HOBOCHUBHUPCKHM I'OCYJAPCTBEHHBIN TEXHUUYECKHAA YHUBEPCUTET

HWJI TEXHUKU SKCIIEPUMEHTA

METOJIMYECKUE YKA3AHHS K JABOPATOPHOMY TIPAKTUKYMY T10 KYPCY
«JEKTPOTEXHUKA» \.

3T1. JJIEMEHTHI JIEKTPUYECKHX HENENA MTOCTOSIHHOI'O TOKA

Tpeoyemoe obopyoosanue
[Ipubopsl:
1. bnok reneparopos Hanpsxenuit 'H2-01
2. bnok amnepmetpa-BosibT™MeTpa AB1-07
3. Crena ¢ oobekramu uccienopanus C3-OM1

Lenv pabomut

N3yunTh cXeMbl 3aMEIICHUS MCTOYHMKOB JJIEKTPUYECKOM dHepruu. HayduTbes TEOpeTUYEeCKH U
HKCHEPUMEHTAIBHO, UCII0JIb3YsI METO/bI HAJIOKEHHs, Y3JI0BbIX MOTEHIMANIOB, 3aKOHOB Kupxroda, Oma u
METOZ|a SKBUBAJICHTHOI'O T€HEPATOpPa ONPEIEIATh MOTCHLUHMAIB! Y3JI0B U TOKHM B BETBAX IPOCTEHIIUX
PE3UCTUBHBIX NIEKTPUYECKUX LENeH, COAePKAMX UCTOYHUKH HAIIPSHKEHUS U TOKaA.

I(pamxoe meopemuveckoe 66edeHue

Inexmpuyeckas yens, d1eMeHmbl Yenu U ux cxemvl 3aMeujeHus

Onekmpuueckol yenvio Ha3bIBAETCI COBOKYIHOCTh YCTPOWCTB, MPEJAHA3HAYEHHBIX I NEpeaadH,
pacnpesieNieHuss U B3aUMHOr0 MpeoOpa3oBaHUsl AJIEKTPOMArHUTHOM, TEIIOBOM, CBETOBOM W Jp. BHUJIOB
SHEPruu U WHGPOPMAIIUHU, €CIIA IMPOIECCHI, MPOTEKAIONINE B YCTPOMCTBAX, MOTYT OBITh OMHCAHBI TMPH
MOMOIIY TaKUX MOHATHUM, Kak D/[C, HanpsyKEHHE U TOK.

OCHOBHBIMU  2leMeHmamu  JIEKTPUUECKOW 1ENMU  SBISAIOTCS HMCTOYHUKM U NPUEMHUKU
ANEKTPUYECKON HSHEPruM W HHQPOpMAIMH, KOTOPBIE COCOUHSIOTCS MEXIy co0oil mpoBogHuKamu. B
UCMOYHUKAX DIIEKTPUUECKOU IHEPTUU (aKKyMYJISTOPHI, ralbBAaHUYECKHUE JIEMEHThI, TEHEPATOPHI U T. II.)
XUMHYECKas, MeXaHN4ecKas, TeIIoBasi ¥ Ap. BUJbI SHEPTUHU MIPEOOPa3yIOTCs B AIEKTPUUECKYIO0 SJHEPTHIO.
B npuémnuxax sHEepruu Takux, Kak HarpeBaTelH, HICKTPUYCCKUE MAIIUHBI, OCBETHTEIbHBIC TPHOOPHI U
T. 1. AJIEKTpUYECKasi SDHEPIust MpeoOpa3yercsi B MHbIE BUJIbI SHEPTHH.

DNeKTpUUYECKUe IeMH, B KOTOPBIX IONYYCHHE, Meperada U MpeoOpa3oBaHHE JIIEKTPUICCKON
SHEPIUM MPOUCXOAUT MPHU IOCTOSHHBIX BO BPEMEHM TOKaX M HANPSHKEHUSX, HA3bIBAKOTCA yensamu
NOCMOSIHHO20 MOKA, a TPU MEPEMEHHBIX BO BPEMEHHM TOKAaX W HANPSDKEHUAX - Yensamu nepemerHO20
moKa.

Jns pacyera U UCCIEAOBaHUS IPOLIECCOB, MPOTEKAIOIMIMX B AJIEKTPUUECKOM LIENH, €€ 3aMEHSIOT
pacyeTHOU cxemou 3ameujeHus, T. €. UACATU3UPOBAHHOM LIETbIO, KOTOPAs CILYKUT PACUETHON MOJEIIBIO
peanbHOi nenu. I[lpu nNoMydyeHMHM TaKOW CXEMbl, KaXIblil pEaJbHbIA 3JIEMEHT LIENU 3aMEHSETCS
pacueTHOM MOJEINbI0 — 27eMeHmoM cxembl. MaTeMaTHUeCKOe OMMCAHHE KaXJIOro 3JeMeHTa (MOEeIb)
JOJKHO OTPaKaTh MPOTEKAIOIINE B HEM IJIaBHBIC (PU3HUECKUE MTPOIECCHI.
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OnHuM U3 NPUEMHUKOB 3JIEKTPUYECKON 1IE€NU SBISETCS PE3UCTUBHBIA DJIEMEHT - pe3ucmop. B
PE3UCTUBHOM 3JIEMEHTE C CONPOTUBJICHHEM R anekTpoMarHuTHasi sHeprus npeolpasyercs B Temio. R —
aKTUBHOE CONpOTHUBIIEHUE, u3Mepsiercs B omax (Om). MruoBeHHass MOIIHOCTh, C KOTOPOM IMPOUCXOIUT

npeoOpa3oBaHUe SHEPruu, OINPEAESeTCS] COOTHOLIECHUEM: p:izR. PesuctuBnble (WM ux ewmié
Ha3bIBAIOT AKTUBHBIE) COMPOTUBIICHHS BBOJSITCS B CXEMbI 3aMEIEHUS 3JEMEHTOB el JUIs ydeTa

HEOOPaTUMOr0 MpeoOpa3oBaHUs DJICKTPOMATHUTHOW PHEPTUU B JIpYrHe BHIbI (HAIpUMEp, TEIUIOBYIO,
MEXaHUYECKYI0, SHEPIHIO U3ITyYeHHUS U T. I1.).

,HHH pacucTta TOKOB U HaHpﬂﬁﬁHHﬁ B IICIIU HCOGXOHHMO 3a1aTb IOJIOKUTCIIBHLIC HAIIPABJICHUA
TOKOB H HaHpH)KeHI/Iﬁ B DJJICMCHTaX ILCIIH. ITonoxuTeIbHBIM HaIpaBJICHUEM TOKa MW HaIIPsAXKCHHUA
moJrarac€TCs UX HaIpaBJICHUEC OT y3Jia C OOJIBIIIIM MOTCHIHUAJIOM K Y3]1y ¢ MCHBIIIMM ITOTCHIIHUAJIOM.

ug (1) =Riy (1) U, =R -1,
. E— S
lR(t) R IR R
(pl(t) *—> —e (pz(t) *—> —e
a 0
Puc. 1

Ha puc. 1 0, (t) >, (t), II03TOMY HAIIpaBJICHUE TOKa W HAIIPsHKEHUS 3aJaHO OT y3jia C
NOTCHIMANIOM (p, (t) K y3Iy ¢ HOTCHIHANOM (,(t). B pesucrusHoMm snemente (puc. 1,a) HanmpskeHue
CBSI3aHO C TOKOM 3akoHOM Oma: u, (t)=R- iR (t). st nenu mocTOsSHHOTO TOKa (puc. 1,0) umm st

JIEUCTBYIOIMX 3HAYCHUH PE3UCTUBHOM LIETH ¢ TApMOHUYECKUMHU UCTOYHHUKaMU (puc. 1,a) UR =R . IR .

Ecnu 3Ha4eHHME CONPOTUBIICHHUS PE3UCTOPA HE 3aBUCHUT OT TOKA, IPOTEKAIOIIETO 4epe3 HEro, TO TaKOW
PE3UCTOP HA3bIBACTCSA JMHEMHBIM, a DJIEKTPUYECKasl LIENb, COCTOSINAs TOJbKO U3 TaKUX PE3UCTOPOB, -
JIMHEWHOMU PE3UCTUBHOM.
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B HacTosmeit nabopatopHoii paboTe paccMaTpuBalOTCA LEMU, COAEpalllhe TOJIbKO JIMHEWHBbIE
pesuctopel U ucrounuku DJC u Toka. [[ns aHanmza Takoro pojaa lened MOKHO HCIOJIb30BaTh BCE
3aKOHBI, IPUMEHSIEMBbIE JIJIsl aHAIM3a TUHEHHBIX 1IeTel MOCTOSHHOTO TOKA U CBSA3BIBAIOILINE MEXTY COOOM
3HAuYEHUs TOKOB, HanpsbkeHui u D(C.

HUcmounuxom nanpsiocenus (3/]C, moxa) Ha3bIBalOT UCTOYHUK, HanpspkeHue (3/C, Tok) koToporo
HC 3aBHCUT OT COINpPOTHBICHWS BHOIIHEH memd R, . CXeMbl 3aMeIICHHS DEanbHBIX HCTOYHHKOB
IIpUBEAEHBI Ha pUC. 2,a — ucTouHUK DJIC (HampspkeHus), a Ha puc. 2, B — UICTOYHMK Toka. Bennunna O/1C
MCTOYHMKA — E M3MepseTcs: B pelKUME XOJIOCTOro xoza (T. €. IpH TOKe B MCTOYHHKe | = () u paBHa
HANpPsDKCHHUIO HA €ro 3aKuMax. B cxemax 3aMelleHns HCTOYHHMKOB pesuctop R . = 1/ G gy YIUTBIBaCT
TEIUIOBbIE IIOTEPU SHEPrUH, BBIACIAEMblE BHYTPHM MCTOYHMKA. Eciu BHYTpEeHHEE COIpPOTUBIICHHUE
ncrouHukoB DJIC (HampsbkeHus) - R ., PaBHO HYIIO, a MCTOYHHKA TOKA — OECKOHCYHOCTH, TO TaKUe

HMCTOYHUKHU Ha3bIBAIOT UJeabHBIMU (puc. 1.2,0,r). B peaqbHbIX HCTOUHUKAX BHYTPEHHEE COMPOTUBIICHHUE
MMEET KOHEYHOE 3HauyeHue, MO3TOMY Ha mnpakTuke 3a uctouHuk J[C (HampspkeHus) MPUHUMAIOT

MCTOYHMK, JUIA  KOTOporo BhimonHsercs ycnopue 10-Rpgy SRy <o, a mnpu ycnosun
0<Rp <0.IR gy - 32 HCTOYHMK TOKa, IZic R, - BHELIHee CONPOTUBICHHE, HA KOTOPOE BKIIOYEH

HUCTOYHHK.

Wctounuku Hanpspkenusi, 9J1C 1 Toka MOTYT IIPEACTABIATHCS BHEIIHUMM XapaKTePUCTUKAMU: JUIs
ncTtouyHukoB HamnpspkeHus u DJIC - 3aBucuMoctsimMu HanpsbkeHuss win JJIC OoT Toka, MPOTEKAroIIero
4yepe3 UCTOYHUK, a JJI MCTOYHUKA TOKa - 3aBUCHMOCTSIMHM TOKa OT HaIIPSDKEHUS Ha €r0 3aKMMax.

JIunelnslit y4a-k JIuneiltHbIi y4-K

He nuneiinblii yu-k

E He nmw? y4-K E I K IK
I
0 ' 0 ' 0 0 )
a 0 B r
Puc. 3

Ha puc. 3,a,B mokazaHbl BHEIIHHME XapaKTEPUCTHKU peandbHbIX HCTOYHMKOB JJIC u TOKa, rie
UMEIOTCS JTMHENHHBIN (pabounii) U HEJIMHEHHBIM y4aCcTKU XapaKTePUCTUK, HA KOTOPBIX UCTOYHUK MOXKET
BBITH U3 cTpost. Ha puc. 3,0,r n300pakeHbl BHEITHHE XapaKTEPUCTUKU HJICATbHBIX UCTOYHUKOB DJIC u
Toka. B naHHON paboTe paccMaTpuBarOTCS HCTOYHMKH, KOTOpble paOOTalOT Ha JMHEHHOM Y4acTKe
XapaKTEPUCTHUKHU.
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3akonwt Kupxeogpa
Kak wu3BecTHO, a5 M000H 3JEKTPUUECKOH LeNU CripaBe MBI 3aKoHbI Kupxroda aias TOKOB U
HanpsHKEHUM.
[lepsriii 3axkon Kupxroga: Anrebpanyeckas CyMMa TOKOB B IPOBOJHUKAX, COCAWHEHHBIX B Yy3ell,
paBHa HYJIIO

Y (+1,)=0. M

J

V3nom B DIIEKTpUYECKOW IENMM HAa3bIBAETCS MECTO COeAuHEeHHs] TpEX U Ooyiee BeTBEH, MeCTO
COCIMHEHUS ABYX BETBEH Ha3bIBAETCS yCTPpaHUMBIM y3710M. B (1) Tok GepeTcst co 3HaKOM ILTIOC, €CIU TOK
BTEKAET B y3€JI, U CO 3HAKOM MUHYC, €CJIU BBITEKAET.

Bemeblo Ha3bIBAETCSl y4aCTOK LIETIH C I1OCJIEJOBATEIbHBIM COEIUHEHUEM 3JIEMEHTOB. 3AMKHYMbIM
KOHMYypoMm LETN Ha3bIBaeTCs IMyTh 110 BETBSAM IIEMH, KOTOPHII HAUMHACTCS M 3aKaHYMBACTCS B OJHOM U
TOM K€ y3JIE.

Bropoii 3akon Kupxroda: Anredpamdeckas cymma DJIC BceX MCTOYHHUKOB B JIIOOOM 3aMKHYTOM
KOHTYpE LENU paBHA aireOpandyeckoil CyMMe HANpsHKEHHIl Ha BCEX OCTAJIBHBIX JJIEMEHTaX TOTO JKe
KOHTYpa

Z(iEj)ZZ(iUi)' (2

Jlnis cocTaBieHus ypaBHEHHsI HEOOXOAMMO 3a/1aTh HaIlpaBiIeHUE 00X04a KOHTYpa: 110 HalpaBJIECHUIO
YacOBOM CTpeNKH JTuO0 MpoTUB YacoBoi cTpeiku. B (1.2) DJ1C u nanpsokeHus OepyTcsi CO 3HAKOM IUTIOC,
€CIIM UX HallpaBJICHUs COBIAJAIOT C HAalpaBlIeHUEM 00X0Ja KOHTypa, €ClIM HE COBMAJAI0T, TO CO 3HAKOM
MUHYC.

CucrtemMa He3aBUCHUMBIX KOHTYPOB COCTaBJISIETCS TaK, YTO B KOHTYpP BKJIFOUAIOTCS TOJBKO BETBU C
HCU3BCCTHBIMU TOKAMH, PCKOMCHAYCTCA, 4TOOBI BETBb BXOJAuWJia B KOHTYP TOJIbKO OJUH pPa3, a B Ka)KI[BIf/'I
MOCTEeYIOIUI KOHTYp JOJKHA BXOJUTH XOTsA Obl OJIHA BETBb C HEW3BECTHBIM TOKOM, HE BOLIEAIAs B
NpeABIAYINNE KOHTYPEI.

[, L5 Rs 30,
7 P
TIT 3 //’_‘T\\\ L
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) | () E
R R |
B P ¢ I ;t
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‘.\ A TL
E— ——=
0 18 \ 5
®, =0, =9, =0
Puc. 4
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Jliisl pacyeToB BCeX HEM3BECTHBIX TOKOB B CXE€ME COCTaBIIsieTCs cucteMa ypaBHeHui Kupxrodga. 1o
nepBoMy 3akoHy Kupxroda cocrammsercs n, =q—1 ypaBHeHHH, Iie ¢ — 4MCIO y310B B cxeme. Ilo

BTOpoMy 3akoHy Kwmpxrodba - n,=p-—q+1 ypaBHCHHil, Tic p — HYHCIO BCTBEH B CXeMe C

HEU3BECTHBIMHU TOKaMHU. 3HAUYCHUE n2 COOTBETCTBYCT YUCITY HE3aBHCHMBIX KOHTYPOB CXEMBI.

Tak nna cxemsl puc 4 q:6, p=>5. n, =5u n, =3.

Jlnst cxeMbl puc 4 cOCTaBIE€HbI CUCTEMbl YPAaBHCHUM:

no nepBomy 3akoHy Kupxroda no BTOpomy 3aKkoHy Kupxroda
ans ysnos 1, - 5; Anst KOHTypoB 1, - 3.
-1, +1,-1,=0
—I,-I,+I,=0 ~I,R-I,R, =-E,
-+ + 1, =0 -LLR,-I,R, =-E, €)
I -1,+1,=0 ~L,R,+I,R,+I.R, =E,
I, -I,-1, =0

Pemrast cucremy ypaBHenwuii (3), MoxkHO onpezenuts Toka [ ... L.

3axon Oma ona eemsu ¢ ucmounuxkamu 3/[C

Jlnst monmydenust 3akoHa Oma 11 BeTBH ¢ uctouyHukamu DJIC (puc. 5) BOCHosb3yeMcsl BTOPBIM
3akoHOM Kupxroda, cocTaBieHHBIM Ui KOHTYpa, 00pa30BaHHOTO TOW BETBHIO U HAMPSIKECHUEM MEXKIY
y3J1aMH, K KOTOPbIM OHA MPUCOEINHEHA

E, R E R
0, | ’ 2 0,
> < °
1 2
_____ ——— ey ST
\
k\*\\\~ Up=¢,-0, I
““““ >
Puc. 5
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[Ipeobpasys ypaBHenue (4), nonyuum 3axor Oma aiis BeTBU ¢ uctouHukamu 3JC

= Yn+tE—Ey _Up +2.(EE) _ 01—y + X (#E))
R, +R, ZRj ERj

Ipu ompenenenuy Toka I monoxuTensHoe HanpasieHue Hanpsokerus U, HE00X0IMMO BBIOpATh

)

no toky I, a 3nak y DJ/IC + E., ecnu ToK M OJIC coBnagaroT MO HaMpaBJICHUIO, U —E,;, ecnu ne
COBITQIAOT.

Memoo y3108bix NOMEHYUAN08

Meroj y3/10BBIX OTEHLIMAIOB M1O3BOJISAET ONPEACIUTh TOKH B BETBAX CXeMbI 10 3akoHy Oma (5),
UCXOJS U3 IPEABAPUTEIBLHO HAWICHHBIX ITOTCHLMAIOB Y3JI0B, IIPMYEM IOTECHLHMAT OJHOIO M3 Y3JIOB
3a0a€TCs HYJEBBIM, a [UI1 OINpPEAEICHUSA IIOTEHIMAIOB OCTalbHBIX Y3JI0OB COCTaBISACTCA CUCTEMA
YPaBHEHUM:

[+ 9,G1 —9,Gp —...— NGy =1

—0;Gy + Gy —...—ONGyy =1y,
3 (6)

—0,Gnp —0,GNp = OGN = I
rie Gll’G227"”GNN - CyMMBI MPOBOJUMMOCTEM BCEX BETBEHM, COOTBETCTBEHHO MOIXOASIIMX K

nepsomy, Bropomy U N y31y; G129G219-°-’Gij (i;t J) - CYMMbI NIPOBOJMMOCTEH BCEX BETBEH,

HaXOIIIIUXCSt MOXAY y3mamu 1 1 J; 1,,,1,,,.. - Y3JI0BBI€ TOKH JJIsI IEPBOTO, BTOPOro... U N y37a.

.,INN

VY3510B0# TOK Ijj JUTSI | Y3712 ONPEIENSIeTCS COOTHOIICHUEM

T+ E,

rae Z(i Ei / Ri) - anreOpanveckas cymma oTHomeHni DJC K COMPOTUBIECHUIO BETBEH, MOIXOISIINX

K ] y31y; Z (£l ) - anrebpandeckasi CyMMa TOKOB HCTOYHHKOB TOKA, TIOAXOISIINX K ] Y3IIy.

B (7) 3nak mitoc craButcs, eciau DJ[C wiiv HCTOYHUK TOKA HAIMIPABJICH K Y37y j, @ MUHYC — OT y3J1a.
Cucrema ypaBHeHuii oOmiero Buja (6), cocTaBieHHas Al cXeMbl puc. 4, TpeacTaBiseTCs

CHEAYIOUIEH CUCTEMON YPABHEHHM JJISI ONPEIEIICHUS TOTEHIUAJIOB 0, u®P;.
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of Lo Ly Lo U)o L)E
? Rl R2 R3 R5 ’ R5 R2
) (8)
—Q _ +¢ CRRLE N7
IRy | IR, Rs| R, *
IPU 3TOM
P=0,=0;=0, ¢ =0, ©)

Jliig onpe/iesieHrs TOKOB COCTABIISIFOTCSI COOTHOIIEHHUS 110 3akoHy OMa (5):

[ = (Pl (P4 I _(P4_(P1+E2. [ = 0, - (Po.
1 2 = ’ 3 ’
Rl Rz R3
I _(P3_(P5+E4. I (Pz (Ps
4= ’ 5
R, R,
I, =1, -1; L=-1+1,=1:; I,=1,-1, =I..

Memoo u npuHyuUn HAN0IHCEHUS

Jlnist TUHEWHBIX Leneil Jr000i TOK WM HalpspKeHHEe Ha yYacTKe LENH MOTYT OBbITh OIpeeseHBI
CYMMOH COCTaBJISIFOIIMX, PACCUUTAHHBIX OTHCIBHO OT JEHCTBUS KaKIOr0 MCTOYHUKA WIM TPy
UCTOYHUKOB. Takoe CBOMCTBO JMHEWHBIX LENEH HA3BIBACTCA NPUHYUNOM CYNEPROZUYUL UTU NPUHYUNOM
HAJIOJICEHUS.

—
o
~

1
RO R D

Puc. 6



IT1

I > > > > T
o|on ool I,
R, R,
R | Jr, Ro[r G
E
1 R4 R4
—.—
0 0 3
a) 0)
Puc. 7

B kadecTBe mpumepa pacCMOTPHUM CXeMy, HPHBEICHHYIO Ha puc. 6. Onpenemum toku [ u [,

HCIIOJIB3YA MPUHIUII HAJIOKCHHA,
71! i 71l I
=L+ nl,=I+I,

I'JI€ COCTABIISIIOIINE I} 51 I; paccUYMTBIBAOTCS OT AeicTBus uctounnka JJC — E | » @ COCTaBIIIOIIHE IF 51

Ig - OT JIeHiCTBUSA UCTOYHIKA TOKA - . .

Cxema a1 onpe/iereHusl COCTaBISAOIMUX OT aAeicTBus ucrounuka J/[C npeacrasiena Ha puc. 7,a.
[Ipu cocrtaBiaeHUM OTOH CXeMbl BE€TBb C HCTOYHHMKOM TOKa pa3pbiBaeTcs (TaKk Kak BHYTPECHHEE
CONPOTHBIICHUE HCTOYHUKA TOKa paBHO OeckoHeyHoctw). Ha puc. 7,06 um3o0OpakeHa cxema IS
ONpeAesICHUsl COCTaBJSIIOIIMUX OT JACHCTBUS MCTOYHMKA ToKa. [lpm cocrtaBienuu 31oil cxembl J/C
HMCTOYHUKA TIOJIaraeTCsl paBHOW HYJIIO, U B BETBU OCTa&TCs BHYTPEHHEE COMPOTHBIICHUE HCTOYHHKA,
KOTOPOE B JAHHOM IIPUMEPE PABHO HYJIIO.

Cocrapisionire TOKOB MOXHO OIPEACNIUTD 10 3aKkoHy OMma:

[ = E, ; =1 R, ;
: R 4 Re(Ry+Ry) > 'R,+R,+R,
' R,+R,+R,
R R
I;IZ_I 3 {I:IE 2

“R,+R,+RR,/(R, +R,)
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Memoo sxeusanenmnozo cenepamopa
B meTone 3KBHBaIEHTHOTO T€HEpaTOpa UCIOJIb3YyeTCss TeopemMa 00 SKBUBAJICHTHOM TeHeparope. B
COOTBETCTBUH C ITOW TeOpeMol Jro0asi JMHEWHas 1elb OTHOCUTENIbHO BHIOPAHHOW BETBH MOXKET OBIThH

MpeACTaBIeHa SKBUBAIEHTHBIM UCTOUHUKOM D]IC - E.,; ¥ 9KBHBAJICHTHBIM CONIPOTHBIICHHEM - R

or’

N — —t
| | * ] : | |
| I : L | I ’
| R1 | | Rar |
|
| Rz /§ : R3 : : R3
| | A )E
| E R, | | )
| | |
: 0 | 3 !_ _____ I3
______________ 4

a o

Puc. 8

BJIC reneparopa - E . paBHa HanpshkeHNIO, BO3HUKAIONIEMY Ha 3aKHMaX BHIOPaHHOI BETBH, €CIIM
e CONpPOTHUBJICHHE IOJIOKUTHh PAaBHBIM OCCKOHEYHOCTH (TaK HA3bIBAEMBIA XOJOCTOM XOJ IeHepaTopa).
ComporuBienne reHeparopa R . paBHO BXOAHOMY CONPOTUBICHHIO CXeMbl R .~ OTHOCHTEIBHO

3a)KMMOB BblOpaHHOU BeTBH. llpu pacuere BXOAHOTIO COMpPOTHBIEHUSA - R O/1C 1 TOK UCTOYHHKOB

BX’
TOKa IIoJIararoTCd paBHBIMH HYJII0, @ B CXEME OCTAKOTCA BHYTPECHHHE COIIPOTHUBJICHUA HCTOYHHNKOB (,I[J'ISI

uzeanbHoro ucroynuka SJIC - R . =0, a ucroynnka Toka - R .., =o0).

Puc. 9
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B kauecTBe mpuMepa pacCMOTPHM CXeMy PHC 6, TZi¢ ONPEIeInM TOK B conpotusieHu R ,. Jlos
paciera TOKa BBIJCIMM BCTBb C CONpOTHBIACHHMEM R, (puc. 8.a) ¥ ompenennM mapamerpel

SKBHBAJICHTHOTO reHeparopa F o U RaF (puc. 8,0).

3/1C »KBHBAJIEHTHOTO T€HEPATOPa MOKHO ONPEIEIHTH 1Mo 3akoHaM Kupxroda mist cxemsr puc. 9, a,
KakK Ear = UXX Onpenenum HanpsHKEHUE UXX

+Iy L +1, =0

+I R, +L,yR, =E, u Uy =IkR, +R,

- R,—ItR, + U,y =0

E, + IR,
R, +R,

ConpoTUBJICHHE SKBHUBAJICHTHOTO TI'E€HEPATOpa MOXKHO OIPEACITUTh KaK BXOJHOE COIMPOTUBIICHHE
R, =R, 1o cxeme puc. 19,0

RR,

R, =R, +——2.
BX 4 R1+R2

OxoHYATEILHO MOKHO OnpeCACINTh TOK 13 Kak

— E3F — UXX .
R, +R; Ry +R;

3

Ilpeosapumenwvnulit pacuem

Hns cxembl puc. 10 ompenenutb TOKU I1 12 " 13 METOAOM HAJIOXKEHUI M METOAOM
SKBHBAJIICHTHOTO TeHepaTopa. [lo 3akonam Kupxroda m paccunTaHHOMY 3HAYCHHIO TOKOB OIPEACITUTH

3HAYCHHE [IOTCHUUAIOB (P, , (, U ToKa | . Pesynbrars pacyera 3anectd B Tabu. 1 u 2.

2 o,
I3
R
(M)

Puc. 10
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Tabmuma 1
Pacuer E, I o0, o0, I, I, L Ig,
B MA B B MA MA MA MA
OT IByX HCTOYHUKOB | pacyer E] _ IK _
OIIBIT E1 . IK _
OT UCTOYHHKA pacuer E1 _ IK 0
SQJIC
OIIBIT E _ |
OT UCTOYHHKA pacuer E 120 IK _
Toxka
OIIBIT E1 -0 IK _
Tabmuma 2
Jl71st BEeTBU ¢ Uy =Eo; | Iz | Rex =R5¢ I:Ear/(Rar +R"Y)
COMPOTHUBIICHUEM B A Ont MA
Rl pacaer | | -----
OIIBIT
R2 pacwer | | ----
OITBIT
R3 pacaer | | -----
OmbIT

[lpumeuyanne: 3HaueHWs MapaMeTpOB T'€HEPATOPOB  BHIOpAaTh  IPOM3BOJIGHO.  3HAYCHUS
COIIPOTUBIIEHUH BBIOPATH U3 MpeaiokeHHOoro psna B crenae C3-OM1 (150 Om, 680 Om, 820 Om)

Pekomendyemoe 3a0anue Kk pabome

1. Onpeodenenue napamempos ucmounuxos 3/4C u moka
Ha crenne c oObektamu wuccienoBanus C3-OM1 coOpate cxemy mo puc. 1la. I'emeparop
HaIpPsDKEHUS COEMHUTH CO CTEHJIOM aKTUBHBIX JIEMEHTOB (8 2eHepamope 6KII0YUmy €20 6HYmpEeHHUe

conpomugnenue!). [IpoBecTH H3MEPCHIS TAPAMETPOB HCTOYHHKOB 110 METOAY JBYX HAarpy3ok (R, = oo
1 R, =0). Pa30MKHYTb BETBb, COCAMHSIONIYI0 Mara3vH CONPOTUBICHUU - R,, ¢ ucrounukom 3/IC
(R, = oo, XOIOCTOM XOL) ¥ PEryIITOPOM HAIPSDKCHIS, YCTAHOBUTD 10 BOIBTMETPY V HANpsyKEHHE Ha
BBIXOJIC HCTOYHNIKA E B nuamasoHe oT 2 1o 10 B.

Wsmensist conpoTuBieHre R, yCTaHOBUTH ero 3HadeHue R =0 (pexuM KOPOTKOro 3aMbIKaHNUs)

M U3MEDUTh II0Ka3aHME amiepMmerpa. PaccuuTaTh 3HAaYCHHE BHYTPEHHEIO CONpPOTHBICHMA R .
Pe3ynbTaThl U3MEpEeHMIA U pacueTOB 3aHECTH B Ta0. 3.
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I'enepatop Toka

I'eneparop
HaNPsKCHUA 1
. A
Ry,
0
a)
Puc. 11
Tabmuia 3
ucrtounuk DJC HCTOYHHK TOKa
U, =E, I, R U, U, =E, I -1, G = I,
Ry =c R, =0 B I, Ry =00 R, =0 " U,
B A Om B A 1/0m

C06paTB OCrb ¢ HE3aBUCHUMbIM HCTOYHHUKOM TOKa IO PHC. 10,6 FeHepaTop TOKa COCAHMHUTHL CO
CTCHAOM aKTHBHBIX 3JICMCHTOB (8 2eHepamope 6Kiouumbsp €20 6HympeHHue conpomueﬂeuue!).

Vsmensist conpoTuBieHne R, yCTaHOBUTH ero 3HadeHue R =0 (pEKUM KOPOTKOTrO 3aMbIKaHHS) U
PETyISATOPOM TOKA, YCTAHOBHUTD 0 aMIepMeTpy (PUKCHPOBAHHOE 3HAUCHHE TOKA HCTOYHHMKA TOKA.

Pa3oOMKHYTb BETBb, COCAMHSIONIYIO MarasiH COLPOTHBICHHIT -R |~ € MCTOYHHKOM TOKa (R, = oo,
XOJIOCTON XOJ1) U3MEPUTH BOJIBTMETPOM - V HaIpsKEHHE Ha BbIXO/€ UCTOUYHHUKA.

Paccunrarh 3HaueHMA TOKa HCTOYHMKAa [, M BHYTpEHHeH npoBoaumoctd @G . Pesynbrarsl
U3MEPEHUH U PacyeToB 3aHECTH B Ta0M. 1.

2 HUccneoosanue nunetinotl yenu Memooom HAA0HCEHUs.
® OT JBYX UCTOYHUKOB

Ha crenae ¢ o6bexkramu uccnenoanust C3-OM1 coOpatb cxemy 1o puc. 12. IIpu cOopke cxemsl
HE0OXOIMMO HMCIOJB30BaTh KJIEMMBI, MPEIHA3HAYCHHBIC NI Y3J0B, B KOTOPBIX COCOUHSIOTCS TPU H
0oJsee BeTBeil. 3HaUEHHS PE3UCTOPOB BHIOPATh B COOTBETCTBUU C PACUETHBIMU 3HAUCHUSAMHU. | eHepaTopsl
HaIpsDKEHUS W TOKA COEIUWHUTH CO CTEHJIOM AaKTHUBHBIX 3JIEMEHTOB (B TE€HEpaTopax BKIIOYUTH HX
BHYTPEHHUE COIPOTUBIICHUS).

12
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3HaveHus1 HanpspkeHust ucrouHuka OJIC, TOka HMCTOYHUKA TOKA W PE3UCTOPOB 3amacrcs B
COOTBETCTBUM C PaCUYCTHbIMU 3HAUYCHUSIMHU. (HampspbkeHue wuctounuka JJ[C ycraHaBiuBaeTcs 1O
BOJIETMETPY JIO BKIIFOUCHHS UCTOYHUKA B CXEMY, @ TOK MCTOYHHMKA TOKA - IOCJIC BKJIFOUEHHS €ro B LIEIb
10 TTOKA3aHHUIO aMIIEPMETPA).

*

I'enepatop I'enepatop Toka

Halps?KCHUL

N
7

<
Y
)
w

5

|

|

|

1

|

|

|

|

|

_________—z——————\

Puc. 1.12

[TogxmrounuTs BONBTMETP V KOPIYCHOM TOYKOM K HYJIEBOMY Y31y U HU3MEPUTHh ITOTECHLHAJIBI
touek 1 m 2 mccnemyemoit cxembl. C IOMOIIBIO amMIiepMeTpa M3MEPHUTh TOKH B BETBSAX. Pe3ynabraTsl
H3MEpPEHUI 3aHECTH B COOTBETCTBYIOLIME MecTa Tal. 1.

e ot ucrounuka I]JIC

Pa3oMKHYTh BETBb HCTOYHHMKA TOKAa W HM3MEPUTh BCIMYMHY ITOTCHIMAIOB TOYeK 1 u 2,
aMIepMETPOM HM3MEPUTh TOKU B BETBSX. Pe3ylbTaThl M3MEPEHHI 3aHECTH B COOTBETCTBYIOIIHME MECTa
Tadi. 1.

® OT HUCTOYHMKA TOKA
BoccTraHOBUTH pa3OMKHYTYIO BETBb HCTOYHMKA TOKA B CXEME.

Otcoenuunth UcTOYHUK DJIC OT cxembl U MOAKIIOUUTH €r0 K KJIIeMMaM MEePEMEHHOIr0 pe3ucTopa
R =150 Om paBHbIli BHYTPEHHEMY COMNPOTHUBJICHHUIO HCTOYHUKA. M3MEpHUTh BEIUYMHY IOTEHIIMATIOB
Touek 1 u 2, amMmepMeTpoM HU3MEPUTh TOKU B BETBAX. Pe3ynbTaTbl H3MEpPEHHIl 3aHECTH B
COOTBETCTBYIOIIME MecTa Ta0uI. 1.
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3 Hccneoosanue nuneliHoU yenu MemoooM IKEUBALEHMHO20 2eHepamopa

Boccranosuts BeTBb ¢ ncrounnkom DJIC - E, puc. 12.

B cxeme OTKIIIOYHTH CONMPOTHBICHHE R, U BOJIBTMETPOM H3MEPHTb BEINYHHY HANPSDKCHHS HA
Pa3sOMKHYTBIX 3aXHMax conporuBieHus U, (PeKHM X010cToro xona). HampskeHune sKBUBAICHTHOTO
reneparopa U, =E,_ . Jlasa onpenesneHus BXOAHOTO COMPOTHBIICHHS IeHEPaTOpa HEOOXOAMMO BMECTO
COMPOTHBICHHS R BKJIIOYATH aMIICPMETP M U3MEPUTH TOK KOPOTKOTO 3aMbIKaHHs | . YCTaHOBHUTH
3HAYEHHUE CONMPOTUBIICHUS R1 =68 Om.

Paccunrate 3HayeHue BXopHOro compotuBienus R . =U_ / I, . Pesynerarel m3mepenuii u
pacuera 3aHECTH B COOTBETCTBYIOIIME MecTa TalJ. 2.
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