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BBEOAEHNE

ONEKTPOTEXHUKA — OTpaciib HAayKM M TEXHUKH, CBSI3aHHAsA C MPUMEHEHUEM
ANEKTPUUYSCKUX W MArHUTHBIX SIBJICHUH I MpeoOpa3oBaHMs SHEPruu, 00pabOTKH
MaTepHuasoB, mepeaadyu nHGopMaIuu U Jp.

DNEeKTPOTEXHUKA OXBAaThIBACT BOMPOCHI TOJYYEHHUs, MPeoOpa3oBaHUs W
UCIIOJIb30BAHUSI  DJICKTPOSHEPTUM B MPAKTHUYECKOM JEATEIIbHOCTH  YeJIOBEKA.
DJIEKTPOAHEPTHUIO MOXKHO TMOJYYUTh B 3HAUMTEJBHBIX KOJHWYECTBAX, IEpeaaTh Ha
pacCTOsTHUE U JIETKO MPeoOpa30oBaTh B SHEPTUIO IPYTUX BUIOB.

B yuebnoM mocobun «O01mas 3MeKTpOTeXHUKa» TaHbl OCHOBHBIC OTIPEICICHUS
Y TOIOJIOTHYECKUE TMAapaMETPhI ICKTPUUECKUX ILENEH, W3JI0KEHBI METOJBI pacyera
JIMHEMHBIX W HEJIUHEWHBIX LENEed MOCTOSHHOTO M IMEPEMEHHOIO TOKa, AHAIU3 U
pacyeT MAarHUTHBIX ILI€NeHd, aHadu3 TMEepPEeXOAHBIX MPOIECCOB B JIMHEUHBIX
ANEKTPUUYECKUX Memnsix. PaccMOTpeHbl KOHCTPYKIMS, NPUHIUI JEHCTBUS U
XapaKTePUCTUKU TpaHC(POpPMATOpPOB M DIJISKTPUUCCKUX MAIIUH TOCTOSHHOTO H
MIEPEMEHHOTO0 TOKa, a TaKXe MH(OOPMAIIMOHHBIX JICKTPHUUECKUX MAIIIHH.

ITocobOue «O0mas AIEKTPOTEXHUKA» JIOJDKHO JIaTh CTyJICHTaM
HEIJICKTPOTEXHUYECKUX  CIEIUAIbHOCTEH  o0Iue  cBeAcHUs, 0€3  KOTOPBIX
HEBO3MOXKHO TIOHATh M M3YUYUTh JACHCTBHE Pa3HOOOPa3HBIX MPUOOPOB U YCTPOMCTB,
HAay4yUThCS TPUMEHITh WX B  Pa3IMYHBIX O0OJACTAX HAyKH U TEXHUKHU.



1. OCHOBHbIE OIMPEAEJIEHUA
1.1. OcHOBHbl€ NOACHEHUA N TEPMUHbI

DJEeKTpOTEXHUKA — 3TO 00JaCTh HAYKU U TEXHHUKHU, U3ydarolias JEeKTPUUYECKUE
Y MarHUTHBIE SIBJICHHS U UX UCIOJIb30BAHUE B MPAKTUYECKUX LIEIISIX.

Kaxnas Hayka mMeeT CBOIO TEPMHUHOJIOTHIO. 3allOMHUM TEPMHHBI, MOHATHS
AIEKTPOTEXHUKHU.

JJIeKTpU4YecKasi Henb — 3TO COBOKYIMTHOCTh YCTPOWCTB, MPEAHA3HAYCHHBIX IS
MPOM3BOICTBA, TIEpeaadn, MPeoOpa30BaHus U UCTIOIb30BAHUS AIEKTPUIECKOTO TOKA.

Bce anekTpoTexHuYecKne yCTPOMCTBA MO HA3HAYECHUIO, MIPUHIIUITY JIEUCTBUS U
KOHCTPYKTUBHOMY O(OPMIICHUIO MOXKHO Pa3[eIUTh Ha TPU OOJIbIINE TPYIIIIHIL.

1. HcrouyHuku sHEpruu, T.€. YCTPOWCTBA, BBIpAOATHIBAIONINE 3ICKTPUUYCCKUN
TOK (T€HEepaTOPhl, TEPMOIIEMEHTHI, (POTOIIEMEHTHI, XUMUYECKUE DIIEMEHTHI).

2. llpueMHUKH WM HArpy3Ka, T.€. YCTPONCTBA, MOTPEOIIAIONINE YEKTPHUUECKHIA
TOK (2JIEKTPOJIBUTaTEIH, AIEKTPOJIAMIIBL, AIEKTPOMEXAHU3MBI U T.11.).

3. IlpoBognuku, a Takxke pa3IUdyHas KOMMYTAaIllMOHHAs  ammaparypa
(BBIKJIFOYATEIH, peJie, KOHTAKTOPHI U T.1.).

HampaBneHHoe IBH)KEHUE DIEKTPUUYECKUX 3aps/IOB HA3bIBAOT 3JIEKTPUUYECKUM
TOKOM. OJIEKTPUYECKHA TOK MOXKET BO3HHMKAaThb B 3AMKHYTOW AJIEKTPUYECKOM LEIU.
OJNEKTPUYECKUA TOK, HAIPABICHUE W BEJIMYMHA KOTOPOIO HEW3MEHHBI, Ha3bIBAIOT
MOCTOSTHHBIM TOKOM U 0003HauaroT IpONUCcCHON OykBoii |.

ONEKTpUYECKUM TOK, BEJIMYMHA W HAIpPABICHUE KOTOPOIO HE OCTAIOTCSA
ITIOCTOSTHHBIMHY, Ha3bIBAE€TCSl NEPEMEHHBIM TOKOM. 3HAY€HHUE IEPEMEHHOTO TOKa B
paccMaTpUBaeMblii MOMEHT BpPEMEHHM HAa3bIBAalOT MIHOBEHHBIM U 0003HA4aroT
CTpOYHOM OYKBOM I.

JIist paGoThI 3NEKTPUUYECKON 1IeNMH HEOOXOAMMO HAJIMYUE UCTOYHUKOB SHEPIHH.
B 11000M MCTOYHHMKE 3a CHYET CTOPOHHHMX CHJI HEIJIEKTPUUYECKOTO MPOUCXOKICHUS
CO3/1aeTCs JNEKTPOABMKYIIAsd cuia. Ha 3akmMax HCTOYHMKA BO3HHUKAET Pa3HOCTH
IIOTECHLMAJIOB WJIM HANpsDKEHUE, IOJ BO3JACHCTBHEM KOTOPOTO  BO BHEIIHEW,
IIPUCOEIMHEHHOM K UCTOYHUKY YaCTH LIETIH, BOZHUKAET 3JEKTPUUECKHUNA TOK.

Pa3nuuaroT akTUBHBIE W MACCHBHBIE LENMH, YYaCTKM M 3JIEMEHTHl LEnen.
AKTHBHBIMM Ha3bIBAIOT AJIEKTPUUYECKUE LIENH, COAEPKAIIME HCTOYHMKU SHEPIUH,
ITACCUBHBIMU — JJIEKTPUYECKUE LIEIU, HE CONEPIKALLUE NCTOYHUKOB YHEPTUH.

DJEKTPUYECKYIO LIENb HA3bIBAIOT JIUHENHOM, €CJIM HU OMH MapaMeTp LENU He
3aBUCHUT OT BEJIMYMHBI WM HANIPABJICHUS TOKA, UJIW HAIIPSKEHUS.

DJexTpuieckas 1enb SBISETCS HEIMHEWHON, €CITM OHA COJIEPIKUT XOTs Obl OJIUH
HEJIMHEWHBIA 3JIEMEHT. [lapaMeTpbl HEIMHEWHBIX 3JIEMEHTOB 3aBUCIT OT BEJIIMYUHBI
WJIY HAITPaBJICHUsI TOKA, WJIA HANPSKECHHUS.

DJexTpuyeckas cxema — 3To rpaduyeckoe n300paKeHue EKTPUYECKON 1enH,
BKJIIOUalOIIee B ce0s yCIOBHbIE O0O3HAUEHUSI YCTPOWCTB U MOKa3bIBAIOIIEE
coequHeHne 3Tux ycTpoicTB. Ha puc. 1.1 uzobpaxena snekTpuueckas cxema ILeny,
COCTOSIIIEH U3 UCTOYHUKA SHEPTUH, JIEKTpoaaMIl 1 u 2, anekTpoaBurarens 3.
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Puc. 1.1

JIiist obnerdyeHust aHaau3a AIIEKTPUUYECKYIO LIETh 3aMEHSIOT CXEMOU 3aMeleHUs.
Cxema 3amemeHHsi — 3TO rpaduyeckoe H300paKeHHE DIEKTPUUYECKON Ienu ¢
MOMOIIBI0 HACANBbHBIX 3JEMEHTOB, MapaMeTpaMHu KOTOPBIX SIBISIIOTCS MapaMeTphl
3aMeIaeMbIX 2JIEMEHTOB.

Ha pucynke 1.2 nokazana cxema 3aMeIeHUs.

R;

R [JRe Iy

E

Puc. 1.2
1.2. laccmBHbIE 3NEMEHTbI CXEMbl 3aMeLLeHns

[IpocTeimMMK MMACCHUBHBIMH 3J€MEHTAMU CXEMbI 3aMEILIEHUS  SBISIOTCS
CONPOTHUBIICHUE, UHIYKTUBHOCTh U EMKOCTb.

B peanbHOW 1€MW 3JIEKTPUYECKUM COIMPOTHUBIEHHUEM OONAAal0T HE TOJBKO
peocTaT WM PE3UCTOpP, HO M MPOBOAHUKHU, KATYIIKH, KOHAEHCATOPbl U T.A. OO0mmm
CBOMCTBOM BCEX YCTPOWCTB, 001aIat0INX COMPOTUBIIEHUEM, SIBISETCS HEOOpaTUMOe
npeoOpa3oBaHuE DJIEKTPUYECKOM SHEpPruM B TEIJIOBYIO. TeruioBas 3HeEprus,
BBIJCJISIEMAasl B CONPOTHBIICHWUM, IIOJIE3HO HCIONB3YETCS WIM pPacCenBaeTcs B
IIPOCTpaHCTBE. B cxeme 3aMeleHuss BO BCEX Clydyasx, KOrzna HaJlo Y4yecTb
HeoOpaTtuMoe npeoOpa3zoBaHKUe SHEPTUH, BKIFOUAETCS! COITPOTUBIICHHUE.

ComnpoTuBieHHE MPOBOIHUKA OIPEIEIIeTCs 1Mo Gopmysie:
R=pt (1.1)
S
rae | — mHa npoBogHMKA,
S — ceueHue;
P - YIEIBHOE CONPOTUBJICHHUE.

BeJII/I‘—II/IHa, 06paTHa;1 COIMPOTHUBIICHHUIO, HA3BIBACTCA ITPOBOANMOCTBIO.

g= 1
=~
Conpotusnenue umepsiercs B omax (Om), a MpoBOIAUMOCTS - B cuMeHcax (CMm).

CormpoTuBiieHrEe MACCUBHOTO YYacTKa I[ENMU B OOIIEM ClIydae OMpeAeIsieTCs 10
dhopmyie
R —

P

12
rae P — morpeGnsiemast MOIITHOCTb;
| — ToK.

CormpoTuBieHNE B CXEME 3aMEIICHUS N300paKaeTCs CIASMYIONUM 00pa3oM:



R
—|

NHIyKTUBHOCTBIO HA3BIBACTCA HWICAIBHBIM DJJEMEHT CXEMbl 3aMEILCHMUS,
XapaKTepU3yIOLUi COCOOHOCTh LENU HaKallIuBaTh MarHuTHoe noje. [lomararor,
YTO UHAYKTUBHOCTBIO 00J1a/1al0T TOJBKO MHIYKTHBHBIE KaTyIIKU. HIYKTUBHOCTBIO
APYTUX 3JEMEHTOB JIEKTPUUECKOM LIeTIN TPEHEOPETatoT.

NHOyKTUBHOCTh KaTyIIKM, H3Mepsiemas B TeHpu [I'H|, ompenenserca 1o
dhopmye

LW

|
rae W — 4ncio BUTKOB KaTyIlKH;
@ — MarHUTHBINA TTOTOK KATYIIKH, BO30Y>KIa€MbIi TOKOM I.

Ha pucyHnke mokazano n300pakxeHHe HHIYKTUBHOCTH B CXEME 3aMEIICHUS.
L
=TT T
EMKkocThIO  Ha3spIBaeTCS  WACATBHBIA  DIIEMEHT  CXEMBI  3aMeEIICHUS,
XapaKTepU3YIOMUKA CHOCOOHOCTh YyYacTKa JJIEKTPUYECKON IIeMd HaKallIuBaTh
anekTpudeckoe mose. [lomararTt, 9To eMKOCTBIO 00Jaal0T TOJBKO KOHJICHCATOPHI.
EMKOCTBIO OCTaNBbHBIX AJIEMEHTOB LIETIH MTPEHEOPETraloT.
Emkoctes koHzmeHncaropa, usmepsiemas B (dapamax (D), ompenensiercs 1o
bopmyre:
c-—1
U C
r7e ( — 3apsij] Ha OOKJIaJKax KOHJEHCATOPa;
U, — HanpsbKeHHe Ha KOH/IEHCATOpe.
Ha pucynke nokazaHo n3o0pakxeHre €eMKOCTH B CXEM€ 3aMeICHHUS.

C
——

1.3. AKTUBHbIE 3NIEMEHTbI CXeMbl 3aMeLLeHUS

JIt060i1 MCTOYHMK HEPIHMH MOXKHO MpEAcTaBUTh B Buae uctouHuka JJC wnm
HMCTOYHHUKA TOKA.

1.1
iEF
E
” Uiz DR
2
2
Puc. 1.3

Uctounnk IJIC — 3TO HCTOUYHMK, XAPAKTEPUIYIOUIUKCS SIEKTPOABUKYILEH
CUJION M BHYTPEHHUM comnpoTuBieHueM. MaeanbHbiM Ha3biBaeTcsi UCTOUHUK J/C,
BHYTPEHHEE CONPOTHUBJIIEHUE KOTOPOTO PABHO HYIIIO.



Ha puc. 1.3 m3o06paxen ucrounuk JJ[C, kK 3aKMMaM KOTOPOTO TMOAKIFOUEHO
comnportusieHue R.

R;— BHyTpenHee conpoTtunienue ucrounnka JJ1C.

Crpenka 3/IC HampaBieHa OT TOYKM HU3IIETO MOTEHIMATa K TOYKE BBICIIETO
MOTEHIAIA, CTPEJIKa HampsDKCHHWs Ha 3a)kuMax wucTouHuka U, HampablieHa B
IIPOTHBOIIOJIOKHYIO CTOPOHY OT TOUKH C OOJBIIIMM ITOTSHIIMAIOM K TOUKE C MEHBIITNM
TIOTEHITAIIOM.

Tok | = E=R -1+l -R=R -1+U,,, (1.2)

R, +R’

U,=1-R=E-1-R. (1.3)

VY uneansuoro uctounnka JJ[C BHyTpeHHee conporusinenue R;j=0, U;; = E.

N3 popmynst (1.3) BUmHO, 4TO HAPSDKEHHUE HA 3aKUMaxX PeajbHOTO MCTOYHUKA
OJIC ymeHbIIaeTCs C YBEIUYECHUEM TOKA. Y HJIC€ATBbHOIO MCTOYHWKA HAIPSIKEHUE Ha
3a)KMMAax HE 3aBHCHUT OT TOKA U PaBHO 3JIEKTPOJABHKYILEH CHJIE.

Bo3moxeH apyroil myTh MacalIM3aldyd UCTOYHMKA: MPEACTABICHUE €r0 B BUJE
HMCTOYHHMKA TOKA.

HNcTouHMKOM TOKa Ha3bIBAETCA MCTOYHUK DJHEPTUM, XapaKTEPHU3YIOLIUNCS
BEJIMYMHON TOKA U BHYTPEHHEW POBOJUMOCTBIO.

N neanbHbIM HA3bIBAETCS MCTOUHHUK TOKA. BHYTPEHHSISI TPOBOJUMOCTh KOTOPOTO
paBHa HYIIO.

[Togenum neByro U paByto yacTu ypaBHeHus (1.2) Ha R; u nmoixyuum

E 1
E:UHE'FI,

E
rae R =J - TOK UCTOYHHKA TOKA;

1
R_ =0, - BHYTPCHHAA IPOBOIUMOCTE.
J=Up,-g;+1I.

VY uneansHoro ucrounuka toka gi =0 uJ = 1.

Tox naearbHOrO0 WCTOYHMKA HE 3aBUCHUT OT CONPOTHMBIICHHS BHEIIHEW YacTh

nend. OH OCTaeTcs NOCTOSHHBIM HE3aBUCUMO OT COIPOTHUBIICHUS HAarpy3Ku.
VYcioBHOE M300pakeHNEe UCTOYHUKA TOKA HOI;aSaHO Ha puc. 1.4.

P

D1 =i o [Jr

-[F
Puc. 1.4

JIro60it peanbubiii uctouHuk JJIC MOXXKHO TpeoOpa3oBaTh B MCTOUYHUK TOKA U
Ha000poT. VICTOUHHMK SHEpPruM, BHYTPEHHEE COMPOTHUBIICHHE KOTOPOTO MAajo IO
CPaBHEHUIO C COTMPOTHUBICHUEM HArpy3Ku, MPUOIMKACTCS 10 CBOMM CBOWCTBAM K
uaeanbHoMy uctouHuky IJIC.



Ecan BHYTPCHHCC COIIPOTHUBJICHHUC HCTOYHHUKA BCJIMKO II0 CPABHCHHUIO C
COIIPOTHUBJIICHUCM BHEIIIHEH Oc1iM, OH HpI/I6J'II/I}KaeTC}I II0 CBOHMM CBOMCTBaM K
NACAJIbHOMY HCTOYHUKY TOKaA.

1.4. OcHoBHble onpeaeneHnsi, OTHOCALLMECS K cXxemam

Pazmuuaror Pa3BCTBJICHHBIC W HCPA3BCTBIICHHBIC CXCMBI. Ha puc. 1.5
1/1306pa>KeHa HCPA3BCTBJICHHAA CXCMaA.

I, I
B, R, R, E,
[ |Rs
Rll 113 Rﬂ
Puc. 1.5

Pa3BeTBiIeHHAsT cXeMa — ATO CJIOKHAsT KOMOHMHAIIMA COE€OUHEHUI IMACCUBHBIX U
aKTUBHBIX 2JIeMeHTOB. Ha puc. 1.6 mokazaHa pa3BeTBICHHAs CXeMa, cojepsKaIias J1Ba
ncrounrka JJ[C 1 5 conpoTUBICHUN.

ConpoTuBJIEHUS COCTMHUTEIIBHBIX TPOBOJIOB MPUHUMAIOT PABHBIMU HYIIIO.

Puc. 1.6

Y4acTok 3JE€KTPUUYECKON IIeNU, MO KOTOPOMY MPOXOAHWT OAWUH M TOT K€ TOK,
Ha3bIBAETCS BETBBIO. MeCTO coeqMHEHUs IBYX M 0oJiee BETBEH JIEKTPUUCCKOM ICTIH
HA3bIBACTCSA y3JIOM. Y3€JI, B KOTOPOM CXOJATCS JIBE€ BETBU, HA3bIBAETCS YCTPAHUMBIM.
VY3en sBIsgeTCS HEYCTPAaHUMBIM, €CIM B HEM COCIAMHEHBI TPHU U OOJbIIEE YHCIIO
BETBEH. Y3el B cxeMe 0003HaYaeTCsl TOYKOM.

[TocnemoBarenbHBIM HA3bIBAOT TAKOE COCAUHEHUE YYACTKOB LIETIH, TP KOTOPOM
4yepe3 BCE YYACTKU MPOXOJIUT OAWHAKOBBIM TOK. [IpHn mapauielbHOM COEAUHEHUN BCE
YYaCTKHU LIENU MPUCOEAUHSAIOTCS K OJHOW Mape y3JIOB, HAXOAATCS IMOJ OAHUM U TEM
KE HAMPSHKEHUEM.

JIro00# 3aMKHYTBIN MyTh, BKIIOYAIOMIUM B €0l HECKOJILKO BETBEH, Ha3bIBACTCS
KOHTYPOM.

1.5. Pexxumbl paboTbl aNeKTpruyYecKknx Lenen

B 3aBucMMOCTH OT Harpy3kud paszjivyaloT CJIAEAYIOIIHUE PEXKUMbl PaOOTHI:
HOMHUHAJIbHBIA, PEXHM XOJIOCTOTO XOJa, KOPOTKOTO 3aMbIKAHMS, COIVIACOBAHHBIN
PEXKUM.

[Ipy HOMUHAIBHOM pEXUME 3IIEKTPOTEXHUUYECKHE YCTpOHCTBa padOTaOT B
YCIIOBUSIX, YKa3aHHBIX B MACHOPTHBIX JAHHBIX 3aBO/Ia-U3TOTOBUTENSA. B HOpMaIbHBIX



YCJIOBHSIX BEJIWYMHBI TOKA, HAMNPSIKEHUS, MOIIHOCTH HE MPEBBIIAIOT YKa3aHHBIX
3HAYCHMU.

PexxuMm X070CTOro Xo/a BO3HHMKAeT MPU OOpBIBE IENH WM OTKIIOUCHHUH
COIIPOTHUBIICHUSI HATPY3KHU.

PexxuM KOpPOTKOTO 3aMbIKaHMS TOJIYy4YaeTcsi IMPU COMPOTUBICHUU Harpys3KH,
paBHOM Hymt0. TOK KOPOTKOTO 3aMbIKaHUS B HECKOJBKO pa3 MPEBBIIIACT
HOMUHAJIBHBIN TOK. PE€XHUM KOPOTKOTO 3aMbIKaHUsI SIBJIICTCS aBAPUKUHBIM.

CornacoBaHHBI  PEXUM — OTO PEXUM MEpelayd OT HCTOYHUKA K
CONPOTUBIICHUIO HArpy3ku HauOombied MouHOCTA. ComacOBaHHBIM pPEKUM
HACTylmaeT TorAa, Koraa CONPOTUBIICHUE HArpy3Kd CTAHOBUTCS PaBHBIM

BHYTPEHHEMY CONPOTUBICHHUIO HCTOYHMKA. [Ipm 3TOM B Harpys3ke BBIIEIAETCS
MAaKCUMAaJIbHAsI MOIIHOCT.

1.6. OCHOBHbI€ 3aKOHbI SNEKTPUYECKUX Lenemn.

Ha puc. 1.7 wuzobpaxken yvactok 1enu c¢ conpotuBiennem R. Tok,
MPOTEKAIOIINI YEPE3 CONPOTUBIICHHE R, MponopiuuoHaneH najcHuo HanpsiKeHUs Ha
COMPOTHUBJICHUH W 00paTHO MPOMOPIUOHATICH BEJIMYMHE ITOTO COMPOTUBICHUS.

R

ae—  —h

|
Uap
Puc. 1.7
| = Yay .
R

[TanenrieM HampsiKEHUsT HAa COMPOTUBICHUM HA3bIBAETCS IMPOU3BEACHUE TOKa,
MIPOTEKAOIIETO Yepe3 CONPOTUBIICHHUE, HA BEJIMYMHY 3TOTO  CONPOTHUBIICHUS.

OCHOBHBIMM 3aKOHAMM JJIEKTPUYECKUX Ienei, Hapsay ¢ 3akoHoM Owa,
SBIIIOTCSL 3aKOHBI OajlaHCa TOKOB B pa3BeTBICHUSX (mepBbiii 3akoH Kupxroda) u
OaylaHca HaNpsDKEHUN HA 3aMKHYTHIX y4acTKax 1enu (BTopoi 3akoH Kupxroda).

B cootBercTBHM ¢ iepBhIM 3akoHOM Kupxroda, anredpandeckas cymma TOKOB B
M000M y37ie 1IENH paBHA HYJIIO:

> 1=0.

Bo3bmeMm cxemy Ha puc. 1.8 u 3anuuiem Ui Hee ypaBHEHHE 110 IEPBOMY 3aKOHY
Kupxroda. Toxam, HampaBieHHBIM K Y37y, MPUCBOMM 3HAK «IUIIOC», @ TOKAaM,
HaIIpaBJICHHBIM OT y3J1a — 3HaK «MUHYyC». [lonyunm crnenyroiee ypaBHeHueE:

L=+, -1,=0uma I, +1;=1,+1, .

N2
I
L.:/ S,
Puc. 1.8

CornacHo BrOopomy 3akoHy Kupxroda, anreOpanueckas cymma IJC Bmosb
T000TO 3aMKHYTOTO KOHTYpa paBHA alreOpanveckoil CyMMe MaIecHU HAMpsDKEHUHN B
JTOM KOHTYpE



2E=2U

Bospmem cxemy Ha puc. 1.9 m 3anmmem st BHEIIHErO KOHTYpPa 3TOW CXEMBI
ypaBHEHHE 10 BTopoMy 3akoHy Kupxroga.

Ji 3TOTO BBIOEPEM ITPOM3BOJIBHO HAIpaBieHUE 00X0a KOHTypa, HalpuMmep, 1o
gacoBou crpenke. JJC u naaeHus HanpsLDKEHWM 3allMCHIBAIOTCS B JIEBYIO M IIPABYIO
YaCTH YpaBHEHHS CO 3HAKOM «IUIKOC», €CIIM HaIpPaBICHHUS HX COBIAJAIOT C
HanpaBJIeHHEM 00X0/1a KOHTYpa, U CO 3HAKOM «MUHYC», €CJIM HE COBIIAJAIOT.

‘ I, I,
El Rl R, E:
fIi:2
Rll 113 Rﬂ
Puc. 1.9

[Ipu ompeneneHun Toka B BETBH, coaepiamied uctounuk DJC, HCHOIb3yIOT
3akoH Oma JJ1s1 akTUBHOM BETBH.
Bo3bMmem BeTBb, colepxauryro conpotuBieHuss U uctounuku IJC. Bersb

BKJIIOUEHa K y31aM a-b, W3BECTHO  HampaBlieHWE TOKa B  BETBHU
(puc. 1.10).

I E
a Ry > By R, I h
T A e S
w
Uan
Puc. 1.10

Bo3bmMeM 3aMKHYTBIM KOHTYpP, COCTOSIIMM W3 AKTUBHOW BETBU U CTPEIIKU
Hanpspkenust Uab, u 3anuiiem i HET0 ypaBHEHHE 1O BTopomy 3akoHy Kupxroda.
BriOepeMm HamnpapiieHre 00xo/1a KOHTYpa M0 YaCOBOM CTpPEJIKE.

[Tonyunm

| 'R, +1-R,-U, =E, —E,.

W3 sToro ypaBHEeHUs BbhIBeIeM (HOPMYITY IS TOKa

| _Yu+E-E

R, +R,
B o6mem Bue:
L U,+> E

SR
Sk i neran
e - CyMMa COITPOTUBIICHUH BETBU;

2E . anredpanydeckas cymma JJIC.



OIC B ¢dopmyne 3amuchiBaeTCs CO 3HAKOM «IUTIOC», €CIM HampaBieHHE ee
COBIAJIa€T C HAIIPABJIEHUEM TOKA U CO 3HAKOM «MHUHYC», €CJIU HE COBIIAJACT.



2. OKBMBAJIEHTHBIE MPEOBPA3SOBAHNA CXEM

OKBUBAJCHTHBIM Ha3bIBACTCS Hp606paBOBaHI/I€, I[P KOTOPOM HAIIPSAKCHUA U
TOKH B 9aCTAX CXCMbI, HC ITOABCPIIINXCA Hpeo6pa3013aHmo, HC MCHATIOTCA.

2.1. NocnepnoBaTtenbHOE COEAMHEHNE ANIEMEHTOB ANEKTPUHECKUX uenen

Ha pHuc. 2.1 1/1306pa>1<eHa QIICKTPpHUYUCCKAaA ILICIIb C IOCICAOBATCIBHO
COCANMHCHHBIMHA COIIPOTHUBJICHUAMMH.

Rl RI R, I
B e —
U, U, ”
. Ul 1 2 Un _ lU R,
L
¥
Puc. 2.1

Hanpsixenue Ha 3axuMax ucrounuka /[C paBHO BEIWYMHE AJIEKTPOABIKYIIEH
cuibl. [103TOMy 4acTO HCTOUYHHK Ha CXeMe He U300paxaror.

[Taenns HaPsKEHUH HA CONMPOTUBIICHUAX OMPENEIISIIOTCS 1Mo (hopMysiaM

U,=1-R, U,=1-R,, U,=1R,.

B coorBercTBHM co BTOphIM 3akoHOM Kupxroda, HampsokeHHE Ha BXOJC
AJIEKTPUYECKON IIEMHU PABHO CYMME ITaJICHUM HANPS)KEHUNA HA CONMPOTUBIICHUAX LIEIIH.

Uu=U,+U,+..+U =1-R +1-R,+..+1-R, =

-1-Q +R,+..+R, =1-R,

rae R, =R, +R, +...4+ R, - DKBUBaJICHTHOE COIPOTUBIICHUE.

ODKBUBAJICHTHOE COINPOTUBIICHUE DJIECKTPUYECKOW IIENMU, COCTOAIIEH U3 n
MOCJIE0BATEIILHO BKIIFOUEHHBIX 3JIEMEHTOB, PABHO CYMME COIIPOTHUBJIIEHHN 3THUX
3JIEMEHTOB.

2.2. I'Iapanneanoe coegnHeHune aneMeHTOoB 3JTIEKTPUHECKUX uenen

Ha puc. 2.2 moka3zaHa sjeKTpuyeckas IEMb C MapajUieJbHbIM COCIUHEHHUEM
COINPOTHUBIICHUU.

k.. - I
~ | 1,
|R: [|Ra = lu R,
"
Puc. 2.2
Tokn B IapaJuICIbHBIX BETBAX OIIPCACIIAIOTCA 110 (I)OpMy.HaM:
) U 0]
|l=7=U.gl; |2=7=U.gz; | =7=U.gn,

R, R, "R

n



e g, L g, 1 g, _ 1. IIPOBOIUMOCTH 1-#1, 2-1 U N-Ii BETBEN.
R, R, R

B coorBercTBHU ¢ nepBBIM 3ak0HOM Kupxroda, Tok B HEpa3BETBIECHHON 4acTH
CXEMBI PAaBEH CyMME TOKOB B IIapaJlJIeJIbHBIX BETBSX.

=1+l +..+1,=U-g+U-g,+.4U-g,=U-€,+ 0, +..+0, =U-g,,TA€ g, =0;+0p +..+ ;-

OKBHMBAJICHTHAs IPOBOJMMOCTb DICKTPUYECKOM IENH, COCTOAmEH H3 N
napasuleNIbHO BKIIOYCHHBIX JJIEMEHTOB, paBHA CyMME IIPOBOIMMOCTEH IapajuleIbHO
BKJIIOYEHHBIX 2JIEMEHTOB.

OKBUBAJICHTHBIM CONPOTHBICHUEM IIENU HAa3bIBACTCS BEJIMYMHA, OOparHas

SKBUBAJICHTHOU IMPOBOAUMOCTHU

R, =—.

) 93
HYCTB QJICKTpUYCCKAasd CXEMa COACPKHUT TpHU MapallICIIbHO BKIIIOYCHHBIX
COIIPOTHUBIICHUA.

3KBI/IBaJ'I€HTHaH IMPOBOAUMOCTD
1 1 1 R,‘R,+R,‘R,+R,-R
0,=0,+0,+0, =—+—+—= 2 3 1 3 1 2.
R, R, R, R,‘R, R,
. R3

R = 1_ R -R,
’ g, Rz'R3+R1'R3+R1'R2
DKBUBAJIEHTHOE COIIPOTHUBJICHHUC CXCMEI, COCTO;IIHeﬁ U3 N OJMHAKOBBIX
3JICMCHTOB, B N pa3 MCHLBIIC COHpOTHBJIeHI/Iﬁ R OIHOI'O DJICMCHTA

Bo3pbmMeM cxeMmy, COCTOAINIYHO U3 JIBYX IapaJUieIbHO  BKJIFOYEHHBIX
conpotuBiiecHuit (puc. 2.3). M3BeCTHbl BEJIUYMHBI CONPOTUBICHUH H TOK B
HEpa3BETBJICHHOW YacTH cXeMbl. HeoOXoauMo omnpeaeauTh TOKH B MHapajlielIbHBIX
BETBSIX.

=
] —

Ul Ry [R: _ l” R,
lIl lI;

Puc. 2.3

3KBI/IB3JIGHTHa$I HpOBOI[I/IMOCTB CXCMBI
g —g+g-Li L _R+R
s — Y1 2T T T S
Rl Rz Rl : Rz
ad ODKBUBAJICHTHOC COHpOTI/IBHeHI/Ie
1 RR,

ga_Rl+R2.

9

Hanpsbxkenne Ha BXOAE CXEMBI
U=1-R,.
Toku B mapajieIbHBIX BETBIX



U_I'R__I'R-R, | R

l,=—=

Rl R1 :Rl'R1+R2:_ .R1+R2.

AHAJIOTUYHO
U R,
l,=— =1 .—2 .
R, R, +R,

Tok B mapajuyieIbHOM BETBH PaBEH TOKY B HEPA3BETBICHHOW 4YacCTH CXEMBI,
YMHOXE€HHOMY Ha CONPOTHUBIICHUE MPOTUBOJICKAIIEH, UY>KOM MapalJIeIbHOW BETBU U
JEICHHOMY Ha CyMMY COIIPOTHBIICHMM 4Yy>KOW M CBOEW MapasuiebHO BKJIIOUCHHBIX
BETBEM.

2.3. NpeobpasoBaHne TpeyrorbHNKa CONPOTUBMNEHNI B SKBUBANEHTHYO
3Besay

Bcerpedarorcss cxeMbl, B KOTOPBIX OTCYTCTBYIOT CONPOTHBIICHHSI, BKIFOYEHHBIE
MOCJIEI0BAaTENbHO WM NapaJljiebHO, HAIPUMEp, MOCTOBas cXeMa, H300pakeHHasi Ha
puc. 2.4. OnpenenuTbs 3KBUBAICHTHOE CONMPOTUBICHHUE 3TOM CXEMbI OTHOCUTEIIBHO
BETBU C UCTOYHUKOM J/[C OnMCaHHBIMM BBIIIE METOAAMHU HENB3s. Ecin ke 3aMEHUTh
TpPEyroibHUK compoTuBieHud  R;-R,-R3;, BKmtoueHHBIX Mexay ysmamu 1-2-3
TPEXJIyYEBOU 3BE3/10M CONPOTUBIIEHUH, JIy4Yr KOTOPOM pacxomarcs u3 Touku 0 B Te xe
y3nbl  1-2-3, SKBHUBAJEHTHOE CONPOTUBICHHE IOJYyYEHHOM CXEMbI  JIETKO
onpenessercs.

Puc. 2.4

CompoTuBiieHWe Jyda OKBUBAJECHTHOW 3BE31bl CONPOTUBICHUN  PaBHO
MIPOU3BEACHUIO COMPOTUBIICHUH MPUJIECTAIONTNX CTOPOH TPEYTOBHUKA, JICICHHOMY Ha
CYMMY COMPOTHBIICHHH BCEX CTOPOH TPEYToJbHUKA.

B cooTBeTcTBMM ¢ yKa3aHHBIM IPABHJIOM, COINPOTHUBIICHUS JIydel 3BE3IIbI
OTpeNeIIIOTCs 1o (hopmyram:

7R 4+R, +R, 2R +R,+R, “* R 4R, +R.
1+ 2+3 1+ 2+3 1+ 2+3

DKBUBAJIEHTHOE COCIMHEHUE TTOIYYCHHOM CXEMbI OTIPEIEISETCS IO (hopMyIie
(212 + RA/'GAS + Rs/

R,=R,+R,, +
R,,+R,+R,; +R;




COHpOTI/IBJIeHI/Iﬂ Ro H R ,;; BKIIOYCHBI IIOCICAOBATCIBHO, a BCTBH C

conporuBieHussMu R, +R, U R,; + R, coeauHEHBI TapaJuICIbHO.

2.4. NpeobpasoBaHue 3Be3bl CONPOTUBINEHUI B 3KBUBAINEHTHbI
TPEYronbHUK

WNHuorga ninst ynpouieHus: CXeMbl MOJE3HO Mpeo0pa3oBaTh 3B€3/1y COMPOTUBICHUIM
B DKBUBAJICHTHBINA TPEYTOJIbHUK.

Paccmotpum cxemy Ha puc. 2.5. 3ameHuM 3Be3ay comnpotuBieHuii Ri-Ry-Rj
SKBUBAJICHTHBIM TPEYTOJILHUKOM COMPOTUBICHUN RA;—Rp2-Ra3, BKIIIOUEHHBIX MEXITY
y3namu 1-2-3.

Ry 7 Ur S [re R] R T (I

A I - _ ,_|Rna
S I i W=
'_|— Ras —, IT“‘ k\\]_E!j
4
Puc. 2.5

ComnpoTuBieHWE CTOPOHBI SKBUBAJIEHTHOTO TPEYTOJbHUKA COMPOTUBICHUM
PaBHO CyMM€ CONpPOTHUBIICHWI JBYX MPWIECTAIONIMX Jy4ed 3Be3Ibl ILIIOC
MIPOU3BENCHUE ITUX KE COMPOTUBIICHUM, NEJIEHHOE HA COMPOTUBICHUE OCTABIIETOCS
(mpoTtuBonexkariero) iyda. ConmpoTHUBIEHUSI CTOPOH TPEYTOJIbHUKA OMPEEISIOTCS 110

bopmynam:
R, -R R, -R
R, =R +R,+ lR *: R,,=R +R,+ 1R 2.

2 3

R,-R
R,;,=R, +R, + =22
1

DKBUBAJIEHTHOE COIIPOTHUBIICHUC Hpeo6paBOBaHHOfI CXEMBI paBHO
R4 'RAl + RS'RAZ
R,+R,y R +R,,
R4 ‘R Al Rs : RAZ

R,+R,, R.+R,,

R,=R, +

+R,;



3. AHANN3 ANEKTPUYECKMX LLEENEN NOCTOAHHOIO TOKA C OOHUM
NCTOYHMKOM SHEPT U

3.1. Pacuert ANEKTPUHECKUX Lenen NOCTOAHHOIO Toka C O4HUM MCTOYHUKOM
MEeTOOOM CBepPTbiBaHUA

B coorBeTcTBMM € METOIOM CBEpPTHIBAHUSA, OTAEIBbHBIE YYACTKA CXEMBI
yOpOIIalOT W TOCTENEHHBIM MPEeoOpa3oBaHUEM MPHUBOIAT CXEMy K OJHOMY
HKBUBAJICHTHOMY (BXOJAHOMY) COINPOTHUBIICHHIO, BKIIOUEHHOMY K 3aKHUMaM
ructouHrka. CxemMa ynpomaercs ¢ MOMOIIbIO 3aMEHbI TPYIIIbI MOCIEI0BATEILHO WIH
MApAJUICIBHO  COEAVMHEHHBIX  COMPOTHUBICHUWA  OAHUM, OSKBUBAJICHTHBIM IO
conpoTuBiieHUI0. ONpeaensoT TOK B YIPOIIEHHOW CXeMe, 3aTeM BO3BPAILAOTCS K
HCXOJTHOW CXEME M ONPEAEISAIOT B HEW TOKHU.

Paccmotpum cxemy Ha puc. 3.1. [lycTh U3BECTHBI BEJIMYMHBI CONTPOTUBICHUN R,
R2, Rs, R4, Rs, Rg, DI1C E. HeoOxonumo onpeaeanTh TOKA B BETBIX CXEMBI.

I—lp aLc I_l, aiy

R | R R | B
E, 2P Rs ||Rs E, Ry Ryss
Izl 114 Iﬁl Izl
b lE‘ 1s bl
Puc. 3.1 Puc. 3.2

Conporusnenus R, Rs coenuHeHsl mociaenoBareibHO, a CONPOTUBIIEHHE Rg —
napasuieibHO C HUMU, TO3TOMY UX 9KBUBAJIEHTHOE COMTPOTURIICHUE
~
R _ Q, +R; R,
TR, +R, +R,
4 5 6
[Tocne nmpoBeneHHBIX TpeoOpa3oBaHU cxema MPUHUMAET BU/, TOKAa3aHHBINA Ha
puc. 3.2, a 5KBHBAJICHTHOE CONPOTUBIICHUE BCEH LCH
R, € +R
R, =R, + 450,
R, +R;+R, 55

Tox I; B Hepa3BeTBICHHON YaCTH CXEMBI OIpeeisaeTcs mo popmyse:

Hatinem Toxu I, u I3 B cxeme Ha puc. 3.2 mo ¢popmynam:
U R, (Q+R456/ (%+R456/

I, =

‘:1'

R, 'R, @ +R;+R,s, Q +R,+R, 55

I; = 1;- 1, - popmyna momyyaeTcss U3 ypaBHEHHUS, COCTABIEHHOTO MO MEPBOMY
3akony Kupxroda:

Il - |2 - |3 =0.

[Tepexonum K uCXOgHOM cxeme Ha puc. 3.1 W ompenenuM TOKM B HEH MO
dhopmynam:

u,, 1 (% +R5/‘R I, - R,
R, + R, (2+R5/(24+R +R, . R, +R; +R,

I, = I3—1; (B cooTBeTcTBHHM ¢ TIepBbIM 3ak0oHOM Kupxroda I3— 1, — lg =0).

l,=1,=



3.2. Pacyet anekTpu4eckmx Lenem NnocToOSHHOro Toka ¢ OAHUM UCTOYHUKOM
MEeToA0M Noaobus N MeToaoM NPONOPLMOHAaNbHbIX BEMNYMH

Bo3pmeMm QJICKTPUYICCKYIO CXCMY Ha PHC. 31, 3agaauMcCsa  IIPOU3BOJIbHBIM
!/

3HAYCHUCM TOKa IG B COIIPOTHUBJIICHUHA Rg, HauoOoee YAAJICHHOM OT HUCTOYHHKA

!

nutanud. [lo 3amaHHOMY TOKY |, W CONpPOTHBIECHHIO Rg omnpeaenum HampsbKeHHE
U/, =1; - Rs. Hanee onpenenum:

U !
R, +R;

! ! ! !
Uie=13-Ry, Ug=1g-Rg,

U ’

1, =25 1y =15 +15.

RZ
Haxonuwm 3nauenue JJ1C
E'=R,-1]+R,-1}.
Haiinennoe 3nauenue 3/C E’ ommmuaercs ot 3aganHoi BenuuuHbl JJ[C E.

E
Boruucinum kodgduimeHt nompodbuss K =—. YMHOKUM Ha HETO MOJYYEHHBIC

.
!

ro_ 1 _ ro_ '
I =15 = 15=1,+15%,

IIpu pPacdcTC 3HAYCHHUA TOKOB U Hal'Ip}I)KCHI/Iﬁ, HaxoanuM HGﬁCTBHTCHBHBIC 3HA4YCHUA
TOKOB LCIIN.



4. AHANNG CNOXHbIX ANEKTPUYECKMX LEMEN C HECKONbKMM
NCTOYHNKAMU SHEPT N

4.1. MeToa HenocpeacTBEHHOMO NPUMeEHeHNst 3akoHoB Knpxroda

Ha puc. 4.1 uzo0OpakeHa cxema pa3BeTBICHHOMN AIEKTpUUECKOil enu. 13BecTHI
BeIMUYUHBI conpotuBiieHuil u IJ{C, He00X0TUMO ONPEAEIIUTD TOKH.

B cxeme uMmeroTcs 4eThpe y3ia, MOXKHO COCTAaBUTh YETBIPE YpPAaBHEHUS I10
nepBomy 3akoHy Kupxroda.

VYKaxeM MTPOU3BOJIBHO HAIIPABJICHHS TOKOB. 3allMIIEM YPABHEHMUS:

onaysnal —1,-1,-1,=0
ons ysna 2 LL-1,+1,=0 (4.0
onayzald l,+1,+1=0
onaysnad —l,-lg+1,=0

Puc. 4.1

Cnoxum 3tu ypaBaeHus. [Tonyunm toxaectBo 0 = 0. Cucrema ypaBHeHul (4.1)
SIBJIIETCS] 3aBUCUMOHM.
Ecnu B cxeme umeeTrcs N y3710B, KOJIUYECTBO HE3aBUCHMbBIX YPAaBHEHHM, KOTOPHIE
MOXKHO COCTaBUTbH IO MiepBoMy 3akoHy Kupxroda, pasuo n - 1.
J{nst cxeMbl Ha puc. 4.1 4ucI0 HE3aBUCHMBIX YPAaBHEHUM paBHO TPEM.
-,-1,-1,=0
I,—1,+1,=0¢. (4.2)
I,+1,+1,=0
Henocraroniee KOIMYECTBO YpPaBHEHHUM COCTABISIIOT IO BTOPOMY 3aKOHY
Kupxroda. YpaBHeHUs 110 BTOPOMY 3aKOHY COCTABIISIOT JIJIsl HE3aBUCUMBIX KOHTYPOB.
He3aBuCuUMBIM SIBIISIETCS KOHTYP, B KOTOPBIM BXOAUT XOTS Obl OfHA HOBasi BETBb, HE
BOIIEAIIAs B JPYTUe KOHTYPHI.
BriOepeM Tpu HE3aBUCUMBIX KOHTYpa U YKa)K€M HalpaBJIeHUs: 00X01a KOHTYPOB.
3anuieM Tpu ypaBHEHHs MO BTOpoMy 3akoHy Kupxroda.
E,+E,=—I,-R;+1,-R, +1,-R,
_E,-E,=-1,-R,~1,-R, * (4.3)
0=I,-R,—1,-R,
PemuB coBMecTHO cuctembl ypaBHeHu (4.2) u (4.3), onpeaeauM TOKU B CXEME.



Tox B BETBM MOXET HMETh OTPULATCIIBHOC 3HAYCHUC. 910 O3Ha4acT, 4YTO
I[GP'ICTBHTGJIBHOG HAaITIpaBJICHHUC TOKA IIPOTHUBOIIOJIOXKHO BBI6paHHOMy HaMH.

4.2. MeToa KOHTYPHbIX TOKOB

Meton HeNocpencTBEHHOro NpHUMEHEHUs 3akoHOB Kupxrodga rpomo3nox.
HMmeercst BO3MOXKHOCTh YMEHBUIUTH KOJIMYECTBO COBMECTHO PELIAEMBIX YPaBHEHHUU
cucteMbl. Uucno ypaBHEHUH, COCTABIECHHBIX IO METOAY KOHTYPHBIX TOKOB, PABHO
KOJIMUECTBY YPaBHEHMM, COCTABIIIEMBIX IO BTOpOoMY 3akoHy Kupxroga.

MeTton KOHTYpHBIX TOKOB 3aKJIIOYAeTCs B TOM, YTO BMECTO TOKOB B BETBSX
OTIPENETSAIOTCS, HAa OCHOBaHMM BTOporo 3akoHa Kwupxroda, Tak Ha3bIBaeMble
KOHTYPHBIE TOKH, 3aMBIKAIOIIUECA B KOHTypax.

Ha puc. 4.2 B kauecTBe mpuMepa n300pakeHa IByXKOHTYpHas CXeMa, B KOTOPOi
l;; u |y, - KOHTYpHBIE TOKH.

Puc. 4.2

Toxu B conpotuiieHusx R; u R, paBHBI COOTBETCTBYIOITUM KOHTYPHBIM TOKaM.
Tox B comportuBieHun Rj, sBistonuiicss oOmMM s 000UX KOHTYPOB, PaBEH
Pa3HOCTH KOHTYPHBIX TOKOB |13 ¥ |y, , Tak Kak 3TH TOKM HampaBJIeHbI B BETBU C Rj
BCTPEYHO.

IHopsxok pacyera

BriGuparorcsi He3aBHCHMbIE KOHTYPHBI, U 33Jal0TCs IPOU3BOJILHBIC HAIIPABICHUS
KOHTYPHBIX TOKOB.

B Hamem ciydae 3TH TOKM Hampasi€Hbl 10 4aCOBOW cTpeiike. HampasneHue
00xo0/1a KOHTYpa COBMAJAET C HANPABICHUEM KOHTYPHBIX TOKOB. YpaBHEHUS ISl ITHX
KOHTYPOB UMEIOT CIIEAYIOIIUNA BUL:

|11'R1+Ri1}|11'R3_|22'R3 =E,,

IZZ'RiZ +R2}|22'R3_|11'R3 =-E,.

[Ieperpynmnupyem ciaracMbi€ B yPaBHEHUAX

|11'(21+Ri1+R3:_|22’R3 =E, =E,. (44)

_|11'R3+Izz'eiz+Rz+R3;:_E2:Ezz- (45)

CymMMapHO€ COMpPOTUBIEHHUE JAaHHOTO KOHTypa Ha3bIBae€TCsl COOCTBEHHBIM
COINPOTHUBJICHUEM KOHTYPA.

CoOcTBEHHBIE COMPOTUBIIEHUSI KOHTYPOB CXEMBbI

R,=R,+R;+R;, R,,=R,+R,+R;.

ConporuBnenue Rj;, mnpuHamiiexaiiee OJHOBPEMEHHO JBYM KOHTYpawm,
Ha3bIBAETCS OOIIMM COMPOTUBIICHUEM dTUX KOHTYPOB.

R, =R, =Ry,



rae Ry, — o01iee conpoTuBIeHUE MEXKITY TIEPBBIM M BTOPHIM KOHTYPaMHU;

Ry - o0111ee CONMPOTUBICHUE MEX]TY BTOPHIM U MEPBBIM KOHTYPAMH.

Enn = E1u By = E; — konTypHbie J/IC. B obmiem Busie ypaBuenus (4.4) u (4.5)
3aMKUCHIBAIOTCS CIIEAYIONIMM 00pa3oMm:

Iy Ry + 15, R, = By,

IRy + 15 R, = By

CoOcTBEHHBIE COMPOTUBIIEHUSI BCEITIa UMEIOT 3HAK ILTHOCY.

OO0mIee CONMPOTHUBIICHUE UMEET 3HAK «MHHYC», €CIIM B JAHHOM COMPOTHBICHUH
KOHTYpPHbIE TOKH HalpaBl€Hbl BCTPEUHO JPYr IPYyry, M 3HAK «ILUIIOC», €CIU
KOHTYPHBIE TOKH B 00IIIEM COMPOTUBICHUH COBMAAAIOT 110 HAIIPABIICHHUIO.

Pemast ypapuenus (4.4) u (4.5) coBMECTHO, ONpEEIUM KOHTYpPHBbIC TOKU |y U
I, 3aT€M OT KOHTYPHBIX TOKOB MIEPEXOJIUM K TOKaM B BETBSIX.

BeTBu cxembl, MO0 KOTOPBIM IPOTEKAET OIWH KOHTYPHBIA TOK, Ha3bIBAIOTCA
BHEIIHUMHU, a BETBH, [0 KOTOPBIM MPOTEKAIOT HECKOJIBKO KOHTYPHBIX TOKOB,
Ha3bIBAIOTCS OOmMMMHU. TOK BO BHEIIHEW BETBU COBMAJACT IO BEJIWYUMHE U TIO
HalpaBJieHUI0 C KOHTYpHbIM. Tok B 0O0IIeil BETBM paBeH ajreOpanvyeckoil cymMme
KOHTYPHBIX TOKOB, IPOTEKAIOIIMX B 3TOM BETBU. B cxeme Ha puc. 4.2

=l =l Ii=1 =1y

Pexomenganuun

1. KoHTypbl BBIOMpPAIOT MPOM3BOJIBHO, HO LIENECOO00pPa3HO BBIOpaTh KOHTYPBI
TaKuM 00pa3oM, 4TOObI UX BHYTPEHHSSI 00JIaCTh HE MepeceKanach HU OJHOU BETBbIO,
MPUHAJICKAIIEH JPYTUM KOHTYpaM.

2. KoHTypHBIEC TOKH KeJIaTeIbHO HANPABIATh OJIMHAKOBO (TI0 YAaCOBOM CTpEJIKE
WJIU TIPOTUB).

3. Ecnu Hy)XHO omnpenenuTh TOK B OJJHOM BETBH CIIOKHOM CXEMbI, HEOOXOIMMO
cAenarb €ro KOHTYPHBIM.

4. Eciu B cxeMe MMEETCS BETBb C HU3BECTHBIM KOHTYPHBIM TOKOM, ATOT TOK
CJIeNyeT clesiaTh KOHTYPHBIM, Onaroiaps 4emMy KOJIMYECTBO YPaBHEHHH CTAaHOBUTCS
Ha €IMHUILY MEHBbIIIE.

4.3. MeToA y3noBbIX NOTEHLMANoB

MeTon y370BBIX MOTCHIIMAJIOB MO3BOJISIET COCTAaBUTh CHCTEMY YpPaBHEHHH, IO
KOTOPOM MOYKHO OIPEACIUTh IOTEHIHANBl BCEX Yy3JI0B CXeMbl. [0 M3BECTHBIM
Pa3HOCTSIM Y3JIOBBIX MOTCHIIMAIOB MOXHO OMPEICIUTh TOKHA BO BCEX BETBAX. B cxeme
Ha pucyHke 4.3 mMmeercs 4eThipe y3ia. [loreHiuan ar000H TOYKH CXEMBI MOYKHO
NPUHATH PaBHBIM HYJI0. Torjma y Hac OCTaHYTCS HEM3BECTHBIMH TPU TOTEHITHAIA.
VY3en, BeNWYWHY IIOTCHIIMAJNA KOTOPOTO BBIOMPAIOT IPOHM3BOJILHO, HA3BIBAIOT
0a3KUCHBIM.

VYkaxxeM B cxeme MPOM3BOJILHO HAMPABJICHUS TOKOB.
[Tpumem miist cxemor @4 = 0.



oS
I I
1 —2>3 3. 3
IIT R; R;
Rl Isl R5 |::| R4
I 41
E,; E,
s
Puc. 4.3
3anuiieM ypaBHEHHE 10 iepBoMy 3akoHy Kupxroda nms yzna 1.
I,+J-1,=0. (4.6)
B cooTrBercTBHM ¢ 3akoHamMu OMa Ij19 aKTUBHOM M ITAaCCUBHOM BETBH
o, —¢p, +E -~
1

1 o
rne g, = R_ - IPOBOJAUMOCTD IICPBON BETBU.
1

¢ —@ ~
IZZ%:¢1_¢)ZQQZ’
2

TIe g, = Riz - IPOBOAMMOCTbH BTOPOW BETBHU.

[ToncraBuM BbIpakeHUsI TOKOB B ypaBHEHUE (4.6).

-0, +E9,+J-00,+9,9, =0,

¢101+92:_(P2g2 =E9,+J, (47)

20— 9.9, =0, +J,

rne g,, =0, +J, - cOOCTBEHHas: MPOBOAUMOCTb y37a 1.

CoOCTBEHHON TPOBOJMMOCTBIO Yy3Jla HA3bIBA€TCSI CyMMa MPOBOJUMOCTEH
BETBEU, CXOSIIIUXCS B TAHHOM Y3JI€.

J,, = 0, - 001113 MPOBOJAUMOCTb MEXAY y3iaamu | u 2.

OO611e MPOBOJUMOCTBIO HA3BIBAIOT MPOBOJUMOCTD BETBU, COCTUHSIONICH Y3JIbI
I u2.

€, g, +J - cyMMa TOKOB MCTOYHMKOB, HAXOISIIUXCS B BETBAX, CXOAALINXCS B
y3ie 1.

Ecnu Tok ncTouHMKA HAmpaBiieH K y3J1y, BEJIMUMHA €r0 3alliChIBACTCS B MPABYIO
Y4acCTh YPABHEHHUS CO 3HAKOM «ILTKOCY», €CJIU OT y3JIa — CO 3HAKOM «MHUHYCY.

ITo ananmoruu 3anuiiem ajs y3ia 2:

P, Qz+g3+95:_§91gz_¢393:_E595’ (4.8)

U1t y3na 3:

P 03+g4:_§”293 =-J. (4.9)

PemuB coBMectHO ypaBHeHus (4.7), (4.8), (4.9), omnpeaenum HEU3BECTHBIE
MOTEHUHUAIIBL ¢, @, ,P,, & 3aTeM MO 3aKkoHy OMa JUisl aKTUBHOW WJIM TACCUBHOUW BETBU



HaeM TOKW.ECau 4ucino y310B CXemMbl — N, KOJIMYECTBO YPABHEHUU IO METOLY
y3JI0BBIX IOTeHIIMaIoB — (N - 1).

3ameuaHue.

Ecnu B  kakoii-mubo BETBH COAEPKUTCS HJealbHBIM HcTOUHUK JJIC,
HEOOXOMMO OJIUH M3 JIByX Y3JI0B, MEXy KOTOPHIMH BKJIFOY€HA 3Ta BETBb, BHIOpPATh B
KayecTBe Oa3MCHOro, TOr/Aa IOTEHIMAN JPYroro y3jda OKaKETCS H3BECTHBIM H
paBHbiM BenmuuHe OJIC. KoamuecTBO COCTaBIsIEMBIX Y3JIOBBIX  YpPaBHEHUH
CTAaHOBUTCS HA OJJHO MCHBIIIE.

4.4. Metoa OoByX y3nos

Cxema Ha puc. 4.4 umeer aBa y3na. [loTeHiuan Touku 2 NpuMeM paBHBIM HYJIIO
¢, = 0. CocTaBuM y3710BO€ ypaBHEHUE [ y37a 1.
~ ~
€, +9,+9; >9,€0,+9,+9, =E,9,-E,0,,

E.9.-E.9
U. =0 —0. =@, =—221 292
2= =P, =P, 9.+9,+0,
1 1 1 .
rae 9, "R g, =R’ J; =R IIPOBOIMMOCTH BETBEM.
1 2 3

B o0miem Buze:

_2Eg

U=, —9,=¢ = .
>y

B 3namenarene ¢popMysibl — CyMMa MPOBOAMMOCTEN MapaijieIbHO BKIFOUEHHBIX

BeTBed. B umcnurene — anreOpaumueckas cymma mnpousBeneHuit  IJ[C
HWCTOYHUKOB Ha TMPOBOJUMOCTH BeTBeH, B KoTopbie 3Th J/IC Brmrouensl. JIC B
(dhopmyre 3amuchIBaeTCsl CO 3HAKOM «ILIIOC», €CIM OHa HampaBlieHa K y3i1y 1, u co
3HAKOM «MHHYC», €CJIM HalpaBJlieHa OT y37a 1.

Puc. 4.4
[Tocne BbIUMCIEHUS BEJIMYMHBI TMOTEHIMANA (P; HAXOAUM TOKH B BETBSX,
UCTIONB3Ys 3aKoH OMa /1Jisl aKTUBHOM M TAaCCUBHOW BETBHU.

4.5. MeToq aKBMBaNeHTHOro reHeparopa

DTOT METOJI UCIIOJIB3YETCSl TOTAA, KOTJa HAJ0 ONPEIEIIUTh TOK TOJBKO B OJIHOU
BETBU CJIOKHOU CXEMBI.
UtoObI pa3obpaTbcsi ¢ METOAOM SKBHUBAJICHTHOTO TE€HEpaTopa, O3HAKOMUMCS

CHa4daJia C IOHATUEM «ABYXITOJFOCHHUK)).
Yactb 3H€KTqueCKOﬁ e € ABYMs BBIJACJICHHBIMU 3a)KMMaMH HA3bIBACTCA
ABYXITOJTFOCHUKOM. I[BYXHOJII-OCHI/IKI/I, CoacpKaMC NCTOYHUKHU SHCPIruu, Ha3bIBaAIOTCS



aktuBHpIMH. Ha puc. 4.5 mnokazaHo ycinoBHOe 0003HAauU€HHUE AKTHBHOTO
JBYXITOJIFOCHUKA.

JIByXIIOJIFOCHUKH, HE COAEpIKAIIMEe UCTOYHHMKOB, HAa3bIBAKOTCS NaccHBHBIMUA. Ha
HKBHUBAJICHTHOW CXEME NAaCCUBHBINA JIByXIIOJIOCHUK MOXET OBITh 3aMEHEH OJHUM
DJIEMEHTOM — BHYTPEHHHM WJIM BXOAHBIM  COIPOTHBICHUEM  IIACCHBHOIO
AByxnontocHuka R,. Ha puc. 4.6 ycnoBHO n300pakeH MacCUBHBIN ABYXIOIIOCHUK U
€ro SKBUBAJICHTHAs CXEMa.

o1 | .
A H == R.x
—= ]! —= ]! I
Puc. 4.5 Puc. 4.6

BxoniHO€ conpoTHBIEHNE TACCUBHOTO JABYXITOJIIOCHUKA MOXXHO U3MEPUTb.

Ecnu u3BecTHa cxema MAaCCUBHOIO JIBYXMOJIOCHUKA, BXOAHOE COMPOTHUBIICHHE
€ro MOXKHO OIPEACIINTh, CBEPHYB CXEMY OTHOCUTEIIBHO 3a/IaHHBIX 3aKUMOB.

Jlana »nektpuueckas uenb. Heobxogumo ompeaenuth TOK |; B BeTBH C
conpotuBiieHreM R; B 3Toil nenu. Beiienum 3Ty BETBb, & OCTABIIIYIOCS YaCTh CXEMBI
3aMEHUM aKTHUBHBIM JIBYXIOJIIOCHUKOM (puc. 4.7).

CormacHo TeopeMe 00 aKTUBHOM JIBYXIIOJKOCHUKE, JIIOOOH aKTHBHBIM
JBYXIIOJIOCHUK MOXHO 3aMEHUTh HKBUBAJICHTHBIM TI'€HEPATOPOM (MCTOYHUKOM
Hanpspkenus) ¢ OJIC, paBHBIM HaNpsHKEHUIO XOJOCTOrO XO/Aa Ha 3aXKHUMax 3TOro
IBYXIIOJIOCHUKA W BHYTPEHHUM  CONPOTUBJICHUEM, PABHBIM  BXOJHOMY
CONPOTHUBIICHUIO TOTO K€ ABYXIIOJIIOCHHKA, U3 CXEMbl KOTOPOTO HCKIIOYEHBI BCE
ucrtounuku (puc. 4.8). Uckomsiit Tok |, onpenenurcs no popmyre:

Il = RLJﬁ . (410)
6x 1
1
1 LZF
RBI
A Ili R, IllDR
E=TU,
I -
1|
Puc. 4.7 Puc. 4.8

[TapameTpbl SKBUBaJEHTHOIO TIeHeparopa (HalpsKEHUE XOJIOCTOro XoAa H
BXOZHOE COIPOTHBIIEHUE) MOYKHO OINPEAEIIUTh 3KCIIEPUMEHTAIBHO WM PaCUETHBIM
IIyTEM.

Huxe mokazan cnoco0 BBIYMCICHHS 3THX IMAapaMeTPOB PACUETHBIM IyTEM B
cxeme Ha puc. 4.2. M3o0pa3um Ha pucyHke 4.9 cxemy, NnpeaHa3HaYeHHYIO IS
ONPEIEIICHHS HAPSIKEHUST XOJI0CTOro Xo/a. B 3Toi cxeme BETBb C CONPOTUBICHHEM
R; pasopBaHa, 3TO CONPOTUBIICHHE YyNaJeHO U3 cxeMbl. Ha pa3soMKHYTBIX 3aKMMax
MOSIBJISIETCSl HAIPSKEHUE XOJIOCTOro xona. [lns ompeneneHus 3TOro HampsKeHUs
COCTaBUM ypaBHEHUE JJIs IEPBOTO KOHTYpa Mo BTopoMy 3akoHy Kupxroda.

E,=U_+R,- 1},



OTKy/Jla HAXOAUM

U,=E —-R;-1; (4.11)

TIe 15 =1, ONPENENsAeTCS W3 ypPaBHEHHUs, COCTABIECHHOIO II0 BTOPOMY 3aKOHY
Kupxroda st Broporo koHTypa
__ &

"R, +R,+R,

Tak kak mnepBasg BeTBb paszopBaHa, JJC E; He co3maer Tok. I[lameHue
HaNpPsDKEHUsSI HA CONTPOTUBIIECHUU Ry OTCYTCTBYET.

Ha puc. 4.10 uzo6paxxena cxema, npeaHazHaueHHAs! JJI ONPEAETICHUs BXOITHOTO
CONIPOTHBIICHUS.

(4.12)

r_ !
|3_|2

1%
(LI Rs 1%
1 131 R,
1 R.
RBH]. |::|R3 RBH: R 3
1 R
"D o ¢ L 5

Puc. 4.9 Puc. 4.10

N3 cxembl Ha puc. 4.9 ynanensl Bce ucrounuku (E; u E;), Te. atu IC
MBICJIEHHO 3aKOopoueHbl. BxonHoe conpoTuBieHue Ry, onpenesstor, CBEpThIBasi CXeMY
OTHOCHUTEJIBHO 3aKUMOB 1-1'
REHZ + RZ : R3
R,, +R, +R;

st OTIPEICIICHUS napaMeTpoB SKBHBAJICHTHOIO reHeparopa
AKCIIEPUMEHTAJILHBIM TTyTEM HEOOXOAMMO BBIMOJHUTH OMBITHI XOJOCTOTO XOAa U
KOPOTKOTO 3aMbIKaHUS.

[Ipu npoBeneHUM ONbITA XOJOCTOTO XOAa OT AKTHUBHOIO JIBYXIOJIOCHUKA
OTKJIIOYAloT compotuBieHne R;, Tok |; B koropom HeoOxomumo ompeaenutsb. K
3aKMMaM JIBYXIOJIOCHUKA 1-1" moaki todaroT BOJBTMETP M U3MEPSIIOT HampsiKEHUE
xosocToro xona Uy, (puc. 4.11).

IIpy BBIMOJHEHUN OMNbITA KOPOTKOTO 3aMBIKAHUS COCIMHSIOT IMPOBOJHUKOM
3aKUMBI 1-1" aKTUBHOTO JBYXMOJIOCHUKA U U3MEPSIOT aMIIEPMETPOM TOK KOPOTKOTO
3ambikaHus |y, (puc. 4.12).

Rex = Rgnl + (413)

1 1
_‘[SL_
A A llm
_‘[S'\_
I 1'
Puc.4.11 Puc.4.12
UXX
|1K3 = R_Bx 1
OTKyZa
U

R, = 2. (4.14)

6X
I 1kz



5. HEJIMHEWHBLIE 3NEKTPUYECKUE LIEMN NMOCTOAHHOIO TOKA
5.1. OcHoBHble onpeaenenns

Bce snmekTpuueckue Lienu SBISAIOTCS HEMMHEHHBIMA. OHHM MOTYT CYUTAThCS
JIMHEMHBIMA B OIPAaHUYEHHBIX JUANA30HAX 3HAYEHUW TOKOB U HAIPSHKESHUM.
Hanmpumep, npu upe3aMepHO OOJBIIMX TOKaX MPOUCXOAUT 3HAYUTENIbHBIA Harpes
Marepuajia MPOBOJHUKOB, COINPOBOXKIAOLIMKCS PE3KUMU HU3MEHEHUSIMU  HUX
COINPOTHUBJICHUU.

B nuHENHON 3JIEKTPUYECKON LIEM CONPOTUBIICHUS €€ MIEMEHTOB HE 3aBUCAT OT
BEJIMYMHBl WM  HampaBlI€HWs TOKA WM  HalNpsOKeHHWs.  BonbsrammnepHsie
XAPaKTEPUCTUKH JIMHEMHBIX AJIEMEHTOB (3aBUCHMOCTD HAINPSIKEHUS HA DIIEMEHTE OT
TOKA) SBJISIIOTCA MPSIMBIMU JTUHUSAMHU (puc. 5.1).

DNEKTPUYECKOE CONMPOTUBIECHUE JIMHEWHOIO JJIEMEHTA IPONOPLHOHAIBHO
TAHTCHCY yIIa HAKJIOHA €r0 BOJIBTAMIIEPHON XaPAaKTEPUCTUKH K OCH TOKA.

R:B:m_u.ﬁzm_u.tga’

I m, oc m
e my U m, - MacwTaObl HAIIPSKEHUS U TOKA.

U[B]

a

= I [A]

Puc. 5.1

B HenuMHENHON 3MEKTPUYECKON LIENMU COMPOTUBIICHUS €€ 3JIEMEHTOB 3aBUCST OT
BEJIMYMHBI UM HAMPABJIECHUS TOKA WA HAIPSKEHHUS.

Henunerinbie DIIEMEHTHI VMEKOT KPUBOJIMHEWHBIE BOJIETAMIIEPHBIE
XapaKTEPUCTUKH, CUMMETPUYHBICE WM HECUMMETPUYHBIE OTHOCHUTEIBHO OCEU
KOOpPJAMHAT.

ConpoTuBIEHNS HETUHEWHBIX 3JIEMEHTOB C CUMMETPUYHOM XapaKTepUCTHKOU
HE 3aBUCAT OT HAIPABJIECHUS TOKA.

ConpoTuBieHNs HENTUHENHBIX JIEMEHTOB ¢ HECUMMETPUYHONW XapaKTEPUCTUKOM
3aBUCST OT HAIIPABJICHUS TOKA.

Hanpumep, AJIEKTPOJIAMIIBI, TEPMUCTOPHI HUMEIOT CHUMMETPUYHBIC
BOJIbTAMIIEPHBIE XapaKTepUCTUKU (puc. 5.2), a TMOJYNPOBOJAHUKOBBIE IUOIBI —

HECUMMETPHUYHBIE XapaKTepUCTUKH (puc. 5.3).
T1a] I[4]

=
=]

uB

Puc. 5.2 Puc. 5.3

CrarnyeckuM WM HHTCTPAJIbHBIM COIIPOTUBJICHUCM HEJIMHEHHOI0 3JEMEHTA
Ha3bIBACTCA OTHOHICHHUC HAIIPSIKCHUA Ha J3JICMCHTC K BCIMYMHC TOKA. 9T0



COIIPOTHUBJICHUC NPOINOPHHUOHAIBHO TAHICHCY YIJIa HAKIOHAa O MCXKIAY OCbIO TOKa U
HpHMOﬁ, HpOBGI[GHHOﬁ N3 Ha4aJIa KOOPAWHAT B TOUKY 4 XapaKTCPUCTUKH.

U m m
=s = BT ga.
I m, as m,
UB] U [B]
a a
[ a
[ 9 '8
0 p 114] . 1[4]
Puc. 5.4 Puc. 5.5

]_II/I(b(bepeHHI/IaHI)HOG NN JUHAMHUYCCKOE COIIPOTHUBJICHUC HEJIMHEHMHOI'O
QJICMCHTA — 3TO BCJIMYMHA, PaBHAsd OTHOIICHHIO OECKOHEUYHO MaJIOro IMpUpaAIICHUA
HaIIPpSOKCHUS Ha HEJIUHENHOM COIIPOTHUBJICHHUU K COOTBCTCTBYIOIICMY IIPpHUPAIICHHUIO
TOKa.

910 COITPOTHUBJICHUC ITPOITOPHHUOHAIBHO TAHI'CHCY YITId HAKJIOHA ,B MCKY OCBIO
TOKAa U KacaTeJLHOU K TOUKE a XAPAKTCPUCTUKH.

du AU _m, as

m
RO = 22 -"Y tas.
dl Al m, os m, 9p

IIpn mepexone OT ONHOW TOYKM BOJBTAMIIEPHOM XAPAKTEPUCTUKHU K COCEIHEU
CTaTUYECKOE U JUHAMUYECKOE COIIPOTUBIICHUS HEJMHEUHOIO JIEMEHTA MEHAIOTCS.

Cratnyeckoe W JUHAMUYECKOE CONPOTUBICHUS JIMHEHHOIO  BIIEMEHTA
OJIMHAKOBBI U HE 3aBUCAT OT TOKA MJIN HAIIPSYKECHHUS.

5.2. I'pathunyecknn meTon pacyeTa HENMHENHbIX Lienen NoCTOSHHOIo ToKa

W3BecTHBIE AHAIMTUYECKHE METOIbl HENPUIOAHBI [UIA pacyeTa HEJIMHEHHBIX
NIEKTPUYECKUX LIETIEH, TAK KaK CONPOTUBIICHUS HEJIMHEHHBIX JIEMEHTOB 3aBUCAT OT
HallpaBJIeHWssT W 3HAUYGHMs  TOKa  WiIM  HanpspkeHusa.  [Ipumensrorcs
rpadoaHaTMTUYECKHE METOJIbl, OCHOBAaHHbIE HA MpUMEHEHUHU 3akoHOB Kupxroda u
MCIIOJIb30BAHUM 33JJaHHBIX BOJIBTAMIIEPHBIX XapakTepucTtuk (BAX) »aTuxX 31eMeHTOB.
PaccMOTpUM  DIIEKTPUYECKYIO LENb, COCTOSAINYI0 U3 JByX IIOCIEN0BaTEIbHO
COEIMHEHHBIX HEJIMHEWHBIX CONpOTUBIeHUH H.C.1 1 H.c.2 (puc. 5.6). BAX 1 u BAX 2
IIPUBENICHBI Ha puc. 5.7.

LIA]
Qﬁ Qﬁ— 1
mel Hel2 2
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¥ T, T, i 1, [B]
Puc. 5.6 Puc. 5.7

K nenu noneeneno Hamnpsbkenne U, 1 OHO paBHO CyMMe MaJ€HUN HaIpsKEHUM
Ha H.C.] mH.C.2:
UCEU, GU, C (5.1)



ITo Bcell Lenu MpoTEKAaeT OJIUH U TOT k€ TOK |, Tak kak H.c.]l ¥ H.C.2 coOeTMHEHBI
MexAy coOoM mocienoBaTesnbHO. g ompeneseHus ToKa B 3JIEKTPUUYECKOM Ienu
HY)KHO TOCTpOUTH pe3yapTupytomyro BAX nenu. [{ns 1OCTpoeHUsS ATOMU
XapaKTepUCTUKH CJIEYyeT CyMMHUpPOBAaTh a0CHUUCCHl KpUBBIX | U 2 (a2 = ab + ae),
COOTBETCTBYIOLIME OJAHUM U T€ K€ 3HaYeHuWsaM Toka. Jlamee, 3agaBasch
IPOU3BOJLHBIM 3HAaYeHUEM Toka (Hampumep, Oombiie |7 u menbme |) MoxkHO
noctpout BAX Bcelt nenu (puc. 5.7, kpuBas 3). 3arem, moaw3ysick 3Toil BAX,
MOYKHO HAUTH UCKOMBIM TOK BCEH LIEMU U HCKOMBIE HaNpskeHUs Ha H.c.]l u H.c.2. [l
ATOr0 OTJIOKUM Ha OCH a0CLHUCC OTPE30K O p=mi (m, - MacmTa® HampsKEHUS

U
HMCTOYHHMKA MUTAHMSI) U MPOBEIAEM U3 TOUYKH [P NPSIMYIO, IEPIECHIUKYISIPHYIO OCH
abcrucce 1o nepecedeHust ¢ kpuBoit 3. [omydnm otpe3ok np=xo. Tok | =xo-m, (m,
- mMacmTad Toka Bceil menwu). s HainenHoro Toka mo BAX 1 u BAX 2 Haxomum
Hanpspkenust U; u U,

U, =xd-m,; U,=xc-m;.

[Ipu napanienbHOM COEIMHEHUH JIBYX HEJIMHEHHBIX JIEMEHTOB (puUC. 5.8) TOK B
HEPAa3BETBICHHOW YaCTH 3JIEKTPUYECKOW LIENMU PaBEH CyMME TOKOB B MapaJuICIbHBIX
omnpeneseHHbIX BeTBAX. [loaTomy mpm moctpoeHuu pesynsrupytomeid BAX Bcei
LEMHU CIeNyeT CYMMHUPOBaTh OpANHATHI rpadukoB 1 u 2 (puc. 5.9), COOTBETCTBYIONIHNE
OJTHUM U T€ € 3HAUCHUSIM HaNpsKEHUs, TaK KaK K 3TUM HEIMHEUHBIM 3JIEMEHTaM
IIPUJIOKEHO OJHO M TO K€ HAINPSIKEHHWE, PABHOE HAIPSIKECHUIO BHEIIHEW CETH, T.€.
HMCTOYHMKA TuTaHus. Hanpumep, s DPOU3BOIBHOIO 3HAYEHUS HAIPSKECHUS
U’=0a-m, HAXOIUM OPIMHATY @2 TOUKH JUI PE3YJIBTUPYIOIIEH KPUBOM 3.

(az =ag + ab)

LIA]
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Puc. 5.8 Puc. 5.9

Jlanee 3amaBasicb MPOW3BOJIBHBIM 3HAUEHUEM HAIPSKEHHUS OOJBIINE W MEHBIIE
U’, moxHo noctpouth BAX Bceil nienu (kpuas 3). 3atem, noib3ysicb BAX, M0oxHO
MpH JIFOOOM 3HaYEHUU MPUIIOKEHHOTO HarpsikeHus: U (0Tpe30k op) HaWTU BEIUYUHY
obmiero Toka | (pn = 0k). DTO HAIPsHKEHUE TaK)KE OMpeAeNseT 3HaueHus TokoB |, u I,
B OTJICTILHBIX BETBSIX C yUE€TOM MaciiTada Toka m, .



T H.c.2 H.C.3

Puc. 5.10

B cnyuae cmemannoro (puc. 5.10) coequHeHusi pacueT Ienu MPOU3BOAST B
CIEyIONIEM TMOPSAKEe: CHayajla 3aMEHSIOT JiBa NapaJyIeIbHO COEIUHEHHBIX
HEJTMHEHHBIX 3JIEMEHTA OJIHUM SKBUBAJICHTHBIM; CXEMa CO CMEIIAHHBIM COEITMHEHUEM
MIPUBOAUTCSA K PACCMOTPEHHOW paHEe CXEME MOCJIEAOBATEIBHOTO COEIWHEHHUS JBYX
HEJIMHEHHBIX 2JIEMEHTOB.



6. QJIEKTPUYECKME UENM OQHOPAIHOIO NEPEMEHHOIO TOKA
6.1. OcHoBHblE onpeaeneHns

IlepeMeHHBIM Ha3bIBACTCA JJIEKTPUYECKUM TOK, BEJIIMYMHA W HAIIPaBICHUE
KOTOPOT'O U3MEHSIOTCS BO BPEMEHHU.

OObnacTb NPUMEHEHUS MEPEMEHHOIO TOKAa HAMHOIO LIMpE, YEM MOCTOSIHHOTO.
D10 OOBICHIETCS TEM, YTO HAINPSKEHUE MEPEMEHHOTO TOKAa MOXKHO JIETKO MMOHUXKATh
WIA TOBBIIIATH C MOMOIIbIO TpaHC(HOpMAToOpa, MPAKTUUECKU B JHOOBIX Ipenesax.
[lepeMeHHBIII TOK Jerde TpPaHCHOPTUPOBATh Ha Oonplmime paccrosHus. Ho
¢busznyecKkre mpoIecchl, MPOUCXOAIINE B IEMSIX MEPEMEHHOTO TOKa, CIOKHEE, YeM B
LEISIX MOCTOSTHHOIO TOKA M3-3a HAJIMYUS MEPEMEHHBIX MarHUTHBIX U AJIEKTPUYECKUX
TIOJICH.

3HaUYCHHE MEPEMEHHOTO TOKA B PACCMaTPUBAEMbIi MOMEHT BPEMEHN HA3BIBAIOT
MT'HOBCHHBIM 3HAYCHUEM M 0003HAYAIOT CTPOYHOU OYKBOU .

MrHOBEHHBII TOK Ha3bIBa€TCAd IMEPUOJUYECKHM, €CIM 3HAYEHUS €ro
ITOBTOPSIFOTCS YEPE3 OJIMHAKOBBIE IIPOMEKYTKH BPEMEHU

i C=iq+T

Hanmenpmnii npoMeXyTOK BpPEMEHH, Yepe3 KOTOPBIA 3HAYEHUS IMEPEMEHHOTO
TOKa IMOBTOPSIIOTCS, HA3BIBAETCS IEPUOIOM.

[lepuon T u3mepsieTcss B cekyHaax. llepuoanueckue TOKH, U3MEHSIOMIUECS 10
CUHYCOUJAJIbHOMY 3aKOHY, Ha3bIBAIOTCSI CUHYCOUJAJIbHBIMU.

MrHoBeHHO€E 3Ha4Y€HHE CHHYCOUIAIBHOTO TOKa ONPENESIeTCs 10 hopMyIie

i . (27 . . ~
iC=1, -Sln(?-t+§0i =1, -sin@f -t+¢, =1_-sin@t+og,
e 1, - MAKCUMAJIbHOE WM aMILIUTYHOE 3HAYeHHE TOKA.
o 27 o
ApPryMeHT CHHYCOHMIaTbHOU (PYHKIIUU ?~t + ¢, Ha3pIBAIOT (Da30ii; BEIMIUHY ¢

, paBHyro (a3ze B mMomeHT Bpemenu t = 0, HaszpIBaroT HauaimbHOU (hazoi. daza
M3MepseTcs B paJMaHaxX WIM rpagaycax. BenwmuwHy, oOpaTHYI0 MEpHOJY, HA3bIBAIOT

yactotoii. Yactora f u3mepsiercs B repuax.

1
== (7).

B 3amagHom nonymapuu v B SOHUYM UCIIONIB3YETCS IEPEMEHHBIN TOK YaCTOTOM
60 I'n, B Boctounom nonymapuu — yacroto 50 I'm.

2 o o o
Bennunny o= B 27 - f HaA3BIBAIOT KPYTrOBOM MJIM YIJIOBOW YacCTOTOW. YIyioBas

4acToTa U3MEpsETCs B pad/C.

Ecnmu y cuHycomanpbHBIX TOKOB HadajdbHbIC (Da3bl MPU OJUHAKOBBIX YaCTOTaX
OJIMHAKOBBI, TOBOPSAT, YTO 3TH TOKHU COBIAaI0T 1o (aze. Eciin HeoguHakoBhI 110 ¢ase,
TOBOPSAT, YTO TOKH CABHUHYTHI O (haze. Capur ¢a3 ABYX CHHYCOMIAIBHBIX TOKOB
M3MEPSETCS pa3HOCThIO HAaualbHBIX (pa3

P=P—Py-

C mnomomrpto ociuuiorpadga MOXKHO H3MEPUTh aMIUIUTYIHOE 3HAUYCHUE
CUHYCOUJIAJILHOTO TOKA WJIM HAMPSHKEHUS.



AMIiepMeTpbl W BOJBTMETPHI  ANEKTPOMATHUTHOW CHCTEMBI  HU3MEPSIIOT
JCHCTBYIOIINE 3HAYCHHSI IEPEMEHHOTO TOKa U HAMPSKCHUS.

JleicTByIOIIIM 3HaYCHUEM IEPEMEHHOTO TOKa Ha3bIBACTCSI
CpeIHEKBaJpaTUYHOE 3HAUCHUE TOKa 3a mepuos. JlelicTByrolee 3HaYeHne ToKa (st
CHUHYCOHBI i = |, -sin wt)

T T T ~
. . —Cos 2wt
| = 1J’lz.dt= EII;~Sln2a)t~dt= 1J‘I;-(Cﬂ%dtz
T T T 2

[ ! I
:—m\/jdt—jcoszmdt =T
0 0

V2 J2
AHaJIOTHYHO OTpeestoTcs AeicTByonme 3HaueHus JJC u HanpsHKeHU !
| = Im U= Um _ Em
,\/E ] \/5 y \/E .

HeﬁCTBYIOMHG SHAYCHHA IICPCMCHHOI'O TOKA4, HAIIPAKCHHUA, QHC MCHBIIC
MaKCHMAaJbHBIX B 2 pas.

3akonbl OMa u Kprroq)a CIIpaBCAJIMBBI OJI1I MI'HOBCHHBIX 3HAQUCHUM TOKOB U
HaHpHH(GHHﬁ. 3akon OMa JJI1 MITHOBCHHBIX 3HAYCHUM:

. u
=—. 6.1
=2 (6.1)
3akonbl Kupxroda 11 MTHOBEHHBIX 3HAYEHUIA:
Y i=0. (6.2)

de=>u. (6.3)
6.2. N306paxkeHuns cuHyconganbHbliX YHKLMA BPEMEHN B BEKTOPHOW dhopme

IIpn pacuere 5SIEKTPUUECKHX LENEH YacTO MNPUXOAUTCS CKIIAIBIBATh WM
BBIUUTATh BEJIWYMHBI TOKOB WM HANpPSKEHHUM, SIBISIOLIIMECS CUHYCOWUIAIbHBIMU
dyHKIMSIMU  BpeMeHH. [paduyeckue TMOCTPOCHHUS WM TPUTOHOMETPUUECKUE
npeoOpa3oBaHuUs B 3TOM CITy4yae MOTYT OKa3aTbCs CIUIIKOM FPOMO3AKUMHU.

3amaya ynpouaeTcs, €ciau MPEACTaBUTh HAlld CHHYCOMAalbHble (DYHKUHUU B
BexTOpHOI (opme. MMeeM cuHycouaanbHylo (GyHKIMIO i= 1, -sin@t+¢ . U3BecTHO,
YTO IIPOECKLIMS OTpEe3Ka, BPALIAOLIETOCA BOKPYI OCH C IOCTOSHHOW YITIOBOM
CKOpPOCTBIO, Ha JIFOOYIO JTMHUIO, MPOBEACHHYIO B INIOCKOCTH BPAILEHUS, U3MEHSIETCA
10 CUHYCOUJAIbHOMY 3aKOHY.

Ilycte orpe3ok mpsiMoil juumHOM |, HaumHaeT Bpamarbcs BOKpyr ocu 0 wu3

MOJIOXKEHUS, KOT/Ia OH 00pa3yeT ¢ TOPU30OHTAIHLHOM OChIO YTOJ () M BPAIIAETCs MMPOTUB
YaCOBOM CTPEJKH C MOCTOSHHOM YIJIOBOM CKOPOCTBIO @. lIpoexkuus orpe3ka Ha
BEPTUKAJIBHYI0 OCh B HayaJIbHBIH MOMEHT BPEMEHH oa=1I_-sinp . KOrga OTpe3ok

MTOBEPHETCSI Ha YTOJI Oy, TIPOCKIUSA €10 6’6 =1 -sin @+, . OTKIaabIBask YIJIbI Oy, Olp,

... HA TOPU30HTAIIBHON OCH, a MPOEKIUU OTPE3Ka NPSMOW - HA BEPTUKAIBHOM OCH,
MOJIYYUM PsiJl TOUEK cuHycou bl (puc. 6.1).
[TycTh naHbI ABa CHHYCOMTANBHBIX TOKA: iy = 1, -sin @t + ¢,

u i, =1, -sin@t+¢@, . Hy’KHO CIOKUTH 3TU TOKU U TIONYUHTH PE3yIbTUPYIONTHi
TOK:



iy =i, +i, =1, -sin@t+p, ¥, -sin€@t+p, =1, -sin@t+gp, .

i

h

] Fl h' ®=0-t

Puc. 6.1

[IpencraBuM CcUHyCOWJAQIbHBIE TOKH i, M i, B BHJE JBYX pPaJguyC-BEKTOPOB,
JUIMHA KOTOPBIX paBHa B COOTBETCTBYIOIIEM MacmTade |, u |,, . DTH BEKTOpHI
PACIIONOKEHBI B HAYAJIBHBI MOMEHT BPEMEHHU MOJ YITIAaMU ¢, U ¢, OTHOCHUTEIIBHO
TOPU3OHTANBHON ocu. CloXuUM reoMeTpudyecku orpe3ku |, u |, . Ilomyuum
OTPE30K, UINHA KOTOPOTO0 PaBHA aMIUIUTYJHOMY 3HAYEHHIO PE3YJIBTHPYIOLIETO TOKA
I, . OTpe30K pacronokeH MO yIIIOM ¢, OTHOCHUTEIBHO TOPU30HTAIBHOM ocu. Bcee
TPU OTpe3Ka BpaujaroTcsi BOKpYr ocu 0 ¢ IOCTOSSHHOW YIJIOBOW CKOPOCTBIO 0.
IIpoekum OTPE3KOB Ha BEPTHUKAIBHYIO OChb H3MEHSIOTCA II0 CHHYCOHWJIAIBHOMY
3aKOHY. Byny4n OCTaHOBJIEHHBIMH Ui PACCMOTPEHHUS, TaHHBIE OTPE3KU 00pPa3yroT
BEKTOPHYIO 1uarpammy (puc. 6.2)

BekTopHas aumarpamMMa — 3TO COBOKYIHOCTh BEKTOPOB, H300pa)arominx
CHUHYCOWIaIbHbIC HANpsiKeHUs!, TOK U JJ]C 0lMHAKOBOW YaCTOTHI.

Puc. 6.2

Heobxonumo oTMeTuth, 4To HampsbkeHue, Tok u JJJC — 3To cKkaispHbIe, a HE
BEKTOPHBIE BEIMYMHBI. MBI IPEACTABIIAEM HMX HAa BEKTOPHOMU AuarpaMme B BUJE HE
MIPOCTPAHCTBEHHBIX, & BPEMEHHBIX PAJNYC-BEKTOPOB, BPALIAIOIINXCS C OAUHAKOBOU
YIJIOBOM CKOpoCThiO. M3o00paxkarh Ha BEKTOPHOM JuarpaMMe JBa BEKTOpa,
BPAIIAIONIUXCS ¢ PA3TUYHON YIIIOBOM CKOPOCTHIO, O€CCMBICIICHHO.

[TonoXXUTENBHBIM CUMTACTCS HAMPABJICHNE BPAIIEHHUS] BEKTOPOB ITPOTUB YaCOBOI
CTPEJKH.

BektopHble  guarpaMMbl  MCHOJB3YKOTCS 1711 KAYECTBEHHOTO  aHan3a
ANEKTPUYECKUX IIEMeH, a TAaKKe MPU PEUICHUU HEKOTOPBIX JIICKTPOTEXHUUYECKHUX
3a1a4.

6.3. N3o0bpaxkeHne cuHyconganbHbIX YHKLMIA BpEMEHU B KOMMITEKCHOM
doopme
IIpn pacyerax nemned CUHYCOMIAIBHOTO TOKA HCIOJIB3YKOT CHMBOJIMYECKHAN
MCTOA pacdCTa WM MCTO KOMIUICKCHBIX aMILUIUTYA. B >Tom MCTOAC CJIOKCHUC JIBYX



CUHYCOMJAJLHBIX TOKOB 3aMEHSIOT CJIIO)KCHHEM JBYX KOMIUIGKCHBIX YHCEN,
COOTBETCTBYIOITUX 3THM TOKaM.

N3 xypca MareMaTMKd HW3BECTHO, 4YTO KOMIUIEKCHOE YHCIO MOXKET OBITh
3alMCaHo B ITOKa3aTeJbHON WK anreOpandeckoit popme:

C=c-el”=a+j-b,

TJIC ¢ — MOJIYJIb KOMIUICKCHOTO YHCIIa;

¢ - apTyMEHT;

a - BEIICCTBEHHAS YaCTh KOMIUICKCHOTO YHCIIA;

b - MHMMas 4acTh;

j — MHMMas equHULA, j=+/-1.

C nmomompio Gopmynnbl Ditliepa MOXKHO TEPEHTH OT TOKAa3aTSIBbHOW (POPMBI
3aITMCH K alNreOpanvecko.

c-e”=c.cosp+j-c-sinp=a+j-b;

a=C-CoS¢e, b=c-sing.

Ot anreOpanyeckoil (GopMbl 3amuMcH MEPEXOIAT K MOKazarenbHo (opme ¢
MTOMOIIIBIO (PopMYyI:

c=+a’+b’; q):arctgg,

KommiekcHOE 4ncio MOXKET OBITh MHPEACTAaBICHO B BHJE pPaguyCc-BEKTOpa B
KOMIUIEKCHOM IIJIOCKOCTH. BEKTOp IIMHOM, paBHOM MOIYIIO C, PACIIOJIOKEH B
HauyaJIbHbI MOMEHT BPEMEHHU IO/ YIJIOM () OTHOCHUTENIbHO BEIECTBEHHOW OCH
(puc.6.3).

YMHOKMM KOMIUIEKCHOC YHCJIO Ha MHOXuTenb e . Paaumyc-Bektop Ha
KOMIUIEKCHOW IIJIOCKOCTH TOBEpHETCsl Ha yroin B . Muoxutens e’ Ha3wpiBaeTcs
MTOBOPOTHBIM

i
! B ip
C-B8
MHHMAA
OCE
L +1
U| BEIECTEEHHAA OCE
Puc.6.3

c-el?.plp :c-ej‘”ﬁ:.
Eciu p=o-t, TO BEKTOP, YMHOXKEHHBINH Ha €'”, IpeBpaTturcs BO BpallarOMIUics
CO CKOPOCTBIO () PAIUYC-BEKTOP.

Beipaxenne C-e'-el” =c. e/“""  jaspiBaeTes  KOMILTEKCHOM byHKIHCH
BpeMeHU. [IpUMEHMTENHLHO K HanpsbKeHwro, nomydum U -e'.e’? =y _.el
KOMITJICKCHYIO (DYHKITUIO BPEMEHHU ISl HAMTPSDKEHUS.

U, =U,-e!” - koMmiekcHas aMIINTyJa HampsHKeHHs (MCXOJHOE IMONOMKEHHE
BEKTOpa B KOMIUJIEKCHON IMiockocTH). OmpenenuM, 4eMy paBHa MHUMAas 4acTb
KOMIIIEKCHOM (DYHKIIMM BPEMEHH JIJIsl HANPSKCHUS.

‘]m ljm 'ejm = ‘]m ljm .ejbtw]_:

=J, P, cos@t+¢p FjuU, -sin @+p =U_-sin @+p =u’



MrHoBeHHOe cuHycouaaiabHoe HamnpsbkeHue (tok, JJIC) sABisgeTcsT MHUMOKR
4acThI0 COOTBETCTBYIOIIEH KOMIJIEKCHOW (DYHKIIUM BPEMEHHU.

3ameuanue. B  >neKTpOTEXHHMKE HaJ  CHUMBOJAMH, H300pakarolUMHU
KOMIUIEKCHBIE HaNpsKeHUs, TOKH, DJ]C, IPUHSITO CTABUTH TOUKY.

CunyconganbHble (PyHKIIMA BPEMEHU MOTYT OBITh IPEICTABICHbI BEKTOPAMHU B
KOMIUIEKCHOM IUIOCKOCTH, BPAILAOIIMMUCS IPOTUB YACOBOW CTPEJIKU C MOCTOSTHHON
YyIJIOBOW CKOPOCThIO . Ilpoekimusi BekTopa Ha MHHMMYIO OChb HU3MEHSETCS IO
CUHYCOUJAJIbHOMY 3aKOHY.

Ipumep.

i, =3.sin €14.t+30° A, i, =2.sin €l4-t+45 A iy =i, +i, = |y, -Sin €14-t+¢p,

CnoxeHue CHUHYCOMIAJIbHBIX TOKOB 3aMEHUM CJIOXEHHEM KOMILJIEKCHBIX
aMIUIATYJI, COOTBETCTBYIOLIUX ITUM TOKaM.

I, =3-e7; I, =2-€°;

|'3m S P =3-ei3°° +2.e1%
=3-c0s30° + j-3-s5in 30° +2-c0545° + j-2-s5in 45° =
=2,6+j-15+1414 +j-1,414=4,014+ j-2914 =

jarctgﬁ1 ) .
= /4,014 +2,914% -e 4014 _ 4 96.gi362
AMIIINTYAA pe3ylbTupyomiero Toka |, =4,96 A, nayansnas asza - ¢, =36,2°.

MrHOBeHHoe 3HaYCHUE PE3YJIBTHPYIOLIETO TOKA
, =496-sin €14-t+36,2° A

3aKOHBI Owma u Kupxroga B koMIieKCHON dopme:

I = U?m - 3akoH OMa; (6.4)
> I, =0 - mepBslit 3axon Kupxroda; (6.5)

> E,=>U, - Bropoii 3akox Kupxroda. (6.6)

6.4. COI'IpOTIABJ'IeHI/Ie B Lernn cnHyconaaribHoOro Toka

Ecnu sanpsbkenue U=U_ -sin @t+¢, TOAKIIOUNTL K COMPOTHBIEHHMIO R, TO

4yepe3 Hero NpoTeKaeT TOK

i:%:%‘“-sin Gt+9p, =1, sin Gt+g, .(6.7)

AHann3 BeIpakeHUs (6.7) MOKA3bIBACT, UTO HANPSHKEHUE HA CONMPOTHUBICHUU U
TOK, IPOTEKAIOIINIA Yepe3 Hero, COBNaAaroT mo (asze.
®opmymna (6.7) B KOMIUIEKCHOU (popMe 3anmucy uMeeT BU/T

i - U?m, (6.8)

e I, =1-¢ u U _=U_-e/* - KOMIUIEKCHbIE aMIUIMTyIbl TOKa M
HaIPSHKCHMUS.

KommnexkcHoMy ypaBHeHHIO (6.8) COOTBETCTBYET BEKTOpHasl Auarpamma (puc.

6.4).
W3 ananusa quarpamMmbl CIEIYyeT, YTO BEKTOPHI HAMPSHKEHUS] U TOKA COBIAJAIOT
10 HAIPABJIEHUIO.



COHpOTI/IBJ'IeHI/Ie yY4aCTKa OCIKU INOCTOAHHOMY TOKY HA3bIBACTCA OMHYCCKUM, a

COIMPOTHUBIICHHUC TOI'O K€ YUACTKaA IICPCMCHHOMY TOKY — aKTHBHBIM COIIPOTUBJICHHUCM.
+i ;

+1

Puc. 6.4

AKTHBHOE COINPOTHUBIIEHHE OOJIbIIIE OMHUYECKOTO M3-3a SIBJICHUS TOBEPXHOCTHOIO
sadpdekra. [loBepxHOCTHBIN A(PHEKT 3aKITIOYACTCS B TOM, YTO TOK BBITECHSETCSA W3
HEHTPATBHBIX YacTel K nepudepuu ceyeHus MPOBOAHHKA.

6.5. MHOyKTMBHAas KaTyLlKa B LENM CUHYCOMOAnbHOro Toka

ChHauana paccMOTpUM UJCAIbHYIO HWHAYKTUBHYIO KATylIKy, AaKTHBHOE
CONIPOTHBIICHUE KOTOPOW paBHO Hymo. Ilycth 1o wumaeanpHOM Karymke ¢
MHIYKTUBHOCTBIO L mpoTekaeT cMHyCOMIalbHBIA TOK i = |, -Sin wt. ITOT TOK co3maer
B HHAYKTUBHOM KAaTylIKE IEPEMEHHOE MAarHUTHOE II0JI€, W3MEHEHHUE KOTOPOTO
BBI3BIBACT B Karymke JJ{C camonHIyKuu

e, =-L-—. (6.9)

Ora JJIC ypaBHOBEMIMBAECTCA HANPSKEHUEM, IOAKIIOYEHHBIM K KaTylIKe:
u+e =0.

-%:a)- L 1, -cosmt=m-L-1,-sin @t+90° . (6.10)

TakuMm 00pa3oM, TOK B MHIYKTUBHOCTH OTCTAET Mo (a3e oT HanpspKkeHus Ha 90°
M3-3a SIBJICHUS] CAMOMHTYKIIUH.

VpaBuenue Buzaa (6.10) mnga peanbHOM KaTyIIKH, HMMEIOLWIEH aKTHUBHOE
CONpOoTHUBIECHHE R, UMeeT claenyomuil BUI:

R . ~

u=R-I,-sinot+o-L-1,-sin@t+90° ;  (6.11)

Ananu3 BeipaxkeHus (6.11) mokassiBaetr, uro DJ{C caMOMHIYKIMU OKa3bIBAET
MPENsTCTBUE (CONMPOTUBIECHUE) MPOTEKAHUIO NMEPEMEHHOIO TOKA, M3-3a YEro TOK B
peasbHOM MHIYKTMBHOM KaTyLIKE OTCTAET MO (a3e OT HaNpsHKEHUs HAa HEKOTOPBIN
yroia ¢ (0°< ¢ < 909 BeauurHa KOTOPOTO 3aBUCHT OT COOTHOMICHUS R m L.

Bripaxenne (6.11) B komruieKCHON (hopme 3amiCch UMEET BUJL:

U,=R-I, +o-L-e" . =R-I_+j-0-L-1, =

u=-e =L

=Q+jo-L I, =2 -1,=2 -e.1]

m?

el =c0s90° + j-sin90° = j, (6.12)
rie z, - IMOJHOE KOMIUIEKCHOE CONPOTHBIECHHE WHAYKTHBHON KATYIIKH
€ =R+j-X_;

Z, - MOAYyJIb KOMIIJICKCHOT'O COIIPOTUBIICHU A,

o-L
@ = arctg T - HaYaJIbHasA (1)3331 KOMIIJIEKCHOT'O COIPOTUBIICHUS;



X, =w-L - UWHAYKTUBHOE compoTuBieHuEe ((UKTUBHAsA  BEIUYHUHA,

XapaKTCpusyromiasa peakKmuro 3JI€KTpPI‘ICCKOI>i eI Ha IICPEMCHHOC MAIrHUTHOC HOJ'IG).
[Tonnoe COIIPOTHUBIICHUC HH,HYKTHBHOfI KaTylIKyu HWJINW MOAYJIb KOMIIJICKCHOI'O
COIMPOTHUBIICHHUA

2, =JR*+ L2 = /R + X 2.
KomrekcHoMy ypaBHeHHIO (6.12) COOTBETCTBYeT BEKTOpHAs JuUarpaMma
(puc.6.5).

0| RIm = -[.-TmR
Puc. 6.5

N3 aHanu3a quarpaMMbl BUJHO, YTO BEKTOpP HANPSHKEHHUS HAa UHAYKTUBHOCTH
omepekaeT BEKTOp Toka Ha 90°.

B nenu nepeMeHHOro TOKa HampsKEHUS Ha y4acTKaX IIEMU CKJIAJbIBAIOTCS HE
apu(pMETUYECKH, a TEOMETPUUYECKH.

Ecnu mMbI ogenum CTOPOHBI TPEYroJibHUKA HAMPSKEHUN HA BETUYUHY TOKa |,
TO MepenIeM K MoJ00HOMY TPEYTOJILHUKY COMPOTUBIIEHUH (puc. 6.6).

W3 TpeyronpHUKa COMPOTUBICHUN TTOYYUM HECKOIBKO POPMYIT:

R. i X ..
cosp=—, sinp="—%-;
z z

z=y/R* + X}

Puc. 6.6
R=z-cosp, X =z-sing.
6.6. EMKOCTb B Lienn cuHycomngasnbHOro Toka

Ecnu k xoHgeHcaropy eMKocThi0 C NOAKIIOUUTE CHHYCOMIAIbHOE HAIPSKEHUE,
TO B LIENH NPOTEKAET CUHYCOUIATIBHBIN TOK.
u=U, -sin @t+oq, .

i:cg—l::achm-sin 6t+(pu+90°:. (6.13)

N3 ananu3a BeipaskeHuii 6.13 ciaemyeT, 4To TOK OnepexaeT HampsbKeHue 1o dase
Ha 90°.
Bripaxenue (6.13) B KOMIIJIEKCHOM (hopMe 3allich UMEET BUI:

Um‘ej90° ij Um j90° -
m 1 - i _—jXC’ e —J, (6.14)

@C @C



rme X,=— - €MKOCTHOE COMNpOTHBJICHHE, (PUKTUBHAs pacyeTHas BEJIMYMHA,
®C
HMMEIOIIAsi Pa3MEPHOCTh CONTPOTUBIICHMUS.

Eciu KOMIIJIEKCHOE

COIIPOTUBJIICHUE  HMHAYKTUBHOCTH  IIOJIOXKUTEJIBHO
Z =jo-L=j-X_,

TO KOMIIJICKCHOE€ COHNPOTUBICHHUE E€EMKOCTH OTPHULATCIBHO

] .1

Z =—]- X, =—]—.
w-C

Ha puc. 6.7 nzo0pakeHa BeKTopHas auarpamma ey ¢ eMKOCTbio. BekTop Toka
OmepeKaeT BEKTOp HanmpsikeHus Ha 90°.

+i
Unm
i\ |90
% 1
0
Puc. 6.7

6.7. NocnenoBaTenbHO COeANUHEHHbIE pearnbHaa MHOYKTUBHAA KaTyLlKa 1
KOHOEHCAaTOop B Uenn CMHycomnaaribHOro Toka

Karyiiika ¢ akTHBHBIM CONPOTUBIIEHUEM R M MHIIYKTUBHOCTBIO L M KOHJIEHCATOP
emMkocThi0o C BKIIIOYEHBI TMocienoBatesibHO (puc .6.8). B cxeme mporekaer
CUHYCOUJATIBHBIA TOK 1= 1, -Sin ot . Onpeaenum HarpsiKeHUE Ha BXOJIE CXEMBI.

B cootBetcTBUU cO BTOphIM 3ak0oHOM Kupxroda,
U=Ug +U_ +U;

i di 1.

U, =i-R, u =L-—, u.==|i-dt. 6.15

: =L Ue=_] (6.15)
[ToactaBum 3T hopmysibl B ypaBHeHue (6.15). [Tomyuum:

Ug =i.R+Lﬂ+3ji-dt=R.lm.sinwt+
d c

1 .
+L-o-1,-cosot——-1_ -cosot=R-1_-sinot+
C

H o N H o ~
+X_ -1, -sin @t+90° F X, -1, -sin @t-90° ;  (6.16)
N3 Bolpaxenust (6.16) BHUIHO: HamNpsHKEHUE B AKTUBHOM CONPOTUBIECHUU
COBMaJaeT 1o (Qasze ¢ TOKOM, HaNpsHKEHHE Ha WHIAYKTUBHOCTU OIEpeXkaeT 1o Qasze

ToK Ha 90°, HanpsHKEHUE TI0 EeMKOCTH OTCTaeT 1o (aze oT Toka Ha 90°.
3anuiieM ypaBHeHue (6.16) B koMmIuiekcHOM opme:




\
Y R e
n= QT X T e X T e

c m

S

1 .
2
:(Q'I.m—i_j'xL'lm_j’x (6'17)

a0l
c m/ﬁ'
TloyieTiM JIeBYIO U IPaBYIO YacTH ypaBHeHus (6.17) Ha /2 .
[Tonyunm ypaBHEHHE JUIsi KOMIUIEKCOB JIUCTBYIOUIUMX 3HAYEHUI TOKOB H
HaINPSKCHUU
U, =TR+j& -X,  =1-Z2=1-z-¢77, (6.18)
rne Z=R+ j€, — X, - KOMIUIEKCHOE CONPOTUBJICHUE LIETH;

z:\/ R?+ &, - X, - MOAyIb KOMIUIEKCHOTO CONPOTUBJICHUS WM HOIHOE

c _~

COIIPOTHUBIICHUC LICIIN,

X —X
@ = arctg % - Ha4YaJIbHasi (1)&33 KOMIIJICKCHOI'O COITPOTHUBJICHUA.

[Ipu nocTpoeHnH BEKTOPHBIX JUarpaMM LENH pacCMOTPUM TPH CITydasl.
1. X, >X,, uenb HOCUT WHIYKTHUBHBIN XapakTtep. BekTopbl HampsikeHHil Ha

WHJYKTUBHOCTA U €MKOCTH HAIPABIICHbI B MPOTUBOMOJIOKHBIE CTOPOHBI, YACTUYHO
KOMIIEHCUPYIOT APYT Apyra. BeKTop HanpspKeHUsT Ha BXOJIE CXEMBI OMIEPEIKAECT BEKTOP
ToKa (puc. 6.9).

2. VHIyKTMBHOE COMPOTUBICHUE MEHbBIIE €MKOCTHOTO. BekTtop HampshKeHHs
Ha BXOJIE CXE€MbI OTCTaeT OT BEKTOpa Toka. llernb HOCUT eMKOCTHBIN Xapaktep (puc.
6.10).

3. WNHaykTMBHOE M €MKOCTHOE COIPOTUBIICHUS OAMHAKOBHI. HampsokeHus Ha
MHJIYKTUBHOCTA W €MKOCTH IOJHOCTBIO KOMIIEHCUPYIOT Ipyr apyra. Tok B uLemnu
coBmagaeT mo (ase c BXOMHBIM HaIpsKEHHUEM. B aleKTpuuecKod Ienu HacTyIaeT
PEXUM PE30HAHCHOTO HampsikeHus (puc. 6.11).

Tok B pE30HAHCHOM pEXKUME JIOCTUTaeT MaKCMMyMa, TaK KaK IIOJIHOE

CONPOTHUBIICHUE (Z) 1IEMU UMEET MUHUMAJILHOE 3HAUCHHUE.
| U U )

z \/R2—|_Q(L_Xc\2 R

A

1
YCHOBI/IC BO3HHUKHOBCHUSA pCBOHchaZ a, - L= , OTCroga pCSOHaHCHaH
(U C
1
yacTtorTa paBHa Wy = F .
L-c

N3 GopMymsl crieayeT, 4To pekuMa pe3oHaHCca MOKHO JOOUTHCS CIEAYIOIIUMHU
crnoco0amu:

1) W3MEHEHHWEM YacTOThI;

2) W3MCHCHHMEM MHIYKTHBHOCTH;

3) H3MEHECHHEM €MKOCTH.

B pe3oHaHCHOM peXuMe BXOIHOE HAIPsDKEHUE PaBHO IMAJCHUIO HAIPSDKCHUS B
aAKTUBHOM CONPOTHBIICHUU. Ha HHIYKTHBHOCTH M €MKOCTH CXEMBI MOTYT BOSHHKHYTh
HaTpPsDKEHUS, BO MHOTO pa3 NPEBBINIAIONINE HANpsOKEHUE HAa BXOAE IEMU. ITO
OOBSICHSACTCS TE€M, YTO KaXXJ0€ HampspKeHHuEe paBHO TOKY lp (2 oH HamOombiiuii),



YMHOXKXCHHOMY Ha COOTBCTCTBYIOIICC MHAYKTHUBHOC MJIM €CMKOCTHOC COIIPOTUBJICHUA

(a2 OHM MOTYT OBITH OOJIBIITUMU).
U=R-1,<<X - l,=X_-1,.

L XL>XC 2. X = XC 3. XL:KC
+ili cix ot =Xl ti . +i _
e ] - =% Up=jXr-1 U] 1,
U . c
v +1 f_TR:i-R\T I 4 I 4
O Tl T 0 — ]
Tx=1"R \@UC;]XC i =1y
®=0 @ =<0 =0
Puc. 6.9 Puc. 6.10 Puc. 6.11

6.8. I'Iapanneano coenHeHHble MHOYKTUBHOCTb, EMKOCTb 1 aKTUBHOE
conportumeneHne B Lenn CMHyconaaribHOro Toka

K cxeme Ha puc. 6.12 NOOKIIOUEHO CUHYCOUIAJIBHOE HanpsikeHue u=U  -sin ot.

Cxema COCTOHUT U3 napajuiCJibHO BKIIIOYCHHBIX HMHIAYKTHUBHOCTH, CMKOCTH H

AKTUBHOTI'O COIIPOTHUBIICHUA. OHpCI[@JII/IM TOK Ha BXOAEC CXEMBbI.

1
—

¥

ul RH“RL liLC:lic

¥

Puc. 6.12

B cootBeTcTBUU ¢ nepBBIM 3ak0HOM Kupxroda:
i=iy +i +i., (6.19)

rne i, :%:g-um -sin ot;

g = - AKTMBHAs IIPOBOAUMOCTE.
R
.1 . du
I, =— |u-dt, lo =C-—.
) LI <7 dt
[ToncraBum 311 hopmynbl B ypaBHeHuE (6.19). [omyunm:
. 1 du .
i=g-u+—- |u-dt+c-—=g-U_ -sinot-
gu+— | £ =9Un
—LL-Um-costcw-Um-coswt=g-Um~sina)t+
a).
+b_-U,, -sin @t-90° }b, U, -sin ¢t+90° (6.20)

1
rae b, = 1 VHIYKTUBHAs MPOBOJAUMOCTb;
a) .

b, =®-C - eMKOCTHasA MPOBOAUMOCTb.

N3 ypaBuenus (6.20) BUIHO, YTO TOK B BETBU C MHIYKTUBHOCTBIO OTCTAE€T IO
¢daze ot HanpspkeHus Ha 90°, TOK B BETBU C aKTUBHBIM COMPOTHUBICHUEM COBMAJIACT
no (aze ¢ HaNpsHKEHUEM, TOK B BETBU C €MKOCTBIO ONEpEekaeT Mo (aze HanpsHKeHUe
Ha 90°. 3anumem ypaBHeHue (6.20) B koMIuIeKCHOU popme.



i=g-U-U-j-b +U-j-b,=U f+j€ —-b =U.Y=U-.ye(6.21)
rme Y=g+j€, —bL: - KOMIUICKCHAas MIPOBOJUMOCTD;

y=192+ €, —b, > - IONHAS IPOBOIUMOCTS;

b, —b .
@ =arctg =+ - HaYaJbHas (a3za KOMILUICKCHOH MTPOBOAUMOCTH.
g
[loctpoum  BEKTOpHBIE JMArpaMMmbl, COOTBETCTBYIOIIME KOMIUIEKCHOMY
ypaBHeHUO (6.21).

L by = be 2. br=he 3. bL=h¢

i 5 + W],
+1 ix \T T +1 \]/fj 41
0 \j@h 0 i,
e =0 e <0 e=0
Puc. 6.13 Puc. 6.14 Puc. 6.15

B cxeme Ha puc. 6. 12 MOKET BOZHHKHYTh PEXUM PE30HaHCA TOKOB. Pe3oHaHC
TOKOB BO3HMKaeT TOIJA, KOIZAa WHAYKTUBHAas W €MKOCTHas IPOBOAMMOCTH
oquHAKOBBI. [Ipm 3TOM WHAYKTUBHBIM U EMKOCTHBI TOKH, HallpaBICHHbIC B
IIPOTHBOIIOJIOKHBIE CTOPOHBI, IOJHOCTBIO KOMIIEHCUPYIOT Apyr Apyra. Tok B
HEpa3BETBJICHHON YaCTH CXEMbI COBIAJAET MO (pa3e ¢ HaNpsKEHUEM.

1
[ Doy MM bopmyny

N3 ycnoBusi BOSHUKHOBEHHUS PE30HAHCA TOKA @, -C =
0

JJIA pe3OHaHCHOﬁ HYaCTOTHI TOKa

o = 1
) = —.
JC-L
B pexume pe3onaHca TOKa MOJIHAs TPOBOAUMOCTD LIENNA Y = \/ 92+@, -b > =g
1
- MHUHUMQJIbHA, a TIOJIHOE COINPOTUBIIEHUWE Z=— - MakcuMmaibHO. Tok B
y

. U
HCPA3BCTBJICHHOUN YdCTH CXCMbI I=— B8 PE30HAHCHOM PEKUME MMECT MUHUMAJIBHOC
z

3HaueHue. B naeannsupoBaHHoM citydae R=0,

1
y=b,-b =0mu z===c0.
y
Tox B Hepa3BeTBiieHHON 4dacTu uenu | =0. Takas cxema Ha3bIBaeTCs QPUIBTP-

MPOOKOIA.

6.9. Pe30oHaHCHbIN pexumM B Lenn, COCToSALEN U3 napasnsiesibHO BKITHYEHHbIX
peanbHOW MHOYKTUBHOW KaTyLLKN U KOHOeHcaTopa

KommekcHas IMpOBOAUMOCTD PIH)IyKTPIBHOﬁ BCTBU

_ 1 'RK_ij'LK _ Rg — jog - Ly _
' GK*'ja’o‘LK:eK_jwo'LK: Ré*“’o'LKf
R . w, L .
K Lk :gK_J'bLK’

= _J'
Ré"'bo'LKj Rli"“’o'LKj



R R o

= K =—< - QaKTHBHas MPOBOJUMOCTb HWHIYKTHBHOM
2 -] 2

RK + 6)0 M L ZK

K

rme  gg

KaTyIKH;
Z, = \/ RZ + @, L, > - IOJIHOE CONPOTUBJICHUE MHIYKTUBHOM KATYILIKH;

@, - Ly _a)o‘LK
2

RZ1+ @, L,z

K
b, =@, -C - EMKOCTHaA IIPOBOAUMOCTbH BTOpOﬁ BCTBH.
B PEXKUME PE30HAHCOB TOKOB CIIPABCAJINMBO YPABHCHUC!
o, - Ly
Rli + (‘)o ) LK j
N3 sToro YpaBHCHHA IIOJTYYUM q)OpMYJIy JJI1 pE€30HaHCa 4aCTOThI

b« - UHAYKTUBHASI IPOBOAUMOCTD KaTyIIKH;

b« =b, wmm =, -C.

(6.22)

Ha pucynke 6.16 m3zoOpakeHa BEKTOpHas AuarpaMma LIENU B PE30HAHCHOM
pexuMeE.
BexkTop Toka |, onepexkaer Bekrop HanpsbkeHus Ha 90°. Bektop Toka |; orcTaet
o, - L
OT BEKTOpa HaNpPsKEHUS Ha YTOJl ¢, TIe ¢ =arctg % :
K
Pa3znoxum BekTop Toka |; Ha 1Be B3aMMHO MEPIEHIUKYIIAPHBIE COCTABISIONINX,
OJHA M3 HHUX, COBIAJAMOIIAs C BEKTOPOM HAIIPSOIKEHUS, HA3bIBAETCS AKTUBHOMN

cocTaBlIsitoIeH ToKa |,;, Apyras - peakTUBHON cocTaBistonie Toka ;.

L .
i [ s
Ry
L'Tl Lo
L,
&
Puc. 6.16

B pexumMe pe3oHaHca TOKa PEAKTHBHAs COCTAaBILIOAs TOKA |,; 1 €eMKOCTHBIM
TOK |, , HampaBlieHHbIE B MPOTUBOIOJIOKHBIE CTOPOHBI, TOJHOCTHIO KOMIEHCUPYIOT
JpyT Apyra, aKTHBHAs COCTaBIsIoNIas Toka l,; coBmamaer mo ¢ase ¢ HanmpsHKEeHHEM
(puc. 6.17). Tox | B Hepa3BETBICHHOW 4YAacTH CXEMBl COBMaJaeT To ¢asze ¢
HaIpsKEHUEM.



Puc. 6.17
6.10. MowHOCTb B Lienn CUHycouaarnbHOro Toka

MTrHOBEHHOM MOIHOCTHIO HA3bIBAIOT MPOM3BEIEHHE MITHOBEHHOTO HAIPSIKEHHUS
Ha BXOJIE 1IE€NU Ha MTHOBEHHBIH TOK.

[TycTh MTHOBEHHBIE HANPSKEHUE M TOK ONPEENSAIOTCA 10 (hopMyIaMm:

u=U, -sin@t+p , i=I_-sinwt.

Torma

p=u-i=U, -1, -sin@t+gp  sinwt=

1 ~ -~
U, I, 5 fos ©t+9p-0t >-cos@t+p+ot =

m

~(6.23)

_~

I ~
=—=.—. josp—cos Qut+¢ =U-l1-cosp-U-I-.cos @ut+¢
J2 2 l

Cpez[Hee 3HAYCHHE MTHOBCHHOM MOIITHOCTH 3a IICPHUOL

17 <
Py = “JI .cosp—U -1-cos @ut+¢ -dt=
0

1 ! 1 ! -
—.U-l.cosp |dt—=-U-1-cosq |cos @uwt+¢ -dt =U -1 -cos .
= (ﬂé[ = (poj Cot+o - @

. R U
W3 TpeyronpHuKa CONPOTUBIIEHUN COSp=—,a —=1.
z z

[Tonyuum emie ogHy Gopmyiy:

p,, =U-1-cosp=U-1-2 =12.R=P (Bm)-
zZ

Cpennee apudmeTnieckoe 3HaU€HUE MOITHOCTH 32 MEPUOJ] HA3bIBAIOT AKTUBHOM
MOIIIHOCTHIO M 0003Ha4ar0T OyKBOit P.

OTa MOUIHOCTh U3MEpsieTcss B BarTax W XapakTepuszyeT HeoOpaTtumoe
npeoOpa3oBaHUE DJIEKTPUUYECKOW SHEPrMM B JAPYrod BHUJ SHEPrUU, HampuMep, B
TEIJIOBYIO, CBETOBYIO M MEXaHUYECKYIO SHEPTHIO.

Bo3bMeM peakTUBHBIA 3J€MEHT (MHAYKTUBHOCTh WJIM €MKOCTh). AKTHBHas
MOIIIHOCTb B 3TOM JJIEMEHTE P=U-1.c0s90° =0 , TaK KaK HaNpsDKEHHE W TOK B
MHIYKTUBHOCTH WJIM €MKOCTH pasznuyarorcss nmo ¢aze Ha 90°. B peakTHUBHBIX
AIIEMEHTaX OTCYTCTBYIOT HEOOpAaTMMbIE TIOTEPU JJIEKTPUUECKOM SHEPrUM, HE
IIPOUCXOANT HArpeBa 3JIEMEHTOB.

[TpoucxoauT 0OpaTUMBIN TIpoIlecC B BHUAE OOMEHa JJIEKTPUUYCCKOM SHEPTrHeH
MEXIy HMCTOYHHKOM U NPUEMHUKOM. [[s1 KaueCTBEHHOW OLIEHKM WHTEHCUBHOCTH
oOMeHa 3Hepruel BBOIUTCS OHATHE PEAKTUBHONU MOIITHOCTH Q.

IIpeoOpazyem Beipaxkenue (6.23):



p=U-1-cosp-U -1€os2mt-cosg—sin 2mt-sin p =
=U-1-cosp €-cos2mwt FU -1-sin ¢-sin 2ot = p, + p,,
e p,=U-1-cosp€-cos2wt - MIHOBEHHasl MOIIMHOCTh B  aKTHBHOM

CONPOTHUBIICHUH;
p, =U-1-sin ¢-sin 20t - MTHOBEHHasi MOIIHOCTh B PEAKTUBHOM D3JEMEHTE (B

WHJIYKTUBHOCTHU WUJIK B €MKOCTH).

MakcumanpHOE€ WM AMIUIMTYIHOE 3HAUY€HUE MOIIHOCTH [, HA3bIBACTCS
PEaKTUBHON MOILIHOCTBIO

: X : X

Q=U-I«sm(p=U«I-;I2-x (BAp), SIn (/’ZE,

rJIe X — peakTUBHOE COMPOTUBIICHUE (MHIYKTUBHOE UM €MKOCTHOE).

PeaktuBHas  MOIIHOCTB, wU3MepsieMas B  BOJbTaMIlepax  pPEaKTUBHBIX,
pacxXoayeTcs Ha CO3JaHUE MAarHUTHOTO IOJISI B MHAYKTUBHOCTU WJIA BJIEKTPUYECKOTO
MoJisi B €MKOCTH. ODHEPrus, HAKOIUJIEHHAas B €MKOCTH WM B HWHIYKTUBHOCTH,
MIEPUOANYECKH BO3BPALIACTCS UICTOYHUKY ITUTAHUS.

AMIUIUTYTHOE 3HAYEHUE CYMMAapHON MOIIHOCTH p= p, + p, HA3bIBAETCS MOJIHOMN
MOIIHOCTBIO.

[TonHass MOIIHOCTH, H3MEpseMas B BOJIBTAMIIEPAX, pPaBHA MPOU3BEACHUIO
JNEUCTBYIOIINX 3HAYEHUN HAIPSKEHUS U TOKA!

S=U-1=1%-z (BA), U=1I-z,

/1€ Z — IOJIHOE COIPOTHUBJIEHUE LIEITH.

[TonHass MOIIHOCTH XapakTepus3yeT MPEAcbHbIE BO3MOXHOCTH HCTOYHHKA
SHEpPruu. B anekTpudecKkor Henu MOXXHO UCTIOJI30BATh YaCTh IMOJHOM MOIIHOCTH

P=U-l.-cosp=S-cose,

TJE COS g = U_pl :2 - KO3 (OULMEHT MOLUTHOCTH WIIA «KOCHHYC «(Pr».

KoappuureHT MOIIHOCTH SBISIETCS ONHOM W3 BAXKHEMIIHMX XapaKTEPUCTUK
AIIEKTPOTEXHUUYECKUX yCTpOcTB. [IpMHUMAIOT criennanbHbie MEphl K YBEIHUEHHUIO
K03 PUIIUEHTA MOIITHOCTH.

Bo3bMeM TpeyroibHUK CONPOTHUBICHUN M YMHOXKHMM €ro CTOPOHBI Ha KBaJpar
ToKa B 1ienu. [lomyunm mogoOHBIN TPEyroJsHUK MOITHOCTEH (puc. 6.18).

z-1°=§ 2
ﬂ X-1%=0
R-I’-P
Puc. 6.18

W3 TpeyronpHrKa MOITHOCTEH MOTYyYUM psifi OpMYIT:
P=S-cosp, Q=S-sing, S=4p>+Q?, cos(p:§p_

[Ipn aHanmm3e SMEKTPUUYCCKHUX IIETEH CUMBOJIMYECKUM METOIOM HCITOJIB3YIOT
BBIp@)KCHHE KOMIUIEKCHOH MOIIHOCTH, paBHOE TIPOU3BEACHHUIO KOMIUJICKCHOTO
HaIPsHKCHHS Ha CONPSHKCHHBIN KOMITUIEKC TOKA.

Jlns nenu, uMeronel HHIYKTUBHBIN XapakTep (R-L memnn)



S=U.-1=U-ei™.|.ei% =U.1.e/ % =U.| .6l =
=U-l-cosp+j-U-l-sinp=P+ j-Q,

rae U =U-e'” - KOMIUIEKC HAIIPSHKCHHMS,

| =1-e!” - KOMIUIEKC TOKA;

I* =1-e7% - compsHKEHHBIH KOMIUIEKC TOKA,

@ =@, —@, - CIBUT 0 (pa3ze MeXK Ay HATPSHKCHUEM H TOKOM.

@ >0, Tok kak B R-L nenu, HanpsikeHue onepexaet 1o ¢ase ToK.
BeniecTBeHHOM 4YacTbIO ITOJIHOM KOMILJIEKCHOM MOIIHOCTH SIBISCTCS aKTHUBHAas

MOIITHOCTb.
MHUMOM 4aCThIO KOMIUIEKCHOW MOITHOCTH — PEAKTUBHASI MOIIHOCT.

JUis nenu, umeromed eMmkoctHol xapakrep (R-C umemm), ¢, -9, =¢<0. Tok
orepexaet no (aze HanpsHKEHUE.

S=U-1=S-e/”"=S.cosp—j-S-sinp=P-j-Q.
AKXTUBHASA MOIIMHOCTHh BCEra ITOJOXHUTCIbHA. PeaktuBHasn MOIODHOCTB B IICIIH,
I/IMe}OH_[eﬁ I/IHI[yKTI/IBHHﬁ Xapakrep, IIOJIOKHUTCJIIbHA, a B ICIIH C CMKOCTHBIM

XapaKTCpoOM — OTpHULATCIIbHA.

6.11. BanaHc moLwHoOCTEN
Jlns cxembl Ha puc. 6.19 3anumiem ypaBHEHHE MO BTOpoMy 3akoHy Kupxroda.
YMHOXUM JIEBYIO Y TPABYIO YACTH YPABHEHHUS HA CONPSKEHHBINA KOMILIEKC TOKa
LF . .o ~
E-l=CR+1-jX_—T-jX, ;I =
- * - * - ~ 2 2 -
=I-1-R+I-1- j&_ -X, =1?2-R+12-j-X,
[ . |*: |.elo .. 2|2 ,ejﬁi—wij: |2
rae + X = X — X, - pe3yJIbTUPYIOLIEE PEAKTUBHOE COIIPOTHUBIICHUE;

|2 - KBaApAT MOIYJIS TOKA.

E-1=S,=P, +j-Q,,
rne S,, P,, +Q, - MoJHAass KOMIUIEKCHAs, aKTMBHAs M PEaKTHUBHAS MOLIHOCTH

UCTOYHUKA [TUTAHHUS.
I’R+jlI?-X=P, +j-Q,,
rie p,, £j-Q, - AaxkTUBHas M PEaKTUBHAs MOIIHOCTH, NOTpeOIsieMble

QJICMCHTaMHM CXCMBI.

Puc. 6.19

[Tonyuum ypaBHEHUE
Potj-Q =P, £j-Qp. (624)



JIBa KOMIUIEKCHBIX 4YHCJIa paBHbL, €CJIM paBHbl [0 OTAEIBHOCTH UX
BEIICCTBEHHbIE U MHUMBIE YacTH, CJIEJOBATENbHO ypaBHEHHE (6.24) pacnagaercs Ha
1Ba:

P, =Py; +Q, =%Q,. (6.25)

[lony4yeHHbIE paBEHCTBA BBIPAXKAIOT 3aKOHBI COXPAHEHUS AKTUBHBIX H
PEaKTUBHBIX MOIIHOCTEN.

6.12. CornacoBaHHbIN pexnm paboTbl anekTpuyeckon uenun. CornacosaHune
Harpy3ku ¢ UCTOMHUKOM

B cxeme Ha puc. 6.20 gz, R, X, - TOJHOE, AaKTUBHOE W PEAKTUBHOE
conporusieHus ucrouynuka OIC, z,, R, X, - IOIHOE, AKTUBHOE M PEAKTUBHOE

COIIPOTHUBIICHM HAI'PY3KH.

AxTuBHaAsA MOIIHOCTb MOXCT BBIACIIATLCA TOJIBKO B aKTUBHBIX COIIPOTHUBIICHUAX
e IEpeMCHHOTO TOKaA.

AxTuBHaAsA MOIIHOCTB, BBIACIIAACMAA B HAI'PY3KC,

E? R E?
P-RI?=R == " ) 6.26
2 H H Z2 R”+Riz+«i+x il ( )

H A

Z;

|2

Puc. 6.20

AKTHUBHasi MOIITHOCTh, Pa3BUBaeMasi TCHEPATOPOM
P=@Q, +R 1%

KoadurmeHT moie3Horo nelcTBUs 15 JaHHON CXEMBI:
P, R, 1

P

n= = .
RH+Ri 1+7|
R

H

N3 dopmynsr (6.26) BUAHO, YTO BBIAEIsAEMass B Harpy3ke MOIIHOCTh OyaeT
MaKCUMaJlbHOM, KOIJa 3HaMeHarellb MuHuMmaneH. llocieqHee wmeer MecTo mIpHU
X,+X,=0, te. npu X,=-X;. DTO O3HAYAET, YTO PEAKTUBHBIC COMPOTUBICHUS

HNCTOYHHKA U HAIPY3KH JOJIKHBI OBITh OJAWHAKOBBI 110 MOAYJIIO U UMCTh paBHOpO)IHBIP'I
XapakTep. HpI/I HHAYKTUBHOM XapaKTCpEC PCAKTHBHOIO COIIPOTHUBICHHA HMCTOYHHKA
PEAKTHUBHOC COIMPOTUBIICHUC HAI'PY3KHU IOJLKHO OBITH EMKOCTHBIM U Ha060p0T.
2
2max :‘QHR:—ERij. (627)
YCTaHOBUM  yCIIOBHE, MPH KOTOPOM OT HCTOYHHKA K Harpyske Oyaer
nepeaaBaTbCA HanOOoIbIIAs MOIITHOCTB.
AP e _ E2 €H+Ri2_2RH'RH+Ri::O,
dR, Q+R "

orcrona R, =R,.

OT ucToyHHuKa K Harpys3ke nepcaacTcs HauOOJIbIIAs MOIODHOCTB, KOTAa



X, ==X;; R =R,. (6.28)

Beanunna HanOonbIeii MOIITHOCTH
P R E? B E?
2max max — ~ '
RH + Ri / 4- Ri
Pexxum mepemaunm HauOONbIIEH MOIMHOCTA OT HWCTOYHWKA K Harpyske
Ha3bIBAETCS COIVIACOBAHHBIM PEXKHUMOM, a MOA00p CONPOTUBICHUN, COITIACHO
paBeHcTBaM (6.28), — cOMIaCOBaHUEM HArpy3KH ¢ HCTOUHHKOM.
B comtacoBanHOM pexxnme
1 1
- ===05.
=R 773

1+-*
R.

ITonoBuHa MOITHOCTH TCPACTCA BHYTPH HCTOYHHKA. HOBTOMY COTJIaCOBAHHBIM
PEKMM HC HMCIOJB3YCTCA B CHIOBBIX OHCPICTHUYCCKUX HCILAX. 9T1OT PEKNUM
HCIIOJIB3YIOT B I/IHCI)OpMaI_II/IOHHBIX oerAax, ra¢ MOIMHOCTU MOTIYT OBITH MaJIbIMH, U
pemaromMMn  ABJIAIOTCA HC C006pa)K€HI/I$I 9KOHOMHWYHOCTH II€pcaadn CUrHajia, a
MaKCHMaJIbHas MOIIHOCTDL CUI'HAJIa B HAI'PY3KE.



7. TPEX®ABHbIE LIEMAN
7.1. OcHoBHble onpeaenenns

Tpexdasznasi 1enb sBIASETCS COBOKYNMHOCTBIO TpEX JJIEKTPUUYECKHUX IIemnel, B
KOTOPBIX JIEUCTBYIOT cuHycougaiabHble JJIC OOWHAKOBOW 4YacTOThI, CIBUHYTHIE
OTHOCUTENBLHO Jpyr Apyra mo ¢asze Ha 120°, co3maBaembie OOIIUM HCTOYHUKOM.
VYyacTok TpexdazHOH CUCTEMBI, MO KOTOPOMY HPOTEKAEeT OJWHAKOBBIA TOK,
Ha3bIBaeTCs (Ga3oil.

Tpexdaznas 1ens cocTouT W3 Tpex(aszHOro reHeparopa, COCTMHHUTEIBHBIX
POBOJIOB M MPUEMHUKOB WJIM HArpy3KH, KOTOpbIE MOTYT ObITh OAHO(A3HBIMHU HIIU
TpexdazHbIMH.

Tpexdasuplii TeHeparop MpeaAcTaBiIseT CcoO00H CHHXpOHHYIO MamiuHy. Ha
cTarope TeHepaTopa pasMelieHa OOMOTKa, COCTOsIasi M3 TpeX dYacted wim ¢as,
MIPOCTPAHCTBEHHO CMEIICHHBIX OTHOCHUTENBLHO Jpyr aApyra Ha 120°. B @dazax
reHeparopa UHAYKTHpPYETCs cuMMeTpuuHas Tpexdasnas cuctema JJIC, B KoTOpoit
ANEKTPOJBIKYIIME CUJIBI OJMHAKOBBI MO aMIUIATYAE W pasiuyarorcs mo ¢asze Ha
120°. 3anuieM MrHOBEHHBIE 3HAYEHUS U KOMIUICKCHI nercTByromux 3Hadennii J/1C.

e, =E, sin Gt-120° ; e =E, -sin ¢t+120°"

E,=E; E,=E-e’; E.=E.e™,

CymMma 3JeKTpOJABIKYIIUX CHUJI CUMMETPUYHOM Tpex(azHoil cucTeMbl B JTH000M
MOMEHT BPEMEHHU PABHA HYIIIO.

E,+E, +E. =Ese 12 4ol ::

=E (+005120° — j-sin120° +c0s120° + j-sin 120° :: E(l—;—;j: 0.

COOTBETCTBEHHO €, +€, +¢e,=0.

Ha cxemax Tpexdasnpix 1eneil Hayanga ¢a3 0003HAYaIOT IMEPBBHIMU OyKBaMH
naruHckoro andasuta (A, B, C), a koHupl — mnociaeagaumu OykBamu (X, Y, Z).
Hampasnenus 3/1C yka3pIBaroT OT KOHIIA (Da3bl 0OMOTKH reHeparopa K ee Havdaiy.

Kaxnas ¢aza Harpy3ku coemuusercs ¢ (a3oii reHepaTopa JByMsI IPOBOIAMH:
npsMbIM U oOpaTHbIM. [lomyuaeTcss HecBsizaHHas Tpexda3Hasi cUCTEMa, B KOTOPOM
UMEETCSl IIECTh COEAMHHUTENBHBIX NPOBOAOB. UTOOBI YMEHBIIUTH KOJIHMYECTBO
COCIMHUTENLHBIX MPOBOJIOB, UCTOIL3YIOT Tpexdas3Hble IeMU, COCTUHEHHBIE 3BE3/101
WJIH TPEYTOJILHUKOM.

7.2. CoegnHeHue B 3Be3ay. Cxema, onpegeneHnsd

Ecnu xoHupbl Bcex (a3 reHeparopa COCIMHUTH B OOIIMM y3el, a Hadana ¢as
COCMHUTh C Harpy3Koi, oOpa3yroliell TpexJydeByI0 3Be31y COMNPOTHUBIICHHM,
MOJIyYHTCS TpexdasHas Ienb, COSAMHEHHas 3Be3fou. [Ipum 3TOM Tpm 00paTHBIX
MPOBOIA CIIMBAIOTCS B OJMH, HA3bIBAGMBIN HYJEBBIM MM HEUTpalbHBIM. TpexdazHas
1IeTIh, COCIMHEHHAS 3BE3/I01, n300pakeHa Ha puc. 7. 1.



Puc. 7.1

[IpoBoma, waymme OT UCTOYHMKA K HArpy3Ke Ha3bIBAIOT JIMHEHHBIMU
MPOBOJAMH, MPOBO/JI, COCTUHSIONIMNA HEUTPaIbHbIE TOYKH UCTOYHHKA N, TpUEMHUKA

N’ Ha3bIBaIOT HEUTPaAJIbHBIM (HYJIEBBIM) ITPOBOJIOM.

Hanpspkennss Mexay Hadanmamu (a3 WM MEXAy JHHEHHBIMH IIPOBOJIAMH
Ha3bIBAIOT JIMHEHMHBIMU HaNpsDKCHUSMHU. HamnpspkeHus MeXay HadajaoM U KOHIIOM
$ha3pl WM MEXKAY JIMHEHHBIM M HEUTPaJbHBIM IPOBOJIAMHM HAa3bIBAIOTCS (Da3HBIMU
HANPSHKECHUSIMU.

Toxu B (pazax mpueMHHKA WM UCTOYHUKA HA3bIBAIOT ()a3HBIMU TOKaMHU, TOKU B
JIMHENHBIX MTPOBOAAX — JMHEUHBIMU TOKaMHU. Tak Kak JMHEUHBIE TPOBOA COCAUHEHBI
MoCHeA0BaTeIbHO ¢ (a3aMu MCTOYHHUKA M TPUEMHHUKA, JUHEHUHBIE TOKH TIPU
COCIMHEHUH 3BE3/10M SBJISIOTCS OAHOBPEMEHHO (Da3HBIMU TOKAMH.

=1,

Zy - CONPOTHUBIICHHE HEUTPATILHOTO TTPOBO/IA.

JIvHeiHbIe HAPSIKEHNUST PABHBI TECOMETPUUECKUM PA3HOCTIM COOTBETCTBYIOIINX
(ha3HbIX HANPSKEHUN

UAB:UA_UB’ UBC:UB_UC' UCA:UC _UA' (71)

Ha puc. 7.2 wuzoOpakeHa BeKkTOpHas auarpamMma (asHbIX U JIMHEWHBIX

HAINPSKEHU CUMMETPUYHOTO UCTOYHHUKA.
+1

+i

Puc. 7.2

N3 BekTOpHOM quarpaMmsbl BUJIHO, YTO



: V3
U,=U,=2U, -cos30" =2U,, -7=\/§-u¢.
[Ipu cummerpuunoi cucreme DJ[C MCTOYHMKA JTUHEHHOE HaNpsKEHUE OOJbIIe
dazHoro B 3 pas.

U,=v3-U,.
7.3. CoeavHeHve B TpeyronbHuk. Cxema, onpeaeneHus

Ecin xoHeny kaxaod ¢a3pl OOMOTKM TeHeparopa COEIMHUTh C HayaloM
cienyromei (assl, o0pa3zyercs cOeAMHEHNE B TpeyroibHUK. K ToukaM coeanHeHui
0OMOTOK MOAKJIIOYAIOT TPY JIUHENHBIX TPOBO/A, BEAYIIHUE K HArpy3Ke.

Ha puc. 7.3 m3o06paxena tpexdasHas 1enb, COeANHEHHAs TPEyroJIbHIUKOM. Kak
BUJHO U3 pHUC. 7.3, B Tpex(da3HOH IenH, COCTUHEHHONW TPEyroJbHUKOM, (a3Hble U
JIMHENHBIE HAMPSKEHUS OJJMHAKOBBI.

u,=U,.

I I, |c - TMHENHBIE TOKH,

I loer 1oa - Pa3HBIC TOKH.

Jluneitnpie U (a3HbIE TOKKM HArpy3KH CBSA3aHBI MEXYy COOOM MEPBHIM 3aKOHOM
Kupxroda st y3i10B a, b, c.

IAZIab_Icaf IBZIbc_Iab’ ICzlca_Ibc'

A(Z) Ta, s
Ec, \Hﬂx) Zea 7] S0 Zab
P . by . 1
cliY) — Ugp=Ua [ -
EB I].'u: Zbe
I:TBC = ]:TB j:B
I

Puc. 7.3

JIuHEeNHBIM TOK paBeH T€OMETPHUUYECKOW PA3HOCTH COOTBETCTBYIOIMIMX (Pa3HbIX
TOKOB.

Ha puc. 7.4 wu3oOpakeHa BEKTOpHas JuarpaMma TpexdazHo I1emnw,
COCAMHEHHOM TPEYIOJIbHUKOM IIPpU CUMMETPUYHOM Harpyske. Harpyska ssusercs
CUMMETPUYHOM, €CIM CONpOTHBIEHUs (a3 OAMHAKOBHI. BekTopbl (a3HbIX TOKOB
COBIAJAIOT M0 HAMPABJICHUIO C BEKTOPaMHU COOTBETCTBYIOIIUX (Pa3HBIX HANPSHKEHUH,
TaK KaK Harpy3Ka COCTOUT U3 AKTUBHBIX COIIPOTHUBIICHUII.



Puc. 7.4

N3 BeKTOpHOM AMarpaMmsel BUIHO, YTO

: V3
1, =21, -cos30 =2|¢-7=\/§~|¢,

|, =+/3-1 » TIPH CHMMETPUYHON HArpysKe.

TpexdasHple  1enu,  COEOUHEHHBIE  3BE3J0M,  NOJydYWau  Oosbliee
pacnpocTpaHeHue, 4eM Tpex¢aszHble ILENH, COEIUHEHHBbIE TPEYTOJbHUKOM. ITO
OOBSICHSIETCS TEM, UTO, BO-TIEPBBIX, B IIENH, COEAMHEHHOM 3B€3/1011, MOXXHO MOJIyYUTh
JBa HamnpspKeHHs: JuHeWHoe u  (a3Hoe. Bo-Bropeix, eciau ¢a3pl 0OMOTKH
AIIEKTPUYECKON MalIVHbI, COEIMHEHHON TPEYTOJIbHUKOM, HaXOASTCS B HEOIMHAKOBBIX
YCIIOBUSIX, B OOMOTKE MOSIBIISIIOTCA JIONOJHUTENbHBIE TOKH, Harpyxawouue ee. Takue
TOKM OTCYTCTBYIOT B (pa3ax 3JIEKTpPUYECKOW MAaIIMHBI, COEIUHEHHBIX IO CXEMeE
«3Be3na». [losToMy Ha mnpakTHKe W30€raloT COEOUHSATH OOMOTKH Tpex(daszHbIX

QJICKTPUYICCKHUX MAIIWH B TPCYTOJIbHHUK.
7.4. Pacuyet TpexdasHoun uenun, CoeauHeHHOM 3BEe300M

Tpexdaznyro 1enb, COSTUHEHHYIO 3BE3/101, YIOOHEe BCEr0 pacCYMTaTh METOJIOM
JBYX Y3JIOB.

UN'N

Puc. 7.5

Ha puc. 7.5 uzo6paxena tpexdasHas 1enb Mpyu COCIUHEHUH 3Be3101. B o01iem
cllydae compoTHBIeHUs1 (a3 Harpy3ku HeoauHakoBbl €, #Z, #Z. . HelTpanpHbIiid

[IPOBOJ UMEET KOHEYHOE COIPOTUBIICHUE Z, .



B cxeme mexny HEHUTpaJIbHBIMA TOYKAMU HMCTOYHHKA W HATPY3KH BO3HUKACT
y3JI0BOE HAINPSKCHHUE WM HAMPsDKEHUE CMEILIEHUST HeUTpaJIu.
OT10 HanpsKkeHue onpezensercs no gopmyse (7.2).
E, Ly E. R E. L
ZA ZB ZC
1 1 1 1

UN’N = (72)

+ + e
Z A Z B Z C Z N
da3Hbple TOKU OIIPpCACIIAOTCA I10 q)OpMYHaM (B COOTBETCTBHUHU C 3aKOHOM OMa
HJIA aKTUBHOU BGTBH):
|. _ EA_UN’N _ UA_UN’N _ Ua

A = —

ZA ZA ZA l
I'B: EB _UN’N :UB_UN’N :ﬂ, (73)
. ZB. . ZB. ZB
I~C _ Ec _UN'N _ Uc _UN'N 2&.
ZC ZC ZC
ToOK B HEUTpaJIBLHOM IIPOBOJIE
Iy =1, + 15 +1¢ =UZNN . (7.4)

N
YacrHble ciyyan.
1. Cummerpuunas Harpy3ka. ConpoTuBieHus (a3 Harpy3Kd OJUHAKOBBI U
paBHBI HEKOTOPOMY aKTHBHOMY COIIPOTHUBIIEHUIO Z, =2, =Z. =R .
VY3510BO€ HaNpsHKEHUE
. 1 . 1 . 1 1 N
EA-E+EB~E+EC = = €, +E;+E.

U: = =0,
NN 1 1 1 1 3 1

— ==t —+—
R R R Z, R Z,

noromy 4to Tpexdasnas cucrtema IJIC cummerpudHa, E, + E, + E. =0.

Hampsixenus ¢a3 Harpy3ku u reHeparopa OJMHaKOBBI:
UA:Ua! UB:Ub’ UC :UC'
®da3Hble TOKHU OJHMHAKOBBI IIO BCJIIMYMHE M COBIIAAArOT IIO (1)2136 CO CBOMMH

(a3HBIMU HanpsHKCHUAMU. TOK B HEUTPAJILHOM IIPOBOJE OTCYTCTBYET | _Yw _g B
ZN

Tpexda3HOi CcHucTeMe, COCIMHCHHOW 3BE3/I0M, MNpPH CHMMETPUYHON Harpyske
HEUTpPaJIbHBIA NPOBOJ HE HYXKEH.

Ha puc. 7.6 wuzobOpaxeHa BEKTOpHas auarpamMma Tpex(aszHoW memu Jyis
CHUMMETPUYHON HArPY3KHU.

2. Harpy3ka Hecummerpuunass, R, <R;=R. , HO comnporusieHue
HEUTPaJIBbHOIO MPOBOJA paBHO HyMO: Z, =0. HanpsbkeHue cMeneHnss HeuTpaiu
E, T 4B, T E .1
U R Ry Re _g 1
’ = = — = 00,
N'N 1 1 ' 7

A

1
—+—+—+® "
RA RB RC



Puc. 7.6

@da3Hble HANPSHKEHUS HArPY3KU U T€HEPATOpa OIMHAKOBBI

U,=U,, U,=U,, U.=U
da3zHbIe TOKH OIPEAEISIOTCS Mo (popmynam

c*

BekTop Toka B HEHTpaJbHOM MPOBOJIE PABEH T'€OMETPUUECKONM CyMME BEKTOPOB
(ha3HBIX TOKOB.

Puc. 7.7

Ha puc. 7.7 npuBenena BeKTOpHasi quarpamma Tpex@aszHoi 1enu, CoeTuHEHHOM
3BE€3/101, C HEUTPAIIbHBIM IIPOBOJOM, UMEIOILINM HYJIEBOE COIPOTUBIIEHUE, HATPY3KOU
KOTOPOU SIBJISIFOTCS HEOJMHAKOBBIE [0 BEJIMYMHE aKTUBHBIEC COIPOTUBIICHUS.

3. Harpy3ka He cummerpuyHas, R, <Rg;=R.,  HeWUTpaJbHbIH HPOBOJ
OTCYTCTBYET,
1
Z, =0, —=0
Z N

B cxeme mosBisSeTCS HaNpsSHKCHUE CMEIICHWS HEHTpaid, BBIYUCISIEMOE TI0
dhopmyre:

e g e 1
¥ _ RA RB RC =0
N'N 1 1 1 B
7+7 -
RA RB RC

Cucrema (a3HbIX HaAMpPSDKEHUNW TEHEpaTopa OCTAeTCs CHUMMETPHYHON. ITO
0OBsICHSACTCS TEM, YTO UCTOUYHUK TpexdaszHbix IJ[C nuMeeT mpakTHIeCKu OECKOHEUHO
OOJIBIITYI0 MOITHOCTh. HecumMmeTpusi Harpy3ku HE BIHSIET Ha CUCTEMY HamMpsKEHUN
reseparopa.



W3-3a HanpspkeHUs CMeEIleHUsT HeUTpanu (a3Hble HaNpsHKEHUS HarpysKH
CTaHOBSITCSI HEOMHAKOBBIMU.

@da3Hble HANPSIKEHHS] T€HEpaTOpa U HArpy3KH OTIIMYAKOTCSA ApYr OT Apyra. [lpu
OTCYTCTBUU HEUTPAJILHOTO IMPOBOJA TeOMETpUYecKas cymMMa (pa3HbIX TOKOB paBHA
HYJIIO.

'L'I'aﬂn .
\UA
5 4
iB ,P' ic
i, U&
Puc. 7.8

Ha puc. 7.8 wuzoOpaxkeHa BeKkTopHasi jAuarpamMma TpexdasHoW 1enu c
HECUMMETPUYHON Harpy3kod M OOOpBaHHBIM HEHTPAIbLHBIM TMPOBOJOM. BeKTopbl
(ha3HBIX TOKOB COBIAAAIOT MO HAIMIPABICHUIO C BEKTOPAMH COOTBETCTBYIOMINX (Pa3HBIX
HaIpsHKEHUN HAarpy3KHu.

HeiiTpanbHblil IpoBOA C HYIEBBIM CONPOTUBIEHUEM B CXEME C HECUMMETPUYHON
Harpy3Koi BBIPABHMBAET HECUMMETPUIO (a3HbIX HANpPsHKCHUM Harpy3ku, T.€. C
BKJIFOUEHUEM JaHHOTO HEUTPaJIbHOIO MNpOBOJA (pa3HbIE HANPSIKEHUS Harpys3Ku
CTaAHOBSITCSI OIUHAKOBBIMH.

7.5. MowHoCTb B TpexdasHbIX Lensx

Tpexdasznas 1enp sBAsSETCS OOBIUHOW IIEMbI0 CHUHYCOUJIAJIBHOTO TOKa C
HECKOJIbKUMU UCTOYHUKAMH.

AKTHBHasi MOUTHOCTb TpeX(a3HOM LENM paBHa CyMME AaKTHBHBIX MOIIHOCTEH
dha3

P=P,+P, +P, =U, 1,-cosp, +Ug -1, -cosp, +U ‘I, -cose.. (7.5)

®opmyna  (7.5) wucnomb3yercss Il pacueTa  aKTUBHOM  MOIIHOCTH
B Tpex(a3HOM LIeH NMPU HECUMMETPUYHOUN Harpys3Ke.

[Ipy cuMMeTpUYHOM HArpy3Ke:

P=3P,=3-U, I, -cos¢p.

IIpu coenHeHNH B TPEYTOJIbHUK CUMMETPUYHON HATPY3KHU

E .

IIpu coenunennu B 38e3ny U, =

U,=U., I,=

J

0, =1,
\/§ D J

B o6oux ciygasx P=+/3-U, -1, -cosp.



8. MEPEXOOHLIE MPOLECCHI B MMHENHbLIX SANEKTPUYECKMX LIEMAX
8.1. Obulasa xapakTepucTuka nepexoaHbiX NPoLLeccoB

B anekrpuyeckux HEnmsaX BO3MOXKHBI BKJIFOUECHHUS U OTKIIFOYEHUS OTAEIBHBIX
BETBEH, KOPOTKME 3aMbIKAHUS YYaCTKOB LEIH, PA3JIMYHOTO poJAa IEPEKIIOUCHUS.
JItoOble W3MEHEHHS B DIIEKTPUUECKUX IEMAX MOXKHO IMPEACTaBUTh B BUJC
NIEPEKIIOYECHUN WM KOMMYyTalui. Xapakrep KOMMYTAlMU YKa3bIBAETCA B CXEME C
MOMOIIBI0 PYyOMIIBHUKA cO cTpesikoil. [lo HampaBiIeHHIO CTPENKH MOXKHO CYIUT,
3aMBIKACTCS WJIH Pa3MbIKAeTCs PyOHIIHbHUK.

[Ipy xoMMyTanuy B LEMHA BO3HUKAIOT NEPEXOAHBIE MPOUECCHI, T.€. MPOLECCHI
MEepEX0/1a TOKOB M HANIPSKEHUI OT OJJHOTO YCTAHOBHUBIIETOCS 3HAYEHUS K JPYTOMY.

N3MeHeHnsT TOKOB M HaNpPsSHKEHWM BBI3BIBAIOT OJIHOBPEMEHHOE H3MEHEHHE
SHEPTUM DJICKTPUUECKOTO M MATHUTHOIO IOJIEH, CBA3AHHBIX C AJEMEHTAMHU LEMH —
E€MKOCTSIMH M MHIYKTUBHOCTAMU. OJTHAKO SHEPTUS SIEKTPUUECKOTO MOJIA U SHEPIUs
MarHUTHOTO TOJISI MOTYT U3MEHSThCS TOJIBKO HEMPEPHIBHO, TaK KaK CKaYKOOOpa3HOe
M3MEHEHHE MOTpeOoBasio Obl OT MCTOYHMKA OECKOHEUHO Ooibinoil momHoctd. Ha
3TOM PACCYKIECHUU OCHOBAHBI 3aKOHBI KOMMYTAIWH.

IlepBbiii 3ak0H. B 11100011 BETBU ¢ MHIYKTUBHOCTHIO TOK HE MOXET U3MEHSATHCS
CKQUKOM M B MOMEHT KOMMYTAallMd COXPAaHSET TO 3HAYCHUE, KOTOPOE€ OH HUMEI
HENOCPEACTBEHHO IIepel MOMEHTOM KOMMYTAaluU

iL °+:= iL 0_:’

rie i, @+ - TOK B BETBH C MHIYKTUBHOCTHIO B MOMEHT KOMMYTAIlUH, Cpa3y
mocjiae KoMMyTanuu. 3HaK «+» B ¢opMyle OOBIYHO HE 3amMchiBaeTca. Bpems
MEPEXOTHOTO MPOLIECCA OTCUUTHIBAECTCS OT MOMEHTA KOMMYTALINK;

i, Q— - TOK B MHyKTHBHOCTH HETIOCPEICTBEHHO MEPEl KOMMYTAIIHEH.

Bropoii 3akoH. HanpsikeHne Ha eMKOCTH cpasy MOciie KOMMYTAllMM COXPAaHSAET
TO 3HAYEHUE, KOTOPOE OHO UMEJIO HEMOCPEICTBEHHO NEPE] MOMEHTOM KOMMYTAIUH.

uc € +:: uc € _:v

e U, €+ - HanpsKeHHe Ha EMKOCTH B MOMEHT KOMMYTALIUH;

U. Q- - Hanps)KeHHE HA EMKOCTH HEMOCPEJCTBEHHO Mepel MOMEHTOM

KOMMYTAaIWH.

Jlonyienus, IpuMeEHsIeMbIE IIPU aHAJIN3E NIEPEXOAHBIX IPOLIECCOB.

1. TlonararoT, 4TO MEPEXOMAHBIN MPOIIECC ITTUTCSI OECKOHEYHO OOJIBIIIOE BPEMSI.

2. CuuTaroT, YTO 3aMbIKaHHWE U pa3MbIKaHUE pPYOMJIbHUKA TIPOUCXOIUT
MTHOBEHHO, 0€3 00pa30BaHMs dIEKTPUICCKON TyTH.

3. IlpuHuUMaT, 4T0 K MOMEHTY KOMMYTAIlMU TMPEIAbIIYIIHE TEPEXOTHbIC
MPOLIECCHI B LIENU 3aKOHYUJIINCh.

B cooTBEeTCTBUM C KIIACCUYECKUM METOJIOM pacueTa, MEePEXOJIHbIM TOK B BETBHU
CXEMBI MPECTABIISAIOT B BUJIE€ CYMMBbI TPUHYKJICHHOTO ¥ CBOOOIHOTO TOKOB.

G, G, C

rae i,, € - NpUHYXJECHHBIH TOK, ONpeeNnseTcs B YCTAHOBHMBIIEMCS PEXUME

IoCjie KOMMYTalMHA. JDTOT TOK CO3JA€TCsl BHEIIHWM HMCTOYHUKOM NUTaHus. Eciu B
LEIb BKJIKOYEH NCTOYHUK MOcTosiHHOW DJIC, NpUHYXIEHHBIN TOK OyAET NOCTOSHHBIM,



€CIM B LEeNu JEWCTBYeT HCTOYHUK CHHycouaanbHOW OJ[C, MpUHYKIEHHBIN TOK
U3MEHSIETCS 110 IEPUOJUYECKOMY, CHHYCOUAAIBHOMY 3aKOHY;

i,, - CBOOOZIHBII TOK, OIPENEISAETCS B CXEME MOCIE KOMMYTAIUH, U3 KOTOPOH
UCKJIIOUYEH BHEIIHUN MCTOYHMK NMuUTaHUsA. CBOOOAHBIM TOK CO3/1a€TCs BHYTPEHHUMU
uctoyHukamu nutanus: JOJ[C caMOMHAYKIIMM WHAYKTUBHOCTH WM HalpsKEHUEM
3apsKEHHOU €MKOCTH.

CBOOOTHBIN TOK OIIPENETSIOT 10 hopMyIIe:

i, C=A et A et

KomnuectBo cnaraempix B (OpMyJie pPaBHO YHUCIY PEAKTHUBHBIX 3JIEMEHTOB
(MHIYKTUBHOCTEN U EMKOCTEH) B CXEME.

P, P2 — KOpHHM XapaKTepUCTUUECKOTO YpPaBHEHHUS.

Aj, A, — TOCTOSIHHBIE UHTETPUPOBAHMSI, ONPEIEIAIOTCS ¢ TIOMOIIBI0 Ha4yaJbHBIX
YCJIIOBUM.

HadvanbpHble yCnOBUS — 3TO NEPEXOAHBIE TOKM M HANPSDHKEHUS B MOMEHT
KOMMYTAIlMH{, B MOMEHT BpEMEHMU t, paBHBIN HYJIIO.

HauanbHble yc0BUs MOTYT ObITh HE3aBUCUMBIMU UJIM 3aBUCUMBIMH.

He3aBucuMbIMU Ha3bIBalOT HAYaJlbHBIE YCJIOBHS, IMOAYMHAIOMIMECS 3aKOHAM
KOMMYTAIIMH, 3aKOHaM MOCTEIEHHOI0, HEMPEPHIBHOTO U3MEHEHHU. DTO HANpPsHKEHHE
Ha eMKOCTH U, @ ¥ TOK B BETBH C MHIyKTHBHOCTBIO i, @ B MOMEHT KOMMYTAIHH.

OcranpHble  HayajabHBIC YCIIOBHMA: HAaNpPsHKEHHE M TOK B BETBH C
COIPOTUBJICHUEM U, @ U i, Q , HAIIPSDKCHHE HA HHAYKTUBHOCTH U, @ , TOK B BETBHU C
eMKOCTBIO ic @ - 3TO 3aBHCHMBIE HayalbHblE YCIOBUS. OHM He TOMYMHSIOTCS
3aKOHaM KOMMYTAIlM{ U MOTYT U3MEHSATBHCS CKAYKOM.

8.2. I'Iepexongle npouecchbl B Lendx ¢ oagHMM peakTUBHbIM 3JTIEMEHTOM

KopoTtkoe 3ambikanue B R-L nenu

Ha puc. 8.1 uzo0paxkeHa snekTpudeckas Ienb, B KOTOPOH BKIIOYEH MCTOUHUK
noctossaHoN JJ1C. B pesynbrate KOMMyTallK pyOMIBHUK 3aMbIKaeTCS U 00pa3yeTcs
3aMKHYTHIN Ha cebs R-L KoHTyp.

J1o KOMMyTaly 0 UHAYKTUBHOCTH MPOTEKAI TOK

. ~ E
i, € —/zm.
it
Ry R
E =const
><{ L
Puc. 8.1

DTOT TOK CO3[aBaJl MOCTOSHHOE MAarHUTHOE TOJIE B WHIYKTHMBHOM KATYIIKE.
OnpenenuM 3aK0OH U3MEHEHHSI TOKa B MHAYKTUBHOCTH ITOCJIE KOMMYTAIlUH.
B cooTBeTcTBHH € KIACCUYECKUM METOAOM,

- ~ - - ~ Pt
IL (/:Ian + ILcs (/:Ian + A' e .



[IpuHYyXI€HHBI TOK TMOCIE KOMMYTAllUd 3aMBIKAeTCsl uepe3 pyOUJIbHUK,
UMEIOIIUN HYJIEBOE€ COIPOTUBIICHUE, U YEpe3 HHAYKTUBHOCTb HE IIPOTEKACT.
WNHAYKTUBHBIN TOK UMEET TOJIBKO CBOOOHYIO COCTABIISIFOIILYIO.

ian =0, iL (:: 0+ ich (:: ich (:

MarnutHoe moNie, ucYe3asd, HHAYKTHUPYET B HHIYKTUBHOM Karymike OJ[C
camouHaykiuu. CBoboaubii Tok B R-C KOHType cCyliecTByeT 3a cyeT JTOU
AIIEKTPOABMKYLIEH CUIIBI.

3anuieM ypaBHEHUE JUisi cBOOOAHOrO Toka B R-L KOHTYype, UCTIONB3ysl BTOPOid
3akoH Kupxroda.

di,

i, -R+L- < =0. 8.1

Lcs dt ( )

NmeM pelieHne 3Toro ypaBHEHUs B BUJI€ SKCIIOHEHTBI

i, =Ae™.

[IponsBogHas

di

<~ A-Pe™,
dt

[ToncraBum 3Ha4YeHMs CBOOOIHOTO TOKA U MPOU3BOIHON TOKa B ypaBHeHuUe (8.1)

A-R-e™+L-A-P.e”"=Ae"Q+P-L =R+L-P=0. (8.2)

VYpaBuenue (8.2), momydeHHoe w3  ypaBHeHus (8.1), Ha3bIBaeTcA
XapaKTePUCTUYECKUM.

P=-R/L - KOPEHb XapaKTEPUCTUUECKOTO YPABHECHHSI.

,z_%zé - TIOCTOSIHHAsT BPEMEHH TIEPEXOJHOTO TIpoIlecca, H3MepseTcs B
cekyHnax. IlocTrosHHas BpeMeHHM T - JTO HMHTEpBAJ BPEMEHH, 3a KOTOPBIM

MEPEXOIHBIA TOK YMEHBIIIAETCS B € pas.
i :A‘e_R/L.t :A'e_t/T

Lcs

[TocTosiHHY!O MHTErpUpoBaHUsl A ONpeAensieM C TMOMOIIBID HavyalbHOTO
YCJIOBHUSL.

B cooTBeTCTBUM € IEPBHIM 3aKOHOM KOMMYTAIIUH,

i Q:Z Lo Q:Z A=i 0_::ﬁ '
Monyunm i, (=i, C= _E e

R, +R
HampsikeHne Ha HHIYKTHBHOCTH
u =L ai. =L'(_Rj' = - CE.e R/,
dt L R, +R R, +R

Ha puc. 8.2 wu3o0pakeHbl KpHBBIE TIEPEXOJHOTO TOKa B BETBU C
WHIYKTUBHOCTBHIO M TIEPEXOHOTO HAMPSOKEHUS Ha MHAYKTUBHOCTH. [lepexoaHbiii TOK
Y HaIPSKEHUE 10 SKCIIOHEHTE CTPEMSTCS K HYJIIO.

B umkeHepHBIX pacdeTax MoJjararoT, YTO Yepe3 MHTEpPBajl BPEMEHH, PaBHBIM
(4+5)1, nepexoaHbIi MPOIIECC 3aKaHUYNBACTCH.




u

Puc. 8.2

Hoakarouenue R-L nenu k ncrounuky nocrossiuoi IJ1C

B cxeme Ha puc. 8.3 10 KoMMyTanuu pyOMJIBHUK Pa3oMKHYT. B pesynbrare
KOMMYTallUl  pPYOWJIBHUK  3aMbIKAETCS u ITOJIKJIIOYAET R-L  wemnb
K UCTOYHMKY TtocTosiHHOM DJIC. Onpenennm 3aKkoH H3MeHEeHHs Toka i(t).

- ~ - . ™~ - Pt

=i, +i,C=i, +A-e".

. . E

[IpyHYX1€HHBIN TOK B YCTAHOBUBIIEMCS PEKUME MOCJIE KOMMYTAIUH i, = R

B cBoGogHOM pekuMe M3 CXEMbl HCKIIIOYEH BHEITHUN HMCTOYHHUK MHTAHUS.
Cxema Ha puc. 8.3 6e3 uctounuka IJ|C HHUEeM He OTIIMYaeTCs OT CXeMbI Ha puc. 8.1.

X, i)

R

E =const

Puc. 8.3
CBOOOIHBIN TOK ompenensieTcs o popmysne
i (:: A. g RILP
3anuieM 3HaYeHUE MEePEXOJHOT0 TOKa I MOMEHTAa KOMMYTAIUH, JIJIsl MOMEHTa
Bpemenu t=0.
1Q =i, +i,0Q=i, +A,
A=iQ i,
OTKyJa :
Jlo KoMMyTanuu pyoOMIIbHUK OBLIT pa30MKHYT, U TOK B CXeM€E OTCYTCTBOBAI.
Cpasy mocie KOMMYTaIlui TOK B MHAYKTHUBHOCTH OCTAETCsl PaBHBIM HYIIO.

- ™~ . ™~
iQ =iQ- =0,

. i E
AZO_Inp:_Inp:_E’
- 4™~ E E _R/L-t E —R/th\
i = ——.8f =—g-e .
C R R R( -

HanmeeHHe Ha MHAYKTUBHOCTHU

u, (::L.EZ_L. _EJ.E.e—R/L-t —E.eR/Lt
dt L) R



Ha puc. 8.4 n300paxeHbl KPUBEIE IIEPEXOMHOIO, MPUHYKIECHHOTO, CBOOOIHOTO
TOKOB M TIEPEXOJHOIO HANPSKEHUs HAa MHTYKTUBHOCTH.

CBOOOIHBIN TOK M HaNpsKeHHE Ha MHAYKTHBHOCTHU IIJIABHO YMEHBINAIOTCS JI0
Hylsi. B MOMEHT KOMMYTAIlMM CBOOOJHBIA M IPUHYKECHHBIH TOKM OJMHAKOBBI IO
a6COIIOTHOM BeIMYMHE.

IlepexonHblii TOK HayMHAETCs NpHM BKIIOYEHHWM C HYyJs, 3aTeM BO3PACTaerT,
NPUOINKAACH K YCTAHOBUBLIEMYCS TOCTOSSHHOMY 3HAYEHHUIO.

i u 4 .

g
i)

u

Tes (1)

Puc. 8.4

KopoTtkoe 3ambikanue B R-C menu

B cxeme Ha puc. 8.5 B pesynbrare KOMMYTaluu PYyOMJIBHUK 3aMbIKA€TCs, U
oOpa3yeTcs 3aMKHYThIN Ha cebst R-C koHTYp.

JIo KOMMyTaluu €MKOCTh IOJIHOCTBIO 3apsAWiach 10 HAIMPsDKEHHS, PaBHOTO
O/IC wucTouHMKa NOUTaHUS, TO €cTh uc ¢- =E . Ilocie kxoMMyTanuu €MKOCTb

MOJTHOCTBIO pa3pspKaeTcs, CJeloBaTelbHO, NMPUHYXACHHbIH Tok B R-C menu wu
NPUHYXJIEHHOE HaIPsDKEHUE Ha KOHJIEHCATOPE PaBHBI HYJIIO.

B nenu cymiectByeT TOJIbKO CBOOOAHBIN TOK 3a CUET HANpPSKEHUS 3apSKEHHOTO
KoHJeHcaropa. 3amumiem s R-C  KoHTypa ypaBHEHHE 10 BTOPOMY 3aKOHY
Kupxroda

Ue, +R-1,=0.

— (1)

R, R
E =const

X i

Puc. 8.5

. d Uces
Tok uepe3 konaencarop i, =C- it
[Tonyunm nuddepeHimranbHoe ypaBHEHUE
duc,.
Uc,, +R-C- dct“‘:o. (8.3)

Pelienue 3T0ro ypaBHeHus Uc,, = A-eP',

[TonctaBum 3Ha4YeHHE CBOOOTHOTO HAMPSHKEHUS U TPOU3BOIHOM OT HANIPSHKCHUS
d uC c8

dt

=A-P-e"' B ypaBHeHue (8.3).



A-e”'+R.C-P-Ae”' =AeP'(+R-C-P =0 = 1+R-C-P=0.
ypaBHeHI/IC 1+R-C-.P=0 HA3bIBACTCIA XAPAKTCPUCTUICCKHUM.

1
P =-——= - KOPEHb XapaKTEPUCTUIECKOIO yPABHEHMUS;

1
T= ) =R-C - IIOCTOAHHAA BPECMCHHU IICPEXOTHOIO IIPOIICCCa,

1 t
t .

Uce = Ae RC =—A.e 7,

uC o:: uC c8 o:: A= uC 0_:: E !

A=E,

e = E-et/RC

i (\:C.di o[- 1 ) g.etre __E jurc

-7 dt R-C R

[lepexomublii TOK UM TEpPEXOJHOE HANpPsDKEHWE HAa  KOHJEHCATope IIo

MOKa3aTeIbHOMY 3aKOHY YMEHbIIIAIOTCA 10 HYJs (puc. 8.6).

i,u ¢

t

iglt)

Puc. 8.6

Bkirouenne R-C nenu k uctounnky nocrossuaoii 3J1C

[Tonaraem, 4To 10 KOMMYTallM¥ KOHJIEHCATOP HE 3apsKEH, HANPSKEHUE HA HEM
u. - =0.

B pesynbprare koMmyTalnuu pyoOuIbHUK 3aMbBIKAETCS U KOHIEHCATOP MOJIHOCTHIO
3apspkaetcs (puc. 8.7).

[IpuHyX1€HHOE HaNpsHKEHWE HAa €MKOCTHM paBHO JJC MCTOYHMKA NUTaHUS
Ue,, =E.

[IepexonHoe HapsKEHUE

=
u. € = Uc,, +Uce =Ue,, +A-€

-t/R-C
Cnp .

~
B MoMeHT KOMMyTaLMu  u- Q =uc,, +A.
[TocTostHHAst UHTETPUPOBAHUS
A: UC —Ucnp .
B cootrBercTBHM CO BTOPBIM 3aKOHOM KOMMYTAallUH
~ ~
UC Q/:UC Q—/ZO.
>§ — i{t)

R

E =const
C

!

Puc. 8.7



AZO_uCnp =—Ucnp :_E .
IIepexognoe HanpsKEHUE
ue (=E-E-eV/RC _E (_e—t/RC /

[TepexoaHblii TOK

i:C-duc :C-(— 1 j-E-et/R'C:%-e”R'C_

dt R-C

KpuBbie HampsikeHU# U TOKa H300pakeHbl Ha puc. 8.8.
i, u 4
e

ugit)

i(t)

Puc. 8.8

8.3. IlepexomHblie MpOIECCHI B IEMSAX C JIByMS] PEaKTUBHBIMU dJIEMEHTAMHU
[Ipu  mocienoBaTenbHOM  COCIUMHEHWW  COMPOTHBICHHS R,  Karymku
uHAyKTUBHOCTH L m konaencaropa C oOpasyercs snekrpuueckuii R-L-C koHTYp

(puc. 8.9).
HuddepennnanpbHoe ypaBHEHHE IS TOKA B KOHTYPE

R-i+|_ﬂ+1.ji-dt=E.
dt C

[Tocne nuddepenuvpoBanus no t u nenenus Ha L moaydum

2. .
%4‘%'%*’%420. (8.4)
Pemenue ypaBHenus (8.4) paBHO cymMMe TPUHYXJICHHOW U CBOOOJTHOI
COCTaBJAOMMUX i=i, +1i,.
B mnamem cnydae NpuHYXICHHAs COCTaBISIONIAs TIEPEXOJHOTO TOKA paBHA
HYJIIO, TAK KaK B CXeME UMEETCS] EMKOCTb, SIBIISIOIIASCS PAa3pbIBOM IETH IS

Puc. 8.9 MOCTOSTHHOTO TOKA.
B

E=const I

i
|

Puc. 8.9
CBoOO/IHAs COCTABIAIOIAS SIBISIETCS OOUIUM PEIICHUEM YPaBHEHUS

d?i. R di 1 .
c6 4 . e84 i =0. 85
dt? L dt L.C (8:5)

. di
IIycts i, = A-e™, df[“ =A-pP-eft




[locne mMOACTAaHOBKM 3THX BBIpaXXEHUHM B ypaBHeHHE (8.5) mnomyuum

XApaKTCPUCTHICCKOC YPABHCHHUC
R 1

P2+ -P+—=0.
L LC
XapakTepuCTUUECKOE YPAaBHEHUE UMEET JIBA KOPHS
R RZ 1 R
P,=——2%,——-——=-ata" -0
L TR DTERTS 0
R
e a=-- - K03 OUITMEHT 3aTyXaHUs;
0, =—~_ - YITIOBas PE30HAHCHAsA YaCTOTa KOHTypa 63 IoTeps.
JLC
[Tonmyunm
i=i, =A et +A e,
Bup xopHel 3aBUCUT OT OTHOILIEHUS
a R R 1

o, 2JLIC 2p 2Q'
rae p=+vL/C - XapaKTepUCTUYECKOE MJIM BOJTHOBOE COMPOTHBICHNE KOHTYPA;
Q= p/R - JOOPOTHOCTH KOHTYpA.

KosebarenbHblil pexum

Haubonee BakeH YacTo BCTpEUAIONIMIACS Cllydail, Korga KopHu Pi, —
KOMILJIEKCHBIE COTPSDKEHHBIE C OTPUIIATEIbHOM BEIIECTBEHHOM 4YacThiO, CBOOOIHAS
COCTAaBJISIONIAs UMEET BUJI 3aTyXaloluX Kojebanuil. B atom ciydae

1 .
a<wy, R<2p, Q>E,P1'2:—aija)cg,

TIC o, = o 2—a? - YIJIOBas 9acTOTa COOCTBEHHBIX KojIeOaHU B KOHTYPE;

2z

T, =—— - IEPUOJI COOCTBEHHBIX KOJICOAHUM.
a)CB

Tok B nenu

i, =A-e sinG,, -t+o (8.6)

r71e A ¥ () - TOCTOSTHHBIE UHTETPUPOBAHMUSL.
JIo xoMMyTaluu TOK B UHAYKTUBHOCTH PABEH HYIIIO, Cpa3y I10CJIE KOMMYTAallUH
OCTAaeTCsl PABHBIM HYJIIO

io::icso}io_:zo '
qT06I)I OIIpCACIUTb ABC IMOCTOAHHBIC MHTCTPUPOBAHUA, HeO6XOI[I/IMO HUMCTH IBa
Ha4aJIbHBIX YCJIOBUSA U COCTABUTDH IBA YPABHCHUA. HaHpﬁ)I(eHI/Ie Ha HHAYKTUBHOCTU

di d . <
u =L —<=L.-— Qe sin@.t+¢p =
: dt dtl\ Gctro

L-A-€a e sin@st+9 +L-A-o-e“ -cos@.t+¢p. (8.7)
e u, @ - HanpspDKeHWe HA WHIYKTUBHOCTH B MOMEHT KOMMYTAIMH, SIBJISETCS

3aBHUCUMBIM Ha4YaJIbHBIM YCIIOBUCM.

CoctraBuM ypaBHEHHE TI0 BTOpomMy 3akoHy Kwupxroda i1 wMomeHTa
KOMMYTAIIMH, YTOOBI ONIPENETUTh 3aBUCUMOE HauaJbHOE YCIOBUE u, € .

J1o KOMMyTaIMK KOHIEHCATOP OBbLT HE 3apsKEH, TOATOMY



u. Q@ =u. Q- =0, u @ =E.
IToacraBnsasa B (8.6) u (8.7) t = 0 u ucmonb3yss HE3aBUCHMOE U 3aBUCHUMOE
HayaJbHbIE YCIOBUS, MOJYYUM CUCTEMY YPABHEHHM
{A-sin(p:\o. (8.8)
L-A€a :sing+L-Awc -cosp=E.

PemuB cucremy (8.8), onpenenum
E

L-o¢

¢:O| A:

. E _ .
i(C=—— e sinog -t.
L oc

Ha puc. 8.10 npuBeneHa KkpuBasi K3MEHEHUSI TOKAa B KOHTYpPE NPH NOAKIIOYEHUN
K Hemy uctounuka nocrossuaon JJ[C. U3 pucyHka BUIHO, 4TO KojeOaHUsi B KOHTYpE
3aTyXarT M0 MOKAa3aTreJIbHOMY 3aKOHY HM3-3a IOTEpPh JJIEKTPUYECKOW DHEPTUM B
conpoTuBieHnr R. 3aTyxaHue NOPOUCXOIUT TEM MEIJIEHHEE, YEM MEHbIIE
K03 (PUIMEHT 3aTyxaHus .
pidt)
“

-
b "B

Puc. 8.10

ITocTostHHAs BpEMEHU NEPEXOAHOIO ITpoLiecca r = —é = Z—FL‘ :

[Ipu wmanoM kodpduureHTe 3aTyXaHus BeJIMYMHA @¢ HE3HAYUTEIbHO
OTJIIMYAETCS OT PE30HAHCHOM YaCTOThI @y

OTHOCUTENBHOE 3aTyXaHWe KoJieOaHUl  XapakTepu3yercs JIEKPEMEHTOM
3aTyXaHus, MPEACTABISIIOUMM OTHOLIEHWE MTHOBEHHBIX 3HAUYEHUN TOKA 4Yepe3 OIUH
MepHO.

e .sinog -t
—a ¢+T

_pa2Tc

A:

R ~
e ~-sinwc (+T¢

HarypanbHslii iorapudm 3Toro oreparopa HOCUT Ha3BaHUE JIOTAPHPMHUIESCKOTO
ACKPEMCHTA 3aTyXaHUs

hA=a T..

JIJ1st KOHTYpa ¢ HEOOBIIINM 3aTyXaHHEM, KOTTIA o ~ o,

2
|nAzﬂ:£_

wy Q
Anepuonnuecknii pexxum B R-L-C konType HaOmromaercs mpu OONBIIIOM

1
3aTyXaHHH, KO a >y, Q<§’ R>2p. B aTOoM ciydae kopHu P;, BELIECTBEHHBIE,

OTpHUIIaTENIbHBIC, PA3JINYHbIC.
CBoOOIHBIN TOK onpenensieTcs o popmyne



ics :Al'eplt—i_AZ'ePZt' (89)
HaHpH)KCHI/Ie Ha MHAYKTUBHOCTHU
u = L'%= L-do:—"t“: L-A-P-e?+L-A,-P,-ePt (8.10)

[ToncraBuB B ypaBHenue (8.9) m (8.10) t = 0 m wmCHONB3ys HE3ABUCUMOE M
3aBUCUMOE YCJIOBUS, TIOTyYUM CUCTEMY YPaBHCHHM
Ai + A2 = O,
Al‘Pl+A2 'P2 :%.

PemuB 9Ty CUCTEMY, OIIPCACIINM ITOCTOAHHBIC HHTCI'PUPOBAHUA

E
:—A = —
ARt Te o,
BBIpa)KeHI/IC IJIsI TOKa B KOHTYpPC
L E Pt Pt
=1, =—F—— ! —&"7
“ L'el_PZ/‘ s

COCTOMT W3 TIOJIOKHUTEIBHOM, MEIJEHHO 3aTyXalolleil 3KCIOHEHThI C
koahpuimenTom 3atyxanus P; 1 oTpUIIaTEIbHOM, OBICTPO 3aTyXarouiei IKCIIOHEHTHI
P, (puc. 8.11). Tokx mnomydaeTcs HekojeOaTeIbHbBIM, OH HE NPUHUMAET
OTPHUIIATEIIbHBIX 3HAYEHU, TO €CTh HE MEHSIET CBOETO HAIPABJICHUSI.

pict)
E _EP,t
S~/ L(B-B)

—
T

0 _ >
PR e
/ L-(B-F)

Puc. 8.11

Ha rpanume wmexmay KojaeOarenbHBIM M allepUOIUYECKUM PEXKUMOM  IPHU

1 . .
a=wmg, Q=3, R=2p HaOJIOAaeTCs PEICBHBIN ClTydald anepruoJuvecKoro mpoiecca.



9. MATHATHbIE LUEMNA
9.1. OcHoBHble onpeaenenns

Kak wm3BecTHO W3 Kypca (PU3HMKH, BOKPYT IIPOBOJHUKA C TOKOM IIOSIBIISCTCS
MarHUTHOE ToJie. VIHTEHCUBHOCTh MAarHUTHOTO IIOJIS XapaKTEPH3YeTCsS BEKTOPHOU
BCJIMUMHOM: HANPSHKEHHOCThIO MArHUTHOTO IO H , U3MepseMOl B amIepax Ha
meTp (A/M). HTEHCMBHOCTh MarHUTHOTO IIOJISI XapaKTEPU3yeTCs TakKe BEKTOPOM
MarHUTHOW MHAYKIMH B, usmepsiemoii B Tecnax (Ti). HampsokeHHOCTh MAarHUTHOTO
TOJIST HE 3aBUCUT, @ MATHUTHAS UHIYKIINS 3aBUCUT OT CBOMCTB OKPYXKAIOIIEH CPEIbI.

B=pa-H=pg-u-H,

TJE 1, - AOCOMIOTHAS MarHUTHAS TPOHUIIAEMOCTh, [ H/M;

M - OTHOCHUTEJIbHOE 3HAUYEHHWE MAarHUTHOM MNPOHUIAEMOCTH, Oe3pa3MepHas
BEJINYMHA,;

Lo =47 -107 Tu/m.

B 3aBrCHMOCTH OT BEIMYMHBI OTHOCUTEIBHON MArHUTHOM MTPOHUIIAEMOCTH, BCE
BEILIECTBA JEISITCA HA TpU Ipymnnbl. K mepBoM rpynme OTHOCATCS NHAMAarHETUKH:
BELIECTBA, Y KOTOPbIX 1 < 1.

Ko BTOpOI1 rpynne oTHOCATCS apamMarHeTHKH, BemecTsa ¢ 1 >1.

K tperbeli rpynne otHocATCS peppOMAarHeTUKH, BelecTna ¢ p >> 1.

K ¢peppomarnetnkam npuHajuiexar xeiae30, HUKelb, KoOaJbT U MHOTHE CILIaBbI
13 He(peppOMArHUTHBIX BEILIECTB.

MarsuTHOM UENbI0 Ha3bIBAETCA COBOKYIIHOCTBb YCTPOWMCTB, COIEp KallnX
(deppomarnuTHble BemiecTBa. IIpoleccbl B MarHUTHBIX LIEMSAX OIMUCBHIBAIOTCS €
ITOMOIIBIO MOHSATUI MArHATOJBHKYIIEN CUIIBI, MATHUTHOTO TTOTOKA.

MarHuTHBIM IOTOKOM HA3bIBAETCSI MOTOK BEKTOPA MAarHUTHOM WUHIAYKLIHUH 4Yepe3
MOBEPXHOCTH S

@:IE-dS_.
S

MarHuTHBIN MOTOK M3MepsieTcs B Bebepax (BO).

W cTouHMKOM MarHUTONBIKYIIEH CHIIBI SIBJSIETCSl JTMOO TOCTOSIHHBIM MAarHwT,
00 MEKTPOMArHuT (Karyiika, o0TeKkaeMasi TOKOM).

MarsuToABMXKYIIAast CHUjIa JIEKTPOMAarHUTa

F=1-w, (A),

rae | - Tok, mpoTekaronuii B KaTyIke;

W — 4nciio BUTKOB KaTyLIKH.

B MarHWTHBIX TEMAX HCIONB3YeTCS CBOMCTBO (ePpPOMArHUTHOTO Marepuaia
THICSTYCKPATHO YCWJIMBATh MAarHUTHOE TOJI€ KaTYIIKA C TOKOM 3a CUET COOCTBEHHOM
HAMarHU4eHHOCTH.

9.2. CBonctBa heppoOMarHUTHbLIX Matepmnanos

[TomectuM (peppoMarHuTHBIN MaTepuan BHYTpH KaTyIikud ¢ TokoMm. CHadana, ¢
YBEJIIMYEHUEM HANPSKEHHOCTH HAMArHWYMBAIOLIETO IMOJIs, MAarHUTHas WHIYKIUA
OBICTpO BO3pacTaeT. 3aTeM, H3-3a HAChIIEHUS MaTepuaia, MpU JAalbHeHIIeM
YBEJIIMYCHUN HAIPSHKEHHOCTU MAarHUTHOIO II0JI1 MarHUTHas WMHIAYKLUs IIOYTH HeE



MensieTca. [Ipu yMeHbIIEHMH HanpsHKEHHOCTH HAMAarHUYMBAIOUIETO TOJI KpUBas
pa3MarHu4YMBaHUsT HE COBIAJAET C KPUBOW HaMarHWMYMBaHUS W3-3a SBJICHUS
rucrTepesuca. SIBjaeHue ructepesrca 3aKiIo4aeTcs B TOM, YTO U3MEHEHHE MarHUTHOU
WHAYKIIMU 3ama3fblBaeT OT M3MEHEHUS HaMarHuumBarouiero noss. Kpusas
3apucumMoctd  B(H), mnonyvaromascs mNpu  IUKIMYESCKOM —TepeMarHUYMBaHUH
(dbeppoMarHUTHOrO Marepuasna, Ha3blBaeTCs TMeTIed Tucrepesrca. IJTa Kpubas
n3o0paxkeHa Ha puc. 9.1. Uem Oosbliie mioniaab Mewid, TeM OOJbllle MOTEPH Ha
repeMarHiyrMBaHue, HarpeBarolue MaTepurall.

B | [Ta]

‘Hc/ / » H[AM]
/

Puc. 9.1

3HaYeHWE MArHUTHOM HMHAYKIWU TPU HANPSKEHHOCTM HAMArHUYMBAIOIIETO
MOJIsi, PAaBHOM HYJIIO, HA3bIBAETCA OCTATOYHONW MAarHUTHOM uHAyKIuend B, wnu
OCTAaTOYHON HAMAarHUYEHHOCTHIO.

HanpsxkenHocTe MarauTHOTO 10N He npu B = (0 Ha3pIBaeTCs KOIPLUUTHUBHOMN
cuioi. deppoMarHuTHEIE MaTEPHANIBI C OOJIBIITMM 3HAYEHUEM KOIPIUTUBHON CHIIBI (

A
He >4000—) HaA3bIBAIOTCA MAIHUTOTBCPABIMU. N3 stux MaTCprualIOB H3IOTABJIMBAIOT
M

MOCTOSIHHBIE MArHUTBHI.
deppOMarHuTHbBIE MaTepualbl C MajbIM 3HAYEHUEM KOAIPLUMUTHUBHOM CHIIBI (

A
He <200 — ) Ha3bIBAIOTCS MAarHUTOMSTKHUMH. OTHU mMarcpualibl HCIOJB3YIOT B
M

MarHUTOMPOBOAAX ICKTPUUCSCKMX MAIIHH U TPaHC(HOPMATOPOB.

Takum oOpazom, 3aBucumoctn B = f(H) y deppomarHuTHbIx MarepuanoB
HEJINHEVHBIE.

DTH 3aBUCUMOCTH MPUBOAATCS B CIIPABOYHHUKAX B TAOIUYHOM (popMe MK B BHJIC

KPHBBIX, Ha3bIBACMBIX KPUBBIMHA HaMaIrHUYWMBaHHWA.
9.3. PacyeT MarHuTHbIX Lienen

OCHOBHBIM 3aKOHOM, HCIIOJIIB3YEMBIM IIPpH pacd€Tax MarHuTHBIX ueneﬁ,
SABJISICTCS 3aKOH ITIOJHOI'O TOKA.

JH-di=3"1. (9.1)

OH QopmynupyeTcss ciaeAylomuM o0pa3oM: JIMHEWHBIM MHTErpan BEKTOpa
HaANPSHKEHHOCTH MAarHUTHOTO TOJISI TT0 3aMKHYTOMY KOHTYPY PaBeH anre0pandeckon
CyMME TOKOB, OXBAaTbIBAGMBIX AITHM KOHTYpOM. ECIM KOHTYp HWHTETpHpPOBaHUS
OXBaThIBACT KaTYyIIKy ¢ 4ucioM BHUTKOB W, yepe3 KOTOpyro mpoTekaeT Tok |, To
anrebpanyeckas CyMMa TOKOB » | =1-W = F, T/i¢ F — MarHuToABIKYIIast CUJI.



OOBIYHO KOHTYp HWHTEIPUPOBAHUS BHIOMPAIOT TakuM 0Opa3oM, YTOOBI OH
COBMAJANl ¢ CUJIOBOH JIMHUEH MAarHUTHOTO MOJIsI, TOT/Ia BEKTOPHOE IPOHM3BEICHUE B
dopmyne (9.1) MOXKHO 3aMEHUTH MPOU3BEACHHUEM CKAJSPHBIX BEIMYMH H-dl . B
IPAaKTUYECKUX pacueTax HHTEerpa <j' Hdl 3aMEHSIOT CYyMMO# » H -l¢ U BBIOMpAIOT

OTJENbHBIC YIACTKH MAarHUTHOM MeTH TaKuM o0pa3om, uTtoObl Hy, Hy, . . . BOomb 3THX
YYaCTKOB MOYKHO OBUIO CUMTaTh MPUOJIM3UTENBHO NOCTOSHHBIMHU. [Ipm 3tom (9.1)
HEPEXOIUT B

Hylp+Hplp ot Hy sl = > T1-W = F, (9.2)

rae Iy, Iy, ..., | - ATuHBL y9acTKOB MarHUTHOM 11eTIH;

H,-l;,H, -1, - MArHUTHBIEC HAIPSDKEHHSI YYACTKOB LIETIH.

MarHuTHbIM ~ COMNPOTHBICHUEM yYacTKa MArHUTHOM LEIu HAa3bIBAETCS
OTHOIIIEHHE MAarHUTHOTO HAMPSKCHHUS PAacCMATPUBAEMOr0 yd4acTKa K MArHHUTHOMY
MIOTOKY B 3TOM y4acTKe

Hl o H-l |
T Hou S 4

rae S — IIOoIIaab MOIEPEYHOIO CEUCHHS YIacTKa MArHUTHOM IICTIH,

| — nuHa ygacTka.

PaccMoTpuM pacdyeT MarHMTHOM LenH, H300pakeHHOM Ha puc. 9.2.

deppOMarHUTHBIA MAarHUTOIIPOBOJ MMEET OJMHAKOBYIO IUIONIAAb ITOIEPEUHOrO
ceueHus S.

|, - AMHA cpenHel CUTOBOM IMHUY MarHUTHOTO MOJISL B MATHUTOIIPOBOJIE;

O - TOJIIMHA BO3AYIITHOTO 3a30pa.

Rm

w

Puc. 9.2

Ha marauTonpoBoje pazmernieHa 0OMOTKa, o KOTOpOH MpoTeKaeT Tok |.
[IpsiMasg 3amaya pacuyera MarHUTHOM LIETHM 3aKjIO4aeTcss B TOM, YTO 3aJaH
MarHuTHBIM TOTOK @ W TpedyeTcss OIpeAeuTh MarHUTOIBHXKYIIYIO cuiny F.

OnpenenuM MarHUTHYIO HHAYKIMIO B MArHUTOIIPOBOJIE
-2,
S
[To kpuBOM HaMarHWYMBAHUS HAWAEM 3HAYEHHUE HAIPSKEHHOCTH MArHUTHOTO
noJig H, cooTBeTcTBYlOIIEE BENMUYUHE B.

HanpskeHHOCTh MAarHUTHOTO TIOJISI B BO3IYIITHOM 3a30pe

B B
Hl == —7 N
My 4r-107
MarnutoaBuxyIias cuia 0OMOTKH

F=H-l,+H,-&.



[Ipu oOpatHO#l 3amaye pacueTa MarHUTHOM LEMU IO 3aJaHHOMY 3HAYEHHIO
MarHUTOABWKYIIEH CUIIbI TpeOyeTcsi ONpeneanuTb MarHUTHBIM NoToK. Pacuer Takoi
3a/1a4M BBITIOJIHSETCS C IOMOLIBI0O MArHUTHOW XapaKTEPUCTUKY LENHU F = f @ .

JUig MOCTpOEHUsI TaKkoW XapaKTEpPUCTUKU HEOOXOIMMO 3a/1aThCsl HECKOIbKUMU
3HAYEHUSIMU @ W HAUTH COOTBETCTBYIOIIME 3Ha4eHHs F. C MOMOIIbI0 MarHUTHOM
XapaKTEPUCTUKHU O 3aJaHHOW MAarHUTOABHXKYIIEW CHIIE OINPEAENSAETCS MarHUTHBIN
ITOTOK.



10. TPAHCO®OPMATOPDI
10.1. KoHCTpyKumMa TpaHcopmaTopa

Tpancpopmarop  mpeacraBiaseT  cOOOHM  ANIEKTPOMAarHUTHBIA  ammapar,
NpeJHa3HAuYEeHHBbIA JUIsl IpeoOpa3oBaHUs BEJIMYMH TOKOB U HaIpsDKEHUH 0e3
MU3MEHEHUS YaCTOThI.

Tpancpopmarop COCTOUT U3 3aMKHYTOTO (PEPPOMArHUTHOIO CEpPICUYHUKA, Ha
KOTOPOM pa3MeEIIeHbl JIB€ WK OoJibliee Yuciao oOMOTOK. OOMOTKA, MOAKIIOUEHHAs K
WMCTOYHUKY DHEPIruu, Has3bIBaeTcsi NepBUYHOW. OOMOTKH, MOIKIIOYEHHBIE K
CONPOTHUBIICHUSIM Harpy3Ku, Ha3bIBAIOTCSI BTOPUYHBIMH.

CepaeyHuk (MarHUTONPOBON) TpaHC(opMaTopa H3rOTABIMBAIOT U3 JUCTOBOIA
AIIEKTPOTEXHUYECKON CTajii, UMEIOIIEH Majble MOTEPH Ha MEepeMarHMYMBaHUE U Ha
BUXpEBbIE TOKH. OTHENbHBIE JUCTHI CTAIM H30JUPYIOT CIIOEM JaKa, IIOCIE 4Yero
cTsruBatoT Oonramu. Takoe yCTpOMCTBO MPUMEHSETCS JIs YMEHBIIECHUS BUXPEBBIX
TOKOB, HHIYKTUPYEMBIX B CTAJIA IEPEMEHHBIM IIOTOKOM.

[To KOHCTPYKIIMU CepAeUYHUKA PAa3INYaloT JIBa TUIa TpaHC(popmaTopa: OpoHEBbIE
u crepxkHeBble. Ha puc. 10.1 wu3oOpaxen OpoHeBoil TpaHchopmaTop wiu
tpancpopmarop ¢ II—oOpasHeiM cepaeunukoMm, a Ha puc. 10.2 — crepkHEBOI
tpancpopmarop ¢ II-o0pa3HbIM CEpIEUHUKOM.

~— CEpMIEYHHE 1— cepaeunuK
E E obMoTER E E—OEMOT’KH
Puc. 10.1 Puc. 10.2

10.2. Pabota TpaHcdopmaTopa B pexxmme X0nocToro xoaa

[Ton xomocteiM X0a0M TpaHC(hOpMaTopa MOHUMAETCS PEKUM €ro padoThl MpH
Pa30MKHYTOI BTOPUYHOI OOMOTKE.

[lepBuuHas oOMOTKa TpaHc(opmaTopa MOAKIOYEHAa K UICTOUHUKY MTEPEMEHHOIO
HanpspkeHus. Tok i, MepBUYHOM OOMOTKM CO3JaeT NMEPEMEHHOE MarHuTHOE MOJe,
HaMarHW4YMBalollee cepAeyHHK TpaHchopmaTopa.

MaruuTHblii TIOTOK B TpaHc(opmarope pas3ieiuM Ha JBE€ YacTU: OCHOBHOM
MAarHUTHBIA TIOTOK @, 3aMBIKAIOUIMKICA B CEPIACYHHUKE, U TMOTOK pPACCEAHUA P ,
3aMBIKAIOUIUICS YACTUYHO IO BO3YXY.

Ha puc. 10.3 uzobpaxen Ttpanchopmarop, paboTaoMMil B peKUME XOJIOCTOTO
X0/1a.
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Puc. 10.3

W, — YHCJIO BUTKOB IIEPBUYHON OOMOTKHU;
W, — YHCJIO BUTKOB BTOPUYHOU OOMOTKH;
R, — @KTUBHOE COIIPOTUBJICHUE NIEPBUYHON OOMOTKHU.

Omnpenenum DJIC, MTHAYKTUPOBAHHYIO B MEPBUYHOM OOMOTKE TpaHchopmaropa
OCHOBHBIM MArHUTHBIM IIOTOKOM.
do
—
OCHOBHOWM MarHUTHBIN NOTOK U3MEHSIETCS 110 CHHYCOUJAJIBbHOMY 3aKOHY
D=, -sinwt,
I1€ @, - MAKCUMAJIBHOEC WIM aMIUIMTYyJHOE 3HAYEHHE OCHOBHOIO MAarHUTHOIO

e =-W;

MOTOKA,
=2z f - yIJI0Bas 4acToTa;

f - 4acTOTa MEPEMEHHOTO HANPSIKECHUSI.

MrnoBenHoe 3HaueHue IJ[C

e =W, -0 D, -cosot=W,-0-D, -sin(ot-90°).

MakcumanbHOE 3HAaYEHHUE

Em=W,-0- &, =27-1-W,-D,,.

Jletictytromee 3HaueHue JJ[C B mepBUYHON 0OMOTKE

E, =Eﬁz%- f W, @, =444-Ff-W, -,

Jyist BTOprdHOM OOMOTKH MOYKHO TIONTYYUTh aHAIOTUYHYIO (OPMYITY

E, =4.44-f W, @,

ONEeKTPOABWIKYIIIME CHUJIbl E, W E, , HWHIYKTUPOBaHHBIE B OOMOTKax
Tpancdopmaropa OCHOBHBIM MarHUTHBIM TTOTOKOM, Ha3bIBAIOTCS
tpancopmaropubiMu  JJIC. Tpanchopmaropusie IJ[C orcrator mo ¢asze or
OCHOBHOTO MarHMTHOI'O ITOTOKA Ha 90°.

MarauTHblif MOTOK paccestHus MHAYKTHpYeT B mepBuuHOi oOMoTke IJ[C

paccesHuA e =-Lis— &,

rac L — HNHAYKTHUBHOCTD ACCCAHUA
1S

B [IEPBUYHOI OOMOTKE.
3anuiieM ypaBHEHUE MO0 BTOpoMy 3akoHy Kupxroda A nepBuyHON 0OMOTKH

el+els :—U1+ilx ‘Rl,



OTKyZa
: . i

HampsbkeHre Ha TNEepBUYHOM KaTylIke HWMEET TpHU CllaraéMbiX: MaJICHUe
HampsDKCHHS, HaMpsDKCHHWE, ypaBHOBemmBaromiee TpaHchopmaropayo  IJC,
HarpsbkeHue, ypaBHoseuBatoiee JJIC paccestHusl.

3anumem ypasHenue (10.1) B komruiekcHo# dopme

Uy =—E; + iy Ry + jo g - Ty =—Ey + 1y Ry + jXgs - 1y (102)

TIE X5 = - Lig —~MHIYKTUBHOE COMPOTUBJICHUE PACCESIHUS TIEPBUYHON OOMOTKHU.

U f’jxls'ilx
i ) R,

_El_ Ly
- - ":I:"
¥ ™
_ . Iix
E,—| E
Puc. 10.4

Ha puc. 10.4 wu3oOpaxkeHa BeKTOpHas JuarpamMma TpaHchopmaropa,
pabOoTalOIIETO B PEKUME XOJIIOCTOrO XOAa.

Bekropsl Tpancdopmaropubix DJIC E, m E, OTCTAaloT Ha 90° OT BEKTOpa
OCHOBHOT'O MAarHMTHOTO MOTOKAa @, . BEeKTOp HanpsuKeHus I, - R, MapajielieH BEKTOPY
TOKA Iy, & BEKTOP jXs - l;x ONEPE)KAET BEKTOP TOKa I;, Ha 90°. BekTop HampskeHus
Ha 3aKMMax NEpBUYHOM OOMOTKM TpaHchopmaropa U, paBeH T'€OMETPUYECKOU
CYMME€ BEKTOPOB —E;, Iy -Ry, jXgs - liy -

Ha puc. 10.5 wu3o0paxeHa cxemMa 3aMmelieHHs  TpaHcopMaTopa,
cooTBeTCTBYIOIIas ypaBHeHHto (10.2).

X, — WHAYKTUBHOE CONPOTHUBJIEHHE, MPOINOPLUHOHATIBHOE PEAKTUBHOU

MOIIHOCTH, 3aTPAaYMBAEMON HA CO3IAHUE OCHOBHOTO MATHUTHOTO IOTOKA.
B pexunme xonocroro xona
UZX :Ez, Ul ~ El'

'Ell

X3

iF
Puc. 10.5
Koaddunuent tpanchopmanmm
El Wl Ul
KT ==~ .
EZ WZ U 2X

Koaddurment Ttpanchopmaiuu SKCIEPUMEHTAIBLHO OIPEACISICTCS M3 OIbITa
XOJIOCTOTO XO/1a.



10.3. Pabota TpaHchopmaTopa noa Harpy3kom

Ecnu k nepBuuHON 00MOTKe TpaHchopMaTopa NOAKIIOUUTE HANpsDKEHUE U, , a
BTOPUUYHYI0 OOMOTKY COEAUHHUTH C Harpy3Kkod, B OOMOTKax IOSIBATCS TOKH I, U I, .
OTH TOKU CO3aAyT MarHUTHBIE IOTOKU &, U ®,, HAIIPaBJICHHbIE BCTPEUY APYT APYTY.
CymmapHbIii MarHUTHBIM OTOK B MArHUTONPOBOIE YMEHbIIAeTCs. BemeacTeue aToro
UHAYKTUPOBaHHbIE cymMMapHbIM noTokoM OJC E, W E, YMEHBIIAKOTCH.
JlefcTByIOIIEE 3HAYCHHE HANpPsDKEHUS U, OCTAaeTCS HEU3MEHHBIM. YMEHBIICHUE E,,
cornacHo (10.2), BbI3bIBaET yBenuueHUe Toka I,. [Ipyu yBennyeHun Toka I, MOTOK &,
YBEJIMYUBACTCS POBHO HACTOJIBKO, YTOOBI CKOMIIEHCHPOBATH pa3MarHUYHBAIOIICE
NEUCTBUE TIOTOKAa &, . BHOBb BOCCTAaHaBIMBAETCA PABHOBECHE NPH MPAKTUYECKH
[IPEKHEM 3HAUEHUH CYMMApHOTI'O MOTOKA.

B narpyxeHHOM TpaHcdopmarope, KpoOME€ OCHOBHOIO MAarHUTHOIO IIOTOKa,
MMEIOTCSl TTIOTOKH PACCESIHUA Pyg U D,g , 3AMBIKAIOIUECS YACTUYHO IO BO3AYXY. JTH
MOTOKH MHJIYKTUPYIOT B MEPBUYHOIN U BTOpruuHOM oOMoTKax JJIC paccesHus.

E.lS :_jxls : I'll EZS :_jXZS : |.21

II€ X,s — MHIYKTUBHOE CONPOTHUBIIEHUE PACCESHUS BTOPUYHON OOMOTKH.

Ji nepBUYHON OOMOTKH MOYKHO 3allicaTh ypaBHEHHE

J171s1 BTOpu4HOM OOMOTKHU
EZ = I.Z . R2 + JXZS . I‘Z + I‘Z .ZH y (10.4)

r1e R, — aKTUBHOE COIIPOTUBIIEHUE BTOPUUHON OOMOTKY;
Z,, — COIIPOTHUBIICHNE Harpy3KH.

OCHOBHOII MarHUTHBII MOTOK TpaHC(hOpMATOpa €CTh PE3ylbTaT COBMECTHOTO
JEHCTBUSA MarHUTOABUKYILIUX CUJI IEPBUYHON U BTOPUYHON OOMOTOK.

Dy = F(I Wy + 1, -W,).

Tpancpopmaropuas JJIC E, , mpomnopuHOHAIbHAs OCHOBHOMY MAarHUTHOMY
MOTOKY, NPUONM3UTEIBHO paBHA HANPSHKEHUI0 HAa MEpPBUYHOM Karymke U,
JlelicTBytOIlI€E 3HAYECHUE HANPSHKEHUS MOCTOSAHHO. [103TOMY OCHOBHOW MAarHWTHBIN
MOTOK TpaHc(hopMaropa OCTAETCS HEU3MEHHBbIM NPH W3MEHEHUU CONPOTHUBIICHUS
Harpy3KH OT HYJs 10 OECKOHEYHOCTH.

Ecinu @, = const, To 1 cymMMa MarHMTOABIXKYIIUX CUJT TpaHchopMaTopa

W, + 1y -W, = const= I}y -W, . (10.5)

VYpaBuenue (10.5) Ha3piBaeTCs ypaBHEHHEM DPABHOBECHUS MAarHUTOABMKYLIUX
CUJL.

VYpaBuenus (10.3), (10.4), (10.5) Ha3bIBAlOTCS OCHOBHBIMH YPaBHEHUSIMHU
Tpancdopmaropa.

N3 ypauenus (10.5) nonyuum popmyny

=l -1, 'Vv\\//_j: Iy =1, % (10.6)

Cormnacao ¢opmyne (10.6), Tok B mepBUYHON OOMOTKE CKJIAIbIBAETCS U3 TOKA
XOJIOCTOTO XOJa WJIM HaMarHW4YMBAIOLIEr0 TOKA M TOKA, KOMIIEHCHPYIOILETO
pa3MarHuyuBarouiee 1eiHCTBUE BTOPUYHONW OOMOTKH.



YMHOXUM JIeByl0 U TmpaBylo uactu ypaBHeHus (10.4) Ha xosd¢uuumeHt

TpaHchopmaimm K
E, Ki=E, =K;-I,-R+j-K Xy, +K;-I,-Z,=
l, . I [
= K-I?.RZ'Kii-i_ JK-?'XZS 'Kii'f' K-I?'ZH 'é:
l, . [ I
=Ryt [Xps B+ 2y (210.7)
T KT I‘(T
TJe R, = KZ.R, — IPUBEJCHHOE AKTUBHOE COMPOTHBIICHUE BTOPUYHON OOMOTKH;

X4s = KZ - X, — TPUBEACHHOE UHYKTUBHOE COMPOTUBICHHE BTOPUUHON OOMOTKHU;
Uj =Ky -1,-Z, =Ky -U, ~TIPUBEICHHOE HANPSKEHUE HA HAIrPYy3KeE;

Z{, =K% .Z,, ~TIpUBEJICHHOE CONPOTHUBIICHUE HArPy3KHU.

BenmnunHoii HaMarHWYMBAIOMIETO TOKa MOXKHO TpPeHeOpedb, Tak KaKk OHa Maja

II0 CpaBHCHHIO C TOKOM HepBI/I‘{HOﬁ OOMOTKH TpaHC(bopMaTopa B Harpy3o4HOM

1

peXUME I,y ~0, TOTIA |'1=—K—.|'2.
T

[ToncraBum ypaBuenue (10.7) B ypaBuenue (10.3).

[Tonyuum

: I I I :

Uj=——2 Ry — j—2 - Xhs ——2-Z!, + 1R + jXyg - Iy =
1 KTZJKT ZSKTHlleSl

=1, Ry + jly - Xog +Uj + 11 Ry + jXqg -1y =

=1 (R +R)) + 11 j(Xgs + X55) +U5.

VpaBuenuto  (10.8)  cooTBeTCTBYET
Tpanchopmaropa, nzobpakennas Ha puc. 10.6.

(10.8)
YIIPOIICHHAA CcXEemMa 3aMCUICHU A

o SR e WV A g S—

M Uz || ] %
I
—

Puc. 10.6

Rc =R +R, =R +R,- KTZ— AKTHUBHOC COIIPOTHUBJICHHUC KOPOTKOI'O 3aMBbIKaHU

Tpanchopmaropa,

3aMBbIKaHU.

[TapameTpbl  yIpPOILICHHOM CXEMBI
KOPOTKOTO 3aMbIKaHus. /s aToro cobupaercs cxema puc. 10.7.

— (D)
o [

Puc. 10.7

3aMEIICHUs OMNPEISSIOTCS U3  OIbITa




3a)KUMBbI BTOPUYHOW OOMOTKH 3aMBIKAIOTCSI HAKOPOTKO. M3MepsitoT HampsikeHue,
TOK MU MOIIHOCTB: Uy, Iy, Pc. OINBIT KOPOTKOTO 3aMBIKAHUS OCYLIECTBIISIETCS IPU
MOHM>KEHHOM HaNpsbKEHUU Ha IEPBUYHONM OOMOTKE.

3areM BBIYUCIISIOT

Rk :PTK, Zy ZUi, Xk ﬂ/ﬁ,

ik hi

7€ Z, -TMOJTHOE CONPOTUBICHUE KOPOTKOTO 3aMbIKAHHSI.

Ha puc. 10.8 wu300pakeHa BeKkTOpHas jamarpamMma TpaHcdopMaTopa,
COOTBETCTBYIOIIAsl YINPOIIEHHOM cxeMe 3amelieHus. Harpyskoit Tpanchopmaropa
ABJISIETCSA AKTUBHOE COMPOTHUBJIEHUE R, .

Bekrop Toka I; COBMENIEH C BEIIECTBEHHOW OChO KOMIUIEKCHOM IIJIOCKOCTH.

+j RK'il
o V
_jXK'Il
ol 7 . +1
0, I,
Puc. 10.8

Bekrop HanpsikeHHs Ha CONPOTUBICHUU HATPY3KH COBIAAAET C BEKTOPOM TOKa
[0 HampaBlIeHUIO0. BeKTop HamnpsyKeHUsl HA WHIYKTUBHOM CONPOTUBICHUM jX I
NEPICHIUKYSIPEH, @ BEKTOP HANpsDHKEHHS Ry |, MapajsieieH BEKTOpy TokKa. Bekrop
HaTpsOKEHUS Ha BXO/Ie TpaHchopMaTopa paBeH CyMME TPEX BEKTOPOB HAIPSIKECHUS.

VhopomieHHass cxXxema HCIOJIb3yeTcs Ul pacdeTra Iened, coiepKaliux
TpaHc(hopMaTopsl.

10.4. CneumanbHble TUMNbl TpaHCOPMaTOPOB

Haubomee wacto B  DINEKTPOTEXHUYECKHX  YCTAHOBKAX  HCIOJIb3YIOTCS
CIIEIyIOIIUE  CHEIUalbHbIe THUIBI  TpaHC()OPMATOPOB:  aBTOTPaHCHOPMATOPHI,
MHOTOOOMOTOYHBIE U Tpex(a3Hbie TpaHCHOPMATOPHI.

ABToTpancopmMaTopoM Ha3bIBae€TCAd TakoW TpaHchOpMarop, y KOTOPOTO
UMeeTCsl TOJbKO OfHa OOMOTKa, YacTh KOTOPOM MPHUHAIJICKHUT OJHOBPEMEHHO
BTOPHYHOM M TepBUYHOU 1iensM. CxeMa ogHoda3zHoro TpancdopmMaropa n3oopakeHa
Ha puc. 10.9.

Pexxum xomoctoro xoma aBToTpaHcdopmaropa, kKorma 1,=0 , HHYEM HeE
OTJIMYAETCS OT PEXXKUMa XO0JIOCTOrO X0Aa OOBIYHOTO TpaHchopmaropa.

[TonBogumoe k  TpaHcopMaTopy  HampspkeHHE U, =U,; PaBHOMEPHO
pacrnpenenseTcs MKy BUTKaMU IEPBUIHOU OOMOTKH.



Bropuunoe HanpsikeHue
Wye U

Uz =Upc=Unps" AC =28
WAB KT

W
e Ky = WAB

- k03 PpuureHT TpaHcHOpMaLIHH.
AC

ABTOTpaHc@opMaTopsl BBITOJAHO HCIIOJIB30BaTh B TEX ClydYasX, Koraa
K03(pPULKEHT TpaHCHOpMALIUK OJIU30K K €AMHHUIIE.

MHoroooMoTouHble  (0gHA  TMEpPBUYHASIT U HECKOJIBKO  BTOPHUYHBIX)
TpaHC(HOpPMATOPbl HUCIOJB3YIOTCS B PaJUOTEXHMUYECKHX CXEMax Js MOITydEeHHs
HECKOJIBKUX HalpsyKEHUN.

B pexume xonocrtoro xona padora Takux TpaHC(HOPMATOPOB HE OTIMYAECTCS OT
JIBYXOOMOTOYHBIX.

B TpexdazHoil ceTu mnepeMEHHOro TOKa NpeoOpa3oBaHUE HAIPSHKEHUH
OCYILIECTBISIETCS ¢ MOMOIIBIO TpexdazHoro TpaHcpopmaropa ¢ o0IMM Jis Tpex ¢as
cepaeuHukoM. B TpexdazHom TpaHchopmaTope ¢ OOIMIMM MarHUTOMPOBOIOM
MarHUTHBIA TOTOK JIFOOOM M3 (pa3 MOMKET 3aMBIKaThCsl YEPE3 CTEPKHHU, Ha KOTOPBIX
pacnoyio)KeHbl OOMOTKM ABYX Jpyrux ¢a3. 3arpaTbl cTaid Ha TpexdazHblil
TpaHc(opmarop 3HAYUTEIHLHO MEHbIIIE, YEM Ha TpU OHO(DA3HBIX TpaHCHOopMaTopa.



11. SNEKTPUYECKME MALLUNHBI MOCTOAHHOIO TOKA
11.1. YCTPOWCTBO 3NEKTPUYECKON MaLUNHbI MOCTOSAHHOIO TOKa

DJeKTpuiecKas MalllMHa MOCTOSTHHOTO TOKa COCTOUT U3 JIByX OCHOBHBIX YaCTEH:
HETIOIBMKHON YacTu (MHIYKTOpa) M Bpallaromeicss 4acTu (Skopst ¢ OapabaHHOM
0OMOTKOH).

Ha puc. 11.1 u3o0OpakeHa KOHCTPYKTUBHAsI CX€Ma MaIIUHbI MOCTOSTHHOTO TOKA.
NHayKTOp COCTOMT W3 CTaHUHBI | IUIMHAPUYECKON (POPMBI, M3rOTOBICHHON W3
dbeppoOMarHUTHOTO Marepuajga W TIIOTIOCOB ¢ OOMOTKOM BO3OYXKIeHUS 2,
3aKpEIUICHHbIX Ha cTaHhHe. OOMOTKa BO30YKIECHHS CO3JAa€T OCHOBHOM MarHUTHBIN
NOTOK. MarHuTHeIf TOTOK MOXET CO3[aBaTbCsl TOCTOSHHBIMH ~ MarHUTaMH,
YKpETJICHHBIMU Ha CTaHHUHE.

Puc. 11.1

SAxoph COCTOUT W3 CIEIYIOMIMX DJJIEMEHTOB: CcepledyHuka 3, oOMOTkH 4,
VJIOKEHHOM B Ta3bl CepAeYHUKA, KoJIeKTopa 5. CepACUHUK SKOPS ISl YMEHbIICHUS
MOTEPh Ha BUXPEBBIE TOUKKW HAOMPACTCS U3 M30JHMPOBAHHBIX JIPYT OT JIpyra JIMCTOB
ANEKTPOTEXHUYECKON CTAIIH.

11.2. MNMpuHUMN AENCTBMA MaLUMHbI NOCTOSIHHOMO TOKa

PaccmoTpum paboTy MalivMHbBI MMOCTOSSHHOTO TOKa Ha monenu puc.11.2, roe 1 —
MOJIOCHl MHAYKTOpa, 2 — SKOpPb, 3 — TMPOBOJHHUKHA, 4 — KOHTAKTHBIC IIETKH.
[IpoBogHUKH SKOPHOW OOMOTKHM PAacCHOJIOKEHBI HAa MOBEPXHOCTU SAKOps. OUHCTHM
BHEIIHHUE IMOBEPXHOCTU IPOBOAHUKOB OT M3OJSILMM W HAJOKHUM HA MPOBOJHUKHU
HENOJBWXHbBIC KOHTaKTHble IIeTKU. KOHTakTHBIE IMIETKH pa3MEUICHbl Ha JIMHUU
T€OMETPUYECKON HEUTPAIH, TPOBEACHHON OCPEAUHE MEKY TTOJIFOCAMMU.

Puc. 11.2

[IpuBenem siKOpb MaIIWHBI BO BpallleHUE B HAIMIPABICHUM, YKA3aHHOM CTPEJIKOM.
Onpenenum  HanpaeneHue OJIC, UHAYKTHUPOBAHHBIX B MPOBOJHUKAX SKOPHOU
oOMOTKHM TI0 TipaBWily TipaBod pyku. Ha puc.11.2 kpectukom o6o3HaueHsr JJ[C,



HarpaBlieHHble OT Hac, Toukamu — OJIC, HampaBiaeHHble K Ham. CoeauHuUM
IPOBOJHUKU MEXIy co00il Tak, uroObl OJIC B HHMX ckiaabBasiuch. s 3Toro
COCIMHSIOT IOCJIEN0BAaTENbHO KOHEIl IIPOBOAHMUKA, PACIIOJIOKEHHOTO B 30HE OJHOTO
IIOJIFOCA C KOHIIOM IPOBOJIHUKA, PACIIONIOKEHHOTO B 30HE ITOJIFOCA ITPOTHUBOIIOJIOKHON
nonsipHocty  (puc. 11.3). JIBa 1npoBOIHMKA, COEOUHEHHBIE IOCIEAOBATENBHO,
0o0pa3yloT OJUH BUTOK WM OAHY KaTymiky. J/IC mpOBOIHHKOB, PacnoiOKEHHBIX B
30HE OJIHOTO MOJII0Cca, pa3nuyHbl o BennuuHe. Haunbonsmas J1C uHayKkTHpyeTcs B
IIPOBOJAHUKE, PACHOJIOKEHHOM MOJ cpeauHoil momroca, JC, paBHas Hymo, — B
IIPOBOJIHUKE, PACIOJIOKEHHOM Ha JIMHUM TE€OMETPpUYECKOW HeuTpanu. Ecmam
COCIMHUTh  BCE  MPOBOJHHUKM  OOMOTKM TI0O  ONpPENEICHHOMY  IpaBUIY
MOCJIeI0BaTeNbHO, TO pe3ynbTupytomas JJIC sKopHO 0OMOTKH paBHA HYIIO, TOK B
oOMOTKE OTCyTCTBYeT. KOHTaKkTHbIE ILETKM JENSAT SKOPHYI0 OOMOTKY Ha JIBE
IapajulesibHble BETBU. B BepXHeU nmapasuienbHou BeTBU HHAYKTUpYeTca DC ogHOTO
HaIpaBJICHMsI, B HW)KHEW I1apaJuleIbHOM BETBU — IIPOTHUBOIIOJIOKHOIO HAIIPABJICHUS.
O[IC, cHuMaemasi KOHTaKTHBIMH WIETKaMH, PaBHA CyMME JJICKTPOABMXKYLIUX CHII
IIPOBOJHUKOB, PACIIOJIOKEHHBIX MEXKY IIETKAMM.

Puc. 11.3

Ha puc. 11.4 mnpencrabmeHa cxema 3aMmelieHus SKOpHOW oOMmoTku. B
napajuleibHbIX BETBIX NEUCTBYIOT onnHakoBbie DJIC, HampaBiIeHHbIE BCTPEYHO APYT
npyry. Ilpu monkiroueHWH K SKOPHOW OOMOTKE COMPOTHBICHMSI B IMapajuIeIbHBIX

I
BCTBAX BO3HHKAIOT OAWMHAKOBBIC TOKH 7” , UEPE3 COMMPOTHUBIICHUE R, IMPOTCKACT TOK |,

OJIC saxopHOil OOMOTKM TPOIMOPIIMOHATIFHA YacTOTE€ BpaIIeHUs SKOpPS n, U
MarHUTHOMY TTOTOKY MHIYKTOpa &

Puc. 11.4

E=C,-n, @, (11.1)
rae C, - KOHCTaHTa.

B peanpHBIX D3JIEKTPUYECKHX MAaIIMHAX MOCTOSIHHOTO TOKa HCHOJIb3YETCS
CIEMAIIbHOE KOHTAKTHOE YCTPOMCTBO — KOJUIEKTOp. KoJiekTop ycTaHaBIUBaeTCs Ha
OJTHOM BaJly C CEpJCYHUKOM SIKOPS. U COCTOUT U3 OTAECIbHBIX U30JIUPOBAHHBIX JAPYT OT



Apyra u OT Bajia AKOpA MCAHBIX IIJIACTHH. Kaxcz[aﬂ n3 1mjI1aCTuH CO€AUMHCHA C OJHUM
HJIN HCCKOJIbBKHUMHU IIPOBOJHUKAMU SIKOpHOﬁ ooMoTtku. Ha KOJIJICKTOP HAKJIIAABIBAXOTCS
HCIIOABMKHBIC KOHTAKTHBLIC IICTKH. C IMOMOIIBIO KOHTAKTHBIX HICTOK BpallaromiasAacCsd
SKOpHast 00MOTKa COCOIUHACTCS C CCTBIO ITIOCTOAHHOI'O TOKA UJIN C Hany3K0ﬁ.

11.3. PaboTa anekTpuyeckon MallHbl MOCTOSIHHOTO TOKa B peXxuve
reHepaTopa

JIto6as snekTpuyeckas MaligHa o01alaeT CBOMCTBOM OOpPaTUMOCTH, T.€. MOXKET
paboTaTh B peXMMe TeHepaTopa WiIn ABUTaTeNs. Eciu k 3akuMaM IPUBEICHHOTO BO
BpalllCHHE SIKOPS TeHepaTopa MNPHUCOCAUHUTH COMPOTUBICHUE HArpy3Kd, TO IO
nevicrueM JJ[C skopHOI1 OOMOTKH B LIS BOSHUKAET TOK

E=U+I,-R,,

r7ie U - HapsHKEHUE Ha 3aKUMax IeHepaTopa;

R, — COTPOTUBIICHHE OOMOTKH SIKOPSI.

U=E-I,-R, (11.2)

VYpaBuenue (11.2) Ha3pIBa€TCS OCHOBHBIM YPaBHEHHEM I€HEPATOPA.

C nosiBieHUEM TOKAa B MPOBOJHHUKAX OOMOTKH BO3HHUKHYT AJICKTPOMArHUTHBIC
CHUJIBI.

Ha puc. 11.5 cxematnuHo M300pakeH reHepaTop MOCTOSSHHOTO TOKA, MOKa3aHbI
HaIpaBJICHHs] TOKOB B TIPOBOJHHUKAX SIKOPHOM OOMOTKH.

Bocnonb30BaBIIMCH MPABUIOM JIEBOW PYKH, BHUIUM, UTO AJIEKTPOMArHUTHBIC
CUJIbl CO3[Ial0T BJIEKTPOMArHUTHBIA MOMEHT M, , MPEHNSITCTBYIOUIUMN BpALICHUIO
AKopsl reHeparopa. YTtoObl malnHa padoTaja B KauyeCcTBE IeHeparopa, HE0OXOIUMO
MEepBUYHBIM  JBUTATEJIEM  BpallaTh €€  SKOpb, MPEoJoJieBass  TOPMO3HOM
AIEKTPOMArHUTHBIN MOMEHT.

Puc. 11.5

11.4. l'eHepaToOpbl C HE3aBUCUMbIM BO30YXAEHNEM. XapaKTepUCTUKN
reHepaTopoB

MarauTtHoe 1ojie TeHepaTropa ¢ He3aBUCUMbBIM BO30YKIEHHUEM CO3[AETCS TOKOM,
MOJAaBa€MbIM OT MOCTOPOHHEr0 MCTOYHHMKA B3HEPTUM B OOMOTKY BO3OYXKIEHUS
noJitocoB. CxeMa reHeparopa ¢ He3aBUCUMBIM BO30YK/IeHUEM TOKa3aHa Ha puc. 11.6.

MaruutHoe T1I0Jie TE€HEpPaTOpOB C HE3aBUCUMBIM BO30YXKIECHUEM MOXKET
CO3/1aBaThCsl OT MOCTOSIHHBIX MarHUTOB (puc. 11.7).

3aBucumocth OJJIC reHeparopa OT TOKa BO30OYXKIEHHMS  Ha3bIBACTCS
XapaKTEPUCTUKOM XOJIOCTOTO X0Ja E =Uyy = f(l,).



|
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5]

Puc. 11.6 Puc. 11.7

XapakTepUCTUKY XOJIOCTOIO XO/a MOJy4YaroT IPU Pa30MKHYTOM BHEIIHEH LEIH
(1, =0) ¥ IIpH ITOCTOSTHHOW 4acTOTE BPAIIECHHUS (n, = const).

XapakTepucTuKa X0JI0OCTOTO X0/1a TeHepaTopa nmokasaHa Ha puc. 11.8.

N3-3a ocrarounoro marauTHOro noroka JJIC reHeparopa HE paBHa HYIIO IPHU
TOKE BO30YK/ICHHSI, PABHOM HYIIIO.

[Ipu yBenumuenun Ttoka BO3OyxnaeHus JJIC reHeparopa cHadajla BO3pPacTaeT
IIPOIIOPIIMOHAIIBHO.

CooTBeTcTByIOIIAss ~ YacTh  XapaKTEPUCTUKM  XOJOCTOro  Xoma  Oymer
npsiMoiuHeiHa. Ho mpu panpHeieM yBeITUYEHUH TOKA BO30OYXKIIEHUS IPOUCXOIUT
MarHMUTHOE HAChIIIEHHE MalIMHbl, OT4YEero Kpusasg Oyner umerb wu3rud. Ilpu
NOCJIEAYIOIEM Bo3pacTaHUM Toka Bo30OyxnaeHus OJIC reHepatopa MOYTH HE
MeHseTcs. Ecnu  yMmeHbIIarh TOK BO30YXKACHHS, KpUBas pa3MarHUYMBAHUS HE
COBIAJAET C KPUBOW HAMAarHMYMBaHUS U3-3a SIBJICHUS THCTEpE3Hca.

E
0 =IB 0 =I=I;{
Puc. 11.8 Puc. 11.9

3aBUCHUMOCTD HAMPSKEHHUS] Ha BHEIIHUX 3aKMMax MalllMHbl OT BEJIMYMHBI TOKA
Harpy3ku U=f(l) TIpd TOKE BO3OYXKIECHHUS |, =const HAa3bIBAIOT BHEIIHEH
XapaKTepUCTUKON TeHepaTopa. BHemHss xapakTepucThka reHeparopa HM300pakeHa
Ha puc. 11.9.

U=E-1,-R,.

C pocToM TOKa Harpy3Kd HallpsbKEHHE Ha 3aKMMax reHepaTopa YMEHbIIAeTCs
M3-3a YBEIIMYCHUS TIAJICHUS HANIPSDKCHUSI B SIKOPHOM OOMOTKE.

11.5. NeHepaTopbl ¢ camMoBO30yXaeHueM. [NpnHUMI caMoBO30BYKOEHUS
reHepartopa c napannesnbHbiM BO30yXaeHNEM

Hemocratkom TeHeparopa ¢  HE3aBHUCHUMBIM  BO30OY)KIECHHEM  SIBISIETCS
HEOOXOJMMOCTh WMMETh OTICNIBbHBI HMCTOYHWK MNuUTaHus. Ho mpu ompeaeneHHbIX
YCIOBUSX OOMOTKY BO30YKICHHUS MOXKHO IMUTATh TOKOM SIKOpSI TeHEparopa.

CaMoBO30y)KIaronyecs: TEHeparopbl HMMEIT OAHY U3 TpeX CXeM: C
napajulesibHbIM, MOCJIEI0BaTEILHBIM U CMEIIaHHbIM BO30OyxeHuemM. Ha puc. 11.10
M300pakeH TeHepaTop
C mapauieNbHbIM Bo30ykKaeHrneM. OOMOTKa BO30YKIEHUS MOIKIIOUEHA MapajieIbHO



SKOPHOU 00MOTKe. B 11emb Bo30ykIeHHs BKITIOYEH peocTaT R,. [eHeparop paboTaeT B
PEXKHUME XOJIOCTOTO XO1a.

I

Puc. 11.10

YroObl reHepaTop camMoBO30yaMIICS, HEOOXOAUMO BBIIOJIHEHUE ONPEAEIECHHBIX
ycinoBui. IlepBbIM U3 3THUX YCIIOBUH SABIISIETCA HaJW4Yue OCTATOYHOIO MArHUTHOI'O
IIOTOKa Mexay mnomtocamu. [Ipu BpamieHun siKkOpst OCTaTOYHBIA MAarHUTHBIM ITOTOK
MHIYKTUPYET B IKOPHOM 00MOTKE HeOomblI1yt0 ocTarounyto JJ[C. BropsiM yciioBuem
ABJIAETCSI COIVIACHOE BKIIFOUEHHE OOMOTKHM BO30ykJeHHUA. OOMOTKHM BO30YKIEHUS U
SIKOPSL AOJKHBI OBITH COEIMHEHBI TaKUM 00pa3zoM, utoOnl IJIC sikops co3aBaia TOK,
YCUJIMBAIONIUM OCTATOYHBIA MAarHUTHBIM TIOTOK. YCWJIEHHME MAarHMTHOIO IIOTOKA
npuBeAeT K yBenuuenuto JJIC. MaimmHa caMoB030yX/1aeTCsl U HAUMHAET YCTOMYHBO
paboTaTh ¢ KaKuM-TO TOKOM BO30yxAeHHs |, =const © DJIC E =const, 3aBUCAIIMMH OT

COTIPOTHBIJICHUS R, B €T BO30OYKICHUSI.

TpeTbUM yCIOBUEM SIBIIIETCS TO, YTO COMPOTUBIICHHE 1LIETIH BO30OYXKJICHUS MPU
JTAHHOM YacCTOTE BPAILCHUS JOJIKHO OBITh MEHBIIIE KPUTUUECKOTO.

N3o0pazum Ha puc. 11.11 xapakTepUCTUKY XOJIOCTOTO XOja reHeparopa E = f(l,)
(kpuBasi 1) U BOJBT-aMIEPHYIO XapaKTEPUCTUKY COTPOTUBICHUS IETH BO30YKICHUS
U, =R,-l,, TI€ U,— MaJICHUE HAMPSOKEHUS B LIETH BO30YKICHHS. DTa XapaKTepUCTUKA
MPENCTABIACT COOOW MPSAMYIO JIMHUIO 2, HAKJIOHEHHYI0 K OCH a0CIIUCC MO YIJIOM
7 (tgy ~R,) . Tok OOMOTKH BO30Y)XIECHHS YBEIUYMBAET MATHUTHBIN IMOTOK IOJIOCOB
MIPU COTIAaCHOM BKJIFOUEHUH OOMOTKH BO30YXKICHHUS.

EE“ Yo ¢ 4
1
Eoer TH"N7 -
0 Is
Puc. 11.11

NunykrupoBannas B sikope JDJIC Bo3pacTaer, 4To MPUBOJUT K JajbHEUIIEMY
YBEJIIMYEHUIO TOKa 0OMOTKH Bo30yxaeHust, MarHUTHOTrO notoka u 3J1C. Poct J/IC ot
TOKa BO3OYXICHMSI 3aMENJISIeTCs NpPU HACBHIIIEHUHM MArHUTHOW LENU MAllKHBI.
[Tagenue HanpsiKeHUs B IENU BO30YKIEHUS MPOMOPLHUOHAIBHO POCTY TOKa. B Touke
MIEPECEUECHUS] XapaKTEPUCTUKH XOJOCTOr0 XoJa MamuHbel 1 ¢ mpsamoi 2 mpouecc
caMOBO30YyX/I€HUS 3aKaHUYMBaeTCsA. MaiinHa padoTaeT B YCTOMYUBOM PEXKUME.



Ecnu yBenmuuuM compoTuBIEHHE e OOMOTKH BO30Y)KICHWSI, YrOJ HaKJIOHA
npsIMOM 2 K OCH TOKa Bo3pacTaeT. Touka mepecedeHus: NpsiMOi ¢ XapaKTePHUCTUKOM
XOJOCTOTO XOJa CMENIAaeTcsl K Hadaly KoopauHar. [Ipu HekoTopom 3HaueHHH
COIPOTHBIIECHH LENU BO30YKIEHUA R,, , KOTAA y = y,,, CAMOBO30YK/I€HHE CTAHOBUTCS

HEBO3MOXHBIM. [[py KpUTHUECKOM COMTPOTUBICHUM BOJBT-aMIIEPHAS XapaKTEPUCTUKA
1end  BO3OYXKICHUS CTAHOBUTCA  KacaTelbHOM K  TPSAMOJMHEWHONW  YacTH
XapaKTEPUCTHUKHU XOJIOCTOTO X0a, a B Ikope nospisieTcs HedonbImas IJ1C.

11.6. PaboTa anekTpuyeckon MallnHbl NOCTOSHHOIO TOKa B peXume
asuratensi. OCHOBHbIE YpaBHEHUS

[Tox neiicTBHEM HampsKEHUS, MOABEASHHOTO K SKOPIO JIBUTATels, B OOMOTKE
SIKOPSL TTOSIBUTCS TOK |,. [Ipy B3aMMOJICICTBUM TOKA ¢ MATHUTHBIM MOJIEM MHAYKTOpa
BO3HHUKAECT 3JICKTPOMArHUTHBIA BPAIAIOIIUA MOMEHT

MaM :CM : Iil ‘@’

e C,— KodDPUIUEHT, 3aBUCSIINI OT KOHCTPYKIIUM JIBUTATEIIA.

I

MBM

Puc. 11.12

Ha puc. 11.12 u3o00pakeH cxeMaTUYHO JBUTATENb MOCTOSHHOIO TOKA, BbIIEICH
MIPOBOJAHUK SKOPHOW 0OMOTKH. TOK B MPOBOJHUKE HAINpaBjieH OoT Hac. Hampasnenue
AIIEKTPOMArHUTHOTO BPAIAIOIIET0 MOMEHTA ONPENEIIUTCS IO MPAaBUILY JIEBOU PYKH.
Sxopp Bpailaercs NpPOTUB YAaCOBOM CTpENKU. B MpoOBOOHUKAX SIKOPHOW OOMOTKH
naaykrupyercs J/IC, HampaBiieHHE KOTOPOM OIONPENENSeTCS MPABUIOM IMPABOU
pyku. Ota J/]C HanpaBieHa BCTPEYHO TOKY AKOPS, €€ Ha3bIBatOT MpoTUBO-I/[C.

B ycranoBuBHIEMCS PEXUME SIEKTPOMATHUTHBIM BpallalOlUid MOMEHT M,

YPABHOBELIMBACTCS MPOTUBOJCUCTBYIOIIUM TOPMO3HBIM MOMEHTOM M, MEXAHU3MA,
IIPUBOJIUMOTO BO BpAILICHUE.

MaM :MZ'
T2 []g,
ul
E
Puc. 11.13

Ha puc. 11.13 noka3ana cxema 3amenieHus ssKOpHoi oomoTku asuratens. JC
HaIpaBJIeHa BCTPEYHO TOKY AKOpsi. B cooTBeTcTBUM O BTOpHIM 3aKoHOM Kupxroda,
~E=-U+l,-R,, OTKyJa

U=E+1,-R,=C,-@-n, +1,-R,. (11.3)

VYpaBueHnue (11.3) Ha3pIBa€TCS OCHOBHBIM YPaBHEHHEM JIBUTaTEIIS.



N3 ypaBuenus (11.3) MOXHO TIOTy4UTH (POPMYITHL:

U-E
=22, (11.4)

U-1,R
Ul (115)
MarHuTHblif TMOTOK @ 3aBUCUT OT TOKa BO30YXIEHUS |, , CO3/aBaeMOro B
obMoTke BO30OYyxmenus. M3 dopmynasr (11.5) BugHO, YTO YACTOTy BpalleHUS
JIBUTATEIS TOCTOSTHHOTO TOKA n, MOYKHO PETYIMPOBATh CICAYIOIIMMH CTIOCO0aMHU:

1) W3MEHEHHEeM TOKa BO30YKIEHHS C IOMOIIBI0 peocTara B IS OOMOTKH
BO30YK/ICHHUS;

2) W3MEHEHHEM CONPOTHBIICHUS B LIEITH OOMOTKH SIKOPS;

3) W3MEHEHHWEM HaNPsHKCHUS U Ha 3aKHMaX SKOPHOH OOMOTKH.

UtoObl M3MEHUTHb HaNpaBlICHUE BpallleHWs JBUTATENIE Ha OOpaTHOE
(peBepcupoBaTh JIBUraTelib), HEOOXOAMMO WM3MEHUThH HalpaBlieHHE TOKa B OOMOTKE
SAKOPS WJIM UHIYKTOPA.

11.7. Mexanuueckue XapaKTePUCTUKH AIIEKTPOIBUTaTENeH
MMOCTOSTHHOTO TOKa

PaccmoTpum ngBUTaTeNnh ¢ MapayieNbHBIM BO30Y)KICHHEM B YCTAHOBUBIIICMCS
pexume pabotsl (puc. 11.14). O6moTKa BO30OYXKJEHHS TOJKIIOUCHA MapauieIbHO
AKOPHOU OOMOTKE.

M
M, =M, :CM-@.| OTKyza I, = Z(D

C

n, =Y LR, __U R:M, (11.6)
c,® C, & C, @ C,.C,  &°

a9
M

MexaHn4eCKOr XapaKTEPUCTUKON JBUTaTENsl HA3bIBAETCS 3aBUCUMOCTD YaCTOThI
BpAILICHHS SIKOPSI n, OT MOMEHTa Ha Bajly M, IIPHU U =const U |, =const.

VYpaBuenue (11.6) sBasieTcss ypaBHEHHEM MEXaHUYECKON XapaKTepUCTUKH
JBUTATENII C TapayIebHBIM BO30Y)KICHHEM. OJTa XapaKTEPHUCTHKA SBISCTCS
xecTkod. C yBeJIMYEHHWEM HArpy3Kd 4YacTOoTa BpAIllGHHS TaKOro JBUTATENs
yMEHbIIIaeTcsl B HeOobIoM crenenu (puc. 11.15).

Puc. 11.14

Ha pucynke 11.16 u3o0pakeH ABUTaresb MOCIEIOBATEIBHOTO BO30YXKICHHUS.
SAxopHas 0OMOTKa 1 0OMOTKA BO30YKI€HUS BKIIOYEHBI MOCJIEI0BATEIBHO.



1 » M3

Puc. 11.15 Puc. 11.16

Tox BO3OyXxaeHHs JBUTATENs] OJAHOBPEMEHHO SIBISETCS TOKOM  SIKODSI.
MarauTHbIi IOTOK HHAYKTOpPa MIPOMOPLUOHANIEH TOKY SIKODSL.

®o=k-1,,

rae k —ko3pPuuueHT nponopuroHaIbHOCTH.

MoMeHT Ha Bajly IBUraTesisi NpOnopLUUOHATIEH KBapaTy TOKa SKOPS.

M,=C,-l,-®=C,-k-12,

OTKy/a

| = M, .
5 C/w'k

Mexanudeckasi XapakTepUCTHKA ABUTATEN TOCIEA0BATEIILHOTO BO30YKICHUS
sBisieTcs Msirkou (puc. 11.17).

VYpaBHeHHE MEXaHMUECKON XapaKTEpUCTUKU JBUTATENS IMOCIIEIOBATEIBHOTO
BO30YKJIEHUS BBIIJISIUT CIACAYIOIINM 00pa3oMm:
UJC. kR, (11.7)

_Ce'k‘ M, S C, -k

n,

Iy

0 M;
Puc. 11.17

C yBenuueHHEM Harpy3kd CKOPOCTh JBUTATENs pe3ko naaaer. C yMeHbIICHHEM
Harpy3Kd Ha Bajly [BUTATE]Ib Pa3BUBACT OYCHHb OOJIBIIYIO YACTOTy BpallCHUS.
[oBopsT, YTO HABHrarenb WIET BpasHOc. Pabora JBUraTenss MOCIEIOBATEIBHOTO
BO30YXJIeHUs1 0€3 Harpy3KH HEJOMyCTHMA.

JIBUraTenb CMEIaHHOTO BO30YKIIEHHUS MMEET MEXaHHMUECKYI0 XapaKTePHCTHUKY,
NPEACTABIISIIONIYIO COO0M HEYTO CpeIHee MEKIY MEXaHHYECKUMH XapaKTePUCTHKAMHU
ABUTATENS MApAIUISITFHOTO U MOCIIEI0BATEIIEHOTO BO30YKICHUSI.

JIBurareny C TapajulebHBIM BO30YXJICHHUEM MPHUMEHSIOTCS Ui TMPUBOAA
CTaHKOB M PA3JIMYHBIX MEXaHU3MOB, TPEOYIOINX MIUPOKOU PETYIMPOBKH CKOPOCTH.

JIBUratenu c IOCIEAOBaTeIbHBIM BO30YKICHHEM INPUMEHSIOTCS B KadeCTBE
TSTOBBIX JIBUTATEIICH IEKTPOBO30B, TPAMBAEB U T.]I.



12. ANNEKTPUYECKWME MALLUMHBI MTEPEMEHHOIO TOKA
12.1. Bpawarouwieecsa marHutTHoe nose

OcoOeHHOCThIO MHOTO(a3HbIX CHCTEM SBISIETCS BO3MOXKHOCTH CO3/4aTh B
MEXaHUYECKHU HETOIBHKHOM YCTPOICTBE Bpallarolleecsi MAarHUTHOE TIOJI€.

Karymka, noakimrodeHHas K MCTOYHUKY II€PEMEHHOIO TOKa, o00pasyeT
MYJIbCUPYIOIIEE MAarHUTHOE I10JI€, T.€. MATHUTHOE I10JI€, U3MEHSIOIIEECS 10 BEIUUNHE
Y HAIPaBJICHHUIO.

Bo3pmeM mwimHAp ¢ BHYTpeHHHM AauamerpoM D. Ha moBepxHocTHM muiMHIpa
pPa3MECTHM TpHU KaTYIIKH, IPOCTPAHCTBEHHO CMELIEHHbIE OTHOCUTENIBHO APYT ApPYyTra
Ha 120°. Katymiku nofkiiounM K UCTOUYHUKY TpexdasHoro Hampspkenus (puc. 12.1).
Ha puc. 12.2 noka3an rpaguk H3MEHEHUS MIHOBEHHBIX TOKOB, OOpa3yOLINX
Tpex(ha3zHylo CUCTEMY.

t ot ot
Puc. 12.2.

Kaxnmas u3 kaTymek co3fgaeT MyJbCHPYIOLIEE MAarHUTHOE Iosie. MarHuTHbIE
MoJisl KaTyllleK, B3aWMOJEHCTBYS JpYyr C Jpyrom, oOpa3yloT pe3yJdbTHpYIollee
BpAILAIONIEECs MAarHUTHOE II0JIE, XapaKTEPU3YIOLIEeCs] BEKTOPOM PE3YJIBTUPYIOLIEN
MAarHUTHOW MHAYKIHU B.

Ha puc. 12.3 uzo0OpakeHbl BEKTOPHl MAarHUTHOW WHAYKIIUU KaXIO0W ¢asbl H
PE3YABTUPYIONTUN BEKTOP B, MOCTPOEHHBIE NJIsi TPEX MOMEHTOB Bpemenu 1t tp i3
[TonoxxutenbHbIE HAPaBJIEHUS OCEW KaTyliek o00o3HayeHsl +1, +2, +3.



+3 t=ty 12

Puc. 12.3

B momenT t = {; TOK ¥ MarauTHass HHAYKIUA B Karymke 4-X IOJOXKUTEIbHBI U
MaKCUMaJbHbI, B Karymkax B-Y u C-Z - onuvHaKkoBbl U OTpHIATEIbHBI. Bekrop
PE3YJIBTUPYIOIIE MarHUTHOW WHIYKIIMM PAaBEH I'€OMETPUYECKOM CyMME BEKTOPOB
MAarHUTHBIX MHAYKIMH KaTyIIEeK U COBIANAET C OChIO Karymku 4-X. B MomeHT t =,
TOKA B Karymkax A-X u C-Z OOWHAKOBBI MO BEJIMYMHE U IMPOTHUBOIOJIOKHBI 10
HampaBieHuto. Tok B ¢asze B paBeH Hym0. Pe3yapTUpyOMMi BEKTOpP MarHUTHOM
MHIYKIMU TOBEPHYJCS IO 4acoBoil crpesnke Ha 30°. B momeHT t = {3 TOokM B
Katymkax A-X u B-Y OIWHAKOBBI MO BEIMYMHE W TMOJOXKUTENbHBI, TOK B (paze C-Z
MAaKCUMaJIECH W OTPULATENIECH, BEKTOP pE3YIbTUPYIOIIETO MArHUTHOTO  IIOJIS
pa3MmeniaeTcs B OTPHUIIATEILHOM HampaBlieHMU ocu Karymku C-Z. 3a mepuon
MEPEMEHHOT0 TOKa BEKTOP PE3YJIBTUPYIOIIET0 MArHUTHOTO MOJIs HOBEpHETCs Ha 360°.

JIuneiinas CKOPOCTh NEPEMEILEHNS BEKTOPAa MATHUTHON MHIYKIIAU
D
V,=2 = =7.D-f,=z-D-n,, nl=f1(o—6j,
T c
e fi - 9acToTa mepeMeHHOro HaIPSKEHHS;
T - Iepro CHHYCOMIAIBHOIO TOKA,;

N; - 4acTOTa BpalllEHUs] MATHUTHOTO MOJIS UJIM CUHXPOHHAsI YaCTOTa BpaIllCHUS.

D
3a mepuoa T MarHUTHOE MOJIE MEpPEMENIaeTCsl Ha PAacCTOSHUE 27, T/e r:’;—P -
MIOJIFOCHOE JIEJIEHUE WM PACCTOSHHUE MEXIY MOJIFOCAMH MAarHUTHOTO MOJIS MO JJIMHE

OKPY>KHOCTH LIMIHHApa auameTpom D.
. 2
JIuneitHas CKOPOCTL V, = ?T =2r- 1y,

ﬂD.nlzzr.f]_:Z”_.D.fl’

OTKYyJIa

n, :l(o_ﬂ _ %0, [_05 j (12.1)
Plc P\ un

r71e N - CHHXPOHHASI YacTOTa BPALICHHUSI MHOTOITOJIFOCHOTO MAarHUTHOTO TOJIA C
YHCJIOM T1ap MOJIrOCOB P.

Karymiku, nzobpaxkennbie Ha puc. 12.1, co3maroT ABYXIOIIOCHOE MarHUTHOE

6
TI0JIE, C YMCIIOM T0m0coB 2P = 2. Yacrora Bpamenus nons pasaa 3000 2.
MUH

UToOBl MONMYYUTH YETBIPEXMOIIOCHOE MAarHUTHOE TOJie, HEOOXOTUMO BHYTPH
nuauHApa auamerpoM D moMecTuTh miecTh KaTymiek, Mo JBE Ha Kaxayro ¢asy.

Torma, cormacuo ¢opmyne (12.1), MarHuTHOE TOJNIE€ OyJET BpamIaThCs B JBa pasa
06

MUH

MeaiaeHuei, ¢ Ny = 1500 . UToOBbI MONYYUTH BpAIAOIICECS] MAarHUTHOE IIOJIE,

HCO6XO)II/IMO BBIIIOJIHUTD JIBa YCJIOBHA.
1. Hwmethb XOTs OBI ABC IIPOCTPAHCTBCHHO CMCIHICHHLIC KATYIIIKH.



2. TloaxmrouuTh K KaTyIIKaM HECOBIAAIONIHE Mo (a3e TOKH.
12.2. ACUHXPOHHbIe ABuraTenn. KOHCTpyKUMS, NMPUHLMN OeNCTBUS

ACHHXPOHHBIN JIBUraTejib UMEET HEMOABM)KHYIO 4acTh, UIMEHYEMYIO CTaTOPOM,
U BpAIIAIOIIYIOCs 4acTh, Ha3bIBa€MyI0 poTOpoM. B crarope pasmerieHa oOMOTKa,
CO3J1aI0111asl BPAILlAIoIEeCcss MArHUTHOE T0JIE.

Pa3znuyaroT aCHHXpOHHBIE ABUTaTENN C KOPOTKO3AMKHYTBHIM U (Da3HBIM POTOPOM.

B mazax poropa ¢ KOpPOTKO3aMKHYTOM OOMOTKOM pa3MelleHbl aJlIOMHHHUEBbBIE
Wi MeaHele cTepxHH. [lo TopuaM CTep>KHU 3aMKHYTHl ATIOMHHHEBBIMUA WIJIH
MeIHBIMU KoNbllaMu. CTatop M pOTOp HAOMPAIOT W3 JIUCTOB JIEKTPOTEXHUYECKOU
CTaJId, 9YTOObI YMEHBIIUTH TOTEPH Ha BUXPEBBIE TOKU.

da3Hplii pOoTOP HMEET TpexdaszHyro OOMOTKY (sl Tpex(]asHOro ABUTATEINA).
Konupr ¢a3 coenuHensl B OOmIMiA y3€J, a Ha4yajla BBIBEACHBI K TPEM KOHTaKTHBIM
KOJbIIaM, pa3MEIICHHBIM Ha Baidy. Ha Koiblla HakKIaAbIBAIOT HEMOIBHYKHBIC
KOHTaKkTHble IeTku. K 1merkaMm mnoakimodaroT myckoBoil peocrar. Ilocne mycka
JBUTATEIs CONPOTUBIIEHUE ITYCKOBOIO PeocTaTa IJIaBHO YMEHBIAIOT 0 HYJIS.

[IpyHuun pAelcTBUS ACMHXPOHHOIO JIBUTAaTelsl pacCMOTPUM Ha MOJEIH,
NpeICTaBICHHON Ha pucyHke 12.4. Bpamatomeecss MarHUTHOE TIOJ€ CTaTopa
IPEICTAaBUM B BUJIE€ MOCTOSIHHOT'O MarHuTa, BPalllaloIlerocs ¢ CHHXPOHHOM 4acTOTON
BpallleHus N;. B mpoBogHMKaX 3aMKHYTOM OOMOTKH pOTOpa MHAYKTUPYIOTCS TOKH.
[lomroca marHuTa mnepemelialoTcs 1O  4YacoBo — cTpenke. Habmromaremro,
pa3MeCTUBIIEMYCSl Ha BPAIIAIOIIEMCsl MATHUTE, Ka)KETCsl, YTO MarHUT HETIO/IBIKEH, a
MPOBOHUKH POTOPHOM OOMOTKM TMEPEMEIIAIOTCS TPOTUB YACOBOW CTPEJNIKH.
HanpapneHust pOTOpHBIX TOKOB, OMPE/CIICHHBIE 10 MPABHITYy MPABON PyKH, yKa3aHbI
Ha puc. 12.4. Tlomp3ydacs TpaBUIOM JIEBOM pPyKH, HaWJIEM HAIPABIICHUE
AIIEKTPOMArHUTHBIX CHJI, EHCTBYIOIMX HA POTOP M 3aCTaBJISIONIMX €r0 BPamlaThCsl.
Porop nBurarenst OymeT BpamiatbCs C YacTOTOM BpamieHus N, B HaNpaBICHUH
BpallleHUs MOJIsl CTaTopa.

Potop Bparmiaercs aCHHXpOHHO T.€ 4acTOTa BpAIIEHUs €ro Ny, MEHbILE YacTOThI
BpallleHus NoJisl cTaropa Nj.

OTHOocuTenbHAsT Pa3HOCTb CKOPOCTEW MOJsI CTaropa M pPOTOpa Ha3bIBaeTCs
CKOJIb)KEHUEM.

LY (12.2)

n

Puc. 12.4



CKonbXeHHE HE MOXET OBbITh pPaBHBIM HYJIO, TaK KaK TPU OIUHAKOBBIX
CKOPOCTSIX TOJS W pPOTOpa MpEeKpaTHIoch Obl HaBeJACHHE TOKOB B POTOPE W,
CJIEIOBATENIbHO, OTCYTCTBOBAI ObI 3JIEKTPOMArHUTHBIN BpaIlaloIiA MOMEHT.

Bpamaronmit AIIEKTPOMAarHUTHBIMI MOMEHT YPaBHOBEIINBAETCS
MIPOTUBOICHUCTBYIOIIUM TOPMO3HBIM MOMEHTOM M, = M.

C yBennueHUEM Harpy3ku Ha Bajldy JBUTarelis TOPMO3HOW MOMEHT CTAHOBHUTCS
OoJbIlle  BpAIAIONIETO, M CKOJBKEHHE yBelIWuMBaeTcs. BceriencrtBue 3T1oro,
BO3pACTAIOT MHIYKTUpPOBaHHBbIE B poTopHOM oOMoTke DJIC m Toku. Bpamaroniumit
MOMEHT YBEJIWYMBAETCS U CTAHOBUTCSI PABHBIM TOPMO3HOMY MOMEHTY. Bpamaronimii
MOMEHT MOXET BO3pacTarb C YBEJIMYEHHEM CKOJIBXKEHUS JI0 OMNPEAECIEHHOIO
MAKCHMAaJIbHOTO 3HAYEHHUsI, MOCIE YEro MPU NAIBHEUIIEM YBEJIWYECHUH TOPMO3HOIO
MOMEHTA BPAIAIOIIMN MOMEHT PE3KO YMEHBIIAETCS, U IBUTATENb OCTAHABINBACTCS.

CKoJIb)KEHUE 3aTOPMOKEHHOTO JBUTATeNsl PAaBHO eAuHUIE. [O0BOpAT, 4YTO
JIBUTATEIb paboTaeT B PEKUME KOPOTKOTO 3aMbIKAHUSI.

Yacrora  BpallleHUsT  HEHArpy)KEHHOI'O  aCHMHXPOHHOIO  JBWTrarens N,
MpUOTU3UTENIFHO pPaBHA CUHXPOHHOM yactore N;. CKOMbXKEHUE HEHArpy>KEHHOTO
neurarens S ~0. [oBopAT, yTo aBUTATENb PAOOTAET B PEXKUME XOJIOCTOTO XO/1a.

CKoNbXeHHE ACHMHXPOHHOW MAIlIUHBI, paloTalomiell B peXUME JIBUTaTes,
M3MEHSETCS OT HYJS 10 €AUHHULIBL.

AcuHXpOHHas MalllMHa MOXET paboTarh B pexkume reHeparopa. s storo ee
pOTOp HEOOXOAMMO BpalllaTh CTOPOHHUM JBUTATEIEM B HAMpaBICHUU BpallcHUs
MAarHUTHOTO TOJISI CTaropa C 4actorod N, > N;. CKOJIBXEHWE ACHHXPOHHOTO

n, —n
1 2 0.

reHeparopa § =1
1

ACUHXpOHHAsT MallMHAa MOXET pabdoTarh B PEXHUME SIEKTPOMAIIMHHOIO
TopMo3a. [l 3TOro HEoOXoaMMO €€ PpOTOp BpallaTh B HallpaBICHUH,
ITPOTUBONOJIOKHOM HAINPaBICHUIO BpAILEHWsT MAarHATHOTO MOJsA cTaropa. B sTom
pexume S > 1. Kak mpaBuio, acMHHXpOHHBIE MAIlMHBI WCIONB3YIOTCS B PEXHUME
ABUTaTeNsl. ACHUHXPOHHBIM JBUTAaTeb SIBISETCS HaumOOJIee paclpOCTPaHEHHBIM B
IIPOMBILIJIECHHOCTH TUIIOM JBuraressd. Yacrora BpalieHus IOJsS B aCUHXPOHHOM
JBUraTesie KECTKO CBA3aHa C YaCTOTOM CETHU f; U YHUCIIOM Iap IOIKCOB craropa. Ilpu

gactore S; = 50 [y CcylmecTByeT CICAYIOMNUMA PSJT 4aCTOT BPAIICHUS.
P 1 2 3 4

00 3000 1500 1000 750

MUH
N3 opmyms (12.1) nomyuum
f=n,-P. (12.3)
CkopocTh MO C€TAaTOpa OTHOCHTEIBHO pPOTOpPA HA3bIBAETCS CKOPOCTBIO
CKOJIbKEHUS
Ng =N, —nN,.
Yactora Toka u J1C B poTOpHOI 0OMOTKE

Ny,

fo=Pong =P-(1y—np)- L =51,
1

f,=S-f. (12.4)



ACUHXpOHHAasT MalllMHAa C 3aTOPMOXXEHHBIM  POTOpPOM  paboTaeT  Kak
Tpancopmarop. OCHOBHOW MarHUTHBIA MOTOK HWHAYKTHUPYET B CTAaTOPHOM U B
HETOABMXKHOM poTopHOM oOMoTkax DJC Eju Ej.

E =444-0 W, Ko, - 1 Ep =4,44-@y W, Koy -

e @, - MaKCHUMaJIbHO€ 3HAY€HUE OCHOBHOIO MAarHUTHOIO IOTOKa,
CLEIUIEHHOTO CO CTaTOPHOM U pOTOPHON OOMOTKamu;

W; u W, - yucna BUTKOB CTaTOPHOH U pOTOPHOM OOMOTOK;

f, - 4acTOTa HANPSKEHUS B CETH;

Koz1 1 Koz - 00MoTOUHBIE KOADDHUITUEHTHI CTATOPHOM U POTOPHOM OOMOTOK.

Uto0Ob! oy Th Oosiee OIAronpusTHOE pacHpeeIeHHe MATHUTHON MHIYKIIUH
B BO3IYIIHOM 3a30p€ MEXK]Iy CTaTOPOM U POTOPOM, CTATOPHBIE U POTOPHBIE OOMOTKU
HE COCPEIOTOYMBAIOT B IIpeiesiaX OAHOTO MOJI0CA, a PACTIPEACIISIOT M0 OKPYKHOCTAM
cratopa u potopa. IJIC pacnpenenenHoit ooMoTku MeHble IJ[C cocpeaoToueHHOM
OOMOTKH. OTOT (akT yYHMTHIBAETCS BBEIECHHUEM B (OPMYJbI, OINpPEACIAIONINE
BEJIMYUHBI  AJIEKTPOJABIKYLIUX CHUJI OOMOTOK, OOMOTOYHBIX KO3(P(PULIHUEHTOB.
Benuunabel 0OMOTOYHBIX KOA(D(PUIIMEHTOB HECKOJbKO MeHbIne enuHuipl. JJIC B
0OMOTKE Bpallaronierocs poropa

E, =4.44-Koy- f, W, - @D, =4,44-Kgp W, -S- -, =S-Ep. (12.5)

Tok potopa padoTaroiieit MaluHbI
_E _ E, _ S-Ex

Z JRZ+xZ  JRZ+XZ
rae R, - akTUBHOE CONTPOTUBIIEHNE POTOPHON OOMOTKH;
X, - UHAYKTUBHOE CONPOTUBIIEHHE POTOPHON OOMOTKH.
Xo =@y Ly =271, -L, =275 ;- L, =S Xok
TJI€ Xok - MHAYKTUBHOE CONTPOTUBIIEHUE 3aTOPMOKEHHOTO pOTOPA.
s TS UL S (12.6)
\/Rz +S XK \/R2+X22K

SZ

12.3. BpawaloLwmm MOMEHT aCMHXPOHHOroO ABuratens

I

Ha porop u momtochl cTaTopa AEUCTBYIOT JJIEKTPOMArHUTHBIC Bpalllarollue
MOMEHTBI, OJMHAKOBBIC 110 BEJIMYMHE M HAIMPABICHHBIE B MPOTHBOIIOIOKHBIC
CTOPOHBI.

MortiHOCTh, HEOOXOUMAs I BPAIICHHS] CTaTOPHBIX TMOJIIOCOB C CHHXPOHHOM

JaCTOTOU
27zn
Pow =My Wl =My - @1,

2Ty

Tae o, = YIJIOBasi CKOPOCTb.

Mexannueckas MOIODHOCTbB, pa3BUBacMasl pOTOPpOM

' 27-n
P, =My -0, =My, 60 2,

2z n
e o, =22

- YIJIOBasi CKOPOCTb POTOpA.

PaznocTs MmomHocCTEN



PSM_PZ' =Py =m, 15 Ry,
rae Py, - aleKTprudecKue NoTepu B pOTOPHON OOMOTKE;
m; - gyncio ¢a3 0OMOTKH pOTOpa;
R, - akTMBHOE CONPOTUBIIEHUE OOMOTKH POTOPA;
I, - Tok poropa.
~ 0

Pow — P2 :MC)MQ)l_wZ/'w_:MSM'wl‘SZS'PSM = P52,
1

OTKyJa

Pow =2 (12.7)

Bpammaronuit MomeHT, ¢ yaetoMm (12.6),

poo P _Mpl3Ry mp Ry B
oM a)l a)l N S

o, S (R,)?
' [ZJ + X5

TIE Eyy = %, K7 - xoaddunrenT TpanchopMalvu JIBUTaTes ¢ 3aTOPMOKEHHBIM
T

POTOPOM.
E ~U,,
rae U; - HanpsbKeHHEe CETH.
m S S
Moy=—T S _coui S (128)
oKy (R 2 R, 2
S + Xak S + Xok
my
rie Cy = 5 - KOHCTAaHTAa.
o - Ky

Ha puc. 12.5 uzobpakeHa 3aBUCUMOCTb 3JIEKTPOMAarHUTHOTO MOMEHTa OT
CKOJIbJKEHHS B BUJI€ CIUIOLIHOMN JIMHUMU.

Mana g,
0
E“ N S
‘:J Sa Sk S; ; 1 S
Puc. 12.5

[IycTh MCHOTHUTENBHBIA MEXaHW3M, MPUBOJAMMBIA BO BpAILICHUE JAHHBIM
JIBUTATEJIEM, CO3AAET MPOTUBOJCUCTBYIOIIMN TOPMO3HOM MOMeHT M,. Ha puc.12.5
MMEIOTCA ABE TOUKH, JIJISI KOTOPBIX CIPABENIMBO PABEHCTBO M, = M>. 3TO TOUKH a U
6. B Touke a nBurarens paboraeT ycToiunBo. Eciiu ABUTaTens moj BIMSHUEM KaKoM-
00 MPUYMHBI YMEHBIIIUT YaCTOTY BPAIICHUS, TO CKOJIBXKEHHE €r0 BO3PAcTET, BMECTE
C HHMM BO3pacTeT BpallalOLIMAd MOMEHT. bnarojgaps 3TOMy dYacToTa BpallCHUS
JIBUTATEJIsI TOBBICUTCS, U BHOBb BOCCTAaHOBUTCS paBHOBecue M,, = M,. B Touke 6
pabora aBWUTaTEeNsT HE MOXET OBITh YCTOWYMBA: CIIy4ailHOE OTKJIIOHEHHUE YaCTOTHI
BpAITlCHUS IPUBEET JTUOO0 K OCTAHOBKE JIBUTATEINS, INOO K MIEPEXOTY €r0 B TOUKY d.



CrnenoBarenbHO, BCSI BOCXOASIIAs BETBb XapPaKTEPUCTUKU SABISETCS 0O0JIACTHIO
yCTOWYMBOM pabOThI IBUTATENS, @ BCSI HUCXOJAIIAS YACTh - 00JIaCTbIO HEYCTONYHBOM
pabotel. Touka 6, COOTBETCTBYIOIIAS MAaKCHUMaJIbHOMY MOMEHTY, pasieiseT 001acTu
YCTOMYMBOM M HEYCTONYMBON PabOTHI.

MakcuManbHOMY ~ 3HQUEHHIO  BpAILIAIONIETO0  MOMEHTAa  COOTBETCTBYET
KPUTHUYECKOE CKOJIbkeHUE Sy. CKoMbKeHHI0 S = 1 COOTBETCTBYET IMyCKOBOM MOMEHT.
Ecniu BenumunHa TPOTUBOAEUCTBYIONIETO TOPMO3HOTO MoOMeHTa M, Ooblie
IIyCKOBOTO Mj;, [BWUrarenb NOpH BKIOYEHUHM HE  3allyCTUTCA, OCTAaHETCS
HETOJIBUKHBIM.

MakcuManbHBIE MOMEHT Haijem ciemyromuM oOpa3oM. CHaudajga OmMpeaeiM
3HAYCHUE KPUTHYECKOTO CKOJIBKEHHs, TpU KoTopoM GyHKIus M,, Oyaer
MaKCUMalbHOU. [[s1 3TOro mepByl0 MPOM3BOAHYIO (YHKIIMH MO CKOJBXKEHHUIO S OT
BbIpaxkeHus (12.8) npupaBHseM HYIIO.

R Ry X3k

dMQM :CM.UlZ. S4 52 :0,
ds 2 2
Re) 12
S 2K
OTKyJZia
5, = 2. (12.9)
X2k
[loncTaBuB 3HAYEHUE KPUTHUECKOTO CKOJIbKEHUS B (popmyiy (12.8), momyuum
M,..=Cy ~Uf~i- (1210)

X2K

N3 dopmyn (12.8), (12.9), (12.10) BugHO:

1) BenMuMHA MaKCHMaJIbHOTO BPAILlAIOIEr0 MOMEHTA HE 3aBUCUT OT aKTHBHOIO
CONPOTHUBIICHHUS LIS POTOPA;

2) ¢ yBEIMYEHUEM AKTUBHOTO CONPOTUBIEHHUS LEMH POTOpPAa MaKCUMAaJbHBIN
BpallalolMii MOMEHT, HE U3MEHSISICh MO BEJIMYMHE, CMEIIAETCs] B 00JacTh OOJIbIINX
CKoJIbXeHUH (cM. kpuBast 1 puc. 12,5);

3) Bpalarmnuii MOMEHT ITPONOPLIMOHANICH KBaJpaTy HaNPsKEHUS CETH.

MexaHn4ecKko XapaKTEpUCTHKOW ACUHXPOHHOTO JBUTATENSl HA3bIBACTCS
3aBUCHMOCTb YaCTOThI BpalllEHUS JBHUTaresis OT MOMeHTa Ha Baixy N, = f(M,).
MexaHH4YeCKyI0 XapaKTEPUCTHUKY IOIYYaroT IIPU YCIOBHUH U, =const, f; =const

MexaHnueckasi ~ XapakTEepUCTHKAa  JABUTATeNsl  SIBISIETCS  3aBUCUMOCTBIO
BpAIlIAlOIIEr0 MOMEHTa OT CKOJIbKEHMs, TOCTPOEHHON B pyrom macirtade. Ha puc.
12.6 wu300pakeHa TUNUYHAS MEXaHUYECKash XapaKTepUCTUKA aCUHXPOHHOTO
JIBUTATEJIS.

C yBenuyeHHMEM HArpy3kd BeJIMYMHA MOMEHTAa Ha Bally BO3pacTaer o
HEKOTOPOr0 MaKCHMMAaJbHOTO 3HAYEHWs, a 4YacToTa BpauleHusi ymeHbluaercsa. Kak
MpaBUJIO, Y ACUHXPOHHOTO JBUTATEJ MYCKOBOW MOMEHT MEHbIIE MaKCUMaJbHOTO.
D10 00BSCHSETCA TEM, YTO B ITyCKOBOM pexkume, koraa N, = 0, a S = 1 acuHXpOHHBIHI
JBUTATENIb HAXOAWUTCS B pEXUME, AaHAJIOTMYHOM KOPOTKOMY 3aMBIKaHUIO B
TpaHcdopmarope. MarHuTHOe Moj€ POTOpa HAMpPaBICHO BCTPEYHO MATHUTHOMY
TIOJIFO CTATOPA.



0 Mo Mopax

Puc. 12.6

PesynbTupytomuii, Wid OCHOBHOW, MAarHUTHBIM MOTOK B BO3AYLIHOM 3a30pe€
MallMHbBl B IYCKOBOM pexume, a Takxke IJC B cratope u portope E; u E
3HAYUTEIBHO YMEHBINAIOTCSA. DTO MPUBOJUT K YMEHBIICHHIO MYCKOBOT'O MOMEHTa
JBUraTessl U K pe3KOMY BO3PACTAaHUIO ITyCKOBOTO TOKA.

12.4. PerynupoBaHue 4acTOTbl BPaLLEHMSI aCUHXPOHHbIX ABUraTenen.
PeBepcupoBaHne aCMHXPOHHOIO ABUraTens

N3 popmymnsr (12.2) nomyunm
n, :nl(l—S):%.(l—S). (12.11)

N3 dpopmynet (12.11) BUIHO, YTO YACTOTY BpallCHHs] aCUHXPOHHOTO JIBUTATEIIS
MOXKHO MEHSATH TPEMS CITIOCOOAMM:

1) M3MEHEHHEM YacTOThI MUTAIONIETO HATPSKCHNUS;

2) W3MEHEHHEM 4HCja IOJMIOCOB jaBurarensd. J[ns 3Toro B maskl craropa
3aKJIaJBIBAIOT OOMOTKY, KOTOPYIO MOXHO TMEpPeKIoYaTh Ha Pa3IMdyHOE YHUCIIO
MOJIFOCOB;

3) M3MEHEHHEM CKOJIBKEHHUSA. ITOT CITOCO0 MOKHO MPUMEHUTH B ACHHXPOHHBIX
nBurareiasix ¢ (asHpiM  potopom. Jlisi 3TOro B 1eMb POTOpa  BKIIKOYAKOT
PEryIMPOBOYHBIN peocTar. YBEIWYEHHWE AKTHUBHOTO COMPOTHUBIICHUS LIEMH POTOpa
MPUBOAUT K YBEIIMUECHUIO CKOJIBKEHUS OT Sy K S, (cM. puc. 12.5), a, cinenoBarenbHo, U
K YMEHBIIIEHUIO YaCTOThI BPAILICHUS JBUTATESI.

ACHHXPOHHBIE [IBUTATEId HMEIOT MPOCTYI0 KOHCTPYKLIHMIO W HaACKHBI B
sKcIUTyaranuu. HeaocTaTkoM acCHHXpPOHHBIX JBUTATENEH ABISIETCA TPYAHOCTh
pPEryIMpOBaHUs UX YaCTOTHI BPAILLICHUS.

UtoObsl peBepcupoBaTh Tpex(asHbli AaCUHXPOHHBINA JBUTaTeNbh (M3MEHHTH
HaIPaBJICHUE BPAIEHUS JBUTATENS HA MPOTHBOIIOIOKHOE), HEOOXOIUMO MOMEHSThH
Mectamu JBe ¢aspl, TO €CTh MOMEHSITh MECTaMU JIBa JIIOOBIX JMHEHHBIX MPOBOJA,
MOAXOJIAIINX K OOMOTKE CTaTopa JIBUTATEJIS.

12.5. OgHodasHble aCMHXPOHHbIE ABUraTenm

OpnnHoda3zHplil gBUTaTEeNh UMEET OJHY OOMOTKY, PACHOJOKEHHYIO Ha CTaTrope.
Onnodaznass oOMOTKa, mHUTaemas MEPEMEHHBIM TOKOM, CO3/JacT MYJIbCUPYIOIEe
MarHutHoe mnoje. [lomectuM B 3TO Mojie POTOpP C KOPOTKO3aMKHYTOM OOMOTKOMA.
Potop Bpamarbcsi He OyneT. Eciau packpyTuth poTOp CTOPOHHEH MEXaHHYECKOM
CHJION B JI0OYIO0 CTOPOHY, IBUTaTeNb Oy/leT yCTOMUNBO paboTaTh.

OOBSICHUTH 3TO MOXKHO CICAYIOIIUM 00pa30oM.



HYJ'H:CI/Ipy}OI]_[ee MAariuTHOC TII0JIC MOXHO 3aMCHUTb JIByYMsd MArHWTHBIMUA
IMoJIMH, BpallalOIMUMUCA B IIPOTHBOIIOJIOKHBIX HAIIPABIICHUAX C CHHXpOHHOﬁ
4acTOTOM n, 1 UMCIOIIMMH aMIUIUTYyAbl MAIrHUTHBIX IIOTOKOB, PABHBIC IIOJIOBHHC

aMIUIMTYIbl MATHUTHOTO IOTOKA ITYJIbCUPYIOMIETO Mossi. OHO W3 MArHUTHBIX ITOJIEH
Ha3bIBAECTCS MPSAMOBpAILAIOIIMMCS, Apyroe - oOparHoBpamarommmcs. Kaxnoe us
MarHUTHBIX TMOJE€H HWHAYKTUPYET B POTOPHOM OOMOTKE BUXpeBble TOKH. Ilpu
B3aMMOJICHCTBUM BUXPEBBIX TOKOB C MArHUTHBIMH MOJISIMUA O00pPa3yIOTCsl Bpallaroye
MOMEHTBI, HAlIPABJIICHHBIE BCTPEYHO APYT APYTY.

Ha puc. 12.7 u3o0pakeHbl 3aBUCHUMOCTH MOMEHTAa OT MpsMoro moms M,
MOMEHTa OT oOparHoro moiss M" u pe3yapTHpyOmero MomeHTa M B (yHKIUH
CKOJIbKECHHUSI.

M=M-M".

I\M}i\/ 0

Puc. 12.7

Ocu CKONBbXEHUI HaIllPaBIE€Hbl BCTPEYHO APYT JIPYTY.

B nmyckoBoMm pexxnme Ha pOTOp AECUCTBYIOT BPAILAKOIINE MOMEHTHI, OMHAKOBBIC
10 BEJIMYMHE U IPOTUBOMOJIOKHBIE 10 HAPABJICHHUIO.

Packpytum poTOp CTOpPOHHEH CWIJIOW B HAIPABJICHHUHM MPSIMOBPAIIAOIIETOCS
MarHuTHOTO 1oJis. [1osBUTCS M30BITOUHBIN (PE3YIBTUPYIOINI) BpaIIalONUii MOMEHT,
Pa3TOHSIONINI POTOP 10 CKOPOCTH, ONM3KOM K CUHXpOHHOU. [Ipu 3TOM CKONBXKEHUE
JIBUTATEJIs] OTHOCUTEIIBHO MPSMOBPAIIAIOIIETOCS MATHUTHOTO IO

Shy~0, n,~n.

CKoJIbXeHHE ABUIaTCiisi OTHOCHTCJIBHO 06paTHOBpaIHaIOIlIeFOC${ MAarouTHOI'O
I10JIA

Sogpznl_n—(_nl)zl
1

PaccmarpuBast pe3ylbTUPYIOILYIO XapaKTEPUCTUKY, MOYKHO CHENATh CIEAYIOIINE
BBIBOJIBL:

1. Onmnodaszueiii gBUraTeNlb HE UWMEET MyCKoBoro MomeHta. OH Oymer
BpAILATbCA B Ty CTOPOHY, B KOTOPYIO PACKPYUYEH BHEIIIHEN CUJION.

2. W3-3a TOpMO3HOTO ACHCTBUS OOPATHOBPAIIAIOIIETOCS MOJISI XapaKTEPUCTUKU
0JTHO(DA3HOTO JBUTATENS XyXKE, UeM Tpex(a3Horo.

JUist  co3maHMsl IyCKOBOIO MOMEHTa OAHO(a3Hble ABUTATENd CHAOXKAIOT
yCKOBOM OOMOTKOM, MPOCTPAHCTBEHHO CMEIIEHHOM OTHOCHUTEIbHO OCHOBHOM,



paboueit oomotkm Ha 90°. IlyckoBas 0OMOTKa TOIKIIOYAETCS K CETH depes
(dazocaBUTAIOIINE AIIEMEHTBI: KOHJIEHCATOP UJIM AKTUBHOE CONPOTUBIICHUE.

Ha puc. 12.8 noka3ana cxema BKJIIOUEHHUSI OOMOTOK JBuraresns, rae P - pabouas
ooMotka, Il - myckoBas oOMoTka. EmkocTh (a3zocapuraromero siemeHta C
MOIOMPAOT TakKMM 00pa3oM, 4YTOObI TOKM B paboyel W IyCKOBOM OOMOTKax
paznuyanuch no ¢ase Ha 90°.

TpexdazHblil ACHHXPOHHBIN ABUTATENb MOXKET paboTaTh OT OJHO(A3HON ceTH,
€CJIM MOJKJIIOYUTh €r0 OOMOTKH IO CIEAYIOIHUM CXEMaM.

P
=
O L
II
Puc. 12.8
a) G
o ~uy & :'ﬂ o
C
—4

Puc.12.9

B cxeme Ha puc. 12.9a cratopHbie 0OMOTKHA COEIMHEHHI 3Be30i. B cxeme Ha
puc. 12.96 craropHubie 0OMOTKH COECUHEHBI TPEYroJbHUKOM. Bennunna emkoctu C ~
60 mxd Ha 1 kBT MOmHOCTH.

12.6. CUHXpOHHbIe aBuraTenu. KOHCTPYKUUSA, NPUHUMN AEUCTBUSA

B omnmume OT acMHXPOHHOTO JBUTATENs YacTOTa BpPAIICHUS CHHXPOHHOTO
JIBUTATEIIS TIOCTOSTHHAS TIPH Pa3JIMYHBIX Harpy3kax. CHHXpOHHBIC JBUTATEIIA HAXOIST
MpUMEHEHUE IS TPUBOJIAa MAIIWH TOCTOSHHON CKOPOCTH (HAaCcOCHI, KOMIIPECOPHI,
BEHTHUJISITOPHI).

B crarope CHHXpOHHOTO  DJEKTPOABUTATENA  pa3MeniaeTcs O0OMOTKa,
MOJIKJIF0UaeMasi K ceTr Tpexga3Horo Toka U oOpasyroliasi BpallaroIieecss MarHuTHOE
nosie. PoTop nBurarens cocTouT U3 cepaeyHuka ¢ 0OMOTKON Bo30ykaeHus. OOMoTKa
BO30YXCHUSI Yepe3 KOHTAKTHBIC KOJIbIIA TIOJKIIIOYACTCS K MCTOYHUKY IOCTOSTHHOTO
ToKa. TOK OOMOTKHM BO30YXICHHS CO37a€T MarHUTHOE II0JIe, HaMarHHYUBAIOIICe
poTop.

Potopel  CHMHXpPOHHBIX  MAaIIMH MOTYT  OBITH  SIBHOIIOJIOCHBIMH  (C
SIBHOBBIPQ)XCHHBIMHU TOJIFOCAMH) M HESIBHOIOJIOCHBIMU (C HESBHOBBIPAKECHHBIMU



nomocamu). Ha puc. 12.10a u3obpaxeH cepeyHuK | SBHOIOIIOCHOTO pOTOpa C
BBICTYTAIOIKUMHU TToNtocamu. Ha momocax pasmenieHsl KaTylnkyd Bo30yxaenus 2. Ha
pucynke 12.106 u300pakeH HESIBHOIIOJIOCHOM POTOp, MPEACTABISIONIMN CcoOoM
dbeppoMarauTHbeld MIMHAP 1. Ha moBepxHOCTHM poTOpa B OCEBOM HampaBieHUU
(bpe3epyroT mas3bl, B KOTOPBIE YKIIAIBIBAIOT OOMOTKY BO30YKIEHUS 2.

ﬂ} |

Puc. 12.10

Paccmorpum npuHuMn pabOThl CHHXPOHHOTO JBHUraTeiss Ha Monenu (puc.
12.11). Bpamaroiieecss MarHuTHOE IOJE CTaTopa MPEACTaBUM B BHUAE MarHurta 1.
Hamaranuennsiii porop nzo0pa3uMm B Buje marauta 2. [loBepueM marHut 1 Ha yroin
¢. CeBepHBIN MarHUTHBIN MOJIIOC MarHuTa | MPUTSAHET KOKHBIMA MOJIFOC MarHuTa 2, a
FO’KHBIM TTOJIFOC MarHuTa | - ceBepHbIN MONIOC MarHuTa 2. MarHur 2 moBepHETCS Ha
Tako# ke yron . bynem Bpamare MarHuT 1. Marnut 2 Oyznet BpalaTbCsi BMECTE C
MarHuToM |, mpUYeM YacTOThl BpallleHHuss OOOMX MarHUTOB OyAyT OIAMHAKOBBIMH,
CUHXPOHHBIMH, Ny = Nj.

Puc. 12.11

CHUHXpOHHBI JBUTAaTEllb, HAa POTOPE KOTOPOTO OTCYTCTBYET OOMOTKa
BO30YXEHUS, HA3bIBAETCS CHHXPOHHBIM PEAKTUBHBIM JABUTATEIIEM.

Potop  CHHXpPOHHOrO  PEaKTMBHOIO  JABWTATENS  M3TOTABIMBAETCA W3
(GbeppOMarHUTHOTO Marepuaia W JODKEH WMETh SBHOBBIPAKCHHBIC ITOTIOCHI.
Bpamaronieecss MarHuTHOE IOJIE CTATOpa HAMAarHMYMBAET POTOP. SBHOMOJIFOCHBIN
pOTOp HMEET HEOAMHAKOBBIE MArHUTHBIE COIPOTUBIICHUS 110 MNPOAOJIBHOUM U
norepedHoil ocsim nostoca. CUIoBbIe TMHUM MarHUTHOTO TOJIS CTaTopa U3ru0aroTcs,
CTPEMSICh TIPOUTH TIO MyTH C MEHBIIIUM MarHUTHBIM conpoTuBieHueM. Jledopmarms
MAarHUTHOTO TIOJII BBI3OBET, BCIIEICTBUE YNPYTMX CBOMCTB CHUJIOBBIX JIMHHM,
PEAKTUBHBIA MOMEHT, BPALIAIOLINN POTOP CUHXPOHHO C IOJIEM CTaTOPA.

Ecnm k Bpamaromemycs poTopy NPWIOKHUTh TOPMO3HOM MOMEHT, OCb
MarHMTHOTO TIOJISI POTOpa MOBEPHETCS Ha Yroil & OTHOCHUTENLHO OCH MarHUTHOTO
TI0JIs1 CTaTopA.



C yBenMueHUEM HArpy3kd 3TOT yroja Bo3pactaeT. Eciu Harpy3ka HpeBBICUT
HEKOTOpPOE JIONYCTUMOE 3HAYCHHWE, JBUTaTelb OCTAHOBUTCS, BBIMAAET W3
CHHXPOHM3MA.

Y CUHXPOHHBIX JIBUTaTeNIed OTCYTCTBYET MYCKOBOM MOMEHT. JTO OOBSCHSICTCS
TEM, YTO OJJICKTPOMArHUTHBIA BPAIAKOMIMKA MOMEHT, BO3JCHCTBYIOIIMNA HA
HETIOJBW)KHBIN POTOp, MEHAET CBOE HAIIPaBJICHUE JIBa pa3a 3a MEPUO] NEPEMEHHOTO
Toka 1. M3-3a cBOEH HHEPIIMOHHOCTH, POTOP HE YCIEBAET TPOHYThCA C MECTA H
pa3BUTh HEOOXOAMMOE YHCIIO 0OOPOTOB.

B Hacrosmiee BpeMs TPUMEHAETCA ACUHXPOHHBIA IMYCK CHHXPOHHOTO
aurarens. B masax  TOJMIOCOB  pOTOpa  YKJIAAbIBA€TCSA  JIONOJHHUTENIbHAA
KOPOTKO3aMKHYyTasi 0OMOTKaA.

Bpamaroniee MarHuTHOE NOJIE CTAaTOpa HWHAYKTUPYET B KOPOTKO3aMKHYTOM
MyCKOBOM OOMOTKE BUXpEBbIE TOKH. [Ipu B3aMOIECTBUN 3TUX TOKOB C MarHUTHBIM
IIOJIEM CTaTopa 00pa3yeTCss aCHHXPOHHBIN 3JIEKTPOMAarHUTHBI MOMEHT, TIPUBOISIIIHMA
poTtop Bo BpameHue. Korga yacrora BpallleHHsS POTOpa NMPHUOIMKACTCS K YacTOTe
BpalllCHUsI CTATOPHOIO IOJIsI, JBUTATEIb BTATUBACTCS B CHHXPOHWU3M M BPAILACTCS C
CHHXPOHHOM  CKOpOCThIO. KopoTko3amKkHyTas OOMOTKa He IepeMelaeTcs
OTHOCHUTEIIBHO TI0JIsl, BUXPEBBIE TOKM B HEW HE HWHIYKTUPYIOTCS, ACHHXPOHHBIN
IMYCKOBOM MOMEHT CTAaHOBUTCSI PABHBIM HYJIIO.



13. MHOPOPMAUMNOHHbIE SNEKTPUYECKWE MALUMNHDbI
13.1. CenbCuHbI

CenbcMHOM  Ha3bpIBaeTCs  MHQPOpPMAIMOHHAs  DJEKTpUYEecKas  MalluHa
NEPEMEHHOTO TOKa, BbIpaOaThIBAIOIAsl HAIPSKEHUS, aMIUIUTYAbl U (ha3bl KOTOPBIX
OTPENIECISAIOTCS YIIIOBBIM MOJIOXKEHUEM POTOPA.

CenbCHUHBI TO3BOJSIIOT  OCYHIECTBUTH 0€3 OO0IIero MEXaHHYeCKOro Balia
COIVIACOBAaHHOE BPAIIEHUE WA TIOBOPOT MEXaHU3MOB.

M3BecTHhl  1Ba  pexuMa  pabOThl  CEJIbCUHOB:  WHJUKATOPHBIA U
Tpancopmaropuslil. [Ipu paboTe ceIbCHHOB B MHAMKATOPHOM PEKHUME MPOUCXOAUT
repenaya Ha pacCTOSHUE yIVIa [IOBOPOTAa MEXAHUYECKOM CUCTEMBI.

[Ipu pabore ceabCHHOB B TpaHC(HOPMATOPHOM pEXKHUME MEpeNaeTcsi CUTHAI,
BO3JICHCTBYIOIIMI HA UCTIOTHUTEIBHBIA MEXaHU3M TaKUM 00pa3oM, 4TOObI 3aCTABUTH
ero oTpaboTaTh 3aaHHBIN TOBOPOT.

PaccmoTpuM yCTpOWCTBO M MPHUHIMN JACHCTBUS OAHO(A3HBIX JBYXMOIIOCHBIX
KOHTaKTHBIX CeNbCUHOB. OpHoda3zHas oOMOTKa BO30YKII€HUS, BKJIIOYCHHAs B CETh
IIEPEMEHHOIO TOKA, pacCIOJIOKEHA Ha SBHOIOJIIOCHOM crarope. Ha portope
pa3MenIieHbl TPU NPOCTPAHCTBEHHO CMENICHHBIE OTHOCUTENBHO JApPYr JApyra MO
yrioMm 120° xaTymku cuHXpoHHM3anuu. KoHIIbl KaTyliek COeIMHEHbl B OOIIUI y3el,
Hayaljla KaTylIeK BbIBEJICHbI HA KOHTAKTHbIE Koyblla. OOMOTKa BO30YKIEHUS CO3/1AET
MYJAbCUPYIOIUA MArHUTHBIM MOTOK. DTOT MOTOK MHIYKTUPYET TpaHCHOpMATOpPHBIE
OIC B xarymkax cunxponuzauuu. HanOonbmas OJ[C MHAYKTUpYETCS B KaTyllKe,
OChb KOTOPOM COBHNAJAET C OCBIO MYJIbCHPYIOLIETO MoToKa. IIpu oTKIOHEeHMHM ocu
karymku 3J]C yMeHbIIaeTcs Mo CUMHyCOUIalIbHOMY 3akoHy. Bennunna u daza JJ1C B
KQ)KJIOM KaTyIIKE 3aBUCUT OT yIJia IOBOPOTA pOTOPA CEJIbCUHA.

Ha puc. 13.1 mpuBeaeHa cxema CoOeIWHEHUS OMHO(DA3ZHBIX CEITHLCHHOB TIIPH
WHJUKaTOPHOM pexuMe paboThl.

B  cxemMe  uCHoOmb3yrOTCAd  CEIbCHUH-AATYUK U CEJIIbCUH-TIPUEMHUK,
NpeCTaBIIsIoNIe co00i J1Ba COBEPIIIEHHO OJJMHAKOBBIX CEIbCHHA.

OB, u OB, - o00MOTKM BO30YXIEHHS CEIbCHHA-JAaTYNKA U CEJIbCUHA-
MpUEMHUKA.
C,u C,, - KaTylIKu CHHXPOHU3ALUU.
iy !
OBy OBg

Puc. 13.1



Ecmu potopel 000OWX CEIHCMHOB OPHEHTHPOBAHHBI OIWHAKOBBIM 00pa3oM
OTHOCHUTEIILHO OOMOTOK BO30YXICHHS, TO B KOKJIOW Mape KaTymeK WHAYKTUPYIOTCS
onuHakoBbie JJIC. Karymiku poTopoB 000MX CEILCUHOB COSAMHEHBI TAKUM 00Pa30M,
yro OJJIC B HMX HampaslI€Hbl BCTPEYHO APYr APYrY, U TOK B COECIAUHHUTEIbHBIX
IPOBOJIaX OTCYTCTBYET. Takoe MOJIOKEHUE CeTLbCHHOB HAa3bIBAETCS COTTIACOBAHHBIM.

Eciu moBepHYTh pOTOp CeMbCHHA-ATYMKa HAa YToJ &, TO B COOTBETCTBYIOIIHUX
KaTyIIKax pPOTOPOB HABOAATCS pa3nuuHble 1mo BenmunHe JJ[C, 1 B HUX BO3HUKAIOT
TOKH, KOTOPBIE, B3aUMOJACHCTBYS C MArHUTHBIMH TIOJSIMA OOMOTOK BO30Y)KICHWSI,
CO3MIal0T BpaIIalONIFe MOMEHTHI. POTOp naTdmka ymepKuBaeTcs B TOBEPHYTOM
TIOJIOXKCHHH, CJIEIOBATEILHO, POTOP MPHEMHHKA OyleT MOBOpauYMBaThCS A0 TEX IOP,
MOKa HE WCYE3HET BpAIarolIUi MOMEHT, T.€. IMOKa HE MCYE3HYT TOKH B KaTyIIKax
CEJIbCHHA, a 3TO TIPOU30MIET, KOTJa POTOp CelbCHHA-TIPUEMHNKA TTOBEPHETCS HAa TOT
e yroJ1 6, BOSHUKHET HOBOE COTJIACOBAHHOE TTOJIOKEHHE POTOPOB CEIbCUHA-TaTIHKA
U celbCUHA-TIpHeMHNKA. Ha poTope cenbcruHa-prueMHIKA YCTAHABIMBAIOTCS CTPEIIKA
U IIIKaJia, TTOKa3bIBAIOIIME YTOJI TOBOPOTA CEIhCHHA-IaTUMKA.

Ecnu HEoOX0AMMO OCYIIECTBUTH MMCTAHIIMOHHYIO MepeAady yriaa MmoBOpoTa K
MEXaHU3MY, TpeOyroleMy O0IbIIOr0 Bpalalolero MOMEHTa, TO UCIOJIb3YETCSl CXeMa
TpaHc(hOpMaTOpPHOTO pekUMa paboThI CeIbCUHOB (puc. 13.2).

S—— O0EeKT
2 3 YIIpaR JISHIA
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Puc. 13.2.

OOMoTKa BO30YXXIEHHSI CElbCHHA-IAaTYMKA MOJKIIOYAETCA K HCTOYHHUKY
oqHO(a3HOro ToKa. Karyliku CHHXpOHM3alUMU JaT4yMKa COEAMHEHBI C KaTylIKaMu
CUHXPOHHU3ALMK TPUEMHUKA, KOTOPBIM paboTaeT Kak CelbCUH-TpaHchopMaTop.
Karymikn cuaxponuzanuu Cry SBISIOTCS IEPBUYHOM 0OMOTKOM, a cTaTopHast 0OMOTKa
OBy - BrOpuYHOI (BbIXO/MHOM) 00MOTKOM. OHA Yepe3 YCUIUTENbh Yy COSAMHSIETCS C
VCIIOJIHUTEIIbHBIM JBUTATENIEM. VICIOTHUTENBHBIN IBUTaTeNb YEPE3 PEAYKTOP CBA3AH
C BaJIOM CE€JIbCUHA-TIPUEMHHUKA.

OOMoTKa BO30OYXKACHHUS JaTdhka OO0pazyeT MyAbCHUPYIOMHUA O TOPU3OHTAIH
MarHuTHbIM NO0TOK. B karymkax Cj maaykrupyrorcs JC, KOTOpble CO30al0T TOKHU B
POTOPHBIX KaTylIKax Jardyuka W INpueMHHKa. Kaxnas kaTynika CHHXPOHU3ALMH
CEJIbCUHA-TIPUEMHHUKA CO3Ja€T CBOM MAarHUTHBIM IIOTOK, a pPE3YJbTUPYIOLIUN
MarHUTHBINA MOTOK UMEET TAKOE e HANpPaBICHUE, KaK U MOTOK B CEJIbCUHE-1aTYHKE.



B obmoTke B030yKaeHUs celbcuHa-TipeMHrka nuaykrupyercs J3/C, Bennunna
1 (haza KOTOPOM 3aBUCAT OT yIVIa ¥ HANpPAaBIICHUS PE3YIBTUPYIONIETO MOTOKAa OOMOTKU
CUHXpOHU3AIMK TIpueMHUKa. OCh OOMOTKH BO30YXKJI€HUS NMPHUEMHUKA CABUHYTA Ha
90° oTHOCHTENBHO OCU OOMOTKHM BO30YKJICHUS AaTyMKa, MOITOMY, KOTJa MarHUTHBIN
MIOTOK HAINpaBJI€H TOPU30HTAIBHO, B OOMOTKe mnpueMHHka OBp HE BO3HHMKaeT
Hukakor DJ[C. DTo comracoBaHHOE MONOKEHHE B TpaHchopmaropHoM pexume. Ecim
pPOTOp CENbCHHA-AATYNKA MOBEPHYTh HA YToNl 6, TO pe3ylIbTUPYIOIIUN MarHUTHBIHN
MIOTOK B POTOpE CEeIbCHHA-TIPUEMHHKA TIOBEPHETCS TOXKE Ha yroil 6, a Ha 3a)KuMax
oomMotkn OBp TOSBUTCS HampshKEHUE, 3aBUCAIIEe OT yraa 6. DTo HampsoKeHHe
NOJIA€TCS HA BXOJ YCHJIUTEIIA, a 3aT€M HA UCIOIHUTEIbHBIN JBUTATelNb. J[BUTaTEINb
Bpaliaercs, noBopaynBasi OOMOTKHM yIpaBieHus. Ban portopa cenbcruHa-NpUeMHUKA
yepe3 peayKTop CBsi3aH ¢ BalioM oObekTa ympasieHus. Korma Ban oObekra
YIPAaBJIECHNs TIOBEPHETCS HA HYKHBI YroJ, OJHOBPEMEHHO C HUM IIOBEPHETCS HA
yroi 6 Ban cenbCHHA-TIPUEMHHKA. BO3HMKHET HOBBIM COTJIACOBAHHBIN DPEXKHUM, H
JBIKEHUE TIPEKPAILACTCS.

VcrioNHUTENBHBI ~ MEXaHU3M M CEIbCUH-JATYUK HE  HYXIAKTCI B
MEXaHUYECKON CBSA3U U MOTYT HAaXOJUTHCS Ha OOJIBIIIOM pacCTOSHUU APYT OT Apyra.

OJEKTPUYECKUE CUCTEMBI ITUCTAHLIMOHHOW IIepelayd ymnia IOoBOpOTa  WIA
BpalICHUSI MEXAaHU3MOB MCIOJB3YIOTCS B PagUOJIOKaTOpax, B PaJAHOIIEICHIaTopax U
JIPYTOU CIIEIUAIBHONU TEXHUKE.

13.2. IloBopoTHbIE TpaHchopmaTopbl. MHOYKTOCUHBLI. PeqyKToCUHbI

[ToBOpPOTHBIM WM  BpalIalOIIMMCS  TpaHC(HOPMATOPOM  Ha3bIBACTCS
nH()OPMAITMOHHAST JJICKTPUUYECKass MallliHA, aMIUTHTYa BBIXOAHOTO HAaMpPsKCHUS
KOTOPOH sIBJIsIeTCS (PYHKITMEH BXOIHOTO HAMPSHKEHUS U YTIIOBOTO TIOJIOKEHHUS POTOPA.

[ToBopoTHBIE TpaHChHOPMATOPHI KOHCTPYKTUBHO CXOIHBI C ACHHXPOHHBIMH
MamuHaMd ¢ (a3HBIM POTOPOM M KOHTAaKTHBIMH KojbllaMu. K HUM 0OBIYHO
MTOJIBOIMTCS MTUTAHNUE CO CTOPOHBI CTATOpPa OT UCTOYHHMKA IMTEPEMEHHOTO HAIPSHKCHHSL.
Ha oOMoTke poTopa (Ha BBIXOJIE) MOITYYaIOT HANpsHKEHUE, MPEACTaBIISIONee co00M
OTIpEICICHHYI0 (PYHKIIMIO yIiia MoBOpoTa potopa ¢ OOBIYHO TpedyeTcs, YTOOBI ATO
HanpsDKeHUEe ObUTIO MPOMOPIMOHATIBHO SIN o, COS o. B coOTBeTCTBHHM ¢ 3THM,
pa3IuYaloT CUHYCHbBIC, KOCUHYCHBIE M CUHYC-KOCHUHYCHBIE TpaHC(OPMaATOPHI.

Ha puc. 13.3 nnpencraBieHa NOpUHIUIIMAIBHAS CXE€Ma MOBOPOTHOTO
Tpancdopmaropa ¢ IByMsl B3aUMHO-TIEPIICHAUKYJISIPHBIMA OOMOTKaMH Ha CTaTope H
Ha POTOpE.

HazoBem ocu oOmotok crtaropa S u K cooTBeTCTBEHHO mpoaoibHON O H
MOTIEPEYHON  ( OCSIMU TOBOPOTHOTO TpaHchopmaropa. CraTopHyro OOMOTKY S
MOJIKJTFOYUM K MCTOYHHUKY MEPEMEHHOTO HampshkeHus. OOMOTKa CO3/1aeT MPOI0IbHOE
MyJIBCUPYIONIEe MAarHUTHOE TI0Jie, KOTOpOoe OyaeT HWHAYKTHPOBaTh B POTOPHBIX
obmotkax A u B DJIC. 3HaueHUs IEKTPOABUKYIIMX CUJI 3aBUCST OT yIJla MOBOPOTa
portopa «.
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[Ipr cuHyCcOMIAIBHOM pAaCOpENesICHMH TIOJISI BIOJIb OKPYXHOCTH pPOTOpa
HampsoKeHHe Ha oOMoTke A  OymeT MEHSATbCS TpH  MOBOPOTE  POTOpa
IPONOPIIMOHAILHO SiN o, @ HANPsHKEHHE HAa OOMOTKE B - PONOPIMOHAIBEHO COS O.
[Ipu wucnonp3oBaHuM 00euX OOMOTOK pOTOpa IMOJYYUM CHHYC-KOCHUHYCHBIH
MOBOPOTHBIN TpaHcpopMmarop.

Toku B pOTOpHBIX OOMOTKax CO3JAIOT MPOAOJIBHYIO COCTaBISIOLIYIO
MAarHuTHOTO TIOTOKAa, HANpaBICHHYK) BCTPEYHO MArHUTHOMY IIOTOKY CTAaTOPHOM
OOMOTKM S, ¥  TONEPEYHYI0  COCTABJSIIOIIYI0  IOTOKA,  HAlpaBJICHHYIO
NEPIEeHIUKYSIPHO MarHUTHOMY TOJI0 OOMOTKHM S. BcenenactBue mosBICHUS
MONEPEYHON COCTABIISIONICH, HAPYIIUTCA CUHYCOMJAIBHBIM M KOCHHYCOWJAIbHBIN
3akoHbI n3MeHeHus J/]C ot ymia moBopoTa poropa «.

JUIsi KOMIIEHCAaH TOJIy4YEeHHOW COCTABJISIOIIENH MAarHWTHOIO IOJISI POTOPHBIX
OOMOTOK Ha CTarope pa3MellaeTcsi KOMIIEHCallMOHHas oOMoTka K, 3aMKHyTas
HAKOPOTKO, 1moja yroM 90° k oomoTke S. DTa 00MOTKA CO3/1a€T MarHUTHBIN TMOTOK,
HaITPaBJICHHBI BCTPEYHO IMTONEPEYHON COCTABISAIONIEN MArHUTHOTO ITOTOKA POTOPA, U
ocnabnsier ee. B pesyabrare, MNOrPEeHIHOCTH MNOBOPOTHOTO TpaHchopmaropa
YMEHBIIIAETCS.

NHOyKUMOHHBIM PEIYKTOCHH NpPEICTaBIseT cO00W OECKOHTAaKTHBIA CHHYC-
KOCHUHYCHBIA MOBOPOTHBIN TpaHchopmarop. [lepBuuHas u 1Be BTOpUYHBIE OOMOTKU
pa3MmenieHbl Ha crtarope. PoTop BbIMONHEH B BuUAEe 3y0uaToro Kojbpla U3
BIEKTPOTEXHUYECKOU CTAJIH.

PenyKTOCHHBI HE UMEIOT CKOJIB3SIIMX KOHTAKTOB, YTO IOBBIIIAET HAJECKHOCTD U
TOYHOCTh WX paboThl. [lpm nUTaHUM TEPBUYHOM OOMOTKH CHHYCOUIATIHHBIM
HampsHDKEHHEM CO BTOPHYHBIX OOMOTOK CHHMAIOT JBa HANPSDKCHUS, AMIUIATYIbI
KOTOPBIX U3MEHSIOTCS B (YHKI[MU yTIia moBopoTta poropa. [loBopoty potopa Ha yro,
paBHbBII  3yOIOBOMY JI€JIEHHIO, COOTBETCTBYET TIOJIHBIA MEpUO] U3MEHEHHUS
aAMIUTUTYZIbI BBIXOJHOTO HAMNpsDKEHUs: (3yOLIOBBIM JICJIEHMEM pPOTOpa Ha3bIBAETCs
paccTosiHue MEXy 3yOliaMu poTopa).

NHIyKTOCMHOM Ha3bIBalOT OECKOHTAKTHYIO HH(GOPMALMOHHYI0 MaliuHy 0e3
MarHuTONpPOBOJA C  T€YaTHBIMM  MEPBUYHOM W  BTOPUYHOM  OOMOTKamw,
BO30yXaeMyto OAHO(]A3HBIM HampsikeHueM. BbIxogHOe HamnpsbkeHHe MHAYKTOCHHA
ABJIsIeTCS QYHKIMEH YIIIOBOTO MOJIOXKEHHSI pOTOpa.

KoHCTpYKTUBHO MHIYKTOCHH MpeCTaBisieT co0o0il [Ba nucka (pOTop U CTaTop)
13 U30JISIIMOHHOTO MaTepuana (Kepamuka, cTekino). OQuH U3 JUCKOB COEAUHSETCS C
BaJIOM, YIJIOBOE IOJIO)KEHUE KOTOPOTO IOMJIEKUT U3MEHEHMIO, BTOPOU HENOIBUKCEH.



Ha ToprieBrIXx MOBEPXHOCTSIX, OOpaIIEHHBIX APYT K APYTY, AUCKU HECYT MEeYaTHBIC
OOMOTKH.

[ToBopoTHBIE TpaHCHOPMATOPHI HUCIOJB3YIOTCS B 3JICKTPUYCCKHX CUCTHO-
peIIaroMX CHUCTEMaX, B CIEASAINIMX CHCTEMaX B KadeCTBE JIaTYMKOB YIJia, B
IpeoOpa3oBaTelsaX «Yrol-Koa», B CHCTEMax YHCIIOBOTO M MPOTPaMMHOTIO YIIPaBICHHUS
METaUIOPSKYIITUMHU CTAaHKAMH.

13.3. TaxoreHepaTopbl

Taxoreneparopom Ha3biBaeTcsi WHGOpPMAIIMOHHAS dJCKTpUYECKas MalliHa,
MpEeHa3HAuYEHHAasA JUIsl BBIPAOOTKM 3JIEKTPUYECKHX CUTHAJIOB, MPOMOPIMOHAIBHBIX
4acTOT€ BpalleHUs poTopa. TaxoreHepaTopbl MOTYT OBITh TOCTOSHHOTO U
MEPEeMEHHOTO TOKa. TaxoreHepaTtophl MOCTOSIHHOTO TOKa MPEACTAaBIAIOT COOOM
MaJIOMOIIHBIE T€HEPATOPhl MOCTOSHHOIO TOKA C HE3aBUCUMbBIM BO30YKICHHEM WJIU C
BO30YXJEHUEM OT MOCTOSHHBIX MarHUTOB. BBIXOJHOE HamNpsyKEHHE TaxoreHeparopa
IIPONIOPLIMOHAJIBHO YaCTOTE BpaLECHUs pOTOpa.

ACHHXPOHHBIM TaxoreHeparop MO KOHCTPYKTUBHOMY HCIIOJHEHHUIO MOJ00eH
ACUHXPOHHOMY JBUTaTEIIO C MTOJIBIM HEMarHUTHBIM pOTOpOoM. OH COCTOUT U3 CTATOpa
U HEINOABMKHOIO CEpACYHHMKA POTOPA, MEXKIY KOTOPBIMHU, B BO3AYIIHOM 3a30p€
BpallaeTCss TOHKWW TOJBI HEMarHUTHBIA MWIMHAP. lIpuHIMnuanbHas cxema
ACMHXPOHHOIO TaxoreHeparopa InokasaHa Ha puc. 13.4. Ha crarope reneparopa
pa3MelieHbl Be 0OMOTKH, IPOCTPAHCTBEHHO CMEIICHHbBIE OTHOCUTENBHO JIPYT Apyra
Ha 90°. Opgna u3 HHMX, OOMOTKa BO30yXxJeHuss B mnogkimoyeHa K HMCTOUYHHUKY
CUHYCOMJIAJILHOTO HAINpsKEHUs, JApyras OOMOTKa, sBJstouiasics reHeparopom [
BKJIIOYAETCSI Ha M3MEPUTEIbHBIA MPUOOP WM HAa U3MEPUTENbHYI0 cxeMy. OOMoOTKa
BO30YXICHUSI CO3JAeT MYyJIbCUPYIOIIUNM MAarHUTHBIA MOTOK @,. Ilpu HemoaBMKHOM

potope DJIC B reHepaTopHON OOMOTKE paBHa HYJIO, TaK KaK BEKTOP MarHUTHOTO
noToka @, MNEPHEHIUKYISIPEH ocu dToil oOMoTku. [lpu BpameHun UUIUHIpA

MyJbCUPYIOIIUA MAarHUTHBIA TOTOK HHAYKTHpyeT B HeM OJIC Bpamenusa. Ilon
nericreueM JJ[C B UMIMHIpE MOSIBISIOTCS TOKU, HAIIPABJIEHUS KOTOPBIX YKa3aHbl Ha
puc. 13.4. Toku co3mal0T 1O OCH TEHEPATOPHON OOMOTKH IYJIbCUPYIOIIHIA
MOTIEPEYHBIN MOTOK @, . ITOT MOTOK MHIYKTUPYET B TreHepatopHoit oomotke DJIC,

MPONOPIIMOHAIBHYIO YaCTOTE BPAIICHUS IIUITUHIpA.

ACHHXPOHHBIE TaXOT€HEPaTOphl, KaK M TaXOT€HEPaTOpbl MOCTOSIHHOTO TOKa,
UCTIONB3YIOTCSL IS  HM3MEPEHUs] CKOPOCTHM BpAIllGHHWS BajoB, a Takxke IS
BbIpA0ATHIBAHUST YCKOPSIIOIIMX WM 3aMEUIIIONINX CHTHAJIOB B aBTOMATUYECKHX
YCTPOMCTBAX.




13.4. Warosble anektpoasuratenu

[ITaroBbIM 3JIEKTPOJIBUTATENIEM HA3BIBACTCS BPAIIAIOIIUIICS IEKTPOABUTATEND C
JTUCKPETHBIMHU YTJIOBBIMU TMEPEMEIIEHUSAMH POTOpA, OCYIIECTBISIEMBIMH 3a CUET
UMITYJILCOB CUTHAJIA YIIPABIICHUS.

[IlaroBble WM UMITYJIbCHBIC JJIEKTPOJIBUTATEIN MPEOOpPa3yIOT 3JEKTPUUYECKHE
UMITYJIbCHI B (PUKCUPOBAHHBIC YTIIOBBIE TIEPEMEIICHUS] — «IIIarn.

[IlaroBble IBUraTeM HAXOMAT MPUMEHEHHUE B PA3IMYHBIX MEXaHU3Max, paboune
OpraHbl KOTOPBIX JOJDKHBI IepeMeliarbess AUCKpeTHo. K TakuM MexaHu3zMam
OTHOCSITCS KHMHOCHEMOUYHAsI M TNPOCKIHMOHHAS anmaparypa, MEXaHU3Mbl MOJa4u
Pa3JIMYHBIX CTAHKOB, YCTPOMCTBA MEPEMEILICHHS BAJIKOB MTPOKATHBIX CTAHOB U JIP.

[ITaroBble  ANEKTPOJABUTATEIM C AKTUBHBIM POTOPOM HMEIOT  POTOD,
BBITIOJTHEHHBIN U3 MOCTOSHHBIX MarHuToB (puc. 13.5). Crarop umeeT BBICTyHAIONINUE
MOJIFOCKI C COCPEJOTOYEHHONM OOMOTKOM B BHJE KaTyIIEeK Ha KaXJIOM IIOJIIOCE.
[lutanue CTATOPHBIX  KaTyIIEK MPOM3BOAUTCA HMIYJIbCAMH  HAMPSHKEHUS,

IMOCTYITAIOIMUMHU C IJICKTPOHHOI'O KOMMYTAaropa.
1
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Puc. 13.5
[lycte B HayajdbHBIHE MOMEHT BPEMEHHM TMOJAHO HamNpsHKEHUE Ha OOMOTKH
nonmocoB 2 — 2. OOpasyeTcs CTAaTOPHOE MArHUTHOE II0JI€ C TOPU3OHTAIBHO

PaCIIONOKEHHBIMU TIOJIFOCaMHU N -S . B pesynbrare B3aMMOAEHCTBHS 3TOrO TOJIS C
MOCTOSSHHBIMA MarHuTamMy poTopa MOCJIEIHHUN 3aliMeT yka3aHHOe Ha puc. 13.5a
MOJIOKEHUE, TIPU KOTOPOM OCH MArHUTHBIX TOJIEM cTaropa W pOTOpa COBIAJIAIOT.
Jlanee, ¢ TOMOIIBI0O KOMMYTaTOpa HaMPsKEHHUE CHATO ¢ OOMOTOK 2 — 2 U MO/IaHO Ha
ooMoTku momocoB 1 — 1. OOGpasyercss MarHUTHOE TIOJIE CTAaTOpa C BEPTHKAIBHO
PaCIONIOKEHHBIMU MOMt0camMu. OTKIIOUEHUE KAaTyIIeK 2 — 2 U MOAKIIOYEHUE KaTylIeK
1 — 1 BBI3OBET CKauKOOOpa3HbIN MOBOPOT MAarHUTHOTO Mmojsi cratopa Ha 90°. Porop
TaKxke moBepHeTcss Ha 90° Bciien 3a MarHUTHBIM ToJieM cTatopa. Potop maroBoro
JIBUTATEIIS 3aHUMAET OTpe/eIeHHOE (DUKCUPOBAHHOE TOJIOKEHNE, COOTBETCTBYIOIICE
HauOOJBIICH MarHUTHON MPOBOJUMOCTH OTHOCHUTEIBHO BO30YXKJICHHBIX CTATOPHBIX
MOJIIOCOB. EClii OTKJIOHUTH POTOP OT ATOTO PAaBHOBECHOIO MOJIOKEHHSI HA HEKOTOPBIN
yroji, TO MAarHWTHasi MPOBOJAMMOCTBH JJIsi TOTOKA YMEHBIIUTCS, CHUJIOBBIC JIMHUU
MarHuTHOTO TMOJs1 Je(OPMUPYIOTCA, U BO3HUKHET CHUHXPOHU3ZUPYIOIIMN MOMEHT,
BO3BPALLIAIOIINNA POTOP B MPEKHEE MOJIOKEHUE.

Ha crarope miaroBoro peakTHMBHOTO JBUTATEIs UMEIOTCS SIBHO BBIPaKCHHBIC
MIOJTFOCHI ¢ 0OMOTKOM BO30Yy»eHust. PoTop ero npejacrapiseT coOoi 3y0uaroe Koieco
06e3 oOMOTKM BO30yxaeHHs. Karymiku craropa JBHUTraTeNs MOMyYarOT MOOYEPETHO
HUMITYJILCHI TOKa, 00pa3ys MarHUTHOE ToJie, OeryIiee OnpeaeIeHHBIMA CKauKaMH 110



OKPY)KHOCTH CTaropa. SIBHONOJIOCHBIM POTOpP ABUIAaTENsl CHHXPOHHO CIEAYyeT 3a
9THUM IIOJICM CTAaropa COOTBCTCTBYIOIMMMHU NUCKPCTHBIMU IIAraMu, paBHbBIMU YITIY «,, ,
I'’ic «,, — BCIIMUYHMHA LIara poTopa ABUTaTCIIA.
360°
am = 1
2P-m
IJ€ 2P —4YHUCJIO SIBHBIX MOJIFOCOB POTOPA, PABHOE YHCITY POTOPHBIX 3yOLIOB;
m - YKCJIO OOMOTOK YIIPaBJIEHUS Ha CTaTOpE.




3AKJTFOYEHNE

VY4eOHoe mocoOue «OOmasi MEKTPOTEXHHKA» HAIMCAaHO B COOTBETCTBUU C
['occTanmapraMu 1o ONTHYECKON crienuanu3annu. Marepuai u3jI0KeH ¢ y4eTOM €ro
BOCTIPUATHA CTyACHTaMHU. Tak, HETPaJAULIMOHHO H3JIOKEHBI METOIbl KOHTYPHBIX
TOKOB, JIByX Y3JIOB, SKCIIEPUMEHTAILHOE M PACUETHOE OIpEesICHUE MapaMeTpoOB
HKBUBAJICHTHOTO TEHEpaTopa, IO TPEACTABICHUIO CHHYCOUIAIBHBIX (QYHKIIHIA
BPEMEHM B BEKTOPHOM M KOMIUIEKCHOH (popmax. C yyeToM TOro, 4To B OMOIMOTEKE
CITA OTCYyTCTBYIOT B JIOCTaTOYHOM KOJIMYECTBE YUYEOHUKU IO AJIEKTPOTEXHHKE, a
COBpEMEHHBIE YYEOHHKH HMMEIOT BBICOKYIO CTOMMOCTb, mocobue «OOmas
AIIEKTPOTEXHUKA» MOXKET OBITh TMOJIE3HO CTYJAEHTAaM HEIJIEKTPOTEXHHUUECKHX
CIELMATIbHOCTEH.

B yueOHOM mocoOuu coOpaHbl M U3JIOKEHBI CBEAEHUS 00 MH(OPMALMOHHBIX
AIIEKTPUIECKUX MaIIMHAX, pa30pOCaHHbIe TI0 PA3TMYHBIM MOHOTPA(HSIM U CTAThSIM.
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