ELEKTRONIKA PRO INFORMACNI TECHNOLOGIE
TEORIE OBVODU

SBIRKA PRIKLADU



I. Ustaleny stejnosmeérny stav

1. Ohmuv zakon




2. 1. Kiz. = I = 0 (proudovy)
(Proudy tekouci z uzlu bereme s kladnym znaménkem, proudy tekouci do uzlu se
zapornym znaménkem. )

I3

L+ L—I3=0

Pozn. Na prednasce jsme si uvadéli jinou konvenci - proudy tekouci z uzlu bereme se
zapornym znaménkem, proudy tekouci do uzlu s kladnym znaménkem (vyse uvedenou
rovnici prenasobime -1).

—I— L+ 13=0

Obeé rovnice splnuji [. K.z. =1 =0



3. 1. Kiz. U = 0 (napétovy)
Napéti (ubytky na rezistorech, napéti zdroju), jejichz ¢itajici sipka ma smér, souhlasici
se smérem obéhu kolem smycky, bereme s kladnym znaménkem, ostatni napéti se
zapornym znaménkem.

Uz‘ URg Uiz UR2
R3 R2
— e ] I e o

Ry

1
L

Uri

Ui +Uprs — Ui —Upas — Up1 =0



1.1 Zakladni zakony elektrickych obvodu - jejich aplikace

Pr1.1.1: Urcete proud [y dvou paralelné razenych napt. chemickych zdroju el. energie

(IIOV}// a staréf) Ril = O, 89, RZ'Q = 1, 29, Uz’l — 1, 6V, UZ'Q = 1, 45V

Rily + Rpply +Ujp — Uy =0



Iy
i1
Uiz

* O
R Ri2
U
o O

Ui

Iy = = = 0,075A 1
v R+ R 0,84 1,2 ’

Uj—Us 1,6 —1,45
1Paralelné razené clanky jsou naprazdno a presto uvniti baterie tece proud. Proto v tomto zapojeni nelze spojovat
nové a staré clanky.



P1.1.2: Urcete svorkové napéti zdroju Uy a Us. Srovnejte napéti naprazdno a svorkové.
Vnitini odpor R;; = 0, 8€2, R;5 = 4€), vnitini napéti U;; = 1,6V, U,y = 1,2V,

a) RZ:5Q
b) Ry = 3Q)

U1 U2

Ri1 Rio
O e e )

RyI — U+ Ryl —Ujp+ Ripl =0



Ui Ui

Ui+ U 1,64+ 1,2

1, = =
Ri+Ros+Rz; 084445

—0,2857A

Ue=Us — Rnl,=1,6-0,8-0,2857 = 1,371V

Use = Ujp — Rigl, = 1,2 —4-0,2857 = 0,05714V



b) Ry = 30

Ui + Usp 1,6+ 1,2

_[: p—
’ Ri+Rpo+Rz; 084443

= 0,3594

Up=Uy — Ryl =1.6—0,8-0,359 = 1,313V

Uy = Uy — Risly = 1,2 — 40,359 = —0, 2359V



Pr.1.3: Urcete R3 tak, aby Uy, = 20V. Ry = 5, Ry = 10€2, U7 = 10V, Uy = 20V,
Us; =30V

a

S
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1) Zdroje napéti v serii s odporem prevedeme na ekvivalentni proudové zdroje.

TCL
. .1 .
Ry Rs R3
L G, 12 Gy 13 Gs
Us Us
| 1 !
5

Ui

U, 10
=2t —""—_94
YR, 5

U, 20
I,=—2—""_94
‘"R, 10

U
I=—"
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1
G, = — —-=0.29
1 Rl 9

1 1
Gy=—— = =0.18
‘"R, 10
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2) Celkova vodivost:

a

b

G=G1+Go+G3=0,240,1+G3=0,34+ G35
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3) Rovnice podle 1. KZ

oa
I bé I3é G U
L lb A f

L+L+1I3—1 =0

2+2+4+30G3—20(0,24+0,1+G3) =0
10G3 = 2
Gs = 0,25

Rs; = 5f)
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Pr.1.4: Urcete napéti U. Ry = 92, Ry = 158, Uy = 70V, Uy = 50V

Rl +Rol —Us—U; = 0

! 0f + 151 — 50 — 70 = 0
R Ry
v U] = 120
Us
I = 5A

U=Ryl —U;=15-5—-50= 25V

Uy

15



1.2 Metody pro specialni pripady

P#.2.1: Urcete U, a) metodou zjednodusovani, b) metodou timérnych velicin.

U, = 10V, Ry = 209, Ry = 1009, Ry = Ry = 501

2Q¢fslujeme uzly: ©, ©
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a) metoda zjednodusovani

Uy Uio Ry Ray

R34 = Rs+ R4 = 50 + 50 = 10012

17



~100-100
100+ 100

18

50(



I1  Riosy
—

Uy

Ri934 = Ry + Rozqs = 20 + 50 = 7052

o _10_ 0, 14294

[ p—
" Risg 70
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U =U, — Ry I, =10 —20-0,1429 = 7, 143V

Ui 7,143
Ui=R = 50 - = 3,571V
! 4R3—|—R4 50 4+ 50 ’
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b) metoda umeérnych velicin

LR @

21



Us = (R + Ry)ly = (50 +50) - 1 = 100V

Us 1
A N
2 Ry 100

]i:]§+121:1+1:214

22



UI = Ufo + Rl[i =100+ 20 - 2 = 140V

U, 10

k‘ p— p—
UI 140

= 0,07143

Us = kUs = 0,07143 - 50 = 3,571V
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P1.2.2: Urcete proudy obvodu: U = 10V, Ry = R3 = 3k}, Ry = 13k}, Ry = 2kX)
R5 = 4k

a) metodou zjednodusovani

b) metodou umeérnych velicin.
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a) metoda zjednodusovani

L R @ Is R

Rys

Ri-Rs 2000 - 4000
B — _ — 1.3333k0)
DT R, Rs 200044000
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I

R @ Iz

U U Ry Rsa5

V1,

©

Rass = Rs + Rys = 3000 + 1333, 3 = 4, 333k
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LR

Ros45

Rois — Ry - Rays _ 13000 - 4333 _ 3.95k0)
Ry + Rsys 13000 4 4333

27



Ri2345

Ri9345 = Ry + Raz45 = 3000 + 3250 = 6, 25k

U 10
" Rious 6250

Il = 1,6mA
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LR’ @ Is

U U Ry Rsa5

U =U — RyI; = 10 — 3000 - 0,0016 = 5,2V

U10 B 5,2
R, 13000

]2 = = O,4mA

—]1—|—[2—|—]3:O:>13:]1—]2:1,6—0,4:1,2mA

29
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b) metoda umeérnych velicin

L R @ l3s R @

Volime ]5 = 1mA

Us = RsI. = 4000 - 0,001 = 4V
20 5
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U A oma
p— p— p— m
4 Ry 2000

—L 4+ I+ Iy = 0= Iy = I + I, = 0,002+ 0,001 = 3mA

32



Ufo = U2-0 + R3[§ =44 3000 - 0,003 = 13V

U 13
I =10 = = 1mA
2" R, 13000

33



Us = Ufo + Rlli = 13+ 3000 - 0,004 = 25V

U 10

]{: = — =
Ue 25

0,4
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I = kly = 0,4-
Iy = kIy = 0,4
Iy = kIy = 0,4-
Iy = kI = 0,4

Iy = kI = 0,4-

0,004 = 1,6mA
0,001 = 0,4mA
0,003 = 1,2mA
0,002 = 0,8mA

0,001 = 0, 4m A
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P1.2.3: Urcete proudy obvodu: U = 10V, Ry = R3 = 3k}, Ry = 13k}, Ry = 2kX)

a) metodou zjednodusovani
b) metodou umeérnych velicin.
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a) metoda zjednodusovani

R4 = Ry + Ry = 3000 4 2000 = 5k¢2
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Rs - Ry 3000 - 5000

Rz = - — 1,875k

Rs+ Ry 3000 + 5000

38



Ri234

Ri934 = Ry34 + Ry = 1875 + 13000 = 14, 875k

U 10
" Rygy 14875

I = 0,6723mA
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Ups = U — Ryl; = 10 — 13000 - 0,6723 - 107% = 1, 26V

_ Uks 1,26
Ry 3000

13 = O,42mA
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L—L—1,=0=IL=1—1;=0,6723-10"° —0,42-107% = 0,252mA
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b) metoda umeérnych velicin

Volime IZ_ = 1mA 3

Us = (Ry + Ry)Iy = (3000 +2000) - 0,001 = 5V

sJestlize provedeme typ tohoto proudu s velkou chybou, neni to na zavadu, koeficienty budou timérné vétsi.
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Lok 0 ra
e — p— p— m
3 Rs 3000 ’

Je—T—Ie=0= L= I+ I. = 0,00167 + 0,001 = 2, 67TmA
1 3 4 1 3 4
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U. = Uég + Rg]i =5+ 13000 - 0,00267 = 39, 71V

U 10

k= U, 39,71

= 0,25
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I, = kI = 0,25 - 0,00266 = 0,6723mA
Iy = kIy = 0,25-0,00166 = 0,42m A

Iy =kl = 0,250,001 = 0,252mA
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Pr.2.4: Metodou zjednodusovani a umérnych veli¢in urcete vSechny proudy obvodu.
U =48V, Ry = 20), Ry = 3082, R3 = 40€2, Ry = 102, R5 = 20f)

I
Iy I
RQ R3 R4
: : Rl Il
U Rs 5
I
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a) metoda zjednodusovani

I
R2 R34
: : R1 I<1_
U Rs 5
1
L
Rs - Ry 40 - 10
R3y = -

Ri+ R, 40410
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ﬁ] R34

Rosy = Ry + R3y = 30 + 8 = 382
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: : Rl Il

U

Rosys

]
L |

Ry o P Bs 3020
Rosa + R 38+ 20

49



Ri9345 = R1 4+ Rozys = 2+ 13,1 = 15, 12

U 48

I p— _
" Rissus 15,1

=3, 1784
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Ups = U — RiI; =48 — 23,178 = 41,64V

Ups 41,46
Ry,

I = = 2.082A

]1—[2—[5:O=>]2:[1—I5:3,178—2,082:1,096A

ol



I, I
RQ RB R4

Ups=U — RiI} — Rolo =48 —2- 3,178 — 30 - 1,096 = 8, 764V

4
I = Uy _ 8,704 _ 0,2194
Rs
Ups 8,764
[ =8 =20 8774

Ry 10
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b) metoda umeérnych velicin
I I
Ro R3 Ry

Volime IZ_ = 1A

Ue = Ryl4=10-1=10V
R4

U. 10
[o=—4 =" —( 254
3 R, 40
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1, I
RQ RB R4

Ué{)z é4—|—R2[§:10—|—30-1,25:47,5V

5 U 475

= 2,375A
5 Rj 20 ’
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1, I
RQ RB R4

Jo—Io—Te=0= Io= I+ [« = 1,25+ 2,375 = 3,625A
1 2 5 1 2 5)

U. = Ryly + Rsly = 23,625 + 20 - 2,375 = 54, 75V

U 10

b= U. 54,75

= 0, 8767
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I, = kI, = 0,8767 - 3,625 = 3, 178A
Iy = kly = 0,8767- 1,25 = 1,096A
Iy = kIy = 0,8767 - 0,25 = 0,2194

Iy = kIy = 0,8767 - 1 = 0,8767A

I = kIy = 0,8767 - 2,375 = 2, 0824
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P1.2.5: Proudy reste superpozici. Uy = 6V, Uy = 18V, Ry = 10€2, Ry = 20€2, R3 = 15f)

o7



Ry-Rs  20-15
Ros — - — 8.5710
B Ry+ Ry 20415

Ri93 = Ry + Ro3 = 10+ 8,571 = 18, 57152

U

I = -
T Ry 18,571

= 0,32314

Uty = Uy — Ry =6—10-0,3231 = 2, 769V

Uy 2,769
Ry

[ = =0, 1846 A

= —0,1385A
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o1 = Uy

59

Ry - Rs 10 - 15
Ry3 = — —
R+ R; 10415

Rio3 = Ry + R13 = 20 + 6 = 26(

U, 18
[% = = =10,6923A
> Rpy 26
— Rol% =18 — 20 -0, 6923 = 4, 1538V
Uto  4,1538
[ =07 —0,2769A
R
U 4,1538
[=—— == = —0,4153A

Ry 10



1 Ry ® Ry I’y

11773

©

I =TI+ 1% =0,3231 —0,4153 = —0, 0923 A
I =TIy + I% = —0,1385 + 0,6923 = 0, 5538 4

I3 = I'g + T% = 0,1846 40,2769 = 0, 4615A
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1.3 Univerzalni metody

P1.3.1: Obvod reste aplikaci Kirchhoffovych zakonu. Uy = 6V, Uy = 18V, Ry = 101,
Ry = 2000, Ry = 1512

—I— L+ 13=0
RiI{+ R3l3 —U; =0
Rols + R3l3 — Uy =0

—1 -1 1 A 0
R 0 Rs|-|L|=|U
0 Ry Rj I3 Us
—1 -1 1 I 0
10 0 15 |-|L|=]|6
0 20 15 I3 18

I = —0,092314
I, = 0,55384
I3 = 0,4615A
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P1.3.2: Obvod popiste pomoci K.z.

Nezavislé smycky s = 3,
nezavislé uzly n = 3.

I.K.z. : [—[1—[3:()
L —1,—1=0
—[+L+1;,=0

I11.K.z. : Rlll -+ Rng — Rg[g =0

Rols — Ryly — Rglg =0
Rsls+ Ryly — U =0
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—1 0
I -1
0 1

Ry 0
0 Ry
0 0

—1
0
0
_ Ry
0
Rs

0 0 1
0 -1 0
1 0 -1
0 Rg O
—Ry —Rg 0O
Ry 0 0

+Popis obvodu podle K.z. vede zfejmé na velké mnozstvi rovnic, proto ¢asto pouzivame MSP nebo MUN.
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P#.3.3: Reste metodou smyckovych proudi. Uy = 6V, Uy = 18V, Ry = 104,
Ry = 2082, R3 = 151}

[1L.K.z°:

Ry 31—|—R3< ) U =0
Rolso+ Rs(lso — 1) + Uy =0

Ry +R; —Rs Ui
—R3 Ry + Rj —Us

15 81 6
(2 & ) (132) [
Iq=—0,00231A4 [, =—0,55384
I, =1, =—0,09231A
I, = —Io=0,55384
Iy = I — Iy = —0,09231 + 0, 5538 = 0, 4615A

sSoustavu rovnic pro MSP 1ze zapsat pfimo v maticovém tvaru: R - Iy = U. Prvky hlavni diagondly odporové matice
jsou dany souctem rezistoru piislusné smycky. Pti souhlasném smyslu smyckovych proudu jsou pak ostatni prvky urcené
zaporné vzatou hodnotou rezistoru spoleénych vétvi.
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P1.3.4: MSP urcete proudy obvodu. U = 2V, Ry = R3 = 20€2, Ry = 40€2, Ry = 10(2,

Rg = 250

Ri+ Ra + R3 —Rq —R3 Iy 0
—Rq Ro+ Ri+ Rg —Ru NIl | =10
—R5 — R, Rs + Ry I U

60 —250 —20 14 0
—25 75 —=10|-|1so =10
—20 —10 30 I 2

I =0,043214 I, =0,0284A [I5=0,10494
I, =1, =0,04321 A

I = I =0,0284A

I3 =I5 — I =0,1049 — 0,04321 = 0, 061694
Iy = I3 — I =0,1049 — 0,0284 = 0,0765A

Ig =1, — Io=0,04321 —0,0284 = 0,01481 A
[ =14=0,10494
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P1.3.5: MSP urcete proudy obvodu. Uy =5V, Uy =7V, Ry = 7,50, Ry = 2, 5(),
R3 =50, Ry = 20), R5 = 25¢)

R+ R4 0 — Ry Lo
— Ry —Rs Rs+ R4+ Rs I

0.5 0 =2\ (I,

2 925 32 I3

I,=04A Io=-08A Iz=-006A
I, =1, =04A

I=—1Is=0,6A

Iy = —Iy=0,84
Ii=14—I3=04+06=1A
Ii=1I3—Io=—-06+08=0,2A

66
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P1.3.6: MSP urcete proudy obvodu. Uy = 110V, Uy = 15V, U = 90V, Ry = 500¢2,
Ry = 30012, Rz = 50012, Ry = 100052, R5 = 20052, R = 70052

Us

I3 R3

I,
m

Ry
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R+ Rs+ Ry — Ry —Ry 1
— Ry Ry + Rs + Rs — R N —
— Ry — R5 Ry + R4+ Ry I

2000 —500 —1000 I
—500 1400 =200 |- | Is
—1000 —200 1500 5

I,=0,044 Io=01A I;5=0,054
[ =lo+1;=01-0,04=0 064
Lh=13=0054 I3=1I,=004A
I,=1Is—1I,=0,05—0,04=001A
Is=1Io—I5=01-0,05=0,054

Ig=15=0,1A

68
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Pr.3.7: MSP urcete proudy obvodu. Uy = 100V, Uy = 30V, U = 10V, U, = 6V,
R, = 1002, Ry = 10€2, R3 = 1550, Ry = 65, R5 = 5
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Ry+ Ry+ Ry —Ry — Ry 14 Uy — Uy
—Ry Rs + Ry 0 | Lo | = Us — Uy

— Ry 0 R+ Ry I U —Uy— Us

21 —6 —10 1 24

—6 21 O | Lo | =1 16

—10 0 20 I 60

Iq=4,1A I5=19334 I5=5054
I, =1I5="5,054

Iy=1I5—1Iq=0,95A

Iy =I5 — Iy =31167TA
I=1,—Io=2167A

Is = [ =4, 1A

Is =I5 =1,933A
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Pr.3.8: MSP urcete proudy obvodu a také vykony dodavané zdroji a spotiebované
rezistory. U1 = 8V, UQ — 8V, R1 — 229, RQ = 5Q, Rg = 16@, R4 = 15@, R5 — 9@,
Rg = 141)
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R+ Ry + Rg — R — Ry I U
— R Ry + R5s + Ry — R5 N I | = | Us
—Ry —Rs Rs+ Ry + R; I3 0

46 —14 —15 14 8
[14 28 9]-[132] 8
—15 =9 40 I 0

I =3,9556A4  Io=0,57259A I =0,27716A

I, =I5 =0,39556A

I = Iy =0,57259A

Is = — I3 = —0,27716A
Iy =1, —Iz=0, 118394
Is = I — I3 =0,2954A
Ig=1Io— I, =0, 177A
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Pri = R I? = 3,443W
Pry = RoI3 = 1,639W
Prs = Rl = 1,220W
Pry = RyI; = 0,2103W
Prs = RsI? = 0, 7854W
Pre = ReIi = 0,4386W

§
P =3 Pp=TT4W

P, = U, =3,165V A
Py = Uy, = 4.581V A

P = %11% = 7, 745W
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P1.3.9: MSP urcete proudy obvodu. Uy = 35V, Uy = 11V, Ry = 5k(), Ry = 3k(),
Rs =2k, Ry = 5kS), Rs = 1kS), Rg = 0, 5k

I Rg
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R+ Rs+ R;s

—R:
—R;

—R; —R3 I —Us
Ro+ R4+ Ry — R, N — Us
— Ry Rs+ Ry + Rg I Uy

8000 —1000 —2000 I —11
—1000 9000 —=5000 || Isx | =] 11

—2000 —5000 7500 I3 30

Iq=1,91TmA  I,=6,848mA I5=09,743mA

I =1,=10917TmA

I, = I, = 6,848mA

Iy = I, — I3 = —7,826mA

Iy =T — Is=—2895mA

Is = I — I, = 4,93132116mA
Is = I3 =9, 743mA
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P#.4.1: Obvod feste MUN. U, = 6V, Uy = 18V, Ry = 109, Ry = 209, R3 = 150

I R ® Ro IE_ @
L T I

U2 — Gl GQ G3 UlO

© o

Gl = 0, 13; GQ = 0, 055, Gg = O, 066675

Ul § Ug 18
Ipn=-t= " =064 Ip=2=-—=06A
Z1 Rl 10 ) Z2 RQ 20 )
I.K.z.: —I71 — 1794+ G1Uyg + GoUpg + G3Uqyg = 0
Iz1+ Iz 0,6+0,9

Uy = — 6,923V

G+ Gy+Gs 0,140,054+ 0,06667
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L =1, —GUg=06-0,1-6923=—0,09234
Iy = Iz — GolUyg=0,9—0,05- 6,923 = 0, 55394

I = G3Uyp = 0, 06667 - 6,923 = 0, 4616 A

7



P1.4.2: Urcete proudy vetvi obvodu z obrazku pomoci MUN. U; = 5V, Uy = 10V,
Ry = 2kS), Ry = 2kS), Ry = bkS2, Ry = 3kS), Ry = 1k
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Uy D

A R
U, 10
Iyo = -2 — — 0.6A
27 R, 2000

—I71 4+ (G1 4+ Gy)Uyg + Go(Uyg — Uyg) =0
— 179+ (G3 + G5)Usy + Go(Usyy — Upg) =0
(Gh+ Gy + G2)Urg — GoUy = 11
—GyUqg + (Gg + G5 + GQ)UQ() = 19

(G1+G2+G4 —Gy ).(Um)_([m
—G Go+G3+Gs) \Uxn) \lIz
1,3-107% —=5-1074 Uo) (2,5-1072
(—5-104 1,7-103)'((]20)_( 21073

Up = 2,6033V Uy = 1,9421V
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L=G(U —Uyp)=5-10"*- (5 —2,6033) = 1, 1983mA

I = Gy(Usy — Upg) = 5-107* - (1,9421 — 2,6033) = —3,306m A
Iy = G3(Us — Uyy) = 2-107% - (10 — 1,9421) = 1,6116mA

I, =GUpp=0,3-107"-2,6033 = 0,8678mA

I; = GsUy = 1072 - 1,9421 = 1,9421m A
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P1.4.3: Urcete napéti Uy a Uy pomoci MUN. Uy =20V, U = 15V, 1 = 1,5A,
Ry = Ry = 201), R3 = Ry = 40f)

I
—@- f
R, Rs 4@7
—
©) G ©)
. ] o
R, — Ha 15
UA R2 Gl G2 G4
Ur Uz Ug U U
. l - |
Uy 20 Ug 15
[y = = = 1A Ip=—=—=0,375A
AT R 20 B R, 40 7

Rovnice je mozné psat pifmo v maticovém tvaru’: G - U = I.

sNa hlavni diagondle matice jsou vlastni vodivosti uzli, tedy suma vodivosti k uzlu ptipojenych. Mimo hlavni diagonalu
je zaporné vzaty soucet vodivosti vétvi spojujicich prislusné uzly.
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(Gl—l—GQ—l—Gg — (3 ).(UIO):(_[A_[

—Gg Gs+ Gy Usy I+ Ip
0,125 —0,025 . U1o [ —2,5
—0,025 0,05 Uy ) | 1,875
Uyo = —13.8V

Uy = 30,5V
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Pi.4.4: Urcete napéti Uy a Uy pomoci MUN. Uy =20V, U = 15V, 1 = 1,5A,
Ry = Ry = 201), R3 = Ry = 40f)

Ry

R
R3
Us

83
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—(Q)—

@©
L]
o=
Gq
Us l7 Uio Uso




Us 20

171 = — =1A
7R, 20
Ug 15
l79 = = = (0.375A
Z2 R4 40 )
(G1‘|’G2 —G )_(Um): Iz —1
—Gy Gy+Gs+ Gy Uso —171 — 179
0,1 —0,05) (Up) ( —0,5
0,05 0.1 Up | = | —1.375
Uy = —15,83V

Usy = —21,6V
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P1.4.5: Urcete napéti Uy a Uy pomoci MUN. Uy =5V, Ug = 10V, I = 2mA,
R =Ry = 2,2k, R3 = 5,6k(), Ry = 3,3k}, Ry = 1k{)

Gs

Hs I
S e
Ua
Ry
I71 :Q:
G
Ry — o == |9
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Uy D

I
Ug 10
l79 = = = 10mA
2= R " 1000
G1 4+ Gy + G —Gy — G . U1 B I+ 17
—Gy— Gz Gy+G3+Gy+Gs Uy | \ =1z — Iz

1,0877-107° —6,3312-107*) (U ) _ (4,27-107°
—6,3312-107% 1,9361-1073 Uy ) | —0,01227

Upg = 0,2947V

Uy = —6,2423V
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P1.4.6: Urcete napéti Uy a Uy pomoci MUN. Uy = 15V, Ug = 10V, I = 2, 5mA,
R =Ry = 2,2k, R3 = 5,6kQ), Ry = 2,7k}, Ry = 1k{)
N —
Up
R3

= ()
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Uy 15 -

I[71=—2 = = 6,81mA
AT R, o000
Us 10
Iy9 = -2 = = 10mA
2= R, 1000 "
Gi+Go+Gs+Gy —Gs—Gy | (U _ (—Iz1— 1z
—Gs — Gy G3—|—G4—|—G5 Uso - I+ 1
1,4580 - 1072 —5,4894- 1073 (Uy)  ( —8,6039 - 1073
—5,4894 - 1073 11,5489 - 1073 Uy | | —4,2857-1073
Uy = —5, 5057V

Usy = —0, 7796V
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P1.4.7: Proudy obvodu urcete pomoci MUN. Uy = 12V, U, = 16V, [; = 3mA,
Ry = 1kQ), Ry = 2kS), Ry = 1kQ), Ry = bkS), R5 = 4k(), Rg = 2k()
Ry R Rs

, 9 ©
IQT
U1o
G1 G4 U20 G5 G2
. @.) @ o
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Uy 12

[ = — = — 12mA
V7R T 1000 -
U, 16
Iy = —= = — 8mA
27 R, o000 O
G1+ G4+ Gg —Gy 0 Uio 14
—G6 GQ -+ G5 -+ G6 _GQ — G5 | Uy | = I
0 —Gy — Gy Go+ Gs+ G5 Us I+ 1
1,7-107% —5.10* 0 U 12-1073
—5-107% 1,25-1073% —=7.5-1074 |- | Uy | =| 8-1073
0 —7.5-107% 1,75-1073 Usg —5.1073
Uy = T7,6953V
Uy = 2,1641V

Uyy = —1,9297V

90



Up  7,6953

- = 1,5391mA
R, 5000 o
Um::2J64L:5¢ﬂO%nA
Ry 4000

~1,92
Uso _ ’997::—1¢n9mnA
Rs 1000

5,4102-107% — 11,9297 - 1073 + 3 - 107 = 6, 4805m A

L—I— 1=

1,5391 - 1073 +1,9297 - 1072 — 3. 1073 = 0, 4688m A

I, — Iy = 6,4805 - 107> — 5,4102 - 107 = 1,0703m A
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P1.4.8: Urcete napéti Uy a Uy pomoci MUN. Uy = 15V, U = 10V, I = 2, 5mA,
Ry = Ry =2,2k0), R3 = 5,6k}, Ry = 2, 7TkS), R5 = 1kS), Rg = 4, Tk}
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Uy D

I =—== =2 2TmA
VTR, T 00 0
Us 10 -
I[;9=—"=——=237T03mA
2= R, om0 o
Gi+Go+Gs3+Gy —Gs— Gy 0 Ui Iy90 — 174
—Gg — Gy Gg + Gy + GG —G6 N U | = | —1 — 19
0 —Gg G5 + Gg Uso I
1,4580 - 1072 —5,4894 - 104 0 U 1,4310- 1073
—5,4894 - 107* 7,6171-107%* —2,1277-107* |- | Uy | = | —5,7037 - 1073
0 —2.1277-107% 1,2128-1073 Usg 2.107°
Uy = —2,5195V
Uy = —9, 2988V

Usy = 0, 01775V
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Pr.4.9: Urcete napéti Uy a Uy pomoci MUN. Uy = 5V, Uy = 10V, Ry = 2k(),
Ry = 2kS), Ry = 5kS), Ry = 3kS), Rs = 1kS), Rg = 4kS), R7 = 10k()
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Iy = — = = 2.5mA
V=R, 2000 OO
U, 10 *
I = — = = 3,3mA
227 R, 3000 7"
G+ Gy + Gy + Gy —Gy —G1 — Gy Uy 17
—Gly Go+ Gy + G5 0 | Uy | = 179
—G1 — Gy 0 G+ Gg + G~ Usg —1 7
1,3-10% —=5-107* —6-10* U 2,5-1073
—5-107* 1,83-107? 0 AUy | =1 3,3-1077
—6-107% 0 8,5-1074 Us —2.5-1073
Uy = —2,5195V
U = —9, 2988V

Uy = 0,01775V
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Up 2,218

_ _ 0. 4444m A
R, _ 5000 oo
oo _ 24241 _ 2, 4241mA
R 1000
Uy —1.3728
_EB0 L TH0lE0 g si3omA
Ry 4000 y SEISIT
I+ Iy — Iy =

2,4241 -107° 40,4444 - 107% — 0,3432 - 107% =
2,5253mA

= Iy — I3 =2,5253-107% —2,4241 - 107° = 0, 1012mA

U10 — UQO B —O, 2023
R: 5000
Is+ 17 =0,3432 - 1072 +0,3595 - 107° = 0, 7027Tm A

= 0, 3595m A
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P7.5.1: Uréete proudy obvodu pomoci MMUN”. U; = 5V, U, = 10V,
Ry = R3 =5, Ry = Ry = 1052

. IT
Ry Us
+
@ G ©) Y
TIZI // It
G1| |G2 Gi U
1.Kz © ) P 2.K.z.

"MMUN lze pouzit i pii redlnych zdrojich napéti, jestlize to ma vyznam pro feseni problému (tj. kdyz se zajimame o
proud tekouci zdrojem).
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Tp=t=2_14
A= R T
G+ G+ Gy  —Gs 0 Ui 17
—Gs G3+Gy =1|-|Uxp|=1| 0
0 1 0 I Us
0,5 —1,5 0 Ui 1
15 0.3 —1|-|Up|=]0
0 1 0 I 10
Uip =6V
Usp = 10V

I=1,84
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L =1,——1_2=_02924
1 71 Rl 5 07
U10 0
L=—-2_" _0¢A
27 R0 10
UQ()_Ul() 10 — 6
; R3 5 !
Usp 10
I =2 1A
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P1.5.2: Predesly priklad reste modifikaci obou zdroju.
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Podle II. K.z. napiseme 2 rovnice:

Uo—Ui+ Ri1,=0
Ui+ Ril,=U;
Usop— Us =0

Uy = Uy
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Go+Gy —Gs3 —1 0
—Gy Gs+Gy 0 —1

1 0 R, O

0 1 0 0

0,3 —1,5 =1 0
1,5 0,3 0 —1
10 5 0
0 1 0 0

102

Uy 0
U20 B 0
[a B Ul
Iy Us
Ul() 0
Uy o 0
I, | |5
I 10

Uip =6V

Usp = 10V

I,=—0,2A



Pi.5.3: Vypocitejte uzlovd napéti a proud I v uvedeném obvodu pomoci MMUNS.U =
2V, R1 = Ry = 20€), Ry = 40L), Ry = 1082, R5 = 25{)

Podle II. K.z.:

Ui — Uz —U =0
Ui — Uz =U

8Je ziejmé, ze MMUN vede na vétsi pocet rovnic, coz neni na zavadu pii pocitacovém zpracovani.
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G1 + G

el
1
1

—G4 0 -1 Uso 0
Gi+Go+ Gy —Gy 0 Uso B 0
0 Ri 0| |Upl| |0

0 —1 0 I, U

0,1 —=0,06 0 —1 Ut 0
—0,05 0,115 —0,025 0 Uy | |0
0 —0,025 0,125 1 | | I, | |0
1 0 1 0 I, 2
Ujp = 1,1235V
Usy = 0, 3704V
Usg = —0, 7654V

I, = 0,1049A
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Pr.5.4: V obvodu na obrazku vypocitejte pomoci Theveninovy véty napéti, proud a
vykon rezistoru Ry, je-li U = 20V, Ry = R3 = 10€2, Ry = 20€2, R4 = 401).

R;
Ui
Lo REp TR
%
Ui Uy R, U2 = [2R2
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Resent:

R, R3
U Uy R
7
Rs + Ry 10 4+ 40 _
U, = = 20 - = 16,6V
R+ Rs+ Ry 10 + 10 + 40
10 - (10 + 40 _
R — Ri(R3+ Ry) _ (10 4 40) — 330
R+ Rs+ Ry 10 + 10 + 40
U; 16,6
[, = ! = =0, 58824
’ R+ Ry 8,3+ 20 ’
Uy, = [bRy =0,5882-20 =11, 7648V

Uy, = 11,7648 - 0, 5882 = 6, 9200
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P1.5.5: V obvodu na obrazku vypocitejte pomoci Theveninovy véty napéti, proud a
vykon rezistoru Ry. U = 10V, I; = 2A, Ry = R3 = 10}, Ry = 20€), R4 = 40f).

Ry R3 R;
lIZ llél l]4
%
U R2 U4 R4 UZ U4 R4
I Ui
4 JE—
R+ R,
Uy = 14Ry

Py =Uyly
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Resent:

<
=
_O

(Gl —|—G2>UZ = — =0, =
R
R; =
U.
I, = ' = —0,11765A
! R+ Ry

Uy = [4Ry = —4,7059V
Py = Uyly = 0,5536W

108



P1.5.6: V obvodu na obrazku vypocitejte pomoci Theveninovy véty napéti, proud a
vykon rezistoru Ry. U = 10V, I, = 2A, Ry = R3 = 10}, Ry = 20€), R4 = 40f).

Ry R3 R;

Iz 1 |1

U U R, R, Ui U2|| |R,
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G3Gy

4
Gz + Gy

)Ui

U

—— [, = UZ

R 7
R;
Iy
Us

110

& = —8,3V
G3G )
G+ G33+c§4
(Rg + R4)R1 830
R+ Rs+ Ry
U.

L= -0,29412A4

R, + Ry ’

= LRy = —5, 88235V

Uply = 1,7301W



Pr.5.7: V obvodu na obrazku vypocitejte pomoci Theveninovy véty napéti, proud a
vykon rezistoru Ry. U = 20V, Ry = 150, Ry = 20€), R3 = R4 = 10().

R _{2
—~o—1{ }—o R,
Us
1
Ry
R3 - Ui U2 R2
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(Gg -+ G4)UZ’ =

112

Usly = 1,20



Pr.5.8: V obvodu na obrazku vypocitejte pomoci Theveninovy véty napéti, proud a
vykon rezistoru R3. U = 10V, I = 0,5A, Ry = R3 = 100}, Ry = 2082, R4 = 40f).

Ry
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U=——1=U; = il _3,3V
R1 G1+G2
Ri1R

R — R — 46,60
! Ry + Ry
U.

I3 = L =10,058824

> Ri+Rs

Us = I3R; = 0, 5882V
Usly = 0, 0346W

o
[
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Pr.5.8: V obvodu na obrazku vypocitejte pomoci Theveninovy véty napéti, proud a
vykon rezistoru Ry. U = 30V, Ry = 150, Ry = 20€), R3 = R4 = 10().

Rs 2

o—1  |—o R,
Us
e
Ry
%
R3 Uz U2 R2
U
Ry
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(Gg -+ G4)UZ’ =

I
[

116

Usly = 2. 8125W



Pr.6.1: V mustkovém zapojeni urcete proud I pomoci véty o ndhradnim napétovém
zdroji. U = 2V, Ry = 2002, Ry = 4010, R3 = 20€), Ry = 1092, R = 25().
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Rs + Ry 0 . 1, B —U
0 R+ R» Iy o U

30 0 . 1, B —2

0 60 L) | 2

I, = —0,06A

I, = 0,034
U, = R4yl,+ RoIy = 0,6V

_ BB RyR
" Ri+Ry, R3;+R,
Ui
" R+ Rg

= 202

Io = 14,82mA
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Dodatek - Ustaleny stejnosmérny proud
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Pr.D1: Vypocitejte celkovy odpor obvodu. Ry = 100€2, Ry = 4005), R3 = R4 = 200

Ry Rs

Bo
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Krok 1.

Ry
Ao— ]

Bo

Rsy = Ry + Ry = 200€2 + 200€2 = 400¢2
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Krok 2.

Ry

Bo

Ry- Rsy 4009 - 4009
Rony = _ — 2009
ST Ry Ray 4009 + 4009
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Krok 3.

Ao

Ri234

Bo

Rio34 = R1 + R»34 = 1002 + 200€2 = 300¢2
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Transfigurace hvézda — trojihelnik a trojihelnik — hvézda
3

Rsp
R, R,
R10 RQO
1 2
R, 1 2
R, R,
R =
W R+ R+ R,
R, Ry
YT R, + R, + R,
Ry - R,
Ray = !

124



R, = Ry + Rog+ R -
Ry = Rog + Rap + Ry -

R.= Riyp+ R3y+ Ryp -

125

Ry



Pr.D2: Vypocitejte celkovy odpor obvodu. Ry = 100€2, Ry = 20012, R3 = 300€2, Ry =
40062, R5 = 500¢2

Rl R2
Ao e
R3
R4 R5
—1 ] L

Bo
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Krok 1. Vyuzijeme vzorce (1)

Rq
Ao—-A  F——1 "1

R, R
) NN b S
B o
- 100 - 4
R Ri-Ry 00400
R+ Rs+ Ry 100 + 300 + 400
R, - Rs 100 - 300
R, = _ — 37.50)
" R+ Rs+ Ry 100+ 300 + 400 !
: 4
Rs- Ry 300400

R, = -
R+ Rs+ Ry 100 + 300 + 400

9Na oznaceni rezistoru nezalezi, je dulezité umisténi mezi uzly.
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Krok 2.

Ra R2b
Ao—— ] L]
R5c

]

L |

B o

Roy = Ry + Ry = 37,5 + 200 = 237, 552
R5. = R.+ R5 = 150 + 500 = 650
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Krok 3.

R, Ropse
Ao——- ] L]

Bo

: - 650
Ropse = o Rse _ 230,5 = 173,940
Rop + Rs. 237,54 650
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Krok 4.

Ra2b5c

Ao—— |

B o

Ruopse = Ry + Ropse = 50 + 173,94 = 223, 941
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Pr.D3: Vypoél’tejte IR7 a UR6- R1 = RQ — Rg — R4 — R5 — R6 — R7 — 200¢2

Ure

QR7 [‘JRES
Bo .
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Krok 1.

\Ph:%e

gm
Bo :

Rys

QR(S Ukrs
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Krok 2. Vyuzijeme vzorce (1)

Ry

Rg|Urs
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/ad krok 1.

Ri-Rs 200200
YT R, R 200+ 200

/ad krok 2. Vyuzijeme vzorce (1)

Ry Ry,  200-200 200
R34+ Ry + Ry 200+ 100+ 200
R;-R 200 - 100
R, — i B = 409
Rs+ Rys+ Ry 200+ 100 + 200
: 100 - 2
A, Ry - Ry 00 - 200 400

T Rs+ Ri+ Ry 2004100 +200
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Pr.D4: Vypoél’tejte ]Rg a UR4. Rl = 1OOQ, RQ = QOOQ, Rg = ?)OOQ, R4 = 400¢
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Pr.Db5: Vypocitejte napéti na vSech rezistorech, vsechny proudy protékajici rezistory:.

RI=ORy=Q Ry=Q Ry=Q Ry=Q Rs=Q, R = Q)
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P1.D6: Vypocitejte napett Upr, Ugs, Urg, Urio, Ur11 a proudy Igi, Iro, Ir3, Ir4, Ips,
Ipg, . Ri = Ry = R3 = Ry = R; = 10000, Rg = R7 = Rs = Ry = R1p = R11 = 200()
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Theveninova véta

Libovolné slozity linearni obvod lze k jeho libovolnym dvéma svorkam nahradit obvo-
dem idealniho zdroje napéti U, v sérii s rezistorem R,,. Napéti U, bude napéti na téchto
svorkach naprazdno. Vnitini odpor tohoto zdroje vypocitame jako odpor mezi vystupnimi
svorkami, pokud je zatéz odpojena, zdroje napéti zkratovany a zdroje proudu odpojeny.
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Pr.D7: Vypocitejte napéti U,, R; = Ry = R3 = 200()

139



Krok 1. Celkovy odpor:

R,-R,  200-200
Ryy = — — 1009
2T R+ Ry 200+ 200

R, = Ri93 = R19 + R3 = 100 + 200 = 3002
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Krok 2. Napéti na svorkach U,

+ =

Ry = R; + Ry = 200 + 200 = 400¢2

U 10
= —=—=(,0254
Ry 400 ’

U, = Ro-1=200-0,025=5V
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Vysledek:

+ =

sV

R, = 30012

U, =5V

142



Pr.D8: Vypocitejte napéti U,, R; = Ry = R3 = 200()

Ry
A L
+
10V Ry R3 U,
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Pr.D9: Vypoél’tejte Rl. RQ — R4 = QOOQ, R3 = 1OOQ,R5 — R@ — 3009,[34 =
0,024
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P1r.D10: Urcete maximalni hodnoty odporu Ry tak, aby Ugs mélo hodnotu 0,5V .
Oveérte, ze pro hodnotu Ry > RopinUpge > 0,5V

Ao

1 = 1000€2
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II. Obvody ustaleného harmonického stavu

2.1 Symbolicka metoda reseni
Symbolicka metoda - transformace z ¢asové oblasti do komplexni roviny
Komplexor = rotujici tazor:
i(t) = I, = I,,¢/ - " = I, [cos(wt + ) + j sin(wt + )]
Okamziza hodnota je rovna imaginarni slozce komplexoru:
i(t) = I, [1(t)] = I,sin(wt + 1)
Fazor maximalni hodnoty:

L, = I,e'" = I,/¢ = I,(cosy) + j sinp) = x + jy
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Im

JYy

Fazor efektivni hodnoty: =

147

I
V2

ot



~ ~ ) / v~/ ~ ’ s/ / ’
Pr.7.1: Prevedte komplexni ¢islo ze slozkového tvaru do exponencialniho a vektorového
tvaru.

Im

T

b) A= —5+4j
a) A=3+4j
|A| = 6,4031 - /113 = 6,4031/141, 34°
Al = V32 +42=+25=5 A
o= cw“ctg;l = 53,13° C) A=2-35]

A=5.¢1 =5/53 13° oo
c ! |A| = 5,3852 - ¢ /984 =5 3852/68, 2°
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P#.7.2: Vyjddrete k zadanému proudu i(t) = 10 - sin(wt + 30°): a) efektivni hodnotu,
b) fazor ve vsech tvarech, ¢) komplexor.

10
=14
V2
b)
: = . oL oo V3 1 .
I, =10-¢6 =10/30° =10 - (c0s30° + j sin30°) = 10 - 5 1tI5 = (8,6602 + 55)A

c)

I =" = (6,124 + j3,536) A
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P#.7.3: Vypocitejte pomoci symbolické metody soucet harmonickych proudu (stejného
kmitoctu), které jsou dany okamzitymi hodnotami:

i1(t) = 10 - sin (wt + 45°)A a is(t) = 15 - sin (wt + 70°)A

Ly = 10 - /%" =10 - (cos45° + j sind5°) = (7,07 + 7 7,07) A

Loy = 15 - €7 = 15 - (cos70° + j sin70°) = (5,13 + j 14,09)A

Souctovy proud je: I = Iy 4 Lo = (12,2 + § 21, 16)A = 24, 42 - /0003 4
Okamzita hodnota souctového proudu je:

i(t) = Im|L, - &% - &' = 24,42 - sin (wt 4 60,03°) A
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Pt.7.4: Vypocitejte pomoci symbolické metody rozdil dvou harmonickych napéti (stej-
ného kmitoctu), kterd jsou dana okamzitymi hodnotami:

u(t) =45 - sin (wt + 25°)V a ug(t) = 15 - sin (wt +40°)V

Uy = 45 - €725° = (40,78 4 j 19,02)V

Uppp = 15 - €/740° = (11,49 — j 9,64)V

U = U — Uy = (29,29 + 5 28,66)V = 40,98 - 437" 4
u(t) = Im Uy, - €79 - /¥t = 40,98 - sin (wt + 44,37°) A
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Pt.7.5: Vypocitejte pomoci symbolické metody soucet harmonickych proudu (stejného
kmitoctu), které jsou dany okamzitymi hodnotami:

i1(t) = 10 - sin (wt + 15°)A, io(t) = 15 - sin (wt + 50°) A, i3(t) = 6 - sin (wt — 20°)A

Ly =10 - 7Y% = (9,66 + j 2,59)A

Loy = 15 - /9 = (9,64 + j 11,49) A

Is =6-¢172° = (5,64 +j —2,05)A

[ =11y + Loy + I = (24,94 + 5§ 12,03) A = 27,69 - e125:75° 4
i(t) = Im|1,, - ¥ - e = 27,69 - sin (wt + 25,75°) A
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Impedance, admitance, metody pro specialni pripady

Pr.7.6: Vypocitejte impedanci Z redlné civky pri kmitoétu f = 50Hz (Indukénost
civky L = 159mH , odpor R = 101).

Z = R+jw-L=R+j2nfL =10+ j50 = V10 + 502 - /1915 —
= 50,996/ = 50,99/78, 69°Q)
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Pi.7.7: Pro obvody na obrézcich a) az 1) vypoctéte impedanci Z(jw) a admitanci Y (jw)
pii zadanych kmitoc¢tech a pro kmitoéty w =0 a w — o0.

R = 20Q R = 209
L = 1,5mH L =1,5mH
f = 100Hz,1kHz, 10kH 2 J = 100Hz2,1kHz,10kH 2
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R = 1009
C = 1uF
f = 50Hz,500H 2, 5k H 2
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TC R
R = 10012
C = 1uF
f = 50Hz,500H z,5kHz



Ry
o—o ]
T C R
Ry = 80052
Ry = 2002
C' = 500pF

f = 10kHz,30kH z,100kH z
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T Co R
R = 2k
Cl = ZOnF
CQ AnF
f 1kHz,10kHz, 100k H z



RQNEPEU

102

5052

180 H

500pF

400k H z, 500k H z, 600k H 2z

157

~ Q ™~ EU =

1€2

He)

180uH

0, buF’

400k H z, 500k H z, 600k H z



L T0C
Cl = CQ — O,S,LLF
L =1,2mH

= 3kHz,bkHz,10kH 2
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. R = 209
L = 1,5mH
f = 100Hz
Z=R+jw-L
Z = (204 0,94255)Q = 20, 02/2, 7°Q
Y = (0,0499 — 0,00245)S = 0,0499/ — 2,7°S
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. R = 209
L = 1,5mH
f = 1kHz
Z=R+jw-L
Z = (204 9,42487)Q = 22,11/25, 23°)
Y = (0,0409 — 0,01937)S = 0, 04523/ — 25,22°S
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. R = 209
L = 1,5mH
° f = 10kH=z
Z=R+jw-L
Z = (20 + 94,24787)Q = 96, 346,78, 019°0)
Y = (0,022 —0,01025)S = 0,01038/ — 78,02°S
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R = 201}
L =15omH

Z = 20/0°0Q
Y = 0,05/0°S
7 — 00

Y = 0



L R
R+ jw- L
7 =
Yy =

R = 201}
L =1,5omH
f

100H z

(0,0443 + 0, 94045)Q2 = 0, 9415/87, 30°C
(0,05 — 1,006105)S = 1,0622/ — 87,30°S
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L k R = 200
L =1,5omH
- R4 jw-L
Z = (3,6345 + 7,71235)Q2 = 8,5258/64, 77°0)
Y = (0,05 —0,10615)S = 0,1173/ — 64, 77°S
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L 1 R = 209
L =1,5omH
- R4 jw-L
7 = (19,1382 4+ 4,06117)$2 = 19,5644/11,98°Q
Y = (0,05 —=0,01065)S = 0,0511/ — 11,98°S
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L R
R+ jw- L

R = 201}
L =15mH

<N
d
8 -

— 20/0°Q)
—= 0,05/0°S

<N



C
|

R R = 10012

C = 1uF
: f = 50Hz
Z =R+
jw - C
7 = (100 — 3183,0087)Q = 3184, 669/ — 88, 20°Q
Y = (9,86 + 313,865) - 10705 = 314.004/88, 20°uS
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Z
Y

R = 10052
C = 1uF
, f = H00H z
jw - C
= (100 — 318,3095)2 = 336,648/ — 72, 56°C2
— (0,898 4 2,8595) - 10738 = 2,997/72, 56°m.S
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R R = 10012
C = 1uF
: f = bkHz
7 =R+
jw - C
Z = (100 — 31,8315)Q2 = 109,944/ — 17, 66°Q)
Y = (9,080 —2,8905) - 10738 = 9, 529/17, 66°m.S
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R = 1009
C = 1uF
7 — 00
Y =0
7 = 100/0°
Y = 0,01/0°S



R = 10012
C = 1uF
f = 5H0Hz

<N

(99,901 — 3,13855)Q = 99,9507/ — 1, 8°)
(0,01 + 0,0003145)S = 0,010005/1,80°S
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Rk R = 1000
C = 1uF
. R.--L1. f = 500H 2
A—C
R+ 5
J
Z = (91,0170 — 28,59395)Q2 = 95,402/ — 17, 44°Q)
Y = (0,01 +0,003145)S = 0,01048/17, 44°S
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R = 10012
C = 1uF
f = bkHz

<Ny

(9,199 — 28,9025)2 = 30,331/ — 72, 34°C
(0,01 + 0,03145)S = 0,0329/72, 34°S
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- C R
1
- e
R+ 5

R = 1009
C = 1uF
Z = 100/0°Q
Y = 0,01/0°S
7 = 0
Y — 00



Ry
o— |
=+ & R, R; = 80052
Ry = 20012
o C' = bnkF
. Ry L = 10kH=z
J =R+ C 4
R2 Jjw-C
7 = (999,2135 — 12, 5170§)Q = 999,292/ — 0, 72°C)
Y = (1,00063 + 0,012545) - 10-3S = 1,000709/0, 72°m.S
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Ry

o—1 |
=+ & R, Ry = 800¢2
Ry = 20052
o C' = bnF
. Ry L. = 30kHz
J =R+ C 4
R2 Jjw-C
7 = (999, 1377 — 36,4056)Q = 993, 8047/ — 2, 10°0)
Y = (1,00556 + 0,036864) - 10735 = 1,006234/2, 10°m.S
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Ry

. R, = 8009
Ry = 20092
C = dnkF
Ry f = 100kHz
Z =R JerC
1+ R2 1

— (943,3914 — 90, 09545)Q2 = 947, 6837/ — 5, 46°Q

Z
Y = (1,0504 + 0, 10035) - 10735 = 1,0552/5, 46°S
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Ry

R; = 80012
Ry = 20052
C = bnF

Z = Ry + R, = 1000/0°0)
Y = 1/0°nS

Z = Ry =200/0°0

Y = 5/0°mS
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0 |
R = 2kQ
TC R C, = 20nF
o CQ = 4nF
1 f = 1kHz
=1 4 Ui
jw-C R+

(1994, 959 — 8058, 02485)Q2 = 8301, 3027/ — 76, 09°C
(1,701 4 130,2245) - 10758 = 130, 235/89, 25° S

Z
Y
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0 |
- R R = 2k}
01 — 20nF
© 02 = 4nF
PO R f = 10kHz

(1596, 60 — 1598, 3137)$) = 2259, 145/ — 45, 03°C)
(0,3128 + 0, 3132) - 10735 = 0, 4426/45, 03°m.S

Z
Y
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0 |
Lo | R R = 2kQ
Cl = 20nF
© CQ = 4nkF
P . R f = 100kH =

(76, 1435 — 462, 31665)$2 = 468, 545/ — 80, 65°1
(0, 34684 + 2,10595) - 107°S = 2,1343/80, 65°m.S

Z
Y
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182

&
I

2
||

<N

<N
1

1
= 8

= 2kS)

20nF
AnF

8@



Ry L
o—f "
Ry = 1012
Ry TC Ry = 50k
] L = 180puH
1 C = 500pF
: . Ry - 5oc
Z =R+ jw-L+ — f = 400kHz
RQ jo-C

Z
Y

(22,66 — 343, 18§)2 = 343, 93/ — 86, 22°0)
(0,1916 + 2,90135) - 10728 = 2,9076/86, 22°m.S
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Ry L
o—{ 7
Ry = 109
Ry TC RQ = 50k()
] L = 180puH
1 C = 500pF
a : R2 Mo,
Z =Ri+jw-L+ — f = 500kHz
R2 Jw-C'

Z
Y

(18,104 — 71,028§)2 = 73,299/ — 75, 70°Q)
(3,3696 + 13, 22015) - 10728 = 13, 6428/75, 70°m.S

184



Ry L
o p——rr
Ry = 109
Ry TC Ry = H0kS)
] L = 180puH
1 C = 500pF
a : R2 Mo,
Z =Ri+jw-L+ — f = 600kHz
R2 Jjw-C

Z
Y

(15, 6283 + 148, 12955)2 = 148, 952/83, 93°C)
(0,7044 — 6,67667) - 10739 = 6, 7136/ — 83, 98°m.S

185



R L
o _}—— 0,
R, = 109
Ry TC Ry = 50kQ
) L = 180uH
. C = 500pF
. . Ry~
RQ W
w=0 Z = Ry + Ry=>50010/0°0
Y = 19,996/0°uS
w — O Z — OO
Y = 0
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Ry C
o—1 ] |
R, = 10
RQ L RQ — 5Q
L = 180puH
7 | BT C = 500pF
7 =R+ 2 JW f = 400kH 2

Z
Y

(1,0406 + 1,24457)2 = 1,6222/50, 10°4
(0,3954 — 0,47595)5 = 0, 6164/ — 50, 10°S
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Ry C
o—1 H
R, = 10
RQ L RQ — 5Q
L = 180puH
7 | BT C = 500pF
7 =Ry + 27 JW” f = 500kHz

Z
Y

(1,0631 — 0,07835)Q = 1, 0660/ — 4, 21°¢)
(0,9355 + 0, 06895)S = 0,9381/4,21°9
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Ry C
o—1 ] H
R, = 10
R L Ry = 5()
L = 180uH
7 R' . C = 500pF
=R 4 27 JW” f = 600kHz

= (1,0905 + 0, 13585)€2 = 1,0989/7, 10°¢2

Z
Y = (0,9031 — 0,11255)S = 0,9100/ — 7,10°S
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Ry C
o—o ] I
R> L
. 1 Ro-jw- L
Z =R;+ 2].

Ry = 192
Ry = 5%}
L = 180uH
C' = 500pF

<N

= Ri+ Ry =6/0°C2
— 0,16/0°S

<N

190



<N

Cl = O,8/LF
CQ = O,8ILLF
L =1,2mH
1 —
e f = 3kHz
1

—31,98587€) = 31,9858/ — 90°Q)
31,26397 - 107°S = 31,2639/90°mS
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I -0, Cl = O,8/LF
CQ = O,8ILLF
‘ L =1,2mH
1 jw - L2 f = bkHz

= 678,04385 - 10732 = 678, 0438/90°1
= —1,47485 - 107°S = 1,4748/ — 90°m.S

<N
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I e Cl — O,8/LF

CQ = O,8ILLF

o . L =1,2mH
1 jw- L f = 10kHz

= —46,91955Q = 46,9195/ — 90°Q
21,31315 - 10735 = 21, 3131/90°m.S

<N
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L TC,
y_ 1 L dwlgg
Jw - C} jw-L+jOjCQ
w =0
w — OO

194

Cl = O,S,LLF
Cg = O,8ILLF
L =12mH

<5 N
1
= 8

<N
1
8 -



P1.7.8: Vypoctéte celkovou impedanci a admitanci obvodu pti kmitoc¢tu f = 30H Z.

Ry
o— |
Lo |l Ry = 8000
Ry = 20012
o C' = bnF
A R 1
Z — R Jw C
1T Ry + -1,

= (993, 1377 — 36,40567)2 = 993, 8047 - />

Z
Y = (1,00556 + 0,036865) - 10728 = 1,006234 - ¢ 72" mS
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Pr.7.9: Vypocitejte admitanci Y paralelniho zapojent rezistoru a kondenzatoru. Vypo-
Citejte Igr, Io, I a ztratovy uhel. C' = 20uF, R = 10082, f = 500H z, U = 100V

' ¢
I _]’C
Irn R
_?‘90
U

\j TI

Ir U < :)
A 1 1 1 . 1 6 .
Y = R+1 = R+]wC =G+ jB¢c = 1OO+2-27T-50O-20-1() — (0,01+0,0628])S

JwC
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. U 100
In= —=—""—1A4
=R 100

Ic = U-jwC =100-j-0,0628 = 6,285 A

[ = 146,28 =12+ 6,282 - & 9°T — 6,36 . 50954

A 1_
}A/_

100

- — 15,7/ — °Q)
6,36/80, 95° o, 1L = 80,9

~

Ztratovy tuhel:
Yo = 90° —80,95° =9, 05°
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Pr.7.10: Vypocitejte celkovou impedanci Z obvodu pri kmitoctu f = 250Hz. Ry =
470, Ry = 220, C = 20uF, L = 18mH

Ry L

o— "y
TC Ry
R Ry - 10 g  22° 5 -2501-20-10—6
7 = Ri+jw- L+ 2% =47 4+5.27-250- 18 - 1073 4 L2720 =
Ry - jw-C 22+ §-27-250-20-10~6

= (61,888 + 17,9845)) = 64,448 - 162°Q)
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Pr.7.11: Pro uvedeny obvod urcete:
a) Celkovou impedanci zatéze Z,;, obecné i numericky
b) Amplitudu celkového proudu I,,, a jeho fazy ¢;
¢) Celkovy vykon zatéze (komplexni, ¢inny, jalovy, zdanlivy)

u(t) = Upsin(wt + o), U, = 314V
om = 0, f =50Hz2

L TC R = 10052
C = 20uF
L =0,2H
. Jwl - j L , 0.2
Dy = Rt P = R—j O =100 — jo o 10—
Jw J7e; W O T ) 97-50-10-10~0

= (100 + 78, 28465)$2 = 126, 99796 - /335" ()
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3’\1>

Un, 314

7. 100 + 78, 28467

= (1,9469 — 1,152415)A = 2,4725 - e 738954

= U-1°=314-1,7483 - e 73805 = 549 0604 - e=73805"

(432, 3703 — 338,4127795)V A
Re|S| = 432, 3703W
Im|S| = 338, 412779V Ar

549, 0604V A
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Pr.7.12: Pro uvedeny obvod urcete:
a) Celkovou impedanci zatéze Z,;, obecné i numericky
b) Amplitudu celkového proudu I,,, a jeho fazy ¢;
¢) Celkovy vykon zatéze (komplexni, ¢inny, jalovy, zdanlivy)

4
ifh
R R u(t) = Upsin(wt + o), Uy = 314V
O e
1 C = 100uF
L Te L = 0,36H
B
. (R+jwL)- (R+ C) 60 + j j 2 - 50 - 0,36) - (60 + j.zmoiloo.m) _
R+jwL+R+ - (60472150 0,36+ 60 + -5 1557570

= (67,3952 — 9, 65487)Q = 68,0833 - ¢ /315"
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~>
S

B 314
67,3952 — 9,6548;

LAm | ]
7 = (4,5654 + 0,6547)A = 4,6119 - &/ 51
ab

= U-1*=314-3,2612 - /55" = 1024, 6599 - &/

(1013, 6599 — 145,213§)V A
Re|S| = 1013, 6599W
Im|S| = 145,213V Ar

1024, 6599V A
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Pr.7.13: Vypocitejte proud tekouci obvodem.

R L C
L | u(t) = 14, 1sinwt
f = 150Hz
T (~O) C = 53uF
N L = 31,8mH
7 = Rt jwL+ =20+ j-2m-150-31,8 - 10~ + !
- w - = - 27 - . . _
! jwC ! ’ j-2m-150-53- 106
— (204 9,95135)Q = 22,3389 - ¢/ 26:45°()
. U, 14,1 | o 1m0
Iy = & = - = (0,5651 — 0,28125)A = 0,6312- ¢ 2%
Z 204 9,95135

i(t) = 0,6312- sin(2 -7 - 150 - t — 26,45)
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Pr.7.14: Vypocitejte zjednodusovanim obvodu vstupni impedanci Z. Urcete proud I

M
TG U = 220V
f = 50Hz
R; = 30052
Z, |y o R 7 }032 = é()(;gl
1 = o
Cy = 10uF
Cg = Q/LF
L L =1H
CQ R2
o I

204



= R+ jwlL +

T jwC;  j-2m-50-2-10-6

1
2w -50-5- 1076

) =

=300 + j(2m - 50 - 1 —
JwCi
(300 — 322,467)$2 = 440,43/ — 47,07°)

1

1
= Ry + - = 100 + ) =

jwCsy j-2mw-50-10-10-F
(100 — 318,315)Q = 333, 648/72, 56°C)

1 1
) = —1591, 5550 = 1591, 55/ — 90°Q2
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AL

>

Zy- 75 440,43/ — 47.07° - 1591, 55/ — 90°

Zy+ Zy 440,43/ — 47,07° + 1591, 55/ — 90°
361, 8148/55, 98°Q) = (202, 44 — 299, 885)(

— o+ Zy3 = 100 — 318, 315 + 202, 44 — 299, 88j =

(302,44 — 618, 195)Q = 688,21/ — 63, 13°Q

A

U 220

7 688,21/ — 63, 13°

= 0,3197/63,93°A = (0,14 + 0, 287§) A
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Pr.7.15: Urcete proudy fl, f5,f a napétl’fgg, j13, je-li dano:

i
2 7
L. U = 10V
f = b0Hz

@ U %L Uis R = 2k()
C1 = 1,59uF
[;R Cy = 3, 18/LF
L = 6,36H

c
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| |
R—j— =2-10°— =
el Jor 501,59 - 10-6

(2000 — 20015)Q = 2829, 8 - ¢ /4%

Zy-jwL (2000 —20015) - j - em - 506,36
Zy 4 jwL (2000 — 20015) 4 j - em - 506,36
(1996 + 2001, 945)Q2 = 2827 - €/¥°°Q)

1
2m-50-3,18- 106

. 1
Zi3 — j—— = (1996 + 2001, 945) — j
wCQ

(1996 4 1000, 9674) = 2233 - /266°Q)
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~>

A

U 10 e 0
2T 933 it~ B A e A
- € ,

1
jwCh j-2m-50-3,18-106
4,55 - e OOV = (—2,04 — 4,075)V

A

I

— 4,478 - ¢I265" .

U — Upy =10 — (=2,04 — 4,07§) = (12 + 4,075)V = 12,7 - J1867°y/

Uy 12,7 /1807
7, 2829,8. i
013 12, 7 - €j18’670

= =6,36-¢7""mA
jwL — j-em-50-6,36

= 4,49 - eI m A
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Pr.8.1: Vypocitejte metodou imérnych veli¢in proudy I 1, I 5, I; a urcete celkovou impe-
danci obvodu Z.

5o Ry
0 I SIQL oy
TG U = 220V
;| f = 50Hz
Ry = 30012
07 e 5 Ry = 10012
01 = 5,uF
2 02 = 10,LLF
C3 = 2uF
L L =1H
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Predpokladame, ze zname proud I

. I, I o
Upy = _ — 6365 -1
U= G, j-2m-50-5-10-0 S

U = Ry -1, =300- I

U, = jwL-I,=5-2m-50-1-1, = 3145 - I,

Napéeti mezi uzly 1 a 4, zaroven napéti na Cs:

Ups = Uc1 4 Ugy + Up = —6365 - I + 300 - I) + 3145 - I = (300 — 323j) - I,

AN

I = jwC5-Upz =3 -2r-50-2-107- (300 — 3235) - I; = (0,203 + 0, 1895) - I,
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I3 = I + I, = (0,203 + 01895) - I + I; = (1,203 + 0, 1895) - I,

; Iy (1,203 +401895) - I, o
Uea = = — (60,2 + 3825) - I
. jwCy  j-2m-50-10-107F (60,2 + j)- I

Napéti zdroje:

AN

U = U02+0Rz+ﬁ03:
= (60,24 3827) - I1 + (120,3 + 18,95) - I1 + (300 — 3235) - 4
= (480,2 — 687,27) - I

7, toho:

AN

P U B 220
b 480,2 — 687,25 480,2 — 687,24

= (),262/55°A
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AN

I, = (0,203 +0,1895) - I; = 0,073/98°A

AN

I3 = (1,203 +0,1895) - I; = 0,32/64°A

- = 688,6/ — 64°9)

.U 290
7 = —
I; 0,32/64°
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P1.8.2: Jaka je hodnota proudu I a jeho pocatecni faze W,

U = 100/30°V
R, = 270}
R4 Ry = 3012
Ry = 2092
5 1
w101 — 250)
U T Oy L
TC’Q — 182

wlL = 3052
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Predpokladejme proud ]})) = 1A.

Rg-f§=20-1:20v

ij-fézj-SO-lszOV

Us 204530

Ry — L 30— 418

= 1,0306/86, 76° A

Iy + I = 0,0582 + j1,0295 + 1 = 1,4764/44,209° A

AN

J

]i Ry — —) =1,4764/44,209° - (27 — j25) =

L,

A

w01
4764/44,209° - 36,8/ — 42,8° = 54,3152/1,400°V = (54,3 + j1,336)V

o+ Us = 54,3+ 51,336 + 20 + j3 = (74,3 + 531, 336)V = 80,638/22,868°V
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Skutecné napéti zdroje je U = 100/30°V
Pomeér

U 100/30°
P = 0. T 80,638/22, 868°

= 1,24/7,132°

I3 = 1-1,24/7,132° = 1,24/7,132°A
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P1.8.3: Jaka je hodnota proudu I a jeho pocatecni faze W,

&

Il L1

U

U = 30V
Ry = 400
1
= 2012
w03
(ULl = 25,59

CULQ = 1012

217



Predpokladejme proud ]})) = 1A.

A .1 . .
Ufz = ]5) .]CUCE; =1-720 =720V
i Un 720

=0, 1857/21,8°A

> " Ryt jwLy 40+ 5100

Io = Iy+ Iy = 0,1724 + 50,0686 + 1 = 1,1724 + 50,0686 = 1,1744/3, 366°A
Us = Is-jwLy = 1,1744/3,366° - j25,5 = 29,948/93, 366°

U. = Us +Us = —1,7586 + j29,8065 + j20 =
= (—1,7586 + 549, 8065)V = 49,9275/92°V
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Skutecné napéti zdroje je U =30V

Pomeér

AN

U 30

~ —0,6008/ — 92°
0. 49.9275/92°

p =

I3 = 1-0,6008/ — 92° = 0,6008/ — 92°A
I, = 0,1857/21,8°-0,6008/ — 92° = 0,1109/ — 69, 8°A

I, = 1,1744/3,366° - 0,6008/ — 92° = 0, 7018/ — 88,2°A
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2.3 Univerzalni metody

P1.8.4: Proudy ve vétvich obvodu vypocitejte metodou smyckovych proudu.

U, = 10V

f = 20kHz
R, = 50

Ry = 2002

L = 0,1mH
Lo = 2mH
Ly = 0,25mH

lel —I—jLULl . <j1 — jz) — Ul =0

JwlLy - (fg — i1> + <ij2 — Rg) . fz = (
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Rovnice smyckovych proudu muzeme zapsat primo v maticovém tvaru:

(R1+jw(L1+L2) —JwLls ) . [:1 _ (Ul)
—Jwlo Ry + jw(L2 -+ Lg) I

Dosadime zadané hodnoty:

5+ 251,80 —;5251,33 | (I;) (10
—4251,33 20+ 5282, 74 L] 0

Proud zdroje: I = I; = 0,21519/ — 63,52°A
Proud prvkem Lo: I1o = I} — I, = 0,028276/ — 91, 95°
Proud rezistorem Rs: fRz =1, = 0,19081/ — 59, 47°
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P1.8.5: Vypocitejte napéti Us na vystupu nezatizeného filtru pomoci metody smycko-
vych proudu.

U, = 1V
f = 100kH 2
R = 2000
Ry = 500
L = 5H

01 — 02 — 50,[LF

R 1 R N R
Ryl + - @—byJA_o
Jwlq
1 1 1 )
I —1 L+R I =0
jw01<2 Q @“ T 2+]w01 ﬂub) :
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1 1 . . 1
jwCr ~jom-100-50. 1070 AL = (0Bl s =

JwCs

I - (200 — §31,83) + j31,83 - I; = U

I, - j31,83 + I5(50 4 43077,9) = 0

Iy, = 5,104-107° . ¢771699°4

AN

- I, 5,104-1077. ¢ /1099
jwCy  §-2m-100-50-10-6

—1,625-1073 . /10017y
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Pr.8.6: Vypocitejte v uvedeném obvodu proudy jednotlivych vétvi pomoci metody
smyckovych proudu.

c U, = 100/30° = (86,6 + j50)V
H ? R, = 270
Ry = 300
Ry Ry Rs Ry = 200
I I 1
= 25()
w01
1
Ul :_Cg I E — 1SQ
wlL = 30
Ri+ e +R2+]WC R ) (jl)(ﬁl)
—R2 ]wCQ ]wC + RQ + Rg +ij ]2 0
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57 — j43 —30+j18)_(f1)

86,6 + 550
—30+ §18 50+ §12 I

0

AN

I = (1,14 + j1,426)A = 1,826/51,37° A

AN

I, = (1,233 + j0,1495)A = 1,242/6,913° A

AN

Iy = I — I, = 1,14 4 51,426 — 1,233 — 50,1495 =
= (—0,093 4 j1,2765)A = 1,28/94,7T7° A
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Pr.8.7: Vypocitejte v uvedeném obvodu proudy jednotlivych vétvi pomoci metody
smyckovych proudu.

U, = 10V
Ry = Ry = 10k2
}Cl Cl = CQ = O, 1,uF

Ry
{ o
U I I L S v
Cf\g'lz i> Ry Co Reste pro frekvence
1. f=100Hz

2. f =160H 2
3. f=200Hz
Ry + e + Ry f&I '@:(m)
—RQ RQ + m ]2 O
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ad 1.) f = 100H z

10 - 103 +

R1+jw101+R2 —Rs )(

— R Ry + L

JwCo

1 3 3
j27100-0,1-10-° T 10-10 —10-10

3 1
—10- 107 10 - 107 + 4-27-100-0,1-10~0

U2 = Ry - (I} — I,) = 3,1737/17,80°V
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ad 2.) f = 160Hz

10 - 103 +

— R Ry + L

JwCo

R1+jw101+R2 —Rs )(

§-2m-160-0,1-10—6

3 3 1
—10- 10 10- 107 + §-2m-160-0,1-10~6

L +10-103 ~10-103 ) (

U2 = Ry - (I} — I) = 3,333/ — 0,202°V
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ad 2.) f =250H z

10 - 103 +

— R Ry + L

JwCo

R1+jw101+R2 —Rs )(

§-2m-250-0,1-10—6

3 3 1
—10-10 10 - 107 + j-27-250-0,1-10~0

L +10-103 ~10-103 ) (

U2 = Ry - (I} — I,) = 3,183/ — 17,30°V
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P1.8.8: Obvod na obrazku reste metodou smyckovych proudt.

U, = 10V

f = 10kHz
Ry = 5012
Ry = 10052
Rs = 2002
L1 = 2,5mH
Lo = 1,8mH
Ls = 1,8mH
My = 2mH
Mys = 1,6mH
Mz = 2mH

C = 0,3uF
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Ry + jwly —jwhMs +jwMi3
—jLUMlg R3 + jCULQ — w%’ —<R3 + jCUMQ?))
—|—jCUM13 —(Rg -+ jwMgg) RQ -+ Rg -+ deLg

50 + §157,08  —4125, 66 +4125, 66
— 125,66 200 + j47,478 —200 — 5100, 53
+4125,66  —200 — §100,53 300 + §113, 097

I, = 0,050960/ — 53, 72°A
I, = 0,025855/51, 15°A

I; = 0,013609/133,99° A
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Pt.8.9: Vypocitejte napéti Us na vystupu filtru pomoci metody uzlovych napéti (MUN).

U = 10V
f = 100Hz
Ry = 20012

T O R, Uz Ry = 500
L =5H

Cl = 02 = 50/LF
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= Oy Ry Uz
I 0 L ®
— Y
G, TC, Uio e Gy Uso
©

233

Napétovy zdroj piepocteme na
proudovy:

U, 10
— = 0,054
Ry 200 ’
1 1
= = 0, 0055
Ry 200 ’
1 1
= —=0,025
Ry 50 ’

j-2m-100-50-107°% =
70,0314165

1 -
j-2r-100-5
—0, 0003183095




Napiseme soustavu rovnic:

. R 1
—I1 + Uy - <G1 -+ ]w01> ]wL (Ul() — U20> —

1
Uso (Go + jwCh) + T (UQO — U10> =0

Jw
U10 (jl)
U20 0

Uy = Upg = 1,367-1072. By

1
ij

G+ ]wa + ]wL
—L
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Pt.8.10: Vypocitejte napéti Us na vystupu filtru pomoci metody uzlovych napéti (MUN).

235

10V
100H 2
20082

50€2

1H

02 = 50,uF

= 2,5k



Napétovy zdroj piepocteme na

proudovy:
. 710
=80 54
T Cy Ry Us R; 200
Gy = — = 1 _ 00058
PR, 200
Gy = — =X _ 0029
' T Ry 50
Ly O) L @ ij1 = ijQ =
— . Y | »
Cs = 727 -100-50-107" =
L. 1 - = j0,031416S
Gl Cl 02 GQ ]CUCS — ] . 27_(_ . 100 . 27 5 . 10—6 —
| Yo — j1,570796 - 10735

© 1 1 B
jwL  §-27-100-1
— —1,591549 - 10738
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- Y YN
3
Il
Gl T ¢ - Gy Uzo
U1o
©
G+ jwCh + ]Cng + ij —jwC3 — wa

—jwCs —

{20]=(3)

ﬁz = UQO = 8, 77 - 10_4 . €j131’60V

]wL Gy + jwCy + jwCs + ]wL
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Pr.8.11: Vypocitejte proudy ve vétvich obvodu metodou uzlovych napéti.

U, = 10V
L o oo f = 20kHz
HC3 R1 = 5()
G| T C T, Gy| | V20 Ry = 2002
L1 = O, ImH
U1o
° ® L2 = 2mH

Lg = O,25mH
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G

239

21362

= 0,055
1

j-2mr-20-103-0,1-10"

—0,079579
1

J2m-20-103-2-10-3

—0, 00397885

1
0,05 j-27-20-103-0,25-10—3

1
0,00 + j-27-20-103.0,25-103

= (0,01442 — 50, 02265)$2

3:



] .
el | Vo
+ — + ZL3G2 U20

JwLy

I, = 0,21519/ — 63,52°A

I, = 0,028276/ — 91,95°A

= (,19081/ — 59,47° A

240
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Pr.8.12: Vypocitejte proud I v obvodu metodou uzlovych napéti.

L2 ofsy Y5 @ Lz Iz =2,2-¢"A
]Z2 — (4_]175)"4

N N Y; = 0,159

1 i Yy = 50,38
& }A/ = 2—10.1

& 3 (07 ]07 )S
3A/1+AY3 A_}AflA . :10 _ | jZlA

=Y, Yi1+Y Uso I70 — 17

0,35—0,15 —0,15 \ (Ui | _{ 2,125+0,569j

—0,15  0,1540,35 ) | Uy | | 1,8749 — 2,0694

Urg = (5,37408 — 1,1859385)V
I3 = Uy - Y3 = (5, 37408 — 1,1859387) - (0,2 — j0,1) = 1,23 - ¢34
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Pr.8.13: Obvod na obrazku reste metodou uzlovych napéti a vypoctéte proud I, tekoucf
rezistorem Rs.

I ® Ly ® Lo Rs ®
- . m_.._fm—z N
R1 T 03 L4 R4
©

I = (26,5+58,55)A

wlo = 5
Ry = 10

LTS
Ry = 2,50 wCs

wly, = 5§
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Jwly

I ® L4 ® Lo Ry ®
- KW\_.,_NY'\—D .
Rl T Cg L4
©
Ry + jwLs = (2,5 + 5§)9
jwCs = 0,55 S
L_ (0,08 — 0,164)S 1
22 | —0,25 S
1 Jwly
R 1
! —~—0.28
G, i
~15 8
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Uzlové rovnice zapiSeme v maticovém tvaru:

1—3 g 0 Uo 26,5 4 58,57
g 0,08—0,665 —0,0840,16 | | Uy | = 0
0 —0,08+0,165 0,28 — 0,367 Usp 0

Resenim této soustavy rovnic obdrzime uzlova napéti:
U, = 38,495 + 27,8625 = 47,520/35,90°V
Uy = 69, 133 + 39,8575 = 79, 799/29.96°V
Us = 29,656 + 10,0125 = 31, 300/18, 65°V
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Ups = Uy — Us = (39,477 + 29, 8457)V = 49,489/37,09°V

P _ Usps 39,477 + 29,8455

) = 2= = = 7,933 — 3,9295 = 8,853/ — 26,35°A
Zs 2,54 5)
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Pr.8.14: Metodou uzlovych napéti urcete vystupni napéti Uy v obvodu dle obréazku.

Iy @ ¢ ®
I o
L
U1o
L
C
I o
® ©
1 4500 —3wC _ 1
juL T JIW 9“’1 jwL
—]aiC ij+M+G —Cf

246

AN

I

wl

= 20A

= 5f)

= 2012

= 1012



—0,155 —0,05] 0,27 U 0
—0,05 0,1—1,57 —0,1 A Uy | =1 20
0,27  —0,1 0,1—-1,155) |y —20

Uy = —120 4 1605 = 200/126, 87°V
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P1.9.1: Vypocitejte proud [ v zévislosti na impedanci Z.

R, C , - 18%rc
BN H a u1(t) = 33 sin (IOOL‘ + )
lI 180
R R = 200
6_) Uy HZ Ry = 1512
L
C = 1000uF

0

L = 250mH
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Podle Theveninovy véty nahradime obvod vzhledem ke svorkam a-b nahradnim napé-
tovym zdrojem.

33
Ul = Usepla= 12118o = 23,33/18°

| | |
Zo= Tt e =20 0 s qp-ed — (20 1098
; Zy = Ryt jwL = 15+ 100 - 250 - 1073f = (15 + 25§)0

U; = Uy napéti mezi uzly a-b naprazdno

AN

L - Z 15 + 257
O = Uy = Uy - 22 = 93.33/18° - > =20 _ 17 86/53,84°V
7y + Zs 35+ 157
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Vnitini impedance nahradniho zdroje:

Zy-Zy (20 — 104)(15 + 25j)

=T = = = , = 17,12/9,27°0)
7 U:  17,86/53,84° (10,54 + 14,429)
C Zi+ 2y 17,12/9,27°4+ 2 (16,9+2,767) + Z
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Pr.9.2: Vypodcitejte metodou ndhradniho napétového zdroje proud tekoucl ampérmet-

rem A.

U = 40V
Ry
— R1 = 20012
U
Ry = 16052
[J R3 T C [J Ry

Rs = 12012

Ry
@ I R4 — 8OQ

"/ |

— = 60f)
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oo |

252

v 40
R+ Ry, 200+120

Ry-I'5=120-0,125 = 15V

AN

Ui =0

AN

U's =15V



. R-R —Ry -, 200-120 . 607
Ji=—t "3 L Ry wl = + 160 — = (263,8 — 38, 45)1

" R+ Ry Ry— L 320 30 — 607
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[ = = 0,0563/8,28° A

U 15
7. 263,8 — 38,45
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P1.9.3: Urcete parametry nahradniho zdroje a proud, ktery ukazuje am=érmetr, v ob-
vodu na obrazku.

U = 40V
Ry
— R1 = 20012
f Ry = 1600
[J R3 T C [J Ry
Rs = 1205
U

R, = 802

(A) 4

A 1

— = 60f)
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Ry

U's

256

0
R, 200—+120
54

[\3_1_ -

R
0,1
Ry-1'5=120-0,125 = 15V

Uab() =0

Uty = —15V



. R-R —Ry -, 200-120 . 607
Ji=—t "3 L Ry wl = + 160 — = (263,8 — 38, 45)1

" R+ Ry Ry— L 320 30 — 607
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.U —15
[ =2 = - =0,0563/ — 171, 7°A
7, 263,8 — 38,4j

I4=0,0563A

258



P1.9.4: Urcete proud impedanci Z5 metodou néhradnfho zdroje.

i I Zy = (50 +305)Q2
Zy = (50 + 305)
7
Zs = 1009
17 Zs
U, 0, U, = 100V

a U = 100/ — 30°V

259



4D
)
_Il.v. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [ 3
]
]
]
]
]
]
“ -
i )
]
| S
| N U
]
]
]
]
]
]
]
oy
—
L
=
CIQH o
= ¢
=
—

AN

AN

hradniho zdroje U12 = U13

1 na

et

/

Ini nape

~

Vnit
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U Us
. U
[=_ "1
41+ 25
. . U7 100 - 100

U, =1, =1 - Zs — = (64,2 — 12,87)V

21+ Zs 504305 + 100
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Z Zs

12

O

Vnitini impedance nahradniho zdroje:

. I 50 4+ 307) - 100
Ji= o s _ (04 30j) - — (35,94 12,8))Q
71 + Zs 150 + 307

Hledany proud Iy:

; U, —U; 100/ — 30° — (64,2 — 12, 8§)
2= 2 —

= , — 0,452/ — 85,5°A
Zi+ Zy 8,9 +42,8)
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P#.9.5: Pomoci Theveninovy véty vypocitejte proud i(t).

R u(t) = Uy - sin(wt) =12 - sin(2 -7 - 50 - t)
» 1 Ry = 4kQ)
’ Ho 1°¢ C = 10uF

U, = 12-¢V =12V

. R{-Ry 10°-4-10°
7, = — = 3001
R+ Ry 5-103
. . R 4103
Uzm — Um ° — 12 * — 97 6V
Ri+ Ry 5-10°
A U; 9,6 1 o
Iy - =11,15-e*""mA

= — 1 = -
Zi + Wl 800 = J 5. 5010-10-6

i(t) = I, - sin(wt) =11,15 - sin(2 -7 - 50 -t + 21,7°) mA
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P#.9.6: Pomoci Theveninovy véty vypocitejte proud i(t).

o u(t) = Uy - sin(wt) =50 - sin(2- w50 - t)
1 Cl = 10,uF
U(t) = 02 R o
02 - QO/LF
U, = 50-¢" =50V
1 1 1 1
- jalel ' ngg _ j-27r-501-10-10_6 ' j-27r-50-?0-10_6 — —106,1035 O
jwCh + jwCy §-2m-50-10-10—6 + §-2m-50-20-10—6
L S S
Uim _ Um — JwCH = 50 - : §-21-50-20-10~6 1 _ 16, 66TV
jwCh + jwCo j-27-50-10-10~6 + j+27-50-20-10~6
o UZ 16, 667 . o
I — 16,57 - /%% Tm A

" 72 4R —106,103f + 1000

i(t) = I, - sin(wt) = 16,57 - sin(2 - - 50 - £ + 6,057°) mA
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2.4 Prenosové funkce RC, RL a RLC obvodu
Pr.9.7: Vypocitejte napéti U a prenos napéti K r obvodu RL.

U = 10V
R = 2k
L = gmH
w = 5-10%s7!

wL = 5-10%- 1073 = 500

[ U,  JjwL  jwL-(R—jwl)  w’L? ny wLR
U 0, T RtjwlL (R+jwl)-(R—jwl) R +w?l? 7 REyw2[2
2500 , 50 - 2 - 10°

_ —4 . —4
10425108 T 105 25, 108 = 02461107 +j249,84 - 107 =

— (6,2461 + 5249, 84) - 10~*
U, = Uy - Ky =10 (6,2461 4 5249, 84) - 10~* = 0, 24992/88, 563°V.
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P#.9.8: Vypocitejte obecné prenos napéti Ky v obvodu RC, je-li u(t) = Uy, - stNWL.

R
o—
Ul CT UL
I
O <+
1
~ el 1 1
KUC_ ! 1 —

- R+ e 1+jwRC 1+ jwre
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P1.9.9: U prenosového clanku z obrazku vypocitejte hodnotu vystupniho napéti a urcete,
v které oblasti ¢lanek pracuje, je-li kmitocet vstupniho harmonického napéti f = 100H z.

R
A E ? ui(t) = Uy, - sinwt = 10 - V2 - sinwt
it Lo ao R = 1kQ
C = 1uF
U = 10-&”
1
. — ) 1 1
Uy = Uy -2 =1 - — 10 - _
? "R+ ' 14 jwRC 1+ -27-100-1000 -2 - 10~

= 7,0577-1073 . ¢ /8997y

us(t) = 7,9577 - 107 - V2 - sin(wt — 89,95°)V = 0,011254 - sin(wt — 89, 95°)V

—> Prenosovy c¢lanek pracuje v oblasti integrace.
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P1.9.10: U prenosového ¢lanku z obrazku vypocitejte hodnotu vystupniho napéti a
urcete, v které oblasti ¢lanek pracuje, je-li kmitocet vstupniho harmonického napéti f =
20H z.

R
A E ? ui(t) = Uy, - sinwt = 10 - V2 - sinwt
e Lo o R = 1kQ
C = 1uF
U, = 10- ¢
1
. . — A 1 1
Uy = Uy~ 20 = 10

_U° p— . p—
R+ 1 ' 1+jwRC 1+4-27-20-1000-2-10-6

= 24375 - I8y

us(t) = 2,4375 - V2 - sin(wt + 75,89°)V = 3,4471 - sin(wt + 75,89°)V

268



P1.9.11: Vypocitejte obecné prenos napéti Kye v obvodu RLC.

R L
o_:l—m
Ul C_:UC
A
i U
I= L
R‘F]WL‘FTC
o I 1
C_ij_ ! 1 —w?’LC + jwRC
A Ue 1 1
Kyc = —

U

1 — %L -wRC + jwRC 1 WAt To + JwTe
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2.5 Rezonanc¢ni obvody

~ % ~ ~ . v . ~ % % v ) ’
Pr.10.1: Pro obvod na obrazku uréete vsechny kmitocty, pii nichz nastava napétova,
popr. proudova rezonance.

Ch
o | )
Podminka napétové rezonance Z = 0
TG L Podminka proudové rezonance Y = 0
O
1 1 1 JwL W LCT — (1 —w?L(Cy)

7 =

ijl i jUJCQ + jwlL - ijl i 1 — (UZLCQ —J w01(1 — w2L02>
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’ v ) / >
Podminka napétové rezonance Z = 0

W2LCl — (1 — w2L02> =0

1
o VL(C1 — Cy)

Podminka proudové rezonance ¥ = 0

1 wC1(1 — w*LCY)

Y — =
7 w2LC) — (1 — w?LCh)

wC(1 — w?LCy) =0
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P1.10.2: Urcete vSechny rezonanéni kmitocty reaktanéniho dvojpélu z obrazku.

L4 4
oYY H Ly = 10mH
lelmH
::C2 Lo C’lzl,uF
01:5/LF
L 1 1 1 — w*(L1Cy + LyCy + LyCy) + wt Ly LyC,C

Zmjon+ Ly L 1ZWHIO Lot O 4w LUy _

jwCy  jwCy + —+ JwCi(1 — w?LyCy)

Jwlo

1-1,6-10"%w* 4510~ w?
w1076 (1 =5 107 %?)
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. ~ ~ ) ’
Kmitocty napétové rezonance:

1—1,6-10%w*+5-10 " w* =0

w; =9,24-10%s7!
wy = 15,3-10°s71

Kmitocty proudové rezonance:

jw-107% (1 =5-10"%?) =0

ws = 14,14 - 10%s 7
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Pr.10.3: Sériovy rezonancni obvod RLC ma parametry: R = 100, L = 100uH,
C' = 100pF'. Urcete rezonancéni kmitocet w,, charakteristickou impedanci Z.,, utlum
0 a cinitel jakosti ). Urcete proud I,., vykon v obvodu P,, napéti na civce Uy, a kon-
denzatoru Ue,., pri rezonanci, je-li obvod pripojen na zdroj o napéti U = 1V,

1 1
Wy = = = 1075~
VLC  +/100-1076-100- 1012
fo= "1 6MH:
2T
L
Z., = @ — 100092
10
6 = ——=0,01
g) 0 1000
ch
— — — 100
¢ R 10
U
I, = —=0,14A=100mA

R
P=R-I*)=0,1W
U, = Ucy = Zep, - I, = 1000 - 0,1 = 100V
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P1.10.4: Paralelni rezonanéni obvod se sklada z kamacitoru C' = 139pF" a civky s
indukénosti L = 20uH a sériového ztratového odporu B = 5{). Obvod je pripojen
na zdroj o napéti U; = 10V s vnitinim odporem R; = 100¢2. Vypocitejte rezonancni
kmitocet w,., ¢initel jakosti (), proud odebirany obvodem a napéti na rezonancnim obvodu
pI1 rezonancl.

Sériovy obvod prevedeme na obvod s proudovym zdrojem.

I;
G; Gp Lp TCp
.U R
Rz’ F R2 -+ ((«UL)Q
1 1 1
G = - Lp = -
R; "7 R4+ (wL)? (wLl)?
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AN

Podminka rezonance Im [Y] =0

A . I
Y = Gi—i_GP—i_]w(C_RQ—}w?LQ)

1 R 7.—1
WTZ\ILC_L2:1,88108
fr:?)MHZ

Gp, = 3,5-107°S
LPT = 2- 10_5H

1 1
- = — 59,5
Q wTLP?“<Gi + GP?”) 1207 - 47 48 . 10—° ’
7 T Gpr 2 G- Gp, s
Gi + GP?“ Gz + Gpr
. I
U, = = 2,22V

GP?“
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314, 166
7-314,16-5-107°% = 0,00157087 S

—636,62]
Ryt jwl 4~~~ =300 + (314,16 — 636, 62) = (300 — 322, 467)Q)
Jwli

j 314,16 -2-107% = 0, 00062832] S

— —1591,555
]wCS Y ._7 ) )
AR 300 — 322, 467) - (—1591, 555
Z107 _ | 464) - ( = ”:(202,54-300,04;’)9
7\ + Zs 300 — 1914, 015

1 1
R =100 —j - — (100 — 318, 315)Q2
2 ¥ G, J 31416-10. 100 ! 31)

Zs + Z15 = (100 — 318, 317) + (202, 54 — 300, 045) = (302, 54 — 618, 355
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P1.10.5: Paralelni rezonancéni obvod je slozen z induktoru L = 0,4mH, rezistoru
R; = 20Q) a kapacitoru C', je napajen zdrojem o frekvenci f = 600kH z. Urcete hod-
noty kapacity C,., aby nastala rezonance. Urcete Cinitel jakosti () a impedanci obvodu pfi
rezonanci.

AN

Podminka rezonance Im [Y] =

Y L L we
p— w p—
Ry Ry + jwl 7
RL ) wl C]
— — _ . — W
Cr R} + (wL)? TR+ (wL)?
L
C/r p— p—
- R? + (wL)?
41071
o ¢ — = 177pF

202 4 (27 - 6 10% - 4 - 10—4)2
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wL 2m-6-10°-4-107"
Rp 20
1 Ri+(wL)* 20%+2,66-10°

= 75,5

Re [Y] RL 20

279

= 113k



2.6 Vykonové prizpusobeni

Pr.10.6: Obvod podle obrazku je napajen ze zdroje harmonického napeti U = 100V,
s kmitoctem f = 100H z. Vypoctéte zatézovaci impedanci Zg tak, aby vykon na zatézi
byl maximalni a urcete jeho velikost.

Ry
L o Ry = 25012
L Ry = 1,5]€Q
G\J U 1¢ UZS L = 2,5H
Ry
C' = 1,06pF
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U
= 0,5P=0,-— =
Y I 2R

R; 100

1+ jwCRy 147
Z* = (750 + 7505)Q2
2

2

281

= (750 — 75052

1,671V



P1.10.6: Vypocitejte impedanci 7 tak, aby vykon ji dodany byl maximalni, vypoctéte
jeho velikost.

R = 109
1
— = 301
wC

U = 100V
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O
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O3\

U,

U I 100
R— 1 jwC 10— 30j

. (=30) = 90 — 305 = 95/ — 18,25°V

Q‘u.
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Max. vykon bude pii Zy = Z; = (19 + 37)12

U2 052

Pyoar = L= = 118W

N A-Ry 4-19

Vykon dodany zdrojem:
) U 100
L d(mey) ~ 1g i — BI04
R+ gj s T 29-27;

\+ZN—Zo

P, = Re [U : f'] — Re[100-3,3/ — 28,37°] = 100 - 3,3 - c0s28, 37° = 290W

Ucinnost n = PJ}”ZW‘E = 200 =10,407 ~ 40, 7%
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