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

04-03-401M
METO/IUYHI BKA3IBKHA
70 BUKOHAHHS JJabopaTopHOi po6oTr Ne3 3 HaBYAJIBHOT TUCIUTITIHHA
«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



MeTtoanuHi BKa3iBKM 10 BUKOHaHHS JlabopaTtopHoi pobotu Ne 3 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 BumanHs| / Mananuyk €. 3.,
Xpuctiok A. O. — Piene : HYBI'TI, 2024. — 19 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 3. JocaigeHHs CKIATHUX KiJl MOCTIHHOTO cCTPyMY
Study of complex direct current circuits

3.1. Mera poboTu

BuBuntH MeTomum pO3paxyHKy CKIaJHHX €JIeKTPUYHUX Kid i
EKCIEPUMEHTAILHO NIEPEBIPUTH METO €KBiBaJICHTHOT'O TeHEpaTOpa.

The purpose of the work

To study the calculation methods of complex electric circuits and
experimentally verify the equivalent generator method.

3.2. Koportki TeopeTnuHi BitomocTi

Enextpuuni koma 3 TOCHIJOBHHM, TMapalielbHAM 1 3MillaHUM
3’€JHAHHSAM €IIEMEHTIB BiIHOCSTHCA O MPOCTHUX ENEKTPHYHUX Kil, 00 ix
pO3paxyHKH MOKHA BUKOHATH Ha MiAcTaBi 3akoHy Oma. EnexTpuyHi Kona
0araTb0X NPUCTPOIB CKIANAIOTHCA 3 JEKITBKOX JDKEpeNl >KUBICHHS 1
po3raiyKeHux cxeMm 3’eqHaHHs. Taki Koja IMIIIXOM MEPETBOPEHHS CXEM He
MO’KHA 3BECTH JI0 MTOCIIJOBHOTO a00 MapaesbHoOTo 3’ €/IHAaHHS €JIEMEHTIB 1
iX Ha3UBAIOTH CKJIAJHUMHU KOJaMH. PO3paxyHOK TakuX Kijl BUKOHYIOTh Ha
mificTaBl mepmioro (cyma CTpymiB B Oyab-KOMY BY3Ji KoJla JOPiBHIOE
Hym0) 1 gpyroro (cyma e.p.c. B OyIb-IKOMYy 3aMKHEHOMY KOHTYpi
JIOPIBHIOE CyMi HaNpyT Ha eJeMeHTax KOHTypa) 3akoHiB Kipxroda.

Skmio cxema Mae M By3IiB, TOOTO TOYOK, e 3’ €MHYIOTHCS TPH 1 Oibie
eJIeMEeHTIB, TO 3a mepmuM 3akoHOM Kipxroda moxHa ckmacta Mm-1
HE3aJIKHUX PIBHSHD BUILY

I, =0, 13.1/

[
i
i=1

ne K — KiTBKICTh €eMEHTIB, M0 3 €AHYIOThCSA y BY3Ji. SIKIm0 cxema
CKJIaJIA€ThCS 3 N HE3aJe)KHUX KOHTYPIB, TOOTO TaKWX, SIKi BIIPI3HSIIOTHCS
xo4a O OJHMM eJeMEHTOM, TO 3a JpyruM 3akoHoM Kipxrogda moxHa
CKJIACTH N HE3aJEeKHHUX PIBHSIHD BUIY
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m
inzzliRi’ /32/

ne M, K - BiAMoBiTHO KIIBKICTP €.p.C. 1 OMOPiB y KOHTYPI.

Hux piBHSHP 3aBXIW JOCTAaTHHO, MO0 BU3HAYHTH CTPYMH Y BCIX
eJeMeHTaxX KoJjia, 60 iX YHUCIIo 3aBX AU TOpiBHIOE M-1+n.

Puc. 3.1

Cxema, ska HaBeJleHa Ha puc. 3.1, Mae YOTHPHU BY3IH 1 TPH HE3aJeXKHI
KOHTypH. 75 1iel cxemu 3rimHO 3akoHIB Kipxroda MokHA CKIIaCTH TIICTH
piBusHb. Jlns ckmamanHs piBHAHE Kipxroda cmoyarky HeoOXigHO
HAMITUTH Tiepen0adyBaHi HampsMu CTpyMmiB. SKmo B pe3ynbTari
pO3paxyHKiB SKWH-HEOYIb CTpyM Oyae Bil’€MHHM, TO HampsM IIbOTO
CTpyMy MOTpPiOHO 3MIHWUTH Ha TpoTwiexHU. llpu ckinagaHHi pPiBHIHB
BUMiB /3.1/1/3.2/ KOPUCTYIOTHCS TAKIMH MTPABHIIAMHU:

- CTpyMH, SKi HalpaBlieHi JI0 BY3Ja, 3alMCYIOTh 31 3HAKOM ILTIOC, & BiJ
By3J1a — 31 3HAKOM MiHYC;

- TIpU CKJIaJiaHHi piBHAHB BUAY /3.2/ 00XiJ KOHTypiB MPOBOJATH 3a
TOJAMHHUKOBOIO CTPUIKOI0 3 BpaxyBaHHAM NpaBWia 3HAKIB: SKIIO
HampaBleHHS e.p.c. (BiJ IUTOcCAa O MiHyca) i CTPyMy CIIIBIIAJalOTh 3
HanpsIMKOM 00Xxoxy, To ix OepyTb 31 3HaKoM Iultoc. B mporunexHoMy
BUNIAJIKY iX OEpyTh 31 3HAKOM MiHYC.

3rigHo cxemu puc. 3.1 Hepimomumu € ctpymu I, 11, Iz, I3, ls, 1 Is. I ix
BU3HAYEHHS CKJIaJIal0Th PIBHIHHSA CTPYMIB 1i1s By3miB 4, B 1 [

l—1,—1,=0;
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l,—1,—1,=0; 13.3/
I, +1,—1,=0.

PiBasaEs Buy /3.2/ cknanatots miis KoHTypiB EAJC, AB/[A 1 /IBC/A:

E=1,R, +,R;
LR +I.R,— I,R, =0; 13.41

Pimmennss cucremu piBHsHb /3.3/ 1 /3.4/ nO3BONsIE BU3HAYMTU BCi
CTpyMH, aJie Ii OOYMCICHHS JOCUTh CKJaaHi. [IeIo mpoCTilmMM € METoa
KOHTYpHHUX CTPYMiB, KOJM BH3HAYalOTh YMOBHI CTPyMH B KOHTypax. Tofi
CKJIaJaloTh CUCTEMY DpiBHSHB BHAY /3.2/ Ans HE3aleKHUX KOHTYPIB,
BUPaxOBYIOTh KOHTYPHI CTPYMH 1, 3HAIOUM iX, BH3HAYAIOTh CTPYMHU B
oropax.

Jns mepeBipku TMPaBUIBHOCTI PO3PaxXyHKIB OINWUCAHUMH METOJaMH,
3a3BUYail, BUKOPUCTOBYIOTh CHEPreTHYHY YMOBY: anreOpaidyHa cyma
MOTYXXHOCTEeH, Ky BiJJIaloOTh JiOKepela e.p.C., JIOPIBHIOE CyMi
MOTY>KHOCTEH, sIKi TIOTJIMHAIOTh CIIOXKMBayi. J[s cxeMu, HaBeIeHOT Ha puC.
3.1, ug ymoBa OyJe Takoro:

El =) I’R. 13.5/

[Ipu po3paxyHKax IESKHX €NEKTPUYHHUX KU MOTPiOHO BU3HAYUTH CHIIH
CTpyMIB He y BCiX BiTKax (omopax), a TUTbKH B OJHiil. BukopucroByBaTn
OmHCaHI BUIE METONW y LOMY BHMAJAKY HEAOIUIBHO, 00 po3pobiieHo
METO]] €KBIBAJICHTHOTO reHepaTropa (MeTOI XOJOCTOrO XOIy i KOPOTKOTO
3aMHKaHH), SKHH 3HAYHO CIPOIIYy€ BU3HAUYEHHS CTPyMy B OJIHIH BITI 4M B
OJTHOMY 13 OTIODiB.

Hexait moTpiOHO BHU3HAYMTH CTPyM, SIKUH TMpOTikae yepe3 omip Rs B
cxemi, HaBeneHid Ha pwuc. 3.1. 3riHO 3 METOJOM EKBiBaJICHTHOTO
reHeparopa cTpym

| = ——a 13.6/



e Eew — €.p.C. €KBIBAJCHTHOTO TeHEpaTopa, sika AopiBHIOE Hampy3i Ugy
npu Rs=co, TOOTO TIpH PO3IMKHYTiH BiTHi 3 omopoM Rs; Rew — BHyTpimHii
Omip EeKBIBAJIGHTHOTO TeHepaTopa, TOOTO Omip Koja, SKe OIepPKUMO,
3aKOPOTHBIIH JHKEPENO KUBJICHHS E 1 pO3IMKHYBIIH BiTKY 3 OmMOpoM Rs.
OTxe, po3paxyHOK CTpyMy |s 3BoAUTBCS 10 BUSHAYCHHS Ees 1 Reox.

Ha puc. 3.2 naBegmena cxema s po3paxyHKY FEe.=Upy 3rigHO
BusHaueHHs. 11106 3nailitu Hampyry Upy, 3amumemMo Apyruii 3aKoH
Kipxroda nns xoutypa B/[AB:

Uy, — 1,R, + 1R, =0. 13.71

Puc. 3.2.

Komo na puc. 3.2 € mpoctuMm 1 TpejacraBise co0OK0 MapajieibHe
3’€THaHHS BITKH 3 ornopamu Ri i1 Ry, i BiTku 3 omopamu Rs 1 Rs. Ctpymu B
[iX BITKax

|f=L i |j[=L /3.8
R +R, R, +R,

[lincrapusmn piBastHAA /3.8/ B /3.7/ 32 yMoBH Upg=Fers, OIEPKAMO

E..=E R___R . 13.91
R,+R, R+R,

it po3paxyHKy OIOpY €KBIBAJICHTHOTO TreHeparopa Re 3rigHO
BU3HAYEHHS Tpeba Ha cxeMmi puc. 3.2 3aKOpOTUTH e.p.c. E, TOOTO 3’eHaTH



Toukd AC. B pe3ynbpTaTi OTpUMAEMO PO3PaxXyHKOBY CXEMY, HaBEICHY Ha
puc. 3.3, a. ExBiBaJIeHTHHII OIIip ITi€] CXeMH BiTHOCHO TOYOK /[B

RR, . RR,

s = : 13.10/
R,+R, R +R,

K HapaﬂeJ'IBHO-HOCJ'IiIIOBHe 3’€HH3HH}1 YOTUPBOX €JICMEHTIB.

|
Ri A R - B >
,Z] — — B eKe [] RS
R3 R2 1 Eers
C
a) 0) A
Puc. 3.3.

OTxe, Ha IMJACTaBI METOJy EKBIBaJCHTHOTO TI'€HEpAaTopa OTPUMAIH
€KBIBaJICHTHY PO3PaxyHKOBY CXeMy JJisl BHU3HAYCHHS CTPYMy B OJHIH i3
BITOK, HaBeJIeHYy Ha puc. 3.3, 0. 3rigHo 1€l cXeMu

|y = —ee /3.11/
Reke + R5

IO MiATBEPIXYE pO3paxyHKoBy ¢opmyiay /3.6/. 3a aHanorivyHoio
METOJIUKOI0 MOYKHA BU3HAYUTH CTPYM B OyAb-sKii 1HIIIH BITIIi.

Chig BIAMITHUTH, 10, BHM3HAUYUBIIM 34 METOJOM €KBIBaJIEHTHOI'O
reHepatopa mie ctpymu li i l4, MOXXHA Ha miJICTaBi MEPIIOTO 3aKOHY
Kipxroda (piBusHuasa 3.3) BuzHauuTH i cTpyMu lz, I3 1 | i Takum ynHOM
BUKOHATH ITOBHUM PO3PaXyYHOK CKJIAJTHOTO EIEKTPUIHOTO KOJIa.

Mero eKBIBAJIEHTHOTO TEHEpPAaTopa IIUPOKO 3aCTOCOBYIOTH IS
EKCIICPUMEHTAIPHOTO BU3HAYCHHS BHYTPIIIHHOIO OMNOPY CKJIAJHUX
EIeKTPUYHUX CXEM Ha TiJCTaBi JOCTIMIB XOJOCTOTO XOIy i KOPOTKOTO
3aMHKAHHS.



Kopucryrounch 1M~ METOZOM, BH3HAYMMO  EKCIIEPUMEHTAIBHO
BHYTPIIIHIA OIip CXeMH, sika HaBeldeHa Ha puc. 3.1, BigHOCHO omopy Rs.
Jns 1mporo motpiOHO Bim’emHaTH omip Rs 1 BOJBTMETPOM BHMIPSATH
HaAIpyTy MK Toukamu B 1 /[ (pexuM XoiocToro xoxy). BuMipsiHa Hampyra
Upy Oyzne piBHOIO €.p.C. eKBIBAIEHTHOTO TeHepaTopa Few. Jani mpoBoasTh
JOCHIJT KOPOTKOTO 3aMHKaHHS, 3aMKHYBIIM TOYKU B/ ammepmerpoM, i
BUMIPIOIOTh CTPYM KOPOTKOTO 3aMuKaHHS l.;. [lpu 1bOMy HEXTYIOTb
omopoM amrepmerpa, 00 BiH nOyxe Manmuid. BHyTpimHiA omip
€KBIBAJIGHTHOT'O Te€HEpaTOpa BUPaXOBYIOThH 3a (hopMyInoro

U
R =—8 13.12/

K.3.

Ockinbku Ee=Upg, TO 32 hopmyioro /3.6/ MOkHa BU3HAYUTH CTPYM ls.
Taky MeTOmMKy BHKOPHUCTOBYIOTH, IIO0 EKCIIEPHMEHTAIBLHO MEpPEeBipUTH
PO3paxyHKH 3a METOJIOM €KBiBaJEHTHOTO T€HEepPaTopa.

Ha mincragi cxemu (puc. 3.3, 6) MO>KHa 3armicaTH, 10

U, =E_—LR_. 1313/

I 3a piBagHESIM  /3.13/ OymyroTh
BOJIbTAMIIEPHY  XapaKTEPUCTUKY, sKa
E.e 300paxkeHa Ha puc. 3.4 i sika HeoOXigHa
JUTSL aHAITI3Y PeXHUMIB poOOTH KOJIa Bij
xosocroro xoay (I=0) no kopoTkoro
3amukadas (1=Il.;) mpm 3miHi omopy
U BiTKM (Hampukian, omnopy Rs). 3HanHs
TaKUX XapaKTePUCTHK HEOOXiTHI IpHu
les pO3paxyHKax Kil 3  HeIliHIHHUMH

Puc. 3.4. KEPOBAHUMH €JIEMEHTaMH.

q

Brief theoretical information

Electric circuits with series, parallel and mixed connection of elements
belong to simple electric circuits, because their calculations can be
performed on the basis of Ohm's law. The electrical circuits of many

8



devices consist of several power sources and extensive connection
schemes. Such circles cannot be reduced to a series or parallel connection
of elements by transforming the schemes and are called complex circles.
The calculation of such circles is performed on the basis of the first (the
sum of the currents in any node of the circle is zero) and the second (the
sum of the emf in any closed circuit is equal to the sum of the voltages on
the elements of the circuit) of Kirchhoff's laws.

If the scheme has m nodes, that is, points where three or more elements
are connected, then according to Kirchhoff's first law it is possible to add
m-1 independent equations of the form

i=1

3.1/

as well k - the number of elements connected in a node. If the scheme
consists of n independent contours, that is, those that differ by at least one
element, then according to Kirchhoff's second law, it is possible to add n
independent equations of the form

n k
ZEf = ZIIRE
i=1 i=1 , 13.2/

as well m, k - accordingly, the number of e.r.s. and resistances in the
circuit.

These equations are always sufficient to determine the currents in all
elements of the circuit, because their number is always equal m-1+n.




The scheme shown in fig. 3.1, has four nodes and three independent
circuits. According to Kirchhoff's laws, six equations can be made for this
circuit. To compile the Kirchhoff equations, it is first necessary to outline
the expected directions of the currents. If, as a result of the calculations,
any current is negative, then the direction of this current must be changed
to the opposite. When compiling equations of types /3.1/ and /3.2/, use the
following rules:

- currents directed to the node are recorded with a plus sign, and from
the node - with a minus sign;

- when compiling equations of the type /3.2/, the contours are bypassed
clockwise, taking into account the sign rule: if the direction of the E.M.F.
(from plus to minus) and current coincide with the bypass direction, then
they are taken with a plus sign. Otherwise, they are taken with a minus
sign.

According to the scheme of fig. 3.1 the unknowns are the currents I, Iy,
I2, I3, 14, and Is. To determine them, the equations of the currents for the
nodes are made A, B and D:

I-1,-1,=0
h=1=1=0; 133/
L+1,~1,=0.

Equations of the form /3.2/ are made for contours EADC, ABDA and
DBCD:
E=IR,+LR;
IR +I,R.—I,R, =0
I,R, —I;R; —I5R; = 0.

13.4/

The solution of the system of equations /3.3/ and /3.4/ allows you to
determine all the currents, but these calculations are quite complicated. A
bit simpler is the method of loop currents, when the conditional currents in
the loops are determined. Then a system of equations of the form /3.2/ for
independent circuits is compiled, the circuit currents are calculated and,
knowing them, the currents in the resistances are determined.

10



To check the correctness of the calculations by the described methods,
an energy condition is usually used: the algebraic sum of the powers given
by the electric current sources is equal to the sum of the powers absorbed
by the consumers. For the scheme shown in fig. 3.1, this condition will be

as follows:
5

= 13.5/

When calculating some electric circuits, it is necessary to determine the
current strength not in all branches (supports), but only in one. It is not
advisable to use the methods described above in this case, because the
method of an equivalent generator (no-load and short-circuit method) has
been developed, which greatly simplifies the determination of the current
in one line or one of the resistances.

Let it be necessary to determine the current that flows through the
resistance Rs in the scheme shown in fig. 3.1. According to the method of
the equivalent current generator

E

[i=—"—

Ry + Bs 3.6/
as well E., - em.f. of the equivalent generator, which is equal to the
voltage Uvp at Rs=<o, i.e. with an open line with resistance Rs; Req — the
internal resistance of the equivalent generator, i.e. the resistance of the
circuit obtained by shorting the power source E and having opened the
circuit with resistance Rs. So, the calculation of the current Is comes down
to definition Eeq and Reuk.

E® D




In fig. 3.2 shows the scheme for calculation E.;=Ugp according to the
definition. To find the voltage Usgp, let's write Kirchhoff's second law for
the contour BDAB

Uy — LR+ R =0. 137/

The circle in fig. 3.2 is simple and represents a parallel connection of a
line with supports R: and Rz, and branches with supports Rs and Rs.
Currents in these branches
. E r E

"TRAR, gy RHR,

13.8/

By substituting equation /3.8/ in /3.7/ under the condition Uzp=E.y,, We

will get
E =E R, R .
o R.+R, R +R,

/3.9/
|
Re A R B =
| | ReK6
D — B [] Rs
Rs R. T Eoxs
¢
D
a) b)
Fig. 3.3.

To calculate the resistance of the equivalent generator Req according to
the definition, it is necessary on the scheme of Fig. 3.2 shorten the E.M.F.
E, that is, connect the dots AC. As a result, we will get the calculation
scheme shown in fig. 3.3, a. Equivalent resistance of this circuit with
respect to points DB

12



— R;R, + RR,
“ R+R, R+R’

/3.10/

as a parallel-series connection of four elements.

So, on the basis of the equivalent generator method, we obtained an
equivalent calculation scheme for determining the current in one of the
branches, shown in Fig. 3.3, b. According to this scheme

E

CKEB

Rem + RS

IS

13.11/

which confirms the calculation formula /3.6/. The current in any other line
can be determined using a similar method.

It should be noted that, having determined the currents by the method of
the equivalent generator I, and l4, currents can also be determined on the
basis of Kirchhoff's first law (equation 3.3). I, Iz and | and thus perform a
complete calculation of a complex electrical circuit.

The equivalent generator method is widely used to experimentally
determine the internal resistance of complex electrical circuits based on no-
load and short-circuit experiments.

Using this method, we experimentally determine the internal resistance
of the circuit shown in Fig. 3.1, relative to resistance Rs. To do this, you
need to disconnect the resistance Rs and measure the voltage between the
points B and D (idle mode) with a voltmeter. Measured voltage Ugp will be
equal to the e.m.f. equivalent generator E¢q. Next, a short-circuit test is
carried out by closing the points BD ammeter, and measure the short circuit
current lx... At the same time, the resistance of the ammeter is neglected,
because it is very small. The internal resistance of the equivalent generator
is calculated by the formula

.. /13.12/
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Because E<;=Ugp, then the current can be determined by formula /3.6/
Is. This technique is used to experimentally check calculations based on the
equivalent generator method.

On the basis of the scheme (Fig. 3.3, b) it is possible to write that

UB,H = Eexs _ISRE‘KS' /313/

According to the equation /3.13/,
' the  current-voltage  characteristic,
which is shown in fig. 3.4 and which is
EeK@ -
necessary for the analysis of the
operating modes of the circuit from
idling (1=0) to a short circuit (I=Ik.)
when changing the line resistance (for
U example, resistance Rs). Knowledge of
Les. such characteristics is necessary when
Fig. 3.4. calculating circles with non-linear
controlled elements.

3.3. [Iporpama po6otu

1. BukoHaTH METOIOM €KBIBaJICHTHOTO T€HEPATOPa PO3PAXyHKU CTPYMY
y BiTIi 3 onopoM Rs cxemu, sika HaBeJieHa Ha puc. 3.1.

2. TlpoBecTH AOCHiAM XOJOCTOTO XOJY Ta KOPOTKOTO 3aMUKaHHS 1
BU3HAYUTH BHYTPILITHIN OMip €KBIBAJICHTHOT'O TeHEPATOPA.

3. 3a JaHuMH JOCHIJIB XOJIOCTOI'O XOJy 1 KOPOTKOIO 3aMHUKaHHS
BU3HAYUTH CTPYM Y BITII 1 HOOYAyBaTy BOJIbTAMIEPHY XapaKTEPUCTHKY.

4. BuMipatu aMrepMeTpoM CTPYM Y BiTIIi 3 ortOpoM Rs.

5. IloOyayBatu BOMBTaMIIEPHI XapaKTEPUCTHUKH Ha MIJICTaBl po3paxyH-
KiB Ta €KCIIEPUMEHTIB.

6. [opiBHATH pe3ylbTaTh PO3pPaxyHKIB CTPyMy Y BITII 3 onopoM Rs
AHAITHYHAM 1 EKCIIEPUMEHTAIIbHO-PO3PAXyHKOBUM METOAAMHU 3 MPSIMHM
BUMIPIOBaHHSIM CTPYMY Ta BU3HAYUTH MIOXUOKH.

14



Work program

1. Calculate the current in a circuit with resistance using the equivalent
generator method Rs the scheme shown in fig. 3.1.

2. Conduct no-load and short-circuit experiments and determine the
internal resistance of the equivalent generator.

3. Based on the data of no-load and short-circuit experiments, determine
the current in the line and construct the current-voltage characteristic.

4. Use an ammeter to measure the current in the line with resistance Rs.

5. Build current-voltage characteristics based on calculations and
experiments.

6. Compare the results of calculations of the current in the circuit with
the resistance Rs analytical and experimental-calculation methods with
direct current measurement and determine errors.

3.4. Onuc 1200paTOPHOI YCTAHOBKH

Jlaboparopna pobGora mnpoBomuthcs Ha creHmi YWJIC. Cxema
SJIEKTPUYHOTO KOJIa JUIsl IIPOBEJICHHS JIOCIIIiB HaBeJeHa Ha puc.3.5.

1
R 11

s 1 PA —

g

0,
R, B H
ot [ e

ﬂ‘ PV

Puc3.5

JIis  OKWBJIEGHHS CXEMH BHKOPHCTOBYIOTH PETyJIbOBaHE JDKEPEIo
Hanpyru. Pe3nucTopu Ta mepeMHYKH 3HAXONATHCS B Mara3wHax CTEH[a.
BumiproBaHHsS HaNpyru Ta CTPyMy 3IIHCHIOIOTH MU(PPOBUME NpUIa/laMHu,
3aKpIMICHUMH Ha CTSH]II.
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Description of the laboratory installation

Laboratory work is carried out at the UILS stand. The scheme of the
electrical circuit for conducting experiments is shown in Fig. 3.5.

]

Fig. 35

An adjustable voltage source is used to power the circuit. Resistors and
jumpers are in the stores of the stand. Voltage and current measurements
are carried out with digital devices fixed on the stand.

3.5. Ilopsinok BUKOHAHHA PO0OTH

[Mpu cxmagaHHi Kolla, cXeMa SIKOTO HaBeJieHa Ha puc.3.5, BUKOPHCTATH
PE3UCTOPH 3 BEJIMYMHAMH OTIOPiB, 33/IaHUX BUKJIaJaueM.

1. Po3paxynku ctpymy s mpoBoasts 3a dpopmynamu /3.6/,/3.7/1/3.8/.

2. Jlocnmigm XOJIOCTOTO XOAY 1 KOPOTKOT'O 3aMHKaHHS MPOBOJSATH TakK:
3HIMAIOTh TepeMUudKy [7i, 1 BOILTMETpOM PV BUMIpIOIOTH Hampyry Mix
TouKamu B i /[; MOTiM, TOCTaBUBIIH TiepeMUukH 111 1 [, MimiaMrepMeTpom
PA BUMIpIOIOTH CTPYM KOpPOTKOTO 3amuKaHHS ;. JlaHi BUMiprOBaHb
3aHOCATH JIO0 3BiTy. 3a IMMHU JaHUMHU BHPaxyBaTH R (hopmyrna 3.12) i
TOPIBHSTH OTPUMaHi Pe3yJIbTaTH.

3. Crpym Is BusHayaroTh 3a ¢dopmynow /3.6/. BosbrammnepHy
XapaKTePUCTHKY OYAYIOTh 3a TOUKAMHU |5 1 Ex;, K TIOKa3aHO Ha puc. 3.4.

4. 3usaTn nepeMuuky [1; 1 BUMIpSATH CTpyM i Hanpyry. JlaHi 3aHecTH B
taby. 1. IloBTOpUTH BHUMIpIOBaHHS IIe JIsS TPHOX 3HA4YCHb Rs, 3amaHuX
BuKIagadeM. OOUYNCINTH BEIMYNHM, BKa3aHi B Ta0II. 1.
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Tabauns 1

Ne 3/ R, Om BumMiproBanss OOuncaeHH

I, A U, B I, A UB | ALA | AU,B

aH W NE

5. 3a eKkcrnepuMEHTaIbHUMH 1 PO3PaXyHKOBHUMH JaHWMH Tabm. 1 Ha
onHOMY Tpadiky moOyIayBaTH BOJIBT-aMIIEPHI XapaKTEPUCTHUKH 1 OLIHUTH
MTOXUOKH.

6. IIpu mopiBHSAHHI pe3yNbTaTiB PO3PaXyHKY CTPYMIB Y BITII 3 OIOPOM
Rs 3a icTHHHE 3HAYEHHS CTPYyMY NMPUHHATH MTOKa3W MiliaMIiepMeTpa.

The order of work

When assembling the circuit, the scheme of which is shown in Fig. 3.5,
use resistors with resistance values specified by the teacher.

1. Current calculations Is carried out according to formulas /3.6/, /3.7/
and /3.8/.

2. No-load and short-circuit tests are carried out as follows: remove the
jumper 171, and a voltmeter PV measure the voltage between the points B
and D; then, putting the jumpers I7; and I, milliammeter PA measure the
short circuit current l.. Measurement data are recorded in the report.
Based on these data, calculate Req (formula 3.12) and compare the obtained
results.

3. Current Is determined by the formula /3.6/. The volt-ampere
characteristic is built by points Iy, and Ex.., as shown in fig. 3.4.

4. Remove the jumper I, and measure current and voltage. Enter the
data in the table. 1. Repeat the measurement for three more values Rs,
given by the teacher. Calculate the values indicated in the table. 1.
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Table 1

Measurement Calculation
I, A U,B AN UB | ATA | AU,B

No. R, Ohm

S I

5. According to the experimental and calculated data of the table. 1 plot
the current-voltage characteristics on one graph and estimate the errors.

6. When comparing the results of calculating the currents in the circuit
with the resistance Rs accept the readings of the milliammeter as the true
value of the current.

3.6. KOoHTpOJIbHI 3aniuTaAHHS

1. SIki € MeTOIM PO3PAaXyHKY CKIAMHUX EICKTPUIHHX KiJ?

2. Sk 3OIACHIOIOTH PO3PaxXyHOK CTPYMY METOJIOM €KBiBAJIEHTHOTO
reHeparopa?

3. V sKkuX BUNAagkax IOOLUIBHO 3aCTOCYBATH METOJl €KBiBAJIEHTHOTO
reHeparopa?

4. YoMy MeTOJ €KBIBaJICHTHOI'O I'€HEpaTOpa HA3WUBAIOTH II€ METOIOM
XOJIOCTOTO X0y 1 KOPOTKOTO 3aMUKaHHA?

5. Sk MOXHa BH3HAQUUTH €.p.C. CKBIBAIEHTHOrO TIeHepaTropa
AHATITUYHUM LIISIXOM?

6. SIKk BU3HAUUTH €.p.C. €KBIBAJIEHTHOTO I'€HEpaTOpa €KCIIEPUMEHTAaNb-
HUM IIJISIXOM?

7. Sk MoOXHA BHpaxyBaTH BHYTPIIIHIA OMip €KBIBAJIEHTHOTO
reHeparopa?

8. Sk BU3HAUMTH BHYTPIIIHIA OIip €KBIBAJICHTHOTO Te€HEpaTopa Ha
migcrasi gocaimis?

9. 3anumiTh i MOSCHITH QOpMyNy A BU3HAUEHHS CTPYMY B OIOpi
METO/IOM €KBIBaJICHTHOT'O T€HEpaTopa.

10. Sk moOyayBaTH BOJBTAMIIEPHY XapakTEPUCTUKY OKPEMOi BITKH
CKJIaTHOT'O eJIEKTPUYHOr0 Kona?
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Control questions

1. What are the methods of calculating complex electric circuits?

2. How to calculate the current using the equivalent generator method?

3. In what cases is it appropriate to use the equivalent generator
method?

4. Why is the equivalent generator method also called the idling and
short circuit method?

5. How can you determine the e.m.f. equivalent generator analytically?

6. How to determine the e.m.f. equivalent generator experimentally?

7. How can you calculate the internal resistance of an equivalent
generator?

8. How to determine the internal resistance of an equivalent generator
based on experiments?

9. Write down and explain the formula for determining the current in
the resistance by the equivalent generator method.

10. How to construct the current-voltage characteristic of a separate
branch of a complex electric circuit?
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