NNabopaTtopHana paboTta Ne3
UccnepoBaHuMe Leny NOCTOAHHOrO TOKa € ABYMA UCTOYHMKamu IC

Lenb paboTbl — ¢ NomoLLbio nporpammbl MynbTUCUM 3KCNEPUMEHTANIbHO
NPOBEPUTL YpPaBHEHMUA, COCTaB/IeHHble A/A 33aA4aHHOM Lenn Mo 3aKoHam
Kupxroda, a Tak:ke MeTobl Ha/I0XKEHNN N SKBMBAJIEHTHOrO reHepaTopa.

Kpatkue cBegeHua us reopumn

JNEeKTPUYECKYIO LieNb, coAepsKallyto ABa U Honee UCTOYHMKA SHEPrUn B
Pa3NNYHbIX BETBAX, HA3blBAOT CNOXKHOW. BeTBblO 3/1EKTPUYECKOM Lenu
(cxembl) HasblBaeTCA Y4yacTOK Lenu, COCTOAWMA M3 NOCNefoBaTesIbHO
BK/IIOUYEHHbIX 3/1EMEHTOB, MO KOTOPbIM TEYET OAMH U TOT }Ke TOK.

Y3en afeKTpUYEecKom Lenn - MecTo UAM TOYKa coeauHeHna Tpéx u bonee
BeTBen. JIlo60oi 3aMKHYTbIM MyTb, MPOXOAALUMIA MO HECKO/NbKUM BETBAM,
Ha3blBaeTC KOHTYpOM. [pu 3TOM Kakaplh y3en B paccmaTpuMBaemMom
KOHType BCcTpeyvaeTca He 6osiee ogHOroO pasa.

TOKM CNOXKHOW LEMNU PaccyMTbIBAOT NPU NMOMOLLM ypaBHeHUI Kupxroda,
METOLO0M KOHTYPHbIX TOKOB, Y3/10BbIX NOTEHLMAN0B, HaNOXKEHUA. TOK O4HOM
BETBU MOKET bbITb ONpesenéH MeTo40M SKBUBANEHTHOIO reHepaTopa.

OCHOBHble  COOTHOLIEHWUA  MeXAy TOKamMu U HanpaKeHUaMU
onpegensoTcA 3akoHamm Oma u  Kupxroda. 3akoH Oma: Tok 6
npoeoO0HUKe padeeH OMHOWEHUK HANpAaxeHuUs Ha y4ydcmke
MPoBOOHUKA K 3/1eKMPUYECKOMY CONMPOMUB/AEHUI0 3M020 y4Yacmka.

MepBbiii 3akoH Kupxrodpa npumeHsetrca K y3nam mn dopmyampyetca
cnefyowmm obpazom: cymma moKoe nodmeKarouwux K y3sny pasHa cymmie
MOoKo8 ymeKarouwjux om y3na.

BTopoit 3aKoH Kupxroda npmumeHaeTca K KOHTYpaM 3/1eKTPUYECKOW Lenu
n  dopmynupyetcs caeayowmm obpasom: 8 3AMKHYmom KoHmype
anekmpuyeckoil yenu anzebpaudveckas cymma nadeHuli HanpadceHus e
naccueHbix 3nemMeHmax paeHa anzebpauveckoii cymme 3/[C smozo
KOHmMypa.

lpaduueckum BblpaxkeHMem BTOpPOro 3akoHa Kupxroda naBnsercs
noTeHUManbHaa Auarpamma, OTpakalollas pacnpeseneHue noTeHuMana B
3aMKHYTOM KOHType B 3aBMCMMOCTM OT conpotusneHuit setselt ¢ = f(R).
MoTeHUManbHan Anarpamma MOXKET ObITb MOCTPOEHA PACYETHbIM NyTemM No
M3BecTHbiM Tokam, 3[C, CcONpOTUBAEHMAM WAW NO  pPe3y/abTaTam
3KCMNEePUMEHTAJIbHBIX U3MEPEHUNA.



PaccmoTpMm  NpuMMeHeHMe  PacyY€THbIX MeTodoB UM MOCTpoeHue

NoTeHUMaNbHON Anarpammbl Ha MPUMeEpPe Cxembl pUCyHKa 1.
3necb  M306parkéH notpebutens R, nonyyatoLmni nuTaHue
LEHTPaNIM30BaHHO OT CeTU (UCTOYHMK E; C BHYTPEHHUM COMPOTUB/IEHUEM gy
no JAWHWUM conpoTueaeHnem R;, a

c Ry - Take OT aKkkymynatopa E, ¢
> < BHYTPEHHUM COMPOTUBAEHUEM T;.
/ Ona pacyéta TPEX HeusBecCTHbIX
fa "2 TOKOB MOMHO COCTaBUTb CHUCTEMY M3
R TPEX  ypaBHeHWM no  3akoHam
b d Kupxroda:

Ey +| 5 =1, +1,,

0 —|' (R +r)l,+RI =E, (1)
rl, +Rl =E,.

PucyHok 1 = MuTakne Pewwns cuctem aBHEHWUI MOXKHO
noTpebutens yyp

OT [1BYX MCTOYHUKOB onpeaenMTb  MCKOMble  TOKW. B
nabopatopHoli paboTe  ypaBHeHUsA
NpoBepAT, MOACTaBAAA B HUX U3MEPEHHbIE 3HAYEHUS TOKOB.

MeToz HaNoXKEeHUA 3aKNYaeTCA B TOM, YTO B JIMHEMHOW 3/1EKTPUYECKOM
UenM C HEeCKONbKMMM WCTOYHMKAMM TOK B oboli  BeTBM paseH
aneebpauyeckoli CYyMMe HaCTUYHbIX TOKOB, KaXKAbli U3 KOTOPbIX BbI3blBAeTCA
OLHVM W3 [ENCTBYIOWMX B LLENM WCTOYHMKOB. ITO CNpaBeasiMBO U AAs
HanpseHun. Mpu onpeseneHnn YacTUYHbIX TOKOB OT OLHOMO WCTOYHMKA
OCTa/ibHble MCTOYHWMKM OTK/IOYAOTCA, HO WX BHYTPEHHME CONPOTUBIEHUS
ocTaBaatoTcA. B nabopatopHoit pabote M3mMepstoTca YacTUYHbIE TOKU 1 17w
HanpAXeHuA U/, U onn CYMMUpPYIOTCA € y4ETOM HanpasneHua | = i+
U=U'+U".

MeTos 3KBMBANEHTHOrO reHepaTopa 3ak/AyaeTcA B TOM, 4TO B
uccnegyemor  Lenu  BblAeNAeTcA BeTBb, a OCTa/bHadA 4acTb LUenwu
npeacTasnserca B Buae ncroyHmka 3C Uxy C BHYTPEHHUM CONPOTUBAEHUEM T,
Uyx 3TO HanpsaxeHue XON0CTOro X04a MeXAay 3aXKMMaMu OCTaBLUeNCA YacTu
LUenu npu OTKNOYEHHON BETBWU, €0 MOXKHO paccymMTaTb WAU U3MeEpPUTb.
BHyTpeHHee COMPOTMBAEHUE TOXKE MOMKHO paccynTaTb WAW U3MepUTb, a
MOKHO ONpPefenunTb, BbIYUCAAA AU U3MepPAA TOK lx3 KOPOTKOro 3ambiKaHUA
oCTaBlUeMcA 4YacT uenu (He Bce Lenu MO3BOAIAOT 3TO caenaTb, MOryT
cropetb). BHyTpeHHee conpoTuBaeHue paBHo I = Uxy / lx3, @ CKoMbIl TOK
BetBu | = Uxx /(R +T).



Hapucyem noTeHuuanbHylo auarpammy (pucyHok 2). OT Toukm 0 B
macwTabe conpoTMBAEHU BNEBO OTAOXMM R; u Iy, a Bnpaso — I,. Mo
BEPTMKANN B MacluTabe HanpssKeHUn OTNOKUM cneBa E;, nonyunm Touky b;
crnpaBa oTAoXKUM E,, nonyumum Toury d; 13 Toukun 0 oT/10KMM HanpsxkeHue U,
Noy4YMM TOYKY Q.
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PucyHok 2 — lMoTeHuManbHan gnarpamma

HaknoHHaa nuWHWA ba NoOKa3blBAeT, KaK 3Heprus cetm nocTynaeT K
notpebutento. Yem 6onblle TOK, TEM Kpyye HAKAOH AUHUU. JlnHua ad
MOKa3blBAET, YTO MO AKKYMYNATOPY NPOTEKAET HebO/MbLION TOK 3apasKu.
OTKNIOYMM NOTPEBUTEND, U CONPOTMBAEHUE HArPy3KM CTAHET PaBHO ©° (TOYKa
a nepemectuTcsa seepx) MNpu 3ToM TOK, NOTPEOAAEMBIN U3 CETU, YMEHbLUUTCA,
a TOK 3apA4KM aKKYMyNATOpa YBEANYUTCA. YMEHbLMM COMNPOTUBEHUE
noTpebuTena n Touyka a NepemMecTUTCA BHU3; TOK, NOTPebnsaembln U3 CeTw,
BO3PACTET, a aKKyMynaTop Ha4yHET paspaxaTtbca. [lpeaenvHbli cayyain
KOPOTKOro 3aMblKaHWA COOTBETCTBYET NEPEMELLEHWNIO TOUKM @ B TOYKY 0.

NopaaoK BbiNoNHEHUA PaboTbl
1 3anycTuTb Nporpammy My/bTUCUM HaxaTUeM Ha MKOHKy 5.

2 BblbpaTb 3/1eMeHTbl B COOTBETCTBMM CO CXEMOM M3MEPEHUA PUCYHKA 3 1
pasMecTuTb MX B paboyem none: UCTouyHMKM n3 + (POWER_SURCES,
DC_POWER); pesucTopbl, peoctaT W MepekayaTent — U3 U3 oL
(nepekntouatenn SWITCH, SPDT); amnepmeTpbl U BONLTMETP — U3 = Mpun
HeobXxoAMMOCTM NOBEPHYTb NPaBOM KAABULLEN MbILLW.
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PucyHok 3 — Cxema namepeHui

3 HasBaTb W YCTAaHOBUTb (4Yepe3 [ABOMHOM LLENYOK) HaMpsArKeHue
UCTOYHMKa E1, 14 V; E2, 12 V; r0, 0.1 Om (gecatnyHas apobb Habupaertcs ¢
Toukon); R1, 0.4 Om; r2, 1 Om; R, 5 Om; ana peoctata ycTaHaB/iMBaeTcA
ynpasnawowan knasmwa Key R. Coenatb KnaBuwm nepekntoyatenen Kn 1 u
Kn2, Ha3BaTb amnepmeTpbl U BO/IBTMETP.

4 Cobpatb cxemy, yctaHoBUTb R 100 % (knasuwel R, sa3blk EN) wu
BKAOUUTL . M3mepuTb TOKM W HanpsarKeHwe, 3anucatb ux B Tabauuy 1.
BHumaHue! AMnepmeTp NoKasbiBaeT TOK C/IeBa HAMNPaBO MOJIOKUTE/IbHBIM, a
cnpaBa Haneso oTpuuaTesbHbIM. Ha cxeme pucyHKa 1 ToK |, nokasaH cnpasa
Ha/IeBO, NO3TOMY 3aHOCS NOKa3aHWA 3TOr0 amnepmeTpa B Tabauuy HyXKHO
MEHSATb 3HaK: + Ha —, @ — Ha +.

Tabnunua 1 — NMpoBepka MeToha HaoXKeHUA

Pexum nsmepenna | E;, B E, B I, A l,, A I, A U,B
0O6a MCTOYHMKa 14 12
Tonbko nesbiit / 14 -
TonbKo npaBsblit Y - 12
CyN\N\a/+//pacq. 14 12

5 loacTtaBuTb TOKKM, a Takxe conpoTtusneHna n 30C B ypaBHeHUA,
cocTaB/ieHHble No 3akoHam Kupxroda (1). Caenatsb BbIBOAbI 06 MX NPaBUABHOCTU.

6 [posepuTb meToa, HanoxeHuA. [lepekntoymTb KOHTAKT 2 BAEBO,
N3MEPUTb YaCTUYHbIE TOKM U HANpPsAXKeHWe OT AeNCTBUA IeBOr0 UCTOYHUKA E;
(co wTpuxom), 3aHectn B Tabauuy 1 (! mM3meHuTb 3HaK |,). BepHyTb
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nepekntoyatenb 2 BMPaBO, MEPEKNOUYNTb KOHTAKT 1 BAeBO, W3MepUTb
YacTUYHblE TOKM M HanpsXeHue OT AeWCTBUA NPABOro UCTOYHKKaA E, (c gByma
wrpuxamu, | uameHuUTb 3HaK |,). CNoXKUTb YaCcTUUHbIE TOKU U HaMPAMKEHUA,
3aHECTU B CTPOYKY 4, CPaBHUTbL C 1 CTPOYKON, caenaTb BbIBOA, O NMPUTOAHOCTU
METOAa HaNOMXKEHMA AN PACUETA CIOXKHbIX Lenei.

7 MpoBepuTb MeToA, 3KBMBANIEHTHOrO reHepaTtopa. Mpu NoaKAYEHHbIX
E; v E, pasomKHyTb cpefiHWMIA KOHTAaKT S Kaasuwel npoben u usmeputb
HanpseHue xonocTtoro xoaa Uxx. PesynbTat 3aHecTu B Tabauuy 2.

Tabnuua 2 — MpoBepKa MeToAa 3KBMBA/IEHTHOTO reHepaTopa

UXX1 B IK3: A r’ OM Il A Unpw R 50%;B I npu R 50% A

8 3aMKHYTb CpefiHNIN KOHTaKT 1 ycTaHOBUTb R 0 % (Knasuwamu Shift+R,
A3bIK EN), U3MepuTb TOK KOPOTKOTO 3aMbliKaHuA lys, 3aHecTn B Tabauuy 2.

9 Paccuntatbh BHYTpPEHHEEe CONPOTUBAEHUE SKBMBANIEHTHOIO reHepaTopa
r = Uxx / I3, 3aHecTn B Tabnnuy 2

10 PaccuuTaTb TOK B peoctatTe R MeToAOM 3KBMBANEHTHOrO
reHepatopa | = Uyx / (R +r), 3aHecTv B Tabaunuy 2, CpaBHUTbL C U3MEPEHHbIM
(nepBaa ctpouka Tabauubl 1). CgenaTb BbIBOA, O MPUrOAHOCTM MeToAa
3KBMBANEHTHOrO reHepaTtopa.

11 YcraHoBuUTb conpoTtuBneHune peoctata R 50 % u caenatb namepeHus
TOKa | npurso% M HaNpaxkeHWA U o,k so%, PE3YbTaTbl 3aHeCTM B Tabanuy 2.

12 PaccuutaTb TOK B peoctate npu R 50 % meTtoaom 3KBUBaNeHTHOro
reHepaTopa, CPaBHUTb C U3MePeHHbIM | o,k s0%.

13 MNocTpounTb NoTeHuManbHyto ganarpammy gnsa R 100 %. Ot Touku O B
macwTabe conpoTMBAEHUI BAEBO OTAOXWUTbL Ry u g, a Bnpaso — I,. Mo
BEPTUKANAM B MaclwTabe HanpsxeHUh cneea oThoxutb E;, cnpasa E,,
nocepeanHe ns Touykm 0 HanpaxeHue U. O603HauMTb TOUKM b, a U d n
COEANHUTb MX NMHUAMM. MpoaHanusuposatb guarpammy. OT E; noctynaer
HebonbLon TOK. EWwé meHblni ToK |, noasapsaxkaeT akkymynaatop E,.

14 [JocTpouTb NOTEHUMANbHYIO AuMarpammy AONA peXMma XO0J10CTOro
xofa. OTMeTUTb Ha CpefHel BEPTUKANbHOM JIMHUWM HANpAXeHUe XO0N0CTOro
X043, 0603HaAUYMB 3TY TOUKY =, cCOeauHUTb ¢ b 1 d. Tok |y, noctynatowmii ot E;
ymeHbLwncs, ToK |, nogzapsrkatowmii akkymynatop E,, yseanuumnca.

15 docTtpouTb noTeHuuanbHyto anarpammy ana R 50 %. OTNOXUTb Ha
cpedHen BepTUKaAbHON AMHUKN HanpsaxeHne U o, g sox, KYAa Nepemectuiach
To4YKa a. CoegMHUTb €€ ¢ TouKamu b 1 d. JInHua ba ctana ropasfo Kpyye, sTo
roBOpUT 0 TOM, YTO TOK |; 3HauuTeNbHO yBeanuunca. JiuHma ad nomeHaAna
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HanpaB/iieHMe HaKNOHa, 3TO FOBOPUT O TOM, YTO TOK |, NOMeHsAN HanpaBneHue
—aKKYMYNIATOP paspsarKaeTcs.

16 CoeauHutb TOYkM b 1 d c Touykoh 0. Monyymm noOTEHUUANbHYIO
Auarpammy AnA C/ly4as KOPOTKOro 3amblKaHua peoctata R 0 %. Mmeem oyeHb
KpyTble cBepxbosbliMe TOKM B MUTAIOWEN AUMHUM W aKKyMynsTope, 3TO
ABAPUMHbBIN pPeXUM.

CopeprKaHue oTyéta

1 HanmeHoBaHue 1 uenb paboTbl.

2 Cxema M3mepeHmsa TOKOB U HanpsAXKeHMA C M30bpaxkeHnem aMnepmMeTpoB U
BONIbTMETPOB KPYKOUYKaMU.

3 ®dopmynunposkm 1 1 2 3akoHoB Knpxroda.

4 Cuctema ypaBHeHul (1) cocTaBneHHass MO 3TUM 3aKOHaM; YPABHEHWUA C
MOACTaBAEHHBIMM YUCNAMMU, BbIBOA 06 MX CNpaBes/IMBOCTH

5Tabauua 1.

6 PopmMynnMpoBKa MeToAa HaNOKEHWA U BbIBOZ O €70 MPUTOAHOCTY.

7 ®opMynnMpoBKa MeTOAA SKBMBAJIEHTHOIO reHepaTopa; PacyéT BHYTPEHHEro
COMPOTUB/IEHMA.

8 Tabnuua 2.

9 PacuéTbl TOKa B peoctate ana Asyx ciydaes — R 100 % n R 50 %; BbiBOA, O
NPUroAHOCTM MEeTOAAa SKBMBANIEHTHOTO reHepaTopa.

10 NoTeHunanbHaa gmMarpamma.

11 3akntoyeHme no pabore.

KoHTponbHble BONpocbl

1 ®opmynuposku 1 1 2 3akoHOB Kupxrooda.

2 dopmMynMpoBKa MeToAa HaNOXKEHWUA.

3 Kak onpegenstoTcs YacTMYHble TOKU? Kak oHM cymmupyroTca?

4 ®opmynnpoBKa MeToAa 3KBMBAJIEHTHOrO reHepaTopa.

5 Kak onpegenserca HanpsxeHue X010CToro xoaa’?

6 Kak onpegensetca BHYTpPEHHee COMPOTUB/AEHUE SKBUBAIEHTHOTO
reHepartopa?

7 Kak onpepenseTcA TOK B BETBU METOZLOM 3KBUBAJIEHTHOIO reHepaTopa’?

8 Kak cTpouTca noTeHUMaNnbHasA guarpamma’?

9 Kak no noTeHUManbHOW Aguarpamme OMNpesesnTb HanpaBfieHue W
OLeHUTb CUAY TOKa?



