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BCTVYII

30ipHUK 3aJlad PEKOMEHJOBAHO CTYJICHTaM, SKI BHBYAIOTh JUCIHUILUIIHY
«TeopeTnyHi OCHOBU €NEKTPOTEXHIKM» Ta CIOPITHEH! NUCHUIUIIHA Ta TOTYIOTHCA
YCHIIIHO TOKa3aTh CBIA piBeHb 3HaHb Ha TMepuioMy ertami BceykpaiHCbKoi
CTYJIEHTCHKOI OJIMITIaU 3 TUCHUILTIHU « TeopeTHuH1 OCHOBHU €JIEKTPOTEXHIKI.

[leit 301pHUK JOMIOMOXKE CTYAEHTaM CaMOCTIMHO Ha0yTH HABUYOK MPAKTUYHOTO
3aCTOCYBaHHS TEOPETUYHOTO Marteplaiay AUCIUIUIIHM, 3/11HMCHIOBATH CaMOKOHTPOJIb
HOro 3acBOIOBaHHS, PO3B’SA3YIOUM 3aJadl PI3HOrO pIBHSA CKJIAAHOCTI. Bukiagau
3MI1ICHIOE OCTAaTOYHY NEPEBIPKY BUKOHAHUX 3aB/IaHb.

3aiayl OXOIIIIOIOTh TaKl PO3/IIIH: JIIHIMHI €IeKTPUYHI KOJIa MOCTIHHOTO CTPYMY,
JIHIMHI eJIEKTPUYHI KOJIa 0THO(PA3HOT0 CHHYCOIaTbHOTO CTPYMY, €JIEKTPUYHI KOJIa 3a
HAsSIBHOCTI 1HIYKTHUBHO-3B’SI3aHUX KOTYIIOK, TpUdaszHi eIeKTpUYHl Koja, JiHIiHI
€JICKTPUYHI KOJIa IEePI0UIHOTO HECHHYCOiIaTbHOTO CTPYMY.

BianoBigHo A0 3alIpONOHOBAHOT METOJIMKH, 3aBJaHHS MOJIaH1 Y BUTJIsAII OJIOKIB
1o T’SITh 3a7]a4 y KOXKHOMY. Yac, peKOMEH/IOBaHUI Ha PO3B’S3aHHS OJHOTO OJIOKY
3a/1a4, HE Ma€ NIEPEBUILYBATH THXICHB. B mpolieci po3B’si3aHHs 3a7a4 MOCJI1I0BHICTh
0JIOKIB 3MIHIOBATU HE PEKOMEHIY€ETHCA.

J171st 3py9¥HOCTI MIATOTOBKH 1HO3EMHHUX CTYICHTIB JI0 TMIEPIIOTO €TaIly OJiMITiaan
TEKCT 3aBJIaHb Ma€ MepeKiIal aHTT1HCHKOI0 MOBOIO.

IIpumitka: B ycix 3agadax, 1e € BUMIpIOBaIbHI MPUIIAAHA, OTIOPH BOJBTMETpA
Ta OOMOTKH HAMPyTH BaTMETPa IOPIBHIOIOTh HECKIHYEHHOCTI, a OMOPU aMIIepMeTpa Ta
OOMOTKH CTpyMy BaTMETpa IOPIBHIOIOTH HYIIO. YCi1 BOJBTMETPU Ta amMIepMeETpU

BUMIPIOIOTH J1F041 3HAYCHHS, BIIMIOBIIHO HAIIPYT Ta CTPYMIB.



INTRODUCTION

The collection of problems is recommended for students who are preparing to
successfully demonstrate their level of knowledge at the first stage of the All-Ukrainian
Student Olympiad in the discipline “Theoretical Foundations of Electrical
Engineering”.

This collection will help students to independently acquire the skills of practical
application of the theoretical material of the discipline, to exercise self-control of its
mastering, solving problems of various levels of complexity. The instructor performs
the final check of the completed tasks.

The tasks cover the following sections: DC electric circuits, sinusoidal electric
circuits, electric circuits with inductively coupled coils, three-phase electric circuits.

According to the proposed methodology, the tasks are presented in the form of
blocks of five tasks each. The time recommended for solving one block of problems
should not exceed a week. It is not recommended to change the sequence of the blocks
in the process of solving the tasks.

For the convenience of foreign students preparing for the first stage of the

Olympiad, the text of the tasks is translated into English.

Note: In all tasks with measuring instruments, the resistances of the voltmeter
and the voltage winding of the wattmeter are equal to infinity, and the resistances of
the ammeter and the current winding of the wattmeter are equal to zero. All voltmeters

and ammeters measure effective values of voltages and currents, respectively.



1.1.

3anannsa 1

Task 1

3anaHi ormopu BCiX Pe3UCTOPIB.

Busnauntu exBiBajieHTHUM omip R
Calculate the equivalent resistance R,

provided the values of all resistors

Ri..R5 are known.

3anani Hanpyra jpkepena U Ta

®

OMOpPH BCIX PE3UCTOPIB.

Busnauutu ctpym/, .

Rs Calculate the value of current I,
provided the voltage of the

power source and the values of

1.3.

resistors Ri..Rg are known.

3a/aHi mapaMeTpu eIeKTPUIHOrO KOoJia:
E =150B; R; =12 Owm;

R, = R; = 300wm; R; = 24 Owm;

R, = 20 Om.

BusHaunTy nokazaHHs amIiepMerpa.

BignoBiab: [, = 1 A.



The parameters of the analyzed circuit are: E = 150 V, Ry = 12 Ohm,
R> = Rs =30 Ohm, R; =24 Ohm, R4 = 20 Ohm.
Determine the result of measurements by the ammeter.

Answer: [ =1 A.

1.4.

300pakeHa 4YacTHHA EJIEKTPUYHOIO
KOJIa, 11e

¢, =—5B; ¢, = 20B;

E,=10B; E, =25B; R, =5 0wm;
R, =100wm; [} = 4 A

Busnauuru 15, I5.

Bignosiab: [, = 6 A; I3 = 10 A.

The parameters of the analyzed circuit are: ¢, =-5V, 0, =20V, E, =10V,
E>;=25V, R, =50hm, R, =10 Ohm, /; = 4A.
Determine the currents b, I.

Answer: I, = 6A, ;=10 A.

1.5.

3aaHi napaMeTpH eJIeKTPUYHOTrO KoJia.

1) Buznauurtu ctpym [, 3aCTOCOBYIOUU

€KBIBaJICHTHI IEPETBOPEHHSI.

2) Cxiactu cucTeMy DpIBHSHb 3a
3akoHamu Kipxroda.
All the parameters of the analyzed

circuit are known.




1) Calculate the value of current I; by applying the equivalent transformations.

2) Write a system of equations by applying the Kirchhoff’s current and voltage laws.

IMpumirka.
Note.
ExBiBasieHTHE NepeTBOPEHHS MapaJIebHOTO 3’ €HAHHS aKTUBHUX JUISTHOK.

The equivalent transformation of connected in parallel brunches, which contain

sources of electromotive force.

Rl Rz[l] R3 En Ee
—>
E1 E3 Rn R€

11
Ge Zz:l Gk

_ Zk=1ExGr

—— R
e n ) e
k=1 Gk

3aBaaHug 2

Task 2

2.1.
3anmani onopu pe3uctopiB. BusHauutu
R, R €KBIBJIEHTHUH omip R,.
Calculate the equivalent resistance R,
R provided the values of the resistors
R\..Rs are known.
Rs R4



2.2

R, 3amaHi mapaMeTpu eIeKTPUIHOTO KOJIa:
1 E=10B;] =2A;
E R, =40MmR, =80Mm R; =2 0wMm;
R R R, = 2,40m.

Busznmauntn  ctpym [  MeTrogom

HaKJIaJaHHA (CYTePITO3HIIiT).

\_/ Bignosings: I, = 1,2 A.

The parameters of the analyzed circuit are:
E=10V,J=2 A, Ry =4 Ohm, R, =8 Ohm, R; =2 Ohm, R4 = 2.4 Ohm.
Calculate the value of current I, by applying the superposition method.
Answer: I, =1,2 A.

2.3.

3ajaHi mapaMeTpu  €JIeKTPUYHOIO
KoJa:

E=140B;] =5A;

Ry =R, = R; = 20 Om;

R, = R; = 10 Om.

Busnauutu vanpyry Uy.

Bignosins: U,, = 105 B.

The parameters of the analyzed circuit are:
E =140 V,J=5 A,R1 =R2=R3 =20 Ohl’l’l,R4=R5= 10 Ohm.
Determine the voltage U,p.

Anwser: Uy, =105 V.



24.

% 3amaHi mapaMeTpu eIeKTPUYHOTO KoJa:
—{—> E =367 B; E, =24 B; J=6 A;
N | :
R, R, J R =1 OM; R, =R, =12 Owm;
E R ' R,=R.=R,=2 Owm;
MeTomoM eKBIBAJIGHTHOTO TeHEepaTropa
R Ry

BU3HAYUTH CTPYM ;.

I

¢ BignoBinb:[; = 1 A.

The parameters of the analyzed circuit are:

E, =367V, E, =24 V, J=6A, Ri =1 Ohm, R, = Ry = 12 Ohm,
R3=Rs=Rs=2 Ohm.

Determine the value of current I by applying the Thevenin’s theorem.

Answer: [, = 1A.

2.5.
Ri=10M; G, =1Cwm; G; =4 Cwm;
G, [; = 10 A. Bu3Hauutu CTpyM™m JKepena
I ) (S J.
1 J :
R G; Binnosinb: J =18A.

The parameters of the analyzed circuit are:
Ri=10hm,G,=1S,G3=4S,[,=10A.
Determine the value of current J of the power source.

Answer: J= 18 A.



3aBaanuga 3

Task 3
3.1.
3aianuii onip ycix pe3ucTOopiB.
R, | Busnaunuty exkBiBaJIeHTHUI OMip.
Calculate the equivalent resistance R,
Ry Rs provided the values of the resistors
K R;..Rs5 are known.
3.2

3ajaHi mapamMeTpy €JIeKTPUYHOTO

KOJIa.

Buznauntu CTpyM L
3aCTOCOBYIOYH CKBIBAJICHTHI
IIEPETBOPEHHSI.

Calculate the value of current I3 by applying the equivalent transformations

provided the parameters of the analyzed circuit are known.

3.3.

3anmaHi mapaMeTpH eICKTPUYHOTO KOJIa.
E}/-\ Ry | MeTo0M €KBiBaJCHTHOTO TeHepaTopa

Q_/ BU3HAYUTHU CTPYM /.
1 R Rs 4 Calculate the value of current I; by
applying the Thevenin’s theorem
R, R;s Rs provided all parameters of the analyzed

Es circuit are known.

10



3.4.

VY KOJI1 CUHYCOiTHOTO CTPyMY

R L C Ugr=30B; U, =110B;U, = 150 B.
g— ] | | —# Busnauutn HaIpyTy IoKepena
U > JKUBIICHHS.

Bignosins: U =50B.
In the AC circuit Ur =30V, UL =110V, Uc = 150 V. Determine the voltage of

the power source.

Answer: U =50 V.

3.5.
3amaHo:
C . i(t) = 2v/2 sin(ot — 45°) A;
I
1

¢_| R = wL = — =80 0m.

v BuznauuTtn Hanpyry mpKepena u(t)
@ |

Binnosiae: u(t) =160+/2 sin (o)t -135° ) B.
The parameters of the analyzed circuit are:

R:mL:L:SO Ohm.
oC

The current i(t) in the time domain can be expressed as:
i(t)=22sin(wr-45) A
Derive the expression for the voltage u(t) of the power source u(t) in the time

domain.

Answer: u(t) = 160V2 sin(wt — 135°) V.

11



Ipumirka.

Note.

ExBiBaJIeHTH1 IEpPETBOPEHHS JUISTHOK 3 UKEpEeIaMH €HEeprii.

[lepenoc mxeperna HapyTrH 4epe3 By30J (PO3IICIUICHHS PKepesa Hamnpyru y
BY3II1).

Equivalent transformations for the brunches of electrical circuits with the
sources of current and electromotive force.

The displacement of the voltage source across the node.

R,
. R | |Rs HR4_> ]RIE EXF
Ry | IRy | |Rs

Jns Toro, mo6 BukimouuTH jkepesio EPC 3 skoi-HeOyap Tiiku, Tpeda Taki cami

1

EPC BHecTu B yci 1HII TUIKH, SIKI IPUEIHAHI 10 TOTO K By3ia, mo 1 ruika 3 EPC.
[Tonsipuicts BHecenux B rumku EPC mae 3anumaru Heaminaumu cymapai EPC Bcix
KOHTYpiB. BIiIMmoBigHO, CTpyMH BCIX TUIOK 3aJHINAIOTHCS TaKUMH, SK 1 J0
MIePETBOPCHHSI.

In order to exclude a source of the electromotive force from any branch, the
same sources of the electromotive force should be included in all other branches, which
are connected to the same node with the branch which contains the initial source. The
polarity of the included sources should leave invariable the total values of the
electromotive force in all loops. Consequently, the values of currents flowing in all

brunches remain the same as before the described transformation.

12



ExBiBasieHTHa 3aMiHa JKEpeJia CTPyMy Ha JIKEpENIO HalpyTH.

The equivalent replacement of the source of current by the source of voltage.

BpaxyBatu aito mxepena ctpymy J MOXKHA 3aMiHUBIIH Horo nogatkoBumu EPC.
JI71s 1bOTO OOMPaIOTh OJMH TOBUILHUN 3aMKHEHHH HIJISX MO TUIKaX KoJia (KOHTYP) U1
cTpyMy kepena crpymy J. JlogatkoBi EPC HEOOXimHO yBIMKHYTH TOCIIJOBHO 3
KOXHUM pe3uctopoM R; y nux ruikax. Koxna taka EPC moBuHHa MaTtu HanpsiMoK,
MPOTUIICKHUN CTpyMy J B BIIMOBIJHINA T, & iX BEJIMYMHU JOPIBHIOIOTH JOOYTKY
cTpyMy J Ta onopy Ry BiAnmoBigHOTO pe3uctopa (JRy).

A source of current J can be replaced by a supplementary source of the
electromotive force. For this replacement it is necessary to arbitrarily select a single
loop (a closed path for current to flow through the brunches of the electrical circuit)
for the generated current by the source. Supplementary sources of the electromotive
force should be connected in series with respect to every resistor Ry in these brunches.
Each source of the electromotive force should have an opposite direction with respect
to the flowing through the corresponding brunch current J. The values of these
electromotive forces can be determined by multiplying the value of current J by the

value of a corresponding resistor Ry.

13



3aBnanua 4

Task 4

4.1.
3amaHi mapaMeTpH eJIeKTPUYHOTO KOJa.

Busnauutu crtpym /), 3aCTOCOBYIOYM

I
* O €KBIBAJICHTH1 IIEPETBOPEHHSI.
R

Calculate the value of current I; by

applying the equivalent
Ry Ry transformations, provided the

,i‘% parameters of the analyzed circuit are
I

known.

4.2.
3amaHo:
Rl R2=R3=ZOM;P3=8BT.
[ToTyXHICTb, SIKy CHOKHMBA€ BCE KOJIO

Ui Ry R P = 64 Br.

3HaiiTH omip pesucropa R;.

Bignosiab: R; = 3 Owm.

The parameters of the analyzed circuit are: R, = R3 =2 Ohm.

The value of power losses in the resistor Ry is Ps = 8 W. The total power
consumed by the electrical circuit P =64 W.

Determine the resistance of the resistor R).

Answer: Ry =3 Ohm.

14



4.3.

3amaHo:;

[=10A;1, = 64;1, = 2 A.

Skuii cTpyM nokaxke amrepmerp?

Binnosiab: /, =10A.

The values of currents flowing in the analyzed circuit are: [ =10 A, I, = 6A,
12 =2A.
Determine the results of current measurements by applying the ammeter A.

Answer: I, =10 A.

4.4.
3amaHo:
u(t) = 15v2 sin(wt + 135°)B;
wL; =10 Om;
wL, = R3 = 20 Owm;
L = 40 Om.
wC,

3HAWUTHU CTPYM I, (t)

Binnosins: i, (t) =1,5smn (oat +1 80°) A.

The parameters of the analyzed circuit are:

1

oL, = 10 Ohm, R; = ®wL, = 20 Ohm,
oC,

=40 Ohm. The voltage u(t) in the time

domain can be expressed as: u(t) = 15v2 sin(wt + 135°) V.

Derive the expression for the current ix(t) in the time domain.

Answer: i,(t)=15sin(w+180°) A.

15



4.5.

3agano: X =14 Om; @ =30".

Buznauurtu omip Z.

Binnosias: Z =28 0M .

The reactance of the circuit is X = 14 Ohm. The value of phase shift between
current and voltage ® =30". Determine the impedance Z of the circuit.

Answer: Z =28 Ohm.

3aBaanug 5

Task 5

5.1.
0o =5B; o, =3B; [ =5A;
al R b G, =2Cwm; G, = 3Cwm;
E Busnaunrtu E.

G G BignoBins:E = 3 B.

0.=5V,0,=3V,I=5A,G:=28S,G,=38S.
Determine the value of the electromotive force E.

Answer: E =3 V.

5.2.
3amaHo:
R L C u(t) = 100v2 sin(wt) B;
] Up = 80 B:;
— U U R = 8 Om; wlL = 8 Om.

3HalTH;

1. Hampyry u(t).
16



2. IToBHY TIOTY>XHICTb S, akTUBHY P Ta peakTuBHy (.
BinnoBias:

1. uc(t) = 20V2 sin(wt — 126,9°) B.

2. $=1000BA; P =800 Bt; Q = 600 BAp.

The parameters of the analyzed circuit are: R =8 Ohm, wL = 8 Ohm, Uz = 80 V.
The voltage u(t) in the time domain can be expressed as:

u(t) = 100vV2 sin(wt) V.

Determine:
1. The voltage drop uc(t) in the time domain.

2. The apparent power S, active power P, reactive power Q.

Answer:
1. uc(t) = 202 sin(wt — 126,9°) B.
2.8=1000 VA, P =800 W, O = 600 VAr.

5.3.
3amaHo:

C E=j10 B;X, =6 Om; R=|X.|=1 Om.

Buznauutn nanpyry U , .

Bignosins:U,, = 12 B.

The parameters of the analyzed circuit

are:

E=j10V, X, =6 Ohm, R = |X¢| = 10 Ohm.

Determine the voltage drop U, across the points ab.

Answer: U, =12 V.

17



54.

3amgaHo:
R C u(t) = 60V2 sin(wt — 45°) B;
. . ’Z_"_¢ RI:RZ:XLI:\XQ\:XB:SOM.
g1 3

LYY\ 1) BuU3HAYUTH AaKTUBHY IIOTYXXHICTh

\4

CJIICKTPHUYHOT'O KOJIA.

2) CkJactu cucTeMy piBHSIHB 3a 3akoHamu Kipxroda y koMruiekcHii ¢hopmi.
Binnosias: P = 180 Br.
The voltage drop u(t) in the time domain can be expressed as:
u(t) = 602 sin(wt — 45°) B;
The parameters of the analyzed circuit are:
Ri=R,=Xu = |Xe2| = X153 =5 Ohm.
Determine the active power of the analyzed circuit.

Write the system of equations according to the Kirchhoff’s current and voltage

laws.

Answer: P= 180 W.

5.5.
3amgaHo:
R L C U=20MB;R=100Mm; L =11m;
— 1 || g C =1 MxO.
u
> Koo mpairtoe B pesxxumi pe3oHaHCY.
Busnauntu:

1) Hanpyry Ha ingykTuBHOCTI Uj.
2) HobpoTHicTh KOHTYPY Q.
Bignosins: U, =2 B; 0=100.

The parameters of the analyzed circuit are:

18



U=20mV,R=100Ohm, L = 1Hn, C=1-10"°F. The circuit operates in a resonance
mode.
Determine:
1. The value of voltage drop Usj.
2. The quality factor of the analyzed circuit.
Answer: U =2V, O =100.

3aBaaHug 6

Task 6
6.1.
3agaHo:
R E=4B;J]=2A; Ry =R, =10wm.
E —1 J BuzHauuT NoTyXHICTb, SIKYy BUPOOIISIE
Ry JDKEPETIO CTPYMY.

Binnosiab: P; = 6 Br.
The parameters of the analyzed circuit are:

E=4V,J=2A,R1=R2=10hm.

Determine the power produced by the current source.

Answer: P;=6 W.

6.2.

BuszHaunth moKa3aHHA ammnepMerpa Ta BOJBTMETpa, skmo £E =60 B;

Ry =220m; R,=10 Om; R; =40 Om; R4=3 OMm; Rs =20 OMm; R¢ =30 Om.

19



Bignosinb: [, =2A;U), =32B.
Determine the vresults of current

measurements by the ammeter for the

case of analyzed circuit with the

following parameters:
E=60V, R =22 Ohm, R, = 10 Ohm,
R3=40 Ohm, R4 =3 Ohm, Rs =20 Ohm,

R6 =30 Ohm.
Answer: Ixn=2 A, Uy=32 V.
6.3.
; 7 3amano: u = 5v2 sin(wt + 90°) B;
g 1+
TN i=6\/§sin(wt+§) A.

Bu3zHauuT peakTUBHY MOTY>XHICTh KOJIA.

Binnmosiab: O=15 BAp.

The current i flowing through the impedance Z and the corresponding voltage
drop u(t) can be expressed as u = 5v2 sin(wt + 90°) V; i = 6v2 sin (wt + g) A.

Determine the reactive power in the circuit.

Answer: Q =15 Var.

6.4.
U=20B;w=100c™t; L =400 mI'y;
C C =200mx®d; R =50 Om.
g—x BusHaunTi mokasaHHs BaTMETpa.
Ml LY R Bignosins: P, =4BT.
& —s

The parameters of the analyzed circuit are:
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U=20V,®»=100s", L=400 mH, C=200 uF, R =50 Ohm.

Determine the results of power measurements by the wattmeter

Answer: P, =4 W.

3aiaHi mapaMeTpu €JIeKTPUYHOTO KoJja:
u(t) = 100V2 sin(wt + 135°) B;
R =R,=R,=X, =|X,,|=|X.|=X,, =500m.

Busnaunty Hanpyry Ha eMHOCTI Cy U oy (t)

Bignosiab: u.,(t) = 100 sin(wt) B.

The parameters of the analyzed circuit are:

u(t) = 100V2 sin(wt + 135°) V;

Ry = R, = Ry = X, = |X¢z| = |Xcal = X4 = 50 Ohm,
Determine the voltage drop on the capacitance Ci.

Answer: uc,(t) = 100 sin(wt) V.

3aBaanus 7

Task 7

7.1.

3agani napameTpu €JIEMEHTIB
€JEKTPUYHOIO KOJIa:

E, =32B; E, =48 B;

Ry = R; = 20 Owm;

R, = R; =R, = 60 Owm.

BusHauuTy nokazaHHs amMnepMmeTpa.

Bignosinb: [, = 0,27 A.

The parameters of the analyzed circuit are:
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E1 =32 V; Ez =48 V; R1 :Rs =20 Ohl’l’l, R2:R3 :R4: 60 Ohm.
Determine the results of current measurements by the ammeter.

Answer: Ix» = 0,27 A.

7.2.
B enextpuyHOMy KOJII BHU3HAYHUTH
R R MOKa3aHHA BaTMeTpa, skiio £ = 180 B;
S R =100m; R,=20 Om; Rs;=Rs=30
_ % OM; Rs =15 OM; R¢ =40 Om.
R1DR4 Rs* Re Binmosiae: £, =129,6 Br.

Determine the results of power measurements by the wattmeter provided the
parameters of the analyzed circuit are E=180 V; R; =10 Ohm; R, =20 Ohm;
R3=R4=30 Ohm; Rs =15 Ohm; Rs =40 Ohm."

Answer: P,,=129,6 W.

7.3.
B enexktpuyHoMy KOIi fifoue  3HAUYCHHS
R C Harnpyru U,, = 200 B. [lapamerpu enemeHTIB
g—:l—| ¢ koma: R =500wm; X;, =100 Om. Crpym
U L BiJICTa€ BiJl HAIIPYTH JKepera Ha KyT 45°.
&

Bu3HaunTH Jif04e 3HAYCHHS HAMPYTH JDKEpea.

Binnosias: U =200 B.

The RMS value of voltage across the points a and b is U, = 200 V. Active
resistance R and the inductive reactance X are correspondingly equal to R = 50 Ohm,
X =100 Ohm. The flowing through the circuit current lags the voltage generated by

the AC power source on 45°. Determine the RMS value of the AC power source.
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Answer: U =200 V.

7.4.
3agano: U = 70 B; R; = wL; = 20 Owm;
1
Ll R3 a)_C'S = (A)L4 =10 OM;
1 1 0
wC, wC; M-

! BusznauuTu nirode 3Ha4eHHS CTpyMmy /.
Bignosins: I, = 7A.

The parameters of the analyzed circuit are:

1
U=70V;R; = wL; =20 Ohm; — = wlL, = 10 Ohm;
(l)Cs

1 = 50h
wC, wC; m

Determine the RMS value of the current 1.
Answer: I; = 7A.

7.5.

J111s1 HaBEAEHO1 CXEMU:

a) CKJIAaCTH CHUCTeMYy pIBHSHb 3a
3akoHamu Kipxroda y KOMILIEKCHIM
bopmi;

0) HaKpecIUTH CXeMy IHIYKTHBHOI

PO3B’SI3KMU.

Write a system of equations according to Kirchhoff's laws.
Plot the scheme which allows to carry out the magnetic decoupling for the

analyzed circuit.
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8.1.
R3
| IS
R
— @E !
Rcglilo!
R

3aBnanuga 8

Task 8

3amaHo: | = 9 A;

E; =120 B;E, = 80 B;
R; = 150m; R, = 16 Owm;
R; = R, = 30 Owm;

Rs = 20 Om; Rg = 40 Om.
Buznauntu ctpym [,.

Binnosias: I, = 5 A.

The parameters of the analyzed circuit are:
J=9A;E, =120B; E, = 80B; R; = 15 Ohm; R, = 16 Ohm;
R; = R, = 30 Ohm; Rg = 20 Ohm; Ry, = 40 Ohm.

Determine the value of current .

Answer: L, =5 A

8.2.

3agano: U = 20 B; E = 8 B;

R, =20M; Ry =10Mm.

BuzHauuT NoTyXHICTb, SIKYy BUPOOIISIE
mxepeno EPC E.

Bignosiab: Py = 16 Br.

The parameters of the analyzed circuit are:

U=20V;E=8V; R, =2 0hm; R; =1 Ohm.

Determine the power P produced by the source of the electromotive force E.

Answer: Pr=16 W.
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8.3.

3agaHo:

u(t) = 40v2 sin(ot + 45°) B;
X1 = 100wm; [Xe1| = 30 Om;
X, = R; =200wm.

Busnauntu cTpyM i;(¢). IT06yayBaTH BeKTOpHY Jiarpamy.

Bimnosins: i5(t) = 2v2 sin(wt + 135°) A.
The parameters of the analyzed circuit are:
X1 = 10 Ohm; | X4 | = 30 Ohm; X;, = R; = 20 Ohm.
The voltage drop across the circuit in time domain can be expressed as:
u(t) = 40v2 sin(wt + 45°) B. Determine the expression for the current is(t) in the

time domain. Plot the vector diagram for the analyzed circuit.

Answer: i5(t) = 2v/2 sin(wt + 135°) A.

8.4.

BuzHauuTu, SKuil Omip MOBUHEH MaTu
L €MHICHUH €JEeMEHT, 1100 3a0e3MeYuTH
pe3oHaHC HanpyT, skimo R = 10 Owm;

-1 XL - SOM.

—
=
I
I

¢ Bignmosine: | X.| = 10 Om.

Determine the necessary for the voltage resonance value of the capacitive
reactance, assuming R =10 Ohm, X; =5 Ohm.

Answer: |XC| =10 Ohm.
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8.5.

Busnauutu KOMIIJICKCHE 3Ha4YCHHA

crpymy I;, sxkmo U =16B; Xy =

30m; X; =X, =9 0Mm.

Binnosige: I; = 2e /A,

Determine the phasor of the current I, for the case of U =16V,

Answer: I, = 2e7T9A.

3aBaannga 9

Task 9

9.1.

Ho mxepena  ctpymy  J =0,1A
MIJKJIIOYEHI  PE3UCTOPH 3 OMOpaMu:
Ri=12 Om; R, =10 Om; R;=16 Owm;
Rs=40 Om; Rs=60 Om. Busnauntn

MOTY>KHICTb JKEpea.

Bignosinn: P = 0,2 Br.

The parameters of the analyzed circuit are:
R; = 12 Ohm; R, = 80 Ohm; R; = 16 Ohm; R, = 40 Ohm; R; = 60 Ohm;
J]=01A.

Determine the power of the current source

Answer: P=0,2 W.
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9.2.

R, Ry
Rs I
2 R3 R7 E1
| AN
LI

Determine the current 1.

Answer: [; = 3,8 A.

9.3.
Rl L Rf C”_
*(W @_0
[,

3apano: E; = 20 B; E, = 10 B;

J =2 A; BCcl pe3sucTopu MaroTh OIIip
R =10 Owm.

Busnauntu ctpym /.

Binnosias: I; = 3,8 A.

The parameters of the analyzed circuit
are: E; =20V, E, =10V; | =2 A;
Ri=R,=...=R;=10 Ohm.

3amaHo:
i(t) = 2sin(wt + 20°) A;
R, =2 0Om; wL =10 Owm;

R, = 4 Owm; L:4OM.
oC

BusnaunTy mokazaHHs puiadiB.

BiagnosBianb: UV1 =12 B; UV2 =8B; P =4Br.

The parameters of the analyzed circuit are:

i(t) = 2sin(wt + 20°) A; R, = 10 Ohm; wL = 10 Ohm; R, = 4 Ohm;

L =40hm.
oC

Determine the results of measurements by the wattmeter and voltmeters.

Answer: Uy =12V, Un =8V, P=4W.
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9.4.

3a1aHo:;

i,(t)= 25in(c0t +90° )A;

1 1
R, =——=10 rwly = —— = 200Mm.
1 wC4 OM(,U3 a)CZ OM

Busnauntu Hanpyry maxepena u(f).

Bimnosine: u(t) = 40v2 sin(wt + 135°) B.

The parameters of the analyzed circuit are:

1 1
i5(t) = 2sin(wt +90°) A; R, = . - 10 Ohm; wlL; = o 20 Ohm.
4 2
Determine the expression for the voltage u(t) of the AC power source in the time

domain

Answer: u(t) = 40+/2 sin(wt + 135°) V.

9.5.
Jlms  ABOX MOCHIZOBHO 3 €IHAHUX
M KOTYIIIOK Ma€EMO:
1) mpu 3ycTpiyHOMY BMHUKaHHI CTPyM

U I, =2A, noryxsicts P, = 120 Br;

\ 4

2) mpu y3ro’KEHOMY BMHUKaHHI CTPYM
I, =12A.
Hampyra mxepena U = 100 B, wactora f = 50I'n. Busnaumtu B3aeMHy
1HYKTUBHICTh KOTYIIIOK.
BignoBinb: M = 30 mI H.
The value of current flowing through the coils for the case of their series and
opposite connection is equal to I3 =2 A the dissipated in the circuit active power is
equal to P, = 120 W; For the case of the adding connection the value of current is

equal to I, = 1,2 A. The value of voltage generated by the AC power source is equal
toU=100V.
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The frequency of the applied voltage is equal to 50 Hz.

Determine the mutual inductance of two coils.

Answer: M = 30 mH.

10.1.

O

&/

3aaanusa 10

Task 10

3agano: E =120B; ] =8A; Bci
pesuctopu maroth omip R = 10 Owm.
BuznauuTtu nokaszaHHs BOJIbTMETpA.
Bignosins: Uy = 20 B.

The parameters of the analyzed circuit
are: E=120V;J=8 A.

Ry =R, =R3;=R4=Rs=10 Ohm.

Determine the results of voltage measurements with the voltmeter V.

Answer: U, = 20 V.

10.2.

i

11

Hampyra ta ctpym Ha BXO/ll TACUBHOTO
JBOTIOJIOCHUKA MAalOTh TaKli 3HAYECHHS:
u(t) = 100sin(314t + 20°) B;

i(t) = 10sin(314t — 10°) A.
Buznauntu:

1) axkTMBHI Ta pEAKTUBHI OIOPH

JABOIIOJIFOCHHUKA,

2) MOBHY MOTYKHICTh S, akTUBHY P, Ta peakTuBHy (.

Bignosias: R = 8,67 OM; X = 5 Owm;
S =500 BA; P =433 Bt; Q = 250 BAp.
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The current i(t) and voltage u(t) on the input terminals of the passive two-
terminal circuit in time domain can be expressed as:
i(t) = 10sin(314t — 10°) A.
u(t) = 100sin(314t + 20°) V;

Determine the active resistance R and the reactance x of the analyzed circuit, as
well as the values of its active, reactive and the apparent power.

Answer: R = 8,67 Ohm; X = 50hm; S =500 VA; P =433 W;
Q = 250 VAr.

10.3.
3amaHo:
R e(t) = 60v/2sin(1000t) B; R; = 30 Om; R, = 10 Owm;
Rz__C3 C; = 25 Mx®; Lz = 20 mI['w; €3 = 50 M.
€ a b BusHaunuTu nirode 3HAYEHHS HANPYTd MDK TOYKaMHU

atab.

Binnosiae: Uab =40 B.

The parameters of the analyzed circuit are:
R; = 30 Ohm; R, = 10 Ohm;C; = 25 uF; Ly = 20 mH; C3 = 50 pF.
Determine the RMS value of the voltage drop across the points a and b.
Answer: Uy, =40 V.

10.4.

BuszHauntu mMoOKa3aHHS BOJBTMETpPA, SKIIO
JI0Ye 3HAYCHHS JDKepesida CHHYCOiTaabHOl
EPC E = 20B; omnopu X; = 20 Owm;

X, = |X-| = X3y = 10 Om,

R =40 Owm.

Bignosias: U, = 9,7 B.
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Determine the results of voltage measurement with the voltmeter V. The RMS

value of the electromotive force is equal to E =20V and X, =20 Ohm; R =40 Ohm;
Answer: U, = 9,7 V.

10.5.

da3nHa Harpyra CUMETPHUYHOIO

A mxepena Uy =220 B. Ilapamerpu

€JICMCHTIB TpI/I(I)a?)HOFO HaBaHTAXCHHA:

R=X,.=X,=200m

Bu3nauuTu noka3zaHHs aMHCpMCTpiB.

BinnoBiab: [y, = 16 A; I4, = 5,5A.

Bé

®
co—  ~ R
0% (P)—

The value of phase voltage generated by the symmetrical three-phase power
source is equal to Uy, = 220V. The parameters of the three-phase load are equal to:
R=X_=X,=200hm.

Determine the results of current measurements with the ammeters A, and A,.

Answer: [ = 16 A; I, = 5,5 A.

3apaannga 11

Task 11
11.1.

B enextpuunomy ko BusHauutu EPC

E, KO0 T1OKas3aHHS BOJBTMETpa

nopiBHoe Hymwo. Crpym  xepena

ctpymy / = 8 MA; omip R = 1 kOwm.

Bignosinns: E = —8 B.
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Determine the value of the electromotive force E for the case when the value of
voltage drop measured with the voltmeter V is equal to zero.

The parameters of the analyzed circuit are: J = 8 mA; R = 1 kOhm.

Answer: E = —8 V.

11.2.
3amaHa peakTHBHA TMOTYXKHICTh APYroi TUIKH
L, Q, = 250 BAp, a Takox mapaMeTpu KoJa:
1
wL; = wlL, = R; = 10 OM;—— =200wm.
lu R3 1 2 3 O)Cl
¢y
¢—| Busnauntu Hanpyry mkepena u(t)

Binnosine: u(t)= 50~/2 sin (ot) B.
The reactive power of the second branch in the analyzed circuit Q- is equal to

250 VAr. The parameters of the analyzed circuit are:

wL, = wL, = R; = 10 Ohm; % = 20 Ohm.

1

Derive the expression in the time domain for the voltage generated by the AC

power source.

Answer: u(t) = 50v/2 sin(ot) V.

11.3.

3amaHo: e;(t) = 240v2 sin(wt + 90°) B;
e,(t) = 60sin(wt —90°) B;

BusHaunTH mokazaHHs aMIiepMeTpa.

QEz Bignosinb: [, = 24 A.
\_/

The parameters of the analyzed circuit are:
e, () = 240V2 sin(wt + 90°) V;e,(t) = 60 sin(wt — 90°) V;
X, = |X¢| =10 Om.
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Determine the results of the measurement of current with the ammeter A.

Answer: [, = 24 A.

11.4.

3amaHo: [i0Ye 3HAYECHHS HAIpyrH
mxepena U = 150 B; mapamerpu xomna:
X,=500wm; X, =40 Owm;

| Xc| =40 Om; X), = 10 Om;

R =30 Owm.

BusHauuTu firo4ue 3Ha4CHHS CTPyMY /|

Bignosinb: [, = 4,74 A.

The RMS value of the generated by the AC power source is equal to

U = 150V . The parameters of the analyzed circuit are:

X; = 50 Ohm; X, = 40 Ohm; |X-| = 40 Ohm;X;, = 10 Ohm; R = 30 Ohm.
Determine the RMS value of the current 1.
Answer: I, = 4,74 A.

11.5.
Jliniina  Hampyra  CHUMETPUYHOTO
TpudazHoro Kepena 3 MPSMOIO
R 4 |C pud JuKep p
A1 I nocyigoBHicTIO (a3 mopisaioe 380 B.
¢ b R [TapameTpu miHIT Ta CIOXKUBa4Ya MalOTh
Be——1_1—0,
taki 3HayeHHss R =X (=10 Owm.
C e R, Xl
C8— g B
1) BusHauuTH KOMIUICKCHE 3HAYCHHS

HAIMpPyTru MiX TOYKAMHU d Ta 6.

2) 3a 10MIOMOTOI0 BEKTOPHOI JlarpaMu MEepeBIPUTH OTPUMAHUN PE3YIbTaT.

Bianosigs: U, =80¢”*" B,
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The value of the line voltage generated by the symmetrical three-phase power

source with a positive phase sequence is equal to 380 V. The active R and the reactive

Xc resistance of the transmitting line and the consumer are: R = ‘X C‘ =100hm ..

1. Determine the voltage drop across the points a and b in a phasor notation.
2. Verify the obtained result by means of applying phasor diagram.

Answer: U, = 80e/30°V.

3apnanns 12

Task 12

12.1.

Buznauutu omip pesucropa R;, SIKIIO
Ei=80 B; E,=30 B; J=6 A;
R,=100M; R3=R4=5Om; Rs =7 Om;
actpym [, =19 A.

Bignosias: R; =8 Om.

Determine the value of R, for the case of

Ei=80V;E,=30V;J=6A,;

R, =10 Ohm; R; = R4=5 Ohm; Rs=7 Ohm; I, = 1,9 A.
Answer: R; = 8§ Ohm.

12.2.
Xi X5 3amano: e, (t) = 12v2sinwt B;
I3 e,(t) = 10V2sinw t B;
€l X; € Xi=X;=60m; |Xo|=20m.

BusHaunTu niroue 3HaAUCHHS CTPYMY i3.

BignoBinn: =3 A.
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The parameters of the analyzed circuit are: el(t)=12x/§ sinwtV,

e,(t) =1042 sin 07 V; X; = X3 = 6 Ohm; | X, | =2 Ohm.
Determine the RMS value of the current is.

Answer: ;=3 A.

12.3.
Korymika, ska Mae akTHBHHM omip Rx Ta
R. I L. IHTYKTUBHICTD Ly, CIIOYATKY MIIKIFOYAETHCS 10

Jokepena noctiitHoi Hanpyru 100 B, a motim g0

\ 4

U JoKepena cuHycoinanbHoi Hampyru 100 B 3
gactoToro 50 ['m.

VY nepuiomy BUNAAKY CTPyM AOPIBHIOE 5 A, a y apyromy 4 A.

BusHauuTH 1HAYKTUBHUH OMIp Ta 1HAYKTUBHICTh KOTYIIIKH.

Binnosinb: X,=15 Om, L,=47,7 mI 1.

The inductive coil with an active resistance Ry and inductance Ly initially is
switched to the DC power source with the value of generated voltage equal to 100 V.
Next the same coil is switched to the AC power source with the RMS value of generated
voltage equal to 100 V and frequency 50 Hz.

For the case of the DC power source the value of current flowing through the
coil is equal to 5 A. For the case of the AC power source the value of flowing current
is equal to 4A.

Determine the inductive reactance Xy and the inductance Ly of the coil.

Answer: X,= 15 Ohm, L,= 47,7 mH.
12.4.

Y nosBiTpsHomy Tpanchopmaropi maemo: U; =40 B; Ri= R,=3 Owm;
XLI =XL2 =4 OM, XM =2 Om.
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BusHaunTy moka3zaHHS BOJIETMETPA.
Bignosins: Uy = 16 B.

For the case of the air-core transformer
the parameters of the analyzed circuit
are. U =40 V; R =R,=3 Ohm;
Xi1 = X2 =4 Ohm; Xy =2 Ohm.

Determine the results of voltage measurement with the voltmeter V.

Answer: Uy =16 V.

12.5.
Jlinilina Hampyra CHUMETPUYHOIO
L . TpudazHoro JKepena 3 MPSIMOI0
Ae—r M NOCTIIOBHICTIO  (pa3  JOpiBHIOE
B o i L ¢ 220 B.
L L., R [Tapamerpu miHIT Ta CHoXXKHMBayda
Co—" P L1 Jp  MAroTh Taki 3HAYCHHS:

X, = | Xc| =R=10 Om.

BusHaunuTi KOMIUIEKCHE 3HAY€HHA CTpyMy (a3u ca crnoxuBauda, Ta 3a

JOTIOMOT'OK0 BEKTOPHOI JlarpaMy MEePEBIPUTH OTPUMaHI Pe3ybTaTH.

Bignosiasb: 7, =212¢ A.

The value of the line voltage generated by the symmetrical three-phase power
source with a positive phase sequence is equal to 220 V. The active resistance R, as
well as the capacitive Xc¢ and inductive X; reactance of the transmitting line and the
consumer are: X, =Xc=R =10 Ohm.

1. Determine the value of current flowing through the phase ca of the consumer.

2. Verify the obtained result by means of applying the phasor diagram.

Answer: 1, =212 A.
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13.1.
J_Rl £ l R 1+ 1
n SN0
R, R4
L 1

3aBaanua 13

Task 13

B enexkrpuunomy komi 3amani: EPC
mxepena E; =36 B; onopu R; =3 Owm;
R,=6 OM; R3=6 Om; Rs=12 Owm;
ctpym [, =5 A.

Busnauntu Benuuuny EPC E;.

Bianosinn: £, = 30 B.

The parameters of the analyzed circuit are: E; =36 V; Ry =3 Ohm, R, = 6 Ohm;
R3;=6 Ohm; R4, =12 Ohm; I, =5 A.

Determine the value of the electromotive force E,.

Answer: £, =30 V.

13.2.
R
o— 1
I
u L, R3; =
L,
ARV

3amaHo:

U=100 B; Ri=6 Om; R;=10 Owm;

ol =12 Om; oL, =L:2 Om.
oC,

Busnauutu ctpym £,

BignoBinn: , =25 A.

The parameters of the analyzed circuit are: U=100 V; Rj=6 Ohm; R3;=10 Ohm;

ol, =12 Ohm; oL, =——=2 Ohm.
oC

Determine the value of current I.

Answer: [, =25 A.

4
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R, ' C 3ajaHo:
] | Ri=3 Om; |Xc|=40M R,=80m;
R, L Xi.=40Mm; R;=10 Om.
D U ) SIS ) g = Sm—
R; Busnauntn  akTMBHY Ta  TOBHY
— IIPOBITHOCTI KOJIA.
BignoBiab: G=0,3 Cm; B=0,1 CwMm;
Y=0,316 Cm.

The parameters of the analyzed circuit are: Ry =3 Ohm; Xc =4 Ohm;
R, =8 Ohm; X =4 Ohm; R; = 10 Ohm.
Determine the active conductivity and the admittance of the analyzed circuit.

Answer: G=0,3S;=0,1S;Y=0,316 S.

13.4.

3amano: U=100 B; R= wL =20 Owm;

L 10 Om. KoedimieHT MarHiTHOrO
oC
3B’s13Ky k= 0,5.

Busnauntn nokazaHHs aMmnepMeTpa.

Bignosiab: /o = 4,64 A.

The parameters of the analyzed circuit are: U=100 V; R=mwL =20 Ohm;

% =10 Ohm. The coefficient of the magnetic coupling k= 0,5.
)

Determine the results current measurements by the ammeter A.

Answer: In = 4,64 A.
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13.5.

A JlinifiHa Hampyra CHUMETPUYHOTO
o
TpudazHOro JpKepena 3 MPSIMOIO
nociigoBHICTIO a3 nopiBHIOE 380 B.
B R C :
o— [Tapamerpu cnoxkuBadya MarOTh TakKl
3HAYCeHHS: X, = |Xc| =R =20 0Om.
C R L B e .
o — W3HAYUTH JIiHIHHI Ta $a3Hi CTPyMH.
| I |
Hakpecnutu BeKTOpHY niarpamy.

BignoBiab: Iag =Ica =19 A; Igc=1Ica=13,44 A; In=9,88 A; Iz =25,84 A;
Ic =20,33 A.

The value of the line voltage generated by the symmetrical three-phase power
source with a positive phase sequence is equal to 380 V. The active resistance R, as
well as the capacitive Xc and inductive X reactance of the consumer are:

X, = | Xc| =R =20 Ohm.

1. Determine the phase and line currents.

2. Plot the phasor diagram.

Answer: Ixg=Ica=19 A. Igc=Ica=1344 A; I,=988 A; Ig=25,84 A;
Ic =20,33 A.

Ipumirka:

Note:

AKTHBHA MOTY>KHICTb CUMETPUYHOTO TPU(PA3HOTO KOJIa MOXKE OyTH BUMIpsHA
OJTHUM BaTMETPOM.
Active power of a symmetrical three-phase circuit can be measured by using one

wattmeter.
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AKTHBHA OTYKHICTb OJIHI€T (a3u:

Active power of a single phase:

Py = Uyo14€050.

AKTHBHa NOTY>KHICTh BChOI'O KOJIa:

Active power for the whole circuit:

Py =3U4014c0s0.

VY BUmMagky BUMIPIOBAHHS MOTY>KHOCTI 332 CXEMOIO:

In the case of power measurements by applying the following scheme:

A X Z
@—*W
A
g Py — 1—e O’
7
G(j ® 1

OyJZie oTpMMaHa peakTUBHA MOTYKHICTb:
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the obtained value of the reactive power can be expressed as follows:
O = Upc14 cos( 90°— @) = V3U,0Lysin ¢.

Jlist oTprMaHHSI TIOBHOI PEaKTUBHOI MOTY>KHOCTI KoJia Tpeda If0 MOTYKHICTh
36impmmTH B V3 pasis.
In order to obtain a complete reactive power of the circuit this expression should

be multiplied by 3.

3aBaannga 14

Task 14
14.1.
3agaHo:
E\=32 B; E,=48 B; R =R,=200wm;
E R R, 1 » L2 , 1 2 M;
-@_4 Ry =Ri=Rs =60 Om.
E, Bu3HauMTH NOKa3aHHA aMIepMETpa.
,&l Ry Bignosinn: /,=1,96 A.
I
R The parameters of the analyzed circuit are:
5
E,=32V; E,=48V; R;=R,=200hm;
/A\\ 1 2 1 2
\a%4 R;=Rs=Rs =60 Ohm.

Determine the result of the measurement of

current by the ammeter.

Answer: [\=1,96 A.
14.2.

Y xom cunHycoiganpHoro ctpymy U=100 B; X.= |Xc| =R=100wm.

Busnauutu noka3aHHs BaTMCTpa.
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Answer: P, =250 W

14.3.

Bignosinn: P, = 250 Br.

The parameters of the analyzed
AC are: U=100 V;
X, = | Xc| = R=10 Ohm.

circuit

Determine the results of the

power measurement with the wattmeter.

Y xom
J=0,1A;
| Xc| =R =10 Om;

CHUHYCOINAJIBHOIO  CTPYyMY
X, =50wm;

Ry =2,50m.

Busnauutu ctpywm /; .

Bignosias: I, = 0,1 A.

The parameters of the analyzed AC

circuit are:

J=0,1 A; X, =5 Ohm. | Xc| = R=10 Ohm. R, = 2,5 Ohm,

Determine the value of the current 1.

Answer: [, =0,1 A.

14.4.

Bignosian: Uy =40 B.

B ENEKTPUIYHOMY KOJI1

e(t) =120+/2 sin 4000¢ B;
L1 = L3 =20 MFH; Lz = L4 =25 MFH;
M12 = M34 =10 MFH; C= 2,5 MKOD.

Bu3znauuTu nokasaHHs BOJIbTMCETpA.
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The parameters of the analyzed AC circuit are: e(t)= 120~/2 sin 4000¢ V;
Ll :L3 =20 mH; Lz :L4 =25 mH; M12 :M34 =10 I’I]H; C= 2,5 },LF
Determine the result of the voltage measurement with the voltmeter V

Answer: Uy=40 V.

14.5.
@Pa3Ha Hampyra CHUMETPUYHOTO
Ao . . TpudazHOro re’Heparopa 3
Bo * OpAMOIO  IOCHIJOBHICTIO (a3
(o )
O nopiBHoe 120 B. Ilapametpu
HABaHTAKEHHA  MaloTh  TakKi

[JR ¢ L 3HAYCHHS:
X, = |Xc| =R=120m.

) —
BuszHaunTti noka3zaHas BaTMETpa.

BignoBian: P, = 4918 Br.

The value of the phase voltage generated by the symmetrical three-phase power
source with a positive phase sequence is equal to 120 V. The active resistance R, as
well as the capacitive xc and inductive xi reactance of the consumer are:

X, = | Xc| =R =12 Ohm.
Determine the results of power measurement with the wattmeter W.

Answer: P, = 4918 W.

3aBaanuga 15

Task 15
15.1.

Bci eneMeHTH e1eKTpUYHOTI0 CHHYCOiIHOTO Koja MatoTh omip 10 Om. Pesuctop

R4 cioxuBae noTyxkHicth Py = 250 BT.
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VD_‘T Bu3naunuTu nmoxka3zaHHs BaTMCTpAa.
* 4

Bignosinw: P, = 750 Br.
r| &
R

The parameters of the analyzed circuit

”Cl areR1=R2=R3=R4=IOOhm;
(7, ” ® ® L

| Xci | = |Xc4 | = 10 Ohm. The consumed by the resistor power is P4 =250 W.
Determine the results of power measurement with the wattmeter W.

Answer: P, = 750 W.

15.2.
C 3amano: U=1002 B;
4
H Rs=wLs=20 Om, yci 1HIIIT
€JIEMEHTH €JEKTPUIHOTO
I Ly CHHYCOIJHOTO KOJa MAaroTh OIIip
6
10 Om.
R4

Busnauutu nokasaHHs aMnepmeTpa.

BignoBinn: /5, = 10 A.

The parameters of the analyzed circuit are:
U=100+2 V; Ry= ©L, =20 Ohm.

The resistance and reactance of the remaining elements are equal to 10 Ohm.

Determine the results of current measurement with the ammeter A.

Answer: [, =10 A.
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15.3.
[TapameTpu CHUHYCOIZHOTO

X, X, enekTpuyHoro koma: X;=20 Ow,

4“_._%'_. Xo= | Xc|=Xu=10 Om; R=40 Om;
<T>€ ng ‘_/X:/[ (\/) E =200 B.
R

Bu3HaunuTy noka3zaHHs BOJIBTMCTpPA.

L} ® Bignosins: Uy = 100 B.

The parameters of the analyzed
circuit are: X; =20 Ohm, X; = |Xc | =Xy =10 Ohm; R =40 Ohm; £ =200 V.
Determine the results of voltage measurement with the voltmeter V.

Answer: Uy =100 V.

15.4.

dazHa Harpyra CUMETPHUYHOIO
Tpupa3HOro  JoKepena 3 IPsIMOIO
nociioBHICTIO (a3 gopiBHioe 220 B.
[TapameTpu €JIEMEHTIB JTHIT  Ta

HaBaHTAXEHHS X; = |Xc | =R=100Owm.

Busnauut  mokazaHHS ~— ammepMmeTpa,

noOyTyBaTu BEKTOPHY Jiarpamy.

Binnosigb: 7, =33 A.
The value of the phase voltage generated
by the symmetrical three-phase power source with a positive phase sequence is equal
to 220 V. The value of active resistance R, as well as the capacitive X¢ and inductive
X, reactance of the line and the consumer are: X, = |XC | =R =10 Ohm.

Determine the results of current measurement with the ammeter A. Plot the

phasor diagram.

Answer: [, =33 A.
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15.5.

JlinifiHa  Hampyra  CHMETPHYHOTO
JDKepea 3 mpsIMOI0 TOCI1OBHICTIO (a3
nopisHioe 380 B.

[Tapamerpu miHIT Ta HaBaHTAKCHHS
MaroTh Taki 3HaueHHs: X; = R =10 Owm.

Buznauutu ITOKa3aHHA BaTMCTpA.

[ToOymyBaTH BEKTOpHY Jliarpamy.
Bignosinn: P, = 2407 BT.

The value of the line voltage generated by the symmetrical three-phase power
source with a positive phase sequence is equal to 380 V. The value of active resistance
R, as well as the inductive X reactance of the line and the consumer are:

X, =R =10 Ohm.

Determine the results of power measurements with the wattmeter W. Plot the
phasor diagram.

Answer: Py, = 2407 W.

3aBaannga 16

Task 16

16.1.

Bu3HaunTH MOKa3aHHS aMIIEpPMETpPIB B
ko, 1e EPC mxepena E = 30 B, onopu
pesuctopiB R =20 Om, R, =80 Owm,
R4 =14 Om, R; HEBIIOMUI.
Bignosinb: 14, = 0,8 A, 1o, =0 A.

The parameters of the analyzed circuit

are: E=30V, Ry =20 Ohm,

R, =80 Ohm, Rs=14 Ohm, R; is unknown. Determine the results of current

measurement with the ammeters A, A,.
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Answer: Ix1 =0,8 A, In, =0 A.

16.2.
BusHauutH  MOTYXKHICTh,  CHOXHUTY
Xi pe3uctopoM 3 oropom R = 40 Owm, K110
Hanpyra U=120B, wmoxyni omopis

€EMHICHUX eJeMeHTIB |X =40 Ow,

ornopu THIYKTUBHUX CJIEMCHTIB

]R XL1 =120 OM, XL2 =80 Om.

Bignosinn: 144 Br.

The parameters of the analyzed circuit

are: U=120V, R =40 Ohm,

|Xc| =40 Ohm, X;; = 120 Ohm, X;; =80 Ohm.
Determine the active power of the active resistance.

Answer: 144 W.

16.3.
[TapameTpu eeKTpUYHOTO KOJIA:
R, L, U=100B;Ri=5 Om; R,=3 Owm;

d —m 3 b

o—e— | ol =4 Om; wl, =2 Om; oM =2 Owm;
U M —

l |C R, C L * 1/oC =4 Owm.
o—| | [ | Busznauutu ctpym B kot 1 HanpyTy Uy,

Bignosins: /=10 A, U, = 78,1 B.
The parameters of the analyzed circuit are: U = 100 V, R; =5 Ohm, R, = 3 Ohm,
ol =4 Ohm, oL, =2 Ohm, oM =2 Ohm, 1/0C =4 Ohm.
Determine the values of current I and voltage U,y

Answer: =10 A, U, =78,1 V.
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16.4.

Busznauntu MuTTEBE Ta Ai0ue
3HAYEHHS CTYMY MEPIIOT T'IIKH i},
L.

[TapameTpu €JIEKTPUYHOIO KOJIA:

R;=20 Om; Li=2 wlH;

u(t)

u(t) = 20+100sin wz+25sin(3w+45°) B.
BignosBianb:

11 = 0,7 A

\ 4

R2:3O OM; L2: 10
C=0,5Mxk®D; © =10*c;

MI'H;

i1(f) = 0,4 + 0,342sin(of — 55,2°) + 0,707sin(30t+93,7°) A;

The parameters of the analyzed circuit are:

o =10*s"!, u(r) = 20+100sin or+25sin(3wt+45°) V, Ry =20 Ohm; L; =2 mH, R,= 30

Ohm; L,=10 mH, C= 0,5 puF.

Determine the instantaneous and RMS values of the flowing in the brunch no.1

current iy, 1.

Answer: i)(f) = 0,4 + 0,342sin(w? — 55,2°) + 0,707sin(30¢+93,7°) A; I, =0,7 A.

16.5.
A VA
© L I
UlB 7
2 L |
ulc 2
o L |
O o

1) PozipBatu ¢azy A;
2) Po3sipBatu ¢dazu A i B.

Tpu onaHakoBiI mpuiimadi, 3’€qHaHI

31pKOI0 3 HYJIbOBUM JIPOTOM, IIPUETHAHI

no Ttpudaznoi mepexi. CTpymu B
npuitmMavax Oy OJIHAKOBI:
[A:IB:IC: 1 A

Buznauutu Bci Tpu (asHi CTpymH i

CTPYM B HyJIbOBOMY MPOBO/I, SIKIIO:
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BinnoBiab: 1) IN=Is=1Ic=1A;2) In=1c=1A.

Three similar consumers of electric power are having a star connection with a
neutral wire. The values of currents for all consumers are the same:
In=1Ig= Ic= 1 A. Determine the values of currents flowing in the phases and in the
neutral wire in the cases of:

1. Gap in the phase A.

2. Gap in the phases A and B.

Answer: 1) IN=Izg=I1c=1A; 2)IN=I1c=1A.

3apaanna 17

Task 17

17.1.
Busnaunutu nokas amrmepmeTpa B KoJi,
ne EPC mkepema E=16 B, omnopu

—@ [ 1 pesuctopiB. R =20M, R,=60m,
Rs R, R3; =14 Om, R4 =15 Om, Rs = 5,8 Om.

Bignosinb: /o =1,16 A.

The parameters of the analyzed circuit

|:|R4 R; <A> are: E=16V, Ry =2 Ohm, R, = 6 Ohm,
R;=14  Ohm, R4=15  Ohm,
) Rs= 5,8 Ohm.

Determine the vresults of current measurement by means of applying

the ammeter A.

Answer: Iy =1,16 A.
17.2.

Busnauntu 1HaykTUBHICTH KOTymiku. Hampyra U =380 B, ugacrora 50 I'm,

aMIIepMeTp 3a PO3IMKHEHOTO Ta 3aMKHEHOTO KjItoua mokasye 0,5 A.
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L
J

and closed switch.

Answer: L =1,2 H.

17.3.

17.4.

R C

s

u(d) ”

BinnoBinb: L =1,21H.

Determine the value of inductance of the coil L.
The value of voltage U is equal to 380 V, the
value of frequency is equal to 50 Hz, the value
of current, measured by the ammeter A is equal

to 0.5 A both for the cases of the opened

B €JIEKTPUYHOMY KOJI1 U=30B;
R, =40 Om; X; =100 Om; X5=-200m; [, =12 A, Z;
Ma€ PEaKTUBHUM XapakTep. Busnauutu Z;.
BignmoBianb: 22,5 OMm abo 25,5 Om.
The parameters of the analyzed circuit are: U =30 B;
R> =40 Ohm; X, = 100 Ohm; X3 =-20 Ohm; [} = 12 A,
impedance Z, is reactive. Determine Z,.

Answer: 22,5 Ohm or 25,5 Ohm.

B enextpuanomy ko R =10 Om; 1/wC =30 Owm;
u(f) = 100\2sin o + 20\2sin(3ot — 45°)B.
Bu3HauuTH aKkTMBHY TOTYXHICTh Koia P.
Bignosiann: 120 Bt .

The parameters of the analyzed circuit are:

u(?) = 100\2sin of + 20\2sin(30t — 45°) V, R = 10 Ohm, 1/oC = 30 Ohm.

Determine the active power of the analyzed circuit P.

Answer: 120 W.

50



17.5.

BusHaunTu mokasaHHS aMmIiepMeTpa B HYJIbOBOMY MpOBOAI TpH(a3HOTrO
npuiiMaya, 3’€IHaHOTO 31PKOI0, 110 KUBHUTHCS BiJ CUMETPUYHOI TpudaszHOi Mepexi,
SIKILO aMIIEPMETPH B JIIHIHHUX MPOBOJAX MOKa3yIOTh 1O 2 A.

OnopoM HyJIBOBOTO MPOBOJIY MOXHA

3HCXTYBATH.

Ao

®)
[ToGynyBaTH BEeKTOpHY Jiarpamy.

L BignoBiab: /y= 5,46 A.

R Determine the value of current

C C measured by the ammeter Ay in the

neutral wire of a three phase consumer

B o @ of electric power which has s star
connection.
The consumer is connected to a symmetrical three phase circuit. The values of
currents measured by the ammeters A\, A2, Az are equal to 2 A.
The value of resistance of neutral wire is considered to be negligible. Build a

phasor diagram.

Answer: In=5,46 A.

3apaanna 18

Task 18

18.1.

Buznauutn EPC mxepena E B Kodli,

SAKIIO AaMIOEpPMETp TMOKa3ye CTPyM
In=0,125 A, a omopu pe3uCTOpiB |,
R=04 Om, Ri=160M, R;=240m,
R3 =24 OMm, R4 =40 Om.

Bignosinn: £ =125 B.
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The results of current measurement with the ammeter A are In = 0,125 A. The
value of active resistance are R = 0,4 Ohm, R, = 16 Ohm, R, =24 Ohm, R; = 24 Ohm,
R4 =40 Ohm. Determine the value of the electromotive force E.

Answer: E=125V.

18.2.

B xom — pe3oHaHC CTpyMiB.
Ini1=6 A; Ix3=3,6 A. Buznauutn
MOKa3aHHs APYTroro aMmmepMerpa /as.

Bignosinb: /4, = 4,8 A.

The presented circuit operates in the
mode of a current resonance.
The values of currents are equal to: Iny = 6 A; Ix3 = 3.6 A. Determine the results

of current measurements by the ammeter A.

Answer: Ir; =4,8 A.

18.3.
Z Z> Hano: U=40B, Z, =3 + /13 Owm;
g I o, B Z> =10 + j40 Om.
U

> Bu3HaunTH, SKUM YHCTO €MHICHUM

OMOpPOM  CIHiJ WIYHTYBaTH omip 2,
abu CTpyM y HepoO3rajyeHld yacTuHI Koja (To0To B Z;) 30iraBcs 3a (a3oro 3
NPUKJIAJICHOIO HAIIPYTOO.

Binnosiab: Xc=—-10 Om.

The parameters of the analyzed circuit are: U=40V, Z, =3 +j13 Ohm,
Z> =10+ j40 Ohm.

Determine the value of a capacitive reactance which should be used in order to
shunt the impedance Z, in order to guarantee that the value of current flowing through
the impedance Z\ has the same phase as the applied voltage U.

Answer: Xc=-10 Ohm.
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18.4.

B €JIEKTPUYHOMY Ko
C u(f) = 50 + \2sin ot B;
R _| Ri=150M; R,=R;=100m;
R [ L oL = 1/oC = 500 Om.
o 3 o |
] Bu3HauuT cTpyM B KOTYIIIII i.
BignosBinn:
u(f) ir (f) = 2,5+ 40-10°\2sin ot A.

The parameters of the analyzed circuit are: u(f) = 50 + \2sin ot V,
Ry =15 0Ohm, R, = R; =10 Ohm, oL = 1/0C = 500 Ohm.
Determine the expression for the current ir(t) in the time domain.

Answer: (1) =2,5 +40-10>\2sin of A.

18.5.
Tpu ogHakoBi mpuiiMadi, 3’ €HaHI 31PKOIO
7 0e3 HyJTbOBOTO JIPOTYy, NMpUEAHAH] 10 TpUda3HOi
o— F— mepexi. CTpymu B mpuiiMayax OyJd OJHAKOBI:
U l B 7 o
i ] | Ihn=Ig=1Ic=1A.
U l C 7 Busznauutu Bci Tpu pazHi CTpyMH, SKIIO:
o—1 +— 1) posipBaru (azy A;
2) 3aMKHYTH HAaKOpOTKO (pazy A.
Bignosiasb:

1) Is=1c= 0,866 A;
2)Ig=1c=1,732 A; In=3A.
hree similar consumers having a star connection without neutral wire are
connected to a three-phase circuit. The values of currents are the same for all
consumers: In=Ig=Ic =1 A. Determine all three phase currents provided.:
1) Phase A is opened circuit.
2) Phase A has a short circuit
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Answer: 1) I=1c= 0,866 A; 2) Ig=1c=1,732 A; Ix=3A.

3aBaannga 19

Task 19
19.1.
Busznauntn Hanpyry Ha npuiiMadi R Ta
MOTYKHICTb, SIKY BIIZIAIOTh KOXKEH 3 TeHEPaTOPIB
y 30BHIIIHE KOJO. BusHauntu napamerpu
Ey £ R CKBIB&JICHTHOTO TeHEpaTopa. E, =120 B,
R, R, E,=100B, R=12 Om, R1 =6 Om, R, =4 Om.
BignmoBianb:
U=90B, P, =450Brt, P,= 225 B, E.= 108 B,
R.=2,40Om.

Determine the voltage on resistor R and the power of each generator, which they
transmit to external circuit. Determine the parameters of the equivalent generator.
E, =120V, E;=100V, R=12 Ohm, R, = 6 Ohm, R, =4 Ohm.

Answer: U=90V, P, =450 W, P,= 225 W, E.= 108 V, R. = 2,4 Ohm.

19.2.
BusnaunTtu pe3oHaHCH1 YaCTOTH B KOJTi,
L C ne L=0,01 TIs, (=025 wmxD,
m_| I_ C,=0,2 MkD.
" C, 1 Bignosiab: o, =2-10* pan/c,

|
I o; = 3-10* pan/c.
Determine the resonance frequencies in the analyzed circuit provided its

parameters are: L =0,01 H, C, =0,25 uF, C; = 0,2 uF.

Answer: o, =2-10%, ®; =3-10*.
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19.3.

R C KoeimieHT mOTYKHOCT1 CHOXHUBaYa, 10 MICTUTh PE3UCTOP 1
- ” KOHJICHCATOp y  TOCHIIOBHOMY 3’€QHAHHI JIOPIBHIOE
cos ¢1=0,5.

Yomy pnopiBHIOBaTUME KOE(QILIEHT IMOTYKHOCTI CIIOXKHBada, SKIIO YacTOTY
CUHYCOITAILHOTO JIXKepesia HallpyTy 3MEHIIUTH Y 3 pazu?

Binnosian: 0,866.

The value of power factor of a consumer which consists of connected in series
resistor and capacitor is equal to cos ¢1=0,5. Determine the value of power factor
assuming that the frequency of the AC power source has been increased by three times.

Answer: 0,866.

19.4.
B enexrpuunomy koii
C u(f) =20 + 10\2sin(ws + 45°) B;
R | R=oL=1/oC =10 Om.
~(AH_1+4 1 t—o
L~y Busnauntn nokasanHs amrepmerpa /a.

\4

u(t) BignoBiab: /o =2 A.
The parameters of the analyzed circuit
are: u(f) =20+ 10\2sin(ot + 45°) V, R =L = 1/oC =10 Ohm.
Determine the result of measurements by the ammeter A.

Answer: [ =2 A.

19.5.

Tpu pi3Hi npuiiMadl, 3’ €HaH1 31PKOIO 3 HYJILOBUM IPOBOJOM, KUBIATHCS Bij
TpudazHoi UYOTHPHUIIPOBIAHOT cuctemMu 3 (QasHoro Hampyrowo Uy =100 B.
Z1 =6+ j80m; Z, =—j20 Om;_Z, = 10 Om.

Bu3zHauuT CTpyMU B JTIHIHHUX MOBOJAX 1 B HYJIbOBOMY IPOBO/II.
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A s BinnoBias: I, = 10 A, Iz = 5 A,
[CZIOA, IOZIOA

Zi Three different consumers having a star
or. @ Q’ Z connection with a neutral wire are
C 7 supplied by using a three phase system
with the phase voltage equal to 100 V.
Bo The parameters of the analyzed circuit
are: Zy =6 +j8 Ohm; Z, =—;20 Ohm;

Z> =10 Ohm.

Determine the values of currents flowing in the wires A, B, C and in the neutral
wire.

Answer: Ixn=10A, Igs=5A,Ic=10A,1,=10 A.

3aaannsa 20

Task 20
20.1.
R 3 [TapameTtpu €JIEKTPUYHOTO KOJa:
1
— E1 = 120 B, Ez = 88 B, R]B: 2 OM,
RZB = 8 OM, R3 = 4 OM, R4 = 12 OM,
E, E,
|:|R4 |:|R5 Rs=12 Om, R¢=2 Om.
R R BusHauuTtu CTpymMM B reHeparopax Ta
" R 2 HaIlpyry Ha iX 3aTUCKayvax.
6
I Bignosianb: L=12 A, L=2 A,

Ui =96 B, U,= 72 B.
The parameters of the analyzed circuit are: E; =120 V, E,=88 V,
Ri;=2 Ohm, R;; =8 Ohm, R3=4 Ohm, R;=12 Ohm, Rs=12 Ohm, R=2 Ohm.
Determine the currents of generators and voltages on it.

Answer: =12 A, L=2A, U, =96V, U,=72 V.
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20.2.

KoeilieHT MOTYX’HOCTI CIOXHMBaya,

R C 10 MICTHTh PE3UCTOP 1 KOHJIEHCATOP Y
L1 || MOCTIJOBHOMY  3’€IHaHHI JOPIBHIOE
R cos ¢ =0,8.
Axum Oyae KoedilieHT TMOTYKHOCTI
C

CIIO’KMBAYa, 1110 MICTUTb Tl & PEZUCTOP
1 KOHJIEHCATOp y THapajleTbHOMY
3’eqHaHH1?
Bignosianb: 0,6.
The value of power factor of a consumer, which consists of the connected in
series capacitor and resistor is equal to cos ¢; =0,8.
Determine the value of power factor for the same consumer in the case when its
resistor and capacitor are connected in parallel.

Answer: 0,6.

Ipumirka

Note:

PiBHsiHHS TpaHchopmaropa:

Equations of a transformer:
Ui=6LR, + Lol — LjoM;
0 =—-LjjoM + LioL, + LR, + Us;
U =D 2.
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KoedittieHT 3B’ 3Ky MK 1HIYKTUBHO 3B’ SI3aHUMU OOMOTKAMMU:

The value of coefficient of a magnetic coupling:

k=MNL, L, = Zm/NoL; wL,.

20.3.
M Ctpym y mnepBuHHIA 0oOMOTHI TpaHchopmaropa 6e3
¥ X :
o | ocepJsi 32 YMOBH PO3IMKHEHOTO BTOPUHHOTO KOHTYPY
TOPIBHIOBAB [1xx = 4 A.
Uil L L "
BusHaunt CcTpyM TepBHHHOI OOMOTKH 3a YMOBH
o KOPOTKOTO 3aMUKaHHsS BTOPUHHOI 0oOMOTKH. Hampyra

YKUBJICHHSI HE3MIHHA. AKTUBHUM OIIOPOM OOMOTOK
3HEXTYBaTU B MOPIBHAHHI 3 IHAYKTUBHUMH omnopamu. KoedilieHT 3B’S3Ky MiX
obmoTkamu k = 40%.

Bignosinb: /1, = 4,76 A.

The value of current flowing in the primary circuit of an air core transformer
provided that in the case of open secondary winding the value of current flowing in a
primary winding was equal to I, =4 A. Determine the value of current in the primary
winding (lis.) in the case of short-circuit in the secondary winding. The magnetic
coupling coefficient is equal to k = 40%.

Answer: [\, = 4,76 A.

20.4.

B  enekrpuyHOMy KOJi  CTpyM

Ry
o | — . N s
— JoKepena i(f)=1+\2sin ot A,
L1 Cl C2 R2 L2
U l = gacrora o= 10° ¢!, mapamerpu
— ]

eaeMmeHTiB: R =20 0wm; L;=0,02 I'n,
C, =50 Mx®D, R, =40 Owm;

L,=0,04 I'n, C; =25 mx®. BuzHauutu nokazaHHs aMIIepMETPa, MUTTEBE 3HAYCHHS

Harpyru Ha KoHaeHcaTopl C| Ta HAPYTH KUBJICHHS.

58



BignmoBinb: /A= \2 A,
uci(f) = 20 + 20\2sin(ws — 90°) B, u(f) =20 + 40\2sin o B .

The parameters of the analyzed circuit are: R;=20 Ohm; L;=0,02 H,
C; =50uF, R,=40 Ohm; L,=0,04 H, C;, =25 uF. The waveform of current can be
expressed as: i (f) = 1 +\2sin ot A, the value of angular frequency is equal to o= 10°
radians per second.

Determine the results of current measurements by using the ammeter, expression
for the instantaneous voltage drop across the capacitor C, and expression for the

instantaneous voltage of the power source U.

Answer:  uci(t) =20+ 20sin(wf — 45°) V,  u(t) =20 + 40sin(wt + 45°) V;
Lh=V15A.

20.5.

B  cumerpuuHomy  TpudasHOMy Ko
R X R=120M, X=9 Owm, cucrema JiHIHHUX
Hanpyr cuMmetpuuHa U =380 B. Yomy
JIOPIBHIOE II0OKa3aHHS BaTMeTpa Ta AKY

MOTYXKHICTh BiH BPaxoBy€?

Bignosiab: 3.34 kBAp.

The parameters of a symmetrical three phase circuit are: R=12 Ohm,
X=9 Ohm. 4 system of the line voltages is symmetrical: U =380 V.
Determine the results of power measurements by the wattmeter W. Which type

of power does it measure?

Answer: 3.34 kVAr.

59


https://en.wikipedia.org/wiki/Radians_per_second

3aaannga 21

Task 21

21.1.

[TapameTpu €JIEKTPUYHOTO KOJA:
J1 =10 MA; J, = 30 MA;

R,y =100 Om; R, = 200 Owm;

R = 100 Owm.

Busnauutu nanpyry U.

BignoBinn: U= —4 B.

The parameters of the analyzed circuit are: Jy=10 mA; J,=30 mA;
R =100 Ohm; R, =200 Ohm, R = 100 Ohm. Determine the voltage U.
Answer: U=—-4V.

21.2.
3amaHi mapaMeTpu eJIeKTPUYHOTO KoJa:
0 e(t) = 6sin(107t + 90°) B;
L o R =30Mm; L =50wmkIl's; C = 200 nd.

Ti(’) BusHauuTH CTPYM B Tii Jukepena #(z).

Binnosine:. i(t) = 2sin(107t + 90°) A.

The parameters of the analyzed circuit are: e(t) = 6sin(107t +90°)V;
R =3 Ohm; L =50 mH; C =200 pF. Determine the current i(t).

Answer: i(t) = 2sin(107t + 90°) A.

21.3.
3aaHi HapaMeTpu eIeKTPUUHOrO KoJja:
j(t) = 3c0s107t,A; L; = 50 mxI'n; L, = 150 mxI'n; M = 25 mx['H.

Bu3HauuTtu MUTTEBE 3HAUCHHS HaIpyru AzKepceiia.
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Binnosine: u(t) = 4500 cos(10”t + 90°), B.

L
- The parameters of the analyzed circuit are:
. L, =150uH; M = 25 uH.

Determine the voltage u(t) of the energy source.

Answer: u(t) = 4500 cos(107t + 90°), V.

214.
i) 3az[aHi mapamMCcTpu CICKTPUYHOI'O  KOJIa:
—>
T e(t) =10sin(10°¢ +90°)B; C, = 0,5 MxD;

T C; = 0,1 Mx®; C, = 0,2 MKD.

BusHaunTti MUTTEBE 3HAUCHHS CTPyMY i(?).

Bignosins: i(t) = 3sin( 10t + 180°) A.

The parameters of the analyzed circuit are: e(t)=10sin(10°¢+90°)B;
Co=0,5uF; C, =0,1 uF; C,=0,2 uF.

Determine the current i(t).

Answer: i(t) = 3sin(10°t + 180°) A.

21.5.
JliniliHa Hampyra CUMETPUYHOrO TpU(azHOTO
R C JoKepenia 3 TPSMOIO  TMOCHIAOBHICTIO  (pa3
As RI_ nopiBaroe 220 B. [Ilapamerpm miHii Ta

B — E-Ol CIIOKMBa4va MAaroTh Taki 3HAYECHHS
C R - -
C R =|X;| =20 Om.

Busznauutu ITOKa3aHHA BOJIbTMCTpPA Ta

aMIiepMeTpa.

Bignosiaw: /o =4,5 A, Uy =156 B.
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The parameters of a symmetrical three phase circuit are: R=20 Ohm,
| Xc| =20 Ohm. A4 system of the line voltages is symmetrical: U =220 V.
Determine the results of measurements by the ammeter A and voltmeter V.

Answer: Ixn=4,5 A, Uy =156 V.

3aBnanus 22

Task 22

22.1.

3afaHi napaMeTpu €JIEKTPUYHOTO KOJia:
E=9B;R, =60M; R, =1 Owm;
R; =20wM; R, =4 Om.

Busnauntu nanpyry U,.

Bignosinn: U,, = 8 B.

The parameters of the analyzed circuit are: E = 9 V; R; = 6 Ohm;
R, = 10Ohm; R; = 2 Ohm; R, =4 Ohm.
Determine the voltage U,.

Answer: U, =8 V.

22.2.
B enextpuyHOMy KOJI CTPYM HaBaHTAKECHHS
R, R, 1,=300 A 1 mapametpu reHeparopis: E; = 120 B;
E lRIH . R, =0,050Mm; E, = 115B; R, = 0,05 Om.

BusHauntu Hanpyry Ha HaBaHTaXEHHI Ta

L PO3IOI1T CTPYMIB Ha T€HEpaTOpaXx.

Bignosiab:. I, =200 A; L, =100 A; U;=110 B.
The parameters of the analyzed circuit are: E; = 120V; Ry = 0,05 Ohm;
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E, =115V; R, = 0,05 Ohm.
Determine the voltage on the load and the currents 1, .

Answer: I, =200 A; L, =100 A; U;,=110 V.

22.3.
[Tapametpu enexktpuuHoro koisa: U =125 B; noBHuii
R, X, omip 1 KOEQIEHT TMOTYKHOCTI TMEPIIOl IUISHKH
Z1 = 40 Om; cos @; = 0,65; moBHUH o11ip 1 KOSDIIiEHT
lU Ry X2 MOTY>KHOCTI Ipyroi JUTISTHKA

Z, =50 Owm; cos ¢ =0,8.

BuszHauuTi cTpyM B K01 1 KOE(IIIEHT TOTYKHOCT1 BCHOTO KOJIA.

Bignosiab: /=1,4 A; cos ¢ =0,74.

The parameters of the analyzed circuit are: U = 125V; impedance and the
value of power factor of the first section are: Z; = 40 Ohm; cos ¢, = 0,65; impedance
and the value of power factor of the second section are: Z, = 50 Ohm;
cos ¢, =0,8.

Determine the current and the value of power factor of the whole circuit.

Answer: [=1,4 A; cos ¢ =0,74.

22.4.
« L C, B enexTpudHOMy KoJii 3a7]aH1 MTapaMeTpH €JIEMEHTIB:
N Li=40MIm; € =0,125wkd;  Lr=20 ml's;
o—e M —0 ‘o .
( L, N M = 10 mMI'H. BU3HauuTH 4acTOTy, Ha SIK1i B KOJI1 Oy 1€
2228

PE30HAHC CTPYMIB.
Bignosiae: o = 10* pan/c.
The parameters of the analyzed circuit are: L, =40 mH; C,=0,125uF;
L, =20 mH; M =10 mH.
Determine the frequency at which the currents will resonate in the circuit.

Answer: ® = 10* rad/s.
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22.5.

The parameters of a symmetrical three phase circuit are: R=20 Ohm. 4 system

JlinifiHa Hampyra CHUMETPUYHOTO TPHUQPa3HOTO
JUKepena 3 TpSAMOI0  TOCHIIOBHICTIO  (pa3
nopiBaoe 220 B. Ilapamerpum miHii Ta
CrokMBauya MarwTh 3HaueHHs R =20 Owm.
Bu3HaunTH oka3zaHHS BOJBTMETDA.

Binnosiab: Uy = 63,5 B.

of the line voltages is symmetrical: U=220V.

Determine the result of measurement by the voltmeter V.

Answer: Uy =63,5V.

23.1.

3aBaanusa 23

Task 23

[TapameTpH €IEKTPUIHOTO KOJIA:

E =220B;R; =10wm;

R, = (0 + 00) Om.

Bu3Haunt BeIMUMHY MAaKCHUMAaJIbHOT
MOTY>HOCT1 Ha pe3ucTopi Rs.

Binnosian: 12,1 xBT.

The parameters of the analyzed circuit are:

E=220V;R; =10hm; R, = (0 + 00) Ohm.

Determine the value of the maximum power across the resistor R,.

Answer: 12,1 kW.
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23.2.

B enmekTpuuHOMY KOJIi BH3HAYUTH CTPYM B
rimm 3 omopoM R,, SIKIIO KOJIO Ma€ Taki
napametpu: £=20 B; J=10 A; R, =4 Owm;
R, =20M; R; =6 OMm; Ry =4 OMm; Rs = 10 Om.
Binnosiae: 4,902 A.

The parameters of the analyzed circuit are:
E=20V;J=10A; R, =4 Ohm; R, =2 Ohm;
R3; =6 Ohm; R4 =4 Ohm; Rs = 10 Ohm.

Determine the current I>.

Answer: 4,902 A.

23.3.

[loka3u mnpunaaiB He 3MIHIOIOTBCS 3a
3MIHM TOJOXKEHHd Kiouda Ilokasu
NPWIAIIB HE 3MIHIOIOTBCA 3a 3MIHH

noyioxkeHHs kimoua: U, = 100 B; I, =4 A.

Bu3zHauuTH onopu pe3uctopa i KOTYIIKH

IHIYKTUBHOCTI Ha 4yacToTi 50 ['m, gKo BiIOMHUI €MHICTh KOHAEHCATOpPa JOPIBHIOE
159 M.

BignoBiab: R =22,9 Om; X; =10 Om.

The parameters of the analyzed circuit don’t change when the key position is
changed: U, =100 V; I,=4 A.

Determine the resistances of a resistor and an inductor at a frequency of 50 Hz,
if the known capacitance of the capacitor is 159 uF.

Answer: R = 22,9 Ohm; X; = 10 Ohm.

65



234.

B enextpuunomy komi 3amani onopu: R; =5 Owm;
R, . L, b R, =30m; oL; =4 Om; 0l =2 Om; oM =2 Owm;
1/(wC) =4 Om. Buznauutu ctpym 1 Hanpyry Ulp.
Bignosias: /=10 A; U, = 78,1 B.

The following resistances are set in an electrical circuit: R; =15 Ohm;
R; =3 Ohm; oL; =4 Ohm; ®wl, =2 Ohm; oM =2 Ohm; 1/(wC) =4 Ohm.
Determine the current and the voltage Uy

Answer: =10 A; U, =78,1 V.

23.5.

da3Ha Hampyra CHMETPUYHOTO TPHQA3HOTO
JoKepena 3 TMpSMOI0  TOCIHIJIOBHICTIO (a3
nopieaioe 120 B. [Tapamerpu  cnokuBaua

MaroTh 3HaUeHHd Z = 3 + j4 Owm.

BuzHnauuTu nokasaHHs BATMETPIB Ta aKTUBHY

HNOTYXHICTb, CITIO)KUTY BCIM HaBaHTAXXEHHSIM.
BignoBias: P; =599 Brt; P,=4588 Br;
P =5187 Br.

The parameters of a symmetrical three phase load are: Z =3 + j4 Ohm. A4 system
of the phase voltages is symmetrical. The phase voltage at the load is 120 V.

Determine the reading of each wattmeter in the circuit and the total power
delivered to the load.

Answer: Py =599 W; P, =4588 W; P=5187 W.
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Ipuxaaau po3B’si3aHHdA 327124

Examples of problem solving

1. JliHiiiHi eJIeKTPUYHI K0JIA MOCTIAHOTO CTPYMY
Linear electrical circuits of direct current
Hpuxaan 1
Example 1

{

Cc

Jns enektpuuHoro koisa 3 mapamerpamu Jo» =30 A; J; =10 A; R, =120 Owm;
R =4 0OwM; R; =10 Om; R4 = 30 OM BU3HAYUTHU MTOTY>KHOCTI1, BUPOOJIEHI JHKEpEIaMH, 1
MOKA3aHHS aMIIEPMETPIB.

The parameters of a circle are: J, =30 A;J, = 10 A; R, = 120 Ohm; R, = 4 Ohm;
R3; =10 Ohm; R4 =30 Ohm. Determine the power generated by the sources and the
reading of the ammeters in the circuit.

Po3p’s13aHHs

Solution

10
A V)
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1. JI;ist BUBHaUE€HHS MOTEHITIAIiB BY3JIIB d, b BIIIHOCHO By3Jla ¢ CKOPUCTAEMOCS
METO/IOM BY3JIOBUX TIOTCHIIIAJIB.
The node-voltage method is used to determine the potentials of nodes a, b

relative to node c.

©q(Gy + G3) + @ (—G3) = =4
@q(—G3) + @p(Gy + G4 + G3)+= 355
¢c = 0.
3 4KCIIOBUMU 3HAYCHHSIMU:

With numeric values:

L.hy, 1Y 10
‘P“<10 4) ‘P”( 10)_ ’

(

A PR TS S|
cha 10/ T ®\120 730 " 10) T 7
@, = 0.
©, = 40 B; @, = 240 B.

2. Ctpym B TpeTid TUILlI BU3HAUYMMO 3a 3aKOHOM OMa, CTpyM JIpyroro
amIepMeTpa BU3HAYUMO 3a nepunm 3akoHoM Kipxroda.
The current of third branch is determined by the Ohm law, the current of the

second branch is determined by the Kirchhoff’s current law.
I P — @, 240-40
Y T

Qp — ;240
4 R, 30

IAZ :I4+I3 :28A

=20A;

3. [MoTyxHOCTI MKepen BU3HauuMo 3 Bupasy P; = Ui.
Power generated by the sources is determined from the expression Py = U,J.

Pn =U.Ji =—40-10=-400 Bt; P, = UpoJ> =240-30 = 7200 Br.

Hpuxnanx 2
Example 2
3HalTH MapaMeTpy €KBIBAJICHTHOTO T€HEpAaTOPpa BIIHOCHO 3aTUCKAYiB ab, SKIIIO

E=96B; R, =300wMm; R, =R3=10 Om; R4 =40 Om.
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| |
R, R .
[ ——O
O

The parameters of a circle are £E=96 V; R, =30 Ohm; R, =R;=10 Ohm;
R4 =40 Ohm. Determine the parameters of the Thevenin equivalent circuit relative to
nodes ab.

Po3B’si3anns

Solution

30 Om

[ 1
| I

1000Om 100Mm

‘ —o
96 40
Q_ (8

b

ExBiBaJIeHTHUH OTip BIIHOCHO 3aTHCKaviB JKkepena [OMm]:

The resistance of the equivalent resistor relative to the source clamps [Ohm]:

(R1 + R3)R, . (30+10)10
Ri+R;+R, ~* 30+10+10
3a npyrum 3axkoHoM Kipxroda Bu3HauaeThcs Hanpyra Ha 3atuckavax ab [B]:

The voltage relative to nodes ab is determined by the Kirchhoff’s voltage law

U E p+LZ. Rz Ry =20 4042010 .10 = 84;
ab = R 4T R, R,+R;+R, 3 48 48 50

ExBiBasIeHTHUH omip BiTHOCHO 3aTHCKaviB ab [OM]:

The resistance of the equivalent resistor relative to nodes ab [Ohm]:

(gm0 s

B 10 + 40 B
fab = Ry Ry LR, +R - 10-40 10+ 30 -
R,+R, "M ™™  T0F40
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IIpuxaan 3

Example 3

B xomi 3 mapamerpamu E =48 B; J=1 MA; R; =40 xkOwm; R, =24 xOwm;
R3 =20 xOm™m; R4=40 kOm BonbT™MeTp 3 BHYyTpimHIM omopoM 300 kOMm BuMIpioe
Harpyry Ug. l1lo nokaxe BoabT™MeETp?

In a circuit with the parameters E = 48 V;, J = 1 mA; R, = 40 kOhm;
R, =24 kOhm; R; =20 kOhm; R4 = 40 kOhm, a voltmeter with an internal resistance

of 300 kOhm measures the voltage U, Determine the reading of the voltmeter.

R,
|
RZ R3 a
[ —0
E() v Ry
b
< ® O

Po3B’si3anusn
Solution
40 kOm
| I
24 xOm c 20xkOMm | 4
f < —0
48 B
<T 1 MA 120 kOm
b
& & O
d

JIisi BU3HAUEHHS HANPYTU Ha BOJBTMETPI MOXKHA 3aCTOCYBaTH TEOpPEMY PO

€KBIBJICHTHUH Te€HEPaTOp.

To determine the voltage on a voltmeter, you can apply the Thevenin equivalent

circuit.
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Uab XX

Uy = ——"—
7 Rab+Rv

R,.

BHyTpimHii onip reneparopa MOKHa BU3HAYUTH 32 JIOIOMOTOI0 €KBIBAJICHTHUX
nepeTBopeHb [OM]:

The internal resistance of the generator can be determined using equivalent

transformations [Ohm]:

. . 103 . . 103
(A28 4 R,) Ry (24 19- 129 10 +20-103)-40-103

R = R, + R, _ \24-103+120-103 _

ab = R,-R T (24-103-120-103 -
—2 4 4 p R ( . 3) . 103
R2+R4+ s+ R, 4107 T 120 107 T 20" 10°)+40-10

_ (20- 103 +20-10%)-40- 103

= =20 - 103.
(20-103 +20-103) +40 - 103

40 xOm

1
| I

24kOMm  20kOM | o

120 kOm

Hamnpyra xonoctoro xoay U, xx MOXe OyTH BH3Hau€Ha sIK CymMa Hampyr 3a
npyrum 3akoHoM Kipxroda:
The open-circuit voltage Uy xx is determined by the Kirchhoff’s voltage law:
Uabxx = Uz xx + Uy -
Hanpyru Usg Ta Usxx BA3BHAYUMO METOJIOM BY3JIOBUX IOTEHIIIATIB:

The voltages Usxx and Usxx are determined by the node-voltage method:

¢0a=0, o;=48 B;
P (G3+GrtGa) + @r (—Ga) = J,

1 1
48— —1-1073;
Pe (24 10° T 120-10% T 20- 103) T ( 24 - 103)
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1-107 — 48 (- 1 ) 3107

24 -103
= = = 30 B.
Q¢ ( 1 N 1 N 1 ) 0,1-10-3
24-103  120-103  20-103
— 30 —48
Usxx = I3xxR3 = LA 20-10% = -6 B;

— R, =
Ri+R; ° 40-103+420-103
U4_xx=(pc=30B
Ugp xx = —6 + 30 = 24 B.

Uabxx — 24
Ry, +R, 7 20-1034300-103

U, = 300 - 103 = 22,5 B.

Hpuxaan 4
Example 4
Binomi rapaMeTpu KOJIa:
R, E=180B; R, =150wMm; R, =30 Owm.
.
— 3a SKOro OIOpy HAaBAHTAXKEHHS
E CT R, R, MO>KHa OTpUMAaTH Ha HbOMY
MaKCUMaJlbHy MOTYXHICTb 1 4OMY s

MOTYXKHICTh JJOPIBHIOE?

The parameters of the circuit are: E =180 V; R; =15 Ohm; R, = 30 Ohm.
At what load resistance can the maximum power be obtained from it and what

is this power equal to?

Po3B’s13aHus
Solution

I[J'U{ CIIpOomICHHA CXCMH TICHCpATOpa MOXKHA CKOPHCTATUCA MCTOAO0M

€KBIBJICHTHUX MEPETBOPEHD:

To simplify the circuit, you can use the method of equivalent transformations:
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15 Om

| I |
180/
180 30 1507 30
Ry—-? IS (A _9
B OM H A N 0 Om Ry—7
a 4]
120 B
12@ 10 Om Ry—? Ru—2?
10 Om
6
l

YMoBa MakCUMaIbHOI IOTYKHOCTI Ha HAaBAaHTAXEHHI — y3TO/DKEHUN PEXHM, 32
SIKOTO OIp HABAHTAXKEHHS Ma€ JOPIBHIOBATH BHYTPIIIHHOMY OIOPY FeHepaTopa:

The condition for maximum power transferred to a resistive load is a matched
mode in which the load resistance must be equal to the generator's internal resistance:
Ry =10 Om.

MakcuMainbHa MoTyXHICTh [BT]:

The maximum power [W]:

Eow 1202

= = 600.
““Rus + Ry 10410

Bimax = E

2. JliHiiiHI eJIeKTPUYHI KOJIA CHHYCOITHOTO 0JJHO(A3HOT0 CTPYyMy

Linear electrical circuits of sinusoidal single-phase current

Hpuxaan 5
Example 5
[T’sTh CTpYyMiB BXOASTH B OJWH BY30T:
Five currents are included in one node:
i, (t) = 15sin(10%t + 25°) A; i,(t) = 15sin(10°t—35°) A;
is(t) = 15sin(10%t — 155°) A; i,(t) = 15sin(10°t+145°) A.
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BusHauuTu cTpym 1’sToi TijIKu.

Determine the current of the fifth branch.

Po3p’s13anHs

Solution

J1Jis BUBHAYEHHS CTPYMY B T’ SITii TUIII MOKHA CKOPHUCTATHUCS TTEPIITHM 3aKOHOM
Kipxroda B xommiekcHiit popmi.

To determine the current in the fifth branch, you can use Kirchhoff's current law

in frequency domain.

Igy, = —15(e/%5" + 735 4 /155" 4 ¢J1457) = ,
Ipukaanx 6
Example 6
R L JIJIs eeKTPUYHOTO KOJIa 3 JKEPeTIoM

C
|_ e(t) = 180sin( 103t — 30°) B,
e(?)

omopamu pe3ucropa R=90 Owm 1

koTymku X; = 160 OM BU3HaUUTH

€EMHICTh KOHJEHCaTopa, 100 moyaTtkoBa (aza cTpyMy B KoJi JOpiBHIOBasia —75°.
Bu3HaunTH MUTTEBE 3HAUCHHS CTPYMY.

For an electric circuit with a source e(t) = 180sin( 103t — 30°) V, with the
resistor R = 90 Ohm and the reactance of an inductor X; = 160 Ohm, determine the
capacitance of the capacitor so that the initial phase of the current in the circuit is —

75°. Determine the sinusoidally varying current.
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Po3B’s13anHs
Solution
KyT 3cyBy (ha3u Mi>x CTpyMOM 1 HAaIPyroko B KOJi:
Phase angle between current and voltage in a circuit:
Y, — ;= @ =—-30°+75° = 45°.
3a Takoro KyTa akTUBHHI OIIp JOPIBHIOE PEAKTUBHOMY, OTKE
At this angle, the resistance R is equal to the impedance X, so
Z1+ Zc=7j90 Om.
Zc=j90 — Z;, =790 —j160 = — ;70 Om.

1 1
R =70 OM;C = m = 14,3 MKO.

Z =90 + j90 = 90v2e/*5;
_ Em _ 180e7
T Z 90y2ei45°

MutTeBe 3HaU€HHA CTpyMy [A]:

= /27775 A,

The instantaneous current [A]:

i(t) = V2sin(103t — 75°) A.

Hpuxaang 7
Example 7
L
Rl C Y Yy
1+ R +—
1
| I |

B enextpuunomy komi 3 mapamerpamu R; =5 Om; R, =10 Om; L =35 Mml'H;
C =100 mx® Bu3HauMTH eKBiBaJieHTHUH omip Ha yactorax 1000 pan/c, 4000 pan/c.
BusnauuTtu 4acToTy, 3a SKOi €KBIBAJICHTHUH omip OyJe YNCTO aKTUBHUM. 3HANUTH 1Iei
€KBIBaJICHTHUH OTII.

In an electrical circuit with parameters Ry =5 Ohm; R, = 10 Ohm; L = 5 mH;

C= 100 pF, determine the equivalent resistance at frequencies of 1000 rad/s, 4000
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rad/s. Determine the frequency at which the equivalent resistance is purely active. Find

this equivalent resistance.

Po3B’sa13anHn
Solution
1. Onopwu enemenTiB Ha gacToTi ® = 1000 pax/c [Om]:

Impedances at a frequency of ® = 1000 rad/s [Ohm]:
1 1

Ze =" oc= 7105 100- 106 = 10
Z, = joL =j10%-5-1073 =5,

ExgiBasnienTHUM omip[OM]:

Equivalent impedance [Ohm]:

Z, =R, —j L R jol =5—j10 + 10-/5 =5—j10+ﬂ=

= wC ' R, + jwl 10 +j5 2 +
= 5—j10+(212]]g2(21)j) = 5—j10+@= 5— 10+ j4 +2 =
=7—jé.

2. Omnopwu enemenTtiB Ha yactoTi ® = 4000 paxn/c [Om]:

Impedances at a frequency of ® = 4000 rad/s [Ohm]:
L1 1
== J%c~ 4105100106

Z, = joL = j4-10%-5- 1073 = j20.

= —J2,5;

ExgiBanienTHu#t omnip [OM]:

Equivalent impedance [Ohm]:

2 =R —jp 2ol o s 20U o s 2Y

Ze =T TR oLl D I T 020 T T2 T
20j(1 - j2 20(1 — j2

m5 254 I ID) g s HUTID o sijass

(1+,2)(1—j2) 5
=13+ /1,5.
JIyist BUBHAUEHHS YacTOTH, 3a SKOi €KBIBAJICHTHUN OMIp Koyia Oy/1€ aKTUBHUM,

HEOOX1THO MPUPIBHATU JIO HYJIS YSIBHY CKJIa/IOBY:
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To determine the frequency at which the equivalent impedance of the circuit will
be real number, it is necessary to equate the reactance to zero:
1 R, - jwL 1 R, joL(R, — jwL)
oC TR tjol e VR, 4 jol) (R, — jol)
1 +jR§ - wL + R,(wL)? _
wC R3 + (wL)?
1 R% - wL R,(wL)?
= _ij +jR§ -T— (wL)? * R%Z-If(w)l,)z;
1 i R3 - wL “o
wC "R:+(wL)?2
1 R? - wL '
wC R:+ (wL)?’
R? - wL - wC = R3 + (wl)?;
w?LCRS = RI+w?L?;
w?(LCR3 — L*) = R3;
. RS

® T2

Zele_j

=Ry —]

J

R% R, 10
w = = = =
LCR; —1? [LCRE—12Z +/5-1073-10~%-102—25-10-°
10 10 10* a
= = = — 200024
V50-10=6 —25-10"¢ +/25-10¢ 5 C

Omnopu enemenTiB Ha yacToTi @ = 2000 pan/c [Om]:

Impedances at a frequency of ® = 2000 rad/s [Ohm]:
1 1

Ze="Gc= 72108 100- 106~ >
Z, =joL =j2-10%3-5-1073 = j10.
ExgiBanenTHuii omip [OM]:
Equivalent impedance [Ohm]:
Z =Ry —j g2 IOl o e (OO0 o e O
= wC R, +jwl 10 + 510 1+j1
=5— 5+10j(1_j1)=5—j5+j5+5=10.
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Ipuxkaan 8
Example 8

v )ext)

|_C
<T e1(?) R <

B komi 3 mapamerpamu e;(¢) = 100sin(wz + 90°) B; ex(f) = 200sin(wf — 180°) B;
L=1 mI'n; C=20 Mx®; R=10 OM BU3HAUUTH CTPYM B PE3UCTOPI HA YaCTOTI
5000 pan/c.

In an electrical circuit with parameters e (t)=100sin(wz+90°) V;
ex(t) = 200sin(wf — 180°) V; L =1 mH; C =20 uF; R = 10 Ohm, determine the current
in the resistor at frequencies of 5000 rad/s.

Po3B’s13aHHs

Solution

JIJisi BUBHAUEHHS CTPYMIB B I[bOMY KOJIi L a C
JOLUTEHO CKOPUCTATHCS METOJOM BY3JIOBUX I_

MOTEHIIAMIB, aJie Uil HaOyTTS HaBUYOK (T) E, R <¢ E,

PO3paxyHKIB MOJKHA IONPAKTHKYyBaTHCS 1 3

METOJIOM KOHTYPHHX CTPYMIiB. b
To determine the currents in this circuit, it is advisable to use the Nod-Voltage

Method, but you can also practice with the Mesh-Current Method to gain calculation
skills.

Onopu peakTUBHUX eJeMeHTIB [OM]:

Capacitor and inductor impedances [Ohm)]:
1 1

, _
e oC _ /5:103-20-10-¢
Z, = jwL =j5-103-1-1073 = j5;

= —j10;
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[TpwifHsIBIIM TIOTEHITiaN By3Ja b HyJTbOBUM OTPUMAEMO BUPA3 IS MOTEHIIIATY
By31a a [B]:
Taking the potential of node b to be zero, we have an expression for the potential

of node a [V]:

E E j100  —200
_Z, Z; _ j5 T 510 _ (20+,20) (20 +,20)j10 _ 200-
PeTT T 11 1 1°-1-2-j ~— 1+; 7
Zc 'Z, 'R —j10 Tj5710 —j10

Ctpyw™m B pesuctopi [A]:

The current in the resistor [A]:

ir(t) = 20sin(wz — 90°) A.

3. KoJua 3 iIHAyKTUBHMMH 3B’ SI3KAMH

Circuits with the mutual inductance of coils

Ipuknan 9
Example 9
R, V/Aé R,
* *
lul L L, Ry
O

ui(t) = 84-sin1600¢ B; R, =40 Om; R, =20 Owm; L, =50 mI'H; L, =200 MIH;
R, =100 Om; M =50 mI'H.
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Buznauutu koedilieHT 3B’S3Ky KOTymiok Lj;Ta L,, eHeprio, ska Oyna
HAKONMYE€HAa B MArHITHOMY TIOJII KOTYIIOK B MOMEHTH dHacy f = 1250m Mkc,
t, = 25007 mMKc.

u1(¢t) = 84-sin1600¢ V; R; = 40 Ohm; R, = 20 Ohm; L; = 50 mH; L, = 200 mH;
R, =100 Ohm; M = 50 mH.

Determine the coefficient of coupling of coils L; and L,, the energy accumulated

in the magnetic field of the coils at times t, = 12501 us, t, = 25007 pus.

Po3B’si3anus
Solution
M 50-1073
ky = = = 0,5.
JLiL, V50-1073-200-1073
W Li?
M — 2 .
R, LM LM R,
l Ql M RH
(o,

PeakTuBH1 onopu rijiok eKBiBaJIeHTHOI cxemu [OM]:

Reactances of branches [Ohm]:

X; = 1600-(50 — 50)-1073 = 0;
X5 = 1600-(200 — 50)-10~ = 240;
Xy = 1600-50-1073 = 80.

ExgBiBasieHTHUH omip kosa [Om]:

Equivalent impedance [Ohm]:

, +(R2+RH+jX2)-jXM _4O+(20+100 +j240) - j80
= VU R, + R, + X, +jXy 20 + 100 + j240 + j80
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(120 + j240) - j2 (120 + j240) - j2 - (3 — j8)
, =40 + =
3+ ;8 73
j720 + 1920 — 1440 + j3840
* 73

KomrmuiekcHi amIunityaiu cTpyMiB [A]:

= 40

= 46,58 + j62,47 = 78e/53%,

Phasor currents [A]:

U 84 .
_ =im _ — —j53,3°.
le - Ze - 78ej53’30 - 1J077e J )

JXm P j80
Lm =ILin- =1,077e /%33 . —— =
2m =AM R YR+ Xy + Xy ¢ 120 + 320
80e/°0°

= 1,077e77533° . = 0,252e/3274°,

341,76e/6944°

MuTTeBI 3HaUE€HHA CTPYMIB B MOMEHTH #; = 12501 Mmkc, £, = 25007 Mkc [A]:

The sinusoidally varying currents at times t; = 1250m ps, t, = 25007 us [A]:

i1(f) = 1,077-sin(1600¢ — 53,3°) = 1,077-sin(1600¢ — 0,93);
i2(f) = 0,252-sin(1600¢ — 32,74°) = 0,252 -sin(1600¢ — 0,57142);
iv(t) = 1,077-sin(1600- 125071076 — 0,93) = —0,863;

i\(t2) = 1,077-sin(1600-2500m- 1076 — 0,93) = —0,863;

ir(t1) = 0,252-sin(1600- 12507106 — 0,571) = —0,136;

ir(t2) = 0,252-sin(1600-2500m- 106 — 0,571) = —0,136.

Enepris, HakonvuyeHa B MAar”HiTHOMY IOJ1 KOTYIIOK B MOMEHTH 4acy 1,

t [MJIx]:

The energy accumulated in the magnetic field of the coils at times t,, t, [mJ]:

50-1073-0,8632 200-1073-0,1362
Wy = Wy, = 5 + 5 = 20,47.
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4. TpudasHi ejeKTpUUHI KOJIa

Three-phase electrical circuits

Hpuxaan 10

Example 10

Tpudaszue koo neHTpaibHoro npoiecopa IBM Z16 mae cepenHio TOTYKHICTh
21152 Brt. Tpudaszne mxepeno Mae HOMIHAIBHY JiHIHHY Hanpyry 240 B, miHiiiHUN
ctpym 60 A.

KoM totep crioskuBae peakTUBHY MOTY>KHICTb.

OOYHCITUTH pEaKTUBHY IIOTYXKHICTh, SKa CITOKHBAETHCSA MPOIIECOPOM, Ta
BU3HAYUTU KOCPIIIEHT MOTY>KHOCTI.

The three-phase circuit of the IBM Z16 CPU has an average power of 21152 W.
The three-phase power source has a rated line voltage of 240 V and a line current of
60 A.

The computer consumes reactive power.

Calculate the reactive power consumed by the processor and determine the
power factor.

Po3p’s13aHHs

Solution

[ToBHa mOTY>KHICTH TIpoiiecopa [BA]:

Apparent power of the processor [VA]:
S =V3U,l, =3 -240- 60 = 24941,53.
KoeditieHT moTyxHOCTI:

Power factor:

_p_ sz
COS® =% =24094153 %%

Tonai kyT 3cyBy (a3 M CTPyMOM 1 HAIPYTOIO:
Difference in phases between voltage and current:
(p = arccos @ = S = 32°.

PeakTuBHa MOTYXHICTh Koja [BAp]:

82



Reactive power of the circuit [VAr]:
Q = Ssin = 24941,53 - sin 32° = 13217.

Hpuxaan 11
Example 11

*
/
AW
Bao Z o)
/
C o—
Up

HaganTaxxeHHs tpudassoro kona Z = 32 + ;24 Owm, ¢azna Hanpyra Uy = 340 B.
BusHnaunTi mokaszaHHsS BaTMETpa, aKTHBHY 1 pEaKTUBHY MOTY>KHOCTI KOJIa.

Three-phase circuit load Z= 32 + j24 Ohm, phase voltage U,, = 340 V.
Determine the wattmeter reading, average and reactive power of the circuit.

Po3B’s13aHHs

Solution

[Tokaszanus Barmetpa [BT]:

The wattmeter reading [W]:

®a3zHa Hampyra ¢aszu A [B]:
A-phase voltage [V]:
Uyor = Uy = 340.
®daznuii ctpym daszu A [A]:
A-phase current [A]:

Ujor 340 340

— — — —j36,87°
Z, 32+j24  40e/3687° 8,5 '

Iy
Jliniiina nampyra [B]:
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The line voltage [V]:
Upc = UypV/3e77%%° = 340+/3¢ 77",
ITokazanus Barmetpa [BT]:

The wattmeter reading [W]:

P, = Re[340V3e /%" . 8,5¢/3687°] = 340v/3 - 8,5 - cos(—90° + 36,87°) =
= 3003,4.
AKTHBHA 1 peakTHBHA MOTY>KHOCTI koja [Bt, BAp]:
Average and reactive power of the circuit [W, Var]:
Peona =3 I?°R =3-8,5%-32 = 6936;
Qwona = 3 - 1?°X = 3-8,52 - 24 = 5202.

Hpuxmaan 12
Example 12
PeaktuBHa MOTY>KHICTh dbazu
A o— ] HABAHTAXKEHHSA  CUMETPUYHOro  TpHuda3HOro
B o * Cum. kona Oy = 6156 BA, asna Hanpyra reneparopa
W HaBaHT. Uy = 360 B, KoedirieHT MOTYKHOCTI
C cos ¢ = 0,9396.

BusHaunuTi peakTHBHY TMOTYXXHICTh KOJa Ta TMOKa3aHHS BarMerpa. Sk

MPUETHATH B KOJIO IPYTUi BATMETpP, aOM BUMIPSITH MOBHY MOTYXHICTh KOJia?

Reactive power of the load phase of a symmetrical three-phase circuit
Oph = 6156 VA, source phase voltage Uy, = 360 V, power factor cos ¢ =0.9396.
Determine the reactive power of the circuit and the wattmeter reading. How to

connect a second wattmeter to the circuit to measure the average power of the circuit?
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Po3B’s13anHs

Solution
cos ¢ = 0,9396; ¢ = arccos 0,9396 = 20°; sin ¢ = 0,342.
Q=UIsmno.

CtpyM B (a3i HaBaHTaxeHHs [A]:

The current in the load phase [A]:

Q6156
~ U-sing 360 -0,342

!B — Iej(lIJUBO/_(p) — Soej(—120°—20°) — 506_j1400A_

I =50 A

[Toka3zanus Batmetpa [BT]:

Wattmeter readings [W]:
Py = Re|Ugcls| = Re[360v3e/°0"50¢/14"] = 360V3 - 50 cos(—90° + 140°) =

= 20040.

CxeMa i BUMIPIOBaHHS AKTHUBHOI TOTYXHOCTI BChOIO KoJia (CXema JBOX

BATMETPIB):

The circuit for measuring the average power delivered to a balanced load (two-

wattmeter method):

*
*k
1—)

%k

B (W,

Cunm.
HABAHT.

Co

Py, = Re [QAC[;] = Re[360v3e3°500/2%°] = 360v3 - 50 cos(—30° + 20°) =
=30703 Br.
AKTHBHA OTY>KHICTh Koja [BT]:
An average power delivered to a balanced load [W]:
Peona = Pw1 + Pyp = 20040 + 30703 = 50743.
[Tepesipka:
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Test:
Pna = 3 - Ulcosp =3 -360-50-0,9396 = 50738.

5. JliniiiHi eJIeKTPUYHI KOJIa MEePioANYHOI0 HECHHYCOI1AJILHOI0 KUBJICHHS

Linear electrical circuits of periodic non-sinusoidal power supply

Hpuxnanx 13
Example 13

i) R L

u(t)

3agani napametpu koja: R =20 Om; oL =20 Om; Hanpyra Ha JUISHII Kojia
u(t) = 80 + 802 sin( wt + 90°) + 402 sin( 2wt + 135°) B.

Bu3HauMTH MUTTEBE 3HAUEHHS CTPYMY JUISTHKH, 1104l 3HAYEHHS Hapyru u(f) i
CTpyMy i(¢), Koe(iIliEHT MOTY>KHOCTI.

The parameters of the circuit are: R =20 Ohm; oL = 20 Ohm. Voltage on the
circuit section u(t) = 80 + 802 sin( wt + 90°) + 40v2 sin( 2wt + 135°) V.

Determine the instantaneous current, the rms values of the voltage u(t) and the
current i(t), and the power factor.

Po3p’s13aHHs

Solution

JIst mOCTIMHOT CKJIaI0BOI HAMPYTH JiISTHKA 3 KOTYIIKOIO €KBIBAJIGHTHA JIPOTY 3
HYJILOBUM OIOpOM, ToMy omip Zy=R=20 Owm, a mocTiiiHa CKJIaJoBa CTPyMy
TOpiBHIOE [A]:

For the DC component of the voltage, the section with the coil is equivalent to a
wire with zero resistance, so the resistance Zy = R = 20 Ohm, and the DC component
of the current is equal [A]:

Iy =80/20 = 4.
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Jl71s1 mepiioi rapMOHIKK HAIIpyTH OMip JUITHKA BU3HAYAETHCs Tak [OM]:

For the first harmonic of the voltage, the resistance of the section is determined

as follows [Ohm]:
Zy = R+ jwL = 20 + j20 = 20v2e/*%;
KommiekcHa ammtityna ctpymy [A]:

Phasor current [A]:

_ Uim _ 80v2e7°”

_ 4pJ45°
Lim = 4™,

Zy,  20V2eits

MuTtTeBe 3HaUEHHS NEPIIOT TApMOHIKU CTpyMy [Al]:

The instantaneous value of the current’s first harmonic [A]:
i1(t) = 4sin(wt + 45°).
JInst ipyroi rapMOHIKHM HAanpyTy onip AUIssHKY [OM]:
For the voltage’s second harmonic, the resistance of the section [Ohm]:
Z, = R + j2wL = 20 + j40 = 205763

KomrekcHa ammiityaa ctpymy [Al:
Phasor current [A]:
L - Uy _ 40+/2e/135°

" Zy  20V/5eis3

MuTtTeBe 3HAUCHHS IPYToi TapMOHIKK CTpyMy [A]:

= 1,265 /716",

Instantaneous value of the current’s second harmonic [A]:
i,(t) = 1,265 sin( 2wt — 71,6°).
MutTeBe 3HaU€HHA CTpyMy [A]:
Instantaneous current value [A]:
i(t) =4+ 4sin(wt +45°) + 1,265 sin( 2wt — 71,6°).
Jiroue 3HaueHHs HAapyTy AUIsHKY [B]:

The rms value of the voltage [V]:

U J802 . (80v72) s (40v2)

= 120.
2 2

Jlitoue 3HaueHHs cTpyMmy [A]:

The rms value of the current [A]:
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4)2  (1,256)2
I=\/42+(2) +( > ) = 4,98

[ToTy>XHICTb, CIIOKHUTA pe3ucTopoM [BT]:

The real power [W]:
Lin® Ly’ 4)?2  (1,256)>
P=102R+“2“R+22mR=<42+(2)+( 2)>20=496.

[ToBHa noTyxHICcTh KoJ1a [BA]:
Apparent power [VA]:
S=Ul=120-498 =597,6.

KoeditieHT moTyxHOCTI:

Power factor:
= B = 96 = 0,83.
S 5976 ’
Hpuxaan 14
Example 14

BusHauut  aKTMBHY  TOTY’KHICTb,

R
_@_: CIIOKWATY  KOJIOM, Ta  TOKa3aHHA

L |:| R npuiagiB, SKIIO BIJIOMI omopu: R =06
OM; oL =4 Owm;
€1
1
<T) R R =8 OM,‘
—LcC )
1) v EPC mxepen: e; =4 B;

e,(t) = 8 + 242 sin( wt) + 40v2 sin( 2wt + 30°) B.
Determine the real power of the circuit and the readings of the ammeter and the

voltmeter, provided the instantaneous voltages of the sources and the resistances are
known: ey =4 V; e,(t) = 8 + 242 sin( wt) + 40v2 sin( 2wt + 30°) V; R = 6 Ohm;
oL =4 Ohm; — = 8 Ohm .

wC
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form:

Po3B’s13anns

Solution

. Jlis moctiiiaoi cxitamoBoi EPC e; Ta EPC e; k010 Mae BHIIISI:

For the constant component of EMF e, and EMF e, the circuit has the following

6 Om

6 Om

(T +B 6 Om

CrtpyM uepe3 amnepmeTp [A]:
The current through the ammeter [A]:

Lio _Lh 874 1 a3
R+R 6+4+6 3

Hampyra na xonaencaropi [B]:

The capacitor voltage [V]:

6
UVO=E2_IA0R=8_§=6.

AKTHBHA TIOTY>KHICTh [BT]:

The real power [W]:

P,=2-L,’R=2-6 1—4—133
0 — AO - 9_3_' .

Jist mepioi rapmoniku EPC e; koo mae BUTTsi;:

For the first harmonic of the EMF e, the circle has the form:
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6 Om

B

6 OMm

2412 T <V>

Komruieke ekBiBaJI€HTHOTO Onopy Kojia [OM]:

The circle’s equivalent impedance [Ohm]:

R(R=Jzc)

. . 6(6—j8)
Z(l)eKB=R+]a)L+ — =6+]4+W=
ZR_]R
] 816 — ;288 ) 816 — j288 ) )
=6+J4+W=6+J4+W=6+J4+3’92_11,38=

=992 + 2,62 = 10,26e/14%",
Crtpymu rinok [A]:

The phasor currents and the rms values of the currents [A]:

E 24+/2 .
=2m(1) —-j14,8°
I = = —— =33 /%% | = 2,33;
~Lm(1) Z(l)eKB 10,26e/148 e L(1)
1
R—j— 8
C —j14,8° J
Irm@a) = Lm) —wl = 3,3¢ /148 o8-
2R - j 3¢ !
. 10e7J83Y o
_ -j14,8 _ —j34,2
- 3;3e J 14,46_]33:70 - 2;36 J .
IA(l) = 1,626
. _Em@y R 242 _ 1 3g0/189"
=¢m) Z(1)exs 2R —j—1 10,26€/148° 14,4¢-7337 ’ '
wC
IC(l) - 0,976

Hanpyra na xonaencaropi [B]:
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Capacitor voltage [V]:
1 . o . o . o
Uity = Lemny () ) = 138/157 807/ = 11,0377

Uy =78
AKTHBHA MOTY>XHICTh [BT]:
The real power [W]:
Py = Iyy’R + Iy ’R + Icy°R = (1,6262 + 2,332 + 0,976%)6 = 54,15.
3. Hns npyroi rapmoniku EPC e, ko510 Mae BUTIIAL:

For the second harmonic of the EMF ey, the circuit has the following form:

6 Om

B

6 Om
wier(@® T U

Kowmruteke ekBiBaJIeHTHOTO Omopy Kojia [OM]:

The impedance of the circuit [Ohm]:

1
R(R—j5— 6(6 —j4)

- 2wC . J
Z(Z)eKB=R-|_]20')L+ ( . (11) ):6+J8+ 12 — j4 -
ZR_]Za)C

36 —j24)(12 + j4
=6+j8+( J24)( ])=6+j8+3,3—j0,9=9,3+j7,1=

144 + 16
= 11,7¢/373¢",
Ctpymu rinok [A]:
The phasor currents and the rms values of the currents [Al]:

o _ B _ 40V2eR
O Z e 11,7€73736°

= 4,83e 77735 I,y =34
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R—j5-F 6 — j4
2wC —j7.36° J
Irme) = Lme) —wl = 4,83¢ 7773 T
R=Jj5ac !
e 7,21e77337 .
— -Jj7,36 ! — —j22,63°
= 4,83e™/ 1265071845 — 2,7e™/ :
IA(Z) == 1,9 .
I = Lz —— = 4,83¢71736 ° = 2,29¢/110%;
Icm@2) — LLm(2) B 1 — e 12,656_j18'43° = ¢,cJ€ ’
J2aC
Ic(z) == 1,62 .

Hampyra na xonaencaropi [B]:

Capacitor voltage [V]:
1 1 o . o . °
ng(z) = !C m(2) (_]m> — 2,296111’03 48—]90 — 9,168_]78’97 B.

Uy = 5,48 B.
AKTHBHA TIOTY>XHICTh [BT]:
The real power [W]:
Py = Liy’R + Iy°R + I¢(2)°R = (34% + 1,92 + 1,622) - 6 = 106,77 Br.
[TokazanHs mpuiaais.
Instrument readings.
[Tokaszanus amnepmerpa [A]:

Ammeter reading [A]:

I, =4/0,332 +1,6262 + 1,92 = 2,52.
[Tokazanus BonpT™METpa [B]:

Voltmeter reading [V]:

Uy = /6% + 7,82 + 5,482 = 11,26.
AKTHBHA TTOTY>KHICTb KoJia [BT]:

The real power of the circuit [W]:
P=P,+ P, +P,=133+54,15+ 106,77 = 162,25.

92



CIHUCOK JIITEPATYPHU

1. Nilsson James W. Electric circuits / James W. Nilsson, Susan A. Riedel. —
New York : Pearson Education Limited, 2020. — 819 p.

2. Svoboda James A. Introduction to Electric Circuits / James A. Svoboda,
Richard C. Dorf. — New Jersey : John Wiley & Sons, Inc , 2014. — 238 p.

3. Powell Ray. Introduction to Electric Circuits / Ray Powell . — Bristol : ] W
Arrowsmith Ltd, 1995. -265 p.

4. MinbkeBud €. O. OcHOBU Teopii KiI. AHANI3 JTIHIMHUX Ta HEMHIHHUX K1 B
nepexiHoMy Ta ycraleHomy pexumi: HapuanpHuit mocibuuk. Y. 2. / €. O.
MinbkeBuy, /. B. MakctoTta, B. JI. Kapnos. — Xapkis : XVYIIC, 2005. — 268 c.

5. TeopeTuyHi OCHOBU €JIeKTpOTeXHIKU: 301pHUK 3a/1a4 [ EnexTponnuii pecypc]:
HaBY. 1OC10. 1 cTyA. cnemianbHocTl 141 «EnekTpoeHepreTrka, eIeKTPOTEXHIKa Ta
enexkrpomexanikay/ KIII im. Irops Cikopcekoro; yknaa.: 1. H. Hamanamok, FO. B.
[Tepetrsitko. — Enexrponni tekctosi naui (1 ¢ain: 3,07 Mb). — Kuis : KIII im. Irops
Cikopcebkoro, 2020. — 112 c.

6. Mansip B.C. TeopeTnyHi OCHOBH €JIEKTPOTEXHIKU. EJIeKTpUYHI KOJja: HaBY.
nocionuk / B. C. Mansap. — JIeBiB : BunaBaumnTso JIbBiBChKOT momtexHiku, 2012, —
312 c.

7. Ileremin O.I. TeopernuyHi ocHoBu enekTporexHiku. Yactuna 1. Hapu.
[Toci6nuk. / O. 1. lllerenin, B. C. Mansp — JIsBiB : Marnomist mitoc, 2004. — 172c.

8. Ty3 FO. M. Teopis enexkTpuyHuX Kia i curHaiiB [EnexktponHuii pecypc] :
HaBuanbHUM nocionuk / FO. M. Tys3, FO. C. lllymkos; 3a pen. 0. M. Tyza ; Enextponni
TekcToBl faHi (1 ¢ain: 6,66 M6aiit). — Kuis : HTYY «KIII», 2012. — 468 c.

9. bynamenko A. B.. Teopist eIeKTpUYHUX Ta MATHITHUX KUT: KOHCTIEKT JIEKIIIH
y 5-ti yactunax. Y.4. / A. B. bBynamenko. — Cymu : Bun-so Cym/1VY, 2010. — 181c.

10. Teopis enekTpuyHUX 1 Mar”HiTHUX Kul : miapydHuk / Ilanyenko C. B.,
AnannreBa O. M., babaes M. M., biiuaarok B. C., Jlasunenko M. I'., Kapnenko H. I1.
— Xapkis : YkpAVY3T, 2020. — 247 c.

11. Ocamuyk O. B. Teopis enekTpuyHux Kiji 1 curHaiiB. Yactuna 1 : HaBUaIbHUI

nociOuuk / O. B. Ocanuyk, O. C. 3Bsrin. — Bignuns : BHTY, 2015. — 153 c.

93



HaBuanbHe BHUJIaHH

KA3AKOBIEBA Jlrogmuna BikropiBHa
KOCTIOKOB IBan OnexkcanapoBud
KPOITAYEK Onmnpra FOpiisua
JIABPIHEHKO Onsra BanepiiBua
JIMTBUHEHKO Csitnana AnaToiiBHa

TEOPETUYHI OCHOBU EJIEKTPOTEXHIKU
B [IPUKJIAJAX I BAJAUAX
JUIS IIATOTOBKU 1O 1 ETAITY
BCEYKPAIHCBHKOI CTYJIEHTCBHKOI OJIIMIIIA U

HaBuainbHO-MEeTOOMYHUN ITOCIOHHUK
JUISL CTYICHTIB €JIEKTPOTEXHIYHUX Ta KOMIT FOTEPHHUX CIeLaTbHOCTEH
Bunanus npyre, nepepo0biieHe i T0MOBHEHE

VYKpalHCHKOIO 1 aHTJTIHCHKOI0 MOBaMU

BianosinaneHuii 3a BUyck na-p TexH. Hayk Koctiokos 1. O.

PobGoty 1o Bunanusa pekoMmenayBaia npod. besnpo3sanux I'. B.

B aBTopchKiit pemakiiii

[Tman 2025 p., no3. 6

[Tign. no apyky 2025p. I'apuitypa Times New Roman. YM. apyk. apk. 3,5.

Bunasanuuii nenrp HTY «XIID».
Cainourso npo aepxkasny peectpaiiito JIK Ne 5478 Bing 21.08.2017 p.

61002, Xapkis, Bysn. Kupnnuosa, 2.

EnexTpoHHE BUIAHHSA





