MiHicTepCTBO OCBITH Ta HAyKH YKpaiHU
HarrionanpHU# yHIBEpCUTET BOJHOTO TOCIIOAAPCTBA Ta
MPUPOJJOKOPHUCTYBAHHS
Kadenpa aBromarusaiiii, eI€eKTPOTEXHIYHUX Ta KOMIT FOTEPHO-
IHTETPOBaHUX TEXHOJIOT1H

04-03-403M
METO/IUYHI BKA3IBKHA
710 BUKOHAHHS JJabopaTopHOi po6oTr Ne5 3 HaBYAIbHOT TUCHIUTITIHUA
«EJeKTpoTexHika

JUTst 37100yBaviB BUIIIOT OCBITH MepIIOro (0akamaBpChbKOro) piBHS 3a
OCBITHBO-TIPO(ECiitHOIO TTporpamMoro «ABTOMAaTH3AIli,
KOMIT FOTEPHO-1HTErPOBaH1 TEXHOJIOTIi Ta pOOOTOTEXHIKaY
cneniaabHOCTI 174 «ABTOMaTH3AIlS, KOMIT FOTEPHO-IHTErPOBaHi
TEXHOJIOT1i Ta pOOOTOTEXHIKa» JIEHHOI Ta 3a04HO1 (POpPM HaBUAHHS

PexomMeH10BaHO HayKOBO —METOIUYHOIO
panoto 3 sxocti HHI EABT
ITpotokon Ne 3 Bin 26.11.2024 p.

Pisae — 2024



MertoanuHi BKa3iBKM 10 BUKOHaHHS JlabopaTtopHoi pobotu Ne 5 3
HaBYaJIbHOT AUCHUIUTIHU «EnexTporexHika» s 3700yBaviB BUIIOT
OCBITH Tiepioro (6akamaBpChbKOTO) PiBHS 32 OCBITHHO-TPOGECIHHOIO
porpamMor0 «ABTOMaTH3aIlis, KOMIT FOTEPHO-1HTEIPOBaHI TEXHOJOT11
Ta  pOOOTOTEXHIKa»  CHEIIaJbHOCTI 174  «ABTOMaru3allis,
KOMIT FOTEPHO-1HTErPOBaHI TEXHOJIOT1l Ta POOOTOTEXHIKa» JICHHOI Ta
3a04HOi (popm HaBuaHHs . [EnexrponHe Bumanns] / Mananuyk €. 3.,
Xpuctiok A. O. — Piene : HYBI'TI, 2024. — 25 c.

VYknanaui: Mananuyk €. 3., 1.1.H., npodecop kapeapu AEKIT;
Xpuctiok A. O., K.T.H., noreHT kadenpu AEKIT.

BinnosiganeHuii 3a Bumyck: [peseupkuit B. B., 1.1.H., mpodecop,
3apimyBau kadenpu AEKIT.

KepiBHUK OCBITHBOI TpoOrpamMu «ABTOMATH3aIlisl, KOMI IOTEpHO-
IHTErpoBaHi TeXHOJIOTii Ta poboToTexHika»: Xpuctiok A. O., K.T.H.,
JOLUEHT  Kadeapu  aBTOMAaTH3allii,  E€JIEKTPOTEXHIYHMX  Ta
KOMIT F0OT€PHO-IHTEIPOBAHUX TE€XHOJIOTIH.

© €. 3. Mananuyk,
A. O. Xpucriok, 2024
© HYBITI, 2024



Po6oTa 5. [locaigikeHHs MOCTiIOBHOIO K0J1a 3MiHHOTO CTPYMY
Study of a series alternating current circuit
5.1. MeTa podoTu

ITepeBipka 3akoHy OMa mpu aHami3i MOCIIMOBHUX KiJ 3MIHHOTO CTPyMY,
SKi CKJIaIal0ThCS 3 aKTUBHOTO OMOPY, iIHAYKTUBHOCTI 1 €EMHOCTI, 1 BUBUEHHS
SIBUIL[A PE30HAHCY HAIpPYT.

The purpose of the work

Verification of Ohm's law in the analysis of successive circuits of
alternating current, which consist of active resistance, inductance and
capacity, and the study of the phenomenon of voltage resonance.

5.2. KopoTtki TeopeTuuni Bizomocti

3MIHHAM Ha3WBA€THCA CTPYM, SIKHH TIEPIOAWYHO 3MIHIOE CBI
HampsMoOK. Hampyra 3MIHHOTO CHHYCOITHOTO CTPyMy OHNHCYETHCS

(byHKIII€r0
u(t)=Unsinot, /5.1/

ne Un — amrmiiTy1a, @ — KyToBa 4acToTa.

Crouatky po3rjssHEMO Koo, B sikoMy Hampyra U(t) mpuknageHa 1o
akTuBHOTO omnopy R (puc.5.1, a). 3rigHo 3akoHy OMa MHUTTEBE 3HAYCHHS
CTpyMy

. t) U, . .
|(t)=%=?msmwt= |, Sinat, 5.2/

ne lm — ammiiTysa cTpyMy, Sika AOPiBHIOE aMILTITYAl Hampyry, HOAUIEHIH
Ha omip.

3anexxHocTi /5.1/ 1 /5.2/ moka3yioTh, IO HAaNpyra i CTpyM ONHCYIOTHCS
OJTHAKOBUMH (YHKLISIMH, TOOTO BOHHM CIHIBNAAalOTh y 4aci 3a ¢asoro.
OCKiNnbKM CHUHYCOIOHY (YHKLII0O MOXHA MpPEACTAaBUTH BEKTOPOM, IIO
00epTaeThCsl MPOTH TOJUHHUKOBOI CTPUIKH 3 KYTOBOIO YacTOTOIO @, TO

3



HaIpyTy 1 CTPYM MPEICTABISIOTh BEKTOPaMHU, SIK 300pakeHo Ha puc. 5.1, 6
mis R>1. Take mpeacTaBieHHS HA3WBAIOTh BEKTOPHOIO JiarpaMor0 Koia
3MIHHOTO CTPyMY.

[+ e ————
R |
u
[
—_—
a 0)
Puc. 5.1

Tenep po3risiHEMO ENEKTPHYHE KOJIO, B SKOMY 3MiHHa Hampyra U(t)
npukiageHa 10 eMHocTi C. MUTTEBe 3HAYEHHS CTPYMY B KOJi 3 €MHICTIO
JTIOPIBHIOE MIBUIKOCTI 3MiHU 3apsATy Ha OOKJIaIMHKAX KOHIEHCATOPA!

,_dg
dt’
Ockinpku g=Cu, To
. du d . . Vs
i=C—=C— (U, sinat) =wCU_cosat =1 sin(ot +—=), /5.3/
dt dt 2
e
In=aCUn. 5.4/

V4
3anexHicTb /5.3/ moka3zye, 0 CTPYM BHIIEPEKAE HANIPYTY Ha KyT rE
3aMiHUBIIM B /5.4/ ammyniTy[OHi 3Ha4Y€HHS HANpYTrd 1 CTPyMy AIFOUUMH

(I= Im/\/E; U :Um/ﬁ),onepmnMo

| = i 15.5/
XC



SanexHicth /5.5/ Bupakae 3akoH Owma i1 KoJia 3MIHHOTO CTPyMy 3

€MHICTIO, a BEIMYHMHA X, = —— Ha3UBAETBbCA €MHICHUM OIIOPOM.
aC

BekTopHa aiarpama 1bOro KoJjia HaBezeHa Ha puc. 5.2,0.

/

l}
o >

a 6)

Puc. 5.2
Ha puc. 5.3,a HaBeneHe eNeKTpUYHE KOJIO KOTYIIKH iHAYKTHBHOCTI L,
JI0 SIKOTO TMpUKiIazeHa 3MiHHa Hampyra U(t). AKTUBHMI omip KOTymku R.
Hexaii mig mieto Hanmpyru U(t) B kousti mpoTikae ctpyM i=InSinaet. 3rimHo
npyroro 3akony Kipxroda nanpyra u(t) Oyzae 3piBHOBa)XyBaTHCh ClialaMu
Harpyr Ha akTuBHOMY omopi Ur(t) 1 ingykTuBHOCTI UL (t), TOOTO

u(t)=Ur(t)+uL(t). 5.6/

Y BekTOpHiN QOpMi 1€ piBHSIHHS MaTUME TaKUH BHJI:
U=U;+U,. 15.71
3rigHo /5.2/ ciax Hanpyru HAa aKTHBHOMY OTOPI

Ur(t)=InRsinat=Unrsinat /5.8/

1 ciiBnazaae 3a $a3oro 3i CTPyMOM.
Criayi HapyT® Ha IHAYKTUBHOCTI JJOPIBHIOE €.p.C. CAMOIHYKIIii, TOOTO
u (t)= L% = L%( Iy sinat) =l ,olcosat =U ,, sin(at +%), 15.9/
e UmLZIma)L. /510/



Pieustaast  /5.9/ mokasye, 1m0 chajg Hampyrd Ha 1HIYKTHBHOCTI
BUTIEpEKAE CTPYM Ha KyT E [lincTaBuBmm B /6.9/ nitoui 3Ha4YeHHS
HATPYTH 1 CTPyMY, OAEPKIMO

| =—. /5.11/

Bupaz /5.11/ €
3akoHoM Oma mig

[ R -
j UL Konma 3 i/IeaIbHOI0
T IHAYKTHBHICTIO, TOOTO
u(t) L koo R=0. Benuuuna
| Xi=wlL  Ha3UBa€ThCA
& IHAYKTUBHUM OTIOPOM.
0 U [MoOynyBaBmm  BeEk-
) 0 TOpHU I_, UR, 1 LT,_,
Puc. 5.3 MO’KHA 3HAlTH BEKTOP
U . L nobynosa i €
BEKTOPHOIO JiarpaMoro koja (puc. 5.3,0). Sk BuaHO 3 Iii€l miarpamu

MOAYJb BEKTOPA u

U=UZ+U2 = JI?R? + 12(0L)? = 1,[R? + (wL)? = 1Z,, /5.12/

Jie BeJIMYKMHA Z, =R* +(aL)’ /5.13/

Ha3MBAETHCSI IOBHUM OIIOPOM KOJIa.
Kyt mix nHampyrowo i ctpymoM ¢@ (3cyB 3a (a30r0) BH3HAUYAIOThH i3
BEKTOPHOI JliarpamMu i BiH Oyzie JOpiBHIOBATH

U, XL
= arctg — = acctg —. /5.14/
¢ g Ug g R

Temep BKe MOXKHA PO3IIISIHYTH KOJIO, SIKE CKIAJAETHCS 3 MOCIiZOBHO
3’€IHAHUX aKTUBHOTO OTIOPY, iIHIYKTUBHOCTI 1 eMHOCTI (puc. 5.4, a).



i R L U

|c Ui-Ue LY
uft)
1 R

o 0
2 g o

Puc. 5.4
Yepes BCi €IEMEHTH I[OTO KOJIa MPOTIKA€ OJWH 1 TOM ke cTpyM i. Tomy

v

BekTop cTpymy | Oymemo BBakaTd BiJOMHM 1 MOCTaBHMO 33 METY
Bi3HaunTH BekTop Hanpyru U . 3a ananoriero 3 /5.7/ MOXHa 3amucaTH, 110

npukiageHa Hamnpyra U mopiBHIOE BEKTOpHIiM cymi chmaaiB Hampyr Ha
AKTUBHOMY OIOPi, IHAYKTUBHOCTI i EMHOCTi, TOOTO

UZUR +UL +Uc. /515/

Ockinbku panime OyJo BUSICHEHO, IO CHaj HAnpyrd Ha aKTHBHOMY
omopi cmiBnagae 3a (a3zol 31 CTPyMOM, Hampyra Ha iHIZYKTHBHOCTI

V4 ..
BHIIEpEDKAE CTPYM 3a (azoro Ha 5 a Ha €MHOCTI — BIICTa€ 3a (a3or0 Ha

T Puc. 54
—,TOMOXKHAIIE I, aK.
2 b ry

Ur=Umrsinat=InRsinwt;

UL:UmLsin(wH%)zlmesin(wH%); /5.16/

T, | /4
Uc=Uncsin(at- — )=—" sin(at-—).
i e 2
3a Bimomumu R, L i C Ha mincraBi piBHsiHb /5.16/ Oyayt0Th BEKTOPHY
niarpamy, SK TokaszaHo Ha puc. 5.4, 0. besmocepenHro 3 1iei miarpamu

3HAXO0ATh MOYyJIb BEKTOpa HpI/IKJIa,[[eHOI HaIlpyru

U=yU2+U, -U.)’ = I\/R2+(a)|__£)2 _iz, /57



1 /5.18/

ne Zz\/Ran(a)L——)2
aC
Ha3MBA€ETHCSI TIOBHUM OIOPOM Kouia. Bemmunay X = ol — —— HasuBaiotsh
PEaKTHBHUM OIIOPOM.
3cyB (a3 MiXK BEKTOpaMH CTPYMY 1 HAIIPyTH
1
ol—— = 519/

U, -u
—arctg—-—C —arctg—— %~
Q0 g U, g R

PiBustHast /5.17/ mokasye, mio cuia CTpyMy B KOJi 3 IOCTiJIOBHHM
3’e¢nHanHsaM R, L 1 C nmpu @=CONSt 3ajiekuTh BiJ MOBHOT'O OMOPY KOJIA.
Bennunna noBHoOro onopy npu R=const 3ai1ekuTh BiJ peakTHBHOTO OTIOpY,
tooTo Bif L, C i @=27x/, ne f — dyacTora 3MiHHOTO CTpyMy. SIKIIIO BBa)XKaTH
cramumu R, L 1 C, TO Tipu 3MiHI @ MOXIIUBI TPH PEKUMH:

-a)L<i,x<0iqo<0;
wC

1
- wlL>—— x>0 ¢>0;
ol

1
- wL=——,x=01 ¢=0.
oC 7=

VY mepmioMy BUNAAKy OHIp KOjla Ma€ €MHICHHH Xapaktep (CTpym
BUIIEpE/KYE HANPyTy 3a (a3ow), y Apyromy — I1HIYKTHBHHUMA Xapakrep i
CTPYM BijicTae 3a Ga30r0 BijJ HAIIPYTH.

Tperiii BuUmamok Mae Ha3By peXHMy pe3oHaHcy Hanpyr. Crtpywm
criBnajzae 3a (a3o 3 HANPYrow 1 JOCATa€ MaKCHMAJbHOIO 3HAYCHHS,
piBHOTO

— /5.20/
R
[pu pe3onanci
1 1 1
oL=—+- 1 wy= abo fo=——. /5.21/
°T 0C *JLc ° " 2zlLC



Benuunny fo Ha3UBalOTh BIACHOO YaCTOTOKO KOJIMBAaHb KOHTYPY.
IIpu pezoHaHCI HANPYTH HA OKPEMUX €IeMEHTaX OyAyTh TaAKIMH:

Ur=|0R=U,
L
L C
U =lgx, =——U="2U=QU,
L= loX == R Q
\F
Ue = l5X —Lu——u—Qu
¢ T Re,C ’

\/E

Jie 0e3po3MipHa BemunHa Q = R 10 Ma€ Ha3By TOOPOTHOCTI KOHTYPY.

Bona moxe Oytu Oinbiior0 abo MeHIIOW OnuHUIl. OTKe, BEIUYUHH
Hanpyr Ha iHAYKTUBHOCTI 1 €MHOCTI HpW PE30HAHCI PiBHI MiX co00I0 i
MOXYTh 3HaYHO TEPEBUIIYBaTH HANpyTy Ha 3aTMcKadax kona. Came ToMy
pe30HaHC y MOCIIIOBHOMY KOJIi Ha3WBAIOTh PE30HAHCOM HAIPYT.

Ha pwuc.5.5 mokasaHi 3aleXHOCTI PEaKTHBHUX OIOpPIB, CTPyMy Ta
HaNpyT HA OKPEMHUX €IeMEHTaxX Koja B PYHKIIi] YaCTOTH.

MakcumansHi 3Ha4eHHs Hanpyr U, 1 U piBHI MiXk co0010, aje BOHH

BUHMKAIOTh Ha YacTOTaX, L0 BiAPI3HAIOTHCA BiJ pe3oHaHCHOI yacToTH. Lle
HOSICHIOETHCS PI3HUM XapaKTePOM 3aJIeKHOCTI X Ta X BiJ 4acTOTH.

Ha puc.5.6 HaBeieHi BEKTOPHI jiarpaMu KoJia Ipy Pi3HUX 4acTOTax.



Puc.5.5

SIKImo BBaXKaTH YacTOTy NMPUKIAACHOI HANPYTH 1 BEMUYMHY €MHOCTI
KOHJICHCATOpa CTAJIMMH, TO PE30HAHC MOXE CIIOCTEepIraTHCh MpHU
IHIYKTHBHOCTI KOTYIITKA

1 1
Ly = > = P /5.22/
w°C (2zf)°C
A
Al A v}
)i U
U
T]Y Uu=U 7| -1,
U.-U, ¢ =
U, 4 U,
UC l]C
A 4 O <0, v O =0, vy O>0,
Puc.5.6

AHajioriune siBuie OyJie MaTH MICIe HPU HE3MIHHIA YacToTi 1 cTajii
IHIYKTHBHOCTI, SIKILIO EMHICTh KOHJEHCATOpa Oy/ie PIBHOIO

11
w’L (27 fPL
10

15.23/

0



Omxe, 3a0€3MEYNTH PE30HAHC HAMPYTI MOXKHA 3MIHOKO OJHIET 3 TPHOX
BEJIMYMH: YaCTOTH BXiJHOI HAMPYTH, IHIYKTUBHOCTI KOTYIIKHA a00 €MHOCTI
KOHJeHcaTopa. Ha BHKOHAaHHS yMOBHM pPE30HAHCY 30BCIM HE BIUIUBAE
BeJM4YMHA oropy R.

I3 popmynn moBHOT MOTYKHOCTI

S=yP2+Q? =/P2H(Q - Q. )?

BUXOHTH, 1O MpH pe3oHanci S =P, Tomy mo Q, =I2x_, Qc =I1%c i

QL —Qc =15(x —xc)=0.

OTxe, MOBHA TMOTY)XKHICTh KoJia TP PE30HAHCI JOPIBHIOE aKTHBHIN
noTyxHocTi. KyT ¢ MiX Hampyrom i CTpyMOM IpH IBOMY JOPIBHIOE
HYJII0, a Koe(illieHT TOTYXHOCTi COS@ = 1.

HesBakatounn Ha Te, MIO0 peakTUBHA IMOTYKHICTb BChOTO KoOJIa
Q=Q, — Q- =0, 3amacu eHeprii y MarHiTHOMy IIOJli KOTYIIKM Ta B

€JIEKTPUYHOMY IOJIi KOHZAEHcaTopa icHytTh, 00 X #0 1 X #0, 1 Tomy

Q. = Ig X, Qc = Ig Xc - IIp IbOMy KOTYyIIKa i KOHAEHCATOp OOMIHSIOTHCS
EHEpri€ro, aje MiX KOTYIIKOI 1 JDKEPEJIIOM JKUBJICHHS, a TaKOX MiX
KOHJICHCATOPOM 1 JKEPEJIOM JKHBIICHHS OOMIHY €HEpTi€l0 He BiI0OyBa€eThCs.
Bin mkepena >KUBJICHHS HAaJIXOIUTh TIIBKH CHEPTis, IO BUIIISIETHCA B
pesucropi R.

EnexkTpuuHe KO0JIO 3 MOCHIJOBHUM 3’€IHAHHSIM €JIEMEHTIB 3HAHNIILIO
HIMPOKE MPaKTHUHE 3acTocyBaHHs. Omip Koja Mpu Pe30HAHCI HA 4aCcTOTax,
0JIN3BKUX JI0 PE30HAHCHOI, Ma€ HEBEJIMKE 3HAYCHHS, a Ha 4YacToTax,
BiJIZIAJIEHUX BiJl PE30HAHCHOT, IIeHi OMmip iCTOTHO 3pocTae. Taky BIACTHBICTb
MOCJIZIOBHOTO KOJIa BHKOPHUCTOBYIOTH JIISI BHUJAUICHHS CJICKTPUUHHUX
KOJIMBaHb TOTPIOHOT 4acTOTH, 3a0e3neuyrour iX HEeOoOXiaHy (iIbTpallito
a00 TMOCHJICHHS HANpYrd 3a YMOBH, IO YacTOTa HAIMPYTH CIIBMAJaE 3
PE30HAHCHOIO YaCTOTOIO.

Brief theoretical information

A current that periodically changes its direction is called alternatings 1/
current. The voltage of an alternating sinusoidal current is described by a
function

u(t)=Unsinert, 5.1/
11



where Up, — amplitude, o — frequency
First, consider the circle in which the voltage u(t) applied to active
resistance R (fig.5.1, a). According to Ohm's law, the instantaneous value
of the current

u(t) U

i(t)=T=?mSina)t=|mSina)t, /52/

where I, —the amplitude of the current, which is equal to the amplitude of
the voltage divided by the resistance.
Dependencies /5.1/ and /5.2/ show that voltage and current are described
by the same functions, that is, they coincide in time by phase. Since a
sinusoidal function can be represented by a vector rotating
counterclockwise with angular frequency w, then the voltage and current
are represented by vectors, as shown in Fig. 5.1, b for R>1. Such a
representation is called a vector diagram of an alternating current circuit.
Now consider an electric circuit in which an alternating voltage u(t) is
applied to a capacitor C. The instantaneous value of the current in a circuit
with a capacitor is equal to the rate of change of charge on the capacitor
Ccovers:

,_dg
dt’
Why g=Cu, than
. du d . . T
i=C—=C—(U,sinat) =wCU _ cosat = | sin(at + =), /5.3/
dt dt 2
where
Im=a@CUn. /5.4/

Dependence /5.3/ shows that the current leads the voltage by an angle % :

Having replaced in /5.4/ the current values of the voltage and current by
the current ones (| = Im/\/E; U =Um/\/§),weget
|l =—. /5.5/
XC
12



Dependence /5.5/ expresses Ohm's law for an alternating current circuit
. . 1 . . .
with a capacity, and the value x. = ey is called capacitive resistance.

The vector diagram of this circle is shown in fig. 5.2,b.

In fig. 5.3, and the electric circuit of the inductance coil L is shown, to
which an alternating voltage is applied u(t). Active resistance of the coil R.
Let current flow in the circuit under the action of voltage u(t). i=Insinat.
According to Kirchhoff's second law, voltage u(t) will be balanced by
voltage drops on the active resistance ur(t) and inductance u.(t), and

u(t)=ur(t)+uc(t). /5.6/

In vector form, this equation will have the following form:
U=U,+U,_. 15171

According to /5.2/ the voltage drop on the active resistance
ur(t)=InRsinat=Upgrsinat /5.8/

and coincides in phase with the current.

The voltage drop across the inductance is equal to the e.m.p. self
induction, that
isu (t)= Lﬂz L d

. . T
pm a( Insinat)=1 oLcosat =U,, sm(a)t+E), /5.9/

where
Un=ImalL. /5.10/

Equation /5.9/ shows that the voltage drop across the inductance
precedes the current by an angle % By substituting the current values of

voltage and current in /5.9/, we obtain

| =—. /5.11/

Expression /5.11/ is Ohm's law for a circuit with ideal inductance,
that is, when R=0. Size x.=wL is called inductive resistance.

13



Having built the vectors 1, U,, i U_, a vector can be found U .
This construction is a vector diagram of a circle (Fig. 5.3, b). As can be
seen from this diagram, the modulus of the vector U’

U=JU2+U2 =JI?R? + 1?(0L)? = 1JR? + (wL)? = IZ,, 512/

Z, =/R* + (wL)? /5.13/

where is the value is called the total resistance of the circuit.
Angle between voltage and current ¢ (phase shift) is determined from the
vector diagram and will be equal to

U X
= arctg —= = acctg == . /5.14/
) g U, 0] R

Now we can consider the circuit, which consists of series-connected
active resistance, inductance and capacity (Fig. 5.4, a). The same current
flows through all elements of this circuit and. Therefore, the current vector

I we will consider known and set the goal of determining the vector
voltage U . By analogy with /5.7/, we can write that the applied voltage

U is equal to the vector sum of the voltage drops on the active resistance,
inductance and capacity, i.e

Since it was previously found that the voltage drop across the active
resistor is in phase with the current, the voltage across the inductor is

ahead of the currer* = =~~~y E, and on the capacitor - it lags behind
Fig.5.4 2

the phase on % then it can be represented as follows:
Ur=UmrsSinat=InRsinat;

UL:UmLSin(a)H%)=Imesin(a)t+%); 5.16/

. T . T
Uc=Uncsin(at- =)= —"sin(awt- =).
c=Unesinat- )= ¢ sin(et->)

14



According to the known R, L and C on the basis of equations /5.16/
build a vector diagram, as shown in fig. 5.4, b. The modulus of the applied
voltage vector is found directly from this diagram

U=JUZ+U, -U)" = I\/R2 +(a)L—£)2 _iz, 51

/5.18/
where Z :\/R2 +(a)L—i)2
wC

is called the total resistance of the circuit. The magnitude
1 i .
X = wL — —— called reactive resistance.
aoC

Phase shift between current and voltage vectors

@ = arctg Y =Ue _ arctg——C /5.19/
Ug R

Equation /5.17/ shows that the current in a circuit with a series
connection of R, L and C at w=const depends on the total resistance of the
circuit. The value of total resistance at R=const depends on the reactive
resistance, that is, on L, C i w=2x/, where f — alternating current
frequency. If considered permanent R, L i C, then when « changes, three
modes are possible:

- a)L<i,x<0iqo<0;
wC
1 .
- ol>—— , x>010 @>0;
ol

1
- wL=——,x=01 ¢=0.
oC 7=

In the first case, the resistance of the circuit has a capacitive character
(the current is ahead of the voltage in phase), in the second case, it is
inductive in nature and the current lags behind the voltage in phase.

The third case is called voltage resonance mode. The current is in
phasewith the voltage and reaches a maximum value equal to

=—. 15.20/



At resonance

/5.21/
@,C JLC

1
27JLC

The magnitude fo is called the natural frequency of oscillations of the
circuit.
At resonance, the voltages on individual elements will be as follows:

U=I1,R=U,

\F
wy L C

U =lgx, =—2—U="2U=QU,

L 0L R R Q

\F

Uc =loXc = - U F\?U QU,

where is a dimensionless quantity Q = £ , Which is called the Q factor of

the circuit. It can be greater or less than one. Therefore, the magnitudes of
the voltages on the inductance and capacitance at resonance are equal to
each other and can significantly exceed the voltage on the circuit clamps.
That is why resonance in a series circuit is called voltage resonance.

Fig. 5.5 shows the dependences of reactances, currents and voltages on
individual elements of the circuit as a function of frequency. Maximum
voltage values U, and U equal to each other, but they occur at

frequencies different from the resonance frequency. This is explained by
the different nature of addiction x, and x. from the frequency.

Fig. 5.6 shows the vector diagrams of the circle at different frequencies.

If we consider the frequency of the applied voltage and the capacitance
of the capacitor to be constant, then resonance can be observed at the
inductance of the coil

Ly =— 1 15.221

0’C (27 f)’C’

16



A similar phenomenon will occur at a constant frequency and constant
inductance, if the capacity of the capacitor is equal
1 1

w’L (2r f’L

Therefore, it is possible to ensure voltage resonance by changing one of
three values: the frequency of the input voltage, the inductance of the coil,
or the capacitance of the capacitor. The value of the resistance does not
affect the fulfillment of the resonance condition at all. From the full power
formula

S Z\/P2+Q2 :\/P2+(QL_QC )’

Co /5.23/

it turns out that at resonance S =P, because Q, = I2x,, Qc = 1. and

2
QL—Qc =lg(x =% )=0.

Therefore, the total power of the circuit at resonance is equal to the
active power. Angle ¢ between voltage and current is equal to zero, and

the power factor cosp =1.

Despite the fact that the reactive power of the entire circuit
Q=0Q, —Q¢ =0, energy reserves in the magnetic field of the coil and in

the electric field of the capacitor exist because x, #0 i xc =0, and

therefore Q, =12x,, Q¢ =1&xc- In this case, the coil and the capacitor

exchange energy, but no energy exchange occurs between the coil and the
power source, as well as between the capacitor and the power source. Only
the energy released in the resistor R comes from the power source. An
electric circuit with a series connection of elements has found wide
practical application. The resistance of the circuit during resonance at
frequencies close to the resonant one has little value, and at frequencies far
from the resonant one, this resistance increases significantly. This property
of a series circuit is used to isolate electrical oscillations of the desired
frequency, providing them with the necessary filtering or voltage
amplification, provided that the voltage frequency coincides with the
resonant frequency.

5.3. lIporpama pobotu

1. HpOBeCTI/I BI/IMipIOBaHHSI B KOIi 3 OIHUM aKTUBHHM OIIPOM.
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2. IIpoBecTy BUMIpIOBaHHS B KOJII 3 OJTHIEI0 EMHICTIO.

3. [IpoBecTn BUMipIOBaHHS B KOJIi 3 KOTYIITKOIO iHAYKTHBHOCTI.

4. TIpoBectu BuMiproBaHHs B ko1i 3 R, L, i C enemeHTamu.

Jani BuMiproBanb 3a 1. 1, 2, 3, 4 3adectTn B TalOi.l, BHUKOHATH
oOumciieHHs] BKa3aHWX B HiM BENMYHMH 1 IOOYIyBaTH B OJHOMY MacmiTabi
BEKTOPHI JiarpaMH.

5. JlocmianTi pe30HaHC HAIPYT TIPH 3MiHI YaCTOTH.

6. JlocmianTi pe3oHaHC HANPYT MPH 3MiHI €EMHOCTI.

JlaHi BUMipIOBaHb 3a ILIL 5, 6 3aHecTH B TaO.2, BUKOHATH HEOOXIimHI
obumcneHHs 1 moOyayBaTy Ha ogHOMY rpadiky pezonancHi kpusi |, Uc, U,
XL, Xc i cose sk o¢yukmii gactot f abo emHocti C (3a BKa3iBKOIO

BHKJIa/1aya).
Work program

1. Carry out measurements in a circuit with one active relay.

2. Carry out measurements in a circuit with one capacity.

3. Carry out measurements in a circuit with an inductor.

4. Measure in a circle with R, L, and C elements.
Measurement data according to p.p. 1, 2, 3, 4 should be entered in table 1,
calculate the values indicated in it and construct vector diagrams on the
same scale.

5. To explore voltage resonance when changing frequency.

6. Tp explore voltage resonance when the capacitance changes.

Measurement data according to p.p. 5, 6 should be entered in table 2,
perform the necessary calculations and plot resonance curves on one graph
I, Uc, Uy, Xi, Xc and cose as functions of frequency f or containers C (as

directed by the teacher).
5.4. Onuc 1a00paTOPHOI YCTAHOBKH

JlabopaTopHa pobora MPOBOJUTHCS Ha YHIBEpCAITbLHOMY
na0opaTOpHOMY CTEHI, 10 CKJIaay SIKOTO BXOASTH!

- JDKEpeIo 3MiHHOT HallpyTH 3 PETyJIbOBAaHOIO YaCTOTOIO;

- Ha0lp TOCTIMHUX IHAYKTUBHOCTEH;

- OJIOK 3MiHHO{ €MHOCTI, a TAKOK Ha01p OKpEeMHUX KOHJCHCATOPIB;

- uuppoBi BUMIpIOBaNbHI MNpHUIaad, SIKUMH MOXKHA BHMIpIOBAaTH
Hanpyry, CTpyM i orip.
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Hampyry  mxepena  KMBIEHHS  MOXHA  3MIHIOBATH  PYYKOIO
«Harmpspxenuey, a i 9acToTy - pyukamu «HacToTa» JUCKPETHO 1 IJIaBHO.

JlocoikeHHST TIOCHIZOBHOTO KoOja 3HIHCHIOETBCS 3a  CXEMOIO,
HaBeZieHOI0 Ha puc.5.7. Ilpum mpoMy BHMIpPIOBaHHS YacTOTH MPOBOISATH
okpemuM TpmnagoM 4372, a Bce IHmIE BUKOPUCTOBYETHCA 13
71abopaTOPHOTO CTEHA.

2
=
S,
a

I
Il
&

Puc.5.7.
Description of the laboratory installation

Laboratory work is carried out on a universal laboratory stand, which
includes:

- variable voltage source with adjustable frequency;

- a set of constant inductances;

- block of variable capacity, as well as a set of separate capacitors;

- digital measuring devices that can be used to measure voltage, current
and resistance.

The voltage of the power source can be changed with the "Voltage"
knob, and its frequency - with the "Frequency" knobs discretely and
smoothly. The research of the series circuit is carried out according to
the scheme shown in Fig. 5.7. At the same time, the frequency
measurement is carried out by a separate device 4372, and everything else
is used from the laboratory stand.

5.5. Ilops10Kk BUKOHAHHS PO0OTH

1. Jlns mpoBeJeHHs BCiX JOCIHIKEHb 30MpalOTh CXeMy, HaBelleHY Ha
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puc. 5.7, 3 BenmmumHamu R, L i C, BkazammMmm BuKiIamadeM. Ilicms
3aK0opouyioTh TmpoBigHuKkamMu kinemu Ux 1 Uc, BUCTaBIAIOTH 3amaHi
BUKJIQJlaueM Hanpyry okuBieHHs U 1 gacrory f i mpuctymaroots 10
BumiproBanusa U, Ur i |. [lani 3arH0oCcATh B Ta0m. 1.

2. 3usBmu nepemuuky 3 kiem Uc, 3amukarote kiemu Ug 1, He
smuitoroun U i f, Bumiprorors U, Uc i |. Jlani 3anocsTh B Ta0mI. 1.

3. 3usaTu nepeMuuky 3 kieM Uk, TOCTaBUTH nepeMudky Ha kiemu Uc i
3HoBy, He 3minroroun U i f, Bumiprotore U, Uk i |. [lani 3aHocsaTh B
Tabm. 1.

4. 3HiMalOTh BCi IepeMHYKH i Tpu THX ke 3HadeHHsx U i f
BuMiprotoTe U |, | 1 mudpoum tectepom — Ug, Uk, 1 Uc. [laHi BUMiproBaHb
3aHOCSTH B Ta0. 1.

f=... Iy Ta6mumsa 1
Hocmin- BuwmiproBaras O0uncieHHs
JKyBaHe Q
KOJI0 U I! Ul‘ly UK; UC’ Z’ rK XL; XC’ r! UL P ’ S]’3 co
BmAB BBOMOMOMOMOMBBTBI;’XASQJ
r
C
L
r,C, L

3a JaHUMH BUMIpIOBaHb BUKOHYIOTh PO3PAaXyHKH BEIMYHMH, BKa3aHHUX B
Tabi. 1, 3a TakumMu Gopmynamu

L U
- [IOBHUH OIIIP KOJIa Z= T y

K -
1

- IOBHUH OMip KOTYUIKH IHAYKTUBHOCTI Z, = I

.. U
- aKTUBHMH omip Kona =1, +r,, =—;

IO
. o . 2 2.
- IHAYKTUBHUH OMIp KOTYIIKU X| =4/Z; —T." ;
T (T _“c.
- EMHICHHMH OMIp X, = 0

- PEaKTHBHMI OIip Kona X=X —X¢ ;
- IHIyKTUBHA cKianoBa Hanpyru U =1X, ;
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- aKTHBHA TOTYXXHICTh P = | 2r :

- peakTUBHA NOTYXHIicTh Q = | x;

- TTIOBHA MOTYXHicTh S =Ul ;

. . P r

- Koe(iLi€HT MOTYXHOCTI KOJa COSQp = —=—.

S Z

Ha migcraBi ekcriepuMeHTaIbHUAX 1 PO3PaxXyHKOBHX JaHHUX OyIyIOTH B
OJTHOMY MacIuTa0i BEKTOPHI Aiarpamu.

5. 3MIHIOIOYM YacTOTy BXiJHOI Hampyru npu ii He3MiHHIA BEMMYMHI 1
CIOCTEpiraloun 3a BEJIMYMHOIO CTPyMY, HOOWTHCS SIBUILA PE30HAHCY
Hampyr, sSKoMy OyAe BiINOBiJaTH MaKCUMalbHE 3HAYCHHS CTPyMY.
3amumiTe 3HAYEHHS LBOTO CTPYMYy 1 PE30OHAHCHY YacTOTy, a TaKOX
HaNpYTy Ha aKTUBHOMY OIOpi, KOTYIII 1 eMHOCTI. Jlani moBTOpiTh BUMipH
Ha TPHOX YACTOTAaX MEHIIMX 1 TPhOX YaCTOTaX OUIBIIMX BiJl PE30HAHCHO.
Pesynbratu BUMIpIOBaHb 3aHECiTh B Tabj. 2 1 BUKOHaWTEe HEOOXimHI
PO3paxyHKH. 3a EKCIEPUMEHTAIBHUMH Ta PO3PaxXyHKOBUMH IaHUMH B
onHINA cuctemi koopauHat moOymyite rpadiku U, I, Uy, Uc, X, Xc i
cos p=f().

Tabnug 2

NoNo YmoBa BumiproBanHs OO0uuceHHs
3/m jmocminy| U | f| I Ukl Uc [L|Clz|r|xe|Xc|X|UL|P|Q]|S |cos

UcCL

= const

f=var

U f, L

= const

C=var

NS OIRIWIN EINIo O R W
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6. He 3MmiHIOIOYM BeIWMYMHY BXiIHOI HAlpyrd, BCTaHOBITH YacTOTY,
Hanpukiazn, /000 I'y. 3aMiHIT KOHIAECHCATOp HA OJOK €MHOCTEH. 3MiHOIO
€MHOCTI OJI0Ka TOTPiOHO MOOWTHCS pe30HaHCY Hampyr B Koii. [Ipu oMy
HEOOXiTHO KOHTPOJIOBaTH, MO0 Hampyra i 9acToTa HE 3MiHIOBAJUCH.
SIko0 BOHM 3MIHIOIOTHCS, TO HEOOXITHO X CKOPETYBAaTH i 3HOBY TOOHUTHCH
pe30HaHCy. 3amuIIiTh BEIMYMHH €MHOCTI, CTpPyMy, a TaKOX HaIlpyr Ha
enemeHtax komya. Jlami nocmimy 3aHecite B Tabn. 2. [ocmig Tpeba
MOBTOPUTH JIJISI OJHOTO 3HAYEHHSI €MHOCTI MEHIIOI 1 OJHOTO 3HAYCHHS
€MHOCTI OLIBITNIOl BiX €MHOCTI TpHW pe3oHaHci. Bukonaiite HeoOXimHi
pO3paxyHKH. 3a eKCICPUMEHTATbHUMH 1 pPO3PAaXyHKOBHMH JaHUMHU
noOymyiTe Tpy BEKTOPHI AlarpaMu: 10 PE30HAHCY, IPA PE30HAHCI 1 MiCist
pe30HaHCy.

3BiT mpo poOOTy OGOPMUTH 3TiTHO 3pa3ka, SKANH 3HAXOAWTHCS Ha
iH(opMamiiHOMY CTeH i Kadenpu.

The order of work

1. To carry out all research, collect the scheme shown in fig. 5.7, with
the values of R, L and C specified by the teacher. After the
terminals are shorted with conductors Ux and Uc, set the supply
voltage U and frequency f set by the teacher and start measuring U,
Ur and I. The data are entered in the table. 1.

2. After removing the jumper from the terminals Uc, close the
terminals Ur and, without changing U and f, measure U, Uc and 1.
The data are entered in the table. 1.

3. Remove the jumper from the terminals Uk, put a jumper on the
terminals Uc and again without changing U and f, measure U, Uk
and I. The data are entered in the table. 1.

4. Remove all jumpers and with the same values of U and f measure U,
I and with a digital tester — Ugr, Uk, i Uc. Measurement data
areentered in the table.

1f=... Hz. Table 1
Experim Measurement Calculation
ent U Z, | e | Xu| Xc| 1, | UL QS
circle |, | 1 [\ U Uelon| |, |oh|ohfoh| VITl’t | v
Vv mDhmm| m|{m|V VAl A[°?
r
C
L
rh,C L
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Based on the measurement data, the values specified in the table 1 are
calculated according to the following formulas

- total circuit resistance Z =U|— X

- the total resistance of the inductor Z, = % :

u.

- active circuit resistance r=r, +r,, = I
0

- inductive resistance of the coil x, =/Z2—r.?;

.. . U
- capacltive resistance x. = I_C;

- reactive resistance of the circuit x=x_ —X¢;

- inductive component of voltage U, =1x_ ;
- active power P =17r;

- reactive power Q = 12x;

- full power S =UI ;

. P r
- circle power factor cose = b
On the basis of experimental and calculated data, vector diagrams are
constructed on the same scale.

5. By changing the frequency of the input voltage at its constant value
and observing the value of the current, achieve the phenomenon of voltage
resonance, which will correspond to the maximum value of the current.
Write down the value of this current and the resonant frequency, as well as
the voltage on the active resistance, coil and capacitor. Next, repeat the
measurements at three frequencies lower and three frequencies higher than
the resonant one. Enter the measurement results in the table. 2 and perform
the necessary calculations. Draw graphs based on experimental and

calculated data in one coordinate system U, I, U, Uc, X, Xc i cosg=f().
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Table 2

z

The Measurement Calculation

condition | U | f | I [Uxg| Uc|L|Clz|r|Xe|Xc|X|U.|P|Q/|S |cos
of the 7
experiment

UcCL=

const
f=var

N RERENENENEEENE

Uf,L=

const

C = var

6. Without changing the value of the input voltage, set the
frequency, for example, 1000 Hz. Replace the capacitor with a capacitor
block. By changing the capacity of the block, it is necessary to achieve
voltage resonance in the circuit. At the same time, it is necessary to control
that the voltage and frequency do not change. If they change, it is necessary
to adjust them and achieve resonance again. Write down the values of
capacitance, current, and voltages on the elements of the circuit. Enter the
data of the experiment in the table. 2. The experiment must be repeated for
one capacitance value smaller and one capacitance value greater than the
resonance capacitance. Make the necessary calculations. Based on the
experimental and calculated data, construct three vector diagrams: before
resonance, during resonance and after resonance.

The work report should be drawn up according to the sample available
at the information stand of the department.
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5.6.KOHTpPOJILHI 3aNIMTAHHSA

1. Slk BUBHAUNTH IHAYKTUBHUHK 1 €eMHICHUH onopu?

2. Yomy JOpiBHIOE pPEAKTUBHUM OMHIp KoOJa MPH MOCTiAOBHOMY
Bkirouendi R, L 1 C enemeHTiB?

3. o Take mOBHUH OMip MOCHIJOBHOTO KOJIA 1 SIK HOTO BU3HAYAIOTH?

4. Sx QopmymroeTbest 1 3amucyeTbes 3akoH Oma Ui TOCHIJOBHOTO
Kona?

5. SIka yMOBa pe30HAHCY y MOCIIiJOBHOMY KOJIi 1 SIKi OCOOJIMBOCTI I[bOTO
pe3oHaHcy?

6.5lkuMu MeToJaMH MOXKHA 3a0€3MEUUTH PE30HAHC Y IMOCIiTOBHOMY
Koui?

7. Hapucyiite rpadiku 3aJeKHOCTI CTpyMy Ta Hampyr Ha OKPEMHUX
eJIeMEHTaX MoCIioBHOTO 3’enHanus r,L,C B QyHKIii Big gacToTH.

8. Skwmifi BUI MalOTh BEKTOPHI JdiarpaMd CTpyMy Ta Hampyr
MOCITiIOBHOTO KOJa?

9. YoMy pe30oHAHC Yy TMOCIIJOBHOMY KOJIi Ha3UBAaIOTh PE30HAHCOM
Hanpyr?

10. Slxke mpakTHUYHE 3HA4YeHHS Ma€ pE30HAHCHUH pEeXUM Yy
MOCIIIOBHOMY KOJIi?

Control questions

1. How to determine inductive and capacitive resistance?

2. What is the reactive resistance of the circuit when R, L and C
elements are connected in series?

3. What is the total resistance of a series circuit and how is it
determined?

4. How is Ohm's law formulated and written for a series circuit?

5. What is the condition of resonance in a series circuit and what are the
features of this resonance?

6. What methods can be used to ensure resonance in a series circuit? 7.
Draw graphs of current and voltage dependence on individual elements of
a series connection r,L,C as a function of frequency.

8. What are the vector diagrams of current and voltage of a series
circuit?
9. Why is resonance in a series circuit called voltage resonance?
10. What is the practical significance of the resonant mode in a series
circuit?
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