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Priklad 1

Stanovte napéti Ugs a proud Igs. Pouzijte metodu postupného zjednodusovani obvodu.

sk. UL V]| U2 [V] | R1[Q | Re[Q | R3[Q] | Ra[Q | Rs [ | Rs [©] | R7 [Q] | Rs [Q)]
C 100 80 450 810 190 220 220 720 260 180
e
Riesenie:
1. Sc¢itame sériovo zapojené rezistory R; a Rs.
R1

U

R7s = R7 + Rg = 260 + 180 = 44012

2. Scitame paralelne zapojené rezistory Rs a Rg.
R1




b _ RsxRe _220x720 _ 7920
T Rt Rs 220+ 720 47

~ 168, 51062

3. Rezistory Ri, Ro a R3 zjednodusime z konfiguracie trojuholnik na konfiguraciu hviezda.
R

56

78

]
Ra= le—?};l?Rg - 4504—?081(08?190 - 7330 ~ 251, 379302
fis = Rﬁlgﬁg& - 4504—5|—08>1<01—?—0190 - 1;;() ~ 98, 965502
e Ry x Ry B10X190 3078 . oeomo

T R+ Ry+ Rs 450 + 810+ 190 29

4. Scitame sériovo zapojené rezistory Rp + Rsg a R. + Ry.
R

B56

R78

T —

1710 | 7920 310050

Rpsg = R + Ry = 29 + 7 1363 ~ 227,4762¢)
3078 9458
Rcy=Reo+ Ry = 59 + 220 = 29 ~ 326, 137902



5. Scitame paralelne zapojené rezistory Rpsg a Rcy.
Ra Reseca R7s

— {1+

R R 310020, 9158 733113225
B56 X 1iC4 _ 1363 29 _ ~ 134,0078%2

R = =
B56C4 Rpse + Roa B%gggﬂ + %28 5470676

6. Sc¢itame sériovo zapojené rezistory R4, Rpsecs a Rrs.

:| Rekv

7290 733113225 440 — 155704325

= = = ~ 82 10
Rewy = Rat Bpseca + fis = 507 + “mae76 0= gseaa ~ 829387

7. Scitame napétia Uy a Us.

i [

U=U; + U =100+ 80 = 180V

8. Vypocitame prad I.

U 180 6791184
- ~ 218,0795m A

I = =
155704325
Rprv g 31140865

9. Vypocitame napatie na Rpsgc4.-

6791184 733113225

U _IxR _ ~ 29, 2244V
RB56C4 = £ X IUB5604 = 397716865 * 5470676 ’

10. V paralelnom zapojeni je napéitie rovnaké pre vsetky vetvy, a preto plati:

Urbseca = UrBse = Urca



11. Vypocitame Ircy.

Urcsa 29,2244

Incs = = ~ 89,6073mA
RO = R 9458

29

12. Urc¢ime napétie na R¢.
3078
Urc = Irca X Rcoyg = 0,0896073 x 59 ~9,5107V

13. Z rekonfiguracie hviezdy na trojuholnik vieme, ze Ure = Ugra 4+ Ugrc, a preto musime este
dopocitat Ura.

7290
Ura=1x Ry =0,2180795 x ~ 54,8207V

14. Dosadime do vzorca.

Ur2 = Ura + Ugrc ~ 54,8207 + 9,5107 ~ 64, 3314V

15. Dopocitame Igrs.

Ups _ 64,3314
Ry, 810

Ipy = ~ 79,4215mA



Priklad 2

Stanovte napéti Ugg a proud Igg. Pouzijte metodu Théveninovy véty.

sk. U[V] | Ri[Q | Re[Q | R3[Q | Ra [Q] | R [Q] | R [Q]
H| 220 190 360 580 205 560 250
R1

RiesSenie:

1. Podla Théveninovej vety prekreslime obvod bez Rg a napatovy zdroj nahradime skratom.
R;

2. Obvod ekvivalentne prekreslime a vypocitame R;

L]
0L [




Ro3 = Ry + Ry = 360 + 580 = 9400
Rix Ros 190 x 940 17860

R — = = ~ 158.05312
2 R ¥ Ry 190 +940 113 ’
17860 41025
Ri234 = Ri93 + Ry = i3 +205 = T3 = 363,05319

o R1234 X R5 _ 4%(1)55 X 560
" Rigsa+ Rs 4}(1)?2)5 + 560

~ 220, 25799

3. Vypocitame Rpky, aby sme sa dostali k I, a uréime napétie medzi bodmi A a B, teda U;.
Ry

(Ry + R3) X (R4 + R5) — 190 + (360 + 580) x (205 + 560)
Ro+ R3 + R4 + Rs 360 + 580 + 205 + 560

U022

~ Rpxy  611,7595

Teraz musime vypocitat prad Igs, aby sme mohli zistit U;.

~ 611, 75950

Rexv = R1 +

I, ~ 359,6184mA

Irss = Ips
Upis  U— (I, x Ry) 220 — (0,3596 x 190)
Toe — _ _ ~ 108. 2647Tm A
B = Ry + Ry 205 + 560 P EDRm

4. Dosadime do Ohmovho zakona a zistime U;.

U; = Rs X Ips =~ 560 x 0,1982647 ~ 111, 0282V

5. Pomocou ekvivalentného obvodu vypodcitame Irg a Ugg.

1
| E— X
U r
o i
5
B
U; 111,0282

T — ~ ~ 236,1007m A
R6 = R TR~ 2202579 + 250 y SRS

Urs = R X Ire = 250 x 0,2361007 ~ 59.0252V



Priklad 3

Stanovte napéti Ury a proud Iry4. Pouzijte metodu uzlovych napéti (Ua, Up, Uc).
sk. UV | LA | LA | Ri[Q | R [Q | Rs[Q] | Ry [Q] | R5 []
H| 130 0.95 0.50 47 39 58 28 25

Riesenie:

1. Napétovy zdroj U nahradime pridovym zdrojom I3, vyznac¢ime uzly A, B a C,naznacime
prudy vtekajice a vytekajice do a z uzlov. Vyjadrime vodivost.

Al

R2 R2

i
|3
U 130
[i=—=-""=2=529A
TRy 25 ’
1
G=—-8
R



2. PodTla 1. Kirchhoffovho zédkona pre uzol A plati:
L =—Ips + IR
Vyjadrime [gs.
Iry = Ug2 x G
Podla 2.Kirchhoffovho zdkona pre Ugo plati:
Ugo =—-Us+Up
A teda:
Iro = (—Ua + Up) x G2
Vyjadrime este Ipo.
Iy =Uy x Gy
Dosadime do p6vodnej rovnice pre 5.

I =Ujs x (G1 4+ Ga) + Up x (—Ga)

3. Obdobne postupujeme pre uzol B a C, teda pre uzol B plati:
Iy = IRy + Ips
IR2 = (—UA+UB) X G2
Ips =Ugs x Gs = (—Uc + Up) x G3
I, =Uy x (—Gg) +Up x (G2 +G3) + Ug x (—Gg)
4. Pre uzol C plati:
I3 =—Ip3+Ira+ Io

Ir3 =Ugs x Gg = (—Uc +Up) x G3
Ipy =Uc x G4+ Ug x Gy
I, =Ujg x (—=G2) + Up x (Ga+ G3) + U x (—G3)
Is=Ujg x (—G2) + Up x Ga+ Uc X (G4 + G5)



5. Zapiseme rovnicu pre kazdy uzol.
A:Uyg x (G1+G2)+UBX (—Gz)—i—UCxO:Il

B:Ua x (=G2) +Up x (Ga + G3) + Uc x (=G3) = I
C:Usx(=G2)+UpxGa+Ug x (Gy+Gs) =13

6. Rovnice vyjadrime v maticovom tvare a poc¢itame Cramerovym a Sarussovym pravidlom.

G1 + Go —Gy 0 Uy I
-Gy Gy + G3 -G x| U | =11
—Go Go G4+ G5 Uc I3

+ +13—19 1—51 0 Ua 0,95
—? @—{—@ 1—ﬁ1 x|Ug|l=105

7. Dostavame:
U4 = 60,5040V
Up =~ 73,6595V
Uc =~ 64,2241V
8. Vidime, ze plati: Uy = U¢ a teda staci dopocitat Ip4.
Upy =~ 64,2241V

U
Try = -2 ~ 229374
Ry

10



Priklad 4

Pro napéjeci napéti plati: uy = Uy-sin(2n ft), ug = Us-sin(27 ft).
Ve vztahu pro napéti ur, = Ur,-sin(2nft + ¢r,) urcete |Ur,| a ¢r,. Pouzijte metodu smyckovych
proudu.

Pozn: Pomocné sméry Sipek napdjecich zdroji plati pro specilni ¢asovy okamzik (t = 5-).
sk. |[UL[V] | U2 [V] | R [Q | Re [Q] | L1 [mH] | Ly [mH] | Cy [nF] | Co [nF] | f [Hz]
C 3 4 10 13 220 70 230 85 75

Riesenie:
1. Uréime si uhlovt rychlost w:
w=2nf =2775 = 150w
2. Urcéime impedancie na cievkach a kondenzatoroch.
Z11 = jwly = j331Q)
Z1a = jwls = j 70

—J -J =2
Z = =_2 = _>()
ot wCq %ﬂ' 697

—J -j  —4J
Trg= —2 =_2L — 2O
ez wCs %ﬂ 517

3. Zostavime rovnice pre sluckové pridy.

L1
(390
(T
C R, R,
_ | — 1
| L Tl

u1l<’\> (Te). “Lzl L, (o) Q\Dl%




4. Pre slucku I4 podla 2. Kirchhoffovho zakona plati:

Ui +Uc1+Upr1 +Ug2 =0

5. Z Ohmovho zdkona vyjadrime napétia:
Inx(Zpi+Zci+Ri+ Re) —Ip x (Zer + Ri1) —Ic x Ry =0

6. Obdobne postupujeme aj pre slucku Ip.
—Ia X (Zcr+ Ra) +1p X (Zor + Ba+ Z12) — o X Zpa = Us

7. A pre slucku Io plati:
—Iax Ry —Ip x Zp1 + 1o x (Zp2 + Zoa + R2) = —Us
8. Pre estetickost mozeme vynasobit —1.
Iax Ry+1p x Zpa — Io X (Zr2 + Zo2 + Re) = Uz
9. Teda pre vsetky slucky plati:
Igy:Iax (Zin+Zo1+Ri+Re) —Ip X (Ze1+ Ry) —Ioc x Rp =0

Ig:—14 X (Z01+R1)+IBX(ch-i-Rl—f-ZLg)—ICxZLg:Ul
I(j:IAXRQ—I—IBXZLl—I(jX(ZLQ—i-ZCQ—I—Rg):UQ

10. Rovnice prevedieme do matice.

Zi1+Zc1+ R+ Ry —Zc1 — —Ry Iy 0
—Zc1 — R Zor+Ri+Zpo —Zr12 x| Ip|=|U1
Ry 212 —Zr2 — Zoo — R Ic Us

11. Dosadime a pocitame Sarussovym a Cramerovym pravidlom:

j337r+g?2,{+10+13 2—%{—10 ~13 I 0
—52 —10 L+ 1045 —j5m x|Ig| =13
13 i%r —jdr— L —13 Io 4

12



12. Dostavame:
14 =—-0,01080290 + 0,014515275 A

Ip = —0,00865979 — 0,102921735 A
Ic = —0,04486051 + 0,020221345 A

13. Pre Iy9 plati:

I =1p—Ic

14. A teda podla Ohmovho zdkona pre Uz, plati:
U2 = (Ip — I¢) X Z12
15. Dosadime:
. 21
Ur2 = (0,03620072 — 0, 123143087) x I
Ura = 4,06208661 + 1,194143225 V

16. Dostavame:

Ups| = \/Re(UL2)2 + Im(UpL2)? = v/16.50054762 + 1.42597803V
\UpLa| = 4, 2340V

17. Na koniec dopocitame fazovy posun @rs.

Im(UL2)> ~ arctan <1, 19414322

2 IRIROR) 2 0.28591818rad & 16.3819°
Re(UrLy) 4,06208661) 8591818rad ~ 16.3819

pr2 = arctan <
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Priklad 5

V obvodu na obrazku niZe v ¢ase t = 0 [s] sepne spina¢ S. Sestavte diferencidlni rovnici popisujici cho-
vani obvodu na obrazku, dale ji upravte dosazenim hodnot parametri. Vypocitejte analytické feseni
uc = f(t). Provedte kontrolu vypoétu dosazenim do sestavené diferencidlni rovnice.

sk. [UNV | CE R uc0) V]

H 18 2 200 3
R
t=0s
—
S C

p— luc

RiesSenie:

1. Zostavime rovnicu pre prad ¢:

R
t=0s UR
s C
— luc
U +
) v
. uR
i=—
R

2. 7 2. Kirchhoffovho zakona zostavime rovnicu pre U.

U=u, +u,.

3. Dalej platia nasledujtice axiémy:

ue(0) = ucp

4. Dosadime 1. rovnicu do 3.
U = UR
¢ OCxR

5. Dosadime za ug.

, U-wu, 18-3 15 3
u _ _ 9

©T RxC  200x2 400 80

14



6. Zostavime diferencidlnu rovnicu, pri podmienke u.(0) = ucp.

u U
RxC RxC

/
U, +

7. Zostavime charakteristickd rovnicu.
1
RxC
1

" RxC
1

400

8. Ocakavané riesenie:

ue(t) = K(1)eM = K(t)e 7o = K(t)e” 0

A+ =0

ue = K
9. Zderivujeme uc(t).
t
K(t)e re
ul(t) = K'(t)e 7o — (});Cm

‘ / / U _ U
10. Dosadime u. a u, do u, + 5% = mxe

.+ KMeme Ktere U
K'(t o — = —
(e me ——pe—+ " re RC

K/<t) = @ X (342#O

11. Rovnicu zintegrujeme.
K(t) = UeRre +k
K(t) = 18em0 + k
12. Dosadime do oc¢akavaného riesenia:
u(t) = (UeRe + k) x e~ Re
uc(t)=U+k e RO
ue(t) = 18 + k e~ 10
13. Dosadime do podmienky u.(0) = us, = 3V a vypocitame k.
Up =U+Ek el
k=uyp—U
k=3-18=—15
14. Analytické rieSenie:
ue(t) = U + (tep — U)e_%
uc(t) = 18 — 15¢~ 10

15



Kontrola:
1. Vyjadrime u..

t
uc(t) = 18 — 15¢~ 00
, Ue U
Yt R C T RxC
, 18— 15¢" 0 18

Yet o002 200x2
. 18— 15e w0 18

¢ 200 400
2. Dosadime do zostavenej diferencidlnej rovnice.

o+ u U
¢  RxC RxC

18— 15~ @06 18 18 — 15e~ 0 18

400 T200T T 200x2 200x2
18- 15e~m0 18 18— 15e~m0 18

400 ta00 " 400 = 400
18 18
400 400

16



Shrnuti vysledki

Priklad | Skupina Vysledky
1 C Uro = 64,3314V Ipo =79,4215mA
2 H Ugre = 59.0252V Irg = 236,100Tm A
3 H Ugrs = 64,2241V Ipy =2,2937A
4 C |UL,| = 4,2340V v, = 16,3819°
5 H uc(t) = 18 — 15¢~ 10

17
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