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PREDGOVOR

Izlaskom udzbenika Osnove Elektrotehnike 1l profagir.sc. Branislava
Kuzmanovéa, koji osim rijeSenih primjera sadrzi i niz zada&aa vjezbu, pokazala se
potreba da te zadatke rijeSim. Naime, na konzygtaci mi dolazili studenti koji bi negdje u
izradi zadataka zapeli i trazili bi podda ne bih viSe puta rjeSavao uvijek iznova iste
zadatke, @inilo mi se da je bolje da ih rijeSiave Takva rjeSenja u rukopisu sam dao
kolegama asistentima da ih pogledaju i ukazu nateaine greSke. Miritim, interes
studenata je bio tako velik da je ta prva verzg&enja procurila i od tada se puno kopirala i
koristila. U meiuvremenu sam neka rjeSenja popravio i ispraviene greske, te sam ovu
zbirku rjeSenja koristio na auditornim vjezbama.

Mislim dac¢e ova zbirka rjeSenja olakSati mnogim studentintadawvanje gradiva, jer
je korisno imati uvid u to kako je moégi pristupiti pojedinim problemima. Ne tvrdim da su
svi zadaci rijeSeni na najbolji mogu najelegantniji n&in. Stoga pozivam studente da ove
zadatke pokusSaju rijesiti i nekako drdge, svojim vlastitim pristupom. Rado bih da mi vak
primjere, kao i mjesta gdje mi se potkrala evemagdogreska, posalju elektrékom postom
na adresweselko.tomljenovic@tvz.hr

Kad se ovi zadaci koriste na auditornim vjezbamdustraciju gradiva, onda uz ovaj
tekst treba joS mnogo toga komentirati i objasstt, nije moglo biti napisano u rjeSenjima
radi preglednosti i sazetosti. Potrebno je nppnasti neke druge moguaosti rjeSavanja
pojedinog zadatka. Stoga ovu zbirku rjeSenja r@lbidobro shvatiti kao ispriku za
nepohdanje auditornih vjezbi.

Jako je vazno da rad studenata ne zastane teloaspanju tuih (i ovih mojih)
rieSenja. Neophodno je da se osposobe samostaBavati zadatke odgovarégutezine i
sloZzenosti. U tomée im pomai i druge zbirke zadataka koje prepéujemo u literaturi.

Treba istéi da su ovoj publikaciji svojim radom na predmetpdnijeli i drugi
sadasniji i prijasnji djelatnici ove ustanove svogatdacima na pismenim ispitima.

Ugodna mi je duznost zahvaliti se studentima Nikoldopijku i Matiji Cvetkoviu
koji su vrlo uspjesno pripremili slike i prepiséikst.

Zagreb, 2008.

Veselko Tomljenovd



1. Osnovni zakoni, elementi i parametri eektriénih krugova

1.1. Kroz otpor R = 1@ tece struja valnog oblika kao na slici. Odredite nappanagu p,

radnu snagu P te efektivnu i srednju vrijednasijet
a) O0<st<ims

i [A]
A u=iR=500=50V

I=5 p=ull=500=250W
il b) Ims<t<3ms
u=0
p=0
o 12 3 4 iy
T

| 0t = DIO::—13[5=167A

12dt=DI2 - | =1,J/D = 5\/7 2887A

P=1°R=2887"10= 83,3W

1.2. Kroz otpor R = 1@ tece struja valnog oblika kao na slici. Odredite nappanagu p,
radnu snagu P te efektivnu i srednju “ ispravljeymjednost struje.

i[A] A a)
O<t<3ms

u=iR=100=10V
p=ili=1010=10W

b)

3ms<t<4ms
u=i[R=-310=-30V

p =il =-3[{-30) =90W

1

1.
= |lildt = ——— =15A
T'([M 4007 a

N o))

(ino® +3007)=

.
P22ttt =——— (1?8107 +3° 10°) =22 =3 . 1 =3=173A
1o 4

P=12R=310=30W



1.3. Otpor R = 1@ prikljucen je na napon valnog oblika kao na slici. Odresliteju i(t),
snagu p, srednju snagu P te efektivnu i srednprédidjenu” vrijednost struje.

u [VIA a)
ol 0<t<10ms
u(t):&_s[ﬂzloﬁv
1000°s
& 20 0 40 lms i(t)=%=1OCIA
p(t) =ull =10t 10Q =10°t* W
AR v = = s s w e

b) c) 20ms<t<30ms

10ms<t<20ms

ut) = ——2__t+30=-2000 +30V u(t) =10t 30V
10010°s

J i(t)=— =100 -3 A
i(t)=—=-200t +3 A R

R p(t) = RiZ =10(100 - 3P W
p(t) = Ri? =10(- 20Q + 3] W

2 (1&0&0‘3+1[5m0‘3j 1 75

.
Ig=1j|i|dt= — == (5+25)=-"=05A
T3 30010 2 2 15 15

1T 2 1072 150072
2= fitdt=_ = | [10%%dt+ [(4010%t2 -1200 +9)dt | =
TS 30007 ¢

1072

1 t3 1072 t3 t2 15072
= - 10'—| +|400'—-1200— +9t
1510 3o 3 2 102
- 1 d-O_G 4 -6 4 o 4 -6 4 -2
= — 10 +—[10*B37510° -600225010* +91500%-—-010"10° +60010* -910
15010 3 3 3
-2
= L — 100 + 135 102 -13501072+135M1072 —ﬂ 102 +6M0072-9107
1500 3 3 3
S 11,338 45 q) 1203
153 3 3 3
| = \F =057735A
3
. | 1
Na drugi nain: | =—2 =—=057735A
V3 43

P =12R=03310= 33W



1.4. Na kapacitet C = 50F prikljucen je napon valnog oblika kao na slici. Odreditajsti,
trenutnu snagu p i energijucw

uVIA a)

0<t<10ms
u(t) =10tV

10

o
i (t) _CE—ld—t(103t)

ic =50010°[10° = 005 A
Pe = Ui, =10°t [(D05=50 VA

_u_u’C _10°t* %000
We=d5=75~ 2

-10

=25*Ws

b)
10ms<t<20ms
u(t) =-200a + 30V

o= C%(— 200G +30) =50010° [{- 2000 = -01 A

P =Uic =(-200a +30)(- 01) = 200 -3 VA

W =YC - (- 2000+ 30)° BO10O™®
c 2 2
=10Qt® - 3t +0,0225 Ws

= (4m0°t? 12010t + 900) 2510

C)

20ms<t<40ms

u(t) =10t - 30V

o= C%(103t ~30)=50010° [10° = 005 A
P = ui. = (10°t —30) (D05 =50t - 15VA

_u’c _ (10°t —30f momo™®
W, = =
2 2
= 252 — 15t + 0,0225Ws

= 10°t2 - 60°t + 900) 2510




1.5. Na kapacite€ = 60pF prikljucen je napon valnog oblika kao na slici. Odredit@iva
oblik strujei, trenutnu snagp i energijuwc .

ufVvla
1 fffff
[ | | | }
0 1 2 3 t [ms]
a)
O<t<lms
1
u(t) = t =10tV
®) 10°3

i =cdu, =60m0° 0 = 60mA
dt

P = Ui =10°t (DO6=60t VA
_ u’cC _ 10°t? 600 °
W, = =
2 2
b)
Ims<t<2ms
u=1Vv
du

e =C =0A

p. =ui =0VA
_u’C _1mono®
W, = =
2
c)
2ms<t<3ms
u(t) =-10’t +3Vv

i = C%ue =60010° {-10°) = -60mA

=30t° Ws

=30010°Ws

De = Ui = (~10°t + 3){- 006) = 60t - 018VA
_uw’C _(-10°%t + 3] om0
W, = =
2 2
W, =30t2 - 018t + 027107 Ws

= 10°t* - 610°t +9)(BOCLO™®




1.6. Na induktivitet L = 1 mH prikljéen je napon valnog oblika kao na slici. Odredékwv

oblik struje i, trenutnu snagu p i energiju.w

ulVviA a)

o 0<t<10ms
u(t) =10°tv
i, zljudt :103j103tdt=@t2+0A
L 2
10°

i, (LOms) =——[10*=50A
_10 2

p=uli =10 G%.Gt2 = 05103 VA

W= L 0 :10‘3 o4t :gﬂ09t4WS
L2 412 8

b)
10ms<t<20ms
u(t) =-200a + 30V

2
i, =1o3j(—200(1+3o)dt+ K :—2ELO6%+3ELO4t+ K

i, (Oms) =50=-10°10*+3M10'[10°+K - K =-150
i, =-10°t* +310't -150A
i, (002 =-10° (D02 + 310" (D02-150=50 A
p(t) =u i, = (-200a +30)(-10°t? + 3010°t ~150) =
=200t -6M10't? +3M10°t —-3[10't* + 9[10°t — 4500=
=200°t* -9[10't? +12[10°t - 4500VA

2 -3
w = L0 _10 (—106t2+3ﬂ04t—150)2 Ws
L2 2

c) 20ms<t<40ms:  u(t) =10t-30V
2
i, =10°[ (10°t - 30}t + K, =106%—31104t +K,

i, (002 =10° (05[0D02* -3[10" D02+ K, =50A - K, =450
i, =5[10t> -3[10' +450A
i, (0039 =0A
p(t) =ul, = (10t -30)(5OC° - 3010%t + 450)=
=500°t° -3[10't* + 4510t —15[10't* + 9[10°t —13500=
=500t° - 4510't? +135010°t —13500VA

2 -3
= L;ﬂL :12 (5ro°t? -3m0°% + 450f J




1.7. Paralelni spoj otpora R =bi kapaciteta C = 40QF prikljucen je na napon valnog oblika kao
na slici. Odredite sve strujeg; iic, i), radnu snagu izvora P i maksimalnu energijkaysacitetu C.

ulV]a ¢
77777777 C
5 R p—
0 :.2 ; 6 t[r:s] ¢
a)
O<t<2ms )
5 2ms<t<4ms
U= s =2500V u=5v
R:EZZSOQ—SOGA |R:E:§:1A
R 5 R 5
. =cf - 400010° 2500=1A e =0
dt 1=1A

I =iy +i. =50 +1A

c)

Ams<t<6ms

u=-250Q +15V
LU 25000415 0o
R 5

i.=C G‘EJTC = 400110 [{-2500 = -1 A
i =500t + 2A

u*C _ 25[#0010°

We =5mJ
max 2 2

2ms

_1T. _1 ) 4ms 6ms ) _
|§_?£|§dt_{j(soot) de+ [1°dt+ [(~500 +3)dt |=

0 2ms 4ms
1 t3 2ms 1 . . 5
=—|2B00" —| +0,002|= —1 0,0013+0,002| =05 A
T 0 6010

P=12R=0505=27W



1.8. Na paralelni spoj otpora R = @i induktiviteta L = 10 mH prikljten je napon valnog
oblika kao na slici. Odredite sve strujeg,(ii, i ), radnu snagu izvora P i maksimalnu energgu n
induktivitetu L.

u [V]A

) A 77777777 A
72 VG V tTms] R
-100

O<t<4ms
_ 10¢x

0—3

-100=5010t -100V

iR=%=5ELO3t—1OA

2
i =% [uct =oi01 [(6ra0tt ~100)t =10c{5 ELO“%—lO(I} = 25010°7 10t

i, (4ms)=25010° @ 10° -10° 3 110° =40-40=0A
i =iy +i, =2500°t* -5M10°t -10 A

T 2 2 3T 2
07 = 1Yt gy = Yo 7 Vi U 21005705
T3 T T° 30 3 V3 43
2 2 .
poU’ 51735 _ oo
R 10

i, (2ms)= 2510° (22 10 10" (210 =10-20=-10A

i2 O 102
W, = Lz -19 50’01: 05J

1.9. Na paralelni RLC spoj prikljen je napon valnog oblika kao na slici. Zadano:
R=2Q,L=1mH, C =1 mFipgetni napon y(0) = 0. Odredite sve strujed,ii_, ic, I ).

u [v]

\

M | = msmsamae ®

” w ;t[ms] R L p—
L R

e
Il o

10



O<st<2ms
(t)= 10_3t 500G V
[10
=4.5000 5564 A
R 2

i = c e =107 5000=5 A
dt
1
10°°
i, (2ms)=2500° 4 10°=10A
i =i, +i. +i, =2500t*+ 2510t +5 A
b)
2ms<t<4ms
u(t) =-500aG +10V
u

r
i. =10°%(-5000=-5 A

2
i :%judt: j500c10|t:5>E:L06tE A

-2500°t+5A

Ir

2
i, =%judt+ K =10°[(~500a +10)dt + K :103{—5000%+10t}+ K = -2500°t% +10°t + K

i, (2ms)=10=-2500° @010°+10* (R2A0°+K =-10+20+K = K =0
i =i +ig +i. =-2500°t* +10't - 25[1C°t +5-5=-2510°t* + 75[10°t A

1.10. Kroz serijskRLC spoj (R=2Q, L =2 mH,C = 500uF, uc(0) = 0) te€e struja valnog oblika

kao na slici. Odredite napong, u_ i Uc.

i[Al A

100

-10

Za odreivanje napona primijenite relacijeu, =iR,u, = L—t

Naboj jeq = uc - C ; uz pozitivnu struju kondenzator se nabgagste), a uz negativnu se izbija.

Dijagrami su prikazani na slici.

11
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umt
20

u 1 i % 4 5 6 t [ms]

I o || I

ug [V 4

|
|
} | ' i t +
o 1 2 3 4 5 § t [ms]

q [mAs] 4
20
10
T
a)0<st<lms
i(t)=10',A
u, =i [(R=20010° ,V
—Lﬂ_zma'mmzzm/
it
%=lﬁm=
—jlo“tdt_zomoﬁﬂ— 10t2V
50C[10°

u(10°%)=10v
b)ylms<t<2ms

i(t)=10A

u, =i[R=20V

u =0V
——Ildt 1

=210t +K,

—_ j 10dt +
500010

v

12



u.(1ms)=10=200"107° +K, =20+K,
- K,=-10

U, =200t -10V
u. (2 ms) =30V

c)2ms<t<4ms
i=-10t+30A

Uy, =—20010°%t + 60V

= L%_sz - 10“):—2ov

:—jud K, = o ——— - [[F10t+ 30kt + K,

- 2000{—104 E'IE +30:j+ K, = -107t? +6[10°t + K,

u.(2ms)=30=-10' @O0° +6M10' 210° +K, - K,

U = -10"t? + 610t - 50V
u. (4 ms) = 30V

d)4dms<t<5ms
i=-10A - u, =0V
u, =-20V

:—Ild 10_6
u. (4 ms)—30— —2&04 [400° +K, - K, =110
=200t +110V
u. (5ms) =10V

e) bms<t<6ms
i =10t —-60 A
Us =200t -120V

u = LBd—I =20V
dt
1
UC

-10)dt + K, = —2[10*t +K
3 3

=-50

2
= —500&0_6 J(lOAt - 60)dt + K4 = 200({10;1: _ GQJ + K4 :107t2 _12|:|.04t + K4

u.(5ms)=10=10" 2500 -12010* (510° +K, - K, =360

U. =10't* -12010°t + 360V

13



1.11. Kroz serijski RC spoj &e struja valnog oblika kao na slici. Ako je R =Q@0C = 0.1 mF i
uc(0) = 0, odredite naponguiuc , radnu snagu izvora P i efektivnu vrijednoststru

P[A] 4

-10

10

20 ¢ [ms]

a)0<t<10ms
2n _ n
w=—=
2T 107
i =10coswt =10cog1007t) A
u, = R =100c0s314 V

TRE éfi(t)dt +u.(0)

=10°/7 rad/s

= 1 j 10cos314dt
10
=10° [—?'g% = 3183sin314 V
=20 _ 707a - P=12R=1%P10=500w
J2 2

b) 10ms<t<20ms
i =10c0s314t -102) A~  u, =100cos314t —107)V
U, =3183sin314t -107) v

1.12. Kroz serijski RL spoj te struja valnog oblika kao na slici. Ako je R =Q0 L =4 mH,
odredite naponeru U , radnu snagu izvora P , efektivnu i srednju dnjest struje, te faktor

oblik
i[A] 4

10

a.

A

tmel T=20ms

14



a)0<t<10ms
:@: 277_3 :314rad
T 2000 S
i =10sinat =10sin314 A
us, =i (R=100sin314 V

u =L Bg—; =4[10°[100B14cos314

=1257cos314 V
b) 10<t<20ms
ir=0A; u,=0V; u =0V

1 . w wriz | I 10
Il == || smcddt:—[-’ﬂ —1)cosaut =L -10-1-1=—"=—=3183A
S’T!"‘ 2ﬂa)[ﬂ) oer[q)Eﬁ ]IT33,

T/2 2 Tl2 2 Tl2 2 T/2

I - I I

|2:1j |2 sin? aadt = j;dl cos2aty — In jﬁ——m j—dcoszm t

L 0 2 T {2 T ¢ 2

2
12=1n | =ln =10 g4

4 2 2
P=1°R=2500=250W
Faktor oblikaé =— = on =7 1571

I, 10 2

Nadruginéin:lzl—m L _10 1—0:1—0:5A

V2 VT J2V20 2@/2
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2. RjeSavanje mreza u vremenskoj domeni

2.1. Serijski spoj otporR = 1000Q i kapacitetaC = 10pF prikljucuje se u trenutkti= 0 na
istosmjerni naponski izvde = 100 V. Ako je kapacitet prethodno posjedovaconglp =
1000uC, polariteta prema slici, treba odrediti strujmapon na kapacitety i otporuug.

-3
p = &_5 =100V
_ C 10
| =E*+U, _100+100_ ),
R 100(
.\ R 7=RIC=10°[10° =107 = 001s
—E
1
c i=l,[e7 =020 A
Qoi+: u, =i (R=2000&™* v
Ue = E —u, =100~ 200[&™* v

2.2. Serijski spoj otporR = 1000Q i kapacitetaC = 10pF prikljucuje se u trenutkti= 0 na
izvor E; = 100V, a zatim se nakon jedne vremenske konskaatmt; = 1 sklopka prebaci
u polozaj 2 na izvoE, = 200V, prema slici. Treba odrediti strujte naponeir i Uc.

r=RC=10°00° =107 = 001s

P a)0<st<r
1 ? [ oa 5109 1
- R 100(
i, = 010 A
s N N Ug =i, (R=100[&"*V
o Ue = E, - U, =100-100&7** =1001- & )V
jjia éé u(r)=1001-¢)=63212v
S~—oq
S—
b) 7 <t = _( Ug (Tz: Ezj __ 63211020+02002 L0263A - i, =-0263 00 A

Uy =i, (R=-2632[&"%7)v
Uz tu; = —E2 N Ue = —E2 —-Ug = -200+ 2632 @-lOO(t—r) vV
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uc [V1,

100 iAfu. v
63,21 0.1 {00\
i .
3 0,01 t[ms]
0,61 t

-0,263 55—
20— ———(— — — = -263

2.3. U zadatku 2.2. odredite utroSenu energijura\oi izvora 2 za vrijeme prijelazne pojave.

e f -100t 10 -100t 00t
a)0<t<r w, = [ Eji,dt = [100D1re dt=— (& =
0 0

- 0

w, = -01(e™"* - &°) = -01(0,3678-1) = 0,0632J = E, (@}, =100[CT [ (7)

u=t-r
< < du =dt
b)r <t w, = [ Eji,dt = [ 2000D,26320& " "t =
: : zat=7 - u=0
zat=ow - U=
w, =5264[ ™™ du = % 1" = -05264e™ - *) = -052640-1) = 05264J
0 - 0

=E, L9, = Ez[uc (T)+ Ez]m

2.4. U mrezi prema slici prekidd@ prebacuje se iz polozaja 1 u polozZaj 2 u trenttk®. Treba
odreditiic i Uc. Zadano jeE; =150 V,E; =50 V,R; =5Q, R, = 10Q, R=100Q, C = 100pF.

R4 P R
o~

e - el
+ E ) R, —C < T =
+

u.(0)=E, =150V =U -t

(0=, ; i =1, @7 =2 A
| =B +U, (504150 _, _ o

0 R 10C Ug =ic (R=200e""V

7 =RC =10010010° = 001s Ue = E, —u, =50-200™" V

17



uc [V] 4

i [A] A ug [V] S

Lo /

—~V

-150

2.5. Treba odreditic , ic i hacrtati njihove grafove nakon iskfjwanja prekidda P , prema slici.
Zadano jeE =100 V,R;=30Q, R,=20Q, C=50pF.

Ri P
| I
R, 20
U, = EL——=1000——-—==40V
; R +R, 30+20
Y ic(t)

=1 Ra
T E —C r=RC=300b010° =15ms

L . .
uc =U, +(E —UO)[l—e ] =40+ 60[@1—@666'6‘) =100-60[& " vV

100-40

@—666,& — 2 @—GGG,ét A

kA4
E_Uﬂ

=2 A

-

t

2.6. Treba odrediti strujukoja pot€e od trenutka ukljigenja prekidaa P i izracunati ukupne

gubitke koji nastaju u strujnom krugu prema skGpacitetC,; = 10 mF nabijen je nabojem
Q10 =10 mC,C; = 20F nije nabijen, & = 10Q.

18



P R
+
Q10:: C1 — C2
2 -3 2
w, <GS 100070 o
2 2
3
U, = - 1000 = 0,998V

C, 10010°+2010°

ul

1 2

r=RC=101996010° =~ s
501(

_CU% _10010° 0,99¢"

W = 498 mJ
! 2 2 7
2 —6
W, = nglz _ 20010 2[@,9982 - 996

AW =W, —W, —W, = 998 1/ J

ili W= [i’Rdt =100107 & 'dt = o1
0 0

—-10020

e = _998110°°(0-1) = 998 1]

0

2.7. Svitak otpor& = 3Q i induktivitetalL = 0.6 H prikljuituje se na izvor istosmjernog napona. U
kom ¢e trenutku struja iznositi 50 % svoje stacionamjednosti? Kolika je energija izvora
E = 100V utroSena kroz to vrijeme na Jouleove gubiékiolika na uspostavljanje magnetskog

polja?

19
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1=2-2[@&™"

2e” =1
e =05 /In
-5, =-0,6931 - t, = 013865

2

r2 . .
w (t) =1 Z(tl)— Of %3 =833J

ty EZ t 211 t 2t
t1)=ji2Rdt—j (1 erj Rdt——j{l 2e T +e Tjdt—
0 OR
R T R
Ddt 2je dt+je dt:I—Et—j@
T

B 4 P 01386 2|])1386
—%lit +21{ef—1J ;( r—1ﬂ_%[01386+2[@z{ oz —1} 022[ 1}%45,433

2.8. U strujnom krugu, prema slicig¢eestacionarna struja. Ako se sklogka trenutkutp = 0
zatvori i nakort; = 2 s ponovo otvori, odredite struju izvora odtrikat, = O pa nadalje i
prikazite je graftki. Zadano jeE=10V,R=1Q,L=2H,R =2Q.

i [A
. ) i [A] 4
:'_fYYY\_
+
Ry
T E P
- E _10 _10 N
R+R 1+2 3 t[S]
L_2
|1-E_5)=10A T,=5=-=2s
R 1 R 1
t
|:E 1—efj
R
a)0<st<?2
gE t
=143 |1-en =204 2000 _g0s) 219,29 Dpe0s_yq_ DOpeos
R 3 30 373 3 3
i, (t,)=10- 230 [@ %2 =7547 A
b)ZStL 2_1_ Al = 7547—130—4214A
7/, =———=—=
* R+R 3 15 10

i, = — + 4,214 52 A
3
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2.9. Treba odrediti sve struje u zadanoj mrezimarslici, od trenutka uklivanja prekidaaP pa
nadalje i prikazati ih u vremenskoj ovisnosti.
Zadano je:E=110V,R; =30Q, R, =20Q,L =0.12 H.

R, P Ry

l, = E _ 110 _o5a U,=1,[R, = 22[20=44V = E,
R+R, 30+20

R =R|R, =120

T:L_%_Opls:i
R 12 100

= E_110_55A
R 30

i, = 2201 A
i =i, +i, = 22087 + 36- 36" =

\ 4

= 36- 1467 A t

2.10. U mrezi, prema slici, treba odrediti strujoXinduktivitet od trenutka ukljflivanja prekidda
P, pa nadalje. Zadan&=26 V,R=2Q,Ri=1Q,R,=8Q,L =0,12 H.

R =R +R|R, =1+28=260Q

r=L =92 _qose155=—1
R; ' 2166
Ry L
— [ Y
E: =E R, =26D8 =208V
y R+R, 2+8
R;
P R . E; - 20,8( —Zlétj 8( —21étj
— b =—|1l-e? |=——|1-e“” |[=81-e“ | A
7 ] . SR 26
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2.11. Treba odrediti vrijednost induktivitdta prema slici, tako da struja izvora bude konstartd
trenutka uklj¢ivanja prekidé@a P pa nadalje. Zadano je:= 100 V,R=50Q, C = 1 uF.

t P

L= S,
R
t R R
i =—|1l-e"
—|_ +____E I Y Ic
C
|:E:const L =
R

r=17. - —=RC
L=R’C=50°110°=25mH

2.12. Treba odrediti struje u svim granama zadarezen prema slici, od trenutka zatvaranja
prekidaa P. Koliki su napon i energija na induktivitetuu trenutkut = 0, a koliki na
kapacitetuC u trenutkut = o0 ? Zadano jeR= R, =30Q, L = 0.5 H,C =50uF, E= 120 V.

(1) iin(:"'iR1 - i(:=iL_iR1

(2) E:iLER+L%+iR1ER1

(3) iRlERizéJ'icdt:é.[(iL—iRl)dt ITT /E—Ij—t

d.
—i

o : d. ..
I —ig =RC ) I :Rlcﬁ'@ +ig

2:

e=rrcdi 4R +Lrc IR 4 dn
- R. dt Ry R, R. dt2 dt RlF%.

d’ . d.
LRC—71n +(RRC + L)ElRl +i. (R-R)=E
05B0MB010°° Cp? + (307 (010 + 05)p+60=0
75010 [p? +0,545p +60=0

b =-13527 - 1,=-—=73924ms

Py
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1

p,=-59139 - 7,=-—=1691ms
P,

. _ E _ .

IR”’_R+R1_2A_ILP

_t _t
i, =Ae"+Ae " +2
0)=A+A+2=2 - A=-A
u, =0 '
zat=0Q: © L oy =6ov=LdL
U, = 60V dt

d||_ _A&G_l@ Ty +A2|3_1@3 Ty
dt 7,

Tl T2 T1T2
-3
A, =120 7, :1207,39DL69ELO
r,-1, 1,691- 739
A, =-0,2630893= -A

-t _t

i, =0263k " -0,263k = +2 A
t -t -t

; _t _t
d __ 02631 5, 02631 7 _ 35508 +1556e
dt 739010 1691110

2 - i, :i{EﬂR Ldl}
TR dt

_t _t _t _t
Ig, :%[120—(0,263b " -0263k * + 2] [30- 0,5(—35,5% " +1556e H =

_t _t _t _t
=4-0,263k " +0,263k = -2+0,5931% " —-259F "
_t _t
i, =2+033 " -233% "
_t _t _t -t
ic =i, —ig =2+0,263k " -0,263k ” -2-0,3300& " +2,3300& " =
_t _t

=-0,0669% " +2,0669% "
( ) = 60V

£ 2 2
w (0)= ico)m _2 50,5
U2 (eo) T = % [60° (5010° = 009 J

=1J
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2.13. Serijski spoj otpora R = IDi induktiviteta L = 0.1 H, prikljdgen je na sinusnu EMS
e =10 sin (500t) V. Treba odrediti struju ukignja.

E
wLlI,
R
1 0
L
u +u,=e w LR
¥ Ldi+Ri-e f
e @ L a4t -
i Lp+R=0 ?
p:—E:—l—O:—loo .
>< L 01 v ¥
P ¢
r=-1=001s .
p I.R

_t
i=i +i, =Ae " +1 sin(wt-9)

Cgts +Ri, +all, codwt -¢)+ Rl sin(wt - ¢) = Esinwt

L

d, . _
(1) E+Rls_o

(2) all, codwt-¢)+RI, sin(wt-¢)=Esinwt, cofwt - @) =sin(wt - ¢ +90°)

«t,=0 - (2) - «ll, cosp—RI sing=0 -
sin wlL _ 50000
¢_w¢_ _ 1_

= =———=—7-=5 . ¢=78p5
cosp R 10

wtzzg -~ (2 - 1I,|wLsing+Rcosp]=E,

(2) E=y(wLl, ) +(R, ) +2wLl, codwt—¢-wt+p-90°)

. E  _ 10 _ 10
" JR+w? |16+ (500001 5099
i(0) = 01961sin(-7869°) + Ae™™® =0 . A=019231
i(t)= 01961sin(500t - 7869°) + 01923 A

=1 JwLf+R* - | = 01961A

m

2.14. Serijski spoj otpord = 100Q i kapacitetaC = 20uF, prikljucen je neEMS
e =100 sin (500+ 30°) V. Treba odrediti struju ukienja.
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R 1

— [ XC:—CzlooQ
w
1.. . d d 1. d
+ —|idt+u.(0)+Ri=e /&G - R—+=i=—¢e
Q) ¢ CI (0) it &t C  dt
: 1
Rp+—==0
- | C
Y _ 1
P P RC
1 . 1
r=—-—=RC=1002010"° =0,002=——s
p 500

i =i +1_sin(wt-¢)
. 1. .
i, - Ejldt+R|:e

_%Coiaﬁ —¢)+ RI mSin(C()t —¢) = Em Sin(wt +300)

- I’z: sin(wt - ¢ +90°) + Rl sin(wt - ¢) = E,, sin(wt + 30°)
w

Za
wt+30°=0 - wt=-30° - —%cos(¢+30°)—lesin(¢+30°):O

1
sin(¢+30")= I :_E
codg +30°) wCRI,, R
¢+30°=-45 _ $=-75

=tg(p+30°)=-1

wC w wC

- E, _ 100 _ 100 _ o074

" 2 2 100V2
e I L e ey
wC 500[20[10°°

5000 _ Em sin30° - 100[05
R 10C

=05 - A=05-0683=-0183

i(0)=0,707sin75° + A&

i(t) = 0,707sin(wt + 75°) - 0183 A
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2.15. Serijski spoRLC (R=100Q, L = 0,1 HiC = 100uF) priklju¢en je na EMS
e =100 cos (10a9 V. Treba odrediti struju uklgenja.

P R .
< L+ ri+ Lfidtze /S
dt C dt
. o
L£+Rﬂ+l_ :d_e
* dt> dt C dt
e_@ L i =i +1, codwt-¢)
C
I cosa =sin(90°+a)
1 cos9C° +a) = -sina
slobodni odziv:
1
Lp? +Rp+==0
p°+Rp c
1
01p® +100p+————=0
1P P 10C[107°
1 1
=-112702 - r1,=-—=8873ms=——
& 2 op 1127
0,=-8873 - I,=-——=1127ms=——_
? ’ 2 p, 8873
prisilni odziv:
. I .
~wlLl, sin(wt —¢)+w—r2;sm(wt -¢)+RI, codwt - ¢) = Ecoswt
za wt=": —wLImcos¢+|—mcos¢+lesin¢:O
2 aC
lesin¢:cos¢{wL—i}lm /21,
wC
1 1
- wl - 10 M01- 5 &
Sln¢: wC =tgg = 103E|.02E|.06:0’9 L $=4199
cosyp R 100

za wt=0: wll sing- L sing+Rl  cosp =E
wC

Im{a)L —w—lc}sin¢+ RI, sin[¢+90°]=E

2 2
E=[12 wl-—1 +RA2+21 wl-—L R, codg+90°-¢) =1, |R*+ wl-—1
wC wC
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= 109 199 _ 474334

| = = =
" 2 1 13454
JR“(‘”L‘lJ \/1002+(103[01_1()3’ELOZELO‘J

wC
i(0)=0,743%04- 419%°)+ Ae?"® + A0 =0 , A =-A -05525

|(t) = Im COia)t _¢)+ Ale-ptl + Aze-ptz - 0,743:%040)1: _41990)+ Ale—112,7t + Aze—887,3t

% - _0,74331000sin(et - 4199°) + A (-1127)e 2 + A (~8873)e ¢

di . E
—(0)=-74 ~4199°)-1127A, -8873A =—" ==——=10°
dt(O) 33sin(- 4199°) 7A 8873, = ol 0

-1127(- A, - 05525 -8873A, =10° - 4973
A,(1127-8873)=10° -4973-112705525

A, =-05687 - A =00162

i(t)=0743%04100a - 4199°)+0,0162& " — 0,5687& "™ | A
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3. Prikazivanje sinusnih veli¢ina pomo¢u fazor a

3.1. Treba napisati sljede kompleksne brojeve u eksponencijalnom obliki8 #)4;
b) 3-j4;c) -3 -4 ;d) -3 +j4; e) 0,048 {0,153 ; f) 0,0171 {0,047 .

a) 3+ j4=F+4 arctgg =55313°

b) 3-j4=~3F +4 arctg_—34 =5-5313°

) -4
c) —-3-j4=5Harctg— =5-12687°
) j 5{ 9 5-12687°

d) -3+ja= S{arctg_is = 512687

€) 0,048- j0153=01603%- 72582
f) 00171+ j0,047=0,0500{70,007

3.2. Treba napisati sljeée kompleksne brojeve u Kartezijevu oblikai 12,:{& ;
b) 53160°; c) 25-45;d) 86-115;€) 005-20°; f) 0013260;
g) 0156-19C°; h) 200181°.
a) 12330° =123(cos30° + | sin30°) = 10,652+ | 615= 6153 + j)

b) 53L60° =-49803+ j 18127
c) 25-45=17,678- 17,678

d) 86-115 =-36345- j 77,942
e) 005-20°=0,04698- j 0,01710
f) 0013260 =-0,002257- j 0,01280
g) 0156-19C° =-015363+ j 0,027089
h) 200181° =-1999695- j 349048
3.3. Treba odrediti sumu i razliku sljeile kompleksnih brojeva a)lq@ +4+)2;
b)1090° + (8- j2); ¢) (-4-j6)+2+4; d) 28345°-(2- |8); €)(-5+j5)- 707135 ;
f)-5531°~(1-j 6).
a) 10531°+4+j2=6+[8+4+j2=10+10
b) 1090°+(8-j2)=j10+8-j2=8+|8
c) (-4-j6)+2+j4=-2-j2
d) 28345 -(2-j8)=2+j2-2+(8=j10

28



e (-5+j5)- 707135 =-5+ j5-(-5+j5)=0

f) -5531°-(1-j6)=—(3+j4)-1+j6=-4+|2

3.4. Treba odrediti produkt sliedlb izraza:a) (3-j2)a-j4); b) (-1-j)a+j);
¢) j24-j3);d) (-je)j6); e (-4+je)ms3r; f) 1090 j2);

g) 10531°010-23.

a) (3-j2)(1-j4)=3605-336% [#,123}-7596° =14866-1096° = -5~ j14
b) (-1-j)1+j)=v2]-135B/245°=2-90° = -j2
) j2(4-j3)=290° H-3687°=105313 =6+ |8
d) (-i6)je)=-36j2=36
e (-4+)6)B531°=7,21112369 H531° = 3605517679 = -36+ |2
f) 10e0-j2)= jio-j2)=20
g) 10531°10-23 =100301° =86515+ j 50151
3.5. Treba odrediti kvocijent slje¢id izraza:

a2 18, py7o*iz. 57110 ) 10 g IS . )
2+j2 4-3 3+j4 3+j4 2-]2

S
g(3+j4)[5|—30°’ 6

68412
2+j6 '

1 -2
3-j2):10e 3.
+j8Eﬂ j2)

4-j8 _8944-6343

a = =3162-10843°=-1- |3

) 2+j2 282845 31610843 :
~5+j2 5385158199 _

b = ——— =107795 =-104- j 028

) 4-ij3 5-3687° 1077 104=102
—i10 1118-6343

o 27110 1q—=2,23q—116,57°=—1—j2
3+j4 55313° —
10 10 .

d = =2-531F¥=12-j16

) 3+j4 55313 2-5318 =12~ i1

e ISE-30" 1560 =5303105 = -1373+ | 5122
2-j2  2/2-45 >
68612 68812

f) Bl 684LY =1,0884-5956° = 0551~ j 0938

2+]6 63247156°
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2530° 560°

9) . =
(3+j4)H-30 55313
3-j2 _ 3605-3369°

(6+j8)1d-120 105313 1G-120°

=1687 =0,9928+ j 01196

h) = 0,0360$3l8° =0,03018+ j0,01973

3.6. Treba odrediti sljede izraze:AD'A* , A+ A*, A— A*, A/ A* , ako je
a) A=3-j4: b)Azlq—30°; c) A= 25e 3.

a) (3-j4)3+j4)=32+42=25
3-j4+3+)4=6
3-j4-3-j4=-j8
3-j4_5-5313
3+j4 55313

=1-10626° = -028~ j 096

b)  10-30°[1030° =100
10-30°+1030° =1732
10-30°-1030° = 866~ j5- 866~ j5=~10

10-30°
ﬂqm “1-50

c) 25-60°2560° = 625
25-60°+ 2560° = 125~ j 2165+ 125+ j 2165= 25

265-60° - 2560° = 125~ j 2165~ 125~ j 2,165= - 433

25-60°
iy =1-120
2560

AB ako je: a) A=10+j5, |.3=2qﬂ;

A+B

3.7. Treba odrediti sljedeizraz:

b) A=6-j2 B=1+8;c) A=1045, B=570°; d) A=-j5 B=10

e A=10, B=-j10.
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111626565 [2030° _ 223656565 _ 223656565

a) : : _ =717427,797
10+ j5+1732+ )10 2732+ j15 3116728768
6,324-1843° [B0648287° 509964 44°
b) 1 : .3 BT _ Soodeads =55312384°
6-j2+1+8 9,21954060° —
1045°570° 50115 50115 _
c) _q [ﬁ __._Sais S = 346173 =1613+ |3
707+ 707+ 171+ )47 8781+ j1177 14685327
-j5[j10 _ 50 _ e
d = =10-90°=-j10
) Zjs+ 0 g0 ’
— y 1004-90°
o 100{- j10) . -j100 _ 100-90° - 70745

10-j10 10V2]-45 14143-45°

3.8. Treba napisati fazore sljédefunkcija:

a) ileOsin(a)t—j—?’T); b) u=200sin(wt+18C); c) e=10v2sin(wt-90°);

d) i=v2Bsin(wt+120) ; e i=+v2M0sin(wt+24C); f) i=+2sinwt.

~ N 100 _.
a) | =+21ei | ===t
J2
by U= ZUej“;U=—200ej18“

) &=2Ee“; E=10e"""
d) T =+2le; | =5l
& T =+21e: | =10e/20
f) T=v2ie =10
3.9. Treba odrediti struju=i, +i, ako je:i, :x/§[55in(a)t +2?”] Iy :x/EEi’osin(a)t +4?”]

I, =5120° = -25+ j 433
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I, =5240 =-25- ] 433
I.l+ I'2=—5 - i=5V2sin(wt-7)

3.10. Treba odreditie=¢ +e, +¢,, ako jee = 220V2sinwt, e = 220\/§sin(a)t —2?”] ,

e = 220\/§sin(wt + z?ﬂj .

E1 =220
E. = 220-120° = ~110- j19052
Es = 220120’ = -110+ j19052

L U,
Ei+E>.+Es=0, e=0

3.11. Treba odreditil = u, +u, ako jeu, =10sin(wt +30°), u, =10codwt - 45°).

+ 10 _

U1 ="=[30° = 61237+ j 35355
=R ’

u, =10sin(wt - 45° +90°) = 10sin(wt + 45°)

U 45 =5+ j5

10
, =10
J2

U.+U, =111237+ | 85355=1402375°

u=1402V2sin(wt +375°) =1983sin(wt +375°) V

3.12. Treba odrediti =i, —i, ako jei, =+/2sin(wt +45%), ai, = /2 cosgt - 45°).

;= 145°

i, =~/2sin(wt - 45° +90°) = /2 sin(wt + 45°)
I = 145°

i =i, ~i,=0
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3.13. Zadana je frekvencija i fazor struje.Trebpisati struju u vremenskom obliku:

a)w = 100 rad/s,| =1030° A

b) ® = 300 radls,| = 245’ A,

c) w = 400 rad/s) = J45° A

d)w = 500 rad/s, | =2- j3A,
e)w = 600 rad/s,| = -2- j3 A.
RjeSenja:
a) i =10v2sin@oa +30°) A
b) i = 2/25sin@E0Q + 45°) A
c) i = 3/2sin@0a +45°) A
d) i =3605/2sinG0 -5631°) A
e) i = 51sin(60 + 23631°) A
3.14. Zadano jé =10sin(20Q —30°) A, treba odrediti pomau rotirajuteg fazora

.o diL )
derivaciju— i integral | idt .
ju gral |

Im=10]-30°A = j& In=200]90° 10]-30° = 200060°

% = 20005in(200 + 60°) A/s
"~ 10-3¢°
T _ =005-120 = j idt = 005sin(20Q + 240°) As
jw 20(*90O

3.15. Zadan je napon = V2 [220sin(314 +§) V, treba odrediti struju u realnom obliku i
fazorskom obliku: a) otpolg = 10Q; b) induktivitetaL = 3 mH i ¢) kapacitet& = 3 mF.
Fazore napona i struja prikazati ge&fi

U =22030° V
X, =al =3140B107° = 0,9425Q
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»

22030° 3301
=" — _=2334-60"= -60°A
0942590 A0 =" R 180
22030° 2932
|, =———=2073120° = 120°A
¢ 1,061-90° 3120 = 2 1120
U
30°
IC
I, >

3.16. Zadana je struje= V2 [10sin(L00a —g) A, treba odrediti pomtu fazora napon na: a)

otporuR = 10Q; b) induktivitetuL = 10 mH; c) kapacitetlC = 0,1 mF i nacrtati fazorski
dijagram struje i napona.

| =10 -30° A: :

UI.
X, =al =10°[1072 =10Q:
Xc_i:#::l_og;

I
@]
H
(@)

w
=
(@]

I

v

Ur = IIR=10 -30°[10=100 -30° V

U, = jX, 0 =10/90° 10 -30° =100/60° V A b

U, =-jX. 0 =10-90° 10 -30° =104 -120° V
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3.17. Treba odrediti trenutnu snagu, radnu i jalsragu te trenutnu energiju u zadatku 3.15 i
nacrtati sve trenutne véine.

u=U_ Binfwt+a,); i=1, Binwt+a,)
p(t) =uli =U_I[sinf@t+a,)lsinct+a,) =
a
—Um—m[ﬁcos@Hau -—wt-a,)—-coswt +a, +wt+ai)]

p(t)y=u [ﬁcos¢—cosQa1+¢+Zai)] (a,+a, +a,-a, =¢+2a,)

a) $r=0 =
ps(t) = u, = 22022[cos0° - cosR [B14 + 0° + 60°)] = 48401 - cos62& + 60°)|

P=4840W :  Q=0=U 0 3ing,
W (t) = | p. (t)clt = [[4840- 4840c0s628 +60°)] (it = 4844 - % Sin(628 + 60°) =
- 4840 - 7.707(sin(628 + 60°) J

b) ¢, =90° = p_(t) =uli, = 2202334 [fcos90° - cos@uwt +90° —12C°)] =
= 51354[ﬁ0 —cos@wt — 30°)] =-51354¢tosRwt —30°) =

= 51354 cosQut +150°)
P=0 Q =51354 VAR
e N | -3 : 2 _
w, (0) = St [2(0) = 5300 3301 3in(-60°)]° =1227 J J

W, (t) = j p_()dt +K, = j 51354(t0sQat +150°)dt + K, = %‘&in(zax +150°) + K, =

=81778inQat +150) + K,
w, (0)=1227 = K,=1227-8177[3in150 =817 J

w, (t) =8L773in(2at +150C°) +81,7 J
C) . =-90° = p(t) =uli, =2202073fcos90°) - cos@at — 90° + 24C°)]

P () = 456160 - cos@at +150°)] = -45616E0sQat +15C°) =
= 45616 cos@at —30°)
w.(0)==[Cm?= % (31107 ({22072 [3in30°)2 =363 J

1
2
W, (t) = j pc(t)dt +K, = j 45616t0sRat —30°)dt + K, = %6&16E$in(2a1 -30°) +K,=
=72646inRut-30°)+K, J - K, =363-7264Ein(-30°) = 7262 J
W, (t) = 72645inQat —30°) +7262 J

S=U0* = 220,30° 2073 -120° = 45616-90° VA

S=-j45616 = P=0: Q=-45616VAR
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4. RjeSavanje mreza u frekvencijskoj domeni poméu fazora

4.1. Serijski spoR=60Q i L =0.08 H priklj&en je na EMSe = 20 sin (100@%) V. Treba
odrediti struju izvora i sve napone, te ih prikazziomeu fazorskog dijagrama.
R A

| —
| S >

-60°

+
e C o u/ N

Y

E=29 600 =1414-60° V

V2

X, =l =10° (BO10™ =80 O

Z =R +X,? =+/60° +80° =100 @

X 80
= arctg—-= = arctg— =5313
¢ 94 960 1

Z =100/531% Q

Ur = ITR= 01/2|-11313 [60= 6v2| -11313° V
U, = 10X, = 012 -11313° [80|90° = 82| -2313° V
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4.2. Kroz serijski spdR = 8 Qi L = 60 mH te&e strujai =+/2 [10sin(LOC +30°) A. Treba

odrediti sve napone.

R

1
| S |

+
e ®

a

| =10[30° A
X, =l =100006=6Q

Z =10|3687° Q
E =I[Z=1006687°V
Ur = IR =1030° (B = 80[30°V

U. = 10X, =10[30° CH90° = 601207V

4.3. Na serijskom spoj@ = 10Q i C=31,9uF priklju¢en je napotd = 127 V. Treba odrediti
I, Zitgoe u sliaju da je: a)f, =50 Hz i b) f, =500 Hz.

R
1
| S |
+
U f\) —C
i
a) f, =50 Hz; b)f, = 500Hz;
1 1 1
Xe=—= —=99,78 Q Xe = —=9978Q
@, 2m50031900 25000319110

Z =R + X2 =[10° +99,78 =10028 Q

¢ = arctg— X _ arctg 99,78 _ -8428°
Z =1002§ -8428 Q
Yo 12T oegsane A
5 10028 -84.28° s
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Z =10 +9978 =14127Q
-9978 _

@ =arctg -44938

Z =14127-44938 Q
u 127

5 14127-44938

= 944,938 A



4.4. U serijskom spojR=5Q1i X, =10 Q poznat je napoll, = 1V¥; treba odrediti sve

ostale napone i struje te ih prikazati fazorski.

A
R U
1
—_
+
U "\; XL
‘i 63,43°
UR
I :£:E—2 A
R 5

U, =10X, =2010/90° = j20 V

Y
v

U =Ur+U, =10+ j20= 2236|6343 =10V5 V

4.5. U serijskom RLC spoju izmjereni su napbhy =8 V; U, =92 Vi U =98 V. Treba
odrediti ukupni napotJ i fazni kuty spoja te nacrtati fazorski dijagram.

i R U o .
1
L
+ UR
@ L —
[ |
|
C
Uec |}
U=4U.z2+(U, -U.)’ =82+ (98-92° =10 V
¢=arcthLU;UC=arct998_92=3687° - ¢=365211"

R
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4.6. U mrezi prema slici zadano i‘ez 1200° V, L = 25 mH,C = 50pH. Pri frekvenciji
w= 400ra%, struja prethodi EMS za kut 63,4°. Treba odrelitinapone na svakom

elementu.
R L
| — Y Y Y
| I |

C)E — C

=al = 400025107 =10 Q

X
Xe=——2=—"——-=500Q ' = =
© «C 40C[50010° Z 4472
g = —p = X=X U, =1 [R=268320=5367 V
9 ="2=""¢ U, =10X, =2683V

X ~ X _10-50 U. =1 X, =13416 V

-2 -2

Z=R?+(X, -X.)? =4472Q

R= =20 Q

4.7. Kroz serijski spoR=2Q, X, =4Q i X, =6Q tece strujal =5 A Treba odrediti
napone na svim elementima i napon na ulazu.

F 3

i R U,
+
XL
e
{ | U-
Xe 45
\ 4 UC
)

U, =1 [R=52=10V
U, =1 X, =5@=20V
U, =1 X, =56=30V

U=Ug2+(U, -U.)’ =10 + (20-30) =102 V
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4.8. Treba pretvoriti serijsk® = 347Q i X, =656Q u ekvivalentni paralelni spoj.

Rs

1o 1 _pisag-e212=

ra— Ys=—
Zs = R2 + XLSZ = /3,472 + 6562 =7421Q Zs 7,421'62120

=0,063-j01191=G - |B,

X 656 1 1
—arctg—-s —arctg—— =6212° ; R===———=1587Q
g, =arclg— 9347024 »=G 0063 F
2 =74216212° Q; XLp = i = L =8,3955Q
— B, 01191

4.9. Paralelni spoR=60Q i L = 008H priklju¢en je na EMSe = 20sin(L00Q —g). Odredite

sve struje, admitanciju i fazni pomak napona ijatru

i E=22 60V
»> 2—
. e o Vi
A 4 iR L 4 i IR = E = O,33SII’1(1000.' _E)
* () R D 3 L | & = 0,2357-60° A= 011785 ]0,204124A
e | il
- X, =al =10° (008=800
E _ 20-60° |
| =—— =1 -0176777-150 = -0153093 }0,088388A
X, 28090 —

| =1a+1, =-0035242- |0,29251= 0,29463-9687° A

¢=a,-a =-60°+9687° = 3687
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v=2_j 1 -1 1 _ 016~ jo,0125= 002083 3687 S
R 'X,_ 60 80 il

| = ELY = %| —~60° [0,02083| -3687° = 0,29463 —9687° A

4.10. Paralelni spoR=10Q iC =319 uF prikljuc¢en je na napok) =127V . OdrediteY ,fazni
kut ¢ i sve struje u skaju kad je: a)f, =50Hz i b) f, =500Hz.

o1 1
A 1, =50Hz 5 Xe = = Bom1oa0®

=99,78=100Q

1. .

v=>24i L1 - 01+001=0100957106 S
R X, e

= -57106
| =ULY =127[0,10055,7106 =12763357106 =127+ | 127 A
IR =127 A ; lc=127|90° A
_ 1 1
b) f, =500Hz ; X, =—— = =100
«C ~ 275000319010
v=>iil co1+jor=ow e s
R X, nid
# = —45°

| =ULY =127001/ 2J45° =12,7 + j127 A

IR =127 A ; lc=jl127A
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4.11. Kroz paralelni RLC spoj teku strujg =8 A, I, =10A i I, =4 A. Odredite struju
izvora, zatimL i Cako jeR=10Q i f =50Hz. Nacrtajte fazorski dijagram.

. F Y
I =
~ g
ir i ic i " "
-36.87
+
e C) R L T
7 :
n Ic
IL k
| =8-j6=10-3687 A ; i=10/2sin(314 —3687) A
E=Ir(R=810=80[0°V : e=80/2sin314V
: 80|0°
X =5 = 1 _g0 . L=Xi-8 _osaesnH
ii, Yoo ng-90° « 314
' 80|0°
X, =—F = 1 _o00 0 c=—r -1 _isaisuF
ife 4-90°490° WX, 314020

4.12. U spoju prema slici zadan je otdgr=4 Q i izmjerene su efektivne vrijednosti struja
[,=20A ,1,=15A1 | =30A ; treba odreditiR i X, .

<

O=i.a=15=60v z,=2=%0-30
I, 20
2 ,12_2 2 2 _ o2 .
cosp=tz Tl IS +30° 7200 _ o054 36336
2001, 0 215030
| =30-36336° = 2416- j1777A =  li=I-1,=916- j1777=20-6272 A
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R=-=6545Q ; X, =-=3375Q

[
O~ C-
W[

4.13. Kroz serijski spoj nepoznatih elemenata &ruja i = 282sin(L0Q — 45°) A, pricemu je
napon na vanjskim priklftnicamau = 282sin@0Q + 45°) V. Treba odrediti nepoznate

elemente.
Im=282-45%A Up=28245V X, =100Q =l = L:ﬁ:i_gg:m
a
Um 282|45° ) R=0
== ——— =100]90° = j100Q
| 282-45 T

4.14. Na impedanciju.'i priklju¢en je naponO =100[8C° V, pri cemu tee struja I =10|30° A.
Treba odrediti:Z R, X, ¢ .

) 100[80° -
_U _ |_:10|5_0°:6,428+j7,66§2:R+JX

| 1030
4.15. SerijskispoR=6Q i L=8mH prikljucen je na EMSe =100V2 cos(0’t —30°) V;

treba poméu fazora odrediti struju i sve napone.
X, =al=10°810°=8Q

R Z=|R+X.?=6"+8 =10Q

1
¢ = arctg?L = arctgg =5313

~ L :
Z =10|5313° Q

. E_100|-30°
5 105313
U, =1 [(R=1006 =60V
U, =1 X, =108=80V

=10 -8313° A
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5. Elektriéna snaga

5.1. Treba odrediti trokut snage u primjerima 4014d7.

(41)  S=E0*=100/0°[10]531° =1000|531° = 600+ j800VA= P+ jQ

(42)  S=EN*=100|0°[10]|-531° =1000| -531° = 600~ jBOOVA= P + jQ
(43)  S=E*=100]531°[10]0° =1000[531° = 600+ jBOOVA =P+ |Q
(4.4)  S=EM*=10]0°[R08|3687° = 20 8|3687° =1664+ j1248VA= P+ jQ

(45)  S=E*=100]0°56|-265° =560| 265° =501~ j250VA= P+ jQ

(4.6) .S:I-EEi*—f/El5|45°[—)\/—_| ~15°=108330° = 9386 + }54188VA=P + |Q
4.7) °s='EEi*—f/5_5|45° \/_| ~15° =1083(30° = 9386+ |54188VA= P+ |Q

5.2. Treba odrediti trokut snage u zadacima 44.23.

(4.12) S=U0*=60030 36336 =1800|36,336 =1450+ j1066VA

~_ 282 282
4.13 S= [45° —=

5.3. Treba odrediti trokut snage u zadatku 4.14.

|45° = 39762 |90° = 39762VA

U =100(80° V oo |
— " = $=U0*=100[80°[10| -30° =1000[50° = 6428+ ] 766VA

| =10[30° A
5.4. Treba odrediti trokut snage u zadatku 4.15.

E =100]-30°V L. .
—— = S=E0*=100|-30° 108313 =1000|5313° = 600+ j8O0OVA

| =10]-8313° A
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5.5. Treba odrediti impedancijﬁ i struju I ako je poznata prividna sna@x= 4 kVA |, faktor
snagecosy = 08 (kap.) i naponO =220|-30°V .
@ =arccoD8=-3687°
S =4000]-3687°VA=U0*
'S _4000|-3687°

|#=2 =T DPC _1818|-687° = | =1818 687 A
T aar LB8ISGET 18]687
) 220]-30°

_U _ 220180 =121|-3687° Q
| 1818687 —
5.6. Treba odrediti impedanciju na kojoj je izmjawseU =200V ; | =10A |
cosg =08 (ind.).
_U _200_ :
=7 "0 ¢ Z =20|3687°Q

@ =arccoD8=3687

5.7. U zadatku 5.6 priklten je paralelno impedanciji kapacit€t tako da je izvrSena korekcija
faktora snage koji iznosiosg'= 095 . Treba odrediti jalovu snagu koju je preuzeo

kapacitet.

S=U0* =200|0° 110 [3687° = 2000|3687 =1600+ j1200= P+ jQ

Q'=+/(S)? - P? =/16842? 1600 =52588VAR
Q. =Q-Q'=1200-52588= 67411VAR

5.8. Na naponski izvor EMé =100|30° unutarnje impedancijéo =6+ j8Q treba spojiti

takvo troSilo impedancij& da se na njemu troSi maksimalna snaga. Trebaitidred
parametre troSila i maksimalnu sndgu

. . O
Zr=Z*=6-80Q P=—_=="_ =4166W
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6. Metode pretvor be. Fazor ski, topogr afski i locus dijagrami

6.1. Treba odrediti ulaznu impedanciju u shemilitg sko je w= 5000 rad/s,
R=05Q, RR=R=2Q, L=04mH i C=25/F.
R

1
—J

R[] R[]

X, =al =500 [0400°=20Q

1 1
X.=—— = =8Q
¢ «C 500°[2510°

1 1 .
Y,=—= = = 0,3535-45° = 025- | 025S
Y2+ j2 2J245 145 :

=1 - 1 = 01212§7596° = 002941+ j01176S
2- 8 8244-7596° —

Yp =Yi+ Y2 = 027941 j01323= 03091725346 S
1 1

Zp=—= = 323442535° = 2,923+ j1,38460Q
P v, 030917-2535° 323442535 a

Z =05+7, = 3423+ j1,3846Q

6.2. U shemi na slici treba odrediti ulaznu impegijarako je:L =2 H,C = 0,33uF, R=1 kQ,
w = 1000 rad/s.
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X, =al=10°[2=2kQ
Xe=——=——_=303kQ

. o\ _-j103(-j309 _ -3122_
Z1= j(X, =~ X)I(=iXe) = = = -]0,7688kQ
2= XXX =05 308 =406~ )

Zi+ R=1- j0,7688= 12614 37,556 kQ

; _12614-37556'(-]303 _3824-12755° _ 382312755
® T 1- 07688 j 303 1-j37992  392859-7525°
= 059498 | 0,76988kQ

=097299-523° =

Zis+ X, = 059498+ j1,2301= 1366464188 kQ

1366464188 27329154188
0595498+ j1,2301+ j2  3284|7956°

=0,832077462° kQ

u

6.3. Treba odreditZ a u shemi na slici: a) kada su prikijice c-d otvorene; b) kada su
priklju¢nice c-d kratko spojene. Zadaro= 1000 rad/s,L, =L, =50mH,

C, =104F, C, =20 4F .

a) 2222

(serijska rezonancija)
X, =al =10°30107° =50Q )
Xc1 — ai: — 103 D-](;D-O_G =100Q a) Z.al - J(xl_l xcz)”( JX01) =0
1 Z,,= X, =j50Q
N 1 _ 1
2 aC, 10°[20010°

=50Q

47



L.

.
0
[ |
| |

(paralelna rezonancija) b) \-(p =0 Zp =00 = 2ab = jX,=]50Q

6.4 U shemi na slici treba odrediti strujy radnu snag® izvora. ZadanoE = 200|0° V,
Z1 =113+ j172 Q, Z, =600~ j240 Q , Z5 =260+ j200 Q , Z4 = 200+ |240 Q
Z5 =140~ j200Q , Zs=800Q.

+

@ E

Zs = Za+Zs+Zs = 260+ j 200+ 140— j 200+800=1200Q
_ Zs[Zs _ 24413 -55°[B00

Z,=52520 = =16275-55° = 93.3- j1333Q
> 1200 —
A
- 7.Zes 3283757°[B00
z,=23Ee _ 8375 =21868|3757° =1733+ j1333Q
7, 1200 —

_ Zi[Zs _3283757° 24413 -55°

Z.
>, 1200

=66,/3-1743°=6366- j20Q

Za+Z4 =933~ j1333+ 200+ }240= 2933+ j1066 = 31212]20° Q

Zo+Z2 =1733+ j1333+600- | 240= 7733~ j1066 = 7806 - 785 Q
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T 7806 -785°[31212|20° 2436631213
Zo =(Zo+Z2)||(Za+Za) = —— — = "= - 22841213=
7733 j1066+ 2933+ j1066 10666 e

= 22333+ j48Q

7 =Z.+Zp+ Ze =113+ j172+ 2233+ |48+ 6366— j20= 400+ j200= 447 A2657° Q

7 44722657
S=EN*= 200[0,447|12657° =8944|2657° =80+ j40OVA - P=80W
6.5. U shemi na slici zadano je

U =100[30°V, R = 3[60°Q, R, =5Q, R, =40Q, X, =30Q i X, =2Q. Treba

nacrtati topografski dijagram i odrediti napbhu.

R

c

T

11
"T5+j2 5385)218°
1
*740- j30 50|-3687

=0186|-218°=01724-j0,069S

= 002[3687°=0,016-j0,012S

Y, =Y1+Y2 = 01884~ |0,05697= 01968 ~1682° S
1 1

p=—

v © 019684-1682°

=5,080[1682° = 4,863+ 1470Q

Z= 3|60°+ Zo=15+ j26+4,863+ j147=6,362%+ j4,068=7,552|3259° Q
_U__ 10030

5 7552]3259°

=13241|-2594 =13227- j06 A
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U = I[B]60° =13241| ~2594 [B|60° = 39,722 [574° = 21398+ j3347V

U, =U-U =86,602+ |50~ 21,398— j3347 = 65,205+ |1653= 6727 [1423V

I1 =U Y1 = 6727|1423 (D186| —218° = 12521| -7,572 =12,402— j16487 A

|2 =U oY, = 6727 [1423° (D02 [3687° = 13453|51,098 = 084487+ jL047 A

U, =1.06=12512|-7,572 [5= 6256 | -7,572 = 6201- 8,244V

Us = 110]2 = 25024 82,428 = 3,297+ | 24806V

U. = 1 .[30=13453|51098 [#0=53812|51,098 = 33793+ j41878V

Us = | ,[30| ~90° = 40,359| -38902 = 31,408~ | 25,345V

U ab = Lj3—lJ 5 = 3297+ j24806—-31408+ j25345=-28111- j50151=5749|11927°V

:L.J4—L.Jz

-30 -

50

‘ U
50 -
4+ U,
30+

78
2 4 - U
2+ )

o Uab R | S—
A4 c

Y U,

0 | | | | | | | | | | g
T 20\ 30 4 /50 60 70 80 90  10C
20+ [

: U,



6.6. Koliki napon pokazuje voltmetar u shemi naishko jee=30\/§sin(a)t +90°) V?
Zadano jeR, =30Q, R, =10Q, X, =60Q, X.,=20Q i X =20Q.

Z,=-(20+(20=0Q
l.Jl+L.Js:0 = i1:0; izzi
U, = I [{-j20) = 1]90° [20] -90° = 20|0°V

Us = 10§ 20= 1|90° [20|90° = 20|180°V
U, =U, =20V

6.7. Koje vrijednosti pokazuju instrumenti na lidiadano je.E =100[30°V, R=5Q,
X, =5Q 1 X, =25Q.

)
4l
X
|* R Y Y Y
- j‘f_"/ I X
| |
|1

® i ®

5 _i5(-j25) 125 _
j5-j25 25

-i5Q Uv = 11Z, =1414 75 (5| -90° = 70,71| -15°V

. R, =U O [tosp = | * [R=14]14% [5=1000W
Z=5-j5=5J2|-45Q
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6.8. Treba odrediti induktivitdt u shemi na slici, pod uvjetom &MS
e =+/2220sin(wt +60°) V prethodi struiji izvorai za 30°.
Zadano:f=50 Hz, R=150Q, C=33uF.

a=27f =10Cn=314rad/s

- 1 1
I X == =1 _-9646Q
U R ¢~ WC ~ 3140B300°
* E =220[60°V
e L
i — C
1 1 1

Yo=— = = : 8 = 56070107 |3274°
R—jX. 150- j9646 17834]|-3274° Lt

Y. = (4716+ j30310° S
1 1

:—j_

91= -
X, X,

Y = Y14 Y2 = 47160107 + | (303007 ——)
X

L
| =ELY =ELY [60° ~30° = ETY [30°

30310° - 1

X
W = -30° = arct L/t
g 47161073 g

3030107 - 1

L =—057735/(#%,716[10°°

9030 =—, T 1607

30310° - Xi =-2,72310°

L
1
XL
X, =17373=al

L= 17373 _ 0,553H
314

= 303107° +2,72310°° = 5755810
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6.9. U shemi na slici treba odredtiitako da, uz poznaR, naponU.2 prethodi naponllL]1 za 90°.

. y [ .
; 1 1 3

oo RO [)R U

U:=(R- jX.)0:-R0O.
2R~ jX

0=-RO+ (2R- X )02 = I1= cq,

. o . . 2 _ - . v ?2_p2 .
Ulz(R—ij)aLRJXCDZ—RDFZR IRX ZJ2R%. = Xe =R g,

R
CRP-BRX. - XS o [RE-XZ )
U1= C DZ: —C_ngc &

R R R
L.Jz:iz[R = izzﬁ

R

isz—xcz_jsxc
' R? R
U2
2 _ vy 2
X
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6.10. U shemi prema slici treba odrediti trokutgmaa |mpedancuamzl , Zz i na strujnom
izvoru, ako je zadanozl = 6|60°Q , Zz = 8|75°Q i I1 = 3|30C° A.

1

—
UZCD lo . ZZH U =10Z: = 330 (6|60 =18|90V
Uz =10(Zz = 330 [B[75 = 24108V

S, =U1[o* =18|90° [B|-30° =54 |6C° = 27+ |46 77TVA

S, =U [ o* = 24105 [B|-30° = 72 |75° =1863+ j6955VA

.So =4563+ j11632=125|68,6° VA

6.11. U shemi na slici treba odrediti trenutneedijosti svih struja i trokut snage izvora.
ZadanoR =2.68Q, R, =10Q, R, =5/3Q, Xc=10Q, X =5Q, E =25|30%V ,f=50 Hz.

R
1
: | M| .
| I]_ I 2
+ Rl RZ
QFE
) Xe == X,
: 1 1 ] .
Yi=—— = = 0,07071|45° = 005+ j 005S
10- j10  1414|-45 Y
v 1 1 .
Y2 = = = 0]1|-30°=0,0866- ] 005S
" 5/3+j5 10]30° gt .

Y, =01366]0° S

Z,=732Q0 = Z=R+Z,=10Q
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. 25|30° C
== =258 A = Ur=I[R= 25]30°(268= 67)30 A

Up=E-Ur=25[30°- 67]30° =18 3|30°V

1 =U Y1 =18 3[30° [0,07071|45° = 1,294 |75° A
2 =U (Y, =18 3[30° (01| -30° = 183 A
S=EMl* = 2530° (25| -30° = 625 VA

6.12. U zadanoj shemi na slici treba odrediti ingrexju Z tako da kroz nju t& struja
| =1]0°A. Zadano:E =10|30°V , R=X=5Q, R, = 10Q.

Oy=iz =107 =3

Z»=R-jX.=5-[5=5J2|-45° Q

o, 7
2= ==

7, 5J2|-45
e

I =1l =— == +1
rR=12 5@|_450

: : 5 :
Un=ROrn=10—"" +1|=27/2]45° +10
r=R 0w {5\/E|—45° } |

E=Ur+U, =Z+/2|45°+10+Z =10 30°

Z(J/2|45°+1) =10 30° - 10

5 - 866+)5-10 _-13397+5_ 51764|105
1+j1+1 2+ | 2,2361|26,565

=2,315|7843° Q
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6.13. U shemi na slici zadano jé:: 100V 2 90°V , R = X = Xc =10Q. Treba nacrtati

topografski dijagram i odrediti napomé2 [ U.24.

X:
2 3 @)
et Y (-) i140 op Uy
j120
+ . R R I:I 100 |1
O E @ 16 ol
i X X. — @' g
60 A
j40 -
(1) j20 -
)
0
V=t -1 =0,07071 -45° = 005- j 005S
1—- - ] - - ) - )
10+10j10 10V2|45° —
1 1

Yo = = =0,07071]45° = 005+ j 005S
*T10- 10 10J2|-45° s )

Yp=01S = Z,=10Q

Z=Z,+ X, =10+ j10=10J2/45 Q

i_\/EELOO|90°
10V 2|45

U; = 10jX, =10|45°(1090° 100|135’ = 7071+ j 7071V

=10|45° A

U, = E-Us = jJLO2 + 7071~ j7071= 7071+ } 70,71=100|45°V
1 =U,[Y: =100]45°[0,07071 -45° = 7,071A

22U ,[Y2 =100]45° [0,07071)45° = j7,071A

U, = LiX, =7,07110|90° = j 70,71V

U, = 11[R=7,07110= 70,71V
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U, =1.[R= |7,07110= 7071V

U, = 1.0~ jX.) = 7,071~ j 10= j 70,71V
Usz = -Us =100|-45°V

Uz =70,71|90°V

6.14. U shemi prema slici zadanofg:= 10Q, Xc=4Q, a otporR je promjenjiv. Treba
odrediti takav otpoR da je fazni pomak iznd@ struje i napona 45°.

— L
|~ /g/, R R-Xc R R-X
R L:i+ 1 ER+jXC:i+—R+jXC
+ . R £ R R-jX¢c R+]Xc R R+X.
C) E " © 1 R X,
) Y_ﬁJrR2+><2+JDR2+x2
. Xc C c
T 1 R X
ﬁJrR2+X2:R2+CX2/EQR2+XCZ)ERi
C C

R’ +X.*+RIR = X [R
R’ +R R+ X, [[Xc ~R) =0
R*+10R-24=0
R=2Q
R'=-12Q -—nijerjeSenje
6.15. Na tri troSila, prikljgena paralelno na mrezu, izmjereni su sljededaci:
a) S = 1500 VA, cosp; = 0.8 (nd), b)S, = 2000 VA, cosp, = 0.6 kap),
c) S =2500 VA, cosps = 0.9 (nd). Treba izraunati trokut ukupne snage, kao i faktor

snage.
a)

¢,=3687° ; B =S cosg, =1500008 =1200W
sing, =06 ; Q =S sing, =150000,6 = 500VAR
b)
¢,=-5313 ; P,=S,cosg, = 2000006 =1200W
sing, =-08 ; Q, =S,sing, = 2000{- 08) = ~1600VAR
c)
¢, =2584° ; P, =S,cosp, = 2500009 = 2250W
sing, = 04359 ; Q, = S,sing, = 250000,4359=10897 VAR
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P=R+P,+P, =4650W
Q=Q +Q, +Q, =38972VAR

S=P+ jQ = 4666 3|479 VA ; cosp = 0,9965

6.16. U nekom pogonu izmjerena je prividna sn&ga 10 kVA i cosp; = 0,8 (nd). Nakon
priklju¢enja elektrénih grijalica (cosg, = 1), novi faktor snage iznosi cgs= 0,9 .Treba
odrediti radnu snagu prikligenih grijalica.

@, =3687°

sing, = 06

P =S [tosp, =10' [(D8=8kW
Q, =S Bing, =10" (06 =6kVAR
cosp'=09 = ¢'=2584°

_Q _ 6010’
tgg' tg2584°
P, =1238845-8[10° = 438845W

=1238845W = B, + P,

6.17. U pogonu je izmjerena prividna sn&yl0 kVA, a nakon prikljgenja sinkronog motora
prividne snagé&, = 1,5 kVA i cos¢, = 0,65kap) , izmjeren je faktor snage
cos¢ = 0,9 (nd). Treba odrediti faktor snageds ¢) prethodnog opteéenja S=10 kVA.

S$?=S°+S%-25S'cos753°

10° =150C + S?-2[15008'cos753°
S?-7612578-97,75010° =0
S'=102748VA

cosp, = 065 = ¢, =49458
cosp'=09 = ¢'=25847
b+ ¢'=753°

P =S cosg, =15000 065=975W
Q, = S, Bing, =1500(-076) = -11399VAR
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P'= STcos¢'=102748[0.9 = 9247W

Q| - - P = P-P =92473-975=82723W
S | % Q'= S'sing'=102748[0,43588= 447868VAR

| Q=Q-Q, = 447868+11399 = 561858VAR

o * S
> | | S=P+jQ=10"|3418%

¢ g Q _

o\ | | cosgp =0,8272
‘ — p
P P

6.18. Transformator prividne sna§e 30 kVA opteréen je troSilom prividne snage 30 kVA i

cos¢ = 0.75 {nd). Nakon kompenzacije poréo kondenzatorske baterije, faktor snage
iznosi cosg'= 09 (ind.) .

a)Treba odrediti jalovu snagu koju je preuzelademzatorska baterija.

b) Kojom se dodatnom snagom faktora snagegcesl smije opteretiti transformator
nakon kompenzacije?

¢ =4141° = sing =0,6614
¢'=2584° = tg¢'= 0,4843
Q = S[3ing = 30010° (0,6614=19843VAR
P = S[tosg = 30[10° [D,75= 22500
a)
tg¢'=% = Q'=P[gg¢'=22500D,4843=108972VAR

Q. =Q-Q'=19843-10897= 8946VAR
b)

P'=./S*-Q? =,/ (30010°)2 108972 = 27950W
P'~P = 27950~ 22500= 545085W

6.19. U shemi na slici vatmetri pokazufy:= 208 W,P, = 160 W. Ako jeR=12Q i E=120V,
treba odrediti kut impedancijé .

P -P,=208-160=48W = [?[R=12[12

12=_4 . 122A
12
P 208 .
P =E [tosy' cosp'=—=———=086
) %' = 0= = oo

$'=29926° - tg4'=05756
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OEe [] Z Q
p | ¢ P
P. P
% =tgf' - Q=R [lgs'= 20810,5756=119733VAR
1
tgg = Q _119733_ 0,74833
B 160
4 =368°

6.20. U mrezi na slici treba odrediti: otg@rnapondJ. i Ug, ako je zadanoE =100|0°V,
| =1|-18 A, w=400 rad/sR; = 30Q, L=225mH iC = 504F.

R R X, =al =40000,225=90Q

¢ 1
, : — Xe=——=—""—-=50Q
| Ix H «C 40050010

~ gl

= =1 - _poo5
{(X_-X.)  90-50

Yp ZY,+Y, :3%— j0,025=

E \e

=0,0416|-3687
Z,=— 1 = 243687 =
0,0416|-3687°

=192+ j144Q

Z=Z7,+R=192+R+ j144

tgp =2t _iq180 = R= _192-25120
192+R tgls

Z=4432+ j144 =46 6]18° Q
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U, = I[Z, = 2146|-18° [24|3687° =51 5|1887°V

| x =U ,[Y, =51 5|1887° [0,025|-90° =1,287|~713° A

UL =1 x0X, =1,287|-713°[90 |90° =1159|1887° A

Uc = I x[- jX.) =1,287|-713° (50| -90° = 64,4| ~1611° A

6.21. Na transformator nominalne snage= 22 kVA priklju¢eno je trosilo prividne snag& =15kVA i

faktora snagecosg = 0,7.
a) Kolika se maksimalna snagstog omskog troSila smije prikkiti?
b) Kolika se snagaistog omskog troSila smije prikkiti da faktor snage iznostosg'= 08 ?

S, = 22KVA
S=15kVA = S =15|4557° =105+ j10,712kVA=P + jQ
cosp =07
A
A Pa o
[ Y |
S 1 5 / 0,
C ! |
Q | e
; L oy TNy
P P Pb
a) b)
sz :(P+ |:33)2 +Q2 COS¢':0,8 — ¢': 36,87°
Pa:VSnz_QZ_P tg¢': Q
= 22 -10712 -105 = P+R,
=8716KW = Q _p=10712 155 3783kw
tgg' tg3687°
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7. Rezonancija

7.1. U mrezi, prema slici nastaje rezonancija i@k¥enciji w = 5000 rad/s, pdemu su
instrumenti izmjerili sljedée vrijednosti: Uy = 30 V, I = 225 mA, 1a = 625 mA. Treba

odreditiRLC i nacrtati topografski dijagram.

|C A
N
b B
U,
R Us
a
+ I >
C)E d) @ - € ¢ E
L
LN e
I =412 -12 =/0625 - 0,225 =05831A
C:E_i_5l’459:i
l. 05831
1
C=— - =3887
5010’ 5145 H
p=tc 205831 55015
|~ 0225
¢ = 689°
_E_ 30 _ . . e
== =_""_=48Q = 7, =48|689°=1728+ j4478=R+ jX,
|| 0625 _—
X, =44,78=al o L =X 22478 eogmH
w 500°

7.2. U shemi prema slici struja i napon izvora sezonanciji prif = 60 Hz, pricemu vatmetar
pokazuje 100 W. Zadano jB:= 16Q i X =12Q. Treba odrediti kapacit€l te struje u
vremenskom obliku, kao i njihove efektivne vrijedtio

«w=27f =120n=377rad/s
Z, =R+ jX,_ =16+ j12= 20|3687° Q
Y, = 005|-3687° = 004- j 003S

Y =Y1+Y2 = jaC = +004- | 003
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|m={\'f}=o — wC=003 = c=0’—0;3=79,58pF

m
[
1

@)

P=1’R = |L:\/E:1/11—%0:2,5A

cos¢:|— = | =1 [tosp = 25[¢0s3687° =2 A

L

sing ::—C — I =1, (3ing = 25[3in3687° = 15 A
L
7.3. U shemi na slici u rezonanciji poznata je sifag 80 W i strujd =4 A i IL. =5 A; treba

le

odreditiR, X_ i Xc.

* W) o
+ R |

E J— C » >

¢ E
L
LN e
P=1’R = R:Iiz:%):s,m
Z =R+ jX_ =32+ [24=4|3687° Q

L

lc=41.°-1%=4/25-16=3A

E=1.[Z. = 5|-3687° [4|3687°

= 20]0° = I (= jX) = 3]90° X, | -9C°
3X, =20 = X, :2—30: 6,6Q
X, = ROg¢ = 32g3687° = 24 Q
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7.4. U shemi na slici nastaje rezonancija pri feglaiji f = 400 Hz. Ako je zadan& = 50 V,
Ri= R =20Q i C=10pF, treba odreditiL i struju ic.

R, - C

« =27 =8007 = 251327 rad/s
«C =251327010010°° = 0,0251327S
Yo = é + jaC = 005+ j0,0251327= 0,05596/|26,687 S

2 :i: 1
P v, 005596/26687

=17,869| 26,687 Q

Z, =15966- j8025Q
Z =R +Zp+ jX,_ = 20+15966- |8025+ jX, = 35966Q

|m:{2}:o — X_=8025Q =al

= 8025 _ 31930mH
251327
. E 50|0°
| =E- 10 _ 139 A
5 35966

Uy = IZ, = 139|0°[17,869] 26,687 = 2484| 26687 V

ic = U'X =2484|-26,68710,02513|90° = 0,6244|6331° A
C

i. =08833in(251327t +6331°) A
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7.5. U shemi na slici zadanoge= sin 16t V, R=10Q, L = 0.4 mH iC; = 0.1pF. Treba odrediti
C, tako da mreza bude u rezonanciji. Kolika je pm¢oradna snaga?

R
-+
E_@ C1 Cl
L
E=-Llo°=0707v
\/E_ ’
X, =L =10° (D410 = 400
X = L -1000

%~ »C, 10°0110°

Zi= R+ jX, =10+ ] 40=4123]759° Q

Y1 =+ =002425% 7596 = 5882(10° -  0,023535
Zl

Y, =VYi+Y, =5882010° - | 0,02353+ jwC S

|m{\'(p} =0 - wC=002353%

0,02353_

100

P= Esz =0,707f 5882010° = 294 mW

C= 23529nF =C,+C, - C,=01353/F

7.6. U shemi na slici zadanoge= 21./2sin 16t V, R, = 10Q, R, = 40Q, L = 100 mH. Treba
odreditiC takav da mreza bude u rezonanciji. Koliki je tadaonU,_?

(5 Ry
| —
] == :
E =210°V
+ w=10rad/s
e @ R Qb X, =wlL =10°[01=1000
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Vo= -] =_t L =0025- ] 0015 = 0026926 218" S
R, 'X,_ 40 '100 —=

Z, =37139218° = 34483+ [13793Q

2 =R +2p_ jX. =10+34,483+ j13793- j X, =44,483Q
; 1

| Z+=0 - X.=13793=—

m{ } c =13 wC
1 _ 1

wX. 10°13793

= 210°

= E = LO =04721A
7 444830°

=725 iF

U\ =1(Zp =04721B7,139218° =17,533218°V

7.7. U shemi na slici, koja je u rezonanciji paKkvencijif = 400 Hz, poznato je da je snaga na
otporuR; tri puta manja od snage na otp&) dok je snaga izvoria = 1024 W.
Zadano jeR; = R, = 100Q. Treba odreditL, Ci EMSe.

o

Y
\/

R2

a=2nf =2n400=251327rad/s
P =1024W

P

R= | _
R+R=P “ )

%+PZ=P /(3

P, +3P, =3P
4P, =3P

P, = % P=07501024=768W ; P =

| = ﬂ 2i6:l6A
R V100

=256W

w |0
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lC: i: 7_68:2’7713,0\
R, V100
IL

=12-12=./27713 - 16% = 2,26274A
tog|= 'I—L = %6274 =14142 - $=5473F
tol¢| = % ~ X =Rtgl¢|=100014142=14142Q
c=—1 = = 28135.F

T wX. 251327014142
Zc =R, - jX. =100- j14142=1732-54736' Q

Us = I.[Z, = 2771364736 1173254736 = 4800°V

E=1R+U,=16[100+480=640V - e=9051sin(25137t)V

7.8. U shemi na slici poznatoge= 64 sin 2000 V, i =5 sin 2000A i R=8Q. Treba odreditL

i Cte nacrtati fazorski dijagram.
*

s AN
W— i
ij R 1£ .
z
* C
e Q = > >
- [0) | R
L C
64 _5 ) P _ [160
P=IE=—x32=160W=I12[R - |, = |- =" =44721A
J2 V2 - - VR V8
lo =12-12 :1/4,472]?—%:2,7386A
Cosp==— > (79057 ¢ =37,761°
|, V244721 ’
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X, = Rigy =81¢37,761° =619677= wl

L :ﬁ :M: 3’098mH

Z, =R+ jX_=1011437,761° Q
U, =12, = 44724-37,761°[1011937,731° = 4525480° V

= Ie{- j X.) = 2738690° X |- 90°

X, = 222548 _ 166050
2,7386
c=—1 1 =3026 4F

wX. 2000016525

7.9. U shemi na slici treba odrediti frekvencijupnaskog izvora pri kojoj je snaga na otp&u
maksimalna. Zadan&,,= 100 V,R,=10Q,L=2 mH,C= 0,88 FiR=40Q.

R L c

e=E,_sinwt
P=I%R Pi=l1=2Z1= X -X.=0
E
| = > > wlL :i
\/(RJ+R) +(XL_XC) wC

1 1 1
W=— - w= = =23836=2r7f

LC JLC /2007 088
f:23836:a7937Hz

2n
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7.10. Treba odrediti impedanciJZ;J1 u shemi na slici tako da vatmetar pokazuje maklsima

shagu. Zadand®, =8Q, X, =6Q,R3=12Q, X;=5Q i E=110 V. Treba nacrtati
fazorski dijagram.

-
W 3

Ra R3

X, T %

TR +jX, 8+j6

= 01-3687 = 008~ 006 S

1 1

93: ; = ’
R-]X; 12-]5

=0,077226° = 0,071+ ] 0,0296S

Yo = Y1+ Ys = 0151~ | 00304= 0154-1139°

Z, =1 =649711387 = 6,364+ 128180

Yo
Z=7+Zy - Z1=-]12818Q

7.11. U mrezi na slici treba odredtitako da napon i struja budu u fazi.
ZadanoR=10Q, L =20 mH,f =223 Hz.

I

>
>

+ R
6’ € L R

I

a=2nf =2n(223=140115rad/s
X, =wlL =1401152010° = 28023Q
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§(=—jxi=o,0356$—90°s

L

11 10+jX. _10+jX,
Y2 = . = : : = 5
R—jX. 10— jX. 10+]X. 107+X?
Yo =YitYs ;|m{?p}:o
—2X° Zzi/D<L(102+x§)
17 +X2 X,
X X, =107 + X2
X2 -28023X, +100=0
1 1

Xe, =23826Q - C =

X. =419710 — C,=—

wX., 14011523826

1
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8. Metode i teoremi linearnih elektriénih mreza

8.1. Treba odrediti radnu jalovu snagu u shenslica
ZadanoR; =2Q, R, =10Q, R3=5Q,Ri=2Q,Rs=10Q, X;=2Q, X;=5Q, X3=2Q,

E1=100°V, E. =530°V , Es =1090°V

R1 >|<|1 é2
A
— 1 1 .
+ ; /i-) ig
6—* E; ’ X2 Rz
Rs Rs X3

@ 1,(7+j3)-1,]5-1,5=10

(
(

3) -51,—1,(2-j2)+1,07-j2)= 10-90° - I,=—1,(04-j04)+1,(34- ] 04)+ 2

2) —15| +1,(12+ j3)-1, (2-j2)=5-150

(1)+() - (7+13){ 0,4I2+jO,4I2+3,4I3—j0,4I3+j2}—|2j5—|35:10

16—]14 4+ 34 °
T 20+J74 20+ )74 °

I, = 0,99696- 6149 + 0246172001,

(3) = 1, =—1,(04- j 04)+ [0,9969¢—6ﬂ +0,2461712006° '.2} (842344 671°+ |2
= 07279154764 |, +1,7242%- 42,684
2) 5|—_90°{0,7279¢54,ﬂ I+ 172425];@} #1,(12+ j3)+
+ 2,8284@[0,9969@ +0246172006° '.2} =5-150
I,=009315302 A - S, =U, I; = 5-150° [0,093}-5302 = -0,4284+ | 018203VA
l,=16656-4153 A ~ § =U, I; =10[166544153° =124688+ [11043VA
l,=0981-6054 A~ § =U,I; = 10- 90° (9816054’ = 85416~ j 4825VA

S=206+ j 64VA

71



8.2. U shemi na slici treba odrediti sve strujengraradnu snagu mreze.
ZadanoR, =Ro=Re = 3Q, X1= Xs=3Q, X, = 1,72, E1=60°V , E; =690°V .

X R4 iz X2 R
— Y Y Y\
“il “13 I4 "IS
N +
e, —X, Rs A,
0
a)
13 1 3 iga J1 5 2 i_
Jlila
+
@ 6l0° — -3 3 3
_ o
'—) -i-‘ia
0
(i3-73)+1, (~ ' 6 _.
1) Ila(J3_J3)+IZa(_J3):6|E - |2a:W212A
2) - 3I,+1,,(3-3+]15+15)=0

~j3I,+]2(45-j15)=0

i3l +3+9=0 /:3
—jl,=-1-j3 /0

a=3-

W=l 1 =34 - j2= 3= A

|3a

72



b) rezonancija

- -6
|5b:Tj:_J— | 4p

5. -3
$,.=i3 - |1b_—%_1—13= 1A
lp=_fp="18_1p

superponiranjem a) + b) dobivamo:

I, =141, =3- | ~1=2~ ] = 224~ 2656 A

=15 = )2
Iy = lyy# 1y, = =3 j +1= -2 | = 22420656° A
ls=lgatlg,==j—]J=-2] A

P=(12+12+12)3=(4+0+4)B=24W
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8.3. U shemi na slici treba odrediti struje sviarg.
ZadanoR; =R, =10Q, R3=5Q, X; = X3=10Q, X, =5Q, io :JJQ A, E :1qQV.

X1 R
1T L || 2 2

’” I

(1 0y
1 —+—|-¢,—=-1
O IR
i 1 1 )_ -10
2 -@,—+ —+ + =
@ ¢110 ¢2(10 5+j5 10—j10j 10- j10

() - ¢,00190 =4, 01245 +1  /10-9C°

$, = $,3/2-45 +10-90°

(2) - -¢,05)+ ({plt{/ﬂ- 45°+10- 90°j 015811184349 = -05- j 05

1 _2l-45 _ 01- j 01
5/245 10
245°

1 _as 005+ j 005

10V2]-45 20

j 01+ 01- j 01+ 005+ j 005= 015+ j 005= 015811184349

-1 _-J2§5
Volas 2

= 05v2|-135 =-05- ] 05
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¢.(-01j+02-j01)+05-j15=-05-j05

C o =1+ V2135
= = =5180 =-5V
7% 02- 102 0,2v/2]-45° 5

$, = $,\2-45 - j10=5180 3/2]- 45 - j10=5,2135 - |10= -5+ |5~ |10=-5- |5V

[ _$, _-5+5+]5_ 590

‘T -j10 0 10-90  10-90°

= 05180 =-05A

I, = -4, 5V,
* 5+j5 52445

; _-10-4, -10+5+j5_ -5+j5 _ 5/2135

= = = 05180°=-5A
* 10-j10 A

10-j10  10V2]-45 10J2]-45 — —

8.4. U mreZi na slici treba odrediti struje svilagg i radnu snagu svih izvora.
Zadanoe = -100v/2 cos 16t V, ip = 1042 sin 1dt A, R=10Q, L = 4 mH,C = 2,5pF.

e =-100V2sin(wt +90°) =100V 2 Bin(wt - 90°)

lo=10A
sin(a +90°) = cosar

E =100-90° = - 100

w=10%rad/s

A - " X, =wlL=10"@mH =40Q
’ 1 1

X. = = :4OQ
¢ wC 10'[25M10°

@)

L
@  1,(2R+jx.)-1,R=-j100

¢ _1000-j100_ 14142-45
' 20+j40  44726343%

=3162-10843°=-1- j3A
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@  1,(2R-jX.)+1,R=-}100

. _100— i 14142-135
| _~100- j100_ 14142-135 =3162-71565 =1~ j3A

27 20-j40  4772-634%

|,=1,+1,=-1- |3+1- j3=-|6 A
=-1- j3-10=-11- ]3=114-16474° A

=11,
lg=1,+1,=1- j3+10=11- }3=114-1526" A

S, =E I} =100-90° [H9C° = 600W

Uy=-1,R¥1, R:(l's— |'4jR:(11— j3+11+ j3)10= 220V

S, =U,0; = 2200° [100° = 2200W

VE
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8.5. U mrezi na slici treba odrediti EMﬁz tako da je struja granél =0.

Zadano:E, =500°V ; Ri=5Q; Ry=10Q; Re=2Q; X1 =5Q; X = Xs = 4Q

m—

|
|
(1) ‘5qQ == |.2|:|.0— |.3|:i 5

(2) E,=1,{12-j4)-1,2 konturne struje

>
(3) 0= _.IZDZ-'- |.3(2+ J)

. . J
@ - 1,=50°-j051, - (3)

i@ - 120-jl,=1,0+])

10=(2+j2)1,

__ 10 _5/2
P 2oy 2

|- 45° = 25/2]-45° = 25— j 25 A

() - 1,=5+25/2-45°[05-90° =5+ 125/2|-135 = 5- 125~ j 125 = 375~  125=

=375-]125= 3,95&— 18435 A

(2 - E,=3958-18435M1265-18435 -2(25~ j 25)=

=50-3687° -5+ j5=40- j30-5+ ]5=35- | 25=430]-3554°V
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8.6. U mrezi na slici treba odrediti napt.inxs.

ZadanoR; = R =2Q ;X =5Q,X=10Q; X3=4Q; |.0 =1qQ A

X1
Ri
]
Ro B Xa

D

j50j10 _-50 _ .10

i5+j10 j15 13

Y, = ! . 1 =0,2572-5904° = 0132353 | 0,22059S
o4 (10 388735904 —
J — 1
3
1 1

Y, = = =0,22361 63435 S
* 2+j4 447263435 £ 63435

Y =Y,+Y, =0,232353- | 0,420588= 0,4805- 6108 S

z=1- 20816108’ Q

Y

U, =1,Z =100° [2,0816108° = 20816108’ V

I, =U, Y, = 20816108° [0,2573-5904° = 535273204’ = 535+ | 0191A

I, =U,[Y, = 20816108 [D,2236} 63435 = 4,6533- 2,353 = 465~ | 0191A
. =10 %) =53521204° &3&@ =17,8429204° = -0635+ j1783V

§s = 1,0 4= 46533 2,353 90 =18618765 = 0,7643+ 18598V

Uss = #a= s = —14- | 077=16-1513°V
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8.7. U mrezi na slici idealni voltmetar mjeri napdpa= 400 V kad je sklopka u polozZaju 1.
Koliku struju mjeri idealni ampermetar kada je gogika u polozaju 2? Kolike su efektivne

vrijednosti strujds, 1, | EMS E?

Zadano:R1:R2: RR=Ry=X1= Xo=X3= X4 =10Q.

S 2

i

R2

N

—_—

AP

Rs

X3

R4

— ¢

ET:4OOV
1
=01-j01=01/2/-45 S
T 10 1-j01=01/2|-45

y 1
v, =L+ —01+j01= 0245 S
TR 1/2/45°

—%|E=5\/§|E:5+j59
_%|—45°:5\/§|—45°:5—j59

Z, =7,+7,=5+]5+5-}5=10Q

ye 1 _ 1 _olf
®10+j10 10245

VI 1 _0,1\/_
*710- 10 10J2-45°

Y, =Y,+Y, = 005- j 005+ 005+ j 005= 01S

g L 400
Z 47, 10+10

I a
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- Z,=10Q

=20A - U,=1,[Z,=20010=200V

|- 45° = 005v2]-45° = 005- j 005S

|45° = 005/245° = 005+ | 005S



l, =U, Y, = 20000052 =10v/2 A

I, =U, Y, = 200[005/2 =10y/2 A

. E E .
|'= = = 005V2|- 45°[E
10+ j10 10V/245° 45

L E B E -10 ——

10-j10 10v2|-45°

= 005+/2|45° [E

400= 1 110~ | 'ﬂo:m(i I ) =101D05v2 E(l- 45° - 145°) =
= 05V2 E(0,7071- ] 0,7071- 0,7071~ ] 0,707) = 05V2 EM1,414-90° = - j E

‘é‘ = 400V

8.8. U shemi na slicizadano g =5Q, R, =4Q,R3 =3.,1Q, X3=3,5Q, X, =5Q,Rs = 6Q,
El =30|0°V, Ez =20|0°V . Treba odrediti radnu snagu na otpBguKolika bi morala

biti impedancijais =R, + jX, da bi otpoiR; trosSio maksimalnu snagu? Kolika je ta snaga?

R , R
+
E e

; . 505 2500° |
a) Z =R|j4+ = = 25245 + 24 =
) Z=RIi4+RIR= 5+ 5 4+6 “5V2a5 10 248

=25+ ]25+24= 4,9+ j250Q
: = 15090°
E-_B gx, - R = 30 ;520 - q——12:

= i5 =
T R+ jX, 4 R2+R5 5+15 4+6 5\/§|4_5°

=15/2/45° -12=15+ j15-12=3+ j15V
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E 3+j15 1520717869

| =— S -
Z 4R +jX, A9+i25+31+)35 103687°

= l5297f41,82°A

P, = 1°R, =15297 [B1= 7,254W

b) Z/=Z,=49-]25Q

o E _ 3+j15
Z'T+ 2'3. 49+ j25+49- )25
152977869
152977869 _ 156097869° A
2049 —

P

3max

=12 [R,,. =15609 [49=1194W
8.9. U shemi na slici treba odrediti impedancﬁmako da se na njoj troSi maksimalna snaga.
Kolika je ta snaga? Zadangi = 20Q, R, = 12Q, X; =16Q, X, =10Q, X3=16Q,

E, =1000°, E,=70+j70V, l,=50".

X, E,

- +

Rq Ro 1o

O, x

- — ¢

: i _ 400-531%
5 o 2002-j16) )0 240-820, g
20+12- 16 32- 16 357771 26565

+j10=

=111§- 26565 + j10=10- j 5+j10=10+ |50

Z=27:=10-j5Q
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- +
j10 @
120 70+70 V
200 R, R, 5@
S N =
Rl
100[0" - X3
- By — ¢
16
(b)
=100 _ 100 = 2795126565’ = 25+ | 125A
20+12- j16 35777}~ 26565 —
— superpozicija
o 20(12- j16) 5 1 _ 100 - 25+ 125A

T20+12-j16 12-j16 32-j16
E, :(i'+i"j(12— j16)+ 70+ j70=(5+ j 25)(12- j16)+ 70+ j70=
=100~ j50+70+ j 70=170+ j 20=171173671°V

E_171174671°
7 +7 20
P=1?R=85586 [10=7325W

| = =85586671° A

8.10. U shemi prema slici treba odrediti strdjyprimjenom a) Theveninova teorema,
b) Nortonova teorema, c) teorema recijprasti.

ZadanoRi = Ry = 2Q, R, = 3Q, X, = 4Q, X3 = 2Q, X, = 3Q, Z = 5+]Q, E =100|-3C°V .

a) Z.:L: R.l:jXS = 2|:j2 = _J4 :2\/§|E:1+jQ

R+jX, 2+j2 2J245 2
1 1 _ 1 1 1 1
, = +

R-jX, R+jX, 3-j4 2+j3 5-5313 36065631°

= 0,215313° + 0,2773$- 5631° = 012+ j 016+ 015385~ j 0,23077=0,273846~ | 0,07077=
= 0,2828413— 1449° S

z,= 353591449 = 3423+ | 088460
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Z, =2,+7, = 4,423+ | 18846= 48077123078 Q

Z=Z,+7= 4423 [18846-5+ | =9423% | 28846-985411702 O

a

. E _100-30°_100-30
R+ X, 2+j2 2\/§|ﬁ

=25J2]-75 A

"= = __1043¢ __100-3¢ =19,612-1869° A
R +R,+j(X,~X,) 3+2+](3-4) 5099-1131° —C=

E =1'j X, = 1"(R, + j X,) = 25V2]- 75’ [290° ~ 19,613~ 1869 (3605585631 =
=50V215° - 70713762 =683+ |183- 56,008~ | 431632=123 | 24862=
=27,739-636%V

v _1 1 1 , .
b) Y=>+ =05+5——-—-=05+025313°=05+ 012+ ] 016= 062+ ] 016=
) M=3t3og 5 5315 25313 12+ 01 jo1

=0,640311447°S
R B 1 - o
y,="1+ =-05j+— - =-05j+0,27735-5631° =
2772 " 2+j3 : 360556631° : f6arr

=-05]j +0153846- j 0,23077= 0153846~ j 0,73077= 0,74678$— 78111° S
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i 4%
L

20 R, 30 Ra
+ i] i
100[;@"@ E i >
- 3
24 X, . .
Ik ZT z
20
-1 1 .
Z,=F=—""———=156174-1447° =15122- | 0,39024Q
Y, 0,64031L447° L=
z =1 1 = l33906$78\111° =0,27587+ j1,31034Q
2 v 0,7467851)— 781171° N
4 - (6111

Z,'=2,+7,=178807+ | 09201= 2,010927,23"

- 100-30°
| = E = q——— =497285-5723° A
7, 201092723 —

U, =1,(Z, = 4972845723 (1561741447 = 77,663~ 7L7°V

U, =1,(Z, = 49,7285~ 57,23 [13390667811T = 66,5892088"V

. ] 77,663-717°
= Ul_ _ 3—]" =15532¢—1857° =14,723955 j 49464A
R -]X, 3_53’130

o U, _ 6658982088
*"R+jX, 36065631°

= 18,4663$— 3543°=15047159- j10,704681A

|, =—1,+1, = -14723955+ | 49464+15047159- |10,704681= 0,3232- | 5,75828=

=57673-8679 A
22 1 576748679 4807772308°
747 7 — 985471702

=1,

= 2,814— 8073 A
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01‘ I3
20| |R; 2< X
L ) z
1
e ol R
o E@ 100|-30°
U, &
30| R B 4%,
+ .
Iy
iz ii
- - 100-30°
) - 7. -ogsah7or - | =F = 10030 o ivak 4702 A
uk i

U, =1,(Z, =1014744- 4702° (3/2/45° = 143506 202’V
U, =1,(Z, =1014744- 4702 (853581449 = 358763- 3253’V

o u, _ 358763-3253°
* R+jX, 3606-5631°

=9,949-8884° = 0,201413- j 9,947 A

U, _143506]- 202°
iXg 20

= 7,175$— 9202° =-0,25292- j 71709A

I3

| =1,~1,=0201413 |9947+0,25292+ | 7,1709= 0,45433- | 2,7761= 2813-80,71° A
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9. Visefazni sustav izmjeninih struja

9.1. Treba odrediti sve struje i snagu trofazno§ila spojenog u zvijezdu a) s nulvésin
(Ro=0)ib) bez nulvodia. Zadano: otpori fazg; = 50Q; R, = R3 = 100Q i fazni

naponU 1 =220|0°V simetrtnog trofaznog sustava EMS.
1

lo = I+ 1,4+ 1, = 44— 11— 1905~ 11+ }1905= 220° A
P=1’R + /R, + IR, = 44° 50+ 2[22° 100=1936W
220, 220-120 . 22(120°

_ © 50 100 100 _220° .
b) Ry=w0  Ugo= T, 1.1 =004 =550°V
50 100 100

Ui =Uso-Uoo =2200° -55=165V — 11 =33A
U 20 =U 20-U oo = 220-120° ~55=~110- j1905 - 55
= ~165- ]1905 = 25204-13088°V

: _Uzo‘
I, =
R,

=25204-130 = 2522291° A

Uso =Uz-U oo = 220120° - 55= ~110+ ] 1905 - 55 = 2520413088°V

=22 = 250131° A
Ry

P=I17R +I2R, +1.R, = 33° [0+ 252° [100[2 =1815W
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9.2. Trofazno troSilo prema slici spojeno je naetimini sustav EMSaznog napona

Us = 100 V. Treba odrediti pokazivanje vatmetra &kd'j =10[90° Q,

Z,=10160°Q, Z,=10[3C° Q .
1

2e *;V]V\ 3

3

U,, =100/3]-30°

Z.3 i2 21

0 2
10G-120° i
|2_$=—1q6—=1q—180°A ~ Fag
2 0 150°
Ry =U,,l,cosa =100V310[¢0sL50° = ~1500W Urs

9.3. U shemi na slici treba odrediti Sto pokazuagtiumenti ako jeil =3+j4Q,

Z,=6+j8Q, Z, =12+ j16Q i linijski naponU; = 173 V.

z, 3

0

2
2 * ;Wz*\ . .
h == o4 5313 =12- j16A
55313° T ———
. *ij* Z, 92272
N P =12R =20° (B=1200W
o—0
- U, 100-120°
|, = & = 10-12¢ = 1q—17313° =-9982- j119615A P, = IR, =107 [6 = 600W
7z, 105313 —
U, 100120 . S
l,=—2=""""—" =56687° =19641+ j 4598 A P, = 12R, =5%12=300W
> 5 205313 68T =1 : 3= 15R

3

lo =1+ 1,+ 1, = 4036~ [12598=1323-722° A~ 1,=1323A
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9.4. U shemi na slici zadano = 30Q, Xc = 30Q, Z =3060° Q i linijski napon
U, = 420 V. Treba odrediti sve struje.

_ 3
I
22—
3 =13‘; 2 » 1
] 4200°
=Y = P o jan
- jXc 30-90°
| 420-120° .
|23=U23 - 420-120 =14-120° = -7~ j12124 A
R 30
Cy. 420120
|31:U,31: ¢ =1460° =7+ j12124A
7 3060

I, = 1= 1y, = j14-7 - j12124= 7247165 A
I, = lpy=ly, = =7 ]12124~ [14= 27046255 A

3= = |,y =7+ 12124+ 7+ [12124= 2860° A

9.5. U shemi na slici treba odrediti Sto pokazwgtnwetri i izr&unati ukupnu radnu snagu

sustava. Zadan® = 30Q, Xc = 30Q, Z =3060° Q i linijski naponU,; =420 V.

Ry, =U,; 0, [Cosa = 42007,247cos(- 60° -165°) = —2152W
Ry, =U,, 0, [€0sf = 420[27,046c08-120° - 255°) =10972W
P=R,, +R,, =8820W
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9.6. Na nesimetthom trofaznom troSilu, prema slici, koje je prikigno na simettni
generatorU,; = 380 V doslo je do prekida u fa@ZB. Ako su u tom sléaju linijske struje
Is=1lc = 1A, asnaga na troSilu iznd3= 100 W, treba odrediR, X, Xo.

i
A b

oy o U _3800° =]-9° A - X,=380Q

Z,:=380Q=/RP+X, - X,=.Z% -R =380-100 =36660Q
@, = arctg% =74,74°

G, =—60°—p, = —60° —7474° =13474°

mozemo izréunati struje:

1, =1-60° - 7474° =1-13474° = -0,704- j 071A

|n==lg=lc ==} = 0704~ j 071=-0,704- | 171=1849-1124° A
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9.7. Koji napon pokazuje voltmetar na slici? Zaddaho= 380 V,R = Xc.

2
3
+
R ——Xc
; ©
}’ A
tg¢:%:—l -~ ¢=-45

Z,=V2R* =RJ2
\/3802 -190° =329V

UA3 =—a+b=5191V
9.8. Treba odrediti linijske i fazne struje, terfiazapone na troSilu prema slici, koje je
prikljuceno na simeténi sustav EM3J, = 230 V. Zadanoﬁv =05+)05Q,
Z=84+]66Q Ui =2300°V

Zv = 05J245° = 0,707145°

z' _% =28+ 22 - Zi=Zy+Z'=05+|05+28+|22=33+]27= 42634392894 Q
- U 230-30°
== 30 =31144-69,2894 A
7. /3022638302804
.U, 13279-150°
I, = Y. ] =31144-1892894 A
5. 42638392804 ittt
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=Ys 1327990 _ 3114450,7106 A
5. 4263892894 —

4,=U,- 1,2, =13279-30° - 31144~ 693° [0,707145° = 949277~ | 57,334V
4,'=U,~1,(Z, =13279-150" - 31144-1893° (0,707145’ = -97,119~ 535413V
4,=U,-1,2, =1327990° - 3114450,71° [0,70745° = 2191+ j110878V

U, 19208-1131°
> 1068338157
U,, _19208-12113

> 1068338157

Uy = '~ $,'=19208-1131°V I, = =1798-3929° A

Upe =4,-4,=19208- 12113V~ 1, = =179820071° A

U, 1920811887°
> 1068338157

Uy = 4,-$,'=1020811887°V . 1, = =179680,71° A

9.9. Treba odrediti linijski napon simeiniog izvora EMS ako idealni ampermetar u shemi na
slici pokazujeIA =2,7A. ZadanoRl =10Q, X1 =Xc1= 50Q, R, =X o=Xc2 = 100Q.

—_ Ry X4 X2 Ry —— Xeo

U, =U|-120

Lj ,=U[120°
RR, _ 101100 _100_
%2 R +R, 100+100 11

X _ 1100050 _ ~j100=100-90° Q
j100- 50
_ —j50[j100 - {1000

¢ —j100+ |50

11

U 00190° +U|-120° S0 +U[120° [003-90° %0

UO'O =

j 0,01+11010 —joo1
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) %)U (j 001-0,055~ j 0,0956+ 866110° + | 0,005) = U (0:84254-120 =

=U(-0,42127- j0,72966
Uy =U;=Uyo =U —U(- 042127~ 0,7296§ =U (L42127+ | 0,72966 = U [1597627,175'V
U,y =U,~Uy, =U|-120° ~U [084254-120° =U [D15746-120°V

Uy, =U,~Uy, =U(- 05+ j 086609 -U (- 0,4217- | 0,72966 = U (- 0,07873+ j 1595687 =

=U EL597¢92,825°V

. U0[2718° _
= = 1718 =U(- 0,014 2

Y= 500 U [0,03211718° =U (- 0,01458+  0,02839

o= U (015746-120°
10

- U 0692825

=U [0,015746-12¢° =U (- 0,007873- j 0,01363§

— = 2825 = 1913+ j 0,001574
2 5490 U 0,0342825 =U(0,031913+ j 0,00157479

I+ 1,+1,'=U[0,0004624+ | 0,016324=U [0,018875991° - 27 A
27

U=—2"_=14307V - U, =3 =2478V
0018871

9.10. Ako se u shemi na slici umjesto ampermetra glealni voltmetar, treba odrediti
njegovo pokazivanje, ako & = 380 V, a ostali su podaci dani u zadatku 9.9.

. _ J _ .
1. Yy =55=002) S
2. .
3. : Y, =01S
Y,=—2=-002j S
L Ko Ri <X X R, ——X S
T b LT Y, =——=-j001S
()
o/ Y,,=01S

U, = 219390°V
U, = 21939-120°V

U, =21939120°V

: 10002] +1-120° [01+1120° [(D02- 90°
U,, =219390F <) j-120 001+ 24-90° _
002j +01-j 002
=2193902j - 05- j 0,866+ 01732+ 01) = 21939~ 0,3268- | 0,566) =
=21939[0,6539-120° =14339-120°V
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- j 001+1-120° [D01+1120° [(DOJ90° _

— j001+ 001+ j 001 B
=21939(- j - 005- j 0,866- 0,866 j 05)= 21939~ 1366- j 2,366) =
=21939[2,732-120° =59939-120°V

U,, = 21939

Uy =Ugo=U o =599394-120° ~14339-120 = 456-120°V

9.11. Trofazni simeténi asinkroni motor snage = 3,5 kW i cosg = 0,6 prikljuien je na
trofaznu mrezuU, = 220 V if = 50 Hz. Treba odrediti kapacit€tprema slici, tako da

se faktor snage povisi ha cg's= 0,8.

‘ (@ P =§ =11666W

||C ||C cosp=06 - tg¢:l3
[l I cosp'=08 - tgg'= 075
C
Q
—_— :t
P g9
Q Q=P Mg =15555VAR
hd Q-Q
T— C
Pf tg¢ - Pf
/IQ‘ Q-Q. =P, Hgy'=875
Ps
Q. =Q-875=15555-875= 6805VAR
2 2
QC:U_| R XC:U_|:£02.:71'118:L C=;=44,76,UF
Xe QG 6305 wC 711180

9.12. Treba odrediti snagu koju mjeri vatmetar enshna slici, ako ampermetar pokazuje
Ia=20 A, aXc =X, = \/§Q., R= 10\/5 Q. Izvor je simetitan.

1
2

< ) j

R : R
Xo (A —1
XL __Xc
X =X Xu + +
E1 E2

0
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E,

, E,E Ll e +u,|-120] E,
L A NS T "2
R X. R X, R
U 0°+U4|120°
. — f_
|l = El A0 — 2 ——[1+ 054120)]
R R 1 3
|120°
. U,
== UAO— 2 L130° A
X, 3o 243
| —|'+|' YY1 ey
AT 2000 23
U, [0,338675= 20
U? 59054
U, =59054V - P, =—F==2""" 20134 W
f W R 10\/5

9.13. Metodom dvaju vatmetara na sim@&tom troSilu prema slici, izmjereno g = 100 W i
P, =500 W. Treba odrediti: a) snagu trofaznog teg3il) faktor snage.

&|— 60°
2

Uso -—[’-p— — Simetricno
. I trofazno
Usp «—3p trosilo
a) P=RF +P, =600W @ =-4911°
b) tgg=+3 EP P - j3200-500 cosp = 0,655

+P,  100+500
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10. Proratun mreza s nesinusnim periodikim valnim oblicima

10.1 Serijski spoRC priklju¢en je na napon koji sadrzi prvi, ¢ré peti harmonikgija je
efektivna vrijednost U = 120 V. Treba odrediRC elemente ako j&? = 175 W,
w= 3140 rad/s, = 5sirwt+3sin3ut+sin5wt A.

5V (3 (1) 25+9+1 = P 175

12=| 2| 4| 2| +] =] =222 —175=" =~ R=-—=22-100
(\Ej (\Ej (\Ej 2 R 1= 175
1 X X

X = — — X =1 X X =1

' wC 3 > 5

U,=1,Z, =1, yRZ+ X2 /2
U,=1,Z,= 1, JR*+ X2 /? o
U, =1,Z, =1, [RE+ X2 /2

2 2
UZ+UZ +UZ=12(R? + X2)+ I?f(RZ +%}+ |§(R2 +%}

1212
120° :(If+l§+I§)R2+(If+§3+—5]Xf

25
_[y2 2 2\p2 _

X, = 120° (|1|+2|3T2|5)R _ 120 17’5?00:3117Q:L
|12+73+75 25+1+ — wC

9 25 25
2
- Y _j0217uF
31403117

10.2. SerijskRL spoj prikljucen je na napoa= 100 + 100 sin 10@Q0V. Treba odrediti efektivne
vrijednosti napona i struje akofe= 30Q, L = 40 mH.

2
E=_|10¢ +(@J =12247V
V2

X, =wlL =10[40110°=40Q

Z, =307 + 40 =500Q

. _E _100
=5 _100
R~ 3C 2
B __100 E (_100) +2=3621A
' J2m0
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10.3. U zadatku 10.2. treba odrediti radnu i jalemagu izvora.
P=1°R=362T [30:393éw Q=120X, =2[#0=80VAR

10.4. Treba odrediti strujic u shemi na slici, ako je, =10+ 30/ 2sinwt + 18/ 2sin 1t A,

R=1 =10, «L=0m.
e

=
o

ajn=0 ILO—?:SA
b)n=1 Yp1:%+xic—1+1—\/_2|45°
2p1=%|—45°=0,5—j0,59
Z1'= X, +Zpm = j05+05- j05=05Q
ji%i %—;Q = u1_3o# 10VIL1—%—3—’2:20A
n=2: X, =10 \'(p2:1+xj =1+ j2=2236]63435 S
o
X, =05Q Z 02 = 044721 -63435 = 02— j04Q

Z2'= X, +Zp2 = j1+02- j04= 02+ 06 = 0,6324|71565 Q

. 7,' _1D,6324|71565 _ 0,6324|71565
7,=RZz 7, 72 = 0471445 Q

_R+22. 1+02+]06 13416426565

U =15(04714]45 = 7,071|45°V

U, 707145
© 0,6324|7156%

ukupno: i, =5+20V2 Binat +1118V2 Bin(2at - 26565) A

=1118|-26565 A
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10.5. U zadatku 10.4. treba odrediti efektivhuedijost strujé, i radnu snagu izvora.

|, =v10° +30? +152 =35A
a) P =10 % = 50W

2
b) H':U—12@2100W
R 1
Um:iuttm:zo@/;|—45°w
U .2
Fi": pL :@ =200W = Pl =300W
R 1
2 2
o  p=Y =TO0TL g4
R 1

U = | [Z ez =1118| ~26565 [0,44721 —63435 = 5|-90° = — j5 V

1] Up2
H =_R =— =25W = P2 =75W
ukupno: P=PF, +P +P, =50+300+75=425W

10.6. U shemi na slici treba odrediti snagu namtg@=5Q. Zadano:i; = 2+/2 sin 10Q A,
iz =10+/2 sin (20@ + 53°) A, e=60sin150t V, L, =L, =01H, R, =15 Q | R, =10Q.

L. R

L. R

_rvl?m_ D R

t (L) 2a [] R,

superpozicija
X, '=al =100001=10Q
ll=1 A
P=1'2R=1B=5W

97



b)

L. 10A

)
J

. it

X, "=20001=20Q

\.(1 =1 - 0,003077- j0,024615= 0,0248071-82875 S

5+ ]40

v, == 0p4s
25

Y =VY1+Y. = 0,043077- j0,024615= 0,04961 ~29,745 S

Z = 201556(29,745 Q

U, =10 53 [201556|29,745 = 201556(82745'V

I"x =U ,[Y; = 201556 |82, 745 [0,024807 -82875 = 5|-013° A

P "= "R =5"[5=125W

)
L R
L, R.
60 *

k N

X, "=15001=150 R'=1"*R=105=5W
wz B 60 “1A
Z J203/30 +30

ukupno: P = P+P,"+P,"'=5+125+5=135W
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10.7. U shemi na slici treba odrediti trenutnejsttusvim granama, radne snage na otperu
izvoru e;. Zadano:e; =6+ 3sin@t +30°) +6sindt V, =3V, R=6Q,

a1=1Q, al,=3Q, VaC=4Q.

+ C +
Qe . Qe
R Ll L2
| |
superpozicija
1° E10=6V; I30a_o
a) prvi izvor
l10a = I20a:E10 6_1A
| . R 6
|1 |2 ° 1
> < 2°m XC1=E=4Q’
. - C ).<L11=]3'Q1 XL21=3Q
Eun=—|[30°V
Oe | 72
) = 1 = - J :l
R ? L. L, J(.XLll_X01) 1-4 3
)| YYyYm Yzz_é
Yo :%1+Y2:i—i:0, Zp =00 = i11:0
3 3
: - 3 119 1 1
lan=-EulY, =—— |30°Ql-—— |=—=|120° A=——|-60° A
21 11 2 \/El_ 3 j \/zl 2|
P T it LA TP
31 11 1 \/E 3 \/E
3° 2m: X, =2Q
XL12=2Q
X, =6Q
: 6
Eio=—|0°V
12 \/§|
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j(xuz_xcz) 2-2

o = Z1=0

i12:i32=E=L=i|O°A
R V26 42
i22:0
b) drugi izvor
+ -E 3
lip = —lppy =—2=--=-05A
<> e2 10b 20b R 6
R l,, =0
1
| I— |
ukupno:
1 2
i,=05+sin2at = |,= 0,52+(—2] =0866A
1 2
i, =-05-sin(at - 60° = 1,=,/05°+|—~=| =0886A
N N E

I, =sin(at +120C°) +sin2at = 1, =

_
7\
N‘H
N—

N
+
7\
Sle
N—
N
I
H
>

P, =1, [R=0866 6= 45W
P',=6M05=3W

6 _1)_6
P,=Rel~G~—t=—-=3W = P, =6W
el2 8{12 /2} 2 el

100



10.8. U mrezi prema slici treba odrediti napaeg i radnu snagu na otpore = 4Q.
Zadanowl = /aC =R, =2Q, e = 44/2sinwt V,
& = 1242 sin (@t + 90°) V, igx = 124/2 sin (wt + 45°) — 12 sin (@t — 45°) A,
e = 44/2 sin (ot + 90°) A.
(a)

De 31| Ow 1o Us

(b)

an=1
(@)
’;'W sl Y [ 12145 +4105] + j4- 1205
12]45° 4 - ¥ ot -j05+j05+05+ 025
; 4 12|45°
® jzg QLL 2 D _12185 6y
T h 075 —
(b)
byn=2
(a)
Oz -6J2|-45° _ 6J2|135
12| s P 025+ ] +05+ 025 075+ 075
-1 @ [ ] L
T 2 1] = = = g8|90° =-8|-90°V
075/ 2]45° 190" = -850
(b)
2
Uab=\/Uab12+Uab22=\/162+82=\/320 =N PR=U—Rab=%)=80W

u,, =16v2sin(at + 45°) - 8V2sin(2at - 90°)V
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10.9. U mrezi na slici treba odrediti trenutne jgtrgrana i vrijednosti koje pokazuju idealni
instrumenti. ZadanoR = 30Q, aL =30Q, l/aC =120Q,
e; = 30 + 141 sin (ot + 30°) + 85 sin (@&t — 15°) V, e =60 V.

a)yn=0:
30Q
1
| I |
—L* 30v 60V ——_
[} +
30+60 90
I, = =" =3A=|
10 30 30 %0
b)yn=1:
I11 |31

100|30° - jlon j30

1 .1 .1-4 . 3 1
Yp:J__J_:J_:_J_:_S

120 '30 '120 120 j40
Z,=j40Q = Z=30+]40=50|5313" Q

U, =1ulZ, = 2|-2313 - 40 |90° =80 [6687°V

- ' 806687 -

ln=—0F = 15687 _ 0,6]15687° = 0'94281|156,87° A
- j120 120|-90° J2
), 80|6687° -

=S = |—=2,6|—2313°=3L71|—2313°A
j30  30]90° — 2 —
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c)n=2:

j60
—jsoT

2
strujna rezonancija
- - ' 85| -15°
l12=0 =  la= U_" = | =1,0017|75° A
- 60 /260|-90° —

' 85| -15°
l32 = 9" -8l =1,0017|-105 A

j60 2[60|90° —

i, =3+28286in(t -231) A = |,=v3+22=13=3606A
i, = 0942815in(at +15687°) ++/2 BinQRat + 75°) A
i, =3+ 37716Ein(at - 2313) ++/2 BinRat —105) A
2 2
141)" (85
U, =,[30%+| == | +| —| =12022V
()

P, =1, [R=3°[30=270W

P, = Re{L'J 0 11D} = R100[30° (2]2313°} = R200 5313} = Ref120+ j16¢ = 120W
P=P, +P, =270+120=390W = | ,> (R=13[30

10.10. U shemi na slici treba odrediti Sto pokazngirumenti, ako je jedna faza simé&tog

generatorae; = 141 sinwt + 10,6 sin &, a unutrasnja impedancijéo = jwl, = j1Q

0

< 2

< 3 o

Fazori tréih harmonika sve tri faze imaju kut nula (u faz).sstoga tjeraju kruznu struju tieg
harmonika u namotima generatora koja stvara padagena na unutrasnjim impedancijama svih
triju faza. Ti padovi napona su suprotnog predzrak&MS tréeg harmonika u svakoj fazi. Kad
je generator simetian, napon trgeg harmonika se ne moze izmjeriti u linijjskom napon
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U, =U, =100V

E; 10,6]0°

|3 =—=———==2495|-90° A
Zos3 \/EDJ

I,=25A

EZl

=
10.11. U shemi na slici zadana je jedna faza sitmetg generatora= 100 sinwt+30 sin 3ot V,
impedancija simet¢nog troSila 2(n) =R+ jnwL =1+ j3n Q, te impedancija nulvodtia

io =R, + jnwL, =2+ jn Q, gdje jen - broj harmonika. Treba odrediti Sto pokazuju

instrumenti.
(A
(A)— 3
Z, z
1 0,
1
Z Z
2
a)n=1: 'En:l—ozogv Z,=1+ [3= 316371565 Q
L1 1 1
1|0° 0= +1|-120° O +1|120° O
T - Z 4 Z1
U'p=U B 1 1 1 1
—t—t—t—
Z1 21 Z1 Zo
Lj'olo:L.J—EILZO
3 1
Zi —+—
Z1 Zo
=5t 100 = 2236|-71565 A
7. 203162|71565 —
L - 30, ., - I
b)n =3: Es-ﬁgv Z,=1+j9Q Z,=2+(3Q
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1 1 1 3[Es

—t—t— Zs
NI Zs Zs Zs __ Z4 3
U olo—Es[!l 1 1 1 -3 1 /=
—t -+ —F Zs
Zs Zs Zs Zos Zz Zos 3
.III — .ES _ .E3 _ 3Eé3lio3
U ™00 = — = =
1+ Z.s 3[Zo?+23 3Zozt+Z3
3Zos 3Zos
|03=U:”010 _ 3D.ESEZ?3 E‘I.l _ ?Dfs. _ .3D53 - 3EE3
Zos 3ozt Zs Zos 3[Zost+Zs 6+j9+1+j9 7+]18
90@

= =32951|-6875° A = |, =3295A
J2119,3132|6874949 16875 "o

2
Ukupno: = \/22,362 +(3’295j =2239A.

10.12. Na simeténi generator, prema slidiijja je EMS jedne faze
e=120 sinwt + 20 sin (8t + 30°) + 12 sin (&t — 30°) V, prikljuwteni su u zvijezdu jednaki
kondenzatoril/aC = 30Q . Treba odrediti struje;, i3 te pokazivanje voltmetara.

- el+ 1 |1C
Ot

() + C
M 2 I:Il
) A

w -
ayn=1: E..
- 120 - En 120|0°
Eu=—"—|0°V = lu=—> = — _=2/2]90° A
u=p e T Xa V230900 1850
. . 20
b)n = 3: Eo=E, =7 130V
/ E, 30° +3[120° = 30° + 360° = 30°

e
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|-53—l-J 0,0 0

|31 = = - =0 A
=Xz~ IXes
c)n=5: Es |'£51:1—§|—30°v
5[12¢° =600 = 240 = -120°
5[(-120C) =600 = -24C =120C¢°

—Xes  V20B|-90°

. - 12|-30°
/\ |51= -E5 _ | =\/_2|6_0°A

E53 E51

Ukupno:
i, =408in(at +90°) + 2sin(Gat +60°) A
I, =4[sin(at —30°) + 2sin(Gat +18C°) A
I, =405in(at + 210) + 2sin(Gat — 60°) A

2 2
\/1202 + 220 12 oeaay U,, = E, =22 1414V

J2
+ 2
Uy, =vE +E’ = ,/1202le =85276V

2 2 120 2 12 2
U,, =+ E E.” =./| —=01/3 —ZA/3| =120 +12°)[A5=1477V .
V4 11 T Eg \/(\/E E‘L/_] +(\/§ E‘L/_] \/( +12°) 11,

Uy, =
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10.13. Ako se u shemi na slici izthezvjezdiSta spoji nulvodiimpedancijeio = jowl, = j1Q,
treba odrediti: a) strujéy, i3, io; b) pokazivanje vatmetkdji je strujni svitak spojen u
fazu (1), a naponski svitak je spojen izindaza (1) i (3).

Zadano:i =30Q, e=120 sinwt +20 sin (3ut + 30°) +12 sin (&t — 30°) V.

wC
e C
+ *
W:
&,
R\ [
0 W, 1 C
&
—~ c
N\ L
i Lo
03
< Y YN
an=1
|-511—1—20|0°
: 120(0°
=2 - 1" =2J2190° A
- jXe  2130[-90° —
byn=3 53:%|30°V

/ Ié23 30°+3[120° =30° +360° = 30°
/' Ié33 vidi zadatak 10.11.:

20 60
[ e
_ 3[E 3\/§|3—00:\/§|300

\/_ |120> A = i, =60BinEat +120°) A
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c)n=>5:

5[120° = 600° = 240 = -120°
5[(-120°) = -600° = —24C =120°

|-551 = 1—2 | -30°V
5150
E- 12|-30°

lgp=—2 = =J2160° A
" _chs \/5[6"900 |

E513

Ukupno:
i, =408in(at +90°) + 20[$in@at +12C°) + 2sin(Gat + 60°) A
i, =48in(et —30°) + 203$in@Bat +12C°) + 2sin(Gat +180°) A
i, = 48in(at + 21C°) + 203in@Bat +120C°) + 2sin(Gat — 60°) A
p(t) =i, [&;
B =E,;0,,[tosp, = %)E{/g [2/2 [0s(30° - 90°) = —20784W

P, = E,,, (1, [£0s, = 0022 [€0s@0° —120°) = OW

V2
R, = E,,0, [Cosp, = % [/33/2 [osQ° - 60°) =1039W

P, =P, +P,+PR =-207846+0+10392= -19745W
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11. Linearne mrezZe izmjenéne struje s meluinduktivnim vezama

11.1. Treba odrediti kapacit€@ u shemi na slici ako je rezonantna frekvendija 16 kHz, a
L:=2,8mH,L, =6 mH, L3 =3 mH i M1> = Moz = 2 mH.

C T w=2070F =27116110° =10053010° rad/
X,, = w[L, =10053[10° [R28[10~° = 28149Q
X,, = wll, =10053[10° [(6[10° = 603190
X, = @I, =10053[10° [B[10° =30159Q
X,, =@M =10053[10° [2[10® = 20106 Q

U= 10-jXe + jX 0 = Xy + R+ (1= 12) X, = X, ) + 120X,
0= (1h=12) 0jX,, = X,,) + 110X, = 120X, +120X,,

L.leil[ﬁR"'jmxu_XM _Xc)]"'ilEi mez_xM)"'iZEi (X _XL2)+i2|:]xM
0:i1Ei Xy _XL2)+i2Ej NXLZ_XM)-'-I.leXM +i2Ej (X5 = Xy)

L.Jl = il[ﬁR"' JUX + X, = 20X, _Xc)]+i2q 20Xy = X,5)
Ozilu {2 X, _XL2)+i2|:|j (X, + X s —20Ky)

_ ZD(M _XLZ
XL2 + XL3 _ZD(M

lo=

0,

U= iR+ X+ Xy~ 20X, - Xo)] - | B2 u =%z

0.020X, - X
XL2+XL3_2D<M 1E( M L2)

I _ 2
Y1 R+ 128149+ 60319~ 220106~ X, ) - | 220106760319 _ 7
3 60319+ 30159 2[20106
. _ 2
Im{Zu} —0 . 48255-x, = 20100 _g045
50265
X, = 48255-8042= 40212 = L
aC
- 1 — 24737nF
10053010° (20212
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11.2. U shemi na slici treba odrediti struje granacrtati fazorski dijagram.

Zadano:R, = X 3=2Q, Xi2= X 1= Xc3=4Q, E =10]|0°V , faktori metuinduktivnih
veza iznoseki; = 0,5, ko3 = 0,707, ks; = 0.

) L. R2 |,
) L. L1
I Cs Ls . |3
41, || _YY Y\,
E
+f-\-
_/

X,, =k, Q/X, X, =0503/4@ = 05@=20Q

X5 = Koy /X, X, =0,7073/4[2 =20

|.E= ilexLl"'iZDjxlz"' i3mjx|_3 - jxcs)_iquzs
0=1 ZmRz + jXL2)+IlDX12_|3E]X23_I3mij3_ jxcs)
il = i2+ is

E=1.004+1.002-2)+ 10 (2-4)

0= 1102+ 1,02+ j [4+2)]- 150 [2+2-4)

il = i2+ i3

10= j4|j2+ j4|j3— j2|j3 = j4|j2+ j2|j3

0= 202+ j20 3+ 1,002+ j6) = 1 .[(2+ j8) + j200 5

2+ 8

O.=(-4+ )0

ls=

10= j40 o+ j20-4+ j) 02 = | [{j4-2- j8) = (~2— |4) 0

_ 10
“2-j4

|2

=-1+j2=2236|116565 A

i3 =(-4+ )1+ j2)=2-]9=922|-7T7AT° A
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l1=1,41s=-1+j2+2-j9=1-j7=7,701-8187° A

U= 10X, + 120X, = Q- j7) G4+ (-1+ [2) (j2= j4+ 28— [2-4=24+ j2V
Ucs = o[- jXcs) = (2- j9) [-]4) = - j8-36= -36- j8V
Uwe = 10X, = 120X, = (2— j9) (12— (-1+ j2) (J2 = j4+18+ j2+4 =22+ j6V

E=Uwu+Ucs+U s = 24+ j2-36- j8+22+ |6 =10V

Uz = 120X, + 10Xy, = 130X = (14 [2) T4+ (- j7) 2+ (-2+ |9 [j2=
=-j4-8+j2+14- j4-18==-12- |6V

Ure =12[R, = (-1+ j2) [R= -2+ |4V
E=Uun+U+Ur =24+ [2-12- |6—-2+ j4=10V

A
. 15
UL2_10 ';/ U ,
\‘/ =" Yq
P : : T“I T T >
. -5 5 ¢ 10 15 20 25
Ucs 1, ™
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11.3. Ako voltmetar u shemi na slici pokazlje = 100 V, aX; 1 = X2 = Xc = Xy = R=100Q,
treba odrediti sve struje grana i nacrtati topckiadlijagram.

j XLz
a
, W\ : .
x. L[4 lb
+ - \* X, X @)
Ok
) R, R,
b ' U a =100]0°V
' 100|0°
j,=_Ys _ 100[0° _ 100 =£|45°=0,5+j0,5=0,7071|45°A
R-jX. 100-j100 1003/2|-45 2

| =11+1,=1:+05+]05

Uaw = 110R + jX ) +10X,, = 11[L00+ j100) + 1 [j100
100= 11 [{100+ 100 + (I 1+ 05+ j 05) [j100

100= [,[{100+ j100) + 1, [j100+ j50~50

150~ j50= 11 [{100+ j 200)
 _ 150~ j50
| = 150- j50

100+ 200

| =01-j07+05+]05= 06— j02=0,63246/-18435 A

=0,7071-8187°=01-j07 A

Ux, = 110X, +10X,, = (01- j07+ 06— j02) [J100= (07 - | 09) [j100= 90+ j 70V
Ur = 11[R= (01— j07)[100=10- j70V

Ua =Ur+U x, =10- j70+90+ j70=100V

Ux, =120-jX.) = (05+ j 05) {100 =50~ j50V

Ure = I 2[R, = (05+ j 05) [100=50+ j50V

U =Ure+U . =50+ j50+50~ j50=100V
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Ux, = 10X, +1,0X,, =(1+11) X = (06— j02+ 01— j07) [j100= (07 — j 09) [j100= 90+ j 70V

E=Uaw+Ux, =100+90+ j70=190+ |70V
A E
i60 + : .
U R2 U XL2

ja0 4+

20 - U XC

80
-j20 20 40 60 100 120 140 160 180

a0t U ) U XL1

-j60 +

11.4. U mrezi prema slici treba odrediti strUjer@faZadanoRl = X2= X 3=80Q,
R = Rg= Xz = Xy =40Q, X1 =60Q, El = Ez =100V, E3 =200|12CV .

AN

— Y YT ° Y YY)
O L. : L. '
Il |2 2 |3

I - (IR

+ Cz -

R.

E.

Ei-E2 =0= LR + jXy,) — 20R, + ] TX,, = Xe,)] + 150X,
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l.EZ_ l.E3 = iZEﬁRz + ] quz - xcz)]+ |3EGR3 + ijS) + ill:'ij

li+12=13

0=1:0080+ j60) - | .[T40+ j40) + I :[j40+ I .[j40
100-100+ j17321= I ,[T40+ j40) + 1,740+ j80) + | .[T40+ j80) + 1.[]40

_80+ leOEi
40

j17321= 1,140+ j120) + | ,[080+ j120)

0=1.180+ j100 - .40 = 1, L= (2+j25) 0,

j17321= 11140+ j120) + 2+ j 25) 010180+ j120) = | 1[T40+ j120—~140+ j440) =

= 1,[{-100+ 560)
_17321)90°
"~ 56886/10012°

=0,3044|-1012° = 03— j0,053524A

| » = 320156|5134° [0,3044] ~1012° = 0,9748|4122° = 0,73328+ j0,6423A
ls =11+, =1033+ j0,58877=1189|2968 A

11.5. Treba odrediti konturne struje na slici. ZraniaE =100|0°V ,R;=10Q, R, =8Q,

R=4Q,al1=6Q, adl,=12Q, al3=10Q, acM1, = 6Q, aM3=5Q, atM»3=9Q, a
oznake za istoimene prik§jnice su:e izmeiu L;iL,, M izmeiu Lyils, A izmeiu Lsilg,

E= Ill[ﬁRl + Rz + J qxu + XLZ +2D<12)]_ l 22[ﬁ(R2 + J quls - X23]
0= _Ill[ﬁRz +j HXB - Xzs)]"' I ZZQRz + R3 + jXLS)
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100= 11110+ 8+ j [(6+12+ 2+6)] - I 2B+ | [(5-9)]
0=-1u@+ j {5-9)] -1 (8 +4+ j10)

100= I 12718+ 30) — | (8- j4)

0= —i11|:(8— j4) + i22E(12+ j10)

1o =270 07+ 16)0 2 =17464(6337°0 2

8- ]4
100= (07 + j16) 18+ j30) O 22— | (18~ j4) = | 2[{~354+ j498-8- j4)

100= | 22(-434+ 538)
. 100
# 69123|12889°

=14467|-12889° A
i11 =17464|6637°[1,4467| -12889° = 25265|-6252° A

11.6. Treba odrediti odnos naporﬁ/ Ez u shemi na slici za siajeve kad je: a)il =0;

b) 1, =0.Zadano:R =5Q, R, =2Q, X, =8Q, X,=2Q i X,=2Q.

X12
. R R, E:= 1,05+ j8) +1.0j2
7 ' R’ F2 =135+ 8) + 1201
— Ex =102+ 102+ j2)
+ * L
(:) E1 XLE Ez
I,
a) i1:02 .E1:i2|]j2
E. = 1,02+ 2 E__ 12 _ 4707145
E 2+ ]2
2
b) i2:02 |.52=|.1Dj2
E, = 1,005+ j8) B 518 _ 4717182
E. )2
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11.7. Na jezgri od izolatora namotana su tri svifka@ma slici. Odredite pokazivanja voltmetara
Vzi V3 : a) pri otvorenom prekida P i b) pri zatvorenom prekida. Zadano:

b)

@) -

@ -

E: =100[0V, Xi1 = Xo = Xis = 100Q, ki» = kiz= 0,8, keg= 0,91 Z =10Q.

QE . @ ——

L, P
1 (
| S
Z
== 199 g oA
X, 100]90° T

X, = X,, = 08 A/100100=80Q
Uva = 110X y15 = 110X 15 = 1| ~90° [BO [90° = 80V =Uvs

E=10X, — 120Xy, (1)
20Xy, = 1202+ )X ;) (2)

o Xuw 8090°00, _ 80]90° [,
2 -_— = — = —

. = = = 0,796 |571° 0.
7+ X, 10+ 100 104 5[8429°
100=1,0§100+ 0,796 |571° 0 ,[80| -90° = I, j100+ 63682| ~84,29°)

100= 1,[{j100+ 6,337~ |63366) = 1 :[371776|80186°
- 100
"7 371776|80186

= 269|-80186° A

| 2 =0,796 |571°[(269]|-80186° = 2141| -74475 A

Uvs = | ,[Z = 2141|-74475 [10= 2141| -74475V = U,, = 2141V

X105 = Kos A/ X, X, = 093/1007 =90Q

Uva = 10X, = 1 203X, 5 = 269|~80186° [BO |90° + 2141 74,475 [90| -90° =
= 215183|9,8135 +1927| ~164476 = 21203+ 36,676 185673~ j51576= 26361- j149

Uvs =3028|-295°V = U,, =3028V
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11.8. Treba odrediti snagu na otpdRuu shemi na slici , a) pri otvorenom prekida b) pri

zatvorenom prekidau. Zadano:fE =200|0°V, R=100Q, X;=24Q, X, =150Q, faktor
induktivne veze izm#u svitaka jek = 1.

a) X, =kO/X, X, =1E/24150=600Q

|.E=|-1Ei2X1—|.2DjXM (1)
0=-110X,, +120R+ jX,) @)
: i - 150 - 18028|5631° -
@ - i,=R*iXeq _100+150, 1802815631
Xy j60 60 [90°

|, =3005|-336%° 0, = (25— 16) 0
(1) -  200= (25-16)0.j48~1,Cj60
200= I ,[180+ j120- j60) = | .[180+ 60)

,=—200 __ 200 _, 3587 — p=12R=2°1100=400W
80+ j60 100[3687°

b) (1) E=hL02X, -1.0X, -1s0X,

(2) 0:—|.1DjXM+|.2mR+sz) = il:R;-XJXZEiZZ(Z,S_j:L-B)[iZ
M
_ . ) . . _XM . _ 60 . . . _ . . .
3 0=-10X,, +1:0X, = ls=—-0:=—025-j16)02=(1-j0,6)0:
X, 150

(1) -  200= (25- j16)[120]48— 1 .[]60— (1 0,6)[1.[]60
200= | ,[180+ j120- |60~ |60~ 40) = 4001 ,

iz=%)=5A — P=I2[R=5?[100= 2500W
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11.9. U shemi na slici dva namota transformatoda gzaralelno, treba odrediti izraze za struje

l2, 13 11.

M.
| =l2+13
X, 01— jX,p, 0 2= X, 03 = E
— Xy, D1+ 120X, +R) + jX,, D3+ I[R=0
— Xy O Xy 55 02+ (R, + }X ;) + [R=0
11.10. Transformator s jezgrom od izolatora prelicg sna sljedée karakteristike E = 20V,

N, =50 zavoja, N, =500zavoja, L, =0003H, L,=03H, R =2Q, R,=100Q,
R=200Q, K, =K, =K, =05, «=1000rad/s. Treba:

a) odrediti strujel, i I,;

b) nacrtati fazorski dijagram napona i struja tfarmeatora sa svim tokovima,;
C) izra&unati ulaznu impedanciju;

d) nacrtati nadomjesnu shemu transformatora.

M
R [\‘ R.
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k=K, K, =052 =05Q X, =300Q
X, =3Q X, =+/3B00=15Q

a)  Ei=lLi[R +jX,)—12 X, =20= 102+ |3)-1.015

0=-1:0X,, +120R+R, + jX,) = 11015+ | .[{300+ j300)

: i300 - 3003/2|45° - :
|, = 30011300, 45 5, = o+ 200>
i15 15[90°

20= (20— j20) 002 + j3) - 1 .[]15

20= (40+60+ 60— j40— j15)0 2 = (100~ 5) (1 »
- 20
=
100125(2,862

=019979-2862 A

|, = 2003/2 | -45° 19975 —2,862 = 5,6498| —47,862 A

b) U = I1[R =113| 47,862 = 758- | 838
U = 110X, =1695 42138 =1257+ j1137

~1,0X,, = 3|-92862 = -015- 3
S 20+j20

U = | 2[R, + R) = 60| 2862 = 5993- |3

Uw. = 120X, =60 87,138 = 3+ |5993

“110X,, =84,75|-137862 = -6285- |5686
5 0

= 20
C) Zy=—=
| 56498 -47862

= 35447862 Q

d) L, =L, 0{-K,)=0003{l-05) = 15mH
M'=nM =K, [1, = 05D,003= 15 mH heNi_ 50 _ o
L, =L, (1-K,)=03D5= 015H N, 500
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cl N ! ! N ! o
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11.11. Treba izraunati ulaznu impedanciju u shemi na slici za frelope: f, =997kHz;
f, =1000kHz, f, =1003kHz; f, =1006kHz. Zadano je:
R =10Q, L, =65/, M =49/H, R, =25Q,L, =150/, C, =169 pF .

M
R S TN {

Ll LE = Cz

o

E =R+ X,) - 120X,

N - | © X, Oa
O=-1.0X,, +I + X, —X 2=
10X, ZEﬁRz j [(X, cz)] = 12 R, + ] IX, - X,)

._- . JXM .
E=hLOR +jX,) - X, B—— 0,
' g Rz"'lmxz_xcz)
. . 2 _. —
E:|1 R1+jx1+ . ><M ERZ mez XCZ)
R, + J (X, = X¢,) Ry = JHX, = X¢y)
R2D<M2_j|1X2_XCZ)D<M2

R22 + (Xz - xcz)2

=R+ X+

E
i
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R, X,

(xz _ Xcz) D(M2

2uI:R_+ +j[EX— =R+ jX
R22+(X2 _Xc2)2 ' R22+(X|_ _Xcz)2
f, = 1 99961kHz
L2 [(DZ
f [Hz] 997010° 1000010° 1003(10° 1006010°
wlrad/s| 6,26433610° 6,28318510° 6,302010° 6,3208810°
X, =ad, [Q] 40718 408407 40963 410,857
X, =aM [Q] 306,95 307,876 308,8 309,723
X, =al, [Q] 939,65 942,478 945,3 948,133
= 944,58 941,745 938,93 936,128
C2 C(Cz
R[Q] 3637,8 3798,25 3591,29 3128,2
x Q] 1122,38 297,4 -503,85 -1086,405
7 [0] 3807|1715° 38099|4477 36265 -8° 33115|-1915°

11.12. Treba odrediti ukupnu magnetsku energijtacienarnom stanju u shemi na slici:
a) prije zatvaranja prekida P ; b) poslije zatvaranja prekita P.

Zadano:E=30V, R=R,=2Q, R =3Q, L, =L,=8mH, k=08.

R F
=kQ/L, 0, =080/(810°)2 = 6,4 mH
a) |1_L_ﬂ_£’_ A
R+R 2+3 5
2 -3 2
w=blr B0 _ 44,
2
b) R =R+ RIR 5,32 359
R+R, 3+2
|1—E 30 _9375A
R, 32
U u,
1125 =5625A

U,=1,12=1125V : |1—|2=Ep=—é=3,75A l,= E
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—_ 2 2
W:L:qul |2) +L2D2 -M qull_lz):

2 2
-3 2 -3 2
_8mo0 2[8,75 4 8107 [5,625 640107 (5,625[B75=

=0,05625+ 01265625 0135= 0,0478125J

11.13. Treba odrediti pokazivanje vatmetra na.sﬂa'dano:U =150+ j150V, R =5Q,
R, =10Q, al, =15Q, «M =10Q, 1/aC=10Q, al, =15Q.

(o]

U = 110R, + jX,) +120X,,
U = 110X, +120R, +  TX, - X))

15003/ 2]45° = 1, [(5+ j15) + 1 2[]10
15003/2]45° = 11§10+ 1 .(10+ | [15-10)] = 11[J10+ I ,[710+ j5)

. 150Q/2]45° 5+ 15 - .
|, = —— 0,=1503/2|-45 - (15— j05) O
‘T 10190 100900 |=45"= (5= 105)

15004/ 2]45° = 1,[J10+ (10+ |5) EElSE{/_Z |-45° — (L5- | 05) il} =
= 1,[j10+111803|26 565 EElSE{/E | -45° + 15811161565 1 1} =

= 1,0j10+ 23717|-18435 +17,678|18813° (1,
150+ j150= I,[j10+ 225 j 75+ (-175- | 25) 01
|.[{~17,5+  75) =150- 225+ j150+ j75= ~75+ j225
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. _75+j225 23717|108435
" 175+j75 190394|1568°

=124568| -48366° = 8,27586- j9,31034A

|, =15+ j15+ 15811161565 12,4568 -48366° = 7,24138+ j3103448= 7,8784[232° A

Ry = Re{L] a E} = RA1503/ 2 [45° [12,4568|48366°] = Re[264249 933667} =
= Re{-15517+ j26379} = -15517W
Ryz = Re{U 0 ZD} = R15003/ 2 |45° [7,8784| -232°} = R1671258| 2187} =

= Re{155172+ j62069 = 155172W

| =1.+1,=8,27586- }9,31034+7,24138+ j3103448=155172 j6,2096=16,7126| —218° A
. o0
Rys = Re{u i } = R1503/ 2 |45° [16,7126[218°} = Re{3545273668°} =

= Re{139655+ j325862} =139655W

- 15003/ 2 |45°
Ni:  Zs :,3: 145 =17,029|93366° = -1+ j17
| 124568 -48366° —_

R, = 1,’R'=12456& [{-1) = -15517W

.U 1500/ 2(45°
7,=9 :L = 26,926(218° = 25+ j10
7.8784(232° ——

R, =1,”+R,'= 78784 [25=155172W

11.14. U shemi na slici treba odrediti Sto pokazglimetri. Zadano:e =120V2 [3in400Q V,
L =L,=20mH, L,=L,=25mH, M, =M,, =10mH, C =25 uF .

Q}/,\*Lf ML ?;) L@

w=410rad/s
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X, = X, = 4010° 20110° =80Q

X, = X, = 4010° 250107 =100Q

X,, = X5, = 4010° 100107 = 400Q
1 1

= =100Q
¢ 400 [(R5010°

X

|.E= |1[]X1—|2|:]X12
0=-10X,, + 120 [X, + X; = X¢)

120= 11080~ 1 ,[j40

0=—1.0j40+ 1 . (100+80-100) = I ,[j80~ I:[]40
j80

1, =1%0, =20,
j40
120= 200,080~ I .[J40 = | .[J(160— 40) = 12001
1,=220 _g)0p=-j A —~  11=-2j A
j120

UVl = ilexl _iZDjxlz - ilele +iszX2 = |1DJ X, - X12)+isz (X, = Xyp) =
=-2j 0 080-40) - j [ [{100-40) = 2[40+ 60 =140V

Uvz = 120X, +1 203X, = - [j80— j [j (0= 80+ 40=120V
J
L.JVS
11.15. U shemi na slici treba odrediti napog i pokazivanje voltmetra. Zadano je:
I, =2+4sinwt + 2sin(2wt + 30 ) A, wL, =5Q, wlL, =10Q, «M =25Q,1/aC=60Q.

an=1: X, =5Q

: X, =10Q

i A B i, Xy =25Q
> ﬂ > X, =60Q
<T> i ng g L, —=C E=1.0X, - 120X,

0=-1.0X,, +120 X, - X;)
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E.=203/205- 120325

0=-2R/20j25+1.0M0-60)/:] = izz%:—om@A

E: =242 5+ 013/2 (] 25= j /2 110+ 025) = j10253/2 V
U ser = Ex+ 103X, — 110X, = j10250/2 - 013/2 [j10-23/2 [ 25 =
= j¥/2025-1-5) = j4253/2V

byn=2:  X,=10Q
X, =20Q
X, =50
X, =30Q
E> =+/2|30° [j10- 1, 0}5
. . 50E/2|30°
0=—J2[30°[j5+1.0020-30) /: ] = Iz=$=—0,5ﬂ/_2|3_0°A

E. = j /2]30° [10+ 0504/2|30°[]5 = | 3/ 2|30° [1L0+ 25) =125[3/2|120°V

U ez = Eo+ 120X, - 110X, =12503/2|120° - 053/2]30° (120~ 2[30° (5=
=2 (125-10- 5)|120° = 25[3/2|-60° = 353|-60°V

U, = 8508in(at +90°) +5in(2at - 60°) V
U, =+ (42503/2)? + (2513/2)? = 6973V

11.16. Treba odrediti Sto pokazuju voltmetri naisfadano jeR=alL =1/aC=4Q,
aM =3Q, u=100[sinat +50[sin2at V .

a2
* (\ *
+ o Y Y Y Y
L L
u c— @)
R
an=1 R=4Q X.=4Q
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), = 100

J2
_ U
TR+ OX, - X)
- 100 25
|1 = :—:12,5 2 A
V2ra+ jaa-4)] 2 32

Uvar = 10X, =12503/2013=375E/2 090°V
Uvar = 110X, + 0= jXc) =3750/2|90° +1253/2 (4 -90° =125[3/2|-90°V

b)n=2:  R=40Q X.=20Q
X, =80 X, =60
y 50
U,=—=V
2 \/E

_ 50 _ 50
V2ija+ j8-2)] J2u4+ je)

Uvzz = 1200X,, = 4,903|-5631° (6]90° = 29,417 [3369° = 24477+ j16318V

I 2

= 4,903|-5631° A

Uviz = 1200X,, +1 20~ jX.) = 24,477+ 16318+ 4903| -5631° [2| -9C° =
= 24,477+ j16318+9.8058| ~14631° =
= 24,477+ j16318- 815892 j5,4393=
=163178+ [108786=19611|336%°V

Uy, = Uy’ +Uyp,2 =y 02503/2)% +19617 = 264V
Uy, = JUyst’ +Uyp,° =+ B7503/2)% +29417 = 6064V
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12. Mreze izmjenine struje s feromagnetskim elementima

12.1. Mjerenjem gubitaka u feromagnetskom materijgvrdeno je da su gubici
Pre1= 11,5 W/kg pri frekvencijif; = 50 Hz, a pri frekvencijif, = 100 Hz iznose
Pre2 = 9 W/kg. Koliki su pri tome gubici zbog vrtloZzngtruja, a koliki zbog histereze, ako
je U =U,=U?

P =0, 2B’ f, = 2K,
P, =o,0f B’

U=4441f INISIB=k[f[B

N |HW

k O, [B, = k [, [B, - BZ:BIGI—lz
2
I:)Fel = I:3/1-'- I:)hl :Jv |:":12 |:Blmz +Jh |:]fl |:Blmz

2 2
Fe=R,+tR,=0, szz EBZmZ +0, [, D32m2 =0, 12 fl)z [ﬁ%j +o, 24, E%

1 1
P2 =0, Elf12 EBlmZ +Ewh 0, EBlmz = R/1+EEPH1
9= Pvl+%EPh1

115=F,+R, = R, =115-FK,;

9=115-P, +%EPM

i:2,5/E2
2

R,=5W/kg = PB,=115-5=65W/kg=P,

12.2. Svitakiiji je otpor R=2Q, namotan je na feromagnetsku jezgru i priléjo na napon
220V, frekvencije f =50Hz. Struja svitka jel = 25 A, a faktor snageosg = 0.
Treba odrediti gubitke u bakru i Zeljezu. Rasifki e zanemariv.

P, =12R=25[2=125W
P=U [l [cosg = 220[ 25[01=55W
P.=P-P, =55-125=425W
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12.3. U zadatku 12.2. treba nacrtati nadomjesnmslsvitka i fazorski dijagram,te odrediti
parametre nadomjesne sheme.
R=2Q
U =220V
f =50Hz
S | =25A
. cosp =01

: _ = 84261
U G, B2 U, P, =425W

L =0

D, .
I
B=-1], _ .
jednostavnije:
U, =U’+(I (R)* -2 0 [Rtosp = G, =re = 425 _0g316510° S
_ U 21956
= 2207 + 52 - 2[22005[D1 = 21956V 9
B =.Y.2-G.2=1135210° S
=225 _(01138665 IR ACEE T

97U 21956

g
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12.4. U svitku sa Zeljezom izmjereni su ukupni gubl?, = 20W pri struji |, =2 A. Ako se
izvadi jezgra, tada su pri struji, =8 A izmjereni gubici P, = 64W . Treba odrediti
gubitke u bakru i Zeljezu u prvom ghju.

a) P =20W P,=1"[R=2?0=4W
I, =2A P.=P-P,=20-4=16W
by PB=64W=I,"[R = R[—)P—ZZ:G—f:m
1,> 8
1,=8A

12.5. Svitak sa zeljezom priklian je na naporlJ =142V i f =50Hz, pri¢emu je izmjerena
struja | =57 A iradna snagaP =106W . Treba odrediti gubitke i nacrtati nadomjesnu
shemu i fazorski dijagram, ako R=1Q a rasipni tok® = 005® .

I R L.
+ > [} SYY Y +
Ir I]
U Gg Bg Ug
P, =12[R=572[1=3249W
P, =P-P, =106-3249=7351W
cos¢:iz 106 = 013096
Ul 14257
§ = 824749
Uy =U-IR-jOIX,
Ug=jU,
. U=U|o+¢
. @g .
L =10
B0, ®, = 0050,
| X, = 005U,
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U, =U+(1 R+ (I IX,)’ -2U I [R) [tosp - 2[U I [X,) Bing

U,* =142 + (570)° + (005U ,)* - 2[142(5,7 [1[£0sB2,475 - 2[142DO5U , (3in82,475
U,* =1998449+0,0025U ,* ~14,0777

09975 * +14,07770U , ~1998449=0

U,, =13466V

U,, =-148776V - nije rieSenje

G, =t = 3L _ 4054107 s
U, 1346
(=1 = 5T 0042335
U. 13466

B, =Y, -G,” =+/00423% - 0004054 = 0,0421335
U, _ 005U, _ 005113466

X ==t =118Q
S I 57 H
(129 = o= arcsin[—lpF—e = arcsin[—lﬂ =55°
| U 57013466

9

U, =U [sin@+0)-I[RIsinog -1 [X [sin(c +90°) =
=142[38in@24749 + 55°) — 57[A[3in55° — 57 [118[¢0s55° =
=141911-0,54632-6,695=13467V

12.6. Svitak sa Zeljeznom jezgrom zanemarivog etpaasipnog toka priklgen je na napon
U =220V i f =50Hz. Zeljezna jezgra presjekd=50cn?, a srednja je duljina jezgre
| =60cm koja ima zrani rasporl, =1 mm. Treba odrediti broj zavoj& i struju ako je
B=1214T, pricemu je jakost polja u zeljezd =1410 A/m, a gubici u zeljezu

P, =7 W/kg.

w=2[nlf=314rad/s
. ®=SB=5010*=70103Vs
u 4 U, =wNIp

yoU32_ 22032
wlb ~ 3147010°
i, V =S0=5010" [06=3107 m’
_ > O m=p[V = 786[10° (B[10° = 2358kg
I, P, = Py, [In=7[2358=16506W

=1415=142zavoja
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G, =i_£c06_0003413

|, =U [G, = 220[0,00341= 0,7503A

- B _ 14
110y, 11@r007

NO,, =HD+H,0,=1410006+1,012810° [10° = 846+10128 =18588 A

=1012810° %1

| =1309A = =lm _ 92564

72

=17 +1,7 :\/9,2562 +0,7503 = 9,286 A

12.7. Paralelni spoj svitka sa zeljezom i kondemzekapacitet& = 15uF prikljucen je na
naponski izvoe = 72 sin (3149 V. Treba odrediti efektivnu vrijednost strujeara ako je
poznata ovisnost struje svitka i uamog toka, dana relacijom= 0,47 + 12¢/° .

Z—[{j:Umsinwt R z//:—U—mcosa)t cos°’a:%(cos’30+3cosa)
w

3
i, =04y +12p° = —O,4%“coswt —12i—g‘ cos’ wt =

=- iU cos3wt - (iui + 04 jcosa)t
314 314 314

ic = wCU, cosat

i =i, +i.=- 3 ——U? cos8wt - ( 9 U+ %U —314D5D0‘6Umjcosa)t
314 314
3?2 2 2
O TP
2\ 314 2|1 314\ 314
U U4 U2
| 45 + 36 + 008 1
- 314\/ “314' 314 Y
. =33400°U

2 2 2
= E( 33U§1j L1 YUn QU_n;_lo7894
2\ 314 2| 314\ 314

U, \/1{%4 8L 20>

m 107894+ 1078942}

T314\2|314 314 314
U u? U2
=Y 45Yn _g79.Yn 40582 2
314\/ 314 314 @
v 2
=2 J45 72 _ 97172 +0582=01015A
314\ 314 314
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ferorezonancija struja:

5 3
3 45[6 Uf;f - 9712 Ur;f " 0,582E?_UITZ
trazimo ekstreme izraza (2)- =0= 31 31 31
WUn JasYn _g71Yn | g5gp Un
314 314 7 314
4 2
3U122 (45[6:1—24 - 9714 3U122 + 0,582E2j =0
U, =9998V -ferorezonancija iX% 11
U,, =648V -prvi maksimum struje dx~  24/x

12.8. Jednofazni transformator nominalne sriage 3,5 MVA i nominalnih napontl; = 35 kV i
U, = 380 kV ima gubitke u praznom ho&,n = 20 kW uz nominalni napad; , pri¢emu
je struja praznog hoda 5 % nominalne. Napon krasigaga je 10 % nominalnog, @emu
je struja primara nominalna, a snaga kratkog sjedfax = 50 kW. Nacrtajte fazorski

dijagram uz pretpostavku dafRe = Ry", X1 = X;2 i odredite parametre nadomjesne
sheme.

i R L+ L R\ if

v  —YYY YV e -

U, U=U% | | g, B, L

U, = 0135010° = 3500V
U, _ 3500
“x = =700
1K
cosp, = Re - Soao =0142847
U, O, 35000100

¢, =81786

=35Q

Z, =3981786° =5+ | 34,6410

R =R,/=25Q
X,=X,’=17320Q
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B=-U,=—Uly

.
FZIZ

jol

5 U _ 3500°
1PH

= =7000Q
|y 0050100
COSp, = — 1= 2000° _ 194286
Uy Doy 3500° 5
@, =834375

Zypyy = 7000834375 Q
en = Ly
1. 1 -

© 70008343757

Zg q83—
1633010° - j 142010 S=G, - ] Bg

z
Y, =

12.9. Jednofazni transformator nominalne sriage20 kVA, napondJ; = 5 kV, frekvencije
f =50 Hz i prijenosnog omjefsdy/N, = 20 ima napon kratkog spdjak = 300 V, pricemu
je snaga kratkog spoRux = 960 W pri nominalnoj struji. Treba odrediti: aminalni

b)

napon sekundara, te primarnu struju; b) impedarkecatkog spoja i postotni iznos napona

kratkog spoja; c) rasipne induktivitete; d) strpyimara pri kratkom spoju sekundara i
nominalnom naponu primara. Pretpostaviti dRje Ry, X1 = X

s 2000 . _
=2 -0 A=
1n U, 500 1K
UZH:i_@_ZSOV
N, 20
NZ
N
ZlK :UA:@: 750
1K 4
cosp, = P« 960_,>
U, O, 3002
¢ =3687
J
v = Kk _ _
Xo=X,/= "X =225Q=wl,
L, =222 7160mH =L,
314

w=2nf =314rad/s

Z, =743687° =60+ 450

U 300

u, (%) = =K 100% = —— [100% = 6%

u,, 5010°
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, -3

o by 71,62201_;10 — 0179mH d) 1, =20 =319 _gee7n
N,
&)

12.10. Jednofazni transformator nominalnih napdna 10000 V iU, = 500 V ima omjer
gubitakaPcy/Pre =1,5, opteréen je troSilom snag® =100 kVA i cosp, = 1, pricemu je
djelotvornosty = 0,95. Odredite otpore svitaka ako je prijenasnjern = U/U, = 20, a
Ri = R, Xi1 = Xi2.

- . < > o+
I I,

2

526316

P. = =210526W
|, =200A F 25
P, =315789W
2':%2:22—000:1015\ - P i
P, =S4 =157895W = | 2
_ P, _10000° _ R » -
p=-2= =105263N P, _ 157895
n 095 Rizl_lezT:B,?QQ:RQ'
P., =15P, 1
P, =P, -P,=526316W =P, +P, = &—%—%—39’47”‘9
= lSPFe + PFe =25 PFe

12.11. Jednofazni transformator nominalne snagek¥@0i napona 1000/230 V; frekvencije
f =50 Hz imauyk (%) = 5,5 %. Ako su gubici kratkog spdfax= 800 W treba odrediti

impedanciju kratkog spojz-k , uz pretpostavku da & = Ry, X1 = X;2.

U, =u, U, =0,055[1000= 55V =g g T100AT 1,
—~
Zk :ﬂ _E =055Q
I, 100

cosp =— =50 __014545 > 7, = 05581636 Q
U, O, 550100 81636 Q

¢, =81636°
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12.12. Jednofazni transformator nominalne sr&ge50 kVA in=2300/230 V im&;=0,5Q i
R, = 0,005Q, te gubitke u ZeljezBe. = 290 W. Treba izkaunati stupanj djelovanja za
opteréenje: a) 50 kW, cog, = 1; b) 5 kW, co®,=1; c) 50 kVA, cos,= 0,8.

a)
_50010°
23C

P, =50kW =U,l,cosp, =2300,01 - |,

cosp, =1
I, _ 21739
[, =1'=-2=—"""—==21739A
Y n 10 t
P, =I/R +I}R, =2173% [05+ 21739 [0,005= 47259W
P, 50010°

2= =988%
P~ 50010° + 47259+ 290

=21739A

b)
P=5kw=1,U,01 - |2:%:21739A

I |_2 :@: 21739A
n 10

P., = 2173F D5+ 2173F [D,005= 4,726W

P~ 500° +4,726+290

=9493%

c)

S=50kVA=U,l, - I,
cosp, =038

P, =I/R +12R, =2173% [D5+ 21739 [0,005=47259W
P, =50010° [08=4010°W

_ P 4000°
P,+P, 40010°+47259+290

_ 5010
23C

=21739A - |,=21739A

Y =9813%
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