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PoGora 6. ocitixkeHHs eJIEKTPUYHOT0 KO0JI1a 3MIHHOTO CTPyMY
3 NapaJieJIbHUM 3’ €IHAHHAM BiTOK

Study of an electric circuit of alternating
th current with parallel connection of branches

6.1. MeTta podoTu

Hocmigutn pexkuM poOOTH  ENEKTPUYHOTO Kojia 3 MapajelibHUM
3’€THAHHSAM KOTYIIKH iHIYKTHBHOCTI 1 €MHOCTI NpHU PI3HUX YacTOTax,
BuBuUMTH BB C i L Ha siBUIIE pe30HaHCY CTPYMiB Ta HOTO BUKOPHUCTaHHS
JUTSL PETYIIOBaHHS KOe(illieHTa MOTYKHOCTI.

The purpose of the work

Investigate the mode of operation of an electric circuit with a parallel
connection of an inductance coil and a capacitor at different frequencies,
study the influence of C and L on the phenomenon of current resonance
and its use for adjusting the power factor.

6.2. KopoTki TeopeTnuHi Bitomocti

Ha BigmiHy Bix koma 3 TOCHIIOBHUM 3’€THaHHSIM, B SKOMY 4epe3 BCi
€IEMEHTH TMPOTIKa€ OJHAKOBUH CTpyM, B KOJax 3 MapalelbHUM
3’€THaHHSIM BITOK OJJHAKOBOIO OyJe Hampyra, ska MPHKIAJAETBCS 0
mapajenbHuX BIiTOK. ToMy METOI IOCHiKeHb OyayTh CTPYyMH, SKi
MPOTIKAlOTh y BiTKAaX.
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lu
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Puc. 6.1.



Ha mnpuknanl koma, siKe CKIQHAaeTbes 13 TMapaienbHO BKIIOYEHHX
IHAYKTHBHOT KOTYIIKA 3 IHAYKTWUBHICTIO L 1 aktmBHMM omopoMm Ri Ta
emuocti C, MO’KHa BCTAaHOBHTH Ha ITiJICTaBI BEKTOPHOI MiarpamMu 3B’ SI3KH
MiX Hampyroto xuBieHHs U 1 crpymamu i, i1, ic (puc. 6.1). Jlo xoxHOT
BITKH IIpOTO Kojia mpukianeHa Hampyra U. Tomy moOymoBy BeKTOpHOI

JiarpamMy MOYMHAIOTH 3 Bekropa Hampyru U . JIoBkuHa BEKTOpa CTPyMy

|, 6yne nopiBHIOBaTH

SN . 6.1/

= 2 2
41 R +X{

00 R1 1 X.= wl 3’emnani mocmimoBHO. BigknanaroTe 1€l BEKTOp BiJHOCHO
Bektopa U mix kyrom

¢, = arctg A 16.2/
Rl

[ToGynoBaHuii TAKMM YMHOM BEeKTOp |, pO3KIagaroTh Ha JABi CKIIAJOBi:
aKTUBHY CKJIaNOBY la =licospi 1 peaktuBHy | =lising:, sk mokazano Ha
puc.6.2.

Mopynb BeKTOpa CTpyMy
| cC 1

I 3HAXOSTh 3a
(dhopMmyIoro
o J u _u
P -l lc =—=—=wCU./6.3/
| Z; X
hele Yoo N N Bexrop ctpymy |_C Oyne
} BUTIEPEKATH BEKTOp HaIll-
! — V4
/o pyru U Ha kyT —.
I I 2
CtpyM B Heposramyxe-
Pic. 6.2 by postaly

Hii 4YacTuHi Koia Oyne
JTIOPIBHIOBATH
TeOMETPHUYHIN CyMi CTPYMiB y BiTKax, TOOTO



JloBx1Ha IIOTO BEKTOpa
=12+ 1., 16.41

a xyt mix Bektopamu | i U 3HaxomsTth i3 BeKTOpHOI miarpamu abo 3a
¢dhopmymoro

@ =arcty ILI;IC 16.5/

a

Jns nocmimpkeHHst BIuMBY napameTpiB R, L i C Ha cTpymu y BiTKax
HEOoOXiHO B piBHsAHHI /6.4/ CTpyMH BHpa3HUTH Yepe3 HAMPYTY 1 OTMOPH.
AKXTHBHA CKJIaJI0Ba CTPYMY IIEPIIOT BITKU

UR R
l,=1co8¢ =——=—U=g,U, 16.6/
L5y 4
R, . . R, .
e 0q =Z—2 — aKTHBHA MPOBIIHICTH IEPIIO] BITKH, COS@ :Z— 3r10HO
1 1

BEKTOPHOI JiarpaMu, HaBeneHoi Ha puc. 6.3, 0.
PeakTrBHa CKITazoBa CTPyMY NEpIIOi BiTKH

I =lysing=2 X Xy _pu, 16.7/
L5 g
ne b = X—; — peaxkTHBHA 1HIyKTHBHA MPOBIJHICTh MEPIIOi BiTKH.
Z
CrpyMm y apyriit BiTwi
Z; Xc

Je bc — peakTMBHA €MHICHA MTPOBITHICTB IPYTOi BITKH.
[ligcraBuBmm B /6.4/ 3aMicTh CTPyMiB y BiTKax BHpa3H 3riHO (HOpMyI
16.6/,16.7/1/6.8/, onepxumo

| =U4g2+(b —b.) =YU, 16.9/

nie Y — IOBHA MPOBITHICTH KOJIA.



V3aranpHIOOYM BUKIAJACHY METOAMKY Ha KOJIO 3 IapajelbHUM
3’eTHAHHSAM N BITOK, MOKHA 3alMCATH, 1[0 aKTHUBHA IPOBITHICTH KOJIa

n
g=>.0i; 16.10/
i=1
peaKTHUBHA 1HIyKTHUBHA ITPOBIIHICTH KO
n
b, = by /6.11/
i-1
1 peakTUBHA €EMHICHA MTPOBIAHICTH KOJa
n
be = > bei, 16.12/
i-1
1e i — Homep BiTKH Kona (i=1, 2, ..., n).
IloBHa MPOBIiTHICTH KOTIA
Y =g%+(b —b. ). 16.13/

Orxe, 3a aHanoriero 3 /6.9/ 3akoH Oma ans Koja 3 MapaledbHUM
3’€IHAHHAM N €JIEMEHTIB a00 BITOK Ma€ BUJ

I=YU. 16.14/

I-lc

Puc.6.3



Ha mincraei piBHsHHS /6.13/ MOKHa 3pOOUTH BHCHOBOK, IO XapaKTep
CTPpyMY B KOIIi 3 TIapajelbHUM 3’ €THAHHSIM BIiTOK 3aJI€KUTh HE TITBKHU BiJ
BEJIMYMHH OIIOPIB, aJI€ i Bij CIiBBiIHOMIEHHS Mix TpoBimgHoCcTsIME b 1 be.

ITpu b. > be ctpym I > Ic i moBHA MPOBiAHICT Oyae MaTH aKTUBHO-
IHOyKTHBHUK xapakTep. CTpyM B HEpO3TalyXeHil dYacTWHI KoJja,
HaBeZIeHOTO Ha puc. 7.1, Oyme BincTaBatu 3a (a3or0 BiAg HAMpyTH, 5K
[MOKa3aHO Ha BEKTOPHIH miarpami (puc. 6.3, a).

ITpu b. < be ctpym I < lc i noBHa mpoBigHiCTs KOJTa Oy/ae aKTUBHO-
emaicHoto. CTpyM B Hepo3ramyKeHill dYacTuHi Oyae BHUIEpeKaTH 3a
(a3oro HaTpyTYy, K MOKa3aHO Ha BEKTOPHIH miarpami (puc. 6.3, 0).

ITpu b. = bc ctpym I = ¢, mpoBiaHICTh KOJA cTae PIBHOK aKTHUBHIM
nposigaocti (Y=Q). CTpyM B HEpO3TalTy)KCHii YaCTHHI KOJa CIiBIagae 3a
¢$azor0 3 HAMpPYrow i BU3HAYAETHCS JHUINE aKTUBHOK MpoBimHicTIO. Lle
SBUIIE HA3WBAETHCS PE3OHAHCOM CTPyMiB. BOHO 3yMoBIeHE OOMiHOM
EHEepri€l0 MAarHiTHOTO TONS KOTYIIKH 1HAYKTUBHOCTI 3 €HEPTicro
EJIEKTPUYIHOTO TOJIsI KoHAeHcaTopa. Lleit oOMiH BimOyBaeThCS 3 4aCTOTORO
2m 1 He 3B’s3aHMA 3 JKepernoM Harpyrd. llpu pezonanci ctpymm I i Ic
MOXKYTh 3HAYHO MIEPEBUIIYBATH CTPYM B HEPO3TATYKEHIH YaCTUHI KONa, K
MOKa3aHO Ha BEKTOPHiH miarpami (puc. 6.3, B), 1 TOMy pe3oHaHC B KOIi 3
napayie’IbHUM 3’ €JIHAHHIM HAa3UBAIOTh PE30HAHCOM CTPYMIB.

JINs eNeKTpUYHUX KiJT 3 N mapanelbHUMU BITKAMH YMOBOIO PE30HAHCY

CTpYMIB € yMOBa
n n
> b= b 16.15/
Jlnst kosta, HaBeZIeHOTo Ha puc. 6.1, yMOBOIO pe30HaHCY €

X—Lza)C abo

/6.16/
zf

zw—Lﬁa’C
R +(al)

I3 piBHsHHS /6.16/ chmigye, O pe30HAHCY B KOJi MOXHA JOCSATHYTH
3MIHOIO YacTOTH @, IHAYKTHUBHOCTI KOTyIku L a6o emuocri C.

Sxmo L i C crani BeNWYWHH, TO 4YaCTOTA, NMPH SIKidH BUHUKAE SIBHIIE
pEe30HAHCY, HAa3MBAETHCS PE3OHAHCHOIO YaCTOTOIO 1 MO3HAYAETHCS (V0.
3rigHo 3 /6.16/ pe3oHaHCHA YacToTa



1 ‘C
W, = 1- R; : 16.17/
VLC L
Ha Bigminy Bix xomna 3 mociigoBHuM 3 eaHaHHsaM R, L i C enemenTiB, B

1

* .
SIKOMY BJIaCHa 49acTOTa KOJHWBAHb (), :f, B KOJ1 3 IIapajiCJIbHUM

3’€QHAHHAM o 3aIEXNUTh He TIIbKK Bix L 1 C, a TakoK BiJ aKTHBHOIO
onopy R. 13 /6.17/ cninye, mo @,> wo 1 Tinbku 3a ymoBu Ri=0 @, =wo .

[Tpu He3minHMX @ 1 L yacto mobuBaroThes pe3oHaHcy 3MiHOO C, 1 18
Oyze 3a yMOBH

C, 16.18/

R+ (o)

PiBasaEs /6.18/ mokasye, mo akTUBHHHM omip Ri mpuszBoamTh 10

: . « 1
smenuenns Co y NOpiBHAHHI 3 BUmaakoM, komu Ry =0 (Cy =——).
oL

Yacro B pamioTexHimi AOOMBAIOTHCS BUHWUKHEHHS PE30HAHCY 3MIHOIO
IHAYKTUBHOCTI KOTymKH L mpm crammx 3HadeHHsSX @ 1 C. Y 1mpomy
BUTIAJIKY 3TiHO piBHSIHHSA /6.16/ pe3oHaHC HACTYIUTh PU

_ 2
_I+y1-(2aR,C)” /6.19/

20°C

L

Crig BiIMITUTH, IO TPU PE30HAHCI CTOCOBHO [0 JPKEpella HaIlpyTrH
KOJIO BeJie cebe Tak, HiOW peakTUBHHX MPOBigHOCTEH by 1 be Hemae.

Ile 3ymoBieHe TuM, mo peaktuBHi cTpymu I i lc 3HaxomsaThCH y
npotudasi (3CyHyTi B 4aci Ha KyT 7), TOOTO CyMa MUTTEBUX 3HAYEHb IUX
CTPYMIB JIOPiBHIOE HYITIO.

Ha puc. 6.4 naBeneni 3anexHocri I, 1, Ic 1 p=f{w), i3 AxkuX BUAHO, IO
CTPYM B HEPO3TANTYKEHiI YacTHHI KOJIa 3MIHIOEThCS 32 MapaOolidyHUM
3aKOHOM, a CTPYM B KOHAEHCATOPI — 32 3aKOHOM Tinepoosu.

[loTy>kHOCTI, 5IKi CIIO>KMBAIOTh €IEMEHTH KOJja, BU3HAYAIOTh 32 TAKUMHU
bopmymnamu:

aKTHBHA

P=Ulcosp=U"?g,; 16.20/
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Puc. 6.4
peakTuBHA
Q=Ulsinp=U?(b, —h,) 16.21/
1 ITIOBHA
S=Ul=U?Y. 16.22/

EnextpuyHi Kosia 3 mapaielbHUM 3’ €IHAHHSIM BiTOK 3HAHIIIM [IHPOKE
3aCTOCYBaHHS B PI3HHX Tally3sX CJIEKTPOTEXHIKH Ta eneKkTpoHiku. Lle
MOSICHIOETBCS THM, 10 TNPH HAJCKHIA JOOPOTHOCTI BOHHM XapakTe-
PHU3YIOTBCSI JIOCUTh €(QEKTHBHUMH (PUIbTpaAIlifHUMKU BIACTUBOCTSAMH. B
CUJIOBHX  EJIEKTPOTEXHIYHMX YCTaHOBKAaxX MapajiellbHe i1’ €THaHHS
KOHJICHCATOPIB JI0 BITKH 3 aKTUBHO-IHIYKTHBHHUM ONOPOM (aCHHXPOHHHH
JBUT'YH) MiJBHILYE KOSQIIIEHT MOTYKHOCTI (cOS@), 1O MPU3BOIMUTH JI0
3MEHIIIEHHS CTIOKMBAHHS €JIEKTPOCHEPTi.

Brief theoretical information

Unlike a circuit with a series connection, in which the same current
flows through all elements, in circuits with a parallel connection of the
circuits, the voltage applied to the parallel circuits will be the same.
Therefore, the purpose of research will be the currents that flow in the
branches.
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Fig. 6.1.

On the example of a circuit that consists of a parallel-connected
inductor with an inductance L and an active resistance R1 and a capacity
C, it is possible to establish the relationship between the supply voltage U
and currents on the basis of the vector diagram i, i1, ic (Fig. 6.1). A voltage
U is applied to each branch of this circuit. Therefore, the construction of
the vector diagram begins with the voltage vector U . The length of the
current vector I, will be equal to

=Y 16.1/

;. JRE+ X

for R1 i x.= wL connected in series. Set aside this vector relative to the
vector U at an angle

@, = arcty X 16.2/
Rl

The vector is constructed

lc in this way I, divided into
two components: the active

01 | U component la =licosp: and
a reactive I =liSinp;, as
4 | shown in Fig. 6.2. Current
-le Voo N\U L > vector module |, found by

the formula

=2 Y _cuses

Xc

10



Current vector I_C will be ahead of the nap-rug vector U on the corner
z
5

The current in the unbranched part of the circle will be equal to the
geometric sum of the currents in the branches, i.e.

The length of this vector

L=\12+(1 =1 ), 16.41

and the angle between the vectors I and U found from the vector
diagram or by the formula

@ =arctg —'LI_'C. /6.5/

a

To study the effect of parameters R, L and C on the currents in the
circuits, it is necessary to express the currents in terms of voltage and
resistance in equation /6.4/.

The active component of the current of the first line

Ia=I1005¢1=£&=&U:glu, 16.6/

2,2, 77

. . . R
where glzﬁ — active conduction of the first branch, cose, =—1t

? 4
according to the vector diagram shown in fig. 6.3, b.
The reactive component of the current of the first line

I =lysinp=—"2L Xy _pu, 16.7/
2,2 73
where b, = X—; — reactive inductive conductivity of the first line.
Z
. . u u
Current in the second line 1. :Z—:X—:a)CU =bcU, 16.8/

2 C

11



where bc — reactive capacitive conductance of the second line.
By substituting expressions according to formulas /6.6/, /6.7/ and /6.8/
instead of the currents in the circuits in /6.4/, we

obtain | =U+/g? + (b, b, f =YU, 16.9/

where Y — complete circuit conduction.

Generalizing the described technique to a circle with a parallel
connectionof n turns, it can be written that the active conduction of the
circle

M:

g9=2.0i; 16.10/

1

reactive inductive conductivity of the circuit

b, => by 16.11/
i=1

and reactive capacitive conductance of the circuit

be =D _bei, 16.12/
i=1

where i is the circuit branch number (i=1, 2, ..., n).
Complete circuit conduction

Y =yg%+(b, —h.). 16.13/

Therefore, by analogy with /6.9/, Ohm’s law for a circuit with a parallel
connection of n elements or branches has the form
I=YU. 16.14/

On the basis of equation /6.13/, it can be concluded that the nature of
the current in a circuit with a parallel connection of branches depends not
only on the value of the resistances, but also on the ratio between the
conductivities by i bc.

At b. > bc current 1. > Ic and complete conduction will have an active-
inductive nature. The current in the unbranched part of the circuit shown in

12



Fig. 7.1, will lag behind the voltage in phase, as shown in the vector
diagram (Fig. 6.3, a).

At b < bc current I < IC and the complete conduction of the circuit
will be active-capacitive. The current in the unbranched part will be ahead
of the voltage phase, as shown in the vector diagram (Fig. 6.3, b).

At b = bc current I = I, the circuit conductivity becomes equal to the
active conductivity (Y=g). Current in the unbranched part of the circuit
coincides in phase with the voltage and is determined only by active
conduction. This phenomenon is called current resonance. It is due to the
exchange of the energy of the magnetic field of the inductor with the
energy of the electric field of the capacitor. This exchange occurs with
frequency 2w and is not connected to a voltage source. Currents at
resonance I and Ic can significantly exceed the current in the unbranched
part of the circuit, as shown in the vector diagram (Fig. 6.3, c), and
therefore resonance in a circuit with a parallel connection is called current
resonance.

For electric circuits with n parallel circuits, the condition of resonance

of currents is the condition
D b= b 16.15/

For the circle shown in fig. 6.1, the resonance condition is
XL ol

16.16/

oC Of ———— =
27 R} + (wlL)?

It follows from equation /6.16/ that resonance in the circuit can be
achieved by changing the frequency o, coil inductance L or capacitance C.

If L and C are constant values, then the frequency at which the
phenomenon of resonance occurs is called the resonant frequency and is
denoted wo.

According to /6.16/ resonant frequency

1 R2C
W, = 1- : 16.17/
¢ JLC L

In contrast to a circuit with a series connection of R, L and C elements,

which has its own oscillation frequency @, ——1 in a circuit with a
°Jie’

13



parallel connection wo depends not only on L and C, but also on the active
resistance R. It follows from /6.17/ that @,> wo and only on condition
R1=0 a); =y .

With unchanged w and L often achieve resonance by changing C, and
this will be provided

Co=—""%- 16.18/
° R4+ (Lo)
Equation /6.18/ shows that the active resistance R: leads to a decrease
Co compared to the case where Ry = 0 (C, = %L).
w

Often in radio engineering, resonance is achieved by changing the
inductance of the coil L at constant values @ and C. In this case, according
to equation /6.16/, resonance will occur at

1++/1-(2wR,C)?
L, = VI (2eRC)T 6.19/

20°C

It should be noted that at resonance with respect to the voltage source,
the circuit behaves as if reactive conductances b, and bc there is no. This is
due to the fact that reactive currents I and Ic are in antiphase (shifted in
time by an angle x), that is, the sum of the instantaneous values of these
currents is zero.

In fig.6.4 given dependencies I, 11, Ic and ¢p=f(w), from which it can be
seen that the current in the unbranched part of the circuit changes
according to the parabolic law, and the current in the capacitor - according
to the hyperbola law.

The powers consumed by the circuit elements are determined by the
following formulas:

Active:

P=Ulcosp=U?gy; 16.20/

Reactive:
Q=Ulsing=U?(b_—D) 16.21/

14



And full
S=Ul=U?. 16.22/

Electric circuits with parallel connection of branches are widely used in
various fields of electrical engineering and electronics. This is explained
by the fact that, with the proper quality factor, they are characterized by
quite effective filtering properties. In power electrical installations, the
parallel connection of capacitors to a line with active inductive resistance
(asynchronous motor) increases the power factor (cose), which leads to a
decrease in electricity consumption.

6.3. [Iporpama po6otu

1. MocniauTy pe30HaHC CTPYMIB IIPH 3MiHI YaCTOTH.

2. locniaAuTy pe30HAHC CTPYMIB MPHU 3MiHI €EMHOCTI.

3. Ilpu cranux 3HaueHHAX @ 1 C BU3HAYUTH EKCIEPUMEHTAIBLHO
BEJIMYMHY 1HIYKTUBHOCTI KOTYIIKH, MIPH SIKi BUHUKA€E pe3oHaHc. OMiHUTH
BIUIMB OTMOPY KOTYIIKK R; Ha BemuunHy Lo.

4. TloOGymyBaTu BEeKTOpHI JiarpaMu CTPYMiB Ul YacToT o <@y,

=0y 1 0>ay.
5. TlobynyBatn Ha omgHOMy Tpadiky 3amexnocti [, I, Ie, Y i
cosp=f(C).

Work program

1. To explore the resonance of currents when the frequency changes.

2. To explore the resonance of currents when the capacitance changes.

3. At constant values @ and C determine experimentally the value of
the inductance of the coil at which resonance occurs. Evaluate the effect of
coil resistance R; by size Lo.

4. Construct vector current diagrams for frequencies o <aw,, ®=a,

and o>y .
5. Build dependencies on one graph 7, I, Ic, Y and cose = f(C).

15



6.4. Onuc J1adbopaTOpHOi YCTAHOBKH

JlaboparopHa po0OoTa mpoBoAUTHCS Ha JabopatopHoMy cTeHai YMIIC.
s BUKOHAHHS POOOTH BUKOPUCTOBYIOTh:

- JKEpeo 3MiHHOT HalpyTH 3 PETyJIbOBAHOIO YaCTOTOIO;

- OJIOK iIHAYKTUBHOCTEIH;

- OJIOK EMHOCTEH;

- mudpoBi BUMIPIOBAIBHI NPWIATU JJi1 BHUMIPIOBAHHS HAIPYTH,

CTPYMY 1 4aCTOTH.

Hanpyry mxepena »uBIeHHs 3MIHIOIOTH pyukoro ‘“Hampsokenue”, a ii
9acToTy - pyukamu “YacTora” TUCKPETHO 1 IJIaBHO.

JocmimkeHHsT Kojla BUKOHYETBCS 32 CXEMOIO, HAaBEACHOI0 Ha pHcC.6.5.
BumiproBaHHS 4acTOTH 3[iHCHIOIOTH mpuiaaaoM 4372, a Halpyry i CTpyM -
TUQPOBUMH NPHUIIATAMH.

o 0 o |

I, L

—>
11, I,

PVC PF<> L5 o«
L

::C
r

Puc.6.5

Description of the laboratory installation

The laboratory work is carried out at the laboratory stand of UILS. To
perform the work, use:

- variable voltage source with adjustable frequency;

- block of inductances;

- block of containers;

16



- digital measuring devices for measuring voltage, current and
frequency.

The voltage of the power source is changed with the "Voltage" knob,
and its frequency - with the "Frequency" knobs discretely and smoothly.

The research of the circle is carried out according to the scheme
shown in Fig. 6.5. The frequency is measured by the 4372 device, and the
voltage and current are measured by digital devices.

6.5. Ilops10K BUKOHAHHS PO0OTH

1. Ha vabipHOMY TOJIi CTEHa CKIIAJAIOTh eIEKTPHUIHE KOJI0, 300paxeHe
Ha puc.6.5. Omopom Ri Oyxme omip KOTYIIKM iHIYKTHBHOCTI. BemmuwHu
IHIYKTHBHOCTI (PeTyIhOBaHOI 1 HEPEeTylIhOBaHOI) 1 €EMHOCTI (PETyIbOBaHOL
1 HeperynpbOBaHOI) 3aJafoThCs BUKJIAnadeM. Hampyry SKUBICHHS
BUACTaBISIOTh B Mexkax 10...20 B i3 ymoBu, moOu CTpyMH y BiTKax He
NEepPEeBUIIyBaIM 3HAYCHb, BKa3aHMX Ha KOTYIIKaxX 1 KOHJIEHCATopax.
BucraBneny Hampyry MiATpUMYIOTh HE3MIHHOIO T 9ac BCIX JIOCIIIiB.
[Ticnst va micue nmepemuuku 1 T’ eaHyIOTH MidiammepMeTp. 3MIHIOIOYH
YacTOTy CTYIiHYacTO Ta IDIaBHO 1 CIIOCTEpiraroud 3a IOKa30M
MigiamrepMmeTpa, M0OWBalOTBbCA pE30HAHCY, SKOMYy Oyae BiONOBiTaTH
MiHIManpHE 3HaYeHHS CcTpyMmy Jo. Pe3oHaHCHY dYacToTy HEOOXiIHO
BUMIPSTH 3 MaKCHMAJIBHOIO TOYHICTIO. JIJIs1 IIbOTO, TUIABHO DEryJOI0YN
4acTOTy, JeKibKa pa3iB TepedTH TOYKy MIHIMyMy YacTOTHOI
XapaKTePUCTHKH Koja. Jlajmi BUMIPIOIOTh CTPYMH Y BITKax 1 pe3ylbTaTH
BUMIPIOBAaHb 3aHOCSATH B USTBEPTHH PAIOK Tab. 1.

Taomums 1

BumiproBanHs OO0uncieHHst

VYMmoBu

o ulf |1 I |Ic | C Y ye | Q1 | bL [ bc |P S c0s

B | T'ul MA| MA| MA| Mx®| Cim| Cim| Cim| Cim| Cim| Bt | BA

UCL

= const;

f=var

U f,L

= const;

WIN (RPN |WIN| - (%]
:l\lo

C=var
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[ToBTOpUTH BHMIpIOBaHHS Ha TPHOX YACTOTAX MEHIIMX 1 Ha TPHOX
OlIBIIMX BiXl PE30HAHCHOI.

2. 3anumuBIIA HE3MIHHOIO BETMYMHY BXIAHOI HANpYTH, BUCTABUTH il
gactoty f = 1000 I'l. 3MiHIOIOYH CTYIIHYACTO 1 TUIABHO €MHICTh OJIOKa
KOHJICHCATOpiB, JHOOWTHUCH PE30HAHCY y KOJI Ha i 9acToTi. 3amucaTu
BEJIMYMHY €MHOCTI 1 3HaueHHs cTpyMiB. [loBTOpHTH BUMIpIOBaHHS MpH
TPHOX 3HAYCHHIX €EMHOCTI MEHIIUX W IIPH TPHOX 3HAUCHHSIX OUTBITUX Bif
pe3oHaHcHOi. Pe3ynbpraTi BUMiprOBaHb 3amucaT B Ta0I. 1.

3. He 3MiHIOI0YM Hampyru i 4acToTH, BUcTaBUTH eMHicTh C <Cj.
IMorim wnHeobximHo mimibpatn Taky iHIyKTHBHICTH Lo 13 Onoka
IHAYKTUBHOCTEH, TpU SIKiH BUHUKHE B KOJIi pe30oHaHC cTpyMiB. SIkmio
HasBHHUX KOTYIIOK 1HIYKTHBHOCTEH HEIOCTATHBO IS PEKUMY PE30HAHCY,
TO TpeOa 3MIHUTH BEJIMYMHY EMHOCTI 1 TIOIIYK TIOBTOPUTH.

[Tpu pesonanci Bumipsitu ctpymu I, [1 i Ic, BusHaunt C, cymapHUiA
omip KoTymok R;s Ta Ly i 3aHecTu iX 3HaueHHS 10 3BiTYy. 3a GopmyI0I0

16.19/ mpn R; = R,y BU3HAYUTH PO3paXyHKOBE 3HAUCHHS L,, 1mOpIBHATH
Horo 3 L.

Jns ouiHkM BIIMBY R;y Ha BeIMYMHY PE30HAHCHOI 1HIYKTHBHOCTI L
noTpioHo migctaButd B /6.19/ Ry = 0 i BU3HAYMTH LB . I3 nopiBHsHHA Ly 1

*
Ly, 3poOuTH BUCHOBOK.

4. 3a paHMMM BUMIPIOBaHb 1 PO3paxyHKiB HOOyAyBaTu B OJHOMY
MacIuTabi AiarpaMu CTpyMiB ISl YACTOT @ < @y, @ =@y 1 @ > @y .

5. 3a pe3yabTaTaMy BUMIpIOBaHb HEOOXITHO OOYMCIUTH:

- IOBHY TIPOBiIHICTH Koa (popmyia 6.9);

- IOBHY TIPOBIJIHICTh KOTYIIKH

_h.

Y U’
- aKTHBHY MPOBIJHICTh KOTYIIKH (BCHOT'O KOJIa)
|
0.
91 =77
U

- peaKTUBHY IPOBIIHICTh KOTYIIKA
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b =vY2-07;

- peaKTHUBHY MPOBIIHICTH KOHAEHCaTOpa (hopmyna 6.8);
- aKTUBHY MOTYKHICTBH (popmyina 6.20);

- TIOBHY MOTYXHICTb (popmyrna 6.22);

- KOe(iIli€HT MOTYXHOCTI

COS(/):&.
Y
3a pe3ynbraTaMyd BHUMIpIOBaHb 1 OOuYHMCIeHb MOOyAyBaTH TIpadiku
crpymiB |, | i |, a Takox moroi mposimsocti Y i koedimienta
NOTYXHOCTI COS (9 B 3a/Ie)KHOCTI Bii EMHOCTI MPH HE3MIHHUX BEMYMHAX
U, filL.

The order of work

1. On the recruiting field of the stand, make an electric circuit, shown in
Fig. 6.5. resistance Ri will be the resistance of the inductor. The values of
inductance (regulated and unregulated) and capacity (regulated and
unregulated) are set by the teacher. The supply voltage is set within 10...20
V, provided that the currents in the circuits do not exceed the values
indicated on the coils and capacitors. The exposed voltage is kept constant
during all experiments. After the jumper is in place II; connect a
milliammeter. Changing the frequency stepwise and smoothly and
observing the milliammeter display, achieve resonance, which will
correspond to the minimum value of the current I,. Resonant frequency
must be measured with maximum accuracy. To do this, by smoothly
adjusting the frequency, pass the minimum point of the frequency
characteristic of the circle several times. Next, the currents in the branches
are measured and the measurement results are entered in the fourth line of
Table 1.

Table 1
No Conditio| Measurement Calculation
3/_ nsof |U|f |1 li | Ic | C Y | » |01 |b. |bc|P |S
I experim| V | Hz| mA| mA] mA{ uF | Sm [ Sm| Sm| Sm | Sm| W | VA |COsS®
ents t
1 |UC,L
2 |=const;
3 | f=var
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U fL

= const;

C=var

~Nog|h{wNIR (N0~

Repeat the measurement at three frequencies lower and three higher
than the resonant frequency.

2. Leaving the value of the input voltage unchanged, set its frequency
f = 1000 Hz. By gradually and smoothly changing the capacity of the
capacitor block, achieve resonance in the circuit at this frequency. Write
down the value of the capacity and the value of the currents. Repeat the
measurement at three capacitance values smaller and at three values larger
than the resonant one. Record the measurement results in Table 1.

3. Without changing the voltage and frequency, set the capacity C <C,.
Then it is necessary to choose such an inductance Lo from the inductance
block, at which current resonance will occur in the circuit. If the available
inductors are not enough for the resonance mode, then you need to change
the capacitance value and repeat the search. At resonance, measure the
currents /, 11 and I, to determine C, total resistance of the coils R, and

L, and enter their values in the report. According to the formula /6.19/ at
R, = Rys determine the calculated value L, , and compare it with L.

For impact assessment R;, on the value of resonant inductance L,
must be substituted in /6.19/R; = 0 and determine L. From the comparison

L, and Ly draw a conclusion

4. According to the data of measurements and calculations, construct
current diagrams for frequencies on the same scale w<am,, o=w, and
> ay.

5. Based on the results of the measurements, it is necessary to calculate:

- full circuit conductivity (formula 6.9);
- full conductivity of the coil
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k.

yK_ ’

U
- active conductivity of the coil (whole circle)
_lo.
9= U’

- reactive conductivity of the coil

b =~yZ-97;

- reactive conductivity of the capacitor (formula 6.8);
- active power (formula 6.20);
- full power (formula 6.22);

- power factor
91
cosp ===,
=y
Based on the results of measurements and calculations, plot current
graphs I, I and |, as well as full conductivity Y and power factor

COS ¢ depending on the capacity at constant values U, fand L.

6.6. KoHTpoO/IbHI 3aniuTaHHS

1. Sk BU3HAYATH TIOBHY TMPOBIMHICT EJEKTPUYHOTO KoOJa 3
MapajeNbHUM 3’ €THAHHSIM BiTOK?

2. Sk 3ammcaty 3akoH Oma IS €IEKTPUYHOTO KOJIa 3 TMapalielIbHIM
3’ € IHAHHAM BITOK?

3. Slka ymMoBa pe30HAHCY B EIEKTPUYHOMY KOIIi 3 MapalleIbHUM
3’ € IHAHHAM BITOK?

4. 3MiHOIO SKWX IMapaMeTpiB MOKHA BUKJIMKATH PE30HAHC y KOJi 3
TapajebHUM 3’ €THAHHSIM BITOK?

5. YoMy pe3oHaHC y KOJIi 3 mapaielbHuM 3’ €THAHHSIM BiTOK HAa3WBalOTh
PE30HaHC CTPYMIB?

6. Slkmit BHI Mae€ BEKTOpPHA Jiarpama CTPyMiB 3 MapajeiIbHUM
3’€IHAaHHAM BiTOK IIPU PE30HAHCI?

7. Sk BmMBaEe Ha PE30HAHCHY YAaCTOTY AKTHBHHU OMIp KOTYIIKH
IHYKTHUBHOCTI?

8. SIk BIuIMBa€ yacToTa HaNpPyrd Ha BelU4uHy eMHocTi Co?
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9. Un BIumMBaE MOCATHEHHS pe3oHAHCy 3MiHOI0 @ , C i L Ha Benmn4uHy
CTPyMY B HEpO3rally>KeHil 4acTHHI KoJia?
10. Sk MoOXHa WIiABUINUTH COS@ KOJa, SKE Mae I1HIYKTUBHHIMA

xapaxrep?
Control questions

1. How to determine the total conductivity of an electric circuit with a
parallel connection of branches?

2. How to write Ohm's law for an electric circuit with parallel
connections?

3. What is the condition of resonance in an electric circuit with parallel
connection of branches?

4. Changing which parameters can cause resonance in a circuit with
parallel connection of branches?

5. Why is resonance in a circuit with a parallel connection of branches
called current resonance?

6. What does the vector diagram of currents look like with a parallel
connection of branches at resonance?

7. How does the active resistance of the inductor affect the resonant
frequency?

8. How the frequency of the voltage affects the value of the capacity
Co?

9. Does achieving resonance affect the change @, C and L on the
amount of current in the unbranched part of the circuit?

10. How to increase cos¢ a circuit that is inductive in nature?
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