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Po6ora 2. JloctigxeHHs] BIJIMBY HABAHTAKEHHS HA PeKUMM
po6oTH [Kepesia nmoctiitHoro crpymy. HeuiHiiiHi ejekTpuyHi
KOJIa

Study of the influence of the load on the operating modes of the
direct current source. Nonlinear electric circuits

2.1. MeTa poboTu

JocniguTy BIUIMB HaBaHTa)KEHHS HA OCHOBHI XapaKTepUCTHUKHU Nepenadi
eHeprii JpKepeloM MOoCTiHOro cTpyMy. HaBumrtucs gocmimkyBatu
HEJiHIHI eleKTpUYHi KoJa.

The purpose of the work

To study the impact of the load on the main characteristics of
energy transmission by a direct current source. Learn to explore
non-linear electrical circuits.

2.2. KopoTki TeopeTn4Hi BiomocTi
Byap-sike eJeKTpHYHE KOJO CKIAJA€ThCsl 3 JDKepesia eNEeKTPHYHOI

eHeprii, cmoxuBaya Ta JiHIi mepefadi 1 HOro MoXKHa TNpPEACTaBUTH
EJIEKTPUYHOIO CXEMOI0, HaBEJICHOO Ha puc.2.1.

Puc.2.1.

Ha miif cxemi mo3HaueHo:

E — e.p.c. mxepena eHeprii; I — BHyTpIllIHIA omip 1oro jpKepena; R —
30BHIIIHIN OMIp €JIEKTPUYHOTO KOJa ab0 OMip HABAHTAXKEHHS. Y BHUIAAKY
nepeaavi eHeprii Ha 3HA4YHY BiJJalib OMIp JIiHIT epenadi Mo)KHa J00aBUTH
JI0 oTopy .



Ha mincragi apyroro 3akony Kipxroda moxxna 3anucaTti
E=Ir+y, 2.1/

ne I — ctpym y xomi; U — Hanpyra Ha onopi HaBaHTaXCHHSI.
3rigno 3 3akoHoM Oma ctpyM I Ta Hanpyry U MoKHa BUpa3HUTH Tak:
| = E
Cr+R’

U=IR= E
r+R

2.2/

R. 12.3/

[Ipu mpoxopKeHHI CTpyMY Y Kouti Oy/ie MaTH MicCIle CcTiaj] Harpyr Ha
BHYTPIIITHBOMY OTIOpi I', SIKE e Ha3UBAIOTh BTPATOIO HAIIPYTH.
E

r+R
[oTyxHicTh mKepena >KUBIESHHS MPH [IBOMY JOPIBHIOE

[lo3naumsmm ioro AU , 6ynemo matn AU =E-U =1Ir =

r.

E2

) 12.4/
r+R

P, =El =

BpaxoByroun /2.2/, HOTYKHICTh, IO BUILISAETHCS B OMOPI
HaBaHTAKEHHS,

E
r+R

2
%:M:VR% ]Raw%za—ﬂR /2.5

PiBustHHS /2.5/ moka3ye, mo 3anexHicts P, = f (1) npexncrapmuse

co0010 KBaJpaTU4Hy MapaboIly, HallpaBJIeHy BHU3.
Brpara nmotyxHOCTi Ha BHYTPIlIHBOMY OTIOPi

2
r+R

KoedirienT koprcHOT Aii eIeKTPUIHOTO KoJia

P, IR R
1°(r+R) r+R’

U—Pl

12.7/
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Po3rnsiHeMo OCHOBHI peKUME POOOTH €IEKTPUYHOTO KoJIa.
Pe:xum xoJiocToro (Hepo6ouoro) xoay. B npomy Bumaaky R = i
TOMY
I=0,U=E, AU=0;P1=P,=014P =0; n=1.

OcTtaHHS piBHICTD NOSICHIOETHCS TUM, LIO TIPH XOJIOCTOMY XOJIi BiACYTHI
BTPAaTH MOTY>KHOCTI HAa BHYTPILIHEOMY OIIOPI.
Pe:kum kopoTkoro 3amukanHs. KopoTke 3aMukaHHs Mae Micie mpu
R =0. [Ing uporo pexxumy
2
E E . 0
|=—;U=0,4U=E; P=1%r=—;P,=0i AP = Py; n=5-=0.
r 1

ITpu KOPOTKOMY 3aMHKaHHI CTPYM y KOJIi JOCSTa€ MaKCUMaJIbHOT'O
3HAYCHHSI.

Pe:xum y3roaseHoro HapantaskeHHsi. OCKUIBKY y IBOX PO3IVIAHYTHX
BUTAJKaX KOPUCHA MOTYXHiCcTh P> = 0, TO MOMUTEHO 3HAUTH YMOBY, 32 SIKOT
I TOTYXHICTh MaTHME€ MaKCHMaJlbHe 3HAa4eHHs. 3po3yMislo, IO LS
MOTYXXHICTh OyJie 3anekutd Bim omopy R 3a ymoBu, mo e.p.c. £ i
BHYTPIIIHIH omip I 0yZIeM0o BBaXaTH HE3MiHHAMH.

. . . dp, .

3 miero Meror 3 piBHAHHA /4.5/ BH3HAYMMO TOXiIHY d_R 1
MIPHUPIBHIOEMO ii 10 HYJIS:

P, _.d R _Ez(r+R)2—2R(r+R)_O
dR dR (r+R)? (r+R)*

a6o (r+R)*—2R(r+R)=0.

3BiIKH BUXOIUTE, IO R =T .

OTxe, MOTYXHICTh, IO BUIUISETHCS y 30BHIIIHBOMY HABaHTa)KCHHI
Oyse MaKkCHMaJbHOI, KOIM ONip HaBaHTAXKEHHSI R JOpIBHIOE
BHYTPIIIHBOMY OTIOPY JIKEpena.

Takuii pexkuM poOOTH HA3MBAIOTh Y3TOJUKEHUM PEXHMOM  abo
PEKUMOM Y3TOPKEHOTO HABAHTAKEHHSI.

OueBuIHO, B IBOMY BHIAAKY OyIeMO MaTH:



2
_E.y_E.y E.p E
2r 2 2 2r
EZ 2
P2:P2maX:E;AP:—rlﬂ=0,5

PexuM y3romKeHoro HaBaHTa)KEHHS BUKOPUCTOBYIOTh y TUX BUIA/IKAX,
KOJIW HeOOX1THO 3a0€3MeYUTH MAaKCUMallbHO MOKJIMBE 3HAUCHHS BUXiTHOT
MOTYXXHOCTI, HE 3BEPTAIOUYM yBary Ha BEIHYHHY K.K.1.

Taxi pexxumu poOoTH OyBalOTh AOLUIBHAMU B €JICKTPOHHUX MPUCTPOSIX,
JUI SIKHX XapaKTepHI HEBENIHKI piBHI MOTyXHOCTi. Enexktpuuni cuctemu
BEJIMKOT MOTYXXHOCTI, HAPUKJIaJl, CACTEMH CHEProlocTayaHHsl, MpamioTh
B PEXUMi, OIHM3BKOMY JI0 PEXKUMY XOJOCTOTO XOAy, L0 3a0e3medye ix
BHCOKMI K.K.J.

I'padikn 3minun E, U, AU , P;, P,, AP 1 1 B 3aJI€XKHOCTI Bil CTpyMy
1, ToOTO Bin pexumy poOOTH, 300paxkeHi Ha puc.2.2.

A
E
71
// !
U,n AZJ:PI // :
/ |
7 I
// |
// AP 1
7 |
< I
>
s 1
”
- - ~
/”’ /” I 2 \\\\ |
=z —— : =~ |
———— L ;
0 1./2 I, 1
Puc.2.2.

EnexTpruuHi Koma MOCTIHHOTO CTpyMy, OKpiM JiHIMHUX €JIEMEHTIB,
yacTO MAaroTh 1 HeNiHINHI eneMeHTH. Koia, sIKi CKIagarThes 3 JIHIHHHUX 1
HEMHIMHUX €JIEMEHTIB, HA3UBAIOThCI HENMHIMHMMH KojaMu. Ha mimsHIi
KOJIa 3 HEeJIIHIHHUM eJIEMEHTOM He BUKOHYEThCS 3aKOoH OMa, 00 3aJIeKHICTh
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CTpYMy BiJ MPHUKJIAACHOI HANPYTH € HediHiliHOW0. KpuBa, sxa BigoOpaxae
3aJIeKHICTD CTPyMy BiA Hampyrd, HA3UBA€THCS  BOJIBTAMIECPHOIO
xapakrepuctukorw | =f(U).

BonbrammnepHolo XapaKTEpUCTHKOIO JIIHIHHOTO eleMEHTa, HalpHKIa,
pesucTopa, € IpsMa JiHis, a HeMiHIHHOTO - KpuBa. XapakTep HeliHiMHOCTI
BOJIbTAMIICPHOI XapaKTEPUCTHKHU PI3HUX HETIHIHHUX EJIEeMEHTIB Pi3HHM.
Bin 3anexxuts BiJg NpUpOAM HEJiHiMHOTO enemeHTa. HemiHiliHI exeMeHTH
CTBOPIOBAJIM JJIsl TOro, INOOM peani3yBaTH MPOLECH, SKi HE MOXYTh
BiOyBaTUCS B JIHIHHUX KOJIaX. 30KpeMa, BOHHM JalOTh 3MOTY
cTallmi3yBaTH B NEBHHUX MEKaxX HAMpYyry Yd CTPYM, iX MiJCHIIIOBaTH, a
TAKO 3MIHIOBATH X 3a OaKaHUMU HENIHIMHUMU 3aKOHAMHU TOIIO.

Heniniiini eneMeHTH MOIUISIFOTECS Ha HEKepoBaHI 1 KepoBaHi. B
HEKEPOBAHUX elleMeHTaX (Iioau, O0apeTopu, CTaOULIITPOHH TOILO) OMOPH
OJTHO3HAYHO BHU3HAUAE€ BOJbTAMIICpPHA XapaKTEPHCTHKA, a B KEPOBaHHX
(TpaH3uCTOpH, THPHCTOPH Ta iHINI) caMa BOJbTaMIIEpPHA XapaKTepUCTHUKA
3aJIKUTh BijJ BEMYMHHM KEpyrodoro BIUIMBY. OKpiM TOro, BOJIbTaMIIEpHi
XapaKTePUCTUKN HENiHIHHUX eNeMEHTIB OyBalOTh CHMETPHYHUMH 1
HECHMETPUYHUMH BiTHOCHO ITOYATKy KOOPIWHAT.

Ha puc.2.3 HaBeleHa BOJIbTAMIIEPHA XapaKTepuUCTHUKA
HaIIBIPOBITHUKOBOIO Ji0a, 13 $KOi BHJHO, IO BEJIUYHUHA OIOPY
3aJIKUTh K BiJl BEIMYMHU Hampyrd, Tak 1 Big ii momsipHocTi 1 Oyne
A pi3HOIO. Taka
XapaKTepUCTUKa € HECHMe-
TpuuHOMX. IIpu po3paxyHky
HEHIMHUX KUI BBOJIATH
IMOHATTSA CTATUYHOIO Rey, 1
nuHaMmiyHOro R, omopis.

A |rlp

U Unp CraTHyHEM OIIOpOM HeJTi-
< - > HIAHOrO eJeMeHTa y OyJib-
/ SIKi TOYII BOJIGT aMIIEPHOI
, ¥ s XapaKTEepUCTUKHU
Ha3HMBaIOTh
Puc. 2.3

orip, SIKUH BUPaXOBYIOTH 332 3aKOHOM OMa



R =

cm

v, 2.8/
I

JluHaMiYHUM OIOPOM HEIHIMHOTO €JIEMEHTa € IMOXiJHA HANpyrH 3a

CTPYMOM B JIaHill Tou1i, TOOTO
,=dv A 1291
(0| I ||

OTxe, AUHAMIYHUEI OMip KUIBKICHO BHU3HAYa€ HAaXWJI BOJbTaMIICPHOL
XapaKTepUCTUKKA 1 BiH Oyle IOpiBHIOBAaTH KOTAHTEHCY KyTa HaxuiIy
JIOTUYHOI JI0 Ooci abcuuc B JaHil TOYIll XapakTepucTuku. Uwmm Oinblie
KPUBU3HA BOJBTAMIICPHOI XapaKTEPUCTUKH, THM OLIBIIE BiAPI3HAETHCS
JIMHAMIYHUHN OIip HEIIHIHHOIO eJIeMEHTa BiJl CTATUYHOTO.

Po3paxyHOK HETIHINHHMX EIEKTPUYHUX KiJl MOKHA BECTH aHAJIITHYHUM 1
rpaiyHUM MeTOoJaMH. AHAJTITHYHI METOJU € CKJIQJHUMU 1 TPOMI3IKUMHU.
Sxuio BimoMa BOJIbTAMIIEPHA XapaKTEpUCTHKA HENIHIMHOTO eJeMEHTa, TO
BUKOPHUCTOBYIOTh METOJ] Tpa)ivHOTO PO3paxyHKY.

[Tpu nocnigoBHOMY 3’€nHanHi diHiHOTO (R1) 1 HemiHiitHOTO (HE)
omopis (puc.2.4, a), Ha sAKi nmojgaHa Hanpyra U, 3aBxam cripaBeainBa
piBHICTB

ae U; i Uyg - cmaau Hanpyr Ha JdiHiiiHOMY 1 HeniHiifHOMY omopax

- I=f(U
R, HE N A U)
U L ‘
° <—>L—J =
UHE UI
a) 6).

Puc.2.4



Po3paxyBaTu HelniHiifHE eNEKTPHUYHE KOJIO HaBelIeHe Ha puc. 2.4,a, 1e
3HAUWTh 32 BIIOMHMH Hampyroto kuBieHHs U, omopom Ri i
BOJIBTAMIIEPHOIO XapakTrepucTukow | = f(U e ) BU3HauUuTH CTpyM y KOIIi

| 1 cmagm Hanpyr Ha jiHiliHomy U,; 1 HemiHiliHoMy U, eneMmeHTax.
[lo6u BHKOHATH Wi pPO3paxyHKH rpadiyHUM METOIOM, HEOOXiAHO Ha
rpadiky | = f(U,g ) nmoOynyBatu y ToMy K MacmTadi 3aleXHICTh MK
CTPYMOM Yy KOJIi i CIajioM Hampyru Ha JniHiiiHomy enementi | = f(U,).
Lo 3a51€XXHICTh MOKHA MPEICTABUTH TaK:

_U_UHE H_UHE

I = 12.11/
Ry Rl Ry
3anexHicTb /2.11/ € niHiliHOW 1 11 OyIyIOTh 32 TBOMAa TOYKAMHU:
-npu U =0 3rigro /2.11/ | = Il?J_ (Touka A Ha puc. 2.4,0);
1

-npu | =0 U =U ¢ (Touka B Ha puc. 2.4, 0).
3’eHABIIN IIi TOUKH, ofep>kuMo 3anexHicTs | = f(U; ). Touka neperuny
npsiMmoi AB 3 BonbTamImepHoo xapakrepuctukor | = f(U,z ) BU3HaUae

crpym y komi | icnaam nanpyr U; 1 U .

PosrisiHyTHIE MEeTONl pO3paxyHKy HENiHIHHOTO Kojia He € enuHuM. Llei
K€ PO3paxyHOK MOKHa Oyyno O 3IIHCHUTH, CKIABIIM BOJbTaMIICPHI
XapaKTepUCTUKN JIHIMHOTO 1 HeJiHIMHOro eneMeHTiB. B pesynbrarti
oJiepai O BONBTAMIIEPHY XapaKTEPUCTUKY HENiHIHHOTO KoJia, 3 AKOi 3a
HANpPYTOI0 XUBJICHHS BU3HAYMIN OU rpadidHO CTPYM i craau Hampyr. Aue
noOyIyBaTH BOJIbTAMIIEPHY XapaKTEPUCTHKY KOJIa OUIBII CKIIAHO, HIX
miHiiRy 3anexHicts | = f(U;).

Slkmo B MOCHIOBHOMY KOJI € JHIMHWHA 1 JeKiibKa HEeTiHIHHUX
€JIeMEHTIB, TO CKJIAaBIIM BOJIFTAMIIEPHI XapaKTEPUCTHKU HETIHIHHUX
€JIEMEHTIB, OTPUMYIOTh €KBIBJICHTHY BOJIbTAMIIEPHY XapaKTE€PUCTHKY

HeniniHOi wactuam koma | =f(U,_ ). 3a Bigomumu | = f(U i

€eKe €eKe8 )

Hanpyroto U po3paxoBylOTh PO3TISHYTHM TpadiqHAM METOJIOM CTPYM i
cnaau Hanpyr, 60 U, =U e +Uoe +... .

IIpu mapanenbHOMYy 3’€HAHHI JIHIMHOTO 1 HENIHIKHOTO EJIEMEHTIB
CTpyM B JiHIHHOMY e€JEeMEHTI BHPaxOBYIOTb 3a 3akoHOM Oma, a B
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HENiHIHHOMY - 3a BOJbTaMIEpPHOIO XapakTtepuctukoro. Cripym B
HEepOo3TalyKeHill yacTuHi Koia Oyze JOPiBHIOBATH CyMi IIMX CTPYMIB.

PosrnsHyTi MeToam mpuAaTHI 1 I pO3paxyHKIB HETIHIMHUX Kiln 3i
3MIIIaHUM 3’ €THAHHSIM EJIEMEHTIB.

Brief theoretical information

Any electrical circuit consists of a source of electrical energy, a
consumer, and a transmission line and can be represented by the
electrical circuit shown in Fig. 2.1.

Fig.2.1.

This diagram shows:

E - e.m.f. energy sources; r is the internal resistance of this source; R is
the external resistance of the electric circuit or load resistance. In the case
of energy transmission over a considerable distance, the resistance of the
transmission line can be added to the resistance r.

On the basis of Kirchhoff's second law, we can write

E=I1r+U, 2.1/

where 1 is the current in the circuit; U is the voltage at the load resistance.
According to Ohm's law, current | and voltage U can be expressed as
follows:

l-_E 12.2]
r+R
=IR = E R. 12.3/
r+R

When current flows in the circuit, there will be a voltage drop across
the internal resistance r, which is also called voltage loss.

10



E

r+R
At the same time, the power of the power source is equal

E2
r+R’

Marking it AU , we will have AU =E-U =1Ir = r.

P, =El =

2.4/

Considering /2.2/, the power released in the load resistance,
E
r+R

2
P2=IU=I2R=( jR a6o P, =EI-I°R 125/

Equation /2.5/ shows that the dependence is a quadratic parabola
directed downward.
Loss of power on the internal resistance

2
AP =P, -P, =AU -1 =1%r= E r. /2.6/
! 2 r+R

Efficiency coefficient of an electric circuit
P, IR R

= = ) 2.7/
P 1%(r+R) r+R

Let's consider the main modes of operation of an electric circuit.
Idle mode. In this case R =<0, that's why
I=0;U=E; AU=0;P1=P,=0and 4P =0; n=1.

The last equality is explained by the fact that there are no power losses
on the internal resistance during idling.

Short circuit mode. A short circuit occurs when R =0 . For this mode
2
|=E; U=0; 4U =E; P1:I2r=E—;P2=OiAP=P1; 77=£=0.
r r |:)1

With a short circuit, the current in the circuit reaches its maximum
value.

Coordinated load mode. Since in the two cases considered, the useful
power P, = 0, then it is advisable to find the condition under which this
power will have the maximum value. It is clear that this power will depend

11



on the resistance R provided that the e.r.s. £ and internal resistance r will
be considered unchanged.
ar,

For this purpose, we will determine the derivative from equation /2.5/ &R
and equate it to zero:
P, _, d R , (r+R)?>—2R(r +R)
—==E"— > =E 4 =0
drR dR (r+R) (r+R)

or (r+R)?2—2R(r+R)=0.
Where does that come fromR=r.

Therefore, the power released in the external load will be maximum
when the resistance of the load is equal to the internal resistance of the
source.

This mode of operation is called the agreed mode or the agreed load
mode.

Obviously, in this case we will have:

2
I=£; U =E; AU=E; P1=E—;
2r 2 2 2r
E2 E2

2 2max = 7, ar n

The coordinated load mode is used in those cases when it is necessary
to ensure the maximum possible value of the output power, without paying
attention to the value of the efficiency.

Such modes of operation are appropriate in electronic devices that are
characterized by small power levels. High-power electrical systems, for
example, power supply systems, operate in a mode close to the idling
mode, which ensures their high efficiency.

Shift schedules £, U , AU , P1, P,, AP and n depending on the current /,

that is, from the operating mode, shown in Fig. 2.2.

12
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- - 2 =~ |
/ »
0 1.2 I, 1
Fig.2.2.

DC electric circuits, in addition to linear elements, often have non-
linear elements. Circles that consist of linear and non-linear elements are
called non-linear circles. Ohm's law is not fulfilled in the section of the
circle with a non-linear element, because the dependence of the current on
the applied voltage is non-linear. The curve that reflects the dependence of
current on voltage is called the current-voltage characteristic 1 = f(U).

The volt-ampere characteristic of a linear element, for example, a
resistor, is a straight line, and a nonlinear one is a curve. The nature of the
non-linearity of the current-voltage characteristic of different non-linear
elements is different. It depends on the nature of the nonlinear element.
Non-linear elements were created in order to implement processes that
cannot occur in linear circles. In particular, they make it possible to
stabilize the voltage or current within certain limits, to amplify them, as
well as to change them according to the desired nonlinear laws, etc.

Nonlinear elements are divided into uncontrolled and controlled. In
non-controlled elements (diodes, barretors, zener diodes, etc.), the
resistance is uniquely determined by the current-voltage characteristic, and
in controlled ones (transistors, thyristors, etc.), the current-current
characteristic itself depends on the magnitude of the control effect. In
addition, the current-voltage characteristics of nonlinear elements are
symmetrical and asymmetrical with respect to the origin of coordinates.

13



Fig. 2.3 shows the current-voltage characteristic of a semiconductor
diode, from which it can be seen that the value of the resistance depends
both on the value of the voltage and on its polarity and will be different.
A Such a characteristic is
non-symmetrical. When
calculating non-linear
circles, the concepts of
static Rct and dynamic Rd
resistances are introduced.

U U,, The static resistance of a
< —- non-linear element at any
/ point of the volt-ampere
v s characteristic is  called

resistance, which is

\ Iup

A
\ 4

Fig. 4.3

calculated according to Ohm's law

R =Y. 2.8/

cm
I

The dynamic resistance of a nonlinear element is the derivative of the
voltage with respect to the current at a given point, i.e
v av 12.9/
dl Al

Therefore, the dynamic resistance quantitatively determines the slope of
the current-voltage characteristic and it will be equal to the cotangent of
the angle of inclination of the tangent to the abscissa axis at a given point
of the characteristic. The greater the curvature of the current-voltage
characteristic, the more the dynamic resistance of the nonlinear element
differs from the static one.

The calculation of nonlinear electric circuits can be carried out by
analytical and graphical methods. Analytical methods are complex and
cumbersome. If the current-voltage characteristic of the nonlinear element
is known, then the graphical calculation method is used.

14



When connecting the linear in series (Ri) and non-linear (HE)
resistances (Fig. 2.4, a) to which the voltage is applied U, equality is
always fair

U=U; +U, 12.10/
where U; i U - voltage drops on linear and non-linear resistances

] ‘ UI UHE
R, HE
U
o ——
a).

Fig.2.4

Calculate the nonlinear electric circuit shown in Fig.2.4a, and, this
means according to the known supply voltage U, resistance R; and voltage-
current characteristic |1 = f (U ) determine the current in the circuit | i

voltage drops on the linear U; and non-linear U, elements.To perform
these calculations graphically, you need a graph | =f(U,) plot the

dependence between the current in the circuit and the voltage drop on the
linear element on the same scale | = f(U;). This dependence can be

represented as follows:

_U-Upe U Upe 211/
Rl Rl Rl

The dependence /2.11/ is linear and it is constructed according to two
points:

-at U =0 according to /2.11/ 1 :|qu_ (point 4 on fig. 2.4,b);
1

-at 1 =0 U =U (point B on fig. 2.4, b).
By connecting these points, we get a dependency | = f(U; ). The point of
intersection of the line AB with the current-voltage characteristic
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| = f(Uye ) determines the current in the circuit and voltage drops U, i
Uue-

The considered method of calculating a non-linear circle is not the only
one. The same calculation could be carried out by adding up the current-
voltage characteristics of linear and non-linear elements. As a result, the
volt-ampere characteristic of the nonlinear circuit would be obtained, from
which the current and voltage drops would be graphically determined
based on the supply voltage. But it is more difficult to construct a voltage-
current characteristic of a circuit than a linear dependence 1 = f(U,).

If there are linear and several non-linear elements in a series circuit,
then by adding up the current-voltage characteristics of the non-linear
elements, the equivalent current-voltage characteristic of the non-linear
part of the circuit is obtained |=f(U,,). According to known
| = f(U,,) and voltage U calculate the current and voltage drops using
the considered graphical method, for U,,, =U;e +Uope + ...

When linear and non-linear elements are connected in parallel, the
current in the linear element is calculated according to Ohm's law, and in
the non-linear element - according to the current-voltage characteristic. The
current in the unbranched part of the circuit will be equal to the sum of
these currents.

The considered methods are also suitable for calculating nonlinear
circles with a mixed connection of elements.

2.3. [Iporpama po6oTu

1. [IpoBecTn BUMIpIOBAaHHS HANIPYTH 1 CTPYMY IIPH 3MiHI HAaBAaHTAKEHHS
R, B Mexax o ...0.

2. 3a paHUMHM BHMIpIOBaHb 1 OOYMCIIEHb NOOYyAyBaTd Ha OJHOMY
rpadiky 3anexHocti £, U, AU , P, P,, AP i n=f(1).

3. 3HATH BOJBTAMIIEPHY XapaKTEPUCTHKY HENiHIHHOTO elleMeHTa i
noOymxysaru rpadik R, = f(U).

4. Bu3HauuTH CTPYM y HENiHIHHOMY KOJI 1 CIIaii HampyT Ha JIiHIHHOMY
1 HeNHIHOMY eJleMeHTax.
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Work program

1. Measure the voltage and current when the load changes R, within
0 ...0.

2. Based on the data of measurements and calculations, plot
dependencies on one graph £, U, AU , P, P,, 4P i n= f(I).

3. Take the current-voltage characteristic of the nonlinear element and
draw agraph R, = f(U).

4. Determine the current in a non-linear circuit and voltage drops on
linear and non-linear elements.

2.4. Onuc 1a00paTOPHOI YCTAHOBKH

Jnst BUKOHaHHS 1Ta00paTopHOi POOOTH BHKOPUCTOBYETHCS OO THAHHS
1 BuMiproBanbHI nipmnaau Jaboparoproro crena YMJIC. Ha wabipHomy
HOJI CTEH/A CKJIACTH eJEKTPUYHE KOJIO, CXeMa SKOTO HaBeleHa Ha PHC.

2.5.
A
St
- )
PA
+ <«
Pv O R, 11,
- o
Puc.2.5

Hanpyry Ha Bxozi Koua, sika IPUMMAETbCsl piBHOIO e.p.c. E, 6epyTh Bij
JUKepesa JKMBIEHHS Ha CTEHJi. Ii BeIMYMHY 3a BKA3iBKOIO BHKJIajada
BUCTaBISIIOTh B Mexax 10..20 B mosepranusm pyuku ‘“‘Hampspkenune”.
Omip I, WO MOJENIOE BHYTPIMIHIN OmMip TeHepaTopa, CIiJl B3ATH PIBHHM
51 Om a6o 75 Om. B sikocTi onopy HaBaHTak€HHs R, BHUKOPHCTOBYIOTh

MarasdH OIOpiB, II0 PO3TAILIOBaHUH Yy BEPXHIM MpaBiii yacTWHI CTEHAA.
[punagamu PV i PA € mudpoBi npuinaan i3 KOMILIEKTY CTEH/a.
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Description of the laboratory stand

To perform laboratory work, the equipment and measuring devices of
the UILS laboratory stand are used.

On the recruiting field of the stand, make an electric circuit, the diagram
of which is shown in fig. 2.5.

— ] () Hli_L

r \_/

Fig.2.5

The voltage at the circuit input, which is assumed to be equal to the
E.M.F. E, taken from the power source on the stand. According to the
instruction of the teacher, its value is set within the limits 10...20 By
turning the “Voltage” knob. The resistance r, simulating the internal
resistance of the generator, should be taken equal 51 Ohm a6o 75 Ohm. As
load resistance R, use the resistance store, which is located in the upper

right part of the stand. Devices PV i PA there are digital devices from the
set of the stand.

2.5. [lopsimok BUKOHAHHA POOOTH

1. Jlnst JocmiJKeHHS BIUIMBY HABAaHTAXXCHHS Ha PEXHMH PpPOOOTH
€JIEKTPUYIHOI'0 KOJIa HEOOXIiTHO:

— 3i0paTy eJIEKTPUYUHE KOJIO 3I1IHO 31 CXeMOIO puc.2.5;

— PpO3IMKHYTH TepeMu4Ky [[i 1 BHCTaBUTH Hampyry, 3aJaHy
BukiazadeM. [lix wac JOCHIAIB HEOOXITHO CTEXKUTH, HIO0M Hampyra
JKUBJICHHS HE 3MIHIOBAJIaCh;

— 3amMcaTy NOKa3! NPWIAIIB JUIS PEXUMY XOJOCTOTO X0y B Ta0J. 1;

— CTBOPHUTH PEKHUM KOPOTKOI'O 3aMHKaHHA, IMMOCTaBUBIIN NEPEMUYKH
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11 11D, 1 3anMcaT OKa3| MPUIaiB;
— 3HSBIUM MEPEeMUUKY />, M’ €qHaTH 0 JHKepelia Omip HaBaHTAKESHHS

R, ;

H

— 3MIHIOIOYH JIUCKPETHO 3a JIOIOMOTOI0 PYUKH BenuuuHy omopy R, ,
3anucaTd A0 Tabn.l mokasu BoiabTMeTpa aus crpymis 0,2; 0,4; 0,5; 0,6 i
081,,. Ilpu 1nbOMy TOTOYHILIE BHUSBUTH PEKUM  Y3TOIKEHOIO
HaBaHTa>XCHHS,

2. Bukonatu o64unciIeHHS BEIMYHH, BKa3aHUX B TIpaBiil yacTuHi Ta0md.1,
1 Ha omHOMY Tpadiky mobymyBatu 3anexHocti E, U, AU, Py, Py, 4P i
n=1t().

Taomums 1
No|  Pesunt BumiproBaHHs OOGuucneHHs
3/1_1 pobotu E| LU n ) R | AU, | Py P2 AP,
B | 4| B |Ou|Ou| B |Bm|Bm|Bm| %
1. | Xon.xixg 0
2.
3.
4.| Y3r.HaBaHT.
5.
6.
7./K3 0

3. Jlnst 3HATTS BOJIBTAMIIEPHOT XapaKTEPUCTUKU HENIHIMHOTO eJIeMeHTa
(mioma), omip R, B cxemi puc.2.5 3aMiHUTH [i010M, OHip I 30LIBIIUTH 10
BEJIMYMHHU, sKa OyJe BIANOBIZATH HOMIHAJIBLHOMY CTPyMy Jdioja IpHU
U = 20 B. 3wmintoroun Hanpyry B Mexax 0..20 B, 3martu 5-6 Touok
XapaKTEePUCTUKHU TIPH NPSAMOMY YBIMKHEHHI niona. [Ticns 3HATH Takox 5-6
TOYOK XapaKTePHCTHUKU TpPU 3BOPOTHOMY BKIIOUEHHI gioga. Pesymprartn
BUMIpIOBaHb 3aHECTH B Tabn.2. 3a JaHUMH BHUMIpIOBaHb i OOYKCIICHb

noOynysatu Ha omHoMmy rpadiky 3amexHocti | =f(Uge) 1
Rcm = f(U HE )
Taoum 2
UHE, B
I, mA
Rem, OM
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4. Hlo6M BUKOHATH PO3PaXyHOK HENIHIHHOTO EIEeKTPHUYHOrO KOoJja
rpadiyHIM MeToAOM, Tpeba Ha rpadiky BOJIBTAMIEPHOI XapaKTEPUCTHKH
miona moOyxmysaTtn 3anexHicts | = f(U;) mma U = 10 B i BusHaunTH

CTpyM 1 TaAiHHS HAmpyr Ha JIHIHHOMY 1 HEJiHIHHOMY eleMeHTax.
Pe3ynpraTy MOPIBHATH 3 EKCIIEPUMEHTAILHUMH JaHUMU.

The order of work

1. To study the influence of the load on the operating modes of the
electric circuit, it is necessary:

— assemble the electric circuit according to the scheme of Fig. 2.5;

— open jumper I7; and set the voltage specified by the teacher. During
experiments, it is necessary to ensure that the supply voltage does not
change;

— record the readings of the devices for the idling mode in table 1;

— create a short-circuit mode by placing jumpers II1 and II2, and
record the readings of the devices;

— by removing the jumper 1, connect the load resistance to the source

R,;

H
— changing the resistance value discretely with the help of a knob R, ,
record the readings of the voltmeter for currents in table 1 0,2; 0,4;
0,5;0,6 and 0,81,,. At the same time, it is more accurate to identify
the agreed load mode;
2. Calculate the values indicated in the right part of table 1, and plot
dependencies on one graph E, U, AU, Py, P2, AP and n =1 (l).

Table 1
Measurement Calculation
No Modeof | E, | I, |U, | r, | Ry | AU, | Py, | P2, | 4P, | 7,
“| operation | V | A4 |V | Oh | Oh| V | Wt | Wt | Wt]| %
m m
1.]1dling 0
2.
3.
4. | Coordinated
load
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o

7.| Short circuit 0

3. To get the current-voltage characteristic of a non-linear element
(diode), resistance R, in the scheme of fig 2.5, replace the resistor with a

diode r increase to a value that will correspond to the nominal current of
the diode at U = 20 B. By varying the voltage within 0...20 B, withdraw 5-
6 characteristic points when the diode is turned on directly. After that, also
remove 5-6 points of the characteristic when the diode is turned back on.
The results of the measurements are listed in Table 2. According to the
data of measurements and calculations, plot the dependencies on one graph
I=f(Upe) iR, = f(Upe).

Table 2

UHE! V
I, mA
Rem, Ohm

4. In order to perform the calculation of a nonlinear electric circuit by a
graphical method, it is necessary to plot the dependence on the graph of the
current-voltage characteristic of the diode 1= f(U,) for U =10 B and

determine the current and voltage drop on linear and non-linear elements.
Compare the results with experimental data.

2.6. KOHTpOJ/IbHI 3anIMTAHHSA

1. IlosicHiT 0COOTMBOCTI POOOTH ENEKTPUYHOTO KOJa YV BUITAKAX:

a) X0JIOCTOTO XO1Y;

0) KOPOTKOTO 3aMUKaHHS;

B) Y3rO/IKEHOTO HAaBAaHTAXKECHHSI.

2. B sikoMy pekuMi i 4OMY K.K.JI. Ma€ MaKCUMaJIbHE 3HaYEeHHS?

3. 1o MokHa cKa3aTu Npo AOLUIBHICTh POOOTH B PEKUMI Y3TOIKEHOTO
HaBaHTaXECHH:A?

4. Jlafite mosicHeHHsI TpadikiB, MOOYZOBaHMX Ha OCHOBI pe3yJbTaTiB
BUMIpIOBaHb 1 00YKCIICHb.
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5. Ilpu sxoMy cTpymi mneperuHaroThest rpadiku AP = f(1) i
P,=1(1)?

6. UoMy cucTemMu eHeprorocTadyaHHs IPaIo0Th B PEXKUMI, OJIH3BKOMY
JI0 PEXKUMY XOJIOCTOTO XOIy?

7. Homy Oynie TOpIBHIOBATH K.K.1., sikimo I =05R ?

8. SIke KOO HAa3MBAETHCS HETMIHIMHUM?

9. Slkumu MeToaMy PO3PaxoBYIOTh HEJiHIHHI eNeKTPUYHI KoJa?

10. Sk po3paxoBYyIOTh E€JIEKTPUYHI KOJA, A0 CKJIagy SKHX BXOJAATH
JIHIMHUHT 1 JeKUIbKa HETIHIMHUX €JIEMEHTIB, 3’ €IHAHUX II0CIIII0BHO?

Control questions

1. Explain the features of the electric circuit in the following cases:

a) idling;

b) short circuit;

¢) agreed load.

2. In what mode and why Coefficient of efficiency. has a maximum
value?

3. What can be said about the expediency of working in the coordinated
load mode?

4. Give an explanation of the graphs built on the basis of the results of
measurements and calculations.

5. At what current do the graphs intersect AP = f(1) i P, =f(1)?

6. Why do power supply systems operate in a mode close to the idle
mode?

7. Why will be equal to Coefficient of efficiency., if r=05R?

8. Which circle is called non-linear?

9. What methods are used to calculate nonlinear electrical circuits?

10. How are electric circuits calculated, which include linear and
several non-linear elements connected in series?
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