Jlexims Ne 3.

3AKOHBI DJIEKTPUUECKHUX LENEN

YueOHble BONPOCHI
CxeMbl 3IeKTPUUECKUX IIeTeH.
3akonbsl Oma, Kupxroda u [xoynsa-JIeHa kak o0CHOBa METOJ0B aHAIN3a LIETIeH C
JBYXIIOJFOCHBIMUA U MHOTOMOJIOCHBIMH 3JIEMEHTaMH.
3. 3amauu aHanIM3a U CUHTE3a B TEOPUU LIETICH.
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1.CxeMbl 3JIEKTPHUYECKHUX Lienen

DneKkTpruuecKue 1eny n300pa)karoTcsl B BUJIE PA3IUYHBIX CXEM, Ha KOTOPBIX
MOKA3bIBAIOTCSI OCHOBHBIE M BCTIOMOTATEIbHBIC AJIEMEHTHI M KX COCTUHEHUSI.

Yariie Bcero UCMOIb3YIOT TPH BHUIA CXEM:

- MOHTa)XHBIE;

- IPUHIUIINAIIbHBIE;

- 3aMELICHHUS.

Ha monmasicuvix cxemax wm300pakaloT PHUCYHOK (ICKHU3) SJIEMEHTOB IIETH U
COEJIMHUTENIbHbIE TTPOBOAA. MOHTaXKHBIMU CXEMaMHU MOJIb3YIOTCSI NMPU  M3TOTOBIIE-
HUU, MOHTaX€e U PEMOHTE AIEKTPUUECKUX YCTPOUCTB U Leneil.

Ha npunyunuanvnblx cxemax TOKa3bIBAIOT YCIOBHBIE TIpaduyeckre n300-
PaXKEHHSI PJIEMEHTOB M CXeMY UX coeluHeHUs. [[pUHIMMHAIBHBIMU CXEMaMU T10JTb-
3YIOTCS TIPU U3YyYEHUHU, MOHTAXKE U PEMOHTE DJICKTPUUYECKUX IIETICH U yCTPOMCTB.

Hampumep, Ha puc. 1 uzo0pakeHa MpPUHIMMHAIBHAS CXEMa JJIEKTPUUECKOM
LENHU OCTOSTHHOTO TOKA, BKJIIOYAIoLIas B ceOsi:

- aKKyMyJsITopHyIo 6atapero G1;

- npenoxpanurenu F1, F2;

- aBTOMaTUYECKUH BBIKIIIOYATENH S

- pene K;

- pe3uctopsl R1, R2, R3;

- U3MEpUTEITbHBIC TPUOOPHI (aMIIEPMETP U BOIBTMET)).
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Puc. 1. [IpunnunuansHas cxema 3J1EeKTPUUYECKON LenHr



Pacuemnas cxema 3ameuwjenusn - 3T0 MOJENb dJIEKTPUUECKON LIEMU, HA KO-
TOPOW peabHbIE MIEMEHTHI 3aMEIAIOTCS UACATbHBIMU IEMEHTAMU U UCKITHOYAKOTCS
BCE BCIIOMOTaTeNIbHbIE AJIEMEHTHI, HE BIMSIOIINE Ha Pe3ysbTarhl pacuera (puc. 2).
Kak crnenyer u3 omnpeneneHusi CXeM 3aMElIeHUs, OHU MPUMEHSIOTCS MPU pacyeTe
AIEKTPUUECKHUX IETEH.
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Puc. 2. PacueTHas cxema 3aMeIleHUs] STEKTPUUECKON LIETH

B 3aBucuMOCTH OT HanuMyusg HMCTOYHHUKA DIIEKTPUYECKOM DSHEPIUU YYACTKH
DIIEKTPUYECKOM LIETIH JEIISATCSA Ha aKTUBHBIE U ITACCUBHBIE.

A KTHBHB M Ha3bIBaCTCS y4acCTOK LIENH, COAEPk AN UCTOUYHHK DJICK-
Tpudeckou sHeprun. [laccHU BHBIM - HE COAEPKALIUN.

Tononocuueckue nonamus.

B e T B b 10 Ha3pIBae€TCA y4acTOK LIENH, B IMpeaeraax KOTOPOro MMEET MECTO
OJMH U TOT K€ TOK.

V310M DJJIEKTPUYECKON II€NMU HA3bIBAETCS MECTO COEIMHEHHUs BETBeW (Ha
puC. 2 -y37Ibl - TOUKH @ U b).

Ko H Ty p - nm0060ii myTh BAOJb BETBEH AJIEKTPUUECKON 1IETTH, HAYMHAOIIIHIM-
Cs ¥ 3aKaHYMBAIOITUICSA B OJTHON M TOM K€ TOUKe (Hampumep, Ha puc. 2 KOHTYD 4,
R 3 b, R 2 tl).

[To cnoxxHoCTH 1Ienu OBIBAIOT MPOCTHIE U CIOKHBIE.

K mpocTsM 3IEKTpUYECKUM LEIMSAM OTHOCATCS LIENU MPU MOCIEN0Ba-
TEJIbHOM, MapaJUIeJIbHOM M CMEMIaHHOM COEIMHEHUU NACCHUBHBIX AJIEMEHTOB, CO-
JIepXKalMe HWCTOYHUKHU DIIEKTPOIHEPIUU TOJBKO B OJTHOW U3 BETBEU.

K CcmoXHB M DJJIEKTPUYECKUM LEIMSIM OTHOCITCS MHOTOKOHTYpPHBIE
JIEKTPUUECKUE LIENU, COJAEPKALIME MCTOUYHUKHA DIIEKTPOIHEPTUM B HECKOJIBKUX
BETBSX.



2. 3akonsl Oma, Kupxroga u JIxoyas-JleHna kak oCHOBa
METOJA0B AHAJIU3A Lelel ¢ ABYXIOJICHbIMHU
¥ MHOTONOJIKOCHBIMHM 3JIeMEHTAMMU.

JInst IpoCTOM 3JEKTPUYECKON e MOCTOSIHHOTO TOKa (pHcC. 3) HEMEIKUM
yueHbiii [.OM B 1827 romy yCcTaHOBHII 3aBUCUMOCTb, U3BECTHYIO B 3JIEKTPOTEXHHKE
T10J1 Ha3BaHUEM 3akoHa Oma 0Jisi NOJHOU Yenu:

_E
R+R,’ M

rae /- TOK B IIETH;
E - DJI1C ucrounuka,;
R - conpoTuBiieHNE BHEIIHEN 1IETIH;
R\ - BHyTpE€HHEE CONPOTUBIEHNE UCTOYHHKA.
[Ipeobpazosas (1), mosyunm Beipaskenue s onpenenenus IJC:

E=IR+IR,. (2)

N3 Beipaxkenus (2) BuaHo, uto 3J[C coCcTOUT U3 08yX wacmeit: HaNPsHKECHUS
Ha 3axuMax uctounnka U = IR u nanenus HanpsykeHus Ha BHYTPEHHEM CONPOTUB-
nennu ucroynuka U, = IR,.

B cBoM0 ouepenp, HaNpsHKEHWE Ha 3aKUMaxX MCTOYHUKA — 3TO TO HANpPsHKEHUE,
KOTOPOE MPUIJIOKEHO K BHEIIHEH 1IeTnH (Yy4acTKy IIE€NU C COMPOTUBIEHUEM R).

Puc. 3. Cxema 3amelnieHust IpocTeHIeH 1ernu NOCTOSTHHOTO TOKa

CrnenoBaTenbHO, BEIMYHMHA TOKA B I MOXXET OBITH ONpPEACIICHA CIICTyIO-
M 00pazoM:

I—_. (3)

CootHomienue (3) Ha3bIBAIOT 3akoHoM Oma 015 yuacmka yenu.



Ecnu BHEmHWI y4YacTOK IPOCTOM HEPA3BETBIEHHOW LIENMU COCTOMT W3 He-
CKOJIBKMX OTAEJIBHBIX YYaCTKOB, TO [0 HUM IIPOTEKAET OJHMH U TOT XK€ TOK U 3aKOH
Owma B popme (3) mpuMeHHUM JJis JTI000TO y4acTKa:

rne Uy - majgeHue HampsDKEHHS Ha K-OM y4acTKe IeTH;

R - COTPOTHBIIEHHE K-TO Y4acTKa IeIH.

Ilepeuwiti 3akon Kupxeogpa dopmynupyercs caeayronmm odpa3oM: B 000
MOMEHT ajre0panveckas CyMMa TOKOB BETBEH, CXOISIINXCA B Y3JI€ SIEKTPUICCKOM
IIETH, PaBHA HYJIIO:

2[.=0 4)
HpI/IHSITO CUNTAaTh, YTO BCC TOKH, HAIIPABJICHHLIC K Y31V, 6CPYTCSI CO 3HAKOM

«+», a HampaBIIEHHBIE OT y3JIa CO 3HAKOM «-». Hampumep, s y3ma «a» (puc. 4)
nepBbIil 3akoH Kupxroda hopmanbHO BeIpakaeTcs CIEAYIOIMNUM 00pa3oMm:

[,—1,-1,=0.
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Puc. 4. K nosicuenusm 3akonoB Kupxrodga

Iepsbiii 3axk0oH Kupxroga orpaxkacT pyHAaMeHTAIbHbIH TPUHLIHUI DJIEK-
TPOTEXHUKU - HPUHUUN HENPEPbIGHOCMU NOJIHO20 MOKA: B Y3JI€ HE MOXKET OBbITh
HAKOIUICHMSI 3JIEKTPUUECKOrO 3apsijia U HE MOXKET ObITh €ro pacxoja; CyMMa 3aps-
JI0B, MNPUXOJAIINX K y3JIy paBHA CyMMe€ 3apsii0B, YXOJSIIUX OT y3ja B OJWH U TOT
K€ MMPOMEKYTOK BPEMEHH.



Bropoii 3akon Kupxroga BbipakaeT 3aKOH COXpaHEHHUs SHEPTUUu U Gopmy-
JUPYETCs CIEAYIOMUM 00pa3oM: B 000 MoMeHT anreOpandeckas cymma J/IC B
3aMKHYTOM KOHTYpE€ IIEMK paBHA aireOpanveckoil cyMMe MaJeHUN HampsKeHUH
Ha 3JEMEHTaxX ATOro KOHTypa:

XE=20R =X U,. Q)

[Ipu cocraBieHUN ypaBHEHHsI B KaXXJIOM KOHTYpPE MPOU3BOJIBLHO BBIOUPAIOT
MIOJIOKUTENFHOE HampaBieHne 00X0aa. 3aTeM COCTaBIsieTCs anredpandeckas CyMMa
Hanpspkenuid u DJ[C mo cnegyromeMy IpaBuily: €CIM HalpaBlIeHUE TOKa B DJIEMEH-
Te u B ucrounnke DJIC coBmagaer ¢ HampaBieHHEM 00X07a, TO AITO MaJCHHE
HanpspkeHust Ha dneMenTe W DJ]C 3amiChIBAlOTCS CO 3HAKOM «+», a €CIi HE COB-
MajaoT, TO CO 3HAKOM «-». Hampumep, i KOHTypa «a-R,-0-Rgsi-a» (puc. 4) Bropoi
3akoH Kupxroda dopmynupyercs cienyromum oopa3om:

]I(RGI +R1)+12R2 =EG1 .

3akonsl OMa u Kupxroda nexxar B OCHOBE TEOPUU DIIEKTPUUECKUX IIETIeh
ITOCTOSIHHOTO ¥ IEPEMEHHOTO TOKOB.

3aKOH coXpaHeHHMsI Heprum, OTKpbIThIE M.B. JIOMOHOCOBBIM TJIACHT, YTO
DHEPrusl HUKOTIa HE cue3aeT OECCIeIHO, @ MOXKET TOJIBKO MTPEBPAILATHCS U3 OJHOTO
BUJIa B Apyroil. Tak MpoOUCXOIUT U MPU MPOXOKAECHUHU TOKA MO MPOBOJHUKY. DIIEK-
TPUYECKasl SHEPTUS ABUKYIIUXCA 3apsI/I0B IIPEBPAIIAETCS B TEIIOBYIO SHEPTHIO.

@u3nyeckass CyMHOCTh 3TOTIO SIBJIEHUS COCTOMT B TOM, YTO YIIOPSIOYEHHO
JNBIKYIIUECS HOCHUTENIM TOKa HCHBITBIBAIOT MPOTHUBOJECHCTBHE CO CTOPOHBI BelIe-
cTtBa. Tak, B NMPOBOJHUKAX MEPBOr0 pOJa JIBIKYIIMECS CBOOOIHBIE AIIEKTPOHBI
CTAJIKUBAIOTCS C MOJIOKUTEIbHBIMU HOHAMH KPUCTAJUIMYECKON PELIETKH, OTAABASI UM
4acCTh CBOEW KMHETUYECKOM SHEPTrUH. B pe3ynbTaTeT 3TOro yCUIMBAETCS TEIIOBOE
Kosie0aTenbHOE ABUKEHHE U MOBBIILIAETCS TeMIepaTypa MPOBOAHHKA.

3aBUCHMOCTD MEXAY KOJIMYECTBOM TEIUIA, BBIACIIEHHOIO TOKOM, U BEJIMYUHON
ATOr0 TOKa OblIa YCTAaHOBJEHA ONBITHBIM IyTeM B 1844 r. pycCKUM akajgeMUKOM
2.X. Jlennem, a Takxe HE3aBUCHMMO OT Hero aHrauickuM ¢usukom Jl. JIkoymnem.
3aKOH, BBIpaXXarOLUH KOJINYECTBEHHBIE COOTHOLICHHS ITPU HarpeBaHUU IPOBOJHUKA
TOKOM, Ha3bIBalOT 3aKOHOM J[>koyuns — JIeHna.

N3BecTHO, 4TO paboTa ANEKTPUUECKOTO TOKA OMPEIETAETCS BhIpaXKEHUEM:

A=1%>-R-t,
rae A — pabora 2JIeKTpUYECKOro TOKa, JIK;
[ — cuna Toka, A



R - conpoTusiienue, Om;
t - Bpewmd, C.

Ota pabota npeBpamaercs B Terio. OOllee KOIMYECTBO Telia B HKOYJIISX,
BbIJIENIIEMOE TOKOM IPU MTPOXOKIEHUH €T0 10 IPOBOAHUKY, OyJIET COCTABIAThH

Q=A=12'-R-t,
rae () — KOJIMYeCTBO TemIa B IHKOYJIAX, 1K,
A — pabora (3Heprus), coBepiIacMas TOKOM, JIK;
[ — cuna toka, A
R - conporusnenue, Om;
t - Bpewmd, C.

OTta (bopMlea " ABJEICTCA MATCMATHUYCCKHUM BBIPAXKCHHUCM 3aKOHA I[)KO}/JISI -
.HCHHEI. I/ITaK, KOJIMYCCTBO TCIIJIA , BBIACIIACMOI'O TOKOM B ITPOBOAHHUKEC, IIPU HCU3-

MEHHOM COIPOTHBICHHHA R mpsMO mpomoprroHaabHO KBaApary BEIMYMHBLI TOKA U
BPEMEHH, B TEUCHHE KOTOPOTO TOK MPOTEKA MO MPOBOIHUKY.

Ha ocnoBanuu 3akona Oma dopmyna 3akoHa J[xoyns — JIeHma MoxeT OBITh
MpEeCTaBICHA B BUIE:

U2
QZ? t wm Q=U"-I-t,

TennoBoe IelCTBUE 3JEKTPUYECKOTO TOKA HAXOAUT OYEHb IIMPOKOE NMPHUMEHE-
HUE B TEXHUKE (JIaMITbl HAaKaJUBaHUs, FIEKTpUUECKas Jyra, HarpeBaTelbHbIe MPUOO-
PBl, IJIABKUE IPETOXPAHUTEINHN, TEIJIOBBIE PEJIE U T.11.)

3. 3az[alm aHa/Iu3a 1 CHHTE3a B TCOPUH ueneﬁ

B Teopum anekTpudecKux Henel pemaroTcs 3a1a4 ABYX TUIIOB:

l)3amaun a H aJgu3a DHISKTPUUYECKUX LIETeH, KOTr/1a U3BECTHBI KOH(pHUTY-
pamus 1 3JeMeHTHI LeNu, a TpeOyeTcs OnpeleauTh TOKH, HANpsSXKEHUs U MOILTHOCTH
T€X WIH UHBIX YYaCTKOB;

2)3a7a4M C M H T € 3 a JJIEKTPUUYECKUX LIeTIei, oOpaTHBIEC 3a]]a4M, B KOTOPBIX
3aJlaHbl TOKH M HAMPSDKEHUS! HA HEKOTOPBIX ydyacTKaxX, a TpeOyeTrcs HaWTu KOHpUry-
paluio Henu 1 BHIOPATh €€ JIEMEHTHI.

OtMernM, 4TO pElICHHE 3a/1a4 aHAIM3a HAMHOTO MPOLIE pEeHIeHUs 3a/1a4 CHH-
Te3a.

B npakTudeckoi 3JIEKTPOTEXHUKE JOBOJIBHO YAaCTO BCTPEYAOTCS 3a7a4yM aHa-
nu3a. Kpome Toro, st OBlageHus npueMaMy CUHTE3a 1Leneld HeoOX0oauMo MpeiBa-



PUTEIBHO H3YyYUTh METOAbl UX aHAIW3a, KOTOPbIE MPEUMYIIECTBEHHO U OyAyT B
JAJIbHEUIIIEM PACCMaTPUBATHCS.

Pexxum snekTpuueckoil 1€y  MPOW3BOJIBHOW KOH(MUTYpPAIMHA TIOJIHOCTHIO
oTpesieNsieTcs MepBbIM U BTOphIM 3akoHamu Kupxroda. [losromy 3amaunm ananmsza
MOTYT OBITh PEILIEHBI MPU MOMOIIM 3TUX 3aKOHOB.



