω, R3 = 15Ω, R4 = 6Ω, R5 = 5Ω

R1

R2

R3R4R5

U1

U2 U3

U4

I1

I2 I3

I4

I5
I6

Is1

Is2

Is3
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
R2 + R4 + R5 −R4 −R2

−R4 R3 + R4 0
−R2 0 R1 + R2

 ·

Is1
Is2
Is3

 =


U2 − U4

U3 − U4

U1 − U2 − U3




21 −6 −10
−6 21 0
−10 0 20

 ·

Is1
Is2
Is3

 =


24
16
60



Is1 = 4, 1A Is2 = 1, 933A Is3 = 5, 05A

I1 = Is3 = 5, 05A

I2 = Is3 − Is1 = 0, 95A

I3 = Is3 − Is2 = 3, 1167A

I4 = Is1 − Is2 = 2, 167A

I5 = Is2 = 4, 1A

I6 = Is2 = 1, 933A
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Př.3.8: MSP určete proudy obvodu a také výkony dodávané zdroji a spotřebované
rezistory. U1 = 8V, U2 = 8V,R1 = 22Ω, R2 = 5Ω, R3 = 16Ω, R4 = 15Ω, R5 = 9Ω,
R6 = 14Ω

R1 R2

R3

R4 R5

R6

U1 U2

I1
I2

I3

I4 I5

I6

Is1 Is2

Is3
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
R1 + R4 + R6 −R6 −R4

−R6 R2 + R5 + R6 −R5

−R4 −R5 R3 + R4 + R5

 ·

Is1
Is2
Is3

 =


U1

U2

0




46 −14 −15
−14 28 −9
−15 −9 40

 ·

Is1
Is2
Is3

 =


8
8
0



Is1 = 3, 9556A Is2 = 0, 57259A Is3 = 0, 27716A

I1 = Is3 = 0, 39556A

I2 = Is2 = 0, 57259A

I3 = −Is3 = −0, 27716A

I4 = Is1 − Is3 = 0, 11839A

I5 = Is2 − Is3 = 0, 2954A

I6 = Is2 − Is1 = 0, 177A
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PR1 = R1I
2
1 = 3, 443W

PR2 = R2I
2
2 = 1, 639W

PR3 = R3I
2
3 = 1, 229W

PR4 = R4I
2
4 = 0, 2103W

PR5 = R5I
2
5 = 0, 7854W

PR6 = R6I
2
6 = 0, 4386W

P =
6∑
i=1
PRi = 7, 745W

P1 = U1I1 = 3, 165V A

P2 = U2I2 = 4.581V A

P =
2∑
i=1
Pi = 7, 745W
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Př.3.9: MSP určete proudy obvodu. U1 = 35V, U2 = 11V,R1 = 5kΩ, R2 = 3kΩ,
R3 = 2kΩ, R4 = 5kΩ, R5 = 1kΩ, R6 = 0, 5kΩ

R1 R2

R3 R4

R5

R6

U1

U2

I1

I2

I3 I4

I6

Is1 Is2

Is3
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
R1 + R3 + R5 −R5 −R3

−R5 R2 + R4 + R5 −R4

−R3 −R4 R3 + R4 + R6

 ·

Is1
Is2
Is3

 =


−U2

U2

U1




8000 −1000 −2000
−1000 9000 −5000
−2000 −5000 7500

 ·

Is1
Is2
Is3

 =


−11
11
35



Is1 = 1, 917mA Is2 = 6, 848mA Is3 = 9, 743mA

I1 = Is1 = 1, 917mA

I2 = Is2 = 6, 848mA

I3 = Is1 − Is3 = −7, 826mA

I4 = Is2 − Is3 = −2, 895mA

I5 = Is2 − Is1 = 4, 93132116mA

I6 = Is3 = 9, 743mA
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Př.4.1: Obvod řešte MUN. U1 = 6V, U2 = 18V,R1 = 10Ω, R2 = 20Ω, R3 = 15Ω

1

0

R1 R2

R3
U2U1

I1 I2

I3

→

1

0

G1 G2 G3

IZ1 IZ2

U10

G1 = 0, 1S; G2 = 0, 05S; G3 = 0, 06667S

IZ1 =
U1

R1
=

6

10
= 0, 6A IZ2 =

U2

R2
=

18

20
= 0, 6A

I.K.z. : −IZ1 − IZ2 + G1U10 + G2U10 + G3U10 = 0

U10 =
IZ1 + IZ2

G1 + G2 + G3
=

0, 6 + 0, 9

0, 1 + 0, 05 + 0, 06667
= 6, 923V
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I1 = IZ1 −G1U10 = 0, 6− 0, 1 · 6, 923 = −0, 0923A

I2 = IZ2 −G2U10 = 0, 9− 0, 05 · 6, 923 = 0, 5539A

I3 = G3U10 = 0, 06667 · 6, 923 = 0, 4616A
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Př.4.2: Určete proudy větv́ı obvodu z obrázku pomoćı MUN. U1 = 5V, U2 = 10V,
R1 = 2kΩ, R2 = 2kΩ, R3 = 5kΩ, R4 = 3kΩ, R5 = 1kΩ

1 2

0

R1 R2 R3

R4 R5
U2U1

I1

I2
I3

I4 I5

↓
1 2

0

G1 G4 G3G5

G2

IZ1 IZ2

U10 U20
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IZ1 =
U1

R1
=

5

2000
= 2, 5mA

IZ2 =
U2

R2
=

10

2000
= 0, 6A

−IZ1 + (G1 + G4)U10 + G2(U10 − U20) = 0

−IZ2 + (G3 + G5)U20 + G2(U20 − U10) = 0

(G1 + G4 + G2)U10 −G2U20 = IZ1

−G2U10 + (G3 + G5 + G2)U20 = IZ2

 G1 + G2 + G4 −G2

−G2 G2 + G3 + G5

 ·
 U10

U20

 =

 IZ1

IZ2


 1, 3 · 10−3 −5 · 10−4

−5 · 10−4 1, 7 · 10−3

 ·
 U10

U20

 =

 2, 5 · 10−3

2 · 10−3



U10 = 2, 6033V U20 = 1, 9421V
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I1 = G1(U1 − U10) = 5 · 10−4 · (5− 2, 6033) = 1, 1983mA

I2 = G2(U20 − U10) = 5 · 10−4 · (1, 9421− 2, 6033) = −3, 306mA

I3 = G3(U2 − U20) = 2 · 10−4 · (10− 1, 9421) = 1, 6116mA

I4 = G4U10 = 0, 3 · 10−3 · 2, 6033 = 0, 8678mA

I5 = G5U20 = 10−3 · 1, 9421 = 1, 9421mA
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Př.4.3: Určete napět́ı U1 a U2 pomoćı MUN. UA = 20V, UB = 15V, I = 1, 5A,
R1 = R2 = 20Ω, R3 = R4 = 40Ω

R1

R2

R3

R4

UA

UB

I

U1 U2

→
1 2

0

G1 G2 G4

G3

IA IB

U10 U20

I

IA =
UA
R1

=
20

20
= 1A IB =

UB
R4

=
15

40
= 0, 375A

Rovnice je možné psát př́ımo v maticovém tvaru6: G · U = I .

6Na hlavńı diagonále matice jsou vlastńı vodivosti uzl̊u, tedy suma vodivost́ı k uzlu připojených. Mimo hlavńı diagonálu
je záporně vzatý součet vodivost́ı větv́ı spojuj́ıćıch př́ıslušné uzly.
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 G1 + G2 + G3 −G3

−G3 G3 + G4

 ·
 U10

U20

 =

 −IA − I
I + IB


 0, 125 −0, 025
−0, 025 0, 05

 ·
 U10

U20

 =

 −2, 5
1, 875



U10 = −13, 8V

U20 = 30, 5V
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Př.4.4: Určete napět́ı U1 a U2 pomoćı MUN. UA = 20V, UB = 15V, I = 1, 5A,
R1 = R2 = 20Ω, R3 = R4 = 40Ω

R1

R2

R3

R4

UB

UA

I

U1 U2

→

1 2

0

G1

G2

G3 G4

IZ1

IZ2I U10 U20
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IZ1 =
UA
R2

=
20

20
= 1A

IZ2 =
UB
R4

=
15

40
= 0, 375A

 G1 + G2 −G2

−G2 G2 + G3 + G4

 ·
 U10

U20

 =

 IZ1 − I
−IZ1 − IZ2


 0, 1 −0, 05
−0, 05 0, 1

 ·
 U10

U20

 =

 −0, 5
−1, 375



U10 = −15, 83V

U20 = −21, 6V
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Př.4.5: Určete napět́ı U1 a U2 pomoćı MUN. UA = 5V, UB = 10V, I = 2mA,
R1 = R2 = 2, 2kΩ, R3 = 5, 6kΩ, R4 = 3, 3kΩ, R5 = 1kΩ

R1

R2

R3

R4

R5

UB

UA

I

U1 U2

→ 1 2

0

G1

G2

G3

G4 G5

IZ1

IZ2I U10 U20
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IZ1 =
UA
R2

=
5

2200
= 2, 27mA

IZ2 =
UB
R5

=
10

1000
= 10mA

 G1 + G2 + G3 −G2 −G3

−G2 −G3 G2 + G3 + G4 + G5

 ·
 U10

U20

 =

 I + IZ1

−IZ1 − IZ2


 1, 0877 · 10−3 −6, 3312 · 10−3

−6, 3312 · 10−3 1, 9361 · 10−3

 ·
 U10

U20

 =

 4, 27 · 10−3

−0, 01227



U10 = 0, 2947V

U20 = −6, 2423V
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Př.4.6: Určete napět́ı U1 a U2 pomoćı MUN. UA = 15V, UB = 10V, I = 2, 5mA,
R1 = R2 = 2, 2kΩ, R3 = 5, 6kΩ, R4 = 2, 7kΩ, R5 = 1kΩ

R1

R2

R3

R4

R5

UA

UB

I

U1 U2

1 2

0

G1

G3

G4

G2 G5

IZ2

IIZ1 U10 U20
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IZ1 =
UA
R2

=
15

2200
= 6, 81mA

IZ2 =
UB
R5

=
10

1000
= 10mA

 G1 + G2 + G3 + G4 −G3 −G4

−G3 −G4 G3 + G4 + G5

 ·
 U10

U20

 =

 −IZ1 − IZ2

I + IZ2


 1, 4580 · 10−3 −5, 4894 · 10−3

−5, 4894 · 10−3 1, 5489 · 10−3

 ·
 U10

U20

 =

 −8, 6039 · 10−3

−4, 2857 · 10−3



U10 = −5, 5057V

U20 = −0, 7796V
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Př.4.7: Proudy obvodu určete pomoćı MUN. U1 = 12V, U2 = 16V, IZ = 3mA,
R1 = 1kΩ, R2 = 2kΩ, R3 = 1kΩ, R4 = 5kΩ, R5 = 4kΩ, R6 = 2kΩ

R1 R6 R2

R4 R5

R3

U2U1

I1

I6
I2

I4 I5

I3

IZ

1 2

30

G1 G4

G6

G5 G2

G3I1

I2

IZ

U10

U20

U30
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IZ1 =
U1

R1
=

12

1000
= 12mA

IZ2 =
U2

R2
=

16

2000
= 8mA


G1 + G4 + G6 −G6 0
−G6 G2 + G5 + G6 −G2 −G5

0 −G2 −G5 G2 + G3 + G5

 ·

U10

U20

U30

 =


I1

I2

IZ + I2




1, 7 · 10−3 −5 · 10−4 0
−5 · 10−4 1, 25 · 10−3 −7, 5 · 10−4

0 −7, 5 · 10−4 1, 75 · 10−3

 ·

U10

U20

U30

 =


12 · 10−3

8 · 10−3

−5 · 10−3



U10 = 7, 6953V

U20 = 2, 1641V

U20 = −1, 9297V

90



I4 =
U10

R4
=

7, 6953

5000
= 1, 5391mA

I5 =
U20

R5
=

2, 1641

4000
= 5, 4102mA

I3 =
U30

R3
=
−1, 9297

1000
= −1, 9297mA

I2 = I5 + I3 + IZ =

= 5, 4102 · 10−3 − 1, 9297 · 10−3 + 3 · 10−3 = 6, 4805mA

I1 = I4 − I3 − IZ =

= 1, 5391 · 10−3 + 1, 9297 · 10−3 − 3 · 10−3 = 0, 4688mA

I6 = I2 − I5 = 6, 4805 · 10−3 − 5, 4102 · 10−3 = 1, 0703mA
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Př.4.8: Určete napět́ı U1 a U2 pomoćı MUN. UA = 15V, UB = 10V, I = 2, 5mA,
R1 = R2 = 2, 2kΩ, R3 = 5, 6kΩ, R4 = 2, 7kΩ, R5 = 1kΩ, R6 = 4, 7kΩ

R1

R2

R4

R3

R5

R6

UA

UB

I

U1 U2

→ 1 2

30

G1

G4

G3

G5

G2 G6

IZ2

IIZ1

U10

U20

U30
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IZ1 =
UA
R1

=
5

2200
= 2, 27mA

IZ2 =
UB
R4

=
10

2700
= 3, 703mA


G1 + G2 + G3 + G4 −G3 −G4 0
−G3 −G4 G3 + G4 + G6 −G6

0 −G6 G5 + G6

 ·

U10

U20

U30

 =


IZ2 − IZ1

−I − IZ2

I




1, 4580 · 10−3 −5, 4894 · 10−4 0
−5, 4894 · 10−4 7, 6171 · 10−4 −2, 1277 · 10−4

0 −2, 1277 · 10−4 1, 2128 · 10−3

 ·

U10

U20

U30

 =


1, 4310 · 10−3

−5, 7037 · 10−3

2 · 10−3



U10 = −2, 5195V

U20 = −9, 2988V

U20 = 0, 01775V
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Př.4.9: Určete napět́ı U1 a U2 pomoćı MUN. U1 = 5V, U2 = 10V,R1 = 2kΩ,
R2 = 2kΩ, R3 = 5kΩ, R4 = 3kΩ, R5 = 1kΩ, R6 = 4kΩ, R7 = 10kΩ

1 2

03

R1 R2

R6

R4

R7 R5

R3 U2U1

I1

I2

I3

I7
I5 I4

I6

↓
1 2

03

G1

G2

G6

G4G7 G5

G3

IZ1

IZ2

U10

U20

U30
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IZ1 =
U1

R1
=

5

2000
= 2, 5mA

IZ2 =
U2

R4
=

10

3000
= 3, 3mA


G1 + G2 + G3 + G7 −G2 −G1 −G7

−G2 G2 + G4 + G5 0
−G1 −G7 0 G1 + G6 + G7

 ·

U10

U20

U30

 =


IZ1

IZ2

−IZ1




1, 3 · 10−3 −5 · 10−4 −6 · 10−4

−5 · 10−4 1, 83 · 10−3 0
−6 · 10−4 0 8, 5 · 10−4

 ·

U10

U20

U30

 =


2, 5 · 10−3

3, 3 · 10−3

−2, 5 · 10−3



U10 = −2, 5195V

U20 = −9, 2988V

U20 = 0, 01775V
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I3 =
U10

R3
=

2, 2218

5000
= 0, 4444mA

I5 =
U20

R5
=

2, 4241

1000
= 2, 4241mA

I6 = −U30

R6
= −−1, 3728

4000
= 0, 3432mA

I4 = I5 + I3 − I6 =

= 2, 4241 · 10−3 + 0, 4444 · 10−3 − 0, 3432 · 10−3 =

= 2, 5253mA

I2 = I4 − I5 = 2, 5253 · 10−3 − 2, 4241 · 10−3 = 0, 1012mA

I7 =
U10 − U20

R5
=
−0, 2023

5000
= 0, 3595mA

I1 = I6 + I7 = 0, 3432 · 10−3 + 0, 3595 · 10−3 = 0, 7027mA
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Př.5.1: Určete proudy obvodu pomoćı MMUN7. U1 = 5V, U2 = 10V,
R1 = R3 = 5Ω, R2 = R4 = 10Ω

R1 R3

R2 R4
U2U1

I1

I3
I

I2 I4

↓
1 2

0

G1 G2 G4

G3

IZ1 I

U2

1.K.z. 2.K.z.

7MMUN lze použ́ıt i při reálných zdroj́ıch napět́ı, jestliže to má význam pro řešeńı problémů (tj. když se zaj́ımáme o
proud tekoućı zdrojem).
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IZ1 =
U1

R1
=

5

5
= 1A


G1 + G2 + G3 −G3 0
−G3 G3 + G4 −1

0 1 0

 ·

U10

U20

I

 =


IZ1

0
U2




0, 5 −1, 5 0
−1, 5 0, 3 −1

0 1 0

 ·

U10

U20

I

 =


1
0
10



U10 = 6V

U20 = 10V

I = 1, 8A
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I1 = IZ1 −
U10

R1
= 1− 6

5
= −0, 2A

I2 =
U10

R2
=

6

10
= 0, 6A

I3 =
U20 − U10

R3
=

10− 6

5
= 0, 8A

I4 =
U20

R4
=

10

10
= 1A
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Př.5.2: Předešlý př́ıklad řešte modifikaćı obou zdroj̊u.

R1 R3

R2 R4
U2U1

I1

I3
I

I2 I4

↓
1 2

0

R1 G3

G2 G4
U2U1

Ia Ib
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Podle II. K.z. naṕı̌seme 2 rovnice:

U10 − U1 + R1Ia = 0

U10 + R1Ia = U1

U20 − U2 = 0

U20 = U2
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

G2 + G3 −G3 −1 0
−G3 G3 + G4 0 −1

1 0 R1 0
0 1 0 0


·



U10

U20

Ia
Ib


=



0
0
U1

U2




0, 3 −1, 5 −1 0
−1, 5 0, 3 0 −1

1 0 5 0
0 1 0 0


·



U10

U20

Ia
Ib


=



0
0
5
10



U10 = 6V

U20 = 10V

Ia = −0, 2A

Ib = 1, 8A
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Př.5.3: Vypoč́ıtejte uzlová napět́ı a proud I v uvedeném obvodu pomoćı MMUN8.U =
2V,R1 = R3 = 20Ω, R2 = 40Ω, R4 = 10Ω, R5 = 25Ω

1

2

3

0

R1 R2

R5

R3 R4

U

I

Podle II. K.z.:

U10 − U30 − U = 0

U10 − U30 = U

8Je zřejmé, že MMUN vede na větš́ı počet rovnic, což neńı na závadu při poč́ıtačovém zpracováńı.
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

G1 + G3 −G1 0 −1
−G1 G1 + G2 + G5 −G2 0

1 0 R1 0
1 0 −1 0


·



U10

U20

U30

Ib


=



0
0
0
U




0, 1 −0, 05 0 −1
−0, 05 0, 115 −0, 025 0

0 −0, 025 0, 125 1
1 0 −1 0


·



U10

U20

Ia
Ib


=



0
0
0
2



U10 = 1, 1235V

U20 = 0, 3704V

U30 = −0, 7654V

Ib = 0, 1049A
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Př.5.4: V obvodu na obrázku vypoč́ıtejte pomoćı Theveninovy věty napět́ı, proud a
výkon rezistoru R2, je-li U = 20V,R1 = R3 = 10Ω, R2 = 20Ω, R4 = 40Ω.

R1

R2

R3

R4
U1 U2

I2

→

Ri

R2
Ui U2

I2 I2 =
Ui

Ri + R2

U2 = I2R2

P2 = U2I2
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Řešeńı:
R1 R3

R4
U1 U2

R1 R3

R4
Ri

Ui = U
R3 + R4

R1 + R3 + R4
= 20 · 10 + 40

10 + 10 + 40
= 16, 6V

Ri =
R1(R3 + R4)

R1 + R3 + R4
=

10 · (10 + 40)

10 + 10 + 40
= 8, 3Ω

I2 =
Ui

Ri + R2
=

16, 6

8, 3 + 20
= 0, 5882A

U2 = I2R2 = 0, 5882 · 20 = 11, 7648V

P2 = U2I2 = 11, 7648 · 0, 5882 = 6, 9200W
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Př.5.5: V obvodu na obrázku vypoč́ıtejte pomoćı Theveninovy věty napět́ı, proud a
výkon rezistoru R4. U = 10V, IZ = 2A,R1 = R3 = 10Ω, R2 = 20Ω, R4 = 40Ω.

R1

R2

R3

R4
U U4

I4IZ

→

Ri

R4
Ui U4

I4

I4 =
Ui

R1 + R4

U4 = I4R4

P4 = U4I4
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Řešeńı:

G1 G2

R3

U4

IZ

UR1

R1

R2

R3

Ri

(G1 + G2)Ui =
U

R1
⇒ Ui =

UG1 − IZ
G1 + G2

= −6, 6V

Ri = R3 +
R1R2

R1 + R2
= 16, 6Ω

I4 =
Ui

R1 + R4
= −0, 11765A

U4 = I4R4 = −4, 7059V

P4 = U4I4 = 0, 5536W
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Př.5.6: V obvodu na obrázku vypoč́ıtejte pomoćı Theveninovy věty napět́ı, proud a
výkon rezistoru R2. U = 10V, IZ = 2A,R1 = R3 = 10Ω, R2 = 20Ω, R4 = 40Ω.

R1

R2

R3

R4
U U2

I2 I

→

Ri

R2
Ui U2

I2

I2 =
Ui

Ri + R2

U2 = I2R2

P2 = U2I2
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(G1 +
G3G4

G3 + G4
)Ui =

U

R1
− IZ ⇒ Ui =

U
R1
− IZ

G1 + G3G4
G3+G4

= −8, 3V

Ri =
(R3 + R4)R1

R1 + R3 + R4
= 8, 3Ω

I2 =
Ui

Ri + R2
= −0, 29412A

U2 = I2R2 = −5, 88235V

P2 = U2I2 = 1, 7301W
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Př.5.7: V obvodu na obrázku vypoč́ıtejte pomoćı Theveninovy věty napět́ı, proud a
výkon rezistoru R2. U = 20V,R1 = 15Ω, R2 = 20Ω, R3 = R4 = 10Ω.

R2

R1

R3

R4

U

U2

I2

→

Ri

R2
Ui U2

I2
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(G3 + G4)Ui =
U

R4
⇒ Ui =

U
R4

G3 + G4
= 10V

Ri = R1 +
R3R4

R3 + R4
= 20Ω

I2 =
Ui

Ri + R2
= 0, 25A

U2 = I2R2 = 5V

P2 = U2I2 = 1, 25W
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Př.5.8: V obvodu na obrázku vypoč́ıtejte pomoćı Theveninovy věty napět́ı, proud a
výkon rezistoru R3. U = 10V, I = 0, 5A,R1 = R3 = 10Ω, R2 = 20Ω, R4 = 40Ω.

R4

R3

R1

R2
U

U3

I3 I

→

Ri

R3
UiU3

I3

113



(G1 + G2)Ui =
U

R1
− I ⇒ Ui =

U
R1
− I

G1 + G2
= 3, 3V

Ri = R4 +
R1R2

R1 + R2
= 46, 6Ω

I3 =
Ui

Ri + R3
= 0, 05882A

U3 = I3R3 = 0, 5882V

P3 = U3I3 = 0, 0346W
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Př.5.8: V obvodu na obrázku vypoč́ıtejte pomoćı Theveninovy věty napět́ı, proud a
výkon rezistoru R2. U = 30V,R1 = 15Ω, R2 = 20Ω, R3 = R4 = 10Ω.

R2

R1

R3

R4

U

U2

I2

→

Ri

R2
Ui U2

I2
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(G3 + G4)Ui =
U

R4
⇒ Ui =

U
R4

G3 + G4
= 15V

Ri = R1 +
R3R4

R3 + R4
= 20Ω

I2 =
Ui

Ri + R2
= 0, 375A

U2 = I2R2 = 7, 5V

P2 = U2I2 = 2, 8125W
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Př.6.1: V můstkovém zapojeńı určete proud IG pomoćı věty o náhradńım napět’ovém
zdroji. U = 2V,R1 = 20Ω, R2 = 40Ω, R3 = 20Ω, R4 = 10Ω, RG = 25Ω.

R1 R2

RG

R3 R4

U

IG

→
Ri

R2

Ui

IG
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 R3 + R4 0
0 R1 + R2

 ·
 Ia
Ib

 =

 −U
U


 30 0

0 60

 ·
 Ia
Ib

 =

 −2
2



Ia = −0, 06A

Ib = 0, 03A

Ui = R4Ia + R2Ib = 0, 6V

Ri =
R1R2

R1 + R2
+

R3R4

R3 + R4
= 20Ω

IG =
Ui

Ri + RG
= 14, 82mA
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Dodatek - Ustálený stejnosměrný proud
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Př.D1: Vypoč́ıtejte celkový odpor obvodu. R1 = 100Ω, R2 = 400Ω, R3 = R4 = 200Ω

A

B

R1

R2

R3

R4
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Krok 1.

A

B

R1

R2 R34

R34 = R3 + R4 = 200Ω + 200Ω = 400Ω

121



Krok 2.

A

B

R1

R234

R234 =
R2 ·R34

R2 + R34
=

400Ω · 400Ω

400Ω + 400Ω
= 200Ω
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Krok 3.

A

B

R1234

R1234 = R1 + R234 = 100Ω + 200Ω = 300Ω
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Transfigurace hvězda – trojúhelńık a trojúhelńık – hvězda

1 2

3

Ra

Rc Rb

1 2

3

R10 R20

R30

R10 =
Ra ·Rc

Ra + Rb + Rc

R20 =
Ra ·Rb

Ra + Rb + Rc

R30 =
Rb ·Rc

Ra + Rb + Rc

(1)
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1 2

3

R10 R20

R30

1 2

3

Ra

Rc Rb

Ra = R10 + R20 + R10 ·
R20

R30

Rb = R20 + R30 + R20 ·
R30

R10

Rc = R10 + R30 + R10 ·
R30

R20

(2)
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Př.D2: Vypoč́ıtejte celkový odpor obvodu. R1 = 100Ω, R2 = 200Ω, R3 = 300Ω, R4 =
400Ω, R5 = 500Ω

A

B

R1 R2

R3

R4 R5
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Krok 1. Využijeme vzorce (1)9

A

B

Ra Rb

Rc R5

R2

Ra =
R1 ·R4

R1 + R3 + R4
=

100 · 400

100 + 300 + 400
= 50Ω

Rb =
R1 ·R3

R1 + R3 + R4
=

100 · 300

100 + 300 + 400
= 37, 5Ω

Rc =
R3 ·R4

R1 + R3 + R4
=

300 · 400

100 + 300 + 400
= 150Ω

9Na označeńı rezistor̊u nezálež́ı, je d̊uležité umı́stěńı mezi uzly.
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Krok 2.

A

B

Ra R2b

R5c

R2b = Rb + R2 = 37, 5 + 200 = 237, 5Ω

R5c = Rc + R5 = 150 + 500 = 650Ω
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Krok 3.

A

B

Ra R2b5c

R2b5c =
R2b ·R5c

R2b + R5c
=

237, 5 · 650

237, 5 + 650
= 173, 94Ω
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Krok 4.

A

B

Ra2b5c

Ra2b5c = Ra + R2b5c = 50 + 173, 94 = 223, 94Ω
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Př.D3: Vypoč́ıtejte IR7 a UR6. R1 = R2 = R3 = R4 = R5 = R6 = R7 = 200Ω

A

B

R1

R2 R3

R4 R5

R7 R6

IR7

UR6

+

−

10V
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Krok 1.

A

B

R1

R2 R3

R45

R7 R6

IR7

UR6

+

−

10V
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Krok 2. Využijeme vzorce (1)

A

B

R1

Ra

Rb

Rc

R7 R6

IR7

UR6

+

−

10V
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/ad krok 1.

R45 =
R4 ·R5

R4 + R5
=

200 · 200

200 + 200
= 100Ω

/ad krok 2. Využijeme vzorce (1)

Ra =
R3 ·R2

R3 + R45 + R2
=

200 · 200

200 + 100 + 200
= 80Ω

Rb =
R3 ·R45

R3 + R45 + R2
=

200 · 100

200 + 100 + 200
= 40Ω

Rc =
R45 ·R2

R3 + R45 + R2
=

100 · 200

200 + 100 + 200
= 40Ω
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Př.D4: Vypoč́ıtejte IR3 a UR4. R1 = 100Ω, R2 = 200Ω, R3 = 300Ω, R4 = 400Ω

A

B

R1

R2

R3 R4

IR3

+

−

10V
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Př.D5: Vypoč́ıtejte napět́ı na všech rezistorech, všechny proudy protékaj́ıćı rezistory.
R1 = Ω, R2 = Ω, R3 = Ω, R4 = Ω, R5 = Ω, R6 = Ω, R7 = Ω

A

B

R1 R2

R3 R4

R5R6

R7 R8

+

−

10V
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Př.D6: Vypoč́ıtejte napět́ı UR7, UR8, UR9, UR10, UR11 a proudy IR1, IR2, IR3, IR4, IR5,
IR6, . R1 = R2 = R3 = R4 = R5 = 100Ω, R6 = R7 = R8 = R9 = R10 = R11 = 200Ω

A

B

R1 R2 R3 R4 R5 R6

R7 R8 R9 R10 R11

+

−
100V
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Theveninova věta

Libovolně složitý lineárńı obvod lze k jeho libovolným dvěma svorkám nahradit obvo-
dem ideálńıho zdroje napět́ı Un v sérii s rezistorem Rn. Napět́ı Un bude napět́ı na těchto
svorkách naprázdno. Vnitřńı odpor tohoto zdroje vypoč́ıtáme jako odpor mezi výstupńımi
svorkami, pokud je zátěž odpojena, zdroje napět́ı zkratovány a zdroje proudu odpojeny.
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Př.D7: Vypoč́ıtejte napět́ı Ux, R1 = R2 = R3 = 200Ω

A

B

R1 R3

R2

+

−
10V Ux
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Krok 1. Celkový odpor:

A

B

R1 R3

R2

R12 =
R1 ·R2

R1 + R2
=

200 · 200

200 + 200
= 100Ω

Rn = R123 = R12 + R3 = 100 + 200 = 300Ω
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Krok 2. Napět́ı na svorkách Ux

A

B

R1

R2

+

−
10V Ux

R12 = R1 + R2 = 200 + 200 = 400Ω

I =
U

R12
=

10

400
= 0, 025A

Ux = R2 · I = 200 · 0, 025 = 5V
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Výsledek:

A

B

Rn

+

−
5V Ux

Rn = 300Ω

Ux = 5V
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Př.D8: Vypoč́ıtejte napět́ı Ux, R1 = R2 = R3 = 200Ω

A

B

R1

R2

R3

+

−
10V Ux
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Př.D9: Vypoč́ıtejte R1. R2 = R4 = 200Ω, R3 = 100Ω, R5 = R6 = 300Ω, IR4 =
0, 02A

A

B

R1 R2

R3

R4 R5

+

−

10V

IR4
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Př.D10: Určete maximálńı hodnoty odporu R2 tak, aby UR2 mělo hodnotu 0, 5V .
Ověřte, že pro hodnotu R2 > R2MINUR2 > 0, 5V

A

B

R1 = 1000Ω

R2

+

−

10V
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II. Obvody ustáleného harmonického stavu

2.1 Symbolická metoda řešeńı

Symbolická metoda - transformace z časové oblasti do komplexńı roviny

Komplexor = rotuj́ıćı fázor:

î(t) = Îme
jωt = Ime

jω · ejωt = Im [cos(ωt + ψ) + j sin(ωt + ψ)]

Okamžizá hodnota je rovna imaginárńı složce komplexoru:

i(t) = Im [î(t)] = Imsin(ωt + ψ)

Fázor maximálńı hodnoty:

Îm = Ime
jψ = Im 6 ψ = Im(cosψ + j sinψ) = x + jy
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Im

Re

jy

x

ψ

ωt

Fázor efektivńı hodnoty: Î = Im√
2
· ejψ
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Př.7.1: Převed’te komplexńı č́ıslo ze složkového tvaru do exponenciálńıho a vektorového
tvaru.

Im

Re

j4

3

α

Â

|A|

a) Â = 3 + 4j

|A| =
√

32 + 42 =
√

25 = 5

α = arctg
4

3
= 53, 13◦

Â = 5 · ej53,13◦ = 56 53, 13◦

b) Â = −5 + 4j

|A| = 6, 4031 · ej141,34· = 6, 4031 6 141, 34◦

c) Â = 2− 5j

|A| = 5, 3852 · e−j68,2· = 5, 3852 6 68, 2◦
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Př.7.2: Vyjádřete k zadanému proudu i(t) = 10 · sin(ωt + 30◦): a) efektivńı hodnotu,
b) fázor ve všech tvarech, c) komplexor.

a)

I =
10√

2
A

b)

Îm = 10 · ej
π
6 = 106 30◦ = 10 · (cos30◦ + j sin30◦) = 10 ·


√

3

2
+ j

1

2

 = (8, 6602 + j5)A

c)
î(t) = 10 · ej

π
6 · ejωt = Îme

jωt

Î =
Îm√

2
= (6, 124 + j3, 536)A
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Př.7.3: Vypoč́ıtejte pomoćı symbolické metody součet harmonických proud̊u (stejného
kmitočtu), které jsou dány okamžitými hodnotami:

i1(t) = 10 · sin (ωt + 45◦)A a i2(t) = 15 · sin (ωt + 70◦)A

Î1m = 10 · ej45◦ = 10 · (cos45◦ + j sin45◦) = (7, 07 + j 7, 07)A

Î2m = 15 · ej70◦ = 15 · (cos70◦ + j sin70◦) = (5, 13 + j 14, 09)A

Součtový proud je: Î = Î1m + Î2m = (12, 2 + j 21, 16)A = 24, 42 · ej60,03◦A

Okamžitá hodnota součtového proudu je:

i(t) = Im
[
Im · ejϕ · ejωt

]
= 24, 42 · sin (ωt + 60, 03◦)A
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Př.7.4: Vypoč́ıtejte pomoćı symbolické metody rozd́ıl dvou harmonických napět́ı (stej-
ného kmitočtu), která jsou dána okamžitými hodnotami:

u1(t) = 45 · sin (ωt + 25◦)V a u2(t) = 15 · sin (ωt + 40◦)V

Û1m = 45 · ej25◦ = (40, 78 + j 19, 02)V

Û2m = 15 · ej−40◦ = (11, 49− j 9, 64)V

Û = Û1m − Û2m = (29, 29 + j 28, 66)V = 40, 98 · ej44,37◦A

u(t) = Im
[
Um · ejϕ · ejωt

]
= 40, 98 · sin (ωt + 44, 37◦)A
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Př.7.5: Vypoč́ıtejte pomoćı symbolické metody součet harmonických proud̊u (stejného
kmitočtu), které jsou dány okamžitými hodnotami:

i1(t) = 10 · sin (ωt + 15◦)A, i2(t) = 15 · sin (ωt + 50◦)A, i3(t) = 6 · sin (ωt− 20◦)A

Î1m = 10 · ej15◦ = (9, 66 + j 2, 59)A

Î2m = 15 · ej50◦ = (9, 64 + j 11, 49)A

Î3m = 6 · ej−20◦ = (5, 64 + j − 2, 05)A

Î = Î1m + Î2m + Î3m = (24, 94 + j 12, 03)A = 27, 69 · ej25,75◦A

i(t) = Im
[
Im · ejϕ · ejωt

]
= 27, 69 · sin (ωt + 25, 75◦)A
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Impedance, admitance, metody pro speciálńı př́ıpady

Př.7.6: Vypoč́ıtejte impedanci Ẑ reálné ćıvky při kmitočtu f = 50Hz (Indukčnost
ćıvky L = 159mH , odpor R = 10Ω.

Ẑ = R + jω · L = R + j2πfL = 10 + j50 =
√

102 + 502 · ejarctg
50
10 =

= 50, 99ej78,69◦ = 50, 99 6 78, 69◦Ω

153



Př.7.7: Pro obvody na obrázćıch a) až i) vypočtěte impedanci Ẑ(jω) a admitanci Ŷ (jω)
při zadaných kmitočtech a pro kmitočty ω = 0 a ω →∞.

a)
L

R

R = 20Ω

L = 1, 5mH

f = 100Hz, 1kHz, 10kHz

b)

L R

R = 20Ω

L = 1, 5mH

f = 100Hz, 1kHz, 10kHz
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c)
C

R

R = 100Ω

C = 1µF

f = 50Hz, 500Hz, 5kHz

d)

C R

R = 100Ω

C = 1µF

f = 50Hz, 500Hz, 5kHz
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e)
R1

C R2

R1 = 800Ω

R2 = 200Ω

C = 500pF

f = 10kHz, 30kHz, 100kHz

f)
C1

C2 R

R = 2kΩ

C1 = 20nF

C2 = 4nF

f = 1kHz, 10kHz, 100kHz
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g)
R1 L

R2 C

R1 = 10Ω

R2 = 50Ω

L = 180µH

C = 500pF

f = 400kHz, 500kHz, 600kHz

h)
R1 C

R2 L

R1 = 1Ω

R2 = 5Ω

L = 180µH

C = 0, 5µF

f = 400kHz, 500kHz, 600kHz
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i)
C1

L C2

C1 = C2 = 0, 8µF

L = 1, 2mH

f = 3kHz, 5kHz, 10kHz
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a)

L

R

Ẑ = R + jω · L

R = 20Ω

L = 1, 5mH

f = 100Hz

Ẑ = (20 + 0, 9425j)Ω = 20, 02 6 2, 7◦Ω

Ŷ = (0, 0499− 0, 0024j)S = 0, 0499 6 − 2, 7◦S
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a)

L

R

Ẑ = R + jω · L

R = 20Ω

L = 1, 5mH

f = 1kHz

Ẑ = (20 + 9, 4248j)Ω = 22, 11 6 25, 23◦Ω

Ŷ = (0, 0409− 0, 0193j)S = 0, 04523 6 − 25, 22◦S
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a)

L

R

Ẑ = R + jω · L

R = 20Ω

L = 1, 5mH

f = 10kHz

Ẑ = (20 + 94, 2478j)Ω = 96, 346 6 78, 019◦Ω

Ŷ = (0, 022− 0, 0102j)S = 0, 01038 6 − 78, 02◦S
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a)

L

R

Ẑ = R + jω · L

R = 20Ω

L = 1, 5mH

ω = 0 : Ẑ = 20 6 0◦Ω

Ŷ = 0, 05 6 0◦S

ω →∞ : Ẑ → ∞
Ŷ = 0
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b)

L R

Ẑ =
R · jω · L
R + jω · L

R = 20Ω

L = 1, 5mH

f = 100Hz

Ẑ = (0, 0443 + 0, 9404j)Ω = 0, 9415 6 87, 30◦Ω

Ŷ = (0, 05− 1, 00610j)S = 1, 0622 6 − 87, 30◦S
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b)

L R

Ẑ =
R · jω · L
R + jω · L

R = 20Ω

L = 1, 5mH

f = 1kHz

Ẑ = (3, 6345 + 7, 7123j)Ω = 8, 5258 6 64, 77◦Ω

Ŷ = (0, 05− 0, 1061j)S = 0, 1173 6 − 64, 77◦S
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b)

L R

Ẑ =
R · jω · L
R + jω · L

R = 20Ω

L = 1, 5mH

f = 10kHz

Ẑ = (19, 1382 + 4, 0611j)Ω = 19, 5644 6 11, 98◦Ω

Ŷ = (0, 05− 0, 0106j)S = 0, 0511 6 − 11, 98◦S
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b)

L R

Ẑ =
R · jω · L
R + jω · L

R = 20Ω

L = 1, 5mH

ω = 0 : Ẑ = 0

Ŷ → ∞

ω →∞ : Ẑ = 20 6 0◦Ω

Ŷ = 0, 05 6 0◦S
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c)

C

R

Ẑ = R +
1

jω · C

R = 100Ω

C = 1µF

f = 50Hz

Ẑ = (100− 3183, 098j)Ω = 3184, 669 6 − 88, 20◦Ω

Ŷ = (9, 86 + 313, 86j) · 10−6S = 314.004 6 88, 20◦µS
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c)

C

R

Ẑ = R +
1

jω · C

R = 100Ω

C = 1µF

f = 500Hz

Ẑ = (100− 318, 309j)Ω = 336, 648 6 − 72, 56◦Ω

Ŷ = (0, 898 + 2, 859j) · 10−3S = 2, 997 6 72, 56◦mS
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c)

C

R

Ẑ = R +
1

jω · C

R = 100Ω

C = 1µF

f = 5kHz

Ẑ = (100− 31, 831j)Ω = 109, 944 6 − 17, 66◦Ω

Ŷ = (9, 080− 2, 890j) · 10−3S = 9, 529 6 17, 66◦mS
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c)

C

R

Ẑ = R +
1

jω · C

R = 100Ω

C = 1µF

ω = 0 : Ẑ → ∞
Ŷ = 0

ω →∞ : Ẑ = 100 6 0◦Ω

Ŷ = 0, 01 6 0◦S

170



d)

C R

Ẑ =
R · 1

jω·C
R + 1

jω·C

R = 100Ω

C = 1µF

f = 50Hz

Ẑ = (99, 901− 3, 1385j)Ω = 99, 9507 6 − 1, 8◦Ω

Ŷ = (0, 01 + 0, 000314j)S = 0, 010005 6 1, 80◦S
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d)

C R

Ẑ =
R · 1

jω·C
R + 1

jω·C

R = 100Ω

C = 1µF

f = 500Hz

Ẑ = (91, 0170− 28, 5939j)Ω = 95, 402 6 − 17, 44◦Ω

Ŷ = (0, 01 + 0, 00314j)S = 0, 01048 6 17, 44◦S
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d)

C R

Ẑ =
R · 1

jω·C
R + 1

jω·C

R = 100Ω

C = 1µF

f = 5kHz

Ẑ = (9, 199− 28, 902j)Ω = 30, 331 6 − 72, 34◦Ω

Ŷ = (0, 01 + 0, 0314j)S = 0, 0329 6 72, 34◦S

173



d)

C R

Ẑ =
R · 1

jω·C
R + 1

jω·C

R = 100Ω

C = 1µF

ω = 0 : Ẑ = 100 6 0◦Ω

Ŷ = 0, 01 6 0◦S

ω →∞ : Ẑ = 0

Ŷ → ∞
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e)
R1

C R2

Ẑ = R1 +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 800Ω

R2 = 200Ω

C = 5nF

f = 10kHz

Ẑ = (999, 2135− 12, 5170j)Ω = 999, 292 6 − 0, 72◦Ω

Ŷ = (1, 00063 + 0, 01254j) · 10−3S = 1, 000709 6 0, 72◦mS
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e)
R1

C R2

Ẑ = R1 +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 800Ω

R2 = 200Ω

C = 5nF

f = 30kHz

Ẑ = (999, 1377− 36, 4056j)Ω = 993, 8047 6 − 2, 10◦Ω

Ŷ = (1, 00556 + 0, 03686j) · 10−3S = 1, 006234 6 2, 10◦mS
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e)
R1

C R2

Ẑ = R1 +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 800Ω

R2 = 200Ω

C = 5nF

f = 100kHz

Ẑ = (943, 3914− 90, 0954j)Ω = 947, 6837 6 − 5, 46◦Ω

Ŷ = (1, 0504 + 0, 1003j) · 10−3S = 1, 0552 6 5, 46◦S
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e)
R1

C R2

Ẑ = R1 +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 800Ω

R2 = 200Ω

C = 5nF

ω = 0 : Ẑ = R1 + R2 = 10006 0◦Ω

Ŷ = 1 6 0◦mS

ω →∞ : Ẑ = R1 = 2006 0◦Ω

Ŷ = 5 6 0◦mS
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f)
C1

C2 R

Ẑ =
1

jω · C1
+
R · 1

jω·C2

R + 1
jω·C2

R = 2kΩ

C1 = 20nF

C2 = 4nF

f = 1kHz

Ẑ = (1994, 959− 8058, 0248j)Ω = 8301, 3027 6 − 76, 09◦Ω

Ŷ = (1, 701 + 130, 224j) · 10−6S = 130, 235 6 89, 25◦µS
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f)
C1

C2 R

Ẑ =
1

jω · C1
+
R · 1

jω·C2

R + 1
jω·C2

R = 2kΩ

C1 = 20nF

C2 = 4nF

f = 10kHz

Ẑ = (1596, 60− 1598, 313j)Ω = 2259, 145 6 − 45, 03◦Ω

Ŷ = (0, 3128 + 0, 3132) · 10−3S = 0, 4426 6 45, 03◦mS
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f)
C1

C2 R

Ẑ =
1

jω · C1
+
R · 1

jω·C2

R + 1
jω·C2

R = 2kΩ

C1 = 20nF

C2 = 4nF

f = 100kHz

Ẑ = (76, 1435− 462, 3166j)Ω = 468, 545 6 − 80, 65◦Ω

Ŷ = (0, 34684 + 2, 1059j) · 10−3S = 2, 1343 6 80, 65◦mS
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f)
C1

C2 R

Ẑ =
1

jω · C1
+
R · 1

jω·C2

R + 1
jω·C2

R = 2kΩ

C1 = 20nF

C2 = 4nF

ω = 0 : Ẑ → ∞
Ŷ = 0

ω →∞ : Ẑ = 0

Ŷ → ∞
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g)
R1 L

R2 C

Ẑ = R1 + jω · L +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 10Ω

R2 = 50kΩ

L = 180µH

C = 500pF

f = 400kHz

Ẑ = (22, 66− 343, 18j)Ω = 343, 93 6 − 86, 22◦Ω

Ŷ = (0, 1916 + 2, 9013j) · 10−3S = 2, 9076 6 86, 22◦mS
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g)
R1 L

R2 C

Ẑ = R1 + jω · L +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 10Ω

R2 = 50kΩ

L = 180µH

C = 500pF

f = 500kHz

Ẑ = (18, 104− 71, 028j)Ω = 73, 299 6 − 75, 70◦Ω

Ŷ = (3, 3696 + 13, 2201j) · 10−3S = 13, 6428 6 75, 70◦mS
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g)
R1 L

R2 C

Ẑ = R1 + jω · L +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 10Ω

R2 = 50kΩ

L = 180µH

C = 500pF

f = 600kHz

Ẑ = (15, 6283 + 148, 1295j)Ω = 148, 952 6 83, 98◦Ω

Ŷ = (0, 7044− 6, 6766j) · 10−3S = 6, 7136 6 − 83, 98◦mS
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g)
R1 L

R2 C

Ẑ = R1 + jω · L +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 10Ω

R2 = 50kΩ

L = 180µH

C = 500pF

ω = 0 : Ẑ = R1 + R2 = 500106 0◦Ω

Ŷ = 19, 996 6 0◦µS

ω →∞ : Ẑ → ∞
Ŷ = 0
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h)
R1 C

R2 L

Ẑ = R1 +
1

jω · C
+
R2 · jω · L
R2 + jω · L

R1 = 1Ω

R2 = 5Ω

L = 180µH

C = 500pF

f = 400kHz

Ẑ = (1, 0406 + 1, 2445j)Ω = 1, 6222 6 50, 10◦Ω

Ŷ = (0, 3954− 0, 4759j)S = 0, 6164 6 − 50, 10◦S
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h)
R1 C

R2 L

Ẑ = R1 +
1

jω · C
+
R2 · jω · L
R2 + jω · L

R1 = 1Ω

R2 = 5Ω

L = 180µH

C = 500pF

f = 500kHz

Ẑ = (1, 0631− 0, 0783j)Ω = 1, 0660 6 − 4, 21◦Ω

Ŷ = (0, 9355 + 0, 0689j)S = 0, 9381 6 4, 21◦S
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h)
R1 C

R2 L

Ẑ = R1 +
1

jω · C
+
R2 · jω · L
R2 + jω · L

R1 = 1Ω

R2 = 5Ω

L = 180µH

C = 500pF

f = 600kHz

Ẑ = (1, 0905 + 0, 1358j)Ω = 1, 0989 6 7, 10◦Ω

Ŷ = (0, 9031− 0, 1125j)S = 0, 9100 6 − 7, 10◦S
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h)
R1 C

R2 L

Ẑ = R1 +
1

jω · C
+
R2 · jω · L
R2 + jω · L

R1 = 1Ω

R2 = 5Ω

L = 180µH

C = 500pF

ω = 0 : Ẑ → ∞
Ŷ = 0

ω →∞ : Ẑ = R1 + R2 = 66 0◦Ω

Ŷ = 0, 16 6 0◦S
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i)
C1

L C2

Ẑ =
1

jω · C1
+
jω · L · 1

jω·C2

jω · L + 1
jω·C2

C1 = 0, 8µF

C2 = 0, 8µF

L = 1, 2mH

f = 3kHz

Ẑ = −31, 9858jΩ = 31, 9858 6 − 90◦Ω

Ŷ = 31, 2639j · 10−3S = 31, 2639 6 90◦mS
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i)
C1

L C2

Ẑ =
1

jω · C1
+
jω · L · 1

jω·C2

jω · L + 1
jω·C2

C1 = 0, 8µF

C2 = 0, 8µF

L = 1, 2mH

f = 5kHz

Ẑ = 678, 0438j · 10−3Ω = 678, 0438 6 90◦Ω

Ŷ = −1, 4748j · 10−3S = 1, 4748 6 − 90◦mS

192



i)
C1

L C2

Ẑ =
1

jω · C1
+
jω · L · 1

jω·C2

jω · L + 1
jω·C2

C1 = 0, 8µF

C2 = 0, 8µF

L = 1, 2mH

f = 10kHz

Ẑ = −46, 9195jΩ = 46, 9195 6 − 90◦Ω

Ŷ = 21, 3131j · 10−3S = 21, 3131 6 90◦mS
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i)
C1

L C2

Ẑ =
1

jω · C1
+
jω · L · 1

jω·C2

jω · L + 1
jω·C2

C1 = 0, 8µF

C2 = 0, 8µF

L = 1, 2mH

ω = 0 : Ẑ → ∞
Ŷ = 0

ω →∞ : Ẑ = 0

Ŷ → ∞
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Př.7.8: Vypočtěte celkovou impedanci a admitanci obvodu při kmitočtu f = 30HZ.

R1

C R2

Ẑ = R1 +
R2 · 1

jω·C
R2 + 1

jω·C

R1 = 800Ω

R2 = 200Ω

C = 5nF

Ẑ = (993, 1377− 36, 4056j)Ω = 993, 8047 · ej2,1◦Ω
Ŷ = (1, 00556 + 0, 03686j) · 10−3S = 1, 006234 · e−j2,1◦mS
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Př.7.9: Vypoč́ıtejte admitanci Ŷ paralelńıho zapojeńı rezistoru a kondenzátoru. Vypo-
č́ıtejte ÎR, ÎC, Î a ztrátový úhel. C = 20µF,R = 100Ω, f = 500Hz, Û = 100V

Ic

UIR

I

Ψ

ϑc

R

C

Û
I

IC
IR

Ŷ =
1

R
+

1
1

jωC

=
1

R
+ jωC = G+ jBC =

1

100
+2 ·2π ·500 ·20 ·10−6 = (0, 01+0, 0628j)S
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ÎR =
U

R
=

100

100
= 1A

ÎC = U · jωC = 100 · j · 0, 0628 = 6, 28j A

Î = 1 + 6, 28j =
√
12 + 6, 282 · ej·arctg

6,28
1 = 6, 36 · ej·80,95◦A

Ẑ =
1

Ŷ
=
Û

Î
=

100

6, 36 6 80, 95◦
= 15, 7 6 − 80, 95◦Ω

Ztrátový úhel:
ϑC = 90◦ − 80, 95◦ = 9, 05◦
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Př.7.10: Vypoč́ıtejte celkovou impedanci Ẑ obvodu při kmitočtu f = 250Hz. R1 =
47Ω, R2 = 22Ω, C = 20µF, L = 18mH

R1 L

C R2

Ẑ = R1 + jω · L +
R2 · 1

jω·C
R2 · 1

jω·C
= 47 + j · 2π · 250 · 18 · 10−3 +

22 · 1
j·2π·250·20·10−6

22 + 1
j·2π·250·20·10−6

=

= (61, 888 + 17, 984j)Ω = 64, 448 · ej·16,2◦Ω
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Př.7.11: Pro uvedený obvod určete:
a) Celkovou impedanci zátěže Zab obecně i numericky
b) Amplitudu celkového proudu Im a jeho fázy ϕi
c) Celkový výkon zátěže (komplexńı, činný, jalový, zdánlivý)

R

L Cu(t)

i(t)

A

B

u(t) = Umsin(ωt + ϕm), Um = 314V

ϕm = 0, f = 50Hz

R = 100Ω

C = 20µF

L = 0, 2H

Ẑab = R +
jωL · 1

jωC

jωL + 1
jωC

= R− j
L
C

ωL− 1
ωC

= 100− j
0,2

10·10−6

2π · 50 · 0, 2− 1
2π·50·10·10−6

= (100 + 78, 2846j)Ω = 126, 99796 · ej·38,05◦Ω
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Îm =
Ûm

Ẑab
=

314

100 + 78, 2846j
= (1, 9469− 1, 15241j)A = 2, 4725 · e−j38,05◦A

Ŝ = Û · Î• = 314 · 1, 7483 · e−j38,05◦ = 549, 0604 · e−j38,05◦

= (432, 3703− 338, 412779j)V A

P = Re|Ŝ| = 432, 3703W

Q = Im|Ŝ| = 338, 412779V Ar

|Ŝ| = 549, 0604V A
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Př.7.12: Pro uvedený obvod určete:
a) Celkovou impedanci zátěže Zab obecně i numericky
b) Amplitudu celkového proudu Im a jeho fázy ϕi
c) Celkový výkon zátěže (komplexńı, činný, jalový, zdánlivý)

R R

L C

u(t)

i(t)

A

B

u(t) = Umsin(ωt + ϕm), Um = 314V

ϕm = 0, f = 50Hz

R = 60Ω

C = 100µF

L = 0, 36H

Ẑab =
(R + jωL) · (R + 1

jωC )

R + jωL + R + 1
jωC

=
60 + j · 2π · 50 · 0, 36) · (60 + 1

j·2π·50·100·10−6)

(60 + j · 2π · 50 · 0, 36 + 60 + 1
j·2π·50·100·10−6

=

= (67, 3952− 9, 6548j)Ω = 68, 0833 · e−j·8,15◦Ω
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Îm =
Ûm

Ẑab
=

314

67, 3952− 9, 6548j
= (4, 5654 + 0, 654j)A = 4, 6119 · ej·8,15◦

Ŝ = Û · Î• = 314 · 3, 2612 · ej8,15◦ = 1024, 6599 · ej8,15◦

= (1013, 6599− 145, 213j)V A

P = Re|Ŝ| = 1013, 6599W

Q = Im|Ŝ| = 145, 213V Ar

|Ŝ| = 1024, 6599V A
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Př.7.13: Vypoč́ıtejte proud tekoućı obvodem.

R L C

u(t)
i(t)

u(t) = 14, 1sinωt

f = 150Hz

R = 20Ω

C = 53µF

L = 31, 8mH

Ẑ = R + jωL +
1

jωC
= 20 + j · 2π · 150 · 31, 8 · 10−3 +

1

j · 2π · 150 · 53 · 10−6
=

= (20 + 9, 9513j)Ω = 22, 3389 · e−j·26,45◦Ω

Îm =
Ûm

Ẑ
=

14, 1

20 + 9, 9513j
= (0, 5651− 0, 2812j)A = 0, 6312 · e−j·26,45◦

i(t) = 0, 6312 · sin(2 · π · 150 · t− 26, 45)
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Př.7.14: Vypoč́ıtejte zjednodušováńım obvodu vstupńı impedanci Ẑ. Určete proud Î .

C2 R2

C3

C1

R1

L

U

I

Z Z1

U = 220V

f = 50Hz

R1 = 300Ω

R2 = 100Ω

C1 = 5µF

C2 = 10µF

C3 = 2µF

L = 1H
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Ẑ1 = R1 + jωL +
1

jωC1
= 300 + j(2π · 50 · 1− 1

2π · 50 · 5 · 10−6
) =

= (300− 322, 46j)Ω = 440, 43 6 − 47, 07◦Ω

Ẑ2 = R2 +
1

jωC2
= 100 +

1

j · 2π · 50 · 10 · 10−6
) =

= (100− 318, 31j)Ω = 333, 648 6 72, 56◦Ω

Ẑ3 =
1

jωC3
=

1

j · 2π · 50 · 2 · 10−6
) = −1591, 55jΩ = 1591, 55 6 − 90◦Ω
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Ẑ13 =
Ẑ1 · Ẑ3

Ẑ1 + Ẑ3

=
440, 43 6 − 47, 07◦ · 1591, 55 6 − 90◦

440, 43 6 − 47, 07◦ + 1591, 55 6 − 90◦
=

= 361, 8148 6 55, 98◦Ω = (202, 44− 299, 88j)Ω

Ẑ = Ẑ2 + Ẑ13 = 100− 318, 31j + 202, 44− 299, 88j =

= (302, 44− 618, 19j)Ω = 688, 21 6 − 63, 13◦Ω

Î =
Û

Ẑ
=

220

688, 21 6 − 63, 13◦
= 0, 3197 6 63, 93◦A = (0, 14 + 0, 287j)A
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Př.7.15: Určete proudy Î1, Î5, Î a napět́ıÎC2, Î13, je-li dáno:

C2

L

C1

R

U

I

I1I2

U13

UC2

Û = 10V

f = 50Hz

R = 2kΩ

C1 = 1, 59µF

C2 = 3, 18µF

L = 6, 36H
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Ẑ1 = R− j 1

ωC1
= 2 · 103 − j 1

2π · 50 · 1, 59 · 10−6
=

= (2000− 2001j)Ω = 2829, 8 · e−j45◦

Ẑ13 =
Ẑ1 · jωL
Ẑ1 + jωL

=
(2000− 2001j) · j · cπ · 50 · 6, 36

(2000− 2001j) + j · cπ · 50 · 6, 36
=

= (1996 + 2001, 94j)Ω = 2827 · ej45◦Ω

Ẑ = Ẑ13 − j
1

ωC2
= (1996 + 2001, 94j)− j 1

2π · 50 · 3, 18 · 10−6
=

= (1996 + 1000, 967j)Ω = 2233 · ej26,6◦Ω
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Î =
Û

Ẑ
=

10

2233 · ej26,6◦
= 4, 478 · e−j26,6◦A

ÛC2 = Î · 1

jωC2
= 4, 478 · e−j26,6◦ · 1

j · 2π · 50 · 3, 18 · 10−6
=

= 4, 55 · e−j116,6◦V = (−2, 04− 4, 07j)V

Û13 = Û − ÛC2 = 10− (−2, 04− 4, 07j) = (12 + 4, 07j)V = 12, 7 · ej18,67◦V

Î1 =
Û13

Ẑ1

=
12, 7 · ej18,67◦

2829, 8 · e−j45◦
= 4, 49 · ej63,7◦mA

Î2 =
Û13

jωL
=

12, 7 · ej18,67◦

j · cπ · 50 · 6, 36
= 6, 36 · e−j71◦mA
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Př.8.1: Vypoč́ıtejte metodou úměrných veličin proudy Î1, Î5, Î3 a určete celkovou impe-
danci obvodu Ẑ.

C2 R2

C3

C1

R1

L

U

I3

I2 I1

1

4

3

2

6

Û = 220V

f = 50Hz

R1 = 300Ω

R2 = 100Ω

C1 = 5µF

C2 = 10µF

C3 = 2µF

L = 1H
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Předpokládáme, že známe proud Î1

ÛC1 =
Î1

jωC1
=

Î1

j · 2π · 50 · 5 · 10−6
= −636j · Î1

ÛR1 = R1 · Î1 = 300 · Î1

ÛL = jωL · Î1 = j · 2π · 50 · 1 · Î1 = 314j · Î1

Napět́ı mezi uzly 1 a 4, zároveň napět́ı na C3:

ÛC3 = ÛC1 + ÛR1 + ÛL = −636j · Î1 + 300 · Î1 + 314j · Î1 = (300− 323j) · Î1

Î2 = jωC3 · ÛC3 = j · 2π · 50 · 2 · 10−6 · (300− 323j) · Î1 = (0, 203 + 0, 189j) · Î1
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Î3 = Î1 + Î2 = (0, 203 + 0189j) · Î1 + Î1 = (1, 203 + 0, 189j) · Î1

ÛC2 =
Î3

jωC2
=

(1, 203 + 0189j) · Î1

j · 2π · 50 · 10 · 10−6
= (60, 2 + 382j) · Î1

Napět́ı zdroje:

Û = ÛC2 + ÛR2 + ÛC3 =

= (60, 2 + 382j) · Î1 + (120, 3 + 18, 9j) · Î1 + (300− 323j) · Î1 =

= (480, 2− 687, 2j) · Î1

Z toho:

Î1 =
Û

480, 2− 687, 2j
=

220

480, 2− 687, 2j
= 0, 262 6 55◦A
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Î2 = (0, 203 + 0, 189j) · Î1 = 0, 073 6 98◦A

Î3 = (1, 203 + 0, 189j) · Î1 = 0, 32 6 64◦A

Ẑ =
Û

Î3

=
220

0, 32 6 64◦
= 688, 6 6 − 64◦Ω
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Př.8.2: Jaká je hodnota proudu Î3 a jeho počátečńı fáze Ψi?

R1

C1

R2

C2

R3

LU

I1 I2
I3

1

2

5

Û = 100 6 30◦V

R1 = 27Ω

R2 = 30Ω

R3 = 20Ω
1

ωC1
= 25Ω

1

ωC2
= 18Ω

ωL = 30Ω
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Předpokládejme proud Î•
3

= 1A.

Û •
R3

= R3 · Î•
3

= 20 · 1 = 20V

Û•
L

= jωL · Î•
3

= j · 30 · 1 = j30V

Û •
12

= Û •
R3

+ Û•
L

= (20 + j30)V

Î•
2

=
Û •

12

R2 − j
ωC2

=
20 + j30

30− j18
= 1, 0306 6 86, 76◦A

Î•
1

= Î•
2

+ Î•
3

= 0, 0582 + j1, 0295 + 1 = 1, 4764 6 44, 209◦A

Û •
51

= Î•
1
· (R1 −

j

ωC1
) = 1, 4764 6 44, 209◦ · (27− j25) =

= 1, 4764 6 44, 209◦ · 36, 8 6 − 42, 8◦ = 54, 3152 6 1, 409◦V = (54, 3 + j1, 336)V

Û• = Û •
51

+ Û •
12

= 54, 3 + j1, 336 + 20 + j3 = (74, 3 + j31, 336)V = 80, 638 6 22, 868◦V
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Skutečné napět́ı zdroje je Û = 1006 30◦V

Poměr

p̂ =
Û

Û•
=

100 6 30◦

80, 638 6 22, 868◦
= 1, 24 6 7, 132◦

Î3 = 1 · 1, 24 6 7, 132◦ = 1, 24 6 7, 132◦A
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Př.8.3: Jaká je hodnota proudu Î3 a jeho počátečńı fáze Ψi?

L1

C3

R2

L2

U

I1

I3I2

1

2

3

Û = 30V

R2 = 40Ω
1

ωC3
= 20Ω

ωL1 = 25, 5Ω

ωL2 = 10Ω
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Předpokládejme proud Î•
3

= 1A.

Û •
12

= Î•
3
· j 1

ωC3
= 1 · j20 = j20V

Î•
2

=
Û •

12

R2 + jωL2
=

j20

40 + j100
= 0, 1857 6 21, 8◦A

Î•
1

= Î•
2

+ Î•
3

= 0, 1724 + j0, 06896 + 1 = 1, 1724 + j0, 06896 = 1, 1744 6 3, 366◦A

Û •
31

= Î•
1
· jωL1 = 1, 1744 6 3, 366◦ · j25, 5 = 29, 948 6 93, 366◦

Û• = Û •
31

+ Û •
12

= −1, 7586 + j29, 8965 + j20 =

= (−1, 7586 + j49, 8965)V = 49, 9275 6 92◦V
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Skutečné napět́ı zdroje je Û = 30V

Poměr

p̂ =
Û

Û•
=

30

49, 9275 6 92◦
= 0, 6008 6 − 92◦

Î3 = 1 · 0, 6008 6 − 92◦ = 0, 6008 6 − 92◦A

Î2 = 0, 1857 6 21, 8◦ · 0, 6008 6 − 92◦ = 0, 1109 6 − 69, 8◦A

Î1 = 1, 1744 6 3, 366◦ · 0, 6008 6 − 92◦ = 0, 7018 6 − 88, 2◦A
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2.3 Univerzálńı metody

Př.8.4: Proudy ve větv́ıch obvodu vypoč́ıtejte metodou smyčkových proud̊u.

R1 L1

L2

L3

R2
U1

I1 I2

Û1 = 10V

f = 20kHz

R1 = 5Ω

R2 = 20Ω

L1 = 0, 1mH

L2 = 2mH

L3 = 0, 25mH

R1Î1 + jωL1 ·
(
Î1 − Î2

)
− Û1 = 0

jωL1 ·
(
Î2 − Î1

)
+ (jωL2 −R2) · Î2 = 0
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Rovnice smyčkových proud̊u můžeme zapsat př́ımo v maticovém tvaru:

 R1 + jω(L1 + L2) −jωL2

−jωL2 R2 + jω(L2 + L3)

 ·
 Î1

Î2

 =

 Û1

0



Dosad́ıme zadané hodnoty:

 5 + j251, 89 −j251, 33
−j251, 33 20 + j282, 74

 ·
 Î1

Î2

 =

 10
0



Proud zdroje: ÎZ = Î1 = 0, 21519 6 − 63, 52◦A

Proud prvkem L2: ÎL2 = Î1 − Î2 = 0, 028276 6 − 91, 95◦

Proud rezistorem R2: ÎR2 = Î2 = 0, 19081 6 − 59, 47◦
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Př.8.5: Vypoč́ıtejte napět́ı U2 na výstupu nezat́ıženého filtru pomoćı metody smyčko-
vých proud̊u.

R1 L

C1

R2

C2
U1 U2

I1 I2

Û1 = 1V

f = 100kHz

R1 = 200Ω

R2 = 50Ω

L = 5H

C1 = C2 = 50µF

R1Î1 +
1

jωC1
·
(
Î1 − Î2

)
− Û1 = 0

1

jωC1
·
(
Î2 − Î1

)
+

jωL + R2 +
1

jωC1
+

1

jωC2

 · Î2 = 0
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1

jωC1
=

1

j · 2π · 100 · 50 · 10−6
= −j31, 82Ω = (0− j31, 83)Ω =

1

jωC2

Î1 · (200− j31, 83) + j31, 83 · Î1 = Û1

Î1 · j31, 83 + Î2(50 + 43077, 9) = 0

Î2 = 5, 104 · 10−5 · e−j169,9◦A

Û2 =
Î2

jωC2
=

5, 104 · 10−5 · e−j169,9◦

j · 2π · 100 · 50 · 10−6
= 1, 625 · 10−3 · ej100,1◦V
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Př.8.6: Vypoč́ıtejte v uvedeném obvodu proudy jednotlivých větv́ı pomoćı metody
smyčkových proud̊u.

R1

C1

R2

C2

R3

LU1

I1 I2

Û1 = 100 6 30◦ = (86, 6 + j50)V

R1 = 27Ω

R2 = 30Ω

R3 = 20Ω
1

ωC1
= 25Ω

1

ωC2
= 18Ω

ωL = 30Ω


R1 + 1

jωC1
+ R2 + 1

jωC2
−R2 − 1

jωC2

−R2 − 1
jωC2

1
jωC2

+ R2 + R3 + jωL

 ·
 Î1

Î2

 =

 Û1

0


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 57− j43 −30 + j18
−30 + j18 50 + j12

 ·
 Î1

Î2

 =

 86, 6 + j50
0



Î1 = (1, 14 + j1, 426)A = 1, 826 6 51, 37◦A

Î2 = (1, 233 + j0, 1495)A = 1, 242 6 6, 913◦A

ÎR2 = Î2 − Î2 = 1, 14 + j1, 426− 1, 233− j0, 1495 =

= (−0, 093 + j1, 2765)A = 1, 28 6 94, 77◦A
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Př.8.7: Vypoč́ıtejte v uvedeném obvodu proudy jednotlivých větv́ı pomoćı metody
smyčkových proud̊u.

R1 C1

R2 C2
U1

I1 I2

Û1 = 10V

R1 = R2 = 10kΩ

C1 = C2 = 0, 1µF

Řešte pro frekvence

1. f = 100Hz

2. f = 160Hz

3. f = 250Hz


R1 + 1

jωC1
+ R2 −R2

−R2 R2 + 1
jωC2

 ·
 Î1

Î2

 =

 Û1

0


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ad 1.) f = 100Hz


R1 + 1

jωC1
+ R2 −R2

−R2 R2 + 1
jωC2

 ·
 Î1

Î2

 =

 Û1

0




10 · 103 + 1

j·2π·100·0,1·10−6 + 10 · 103 −10 · 103

−10 · 103 10 · 103 + 1
j·2π·100·0,1·10−6

 ·
 Î1

Î2

 =

 10
0



ÛR2 = R2 · (Î1 − Î2) = 3, 1737 6 17, 80◦V
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ad 2.) f = 160Hz


R1 + 1

jωC1
+ R2 −R2

−R2 R2 + 1
jωC2

 ·
 Î1

Î2

 =

 Û1

0




10 · 103 + 1

j·2π·160·0,1·10−6 + 10 · 103 −10 · 103

−10 · 103 10 · 103 + 1
j·2π·160·0,1·10−6

 ·
 Î1

Î2

 =

 10
0



ÛR2 = R2 · (Î1 − Î2) = 3, 333 6 − 0, 202◦V
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ad 2.) f = 250Hz


R1 + 1

jωC1
+ R2 −R2

−R2 R2 + 1
jωC2

 ·
 Î1

Î2

 =

 Û1

0




10 · 103 + 1

j·2π·250·0,1·10−6 + 10 · 103 −10 · 103

−10 · 103 10 · 103 + 1
j·2π·250·0,1·10−6

 ·
 Î1

Î2

 =

 10
0



ÛR2 = R2 · (Î1 − Î2) = 3, 183 6 − 17, 30◦V
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Př.8.8: Obvod na obrázku řešte metodou smyčkových proud̊u.

R1

L1

L2

L3

R3

R2

C

U1

I1

I2

I3

M12

M13

M23

Û1 = 10V

f = 10kHz

R1 = 50Ω

R2 = 100Ω

R3 = 200Ω

L1 = 2, 5mH

L2 = 1, 8mH

L3 = 1, 8mH

M12 = 2mH

M23 = 1, 6mH

M13 = 2mH

C = 0, 3µF
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
R1 + jωL1 −jωM12 +jωM13

−jωM12 R3 + jωL2 − j
ωC −(R3 + jωM23)

+jωM13 −(R3 + jωM23) R2 + R3 + jωL3

 ·

Î1

Î2

Î3

 =


Û1

0
0




50 + j157, 08 −j125, 66 +j125, 66
−j125, 66 200 + j47, 478 −200− j100, 53
+j125, 66 −200− j100, 53 300 + j113, 097

 ·

Î1

Î2

Î3

 =


10
0
0



Î1 = 0, 050960 6 − 53, 72◦A

Î2 = 0, 025855 6 51, 15◦A

Î3 = 0, 013609 6 133, 99◦A
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Př.8.9: Vypoč́ıtejte napět́ı U2 na výstupu filtru pomoćı metody uzlových napět́ı (MUN).

R1

C1

L

C2 R2
U1 U2

Û1 = 10V

f = 100Hz

R1 = 200Ω

R2 = 50Ω

L = 5H

C1 = C2 = 50µF
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R1

C1

L

C2 R2
U1 U2

↓

G1 C1

L

C2 G2
U20U10

I1 1 2

0

Napět’ový zdroj přepočteme na
proudový:

Î1 =
Û1

R1
=

10

200
= 0, 05A

G1 =
1

R1
=

1

200
= 0, 005S

G2 =
1

R2
=

1

50
= 0, 02S

jωC1 = jωC2 =

= j · 2π · 100 · 50 · 10−6 =

= j0, 031416S
1

jωL
=

1

j · 2π · 100 · 5
=

= −0, 000318309S
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G1 C1

L

C2 G2
U20U10

I1 1 2

0

Naṕı̌seme soustavu rovnic:

−Î1 + Û10 · (G1 + jωC1) +
1

jωL

(
Û10 − Û20

)
= 0

Û20 (G2 + jωC2) +
1

jωL

(
Û20 − Û10

)
= 0


G1 + jωC1 + 1

jωL − 1
jωL

− 1
jωL G2 + jωC2 + 1

jωL

 ·
 Û10

Û20

 =

 Î1

0



Û2 = Û20 = 1, 367 · 10−2 · ej131,9◦V
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Př.8.10: Vypoč́ıtejte napět́ıU2 na výstupu filtru pomoćı metody uzlových napět́ı (MUN).

R1

C1

L

C3

C2 R2
U1 U2

Û1 = 10V

f = 100Hz

R1 = 200Ω

R2 = 50Ω

L = 1H

C1 = C2 = 50µF

C3 = 2, 5µF
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R1

C1

L

C3

C2 R2
U1 U2

↓

G1 C1

L

C2 G2
U20

U10

I1 1 2

0

C3

Napět’ový zdroj přepočteme na
proudový:

Î1 =
Û1

R1
=

10

200
= 0, 05A

G1 =
1

R1
=

1

200
= 0, 005S

G2 =
1

R2
=

1

50
= 0, 02S

jωC1 = jωC2 =

= j · 2π · 100 · 50 · 10−6 =

= j0, 031416S

jωC3 = j · 2π · 100 · 2, 5 · 10−6 =

= j1, 570796 · 10−3S
1

jωL
=

1

j · 2π · 100 · 1
=

= −1, 591549 · 10−3S
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G1 C1

L

C2 G2
U20

U10

I1 1 2

0

C3


G1 + jωC1 + jωC3 + 1

jωL −jωC3 − 1
jωL

−jωC3 − 1
jωL G2 + jωC2 + jωC3 + 1

jωL

 ·
 Û10

Û20

 =

 Î1

0



Û2 = Û20 = 8, 77 · 10−4 · ej131,6◦V
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Př.8.11: Vypoč́ıtejte proudy ve větv́ıch obvodu metodou uzlových napět́ı.

G1 C1

L

C2 G2
U20

U10

I1 1 2

0

C3

Û1 = 10V

f = 20kHz

R1 = 5Ω

R2 = 20Ω

L1 = 0, 1mH

L2 = 2mH

L3 = 0, 25mH
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R1 L1 L3

L2 R2
U1

I1

I2 I3

↓

G1

L1 L3

L2 G2

U10

U20

1 2

0

I1

Î1 =
Û1

R1
=

10

5
= 2A

G1 =
1

R1
=

1

5
= 0, 2S

G2 =
1

R2
=

1

20
= 0, 05S

1

jωL1
=

1

j · 2π · 20 · 103 · 0, 1 · 10−3
=

= −0, 07957S
1

jωL2
=

1

j · 2π · 20 · 103 · 2 · 10−3
=

= −0, 0039788S

ZL3G2 =
G2 · 1

1ωL3

G2 + 1
1ωL3

=

=
0, 05 · 1

j·2π·20·103·0,25·10−3

0, 05 + 1
j·2π·20·103·0,25·10−3

=

= (0, 01442− j0, 02265)Ω
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G1

L1 L3

L2 G2

U10

U20

1 2

0

I1


G1 + 1

jωL1
− 1
jωL1

− 1
jωL1

1
jωL1

+ 1
jωL2

+ ZL3G2

 ·
 Û10

Û20

 =

 Î1

0



Î1 = 0, 21519 6 − 63, 52◦A

Î2 = 0, 028276 6 − 91, 95◦A

Î3 = 0, 19081 6 − 59, 47◦A
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Př.8.12: Vypoč́ıtejte proud Î3 v obvodu metodou uzlových napět́ı.

Ŷ1

Ŷ3

Ŷ2

1 0

2

ÎZ1 ÎZ2Î3 ÎZ1 = 2, 2 · ej15◦A

ÎZ2 = (4− j1, 5)A

Ŷ1 = 0, 15S

Ŷ2 = j0, 3S

Ŷ3 = (0, 2− j0, 1)S

 Ŷ1 + Ŷ3 −Ŷ1

−Ŷ1 Ŷ1 + Ŷ2

 ·
 Û10

Û20

 =

 ÎZ1

ÎZ2 − ÎZ1


 0, 35− 0, 1j −0, 15
−0, 15 0, 15 + 0, 3j

 ·
 Û10

Û20

 =

 2, 125 + 0, 569j
1, 8749− 2, 0694



Û10 = (5, 37408− 1, 185938j)V

Î3 = Û10 · Ŷ3 = (5, 37408− 1, 185938j) · (0, 2− j0, 1) = 1, 23 · e−j39◦A
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Př.8.13: Obvod na obrázku řešte metodou uzlových napět́ı a vypočtěte proud Î2 tekoućı
rezistorem R2.

R1

L1 L2 R2

C3 L4 R4

1 2 3

0

I1

Î1 = (26, 5 + 58, 5j)A

R1 = 1Ω

R2 = 2, 5Ω

ωL1 = 1Ω

ωL2 = 5Ω

1

ωC3
= 2Ω

ωL4 = 5Ω
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R1

L1 L2 R2

C3 L4 R4

1 2 3

0

I1

Ẑ2 = R2 + jωL2 = (2, 5 + 5j)Ω

Ŷ2 =
1

Ẑ2

= (0, 08− 0, 16j)S

G1 =
1

R1
= 1S

1

jωL1
= −1j S

jωC3 = 0, 5j S

1

jωL4
= −0, 2j S

G4 =
1

R4
= 0, 2S
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R1

L1 L2 R2

C3 L4 R4

1 2 3

0

I1

Uzlové rovnice zaṕı̌seme v maticovém tvaru:


1− j j 0
j 0, 08− 0, 66j −0, 08 + 0, 16
0 −0, 08 + 0, 16j 0, 28− 0, 36j

 ·

Û10

Û20

Û30

 =


26, 5 + 58, 5j

0
0



Řešeńım této soustavy rovnic obdrž́ıme uzlová napět́ı:

Û1 = 38, 495 + 27, 862j = 47, 520 6 35, 90◦V

Û2 = 69, 133 + 39, 857j = 79, 799 6 29.96◦V

Û3 = 29, 656 + 10, 012j = 31, 300 6 18, 65◦V
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Û23 = Û2 − Û3 = (39, 477 + 29, 845j)V = 49, 489 6 37, 09◦V

Î2 =
Û23

Ẑ2

=
39, 477 + 29, 845j

2, 5 + 5j
= 7, 933− 3, 929j = 8, 853 6 − 26, 35◦A
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Př.8.14: Metodou uzlových napět́ı určete výstupńı napět́ı Û10 v obvodu dle obrázku.

R

C

C

L

L

U10

2 1

3 0

I1
Î1 = 20A

ωL = 5Ω

1

ωC
= 20Ω

R = 10Ω



1
jωL + jωC −jωC − 1

jωL

−jωC jωC + 1
jωL + G −G

− 1
jωL −G jωC + 1

jωL + G

 ·

Û10

Û20

Û30

 =


0

Î1

−Î1


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
−0, 15j −0, 05j 0, 2j
−0, 05j 0, 1− 1, 5j −0, 1

0, 2j −0, 1 0, 1− 1, 15j

 ·

Û10

Û20

Û30

 =


0
20
−20



Û10 = −120 + 160j = 2006 126, 87◦V
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Př.9.1: Vypoč́ıtejte proud Î v závislosti na impedanci Ẑ.

Z

R1 C

R2

L

U1

I

a

b

u1(t) = 33 · sin
100t +

π · 18circ

180



R1 = 20Ω

R2 = 15Ω

C = 1000µF

L = 250mH
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Podle Theveninovy věty nahrad́ıme obvod vzhledem ke svorkám a-b náhradńım napě-
t’ovým zdrojem.

Zi

ZU1

I

a

b

Û1 = U1ef 6 α =
33

12
6 18◦ = 23, 33 6 18◦

Ẑ1 = R1 +
1

jωC1
= 20− 1

100 · 103 · 10−6
j = (20− 10j)Ω

Ẑ2 = R2 + jωL = 15 + 100 · 250 · 10−3j = (15 + 25j)Ω

Ûi = Ûab0 napět́ı mezi uzly a-b naprázdno

Ûi = Ûab0 = Û1 ·
Ẑ2

Ẑ1 + Ẑ2

= 23, 33 6 18◦ · 15 + 25j

35 + 15j
= 17, 86 6 53, 84◦V
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Vnitřńı impedance náhradńıho zdroje:

Ẑi = Ẑzb =
Ẑ1 · Ẑ2

Ẑ1 + Ẑ2

=
(20− 10j)(15 + 25j)

(35 + 15j)
= 17, 12 6 9, 27◦Ω

Î =
Ûi

Ẑi + Ẑ1

=
17, 86 6 53, 84◦

17, 12 6 9, 27◦ + Ẑ
=

(10, 54 + 14, 42j)

(16, 9 + 2, 76j) + Ẑ
A
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Př.9.2: Vypoč́ıtejte metodou náhradńıho napět’ového zdroje proud tekoućı ampérmet-
rem A.

R4

R2

CR3

R1

U

I
A

Û = 40V

R1 = 200Ω

R2 = 160Ω

R3 = 120Ω

R4 = 80Ω

1

ωC
= 60Ω
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R4

R2

CR3

R1

U

U ‘3

Ui

I‘3

Î ‘3 =
Û

R1 + R2
=

40

200 + 120
=

= 0, 125A

Û ‘3 = R3 · Î ‘3 = 120 · 0, 125 = 15V

−Û ‘3 + Ûi = 0

Ûi = Û ‘3 = 15V
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R4

R2

CR3R1

Zi

Ẑi =
R1 ·R3

R1 + R3
+ R2 +

−R4 · j
ωC

R4 − j
ωC

=
200 · 120

320
+ 160− 80 · 60j

80− 60j
= (263, 8− 38, 4j)Ω
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Zi

Ui

I

Î =
Ûi

Ẑi
=

15

263, 8− 38, 4j
= 0, 0563 6 8, 28◦A
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Př.9.3: Určete parametry náhradńıho zdroje a proud, který ukazuje am=érmetr, v ob-
vodu na obrázku.

a b

R4

R2

CR3

R1

Û

A

Û = 40V

R1 = 200Ω

R2 = 160Ω

R3 = 120Ω

R4 = 80Ω

1

ωC
= 60Ω
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a b

R4

R2

CR3

R1

Û

U ‘3

I‘3

Uab0

Î ‘3 =
Û

R1 + R2
=

40

200 + 120
=

= 0, 125A

Û ‘3 = R3 · Î ‘3 = 120 · 0, 125 = 15V

Û ‘3 + Ûab0 = 0

Ûab0 = −Û ‘3 = −15V
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R4

R2

CR3R1

Zi

Ẑi =
R1 ·R3

R1 + R3
+ R2 +

−R4 · j
ωC

R4 − j
ωC

=
200 · 120

320
+ 160− 80 · 60j

80− 60j
= (263, 8− 38, 4j)Ω
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Zi

Ui

I

Î =
Ûi

Ẑi
=

−15

263, 8− 38, 4j
= 0, 0563 6 − 171, 7◦A

IA = 0, 0563A
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Př.9.4: Určete proud impedanćı Ẑ2 metodou náhradńıho zdroje.

Ẑ2

Ẑ3

Ẑ1

Û1 Û2

Î1 Î2

Î3

a

b
Ẑ1 = (50 + 30j)Ω

Ẑ2 = (50 + 30j)Ω

Ẑ3 = 100Ω

Û1 = 100V

Û2 = 100 6 − 30◦V
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Ẑ2

Ẑ3

Ẑ1

Û1 Û2

Î1 Î2

Î3

a

b

≡

Ẑ2Ẑi

Ûi Û2

Î2

a

b

Vnitřńı napět́ı náhradńıho zdroje Û12 = Û13
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Ẑ2Ẑi

Ûi Û2

Î2

a

b

Î =
Û1

Ẑ1 + Ẑ3

Û12 = Îi = Î ‘ · Ẑ3 =
Û1 · Ẑ3

Ẑ1 + Ẑ3

=
100 · 100

50 + 30j + 100
= (64, 2− 12, 8j)V
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Ẑ3Ẑ1

Ẑi

1

2

Vnitřńı impedance náhradńıho zdroje:

Ẑi =
Ẑ1 · Ẑ3

Ẑ1 + Ẑ3

=
(50 + 30j) · 100

150 + 30j
= (35, 9 + 12, 8j)Ω

Hledaný proud Î2:

Î2 =
Û2 − Ûi
Ẑi + Ẑ2

=
100 6 − 30◦ − (64, 2− 12, 8j)

85, 9 + 42, 8j
= 0, 452 6 − 85, 5◦A
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Př.9.5: Pomoćı Theveninovy věty vypoč́ıtejte proud i(t).

R1

R2 Cu(t)

i(t)

u(t) = Um · sin(ωt) = 12 · sin(2 · π · 50 · t)
R1 = 1kΩ

R2 = 4kΩ

C = 10µF

Ûm = 12 · ej0 = 12V

Ẑi =
R1 ·R2

R1 + R2
=

103 · 4 · 103

5 · 103
= 800Ω

Ûim = Ûm ·
R2

R1 + R2
= 12 · 4 · 103

5 · 103
= 9, 6V

Îm =
Ûim

Ẑi + 1
jωC

=
9, 6

800− j 1
2π·50·10·10−6

= 11, 15 · ej21,7◦mA

i(t) = Im · sin(ωt) = 11, 15 · sin(2 · π · 50 · t + 21, 7◦) mA
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Př.9.6: Pomoćı Theveninovy věty vypoč́ıtejte proud i(t).

C1

C2 Ru(t)

i(t)

u(t) = Um · sin(ωt) = 50 · sin(2 · π · 50 · t)
R1 = 1kΩ

C1 = 10µF

C2 = 20µF

Ûm = 50 · ej0 = 50V

Ẑi =
1

jωC1
· 1
jωC2

1
jωC1

+ 1
jωC2

=
1

j·2π·50·10·10−6 · 1
j·2π·50·20·10−6

1
j·2π·50·10·10−6 + 1

j·2π·50·20·10−6

= −106, 103j Ω

Ûim = Ûm ·
1

jωC2
1

jωC1
+ 1

jωC2

= 50 ·
1

j·2π·50·20·10−6

1
j·2π·50·10·10−6 + 1

j·2π·50·20·10−6

= 16, 667V

Îm =
Ûim

Ẑi + R
=

16, 667

−106, 103j + 1000
= 16, 57 · ej6,057◦mA

i(t) = Im · sin(ωt) = 16, 57 · sin(2 · π · 50 · t + 6, 057◦) mA
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2.4 Přenosové funkce RC, RL a RLC obvod̊u

Př.9.7: Vypoč́ıtejte napět́ı ÛL a přenos napět́ı K̂U obvodu RL.

R

LÛ1

ÛR

ÛL

Î

Û1 = 10V

R = 2kΩ

L = jmH

ω = 5 · 104s−1

ωL = 5 · 104 · 10−3 = 50Ω

K̂U =
ÛL

Û1

=
jωL

R + jωL
=

jωL · (R− jωL)

(R + jωL) · (R− jωL)
=

ω2L2

R2 + ω2L2
+ j · ωLR

R2 + ω2L2
=

=
2500

4 · 106 + 2, 5 · 103
+ j · 50 · 2 · 103

4 · 106 + 2, 5 · 103
= 6, 2461 · 10−4 + j249, 84 · 10−4 =

= (6, 2461 + j249, 84) · 10−4

ÛL = Û1 · K̂U = 10 · (6, 2461 + j249, 84) · 10−4 = 0, 24992 6 88, 568◦V.
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Př.9.8: Vypoč́ıtejte obecně přenos napět́ı K̂U v obvodu RC, je-li u(t) = U1m · sinωt.
R

CÛ1 ÛL

Î

K̂Uc =
1

jωC

R + 1
jωC

=
1

1 + jωRC
=

1

1 + jωτC
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Př.9.9: U přenosového článku z obrázku vypoč́ıtejte hodnotu výstupńıho napět́ı a určete,
v které oblasti článek pracuje, je-li kmitočet vstupńıho harmonického napět́ı f = 100Hz.

R

Cu1(t) u2(t)

u1(t) = U1m · sinωt = 10 ·
√

2 · sinωt
R = 1kΩ

C = 1µF

Û1 = 10 · ej0◦

Û2 = Û1 ·
1

jωC

R + 1
jωC

= Û1 ·
1

1 + jωRC
= 10 · 1

1 + j · 2π · 100 · 1000 · 2 · 10−6
=

= 7, 9577 · 10−3 · e−j89,95◦V

u2(t) = 7, 9577 · 10−3 ·
√

2 · sin(ωt− 89, 95◦)V = 0, 011254 · sin(ωt− 89, 95◦)V

=⇒ Přenosový článek pracuje v oblasti integrace.
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Př.9.10: U přenosového článku z obrázku vypoč́ıtejte hodnotu výstupńıho napět́ı a
určete, v které oblasti článek pracuje, je-li kmitočet vstupńıho harmonického napět́ı f =
20Hz.

R

Cu1(t) u2(t)

u1(t) = U1m · sinωt = 10 ·
√

2 · sinωt
R = 1kΩ

C = 1µF

Û1 = 10 · ej0◦

Û2 = Û1 ·
1

jωC

R + 1
jωC

= Û1 ·
1

1 + jωRC
= 10 · 1

1 + j · 2π · 20 · 1000 · 2 · 10−6
=

= 2, 4375 · ej75,89◦V

u2(t) = 2, 4375 ·
√

2 · sin(ωt + 75, 89◦)V = 3, 4471 · sin(ωt + 75, 89◦)V
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Př.9.11: Vypoč́ıtejte obecně přenos napět́ı K̂UC v obvodu RLC.

R L

CÛ1 ÛC

Î

Î =
Û1

R + jωL + 1
jωC

ÛC =
Î

jωC
= Û1 ·

1

1− ω2LC + jωRC

K̂UC =
ÛC

Û1

=
1

1− ωL
R · ωRC + jωRC

=
1

1− ω2τLτC + jωτC
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2.5 Rezonančńı obvody

Př.10.1: Pro obvod na obrázku určete všechny kmitočty, při nichž nastává napět’ová,
popř. proudová rezonance.

C1

C2 L

Podmı́nka napět’ové rezonance Ẑ = 0

Podmı́nka proudové rezonance Ŷ = 0

Ẑ =
1

jωC1
+

1

jωC2 + 1
jωL

=
1

jωC1
+

jωL

1− ω2LC2
= j

ω2LC1 − (1− ω2LC2)

ωC1(1− ω2LC2)
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Podmı́nka napět’ové rezonance Ẑ = 0

ω2LC1 − (1− ω2LC2) = 0

ωrn =
1√

L(C1 − C2)

Podmı́nka proudové rezonance Ŷ = 0

Ŷ =
1

Ẑ
=

ωC1(1− ω2LC2)

ω2LC1 − (1− ω2LC2)

ωC1(1− ω2LC2) = 0

ωrp =
1√
LC2
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Př.10.2: Určete všechny rezonančńı kmitočty reaktančńıho dvojpólu z obrázku.

L1 C1

C2 L2

L1 = 10mH

L1 = 1mH

C1 = 1µF

C1 = 5µF

Ẑ = jωL1 +
1

jωC1
+

1

jωC2 + 1
jωL2

=
1− ω2(L1C1 + L2C2 + L2C1) + ω4L1L2C1C2

jωC1(1− ω2L2C2)
=

=
1− 1, 6 · 10−8ω2 + 5 · 10−17ω4

jω · 10−6 · (1− 5 · 10−9ω2)
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Kmitočty napět’ové rezonance:

1− 1, 6 · 10−8ω2 + 5 · 10−17ω4 = 0

ω1 = 9, 24 · 103s−1

ω2 = 15, 3 · 103s−1

Kmitočty proudové rezonance:

jω · 10−6 · (1− 5 · 10−9ω2) = 0

ω3 = 14, 14 · 103s−1
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Př.10.3: Sériový rezonančńı obvod RLC má parametry: R = 10Ω, L = 100µH ,
C = 100pF . Určete rezonančńı kmitočet ωr, charakteristickou impedanci Zch, útlum
δ a činitel jakosti Q. Určete proud Ir, výkon v obvodu Pr, napět́ı na ćıvce ULr a kon-
denzátoru UCr, při rezonanci, je-li obvod připojen na zdroj o napět́ı U = 1V .

ωr =
1√
LC

=
1√

100 · 10−6 · 100 · 10−12
= 107s−1

fr =
ωr
2π

= 1, 6MHz

Zch =

√√√√√√L
C

= 1000Ω

δ =
10

1000
= 0, 01

Q =
Zch
R

=
1000

10
= 100

Ir =
U

R
= 0, 1A = 100mA

Pr = R · I2
r = 0, 1W

ULr = UCr = Zch · Ir = 1000 · 0, 1 = 100V
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Př.10.4: Paralelńı rezonančńı obvod se skládá z kamacitoru C = 139pF a ćıvky s
indukčnost́ı L = 20µH a sériového ztrátového odporu R = 5Ω. Obvod je připojen
na zdroj o napět́ı Ûi = 10V s vnitřńım odporem Ri = 100Ω. Vypoč́ıtejte rezonančńı
kmitočet ωr, činitel jakosti Q, proud odeb́ıraný obvodem a napět́ı na rezonančńım obvodu
při rezonanci.

Sériový obvod převedeme na obvod s proudovým zdrojem.

Gi GP LP CP

Îi

Îi =
Ûi
Ri

Gi =
1

Ri

GP =
R

R2 + (ωL)2

LP =
1

R2 + (ωL)2
· 1

(ωL)2
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Podmı́nka rezonance Im
[
Ŷ

]
= 0

Ŷ = Gi + GP + jω
C − L

R2 + ω2L2



ωr =

√√√√√√ 1

LC
− R2

L2
= 1, 88 · 107s−1

fr = 3MHz

GPr = 3, 5 · 10−5S

LPr = 2 · 10−5H

Q =
1

ωrLPr(Gi + GPr)
=

1

120π · 4, 48 · 10−5
= 59, 5

Îr = Îi ·
GPr

Gi + GPr
= Ûi ·

Gi ·GPr

Gi + GPr
= 7, 8 · 10−5A

Ûr =
Îr
GPr

= 2, 22V
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jωL = 314, 16Ω

jωC1 = j · 314, 16 · 5 · 10−6 = 0, 0015708j S
1

jωC1
= −636, 62j Ω

Ẑ1 = R1 + jωL +
1

jωC1
= 300 + j(314, 16− 636, 62) = (300− 322, 46j)Ω

jωC3 = j · 314, 16 · 2 · 10−6 = 0, 00062832j S

Ẑ2 =
1

jωC3
= −1591, 55j Ω; ;

Ẑ13 =
Ẑ1 · Ẑ3

Ẑ1 + Ẑ3

=
(300− 322, 46j) · (−1591, 55j)

300− 1914, 01j
= (202, 54− 300, 04j)Ω

Ẑ2 = R2 +
1

jωC2
= 100− j · 1

314, 16 · 10 · 10−6
= (100− 318, 31j)Ω

Ẑ = Ẑ2 + Ẑ13 = (100− 318, 31j) + (202, 54− 300, 04j) = (302, 54− 618, 35j)Ω
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Př.10.5: Paralelńı rezonančńı obvod je složen z induktoru L = 0, 4mH , rezistoru
RL = 20Ω a kapacitoru C, je napájen zdrojem o frekvenci f = 600kHz. Určete hod-
noty kapacity Cr, aby nastala rezonance. Určete činitel jakosti Q a impedanci obvodu při
rezonanci.

RL

L

Cr

Podmı́nka rezonance Im
[
Ŷ

]
= 0

Ŷ =
1

RL + jωL
+ jωC =

=
RL

R2
L + (ωL)2

− j ·
 ωL

R2
L + (ωL)2

− ωC


Cr =
L

R2
L + (ωL)2

=

=
4 · 10−4

202 + (2π · 6 · 105 · 4 · 10−4)2
= 177pF
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Q =
ωL

RL
=

2π · 6 · 105 · 4 · 10−4

20
= 75, 5

Ẑr =
1

Re
[
Ŷ

] =
R2
L + (ωL)2

RL
=

202 + 2, 66 · 106

20
= 113kΩ
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2.6 Výkonové přizp̊usobeńı

Př.10.6: Obvod podle obrázku je napájen ze zdroje harmonického napět́ı Û = 100V ,
s kmitočtem f = 100Hz. Vypočtěte zatěžovaćı impedanci ẐS tak, aby výkon na zátěži
byl maximálńı a určete jeho velikost.

R1

L

R2

C ẐS
Û

R1 = 250Ω

R2 = 1, 5kΩ

L = 2, 5H

C = 1, 06pF
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Ẑi =
Ri

1 + jωCR2
=

100

1 + j
= (750− 750j)Ω

ẐS = Ẑ•i = (750 + 750j)Ω

PS = 0, 5P = 0, 5 · U
2

2R2
= 1, 67W
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Př.10.6: Vypoč́ıtejte impedanci ẐN tak, aby výkon j́ı dodaný byl maximálńı, vypočtěte
jeho velikost.

R R

XC ẐN
Û

Î ÎN2

2‘

R = 10Ω

1

ωC
= 30Ω

U = 100V
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R R

XC ẐN
Û

Î ÎN2

2‘

≡

Ẑi

Û1

ẐN

2

2‘

R R

XC

ẐN

2

2‘
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Ẑi

Û1

ẐN

2

2‘

Ûi =
Û

R− j
ωC

· 1

jωC
=

100

10− 30j
· (−30j) = 90− 30j = 956 − 18, 25◦V
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R R

XC

ẐN

2

2‘

Ẑi = R +
−j · 1

ωC ·R
R− j

ωC

= 10 +
−30j · 10

10− 30j
= (19− 3j)Ω
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Max. výkon bude při ẐN = Ẑ•i = (19 + 3j)Ω

PNmax =
Û 2
i

4 ·RN
=

952

4 · 19
= 118W

Výkon dodaný zdrojem:

Î =
Û

R1 +
− j
ωC(R1+ẐN)
R1+ẐN− j

ωC

=
100

10− 30·(29+3j)
29−27j

= 336 28, 37◦A

PZ = Re
[
Û · Î•

]
= Re [100 · 3, 3 6 − 28, 37◦] = 100 · 3, 3 · cos28, 37◦ = 290W

Účinnost η = PNmax
PZ

= 118
290 = 0, 407 ≈ 40, 7%
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