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BBEJAEHHUE

DNEeKTPOTEXHUKA SBISETCS 0OIIETEXHUYECKON AUCIUIUIMHON U CIY>KUT 6a30i
JUI U3YYEHUS CIICLIMAIbHBIX TUCUUIUIMH, CBA3AHHBIX C aBTOMAaTU3alMeld TEXHOJIO-
TMYECKUX MPOLIECCOB, MEKTPOCHAOKEHUEM U JIEKTPOOOOPYAOBAHUEM COOTBETCT-
BYIOILIMX OTPaciei.

Hacrosiee nocodbue cocTaBiieHO B COOTBETCTBUM C THUIIOBOM NMPOrpamMMoN U
IIPEAHA3HAYEHO I [IOMOILIHU CTYJEHTAaM HEAIEKTPOTEXHUYECKUX CIEUaIbHOCTEN
IIPH CAMOCTOSITEJIbHOM ITOATOTOBKE.

IloHnMaHue mpoueccoB, MPOUCXOMAIIUX B IEKTPOTEXHUYECKUX YCTPOMCT-
Bax, TpeOyeT 3HaHUs OMPECIEHHBIX pa3/IeloB KypCcOB MaTeMaTHuku u ¢pusuku. 13
Kypca MaTeMaTHKH CTYACHTBI JOJKHBI 3HATh alreOpy KOMIUIEKCHBIX UYHCEN, pe-
HIeHne mpocTedmux nuddepeHanbHbIX ypaBHEHUH, ONEpalud C BEKTOPaMH,
CBOOOJHO TOJIB30BaThCS COOTBETCTBYIOUIMM MaTe€MaTUYeCKUM anmnaparoM. U3
Kypca (U3UKH CTYJEHTHI JOJKHBI 3HATh OCHOBHBIE MOHATHUS M 3aKOHBI MEXAHUKHU
Y DJIEKTPUYECTBA.



Yacrtp nepsas. JJAEKTPUYECKHUE U MAT'HUTHBIE HEIIN1

1. DyleKkTpUYecKHe Henu MOCTOSTHHOT0 TOKA

1.1. dnekmpuueckan yenbo.

Dnekmpuueckas yens NPEJICTABISET COOONH COBOKYMHOCTh TEXHUYECKUX YCT-
pOMCTB U (PU3MUECKUX OOBEKTOB, MO KOTOPHIM MPOTEKACT 3JIEeKMPUYECKUL MOK,
T.€. IPOUCXOJIUT YIOPSJOUYEHHOE HAIIPABICHHOE JIBM)KEHUE BJIEKTPUUECKUX 3apsi-
TI0B.

JUiss TOro 4To0bl 3apsAbl epeMelaluch UM HE0OX0AUMO NepeaaTh HEKOTO-
PYIO SHEPTHIO U YCTPOMCTBO, BBHITIOJHAONIEE ATy (YHKIIMIO, HA3BIBACTCA UCHOU-
HUKOM d71eKmpuyeckou sHepeuu. VICTOUHUK 3JIEKTPUYECKOW YHEPIUU SIBISETCS CO-
CTaBHBIM 3JIEMEHTOM JJIEKTPUUYECKON LENu. DHEPrusl, rnepeaaBaeMas HCTOYHUKOM
ABMOKYIIMMCS 3apsiiaM, MOXET OBITh MOJydeHa TOJIbKO MyTEM MpeoOpa3oBaHus
JIPYrUX BUJOB SHEPIruM (TEIUIOBOM, XMMUYECKOM, MEXaHUYECKOM, CBETOBOW) WU
nyTéM BO3ACHCTBUS HA AJIEKTPUUECKHE 3apsiibl MarHUTHBIM MOJEM, BO30YKIae-
MBIM JIPYTUM UCTOUYHHUKOM.

CoznaBaemMblii HCTOYHUKOM 3JIEKTPUYECKUN TOK MOKET BBI3bIBATh Pa3IMUYHbIC
SIBJICHUS: HArpeBaTh JJIEMEHTHI, [0 KOTOPBIM OH MPOTEKAET, BBI3bIBATH CBEUCHUE
BEILIECTB, CO3/1aBATh MEXaHUUYECKUE yCuiusa. TeXHUUECKUEe yCTPOICTBA, B KOTOPBIX
NoJIy4aroT TpeOyemblii 3PdeKT OT MPOTEKaHHS JIEKTPUUECKOrO0 TOKA HA3bIBAIOT
NPUEMHUKAMU DNIeKMPUYEeCcKoU dHepeuu, T.K. B HUX MPOUCXOJUT MpeoOpa3oBaHUe
AIEKTPUUYECKON SHEPTUHU B IPYTHE BUIBI.

CoBmMecTHast paboTa UCTOYHUKA W TPUEMHUKA BO3MOYKHA TOJIBKO TPHU HAJIH-
Yuu TyTed ABWKEHHS 3apsAlloB Mexay HumH. [Ipuuém, mnepemenieHue 3apsjioB
JIOJKHO TPOUCXOJUTh C MUHUMAIIBHBIMU TMOTEPSAMH SHEPruu. IOTy (YHKIMIO B
AIEKTPUUYECKUX LIETSIX BBIOIHSIOT COCIMHUTENbHBIEC IMHUK WK MPOBO/IA.

Takum oOpazoM, 3eKTpruUecKas 1ernb B 00ILIEM ClTy4ae COCTOUT U3 TPEX dJie-
MEHTOB: HMCTOYHHMKA JJIEKTPUUECKON JHEPruM, NMpUEMHUKA U COCIUHUTEIIHHBIX
MPOBO/IOB.

CocTaB U CBSI3M DJEKTPUUYECKUX IeNell OECKOHEUHO Pa3HOOOpa3Hbl, MOATOMY
JUISL UX TPEACTABJICHUS] UCIIOJIB3YIOT Ha0Opbl CHMMBOJIOB, UMEIOIIMX PA3IUUYHYIO
CTENEHb a0CTPAKIIMU U Ha3bIBAEMBIX cXeMaMHU. boliee BCero COOTBETCTBYET pealib-
HOMY O00BeKkTy (puc. 1.1, a) monmaosicnas cxema (puc. 1.1, 6). Ona ynobHa njs
MOHTa)Xa M PEMOHTa M300paXEHHOTO Ha HeW ycrpoiictBa. Ha npunyunuanvuoii
cxeme (puc. 1.1, ) MOKa3bIBAIOT yCIOBHBIE M300paKEHUSI SJIEMEHTOB IEMH U HX
COEIMHEHHUsSI. DTU CXeMbl YI00HKI JJi1 U3ydeHus mpuHnuna padotsl. Hanbonee a6-
CTPAKTHOE MPEJCTABIECHUE 00 JIEKTPUUYECKOM LENU JAKT cxemsl 3ameujerust (puc.
1.1, 2). OHu npenHa3HAYEHBI 1711 UCCIEAOBAHUS JIEKTPOMAarHUTHBIX MPOLIECCOB U
SBJISIFOTCA PAaCcYETHOM MOJENBIO COOTBETCTBYIOIIErO YCTPOWCTBA. PeanbHbie 3ie-
MEHTBI AJNEKTPUUECKONW LENU 3aMEHSIOT B CXEME 3aMEIlEeHUs] Pacu€THBIMU MO/Ie-
JISIMU, B KOTOPBIX YUUTHIBAIOT TOJIBKO CYILIECTBEHHBIE MMapaMeTpbl U CBOMCTBA. Tak
XUMUYECKUN MCTOUYHUK (AKKyMYJISITOP) 3aMEHSIOT UeadbHbIM HcTouHUKOM DJIC
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Puc. 1.1.

E v BKIIIOYAIOT MOCJIEIOBATENBHO C HUM PE3UCTOP 7, COOTBETCTBYIOIINI MOTEPSIM
SHEPIUHU BHYTPHU aKKyMyJsITOpa. AMIEPMETP U BOJBTMETP 3aMEHSIOT UX BXOIHBI-
MU conpotuBieHusiMA (Ry u Ry) CoeauHuTENbHbIE TPOBO/IA CUYUTAIOTCS HJI€AlIb-
HBIMU MPOBOJHUKAMU 0€3 OTEPb, T.€. 00IaAAI0IMMH HYJIEBBIM COIPOTUBICHUEM.
Ecnu BxoaHOE conmpoTuBiieHHE amriepMerpa R,y CYIIECTBEHHO MEHbIIIE CONMPOTUB-
JICHUS JIaMITbl HaKaJIMBaHUs R;, a BXOJHOE COMPOTHUBIICHHE BOJIbTMETPA Ry cyiiie-
CTBEHHO OOJIbIIE, TO UX UCKIIIOYAIOT U3 CXEMBI 3aMmerieHus (puc. 1.1, 0).

Ecnu mapameTpsl BCeX 3JIEMEHTOB CXEMbI 3aAMEIIEHUSI U3BECTHBI, TO, MOJIb3Y-
SCh 3aKOHAMHU DJIEKTPOTEXHUKH, MOKHO OIMPEACIUTh UX COCTOSIHHE B JI000M MO-
MEHT BpeMEHU. B nanpHeillieM BMECTO TEpMHHA CXEMa 3aMEUICHUs DJIEKTpHUYe-
CKOHM IIenmu Mbl OyJIeM TOJIb30BaThCSl COKPAIIEHHBIMU TEPMHUHAMH — CXEMa IeMn
WJIU IIPOCTO CXEMa.

B mo6oii cxeme 271eKTpUYecKo e MOXKXHO BBIICTUTh OJIMH WM HECKOJIBKO
Y4acTKOB, OJKIIOUEHHBIX K OCTaJbHOM YacTH JBYMs MpoBOAaMU. Takoil y4yacTok
AJIEKTPUYECKON 1LIETH HA3BIBAETCS 08YXNONOCHUKOM. B mpocTeiiiiieM ciaydae ABYX-
MOJIIOCHUK COCTOUT W3 OJHOTO 3JIEMEHTa ey, HapuMep, Jiamrna HaKaluBaHUs,
BOJIETMETP U aMIiepMeTp Ha puc. 1.1 aBistorcs npyxnosrocHukamu. Ecim aAByx1o-
JIOCHUK HE COJACPKUT MUCTOYHUKOB DJICKTPUUYECKOW SHEPTHU, TO OH HA3bIBACTCS
NAcCUBHbIM, B MPOTUBHOM CJIy4ae ABYXITOIIOCHUK OTHOCUTCSI K AKMUGHLIM IBYX-
NnoJIFOCHUKaM. JIByXmoJitocHUK Ha puc. 1.1, -0, coctosmuii u3 ucrounuka JJ(C E
Y BHYTPEHHETO COIMPOTUBIICHUS ¥ aKKYMYJISITOpA W MOJKIIOYEHHBIN K TOUKaM ab
CXEMBI 3aMEIICHUS, BJIETCS AKTUBHBIM JIBYXITOJIFOCHUKOM

[Ipn aHanu3e mpoLECCOB B AIEKTPUUYECKUX LEMSAX HCIOIB3YIOT HEKOTOpbIE
TONOJIOTUYECKHE (reomeTpudeckue) MmoHATus. K HUM OTHOCATCS MOHSATHS Y3ia,
BETBU U KOHTYpA. V3710M dIEKTPUUYECKON IENH HA3BbIBAIOT COCTUHEHUE TPEX U 00-
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Jiee AJIeMEHTOB (HarpuMmep, Touka ef puc. 1.2, a-6 u Touku a, d, ec puc. 1.2, ¢-2. Ho

¢ B DJIEKTPUYECKOMN LIENH BCE TO-
K TPOTEKAIOT IO COEAUHU-
a elf__d TEJIBHBIM IpoBoAaM. [Ipu sTom

KOJIMYECTBO 3apsiOoB BXOJs-
IMX B JIFOOYIO 3aMKHYTYIO TIO-

b BEPXHOCTh B KaXXJbli MOMEHT
0) BpEMEHH (B TOM 4YHCJE B IIO-
BEPXHOCTb, KOTOPOW MOKHO
R, 4 OXBAaTUTh Y3€J1) PaBHO YHUCITY
— 3apsAOB BBIXOISIMX W3 HEE.
D R, R, Ortcrona crenyer, 4to TOKH B
JBYX COEOUHEHHBIX MEXKIY CO-

D R

| 00if »JeMeHTax MOTYT pa3iu-
4aThCsl TOJBKO B TOM CIiy4ae,
€CJIM 3TO COEIMHEHHE SIBIIAETCS
y3JI0M, UHA4Ye TOBOPS, OTCYTCT-

Puc. 1.2. BHE Y3JI0B MEKJy CBA3aHHBIMH

JJEMEHTAMH  3JIEKTPHUYECKOMN

LENU SBJISETCA HEOOXOJUMBIM U JOCTaTOYHBIM YCIOBHEM PABEHCTBA TOKA B HHX.
Bemeévio 3neKTprdecKkoi 1enu HA3bIBAIOT CBS3HYIO COBOKYITHOCTH JJIEMEHTOB, 00-
pa3yronmx MyTh ISl MPOTEKaHUsI TOKa MEXKy IBYMs y3llaMu (Hanpumep, RiR,, E,
R3;, R4y Rs Ha puc 1.2, g-2. VI3 npu3Haka OTCYTCTBUS y3JI0B BHYTPU BETBHU CIIEIYET,
YTO MO BCEM €€ JIEMEHTAM NPOTEKAET OJUHAKOBBIA TOK. Konmypom Ha3bIBaeTCA
3aMKHYTBIA MyTh BJIOJb BETBEH AEKTpUUYECKOM 1ienu (Hanpumep, ebae, eade, dcd,
adcba Ha puc 1.2, g-2. Y31bl, BETBU U KOHTYPBI SIBJIIIOTCS TOIOJIOTHYECKUMH I1a-
paMeTpaMH LETH U HE U3MEHSIIOTCS TIPH JIFOOBIX MPeoOpa3oBaHUsAX CXEMbl, MPOU3-

BOAMMBIX O€3 paspbiBa cBszeil. [I[puMep Takoro npeodpa3oBaHus MOKa3aH Ha pPUC.
1.2, 6-2.

Bonpocwi 0na camoxonmpors.

1. UTto Takoe 3JIeKTpruyecKas 1eMb?
2. UTto Takoe UCTOUYHHK (MTPUEMHHK) DIEKTPUUECKOMU SHEPTrUun?
3. Kakue BUIBI cXeM UCTONB3YIOTCS B JIEKTpoTeXHHKe? UTO Takoe MOH-

TaXHas CXCMa, IIPpUHOUIINAJIbHAA CXCMa U CXEMaA 3aMeIHeHI/IH?

4. YTo Takoe ABYXIOIOCHUK?

5. Yem oTiIMyYaeTcsl IaCCUBHBIN IBYXITOIIOCHUK OT aKTHBHOTO?

6. JlaiiTe onpenenenue ys3na, BETBU U KOHTypa?

7. [Touemy BO BceX DJI€MEHTax BETBU IIPOTEKAET OJUHAKOBBIN TOK?

1.2. OcHnosHble senuuunbl, Xapakmepusyroujue 31eKmpuiecKyro yens

Onexmpuueckuti Mok 3TO HAMPABIECHHOE IBIKEHUE HOCUTEJICH AJICKTpHUYe-
ckoro 3apsiaa. Hocurensimu 3apsiia B MeTaJllaX sSIBIISTFOTCS 3JIEKTPOHBI, B IUIa3Me U
ANEKTPOJUTE — UOHBI. B MOMyNpOBOAHUKAX HOCHTEIISIMU 3apsiia SBISIFOTCS TaKKe
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ne(eKTbl ANEKTPOHHBIX 000JIOUEK SiAep KPUCTAUIMYECKOW PEIIETKU — «IBIPKI.
OYHKIIMOHAIBHO OHU 3KBUBAJIEHTHBI MOJIOKUTEIBHBIM 3apsaaM.

Hanuuue snekTpudyeckoro Toka nposBIsIeTcs B BUAE TPEX 3PPEKTOB:

® B OKpY’KaroUIEH cpeae BOZHUKAET MAarHUTHOE MOJIE;

® [IPOBOJIHUK, I10 KOTOPOMY IPOTEKAET TOK, HATPEBAETCS;

® B [IPOBOJIHUKAX C MOHHOM MPOBOJAMMOCTHIO BO3HUKAET MEPEHOC BEIIECTBA.

BenuunHa 37€KTPUYECKOTO TOKAa ONpENeNseTcss KaK KOJWYEeCTBO 3apsana ¢,
NEPEHOCUMOE Yepe3 KaKyt-TM00 MOBEPXHOCTh B €IMHUILY BPEMEHH, T.€.

i= 4q (1.1)
dt

Takoll MOBEPXHOCTHIO, B YACTHOCTU, MOXET OBITh MOMNEPEUYHOE CEYEHUE MPOBOJI-
HUKA.

Ecnu xonnuecTBo 3apsiia ¢ MEPEHOCUMOrO 3a OJUHAKOBBIE IPOMEXKYTKH Bpe-
MEHH HEU3MEHHO, TO TAKOM TOK Ha3bIBAETCSA HOCMOAHHLIM U JUIs1 HETO CIIPaBEJIN-
BO BBIpakeHue [ =q/t, rae q — 3apsij, NepeHOCUMBIi 3a BpeMs £.

N3 Beipaxkenus (1.1) momydaercs: equHUILIA U3MEPEHUS AIEKTPUUECKOTO TOKA
[1]1=[q]/[t]=Kun/c=A [ammep].

HanpasnenneM Toka TPUHSTO CUMTATh HANpPaBJICHUE IBMXKEHUS MOJIOKHU-
TEJIbHBIX 3apPSJI0B IMOJ JIEMCTBUEM 3JIEKTPUUYECKOrO MOJIsS, T.€. HAMPABJICHUE IMPO-
TUBOIIOJIOKHOE JIBMIKEHUIO 3JIEKTPOHOB B NMPOBOAHUKAX. ECiin Takoe HampaBiieHUE
HEU3BECTHO, TO JUIS JII0OOW BETBH AJEKTPHUCCKOM eI ero MOYKHO BBIOpATh IPO-
W3BOJIBHO W CUMTATh noJjodcumenvHuim Hanpasienuem. Ilociie pacuéra pexuma
paboThl 1IENMKU HEKOTOPHIE 3HAUYECHHS TOKA MOTYT MOJIYYUTHCS OTPULATEIbHBIMU.
DTO O3HAYaeT, 4YTO JACHCTBUTEILHOE HANpPaBJIECHHUE TOKA MPOTUBOIOIOKHO BBI-
OpaHHOMY.

7 i Ilo xapakrepy u3MEHEHUs BO

BPEMEHHM DJICKTPUYECKUN TOK pas-
JEJSAI0T Ha TMOCTOSHHBIA (puc. 1.3,

0 / \/ \/ ! @) m mepeMmeHHBIH. Ilocnennuii, B
0)

CBOIO oOuepelb, ObIBa€T CHHYCOU-
nanpHbIM (puc. 1.3, 6) U HecuHy-
couganbHbIM (puc. 1.3, g-2).
Dnekmpoosuxcywas cuna.
/\/\/ JIBU>KeHrWEe HOCHUTENIEH 3apsiioB B
ANEKTPUYECKON I1IeMH, KaK BCAKOE
JBKEHUE TpeOyeT nepenadyud sHep-
rUu JIBUKYIIUMCS oObekTaM. Ecim
B) r) Ha HEKOTOPOM Yy4acTKe IeNu 3aps-
KEHHBIE YACTHUIbl MOJYyYarOT SHEp-
TUI0, TO TMPUHATO TOBOPUTH, UTO HA
TOM y4acTKe JEUCTBYET Cuja, MPUBOISAIIAS UX B ABHKCHHE, T.€. DIEKTPOJABUKY-
mas cwia (BC). Yuacrok nenu, Ha kKoTopoMm aeiictByeT D/C, sBisieTcst ucrou-

Puc. 1.3
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HUKOM DJJICKTPUUYECKOW JHEPTUU (SHEPTHH IBIKYIIMXCS HOCHUTENICH JJICKTpHUYe-
ckux 3apsnoB). Mcrounnkom sHeprum s noydeHus J/[C mMoryt ObITh pa3nmd-
HbIe (PU3UYECKUE SIBICHUS, TP KOTOPBIX BO3HUKAET BO3JCHCTBHEC Ha 3apsKEHHBIC
JaCTHIIBI — XUMHUYECKHE, TEIUIOBBIC, JICKTPOMArHUTHBIC M AP. MPOIiecChl. UnCiIeH-
Ho DJIC paBHa paboTe Mo nepeMenieHUI0 SAMHUYHOTO 3apsia Ha y4acTKe e€ Jei-
ctBust. Otcioga emuaniy DJIC moxxkao monyunth Kak [E]=[A]/[q]=Hx/Kn=B

(BOJIBT).

dnekmpuueckoe nHanpsaxcenue. Ha ydacTkax 3JIeKTPHUECKOW LENH, TJ1€ OTCYT-
ctByer JJIC, IBMXKEHHE HOCUTENEH 3apsiioB COMPOBOXKIACTCS PACXOIOM IOJY-
YEHHOM paHee dHEepruu MmyTéM npeodpa3oBaHus €€ B Apyrue BUAbL. DTOT MPOLECC
MOYXHO OXapaKTEpU30BATh MAJCHUEM HANPSHKEHUS WIM NPOCTO HampspkeHuem U.
OHO 4KCNIEHHO paBHO paboTe, 3aTpayeHHON Ha MepeMelleHre 3apsKEHHBIX YaCTHUIL
10 YYaCTKY DJIEKTPUYECKOH LEIH, K BETUYUHE IIEPEMEILIEHHOTO 3apsia

U=A4/q

B cimyuae nBuxkeHus 3apsa0B B 0€3BUXPEBOM 3JIEKTPUUECKOM I10JI€ 3TO OIpe-
JEJICHUE UJCHTUYHO IOHATUIO PAa3sHOCTH MOTEHIUAIOB Y4YacTKa JJIEKTPUYECKOU
uenu, 1.e. U, =@, —@,, rae ¢,, ¢, — NOTEHIHAIIbI I'paHull yyacTka. Caenyer 3a-

METHUTb, YTO NOTEHIMAJ OTAEIBHON TOYKH ONPEIEIUTh HEBO3MOKHO, T.K. OH PaBEH
paboTe Mo MepeMeleHUI0 eIMHUYHOr0 3apsiaa U3 OECKOHEUHOCTH B JAHHYIO TOY-
Ky. OTHaKO pa3HOCTbh MOTEHIHAIIOB MEXIY ABYMsI TOUYKAMHM BCETJa MOXHO OIpe-
JEMUTh, €CIIU NOTEHIMAJ OJTHOW U3 HUX IPUHSATH 3@ TOUKY OTCUETA, T.€. HYJIb.

Enununa u3mepeHus HalpsKeHUs U pasHOCTH NOTEHIMAIIOB Takas Ke, KaK U
SJC: [U]=[4])/[q] =HAx/Kn=B (BoasT).

3a MOJOKUTEIBHOE HAIIPABJICHUE HANPSHKEHUSI HAa yYacTKe LIENH NPUHUMAIOT
HampaBJeHUE OT TOYKU C OOJBIINM MOTEHIIMAIOM K TOYKE C MEHBIINM, a T.K. Ha
ydacTtkax rae orcyrcrByeT DJIC MOI0OKUTENBHBIE 3apsAAbl TAKXKE MEPEMEIAIOTCS
OT TOYKHM C 00Jiee BBICOKMM IMOTEHIMAIOM K TOUYKE ¢ 0ojiee HU3KUM, TO IMOJIOKH-
TEJIbHOE HAIPABIICHUE HAIPSKEHUS HA 3THX YYaCTKAaX COBHAAAET C IMOJIOKHUTEINb-
HBIM HaIlpaBJICHUEM IPOTEKAIOIIETO TOKA. 3a MOJIOKUTENbHOE Harpasiienne J/1C
NPUHUMAIOT HalpaBiI€HUE OT TOYKU C MEHBILIMM IMOTEHIMAJIOM K TOYKE C 0OJIb-
IMM. DTO HaIpaBJIEHUE YKa3bIBalOT CTPEIKOM B YCIOBHOM HM300pa)K€HUM HCTOY-
HUKa Ha cxeme (puc. 1.1, 1.2).

Onexmpuueckas snepeus u mownocms. U3 nonstus OJIC cnexyer, yTo oHA
ABIIsieTCS pabOTOM, COBEpIIAEMOl NpU MEPEMEIEHNH eIMHUYHOTO 3apsaia MEXIY
IIOJIFOCAMHU MCTOYHMKA 3JIEKTPUUECKOM sHeprun. /[ nepemerieHus Bcex 3apsiioB,
MPOXOJSIINX YEPE3 UCTOUHMK, TPEOYETCs COBEPLIMTH padOTy B ¢ pa3 OOJIbIIYIO,
T.€. 3aTPATUTh SHEPTUIO

W,=Eq=EIt

B npuémHuKe 3IeKTpUYECKOr PHEPTUM WIM B HArpy3Ke dHEprusi mpeoodpasy-
€TCs WM pacceuBaeTcsa. E€ TakKe MOXXHO OIPENEIIUTh, ITOIb3YsCh OHATUEM Ha-
OPsDKEHUS. HA Y4acTKe 3JIEKTPUUECKOM LENH, KaKk paboThl IO NEPEMELIECHUIO €/11-
HUYHOTO 3apsina. OTcroaa sHeprus, npeoOpa3zyemasi B Harpy3Ke —
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W, =Uq=Ult.

NHTeHCHBHOCTD TPe0Opa30oBaHusl IHEPTUN XaPAKTEPU3YETCSl TIOHITHEM MOy~
Hocmu. YMCIEHHO OHA paBHA dSHEPTUH, MpeodpazyeMoil B IIEKTPUIECKON IenH B
€MHUIlY BpEMEHU. /{715 enu MoCTOSHHOTO TOKa MOIIIHOCTh UCTOYHHUKA PaBHA

P =W /t=EI (1.2 a)
a Harpy3Ku —
P =W /t=UI. (1.2 06)

EnvannamMu u3amMepeHust 3HEPTUU U MOIIHOCTH JIEKTPUYECKOU LIETH SBIISIIOT-
cs oxoyab (k) u BatT (BT).

Ha ocHOBaHMM 3aKOHA COXpaHEHHS YHEPTUU MOIIHOCTh, pa3BUBAEMas UCTOY-
HUKAMH JIEKTPUIECKON YHEPTUH B IIETH JTOJDKHA OBITh paBHA MOIITHOCTH MPeoOpa-
3yeMOU B Ipyry€ BUbI SHEPTUU B HATPY3KeE:

D tEI=) U, (1.3)
rae ZiE[ — anreOpanveckasi CyMMa MOIIIHOCTEH, pa3BUBAEMbIX UCTOYHUKAMHU, a

ZUI — CyMMa MOIIHOCTEH BCeX MPUEMHUKOB M MOTEPh IHEPTUU BHYTPHU UCTOY-

HUKOB.

Boipaxxenne (1.3) Ha3bIBaeTcs OanaHcomM MOwHOCMU DIIEKTPUUECKOW IICTIH.
MoruHocTh, peoOpa3yemasi B Harpy3ke, BCerja MojoXKHUTeNbHa, B TO BpeMs Kak
MCTOYHHUKH MOTYT pabOTaTh KaK B PEKUME T'€HEPUPOBAHUS TaK U B PEKHUME pac-
CesHUS DJIEKTPUYECKON 3HEPIuH, T.€. ObITh HArPY3KOW JJIsl BHEIUIHEW 3JIEKTpHUYe-
cKOil menu. Pexxum pabGoThl MCTOYHHMKA OMPEIENSICTCS B3aMMHOM HampaBiICHHO-
cteto D/IC 1 ToKa, MPOTEKAIOUIET0 YEPE3 UCTOUHUK. ECu HampaBieHue AeHCTBUA
OJ1C n HanpaBieHUE TOKA B UICTOYHUKE COBIIAJAIOT, TO ICTOYHHUK OTHAET SHEPTUIO
B LIENb U COOTBETCTBYIOILEE MpPOU3BeACHUE B JieBOM 4acTH (1.3) MONOXKUTENBHO.
Ecnu e HanpaBlIeHHE TOKa MPOTUBOIIOJIOKHO, TO UCTOYHHK SIBIISIETCS HATPY3KOU
U €r0 MOLIHOCTh BKJIIOUAIOT B OaJlaHC ¢ OTpULATeIbHbIM 3HaKoM. Clenyer 3ame-
TUTb, YTO MPU COCTABJICHUU OanaHCca MOIIHOCTH JOJKHO YUUTHIBATHCS peaibHOE
HaIlpaBJI€HUE TOKA B MCTOYHHKE, T.C. HANPABICHHE, NOJYYEHHOE B pE3yJIbTaTe
pacdéra dIEKTPUUYECKOM LIENH, a HE YCIOBHO MOJOKUTEIBLHOE HAMPAaBICHUE, IIPU-
HUMaeMO€ B Ha4yaJle PELICHMS.

Bonpocwt ona camoxoumpons.

1. [lo kakuM pU3HAKaAM MOXHO ONPEIEIUTh HAJUYHE TOKA B JIEKTpUYE-
CKOH 1enu?

2. YTo Takoe NOCTOSHHBIN AIEKTPUYECKUI TOK?

3. Uto Takoe 3JIEKTPOABIXKYIIAS CHUJIA?

4. [TouemMy HEBO3MOXKHO OMPEAECTUTH 3JIECKTPUUYECKUN MOTCHIMAN KaKOW-
100 OJTHOM TOYKH JIEKTPUYECKOMU Lenu?

5. Kakoe HanpaBieHue NPUHATO CUUTATH IMOJOKUTEIbHBIM IS DJIEKTPU-
YECKOro TOKa (HarpsoKeHUs)?

6. UYro Takoe 6aiaHC MOIIHOCTHU AIEKTPUUECKON 1enu?
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1.3. Ilaccuenbvie 3nemenmol 31eKMpuUUeCcKoil yenu

[TaccMBHBIMU HA3BIBAIOT 3JIEMEHTHI AJEKTPUUYECKOM 1IeNH HE CIIOCOOHBIE MPO-
U3BOJIUTH JIEKTPUUYECKYIO dHEprut0. K HUM OTHOCSTCS: pe3ucTop, KaTyllKa WH-
JTYKTUBHOCTH M KOHJIEHCATOP.

Jlns mepemenieHus 3apsiioB B AJEKTPUUECKON Lenu TpeOyeTcss COBEpIICHUE
paboThI, BEJIMUMHA KOTOPOU OIpEEseTCs CBOMCTBAMH CpPE/bl, B KOTOPOW JIBH-
KYTCSl 3apsijibl, TIPeoiojieBast €€ MPOTUBOACHCTBUE. DHEPrus, 3aTpaynBaemasi Ha
IIPEOJIOJICHNE ATOTO MPOTUBOJICHCTBUS, HEOOpaTUMO TIpeodpasyercst B Terio. Be-
JUYMHOM, XapaKTePU3YIOIIEH 3aTpaThl SHEPTUU HA MEPEMEILIEHUE 3apsI0B 10 J1aH-
HOMY YYacCTKy LI€MH, SIBJISICTCS d1eKmpuieckoe conpomusierue Wi IPOCTO CO-
npotuBieHue. OHO paBHO OTHOIICHUIO BEJIMUMHBI HAMPSHKEHUST HA YYACTKE LEMU K
TOKY B HEM

R=uli. (1.4)

Bripaxenue (1.4) sBisercs ogHoit u3 dopm 3anucu 3akoHa Jlxoyns-Jlenna.

Ecnu B anexkTpuyeckoi 1enu ¢ ConpoTuBieHueM R MPOTEKAET TOK i, TO 3a BpeMs

) 2
dt B Hell BeIziensieTcsl KonuecTBo Terna dQ =i”Rdt . Ilpu 3Tom B Terio npeoodpa-
3yeTcsl dNIeMEHTapHas dHeprusi dA, 3aTpadynBaeMasi Ha TiepeMelieHue 3apsiaa dq,

T.e. dA=dQ . Otcrona dAde:i%RdtzidqR = dA/dg=u=iR.

Enununeit usmepenus: conpotusiienus sisietcst [R]=[u]/[i]=B/A=0wM (om).
Benuuuna oOpaTHas CONMPOTHUBICHUIO Ha3bIBaeTCs nposooumocmoto G=1/R n u3-
MepsieTcs B cuMeHcax (Cwm).

DNEeKTPUUECKOE COMPOTUBJIEHUE SIBJSIETCSI OCHOBHBIM IMAPaMETPOM 3JIEMEHTA
AIEKTPUYECKON 1IeTH, UCTIOJIb3yEeMOTO JJIsl OTPAHUYEHUSI TOKAa U Ha3bIBAEMOTO pe-

R Ry L C
b ——> >
o p Y
0 1 0 1 0 u
a) 0) B)

Puc. 1.4.

3ucmopom. Vneann3upoBaHHbIA pe3UCTOpP 00JIaJaeT TOJBKO ATUM MapaMeTpoM U
Ha3bIBACTCS PE3UCTNUBHBIM INEMEHMOM.

BennunHa cOnpoTHBIEHUS PE3UCTOPA 3aBUCUT OT CBOWMCTB MaTepHaa, u3 Ko-
TOPOTO OH M3rOTOBJIEH, & TAKKE OT €r0 TeOMETpUUYECKUX pazmepoB. Ho moxer 3a-
BHCETh TAK)K€ OT BEJIMYUHBI W/UIW HANPABJICHUS MPOTEKAIOIIETO M0 HEMY TOKa.
Ecnu 3aBucuMocTH OT TOKa HET, TO BOJbT-aMIiepHas xapakrepuctuka (BAX) pe-
3UCTOpa MPEACTABISIET COO0N MpsAMYyIo JuHUIO (puc. 1.4, a) u OH SBIAETCS JTHHEH-
HBIM 3JIEMEHTOM JJIEKTPUYECKOW 1enu. [Ipru 3TOM 13 ypaBHEHUS BOJbT-AMIIEPHOU
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xapakTepucTuku (1.4) ciemyeT, 4To CONPOTUBICHNE MOXKHO OIPECIUTh KaK TaH-
reHc yria Hakiona BAX (puc. 1.4, a)

u m
R=—=—"tga,

i m,

rae m,, m; —MaciuTadbl ocel HampshKeHUs U Toka BAX.

[Tonw3ysce Beipaxenusmu (1.2 6) u (1.4) MOXHO ONIPEACIUTH MOITHOCTh pac-
CEeSIHUS DJICKTPUUYECKON SHEPTUU PE3UCTOPOM

P=u-i=i"R=u’/R. (1.5)

[IpoTexkanue Toka B 3JIEKTPUUECKON LEMU COMPOBOKIAETCSI BOZHUKHOBEHHEM
MarHuTHOIO TOJIA B OKpY>Xarolen cpeie. MarHuTHOMY TOJII0 MPUCYILA SHEPTrus,
paBHas paboTe, COBEPIIAEMON IIIEKTPUUECKUM TOKOM I B MPOIIECCE CO3AAHUS MOJIS

U YUCIICHHO paBHas W, =L-i*/2. KospduuueHt L, Onpenensiomuii 3Hepruo

MAarHWTHOTO MOJI Ha3bIBAE€TCSI UHAYKTUBHOCTBIO.

BennunHa MHIYKTUBHOCTH Y4YacTKa 3JIEKTPUYECKOM ILIEMU 3aBUCHT OT Mar-
HUTHBIX CBOMCTB OKPY’XKAIOIICH Cpeibl, a Takke OT (POPMBI U TEOMETPUUECKHUX
pa3MepoB MPOBOJIHUKOB, IO KOTOPHIM MPOTEKAET TOK, BO30OYX A0 MarHUTHOE
nojyie. YeM Gomplie BeIMYMHA MAarHUTHOTO MOTOKA, CHEIUISIFOIIETOCS C KOHTYPOM
(TpOHU3BIBAIONIETO KOHTYP) y4acTKa dJIEKTPUUECKOMN IeTH, TeM OOoJIbIe, TIPH Mpo-
YUX PaBHBIX YCIIOBHSX, BEJIMYMHA €r0 MHAYKTUBHOCTU. CyMMa CUEIUISIOUIUXCS C
KOHTYPOM LICTIM 3JIEMEHTapHBIX MarHUTHBIX MOTOKOB D, Ha3bIBAETCSA IOTOKOCLE-

w
wieHuem — WV = Z(D i - A1 yBEIIMYEeHUs MOTOKOCLICIUIEHHS IPOBOAHUKY IIPHUIAIOT
k=1
dbopMy LHUIUHIPUUECKON KaTymIKH. Toraa ¢ KakKIbM BUTKOM CIETUISETCS IPAKTH-
YECKU OJIMH U TOT K€ MarHUTHBIM MOTOK ® M MOTOKOCHLENJIEHUE CTAHOBUTCS PaB-
HeIM W =w- D, roe w — 4nciio BUTKOB KaTylIKU. Takas KaTyllika NnpegHa3HayeHa
JUist OPMHUPOBAHUSI MAaTHUTHOTO TOJSL C 33JaHHBIMH CBOMCTBAMHU M Ha3bIBAETCS
Kamywxou uHoykmusrnocmu. Vneann3upoBaHHasl KaTyIllKa, OCHOBHBIM U €IUHCT-
BEHHBIM TapaMEeTPOM KOTOPOU SIBIISIETCS MHAYKTUBHOCTH, HA3bIBACTCSA UHOVKMUG-
HbIM 971eMEeHMOM.

NHIyKTUBHOCTh YMCJICHHO PaBHA OTHOIICHHUIO BEIMYUHBI MOTOKOCIICTUICHUS

ydacTKa IenH K BeTUYNHE MPOTEKAOIIETO M0 HEMY TOKa
L=Y/i. (1.6)

Enuauneit usmepenus wHayktuBHocTH siBisercss [L]=[VY]/[i]=B6/A=Tn
(renpn).

CBsi3b MOTOKOCIICIUIEHUS C TOKOM HHIYKTUBHOI'O 3JIEMEHTA HA3bIBAECTCS BE-
Oep-amriepHoit xapakrepuctukoil (BOAX). B ciydyae nuHelHO# 3aBUCUMOCTH Me-
KAy ITUMHU BEJIMYMHAMU WHAYKTHBHBIN 3J€MEHT OyAeT JIMHEWHBIM M WHIYKTHUB-
HOCTh MOYET OBITh OMpe/ieieHa Kak TaHreHe yria HakioHa BOAX (puc. 1.4 6)

L=i=ﬁi%&

i m
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TIE My, M; — MacIuTaObl Ocell MOTOKOCUENIeHus 1 Toka BOAX.

W3meHeHne MOTOKOCHEIUIeHHs KaTyIIKK BbI3bIBaeT nosiBjaeHue IJC camouH-

TYKIAW

e, =———=—L—. (1.7)

L

dt dt

3Hak MUHYC B BbipaxkeHuu (1.7) mokazeiBaet, yto JIC, B COOTBETCTBUH C IIPaBU-
aom JleHua, 1eCTBYeT BCTPEUHO MO OTHOLIEHUIO K BBI3BABIIEMY €€ MU3MEHEHUIO
Toka. [{ns Toro ytoObl B KaTyuike mpotekan Tok, DJ[C caMOMHIYKIIMU JOJIKHA
YPaBHOBEIIUBATHCS PABHBIM U BCTPEYHO HAIPABICHHBIM HAMPSKEHUEM
di
dt

OTCIOI[EI MOHO OIIPCACINTb TOK B UHAYKTUBHOM 3JICMCHTC

1 .
z:—judt+l(0),
Ly
rae i(0) — Tok Ha MOMEHT Hauyajia UHTErPUPOBAHMUS.

DNEKTpUYECKUE 3apsibl B LIEU MOTYT HE TOJIBKO IEPEMEINAThCA M0 €€ diIe-
2
MEHTaM, HO TaKXXe HaKallJIMBaThCs B HMX, co3/aBas 3anac 3Hepruu W, =C-u”/2,

rJIe # — HAIPsDKCHHE Ha dJIeMEHTe dJeKTpudeckoit nenu, a C — kodduimenT, om-
PEAEISIONINIA 3a1mac YHEPTUU U HA3BIBAEMBIN 2/1eKMpU1ecKoll EMKOCHbI0 WU TIPO-
CTO EMKOCTBIO.

Bennunna EMKOCTH y9acTKa AJIEKTPHUUECKON IETH 3aBUCHUT OT AJIEKTPHUCCKUX
CBOMCTB OKpYXaloIel Cpebl, a Takke OT (POPMBI U TEOMETPUYECKUX pa3MepOB
IIPOBOJHUKOB, B KOTOPBIX HAKAIUTMBAIOTCS 3apsabl. MICTOpUYEeCKH TepBbIe HAKO-
MUTENH TPEJCTABISIN COO0H TUTOCKHE TPOBOAHHUKHU, Pa3feIEHHBIC TOHKOW IPO-
CJIOMKOW M30JSIMMOHHOTO Marepuaia. Yem Ooibliie TUIONIaAb MPOBOJHUKOB U YEM
MEHBIIE TOJIIMHA U30JUPYIOIIEH MPOCIOUKHU, TeM OOJIbIle, MTPU MPOUYUX PABHBIX
yCIIOBUSX, BEJIMYMHA UX EMKOCTU. Takas COBOKYMHOCTb MPOBOJAHUKOB, MpeaHA-
3HAYCHHBIX JUTSI HAKOIIJICHUS YHEPTUHU JICKTPUUCCKOTO TIOJIS, Ha3bIBACTCS KOHOECH-
camopom. Vneann3supoBaHHbI KOHJIEHCATOP, OCHOBHBIM U €MHCTBEHHBIM Iapa-
METPOM KOTOPOTO SIBJISIETCSI EMKOCTh, HA3bIBACTCS EMKOCIMHBIM I/IEMEHMOM.

EMKOCTb YHCJIEHHO PaBHA OTHOLICHHUIO BEIMYUHBI JJIEKTPUUECKOTO 3apsaaa Ha
y4acTKe JIEKTPUUYECKOM NN K BEIMYMHE HANIPSDKCHHS Ha HEM

C=qlu. (1.8)

Enunauneit mamepenus émkoctu ssisercs [C]=[q]/[u] =Kn/B=® (dapana).

CBs13pb 3apsifia ¢ HampsHKEHUEM Ha EMKOCTHOM JJIEMEHTE HA3bIBACTCS KYJIOH-
BoJIbTHOM XxapakTepuctukoi (KBX). B ciyuae nuHEHHON 3aBUCHMOCTH MEXIY
STUMHU BETUYMHAMHU EMKOCTHBIM 3JIEMEHT Oy/eT JMHEHHBIM W EMKOCTh MOXKET
OBITH Ompe/iesieHa Kak TaHnreHe yria HakiaoHa KBX (puc. 1.4 6)
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m
Cc=9-"tgy,

u m,

rae mg, m, — MaciTabbl oceil 3apsiia u Hanpspkenus KBX.

N3meHeHne HanpspKeHUsl Ha KOHJIEHCATOPE BBI3bIBAET U3MEHEHHE KOJIMYECTBA
3apsAI0B Ha JJIEKTPOAAX, T.€. JJIEKTPUYECKUH TOK. DTO CIEAYET W3 ypPaBHEHUS
(1.8). Ecnu B34Th MPOM3BOJHYIO IO BPEMEHHU OT YUCIMTENS U 3HAMEHATEIs, CUU-
tas, uto C =const, TO

dg . du
M_i—c™ (1.9)
dt dt
OTcro1a MOKHO ONPEAECIUTh HAMPSKEHHE HAa EMKOCTHOM JJIEMEHTE
Iy
uz—jzdz+u(0), (1.10)
o
rae u(0) — HanmpsbKeHue Ha MOMEHT Hayajla MHTErpUPOBaHUS.
Tabmuua 1.1
Ilaccusnbie snemenmul 31eKMpuU1ecKol yenu
Ha3Banue
[TapameTp VYcnoBHOE Bennuuna
UIECATLHOTIO Beanunna Toxa
JIIEMEHTa 0003HauCHUE HANPSUKCHHS
3JIEMEHTA [IeMn
I
o ConpotuBieHue :I_ . _ P
Pe3ucTUBHEIHM R [Om] iy i=u/R Uu=R-i
Ly
L
s | s | 0 o) | sy
L [Tx] —— I dt
—> 0
C II t
EMKocTHBII Emkocts C [D] ; i= du u= lj.idt +u(0)
> dt Cs
—>

Taxkum obpaszom, u3 Beipaxenuit (1.1-1.10) crnexyeT, 4TO ANEKTPOMArHUTHbIE
MIPOLIECCHI B DJIEKTPUUYECKOM LIETIH MOTHOCTHIO OMUCKHIBAIOTCSA MOHITUSIMU 3JIEKTPO-
JBIDKYIIEH CHJIbI, HAMPSDKCHUSI U TOKA, a KOJIMYECTBEHHBIE COOTHOIICHUS MEXITY
ATUMHU BEJIMYMHAMM OIPEIEISIOTCS TPEeMs mapaMeTpamMu 3JIEMEHTOB: COMPOTUBIIC-
HUEM, UHAYKTUBHOCTBIO U EMKOCTBIO. [Ipu 3TOM clieryeT OTMETUTh, 4TO BCE pac-
CMOTPEHHBIE DJIEMEHTBI AJIEKTPUUECKON 1eTH (PE3UCTOp, KaTylIka UHTyKTUBHOCTH
U KOHJIeHcaTop) obnagatoT BceM Habopom mapametrpoB (R, L u C), T.K. B JIF0OOM
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(¢u3nueckoM O0OBEKTE MPU MPOTEKAHUM DJIEKTPUYECKOIO0 TOKAa MPOUCXOJUT HEOO-
paTumMoe npeoOpa30BaHUE PHEPTUU C BBIJICJICHUEM TEILIa, BOSHUKAIOT MPOLECCHI,
CBSA3aHHBIE C HAKOIUICHUEM W IEpepacpe/eICHUEM AIEKTPUUECKUX 3apsaoB, a B
OKpY’Karollen cpeae co3aaéTcss MarHuTHoe noiie. OJTHaKo MpU ONPENEIIEHHBIX YC-
JIOBUSIX TO WJIM MHOE CBOMCTBO OOBEKTA MPOSBIAETCS CUIIbHEE U, COOTBETCTBEHHO,
Oosblllee 3HaYEHHE UMEET MapaMeTp, CBA3aHHBIA C ITUM CBOMCTBOM, B TO BpeMs
KaK OCTaJIbHBIMM CBOMCTBAMHU M COOTBETCTBYIOLMMH MapaMeTpaMy MOKHO IPOCTO
npeHeopeyb.

N3 TpéX pacCMOTPEHHBIX IEMEHTOB LIENH TOJBKO PE3UCTUBHBINA 3IIEMEHT
CBSI3aH C HEOOPATHMBIM NpeoOpa3oBaHUEM 3JIEKTPUUYECKON sHepruu. MHIyKkTuB-
HBI 1 €MKOCTHBIN 3JIEMEHTBHI COOTBETCTBYIOT ITPOLIECCAM HAKOIUICHHSI SHEPTUU B
MarHUTHOM M 3JIEKTPUYECKOM IOJISIX € MMOCIEAYIOIUM BO3BPaTOM €€ B UCTOYHUK B
TOM € KOJIMYECTBE, B KOTOPOM OHa Obllla HAaKOTIJICHA.

Bonpocwi 015 camoxonmpors.

1. JlaliTe onpenenenue pe3sucTopa, KaTyllki HHAYKTUBHOCTH U KOHJAECHCA-
TOpA.
2. Kakue napameTpsl SBISIFOTCS OCHOBHBIMM IS pE3UCTOPA, KATYIIKU HH-

AYKTHBHOCTHU U KOH,ZICHC&TOpa?

3. Yrto Takoe CONMpPOTUBICHUE, HHIIYKTUBHOCTD U EMKOCTB?

4. Yem ompenensercs BeIWYHMHA CONPOTHBIICHHS, WHIYKTUBHOCTH U EM-
KOoCTH?

5. Yewm oTiiMyaeTcst pe3ucTop OT OCTATbHBIX TACCUBHBIX 2JIEMEHTOB?

6. Kakumu BenmmumHAMU ¥ MapaMeTpaMu TOJHOCTBIO OMMKMCBHIBAIOTCS dJICK-

TPOMArHUTHBIE MPOLECCHI B JIEKTPUYECKON Lenu?

1.4. AkmueHbvle I1emeHmul ITEKMPUUECKOU Uenu

AKTUBHBIMHU 3JIEMEHTAMU 3JIEKTPHUUECKOW LENU SBJSIOTCS WCTOYHHUKHU 3IIEK-
TpUYECKOW dHEPTHHU. CBOMCTBA NCTOYHUKOB, KaK JIEMEHTOB JJIEKTPUUYECKON LEMN
XapaKTEepU3yTCA BOJIbT-AMIIEPHOM XapaKTEPUCTUKOW, HAa3bIBAEMOM B OTOM CIy-
4yae gHeulHel XapaKmepucmukou UICTOYHNKA. BHEIIHAS XapaKTepUCTUKA 3TO 3aBU-
CUMOCTh BBIXOJHOTO HANpPSKEHHUsS HCTOYHHKA OT TOKA, OTAABAEMOrO Harpys3Ke.
Takke Kak BCE OCTAJIbHBIE DJIEMEHTHI AJIEKTPUUECKOW LIENH HCTOYHUKUA MOTYT
OBITh JIMHEWHBIMA U HEJIMHEHHBIMA. JIMHEWHBIE UCTOYHUKN 00Jaqar0T JIUHENHON
BHEIIHEN XapaKTEPUCTUKOM.

Ecnu HanpspkeHWe Ha BBIXOJIE€ UCTOYHMKA ITOCTOSIHHO M HE 3aBUCUT OT TOKA B
Harpyske, TO TaKOW HMCTOYHMK HasblBaeTcad ucmounuxom IJC WIA UCTOYHUKOM
HanpspkeHusl. Ero BHENIHsIS XapaKTepuCTUKa MPEACTaBIseT cO00M rOpU30HTAIb-
Hyto JuHUIO (Jiunus 1 Ha puc. 1.5, 0), a T.k. TaHreHc yria HakioHa BAX cooTser-
CTBYET CONPOTHUBJICHHUIO 3JIEMEHTA 3JEKTPUUECKOM LENH, TO 3TO 03HAYAET, YTO CO-
npotusienue ucrounuka JJ1C paBHo Hyr0. Ha cxemax oH u3obpaxkaeTcs OKpyK-
HOCTBIO CO CTPENKOM, yKa3bIBaroulen Hanpasienue nercrsusa J/C, T.e. Hampasiie-
HUE BO3pAaCTaHUs JIEKTPUUECKOTO noTeHnuana (puc. 1.5, a).
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MoXHO cO3/1aTh TaK)K€ UCTOUHHK DJIEKTPUUECKON dHEPruu, GOPMUPYIOIINNA B
Harpy3ke HEW3MEHHbIA TOK. BHEIIHssS XapakTepucTUKa TaKOro MCTOYHHKA OyJleT
BEPTUKAJILHON NpsIMON JInHKMEW (JuHuUA 2 Ha puc. 1.5, 0), a caM UCTOYHMK OyJleT

Ha3bIBaTHCA
UCMOYHU-
KOM  MOKa.
B coorser-
CTBUU C
BHEIIIHEN
XapaKTepu-
CTUKOU CO-
MPOTUBJIE-
HUE  JIBYX-
MOJTIOCHUKA,
oOnanaro-
1IET0 CBOM-
CTBAaMH HC-
= _ ) TOYHHUKA TO-
Ka, Oyner
paBHO Oec-
KOHEUYHO-
ctu. Ha snekTpuyeckux cxemax MCTOYHUK TOKAa M300paKaeTcsl OKPYKHOCTHIO C
JIBOMHOM CTpENIKON BHYTPHU, HANIPABICHUE KOTOPOM yKa3bIBAaeT HAIPABICHUE IMPO-
TeKaHus Toka (puc. 1.5, 6).

Ucrounnku DJIC u TOKa HA3BIBAIOTCA UOCANbHLIMU UCMOYHUKAMU IAeKMpPU-

yeckou dHepeuu. ITO CBA3aHO C TEM, UTO B HUX HET MOTEPh SHEPIrUH, T.K. UX MPO-

o

————————

R ad

(@)
N
::N¢

=
<
[

N
N
2
S —
/A

N~

=
~

ﬂ
~—'

Puc. 1.5

BOJUMOCTb U CONPOTUBJICHUE OECKOHEUHBI ([ 2.0=0; U*/o0=0 ). Ha camomM nene

HE CYIIECTBYET TEXHHUYECKUX YCTPOMNCTB, B KOTOPHIX B TOW WJIM WHOU (opme He
nmpoucxoauiiu Obl HeoOpaTuMble TIpeoOpa3oBanus dHeprur. OIHAKO ATH MOTEPU
MOKHO KOMIICHCUPOBATH 32 CYET HCTOUHUKOB SHEPTUU BHEIIHUX MO OTHOIIEHUIO K
paccMaTpuBaEeMON JIEKTPUUECKOW LENH U TOTJa PEAIbHOE TEXHUYECKOE YCTPOM-
CTBO OyAeT 00y1alaTh CBOMCTBAMHU HJACAIBHOTO MCTOYHUKA MO OTHOLIEHUIO K Ha-
rpy3ke. [IpocTeliuM npuMepoM Takoro YCTPONCTBA SBJISIETCS CTAOMIM3UPOBAH-
HbI UCTOYHUK TMUTAHUS, B KOTOPOM C MOMOIIBIO BHYTPEHHEH OOpaTHOU CBS3U
o0OecrieunBaeTcs KOMIICHCAIUsl MOTePh BHYTPU HCTOYHHMKA 3a CUET SHEPrUU IU-
Tarolei cetu. Tem caMbIM 00€CrIEeYMBAETCS MOCTOSIHCTBO BBIXOJAHOI'O HAMPSKEHUS
JI0 ONPEACIICHHOTO 3HAY€HUs TOKA HArpy3KH, ITOCJIE YEro OH NEPEKIIOYAETCS B
pPEXHUM padOTHl C MOCTOSIHHBIM TOKOM, peaju3ysl B 3THX JABYX PEKHUMax paOOThI
00a naeanbHBIX UCTOYHHUKA.

Ecnn morepu anekTpudecKor 3HEPIUM BHYTPU MCTOYHHUKA HE KOMIIEHCHUPY-
I0TCS, TO OH UMEET HAKJIIOHHYIO BHEIIHIOIO XapaKTepUCTUKY (JuHus 3 Ha puc. 1.5,
0). Takre UCTOYHUKH YaCTO HA3BIBAKOT peanvHbimu ucmodnuxamu. IX cxemy 3a-
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MEILIEHUSI MOXHO TMpEeACTaBUTh B BUJE HcTOYHMKAa JJIC u mociienoBaTenbHO
BKJIFOYEHHOTO BHYTPEHHETO COMpOTUBIEHUs » (puc. 1.5, 6). YpaBHeHHE BHEUTHEN
XapaKTEPUCTUKU B STOM CITy4ae UMEET BUJ]

U,=E-rl,. (1.11)

Pemras ero coBMecTHO ¢ ypaBHeHUEM Harpy3ku U, = R [, Mbl IOJIyYUM 3HAYCHUE

H H?
TOKa B LIEMHU
I =E/(r+R,). (1.12)

['padmyecku 3TO pelieHue COOTBETCTBYET TOUKE a MepeceueHus! BHEIIHEH Xa-
PAKTEpUCTUKH MCTOYHMKA (JIMHUA 3 Ha puc. 1.5, 0) ¢ BoIpTaMIIEpHON XapaKTepH-
CTUKOM Harpy3ku (nmHus 4 Ha puc. 1.5, 0). [Ipn u3aMeHeHUn CONMpPOTUBIEHUS Ha-
rpy3ku Oyner MeHsaThes yroa 3 BAX u Touka a OyAeT CKONb3UTh MO BHEIIHEH Xa-
PaKTEPUCTUKE, ONPEAEIIss PEKUM PAOOTHI AIIEKTPUUECKON LETH.

ITpu R, =o0 TOK B LenH paBeH HyJO (pabodas Touka b Ha puc. 1.5 0) u 310T

pexuM pabOThI Ha3bIBaeTCs xo10cmuim xooom. U3 Beipaxenus (1.11) cnenyer, uto
B PEKHMME XOJOCTOTO XOJa HANpsHKEHHE Ha BBIBOAAX MCTOuHWKa Uy paBHO €ro
OJC E, 4To mO3BOJISIET NPOU3BECTH €€ HM3MEPEHHE BOJBTMETPOM C OOJBIIUM
BXOJIHBIM COTIPOTHBIICHUEM.

IIpu R, =0 HampsKeHHEe Ha BBIBOJAX MCTOYHMKA PABHO HYIIO (pabodas TO4-

Ka ¢ Ha puc. 1.5 0) 1 3TOT pekUM pabOTHI 1NN HA3BIBACTCS KOPOMKUM 3AMbIKAHU-
em. B pexxuMe KOpOTKOro 3aMblKaHMsa TOK B uenu [ = E/r orpaHuduBaercs

TOJBKO BHYTPEHHHUM COIPOTHBJIIEHUEM HCTOYHMKA 7, YTO KpailHE OMacHoO, T.K.
OOBIYHO 3TO CONMPOTUBJICHUE UMEET OYCHb MANyI0 BEJIMYMHY M TOK B I[EMU MOXKET
JNOCTUTaTh 3HAYCHUH, IPU KOTOPBIX UICTOUHUK MOXET BBIUTH U3 CTPOSL.

Ha BcéM ocTalbHOM MHOKECTBE TOYEK BHEIIHEW XapaKTEPUCTUKUA UCTOYHHKA
BBIJICIISIIOT JIBa PeKHMMa pabOThI LIEMH: HOMUHAIBHBIA W COTJIACOBaHHBIA. Homu-
HAaNbHbIU pedcum paboThl ATO PEKUM, TIPU KOTOPOM DIIEMEHTHI dJICKTPUIECKOM 11e-
U paboTalOT B YCIOBUSX COOTBETCTBYIOIIMX MPOEKTHBIM. [[J151 371€eMEHTOB 3JeK-
TPUYECKUX 1I€TI€l HOMUHAJIBHBIMU MMapaMeTpamMu, 00eCeUBaAOIIMMU HOMUHAIIb-
HBIN peXuM pabOThI, ABJISIOTCS TOK, HAMPSKEHUE U MOIITHOCTb.

Coenacosannwiii pedxcum padOTHI TEMU ITO PEKUM, TIPU KOTOPOM HCTOYHHK
OT/Ia€T B HArpy3Ky MakKCHUMaJbHO BO3MOXHYIO MOIIHOCTb. W3 Beipaxkenuii (1.5) u
(1.12) MOXHO HalTH MOIIIHOCTbh, PACCEUBAEMYIO Ha COMPOTUBIICHUU HArPY3KH

P : £
V=R =R ———=E[(-1/1).
(r + RH)
OueBuHO, 4TO 3Ta GyHKIUSA (JIUHUA 5 HA puc. 1.5, 0) UMEeT MaKCUMyM, T.K. OHa
obpamtaercs BHyab Ipu R, =0< [, =1 n R, =00 < [, =0. B3s1B npou3BogHyIO
dP/dR, w npupaBHMBas €€ HYJIIO, HalEM 3HAUYEHHUE CONPOTHUBIICHUS HArpy3KH,
COOTBETCTBYIOIIEE MAKCUMYMy MOIIHOCTH. DTO YCJIOBHE MMEET BUA R =7, 4TO
COOTBETCTBYET TOKY [, =1, /2. Tok Harpy3Kku, paBHbIN IOJIOBUHE TOKA KOPOTKOTO

3aMbIKaHHWA HCTOYHHKA B CHJIOBBIX JJICKTPHYCCKUX LCIIAX HCOAOITYCTUM. KpOMe TO-
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ro, KIIJ[ snekTpudyeckoil 1enu, Kak OTHOUIEHHE MOIIHOCTH PAacCceUBaE€MOW B Ha-
rpy3Ke, K MOIIIHOCTH, PACCEMBAEMOM BO BCEH LIETH —

R,—0; [, —1
H H K )0

n= L _ K 1 =1-1/1 = 0,5
P+P r+R, 1+r/R

— b
r=R,

RH—)OO;IH—)O )1,0

B coriacoBaHHOM pexkume cocrtasisgeT 0,5. Crons Huskuii KIIJI Takke Hegomyc-
TAM JUJI CWJIOBBIX JJIEKTPUUYECKUX Lener. /(s ero moBbIMIEHUS B HUX CTPEMSATCA
obecreunTs ycioBue r << R, ¥ paboTaloT B pEKUME JIEBEe TOUYKM MaKCUMyMa

(touku d u e Ha puc. 1.5, 0). B T0o ke Bpemsi, B MaJIOMOIIIHBIX YCTpPOKCTBaxX (Ha-
IpUMED, B PAIUOIIEKTPOHHBIX) COTJIIACOBAHHBIA PEXUM PaOOThI SBISIETCSI OCHOB-
HBIM, T.K. 00€CIIeYMBaET B MPUEMHUKE CUTHAT MAKCUMAJIbHOW MOITHOCTH.

B HekoTOphIX ciiyuyasx OKa3bIBaeTCsl YJOOHBIM MPEACTABUTH PEalbHBIN HC-
TOYHHK 3JIEKTPUYECKON IHEPIUU MapajyICIbHOW CXEMOM 3aMEIICHUSI ¢ UCTOYHMU-
KoM Toka (puc. 1.5, 2). Takasg Bo3MOXHOCTh cienyeT u3 ypaBHenus (1.11), ecnu
00€ ero 4acTH pa3JeinuTh Ha BEIMUMHY BHYTPEHHETO CONMPOTUBIICHUs 7. Toraa

U,/r=E/r-1,

U (1.13)
I =1 -1 =J-1,
rae I =U/r=Ug — TOK X0JOCTOr0 X0Jla UICTOYHHKA C BHYTPEHHEH IPOBOJNMO-

cteto g =1/r; J=E/r=1_TOK UCTOUYHUKA J PaBHBII TOKY KOPOTKOI'O 3aMbIKaHHUs

UCTOYHUKA C nocieaoBaresbHon cxemon. Conocrasisist ypaBaenus (1.11) u (1.13),
MOJIyYUM COOTHOILIECHHS MapamMeTpPOB MOCIEI0BATEIbHOW W MapalieIbHOW CXeM

3aMeIICHUS
J=E/r, g=1/r;
E=J/g;, r=1/g
O0¢ cxeMbl MO OTHOIICHHUIO K HArpy3Ke MOJHOCTHIO SKBHUBAJICHTHBI, T.K. JK-
BHUBAJICHTHBI WX BHEIIHUE XapaKTCPUCTHKU. OJHAKO CaMH HCTOYHUKH PEalii30-
BaHHBIC 10 3TUM CXeMaM OyayT paboTaTh MMO-Pa3HOMY B OJMHAKOBBIX PEKHMax

paboThl Harpy3ku. B pexume X0I0CTOro xo/1a B UCTOYHHUKE C TOCIE0BATEIIbHON
CXEMOM paccesiHie MOITHOCTH OyAeT paBHO HYJIO, 2 B HICTOYHUKE C MapauiebHON

(1.14)

— J*/g, T.e. 5TOT PEXHUM Ul HErO OYeT aBapUIHBIM, T.K. BCS MOIIHOCTb HCTOU-

HuKa J OyJeT paccenmBaThbCs Ha BHYTPEHHEW MPOBOAUMOCTH (CONMpOTHBICHHH). B
peXrMe KOPOTKOTO 3aMbIKaHUS B UICTOUYHHMKE C MApaUICIbHON CXEMOM 3aMELIECHUs
paccesiHus MOITHOCTHU HE Oy/eT, a UCTOYHHUK C MOCJEA0BATEIbHON CXeMoil OyaerT
paboTaTh B aBapUIHOM PEKUME, pacCerBasi HA BHYTPEHHEM COTIPOTUBICHUU MOIII-

HOCTb E°/r . EXMHCTBEHHBIM PEXUMOM pabOTHI LIS, B KOTOPOM O6eCIIedHBaeTCs
HKBHUBAJIEHTHOCTh MPEoOpa30BaHUs CXEMbl 3aMEIIECHHs 110 OTHOLIEHUIO K MCTOY-
HUKY, SBJISIETCS COIVIACOBAHHBIN PEXKUM.
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C mpakTU4yecKod TOYKH 3pEeHMs] UMEET OO0JbIIOe 3HaYeHUe 3ajada ornpezelie-
HUS BHYTPEHHUX IMapaMeTpoB UCTOYHMKA £ u r. VIX MOXXHO ONpeaeauTh Mo JlaH-
HBIM M3MEPEHUHN HAIpPSDKEHUS] M TOKa B PEXHUMAaxX XOJOCTOTO XOJa U KOPOTKOTO
3aMBbIKaHUS, HO, KaK Y€ YINOMHHAJIOCh BBINIE, PEKUM KOPOTKOTO 3aMbIKaHUS
NPEACTABISAET OMACHOCTh JIJI HCTOYHUKOB C MajblM BHYTPEHHUM COINPOTUBIICHU-
€M, a PEeKUM XOJIOCTOTO XOJa AJII UCTOYHUKOB C OOJIBIIMM BHYTPEHHHM COMPO-
tuBiieHUEM. [[09TOMY 3TH TapaMeTpbl MOXKHO OINPENEIUTh, U3MEPUB TOK U HAMps-
KEHHE B Harpyske B JBYX IIPOM3BOJBHBIX pexumax — Iy, Uy, b, U,, a 3arem u3
ypaBHenus (1.11) Haittu
u-u,
I, -1,
Bripaxxenus (1.14) ympoinatorcsi, €clid OJJHUM U3 PEKUMOB OYIET XOJIOCTON X0
(1, =0; U, =U, = E) nnu kopotkoe 3ambikanue (U, =0; I, =1 ) —

r:L; E=U+1Ir; r:M
I -1

B ncroynukax Manoil MOIIHOCTHA MO>KHO ONPEAEIIUTh BHYTPEHHEE COMPOTUB-
JIEHUE AKCIEPUMEHTAIBHO C MOMOIIbIO BOJBTMETpA. I 3TOro HY>KHO MU3MEPUTH
HAIpsDKEHUE HAa BBIXOJI€ UICTOYHUKA B PEKUME XOJIOCTOrO X0/1a, a 3aTEM, IMOIKIIIO-
YYB [IEPEMEHHOE CONPOTUBICHHE R, , HAUTH TAaKO€ 3HAYEHUE, IIPU KOTOPOM Ha-

L E=U,+1r=U,+1r. (1.14 a)

. E=U, . (1.14 6)

npsbKeHue OyZeT paBHO MOJOBHHE HANPSDKEHUS XOJOCTOrO XOAa, T.€. B LIENH Ha-
CTYIIUT COIVIACOBAHHBIN peKUM U R OyZeT paBHO 7.

Bonpocw 0ns camoxoumpons.

1. YTo Takoe BHEWIHSSA XapaKTEPUCTUKA UCTOYHUKA BJIEKTPUUECKON dHEp-
run’?
2. Yem OTIMYaroTCsl BHENIHUE XAPAKTEPUCTUKU UCTOUYHUKOB J/IC, Toka n

pPEaIbHOr0 HCTOYHHUKA DIIEKTPUYECKON dJHEPTUn?

[Touemy ucrtounnku I/C 1 TOKa HA3bIBAKOTCA UICATBHBIMH ?

MOkHO JI1 TEXHUYECKHU peann3oBarh UCTOUHUKH DJIC u Toka?

[IepeuncnauTe TUIIOBBIE PEKUMBI AIEKTPUUECKON LIETIH.

YTo Takoe cOornacoBaHHBIN PEXUM, U B KAKUX YCTPOWCTBAX OH IIPUMeE-

HAETCS?

[Toyemy cOrmacoBaHHBIN PEXUM HE UCHOJIB3YIOT B CUJIOBBIX LIETISX?

8. Kakne pexuMbl U MoYyeMy OITACHBI JJIsi ICTOYHUKOB C BBICOKMM U HU3-
KHM BHYTPEHHUM CONPOTHBIICHUEM?

SNk W

~

1.5. OcnoeHble 3aK0HbBL 31eKMPUYUECKUX Yenell NOCMOAHHO20 MOKA

OcHoBoOM 11 pacuéra pexxuma padOThI JIFO0O0M IEKTPUUECKON 1ENH SBIISIOT-
cs 3akoHbl Oma u Kupxroga. C ux nomolpto, 3Hasi mapaMeTpbl 3J1EMEHTOB 3JIEK-
TPUYECKOM LIEMH MOKHO ONPEAENINUTh MPOTEKAIOIINE B HEM TOKH U JIEUCTBYIOILIKE
HanpspKeHUsl. MOXKHO TakKe pelnTh 00paTHYIO 3aJady OINpeAesieHUs NapaMeTpoB
LenH, 00ecreunBaroIX TpeOyeMble TOKH U HAIPsKEHUSI.
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3axon Oma yCTaHABIMBAET CBSI3b MEKy TOKOM M HANPsHDKCHUEM Ha ydacTKax
ETH.

Jliist mo6oro yyacTKa LeMH, HE COIePIKallero akKTUBHBIX 2JIEMEHTOB CIIpaBe/l-
JWBO COOTHOIIIEHUE

I=U/R (1.15)

3akoH OMa MOXXHO 3alucaTh W IS YYaCTKOB IIETIH, COACPIKAIIUX HCTOYHHUK
OJ1C (puc. 1.6). B aToMm ciydae ero Ha3bIBalOT 0000wénHbim 3akonom Oma. I1ycThb
TOK Ha y4acTKE ac MPOTEKaeT OT TOYKU a K TOYKE . DTO 03HAYAET, UTO MOTECHIIHAI
¢, BbllIE, 4eM ¢, U HampspkeHue U . =@, — ¢, >0, T.e. HOJOXKUTEIbHOE HAIpaB-

nenue U, coBnanaer ¢ HanpasieHueM Toka. [IpubaBum u Berutem u3 U, MOTEH-
uuan touku b. Torma U, =¢,—0¢, +¢,—¢.=U_, +U,.. Hanpsokenue Ha pesu-

CTOpe Yyd4acTka ab Bcerja COBIAJAeT C HANpPaBICHHEM TOKA M PaBHO
U, =0¢,—0¢,=RI, aHanpskeHue Ha BbIBoJaxX ucToyHuka JJ]C Bcerna npoTuso-

U, U, nonoxuo FE, Te. U,=¢,—¢,=—E. Orcrona
— <E_ U, =Rl —-E. Ecnu nanpasienue aericteua OJIC Oy-

a B p ¢ €T NPOTHBOIOJIOKHBIM HAIPABJICHUIO IPOTEKAHUs TO-
Ka, TO M3MEHATCS HAINPABJICHUEC M 3HAK HANpsHKCHUS

_[" ’Uac U,. =0, —¢.=LE, n HalIpsDKEHUE Ha y4acTKe ac Oyner

Prc. 1.6 paso U, =Rl +E. B obuwem ciysae U, =RIFE, a

IIPOTEKAIOIINI TOK PABEH
I=U,tE)/R. (1.16)
[TonoxutenbHblid 3HaK B (1.16) COOTBETCTBYET COTJIACHOMY HAIpPABICHUIO TOKA U
OJ1C, a oTpULIATENBHBIN BCTPEYHOMY.
VY4acToK 3JIeKTpUYECKON LEMU MOXKET COJAEp:KaTh B OOLIEM CIIy4yae /7 UCTOY-
HuKoB D/IC u m pe3zucropos. Toraa, UCIONIB3ysl TOT kK€ XOJA PACCYKIACHUH, MOITY-
4UM

n
Uy, + > %E;
I = — = : (1.17)

2R,

=1
B Beipaxenuu (1.17) 3nak 3JIC B cyMMe MIPUHUMAETCS TIOJIOKUTEIBLHBIM, €CIIH €€
HaIlpaBJICHUE COBNAJAET C MOJIOKUTEIbHBIM HANPABIEHUEM IIPOTEKAHUS TOKA.

3axonwvr Kupxeogha SBIAIOTCS YaCTHBIM ciiydaeM (yHIaMEHTAIbHBIX (Qu3nye-

CKHMX 3aKOHOB IPUMEHUTENBHO K AJEKTPUUECKUM LETISIM.

Ilepsviii 3akon Kupxeogha ycTaHaBIMBaeT CBA3b MEXIy TOKAMU BETBEH, 00b-
€AMHEHHBIX B Y3€J 3JIEKTPUYECKOUN 1Ienu, W, MO CYTH, SBJISIETCS MPUHIUIIOM HE-
MPEPHIBHOCTH 3IEKTPUUECKOr0 TOKA. [I0CKOIBKY y3en SIBISeTCs UealbHbIM 3Jie-
MEHTOM IIENIU U B HEM HE MPOUCXOJAUT HAKOILICHUS WM TPeoOpa3oBaHus SHEPTUH,

TO, MBICJIEHHO OXBaTHUB €r0 HEKOTOPOH 3aMKHYTOM MOBEPXHOCTHIO (S Ha puc. 1.7),
MBIl MOXEM YTBEPXKJaTh, YTO KOJHMYECTBO DJICKTPUUYECKHUX 3apSA0B BXOMISIINX
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BHYTpPb 3TOI MOBEPXHOCTU 32 JHOOOW MPOMEKYTOK BPEMEHHU, PABHO KOJIUYECTBY
3aps10B BBIXOIAIINX M3 HEE. ECIIM P 3TOM yYECTh, YTO 3apsbl B JIEKTPUUECKON
LENU MEePEMEIIAI0TCS [0 MTPOBOJHUKAM M 00pa3yloT 3JIEKTPUUYECKUN TOK, TO CKa-
3aHHOE BBIIIIE MOKHO 3alIMCaTh B BUJIE

> +i, =0. (1.18 a)
k=1

S =S (1.18 6)
p=l1 q=1

Breipaxenust (1.18) mpencraBisitor coboil mepBbId 3a-

I
}( 2 koH Kupxroda, KOTOpbIii TJIacuT, 4TO anredpamdeckas
N J, CyMMa TOKOB B y3IIaX SICKTPUYCCKOl LETH paBHA Hy-
I3 —" g0 (1.18 a) uau, 4TO CymMMa TOKOB HAmpaBJICHHBIX K

Is  y3Jy paBHa CyMe TOKOB HampaBjeHHbIX OT y3ia (1.18
I 0). B nepBoit popmynupoBKe TOKH, HAlpaBJICHHbIE K
y3JIy MOKHO CUUTATh IMOJOKHUTEIbHBIMH, a OT y3Ja OT-

Iy pULIATEIbHBIMH.

Bmopoii 3axon Kupxeoga siBnsiercs omHOU u3
¢dbopM 3akoHa coxpaHeHus 3Heprud. OH OMUCHIBAET TOT
¢axT, uTo pU 006X0/1€ KOHTYpa U BO3BPAILCHNU B UCXOJHYIO TOUKY €€ 3JIeKTpHUe-
CKH MMOTEHIMAT OCTAETCSA HEU3MEHHBIM.

DTOT 3aKOH MOXKHO C(POPMYITUPOBATH CIECAYIOMKNM 00pa3oM: anredpandeckas
CyMMa NaJ€HUH HaIpsHKEHUs B JIIOOOM KOHTYpE 3JEKTPUUYECKOM LEeNU paBHA all-
redpanyeckoi cymme aeictpyromumx B HéM D/[C. Jlns koHTypa ¢ 4uciaom m pe3u-
ctopoB u n ucrounnkoB J/]C BTopoii 3akon Kupxroda MoxkHO 3anucaTh B BUJE

S iU, =3 E, (1.19)
p=1 q=1

[TonoxutenpHbie 3HaKKU B ypaBHeHuH (1.19) umeror Hanpsixenus u IJ1C, nanpan-
JI€HUS] KOTOPBIX COBMAJAIOT C HAIPaBJICHUSMU NMPOTEKAHUS TOKOB B COOTBETCT-
BYIOLIUX 3JIEMEHTAaX IENH, a OTpulaTebHble — HanpsbkeHus u J/]C, HanpaieH-
HbIE BCTPEYHO MO OTHOIIEHUIO K TOKAM.

Puc. 1.7

Bonpocwt 0ns camoxonmpois.

1. Chopmynupyiite mpaBuiio Beioopa 3Haka 3/C B 00001IEHHOM 3aKOHE
Owma.

2. Kakomy ¢yHnameHntanbHOMYy (U3NYECKOMY 3aKOHY (IIPUHIIUITY) COOT-
BETCTBYET MEPBHIN (BTOpOIA) 3aK0oH Kupxroda?

3. Cdopmynupyiite nepsbiii (BTopoil) 3akoH Kupxroda. [Touemy anred-
pandeckasi CyMmma 3JIEKTPUYECKHX TOKOB B y3J1aX LIETH PaBHA HYJIO?

4. CdopmynupyiiTe npaBuio BbIOOpa 3HAKOB B YpPaBHEHHUSX, COCTaBIIsie-

MBIX IJI y3JIOB 3J'ICKTpH‘ICCKOI>i O CIIN.
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5. ChopmynupyiiTe mpaBuiao BhIOOpa 3HAKOB B yPaBHEHHUSIX, COCTaBJIsC-
MBIX JJIsl KOHTYPOB 3JIEKTPUUYECKON LEMH.

6. ITouemy 4mMCnO ypaBHEHHMH, COCTaBISEMBIX IO IEPBOMY 3aKOoHY Kupx-
roa, He MOKeT ObITh PABHO YUCITY y3JI0B 3JIEKTPUUYECKOM 1enu?

7. Chopmynupyiite mpaBuiio BbIOOpa KOHTYPOB JEKTPUUECKOM LIETIH.

1.6. Ixeusanenmusie npeodPaAz6aAnUs INEKMPUYECKUX Yeneil

B snexTpuyeckux Memsx paziuyaroT CIEeAYIOIIUe COCIUHEHHS DJIEMEHTOB:
MOCJIeI0BATENbHOE, MapaJIEIbHOE, CMEIIAHHOE, 3B€3/101 U TPEYTroJbHUKOM. YacTo
3a/1a4y aHajii3a LEMH MOXKHO CYIIECTBEHHO YIPOCTUTh, €CJIM 3aMEHUTh OJHO CO-
€AMHEHNE IPYTUM SKBUBAJICHTHBIM.

R, R, Ilocneoosamenvroe
Tt — — coeouneHue STO COCIUHE-
— —]b HHUE DJIEMEHTOB IIE€NHU, B KO-
U l ! Rp [] — Ul R TOPOM  KaK/Iblil  SIIeMeHT
coeMHEH He Oosiee 4eM C

R, JIBYMsl JIPYTUMHU, TPUYEM
—F — — a) TaK, 4YTO C KaXXJbIM M3 HHUX
y HEro ecTtb TOJBKO OjHA

5 obmas touka (puc. 1.8, a).

47] 47] JmJV ! DTO o0O3HayaeT, 4To B IIO-
l R, R,J| = Ul R cnenoBatensHOM — coeyHe-

HUU HE MOXET OBITh Y3JIOB
—_ MU, KaK CJIeJCTBHE, BO BCEX
6) 3JIEMEHTAaX MPOTEKAET OJUH

Puc. 1.8 MU TOT K€ TOK.
B coorBercTBHHM CO

BTOpbIM 3aK0OHOM Kupxroda u 3akonom Oma

U=U,+U,+...4+U, =IR+IR, +...+ IR =I(R+R,+...+ R )=1IR,
T.€. DKBUBAJICHTHOE COIPOTUBIEHUE M IOCIECIOBATEIBHOIO COCIUHEHHBIX PE3U-
CTOPOB PaBHO CyMME UX COIIPOTUBIICHU

R=) R, . (1.20)
k=1

llapannenvrnoe coeduneHue 3T0 COSTUHEHUE DIIEMEHTOB II€TH, B KOTOPOM BCE
OHHM TIOAKJIIOYEHBI K OJHOU mape y3ioB (puc. 1.8, 6). 310 03HadaeT, 4TO MaFCHUE
HaIpPsKEHHST HA BCEX 3JIEMEHTaX OJIMHAKOBO M PABHO PA3HOCTH MOTEHIMAJIOB y3-
JIOB.

[Tonp3ysick nepBeiM 3akoHOM Kupxroda u 3akonoM OMa MOKHO 3amucaTh:

I=1+L+..+1, =UG+UG, +...+UG, =U(G,+G, +...+G,)=UG.

OTCIOI[a 9KBUBAJICHTHAA ITPOBOAMMOCTD ITAPAJJICIIbHOIO COCANMHCHUA PaBHA

G=>YG,. (1.21)
k=1
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Ha mpakTuke B KauecTBe mapaMeTpa PE3UCTUBHBIX 3JIEMEHTOB OOBIYHO HC-
NoJIb3YyIOT conpoTuBieHue. [loatomy Beipakenue (1.21) MoxkHO ipeoOpa3oBaTh

PR N 15

1 m
- = Z — _ k=1
R =R, i 1 o m
e R

p

B naubosnee yacTo BCTpeyaroOIIMXCS CIy4dasX MapajuieIbHOIO COEIUHEHUS
IBYX U TPEX PE3UCTOPOB SKBUBAJIEHTHOE CONPOTUBIICHHUE OTIPEIEIAETCS KaK

R= R ; R= RRR, . (1.22)
R +R, RR, + R,R, + RR;

Crnenyer 3aMEeTUTh, YTO, B OTJIMYHME OT MOCIEAOBATEIIBHOIO COEAUHEHUS, MO-
HATHE TNAPAJIIEIBHOTO COCIUHEHHS MC-
IIOJIB3YETCS TaKXKE I COCIUHEHUS BET-
BEH, T.C. MAPAJUIEIBHO COEHUHEHHBIMU
BETBSIMH SIBIISIFOTCS. BCE BETBU MEKIY
JBYMsI Y3JIAMH.

Cmewannoe coeounenue 310 MPOU3-
BOJIbHAs KOMOWHAIUs IOCJIEOBATENb-
HBbIX U MapaJlIeIbHBIX COCAUHEHUU. [l
KOKJIOr0  CMELIAHHOTO  COEOUHEHMs
MOKHO HAWTH DHKBHUBAICHTHOE COIPO-
THUBJICHUE ITIYTEM IOCJIENOBATEIBHBIX K-
BUBAJICHTHBIX NPE0Opa3oBaHUN OTHAEIb-
HBIX 3JIEMEHTOB. PaccmoTpum 3Ty 3amady
Ha IpuMepe cxeMsbl puc. 1.9.

3nech n300pakeHbI YETHIPE BETBHU.
B nepByro Bxoaut pe3uctop R;; BO BTO-
— 5 PYIO pe3UCTOpHI R, U R3; B TPETHIO PE3U-

CTOp R4 ¥ B 4ueTBEPTYIO — Rs. Bropas u

TPETbsl BETBU COEAMHEHBI MEXIY COOOM
napasuieabHO, T.K. 00€ COeJUHEHBI C y31aMH @ U b. OIHAaKO U3 3TOT0 HE CIIEIYET,
YTO MapajuIeIbHO COEAUHEHBI MEXy COOO0M 3JIEMEHTBI ATUX BETBEH. DTO OBLIO OBl
CHPaBEUIMBO TOJIBKO B TOM Cllydae, eciau Obl 00€ BETBH COCTOSUIM U3 OJJHOTO 3Jie-
MEHTA.

Ha mepBoM 3Tame 3KBUBajJ€HTHOE MPEOOPa30OBaHME BO3MOYKHO TOJBKO JUIS
IIOCJIEA0BATEINBHOTO COEAMHEHNS R, U R3 BO BTOPOW BETBH, T.K. B LIEIIHA HET APYTIUX
COCAMHEHNH, KOTOPBIE MOKHO ONPENENINTh KAK MapaJlICIbHBIE WIN IOCJIEI0BA-
tenbHble. OTCI00a R, = R, + R;.

Puc. 1.9
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Tenepp kaxkmas w3 MapaylIeIbHBIX BETBEH COCTOWT M3 OJHOTO DJIEMEHTA, U
OHM 00pa3ylT MEXIy co0oit
napauieTbHOe COETUHEHHE,
JUTSI KOTOPOTO C TIOMOIIBIO BBI-
paxenus (1.22) MOXXHO HaWTH
DKBUBAJICHTHOE  COIPOTHUBIIE-
HUE

RyR, _ (Ry+R)R,

4T R OYR, R+ R R,

Puc. 1.10

B pe3ynbrare Mbl MOJy4YHSIM MOCIEAOBATEIbHOE COCUHEHUE C HKBUBAJICHT-
HBIM COITPOTHUBIICHUEM
R=R 4R+ Ryyy =R, + Ry + Lt R

R, + R, +R,

B C0HBIX LEMSIX BCTPEUAIOTCS COCAMHEHUS, KOTOPHIE HEIb3s1 CBECTU K KOM-
OWHAIMK TIOCJIEIOBATEIbHBIX U TapaIeNbHBIX. K HUM OTHOCSATCS COCTMHCHUS
TPEXJIyUeBOU 36e300t u mpeyeonvHuxkom (puc. 1.10). Bzaumaoe npeoOpazoBaHue
3TUX COEIMHEHHUI YacTO MO3BOJISET MOJYUYUTh 00Jee MPOCThIE CMEIIAHHbIE COE/IH-
HEHUS U TOCJI€ 3TOr0 pelaTh 3ajady MmoJoOHO TOMY, KaK 3TO ObLIO CIIEJaHO BbI-
mie.

VYcnoBUsAMHU SKBUBAJICHTHOCTH MPEOOpPa30BaHUsl SIBJISIIOTCS PABEHCTBO TOKOB,
NOAXOMSIIUX K TOUKaM a, b U ¢, a TakKe HaNpsHKeHUH MEXy HUMHU B 00€HX cxe-
Max.

CocraBuM I KOHTYpa TPEyroJibHMKa M y3J0B a U b cxemsl puc. 1.10, 6
ypaBHeHus: Kupxroda

Rablab + Rbc[bc + Rcalca = O’

[ca :Iab _Ia; Ibc =1

a

I
U PELIUM MOJIIyYCHHYI0 CUCTEMY OTHOCHUTEIIBHO TOKA [,

Rca] a Rbc] b
Rab + Rbc + Rca
Otcrona MmoxHO onpenenuts U,
RabRcaIa B RabRbc[b

Rab + Rbc + Rca

Ho B coequnennn 3se3non U, =R [, — R, [, . lIpupaBHuBas MHOXUTEIU IIPU

ab —

Uab = RabIab =

TOKax B 9TUX JIBYX BBIPAKCHUAX, ITOJTYIUM:
R = RabRca - R = RbcRab
a s L\ — .
Rab + Rbc + Rca Rab + Rbc + Rca

I1o ananorum MO>KHO 3amHCcaTh HJI TPEThETO COIIPOTHUBIICHUA!

(1.23 a)
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R =— Ralbe (1.23 6)

. .
Rab + Rbc + Rca

N3 ypaBHenuii (1.23) MOXHO ONpenenuTh CONPOTUBIEHUS PE3UCTOPOB IKBU-

BaJICHTHOT'O TPEYTrOJIbHUKA:

_ RR +RR +RR,

— RaRb + RbRc + RcRa .

_RR+RR +RR,

R R, .= R
ab > She > “lea
Rc Ra Rb
a IIpumepom wuc-
\. [IOJIb30BaHUs  IIpe-
! 9 .

R, oOpa3oBaHMil TpEX-
AN

R, »d TIOIIOCHUKOB MOXKET

0 /7 CAY’KMTb MOCTOBAas

g be cXema, IIHUPOKO HC-

B) IoJb3yeMas B TeEX-

Huke (puc. 1.11, a).
B Hell MOXHO BBHI-
R, R, R, R, R; ¥ Ba COCTUHEHHUS

Puc. 1.11.

JNEIUTh JBa coequHEeHUs 3Be3nou R

ca’

TPEYTOJIBHUKOM R

as Regs Ry Ry.s Ry, Ry, . B pesynbraTe npeoOpa3oBaHus JIo-
00ro M3 4eThIpEX COEAMHEHUN MOCTOBAsl CXEMa INPHUBOIUTCS K CMEIIAHHOMY CO-
enuHennto. Ha puc. 1.11, 6 noka3aH pe3ynbTaT nmpeoOpa3oBaHUsl TPEYTOJIbHHKA

R, R, R,,anapuc. 1.11, 6 —38e310sl R, R ;, R; . B nepBom cirydae MbI 110-

ca’
Jy4aeM CMEIIAHHOE COEJIMHEHHE C COXPAaHEHUEM BCEX Y3JIOB MOCTOBOM CXEMbI U
UX MMOTEHIIMAJIOB, 2 BO BTOPOM HH(OpMaIKs 0 MOTEHIUANE y3ia d yTpauyruBaeTCsl.
IIpeobpazosanue eemegeti ¢ ucmounuxamu 3/[C. Tlpu mocremnoBaTeaIbHOM
BKJItOUeHNH n uctouyHukoB DJIC u m pesuctopoB (puc. 1.12, a) HanpsikeHue Ha
BXO/JI€ LM MOXXHO ONPEEIUTh N0 BTOpoMy 3aKkoHy Kupxroda kak
U=RI+RI+E+..+RJI-E +R I+E ,+..

p+l q

mE,+RI=I3R +3 +E =RI+E

p=l q=1
Ortcroaa napameTpbl 3KBUBAJIEHTHOM LIEMH
m n
R=YR,; E=)+E_. (1.25)
p=l1 q=1

[TomyuyenHnoe Beipaxkenue U = R[ + £ COOTBETCTBYET IOCIEI0BATEIBHOMY COEIU-

n
HEHUIO pe3uctopa u ucrounuka ¢ IJC E = ZiE , - 1Ipraém, DJIC ucrounnka £,
q=1
BKJIFOYAETCA B CYMMY C MOJIOKUTEIBHBIM 3HAKOM, eciau HanpasieHue J/1C coBmna-
JTaeT C HAIPaBJICHHEM TOKA B LICMH.
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a)

—>07 miL, (] —>
Ul]Rl 1%2[gn{ R, Ul I ||R

R
El E2 n

6)
Puc. 1.12.

tounukoMm JJIC kak

I,=(U-E)G; I,=(U+E,)Gy;... 1, =

—_
1= Ul 1 R
Eq+1 )

FOCYARCTBEHHBI YHUBEPCUTET

BerBu ¢ uncrouyHuKa-
mu OJIC moryTr coenu-
HATHCA MapajuieNbHoO (puc.
1.12, 6) u nus HUX TaKxKe
BO3MOKHO 3KBHBAJIEHTHOE
npeobpazoBanue. [lo mep-
BoMy 3akoHy Kupxroda
BXOJIHOM TOK IIEMU PaBEH
CyMME€ TOKOB B BETBSX:
I=0L+1,+...+1,.

OTH TOKHM MOYKHO OII-
penenuts 1no 3akoHy Oma
JUIsL ydacTKa LENUu C HC-

(U-E,)G,.

HOI[CT&BHH?I 3HA4YCHHUA TOKOB B HCXOAHOC YPABHCHUC, IMOJYUYHUM:

~UY G, - 4G,E, =(U~E)/R
k=1

k=1
Otcrona

R= in; E:iinEk Zn:Gk. (1.26)
k=1 k=1 k=1

3/1ech Takke Kak B MOCJIEI0OBATEILHOM COCIUHEHUHU TMOJIOKHUTEIbHBINA 3HAK B
cymme DJIC cootBeTcTBYeT coriiacHoMy HampasieHutro DJIC U Toka B BeTBU. B
cinyyae orcyTcTBus ucrounnka JJ[C B kakoi-nmuO0 BETBU B UUCIHUTENC YKBUBA-
aentHoit DJIC OyneT oTCyTCTBOBAaTH COOTBETCTBYIOIIEE ciiaraemoe (Ha puc. 1.12,

o E _ =0).

Bonpocwt ona camonposepku:

1. Kak mensiercst ob1iee cOnpoTUBIEHUE MOCIEA0BATEIEHO COSTUHEHHBIX
PE3UCTOPOB MPHU MOAKIFOUEHUU HOBOT'O 3JIEMEHTA?

2. Kak mensiercss oOmiasi mpoBOAUMOCTh MapaiebHO COSTUHEHHBIX pe-
3UCTOPOB MPHU MOJKIFOUEHUU HOBOT'O 3JIEMEHTA?

3. Bo3MOHO 11 1OcCiIe10BaTENbHOE COSAMHEHUE BETBEU JJIEKTPUUECKOU
uenu?

4. Bo3MOHO 1M mapanienbHOE COCIMHEHHWE BETBEM JJIEKTPUUECKOU Lie-
nu?

3. K xakoMmy Buly NpUBOAUTCA MOCIEAOBATEIIBHOE COCIUHEHUE PE3UCTO-
poB 1 ucTouyHUKOB DJ{C npu 3KBUBaJIEHTHBIX TPeOOpa30BaHUAX ?

6. K xakoMy BHAY NpUBOAUTCS MapajuieIbHOE COCAUHEHUE PE3UCTOPOB U

uctouHukoB DJ1C npu SKBUBAJICHTHBIX MPEOOPA30OBAHUSIX ?
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7. Chopmynupyiite npaBuio BbiOOpa 3HakOoB DJIC MCTOYHUKOB MPU K-
BUBAJICHTHBIX IIPEOOPA30BAHUSAX MTOCIICI0BATEILHOTO U MapalICIbHOTO
COCUHEHUM.

1.7. Memoowt pacuéma 3n1eKkmpuuecKkux yenei

Pacuér snexTpuyeckoil LEenu MPOU3BOAMUTCS C LIEJIbIO MOJYYEHUS JAHHBIX O
pexxume e€ paboThl WK JIsl ONPEEICHUs MapaMeTpOB, 0OECIICUUBAIOIIUX 3a/1aH-
HbI pexxuM. [lepBas 3anaya, 3aa4a ONpeAeeHUs: TOKOB, HAIPSKEHU U MOIITHO-
CTEW HA y4acCTKax WJIM 3JIEMEHTAX 3JIEKTPUYECKOU LIENHU IIPU 3aJJaHHOU CXEeMe, Ma-
paMeTpax 3JIEMEHTOB U UCTOYHUKOB JJIEKTPUUYECKOM SHEPIrUM HA3bIBACTCS AHAJIM-
30M Lenu. Bropas 3amada 3akirodaercs B ONPENECIICHUM COCTaBa JIEKTPUUYECKOU
[ENH U MapaMeTPOB €€ DJIEMEHTOB, 00ECIICUNBAIOIINX TPEOyeMbIi pexUM paboThI
OJTHOTO WJIM HECKOJIBKMX W3 HHUX, Ha3bIBACTCSI CMHTE30M LICNH U B IIpEenax JaH-
HOTO Kypca He paccMmarpuaercs. He BXOauT B 3aady HAaHHOTO Kypca M aHAIMU3
Henel ¢ ICTOYHUKAMH TOKa, KOTOPbIe OOBIYHO PacCMaTPUBAIOTCA B Kypcax Teope-
TAYECKUX OCHOB DJIEKTPOTEXHHKHU.

OcHOBOW U1l aHAJIN3a JIEKTPUUYECKON LENH ABJISIOTCS 3aKkOoHbI OMa n Kupx-
roda, a TakKe METOJbl, pa3pabOTaHHbIE HA UX OCHOBE JJI ONTHUMAJIBHOTO pellie-
HUS ONPEAENIEHHOTO Kilacca 3a1ay.

1.7.1. Memoo nenocpeocmeenno2o npumererus zaxkona Oma

3akon Oma mpuMeHsieTcsl UIsl pacuéTa PeKMMOB OTIENIbHBIX YYAaCTKOB DJIEK-
TPUYECKOW LEMU, COCTOSIIINX U3 OJHOTO WA HECKOJBKUX PE3UCTOPOB U UCTOYHH-
koB DJ[C. OgHako B COYETaHUH C YKBUBAJICHTHBIMU MPEOOPA30BAHUSIMU OH MOKET
MCIIOJIb30BAThCS I 0oJiee CIOXKHBIX 33a/1ad. B 4acTHOCTH, €r0 MOXKHO HCIOJIb30-
BaTh VISl 3a]1a4 OMpPEJIEICHUs TOKA B KaKOi-IMOO0 BETBU JBYXKOHTYPHOU 3JIEKTpHU-
YECKOU 1IeNH WM HAPSKEHUS Ha OTJICTbHOM 3JIEMEHTE.

Paccmorpum
XOJl peUIeHUs TO-
TOOHBIX 3a/lady Ha
npuMepe enn
puc. 1.13. Ilycts
U3BECTHBI  Tapa-
METPBI BCEX 3JIe-
MEHTOB IIeNu |
TpeOyeTcss  ompe-
JICIATh  HATIpsDKe-

HHUE Ha R,;.

Jlnst onpenenenust HanpspKeHUs o 3akoHy Oma Hy’KHO 3HATh TOK /[, IpoTe-
Karoluii yepe3 Ry;. Ero MOXHO HailTH, MO3TamHO NpeoOpa3oBaB CXeMy K LENHU,
cocTosALIEer U3 0OHOro KoHTypa (puc. 1.13, ), u BHauasie BBIYUCIUTH TOK /| B Mep-
BOU BETBU.
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OKBHUBAJIEHTHOE COMPOTUBJICHUE TOCIICIOBATEIIBHO BKIIOUEHHBIX PE3UCTOPOB
Ryy u Ry paBHO R,=R, +R,,, a mapauleIbHO BKIIOYEHHBIX R, U R3 —
Ry =R,R,/(R,+ Ry).

Tok B nenu puc. 1.13, 6 MO)KHO OIIPEAETUTH € MIOMOIIBI 0000IIEHHOTO 3aKO0-
Ha Oma s yyactka ab:

a

Orcrona
B E
1 - .
Tenepp MOKXHO HaTHU HanpskeHue Up:
R,.E
Uab = R23[ 1= = >

a 3aTeM TOK [, 1 ICKOMOE HalPSKEHHUE:
I, =U,/Ry; Uy =Ryl

1.7.2. Memoo nenocpedcmsenno2o npumenenus saxonos Kupxeogpa

3akonbl Kupxroga sBISIOTCS YHUBEPCAIBbHBIM CPEACTBOM aHAIM3a AJIEKTPH-
yeckux nemnen. [Ipu pacuére pexxuma nenu ¢ ux UCIOIb30BaAHUEM PEKOMEHIYETCS
ONpeIeNIEHHAS TIOCIIEI0BATEIBHOCTD PEIICHMUS.

Brawanie HyXHO ONPEACINTH YUCIO BETBEH N, M YHCIO y3710B N, LeNH.

UYucno BeTBel omnpeaesnser oduiee yucio ypaBHenuit Kupxroda, T.K. HeU3BeCTHBI-
MU BEJIMYUHAMMU SIBJISIFOTCS TOKU B BETBSX.
Jost Bcex N y370B LeNn MOXHO COCTABUTh YPaBHEHHS I10 IIEPBOMY 3aKOHY

Kupxroga, oxtako tonbko N, —1 ypaBHeHHid Oy1yT HE3aBUCHMBIMH, T.K. IIOCIIE/I-

HEE YpPAaBHEHHE SIBJSIETCS CyMMOM OCTalbHBIX. [loaTOMY 4mMCIO ypaBHEHUH CO-
CTaBJISICMBIX 110 TIEPBOMY 3aKOHY paBHO N, =N, —1, a 9iCIO0 ypaBHCHHUII 110 BTO-
pomy 3akoHy — N, =N, — N, =N, - N, +1.

Ha cnenyromem stare peue-
HUSl TPOM3BOJIBHO BBIOMpAIOT Ha-
IIpaBJI€HUS TOKOB B BETBSX LEMH, a
3aTeM KOHTYPbI U HalpaBJICHUS UX
o0xona. Uncio KOHTYpPOB JOJIKHO
OBITh PABHO YMCIIy YPaBHEHUU IO
BTOpOMYy 3akoHY Kupxroga. Bel-
00p KOHTYpOB HY>KHO MPOU3BO-

Puc. 1.14. JUTh TakuM oO0pa3oM, 4TOOBI BCe

BETBU OBbUIM BKIIIOUEHBI, MO Kpai-

HEI Mepe, B OJMH U3 KOHTYPOB M BCE KOHTYPHI OTIMYAIUCH APYr OT JIpyra, Io
KparHEN Mepe, OJHOU BETBBIO.
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[locne 3TOro COCTaBISIIOT ypaBHEHHS AJid BBIOpaHHBIX Y3JI0B ILIEMH, CUMTas
TOKH, HAIIPABJICHHBIE K Yy3JaM IOJIOKUTEIbHBIMH, & OT Y3JIOB OTPULATEIbHBIMH.
3aTeM COCTaBIIIOT YPAaBHEHUS JUJI1 KOHTYPOB, BKIIFOUAs B JIEBYIO YAaCTh YPAaBHEHUN
HaIIPSDKEHMS Ha NTACCUBHBIX AJIEMEHTAaX, a B npaByro DJIC uctounnkos. [Ipu sTtom
HaIIPSDKEHUS Ha JJIEMEHTAaX, Y KOTOPBIX HAIlPaBJICHUE ITPOTEKaHUS TOKA COBIIAIAET
C HaNpaBJICHUEM JBWKEHHUS NpPHU 00X0/J€ KOHTYypa, BKIIOYAKOTCS B ypaBHEHHUE C
IIOJIOKUTENIBHBIM 3HAKOM, a OCTaJIbHbIE ¢ OTpULaTeNbHbIM. DJIC HCTOYHUKOB TaK-
K€ BKJIIOYAIOTCS B YPABHEHME C y4ETOM HAIIPABICHHUM MX ACHCTBHS W HAIpaBIIC-
HUI 00X0/1a KOHTYpa: ¢ TUTFOCOM, €CJIM ATH HANPaBJICHUs COBIAAAIOT, U C MUHYCOM
IIPX BCTPEUYHBIX HAIIPABJICHUSAX.

PaccMoTpum anroputM coctaBieHusl ypaBHeHH Kupxroda ajigs KOHKpeTHOU
LIETIH, IPUBEACHHON Ha puc. 1.14.

OO0111ee KOIMYECTBO HEM3BECTHBIX TOKOB B LIeNU paBHO mmiectu. Llens mmeer
YETBIPE y371a, TOATOMY ISl HE€ MOKHO COCTaBUTh TPU YPaBHEHMS I10 IIEPBOMY 3a-
koHy Kupxroga u Tpu no Bropomy.

Ha pucynke 1.14 6) crpenkaMu moka3aHbl MPOU3BOJILHO BHIOPAHHbBIE HANPAB-
JIEHUS] TOKOB BO BCEX BETBAX (MHAEKCHI 3JIEMEHTOB LIETIH COOTBETCTBYIOT HOMEPY
BeTBN). [lo oTHOWIEHUIO K y31y b TOKM [,, [, [, MOMyYMINCHh OPUEHTUPOBAHHBI-

MU OJUHAKOBO. JTO O3HAYAET, YTO B PE3YJIbTATE PEUICHHs OJAMH WM JBA TOKA U3
TpEX OyIyT OTPUIATENBHBIMHU, T.€. OyIyT MPOTEKaTh B HAMPABICHUSIX MPOTUBOIIO-
JIOKHBIX BBIOpaHHBIM. BbiOepem n3 4eThIpex y3J0B TpH, HapuMep, da, b u ¢ u co-
CTaBUM JUTsl HUX ypaBHeHUsT Kupxroda:
a) I,-1,-1,=0
by I, +1;+15=0 (1.27)
c) I,-1,-1,=0
Bribepem Terneps MpoOM3BOJIBLHO TPU 3aMKHYTHIX KOHTYpa TakK, 4TOOBI B HHUX
BXOJIMJIM BC€ BETBU. Bcero /s paccMaTpuBaeMoOM LIETIH MOXHO COCTaBUTh CEMb
KOHTYpOB: aecbha, abdga, bcfdb, aecfdga, aecfdba, aecbdga, abcfdga. JlroObie Tpu
U3 HUX MOXHO HCIOJb30BaTh MPH COCTABICHUH YPAaBHEHUU MO BTOPOMY 3aKOHY
Kupxroda, HO mydiie orpaHUIUTHCS MaJIBIMA KOHTYypaMH, T.K. TIPH 3TOM ypaBHE-
HUsl OyayT Oojiee KOMITAKTHBIMH, a JUIsl pe3yibTara BbIOOpP KOHTYpOB HE MMEET
3HAYCHHUS.
[Tpumem HampaBieHHs 00X0Ja KOHTYpPOB IO YacOBOW CTPENKE W COCTaBHM
YpaBHEHUS:
aecba) R, + R, - R [, =-E;
abdga) R,I, —RJI, +R,1,=E,; (1.28)
befdb) — R, + R+ R, =—E;
CrnenyeT 3aMETHTb, YTO HapaBIeHUS 00X0/a MOTYT OBITh JIFOOBIMH, B TOM YHUCJIE
Y Pa3IMYHBIMU JJIS Pa3HBIX KOHTYPOB.
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Pemute cucremy ypaBHenuit (1.27-1.28) MoxHO 1100bIM cIOCOOOM, HO B CO-
BPEMEHHBIX MaTEMAaTHUECKUX MAKEeTaX €CTh CPEACTBA, MO3BOJISIONIUE JIETKO TOY-
YUTH PE3yJNIbTAT, €CIU MPEJACTaBUTh 3a/1a4y B MaTpHUHOU popme:

-1 -1 0 1 o ols] |o
0 1 1 0 1 oln] [o
1 0 -1 0 0 -] |o
R -R, R, 0 0 ofl] [-&
0O R 0 R, —R, O|lL] |E,
0 0 -R 0 R Rl [-E

CronbriaMy MaTpullbl SBJISIIOTCS MHOXXHTEIN COOTBETCTBYIOIIMX TOKOB B ypaBHe-
Husax Kupxroda, a B BeKTOp-cTON0€CI] MPaBOM YacTH BKIIFOYEHBI ajareOpandecKue
cyMMbl DJ]C UCTOYHUKOB, IEUCTBYIOIIMX B KOHTYpax.

Omnpenenus T0ku /;...1;, MOXHO 110 3akoHy OMa HaAUTH HANPSDKEHUS Ha BCEX

pesucropax (U, = R 1, ), a Takke cOCTaBUTh OalaHC MOIIHOCTEHN LIeTIH:

P, = il,ka; P, :iiEklk ,
k=1 k=1

rae P, — MOIIHOCTb, pacceBaeMasl Ha 7 CONPOTHUBIICHUAX 1IENH, a P, — MOIIHOCTD,

(1.29)

noctaBisiemas n ucrounukamu JC. Ilpuuém, mowHocms ucmounuka cuumaemcs
NOJIONCUMENbHOU, eClU HANpaelieHue Mmoka 6 HéM coenaddaem ¢ HANpasieHuem

IC.

1.7.3. Memoo KonmypHbuLX MOKO08

MeTon KOHTYpPHBIX TOKOB MCHOJIB3YIOT JJIsl pacy€Ta CIOKHBIX Lienel ¢ 00ib-
IIMM KOJUYECTBOM y370B. OH MO3BOJISIET UCKIIOUUTH YPABHEHHMSI, COCTABICHHbIE
no nepBoMy 3akoHy Kupxroga. Meroa ocHOBaH Ha IPEANOJOKEHUH, YTO B KaX-
JOM KOHType€ LEeNu IpOTeKaeT COOCTBEHHBIM TOK
HE3aBUCUMBIN OT TOKOB B IPYIMX KOHTYpax, a UC-
TUHHBIE TOKU B BETBSIX SIBIISIFOTCS alre0panyeckoi
CYMMOW KOHTYPHBIX TOKOB, MPOTEKAIOLIUX 4Yepes3
Ka)KyHO BETBb.

PaccMmoTpum pelieHue 3aiayu Uil LENH puUc.
1.14 meTonoM KOHTYpHBIX TOKOB. IlycTh B mpous-
BOJIbHO BBIOpAaHHBIX KOHTYpax MPOTEKAIOT HE3aBU-
CUMBIC KOHTYypHBIE TOKW [, [, I (puc. 1.15).

HampaBieHue 3THX TOKOB Tak)Ke BbIOEpEM MPOU3-
BOJILHO ¥ HE3aBHUCHUMO OJIHO OT JIPYTOrO.
CocrtaBuM ISl KaKJOTO KOHTYpa ypaBHEHUE
1o BTopoMy 3akoHy Kupxroda, BKIIIOUHUB B JIEBYIO YaCTh MaJICHUS HANIPSDKCHUS Ha
3JIEMEHTaX KOHTYpa, CO3JaBaeMble MPOTEKAIOIIUMH [0 HUM TOKaMH, a B MPaBYIO
yacth — JJIC ucTtouHukoB, neicTByromux B koHType. DJIC MCTOYHUKOB Oynem
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CUUTATh MOJOKUTEILHBIMH, €CIIM HAIPaBICHUE UX JCHCTBUS COBIANACT C HAIPaB-
JIEHUEM TIPOTEKAHMsI KOHTYPHOTO ToKa. IlafeHus HalpshKEHMsI, CO31aBaeMbIe CO0-
CTBEHHBIMHM TOKaMH KOHTYpa, OyJIeM BCEr/a CUUTATh MOJOKHUTEILHBIMH, a Iaje-
HUs HalIPSODKEHUS, CO3JaBaeMble B DJIEMEHTaX KOHTYPa TOKAMH CMEKHBIX KOHTY-
pOB, OyIEM CUHTAThH IMOJOKUTEILHBIMHU, €CIH TOK CMEXHOI'O KOHTYpPa IIPOTEKAET
yepe3 CMEKHYIO BETBb B TOM K€ HAllPaBJIEHUH, YTO M COOCTBEHHBIN TOK KOHTYpA.
Jlist cxemsl puc. 1.15 ypaBHEHHUSI KOHTYPHBIX TOKOB UMEIOT BHI:
I) (R tRAR)I + Ryl + Rl = Ey — E) — E
II) R+ (RytRFR ) — Rl = E, (1.30)

WM B MaTpuuHOU opme:

R +R,+ R, R, R I E,—E -E
R, R, + R, + R —R; Iy = 4
R, —R; Ry + Ry + R |||l E,

[Ipu n3BecTHOM HaBbike ypaBHEHUs (1.30) MOXHO COCTaBIATH Cpa3zy B Mart-
pUYHOI QopMe, eCIu yuecTh, YTO MaTpuiia Kod(PPUIUEHTOB ITON CUCTEMBbI CHM-
METpUYHA OTHOCUTEIBHO TJIABHOM JUAroHalld, HA KOTOPOW PaCIOIO0KEHBI CYMMBbI
BCEX COIMPOTUBICHUM, BXOJSAIINX B COOTBETCTBYIOIINE KOHTYPhl. DTH CYMMBbI Ha-
3BIBAFOTCSI COOCTBEHHBIMHU COMPOTHUBICHUSAMHU KOHTYPOB. DJIEMEHTHI MATPHIIHI BHE
[JIABHOM JMaroHajiy MPeACTaBIsSIOT CO00M anredpanvyecKkyro CyMMY COMPOTHUBIIC-
HUN CMEXHBIX BETBEH COOTBETCTBYIOIIUX KOHTYPOB, HA3bIBAEMBIX TAK)KE OOIIMMU
WJIU B3aUMHBIMHU COMPOTUBJICHUSAMHU. DTH COMPOTUBJICHUS BKJIIOYAIOTCS B CYMMY C
MOJIOKUTENIbHBIM 3HAKOM, €CJIM KOHTYPHBIE TOKH B CMEKHOM BETBU UMEIOT OJIMHA-
KOBOE HaIllpaBjeHUE. DJIEMEHThI BEKTOPa-CTOJI011a MPaBOi YaCTH ypaBHEHUH Tpei-
CTaBJIAIOT coboi anredpanyeckyro cymmy DJIC nedcTBYIOMIUX B COOTBETCTBYIO-
nieM koutype. 3uaku 3/IC B cymMMe COOTBETCTBYIOT IPABUILY, IPUHATOMY MPHU CO-
ctaBjieHnH ypaBHeHui (1.30).

[Tocne pemenus cucremsl ypaBHeHui (1.30) MOKHO OTpenenuTh TOKU B BET-
BAX IIEMU KaK aireOpanyecKkyro CyMMY IIPOTEKAIOIINX B HUX KOHTYPHBIX TOKOB:

I =1 I, =1Iy; Iy =Iy;
Iy =1 +1Iy; Is =1y —Iy; To =1y + Iy

1.7.4. Memoo y3106blx nomenyuanios

Merton y3710BbIX NOTEHLMANOB IO3BOJSET UCKIKOYUATH YPABHEHUS, COCTaB-
JICHHBIC TT0 BTOpoMy 3akoHY Kupxroda. Metos ocHOBaH Ha MPUMEHEHHH 3aKOHA
Owma u ypaBHenuit Kupxroda ass y3moB snektpudeckoit nenu. C moMomipo 3ako-
Ha OMa MOXHO OMNpEAEIUTh TOK B BETBU, €CJIM MU3BECTHA PA3HOCTh MOTEHIIUAJIOB
Y3JIOB, K KOTOPBIM ITOAKJIIOUYEHA BETBb, a TAKXKE €€ MPOBOAUMOCTD U IEUCTBYIOIIAS
B BeTBU JJ[C. Ecnu 3aremM Bce TOKM BETBEW CBA3aTh YCIOBUSIMHU, COOTBETCTBYIO-
muMu 3akoHy Kupxroda s y3J10B 1L[EeNH, TO TOJYYUTCS CUCTEMa ypaBHEHUM, B
KOTOPOM HEU3BECTHHIMU BEJIMUMHAMHU OYIyT MOTEHIMAJbI Y3JI0B. PemuB cucremy
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OTHOCHUTEJIIBHO ATHX ITOTEHIIMAJIIOB, MBI MOJKEM 3a-
TEM OIpPEJEIUTh TOKH MO COCTABJICHHBIM paHee
YPaBHEHHUSIM.

PaccmoTpum perieHue 3agauu sl EMUA PUC.
1.14 meTomoM Y3JI0BBIX NOTEHIMAIOB. Bribepem
MIPOU3BOJILHO HAIPaBJICHUs] TOKOB BO BCEX BETBSX
C IACCUBHBIMH DJIEMEHTAMH, a B BETBAX C HCTOY-
Hukamu JJIC mpuMeMm 3a TOJOXKWUTEIBHOE Ha-
MpaBJICHUE TOKa, COBIIAJIAIOIIEE C HAIpPaBJICHUEM
Puc. 1.16 neitcteus DJIC Tak, Kak 3TO TMOKA3aHO HA PHC.

1.16. Torma Ha ocHoBaHMUM 3akoHa Oma:
Iy =U, +E)G =(¢,— 9.+ E)G;

I, =U,G, =(9, —9,)G;
I =U,Gy =(9, —9,)G5;
Li=Uy +ENGy=(0, — ¢, + £,)Gy;
I5=U,,Gs =(9, —¢,)Cs;
Is= (Ucd +E6)G6 = ((Pc — 04 +E6)G6'

(1.31)

rne G, =1/R,.

B 11100011 351eKTpUYeCKOl e UMEET CMBICH TOJBKO MOHSITHE PA3HOCTHU I0-
TeHIHaIOB. [1oATOMY MOTEHIIMANI OJTHOTO W3 y3JI0B MOYKHO IPHUHSATH 32 HYJIEBYIO
TOYKY OTCUéTa ISl OCTAJbHBIX MOTCHIHANIOB. [IpOM3BONBHO MPUMEM IMOTCHITHAI
y3J1a d paBHBIM HYJIFO U COCTABHM JIJISI OCTAIIbHBIX y3J10B ypaBHeHuss Kupxroda:

[ToncraBinsst B 3Ty cucteMy ypaBHeHUM Beipaxkenus (1.31), momyuum:

(G, +G, + Gy, — G0, — G, = EG, + EG,
-G,0, +(G, + G+ Gs5)o, — Gy, =0 (1.32)
—-Gi9, — G50, + (G + G3 + Gy)o, =—E\G, + E¢G

WM B MaTpUIHOU opme:

G, +G,+G, -G, -G, o, E G, +E,G,
-G, G, + G; + G -G, ¢, = 0
-G, -G, G+ G+ Ggllo. || —E,G, + EG

Marpuna npoBoIUMOCTEN CUMMETPUYHA OTHOCUTEIIBHO IJIABHOM JUAaroHalu,
Ha KOTOPOM PacCIOJIOKEHBI CYMMapHbIEC ITPOBOJANMOCTH BETBEN, CXOSIIUXCS B CO-
OTBETCTBYIOIIMX y3Jlax. BHE IaBHOW AWaroHaiau PacIiOOkKEHbI JIEMEHThl Mart-

«
310 yciioBHE He SIBISIETCS 00513aTeIbHBIM, HO CYIIECTBEHHO yrpolaeT BeIoop 3HakoB DJ]C B ypaBHEHUIX
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pULBI, TPEICTABIAONINE CO00M CyMMapHbIE€ MPOBOJIUMOCTU BCEX BETBEU, COEOU-
HSIIOIMX COOTBETCTBYIOIIME Y3JIbl, B3SIThIE C OTPULIATEIBLHBIM 3HAKOM. DJIEMEHTa-
MU BEKTOpa-CTOJIONA MPaBOil YaCTU YPaBHEHUU SIBIISIIOTCS alNreOpandeckue CyMMBbI
OJIC UCTOYHHMKOB BETBEM, CXOASALIMXCS B Y3JI€, YMHOKEHHBIE HA MPOBOAUMOCTH
sTux BeTBeil. J/]C UCTOUHMKOB BXOJAT B CYMMY C IUTFOCOM, €CJIM OHU HAaIIPaBJICHBI
K y3J1y ¥ C MUHYCOM, €ClIi OT y3Ja. [lonb3ysack 3TUMU npaBuiaMyu MOKHO COCTaB-
JSITh YPAaBHEHUS WM IPOBEPSTH MIPABUIIBHOCTD YK€ COCTABICHHBIX.

[Tocne onpexneneHus: MOTEHIMANOB U3 ypaBHeHuUi (1.32) He cocTaBigeT Tpya
HAWTHU TOKHU B BETBSIX IO BeIpaxkeHusM (1.31).

YacTHBIM cilydyaeM METOJa Y3JIOBBIX MOTEHLHUAIOB SBISETCS MemoO 08YX V3-
n06. Kak cietyeT u3 ero Ha3BaHHsl, OH UCIOJIb3YETCS JJI pacy€Ta dJIEKTPUUECKUX
Lernel, MMEIOIIMX JIBAa TOJIBKO y37a. Toraa moTeHuuan OJHOTO U3 HUX IPUHUMAET-
Csl PaBHBIM HYJIIO, @ IOTEHLIMAJ APYTOro ONpPENeseTcs KaK

$ir,
— k=1

- n
2.6
k=1

3nak D/IC B yucnurtene BHIOMpPAETCS IMOJOXKUTEIbHBIM, €CJIM OHA HallpaBjieHa K

y3J1y, 1 OTPULIATEIbHBIM B IPOTUBHOM CITyYae.

[IpuMep PHEKTpUYECKON LIeNH, I pacyéTa KOTOPOW MOYKHO HMCIIOJIb30BaTh

METOJ ABYX Y3JIOB, PUBEAEH Ha puc. 1.17.
ITpumem @, =0. Toraa B coorsercTBuu ¢ (1.33):

a

E, E,

» IIR L |3 R R,

: T R Yan=@a =@y =00 =77 7
3
E1 E2 R R, R
OTCcrona TOKH B BETBSIX:

b

IZEl_Uab. [:Uab+E2. I, =
Puc. 1.17 R T R TR

® (1.33)

e
\

+
\

|

1.7.5. Ilpunyun u memoo cynepnosuyuu (Han0iceHus)

JI1sl TMHEWHBIX 3JEKTPUYECKUX LENel CIpaBe B MPUHLHUIT CyTIEPIIO3HUIIIH,
3aKJIIOYAIOUIUICA B TOM, YTO PEAKLMS DJIEKTPUYECKON LENH HA CyMMApHOE BO3-
JNEVCTBUE PAaBHO CYMME PEaKUMi Ha dJIEMEHTapHble Bo3uaeucTud. Ilon peakuunen
ANEKTPUYECKOW LIETH MOHUMAETCS PEKUM pPadOThl, KOTOPBIM yCTaHABIMBAETCS B
pesyabrare aeictus J/1C NCTOYHUKOB 3JIEKTPUUYECKON dHEPTUU. MeTo ] Hanoxe-
HUS HEMOCPEACTBEHHO CIIEAYET M3 NMPUHLHUINA CYIEPIIO3UIMU U 3aKII0YaeTCS B
TOM, 4YTO TOK B JIFOOOU BETBHU IUHEUHOU INEKMPULECKOL Yeny MOKHO OIPEICITUTh B
BUJIE CyMMBbI TOKOB, CO3/1aBaEMbIX KaKIbIM UCTOYHUKOM B OTAEIBbHOCTH. OYeBUI-
HO, YTO 3TOT METOJ LIeJeco00pa3HO NPUMEHATh B LIETIAX C HEOOIbIINM KOJINYECT-
BOM MCTOYHHKOB.
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R, ?Ile \L]jq ¢[3 R ?]11 47]21 ¢[31 ?]1% ¢[22 ?[32

{] T R[] R[] R[] TL R
El EZ E] E2
a) 0) B)

Puc. 1.18

PaccmoTpum npuMeHeHne MeTo1a HalO0KEHUS Ha IpuMepe nenu puc. 1.18. B
Hel nercTBYIoT ABa ucroyHuka J/1C. OTKIouMM BTOPON HCTOYHMK, 3aMEHUB €T0
BHYTpeHHUM cornpotusiieHueM (7 =0). Toraa cxema nenu OyaeT COOTBETCTBOBATh
puc. 1.18, 6, u 1151 HE€ TOKU MOXKHO JIETKO PacCUUTaTh, IOJIb3YsCh, HAIIPUMED, K-
BUBAJICHTHBIMU NpeoOpa3zoBaHUsAMH U 3aKOHOM Oma:

E R
Ly =—1 L =] —=— L,=1,-1,,.
1 R+ R,R, 21 =y R, +R, 31 =4y — 1Ly
R, + R,
Tok [,, HOIyYeH B pe3ysIbTaTe CIeAYIOINX BBIKIAI0K
R,R R
U232111R23:]11R# - 121:U23:[11 3,
, + R, R, R, + R,

KOTOPbIE MOKHO YCIICIIHO MCIOJIb30BaTh MPU aHAIU3€ APYrux leneui u chopmy-
JUPOBaTh HAa UX OCHOBE MPABUJIO pacCIpejieiieHUus TOKa MO ABYM MapaliebHbIM
BETBSIM: MOK 8 KadicOOU U3 gemeell nponopyUoOHaieH OMHOULEHUIO CONPOMUBTIEHUS
O0py2oul 6emau K CyMMAPHOM) CONPOMUBTIEHUIO 00eUX emaell.

OTKIJIIOYMM TeNepb MEPBBI UCTOYHUK U aHAJIOTUYHBIM METOJIOM OMpPEACTIUM
TOKH B 1ienu puc. 1.18, 6:

E R
Iy, = 2 s L =1y —; Ly =1, — 1.
R2+ R1R3 R1+R3
R, + R,

CxiapiBasi TOKM, CO3[aBaeMble OTACIbLHBIMA UCTOUHMKAMHU C YYETOM UX Ha-
IPABJIEHU, II0JIyYUM UCKOMBIE TOKU:
Li=1+1y L=1)+1y, L=I-1I;.

1.7.6. Memoo sxeusaienmno20 uCmo4yHuKka (cenepamopa)

Metoj KBUBAJIEHTHOTO UCTOYHHUKA SIBJIACTCS MPSIMBIM CJIEJACTBUEM TEOPEMBI
TeBeHeHa riacsiieil, 4To TOK B JIIOOOUW BETBU CKOJIb YTOJHO CIOKHOMW LIETTH MOKHO
HaWTH, pa3/ielIuB HANpsKEHHE, KOTOopoe OyJeT B TOYKaX IMOIKIIOUYCHHUS BETBU B
Pa30MKHYTOM COCTOSIHMM, Ha CYMMY COIPOTHBIICHHSI BETBU M SKBUBAJICHTHOT'O CO-
MPOTHUBJICHUS BCEW LEMM OTHOCHUTEIBHO TOUEK IMOJKIIYeHUs. M3 3Tol Teopembl
CJIEYET, YTO MO OTHOIICHHIO K BBIACICHHOW BETBH BCIO OCTAJIbHYIO 1I€IIb MOKHO
paccMaTpuBaTh KaK MCTOYHUK 3JeKTpuueckoil snepruu ¢ DJ1C, paBHOI Hampsixe-
HUIO B TOYKAX MOAKIIOYEHHUSI BETBU, U BHYTPEHHUM COIPOTHBIICHUEM, PAaBHBIM K-
BHUBAJICHTHOMY CONPOTHUBIICHUIO LIETIH OTHOCUTEIBHO TOYEK MOKIIOUCHUSI.
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PaccmoTpuM B KauecTBe mpuMepa 3ajady OmpeiesieHHsl Toka B pe3ucTope R,
BKJIFOUEHHOM B TMaroHajib HEypaBHOBEIIEHHOI0 MocTa (puc. 1.19, a).

Puc. 1.19
OTKJIIOYMM PE3UCTOP U ONpeAeuM HamnpsbkeHue U,, B TOUKAX €ro IOAKIIIO-

yerust (puc. 1.19, 6). nsg storo cocraBum ypaBHeHue Kupxroda mis xoHTypa
cdbc
U + Ril3y =Ry, =0 = Uy =Ryl — Ry,
BetBu ach u adb coenvueHbl napajjiebHO, TO3TOMY TOKH B HUX HE3aBHCHMBbI

" PAaBHBI:

E E
I, = VRS .
R +R, Ry +R,

Orcrona
R, R
R +R, R;+R,
Jlanee HY>XHO MUCKITIOUYUTh UCTOYHUK, 3aMCHUB €T0 BHYTPEHHUM COMPOTHUBIIC-
HueM (» =0), 1 HaliTu oOliee CONPOTUBIICHHUE 1IN OTHOCUTEIBHO Touek cd (R,

U,=E

C

Ha puc. 1.19, 6. Ilocie 3aMeHBI HCTOYHHKA HYJIEBBIM COIIPOTUBIIEHUEM PE3UCTOPBI
R, R, n R;, R, o0pa3yloT Ba MapauIeNbHbIX COCANHEHNS, BKIFOUYEHHBIX IIOCTIE-

J0BAaTEJIbHO MEX Ay Toukamu cd. [loaTomy
__RR, + RiR, ‘
“ "R +R, Ry+R,
Ternepp BHELIHIO MO OTHOLICHHUIO K PE3UCTOPY R 1ENb MOXHO 3aMEHUTH K-
BUBAJIEHTHBIM UCTOYHUKOM (DU Ha puc. 1.19, 2) 1 HANTH UCKOMBII TOK MO 3aKOHY

Owma:

__Yu
R R, +R
cd
Bonpocwi ona camonpoegepku:
1. ChopmynupyiiTe npaBuiio BpIOOpa 3HAKa MOIIHOCTH MCTOYHHKA B Oa-
JIAHCE MOIIHOCTEH 2JIEKTPUYECKOM EMH.
2. ChopmynupyiiTe OCHOBHOM MNPHUHIIMII, HA KOTOPOM OCHOBaH METO]I

KOHTYPHBIX TOKOB.
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3. CdopmynupyiiTe OCHOBHON NPUHIINIL, HA KOTOPOM OCHOBaH METOJ y3-
JIOBBIX TOTEHIINAJIOB.

4. Cdopmynupyiite npaBuio BeiOopa 3HakoB IJ{C UCTOYHUKOB B METO/IE
IBYX y3JIOB.

5. CdopmynupyiiTe OCHOBHOM MPUHIMII, HA KOTOPOM OCHOBaH METOJ Ha-
JIOKEHUS.

6. ChopmynupyiiTe OCHOBHOM NMPUHIUIL, HA KOTOPOM OCHOBAH METOJH JK-

BHUBAJICHTHOI'O HCTOYHHKA.

2. DyleKTpUYeCKHeE IeNU CHHYCOUTATBHOTO MEPEeMEHHOr0 TOKA.

[lonsitue cunycoudanvueiii MoK OTHOCUTCS KO BCEM MEPUOJUYECKUM TOKaM,
U3MEHSIOIMMCS. BO BPEMEHU 110 CUHYCOUAAIBHOMY 3aKOHY. DTOT BHJI TOKA UMEET
[0 CPABHEHUIO C IOCTOSTHHBIM LI PSAJl MPEUMYIIECTB, 00YCIOBUBIINX €TO IIIH-
pOKO€ pacnpocTpaHeHue B TexXHUKe. [[pon3BoacTBO, nepenavya u npeoOpa3oBaHue
AIEKTPUYECKONW 3HEPrUM Hambojee y100HO U SKOHOMUYHO HAa MEPEMEHHOM TOKE.
CuHyconanbHble TOKM IIHPOKO HMCHOJIB3YIOTCS B PAAUO3IIEKTPOHHKE, DIJIEKTPO-
TEXHOJIOTUU. BCE OBITOBOE AJIEKTPOCHAOKEHUE TAK)KE MPOU3BOAMUTCS HA MEPEMEH-
HOM TOKe. B CBs3U ¢ 3TUM, U3yUYEHHUE SABIICHUN, 3aKOHOMEPHOCTEN U CBOMCTB DJIEK-
TPUYECKHUX LIETIeH CUHYCOMAAIBHOIO MEPEMEHHOT0 TOKa UMEET 0c000€ 3HaUCHUE,
KaK JUIs IOCIEAYIOIIUX Pa3/iesioB Kypca, Tak U JUIs IPUMEHEHUs IIOJIyUYeHHBIX 3Ha-
HUM HA MIPAKTHUKE.

2.1. OcHoéHble noHaAmMUA MeopuU U 3aKOHbL IJIeKMPUUECKUX Uenell CUHY-
COUOAIbHO20 MOKA

2.1.1. Cunycoudanvroie J[C, moKu u HanpsasiceHusl.

CunycouanbHble UM TAPMOHUYECKUE BEIMYMHBI MATEMATUUYECKU OMUCHIBA-
10TCS (PYHKITUSIMU BUJIA:

e(t)=E, simm(ot+vy,); i(t)=1,sin(of+vy,;); u(t)=U,sin(ot+vy,).(2.1)
riae w=2n/T — yrinoBas yacTora (yHKIUH C Tie-

//x\\\T:ZTC/(D puogom 7. B mpaBoit yactu BeipakeHuit (2.1)
7 7\ >/ TOJIBKO OJlHA BEJIMYUHA SIBJIACTCA IEPEMEHHOU —
/ " \\ // BpeMs ¢. Bee ocranbHble BEJIMYMHBI — KOHCTAH-
R — Thbl. 3HaueHHE (PyHKUIUM B AAHHBIH MOMEHT Bpe-

W, 0 w2 \ T 32 O \eun nasbiBaeTCs MenOSeHHbIM 3HAUEHUEM W TIO
2n \\\ ,//‘ COIJIAIIEHUI0 O0003HA4aeTCsi CTPOYHOH OYKBOM.
N KpoMe BpeMeHH f, OHO OTHO3HAYHO OMpeeNseT-

Puc. 2.1 CsA TpeMs IapameTrpaMu: aMIUIMTYJIOH, YIJIOBOU

YacTOTOM WM MEpPUOJOM M HadajdbHON (ha3ou.
MakcumalibHOE 3HaUeHUE (PYHKUUU HA3bIBACTCS AMAUAUMYOOU WA AMAAUNYOHLIM
3HaueHuem U 0003HAYAEeTCs MPONUCHOMN OykBoOi ¢ unnekcom m (£, ,1 ,U, ). Ap-

TYMEHT CHHYCa Ha3bIBaeTCa (azoii, T.€. COCTOSIHUEM (YHKIIMH, a €r0 3HAYCHHE B
MOMEHT Hauana orcuéra BpeMmeHu (npu t =0) — nauanvhou gazou (Y,, y;, V¥, ).

Bemuuuny f =1/T, oOpaTHyto epuoy, Ha3pIBatOT yacToTo. OHa CBs3aHA C yT-
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JIOBOM 9acToTOM oTHomeHuem: o =27f . [Ipombinuiennas cetb B Poccun mmeer

gactoTy 50 I'm.

AMmuTyapl QyHKIui (2.1) u3MepstoTcss B €IUHUIIAX, COOTBETCTBYIOIIMNX Be-
JVUYUH, T.€. B BOJIbTaX U ammepax. llepumon u3mMepsercss equHULIAMU WU3MEPEHUS
BpeMeHH, a yactoTa B repuax (1 I'm=1/c).

MrHoBeHHbIE 3HAYEHUS BEIUYMH U UX MapaMeTphl MO OTACIbHOCTH HE AAl0T
MIPEICTABIICHUS 00 YHEPTETUUYECKUX TapaMeTpax IeNH, T.€. He TTO3BOJISIIOT CYIUTh
0 paboTe, COBEpIIaeMO UCTOYHUKAMU IJICKTPUIECCKON IHEPTUU WU O MOIITHOCTH,
paccenBaeMoi WM mpeoOpazyemoit B €€ aneMeHnTax. J[jist aToro TpeOyroTcs BeIu-
YUHBI, BKJIIOYAIOIIHNE B OIIEHKY (haKTOp BpeMeHHU. B 1ensx mocTosHHOro TOKa BBe-
JIEHWE TaKUX BEJIMYUH He TpeOoBanock, T.K. DJIC, HanpsiKeHUs U TOKU ObLIU Bpe-
MEHHBIMU KOHCTaHTamMu. Ha nmepeMeHHOM TOKE BBOJUTCS MOHSATHUE JACHCTBYIOIIETO
3HAUEHHUS, KaK SKBUBAJICHTa TEIIOBOrO JeicTBUs Toka. [1o 3akony Ixoyns-Jlenua
Ha y4acTKe 3JIEKTPUYECKOMN LIENHU C CONPOTUBIECHUEM 7, [0 KOTOPOMY MPOTEKAET

) 2

TOK i, B TCUCHHE AJIEMEHTAPHOI'O MIPOMEKYTKA BPEMEHHU df BBIICIUTCS i 7 dt JKO-
T

o ) o o

yJeu Teruia, a 3a nepuon 1 — Iz rdt mxoynei. O6o3HauMM depe3 / MOCTOSHHBIN
0

TOK, IIPU KOTOPOM 3a TOT K€ MPOMEKYTOK BpeEMEHU T B COMPOTHUBIICHUH 7 BbIJIEC-
JINTCS CTOJILKO Ke Teruia. Toraa:

T T
IZrsz.izrdtjlz ljiza’t.
0 To

Benuuuna [ Ha3bIBaeTcs deticmeyiowjum, 3QpGekmusHbim NI cpeOHeKeaopa-
MuyHbIM 3HAYEHUEM TEpEMEHHOro Toka i. IloncTaBisis BeIpakeHUE 1711 CHHYCOHU-
JANbHOTO TOKA (2.1) M UHTErpupys, NOIYUUM:

T
L. I/
= |=[idt ===~0,7071,.
Iy

NG

ITo anamoruu ompenensitoTca ICUCTBYIONIME 3HaYeHUs] Hanpsbkenus u D/C:
Uu=U, /N2 0,707 U, E=E, /N2 0,707 E,, . llonsTre AEHCTBYIOILETrO 3HAYe-
HUSL OYEHb IIMPOKO UCHOJIB3YETCS B LIEMAX MEPEMEHHOTO TOKA. BOJBIIMHCTBO U3-
MEpUTENbHBIX MPUOOPOB TPAAYUPYIOTCS B JIEUCTBYIOLIUX 3HAYEHUSX. TexHUYE-
CKHE JIaHHBIE BJICKTPOTEXHUYECKUX YCTPOUCTB YKA3BIBAIOTCS B JEUCTBYIOIINX 3HA-
yeHUsAX. B 3amucu 1o IEUCTBYIOIIMX 3HAYEHUW IO COTJIAIIEHHWIO MCIIOJb3YIOT
MpOMUCHBIE OYKBBI 0€3 MHJIeKCa, MOTYEPKUBAsT TEM CaMbIM CXOJICTBO ATHUX IOHS-
THM C aHAJIOraMM Ha IIOCTOSSHHOM TOKE.

Jpyroil HHTErpaIbHON BEJIWYMHOM, UCIIOJIB3YEMOU B LEMSAX IEPEMEHHOIO TO-
T

L. .
Ka, SIBJIAETCSA CpPEJIHEE 3HAUYCHUE — I idt, T.e. TUIOWIAb, OTPAHUYCHHAS JIMHUEH
Iy
(GYHKIIMU ¥ OCbIO BPEMEHHM Ha MPOTSHKeHUU nepuoaa. Ho st cuHycoumanbHBIX
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(GyHKUMNA 3Ta BEIMYMHA TOKJIECTBEHHO paBHA HYJIIO, T.K. TUIOMIAJAH MOJOKUTEIb-
HOM M OTpHUIATENbHOW MOJYBOJIH PaBHbI MO BEIUYMHE W MPOTHUBOMOJOXHBI MO
3HaKy. [IoaTOMy yCIIOBMINMCH IO/l CPEJHUM 3HAUEHUEM IIOHUMATh CPEHEE 3HAYE-

HUE (QYHKIHHU 32 MOJOKUTEIbHBII NOTyNepuos, T.€.:
T/2 2

[cpzz [idt==1,~0,6371,,
Ty I

Y aHAJIOTMYHO 11 Hanpsbkenus u DJ1C —
U,=2U,/n=0,637U,; E,=2E, /n~0,637E,.

Bonpocwi 0ns camonposepku

1. KakumMu mapamerpamu ONpenessitoTCsl CUHYCOUJAlIbHblE (YHKLIHU
BpeMeHu?

2. Kakoe siBieHHE ITOI0KEHO B OCHOBY MOHATHS IEUCTBYIOIIErO 3HAYCHUS
NIEPEMEHHOr0 TOKa?

3. [losicauTe Ha3BaHus: AeiicTByroulee, 3PPEeKTUBHOE, CPEAHEKBAIPATHY-
HOE 3HAUCHHUE.

4. Kak cBs3anbl Mexay coOOW aMITUTYIHOE M JIEWCTBYIOIIEE 3HAUYECHUE
CUHYCOUJAIbHOW BEJIMYNHBI?

5. Kak onpenensiercs cpeiHee 3Ha4€HNE CUHYCOUIAIILHON BEJITMYHMHBI?

2.1.2. llonyuenue cunycouoanvnou I/C.
OCHOBHBIMH MCTOYHHMKAMH DHEPTUU Ha TMIEPEMEHHOM TOKE

[ | sBnsroTca SnmeKTpOMeXaHWYeCKHMe TeHepaTophl, IPeobpasyro-
S M€ DHEPrUI0 BPALLATEIBHOIO ABMIKEHUS B DIIEKTPUYECKYIO.
RN R IIpocreiimen peanu3anueld TAKOTO HCTOYHMKA SABIIAECTCS IIPO-
oc/ R BOJIHHUK B dopme HpiIMOYFOJIBHOI/I paMKH, paBHOMEPHO Bpa-
AP dic LIAFOLIUICA C YTIIOBOM CKOPOCTBIO ® B IIOCTOSHHOM OZHOPOJ-
2 %d HOM MarHutHoM nose (puc. 2.2). IIpu BpaiieHuu pamMku u3me-
HSETCS BEJIMYMHA MAarHUTHOTI'O IOTOKA, IIPOXOMSILEro yepes3 eé
IUIOCKOCTb. B 1M0J10%eHnH, KOT1a IJIOCKOCTh PaMKH IIEPIIECHIM-
N KyJIIpHA K MAarHUTHBIM JIMHUAM I0J1 NOTOK P MakcuMaleH —
O =0, . Ilo Mmepe OBOPOTAa PaMKHM M3 OTOI'O IOJIOXKCHHS OH

Puc. 2.2.

YMEHBILIAETCS U CTAHOBUTCS HYJIEBBIM, KOT1a IUIOCKOCTh PAMKH
pacrioyiaraercst BJ0jb JIUHHUM 110JIA. 3aTe€M HAIPaBJIEHUE OTOKA
MEHSIET CBOHM 3HAK, U OH HAUYMHAET yBEIMYMBATHCSA. TakuM 0Opa3oM, MarHUTHBIN
IIOTOK, IIPOHU3BIBAIOIINN PAMKY, U3MEHAETCSA B 3aBUCMMOCTH OT YIJIa €€ II0BOpOTa
110 3aKOHY:

o=, cosa,
IJ1e O — Yrojl MeXKJy HalpaBJIEHUEM JIMHUH MarHUTHOIO IOJII M HOPMAjblo K

IJIOCKOCTH paMKH. Eciii paMka BpaiaeTcsi paBHOMEPHO C YTII0BOM CKOPOCTBIO ® U
B MOMEHT BPEMEHH, MPUHATHIA 3a HA4aJl0 OTCUETA, OHA HAXOAWIACh B YTIIOBOM
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ITIOJIOKECHUHN Y ,, TO O = O)t-l—\lle 1 MarHUTHBINA IOTOK HU3MEHSETCS BO BpCMCHH B

COOTBETCTBUHM C BBIPAXKCHUEM:
D=0, cos(ot+vy,).

[lo 3akOHY 3JIEKTPOMarHUTHOW MHAYKUWHU, B pamke HaBogutcs D/(C, paBHas
CKOPOCTH M3MEHEHUSI MAarHUTHOTO MOTOKA, T.€.:

e:—dq) :_d(Dmcos(oot+\|/e) =od, sin(ot+vy,)=FE sin(ot+vy,).

dl_ dl_ m e m e
Orcrona crenyet, uyro yriosas yactora O/1C paBHa yriioBoM CKOPOCTH BpallleHUS
paMKH, a HauyajgbHas (pasza — HAYaJbHOMY YIJIOBOMY MOJIOKEHHUIO. AMILIUTYA
O/1C mponopuuoHaIbHa MaKCUMAJIbHOMY 3HAYEHUIO MAarHUTHOIO IIOTOKA M CKO-
pOCTH BpallleHHs paMKU. AMIUIATYyAHOE 3HadeHue J/[C o BpeMEeHu COOTBETCTBY-
€T MOJIOKECHHUIO PaMKH, KOTJa IIPOHMU3BIBAIOIIUI €€ MOTOK HYJIEBOW, a CKOPOCTb
NIEPECEUCHNs] MATHUTHBIX JIMHUN MaKCUMaJIbHA.

[Io npuHIMIY AEWCTBHS NPOMBIIUICHHBIE T'€HEPATOPBI IEPEMEHHOIO TOKa
HUYEM HE OTVIMYAKOTCS OT PACCMOTPEHHOIO 3JIEMEHTApHOIO YCTPOMCTBA, KpOME
TOT'0, YTO paMKa, B KoTopoil unayuupyercsa I/IC, B HUX HENOJBUYKHA, & MarHUT-
HOE M0JIE BpAIaeTCsl BOKPYT HEE.

2.1.3. Mz06pasicenue cunycoudanbhblx (OYHKYUL 6EKIMOPAMIU.

AHaTUTHYECKOE TPEJICTABIICHUE CHHYCOMIAIBHBIX (YHKIUNA HEYAOOHO TpH
pacuérax, T.K. IPUBOAUT K TPOMO3JKHUM TPUTOHOMETPHUYECCKUM BBIPAKEHUSAM, U3
KOTOPBIX YacTO OBIBAET HEBO3MOXKHO OIPEACIUTh HHTEPECYIOTUI HAC TTapaMeTp B
obmem Bume. [loaToMy mpuw aHamm3e Ienell MEPeMEHHOTO TOoKa 3TH (PYHKIIUW
IIPEJICTABIISIOT B BUJIE BEKTOPOB, YTO MO3BOJISICT MIEPEUTH OT TPUTOHOMETPHUUICCKUX
K aureOpanyecKUM BBIPAKCHHUSIM U, KpOME TOTO, IOJYYUTh HaIJISTHOE
IIPEJICTaBIICHUE O KOJIMYESCTBEHHBIX M (PAa30BBIX COOTHOIICHUSAX BEIIMYMH.

B s ~ N
e ™ a(?)
A, sin(o+ys) v A,
1/ ‘: < T T 7 <
0 X w0 W2\ n 3m2 of
a) 0) B)
Puc. 2.3.

IIpousBonpHas cuHycoujanbHas (QyHKuus BpeMeHH a(t)= A, sin(of+vy,)
(puc. 2.3, 6) cooTBeTCTBYET NpoeKIMU Ha ock 0Y BekTOpa ¢ MoysieM paBHbIM 4, ,

Bpamaromerocs Ha miockoctu X0Y ¢ MmocTosHHOW YIiIoBOM CKOPOCTBIO (O U3 Ha-
YaJIbHOTO T0JIOKEHUS, COCTABJIAIOLIEro yroia Y, ¢ oceto 0X (puc. 2.3, a). Eciu
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TaKUM k€ 00pa3oM Ha IUIOCKOCTH M300pa3UTh HECKOIBKO BEKTOPOB, COOTBETCT-
BYIOIIMX Pa3HbIM CHHYCOUAAIBHBIM (DYHKITUSM, UMEIOIIUM OJMHAKOBYIO 4acTOTY,
TO OHU OyAyT BpamiaThCsi COBMECTHO, HE MEHSSI B3aMMHOTO TMOJIOKEHHUS, KOTOPOE
OTpeneNsieTcsl TONbKO HadanbHOW (pasoi »tmx ¢ynknumil. [loaTomy mpu ananmse
1erne, B KOTOPbIX Bce (PYHKIIMHU UMEIOT OJJMHAKOBYIO YacTOTY, €€ MOXKHO MCKIIIO-
YUTh U3 TApaMETPOB, OTPAHNYMBILIUCH TOJILKO aMILTUTYAON M HayaubHOH ¢a3oii. B
3TOM CiIy4ae BEKTOPHI, N300pakarore CHHyCouaaabHble (PyHKIMN OyayT HEeno-
BIDKHBIMHU (puc. 2.3, 8).

B T0 ke Bpewms1, 11000l BEKTOp HA IUIOCKOCTH MOKHO NPEACTaBUTh COBOKYII-
HOCTBIO JIBYX KOOPAMHAT: JINOO ABYMsI MPOEKIMSIMHU Ha OCU JI€KapTOBOW CHUCTEMBbI
KOOpJMHAT, TM0O0 B MOJIAPHON CHCTEME KOOPAMHAT B BUI€ MOAYJIS (JIIMHBI) U yIJia
C OCBIO MPUHSATOM 32 Havaio oTcyéra (aprymenrta). O0e KOOpAUHATHI B 00OUX CIIy-
YasiX MOKHO OOBEIUHUTH B (POpME KOMILJIEKCHOTO YMCIIa WM, HHA4Y€ TOBOPS, IO-
CTPOHTH BEKTOP, N300pakaroIni CHHYCOMAANBbHYIO (DYHKIIMIO HA MIOCKOCTH KOM-
TUIEKCHBIX yucel. JIro0as Touka Ha KOMIUIEKCHOHN TIOCKOCTH WJIM BEKTOP, MPOBE-
NEHHBIN U3 Hayaia KOOPIMHAT B 3Ty TOYKY, COOTBETCTBYIOT KOMIUIEKCHOMY YHCITY
A, =p+ jq, Tae p — KOOPAMHATA BEKTOPA IO OCH BEIIECTBEHHBIX UHCEN, a ¢ — 10

ocH MHUMBIX uncen. Takas gopMa 3amucu KOMIIEKCHOTO YKCIIa HA3bIBACTCS AJi-
eeopauuecxou ¢gopmoi. IlpeacTaBuB BEMIECTBEHHYI0O U MHUMYIO 4YacTh BEKTOpA
Yyepe3 ero JJIMHY U YroJl C OChIO0 BEHIECTBEHHBIX YMCEI, Mbl MOJYYHMM HOBYIO 3a-
nuce: A, =A,cosy, + jA,siny, , KOTOpas Ha3bIBAECTCSA MPULOHOMEMPUUECKOU

Gopmoti KOMILIEKCHOTO qyucIa. [Tosb3ysich dhopmynon Ditnepa

e’Ve =cosy, + jsiny,, MOXKHO MepelTH OT TPHTOHOMETPHUECKOI K 710Kazameb-
Hou ¢opme: A, =A,(cosy,+ jsiny,)= Amej“'“. 31ech aMmIUIUTyJla CUHYCOM-
TaNbHOW (DYHKITMHM SIBISETCS MOJMYJIEM KOMIUIEKCHOTO YHCIIa, a HavalbHas (a3za
apryMEHTOM.

Anrebpandeckas U MokazaTenbHas (POPMBI 3aMMCH KOMITIEKCHBIX YUCEN HUC-
MOJIB3YIOTCSL B pacuérax. [lepBasi mjisi BBITIOJHEHUS ONEpaiiii CYMMHPOBAHUS, a
BTOpasi — JJII YMHOXCHUS, JICJICHUS U BO3BEICHUS B CTENEHb. | pUTOHOMETPHYC-
cKas ¢opma SBIISETCS MPOCTO Pa3BEPHYTOM 3aMUCHIO TIEPEX0/ia OT MOKa3aTeIbHON
dopme k anredbpandeckoit. [lepexon ot anredpanyeckoit GopMbI K TTOKa3aTEIbHOM
OCYIIECTBISIETCSI C TIOMOIIBIO OYEBHIHBIX TI'C€OMETPHUYECKHX COOTHOIICHUH:

A, =P’ +q*; v, =arctg(q/p).

MHoxuTenb Buga e’® =cosd+ jsing Hrpaet MCKIIOYHTEIHO BAKHYIO POIIb
B aHaJM3€ LENeil nepeMeHHOro Toka. OH Ha3bIBAETCS Onepamopom nogopoma W
MPEICTaBIACT COOOM €AMHUYHBIA BEKTOpP, Pa3BEPHYTHI OTHOCHUTEIHHO BEIECT-
BEHHOHN ocu Ha yrox ¢. Ha3zBanue omeparopa CBS3aHO ¢ T€M, YTO YMHOXECHHUE Ha
HEro Jito00ro BEKTOpa MPUBOJIUT K Pa3BOPOTY MOCIEIHEro Ha yroia ¢. BemecTBeH-

* o .
B snexrporexHuKke MHUMas eAMHUIA ~/—] 0003HavaeTcst OyKkBoil j, T.K. OyKBOM i IPUHATO 0003HAYaTh MTHOBEH-
HOE 3HAUYEHUE TOKa.
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HbIE U MHUMBIE yncha 1, j, —1, —/ MOKHO paccMaTpuBaTh KaK ONEPATOPHI IOBOPOTA

0, . _ _jn/2 : . —jni2
1=€"; j=e/"7; —1=¢€'"; — j=¢ /™7, uro obneryaer BocHpHsITHE MPeOOPa30-
BaHMI BEKTOPOB, CBA3aHHBIX C ONEPALUAMH YMHOKCHHS Ha 3TH YHCIIA.

KommiekcHoe unucio Am , MOAYJIb KOTOPOT'O PaBCH aMIININTYAC CHUHYCOUAAJIb-

HOM (DYHKIIMH, HA3bIBACTCS KOMNIEKCHOU amnaumyoou. Ho aMmutyna u nenct-
BYIOIIEE 3HAUCHHUE CUHYCOUAAIBHON (DYHKIIMHU CBA3aHBI MEX1Yy COOOM KOHCTaHTOMN

1/2 ~ 0,707, moaTOMy pacu€T MOKHO BECTHU Cpa3y AJIsl ACHUCTBYIOIIMX 3HAYEHUM,
€CIIM MCIIOJb30BaTh KOMIUIEKCHBIE 4YHCIA C COOTBETCTBYIOIIMM MOJYJIEM

A=A4,/ \/5 . Hucno A Ha3bIBACTCS KOMHIEKCHbIM OeUCm8YIoWuM 3HauyeHuem Ui

POCTO KomniekcHvim 3Hayenuem. IIpumennrtensHo k DJ{C, HAPsSKEHUIO U TOKY
Takue KOMIUIEKCHbIE BelnuuHbl ( £, U, 1) Ha3biBaroT mpocTo KoMruiekcHor D/C,

KOMILJIEKCHBIM HaNpsHDKEHUEM M KOMIUIEKCHBIM TOKOM.

[Ipumenenue 3akoHoB OMa u Kupxroda npeanosnaraet HCnojab30BaHUE MOHSI-
THUSl HallpaBJE€HUE: HaINpaBieHUE NMPOTEKaHUs Toka, Hampasienue nerctus J/C,
HaIpaBJIeHHE IO OTHOIIEHUIO K y3iy u Ap. Ho B 1iensix nepeMeHHoro Toka Bce Be-
mnausbl (DJ]C, HanpsiKEHUsT U TOKU) JBAXKIbI 32 MEPUO]] MEHSIOT CBOU HalpaBJie-
Hud. [loaToMy I HUX UCHOJIB3YIOT MOHATUE NOIONCUMENbHOE HanpasieHue, T.€.
HaIPaBJIEHUE COOTBETCTBYIOIIEE OJOKUTEIbHBIM MTHOBEHHBIM 3HAYEHHSIM OIpe-
nenseMoil BenuunHbl. [Ipy n3mMeHeHnn BpIOOpa HampaBiIeHUs HavyalbHas (a3a cH-
HYCOMJAJIBHOW BEJIMYMHBI U3MEHsETCA Ha 7. CleqoBaTeabHO, KOMIUIEKCHBIE 3HA-
YEHUS! BEJIMYUH MOTYT OBITh ONPEJEICHbl TOJBKO C YYETOM BHIOOpA MOJIOKHUTEIb-
HOTO HampaBiieHus. JlJis MacCHBHOrO 3J€MEHTa MOJIOKUTEIbHOE HalpaBleHUE
MOKHO BbIOpATh MPOU3BOJILHO TOJBKO JJIs OJHOM M3 BEJIMYMH — TOKA WJIM HAIps-
xeHus. HampaBiieHHe BTOpPOMl BEJIMYMHBI JOJKHO COBIIAJIaTh C HAMPABICHUEM
nepBoi, MHaye OyayT HapylleHbl (pa30Bble COOTHOILIEHHUS MEXAY HHUMH, BbITE-
Kalllue 13 (pU3NYeCKUuX MpoLeccoB Mpeodpa3oBanus sHepruu. [lonoxurenbHoe
HarpaBienue aeictug J/1C cunraercs 3a1aHHbIM. OHO yKa3bIBa€TCSl CTPENIKOM B
YCIIOBHOM OOO3HAQUYE€HHWH U OTHOCHUTEIBHO 3TOTO HANpaBICHUS OMpesensercs e
HavajbHas Qasza.

Jlnst aHanM3a KOJIMYECTBEHHBIX U (PA30BBIX COOTHOLIEHUM BEJIMYMH Ha Iepe-
MEHHOM TOKE Ha KOMIUIEKCHOM IUIOCKOCTU CTPOSIT BEKTOPBI, COOTBETCTBYIOLINE
pexuMy pabOThI 3JEKTPUUECKOM 1enu. Takas COBOKYITHOCTh BEKTOPOB Ha3bIBAET-
CSL BEKMOPHOU OUACPAMMOL.

Bonpocwl 0ns camonposepku

1. [Touemy D/1C pamk#, BpalarIIeiics B OHOPOJHOM MarHUTHOM IIOJIE,
MU3MEHSETCS IO CHHYCOUIAIbBHOMY 3aKOHY ?

2. Yem ompeaensiercss ammuntyna 3/1C, HaBoguMON B pamKe, Bpallaro-
uieiics B OJHOPOJIHOM MarHUTHOM moJie?

3. Kakue mapameTpsl CHHYCOMAAIbHONW (PYHKIIMHM BPEMEHH OTPakKaroTCA

U300pakaromuM e€ BEKTOpoM?
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4. Kakue ¢opmbl npeactaBieHusi KOMIUIEKCHBIX YUCEN UCIOJb3YIOT s
M300paKEHHSI CHHYCOMAAIBHBIX (PYHKIUN?

5. JUis KakuX MaTeMaTUYECKUX ONEpALMil MCHOJIb3YIOT aareOpanvyecKyro
Y TIOKA3aTeNbHYI0 (POPMY KOMIUIEKCHBIX YHCE?

6. Urto Takoe onepaTop noBopota’?

7. Yrto Takoe KOMIUIEKCHAs aMIUIUTYyAa (KOMILIEKCHOE 3HaueHue)?

8. Uto Takoe BEKTOpHAas quarpamma?

2.1.4. OcHognvle 21emenmyvl u napamempol 21eKmpu4eckKou Yenu.

B pazgenax 1.3 u 1.4 Obu1M paccCMOTpPEHBI OCHOBHBIE JJIEMEHTHI dJIEKTpUYE-
CKMX lieniei u ux napametrpsl. [I[puBen€HHbIE TaM COOTHOIIEHUS CHPaBEIJIUBBI U
Ha MEPEMEHHOM TOKE, €Ciu B HUX B KadectBe DJIC, HanpsiKeHUH U TOKOB MOJICTA-
BUTH COOTBETCTBYIOIINE CHHYCOUIAIbHBIC (DYHKIIMH BPEMECHH.

Pesucmuenviii  snemenm. Ilpu 1OpoTeKaHWM  CHUHYCOMJAIBHOTO  TOKA
i, =1, sin(®f+\y;) IO pe3UCTUBHOMY 3JIEMEHTY Ha HEM 110 3akoHY OMa BO3HHKa-

€T NaJCHUE HAMIPSKCHUS:
=Ri=RI, simm(ot+vy,;)=U, sm(ot+y,) (2.2)

Orcroma  cienyer,

YTO HANpSOKEHUE Ha pe-

Pr 3UCTUBHOM  DJIEMEHTE

| | - I U3MEHAETCS IO CHUHY-

|| I, Hr  coumaneHOMYy 3aKoHY c

. ‘|||| =y, ammmrynod U, =R[, u

e —

V=Y, R \<' / R +1 Ha4aIbHON (1333;?1 paB-
HOU HadalbHOU (aze To-

I F\~_~ ?—p
—>—> I, U, Ka y,=vy,. Pasgenus
roTR 0o0e 4YacTH BBIPAKEHUS
a) 6) J2
I aMIUTATYABl HA /2,

Puc. 2.4.

MOJYy4YUM COOTHOILICHUE
JUIl IEUCTBYIOIIMX 3HA-
YEHHI TOKA U HANPSHKEHUS:
U=RI.
[IpencraBum TOK M HANPSIKEHUE KOMILIEKCHBIMU 3HAYEHUSIMU
I,= ]ej%-; QR =Ue/Vv .
YMHOXUB KOMIUIEKCHBIN TOK [, Ha R, nosryunm 3akoH Oma i pe3uCTUBHO-
r'o JIEMEHTA B KOMILJIEKCHOU opme:

RI,=RIe =UeV =U, (2.3 a)
OTcrof1a TOK B PE3UCTUBHOM 3JIEMEHTE B KOMIUIEKCHOM (hOpMe paBEeH:
=U,/R (2.3 6)

I'padmk MrHOBEHHBIX 3HAYEHHUH TOKAa M HAINpPSDKEHMs, a TAaKKEe BEKTOpHas
JuarpaMma Juisi pe3MCTUBHOTO JIEMEHTA I0Ka3aHbl Ha puc. 2.4, a u 0.
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MrHoBeHHasi MOITHOCTh, paCCEMBaEMasi Ha pE3UCTUBHOM JJIEMEHTE paBHA!
Pr =ugip =U, sin(ot+vy,) I, sin(of+y,;)=UI(l-cos2wt),
T.€. OHA U3MECHSCTCS BO BPEMCHHM C JIBOMHON YacTOTOM M KoyieOJeTcs B Ipejenax
ot Hyna 10 2UI . B mo06oif MOMEHT BpeMEHHU 3HAY€HHUs TOKA M HAIMPSHKEHUS UMe-
IOT OJIMHAKOBBIN 3HAK, Mo3ToMy p > 0. KpuBas n3MeHEHHS MOIIHOCTH IMOKa3aHa

Ha puc. 2.4, a. CpegHee 3a mepuoJl 3HAYEHUE MOIIHOCTHA HA3bIBACTCS AKTHUBHOMU
MOIIIHOCTBIO

T
P:lijdr:UI:Rlz. (2.4)
TO

3amTpuxoBaHHas IJIOIIAAb HA PUC. 2.4, @ COOTBETCTBYET 91eKMPUYECKOU IHEPSUL,
Heobpamumo npeobpas3yemol pe3uCmuBHbIM 2JIeMEHMOM 8 HedleKmpuiecKue Gu-
Obl dHep2UU.

Hnoyxkmusnwiti snemenm. Ilyctb yepe3 MHAYKTUBHBIN 3JIEMEHT POTEKAET TOK
i, =1, sin(ot+y,). Torna ero NOTOKOCLEIIIEHUE PABHO:

Y =Li =L, sin(ot+vy,;)="Y, sin(of+v,), (2.5)
a OJ1C caMomHIyKIIMHU —
€, = —a;,—‘f - LI, dSln((Z +vy,) =-wLl, cos(ot+vy,). (2.6)

Orcrozia HanpsDKEHNUE HA MHAYKTHBHOM JJIEMEHTE:
u, =—e; =L, cos(wf+y;)= | 2.7)
=U, sim(ot+y,+n/2)=U, sin(ot+vy,)
CrenoBaTtenbHO, aMIUIMTY/A ¥ HadalbHas (a3a HAPsHKEHHS PaBHBI:
U,=oLl; vy, =y, +n/2.

PaznenuB BeIpakeHUE I aMIUTATYABI Ha V2, TIOJTyYUM COOTHOIIICHHE JCHi-
CTBYIOITUX 3HAYCHHUI HAMPSHKCHUS U TOKA ISl HHIYKTUBHOTO 3JIEMEHTA!
U=oLl=X,1, (2.8)
rae X, = oL — BenuunHa, UMEMas pa3MEpHOCTh CONPOTUBIICHUS U Ha3bIBacMast
UHOYKmMuenvim conpomuenenuem. OdpaTtHas BenuuuHa B, =1/ X, =1/®wL Ha3bI-

BAaCTC  UHOYKMUBHOL
nposooumocmoio. Be-
JUYMHA WHAYKTUBHOTO
CONPOTUBJIEHUS  IIPO-
NOPLHOHAIbHA YaCTOTE
TOKa  IPOTEKAKOUIETO
yepe3  MHIYKTUBHBIN
ANEMEHT U (PU3UYECKHU
ooycnoBnena JJIC ca-
MOMHAYKIIMH, BO3HHU-
Puc. 2.5. Karollel Mpu €ro u3Me-
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HeHud. [Tpu yBenmnueHun 4acToThl €€ 3HaUeHUE CTPEMUTCS K OECKOHEUHOCTH, a Ha
nOCTOSTHHOM Toke (® = () UHAYKTUBHOE COMPOTUBJICHUE paBHO HYIIO. IHAYKTUB-
HOE COIMPOTHUBJIEHHWE M WHIYKTHUBHAS MPOBOJUMOCTH SBIISIOTCS MapaMeTpaMH WH-
JTYKTUBHOTO AJIEMEHTA.

Havanbnas da3za nHanpspkeHus: oTiinyaercst oT (as3el Toka HA +7/2, T.€. MoK 8
UHOYKMUBHOM dlleMerme omcmaém no ¢aze om Hanpsicerus na 90 °.

[IpencraBum TOK M HaNPSHKEHUE KOMIUIEKCHBIMU 3HAYEHUSIMU:

I, = ]ej‘Vi; QL = U’V

Otcrona, moap3ysich BeIpakeHUAMH (2.7-2.8), moiryuyuM 3akoH OMa B KOMILIEKCHOM
dbopme 111 MTHAYKTHBHOTO 3JIEMEHTA:

U, =oLle/Y? =oLle’ie™? = joLl, = jX, I, (2.9 a)
Tok B MHIYKTUBHOM 3JIEMEHTE B KOMILIEKCHOH (hopMe paBeH:
1 :QL /(jXL):_jBLQL (2.9 0)

Bemnuunsl jX, u —jB,, BXxoxdumue B BbpaxkeHue (2.9), Ha3bIBAIOTCS KOM-

NJIeKCHLIM UHOYKIMUBHBIM CONPOMUBIEHUEM U KOMNIEKCHOU UHOYKIMUBHOU NPOBO-
OUMOCIbIO.

[Tonw3ysacek BeipakeHUSAMU (2.5)-(2.6) KOMIUIEKCHOE HANpPsKEHUE HA UHIYK-
TUBHOM 3JIEMEHTE MOXHO BBIPA3UTh TAKKE YEPE3 KOMIUIEKCHOE MOTOKOCLETICHHE
U,=-E, = oWe/VitT2) — W eVipit'2 — Jjo¥.

['padvix MrHOBEHHBIX 3HAYEHUN TOKA M HAMNPSHKEHUS, a TAaKXKe BEKTOpHas
quarpaMma Jiyisi MHAYKTUBHOTO 3JIEMEHTA MOKa3aHbl HA puc. 2.5, a u 0.
OnpenenM MrHOBEHHYIO MOIIHOCTb, MOCTYMAIOLIYI0 B MHAYKTUBHBINA 3Jie-
MEHT U3 BHEIIHEN LEMH:
p,=u;i, =U sin(ot+wy,;+n/2)-1 sin(of+y,;)=
Ul

= %[cosg —cos(2wr + n/Z)} = Ul sin 2wt

T.€. MTHOBEHHAs MOIIIHOCTb U3MEHSIETCSI CUHYCOUJAJIbHO C JIBOMHOM YaCTOTOM, I0-
ATOMY €€ CpeHEe 3HAYEHHE 3a IIEPUO PABHO HYJIIO.

DHEpPrusi MAarHUTHOTO TMOJI, COOTBETCTBYIOIIAS WHIAYKTUBHOMY 3IIEMEHTY,
paBHa:

.2 2 2
w, = % = %sinz((ﬂt +y,) = %(1 —cos20t)

OHa u3MeHseTcs N0 CUMHYCOMIAIbHOMY 3aKOHY C JIBOMHOW 4acTOTOW OT HYJIA 10

LI* (puc. 2.5, a). B Teuenue yeTBepTH MEpHoOIa, KOT/Ia 3HAYCHUS TOKA W HaIps-
YKEHUS UMEIOT OJIMHAKOBBIE 3HAKH, MOIIHOCTh, COOTBETCTBYIOIIAS MHIYKTUBHOMY
AJIIEMEHTY, MOJIOKUTEIbHA U HPHEPIUsl HAKAIUIMBAETCS B MAarHUTHOM ToJie (I10Jo-
KUTENbHAS 3alITPUXOBAHHAS IJIOMIAas HA puc. 2.5, a). B ciemyromiyo dyeTBepTh
IIEpUOJIa 3HAYCHHS TOKA W HAIPSIKEHUS UMEIOT PAa3HbIE 3HAKW U MOILIHOCTh OTpPHU-
aTeabHa. DTO O3HAYAET, YTO PHEPTrHs, HAKOIUICHHAsi B MATHUTHOM T0JI€, BO3Bpa-
1[A€TCSI BO BHEHIHIOKO 1EMb. [[pyuéM BO BHEWIHIOK LIETb BO3BPAILAECTCS B TOUHO-
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CTH TO KOJIMYECTBO DHEPTUU, KOTOPOE OBIJIO HAKOIUIEHO, M OallaHC YHEPTUH 3a TI0-
JIOBHHY Tiepuoja HysneBod. Takum 00pa3oM, 8 uHOVKMUBHOM djieMeHme NpouUcxo-
Oslm HenpepvléHble NepuooutecKue Koaebawmus sHepeuu, COOmeemcmsyuue eé
00MeEHY MeHCOY MACHUMHBIM NOJIEM U 8HeUHell Yyenblo 6e3 Kakux-1ubo nomepeo.

Emxocmuuii snemenm. Eciiv HanpsbkeHHe Ha BBIBOAAX EMKOCTHOTO 3JeMEeHTa
U3MEHSAETCS CHHYCOMIANIbHO U~ =U, sin(®wf + vy, ), To B coorBeTcTBUH € (1.9) TOK

B HEM:

duc _ Ccu,, dsin(or+y,) oCU, cos(ot+vy,)=
dt dt ,  (2.10)

=oCU, sin(oft+vy,+n/2)=1, sin(of+y,)
T.C. TOK B éMKOCTHOM 3JIEMCHTE U3MEHSCTCS M0 CHHYCOHMJIAIBHOMY 3aKOHY C aM-

TUTUTYION 1 HavanbHOU (a3oil:
[, =0CU,; y,=y,+1/2. (2.11)

PaBI{eJ’II/IB BBIpa)KCHI/IC JJIA aMHJII/ITYI[BI Ha \/E ) HOJ'Iy‘—II/IM COOTHOIICHHUC z[eﬁ—
CTBYIOIIHUX 3HAYCHUU HAIIPSOKCHUA U TOKA JJIA €MKOCTHOTO DJIEMEHTA:
[=0CU=B.U, (2.12)

Bennuunna BC =(DC, HUMCromas pa3sMCpPHOCTL IMPOBOAMMOCTH, HA3BIBACTCA

le=

émxocmuou nposooumocmoio. O0patHas BenmunHa X =1/B. =1/owC Ha3bIBaeT-

Cs EMKOCMHbIM CONpO-
musnenuem. Duznde-
CKA HaIu4ue EMKOCT-
HOTO  COMPOTHUBIICHUS
O3HayaeT OTPaHUYCHUE
BEJTMYMHBI TOKA 3apsiia-
paspsima  EMKOCTHOTO
s7eMeHTa. EMKocTHOe
CONIPOTUBRJICHUE, TaKXKe
KaK WHIyKTHUBHOE, 3a-
BHUCHUT OT YacCTOTHI IIPH-
Puc. 2.6. JIO)KEHHOTO  HaITpsDKe-
HUS, HO, B OTJIUYUE OT
WHIYKTUBHOTO, €0 3HAYCHUE PAaBHO OECKOHEYHOCTH HA MOCTOSTHHOM TOKE U HYJIIO
npu GeCKOHEYHOM 3HAYEHHH YacTOThl. EMKOCTHOE CONMpPOTHBJIEHHE M EMKOCTHAs
IPOBOJIUMOCTH SIBJISIOTCS ITapaMeTpamMu EMKOCTHOTO 3JIEMEHTA.
Havanbhas ¢a3a Toka oTiinyaercs oT (a3l HaIpsLKEHUs Ha +71/ 2, T.€. MoK 6
EMKOCIMHOM dllemMenme onepedicaem no gaze nanpsxcerue Ha 90 °,
[IpencTaBuM TOK W HaNPSHKEHUE KOMILIEKCHBIMU 3HAYCHUSIMM:
I = Iej\Vi; QC =Ue/Vr .
Orcrona, moas3ysich BbipakeHussMu (2.10)-(2.12), moayuum 3akoH Oma B KOM-
IJIEKCHOU popMe JiJ1si EMKOCTHOTO AJIEMEHTA:
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I =0CU/ Y™ = 9CUe™ve’™? = joCU, = jB.U,. (213 a)

[Tanenne HanpsiKEHUs HA EMKOCTHOM 3JIEMEHTE:
Uc=—jXclc=1c/(jBc) (2.136)
Bemnunnsl —jX - u jB., BXogsmue B Belpaxenue (2.13), Ha3bIBaIOTCA KOM-

NJIEKCHbIM EMKOCMHbIM CONPOMuUBIeHUeM U KOMNIEKCHOU EMKOCIHOU NPOBOOUMO-
Ccmbio.

['padyix MTHOBEHHBIX 3HAYCHUW TOKA M HAMPSOKCHUS, a TAK)KE BEKTOpHAs
auarpamma Jijisi EMKOCTHOTO AJIEeMEHTa MOKa3aHbl Ha puc. 2.6, a u 0.

OnpenenyM MrHOBEHHYIO MOIIHOCTh, TOCTYNAIOIIYI0 B EMKOCTHBIM 3JIEMEHT
W3 BHEIIHEH IICTIN:

Pe=uci-=U,sin(ot+vy,) I, sin(ot+vy,+71/2)=
uU,l

== m [cosg—cos(Zcm% 7c/2)} =UI sin 2wt

T.€. MTHOBEHHAs1 MOIIIHOCTb U3MEHSETCS CUHYCOUIAJIbHO C JIBOMHOM YaCTOTOM, I10-
ATOMY €€ CpeHEE 3HAYEHHUE 3a IIEPUOJ PABHO HYIIIO.
DHEprusi JIEKTPUUECKOr0 MOJs, COOTBETCTBYIONMIAS €MKOCTHOMY 3JIEMEHTY,
paBHa:
2 2 2
Cu. CU,, ., cU
We=——=—"sin" (ot +vy,)=
2 2
OHa u3MEHSIETCA MO0 CUHYCOMAAIBHOMY 3aKOHY C JBOWHOW YacTOTOM OT HYJS JI0

(1—cos20t)

CU” (puc. 2.6, a). B TeueHue 4eTBEPTH NEPHO/IA, KOT/IA 3HAUCHHS TOKA M HAIIPSI-
KEHUS UMEIOT OJAMHAKOBBIE 3HAKM, MOIIHOCTbh, MOCTYNAIOIIAsl B EMKOCTHBIN 3J1e-
MEHT, MOJIOKUTEIbHA U SHEPTUsl HAKAIJIMBAETCS B 3JIEKTPUUYECKOM I10JI€ (TI0JI0KHU-
TeJIbHAs 3alUTPUXOBAaHHAs IUIOIIAJb HA puc. 2.6, a@). B cieayroulyio yeTBepTh me-
pHO/ia 3HAYEHHUS TOKA U HANPSHKEHUsS] UMEIOT pa3Hble 3HAKUM M MOLIHOCTb OTpHIIa-
TeJIbHA. DTO O3HAYAET, YTO DHEPIUs, HAKOIUIEHHAs B JJEKTPUYECKOM IIOJIE, BO3-
BpAIlAEeTCs BO BHEIIHIOK Lenb. [I[prnyéM BO BHEHIHIOK LIENb BO3BPALIACTCS B TOY-
HOCTU TaKO€ KOJIMYECTBO SHEPTUH, KaKoe ObLJIO HAKOIUIEHO, U OajJaHC dHEpruu 3a
MOJIOBUHY Tepuojia HyneBol. Takum o0pa3oM, 8 EMKOCHHOM dlieMeHme NPOUCxXo-
0Am HenpepviéHvle nepuooutecKue Koaebawus 3Hep2uu, COOmeemcmeyuue eé
00OMeHY INeKMPULECKUM NoaeM U 8HeuHell yenvlo 6e3 KaKux-aubo nomepb.

Bonpocwi 0ns camonposepku

1. UTto Takoe ujaeabHbIC JIEMEHTHI JEKTPUUECKOMN 1enu?

2. Kak cootHocsaTca mo ¢a3ze TOK ¥ HaNpsDKEHUE PE3UCTUBHOTO (MHAYK-
TUBHOT'0, EMKOCTHOI'0) 3JIEeMEHTa?

3. Kak u3meHsieTcss BO BpEMEHHU 3HEprusi, COOTBETCTBYIOIIAS PE3UCTUB-
HOMY (MHIYKTUBHOMY, EMKOCTHOMY) 3JIEMEHTY ?

4. YTo Takoe akTHBHAs MOIIHOCTh M YEMY PABHO €€ 3HAYECHUE JUISl PE3U-

CTUBHOTO (MHAYKTUBHOT0, EMKOCTHOTO) 3J€MEeHTa?

45



Sﬂekmpuqecmte yenu CtuCOuaClﬂbHOZO nepemMernHoco moxka

TOCYIAFCTBEHHbIV YHUBEPCUTET

5. Kakue sHepreTMueckue Mpouecchl CBSI3aHbl C MPOTEKAaHUEM MEPEMEH-
HOT'O TOKa Yepe3 Pe3UCTUBHBINA (MHIYKTUBHBIN, EMKOCTHBIN) 371€MEHT?

6. Yemy paBHO MHJIYKTUBHOE (EMKOCTHOE) CONPOTUBIEHUE NPH MOCTOSH-
HOM TOKe€ (IIpY OYEHb BBICOKOH YacToTe)?

7. Kakoli 3HaK MMeeT KOMILJIEKCHOE MHAYKTHBHOE (EMKOCTHOE) COIpO-
TUBJICHUE (TIPOBOIUMOCTD)?

8. YeMy paBHO cpeliHEe 3HaYEHHE MOLIHOCTH MHAYKTUBHOIO (EMKOCTHO-
r0) 2JIEMEHTA U To4YeMy?

9. B 4ém nmpuHIMNMANbHOE OTIWYHME PE3UCTUBHOIO IEMEHTA OT MHAYK-

TUBHOT'O U EMKOCTHOTO?
10. Bo 49ro mpeobpasyercst dIeKTpudecKas SHEPTHUSI COOTBETCTBYIOIIAS pe-
3UCTHBHOMY 3JIEMEHTY DJIEKTPUICCKOM 1IeTTH?

2.1.5. 3axon Oma. IlaccusHulii 08YXNOIIOCHUK.

3akoH OMa yCTaHaBIMBAET COOTHOILIEHHE MEXKIY TOKOM, IPOTEKAIOIIUM I10
YYaCTKy DJICKTPUYECKOM LENU U MaJcHUEM HaIpshKeHHsI Ha HEM. PaccmoTpum He-
KOTOPBIM IPOU3BOJIBHBIN YYaCTOK, MOJKIFOYEHHBIN K OCTAIBHOM LIENH B IBYX TOY-
KaX U HE COJIEpkKAMN NCTOYHUKOB IEKTPUYECKONU SHEPTUU. TaKou ydacTOK LENU
Ha3bIBACTCS NACCUBHBIM 08YXnoatochukom. HanpsokeHne U TOK B TOUKaX MOJKIIIO-
YEeHUs JABYXIIOJIOCHUKA HA3bIBAIOTCSA 6XOOHbIM HANPANCEHUEM U 8XOOHBIM MOKOM.

Ecau 5Ty BenmuuuHbl IpeACTaBUThL B KOMILIEKCHON Gopme U =Ue’V, I =1e’V7, 10
UX OTHOUIEHUE

W
%: [[]:J% :%ej(wu—\vi) —Zel =7 (2.14)

OylleT KOMILIEKC-
I _ HBIM YHCJIOM,
¢ | umerommm  pas-
% U, l R I MEpPHOCTh  COTIPO-
[_]l }% I TUBJICHUSA U Ha3bl-
Ig [_]pl JXI BaEMbIM KOM-
E: | TJIeKCHbIM conpo-

S ——— - muenenuem.
B) Monaynbs KOM-
7 IJICSKCHOTO COTIPO-
e o S =~ THBJICHUS
‘Iéc L | Z=U/I onpene-
U l I% a[1- I JISIeT COOTHO}HC—
IS I HUE MEXIY JEHCT-
I% éla | BymomMMH  (aM-
o— —’J IUTUTYHBIMH )

3HAa4YCHUAMHU Ha-
MNPpsOKCHUA M TOKa

Puc. 2.7.
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Y Ha3bIBAETCS NOJIHbIM CONPOMUBIEHUEM.
ApPryMeHT KOMIUIEKCHOTO COIIPOTHBIIEHUS @ =\, —\, olpenenser (pazoBoe

COOTHOUICHHMEM MEXAY HAIpsDKEHHEM M TOKOM, T.€. CABHUI (a3 MEXIy HUMHU.
[Tpuuém, ns obecrieueHrs MPaBUILHOTO COOTHOIIEHUS MEXKy HadadbHBIMH (a-
3aMU Y2071 @ O0AMHCEeH omcuyumsleamsbcsi om eekmopa moxa (puc. 2.7, a). Torna
U OTEpEeKarolleM HarpspKeHUH caBur (a3 Oyner ¢ >0, a mpH onepexaroieM
ToKke — <0

KommuiekcHoe conpoTHBIIEHHE MOKHO MIPEICTAaBUTh TAKXKE B ajIreOpanyecKkoil
dbopme:

Z=R+jX.

BemiectBeHHast 4aCcTh KOMIUIEKCHOTO COIPOTHUBIICHUS HAa3bIBACTCS AKIMUBHBIM
conpomuenenuem, a MHUMasi — PeaKmugHulM CONpomuseieHuemM. AKTUBHOE COIPO-
TUBJIEHUE BCET/a MOJOKUTEIBHO, & PEAKTUBHOE MOXKET UMETh J1t000i 3Hak. Eciu
COCTaBJISIIOLINE KOMIUIEKCHOTO CONPOTUBIIEHUS M300pa3suTh BEKTOpPaMH Ha IJIOC-
KOCTH, TO aKTUBHOE, PEAKTHUBHOE M IIOJIHOE COMPOTHUBICHUS OOpa3yroT MpPsMO-
YTOJIbHBIA TPEYTOJIbHUK, HA3bIBAEMBIN mpey20abHukom conpomusnenui (puc. 2.7,
0). J17151 KOMIIOHEHTOB 3TOr0 TPEYTOJbHUKA CIIPABEATUBBI COOTHOIICHUS:

Z=\R*+ X% (p:arctg%.

Takxum 06pazom, cosue gaz medxcoy moxom u Hanps’ceHuem Ha yuacmke yenu
onpeoensiemcsi COOMHOULEHUEM PeaKkmueHo20 U aKkmueHo2o conpomuenernuu. 1lpu
OTCYTCTBUM aKTHBHOW COCTaBJIAIOIICH (Da30BBIA CABUI, KaK CIEAyeT M3 3aKOHa
OMa 1 paCCMOTPEHHBIX BBILIE WIICATBHBIX JJIEMEHTOB LEMH, COCTaBisieT +90°
P UHAYKTUBHOM XapaKTE€pEe PEaKTUBHOrO CONMpOTHUBIEHUA U —90° mpu €MKoCT-
HOM xapakrtepe. Hanuuune akTHBHOW COCTaBIIAIOIIEH ompenenser s (pa3oBOro
cMelieHnst cekTopbl: 0<@<90° mpu aKTUBHO-UHIAYKTHBHOM XapaKTepe KOM-
miekcHoro comnportusieHuss n 0> @ >90° npu axkTUBHO-EMKOCTHOM XapakTepe.
[Ipr OTCYTCTBHUM PEAKTUBHOM COCTABJISIOMIEH KOMILIEKCHOTO COIPOTUBIICHUS
CABUT (pa3 MEXKIy TOKOM U HalpsHDKEHHUEM OTCYTCTBYET, T.e. ¢ =0.

Ecnu B Beipaxkenuu (2.14) npeactaBuTh KOMILJIEKCHOE COMPOTUBIICHUE B all-

rebpanueckoit hopme:
U=1Z=I(R+jX)=1IR+ jIX =U,+U, (2.15)

TO KOMININICKCHOC HAIIPSPKCHUEC HAa BXOAC ABYXITIOJIIOCHHKA MOYKHO PAa3ACIINTh Ha JIBC
COCTaBJIATIOMIHNC. OI[Ha N3 HHUX Qa ZiR COBITAAACT IIO0 HAIIPpABJICHHUIO C BCKTOPOM

TOKa Y HA3bIBACTCS KOMNIEKCHbIM AKMUSHbIM Hanpsdxcenuem. Bropas U = jIX —

NEPIICHINKYIAPHA TOKY M Ha3bIBACTCS KOMNIEKCHLIM PEeAKMUBHBIM HANPINCEHUEM
(puc. 2.7, a). CooTHOIIEHNE TOKA W HAIPsHKEHUS B BhIpakeHUU (2.15) cooTBeTCT-
BYET CXEMe, NPUBEAEHHON Ha puc. 2.7, 6. Ha Hell coCTaBIAIOIMIMNE KOMIUIEKCHOTO
COIIPOTUBIICHUS TMPEICTABICHBI B BHJIE IOCIIEI0OBATEILHOTO COCIMHEHUS, Ha3bI-
BAE€MOT'0 10OCIe008AMENbHOU CXeMOU 3amewjeHusi. AKTUBHOE HaIpsDKEHHUE B ATOU
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CXEME COOTBETCTBYET HANPSHKCHHUIO HA aKTHBHOM COIIPOTHRBIICHHUH, a PEAKTUBHOE —
HAa PEaKTUBHOM COTIPOTUBJICHUHU.
JIJTs COCTaBIISAIOMMUX KOMITJIEKCHOTO HAIPSKEHUST OYCBHIHBI COOTHOIICHHMS:
U,=Ucosq; U, =Using;

U 2.16
U=,U,> +Up2; (p:alrcth—lo (2.16)

a
npu4YE€M aKTUBHOE HANPSKEHUE MOXKET ObITh TOJIBKO MOJIOKUTEIBHBIM, a 3HaK pe-
AKTHUBHOT'O HAMPSDKEHUS ONPeAesIeTCsl 3HAaKOM (pa30BOro CABHUTA (.

BexTop HampsbkeHHs BMECTe C aKTUBHOM M PEAKTUBHOM COCTABIISIFOIIMME 00-
pa3yoT NPSIMOYTOJIbHBIA TPEYTrOJbHUK, HA3bIBAEMBIH Mpey20IbHUKOM HANPAMCe-
HU.

Tak ke Kak B LIENU MOCTOSIHHOI'O TOKAa, COOTHOILIECHHE MEXKJy TOKOM M Ha-
MPSDKEHUEM Ha BXOJIE€ JIBYXMOJIIOCHUKA MOXKHO OIPEIEIUTh C MTOMOIIBI) MMOHSITHUS
MPOBOJIUMOCTH:

JVi
i l: le . :iej(“’i_\vu) — Yo /® =Y (2.17)
Q Z Ue’Vu U
rae Y =1/Z — xoMmiuiekcHast mpoBoAUMOCTh; ¥ =1/7Z =1/U — Moayib KOMILIEKC-
HOU IPOBOJUMOCTH, Ha3bIBAEMBIH 1OIHOU NPOGOOUMOCMbIO; O =\, —\, — apry-

MEHT KOMIUJIEKCHON TTPOBOJUMOCTH.
Ecnu B Beipaxkenuu (2.17) npeacTaBuTh KOMILIEKCHOE COMPOTUBIICHUE B all-
rebpanyeckoit hopme:
11 R . ¢
T~ Z R+jX R*+X? TR x?
TO MBI TIOJTy9UM BBIPKEHUS JJIs BEIIECTBEHHOW M MHUMOHN YacTH KOMILJIEKCHON

-G- B, (2.18)

HpOBO}II/IMOCTI/I. BGH_ICCTBCHHaSI qacCTb KOMHHGKCHOP'I HpOBOI[I/IMOCTI/I
R .
G = ﬁ = —2 HA3bIBACTCIA AKMuUuBHOU I’lpO@OdLlMOCWlb}O, a MHUMas
R+ X?> Z
X X .
B = = — peaKI’I’IMGHOM. CJIG,Z[YCT 3aMCTHUTDh, YTO aKTHBHas1 H peaKTI/IB-
R+ Xx* 7?

Hasi TPOBOJMMOCTH, B OTJIIMYNE OT KOMIUIEKCHOW M TIOJTHOM TIPOBOJUMOCTH, He 516-
JISOMCSL OOPAMHBIMU BEUUUHAMU AKMUBHO20 U PeaKMUBHO20 CONPOMUBTIEHUI.
Kaxxnas u3 cocTaBisOMUX KOMIUIEKCHON MPOBOAMMOCTH 3aBUCUT OT 00X CO-
CTaBJISIONIUX KOMIUIEKCHOTO COTPOTHBIICHHUS.

KomrinekcHast mpoBOIUMOCTh M €€ COCTABIISIFOIINE OOpa3yrOT Ha KOMILIEKC-
HOM TUIOCKOCTH TPSIMOYTOJBHBIN TPEYTOIbHUK, HA3BIBAEMBIA MpPey20ibHUKOM
nposooumocmeu (puc. 2.7, 0). JIinsi KOMIOHEHTOB 3TOT0 TPEYroJIbHUKA CIIPaBE/I-
JIMBBI COOTHOIIICHUS

Y =VG* + B?; (p:arctgg.
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N3 BeipaxkeHus (2.18) MOXKHO ONPENEINTh COCTABISIOIME KOMIUIEKCHOTO CO-

MPOTUBIICHUS YEPE3 COCTABIISIIOIINE KOMIUIEKCHON MPOBOAUMOCTH:
G G B B

——— = X=———=—5.
G*+B> Y* G’+B> Y

[Tonb3ysCh NOHATHEM KOMIUIEKCHON MPOBOAMMOCTH, MOKHO Pa3JeIUTh KOM-
IUIEKCHBIN TOK Ha BXOJE JABYXITOJIOCHUKA Ha JABE COCTABJISIOLIME, AaHAJTOTUYHO BbI-
IOJJHEHHOMY paHee pa3/iejIeHUI0 KOMIUIEKCHOTO HAMPSKEHUS:

[=UY=U(G-jB)=1,+I, (2.19)

rne I, =UG — BEKTOp KOMNJIEKCHO20 AKMUBHO20 MOKd, COBIAJAOIINN 110 Ha-

R=

NPABJICHUIO C BEKTOPOM HanpspkeHust; [, =—jUB — BEKTOP KOMNIEKCHO2O peak-

MUBHO20 MoKa, MIEPICHANKYIISIPHBIN BeKTOpy Harpsbkenus (puc. 2.7, 2). CooTHo-
IICHUE TOKAa M HampsDKEeHUsI B BbIpakeHUH (2.19) COOTBETCTBYET cxeme, IpHUBe-
NEHHOW Ha puc. 2.7, e. Ha Hell cocTaBidmolME€ KOMIUJIEKCHOM MHPOBOAUMOCTH
MPEJCTABJICHB B BUJE MapaIeIbHOIO COCJAMHEHMS, HA3bIBAEMOTO NAPA/LIENbHOU
cxemou 3ameujeHusi. AKTUBHBIA TOK B ATOH CXEME COOTBETCTBYET TOKY, MpPOTE-
KaloIIEMY Yepe3 AJIEMEHT ¢ aKTUBHOW MPOBOJAUMOCTBIO, @ PEAKTUBHBIN — C peak-
TUBHOU IPOBOJUMOCTHIO.
JIJ1s1 COCTaBIAIONIMX KOMIIEKCHOTO TOKA OYE€BUAHBI COOTHOIIICHUS :
I, =1Icosq; I, =1Ising;

I 2.20
1:11132+Ip2; (p:arctgl—p (220)

a
NpUYEM aKTUBHBIA TOK MOKET OBITh TOJIBKO MOJOKUTEIbHBIM, a 3HAK PEAKTUBHOTO
TOKa ONpeesieTcsl 3HaKOM (pa30BOro CABUTA (.

BekTop Toka BMecTe ¢ aKTUBHOM M PEAKTHUBHOM COCTaBIIAIOMIMMHU 00pasyroT
NPSIMOYTOJIbHBIN TPEYTOJIbHUK, HA3bIBAEMBIN mMpey2oibHUKOM MOKo8. Tpeyroib-
HUKH COIPOTHUBIICHUM, HAPSXKEHU, TPOBOJIMMOCTEN U TOKOB MOAOOHBI APYT JIPY-
ry, T.K. SIBISIIOTCSI Pa3IMYHBIMU (OpPMaMH MPECTABICHUS COOTHOIICHUS MEXKIY
TOKOM M HaIpsDKEHUWEM Ha Yy4acTKe LENH, BhIpakaemMoro 3akoHoM Oma. Otinuune
TPEYTOJIbHUKOB COMPOTUBIIEHUN U MPOBOJUMOCTEN OT APYrUX TPEYrOJbHHUKOB 3a-
KJIFOYAETCSl B TOM, YTO OHH CTPOSATCS BCErJla B MPaBOM MOJIYIIOCKOCTH, T.K. aKTUB-
HOE COMPOTUBIICHUE U MTPOBOJAUMOCTH BCET/Ia BEIIECTBEHHBI U MOJIOKUTEIbHBI.

AKTHUBHOE U PEAKTUBHOE CONPOTHUBJIEHUE, a4 TAK)KE€ aKTUBHAs M PEAKTHUBHAas
MPOBOJIUMOCTh SIBISIIOTCA napamempamu ogyxnonocHuka. llocnenoBarenbHas u
napajuiesibHas CXeMmbl 3amelnieHus (puc. 2.7, 6 U e) MOJHOCThIO IKBUBAJICHTHBI
JIpYT APYTY U UCIHOIB3YIOTCS MIPU aHAIM3E AJIEKTPUUYECKUX 1IETIe B COOTBETCTBUU
C KOHKPETHBIMH YCJIOBUSIMU 3a]a4H.

B obmiem cinydae TOk UM HampspKEHUE Ha BXOJIE JIBYXITOJIFOCHUKA CMEIIEHBI 110
(pase Ipyr OTHOCUTEIBHO ApyTa Ha HEKOTOPBIX yroa ¢. Ilycts u =U,, sin(wt + )

ui=1, sin(of+y,—o¢) (puc. 2.8). CkopocTb NOCTYIUIEHUSI PHEPIUM B JIBYXIIO-
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JIOCHUK B K&XIbI MOMEHT BPEMEHM WJIM, YTO TO )K€ CaMOe€, MTHOBEHHOE 3Haue-
HHE MOIIIHOCTH PaBHO:
p=ui=U,_I sin(of+y, )sin(of+y, —@)=

2.21
= —U’”zlm [coscp - cos(20)t - (p)] =Ul cos¢p - U[cos(2cot N (P) ( )

N3  BbIpaxkeHus

u : (2.21) cnenyer, uyTO
U MOIITHOCTh MMEET II0-

CTOSTHHYIO COCTaB-

Wa mstroryto Ul cosg u

¢ +1 MIEPEMEHHYI0, H3Me-

-\[t?% HSIOIIYIOCS C JIBOU-

N HoM wvacTtoroi. Ilo-

—> —> JOKUTEIbHAS ~ MOMI-
LU G) HOCTb COOTBETCTBYET

MNOCTYIUICHUIO  JHEp-

TMH U3 BHEIIHEH LIETH

B JIBYXIIOJIOCHHK, a
OTpHUIIATENIbHAsl — BO3BPATy HEPTUM BO BHEIIHIOK IEMb. TaKk KaKk MOIIHOCTbH OI-
penensercs TMPOW3BEICHWEM TOKAa W HANPSDKCHUS, TO TMOTpPeOJieHne HHEPruu
JIBYXITOJIFOCHUKOM TPOUCXOJUT B HMHTEPBAJIbl BPEMEHHU, KOrja 00€ BEIUYHHBI
MMEIOT OJIMHAKOBBIN 3HaK (puc. 2.8, a). bananc noctymaromieir 1 Bo3BpalaeMon
SHEPrUU COOTBETCTBYET CpPEIHEMY 3a IMEepUOJ] 3HAYCHUIO MOIIMHOCTH WU
AKMUBHOU MOWHOCMU:

Puc. 2.8.

T
P:%_[pdt:UIcosq):UIa:UaI:RIZ:GUZ. (2.22)
0

AKTHBHasi MOITHOCTh — 3TO MOIIHOCTb, KOTOpas mpeodpasyercs B ABYXIO-
JIOCHUKE B TEIUIOBYIO WJIM JPYTU€ BUABI HEIJIEKTPUUECKOW SHEPruu, T.€. B 0O0JIb-
IIMHCTBE CJIy4aeB ATO MOJIe3HAsS MOIIHOCTh. Beipaxenue (2.22) nosicHsieT Gpuinye-
CKHI1 CMBICIT TIOHSITUN aKTUBHBIM TOK UM aKTUBHOE HamnpspkeHue. OHU COOTBETCTBY-
IOT TOM YacCTU TOKa WJIM HANPSHKEHUS, KOTopas pacxXoJyeTcsi Ha mpeoOpa3oBaHue
SHEPruu B JIBYXIIOJIOCHHUKE. BbhIpakeHus AJisi aKTUBHOW MOIIHOCTH TO3BOJISIIOT
TaK)Ke ONpPENIeTUTh aKTUBHOE CONMPOTUBIEHHWE U MPOBOJUMOCTH, KaK MapaMeTphl
WHTEHCUBHOCTU MPeoOpa3oBaHUsl PHEPTUHU JIBYXIOJIOCHUKOM. AKTHBHAs MOIII-
HOCTb U3MeEpsieTcs B BaTTax [BT].

Bce texHuueckue ycTpoicTBa pacCUMTHIBAIOTCS HAa pabOTy B ONMPENCIEHHOM
(HOMHUHANBHOM) pekume. [IpOBOMHUKU PACCUUTHIBAIOTCS HA OMPENEIEHHBIM TOK,
U30JISIMsl Ha omnpenenéHHoe HarpspkeHue. [loaToMy MOIIHOCTB, MPUBOAUMAs B
TEXHUYECKUX JaHHBIX M OMpEeNeNsomias MaccorabapuTHbIE MOKAa3aTeld U CTOU-
MOCTb W3J/IeJIHsI, COOTBETCTBYET MPOU3BEACHUIO JIEUCTBYIOIIMX 3HAYCHUI TOKA U
HAIPSHKEHUS M HA3bIBACTCS MTOTHOM MIIM KaXyIIEHCss MOUTHOCTBIO:
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S=UI. (2.23)
[TonHast MOLITHOCTH HE UMEET (PU3MUECKOTO CMBICIIA, HO €€ MOXKHO OIPECIUTh KaK
MaKCUMaJIbHO BO3MOKHYIO aKTHBHYIO MOIIHOCTb, T.€. aKTUBHYIO MOIIHOCTH MpHU
cos@ =1. Pa3MepHOCTb MOJHOW MOIIHOCTH TaKas €, KAK U aKTUBHOW MOIIHOCTH,

HO JUISL OTIIWYMS €IUHULIEH U3MEPEHUs MOJTHOM MOIIHOCTH BBIOpPAH BOJIBT-aMIIEp
[BA].
OTHoOIlIEHHE aKTUBHOW MOIIHOCTH K TOJIHOW HA3bIBAIOT K03pduyuenmom
MOWHOCTU:
P Ulcoso
S Ul
OH paBeH KOCHWHYCY yriia caBura a3 MEeXIy TOKOM W HalpsDKCHHEM Ha BXOJC
JBYXIIOJTIOCHUKA. [[7151 JTydiero ucmonp30BaHus 000pyIOBaHUE JOJKHO padoTaTh
C BO3MOXHO 00Jiee BBICOKMM KOA(P(GUIIMEHTOM MOIIHOCTU. Pa3paboTdmku HIiek-
TPOYCTAHOBOK CTPEMSTCS 00ECIEYUTh €r0 MaKCUMalbHOe 3HaueHue. Ho koaddu-
IUEHT MOIITHOCTH MHOTHX YCTPOMCTB, TAaKWX KaK TPAaHC(HOPMATOPHI, FIEKTPOIBH-
rateiy U Ap., CIUIBHO 3aBUCUT OT BEJIWYUHBI HArpy3ku. IIpu CHIKEHMH Harpy3Kd
OH CHUYKAETCSl, TI03TOMY IPHU IKCIUTyaTalluid 000pYyIOBaHUS HYKHO 0OeCleurnBaTh
Harpy3ky OJM3Kyr0 K HOMUHanbHOU. Kpome Toro, xkoa¢@uiuneHT MOIIHOCTH MO-
TpebuTenen 3NEeKTPUIECKON IHEPTUU MOKHO YJIYUIIUTh YCTAHOBKOW KOHJEHCATO-
POB ¥ KOMIIEHCATOPOB PEAKTUBHON MOIIHOCTH.
Bricokuii k0a(hPHUIIMEHT MOUTHOCTH HAarpy3Kd HYKEH TakKe ISl CHUKEHUS
NOTephb MpH Nepeaave dHeprun. Tok B JIMHUU NIEpPeIauu ONpEesieTCs] Harpy3Kou
Y paBeH:

=COoS

P
Ucoso
OTtcrona noTepu HEPTUU B JIMHUU C COMPOTUBJIIEHUEM ITPOBOIHUKOB R ;:
2
R P
2
U? cos® ¢

1

AP=R I’ =

T.C. IIOTCPU B JIMHHUHU IICpCaAadn O4YCHb CUIJIbHO 3aBHUCAT OT COS(P, T.K. OHU 06paTHO

MIPONOPLUHUOHAIIbHBI KBAaJpaTy €ro 3HAUYCHHUS.

[Tomumo npeoOpazoBaHMsl FAEKTPUUECKON SHEPTUM ABYXITOIIOCHUK MOCTOSH-
HO OOMEHUBAETCA €l ¢ BHENIHEH 1enblo. THTEeHCHBHOCTH 3TOr0 0OMEHa XapakTe-
PU3YIOT IOHSATUEM PEeaKmu8HOU MOUHOCIU:

Q=Ulsing=Ul,=U,I = XI*=BU". (2.24)

Bripaxenus (2.24) NOSICHAIOT CMBICH TOHSATUN PEaKTUBHBIA TOK U HaIpsiKe-
HUE, a TaKXXE PEaKTUBHOE CONPOTHUBIIEHHE W NMPOBOAMMOCTL. [lepBas mapa Benwu-
YUH OINpEIEAeT AOJMI0 TOKA WM HAIPSHKEHUs, PACXOIYEMBIX B JIBYXITOIIOCHHUKE
Ha (HOPMHUPOBAHHE MArHUTHBIX WJIM AJIEKTPUUECKHX IOJICH, a BTOpas mapa siBisieT-
Csl mapaMeTpaMu, ONPEESIOIMMUA HHTEHCUBHOCTh OOMEHa SHEeprueil.

Pa3mepHOCTh pEakTUBHOM MOIIHOCTH Takasl ke, Kak y aKTUBHOW W TOJHOU
MOIIHOCTH, HO JUISL OTJIMYMS €€ U3MEPSIOT B BOJIbT-aMIIEpax peakTuBHBIX [BAp].
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N3 Beipakenuit (2.22)-(2.24) cnenyeT B3aUMOCBSI3b aKTUBHOM, TTOJIHOW U pe-

AKTUBHOU MOIIIHOCTH.
S=P*+0%; tgp=0/P.

OHH COOTBETCTBYIOT CTOPOHAM HPSIMOYTOJBHOIO TPEYTOJbHHUKA, HA3bIBAEMOIO
mpey20bHUKOM MOWHOCmel 1 TIOJOOHOTO TPEYroJbHUKAM COMPOTUBIICHUM, TTPO-
BOJIUMOCTEMN, TOKOB U HAPSIKECHUM.

DTOT TPEYTOIABHUK MOXKHO MPECTABUTh TAKKE KOMILJIEKCHBIM YHCIIOM:

S=P+ jO=Ulcosp+ jUlsing=Ule’* =U 1,

*

re S — KOMNIEeKCHASA MOWHOCHb WA KOMNIEKC MOWHOCMY ABYXIIONIOCHUKA; [ —
KOMIUIEKCHOE CONPSKEHHOE 3Ha4eHUE TOKA. MOysb KOMILIEKCAa MOITHOCTH PABEH
nosiHoM MomHOCTH | S |=UIl . AKTHBHasi MOIIHOCTh SIBJISICTCSI BEILIECTBEHHOW CO-
CTaBJIAIOLIEH KOMIIJIEKCA MOLTHOCTH, & PEAKTUBHASI — MHUMOM.

B cooTBeTCTBHM C 3aKOHOM COXPaHEHHs DHEPrMU aKTHBHAas MOIIHOCTB, CO3-
JaBaeMasi ICTOYHMKaMH B 3JIEKTPUYECKON LIENH, TOJKHA MOJHOCTBIO NMpeodpas3o-
BBIBATHCS B IPUEMHUKAX

m n

_ 2

D E,I,cos,=> RI., (2.25)
p=l1 g=1

rae [ ’E I g ,HefICTBy}OHlHC S3HAYCHUA TOKOB, IIPOTCKAOIIUX B p-M UCTOYHUKE U (-

M PC3UCTHUBHOM JJICMCHTC. Mo>xHO IIOKa3aTb, 4YTO JJIA peaKTI/IBHOﬁ MOITHOCTHU

CIIpaBCAJIMBO aHAJIOTHMYHOC paBCHCTBO:
n—k

m k
- _ 2 2
D Edsing, =) X, I,-> X I, (2.26)
s=1 p=1 g=1
rae X L, X, ¢, ~ WHAYKTHBHOE 1 €MKOCTHOE CONPOTUBJICHUS p-TO U ¢-T'O DJIEMEH-

ToB. HO TOrMa cripaBeyinBO M paBEHCTBO MOJHBIX MOIIHOCTEH UCTOYHUKOB U ITPHU-
€MHUKOB 3JIEKTPUYECKOW 1EIIH:

>5,=>8, (2.27)
p=l1 q=1

Bripakenwst (2.25)-(2.27) Ha3bIBAIOTCS OANAHCOM MOUWHOCHE.

Bonpocwi 0ns camonposepku

1. YTo Takoe NaCCUBHBIN JABYXITOIIOCHUK?

2. Yo Takoe NoJHOE, AKTUBHOE M PEAKTUBHOE COITPOTHUBIICHHE?

3. Kakoil mapameTp 3J€KTpUUYECKON LIETH ONpeAesseT cABUT (a3 Mexay
TOKOM U HANpsHKEHUEM?

4. B kakux mpenenax MOXET HAXOAUTHCS CABUT (pa3 MeXay TOKOM M Ha-

MPsAKCHUCM B MMaCCUBHOU BHGKTpI/I‘{GCKOﬁ HGHI/I?
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5. B kakux mpenenax MOXET HaXOAUTHCS CABUT (a3 MExAy TOKOM M Ha-
NPSHKEHUEM B DJIEKTPUUECKOW II€NU ¢ AKTUBHO-MHAYKTHUBHBIM (aKTHB-
HO-EMKOCTHBIM) XapaKTepOM KOMILJIEKCHOT'O CONTPOTUBIICHHUSA?

6. OT Kakoro BEKTOpa JOJKEH OTCUUTHIBATHCA CIBUT (ha3?

7. Yro Takoe akTUBHOE (PEaKTUBHOE) HANPsDKEHHE?

8. Kakue napameTpbl KOMIIEKCHON TPOBOJIUMOCTH SIBJISIFOTCS OOpaTHBIMU
BEJIMYMHAMH 110 OTHOIIECHHUIO K TTapaMeTpaM KOMILIEKCHOTO COMpPOTUB-
neHus?

0. Biusier nu BennurHa aKTUBHOTO (PEaKTUBHOTO) CONMPOTUBIICHUS HA Be-

JUYUHY PEAKTUBHOM (aKTUBHOI) MPOBOJUMOCTH JIBYXITOJIIOCHUKA?

10.  Yto Takoe aKTUBHBIN (PEAKTUBHBIN) TOK?

11. Kak cooTHOCATCS MeXay coOOi MOJOKUTEIbHbBIE HAMPABICHUS TOKA U
HaIPSHKEHUS B TACCUBHBIX 3JIEMEHTaX ?

12.  UYrto Takoe akTUBHas (pEaKTUBHAsI, OJHAS ) MOLTHOCTh?

13.  Yrto Takoe ko3 PUIMEeHT MOIIHOCTU?

14.  Yto Takoe TpPEyroJIbHUK HANpsKeHUH (TOKOB, CONMPOTHUBIICHUM, TPOBO-
JTUMOCTEH, MOIITHOCTEH )?

15. Cdopmynupyiite ycaoBue 6agaHca MOITHOCTEH AIEKTPUUYECKOM IeTH.

2.1.6. 3axonwl Kupxeoga.

Kak yxe orMeuanoch npu pacCMOTPEHUHU LIeTed MOCTOSHHOTO TOKA, 3aKOHBI
Kupxroda sBastores hopmoit npeacTaBieHus: GyHIaMEHTATBHBIX (PU3NYECKUX 3a-
KOHOB H, CJIEJJOBATEIbHO, JOJHKHBI COOJIIOIATHCS B LEMSAX IEPEMEHHOI0 TOKa.

[TosrydaeMblif Kak CIEICTBUE MPUHIIMIIA HETPEPHIBHOCTH 3JIEKTPUUECKOTO TO-
Ka nepBbli 3akoH Kupxroda, cripaBeyiuB 1 MTHOBEHHBIX 3HAYEHUI TOKOB B y3-
nax, ¥ GOPMYIHUPYETCS KaK: aneedpauieckas CyMma MeHOBEHHbIX 3HAYEeHULl MOKO8
8 V314X yenu pagHa Hyar

D +i, =0 (2.28 a)
k=1

Toku, MOJOXKUTENbHbIE HANPABIECHUS KOTOPHIX BBIOpPAHBI K Y311y, BKIIOYAIOTCA B
CYMMY C IOJIOKUTEJIbHBIM 3HAKOM, a OT y3JIa — C OTPULIATEIbHBIM.
[Ipencrapisisi TOKM B KOMIUIEKCHOM (hopMe, MOTYUUM:

D 1, =0. (2.28 6)
k=1

Ha puc. 2.9 B kauecTBe nmpuMepa MokKa3aHbl TOKM OJHOTO U3 y310B. [Ipu BbI-
OpaHHBIX MOJIOKUTEJBHBIX HAaNpaBICHUSIX ypaBHeHHe Kupxroda s y3na umeer
BUN: i, +i;—i; =0 < i, +i; =i;. IIpoBepuTh CIpaBeNIMBOCTb 3TOTO BBIPAKCHHUS
MO’KHO B JIF00OM TOUKE BpEMEHHOW Auarpammsl puc. 2.9, a, eciau CI0XKUTh OpAU-
HaTBl TOKOB i, U I;. DTO € YPaBHCHHE MOXKHO 3aIllUCaTh JJIs KOMILIEKCHBIX TO-

KOB U M300pa3uTh rpaduyueckd B BUAE BEKTOPHBIX nuarpamm (puc. 2.9, 6 u 8).
BekTopbl Ha quarpaMMax MOKHO CTPOMTBH M3 Hadalla KoopJauHar (puc. 2.9, 6), HO
JUTS B3aMMOCBSI3aHHBIX BEJTMYMH, TAKMX KaK TOKH B y3/1aX WJIM MaJEHUS HAMpsKe-
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HUS B KOHTYpax, UX MOXKHO CTPOUTH MOCIEI0BATEIbHO, TPUHUMAS 32 HAYAIbHYIO
TOUYKY CJIEIYIOUIEr0 BEKTOpa KOHEI mpeabiayiero (puc. 2.9, 6). B atom ciayyae Ha
BEKTOPHOM JHarpaMme Jydllle MPOCISKUBAECTCS B3aUMOCBSI3b M300paXKaeMbIX Be-
JUYMH.

"

J L
Wyt

W3

: 1,

l/ _Il WZ
/ ot 0 +1

L+L= L,+1,-1,=0
0) B)

Puc. 2.9.

Bropoii 3akon Kupxroda, kak ogHa U3 (HopM 3aKOHA COXPAaHCHHS dHEPTHH,
CTpaBeUINB I JIIOOOTO MOMEHTa BPEMEHH, T.C. aleebpauyieckds CyMma Hanpsi-
JHCEHULl HA BCEX DNeMEHMAX 3aMKHYMO20 KOHMYPA dNeKMPUiecKkol yenu 6 aooou
MomeHnm epemeHu pasHa anzeopauyeckou cymme I/[C ucmounuxos, oercmeyio-
Wux 6 KOHmype:

D tu, =) e, (229 a)
p=1 q=1

WM B KOMIUIEKCHOU (popMme:
DU, =D *E,. (229 6)
p=1 q=1

3Haku B BbIpaXeHUsX (2.29) BBIOMPAIOT MOJOXHUTEIBHBIMHU, €CIIU TOJIOKH-
TEJIbHOE HampaslieHue HanpspkeHus win DJ]C coBmagaeT ¢ HampaBieHHeM 00Xo0/a
KOHTYpa, U OTPULIATEIIbHBIMU B CIy4ae HECOBIAJCHUS.

CocrtaBuM ypaBHeHus: Kupxroda nis KOHTY-
pa BJIEKTpUYECKOW LENU, MOKa3aHHOIO Ha pHC.
2.10. HampaBneHue o00xoma KOHTypa BbIOMpaem
IIPOU3BOJIBHO. B 1aHHOM ciydae IO 4YacoBOM
crpeinke. Torpa:

up+up —Uc—Up =—€ +e

U
L% + R,i, —%jg dt —Rji;=—e +e,

Puc. 2.10.
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WJIU B KOMIUIEKCHOU (popme:
QL +QR2 _Qc _QRI :_E1 +E4
JX L+ Ry, + jXc s -RI;=-E + E,
KommiekcHoe HampsikeHne Ha EMKOCTHOM 3JIEMEHTE B pa3BEPHYTOM 3amucu

ypaBHEHHUS MOMEHSJIO 3HAK, T.K. KOMIUIEKCHOE €MKOCTHOE COMPOTUBIECHUE OTPHU-
HAaTEIbHO.

2.2. Ananu3 rnekmpuueckux yenei CUHycoOuoaibHo20 MmoKa
2.2.1. Hepazsemenénnas yenv cunycouoaibHo20 mokKa.
[IycTh K y4acTKy 3JEKTPUYECKOM 1enu C moce-

R L
JIOBaTEJIbHBIM COEIMHEHUEM PE3UCTUBHOIO, HHAYK-
_,>|:I_, > |C TUBHOTO W €MKOCTHOTO 3jeMeHTOB (puc. 2.11) mpu-
i U 2 _ :

ul uClT 10XKeHO HanpsbkeHue u =U, sin(wf +\,) U 10 HEMY
. a) nporekaer Tok I=/, sin(wf+y,). CymMma najgeHui
. HaNpsDKEHUS Ha DJIEMEHTaX HEeNH Ug, U, U- B Kak-

JAr

R JIbII1 MOMEHT BpeMeHU OyJIeT paBHa:
_,>|:I_, | ' U=Up+u; +u,
I U

—> _]Xc
Ul— R QL 0
L Ul WJIN IJI1 KOMIIJICKCHBIX 3HAYCHUUN
—“ 1) U=Ur+U,;+Ur=RI+jX, I-jX 1=

Puc. 2.11. =I[R+j(X,-X.)]=1Z

rne Z=R+ j(X ;=X c) — KOMIIJIEKCHOE COIIPOTHUB-

jeHue. PeakTUBHOE CONPOTUBIIEHHUE BKIOYAET 00€ COCTABISAIOUINE: UHAYKTUBHYO
1 émkoctHylo. Ecm X, > X = X >0, To ($a30Bblil CABUT HANPSHKEHHS U TOKA

cocraBisieT 0<@<90° H y4acCTOK DIJIEKTPUYECKOW LENMA HMEET aKTHUBHO-
UHIYKTUBHBIN Xapakrep. Ecim X, <X, = X <0, to 0>¢>-90° u xapakrep

y4acTKa LENU aKTUBHO-EMKOCTHBIN. [3MeHEHHEe peakTUBHOTIO CONPOTUBJICHUS B
npenenax —oo < X <+ MPUBOAWT K M3MEHEHUIO (azoBoro casura or —90° mo
+90°. Ilpu paBeHCTBE MHAYKTUBHOTO U EMKOCTHOTO CONPOTHUBJICHUN OHU KOM-
MEHCUPYIOT APYT JIpyra U CONPOTUBIICHUE LIENHU YMCIIO AKTUBHOE. B citydae orcyT-
CTBHUS B IIEMU PE3UCTUBHOTO 3JieMeHTa (R = (), KOMIUIEKCHOE CONMPOTUBIICHHE 11€-

iy OyJIeT YMCTO PEAKTUBHBIM, a YToJl cABUra a3 ¢ = 90°‘ ; @=-90°, . .
L C

X >Xce
Ha puc. 2.12 npuBeneHsl BpeMEHHBIE U BEKTOPHBIE JUArPAMMBI HANPSKEHUI
M TOKa JUIsl CIy4YaeB aKTUBHO-MHIYKTHMBHOTIO M AKTUBHO-EMKOCTHOI'O XapakTepa
LIEIIH, & TAKXKE TPEYTOJIbHUKHU CONPOTUBIICHUM.
HauanpHas (a3a BXxoJHOro HampsKeHUs BblOpaHa npousBoJibHO. Ilpu ycno-

Buu X, > X (puc. 2.12, a) Tok OTCTAa€T OT HAIPSKEHUS] HA HEKOTOPBI yrou ¢,

ONPENEIAEMBIM COOTHOLIEHUEM PEAaKTUBHOM X M aKTHMBHOM R COCTaBIISIIOIINX
KOMIUIEKCHOT'O CONPOTUBIICHUS Z . HampsbkeHune Ha pe3uCTUBHOM JJIEMEHTE COB-
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najnaer 1no (aze ¢ TOKoM, Ho3ToMy BekTop U, COBMAZaeT 10 HANPABJIECHUIO C BEK-
TopoM /. HampspkeHue Ha MHIYKTHMBHOM 3JIEMEHTE omnepexkaeT ToK Ha 90°, a Ha
€MKOCTHOM OTCTA€T OT HErO Ha Takou ke yroi. Ilosromy BekTopsl U, u U . mep-

NEHIVKYJIIPHBI HAITPaBJIECHUIO BEKTOPA TOKA M HAMNPABJIEHBI B Pa3HbIE CTOPOHBI. B
pesyibrare cinoxeHus BeKTopoB U,, U, u U, Mbl, B COOTBETCTBHH C 3aKOHOM

Kupxroda mi1s koHTypa 11enu, npuxoauM B TOUKY KoHIla Bektopa U .

Puc. 2.12

ITocTpoenne BEKTOpHOM nuarpaMMsl ais cirydas X, < X (puc. 2.12, 6) aHa-

JIOTUYHO, HO TOK MPU 3TOM OINEPEXKAET BXOJHOE HAIPSKEHUE.

JIist mociienoBaTENbHOTO COEAMHEHUS 7 PE3UCTUBHBIX, # UHAYKTUBHBIX U p
€MKOCTHBIX 371eMeHTOB (puc. 2.13) MOXHO cocTtaBuTh ypaBHeHue Kupxroda B
KOMIUIEKCHOM (hopMe€ aHAJIOTUYHO TOMY, Kak 3TO ObUIO CIIEIAaHO AJI COEIMHEHUS
OJIMHOYHBIX 3JIEMEHTOB, U IPE0OPa30BaTh €0 C MOMOIIBIO 3aK0Ha OMa:

Q:QR1 +QLl +QC1 +QR2 +...+QLq +-~+ch +...+QRm +QL,, +Qcp =

=R+ X L= jXe L+ AR, I+ )X, [-jXc [=

:4R1+R2+...+Rm+j(XL1 + X+ X, X - X —...—XCP)}:
=I[R+j(X, - Xc)]=L(R+ jX)
(2.30)
Orcrona:
m n p
R:ZRk; Xy :ZXLk; Xc :ZXCk (2.31)
k=1 k=1 k=1
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Rl Ll C1 Rz Lq
- —> —> > —> —>

u l P lg Uy U R qu l ;
uRm uL uC ucs

L I
Puc. 2.13.

CrnenoBaresibHO, Y4acTOK 3JIEKTPUYECKON LIEMU C MPOU3BOJIBHBIM KOJIUYECT-
BOM PE3UCTUBHBIX, HHIYKTUBHBIX U EMKOCTHBIX 3JIEMEHTOB MOKHO 3aMEHUTh CO-
€AMHEHUEM OJMHOYHBIX DJIEMEHTOB C SKBUBAJICHTHBIMU COMPOTUBICHUSIMU COOT-
BETCTBYIOIIETO THUIA, PABHBIMH CyMME COIPOTUBICHUM 3JIEMEHTOB BXOISIIUX B
COEIMHEHHE.

PackpbiBass cyMMbl MHAYKTHBHBIX M EMKOCTHBIX COMpOTUBIEHUN B (2.31),
MOKHO TOJIYYUTh 3HAYCHUS SKBUBAJICHTHBIX HHIYKTUBHOCTEH U EMKOCTEH:

X, =oL=) X, =Y oL, = L=) L;
k=1 k=1 k=1
1 & 2] 1 (2.32)
Xe=—=> X =) —=C=——
oC 5 7 Tol o L
k=1 Ck

B cnydae nmocineqoBaTeabHOIO COEAMHEHUS 11 JIEMEHTOB C OJIMHAKOBBIMH I1a-
pameTpamu BeIpakeHus (2.31)-(2.32) ynpoiarorcs:
R=nR; L=nL; C=C,/n.

[Tocnennee paBeHcTBO B (2.30) COOTBETCTBYET IBYXIOJIIOCHUKY C aKTUBHOU U
PEaKTUBHOW COCTaBJISIOMIMMU KOMIUIEKCHOTO CONPOTUBIICHUS. B ciyyae HepaBeH-
CTBa EMKOCTHOTO M MHAYKTUBHOTO comnpotusieHus (X, # X ) OAHa U3 PEaKTUB-

HBIX COCTaBJISIOIIUX MTOJHOCThIO KOMIIEHCUPYET IPYTYIO0 U CXEMY JIBYXIOJIFOCHUKA
MOYKHO NPEACTaBUTh B BHUJE TOCIen0BaTenbHOro coenuHenuss R u L wim R u C.
+j‘ R X Torma BekTOpHAs ):[I/Ial“pal.\fl—

1+ wma Gyzer cocrosts u3 Tpéx
Qa:(—]R U BEKTOPOB HaIpsHKEHUs (pHC.
2.14). Ilpu »TOM BEKTOp
BXOJHOTO HANPSDIKEHUS U
BEKTOPHl HAINpsOKEHUM Ha
PE3UCTUBHOM U PEAKTUBHOM
3JIEMEHTaX, T.€. KOMILICKC-
HbI€ AKTUBHOEC W PEAKTHUB-
HO€ HaIpsDKeHUs1, 00pa3yroT
MPSMOYTOJBHBIA TPEYIrOJib-

W/

=

Puc. 2.14.
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HUK. [Ipy mOCTOSSTHHOM JEHCTBYIOIIEM 3HAYEHUM HAMPSKEHUS HA BXOJE LEMH, U3-
MEHEHHUE MapaMeTpa OJHOIO M3 AJIEMEHTOB OyJeT MEHATh COOTHOIIEHHE KAaTETOB
TPEYroJIbHUKa, HO €ro TMIOTeHy3a OyJeT ocTaBaThCsi HEM3MEHHOU. TpeyronbHuk
BEKTOPOB, KaK BOOOIIE JIF0O0M TPEYroJbHUK, MOKHO BIUCATh B OKPYKHOCTb U yT-
Jbl TPEYroJIbHUKA OYJIyT paBHBI MOJIOBUHAM JIyT OKPY>KHOCTH, HAa KOTOpHIE OHHU
onupatrorcs. CiaeaoBaTenbHO, B IPIMOYTOJIBHOM TPEYTOJbHUKE BEKTOPOB THIOTE-
Hy3a OyJeT AMaMeTpOM ONUCAHHON OKPY>KHOCTH, a CaMa OKPYXHOCTb — I'€OMET-
PUYECKUM MECTOM TOYEK KOHIIOB JBYX JIPYTHX BEKTOPOB MPU BCEX BO3MOMKHBIX
BapUalMAX IMApaMETPOB BJIEMEHTOB. Takasi OKPYKHOCTb HA3bIBACTCS KpPY208ou
ouazpammou 1 €€ MOXHO ONPENETUTh KaK T€OMETPUUYECKOE MECTO TOUYEK KOHIIOB
BEKTOPOB aKTUBHOI'O0 U PEAKTUBHOTO HANPSIKEHUN ABYXIOJIOCHUKA MPU BCEX BO3-
MOXHBIX BapHalUaX €ro napaMmeTpoB U MOCTOSIHHOM BXOJAHOM HaIPSIAKEHUH.

Bonpocwi 0ns camonposepku

1. B xakoMm ciydae y4acTOK LENH C PE3UCTUBHBIM, HHAYKTUBHBIM U €MKO-
CTHBIM DJIEMEHTOM OYyJeT MMETh AKTUBHBINA (aKTUBHO-WUHIYKTHUBHBIM,
WHyKTUBHBIN, aKTUBHO-EMKOCTHBINA, EMKOCTHBII) XapakTep?

2. B kakoM ciiyyae TOK B LIETIH C PE3UCTUBHBIM, HHIYKTUBHBIM U EMKOCT-
HBIM 3JIEMEHTOM OYJIET OTCTaBaTh (OMEPEKATh) BXOJAHOE HANIPSHKEHHE?
3. Uemy paBHO 3KBHUBAJIEHTHOE CONPOTUBIICEHUE (MHIAYKTUBHOCTb, EM-

KOCTb) HECKOJIBKUX COEAMHEHHBIX MOCIEA0BATEIbHO PE3UCTUBHBIX (MH-
JTYKTUBHBIX, EMKOCTHBIX ) 3JIEMEHTOB?

4. Kak u3MeHUTCS SKBUBAJIEHTHOE COINPOTUBIICHUE (MHIYKTUBHOCTb, EM-
KOCTb) MOCJIEOBATEILHOTO COEAUHEHUsI PE3UCTUBHBIX (MHAYKTHUBHBIX,
EMKOCTHBIX ) 3JIEMEHTOB, €CJIH B LIETIb BKJIIOUUTH €€ OJIUH IJIEMEHT?

5. Kak m3MeHUTCS SKBHUBAJIEHTHOE COMPOTUBIICHHE (MHIYKTUBHOCTD, EM-
KOCTb) MOCJIEJOBATEILHOTO COSAMHEHHS PE3UCTUBHBIX (MHAYKTUBHBIX,
€MKOCTHBIX ) 3JIEMEHTOB, €CJIM U3 LENHU yIaTUTh OJUH 3JIEMEHT?

6. B kakom ciiyyae reOMETpUYECKUM MECTOM TOYEK KOHIIOB BEKTOPOB aK-
TUBHOTO U PEAKTUBHOTO HAMPSIKEHUS OYIET OKPY>KHOCTh?
7. Uto Takoe Kpyrosas auarpamma?

2.2.2. [lapannenvHoe coedunenue 6emeeti.

PaccmoTpuMm B KayecTBe IpUMeEpPa NapajuleIbHOE COCIMHEHHME JBYX BETBEU
(puc. 2.15, a). U3 nepsoro 3akoHa Kupxroga 1 ysna nenu cienyer:

i=i+i, < I=1+1,. (2.33)

Kaxnas BeTBb MIPEACTABIAET COOO0M MOCIEN0BATEIBHOE COCINHEHHUE DIIEMEH-
TOB U €€ MapaMeTphl ONPEACIAIOTCA KOMIUIEKCHBIM CONpoTUBIeHUEM. IlosToMy,
nepexoas K KOMIUIEKCHBIM BEJIMYMHAM, HCXOAHYI0 CXEMY MOKHO ITPeoOpa3oBaTth B
[apajuIeIbHOE COEAUMHEHHUE JIBYX KOMIUIEKCHBIX COIPOTUBIECHMH Z; =R, + jX, u

Z,=R, - jX. (puc. 2.15, 6) n 11 Ka’x0ro TOKA 3alUCaTh BEIPAKECHUE T10 3aKOHY

Owma:
I1=U/Z=U"Y; I,=U/Z,=U-Y; I,=U/Z,=U"Y,.
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[loacrasnsis 3Tu BenuuuHbl B ypaBHeHne Kupxroda (2.33), nomyunm:

L1y o yoy 4y, (2.34)
Z Z, 4
OTcrona 5KBUBAJICHTHOE KOMIIJIEKCHOE COIIPOTUBIICHUE COCIUHEHUS:
YAVA
Z=—= (2.35)
Z,+2,

o Bripaxxenus
—> (2.34) n (2.35)
d IIOJTHOCTBIO

UJCHTUYHBl aHa-
JOTUYHBIM  BbI-
paXXeHusaM A
LENA  ITOCTOSIH-
HOT'O TOKa, C TOH
JWIIb pPa3HULEH,
YTO BCE BXOJIS-
e B HHUX IIa-
paMeTpbl  SBIIA-
IOTCSI KOMILJIEKC-
HBIMU YUCJIaMU.
KoMriekcHble TPOBOIMMOCTH BETBEH B BbIpakeHHH (2.34) MOKHO NpezcTa-
BUTh MX KOMIUIEKCHBIMHM MapaMeTpaMu, TOTJa MapaMeTpbl KOMILIEKCHON IPOBO-

JUMOCTH COEUHEHUS:
G- jB=G,-jB, +G,+ jB.=(G, +G,)— j(B, - B.)

I
ul z

L‘;

U :
G=G,+G,; B=B, -B.
R R X X
rie G, =— 1 2> U2 = 22 2 Pr=73 Lz; C~ Cz‘
R+ X; R+ X R+ X, R+ X¢

[ToctpouM BEKTOPHYIO AMarpamMmy sl MapajuieIbHOTO COCIMHEHUS] BETBEU
Ha puc 2.15, a. [Tanenue Hanpspbkenuss U Ha 06euX BETBSIX OJIMHAKOBOE. UTOOKI HE

YCJHOXHATh JHArpaMMy HECYLIECTBEHHBIMHM DJJIEMEHTAMH IIOJIOKMM HadyaJlbHYIO
¢dazy HanpspokeHus paBHoU Hym0. Torga BekTtop U pacmofioxXHUTCs Ha BEIIECTBEH-
HOM OCH IUIOCKOCTH. KOMIUIEKCHOE CONpPOTUBIEHHE IEPBOM BETBU AKTHUBHO-
WHIYKTUBHOE, I0O3TOMY TOK B HEM O0TCTaéT no (paze ot HanpspkeHust U Ha HEKOTO-

peiii yroan ¢, >0 um ero Bexkrop [, pacnonaraerca B 4eTBEPTOM KBajpaHre. Bo
BTOPOM BETBU KOMILJIEKCHOE CONPOTUBIICHUE AaKTUBHO-EMKOCTHOE, II03TOMY TOK [,
onepexaer no ¢asze HanpsbkeHne U Ha yron ¢, < 0. Bekrop Toka Ha BXoJe Lenu

paBCH CYMMC BCKTOPOB TOKOB B BETBAX W MOKCT OBITH IMOCTPOCH 110 IIpaBUJIy IId-
pajiciaorpamMmma. Ho KOOpAWMHATBI BXOJHOTO TOKAa MOZKHO ITOJYYHUTBb TAKXKE, CCJIA
MNpEACTABUTb TOKH B BCTBAX UX aKTUBHOM U peaKTHBHOﬁ COCTaBJIAOIINMMU:
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I =1, + jl; I, =1, + jI,,.
OTcroa BXOJHOH TOK:
I=1,+1, :(Ila +j]1p)+(]2a _j]2p):

= (N, +1o,)+ j(1y = 1y ) =T, + jI,
T.C. AKTUBHBIM U PEAKTUBHBIM BXOJHOW TOK PaBEH CYMME COOTBETCTBYIOIIHUX CO-
CTaBJISIOLMX TOKOB B BETBSAX. [Ipy 3TOM peakTHBHBIN TOK B IEPBOIl BETBH OTCTAET
no (aze ot HanpsbkeHus Ha 90° U SBISETCS MHIYKTUBHBIM TOKOM, & BO BTOPOM
BETBU PEAKTUBHBIN TOK OomNepexaeT HanpsixeHue Ha 90° U sBisieTcs EMKOCTHBIM.

| S |
U
&
Q
J
o
| S|

=i

Puc. 2.16.

B o6mem ciydae mapamieabHOTO CoelMHEeHUs n BeTBeu (puc. 2.16, a) Bxoa-
HOMW TOK MO nepBoMy 3akoHy Kupxroga paseH:
i=h+i+...+i, < [I=1[+1,+...+1,,
rne I, =U/Z, — KOMIUIEKCHBIN TOK B A—i1 BETBH.

Otcrona:
1 S| & & ~ )
Z DZy T k=1 k=1
R
Gk: 2 ‘ 2> Bk:BLk_BCk;
R +(XLk —Xck) 03
rae )
B XLk . B Xck
L Ck

k:R,§+(XLk—XCk)2’ :R§+(XLk—XCk)2'

Torz[a 9KBUBAJICHTHBIC ITAPaMCTPhI IIapaJJICIbHOI'O COCANHCHUA:

G=>Gs; B=)B=)B - B.. (2.38)
k=1 k=1 k=1 k=1

OTcyTCcTBHE KAaKOTO-TUOO 3J€MEHTa B BETBU SKBUBAJIECHTHO PABEHCTBY HYIIIO
COOTBETCTBYIOIIIETO CONPOTHUBIICHHUSI B BhIpakeHUAX (2.36)-(2.38).

B cnydae mapannenbHOro COeIMHEHUS # OIMHOYHBIX OJHOTHUITHBIX 3JIEMEHTOB
BbIpakeHus (2.37) ynpoinarTcs, T.K. COMPOTUBIICHUS U TPOBOAUMOCTH CTAHOBST-
Csl B3aMMOOOPATHBIMU BEIMYMHAMU. DTO TIO3BOJISIET HAWNTH SKBUBAJICHTHBIC Tapa-
METPBHI MAPAJIIETBHOTO COCTUHEHNS:

60



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

G:%:iRL: R=— = ;
=1 1 Zi ¢ R
klek 1; q}:][ip ! »
m f[Lk
L OL 5 0L Zi S =
L
= ; q};_q[#p !

B, :XL:wC:ika = C:iCk.
k=1

c k=1

N3 Beipaxenuit (2.39) ciaenyer, 4TO SKBUBAJIEHTHOE COIPOTUBIICHUE Iapa-
JIENIBHO COEIMHEHHBIX PE3UCTUBHBIX 3JIEMEHTOB PACCUMTHIBACTCS TAKKE KaK Ha
IOCTOSIHHOM TOK€, KaKk oOpaTHasi BEJIMYMHA OT CyMMBblI OOpaTHBIX BEJIWYMH (IIPO-
BOJUMOCTEH) OTEIbHBIX CONMPOTUBICHUNA. AHAJIOIMYHO CONPOTUBIICHUIO PACCUU-
THIBA€TCSl DKBUBAJICHTHAS UHAYKTUBHOCTD, & DKBUBAJICHTHAsA EMKOCTH I1apajuleilb-
HO COCIMHEHHBIX UJICAIBHBIX KOHJICHCATOPOB PAaBHA MPOCTOM CyMMe €MKOCTEN. B
cllydae COEIMHEHHsI OJIMHAKOBBIX 3JIEMEHTOB BbIpakeHHs (2.39) cylecTBeHHO yII-
poLIarTCs:

R=R /n; L=L /n; C=nC,.

Boipaxxenue (2.36) COOTBETCTBYET MapajuIeIbHON cXeMe 3aMelIeHUs IBYXIIO-
arocHuka. B ciyuyae B, # B, 0o1Ha U3 COCTABIAIOIIMX PEAKTUBHON NPOBOIUMOCTH
IIOJIHOCTBIO KOMIIEHCUPYET JApyryro. Torma cxemy 3aMmelleHuss MOKHO IIpencTa-
BUTh IIAPAJUICIbHBIM COCIMHEHUEM PE3UCTUBHOTO U WHAYKTUBHOI'O JJIEMEHTOB

WU PE3UCTUBHOIO U EMKOCT-

1 =1 v }
Ll 1 HOI'O DJIEMEHTOB C COOTBETCT
ol 00 et -
| BYIOIIUMHM  IPOBOJUMOCTSMH.
I=; U ® | U Dro mnospomser MHpoCIEIUTh
0 ® g T+l 0 ":_G " +1 BIUSAHME OSKBHMBAJICHTHBIX IIa-
! Za
| paMETPOB Ha AMIUIUTYAHBIE W
- (ha30BbIE COOTHOLIEHHUS B LIEIIH.
7= YA 2) =B 5) Ha puc. 2.17 npuseneHsl
- B - BCKTOPHBIC JHarpaMMmbl  JJIs
Puc. 2.17. TaKMX coeauHeHui. g wuc-

KJIIFOYEHHS]  HECYILECTBEHHBIX
JeTanei HayalbHas (pa3a BXOJAHOTO HAIPSKEHUS MPUHATA PaBHOM HYIIO U BEKTOP
HaINpsHKEHUST UMEET TOJIBKO BEIIECTBEHHYIO COCTAaBIAIOLIY0. TOKM B mapajuielib-
HBIX BETBSIX MPHU MNOCTOSTHHOM HANPSKEHUW HA BXOAE HE3aBUCUMBI APYT OT JIpyra.
[ToaTOMY M3MEHEHHE OJTHOTO M3 MapaMETPOB NPUBOJUT K U3MEHEHUIO COOTBETCT-
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BYIOLIEH COCTABIISIIOLIEH TOKa (AaKTMBHOW WJIM PEAKTUBHON) M BEKTOP BXOJIHOTO
TOKa MEePEeMEIIAETCs IPU 3TOM M0 MPSAMOM JIMHUU. MOXKHO MOKa3aTh, 4TO MPHU MH-
TaHUU LENU OT UCTOYHUKA TOKA TEOMETPUUYECKUM MECTOM TOYEK KOHIIOB BEKTOPOB
AKTUBHOTO U PEAKTUBHOI'O TOKOB OYIET OKPY>KHOCTb, T.€. 3TH BEKTOPbI 00pa3yroT
KPYTOBYIO JMarpaMMy aHaJOTHYHYIO KpYroBOW JuarpamMme HampsKEHHW mocie-
JI0BATEJIbHOW CXEMBI 3aMEIIECHUS BYXITOJIIOCHUKA.

Bonpocwr ona camonpoeepku

1. Kak cBsi3ana akTuBHas (peakTHBHAs1) COCTABJISIIONIAs] BXOJAHOTO TOKA C
aAKTUBHBIMU (PEAKTUBHBIMU) TOKAMU BETBEH?
2. Yemy paBHO 3KBUBAJIECHTHOE COMNPOTUBICHUE (MHIYKTUBHOCTbH, EM-

KOCTh) HECKOJIBKUX COEAUHEHHBIX MapajluieIbHO PE3UCTUBHBIX (MHIYK-
TUBHBIX, EMKOCTHBIX ) 3JIEMEHTOB?

3. Kak u3MeHuTCs 3KBUBaJIEHTHOE COMPOTUBIICHUE (MHIYKTUBHOCTH, EM-
KOCTh) MapaJUIeIbHOTO COCAUHEHUS PE3UCTUBHBIX (MHIYKTHUBHBIX, EM-
KOCTHBIX) 2JIEMEHTOB, €CJIM B 1I€TIh BKJIFOUUTH €IIE OJIUH SJIEMEHT?

4. Kak m3MeHuTCs 3KBUBaJIEHTHOE COMPOTUBIICHUE (MHIYKTUBHOCTH, EM-
KOCTh) MapaJUIeIbHOTO COEANMHEHUS PE3UCTUBHBIX (MHIYKTHUBHBIX, EM-
KOCTHBIX) DJIEMEHTOB, €CJIM U3 LEMHU yIaTUTh OJIUH 3JIEMEHT?

5. Yro mpexacraBiser co00il T€OMETpUYECKOE MECTO TOYEK BEKTOpa aK-
TUBHOU (PEaKTUBHOM) COCTABIISIONIEH BXOJHOIO TOKAa MPU U3MEHEHUU
AKTUBHO (PEaKTUBHOW) MPOBOJUMOCTHU LIETIH?

2.2.3. Cxembl 3ameujenus Kamyuky UHOVKMUSHOCMU U KOHOEHCamopd.

Karymika HMHIYKTUBHOCTH TPEACTABISET COOON MPOBOJHUK, KOTOPOMY B
IpoIiecce M3roTOBIIEHUS MpUIaETcs onpeaenénnas Gopma, o0ecreunBaromias co3-
JTaHWE MarHUTHOTO MOJIS C 33JlaHHBIMU TTapaMeTpaMu. OCHOBHBIM MapamMeTpoM Ka-
TYIIKU SIBISICTCS WHAYKTHBHOCTH, HO MPOBOJHUK OOMOTKH 00JaJaeT aKTUBHBIM
CONPOTUBJICHUEM U TIPU MPOTEKAHUU 0 HEMY TOKa MPOUCXOIUT IpeoOpa3oBaHue
AJIEKTPUYECKOMN IHEPTUM B TEIIO. BhijieneHue Teria yBeInInuBaeTCs IPU BbICOKOM
4acTOTE 3a CYET MOBEPXHOCTHOTO 3 (eKTa M yBeTUUYEHUS MOTEPh B H3OJSALIUM.
Kpome Toro, BUTKM KaTymIKyd 00JaJar0T JIEKTPUUECKON EMKOCTBIO, COMPOTHUBIIC-
HUE KOTOPOM HWIpaeT 3aMETHYIO pOJIb IPH BBICOKOW dacToTe. Bce ATH ClloKHBIE
dbu3uYecKre SIBJICHUS MPUBOJAT K TOMY, YTO B PA3IUYHBIX PEKUMaxX KaTylIKa HU3-
MEHSIET CBOM CBOMCTBa (IMapaMeTpbl) U HE BCEr/a JOMYCTUMO CUHTATh €€ HJiealb-
HBIM DJIEMEHTOM 0€3 IOTEePb.

Ha HU3KHX M CpeHUX YacTOTax cXema
3aMEeLICHUs] KaTYLIKW NpeacTaBiseT coOoil
IIOCJIEOBATEIBHOE COEIUHEHUE PE3UCTHUB-
HOTO M HWHIYKTUBHOI'O 3JEMEHTOB (puC.
2.18, a). Yrou 0, TONOJTHSAIOMINN yTroa ¢ 10
90° HaswiBaeTcsi yerom nomeps (puc. 2.18,
0). BennunHa 3T0Or0 yria onpeaensercs ak-
TUBHBIM HANpPsKEHUEM WM, YTO TO XKeE ca-
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MOE, aKTHBHBIM COIPOTHBIICHHEM, T.€. MOIIHOCTHIO HoTeph RI°. TaHreHc yrma
OoTeph paBeH
tgdo=U, /U, =R/(oL).
Benuuuna oOpaTHasi tgd , Ha3bIBACTCS 00OPOMHOCIBIO KAMYUIKU
Q, =1/tgd=oL/R.
Yewm BhIIIIC JOOPOTHOCTH KATYIIIKH, TEM OJMKE OHA K UIACATPHOMY HHIYKTHBHOMY

DIIEMEHTY JJIEKTPUUYECKON LIETIH.
B  koHzencarope,

T 7 BKIIFOYEHHOM Ha CHHY-
- COUIAIIHOE  HampsKe-
C, U,

b HHUE, MPOUCXOIUT BbIJIEC-

—— (P S U
) 5 — JICHUE TeIUla B U30JIALUU
\;’ +1 3a CYET KOHEYHOIO 3Ha-
6) U, B) UCHMS €€ COIPOTHBIE-

HUS, a TAKXKE 3a CUEeT Ie-
PHOIMYECKOTO  H3MEHE-
HUS NOJSAPU3aLNN IUDJIEKTPUKA. YUECTh NOTEPU IHEPTUU B KOHJIEHCATOPE MOKHO
BKJIFOUEHHEM B CXEMY 3aMELICHUSI AKTUBHOI'O COMPOTHUBIICHUS MOCJIEI0BATEIBHO C
E€MKOCTBIO WJIM mapajieabHo el (puc. 2.19, a u 6). O0e cxembl SKBUBAJICHTHHI U
pPa3IMYarOTCA TOJBKO 3HAYEHUSIMH NapameTpoB. Eciu yroii, TOMONMHSAOMMN ¢ 10
90° 0603HaunTH OYyKBOH O, TO U3 TPEYTOJbHUKA HaMpsKeHUH puc. 2.19, 6 u 3kBuU-
BaJICHTHBIX MPeoOpa30oBaHUIl JBYXIOJIOCHUKA MOYKHO MOJYYUTh COOTHOLUEHUS
MapaMeTPOB MOCIEA0BATEIBHON U MapaJJICIbHOM CXEM 3aMEIEHUS

R//R, =sin’*8; C,/C, = cos’ 3.
OOblyHO yron O y OOJBUIMHCTBA KOHAEHCATOPOB OYEHb Maj, MO3TOMY
R <R,; C~=C,.
VYroin §, Tak ke KaK y KaTyIIKH UHIYKTUBHOCTHU, Ha3bIBAETCS Y2l0M nomeps U
IUIsL CXEMBI 3aMelieHus puc. 2.19, a on onpexaensiercs Kak
tgo=U, /U, = RoC,.
HHobpomnocms kKoHOeHcamopa
O =1/tgd =1/(RoC)).
OHa ompenenseT cTeneHb NpUOIMKEHNsT KOHJEHCAaTopa K UaeaIbHOMY EMKOCTHO-
My 3JIEMEHTY M B 3aBUCHUMOCTH OT THIIA KOHJEHCAaTOpa COCTaBJISIET BEIMYUHY

5...2000. Yewm BeIlIe TOOPOTHOCTHh KOHJIEHCATOPA, TEM OJIMKE €ro CBOMCTBA K UJe-
aTbHOMY EMKOCTHOMY JJIEMEHTY.

Puc. 2.19

Bonpocw ons camonposepku

1. Yro npencraBiseT coOoii cxemMa 3aMelleHrs KaTyIKy (KOHieHcaTopa)?

2. Kakoli mapamerp cxeMbl 3amenieHus KaTylKd (KOHAEHcaTopa) ompe-
JENSET BEJIMYMHY MTOTEPH?

3. UTto Takoe yroia norepb?
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4. Kaxk onpenensiercss 7oOpOTHOCTb KaTymIKu (KOHeHcaTopa)?
3. Kak cBsizana 7o00pOTHOCTh KaTyliku (KOHJIEHCAaTOpa) C 4aCTOTOM muTa-
HUs?

2.2.4. Cmewannoe coeOunenue 21emenmos.

Apann3z  1e-
el €O CMellIaH-
HBIM COEIUHEHUEM
AJIEMEHTOB  pac-
CMOTPUM Ha IMpH-
Mepe napajielb-
HOTO COEIMHEHUS
UJCATBHOTO  KOH-
nencaropa C u ka-
TYIIKA WHIYKTUB-
HOCTH, C YYETOM
€€ TEIUIOBBIX II0-
Tepp. Cxema 3a-
MeEIIeHUS 3TON
Lenu MpHUBEICHA
Ha puc. 2.20, a.

IToctpoum
BEKTOpHYIO nuarpammy 1menu (puc. 2.20, g). O0e BETBU CXeMbI COSAMHEHBI TTapall-
JIEJIbHO, TIO9TOMY TOKHM B HUX (OPMHUPYIOTCS HE3aBUCUMO. TOK B MEpBOI BETBU
I, =1,,=U/(—jX;)=jU/ X, 4ACTO pEaKTUBHbI EMKOCTHBI/ M ONEPEKACT MO

Puc. 2.20.

¢aze nanpsokenue Ha 90°. Tok BO BTOpOW BETBU OMpeAesseTcs: €€ KOMIUIEKCHBIM
COIIPOTHBIIEHUEM Z, = R+ jX,. Monyns Toka pasen [, =U/ w/R2 + X f , @ CIIBUT
(ha3bl IO OTHOILIEHUIO K HaNpsDKEHUIo ¢, =arctg(X,; /R). Xapakrep conpoTuBie-

HUSl BETBH aKTHMBHO-WHJIYKTHUBHBINA, IIO3TOMY TOK B HEH OyJEeT OTCTaBaTh OT Ha-
npsoKeHus. BeKTop HamlpspKeHus Ha aKTUBHOM comnporuBieHuu U, = RI, coBma-

JIaeT 10 HAIPABICHUIO C BEKTOPOM TOKa [,, a BEKTOp HAIpPsDKEHUS] HA WHIyKTUB-
HOM comportuBieHuu U, = jX,; I, NEpHeHIUKYJIAPEH 110 OTHOIICHUIO K HEMY, T.K.

ONepaToOpOM IMOBOPOTA j OH CMEIIEH B CTOPOHY OmepexeHus. B cymme Hampsike-
HUSI HA TIOCJIEIOBATEIbHOM COEJIMHEHUN aKTUBHOTO M UHAYKTUBHOI'O COINPOTHBIIE-
HUW paBHBI BXOJHOMY HaIpsDKEHHIO 1enud. [Ipu 3ToM oHU 00pa3yroT TpeyTrojJbHUK
HaIPSLDKEHUM ¢ BEPIIMHOW IIPSMOTO yIJla, HAXOIALIEHCS Ha MOJIYOKPYKHOCTH Kpy-
rOBOM JAMarpamMMsbl, O KOTOPOM 3Ta BEPIIMHA NIEPEMEIIACTCA TP U3MEHECHUSX Ta-
paMeTpoB KaTymiku. Hampumep, Npu yMEHBIIEHUH COMPOTUBICHUS MPOBOAA
R—>0,U,—>0,U, >U; o, >m/2, n cBOiCTBa KaTyIIKU NPUOIMKAOTCA K

NACAIIbHOMY MHAYKTUBHOMY JJICMCHTY. AHaJI0rM4YHO MOKHO MMPOCIICANUTL BIIMAHUC
BapHalyy JPYIrux mapaMcTpoOB Ha (1)8,30BI>I€ COOTHOIICHUA B IICIIN.
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PaccmoTrpum 3amady omnpeneneHus TOKOB B 1ienu puc. 2.20, a mpu 3aJaHHBIX
rapaMeTpax 3JIEMEHTOB U BXOJHOM HaIpsKEHUU. XOJ PELICHUS TaKOW 3aJadyd Ha
IIEPEMEHHOM TOKE HHYEM HE OTJIMYAETCS OT AHAJIOTMYHOM 3aJauM Ui LENU IO-
CTOSIHHOTO TOKa, C TOM JIMIIb PA3HULIEU, YTO BCE PACUYETHI HYKHO NPOU3BOIAUTH C
KOMIUIEKCHBIMU YHCIIAMMU.

[Tyctp HampspkeHue Ha Bxoje Lenu paBHO u =14,1sin(wf +n/6) B. YacroTa

nutanus /=50 I'm; émkocte koHaeHcatopa C=90 MK®; cONpOTUBICHHUE KATYLIKU
R=10 Om; nHaykTUBHOCTB Katymku L=100 mI'H.
Bnauane omnpenenuM KoMIUIeKCHbIE mapamerpbl uenu (puc. 2.20, 6). Kowm-

U 14,1
TIGKCHOE HATIPsDKEHHe Ha BXoge menu — U =—2 /™0 = ™0 =10.e™°. Vr-

LS TR

JoBas 4actota nutanus — o =2nf =314,16 pan/c. ConpoTUBICHUS IEMEHTOB —

X, =0L=314,16-100-10" =31,416 Owm,
X =1/(0C)=1/(314,16-90- 107°)=35,368 Om. KOMIIIEKCHBIC COIPOTHBICHHS
BETBEi - Z,=—jX.=-35368=35368¢/"> Owm,

Z,=R+jX, =10+ j31,416=32,97¢/*% Om.
TenepL I10 3aKOHY Owma OIIPCACIINM KOMIIJICKCHBIC TOKH B BCTBAX!

U 10e/™'° j(n/6+m/2) _ j2mi3 _
[[=—== ——=0,283¢ =0,283¢ —0,141+ j0,245 A;
—jX, 35,368¢”
jm/6 ' '
I,= y__10e =0,303¢/ ™02 = 0,303¢7/%7* = 0,224 — 0,204 A;

Z 32,97 /1,263

I=1,+1,=0,083+0,041=0,092¢/"*" A,
W3 noay4deHHBIX pe3yJbTaToB CIEAYET, YTO IIPU AAHHBIX TapaMeTpax AJIEMEH-
TOB aMIIEPMETPHI, BKIIFOUEHHBIE B BETBAX LIENIH U HA €€ BXOJE, NOKAXYT 3HAYCHUS
TOKa B KOHJEHcaTope M KaTyuike paBHble A;=0,283 A u A,=0,302 A, B TO Bpems
KaK TOK Ha BXOJIe Lenu OyJeT B HECKOJIbKO pa3 MeHble U coctaBur A=0,092 A.
OTMeueHHbIC COOTHOIIICHUSI TOKOB BUAHBI M Ha BEKTOPHOU auarpamme puc. 2.20,
8, TJIe MOAYJIH BEKTOpOB [, U [, CylIECTBEHHO OoJbIle MOAys BekTopa /. DTO

CBSA3aHO C TeM, 4TO 3aKOoHbl Kupxroda B 1enu nepeMeHHOro TOKa CIpaBeIJIUBbBI
TOJIBKO 11 MTHOBEHHBIX 3HAYEHUN U KOMIUIEKCHBIX BEIWYUH. JlJIs1 TIEUCTBYIOIIUX
3HaueHui 3akoHbl Kupxroda OyAayT BHIMOIHATHCS TOJIBKO B TOM CIIydae, €CJId BCe
AJIEMEHTHI LIENU OJHOrO THIIA, T.€., €CJIM BCE OHU PE3UCTUBHBIC WUJIM UHIYKTUBHBIC
VI EMKOCTHBIE 3JIEMEHTHI.
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2.2.5. Komnaexchwlil (CUMBOIUYECKULL) MemOoO pacyéma_yeneu_nepemenno2o
moka’

B 1iensix mepeMeHHOTO TOKa C HECKOJBKMMH BETBSMHU M JIEMEHTAMH MPAKTH-
YECKHU HEBO3MOXXHO BBHITIOJIHUTH aHAJIM3 PEKUMa paObOTHI, €CJIM OCHOBHBIC BEITUIH-
HbI OyyT MPEJICTaBICHbl CUHYCOUIATLHBIMU (DYHKIIUSIMU, T.K. TIPH 3TOM IOJTyda-
IOTCSL CJIOKHBIE TPUTOHOMETpPHUYECKHE ypaBHEHHMS. B ciyuae mnpencraBieHus
GyHKIIUN U mapaMeTpoB IENMH KOMIJIEKCHBIMU YHCJIaMU MaTEMaTHYECKOE OIHuca-
HUE CBOJMTCS K JIMHECHHBIM alreOpanvecKUM YpPaBHEHUSM, PCIICHHE KOTOPBIX HE
BBI3BIBACT 3aTPyJHEHUN. MeToa pacuéra nenei nepeMeHHOro Toka, OCHOBAaHHBIN
Ha TaKOM croco0e ajreOpan3allii, Ha3bIBACTCS KOMIIEKCHbIM MemoooM. Aro-
PUTM IPUMEHEHUST METO/Ia COCTOUT U3 TPEX ITAIOB:

1. TlpencraBieHue BCceX BETUYHMH U IMAPAMETPOB IEMH KOMIUICKCHBIMH YHC-

JamMu. 37ech M1 0OJIerdeHHsl 3a7a4r 11eJIecO00pa3HO COCTaBICHUE pac-
YETHOM CXEMBI AJICKTPUYECKOM TIeTH, Ha KOTOPOH BCE JIAHHBIC YKa3aHbI B
KOMILIEKCHOM (hopme.

2.  OmnpeneneHue UCKOMBIX BEJTUYUH JIOOBIM METOJIOM, U3BECTHBIM U3 TE€O-
pHUH LETIEN OCTOSIHHOTO TOKA.
3. IlpeobpazoBanue, eciau TpeOyercs, IMOIYUYCHHBIX BEIUYUH B (HopMmy

peACTaBICHUS X CUHYCOUIAJTbHBIMUA (PYHKIIMSIMU BPEMEHHU.
[TpommtrocTpupyeM IpPUMEHEHHE KOMILIEKCHOTO METOJIa Ha MpHUMEpPE DJICK-
TpU4eCcKou uenu puc. 2.21, a.
3nece: ¢ =14,1sin(wt+n/6) B, e,=282sin(wt—n/4) B, R,=2 Owm,
R, =5 Om, L=100 mI'n, C, =50 Mx®, C, =80 mx®, f =50 I'u. Tpebyercs omn-
peleIuTh TOKH B BETBSX

a a
c [ P — [ <1 LI U COCTaBUTh OanaHc
! 1 1 R I i
- R . 2 2 Z, [] N {7 -\ Z MOIITHOCTECH.
—— $ 3 o [ Z \ 3amaquM  TOJIOXKH-
/ OB ] ) 1E, TenbHbBIC HaIlpaBJICHUS
2N BN
e (1) e, \]-’ *]/ TOKOB B BETBSIX TaK, Kak
L4 ip
3TO MOKAa3aHO HA PUCYHKE
b a) b ) puey

U, NPEJICTAaBUB BCE BEIIU-

Puc. 2.21. YUHBI U IApaMeTpbl LENU

KOMIUJIEKCHBIMU UHCJIaMU,

E == =10e/"° B E, ==2 ¢/ =10¢ """ B; o=2nf=314,16 pan/c;
L, R Ly NA) f P

1 1
le—jXq:—j—C:—j35,37 Owm; Zzsz_ch2:Rz_j—czz_j39>79
WLy wL,

*

B HEKOTOpBIX JUTEPaTYPHBIX MCTOYHUKAX BEKTOPBI, N300pakaloline CHHYCOUAANbHbIE (DYHKIMH, U COOTBETCT-
BYIOII[M€ UM KOMIUIEKCHBIC YHCJIa HAa3bIBAIOTCS CHMBOJIAMU CHHYCOWJAIBHBIX (DYHKIHMH, a METOJ], UCTIOJIb3YIOINI
TaKoe IPEJCTABICHUE, — CHMBOJIMYECKUM.
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Om; Z; =R, +jX, =R, +®wL =5+ j31,42 Om, cocTaBUM pacu€THYI CXEMYy pHC.
2.21,6

Pewenue nenocpeocmeennvim npumenenuem 3axkonoe Kupxzogha.
Bri6epem mpou3BONIBHO J1Ba KOHTYpa B 1ienu puc. 2.21, 6 (4 u B) u coctaBuM
JUTsl 9TUX KOHTYPOB U y3i1a a ypaBHeHus: Kupxroda:
a) Li+1,-1;=0
A)  Z\ L, +Z;1;=E,
B)  Z,I,+Z;1;=E,
WK B MaTpu4uHOH hopme:
11 =1L 0
Z, 0 Zj||L|=||E
0 Z, Zi||L5] £
B pesynbrare peiieHust 3TOM CUCTEMbl YpaBHEHUN Mbl MOJIYYUM KOMILIEKC-
HbI€ TOKH B BETBSAX M COOTBETCTBYIOIIME UM CUHYCOMIATIbHbIE (PYHKIIUU:

1, =-0,070— j0,622=0,625¢ /"% < i =0,625+/2 sin(314,161 — 96,43°) A;
1,=0,325—j0,873=0,932¢ /%7 < i, =0,932+/25in(314,161 — 69,57°) A;

1,=0,255— j1,495=1,516¢ /53" i =1,516+/2sin(314,16t —80,31°) A.
(2.40)

1y
Ly

E,
E,

Pewienue memooom konmypHwix moxos.
Jlsist AByX BBIOpaHHBIX paHee KOHTYpoB (puc. 2.21, 6) cocTaBUM ypaBHEHUS
1o BTOpoMy 3aKkoHy Kupxroda st KOHTypHBIX TOKOB
A) (Zl +Z3)1A +Z315 =E, AR A
B) 231,4 +(Zz +Z3)£3 :Ez Z3 Zz+Z3 _‘
B pesynbTaTe penieHuss Mbl OJIYyYUM KOHTYPHbBIE TOKH:
1,=-0,070- 0,622 A; [,=0,325- 70,873 A,
a 3aTe€M UCTUHHBIE KOMIUIEKCHBIE TOKHU B BETBSIX:
I =1, I, =1p; Iy=1,+1;=0,255- 1,495 A,
Pewenue memooom 08yx ysnos.
[Tonp3ysiCh 3THM METOJOM MOXHO OINPEACIUTh KOMIUICKCHOE HANpSKCHHUE
MEX]y y3TIaMHu:
E E
Uy = 2 ; £ —=48,23+ j0,54=48,23¢/**" B,
i -

Z, Z, Z;
a 34TCM I10 3aKOHY Owma HalTH TOKU B BETBSX:
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I~
Il

1 =(E,~U,)/Z,=-0,070- j0,622 A,
,=(E,~Uy,)/Z,=0,325- 0,873 A,
[,=U,,/Z,=0,255— j1,495 A.

|~

31ech cineayeT oOpaTUTh BHUMAHUE HAa TO, YTO MOMYJIb HAMPSDKEHUS MEXTY

y3JIaMU LENH CYIIECTBEHHO MPEBOCXOAUT HE TONBKO mMoayiu DJIC MCTOYHMKOB,

HO U X CyMMY. DTO SIBJISICTCS CIEACTBUEM CJIOKHBIX JIEKTPOMArHUTHBIX MPOIIEC-

COB B IICIISIX MEPEMEHHOTO TOKA, CYIIECTBEHHOE BIIUSIHUE B KOTOPBIX MUMEIOT MPO-

1[ecChl OOMEHa dHEepruer MeXay AIEKTPUUECKUMU U MarHUTHBIMU nojisMu. Hanum-

Yue TaKUX NEpPeHANpPsSHKEHUH W MX KOHKPETHOE 3HAYCHUE 3aBHUCHUT OT CXEMBI U IMa-

pPaMeTpOB IIeTH, U OHO MOXKET OBITh OINPEJIECICHO TOJIBKO B pe3yJIbTaTe PacuéToB,

MOJOOHBIX JAHHOU 3a1aue.

Pewenue memooom nanoscenus.

a a Jns pemenus 3a-

—— — | <—J Jayd  3TUM  METOJIOM

I $ I L 4P 4, 7 2 COCTaBUM JIBE PaACUET-

A 7 =1 L, £ 7 =32 []Zz HBIC CXEMBbI LICNH, HC-

=3 [] =3 . KIIOUYMB M3 HMCXOIHOI

Cj CXEMbI CHavajia BTOPOM

ucrtounuk IJIC, a 3a-

§) TeM InepBbli (puc. 2.22,

~2

b a) b

Prc. 2.22. au.0). o
Toku B pacu€rHou

cxeme puc. 2.22, a MOXKHO HaWTH, HAIlpUMeEp, ¢ TTOMOIIBIO SKBUBAJICHTHBIX MTPE00-
pazoBaHuii 1 3akoHa Oma:

IR £, =0,111+ 70,037 A;
AYA:
Z+ 225
Z,+Z;
1, =£:—0,295+j0,173 A;
Z,+Z;
1 :£:0,406—j0,135 A.
Z,+Z;
AHaJIOTUYHO JJI CXEMBbI puc. 2.22, 6:
Ly=—2E2  _0,030- 0,700 A; I,=-22%5 _0181+ 0,659 A;
Z,Z; Z,+Z
Z,+—=—— LT 43
=77+ 2,
I =£=—0,151—j1,359 A.
Z,+Z;

Tenepb KOMIIJICKCHBIC TOKM B BCTBAX MOXHO OIIPCACINTL KaK CYMMBI 4YacC-
THYHBIX TOKOB C y‘IéTOM HUX 3HaKa, T.C. C y‘-IéTOM HarpaBJICHUA IMPOTCKAHUSA YacC-
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TUYHBIX TOKOB II0 OTHOLIEHUIO K IOJIO)KUTEIbHOMY HAlPaBJICHUIO TOKA B BETBU.
Ecin HanpagiieHHEe 4aCTUYHOI'O TOKA COBIIAJAET C MOJIOKUTEIIBHBIM HaIPaBJICHU-
€M, TO OH CYMMHUPYETCS, B IPOTUBHOM CJIy4ae — BBIYUTAECTCS.

Taxkum oOpazom, B pe3yibTaTe pelieHUs 3aa4l YeThIPbMs Pa3IuYHBIMU Me-
TOJAMH Mbl, KaK U CJIEAOBAJIO O0XKUIATh, IOJYYUIIM OJUHAKOBBIE 3HAYCHUS KOM-
IUIEKCHBIX TOKOB B BeTBsAX. COCTaBUM Temneph A pacUETHOU LIETH OAlaHC MOUY-
Hocmell.

AKTHBHAsI MOLIHOCTb MPUEMHHUKOB P, COOTBETCTBYET HHEPrUH, Npeoldpasye-

MOM B PE3UCTUBHLBIX 3JICMCHTAX ICIIN:
Py, =I3R,=0,932°-2=1,74 Br; P =1I;R;=1,516"-5=11,49 Br;
P, =P, +P, =13,23 Br.

PeakTuBHas MOIIHOCTD HpI/IéMHHKOB Qn’ COOTBCTCTBYIOIIAsA MHTCHCUBHOCTH

oOMeHa PHeprueil Mexay UCTOYHHUKAMU U MTACCUBHOM YaCThIO 1EIH, OTPEIEISETCS
Kak aJiredpanyeckasi CyMMa MOITHOCTEH PEaKTUBHBIX JIEMEHTOB:

O, =17 X, =0,625-63,66 = 24,90 BAp;
Oc, =13 X, =0,932% 39,78 =34,53 BAp;
0, =X, =1,516"-31,41=72,22 BAp;

0,=-0s ~0c, +0, =12,78 BAp.
3nech cneayer oOpaTUTh BHUMAHHE, YTO PEAKTUBHBIE MOIIHOCTH OTAEJIbHBIX
3JIEMEHTOB 3HAYUTENBHO MPEBOCXOIAT CYMMAapHYIO MOIIIHOCTh OOMEHA SHEPTUEH €
UCTOYHUKAMHU. DTO 03HAYAET, YTO B [ENU MIPOUCXOAUT UHTEHCUBHBII OOMEH 3Hep-
rueil Mexay NpUEMHUKAMHU, CIECTBUEM KOTOPOTO SIBJSIIOTCS OTMEUEHHBIE paHee
NepeHanpsHKeHUs B y3J1ax.
AKTHBHAsI MOITHOCTb UCTOYHUKOB DJ[C, MOCTABIJIAIOINX YHEPIUIO B LiEMb, P,

paBHa CyMM€ MOIITHOCTEH KaX10T0 U3 HCTOYHUKOB:
F, = E\l cos@, = E |l  cos(y, —y,;)=10-0,625-cos(30°+96,43°) =-3,71 Br;

P, =E,],cos¢, = EyI,cos(y, —, )=20-0,932-cos(~45° + 69,57°) = 16,94 Br;
B,=P +P, =1323 Br.

OTpunaTeabHOE 3HaUCHUE aKTUBHOM MOIIHOCTH TiepBoro ucroununka 3/[C o3Ha-
YaeT, YTO OH SIBJISIETCS MPUEMHUKOM, @ HE HICTOUHUKOM 3JICKTPUUECKOW SHEPTUH.
PeakTrBHAss MOIITHOCTh HCTOYHUKOB OTIPEICIIACTCS KaK:
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0, =Elsing = Elsin(y, —y,;)=10-0,625-sin(30°+96,43°) = 5,03 BAp;
Q,, =E,sing, = E,I,sin(y, —V,; )=20-0,932-sin(-45°+69,57°) = 7,75 BAp;

0,=0,+0, =12,78 BAp.
Takum oOpa3oM, B paCCMOTPEHHOM 3IEKTPUUECKOM IEMU CYIIECTBYET OallaHc

npeobpa3oBaHus dHEPruU U e€ oOMeHa MEXIy UCTOYHHKAMU W TTACCUBHBIMU dJIe-
MEHTaMHU.

2.2.6. Pe3onatnc 6 21eKmpuyeckux yensx

Pe3zonancom Ha3zbpIBaeTCsl peKUM MACCUBHOTO JIBYXIOJKOCHHUKA, COAEPKAIIETO
VWHJIYKTUBHBIE U €MKOCTHBIE 3JIEMEHTHI, IIPU KOTOPOM €r0 BXOJIHOE€ PEAKTUBHOE
CONPOTHUBJICHUE paBHO HYJI0. ClieI0BAaTENIbHO, IIPU PE30HAHCE TOK U HANPSIKEHUE
Ha BXOJI€ JIBYXIIOJIFOCHUKA UMEIOT HyJIeBOU cIBUT ¢a3. SIBieHue pe3oHaHca MIMpo-
KO HCIIOJB3YETCSl B TEXHUKE, HO MOXKET TaKKe BBI3bIBATh HEXKeNaTelbHbIe A Pek-
ThI, MPUBOJISIINE K BBIXOAY U3 CTPOSI 000PYI0BAHMUS.

[IpocTeiimmii AByXMNOJIIOCHUK, B KOTOPOM BO3MOKEH PEXKUM PE3OHAHCA, JOJI-
EH COJIEpKATh OJAWH UHAYKTUBHBIA AJEMEHT U OJJUH EMKOCTHBIN. DTH 3JIEMEHTBI
MOKHO BKJIFOYUTH B OJHY BETBb, T.€. IOCIEAOBATEIbHO, UM B MapaJUICIIbHbIE BET-
BHU. PaccMOTpuM CBOMCTBA TakOro ABYXIOJIOCHUKA, HA3bIBAEMOI'O PE30HAHCHBIM
KOHTYPOM, MPH Pa3JINYHbIX BKIFOYEHUSX.

Pezonanc nanpsowcenuii. IlocnenoBaTtenbHOE COCIMHEHUE KaTYIIKM HHIYK-
TUBHOCTH M KOHJEHCATOPA COOTBETCTBYET CXEME€ 3aMELICHUS C IOCIEA0BATEIb-
HBIM COCJIMHEHUEM PE3UCTUBHOT0, UHAYKTUBHOTO U EMKOCTHOTO 3JIEMEHTOB (pHUC.
2.11). Pe3ucTuBHBIN 3E€MEHT LENU COOTBETCTBYET COMPOTUBIICHUIO MPOBOJA Ka-
TYIIKHA, HO MOET OBITh TAKKE CIEHHUAIBHO BKIFOUEHHBIM PE3UCTOPOM.

Pe3oHaHC B 3TOM 11€NTM BO3HUKAET, €CIIU:

1
_ B sTom ciiyyae mpoTHBOMOJIOKHBIE 1O (a3e Ha-
17 A [/ NPSKEHUS HA UHAYKTUBHOM U EMKOCTHOM CONPOTHUB-
— nenuu paBHbl U; =U,. ¥ KOMIIEHCHPYIOT IpYyr Apyra

(puc. 2.23). [losToMy pe30HAaHC B TOCIJIEIOBATEIBHOM
) LCIH Ha3bIBAIOT PE3OHAHCOM HANPANCEHUL.
0 +1 VYcnoBue pesonanca (2.41) MOXHO BBIIOJIHHUTH
TpeMsi cioco0aMM: U3MEHEHHUEM YacTOThl MUTAHUS (O,
Y U. WHIYKTUBHOCTHU L mu émkoctu C.

N3 Beipaxenus (2.41) MOXHO ONpeAEeNUTh YacTo-
Ty, IPA KOTOPOM HACTYIAET PEKUM PE30OHAHCA WU pe-

Puc. 2.23.

30HAHCHYIO Yacmomty.

(2.42)

NunykTuBHOE 1 EMKOCTHOE CONPOTUBIIEHHUS IIPU PE3OHAHCE PABHBI:
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p=w,L= L = L .
o,C \C
DTa BeTMYMHA HA3bIBACTCS XAPAKMEPUCMUYECKUM CONPOMUBTEHUEM.

OTHoOIIICHHE XapaKTEPUCTUICCKOTO COMPOTHUBIICHUS K aKTUBHOMY COTIPOTHB-
JICHUIO HA3bIBACTCSI TOOPOTHOCTHIO PE30HAHCHOTO KOHTYpA:

O=pl/r.

PaccMmoTpum xapakTepHble 0COOCHHOCTH Pe30HaHCa HAIPSIKEHUIN

1) Tak kak peakTMBHOE COMPOTHUBIICHUE TOCIEAOBATEILHOTO KOHTYpa B pe-
KUME PE30HAaHCA PABHO HYJIO, TO €ro IMOJIHOE COMPOTHBJICHHE MUHUMAILHO U
PaBHO aKTUBHOMY COTIPOTHUBIICHUIO:

Z,=NR*+X*=R|, .

Bcenencreue 3T10ro BXOAHOM TOK IPU PE30HAHCE MAKCUMAJIEH U OTPAHUYEH TOJIBKO
aKTUBHBIM comnpoTusieHuemM konrypa [,=U/Z,=U/R. Ilo MakcumyMmy TOKa

(2.43)

MO>KHO OOHApYy>KUTh PEXKHM PE30HAHCA U 3TO MCIOJb3YeTCAd B TEXHUKE IpPHU Ha-
CTpOMKE pEe30HaHCHBIX KOHTYpPOB. B TO e Bpemsi Bo3pacTaHUE TOKa MOXKET ObITh
OIaCHO JUIsl 000PYI0BaHMsl, B KOTOPOM BO3HHMKAET PE30HAHC HAIIPSHKEHUM.

2) B pexume pe3oHaHCa HANPSKEHUs] HA OTAEIBHBIX 3JIEMEHTAaX KOHTYypa Co-
CTaBJIAOT:

Upg=RIly;, U,=X,1,; U-=Xc1l,. (2.44)
W3 paBenctBa (2.41) cnenyer, uro U, =U . 1 BXOAHOE HAIPSKECHUE KOHTYPA
U=Up+jlU,-U,)=U,

CTaHOBUTCS PaBHBIM HAIIPSKCHUIO HA PE3UCTUBHOM DJIEMEHTE.

[Ipu 3TOM MHIYKTUBHOE U EMKOCTHOE COINPOTUBIEHHUS MOTYT OBITH OoJible
akTMBHOro X, = X > R. Torna HampspkeHHsl Ha PEakTHBHBIX DJIEMEHTax OyIyT

Oosbiie BXOAHOro HampspkeHus. Koa(p(uUUeHT ycuiieHHs HanpsKeHUs paBeH
JTOOPOTHOCTH KOHTYpa

Q:UL :UC :XLIo:XL :Xc :‘DoL:E
U, Up RI R R R R
B pagmoTexHHUYeCKHX yCTpOWCTBAaX JOOPOTHOCTHh PE30HAHCHOI'O KOHTYypa COCTaB-
aset 200...500. DddexT ycuinenust HanpspKeHUsl B pe30HAHCHOM KOHTYpPE IIHUPOKO
UCIIOJIb3YETCSl B PAJUOTEXHUKE U aBTOMATHUKE, HO B SHEPreTUUYECKUX YCTAaHOBKAX

OH, KdK IIPpaBUJIO, HCKCIIATCIICH, T.K. MOXCT BBI3bIBATbH KpaﬁHe OITaCHBIC IICpCHA-
MMPsOKCHUA.

3) AxtuBHas MouHOCTh P =1I;R, notpebiseMas KOHTYPOM IPU Pe30OHAHCE
MaKkCHMajbHa, T.K. MaKCHUMAaJIeH TOK. PEaKkTHBHBIE MOIIHOCTH HMHIYKTHBHOIO H
€MKOCTHOI'O JJIEMEHTOB PaBHEI IgX L= IgX ¢ ¥ NPEBBIIAIOT aKTUBHYIO MOIIHOCTD
B O pa3, eciiu O >1.

JI1s MIOHUMaHUS SGHEPTETUYECKUX IPOLIECCOB, MPOUCXOISIINX B PE30HAHCHOM
KOHTYpE, OINPEACIUM CYMMY OHHEPrUU DJIEKTPUUYECKOIO W MArHUTHOI'O TIOJIEH.
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ITycTe TOK B KOHType B peKUME pe3oHaHca paBeH i =/, sin®,f. Torna Hanpske-
HHe Ha EMKOCTH OTCTa€éT Ha 90° u paBHO 1, =-U, coswy (puc. 2.24). Orcrona

Li*  Cul LI, . CU;
+—C = mgin® @t +TcmCOSZ ®yf .

W=w;, + Wy =

2 2
2 2
Ho U, =1, L I, \/z - e L, H, CIIEIOBATENBHO,
®,C C 2 2

LI} CU;,
> = = const,

W=w; + Wy =

T.€. IPU PE3OHAHCE NPOUCXOIMT IIE-
W=Ww, +W ~const PHOIMYECKHN IIpolecCc oOMEHa JHep-
e e S £ THell MeXJTy MaTHHTHBIM U 3JIeKTpHUC-
: CKHMM TIOJIEM, HO CyMMapHasi SHEpIus
MOJIEM OCTAETCSI MOCTOSTHHOM W OIpe-
JENACTCS WHAYKTUBHOCTBIO M EMKO-
cThl0 KOHTypa (puc. 2.24). Ilpu stom
MCTOYHMK MHUTAHUS MOCTABISET B KOH-
Typ TOIBKO DHEPTHIO, HAYIIYIO Ha IIO-
KPBITHE TEIUIOBBIX IIOTEPh B PE3UCTO-
pe, M COBEPIIEHHO HE y4YacTBYeT B

Puc. 2.24 nporecce €€ oOMeHa MeXy MOJISIMU.

[Tomumo mapameTpoB, ormpeze-

JISIOIIMX CBOMCTBA KOHTYypa HAa 4acTOTE PE30HAHCA, JJIA TEXHUYECKUX MPUIIOXKe-

HU BaXKHO 3HATh €r0 CBOMCTBA B HEKOTOPOM JIMANa30HE YacTOT. 3aBUCUMOCTb Ia-

paMETPOB AIEKTPUUYECKOM IEMH OT YaCTOThI BXOJHOTO HAMPSHKEHUS WM TOKa Ha-
3bIBAETCSA YACTOTHOM XapaKTEPUCTUKOM.

N3 Tpéx mapaMeTpoB pe30HAHCHOTO KOHTYpa JiBa SBJISIOTCS YACTOTHO 3aBU-

CUMBIMHU: UHAYKTUBHOE U EMKOCTHOE conpoTuBieHus. [Ipu yactorax Huxke peso-

i U,
U, I
,,,,,, ,gﬂl'),,, N
A /{\ ] i ‘\'..---'
7
= o
B
cy 6)
Puc. 2.25
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HAHCHOM X > X, WM PEaKTUBHOE COIPOTHUBIICHHUE LIENU UMEET EMKOCTHBIN Xapak-
Tep, T.e. <0 (puc. 2.25, a u 6). IlpuuéM 1pu HYJIEBON YaCTOTE
X,;(0)=0; X(0)=-X(0)=—00 1 KOHTYp SABJIAETCS EMKOCTHBIM JIEMEHTOM C yT-

jom cnBura a3z ¢=—mn/2. Caeur ¢a3 Ha 90° nMpu MOCTOSTHHOM TOKE COOTBETCT-

BYET HYJIEBOMY 3HAUYEHUIO TOKA IIPU MaKCUMyMe HarpsbkeHus. 1locne Touku peso-
HaHca X, > X, peakTUBHOE CONPOTUBICHUE CTAHOBUTCA UHAYKTUBHBIM U B IIpe-

nene cTpeMurcsi K O6eckoHedHOCcTH X (0)=0; X (0)=X,(0)=+40, a (pa30oBbIii

COBUI p——2—>7t/2.

K 4acTOTHBIM XapakTEPUCTUKAM OTHOCSTCS M 3aBUCUMOCTH OT YaCTOThI TOKOB
Y HAIPSODKEHUN B JBYXIIOJIFOCHHUKAX, B KOTOPBIX BO3MOXEH pe3oHaHC. Takue xa-
PAKTEPUCTUKH HA3BIBAIOT PE30OHAHCHbIMU KPUBbIMU. PE30OHAHCHBIE KPUBBIE IS I10-
CJIEIOBATENILHOTO KOHTYpa MpUBEJEHBI Ha puc. 2.25, 6 u 6. Kpome oTmMeueHHOro
paHee MakCMMyMa TOKa B TOYKE PE30HAHCA, U3 3TUX KPUBBIX BUIHO, YTO HAIpPs-
JKEHUS Ha HMHAYKTUBHOM M EMKOCTHOM DJIEMEHTaxX TAK)KE€ HUMEKT MaKCUMYMBI
OJIMHAKOBBIE 110 3HAYEHUIO, HO CMEIICHHBIE OTHOCUTEJIBHO YaCTOTHl PE30HAHCA.
MaxkcuMyM EMKOCTHOTO 3JIEMEHTA CMEIIEH B CTOPOHY MEHBIINX YaCTOT, & MaKCH-
MyM HUHAYKTUBHOT'O — B CTOPOHY OOJbIIMX. 3HAUEHHE MaKCUMyMOB U UX CMeEIle-
HUE 3aBUCAT OT JOOpOTHOCTH KOHTypa. C yBeIMYEHHEM JOOPOTHOCTH MaKCH-
MaJIbHBIE 3HAYCHUS YBEIUYMBAIOTCS, 4 UX YACTOTBI CTPEMATCA K YaCTOTE PE30OHAH-
ca. JIoOpOTHOCTh BIIMSAET TAKKE HA MAaKCUMYM U KPYTHU3HY PE30HAHCHON KpUBOM
Toka (puc. 2.25, ¢). C pocToM JOOPOTHOCTH MAaKCHUMyM U KPYTH3HAa KpHUBOH yBe-
JAUYMBaOTCA. YeM Kpyye U ocTpee pe30HaHCHasl KpuBas TOKa, TEM BbIlLIE U30upa-
TEJIBHOCTb KOHTYpA, T.€. €r0 peaklus Ha ONPEICIEHHYIO0 PE30HAHCHYIO 4acToTy. B
PanIUOTEXHUKE U aBTOMATUKE 3TO CBOMCTBO PE30HAHCHOI'O KOHTYPA UCIIOJIb3YETCs
JUIS BBIZICJIICHUS CUTHAJIA 3a1aHHOU YaCTOTHI.
Peszonanc  moxos.

RS ¢[1 |j$£2 R &[1 4,[2 [TapamnensHOE BKITIOYE-
I R, R, I R, HUE KaTyIIKU UHIYyKTHUB-
Ul Ul (O — HOCTH M KOHJEHcaTopa
_ [ R (e - 7 COOTBETCTBYET cxeme
3aMmelleHus puc. 2.26, a.

o a) o 6) B Hel teruioBsle motepu
B KaTYIIIKE W KOHJICHCa-

o o TOpe COOTBETCTBYIOT
]_> 4 L ]_> $Ila $l1p Jrlza &lzp MOIIHOCTH  paccenBae-

: MOH Ha PE3UCTUBHBIX

(_Jl Lg C (_]l []Gl [] _ []G2 []JB2 JJIEMEHTaX R, U R,, 10-
B ATOMY Takas I1elb Ha3bl-

. . BaeTCsl  MapajuieIbHbIM

B) r) PE30HAHCHEIM KOHTYPOM

Puc. 2.26 C NOTEpsSMHU. Y CIOBUEM
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pe30HaHca JJId HEE sB-

i L i JSI€TCS PABEHCTBO HY-

I 2 4o JIF0 SKBUBAJIEHTHOW pe-

aKTUBHOM TMPOBOIUMO-

ctu B=B-B,=0,

=() U rne B, u B, — >kBuBa-

0 ﬁl JICHTHBIE PEaKTUBHBIC

IPOBOAMMOCTH BETBEU
(puc. 2.26, ).

IIpu B, =B, mpo-

1=1, THUBOIIOJIOXKHBIE TIO (a-
T 6) 3¢ PCAKTUBHBIE TOKH
Puc. 2.27 BETBEH  KOMIIEHCHDY-

ores  (puc. 2.27, a),

II03TOMY PE30HAHC B MapaJlIEJIbHOM KOHTYPE HAa3bIBAETCA pe3oHaHcoM mokos. B
pe3yJibTaTe KOMIICHCALUU PEaKTHBHBIX TOKOB BXOIHOM TOK SBJIIETCS CYMMOM aK-
TUBHBIX COCTABISIOLIMX TOKOB B BeTBsAX. Ecim B> G, u B, > G,, 1e. X;>R u

X,>»R,, 0o I[,>1,; I,,>»1,, = [,>»I; >, T.c. TOKH B BCTBAX 3HAYH-

TEIHHO OO0JbIIEe BXOTHOTO TOKA. CBOMCTBO YCHUJICHUS TOKA SIBJISIETCS BayKHEWIIIEH
0COOEHHOCTBIO pe30oHaHca TOKOB. CTENeHb €ro MpOSBICHUS HEMOCPEICTBEHHO
CBSI3aHA C BEJIMYMHOMW MOTEPh B AJIEMEHTAX LIeNHu. B TeopeTnueckoM cirydyae OTCyT-
CTBHs IIOTEPh B KaTyLIKE U B KOHAEHcaTope R, =R, =0 (puc. 2.26, 6) akTUBHBIE
TOKHU B BETBSIX OTCYTCTBYIOT M BXOJIHOM TOK KOHTYpa paBeH HyJto (puc. 2.27, 0).

[TonHast MPOBOJIMMOCTh pacyETHOTO PKBUBAJIEHTa KOHTYpa (puc. 2.26, 2) paB-
Ha!

2 2
B pexxume pe3onanca B, = B, u npoBoaumocts Y, = G; + G, * min, a BXOJHOE CO-
npotusienue — Z, =1/Y, ~ max . [IpuOnuxéHHoe paBeHCTBO AJIs IPOBOAMMOCTH B

TOYKE PE30HAHCA MCIIOJB30BAHO NOTOMY, YTO MHUHHUMYM CYMMapHON aKTUBHOU
IIPOBOJIMMOCTH BETBEN HE COOTBETCTBYET YAaCTOTE pe3oHaHca. [1oaToMy MUHUMYM
IIOJIHOM ITPOBOJAUMOCTH HECKOJIBKO CMEILIEH OTHOCUTEIBHO PE30HAHCHOM YaCTOTHI.

PeakTuBHBIE MOIITHOCTH BETBEN KOHTYpa B PEKHUME PE30HAHCA OJUHAKOBHI U

umeror pasuble 3Hakn Q, = BU” =Q, = B,U>. DT0 3HAUMT, YTO MpH PE30OHAHCE

TOKOB, TAK)K€ KaK IPU PE30HAHCE HANPSIKEHUN, MEXIY KaTyIIKON WHIYKTUBHOCTH
U KOHJICHCATOPOM IPOUCXOJUT NEPUOJUUECKUN 0OOMEH 3Hepruei 0e3 ydyacTus uc-
TOYHUKA MUTAHUS, MOIIHOCTh KOTOPOI'O PacXOAYyETCs TOJIBKO Ha MOKPBITHE MOTEPh
SHEPIUH B AKTUBHBIX CONPOTHUBJICHUSIX.

PackpbiBast peakTUBHBIE TPOBOAMMOCTH BETBEM Uepe3 Mapamerphl LEnu, Mo-
JIy4UM YCJIOBHE PE30HAHCA B BUJIE:
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ol 1/(0pC) (2.45)
R +(opL) RE+[1/(jC)]
I7e O, — PE30HAHCHAs YacTOTa.
N3 paBenctBa (2.45) nocne npeodpa3zoBaHUM MOTYyIHM:
2
, 1 |L/C-R _ (2.46)

MW, =
*JLc\L/C-R

Ananu3 BeipaxkeHu# (2.45)-(2.46) mo3BoJsieT OTMETUTH PsiJi OCOOEHHOCTEH
SIBJICHUS PE30HAHCA B IIApaJlIEIbHOM KOHTYpE:

1) Pe3oHaHCHas 4acToTa 3aBUCUT HE TOJIBKO OT IApaMETPOB PEAKTHBHBIX
3JIEMEHTOB KOHTYpPa, HO M OT aKTUBHBIX CONPOTHUBIIEHUN R, U R, . IlosToMy, B OT-

JUYUE OT MOCJIEIOBATEIBHOTO KOHTYpa, pE30HAHC B LIEMU MOXHO CO3JaTh Bapua-
nuend mAaTyu napaMmetpoB. [Ipuuém, m3MeHeHneM WHAYKTUBHOCTH WM E€MKOCTH B
KOHTYpPE MOXKHO CO3/71aTh IBa PE30HAHCHBIX PEKUMA, B UYEM JIETKO YOCTUThCS, aHa-
JU3UpYs yClIOoBHE pe3oHaHca. Bripaxkenue (2.45) siBisieTcss KBaapaTHBIM ypaBHE-
HUEeM OTHOCUTENbHO L unu C, ¥ MpU ONPeaeIEHHBIX COOTHOIIEHUAX OCTAIbHBIX
BEJIMYMH MOXET JaTh JIBa BEIICCTBEHHBIX PEIICHUSI.

2) Pe3oHaHC BO3MOKEH TOJBKO B TOM CIIy4ae, €CIM 00a aKTUBHBIX COIPOTUB-
JeHus OOJbIle WM MEHBIIE P, T.K. HHAaUe MOJKOPEHHOE BhIpakeHue B (2.46) ot-
pHULIATEIBHO.

3) Ecin R, = R, =p, TO NOJKOPEHHOE BbIpaXKeHUE B (2.46) HEONpeAEIEHHO U

Ha IIPAKTHKE 3TO O3HAYAET, YTO CABUT (pa3 MEXKIY TOKOM U HANpPSIKEHUEM Ha BXO-
Jie KOHTypa PaBeH HYJIIO MPH JIF0O0H 4acToTe.
4) B ciyuae R, < p; R, <p pe30HAHCHAs 4acTOTa MapajlIeIbBHOTO KOHTypa

MMPAaKTHUYCCKU paBHA pCBOHaHCHOﬁ YaCTOTC IMOCIICIOBATCIbHOI'O KOHTYpPa (!)Z) .

CrnoxHocTh BblpakeHUs (2.45) 3aTpynHSET aHaIU3 PE30HAHCHBIX SIBICHUHN B
o01ieM BUJE, MOITOMY €ro OOBIYHO MPOBOJAT I MJICANBHOIO MApaJIEIIbHOIO
KOHTYypa puc. 2.26, 6. B atom ciiyuae B, =1/(ol); B, =oC; B =B, — B, u 4acToT-
HbIE XapaKTEPUCTUKHU NMPOBOJAUMOCTEN UMEIOT BUJ, IPUBEAEHHBIN Ha puc. 2.28, a.
[Ipyn yactoTax HMKE PE30HAHCHOM SKBHUBAJIECHTHAs NPOBOAUMOCTH B >0 umeer
UHAYKTUBHBIN Xapakrep. IIpum Bo3pacTaHMm 4acTOTBI B JMANa30HE OT ), A0 o€

B <0, T.e. uMeeT EMKOCTHBIN XapakTep.

Pe3oHaHCHBIE KpUBBIE UEATBHOIO KOHTYpa 6€3 NOTEph JUIsl TOKOB B BETBSIX U
BXOJIHOTO TOKa IpH ycioBur U =const mokas3aHsl Ha puc. 2.28, 6. B peasbHOM
KOHTYPE aKTUBHAsi IPOBOAMMOCTb OTJIMYHA OT HyJIS IIPU JO0O0H 4acTOTE, IOITOMY
BXOJHOM TOK HE 0Opamiaercs B HyJIb.

OOBIYHO NOTEPH B KOHACHCATOPE CYIIECTBEHHO MEHBIIE NOTEPh B KATYIIKE.
B stom ciyuae R, # 0 1 cxema 3aMelleHUs LIeNu UMeET BuA puc. 2.26, 6.

Pe3oHaHCHas yacToTa Takoro KOHTypa
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2

Wy =0g/1- (R /p)”. (2.47)
HUXKE YacCTOThI HJACAIbHOrO KOHTypa. M3 Beipaxkenus (2.27) cienyer, 4To pe3o-
HAHC BO3MOXKEH TOJIBKO, ecit O =p/ R, >1

Pe3onancHas kpuBas TOKa IJis CXeMbl puc. 2.26, 6 npuBejeHa Ha puc. 2.28, 6.
351ech ke 71l CpaBHEHUS IITPUXOBOU JIMHUEH MOKa3aHa PE30HAHCHAs KpUBas ujie-
aJIbHOTO KOHTYpa. M3 pucyHka BUJIHO, UTO PE30HAHCHBIE KPUBBIE KOHTYPOB CYIIIE-
CTBEHHO OTiMYaroTcs. [Ipu HyneBOM 4acTOTE TOK peabHOr0 KOHTypa OrpaHUYEH
aKTUBHBIM CONPOTHUBIICHHE KAaTyIIKH R,. MUHUMYM TOKa MMEET KOHEYHOE 3Haue-

HUE W CMEIIEH OTHOCUTEIHHO TOYKH pe30HaHca. 3HAUYEHHEe MUHUMYyMa M €r0 CMe-
IIEHUE 3aBUCAT OT JOOpOoTHOCTU KOHTYpa QO =p/ R, . C yBenuueHueM J0OpOTHOCTH

3HAYEHUE MMHUMYMAa YMEHBIIACTCA U CMEILIEHUE CTPEMUTCA K HYJIIO. Y MEHBILIAET-
CS TAKXKE PA3IMYME PE30OHAHCHBIX YaCTOT PEATBHOIO0 M MACAIBHOTO KOHTypa. 1 B
LIEJIOM C POCTOM JOOPOTHOCTH KpHBasi PEAJbHOIO0 KOHTYpa CTPEMUTCS K HIEalb-
HOM KPHUBOM.

B I <
S
Il
38

1

o

Puc. 2.28

YacroTHas xapakTepucThKa (a30BOr0 CIBHTa BXOIHOTO TOKA W HANPSKCHHSI
¢(w) npuBeneHa Ha puc. 2.28, 6. OHa mMeeT MakKCHUMyM B 00JIaCTM YacTOT

0 <®< ®,, CTEeNeHb BHIPAKEHHOCTH KOTOPOT'O 3aBHCHUT OT J0OpoTHOCTH. [lo Mepe
CHIDKEHHUSI JOOPOTHOCTH MakCMMallbHOE 3HaueHHe yMeHblaeTcs u npu QO =1 uc-

qc3aCT MAKCHMMYM H TOYKa IICPCCCUCHHUA XAPAKTCPUCTHUKHU C OCBIO a6CI_II/ICC, T.C.
TOYKa pC30HaHCA.

YacToTHBIE CBOWCTBA ITOCIEAOBATEIBHOIO U MAPAJIEIBHOIO PE30HAHCHBIX
KOHTYPOB BO MHOI'OM IPOTHMBOMOJIOXKHBI. [lociienoBaTenbHbIi KOHTYD B PEXKUME
pe3oHaHca 00JialaeT MajbiM BXOJHBIM CONPOTHUBJICHUEM, a NapajUIeIbHbIA —
OonpmuM. [Ipr HU3KUX 9acTOTax PEaKTUBHOE COMPOTUBIICHUE TOCIEIOBATEIIHHO-
ro KOHTYpa UMEET EMKOCTHBIN XapaKTep, a MapauIeIbHOr0 — UHIYKTUBHBIN. B mo-
CJIeI0BAaTEIbHOM KOHTYpE MPU pe30HaHCe HAOI01aeTCs YCUIICHUE HANIPSDKEHUS Ha
PEAKTUBHBIX JJIEMEHTAX, a B MMapauleJIbHOM — TOKAa B HUX. BCE 3TO MO3BOJISIET HC-
MI0JIb30BaTh SIBJICHUE PE30HAHCA B PA3JIMYHBIX KOHTYpax M COYETAHUSAX KOHTYPOB
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1151 9P HEeKTUBHOM 00paOOTKM CUTHAJIOB, BBIACISIS WIH MOJABIISAS B HUX 3aJIaHHbIC
YaCTOThI WJIA JIMAMA30HbI 4acTOT.

Bonpocwi 0ns camonposepku

1.
2.

W

*

10.

11.

12.

13.

14.

15.

16.

Kakoe siBiieHME Ha3bIBACTCS PE30OHAHCOM B 3JIEKTPUUYECKOM LETH?
Kakomy ycloBHIO NTOJKEH YAOBIETBOPSTH JIBYXIOJIOCHUK, YTOOBI B
HEM MOT BO3HUKHYTh PEKUM pe30HaHca?

Uto Takoe pe30HaHCHBIN KOHTYp?

Kakoit tum pe3oHaHca BO3MOXKEH B TOCIEIOBATEIILHOM (TIapasijiesib-
HOM) KOHTYype?

[Touemy pe3oHaHC B MOCJIEAOBATENLHOM (TIApaJJIEIbHOM) KOHTYpE Ha-
3bIBAETCSl PE30HAHCOM HANpPsIKEHUU (TOKOB)?

Kakue mapameTpsl 3IEeMEHTOB KOHTYpPa MOXKHO W3MEHSITh, YTOOBI CO3-
JIaTh PEKUM pe30HaHca?

UTo Takoe XapaKTEPUCTUUECKOE COMTPOTUBIICHUE KOHTYpa?

B kxakoMm ciyyae BXOJIHO€ HAIpPsHKEHHUE MOCIEI0BATEIbHOTO KOHTYpaA B
pexuMe pe3oHaHca OyJeT MEHbIIE HaMpsHKEHUM Ha PEaKTUBHBIX dJie-
MeEHTax?

Yem ompenensercs COOTHOLIEHUE BXOJHOTO HANpPsDKEHHS B pPEKUME
pE30HAHCa U HANPSDKEHUSI HA PEAKTUBHBIX AJIEMEHTAX ?

[TosicnuTe Pu3nyeckyro MPUPOAY TOTO, YTO HAMPSIKEHUS HA PEaKTHB-
HBIX JIEMEHTaX B PEKHUME PE30HAHCA MOTYT IMPEBBIIATH BXOJHOE Ha-
MPSKEHUE MOCIEI0BATEIbHOIO KOHTYPA.

Kak Bnusier BenuurHa JOOPOTHOCTH KOHTYpA Ha YaCTOTHBIE XapaKTe-
PUCTHUKU?

B kakom cinydae BXOAHOM TOK MapajuieIbHOTO KOHTYpa B PEXKHUME pe-
30HaHca OyJIeT MEHbIIIE TOKOB B PEAKTUBHBIX JJIEMEHTaX ?

B kakom ciydae BXOJIHOW TOK MapauieIbHOrO KOHTYpa B PEKHUME pe-
30HaHca OyJIeT paBEeH HYJ0?

B kakom ciyyae mapasuiesibHbI KOHTYp OyJeT HaXOAUTCS B PEKUME
pEe30HaHCa IPU BCeX YacToTax?

B kakom ciydyae B mapajuieJbHOM KOHTYPE PEXUM pPE30HAHCA HEBO3-
MOYEH?

OT 4ero 3aBUCHUT BEJIMYMHA BXOJIHOTO TOKAa MapajljIeIbHOTO KOHTYypa B
peKume pe3oHaHca?

2.2.7. llenu c quVKmu@HO CBA3AHHbIMU dIeMEeRMAMU

DNeMEHTHI 2JEKTPUYECKON LIENU MOTYT pacloyiaraTbCs B IPOCTPAHCTBE Ta-
KUM 00pa3oM, UYTO CO3/laBaéMble MMH MarHUTHbIE TOTOKU OYyIyT YaCTHUYHO CIIETI-
JSTBCS C KOHTYpamu (OXBaTbIBaTh KOHTYPBI) MPOTEKAHUS TOKA IPYTUX 3JIEMEHTOB.
Ha puc. 2.29 nmoka3ansl Be KAaTyIIKH WHAYKTUBHOCTH, PACIIOJIOKEHHBIE TaKUM
00pa3oMm, 4TO MpU NPOTEKaHUU B OOMOTKE NEPBOM KATYIIKU TOKA i, 4acTh €€ Mar-

HUTHOTO NOTOKa 00pa3yeT MOTOKOCLEIIEHne co BTopoi KaTymkoid V.
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Bennunna norokocuennenus ¥, onpenensgercs TOKOM B IIEPBOM KaTyIIKe U
HEKOTOPBIM KO3(ppuuueHToM M,,, 3aBUCSAILUM OT MArHUTHBIX CBOMCTB Cpeipbl,
TE€OMETPHUHU KATYyIIEK U UX B3aUMHOIO IOJI0XKEHHS B IPOCTPAHCTBE —

Y, =M,. (2.48)

Kospdunment M,, HaswiBaeTcs kospguyuenmom 63aumHOU UHOYKYUU UTU

83aUMHOU UHOYKMueHocmoio. EquHULENd U3MEpeHUsl B3aUMHON WHIYKTUBHOCTH,
TaK)K€ KaK U UHAYKTUBHOCTH, SIBJIsIETCs TeHpH [I'H].

[Ipn nmpoTexkaHuu TOKa MO BTOPOM KaTylIKe OyJeT CO3AaBaThCsi MOTOKOCLETI-
JIEHHUE C TIEPBOU —

Y,=M,i. (2.49)

ITonb3ysAch TEOpUEN DIIEKTPOMATHUTHOTO I10JIsI, MOKHO IT0OKA3aTh, YTO

My=M, =M.
Takum oOpa3oM, MONHOE MNOTOKOCLEILIe-

2 —g HHe KaXXJ0W KaTyIIKU OyAeT COCTOSTh U3 CO0-
.l 2", CTBEHHOTO MOTOKOCHEIUVIEHHS M TMOTOKOCIIE-
JICHUs, CO3/1aBAEMOr0 JIPyrou Karymkou. [lpu-

4&M MarHUTHBIE TTOTOKHM KATYIIEK MOTYT OBITH

f\\ i MMETh OJIMHAKOBBIE WJIM BCTPEUYHBIC HAITpaBJIC-
1

N\ <— HUsl. B3auMHOE HampaBiIeHUE TTOTOKOB 3aBUCHUT

O
”3 l OT HAIIpaBJICHUA HAMOTKM BHMTKOB KaTyIlEK H
HAIpPaBJIEHUs IPOTEKaHUs TOKa B HUX. Ecim
,."m':‘ — I o  MAarHUTHBIE IIOTOKHM KaTylIeK HalpaBieHbl
V) \/ OJIMHAKOBO, TO COCTABJIAIOIIAE IIOTOKOCLEILIE-
11 HHUSI CYMMHUPYIOTCS U TaKO€ BK/IIOUYCHHE Ha3bl-
BAETCs coznacHuiM. B NPOTUBHOM Cilydyae OHO
Ha3bIBACTCS 6CMpPeyHbIM. Y UUTBIBAsL 3TO, MOXK-
HO NPEJCTaBUTh IOJHBIE IIOTOKOCLEIIIIEHHS Ka-
tymek ¥, u ¥, B Buze:

Y=Y, ¥, ¥Y,=¥,+¥, (2.50)

rne W, =Lji u ¥,, = L,i, — IOTOKOCUEIIEHUS, CO3aBaEMbIE COOCTBEHHBIM TO-

Puc. 2.29

KOM KaTyIIeK WIH COOCTBEHHBIC IOTOKOCICIUICHUS. [IOJOKUTEIBHBIN 3HaK B
(2.48) COOTBETCTBYET CO-
IJIACHOMY BKJIIOYCHHIO Ka- J, \L J, ‘L \L f , J, ?
Tymek. Jl1s ompeneienHs | ] Loy [] ]’2 g [] Lo [] ]12
B3aMMHOI'0 HampaBJICHUS J\/J
MOTOKOB Ha CXeMax 3ame- r ' m '
IIeHNs YCIOBHBIE Hadaa 3 % E 3 E
OOMOTOK TMOMEYAT TOYKOU \ \
(puc. 2.30). Ecnu B o06eux
KaTYyIIKaX IOJIOKUTEIIbHBIC @ a) @ 6) © B) @ r)
HampaBJICHHUsS TOKOB OJMHA- Puc. 2.30
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KOBO OPHUEHTHUPOBAHBI IO OTHOIIEHHIO K HadajgaM 0OMOTOK, TO ITOTOKH HarpaBJie-
HBI COTJIACHO.

B cooTBeTcTBHMU ¢ 3aKOHOM 3JIEKTPOMArHUTHOW WHIYKIIMWA HA y9acTKE DJICK-
TPUYECKOH IIETH, C KOTOPHIM CIEIUIICTCS M3MEHSIOMNNICS MarHUTHBIN ITOTOK, Ha-
Boautcs DJIC paBHasi CKOPOCTH €ro U3MEHEHUs, MO3TOMY, ¢ yuéToMm (2.48)-(2.50),
B Karyuikax 0yayT HaBoauThcs D/1C

d(¥,, ¥ ] ]
elL:_d‘Plz_ ( 11 12):_Llﬁ¢ ﬂ:_elqieM;
dt dt dt dt ! 2.51)
dv, d(¥,=¥,) di, _ di '
e = — = — :—L — I —=—e, Fe .
2L dt dt Y T T e T

Kaxxmast cocTaBisroas mojHoro MOTOKOCIETUICHUS CO3/1aéT B KaTYIIIKE CBOIO
OJIC. CobcTBeHHBIE TOTOKOCIEIUICHUs KaTyiiek co3aaroT DJIC camoumHAyKIUU
e, W e ,a B3aNMHBIC TOTOKOCLCIUICHHS — OJ1C B3auMHOM MHITYKIIUU ey, M ey .

[Tonw3yscek BeipaxkeHUusaMH (2.51), MOXXHO ONpenenuTh MajJeHUsT HaNpsHKeHUs
Ha UHAYKTUBHBIX DJIEMEHTAX KaTyIIEeK

di di
Uy =—e =up +iy :le—;ithZ;
2.52
di, di, (252)
Uyp = =€ =Up +Uly, :LZEiME’
WM B KOMIUIEKCHOM (hopme
Uyp=JjoLl1 t joMI,; (2.53)

U, =jol, I, * joMI,.
B pesynberare TOro, 4ro paccMaTpuBaeMble HaMH KaTYIIIKA PAaCIOJIOKEHBI B

MIPOCTPAHCTBE MArHUTHBIX IIOJIEU APYT APYyTa, B AJEKTPUUYECKOM LEMU KaXIOU U3
obmorok aeiictByor JIC ey, ¥ e, , OOYCIOBICHHBIC TOKOM, MPOTCKAIOLINM B

uenu apyroi ooMotku. Takum oOpa3zoM, 3JeKTpUYecKre 1enu 0OMOTOK OKa3bIBa-
IOTCSI CBSI3aHHBIMM JPYT C JAPYrOM IOCPEACTBOM MATrHHUTHBIX TOJEH KaTyIIeK.
CrerneHb MAarHUTHOM CBSI3M XapaKTEPU3YETCS KOIPDUYUeHMOM C853U

Y,¥,, M M
= = <1.
LL, LL,

Koadduuuent cBsa3u karymek Bcerja MeHblie enuHunsl, 7.k ¥, <¥,, u

Y, <¥,,. PaBeHCTBO eauMHuUIIE BO3MOXKHO TOJNBKO, €CIM COOCTBEHHBIE U B3aUM-

HbIE TTOTOKOCIEIUICHUSI PaBHBI IPYT APYTY, HO 3TO HEBO3MOKHO B MPUHIIUIIE, T.K.
BCET/Ia CYILIECTBYIOT MOTOKU PACCESHMS, T.€. IOTOKHU CIEIUISIONUIAECS TOJBKO C O-
HON 0OMOTKOM M HE OXBATHIBAIOIINE KOHTYP JAPYTOM.

SIBeHne B3aMMHOM WHIYKIIMH JICKUT B OCHOBE OOJIBIIIOIO KOJHWYECTBA TEX-
HUYECKUX YCTPOUCTB U IENBIX 00JacTeil TEXHUKH. DTO, IPEXKAE BCEro, TpaHchop-
MaTOpbI, 0€3 KOTOPBIX HEBO3MOXKHBI (PPEKTUBHOE MPOM3BOJCTBO M Tepemaya
AIIEKTPUUECKON SHEPTUU. DTO 3HAYUTEIbHAS YaCTh AICKTPUUYCCKUX MAIIH, 00ec-
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MEYUBAIOIIUX MPEe0Opa30BaHKE AICKTPUUECKON SHEPIUU B MEXaHHUYecKyro. B pa-
JTMOTEXHUKE, aBTOMATUKE, METPOJIOTHUH U JAPYTUX BBICOKOTEXHOJIOTUYHBIX 00J1ac-
TAX TEXHUKH UCIOJb3yETCd MHOMXECTBO 3JIEMEHTOB U YCTPOMCTB, OCHOBAHHBIX Ha

SIBJICHUH B3aMMHOU HWHAYKIOUU.

1]

Puc. 2.31

Paccmor-
pUM 3a7avy aHa-
au3a dJeKTpuye-
CKOM LIENU C UH-
JTYKTUBHO  CBs-
3aHHBIMU  3JIe-
MEHTaMU Ha
npuMepe Imnocie-

JIOBATEIBLHOIO
COCIMHEHUS
JIBYX  KaTyIIeK
(puc. 2.31, a").
ITo BTOpOMY
3akoHy Kupxro-
ba ¢ yuérom
(2.52) wu Toro,
YTO B 00€HMX Ka-
TylmIKax TMpoTe-

KacT OﬂHHaKOBBIﬁ TOK, IJIA KOHTYpa LCIIKM MOXKHO COCTaBUTb YPABHCHUA IJIA

MT'HOBEHHBIX 3HAUCHHUHU

—iMﬂ+R2i:
dt

. di
=(R +R,))i+(L +L, iM)z
{
Hepexozm K KOMINJICKCHBIM 3HAYCHUAM, ITIOJTYUYUM YPABHCHHC

Q:QRI +QL1 iQM iQM +QL2 +QR2 =
=RI+joltjoMI+ joMI+ jol+R,I=
=[(R +R,)+ joo(L + L, £2M ) ]I =
:[(R1 FRy)+ (X, + X, izxM)}gz
=(R+jX)I

(2.54)

rae joM = jX,, — KOMILUIEKCHOE COIPOTUBIIEHUE B3aMMHON UHIYKTUBHOCTH.

* o
Ha cxeme 3amemenus puc. 231, a B CKOOKax YKa3aHO Ha4daJI0 BTOpOU 00MOTKHU pyu BCTPCUHOM BKIIIOUCHHUHU
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N3 ypaBHenus (2.54) ciaeayer, 4TO B3aUMHas MHAYKTHUBHOCTb KaTyLIEK IpPH
COTJIACHOM BKJIIOUEHHMM YBEJIIMYHMBAET PEAKTUBHOE COIPOTUBIICHHE LIENH, a IpHU
BCTPEYHOM — YMEHBIIAET.

Ha puc. 2.31 npeacraBieHbl BEKTOPHbBIEC JUArpaMMbl JJIS COrJIacHOTO (0) u
BCTPEYHOI'0 BKIIIOUEHHUS (6-2). Eciin MHAYKTUBHOCTH OJHOW M3 KaTyIIEK MEHbIIIEe
B3aMMHOM MHAYKTHBHOCTH, TO MPH BCTPEUHOM BKJIIOYEHHM y He€ HaOmomaercs
«EMKocTHBIN » 3pdekT (puc. 2.31, 2), korga HanpsiKeHHe OTCTaéT 1o (aze oT To-
Ka, IPOTEKAIOIIEro yepe3 Karymky. Ho B 1iesioM peakTuBHOE CONPOTUBIICHUE LIENN
UMEET  HHIOYKTUBHBIA  XapakTep, T.K. DKBHBAJICHTHAs  WHIYKTUBHOCTH
L=L +L,-2M >0 1 TOK OTCTa€T 10 (pa3e OT HAPIKEHUS.

Paznuuue WHAYKTUBHOI'O COIIPOTUBJICHUA IIPpU COI'JITACHOM MW BCTPCYHOM
BKIIIOUCHHUH KaTYHICK ITIO3BOJIACT HU3MCPUTHL HMX B3AMMHYIO HMHAYKTUBHOCTD. I[J'IS[
9TOT0 M3MCPAKOT TOK, HAIPAKCHUCM M dKTUBHYIO MOIIHOCTH IIPpU ABYX CXEMaAX
BKJ'II-O"IGHI/I}I*;k H OIIPpCACIIAOT PCAKTUBHBIC COITPOTHUBIICHUA

X, =\Z] =R X,=\Z; - R; ,

rne Z,=U,/1,; Z,=U,/I, — nonmbie conpotusienus,a R, =B /I}; R, =P,/ I; -
AKTUBHbIE COIPOTUBIICHUS LIENH IPU MEPBOM U BTOpoM u3MepeHusx. Ilycts mep-
BOE€ U3MEPEHHE COOTBETCTBYET COITIACHOMY BKIIIOYEHUIO, TOI 1A
Xy=X, +X, +2X,; X,=X, +X; -2X,,.
BeryuTas 0JHO 3HaU€HHE U3 APYTrOT0, MOIYyYUM
X, -X,=4X,, =4oM

U (2.55)
M = ‘Xl _XZ‘

4

CnenoBaTenbHO, 3HAsl 4acCTOTY ), MPH KOTO-
POl MTPOU3BOJUIINCH U3MEPEHHS, MOXKHO OIpeJie-
JUTHh 3HAYCHUE B3aUMHOU HHAYKTHUBHOCTHU. [Ipu
TOM TPHUHATOE TPU BBIBOJAE BbIpaxkeHus (2.55)
YCJIOBUE COOTBETCTBHS IEPBOTO HU3MEPEHUS CO-
[JIACHOMY BKJIFOUEHUIO TpeOyeTcs TOJIBKO MJIs OIl-
PENEIIEHHOCTU B 3allMCU BBIpAXKEHUH Wid X, U

Puc. 2.32

X, . IIpu pacuére no opmyine (2.55) 3Hak pazHo-
CTH HE UMEET 3HAUCHMUS.

JIJIss MapKUPOBKHM BBIBOJIOB KaTyIIeK, HaYaJl OOMOTOK HJIM KOHIIOB, JOCTATOY-
HO TIPOM3BECTH JIBA U3MEPCHHS TOKA IIPH Pa3HBIX BKIIOUCHUSIX U OJMHAKOBOM Ha-
NPSOKEHUU MMATaHUSA. MEHBIIHA TOK OyJIET COOTBETCTBOBATH COTJIACHOMY BKITFOYE-
HHUIO.

ok o
Ha puc. 2.32 Toukyu noaximtoYeHus! BTOPOH KaTYIIKH IPH BTOPOM M3MEPEHHH YKa3aHbl B CKOOKax
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Bonpocwer ona camonposepku

1. B kakom ciyudae MexXay SJEKTPUUECKUMHU IEMsIMU BO3ZHUKAET MarHuT-
Has CBA3b?
2. [To kakoMy MpHU3HAKY OMNpEEseTCs COrJacHOE U BCTPEUYHOE BKIIIOYE-

HUE KaTyIIEeK?

3. Yrto takoe Ko PUIIMEHT CBS3HU KaTylIeK?

4. [Touemy k03 GUIMEHT CBSI3M KaTylIEK HE MOXET OBbITh paBEH €IMHU-
e?

5. Kak onpenenuTs Havasia ¥ KOHIIBI IBYX KaTyIIEeK?

6. Hapucyiite s51eKTpUYecKy0 cXemMy ISl ONPEACIICHUST Hayal U KOHIIOB

JIBYX KaTyIIEK.

3. Tpéxdazubie nenu
Tpéxdazapie 1enu SBISIFOTCS OCHOBHBIM BHJIOM JJICKTPUYECKUX IICTICH, HC-
MOJIb3YEMbIX TIPU MPOU3BOJCTBE, MEpeade W paclpe/leICHUH JJICKTPUYECKON
sHepruu. OHU SBIISIFOTCS YaCTHBIM CITy4aeM CUMMETPUYHBIX MHOTO(A3HBIX 1IETeH,
MoJ KOTOPHIMH MOHUMAIOT COBOKYITHOCTb JICKTPUUYECKHUX IIENel C UCTOYHUKAMU
cunycouganbHbix 3/[C, UMeOIUMU OJIMHAKOBBIC aMIUIUTYAbl U YaCTOThI U CMeE-
MEHHBIMU TI0 (ha3e OTHOCUTEIBHO JPYT Jpyra Ha OJUMHAKOBBIM yroj. B TexHuke
UCIIOJIb3YIOTCS Takxke pyrue MHorodasusie nenu. [llectu n neenaauatudasubie —
B CHJIOBBIX BBINPSMUTEIBHBIX YCTAHOBKAX, NByX(a3Hble — B aBTOMATUKE, HO Hau-
OoJbIIIee PACTIPOCTPAHCHUE UMEIOT UMEHHO TpEx(as3Hble CUCTEMbl MUTAHUS. ITO
CBSI3aHO C TeM, 4TO Tpéx(PazHas cucTema sSBIAETCS MUHUMAIBLHO BO3MOXKHOM CHM-
METPUYHOMN CHCTEMOIT , 00ECIICIHBAOMICH:
e SKOHOMHUYECKH 3(PPEKTUBHOE MPOU3BOJICTBO, MEpeaady W pacrpesese-
HUE AJIEKTPOIHEPTUH;
e >(pdexTuBHOE NpeoOpa3oBaHUE AIEKTPUUECKOW PHEPTUM B MeXaHUYe-
CKYIO IOCPEICTBOM MAlIWH C BPAIAIOIINMCS MATHUTHBIM TOJIEM;
®  BO3MOXKHOCTH HCIIOJB30BAHMS MOTPEOUTETEM JBYX Pa3IUYHBIX HaIps-
YKEHUH MUTaHUs 0e3 TOTOITHUTEIBHBIX MpeoOpa3oBaHui.

3.1. Ilonyuenue mpéxgpaznon cucmemut 3/]C

Jlnst co3manmst TpéxhasHOU AIEKTPUIECKON TeTH TPeOyIOTCS TPU UCTOYHUKA
O/1C ¢ 0aMHAKOBBIMU aMIUIUTYJIaMH M 4YacTOTaMH M CMELIEHHbIMH MO (pa3e Ha
120°. TIpocTelmMM TEXHUYECKUM YCTPOMCTBOM, OOECIEUYHBAIOIIUM BBIMOJIHEHUE
ATUX YCJIOBUH, SIBIISIETCS CUHXPOHHBIA TreHepaTop, GyHKIMOHAIBHAS cXemMa KOTO-
poro npuBeneHa Ha puc. 3.1. Porop (Bpaiaroniasics 4acTh) reHepaTropa MnpeJicraB-
JsieT cO0OM PIIEKTPOMArHUT WM MOCTOSHHBIA MarHut. Ha ctaTtope (HemoaBuKHOM
YacTH) T€HEpaTopa PacIoIOKEHBI TPU OJMHAKOBBIE OOMOTKH, CMEIIEHHBIE B MPO-
CTpPaHCTBE APYr OTHOCUTENBHO Apyra Ha 120°. IIpu BpaiieHuu portopa €ro mar-

*

JIByxdazusie cucremsl ¢ (a3oBbIM cMemeHreM 90° He SBISIOTCS CUMMETPHYHBIMH, T.K. B HIX CyMMa MTHOBEH-
HBIX 3Ha4eHHH (ha3HBIX HANPSDKEHUIT HE paBHA HYJIIO, a CHMMETpHUYHas AByX(a3Has cucrtema ¢ (pa30BbIM CMEIICHH-
em 180° He rmo3BosnsieT chOpMUPOBATH KPYTOBOE BPAIAIONIEECs] MATHUTHOE T10JIE.
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HUTHOE T0JIe MEHSIET CBOE MOJIOKEHNE OTHOCUTEIIBHO OOMOTOK M B HUX HaBOASATCS
cunycouganbubie JJ[C. Yacrota n ammuryga 3J{C oOMOTOK omnpenensercs Jac-
TOTOM BpaulleHUsi pOTOpa », KOTOpask B MPOMBIIUICHHBIX F€HEPATOPAX MONAEPIKH-
BaeTcs cTtporo noctossHHo. PaBerncTBo DJIC 00MOTOK obOecrieunBaeTcs HICHTHY-
HOCTBHIO UX KOHCTPYKTHBHBIX IapaMer-
poB, a (a30BOe CMEIICHUE — CMEIICHH-
€M 0OMOTOK B IMPOCTPAHCTBE.

Hagama o6mMoTOK reHepaTtopa 000-
3HayYalTCs OyKBaMHM JIATUHCKOTO al(a-
Buta A, B, C, a ux xouusl X, Y, Z. Ilo-
CJIeI0BaTEILHOCTh, B KOTOPOU (ha3HbIe
OJIC npoxonsar 4yepe3 OJIMHAKOBBIE CO-
CTOSIHUSA, HaIlpUMEp, Yepe3 HYJEBbIE
3HAUCHUS, HA3bIBACTCS NOPAOKOM Uepe-
0oeanusi ¢az. B 3IEKTPUYECKUX CETAX
ATOT TOPSIOK JKECTKO COOJIFOaeTCS,
T.K. €0 HapyIICHHE MOXKET NPUBECTU K
CEpPBhE3HBIM PKOHOMUYECKUM MOCIIECT-
BHUSIM M K YIpO3€ KU3HM U 30pOBBIO JIIOEHU. B 0TeueCTBEHHON JUTEpaType NpHu-
HATO 00o3Ha4yaTh DJIC MCTOYHUKOB WHIECKCAMHU, COOTBETCTBYIONMMHU 00O3HAUE-
HMIO Hadajl OOMOTOK, T.e. A-B-C.

ITycte HauanbHas aza OJIC e, paBHa Hysr0, TOrJa MTHOBEHHBIE 3HAYECHMS

Puc. 3.1

OJ1C 0OMOTOK reHepaTopa paBHBI:
e, =FE, sinot; ez =FE, sin(wt —2n/3);
e-=E, sin(ot—4n/3)=E, sin(owf+2n/3)
WIN B KOMIUIEKCHOH dopme:

E, =Ee’ =E(1+ j0); Ez=FEe /"™’ =FE|———j~=|;

EC :Ee*j4ft/3 :EejoC/3 :E _l+‘]£ .
2 2

Ha puc. 3.2 nokasanpl rpaduiki MrHOBEHHBIX 3HAYCHHWA W BEKTOpHAs JHa-

sk

rpamma O/IC. Bektop E , HampaBlIeH MO BEIIECTBEHHOW OCH , BEKTOp £, oTCTa-

(3.1)

€t oT Hero 1o ¢asze Ha 120°, a BekTop E - onepexaeT £, Ha Takoil e yroi.

OCHOBHBIM CBOMCTBOM CHMMETPUU MHOTO(A3HBIX CUCTEM SIBIISCTCS PAGEH-
CMeE0 Y0 cymmbl MeHogeHHblx 3Hauenuu I/C, nanpsdxcenu u mokos, T.€.
e,tepte. =0 < £, +E;,+E-=0. (3.2)

ok . ~
Ocp BCIHICCTBCHHBIX YHUCEJ B TCOPUN TpCX(i)a3HI)IX [eneu MpuHATO HAIlPaBJIATh BBEPX.
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+1
L,
e
21/3 —271\/3
0 0t 4+
\\ Ec
\\\—/
0)

Puc. 3.2

B 3TOM MOXHO YIOCTOBEPUTHCS, CIOKHUB KOMILIEKCHBIC YHCIIAa B BBIPAKCHUSIX
(3.1). OGecnieueHre CUMMETPUU CUCTEMBI SBJISIETCS HEOOXOIUMBIM yCJIOBUEM €€
3 pekTUBHON PabOTHI.

Bonpocwi 0ns camonposepku

1. Kakumu npeumyniectBaMu 007a7at0T TPEX(Pa3HbIE CUCTEMbl DHEPIo-
cHabOxeHus?

2. Kak nonyuarot tpéxdasnyro cucremy I1C?

3. Kakum cBoiicTBOM 0071a4a10T CHMMETPUYHBIC MHOTO(Aa3HBIE CUCTEMBI?

4. Yro Takoe mopsAnok yepenoBanus ¢a3z?

S. Urto Takoe cummeTpuuHas cucrema DJIC (TOKOB, HaMpsHKEHU)?

3.2. Ceaszvieanue uyeneii mpéxgaznoi cucmemol

Ecnu k kaxxnoit oOMoTke Tpéx(pasHOro reHepaTopa MOIKIIOYUTh HArPY3Ky, TO
TPH OTHENbHBIC MIEKTPUUYECKHe Lenu (puc. 3.3, a ) o0pasyioT mpéxgasuyio He-
ceazannyio cucmemy. Kaxnas syexkTpudeckas Lenb, BKIodaromas nerounuk J1C
Y HArpy3Ky, Ha3bIBA€TCS gba30ﬁ**** Tpéxdaznoit nenu. Hanpsoxenus mexay Hava-
JaMHu ¥ KOHLIaMH OOMOTOK T'€HepaTopa U HANPSKEHU MEX]ly HadalaMu (a, b, ¢) u
KOHLAMU (X, y, z) HArpy3KH Ha3bIBAIOTCA ¢hasnvimu Hanpscenusmu. Ecnu conpo-
TUBJICHUEM COEAMHUTENIBHBIX IIPOBOJOB MOXKHO IpeHedbpeus, T0 U , =—-E,=U ,
Up=-E;=U,,U-=-E,=U,. Toxu [, 1, [, nporekaromue B (pa3ax Ha3bl-
BAIOTCS (pazHbIMU MOKAMU.

B nHecBsizanHOM Tpéx(dazHOW cHCTEME UCTOUYHUKHU DJIEKTPUUECKON dHEPIUuu U
Harpy3ka COEIUHEHBI MIECThIO MpoBoAaMH (puc. 3.3, a) u NpeAcCTaBISIOT coOOM
TPU HE3aBUCUMBIE JJIEKTpUUECKHE Lenu. OUeBUAHO, YTO TaKasi CUCTEMA HUYEM HE
OTIMYaeTcs OT TpEX ogHOo(pa3HbIX Heneil. Ecau ke 0OMOTKM reHeparopa U Harpys3-
ki (a3 COeAMHUTH MEXKIY coO0M, TO oOpa3yercs cBsi3anHas Tpéxdasznas memns. Ha
puc. 3.3, 6 nokazana TpéxdaszHas 1eTb, B KOTOPOU (a3bl TeHEpaTOpa U HArpy3Ka
COETMHEHBI 3BE3/I0M. Y3IIbl COeTMHEHNT 0OMOTOK TeHepaTtopa u (a3 Harpy3Ku Ha-

** O6moTKH reHepaTopa Ha cxemax 3aMelleHHsl nmoka3anbl kak uctounuku JJIC. 3aech u nanee Ha pUCYHKaX MO-
noxuTenbHble HarpasieHus JJC, HanpsHKeHUH ¥ TOKOB MOKa3aHbl TaK, KAK OHU MPHHSATHI B TEOPUH TPEX (Ha3HbIX
Henew.

" 310 Ha3BaHUE COBMALAET C TepMUHOM «(a3za», Kak COCTOSIHHE U apTyMEHT CHHYCOHUIAIEHOW (DYHKIIUH, I10-
9TOMY PA3NIUYUTH UX MOKHO TOJIBKO MO KOHTEKCTY.

84



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

3BIBAIOTCS HEUMPAIbHbIMU (HYAesbiMu) moukamu unu neumpanamu (N, n Ha 3.3,

0), a MPOBOJ, COCTUHSIONIUN 3TU TOUYKU — HEUMPAIbHLIM (HYA€8bIM) HPOBOOOM.
[IpoBOIHUKH, COEUHSIONINE TEHEPATOP U HATPY3KY, HA3bIBAKOTCS JIUHEUHbIMU

npogooamu, a HaNpsDKeHUus Mexay JuHerHbiMu npoBogamu (U ,,, Ug-, U, Ha

puc. 3.3, 6) — auHelHbIMU HANPAHCEHUAMU.

B cBs3anHOM cucTeMe reHepaTop W Harpy3ka COCIMHEHBI TOJIHKO YETBIPHMS
IPOBO/IAMHU M TaKasi CHCTEMa Ha3bIBACTCS YemblpéxnpogooHoli. B HEKOTOPBIX CITy-
Jasx, KaKk Mbl YBUIUM J1ajie€, YUCII0 MTPOBOJIOB MOXKET OBITh YMEHBIIICHO 70 TPEX.

]A

—>

0)

Puc. 3.3

YMeHbIIEHNE YUCIa TMPOBOJOB CYHIECTBEHHO CHUXXAET CTOMMOCTH M JKCIUIyaTa-
LIMOHHBIE PACXO/IbI JIMHUM NIEPEAAYH U PACTIPEIEIICHUS JIEKTPOIHEPTUN.

CBs13aTh OT/AENIbHBIE LIEMU MOXKHO TaK)K€ TPEYTOJIBHUKOM, HO OOMOTKH T€He-
paTopoB OOBIYHO COEAMHSIOT 3BE3/10i. B 3TOM ciydae ¢ mOMOIIBIO BTOPOTO 3aKOHA
Kupxroda MOxKHO yCTaHOBUTH COOTHOILIECHHSI MEX]Y KOMIUIEKCHBIMU (ha3HBIMU U
JVMHEWHBIMH HANpsOKEHUsIMU reHeparopa (puc. 3.3, 6):
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Up=U,-Up Upc=Up-Uc; Uy =U--U,. (3.3)
B cummerpruuHoit TpéxdaszHoii cucteMe (ha3HbIC HAMPSIKECHUS OTMHAKOBBI
U,=U,=U, :U<b'
[Toacrapisis KOMIIEKCHBIE (Da3HbIC HANPSDKEHHS B IepBoe ypaBHeHHE (3.3), momy-
YUM:

1 3) U .
U =Uy=Uy| =57~ :_®(3+J*/§)

U

‘QAB‘ :%\[32 +(\/§)2 ZUq,\/g

OTO COOTHOILLIEHNE MOKHO IOJYYNUTh TaKkKe
IF€OMETPUYECKUMHU IIOCTPOCHUAMHU B TpeE-
yroibHuke BeKTopoB U ,,, U ,, U, Ha pHuC.

-U, Ue, 3.4. Orcroga, ¢ y4€TOM paBEHCTBA JIMHEU-
HBIX HAIPSKEHUM:
Puc. 3.4 P
Uy =Upc=Ucy=U,=Uy3. (3.4)
Bonpocwr ona camonpoeepku
1. Uto monumarot moj dazoit TpéxdazHoii cetu?
2. Hatite onpenenenuss (Ga3HbIX, JUHEHHBIX U HEHUTPAIbHBIX (HYJICBBIX)
IIPOBOJIOB.
3. Haiite onpeaenenus pa3HbIX U JTUHEHHBIX TOKOB U HATIPSDKCHUIM.
4. CKOJBKO CYIIECTBYET CHOCOOOB CBSI3M HMCTOYHMKOB M HArpy3ku B
TpéxdazHoi cetu?
5. Kak cooTtHOCsATCS Mexay coOoi (a3Hble W JMHEHHbIE HANpPSKEHUS

CUMMETPUYHOTO TPEX(HAa3HOrO UCTOUHHUKA?

3.3. Pacuém uyenu npu coeOuHeHuu Hazpy3Ku 36e300i
B cnyuae coenuHeHusi Harpy3ku 3Be370M (ha3Hble TOKU PABHBI JTUHEHWHBIM,
T.C. l‘b = lJ’I .

3.3.1. Coedunenue nazpy3sKu 36e300U C HEUMPALbLHLIM HPOBOOOM

IIpn HaNMYMKU B LIENM HEUTPAJIBHOI'O MPOBOAA, T.€. B YETHIPEXIIPOBOAHOMN Ce-
TH, baznbie HaIpsKEHUS Harpy3ku u reHepaTropa PaBHBI
U,=U_;Uz=U,; U.=U, 1 KOMIUIEKCHbIE (ha3HBIE TOKA MOKHO OIPENEIINUThH

no 3akony Oma
1,=U,/Z,; 1,=UplZy; I

a

=Uc/Z,. (3.5)

c
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dazHble TOKU O0BEAUHSIOTCS B y3/1aX N U # ¢ TOKOM HEHUTPaJIbHOTO MPOBOJIA
U 1o 3akoHy Kupxroda ¢ yu€Tom HampaBieHUM TOKOB MOKHO COCTaBUTh ypaBHE-
HHE:
ia+lb+lc:lN' (36)
Harpy3ka, y KOTOpOil KOMIIIEKCHBIC COMPOTHUBICHUS (a3 OJMHAKOBBI
LZ,=2,=2.=2y= Z(bej ?, HaspIBaeTCA cummempuunol. B ciydae CHMMETpHH

Harpy3ku (a3Hble TOKH 00pa3ylT CUMMETPUYHYIO cuctemy (puc. 3.5, a), Bcaen-
CTBHE Y€ro TOK B HEHTpaIbHOM MpoBoie OTCYTCTBYeT [, =0.

IIpyn HECHUMMETPUYHOMN HArpy3Ke TOK HEUTPaIbHOTO IpoBoAa / , # 0 1 MOKeT

3HAYUTEIbHBIX BeMnuuH. Ha puc. 3.5, 6 npuBenéH npuMep BEKTOPHON JuarpaMMbl
JUIA CIydasi akTUBHO-UHAYKTUBHOM HArpy3ku B a3ax a U ¢ U aKTUBHO-EMKOCTHOM
B (a3e b. BexTopsl TOKOB B MEPBBIX IBYX (hazax CMEUICHBI B CTOPOHY 3ama3/bIBa-
HUS 110 OTHOUICHUIO K COOTBETCTBYIOLIUM HAIPsKEHUAM Ha YIVIBL @, U @,., a B

¢asze b — B cropoHy onepexeHus Ha yroia ¢, . CyMMupys Bce TpU BEKTOpa, Mbl I10-
JTy4YUM BEKTOpP TOKAa HEUTpaJIbHOTO IpoBoAa [, , C MOJYJIEM, IPEBOCXOIALIUM MO-

Iynu (ha3HbIX TOKOB.

Tpéxdas-
HbIE CETH IpO-
EKTUPYIOT U
AKCILTyaTHPY-
I0T TakuM 00-
pa3oM, UTOOBI
Harpy3ka B HUX
ObLIa 1no-
BO3MOXXHOCTH
CUMMETpPUY-
HOUW. B »atom
ciyJae TOK
Puc. 3.5 HEUTPAJIBLHOIO
npoBoJila  He-
3HAYUTEJIEH U €r0 CEUEHUE MOYKHO CYIIECTBEHHO YMEHBIIINUTH 110 CPABHEHUIO C Ce-

YEHUEM JINHEHHBIX MPOBOIOB.

3.3.2. Coedunenue nazpy3sKu 36e300U 6e3 HelumpaibHO20 NPO8ood

OTcyTCcTBHE TOKA B HEUTPAJIBHOM IPOBOJE NMPU CUMMETPUYHOM HArpy3ke 03-
HA4YaeT, YTO 3TOT MPOBOJ BOOOIIE MOXXHO HCKIIOYUTH W TOorna TpéxdasHas ceThb
CTaHOBUTCS MPEXNPOBOOHOLL.

Ecnu Harpysky ceTH MBICIEHHO OXBAaTUTh 3aMKHYTOW IOBEPXHOCTBIO, TO I10
nepBomy 3akoHy Kupxroda nis TMHEHHBIX MPOBOAOB TPEXIPOBOAHONU CETH, BXO-
JALIKUX B 9Ty IOBEPXHOCTh, MOXKHO COCTaBUTh YPaBHECHUE

i +ig+tic=0 < [, +1,+1-=0. (3.7)
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Pacy€r TOKOB B TPEXNPOBOAHOMN CETHU IIPU CUMMETPUYHON HArpy3Ke HUUEM HE

I=A=—to
Zy, Z

W neHTudHbl B 3TOM Clly4ae U BEKTOPHBIE JUArpaMMbl TOKOB M HANpPSHKEHUM
(puc. 3.6, a).

Otcyrer-

BHE€ CHMMET-

pUu  HArpy3KH

HapymiaeT

CUMMETPHIO

(da3HbBIX TOKOB

U Hampsbke-

HUM, B TO Bpe-

Ms Kak (pa3HbIe

U JIMHCHHBIC

HaATNPSHKCHUS

reHeparopa

OCTarTCs

Puc. 3.6 CUMMETPHY-

HBIMH (puc.

3.6, 6). B pe3ynbTaTe 3TOr0 U3MEHSIETCS MOTEHIIMAT HEUTPATbHON TOUKU 71 K MEXK-

Iy HEHTpalsiMU T'€HepaTopa M Harpy3Kd BO3HUKAET pa3HOCTh noTeHuuanos U ,, ,

Ha3bIBacMasi cMeujeHuem Hetmpanu.
DTy pa3HOCTb NIOTCHIIMAJIOB MOXKHO HATH METOJIOM JIBYX Y3JIOB
— QAZa +Q3Zb +QCXC
Y Y, +Y,
rne U ,, Uy, U, — xoMILIEKCHBIE (pa3HBbIEC HANpsDKEHUs reHeparopa, a Y, Y, Y,

(3.8)

~ Nn

— KOMIUJIEKCHBIE IPOBOAMMOCTH (Pa3 HArpy3KH.
OTcroa MOXKHO HalTH (ha3HbIC HAMPSIKEHUS HATPY3KU

U,=U,-Upy Uy=Up-Uy,; U.=Uc-Uy,, (3.9)
a 3aTeM 1o 3akoHy Oma (a3Hble TOKU
I,=Y U, I,=Y,U,; I.=Y . U.. (3.10)

Ha puc. 3.6, 6 npuBen€H npuMep BEKTOPHOM TMarpaMMbl TOKOB U HalpshKe-
HUIl B TpEX(Pa3HOI ceTH ¢ aKTUBHO-MHIYKTUBHOM HAarpy3koi (a3 a u b u akTUBHO-
éMKocTHON (a3el ¢. BermeactBue acuMMmeTpun HEHTpaibHas TOYKA HArPy3KH 7
CMECTHJIACh OTHOCUTEIBHO HEUTPAJIbHOM TOUKH reHepatopa N. OIHAKO JTUHEWHbIE
HaIPsDKCHUS Harpysku, onpezaensemsie DJ1C reHepaTopa, OCTaINCh HEU3MEHHBIMU
U,=U,3 U, =Up-, U, =U,,. lloaTOMy BEKTOpbI (pa3HbIX HANPSKECHUNA Ha-

rpysku U, U,, U, 0puxomar B T€ ke TOYKH, YTO U BEKTOPHI (pa3HBIX HAIPSKE-
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nui reneparopa U ,, U, U C*. OtnocurensHo BekropoB U, U,, U, crposarcs
BEKTOpPBI TOKOB [, [,, I. c yd€TOM XapakTepa Harpy3ku B (azax.

Kaxk cnenyet u3 Boipaxkenuii (3.8)-(3.10), usmeHneHue Harpy3Kku B 10001 (daze
BBI3BIBACT CMEIICHNE HEUTpaIu U U3MEHEHHE HANpsHKEHUH U TOKOB B ApYyrux (a-
3ax. [loaTomMy coenuHeHHe 3BE310UM B TPEXIPOBOAHOM CHUCTEME ITUTAHUS MOYKHO
UCIOJIb30BaTh TOJBKO JJIi CAMMETPUYHOM Harpy3ku, Hanpumep, A TpEX(azHbix
JIBUTaTelIeH.

Bonpocw 0ns camonposepku

I. IIpn KakoM yCJIOBMM HaJM4Me WIM OTCYTCTBHE HYJIEBOI'O IPOBOJA HE
BJIMSIET HA PEKUM pabOThI HATPY3KHU?

2. ITouemMy HEWUTpPAIBHBIA MPOBOJ JUHHUM BJIEKTPONEPENAYN UMEET MEHb-
1I€€ CEYEHNE, YEM JINHEWHBIE IPOBOJA?

3. B kakom cilydae MOXHO HCIIOJb30BaTh TPEXIPOBOAHYIO CETb BMECTO
YETBIPEXTTPOBOAHON?

4. Yrto Takoe cMmelieHrne Heurpanu?

5. Kak onpenensieTcss BeIMYMHA CMEILEHNAS HEUTpaIu?

6. Kak paccuutbiBatoTcst (a3Hble HANpPSKEHUS MPU HAIMYMN CMEIEHUS
HeuTpanu?

7. [Touemy B TpEXITPOBOJHON cCHCTEME M3MEHEHUE HArpy3KH OAHOU (ha3bl

BIIMSICT HAa PEKUM pabOThI ABYX IPyTUX?

3.4. Pacuém yenu npu coeOuHeHuu Hazpy3Ku mpey201bHUKOM

B ciyuae coequHeHus] Harpy3Kd TPEYTrOJbHHKOM CONMPOTHUBJICHUS (a3 Moji-
KJIFOYAIOTCS K JJUHEHHBIM TTpoBoAam (puc. 3.7, a). da3Hble HANPSHKEHUS TIPU 3TOM
OKAa3bIBAIOTCS PABHBIMU JIMHEMHBIM HANPSHKEHUSIM I'€HEpaTopa:

Up=Uup Up=Upc; U
da3HbIe TOKU PACCUUTHIBAIOTCS 1O 3aKOHY OMa:
lab:QAB/Zab; lbc:QBC/Zbc; ica:QCA/an‘ (311)

JluneliHple TOKU OMpEACISIOTCs yepe3 ¢aszHbie 1o 3akoHy Kupxroda mns y3-

JoB a, b, c:

ca — QCA‘

I,=1,-1 (3.12)

Ilpu cumMeTpuaHO# Harpyske Z,, =Z,. =Z., =Ly =Zye'* (asupe ToKu

cas ZB :lbc _lab; lC zlca _ibc

CMEIICHBI OTHOCUTEIHHO (pa3HBIX HAMPSHKEHUH HA OJWHAKOBBIA yron ¢ (puc. 3.7,
0). [lonctaBum B niepBoe ypaBHenue (3.11) dazubie Toku u3 (3.10)
'y :(QAB _QCA)/ZQ)'

Torna, c y4ETOM TOTO, 4TO

U =U,e™ =U, ? + ]% s Uy =U, e =U, 5

*
Ha PUCYHKE NOKAa3aHbI HITPUXOBBIMHU JINHUAMU
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1,=1,=UN3/Z, =13, (3.13)
T.€. IPU CUMMETPUYHON HArpy3Ke COCAUHEHHOU TPEYTrOJIbHUKOM JIMHEWHBIE TOKHU
B TpéxdazHoil 1enu B V3 pa3 6osbiie (azHbIX.
B cinyyae mecummerpuuHoi Harpysku ypaBHeHus (3.11)-(3.12) octarorcst B

l

=4

—P>

A(“

Puc. 3.7

CHUJIE, HO Pacy€Thl IO HUM HYKHO BECTHU JJIsl KOHKPETHBIX IMAPAMETPOB.

B o6mem Buge amruutyaHbie U (pa3oBbie COOTHOIIEHUS MOYXHO MPOCIEINUTD
Ha BEKTOPHBIX Auarpammax puc. 3.7. [Ipy cuMMETpUYHON aKTUBHO-UHAYKTUBHOU
Harpyske (puc. 3.7, 6) BekTOpbl (a3HbIX TOKOB [, [,., [, CMEHIEHB OTHOCH-

TEJILHO BEKTOPOB (a3HbIX Hanpsbkenud U ,,U,.,U . Ha yroa ¢. Bextops! nu-
HENHBIX TOKOB [ 4, [ 5, [~ CTPOATCSA B COOTBETCTBHMH C BbIpaskeHUsAMU (3.12) 1 00-

Pa3ylOT CUMMETPUYHYIO CUCTEMY.

[IpuMep BEKTOPHBIX AWArpaMM JUisi aKTUBHOW, aKTUBHO-UHAYKTUBHOU U EM-
KOCTHOM Harpy3ku (a3 ab, bc u ca npuBenéH Ha puc. 3.7, 6. B cooTBeTcTBUU € Xa-
pPaKTEpOM Harpy3KH MOCTPOEHBI BEKTOPHI (pa3HbIX TOkOB [ ,, 1,., [ ., TO OTHOIIE-
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HHMIO K BekropaMm (a3HbIx Hanpsbkenuidl U ,, U, ,U . . Ilocie dero mocrpoeHsl
BEKTOPBI JIMHEHHBIX TOKOB [ 4, [, [~ B COOTBETCTBUU C BbIpaxkeHUsAMH (3.12). B

TOYKE ¢ IITPUXOBBIMU JIMHUSAMHU MOKa3aH TPEYTrOJbHUK JIMHEUHBIX TOKOB, MILTIOCT-
PUPYIOIINI BBITOJIHEHHE YCIOBUS (3.7) B TPEXIPOBOIHON CETH.

Tak kak B cilydyae COEJUMHEHUs TPEYTOJIbHUKOM HampspKeHHsl Ha ¢azax Ha-
IPY3KHU PaBHBI JUHEHHBIM HAPSLDKEHUSIM T€HEpaTopa U HE 3aBUCAT OT HANPSXKEHUN
apyrux (a3, To UI3MEHEHHE pexxruma padoThl JII000H (a3bl HE OKa3bIBAET BIUSHUSA
Ha JIpyrHe.

Bonpocw 0ns camonposepku

1. Kak onpenenstorcst TMHEHBIE TOKHU?

2. Kak cooTtHOCATCS Mexkay coOoi (a3Hble U JMHEHHBIC TOKH MPU CHM-
METPUYHOUN Harpyske?

3. IIpu xakOM yCIOBHM CyMMa MIHOBEHHBIX 3HAYEHHU JIMHEHMHBIX TOKOB
OyJlleT paBHA HYJIIO?

4. [louemy npu COEAUHEHNH HArpy3KU TPEYTOJBbHUKOM B TPEXIIPOBOJHON

CeTH OTCYTCTBYET B3aUMHOE BIHMsHHUE (Pa3HOM HArpy3Ku?

3.5. Mownocms mpéxgpaznoii yenu
3.5.1. Mowmnocms npu HecuMmempuyHou Ha2py3Ke
Kaxnas ¢aza Harpy3ku npeactaBisieT co00il OTIAEIbHBIN 3JIEMEHT 3JIEKTPHU-
YEeCKOM LeNu, B KOTOPOM MPOUCXOAUT MpeoOpa3oBaHUE IHEPrun uiau e€ oOMEeH ¢
UCTOYHUKOM muTaHus. [103TOMYy akTUBHAs M peaKTHBHAs MOIIHOCTU TpEX(azHOH
LENU paBHBI CyMMaM MOIIHOCTEN OTAENbHbIX (a3:
P=P+F+P; Q0=0,+0,+0. — Ui COcIUHECHHUS 3BE311011;
P=P,+B +P,; O=0,+0,. +0,, — 111 COeJUHEHNS TPEYTOJIbHUKOM.
AKTHBHAsI U PEAKTUBHASI MOILITHOCTH KaxA0W (Da3bl ONpenesnsitoTCs TaK ke, Kak
B 01HO(a3HOI 1enu:

Py =Uyl,cos@y =RyIs; Oy =Uyl,singy = XI5 (3.14)
[Tonnast MontHOCTH TpEX(ha3HOM 1IeTH paBHa:
S=\P’+0%,

npuuéM S =S, +S, +S.; S#S,+S,. +S,,.

[TonHy!0 MOITHOCTH MOKHO MPEACTABUTH TaKkKe B KOMIUIEKCHOW (popme. Ha-
IpUMeED, JUIsl COSTUHEHUST HATPY3KHU 3BE370M:
S=P+jO=(P,+F+P)+j(Q,+0+0.)=

* *

:§a +§b +§c :Qala+gblb+gc£c

3.5.2. Mowmnocms npu cummempuyHou Ha2pys3Ke
[Ipy cuMMeTpUYHOM HArpy3Ke MOITHOCTH BceX (pa3 OJMHAKOBBI, IIOITOMY €€
MOHO OIPEIETUTh, YMHOXKUB Ha TpU BbipaxkeHus (3.14):
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Tpéxgpaznvie yenu

2.
P =3P =3Uyl,cosp, =3RyI;
0=30, =3U,/,sing, =3X,I¢; (3.15)
S =38, =3U,1,.

®da3Hble TOKU U HanpsbkeHus B (3.15) MOXKHO BbIpa3uTh 4epe3 JUHEHHBbIE C
y4€TOM TOTO, YTO IPU CHMMETPUYHOW HArpy3K€ M COEAUHEHHUH €€ 3BEe3/10U

Uy,=U, /A3 s 1y =1,, a pu COCIMHECHUU TPEYTrOJIbHUKOM -
Up=U, 1y=1, /N3 [ToncraBmnsst 3Tu cooTHoMIeHUs B (3.15), MBI TTOJTy4uM JIj1s1

00€nX CXEM COEIMHEHHS OJIMHAKOBBIE BBIPAKEHHS JUIS MOIIHOCTH:
P=-3U,1I,cos 0y; O= VU, I, SinQy;

(3.16)
S=3U,I,.

Bonpocwer ona camonpogepku

1. Kak onpenensiercs MOMHOCTh TPEX(PA3HON CETU TIPU HECUMMETPUIHON
Harpyske?

2. Kakoe yciioBue BBINOJIHIETCSA ISl aKTUBHOW M PEAaKTUBHOW MOIITHOCTHU
TpEx(a3HOM CEeTH U HE BBITIOIHACTCS AJIs OTHOMU?

3. Kakumy BenmumHamMu HYKHO BOCIIOJIb30BATHCA U1 BBIYUCICHUS MOIII-

HOCTH, YTOOBI BBIPXKEHHSI HE 3aBHCEIIM OT CXEMbl COCIUHEHUS CHUM-
METPUYHOMN HArpy3Ku?

4. DjieKTpUYeCKHe el HECHHYCOUTIAJIbHOI0 TOKA

[lepronnyeckue HECHHYCOMIANbHBIE TOKM U HAIPSKEHUS B AJIEKTPUUECKHUX
LENsX BO3HUKAIOT B CiIyyae JAeHCTBUS B HUX HecuHycouaanbHbix D/IC n/unu Ha-
JUYMST B HUX HENTUMHEHHBIX 37eMeHTOB. Peanbubie DJIC, HanpsokeHUS U TOKU B
ANEKTPUUECKUX LEMAX CUHYCOMJAIBHOTO MEPEMEHHOTO TOKa IO pa3HbIM MPUYH-
HaM OTJIMYAKOTCS OT CUHYCOUIbl. B sHepreTuke MoOsBICHHE HECUHYCOUIATbHBIX
TOKOB WJIM HaIPSKEHHUI HEXKENATEIbHO, T.K. BBI3BIBAET JOMOJIHUTENbHBIE OTEPU
sHepruu. OHAKO CYIIECTBYIOT OOJIbIINE 00JIACTH TEXHUKH (paJUOTEXHHKA, aBTO-
MaTHKa, BBIUMCIUTENIbHAS TEXHHUKA, MOJYNPOBOAHUKOBAs MpeoOpa3oBaTesibHas
TEXHUKA), TJI€¢ HECUHYCOUJAIbHBIC BETUYNHBI SBIISIOTCS OCHOBHOM dopmoit D/IC,
TOKOB W HAIPSKCHUU.

B sToM pasznienie Mbl pacCCMOTPUM METOJIbI pACUETA JIMHEMHBIX JJICKTPUUECKUAX
L[eTe mpu BO3JEHCTBUM Ha HUX MCTOYHUKOB MEPUOAUYECKUX HECUHYCOUIATBHBIX

SC.

4.1. Paznoyxcenue nepuoouueckoil yHKyuu 6 mpuzoHoMempuiecKuil pao

Kak u3BecTHO, Bcsakasi neproaudeckas (pyHKIUS, UMEIOas KOHEYHOE YUCIIO
Pa3pbIBOB MEPBOrO POJia MU KOHEUHOE YMCIO0 MAaKCUMYMOB U MUHUMYMOB 32 NIE€pH-
0J1, MOXKET OBITh pa3jiokeHa B TPUTOHOMeTpuuecKui pss (psa dypre):
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f(ot)=A,+ 4, sm(ot +¢,) + 4,,, sin(Qot +§,)+...=

= iAkm sin(kwt +¢,) @

k=0

rnenpu k=0- A4, =A4,; ¢, =0,=7/2.
IlepBbiii 4neH psAna A, Ha3bIBACTCA NOCMOSHHOU COCMAGAIOWelw, BTOPON
iieH A, sin(ot+ ¢,) — ocnosnou unu nepeoti capmonuxou. OCTaabHbIe YWIEHBI Psi-

Jla Ha3bIBAIOTCS GbICUUUMU 2APMOHUKAMU.
Ecnu B BelpaxkeHuu (4.1) pacKpbITb CUHYCBI CYMMBI Ka)X/10M U3 TapMOHUK, TO
OHO MPUMET BUJ:
f(ot)=A,+ B, sinot+ B, sin20t+...+ B, sinkot+...+

C,,cosot+C,, cos2ot+...+C,, coskot+...= 4.2)

% o
=4, + ZBkm sin kot +Z C,,, cos kot
=1 k=1
rne B, =4,,cos0,; C,, =4, sind,.
B cnyuae ananmutudeckoro 3amanusi GyHkuuu f(m?) xKodhPUIMEHTH psna
(4.2) MOTyT OBITH BHIYMCIIEHBI C TOMOULIBIO CIAEAYIOIIMX BBIPAKEHUIN:

27
A= J s(ondcon

f(@t) 1 2n
B, =— j f(ot)sin(kot)d(ot);
— o
0 N—— (i 1%F
o m Con =— [ £ (@t)cos(kor)d(wt)
0
a) TOCIE Yero MOXHO TaKXKe IEperTH K popme
flon 4.1)
P S A =B, +Ci,: 4, =arctg(C,,, /B,,).
iy O\o)t/ Koaddummentsr psga Dypbe Oosnblieit
V > 4acTH TEPUOIUYECKUX (PYHKIUN BCTpeyaro-
6) WIMXCsS B TEXHUKE NPUBOAATCS B CHIPABOYHBIX
Ao naHHbiX. [lone3Ho, ogHAKO, 3alOMHUTH Pl
MPU3HAKOB, IO KOTOPHIM MOKHO Cpa3y Ompe-
JICIATH COCTaB Psja.
Oynkuuu Buaa f(wt)=-f(ot+m) Ha-
0 ®f 3bIBAIOTCS CHMMETPHUYHBIMH OTHOCHUTEIIHLHO
-t | Of g) ocu aocmuce (puc. 4.1, a). B atom ciaydae psin
Puc. 4.1 HE COJIEP>KUT ITOCTOSTHHOM COCTABJISAIOLICH M
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YETHBIX TAPMOHUK:
f(wt)=)" 4, sin[(2k +Dor + ¢, ].
k=0
Ecnu nns pyHkimu BeinosiHsieTcst yenoBue f(ot) =—f(—wt) (puc. 4.1, 6), To

Takasi PyHKIIMS HA3bIBACTCS CUMMETPUYHON OTHOCUTEIIBHO OCH OpJMHAT U €€ Pl
HE COJICP>KUT MOCTOSTHHOM COCTaBIISIONIEH U YETHBIX (DYHKIMM (KOCUHYCOB):

f(ot)= ZAkm sin kot .
k=1

BeimpsiMiieHne curxana, mpeacTaBIeHHOTO QyHKIMeH Buna puc. 4.1, 6, npu-
BeAér k ¢GyHkuumu Buga puc. 4.1, 6, I KOTOPOH CHpaBEIMBO YCIOBHE
f(ot)= f(—wt). Pag 3Toi GyHKIIMHN HE COAEPIKUT HEUETHBIX (PYHKIUN (CUHYCOB):

f(ot)=A4,+ ZAkm coskot .
k=1

Takum o0pa3zoM, B 001IEM ciydae nepuogudeckue Hecunycounganbasie J/C,
TOKH M HaIlPsHDKEHUS MOXKHO TIPECTaBUTh TPUTOHOMETPUUECKUMHU PSIaMH BHJA:

e=E,+ ZEkm sin(kowt + 9, );
k=1

w
u=Uy+ Y U, sin(kot + ;. ); (4.3)
k=1
w
i=1,+ Z[km sin(kot + ¢, ).
k=1
Bonpocwi ons camonposepku
1. OTuero B 3MEKTPUYECKHUX ILIEMAX BO3HUKAIOT NMEPUOAUUYECKHUE HECUHY-
couJanbHbBIE TOKH?
2. Jaite onpeneneHue MOCTOSHHOW COCTAaBIISIIOLIECH, OCHOBHOW W BBIC-
[IMM FapMOHHUKAaM.
3. Kakue rapMoHUKH MPUCYTCTBYIOT B CHEKTPe QYHKITUNA CUMMETPHYHBIX

OTHOCHTENIFHO ocH abcuwucc (opauHar)?

4.2. OcHnosenble xapakmepucmuku nepuooudeckux HeCUHyCcouoaibHbIX 6e-
JAUYUH

OnHOM U3 OCHOBHBIX XapaKTEPUCTUK MEPUOAUYECKUX BEIUYMUH SIBISETCA UX
neiicTBytomee uia 3¢ deKTUBHOE 3HAUCHHE. DTa BEJIMYMHA OIMpeesieTcs Mo Tem-
JIOBOMY 3KBHUBAJICHTY C MTOCTOSIHHBIM TOKOM M PACCUUTHIBAETCS KaK CpeIHEKBaApa-
TUYHOE 3Ha4eHue. [[ns meproaudyeckoil HECMHYCOUJATbHOW BENMYUHBI f(®f),
peACTaBICHHON pasiioxkeHueMm B psan Dypwe (4.1), nelicTByroniee 3HaUEHUE PaB-
HO:
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A= lj A (ot)dt = lji[Akmsin(mH<1>k)]2dt= iA,f. (4.4)
Ty T k=0

0 k=0
Takum 00pa3om, IEHUCTBYIOIIEE 3HAUEHHE HECUHYCOUJATbHOW BEIMYMHBI 3a-
BUCHUT TOJBKO OT JEHCTBYIOIIMX 3HAYCHUM rapMOHUK A, = \/EAkm Y HE 3aBUCHUT OT
WX HaYaJIbHBIX (a3.

[Toacrasinsis B (4.4) COOTBETCTBYIOIIME BEIMYUHBI, IOTYYUM BBIPAKEHUS IS
OJ1C, HanpsKEHNU U TOKOB:

E=\EX+E}+E}+..; U=\JUZ+UR 4 U2 4. I=\B++1+...

4.5)

JleiicTByroniee 3HAYEHHE HECUHYCOMJAIbHOW BEIMYHMHBI MOYKHO H3MEPHUTH
npudopamMu IEKTPOMATHUTHOM, AIEKTPOIUHAMUYECKOM, TETUIOBOM U JIP. CUCTEM.

Kpome nelicTByrOlIero 3Ha4eHUs I XapaKTEPUCTUKU HECHHYCOMIAIBHBIX
BEJINYMH WCIIOJB3YIOT CPENHEE, CPEIHEE 3a MOJOBHUHY IIEpUOAa U CpeIHEe 110 MO-
IYJIXO WU CPEJTHEE BBITPSIMIIEHHOE 3HAUYECHHS.

Cpennee 3HaYEHHUE ONPEAEISAETCS KaK

A, = % ! f(ot)dt

Y SIBIIIETCS TIOCTOSTHHOM COCTABIIAIONIEH HECUHYCOUTATBHOW BEJIMYUHBI.

Cpennee 1o MOAYJIIO 3HAYEHHUE HA3BIBAETCS TAKXKE CPEIHUM BBIIPSMICHHBIM
3HAYCHUEM, T.K. MaTeMaTHYeCKas Oreparus OnpeaeiacHUus MOyl PyHKIHH TeX-
HUYECKU PEATM3yeTCs yCTPONUCTBOM, Ha3bIBAEMBIM BBITIpsIMUTEIEM. J[s pyHKITNN
f(wt) cpenHee Mo MO0 3HAaUCHUE PABHO:

1T
A =— .
0= {\f(mr)\dt

Ecnu HecuHycoupanpHas BEIWYMHA CHMMETPUYHA OTHOCHTENIBHO OCH a0dc-
LIICC ¥ HE MEHSET 3HaKa B TEYCHHE MOIYNEPUOJa, TO €€ CpelHEE 3HAUEHUE 3a I10-
JIOBUHY II€PUO/Ia PABHO CPEIHEMY BBIIPSIMIEHHOMY 3HAYEHUIO.

Cpennee 3HaueHHE BEJIMYMH M3MEPSIOT MPUOOpPAaMU MArHUTORJIEKTPUYECKOU
CUCTEMBI, a CpeAHee M0 MOIYJII0 — MPUOOpPAMU MarHUTOSJIEKTPUUECKON CUCTEMBI C
BBIIIPSIMUTEIIEM.

KpuBble HECMHYCOUIAIBHBIX MEPUOJIMUYCCKUX BEIUYHMH OTINYAIOTCS OCCKO-
HEYHBIM pa3zHooOpasueM. [Ipu 3TOM "acTo TpedyeTcs MPOU3BECTH OLICHKY UX Tap-
MOHHYECKOTO cocTaBa U popMbl, HE TIprbderas K TOYHBIM pacdyéram. J[Jis 3Toro mc-
MOJIB3YIOT KO3 (UIIMESHTHI ()OPMBI, aMIUTUTY/IbI K HCKAKCHHH.

Koaddumment dhopmbl onpenestoT Kak OTHOIICHHE JICHCTBYIOIIETO 3Haye-
HUS K CPEAHEMY TI0 MOJIYJIIO 3HAUCHUIO:

ky=Al4,.
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JJ1st CHHYCOUBI 3TO 3HAYCHHE PAaBHO ky =T/ (2\/5 ) ~1,11.

KoadumumenT amMmmutyasl onpenensoT Kak OTHOIICHHE MaKCHUMaJIbHOTO
a_.. K JIEUCTBYIOIIEMY 3HAUYCHHUIO MEPUOANYECKON PYHKIUU:

max

k,=a,.,/A4.

Jl1st CUHyCOUABI 3TO 3HaY€HUE PAaBHO k, = V2~ 1,41.

KoadpunmeHT nckaxkenuit onpenesstor Kak OTHOLIEHHE IEUCTBYIONIETO 3Ha-
YeHHUsS] OCHOBHOW TApPMOHUKH K JICUCTBYIOIIEMY 3HAUCHUIO BCel (DYHKIINH:

k,=A/A.

Jlnst cuHycouAbl 3TO 3HaYeHue paBHo k, =1,0.

Bonpocwi 0ns camonposepku

l.

2.

W

Kak omnpenensitorcst ASUCTBYIONINE 3HAUYCHUS MEPUOIUIECCKUX HECUHY-
COMJIAJTbHBIX BEITUNINH?

Kakumu mpubopamMu MOKHO M3MEPHUTh ACHCTBYIOIINE 3HAYCHUS HECH-
HYCOUJIATHbHBIX BETUYHNH?

UYrto Takoe cpeHee 3HAYCHHE HECUHYCOUAAIBHON BETUYNHBI?

[Touemy cpeaHee Mo MOMAYNIO 3HAYCHHE HA3BIBACTCSA TAKXKE CPEIHUM
BBITIPSIMJICHHBIM 3HAYCHHUEM?

B kakom ciyuae cpeHee 3HaU€HHE BETUYMHBI PaBHO €€ CPEIHEMY BbI-
NPSIMJIICHHOMY 3HAYEHUIO?

Kakumu npubopamMu U3MEpSAIOT CpelHEe U CpeAHee BBIMPSIMICHHOE
3Ha4YeHUs?

Haiite onpenenenust kodpduimentaM GopMbl, aMIUTUTY/IBI U UCKaXKe-
HUM.

Uemy paBHBI 3HaueHUsA KOAGOUIIMEHTOB (HOPMBI, aMIUIUTYABl U HCKa-
KEHUH JJI1 CHHYCOUTAbHON (QyHKIIMH?

4.3. Mowinocmo uenu HecUHyYCOUOAbLHO20 MOKA

AxmugHas MowHOCMb TIEN HECUHYCOUIAIBHOTO TOKAa ONPENEIIseTCs TaK JXKe,
KaK JUIA [eH CHHYCOUJAIBHOTO TOKa, T.€. KaK CpeIHee 3HAYCHHE MTHOBEHHOM
MOIITHOCTH 32 TIEPHO/I;

1k 1k
P=—\|pdt=—\uidt 4.6
Tgp T{ (4.6)

[Toxcrasisist B (4.6) BeIpaKeHUS JJI HANPSDKEHUS U TOKa U3 (4.3), momydnMm:

T © )
P:%I U0+2Ukmsin(koot+¢uk) X ]0+Zlkmsin(kcot+(|)uk—(pk) dt =
0 k=1

k=1

=U,l,+ ZUka CosQ, = ZPk
k=1 k=0
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Takum 00pa3oMm, akTHBHAs MOIIHOCTh MPH HECHHYCOUJATHLHOM TOKE paBHa
CyMM€ aKTHUBHBIX MOIIIHOCTEH OTHAEJbHBIX TapMOHMK, BKJIIOYas MOCTOSHHYIO CO-
CTaBJIAIOIYI0, KAK TADMOHUKY C HYJIEBOM 4acTOTOM (0, =0; ¢, =0).

[To ananoruu ¢ CMHYCOUJIaJbHBIM TOKOM MOKHO BBECTH IOHSTHE peakmus-
HOU MOWHOCMU, KaK CYMMbl PEAKTHUBHBIX MOIIHOCTEH TapMOHUYECKUX COCTaB-
JSIOLIUX, T.€.

Q= ZUka sinQ, = ZQk .
k=1 k=1

Take Mo aHaJIOrMU BBOJUTCS NOHSATUE NOJIHOU UNU KAACYUEUCS MOUWHOCIU,

KAK ITPOU3BEACHUE NEHCTBYIOIINX 3HAYCHUI HANIPSDKEHUS U TOKA
S=UI.

AKTHBHAasi MOIIIHOCTH JIIOOOW 3JIEKTPUYECKON IeTH MEHbBIIE MOJHOM, 3a HC-
KIIFOUEHUEM LIENN, COCTOAIIEH M3 WICAIBHBIX PE3UCTUBHBIX JJIEMEHTOB, JUISl KOTO-
poit P=S. OTHOlIEHHE aKTUBHOM MOIIHOCTU K IOJIHOM Ha3biBaeTcs Kod(hduim-
€HTOM MOIIIHOCTH U €I0 MOXXHO IIPUPABHATH KOCUHYCY HEKOTOPOIO yria @, T.€.

P/S=coso.

Takoe e COOTHOIICHHE MEXAY AaKTUBHOM M MOJHOW MOIIHOCTBIO OyaeT y
JBYXIIOJIFOCHHKA B IIENM CHHYCOHWJAJIBHOIO TOKA, €CIW JCHCTBYIOLIME 3HAYECHUS
HaIpsDKEHUs. M TOKa Ha €ro BXoJie OyyT paBHbI JE€HCTBYIOIIMM 3HAYEHUSM HECHU-
HYCOUJIAJIbHOTO HAIPSKEHUSI U TOKA, a CABUT (Pa3bl CUHYCOMJIbI TOKA OTHOCUTEINb-
HO HaIpspKeHus OyJeT paBeH ¢. Takue CHHyCOUJalIbHbIE BEIMYMHBI Ha3bIBAIOTCS
9KBUBANEHMHBIMU CUHYCOUOAMU Y UCTIONIBb3YIOTCS Ui OLIEHOYHBIX PAcy€TOB B Iie-
IIIX HECHHYCOUIAJIBHOIO TOKA.

Bonpocwi 0ns camonposepku

1. Uemy paBHa akTHBHas (PEaKTHUBHAsI) MOIIHOCTb NMPU HECHHYCOUJAIb-
HOM TOKE W/WJIH HANPSDKEHUH B TIeTH?

2. Kak onpenensercss k03hOUIIMEHT MOIIHOCTH MPU HECUHYCOUAATHHOM
TOKE /WU HAMPSKEHUU B 1enn?

3. Urto Takoe ’KBHUBajeHTHasI(ble) cuHycouaa(bl)?

4.4. Pacuém yenu HeCUHyCOUOAIbHO20 MOKA

Pacyér nenum HECMHYCOMIAIBHOTO TOKA BBIMOJIHSAETCS METOIAOM HAIOKECHUS
st kaxaon rapmonnku J/C nerictByromieit B nenu. [Ipu pacyére MOXKHO MOJb-
30BaThCsl KOMIUJIEKCHBIM METOJIOM, YUUTBIBAs, YTO MHIYKTUBHOE COMPOTHUBIICHHUE
ans k- rapmoHuku  paBHO X, =o,L=ko, L, a ¢EMKOCTHOE «—
Xie =1/ ((okC ) =1/ (koalC ) Pacuér menu i MOCTOSHHOW COCTaBJIAIOIIEN COOT-

BETCTBYET PACUETy HA IIOCTOSHHOM TOKE, HO €r0 MOXXHO BECTH TAKXKE KaK Ha Iie-
PEMEHHOM TOKE, ToJiarasi sl PeakTUBHBIX conpoTtusieHuil k =0. Torna X, =0,

a X,c =o0. CienoBaTenbHO, HHAYKTUBHBINA 3J1EMEHT OyAeT SKBUBAJCHTEH 3aMbl-
KaHHI0, a EMKOCTHBIN — Pa3pbIBY LEMH MEXKAY TOUYKAMH BKIOUYEHHS.
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BeimmoiauM B kadecTBe

ﬂ I [il> X, IpUMepa pacy€r BXOAHOIO TO-
VN a — o a Ka, HaNpsOKeHUS Ha aKTUBHOM
COMPOTUBJICHUU U MOITHOCTH

u(t)¢ C J— R Ul v J— R JUISl CXEMBI 3aMELIEHUS Ha PUC.
T J kC-I- 4.2, a ipu IBYX 3HAYEHUSX WH-

o b a) © b6) TYKTUBHOCTH. AKTHUBHOE CO-
MPOTUBJICHUE B JAHHOM CIIy4ae

Puc. 4.2 ABIISIETCA HATPY3KOM IIEMH, CO-
CTOSIIEN U3 MHIYKTUBHOIO M €MKOCTHOTO 3J€MEHTOB. IIycTh BXOJHOE Hampske-

Hue paBHo u(?)=10,0+28,2sin(1000¢f —w/6)+7,07sin(3000¢ + t/4) B. Ilapa-

MeTpbl 371eMeHTOB 1enu: R=20 Om; C= 125 Mx®; L,=2 mI'H u L,=20 mI'H.

CrnekTp BXOJHOTO HAMNPSIKEHHUS COAEPKHUT IOCTOSIHHYIO COCTaBJISIOIIYIO,
MEPBYIO M TPETHIO TapMOHUKHU. [IpeicTaBUM OTJeNbHBIE TAPMOHUKHA BXOJIHOTO Ha-
NPsKEHUS B KOMIUIEKCHOM hopme:

U,=10B; U,=20e/"° U, =5¢"*
PeaktusHbIe COIIPOTHUBJICHUS LCTIH OJIsA k-1 rapMOHHKH MOKHO IIPEACTABUTH B
BUJIC:

1 X
Xy =ko L=kX,;; Xyc= o C :_]ic )
|

rie X;, =0l u X, =1/ (0)1C ) — HHIYKTUBHOE M EMKOCTHOE CONPOTHUBIICHHUS Ha

4acToTe OCHOBHOM rapmonuku. Torna X, =L, =2 Om, X}, =L, =20 Omu
Xic= 1/((01C) =8 Owm.
KowMmrnekcHoe conpoTuBieHue ydactka ab puc. 4.2, 6 Ha 4yacTtoTe k-i rapmo-

HUKU PaBHO:

CR-X,olk

R- X
Ziap==J = <

R— Xk Tk R- X
a 06H_I€€ KOMIIJIICKCHOC COIIPOTHUBIICHUC L CIIN:
Zy=JkX\ +Zs - (4.8)

KomrutekcHbIe 3HaYCHHsI TApMOHUK TOKOB M HAIIPSDKCHUS HA aKTHBHOM CO-
IPOTHUBJICHUH OTIPEICIIUM 110 3aKoHy OMma:
L,=U,/Z;; Ur=Usr =Z; s (4.9)

IMoacrasnss B (4.7)-(4.9) k=0, 1, 3 npu nByx 3HaueHHAX X, , OJy4YUM HC-

(4.7)

KOMBIC BCIIMYHMHBI M PACCUYUTACM I[GI?ICTB}GOH.[HG 3HA4YCHUA HAIIPSIKCHUA W TOKA H
AKTHUBHYIO MOIIIHOCTb!:

U:\/Ug+U12+U32 =22,9 B; ]:\/m;. (4.10)

P=U,l,+U I cos@, +U;Il,coso,
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Taomuna 4.1
Pe3ynemamul pacuéma snexmpuueckoti yenu
L|k|Zwlowl | zlOM | LIAl | UwlB] | UBl | I1A] | o
0 20 20 0,5 10,0 10,0
Li| 1] 7467 | 56679 | 356°% | 264677 | 2007 | 73 | 712
313,9¢77 10,78 | 63 | 25,07 | 5,0dP”
0 20 20 0,5 10,0 10,0
Ly | 1] 74¢7% | 13,4 | 1577 | 11,177%7 | 2007 | 16 | 112
33,97 | 3625 | 0,147 | 0,547 | 50.P7

N3 pacu€THBIX 3HAYEHUN BUJIHO, UTO HA YACTOTE TPETHEU TAPMOHUKHU [PU WH-
JTYKTUBHOCTH 2 MIH BO3HUKAaeT PEXKUM OJIM3KUNA K PE30HAHCY HANpPSHKEHUN
(@; =11,3°) u HanpsKeHNE Ha aKTUBHOM COIIPOTHUBIIEHUH B IIATh Pa3 MPEBOCXOAUT

BXOJHOE€ HaIpsKEHHUE Ha 3ToM yactote. [Ipu 3TOM MOAyb BXOJIHOIO CONPOTHBIIE-
HUA COCTaBJseT ToJbKO 0,78 oMa, MO3TOMY JECHCTBYIOIIEE 3HAUEHUE TOKA TPEThEU
FapMOHUKH JOCTUTAET BEJIMUMHBI B 6,3 amriepa U ABJISIETCS OCHOBHOM COCTABIISIO-
e IeWCTBYIOMIEro 3HaUeHUsl BXoHoro Toka (/=7,3 A). Ha yactoTe mepBoii rap-
MOHHKH HAIPSDKEHUE HA aKTUBHOM COIPOTHUBIICHUM IPU 3TUX HapaMeTpax TAKKe
MPEBOCXOJUT BXOJIHOE B 1,3 pa3za.

VYBenuuenre UHAYKTUBHOCTU A0 20 MI'H NpUBOAUT K TOMY, YTO HANPSHKEHUE
TIEPBOM TAPMOHUKU HAa aKTUBHOM COTPOTHBJICHUH OCIA0ISICTCS] TIPUOTU3UTEITHLHO B
1,8 paza, a Tpetbeit — nmoutu B 10 pa3. U3 Beipaxkenus (4.7) cneayert, 4To ¢ yBeIu-
YEeHHEM k MOJyJIb COMPOTHUBIECHUS Z, , YMEHBbUIAETCS U B MpEJee CTPEMUTCS K

HYJII0. DTO 3HAYUT, YTO [IPU OTCYTCTBUU PE3OHAHCA BBHICIINE TAPMOHUKH B CIIEKTPE
HANpPsOKEHUS Ha AKTUBHOM COTIPOTHUBIICHUHU OYAYT MOJABISATHCS.

B nannpix tabmuuet 4.1 cienyer oOpaTUTh BHUMAaHKUE Ha TO, YTO JUIS MOCTO-
SHHOM COCTAaBJIAIOIIEN BCE BEIMYMHBI BEIIECTBEHHBIE U HE 3aBUCAT OT ITApaMETPOB
PEaKTUBHBIX 3JIEMEHTOB, B YACTHOCTH, OT UHAYKTUBHOCTHU. Ecnu B cxeme puc. 4.2,
0 peaKTUBHBIE 3JIEMEHTHI 3AMEHUTh MX COMPOTHUBIICHUSAMH NPHU HYJEBOH 4acToTe,
TO OHa OyJIeT COCTOATh U3 aKTUBHOT'O CONPOTHUBIICHHMS, MOJKIIOUYEHHOTO K UCTOY-
HUKY ¢ HanpsbkeHuem 10 B.

Takum o00pa3oMm, 3aBUCUMOCTH OT YacTOThl PEAKTUBHBIX COMPOTUBICHUMN
AIEKTPUUECKON IIEMU MO3BOJISIET MPHU ONPEACIIEHHOM MOCTPOCHUU CXEMbI U BBIOO-
pe mapameTpoB (HOpPMHUPOBATH B HEW PEKUMBI, IPU KOTOPHIX OYAYT YCHUIMBATHCA
WM OCHa0NAThCS TOKM WM HAMpPsHDKEHUS 3aJJaHHOM YacTOThI WM JHMarna3oHa dac-
TOT. YCHUJICHUE WJIA OCJIa0JIeHUE TOKOB WUJIM HANPSDKEHUM ONpenenéHHON 4acTOThI
HA3BIBACTCS d/IeKmpuieckol ¢uibmpayueii, a yCTPONUCTBA, PEATH3YIOIIHE 3Ty
(OYHKUHIO — 971eKmpuyeckumuy puibmpamu.

Bonpocul 0na camonposepku
I. KakoB anroputm pacyé€ra nenu npu IeUCTBUU HAa HEE HECUHYCOUAAIb-
Hoit D1C?
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2. Uro Takoe snexTpuueckas (UIbTpALMs U JIEKTpUUECKHE (PUIBTPHI?
JInst yero oHu UCHOJIB3YIOTCA?

5. Ilepexoanbie Mpouecchl B 3JIeKTPUUYECKUX HENsX

IlepexooHvle npoyeccovl B YIEKTPUYECKOH IIETIH, STO IJIEKTPOMAarHUTHBIE MPO-
IIECCHI, TPOUCXOAIINE MPU U3MEHEHUH €€ COCTOSTHUS B TEUCHHE HEKOTOPOTO MPO-
MEXXYTKa BPEMECHH.

[Ipu4nHON TOTO, YTO COCTOSIHHE IIEMTU HE MOXKET U3MEHUTHCS MTHOBEHHO, SIB-
JISIETCSl HATMYME YHEPTUU B DJICKTPUUYECKUX U MATHUTHBIX TOJISX, 3a1Mac KOTOPOil B
NIEPEXOAHOM TMPOIECCE JOKEH MEPEepacrpepeIUTbC MEXKIAY MOJSIMU WIH OBITh
peo0pa30BaHHBIM B HEIJICKTPUYECKUE BUIBI dHEPTruu. HEeBO3MOKHOCTH CKAadKO-
00pa3HOr0 M3MEHEHHUsI COCTOSIHUS MOJIEH CleayeT W3 HEOOXOAMMOCTH HCIIONb30-
BaHUS JIJISl PEIICHHS 3TOW 3a/1a4yd MCTOYHHMKA DJICKTPUUECKOW SHEPTHH OCCKOHEU-
HOU MOIITHOCTH, T.K. B 9TOM ciiy4ae p =dw/dt =

B ornuume oT yCTaHOBUBIIMXCS PEKUMOB, B KOTOPBIX COCTOSIHME LIENU OIIpe-
JIeJIsIeTCsl TOCTOSIHHBIMU nlapaMmerpaMu BennuuH D/[C, HanpsokeHus U Toka, B Iie-
PEXOIHBIX MPOLECCaX ATH MapaMeTpbl U3MEHSIOTCS BO BpeMeHH. [loaromy mepe-
XOJHBIE TPOIECCHl OMUCHIBaIOTCS U depeHIHanbHBIMU ypaBHeHUsAMU. OnHO-
POIHBIMH, €CIM B LENU OTCYTCTBYIOT MCTOYHUKH 3JIEKTPUUYECKON IHEPTUU, WIH
HEOJTHOPOJHBIMH, €CJIM TAKHE HCTOYHUKHU €CTh.

B nanpHeiimem Mbl OyZieM paccMaTpuBaTh MEPEXOAHbBIE MPOLIECCHI, TPOUCXO-
JSIIMEe B JMHEHHBIX 3JEKTPUYECKUX IENSAX C COCPEAOTOYEHHBIMH MapaMeTpaMu
npu ObICTPOM (CKaYKOOOpa3HOM) UBMEHEHUH CXEMbI COEIMHEHU.

5.1. Kommymauyusn. 3axonvt kommymayuu. Hauanonwie ycioeus
MrHoBeHHOE€ HM3MEHEHUE CXEMbl COCJUHEHHS WU IMapaMeTpOB JJIEMEHTOB
ANEKTPUYECKOM 1IENU HA3bIBACTCS Kommymayued. JJig onucanus KOMMYTally HC-
MOJIB3YIOT MOHATHE UACATBHOIO KIII0Ya WK MPOCTO Kitoua. Moeanbhsiii Koy 3TO
AJIEMEHT DJIEKTPUUYECKOMU 1IeTH, KOTOPBIM MOKET HaXOJUTHCS B JIBYX COCTOSHUSIX —
HYJIEBOTO U OECKOHEYHO OOJIBIIIOTO aKTHBHOTO CO-

S | S . S MPOTHBIICHHUS, U MTHOBEHHO MEHSTH CBOE COCTOSIHUEC
— —t _TE B 3aJaHHBI MOMEHT BpeMeHH. CONpOTHBIICHUE pe-
a) 6) B)  QIBHOrO TEXHHYECKOTO yCTPOHCTBA HE MOXET W3-

MEHUTHCS MTHOBEHHO, HO €CJIK BPEMsI €ro M3MEHe-
HUS CYIIECTBEHHO MEHbBINE JJIUTEILHOCTH IOCIe-
IYIOUIETO IMPOoIECca, TO MOKHO CUMTAaTh KOMMYTAlMIO MITHOBEHHOM. Ha cxemax
3aMEIICHUS KITI0Y M300pakaroT B BUAC MEXaHHYECKOTO 3aMBIKAIOIIETO, Pa3MbI-
KAIOIIEro WM MepeKiroyaronero kKonrakra (puc. 5.1, a, 6, ). UHoraa crpenkoi
MOKa3bIBAIOT HAIIPABJICHUE €T0 ABMIKCHUS IPU KOMMYTAIIUH.

[Ipu aHanmu3e MepexoHBIX MPOIECCOB OTCYET BPEMEHM IMPOU3BOASAT OT MO-
MeHTa KoMMyTaluu ¢ =0 ¥ BBOJST MOHATHS MOMEHTA BPEMEHH, HEITOCPEACTBEHHO

Puc. 5.1
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MpeAIeCTBYIOMEro KoMmMyTauuu ¢ =0_, 1 MOMEHTa BPEMEHH, HEMOCPEIACTBEHHO
CJIEYIOLIETO 3a KoMMyTauuen ¢ =0, .

N3 BbIPAXXCHUA I MOIIHOCTHU HHAYKTUBHOI'O QJICMCHTA 11(78041

: di, .
p; =u,i, =L—Li, cnmemyer, 4ro mIA CKauKOOOPa3HOrO W3MEHEHHMs TOKa
L= ULl i )

di, /dt =0 = p, =0 Tpebyercss OECKOHEYHO 0OJIbIlasi MOIIHOCTb, I03TOMY TOK

B BETBU C UHYKTHBHBIM JJIEMEHTOM HE MOKET M3MEHHUThCSA CKaYKOOOPa3HO U IO-
ClIe KOMMYTalUM COXpaHsAeT 3Ha4eHUE, KOTOPOe ObLIO 10 KOMMYTalMU. DTOT BbI-
BOJI HAa3bIBAETCS NepEbiM 3aKOHOM KOMMYmMAayuy 1 MAaTEMaTUYECKU 3aIIMChIBACTCA
B BUJIE:
i,(0.)=7,(0,) (5.1)
AHaJIOTUYHO MOYKHO 3aKJIIOUUTh, YTO HAMPSIKEHHE HA EMKOCTHOM JJIEMEHTE
HE MOKET M3MEHHUTHCS CKauKOOOpa3HO, T.K. B 3TOM CIy4ae MOLUIHOCTb EMKOCTHOTO
. du
DIIEMEHTA P =Uply = U C—=
dt
KOW LIeNHM HEe MOKET OBITh oOecredyeH OalaHC MOIIHOCTEH. DTOT BBIBOJ, HAa3bIBACT-
Csl 6MOPbIM 3KOHOM KOMMYMAyuy A MAaTEMaTHYECKHU 3alIMCBIBAETCA B BUJIE!

uc(0-)=uc(0,) (5.2)

3Ha4yeHUs1 TOKOB B MHAYKTUBHBIX 21eMeHTax uenu i, (0_) u HanpsbkeHui Ha

=00

dug./ di= Oyner OECKOHEUHO OOJIBIIIOW U B Ta-

€¢MKOCTHBIX 27eMeHTaX u.-(0_) HEmOCpeACTBEHHO Iepell KOMMYyTalMel Ha3bIBa-

OTCA HaA4albHbIMU yCao6UAMU TICPEXOAHOTO IMPOUICCCa. Ecau >Tu 3HaueHus PaBHBL
HYJII0, TO TAKHUC YCJIOBUA HA3bIBANOTCA HYJIe6bIMU HAUATIbHbIMU Y CIIOBUAMU. B Ipo-
TUBHOM CJIy4ac Ha4YaJIbHBIC YCIIOBUA HeHYJjiesble.

Bonpocwi 0ns camonposepku

1. [Touemy cocTOsSIHUE AIEKTPUUYECKON IEMU HE MOXKET U3MEHUTHCSI MTHO-
BEHHO?

2. Uto Takoe KoMMyTaIus?

3. YT0 Takoe uaeanbHBIN KITH0Y?

4, IToueMy TOK B UHAYKTUBHOM DJIEMEHTE HE MOXXET U3MEHUTHCS CKAYKO-
00pa3Ho?

5. [Touemy HamnpspkeHHE HA EMKOCTHOM 13JIEMEHTE HE MOXKET U3MEHUTHCS
CKauKo0Opa3HO?

6. Yro Takoe HaYaJIbHbIE YCIOBUA?

5.2. Knaccuueckuit memoo pacuéma nepexooHbix nPoyeccoe

IlepexomHble mpoueccsl B JJIEKTPUUECKUX LEIMSAX OIUCBIBAIOTCA CUCTEMOM
mugdepeHInanbHbIX YpaBHEHUM, COCTaBICHHBIX Ha OCHOBE 3akoHOB Oma, Kupx-
roa, 3JeKTPOMarHUTHON MHAYKIUHU U Ap. Uil COCTOSTHUS LEMHU MOCJIe KOMMYTa-
uuu. [l mpocThIX LEeneu 3Ty CUCTEMY YPaBHEHUN MOYKHO HCKIIIOYEHUEM Iepe-
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MEHHBIX CBECTH K OJJHOMY B OOIIEM clydyae HEOJAHOPOAHOMY nuddepeHnnaibHO-
MY YPaBHEHHUIO OTHOCUTEIIBHO KaKON-TNOO BEIIMYNHBI:
n n-1

df+Bldn_?+...+Bn_1@+Bna:C (5.3)
dt dt dt
B kxayecTBe MCKOMOM BENMYMHBI BHIOMPAIOT JUOO TOK B MHAYKTHUBHOM JJIEMEHTE,
1160 HampspkeHne Ha EMKocTHOM. [lopsiok ypaBHEHHUS n HE MPEBBINMIACT YHCIIA
HAKOMUTEJEeH SHEPTUH B 1IeNU (MHAYKTUBHBIX U EMKOCTHBIX AJIEMEHTOB).

Jlanee perieHue ypaBHEHUS UITYT B BUJIE CYMMbI YaCTHOTO PEIICHUS HEOTHO-
POTHOTO YypaBHEHHUS M OOMIETO pEIIeHUS OAHOPOIHOTO Au(PEepeHInaTIHLHOTO
ypaBHEHUS

B,

R

B kayecTBe 4acTHOro peuieHusi BHIOMPAIOT pelIeHHE AJI YCTaHOBHUBIIETOCS
pekuMa 1ocjie KOMMYTalH, KOTOPOe MOYKHO HAalTH OObIYHBIMU METOJaMU pacué-
Ta LIeTlel B YyCTAHOBUBILIEMCS PEXKHIME.

OO11ee perieHre OJHOPOAHOIO YPaBHEHUS

n n—l1
df+Bld—rj+...+Bn_1@+Bna=O (5.4)
dt dt dt
a., Ha3bIBAETCSI C60O0OHOU cocmagnsowel, Tak Kak 3T0 PELIEHUE COOTBETCTBYET

B,

npoueccaM B LENU IPU OTCYTCTBUM BO3ACHCTBUS HA HEE UCTOYHUKOB JJIEKTpUYE-
CKOl »Hepruu. Ecimum cBOOOJHYIO COCTaBISIOIYIO IPEICTAaBUTh SKCIIOHEHTOU

a,, = Ae”" u noncraButh B ypasHenue (5.4), TO moxyunm:
(Bop” +Bp" " +...+B, p +Bn)Aep’ =0
U (5.5)

n n—1
Byp"+Bp +..+B,_p+B, =0
[locnennee BblpaxkeHue (5.5) HA3bBIBACTCH XAPAKMEPUCMUYECKUM YPABHEHUEM.
Omo momy4aercst GOpMaIbHOI 3aMeHOl mpon3BoaHbIX B (5.4) Ha p*, rae k — mo-

PAIOK COOTBETCTBYIOIIEH MPOU3BOAHOM.
CB0o0OOIHAs COCTABISIOIAs PELICHUs IPEICTaBIAET COO0M CyMMY 7 JINHEWHO

HE3aBUCUMBIX CJIaraéMbIX BUAA a; = Akep Wt

a, = ZAkepkt . (56)
k=1

rae p, — KOpeHb XapaKTepUCTUYECKOTO ypaBHeHus (5.5).

Ecnau B pemienun ypaBHeHus (5.5) ecTb KOPHU KPATHOCTH M, TO COOTBETCT-
BYIOIIIME ciiaraemsie B (5.6) UMEIOT BUJT

— pit. — ot _ ¢m-1 it
a=Ae"s a, =4 ,es L, =0 A, e
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[Ipu nonyyeHnu B perieHu ypaBHEHHS (5.5) KOMIUIEKCHO CONPSKEHHBIX Hap
KOPHEH, KaXJIoi nape KopHed p, .., =—9, % jo, B (5.6) Oyler coOTBETCTBOBATH

claraeMoe Buja
S, .
— q
a,+a, =A4e " sin(o,+vy,).
Ha nocnennem stare peiieHus: U3 Ha4aJlbHbIX YCIOBUM HAXOMST MOCTOSHHBIE
MHTEerpupoBanust A, vy, . s sroro ompexpemnsior 3HaueHue a,(0,) u n-1 e€
IPOM3BOJHBIX B HadaJIbHBIAH MoMeHT Bpemenu a..(0,), a. (0,),.. (” 1)(0 ). dud-

dbepenmupys n-1 pa3 (5.6) U npupaBHUBAs MOJYUYCHHbIC BBIPAXKEHUS HAYaJIbHBIM
3HAUYCHUSIM, MTOJTYYUM CUCTEMY JIMHEHWHBIX aareOpanvyecKkux ypaBHEHUU IS OIpe-
JIEJIECHUS MOCTOSHHBIX UHTETPUPOBAHUS

a.,0,)=4+4,+...+ 4,
a5 (0) =4y + pydy +...+ p, A4

n

a0 =p/ A4+ i+ 4+ A,

Bonpocwi 0ns camonposepku

1. B kaxoit ¢popme umyT peuienue nud@epeHuaibHOro ypaBHEHUs, OMH-
CBIBAIOLIET0 MEPEXOAHBIN MPOIIECC B LIETH?

2. UYrto Takoe cBOOOIHASI COCTABJISIONIAS PEIICHUS ?

3. Kak nmony4nth XapakTepUCTUUECKOE YPABHEHHE?

4. Kakoil Bua MMEIOT ciaraembleé CBOOOJHOM COCTABIISIIOIICH peleHus
IIPU Pa3JINYHBIX KOPHAX XapaKTEPUCTUUECKOTO YPABHEHHUSI?

5. Kak onpenenstor noCTOSHHbIE UHTErPUPOBAHUA?

5.3. Ilepexoonvle npoyeccel 6 yenu ¢ UHOYKMUGHBIM U PE3UCHIUGHBIM IJle-
MeHmamu

PaccMoTpuM mepexoHbi€ MPOLECCHl B LENMU C MOCIEA0BATEIbHBIM BKIIOUE-
HUEM HHIYKTUBHOTO M PE3UCTUBHOIO 3JEeMEHTOB (puc. 5.2, a). CocTrosgHue 1enu
MOCJIC 3aMBIKaHUS KJTto4a S onuckiBaeTcs qudGepeHnnanbsHbIM YPaBHECHHEM

di
U, vu,=L—+Ri=e 5.7
phug =L (5.7)
OO1ee perieHre 3TOro ypaBHEHUS ISl TOKA B IETH
[ =l + iy (5.8)
Haiiném oO1ree perieHre 0JHOPOIHOTO YpaBHEHUS
di
L% L Ri =0. (5.9)
dt

JIJIst 5TOTO COCTaBHM XapaKTEPUCTUYECKOE ypaBHEHUE — Lp + R =0 u pemmm
€ro OTHOCUTENBhHO p — p=—R/L. Otctoma cBOOOAHAS COCTaBIAIONIAsI TOKA —

R,

o, =Ade L.
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Up CBoOOmHAsI COCTaBIISAOIIAS TOKA TPE-

S ,:, CTaBJISET COOOW SKCIOHCHIMAIBbHYIO (yHK-

—Z.l> R LU0 BUAA I, =Ae™" *, KOTOpasl U3MEHSIETCS

e <‘> I luL oT 3HaYeHUs A 70 HyJls 3a OECKOHEYHO
OOJBIION TPOMEXKYTOK BpemMeHU. CKOpPOCTh

U3MECHECHUS (DYHKITUU ONPENEIISeTCS BEIHYU-

HOl T=|1/p|=L/R, Ha3pIBaeMOU NOCMOSIH-

T 2) Hotl épemenu. UeM MeHbIIEe T, TeM ObICTpee

EA ___7:-1?__ Uy - DKCIIOHEHTA CTpemMuTcs K Hymo. [locrosn-
jan YT, — HYIO0 BPEMEHH MOKHO OTIPEACIIUTh TaKXKe KaK
— I =1y Tl BpeMsi, B T€UEHUE KOTOPOTO (PyHKIMS U3Me-
k HseTCA B e pa3. Ha rpaduke 310 0Tpe3ok, oT-
e T CEKaeMbIii Ha OCH BpPEMEHHU KacaTelbHOU B

0 /‘1 2 3 4 1 HayaJIbHON TOYKEe KpuBOH (puc. 5.2, 6). Teo-
/ i PETHYECKH KOHEUHOE 3HAUEHUE OKCIOHEHTDI
—1 6) SIBJISIETCS ACUMIITOTOM, TIO3TOMY TT€PEXOHBIN
MIPOIIECC JIOMDKEH MPOAOJDKAThCS OeCKOHEY-

Ez « Y PTPRPL_ _ HO. Ha camom nene depe3 31, 41 u 5t 3Haye-
R /\]6// HUE TOKa OyAeT OTIWYaThCid OT HYJS Ha
7/ IR 5,0%, 2% u 0,67%. B TexHuke NpUHATO CUU-

J/ D TaTh OIUMEILHOCIbIO NEPEXOOH020 Npoyecca
e B) BpeMsl, B TEUCHHE KOTOPOTO IKCIIOHEHIINATb-

0 1 '2 '3 4'1 f/t Has (YHKUMS [JOCTHraeT 3HAYEHHUS, OTJIH-
Puc. 5. YaIOMIeroCsl OT YCTAaHOBHUBIIETOCS 3HAYCHUS

He Oosiee ueMm Ha 5%, T.e. 31. Bcemu cBOMCT-

t

Bamu GyHKuHK e ''* ofnamaer Takxke QyHK-

uus Buga 1— e ", C TOM JIMIIb Pa3sHHUIEH, YTO YCTAHOBUBIIMMCS 3HAYEHHEM ISt
HEE SABJISICTCS €IMHULIA, & HE HYJIb.

y L 2Li* _w,
B paccmarpuBaemon nenu T:E: SR =2—% | T.e. IOCTOSHHAsI BPEMEHU
! P

oTpeeNsieT HEM3MEHHOE COOTHOIIIEHUE MEX]y SHEpPruei B MarHUTHOM IIOJIE Ka-
TYIIKH UHAYKTUBHOCTH M CKOPOCTBIO €€ MmpeoOpa3oBaHusl B aKTUBHOM COIPOTHB-
nenun. Yem Oosnble 3amac sHeprud (L) m yeM MenjieHHee oHa mpeobOpasyercs
(menbLIe R), TEM JJIMTENIbHEE IEPEXOIHBIN MPOIIECC B LICTIH.

YcraHoBHUBIIIEECS 3HAYEHME TOKa inT OIIPCACIACTCA B PEC3YIILTATC pacr{éTa

IIETTH [TOCJIe OKOHYAHUS TIEPEXO0THOTO Mportiecca pu 3ananHoM 3HaueHuu DJIC e.
HckoMbIfi TOK MPOTEKAET B LIETIH C MHAYKTUBHBIM JIEMEHTOM, TIO3TOMY IS
HETO JOJDKECH BBINOJIHATHCA MepBbli 3akoH koMMyTanuu i(0_) =i(0,). Onpenenus

HavasbHOE 3HaueHue Toka i(0_), Mbl MOXEM HAWTH MOCTOSIHHYIO UHTETPUPOBAHUS
A wu3 ypaBHeHus (5.8) 11 MOMEHTa KOMMYTallHH.
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i(0.)=i(0,) =i, (0,) +iy (0,) =iy (0,)+ 4 = A=i(0_)~i,,(0,) (5.10)

yeT

3.3.1. llooknrouenue yenu Kk ucmoynuxy nocmosauuou IJ/[C.
B ycranoBuBHIEMCS pexuMe TOK B Lenu ¢ nocrossHHo DJIC He MmeHsercs,
nostomy di,.. /dt =0 n ypasuenue (5.7) umeer Bux Riy., = E. Orcrona iy, = E/R

1 o0I1ee peeHue Ijis ToKa

R
——t

i:iy0T+iCB:%+AeL : (5.11)

B Beipaxkenun (5.11) equHCTBEHHON HEM3BECTHOW BEIIMUMHOU SIBIAETCS A.
Jns e€ onpeneneHus HY>KHO 3HaTh HadanbHOe 3HaueHue Toka i(0_). o kommyTa-

1M Lienb Obu1a pazoMkHyTa, nodtomy i(0_) =i(0,)=0. IlogcraBmuss 310 3HaUCHNE

B (5.10), moiy4rM TMOCTOSIHHYIO MHTerpupoBaHusi A=—-FE/R W OKOHYaTelbHOE
BBIPAKEHUE ISl TOKA

R
i=———e L =Z|1-e L |=I(l-""). 5.12
- ( ) (5.12)

OTCI-OI[a HCTPYAHO HaWUTU HaIIPsAKCHUA Ha HHAYKTUBHOM U PC3UCTUBHOM 3JJIC-
MCHTax

u =1 g =Ri=E(1-¢""). (5.13)
dt

Ha puc. 5.2, 6 npusenensl rpaduku Gynkuumii (5.12)-(5.13). Ilocne kommyTa-
[IUU TOK U BCE HANIPSDKCHHS B LIETIM U3MEHSIOTCS 10 AKCIIOHEHTaM C OJMHAKOBBIMU
MOCTOSIHHBIMU BpeMeHH. HampspkeHne Ha HHAYKTUBHOM DJIEMEHTE B MOMEHT KOM-
MyTalMi CKauYKOOOpa3HO YBEIWYUBAETCA /10 HAMPSDKEHUS MCTOYHUKA MUTAHUS, a
3aTeM YMEHBIIAETCS 10 HyJIsl B KOHIIE TIEPEXOIHOTO MpoIiecca.

OU3NYECKUA CMBICI TIEPEXOTHOTO TPOIECCa MPU TOJIKIIOUYCHUH MU K HC-
TOYHHKY JICKTPUUECKOW SHEPTUH 3aKITF0YACTCS B HAKOTUICHUH YHEPTUU B MarHUT-

HOM II0JI€ KaTYIIKW. J[€eHCTBUTEIBHO, SHEPTUs MATHUTHOIO IOJSA W, = Li*/2 m3-
MEHSIETCS B XOZE MPOLECCa B COOTBETCTBUU C U3MEHEHHEM TOKA OT HYJIEBOI'O 3HA-
YEeHUS 10 KOHEYHOH BenuuuHbl W, = LI 2/2 , TIOCJIC Yero oCTaETCs IMMOCTOSIHHOM.

MomHocTh, notpednsgemas ot uctounuka IJC, u paccenBaeMas pe3uCTUB-
HBIM 3JIEMEHTOM B BHU/I€ TEIUIa paBHA

. E? 1t | 2t
Pr=Ri —?(1—28 +e ),

a MOIDHOCTB, pacxoaycmasd Ha (bOpMI/IpOBaHI/Ie MargmMTHOI'O ITIOJIA —
2

p; =uyi :%(6_’” —e_zt”).

B naugane mporecca (puc. 5.2, ) MpakTHYECKH BCsI IHEPTHS, TOTpeOIIsieMast 1eTbIo

OT MCTOYHHMKA, HAKAIJIMBACTCS B MAarHUTHOM I10JIe. 3aTeM BCE OObIIas 4acTh e
HAYWHAET PACCEUBATHCS PE3UCTUBHBIM 3JIEMEHTOM, a MPOLECC HAKOIJICHUS 3aMe-
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nsiercst (p; — 0), 1 B yCTaHOBHUBILIEMCS PEKUME HACTYNAET COCTOSIHUE, KOI'/la BCA
SHEPrus UCTOYHHKA MTPeoOpa3yeTcs B TEIUIO B PE3UCTUBHOM JJIEMEHTE.

3.3.2. Omxaouenue yenu om ucmounuxa nocmosanuou IJ/{C.

Paccmotpum mporecc OTKIIIOUEHHUS LIeNU OT MCTOYHUKa noctostHHoM DJIC.
[Tycth uaeanbHbIM KIIOY S JJIMTEILHOE BpeMsl HAXOAWJICS B COCTOSIHUM 1 Tak, 4To
MEePEXO/IHBIA MPOLECC, CBA3AHHBIA C HAKOIUIEHUEM SHEPTrUud WHIAYKTHUBHBIM 3Jie-
MEHTOM L 3aBEpIIMIICS, a 3aTeM MEPEKII0UnIICS B MojioxkeHue 2 (puc. 5.3, a).

[Tocne mepexntoueHUst B UEMHU OTCYTCTBYET MUCTOYHHUK SJIEKTPUUECKON HEp-
I'YH, ¥ OHA OMKCHIBAETCS OAHOPOIHBIM AU PEepeHITnaTbHBIM YpaBHEHUEM

uL+uR+ur:L%+(R+r)iCB:O, (5.14)

U, CJIEIOBATENBHO, TOK COIEPIKHUT TOIBKO CBOOOJHYIO COCTABISIONIYIO i, = Ae” .

e(0.) 1

Puc. 5.3

Kopuem xapakrepuctuueckoro ypaBHenuss Lp+(R+r)=0 sBugercs
p=—(R+r)/L.Otcrona noctosaaast BpeMeHu — T=L/(R+7r).

YcraHoBuBIIEeCS 3HAYEHUE TOKA B IIEMU B MOJIOXKeHUH 1 kiroda S (cM. mpe-
JOBITYIIAA  pa3fiel) paBHO HAYaJbHOMY 3HAUCHHIO JI0 M TIOCJIE€ KOMMYTallud
i(0_)=1i(0,)=E/R. V3 Bepaxenust (5.10) ¢ ya€rom Toro, 4to i ., =0, HOCTOSH-
Hasi uHTEerpupoBanus onpenenutcs kak A=i(0_)=FE/R. Orcioga OKOHYATEIbHO
TOK B LIENHU

i=—e L =le"". (5.15)

[Tocne pa3mbikanus Kitoda S B IMEH HAYMHACTCS TMIEPEXOIHBIN MPOIIECC, CBS-
3aHHBII ¢ npeoOpa3oBaHueM 3Heprun W, = LI %/2, HAKOIUICHHON B MATHHTHOM

1oJie KaTyIlIKH, B TEIJIO, pacCEMBAEMOE PE3UCTUBHBIMU 31eMeHTaMu R u r. [Ipo-
1[ecc IpeoOpa3oBaHusl 3aKaHYMBAETCS IPU CHUKEHUU TOKa JI0 HYyJIs, T.€. PH IO0JI-
HOM PacCesTHMM HAaKOIUICHHOM 3HEPTUU.

Onpenenum O/1C caMOMHIYKIIMH B LIEH
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e:_Lﬁ:Rer
dt

N3 Beipaxkenus (5.16) cienyet, 4TO B MOMEHT KOMMYTAIIMK HA UHIYKTUBHOM
snemente BozHukaer DJIC camomunykiuu e(0,)=(R+r)E/R, npeBocxoasimas

Ee™''". (5.16)

O/C ucrounuka B (14+7/R) pa3, a Ha CONPOTUBJIICHUU ¥ — MAJICHUE HANPSKEHUS
u,(0,)=ri(0,)=Er/R. OTkiIroueHue LENU C UHAYKTUBHBIM 2JEMEHTOM 0O€3 3a-
MBIKaHUS Ha CONMPOTUBIIEHNE KBUBAJIIEHTHO YCIOBHIO 7 =00, TJI€ 7 — COIIPOTUBIIC-

g S HHE PA30MKHYTBIX KOH-
1 —1

TaKTOB Kiro4da. B pe-
—"—I:IJ r 3yJbTaTe Ha KAaTYIIKE U

E C r R E R
+ + Ha KJII04Y€ JOJDKHO BO3-
() / () 1 I HUKATh OCCKOHEUHO
0OJBITIIOEC HATIPSDKCHHE.
H MOM TOT
2) 5) a caMOM JeJie ATOro

HE MPOUCXOIUT, T.K.

yXKEe TPU HaAMpPSKEHUU

B HECKOJIbKO  KHWJIO-
BOJIBT B 3a30p€ KOHTAKTOB BBIKJIIOYATEJISI BOSHUKAET DJICKTPUUECKast Jyra, KoTopas
MMEET KOHEYHOE JJIEKTPUUECKOE COMPOTUBIICHHUE, CHIIKAIOIIEE MEePEHAIPSKEHUS.
Tem He MeHee, 3TO sIBJIEHUE MPEACTABISIET OOJNBIIYI0 OMACHOCTh AJi 000pya0Ba-
HUS U TpeOyeT yd€Ta ¥ MPHUHATUS MEp JJISI YMEHbBIIICHUS BPEIHBIX MOCIEICTBUH.
CaMbIMU pacnpOCTPaHEHHBIMU CIIOCOOAMU CHIDKECHUS TIEPEHANPSDKEHHUN B IEMsX
MOCTOSTHHOT'O TOKAa SIBJISIFOTCSL BKJIFOUEHHE KOHJEHCATOpa U PEe3UcTopa Nnapaielib-
HO KOHTaKTaM KJII0Ya WK JHOJIa U PEe3UCTOpa MapaieIbHO KaTyIIKe UHIYKTHUB-
HocTH (puc. 5.4). [Ipu pasmbikaHuM KJIt04Ya S KOHJEHCATOP HAYMHAET 3apsiKaThCs
(puc. 5.4, a), coznaBasi KOHTYp JJIS MPOTEKAaHMUSI TOKA MapayieIbHO KOHTaKTaM
KJto4ya. JTy ke (QYyHKLUUIO BBIIOJIHAET JU0A Ha puc. 5.4, 6. Ilpu 3aMKHYTOM KJTtoUue
S 3/IC ucrtoyHrKa CMEIAET AUOJ B OTPULIATEILHOM HAMPABICHUHU, B KOTOPOM OH
00J1aJjaeT BBICOKUM COMPOTHUBIEHUEM. [Ipu pa3MblkaHUU KJIHOYa JUOJ CMEIIAeTCs
B TOJIOKUTENIBHOM HampaBieHuu 3a cu€t DJIC caMOMHAYKIIMU U OTKPBIBAET MyTh
JUTSl IPOTEKAaHUS TOKa MUHYS KITIOY.

Puc. 5.4

5.3.3. Ilepexoouwvie npoueccol npu nepuoouyecKkol KOMMYmMAauuu.
[Tepexmrouenus kiova S Ha cxeme puc. 5.3, @ MOTYT NPOUCXOAUTH MEPHUOIU-
4yecku (puc. 5.5) Tak, 4TO B TEUEHUE BPEMEHHU #; OH HAXOJAUTCS B MOJIOKEHUN 1, a B

TEUYEHUE OCTalnbHOM 4Yactu mnepuoma T —f — B mnomoxenun 2. OTHoOIIEHHUE
0<y=t/T <1,0 Ha3bIBACTCS CKEAICHOCMDIO.

Ha nepBoM nHTEpBajie NPOUCXOIUT MOAKIOUEHUE enH K UcToUHUKY D1C n
NEepPEeXOo/IHbINA Mpolecc OyAeT aHaJOTMYeH paccMOTpeHHOMY B paszene 5.3.1. Ha
BTOpPOM MHTEpBasie RL 1lenb OTKIIOYAETCA OT UCTOYHHMKA 3JIEKTPUYECKON SHEPTrUu
Y 3aMbIKaeTCsa Ha CONpoTHUBiIeHUE 7. [lepexoaHblil mpolecc Mpu 3TOM aHAJIOTHYEH
paccMoTpeHHOMY B pazzene 5.3.2. [loctossHHas BpEMEHHM LN Ha MEPBOM HHTEP-
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Basie paBHa T, =L/R, a HAa BTOpOM — T, = L/(R +r). OTiinune nepexoaHbIx Ipo-

HECCOB IIpHU nepﬂozmqecxoﬁ KOMMYTAallUN 3aKJIH04YacTCA TOJbBKO B TOM, YTO Ha-
YaJIbHBIC YCIIOBHUA B HUX MOI'YT OBITH HCHYJICBBIMU.

i i

Tl
FRE E/R- —
N ,
0 4 0 ¢ 3 T , !
0)

Puc. 5.5

ITpu Manoil IIUTENBRHOCTH NEPBOro MHTEpBaia (#, <3t,) K1Y S NEepeKto-

YUTCS C MOJIOKEHHE 2 JI0 TOTO KaK TOK B IIEMHU JOCTUTHET YCTAaHOBUBIIIETOCS 3HA-
yenus E/R (puc. 5.5, a). Ilociie 3TOro HauHETCS MPOIIECC PACCESHUSI SHEPTUU Ha-

v . 2
KOIUICHHON B MarHUTHOM IOJ€ K MOMEHTY nepexkitodenus w, = Li(¢)"/2, rae
i;(t,) —3HaueHHe TOKa B LIENIM Ha TpaHulle nepBoro uHTepBana. Ecom 7' —¢ > 31,,

TO K KOHIly ME€pHoJia TOK B IIEMH CHU3UTCSA MPAKTHUECKH A0 HyJs. Takoil pexxum
KOMMYTAllUN HAa3bIBACTCS pedcumom npepuvleucmozo moka. B ciydae T —t, <31,

(puc. 5.5, 6) HaKOIUICHHAss B MATHUTHOM I10JI€ YHEPTUSI HE CMOXKET PacceaThcsl Ha
BTOpPOM UHTepBaJie. Toraa HayaabHbIE YCIOBUS JIJIsl IEPBOTO UHTEpBayia OYIyT He-
HyneBbiMu 0<i(0,)=1,(T —¢)< E/R u TOK B 1lenu Ha BCEM NepHoAe HE OyAeT

CHUXKATBCS 10 HYJIS. DTOT PEKUM KOMMYTALMK HA3BIBAECTCS PENCUMOM HENpepblE-
HO20 MOKQ.

Ha puc. 5.5 mTpuxoBol JIMHUEH NOKAa3aHbl CPEAHUE 3HAUYCHUS TOKA B LICTIU.
[Ipn n3menennn ckBaxHocTH B npenenax 0<vy<1,0 cpegHee 3HaUeHUE TOKA U3-
MeHseTcs oT Hynst 1o E/R. Takum oOpa3oM, B €N C UHIYKTUBHBIM 3JIEMEHTOM
MOKHO PETryJIMpOBaTh TOK C MOMOIIBIO KIII0Ya, U3MEHSs 3HAU€HUE Y. ITOT CIOCO0
pEeryJIMpOBaHMs TOKA HA3bIBACTCH WUPOMHO-UMNYIbCHbIM, 4 YCTPONCTBO, pPeau-
3YIOLIEE €T0, — UWUUPOMHO-UMNYAbCHbIM PE2YNIAMOPOM MOKA.

3.3.4. [looknouenue yenu Kk ucmoynuxy cunycoudanvhou I/[C.

JIns ananmsa nepexoaHoro mporecca, BOSHUKAIOWIETO IPU NMOAKIIYeHun RL
LEeNU K UCTOYHUKY cuHycouaanbHoi D/IC, B npaByro yacTh ypaBHeHUS (5.7) HYX-
HO TMOJCTaBUTh COOTBETCTBYIOIIYI0 PyHKIuIo. [lycTh neiictByromas B nenu IC
paBHa e=FE, sinot. Torna ycTaHoBUBILIEECs 3HAUYCHHE TOKA MOXHO HalTH IO 3a-

koHy OMma Kak
lyom =1y SIN(OF — 0), (5.17)

108



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

rne: [, =E, /Z,a-7Z= JR? +(®L)*; @ =arctg(wL/R)
CB0OOHAs COCTABIISIFOIIAS TO-

Ka HC 3aBHCUT OT BHJA HCTOYHHKA
OHCPIUHU BOS,ZICfICTBYI-OH.ICFO Ha IICIIb

W paBHa i, = Ae = getr

Jlo 3aMmbIKaHus KJro4a S TOK B
1eny ObUT HYJIEBBIM, TIOTOMY, B CO-
OTBETCTBUU C TEPBBIM 3aKOHOM
xommyTammu — i(0_) =i(0,) =0.

Yo ¥

¢‘:‘-

[TycTh KOMMyTaIMsl IPOM3OII-
Ja B MOMEHT BPEMEHH !, =0/®,

Puc. 5.6 COOTBETCTBYIOIIUH (ha30BOMY YTITy
o (puc. 5.6). Torga yctaHoBUBIIIEE-
cst 3HaYCHHE B MOMEHT KOMMYTaIluu paBHO

Dom (o) = 1,0, (0,) =1, sin(@t, —@) =1, sin(o. — ¢). Iloncrasmsist 510 3HAaYCHUE B
(5.10), momyuynm MOCTOSHHYIO UHTErpupoBanus A =—/, sin(o. —@) ¥ OKOHYATENb-
HOE BBIpKEHUE JIJISl TOKA B MIEPEXOHOM TIpOIIecce:

. . . . —t/t

[ =10y +ig =1,sin(0f—@)— 1, sin(a—@e " (5.18)

W3 Beipakenus (5.18) ciemyer, 4To TOK B IETH MPHU MEPEXOIHOM MPOIIECcce B

o01emM cirydae MmpeJcTaBisieT co0ol 3aryxaromue kojebanus ¢ yactoror DJIC o
(puc. 5.6). OnHako B ciyyae NOJKIIOYEHUS LENM B MOMEHT BPEMEHH [, =@/,
T.€. B MOMEHT, KOTJ]a YTOJl BKIIFOUCHUS O = ( W 3HAYCHUE YCTAaHOBUBIIIETOCS TOKA

pPaBHO HYJIO, IEPEXOAHOIO MpOoIecca B LIENH HE OyJIET U Cpa3y HACTYIHUT yCTaHO-
BUBLIMIICS pexxuM. Hanxyamme ycioBust NepexoIHOro Nporecca BO3HUKAIOT B 11e-
1 TIpY NOJKIIOYEHUH €€ B MOMEHT f, = (@t m/2)/®, T.e. KOraa yroij BKIOYCHHS
oo=@xmn/2. B 3TOM ciaydae npH yCIOBUU T>1 TOK MPUMEPHO YEpPE3 MOJOBUHY
NEPUO/A TOCTUTaeT MOYTH JABYKPATHOTO AMIUIMTYJHOTO 3HAYEHUs YCTaHOBMBILIE-
rocs pekrMa. JTOT TOK HA3bIBACTCS CEEPXMOKOM W MOXKET BBI3bIBaTh OIACHBIE
nepeHanpspkeHns. CBEPXTOKM BO3HHMKAIOT MPU BKIOYEHUHM TpPaHC(HOPMATOPOB,
JBUTATEJIeH MEepEeMEHHOro TOKa, pejie, KOHTAKTOPOB U APYTUX YCTPOMCTB C OO0JIb-
II0M MHAYKTUBHOCTBIO U TPEOYIOT NMPUHATUS MEp IO CHMKEHHUIO MX BIUSHUS Ha
paboty o0opya0BaHMUS.

Bonpocwi 0ns camonposepku

1. Yemy paBHa NOCTOSIHHASI BpeMeHU RL nienu?

2. Kaxk onpeaensitor JauTeabHOCTh MEPEX0AHOTr0 mpoliecca?

3. Kak Bnusier yBenuueHue (yMEHBUIEHHE) BEJIIMYMHBI HWHJYKTUBHOCTHU
(compoTuBIIEHHS) HA JJIUTEIIBHOCTH MEPEXOIHOTO Mpoiecca?

4. [TosicauTe (pr3nUecKuil CMBICI MOCTOSHHOW BPEMEHHU.
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5. Yemy paBHO yCTaHOBMBIIIEECS 3HAUYCHHE TOKA B (HAMpsDKEHUS HA) WH-
JTYKTUBHOCTH TIPU MOAKIIOYEHUHN 1€ K UcTouHuKy DJ1C?

6. YTO NpoUcCXOaUT ¢ PHEPTrUe MAarHUTHOTO TOJISI TPU OTKIIFOYEHUU 1IETTH
OT UCTOYHUKA?

7. Kakue npoGiemMbl BOZHHKAIOT MPU OTKIIOYEHUM IIEMU M KaK OHU pe-
IarTCs?

8. Kak mpoTekaroT nmepexoIHble MPOLECCHl MPU MEPUOTUYECKON KOMMY-
Tanuu?

9. [Tpu KakoM ycCIIOBUU TOK B LIETIH MPU MEPUOTUIECKON KOMMYyTaIuu Oy-

JIET HEMPEPBIBHBIM ?

10.  Yro Takoe IUPOTHO-UMITYJIbCHBIN PETYISITOP TOKA?

11. IIpu xKakoM ycCIIOBUH NMEPEXOAHBIN MPOLECC NMPU MOAKIIOUEHUH RL 1ie-
¥ K UICTOYHUKY cuHycouaanbHoit DJ[C Oyaet oTcyTcTBOBATH?

12.  Yt0 Takoe CBEPXTOK U IPU KAKOM yCJIOBHUU OH BO3HHMKAECT?

5.4. Ilepexoouvie npouyeccovl 6 yenu ¢ EMKOCHMHbIM U PE3UCHMUBHBIM IJle-
MeHmamu

[lepexoanbie MpoLECCHl B LIEMH C MOCIEAOBATEILHBIM BKIIFOUEHUEM EMKOCT-
HOTO Y PE3UCTUBHOTrO 31€MEHTOB (puc. 5.7, @) mocie 3aMbIKaHUs KJIr04a S OMHUCHI-

BatoTcs qudhepeHnanbHbIM YpaBHEHUEM
s Hr uR+uC:RCd§—tC+uC:e (5.19)

OO1ee perieHHEe 3TOr0 ypaBHEHHs
IJIs1 HAIPSDKEHUS. Ha EMKOCTH
Uc =Uyr + U, - (5.20)

Haiiném oOiee perreHre oJTHOPOI-
HOT'O YPaBHCHUSA
du
RC—=2+u_ =0. (5.21)
dt
I 3TOro CcoCTaBUM XapakTepu-
ctuueckoe ypaBHeHue — RCp+1=0 u

pelIMM  €ro  OTHOCHTEIBHO p  —
p=—1/(RC). Otcroma cBOOOIHAs CO-

CTaBJIAIOIIAA HAIIPAKCHUSA —
t

u, = Ae RC = A" (5.22)

ITocTossHHAs BPEMEHU eI
2
R Cu w
1=RC=2— —5=2—2, onpexemnser

Uc

COOTHOLICHHE MEXIY DJHEPIrued 3IeK-
TPUYECKOrO IOJII KOHAEHCATOpa w, H
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CKOPOCTBIO €€ mpeoOpa3oBaHMsi B aKTUBHOM CONPOTHUBIICHUU TPU €T0 pa3psiie p.
Uem Oonpiie 3anac sHeprun (C) U yeM MeuieHHee oHa mpeoOpasyercs (0osblie
R), TeM niuTenbHee MepexoaHbIN Mpoliece B IEMH.

YCTaHOBHBILEECS 3HAYCHNE HANPSUKEHHUS HA EMKOCTHOM 3JIEMEHTE U, Olpe-

JeISIeTCSl B pe3ybTaTe pacyéra IEMH IMOCie OKOHYAHHS TEPEeXOJHOrOo Ipoliecca
npu 3a1aHHoM 3HadyeHnu J/C e.

JIJIsT ICKOMOTO HaNpPSDKCHHSI JOJKEH BBITOIHATHCS BTOPOM 3aKOH KOMMYTa-
mu u-(0_) =u-(0,). Onpenenus HavanbHOE 3HaYeHHUE HANPsLKEHUA u-(0_), MbI

MOEM HANTHU MOCTOSIHHYIO UHTErpupoBaHus A u3 ypaBHeHus (5.20) majig MomMeHTa
KOMMYTAIl1H.

uc(0)=uc(0,)=uy,,(0,)+u,(0,)=

(5.23)
0)+4 = A=uc(0_)—u,,(0,)

= Z/lyCT

3.4.1. llooxkmouenue yenu Kk ucmouynuky nocmosaunou IJ[C.
Jlnst nenu ¢ ucrouHukoM noctostaHol DJIC e = E =const ypaBHenue (5.19)

du,
umeet Bua RC 7+uc = E. Ho B ycTaHOBUBIIEMCSI PEKHUME B LIENU C IOCTOSIH-
t

Hoit OJIC HampspkeHWe Ha EMKOCTH HE MCHSCTCS, MO3TOMY du, /dt=0 n

Uy, = E. Orcrona ¢ yaérom (5.22) obiiee perieHne 1ist HalpsuKEeHHUs
Ue =Uyy +Uy =E+ Ae™". (5.24)

Jlst onpesiesieHusl MOCTOSHHOM MHTETPUPOBaHUsA A HYKHO 3HATh HayaJbHOE
3HaueHue HanpspkeHus u-(0_). Jlo koMMyTanuu 1ens ObuIa Pa3OMKHYTa, HO EM-

KOCTb MOIJIa OBITh 3apshKEHa 10 HEKOToporo HanpsbkeHus u-(0_)=U,, a T.k. ém-

KOCTHBIM 3JIEMEHT B CXEME 3aMENICHUS UICABHBIN, TO €ro 3apsal Ipu Pa3oMKHY-
TOM LEMHA MOXET COXPAHATHCA CKOJIb YroJHO nouro. [loxcrasnsas HavanpHOE 3HA-
YeHHe HanpspkeHus B (5.23), IOaydYuM MOCTOSHHYIO uHTerpupoBanus A=U,—FE

N OKOHYATCJIbHOC BBIPAKCHUC OJIS HAIIPSAKCHUA
ue=E—(E-Upe " =E(1-e"" )+ Uy " (5.25)

Otcroa HETPYTHO HAWTH TOK B LEMU
i:CduC = E=U, e,
dt R
Ha puc. 5.7, 6 npuBenensl rpaduku pynkumit (5.22), (5.25)-(5.26). Ilocne
KOMMYTAIlMM TOK B I[EMU CKaYKOOOpa3HO YBEIMYMBAECTCS A0 3HAUCHHUS, ONpele-
JIEMOT0 CONMPOTHUBJIEHUEM LIENMU U PA3HOCTHIO MOTEHIIMAIOB NCTOYHUKA U HaYallb-
HOT'O HaIpsKEeHHs] Ha EMKOCTH, a 3aT€M YMEHBIIAETCS JO HYJs B KOHIIE MEPEXO/-
HOTO IIpo1ecca.
Du3NUeCKUd CMBICI MEPEXOAHOr0 Mpoliecca MPU MOAKIOYEHUH LENH K UC-
TOYHUKY DJICKTPUUYECKON IHEPTHUM 3aKIIOYAETCS B HAKOIUJICHUHU 3aps/ia Ha OOKIa-
KaX U SHEPTUU B JIEKTPUUYECKOM MoJie KoHaeHcaTopa. 13 Beipaxenus (5.25) nus

(5.26)
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t=0u t =00 ciexyer, 4TO B IEPEXOJIHOM IIPOLIECCE IHEPTHS NIEKTPUIECKOTO TI0-
ns w, = Cul /2 wsmensercs ot W, = CU; /2 no semmunnsl W, = CE*/2. Tlocne
9Yero 0CTAETCs MOCTOSTHHOM.

MoruHocTh, moTpebasemas oT ucrounuka IJIC, u paccenBaemas pe3UCTHB-
HBIM 3JIEMEHTOM B BH/JIE TEIUIA pABHA

2
Pr :Rl-2 — (E _RUO) e—2t/1:,

a4 MOIIHOCTB, pacxoJycMas Ha (bOpMHpOBaHI/IC QJICKTPUICCKOTO ITOJIA —

Pc :uCi :M[Ee_t/’f _(E_Uo)e_Zt/T:l.

[Tocne xommyTamuu (puc. 5.7, ) 3HaUUTENbHAS YaCTh YHEPIHH, MOTPEOIIIEMON
LEMbI0O OT UCTOYHHKA, PACCEMBAETCA B BUJIC TE€IUIA B PE3UCTUBHOM 3jeMeHTe. Ho
T.K. IOCTOSIHHAsi BPEMEHHU 3TOr0 MpoLEcca B JIBa pa3a MeHblIe, yeM T= RC, TO OH
ObICTpO 3aryXxaeT ( pr —> 0) M OCHOBHAs 4acTh MOLIHOCTH JlaJIe€ PACXOAYETCs Ha

WU3MEHEHUE COCTOSHUS DJIEKTPUUECKOTO TOJIs, TTIOKa EMKOCTh 10 OKOHYAHHUH Tepe-
XOJIHOTO IpoLecca He 0yzer 3apsikeHa 10 BenuduHbl DJIC (u (o) = E).

5.4.2. Pazpsaoka koHOencamopa uepes pe3ucmop.

PaccMoTpum mporuecc pa3psaky MpeABapUTENbHO 3apSKEHHOTO KOHIEHCATO-
pa. IlycTh uaeanbHbIN K04 S JIUTEIBHOE BPEMSI HaXOAWICS B COCTOSHUM | Tak,
YTO MEPEXOAHBIN MPOLECC, CBA3AHHBIN C HAKOIUICHHEM 3apsAa €MKOCTHBIM JJie-
MeHTOM C 3aBepIIniICs, a 3aTeM MEepeKIouniicsa B nojoxeHnue 2 (puc. 5.8, a). K
MOMEHTY KOMMYTallUM Kio4a S HampshkeHue KOHJeHcaTopa OyneT paBHO

’ad

Puc. 5.8

u-(0_)=u-(0,)=FE (cM. npeapayIIuil pa3aen).

[Tocne mepeknroYeHHs] KOHJIEHCATOpP OKa3bIBAETCS 3aMKHYTBHIM IOCIIEI0Ba-
TEJIbHO COCIMHEHHBIMU PE3UCTUBHBIMU AJIEMEHTAMH R U ¥ U YEPE3 HUX MPOTEKAET
TOK pa3psaku. HampaBneHue nmpoTekaHus TOKa MPU pa3psAKe MPOTUBOIOIOKHO
HAITPaBJICHUIO TOKA IPH 3apsSAKe U MMOKA3aHO HA pUC. 5.8, a IITPUXOBOM CTPEIKOM.
B menu oTCyTCTBYET MCTOYHMK JJIEKTPUUECKOW SHEPTUM, MOITOMY MEPEXOIHBIN
IIPOLECC 3aKOHUYMUTCS ITOCIIE TOTO, KaK BCS SHEPTHUSI DIIEKTPUUECKOTO T0JIs1 KOHJICH-
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catopa W, =CE?/2 6yner mpeoOpa3oBaHa B TEILIO B PE3UCTHBHBIX JJIEMEHTAX

uenu. B 3ToM cOCTOSIHUM TOK B 1€MW MPEKPATUTCS, U HANPSKEHHE Ha KOHJIEHCA-
Tope Oyner HyneBoIM W, =0 = u, =0. CaenoBarenabHO, yCTAHOBUBILEECS 3HAYE-

HUE HaNPsDKCHUs Oy IeT HYNeBbIM U ., =0, 1 HanpshKeHue OyneT colepiKarh TONb-

KO CBOOOJIHYIO COCTABISIIONIYIO u,, = Ae” .

CBOOO/IHYIO COCTABIISIIONIYIO HAIpPSDKEHUS HAWIEM B pe3ysbTaTe perieHus
OJIHOPOJIHOTO MU (PepeHIInaTbHOTO YpaBHEHUS NIl COCTOSIHUS LIETH MOCTE KOM-
MyTaluu

du,,

(R+r)C=2 gy =0, (5.27)

Xapaktepuctudeckoe ypaBHenue s (5.27) — (R+r)Cp+1=0. Ono umeer
KOpeHb p =—1/ [(R +r)C ] . Orcrona noctosinHas BpemeHu — 1= (R +r)C.

[ToncraBinsst HayadbHOE W YCTaHOBUBIIEECS 3HA4YC€HUS B (5.23) mosiydyuM mo-
CTOSIHHYIO uHTerpupoBanus A= E. OTciojja OKOHYATEIbHO HANPsKEHUE Ha EMKO-

CTHOM JJICMCHTC
t

Ue = Ee ®1C Z ggi/n, (5.28)
Teneps MOXKHO OIPEAEIUT TOK B LIETN
d E _
i=—cWMc_ 2 (5.29)
dt R+r

N3 Boipaxenuii (5.28)-(5.29) crnenyet, yTo HaNpsKEHHE HA EMKOCTHOM 3Jie-
MEHTE IPH MEePEXOJAHOM Ipoliecce MOHOTOHHO u3MensieTcs: oT JJ]C ucrounuka ao
HYJIS, @ TOK B IIEMA B MOMEHT KOMMYTAITMH CKaYKOOOpa3HO BO3pacTaeT 0 3Hade-
Husd i(0,)=E/(R+r), a 3aTeM Takke MOHOTOHHO CHM>)KaeTcs 10 Hyqs (puc. 5.8,

3.4.3. Ilepexoouvle npoyeccobl npu NepuoOUYECcKOt KOMMYMAUUU.
Pexxum nepruoandecko KOMMYTAllUM, aHAJOTUYHBIA PACCMOTPEHHOMY JIs
RL uenun, BO3MOXKEH B cxeme puc. 5.8, a. Ha mepBom nHTEpBAIIE TPOUCXOIUT MOA-

KIIIoueHue 1enu Kk uctouHuky JJIC u 3apsiika KOHJEHCATOpa ¢ MOCTOSIHHOW Bpe-
MeHd T, = RC (cM. pasgen 5.4.1). Ha Bropom nnTepBane RC 1enb OTKIIOYAeTCs OT

UCTOYHHKA DJICKTPUICCKON SHEPTHH U TPOUCXOIUT pa3psjika KOHJIEHCATOpa C MO-
CTOSIHHOM BpeMeHu T, = (R +7)C (cM. pazznen 5.4.2).

[Tpu manoli AIUTEIBHOCTH NEPBOTO MHTEpBana (f <3t,) KU S MEepeKIIo-

YUTCS C MOJOKEHUE 2 O TOTO KaK HANPSKEHUE HA EMKOCTHOM 3JIEMEHTE JOCTHT-
HeT 3HaueHus E (puc. 5.9, a). Ilocne nepexintoyeHus HAYHETCS MPOLIecC pacces-
HUS DSHEPrUM HAKOIUICHHOW B JJEKTPUYECKOM TI0JIE K 3TOMY MOMEHTY

w, = Cug(t,)° /2, Tae up,(t,) — HanpskeHre Ha EMKOCTH Ha TPAHHIIE TIEPBOTO HH-

tepBana. Ecim T —¢ > 31,, TO K KOHIly IEpHOJa HAIPSKEHUE U, CHU3UTCA MIPaK-
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THYECKU 110 Hyss (puc. 5.9, a). B cnyuae T —¢, <31, (puc. 5.9, 6) HakoIUIeHHas B

KOHICHCATOPC SHCPIrUA HC CMOKCT pPaCCCATBCA Ha BTOPOM HHTCPBAJIC. Torz[a Ha-

YaJIbHBbIC

yCIOBUSI i TEpPBOrO  HHTEpBaja  OyayT  HEHYJEBBIMU

0<uc)(0,)=uc,)(T-4)<E.

Ue Ue T,
E EY
i A o ———IN-—-
N Us ,
. Yy
0 { 0 ¢ f 7 , !
a) 0)
Puc. 5.9

Ha puc. 5.9 mTpuxoBoi NHMHUEN MOKa3aHbl CPEAHUE 3HAYCHHS HAMPSHKEHUS
u.. Ilpn m3meneHnn ckBaxHoctd B mpenenax 0<y<1,0 cpenHee 3HaueHue Ha-

NPSDKEHUS U3MEHSETCA OT HyJs 10 E . Ecnu napamienbHO KOHIECHCATOPY MOAKITIO-
YUTh HEKOTOPYIO HArpy3Ky, TO HAIPSKEHHWE HA HEW MOXHO PETYyJMpPOBATh U3MeE-
HEHUEM 3HAYCHUS Y, T.C. WUUPOMHO-UMNYIbCHLIM CHOCOOOM, U PACCMOTPEHHOE
YCTPOMCTBO OYAET MPOCTEHIINM UUPOMHO-UMNYTbCHIM De2YISIMOPOM HANpsdice-

HUA.

Bonpocwer ona camonposepxku

1.
2.

7.

8.

Yemy paBHa noctosiHHasg Bpemenu RC nenun?

Kak Bnusier yBenuueHue (yMEHBIICHHE) BEJIWYUHBI EMKOCTH (COIpO-
TUBJICHUS) HA JUVIUTEIBLHOCTh MEPEXOIHOTO Ipoliecca?

Uemy paBHO yCTaHOBHBILIEECS 3HAUCHHE HANpPsDKEHHUS Ha (TOKa B) EM-
KOCTH TIPH MOJKJIOYCHUH 1IeH K UCTOUHUKY I J[C?

YUTO NIpPOUCXOIUT C IHEPTUEN AIEKTPUUECKOTO MO MPU Pa3PSAIKE KOH-
JIEHCATOpa 4epe3 pe3ucTop?

UeMm orpaHnuMBaeTCs TOK B NMEPBBIA MOMEHT BPEMEHU IpPU pa3psliKe
KOHJIEHCATOpa 4Yepe3 pe3ucTop?

Kak npoTekaroT nepexoiHble MPOLECCHl MPU NEPHOTUUECKON KOMMY-
Taruun?

[Ipy KakoM yCIOBUM HAaNpsKEHHE HAa KOHAECHCATOPE MpU MEpHOUYE-
CKOM KOMMYyTaIMu He OyAeT crnaiaTh 10 Hyls?

Yo Takoe MHUPOTHO-UMITYIBCHBIM PEryJIsTOp HANPSKEHUs?

5.5. Paspaoka konoencamopa uepe3 KamywiKy UHOYKmueHoCmu
JUid moslydeHus: MMITYJIbCOB HaNpsKEHUS B Pa3IMYHBIX YCTPOMCTBaX 4acTo
UCIIOJIb3YETCsl MPOLIECC pa3psiAKU KOHAECHCATOpa Yepe3 KaTyIIKy WHIYKTUBHOCTH.
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Ecnu nmotepu B KOHAEHCATOPE HE3HAYUTEINIbHBI, TO €r0 MOXHO MPEJICTABUTh HA

CXEME 3aMeIICHHUS HcaJbHBIM €MKOCTHBIM dJIEMEHTOM. Torjaa cxema IIelH C Ka-

TYLWIKOW MHAYKTUBHOCTH, IOTEPU B KOTOPOU YUUTHIBAKOTCS PE3UCTUBHBIM AJIEMEH-

TOM, OyieT uMeTh BUA puc. 5.10.

[Tycte koHmeHcaTop C ObUT MPEIBAPUTEIBHO 3apsHKEH 10 HampsikeHus E uc-
TOYHHUKA, a 3aTE€M KJIt04 S MEPEeBE/IEH B MOJO0KEHUE 2.

[Tocne koMmyTamuu EMKOCTHBIA 3JIEMEHT

1 OKa3bIBACTCA MOAKIIOUYEHHBIM K IIOCJIEd0Ba-

TeJIbHOW RL 1en U HAa4YMHAETCA MPOILECC pas-

PANIKH, B X0JI€ KOTOPOT'O HEPTHsl, HAKOIUICHHAs
¥ luR B EMKOCTHOM 3JIEMEHTE, YaCTUYHO Ipeodpasy-
i” €TCSl B DHEPTrUI0 MAarHUTHOTO MOJSl UHIYyKTHUB-

c

luL HOI'O 3JIEMEHTA, & YaCTUYHO PACCEUBACTCSA B

BHJIE TEIIa B PE3UCTUBHOM 3jieMeHTe. [Iponecc

oOMeHa SHepruer Mexay JIEKTPUUYECKUM I10-

Puc. 5.10 JeM €MKOCTHOI'O 3JIEMEHTAa U MAarHUTHBIM IO-

JIEM WHIYKTUBHOTO 3JIEMEHTA MPOJOJLKAETCA

JI0 TeX TOp, TOKa BCS PHEPTrUsl ATUX MoJieH He OyneT paccesiHa pe3UCTUBHBIM 3Jie-

MEHTOM. B pe3ynbpTare B LIENM YCTAHOBUTCS HYJIEBOM TOK IIPU HYJIEBOM HaIpsiKe-

HUW Ha EMKOCTHOM D3JIEMEHTE.

VYpasuenue Kupxroda ajis KoHTypa LEeNH Mocjae KOMMYTalluu ¢ Y4ETOM Ha-

IIPABJICHUN TOKA Y HANPSKEHUHN Ha 3JIEMEHTaX UMEET BUJ:

.o di
Up+u;, —us=Ri+L——u,=0. (5.30)
dt
Hamnpapnenus Toka ¥ HanpsbkeHUs Ha EMKOCTHOM 3JIEMEHTE IPOTUBOMOIIOXK-

. du
HBI, T.K. TOK B IICTIH 3TO TOK Pa3psIKK KOHACHCATOpa, ModToMy i =—C TC [Tox-
t

cTaBisisi 370 BeIpakeHue B (5.30), momyumm omHOopomHoe muddepeHnmnanTpHoe
ypaBHEHHE BTOPOTO MOPSIIKA

2
pLte | pic e . (5.31)
dt d C
XapakTepuCTHIECKUM ypaBHeHueM s (5.31) Oynet ypaBHEHHE:
Lp*+Rp+1/C=0, (5.32)

UMeEroIIee Ba KOPHS —

2
R R 1
Ply=———t (—j = 5t8 i =
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R 1
rae o :Z — K03((PUIUEHT 3aTyXaHUs; O, = IC u p=+L/C — pe3oHaHCHas

4acTOTa U XapaKTEPUCTUUECKOE CONMPOTUBIICHUE KOHTYPA Pa3psIKU.
Oo6mee pemenue ypaBuenus (5.31) nist HanpspKEHUST HA €MKOCTHOM DJIEMEHTE
MMEET BUJI;

u- = Ae™ + 4,e™" (5.34)
Otcrona pelieHue sl ToKa B 1enu
i=- OZ‘—; ==C(piAe™ + pydre™). (5.35)

B 3aBucMMOCTH OT IapamMeTpoOB JIEMEHTOB LIENU IMEPEXOAHBIA ITPOLECC MO-
KET UMETh PA3TMYHBIN XapaKTep.

Ecimu R > 2p, To moakopeHHoe BeipaxkeHue B (5.33) BemiecTBeHHOE, 00a KOP-
HS TaK)KE€ BEIICCTBEHHBIC OTPUIIATEILHBIC U TICPEXOIHBIN MPOIECC UMEET arepho-
TUYecKuil xapaktep, T.e. GyHkuuu (5.34) u (5.35) npenactaBiasioT coboil cymMmy
JBYX 9KCIIOHEHT C Pa3JINYHbIMU ITOCTOSIHHBIMU BpeMeHu T, =1/ p, > 1, =1/ p, |.

Eciu R<2p — KOpHM XapaKTEpUCTUUYECKOTO YpaBHEHHUS KOMILJIEKCHBIE CO-

IPsDKEHHBIE:
o =-8% j\oy —8" =8 jo.

e o, =+ op —8° . (5.36)

Pemennem muddepeHmanbHOr0 ypaBHEHUS! MPU KOMIUIEKCHBIX COMPSKEHHBIX
KOPHSIX SIBJISIIOTCS TEPUOJAMYECKUE CHUHYCOMJANbHBIC (DYHKITMH, TOITOMY Iepe-
XOJIHBII MPOLECC B ATOM CITydyae UMEET KoJieOaTelIbHbIN XapakKTep.

[ToncTaBinssi KOpHU XapaKTEPUCTUUECKOTO ypaBHEeHUS B (5.34), a 3atem, aud-
dbepeHuUpysl MOJYYEHHOE BBIPAXKECHHUE, MOJTYYHMM OOIIMM BHJ PEIICHUS 1Jis Ha-
NPsDKEHUS U TOKA:

u, =e™ (Alej !+ Aye’ 0)Ct);
. (5.37)
i=—Ce™ [—S(Alej%’ + A,e ! ) + jo, (Alej“’C’ — Aye ! )}

B cnyyae R =2p KOpHHM KpaTHBIC M MEPEXOIHBIN Mporecc OyaeT Takxke ame-
PUOIUYECKHM.
3.5.1. Anepuoduueckuti nepexoomuwiii npoyecc.

st momydenwus pemenus AuddepenimaibHoro ypasHenus (5.31) HyxHO on-
pENENUTh MOCTOSIHHBIE MHTErpUpoBaHus A U A,. g 3TOro Hy»XHO 3HaTb Ha-

YaJbHbIE YCJIOBHS, T.€. TOK B MHAYKTUBHOM 3JIEMEHTE M HaIpsDKEHHE Ha EMKOCT-
HOM 3JIEMEHTE B MOMEHT KoMMyTaluu. [Ipu ob1ieM onucanuu mnpoiiecca ObI10 yc-
TaHOBJIEHO, YTO JI0 MEpeBOja KiIoya B MOJIOKEeHHE 2 EMKOCTh Oblila 3apsKeHa 0
3HayeHus DJIC ucrounuka, T.€. u-(0_)=u,(0+)=E, ¥ TOK B UHAYKTUBHOM DJIE-

MeHTte orcyrcTtBoBal i(0_) =i(0+) =0, T.K. ero 1enb ObUIa pa30OMKHYTA.
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[ToncraBnsst HauanbHbIe yCinoBUs B ypaBHeHus (5.34) u (5.35) npu ¢ =0, mo-
JYyYUM CUCTEMY YPaBHEHHM JJISI OTIPECIICHHSI IIOCTOSTHHBIX HHTETPUPOBAHUS:
u-(0)=E=u-(0+)=4,+ 4,

i(0.)=0=i(0+)=-C(p4, + p,4,)

U
A+A4,=F
A+ py4,=0
OTcrona
Al —_ pZE : A2 — plE ,
P~ D Pr— D
Y OKOHYATEJIBbHOE PENICHUE JIJI HANPSIKECHUS U TOKA:
E

Uc = (Plepzt - Pzeplt);

b= P>

(5.38)
= L eplt _ epzt )
L (Pl — P> )

N3 BeIpaxkenus (5.38) AJid TOKa MOYXKHO HaWTH HANPSHKEHHE HA MHIYKTHUBHOM
DIIEMEHTE:

Uy, = L(przt - Pleplt) .
Pr— P
(5.39)
L= Oynkun  (5.38)-(5.39) npen-
i iU, CTaBJSIIOT COOOM pa3HOCTH JBYX

..,

1
.. 9KCIIOHCHT C pa3IMYHBIMHA IIOCTOAH-

"y,

<~ l""‘”“'ﬂ-.._._ HbIMH BpemeHnu. Ha pucynke 5.11, a
0 /VI-—- . ;  TIOKA3aHBI 5TH KPHBBIC, a JUIs TOKA
/B Sl M IPUBEICHBl TAKXKE COCTABIIAIOIINE
l 73 €ro SKCIOHEHTHI J, U i,. [locie Obl-
E—; a) CTPOro 3aTyXaHMs BTOpPOW 3KCIIO-

HEHTBI XapakTep MEPEXOIHOro Ipo-
1[ecca M €ro JUIMTEIBbHOCTh OIpeJe-
JSAIOTCS MPAKTHYECKU TEPBOM IKC-
nmoHeHTOM. TOK W HampsbkeHue Ha
€MKOCTHOM DJJIEMEHTE B TEUYCHHUE
BCET0 MEPEXOJHOTO IIpolecca Oc-
TAIOTCS TOJOXUTEIbHBIMU, a4 Ha-
NPsOKEHUE HAa MHAYKTUBHOM  dJie-
MEHTE MEHSET 3HaK, HO Bce (yHK-
M HUMEIOT arepuoguvecKuii (He-
NEPUOINYECKUI) XapaKTep.

Puc. 5.11
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Tox B 1ienu BHavasie BO3pacTaeT U UMEET MAaKCUMYM, a 3aTEM YMEHBIIAETCS
10 Hyns. Tako# ke xapakTep MMEET U KOJMYECTBO DHEPTMU B MAarHUTHOM IIOJIE
KATYIIKU. DTO 3HAYUT, YTO B HAYaJe MPOLECCA PA3PAIKU SHEPTUS dIEKTPUIECKOTO
MOJISI KOHJIEHCATOpa YAaCTUYHO MpeoOpa3yeTcsi B YHEPTrUI0 MAarHUTHOTO TOJs Ka-
TYIIKH, a 3aTe€M II0CJIE MAKCUMyMa TOKa IPOMCXOAUT MOHOTOHHOE pacCEesHUE
SHEPruM 00OUX MOJIEH B PE3UCTUBHOM JJIEMEHTE.

5.5.2. Konebamenvnviil nepexoonvlil npoyecc.
Jlns ompenelieHusl MOCTOSIHHBIX HHTETPUPOBAHUS MPH KOJIEOATSIHBHOM IIPO-
ecce HCHOIb3yeM Te ke HadanpHble ycnoBusd u-(0_)=u . (0+)=FE =n

i(0_)=1i(0+)=0. [Toacrasmnss ux B (5.37), moayuum
A+A4,=F
8(A + Ay)— joo, (A — 4,)=0

Otcrona
E E
A4 =—(0, = j8); 4 =——(o,+jd),
20, 20,
u ganee u3 (5.37), ucnonb3ys hopmyiny Ditnepa, —
E .
Uue =—e % (o, cos,t +3sinm.t);
)
¢ 5.40
B (5.40)
Il=——e  SsInm/.
oL

C
Juddepennupys BeIpakeHHE I TOKA, TOJIYYHM HAIpPSKEHUE HA WHIYKTHUB-
HOM DJIEMEHTE

u; :Ee_&(ooc cosmt —3sinmt). (5.41)
®

C
YacTtoTa COOCTBEHHBIX 3aTyXalOUIMX KojeOaHUH Lenu o,, KO3 UIHEHT 3a-
TyXaHHUs O U PE30HAHCHAs 4acTOTa (¥, CBSI3aHbl MEXIY COOOWH COOTHOLIEHUSIMU
IpsIMOYTOJIBHOIO TpeyroiapHuka (5.36). IlosTtomy ecnu mpusATh tgB=08/®,, TO
®, =0, cosf; d=wm,sinf3 ¥ BbIpa)ke€HUs A HANPSOHKCHUH HA PEAKTUBHBIX dJIe-

MEHTaX MOYKHO MPEJICTAaBUTh B BUJIE:
0, -
u. = E—2e ™ cos(w,t - B);
OJC
(5.42)
WOy &
u, =—E—e " cos(m.t+p).
(DC
Oynkumu (5.42) U KpuBasi TOKa nokaszaHsl Ha puc. 5.11, 6. Onu npexacrasis-
10T cOOOM 3aTyXallue CUHYyCOHanbHble Kojebanuss. CKOpOCTh 3aTyXaHUsl ONpe-
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nensiercst koapduiumentom O. Ha pucyHke mokaszaHbl Takke OrMOaroIIne aMIuIH-

E s
Tyd TOKa ——€ .

C

Ilepexon k koseOaTeabHOMY NEPEXOJHOMY IPOLIECCY OT alepUOIUYECKOrO
IIPOUCXOJUT TP YMEHBIIEHUH CONPOTUBIICHUS KOHTYypa R Kak CIIEICTBUE 3aMeE/l-
JIEHUSI PACCESIHUSA DHEPTUM PE3UCTUBHBIM 3JIEMEHTOM Iienu. B pe3ynprare B KOH-
Typ€ BO3HUKAET MEPUOJAMYECKUII OOMEH SHEpPrue Mexay NOJISIMH aHaJOTUYHBINA
00OMEHy MpHU PE30HAHCE, HO, B OTJIMUKE OT PE30HAHCA, I'/I€ MOTEPU SHEPTUU B LIEMU
BOCIIOJIHSUIMCh BHELIHUM HCTOYHMKOM, 3/I€Ch IIpoLecC OOMEHa COINPOBOXAAETCS
HEOOPATUMBIM pacCcesiHUEM U MOCTENIEHHBIM 3aTyXaHueM kojebanuid. [lomumo 3a-
TyXaHHs KoleOaHWH paccessHUEe DHEPrUM INPOSBISETCA B UX 4acTOTE (., KOTOpas

MCHBIIC pCSOHaHCHOfI 9aCTOThI LICIIN 0, U HpI/I6JII/I)KaeTCH K HEH Mo MCPC YMCHb-

meHus O. TeopeTrnueckn yactora KojeOaHuil OyJeT paBHA PE30HAHCHOM TPH HY-
JIEBOM COTPOTHUBJICHUH KOHTYpa. B ATOM ciiydae B 1emu YCTAaHOBUTCS PEKHUM HE-
3aTyXxaronmx Kojie0aHu| PU OTCYTCTBUHU BHEITHETO NCTOYHHUKA YHEPTHUH.

Bonpocwi 0ns camonposepku

1. Kakue mapameTpsl onpeaesnstoT XapakTep NepexoHOro mpoiecca mpu
paspsiake?

2. Kak mporekaeT mepexoHbIi MpoIecc Mpu arnepuoIudecKon paspsake
KOHJIeHcaTopa?

3. Kak npoucxoaut npeobpa3zoBaHKre dHEPIUH, HAKOTUICHHOW B DJICKTPH-

YECKOM I0JI€ KOHJIEHCATOpa, IPU alepHOINYECKON pa3psiKe uyepe3 Ka-
TYHIKY UHIYKTUBHOCTH?

4. Kak mpoTekaer mepexoJHbIN MPOIECC MPHU KOJIeOATEIHbHOM XapaKTepe
MEPEXOTHOTO0 Mpoliecca pa3psaKku KOHAeHcaTopa?
3. Kak npoucxoaut npeoOpazoBaHue SHEPIUH, HAKOIUICHHOW B JJIEKTPH-

YEeCKOM I10JIe€ KOHJIEHCATOpa, IIPU KoJlebaTeIbHOM XapakTepe Mepexo-
HOT0 IIpoLecca pa3psIKU KoHAeHcaTopa?

6. B kakom citydae yactora kojeOaHui TOKa IpU pa3psaKe KOHAEHCAaTopa
OyZeT paBHa pE30HAHCHOM 4acTOTE KOHTYpa pa3psaku?

6. HetmHelHbIE dJIeKTPUUYECKHUE LeNH

Henunetinvivmu snemenmamu 3IEKTPUUECKOW IIE€MM HA3bIBAIOTCS TaKUE 3Jie-
MEHTBI TTApAMETPBI, KOTOPHIX 3aBUCAT OT HAMPSKECHUM, TOKOB, MAarHUTHBIX MOTO-
KOB U JIpPYTUX BEJIMYMH, T.€. 3TO DJIEMEHTHI C HEJIMHEHHBIMU BOJBTAMIIEPHBIMU, BE-
Oep-aMIepHBIMU U KYJIOH-BOJIbTHBIMHM XapaKTepUCTUKaMHU. [IpUHIUIIHAIBHO BCe
AJIEMEHTHI AJIEKTPUUYCCKHUX IIeTei B OOJIbIICH WM MEHBIICH CTEIeHU HEIMHEHHBI,
HO €CJIM HEeJIMHEWHOCTh CYIIECTBEHHO HE BIIMSAET HA XapaKTEp IPOLIECCOB B IICIIH,
TO €10 IPEHEOPETAIOT ¥ CUNUTAIOT IIETTh JINHECHHOM.

Hannuune maxke omHOrO HEJIMHEHMHOTO 3JIEMEHTA B LIEMH HE MO3BOJISIET MIPUME-
HUTH JUJTA €€ aHaju3a METOJbl, OCHOBAHHBIC HAa Pa3JCICHUN PEAKIUU LICIH, TaKue
KaK METOJI KOHTYPHBIX TOKOB, METOJ HAIOKEHUS, METOJI IKBUBAJIEHTHOTO I'€HEpPa-
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Topa. [Ipy HAIMYMKU HETMHEMHOCTH aHAJIU3 IIPOLIECCOB 3HAYUTEIBHO YCIIOKHACTCS
Y €CIIA 3TO BO3MOKHO, TO XAapPAKTEPUCTUKU HEIMHEUHBIX JIEMEHTOB JIMHEAPU3Y-
FOTCsl, allIIPOKCUMUPYIOTCS MIOJJMHOMAMH U T.II.

B cOBpeMEHHOUW TEXHUKE HEIUHEHMHBIE DJIEMEHTHI HAXOIAT OYEHb LIUPOKOE
pacrnpoctpaHenue. C ux MOMOIIBI0 MPeoOpa3yeTcs AMEKTPUIECKas SJHEPrus, TeHe-
PUPYIOTCS CUTHAJIBI C 3aJlaHHBIMU CBOWCTBaMH, MPEOOpa3yeTcs U COXpaHsIeTCs
uHopMmaims. OHU TPUMEHSIOTCS B SHEPIeTUKE, aBTOMATUKE, PAIUOTEXHUKE, BbI-
YUCIUTEILHON TEXHUKE U IPYTHX 00JACTAX, CBA3AHHBIX C IPUMECHEHHUEM JJICKTPH-
YECKOM DHEPIUH.

6.1. Henuneiinole pe3ucmuénble 31eMEeHMbl

Henuneitnpie pe3uctuBHbie 31eMeHThl (HP) 3TO 3nemeHThl anekTpudeckon
LENU C HETMHEHHOM BoJbTaMIlepHOil xapakTepucTukoil (BAX). Ouu oTHOCATCS K
4yycily HauOoJiee paclpOCTPaHEHHBIX B TEXHUKE 3JIEMEHTOB M OTIMYAOTCSA OO0JIb-
KM pa3HooOpa3ueM cBoicTB. OHA U3 BO3MOXKHBIX Kinaccuukauuii HP mpuse-
JIeHa Ha puc. 6.1, a.

[HCHI/IHeﬁHble pemcmBHble]

IJIEMEHTRI
[ HaCCI/IBHBIe ] [ AKTHBHBIE ]
|
[ CI/IMMe’I‘pI/I‘{HHe] [HGCI/IMMGTpI/I‘{HbIe]
[ MOHOTOHHLIe ] [ HemonoTOHHBIE ]
|
[ praBH}ICMLIC ] [HeynpaBnﬂeMHe ]
|
[I[ByxnonIOCHHKH] [ TpéxnomrocHuku ]
a) 0)
Puc.6.1

[To npu3HaKy HaJIM4Ms MUCTOYHMKA AJEKTpuyeckou sHeprum HP nenstca Ha
akTUBHbIC 1 maccuBHbe. Eciu BAX npoxoaut depe3 Havyaino koopauHat, To HP
NAaCcCHUBHBIN. B MpOTUBHOM cilydae OH OTHOCUTCS K akTuBHbIM HP 1 ero cxema 3a-
MeleHus: coaepkuT uctouHuk DJ[C mmum uctouHuk Toka (Kpuas 2 puc. 6.1, 0).
[To otHomieHuto k Hayany koopauHaT BAX HP moryt ObITh CUMMETPUYHBIMU
(xpuBas 3 puc. 6.1, 6) 1 HeCUMMETpPUUHbIMU. 3HaK Mpou3BogHON dU /dl B pas-
AMYHBIX Toukax BAX MokeT ObIThb HEU3MEHHBIM (MOHOTOHHASI XapaKTEPUCTUKA),
a MOXXeT M3MeHAThCs (HemoHoTOHHass BAX kpusas 4 puc. 6.1, 6). Haubonbumm
pazHooOpazuem oTinnvarorcss BAX nomynpoBoaHukoBbIX npudopoB. Ha puc. 6.2 B
KauecTBe mpumMepa npuseneHsl BAX nuomaa, hoTomnona, TAPUCTOpPA U TPAH3UCTO-
pa (puc. 6.2, a, 6, 6 u 2 COOTBETCTBEHHO). [IepBbIil 371EMEHT OTHOCUTCS K HEYIPaB-
mgeMbiM HP, a octanmbHble — K ynpaBiisieMbIM. XapaKTEPUCTUKU ITUX JIIEMEHTOB
PE3KO HECUMMETPUYHBI, TIPU PA3HBIX MOJSIPHOCTSIX MPHUIIOKEHHOTO HAIPSKEHUS
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L1 ) SST,=0 —— 1.,=0
0 ]y2>0 U 0 U
B) r)
Puc. 6.2

FOCYARCTBEHHBI YHUBEPCUTET

OHU 00JIaJIal0T pa3Iny-
HBIMU  COINPOTHUBJICHUSI-
MH. BosbramnepHsie xa-
PaKTEPUCTUKH yIpaB-
naembix HP, kpome Toro,
U3MEHSIOTCS II0J BO3-
JNEUCTBUEM  YIIPABJISIO-
et BeauduHbl. Y (oTo-
nuona usMmeHenne BAX
MPOUCXOAUT TIOJT BO3-
JICUCTBUEM CBETOBOI'O
noroka @, y tupucropa

U TpaH3UCTOpa — IIOA
BO3JICICTBUEM TOKa,
IPOTEKAIOIIETO  4Yepes
YIPaBJISAIOMIMNI BXOJ

(1,, I5). Muox u doro-
JMOJT OTHOCATCS K JIBYX-
MOJIIOCHUKAM, T.K. BKJIIO-

YarOTCA B OJICKTPHUYCCKYIO LCIIb B JIBYX TOYKAX, 4 THPHUCTOPp M TPAH3UCTOP — K

TpéXHOJII-OCHI/IKaM.

CaoiictBa HP onpenensitorcs ero BAX. B oTinnure OT TMHEMHOTO PE3UCTUB-
HOTO 3JIEMEHTA KaxkJaasd Touka BAX HENMHENHOro 3J€MEHTa ONpPEACIISIETCS ABYyMS

mapamMeTpaM CTAaTHYCCKHUM COIIPOTUBJICHUEM

C

R =U/I n nupdepeHnmranbHbIM

conporuBieHneM R, =dU/dl. Tpapudeckun CTaTHIeCKOE CONPOTHBICHHE

npeAcTaBisieT coOO0M KOTAHT€HC yria HaKJIOHA CEKylled MPOBENEHHOM U3 Haudalia

koopauHat BAX B Touky A4 (puc. 6.3):

m
R, =—*ctgo, a muddepeHIHAIBLHOE CONPO-

1
TUBJICHHE — KOTAaHTCHC yrIJla HakKJIOHAa Kaca-
TenpHOM B Touke A  (puc. 6.3):

m
R _—=—tctgB. Cratudeckoe CONPOTHUBIICHHE
m

JAWH
1
COOTBETCTBYET conpoTtuBieHnto HP B nenu no-
CTOSIHHOI'O TOKa, a Aud¢epeHuuaibHoe — co-
npotusiieHMI0 HP npu Manbix W3MEHEHUsX TO-
Ka W HampspKeHUs OTHOCUTENBHO paboueit Tou-
KHU.

Bonpocwl ons camonposepku

_]A

0

1. Kakue 35eMeHTbI 3JIeKTpUUECKOM LMY Ha3bIBAOTCS HETMHEUHBIMU ?
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2. [To kakoMy MpU3HAKY MOXHO ONpPEAENUTh HAIMYKWE UCTOYHUKA DJIEK-
TPUYECKOUN SHEPTHH B HEIIMHEWHOM pe3ucTope?

3. JaiiTe onpezenenue cratuyeckomy (aud@epeHnnanbHoMy) COPOTHUB-
JIEHUIO?

4. Kak cootHoOcsTCS Mexay coboi crartuueckoe U AuPQepeHLnanbHoe

COMPOTHUBJICHUS JIMHEHHOTO pe3ucTtopa?

6.2. Ananu3 yenu c HeJUHEUHBIMU OBYXNOJIIOCHUKAMU

3ajava aHanM3a HEJIMHEMHON LEeNM 3aKJ04YaeTcsl B pacyéTe TOKOB M HaIps-
KEHUW Ha ydacTke nenu npu 3amgaHHeix BAX HP, conpoTuBieHHSIX JIMHEINHBIX
sanemeHToB U J/]C ncrounukoB. CoBpeMeHHbIE clipaBouHble naHHbie HP Bitoua-
0T UX MaTEMaTUYE€CKUE MOJICINIH, MTO3BOJIAIONIUE PEIIUTh 3Ty 3a7a4y YUCICHHBIMU
METOJaMU C MOMOIIBIO CIEUATU3UPOBAHHBIX MAKETOB mporpamMm. [losTomy Mbl
OCTAHOBHUMCSI Ha TpadUUecKMX METOJax aHallu3a, NAIOLUX MpeACTaBlIeHHE 00
0COOEHHOCTSIX PEKMMOB HEJIMHEUHBIX LIETei.

6.2.1. llenv ¢ ucmouyHukoMm nocmosaHH020 MOKa
Ecnu tpebyeTtcs onpeaenuTh TOK B nocienoBarebHoM coennHenun HP (puc.
6.4, a), To MoxHO noctpouTh BAX yuactka nenu /(U) Ha ocHOBe 3akoHa Kupx-

roda

uv=U,+U,, (6.1)
a 3aTeM I10 IOJIy4YCHHOU XapaKTEPUCTUKE HAWTU TOK /[, IIPU 3aJaHHOM 3HAYCHUU

v ~ / (U,) V1 (-U,) 1\I(U) .~ / (U,
N \ A =
' I(U) \ I=F(U~U,) N Ul

\ ; ':' i I
i N\ Lir—%—H |
| N e |
I \\“‘s...,_'__ A,g’fi{// \i'\.__ JI

I10 U20 [Ijo U -U 0 UIO U20 Uo U

a) 0) B)

Puc. 6.4
Hanpsukenus U, . Ilocie 4ero no HaiieHHOMY TOKY MOXHO OIPEIENUTh HaIpsKe-
HHMA Ha OTHENbHBIX dneMmeHTtax U, U,,. Iloctpoenne BAX /(U) BeimonnseTcs

nyTéM cymmHupoBaHus adcuucc Touek BAX pe3ucTuBHBIX 31eMEHTOB R, U R,

(puc. 6.4, 0).
[Tpu napannensHom coenunenuu HP (6.5, a) BAX yuactka nuenu /(U) ctpo-

UTCSI Ha OCHOBaHWU TiepBoro 3akoHa Kupxroda
I=1+1,,
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T.€. IIyTEM CYMMUPOBaHUA OpaAuHAT ToYeK BAX pe3uCTUBHBIX 2JIEMEHTOB R, U R,
(puc. 6.5, 0). Ilocne nonyuennss BAX [(U) onpeneinsrorcs o0muii Tok nenu [, u
TOKU B oTAeIbHBIX HP 1), 1,,.

CymiectByer 6onee
yAOOHBIM METOd, HE Tpe-
Oyl TOCTPOCHHUS 00-
meit BAX yuactka [(U)u
Ha3bIBAEMBI Memoodom ne-
peceuenuss XapaxKmepucmux.
W3 Belpaxkenus (6.1) Ha-
OpsDKCHUE Ha R, mpu 3a-

JTAHHOM 3HAY€HUU BXOJIHOTO
HanpsbkeHuss U,  paBHO

Puc. 6.5 U, =U,—-U,. 3Hauur, eciu
nocrpouts BAX R, c¢ aprymenrom U, —U,, TO OpAMHAaTa TOYKH IIE€PECEUCHUS
3TOM Xapakrepuctuku ¢ BAX R, nact uCKOMbIN TOK. /11 IOCTPOEHUsT BCIIOMOTI'a-
tenbHOM BAX [ = F (U, —U,) BHavane crpoutcsa BAX [I(-U,), npeacrasiustomas

co00H XapaKTEPHCTHKY 3€PKATbHO CHMMETPUYHYIO OTHOCHTEIHLHO OCH OpJIWHAT
BAX I(U,), a 3areM oHa cMmelaeTcs 1o ocu adciucce Ha Bennuuny +U,, (puc. 6.4,
8).

Ecnu pe3sucTuBHBIA 3JI€MEHT
R, auHeWHbl, 10  BAX

I=FU,-U,) npexncrasiser co-
00I1 JIMHUIO C HAKJIOHOM COOTBET-
CTBYIOLIMM 3HAu€HUIO R, U mpo-

XOIdAIyr0 4epe3 Touky +U, Ha

ocu abcumcc. DTO  TMO3BOJSET
MPUMEHSITh METOJl TEePECEUCHUS
XapaKTepUCTUK IS BJIEKTpUYe-
CKHUX IIETIEH C OJTHUM HEJIMHECWUHBIM
a7eMeHTOM. B pasnene MeTo0B aHaiu3a Leneil MOCTOSHHOTO TOKa ObLIO MoKa3a-
HO, YTO Jt00ast AJIEKTpUUYECcKas 1EMb M0 OTHOUIEHUIO K OTJEIbHON BETBU WJIU JJie-
MEHTY MOJKET OBITh MPEJCTaBJICHa YKBUBAJICHTHBIM T'€HEPATOPOM C UCTOYHUKOM,
OJIC xoToporo paBHa HaNpsKEHUIO Ha Pa30OMKHYTOW BETBU, U BHYTPEHHUM CO-
MIPOTUBJICHUEM PAaBHBIM COMPOTUBIICHUIO IIENIM OTHOCUTEIBHO TOUYEK IMOJKIIOYE-
HUs. TakuMm oOpa3oM, €CliM BBIACIUTh HEJTWHECHHBIM DJIEMEHT, TO BCSA JIMHEHHAs
YacTh IEMHU M0 OTHOIIECHUIO K HEMY OyJeT JIMHEWHBIM aKTUBHBIM JBYXIIOJIIOCHU-
koM (puc. 6.6, a) c BAX npoxogsmieit uepe3 touku [E, 0] u [0, E/r] (puc. 6.6, 0).
Touka nepeceuenus quHn BAX NByXIOIIOCHUKA, HA3bIBAEMOU HAZPY30UHOU Xa-
paxkmepucmuxoti, c BAX HP onpenenser pexxum ero paboThel. ITOT METOJI aHAJIH-

Puc. 6.6
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3a LeNeld C HEJIMHEHHBIM 3JIEMEHTOM HAa3bIBACTCA MEmoOOM HASPY30YHOU XapaK-
Mmepucmuxu.

6.2.2. Ilenb c ucmouyHukom nepemenHo20 moka

MrHoBeHHbIE 3HAUYEHUS TOKA WJIA HanpspkeHus Ha HP B nenu ¢ ucTouHukoM
NEPEMEHHOIO TOKA MOYHO IMOJYYUTh IOCIEA0BATENbHBIM IOCTPOEHUEM TOYEK
KPUBBIX METOJOM Harpy304HON XapaKTEPUCTUKHU.

B kauecTBe nprmepa BBIIOIHUM MOCTPOCHHUE KPUBBIX TOKA U HAIPSKEHUS Ha
NOJIYIIPOBOAHUKOBOM [HOJE B LENM C HMCTOYHUKOM cuHycouaaibHou IJIC
e(t)=E, sinwt (puc. 6.7).

Cxema 3amenieHus el COOTBETCTBYET puc. 6.6, a. [lapamnensHo ocu opau-
HaT BAX noctponm ocbk BpeMeHH i KpuBbiX J/IC M HanpsbkeHHs Ha IHOJE, a
napajuiesIbHO 0cH abCIUCC — OCh BPEMEHH JJIsl KpUBOM TOKA, IPOTEKAIOIIETO Yepes
muoji. Beibepem HEKOTOPBIT MOMEHT BPEMEHH M TIOCTPOUM JIJIsi HETO Harpy304HYIO
XapaKTepUCTUKY B COOTBETCTBMM ¢ MrHOBEeHHbIM 3HaueHuem J/[C. Ha pucynke

OIMH TAaKOH MOMEHT BBI-
I OpaH IS THOJIOKHUTETBHO-
ro wmakcumyma OJJIC wu
OPYTrOW JJid OTpULIATEIb-
Horo. Touka mepecedyeHus
HAarpy304HOW XapakTepu-
ctuku ¢ BAX nuona (Tou-
Kka b Ha puc. 6.7) onpene-
JI€T MTHOBEHHBIC 3HAue-
HUSI TOKAa W HaNpsHKCHUS
Ha auone. MakcuMmym Ha-
npsoxenus  +U,  MeHble

makcumyma OJIC Ha Be-
JUYUHY MaJCHUsl Harps-
JKEHUSI Ha SKBUBAJICHTHOM
CONPOTUBIICHUU LIENU 7.
AHaAJOTMYHO  TOCTPOUM
HAarpy304HYK0 XapakTepu-
CTUKY B TPEThEM KBaJIpaH-
te BAX nna orpunaresnb-
HOr0 MAaKCHUMyMa M OIlpe-
JIEIUM TOK M HampspKeHUE
Ha IMOJI€ IO KOOPAMHATAM TOYKH MEPECEUCHUS e. 31eCh MaJIcHUE HANpsHKEHUs Ha
SKBUBAJICHTHOM COINPOTHUBIICHUH CYIIECTBEHHO MEHBIIIE, YEM IIPU MOJIOKUTEILHOM
MaKCUMyMe, T.K. CYIIECTBEHHO MEHBIIIE TOK B I€MU. DTO CBSA3aHO C TEM, YTO CO-
IPOTHUBJIEHUE ANOJA MPU OOpaTHOM MOJSAPHOCTU HAMPSIKEHUSI HA HECKOJIBKO IO-
pAIKOB OoJblie, 4yeM mpu npsiMoi. Ha pucyHke 3TO COOTHOIIEHHE YMEHBIIEHO,
YTOOBI MOYKHO OBLTO BBISIBUTH JIETATH MIOCTPOCHHS KPUBBIX.

Puc. 6.7
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[ToBTOpSsIA MOCTpoeHUs I BceX ToYEK cuHycou bl D/]C, Mbl MOIy4YnM Kpu-
BbI€ MTHOBEHHBIX 3HAYEHHUI TOKa U HarpskeHuss. O0e KpUBble HECUHYCOUJAIbHBI.
OTpuuarenpHble 3HAYEHUs TOKA 3HAYUTEIBHO MEHBUIE IMOJOKHUTEIBHBIX M €CIU
npeHeOpeyb UMH, a TAK)KE€ MCKaKEHUSMH CHHYCOMJIbI TOKa MPU MOJOKHUTEIbHON
nostyBosiHe D/1C, TO MO MOKHO CUATATH 3JIEMEHTOM 3JIEKTPUYECKOM LENHU C OJ1-
HOCTOPOHHEW ITPOBOIUMOCTBI0. OH MPOBOAUT TOK MPHU HOJOKHUTEIBHOMN MOJISPHO-
CTU IIPUJIOKEHHOI'O K HEMY HaIIpsDKEHMS U HE IPOBOJIUT IIPU OTPULIATEIIBHOM I10-
JAPHOCTH. TakoM 3J1EMEHT LIeIU HA3bIBACTCS 8EHMUNIbHBIM 3/IEMEHMOM.
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Puc. 6.8

[Ipu ananuze nemneun c
muonamu BAX yacto 3aMme-
HSIOT CXeMaMU 3aMEIIEHUSI C
pa3IUYHOM CTENEHBIO JeTa-
JW3allii CBOMCTB Auonaa (puc.
6.8). B Takyro cxemy
BKJIIOYAKOT UJCAbHBIN BEH-
TWIBbHBIN 3JEMEHT V' ¢ Hylle-
BBIM CONPOTHUBJICHUEM TIpU
MOJIOXKUTENIbHON MOJSPHOCTH
HaMpsHKEHUsT U HYJIEBOU Mpo-
BOJAMMOCTBIO TIPH  OTpHIIa-
tenpHOU (puc. 6.8, 2). Kpome
toro, BAX nuona B mepBoM
KBaJIpaHTE aNIpPOKCUMHUPYIOT
JTUHEHHBIMU byHKIAAMHA.
Haunyumass annpokcumanus
JIOCTUTAETCSl TPU BKIIOUCHUU
B CXEMYy 3aMElIeHUs] HCTOY-
Huka DJ1C £ u pe3nuCcTUBHOTO
AJEMEHTa 7, COOTBETCTBYIO-
mero  auddepeHaIbHOMy
COTNPOTUBJICHUIO Ha OOJIbIIICH
gactu BAX (puc. 6.8, a). Ec-
U HamnpsbKeHUWE Ha  JIUOe
CYIIECTBEHHO OOJIbIIIe Taje-
HUSl HaIpSOKEHUS Ha Hayallb-
HOM ydacTke BAX, To ucka-
KEHUS TOKA W HaIpPsHKEHUS
HE3HAYUTEIbHBI U U3 CXEMBbI

3aMelIeHrs MOXKHO UCKIIUUTh uctouHuk DJIC (puc. 6.8, 6). B ciayuae manoro
CONPOTHUBJIEHUS IMOAA MO OTHOLIEHUIO K CONMPOTUBJICHUIO IIEMH, MOKHO HCKJIIO-
YUTh U3 cXeMbl Ju(pepeHnanbaoe conpoTunieHue (puc. 6.8, ).
[TomynpoBOTHUKOBBIE TUOABI SBISIFOTCS HauOosee pacrpocTpanéHHbiMU HP.
OHM HCTIONB3YIOTCS B SHEPreTUKE I IPeoOpa3oBaHUs NIEPEMEHHOIO TOKa B I10-

125



Henunetinore dNleKmpuyecKue yenu

TOCYIAFCTBEHHbIV YHUBEPCUTET

CTOSIHHBIW, B PaJIMOTEXHUKE, ABTOMATUKE U BBIYUCIUTEIBHOU TEXHUKE ISl TPE00-
pPa30BaHMsI CUTHAJIOB M peaju3aliy JOTUYECKUX (DYHKIIHM.

Bonpocw 0ns camonposepku

1. Kak crpoutcs BonbTaMIlepHas XapaKTEPUCTUKA y4acTKa JJIEKTpUYe-
CKOHM WIEMHU C TMOCJIEeA0BATENbHBIM (MapaJlyIeIbHBIM) COCIUHEHUEM He-
JIMHEWHBIX PE3UCTOPOB?

2. Yro Takoe METO nepeceueHuss XapakKTEPUCTUK U KaK OH UCIIOJIb3yEeTCs
IUI OTIPEJICNIEHUs peKuMa paboThI 1enu?

3. UTto Takoe Harpy304Hasi XapaKTEpUCTUKA?

4. Uto Takoe METO]l Harpy304HON XapakTepucTuku? B kakoMm ciyyae oH
UCIIONb3YeTCs?

5. Hapucyiite kpuBy10 TOKa B 3JEKTPUYECKOW LENHU C MOJIYNPOBOJHUKO-
BBIM JTUOJOM U OOBSCHUTE MPUUUHY UCKAKECHUM.

6. HapucyliTe KpuByI0 HamnpspKeHUsT Ha IOJYIPOBOJHHMKOBBIM JHOAE M
00BACHUTE IPUUNHY UCKAKECHHI.

7. Hapucyiite BOnbTamIiepHble XapaKTEPUCTUKUA AUOJA IIPU PAa3IAYHBIX
BAPUAHTAX aNMPOKCUMALAN?

8. Hapucyiite kpuBble TOKa yepe3 AMOJ IPU Pa3IUYHBIX BapUAHTAX all-
MIPOKCHUMAIMU BOJBTAMIIEPHOU XapaKTEPUCTUKH.

9. VYkaxuTe ycioBHs, IPU KOTOPBIX IPUMEHSAETCS KaXKasi U3 CXEM 3ame-

mMCHUA Auoaa.

6.3. Ananu3 yenu ¢ HeJIUHEUHBIMU MPEXNONIOCHUKAMU

CambIM pacnpoCTpaHEHHBIM TPEXMOIIOCHUKOM, T.€. 3JIIEMEHTOM 3JIEKTpUYe-
CKOU 1IeTH, MOAKII0UYaeMbIM K HEl B TPEX TOUKAX, SIBJISAETCS TPaH3UCTOp. BHIBOADI,
KOTOPBIMU OH MOJAKJIIOUYAETCS] K BHEIIHEH e HA3bIBAIOTCA KOJUIEKTOP, SMUTTEP
u 6aza (k, 9, 6 Ha puc. 6.9, a). OgHa U3 BO3MOXKHBIX CXEM €r0 BKJIIOUCHHS IpUBE-
IeHa Ha puc. 6.9, a. Tok koyuiekropa TpaH3ucTopa /, onpenensercs HalpsHKeHHEM

MEXky KOJUIEKTOPOM U aMurrepom U,
0a3zy I, noaromy BAX [ (U,
CTHK, ITOCTPOEHHBIX IJIs Pa3IU4YHBIX 3HaueHU [; (puc. 6.9, ). Takum oOpazom,

a TAK)K€ TOKOM, IPOTEKAIOIIHUM YEpE3 €ro
I;) npencTaBiAOT COOOM MHOKECTBO XapaKTepH-

39

M3MEHSASI TOK 0a3bl TPaH3UCTOpPAa MOXKHO BO3JICMCTBOBATH HA PEKUM pabOTHI LEMU
KOJUIEKTOP-OMUTTED, T.€. DIEKTPUUECKas IeNb 0a3bl SIBISCTCS YIPABIISAIONIEH I1e-
b0 TPAH3UCTOPA WM BXOJHOW LEMNbIO, a LEMb KOJJIEKTOP-3MUTTEP — BBIXOIHOU
WK nenelo Harpysku. [Tostomy xapakrepucrtuku [ (U,,, I;) Ha3bIBalOTCA BBIXOJ-

K32
HBIMM XapaKTEPUCTUKAMM TPAH3UCTOPA. B OTiHMYMe OT BEIXOJHBIX XapaKTEPUCTHK,
Bxonnast BAX [;(Ug,) Mallo 3aBUCUT PEKUMOB Jpyrux neneid. OHa npeacTaBiseT

coboit BAX auona, T.K. Mexay 0a30i M SMUTTEPOM HAXOJUTCA KpUCTAJUIMYECKas
CTPYKTypa aHAJIOTM4YHasA CTPYKType auona. OCHOBHBIM CBOMCTBOM TpPaH3UCTOPA,
00€eCreynBaoIINM €ro MPUMEHEHUE B TEXHUKE, SIBISIETCS] CIOCOOHOCTh MaJIbIM TO-
KOM 0a3bl BO3/I€ICTBOBATh Ha OOJIBIION TOK KOJIJIEKTOPA, T.€. CIIOCOOHOCTh YCHIIN-
BaTh TOK.
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AHanu3 COCTOSAHUS BXOJHOM U BBIXOJHOM LMW TPAH3UCTOPA TPOBOJUTCS Me-
TOJIOM MEPECECUEHUS XAPAKTEPUCTHUK I BXOAHOM M BbixoaHbix BAX. Ilo 3aman-
HOMY 3HaudeHuto conporusienus R, u OJIC E_ nenu KOUIEKTOpa AJI BBIXOIHBIX

Puc. 6.9

MaJIbHOTO [ .

BAX crpoutcs Harpy3ou-
Hasl XapaKTEpHUCTHKAa W OIl-
penensercd 3HA4Y€HHE TOKa
0askl, oOecIeunBaroIice
TpeOyeMbIil PEKUM B BHI-
XOIMHOW 1enu. 3areM 1o
BxoaHo BAX u Harpysou-
HOM XapaKTEPUCTHUKE BXOJ-
HOW 1ENU ONpPEAesieTCs
pexxum e€ paboThl MpHU Tpe-
OyeMoM TOKe.

B TexHuueckux ycr-
pOICTBAX TpPaH3UCTOpP MC-
IIOJIB3YETCSI B KAYECTBE YCH-
JIUTENISI CUTHAJIOB ITOCTOSH-
HOTO M NEPEMEHHOr0 TOKa,
OJIHAKO Il YCWIICHHsS Iie-
PEMEHHOr0 TOKa Tpedyercs
BBEJICHUE B CUTHAJ IOCTO-
SIHHOM COCTaBJISIOLICH, T.K.
TPaH3UCTOp 00JATAET TONb-
KO OJHOCTOPOHHEW NPOBO-
mumoctbio.  IlocTosiHHyIO
COCTaBJISIIONLIYIO TOKa 0a3bl
I, ONPEIENSIOT IO BLIXOJ-

HeiIM BAX kak cpenHee
3HAYEHHE MEXKJIYy MaKCH-

MajabHbIM  [5.. M MHHH-

MaJIbHBIM [y . TOKaMu, CO-

min
OTBCTCTBYIOIIIUMU 3a1aH-
HBIM 3HAYCHUAM MaKCH-

MajbHOrO [ .. WM MWHH-

ToKa Kosuiekropa. [locne yero no Bxoanoit BAX onpezgenstor na-

pameTpsl conpotuBieHus R, u ucrounnka JJC E;, obecneunBaromue GpopmMupo-

BaHME TOKa 0a3bl B 3aJlaHHBIX IIPCaciIax.

MCTO,Z[OM MCPCCCUYCHUA XAPAKTCPUCTUK OIIPCHCIIAIOT TAKIKC PCIKUM pa6OTBI
TPAaH3UCTOpPAa B KAUCCTBC KIKHOYCBOI'O J3JICMCHTA, T.C. YIPABIIACMOI'O JJICMCHTA
BJICKTpI/I‘IeCKOﬁ OCIIn, KOTOpBIfI MOXCT HAaXOAUTHCA B IBYX COCTOAHUAX: OTKPBITOM
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U 3aKphITOM. B IepBOM COCTOSIHUM €ro CONPOTHUBIIEHHE OJIM3KO K HYJIEBOMY, a BO
BTOPOM — K OECKOHEUHOCTHU. JIJisl 5TOro BHIOMPAIOT PEXKUM HArpy3KH TakuM oOpa-
30M, YTOOBI TOYKA MEPECEUEHUs] HArpy304YHON XapaKTEepUCTUKU OKa3ajlach HAa Ha-
YJaJIbHOM y4acTKe BbIXOJHON BAX, cOOTBETCTBYIOLIEH MaKCUMaJIbHOMY TOKY Oa-

3b1 I (touka A Ha puc. 6.10). B satom

max

I I pexkuMe Ipu OOJIBILIOM TOKE KoJuleKTopa /[,

TIax
HanpsbKeHue Kosulekrop-amurrep U, Onus-

KO K HYJIEBOMY, YTO COOTBETCTBYET 3aMbl-
1., (A KaHHUIO TOYEK KOJUIEKTOP-IMUTTEp, T.€. OT-
KPBITOMY COCTOSIHUIO Kitoya. Pexxum pabo-
Thl TPAH3UCTOpPA B TOUKE A Ha3bIBAETCS pe-

B KUMOM HachileHus. [lpu momade B 0asy
]KO_I --------- o ]& TpaH3UCTOpa HEOOJBIIOTO TOKa OTpHUIIA-
| | 1 ~
OUH Uo E UK3 TEJIBHOW MOJIIPHOCTH [ pabodas TOYKa
nepeMectuTca B Touky B. Ilpu sTomM TOK
Puc. 6.10 p y p

Koyutekropa [, OyneT oueHb MaibIM, a Ha-
npsbkeHue Kosulekrop-smutrep U, mouytu pasHbeiM OJIC E. Takoe cocrosiHue

OJIM3KO K Pa3MBIKaHUIO LIEMU KOJJIEKTOP-IMUTTED, T.€. SKBUBAJICHTHO 3aKPHITOMY
Kro4y. OHO Ha3bIBAETCS TAKKE PEKMMOM OTCEUYKH TPAH3UCTOPA.

KitoueBoii pexxuM pabOThl TPAH3UCTOpPA MCHOJB3YETCS B MPeoOpa3zoBaTeIsIX
MIOCTOSIHHOTO TOKa B TMEPEMEHHBIN, TPe0Opa3oBaTENSIX YACTOThHl IEPEMEHHOTO TO-
Ka, B YCTPOMCTBaX aBTOMATHUKH, B BBIYMCIMTEIBHOM TexHHUKE. IIpoueccopsl co-
BPEMEHHBIX KOMIIBIOTEPOB ITOCTPOEHBI HA OCHOBE MWJUIMAPAOB TPAH3UCTOPOB, pa-
00TaOIMNX B KIIFOUEBOM PEXKHUME.

Bonpocwi 0ns camonposepku

l. Jliist uero B TOK 0a3bl TPaH3UCTOPA BBOAMTCS MOCTOSIHHAs COCTaBJISIO-
mas’?

2. Kakoil MeTos1 HCroNb3yIOT JUIsl ONPEEICHHs] PEKUMOB padoThl Lienen
0a3bl U KOJUIEKTOpa?

3. Hapucyiite BoibTaMnepHble XapaKTEpPUCTUKU TPAH3UCTOpPA B CXEME C

o0ILIMM SMHUTTEPOM M TMOKaKUTE Ha HUX paboyuMe TOYKH COOTBETCT-
BYIOIIIME PEKUMAM HACBIIIEHUS U OTCEUKH.

4. B kakux yctpoilcTBaXx MCHOJIb3yeTCs KIIOUEBOM pexUM pabOThI TpaH-
3ucTtopa?

7. MarHuTHBIE LEeNU ¢ MOCTOSAHHOM MATHUTOABUKYIIEH CUIOH

B coBpemMEHHON TEXHHUKE OYEHb IIUPOKO MCIIOJb3YIOTCS YCTPOUCTBA IJIs Mpe-
0o0pa30BaHUsl 3JIEKTPUYECKON HHEPrUH B MEXaHH4YecKyro. [IpakTuuecku Bce OHU
OCHOBAHbI Ha B3aWUMOJEHCTBUN MArHUTHBIX MOJIEH € 3JEKTPUUECKUM TOKOM B IIPO-
BOoJHUKaX. He MeHee BakHYIO poJib B TEXHHUKE UTPAIOT yCTPOMCTBA MpeoOpa3oBa-
HUSI TIEPEMEHHBIX HAINPSXKEHUH U TOKOB, OCHOBAHHBIE HA SIBIICHUM 3JIEKTpOMAr-
HUTHOM MHAYKIHMH, pad0Ta KOTOPBIX HEBO3MOXKHA 0€3 (POpMHUPOBAHNS MATHUTHOTO

128



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

noJisi ¢ onpeaenéHHbIMU mapameTpamu. [losToMy Hapsiy ¢ mporeccamu, CBsI3aH-
HBIMHU C JIBIDKEHUEM 3apsiIOB B AJEKTPUUECKUX IEMAX, HEOOXOAUMO aHAIU3UPO-
BaTh NpOIECChl BO30YXACHUS U (HOPMUPOBAHUS MArHUTHBIX moJieid. COBOKYII-
HOCTh TEXHMUYECKUX YCTPOMCTB M OOBEKTOB, BO30YKIAOIIUX MATHUTHBIC TOJISI U
bopMUPYIOITUX TYTH JJI UX PACIPOCTPAHEHUs, DJICKTPOMATHUTHBIE TIPOIIECCHI B
KOTOPBIX MOTYT OBITh OMHCAHBI C MTOMOIIBIO MOHATUM MarHUTOJBIKYIIEH CHIIBI,
MarHuTHOTO MOTOKAa W Pa3HOCTH MAarHUTHBIX MOTEHIIMAJIOB HA3bIBACTCS MACHUM-
HOU Yenvio.

7.1. Ocroenble nonamus u 3aKOHbL MACHUMHBLX Yeneil

MarnuTHbIe TOJII BO30YXIAIOTCS MO0 IJICKTPUUYECKUM TOKOM, IPOTEKArO-
UM II0 TIPOBOJHHMKAM, KOTOPHIM IpUAAETCs omnpencinéHHas ¢opma, W Ha3bIBae-
MBIM OOMOTKaMH WJIU KaTyIIKaMH, JIMOO TTOCTOSSHHBIMU MarHUTaMH.

XapaKTepUCTUKAMU MAarHUTHOTO TOJIS SIBJSIFOTCS. MAarHUTHAs MUHIYKIUS U Ha-
NpsSKEHHOCTh. MarHuTHass UHAYKIUS 3TO BEKTOpPHAsl BEJWYMHA, XapaKTepHU3YIO-
1jasi MAarHUTHOE TI0JIe B KaXKJIOM TOUKe mpocTpaHcTBa. [Ipu mpounx paBHBIX yCII0-
BUSIX OHA OMpPENENseT CUIy, NEUCTBYIOUIYI0 Ha TMPOBOJHUK, [0 KOTOPOMY IPOTE-
KaeT DJIEKTPUUECKUN TOK, CO CTOPOHBI MAarHUTHOTO ToJis U Benuuuny D/[C, HaBo-
JUMOM MarHuUTHBIM MojieM B mpoBojHHMKE. O0a ATH SIBIEHUS HEMOCPEICTBEHHO
HCIIOIB3YIOTCSL B MpeoOpa3oBaresax djeKkTpuueckoil 3Heprun. [loaTroMy Bo Bcex
TEXHUYECKUX YCTPOMCTBAX
TpeOyeTcsl CO3/aHue Mar-
HUTHBIX TIOJIEH C BO3MOXK-
HO 0oJiee BHICOKUM 3Haue-
HUEM UHAYKIIUH.

JTa 3ajaya pemaercs
MPUMEHEHUEM KOHCTPYK-
Ui 13 (GeppoMarHUTHBIX
MaTepuagoB, Ha3bIBaEMbIX
masnumonposooamu. Ha
puc. 7.1, a moka3zaHO Mmar-

a) 0) HUTHOE TI0JIC€ UWJIMHIPHU-

Puc. 7.1 YECKOW KaTyIIKH, pacro-

JIOKEHHOW B BO3IyLIHOMU

cpene, a Ha puc. 7.1, 6 moJie 3TOM K€ KaTyIIKHA P TOM e 3HAaYeHUH TOKa, HO yC-

TaHOBJIEHHOW HAa MarHUTONpoBoje. B 3a30pe MarHUTONPOBOIa MHIYKIMSA MarHUT-

HOTO TIOJISI B JIECATKHA M COTHH pa3 BBIIIE, YeM B JIFOOOM TOYKE TOJIsI 6€3 MarHuTO-

MpoBOAa. DTO CBSI3aHO C TEM, YTO MOJ ICUCTBUE MOJIS KaTyIIKU MaTepuail MarHu-

TOIPOBO/IA HAMAarHUYMBAETCS M CO3JAET JOMOIHUTEILHOE MAarHUTHOE TOJe, YCH-

JUBaolIee BHENIHEee noJie. B o0mieM ciiyyae BEeKTOp MarHuTHOM uHAykuu B omn-
peaensieTcs Kak

B=pH+J=punH, (7.1)
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rie: n, =4mn-10"" T'H/M — MarauTHas IPOHMIIAEMOCTh BaKyyMa; [L — OTHOCHTENb-

Has MarHuTHas IPOHHUIIAeMOCTh cpenibl; H — BeKTOp HanpsKEHHOCTU MAarHUTHOTO
1oyst; J — BEKTOpP HAMarHWYE€HHOCTHU Cpepl. B M30TponHOM cpene Bce TpU BEKTO-
pa WMEIOT OJMHAKOBHIE HampaBlieHWs. B  HepeppoOMarHUTHBIX cpeaax
J<H, n=1,0 n Brp,H. B deppomarnernxax J>H, n>1,0. Unaykuus

MarHMTHOIO MOJIs U3MEHseTcs B Tecnax [Ti].

Hanpsok€HHOCTP MarHMTHOTO TOJISL 3TO XapaKTEpUCTHKA Ompenaelsemas,
TOJILKO CBOMCTBAMU CHUCTEMBI €ro BO30YXXIEHHUs, T.e. T€OMETpHYecKoil (opmoii
MPOBOJHUKOB U MPOTEKAIONIUM B HUX TOKOM. Ha OCHOBaHMM OIBITHBIX JaHHBIX
YCTaHOBJIEHO, YTO HMHTErpajl BEKTOpa HAIMPSIKEHHOCTH MAarHUTHOTO TOJS BIOJIb
JT000T0 3aMKHYTOT'0 KOHTYpa paBeH alreOpandecKkoil CyMMe TOKOB, CIIETIEHHBIX C
ATUM KOHTYPOM:

<J‘>Hd1=2ﬂ. (7.2)
/

DTO BBIPAKECHHUE HA3BIBACTCS 3AKOHOM NOJHO20 moka. IIpaBas 4yacTh BBIpaKCHUS
(7.2) nassiBaetcst macHumoosudxcyweti cunou (MJIC) unu namasnuvusaroweii cu-
qaou (HC). Ona uzmepsieTcss B eAMHUIIAX U3MEPEHHUs TOKa — amriepax. Exunurei
U3MEPEHUS HAMPSHKEHHOCTH MAarHUTHOTO TIOJIS SIBJISIETCST aMIiep Ha MeTp [A/M].
Ecnu KoHTYp MHTETPUPOBAHUS MOXHO PA3CIUTh HAa 7 YIaCTKOB, B TIpeIeax
KOTOPBIX TTOJIE OJHOPOJIHO M HampasjieHue MyTH dl Ha KaXJIO0M y4acTKe BhIOpaTh
COBNAJAIONINM C HampaBlieHueM BekTtopa HanpsbkéHHoctu H, To unTerpan B (7.2)
MOKHO 3aMEHUTh CyMMOM MTPOU3BEACHUN HANPSHKEHHOCTEH Ha JJIMHY YYaCTKOB:

zn:sz =Y 4. (7.3)
k=1

Eciv nipu 3TOM KOHTYpP MHTEIPHUPOBAHHS MPOXOTUT IO OCH KATYIIKH C YHCIOM
BUTKOB W ¥ TOKOM /, TO B IIPaBOil 4aCTH BMECTO CYMMbI TOKOB Oy/IeT MPOU3BE/Ie-
Hue /w. B o0iieM ciydyae B KOHTYpe HHTETPUPOBAHUS MOXKET OBITh 71 KATYIICK C
pa3HBIMU TOKAMH W pa3HbIMU HAIIPABIICHUSMH U3 TPOTEKaHUs. Toraa BeIpaKCHUE
(7.3) Oynet uMeTh BUJ:

;Hkl = Z;ﬂpwp = Z‘;in , (7.4)
= p= p=

rae F b= 1 ,W, — MarHUTO/BIKYIIAs CUJIA p-i KAaTyIIKH.

ITpousBenieHne HANPsHKEHHOCTH MArHUTHOIO IO Ha JUIMHY YYacTKa
H, [, =U,, Ha3bIBaCTCS MACHUMHbIM HANPAJCEHUEeM Y4aCTKa MATHUTHOM LEIH.

Ucnonb3yst 3TO MOHATHE, MOKHO MTpeoOpa3oBath ypaBHeHUE (7.4)

;UMk = Z‘;in : (7.5)
n P

[TonyuyenHnoe ypaBHeHue mo (opme HamoMmuHaeT BTOpou 3akoH Kupxroda ans
AJIEKTPUYECKUX LIENEeH, T.K. YCTaHABIMBACT PABEHCTBO MArHUTHBIX HAIPSHKEHUN

130



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

BJI0JIb 3aMKHYTOTO KOHTYpa MarHUTHOM 1ienu ainredpanueckoit cymme MJIC, neii-
CTBYIOLIUX B KOHTYpE.

MaruuTHas MHAYKIHUS XapaKTepu3yeT IoJie B KaXKIOM TOYKe, HO He AAéT
IPEICTaBIEHN O MAarHUTHOM I10JI€ B KaKOH-1100 00JacTu nmpoctpancTsa. s Ta-
KON XapaKTepUCTUKH BBOJUTCS MOHSATUE NOMOKA 8eKMOPA MACHUMHOU UHOYKYUU
WIN TIPOCTO MACHUMHO20 NOMOKA Yepe3 MOBEPXHOCTh. OH Ompenensercs Kak mo-
BEPXHOCTHBII MHTErpaJl BEKTOPAa MAarHUTHOW WHIYKIIUU

o :IBdS :J.BcosocdS,
s s

rae dS — 2JIeMEHT MOBEPXHOCTHU S; o — yroJl MEeXAy HallpaBJIEHUEM BEKTOpa Mar-
HUTHOW MHAYKIHMU U TEPHIEHAUKYJISIPOM K MOBEPXHOCTH dS. Jljii MOBEPXHOCTH
NEPIEHANKYJIIPHON BEKTOPY MAarHUTHOW MHIYKLIMH BO BCEX TOYKAxX 3TO BBIPAKE-
HUE yIIPOILAETCS
O =5S. (7.6)

B sTOoM cnywyae MarHuTHas HMHIYKOUSA PaBHA IIOTHOCTH MAarHUTHOTO ITOTOKA
B=0/S.

MarHuTHBIH OTOK H3MepsieTcs B Bebepax [B6]=[Tn][M].

MaruuTHoe HamnpsKeHue k-ro yJyacTKa MAarHUTHOM LIENH OIpeaesiercs Kak
U,.=H klk*. BeIpa3um HanpsoKEHHOCTh 4Y€pe3 MAarHUTHYIO HMHIYKIMIO Ha 3TOM

M

yuactke — U, = B[, /(n,1,). Torna g mo6oi nmoBepxHOCTH S, NEpHEHIUKY-
JSIPHOW HANpAaBICHUIO [, CIIpaBeIIMBO BbIpakeHUe (7.6) 1 MarHUTHOE HaIpsKe-

HUE IPUOOPETAET BUA:
Ly

U=, ——
Ko Sy

M

=0, R, (7.7)

eR,, = l—k
Ko Sk

Boipaxxenue (7.7) dopmanbHO aHamOruyHO 3akoHy Oma Uisl JIEKTPUUYECKOU
LENU U YCTAHABIMBAET CBSI3b MEXAY MArHUTHBIM HAIPSKEHHEM, ITOTOKOM M CO-
npoTtuBieHreM. OHAKO 3Ta aHAJIOTHs, KaK U aHAJIOTHs 3aKOHa MOJIHOI0 TOKa C 3a-
koHOM Kwupxroga, uyucto ¢gopmanbHas U IPOCTO IO3BOJSAET HCIOJB30BaTh MPHU
aHAJIM3€ MArHUTHBIX LENEHd METOJbI CXOJHBIE C METOJAaMM aHaIu3a LENeil dJeK-
TPUYECKUX.

— MAroMuTHOC COIIPOTUBJICHHUC k-ro y4dacCTKa OCIIu.

Bonpocwi 0ns camonposepku

1. YT0 Takoe MarHuTHas Lenb?

2 J{ns1 9ero Hy»KeH MarHuToIpoBoA?

3. CdopmynupyiiTe 3aK0H OJIHOTO TOKA.

4 Kak dhopmynupyercs Bropoii 3akoH Kupxroda ajis MarHuTHBIX LIETIeH 1

CIICACTBUEM KAaKOI'O (1)I/I3I/I‘-ICCKOFO 3aKOHA OH SIBJISICTCA?

* ~
31ech eseHre MarHUTHOM MM Ha YYaCTKY BBIITOJHEHO PH YCIIOBHH OJJHOPOJHOCTH TOJIS B MpeJiesiaX yJacTKa U
COBIIAJICHUS HAIIPaBJICHUI BEKTOpa HAMPSDKEHHOCTH U OTpe3Ka /j KOHTypa MarHUTHOH IeTn
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5. UTo TakOo€ MOTOK BEKTOPA MArHUTHOW UHIYKIUU?
6. [Touemy nysi XapakKTE€pPUCTUKU MArHUTHOTO TOJS HEJOCTATOYHO MOHS-
THSI UHIYKIUN?

7.2. Ceoitcmea heppomazHumubvix mamepuanos

deppoMarHMTHBIMM Ha3bIBAIOTCSI MaTepUalibl HA OCHOBE jKeje3a, KoOasbTa,
HUKEJsI U HEKOTOpBIE Apyrue MaTepuaisl U ciyiaBbl. OHU OTIMYAIOTCA OT JPYTrHX
MaTepuasoB 0COOBIMU MarHUTHBIMHM CBOMCTBAMH, IIABHBIMU U3 KOTOPBIX SIBJISIOT-
Csl OUEHb BBICOKAsi MarHWTHAs MPOHUIIAEMOCTh U CIIOCOOHOCTh YCWJIMBATh BHEIL-
Hee MarHuTHoe nosie. OJHaKo Bce OHU 00JIaZatoT CYLIECTBEHHO HEJIMHEMHOM 3a-
BUCUMOCTBIO B = f(H), 4TO CUJIbHO 3aTPyAHSET aHaJu3 MarHUTHBIX LIETIEH, CO-

JepXKalluX Y9acTKH ¢ (peppoMarHeTUKamu, U co34aéT HEKOTOPhIE CIOKHOCTH TIPH
AKCIUTyaTallMy AJIEKTPOTEXHUUYECKUX YCTpOMCTB. TeM He MeHee, 0e3 (eppomar-
HUTHBIX KOHCTPYKUMH HEMBICIUMO 3((EeKTUBHOE NpeoOpa3oBaHHUE HIIEKTpUYE-
CKOM DHEPTUU.

3aBucumocth B = f(H) nns

B (beppOMarHeTUKOB, Ha3bIBacMas
NEeTIEN TUCTEPE3NCa, HUMEET BU]I,
MOKa3aHHbIM Ha puc. 7.2. OnHa xa-
paKTepU3yeTCs MaKCUMaJIbHbIM
3HAYEHUEM WHAYKIUU B PEKUME
HaChblllICHUsT B OCTaTOYHOM HH-

HaMarHU4YHBaHHU A max >
| I AyKuueil B, M KOOPLUUTUBHOU CHIION
' H,. Oroomenune k_=B, /B, Ha-
H_..=10H
¢ 3pIBaeTCA KOA(OUIIMEHTOM MPsIMO-
HETIIA [lo BemuuWHE KOAPLUHUTHUBHOU

_j rucrepesuca
» cwibl (heppOMarHETUKH NETSATCS Ha

marauromarkue (H, <100 A/m) ¢

Y3KOM TETJIEM THCTEepe3nca U Mar-

Puc. 7.2 HuroTBépasie (. >20...30 xA/m)

C IIMPOKOM NeTiNEW. MarHuTOMArkue Matepuaibl UCIOJIB3YIOTCA I U3TOTOBIIE-
HUS MarHUTOIPOBOJIOB, & MATHUTOTBEPABIE ISl U3TOTOBJICHUSI TOCTOSIHHBIX Mar-
HUTOB. DTO CBSI3aHO C TE€M, UYTO MPU NEPEMEHHOM MAarHUTHOM MOTOKE MPOUCXOJIUT
nepeMarHiurMBaHue MaTepHuajia MarHUTONPOBOAA M MOTEPU DHEPTUU MpPHU 3TOM
OpsMO NPONOPUMOHAIBHBI IUIOMAAU NETIH rucrepesuca. [loatomy yem yxke sta
NeTisl, T.€. YeM MEHbIIe KOIPIUTUBHAS CWiia (heppoMarHeTuKa, TEM MEHbIIIE 3a-
TpaThl SHEPTUH, CB3AHHBIE C MPOLIECCOM MEpEMarHM4MBaHMUs.

OCHOBHBIM MaTEpHUAIIOM, HCIOJIB3YEMBIM B AJIEKTPOTEXHUYECKUX YCTPOUCT-
Bax JUIsl W3TOTOBJICHHMSI MarHUTONPOBOJOB, SIBISETCS JIEKTPOTEXHHUYECKAs CTallb,
IpeICTaBIIsAOMAast cOO0M CIIaB Xkene3a ¢ kpeMHueM (kpeMuus a0 5%). Ona obmna-
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JTa€T BBICOKOW MAarHUTHOM MPOHUIIAEMOCThIO U MAJILIMU TIOTEPSIMU Ha MepeMarHu-
YUBAHUE U BUXPEBBIC TOKHU.

AHaJlU3 TMPOIECCOB B MArHUTHBIX LEMSIX C YYETOM SBJICHUS THUCTEpe3rca
KpailHE CJIOXE€H, MO3TOMY pacy€T MPOU3BOJUTCA C HMCIOJB30BAHUEM OCHOBHOMU
KpUMBOM HaMarHWYMBaHUS MaTepuajga MAarHUTONPOBOJA WM MYTEM 3aMEHbI THCTE-
PE3UCHON KPUBOW SKBUBAJIEHTHBIM SJUTUIICOM.

Bonpocwl ons camonposepku

1. Yem oTnngaroTcs heppoMarHeTUKU OT APYTUX MATEPHATIOB?
2. [To xakoMy mpU3HAKY TPOUCXOIUT paszjelieHne (HeppoMarHeTUKOB Ha
MarHUTOMSATKUE U MarHUTOTBEPIbIE?
3. Yro Takoe KodpPUIUEHT MPAMOYTOILHOCTH?
7.3. Pacuém nepazeemenéHHoll MazHUMmMHOU yenu
Hepa3zseTBiénnon
B MArHUTHOH LENbI0 Ha-
! S1 L i 3BIBAETCS 1I€ITb, IT0 BCEM
N + *?z’ 2 B JJIEMEHTaM KOTOpPOM 3a-
w — ! | MBIKAETCSl OJTUH U TOT K€
; | i MarHUTHBIM MOTOK. Eciun
4_ (DO,J npeHeOpeds HEOOIBIITHM
0 H, JJ 3aMBIKAIOUIUMCS 110 BO3-
a) 0) yXy IIOTOKOM pacces-
Puc. 7.3 ausg O, TO K HEPa3BETB-

JEHHBIM MOYKHO OTHECTH
MarHuTHYIO 1enb Ha puc. 7.1, 6, cxema KOTOpoU MpuBeaeHa Ha puc. 7.3, a.
PaccMoTpuMm Ha mpuMepe 3TOHl Lenu peuieHue npsMod W oOpaTHOM 3adad
BCTpevaromuxcs npu pacuére. Ipsmas 3amada 3akmrouaercs B onpenenean MJIC
LENH IpU 33JaHHOM MarHUTHOM IIOTOKE, a 00paTHas — B ONPEIEICHUH MarHUTHO-
ro notoka s 3aganHod MJIC. Ilpu sToM mpeanosiaraercs, 4T0 T€OMETPUUECKUE
IapaMeTpbl U KpUBbIE HAMAarHM4MBAHUS YYACTKOB LIETIM U3BECTHBI.
IlycTh momans MonepeyHoro CeYeHuss MarHuTONpPOBOJa OJJMHAKOBA HA BCEX
y4acTKax M paBHa S;. 3a CYET «BBIIYYHMBAHMA» JIMHUHA MArHUTHOW MHAYKIHMH B

BO3IyIIIHOM 3a3ope (puc. 7.1, 6) miomaas ero NornepeyHoro CeYeHus: HeCKOJIbKO
Oosibuie M paBHa S,. JJIMHBI CpeIHUX JIMHUM MarHUTOIPOBOJA U 3a30pa PaBHBI

COOTBETCTBEHHO /; U [, .

7.3.1. llpsamas 3a0aua
Onpenenum MJIC nenu, HeoOXOAMMYIO JUIsl TPOBEACHUS IO HEH MATHUTHOTO
notoka @. 1o 3akony mosHoro TOKa (7.4)
H/l +H,,=1Iw. (7.8)
MarHuTHbIM MOTOK B MAarHUTOIIPOBOJIE M B 3a30p€ OJMHAKOB, IO3TOMY B CO-

OTBETCTBUU C BbIpaxkeHUuEM (7.6)
®,=5S,=5,S,. (7.9)
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Hanpsbxkénnocts H, 1 BO3MYIIHOTO 3a30pa ompezeisiercs ¢ y4€rom (7.9)
kKak H,=B,/p,=d,/(S,u,), a HanpsoKEHHOCTh [, ompeaensercss Mo KPHUBOii
HaMarHU4MBaHUs puc. 7.3, 6 B COOTBETCTBUU CO 3HAYEHUEM MarHUTHON MHIYKIMU
B =®,/8,.

IToxcrasnss nosydeHHble 3HaUeHus: HanpsokéHHocted H, u H, B (7.8), mo-

ayunMm uckomoe 3Hadenne MJIC nermm F = Iw. Hainennoe 3nauenne MJIC no-
3BOJISIET ONPEACIIUTD JINOO YUCIIO BUTKOB KaTYIIKH W, €CIIM 33JaHO 3HAaYEHUE TOKa
B Hell [, 1o TOK B KaTyIlIKE MPHU 3aJlaHHOM 4ucie BUTKOB. Ilociie uero MoxHO
paccuuTaTh KOHCTPYKTHBHBIC MapaMeTphbl KaTYIIKH M MapaMeTpbl €€ MCTOYHHKA
MUTAHMSL.

7.3.2. Obpamnas 3adaua

3ajaya onpeaeneHUusl MarHUTHOIO TIOTOKa B Lienu npu 3aganHo MJIC Gonee
cioxHas. OHa pemaercs rpadpuyecky Uin rpagoaHaIuTHYECKH, JINOO YUCIECHHBI-
MU METOJIaMH, €CJIM KpUBasi HAMarHMYMBaHUA 3aJjaHa aHAIUTUYECKH B BUJE ypaB-
HeHust Gynkuun B = f(H).

VYpaBuenue (7.8) ¢ yu€tom Beipaxkenuid (7.5) u (7.7) MOXXHO TIPEACTaBUTH B
BHJIC:

/ /
d,—L 4+ D Z_ - U )+ =w=F, 7.10
0 (U S, 0 1S, 0 [Rm( ut) Rmz] w ( )
R ()] ()]
Ml o(U,,) Iw| ®U,)
q) \(I)(UMZ) RM2
AN R of Ao D, @
D o 7 N
0 ‘ ! ! M2
<+— v 3
0O v, U, HI 0 U, v Hl
a) 0) B)

Puc. 7.4
rie R, U R, MarHuTHbIE COIPOTHUBIICHHS IIEPBOIO M BTOPOIO yYacCTKOB LICIIH.
ConpoTuBieHre MarHUTONIpoBoAa R, HEIMHEWHOE, T.K. €r0 3HAaYEHUE 3aBUCUT OT
MarHUTHON NPOHULAEMOCTH (peppomarHeTuka [, = f(/1), a CONPOTUBIEHUE BO3-
IOYILIHOTO 3a30pa R, TUHEHHOE.

VYpasuenue (7.10) MOKHO NpPEICTaBUTh CXEMOU 3aMelIeHNs MarHUTHOU 1eNU
NpUBEAEHHON Ha puc. 7.4, a. OHa aHAJIOTMYHA JIEKTPUYECKON LEMH C MOCIEeI0Ba-
TEJIbHBIM COCIMHEHNEM HEJITMHEWHOIO Y JINHEWHOrO COIPOTUBIIEHUN U IS €€ pac-
4Y€Ta MOXXHO UCIIOJIb30BAaTh METOABI PACUETA IIEKTPUYECKUX LICNIEH C HEJIUHEUHBI-
MH 3JIEMEHTAMM.
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B yacTHOCTH, MOXKHO pEIINTh 33/1a4y ONPEACICHUS TOTOKA MOCTPOCHUEM Be-
Oep-aMrepHON XapaKTEPUCTUKHU 1€ U rpaduyecku HAWTU TOYKY, COOTBETCT-
Byto1yto 3aganHoid MJIC. JIns 3TOro Hy»KHO MOCTPOUTH BeOEep-aMIepHbIC Xapak-
TEPUCTUKU OOOMX y4acTKOB. BeGep-ammepHas XapakTepuCTUKa MarHUTOIPOBOJIA
MOJIy4aeTCsl YMHOKEHHEM a0CIIUCC U OpJUHAT TOYEK KPUBOM HaMarHWYMBaHUS Ha
[, m Ha S, coorBercTBeHHO (kpuBas P(H,-/)=DU,,) Ha puc. 7.4, 6). Bebep-

aMIIepHas XapakTepuCTHKa Bo3aymHoro 3asopa ®(U,,) mnpexacrasiser codoi
OPSMYIO JTUHUIO MO YIJIOM O = arcctg(RMzm(D / mU) K OCH a0CLUCC, TAE Mg, My, —

MacTabbl OCEil MArHUTHOTO NOTOKA M HanpspkeHus. CyMMHUpyst aOCIIMCChI Xapak-
TEPUCTUK OOOMX YYACTKOB, MbI OJYyYHUM BeOep-aMIEPHYIO XapaKTEPUCTHKY BCel
MaraHuTHoU nenu @(F'), ¢ momolibio KoTopoi o 3aganHoin MJIC Iw onpenenum

MarHuTHBIA NIOTOK D, .

OTy ke 3aJady MOKHO PEIINTh METOJOM HAarpy304HOM XapakTepucTuku. Ilo
OTHOILEHUIO K HEIMHEHHOMY conpotuBieHuio R, ucrounuk MJC F u nuHeiHoe

CONPOTUBICHUE R, DKBUBAJICHTHBI UCTOYHUKY OJIC M BHYTpEHHEMY CONIPOTHUB-

JICHUIO aKTUBHOTO JIMHEHHOIO JBYXIIOJIOCHUKA B 3JIEKTpUUecKoM 1enu. Bebdep-
aMIiepHasi XapaKTEPUCTUKA TAKOTO MAarHUTHOTO «IABYXITOJIIOCHUKA» MPEACTABISET
co0Ol JMHUIO, MPOXOIAIIYI0 uepe3 TO4YKy F =Iw Ha ocu abCUUCC U TOYKY
Iw/R,, Ha ocu opauHaT. OHa SKBHMBAJEHTHA HArpy30YHOW XapaKTEPUCTUKE B

3JIEKTPUUYECKON IIeNH, M OpAMHATa TOYKH €€ IMEepecedeHUs C XapaKTepUCTHUKOU
®(U,,) 1acT NCKOMOE 3HaYE€HUE MarHUTHOIO MOToKa D,,.

Meton Harpy3o4HOM XapaKTEPUCTUKH YI00CH TakKe ISl KauyeCTBEHHOTO
aHalli3a COCTOSIHWSI MAarHUTHOW LMW MPU Bapualli pa3MEpPOB U CBOMCTB pa3ivy-
HBbIX y4acTkoB. Tak, Hampumep, uzmeHenue MJIC kaTymku OyaeT NMpUBOJMTH K
napajieIbHOMY CMEUIEHUIO Harpy304YHOW XapaKTEPUCTUKU U COOTBETCTBYIOUIEMY
WU3MEHEHUIO TTOJIOKEeHHS pabouell TOYKH @, a U3BMEHEHHE BO3/yIIHOTO 3a30pa — K
W3MEHEHHIO €€ HaKJIOHA.

7.3.3. llenv ¢ nocmosnHbim MacHumom

B coBpemMeHHOl TeXHHKE i1 BO30YKJICHHS MAarHUTHBIX ITOJIEH OYCHBb YacTo
HCIIOJIb3YIOTCSI TOCTOSIHHBIE MarHuThl. OHU HU3TOTABIMBAIOTCS U3 CHEIUAIBHBIX
MarHUTOTBEP/IBIX MATEPUATIOB C OOJIBIIONW KOIpUUTUBHOU cuiioi. [locne Mexanu-
YeCcKoil 00pabOTKM MarHUT MOMENIAETCS B MOJIE MOIITHOTO JICKTPOMAarHuTa U He-
CKOJIBKUMU IMKJIaMHU M€PEMAarHi4uBaHNs BBIBOJIUTCS HA MPEACIbHYIO NETIO THC-
Tepe3uca. B pe3ynaprare mocie OTKIOUEHUS MUTAHUS 3JIEKTPOMATHUTA COCTOSIHUE
MOCTOSHHOTO MAarHUTa XapaKTePU3yeTCsl YaCThIO METIU TUCTEPE3UCa, HAXOAIICH-
Cs BO BTOPOM KBQJIpaHT€ W Ha3bIBAEMOUN Kpusou pasmacHuuusarus (Kpusas
B,(H,) napuc. 7.5).

[TockOJIbKY TTOCTOSIHHBIM MarHUT UCHOJIB3YETCS JJIs TEX K€ LEJIEH, UTO U dJIe-
KTPOMAarHuT, TO MarHWTHasl LEMb YCTPOMCTBA C MOCTOSIHHBIM MarHUTOM HHUYEM B
MPUHITUIIE HE OTJIMYAETCS PACCMOTPEHHOW BBIIIE METH ¢ KaTYIITKON BO30YKICHUS
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MarHUTHOTO I0JIs. Pa3nuuune 3akiao4yaeTcss TOIbKO B TOM, 4To UCTOUHUK MJIC Ha-
XOJIUTCSL B TeJIe MOCTOSHHOTO MarHuTa, MOdTOMY MpaBas 4acTh ypaBHeHUs (7.8)
paBHa HyJIO, T.€. Iw=0.

3agaueld pacu€éra MAarHUTHOM UENH C TMOCTOSH-

b HBIM MAarHUTOM SIBJIIETCS ONpPEACICHUE MarHUTHOU
B, MHIYKIHMH B €TI0 BO3/yITHOM 3a30De. OHa pemraercs
B,(H) a~ | B TaKKe KaK JUIA 3JIeKTPOMArHUTa METOJOM Harpy30d-
NC B‘I HOM XapaKTEepUCTUKHU, MHAYE HA3bIBAEMOI'0 METOJIOM
S b ¢ mepecedeHMs XapaKTepUCTUK. J[JIsi MOCTOSSHHOTO Mar-
‘ :"\”J;’JF ””” Bb HUTa ATO OOBIYHO JeNlaeTcsl B KoopauHatax HB, mo-
H } T ;Ot' g ATOMY MarHMTHOE COIPOTHBIJICHHWE BO3YIITHOIO 3a30-
I |
_HC‘ _ Ha 0 pa R,= b MPUBOJUTCS K pa3MepaM MarHuta
Hoor
Puc. 7.5 S|, [, , U1 KOTOPOT0 MOCTPOEHAa KpHUBasl pa3MarHU4u-
BaHUS

Sl
Rgaz = RMz Z_ .
1
Buemnss MJIC nenu paBHa HYJIO, MO3TOMY XapaKTEPUCTUKY BO3YIITHOTO

3a30pa CTPOSIT M3 Hadyala KOOPIMHAT IOf yrimom o =—arcctg(R),mg/my ), Tae
Mg, My, — MaclITadbl OCEH MarHUTHON MHAYKIMU U HANPSHKEHHOCTH MarHUTHOTO

noJsi. OpAMHATA TOYKHU IEPECEUEHUsT KPUBOW pa3MarHUYMBaHUS U XapaKTEPUCTH-
KM BO3JYIIHOI'O 3a30pa a OIpeAeisieT MarHUTHYO HHAYKLIMIO B 3a30pe€.
[IprBeIéHHOE MArHMUTHOE CONMPOTUBIICHHE R, HAa3bIBAIOT Tarkke Kod(duim-

€HTOM pa3MarHWYMBaHUs MOCTOSHHOTO MAarHuTa, T.K. OHO OINpPENENsET CTENEHb
YMEHBIIEHUS! MarHUTHOW MHIYKUWU B 3a30p€ MO CPABHEHUIO C OCTATOYHOU HH-
OyKuuen. YBeaudeHue BO3AYIIHOIO 3a30pa, HAIPUMED, MPU U3BICUEHHH U3 HETrO
KaKoro-i1u0o 3J€MEHTa MarHUTOIPOBOAA, MPUBEAET K YBEIMUYEHUIO MAarHUTHOIO
COIIPOTHUBIIEHUS U MEPEMEILIECHUIO0 pabodyel TOUKY MAarHUTHON LENH B IMOJI0XKEHUE b
(puc. 7.5). Ilpu BoccTaHOBIEHMM 3a30pa paboyasi TOUKA HE BEPHETCS B IPEXKHEE
IIOJIOXKEHUE @, & IEPEMECTUTCA 110 KPUBOW YaCTHOI'O TMCTEPE3UCHOIO LUKJIA B M0-
JOXEHHE ¢ U HOBOE 3HAUEHHE MArHUTHOW MHAYKIHMH OyJeT MEHbLIe HauyalbHOIro
(B, < B,). OTO sBIEHUE HY)KHO YYHUTBIBATh IPU PabOTE C YCTPOICTBaMU, B KOTO-

PBIX MAarHUTHOE MOJI€ BO30YXKIAETCS MOCTOSHHBIMU MarHUTaMH.
7.3.4. Cuna npumsncenus MasHuma
HeszaBucumo ot croco6a Bo30YKI€HHsI MATHUTHOTO TIOJIS TOJIOKEHHE pado-

Yeil TOUKH OIpe/IessieT 3amac YHEPTHH B 3a30pe, T.K. YICIbHAss MarHUTHASI SHEPTUS
3
paBHa w, = B,H,/2 [[x/m’]. [lns 3a30pa ¢ pasmepamu S,, [, sHeprus mnoss paBHa

B,H,
2

W, = S,1,.
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W3menenue 1B 3a30pa [, NpuBeAET K N3MEHEHHUIO 3HEPIUU MOJIsl U [OTpe-
OyeT IPUIIOKEHUS CHITBI

F=

W, _BH, g _ B}S,
dl, 2 2u,

Cuna F sBnsgetcsi CUION IMPUTAKCHUA, co3naBaemMoil Mmaruutom. Kak CICaycCT
u3 (7.11), ona ompeaenseTcs BEJIMUUHON MAarHUTHOM MHAYKIIMU B BO3JYIIHOM 3a-
30p¢C. N3meHennem 3HaueHUs WHAYKIOHUH, HAIIPUMCP, UIBMCHCHHUCM TOKA B KATYIIKC,
MOYKHO PETYJIUPOBATh CUJLY MPUTSIKEHUS, UTO YaCTO UCIOJIBb3YETCS B YCTPOMCTBAX
C BTSDKHBIMU JJIEKTPOMAarHuTaMmu. Yaie BCero CUIION NPUTSKEHUS YIIPABISIIOT B
JTUCKPETHOM DPEXHME, T.€. BKIIOUas M BBIKIIOYAs TOK KAaTymikd. Tak paboTaror
MAarHuThl Pa3jJuYHbIX pese, KOHTAaKTOPOB, MMOABEMHBIX YCTPOUCTB U T.II. Ho ¢ mo-
MOIIBIO BJICKTPOMAIHUTA MOJKHO TAKIKC INNIABHO YIIPABJIATH YCUIIMSAMH B pasjiny-
HBIX MEXaHHM3Max, B OCOOEHHOCTU T€X W3 HUX, I'Jie TpeOyeTcs co3aaTh MOCTYyMa-
TCJIbHOC IBHIXKCHUC.

(7.11)

Bonpocwi 0ns camonposepku

1. Uto Takoe Hepa3BETBIEHHAS] MArHUTHAS LIETb?

2. Kax dbopmynupyrotcs npsimas U oOpaTHas 3ajja4il pacuéTa MarHUTHOU
uenu?

3. Kak pemaercst npsimas (oOpaTtHas) 3agaqa?

4. Yrto Takoe KpuBasi pa3MarHuurMBaHus?

5. YeMm omimyaeTcs pacyéT MarHUTHOM LIENU C IMOCTOSIHHBIM MarHUTOM OT
pacuéra LENH ¢ IEKTPOMarHuToM?

6. IloyeMy MarHWTHOE COINPOTMBIIEHHE BO3AYLIHOTO 3a30pa HA3BIBACTCS
Kod(hpuUIMeHTOM pa3MarHuYuBaHUS?

7. [louemy mocie U3MEHEHUs BO3AYIIHOTO 3a30pa HEBO3MOYKHO BOCCTa-
HOBUTB IIPEKHEE COCTOSIHUE MArHUTHOW LENn?

8. Yewm onpenensercs cuia NPUTSKEHUS dJIEKTpOMaraura?

9. Kak oCcymecTBiIsIOT ylpaBlIeHUE BEIUYNHON CUJIbI IPUTSIKEHUSA?

8. Karymka ¢ MArHUTONPOBO/IOM B LIelIH NIEPEMEHHOT0 TOKA

Karymka ¢ MarHMTOnmpoBOJIOM SIBJISIETCSI COOMpATENbHBIM MOHATHEM IS
MHO>KECTBA JIEKTPOMArHUTHBIX YCTPOMCTB, B KOTOPHIX MarHUTHOE IMOJIE BO30YK-
JTAeTCsl MPOTEKAIOIIMM T10 TPOBOJHUKAM TOKOM, a YCHUJIMBAETCS U POPMUPYETCS C
MOMOIIBI0 PA3JIMYHBIX KOHCTPYKIMN U3 (eppOMarHUTHBHIX MarepuanoB. Ha mpu-
Mepe NWIMHIPUYECKOW KaTyIIKU ¢ (eppOMAarHUTHBIM CEepJIeYHUKOM, 00pa3ylo-
MM MarHuTomnpoBoj (puc. 7.1, 6), mpolie U HarisgHEH aHAIU3UPOBATH AJIEKTPO-
MarHUTHbBIE MPOLECCHI O0IIKE MO CBOCH MpUPOJIE AJIsl BCEX MOJA00HBIX YCTPONCTB.

8.1. Dnexkmpomaznumnovle npoyeccol NPu NEPEeMeHHOM moKe

[Tpu MOAKITFOYEHNUN KATYIIKH K UCTOYHUKY TIEPEMEHHOTO TOKA B JJICKTpHUC-
CKOM IIeNM ¥ B MarHUTOIIPOBOIC BO3HUKAIOT (PU3UUCCKHE SBICHHS, PUHIUITHAIb-
HO OTJIMYAOIIHECs OT HAOJI0JaeMbIX Ha IMOCTOSHHOM Toke. IIpexme Bcero, 3To
OTHOCHTCS K SIBJICHHSIM B MarHUTOIPOBOJIC, COCTOSIHME KOTOPOT'O IIPH IMePEMEHHOM
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MJIC xapakTtepu3yercsi 0ECKOHEUHBIM MHOKECTBOM TOYEK, OOPa3yroIIUX IETITIO
TUCTEpEe3nca, B TO BpeMs KaK MPH IMOCTOSTHHOM TOKE COCTOSIHHE (eppOMarHeTHKa
OTIPEIEIISIIOCh OAHOM paboyelt TOUKOM.

8.1.1. [lomepu om eucmepesuca
ITycTh KaTyIIKa MOAKIIOUYEHA K UCTOYHUKY IEPEMEHHOT0 TOKA C HaNpsHKEHH-
eM u,(t)=U,, coswt. [IpeneOperas maibiv noTokoM paccesnus (P, Ha puc. 7.1,

0) 1 oTepsiIMU B 0OMOTKE, OIIPEIeIMM MarHUTHBIN OTOK B cepaeuHuke D,
d¥(D) _ dDy(0)
dt dt

U (8.1)

uy(t)=—e,(t) = =U,,, cosot

D, (1) :ljuo(t)dt = &J‘COS(Dtdt _You inaor = @, sino?
w w 10

Takum 00pa3oM, Npu CHHYCOWJAIBHOM HAINPSHKEHUM NUTaHWS MarHUTHBIHI
IOTOK B MarHUTONpPOBOJIE OYJEeT TakkKe CUHYCOMJIaJIbHBIM U OyJIeT OTCTaBaTh I10
Gdasze or HampsbkeHus Ha 90°. AmmiurynHoe 3HaueHue OJIC e, paBHO
E,
IUMON B 0OMOTKE MarHUTHBIM ITOTOKOM B CEpJICUHUKE

E,=U,=E,, /N2 =444wfD, . (8.2)

W3 BeipaxkeHus (8.2) cienyer, 4To aMmIUIMTYyJla MarHUTHOTO MOTOKa, cO3/a-

BAaEMOI0 UJICAIU3UPOBAHHON KAaTyIIKON

=U,, =wod,, =w2rnf®, . Orcroga neicrByromee 3HaueHue OJIC, HaBo-

m

o, Yo
0m 4, 44w
JAdwf
onpeaAcisICTCd OTHOIICHUCM UO/f n IIpu NOCTOSSHHOUW YacTOTE U HaIIPAKCHUN

OUTAHMS HE 3aBUCUT OT MaTepHaja MarHUTOIIPOBOJA U €T0 Pa3MeEpOB.

ITocTpoum Bebep-aMIEpHYIO XapaKTEpUCTUKY MaTepuaia MarHUTONPOBOJIA, a
TaKXE€ CHUHYCOMJIbl HaNpsDKEHUs U MarHuTHoro mortoka (puc. 8.1). lnsa kaxnaon
TOYKHM CHHYCOM/JIbI TIOTOKA ONpPEAEINM IO BeOep-aMIEepHON XapaKTEpUCTUKE 3Ha-
YEeHHUE TOKa U MIOCTPOHUM 3TO 3HAYEHUE JJI TOTO KE MOMEHTA BpeMeHU. B kauecTse
npuMepa Ha puc. 8.1 mokazaHO MOCTPOEHUE OJIHOM TOUKHU a-b-c. B pesynbrare mMbl
MIOJIY4YUM KPHUBYIO TOKA i,(?), CyIIECTBEHHO OTIMYAIOLIYIOCS OT CUHYyCOUAbI. AHa-

JIU3 3JEKTPUYECKON LIEMU B 3TOM CIy4a€ MOKHO BBIMOJHUTH PA3T0KEHUEM 3TOU
KpUBOM B psig Dypbe WK MyTEM €€ 3aMeHbI IKBUBAJIEHTHON CUHYCOUI0H. OOBIYHO
IpU pacuy€rax IMOJb3YIOTCA SKBUBAJICHTHON CHUHYCOUIOW, T.K. TAPMOHHYECKUU
aHaJIu3 CYLIECTBEHHO YCJIOXKHSET 3aJadyy M HE BCErJa ONpaBlaH, B CBS3U C TEM,
YTO KpHUBasi TOKAa CTPOUTCS MO CTATUCTUUYECKU YCPEAHEHHBIM MapameTpam Bebep-
aMIIEPHOM XapaKTEPUCTUKUA U CTATUCTHUYECKAs MOTPEIIHOCTh MOYKET MPEBBIIATH
WIH OBITh COU3MEPUMOM C TTOTPEITHOCTHIO TIEPEX0/1a K SIKBUBAIICHTHON CUHYCOU/IE.

[lepexon kK PKBUBAJICHTHOW CHHYCOMJIC BBITIOJIHAETCS MPU COOIOJIEHUN JBYX
yCcioBUH: 1) paBEeHCTBO NEUCTBYIOLIMX 3HAYEHUN PEATIbHOTO W 3KBHUBAJIEHTHOTO
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Toka [,=1, u 2) pa-
BEHCTBO aKTUBHOM
MOIITHOCTH,  ITOTpeO-
JAEMOM  KaTylIKOM ¢
peaJbHbIM U SKBHUBa-
JIEHTHBIM TOKOM
Ry =F,. Tak xak npu

ATON 3aMEHE TOK CTa-
HOBUTCSI CUHYCOMIAJIb-
HbIM M MarHUTHBIN IMO-
TOK TaKXe SBISETCA
CHUHYCOWTATBHOU
byHKIIUEH BpeMEHH, TO
Puc. 8.1 TPACKTOPUEN TOYKHA Ha

TJIOCKOCTH BeOep-

aMIIEPHOM XapaKTEPUCTUKHU, XAPAKTEPU3YIOIIEH COCTOSHHE MarHUTONpPOBOJIa B
KaKJbIiI MOMEHT BpeMeHH, OyaeT amunc. CienoBareiabHO, 3aMEHa KPUBOM TOKa
DKBHUBAJICHTHOW CHUHYCOMION O3Ha4yaeT 3aMEHy MCTUHHOW KpuBoil @, = F(i) 3k-

BUBAJICHTHBIM JIITUIICOM. [IpruéMm, U3 BTOPOTO YCIIOBUSA CIEAYET, YTO ILJIOMIAh
SKBUBAJIECHTHOIO 3JUIAIICA OyJeT paBHA IIOMIAAU neTim rucrepesuca D, = F (i),

T.K. Ta IUIOIAJb paBHA YHEPTUH, 3aTPAYNBAEMON HA OJUH LUKJI IEPEMAarHNYMBa-
HUS MaTepuaiga MarHUTOIPOBOIA U TOTPEOIIIEMON KaTyIIKOW OT UCTOYHHUKA MMUTA-
HUSL.

OHeprus, 3aTpadyrBacMasl Ha IEpEMarHMYMBAaHUE, BBIICIACTCS B MaTepHalle
CepJeUYHMKa B BHUJE TeIa. DTO HAXOAUT OTpakeHUe B (pa30BOM CIBUIE SKBUBA-
JICHTHOM CHUHYCOMJIBI TOKA [, OTHOCUTEIILHO HAIPSKEHUS U, COCTABIIAIOIIEM yIOJ

5

¢, = arccos <n/2 (puc. 8.1). Ilpu oTcyTCTBUU MOTEPHh HA MEpPEMarHU4u-

070>
BaHUE SKBUBAJICHTHBIM JIIIUIC BBIPOXKIACTCS B OTPE30K MPsAMOM JHHHH U (Pas3o-
BBII CABUT TOKAa OTHOCHUTEIHHO MMOTOKA CTAHOBHUTCS PAaBHBIM HYIIO, & OTHOCUTEIb-
HO HanpspKeHus — /2.

[Totepu, cBsi3aHHBIE C MEPEeMAarHUYUBAHUEM, HA3BIBAIOTCS TOTEPSIMH OT THC-
Tepe3nca. ITO Ha3BaHUE OTPaKaeT TO OOCTOATEIHCTBO, YTO MPU OTCYTCTBHUH SIBJIC-
HUS THCTEpe3nca MOTepU Ha MepeMarHuyuBaHUE OyIyT HYJIEBBIMHU, T.K. HYJIEBOH
OyzeT miouaab rucTepe3nCHOM neriu. MoIHOCTh OTEPh OT FUCTEPE3NCA PABHA

B, =n/B,V (8.3)
rae M — kKo3hPuUUEHT, XapaKTepu3ylolluii MaTepuan CEepACUHHKa; f — YacToTa
nuTaHus; V' — 00bEM cepAieuHuKa; B, — MAKCUMAaJIbHOE 3HAYEHUE MAarHUTHON WMH-
nykiun; 1,0 <n<2,0 — nokaszareiib CTENEHU, 3aBUCSIIMNA OT MaTepuaia U BeJu-
YUHBI MArHUTHON WHTYKIIUH.
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8.1.2. Ilomepu om 8uxpesvlx moKos.

Jpyrum siBieHUEM, BO3HHUKAIONIUM IPU MUTAHUU KATYIIKU MEPEMEHHBIM TO-
KOM, SIBJISIFOTCSI BUXPEBbIE TOKM. Marepualn ceplieuHUKa SIBISETCS MPOBOJIHUKOM,
HaXOJSIIIUMCS B MEPEMEHHOM MarHuTHOM Tmosie. [loaToMy B HEM HMHIYyUUPYETCS
OJIC, moa AeMcTBUEM KOTOPOM B IJIOCKOCTHU MEPHEHAUKYJISPHON HAIMPaBICHUIO
MarHMTHOTO ITOTOKA BO3HMKAIOT TOKH i,, 3aMBIKAIOIIMECS 110 KOHTypaM HallOMH-

HAIOIIKUM «BUXpH» (pHuc. 8.2).

[IpoTekanue Toka B 11000M MPOBOJHUKE BBI3BIBAECT €r0 HATPEB, T.€. TEIJIOBHIC
MoTepu IHEPrur. VX MOITHOCTD JjIsl BUXPEBBIX TOKOB OMPEACIISIETCS BHIPAXKEHUEM

P =Ed’f’BV (8.4)

rae C — xkoaddumu-
€HT, MPOIMOPILHAO-
HAJIBHBIA YJIEJBbHOU
MPOBOJIUMOCTH  Ma-
TepUajla CepACYHU-
kKa, d<b — TOI-
IIIMHA JINCTA Mar"u-
TOMPOBOAA; f — 4Yac-
TOTa muTaHus; V —
00BEM CEp/ICUHHKA;
B — MakcuMmalb-

m

HOE 3HA4YCHHE Mar-

HUTHOUN UHIYKIVH.
Puc. 8.2 W3 BeIpakeHus
(8.4) cnemyer, 4TO
MOIIHOCTb IIOTEPh OT BUXPEBBIX TOKOB MPONOPLHOHAIBHAS BTOPOW CTENEHU TOJI-
IIMHBI JUCTOB, U3 KOTOPBIX M3FOTOBJIEH CEPACYHUK. DTO OOBSICHSIETCS TEM, UTO
MOIIIHOCTh MPONOPLUMOHAIIBHA KBaJApaTy TOKa, BbI3bIBAIOIIEro Harpes. IlosTomy,
eclii TOK / pa3fenuTh Ha 7 TOKOB, IPOTEKAIOIIUX B KOHTYpax ¢ MPHOIM3UTEIHBHO

TaKHM K€ COTpoTHBIeHueM, T0 B =I°R >P, =(I/n)’R, = P/P =n’ eop TC
1715

IIPU PA3JEJICHUN MATHUTOINPOBOJA HA 7 W30JIMPOBAHHBIX JINCTOB MOIIHOCTH I10-
Teph YMEHBIINTCS TIPUOIM3UTEIBHO B 1n° pa3. YCIIOBHE R, = R, BpIIONHAETCH, €C-

1M d < b, 9TO TaKkKe ABISAETCS YCIOBUEM B BhIpakeHuu (8.4).

DHeprusi, peoOpazyemMasi B TETUIO BUXPEBBIMA TOKAMU, TIOTPEOIIAECTCS OT HC-
TOYHMKA MATAHWS KATYIIKA U MOXET ObITh O4YeHb Oonbinoi. [loaTomy Bce Maram-
TOTIPOBOJBI YCTPOMCTB, pabOTAIONIMX HA MEPEMEHHOM TOKE WM B PEKUME MeE-
HSIOIIETOCS] BO BPEMEHW MAarHUTHOTO MOTOKA, W3TOTABIWUBAIOTCS W3 M30JMPOBAH-
HBIX JPYT OT Jpyra JINCTOB, TOJIIIMHA KOTOPBIX BBIOMPACTCS B 3aBUCUMOCTH OT
9acTOThl. YeM BBINIE YacTOTa, TEM TOHBIIE JTOJDKHBI OBITH JIUCTHI, YTOOBI YMEHb-
IICHWEM TOJIIHUHBEI d KOMIICHCHPOBATh YBEIMUEHHE YENBbHBIX MOTEPh C POCTOM f
(cm. BeIpaxenue 8.4). Pa3geneHme MarHUTONPOBOJA HA IUTACTUHBI HA3BIBACTCS
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«LIUXTOBAaHUEM», OT HEM. Schichte — cnoii. OHO BBIIOJIHAETCS BAOJb HAPABICHMUS
MarHuTHOro motoka. OTAeNbHbIE MJIACTUHBI CepJIeYHUKA H30JHUPYIOTCA JIPYr OT

/ / / /
—— — — —
Voo |l L] L
IBFI IVL- $ $ % RO l[—JOa
w3l =ul 3 =l 53 eul
L) G L TG, |B, : Yo 5] Uy,
a) 0) B) )
Puc. 8.4

Jpyra OKaJIMHOM, BOSHUKAIOIIEH Ha MX MOBEPXHOCTU MPHU TEPMOOOPAOOTKE, WU
JIAKOM.
Ha BbICOKMX YacTOTax U pagmo4acToTax BMECTO
*J JIMCTOB MAarHUTOIIPOBOJBI M3TOTABIMBAKOT U3 Kepa-
(_]d‘ MUKH, B KOTOPYIO BKJIIOYAIOT (DEppOMArHUTHBIN TO-
pomiok. Takue Matepuabl Ha3bIBAIOTCS (heppuTamMu.
JIOTIOTHUTENBHBIM CPEJICTBOM CHUXEHHUS MTOTEPh
OT BUXPEBBIX TOKOB SIBJISIETCS] YBEJIMUEHUE YACIBHOTIO
CONPOTHUBJICHUS (DeppOMarHeTUKoB. JlJist TOro B HUX
n00aBIIAIOT COOTBETCTBYIOLIME BemiecTBa. Hampumep,
B DJICKTPOTEXHUYECKHUE CTajd BKIIOYAIOT KPEMHUU
(0,5...5%).
Kpome TemioBeIX moteps BUXPEBBIE TOKU CO3-
Eo JJAIOT MAarHUTHBIM TOTOK, HAIpPAaBJIEHHBIA BCTPEYHO
T II0 OTHOLIEHUIO K NMOTOKY @, M yMEHBUIAIOT €TO0,

Puc. 8.3 co3naBas (et pazMarHuuMBaHus CepACUYHUKA. DTO
SIBJICHUE HE CTOJb CYIIECTBEHHO KaK HAarpeB, HO MpH
OTIpeNICIEHHBIX OOCTOSITEILCTBAX TAKXKE JIOJDKHO YUUTHIBATHCS.

8.1.3. BexkmopHas ouazpamma u cxema 3ameuyeHusl

3aMeHa KpUBOW TOKAa HKBUBAJIEHTHOW CHUHYCOMJIOW IMO3BOJISIET MPHU aHAIINA3E
MIPOLIECCOB B KAaTyIIKe ¢ (PEPPOMATHUTHBIM CEPJICYHUKOM HCIOIB30BATh METOJIbI
aHaJIN3a LEeNeN ¢ CHHYCOUJAIbHBIMU TOKAMU U HAITPSKCHUSIMU.

ITocTpouM BEKTOpHYIO Auarpammy HanpspkeHus U, U Toka Katymku [, =1,

cooTBeTCTBYOIYIO puc. 8.1. Tok i, oTcTaéT No (ase OT HANPSIKEHUS U, HA YroJl
@y <m/2. VYron &=m/2~—@, HA3bIBACTCS Y2IOM MACHUMHBIX NOMEPL UTU YeIOM

MazHUmMHo20 3anasoviéanus. 1leppoe Ha3BaHME CBA3aHO C TEM, YTO CHHYC DTOTO
yIila onpezessieT akTUBHYIO cocTaBiisitoulyto Toka [, =1,sind=1,cos¢, u, cie-

JI0BaTEJIbHO, aKTUBHYI0 MOLIHOCTb, NOTpedsieMyto Katymkoi Fy =U 1, . Bropoe
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Ha3BaHUE CBA3aHO C OTCTaBaHMEM (3ama3fblBAHUEM) MAarHUTHOro moroka @d, ot
BO30Yy>KJaIOIIIEro €ro TOKa i, Ha yro d.

AKTHBHas MOIIHOCTb, NOTpeOIsieMas KaTyIIKOHW, PacXoayeTcss Ha MOKPLITHE
MOTEPh OT FMCTEPE3UCA U BUXPEBBIX TOKOB, T.€. IOTEPh B MarHUTONPOBOJIE, HA3bl-
BAEMBIX TAKXKE HOTEPSIMU B «CTAJIN»

By=Uply, =P+ B, =Uy(I, +1,) (8.5)
[To3TOMY aKTUBHYIO COCTaBIIIOLIYIO TOKAa KaTyIIKH MOKHO pa3feiuTh Ha clarae-
MBIE, COOTBETCTBYIOILUE COCTABIIIONIMM MOIIHOCTH NOTEPb.
Bropast peaktnBHas cocraBisitomas Toka — [y, =1,c0sd =1I;sin@, cOOTBeT-

CTBYeT peakTuBHOU MouHoctH Q) =Uyl,,, pacxogyemoii Ha dbopmupoBaHue Mar-

HHUTHOI'O ITOTOKA KaTyIlIKH CDO .

BekropHon nuarpamme puc 8.3. COOTBETCTBYET CXeMa JBYXITOJKOCHHUKA, IPH-
BeJEHHas Ha puc. 8.4, 6 u nanee npeodOpa3oBaHHas K SKBUBAJIEHTHBIM CXE€MaM 3a-
MeleHus Ha puc. 8.4, ¢ u 2. [lapaMeTpsl 3THX CXeM OMPEAeNAIOTCS MOIIHOCTBIO,
noTpedIsieMoi KaTyIKOK

G, =(,/Uy)cospy; Ry=(U,/1,)cosq,;
B, =(I,/Uy)singy; Xo=(U,/1,)sing,; (8.6)
cosQ, =F,/(Uyl,)

Takum 00pa3oM, MOTydYeHHbIE SKBUBAJICHTHbIE JHMHEHHBIC IBYXIIOJIOCHUKU

puc. 8.4, 6 U 2 COOTBETCTBYIOT JICKTPOMAarHUTHBIM IMPOIECCaM B CEPJICUHUKE Ka-
TYIIKH 6€3 ydeTa mpoIeccoB B €€ 00MOTKE, T.€. U0ealbHOU Kamyuixe.

B peanbHOI KaTylllke 4acTh MAarHUTHBIX JIMHUM TOJIs, BO30YX,IaeMoro o0-
MOTKOM, 3aMbIKA€TCA MO BO3JyXy, MUHYSI MarHUTONPOBOJ, U 00pa3yeT T.H. Mmae-
Humuwlli nomok paccesnus O (puc. 7.1, 6). Bo3nymHas cpena, no KoTopoil 3a-

MBIKAaeTCsl 3TOT MOTOK, 00JaaeT OYCeHb MaJIod MarHUTHON IPOHHMIIAEMOCTBHIO IO
CpaBHEHHMIO ¢ (peppoMarHeTukoM cepacuyHuka. [IoaToMy U BeIWYMHA IMOTOKA pac-
CesIHUSI HE3HAYUTEJIbHA M COCTABISIET €IWHULIBI WA JOJU MPOIEHTa OT ITOTOKa
@, . IToTok paccesHMs, Kak BCAKUIA IIOTOK B BO3AYILIHOH cpelie, 00IanaeT JUHEH-

HOU BeOep-aMmepHoil xapakrepuctukoi WV =Li,, roe L, =const — UHIyKTHUB-

HOCTb pacCCCsIHUA. SHCKTpOI[BI/DKYH_IaH CHjia, HaBOAuUMas B 00MOTKE MMOTOKOM pac-

d¥ di
S =L —2 yu gpnsercss HuueM uHbIM Kak DJIC camouH-

dt Y dt

CCiAHUs, paBHA €; = —

TYKITAU.

[Ipy moJHOM OMUCAHWM DJIEKTPOMATHUTHBIX MPOIIECCOB B KATYIIIKE KPOME
OJ1C nmoToka paccessHUsI Hy)KHO Y4YEeCTh €€ aKTUBHOE COMPOTUBJICHUE U CBSI3aHHbBIC
C HUM TIOTEPH dBJIEKTpUUeCKOoN 3Hepruu. Toraa ypaBHeHue Kupxroda mns siek-
TPUYECKOM 11eH OOMOTKH OYJIeT UMETh BU/
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di
u=MR+uL+u0:Ri0+LS%+uO
) (8.7)
U=RIy+jX,Iy+Uy=RIy+ jX I, + 2,1,
The u, =—e, M U, =—e ——wdq)0
L L 0 0 r

— HAIPsKEHUsI, COOTBETCTBYIOIINE
OJC unayuupyembiM B OOMOTKE
MarHuTHBIM IIOTOKOM PACCESHUS U
IIOTOKOM B cepzeuHuke; X = oL,

— WHJIYKTUBHOE COIPOTHBIIEHUE
paccesnus; Z,=R,+ jX, — KOM-

IJICKCHOE COMPOTHUBIICHUE CXEMBI
3aMEeIIeHHUs]  BJIEKTPOMAarHUTHBIX
MPOLIECCOB B CEPACUHHUKE.
B ypaBuenuu (8.7) yuTeHbI
Ul U U Ry pee AJIEKTPOMArHUTHBIE TIPOIECCHI
l X, MPOUCXOIAIINE B KaTyIIKe ¢ dep-
POMAarHUTHBIM CEPACYHUKOM. ITO
a) B) YpaBHEHUE MOXHO TIPEICTABHUTH
Puc. 8.5 TaKkK€ BEKTOPHOM auarpaMMou M
CXeMaMH 3aMeIeHUs, TOKa3aH-

l_O,,RXs

HBIMH Ha puc. 8.5.

Bonpocwi 0ns camonposepku

1.

2.

*

Yem ompenensieTcs BeIMYMHA MArHUTHOIO MOTOKA, CO3[aBAEMOI0 Ka-
TYLIKOW?

[Ipu KakuX yCIOBUSIX OCYIIECTBISIETCS MEPeXoj OT KPUBOM TOKa B Ka-
TyIIKE K SKBUBAJICHTHOU CUHyCOHIE?

Kakoii Bug umeer ¢pynkuus @, (i) 11 S5KBUBAJICHTHON CUHYCOUIbI?

Kak Biausietr ¢opma merim rucrepesnca Ha mapamMeTpbl SKBHBAJICHTHON
CHUHYCOHJIbI TOKA?

Yro Takoe BuxpeBble TOKA? Kak OHM BO3HHUKAIOT?

UTo Takoe «IIMXTOBAaHMUE» MArHUTOMPOBOJA U JJISI YEr0 OHO MPUMEHS-
ercs?

Kakoe BnusiHME OKa3bIBAlOT BUXPEBBIE TOKH HA 3JIEKTPOMArHUTHBIE
MPOLECCHI?

Yrto Takoe yroys MarHMTHBIX MOTEPb (MAarHUTHOTO 3aria3/ibIBaHusl)?

Kak Ha cxeme 3amemieHus OTpa)KaroTCsl MPOIECCHl MpeoOpa3zoBaHusd
SHEPIUHU B MarHUTOIPOBOAE?
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10. Hapucyiite noaHyo cxXeMy 3aMELICHUS U IOSCHUTE KaK OTPa)KarTcCs
Ha HEHW BJIEKTPOMATrHUTHBIE MPOIECCH, MPOUCXOAIINE B KaTYIIKE C
MarHUTONPOBOJAOM MPU MUTAHUHU OT UCTOYHHUKA IIEPEMEHHOTO TOKA?

8.2. Ynpowiénnouii ananus 31eKmpomazHuUmMHbIX RPOUECCOE
Ecnu He yuuThIBaTh SIBJIEHUE TUCTEpE3Uca, TO 3aBUCUMOCTh B = f(H) mare-

puana cepaedyHuKa MOXKHO TPEJICTaBUTh KPUBOW HAMAarHWYWBAHWS W JUI MarHu-
TOTIPOBOJA C WM3BECTHBIMU TEOMETPUUYECKHMH IapaMeTpamMHu IOCTPOUTH BeOep-
aMIIepHYI0 XapakTepucTuky (puc. 8.6). Kaxmnoii Touke BeOep-aMIiepHON XapakKTe-
PUCTUKHA COOTBETCTBYIOT JIBa 3HAUCHUS WHAYKTHBHOCTH: CTATUYECKAas WHIYKTHB-
HOCTh L, ¥ nuddepeHuranbaas uin JMHaMuIeckas HHAYKTUBHOCTD L,

o =— =" 4o Ly, = lim AV _d¥ _my tgf.

I m, A0 Al dl m,

CraTnueckas UHIYKTUBHOCTh OMNPEAEISET COOT-
HOIIEHHE MEXIYy TOKOM M MOTOKOCLEIJIEHUEM
KaTyIIKA TpPH IOCTOSHHOM TOKE, a JUHAMUYe-
CKasi — Ipu HEeOOJIBIIIMX OTKJIOHCHHUSIX TOKa BOJIM-
31 paboyeli TOUKH a.

Takum 006pa3om, MarHUTONPOBOJ KATYIIKH
npeacTaBiseT co00il HeMMHEHHBIM WHAYKTUBHBIN
3JIEMEHT U, MOJBb3YSCh €ro Bedep-aMIlepHON Xa-
PAKTEPUCTUKOM, MOKHO HMCCIIEAOBAThH IPOLIECCHI

u I B AIEKTPUUYECKON 11enu OOMOTKH METOJaMu aHa-
Pric. 8.6 JIM3a HEJTMHENHBIX JJIEKTPUYECKHUX LIETIEU.

PaccmoTpuMm mporiecchl B 3IEKTPOMArHUT-
HOM YCTPOMCTBE, 3CKU3 KOTOPOTo NMpuBeIEH Ha puc. 8.7, a. OHO Ipe/icTaBIsET CO-
0ol KaTymky ¢ (heppOMarHUTHBIM CEPJACYHHKOM, YAaCTh KOTOPOTO ClejiaHa MO/I-
BIMKHOM M MOJKET NepeMellaTbcsi, U3MEHssl JAJIMHY Bo3aylIHoro 3aszopa o. Ilon-
BIDKHAs YacTh MAarHUTONPOBOJA HA3BIBACTCA SIPMOM. MarHuTHas IEMb 3TOTO
YCTpPOICTBA HUUEM HE OTIMYAETCS OT MAarHUTHOM MM KaTyIku Ha puc. 7.1, 6, 3a
VCKIIFOYEHUEM TOTO, UYTO €€ BO3AYIIHBIM 3a30p pa3nes€H Ha ABe yacThu. Ho T.k.
MarHUTHas [eNb HEPa3BETBICHHASA U MO BCeM €€ dJIEMEHTaM 3aMbIKaeTCs OJHWH U
TOT K€ MarHUTHBIN MOTOK, TO 00a 3a30pa MOKHO OOBEIWHUTH B OAWH C JIUHOU
20, a y4yacTOK sfpMa BKJIIOYHMTH B COCTaB cepjeuyHuka. Torga BeOep-aMIiepHbIE
XapaKTepUCTUKH MAarHUTHOM 1lenmu OyAyT aHAJIOTMYHBI XapaKTePUCTUKAM,
MpUBEIEHHBIM Ha puc. 7.4, 0.

YuuteiBas, 4T0 0OMOTKa MOJAKIIIOUYEHA K UCTOYHHUKY MEPEMEHHOTO CHHYCOHU-
JAJIBHOTO TOKa C YacTOTOW (», MOXHO TMEPEHUTH OT BeOEp-aMIIEpHBIX XapaKTepu-
CTHK MarHUTOINPOBOJA M BO3IYIIHOTO 3a30pa K BOJIbTAMIICPHBIM XapaKTEPHUCTH-
KaM B COOTBETCTBUU ¢ cooTHoweHueM u =d¥/dt = U =Y. Otun xapakrepu-

CTHKH IMOKa3aHkl Ha puc. 8.7, 6.
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Ecnu npeneOpeub MOTEpSIMU SHEPTUU B
OOMOTKE M MArHUTHBIM TIOTOKOM pacces-
HUS, TO CXEMa 3aMElICHUs 3JIEKTPUUYECKOM
LENU KaTyIKu OyJeT UMeTh BUJl puc. 8.7, 0.
Ona npencraBiser coOON IOCIENOBATENb-
HO€ COEJAMHEHUE JIMHEHHOr0 WHyKTUBHOTO
3JIeMEeHTa, COOTBETCTBYIOLIEIO HWHIYKTUB-
HOCTH BO3JYIIHOTO 3a30pa Lg U HEJIMHEH-
HOTO MHAYKTHBHOTO 3JIEMEHTa, COOTBETCT-
BYIOILLEr0 MHIYKTUBHOCTH MAarHUTONPOBOJA
L,. Cnenosatensro, BAX anexrpudeckoit

uen U()=U, (I)+U 1, (/) mpexncraBiser
co00l XapaKTEepUCTUKY, MOCTPOCHHYIO IIy-

TéM cymmMmHpoBaHus adciucc BAX xapakre-
PHUCTHUK 3IeMECHTOB Ly u L, .

IIpy u3MeHeHUH BO3AYIIHOIO 3a30pa
Oyner wu3MEHAThbCS HakioH ero BAX
U, (I). COOTBETCTBEHHO Oyz1eT U3MEHSIThCS

u BAX U(/) v nipu OCTOSIHHOM HaIpsiKe-

HuK nuTaHus U =const OyaeT M3MEHSAThCS TOK B Iienu Katymku. Ha puc. 8.7, 6
MOKa3aHbl XapaKTEPUCTUKHU, COOTBETCTBYIOIIME JBYM pa3MepaM BO3IYIIHOTO 3a-
30pa 0, >9,. Ilpu yBenudeHun 3a3opa €ro MHIYKTHUBHOCTb yMEHbIIAeTcad Ly,

YMCHBIIAIOTCS TakKe 00Iast HHAYKTUBHOCTD et L = Ly + L, 1 e€ NHAYKTHBHOE

conporusiacHue X,; = ®wL . B pe3yapraTe 3TOr0 TOK B LIENIH BO3PACTAET.

Takum 06pazom, nepeMeleHneM sipMa MarHUTOIPOBO/IA KATYIIKA MOXHO pe-
TyJIUpOBaTh TOK B €€ menu. OCHOBaHHBIE HA 3TOM NPUHLUIIE PErYJISTOPHI TOKa
POCTHI, HaAEXKHBI U AEmEeBbl. OOBIYHO OHU MPUMEHSIOTCS B 000PY/I0BaHUU, DKC-
TUTYyaTUPYIOMIEMCS B TSIKENBIX YCIOBUSAX TIEPCOHATIOM HU3KOW KBAIU(DHUKAIIUU.

Bonpocul ona camonposepku

Yro takoe cratnueckas (auddepeHunanbHas) MHIYKTHBHOCTh?

Yro npexacrasisier co00il cxema 3aMeIEeHus] dJIEKTPUUECKOM Lenu Ka-
TYIIKU C (PEPPOMATHUTHBIM CEPACYHUKOM M MEPEMEHHBIM BO31YLIHBIM
3a30poM?

[TosicHuTe, KaKk MOKHO PEryJMpoBaTh TOK B LN KaTYIIKHU NEepeMellie-
HUEM sipMa €€ MarHuTonpoBoaa?

1.
2.

8.3. Aenenue gpeppopesonanca

Pe3onanc B QJICKTPUYCCKUX HCILIX, COACPKAIINX KAaTYHIKY C MArHUTOIIPOBO-
JOM, HAa3BIBACTCA (I)eppope30HaHO0M. HenunenHoCTh HMHAYKTUBHOCTH KaTYIIKH
IMPUBOAUT K BO3HHUKHOBCHHUIO ﬂBJ’IGHHﬁ, HC Ha6J'IIO,Z[aeMI>IX IIpyu pC30HAHCC B JIHU-
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HEHHBIX 3eKkTpuueckux nensx. [Ipuuém, yem Oosnbliie HEITMHEHHOCTh, TEM OoJee
SIPKO BBIPAXKEHBI OTU ABJICHUA. 1109TOMY B yCTponCTBax, IPUHIUII IEUCTBUA KOTO-
pPBIX OCHOBAaH Ha SIBJICHUU (PEppOPE30HAHCA, UCTOIB3YIOT KAaTYIIKH C 3aMKHYTBHIM
MarHUTOIPOBOJIOM, T.€. 0€3 BO3IyIIHOTO 3a30pa.

7 U
TLLC
vy Bl
a) 0

Puc. 8.8

Deppopezonanc Hanpsdcenuii. ITOT BHUJ pe30HaHCAa HAOIIOJAETCS MPHU IO-
CJIe0BaTEILHOM BKJIFOYEHHUU KOHJICHCATOpa U KaTYIIKU C (eppPOMArHUTHBIM Cep-
neyHukoM. [IpeneOperas nmorepsiMu B 0OOMOTKE, MOJIYYUM CXEMY 3aMelleHus, MpU-
BEIEHHYIO Ha puc. 8.8, a.

Ha puc. 8.8, 6 npusenensl BAX émkoctHoro anementa U (/) U HelNUHEHHO-

ro uHAyKTHBHOrO eMenTa U, (1) . Tak kak HanpspkeHust Ha EMKOCTHOM U MHJTYK-

TUBHOM JJIEMEHTaxX HaxoJsaTcsi B mpotuBodasze, To BAX pe3oHaHCHOTO KOHTYpa
U(I) nomyuaerca BelumtanueM opauHat U(l)=|U,(I)-U.(I)|. Pexum pe3o-

HaHCA HACTYNAeT HPU TOKe [, COOTBETCTBYIOLIEM TOYKe a mepecedenus BAX

arieMeHTOB Lenu. [Ipu 3ToM majeHue HampsDKeHUs Ha BXOoJe Lenu OyJeT paBHO
HyJI10. JI0 TOUKM pe30HaHCa BXOJHOE COIPOTUBJICHUE LIENU UMEET WHIYyKTUBHBIN
XapakTep, a mociie 3To Touku (Pa3oBbIN CABUT CKaukoM MeHsieTcs Ha 180° u 1enb
npuoOpeTaeT EMKOCTHBIN XapaKTep.

B neiictBuTenbHOCTH OOMOTKA KaTYIIKH 00JaaeT aKTUBHBIM CONPOTUBIICHH-
em. [Toatomy kpuBas BAX Oyier umers Heckosibko uHoM Bua U'(1), HO COXpaHUT

IPU 3TOM XapaKTEpHbIE YYACTKH. | TTaBHON €€ OCOOEHHOCTBIO SIBISETCS HAIWYUE
ydacTKka ¢ oTpunaTenbHbiM 3HaueHueM dU /dl . Oto HeycTonunBbIl yuacTok BAX
U paboyasi TOUKa He MOXKET Ha HEM HaxoauThcs. [Ipu muaBHOM yBETUYEHUH BXOJI-
HOTO HAIpsOKEHUS OT HyJsS J0 TOYKM 2, COOTBETCTBYIOIIEH TpaHUIE ydacTKa
dU/dl <0, Tok OyJeT IIaBHO yBEIUYUBATHCSA, HO B TOUKE 2 Maneiiue kojeda-
HUS HallpsDKEHUS IPUBEAYT K TOMY, 4TO pabodasi TOUuKa LEeNu CKauKooOpasHo Iie-
pemectutrcs B nosnoxenue 3. IIpu 3ToM pe3ko BO3pACTET BXOJHOW TOK M CKAYKO-
0o0pa3HO M3MEHHUTCS (a30BBIM CABUT MEXIYy TOKOM U HAlpPsKEHUEM Ha BXOJE Iie-
nu ot +90° mo —90°. JlanpHeliee yBenuyeHue BXOIHOTO HAMPsHKEHUsT OyJET Co-
IPOBOXAATHCS IUIABHBIM YBEJIIMYEHUEM TOKA C COXPAHEHHUEM €ro €MKOCTHOIO Xa-
pakrepa.
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Ecnu nocne Beixoma Ha ydacTok BAX Haxomdmmiics 3a TOYKOW 3 HavaTh
MJIaBHOE CHIKEHUE BXOJHOTO HAIPSHKEHUS, TO MOKHO CMECTUTh Pabouylo TOUKY B
nosiockeHre MuHUMyMa 4. OJIHaKO U 3/1eCh NP MaJieiiie HecTaOMIBHOCTH Ha-
IPsDKEHUS] TPOU30MAET CKAYKOOOpa3HbIN MEPeXo] B TOUKY 1, CONMPOBOKIAIOIINI-
Cs PE3KUM IaJICHUEM BEJIMYUHBI TOKA U U3BMEHEHHUEM €T0 XapaKkTepa.

Deppopezonanc
moxos. llpu napanmnesnb-
HOM COCJWHEHHUM Ka-
TYHUIKK W KOHJIEHCaTopa
B KOHTYypE HaOJIOJaeTCs
PE30HAHC TOKOB.

31ech aHaJIOTUYHbIC
MPOLIECCHI  MPOUCXOIAT
Opu MUTAHUU LENH OT
UCTOYHMKAa TOKa. Ilpnm
IJJABHOM  YBEJIMYEHUH
BXOJHOTO TOKAa HaIpsSKEHUE BO3PACTAET 10 TOYKHU 2, OTPAHUYMBAIOIIEN HEYCTOU-
YUBBIA Y4acCTOK, a 3aT€M CKayKOOOpa3HO BO3pacTaeT /10 TOYKH 3 C OJHOBPEMEH-
HbIM m3MeHeHueM ¢as3wl Ha 180°. IIpu mocneayroneM CHHKEHUH TOKa 0 TOYKHU 4
HaIpsDKEHHE TUIABHO YMEHBIIAETCS, a 3aT€M, CKAUKOM MEHSISl aMIUTUTYay U ¢a3zy,
MEPEXOJUT B TOUKY 1.

a)

Puc. 8.9

VYuacrok BAX Beilie Touku 4 Mpu ONpeaesiEHHOM BbIOOpE MapaMeTpoB KOH-
Typa obsagaeT ManbiM AU depeHInaIbHbIM COIPOTUBICHHEM. DTO CBOMCTBO Xa-
PaKTEPUCTUKHU MAPaIICIBHOTO PE30HAHCHOTO KOHTYpPA UCMOJB3YeTCsl B YCTPOUCT-
BaxX CTaOWUJIM3AIMU MEPEMEHHOTO HAMPSHKEHUsI, Ha3bIBAEMBIX (heppope30HaHCHbIMU
CMaouIU3amopamu.

Ha puc. 8.10, a mokazana cxema 3aMeIleHus] Takoro ctaduinuzaropa. OHa co-
CTOUT W3 MOCJIEAOBATEIBHOTO COCIMHEHUS JIMHEMHOTO WHAYKTUBHOTO AJIEMEHTA
L, n mapamnensHoro eppopesoHancHoro kourypa CL, . Harpyska ctabunuzaropa

IIOJKJIFOYAETCs NTapaJljIe]IbHO PE30HAHCHOMY KOHTYPY.
[IpenebOperas morepsiMu B 1enu, noctpouM BAX pe3oHaHCHOrO KOHTYpa
U,(I). Tak xak MHIYKTUBHBIM 3JIEMEHT L, ¥ PE30HAHCHBI KOHTYP COEIUHEHbI

nociuenoBatenbHo, To BAX nenu 1uist BXogHOro HanpspbkeHus v toka U, (/) momy-
4aeTcsi CYMMUPOBAHHEM OPAMHAT TOYEK JuHEeHOM BAX U L (/) u BAX konTypa
U,(I).

N3 noctpoenus Ha pucynke 8.10, 6 cnegyer, 4To MpU BXOJIHOM HANPSKEHUU
U, , IpeBBIIIAONIEM PE30HAHCHOE 3HaueHne U ), u3amenenue U, Ha Benuuny AU,
NPUBEIET K U3MEHEHUIO TOKA HAa BEIMYUHY A/ M COOTBETCTBYIOLIEMY WU3MEHEHUIO
HanpspKeHus B Harpyske Ha BesmuuHy AU,. OpHako 3a cuér Toro, 4to audde-
PEHLIMAIBHOE CONPOTUBIIEHUE XapaKTepUCTUKU U, (/) 3HAYUTENBHO MEHbILE, YEM
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XapaKTePUCTHKHU
U U,(I), BennuuHa
I AU, Oyper cyrue-
1

r_?_v.l\ . CTBEHHO  MEHBIIIE,
yeM AU, u B uenu
. | % Up BO3HUKHET JS(QQEKT
l e glel 2 crabuinM3auiyd  Ha-
NpsDKEHUST  Harpys-

. o KH.

Dddekr cra-
OwiM3anuu  Hamps-
KEHUS MOXHO TIO-
JYyYUTh TaKXKE TpHU
MOAKIIOUCHUHM HArpy3Ku HapajieIbHO KaTyIIKE B MOCJIEAOBATEILHOM PE30HAHC-
HOM KOHTYpE, €Clii Karylika o0iagaeT MayibiM AudpepeHImaibHbIM CONPOTUBIIE-
HUEM B 00JiacTH HachlileHus. [Ipy Tokax, MpeBhIIIAOIINX PE30OHAHCHOE 3HAYEHUE
I, (puc. 8.8, 6), 3HAUMTEINbHOC W3MCHEHHE BXOAHOro Hampsbkenus AU Oyner

a)

Puc. 8.10

IMPUBOAUTh K CYIICCTBECHHO MCHBIIMM HW3MCHCHHUAM HAIIPSKCHUA Ha KaTyHIKE
AU, .

Bonpocwi 0ns camonposepku

1. Yro Takoe deppope3oHaHc?

2. Kak u moueMy M3MEHSIETCS TOK U XapAKTEpP PEAKTHUBHOIO COMPOTHUBIIC-
HUSl TOCJIEIOBATENBRHOTO KOHTYpa NPU U3MEHEHUHM HANPSKECHUS MUTa-
HUS?

3. Kak u nmouemy M3MEHSETCS HANPSIKEHUE U XAPAKTEP PEAKTUBHOTO CO-
MPOTUBJICHUS MAPAJUICIIbHOTO KOHTYypa MPU M3MEHEHUU BXOJHOIO TO-
Ka?

4. Uro Takoe (peppope30HaHCHBIN CTAOMIM3ATOpP HAIPSIKEHUS M KaK OH
pabotaet?
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Yacte BTOpas. JJIEKTPUYECKUE MAIIINHBI

9. Tpancpopmaropsl

TpancpopmaTopoM Ha3bIBAETCS SJIEKTPOMATHUTHOE CTATUYECKOE YCTPOWCT-
BO, MpeHa3HAYECHHOE ISl MPeoOpa30oBaHus MapaMeTPOB JEKTPUUECKON IHEPrun
B LIETISIX NTEPEMEHHOr0 Toka. C MOMOIIbI0 TpPaHCPOPMATOPOB MOKHO U3MEHUTH BE-
JMYMHY HaNpsOHKEHUs, TOKA, Ha4albHOU (pa3bl U YacTOTHI, T.€. TI0OOT0 U3 mapameT-
POB, OIpEAEAIOIINX HAIPSDKEHUE UM TOK B 1ienHd. B TaHHOM Kypce MbI OrpaHu-
YUMCSI PACCMOTPEHHEM HamboJjee pacpoCTpaHEHHOTO BHJIa TPaHCHOPMATOPOB —
TpaHcopmaropa HaNpsHKEHUsI, T.€. YCTPOICTBa, MpeaHa3HAYEHHOTo i npeolpa-
30BaHMS OJHOIO IEPEMEHHOIO CHHYCOMJAIBHOIO HAIIPSIKEHUE B JIPYyroe TOM Ke
YacTOTHI.

Bcest anekTpuueckas sHeprusi, BeipabaTbiBaeMasi IPOMBIIUIEHHBIM CIIOCOOOM,
IPOXOJUT HECKOJbKO CTaJHi MpeoOpa3OBaHMs HANPSIKEHUS C MOMOILBIO TPaHC-
dbopmaTopoB. BeipabarsiBaTh SHEPrUI0 ¢ HAMPSHDKECHUSMH O€30MACHBIMU JIJIsl T10-
TpeOUTENsE HEBBITOJHO, T.K. IPU TAaKUX HANPSKEHUAX OYEHb JOPOroM Oyner e€ me-
penada u pacrnpezaenenue. [lepegada sHeprur NpOU3BOJIUTCS MPU HAMIPSKEHUSAX OT
110 mo 1150 kB. IIpon3BOACTBO PHEPTUM NPU TAKUX HAINPSIKEHUSIX HEBO3MOKHO,
T.K. HEBO3MO>KHO BBIIIOJIHUTh B 3TUX YCJOBHUAX DJIEKTPUYECKYIO M3OJSALMIO T'€He-
patopoB. Hamnpsbxenue renepatopoB 0O0bIYHO He TpeBocxoAuT 35 kB, mostomy ¢
MOMOIIBI0 TPaHC(HOPMATOPOB 3TO HAMNPSIKEHHUE TMOBBIIMIACTCS O YPOBHS JIMHUU
3IIEKTPOIIEPEAYH, a Y HOTPEOUTENSI OHO HECKOJIBKUMU CTYTIEHSAMHU MTOHMKAETCS 10
380/220 B. Onnako MHOTHE YCTPOMCTBA HE MOTYT paboTaTh UM MPHU TAaKOM HaIIpsi-
KEHUH, B YACTHOCTHU yCTPONCTBA aBTOMATHKHU, OBITOBOM TEXHUKH, KOMIBIOTEPHI U
T.11. [loaTOMY OHM coaepkaT OJMH WM HECKOJIbKO TpaHC(hOpMaToOpoB, mpeodpa-
3YIOILMX CETEBOE HANMPSKEHNE K HEOOXOAUMOMY ISl HUX YPOBHIO ITUTaHUS.

9.1. Yempoiicmeo u npunyun oelicmeus

[Tpocrelimuii Tpanchopmarop
COCTOHUT W3 3aMKHYTOTO MarHUTO-
IpOBO/Ia U JABYX OOMOTOK B BHJE
WIMHIPUYECKUX KaTymek (puc.

—_——————
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9.1).

Onna n3 0OMOTOK MOJKIIIOYa-
€TCS K MCTOYHHUKY TEePEeMEHHOTO
CHHYCOUJAIBHOTO TOKA C HaIps-
KEHHEM U, U Ha3blBaeTCs MEpPBUY-

HOM oOMoTKOM. K apyroit oOmMoTke
NOAKJIIOYAETCsl Harpy3ka TpaHC-
dbopmaTopa. ITa 0OMOTKA Ha3bIBA-
€TCs BTOPUYHON 0OMOTKOM.
[lepeMeHHBIII CHHYCOUIAJIb-

HBII TOK i, IPOTEKAIOLIHI 110 IEpBUYHOI 0OMOTKE TpaHCPopmaTopa, Bo30yKaaeT
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B MarHUTOIIPOBOJE IEPEMEHHBIA MAarHUTHBIA NMOTOK @D,, KOTOPHIA IIPOHU3BIBAET
BUTKH 00enx oOMOTOK M HaBoguT B HuUX DJIC e u e, ¢ aMIuIUTyIaMu MPOIOP-
[IMOHAJIBHBIMU 4MCIIaM BUTKOB W, U W, (cM. BelpaxkeHue (8.2)). Bennuuna 9J1C
NEPBUYHON OOMOTKM E, NPAaKTUYECKU PaBHA HANPSDKEHUIO nuTaHus U, U IeucT-

ByeT MouTu B mpoTuBodasze. [losTomy BennurnHa TOKa B MEPBUYHON OOMOTKE OII-
penensercs pazHocTeio U, — E, . [lpu noakimrodeHnn Harpy3ku KO BTOPUUHOU 00-

MOTKe B Hed nox nercrteueM JD/IC e, BO3ZHHMKAeT NEPEMEHHBIM CUHYCOUIAIBHBIN
TOK 1, , KOTOpBIH BO30Yy>KJaeT B MarHUTOIIPOBOJI€ MarHUTHBIM MTOTOK, HAIIPABIICH-

HBI BCTPEYHO 10 OTHOLIEHUIO K MarHUTHOMY IOTOKY, CO3/1aBA€MOMY IE€PBUYHOMN
oOMoTKOil. B pe3synbraTe motok B marautornpoBoae @, yMeHbIIaeTcs, 4To MpH-

BOAUT K yMeHblieHn0 DJIC E, u yBenudeHuro pasHoctu U, — E, . Benencrsue ue-
ro TOK IEPBHUYHOM OOMOTKM [, yBEJIMYMBAETCS M BOCCTAHABIMBACT BEIINYMHY
marHuTHoro noroka @,. Takum obpazom, nocpeactsoM IC nepBUyHON 0OMOT-

KU B MarHUTONPOBOJI€ TpaHCPopMaTOpa aBTOMATUYECKU MOJJIEPKUBAETCS TTOCTO-
SHHBI MarHUTHBIN TTOTOK.

[lo oTHOMIEHUIO K HArpy3Ke BTOpHYHAs OOMOTKa TpaHchopmaTopa sBISETCS
UCTOYHUKOM 3ekTprudeckoi sHeprun ¢ DJIC e,. [Ipenedperas norepsimu BO BTO-

pUUYHONM OOMOTKE MOXHO CUMTaTh, YTO HampsbkeHue B Harpyske U, = E,, a T.k.
U, ~E n 5/]1C 0o0MOTOK IpONOPLHMOHAIBHBI YHCIaM BHUTKOB, TO COOTHOLICHHE

HaIpsHKEHUN TUTaHUS TpaHchopMaTopa W HATPY3KH TAKXKE OMPEAEIIeTCS COOT-
HOIIICHHEM YHCel BUTKOB OOMOTOK, T.€.
U /U, =E/E,=w/w,=k. 9.1)

Benuuuna k HaseiBaeTcst koo puyuenmom mpancgopmayuu. CienoBaTenbHO, s
MOJIyYeHHSI TPEOYyEeMOro HaIpsKEHUS B HArpy3Ke HY>KHO M3TOTOBUTH TpaHcQop-
MaTOp C 3aJJaHHBIM COOTHOIICHHUEM YUCEJ BUTKOB MIEPBUYHON M BTOPUYHON 0OMO-
TOK, T.€. C 3aJlaHHbIM Kod(duimentom Tpancpopmanuu. Ecnu Ha ogHOM MarHu-
TOMPOBOJIE PA3MECTUTh HECKOJIIBKO OOMOTOK C pPa3HbIMU YUCIAMU BUTKOB, TO KaXK-
nasi U3 HUX OyAeT OTAETbHBIM UCTOYHUKOM MMHUTAHUS C HAMPSHKEHUEM, OTIpeeIisie-
MBIM YUCJIOM €€ BUTKOB. ECy 9MCII0 BUTKOB BTOPUYHON OOMOTKHM MEHBIIIE YHCIIa
BUTKOB NEPBUYHON W, <w;, TO k <] U HampspkeHHe B Harpys3ke OyAeT MeHbIe

HampsDKEHUS Ha BXoze TpaHcdopmaTopa. Takoi Tpancopmarop Ha3bIBaeTCs no-
Hudxcarowum. B TpoTUBHOM city4ae, T.e. mpu k >1, TpaHchopmaTtop Ha3bIBaCTCS
HOBLIUUAIOUJUM.

DnekTpuveckas 1enb BTOPUIHOM 0OMOTKH TpaHcPopMaTopa U30IMpOBaHA OT
IENU TEePBUYHON OOMOTKH. DHEPrus OT MCTOYHMKA MHUTAHHS Tepemaaércs B Ha-
IPY3Ky IMOCPEACTBOM MAarHUTHOTO TIOJIsA, BO30YKIaeMOTO B MarHUTONPOBOJAE U
eAMHOTO i 00emx oOMOTOK. Takum oOpa3om, ¢ MOMOIbIO TpaHchopMaropa
MOKHO HE TOJIBKO CO3/1aTh JI000€ HANpPSDKCHHWE B HArpy3Ke, HO U TAIbBAHUYECKU
pa3IeIUTh JIEKTPUISCKUE [IETTH TEPEMEHHOTO TOKa APYT OT APYTa.
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0) B)
r) 1) ¢)
Puc. 9.2

oo e

HOrO AeicTBus 6oiee 95%

FOCYARCTBEHHBI YHUBEPCUTET

[ToMumMo MOTOKAa B MarHUTONPOBOJE, Ha3bl-
BAEMOIO OCHOBHbIM MASHUMHLIM NOMOKOM, TPO-
TEKAIOUIUe MO0 OOMOTKAaM TOKM CO3al0T HOTOKU
paccesuss @, u @, (puc. 9.1). OTn NOTOKM He-

3HAYUTEIbHBl 10 BEJIWYMHE M HE YYAaCTBYIOT B
npolecce nepeJayd YJHEPruu B Harpy3Ky, T.K. cLe-
IUISIFOTCST TOJIBKO C OJTHOM M3 0OMOTOK TpaHchop-
MaTopa. OJHAKO OHM BBI3BIBAIOT JOIOJIHHUTEIBHOE
noTpedsieHre  TpaHcHOPMATOPOM  PEAKTHUBHOM
MOIIIHOCTH, pacXoayeMo# Ha uX (popmMupoBaHue.
Tpanchopmarop siBisieTcs o4eHb 3PHEKTUB-
HBIM TEXHUUYECKUM YCTpOUCTBOM. IIpaBuibHO pac-
CUMTAHHBIN, U3TOTOBJIECHHBINA U KCIUTYyaTUPYEMBbIN
TpaHCGHOPMATOP MOUTHOCTHIO BBINIE HECKOIBKUX
JIECSITKOB KHJIOBATT MMeeT KOA(D(UIIMEHT Moje3-

Ha puc. 9.2 noka3ans! ycnoBHbIe 0003HaueHUs oHOGMA3HBIX (a, 0, 8) U TPEX-
da3sbIX (2, 0, €) TpanchopMaTopoB.

Bonpocwi ons camonposepku

Nk =

TOKOB paccestHus?

Q

s yero npeaHazHavyeH TpaHchopmarop?

Kak ycrpoen tpanchopmaTop?

Yro takoe korhuiment Tpanchopmariu?

Kakue MarHuTHBIE MOTOKH pa3InyaroT B TpaHnchopmaTope?

Yem oTiaM4aeTcsi OCHOBHOM MarHUTHBIA MOTOK TpaHc(opMaTopa OT Io-

Kakum o06pa3zom cTaOmiIM3upyeTcs OCHOBHOM MArHUTHBIM TMOTOK B
TpaHchopmarope?

9.2. Mamemamuueckasa mooenv mpancgopmamopa
9.2.1. Ypasnenue macHumoo8uAsCyuiux cui U moxKoes

B ciyuae nportekanust TokoB B o0enx oomotrkax MJIC F, co3naroiias OCHOB-
HOUM MarHUTHBIN NOTOK, paBHa cymme MJIC kaxoit n3 00OMOTOK

F=F+F,=iw +i,w, 9.2)

[Ipr MOCTOSSHHOM HANPSIKEHUU W YaCTOTE MUTAHUSI MATHUTHBIA MOTOK OCTa-
€TCsl MPaKTUYECKU MOCTOSTHHBIM. [103TOMYy mocTOsIHHON OyAeT U pe3yJIbTUpYroIIas
MJIC F Bo Bcex pexxumax padoTel TpaHchopmaTopa. B ToM uuncie u B pexxume xo-
JIOCTOTO X0J1a, KOT/Ia Harpy3Ka OTKJIIOYEHA U TOK BTOPUYHON OOMOTKM paBeH HY-

JI10, T.€.

iw, +1i,w, =iyw, = const, 9.3)

rzie i, — TOK IEpBUYHON 0OMOTKH TpaHC(HOpPMATOPA B PEKUME XOJIOCTOrO XOAA.

Pa3znenus 06e yactu ypaBHenus (9.3) Ha w;, IOIy4UM

i +iw,/w =1.
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. . f
OO0o3Hauas i,w,/w, =i,/ k =i, NOIy4YUM ypagHeHue mokoe mpancgopmamo-
pa
C _ '
iy=i+i, < I,=1,+1, 9.4)
9.2.2. YpaesHenus snekmpuiecko2o cocmoamnus

VYpasuenue Kupxroda mi1s koHTypa nepBUYHOM 0OMOTKH:

up =Ry + L %_

€,

rae R, u L, — akKTMBHOE COIPOTHUBIICHUE IIPOBOJA U UHAYKTUBHOCTb PACCESAHUSA
nepBu4yHoil oomoTku, ¢, — O/1C, HaBoaguMas B MEpBUYHOW OOMOTKE OCHOBHBIM
MarHUTHBIM ITOTOKOM. B KOMIIJIEKCHO# hopMe ATO YpaBHECHUE UMEET BUJT
U =R1+jX,l -E, 9.5)
JI1st BTOpu4HOM OOMOTKM Tak>Ke€ MOXKHO COCTaBUTh ypaBHeHUe Kupxroda

: di

rae R, u L, — aKTUBHOE COIPOTHUBIICHUE IIPOBOAA U MHIYKTUBHOCTb PACCESHUSA
BTOpPUYHON 0OMOTKH; e, — DJIC, HaBoaMMass BO BTOPUYHONM OOMOTKE OCHOBHBIM
MarHUTHBIM IIOTOKOM; U, — TNaJieHWE HANpPsKEHWs B Harpyske TpaHchopmaTopa.

Ortcrona B KOMIUIEKCHOM (hopme:
Ez :Rzlz +sz2£2 +Q2» (9-6)

9.3. Cxema 3amewieHus

VYpaBuenus (9.5) u (9.6) co-
OTBETCTBYIOT JIBYM JJIEKTPUUYECKHU
HECBSI3aHHBIM IIensiM puc. 9.3, a.
CBs3aTh 3TH IIENH MOJXKHO, €CIIH
OJC ucrounukoB £, u E, onu-

R, X

HaKoBbl. Torga ux MOXHO 3ame-
HUTb OJIHUM OOIIMM Il 00eux
LeNed HCTOYHUMKOM. BennunHa
OJC E, omnpenensercss 4YucIOM
BUTKOB  BTOPUYHOW  OOMOTKHU
E, =4,44w, fD,, . VY MHOXMB
ypaBHeHue (9.6) Ha ko3 dUIueHT
TpaHchOpMaIIUH, MOTYUUM
kE,=kRyI, + ijszlz +kU,,

rae

w
_mr M _
kE, = E5 =—4,44w, fD, =E,.

L)
Takum 006pa3om, rocie yMHOXKe-
Hust 3/1C uCTOUYHUKA BTOPUYHOM
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o0MoTKH cTaHoBUTCA paBHOM D/]C HCTOYHMKA TEPBUYHON OOMOTKH.
MaremaTuyecku onepamus YMHOXEHUs Ha k ypaBHeHHs (9.6) BHoOJHE KOp-

PEKTHA, HO IOCJIE 3TOT0 YPaBHEHHE COOTBETCTBYET AJIEKTPUUYECKON LENH C IPYTH-

MM 3HAUYECHUSMU AaKTUBHOM M PEAKTUBHOW MOIUHOCTU. JIE€HCTBUTEIBHO,

kR2122 ¢R2]22 ; kXS2]22 ;zr&)(szlz2 U U BBIIOJIHEHUS YCIOBUS WHBAPUAHTHOCTH

MOIIHOCTH HY>KHO YMHOKMTb M Pa3JEJINTh IIEPBbIC JBA CIAracMbIX B IIPaBOM 4dac-
TA ypaBHEHUS HAa k W OTHECTH [I€JIUTENlb K 3HAYEHUIO ToKa. Torna

K°R,(I,/k)* =R1;; kK*X ,(I,/k)* = X,,I; u ypaBHenue (9.6) IpuMeT BH]I
E,=E=RI,+jX,[,+U,, 9.7)
rne Ry=k*Ry; X,=k’X ; Z . =k*Z,; I,=1,/k; U,=kU, — npusedénuvie

N
napamempul U GeIUYUHBL IJIEKMPUYECKOU Yenu 8MOPUYHOU 0OMOMKU. DTO ypaB-
HEHUE Ha3bIBACTCS] YPaBHECHUEM BTOPHUYHONH OOMOTKH MPUBEAEHHOTO TpaHCHOopMa-
TOpAa.
Cxema 3aMellieHus, COOTBETCTBYIOMIAasl ypaBHeHuto (9.7), moka3aHa Ha puc.
9.3, 6. JIea oguHakoBEIX ucTOUHHKA DJIC MOKHO 3aMCHHUTH OJHUM, €CIIH 00hEaH-
HUTH TOYKHU WX MOJKIIOUeHUs. B pe3ynbrare o0pasyercs BETBb, B KOTOPOH B COOT-

BETCTBUM C ypaBHEHHEM (9.4) mOmKEeH NpoTekaTrbh TOK /,, paBHBIM TOKY HEpBHUY-

HOUM OOMOTKH B pexuMe X0JI0cToro xofa (puc. 9.3, 8). UToObI yuecTh B cxeMme Tell-
JIOBBIE MTOTEPU B MATHUTOINPOBOJAE U IHEPTUIO0 MATHUTHOTO TOJISl B 3Ty BETBb HYX-
HO BKJIIOYWUTh AKTMBHOE U PEAKTUBHOE CONPOTHBIEHUS R, U X, aHAJIOTMYHBIE

COIPOTHBJICHUAM KaTyIIKU ¢ ()epPOMAarHUTHBIM CepAeYHHUKOM. IIpu 3TOM 3Hade-
HUS COIIPOTHUBJIEHUM JIOJKHBI YZIOBJIETBOPSATh YCIIOBHIO
Uyp,=-E =jowd,=1, (R0 + jX,). Takum 06pasom, TOK [, OLPEAEIICT OCHOB-
HOW MarHUTHBIN IIOTOK U HA3BIBAETCS MOITOMY HaMazHU4uUearowum mokom. Mou-
HOCTh R,[;, paccerBaeMas akTHBHBIM CONPOTHBIEHHEM R, 6yleT paBHa MOIIHO-

CTH TCIUIOBBIX ITOTCPb B MAarHUTOIIPOBOAC, 4 pCAKTHBHAA MOIIHOCTDH Xolg — MOII-

HOCTH, pacxoayeMoi Ha BO30YyKIEHHE NOJIs, 00pa3yIoLIero MOTOK B MAarHUTOIIPO-
Boze. Ciieyer 3aMEeTUTh, YTO HAMarHW4YMBAIOIINM TOK HE SIBJISETCS PEAIbHBIM TO-
KOM, IIPOTEKAIOIINM MEXAY y3JIaMU ab 3IeKTpudecKon uenu puc. 9.3, 6. 10T TOK,
KaK M BCS CXeMa 3aMELICHUs, SBISETCS PAaCUETHBIM SKBUBAJIEHTOM 3JIEKTpOMAr-
HUTHBIX IIpoleccoB B TpaHchopmarope. OH npeacTaBiseT co00i 4acTh TOKA mep-
BUYHON OOMOTKH, pacXOJyeMyl0 Ha BO30YXJAEHUE MarHUTHOTO MOJIsl U KOMIIEHCa-
LUIO0 TEIUIOBBIX MOTEPh B MAarHUTONpPOBOAE. HamMarHnumBaromuii TOK BBIIEISETCS
U3 TOKa NMEPBUYHON OOMOTKU aHAJOTUYHO Pa3felIEHUIO TOKA B JIEKTPUUECKON 11e-
1M HA aKTUBHYIO U PEAKTUBHYIO COCTaBIISAOIIHE.

Takum 00pa3zoM, cxema 3aMmelleHust puc. 9.3, 6 COOTBETCTBYET YpPaBHEHUSIM
TOKOB M COCTOSIHMSI 3JIEKTPUYECKHUX Liereid 0OMOTOK TpaHc(hopmMaTopa U yUUTHIBA-
€T BCE 3JIEKTPOMAarHUTHbBIE MPOLECCHI, CBI3aHHbIE ¢ ero padotoil. [Ipu 3Tom B pe-
3yJlbTaTe NMPUBEIACHUS MTapaMeTpoB, ToKa, HanpskeHus u D{C BTopuyHO 0OMOT-
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KM K YUCIY BUTKOB TMEPBUYHONW BMECTO MArHUTHOW CBSI3M MEXIYy OOMOTKaMu
TpaHcopmMaTtopa B CxeMe 3aMEIleHHs MOSBUIACH SKBUBAJICHTHAs JIEKTpUUECKas

CBA3b.

Bonpocwt ona camonpoeepku

1.
2.

e

9.4. Bekmopnasa ouazpamma

[Tpu kakOM yCIIOBUHM MOTYYalOT ypaBHEHUE TOKOB TpaHchopmaTopa?
[Tpu KaKoM yCIOBHM OCYIIECTBISIIOT MIPUBEICHUE MAPAMETPOB BTOPUY-

HOU 0OMOTKH?

Jlyist 9ero mapaMeTpbl BTOPUYHON OOMOTKU MPUBOJAT K YUCTY BUTKOB

MePBUYHON OOMOTKH?

YT0 Takoe HaMarHM4MBaroIni TOK?
Kak cBsi3anbl MexIy co00# peaabHbIe U MPUBEAEHHBIC TTAPAMETPHI I16-
Y BTOPUYHON OOMOTKH?

BekropHas auarpamMma Ma€T HarIsIAHOE MPEACTABICHHE O COOTHOLIEHUSX
MEX1y pa3IMYHbIMHU BEJIMYMHAMU, XapaKTEPU3YIOLUMHU paboTy TpaHchopmaTopa.
C e€ moMOIIbI0 MOKHO NMPOCHEAUTD BIUSHUE BEIUYUHBI U XapaKTepa HArpy3Ku B
Pa3JIMYHBIX PEKUMAX.

1/

o

JXad,

Sl=

Ry,

[TocTpoeHune nuarpamMMsl JIydille HAYUHATh
C BEKTOPOB HE3aBUCHUMBIX OT pekuMa paboThI
Tpancopmaropa. TakumMu BEKTOpaMU SIBJISIFOT-
CAd BEKTOPbl OCHOBHOI'O MAarHUTHOTO ITOTOKA

D, , Toka xonocroro xoxa [, u JIC E, u Ez,
HABOJIMMbBIX OCHOBHBIM MAarHUTHBIM MOTOKOM B
NEPBUYHON U BTOPHUYHON OOMOTKAX.
HavanpHyto (a3zy oCHOBHOTO MarHUTHOTO
MOTOKAa MOHO MPUHATH PABHOM HYIIO U IO-
CTPOUTH Ha BELICCTBEHHOM OcU BeKTOp D, a

3aTeM BEKTOp [, ONEpEKaroHUi OCHOBHOMU

NOTOK HA YroJl MAarHUTHBIX MOTEPH O.
Bekrop 9/IC O0CHOBHOrO mOTOKa NEpBUY-
HOU OOMOTKH £, U paBHBI €My BEKTOp MpHBE-

.o ~ ~ 4
nénnoit DJ1C BropuuHoii oOMoTKH £ , OTCTa-
10T 1o (¢aze ot noroka P, Ha 90° u pacnona-

raroTcsi HA MHAMOW OCH B OTPHUIIATEIIBHOM Ha-
IIPaBJICHUH.

[lomarass Harpy3ky TpaHcopMaropa ak-
TUBHO-UHAYKTUBHOW, CTPOMM BEKTOp TOKa

o !
BTOPUYHOM OOMOTKH [ , ¢ OTCTaBaHHEM IO (ha-

o !
3€ Ha HEKOTOpHIi yroi oT £ ,. Tenepp, B cooTBeTcTBUH C (9.4), MOKHO ITOCTPOUTH
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BEKTOp TOKa B MEPBUYHON OOMOTKE [, KaK pa3HOCTb BEKTOPOB TOKa XOJOCTOIO

xona [, v TOKa 1'2.

OnpenenuB nonoxenne BeKTOpoB J/IC U TOKOB, MOKHO CTPOUTH BEKTOPHI,
COOTBETCTBYIOIIME ypaBHEHUSM (9.5) u (9.7). i mocTpoeHus: BEKTOpa HampsiKe-
HUsS Ha BXxoze TpaHcdopmaropa U, cymmmupyem Bexrop D/JC —E,, BeKkTop naje-
HUSI HAIIPSDKEHUS. HA aKTUBHOM COIIPOTHBIIEHUM NTEPBUYHOM 0OMOTKH R, /,, coBna-
JAOIIMM IO HAIIPABJICHUIO C BEKTOPOM TOKa [;, U BEKTOpP NAJCHUS HANPSKEHUS
Ha UHIYKTUBHOM COIIPOTUBIICHUM paccesHus jX  /;, OlepeKarouil BEKTOp TOKa

Ha 90°.
BekTop HampspkeHHS B Harpyske Mmosydaercs BeYUTaHHEeM u3 Bektopa DJIC

!

E » BCKTOpA MaACHUA HAIIPAKCHHA HAa MHAYKTHUBHOM COIIPOTHBJICHUHW PACCCAHUS

!

. ’ '
JjX ., 1 5, onepexaromero BEKTop Toka [, Ha 90°, u BeKTOpa MajaeHus HampsKe-
o i
HHS Ha aKTHBHOM CONPOTHBIICHUHN BTOPUYHON OOMOTKH R) /[ ,, COBHAgaloOUIero mo
4
HAIIPABJIEHUIO C BEKTOPOM TOKa [ ,.

. ' . '
Crnenyer 3ameTuTh, 4To Ha puc. 9.4 Bexropel R I,, jX,I,, Ro1, njX I,
TIOKa3aHbl B CUIILHO YBEIMUSCHHOM MaciuTade Jjisl TOT0, YTOObI MPOCIIEAUTH UX TO-

JI0’KEHUE OTHOCHUTEIBHO APYTHUX BEKTOPOB. Ha camMoMm Jnienie 3Th HanpsiKEHUs npu-
OMM3UTENBHO Ha TTOPSATOK MeHbIe JJ{C 0CHOBHOTO MarHUTHOTO TIOTOKA.

9.5. Pesicum xonocmozo xooa

Pexxumom xosiocToro xoja TpaHchopmaTopa Ha3bIBaeTCs PEXHM MpH pa-
30MKHYTOH 1I€U BTOPUYHOI OOMOTKHU.

[Tonaras B ypaBHenusix (9.4)-(9.6) 1, =0, nonyuum

Li=1y U =R1,+jXul,-E; E,=U,.
B pexume xomocToro xoaa
TpaHcopMaTtop MO CyUIECTBY

— SBIIAETCS KaTylKoul ¢ ¢eppo-

R, A R,  MarauTHBIM cepaedHukoMm. ITo-

¢ Ul o 3TOMY MPOLECCHl W SBJICHHUS,

JX, JX, paccMoTpeHHble B paszuene 8.1,
MOJIHOCTBIO COOTBETCTBYIOT

2) 6) ATOMY PEXUMY, BKIIOYAsl BEK-

TOPHYIO JHarpaMMy U CXEMY
3amenieHus (puc. 9.5, a).

IIpy HOMMHAIBHOM Ha-
NPSHKCHUM TTUTaHUS TOK TIEPBUYHONM OOMOTKH B PEKHMME XOJIOCTOTO XOJa COCTaB-
nset 3...10% oT Toka mpyu HOMHHAJIBHOW HArpy3ke, IpU4E€M MEHBIINE 3HAUECHUS
COOTBETCTBYIOT TpaHcopmaTopaMm Oosbiiet MomHocTH. [loaToMy majeHus Ha-

Puc. 9.5
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NPsSKEHU Ha aKTUBHOM COINPOTUBJIEHUU OOMOTKM R/, U Ha MHIYKTUBHOM CO-
IPOTHUBJIEHUH NOTOKA paccesHust X/, npeHeOpexxumo mansl u U, = E|. B To xe

BpeMsl, IPH Pa30MKHYTOM LIeTH BTOPUYHON OOMOTKH HampsbKeHHE Ha e€ BBIBOAAX
B ToyHOCTH paBHO OJIC, HaBOAMMOW OCHOBHBIM MAarHMTHBIM IOTOKOM U, =F, .
CnenoBatelibHO, OTHOIICHUE HANPSHKEHUN HA MEPBUYHON M BTOPUYHOM OOMOTKAX
B PEKUME XOJIOCTOTO X0/1a OyJIET HaWIyullIuM MPUOIIKEHUEM K 3HaYEHUI0 KOdd-
durmenTa Tpancpopmanuu

m_ £ Y
Wy, E, Uy
AKTUBHas MOLIHOCTb, IOTpeOisieMas TpaHc(hopMaTopoM U3 ceTu Fy, pacxo-

k= (9.8)

IyeTCsl Ha MOKPBITHE TEIJIOBBIX MOTEPh B NEPBUYHON OOMOTKE F M B MarHuTo-
npoBoje P.. (MOIIHOCTb OTEPh B «CTAIN»)

Ry=R+PR, =Rl +PF,,
HO MOTEepU B OOMOTKE OT TOKa XOJIOCTOTO XOJla MPEHEOPEKUMO Malibl, T.K. 3TOT
TOK OYEHb MaJl 10 CPABHEHHMIO B HOMUHAJIbHBIM TOKOM. [loaToMy moTpeOisiemas
MOIIHOCTh MPAKTUYECKU COOTBETCTBYET IOTEPSIM HSHEPrMU B MArHUTOIIPOBOJIE
130 ~ PCT *

C yuértoM »HTOro, a TakKe COOTHOUIEHUS MArHUTHBIX TMOTOKOB
O, > D, = X,> X, cxema 3aMellIeHus TpaHchopMaTopa B PEKUME XOJIOCTO-

sl»
r'o X0Ja MOKET OBITh MpeJICTAaBIICHA IBYMS dJIeMEeHTaMH puc. 9.5, 0.

Tok xosocToro xoaa TpanchopMaropa COACPKUT aKTUBHYIO U PEAKTUBHYIO
coctapisroniye. OHM COOTBETCTBYIOT aKTHBHOW M PEAKTUBHON MOIIHOCTH, TIO-
TpebnsieMoit TpanchopmaTopoM. OOBIYHO aKTHBHAs MOIIHOCTh HE IPEBBINIACT
10% peakTHBHOI MOLIHOCTH U YTOJ MarHUTHBIX MOTEPh COCTABIISIET O < 5°.

Onvim xonocmoeo xooa. Jlms
OTIPEJICNICHHsI TIOTePh B MAarHUTO-
MPOBOJIE M IMApaMETPOB CXEMBI 3a-
MEIIECHUSI TTPOBOJIUTCS OMBIT XOJIO-

U20 croro xoja. OH BBINOJHSACTCA IO
cxeme puc. 9.6. Ha nepBuuHyto 00-
MOTKY MOJa€Tcs HOMHHAJIbHOE Ha-

Puc. 9.6 npsoxkenne U, =U, a KO BTO-

HOM ?
PUYHON OOMOTKE MOJAKIIOYAETCS
BOJBTMETP V), ¢ BO3MOXKHO OOJBIINM BXOAHBIM COIPOTHUBICHHEM TaK, YTOOBI

1,=0.
[To pesynpTaTam m3mepeHuit mo BeipaxkeHuto (9.8) ompenenstor koddduu-
€HT TpaHc(]opMaInu, a TAKKE aKTUBHOE COTIPOTUBJICHUE TIETTH
— — 2
Ro=R +Ry=F/Ij =R,
Y UHIYKTUBHOE CONPOTUBIICHUE LEMU
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X=X+ X, :\/(Ulo/llo)2 - Ry ~ X,.

Hanpspkenune Ha BTOpUYHONW OOMOTKE TpaHc(opmaropa B OIBITE XOJIOCTOTO

X04a CYUTACTCA HOMHUHAJIbHBIM HAIIPSKCHUCM U20 = U2

N YKa3bIBACTCA B CIIpa-

HOM

BOYHBIX JaHHBIX.

Bonpocw 0ns camonposepku

1.
2.

=N o

Kakoii pexxuM TpaHchopmaTopa Ha3bIBAIOT PEKUMOM XOJIOCTOTO XoAa?
[Touemy oTHOIIIEHNE HAMPSHKEHUN HA MEPBUYHON U BTOPHUYHON OOMOT-
Kax TpaHc(hopMaTopa B pexKUMe XOJIOCTOr0 X0/1a SBJISETCS HAWITy4IlIuM
npuOIKEHNEM K 3HaYCHHIO K03 duirenta tTpanchopmanmn?

Ha uro pacxomyercsi akTUBHAsi MOIIHOCTb, OTpebisiemass Tpanchop-
MaTOpPOM B PEXKHUME XOJIOCTOT0 X017

Kak BBIMISIIUT cxema 3aMelleHus TpaHcpopmaTopa B PEKHUME XOJIO-
CTOTO X01a?

Kak cootHOCATCS Mexay coOOil BENTMYMHBI aKTUBHOW M PEaKTUBHOMU
MOIITHOCTEHN, MOTpeOsieMbIX TPaHCHOPMATOPOM B PEKUME XOJIOCTOTO
xo0/a, ¥ moyemMy?

Kak nmpoBoautcs onbIT XonocTtoro xona? Hapucylite cxemy onbITa.

Kak Ha OCHOBaHMM ONBITa XOJOCTOrO XOJ1a OMPEAENSAIOTCS NapaMeTphI
BETBU HaMarHWYMBaHUS CXEMbI 3aMellleHus TpaHncpopmaropa?

9.6. Pesrcum KOpomko2o 3aMblKanus

PexuM KOpOTKOIO 3aMBIKaHHs 3TO PEKUM, IPU KOTOPOM BBIBOJBI BTOPUYHOU
O0OMOTKH 3aMKHYTbI M&X1y co00i. Takoil pexuM Mpyu HOMUHAIBHOM HJI OJIM3KOM
K HOMMHAJIbBHOMY HaIIpSKEHUU MMUTAHMS SBISETCA aBAPUIUHBIM U MOXKET MIPUBECTU
K pa3pylieHuio TpaHchopMaTopa, HO IMIPH NOHMWKEHHOM HAMPSKEHUH €r0 UCIOJb-
3YIOT JUIsl ONpenesieHus: mapameTpoB oOMOTOK. B 3TOM ciyyae OH Ha3bIBaeTcs
ONbIMOM KOPOMKO20 3aMbIKAHUA W SIBIISETCA, HAPSAY C OMBITOM XOJOCTOrO X0/,
00s13aTeNIbHBIM MPU UCTIBITAHUSIX TpaHChHOpMATOpA.

R

JXg JXe R

B omnbiTe kopoTkoro 3a-
MBIKaHHsI Ha MEPBUYHYIO 00-
MOTKY TpaHcdopmaropa Io-
narT Hanpspkenue U, , npu
KOTOPOM TOK B HEW paBeH
HOMHUHAJIBHOMY  3HAYEHUIO
I =1, OTO HampsKeHue

K HOM *°

cocraBusier 5...10% oT Ho-
Puc. 9.7 MHUHAQJIBHOT'O, IIO3TOMY MpH-
MEpPHO BO CTOJIBKO JX€ pas

CHIKAETCSI OCHOBHOM MarHUTHBIM ITOTOK, 4 HAMArHMYMUBAIOIIMKA TOK, BCJICJICTBUC
BBIXOJIa MaTepuaia CEpACYHUKA U3 PEKUMA HACBHIIICHUS] CHUYKACTCS MPAKTUYECKH
no nyna [, =1, ~0. IIpu sToM ypaBHeHue TOKOB (9.4) npespaiaercs B IpuodIu-
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.o !
*KEHHOE paBeHCTBO [ ~—[, =-I, /k. CienoBaTenpHO, B ONBITE KOPOTKOIO 3a-

MBIKaHHsI IPY HOMUHAJIBHOM TOKE B IEPBUYHOI OOMOTKE TOK BTOPUYHONW OOMOTKHU
OyAeT Takke HOMHUHAIBHBIM, & UX OTHOIIIEHUE C XOPOIIUM MPUOINKEHHEM OyIeT
paBHO KO3 dunuenty tpancpopmauuu k=1, /1, . C yuérom toro, uto [/, ~0

CXeMa 3aMEIIEeHUS OIbITa KOPOTKOTO 3aMbIKaHUsI mpruobdperaeT Bua puc. 9.7, rae

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

OnpIT KOPOTKOTO 3aMbIKAHUS

Ik npoBOAUTCS Mo cxeMe puc. 9.8. Bo

o BTOPUYHYIO OOMOTKY BKJIIOUYAIOT
amnepmerp A, C BO3MOXHO MEHb-

@ I, mwEM BXOZHBIM CONPOTHBICHHEM
TakK, yto0b! U, ~ 0. Hanpsokenue Ha

NEePBUYHOM OOMOTKE TIOCTENEHHO
YBEJIMYHMBAIOT OT HYJSI 10 TE€X TIOP,
MOKa TOK IMEPBUYHON OOMOTKHM HE CTaHET PaBHBIM HOMHUHAIBHOMY. B 3TOM pexu-
M€ U3MEpSIIOT HalpsKEeHHE Ha NMEepBUYHOM 00MOTKe U, , @ Takke MOTPedIsieMyto

Puc. 9.8

MOIIIHOCTH U TOKHU B 00OMOTKaX.

OTtHolIEeHHNE HaIIPpAKCHUC Ha HGpBH‘IHOﬁ OOMOTKE B OIIBITE KOPOTKOI'O 3aMbI-
KaHWJd K HOMHUHAJIbHOMY 3HAUCHHUIO, BBIPAXKCHHOC B IIPOLICHTAX,

0/
10, % = (Uy /U yoy ) - 100 (9.9)
Ha3bIBACTCS HANPAMNCEHUEM KOPOMKO20 3dMblKAHUA U YKA3bIBACTCA B CIIPABOYHLIX
JaHHBIX. B cooTBeTcTBHM CO cXeMo# 3amelleHust puc. 9.7, 6, 3TO HaNpsKEHUE
MOJKHO pa3AaCJIUTb Ha daKTUBHYIO U pCAKTUBHYIO COCTABJIAIOIINC
o/ _ . o/ _
U %0 = (Rl on / Unons ) 1005 21, % = (X 110, / Uy, ) 100

AKTHBHAsI MOIIIHOCTb, MOTpeOdIiieMas TpaHC(POPMATOPOM B OIBITE KOPOTKOTO
3aMBIKaHHS, NPAKTUYECKH TOJHOCTBK) PACXOIYETCS HAa KOMIIEHCALHIO TEIIOBBIX
IOTEeph B 0OMOTKaX, MOATOMY €€ Ha3bIBAIOT TAK)KE MOLTHOCTHIO TOTEPh B «MEN:

_ 2 ry2 2 2
P =RI}+ R, =RI>+ R,
ITo JaHHBIM OIIbITa KOPOTKOI'O 3aMbIKaHWA MOKHO OIIPCACINUTb TAKKC CYM-
MapHOC aKTUBHOC COITPOTHUBJICHHC 00OMOTOK

R =R +R,=P/I

1aOM

HOM HOM

n CYMMapHOG peaKTI/IBHOC COHpOTHBHeHHe
_ ro_ 2 2
XK _Xsl +Xs2 _\/(UIK/IIHOM) _Rl(
B OmbITE KOPOTKOTO 3aMBIKAaHHSI MOXHO TakKyKe IPOBEPHUTH 3HAYEHHE KOD(-
duienTa TpaHcPOpMaIHU, ITOJIYICHHOE B OIBITE XOJIOCTOTO X0/a
k=1, /1
[TapameTpsl CXeMbI 3aMEIICHUsST M HANpPsHKEHHE TpaHchopMaTopa B PEkKHME
KOpOTKOFO 3aMbIKaHHUA ITO3BOJJIAKOT HpOI/I3BeCTI/I OHGHKy cro pa6OTBI 110, HarpyB-
KOH.

HOM °*
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Bonpocwi 0ns camonposepku

1.

2.

Kaxkoit pexxum TpanchopmaTopa Ha3bIBAIOT PEKUMOM KOPOTKOrO 3a-
MBIKaHUS ?

UeM oTiamyaercss pexuM KOPOTKOTO 3aMBIKAHUS OT OIBITa KOPOTKOTO
3aMBIKaHHA?

Ha uTo pacxoayeTcsi akTUBHas MOIIHOCTh, MOTpedsiemass TpaHchop-
MaTOpPOM B ONBITE KOPOTKOTO 3aMbIKaHUS ?

Kaxk BeIrISIUT cxeMa 3aMeleHus TpancopMaropa B OIBITE KOPOTKOTO
3aMBIKaHHA?

Kak cooTHOcsATCS MeXay cOOOM aKTHMBHAs M PEaKTHBHAS MOIIHOCTH,
NMOTpeOIsIEMBbIX TpaHC(HOPMATOPOM B OMBITE KOPOTKOTO 3aMBIKAHUS, U
nouemy?

Kak npoBoauTCst OnbIT KOPOTKOro 3aMblkaHus? Hapucyiite cxemy onbl-
Ta.

Uto Takoe HANPsHKEHUE KOPOTKOTO 3aMbIKaHUS ?

Kak Ha ocHOBaHMH OIBITa KOPOTKOTO 3aMbIKAHUSI OMIPEAEISAIOTCA Mapa-
METpPHBI CXEMbI 3aMellieHus TpaHnchopmaTopa?

9.7. Buewinasa xapaxmepucmuka
BHemHeln xapakTepUCTUKON HA3bIBAETCS 3aBUCHUMOCTh BTOPUYHOrO HaIpsi-

’KeHusl TpaHchopmaropa oT
Toka Harpy3ku U, = f(1,).

DTa XapaKTepUCTUKA UMEET
OOJIBIIIOE  3HAYEHHE  JUIA
AKCIUTyaTallil  TpaHcgop-
MaTopa, T.K. CTaHJAapTOM Ha

KaueCTBO  DJIEKTPOIHEPTUHU
OTIpENIEIIACTCS  JTOMyCTUMOE
OTKJIOHEHHE HAaIPSHKCHHUS B
CEeTU OT HOMHUHAJILHOI'O 3Ha-
yeHus. OOBIYHO OHO HE
JOJDKHO TpeBbiath +5%.
OTKIIOHEHHE  HaINpsKEHUS
OTacHO JJIi MHOTHX BHJOB
Harpy3ku TpaHchopmaropa,
MO3TOMY  HYXXHO  YMETh
IIPOU3BECTH €TI0 OICHKY.
JI71d 3TOro UCnonb3yroT
YIPOILIEHHYID CXEMY 3aMe-

HIEHUS TpaHnchopmaropa
puc. 9.9, a, B KOTOpON HC-
KITIOYeHa 1€ HaMarHU4h-
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BaHUdA. Ha npakTuke 5T0 BIIOJIHE JOIyCTUMO, T.K. HAMarHUYMBAKOLWUN TOK /[, IIpu

HOMHWHAJIBHOM HAIIPSAKCHUU Ha HCpBI/I‘IHOfI OOMOTKE COCTaBJISIET HECKOJIBKO IIpo-
ICHTOB U CYHICCTBCHHO HC BJIMACT HA PC3YyJIbTAT BBIYHMCJICHUA. HN3MeHeHue HaIIp:Aa-
JKCHUS B HArpy3Ke IporucCxoauT 3a CUCT IaJCHUS HaIpsAKCHUA []K Ha aKTUBHOM H

PEAKTUBHOM CONPOTUBIICHUAX OOMOTOK TpaHchopmaTopa R u X .

JIJst OLIEHKU OTKJIOHEHHS HANpPsHKEHUS OT HOMHUHAJIBHOTO 3HAYEHUS HCIIONb-
3yeTcsi BEIMYMHA, HAa3bIBAEMasi NPOYEHMHbIM USMEHEHUeM HANPAXCEHUS MPAHC-
¢opmamopa
U,

~U, Uon — UL

1100 = —luew — 22 100, (9.10)

2HOM 1aHOM

Pacuérnyro Gopmyny mist Au% MOXKHO MOITYYUTh U3 BEKTOPHOM JIMarpaMMbl
puc. 9.9, 6. Ha Hell BekTOp HanpspKeHUs: epBUUHON 00MOTKU U COBMEIIIEH C

HOM

Au% =

lHOM

ITOJIOKUTCIIbHBIM HAIIPaBJICHUCM MHHUMOM ocH. OTKJIOHEHHE HAIIpsKCHUSA PAaBHO

o !
paszHocTH MoayJsen BekTopos U, . 1 U ,, IO3TOMY €ClIM OT Hayajia KOOpJUHAT Ha

1HOM

!
JVHHUU TpoAosKeHus Bekropa U , moctpouts oTpe3ok 0D =04=m U TO HC-

1HOM

KOMas BeJIMYMHA B HEKOTOPOM Macuitade m, OyIeT paBHa OTpe3Ky BD.

Hanpsoxkenne U, oObiuHO He npesbimaeT 10...15% ot HOMMHaNBHOTO, MO-

!
3TOMY YTOJI MEXIY BekTopamu U u U , Man u orpe3ok BD npubInu3UTeIbHO

lHOM
paBeH otpe3ky BC, ocekaeMoMy NEPHEHIUKYJISIPOM, ONMYIIEHHBIM W3 TOYKU A Ha
mmauro 0D. Torna

Au%:@-100z£~100. (9.11)
0D 0D
[IpoBeném vepes Touky B nuHuI0 BE mapauienbHO BEKTOPY ToKa /. Yrou o
IIPSIMOYTOJIBHOTO TpeyronbHuka ABC MOXHO ONpPENEIuTh Kak o =@, —@,, T1e
¢, =arctg(X /R ). Orcrona.
BC=U_ cos(q)K —q)z) (9.12)
[Tanenune HampspkeHus U, NPONOPUUOHAIBHO BEIWYUHE TOKA HArpy3Ku
U =1,Z =1Z_ . Bseném nonsrue kodhunrenta Harpy3Kku Tpancdopmaropa Kak
OTHOUIEHUSI TOKA BTOPUYHOM OOMOTKM K €ro HOMHHAJIIBHOMY 3HAY€HHUIO
B=1,/1,,, =151, Torna U =BU_, , e U, — Hanpsbkenne U_ 1pu HOMH-
HaJbHOM TOKE, T.€. B ONBITE KOPOTKOro 3amblkaHus. OTCrofa ¢ y4€TOM BBIpAKE-
Hu#t (9.9), (9.11) u (9.12) nonyuum —
Au% = BAu,Yocos(p, —¢,). (9.13)
Beipaxxenue (9.13) nmo3BosiieT Mpu U3BECTHOM OTHOCUTEIBHOM 3HAYEHHH TO-

Ka U XapaKTepe Harpy3Kd ONPEIeIUTh aOCONIOTHOE 3HAUCHHE HANpSIKEHHS Ha
BTOPUYHON OOMOTKE U MOCTPOUTH BHEITHIOK XaPAKTEPUCTUKY:

HOM HOM * H
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A”%j. (9.14)

UZ = UZHOM (1 - 100

IIponieHTHOE U3MEHEHUE HANPSDKEHUA IMONOXKUTENbHO, ecau U, <U, H3
BbIpakeHus (9.13) ciaexyer, 4TO NpU aKTUBHOM U aKTUBHO-WHIYKTUBHOW Harpyske

C YBEJIMYEHUEM yIJIa cABUra a3 ¢, HanpsHKeHHE Ha BTOPUYHOM OOMOTKE TpaHC-

HOM °

¢dopmaropa U, yMmeHbIllIaeTcs, U JOCTUraeT MUHUMyMa Iipu ¢, — ¢, =0, T.e. korza

¢, =0, U Au%=Au%,,. (puc. 9.9, 6). B ciiyuac akTUBHO-EMKOCTHON Harpy3ku
(¢, <0) npu ycioBuu ¢, =@, —n/2 3Hayenne Au% paBHO Hymt0 (puc. 9.9, 6),
II09TOMY HamnpspkeHue U, paBHO HOMUHAJIBHOMY M HE 3aBUCHUT OT BEJIMYUHBI Ha-
rpy3ku. JlanpHeimee ymeHblieHue ¢, (¢, <@, —n/2) NpUBOIUT K U3MEHEHUIO
3Haka Au% , pu 3ToM HampspbkeHue U, Oyaer Oosblie HamnpshKeHUS XOJIOCTOTO
xoxa. He3zaBucuMo oT xapakrepa Harpys3ku, KpoMme citydast ¢, =@, — /2, OTKIIO-
HEHHE HANPsDKEHUS JINHEHHO BO3PAcTaeT ¢ yBenudeHueM Toka [, (puc. 9.10).

Bonee HarmsgHO 3aBUCUMOCTbH BBI-
U, jp ~ XOMHOIO HANpRCHI TpaHchopMaropa ot
0,<0; 0,<¢,~T XapakTepa Harpy3KH MOKHO IIPOCIIENUTH C

U, o 0 IIOMOIIBIO BEKTOPHOM JHAarpaMMbl pHC.
P2 9.9, 2. Ecnu, coxpaHsisi MOJHOE COMPOTHUB-

9,>0 neHue Z =const, U3MEHATh Yrol @,, TO

KOHELl BeKTopa Toka [, =/ '2 Oyner nepe-

MEIIAThCS 10 JyTe OKPYKHOCTH pg pany-
coM |/, |=const. HanpskeHnne nepBUUHOM

0 JA

Prc. 9.10 yronbHbIN TpeyroiabHuk ABC, 0bpazoBaH-
HbIi BekTopamu R I,, jX I, n U _=Z 1I,, npu nosopore BekTopa [, 0yaer Bpa-

oomorku U, =const, IO3TOMY HpPSIMO-

IaThCA B IPOTHUBOMOJIOAKHYIO CTOPOHY OTHOCHUTEIIBHO BEPUIMHBI A, COXpaHAs pa3-

MEpBHI, a TOYKa B, COOTBETCTBYIOIIAs IMOJIOKEHUIO KOHIIA BEKTOpPA IMPUBEAEHHOIO
!

HaNPsKEHUS Harpys3ku U , — CKOJNB3UTh 10 ayre PO OKpy>KHOCTH paguycom Z ;.

Ha pucyHke oTAenbHO MOKa3aHbl ABE Mapbl TOYEK p-P U g-(, COOTBETCTBYIOIINE

AKTUBHO-MHAYKTUBHOW U aKTUBHO-EMKOCTHOW HArpy3kam, I10 HUM XOPOLIO BUJIHO,
’ !’

4TO B IIepBOM citydae U, , < U, a Bo BropoM — U, > U,.

Bonpocwi 0ns camonposepku

1. UTO Takoe BHEIIHSS XapaKTEpUCTUKa?

2. Hapucyiite ynpoménnyto cxemy 3amMenieHus Tpancopmaropa.

3. Kak onpenensercs mpolueHTHOE U3MEHEHUE HaIpsDKeHUs TpaHchopma-
Topa?

4. Kak BrnusieT k03(pQHUIMEHT MOIIHOCTY HArpy3Kd Ha WU3MEHEHHUE Hamps-

*KeHus Tpancpopmaropa?
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5. Kak mocTpouTh BHEUIHIOW XapaKTEPUCTUKY TpaHCHOpMaTopa, UCIOJIb-
3ys MIPOLIEHTHOE U3MEHEHUE HAPSKEHUS ?
6. Yem oOBsicHSIETCA BO3pacTaHUE HANpPsDKEHHUsS HA BbIXOJe TpaHchopma-

TOpa NPH YBEIMYECHUH TOKA B CIIy4ae aKTUBHO-EMKOCTHOW HArpy3Ku?

9.8. Ilomepu snepeuu ¢ mpancgopmamope
VYpaBHeHue OanaHca aKTUBHOM MOIIHOCTH JJisi TpaHC(OopMaTopa UMEET BU

B=P,+AP=P +AP_+AP,, (9.15)
rine F — akTuBHasg MOILIHOCTb, IIOJdy4YaeMas OT MCTOYHMKA IIUTaHMS;
P, =U,I, cos@, — akTuUBHas MOIHOCTb HAarpy3KH, OJKIIOUEHHON K TpaHCc(opMa-
topy; AP=AP_+AP, =AP_+AF +AP, — cyMMapHas MOIIHOCTb IIOTEPb B
TpaHc(opMaTope, CKIIaAbIBAIOLIAACA U3 MOIIHOCTH MOTEPD B «cTanm» AP, 1 «Me-
aw» AP, nepBU4HON U BropudHOM 00MoTOK (AR u AP, ). Ha puc. 9.11 npusene-

Ha SHEpreThyeckas auarpaMma TpaHncopMaropa, COOTBETCTBYIOLIAS YPAaBHEHUIO
(9.15).

TennoBele moTepu 3HEPruM B MarHUTO-
nposoge AP, =F, 3aBUCAT OT HaIpPsKEHUA

Pi—

‘ MUTaHUSA U YaCTOThI, a T.K. 3TU BEJIMYUHBI IPU

| | HOPMAJIbHOW OJKCIUTyaTallud TpaHchopMaropa

N’ OCTAIOTCSl MOCTOSIHHBIMH, TO MOTEPH B «CTaJIM»

AP, AP, TaK)K€ COXPAHSIOT CBOE 3HAYEHUE U HA3BIBAIOT-
Puc. 9.11 CSL HOCOSIHHLIMU NOMEPAMU.

[Torepu B o6MoTKax AP, 3aBUCAT OT Ipo-

TEKAIOIIEro M0 HUM TOKa U U3MEHSIOTCS NTPU U3MEHEHUH Harpy3ku. [loaromy sToT
BUJ IOTEPH HA3BIBACTCS NEpeMeHHbIMU Nomepsamu. 3aBUCUMOCTD ITIOTEPh B «MEM»
oT Toka kBaapatuyHas. [loap3ysck K03 (ULMEeHTOM HArpy3kd [3 U mojarasi, 4To
OTIBIT KOPOTKOTO 3aMbIKAHUS IPOBOJUTCS an HOMMHAJIbHOM TOKE IEpBUYHON 00-

2
MOTKH, X MOKHO MPEICTaBUTh Kak AP, = R I. =p*R I}, =B°P.

AKTHBHAsI MOITHOCThH TIOTpebsiemast Harpy31<op1 TaK)Ke 3aBUCUT OT TOKa, IO-
ATOMY, TpeHeOperas U3MEHEHHEM HaIpsHKeHHs, €€ MOXKHO TPEACTaBUTh B BHJIEC
P, =U,I,cosp, =BU,1L,,,, cos@, =BS, ., cosp,, tne S, ., =U,.oulowoy — HOMH-
HaJIbHAs TIOJIHASE MOUIHOCTH TpaHchopMaTopa, HpI/IBOI[I/IMaSI B CIIPaBOYHBIX JaH-
HBIX.

PackpriBasi BeIpakKeHHS JUJIs1 COCTABISIOUIMX aKTMBHOW MOIIHOCTH B ypaBHe-
Huu (9.15), moxxkno onpenenuth KIIJ] Tpancdopmaropa

})2 B S om COS @y

TR TBS 050, - B +FR
N3 Beipakenus (9.16) cnenyer, uro KIIJ[ Tpancdopmaropa 3aBUCHUT OT Xa-
paktepa u kodpdunrenta Harpy3ku. Oynkuuga n= f () uMeer MakCuMyM NpH

HOM HOM

(9.16)

HEKOTOPOM ONTUMAJIbHOM 3HaYeHuu P . —
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n =
1.0 cos(,=1
Z C08(»=0,8 —]
0 o’
Puc. 9.12
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Bow =B/ P, . (9.17)

Oto o3HauaeT, TpaHchopmarop Oyaer pabdo-
TaTb ¢ MakCUMaJbHBIM 3HaueHueM KIIJI mpu

noiaHo Harpyske (B, =1,0) B ToM ciyuae,

CCJIM IIOTCpU B «CTAJIW» PaBHBI IIOTCPAM B

«Mean». OObIYHO 3Ha4YeHue B = HaxOguTCA B

npenenax P =0,5...0,7, 1.e. Tpancpopma-

onT
Top pabotaer ¢ mpeneiapbHbIM KIIJ mpu Ha-
rpy3ke, cocrtapisitomed 50...70% ot HOMHU-

HanpHOU. TummuHas 3aBucHMOCTh M= f(B)

JUISE  Pa3MYHbIX 3HAYEHUU KO3 (ULIUEeHTa
MOITHOCTH Harpy3KH NpuBeeHa Ha puc. 9.12.
Tpancopmarop sBIsieTCS BBICOKOI(]-

dbexkTuBHBIM TpeoOpazoBareneM. KodapduiueHT mosie3Horo JAeHCTBUS MOITHBIX
TpanchopmMaTopoB 1oXoauT A0 99,5%.

Bonpocul ons camonpogepku
CocraBbTe ypaBHEHHE OallaHCa AaKTUBHOM MOIIIHOCTU TpaHcpopmaTopa.
Ilouemy noTepu B «CTajau» HaA3bIBAKOT IOCTOSHHBIMU IOTEPSMHU, a I10-
TE€PU B «MEJIN» NIEPEMEHHBIMHU ?

Kak 3aBHCAT noTepu B «MeAW» OT Harpy3Kku TpaHchopmaropa?

[Ipn xakom ycnmoBuu KIIJI Tpancpopmaropa OyAaeT MakCHMallbHbIM
IIPY HOMHHAJIBHOM Harpyske?

Kakomy ko3¢ duumenty narpyzku coorserctByeT makcumym KIIJI pe-
aJIbHOTO TpaHchopmaropa?

1.
2.

W

9.9. Tpéxgpaznvie mpancghopmamopot
Best anextpudeckass sHEprus, MPOU3BOAMMAS MPOMBIILIIEHHBIM CIOCOO0M,

ol

) W

fo, of

D,

B)

Puc. 9.13

/T fo.

nepemacrTess M pacrpe-
aensiercss  TpExdas3HbI-
Mu cetsamu. [IpeobOpa-
30BaHHE HAMPSOKCHUS B
Tpéxdaznoit CeTH
MOXHO OCYIIECTBISATh
TpeMss  OJHO(a3HBIMU
TpaHchopMaTopamu
WIH CHeIUATbHBIM
TpanchopMaTopoMm, B
KOTOPOM MAarHUTOMpPO-
BOJIbI (a3 0OBEIMHECHBI
B OOILIyI0 MarHMTHYIO
r) CUCTEMY. Takue
TpaHcopMaropel  Ha-

o,

D+, +D,=0

6)
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3BIBAIOTCSI MPEXPAZHBIMUL.

Ha puc. 9.13, a cxeMaTU4HO MOKa3aHbl TPU MArHUTONPOBOAA OAHO(A3HBIX
TpancopmaropoB, padboraronmx B TpéxdazHoil cetu. CuMMeTpudHbIe (a3HbIC
TOKH CO3/Ial0T B MarHUTOIPOBOJAX HECBS3aHHYI) CHUMMETPUUYHYIO CHUCTEMY Mar-
HUTHBIX OTOKOB D ,, @, D . Eciu MarHUTONPOBOABI OOBEIUHUTH B OJUH (PHC.

9.13, 6), To cyMMapHBIi MAarHUTHBIA TIOTOK B LEHTPAJIHLHOM CTEpIKHE MO yCIOBHUIO
CUMMETPHUH OYyJIET PaBE€H HYJIIO U 3TOT CTEPKEHb MOKHO YAAJIUTh, HE MEHSS pe-
KUMa pabOThl MATHUTHOM 1enu. B pe3ynbraTe Mbl MOJTyYdM CUMMETPUYHBIN Mar-
HUTONPOBOJ Tpé€x(azHoro Tpanchopmaropa (puc. 9.13, ), HO U3roTaBIUBATH Ta-
KYIO CJIO’KHYIO NMPOCTPAHCTBEHHYIO KOHCTPYKIIMIO IO MHOTMM MPUYUHAM Helele-
coobpazHo. [1oaToMy CTepKHM MarHMTOIIPOBOJIA PACIOJIATralOT B OJAHOW IUIOCKO-
ctd (puc. 9.13, 2) U MarHUTHBIE LENU OTIEIBHBIX (ha3 CTAHOBITCS HECUMMETPHU-
HBIMH, T.K. JUIMHA CpeHEN JTUHUM MarHuTonpoBoja ¢a3 4 u C 6omsble, yeM (asbl
B. Opgnaxo 3Ta acuMMeTpHsI CYLLIECTBEHHO HE BIIMSAET Ha paboTy TpaHcpopmaTopa,
U Bce Tpéx(asHble TpaHCHOPMATOPHl H3TOTABIMBAIOTCS € HECUMMETPUUYHBIMU
MarautornpoBogamMu. OObeTMHEHNE MarHUTOIPOBOJIOB B TPEX(a3HBIX TpaHCOOP-
MaTopax co34aéT MOMHUMO 3JIEKTPUUYECKOM CBSI3M MarHUTHYIO CBS3b MEXIy (a3za-
MU, KOTOpasi JOJKHA YUUTHIBATHCS MPU aHAJIM3€E AJIEKTPOMAarHUTHBIX MPOIECCOB.
Tpéxdazubie TpanchopMaTopsl Jierde u
JICIIEBIIE TPYIIBI U3 TPEX OAHO(DA3HBIX, OJI-
HAaKO, B CETSAX OOJIbIION MOIIHOCTH JUIst
npeoOpa3oBaHusl HANPSHKEHUM HCIOJIB3YIOT
U TPYNIIOBOE peuieHue. ITO CBSI3aHO C TEM,
YTO M3rOTOBJIEHUWE M JOCTaBKa KPYITHOTO
TpéxdazHoro TpanchopmaTopa MOKET ObITH
CJIOKHEE, YeM TPEX OAHO(]A3HBIX, WU IPO-
CTO OBITh HEBO3MOKHOH. Kpome Toro, BbI-
Puc. 9.14 X0 U3 CTposi oAHOU (ha3zbl B TpaHChopMa-
TOPHOM rpymne He TpeOyeT 3aMeHbl WU pe-
MOHTa BCEro mnpeoOpazoBaTelii. DTO MOBBIIIACT HAIEKHOCTh CUCTEMBI, T.K. AJIA
YCTpaHEHUs] HEUCIIPABHOCTU JIOCTATOYHO MMETh PE3€pBHBIN OAHO(MA3HBIN TpaHC-
dopmaTop, a MOBPEKIACHUE HECKOIbKUX (Da3 OJJHOBPEMEHHO MaJOBEPOSITHO.
O6moTKu Tpé€xdaszHoro TpaHchopmaTopa MAPKUPYIOTCS CIEIYIONUM 00pa-
30M: Havasa (pa3 BHICIIEro HaMpsHDKEHUS 0003HAYAIOTCS MMPOMHUCHBIMH JIATUHCKUMHU
oykBamu A, B u C, a koHupl — X, Y u Z (puc. 9.14). OOMoTKH (a3 HU3IIETrO HaIps-
YKEHUsI 0003HAYaAIOTCS TEeMU K€ OyKBamu, HO CTPOUYHBIMHU, T.€. a,b,c u X,y,z. O0-
MOTKH (pa3 BBICILEr0 M HU3ILIETO HANPSHKEHHUS] MOTYT OObEIMHATHCS B CUCTEMY CO-
€IMHEHUEM 3BE€3/10i UM TPEYroJbHUKOM. B mepBoM ciydae coenuHeHue 0003Ha-
4yaeTcsi 3HakoM Y, a BO BTopoM — A. Hannuue BbIBOJ1a HYJIEBOM TOYKU COCIUHEHUS
B 0003HAUYCHUM yKa3bIBaeTcsl MHIAEKCOM — Y. Hampumep, obo3nauenue Y/A co-
OTBETCTBYET COECIUHEHUI0 OOMOTOK BBICILIEIO HAIPSKEHMs 3BE3/10M C HYJIEBBIM
IPOBOJIOM, & OOMOTOK HM3IIETO HAIIPSHKEHUS TPEYTOJIbHUKOM.
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KpoMe cxeMmbl coeaviHeHUss OOMOTOK i TpExdasHbIX TpaHCHOpMATOPOB
A B (/1 YKa3bIBACTCs
yroia cusura ¢as
MEXJ1y  JIMHEH-
HBIMH HampshKe-
HUSIMUA  BBICILIETO
U HU3IIEro Ha-
npsokenusa.  Ilo
BEJIMYUHE 3TOTO
yria  coequHe-
HUA JeNSIT Ha
TPYIIIBL. [Ipn
pa3HBIX CcXeMax
yrojl casura a3
MOKET OBITh pas-
JUYHBIM, HO KpaTHBIM 30°, mosToMy AJjis 0003HAYEHUs TPYIIbI COSAUHEHUS HC-
MOJIB3YIOT LKAy 4acOB, COBMENIAs BEKTOP BBICIIETO JIMHEWMHOTO HANPSIKEHUS C
JBEHA/IIIATUYACOBBIM TOJOKEHUEM WM HYJEM IIKalbl. Torma BEKTOP HU3IIETO
JMHEUHOTO HAIPSHKEHUS] MOKET 3aHMMATh Ha IIKaJe TMOJIO0KEHUS, COOTBETCTBYIO-
1€ YyacaM, KOTOPbIE U YKa3bIBAIOT B 0003HAUCHHUU.

Hampumep, npu coenuaernn oOMOTOK Y/Y, T.e. «3Be3da-3Be3/1a», BEKTOPHI
JUHEUHBIX HAINPSOKCHU BBICHIETO M HU3LIETO HANPSKEHUUA UMEIOT OJUMHAKOBBIC
HanpasieHus (puc. 9.15, 6). Iloaromy, ecnu coBmecTuTh BekTop U ,, € moioxe-

Puc. 9.15

HUEM 4YacoBo cTpenku B 12(0) yacoB, TO Takoe ke MOJOKEHHUE 3aUMET BEKTOP
Hu31Iero Hanpsokenus U, ¥ 9TO coequHeHHne OyIeT OTHECEHO K HYJIEBOM IpyIIe

¢ obo3nauenuem Y/Y-0.
B cnyyae coenunenus o6MoTok 1o cxeme Y/A (puc. 9.16). Bektop Huzmero
Hanpspkenus U, =-U, Oyzaer cMewméH Ha 30° B CTOPOHY ONEpPEKEHHs MO OTHO-

meHuto K Bektopy U ,, (puc. 9.16, 0), T.e. 3aliMET Ha 1IKaJIe OJOKEHUE COOTBET-

CTBYIOIIIEE 11 .
gacam. [loatomy 4 B ¢

coeuHeHue Oy-
JE€T OTHECEHO K
rpynre 11 u 060-
3HaueHo Y/A-11.
Hecmotps Ha TO,
YTO Pa3IMYHBIMU
COEAMHEHUSMU

OOMOTOK MOYKHO
MOJIy4YUTh  BCE
rpymnmbl,  CTaH-
JJapToM  Npeay- Puc. 9.16

2
o
o
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CMOTpPEeHO TOJBKO 1Be M3 HUX — 0 u 11. Ha npaktuke rpymnme 0 cOOTBETCTBYET
onuH Buj coenuHeHus Y/Y(-0, ucnonb3dyemblii B TpaHchopmaTopax € BBICHIUM
HanpspkeHuem 110 35 kB u Huzmum 230 B wim 400 B, a rpynne 11 — nBa coenune-
HUug Y/A-11 u Y/A-11, ucnosib3yeMbIX JIsl MOIIHBIX TpaHCHOpPMATOPOB IpHU OO-
Jie€ BBICOKMX HAINPSKCHUAX.

9.10. Asmompancghopmamopot

ABToTpanchopMaTop — 3TO BUJI TpaHCcHopMmaTropa, B KOTOPOM MEXAy Mep-
BUYHOU M BTOPUYHOM OOMOTKAMHM KpOME MArHUTHOM CYHIECTBYET TaKK€ JICKTPHU-
yeckas cBA3b. OObIYHBINA TpaHCHOPMATOP MOKHO BKIIFOUUTH MO CXEME aBTOTPaHC-
dbopmaropa, eciu K KOHILYy NMEPBUYHON OOMOTKHM MOAKIIOYUTH HA4YaJI0 BTOPUYHOM
WIM €CITM Harpy3Ky MOAKIIOYUTh K UMEIOLIMMCA OTBOAAM IMEPBHUYHON OOMOTKHU.
OpHako mpu 3TOM He OyJyT B IOJIHOM Mepe UCIOJIb30BaHbl T€ MPEUMYLIECTBA, KO-
TOpbIE UMEET aBTOTpaHchopmaTop.

DNEeKTPOMArHUTHAsl CXeMa MOHWKAIOIIEro U IMOBBIIIAIOIIET0 aBTOTpaHChOp-
MaTOpPOB MpHUBe/eHa Ha puc. 9.17 a u 6.
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Puc. 9.17

PaccMoTpuM B KauecTBe mpuMepa pabOTy MOHMIKAIOIIETO aBTOTpaHcpopMa-
Topa puc. 9.17 a. O6MoTKa ax SABISETCS BTOPUUYHONU U OJTHOBPEMEHHO YacThIO TEp-
BUYHON 00MOTKH AX. [IpeneOperass TOKOM HaMarHU4YMBAHUS, JIJISl TOYKUA @ MOKHO
3anMcarhb
T.€. B BUTKaX BTOPUYHONW OOMOTKHM IPOTEKAET TOK, PABHBIA Pa3HOCTH TOKOB IEp-
BUYHOM 00MOTKH U Harpy3ku. Toku u 3JIC 0O6MOTOK aBTOTpaHCcPopMaTopa CBsiza-
HbI TAKUMU 7K€ COOTHOLIEHUSIMHU, KaK B TpaHC(POpMATOpE

p=fiowm U b

E, w, U, [
IToaTomy mpu HEOONBIIMX 3HAYEHUSX k TOK B oOMOTKE ax [, =1,(k —1) cymect-
BEHHO MEHbIIIE, YEM TOK /,, IPOTEKAIOIINI B 4aCTU OOMOTKH Ad, U €€ MOXKHO BbI-
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MOJIHUTH MPOBOJIOM MEHBIIIETO CEUCHHS, CHU3UB TEM CAMBbIM CTOMMOCTb M MaccCy
U3JICIHS.
IlonHas MOIIHOCTH aBroTpancdopmaropa S, =U,I, Ha3bIBaCTCS npoXooHou

mownocmoto. Ilonb3ysice BeipakeHueM (9.18) e€ M0XHO pa3neiauTh Ha JABE CO-
CTaBJISIFOIIINE

Sop =Usly =U, (I, + 1)) =U, I, + U, 1}, = S, + S, (9.19)
3neck S, =U,l; — MOIIHOCTb, NIepeaaBaeMast B Harpy3Ky 3JIEKTPHUECKUM ITyTEM 3a
CuCT rajlbBAHUIECKON CBs3H Mexay oomorkamu; S, =U,l|, — pacuémmnas mow-

HOCMb, Ha3blBaeMas TaK IMOTOMY, YTO OHa OMNpeAeNseT pPacy€THbIE MapaMeTpbl
MarHuTONpoBOAa. Pacu€THass MOITHOCTh MPEACTaBIAECT COO0M MOUTHOCTb, IEpeia-
BAaEMyI0 B Harpy3Ky MOCpEICTBOM MAarHUTHOTO nojs. B 00biuHOM TpaHchopmaro-
pe MpoXojHasi MOIIHOCTh sIBJIsieTcsl pacu€THoW. B aBTOTpanchopmarope pacuér-
Hasi MOIIHOCTb COCTABJISIET TOJIBKO YaCTh MPOXOJHOW, O3TOMY CEYEHUE MArHUTO-
MPOBOJIa MOXXHO YMEHBIIUTh, CHU3HUB 3a CYET ATOr0 Maccy, rabapurtbl U CTOU-
MOCTBb.

YMmensblieHne 00bEMa MarHuTONPOBOJIa M TOKa BO BTOPUYHOM OOMOTKE CHHU-
JKaeT MOTePU B «CTAIU» U B «MEAN» aBTOTpaHCcpopMaTopa 10 CPaBHEHHIO C TPaHC-
dbopmaropom ToH ke MomHocTH, modToMmy KIIJ[ aBToTpanchopmartopa Bbliiie u
nocturaet 99,7%. Ognako ¢ yBenuyeHueM kod(pduirenta TpanchopMaluu 3Tu
npeumMyIiecTBa TepsaroTcs. [loaTomy aBToTpanchopMaTophl UCIONB3YIOT I Tpe-
oOpa30oBaHusl HANIPSDKEHUM ¢ k < 2.

['maBHOU NpPUYMHON HEIOCTATKOB aBTOTpaHC()OPMATOPOB, KaK M €ro JOCTO-
WHCTB, ABJISIETCS] HAIMYKE SJIEKTPUUYECKOI CBA3M Mek 1y oOMoTkamu. OHa CyiecT-
BEHHO Y)KE€CTOYaeT TPeOOBaHUS K M3OJISIIIUU OOMOTKH U K TMOJTOTOBKE OOCTYXKH-
BAIOIIETO MEPCOHAIIA, T.K. HA CTOPOHE HUBIIETO HANPSKEHUS MEXIY NPOBOJIAMH U
3eMJIEN CYILIECTBYET TAKOE K€ HAIPSIKEHHE KaK Ha CTOPOHE BBICLIEIO HAIpsKe-
Husi. KpoMme Toro, npu KOpOTKOM 3aMbIKaHUM MOHIKAIOIIETO aBTOTpaHC(hOpMAaTo-
pa TOK CYIIECTBEHHO BBIIIE, T.K. OH OTPAaHUYMUBAETCSA TOJBKO BUTKAMH YacTU MeEp-
BUYHON OOMOTKH W, — W, , YTO TpeOyeT MPUHITHSI OCOOBIX MEP 3ALUTHI.

ABTOTpaHchOpMaTOPhl MPUMEHSIIOTCS B JIMHUSIX MEpeadyd U paclpeesieHHs]
SHEPIruu JUIsl CBS3U CETeM ¢ OJIM3KUMU 3HAYCHUSIMH HampsikeHuid. OHU TPUMEHS-
FOTCSI TAKXKE JUI CHIKEHMS TOKa IPU ITyCKe MOLIHBIX ABurareneu. [llnpokoe pac-
POCTPaHEHUE UMEIOT aBTOTPaHC(OPMATOPHI C TUIABHBIM PEryJIUPOBAHUEM KO-
dbunmeHTa TpaHcpopMalu, Ha3bIBAEMbBIC J1AOOPAMOPHLIMU ABMOMpPAHcHopma-
mopavu (JIATP). PerynupoBanue HanpspKeHHs B HUX OCYILIECTBIISICTCS 3a CUET
MOJKJIFOYEHHSI HATPY3KHU C MOMOIIBIO CKOJIB3SIIETO KOHTAKTa, MPU IEPEMELIEHUN
KOTOPOT'O YMCJIO BUTKOB W, MeHsAeTcd B npefenax 0 <w, <w,.

9.11. H3mepumenvusle mpancghopmamoput

N3meputenbHble TpaHC()OpMATOPHI HAMPSKEHUS M TOKAa MPUMEHSIOTCS: 1)
JUISL OTACJICHUS 1IeTiel U3MEPUTEIbHBIX TPUOOPOB U 3AIUTHOM amnmapaTypsl OT Iie-
nei ¢ BBICOKMM HaIpsiKEHUEM C 1eblo obecrniedeHusi 0€30MacHOCTH 00CITyK1Ba-
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HUS U CHUXXEHUS TPeOOBaHUN K M3OJALMHU MPUOOPOB; 2) A mpeoOpa3oBaHus Ha-
OpsDKEHUS] M TOKa K BETMYMHAM, JOCTYIHBIM U3MEPEHUI0 CTAaHAAPTHBIMU MPUOO-
pamu.

Tpancgopmamopel nanpsdcenus BKIOYAIOTCA B 1IeNb M0 cxeme puc. 9.18, a.
[TockonbKy CONPOTUBIIEHHE BOJIBTMETpPA OYEHb BEIMKO, TO OHH PAabOTAIOT B pe-

I KUME OJIM3KOM K XOJIOCTOMY XO.y.

= JIl_~~ JI2 [TorpemniHocTh, BHOCHMAs B H3Mepe-

4 Ul HUly? ¢ § N2 HHME TPaHCPOPMATOPOM, OINpPEIEISIET-
—_ Zzl Cs BEIIMYMHOW TIOJTHBIX COTPOTHBIIC-
al XX )y HUNA ero oOMOTOK. UeM MeHbIIe 3TH
U, COINPOTHBJICHUS, TEM MECHBIIE TII0-
a) 0)  IpemHOCTh, MOITOMY IPHU MPOCKTH-

pPOBaHUU HM3MEPUTEIBHBIX TpaHCOp-
MAaTOPOB CTPEMSTCS YMEHBIIUTh 3TH
BEJIMYUHBI. 3MepuTenbHble TpaHC-
dbopmaTopbl HAINpPSHKEHUS SIBISIOTCA MPUOOpaMU C HOPMHUPOBAHHOM IOTPEIIHO-
CTBIO M M3roTaBJMBarOTCs ¢ kinaccamu TtouHoctu 0,2; 0,5; 1,0 u 3,0. Bropuunoe
HarpsbkeHue 60ospIuHCTBa TpanchopmaTopos — 100 B.

N3mepsemoe Hanpsbkenue U, omnpezersaercs 1o noka3aHusM BosbTMmerpa U, :

Puc. 9.18

w
My
W,
rae k; =w,/w, — k03(p(PUIHEHT TpaHCHOPMALUH.
Kpome morpemHocT W3MEpeHHs MOMAYJS HANPSHKCHHUS HW3MEPHUTCIIBHBIC
TpaHcopmaTopsl co3naroT (HazoBblil cABUr Mexay HanpspkeHusmu U, u U, —

SU . On HU3MCEPACTCA B YITIOBBIX MUHYTAaX U CUUTACTCA ITOJIOKHUTCIIbHBIM, €CJIN BTO-

pUYHOE HAMpsHKEHUE OmepekaeT Mo ¢asze MEepBUYHOE. YTIOBas MOTPEITHOCTH
Tpancopmaropa BIUSET HA U3MEPEHUE MOLTHOCTH.

Ko BTrOpuuHON 0OOMOTKE HW3MEPUTEITHLHOTO TpaHChopMaTopa MapaylieIbHO
BOJILTMETPY MOTYT MOAKJIIOUATHCS OOMOTKA HAIpsKEHUsI BATTMETpa, OOMOTKHU
3aIUTHBIX PEJie, BXO/IbI Pa3IUYHBIX MPUOOPOB U JIP.

Tpancgpopmamopsl moka BKAKOYAIOTCSA B pa3pbIB LENH WIM JMHUU aHAJIOTUY-
HO BKiIHOYeHUI0 amriepmerpa (JI1-JI12 na puc. 9.18, 6). B niens BTopuuHOit 00MOTKH
(M1-MU2) moryT mocieaoBaTenbHO MOAKIIOYATHCS aMIEPMETp, TOKOBas OOMOTKa
BaTTMETpPa, JaTYUKHU TOKA, pejie TOKOBOM 3amuThl U Jp. OAHAKO yBEIWYEHUE Ha-
IPY3KH BTOPUYHOM IIEMH MPUBOJIUT K YBEIUYCHHUIO MOTPEITHOCTH TPeoOpa3zoBaHus
TOKaA.

BxomHoe conmpoTuBiieHHE aMIiepMeTpa O4€Hb MaJlo, T03TOMY TpaHc(opmMaTop
TOKa pabOTaeT B PeKUME OJIM3KOM K PEKUMY KOPOTKOTO 3aMbIKaHus. [ yMeHb-
IICHHS TOTPEIIHOCTH TPaHC(POPMATOPOB TOKA CTPEMSITCS MPOEKTHPOBATH UX Ta-
KM 00pa3oM, 9YTOOBI TOK HAMarHMYMBaHUS ObLT MUHIMAJIBHO BO3MOXKHBIM. Torma
U3MEPSAEMBIN TOK /; MOKHO ONPEAEIUTH BEIPA)KEHUEM
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I = %1 » =kl
rae k; =w,/w, — ko3¢ duuneHt tpanchopmanuu, /, — 3Ha4YEHUE TOKA IO MMOKa3a-
HUSAM aMIlepMeTpa.
TpanchopmMaTopsl TOKa U3rOTABIMBAIOTCS ¢ Kiaccamu TouHoctu 0,2; 0,5; 1,0;
3,0 u 10,0. [Jns mepBbIX TPEX KIACCOB YCTAHABIMBAECTCSA TAKKE JOIMYCTUMAS YIJIO-
Bas norpemHocTh O,: 10°, 40" u 80'. it ocTaqpHBIX KJIaccoB yIioBas MOrpeLl-

HOCTb HE HOPMUPYETCS.

[Tpu pa3mblkaHMKM BTOPUYHONW OOMOTKH pa3MarHMYUBArollee JEHCTBUE €€ TOo-
KA MCYE3aeT, U MAarHUTHBIM ITIOTOK BO3pPACTaeT B ACCATKU M COTHHU pa3. Ha BeiBomax
BTOPUYHON OOMOTKHM BO3HHMKAET OMACHOE JUIsl KU3HHU HANpsDKEHHE, a caM TpPaHC-
dbopMaTop TOKa MOXET BBIMTH U3 CTPOS BCIECACTBUE Pa3pyLICHUS U3OISLUU WU
IeperpeBa OT YBEJIIMYEHHMS MOTEpPh B MarHuronposoje. [loatoMy B nens Bropuu-
HOM OOMOTKM 0053aT€IbHO BBOAUTCS LIYHTUPYIOIIMN KIIFOY S, KOTOPBIM JOIKEH
3aMBIKaThCS 10 TOTO, KaK OTKIIFOYAETCS aMIIEpMETP.

Bonpocwr ona camonpogepku

1. B uém npeumytiecTBo TpéxdazHbix TpaHCHOPMATOPOB MO CPABHEHUIO
C TpeMs oHO(a3HbIMU?
2. B kakux cimydasx BMecTo TpEX(a3HbIX TpaHC(HOPMATOPOB UCIIOIB3YIOT

rpynmy u3 Tpéx ogHo}a3HbIX TpaHCHOPMATOPOB?

Kak mapkupyrotcst o0OMoTkH TpEX(a3HbIX TpaHCPOPMATOPOB?

4. Kakue rpynmnsl coequHeHnii 0OMOTOK TpEx(azHbIX TpaHCHOPMATOPOB
IIPEAYCMOTPEHBI CTAHAAPTOM?

W

3. Yro Takoe aBTOTpaHchopmaTop?

6. UYrto Takoe mpoxoaHasi U pacu€THasi MOLTHOCTh aBTOTpaHcpopmaTopa?

7. 3a cu€T yero aBTOTpaHCc(HOpPMATOpP MMEET MEHBIIHNE MaccorabapuTHBIC
MOKa3aTeliv MO0 CPAaBHEHHIO C TPaHC(HOPMATOPOM TOM K€ MOIITHOCTHU ?

8. 3a cuét yero aBToTpaHchopmaTop umeer Oosee Bbicokuit KIIJI mo
CPaBHEHUIO C TPAHCHOPMATOPOM TOMH 7K€ MOITHOCTU?

9. VYKaxxuTe TOCTOMHCTBA, HEIOCTAaTKW U 00JIaCTh MPUMEHEHHS aBTO-
TpaHChOPMATOPOB.

10.  Jlns yero ucmosib3yroT U3MEpUTETIbHBIE TpaHCHopMaTOphI?

11. Kak BKIIIOYAKOT B LieNb TpaHC(HOpMATOpPbl HAPSKEHUS (TOKa)?

12.  Kak mo mokasaHusiM BOJIbTMETpa (amIepMerpa), MOJKIIOYEHHOrO0 KO
BTOPUYHONH OOMOTKE M3MEPHUTENHHOr0 TpaHc(hOpMaTopa, ONpeaessioT
3HA4YCHHUE HAIpPsKEeHUs (ToKa)?

13. [Jns yero mapajuielbHO BTOPUYHOM OOMOTKE TpaHchopmaTopa TOKa
MPUCOEANHSIOT KIIt04Y?

14.  UYto Takoe yriioBas MOTPEIIHOCTh U3MEPUTEIIHLHOTO TpaHchopmaTopa 1
Ha YTO OHA OKa3bIBAET BIUSHUE?
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10. AcuHXpOHHBbIE ABUTATEJIH

ACHHXPOHHBIE MAaIlIMHBl OTHOCSITCSl K KJIACCy 3JEKTPOMEXAHHYECKUX MPeoo-
pasoBarenel, T.e. mpeoOpa3oBaTeseil 3JIEKTPUYECKON SHEPIHMH B MEXAHUYECKYIO
WJIN MEXAHUYECKOM B DJIEKTPUYECKYIO. B mepBoM ciydae OHM Ha3bIBAKOTCS JBHUIa-
TEJISIMHU, @ BO BTOPOM — reHepaTopamu. Bce anekrpuueckue MamuHbl 00J1aar0T
CBOUICMBOM 0Opamumocmu U MOTYT OCYILIECTBIISTh MpeoOpa3oBaHUE PHEPIUU B
000MX HaNpaBICHUSIX, IOATOMY IPU W3YYEHUU IPOLECCOB B MAIlIMHAX MOJB3YIOT-
Csl IOHATUSMU JIBUTATEIILHOTO M TEHEPATOPHOTO peXUMOB. OHAKO MpH pa3paboT-
K€ ¥ U3TOTOBJIEHUU MAIIMHBI ONTUMU3UPYIOTCS NIl YCIOBUN pabOTHI B OAHOM M3
PEXKUMOB U HCIIOJB3YIOTCS B COOTBETCTBUM C Ha3HAYCHHEM. ACUHXPOHHBIE MalllH-
HbI HE SBJIAIOTCS UCKIIOUEHUEM W3 3TOTO IPAaBUIIA, HO ACUHXPOHHBIE T€HEPATOPHI
3HAYUTEIBHO YCTYIMAIT CHUHXPOHHBIM [0 MHOTMM MapaMeTpaM M PEIKO UCIOJIb-
3yI0TCS Ha IPAKTUKE, B TO BPEMsI KaK aCUHXPOHHBIE JIBUTATENN SBIISIOTCS CaMbIMU
pacupoCTpaHEHHBIMU 3JIEKTPOMEXaHUUYECKUMH MpeoOpazoBaTenaMu. CyMmapHas
MOIITHOCTh ACMHXPOHHBIX JBUTaTeNeil cocrabisieT 6osiee 90% o061ieit MolHoCTH
BCEX CYIIECTBYIOIIMX JIBUTaTelei, MO3TOMY B JJAHHOM KYpC€ Mbl OTpPaHUYUMCS
PaCCMOTPEHUEM TOJIBKO 3TOr0 TUIA MAIIMH.

ACUHXpOHHBIE JABUTATEIM OTHOCATCA K OECKOJUIEKTOPHBIM MalllMHaM Iepe-
MEHHOTO TOKa WJIM MallMHaM C BPAILAOIIMMCS MarHUTHbBIM nosieM. Ha3Banue
ACUHXPOHHBIE (HECUHXPOHHBIE) OOBIICHIETCS TEM, YTO B CTATUYECKOM PEXKHUME pa-
O0TBI CKOPOCTH BpallleHUs: pomopa (Bpallarouieiicss yacTu) IBUraTelis OTINYaeTCs
OT CKOPOCTH BPAILEHHUS] MATHUTHOTO IOJIA, T.€. POTOP M IOJIE BPAIAKOTC HECHUH-
XPOHHO.

[IprumHON MIKMPOKOTO PaCIpPOCTPAHEHNSI ACHHXPOHHBIX JBUraTENICH SABIIETCS
UX MpeaesibHas NPOCTOTa, HAAEKHOCTh M SKOHOMUYHOCTb. KOHCTPYKIIMS acHH-
XPOHHBIX JIBUIaTeJICd HE IpeTepIena CyneCTBEeHHbIX n3MeHeHun ¢ 1889 rona, ko-
raa 3tu asurarenu Obutn n3oOpereHsl M.O. JlonuBo-/{oOpoBoiabckuM. MokHO
CKa3aTh, YTO ACUHXPOHHBIE ABUTATEIN COBMECTHO C CHHXPOHHBIMHU F€HEpPATOpaMu
U Tp€x(da3HbIMM JIMHUAMH MEpeaydl U paclpeesieHus dJIEKTPUUYECKON 3HEpruu
0o0pa3yroT cucTeMy Nepeiayi MEXaHNYECKOW SHEPTUU Ha PacCTOSHUE.

B nocnennee Bpems B CBsI3U € MOSIBJICHUEM IOTYIIPOBOJHUKOBBIX IIPeoOpazo-
BaTeJIel YacTOThI AJIsl MMUTAHUS AaCUHXPOHHBIX JABHUraTeseid o0sacTh UX IMpHUMEHeE-
HUS CYLIECTBEHHO paciuupuiack. OHU CTaly MUPOKO IPUMEHSTHCS B BBICOKOTOY-
HBIX TPUOOPHBIX MPUBOJIAX TaM, Il paHee UCI0JIb30BAJUCh B OCHOBHOM JIBUTATE-
JI TIOCTOSIHHOTO TOKA.

10.1. Bpawaroweeca maznumnoe noie

PabGoTa acHHXpOHHOTO ABUTATENs OCHOBAHA HA B3aMMOJICHCTBHUH DJICKTpUYE-
CKOTO TOKa, MMPOTEKAIOIEro B OOMOTKE pOTOpa, C BPAIIAOIINMCS MATHUTHBIM TI0-
JeM, BO30yKJIaeMbIM 0OMOTKamu craropa. Cmamop (HENOJBHKHAsI YacTh MalllK-
HbI) aCUHXPOHHOTO JIBUTATENsl COCTOUT U3 KOpIyca, cepAcuHrka u ooMoTok. Kop-
IyC SBJIICTCS KOHCTPYKTHUBHBIM 3JIEMEHTOM MAIIUHBI U MPAKTHYECKH HE YJacCTBY-
€T B DJICKTPOMArHUTHBIX TporeccaX. CepAeuyHHK cTaTopa HM3TOTABIMBACTCS W3
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JUCTOB 3JIEKTPOTEXHUYECKON CTalld M MPEACTaBIsAeT OO0 MONbIA IMWIMHIP, HA
BHYTPEHHEHN MOBEPXHOCTH KOTOPOTO MMEIOTCS Masbl I YKIAaAKu oOMOTOK. KoH-
CTPYKTHBHAsl CXeMa CepJeYHHKa cTaTopa 0e3 OOMOTOK M C COCPEIOTOYEHHBIMU
oOMoTKaMu nokasaHa Ha puc. 10.1.
Ocu Tpéx
A%iA ¢a3HBIX 0OMO-
TOK  cTaTopa
CMEIICHBI B
IIPOCTPAHCTBE
0  OKPY>XHO-
CTM MaKeTa Ha
120°, a masbl C
KOHIIaMA  00-
MOTOK (X, Y, Z)
OTCTOAT OT Ta-
30B, B KOTOpPBIE
VIOXKEHBl  MX
Hauvana (A, B,
C) na 180°.
[Ipyn nmoaxitoyeHUUM OOMOTOK K TpEX(azHOMY MCTOUHUKY MUTAHUS, MPOTeE-
KAIOLIME B HUX TOKH
i,=1,sinot; iy=1,sin(o¢—2n/3); i, =1, sin(of+2n/3)

Puc. 10.1

BO30Y’KJIal0T MarHUTHBIE TOJIsl, OCH KOTOPBIX COBMAJAIOT C OCSIMH OOMOTOK, a
MaKCUMaJIbHbIE 3HAYECHUS! MHAYKIHUH W3MEHSIOTCS BO BPEMEHH IO CUHYCOHWAAJIb-
HBIM 3aKOHaM
B,=B, smot; By=B, sin(of—-2n/3); B.=B, sin(of+2r1/3).

[Tonst oTIEABHBIX OOMOTOK CYMMHPYIOTCS B IPOCTPAHCTBE BHYTPU CEPICUHHU-
Ka ¥ 00pa3yloT eIMHOE MarHUTHOE ToJie cTatopa. KapTtuny »Toro moss cxemaruy-
HO MOJKHO IMPOCJIETUTH MO HECKOJbKUM ToukaM Ha puc. 10.2. O603HayuM Moi0-
’KUTEJIbHOE HaIlpaBJICHUE TOKAa B OOMOTKE 3HAKOM «+» B TOUKE €€ Hauyaja U 3Ha-
KOM «®» B TOUKe KOHIA. Toraa ans coctosiHust / B mazax cepaeunuka 4, ¥ u C 0y-
JIeT OJIHO HaIpaBJICHUE TOKA B MPOBOJHHUKAX, a B ma3ax Z, B u X npyroe. OOuas
KapTHUHA MarHUTHOTO TOJISI JIJIsi TEKYIEro MOMEHTa OyJlIeT COOTBETCTBOBATh ABYM
MarHUTHBIM MOTOKaM, OXBaThIBAIOIIMM Ta3bl C OJIMHAKOBBIMH HAIMPABICHUSIMU TO-
KOB, MO3TOMY OCh TOJIA JIJIsi COCTOsHMS «1» OyneT HampasieHa moj yriaom 30° k
ocu AX. Takumu ke TTOCTPOSHUSIMU MOKHO OIPEACNIUTh, 4TO uepe3 1/6 yacThb re-
puoja MarHuTHOE MoJje cMecTUTcs Ha 60° B MOJOKUTEIBHOM HalpaBJICHUH, a 3a
OJIMH TEePHO]I YaCTOThI CeTH — Ha 360°.

MoXHO MOKa3aTh, YTO B JIFOOOW TOYKE BHYTPEHHEW OKPY>KHOCTH CTaTopa,
CMEIIEHHON Ha YTOJI 0L OTHOCUTEIIBHO OCU OOMOTKH (ha3bl A, MAarHUTHAsI UHTYKIIUS
W3MEHSETCS BO BDEMEHH M0 3aKOHY
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DTO 03HAYaeT, YTO ISl TOUKH, JBUKYIIEHUCS M0 OKPY>KHOCTHU

TOCYIAFCTBEHHbIV YHUBEPCUTET

C YIJIOBOM 4aCTOTOM

Q =0, > o=Qft=0 = sin(of—o¢)=1, T.e. MarHUTHas UHAYKLUsA OyAeT

Puc. 10.2

OCTaBaTbCia IIOCTO-

AHHOMU W  PaBHOU
3

B ..=—8,, rae
2

B~ — wmakcumaib-

m
HOE 3HAYCHUE UH-
OYyKUIHUHU TIONs, BO3-
Oy>XIaemMoro OJIHOM
obmotkoi. Crneno-
BaTEJIbHO, MAarHUT-
HOE TI0JIE BpalllaeT-
Csi BHYTpU IIaKeTa
cTaTopa C YIJIOBOM

4acTOTOM
Q, =, =2nf,, on-
pelensaeMon 4acrto-
TOWM HWCTOYHUKA IIH-
TaHUsI ~ CTaTOPHBIX
obmorok f;. T'omo-

rpad BeKTOpa MHIYKIUU MPEACTABISIET COOOM OKPYKHOCTh, TIOITOMY TOJI€ Ha3bl-

BACTCS KPY20BbIM.
Hanpagnenue BpaiieHus: moist ONpenesseTcss MOpsSaKoM

yepenoBanus (a3. [Ipu mepexmodennn m000# mapsl 00OMOTOK

(puc. 10.3) HampaBneHue BpallEHUs MOJs MEHSETCS Ha Mpo-
THUBOIOJIOKHOE.

Ecnu BABOE yBETMYUTH YMCIIO NA30B CEPICUYHUKA U, Pa3-
JEUB KaX1yt0 OOMOTKY Ha JIB€ YacTH, TOMECTUTh €€ B Ma3bl
TaK, 4TOObI HayaJla ¥ KOHIIbI MTOJIOBUH OOMOTOK HaXOJWJINCh B
naszax, CMEUEHHBIX [0 OKPYXKHOCTU cTaTopa Ha 90°, To mpu
MNOAKJIIOUEHUH K CETH 00pa3yeTcss MarHUTHOE IOJIe C JIBOM-
HBIM 4KCcJIOM TotocoB (puc. 10.4). 3a oguH nepuoa 4acTOThI
NUTaHUsL OHO OyJleT mepemenarbesi B npoctpaHcTBe Ha 180°,
T.€. 4acTOTa €ro BpaileHus OyJeT B JiBa pa3a MeHblue. [1po-
BEJl aHAJIOTUYHBIE MOCTPOCHHSI KapTUHBI MAarHUTHOTO TOJIS
JUIsE OOMOTOK, pa3/ieJIEHHBIX Ha p 4acTel, MOKHO YOeIUThCH,

Puc. 10.3

YTO MPH ATOM OyayT BO30YXKAAThbCs MOJS C YUCIOM Map MarHUTHBIX IOJIFOCOB
PaBHBIM p U yTJI0Basl YaCTOTa BpalleHUs N0Jis1 OyIeT yMEHbIIAThCS B p pas, T.€.
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Q =w/p, (10.1)

rae o, — 49acrora HI/ITaIOHIeﬁ CCTH, a4 p — YUCJIO I1ap MMOJIFOCOB MAIHUTHOTO I10JIA.

TpaIuIMOHHO YacTOTy BpAILLEHHUs HA3bIBAIOT CKOPOCTHIO BPAIUEHUS U HU3MEPSIOT
BO BHECUCTEMHBIX €IMHMIIAX — 000poTax B MHUHYTy. Torna Beipaxkenue (10.1)

MOKHO IIpEACTAaBUTb B BUJC

n=60f/p, (10.2)
rJI€ 1, — CKOPOCTh BpAIllEHHs] MarHUTHOI'O MOJIs B
00/MHH, a f; —4acTOTa MUTAIOLIEH CETH B repuax.

IIpu wacrore mnpombinuieHHOW cetn 50 I’y
BO3HUKAET PSJ BO3MOXKHBIX CKOPOCTEU BpAICHUS
MmarautHoro noist: 3000, 1500, 1000, 750, 600...
00/MUH

Onnunmuueckoe maznumuoe nose. Jlobas
aCUMMETpHUsl  TUTAIOEd  CeTH, MAarHUTHBIX
CBOMCTB CepJCUYHHKA WU OOMOTOK NPHUBOJUT K
ACUMMETPUM MarHUTHOTO MOJIsI, B pe3yjIbTaTe KO-
Topo Tomorpad BEKTOpa MHIYKIIMH CTAaHOBUTCS
smmunTudeckum (puc. 10.5). MoxHO MaTemaTuye-

CKH CTPOTO TOKa3aTh, YTO IILIUNTUYECKUN roorpad COOTBETCTBYET CyMME JBYX
BEKTOPOB C KPYyTOBBIMM rojorpadamu, oJlMH U3 KOTOPbIX B, , Bpaiiaercsa B MOJO-

YKATEJIIbHOM HAIPaBJICHUH, a APYTOl B_ — B OTpULIATEILHOM HAIIPABJICHUH.

Ha pucynke 10.5 B kauecTBe nmpumMepa Moka3aHbl 1Ba KPYyroBbIX rojorpada u
IIOCTPOEH PE3yNbTUPYIOINN BEKTOp B =58, + B_ 1usa Touku /. OTa TOYKA COOT-

BETCTBYET MMOBOPOTY BeKTOpa B, Ha 45° oT Hy-

JIEBOW TOYKH B MOJOKHUTECIBHOM HalpaBJICHUMU,
d BCKTOpa B_ — Ha TOT K€ yToOJI B OTpULATCIIb-

HOM HaIpaBJICHWM. 3a IIOJHBIA IEpUOA
T'=2n/® BekTop B BEpHETCA B HUCXOIHYIO
TOYKY, ONMCAB HA IUIOCKOCTH JJUIANTHYECKYIO
TPAEKTOPHUIO C OOJIBIION MOJYyOChK0 pPaBHOMN
CyMMeE MOAYJIEl BEKTOPOB MPSIMOTO U 0OpaTHO-
ro BpaumeHus a=B, +B, W Maloh moiy-
OCBIO paBHOM Pa3HOCTH MOJTyJIEH
b=B, —-B, .

Ecnu cocrasnstoue npsMoro u o0paTHo-
ro BpaileHus: ouHakoBbl (b =0), To rogorpad
BEKTOpPA WHAYKLWH BBIPOKAAETCA B MPIMYIO
JUHUIO W OTO TIOJIE HA3BIBACTCS NYIbCUPYIO-
wum. 1lynbcupyromee MarHuTHOE IIOJIE CO3/1a-
€r kaxzaas (a3Has OOMOTKa B OTAEIbHOCTH.
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Takoe mose BO3HMKAET TaKKe B aBapUUHBIX peKUMax MpU 0OpbIBE OJHOM U3 (a3.
B ciiyyae oTCyTCTBUS OHOM M3 COCTaBISIONIUX DIUIUNTUUECKUN Trogorpad BhIPO-
XKIAETCA B KPYTrOBOM, T.€. KPyrOBO€ MAarHMTHOE IIOJIE MOXHO pPacCMaTpuBaTh Kak
YaCTHBIN CIIy4au 3JUIMITUYECKOTO.

Bonpocwi 0ns camonposepku

CdopmynupyiiTe cBOMCTBO 00paTUMOCTH JIEKTPUUECKUX MAITUH

Urto 03HayaeT TEPMUH ACUHXPOHHbBIE MAIITUHBI?

Kak ycTpoeH ctatop aCHHXPOHHOT'O ABUTaTes?

Uro Takoe KpyroBoe Bpallarolleecs MarHUTHOE 1oJjie?

UemM onpenenseTcsi CKOPOCTh BPAILEHHs] MATHUTHOTO MOJIs?

Kak popmupyeTcst kpyroBoe Bpaiaromieecss MarHuTHOE Toje?

Kak u3meHuTh HarpaBieHre BpalleHus mois?

Yro Takoe smumntTuyeckoe MarHuTHoe nose? [Ipu kakux ycaoBHsIX OHO

obpazyeTtcs?

Ha xakue cocTaBISIONINE MOXKHO Pa3I0KUTh SJUTUIITHIECKOE moJie?

10. Ilpm xakux ycIOBUSX B MalinmHE (POpPMHUpYETCs MyIbCHPYIOIIee Mar-
HUTHOE T0J1E?

PN B LD =

e

10.2. Ycmpoiicmeo u npunyun oeiicmeus

[TpuHIMIT EWCTBUSI ACHHXPOHHOIO JIBUTAaTENs Moka3zaH Ha puc. 10.6. Ha ném
KpPYTroBO€ Bpallaroleecsi MAarHUTHOE T0JIe U300pa)KeHO B BUJIE BPAIAIOIIMXCS MO-
JIFOCOB MOCTOSTHHOTO MAarHuTa. JDTO MPECTABICHUE SIBIISETCS MOTHOM (HU3HUECKON
aHaJOTHEH MarHUTHOIO TOJII BO30YyKJIaeMOro 00-
MOTKAaMHU CTaropa U MOXKET HCIOJIb30BaThCsA BCE-
rja JJig HarjsJIHOTO OTOOpaKeHUsl 3JIEKTpoMeXa-
HUYECKOTO B3aUMO/ICHCTBUSI.

[TomecTM B mpOCTPAaHCTBO MEXKAY MOJIOCA-
MU 3aMKHYTBIH TIPOBOJHHMK B BHUJE MPSIMOYTOJb-
HOM paMKH, NojBelIeHHON Ha ocu OO0, BOKpPyr
KOTOPOM Bpallla€TCsi MarHuTHOE MoJie. J[BrkeHune
MOJIsl OTHOCHUTENIBHO PAMKH BBI3BIBAET IOSBJICHUE
B Hell DJIC, a T.K. paMKa 3aMKHYTa, TO TIOJ AEHCT-
BueM J/IC B Hell BO3HUKAET AJIEKTPUUECKHUI TOK.
Pamka ¢ mpoTekaromum no Held TOKOM UCIBIThIBA-
€T MEXAaHWYECKOE BO3JICMCTBHE CO CTOPOHBI Mar-
HUTHOTO TIOJiA, MNPUBOJAIICE €€ BO BpalICHHUE.
Bo3znencrBrue MarHUTHOrO MOJISL HA paMKy B BHUJE
BpalaoIero MOMEHTa BO3MOKHO TOJIBKO MPU HAJTMYUU TOKA B paMKe, KOTOPbIH, B
CBOIO 0YEpPEb, BOHUKAET B PE3YyJIbTATE TOrO, YTO MATHUTHOE IOJE IBUKETCS OT-
HOCHUTENIBHO paMKu. IIpu paBeHcTBe cKopocTed BpaweHus ), =(2, T.e. IpU CHUH-

Puc. 10.6

XPOHHOM BpalleHUH, Tojie OyJeT HEMOABMKHO OTHOCUTENILHO PaMKH M HE OyneT
CO3/laBaTh BpallalOIIEro MOMEHTa, T.K. B paMKe He OyAeT MHIYLUpOBaThCs TOK.
Taxum 06pa3om, ycTpoicTBO, MokazanHoe Ha puc. 10.6, paboTocmocoOHO TOIBKO
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IIPY ACHHXPOHHOM JBHKEHUU TIOJS M PAMKH H SBJISICTCS MPOCTCHIIIMM aCHHXPOH-
HBIM JIBUTATEJIEM.

Bpamarommii MomeHT B Mojziesid Ha puc. 10.6 MOXXKHO YBEIWYUTH, €CIIU BME-
CTO OJHOW yCTaHOBHUTH Ha OCH HECKOJBKO paMoOK. B pe3ynbrare oOpaszyercs KOH-
CTPYKIIHS, COCTOSIIIAasi U3 MPOJOJbHBIX CTEP>KHEH M 3aMBIKAIONIUX MX IO KpasMm
KOJIell, Ha3bIBaeMas «O0enndbs kietka» (puc. 10.7, a).

Puc. 10.7

DneKTpoMarHuTHas CWJia, CO3JArollas BpallalolIMi MOMEHT, MPOIMOPIIHO-
HaJbHA BEJIMYMHE MArHUTHOW WHAYKIIUU, 3aBUCSIIEH, IPU MPOYUX PABHBIX YCJIO-
BUSIX, OT MarHUTHBIX COMPOTUBIIEHUH IEMH, IO KOTOPOU 3aMBIKACTCsI MAarHUTHBIN
MOTOK. [ TaBHOM COCTaBIAIOIIEH MArHUTHOTO CONPOTHUBIICHHS HA IIyTH MOTOKA SIB-
JISTIOTCS. BO3YIITHBIE 3a30Pbl, TO3TOMY WX HEOOXOJAMMO 3aMOJIHATH (heppOMarHeTH-
KOM. DTy (YHKIHMIO BBITIONHSET cepaedHuk portopa (puc. 10.7, 6) OH, Takke Kak
CEPJICYHUK CTATOpPa, U3TOTABIMBACTCS U3 JIUCTOB AJICKTPOTEXHUIECKOM CTalld, CO-
OupaeTcs B aKeT M HAIPECCOBBIBACTCS Ha Bajl. B mucTax cepieyHuKa BRIPYOJICHBI
oTBepcTHsI, oOpasyromue Mpu COOpKe MakeTa MPOJOJbHBIE KaHAIbl, KOTOPBIC 3a-
TIOJTHSFOTCSl PACIUIaBICHHBIM QJIFOMUHUEM WM Menblo. B pesynprate cosmaércs
O0OMOTKa pOTOpa THUNA «OeNnUbs KJIETKa». POTOp Takol KOHCTPYKIIMHM Ha3bIBACTCS
kopomkozamkHymuim (puc. 10, 8) 1 UCHIONB3yeTCs B MOJIABIISAIONIEM OOJBITUHCTBE
ACMHXPOHHBIX JBUTATENIel. DJIEKTpUUYECKasl HEPrusi B ILI€Mb poTopa mnepeaaéres
MOCPEJICTBOM MAarHUTHOTO TIOJIsI, TIO3TOMY POTOp HE
UMEET KOHTAKTOB JUISl TOAKIIOYEHHUS K BHEIIHUM
AIIEKTPUUECKHUM IIETISIM, YTO CYIIECTBEHHO IMOBBIIIACT
HaJEKHOCTh JIBUTATENS W TO3BOJISIET HCIOIh30BaTh
€r0 B yCIIOBUAX, B KOTOPBIX HE MOTYT JKCILUTyaTHPO-
BaThCS JIPYyTHUE THUITHI MAITWH, HAIPUMEDP, BO B3PBIBO-
omacHbIX moMemeHnusx. CKOpOCTh BPAIIEHUS KOPOT-
KO3aMKHYTOTO POTOpa OTPAHHYMUBAETCS TOIBKO YCIIO-
BUSIMH MEXaHHYECKOU MPOYHOCTH €r0 KOHCTPYKIIMH H
OTIOp, TI03TOMY AaCHHXPOHHBIE KOPOTKO3aMKHYTHIC
JIBUTATENIM WCIIONB3YIOTCS B MPUBOAAX CO CKOPOCTSI-
mu Bpamenus 10 300000 o6/mMuH.

Bonee cioXkHYI0 KOHCTPYKIHIO UMEET T.H. (has-
Hblti pomop. B ma3el makeTa cepieuHHUKa 3TOTO POTOpa YIOXKEHBI Tpu (a3Hbie 00-

Puc. 10.8
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MOTKH aHajoruuHbie 00MoTKaMm ctatopa (/ puc. 10.8). OHu coeAMHEHBI 3BE3/10H, a
Hadaja 0OMOTOK BBIBEICHBI Yepe3 KOHTAKTHBIC KOJNbIA 2 U METKU 3 U MOAKITIOYE-
HBI K PEryJIUPOBOYHBIM peocTaraM 4. ACHHXPOHHBIE JBUTATeNH C (ha3HBIM POTO-
pOM UCHOJB3YIOTCS B OCHOBHOM B PEryJHpyeMOM TIPUBOJE MOABEMHO-
TPAHCIIOPTHBIX MEXAHU3MOB, HO B IIOCIIEHEE BPEMsI UX BBITECHSIOT U3 3TOW 00-
JacTU JABUTATENM ¢ KOPOTKO3aMKHYTBIM POTOPOM C IUTAaHUEM OT mpeolOpa3oBaTe-
JIEW YaCTOTHI.
Cocpeoomouennvie
¢dazaple 0OMOTKH, T.e. 00-
MOTKH  MpEeICTaBJISAIOLINE
co0oll OfHY KaTyIIKy, CTO-
POHBI KOTOPOM PacIoIOkKe-
HBl B JBYX Ma3ax cTaTopa
(puc. 10.1, 6), no psaxy npu-
YHH Ha TPAKTHKE HE MpH-
MeHsAoTCsl. OOBIYHO 0OMOT-
Puc. 10.9 Ka JIETUTCS Ha HECKOJIBKO
KaTyleK, 0Opa3yroluXx Ka-
TYLIEYHbIE TPYMIbI, KaXJIas U3 KOTOPBIX (HOPMUPYET MOJIIOC MAarHUTHOIO MOJIS.
Karymku pacnpenensitoTcst o COCEAHUM I1a3aM CepJIeUHUKa, U Takas 0OMOTKa Ha-
3bIBAETCs pacnpeodenénnou. IIpu 5TOM KaTylIKu B TPyIIE MOTYT ObITh OJJUHAKOBO-
ro pa3Mmepa, U3roTaBJIUBaTHCS 1O MIA0JOHY U YKIIAJbIBATHCS B Ma3bI C OJMHAKOBBIM
[IaroM MeXJay CTOpOHaMH KaTylieK. Takue oOMOTKM HAa3bIBAIOTCS wlabOHHbIMU
(puc. 10.9, a). Katymku MoryT OBITh TaKkKe pa3HBIX Pa3MEpPOB U YKIAJbIBATHCS
onHa BHYTph apyroi (puc. 10.9, 6). B sTom ciyyae oOMOTKM HAa3BIBAIOTCS KOH-
YeHmpu4ecKumu.

[Ipu ananu3e MpoueccoB B aCHHXPOHHOM JBUTaTelIe U B CIPABOYHBIX TaHHBIX
I/ICHOHB3yIOT ITOHATHUC CKOJILXKCHUA

Q n
KaK pa3sHOCTU MEXIy CKOPOCTSIMHU BpallleHHs MarHuTHoro nois (€2,, n,) U poropa

s (10.3)

(€, n), OTHECEHHOW K CKOPOCTH BpallleHus nojis. [Ipu u3BecTHoOM 4yacToTe CeTH U

YHCIIE Tap IOJIIOCOB MO CKOJBKEHHIO MOYKHO OIpPEIEIUTh CKOPOCTh BpALECHUS.
Hanpumep, CKOpOCTb BpalleHUs OBUraTels ¢ AByMs NapaMH HOJIIOCOB IIPH MUTa-
HUM OT NPOMBINUIEHHOU ceTH (7, =60-50/2=1500 00/Mun) n cxonbxenun 0,05

coctaBisier 1425 o6/mMuH. CkoJIbKE€HUE MTPU HEMOJABUKHOM poTope (7 =(0) paBHO
€IMHHULE, a TP CUHXPOHHOM BpaleHuu (7 =n,) — Hyao. CKOpOCTb WM 4acTOTa

BpAICHUS] MarHUTHOTO IOJISl HA3bIBAETCSA TAKXKE CUHXPOHHOW CKOPOCTBIO (4acTo-
TOi), T.K. POTOp MPHU 3TOM CKOPOCTH BpALIAETCSI CUHXPOHHO ¢ nojeM. CHHXpOH-
HBIN peXUM paboThl aCHHXPOHHOI'O ABUraTelsl Ha3bIBAETCS UOEaNIbHbIM XON0CMbIM
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xo0om. OH BO3MOXEH TOJILKO B TOM Clly4ae, €Clid pOTOp IMPHUBOJUTCA BO Bpallle-
HUE APYTUM JIBUTATEIEM WIH MEXAHU3MOM, IPUCOETUHEHHBIM K Bally.

Bonpocwet ona camonposepku

1. Cdopmynupyiite HeoOxoaumoe ycnoue Haseaenus DJC B pamke, Ha-
XOJSIIEICS BO BpAIIAlOMIEMCsl MAarHUTHOM TIOJIE.
2. Kakum 00pa3oM BO3HHMKAET BpAIIAIONINI MOMEHT, IEHCTBYIOUIMHA Ha

pamKy, HaXOSIIYIOCS BO BPAIllalOIIEeMCsl MAarHUTHOM T0Jie?

Kak ycTpoeH poTop acCHHXpOHHOTO JABUTATENs?

Onummute (QyHKIIUHU, BBIIOTHIEMBIE OTACIbHBIMU 3JIEMEHTaMH KOHCT-
PYKIIUU pOTOpa (CEpACUHUK, 0OOMOTKA, BaI).

Yro Takoe cocpenorodeHHas (pacmpeaenéHnas) ooMoTka?

Kakumu ObIBaroT pacnpenenéHHble 0OMOTKH?

UTto Takoe CKOIbXKEHUE?

YeMmy paBHO CKOJIbKEHHE B PEKMMax XOJIOCTOTO X0Jla M1 KOPOTKOro 3a-
MBIKaHUSI?

RENVS)

P

10.3. dnekmpoosurcyuwgue cunvt 00MOMOK

ONEeKTPOABMKYILNE CHIIBI HABOAATCS B OOMOTKE IPOHM3BIBAIOIIUM €€ Mar-
HUTHBIM ITIOTOKOM, €CJIM IOTOKOCLEIUIEHHE M3MEHsAeTCad BO BpeMeHH. IIpnunnHoi
M3MEHEHHS IOTOKOCUEIUICHHSI MOKET OBITh U3MEHEHHE BEJIMYMHBI IIOTOKA IIPU CO-
XPaHEHHMH €Tro MOJIOKEHUS U PACHPEAEICHUS 110 BUTKaM 0OMOTKH, KaK 3TO IIPOHC-
xonuT B TpaHcpopmartope. [loTokocuennaeHne MOXKeT M3MEHAThCS TakkKe B pe-
3yJIbTaTe€ M3MEHEHMs IOJOXKEHUS MAarHUTHOIO IOJs OTHOCHUTEILHOIO OOMOTKH
IIpY HEU3MEHHOW BEJIMYMHE ITOTOKA, KAK B ACHHXPOHHOM JIBUTATEIIE.

[ToTokocuerieHre HENOABMKHOM OOMOTKH CTAaTOpa € BpaLArOLIMMCS Mar-
HUTHBIM II0JIEM M3MEHSAETCS 10 CUHYCOMJAIbHOMY 3aKOHY C YaCTOTOM BPALCHHSA
nojs, T.e. ¢ yacrorod nuraromeit cetun W, =¥, sinot. Orcrona 3J1C dazHoi

Im

0OMOTKH CcTaTropa

d¥,, d(¥,,sino)
dt dt
@®opManabHO 3TO BBIPAXKEHHE MOJHOCTBIO MIEHTUYHO BbIpaxkeHuto g DC nep-
BUYHOI 0OMOTKM TpaHc(opmaropa, HO B TpaHC(HOpMATOPE aMILIUTYAa MOTOKOC-
LETUICHUs ONpEAEIsUIach YUCIOM BUTKOB nepBuyHoi oomorku ¥, =wd,, , T.K.

e =- =-m,'Y,, cosm,t (10.4)

Om >
BECb MarHUTHBIA MOTOK CEpACYHHUKA OJHOBPEMEHHO MPOHU3BIBAI BCE BUTKHU 00-
MOTKHU. B acHHXpOHHOM JBUTaTeNIe 0OMOTKA CTaTopa pacrnpeaeiéHHas, 1 B pa3HbIX
Karymkax onHo rpynmbl HaBoastcs DJIC, cMmeménnbie o ¢asze Ipyr OTHOCH-
TenbHO Apyra. B pesynerare obmas 9/IC odmotku Oyner mensine cymmbl I/1C
karymek. Kpome Toro, 9JIC 3aBucut ot mara katymiek ooOMoTku. [1oaToMy B BbI-
paskeHHe Ul MOTOKOCLEIUICHUS] BKIIIOYAETCS HE pPEeallbHOE YHCIO BUTKOB W, a

ypdexTuBHOE — W), =K,

w6iWi» The kg <1 — 0OMOTOYHBIA KOA(PPUIUEHT, YUUTHI-

BaIOIIUH O0COOCHHOCTH KOHCTPYKIHMH JaHHOH OOMOTKH. Torjia mOTOKOCIEIICHHE
¢dazHoii  OOMOTKM  cTaTopa AaCHHXPOHHOTO  JBUTaTeNnss OydeT  paBHO
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Wy
HIUMCA MAarHuTHBIM IT1OJIEM —
E =E,, /N2 =2nfk w®,, /2 = 4,44k o w f,D,, . (10.5)
[Tpu HenmoaBuKHOM poTope ero (azHasi 0OOMOTKa HaXOIAUTCS B COBEPIICHHO
aQHAJIOTUYHBIX YCIIOBUSX, U B HeH OynieT HaBoauThes DJ1C
[Tpu Bpamienun 4actoTa, ¢ KOTOPOM M3MEHSIETCA MOTOKOCIEIUIEHHE OOMOTKHU

poTOpa, ONMPEETAECTCA CKOPOCThIO €€ IBUKEHHSI OTHOCUTEIBHOTO MAarHUTHOTO T0-
JId, T.€. Pa3HOCTBIO CKOPOCTEN BpalleHus MO U POTOpa

koW ®@,,, U AeiicTByromee 3HaueHue OJIC, HaBoaMMON B Hel Bpamiaro-

Im = R

(m —nm)p _ (n —n)pn Py
= = =5 =5f; © 0, =50,. 10.7
2= 60n, g0 TS 2= (161
CnenoBarenbHo, DJIC Bpamatoierocs poropa ¢ yuétom (10.7) paBHa
E, =444k ,w, [,D,,, =4,44k c,W,5/,D,,, = SE, . (10.8)

Takum 00pazoM, B 3JIEKTPUYECKHUX LENsAX (Ppa3HbIX OOMOTOK pOTOpa ACUCTBY-
10T cuHycounaibHbie DJ[C mMEepeMEeHHOW YacTOThI, 3aBUCAILICH OT BEJIUYHUHBI
CKOIbXeHUs. [[03TOMY MHIyKTUBHbBIE COMPOTUBIIECHUS paccestHUs OOMOTOK TaK»Ke
OyAyT 3aBUCETh OT CKOJIbKEHUS

X, =0,L, =s0 L, =sX,, (10.9)
rne X, =m,L,, — UHIYKTUBHOE COIPOTHUBIICHUE PACCESHUSA HETIOJBUKHOIO POTO-
pa, L , — MHAYKTUBHOCTb IIOTOKA PACCESHUS POTOPA.

10.4. Maznumoosusicyuwyue cuivl U MazHUMHvle HOMOKU 0OMOMOK

daszHpie OOMOTKH pOTOpa CMEIIEHBl OTHOCHUTEIBHO APYT JApyra Ha yroi
2n/m,, tone — m, uucio (a3 odbMoTku. [ng daszHoro poropa uucio ¢a3 paBHO
m, =m; =3, a JuI1 KOPOTKO3aMKHYTOT'0 pOoTOpa YUCIO0 (a3 paBHO YUCITY CTEpP KHEH
«Oennubel KIeTkn» m, = N . CHMMETPHUYHOE CMEILEHNE OOMOTOK B IIPOCTPAHCTBE
BbI3bIBaeT cummeTpuuHoe (azoBoe cmemieHne J/IC U TOKOB, HABOJAMMBIX Bpa-
HIAIONIMMCSl MATHUTHBIM TosieM. MHorogasHasi cucteMa TOKOB BO30Y’KJaeT Mar-
HUTHOE T10JIe, KOTOPOE BPAIAETCsi OTHOCUTEIIBHO OOMOTOK POTOpa C YIIOBOM Yac-
ToTol Q, =0,/ p=s®,/p 1 BMecCTe C POTOPOM BpallaeTCcsi B MPOCTPAHCTBE C
gactoroil Q=(1-5)Q, =(1-s5)o,/p. CxraneiBasg 3TU IBUXKEHUSA, Mbl IOIYYUM
Q+Q,=(1-s)o,/ p+so,/p=w,/p=C,. Takum 00pa3oM, MarHUTHOE I0JIE PO-
TOpa BPAIAETCs B MPOCTPAHCTBE C TOM K€ YIII0BOM YaCTOTOM, YTO U MOJIE CTaTOPA.
CrnemoBaTenbHO, MOJSI POTOPa M CTaTOpa HETOABM)KHBI OTHOCUTEIBHO APYT ApyTra
1 00pa3yloT eMHOE KPYTrOBOE BPAIAIOIIEECs] MAarHUTHOE TOJIE ABUTATEIsI.

MarautHoe nosne aBurareis Bo30yKaaerca TOKaMu B OOMOTKax cTaTtopa U
potopa, M/IC KOTOpBIX paBHBI
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Taxke kak B TpaHchopmaTope, mojiaras MarHUTHBINA MMOTOK HEM3MEHHBIM, T10-
Jy4YUM YPaBHEHHUE TOKOB

myk - w '
_ 2Wos2Wo 1 _ 1. _
Fi+F,=F, = £1+—k I,=1y; = Li+1,=1,, (10.11)
MK,
rae [, — KOMIUIEKCHBIA TOK CTaropa B PEXHUME HACAIBHOIO XOJIOCTOIO XO0Ia;
myk e Wi _ W,

k. =

1

— K03 (ULUHUEHT TpaHCPOPMALMH TOKOB; fz =1,/k -
Mok Wy MWy,
IIPUBEAEHHBIN TOK POTOpA.

[TomuMoO OCHOBHOrO Mmar-
HUTHOrO noroxka @, 3ambIKaro-

IIErocsi 4epe3 BO3AYILIHBIN 3a30P
MEXKy CTaTOpoM U POTOpoM (O
Ha puc. 10.10), B aCHHXpOHHOM
JIBUTATelIe MOXHO  BBIICIIUTD
MarHUTHbIC TMOTOKH, 3aMbIKal0-
[IUecs Mo BO3yXy WJIU 1O Ma30-
BBIM 4YacTsIM OOMOTOK CTaTtopa u
pPOTOpa U CUETUISIONIUECS TOJBKO
C OIHOW M3 HUX. OTO NOTOKH
paccessHUS, HMHAYLHMPYIOIIKE B

Puc. 10.10 oomoTtkax D/IC paccesHus
Y ] Y ]
€51 :_d ol :_Lclﬁ; €52 :_d o2 :_L62&
dt dt dt dt

WM B KOMIUICKCHOUM (hopMme
Ey=—jo, Lyl =—jX\1;;

. . . (10.12)
Eoy=—Jo, Loy 1, =—jX, 1, =—jsX,1,,

rne L, L., — MHAYKTUBHOCTH IIOTOKOCLIECIIJICHUH pacCessHUs CTaToOpa U poTopa.

Bonpocwi 0ns camonposepku

1. Yem oTnuaercsa 3pPEKTUBHOE YUCIO BUTKOB OOMOTKHU OT PEaIbHOro?

2. Yro Takoe 0OMOTOUHBIN KOdhHUIHEHT?

3. Kak cBsizanbl Mexay coboit yactotsl DJ[C, HaBOAUMBIX BpAIIAIOITUMCS
MarHUTHBIM MOJIEM B OOMOTKAX cTatopa u potopa’?

4. Kaxk cBs3anbl Mexay coOOi MHAYKTUBHBIE COMPOTHUBIICHUS PACCESHUS
BpAIIAOIIErocs: U HEMOABUKHOTO poTopa’?

5. Yemy paBHO unciio Gpaz 00MOTKH KOPOTKO3aMKHYTOTO poTopa’?

10.5. Ypasuenusa anekmpuueckozo cOCmosHus u cxema 3ameuieHus
[To anamorum ¢ TpaHchopMaTOpoM MOXKHO Hamucath ypaBHeHHs1 Kupxroda
71 (ha3HBIX OOMOTOK cTaTtopa
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i
¥ BpAIIAOIIETroCcs poTopa
0
%;Rﬁ+%f£w:§%=&g+pn¢% (10.14)

B otnunune ot tpanchopmaropa, B ypaBHeHuu potopa (10.14) HeT mameHus
HanpspKeHus: B Harpyske u dactora DJ[C u Toka B o0IIeM ciy4yae OTIMYAeTCs OT
yactoThl DJIC u Toka B ypaBHeHuu craropa (10.13). [TosroMy coBMecTHOE peliie-
uHue ypaBHenuit (10.13) u (10.14) HEBO3MOXKHO.

[Mpencrasnss DAC U UHAYKTUBHOE COMPOTUBIICHUE PACCESIHUS Bpalllatollie-
rocs potopa uepe3 DJIC u MHAYKTUBHOE COMPOTHUBIICHUE HETOJBUKHOTO POTOPA,
MOJIy4YUM

SE, =Ry 1, + jsXy1, = E, =R, /s+ jX,1,. (10.15)

B ypaBuenuu (10.15) gactora DJIC u Toka poTopa paBHa 4acCTOTe cTaTopa U
TENeph 3TH BEJIMYWHBI, a TAK)KE MapaMeTphl 1M POTOpa MOYKHO MPUBECTH K Ta-
pamerpam ctatopa. [lons3ysce Beipaxenusmu (10.5) u (10.6), BBegem moHsATHE
kod(pdunmnenta tpanchopmaiuu IC u HanpsHKEHUH

k=L KaWi _ W, (10.16)

u
E, kgw, Wy,

u npusenéunoit IJ1C potopa
E\=k,E,=FE,. (10.17)
VYMmHOx)uB 00e yactu ypaBHeHus (10.15) Ha k,, a 3aTeM, yMHOXHB U pazfe-
JIUB IIPABYIO YaCTh HA K;, IOTy4YUM ypaBHEHHE IPUBEIEHHOTO pOTOpPa

E,=E=RI,/s+jX}I,, (10.18)
rne R, =k kRy; X,=kkX,.

VYpaBuenusim (10.11), (10.13) u (10.18) cooTBETCTBYET dMEKTpUUECKas CXeMa
3amemenus puc. 10.11, a. 3gech, Takke Kak B TpaHcpopmaTope, B pe3ysbTare
npuBeaeHUss 0OMOTKM pOTOpa K OOMOTKE CTaTOpa MarHUTHAsl CBSA3b MEXIY POTO-
pPOM M CTaTOpPOM 3aMEHEHAa SKBUBAJIEHTHOH 3JeKTpuyeckod. OTiinuue OT TpaHc-
dopmaropa 3akiaroyaeTcss B TOM, YTO 0OMOTKa pOTOpa MPUBOJUTCS HE K pPeasIbHO-
My, a K 3Q(HEKTUBHOMY UYHCIy BUTKOB 0OMOTKHM cTtatopa. Kpome Toro, B ypaBHe-
HuM TOKOB (10.11) uncno pa3z 0OMOTKM poTOpa MPUBOAMUTCS K YUCTY a3 0OOMOTKHU
craropa npu ycinosuu coxpanenus MJIC.

MouHoCTh, paccenBaeMasi Ha MEPEMEHHOM PE3UCTUBHOM JJIEMEHTE B LIENU
poropa R’ /s, COOTBETCTBYEeT MOIIHOCTH TEIUIOBBIX IOTEPh B €ro OOMOTKE U Me-

XaHUYECKOU MOIIDHOCTH ABHUIAaTCJIA, OTI[aBaeMOﬁ Harpyske. OTH BEJIMYUHBI MOKHO

Pa3JeNnTh, eCli R, /s TPEJCTaBUTH CIEAYIONIM 00pa3oM:
R _R, (1=s)
—~=—=+R -R,=R,+R, :
S S S
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Torpa TemioBsIM MOTEPSIM B 0OOMOTKE poTOpa OYyJEeT COOTBETCTBOBATH PE3U-
CTUBHBIN 2JIEMEHT R, a MEXaHUYECKOI HarpysKe JBUTaTeNs — PE3UCTHBHBIN die-

MeHT R)(1—s)/s u cxema 3amemnienus npumer Buj puc. 10.11, 6.
Braemne cxema puc. 10.11, 6

R X X2 UJICHTUYHA CXEME 3aMEICHUS TPaHC-
°_|:|_'r:\ :r; dbopmaTopa, paboTaroliero Ha mepe-
U L LiUs L MEHHYIO aKTUBHYIO Harpysky. Ilpu
—4 \ly T R, U3MEHCHUU CKOJIBXKCHHS, OyIeT Me-

I3 KB HATBCS PEXHUM pabOThI aBHUraress. B
° a) PEKUME UOealbHO20 XOJIOCIO20 X00a
R, JX » Xy R, (s=0) CONpOTUBIEHHE HArPY3KH

CTAHOBUTCS OECKOHEYHO OOJBIIUM U
TOK POTOpa YMEHBIIAETCA IO HYJ,
YTO  MOJHOCTBIO  COOTBETCTBYET
MPUHIUITY PabOThl  ACHHXPOHHOTO
JIBUTATENSA, T.K. TMPU CHUHXPOHHOM
BpallleHUd B POTOpPE HE MHIYLUPYET-
csa OJ1C u He Bo3HMKaeT Tok. [Ipu He-
NOABMXKHOM poTope (s=1) compo-
TUBJICHUE HArpy3Kd CTAHOBHUTCS HY-
JIEBBIM, CO3/1aBasi B LIEIM pOTOpaA pe-
=Ls  ocum kopomkozo szamvikanus. ITOT
© b B) PpEeXKUM B AaCHUHXPOHHOM JIBUTaTele
Puc. 10.11 TaK K€ OMaceH Kak B TpaHC(hOpMaTo-
pe, HO OH BO3HHUKAET NPHU KaXKIOM
MyCKE U €CIU POTOp HE NMPUXOJIUT B ABUIKEHHUE, TO JIBUTATENIb MOXET BBIUTU U3
CTpOs U3-3a Meperpesa.

OCOOEHHOCThI0O ACHHXPOHHOI'O JABHUTATENs MO CPAaBHEHHUIO ¢ TpaHchopMaTo-
POM SIBIISIETCS HAIMYUE BO3AYLIHOrO 3a30pa. [loaToMy npu ToM e 3HaUeHHH Mar-
HUTHOTO MOTOKa TOK XOJIOCTOTO XOJa JBUTATENsl CylleCcTBEHHO Oousblie. Eciu B
Tpancopmarope oH He npesbimaet 10% oT HOMMHAIBLHOTO 3HAYEHUS, TO B JIBUTa-
Tene MOXeT cocTaBiATh A0 50%. Kpome TOro, B HOMHMHAJIBHOM pEXUME INPH
ckonbxeHun =0,05 gacrora 3JIC poropa cocraBusietr 22,5 ['u. IIpu Takoit yactore
NOTEPSAMHU B CEPACYHHUKE POTOPA MOXKHO IpeHeOpeub U NPUHATE R, =0.

Cxema 3amemenust puc. 10.11, 6 U cOOTBETCTBYIOIIME €l ypaBHEHHS DJIEK-
TPUYECKOTO COCTOSTHUSI TIO3BOJISIIOT MCCIIEIOBATh BCE MPOLECCHl B JABUTATeNE, HO
P 3TOM BBIPAKEHUS JJI1 TOKOB IOJIYYAKOTCS CIIOKHBIMH, UTO 3aTPYIHSIET HUX
ananus. [loaToMy e€ npeoOpasyroT, BRIHOCS BETBb HAMArHWYMBAaHUS Ha BXOJ (pHC.
10.11, 6). Ilpu aTOM mapameTpbl 0OMOTOK CTaTOpa U POTOpa MPUOOPETAIOT KOM-
IJIEKCHBIA MHOKUTEIb
21:ZI—+ZO :1+é,

Z, Z,

181



Acunxpounnvie osucamenu

TOCYAFCTBEHHBIA YHUBEPCUTET
rne Z, =R+ jX,; Z,=R,+ jX,, a IpUBEAEHHBII TOK POTOPAa CTAHOBUTCSA PaB-

" !
oM [ ,=1,/C,.
Anamn3 ko3¢ ¢unmenta C; MOKa3bIBAET, YTO MPH OOBIYHBIX 3HAYCHUAX Tapa-

METPOB JABHMraTeleil €ro MHHMMas 4YacThb NPAaKTUYECKHM paBHA HYIIO H
C,~C =1+X,/X,. Ho 114 MallMH MOLIHOCTBIO BBIIIE HECKOJIBKUX KHIOBATT

X,/X,<0,05, nostomy C,<1,05 u 3TM K03(p(HULMEHTOM IPH OOLIEM aHATIH3E
MOXHO IpeHeOpeus. Torma nmo 3akoHy Oma juis cxemsl puc. 10.11, 6 npu C, =1

BEJIMYMHA MPUBEIEHHOTO TOKa poTopa OyAeT paBHa
U,

=1~ (10.19)
' 2 1\2
\/(Rl +R,/s) +(X, +X3)
Bonpocul ona camonposepku
1. Yem oTamyaroTcs Apyr ot apyra koddduurents! Tpanchopmanmn 3/C
U TOKa?
2. B uém 3akirouaeTcst OTiIMYMe NPUBENCHUS apaMeTPOB OOMOTKH POTO-

pa acHMHXpPOHHOTO ABHUTATENsI OT MPHUBEACHUS MapaMeTpPOB BTOPUYHOM
obmoTKHu TpaHchopmaropa?

3. YKaxuTe CXOACTBA U OTINYUSA CXEMBI 3aMEIIECHUSA AaCUHXPOHHOTO JBU-
rareins u Tpancopmaropa.

4. YKaxuTre napaMeTpbl CXeMbl 3aMEIICHUS, CBS3aHHBIE C MArHUTHBIMHU
IIOTOKAaMH JIBUTATEIIA.

3. VYKaxkute mapameTpbl CXeMbl 3aMEILECHHs], CBSI3aHHbIE C MpPeoOpa3oBa-

HUEM BHGKTqueCKOﬁ 9HCPI'MHU B IBUTATCIIC.

10.6. Pestcumul pabomovt acuHXpoHHO20 08uzamens

Jlnst aHanu3a pexuMoB pabOThl ACHHXPOHHOTO JABUTATENS TOCTPOUM BEKTOP-
HYIO JMarpaMMy, COOTBETCTBYIOIIYIO cxeMme ero 3amernienus Ha puc. 10.11, 6. Ona
CTPOUTCS aHAJIOTUYHO BEKTOPHOM AMarpamme TpaHchopmaropa.

[Ipy M3MEHEHUU CKOJIbKEHUSI § MU3MEHSETCS aKTHUBHAs COCTABJISIONIAs KOM-
IUIEKCHOTO COIMPOTHBIICHUS LienH potopa. Eciu BXoaHOe HampspKeHHe MPU 3TOM
OCTa€TCsl MOCTOSIHHBIM, TO F€OMETPUYECKUM MECTOM TOYEK KOHIIA BEKTOpa TOKa
cratopa OyZeT oKpy>KHOCTh nuameTpoMm U, /(X; + X3) (puc. 10.12).

Touku xomoctoro xojaa (s =0), KopoTkoro 3aMbikaHus (s =1) U GECKOHEUHO
OOJBIIOTO CKOJIBKEHHUS (§ =100) JensIT KpyroByro AvarpaMMmy TOKa cTaTopa Ha
TPH CEKTOPA, COOTBETCTBYIOIINE PEKUMaM JBUTATENsI, TEHEPAaTOpa U TOPMO3a. DTH
PEXKUMBI OTJIMYAIOTCS HAMpPaBICHUSIMH IIOTOKOB SHEPTUHU MpeodpazyemMoii B acHH-
XPOHHOM JIBUTaTeJIE.

B pexxume osucamens ckonpxeHue HaxonuTes B Auana3zoHe 0<s <1, a caBur
(a3 Mexxay HanpsHKEeHHEM M TOKOM OOMOTKHM cTatopa ¢, < mt/2. JTo 03Ha4aeT, YTo

pPOTOP BpAIIAETCA B HAMPABICHUHW BPAIICHHUS] MAarHUTHOTO MOJISI CO CKOPOCTBEO HU-
)K€ CHHXPOHHOW W JABUTATENIb OTJAET MEXAHUYECKYI0 SHEPrUI0 Harpyske, T.K.
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R,(1-5)/s>0 = P, =IR,(1-5)/s>0. ®a3osslii cxBur Menbme 90° COOTBET-
CTBYET IOJIOXKUTEIBbHOW MOIIHOCTH 1ienu cratopa B =U,l,cos, >0. Takum 00-
pa3oM, B peKUME JBHUTraTess MOJBOIUMAs K CTATOPY JIEKTpUYecKas sHeprus W,

npeoOpa3yeTcsi B MEXaHUYECKYIO

+ sHepruro W, , ornaBaeMyr0 Ha-
U JXI L W3 WM Ipy3Ke, U B TEIUIOBYIO JHEPTHUIO
= —> —> W.=W,-W,, pacceuBaeMyio B

ceplIeUHHKe, OOMOTKax U B OIOpax
€— poropa.

[Ipn CKOJIBKCHUSAX
§<0 = n>n, porop ABUraTens

BpaIIa€TCsl CO CKOPOCTBHIO BBIIIE
cuHXpoHHOU. U3 BekTOpHOM HUa-
rpammbl puc. 10.12 BuOHO, 4TO
IOCJe KOMIIEHCAllMU I[OTEeph B
CEPICUYHHUKE BEKTOP TOKa Iepeme-
11aeTCs 110 KPyroBOM AuarpaMMe B
IV-i1 kBagpaHT U MOIIIHOCTH LIETH
cratopa B, =U,l,c08(p, CTaHOBUT-

Csl OTPULATENIBHON, T.K. @, >T/2.

OTpHLIATETLHOM CTAaHOBUTCA TakK-
K€ MOIIHOCTh, IpeodpazyemMas
Puc. 10.12 NEPEMCHHBIM PE3UCTHUBHBIM DJIC-
MEHTOM CXEMBI 3aMELICHUS

2
P, =17R)(1-5)/5<0. 310 0O3HaYaeT N3MECHEHUE HAIIPABJICHUS TIOTOKA MEXaHHYe-

CKOM JHEPI'uM, T.€. MEXAHMYECKas HAarpy3Ka OTAAET DHEPrUI0 ABUrarento. B pe-
3yJbTaTe HaIpaBi€HUE NMPeoOpa30BaHUs 3HEPrUM MAIIMHON MEHSAETCS Ha MPOTH-
BOIIOJIO’KHOE, T.€. MEXaHMuYecKas 3Heprus W, mnpeoOpasyercs B DIEKTPUUYECKYIO

W, u B TemioByro W, =W, —W,. J]IBurarenas Ipu 3TOM pabOTAET B ceHepamopHoM

pexxuMe. B renepaTopHbIN peXUM aCHHXPOHHBIN ABUTaTelb MOXKET MeperTu 1nbo
3a CYET BPAILAIOLIETO MOMEHTA HArPy3KH, PasTOHSIOLIErO POTOP N0 CKOPOCTH
BBIIIE CHHXPOHHOM, JTMOO0 MPU YMEHBIIEHUU YAaCTOThl UCTOYHMKA MUTAHUS CTaTO-
pa, T.€. IpU YMEHBUIEHUN CHHXPOHHOM CKOPOCTH. BTOpOW BapuaHT Iepexona B
TeHEPATOPHBIN PEXKUM SIBJIECTCS OOBIYHBIM ISl aCHHXPOHHBIX MPUBOJOB C YaCTOT-
HBIM YIIPaBJICHUEM.

B cnydae BpamieHus poTopa B HaIpaBJICHWM NPOTUBOIIOJIOKHOM Hallpaslie-
HUIO BPAILlEHUS MarHUTHOro nojs n<0 = s>1. MexaHnuueckass MOIIHOCTb MpHU

oToM orpuuarensHa P =I5 R,(1-5)/s <0, a anekTpuuecKas — IOJOKHTEIbHA
B =U/cosp, >0, Tx. ¢,<n/2 (puc. 10.12). CnenoBaTenbHo, ABUTaTeNb I0-
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TpeOIseT DIEKTPUUECKYIO PHEPTUI0 W, OT UCTOYHMKA MUTAHUS U MEXAHUYECKYIO
SHEPrur0 W, OT Harpy3KH Ha Bally, M 00a BHJa JHEPIMH PACCEBAIOTCSA B BUJIE TEIl-
na W_=W,+W, B ero 0OMOTKax. DTOT PEXHUM Ha3bIBACTCS PEKUMOM I1€KMPO-

MACHUMHO20 MOPMO3a WIA TPOTUBOBKIIIOYEHUS M SIBISETCS CAMBIM TSKEIBIM.
JIBurarenp MEPEXOIUT B PEKUM TOPMO3a MPU HArpy3Ke Ha Baly MPEBBIIIAIOLICH
€ro BpAIAIOIIUi MOMEHT, HO Yallle €ro UCHOIB3YIOT sl OBICTPO OCTAHOBKH ITy-
TEM U3MEHEHUS HAIPABJICHHS BPAILIEHUS MATHUTHOTO TIOJIA (PEBEPCOM).

Bonpocwt ona camonpoeepku

1. Yro mpeacTaBisieT co00il TEOMETPUIECKOE MECTO TOYEK BEKTOpA TOKA
craTopa?

2. Kak onpenennuts Hampasi€HUE ITOTOKOB 3JIEKTPUYECKOM M MEXaHUYe-
CKOM JHEPIUH, MOJIB3YsSCh CXEMOW 3aMEIICHUS U BEKTOPHOW JHarpam-
MOW?

3. YKaxXuTe CEKTOpbl KPYroBOW IUArpamMMbl, COOTBETCTBYIOIIWE JBHUIra-
TEIbHOMY, TEHEPATOPHOMY U TOPMO3HOMY peXUMaM pabOTHI.

4. VYKaXuTe HanpaBJICHUS MMOTOKOB JIEKTPUYECKOM, MEXaHUYECKON U Te-

IJIOBOM 3HEPTUH, COOTBETCTBYIOUIUE ABUTATEIBHOMY, T€HEPATOPHOMY
U TOPMO3HOMY peKuMaM padoThI.

5. [Toyemy pexuM MPOTUBOBKIIIOUEHUS SIBIIACTCS HanOoliee TSKEIBIM pe-
KUMOM JIs1 ABUTATENS?

10.7. dnepecemuueckuil 6ananc

PaccmoTpum mporiecc mpeo0-
pa3oBaHUSI DHEPTUU B PEKHUME
JBUTATEIIS, TePEMENIasch M0 CXe-
Mme 3amernenus puc. 10.11, 6 cieBa

P
PSM Mx —
P 1
HanpaBo. OT UCTOYHMKA NUTAHMS
ACUHXPOHHBIN JBUraTesb MOTPEO-
—I ‘ \ JSIET aKTUBHYIO MOIIIHOCTb
B =mU,I cosq,.

AP, AP, AP, AP AP,I YacTte €€ B BHIE Temia pac-
Puc. 10.13 CEMBAETCs B 0OOMOTKE cTaTopa
AR =mR I},

a pyras 4acTh — B BU/JIE IIOTEPh B CEPJICUYHHUKE CTATOPA
_ 2
AP, =mR)1; .
OcraBuIasicss 4aCThb aKTUBHOM MOILHOCTH NEepenaéTcs U3 craropa B poTop ye-
pe3 3a30p O MOCPEACTBOM MAarHUTHOrO mojsi. OHa HA3bIBACTCS 21eKmMpPOMASHUN-

HOU MOWHOCHIbIO 1 COOTBETCTBYET MOLIHOCTH, PACCEMBAEMOW Ha CONPOTHBICHHUU
R, /s . IlosTomy

P, =mRI} /s =m,R,I; /s (10.20)
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YacTh 27€KTPOMarHUTHOM MOIITHOCTH TEPSAETCSI B BUJIE TEIJIa B aKTUBHOM CO-
MPOTUBJIEHUU OOMOTKU POTOpa

_ rpr2 2
AP, =mR, 1" =m,R,1; .
OcranbHasg 4yacTh Npeodpaszyercs B MEXaHMUYECKYHO MOIIHOCTH P, pa3BH-
BAEMYIO Ha BaJIy:
_ 12 _ 2
YacTtp MexaHUYecKou MOIIHOCTHU TEPSACTCA BHYTPHU ABHUIATCIII B BUAC MCXa-
HHYCCKUX IIOTCPb AP BbBI3BAHHBIX TPCHHUCM B OIIOpaX M TPCHUCM O BO3OYX.

MX 2

Kpowme toro, B nuratesie CymecTByroT aApyrue mnorepu AP, , CBA3aHHbBIC, HAIPH-

Mep, C HAJIMYKMEM BBICHIUX TAPMOHUK MarHUTHBIX MOJICH. ITH MOTEPU HA3bIBAOTCS
N00aBOYHBIMHU U y4uThIBalOTCS Kak 0,5% OT moaBoAMMON MOIIHOCTH MPU HOMH-
HaJIbHOW Harpyske. [[is npyroil Harpy3ku OHHU MEpPECUUTHIBAIOTCS MPOIMOPIIHO-
HaAJIBHO KBaJpaTy TOKa CTaTopa.
Takum 006pa3om, mose3Has MOITHOCTh Ha BaJly JIBUTATENsl paBHA
P, =P, —AP, —AP, (10.22)

Ortcrona KIIJI nBurarens

n=-2=1--2, (10.23)

rne B =AR + AP, + AP, + AP, +AP,.
Ecnu npenebOpeubr MexaHWYECKMMU U J00aBOYHBIMH moTepsimu, To KIIJ]

ACUHXPOHHOTI'O JBUTATeJsl MOXHO MPEJCTaBUTh B BUAE (QyHKUMHU Kod(dduumeHTa
Harpysku 3= P,/ P, anaioruuHo BeipakeHuto 1 KIIJ[ tpanchopmaropa

BLion

BBy + AR +BAP,
rae AP, = AP + AP, . I'padux 3aBucumoct M(f3) nzoOpaxéH Ha puc. 10.14.

oM

n

Acunxponssle asuratenu odmagator BeicokuMm KIIJ[. Hanpumep, KIIZL aBu-

CosS®,, M rarene cepuu SA MOITHOCTBIO OT

1,0 1,5 mo 250 kBt cocrasiser cooT-
n\/ — T — ] BeTcTBeHHO (,8...0,96.

0,8 7 ~ Kpome akTMBHOM MOIIHOCTH

0.6 // COSQ, ACMHXPOHHBIC JIBUTATEIN IMOTPEO-

> 7 JISTIOT PEaKTUBHYIO MOIHOCTH He-

0.4 / / 00XOMUMYyI0 I BO30YKICHUS

> /y MarHUTHOTO TOJs B MamuHe. B

0.2 1 pexKUME XO0JIOCTOr0 XojJa Kodpdu-

IIUEHT  MONIIHOCTH  JBUTATEIsA

B oyeHb Hu3kui (okono 0,1), T.K.

0 0,5 1,0 1,5 aKTUBHAs MOIIIHOCTh, pacxoiye-

Puc. 10.14 Masi TOJbKO Ha KOMIICHCAITUIO TI0-
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TEPh B CEPACUYHHMKA CTATOPA U HEOOJbIINE MEXaHUYECKUE MTOTEPH, HE3HAUUTEIIbHA,
a PEaKTUBHAsI MOLIHOCTh IOYTH TaKas )K€, KAK B HOMHUHAJIBHOM pexume. C yBenn-
YEHUEM HArpy3Ku 10 HOMHUHAJIBHOW aKTHMBHAs MOIIHOCTh YBEJIMYHMBAETCA, a PEaK-
TUBHAsI OCTAETCS MPAKTUYECKU MOCTOSTHHON M KOA(PPUIIMEHT MOIITHOCTH BO3pacTa-
et 1o 3Hauenwnii 0,7...0,9.

[Ipn Harpy3ke MeHee MOJOBHHBI OT HOMUHAJIBHOM ACUHXPOHHBIA JABUTATEIb
pabotaer ¢ ouenp Hu3KkUM KIIJl u kospdunuentom momHoctu. [losTomy mpu
AKCIUTyaTalliil HEOOXOAMMO CTPEMUTHCS K TOMY, YTOOBI MaIlIMHA ObljIa MOJTHOCTHIO
3arpy’keHa.

Bonpocwl 0na camonposepku

1. YT0 Takoe 3JIEKTPOMArHUTHAsE MOITHOCTH?

2. Kak cBsa3aHbl Mexly cOOO0M 3JIEKTpOMarHuTHasE MOIIHOCTh, MOIIHOCTh
TEIUJIOBBIX TTOTEPh B 0OMOTKE pOTOpA U MEXAHUUYECKasi MOIIIHOCTh?

3. Urto takoe k03hHUIIMEHT HArpy3KH U KaKk OH MCHOJb3YyeTCs MpU pacyé-
te KIT?

4. Kak 3aBucsat ot Harpy3ku KII/] u koaddunmrentT MonHocT 1BUraTess?

3. [Touemy Henb3s TOMycKaTh pabOTy JBUTATENS C MAJIION HArpy3KOit?

10.8. Bpawatowuii momeHm u MexaHuueckas XapaKmepucmuxa
Benmuuuny Bpamaronero MOMEHTa aCHHXPOHHOTO JBHUTATENS MOXHO TOJTY-
yuTh U3 BelpakeHus (10.21) ¢ yuérom toro, uro P, =MQ u Q=(1-s)o,/p

ryr2
v =Pty (10.24)
O
[Toacrasnsas B (10.24) 3Hauenue npuBeaéHHOro Toka potopa u3 (10.19), mo-
TYYUM
ryr2
M= P mlR;Ul : (10.25)
oals[(Rl FRy/s) +(X, + X)) J

VY acMHXPOHHBIX JBHTaTesell o0Iero npuMeHeHus R, < X, + X, mosToMy BbIpa-
xeHnue (10.25) MOKHO HECKOJIBKO YIIPOCTHUTH

rrr2
pmRyU;

M = , 2 /2
os| (Ry/s)'+ (X, + X3)' |

(10.26)

3aBucumMocTth M (s)mokazana Ha puc. 10.15. OHa UMeeT MakCUMyMBbI B 00-
JIACTU T€HEPATOPHOIO U IBUTATEIILHOTO PEXKUMOB

2
IRV U, , (10.27)
20, (X, + Xz)
HpI/I CKOJIB2KCHUHU
R!
S X E——, (10.28)
X, + X,
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Ha3bIBAEMOM Kpumuyeckum. ITO Ha3BAHUE CBSI3aHO C TEM, YTO MPHU CKOJIBKEHMSIX
00JIbIIIE KPUTHUECKOTO paboTa aCHHXPOHHOT'O JIBUTATENsI MOKET ObITh HEYCTOWYH-
Boil. B ciyuae s <s,, yBENMYCHHE CKOJIBXCHHUS WM, YTO TO JKE CaMOE, yMEHBIIIe-

HHUC CKOPOCTH BpalICHH:A, IPUBOAUT K YBCIIMUCHUIO Bpallaroniero MOMCHTA U IBU-
raTcjib pasroHsACTCA, BOCCTAaHABJIIMBAs ITPCKHIOIO CKOPOCTL. VBeIMYEHUE CKOJIb-

KCHHMA HA YYAaCTKC XapaKTCPUCTHUKH, TAC § > SKp’ IIPUBOANUT K YMCHBIICHUIO MO-

MEHTa U em€ OOJbIIEMY CHHKEHUIO CKOPOCTH BIUIOTH 1O IOJIHOM OCTAHOBKH PO-

TOpa. DTO SBJICHHUE HA3bIBACTCS «ONPOKUIBIBAHUEM)» JBUTATEIA U JOJLKHO YUHUTHI-

BaTbCS IIPU JKCIUIyaTalyu, T.K. OHO MOXKET IIPUBECTHU K TSKEIBIM ITOCIEACTBUAM.
Ortnomenne M, /M, =k, Ha3bIBACTCA KPAMHOCMbIO MAKCUMATLHOO

MomeHma. ITOT TMapa-
METp HUMeEeT OOoJbIIoe
MPAKTUYECKOE 3HAYCHUE,
T.K. OINpeaeNseT Tmepe-
IPY304HYIO CIIOCOOHOCTh
JIBUTATEIISI, T.€. CIIOCO0-
HOCTh JBUTATENSI  BHI-
JepPKUBaTh  KPaTKOBpE-
MEHHOE YBEJIMYCHHE Ha-

s Tpy3ku 0e3 moTepu yc-

TONYMBOCTH W OCTAHOB-

Kd. Y aBurareiiei oolue-

O IPUMEHCHUS
k,=17...3,4.

IToxacraass (10.27)

B (10.26) u ¢ yuétom TO-

ro, uyro u3 (10.28)

Putc. 10.15 Ry 5, (X,+X3), mo-

Jy4YUM €lI€ OAUH Bapu-
aHT xapakrepuctuku M (s), T.H. hopmyny Kiocca

M =M (10.29)
s Sy
s s

Kp
N3 Beipakenus (10.26) npu s =1 moaydaercs 3HaAYCHHE BPAIAIOIIETO MO-
MEHTa, Pa3BUBAEMOT0 JBUTATEIIEM IIPHU ITYCKE, WIH HYCKOBO20 MOMEHMA

pmlRéUlz
o (R +(X,+ X3

OtHomenue M /M, =k, Ha3BIBAETCI KPAMHOCMbIO NYCKOBO20 MOMEHMA.

M =

I

(10.30)

V nBurareneit obmero npumenenus k, =1,0...2,0.
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2
Bce 3HaueHus Bpalaomero MOMEHTa ABUraTels IponopuroHansusl U . 910

JIeJIaeT aCUHXPOHHBIN JIBUTATENIb OYEHb YYBCTBUTEIBHBIM K CHHXKCHUIO HAIMpsHKe-
HUA nuTanus. Hanpumep, npu cHkeHun HanpspkeHus Ha 10% myckoBOW MOMEHT
yMeHbIaetcss Ha 19%, 4To 3HAUMTENbHO 3aTpyAHseT Myck. [Ipu 3HaunTenbHOM
MMOHMYKEHUH HANPSKEHUS paOOTaIOIINKN ABUTATEIh MOKET MOTEPATh YCTOMYMBOCTD
Y OCTAHOBUTHCH.

Oynkuus M (s) Ha3bIBACTCA MEXAHUYECKOU Xapakmepucmuxou. XapakTepu-

CTHKa, COOTBETCTBYIOIIasl HOMUHAIbHBIM 3HAUCHUSIM HANPSKEHUS TUTAHUS U Yac-
TOTHI U OTCYTCTBHUIO COIPOTHUBIICHUN B ILETSIX (Da3HOTO pOTOpA HA3BIBACTCA ecrme-
CMBEeHHOU Mexanuueckou xapakmepucmukoti. YacTo BMECTO XapaKTepucTuk M (s)

MOJIB3YIOTCSI MEXaHMYECKUMHU XapakTepuctukamu Buga n(M) wmm Q(M) (puc.

10.16). Onu ynobHee, T.K. JCJICHHE HA PEKUMBI PAOOTHI B HUX MPOUCXOIUT TIO
kBajpanTaM. Kpome Toro, mpu aHamuze pabOThl JpyruX THUIIOB JBUTATeNell He
NIOJIB3YIOTCS] IOHSTHUEM CKOJIBXECHUS U
n\s CTPOAT MEXAaHWYECKHE XapaKTepH-
CTUKHU B KoopauHatax nM wmu QM .
Ha ocu opaunar puc. 10.16 moka3ansi
n X JlBurateqpupii  TAKKE 3HAYEHUs CKOJBXKEHUS B Xa-
nHO; ______ pexUM PAKTEPHBIX TOUKAX.
Y4acTOK MEXaHMYECKOW Xapak-
TEPUCTUKH, COOTBETCTBYIOIIMI 00-
JacTH yCTOMUMBOW pabOThI, Ha3bIBa-
eTcs pabouum yyacmkom. BaxHeiu-
. M mmm mapamerpom sToro yuacrka, ot
0l1 MHOM/ M, M, ~ KOTOPOro 3aBUCAT OKCILIyaTalliOH-
HbIE CBOMCTBA JABUIATENs, SBIIAECTCS
acécmrkocmsb. OHa OIpeaesaeTcs Kak
OTHOLIEHUE TNPHUPALICHUS Bpallaro-
Puc. 10.16 IIEr0 MOMEHTA K IMPHUPALIEHUIO CKO-
pPOCTH BpalleHUs] WU KaK MPOU3BOJI-
Hasg dM /dn. Uem x€cTue MEXaHWYECKasl XapaKTEPUCTUKA, TEM MEHbIIE U3MEHE-
HUSI CKOPOCTH BpallleHUs NMPU U3MEHEHUH Harpy3Kd Ha Bally ABUTraresis. MexaHu-
YyecKas XapaKTepUCTHUKa aCHHXPOHHBIX JBUTaTeNel 0011ero NpUMEHEHUS SIBIsSETCS
KECTKOM, T.K. HOMHUHAJIbHBIE 3HAYEHUS CKOJBXKEHUS HAXOASTCS B JIMAIa3oHE
0,02...0,05. 910 03HayaeT, YTO MPU WU3MEHEHUH HArpPy30YHOIO MOMEHTA OT HYJIs

710 HOMUHAJIBHOT'O 3HAYEHUS CKOPOCTh MeHsAeTCs Ha 2...5%.

l'enepatopubiid
pexumM L

Topmosnoit
pexKUM

Bonpocwr ona camonpoeepku

1. OT 4ero 3aBUCHUT BEIMYMHA MAKCUMAJIbHOIO MOMEHTA ABUTATENS?
2. Uem onpenenseTcs BEINYNHA KPUTHUECKOTO CKOIbKEHUSA?
3. [ToueMy CKOJBXKEHHE, COOTBETCTBYIOLIEE MAKCUMAIBHOMY MOMEHTY

ABUI'aTCJIsA, HA3bIBACTCA KpI/ITI/I‘IeCKI/IM?
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4. Yro Takoe neperpy3ouHas crnocoOHOCTh ABUTATENA?

3. IToueMy acCMHXPOHHBIN ABUTAaTEIb OYECHb YYBCTBUTEIICH K U3MEHECHUSAM
HaNpsHKEHUS TATAHUA?

6. Uto Takoe MexaHUUYECKasi XapaKTEepPUCTHUKA?

7. Kakne KBaIpaHThl IUIOCKOCTH MEXAHWYECKOW XapaKTEpPUCTHUKH COOT-
BETCTBYIOT PEXKMMAM JIBUTATENs, TEHEPATOpPa U TOpMo3a?

8. Kakoif yyacTok MEXaHHMUECKOW XapaKTEPUCTHK SIBIsIETCS pabouum?

9. Kak nmepeBecTy aCHHXpOHHYIO MalllMHy B F'€HEPATOPHBIN pexuM (B pe-

UM MIPOTUBOBKIIOUEHHUS)?
10.  Yto Takoe KECTKOCTh MEXAHUYECKOW XapaKTEPUCTUKU?

10.9. Ilyck oeuzamens
[Ipu mycke aBUTaTeNb Pa3rOHSIETCA OT HYJEBOW CKOPOCTH BPAIIEHUS JI0 CKO-
POCTH, IPU KOTOPOH CO3AaBAEMBbI HArpy3KOH MOMEHT CONpPOTUBIEeHU M Oyner

ypaBHOBEIIEH MOMEHTOM, pa3BUBaeMbIM jaBurareiem M. Kpome MomeHTa compo-
TUBJICHUSI HArpy3KH JIBUTATENb MPHU ITyCKe MPEOAOJIEBACT TaKKe JUHAMUYECKHIA
MoMeHT M| =J-dQ)/dt, co3naBaeMblii MOMEHTOM MHEPILMH MACC BCEX MPUBOJIH-

MBIX B JIBU’KEHHUE Tell, BKItovas potop —J. [l obecnevyenus nmycka HeoOX0IuMo,
uto0sl M >M +M .

OcoOEHHOCTBI0O ACHMHXPOHHBIX JBUTATENICH SIBISETCS OTHOCHUTEIHHO HEOOIb-
mast KpaTHOCTh IyckoBoro momenTta (1,2...2,0) npu 3HAYUTEIBHOM TOKE, MPEBOC-
XOASA1IEM HOMUHAJIBHOE 3Ha4YeHue B S5...7 pa3. [loaToMy IIpy NUTaHUM JBUTATEIIS
OT CETH COU3MEPUMOM MOIIHOCTH MOKET BOZHUKATh NOHWKEHNE HANIPSIKEHNUS, JIe-
JIAIOIIEE ITYCK HEBO3MOKHBIM.

Jns ynydiieHusl MyCKOBBIX CBOMCTB
ACMHXPOHHBIX JBUTATEJIEH HCIIOIb3YIOT
SIBJICHUE BBITECHEHUSI TOKA U3 BHYTPEHHUX
CIIOEB CTEepPXKHS «Oennubel KIETKW» B Ha-
pYKHBIE. DTO CBSA3aHO C PA3JIMYHBIM OTO-
KOCLICTUICHUEM PacCesHUs CIOEB. Y BHYT-
PEHHUX CJIOEB OHO MAaKCUMaJIbHO U
YMEHBIIIAETCS 10 MEpEe CMEIICHUSA K Ha-

Puc. 10.17 pyxHoii yactu masa (puc. 10.17). Coor-
BETCTBEHHO MEHSETCS U MX UHAYKTUBHOE CONPOTUBIICHUE, YMEHBIIAACH OT BHYT-
PEHHHX CJIOEB K HapyKHbIM. [Ipu mycke gacTora TOKa B pOTOpE MakCHUMallbHA U
paBHA 4acToTe CE€TH. MaKCUMAJIbHBI TaKX€ WHIAYKTHUBHBIC CONPOTUBIICHUS M UX
pasnnuue 1no ciuosM. B pesynbpTare IIIOTHOCTh TOKA j B CTEPIKHE paCHpeneiseTcs
o kpuBou puc. 10.17 Tak, 4TO TOK B OCHOBHOM IPOTEKAET MO HAPYKHON YACTH.
OTO 3KBUBAJIEHTHO YMEHBUIEHUIO CEYEHHUS U YBEITUUYECHUIO CONIPOTUBIIEHUS CTEPK-
Hs. B pe3ysbTare MyCKOBOW TOK YMEHBIIAETCS, @ IIyCKOBOM MOMEHT BO3pacTacT.

0
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[To mepe pa3roHa ABuratelis 4acTOTa TOKa B POTOPE CHUKAETCS, BEJIMYMHA
UHIYKTUBHOTO CONMPOTUBIIEHUSI CTAHOBUTCS OJMM3KOW K HYJIIO, U TOK pacrpeaesns-
€TCSl IO CTEPKHIO MpaKTUYecku paBHOMepHO (puc. 10.17).

Jlist mosmyuenust Tpedyemoro 3¢ pexra oT BHITECHEHUS
TOKa MIyOuMHYy Taza JenaroT npubiusutenbHo B 10 pas
Oonbiie mupuHbl. [loaTOMYy nBUraTENM TaKOM KOHCTPYK-
MU Ha3bIBAIOTCS 271yO0KonasHuimMu. 1 1yOuHy MOXKHO He-
CKOJIbKO YMEHBIIIUTh, €CITU BMECTO MPSIMOM (popMbI Taza
UCIIOJIb30BaTh TpalelUeuaIbHyI0 WIH «OYyTHUIOYHYIO»
(puc. 10.18, a). B aToM ciaydae cONMpOTUBIECHUE BEpXHEU

Puc. 10.18 YacTH CTEP>KHS YBEJIIMYMBAETCA TAKXK€ 3a CUET yMEHbIIIe-
HUS CEUCHMUS.

MaxkcuManbHbI 3QPEKT OT BHITECHEHHUS TOKA JOCTUTAETCA B JABUTATEISIX C
0801IHOU «benuybell K1emKkoti». B BepxHell 4acTu ma3a TakuX JBUraTeleu pacro-
JararoT MyCKOBYIO KOPOTKO3aMKHYTYI0 OOMOTKY, a B HUXKHEN — pabouyto. Ilycko-
Basg OOMOTKa M3rOTaBJIMBAETCS W3 JIATYHU WIU OpPOH3BI — MaTepUaoB, 00Jagaro-
IIMX OTHOCUTEIBHO BBICOKMM YEIbHBIM COMPOTUBIECHUEM, a paboyasi — U3 MEJIH.
Kpome Toro, nuamerp crepHel mycKoBOM OOMOTKH JI€NIal0T MEHbIIIE, 4YeM pado-
yeit (puc. 10.18, 6 u 6). Takum 00pa3om, B JIBHUTaTelsIX C JBOMHOW «Oemnubei
KJIETKOM» MCHOJB3YIOT HE TOJIBKO d(PPEKT BHITECHEHUS TOKA, HO U KOHCTPYKTHUB-
HbIE PEIIEHUs], YBEJIUYUBAIOLINE COMPOTUBIECHUE MyCKOBOM oOMOTKU. [lpu mycke
MOTOKOCIIEIIJICHHE IMyCKOBOM OOMOTKH HE3HAYMTEIBHO, a pabodas oOMOTKa CIIEII-
JSI€TCS C CUJIBHBIM MarHUTHBIM MoJieM. B pe3ynbTaTe MpakTU4eCKU BECh TOK BBI-
TECHSETCA B IYCKOBYIO OOMOTKY. IIo mepe pasroHa TOK HEpeXoAHMT B pabodyro
0OMOTKY, a B IyCKOBOM — CHMKaercs. [loMMMO yMeHbIIEHHS] WHIYKTUBHOIO CO-
NPOTUBJIEHUS padoueil OOMOTKH IOCJE pa3roHa, MepepacrpeieieHUI0 TOKa CIo-
COOCTBYET TaKXe TO, YTO €€ CONMPOTUBJIICHUE CYIIECTBEHHO MEHbBIIIE 3a CUET pa3-
Mepa U MaTepuaia CTEPKHEH.

[TyckoBOI1 MOMEHT JIBUrateseil ¢ ABOMHON «Oennybeil KJIETKON» 3HAYUTEIbHO
BBIIIIE, YeM Yy OOBIUHBIX JABUTATENICH, U HECKOJIBKO BBIIIE, YEM Yy TIyOOKOIMa3HBIX
neurateneil. OJHaKO CTOMMOCTb TaKUX JIBUTATENEH CYIIECTBEHHO OOJIbIIIE.

ACHHXPOHHBIE KOPOTKO3aMKHYTBIE JBUTATEIN MOIIHOCTHIO MPUOIUZUTEITHHO
1o 50 kBT 3amyckaroTcst mpsIMbIM BKJIFOYEHHEM B ceTh. JJid mycka 0oJiee MOUTHBIX
JBUTATEIIEH UCTIONB3YIOT Pa3JIMYHYIO IIyCKOBYIO anmnaparypy.

OnHako MpH YacThIX MyCKax MPsIMOE BKIIFOYEHUE CTAHOBUTCS HEBO3MOMKHBIM
13-3a [eperpeBa JIBUraTesisl MyCKOBbIMM TOKaMH. B 3TOM cily4yae UCMOIb3YyIOT JBH-
raTeny ¢ a3HbIM POTOPOM.

B nens ¢dazapix 00MOTOK poTOpa Yepe3 KOHTAKTHBIE KOJIbIla BKIIIOYAIOT 100a-
BOYHOE CONPOTUBICHUE R, , paspenéunoe Ha cexuuu (puc. 10.19, a). Bennunna

COIIPOTUBIIEHUS LENH POTOPAa ACUHXPOHHOIO [BUIaTeNsl ONPEAENSACT 3HAUYEHUE
KPUTHUYECKOTO CKOJIBXKeHHs. Uem OoJbIle COpOTUBIICHHUE, TEM OOJBIIE KPUTHYE-
CKO€ CKOJIB)KEHUE M IIyCKOBOM MOMEHT. IlyCk IpOM3BOAUTCS IIPU Pa3OMKHYTHIX
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KOHTAaKTax KIIo4Yen
S, n S,. BennunHa

100aBOYHOTO  CO-
OPOTUBIIEHUS  IIpU
3TOM MAaKCHUMaJbHa
U JIBUraTelb Pa3BH-
BAa€T MOMEHT, COOT-
BETCTBYIOLIMHA TOY-
K€ a Ha MeXaHWuye-
CKOW  XapakTepH-
ctuke [ puc. 10.19,
0. Ilo mepe yBenu-
YeHUS CKOPOCTH
BpalieHus: paboyasi Touka MepeMeniaeTcsl Mo XapakTepucTuke / U Mpu MOMEHTE,
COOTBETCTBYIOIIEM TOYKE b, KOHTAKThI S, 3aMBIKAIOTCS, LIYHTUPYS 4acTh 100a-

Puc. 10.19

BOYHOr0 conpoTuBieHus. IIpy HOBOM 3HaueHUMM J00aBOYHOIO COMPOTUBIICHUS
MEXaHWYECKasl XapaKTEPUCTUKA JIBUTATENSI COOTBETCTBYET KPUBOM 2, IOITOMY pa-
0oYas TOUKa CKaYKOM MEPEMEIIAETCS B TOUKY € HAa 3TOM XapaKTEPUCTHKE U JIBUTa-
TeJb MPOJOJKAET Pa3roH O TeX MOp, MOKa B TOUKE d HE MPOU30UIET 3aMbIKaHUE
KOHTaKkTOB S,. KOHTaKkThl S, MOJHOCTBIO LIYHTHPYIOT 100aBOYHOE COIPOTHUBIIE-

HUE, 3aMbIKasi OOMOTKH pOTOpa HAKOPOTKO. JIBuUraTenb mepexoauT B TOUKY e Ha
€CTECTBEHHON MEXaHUYECKON XapakTEepUCTUKE 3 W pa3roHseTcs Mo Hel 0 pado-
4ell TOYKH f COOTBETCTBYIOIIEH MOMEHTY Harpy3ku Ha Baiy M .

JBurarenu ¢ (azHbIM POTOPOM MO3BOJISIOT MPOU3BECTH IMYCK C OTPaHUYEHU-
€M TOKa U C MAKCUMAaJIbHBIM IyCKOBBIM MOMEHTOM. OIHAKO MPU ITOM MPOUCXOJAT
3HAYUTENIbHBIC TIOTEPU SHEPTUU B J0OABOUYHOM colpoTuBieHun. Kpome toro, stu
JIBUTATEIIM CYIIECTBCHHO JOPOXKE JBUTATEIEH C KOPOTKO3aMKHYTHIM POTOPOM.
[ToaTOMYy MX HCIOJB3YIOT TOJIBKO MPHU HAIMYUK JOCTATOYHBIX OCHOBaHWU. B mo-
ciemaHee BpeMs 00J1acTh MX MPUMEHECHHS 3HAYUTEIBLHO COKPATUIIACh B CBSI3M IIIH-
POKHM PACIPOCTPAHCHUEM IOJTYIPOBOJHUKOBBIX YCTPOMCTB «MATKOT0» ITyCKa,
MO3BOJISIIOIIUX PEATN30BaTh ONTUMAIIBHBIE PEKUMBI B PUBOJE C KOPOTKO3AMKHY-
TBIM JIBUTATEIICM.

Bonpocwt ons camonposepku

1. Kakue mpoOneMbl MOTYT BO3HHUKATh MPU MyCKE aCUHXPOHHOTO JBUTa-
Tens?

2. UTo Takoe BHITECHEHHUE TOKA B CTEPKHAX «OCIMUbEH KICTKI»?

3. Kak ucrnonbp3yercs siBIICHUE BBITECHEHMSI TOKA JJIsl YIYUIIEHUS ITyCKO-
BBIX CBOMCTB JIBUTaTENCii?

4. Yem oTnnuaroTcs riryO0KOIa3HbIe ABUTATEIN OT ABUTATENCH C IBOMHOM

«OemMYben KJIIETKOIN»?
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5. [Toyuemy mycKkOBOW MOMEHT ABUTATENEH ¢ TBOMHOU «Oemudybed KIeT-
KOI» BBIIIE MTyCKOBOTO MOMEHTA ITyOOKOIa3HbIX IBUTATENICH ?

6. Kakue gBurarenn MOXHO 3aIyCKaTh MPSIMBIM BKJIFOYEHHEM B CETh?

7. Kakoil npuHIMI UCTIONB3YyETCA MPU MyCKe BUrateseil ¢ (hasHpIM poTo-
pom?

8. Kak peanusyercs myck asurateneit ¢ pazHbiM poTopom?

10.10. Pezynupoeanue ckopocmu epawieHus

B03MOXHOCTh peryiaupoBaHus CKOPOCTH BpAIICHHS ABUTATENEH SBISAETCS
BXHEHIITUM TpeOOBAaHWEM COBPEMEHHBIX TEXHOJOTUYECKUX MPOIECCOB. DTO CBS-
3aHO CO CHUKEHUEM DHEPronoTpeOIeHUs U ¢ TOBBIIICHUEM KauecTBa MPOIyKIIUH,
KOTOPOTO 4acTO HEBO3MOKHO JOCTHYb B IMPOILECCAX C HEPEryJIUpyeMbIMH Mapa-
MEeTpaMH JIBIKCHUS (TIOJIO)KEHHEM, CKOPOCTHIO BpAIEHUS, YTJIOBBIM W/WIIA JIH-
HEWHBIM YCKOPEHUEM). ACHHXPOHHBIE JBUTATEIM B COYETAHHH C COBPEMEHHOMU
arnmapatypou yrpaBJieHUs] YJOBJIETBOPSIOT OOJBITUHCTBY TPEOOBAHUM, MPEbSIB-
JSIEMBIX HE TOJIBKO K MPHUBOJAM BBICOKOTEXHOJIOTUYHOTO 000pYyAOBaHUs, HO U K
MPOCTHIM YCTAHOBKAM, B KOTOPBIX JOCTATOYHO CPOPMHUPOBAThH OJMH-/IBA PEKUMA C
MOCTOSTHHOM CKOPOCTBIO BpaIlleHUsI.

W3 ypaBHeHus Mmexanndeckoit xapakrepuctuku (10.25) cnenyer, uro npu 3a-
JTAHHOM MOMEHTE Ha BajJy CKOPOCTbIO BpalIeHUs, T.€. CKOJBXKEHUEM S, MOXKHO
YIPAaBIATh U3MEHEHUEM YHUCIIA [1ap MAarHUTHBIX MOJIIOCOB p, HanpsbkeHus U, gac-

TOTBl ®, W, y ABUTaTese ¢ Gpa3sHbIM POTOPOM, U3MEHEHHEM COIIPOTHUBIICHUS LIEH
poropa R, .

C A B C 10.10.1. Pecynuposarnue usmeneHuem

A B C A B
Yucia nap Noacos
DTOT cnocob SBISETCS CaMbIM MpPO-
Y

CTBIM U 3((HEKTUBHBIM CIIOCOOOM MOITyYe-
HUS HECKOJIbKUX (DUKCUPOBAHHBIX 3Haye-
HUU CKOpoCTH BparmieHus. J[jis 3Toro Ha-
yajla ¥ KOHIBI KaTylIeuHbIX rpymnm (as-
HbIX OOMOTOK BBIBOASTCSI Ha KJIEMMBI
ry A IIUTKA JABUTATENS U NPHU NEPEKITIOUCHUU
n CXEMBbl UX COCIMHEHUSI U3MEHSIETCSl YUCIIO
y rap MOJIFOCOB MATHUTHOTO TOJISL.
Ha puc. 10.20 nmoka3zanbl BO3MOYKHbIE
CXEMbl COEIUHEHUSI 0OMOTOK JIBYXCKOpPO-
CTHOTO JBUTATENsl U TOJydyaeMble Mexa-
A HUYECKue xapaktepuctuku. IIpu mnepe-
KJIIOUEHUH OOMOTOK C ABOMHOM 3Be31bl VY
Ha OJWHApHYI Y CKOpPOCTh BpaIllCHUS
YMEHBIIIAETCSI BJABOE C COXPAaHEHUEM Be-

0 M JUYUHBI MaKCUMalIbHOrO MomeHTa. Eciu
Puc. 10.20
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0OMOTKH TPU MEPEKIIOUEHUH COCIUHSIOTCS TPEYTOJIbHUKOM A, TO MaKCUMAaJIbHBIN
MOMEHT BO3pAacCTaeT MPUOIU3UTEIBHO BIBOE U COXPAHSETCS MOCTOSHHBIM MPOU3-
BEJICHUE MAKCUMAaJIbBHOTO MOMEHTa Ha CKOPOCTh BpAIllEHUs, T.€. MOIIHOCTBb. [lo-
ATOMY CXeMa IepekiaoueHus YY/Y Ha3bIBaeTCs CXeMOM MEPEKIIOUCHHS C MOCTOSH-
HBIM MOMEHTOM, a cXema YY/A — cXeMo# MepeKITIOUeHUs C TTOCTOSHHONW MOIITHO-
CTBIO.

Kpome nByXCKOPOCTHBIX ABHUIaTeNI€ll M3rOTABIUBAIOTCA TAKXKE TPEX W UYETHI-
péxckopocTtHble. JlJisi moyiydeHus TpEX M 4YETHIpEX CTymneHed Tpelyercs Oosee
CJIOXHasi 0OMOTKa. DTU IBUTATENH IIPU TOU K€ MOUTHOCTH UMEIOT XY/IINE MacCo-
rabapuTHbIE MOKa3aTesid U OOJIBIIYI0 CTOMMOCTb. JIUCKPETHOCTh peryJupoBaHUs
SBIIIETCSI HEJJOCTATKOM ATOTO CIoco0a, OJHAKO IS 1IeJIOTO psfa 3a7ad TUIaBHOE
peryaupoBaHre He TpeOyeTcs U B 3TOM CIIy4ae OH MOXKET ObITh ONTHUMAaIbHBIM
TEXHUYECKUM perienneM. Hampumep, nepeximrodeHrne oOMOTOK JBUTATENsT 4acTo
WCIIOJIB3YETCSl B IPUBOJIE CTAHKOB JJIsI YMEHBIICHHS YHCIIA CTYIIEHEN W YHIpOIle-
HUSI MEXAHUYECKOM Mepeaadyu; B MPUBOAAX BEHTWISATOPOB U HACOCOB IS YIIPaB-
JICHUS UX MPOU3BOIUTEIHHOCTHIO; B TOAbEMHO-TPAHCTIOPTHOM 000Dy I0BAHHH.

10.10.2. Pecynuposariue noHuiceHuem HanpaiceHus NUmaHusl

OOBIYHO ATOT CHOCOO peanu3yeTcsi ¢ MOMOUIBI0 MOJYIPOBOJHUKOBBIX HM-
nyJbCHBIX peryisitopoB HanpspkeHust (PH na puc. 10.21, a). Ilpu ymeHnbienuu
HaIpPsDKEHUST YMEHBIIAETCS MaKCUMaJIbHBII MOMEHT JBUTATEIsl C COXPaHCHUEM
3HAUYEHUsI KPUTUYECKOTO cKobkeHus (puc. 10.21, 6). B cnydyae mocTossHHOTO MO-
MEHTa Harpy3Ku Ha Bajly ABMrarens M  CKOPOCTb IIPU 3TOM OyAET TaKKe yMEHb-

1aThCsl

Henocratkamu sto-
ro crnoco0a ymnpaBieHHs
SIBJSIIOTCS: 1) ymeHblie-
HUE NIEPErPY304YHOM CIIO-
COOHOCTH JIBUTATEINS TIPU
CHIKEHHHM HaIpSKEHUS
BIUIOTh IO BO3MOKHOTO
«OTPOKUIBIBAHUSLY;  2)
CUJIBHO  OTPAHWYECHHBIN
JMara3oH  peryjaupoBa-

Husa 0<s< Syp» BCICHCT-

Puc. 10.21 BHE YETO €r0 MPUMEHSIOT

C JIBUraTeyiiMU CIICIH-

aJIbHOTO HCMOJHEHHS C TOBBIILICHHBIM KPUTUYECKUM CKOJbXKEHUEM; 3) 3Hauu-

TEJIbHBIC TEIJIOBBIE MOTEPH B POTOPE BCIEACTBHE OONBIINX 3HAYEHUN CKOJIBXKE-

Hus. Beé 910 nmenaer cmocod peryaupoBaHMs MOHMKEHUEM HaIpsHKEHUST Manod(d-

(GEKTHBHBIM TIPU JTUTEIIBHOM PEXKHUME PabOThI, HO JUIsl KPAaTKOBPEMEHHOTO CHHU-
YKEHUSI CKOPOCTH MAIIUH MaJOil MOIITHOCTH OH MOKET MPUMEHSITHCS.

S, | U=const &
PH U,=var ¢

Al

0

a)
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10.10.3. Pecynuposanue uzmeneruem conpomusieHus ueni pomopa

NHuaue 3TOT cioco0 Ha3bIBAE€TCSl PEOCTATHBIM PETYJIUPOBAHUEM U MPUMEHSIET-
Csl TOJIBKO ISl ABUTATENel ¢ (pa3HbIM POTOpPOM. YBEIMYECHHUE 100AaBOYHBIX COMpPO-
THBJICHUK R, , BKIIOYEHHBIX B HenH (Ga3Heix 00MOTOK poropa (puc. 10.22, a),

OPUBOJNUT K YBEJIMYEHHUIO KPUTHUECKOIO CKOJBXKEHHUS MPHU COXPAHEHUU MAaKCHU-
MajJbHOTO  MOMEHTa
pa3BUBAaEMOI0 JBUTIa-
tenem (puc. 10.22, 6).
B pesynbrare cko-
pOCTb BpalleHUs JIBU-
rateiisl yMEHbIIAeTC .

10T croco0
CBSI3aH C OOJBIIMMHU
TEIJIOBBIMH  ITOTEPSI-
MH B peoctatax R,

ALl

MO3TOMY HE MOXKET

MPUMEHSITHCS npu

Puc. 10.22 JUIUTENIbHOM  paboTe.

Kpome TOTO, c

YMEHBIIIEHUEM CKOPOCTH YMEHBIIAETCS )KECTKOCTh MEXAHUYECKUX XapaKTEPUCTHK.

HemocTtaTkoM peocTaTHOrO pEryJMpOBAHUS SIBIIETCS TAKKE 3aBUCHUMOCTh

Jara3oHa peryJMpoBaHUs OT BEIMYUHBI HATPy304YHOTO MOMeHTa. C yMEHbIIIEHHU-

€M Harpy3Kd Ha Bajy Juarna3oH yMeHblnaercs (puc. 10.22, 6) Tak, 4To MpU pexu-

Max OJU3KUX K XOJIOCTOMY XOAY PETyJIUPOBaHUE CKOPOCTH CTAHOBUTCS MpaKTHYe-
CKH HEBO3MOKHBIM.

a)

10.10.4. Pecynuposanue uzmeHeHuem 4acmomsl nUmanus (4acmommuoe pecy-
Juposanue)

B nacrosiee BpeMsi 3TOT cioco0 SIBISETCS caMbiM pacnpocTpaH€HHbIM. OH
obecrieurBaeT BBITMIOJIHEHUE TPEOOBAaHUN TMPEIBABISIEMBIX K IOJABIISIONIEMY
OOJIBIIMHCTBY MPUBOJIOB BHICOKOTO U CPEHEr0 KauecTBa B JMarma3oHe MOITHOCTEN
OT JECATKOB BATT JIO JCCATKOB METaBaTT.

YacToTHOE peryJIMpoBaHUE PEAU3yeTCS C MOMOIIBIO MOJYIPOBOIHUKOBBIX
npeobpazoBateneit yactorsl (ITH Ha puc. 10.23, @), umeronux aBa KaHajaa yrpas-
JICHHUSI YaCTOTOH §, W aMIUIUTYIOH BHIXOAHOTO HANPSIKEHHS S, . ITO HE0OX0IMMO

JUIsL TOTO, YTOOBI 00ECHeunTh CTAOWIM3alMI0 MAarHUTHOTO TOTOKAa B JBUTaTele,
T.K. OH TIPSIMO TIPOTIOPITMOHANICH BEJIMYMHE HAIPSKEHUS MUTaHUS U 00paTHO MPo-
nopuroHaNeH dactoTe. [1o3ToMy mpu M3MEHEHHHM 4YacTOThl 00S3aTE€IBbHO HYKHO
IPONOPLUHUOHAIIEHO U3MEHATh TaKK€ HAMPSHKEHUE TUTAHMUS.

3aKOH YaCTOTHOTO yIpaBJEHUS, MPU KOTOPOM COOJIIOJAETCS MOCTOSHHOE CO-
OTHOULIEHUE MEX]y HampsbkeHueMm u yactorod U/ f =const siBiasieTcss Hambosee

paCHPOCTpaHéHHBIM. O,IIHaKO Mo MCPC YMCHBIICHUS YaCTOThI YMCHBINACTCA TAKIKC
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MaKCUMAaJIbHBIA  MO-
MEHT JBurarens (puc.
10.23, 6). D10 cBs3a-
HO C YyBEIMYECHUEM
MAJCHUS HANPSIKCHUSA
HAa AaKTUBHOM COIIPO-
TUBJICHUM  OOMOTKH
craropa R, H, Kak

——p| U ~const

=cons
Js Ji=var

—» 114 U,=var

CJICJICTBUE, C YMEHb-

IIIEHUEM MAarHUTHOTO

0 MOTOKA. Y MEHBIIICHUEC

MOMEHTa OTpPaHUYU-

Puc. 10.23 BA€T JWaIa3oH pery-

JIUPOBAHUSL CKOPOCTH

BpalleHusl, T.K. P 3TOM YMEHbBIIIAETCs TepPerpy304yHas CHOCOOHOCTh JBUTATENS U
BO3HUKAET OMACHOCTh €TI0 «OMPOKUIBIBAHUS.

JIJ1 KCKITFOUEHUS 3TOTO SIBJICHUSI HYKHO M3MEHATh HaNPSI)KEHUE HECKOJIBKO B

MHOW MPOMNOPLHM TaK, YTOOBI KOMIIEHCHPOBATh MaJE€HUE HaNpsbkeHus R [,. OTo

a IR-xoMueHcalms

a)

HasbIBaeTCsA [R-xoMmeHcanuen. Mcnonbp3oBanue pexuMa KOMIICHCALUU YBEJIUYU-
BaeT MakCUMaJbHbIH MOMEHT Ha 15...20% u coxpaHseT ero HEeM3MEHHbIM, 00ec-
[eYnBas 3HAYUTEIIBHOE PACIIMPEHUE AUana3OHa PEeryjIupoBaHUsA CKOPOCTH Bpa-
uienus (puc. 10.23, 6).

YacToTHOE perynupoBaHuE IMO3BOJISIET IUIABHO MEHATH CKOPOCTHh BpALICHUS
OT HYJIEBOM 10 HOMHUHaNbHOM 7, . OIHAKO, €CIIM JABUraTellb IO YCIOBHAM DJKC-

TUTyaTaldy JO0MYCKAaeT YBEJIMUYEHHUE CKOPOCTHU BBIIIE 3TOI0 3HAYEHUs, TO Mpeodpa-
30BaTeN YacTOThI 00ECIIEUMBAIOT U TaKOUW pexuM padboTel. [Ipu sToM HanpskeHue
MOJ/IEPKUBAETCS MOCTOSHHBIM U PABHBIM HOMUHAJIbHOMY 3HAYEHUIO, T.K. €T0 yBE-
JMYEHUE HEBO3MOXKHO M3-3a MEperpy3ku u3oisuuu. Beneactsue storo B obdnactu
CKOpPOCTEMN BpAaILCHUS BbIIIE HOMUHAJIbHOW MAarHUTHBIM MOTOK M MAKCHUMAaJbHBIN
MOMEHT YMEHBIIAOTCS O0OpPaTHO MPONOPLHOHAIBHO YBEIUYEHHIO YacTOTHI (pHC.
10.23, 6), a pacnonaraemasi MOIHOCTh JABUTATelsl COXPAHAETCS HAa YPOBHE HOMU-
HaJIbHOM.

CoBpeMeHHbIe MpeoOpazoBaTeNy KOHTPOIUPYIOT TEIUIOBOM PEXUM JIBUTaTe-
75, HE JoMycKas ero mneperpeBa. OnHako JJiS AJUTEIbHONW pabOThI MPU HU3KUX
CKOPOCTSIX BpallleHUsI HEOOXOJIMMO MCIOJIb30BATh ABUTATENN C MPUHYIUTEIBHOM
BEHTUJISILINEN.

MaccorabapuTHbie TOKa3aTeln U CTOMMOCTh Mpeo0pa3zoBaTeneil 4acTOThl CO-
WU3MEPHUMBI C JBUTATESIMH, IO3TOMY ACUHXPOHHBIN MPUBOJ C YaCTOTHBIM YIIPaB-
JIEHWEM B HACTOSLIEE BPEMSI MOJIyYWII IIUPOKOE PACIIPOCTPAHEHUE.

Bonpocwt ons camonposepku
1. Kak peanusyercs W3MEHEHHE CKOPOCTH BpaIlleHUS IEPEKIIOYESHUEM
CXEMBI COEIMHEHUS OOMOTOK?
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2. VYKaxxute TOCTOMHCTBA M HEAOCTATKH PETYJIHPOBAHUS CKOPOCTH Bpa-
IICHUS U3MEHEHUEM HANPSKCHUS TUTAHUS.

3. VYKaxxute TOCTOMHCTBA M HEAOCTATKH PETYJIHUPOBAHUS CKOPOCTH Bpa-
HICHUS] U3MEHEHHEM COIPOTHUBIICHMS B LIENU POTOPA.

4. [loyuemy npy 4aCTOTHOM YNPaBIECHUU HUKE HOMHHAIBHOM CKOPOCTH

BpallleHUus] HY>KHO OJIHOBPEMEHHO PEeryJIMpOBaTh YacTOTy M HampshKe-
HUE TTATAHULI?

5. [ToyeMy mpu 4YaCTOTHOM YIIPABJIEHUU BBIIIE HOMUHAIBHOM CKOPOCTHU
BpAICHUS HY’KHO COXPaHATh HAIPSDKEHHUE MUTAHWSI HOMUHAJIBHBIM ?

6. [Touemy mpu 4YacTOTHOM ympaBieHMH Mo 3akoHy U/ f =const c
YMEHBIIEHUEM YaCTOThl YMEHBILIAETCS MaKCUMaIbHbIA MOMEHT?

7. Kak MOXHO COXpaHHUTh MEpPErpy304YHYI0 CHOCOOHOCTb JBHUTraTeNdsl MpU
4aCTOTHOM YIIPaBJICHUU?

8. VYKa)XuTe NJOCTOMHCTBA U HEAOCTATKU YaCTOTHOI'O PETYJIMPOBAHUS CKO-

POCTHU BpAllICHUA.

10.11. Oonogpaszusvie u ogyxghaznvie acunxponnvle osuzamenu

10.11.1. Oonoghaznvie dguecamenu.

B tex cimydasx, Koraa MOIIHOCTh MEXaHU3Ma HNPUBOAUMOTO B JIBUKEHUE HE-
BEJIMKA WJIA KOTJIA Y TIOJIB30BaTENsI HET TPEX(PA3HOTO UCTOYHHUKA MUTAHUS UCTIOIb-
3YIOT aCHHXPOHHBIE ofHO(a3HbIe ABUTaTeNd. OOBIYHO WX MOITHOCTH HE TMPEBBI-
maet 3...5 kBT u ocHOBHO# 00J1aCThI0O TPUMEHEHUS SIBIISIETCS] OBITOBASI amnmapary-
pa ¥ BJIEKTPOUHCTPYMEHT.

Crarop nBurarenss umeeT oaHO(pa3HyI0 OOMOTKY, @ POTOp KOPOTKO3aMKHY-
TyI0 OOMOTKY THIA «OeINYbs KIETKa», aHAIOTUYHYI0 0OMOTKE TPEX(Pa3HBIX JIBH-
raTesieu.

OnHoda3zHbIil TOK cTaTopa CO37a€T MyIbCUPYIOIIEe MAarHUTHOE MOJie, KOTO-
pO€ MOKHO MPEICTABUTh CYMMOM JIBYX KPYTOBBIX MOJIEH BpalaloOIUXCs B MPOTH-
BOIIOJIO’KHBIE CTOPOHBI. /[y Bpamaromux MoOMeHTOB M. u M _, co3aaBaeMbIX Ka-

KJIBIM I10JIEM, MOKHO IIOCTPOUTh MEXaHWUYECKUE Xapakrepuctuku n(M ), n(M_)
U TIOJTYYUTh PE3YIbTUPYIOIIYI0O MEXaHUYECKYIO XapakTepUCTUKY n(M), cyMMupyst

a0CIMCChl TOUEK XapaKTEPUCTUK OTAEIbHBIX MOMEHTOB (puc. 10.24, a).

ITpu HENoABM>KHOM POTOpE MOJIS MPSIMOTO M OOPATHOTO BpAILEHUS CO3IAI0T
OJIMHAKOBBIE BpALIAIOIINE MOMEHTHI, JEHCTBYIOIKE B MPOTUBOIIOJIOKHBIE CTOPO-
HbI, IO3TOMY ITyCKOBOW MOMEHT OAHO(A3HOrO JBUTATENsl PABEH HYJIIO M CaMo-
CTOATENBHO TaKOM JBUTATENb 3aIlyCTUTHCS HE MOXKET. MexaHnueckas XapakTepu-
CTHKAa €ro CUMMETPUYHAa OTHOCUTEJIbHO Hauyana KOOpJIWHAT U, OyTyuu ImpHUBEnEH-
HBIM BO BpallleHUE B JIFOOOM HaIlpaBJIEHUU, OH pabOTaeT OJIMHAKOBO.

Jlyig co3maHus MyCKOBOTO MOMEHTA HYXKHO YCHJIUTB I0JI€ MIPSIMOTO BpAIllEHUs
¥ OCIIaOUTh MOJIe OOPaTHOTO BpallleHUs. DTO JIeJaeTcs ¢ MOMOIIBI0 OOMOTKH, MOJI-
KJIFOYaeMOM K CETH BO BpeMs IIycKa M Ha3biBaeMoi ImyckoBo# (/70 Ha puc. 10.24,
0). IlyckoBasi 0OMOTKa pacIiojokeHa Ha CTaTOpe U CMelleHa OTHOCUTEIBHO pado-

196



Yeonvyee A.A. Obwaa anekmpomexHuka

n

>::’Q
1

M=M_+M_

.
-~
~,

NN

FOCYARCTBEHHBI YHUBEPCUTET

?
S~

n(M) > o .
DAY,
/+ //h(M+) Sl Sf
{ 7 PO
/// M o .
!
! gHO
a) 0)
Puc. 10.24

yeit PO Ha yron 90°. ®a30BbIil CABUT TOKA ITyCKOBOW OOMOTKH, HEOOXOIUMBIH ISt
dbopMupoBaHUsS KPYrOBOI0O MAarHUTHOTO MOJIsA, MOJIY4YalOT BKIIOUYEHUEM MOCIEI0-
BaTEJIBHO C HEW MyCKOBOro KoHaeHcaropa C.

[Tocne BkmrodeHus: paboueid 0OOMOTKH K CETH MOAKIIOUYAOT MycKoByro. [lpu
ATOM B JIBUTATeNe CO3/1aéTCsl MarHUTHOE ToJie OJM3K0e K KPYrOBOMY, M OH HA4M-
HaeT Pa3roH ¢ MyCKOBBIM MOMEHTOM, COOTBETCTBYIOIIUM TOo4Ke a puc. 10.24, 6. B
TOYKE b OINepaTopoM HIIM CUTHAJIOM KaKOTO-THOO aBTOMATHYECKOI'O0 YCTPOMCTBA
(peme BpeMEHH, TOKOBOTO pelie, IICHTPOOSKHOTO BBIKIIFOYATENS W T.I1.) ITyCKOBas
OTMOTKa OTKJIFOYAETCS, W JABUTATEIb MEPEXOIUT B PEKUM PabOTHI C MYIbCHPYIO-
IITUM IT10JIEM, CO3JIaBaeMbIM paboueli 0OMOTKOM.

bonee mpocTtas KOHCTPYKIMS y 0MHO(DA3HBIX JBUTATENICH C SKPAaHUPOBAHHBI-
MU (pacuieri€HHbIMEU) noftocamu (puc. 10.25). OHM UMEIOT Ha CTaTOPE SIBHO BBI-
paXK€HHbIE TOJIOCHI /, Ha KOTOPBIX pacroiokeHa oOMoTka 2. YacTh KaXa0To Io-
JIOCHOTO HAKOHEUHMKA OXBadeHa (PKpaHUPOBAHA) KOPOTKO3aMKHYTHIM BUTKOM 3,
YJIO’K€HHBIM B Ma3. TOk cTatopa co31aéT B SKpaHUPOBAHHOM U HEAKPAHUPOBAHHOU
YacTSAX TMOJIIOCOB MEPEMEHHbIE MarHUTHBIE MOTOKU. [I0TOK, mpoxonasmuii yepes
SKPAaHUPOBAHHYIO YacTh, HABOJMUT B
BuTke JJIC u B HEM BO3HUKAET TOK,
BO30Y KA COOCTBEHHBIM Mar-
HUTHBIM MOTOK. MAarHuTHBIA MOTOK
KOPOTKO3aMKHYTOTO BHTKa CJBUTaET
¢dazy moroka B dKpaHHPOBAHHOM dac-
TU TIotoca. B pesynbrate moa momto-
COM 00pa3yroTCsl 1Ba MarHUTHBIX TIO-
TOKa, CMEMIEHHBIX 10 ¢aze IPYyr OT-
HOCUTEIIBHO JIpyra U CIBUHYTBHIX B
npocTtpadcTBe. CMmemeHue 3TuxX Io-
TOKOB B MIPOCTPAHCTBE U 1O (pa3e He-
JIOCTATOYHO JiJIsi POpMHUPOBAHUS KPY-
TOBOTO MarHUTHOTO TOJISI, TEM HE Me-

Puc. 10.25
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Hee, B aBurareie cosgaéress Moment M =0,2...0,5M , TOCTaTOYHBIA AJIA ITyC-

Ka JIBUTATeJIs BXOJIOCTYIO.

Koadpdunment momuoctu u KIIJ[ aBurareneii ¢ sxpaHUPOBAaHHBIMU IOJTFOCA-
MU KpailHe HU3KHE, TIOATOMY OHM BBIMYCKAIOTCS Ha MOILIHOCTH JI0 HECKOJIbKUX JIe-
CATKOB BatrT. Hu3kme sHepreTuueckue moka3aTeian XapakTepHbl BOOOIIE I BCEeX
onHodazubix aeurareneit. Kpome toro, onu B 1,5...2,0 paza Gosbliie mo macce u
rabapurtam, 4em TpéxdazHbie JBUTATEIN TON KE MOIITHOCTH.

10.11.2. Jlsyxghazuvie ogueamenu.

JIByx(da3Hble aCHHXPOHHBIE IBUTATEIN OTHOCATCS K KJIACCY MCIOJIHUTENbHBIX
JIBUTATENEeH, MpeIHa3HAYCHHBIX IS pa0OThl B CHCTEMAaX aBTOMATHYECKOTO yIpaB-
aenusi. [loaToMy kK HUM MPEabABISAIOTCS 0cOObIe TpeboBaHus: 1) ycroitunBas pa-
060Ta BO BCEM JIMana3oHe CKOPOCTEN BpallleHUs; 2) MUPOKUNA AUAMA30H PETYIUPO-
BaHUSA CKOPOCTH; 3) ONM3KHE K JUHEHHBIM MEXaHWYECKUE XapaKTePUCTUKH; 4)
OO0JbIIIOE 3HAYEHUE ITYCKOBOTO MOMEHTA; 5) Maliasi MOITHOCTh yIIpaBJieHHUs]; 6) BbI-
COKOE€ OBICTpOJEHCTBHUE; 7) BBICOKas HaAEKHOCTh; 8) Malible radapuThl M BeEC.
DHEpPreTUYecKue XapaKTePUCTUKU ISl UCIIOJHUTEIbHBIX JBUraTelied HE HUMEIOT
CTOJIb CYUIECTBEHHOT'O 3HAYEHMsI, KaK JJid JABUrarejed oOIIero NpuMeHeHus, T.K.
MOIIIHOCTh UX 00bI4HO He Oosiee 500 BatT.

JIByxda3Hble 1BUraTENN UMEIOT HA CTATOPE JBE OOMOTKHU, OCH KOTOPBIX CMe-
mieHsl B npoctpanctse Ha 90°. [Ipu nutanuu oOMOTOK TOKAMH OJMHAKOBOM aM-
IUIUTYABI U CIBUHYTHIMU 1O (pa3e OTHOCHUTENBbHO ApPYT Apyra Ha 90° B nBurarene
BO30Y>KJ1aeTcsl KpyroBoe MarHutHoe mnose. Jlrobas acumMmeTpust muTaHus 0OMOTOK
B BU/JIC Pa3HBIX aMIUTUTY A W/Uin (a30BOr0 CMEIICHUS HAa YToJ, OTIMYAIOIIUNCS OT
90°, NpUBOAUT K UCKAKEHUIO MAarHUTHOTO MOJIsI, U OHO CTAHOBHUTCS JJUIUAINTHYE-
CKUM, T.€. TOSBIIETCS MAarHUTHOE TOJIe ¢ OOpaTHBIM HAINpaBIEHUEM BpaICHUS,
U3MEHSIONIEE pa3BUBAECMbIN JIBUTATENIEM Bpallaroluii MOMEHT. Takum oOpazom,
NyTEM PEryJIUpOBaHUS aMIUTUTY/IbI W/WiK (a30BOTO CIBUrA TOKA OJHOU M3 0OMO-
TOK MO>HO C()OPMHUPOBATH B JBUTaTE]€ MAarHUTHOE IOJIE OT KPYroOBOTO A0 IMYJib-
CUPYIOILIETO U MOIYYUTh BPAIIAOIINI MOMEHT OT MaKCUMAJIbHOTO JIO HYJIEBOTO.

Potop nBuratens mpenctaBiasieT coOOW MONBIA UUIUHAP U3 AITIOMUHUEBOIO
CIUIaBa, UMEIOUIUN OYE€Hb MaJIbIi MOMEHT WHEPIMH U OOJIBIIOE aKTUBHOE COMPO-
TUBJIeHUE. MaJsiblii MOMEHT MHEPLIUU MO3BOJISET MOJTYYUTh BHICOKOE OBICTPOICHUCT-
BUE, a 32 CYET OOJIBIIOTO aKTUBHOTO COMPOTHUBIICHUS POTOpa 00ECIeunBaeTCs BbI-
COKasl JJMHEWHOCTh MEXAHUYECKUX XAPAKTEPUCTUK, T.K. MPU ITOM KPUTHYECKOE
CKOJIB)KEHHE COCTaBIsieT BenuuuHy nopsaka 4,0...5,0 u aBurarens padoraer Ha
Y4aCTKE MEXaHUYECKON XapaKTEPUCTUKHU OJIM3KOM K PEXKHUMY XOJIOCTOrO X0/a, I1ie
HEJIMHEWHOCTh €€ MUHUMAJIbHA.

JIByxda3zHble IBUraTeNM MUTAIOTCS, KaK MPaBUIIO, OT OJHO(pA3HOM ceTH (puc.
10.26). Ogna u3 oOMOTOK, Ha3bpiBaeMass 0OMOTKOM BO30OyxaeHus OB, moakioya-
€TCsl K CETH HEMOCPEICTBEHHO, a BTOpasi, Ha3biBaeMas 0OMOTKOM ympaBieHus OV,
yepe3 peryaupyromee ycrpoictBo. Ha puc. 10.26, @ nokazana cxema BKIIFOUEHUS
IBUTATENS IPU aMIUIMTYIHOM ynpasieHuu. dazocasuraroniee ycrpoiictso @CY
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CcO3/1aéT Ha BXOJIE pEryJisiTopa HampsiKEHUS B BHUJE MOTEHIIMOMETpa (a3oBbIi
casur B 90°. MI3MeHeHHeM MOJIOKEeHUsI IBM)KKA MOTEHIIMOMETpa HaIpsikKeHue 00-
MOTKHU yTPABICHUS MOXHO U3MEHSATh OT HYJS 10 HANPSDKCHHS MUTAHUS OOMOTKHU
B0O30yxeHus. OOBIYHO YISl aHAIKM3a MPOIECCOB MPU AMIUIUTYAHOM YTPaBICHUU
MCIIONB3YIOT ~ MOHATHE Kod(@uumenra curHama O0<a=U, /U, <1,0, rme

OB —

Uy U,y — HanmpsbkeHHs: OOMOTKH yIpaBICHUsS M OOMOTKH BO3OyxaeHus. llpu

o =0 mMarHuTHOe 1oJsie B ABUraTesne OyJeT MyabCUPYIOIUM, a Ipu oL =1 — KpyTo-

BBIM.
I I
dCY = DB
C Ug
OB OB OB
B)

O oy O oy 5('03/
a) 6)
Puc. 10.26

Ha puc. 10.26, ¢ mokazaHa cxeMa BKIIOYEHHs JBUTATeNss HpuU (Ha30BOM
yhnpaBiIeHUH. 3/1eCh 0OMOTKa yIpaBleHUs MOJKIIOYEHa K CETH yepe3 (pa3oBpara-
Teib @B, ynpaBisieMblil CUTHAIOM uj;. Pa30BOe CMCILICHHE HANPSDKCHUS HA BBIXO-

ne (pazoBpalarenss MOXKET U3MEHATbCS OT HyJd A0 90°, u3MeHssl XapakTep Mmar-
HUTHOTO TOJIsI OT MYJIbCUPYIOUIETo 10 Kpyrosoro. I[Ipu aHanuse mpoueccoB B J1BU-
raresie ¢ (ha30BbIM yIpaBJICHUEM B KauecTBE KO3(PUIIMEHTA CUTHAJA UCTIOIb3YIOT
sinf3, rme B — yroa casura ¢a3 Mexay HalpsHKeHUsIMU 0OMOTOK BO30YKICHUS U

ynpasinenus. [Ipu sinf3 =0 marHuTHOe mojie B ABHraTene OyJIeT MyJIbCHPYIOIINM,
atnpu sinf3 =1 — KpyroBbIM.
dazocaBuraromiee ycTporucTBo U (ha3oB-

% pamiartenab SBIASIOTCS  JIOBOJBHO — CIOKHBIMH
1.0 2 ‘ SIIEMEHTaMH CHCTEMBI YIPABIICHUS J[BHrare-
Lo neM. Yacto 3amady (a3oBOro CMEIIEHUS pe-

0.8 a=0.8 IIAFOT MMPOCTHIM BKJIFOUYCHHEM KOHJEHCATOpa B
0,6 AN 1enb 00MOTKU Bo30yxaeHus (puc. 10.26, 6). B
0.4 \&‘207\6\ \ 3TOM CIydae MPH M3MEHEHUH HAIPsHKEHHS 00-
’ a=0,4 \\ MOTKH yMPaBJICHHUS W HATPY3KU JBUTATEISI Me-
0,2 o= 2\‘\ HSeTCsl Takke (ha30BbI CABUT MEXIy Hamps-
N & n KeHUsIMH 0OMOTOK. Takoe yrpaBjeHHe Hasbl-

0 0204 06 08 107, BAETCS aMILTUTYAHO-(Pa30BbIM.
N3 Tpéx pacCMOTpPEHHBIX CIOCOOOB HaH-

Puc. 10.27
Jy4lINe XapaKTepUCTUKU oOecrieunBaeT (azo-
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Boe ymnpasiieHue. OJHAKO HM3-3a CIOXHOCTH peaju3allid OHO NPAKTUYECKU HE
npumensiercs. U3 AByX Apyrux cnocoOO0B JIYUIIUM SIBJSETCS aMIUIUTYAHOE YIIpaB-
JIEHUE, Peain3yeMOe BBIITYCKAEMbIMUA MPOMBIIIIEHHOCTHIO YCUIUTENSIMHU. Tunuy-
HbIE MEXaHUYECKUE XAPAKTEPUCTUKHU B OTHOCUTEIbHBIX €AUHUIAX IS aMILTUTY I~
HOTro croco0a nmokaszansl Ha puc. 10.27. OHU UMEIOT XOPOILYIO JTUHEHHOCTH U JBU-
ratelib Mpy aMIUIUTYAHOM YIIPaBJICHUU yAOBIETBOPSIET OOJBIIMHCTBY TpeOOBaHUM
K MOJAOOHBIM YCTPOMCTBaM.

Bonpocwer ona camonpoeepku

1. Kak yctpoen ogHoda3Hblii aCHHXPOHHBIN IBUTATEIh?

2. Kakxoe marautHoe nosnie opmupyercsi B ogHo(pazHom apuraresne?

3. Kak coznaéres Bpamaronuii MOMEHT B OAHO(a3HOM ABUTaTene?

4. Kak 3amyckaerca oqHoda3Hblil ABUTaTENb?

5. Kak ycTpoeH nBurareib ¢ 3KpaHUPOBAHHBIMU (PACUIEIIEHHBIMU) TO-
mocamu?

6. VYKaxkute 10CTOMHCTBA, HEJOCTATKU U 001aCTh MPUMEHEHUIO 0JIHO(a3-
HBIX JIBUTaTEJICH.

7. VYkaxxure TpeOOBaHMs, NPEIbABISEMbIE K HCIOJIHUTEbHBIM JBUTaTE-
asam?

8. Kak ycrpoeH nByx¢ha3Hbli UCIIOJHUTENbHBIN ABUTATEINh?

9. Kakue cymiecTByOT crnocoObl yrpaBieHUsi ABYX(a3HbIMU HCIIOJIHU-

TEJIbHBIMHU JIBUTATEIIAMU ?
10. Kakoii BUJ UMEIOT MEXaHMYECKHE XapaKTePUCTUKHU JBYX(Ha3HOTO HC-
MOJIHUTEIBHOTO JBUTATENS IPY aMILIUTYTHOM yIIPaBJIE€HUU?

11. CHHXpOHHBbIE€ MAIIIMHBI

CHUHXpOHHBIMU HA3bIBAIOTCSI OECKOJUIEKTOPHBIC JIEKTPUUECKUE MAIIUHBI Tie-
PEMEHHOT0 TOKAa, Y KOTOPBIX CKOPOCTh BPAILEHUs POTOPA paBHA CKOPOCTH Bpallie-
HUSI MarHUTHOTO TIOJISI, T.€. TIOJIE U POTOP BpalaroTcsi CUHXPOHHO. CUHXPOHHBIC
MaIllUHbI, B OTJUYUE OT aCHHXPOHHBIX, MPEUMYIIIECTBEHHO MPEICTABICHBI B KJlac-
ce reHepatopoB. [IpakTudecku BCs JIEKTPUUECKAS] SHEPTHUSL MPOMBIIIIEHHBIM CII0-
coO0OM BbIpabaThIBAE€TCA C MOMOUIBI0O CHUHXPOHHBIX TeHepaTropoB. OHHM Takke
OUYEHb YACTO MCMOJB3YIOTCS B aBTOHOMHBIX HMCTOYHHMKAX MUTAHUS MEPEMEHHOTO
Toka. CUHXpOHHBIE JBUTATENIM UCTIOJIB3YIOTCS TaM, TIe TpeOyeTcs: CTPOro mocro-
sIHHasE CKOPOCTh BpainieHus. Kak npaBuiio, 3T0 MOIIHbIE TPUBOABI B METAJLTYPIH-
YECKON U TOPHO00BIBAIOIIEH MPOMBIILIEHHOCTH, TPUBOIBI HACOCOB U KOMITPEC-
COpPOB MarucTpayibHbIX He(dTe- U ra3omnpoBoa0B. OHAKO B MOCIEIHEE BPEMS B CO-
YETaHUU C TIONYMPOBOJHUKOBBIMU TIPEOOPA30BATEISIMU YaCTOThI OHU YCIEITHO
NPUMEHSIIOTCS B BBICOKOKAUE€CTBEHHBIX MPUOOPHBIX MPUBOJAX MAJIOW U CcpeaHen
MOITHOCTH C IIMPOKUM JUANIa30HOM PETYIUPOBAHUS CKOPOCTH BpPAILICHHUS.

OdyeHb BaKHBIM CBOMCTBOM CHHXPOHHBIX MAIIIUH SIBJISIETCS MX CIIOCOOHOCTh
paboTaTh MpHU TOKE, omepexaromeM o (asze HanpsLKeHHue, T.€. TeHEpUpoBaTh pe-
AKTUBHYIO MOIIIHOCTh, KOMIICHCUPYS €€ MoTpelseHrne IPyruMU MallluHaAMU U YC-
TaHOBKaMH, MUTAIOUTAMHUCS OT TOU e CETH.
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11.1. Yempoiicmeo u npunyun oeiicmeus

Crartop CHHXPOHHOM MalIMHBI AHAJOTHYEH MO YCTPOHCTBY CTATOPY AaCHH-
XpPOHHOTO JBUratens. PoTop mpeacraBiisieT cO0O0il 3JIEKTPOMAarHUT MOCTOSTHHOIO
ToKka. OH MOXET MMETh SBHO BbIpakeHHbIe MONtOCHl (puc. 11.1, a) win HesaBHO
BbIpaxkeHHbIe (puc. 11.1, 6). PoTop ¢ SIBHO BbIpa)kK€HHBIMH HOJIOCAMU UCIOJIB3YIOT
B TUXOXOJIHBIX MAallIMHAX, & C HEABHO BBIPAKEHHBIMU — B OBICTPOXOAHBIX, T.K. IPU
OOJBIINX CKOPOCTSIX BpallleHUsl TPYIHO 0OECIEUUTh JOCTaTOUYHYIO IPOYHOCTD SIB-
HOTIOJIFOCHON KOHCTPYKLIMU U, KPOME TOTr0, OHa CO3JaéT OOJbIINE BEHTUJISIIUOH-
Hble noTepu. Ha mostockl / ycTaHaBIMBAIOT KaTyHIIKM OOMOTKH 2, KOTOpasl uyepe3

KOHTaKTHbIE
KOJbIla 3 u
CKOJIB3AIIUE IO
HUM IuéTKI/fk
MOJAKJII0YaeTCs K
UCTOYHUKY  TIO-
CTOSIHHOTO TOKa.
IIporekaromuii B
00OMOTKE TOK
BO30YXIaeT Mar-

Puc. 11.1 HHUTHOE II0JIE PO-

TOpa,  IHO3TOMY

3Ta 0OMOTKA HA3BIBACTCS 0OMOMKOLU 8030)cOeHus. B HESBHOMOMIOCHBIX POTOPaxX

0OMOTKY BO3OYKICHHS YKIAABIBAIOT B 1a3bl CEPACUYHMKA AHAIOTHYHO OOMOTKE
(ba3HBIX POTOPOB ACHHXPOHHBIX JBUTATEIECH.

[Tpu moaxmoueHnn OOMOTKHM BO30YXKIACHHS K MCTOYHHKY NMUTAHUS U Bpalle-
HUW pOTOpPA € YIJII0BOM 4acTOTOM {2 €ro MarHUTHBIA NOTOK IEPECEKAET POBOIHHU-
KM OOMOTKM CTaTopa M HaBOAMT B HUX cuHycouaanpHyro DJIC c aeicTByromum
3HaueHueM E, =4,44 pQk w®d,, , TIe p — 4UACIIO Iap NOJCOB MArHUTHOTO IIOJIS;

Om>

k,; — 0OMOTOUHBINH KO3((UIUEHT; W — YUCIO BUTKOB (azHOU oOMoTKH; D, —

aMIUTMTYJ]Ja MarHUTHOTO TIOTOKa poTopa. Pa3zHpie 0OOMOTKM CMEIIEHBI IO OTHOIIIE-
HUIO K JIpyT apyry Ha 120°, mosromy HaBoaumbie IJIC 00pa3yroT CUMMETPUYHYTO
TpEx(a3HyIO CUCTEMY.

M3meHeHneM Toka OOMOTKH BO30Y>KICHHUSI MOYKHO PEryJIUPOBATh aMIUTUTYIY
MarHuTHOro 1nortoka poropa @, u unaynupyemyro um IJC. 3aBucumocts DC
OT BEIWYUHBI TOKa BO30YXKJIEHHUS NPH HOMUHAIHHOM YacTOTE BPAIICHHS POTO-
paFE, = f(I,) Ha3bBacTCsa xapakmepucmukou xonrocmozo xooa (puc. 11.2). Ilpu
NOCTOSIHHOU ckopoctu BpauieHus DJIC E,, NMHEWHO 3aBHCHUT OT BEJIMYMHBI Mar-
HUTHOTO NoToka @, MOITOMY XapaKTEpUCTUKA XOJIOCTOrO X0Ja MoA00Ha KpUBOil

HamarHuuuBaHus mammHbel @, = f(/ ). KacarenpHas k kpuBoit @, = f(/,) B

* .
H a pucynke 11.1 mérku He noka3zaHbl
ok
Ha pucynke 11.1, 6 o6MoTKa He mOKa3aHa
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TOYKE Hayaja KOOPAHMHAT IPEICTaBISAET COOOM 3aBUCHMMOCTb BEJIIMYHMHBI IOTOKA
£l @, ot ToKa [, HEOOXOAUMOTO JIsl IIPOBEE-
0 0

HUS 9TOrO MOTOKa 4epes 3a3op — @, = (1) .

a b/ ¢ OTtpe3ok bc, paBHBIA PA3HOCTH aOCITUCC KPHU-
BOo HamarHuuuBanus D, = f(/,) u Kkaca-

TesibHOU D, = f(I5), COOTBETCTBYET TOKY

(MJC), HeoOxoauMoMy JJIsi IPOBEJCHUSI TI0-
Toka @, 1o (¢eppoOMarHUTHBIM Yy4YacTKam

MAarHUTHOM Henu mamuvHbl. Ha HavanbHOM
y4acTKE€ KpUBOM HaMarHMYMBAHUST MarHUTO-
MpoBoJT HeHacklleH U Bech Tok (MJIC) pac-
B XOJYETCS Ha MPOBEACHHUE OTOKA YEPE3 3a30p.
Puc. 11.2 ITo mepe HackhlieHHs BCE Ooublasg 4YacTh TO-
Ka TpeOyeTcs UIsl TPOBEACHHS MOTOKA 4Yepe3
MarHuTonpoBo. CTerneHb HACBIIICHUS! MAIIMHBI XapaKTEPU3YyETCs] OTHOILIEHHEM
k,=ac/ab,
Ha3bIBAEMbIM KO3 uyuenmom nacviyerus. OObBIYHO ATOT KOIPPUIIUEHT HAXO-
ourTes B mpeaenax k, =1,2...1,4.

B coBpemMeHHBIX MalllMHaX MAJIOW U CpeAHEN MOLIHOCTA MarHUTHOE I10JI€ PO-
TOpa 4acTo BO30y>KIaeTcs MOCTOSIHHbIMM MarHuTamu. Takoil cnocod Bo30yxze-
HUS, B OTJIMYME OT AJIEKTPOMArHUTHOIO, HAa3bIBAIOT MACHUMOIIEKMPUUECKUM 803~
OyorcOenueM.

ITpu noaxnrOYEHNUU CTATOpa CUHXPOHHOW MAallMHBI K CETU B HEM BO30YKIa-
eTcs KpyroBoe MarHUTHOE I10Jie, Bpalllarolieecs ¢ YriloBoi dyacTotol Q, =w,/p.

[Ipenmnonoxxkum, 4To POTOP KAKUM-TUOO CHOCOOOM pa3orHaH 1O 3TOM YacCTOTHI
BpauieHus. Torjga MarHUTHBIE TMOJIOCH TOJIEM CTatopa U pOTOpa COBMECTSTCA U

)
Vi
\& F/

Puc. 11.3
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OynyT Bpamarbcsi cMHXpOHHO (puc. 11.3, a). Eciu k poropy npuiioXuTh Bpa-
LA MOMEHT M, NEUCTBYIOIIMK B HAIPaBICHUU BPAILECHUS, TO MEXKIY OCS-

MU MarHUTHBIX IIOJIEH BO3HUKHET paccoriacoanue 9. (puc. 11.3, 6). U3menurcs

daza DJ1C, HaBoIUMOIi TI0JIEM pOTOpa B OOMOTKaX CTaTopa, YTO MPUBEIET K U3MeE-
HEHUIO (pa3HBIX TOKOB U K MOSIBJICHUIO BPAILLAIOIIEr0 MOMEHTA, MPETSITCTBYIOIIETO
paccoriacoBaHUiO, T.€. TOPMO3HOI'O MOMEHTAa. Eciau AeHCTBYIOIIMN HAa pPOTOpP
BHELIHUI BpAILalOIIMi MOMEHT COXPAHSIET CBOIO BEJIMYUHY, TO OH Oy/JeT ypaBHO-
BEIIEH TOPMO3HBIM MOMEHTOM U pOTOp OyAET Bpalarbcsi C NOCTOSTHHBIM OIEpe-
KaromuMm cMenieHneM 3,. [Ipu 3ToM MexaHHuecKasi SHeprusi BHELIHEro JBUraTe-

JIs1, BpAIAroIIero poTop, OyaeT mpeoOpa3oBhIBATHCA B JCKTPUUECKYIO U Tepesa-
BaThCS B CE€Th, MUTAIOILYIO (Pa3HbIE OOMOTKH.
B cirydae neiicTBrsI Ha pOTOp TOPMO3HOIO MOMeHTa M | KapTHHA W3MEHHTCS

Ha NPOTHBONOIOKHYH. [Tosie poTopa cMecTUTCS Ha yron 3, B CTOPOHY 3ama3/ibl-

BaHus (puc. 11.3, ) u a3Hbie Toku OyayT cO3/1aBaTh MOMEHT, Pa3rOHSIONIUN PO-
top. [Ipu 3TOM crarop Oyner noTpedaTh U3 MUTAIOIIEH CeTH MOIHOCTH, HE00XO-
JUMYIO NIl YPaBHOBEUIMBAHUS TOPMO3HOIO MOMEHTA, JEHCTBYIOLIErO Ha pOTOp,
T.€. CHHXpOHHAs MallliHa OyAeT padoTaTh B peKUME JABUTATEIIS.

Takum oOpazom, mepexoj] OT pexuMa reHeparopa K peKUMy ABUTATENs B
CUHXPOHHOM MaIllMHE TIPOUCXOJIUT TIPU HEU3MEHHON CKOPOCTH BpAIEHUS B 3aBU-
CHUMOCTH OT XapakTepa BO3JAeHCTBHS Ha €€ Baji. [Ipu 3TOM Bpalaromuili MOMEHT,
CO37aBaeMbIii TOKAaMHU CTaTOpa, MOKHO PAacCMaTpUBaTh KaK pe3ybTaT JCUCTBUS
CWJI TIPUTSDKEHUS MEXKIY TOJIFOCAaMH MAarHUTHBIX TOJICH, 0Opa3yroIuX YIPYTYIO
CBSA3b MEXJIY POTOPOM U oJjieM craropa (puc. 11.3).

Ecnun porop Bparaercs ¢ yriioBoi yactotoi Q, =,/ p, rae o, =2nf, — yr-
JIOBasi 4acTOTa CETH, TO MArHUTHBINA MOTOK pOTOpa HABOJIUT B (ha3ax craropa cH-
HycouaanbHyto DJC

e,=—d¥,/dt & E,=—jo,¥, (11.1)
B ycranoBuBmemMcs pexkume 31a DJIC MOYTH MOJHOCTHIO YPaBHOBEIIMBAST Ha-
npspbkeHue nuranua £, =~ U, nosromy e€ HaselBaroT npomueo-I3/C.

das3Hble TOKH OOMOTKH CTaTOpa TAaK)Ke CO3JAl0T MarHUTHOE I0JIe, BpaIllaio-
ieecs CUHXPOHHO ¢ moJyieM poropa. O6a monist 00pa3yroT eIuHOE I0JIe MalIUHBbI,
HO IIPYU aHAJIMU3€ 3JEKTPOMArHUTHBIX MPOLIECCOB YJIOOHEE paccMaTpHUBaTh UX Kak
otnenbHble nois. [lose ctaTopa Ha3bIBaeTCA MOJIEM PEAKLUU KOS, a €r0 BIUSHUE
Ha oOl1ee 1oje MalluHbl — peaxkyuet skops. [Ipenedperas HaChIILIEHUEM MarHUTO-
IPOBOJa MAIIUHBI, MOXHO BBIPa3UTh MNOTOKOCLEIJIEHUE PEAKIUU SKOpS Kak
Y, =L, ,rne L, =~const — MHAYKTUBHOCTB NMOTOKA peakuuu sxkops. Torma 9/1C,
HABOJMMas ’TUM TIOTOKOM B 0OMOTKe cTatopa OyJeT paBHa

e,=—d¥ /dt=-L,di/dt & E,=—jo,L 1, =—jX I,. (11.2)

[Tomumo mons peakiuuu siIKOpst (pazHble TOKU CO3JAIOT MOTOKH PacCEesHUs,

CLETUISIONINECS C KaXKI0M M3 00MOTOK M Hapojasmume B Hux DJI1C
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e,=—d¥Y /dt=-L_ di/dt & E =—jo L. I, =-jX_I,. (11.3)

PaccmoTpum BiusiHME peaklMM SIKOpsT HA MAarHUTHBIA MMOTOK MAlIWHBI Ha
IprMepe aBTOHOMHOT'O CHMHXPOHHOT'O Te€HepaTopa, paboTaromiero Ha pa3jindHbIe
BUibl Harpy3ku — L, RL, R, RC u C (puc. 11.4). Jlng 3TOro ucnonab3yem Mnpeacra-
JIEHUE MarHUTHBIX
MOTOKOB, TOKa CTaTO-
pa i, nu OJIC moroka
poropa e, B KOM-
MJIEKCHOM dbopwme.
YToObl M3NUIIHE HE
YCIOXHSTh  aHAINU3
npeHeopexéM moTe-
psIMU SHEpPruM B 00-
MOTKE cTaropa u Io-
TOKOM PacCEestHUSI.

IIpy wWHAYKTUB-
HOM Harpyske TOK
cratopa [, oOTCTaér

no ¢aze or /C E,

Ha 90° U MOTOK peak-
uuu axopa ©, =L, 1,

HaIIPaBJICH BCTPEYHO MO OTHOUIEHUIO K MOTOKY portopa D,. [loatomMy OH ymeHb-
maet oot notok G = P, + @, , pazmMarHuurBas MalIuHy.

B cilyyae aKTMBHO-MHIYKTMBHOM HAarpy3kW MOTOK PEAKIHHU SIKOPS MOYKHO
IIPEICTaBUTh IIPOEKIUAMU HA OCh MOTOKAa poropa D, u HA OCh NEPIEHAUKYIIAP-

Hyto eMmy. [lepBas cocraBistonas noroka peakuuu ® , HazpiBaeTCs IPOJOJIBHOM,
a ropas @, — monepe4ynoi. [IpogonpHas cocTaBistoONas HANPABICHA BCTPEYHO

IIOTOKY pOTOpa M pa3MarHU4YMBAeT MAIIWHY, a IONEpeYHask CMEIIAET PE3yJIbTH-
pYIOLIMH MOTOK, UCKaxkas mosie. OHO ocnalmisercs MoA OJHMM KpaeM IONIoca U
YCHWIMBAETCS IOJ APYTUMM, OJAHAKO YCWJICHHE IIOJI BCJICICTBHE HACBIIICHUS Mar-
HUTOIPOBOJA HE KOMIIEHCUPYET €0 OCIA0IECHUs U B IIEJIOM 3a CUET UCKAKCHHUS
IIOTOK TaK)KE€ YMEHBUIACTCH.

IIpy 4MCTO aKTUBHOM HArpy3Kd MarHMTHOE I10JIE MalIMHBI CMELIAETCS U, B
KOHEYHOM CUeTe, 0caalseTcs 3a CUET UCKAKEHMSL.

IIpy aKTMBHO-EMKOCTHOM HArpy3Ke MarHUTHOE I0JI€ YCHUIMBACTCS MPOLOJIb-
HOM COCTaBJIAIOLIEH MOTOKA peakuuu Axops D, ,, COBIAJArOLIEH 110 HAIIPABICHUIO

C MOTOKOM pOTOpa, U OCJIadyAeTcs 3a CYET CMEILEHUs, BBI3BAHHOIO JIEHCTBUEM
nornepedHoi cocrapisrorieid O, . KOHEUHbIN pe3ynbTar BIHSHUS PEAKIUH SKOPS

Ha MAaronuTHOC I10JIC B JaHHOM CJIy4acC 3aBUCUT OT KOHKPCTHBIX 3HAQUCHUM BEJIMUMH.
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YucTo EMKOCTHAsI HArpy3Ka BBI3BIBAECT YCUJIEHUE MArHUTHOIO NOJISI MAILIUHBIL,
HO OHO HE MPONOPLUOHAIBHO 3HAYEHUIO TOKA, T.K. ’TOMY INPEIMATCTBYET HACHIILIE-
HUE€ MarHUTOIIPOBOJA.

B nenom peakuus skops HEOJAromnpusTHO BIUSAET Ha pabOTy CUHXPOHHOM
MalIUHBI U JUIsI YMEHBIIECHNS 9TOTO BIWSHUS YBEJIMUMBAOT BO3MYLIHBIA 3a30p Me-
Iy CTaTOPOM U POTOPOM.

Bonpocwi 0ns camonposepku

7.
8.
9.
10.

1.
12.

13.

14.

15.

16.

[Jaiite onpeaeneHne CMHXPOHHOW MaIlluHbI?

VYkaxxure 00J1aCTH TPUMEHEHHUSI CHHXPOHHBIX MaIlTUH.

Yro npencrapiser co60l poTOpP CHHXPOHHOW MalTUHBI?

Kakoe MaruutHoe Bo30ymaeTcsi 0OMOTKOM pacIoyioKeHHOW Ha pOTO-
pe?

UTo Takoe XapaKTEPUCTUKA XOJIOCTOTO X0/1a CHHXPOHHOUN MalIUHBI?
Kak mo xapakTepHCTHKE XOJIOCTOrO XOJia ONpeAeiuTh KO3PQPUUUEHT
HACBIILICHUSA?

Kak cMeleHsl Moatochkl poTopa CHHXPOHHOM MaIIuHBI MO0 OTHOIIECHUIO
K MOJI0CaM MarHUTHOIO MOJIsl CTaTOpa B peKUME reHepaTtopa (JIBurare-
ns1)?

UYrto Takoe npotuBo-21C ?

Kak Bnuser xapakrep Harpy3ku aBTOHOMHOT'O CUHXPOHHOT'O I'€HEpaTo-
pa Ha MarHUTHOE T0JI€ MAIIUHBI?

Kak yMeHbIIIatOT BIUSIHUE PEAKLIMU SIKOPSI B CAHXPOHHOW MaIlIuHE?

11.2. Ypaenenue Hanpax;ceHuil 0OMOmMKU cmamopa u 6eKMOPHAA Oud-

zpamma

Cxemy 3amenieHus (pa3pl cTaTOpa CUHXPOHHOW MAIIMHBI ¢ y4€TOM BCEX pac-
CMOTPEHHBIX SIBJICHUN MOXHO IPEACTaBUTH B BuAE puc. 11.5, a. IlonoxurensHoe
HaIIPaBJICHUE TOKA B CXEME YKa3aHO I peKMMa reHeparopa. Torga mo BTopoMy
3akoHy Kupxroda

R £ L Ry X5 JX, R, X,
o— Y Y o— Y —

UT@@ T T
U 5D ul ED ul* 2@

o o
a) 0) B)
Puc. 11.5
U+RIL=E+E,+E,, (11.4)

rae R, — akTUBHOE CONPOTHUBIICHUE (Pa3HON OOMOTKHU.

I[J'IS[ peKrMa ABUT'ATCIIA HAIIPABJICHUEC TOKaA 6YI[CT IMPOTHUBOITIOJIOKHBIM

Ql_Rlilzﬁs—i_Ea-'—EO) (115)
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C yuérom (11.2) u (11.3) cxemy 3amemienust u ypaBHenus (11.4) u (11.5)
MO>KHO TIpeoOpa3oBaTh

Uy=Ey+(RIL+jX 1+ jX,[)=E £+ L,| R+ j(X,+ X,)], (11.6)

I'JI€ TTOJIOKUTENBHBIN 3HAK COOTBETCTBYET JIBUTATEILHOMY PEXKHUMY PAOOTHI.
NunykTuBHBIE  COIPO-
TUBJIEHUS paccesHus X u

chll

peakuuu sSKopss X, MOXHO
oobemuante X =X_+X,.
DTO CONPOTHUBJICHUE HA3bI-
BAaCTCA  CUHXPDOHHBLIM  CO-

/' NpOmMueieHueMm. OO0b1yHO
4\1 R, < X, modToMy ypaBHE-

/ Hue (11.6) u cxemy 3ame-
/ IICHUS MOXKHO YIIPOCTUTH

I U=EytjX .
(11.7)
BexrtopHble  auarpam-
MBI, COOTBETCTBYIOILIHE

ypaBHenusim (11.7), mnoka-

§)  3aHBI Ha pHC. 11.6.
BekTopHasg auarpamMma
TE€HEPaTOPHOI0 pexuma
(puc. 11.6, 6) mocTpoeHa sl aKTUBHO-UHIYKTUBHOU Harpy3ku. Tok I, oTcTaér mo

Puc.11.6

(asze oT HanpskeHusa cetu U, Ha yroia ¢, a BEKTOP HalpsKEHHUs HA CUHXPOHHOM
conporuBinenun jX /I, onepexaer BekTop Toka Ha 90°. Cymma BekTopoB U, u
jX. 1, paBHa Bekropy O/IC noroka poropa E,. Yron & mexay Bekropamu U, u
E, HaswBaercs yenrom nacpysxu. B renepatropHom pexume DJC E, Bceraa ore-
pexaer U, .

[Ipn n3MeHeHnH 3HaKa BpPAIIAIOIIETO MOMEHTA, JIEMCTBYIOLIErO HA BAJ CHH-
XPOHHOHM MalllUHbI, OHAa NMEPEXOAUT B JIBUTaTEIbHBIN pexuM padoTel. [Ipu 3ToM

MEHSIETCS 3HaK yria Harpy3kd. Ecim oTcyér yria npousBoauTs OoT BekTopa J1C
E,, To OH CTaHOBUTCS IOJIOKUTENbHBIM. BekTopHas nuarpaMma, COOTBETCTBYIO-

masi ABUraTeIbHOMY PEKHUMY, CTPOUTCS COBEPUIEHHO aHAJOTUYHO AUArpaMmme Tre-
HepaTopHOro pexkuma (puc. 11.6, a.).

11.3. Paboma cunxponnozo zenepamopa Ha A6MOHOMHYI0 HAZPY3KY

CHHXpOHHBIE T'€HEPATOPBI YACTO MCIOJIb3YIOTCS KaK ajJbTePHATUBHBIE UCTOY-
HUKW TTUTAHUS B CUCTEMax OecriepeOONHOTO AIEeKTPOCHAOKEHNS, TNOO KaK OCHOB-
HbIE€ UICTOYHUKHU TaM, IJI¢ OTCYTCTBYET IPOMBIIIJICHHAS 3JIEKTPUYECKasl CETh.
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Hamnpsbxkenue Ha BbIXOJIe aBTOHOMHOTO CUHXPOHHOT'O T'€HEepaTopa CUJILHO 3a-
BHUCHUT OT BEJIMUMHBI U XapaKTepa MOJKIIOYEHHON HATPY3KHU.
3aBucuMocTh U(/) mpu MOCTOSITHHOM CKOPOCTH BpAIllEeHUs pOTOpa, TOKE 00-

MOTKHU BO30YXKIeHUS 1 KOd(h(DHUIIHEHTe MOIIIHOCTH HArPy3KU HA3bIBACTCS GHeuiHell

Xapaxkmepucmukou TeHepaTopa.

Puc. 11.7

[Ipu axktuBHOM ((=0) U aKTUBHO-
UHAYKTUBHON Harpy3ke (¢ >0) HanpsskeHue
reHeparopa C YBEIUYEHHUEM TOKa OBICTPO
YMEHBIIAETCS. OJTO CBA3AHO C pa3MarHu4u-
BAIOLIMUM JEHUCTBUEM peakuuu sikops. IIpu ak-
TUBHO-EMKOCTHOUW Harpy3ke (¢ <0) Hampsbke-
HUE MOXKET JIa’ke BO3pacTarh, YTO OOBACHAETCS
HaMarHM4MBAIOIUM JIEUCTBHEM PEAKLUU SKO-
;8

Bbixo/iHOE HanpsKeHHe aBTOHOMHOIO re-
HEpaTopa MOXHO PEryJIupoBaTh WM CTaOWIH-
3UpOBaTh MyTEM YMPABICHUS TOKOM BO30YXK-
neHus. Ha mpakTuke 3TO 4acTo AENAarT C MO-

MOIIIbI0 UMITYJIbCHOT'O PEJICHHOr0 peryasaropa, MoAKII0YaIonero 0OMOTKy Bo30y-
KIEHUA K HCTOYHHMKY MUTAHUS MPU CHUKEHUU HANPSKEHUS HUKE 3aJaHHOTO
YPOBHS U OTKITFOUAOUIETO €€ IMPU MPEBBILICHUH 3TOTO YPOBHS.

Bonpocul ona camonposepku

[louemy B ypaBHEHHHU 3JEKTPUYECKOTO COCTOSIHHSA CTaTOpa CHUHXPOH-
HOMl MallMHbl WHIYKTUBHBIE CONPOTHBIIEHUS PACCESIHUS M PEaKUuu
AKOpS MOXXHO OOBEIMHUTH B CyMMapHO€ CHHXPOHHOE HHIYKTHBHOE
CONPOTHUBJICHUE?

Yro Takoe BHEUIHSS XapaKTEPUCTUKA CUHXPOHHOTO renepaTopa’?

Yem 0OBsicHsIETCS yBeNMYeHHE (YMEHbILIECHUE) HAIpPSOKEHUS MpPHU yBe-
JUYEHUH TOKa Ha BBIXOJAE TI'eHepaTropa NpH aKTHUBHO-EMKOCTHOM (aK-
TUBHO-UHyKTUBHOW) Harpyske?

Kak MOXHO cTaOMIM3UMPOBAaTh BBIXOJAHOE HAINpPSKEHHE AaBTOHOMHOI'O
CUHXPOHHOT0 reHeparopa’?

l.

11.4. Mowgnocms u epawiarouiuit MOMeHmM CUHXPOHHOU MAULUHDBL
AKTHBHAsl MOIIIHOCTbh, MOTpeOIIsieMas CHHXPOHHOW MAaIlIMHOW W3 CETH PaBHA
B =mU,l,cos¢, rae m — uucio ¢a3 craropa. 13 BeKkTOpHONU IuarpaMmsl puc.

11.6, a caenyer, uro U, cos@=E,cosy =m,-ad, Tae m, — MaclITaOHbII KO3(-

¢uuuent. Otcrona B =mkE l,cosy. B To ke Bpems, U3 NPSMOYTOJIBHBIX Tpe-

yronpHUkoB Oac u abc — m,-ac=U;sin8=X_I[ cosy = [, cosy =

U,sin3

C

[ToxcraBiisist 3TO BhIpakeHHUE B POPMYITY MOIIIHOCTH, TIOTYIUM
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mEyU,

B = sin S . (11.8)

C
Ecnn npeneOpedub OTHOCUTENBHO MajbIMHU NOTEPSIMH SHEPIMU B OOMOTKE U
CEpACUHMKE CTaTOpa, TO BCsA MOTpediisieMas akTUBHAs MOILHOCTh OyneT nepena-
BaTbCSl MATHUTHBIM I10JIEM M3 CTATOPa B pOTOP U NIPEOOPA30BBIBATHCS B MEXaHUYeE-
ckyto sHepruro B =P, =MQ, =M®,/ p. Orciona Bpalamomumi MOMEHT, CO3/a-
BAEMbIM CUHXPOHHOU MaIIMHOU
M ="PEY G b sing. (11.9)

O)1)(0

3aBucumocth M (3) HaszwIBaeTCs yenosou xapakmepucmukotu (puc. 11.8, a), a

yroa 3 — yenom Haepysxku. YTIoBasi XapakTEpPUCTHKA MPEICTaBISET cOOOM CUHY-
COMAY, MOJIOKUTEIbHBIE 3HAYEHUSI KOTOPOM COOTBETCTBYIOT JIBUTATEIbHOMY pe-
KUMY PabOThl MAIIMHBI, & OTPUIATEIBHBIE — TEHEPATOPHOMY, TIPH YCIOBUH, YTO
yroia orcuuTsiBaercs ot Bekropa O/C E, .

VYyactok cuHycouabl B pefenax —n/2 <9 < m/2 coOOTBETCTBYET yCTONUYUBOMN
pabote mamuHbl. [Ipu pabore Ha yCTOWYMBOM Y4YacTKE yBEJIMUYEHHE TOPMO3HOIO
MOMeHTa M, IEHCTBYIOIIErO Ha BaJl MAIUHBL, IPUBOAUT K YBEIMUYEHUIO yIila § U

BO3PACTAHUIO BPAILAKOLIEr0O MOMEHTAa M 10 TeX MOp, IOKAa OH HE CTAHET PABHBIM
TOPMO3HOMY. B pe3ynbTaTe yCTaHaBIMBAETCs HOBOE PABHOBECHOE COCTOSHHE
M=M_, c nHo-
BBIM 3HAaYEHUEM
yrjla Harpy3kH.
Ha mHeycroiun-
BOM Yy4YacTKe IpHu
BO3pACTaHUU YT-
na Harpy3Kku
BpaIarOIINI
MOMEHT MalIUuHBI
YMEHBIIIAETCH,
4YTO TIPUBOAUT K
emé OombIIEeMy
YBEIIMYEHUIO YT-
Ja 0 TeX Mop, MoKa padodasi TOUKa Ha yriIOBOW XapaKTEPUCTUKE HE CMECTUTCS Ha
YCTOMYHMBBIN y4YaCTOK WJIM, B XyJLIEM CIyd4ae, pOTOP BBIMAET U3 CUHXPOHU3MA U
OCTaHOBUTCS. BbIxo/ («BBhIMaJACHUE») U3 CUHXPOHU3MA SIBJISIETCSI aBAPUUHBIM pe-
AKUMOM, TIO3TOMY HPUBOJABI C CHHXPOHHBIMU JBUTATEISIMUA MTPOCKTUPYIOTCS TAKUM
oOpa3oM, 4TOObI HOMUHAJIBHBI MOMEHT HArpy3KH HE TMPEBBINIAN MOJIOBUHBI OT
MaKCHUMAJIBHOTO, T.€. YTOOBI yroJl Harpy3ku Obu1 B mipeAenax —30° <9 <30°.

reHepaTop

-
S
\
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MaxkcumanbHbIi MOMEHT, pa3BUBAaEMbII CUHXPOHHOW  MAalMHOWU
_ mpEU,

max . , oTpenensieT e€ neperpy304Hyro CrnocOOHOCTh WIIM 3arac yCTOM-
1

C

YUBOCTU. B OT/iIMUME OT aCHHXPOHHOrO JBUTaTeNsl, MAKCUMaJIbHBIII MOMEHT KOTO-
pOTO MPOMOPLUUOHANIEH KBaJpaTy HANpsHKEHUs MUTAHUS, 31€Ch 3Ta 3aBUCHUMOCTD
TOJILKO B MEPBOIl CTENEHH, MIO3TOMY CHUHXPOHHAs MallllHa ropas3io 0osee yCcTou-
yiuBa K KojeOaHWsIM HampspkeHus ceTtu. Kpome Toro, MakCHMaJIbHBIH MOMEHT
MOXHO HECKOJBbKO yBennuuTh 3a cuér DJC E,, ecnu yBeIU4UTh TOK OOMOTKH

BO30OYXKJICHUS.

CkopocThb BpallleHus] CHHXPOHHON MamuHel #n, =60 f,/ p He 3aBUCUT OT Ha-
IPY3KH U pexnuMa pabOThl U ONpeAeseTcs TOIbKO YacToToi cetu f,. IloaTomy
MEXaHMYeCcKasi XapaKTepUCTUKA MPEICTABIIIET COOOM OTPE30K MPSIMOM JIMHUY, I1a-

paienbHbIi ocu MoMeHTa (puc. 11.8, 6). OH orpaHuyYeH B ABUTAaTEIbHOM U T'€He-
PaTOPHOM PEXKMMaxX MAaKCHMMAJbHbIM MOMeHTOM M . . Mexanudeckas Xapakre-
PUCTHKA CHHXPOHHOM MAIIMHBI HE UMEET TOUYKHU MEPECEUEHUS C OCBIO BpaLIaKoIIle-
ro MOMEHTa. JTO O03HAYaE€T, YTO MPU HEMOJABUKHOM POTOPE CUHXPOHHBIN JIBUTa-
T€Jb HE PAa3BHBAET IIyCKOBOIO MOMEHTA M IO3TOMY CAMOCTOSITENIBHO NPUWUTH BO
BpAIllEHUE HE MOKET.

Bonpocw 0ns camonposepku

1. YTo Takoe yrioBas XapakTepUCTHKAa CHHXPOHHON MallWHbI?

2. YKaXuTe OUara3oH YIriOB HArpy3kKh COOTBETCTBYIOIIMKA YCTOMYMBOM
paboTe CHHXPOHHOU MaIIUHBI C BO30YKIEHHBIM POTOPOM.

3. Kak MOXHO BO3AE€HCTBOBAaTh HA BEJIMYMHY MAKCUMAJIBHOI'O MOMEHTA
CUHXPOHHOW MalIuHbI?

4. Yro npencraBusieT coO0M MEXaHUYECKasi XapaKTEPUCTHKA CUHXPOHHOM
MaIIIMHBI U KaK OHA CBSI3aHA C YIJIOBOUW XapaKTEPUCTUKON?

5. KakuMm foikeH ObITh HAarpy304HbIA MOMEHT CUHXPOHHOTO JBUIATENs,
YTOOBI UCKIIFOYUTH BBIXOJ] U3 CUHXPOHU3MA?

6. [ToyeMy CHMHXpOHHBIN JABUTATEh MEHEE UYBCTBUTENEH K KOJEOaAHUSIM

HaIpsKEHUS CETU?

11.5. Ilyck cunxponnozo oéuzamens

HeB0o3MOXXHOCTh 3amycka CHHXPOHHOTO JBUTaTeisi COOCTBEHHBIM Bpallaro-
UM MOMEHTOM OOBSICHSIETCSI TEM, YTO B ACHHXPOHHOM pPEXKUME, T.€. KOrJa poTop
U MarHUTHOE II0JIE CTaTOpa BPAllalOTCA C Pa3HbIMU CKOPOCTSIMH, Bpalllarolui
MOMEHT  [JBUTaTelisd  SBJISIETCS  CHUHYCOMAAIbHOM  (PyHKUMEH  BpeMeHHU
=504 = M=M_, sin(so). 3a BpeMs IOJOKUTEIbHON IOJIyBOJIHBI JIBUTA-

TE€JIb CO3a€T MOMEHT, Pa3rOHSIOIINUMN POTOP, 4 32 BpEMs OTPULIATEIIbHON — PAaBHBIN
€My TOpMO3HOUW MOMEHT. [lo3TOoMy, eciii MOMEHT MHEPLUU POTOpA U IIPUCOEIHU-
HEHHBIX K HEMY BpAILAIOIIHAXCS MAacC HE IO3BOJISAET Pa3orHaTh pOTOP 10 CUHXPOH-
HOM CKOPOCTU B TEUEHHUE IOJIOKUTEIIBHON I1OYBOJIHBI BPALAIOIIETO MOMEHTA, TO
NycK He mpou3oiaér. s co3qaHus yCIOBUM CUHXPOHHU3ALUU HEOOXOIUMO YBe-
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JUYUTH JTUTEILHOCTD MOJ0XUTEIBHOM MOTYBOJIHBI MOMEHTA, YTOOBI POTOP YyCIIel
pa3orHaThCsl U BOUTH B CHHXPOHU3M. DTO MOXXHO cJieiaTh MO0 MOHU3UB YACTOTY
BPALICHUs MArHUTHOTO MOJS ), JIMOO pa3orHaB poOTOp A0 CKOPOCTH OJIM3KOM K

cuHXpoHHOU (s — 0). IlepBbIii BapUaHT COOTBETCTBYET 3allyCKy IBUTATENsS MPU
NUTAaHUU OT TPeoOpa3oBaTeNsl YaCTOTHl, @ BTOPOM — HamboJiee 4acTO BCTpEYaro-
HIeMycsl T.H. ACUHXPOHHOMY NYCKY

Jnss  acMHXpPOHHOTO

o) mycKa B TOJIOCHBIE Ha-
@) O o O KOHEUHHUKHU poTopa (puc.
11.9, a) ycranaBnuBaroT

a) 0)

KOPOTKO3aMKHYTYIO 00-
Puc. 11.9 MoTKy (puc. 11.9, 6),
AHAJIOTUYHYIO OOMOTKE
aCUHXPOHHOTO JBurarens. [Ipu moakitoueHun cTaToOpHOM OOMOTKH K CETH JBUTa-
TEJIb PA3TOHACTCA KAK ACUHXPOHHBIM JO CKOPOCTH, OTIUYAIOLIEUCS OT CUHXPOH-
HOW Ha HECKOJIbKO NMpo1eHTOoB. [locie 3Toro BkitoyaeTcst 0OMoTKa BO30YXKACHUS U
pPOTOpP BXOIUT B CUHXPOHU3M. [Ipy CMHXPOHHOM BpaIllEHUH TOK B KOPOTKO3aMK-
HYTOI OOMOTKE paBeH HYJIO M OHAa HE OKa3blBA€T HUKAKOTO BIUSHHUS Ha padoTy
JBATATENsl B CTAaTHYECKOM pexume. [Ipy wW3MeHeHuM Harpy3Ku JBHTaTENs
KOPOTKO3aMKHyTasi 0OMOTKa CO37aéT MOMEHT, CHOCOOCTBYIOLIUI IOJABIICHUIO
BO3HUKAIOUIUX KOJeOaHu poTopa.

YcenemHsbli aCUHXPOHHBIN ITYCK BO3MOXEH IPU BBIIIOJIHEHUU OIPEACIEHHBIX
ycnoBui. Hanmnume TOpMO3HOr0O MOMEHTa Ha Bajly JBHUTATeNsl 3aTPyAHSET IYCK,
T.K. IIPU 3TOM COKpAlIaeTCs MHTEPBAJI BPEMEHH, B TEYEHUE KOTOPOTO JIBUTATEIb
Pa3rOHSET POTOP, & TAK)KE CHIUIKACTCSA aMILIUTY1a UMITYJIbCa MOMEHTA, CO34Ar01Ie-
ro yckopenue. Ha puc. 11.10, a 3amTpuxoBaHHas 4acTb COOTBETCTBYET TOMY MM-
IyJIbCY. 3J€Ch XOPOILIO BUAHO, YTO YBEJIMYEHHE MOMEHTA HAarpy3ku YMEHBIIAET
HHEPIHI0, COOOLIAEMYIO POTOPY HPU PA3TOHE.

M n
M(1)
M. ]
N7
U, 3, 9
0
a)
Puc. 11.10
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OnpenenuTs yClIOBUE MTyCKa MOKHO U3 YPAaBHEHHUS IBUKEHUS pOTOpa

Jd—QszaX sin3—-M_,
dt

KOTOpOE€ YMHOXEHUEM Ha dJ mpeobpasyeTcs K BULy
2
—J;)—ld(sz) — (M, sin9—M,)d9.
p

JleBas yacTp mpeacTaBisgeT co00il SHEPTHUIO, NIepelaBaeMyl0 POTOPY MPH JIEMEH-
TapHOM M3MEHEHHH CKOJIbKEHUS dS, a MpaBas — YHEPIHIO MEPEIaBaEMyI0 pOTOPY
CUHXPOHM3HUPYIOIUM MOMEHTOM (M (t) — M ) Ipu 371€eMEHTapHOM U3MEHEHHUHU YI-

na Harpy3ku d9. Ilonaras, 4ro sHeprus, nepegaHHas poTOpy B MHTEpBaJE U3Me-
HEHMS yria Harpy3ku oT 3; A0 $, B TOYHOCTH PaBHA 3HEPTUH, HEOOXOAUMOM AJIs

€r0 pasroHa OT CKOJBXKEHHUS S, IO BXOXKICHUSA B CUHXPOHU3M, IIPOUHTErPUPYEM
IPaBYIO YacTh YPaBHEHHMs B IIPE/IEIaX dTUX YIJIOB, a JIEBYIO OT S, 10 HYJIS.

B pe3ynbTaTe MHTErpUpOBAaHMS M MPEOOPA30BAHMM PELIEHUS MOJIYYHM YCJIO-
BHE BXOXKJCHHUS IBUTATENS] B CHHXPOHU3M

®
5, <2u—2 (11.10)
@
2
m, —m
roe p=1- %; m.=M_/M_. <1,0 — OTHOCUTEIIbHOE 3HAYEHUE TOPMO3-

HOT'O MOMEHTA; M, =+/pM . /J — yrioBas 4acToTa COOCTBEHHBIX KOJeOaHUil po-

TOpa, T.€. 4aCTOTa CBOOOJHBIX KOJEOAHUI pOTOpa MPHU BBIBOJIE €TO U3 MOJIOKEHUS
pPaBHOBECHSI; ®; — YIJIOBasi YACTOTA IIUTAIOIIEH CETH.

N3 Beipaxkenus (11.10) cremyeT, 4TO CUHXPOHHBINA JABUTATEIh MOXKET CaMO-
CTOATEIBHO BOMTHU B CHHXPOHU3M, ecii s, =2 1,0 = o, <2pwm,. IIpu nycke Ha xo-

nocToM xoay (1 =1) ycrmoBue camo3alrycka IPUHAMAET BUI O, < 20, .

B nponecce mycka paboyasi Touka Ha KpUBOW ACHHXPOHHOI'O MOMEHTA IyCKO-
BOM KOPOTKO3aMKHYTOW OOMOTKHM MO Mepe pa3roHa nepemeniaercs ot a kK b (puc.
11.10, 6). Touka b HaxoauTCs Ha TpaHMLe 00JacTU CUHXpoHU3auuu n, = (1-s.)n,
U 3/1€Ch IPOMCXOIUT OBICTPBIM, MeHee 4eM 3a ¢, < (n—2arcsinm,)/(2pw,), nepe-
X0 B CUHXPOHHBIN pexkuM (Touka c puc. 11.10, 6). Eciniu TopMo3Hoit MoMeHT M
Oyner Oonblle aCHHXPOHHOTO MOMEHTA Ha IPaHUIle 00JaCTH CUHXpOHM3auuu M,
TO BXOXKJEHUE B CHHXPOHHM3M HE MPOMU30HAET, U JBUrareiab OyleT BpalaThCs Ha
IIOJCUHXPOHHOU CKOPOCTU. B aCMHXpOHHBIM pEXUM IBUIaTENb NEPEUIET TAKKE
IpU YBEIMYECHUH TOPMO3HOTO MOMEHTa 110 3HadeHus M =M . (touka d puc.

11.10, 6).

Bonpocwi 0ns camonposepku
1. [ToueMy CHHXpPOHHBIN IBUTATEIIb HE MOYKET CAMOCTOSITEIIbHO MPUNTH B
IBIDKEHUE?

max
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2 UT0 Takoe aCHHXPOHHBIN IyCK CHHXPOHHOTO JBUTATENSA?

3 OT 4ero 3aBUCHT yCIIOBUE BXOXKIECHUS IBUTATENS B CHHXPOHHU3M?

4. Kak BiusieT Harpy3ka Ha BaJly JBHUTATENs HA YCIOBUE CUHXPOHU3AMNN ?
5 C mOMOUIBIO YET0 peaIn3yeTCss ACHHXPOHHBIN ITyCK IBUTATEIA?

11.6. Pezynuposanue korgppuyuenma mowgnocmu

CUHXpOHHBIE MAIlIMHBI C 3JEKTPOMATHUTHBIM BO30YyXKJAEHHEM 00JagaroT
OUYEHb BAXKHBIM IS SJIEKTPOIHEPTETUKHA CBOMCTBOM — OHHU IO3BOJISIIOT PErYIUPO-
BaTh PEAKTUBHYIO MOITHOCTb.

N3 Beipaxkenus (11.8) u mocnenyromux paccyxXaeHui CIeayeT, 4To MpHU IMo-
CTOSIHHOM MEXaHWYeCKOW Harpyske Ha Bany (P, = const) norpebisemas MallMHON

aKTUBHAs MOIITHOCTH OCTAETCA MOCTOSIHHOU
mE U, .
P =mU,I,cosp =—2"Lsin3 ~ P, = const.

c
910 03HA4YacT, YTO IIPU NOCTOAHHOM HAIIPSAXKCHHUU ITUTAHUSA Ul HC3aBHUCHUMO OT BC-

auuuHbl  E, TOCTOAHHOW OylIeT akTHBHas COCTaBJIAIOLIasi TOKa cTaTopa
I, =1,cos@=const, a Takke NPOEKIUA BeKTOpa npoTuBo-O/C E, Ha 0Cb OpPTO-
TOHAJIBHYIO BEKTOPY HanpsbkeHus E,sin 3 = const .

[TocTporM BEKTOpPHYIO AMArpaMmy IUisl pEeXKHUMa JABUTATENSl, COBMECTUB BEK-
TOp HampspkeHus ctatopa U, ¢ MHuUMOI oceto (puc. 11.11, a). Ilpu n3menenun

TOKa BO30YXIEHUS HW3MEHsSETCs MOIylb BekTtopa FE,, a T.K. BeJIUYMHA
E,sin 8 =const sBiseTCS NpoeKUUEH BekTopa £, Ha BEIIECTBEHHYIO OCb, TO IIPU

M3MEHEHUH MOJYJISI KOHEIl 3TOT0 BEKTOPa CKOJIb3UT MO MpsIMOil ab, mapajuienbHON
MHHMMOH OCH M OTCTOALIEH OT He€ Ha BenuuuHy E,sin$. Cymma BekTopoB E 1

JjX. 1, nomxHa ObITH paBHAa HEM3MEHHOMY BekTopy U, . IlooToMy npu n3meHeHnn
IIOJIOXKEHMS BEKTOpa £, U3MEHSETCA TaKXKe IOJIOKEHUE BEKTOpa MaJcHUs Halps-
JKEHMs Ha CUHXPOHHOM MHIYKTHMBHOM CONPOTHMBJIEHUMU ;X [, a 3HaYUT, U IOJIO-
YKEHHE OPTOTOHAJIBHOIO €My BEKTOpa TOKa craropa /. Ho npu sTom akTuBHas Co-
CTaBJISIOLIAsl TOKa [, ocTaércs mocTOsHHOU. B pesynbrare, npu uzmenennun 2C
E, KoHell BekTOpa TOKa CKOJIB3UT IO MPSMOH cd, MapajljielIbHON BELIECTBEHHON
OCH U OTCTOSILEH OT HEE HA BEIIMYUHY [, COS(.

[Tpu mMamnoii BenuunHe ToKa BO30YXACHUS (HEA0BO30YKIECHUE) YTOl HarPy3KH
9’ 60JIbII0# U TOK cTaTOpa OTCTAET 1o (ase oT HanpsukeHus (@' > 0), a ABUraTelb
noTpeOIIsieT U3 CEeTH MHIAYKTUBHBIA TOK. B pexume nepeBo3OyxaAeHHs BeIWYMHA

" o
DJIC E{ Goxplasi, 4TO BBI3BIBACT CMEIIEHHE BEKTOpa TOKa CTaTtopa / | BO BTOpOH
kBajpant (¢ <0). [Ipu 3TOM ABUTATENH MOTPEOIIAET EMKOCTHBIN TOK WU, YTO TO

K€ caMoe, OTHAET B CETh MHAYKTUBHBIA TOK, T.€. SBIAETCS MCTOYHUKOM HHIYK-
THBHOTO TOKAa ¥ MOYKET KOMIICHCHPOBATh €ro MOTpeOJeHHe APYTUMHU JIBUTATCIISIMU
1 YCTaHOBKaMH, MOJAKIIOYEHHBIMU K TOH ke ceTh. TemM cambIM yiydiiaercs Kodd-
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(UUIMEHT MOIIHOCTH CETH W CHW)XAETCs HAarpy3ka Ha JIMHUM NEepelaud 3JIEKTpPO-
HHEPruH, T.K. HEOOXOJUMYIO PEAKTHUBHYIO MOUIHOCTb €€ MOTPEOUTENN MOIyYaroT
OT JIOKQJIbHOTO UCTOYHUKA.

+j b
XL AL,

Puc. 11.11

B3aumocBs3b TOKOB BO30YXA€HUSA U cTaTopa (PU3NYECKU OOBSICHSIETCA TEM,
YTO PE3yJAbTUPYIOIINIA MAarHUTHBIN MOTOK B MalnHe, co3aaBaeMbii MJIC oOMoTOK
BO30Y>KJIEHHS U CTATOPA, PU MOCTOSHHOM HAIIPSKEHUU U YaCTOTE MUTAaHUS OCTa-
€TCs MPaKTUYECKU MOCTOSAHHBIM. [10CTOSIHHON MoMKHA OBITH U Pe3yJbTUPYIOLIas
MJC, coznatomas 31oT notok. [Tosromy, ecnu MIC oOMOTKH BO30YXKACHUS HE-
J0CTaTo4yHa, TO 3T0 KomneHcupyercss MJIC oOMoTku ctatopa, T.e. moTpedIeHneM
uHAYKTUBHOTO TOoKa. [Ipn nepeBo3Oyxnennn MJIC cratopa 101KHA CHU3UTh Mar-
HUTHBIM NOTOK, T.€. pa3MarHUTUTbh MAIIMHY, YTO JOCTHUIaeTCsl MOTPEOICHUEM U3
ceTu €MKOCTHOrO TOKa. B ToM citydae, Korga BEChb MarHUTHBIA ITOTOK MAaIllMHBI
BO30yaaeTcs 0OMOTKOM pOTOpa peaKTUBHAsI COCTABJIAIONIAsl TOKA CTaTOpa paBHA
HYJIIO M MallliHa paboTaeT ¢ KO3 HUIIMEHTOM MOIIHOCTU cosP =1.

3aBUCUMOCTh BEJIMYMHBI TOKAa CTAaTOpa OT TOKa BO30yxnenus I, = f(I,) npu

HOMHMHAJIbHOM HAIpSXKEHUU TUTAHUS W MOCTOSHHOM MOIIHOCTH IO BHEUIHEMY
CXOJICTBY Ha3biBaeTcsi U—o0Opa3Hoil xapakTepucTukoil. E€ MuHUMYM omnpeaesieTcs
MOIIHOCTBIO HAarpy3ku Ha Bally JBUTraTelsl, IPU KOTOPOW MOCTPOECHA XapaKTepH-
CTHKA, U COOTBETCTBYET YHMCTO aKTUBHOMY TOKYy craropa (puc. 11.11, 6). JleBbie
YacTU KPUBBIX COOTBETCTBYIOT HEIOBO30YXAEHHOMY COCTOSIHUIO U MOTPEOJICHUIO
U3 CEeTH MHJYKTUBHOTO TOKA, a MpaBble — MEPEeBO30YKIEHHOMY COCTOSHUIO U OT-
Jlaue B CeThb MHAYKTUBHOTO TOKa. ['paHuIIell Mex Ty 001acTIMU HEOBO30YKACHUS
U NepeBO30YKACHUS SIBISETCS JIMHUS T€OMETPUYECKOIO MECTAa TOYEK MUHUMYMOB
TOKa cTtatopa gh.

JIunus ef orpannuuBaer 00JacTh, B KOTOPOW JABUTATENb HE PA3BUBAET JIOCTA-
TOYHOT'O BPAIIAIOUIET0O MOMEHTA, TEPSET YCTOMYMBOCTH M BBIXOAUT U3 CHUHXPO-
HU3Ma.
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OOBIYHO CHHXPOHHBIE JBUTATENHN PabOTaIOT ¢ HEOONBIIUM MEPEBO30YKICHU-
€M, OJIHaKO WX HeNb3sl CHIBHO 3arpy’kaTh PEaKTUBHBIM TOKOM, T.K. TPU ITOM
J0JDKHA OBITh YMEHBIIICHA aKTHUBHAS COCTaBISIONIAs, T.€. Harpy3ka Ha Bamy. s
pPETyJIUPOBaHMS PEAKTUBHONW MOIIHOCTH HCIIOJB3YIOT CIeUaIbHbIE IBUTATENH,
KOTOpbIe paboOTarOT Ha XOJOCTOM XOJY U 3arpy>Ke€Hbl MPAKTHYECKH TOJIBKO peak-
TUBHBIM TOKOM. OHU Ha3bIBAIOTCS CUHXPOHHbIMU KOMNEHCAmMopamy 1 UMEIOT 00-
JeTYEHHYI0 KOHCTPYKIHUIO, MMOCKOJIBKY IKCIUTyaTUPYIOTCS 03 MeXaHW4eCKOi Ha-
rpy3ku. Kak npaBuio, CHHXpOHHbBIE KOMIIEHCATOPBI pabOTaAIOT B PEKUME MEPEBO3-
OyX/IeHHUs, HO B HOYHBIE Yachl PU HEJOTPY3KE CETH U MOBBIIICHUN B HEW Hamps-
KEHHsI UX MEPEBOJAT B PEKUM HEJOBO30YKIEHUS Ui 3arpy3Kd CETH UHAYKTHB-
HBIM TOKOM U CHH)KCHUS HaPSKEHUS.

Bonpocwt ona camonpogepku

l. YeM 00BsACHAETCS B3aUMOCBSI3b TOKOB BO3OYXKICHHUS U CTaTopa CHH-
XPOHHOW MAIlIMHBI?

2. [Touemy mpu HOMUHAIBHOM TOKE BO30Y>KJI€HHS TOK CTaTOpa MUHHUMA-
nen?

3. KakoB xapakTep peakTUBHOTO TOKa, MOTPEOISIEMOTO CUHXPOHHBIN JIBU-
rareiib U3 CETU MPHU HeA0BO30YkKAeHUH (T1epeBO30yKIeHUN)?

4. [Touemy u3MeHsieTCA TOK CTaTOpa MPU WU3MEHEHHHU HArpy3Kd CHUHXPOH-

HOT'O ABUTATCIIA IIPXU HOMHUHAJIbBHOM TOKC B036y}KI[€HI/ISI?

5. [Toyemy CHHXPOHHBIN KOMIIEHCATOP PabOTaET Ha XOJIOCTOM X0y ?

6. UYeM ormpenenseTcss MUHUMAIbHOE 3HAYEHHUE TOKA CTATOPA CUHXPOHHO-
ro ABUTATEIIS?

7. 3a cu€T 4yero CHIXKAETCS Harpys3ka JIMHUM Mepelladyd 3JIEKTPOIHEPTUHU

ITPpH UCIIOJIb30BAHNHN CMHXPOHHBIX KOMHCHCElTOpOB{.7

11.7. Cunxponnsie Oguzamenu agmomMamuiecKux yCmpoucme

CHHXpOHHBIE JBUTATENN, IPEeAHA3HAYEHHbIE JJ11 padOThl B CUCTEMaX aBTOMa-
TUKHU U IPUOOPHOTO NMPUBOJA, OOBIYHO UMEIOT HEOOJBIIYIO MOIIHOCTh U UX Ha3bl-
BalOT MHUKpoJBUraTeiau. [1o3roMmy BONpOCHl 3HEPreTUKHU JUIsl HUX HE CTOJNb CYIIe-
CTBEHHBI, KaK YIPaBJISIEMOCTb, OBICTPOJIEHCTBHUE, HAAEKHOCTh M T.M. [ J1aBHOM
0COOEHHOCTBHIO CHHXPOHHBIX MHUKPOJBUTATENEH SIBIISIETCA MOCTOSHCTBO CKOPOCTH
BpanieHus. OHa He 3aBUCUT OT KOJIeOAaHWW HANpPSDKEHUs MMTAHUS U HAarpy3Ku, MO-
ATOMY C HX IOMOIIBIO MOXKHO CO3/1aBaTh OYEHb MPOCTHIE CUCTEMbI C HYJIEBOU
OLIMOKOM MOAIepKaHUsI CKOPOCTH BPAIICHUSI B CTATUYECKOM PEKUME.

B 3aBUCMMOCTH OT KOHCTPYKLUHH pPOTOpa CHUHXPOHHBIE MUKPOABUIATENN
MOKHO pa3eliuTh Ha JBHUTATeNu: 1) C AJIEKTPOMArHUTHBIM BO30YXIeHUEM; 2) C
MarHUTO3JIEKTPUUECKUM BO30YKIECHUEM WJIU C MOCTOSIHHBIMM MarHutamu; 3) pe-
aKTUBHBIC U 4) TUCTEPE3UCHBIE.

JIBuraTtenu c 3J1€KTPOMArHUTHBIM BO30YXIEHUEM H3-32 CIO0KHOCTH KOHCT-
PYKLUMU pOTOpa, HEOOXOAMMOCTH MCTOYHMKA MUTAHUSA MOCTOSHHOIO TOKAa U IMpO-
0JIeMBbI ITyCKa IPUMEHSIOTCS KpailHe peko.
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KpOMC HBHFaTGHCﬁ HECIIPCPBIBHOI'O BpAIICHUA B CUCTCMAX ABTOMATHKH IIpHU-
MCHSAIOTCA TAKIKC MMITYJIbCHBIC WJIW IIAaroBbIC ABUIaTCIIN.

11.7.1. Peaxmusnble dsucamenu

OTnMYUTENHEHON OCOOEHHOCTHIO PEAKTUBHBIX JBUTATENEH SIBISETCS OTCYTCT-
BHE Y pOTOpa COOCTBEHHOTO MAarHUTHOTO 1oJisi. OCHOBHOW MAarHUTHBIN MOTOK BO3-
Oyxnaercs B HuX 3a cu€tr MJIC craropa u npeacrasiser coOOH MOTOK peakiuu
axopst. OTCr0/1a Ha3BAHUE JABUTATENS — PEAKTUBHBIM.

Porop peakTUBHOro IBUTrartelsl MPEACTaBISIET COOOM UUIUHAP, B KOTOPOM
TEM WIM MHBIM CIOCOOOM co3maércs MarHuTHas acummertpus. Ha puc. 11.12, a
IIOKa3aH IAKEeT CEpJCYHUKA pOTOpPA, y KOTOPOrO0 aCHMMETPHS CO3JaHa 3a CYET
JBYX TpaHEl Ha HapYy>KHOW NOBEpXHOCTH. [Ipn ycTaHOBKE B CTATOp BO3AYILIHBIN
3a30p B HaIlPaBJIEHUHU OCH ¢, HA3bIBAEMOU MONEPEUHOM OChIO, OYAET CYIECTBEHHO
OoJbllle, YeM B HAIMpaBJICHUH MPOJ0JIbHOU ocu d. COOTBETCTBEHHO, UHIYKTUBHOE
CONPOTHUBIICHUE  TIO
nomnepeyHo ocu X,

OylleT CyLIECTBEHHO
MEHbIIIE, YEM IO MPO-
JOJIBHOU — X ;.

Ha puc. 11.12, 6
MOKa3aH JINCT MaKeTa
poTopa ISl ABUTAaTE-
a8 ¢ ABYyMs Hapamu

Puc. 11.12 MOJIFOCOB MarHuTHOTO

nosst. Kpome potopos

SIBHOTIOJIFOCHON KOHCTPYKIIMU B PEAKTUBHBIX JBUTATENSAX UCIOIB3YIOT HESIBHOIO-

JOCHBIE POTOPHI (puc. 11.12, 2 1 0). B HUX MarHuTHas acUMMETpHs NaKeTa poTo-

pa co3aaéTcs KaHaJlaMH IMyCKOBON KOPOTKO3aMKHYTOM OOMOTKH, KOTOPBIE IMOCIIE
cOOpKH pOTOpA 3aTUBAIOTCS ATTFOMUHUEM.

Bpamaroniuii MOMEHT B PEaKTUBHBIX JABUTATENSAX BO3HHKAET BCIEACTBUE TO-
ro, 4TO POTOpP CTPEMMTCS 3aHSATh B MAarHUTHOM IIOJI€ IOJIOKEHUE, MPU KOTOPOM
COTPOTHUBJICHHNE MAarHUTHOMY TIOTOKY M DHEPTUsi MarHUTHOTO TOJII MUHUMAJIbHBI.
Takoe mosokeHne COOTBETCTBYET COBMAACHUIO MPOAOILHON OCH POTOpa d C OCHIO
MarHuTHoro noist (puc. 11.13, a). Ilpu nosiBIeHHMH TOPMO3HOTO MOMEHTa POTOP
CMeEIIaeTCsl Ha YToJl 3 U MarHUTHOE COMPOTHUBJIEHUE BO3YIIHOTO 3a30pa YBEJINYH-
Ba€TCs, B pe3yJIbTaTe BO3HUKAET CUja F, cTpeMsInasicsi IPUBECTH €ro B UCXOJIHOE
nosioxkenue (puc. 11.13, 6). B cimyuae noBopota poropa Ha 90° (puc. 11.13, 6) Bce
CWJIBI, ICVCTBYIOIIME HAa POTOP, YPABHOBEILIEHBI, HO 3a30p U €ro CONPOTHUBJICHUE
MaKCHUMAJIbHBI, [I03TOMY MPH MaJeHIIeM OTKJIOHEHUH POTOP PAa3BOPAUYMUBAETCS B TY
WM JAPYTYIO CTOPOHY, 3aHUMAasl SHEPTeTHIECKU 0oJiee BRITOAHOE mojioxkenue. [Ipu
UUJTUHIPUIECKOM U30TPOITHOM POTOPE €r0 CMEIICHUE B MAarHUTHOM MOJIE HE U3-
MEHSIET BEJIMYMHBI MarHUTHOTO COMPOTUBIICHUSI U HE BBHI3BIBACT MOSIBICHUS CHUJIbI
MPOTUBOACHCTBYIONICH cMeleHn0. TakuM 00pa3oMm, HAJIMUUE MAarHUTHOW acHUM-
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METPUU  POTOpa
SBJISIETCS HEO00XO-
JIMMBIM  YCJIOBUEM

BO3HUKHOBEHUS
PEaKTUBHOIO

d BpalAOIIEr0 MO-
MeHTa.  [Ipuuém
PEaKTUBHBIA  MO-
MEHT  BO3HHUKAaeT
BCETIa U BO BCEX

AIEKTPUYECKUX
MalllMHAaX BHE 3a-
BUCUMOCTH OT HX

Puc. 11.13 TUIIA, €CIU POTOP

UMEET MArHUTHYIO

ACUMMETPHUIO.
BennunHa peakTMBHOTO BpaIllalOIIero MOMEHTa ONPEAEISAETCS BhIPAXKEHUEM
2
=”;1;]1 ; —; sin29 =M, . sin29. (11.11)
1 q d
N3 (11.11) cnemyer, 4TO MaKCUMAJIbHBI MOMEHT PEAKTUBHOTO JABUTATENS
TAKX€ CHJIbHO 3aBUCHUT OT BEJIWYMHBI HANPSIKCHUS MUTAHUS, KAK MOMEHT aCHH-
XpOHHOTO JBuUrareisi. Kpome Toro, MakCMMaJbHbIE MOMEHT 3aBUCHUT OT COOTHO-
IIEHUS] MHAYKTUBHBIX COMPOTUBIICHUN MO MPOJ0JILHOM U TonepeuHoit ocu. Teope-
TUYECKA MAKCUMaJIbHBIA MOMEHT MOXHO YBEJIMYHUTh, YMEHbIIIAs UHAYKTUBHOE CO-

IPOTHBIICHUE IO MOMEPeYHON ocn X, T.e. yMEHbBIIAs pa3Mep Makera poTopa B

M

p

3TOM HampaBiieHuu. Ha camoMm pene mpu 3ToM OyAeT yBEeIUYMBATHCS CPEIHSs Be-
JUYMHA 3330pa U, COOTBETCTBEHHO, PEAKTUBHBINA TOK CTaTOpa, YXy/aas u 0e3 Toro
HEBBICOKME PHEPreTUYECKUE mapameTpsl aABuratens. [[o3ToMy CylecTByeT HEKo-
TOPOE ONTUMAIILHOE COOTHOIIEHUE napameTpoB X, / X g =2...5.

MouHOCTh Ha Bajly U MaKCHUMaJIbHbIiI MOMEHT PEAKTUBHOIO ABUTATENS CY-
IIECTBEHHO MEHbIIIE, YeM y JIBUTATENS ¢ BO30YKJIEHHBIMU MOJIOCAMHU POTOpA MPHU
TeX ke rabapurax v moTpedaseMol MOITHOCTH.

VYrnoBas 1 MEXaHMYECKAsT XapaKTEPUCTUKNA PEAKTUBHOIO JIBUTATENIsl HUYEM B
MPUHITUIIE HE OTJIMYAIOTCS OT XapaKTePUCTUK CHHXPOHHOTO JBUTATENSI C BO30YK-
JEHHBIM POTOPOM, 32 UCKIIFOYEHHUEM TOT'0, YTO €r0 YIJI0Basi XapaKTEPUCTHUKA SIBJIS-
€TCSl CMHYCOMJAINbHONW (DYHKIMEH MBOWHOTO yria, T.e. MAaKCHMAaJbHbIC 3HAUCHUS
BpAILIAIOIIIETO MOMEHTA COOTBETCTBYIOT yryiaM +45°,

Porop peakTMBHOro ABUTraTeNsl TakK€ MPOCT U HANEKEH KaK pOTOpP aCUH-
XpOHHOTrO ABuratens. [1oaTomy peakTUBHBIE ABUTATEIW LIUPOKO MPUMEHSIOTCS B
npruOOPHOM IIPHUBOJIC, B allllapaType 3BYKO- U BUCO3AMUCH U B IPYTUX YCTPOUCT-
Bax, rje TpedyeTcst BRICOKask CTAOMIbHOCTh CKOPOCTH BpaIeHUSI.
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Bonpocwi 0ns camonposepku

1. B ueM nmpeumyIecTBO CUHXPOHHBIX MCIIOJHUTENbHBIX JIBUTATENeH me-
pea IBUraTeIsIMU APYTUX TUIIOB?

2. Kak paGoTaeT peakTUBHBII ABUTATENH?

3. Kakoe ycnoBue HEOOXOAMMO Uil BO3HMKHOBEHHS PEAKTUBHOIO MO-
MeHTa?

4. Kakue KoHCTpyKIMH poTOopa ObIBAIOT y PEaKTUBHBIX JBUTATEIEH?

5. YeM OTIIMYAOTCS YIVIOBBIE XapaKTEPUCTUKHU PEAKTUBHOTO JIBUTATENS U

JIBUTATEIIS C BO30YXKIEHHBIM POTOPOM?
6. YKaxuTe TOCTOMHCTBA, HEJOCTATKU M 00JACTh MPUMEHEHUS PEaKTHUB-
HBIX JIBUTATEJICH.

11.7.2. ['ucmepesucHvle dsucamenu

Ha3Banue 3TOro Thma CHHXPOHHBIX ABUTATENEH MPOUCXOIUT OT MPHUHIUIIA
CO3/IaHUSI B HMX BpAIlAlOIIET0 MOMEHTa B aCUHXPOHHOM PEXHUME, CBS3aHHOTO C
SBJICHUEM THUCTEpe3nca Mpu nepeMarindyuBanuu GeppoMarHeTUKOB.

Jletam KOHCTPYKLMH pOTOpa TUCTEpe-
3UCHOTO JIBUTaTelsl TIOKa3aHbl Ha pHC.
11.14. Ha Ban potopa / HampeccoBbIBaeTCA
BTYJIKA M3 MAarHUTHOTO WJM HEMarHUTHOTO
Marepuaina 2, Ha KOTOpOW 3aKperisieTcs mna-
KET KOJIell U3 MAarHUTOTBEPIOrO0 Marepualia

Puc. 11.14 3. Kuom)ua potopa 00pa3yIoT T.H. aKMUGHbl
c10ou, B KOTOPOM THIPOUCXOISAT OCHOBHBIC
MPOIIECChI, 00eCIeunBaroe padoTy IBUTATEIS.

B ornuune OT CUHXPOHHBIX JBUTATeNel C MOCTOSIHHBIMU MarHUTaMu Ha Po-
TOpE, KOTOPblE HAMAarHMYMBAIOTCS B CHEIMAIBHBIX YCTAHOBKAX U MpU paboOTe Co-
XPaHSIOT MOJ0KEHUE OCH MarHUTHBIX MOJIFOCOB, aKTUBHBIN CIIOM pOTOpa THCTEpe-
3MCHOTO JBUTATelsi HAMarHUYMBaeTcsi OOMOTKOM cTaTopa U MOXKET U3MEHATh MO-
JIO’KEHUE TIOJIFOCOB, T.€. IEPEMarHu4uBaThCs B MPOIECCE PAOOTHI.

[lycTh akTHBHBIN CJIOM HAMAarHU4eH U POTOP BPAILIAETCS CHHXPOHHOI'O C Mar-
HUTHBIM I10JIEM cTaTopa 1 =n, (puc. 11.15). Ecnu Ha Bairy aBUrartens HeT Harpys3-

KM, TO OCM MarHUTHBIX TOJIEM CTaTOpa WU POTOpA COBMENIEHBI M Yroji Harpy3Ku
9=0 (puc. 11.15, a). IIpn BO3HUKHOBEHUU TOPMO3HOIO MOMEHTa M _ yrom Ha-

Ipy3kd 3 yBEIMUYMBAETCS, M JBUraTellb pa3BUBAET BpAIIAIOIIUA MOMEHT COBEp-
IIEHHOTO aHAJOTMYHO TOMY, KaK 3TO MPOUCXOJUT B MallMHE C BO30YKIEHHBIMU
noJrocamu poropa. ITpu 3ToM NOII0CE MArHUTHOTO MOJSL POTOPa OCTAKOTCSA 110 OT-
HOILIEHHUIO K aKTUBHOMY CJIOIO B TOM € IOJOKEHNUHU, B KOTOPOM OHHM HaXOJIUJIUCh
py OTCYTCTBUM Harpy3ku (puc. 11.15, 6). Ecnu u nanbiie yBenuuuBaTh TOPMO3-
HOM MOMEHT, TO MOJIIOCHI IMOJIEM cTaTopa U poTOpa Pa3oMIyTCs HAa HEKOTOPBIN
yroa 3, =Y, IpY KOTOPOM HauHETCS IepeMarHiuMBaHUEe MaTepraia akKTUBHOTO

CI0sA, T.€. MEPEMEIICHHUE IOJIIOCOB €r0 MAarHuTHOro mnoiisi. Potop BeIMAET W3
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CUHXpOHU3MAa U Oy-
JIET BpallaTbCs C He-
KOTOPOU  CKOPOCTBIO
n<mn,, a IOJIOCHI

MarHuTHOTO TOJS PO-
Topa OYIyT CKOJIb-
3UTh  OTHOCHUTEJIBHO
aKTUBHOI'O CJIOS €O
CKOPOCTBIO
n,=ny—n. Mo
CTaTopa U poTopa Mmpu
3TOM OyIyT oOcTa-
Puc. 11.15 BaTbCsl  HEMOJBHXK-

HBIMH OTHOCHUTEIHEHO

Apyr Ipyra U CMEIIEHHBIMU Ha yroja Harpysku 9=3 . =7y=const. IloaTomy

IBUraTeiab OyIeT pa3BUBAaTh IOCTOSHHBIM Bpamaroomuil MomeHT M_=const. B
Clly4yae CHM)KEHUS TOPMO3HOIO MOMEHTa 10 YpoBHA M <M _  poTop mox IencrT-
BHUEM PAa3HOCTH MOMEHTOB M — M. Ha4HET pasroHAThCA. CKONbKEHHUE IOTHCOB

OTHOCUTEJILHO aKTHUBHOTO CJIOSl OYJIET YMEHBIIATHCA U KOT/Ia CKOPOCTh BpaIleHUS
JOCTUTHET CUHXPOHHOW MepeMarHuiYrBaHUE MPEKPATUTCS U TIOJIFOCHI OCTAHYTCS B
TOM TIOJIOKEHUHU, B KOTOPOM OHHM HAXOJWINCh B MOMEHT BXOXICHHUS pOTOpa B
CUHXPOHU3M.

Takum 006pazom, paboTa TUCTEPE3UCHOTO ABUTATENSI B CHHXPOHHOM U B aCHH-
XPOHHOM PEKHMaX OTIIMYACTCS MPUHIUIHAAIBLHO. B CHHXPOHHOM PEXHME aKTHB-
HBI CJIOW HE TIEPEeMArHUYMBACTCS W MOXHO CYHMTATh, YTO JBUTATeNh padoTaeT
AQHAJIOTUYHO JIBUTATENIO C MIOCTOSIHHBIMA MarHATAMHM, XOTS 3TO JIOITyCTHMO TOJIBKO
C OrOBOPKaMH, T.K. €r0 WHAYKTHBHBIC COIMPOTUBIICHUS 3aBUCAT OT yTIiia Harpy3Ku
9. COOTBETCTBEHHO BBITISIIAT YTJIOBas U MEXaHUYECKAsl XapaKTEPUCTUKHU JIBUTA-

M M
/"\\
N
N
‘ \
: \
¥ TCI/2
0)
Puc. 11.16
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Tens B npenenax | 3|<y (ygactku ab u a'b’ na puc. 11.16)

ITpu nepexone B aCHHXPOHHBIA PEXUM HauyMHAETCS NEpEeMarHUYMBAHUE akK-
TUBHOTIO cJiosl. Ha yriioBoil XapakTepUCTHKE 3TO COCTOSIHHE COOTBETCTBYET IOCTO-
SHHOMY 3HA4€HUIO yIJla Harpy3ku 9 =39, =7y =const, a HA MEXaHUYECKON — He-

3aBUCUMOMY oT CKOpPOCTH BpalleHus 3HAYEHHIO MOMEHTY
M _(n)=M. -sign(n, —n) =tconst. CrenoBaTelpbHO, B OTIIMYUE OT BCEX OCTAJb-

HBIX CHHXPOHHBIX I[BI/IFaTeJ'Ief/JI, FHCTGpGBHCHLIﬁ ABUTI'aTCJIb 06naz[aeT CBOMCTBOM
CaMO3aIlyCKa.

Bemnuynna rucrepe3ucHOro MomeHTta M. ompenensercs BEIUYMHOW yria vy,

KOTOpPBIH, B CBOIO OUEPE/lb, 3aBUCUT OT CBOMCTB MaTepHaa aKTUBHOI'O CJIOSI pOTO-
pa. Uem mmpe neTiis ructepesrca Marepuaina, TeM OoJblle 3HaU€HUE yria Y U TeM
OoJbIIIE MOMEHT, KOTOPBII CIIOCOOEH pa3BUBATh ABUrarenb. Yamie BCEro B COBpe-
MEHHBIX THCTEPE3UCHBIX ABUTATENSAX JUJIi aKTUBHOI'O CJIOS POTOPA HCIOJb3YIOT
BUKAJUIOM — CIUIaB »Kene3a, koOanbTa M BaHaaus. JlJis HEro yroia y COCTaBIIsET
30...40°

Kpome rucrepe3ricHOro MOMEHTa B aCUHXPOHHOM PEKMME BO3HHKAET TAKKe
Bpallalou[Mii MOMEHT, BBI3BAaHHBII BUXPEBBIMHU TOKAMH B AaKTHUBHOM CJIO€ M BO
BTYJIKE, €CJId OHA BBIMOJHEHA U3 Marepuana MPOBOMASIIETO JIEKTPUUYECKUNA TOK.
VY aenpHOE 3JIEKTPUUECKOE COIPOTUBIEHUE MaTepuaa akTUBHOTO CJIOSl pOTOpa Be-
JMKO, TO3TOMY MEXaHMUYECKasl XapaKTEepUCTHKAa MOMEHTA BUXPEBBIX TOKOB (M, (n)

Ha puc. 11.16, 6) cOBEpILIEHHO UJICHTUYHA XapaKTEPUCTUKE aCUHXPOHHOTO JIBUTa-
Tesl ¢ OOJBIITUM 3HAUYCHHUEM COIPOTHBIICHHSI POTOPA, KOTAa KPUTHIECKOE CKOJIb-
YKEHUE CYIIECTBEHHO Oouibllie equHUlbl. CKIabIBasCh C TUCTEPE3UCHBIM MOMEH-
TOM M _(n), MOMEHT BUXPEBBIX TOKOB HECKOJIBKO YBEIUYHUBAET IIyCKOBOM MOMEHT

IBUTATEIIs.

JIOCTOMHCTBaMU T'MCTEPE3UCHBIX ABHUIaTeNed SABIAIOTC: 1) CIIOCOOHOCTH ca-
MO3aIlyCKa ¢ OOJIBIIMM IIyCKOBBIM MOMEHTOM; 2) OECIIyMHOCTb U HaJIE&KHOCTb B
pabote; 3) IIaBHOCTh BXOJa B CHHXPOHU3M; 4) Majas KpaTHOCTb IIyCKOBOI'O TOKa
(I1,/1,,=12...1,3); 5) cpaBaurensHo Bbicokuit KII/I.

OCHOBHBIMHU HCOOCTAaTKaMH ABUIaTCIIA ABJIAIOTCA CKIIOHHOCTDH K KOJICOAHHSIM
PoTOpa IMpru U3AMCHCHHUHN HArpy3KH M BBICOKAd CTOHMMOCTBL, CBA3dHHAA CO CIOKHO-
CTbIO U3T'OTOBJICHUA pOTOpA.

Bonpocwi ona camonpoeepku

l. Kak ycTpoeH poTop ructepe3ucHOro JBUratesns?

2. Kak paboraer akTUBHBIN CJIOW pOTOpa B CHHXPOHHOM (aCHHXPOHHOM)
pexume?

3. Yem 00BsICHSIETCS HE3aBUCUMOCTh THCTEPE3UCHOTO MOMEHTA OT CKOJIb-
JKEeHUSA?

4. Yem omnpenensercsa BEJIMYMHA TUCTEPE3UCHOTO MOMEHTA?

5. VYKaxxuTe AOCTOMHCTBA, HETOCTATKU M 00JIACTh MPUMEHEHUS] TUcTepe-

3UCHBIX JIBUTATEJIEH.
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11.7.3. lllacoswvie 0sucamenu

[[TaroBbie UM UMITYJIHCHBIE CHHXPOHHBIE JBUTATEIM B MOCIEIHUE JECATUIIC-
TUS TIOJIYYUJIM OYEHb IIUPOKOE PACIPOCTPAHECHHE B CBSI3M C Pa3BUTHUEM CPEICTB
BBIYUCIIUTEILHON TEXHUKH. DTO CBA3aHO C TEM, YTO JIJisl YIPaBJICHUS IIaroBbIM
JIBUTATENIeM TPeOYyeTCsl ONpeiesIieHHas MOCIeI0BaTeIbHOCTh UMITYJIBCOB HJIM KOM-
OMHAIMA CUTHAJIOB IOCTOSHHOT'O TOKA, JIETKO (POPMHUpPYEMBIX KOMIIBIOTEpAMH U
JTPYTUMH CPEICTBAaMU U(PPOBBIX CUCTEM YIPABICHUS.

B  npun-

A mane - mo6oi
MHOTO(ha3HBIN

B CUHXPOHHBIN

JIBUTATENlb MO-
XKeT paboTath B
IaroBOM  pe-
KUME, €CITU €ro
HNOJAKIIOYHUTh K
UCTOYHUKY TO-
CTOSIHHOTO TO-
Ka 4epe3 IOoiy-
IIPOBOJTHUKO-
BBl KOMMYTa-
top. Ha puc. 11.17 nokazan npuHiun GopMUpOBaHHS ABMKEHUS B TPEX(Pa3zHOM
PEaKTUBHOM IIArOBOM JBHUTaTelse. 3allTpUXOBaHHas 00JacTh HA BPEMEHHBIX JHa-
rpaMMax COOTBETCTBYET MOAKIIOYEHUIO COOTBETCTBYIOLIEH OOMOTKH K UICTOYHUKY
nuTtanus. Ha nmepBom uHTepBane paboOThl MOAKIIOUeHa 00MOTKa (a3l 4 U pOTOp
3aHMMAET MOJIOKEHUE, COOTBETCTBYIOIIEE OCH 3TOM 00MOTKHM. Ha ciienyroniem nH-
TepBajie BKJIOYaeTcsi oOMoTKa a3l B U coxpaHsieTcs MOJIKII0YeHnEe 0OMOTKU A.
B pe3ynbTaTe 0Chb MarHUTHOTO TOJS ABUTATENSl PACIOIATaeTCs MEXKIY OCAMU 00-
MOTOK, U poTop moBopauuBaetrcs Ha 30°. 3arem oTkirouaercs ¢aza A U poTop
CMeIllaeTcsl B MoJIoKeHHe ocu oOMoTku B. Takum o0pazoMm, MpH MEpeKIIOUYEeHUN
ooMoTok o anroputmy A-—->AB—>B—>BC—>C—>CA—>A—»... poTOp IpH KaxXI0h
HOBOMW KoMOuMHaIuu 0yaet cmemarses Ha 30°. Ecnm UCKIIIOUNTh COCTOSIHUS OJJHO-
BPEMEHHOT'O BKIIFOUEHUS IBYX OOMOTOK, TO IIIar ABUTaTels OyaeT cocTaBisTh 60°.
PoTop miaroBoro aBuratenst MOXET ObITh aKTUBHBIM, U B 3TOM ClTy4ae OH 4Ya-
i€ BCEro BO30Y>KIAeTCsl MOCTOSIHHBIMM MarHuTamu. Takue nBuratenn oOgagaroT
OONBIIMM BpAILlAIOLIUM MOMEHTOM U MOTYT OO€CHEUYHUTh (PUKCALMIO MOJIOKEHUS
poTOpa PH OTKIFOYEHUN MUTaHUSI OOMOTOK.
N3MeHsAq 4acTOTy KOMMYTAllUd MOKHO MEHSITh CpEJHEE 3HauU€HUE CKOPOCTH
BpallleHus 11aroBoro Asurareis. Ecnm ke mpepBarh aaroput™, To potop Oyxaer
OCTAHOBJIEH B COOTBETCTBYIOLIEM MOJO0KEHHH.

=N T

Puc.11.17
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OnHuM M3 BaKHEWIINX JOCTOMHCTB IIATOBOrO JIBUTATENS ABISETCA TO, YTO B
HEM YTJIOBOE MOJIOKEHHE POTOpa OINpeAesieTcs KOJOBOM KOMOMHALUENH, COOTBET-
CTBYIOIIEH BKIIOUEHHBIM 00MOTKaM. OJIHaKO MPU KOMMYTAllMU IIar MOXeET ObITh

-
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HEIMpaBWIbHO OTpaboTaH W mpouzouaAET norepst undopmanuu. Ha puc. 11.18, a
IOKa3aHa pabouas TOYKAa @, HA YIJIOBOM XapaKTEPUCTUKE IIArOBOTO JIBHraTelld,

COOTBETCTBYIOIAsl MOMEHTY Harpy3ku M. Ilpu ciemyromeil komMMyTanuu Mar-

HUTHOE TOJIe CTaTopa OYeHb OBICTPO CMECTUTCS Ha BEJIMYMHY Iara o.. Potop nBu-
raresis BCJICICTBUE MHEPLIMU B MEPBbIA MOMEHT IOCJIE KOMMYTAI[MM OCTAaHETCS B
MPEKHEM TMOJ0KEHUHU, TOITOMY CMENIEHUE MAarHUTHOTO TOJIsl OyJIeT SKBUBAJICHT-
HO CMEIICHUIO YTJIOBOM XapakTEepUCTUKU Ha yroia o. Pabouas Touka mpu 3TOM
OKQ)XETCSl HA HOBOM XapaKTEPUCTUKE B IOJIOKEHUU b, W BOZHUKHET IOJIOKHUTEIb-
HOE€ MPHPAIICHUE BPALIAIOIIEr0 MOMEHTa JIEMCTBYIOLIETO HA POTOP JIBUTATEIA
AM, =M (8)—-M, > 0. Ilox neiictBreM 3TOr0 MOMEHTA POTOP NPUIET B IBUKECHUE
B CTOPOHY CMEILEHUS MarHUTHOI'O IOJII U IEPEMECTUTCS. B TOUKY d;, OTCTOSIIIYIO
OT UCXOIHOM TOYKM ¢, Ha BenuuuHy mara o. IIpu Momente Harpysku M, (puc.
11.18, 6) paboueii TOUKON 1O KOMMYyTaluu OyAET TOUKa a,, a MO0CcIe KOMMYTaluu
NPOM30UIET MEePEXO Ha HOBYIO YIIOBYIO XapaKT€pUCTUKY B TOUKy b, . Ilpuparne-
HHE MOMEHTA JIEHCTBYIOIIEr0 Ha BaJl ABUTATENSI IIPU 3TOM OyAeT OTpHUIlATEeIbHBIM
AM, =M (S)—-M, <0. IlosToMy porop OyAeT ABUraTbCs B HAIPABICHUU MPOTH-
BOIIOJIOXKHOM CMENIEHHI0 MArHUTHOTO TOJI U Pa3BEPHETCSA HA yrojl 2m—a, T.€.
Mpon30oUAET moTeps mara. M3 pucyHka BUIHO, YTO 3HAK IPUPAILICHUS MOMEHTA
MOCJI€ KOMMYTAIIMH, T.€. HAIPABICHUE JABHXKEHUSI POTOPA, ONPEIEISIETCA OpIUHa-
TOW TOYKHU ¢, B KOTOPOW MEPECEKAIOTCSA YTJIOBBIE XapaKTEPUCTUKU COCEIHUX Ila-
roB. [[ns pa®oTel nBuraresns 6€3 MOTEpH IIara Hy»HO, YTOObI Harpy304YHBIA MO-
MEHT Ha BaJly HE MPEBbILIAI OPAUHATHI 3TOU TOUKH, T.€.
M <M, cos(a/2).

JIoCTOMHCTBaMM IIaroBBIX JABUTATENEH SBISAIOTCSA: 1) BO3ZMOXKHOCTb PEryJiv-
POBaHUSA CKOPOCTH BPAILLICHUS B IIMPOKOM JUAIA30HE BILIOTH A0 MOJIHOM OCTAHOB-
K1 U (PUKCALMK POTOPA B ATOM MOJIOKEHUU; 2) BO3MOKHOCTh MEPEMENIECHUS B yT-
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JIOBOE TIOJIO’KEHUE, 3a7]aBaeMOoe KOJJOBOW KOMOMHAIIMEH, YTO MO3BOJISIET YIIPABIATh
JBIDKCHUEM C TIOMOIIbIO YCTPOUCTB ¢ 1udpoBoit oOpaboTkoi uHbopmanuu; 3)
BO3MOXHOCTh OTPA0OTKH MaJIbIX IIAroB, COCTABIISIOIIMX YTOJl B HECKOJIBKO JECST-
KOB YTJIOBBIX CEKYH]I.

Bonpocwt ona camonpoeepku

Kak pabortaet maroBbiii JBuraresin?

Uem onpenernseTcs: BeIMYMHA 11ara?

Kakue KOHCTpYKIIMU poTOpa OBIBAIOT y IIATOBBIX JABUTATENEH?

KaxoBo ycnoBue paboTsl ABUTaTeNs 0e3 noTepu mara?

YKaxxute TOCTOMHCTBA, HENOCTATKU M 00JacTh MPUMEHEHHS IIaroBbIX
JIBUTATEIICH.

SNk

12. /IBuraTe/in MOCTOSTHHOTO TOKA

JIBuraTenn NMOCTOSSHHOTO TOKa MCTOPUYECKH OBLIN MEPBBIMU YCTPOWCTBAMH,
npeoOpa3yoIMMU SJIEKTPUUECKYI0 DPHEPIUI0 B MeXaHHuecKkyro. CTO ceMbAecsT
JeT ToMy Hazan no Heme yxe miiaBana Jiojka, MPUBOAMMAS B JABMXKCHHE TaKUM
nsuraresieM. [lo3qHee OHU YCTYNUIM CBOM TO3UIIMU OECKOJIJIEKTOPHBIM JIBUTATE-
JSIM, HO B PETYJIUPYEMOM MPUOOPHOM MPHUBOJE M B CUCTEMAaxX aBTOMATHKHU JIO0 Ha-
CTOSIIIIETO BPEMEHU YacTO HE CYIIECTBYET aJbTEPHATHBBI UX MPUMEHEHHIO. DTO
OOBSICHSICTCS IUPOKUM JHAMA30HOM M IIABHOCTBIO PETYJIUPOBAHUS CKOPOCTU
BpallleHusI, a TaKXKe 00Jiee MPOCTHIMU METOJJaMU U YCTPONCTBAMH YIIPABJICHUS.

Kpome nBuraresneii mmpoko pacnpoCTpaHEHbI TaKKe TeHepaTOphbl MOCTOSHHO-
ro toka. OgHako o0JacTh WX NMPUMEHEHHUS COKpAIaeTCs B CBS3U C Pa3BUTHEM
npeoOpa3oBaTeIbHON TEXHUKH U BRIOOP reHepaTopa IMOCTOSHHOIO TOKa B KQUeCTBE
WCTOYHWKA TTUTAHUS TTPOU3BOAUTCS OOBIYHO C YIETOM MHOXECTBA (DAKTOpPOB, HC-
KITFoYaromux uHoe pererue. [loaTomy B manpHEHIIEM MBI OyieM paccMaTpHUBaTh
B OCHOBHOM JIBUTaTEJIbHBIN PEKUM paOOThl MAIlIMH OCTOSIHHOTO TOKA.

12.1. Yempoiicmeo u npunyun oeiicmeus

MarmHa MOCTOSHHOTO TOKa (PYHKIIMOHAIBHO SBJISIETCS OOpaliéHHOM CHH-
XPOHHOW MAIlIMHOW, T.€. CHHXPOHHOW MAIllMHOW y KOTOpOH (YHKIIMU CTaTopa U
potopa noMeHsnuch Mmectamu. CtaTop BO30YyKJIaeT MOCTOSHHOE MAarHUTHOE TOJIE,
a poTOp BpalllaeTcs B 3TOM I0JI€ U OCYIIECTBISIET Ipeodpa3zoBanue 3Hepruu. Jms
CO37aHMsI MalTMHOM MOCTOSIHHOTO BPAIAIOIEr0 MOMEHTa TpeOyeTcs, YUTOObI AJIeK-
TPOMAarHuWTHas CUJja, CO3/Iaolas 3TOT MOMEHT, ObUla MOCTOSTHHOM, YTO, B CBOIO
ouepeib, TpeOyeT COXpaHEHUs] HAlpaBJIEHUS MPOTEKaHUs TOKA M0 OTHOIICHUIO K
HOJII0CaM MarHUTHOro mnojsi. Bo Bpamiaromemces potope pyHKINIO U3MEHEHUS Ha-
IpaBJICHUS] TOKAa MPU MEPEMEIIEHUU TPOBOJAHUKOB OOMOTKH K MPOTHUBOIMOIOXKHO-
My TOJIIOCY BBINOJHSET weémouno-koanrekmopuviu yseia. Ha puc. 12.1 mokazan
IPOCTEUIINI ABUTATENb NOCTOSHHOIO ToKa. OH mpeacTaBisieT co00il MPOBOAHMUK,
U30THYTHIN B BUJI€ paMKH U nojBemieHHbld Ha ocu OO'. KoHubl pamku abed yepes
MOJIYKOJIbLIA U CKOJIB3SILIME MO HUM IIETKHU MOJKIIOYEHBI K BHEIIHEMY UCTOUHUKY
IIOCTOSIHHOT'O TOKA. B3anMonencTBrue MpOTEKarolero B paMKe Toka [, ¢ Mar"ur-
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HBIM TIOJIEM CO3/1aéT DJIEKTPOMATHUTHYIO
cuily F, IENCTBYIOIIYIO HA PAaMKy U BBI3bI-
N e BaroIyro e€ BpamieHue. sl coXpaHCHHsI
- 7., HalpaBICHHUS NCHCTBHS STOH CHIIBI TOK B
v a - Q') gacru PaMKH HaXOJSIIENCs IO CEBEPHBIM
n 57 C MOJIFOCOM JIOJKEH MPOTEKaTh B HaIpablie-
O L o O-0', a B HaXOIAIIEHCs MO I0KHBIM
> MOJIIOCOM YacTU PaMKU — B HaIpaBJICHUU
oL / O-0. TIloatoMy 4epe3 Kaxiable IIOJ-
- d—=1>F 00opoTa poTropa TOK B CTOpoHax ab u cd
paMKu JOJKEH MEHSTh HANpaBJ€HUE Ha
MPOTUBOMOJIOKHOE. DTO MPOUCXOJIUT TPHU
Puc. 12.1 Mepexo/ie MOJIYKOJIEI ¢ OJHOW MMIETKKM HaA
npyryto. Ilomykonblia pamMkKu SIBISFOTCS
MPOCTEUIIIUM KOJLIeKMOpOM MAIIUHBI TTOCTOSTHHOTO TOKAa W BMECTE CO IMIETKaMU
BBITIOJTHSIIOT (PYHKIIMIO MTPE0Opa3oBaHusl MOCTOSIHHOTO TOKa B MEPEMEHHBIN C dac-
TOTOM BpAILIEHUS POTOPA.
Porop  mamuHbl
MOCTOSTHHOT'O TOKa Ha-
3bIBacTCA sAxopem. Ero
KOHCTPYKIIUS SIBISIETCA
pa3BUTHEM pPaMKH U
MOJIYKOJIEII. UtoOmI
YBEIIMYUTh  Bpalllao-
IMA MOMEHT HYXKHO
YBEIIUYUTh KOJIMYECTBO
«paMoOK» M 3aIOJHUTH

Puc. 12.2

(deppoOMarHeTUKOM BO3IYIIHBII TMpOMeE-
KYTOK MEXIy moJirocamu craropa. s
3TOr0 M3 LITAMIOBAaHHBIX JIMCTOB 3JIEK-
TPOTEXHUYECKON cTanu cobupaercs mna-
ket sikopst (puc. 12.2, a). Iloaykosnbla
MPUMHUTHUBHOTO KOJIJIEKTOpa Tpeodpasy-
I0TCS B Ha0Op M30JMPOBAHHBIX APYT OT
Apyra MEIHBIX TUIACTUH [ 3aluTBIX B
MJ1aCTMAaccoByI0 BTyNKy 2 (puc. 12.2, 06).
[lakeT poTopa U KOJJIEKTOP HANpPECCOBBI-
BAIOTCS HA BaJ SIKOPS U B OTKPBITHIE Ma3bl
nakera yKJajplBaeTcs oOMOTKa (Ha pH-

CYHKE HE MOKa3aHa), KOHIbl CeKIUi (Ka-
& TyIIEK) KOTOPOW MpPHIIauBaIOTCS K ILIa-
Puc. 12.3 CTHHAM KOJUIEKTOpa.
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OO6m1as KOHCTPYKTHBHAS CXeMa MallIMHbI TOCTOSTHHOTO TOKA MOKa3aHa Ha pucC.
12.3. Ona cocTout u3 Kopmyca /, 00beAUHSIOUIET0 BCE 3IEMEHThI KOHCTPYKIUHU U
SIBJISIFOLIETOCSI TAK)KE€ MArHUTONPOBOJOM. B MOAIIMIHMKAX KOpIyca YyCTaHOBJICH
SIKOpb MalllMHbI 2 U METOYHO-KOJUIEKTOPHBIN y3en 3, 4. B kopmyce Takxke ycra-
HOBJIEHBI 271d8Hble NOMIOCHL 5, paCTIPeNeIIIOIMe OCHOBHONM MarHUTHBIN MOTOK Ma-
IIMHBI, BO30YK/1aeMblil YCTAaHOBJIICHHOM Ha MoJirocax oOMoTKo# 6. Ha reomeTrpuue-
CKOM OCH MIETOK MAaIIMHBI YCTAHOBIICHBI QONOJHUMENbHbIE NOJIIOCHL 7 C OOMOTKOU
8, BO30Yy K MaroIelt X MarHUTHOE TT0JIE.

O6moTKa
o & oo 0 o B) ® r) ) BO30YXKIEHHUS Ma-
IIUHBI 6 U OOMOT-

OB OB2 Ka SKOps C Moclie-

JOBATEILHO
—@— —@— BKJIIOYEHHOU  00-
— MOTKOM JOIIOJIHU-
OB OB OB1 TEJbHBIX TOJIFOCOB
s s 8§ o00pa3zyloT 1Be
Puc. 12.4 AICKTPUYECKHUE
eI, KOTOPBIC
MOTYT IHTAThCS OT OJHOTO WM OT Pa3HBIX MCTOYHMKOB IMOCTOSHHOTO Toka. [lo
CXEMe MUTAHUS ITHX IeNel MaIllMHbI MTOCTOSHHOI'O TOKA Pa3/Ie/ITIOT Ha MalTUHBI ¢
HE3aBHCHUMBIM (pa3/IelIbHBIM ), TTapajuIeIbHBIM, MTOCICA0BATEILHBIM U CMEITaHHBIM
BO30OyxneHueMm (puc. 12.4, a, 6, 6 u 2). K Mammaam ¢ He3aBUCUMBIM BO30YKIECHHU-
SIM OTHOCSITCSI TaK)K€ MAlIMHBI ¢ MAarHUTOXJICKTPUUYECKHM BO30YXKIEHUEM, T.C. C
B0O30YKJICHHEM OCHOBHOTO MarHUTHOTO TIOTOKA C IMOMOIIBbIO TTOCTOSTHHBIX MarHH-
TOB (puc. 12.4, 0).

Bonpocw ons camonposepku

1. Kakyto ¢GyHKINIO BBIIOJIHSAET KOJUIEKTOP ABUTATENA?

2. Kakyto ¢pyHKINIO BBITOTHSAET KOPIYC JBUTATENS?

3. JUIst 4ero Hy»HO M3MEHATH HaIllpaBJICHUE IIPOTEKAHUS TOKA B CEKIMSX
0OMOTKH SKOPsI?

4. Kak pa3mensior nBuratenu MOCTOSHHOTO TOKa IO CXEMe MUTaHUs 00-
MOTKH BO30YyXJ1eHus?

5. IlepeuncnuTe OCHOBHBIE AIEMEHTBI KOHCTPYKLMHU ABUTATEIIS.

12.2. Macnummnas u nekmpuyieckan yenu MautuHsl

MarauTHas 1enb IIaBHBIX MOJIIOCOB MAIIMHBI MpeJHa3HaueHa i BO30YXK-
JICHHSI U paclpeieNieHnsi OCHOBHOIO MAarHWTHOrO MmoTtoka. OHa COCTOUT W3 TJIaB-
HBIX TOJIOCOB /, BO3AYIITHOTO 3a30pa MEXKIY MOJI0CAMHU M SIKOpPEM 2, CepAeyHHKa
aKops 3 ¥ KopItyca MaluHbl uiu sipma 4 (puc. 12.5, a).

OcCh CHMMETPUH pg MEXy TIaBHBIMU MOJIFOCAMU MAITMHBI HA3BIBAETCS Te0-
METPUYECKON HEUTpabio, a Iyra OKPY>KHOCTH BO3AYIIHOTO 3a30pa MEXKIY TOUYKa-
MU €€ TIepecedeHus ¢ HeUTpabio — noarockbvim Oeneruem T (puc. 12.5). IlonrocHoe
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JIETICHUE B 3aBUCHUMOCTH OT PEIIAEMOM 3a/1a4l MOXKET U3MEPATHCS B YIIOBBIX WU
JIMHENHBIX €IUHUIIAX, a TAKKE YMCIIOM I1a30B MMaKeTa CTaTopa Wid poTopa.

Puc. 12.5

Ha puc. 12.5, 6 nokazaHa JIuHeitHas pa3BEPTKa BO3AYIIHOIO 3a30pa U 3aBU-
CUMOCTb pACIpEIeNICHUs] UHAYKIMU B HEM. B MammHax MOCTOSIHHOTIO TOKa CTpe-
MSATCSA MOJYYUTh MPAKTUYECKU MMOCTOSIHHOE 3HAYEHWE MHIYKLIHMH TOJ MOJTKCAMU,
YTO JIOCTUTaeTcs CHelralbHOW (POPMOI MOJIFOCHBIX HAKOHEYHUKOB. DTO HEOOXO-
JUMO ISl TOTO, YTOOBI BO BCEX CEKIMSAX OOMOTKHM SIKOPS NP BpPALEHUW HABOIM-
nuck oguHakoBbie DJC.

[Ipu paccmoTpenuun nmpuHIMNa pabOThl MAIIMHBI TOCTOSSHHOTO TOKa OTMEYa-
JIOCh, YTO OOMOTKA SIKOPSI COCTOMT M3 ceKuuid. Kaxkmas cexius ykiaabiBaeTcs B
nasbl MMaKeTa SAKOps TaK, YTOOBI €€ CTOPOHBI HAXOIWIUCH TIOJI COCETHUMU MOJI0Ca-
mu. B kadectBe npumepa Ha puc. 12.6, a mokazana cxema oomotku. Homepamu ¢ /
1o § Ha PUCYHKEe 0003HAYEHBI Ma3bl SKOPS U MIIACTUHBI KojiekTopa. [llar cexruit
OOMOTKH TIO Ta3aM paBeH MOJIOCHOMY JeleHui0 T=4. B xaxnom nasy ynoxeHo
HA4yaJIo OJHOM CEeKIMH (CIUIOLIHAS JIMHUS) U KOHEL APYyrou (IUTpUXoBas JUHUS) U
K KaKJOM MJIACTUHE KOJUIEKTOPA NPUCOECIMHEHBI Hayajaa U KOHUbI CIEAYIOIIUX 10
cxeMme ceKiuil 0OMoTKu. Tak B mepBOM Ma3y MOJ CEBEPHBIM MOJIOCOM HaXOIUTCS
HayaJio NEPBOM CEKLMHU, a KOHELl €€ PacroJIOKEH B IATOM Ma3y MO FOXKHBIM I0-
mrocoM. Havano nmepBoy CEKIIMM IMTPUCOEAMHEHO K MIEPBOU TUIACTUHE KOJUIEKTOPA, a
KOHell — Ko BTopoil. K 3Tol e miacThuHe NpUCcOeAMHEHO HAYalo CIAEAYIOIIEH 1Mo
cXeMe BTOpOH ceKluH U T.A. B pe3dynbrare oOpa3yeTcss 3aMKHyTasi B KOJIBLIO TO-
CleloBaTeNbHAsl AJEKTpUYECKass LEMb, COCTOSAIIAs W3 OJMHAKOBBIX 3JIEMEHTOB
(cexmmii).

[I[éTKkM ManIMHBI B HOPME PACIIOIOKEHBI HA TeOMETpUYecKor HelTpanu. OHu
CO3J1al0T Y3JIbl COEAMHEHUS U JENAT MOCIEA0BaTENbHYIO KOJIBLIEBYIO LIENb 0OMOT-
KU Ha JBE napaiieibhvie gemau (puc. 12.6, 6), Mo Kaxa0i U3 KOTOPBIX MPOTEKAET
I10JIOBUHA TOKa sIKOps /.

[Ipun BpamieHuM SKOps NMPOBOJHHMKM CEKIUHA OOMOTKHM NEPECeKaloT JIMHHUU
MarHuTHOTO 1oJiA U B HUX HaBogsaTcs DJ(C, mo ¢popme NOBTOPSIOIINE KPUBYIO UH-
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nykiuu B(o) puc. 12.5, 6. Havana cexumii /-4 HaXOJATCS MO/ CEBEPHBIM TOJIO-

COM TOJIs, & CeKIHUM 5-8 — MOJ I0’KHBIM, TO3TOMY B 3TUX TpyMmax CeKIUi HaBO-
nsatea DJ1C npoTruBononoxHbIX 3HakoB. Ho rpynmsl cexuuii /-4 u 5-8 HaxonaTcs B
Pa3HBIX BETBSX, IO3TOMY 10 OTHOLIEHHUIO K HIETKAM WJIM, YTO TO k€ CaMmoe, MO0 OT-
HONIEHUIO K BHeIHEN nenu ux 3/]C uMeroT 0JJMHAKOBOE HAMNPABJIECHUE U B CyMME
OJMHAKOBBIE 3HadeHUs. B pesynbrare oOpasyercs O/IC sikopss E,, HanpaBiIcHHas

BCTPEYHO IO OTHOIICHHUIO K HAMPSHKEHUIO MCTOYHUKA MUTAHUS IEMU SIKOPSI U OT-
pPaHWYMBAIOLIAs €TO TOK.

CmenieHne mETOK ¢ reOMEeTpH-
YECKOW HEUTpaay NPUBOIUT K TOMY,
YTO pACMOJIOKEHHbIE MO/ pa3Ho-
UMEHHBIMH TOJTIOCAMHU CEKIIUU OKa-
3BIBAIOTCA B OJIHOM MapajuielbHON
BeTBU. Hampumep, cMmemenue mgé-
TOK M3 MOJI0KeHUs ab Ha puc. 12.6 B
MOJIOKEHUE cd TIPUBENET K TOMY,
YTO TEepBasi U TMATAs CEKUUH OKa-
KYTCSL B BETBSIX C IMPOTHUBOIOJIOXK-
HbIM Hampasiennem J/[C. B pe-
3ynabrate cymMmapHas JJC saxops
yMeHbIIUTCS BABoeE, T.K. DJC cek-
UH TPUOJIU3UTENILHO OJIMHAKOBBI U
no cmenienus npotuBo-2JIC Obuia

4 8
paBHa E = Zek = Zek ~4e, TOrna
k=1 k=5
KaK nocJe CMEIICHUS -
4 8
E, =Zek — e :zek —e ~2e. Ta-
k=2 k=6

KM 00pa3oM, pacrlojioKeHHe MIE-
TOK Ha T€OMETPUYECKOM HEUTpaiu
o0OecreynBaeT TOJyYeHHE MAaKCH-
MaJIbHO BO3MOKHOM mpoTtuBo-2J1C

AKOPSL.
Bpamenue skops HE MEHSET
0) oOIllyI0 KapTUHY pacHpeacsieHUs
Puc. 12.6 OJC B 0OMOTKe, T.K. CEKIUU MPO-
CTO MEPEXOIAT W3 OJHOW BETBU B

IPYTYIO C COXPAHEHUEM CYMMAapHOTO 3HAYEHHS.

Omnpenenum 3HaueHne npotuBo-OJC skops. 110 3aKOHY 3JIEKTPOMArHUTHON
unaykuu J/1C, HaBoiMMasi B TPOBOJHUKE JJTUHOM /, ABMKYLIEMCS CO CKOPOCTHIO
Vv B OJHOPOJAHOM MAarHUTHOM IIoJie, paBHa e = Blv. [lycTh 4KCIIO TPOBOJHUKOB B
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obmoTke sikopst paBHO N. Toraa ¢ yuéTtom JiefieHus UX Ha a mapajulebHbIX BEeTBEH

N N
E =e— = Blv—. [lonaras Benu4uHy MHIAYKIMU B BO3AYIIHOM 3a30pP€ MAILIWHBI

8 2a 2a

)
B paBHOl cpenHeMy 3Ha4YeHUIO B :_l (puc. 12.4, 6) u c y4€roM TOro, 4TO
T

v=nDn/60 u t=nD/(2p), tne D — nuameTp SKOps; n — CKOPOCTh BpAIICHUS B

00/MHH, TTOJTYIUM
E =Cind, (12.1)

N .
rae Cp = LA KOHCTpyKTHBHas noctosiHHasg JJ{C; @ — MarHUTHBIA OTOK B 3a-
60a
30p€ MalIUHBI.
[Ipn ucnosnb3zoBanuu cucremsl eauunl CU gacrtora BpamieHus sSIKOps paBHa

Q= nz—g , Toraa npotuo-3/C

E,=CQ®=QV, (12.2)

N
rae C - P KOHCTpYKTHBHAas noctosiHHast; ¥ = CD — MoTOKOCHEIUICHUE SIKO-

na
pA.

JUis 5IEKTPUUECKOH Lenu AKOpsl, MOAKII0OUYEHHOTO K UCTOYHUKY MMUTAHUS TO-
CTOSIHHOT'O TOKa C HampsbkeHueM U, MOKHO COCTaBUTb YPAaBHEHHUE IO BTOPOMY

3akoHny Kupxroda
U,=RI,+E_, (12.3)
Otcroaa Tok siKops
I, =U,-E,)/R. (12.4)
N3 Beipakenuit (12.2) u (12.4) cnemyet, 4To Mpu U3MEHEHUH CKOPOCTH Bpa-
HICHUS TOK SIKOPSl U3MEHSETCS MO BEJIMYMHE U TI0 HAIPaBJICHUIO, T.K. OT CKOPOCTHU
JAUHENHO 3aBUCHT NpoTUBO-O/IC E_ . I3MeHeHHe HalpaBieHUs NMPOTEKaHUS TOKA

B SIKOPE COOTBETCTBYET M3MEHEHUIO 3HaKa MOIIHOCTH, MOTPEOISIEMOl UM OT HC-
TOYHUKA MUTAHUsA, T.€. U3SMEHEHUIO PeXUMa paboThl MamuHbL. [Ipu MoaoXUTENb-
HOM 3HadeHuu Toka (U, > E_ ) MammuHa paboTaeT B pexXUMe ABUraTels WIN TOp-

MO03a U HOTPEOISAET IEKTPUYECKYIO SHEPIHI0 OT MCTOYHUKA, a IIPH OTPHULIATEIb-
HOM (U, < E_) — 0THa€r €€ B NCTOYHUK.
Venosue I, =0 = U,=E =C.ny® COOTBETCTBYET PEXUMY UOEANIbHOO

XON0CMO020 X004 MAULUHbL. OTCIOI[a CKOpPOCTb HACAJIBHOI'O XOJOCTOI'0O X044

=i g, =Y (12.5)
C N

12.3. DnekmpomazcHumHbLIL MOMEHM MAUIUHDL
Bpamarommuii MOMEHT, pPa3BUBAEMbIM MAIIMHOW, MOYKHO MOJYYUTh W3 BbIpa-
KEHUS JUJIS DJICKTPOMArHUTHOM CUJIBI f, JEHUCTBYIOUIEH Ha HAXOMSIIMICS B OJHO-
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POTHOM MarHUTHOM TI0JI€ TPOBOJHUK JJIMHOM /, IO KOTOPOMY MPOTEKAET TOK [ —
f =Bli. llonp3ysach pacCy ACHUSIMH U BBIPAXKEHUSMHU, UCIOJIB30BaHHBIMH BBILIE

npu onpeneneHny npotuo-I/1C, monyuum
M=Cl®=11Y. (12.6)

Bonpocwl 0ns camonposepku

[lepeunciaute OCHOBHBIE YYaCTKA MAarHUTHOM 1IETTH

Uro Takoe reoMeTpUUECcKas HEUTpab?

UTto Takoe moyrocHOE AeneHue?

Kak pacnipenensieTcss ”HIyKIUs B 3a30p€ U ITOYEMY?

Kakyto a5ekTpuueckyo 1enb 00pa3yoT CeKIIMH OOMOTKH SIKOPsi?

Kak o0Opa3ytorcs napamienbHble BETBU OOMOTKH SKOPS?

Kak Bimsier cMmemieHre mETOK ¢ reoMeTpudeckor HelTpanu Ha DJIC,

HABOJIUMYIO B IKOPE€ MAarHUTHBIM MOJIEM IJIaBHBIX MOJIOCOB?

Kaxk BiusieT cKopocTh BpallleHUs Ha BEIMYUHY TOKA SIKOPS U oYemMy?

9. [Touemy D/1C, HaBoMMas B SIKOPE MAarHUTHBIM IOJIEM IJIaBHBIX MOJIO-
COB, Ha3bIBaeTca NpoTuBo-2C?

10. Kakwue BeIUUMHBI ONPEACISIOT BEIMUMHY CKOPOCTH MACATBHOTO XOJIO-
cToro xoma?

11. Kakue BeIHUMHBI ONPEACISAIOT BEIIMUUHY AJIEKTPOMAarHUTHOIO MOMEH-
Ta?

Nk

*

12.4. Peakyus axkops

[Tox peakuueit ssKOpsi B MalllMHAX MOCTOSIHHOTO TOKA IMTOHUMAKOT BO3JAEHCTBUE
MarHUTHOTO MOJIs, BO30YK/1aeMOT0 TOKOM SIKOPSI, Ha MOJIe TJIABHBIX MOJ0coB. [1pu
Pa30MKHYTOHM LIENH SIKOPSI B MAlllMHE CYIIECTBYET TOJIBKO CUMMETPHUYHOE OJHO-
POJIHOE TOJIe TJIaBHBIX ToNtocoB (puc. 12.7, a). [Ipu nporekannu Toka B 0OMOTKE
SAKOpsI BO3HUKAET HEMOJBHKHOE B MPOCTPAHCTBE MAarHUTHOE IOJIE, OCh KOTOPOIO
COBMAJAET ¢ Oochio MIETOK (puc. 12.7, 6). CknaapIBasch, 3TH ABa MO 00pa3yioT
pE3yAbTUPYIOIIEE MAarHUTHOE IOJ€ MalluHbl. HelTpanbHas nuHusA Wiu gusuue-
cKas Heumpanb Pe3yNbTUPYIOLIETO IO, T.€. JIMHUA, IPOXOAAIIas 4Yepe3 TOUKH C
HYJIEBBIM 3HAYEHHEM MHAYKLIHH B 3a30p€ MAILMHBI, OKa3bIBAETCS Pa3BEPHYTOU Ha
HEKOTOPBIH yroj Y OTHOCUTEILHO TeOMEeTpUUeCcKoi HelTpanu (puc. 12.7, 8).

[Ipu u3MeHeHnn pexxrmMa paboThl MAIIMHBI U3MEHSETCSl HAIPABJICHHUE MPOTE-
KaHUS TOKa B SIKOPE U, COOTBETCTBEHHO, MEHSIOTCSI MECTAMU TOJIOCHI €T0 MArHUT-
HOro noJist. [ToaToMy cMenieHrne HeUTpaiy B peXUMeE TeHEPAaToOpa U B pEKUME JIBU-
raTens UMEET IMPOTUBOIIOJIOKHOE HaIlpaBlIeHHE. B reHepaTopHOM pexume Heu-
Tpajb CMEIIECHA B HAIIPABJICHUM BpALIEHUs SIKOPSA, & B PEKUME ABUTATENSA — IIPO-
TUB HaIlpaBJICHUS BpaLICHUS.

Bpaiienre skops He BIMAET HA IMOJOKEHUE OCH TOJIFOCOB €r0 MarHUTHOTO
noJig. OJIHaKo NpU U3MEHEHUHU HArpy3KHU MalllMHbl U3MEHSETCS TOK SIKOPS U, COOT-
BETCTBEHHO, U3MEHSETCS MHAYKIMS MarHUTHOTO TOJISI PEAKIIUU. DTO, B CBOIO OUe-
penab, IPUBOIUT K U3MEHEHUIO yTIila CMEIICHHUS .

228



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

———————

_____

~.
=
~

—t

Ty
=
T3

ey

-

+

e

S T

=

~
=
ot
o

o
=
=

-

-

T
-

-
s
-z

s

-
&
“Z
&
-
~

_____

a) 0) B)
Puc. 12.7

CwMmeleHrne HEUTpaau BbI3BIBAET LIETBIN psii OTpULATENbHBIX 3 (exToB. B re-
HEPATOPHOM pekuMe paboThl MalMHbI 3TO yMeHbiaeT JC U, COOTBETCTBEHHO,
BBIXO/IHOE HAIpsHKEHUE. B JBUratenbHOM pEXMME 4YacTh NMPOBOJHUKOB Mapal-
JIEIbHOW BETBHU OKA3bIBAECTCS IIOJ JPYTMM IOJIOCOM U CO3MAET TOPMO3HOM MO-
MeHT. CMEIlIeHNE HEUTpaIu CO3Aa€T TaKKe HEPABHOMEPHOCTh PACIPEACIICHUS UH-
JTYKIHMH Ha TJIABHBIX MOJII0cax MamuHbl (puc. 12.7, 6). OHa yBenTuYuBaeTcs Ha OJ1-
HOM Kparo MOJIFOCA U YMEHBIIAECTCSA Ha JAPYrOM, HO BCIICICTBHUE HACBILICHUS BO3-
pacTaHue OTOKA HAa OJTHOM Kparo HE KOMIIEHCUPYET CHUKEHUS Ha JPYroM U B Iie-
JIOM MarHUTHBIA MOTOK B MalllMHE yMeHbIaetrcs. Kpome Toro, cmenienue Heitpa-
JIU CYILIECTBEHHO YXY/IIAET yCIOBUS MPOTEKAHUSI SJIEKTPOMATrHUTHBIX MPOIIECCOB,
CBSI3aHHBIX C MEPEKIIOYEHUEM CEKIUM M3 OJHOU IMApAJUIETBbHOU BETBU B APYTIYIO,
KOTOpBIE MBI OyIeM paccCMaTpuBaTh Jajiee.

| JIns yMEHbIIIEHHs] UCKaXXKEHUsI KPUBOM pacrpeze-
JIEHUS WHAYKIHMU B 3a30p€ B MAalllMHAX CPEAHEN H
OOJBIION MOIIHOCTH MCTOJIB3YIOT KOMIIEHCAIIHOHHYIO
obmotky (puc. 12.8). EE ycraHaBauBamOT B Ta3bl
[JIABHBIX TOJIFOCOB U BKJIIOYAKOT MOCIEI0BATEIbHO B
1enb sKops. Bo3OyxkxmaeMoe OOMOTKOWM MAarHHTHOE
M0JI€ HAIpPaBJIECHO BCTPEYHO MO OTHOIICHUIO K MOJIIO
peaKIuu SKOpsl U1 KOMIIEHCUPYET €ro B 30HE IJIaBHBIX
IIOJIFOCOB.

B 30H€ reomeTpuyecKol HEUTPAIM NOJIE PEAKLIUN
SIKOPSI KOMIIEHCUPYIOT € MOMOIIBI0 J00OABOYHBIX T1O-
mocoB (puc. 12.3). OOMOTKY J00aBOYHBIX IOJIOCOB
TaK)kK€ KaK KOMIIEHCAIIMOHHYI0 OOMOTKY BKJIIOYAIOT
MOCIIEJIOBATENIbHO B IIE€Th SKOPs. DTO oOecreyuBaeT
aBTOMATHYECKYI0 KOPPEKLHIO pEKMMa KOMIIEHCALMM IMPU MU3MEHEHUU Harpy3Ku
maruHbl, T.K. MJIC Bcex Tpéx 0OMOTOK U3MEHSIIOTCS MTPOTOPIIMOHAIIBHO.

Puc. 12.8
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Bonpocwi 0na camonposepku

1. UYro Takoe peakuus sKops?

2 Uro Takoe (uzndeckas HeuTpayib?

3. Kak BiusieT peakuus sskopsi HA MAarHUTHOE T10JIE€ MAIIUHBI?

4 Yro npoucxoaut ¢ (pU3MUecKoi HENTpaIbl0 MAIIMHBI IPU U3MEHEHUU
Harpy3ku?

5. [ToueMy B T€HEpaTOPHOM M B JABUTAaTEIIBHOM pEXUMax HEHUTPaIb CMe-
LIAE€TCS B IPOTUBOIIOJIOKHBIE CTOPOHBI?

6. [lepeuncnuTe BJICHHS], BOSHUKAIOIIME B MAILIMHE B PE3YJITATE CMEILIE-
HUSI HEUTPAJIU.

7. Yro Takoe KomIeHcanuoHHas oOmoTka? EE& koHCTpykius, cxema
BKJIFOUEHMS U (PYHKIUU.

8. Yro takoe 100aBOYHbIE MOMIOCHI? X KOHCTPYKIUS, CX€Ma BKIIOUYEHUS
U QyHKUHUU.

12.5. Kommymaunus
KoMmmyTarueit Ha3pIBaeTCsl MpoLeCC MEePEKIIOYEHUs CEKIIUH OOMOTKHU SIKOPS
Y3 OJHOU MapaJuIeIbHOM BETBU B APYTYIO.

Ha  puc.
[é/z é{f £2 [”i% [Q{E["/_E 12.9 mnoxka3zaHbl
TpHU CTaJIuu

1 "K; npoiiecca Kom-

v V ! 1 'V
<« s34 ]« 23T+ ] «[1]23]+] Myramm B
+ = +,| + [ cekuu 2 00-
I I / MOTKH  SIKODSL.
’ 2) * 0 " B) B pauane cek-
Puc. 12.9 ms 2 Haxo-

JIATCSL B IIPABOU
BETBM OOMOTKH M IO HEll OT Hadaja K KOHIly IpoTekaeT Tok [ /2. 3areM Imérka

nepeMennaeTcs, 3amMmbikasi 2-10 U 3-10 TUIACTUHBI KoyuiekTopa (puc. 12.9, ), u cek-
nusg 2 OKa3bIBAaeTCs 3aMKHYTOM HaKOpOTKO. Ecnu mETKH pacnoiokKeHbl Ha Teo-
METPUYECKOW HEUTPAIH, TO IPOBOJHUKNA KOMMYTUPYEMOU CEKLUH MPU JBUKEHUU
NIEPECEKAIOT JMHUHA MATHUTHOTO TOJIA Peakiuu sSKopsA W B HUX Hasogutrcs OC
e, =B Iv, HazpiBaeMass 3/[C sepawenus. 3nech B, — MHAyKLIUS MOJSA PEAKIMH.

Kpome toro, B cexuuu HaBogutcss DJC camounnykuuu e, =—Ldi/dt. O6e D/1C
CO3J1al0T B KOHTYPE CEKLIMH TOK KOMMYTALUH i, BEIMUYUHA KOTOPOTO 3aBUCUT OT

OJ1C u conpOoTHUBIEHUI AIEMEHTOB KOHTYpA.
Ecim O/IC e, n e, HampaBileHbl BCTPEYHO, TO BO3MOXKHO COCTOSIHUE, KOTJa

es=e, +e,=0 = i =0. B aTom cilyuae TOK B CEKLIUN U3MEHSIETCS O JIMHEHHO-
My 3akoHy i(t)=1,(1-2¢t/T )/2, onpeaensieMoMy HU3MEHEHHEM CONPOTHUBICHUS
TUTONIAAN KOHTaKTa MIETKU C MJIACTUHAMU KoJuiekTopa 2 u 3. Takas KoMMyTaIus
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HA3bIBACTCS JUHEUHOU UIU KoMmymayuel conpomueienuem. OHa SIBISAETCS ONTH-
MaJIbHOM, T.K. IPY 3TOM HE BO3HUKAET UCKpeHus (puc. 12.10).
B cinyyae e; =¢;, +e,#0 TOK i, Hakia-

JLIBAETCS HA TOK JTUHEUHOW KOMMYTAIuu i(¢)
u POUCXOTUT 3aMeJICHHAs
i,(t)=i(t)+i(eg >0) WIM  YCKOpEHHasd
i,(1)=i(t) +i(ey <0) xommyrarms. Ilpu 3a-

MEJUICHHOM KOMMYTALlUU €; >e, WU IEePexoN

METKH HA COCEIHIOK IUIACTHHY KOJUIEKTOpa
COOTBETCTBYET IPOLIECCY PA3MBIKAHUS LIEIH C
AKTUBHO-UHIAYKTUBHOW Harpyskou. llostomy
1oJi COETaroMM KpaeM WETKA BOZHUKAET HC-
kpenue (puc. 12.9, ), KoTOpoe NPHUBOJIUT K
OBICTPOMY M3HOCY IIETOK M BO3HHMKHOBEHHIO Harapa Ha IUIaCTHHAaX KOJJIEKTOpa,
YBEIMYHUBAIOLIETO MEPEXOJHOE CONPOTHUBIICHUE CKOJIB3SLIETO KOHTAKTa M BBI3bI-
BAIOILETO JTONOJHUTEIBHBIEC IIOTEPH.

OCHOBHBIM CHIOCOOOM YJIYUIIEHUsS] KOMMYTAIUH SIBJISIETCS YCTAHOBKA JIOMOJ-
HUTEIBbHBIX MOJIOCOB. BCe MAaIIMHBI IIOCTOSIHHOTO TOKa MoOIMHOCTREIO Oosiee 1000
BT cHaGxaroTcs NOMOJHUTENbHBIMU modtocamu. [lapameTpamMu OoOMOTKHM U Treo-
METPUYECKUMHU Pa3MepPaMH JONOJHUTEIBHBIX ITOJKOCOB MOYKHO KOMIIEHCUPOBATh
WIM JJaXe HECKOJIbKO nepekomnencupoBate MJIC peakuuu sikops, obecnieunBas
JUHENHYI0 WIH €1ab0 YCKOPEHHYI0 KOMMYTAlUI0. JTO MO3BOJIAET CYIIECTBEHHO
YBEJIMYUTH HATPY3KY MAaIIUHBI, T.€. CHU3UTh €€ YACTbHYIO Maccy U rabapuThl.

B mammHax Maimoi MOITHOCTH JOTOJIHUTENIbHBIE MOJIIOCHI HE YCTaHABIIMBAIOT,
a KOMMYTAIMIO ONTUMHU3UPYIOT CMEIIEHUEM IIETOK 3a MOJIOKEHUE (PU3NUECKOM
HelTpanu. HacTtpoiiky OOBIMHO MPOU3BOIAT B PEXKMUME HOMHUHAIBHOM HArpy3Ku
MaIIUHbI 10 MUHUMYMY Ha0nrogaeMoro uckpenus. IIpu sTom B Apyrux pexumax
paboThl HACTpOWKa HapylIaeTcs, T.K. IPU U3MEHEHUH TOKa SIKOPsI MOJIOKEHNE Pu-
3U4ecKoil HeWTpanu u3MeHsercss. OueBUIHO, YTO 3TOT CIIOCOO HENOMYCTUM B Ma-
IIMHAX, paboTaIUX B P&KUME peBepca, T.K. JUIsl OJHOTO W3 HANpaBiIeHUH Bpa-
IICHUS CMENIeHHEe HIETOK OYyJIeT TONbKO yXYAIaTh CUTYalUIO

[[ETOYHO-KOUIEKTOPHBINA y3€Jl MAIIUH IIOCTOSHHOIO TOKA SABJISIETCS TJIABHBIM
AJIEMEHTOM KOHCTPYKLHH, ONPEACIAIOIIUM MPEAEIbHYI0 MOIIHOCTh U CKOPOCTH
BpamieHusi. OT ero pabOThl CYHIECTBEHHO 3aBHUCIT TakXke HaIAEXHOCTh U CPOK
ciyxO0b1. [ToaTomy KommexkTop U mETKKM TPeOYyIOT TIIATEILHOTO KOHTPOJS 3a UX
COCTOSIHUEM, @ TaK)Xe IPOBEACHHS MEPUOJUYECKHX NPO(YUIAKTHUECKHX MEpPO-
NPUSATUN JI UCKITFOUCHHSI OTKA30B B paboTe. DTO YCIOKHSIET U YJIOPOKACT IKC-
IUTyaTalyIo U SBJISETCS OQHOM W3 IJIaBHBIX NPUYMH, IO KOTOPHIM MAIIMHBI TOCTO-
SHHOT'O TOKa 3aMEHSI0T OE€CKOJUIEKTOPHBIMU MaIlIMHAMMU.

Puc. 12.10

Bonpocwl ona camonposepku
1. Uto Takoe KoMMyTaIus?
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2. Kakne 9/1C HaBoAATCS B KOMMYTHUPYEMOW CEKLINH?

3. Kakune crannu npoxXoauT KOMMYTUpYyeMast CEKIUs?

4. Kako# Bu1 KOMMyTaluuy ABISETCA ONTUMAIBHBIM U IIOYEMY ?

5. [Tpy Kakux yCIOBHUSIX KOMMYTalUs MPOUCXOAUT 3aMEUIEHHO (YCKO-
PEHHO)?

6. [Touemy npu 3aMeIEHHON KOMMYTalluM BO3HUKAET UCKPEHUE 0] cOe-
TaroLIUM KpaeM IETKU?

7. Kak onTUMHU3UPYIOT KOMMYTAIMIO B MAIMHAX MaJIOi MOIIIHOCTH?

8. [loyuemy HEBO3MOXHO ONTHMM3HUPOBATH KOMMYTALIMIO BO BCEM JHara-
30HE Harpy30K MalluHbl MyTEM CMEIICHUS MIETOK?

9. Kak onTUMH3UpYIOT KOMMYTAIlMI0 B MalldHaX OOJBIION M cpenHei
MOILIHOCTHU ?

10. TloueMy C MOMOIIBIO TOMOTHUTEIBHBIX MOTOCOB MOXKHO ONTHUMU3HUPO-
BaTh KOMMYTAIIMIO MPAKTUYECKH BO BCEM JMara3oHe HArpy30K Marlu-
HBI?

12.6. Inepzemuueckue cOOmHOUEHUA MAUWUH NOCIMOAHHO20 MOKA
Xapakrtep noTpedsisieMol MallMHON MOITHOCTH 3aBUCUT OT pekuma e€ pado-
Tol. JI1 reHepaTopa — 3TO ME€XaHU4ecKass MOIHOCTh B = M Q) ; i nBurarens —

dJIeKTpUUYecKas MoIHocTs F =UI .

B mammHax moCTOSIHHOTO TOKA, TaKX€ Kak W B JPYTrMX MaIlIMHAX, MIPOIECC
npeoOpa3oBaHus SHEPTUU COMPOBOXKIaeTCs €€ morepsamMu. OOBIYHO UX Pa3IaeIIsSIOT
Ha OCHOBHBIE U JIONOJHUTENBHBIE, BKJIIOYasi B IEPBYIO TPYNIy MAarHUTHBIE, DJIEK-
TPUUYECKHE U MEXAaHWUYECKHE TTOTEPH, a BO BTOPYIO — BCE OCTaJIbHbIC OTEPH, TPYI-
HO MOJJIAIOIIMECS YUETY.

MarauTtHble IOTEPU B MAIIMHAX IIOCTOSAHHOIO ToOKa AP, CBs3aHBI C IlepeMar-

HUYMBAHHUEM CEPACYHHUKA SKOPS U IPOTEKaHUEM B HEM BUXPEBBIX TOKOB. MX Be-
JMYMHA OINPENEIACTCS CKOPOCTBIO BPallCHUs AKOpSA. B KOHCTPYKTHBHBIX DJIE€MEH-
TaxX CTaTOpa MAallWHBI, 00Pa3yIOUIMX MAarHUTONPOBOJ, 3TU IOTEPU NPAKTUYECKU
OTCYTCTBYIOT, T.K. MATHUTHBIN IIOTOK B HUX ITOCTOSIHEH.

DNeKTpUYECcKue NOTEPU MPOUCXOAT B LEMSIX 0OMOTKH BO30YKACHUS U SIKOPs
MmamuHbl. [lorepu B nenu Bo30ykA€HUS MPOUCXOIAT B OOMOTKE M B PETYIATOPE
(peocrare), €ClId OH MCIIOJIL3YETCA M1 YIIPABIICHUS, M BBIPAKAIOTCS Yepe3 Haps-
xkenue U, u TOK [, MCTOYHMKA MUTaHUs 3TOU nenu Kak AP, =U [ .

ITorepu B menu AKOpst MPOUCXOIAT B €0 OOMOTKE M B MIETOYHBIX KOHTaKTaX
U ONPENENSIOTCS COOTBETCTBEHHO KaK AP, = R/ f; AP, =AU I,
MapHO€ CONPOTHUBICHHE OOMOTKM SKOPS M PEryIMPOBOYHOIO CONPOTUBIICHUS;
AU, — najneHue HampsDKCHUS Ha MIETKAxX, ONPEIEIEMOe 0 CIPABOYHBIM JaH-

rae Ry — cym-

HBIM.
MexaHu4ecKHue IMoTCpHn APMX CBA3aHbI ¢ TPCHHUCM B IMOJAIIUITHUKAX OIIOp AKO-

pa U B MIETOYHOM Y3JIC, 4 TAKXKC C TPCHUCM SAKOPA O BO3AYX U C MCPEMCIICHUCM
BO3AYHIHBIX MAaCC 9€pE3 KOPITYyC MalllNHLI.
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K n06aBo4nbiM motepsM AP, OTHOCAT IOTEPH OT BUXPEBBIX TOKOB B OOMOT-

Kax, B CTQJIM IOJIFOCHBIX HAKOHEUYHUKOB, BBI3BAHHBIE ITYyJIbCALMEN MArHUTHOI'O I10-
TOKa BCJIEACTBUE 3y04aToro crpoeHus nakera sikops U ap. OHU He MoaJaroTcs
TOYHOMY Y4YETY W, B 3aBUCUMOCTH OT HAJIMYMSI WM OTCYTCTBHUS KOMIICHCALIMOHHOU
00OMOTKH, npuHUMarOTCs paBHbIMU 0,5% wnu 1% oT moaBOAMMON WIM MOJE3HOU
MOII[HOCTH.

Takum  oOpa3oMm,  IOJHbIE  MOTEPU B  MAIIMHE  COCTAaBIISIIOT
AP =AP, + AP, + AP, + AP, + AP, + AP, . Orcrona moxuo onpenenuts KIIJI ma-

IIMHBI B pEXKMME reHepaTopa

neP
P, +AP’
rae P, =U,Il, —snekTpudecKkast MOIIHOCTD Ha BBIXOJE T'€HEPATOPa, U ABUTATEI
n= B —-AP
T

B 3THX BBIp@KEHHUSX HCIOJB3YETCS TOJIBKO JIETKO HM3MepseMas 3JICKTpHYecKas
MOIIIHOCTb ¥ PACUETHBIC 3HAYCHUS MOIIIHOCTH TOTEPb.
Koadduument mnone3Horo aeucTBus

1,0“ MaIllliH TIOCTOSIHHOTO TOKa MOIIHOCTBIO

P e e o6onee 10 xBt cocraBmger 0,85...0,96,

0,8 / npuuéM OOJIbIIINE 3HAYEHHUSI COOTBETCTBY-

0,6 10T MalllMHaM OOJbIIeH MOIIHOCTH. Y Ma-

/ IIMH MOIIHOCTRIO 10 50 BT oH cymiect-

0.4 / BEHHO MEHBIIE M COCTABIIIET BCEro
0,2 0,15...0,5

B 3asucumocts KII/] ot xoadpunnenta

0 0,5 1,0 1,5 Harpysku =P,/ P, Y MalluH NOCTOsH-

Puc. 12.11 HOT'O TOKa UMEET TaKOoil ke XapakTep Kak y

BCEX OCTabHBIX MamuH (puc. 12.11). On
OBICTPO CHW)KAeTCS MPU MaJol HArpy3Ke, MOATOMY HEIOTPYKEHHYIO MaIlUHY
OYCHb HEBBITOJIHO IKCILTYaTUPOBATh.

Bonpocwi 0ns camonposepku

YTO BKJIIOUAIOT B OCHOBHBIE ITOTEPU?

[ToyemMy HE yUHUTHIBAIOTCSI MArHUTHBIE IOTEPU B CTATOPE?

UTO BKJIIOYAIOT B JIEKTPUUECKUE MTOTEPU B MAIIIUHE?

YTo BKIIOYAIOT B MEXaHUUECKHUE MMOTEPU B MAIIIUHE?

Uto BKIJIIOYAIOT B JI00aBOYHBIE MOTEPU B MAIIMHE U KaK UX YYUTHIBA-
10T?

6. [Touemy HeNb3s HIKCIUTYaTUPOBATH HEJIOTPYKEHHYIO MAILIUHY ?

DN AW =
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12.7. Xapakmepucmuku osuzameineil nOCMOAHHO20 MOKA

Jl1st pa3pabOTYMKOB M MOJB30BATENEH 3JIEKTPUUECKUX PUBOJIOB BaXKHEHIIIH-
MU XapaKTEPUCTHKAMU JIBUTaTeseil SBIAIOTCS MEXaHUYECKUE U PETyJIHPOBOYHBIE
XapakTepucTuku. [lepBbie OMpenensioT peakuio ABUraTess Ha Harpys3Ky, a BTO-
pbl€ — Ha YIPAaBIISIOLIEE BO3JACUCTBUE. Y NBUTATENE MOCTOSHHOIO TOKA 3TH Xa-
PaKTEPUCTUKHU OOJAJAIOT LENIBIM PSIOM OCOOEHHOCTEH, ONMPENENUBIINX MPEUMY-
IIECTBEHHOE MCIOJIb30BAHUE ITUX ABUTATEICH B PETYIUPYEMBIX BBICOKOKAYECT-
BEHHBIX MIPUBO/JIAX.

YpaBHEHHE MEXaHUYECKOW U PETYJIMPOBOYHOW XapPAKTEPUCTUKUA MOKHO IO-
JYyYUTh MOJCTAaHOBKOM BbIpakeHUM miist npotuBo-2J(C (12.2) u Bpamaroiero mo-
MeHTa (12.6) B ypaBHeHnue (12.3)
n= o Bt q U KRy, (12.7)

C,® C,CD Y Y

B ypaBaenusix (12.7) Tpu BEIHMUUHBI MOTYT OBITh PETYJIUPYEMBIMU TIEPEMEH-

HBIMHU: HalpsyKEHUE Ha sikope asurarens U, MarHUTHBIN NOTOK @ MM MOTOKOC-

OCIIIICHUEC Y u I[O63B0‘-IHO€ COIIPOTHUBIICHUC R;[ ) BKJIIOYEHHOEC IIOCJICA0OBATCIbHO B

uenp kops. [Ipu NOCTOSHHBIX 3HAYEHUSX 3TUX BEIWYMH ypaBHeHue (12.7) coot-
BETCTBYET MEXaHUYECKUM XapaKTEpPUCTUKAM JBUTATENs, T.€. 3aBUCUMOCTU n(M).

IIpu mocrosHHOM Harpyske asurarens M =M _ =const M BapuallMd OJHOW M3
TPEX MEPEMEHHBIX MBI MOJYYUM COOTBETCTBYIOIIUE PETYJIMPOBOYHBIE XapPAKTEPH-
cruku — n(U,), n(®) un n(R,).

Mexanndeckasi XapaKTEpUCTHKA JIBUTaTess, MOJyYeHHas: PU HOMHUHAJIBHBIX

3HAUCHHUAX HANPsDKCHHUS Ha SKOPE U TOKa OOMOTKH BO30YXKJEHHUS U OTCYTCTBUU
1100aBOYHOrO COnpoTUBIeHus R, =0, Ha3bIBaeTCS ecmecmeennou. Bee ocTanbHbie

MCXAHNYCCKUC XAPAKTCPHUCTHUKH HA3BIBAIOTCA UCKYCCNMEEHHbIMU.

12.7.1. Xapakmepucmuxu ogueameieil napaiieibHo20 8030YHcOeHuUs

DnekTpudecKkas Iernb OOMOTKM BO30YXKIEHUS JBUTaTElIeH MapayieIbHOTO
BO30Y>KJICHUS TOJKIIOUAETCs MapajuiesbHo 1enu skops (puc. 12.4, 6). Ecnu npu
ATOM YIPABJICHHE JBUTATEIEM MPOU3BOIUTCS TaKUM 00pa30M, UYTO HAMPSIKEHUE B
1enu OOMOTKH BO3OYXICHHUS HE 3aBUCUT OT HAMPSKEHUS SIKOPS, TO €r0 XapakKTe-
pPUCTUKHU OyJyT UJIEHTUYHBI ABUTATENIO C HE3aBUCUMBIM (puc. 12.4, a) u ¢ Maruu-
TO3JIEKTpUYECKUM (puc. 12.4, a) BO30yKIeHUEM.

VYpaBHEHUSI MEXaHUYECKUX W PETyJIUPOBOUHBIX XaPAKTEPUCTUK JIBUTATEIS
COOTBETCTBYIOT BbipaxkeHUsM (12.7). EcTrecTBeHHast U MCKYCCTBEHHbIC MEXaHHUYE-
CKHME€ XapaKTePUCTUKU MPEJICTABIISIIOT COOO0M MpsIMbIE JIMHUU

n=n,—bM, (12.8)

R, +R, .
- JInnaen-

rae: n, = i — CKOPOCTh HJACAJIIBHOI'O XOJIOCTOTO XOnd, b=

C,D C.CD
HOCTh U OTpHHaTGHBHBIﬁ HAKJIOH MCXAaHUYCCKUX XaAPAKTCPUCTUK 00€ecreynBaroT
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JIBUTATENIO XOPOILIYIO YIPABISIEMOCTh M YCTOWYMBOCTH IPU pabOTE C pa3IMUYHBIMU
BUJIAMU Harpy3KHu.

CKOpOCTb XOJIOCTOI'O XO/a JABUTaTeNsl HE 3aBUCUT OT MapaMeTPOB LENU SIKOps
U OIpelessieTcs TOJNBKO HaIpsbkeHueM Ha skope U, U BEIMYUHOW MarHUTHOIO

notoka ®@. Koapdumuent b onpenensier HAKIOH WM KECTKOCTh MEXaHUYECKOUN
XapaKTEepUCTUKU. YeM MEHbIle BEJIMYMHA CONMPOTHBIICHHS B YHCIUTENIEC BBIPAKE-
HUS, TeM JXKECTUE MEXaHMYECKash XapaKTePUCTUKA M TEeM MEHbIIIC U3MEHEHUS CKO-
pPOCTH BpallleHus! Py U3MEHEHUHU Harpy3ku. CienoBaTenbHO, MAKCUMAIBHOM KE-
CTKOCTBIO 00JIaJ]aeT eCTECTBEHHAsI MEXaHUYECKasi XapaKTEePUCTHKA.

[Tonaras n=0, u3 ypaBHeHus (12.8) MOXKHO ONpeACTUTh IMTyCKOBOW MOMEHT
neuratens M =COU, /(R +R)).

Hamnpagienue BpailieHUs] ABUTATENST OMPEIEISETCS 3HAKOM CKOPOCTH XOJIO-
CTOTO XOJla YU MOKET U3MEHSTHCS MyTEM U3MEHEHUS MOJISIPHOCTU HAMPSKEHUSI TTH-
TaHUS AKOPSI WM OOMOTKU BO30YykAeHus. B mocinegHeM ciiyyae MU3MEHUTCS 3HAK
(mossipHOCTH) MarHuTHOro notoka ®. O4eBUIHO, YTO OJHOBPEMEHHOE U3MEHEHHUE
MOJIIPHOCTH MCTOYHUKOB MUTaHUSI 00EWX Ierned He MPUBEAET K U3MEHEHUIO Ha-
MIpaBJICHUs BpaIlCHUS.

Ha puc. 12.12 noka3zanbl XapakTEpUCTUKHU JIBUTATEIS MapauiebHOrO BO30Y-
KJICHUS TIPU PA3TUYHBIX CIIOCO0aX YIPaBICHUS U CXEMbI UX pean3aliu.

VYrpagneHue aBUrareneM NyTEM U3MEHEHUS HANpPsDKEHUS Ha €ro sKope, Ha-
3bIBAEMOE TAKKE AKOPHBIM YNpasieHuem, SBIsieTCsl HauboJee CIOXKHBIM U COBEp-
meHHbIM (puc. 12.12, a). [lpu nutanuu aBUraresis OT ICTOYHHUKA MOCTOSSHHOTO TO-
ka U ero oObIYHO peanu3yloT C MOMOUILI0 IHUPOTHO-UMITYJIBCHOTO PETYISTOpa
(IOUP) (cm. pazgenst 5.3.3 u 5.4.3). CpenHee 3HaUECHUE BBIXOJHOTO HAMPSHKEHUS
HINP siBnsercs 0au3Kkoi K TMHEHHON (yHKIMEN curHana ynpasiaenust U~k -s;, .

n U =var n

n, U =U

7
sl AHOM
,
4

e

— [TINP

a) 6) B)
Puc. 12.12
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Mexannyeckue U peryJIupoBOYHbIE XaPAKTEPUCTUKHU IBUTrATENS [IPU IKOPHOM
YIIPABJICHUH JIMHEWHBI, YTO OYE€Hb BAXXHO Ul pealu3alld BBICOKOKAYECTBEHHBIX
IpuBOAOB. PerynnpoBaHue NMpou3BOIUTCSA BHU3 OT HOMUHAJIBHOM CKOPOCTH Bpa-
LICHHUS [IPU OCTOSHHOM KECTKOCTH MEXaHUYECKUX XapaKTEPUCTUK, PaBHOM KECT-
KOCTH €CTECTBEHHOW XapaKTEPUCTUKU. JlMana3oH peryJMpoBaHus IPU dTOM Mak-
CHUMAJIEH BIUIOTH JI0 HYJIEBOM CKOPOCTH BpallleHUA. B cilyyae HUCIIOIb30BaHus pe-
BEPCHUBHOI'O IIHPOTHO-UMILYJIbCHOTO PEryJIATOpa CKOPOCTh BPAIICHUS MOYKHO pe-
IYJUpOBaTh B IpENeNax +n, . ...~ M, -

OCHOBHBIM HEJOCTATKOM SIKOPHOTO YIIPaBJICHUS SBISIETCS OTHOCHTEIBHO
00JbIIasi MOIIHOCTh PETYJIATOPA, T.K. OH padOTaeT B LEMHU AKOPS, MOITHOCTb KOTO-
poii B 3...4 pa3a 60JbI1Ie MOITHOCTH LIEMH OOMOTKH BO30YKIECHHUS.

PerynupoBaHue CKOpPOCTH BpAILIEHUS BBIIIE HOMHHAIBHOW B JIBUTATENAX C
AJIEKTPOMArHUTHBIM BO30Y)KIIEHHUEM, €CIIM 3TO BO3MOKHO IO YCJIOBUSM 3KCILTya-
TallMy JBUTaTels, OCYLIECTBISAETCS M3MEHEHUEM BEJIUYMHBI MarHUTHOIO MOTOKA
IJIaBHBIX TIOJIFOCOB U HA3bIBAETCS NONIOCHbIM YNPABIECHUEM.

OHo peanusyercs NMYyTEM W3MEHEHHsS TOKa OOMOTKM BO30yxzaeHus. B mpo-
CTEHIIeM BapUaHTE ATO OCYILIECTBISAETCS C MOMOUIbIO BKIIOYEHHOIO IMOCIEI0Ba-
TEIBLHO ¢ 00MOTKOM peoctarta (puc. 12.12, 6). [Ipu HEOOXOAMMOCTH aBTOMATHYE-
CKOrO WJIM JUCTAaHIMOHHOT'O YTMPAaBIEHUS ISl PEryJIMPOBAHUS HMCHIOJB3YIOT ILIU-
POTHO-UMITYJIbCHBIA PETrYyJIATOP, aHAJIOTMYHO CXEME SIKOPHOTO YMPAaBIICHUS PHC.
12.12, a. B cnyyae nutanus 1enu Bo30y>XI€HUsI OT UICTOYHUKA TIEPEMEHHOTO TOKa
JUISL pErYJIUPOBAHUS UCTIONB3YIOT YIIPABJISIEMbIil BBINPSIMUTEIb.

MexaHuveckue XapaKTepUCTUKU TPU TMOJIOCHOM YIPABIECHUU JIMHEHHBI, HO
cuwibHas (KBaJpaTU4HAas) 3aBUCHUMOCTD JKECTKOCTH 1/b OT BETUYMHBI MarHUTHOTO
[OTOKAa NPHUBOJUT K TOMY, YTO OHA 3aMETHO YMEHBILIAETCS C POCTOM CKOPOCTH
Bpamienus (puc. 12.12, 6) u nBurarens cuiibHEe pearupyer Ha U3MEHEHUSI MOMEH-
Ta Harpy3KH.

PerynupoBouHble XapaKTEpUCTUKH JBUTATENsl MPU MOJIOCHOM YIPABICHHUU
MPUHIUINAIBHO HEJIWHEWHBI. [Ipy HyJIEBOM MOMEHTE HArpy3Kd peryJupoBOYHas
XapaKTepUCTUKA MPEJCTaBIseT co00il runepoosy, a npyu Harpy3ke OTIMYHOU OT
HYJI1 — KPUBYIO BTOPOIO MOPSAJIKA, UMEIOUIYI0 MAKCUMYM B 00JIACTU MaJIbIX TOKOB
B0O30Yy>X/ieHHUs. HelnHeitHOCTh U HEOJIHO3HAYHOCTh PEryJMPOBOYHBIX XapaKTepH-
CTUK SIBJISIOTCA OOJBIIMMH HEJOCTATKAMHU TOJIOCHOTO YIIpaBJieHUs, KOTOpbIE
HY’KHO YUYUTBIBaTh IIPH pa3pabOTKe M dKCIuTyaTanuu. JJOCTOMHCTBAMU 3TOTO CHO-
co0a SIBJISIIOTCS BO3MOXKHOCTb MOJYYEHHUS MPU HOMUHAIBLHOM HAIPSKEHUU TUTaA-
HUSI CKOPOCTEH BpaIleHUs], MPEBHIIAIONUX HOMUHAIBHYIO CKOPOCTh, a TAKXKE OT-
HOCHUTEJIBHO Majiasi MOIIHOCTh, pacXoayeMas Ipu PEeryJIMpOBaHUN.

Tperuit cnoco® perynupoBaHus CKOPOCTH BpAaLICHHs pealn3yercss BKIOYe-
HUEM peocTara B Lenb siKops apuraresns (puc. 12.12, g).

O0a BHJ1a XapaKTEpUCTUK MIPU 3TOM JIMHEWHBI, HO PEryJUPOBaHUE BO3MOKHO
TOJIBKO B 00JIACTH CKOPOCTEN BpAILEHUs HUKE HOMUHAIBHOW. C yBEIMYEHHEM CO-
NPOTUBIEHHS R, KECTKOCTh MEXaHMYECKUX XAPAKTEPUCTUK OBICTPO YMEHBILIAET-
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Cs, @ IOTEPHU PACTYT, T.K. YEPE3 PEOCTAT MPOTEKAET BECh TOK SIKOPS JBUTATEIIS.
Jlnanas3oH peryjaMpoBaHHs 3aBUCHUT OT HArpy3Kd M IIPU MAJIOM MOMEHTE pEryJiv-
pOBaHUE CTAHOBUTCA BOOOIE HEBO3MOXKHBIM. EJIMHCTBEHHBIM J1IOCTOMHCTBOM 3TO-
ro croco0a sBJIIETCS MPOCTOTA pealn3alry, HO B COBPEMEHHBIX IPUBOJIaX OH Ha-
XOJUT IPUMEHEHHUE TOJIBKO B YCTPOMCTBAX OTPAaHUYECHUS IIyCKOBBIX TOKOB.

Bonpocw 0ns camonposepku

1.
2.

10.

1.

12.

13.

14.

15.

16.

Yro Takoe MEXaHUYECKUE XapaKTEPUCTUKU?

Kakue crnocoObl peryinpoBaHus CKOPOCTH BpAaLICHHs BO3MOXHBI AJIs
JBUTATEJIEN IOCTOSIHHOTO TOKa?

Yro Takoe ecTecTBEHHas (MCKYCCTBEHHAs) MEXaHWYECKas XapaKTepH-
cThKa?

Yro Takoe KECTKOCTh MEXAHUYECKOW XapaKTEPUCTHKH ?

Kakue nmapameTpbl onpenenstoT KECTKOCTh MEXAHUYECKOW XapaKTepH-
CTUKU JBUTATEIsI HE3aBUCUMOT'O BO30OYXKACHUS?

Kakass MexaHuveckasi XxapakTE€pHCTHKA ABUTATeNld HE3aBUCHMOIO BO3-
OyxaeHust 00JaaaeT MaKCUMaIbHOM KECTKOCTHIO?

Kakue mapameTpbl onpenesnstoT MyCKOBOM MOMEHT JBUTATENsl HE3aBH-
CUMOTI'0 BO30YKIEHUS?

Kak u3mMeHuTh HallpaBiieHHE BpallleHUs ABUTaTeNsl HE3aBUCUMOIO BO3-
OyxeHus ?

Kaxoil BUI UMEIOT PEryJIMpOBOYHbIE XapaKTEPUCTUKH JBUTATEINS HE3a-
BHUCUMOT0 BO30YKJI€HUS IPU SKOPHOM yNpPaBICHUU?

B kakom nuamnazoHe MOKHO peryJiMpoBaTh CKOPOCTb BpAILEHUs JABUTa-
TEJIsI HE3aBUCUMOT'0 BO30YKJICHHS MPU IKOPHOM YIIpaBJICHUN?

Kakumu cpeacrBamu peaisyercs peryjJnpoBaHUE CKOPOCTH BpallleHUs
JIBUTATEIIsI HE3aBUCUMOI'O BO30YXACHUS IPH SIKOPHOM yNPaBJICHUN?
Kakumu cpeacrBamu peasinsyercs peryjJnpoBaHUE CKOPOCTH BpallEHUs
JIBUTATEIISI HE3aBUCUMOI'O BO30YXACHUS IIPU MOJTOCHOM YIPABIECHUU ?
B kakom quamnazoHe MOKHO peryJMpoBaTh CKOPOCTh BpAIlEHUs ABUTa-
TEJIsl HE3aBUCUMOI'0 BO30Y KIEHUSI IPU TIOJIOCHOM YIPaBICHUU?
VYKakuTe JOCTOMHCTBA U HEJOCTATKU SIKOPHOTO YTIPaBJIECHUs JIBUraTe-
JIEM HE3aBUCUMOIO BO30OYKIEHU?

VYKakuTe JOCTOMHCTBA M HEAOCTATKHU IOJIIOCHOIO YIPABJICHUS JIBUTa-
TEeJIeM HE3aBHCHUMOI'0 BO30YKIACHUS?

VKaxxnuTe TOCTOMHCTBA U HEJOCTATKU YIIPABJICHUS JBUTATEIEM HE3aBH-
CHUMOTI'0 BO30Y KJICHHsI C TOMOLIbIO PEOCcTaTa B LIEMHU SKOPsI?

12.7.2. Topmo3sHuwie pexcumbl 0guzameneil napaiieibHo20 8030VHCOEeHUS]

TopMO3HBIE PEKUMBI B DJIEKTPUYECKAX MAIIMHAX BO3HUKAIOT ITPYU U3MEHEHUHN
3HaKa BpPAIIAlOIIEr0 MOMEHTA WJIM CKOPOCTM BpalleHWs. MexaHudeckas MOII-
HOCTh MAIlIMHBI MPU 3TOM CTAHOBUTCS OTPULATEIBHOM, T.€. BpalIEHUE POTOpa
MIPOUCXOJUT 3a CUET DHEPIUM HArpy3Ku Ha Bajgy MamuHbl. ClegoBaTeabHO, TOP-
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MO3HBIE PEXHUMBI COOTBETCTBYIOT yUacTKaM MEXaHWYECKHX XapaKTEePHCTHK, pac-
M0JIOKEHHBIM BO BTOPOM U B YETBEPTOM KBajpaHTtax (puc. 12.13).

TopmoskeHue ¢ oTaauell SHEPTUH B CETh WU PeKynepamueHoe mopmodiceHue
JIBUTATENs] COOTBETCTBYET BCTPEYHOMY HAIMpPABJICHHUIO MPOTEKAHHS TOKa B SKOpPE
110 OTHOIIICHUIO K HaNpsDKeHUIO (ydacTok ab Ha puc. 12.13). U3 Beipakenus (12.4)
9TO COOTBETCTBYeT yenosuto E, >U, < Con®>U, = n>U_ /(Cx®)=n,, K0TO-

pPO€ MOXKHO BBIIIOJIHUTDH 100 TTOBBIIIICHUEM CKOPOCTH BpalllCHUA, 00 TOHMKE-
HHUCM 3HAYCHUA CKOPOCTH XOJIOCTOI'O XOIa ny,. B IICPBOM ClIydac ABUTATCIIb PaA3-

TOHSIETCA 3a CYET BpALAOLIEr0 MOMEHTA, IEUCTBYIOLIErO Ha Ball JBUraTeis CO
CTOPOHBI HArPY3KH U MOXKET HAXOAUTBHCSA B OTOM PEXUME JUIMTEIBHOE BPEMS, Ha-
IIpUMEp, IIPU ABMIKEHUHM TPAHCIOPTHOIO CPENCTBAa NOJA YKJIOH. Bo BTOpoM — CKo-
POCTB XOJIOCTOr'O XOJa IIOHMKAETCS IIyTEM IOHMKECHUS HaIpsDKEHUE Ha sikope U,

WIM YBEJIIMYEHUsI TOKA BO30YXKJEHUs, T.€. YBEIMUYECHHUS MAarHUTHOIO MOTOKa IiaB-
HBIX MOII0COB D. DTO MOKET MPOUCXOAUTH MPHU SIKOPHOM WM MOJIFOCHOM PETyJIn-
POBaHMM CKOpPOCTH BpauieHus. llepexon B reHepaTOpHbI pEeXUM B 3TOM CIydae
HOCUT KPAaTKOBPEMEHHBIN XapakKTep, W MOCIE CHUYKEHHUSI CKOPOCTH MalllHa BO3-
BpallaeTCA B IBUTATEIbHBIN PEKHIM.
n Pexum anexmpomacnummo-
U U, 20 MOpMO3a UNU MOPMONCEHUS.
_é npomugoskaoueHuem  (y4acTok
< cd Ha puc. 12.13) cooTBeTCTBYET
COTJIACHOMY HAIIPABJICHUIO JIE€U-
cteus DJIC n HanmpskeHHs SKO-
ps, T.e. IEPEXOA B 3TOT PEXKUM
BO3MOXEH IpPU HM3MEHEHUHU TMO-
JAPHOCTA OJHOW M3 BEJIWYMH. B
coorBeTcTBUM ¢ (12.2), Hampas-

M

M

nenue aerctBus DJIC skops 3a-
BUCUT OT HaMpaBJCHUS Bpalie-
HUSI ¥ HAIpaBJICHUS MarHUTHOTO
IIOTOKAa TJIaBHBIX IIOJIOCOB Ma-
myHbl. HampaBieHue BpalieHus
JIIBUTATEId MOXKET W3MEHUTHCS
Mpyd YBEJIWYEHUM MOMEHTa Ha-
TPY3KH JO 3HA4Y€HUsl, MPEBHI-
MIAIOMIET0  MYyCKOBOM  MOMEHT
M. > M . Torna nsurareib BHa-

L \
1
Ly, \

w— M

—>/

B

Puc. 12.13 yaje OCTaHOBUTCS, a 3aTE€M H3-

MEHUT HAIIPABJICHUE BPalICHUA U
nepeaeéT B TOpMO3HOM pexxuM. JlinTenbHas padoTa B 3TOM pEeXUME OIacHa, T.K.
IIPA 3TOM BCSl SHEPIHUs, MOJydyaemas JIBUTATEIEM OT UCTOYHHKA MUTAHUS U OT Ha-
IPY3KH, PACCEMBAECTCA B HEM B BUJIE TeIia. KpaTKOBPEMEHHO PEKUM TOPMOKEHUSA
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(OopMHpYIOT IIpH OCTaHOBKE M IIPH peBepce. s 3TOro M3MEeHSIOT MOISPHOCTH
IUTaHUs AKOPs Wi 00MOTKH BO30ysxaeHus. [locne yero nurarens ocTaHaBIUBa-
€TCs M, €C/IM IIPU 3TOM IIUTAaHWE HE OTKIroYaercs, a M <M, TO pasroHsercs B

MPOTHUBOMOJIOKHOM HamnpasiaeHuu. CorjacHoe aeictBue I/]C U HanpsHKEHUS MH-
TaHUSI IPU TOPMOKEHUU M PEBEPCHUPOBAHUU CO3AET B LEMU SKOPS TOK, MHOIO-
KPAaTHO MPEBBIMIAIONINNE HOMUHAIBHOE 3HaueHue. [loatomy nipu mepexoae B TOp-
MO3HOU PEXUM JIJIsi OTPAHUYECHUSI TOKA B IIEMb SAKOPS BKJIIOYAIOT T0OABOYHOE CO-
MPOTHUBJICHUE.

Ouyenb 3¢(HEKTUBHBIM U YACTO UCTIOJIB3YyEMbIM Ha MPAKTUKE SBISIETCS PEKUM
ounamudeckoz2o mopmosicerusi. OH GopMUPYETCS MYTEM OTKIIIOUCHUS 1IENU SKOPS
OT WMCTOYHUKA TMUTAHUS U 3aMbIKaHUs €€ Ha J00aBOYHOE COMPOTHUBICHUE (pHC.
12.13). VYpaBHeHUE MEXaHWYECKOM XapaKTEPUCTUKHU JJISi ATOr0 PeKuMa padoThl
nosrydaercs u3 (12.7) npu ycnosun U, =0
R, +R,

C,CD*

Bripaxenue (12.9) sBnsieTcss ypaBHEHHUEM MPSMON JIMHUH, TIPOXOJISIICH Yepe3
Hayajio KOOPAMHAT MU PACIHOJIOKEHHOW BO BTOPOM M YETBEPTOM KBAJpPaHTAX
(wtpuxoBas nuHus Ha puc. 12.13). Ha3Banue 3Toro Buaa TOPMOKEHUS CBSI3aHO C
TE€M, YTO TOPMO3HOM MOMEHT BO3HHMKAET TOJIBKO B IMHAMUKE, T.€. IIPU BpPAICHUH
SAKOPSL.

PexxuMm nMHAMUYECKOTrO TOPMOKEHHUSI SIBIISIETCSI T€HEPATOPHBIM PEXKUMOM, B
KOTOPOM MEXaHHMUYeCKas YHEPTHsl, MOABEAEHHAS] K POTOPY CO CTOPOHBI HArpy3Ku,
npeoOpa3yeTcs B AJIEKTPUUECKYIO SHEPTUIO, a 3aTEeM PAaCCEUBACTCS B BHUJIC TEIUIA B
AKTUBHBIX CONMPOTUBIICHUSX LU SIKOPSL.

D¢ heKTUBHOCTh TOPMOXKEHUS TIPU MPOYUX PABHBIX YCIOBHUAX 3aBUCHUT OT Be-
JIMYMHBL 100aBOYHOTO COMPOTHBIEHUA R . OHO yMEHBIIAET KECTKOCTH TOPMO3-

(12.9)

HOM XapaKTEepUCTUKH U OTPAHUYMBAET TEM CaMbIM TOPMO3HOW MOMEHT M TOK B Li€-
nu skops. Kpome Toro, Ha 100aBOYHOM CONPOTHUBIIEHUH PACCEHBAETCS YacCTh
DHEPruu, KOTOpas B MPOTUBHOM CIIy4ae paccenBajiach Obl B 0OMOTKE SIKOPSI.

Bonpocwi 0ns camonposepku

1. [lepeuncnuTe BO3MOXKHBIE PEKUMBI TOPMOKEHHUS ABUTATENIeld HE3aBH-
CUMOT0 BO30YKIEHUS.

2. [To kakoMy TIpU3HAKY MOXHO ONPEEIUTh TOPMO3HOU PEKUM HA MeXa-
HUYECKON XapaKTepUCTUKE?

3. Kak nepeBectu nBHUrateiab HE3aBUCHUMOTO BO30YXKIACHHUS B PEKUM pe-
KYIIEpaTUBHOTO (AUHAMHUYECKOTO) TOPMOKEHHUS?

4. Kak nmepeBecTu nBUraTesib He3aBUCUMOI'O BO30YXKICHUS B PEXKHUM TOP-
MOEHHUS MPOTUBOBKIOUECHUEM ?

5. [louemy B pexrMe MPOTUBOBKIIIOUEHHSI TOK JBUTATENI MPEBOCXOIUT

ITyCKOBOW TOK?
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6. Bo uto mpeoOpa3yercss KMHETHYECKas SHEprus BpaILQIOLIUXCS Macc
IPU TMHAMHUYECKOM (PEKyNEepaTUBHOM) TOPMOXKEHUU ?
7. Kakoil pexum TOPMOXKEHHSI SIBISIETCS ONTUMAJIBHBIM C TOYKU 3pEHUs

npeoOpa3zoBaHus SHEPTUU?

12.7.3. Xapaxmepucmuku osucameneii nociedo8amenbio2o 6030VxucoeHuUs

JIBurarenpb MOCJI€I0BATEIILHOTO BO30YKICHHUS OTIMYACTCS OT JBUTATENs Ia-
pajuIeIbHOTO BO30YKJACHUS HATMYUEM DJICKTPUUYCCKON CBSI3U MEXKIY LETSIMHU KO-
ps u Bo30OyxkaeHus [, =1/ . IlooToMy ypaBHEHHE MEXaHMYECKOW XapPaKTEPUCTHKH

MO>KHO TMOJYYUTh U3 ypaBHeHus (12.7), ecinu BBECTU B HETrO 3Ty 3aBUCUMOCTb. [1o-
Jarasi MAarHUTHYIO L€Nb IBUraTellsl HEHACBHILIEHHOM, ONIPEAEINM MarHUTHBINA MTOTOK
IIIaBHBIX MOJIIOCOB MamuHbl Kak @ =kl, =kl , rne k — HEKOTOpBIN MOCTOSHHBIN

korddunment. Torga >7IE€KTPOMArHUTHBIE MOMEHT W MOTOK aurarens u3 (12.6)
OyIyT paBHbI

M =C®I,=Ckl} = ®=+Mk/C. (12.10)
[Toncrasnss Beipakenue 1t @ B ypapHenue (12.7), monydum

R, +R U R, +R,

U mdck ok ) T IMdck . Gk
rne ¢q=C/C, =60/(2m).

N3 ypaBuenus (12.11) cnegyer, 4To MEXaHUYECKUE XAapPAKTEPUCTUKU JBUTA-
TEJs MOCJEN0BATEIbHOIO BO30YKIEHUSI HENIUHEHHBbI. [[pryéM, npu yMeHbIIEHUN
MOMEHTa Harpy3ku M — 0 CKOpOCTb BpallleHUs] CTPEMUTCSI K OECKOHEUHOCTH, YTO
co37a€T OMACHOCTh Pa3pyLICHUs! JBUTaTENsl MPU MajbIX HAarpy3Kax W MPUHLHUIN-
ANbHYI0 HEBO3MOXKHOCTh CO3/IaHUS PEKHUMaA XOJIOCTOTrO X0/a, @ TAK)KE peKUMa pe-
Ky[epaTUBHOTO TOPMOKEHHUSI.

[Ipn yBenmnueHHH Harpy3ku M —> o0 U CKOPOCTh BpAUIEHUS CTPEMUTCA K
R, +R,

Ck

ITpu nycke D/IC BpamieHus: paBHa HyJIIO U TOK B LIENM OTPaHUYMBAETCS TOJIb-
KO COIIPOTUBJICHUSMH IOCJIEIOBATEIbHO COCAUHEHHBIX OOMOTOK M J100aBOUYHBIM
comporuBienueM I, =U/(R, + R, + R,). Torna u3 (12.10) myckoBoi MOMEHT JBH-

2

(12.11)

ACHUMIITOTE C OPAUHATOUN 711, = —¢

v
R, +R +R,

MexaHuveckue XapakKTepUCTUKHU JBUTaTeNed TOCIeI0BaTEIbHOTO BO30YkKIe-
HUSL UMEIOT TunepOonnyeckuit xapakrep (puc. 12.14) u obecrneunBarOT yCTOWYH-
BYIO pabOTy MPaKTHUYECKHU IPH JIF0OO00M XapaKTepe Harpy3KHu.

[TockonbKy y aBurareiei MOoClIeI0OBATEIbBHOTO BO30YKJICHHS BpAIAIOIIUH

ratens — M =Ck

mMomenT M =1’

a2

a y JBHUrareseil mapamienbHOro Bo30yxaeHus M =1

q°

TO TIpU
TOM K€ KPAaTHOCTH ITyCKOBOTO TOKa JBUTATElb MOCIEI0BATEILHOTO BO30YKICHUS
OyJZeT pa3BUBaTh 3HAUUTEIHHO OObIIN MOMEHT. KpoMe Toro, y aBurarenei mna-
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pajuIeIbHOTO BO30YXKJEHUSI €CTECTBEHHAsT MEXaHMUYECKash XapaKTEPUCTUKA KECT-
kast (2 = const) U MOKHO CUUTATh, YTO MOIITHOCTh Ha Bally MPUOIUZUTEIHHO MPO-
nopuuoHanbHa MoMeHty P, =QM =M . B To Bpemsi Kak y ABUTATENEH MOCIEN0-

BaTenpHOro Bo30Oyxaenusa n~U/JM = P,=+M u npu u3MeHeHUU Harpy-

304HOI0O MOMEHTAa B IIMPOKHUX IpPEAeSiax MOIIHOCTh MEHSETCA CYIIECTBEHHO
MEHbIIIE, YeM Yy JBUTaTelel napauieabHoro Bo30yxaenus. [loaromy ansa npurare-
JIeil MocIe0BaTEeIbHOTO BO30YKICHUSI MTEPErpy3Ku 0 MOMEHTY MEHEE ONacHBI U
3TU JBUraTeld UMEIOT CYIIECTBEHHBIE MPEUMYIIECTBA MPU AKCIUTyaTallud B MpPH-
BOJAX C TSDKENBIMH YCIOBUSMM IIyCKa W WM3MEHEHHMH Harpy3ku. Jlo HemaBHEro
BPEMEHM OHH IIUPOKO NPUMEHSIIUCH B B3JIEKTPOTPAHCIOPTE U B MOJABEMHO-
TPAHCIIOPTHBIX MEXaHWU3MaX, HO C Pa3BUTHEM IpeoOpa30BaTEIbHON TEXHUKH HX
BCE yalle 3aMEeHSI0T 00Jiee HaJEKHBIMU U JCIIEBBIMU ACUHXPOHHBIMU JIBUTATEIIS-
MU.

PerynupoBaHue CKOpOCTH BpallleHHUs JIBUTATENIEW MOCIEI0BAaTEIbHOIO BO3-
Oy>KJIeHHUsI BO3MOXKHO TEMHU K€ CIOCOOamMu, 4TO W JBUTraTeNiell MapasjieibHOTO
BO30YKJICHHUS.

Ha puc. 12.14, a noka3zaHbl XapakTepUCTUKN U CXE€Ma PETYJIUPOBAHUA CKOPO-
CTH JIBUTATENsl ¢ IOMOIIBIO yIpaBisieMoro Beinpsimutens (YB), nuratomerocst ot
CETU NMEPEMEHHOr0 TOKa. [Ipy yMeHbIIEHNN HAINPSKEHHUS] XapaKTEPUCTUKHU CTaHO-
BATCSl «MSTY€», IMMyCKOBOM MOMEHT YMEHBIIAETCS, HO IMOJOKEHUE ACUMIITOTHI, K
KOTOPOUM CTPEMUTCSA CKOPOCTh BpAlIEHUS MPH YBEIUYEHUU HArpy3KH, COXpPaHSET-
csl.

n
U=var
Ul:UHOM
%2<U511 M’ U
0] == -
U513< UH2
1 I
Sy ||
;7 OB H Ul Ul R,
o Jory
<—]B
a) 0) B)
Puc. 12.14

VYrpaBiieHre MAarHUTHBIM MOTOKOM B JIBUTATEJISIX MOCJIEAOBATEIBLHOTO BO30Y-
KJIeHUsI OOBIYHO OCYILECTBIISIFOT C IMOMOLIBIO peocTara R, IMIYHTHPYIOLIETro 00-
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MOTKY BO30YJeHus. [Ipy yMeHbIIIEHUH COMPOTHUBIICHUS IIYHTa TOK B OOMOTKE
BO30YXKJIEHUSI YMEHbIIaeTcsa. MeXxaHUYeCKUe XapaKTEPUCTUKU CTAHOBSITCS MsTde,
Y aCHUMIITOTA CKOPOCTH BpPAIICHUS CMEILIAETCSI BHU3.

[Toxoskast kapThHa HaAOJIOAAETCS MPU YBEIWYEHUM T00ABOYHOTO COMPOTHUB-
JieHust R, C TOW JIMIIb Pa3HUIICH, YTO MCKYCCTBCHHBIC XapaKTEPUCTHKU HE Iepe-

CEKaIOT €CTECTBEHHYIO XaPAKTEPUCTUKY.

12.7.4. Topmosnbwle pedxcumbl 0gucamenell nociedo8amellbHo20 6030VHCOCHUs

[lepeBoa ABUTATENS TMOCIEAOBATEIIBHOTO BO30YKICHUS B T€HEPATOPHBIN pe-
KUM BpAIaloiM MOMEHTOM HArpy3kKd HEBO3MOXEH, T.K. CKOPOCTh XOJOCTOTO
X0Jla Yy HETO paBHa OCCKOHEYHOCTH, YTO BHIPAKACTCS B OTCYTCTBHH ydacTKa MeXa-
HUYCECKON XapaKTepHUCTUKH BO BTOPOM KBajpaHTe. IloaTomMy pekyrepaTHBHOE
TOPMOYEHHUE OCYIIECTBIISIIOT MEPEKIFOYCHHEM OOMOTKH BO30YXKICHUS Ha Iapai-
JIEJIbHOE COEIUHEHUE.

Pexxumbl TOpMOKEHUS MPOTHBOBKIIOUCHHEM U JUHAMHYECKOTO TOPMOXKCHUS
MOKHO TIOJTYIUTh TaK)Ke KaK B JBUTATEIISAX MapalIeIbHOTO BO30YKICHUS.

12.7.5. Xapakmepucmuku ogueameneu CMeuaHno20 8030ViHcOeHs]

JIBuraTenu mocienoBaTeaIbHOTO BO30YKICHUS UMEIOT PsII MPEUMYIIECTB Tie-
pen IBUTATENsIMU C MapauleibHBIM BO30YXKIEHUEM, HO OMAacHOCTh Pa3pylICHUS
JIBUTATENsl MPU MaJIbIX Harpy3kax, a Takke HEKOTOpas CIIOXKHOCTh PEXKUMa PEKy-

nepalydu  SHEPrUU  3aCTaBIISIOT
MPUHUMATh MEPBI, UCKITIOYAIOIINE
1 3TU HEIOCTATKH.
s aTOTO Ha TOJIIOCaX JBU-
§ OB, ; raTesisi HaMaThIBAIOT JB€ OOMOTKH.
OnmHy W3 HHMX BKIIOYAKOT Napai-
2 nenbHO obmoTke sikops OBj, a
—Y N Apyryro — mnocienosarenabHo OB,
OB, 0 M

a) 5) (puc. 12.15, a). B 3aBucuMocTu ot
YHUCJIa BUTKOB U BEJIUYHHBI TOKA B
obmoTkax cootHomenue MJIC
00MOTOK MOXKeT ObITh pa3sHbIM. O0braHO MJIC 01HOM M3 0OMOTOK B HOMHUHAJIHLHOM
pexume coctaBisgeT okosio 70% obmeir MJIC, u 3Ta 0OMOTKa CYUTAETCS OCHOB-
Hol. Kpome Toro, 0OMOTKH MOTYT ObITh BKJIFOUEHBI COIJIACHO WJK BCTpeuHo. [Ipu
BCEX AITUX KOMOMHAIMAX TMOJIy4YalOTCS Pa3IMYHbIC XapaKTEPUCTUKU M CBOMCTBA
neuraresnis. Hambosiee 4acTo BCTpeUaroTCsl JBUraTelid, Y KOTOPHIX OOMOTKU CO-

€MHEHBI COTJIACHO U OCHOBHOM SIBJISIETCS MapavieiabHas 0OMOTKA.

MexaHudeckasi XapakT€pUCTHKa JBHUTaTelisi CMEIIAaHHOTO BO30YXIeHUs 3
Npe/ICTaBsAeT cOOOM HEUTO CpellHee MEXAY XapaKTepUCTUKaMU JABUTATeNed ma-
pautenibHOTO / U mociienoBarebHoro 2 Bo3oyxaenus (puc. 12.15, 6). Ona mo3so-
JSI€T TONYYUTh 3HAYUTENIbHBIA MyCKOBOM MOMEHT M OOECIEYMBAET yCTOWYUBYIO
paboty npu 1000M XapakTepe Harpy3ku aBurareis. [Ipu sTom uckirovyaercs: Bo3-
MOKHOCTh YPE3MEPHOr0 MOBBIIIEHUSI CKOPOCTH BpalI€HUs MPHU XOJOCTOM XOJIE.

n

Puc. 12.15
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Hcnonb3ysi LIyHTHPYIOLUE U J00ABOYHBIE CONMPOTHUBIICHHS B LEMAX OOMOTOK BO3-
OyXAeHUSI MOXHO MOJYYUTh MPAKTHUYECKHUE JTHOO0YI0 MPOMEKYTOUHYIO MEXaHHUYe-
CKYIO XapaKTEPUCTHUKY.

Bonpocwi 0ns camonposepku

1. Yem 0OBsiCHSIETCS YBETUYEHHE CKOPOCTH BpaIlleHUs ABUTATENs MOCIe-
JIOBATEJIBHOTO BO30YKIEHUS IPU YMEHBIIIEHUH HArPy3KU Ha Bay?
2. [Touemy B mBHUTrartemnsix Mocien0BaTeIbHOTO BO30YKIECHUS HEBO3MOKHO

CO3/1aTh PEXUM PEKYINEPATUBHOTO TOPMOKCHHS IMOBBIIIEHUEM CKOPO-
CTH BpallleHUs?

3. VYKaxuTe AOCTOMHCTBA, HEJOCTATKU M 00JacTh MPUMEHEHUs JBUTATe-
JIei MociIeI0BaTeNbHOTO BO30YKICHUSI.

4. Kak peann3ytor pexynepaTuBHOE (IUHAMHYECKOE) TOPMOKEHUE B JIBU-
raTelisix MocJIeJ0BaTENbHOTO BO30YKAEHUS?

5. Kak peanu3yioT peBepcUpOBaHHME B JBUTaTENSIX MOCIEAOBATEIBHOIO
BO30OYXKIeHUS?

6. Kakoe BkitoueHMe OOMOTOK Halle BCEro MCHOJb3YETCS B JBUTATENSIX

CMEIIaHHOTO BO30YXIeHUS?

12.8. Ucnonnumenvnsle 0guzamenu nOCMOAHHO20 MOKA

B cucremax aBTOMAaTWKHA M TEJIEMEXaHMKH HAXOJAT IIMPOKOE MPUMEHEHHUE
HCITOJIHUTEIbHBIE IBUTATENN ITOCTOSIHHOIO TOKA. JTO CBI3aHO C TEM, YTO JBHUraTe-
JIU TIOCTOSIHHOTO TOKa ITO3BOJISIOT MPOCTO, IJIABHO W 3KOHOMHUYHO PETYJIHUPOBATH
CKOPOCTb BpaIllcHUs B OUYCHb MIUPOKOM Jauana3zoHe. [Ipu 3ToM oHM yCTOHYMBO pa-
00TaroT Mpu JFOOBIX CKOPOCTSIX BpAIlleHUs U JII0O0M xapakTtepe Harpy3ku. [To mac-
ce ¥ rabapuTaM OHU B JIBa-TPH pa3a MEHbBIIIC ACHHXPOHHBIX JIBUTATEIICH.

OCHOBHBIM HEJOCTATKOM JIBUTATEJIEH MOCTOSIHHOTO TOKA, OTPAaHUYHBAIONIAM
00J1aCTh WX MPUMEHEHUS, SIBISICTCS HATMYKe KOJUIEKTOpa U METOK. Mckpenue mpu
paboTe KOJUIEKTOpa MPUBOAUT K MOATOPAHUIO KOHTAKTOB, U3MEHEHUIO UX Tepe-
XOJTHOTO COIPOTHBIICHHSI W, KaK CJICACTBUE, K HECTAOMIBLHOCTH XapaKTEPHCTHK
JBUTATENS. DTO TPEOYET CUCTEMATUYECKOT0 yXo0/a 3a KOJUIEKTOPOM M IETKaAaMU B
mpoIriecce KCIUTyaTallid M CHIKAeT HaJA&KHOCTh Y3JIOB U arperaToB, B KOTOPBIX
UCIIOJIB3YIOTCS IBUTATEIIH.

Kpome Toro, n3-3a HCKpeHUs KOJUIEKTOPHBIEC ABUTATEIM HOPMAIbLHOTO MCIIOJI-
HEHUsI HE MOT'YT paboTaTh BO B3PHIBOOIMACHBIX CpeAax U TPeOyIOT YCTaHOBKHU YCT-
POMCTB IMOJIaBJICHHS PAJMOIIOMEX, BO3HUKAIOIINUX MIPH UX pabdoTe.

[To KOHCTPYKIIMU UCIIOTHUTEIbHBIC ABUTATEIN ACISATCS Ha JBUTATEId OOBIU-
HOT'O MCIIOJIHCHUS, IBUTATEIIN C OECITa30BbIM SIKOPEM M MaJIOMHEPIIMOHHBIE JIBUTA-
TEJIN.

JIBuraTeau oOBIYHOTO MCIIOJHECHHUS OTJIMYAIOTCS OT CHJIOBEIX JBUTATEIICH I10-
CTOSTHHOT'O TOKa TOJIBKO TE€M, YTO MMEIOT IIMXTOBAHHBIN MAarHUTOIIPOBOJ CTaTOPA.
DTO CBA3aHO ¢ HEOOXOIUMOCTHI0O MHHHMH3AIUN TTOTEPh B CTAIH, T.K. 3TH JIBUTa-
TEMW 3HAYUTEIBHYIO YacTh BPEMEHH PabOTalOT B MEPEXOJHBIX PEKHMAX C U3ME-
HSIOIIIUMCSI OCHOBHBIM MarHUTHBIM ITOTOKOM.
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JIBurarenu ¢ Gecra3oBbIM SIKOPEM OTIWYAIOT-
cd OT OOBIYHBIX JBHTraTejiell TeM, 4To OOMOTKa
AKOpSL pacrojaraercsi Ha UWIMHAPUYECKON TIO-
BEPXHOCTH SIKOPS. DTO YBEIWYMBAET BO3IYILIHBIN
3a30p JABUTaTeNIu U TpeOyeT YBEJIMUYEHHUs TOKa BO3-
OyXJeHusl, HO TO3BOJIIET CYIIECTBEHHO CHU3HTH
WHYKTUBHOCTh OOMOTKM SIKOpPSL M 3a CU€T 3TOro
yIy4lIUTh YCIOBHS KomMyTauuu. Kpome Toro,
Oecma3oBasi KOHCTPYKIIHS MO3BOJISIET YMEHbBIIUTD
MOMEHT MHEPIIUHU SKOPS U YBEIMUUTH OBICTPOJICH-
CTBUE JBUTATEIIS.

OnHuM W3 HEIOCTAaTKOB JBUTAaTENeil MOCTO-
SSHHOTO TOKa OOBIYHOT'O MCIIOJHEHHUS SIBISETCS OT-
HOCUTEILHO OOJIBIIIOW MOMEHT WHEPIUU SKOPS,
CHWXaroumi ux ObicTpozeiicTBue. g ymeHble-
HUSI MOMEHTA MUHEPLUU AKOPS MPUMEHSIOTCS pas-
JIMYHBIE KOHCTPYKTHUBHBIC PEMIECHUS, OJHUM U3 KOTOPBIX ABJISETCS HUCIOIb30BAHUE
OOMOTKH SIKOPSI U3TOTOBJICHHOM MEYaTHBIM CIIOCOOOM HAa HEMarHUTHOM JIUCKE WUJIU
nuinuHape. Takas KOHCTPYKUHMS 3HAYUTENIBHO MOBBIIIAET TEXHOJIOTUYHOCTh M3IO-
TOBJICHUS SAKOPSI M CYLIECTBEHHO CHM)KAETCS €0 MOMEHT WHEpLHUH, T.K. SIKOPb
peACTaBIseT cOO0M JErkKuil TOHKUM HEMAarHUTHBIN JTUCK WU IUIMHIP, HA KOTO-
pBIif HaHECeHa 0OMOTKa B BUJIE TOHKHUX IMOJ0C MeaHOU ¢onbru (puc. 12.16). Ma-
Jasi UHIYKTUBHOCTb OOMOTKM YJy4INAe€T YCJIOBHS KOMMYTAallUHd, a OTCYTCTBHUE
(beppoOMarHuTHOTO CEepACUHUKA SKOPS UCKITI0UAeT MOoTepu B cTaimu. OqHAKO SKOPb
C Me4YaTHON OOMOTKOW MMEET MAIIyl0 MEXaHUYECKYI0 U TEPMUUYECKYIO TPOUYHOCTb,
YTO MOJKET BBI3bIBATH €r0 KOpOOJEHUE U OTKa3 JBUrareins B padore. [pyrum cy-
IIECTBEHHBIM HEJIOCTATKOM SIBJISIETCSI OOJIBIIION HEMAarHUTHBIA MPOMEXYTOK, CO-
CTOSIIIMM U3 JIBYX BO3AYIIHBIX 3a30pOB U TOJIIMHBI AKOpPs. [loaTOMy aBurarenu c
MEYATHBIM SIKOPEM BO30YKIAIOTCS MOCTOSIHHBIMU MarHuTaMu, T.K. UCTIOJIb30BaHUE
0OMOTKH BO30Y>KJIEHUS MPUBENIO Obl K 3HAYUTEIIbHBIM MOTEPSIM B HEH, U3-3a HE0O-
xonuMocTtu co3fganust Oonbmux MJIC (TOKOB) Juisi TpOBENEHUS MOTOKAa uepes
0OJIBIION HEMArHUTHBIN YYaCTOK MarHUTHOMU 1enu. Kpome Toro, 3To CyiecTBEHHO
YBEJIUUUIIO ObI Maccy U rabapuThl IBUTaTENs.

OOMOTKY SIKOpSI MAJIOWHEPIIMOHHBIX JIBUTATEJICH BBIMOIHSIOT TaKKe HA HE-
MAarHUTHBIX TUCKAX WIN IWIMHIPAX, HO JENA0T 3TO OOBIYHBIM MPOBOJOM C IIO-
CIeyIONEeH 3aIMBKON MOJIMMEPHBIM COCTaBOM. B pesynbTaTe 0Opasyercs MOHO-
JUTHBIN UUJTUHIP WIK AUCK C MPOBOJHUKAMU OOMOTKH, PACMON0KEHHBIMU BHYT-
pu. Takas TexHonorus 0oJiee CIOXKHAS U TPyJOEMKasi, YEM TMeUaTHasi, HO MO3BOJIS-
€T YBEJIMYUTh MEXAHUYECKYIO NPOYHOCTh KOHCTPYKLIHNH SIKOPSI.

Puc. 12.16

Bonpocwer ona camonposepku
1. Uem 00bACHSIETCS LIMPOKOE MPUMEHEHHE ABUTAaTeNIeld TOCTOSHHOTO TO-
Ka B YCTPOMCTBaX aBTOMATUKH ?
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2. Uto orpaHMYuBaeT MPUMEHEHHUE WCIOIHUTEIbHBIX JBUTATENed MOCTO-
SIHHOT'O TOKa?

3. YeM OTIMYAIOTCS UCIIOJHHUTENIBHBIE IBUTATEIN IOCTOSHHOTO TOKA OT
nBUratenen 0o1ero npuMeHeHus ?

4, Kakue KOHCTpYKIIMH pOTOpa MUCTOJIB3YIOTCS B UCIIOJTHUTEIBHBIX JBUTA-

TEJSAX MOCTOSSHHOI'O TOKa?

12.9. Konnexmopnule osuzamenu nepemeHHo20 moxa

Bpamarommuii MOMEHT ABHUTATENsI CO3JAETCA B PE3YJIbTATE B3aUMOICHUCTBUS
TOKa, IPOTEKAIOIIETO B OOMOTKE SIKOPSI, C MATHUTHBIM TIOJIEM TJIABHBIX TOJIOCOB.
[Ipu n3MeHEeHNN HaIpaBJIEHUS TOKA SIKOPS WIHM MOJSIPHOCTH MarHUTHOTO IO Ha-
MpaBJICHUE ICMCTBUS BpalaOlero MOMEHTA MEHSETCA Ha TPOTUBOIOJIOKHOE, YTO
Y UCIIOJIb3yEeTCA IS U3BMEHEHUs HalpaBJIeHUs BpalleHus. B ciydyae oqHOBpeMeH-
HOT'O U3MEHEHUS HAIIPABJICHUM TOKA B OOMOTKE AKOps i, U B 0OMOTKE BO30YyX[e-

HUS I, BpallarollMi MOMEHT OyayT NEHCTBOBATH B NpEKHEM HampasiaeHuH. Ilo-

ATOMY, €CJIA JIBUTaTENb MOCTOSIHHOIO TOKA IMOJKIIOYNUTh K CETHU MEPEMEHHOIO TO-
Ka, TO OH OyzeT paboTaTh, CO3/1aBasi BPAIIAOIINA MOMEHT 71, U3MECHSIONTUNCS BO
BPEMEHU N0 CHUHYCOMJAIBHOMY 3aKOHY C JIBOMHOW YAaCTOTOM IO OTHOLICHUIO K
4acTOTE CETU U C HEKOTOPBIM MOCTOSIHHBIM CpelHUM 3HaueHuem M (puc. 12.17).

MomeHT uHepuUM poTOpa Cria-
JKABACT IMyJbCAIMA CKOPOCTH Bpallle-
HUSI, BEI3BAHHBIC MYJIbCALIUSIMA MOMEH-
Ta, U JBUTATEIb BPAIIACTCA C MPAKTHU-
YECKU MOCTOSIHHOM CKOPOCTBIO, pa3BU-
Basi MOMEHT PaBHBIM CpeaHEMY 3Haye-
HHUIO.

B ornuume ot aBurareins IMocCToO-
STHHOT'O TOKA MATrHUTHBIM TIOTOK KOJI-
JIGKTOPHOTO JIBUTATENsl TEePEeMEHHBIM,
MO3TOMY CEpPJICYHUK CTaTopa IOJDKEH
OBITh ITMXTOBAHHBIM.

[IpeneOperast morepssMu B MarHUTOIMPOBOJEC U BUXPEBBIMU TOKaMU B KOPOT-
KO3aMKHYTBIX BUTKaX OOMOTKHU SIKOpS, MOKHO CUUTATh, YTO BEJIUYHMHA CPEIHETO
3HAYCHUSI MOMEHTA 3aBUCHUT OT cABUTa (a3 MeXIy TOKaMU OOMOTKH SIKOpSl U 00-
MOTKH B030Yy>xaeHus. [Ipu HysmeBoM ciBure (a3 BpalarIiuii MOMEHT OyJIeT Bce-
r7a MOJIOKUTENBHBIM C MAKCUMAJIbHO BO3MOKHBIM CPEIHUM 3HaueHHEM. Bennuu-
Ha (a30BOro CABUra 3aBUCUT OT MHOTHX (DAKTOPOB, HO, MPU MPOUYUX PABHBIX YyC-
JIOBUSX, Yy JBUTATENEH ¢ MapalieIbHBIM BO30YKJICHHEM OHA CYIIECTBEHHO 0OJIb-
e, 4eM y JBUTaTelel C MocieIoBaTeIbHBIM BO30YykaeHHEeM. [1loaToMy Koiiek-
TOPHBIC JABUTATEIN MEPEMEHHOTO TOKa C MapauieIbHBIM BO30YXKICHUEM ITPaKTH-
YECKH HE MPUMEHSIOTCS.

[lepeMeHHBIM MAarHUTHBIA MOTOK HABOAUT B KOMMYTHUPYEMBIX CEKIMSIX KOJI-
JeKTOpHOTO ABurarensi tpanchopmatopuyio IJIC, KOMIEHCHPOBATH KOTOPYIO C

Puc. 12.17
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[IOMOIILIO JOMOJHUTEIbHBIX ITOJIOCOB MOYKHO TOJBKO JUISI KaKOW-IU0O0 OMHOM
CKOpoCTH BpamieHus. [1o3ToMy yClnoBUS KOMMYTallMM B 3THX JBUTAaTENSX 3HAYH-
TEJIBHO XYK€, YEM B JIBUTATENSIX IOCTOSHHOT'O TOKA.

XapakTepUCTUKU U CBOWCTBA KOJUIEKTOPHBIX IBUIaTEIEH MEPEMEHHOIO TOKA
AQHAJIOTUYHBI XapaKTEPUCTUKAM JBUIATEJIEH MOCTOSHHOTO TOKa C IOCJIEN0BATEIb-
HBIM BO30yXxAeHHUeM. ManoMOIIHbIE IBUTAaTEIN HAXOAST IIMPOKOE MPUMEHEHUE B
MPOMBIIIVICHHBIX U OBITOBBIX YCTpPOMCTBaX, rie TpeOyeTcsl MOJYyYUTh BBICOKHE
ckopoctu Bpamenus (10 30000 06/MuH) ¥ BO3MOXXHOCTh TUIABHOTO PETYIHPOBa-
HUSI CKOPOCTHU B OOJIBIIIOM JIMaIla30He.

Bonpocwl ona camonposepku

1. byner nu nBurarenb MOCTOSHHOIO TOKA CO3/1aBaTh BPAIIAKOIIMN MO-
MEHT, €CJIH €ro MOAKIIOYUTh K UCTOYHHUKY MUTAHHS NEPEMEHHOTO TO-
Ka?

2. UeM oTnryaeTcsi KOHCTPYKIMA CTaTOpa KOJJIEKTOPHOTO JIBUTATENs Iie-
PEMEHHOI0 TOKa OT KOHCTPYKIIMU CTaTOpa JIBUTATENsl MOCTOSHHOTO TO-
Ka?

3. [ToueMy B KOJUIEKTOPHBIX ABUIATENSIX MEPEMEHHOIO TOKA B OCHOBHOM
UCIIOIB3YETCS CXeMa C MOCIe0BaTEIbHBIM BKIFOUCHHEM OOMOTKH BO3-
Oy K1aeHus ?

4, [ToueMy ycCiIOBUS KOMMYTAllUM B JBUraTesi€ NMEPEMEHHOTO TOKa XYXKe,
YyeM B JIBUTraTelIe MOCTOSHHOTO ToKa?

5. VYkaxuTe JTOCTOMHCTBA, HEJIOCTATKH M O0JACTh NMPUMEHEHHUS KOJUICK-
TOPHBIX JIBUTATEJIEH IEPEMEHHOTO TOKA.

13. OCHOBBI JIEKTPONIPUBOAA

BOABIMIMHCTBO COBPEMEHHBIX MalllMH, MEXaHW3MOB, arperaroB MPUBOJUTCS B
JBUKEHUE JJIEKTPUUECKUMHU JIBUTATEISAMU, T.€. UMEET 21eKmpudeckuii npugoo. B
Ka)KJIOM TaKOM YCTpOICTBE TpeOyeTcsi 00ecneunThb JUHEIHOEe, BpallaTeIbHOE WU
0oJiee CIOXKHOE JIBH)KEHHE paboyero opraHa ¢ 3aJlaHHbIMU KOOPJMHATAMU: IOJI0-
KEHUEM, CKOPOCTBIO U/UJIU YCKOPEHHUEM. ITO c03/1aéT OECKOHEYHOE pa3HO00pas3ue
3a/lay, pElIeHHE KOTOPBIX OCYUIECTBISETCS OYEHb OrpPaHUYEHHBIM HaOOpOM ce-
pUNHO M3rOTaBIMBAaEMbIX JABUTareneil. B oOimeM ciyuyae moigydyeHue TpeOyeMbIX
XapaKTEPUCTUK BO3MOKHO IMyTEM pEryJMpPOBaHUS MapaMeTPOB AIIEKTPUUECKOU
SHEPruyd UCTOYHUKA MUTAHUS JBUTATENsl U PEryJIMpPOBaHUS MapaMeTpPOB MEXaHU-
YECKOM JHEpruu, rnepeaaBaeMoil paboueMy opraHy. YTIpPaBJICHHE MOTOKOM dJIEK-
TPUUYECKON SHEPrUM OCYUIECTBIISETCS Pa3IUYHBIMHU IMPEoOpa3oBaTEIIMU: TPaHC-
dbopmaropamu, BHIIPSIMUTENISIMH, UHBEPTOPAMH, MPeoOpa3oBaTeNsIMU YaCTOTHI U
T.1. [IpeoOpa3oBanue napamMeTpoB ABUKEHUS POTOpA JBUIATENs OCYILECTBISETCS
CHUCTEMOW MEXaHWYECKON TMepeavn: peayKTOpaMH, KyJIUCHBIMH, KyJIadyKOBBIMH,
KPUBOIIUITHO-IATYHHBIMUA ¥ JIP. MEXaHU3MaMH, PA3THYHBIMU (PUKCUPYIOMIMMH U
TOPMO3HBIMU yCTpoicTBaMu. Jljig ynpaBiieHusl TpeOyerca Takke MHpopmanus o
peryJiupyeMbIX KOOpAWHATaX U MapaMeTpax, a TakKe YCTPOHCTBO €€ 00padoTKH,
dopmMupytoniee BO3ACHCTBUS Ha perynupyemblie 00bekThl. Takum oOpazom, co-
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BPEMEHHBIA JJIEKTPUYECKUM IIPUBOJ ABIIETCA CIIOKHOM D3JIEKTPOMEXAHUYECKOU
CUCTEMOM, COCTOSILENH U3 ANEKTPOJBUTATENS, MPeoOpa30BaTEIbHOTO, MEPEeaaTOu-
HOTO W yIPaBJSIOLIETO YCTPOWCTB, IPEAHA3HAYCHHBIX U1 IPUBEJICHUS B JIBHXKE-
HUe padoyero opraHa MallllHbI U YIIPABIEHUS TUM JABUKECHUEM.

B nocnennee Bpemst B CBA3M C pa3BUTHEM MOIYIPOBOJHUKOBBIX IPeoOpazo-
BaTEJICH DJIEKTPUYECKON DHEPrUU HAMETWIACh TEHIEHLMS K OTKa3y OT HCIIOJIb30-
BaHUS MEXaHMUYECKUX Mepeaay ais popMUpoBaHUs U yIpaBieHUs ABHKeHUEM. Bo
MHOTHUX CIIy4asX TaKoh 6e3pedyKmopHubiii npueoo TO3BOJSIET MOJYyYUTh XapaKTe-
PUCTHUKH, KOTOPBIEC CII0KHO WJIM HEBO3MOXXHO IOJIYYUTh B IIPUBOJAX C MEXaHUYe-
CKUMU niepefadamu. Kpome T0ro, 0TKas oT CiI0KHOM MEXAHUKH IO3BOJISET CyILe-
CTBEHHO YMEHBIIUTh CTOMMOCTh, MAcCy U ra0apHThl MPUBOAA, MOBBICUTH HAJIEXK-
HOCTb U CPOK CITYOBI.

Teopust 3IEKTPONPUBOJIA SBIAETCS CAMOCTOSATEILHON WHKEHEPHOM TUCIIUII-
JIMHOM M CHEUHAIBHOCTBIO, TOATOMY B JTAHHOM KypPCE Mbl OrPaHUYUMCS TOJBKO
O03HAKOMJIEHUEM C OCHOBHBIMH BOIIPOCAMM.

13.1. Ypaenenue osurcenusn 31eKmponpueooa
[Ipu pabote aBuraresns Ha €ro BaJl ACUCTBYIOT 3JEKTPOMArHUTHBIA MOMEHT
M, moment Harpysku M u quHamuueckuid MomeHT M = JdQ/ dt

M —-M_ =JdQ/dt (13.1)
rae: J — MOMEHT UHEPIUU JBUKYIIUXCS TeJl, IPUCOECIUHEHHBIX K Baly JIBUTaTEIs;
() — yrnoBasi CKOPOCTb BpaIl[EHUS.

Boipakenne (13.1) HazwpiBaeTcsi ypasHenuem Ogudicenus npusooa. Ecmu mo-
MEHT, Da3BUBAcMbIi JABHUraTteneM, Ooisiblie MOMEHTa Harpysku M > M., To

dQ)/dt >0 u npuBoj yckopsiercs. B cinyqae M <M_ = dQ/dt <0 u npoucxo-
IWT 3aMeaseHue npusoja. IIpu paBeHcTBe MOMEHTOB M = M . ycKOpeHUe NpUBO-

Jla paBHO HYJIIO M OH pabOTaeT B yCTAHOBUBLIEMCS PEKHUME.

B oOmiem cinydae Bpaiaromme MOMEHTBI IBUTATeNsl U HAarpy3KU MOTYT UMETh
J00bIe 3HAaKH, U UX BIOOP 3aBUCHUT OT YCJIOBHI paOOThl MpuBoja. MOMEHT cuuTa-
€TCs IOJIOKUTEIBHBIM, €CIIM OH JIEHCTBYET B HANpPAaBICHUU BpalieHus. [loaTomy
IIPY [IEPEXOJE BUraTENs B PEKUM PEKYIIEPAaTUBHOIO TOPMOXKEHHUS 3HAK MOMEHTA
M B (13.1) Oyzner oTpunaTesbHbIM. B TO %e BpeMs, MOMEHT Harpy3Ku MOXET ObITh
IIOJIOKUTENIBHBIM, HAIlpUMEp, IIPU CIIyCKe I'Py3a, IOABEIICHHOIO Ha Baly JBUIaTe-
7, T.K. B 3TOM CJIy4ae OH JIEHCTBYET B HAIIPaBJICHUU BPAILCHHUS.

JInHAMWUYECKU WM MHEPUUOHHBIA MOMEHT MPOSIBJISIECTCS B MEPEXOJHBIX pe-
’KUMax paboThl U BCerja JAEUCTBYET BCTPEUYHO, MPEMATCTBYSl YCKOPEHUIO WIIU 3a-
MEJUIEHUIO IPUBO/IA.

VYpasuenue (13.1) mo3BossieT onpeneanuTh CKOPOCTh BpauieHus (2, a Takxe

yrioBoe yckopenue d€/dt m yrioBoe noyiokeHue 3 = Ith Bajia IBUraTesl, ec-

JIM U3BECTEH MOMEHT MHEPUHUHU JABMKYIIUXCS TEN U BpaIAlOllie MOMEHTHI JABUTA-
Tensl U Harpy3ku. Eciu pabouuit opran npucoeMHEH HEMOCPEACTBEHHO K Baily
JBUTaTelNs , To MOMEHT uHepuuu B (13.1) Oyzaer paBeH cyMMe MOMEHTOB MHEPLUU
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poTopa aBuraTens U pabodero oprana, a MOMEHT Harpy3Kd — MOMEHTY, CO3/1aBae-
MoMy pabouuMm opraHom. CroxHee Aeyno OOCTOUT, eciii paboyuil opraH mnpu-
COCMMHEH K JIBUTATENI0 Yepe3 MEXaHH-
Pabounii YeCcKyI0 mepeady, Hanmpumep, depes of-
oprax HOCTyHeHYaThi peaykrop (puc. 13.1). B
JlBurare b — Jp, Qp, M_ | »TomM cimydae MOMEHT MHEpIMH M Bpa-
O M :E a0 MOMEHT pabodero oprana
S L2y HY>KHO MPUBECTH K BaJly JIBUTaTeIs.
[Tpenebperast moTepsMuU >HEPTUU B
pEeAyKTOpe, U3 YCJIOBHSI COXpaHEHHs
MOIITHOCTH MOJTyYrM 3HaYeHHE MPUBEAEHHOTO WIN PAacu€THOTO MOMEHTA Harpy3KH
MQ =MQ, = M =MQ /Q =Mk, (13.2 a)

rae k=€, /Q), — nepefaToYHoe HCI0 PEAYKTOPA.

Puc. 13.1

Ecim pabounit opran nepemMeInaeTcs moCcTynaTellbHO €O CKOPOCTBIO V, H CO3-

Ia€T MpU 3TOM HArpy3Ky Ha Iepejady B BUIE CWIBl [, TO TakuM ke 00pa3oMm

MOJKHO OIIPCACIINTDb BCIIMUMHY CO31aBaCMOIo0 UM MOMCHTA Ha BaJly ABUT'aTCILA
! _ r __
M =Fy, = M.=Fy /Q, (13.2 6)

MowmeHT uHepiuu pabovero opraHa IPUBOJIUTCA K Bajly JIBUTATeNs MPH yCIIo-
BUM COXPAHEHUS] KWUHETUYECKOWU SJHEPTUHU

'O2 2 ' 2 2
JQL2=TQ02 = Jy=J,(Q,/Q,) =J,/k.  (133a)

HpI/I IMOCTYIIATCIIbHOM JBHMJKCHHH K BaJly ABHUIATCIIA IIPUBOAUTCA ABHIKYIIAd-
Cia MaccCa pa6oqer0 OopraHa

M2 2 ' 2
T 12=my2 12 = Ji=m(v,/Q,) . (13.36)
[TonHpI MOMEHT MHEPIIMK TIPHUBOJA paBeH J =J + ‘]1,7 .

Bonpocwr ona camonpoeepku

1. Uto Takoe ypaBHEHUE JBMKEHUS TPUBOIA?

2 Uto Takoe AMHAMUYECKUI Bpalaromui MOMEHT?

3. Uto Takoe nmepeaaTouHoe YHCIIO peayKTopa?

4 Kak nmpuBoauTcsa K Baly ABUraTess BpallarOlIMid MOMEHT, JIEHCTBYIO-

M Ha pabounii opraH MeXaHu3Ma, TPUBOJIUMOTO BO BpalieHue?

5. Kak npuBoauTCcs K Baly IBWUrareis CHja, IEUCTBYIOIIAs Ha IOCTyMa-
TEIHHO IBIKYIIUICS pabounii opran?

6. Kak nmpuBoauTCs K Basly ABUraTesiss MOMEHT HHEPIIUH (Macca) pabouero
oprana?

13.2. Yckopenue u 3ameonenue npueooa

JIMATETbHOCTh TIEPEXOAHBIX PEKUMOB IMPUBOJA MMEET OOJBINOE 3HAYCHHE
st npakTuku. OHa MOXET OBITh OINpeJesieHa WHTErPUPOBAHUEM YpaBHEHUS
(13.1). Paznensist nepeMeHHBIE, TOTYIHM
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dt =JdQ/(M -M,).
Otcrona BpeMst U3MEHEHUsA CKOPOCTH BpalieHus ot €, 1o €,

Q,
t= [ JdQ/(M-M,).

Q

FOCYARCTBEHHBI YHUBEPCUTET

(13.4)

(13.5)

B o0mem ciyuae Bpamiaroniue MOMEHTHI U MOMEHT uHepiuu B (13.5) sBis-
I0TCSI PYHKIUSIMU CKOPOCTH BpAILCHUsI, U UHTEIPUPOBAHUE MOXKET OBITH CIIOKHOU
3amayeil. B mpocrenmem xe citydae npu M ~ const , M ~const, J =const —

t=J(Q,-)/(M-M,).
Ha puc. 13.2 nokazansl rpaduku Mycka a ¥ TOPMOXKEHUS 6 TPUBOJA TIPH TO-

MO MO
’ O
E| A——=—— BN
S N
g .
S SN
0 ‘. 0 El t 4
a) r M 6)
Puc. 13.2

(13.6)

CTOSHHBIX  3HAYCHHSIX
MOMEHTOB JBUTATEIIS U
Harpy3ku. [Ipu Topmo-
KEHUM MOMEHT JBUTa-
Tens JNEUCTBYET
BCTPEYHO IO OTHOIIIE-
HUIO K HalpaBJICHUIO
BpaIllCHUSI U TIOATOMY
MMEET OTPULATEIbHBIN
3HaK.

Bripaxxenuem
(13.6) MOXXHO BOCIIOJIb-
30BaTbcsi W B Oojee

CIIOXHBIX ciydasx. Hampumep, npu pacuére BpeMEeHHM IyCKa aCMHXPOHHOTO JIBU-
ratens. [{ns 3Toro Hy»KHO pa3JeauTh MEXaHUYECKYI0 XapaKTEPUCTUKY HA YYaCTKH
A, B IIpenenax KOTOPbIX MOYKHO CUHATaTh JUHAMHYECKHA MOMEHT IOCTOSHHBIM

M, =M-M_ (puc. 13.3), a 3arem, paccuurTaB Ijisd KaXIOTO y4acTKa BpeEMs

t,=JAy /M .,
WUTb JIOMAaHYIO JIMHHUIO pas-

rosa. [lima cpaBHeHUs Ha
puc. 13.3 mTpuxoBou Ju-

OCTpO-

HUEH T[OKa3aHa TakKxke
KpHBasi, MOJy4YeHHas WH-
terpupoBanueM  (13.5).

[TorpemHOCTh AUCKpETH-
3allMU 37E€Ch MEHBIIE I0-
IPEIIHOCTA  MPEACTaBIIE-
HUSIT MEXaHUYECKOM Xa-
PAKTEPUCTUKHA JIBUTATEIIS
10 CIIPAaBOYHBIM JAHHBIM.

Q

\i

+
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Bonpocwl 0ns camonposepku

1. OT 4ero 3aBUCUT BpeMs pa3roHa (TOpMOKEHHUs ) TpuBoAa?

2. Kak onpenensroTcs 3HaKW BpalalOIMIMX MOMEHTOB B YPaBHEHWH [IBH-
YKEHHUsI IpuBoAa?

3. Kak nmoctpouth JUHUIO pa3roHa JBUTaTeNs rpa@OoaHaIUTUUECKUM Me-
TOJIOM?

13.3. Hacpeg u oxnaxcoenue oguzameei

B mporecce paGoThl ABUTATENS MPOUCXOAUT HArpeB Pa3IMYHBIX AJIEMEHTOB
€ro KOHCTPYKIIMH, CBA3aHHBIN C MOTEPSIMU SHEPTUM MpH npeobpazoBanun. Harpe-
BAETCSI MAarHUTONPOBOJ B PE3yjbTaTe MEPEMArHUYMBAHUSA W MPOTEKAHUS BUXPE-
BBIX TOKOB, HarpeBarOTCs OOMOTKH MPOTEKAIOIIUM 110 HUM TOKOM, HarpeBaroTCs OT
TpEHUs NOAIIMIHUKYA U BajJ. YBEJIMYECHHE HArpy3KU JBUraTesis MPUBOJUT K yBe-
JUYEHUIO TIOTEPh B €0 0OMOTKAX U K YBEJIMUCHUIO UX Harpena.

CrnocoOHOCTh, MaTepuajoB BBIACPKUBATh HArpeBaHue 0€3 CyIIECTBEHHOTO
M3MEHEHHUS CBOMCTB HA3bIBAETCA TEPMOCTONKOCThIO. OHA ompeaesieTcsl JOMyCTH-
MOU TeMmmepaTypod HarpeBa WU JOMYCTUMBIM IMPEBBIINICHHUEM TEeMIEpaTyphbl HaJl
TEMIIEPATYPOHN OKpYyXKarolieu cpeapl. Hanxyamen TepMOCTONKOCTBIO U3 BCEX DJle-
MEHTOB KOHCTPYKIIMM JIBUTaTedsl 00JafaeT »JIeKTpUuecKas H30JISIIUH, MOATOMY
MMEHHO OHA OIPEJENSET NOMYCTUMYIO Harpy3Ky MallvHbl. YeM BhIllIE TEPMOCTOM-
KOCTh M30JIALIMU, TeM OOJIbIlIe yJeIbHasi MOITHOCTh ABUTATENs, T.€. TEM OOJBIIYIO
HArpy3Ky JOIyCKaeT JBUTaTelb MpU TeX ke radaputax. C apyroil CTOPOHBI, TEM-
nepaTypa ABUTATENs] ONPEAENISIeTCS BBIACISIOMIMMCA B HEM TEIUIOM U YCIIOBHSIMU
TernooTBoAa. 1103ToMy Harpy3kKy ABHUrareiiss MOKHO YBEJIUYHTh, €CIU YIY4YlIUTh
TEIUTO0TBO/I, HAPUMED, 32 CUET NPUHYAUTEIHHON BEHTUIIALINY.

[To TepMOCTOMKOCTH H30JSLUS SIACKTPUUECKUX MAIIUH JEJIUTCS Ha CEMb
KJIACCOB. B Hacrosiiee BpeMs B ABUTATENSAX MPUMEHSIETCA W30JIsIIUs KiaccoB E, B
u F ¢ npenensHo gonyctuMmbiMu Temneparypamu 120 C, 130 °C u 155 °C coort-
BETCTBEHHO.

TeriooOMeH B MalMHE SIBISETCS CIOXHEHIIMM YacTo HePOopMalnu3yeMbIM
(bU3HYEeCKUM MPOIECCOM U MOXKET paccMaTpUBATHCS B OOIIEM BHJIE TOJIBKO TMPHU
ONpPENENIEHHBIX YIPOIICHUSIX, TJIaBHBIM M3 KOTOPBIX SBISETCS MPEACTABICHUE
JIBUTATEIIsl OJJTHOPOJIHBIM TEJIOM ¢ OECKOHEUHOH TEIIONPOBOAHOCTHIO. B 3TOM Chy-
Yyae ypaBHEHHE TEIJIOBOTO OajmaHca MMEEeT BU/T

Qdt = A0dt + Cdo (13.7)

rae O = AP — KOJIUYECTBO TEIUIOTHI, BBIACISIEMOE JABUTATEIEM B €UHUILY BpeMe-

HU (MOIITHOCTh TIOTEPh B JBUTATENE); A — TEIJIOOTAA4a, T.€. KOJIUYECTBO TEILIOTHI,
OT/IaBaeMOM JBUTATEJIEM B OKPYKAIOIIYIO CPEIy B CAMHHILY BPEMEHU MPH Pa3HO-
cTu Temmepatyp nsuratens u cpensl B 1 °C; C — TEmIoEMKOCTh ABUTATEINS, T.€.
KOJIMYECTBO TEIUIOTHI, HEOOXOMMOE JIJISl TOBBIIICHUS TEMIIEPATypPhl JBUTATENS Ha

o . — i
1 °C; 6=3, — 8, — NpeBbIlICHUE TEMIIEPATYPhI IBUIATENs 3, HaJ TEMIIEPATypOu

OKpYyXarollen cpeasl 9, .
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Pemienriem ypaBuenust (13.7) aBnsiercs pyHKIus
0=0,(1-¢"")+0,e'", (13.8)
rae: 8y, 0, =0/ A4 — HavaubHOC W YCTAHOBHUBILNECCS (KOHEYHOE) 3HAYCHUS IIpe-

BBIIICHUSI TEMIIEPATyphl JBUTATENS HaJ TEMIIEPaTypOll OKpY)KAIoIIeH Cpebl;
T =C/ A — TernoBasi MOCTOSTHHASI BPEMEHU JIBUTATEIS.

0 0 Bripaxxenne (13.8)
COOTBETCTBYET KaK
NpoIIecCy HarpeBaHus,
TaK ¥ OXJIAKJICHUS JIBH-
rarensa.  Heobxoammo
TOJILKO TIOJICTABJISATH B
HETO COOTBETCTBYIOLIUE
3HauyeHus. B ciydae Ha-
TpEBaHMST OT TEMIIepa-
TYpPBI OKpY>Karoen
Puc. 13.4 cpensl (0, =0) u oxuia-

JKIIEHUSA 1O DTOM TeM-
neparypsl (8, =0 ) Beipaxkenue (13.8) ynpomaercs u IpUHAMAET BHJL

0=0,(1-¢""), (13.9 a)
0=0,c"". (13.9 6)

JIMMTEeIbHOCTh HArPEBAHUS WIIM OXJIAXKICHUS HE 3aBUCUT OT HAYaJbHBIX U KO-
HEUYHBIX 3HAYECHHUUN TEMIIEPATYPbI U OMPEICTAECTCS TOIBKO IMOCTOSIHHOW BPEMEHH,
T.€. COOTHOIIIEHUEM TEIUIOEMKOCTH JIBUTaTens U terooraaun. Ha puc. 13.4 noka-
3aHbl KPUBbIE HArpeBa @ M OXJXKIACHUS O JBUTATENs MPU Pa3HbIX HAYaJbHbBIX YyC-
JIOBUSAX M MOITHOCTH MOTeph. [Ipu u3MeHeHnn Harpy3ku (KpuBble /), a TaKxKe Npu
BKJIFOUEHUU U OTKJIIOUYEHUM JIBUTATENS C Pa3IMuyHON Harpy3koi (kpuBble 2 U 3) Ha-
I'PEB U OXJIAXKJIECHUE IPOUCXOMUT 3a BpeMmss ~371, u =37 . YV MalluH Majaou U

CpeaHEeN MOILIHOCTH ITOCTOSIHHAsI BPEMEHM COCTABJISAECT HECKOJIBKO MUHYT WIH Je-
CSITKOB MUHYT, @ Y MalllMH OOJIBIION MOIIHOCTH — HECKOJIBKO YacoB.

OCHOBHOI1 TEIUIOOTBOJI Y JBUTATENIEH MPOUCXOIUT € MOMOIIBI €CTECTBEHHON
Y MCKYCCTBEHHOW BEHTWJISILIMM. ECTECTBEHHAas BEHTWISILMSA CO3AAETCA MEepeMellie-
HUEM BO3JyXa 3a CYET M3MEHEHHMs €r0 IUIOTHOCTH INPU HarpeBaHWH. BosHukaro-
MM TakuM 00pa3oM BO3YIIHBIN MOTOK HE MOXKET o0ecneuuTh 3(h(PEKTUBHBIN Te-
IIJIOOTBOJI M BO BCEX MAIIMHAX HCMOJB3YIOT T€ WIM MHBIE YCTPOMCTBA, CO3AAI0IINE
JBMKEHHME BO3/1yXa MEXaHMYECKUM criocoOoM. Yarie BCero i 3TOro MUCHOJIb3Y-
€TCsl KpbUIbUATKA, YCTAHOBJICHHAs HA Bally MAIIMHBI U CO3JAIOIIAsl BO3LYILIHBIA
IIOTOK IIpY BPAIlEHUH poTOpa. Takue JBUTaTENM OTHOCSITCS K KJIacCy CaMOBEHTH-
JUpyeMbIX MalvH. [Ipy 3HaUYNTEIPHOM CHUKEHUU CKOPOCTH BPAICHMS WM OCTa-
HOBKE BEHTWIALIMA B HUX IIPEKPAILACTCS M YCIOBUs TEIUIOOTBOJA CYIIECTBEHHO
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yxynmawres A, < A,. OTo sBlIeHHE OLIEHHMBAIOT KO3()(PULIMEHTOM yXyALICHUS
TEIJIO0TIaun

B,=4,/4,=T,/T,<1,0 (13.10)

Y caMOBEHTHWJIMPYEMBIX MalTuH KOAOUIIMEHT yXYIIICHUS TEIUIOOTAaud CO-

crapisier okosio 0,25...0,35. ¥V MamvH ¢ NpUHYAUTEILHOW BEHTWISLIUEH, OCyIIle-

CTBJISIEMOI CHCTEMOW BEHTWJISIIIMM HE3aBHCHMOW OT peXuMa pabOoThl JBUTATEIs,

HaIpUMep, OTIEIbHBIM JBUTATEIEM-BEHTIIIITOPOM, YCIOBUS HArpeBa U OXJIax/e-
HMS OJUHAKOBBI M B, =1.

Bonpocwl 0ns camonposepku

1. Kakoil 351eMeHT 3JeKTpUYecKOi MalluHbl 00J1a/1aeT HauMEHbIIEH Tep-
MOCTOMKOCTBIO?

2. Kak MO>XHO yBETUUUTH HArPY3Ky MAILIUHBI?

3. Uewm ompezensercs paboyas TeMIiepaTypa MalluHbl?

4. UYem ompeaesnssercs BpeMsl HarpeBa MalluHbl O YCTaHOBUBLIEHCS TEM-
nepaTypsbl?

5. Yem omnpenensieTcss yCTaHOBUBILEECS 3HAUYEHUE TEMIEPATYpPhl IPHU Ha-
IpPEBE MaIlHHbI?

6. Kak M3MEHSIOTCS KpUBBIE HAarpeBa M OXJIAKACHUS MAalIWHBI IPU U3Me-
HEHUU Harpy3Kku?

7. Kakue MammHbl Ha3bIBatOTCS CAMOBEHTUIIMPYEMBIMU ?

8. Kak yuutsiBaeTcs mpu pacu€rax yxyJALIEHUE TEIIO0TBOA MPU CHHKE-

HUW CKOPOCTHU BpAILICHUS ?

13.4. Homunanonoie pexcumsl pabomul 0suzameneil

[Tpouecc TermmooOMeHa 3aBUCUT HE TOJIBKO OT BEJIMYMHBI HATPY3KHU U TEILIO-
BBIX IIapaMETPOB JABUTraTeNlsl, HO TAKXKE M OT XapakTepa Harpys3kH, T.e. OT €€ pac-
NPEACICHUS BO BPEMEHU. XapaKTep HAarpy3kKH UMEET CTOJb CYIIECTBEHHOE 3Haue-
HUE, YTO JBUTATENIM M3TOTaBIMBAIOTCS C pacy€ToM Ha paboTy B ONpeleaEHHBIX
ycinoBusix. CTaHIapTOM MPEIyCMOTPEHO BOCEMb HOMUHAIBHBIX PEXUMOB paOOThI
S1...58, HO MBI OCTAHOBHMCS Ha MEPBBIX TPEX, T.K. OCTAJBHBIE, IO CYTH, SIBIISIOTCS
pa3BUTHUEM U YTOUHEHHUEM pexuMa S3 U 10 HEJJABHETO BPEMEHU OHU HE BXOJIUJIU B
HOPMAaTUBHbBIC JOKYMEHTHI.

IIpooonxcumenvruiii pesxcum (S1) cooTBeTCTBYET paboTe IBHUTaTels C MOCTO-
AHHOW Harpy3kou P =const 1 MomHOCTHIO oTepb AP = const. [Ipu 3TOM nBUra-
TeJIb HarpeBacTcs 10 yCTaHOBUBILEHCs Temrepatypst 0, . B Takom pexnme 00br4-

HO paboTalOT MPUBOJIBI HACOCOB, BEHTUJISTOPOB, KOMIIPECCOPHI, Oymarojenaresb-
HbIE MAlIUHBI U JIP.

Upu kpamxosepemennom pedxicume (S2) Bpemst pabOTHI ¢, IBUTaTeNss MCHbIIE
37, m03TOMY OH HE YCIIEBAaeT HarpeThCs A0 yCTAHOBUBLIEHCS TemnepaTypsl. [in-

TEIHHOCTH May3bl B pad0TE MPU KPATKOBPEMEHHOM PEXHME TaAKOBA, YTO JABUTATEIb
OXJIAXKJAETCA JI0 TEMIIEPATYPhl OKPYKAIOIICH Cpelibl. DTOT PEKUM XapaKTEPEH s
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MIPUBOJIOB PA3IMYHBIX MEXaHU3MOB: IIIIIO30B, PA3BOJIHBIX MOCTOB, CEPBOJIBUTATE-
Jielt GOPTOBBIX CUCTEM U JIP.

$3
P
o, F L |
Ve

Puc. 13.5

Iloemopno-kpamxoepemennuiil pedxcum (S3) COOTBETCTBYET HUKINYECKON pa-
Oore nBHraresns, Ipu KOTOPOH 3a BpeMst paboThl #, OH HE JHOCTUTacT YCTaHOBUB-

mrerics TeMreparypel 6, , a 3a Bpems mayssl £, — HE OXJIaXKAaeTCs 10 TeMIIepaTyphl

OKpyXaruien cpensl. [71aBHOM XapaKTEpPUCTUKON IOBTOPHO-KPATKOBPEMEHHOIO
pe)xuma ABISETCS MPOAOJLKUTEIBHOCTh BKIFOUCHUS IBUTaTENS

HB%:t o 100. (13.11)
p T Z,

HoMuHanbHBIMU MPOJOHKUTEIBHOCTAMU BKIIOUeHUA ABIstoTCs 15%, 25%, 40% u
60%. MomIHOCTh, TOK U CKOPOCTh BpAIllCHMs], YKa3aHHbIE B CIIPABOYHBIX JaHHBIX
JIBUTATENICH, paCCUMTAHHBIX HAa pabOTy B MOBTOPHO-KPATKOBPEMEHHOM DPEXHME,
COOTBETCTBYIOT OIPEACIEHHON NPOJOKUTEIBHOCTA BKIIOUYECHUA. |HUNUYHBIMU
MEXaHU3MaMH C MOBTOPHO-KPATKOBPEMEHHBIM PEXUMOM pabOTHI SBISIOTCS Kpa-
HbI, pa3JIMYHbIE METAJIO- U IepEeBO0OpadaTHIBAIOIIUE CTAHKU U T.I1.

Bonpocwr ona camonpoeepku

1. [To xakOMy IIPU3HAKY ONPECTSAIOT PEKUM paOOThI IBUTATENS?

2. Jlo xakoil TeMIiepaTtypsl HarpeBaeTCs JBUTATENb B JITTUTEILHOM PEXKH-
Me paboThI?

3. Jlo xakoit TeMIeparypbl OXJaXXIaeTCs JBUTATEIh B KPAaTKOBPEMEHHOM
pexxume paboThi?

4, Jlo xakoi TemIiepaTypsl HarpeBaeTcs U OXJIAKIAeTCs ABUTATEIb B I10-
BTOPHO-KPATKOBPEMEHHOM PEKUME PaOOTHI?

5. YTto Takoe NpOoI0KUTENIbHOCTh BKIFOUEHUS IBUTATEIIS?

6. Kakue npogoKUTeTbHOCTH BKIIFOUEHUS! YCTAHOBJIEHBI CTaHIAPTOM?

13.5. Boroop mowgnocmu osuzamenneit

BriOop momHOCTH ABUTATENs IJIsl IPUBOJAA SIBJISIETCS Ba)KHEHIIEH 3amauei,
T.K. 3aBBIIICEHUE MOUIHOCTH MPUBOJMUT HE TOJBKO K JIMIIHKUM 3aTpaTaM MNpHU €ro
NpUOOPETEHUHN, HO TAaKXKE K JIOMOJHUTEIBHBIM HSKCILTyaTallMOHHBIM pPacXojaM,
CBSI3aHHBIM C padoTtoit aBuratess npu Hu3koM KIIJ[. C apyroit cTOpoHBI, 3aHUKE-
HHE MOIIHOCTU YMEHBIIAET MPOU3BOJUTEIIBHOCTh 000PYJIOBAaHUS U MOXET TpPH-
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BECTU K OTKa3y aBuratens B padore. Kpome Toro, maxke HeOOIbIIOE 3aHUKEHUE
MOIIIHOCTU MPUBOAMUT K TMOBBIIIEHUIO paboyell TeMIiiepaTypbl, YTO CYIIECTBEHHO
yMEHbIIAeT HaJAEKHOCTh MPUBOJIa U COKpAIAeT BpeMsi HapaOoTku Ha oTka3. Ha-
puMep, MOBBIIICHHE padouei TeMrepatrypsl n3oianuu Ha 8...10 °C BbeI3bIBaeT eé
YCKOPEHHOE CTapEHUE U BABOE COKPALIAET CPOK CITYKOBI.

IIpu onumenvrom pedicume pabomel MOIHOCTb JBUratess P, BHIOMpPAIOT 10

MOIIIHOCTA  TPUBOAUMOTO B
JIBUKEHUE MexaHu3ma P u3 yc-
JIOBUA PH > P. IIpu sToM mour-

P P

HOCTbH PH JIOJDKHA OBITH OJIH-

JKaWllle W3 CEpUU JIBUTATEIICH
JAHHOTO THIIA.

B ciywae mmrenbHOro
pexuMa paboThl ¢ IEPEMEHHOM
Harpy3Koil MOUTHOCTb JIBUraTe-
Jqs1 PACCUUTHIBAIOT METOJIOM

Puc. 13.6 CpEeAHUX TOTEPHh MO HArpy304-
HOM nuarpamme (puc. 13.6, a).
J71st 5TOr0 CHavana no cpeJHeMY 3HAaUEHUIO MOIIHOCTH HArpy3Ku
P, = Bt,+Pt,+...+Pt,
o+t +...+t,

A 4

a)

(13.12)

BeIOMparoT fBurarens P, = (1,1...1,3)F,

3aTeM Mo cnpaBOYHBIM JaHHBIM 3aBucuMocTu KIIJ[ nBurartens ot Harpysku

n(P/P,,) (puc. 13.6, 6) onpenensroT NOTEpU B JBUTaTENIE A1 KaXKI0T0 UHTEPBA-
na paboThI C IOCTOSIHHOW MOIITHOCTBIO Harpy3KH
1—
AP, =P, — (13.13)
Nk

rae M, — KIIJI nurarens Ha k-M MHTEpBaie, U PACCUUTHIBAIOT CPEAHEE 3HAUCHHE
oTepb

ARt + AP, + ...+ AP,
AR, =200 T 2L ¥ R AL, (13.14)
L+t +..

B ciydae cymecTBeHHOTO yXyAIICHUS TEIJIOOTAAYM HA BCEX WMJIM HA HEKOTO-
pBIX HHTEpPBAIaxX 3TO yunuThiBaeTcs BBeneHUeM B (13.14) koadpduunenta 3,

_ABL+APt, +...+ AP,
cp .
Bty +Byt, +...+B,2,
Koaddumuent yxyameHuss TEIOOTAaYd i CAaMOBEHTHIIMPYEMBIX IBUTATEIICH

MOKHO CUMTaTh JIMHEHHO 3aBUCAIIMM OT CKOPOCTH BpalleHUs 7n, T.C.
By =By +(1-By)n/n,,, rae B, — kodPPUIUEHT yXyALIEHUS TEIUIOOTAAYH IIPH

(13.15)

HETIOJIBUKHOM POTOPE.
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Ecmm APcp ~ AP

on» TO BBIOOD C€IaH MPAaBUIBHO. B IPOTHBHOM Cilydac BbI-
OMparoT CIEAYIOIIMIA IBUraTeNb U3 CEPUU U MIOBTOPSIIOT PACUET.

Meton cpeaHHMX NOTEph TOYEH, HO TPYIOEMOK. Ero MOXKHO 3aMEHUTh IpH-
OJMMKEHHBIMU METOJIAMHU, €CJIHM BBINOJIHAIOTCS KAaKHE-TMOO TOMOJHUTEIbHBIE YC-
J0BUS paOOTHI IPUBOAA.

Ecnu norepu B cTanm, MexaHM4YECKUE MOTEPU U COMTPOTUBIICHUS] OOMOTOK He-
CYILIECTBEHHO U3MEHSAIOTCS MPU U3MEHEHUU HAarpy3KH, 4TO SKBUBAJIEHTHO yCIIOBU-
aMm @ = const, n=const u R =const, TO cpeiHUE NTOTEPU OYTyT NPONOPLIMOHATb-
Hbl KBaJpary TOKa, NOTpediseMoro asurareieM. Toraa aBUraTellb MOXHO BBbI-

OpaTh Memooom IKEUBAIEHMHO20 MOKA
2 2 2
It + 0L, +...+ 101 <7
- HOM °*
L+t +...+1,

[ =

2

B ciydae, ecin MOMEHT JBUTATENS IPOMOPLIMOHAJIEH TOKY, HAIIPUMED, B JIBU-
ratejie IOCTOSSHHOT'O TOKa C MarHUTORJIEKTPUUYECKUM BO30YKJIEHHEM U HArpys3ka
3aJlaHa BpPALLAIOUIMM MOMEHTOM, TO BBIOOp yJ0OHEe NPOU3BOIUTH IO IKEUBA-
JIEHMHOMY MOMEHMY HA2PY3KU

MM+ Myt +...+ M, <y
i+t ...+t oo

M =

3

MCTOI[BI DKBUBAJICHTHOI'O TOKA U MOMCHTaAa I/ICHOJ‘IBSyIOTCH B OCHOBHOM JIJIdA
IpeBapUTEIbLHOTO BbIOOpa aBurarens. g 3Toil menu, eciau n~const, MOXKHO
HCITIOJIB30BATh TAKXKC Memod 3K6u6aﬂ€HWlH01/7 MOM/;HOCWIM

2 2 2
Pt +PBPt,+...+ Pt
p= |11 "272 nn<po, (13.16)

el HOM

L+t +...+t

Hpu KpamKOBpPEMEHRHOM pestcume pa60mbl ABUTATCJIb B TCUCHUC BPCMCHHA tp

paboTtaeT ¢ Harpy3koi MoIHOCThIO P (puc. 13.7), a 3aTeM OTKJIIOYAETCS U OXJIaX-
JaeTcs A0 TEMIIepaTypsl OKpyskaromen cpensl. [Ipu
P BBIOOpE JBUIaTeNIs 10 yCIOBMIO P, = P OH HE ycIieeT

O 1 _——" 32 BPeMs PaboOTHI f, JOCTHYL JIOMYCTUMOTO MPEBbI-

-
e,uon = wenust Temneparypel 0, =AP, /A (xkpuBas | Ha

puc. 13.7), T.e. ABUraTenab OyJeT HEIOUCIOJIH30BaH
mo HarpeBy. [loaToMy HYXKHO BBIOpaTh JIBUTATENb

0 f {  MeHblIeH MomHoCcTH P, < P Tak, 4ToObI 3a Bpems pa-
P

Puc. 13.7

00Tl OH JOCTHI  JIOMYCTUMOW  TeMIepaTyphl
0(t,)=AP(1-¢ ")/ 4=0,,

13.7). Otcrona ko3¢ HULIMEHT TETIOBOW NEPETPy3KH IBUTATEIsS
AP 1
o, = = —>1. (13.17)
AP l—e ™"

(kpuBast 2 Ha puc.

11
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Takum oOpazom, KOd(PUIIMEHT TETUIOBOU MEperpy3KH OIMpeaeisieTcss COOTHOIIIe-
HUEM BPEMEHH pabOTHI /, M IIOCTOSTHHON BpeMeHH Harpesa 7T, .

U3 Beipaxkenus (13.17) Hecn0KHO HAWTH BpeMs paOOThI, B TCYCHUE KOTOPOTO
JOITyCKAEeTCs eperpy3Ka
o
— T
t,=T,In .

o, —1

JIBuraTenu, npeaHa3HauYE€HHBIE JUTsl KPATKOBPEMEHHON Pa0OThI, BBITYCKAIOTCS
C HOPMHPOBAHHBIM 3HAYECHHEM IPOAOJDKUTENBHOCTH padotel £, =10, 30, 60, 90

muH. Clie1oBaTeNbHO, BBIOPAHHBIN MO KATaJIOry JABUTATENb MOXKET OBITh 3arpyKeH
HOMHUHAQJIBHOW MOILTHOCTHIO B T€UEHHE YKA3aHHOTO BPEMEHH U OyJeT MOJHOCTHIO
WCITOJIB30BaH 110 HAarpeBy.

Ilpu nosmopHo-kpamkogpemenHoMm pedxcume padbomul BEIOOP MOIHOCTHU JIBH-
ratelis IpOU3BOJUTCS B COOTBETCTBHUHU C MPOJIOJIKUTEIBHOCTBIO BKIIOUEHHs. Ecin
MPOJIOJKUTEIBHOCTh BKJIIOYEHUS! MEHbIIE MUHUMAJIBHOTO CTAHJIAPTHOIO 3Haue-
Hus 15%, To BBIOOp ABUraTemns MPOU3BOAUTCS TaK K€, KaK JJIsl KPaATKOBPEMEHHOIO
pexuma. B ciyuae mpoaomKUTEILHOCTH BKJIIOUEHHs Oonbiine, yeM 60%, nBura-
TE€Jb BHIOMPAIOT KaK JUJISl MPOJOKUTENLHOTO pexuma pabotsl. [Ipu cooTBeTcTBUM
HArpy304HOW JUarpamMmbl pekuMy S3 U CTaHJAPTHOM 3HAYEHUU MPOJIOJKUTEIb-
HOCTH BKJIFOUEHUS BBIOOP ABUTATENS TPOU3BOAUTCS MPOCTO MO KATAJOTY.

Ha npaxTuke 4acto BCTpedaroTcsi pexuMbl pabOThI, KOT/a 3a BpeMsl BKJIIOYe-
HUSI MEHSIETCSI MOIIIHOCTh Harpy3ku (puc. 13.8, a). Torna narpy3ounas auarpamma
BHauajie MPUBOJUTCS K CTaHIapTHOMY Buay S3. [{s aToro o Beipaxkenuto (13.16)
HOJCYUTBIBAIOT DKBUBAJICHTHYIO MOIIHOCTh P, a TAK)KE CyMMapHOE BPeMs BKJIIO-

4€HHOTO X/, M OTKJIIOYEHHOrO 2f, COCTOSHHUH. 3aTeM ONMPEACISCeTCs pacyETHast

IMPOAOJIZKUTCIbHOCTD BKIIFOYCHUA

st
P .
X1, + 2,
— e T
b P, — —
[ —
Olh 6 [6lh) & | © 0 X, 4, | 1
a) 0)
Puc. 13.8

Ecnu nBuratenb caMOBEHTUIIMPYEMBIH M B MEPEXOIHBIX PEXUMAaX TEIUIOOT-
BOJ YXYAIIAETCS, TO MPOJOIKUTEIFHOCTh BKIIOYEHHUS PACCUUTHIBAIOT MO YTOU-
HEHHOU opmyie
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Xt + Xt + 21,
e, = ’
P2t + B2t + B2t + B2,

rae: Xt,, Xt,, Xt, — CyMMapHOE BpeMs paboThI, TyCKOB U TOPMOXKCHHI 3a ITUKII;

B, B> By — K03(h(UIUEHTHI YXYIIIEHUS OXJIAXACHUS MIPU IIyCKEe, TOPMOKEHUU U

OCTAaHOBKC€.

[Iepecuét MOIITHOCTH Ha CTAaHJAPTHOE 3HAUEHHUE MTPOU3BOAUTCS 10 (popmyiie

PCT:P3 gp/SCT’

rie ¢, =0,15; 0,25; 0,4; 0,6. Hampumep, npu sp:O,3 3HAQUCHUS MOIIHOCTH

ABUraTens Ui OMvKallluX CTaHIAPTHBIX HMPOJODKUTEIbHOCTEH BKIIOUEHUsS OY-
nyt pasubl By, =P /0,3/0,25=11P; F,=F+0,3/0,4=0,86F,. [lo stum Be-

JIMYWHaM I10 KaTajaory BBI6I/IpaIOT ABUIaTCJIb C OMKaWIIUM OOJBIIHMM HJIN paB-
HBIM 3HAYCHHUECM MOIIIHOCTH.

Bonpocw 0ns camonposepku

l.

2.

9}

10.

[Touemy HeNb3s UCMOJB30BATh B MPUBOJIC JBUTATEIN C 3aBBIIICHHON U
3aHMKEHHON MOIIIHOCTBIO?

Kak BbIOMpaeTCss MOIIHOCTH JIBUTATEINS MPHU JJIMUTEIBHOM PEXUME pa-
OOTBI C TOCTOSTHHON Harpy3Kou?

Kak BbIOMpaeTCss MOIIHOCTH JIBUTATEINS MPHU JJIUTEIBHOM PEXUME pa-
OOTBI C IEPEMEHHOU HArpy3KOi?

Kak yuutpiBaeTcst yXyAllIeHHE TEIUIOOTAAud TPU BHIOOPE MOIIHOCTH
nBurareinsa’

Kak Be1OMpaeTcss MOIITHOCTD IBUTATENSI METOJIOM CPEIHUX TIOTEPh?
[Tpu KakWX yCIOBHSIX MPH BEIOOPE MOIITHOCTH JBUTATEIST MOYKHO ITOJTh-
30BaThCs METOJJAMH SKBHBAJICHTHOI'O TOKa, MOMEHTA U MOIIIHOCTH?

Kak npousBoauTCss BBIOOp MOIIHOCTH JBUTATENs JJII KPAaTKOBPEMEH-
HOTO peXuMa padoThI?

VYkaxuTe cTaHJapTHBIC 3HAYEHUS MPOJOJDKUTEIBHOCTH Pa0OThI JBUTA-
TeJel, UCIIOIb3YEeMBIX B KPATKOBPEMEHHOM PEKHUME.

Kak yuuTBIBaIOTCS YCIIOBHS OXJIOKJICHHS JBUTATEIIS IIPH BBIOOPE MOIII-
HOCTH JISI TOBTOPHO-KPATKOBPEMEHHOTO pPekuMa paboTh?

Kakx mpousBoguTcs mepecdéT MOIIHOCTH Ha CTAaHAAPTHOE 3HAUCHHE
MPOIOJDKUTETHHOCTH BKITFOUCHUS ?

13.6. Bvrtoop muna osuzamens

[Ipu pa3paboTke MPUBOJOB MOMHMO MOIIIHOCTH MPUXOIUTCS peliaTh 3aady
BBIOOpA THIIA U KOHCTPYKTHUBHOI'O HCIIOJIHEHUs JBuUrareis. B cimydae HeoOxoau-
MOCTH JJIUTEJIBHOM pabOThl ABUTATENS C MOCTOSHHOW HArpy3koi U CKOPOCTHIO
BpallleHUs] BLIOOp THUIIA JBUTATENIs OOBIYHO HE BBI3BIBACT 3aTpyaHeHui. [IpaBua-
MU ycTpoiicTBa anekTpoyctaHoBok (I1YD) pexkomenmyercs B ITUX Cilaydasx HC-
[10J1b30BaTh CUHXPOHHBIE JBUTATENH, T.K. OHU SKOHOMUYHEE B DKCIUIyaTallluH, YeM
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ACUHXPOHHBIE, U 00JIaJAI0T JTYYIIUMHU MaccorabapuTHbIMU MokazaTensiMu. OgHako
JUIsl TIPUBOJIOB MAJIOM M CPEJHEW MOIIHOCTH YacTO MPUMEHSIOT ACHHXPOHHBIE KO-
POTKO3aMKHYTBIE JJBUTATENH, T.K. OHU JEUIEBJIE U MTPOILE B DKCILTyaTalllH.

JIst IpUBOJIOB MEXAHU3MOB C YAaCTBIMU M TSDKENBIMU MyCKaMH WM TPeOyIo-
IIUX PETyJIUPOBaHUsA CKOPOCTH BpALIECHUS NPUMEHSAIOT BCE THUIIBI JBHUraTeiieid, HO
JIBUTATEN MOCTOSHHOTO TOKA JOIMYCKAETCA NPUMEHATh TOJIBKO B TEX CIIy4asx, KO-
ria OeCKOJJIEKTOPHBIC ABUTATENIM HE MOTYT 00€CTeunuTh TpeOyeMble TEXHUUYECKUE
napameTpbl WM HEIKOHOMUYHBI. DTO TPEOOBAHHUE CBS3aHO C TEM, YTO JABUTATENN
MOCTOSTHHOTO TOKa CYIIECTBEHHO JOPOKe, MeHee HaAEKHBI U TPEOYIOT 00s3aTelb-
HOTO yXOJa TP JIKCIUTyaTalui. B To BpeMsi Kak OECKOJUIEKTOpPHBIE IBUTATENN
CBOOOJHBI OT 3THX HEJAOCTATKOB, & B COYETAHUH C TMOJYIIPOBOIHUKOBBIMH MPE00-
pa3oBaTeIsIMA OHU MO3BOJISIIOT MTOTYYUTh NPAKTUYECKHU T€ K€ WIH JYyUIIUE TEXHU-
YECKHE MTOKA3aTENH.

[To KOHCTPYKIIMU JBUTATENN YCJIOBHO AEIATCS HA JBUTATEIN OTKPBITOTO, 3a-
HIUIIEHHOTO M 3aKPBITOro ucnojgHeHus. CTeneHpb 3aluThl JBUrareneid o0o3Hayva-
eTCs B JJOKYMEHTAIIMU JJATUHCKUMU OykBamH [P W CIIEIYIONIUMH 32 HUMH JABYMS
nudpamu.

[lepas mudpa 0...6 o603HAYAET CTENEHb 3AIIUTHI MIEPCOHANIA OT COMPUKOC-
HOBEHHUS C JIBIDKYIIUMUCS WA HaXOJAIIMMHUCS IOJ] HAMPSHKEHUEM YacTSIMHU JIBU-
raresns, a TAKKe caMOro JABHUTaTess OT MONAaJaHHs B HETO MOCTOPOHHUX MpeIMe-
ToB. HynieBoe 3HaueHne 0003HAYaeT OTCYTCTBUE 3AIMUTHI. Y BEIUYECHUE 3HAYCHUS
COOTBETCTBYET YBEIMYECHHUIO CTENEHHU 3alUThl BIUIOTh A0 LHU(PHI 6, 03Hayaromen
NBUICHENPOHUIIAEMOE UCIIOJTHEHHUE.

Bropas uudpa 0...8 0603HavaeT 3amuTy ABUTATENS] OT BO3JACUCTBUS BJIard U
COOTBETCTBYET JMAMA30HY OT MOJHOTO OTCYTCTBUS 3amuThl (0) 10 crmocoOHOCTH
JIBUTATEIS ITTUTENBHO paboTaTh MPH MOTPYKEHUHU B BOY (8).

JIBuraTenu ¢ BBICOKOM CTEIEHBIO 3allUThl, W3TOTABIMUBAIOTCA B 3aIUTHBIX
000J10YKax, UCKIIOYAIONIMX NONaJaHue BHYTPb MbUIM U Biard. Jlig TEmiooTBoja
OHU CHA0XKarOTCSI TEPMETUYHBIMU BO3AYXOBOJAaMHU, TPUCOEAUHAEMBIMU K CUCTEME
BEHTHWJISIITUU.

JIBuratenu, paboTarouiie B 3aKPbITHIX NOMEIICHUSIX C HOPMaJIbHOW Cpenoi,
MOTYT UMETh CTeneHb 3auuThl oT /P00 1o /P20;. paboTaroiiyue Ha OTKPHITOM BO3-
JyXe — J0JDKHBI UMETh CTETIeHb 3alIUThl He MeHee /P44. B o0ieM ciyyae creneHb
3allMThl ABUTATEIEH, UCIIOJIB3YEMBIX B IMPUBOJAX PA3JIUYHBIX YCTAHOBOK, OIpEe-
JSI€TCA COOTBETCTBYIOLIEH HOPMATUBHO-TEXHUUYECKON JOKYMEHTALUEM.

Bonpocwr ona camonpoeepku

1. Kakumu nmpuHOMIaMu ciaeayeT pyKOBOICTBOBATHCS IPH BBIOOpE THIIA
nBHATATENS?

2. Kak o0o3HauaeTcs cTeneHb 3alllUThl ABATraTelIs?

3. Yro o3HauaeT nepsas (BTopas) 1udpa B 0003HAUCHUU CTETICHU 3aIUTHI
nBUraTteisa’
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14. O01mme BONPOCHI 3JIEKTPOCHAOKEHHUA U IJIEKTPO0e301acCHOCTH

[TonaBnsromee OOJBUIMHCTBO JJIEKTPUYECKONW JHEPIMM, HCIOIb3yEMOW Ha
IIPOU3BOJICTBE U B OBITY, MPOU3BOJUTCS MPOMBIILJIEHHBIM CIIOCOOOM, a 3aTeM pac-
npenensiercsa no norpedurensam. [Ipu 3ToM yacTo BOMPOCH 3KOHOMHUKH BCTYHAlOT
B IIPOTUBOPEYHE C BOMPOCAMH OE30MaCHOCTH 3KCILTyaTalluy AJIEKTPOYCTAHOBOK U
TpeOyIOT OT MOTPEOUTENS 3HAHUS MPUHIMIIOB U OCHOBHBIX HOPM HCIIOJIb30BAHUS
DIIEKTPOIHEPTUH.

14.1. Obuwue sonpocwl I1eKmpoOCHAOICEHU

14.1.1. Dnexmpuyeckue cemu

CucrtemMoil 3JIEKTPOCHAOKEHHsI HA3bIBAETCSI COBOKYMHOCThH 3JIEKTPOYCTaHO-
BOK, MpeJHa3HAYCHHBIX ISl 00ecreueHus: moTpeduTeneil 3IeKTpUIecKOoi YHEpIH-
eil. OHa BKJIIOYAET B ce0s DJIEKTPUUECKHE CTaHIMH, TpaHCHOPMATOPbI, BO3TYIII-
HbI€ U KaOelbHbIC JIMHUM 3JIEKTPOIEepeaayd U HU3KOBOJIBTHBIE AIEKTPHUECKHUE CE-
TH.

PLII Opna u3 TH-

PII1 O F IEE HOBBIX CXEM JJIEK-

B e TPOCHAOKEHNUS

PIIC - LPIT .y :\\E—@| _EE 11121<1a3aﬂlei Ha pHC.

( Q ) T OCBETHTCIbHAS .. CHECPATO

11 HBH@ \ pmcm 3JI€KTp00Tal,3HI{HII?I
S ECR RN ;T e

ISKB 500 B —DF=="G[B  napo wm raz.
S00kB 10 kB H";‘E'—’ BOl  TYypOHHOIA,
380/220 B BbIpaOaThIBaET

Puc. 14.1 AIIEKTPOIHEPTUIO

Opy  HaNpsHDKEHUH
6...35 kB. Tpanchopmarop T1 moBeimaer Hanpsikenue 10 ypoBHs 35...1150 kB,
Py KOTOPOM Tiepe/iaya HEPTrUu MO BO3AYIIHOW WM KaOenbHOU nuHuu (JIDIT)
HIKOHOMUYECKH Haunbosiee BbIroAHa. Jlanee ayIeKTpo3Heprus MoCcTynaeT Ha paioH-
Hble pacnpeaenuTeabubie nojactanuu (PIIC), koTopbie ¢ MOMOIIBIO CHEIUATIBHBIX
JIDII (Ha cxeme He MOKa3aHbl) OOBEAUHSIOTCS B €AMHYIO SHEPrOCHUCTEMY, YIPaB-
JSEMYIO U3 OTHOTO LIeHTpaiabHOro nyHkra. Ot paiionnou PIIC sHeprus nmocrymnaer
Ha LEHTpaJbHylo pacnpenenurenbublii myHKT (L{PII) kpynHoro npennpustus win
IPYIIIbI MEJIKUX NMPEANpUITHI, Tie TpaHnchopmaTopamu T2 HanpspKeHHE TOHMKA-
ercst 10 6...10 kB, a 3aTteM pacnpenenseTcss 1o LEXOBBIM paCIpeaeInTeIbHbIM
nynkram (PII1, PII2, ...) u cHoBa nonmxaetcst (T3) no cranmapTHOro 3HaA4YEHUS
380/220 B. Ha pacnpenenutenbHbIX MYHKTaX MOMHMO TpaHC()OpPMaTOpOB ycCTa-
HaBJIMBarOTCS pazbeauuurenn O u npegoxpanurenu . K mmuam PII nmogkimroua-
I0TCS MOUIHBIE MOTPEOUTENH, HAPUMED, ABUTaTenu M, a TakkKe IIMHHbIE COOPKU
HIC u pacnpenenurensHble mkadsl PIL, nuratomue 6onee MeNKUX noTpeduTenei
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U pealn3ylolIie CXEMbl PE3EPBHOTO 3JeKTpocHAOkeHuss. OTaenbHbIe TUHUU Bbl-
JENSAI0TCS AJIsl TUTAHUSL OCBETUTEIBHOM CETH.

[IpaBusiamu yctporictBa aekTpoycranoBok (IIYD) nmpenycmoTpeHo nuranue
noTpeduTeNe OT ceTell ¢ TyX03a3eMJIEHHOW M C M30JIMPOBAHHON HEWTpalblo.
I nyxo3azemnénnoul Helimpaivio Ha3bIBAETCS HEUTpaab TpaHchopMaTopa Wil reHe-
paropa, IpUCOEANHEHHASI HETIOCPECTBEHHO K 3a3€MJIAIOLIEMY YCTPOMCTBY, a U30-
JIUPOBAHHOU HeUmpanbio — HEUTpAIb HE NMPUCOECINHEHHAS K 3a3€MIISIIOLIEMY YCT-
PONCTBY.

JI71st OCHOBHO#M MaccChl MOTpeOUTENEH UCTIONB3YIOTCS YE€THIPEXIIPOBOIHBIE Ce-
TH € IIYX03a3€MJIEHHOM HEUTpaJIblo. DTO MO3BOJSET MOTPEOUTENSAM UCIIOIb30BaTh
JAUHEHOE U (pa3HOE HANPSIKEHUS, a TAKXKE OPraHM30BaTh 3(P(EKTUBHYIO 3aIIHUTY
CETH OT Meperpy3ok. TpEXIPOBOAHBIE CETH C U30JIMPOBAHHON HEUTPAIIBIO MTPUME-
HSFOTCS JUISl IMTAHMSI YCTAHOBOK C ITOBBIIIEHHOM ONACHOCTBIO NMOPAKEHUS JIOJEH
ANEKTPUYECKUM TOKOM (IIaXThl, CYJAOBBIEC JIEKTPUUECKHE CETH, TOMEIIECHHS C TO-
BBIIIICHHOH BIIAXKHOCTBIO U T.I1.).

14.1.2. 3awuma 21eKmpuyeckux cemetul

3ammTa 3JIEKTPUYECKUX CETEH OT aBApUMHBIX PEXKUMOB SABISETCS OAHOU W3
IVIaBHBIX 33Ja4 MPOEKTHUPOBAHUS M JKCIUIyaTaluH, T.K. BBIXOJ U3 CTPOs dJIEKTPO-
000py1I0BaHUSI MOKET IPUBECTHU K TXKENBIM MOCIEACTBUSIM IS JIFOJIEH U K 3HAUU-
TEJIbHBIM MATEPUAIIbHBIM MOTEPSIM.

K aBapuiiHbIM peXuMaM B IEPBYIO OYEPEb OTHOCATCS KOPOTKHE 3aMbIKAHHS.
[Tpu 3amMBpIKaHUM TOK B LENH OTPAaHUYMBAETCS TOJIBKO MaJIBIMU CONPOTHBIICHUSIMU
IPOBOJOB U MOXET JOCTHraTh 3HAYEHWI, B JIECATKU pa3 MPEBOCXOIAIIUX HOP-
MaJbHBIM TOK Harpy3KkH, a TaKXe JIOIyCTUMBIA TOK NPOBOAHUKOB. B cooTBeTCTBUU
¢ [1YD snekrpruyeckne ceTH AOHKHBI 3aIUIIATHCS OT OJJHO-, IBYX- M TPEX(Da3HbIX
KOPOTKHUX 3aMBIKaHHUI U Meperpy3ok. JIMHaMu4ecKkue U TEpMUUYECKHE HAarpy3Ku Ha
IPOBOJHUKH, BO3HUKAIOMIME MPHU KOPOTKHUX 3aMBIKAHUSX, MOTYT BBI3bIBATh HX
paspylleHre U BTOpuuHbIe 3)PEKThI B BUJIE MTOKAPOB, B3PHIBOB U T.II. C elIé Ooiee
TSXKENBIMU MOCIEICTBUSIMMU.

JpyruM BUJOM aBapuu, TPeOYIOLIMM KOHTPOJS M 3alllUThl, SIBJISETCS Iepe-
rpy3ka cerei, T.e. paboTa MpU TOKAX, MPEBIIIAIOMNX PACYETHBIE 3HAYEHUSI. DTO
BBI3BIBACT IIOBBIIICHHOE HATPEBAHUE MPOBOJHMKOB, IPUBOJSIIIEE K YCKOPECHHOMY
CTApEHUIO W/WJIN PAa3pYyLICHUIO U30JSLUU, YTO, B CBOIO OYEPE/b, MOXKET BBI3BATh
KOpOTKOe 3amblkaHue. OT neperpys3ku JOJKHBI OBbITh 3alUIIECHBI BCE CETH BHYT-
PEHHUX ITOMEIICHWH, BBIIOJHEHHBIE OTKPBITO MPOJIOKEHHBIMU W30JIMPOBAHHBIMA
IPOBOJIAMHU C TOpIOYEH 00O0JIOUKOM, @ TAK)KE CETH, K KOTOPHIM MOJIKJIIOUEHBI OCBE-
TUTENbHBIE U OBITOBBIE TPHOOPBL. OT MEperpy3Ku JOJKHBI ObITh 3aLIUILICHBI TAKKE
CETH, OTHOCSALIMECS K IEPBOM KaTErOpUM 3IEKTPOCHAOKEHUS, IEPEPHIB B AIIEKTPO-
CHA0XKEHHH KOTOPBIX MOXKET MOBJIEYb 3a COO0M TSKENBIE MOCIEACTBU. B oTiinune
OT KOPOTKOTO 3aMbIKaHUsI, IEPETPY3KU HE TPUBOJAST K OBICTPOMY BBIXOJY U3 CTPOS
000pyoBaHUsl U MPU KBATU(UIIMPOBAHHOM OOCITYKUBAIOIIEM TMEPCOHATIE MOTYT
OBITh CBOEBPEMEHHO YCTPAHEHBI 0€3 THKENBIX MOCIIEICTBUM.
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3amnmTa OT KOPOTKUX 3aMbIKaHHM B AJIEKTPUUECKUX CETAX JOJDKHA 00JaaaTh
MUHHMMAaJbHBIM BpeMEHEM CpalaThbIBaHUS U MO BO3MOXKHOCTH OOecIieuuBaTh Ce-
JEKTUBHOCTh OTKIIoueHus. [lox cerekmuernocmvio MOHMMAIOT CHOCOOHOCTH OT-
KJIFOUEHHUS aBapUITHOTO ydacTKa B KOHIIE 3alUIIAaeMOW JIMHUH. ITO HEOOXOIUMO
JUTSI COXPaHEeHMs SHETOCHA0KEeHUs 000pY1I0BaHUs, OAKIIOYEHHOTO K UCIPABHBIM
mIMHaM OJIMKE K UCTOUHUKY MMUTAHMUS.

Cornmacuo IIYD B ceTsx ¢ TIyxo3a3eMJIEHHONW HEUTpaiabio JOJDKHA OBITh
oOecreyeHa 3amura OT OJAHO(MA3HBIX U MHOTO(A3HBIX 3aMBIKaHUN, a B CETAX C
W30JMPOBAHHON HEUTPAIIBIO — OT IBYX- M TPEX(HaA3HBIX 3aMbIKaHU.

JInst 3aUThl OT KOPOTKUX 3aMBIKAHUM MPUMEHSIIOTCS MPEJOXPAHUTENIH C
MJIaBKUMHU BCTaBKaMU M aBTOMaTUYEeCKHe BhIKItouaTenu. Oba Buaa yCcTpOCTB Xa-
paKkTepu3yloTCsl BpeMeHeM cpadaThiBaHUsl, HOMUHAJIBLHBIM TOKOM, KOTOPBIA OHHU
BBIJICPKUBAIOT HEOTPAHUYEHHOE BpeMsI 0€3 OTKIIIOUEHUS, a TAKXKE 8PeMANMOKO8OU
UIU 3QUUMHOU XAPAKMEPUCUKOU.

ABTOMaTHYECKHUE BBIKIIOUATENU SIBISIOTCS 00Jiee COBEPIICHHBIMH YCTPOMCT-
BaMH, 4eM npeaoxpanurenu. OHU MOTYT OTKJIIOYaTh cpa3y Tpu (a3bl 3alIUIIAeMO-
ro y4acTKa, UMEIOT 00Jiee TOUHBIE 3alIUTHBIE XapaAKTEPUCTUKU U UCKITIOUAIOT BO3-
MO>XHOCTh NTPUMEHEHUSI HEKATMOPOBAHHBIX 3JIeMeHTOB. KpomMe Toro, cpasy mocie
cpabaThIBaHUsl ABTOMATUYECKUE BBIKIIOYATENIN TOTOBBI K OBTOPHOMY MOJIKITIOYE-
HUIO CETH.

OOBIYHO aBTOMATHUYECKUE BBIKIIOUATETN MMEIOT KOMOMHHMPOBAHHBIE paciie-
MUATEIY, Pa3MbIKAIOIIUE 3aIIUIIAEMYI0 LIETIh MIPU PA3TUYHOM XapaKTepe Neperpys-

/el ku. Ha puc. 14.2 noka3aHsl 3alllUTHbHIC

. a XapaKTePUCTUKU aBTOMATHYECKUX BbI-

10 KJIFOYaTeJIe pa3IMuHbIX TUIOB C KOM-
OMHUPOBAHHBIM TEIUIOBBIM U 3JIEKTPO-

10° MarHUTHBIM PaCLEUTEICM.
VYyacTok ab 3alIUTHOM XapakTe-
) PUCTUKU COOTBETCTBYET pabOTe TEIIo-
BOI'O PpAacUENuTEeNs, T.€. MEXaHu3Ma
Pa3MBIKAIOIIETO KOHTAKThl BBIKIIIOYA-
10 < TEs 32 CYET HArpeBaHUs MeTajulnye-
- CKOW IJIACTUHBI MPOTEKAIOIIUM HJIEK-
’Tﬁ'b TpudeckuM TokoM. OH cpabatbiBaeT
Lo IpU JJIUTEIIbHOM MPOTEKAaHUU TOKa He-
BYECHD OOJBIION KPATHOCTH O OTHOIIEHHUIO K
0.1 HOMHUHAJIBHOMY M 3aIMIIAET 3JIEKTPHU-
YECKYI0 IIelb OT meperpys3ku. Hampu-
c A k‘g Mep, Ha puc. 14.2 nmokazaHa 3alIMTHAs
I 235 10 2030 100 xapakTeprcTuka BBIKIIOYATENS, B KO-
I, TOPOM JIBYKpaTHBIM TOK BBI3OBET OT-
Puc. 14.2 KJIFOUEHHUE 1IeTH, €CIM OH OYyJEeT MpoTe-

katb B TeueHue 10 c.

10

0.01

261



Obujue 60npocsl I1eKMPOCHAOIHCEHUA U INeKMPOOE30NnaAcCHOCmU

TOCYIAFCTBEHHbIV YHUBEPCUTET

Tpéx- u Oosiee KpaTHbIE TOKH, OOBIYHO BO3HHUKAIOIINWE MPU KOPOTKHUX 3aMbl-
KaHUSIX, BBI3BIBAIOT CpadaThIBAaHUE AJIEKTPOMATHUTHOTO PACUENUTENs], OTKIIO-
YaloUIero 1ernb MOYTH MTHOBEHHO (Y4acTOK cd XapaKTepUCTUKH). JleiicTBuE 3iek-
TPOMArHUTHOTO PACUENUTENs] OCHOBAHO Ha BTATMBAHUM (PEPPOMArHUTHOTO Cep-
JICUHUKA B MarHUTHOE I10JI€ KATyIIKH, B OOMOTKE KOTOPOW MPOTEKAET TOK 3alllM-
II[acMOM IEIIH.

IIo HacTpo¥iKe 2JIEKTPOMArHUTHOIO PACLENUTENS aBTOMaTHYECKUE BBIKJIFOYA-
Tenu Aensarcs Ha TpH tuna — B, C u D. OHu cpabaThIBalOT MPH pa3iNdHbIX KpaT-
HOCTSIX TOKa, YTO MO3BOJIAET HCKJIIOUMTDH JIOKHBIE CpadaThiBaHUS 3alIUTHI NPU
KPaTKOBPEMEHHBIX MEPETrpy3KaxX CETH, CBA3AHHBIX C IMEPEXOJHBIMH PEXUMaMU
pPa3IMYHBIX YCTAHOBOK. THII B ¢ HOPMajabHOM 3aIIMTHOM XAapaKTEPUCTUKOU, IO-
nyckaromiei 3...5-KpaTHyI0 Neperpy3Ky, UCIOIb3YETCsI B OCBETUTEIIHHBIX U OBITO-
BBIX CETSX, B KOTOPBIX NMPAKTUYECKU OTCYTCTBYIOT ITyCKOBBIE PEXKHMBI 000PYI0-
BaHus. Beixmouarenu tuna C ¢ 601ee MEUIEHHON XapaKTepUCTUKOM, COOTBETCT-
Bytomied 5...10-kpaTHOMY TOKY, HCIIOJIB3YIOT B CETSAX, NUTAIOLIUX, HAIpUMED,
AJNEKTPOINPUBOABLI C HOPMAJIbHBIMH YCIOBUSMH ITyCKa MPSMBIM BKJIIOYEHHEM B
CeTh. 3alllUTy CETEW, NUTAIOIIMNX YCTAHOBKH C TSKEIBIMU YCIOBUSIMU MEPEXOAHBIX
pPEKUMOB, HAlpUMEpP, CBAPOYHOE OOOPYAOBAHME WM MOLIHBIM 3JIEKTPONPHUBO/,
OCYIIECTBIISIIOT BBIKIIOYATEISAMU CO CBEPXMEJICHHOW XapaKTEpUCTUKOM Tuma D,
nomnyckatouieit 10...20-kpaTHyto neperpy3ky B T€UEHHE MPUOIU3UTENBHO OJHOU
CEKYH/IBI.

Tok cpabaTbIBaHMsI aBTOMAaTUYECKOI'O BBIKJIIOYATEN WJIM IUIABKOM BCTABKU
BBIOMPAIOT TaKUM 00pa3oM, YTOOBI OH OBLIT BO3MOXKHO OJIKE K pacdéTHOMY HITU
HOMUHAJIBHOMY TOKY 3aIlMIIaeMOr0 y4acTKa CETH, HO IPU 3TOM HE MPOUCXOIUIIO
OTKJIFOUEHHE MPHU KPATKOBPEMEHHBIX MEPETPY3Kax.

14.1.3. Ilomepu sHepeuu 6 21eKmpuvdecKux cemsx _u_cnocodvl nogbluleHUs.
DKOHOMUYECKUX noKazameneu

[Tepenaya 2JIeKTPUUIECKON PHEPTHH OT UCTOYHUKA K TOTPEOUTENISIM COMPOBO-
KIACTCS TOTEPSIMU B DJIEKTPOCETSIX, COCTABJISAIONIMMHU B cpeaHeM S...7%. Benu-
YUHA MOTEPh 3aBUCUT OT HArPYy3KH, COCTOSTHUA U MPOTSIKEHHOCTU CETEH, PEKUMOB
paboTHI IEKTPOOOOPYOBAHUS U TIPOSIBISETCS B BUAEC YMEHBIICHUS HANPSKEHUS
NUTAHUS y IOTpeOUTENen.

[ToTepu HampspKeHHs] TPOUCXOST B TpaHCPopMaTope, MUTAIOIIEM HArpy3Ky,
U B JJUHUHU dJeKTporiepenadyu. [lotepu B TpanchopmMarope B MPOIEHTAX OT HOMH-
HAJILHOT'O 3HAYEHUSI MOKHO OIIEHUTH KaK

Au, % =P(u, Yocos @ +u,%sing), (14.1)

rae B=1/1,,, —KoddduimeHT Harpysku tpanchopmaropa; u, %, u,% — OTHOCH-

TEIbHBIC 3HAYCHUS AKTHBHOTO ¥ PEAKTUBHOTO HAMPSHKEHUS KOPOTKOTO 3aMBbIKAHUS
B MIPOIICHTAX; COS (P — KOIDPHUIIUESHT MOIITHOCTH HATPYy3KH.
AHAJIOTUYHO OIEHUBACTCS MMOTEPU HANPSDKCHUSI B JIMHAH
Au_% =1001L(r,cos@+ x,sin@)/U

HOM ?

(14.2)
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rae I — neicrByrolee 3Ha4eHue Toka; U, — HOMUHAJIBHOE 3HAYE€HUE HaIpsKe-
HUS; 7y, X, — yA€IbHbIE 3HAYCHHUs aKTUBHOI'O U PEAKTHMBHOI'O CONPOTHUBIICHUS JIH-

HUHW JUIMHOM L.
OO0mume moTepu paBHBI CyMME TIOTEPh B TPAaHC(HOPMATOPE U B INHUU
Au% = Au_% + Au_% (14.3)

N3 Beipaxennii (14.1)-(14.3) cnegyer, 4TO yMEHBIIUTh IOTEPU JIEKTPOIHEP-
MU B JAHHOW ceTr MOXHO yBennueHueM KIIJl narpysku, T.K. Ipy 3TOM yMEHbIIa-
€TCsl aKTUBHAs COCTABJISIOIIAS MOTPEOISIEMOro €10 TOKa, a TaKKe YBEITUYCHUEM
Kod(ppulieHTa MOIIHOCTH HArpy3Kd, T.€. YMEHBIICHUEM PEaKTUBHOW COCTaB-
JSOIIEH moTpedsieMoro TokKa.

OCHOBHBIMH TOTPEOUTENST IEKTPOIHEPTUU B MPOMBIILUICHHOCTH SIBISIOTCS
ACHHXPOHHBIC JBUraTeiid, 00JaJaloIIe XOPOIIUMH YHEPreTUYECKUMHU TTOKa3aTe-
JSIMUA TIPU Harpy3ke OJIM3KOW K HOMHHAIbHOU. OJHAKO MPU CHUIXKEHUHM HArpy3Kd
KITJI u x03¢ddUIMeHT MOITHOCTH JABUTATENSI PE3KO YMEHBIIIAIOTCS, YTO BBI3BIBAET
yBeJIMUEHUE MOTEePh B TpaHC(PopMaTope v JTUHUM Tiepeaaun dHepruu. [loatomy He-
00X0IMMO 00€CTeUnTh MPABWIBHBIA BHIOOP MOIIHOCTH JBUTAaTelied M B Clydae
paboThl NpHBOJIa ¢ Harpy3koil asurarenss MeHee 70% HOMHHAJIBHOW MOIIHOCTH
1€J1€CO00pa3HO MPOU3BECTU €T0 3aMEHY.

Hauxynmmmu 5SHEpreTHYeCKUMHU TOKa3aTesIMU  00JIa/laloT  aCUHXPOHHBIE
JIBUTATENIM B PEXKHUME X0JIOCTOro xona. [loatomy B 060pynoBaHuu, T/ie ABUTATEIb
M0 YCJIOBHSIM TEXHOJIOTHYECKOTO Tpollecca JIUTEILHOE BpeMsi paboTaeT BXOJIO-
CTYIO 11€JIECO00PA3HO OTKIIIOYATh €r0 OT CETH.

[To »TOi e mpuUYMHE NpPU MPOEKTUPOBAHUU TEXHOJOTMYECKUX IPOIIECCOB
CIIelyeT CO3/1aBaTh HENPEPBIBHBIE LMKIbI, OOECHEYMBAIOIINE MOCTOSHHYIO MOJI-
HYI0 3arpy3Ky 000py0BaHUsI.

OddexTuBHbiM cpeacTtBoM noBbimeHus KIIJ[ Texnonornueckoro o0opyaoBa-
HUS SIBIISETCS TAKXKE MEPEX0]l K PeryJIMpyeMbIM 3JIEKTPOINPHUBOJIaM BMECTO HEpe-
ryJaupyemMbix. B aTom ciydae, Hanpumep, B TPUBOaX HACOCHBIX arperaToB pacxo/l
ANEKTPOIHEPTUH CHUKAETCS MpUMepHO Ha 30%.

Ecnu BeiOOpOM jaBUTATENEH M MPUBOJOB, a TAKXKE OpraHU3aIMel TEeXHOJIOTH-
YEeCKOT0 Mpolecca He YIaETcsl MOAHITh KO3(PGUIUEHT MOIIHOCTU A0 TpeOyeMoro
YPOBHS, TO JIJIsl KOMIIEHCAIIMU MOTPEOIISIEMOI pEaKTUBHON MOIIHOCTHA YCTaHABIIH-
BAIOT KOHJICHCATOPHBIC OaTapeu UM CUHXPOHHBIE KOMIICHCATOPHI.

[ToTepu sHEPTUM B CETAX SBIAIOTCS CEPHE3HON IKOHOMHUYECKOM MPOOIEMOid,
MOATOMY JJIsl KPYIHBIX MOTPEOUTEIEH HOPMUPYETCS CPEAHEB3BEIICHHBIM KOA(]-
(GULIMEHT MOITHOCTH 00OPY0BAHUS, PACCUMTHIBAEMBIN MO MOKA3aHUSIM CUETUUKOB
aKTUBHOM W, M peakTHUBHOU W, sHepruit

tgp, =W, /W,,

OTKyJa
1

COS (P, = ————r0-.
J1+tg’e,
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[Ipu pabGote morpedutens ¢ KO3(PPUUUEHTOM MOIIHOCTH, MPEBBIILIAIOIIAM
HOPMHUPOBAHHOE 3HAYCHUE, TPOU3BOIUTCS CKUAKA C Tapr(a OTUIaThI SJIEKTPOIHEP-
T'MH, & 33 IOHWKEHHUE COS(, Tapu(] MOBBIMAIOT WIN IPUMEHSIOT ITpapHbIE CaHK-

uu. TakuM 00pa3oM, SKOHOMUYECKUMH METOJIaMU MOTpeOUuTeNel BEIHYKIAIOT K
IIPUMEHEHHUI0O MEP MO NOBBIIICHUIO KAaYECTBEHHBIX II0KAa3aTEJCh pacxoIyeMOu
AIEKTPOIHEPTHH.

Bonpocwi 0ns camonposepku

1. Yro BKIIIOYAET B ce0s1 CUCTEMA AIEKTPOCHAOKEHUS ?

2. J1J1st 4ero MoBBIIAIOT BBIXOAHOE HAIPSKEHUE TeHepaTopa’?

3. CKOJIBKO CTYNEHEN HCIIOB3YIOT ITPU MOHWKEHUH HANPSHKEHUS ?

4. UTto Takoe ceTh ¢ TIyx03a3eMIEHHON (M30JMPOBAHHON) HEUTPATIBIO?

5. I'me u moyeMy HMCHONIB3YIOT CETH C IVIYX03a3€MJIEHHOU M C H30JIMPO-
BAHHOW HEUTpaJIbIO?

6. Kakune BUABI 3a1IUTHI KCIIOJIB3YIOT B DJIEKTPUYECKUX CETAX?

7. Kakue TpeOoBaHus NpeabsIBISAIOTCA K YCTPOMCTBAM 3alTUThI?

8. Kaxkue cpenctBa HCHONB3YIOT AJIs 3alUTHI CETEW OT KOPOTKHUX 3aMbIKa-
HUN?

9. UTto Takoe BpeMATOKOBasl XapaKTepUCTHKa?

10. Ot ¥ero 3amuIIaeT b KOMOMHUPOBAHHBI aBTOMATHYECKHUIA BBIKITIO-
yaTenb?

I11. Yewm oTnmuaroTca APYr OT APYyra aBTOMaTUYECKUE BBIKJIKOYATEIIN TUIIOB
B, CuD?

12.  Kak BpIOMparoT TOK cpabaThIBaHUsI CPEJCTB 3AIUTHI?

13. B Kakux sieMeHTax 3JEKTPUYECKOW CETH BO3HUKAIOT MOTEPU SHEPTUU?

14. UYewm onpenensercs BEIWYNHA ITOTEPh SHEPTUU B IIEKTPUUECKUX CETAX?

15. Kakoi »HepreTmdyecknid NoKas3areilb HOPMUPYETCS UIsl KPYIHBIX IIO-
TpeOuTeNnel SHEPTUN U IoUeEMy ?

16. Ilepeuncaure mMepbl, IPUMEHsIEMBbIE /JIs TOBBIILIEHUS KaueCTBa MOTPEO-
JIIEMOU JIEKTPOIHEPTHH.

14.2. Ocnoevl 31ekmpoode3onacnocmu

14.2.1. Ycnosus nopasicernus o1ekmpuyecKum moKom

DNEKTPUUECKUN TOK SIBJIIETCS HICTOUHUKOM MOBBIIIEHHOW OMACHOCTHU ISl Ye-
JIOBEKA, YTO BBI3BIBACT HEOOXOIUMOCTH CTPOTO COOIOJCHUS TPABIII AKCILTyaTa-
AW JIEKTPOYCTAHOBOK U COOTBETCTBYIOIICH MOATOTOBKM OOCTY>KUBAOIIETO TIEP-
COHaJja.

[TopaxkeHue 3J€KTPUUYECKUM TOKOM BO3MOKHO MPU MPUKOCHOBEHUH K TOKO-
BEIYIIUM YacTsIM 3JIEKTPOYCTAHOBOK WJIM K METALIMYECKUM 4YacTsiM o0OopyoBa-
HUS, OKa3aBIIMMCS TOJ HAINpsHKEHUEM BCIICJCTBHE HapyIIeHUs U301, Bo3-
MOXHO TaKXe€ MOPAKEHUE TOKOM B pe3yJsibTaTe MPUOJMIKEHHs YelloBeKa K ycTa-
HOBKaM C HEMCIIPAaBHOMW 3alIUTON M 3aMKHYTBIMH Ha 3€MJII0 TOKOBEIYIIMMH Yac-
TSIMH.
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Teno uyenoBeka o0namaeT onpenenEéHHbIM IEKTPUUECKUM CONPOTUBIICHUEM,
u3MeHsnmMesa B mupokux npenenax (ot 500 mo 100000 OM) u 3aBUCSAITUM OT
MHOTHUX MPUYUH: COCTOSHUS 3/I0POBBS, COCTOSIHUSA U BJIAXKHOCTU KOKHOTO TOKPO-
Ba, YCJIOBUI OKpYy>KawIlel cpeabl U T.m. B pacuérax mo TexHuke 0€30MacHOCTH
COIPOTHUBJICHUE Tella mpuHUMaeTcs paBHbIM 1000 Om.

DIIEKTPUYECKUN TOK BBI3BIBAET 05KOTH, MEXAHUYECKUE MOBPEKACHUS TKAHEMH,
MopakeHUe HEPBHOU cucTteMsbl. JleficTBue Toka omrymiaercs, HauuHasg ¢ 0,5...1,5
MA. IIpu toke 10...15 MA 4YenoBEK HE MOXKET CaMOCTOATENBHO Pa30pBaTh LEMb
MOPAXKAIOLIEr0 €ro TOKAa, BO3HUKAET T.H. «IpUKoBbIBaHHE». Tok 50...60 MA mo-
paXkaeT opraHbl JIbIXaHUsl U cepiaeuHyro Mbliry. Cuurtaercsa, 4yto Tok B 100 MA
MPEACTABISAECT CMEPTEIIbHYIO OMACHOCTb.

CreneHb BO3ACHCTBUSA HAa YEJIOBEKA 3aBUCHUT TaKXKe OT Xapakrepa Toka. [lo
HanpspkeHus B 300 B Gosnee omaceH nepemMeHHbIN TOK. B anana3zoHe HanpsKeHUn
oT 300 no 600 B mOCTOSIHHBIN M NEPEMEHHBIA TOK MPEICTABISIOT OJUHAKOBYIO
OITaCHOCTb, a BeIIe 600 B 0oee onacHBIM ABJISICTCS NOCTOSTHHBINA TOK.

[To crenenn omacHocTH mopaxkeHus TokoMm IIYD paznensdroT nomemieHus, B
KOTOPBIX HaXOJUTCS 3JIEKTPooOOpyAOBaHKe, Ha Tpu karteropuu. K mepBoit oTHO-
CSITCSl IOMEIleHHsI 0e3 MOBBIIIEHHOW OMAaCHOCTH — CyXH€ MOMEIICHUsSI C HeMpOBO-
JSIIUMU TI0JIaMH, 0€3 METaUIOKOHCTPYKIIUNA, TOKOMIPOBOJIAIIEH MBUTH U BIIAXKHO-
ctu. K 1ByM IpyruM KaTeropusiM OTHOCATCS MIOMEIIECHHS C TOBBIIEHHOM OIAacHO-
CTBIO U 0CO00 OMacHbIe. ITO BIIAXKHBIC MOMEIICHUS C MOBBIINICHHOW TeMIEpary-
po#i, ¢ TOKOMPOBOJSIIIMMU MOJAMHU, T/I€ CYIIECTBYET BO3MOXHOCTh OJIHOBPEMEH-
HOTO TIPUKOCHOBEHHMS K DJIEKTPOOOOPYIOBAHUIO U METAJITIOKOHCTPYKITHSIM.

Tp TskecTh MOpaXeHUs SIEKTPUUECKUM TOKOM
L, OUPEIENAETCs TAkKe KOHTYPOM, M0 KOTOPOMY OH

3aMbIKaeTcsi B Tele 4eloBeka. HawmOosbinyro
OMACHOCTb MPEJCTABISAET MPUKOCHOBEHUE K TOKO-
, BEIyIIUM YaCTSM ABYMs pyKaMH, Korja TOK 3a-
N MBIKA€TCSl 4uepe3 OpraHbl TPyJHOU KIETKH (puc.
14.3). B cetn ¢ nanpspkerusimu 380/220 B mpu

MPUKOCHOBEHUU K (ha3HOMY M HYJIEBOMY MPOBOJY

S TOK MOXET JIOCTUraTh 3HaueHus [ =Uq)/ R ~220

L,
L

3

Puc. 14.3 MA, a IpH IPUKOCHOBEHMU K JIMHEHHBIM IIPOBO-
nam — [ =U_ /R~380 MA, rne: Uy, U, — dasnoe

U JIUHEITHOe HanpspkeHue, a R ~1000 OMm — conportuBieHue tena. Yro, 6e3yciios-
HO, CMEPTEJIHHO OMACHO JIJISl YeJIOBEKa.

[IpukocHOBEHHE K HEM3OJMPOBAHHOMY JIMHEHHOMY IPOBOJY OJHOM PYKOM
WIN KaKOH-IM0O0 YacThlO Tela TaKyKe OMACHO, T.K. MPU 3TOM TEJIO YEJIOBEKa U CO-
IPOTHUBIIEHHS U30JISALMH NIPOBOAOB IO OTHOUICHHUIO K 3eMile R, 00pa3yloT HECHM-

METPUYHYIO HArpy3Ky ¢ HeUTpanbHOU TOUkoH n (puc. 14.4). Ilpu 3ToM K 4yenoBeky
npukianbBaerca Hanpsbkenne U =U,-U . B cetn ¢ riayxo3a3eMIEHHOU
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HelTpanbio (puc. 14.4,
a) U,y,=0 n Hanps-

KEHUE, IPUII0KEHHOE K
YEJIOBEKY, OKa3bIBACTCS
paBHbIM (pazHomy. B
ClIy4ae U30JMPOBAHHOU
HerTpanu (puc. 14.4, 6)
K YeJIOBEKY NpPHKIa/IbI-
BaeTcd pa3HoOCTh (has-
HOTO HaINpsSOKEHUs W
Puc. 14.4 HalpSDKEHUS.  MEXIY
HEUTPAJIbHBIMUA TOYKa-

o R
MH, 3HAYEHHE KOTOPOM CTPEeMUTCA K Hyio npu R, —> o, T.K. U, —=="">U,.

[ToaTOMy ceT ¢ M30JMPOBAHHOW HEUTpabio Oosiee OE30MacCHBI U MPUMEHSIFOTCS
TaM, TJI€ BeJIUKa BEPOSTHOCTh MOPAKEHUS IJIEKTPUUESCKUM TOKOM.

B cnydae npo6os n3051MK 1 3aMBbIKAaHUU TTPOBOJIA HA 3€MJIIO B CETH C IITyXO-
3a3eMJIEHHOW HEUTpaiblo BO3ZHUKAET KOPOTKOEe 3aMbikaHue (puc. 14.5, a). Ilocne
Yero cpabaThIBaeT 3alllUTa W ONAcHas CUTyalus JUKBUIUpyercsa. B cetu ¢ uzonu-
POBaHHOW HEUTPaIbI0 KOPOTKOI'O 3aMbIKAHHS HE BO3HHMKAET U aBapHUilHas CUTya-
Usl MOXKET CYLIECTBOBATh AnuTenbHO (puc. 14.5, 6). Ilpu 3TOM HampsbkeHus Ha
JIBYX APYTUX HPOBOJIaX OTHOCUTEIBHO 3€MJIM CTAHOBATCS PABHBIMU JIMHEHMHOMY

Hanpsbkenuto (U, =U, = U=U;-U, =U,;), T.. yBeIn4UBarOTCA B J3 pas,
YTO CYIIECTBEHHO YBe-

JIMYMBAET ONACHOCTh MO~ 1P / Ip I

pakeHus dnekTpuueckuM |~~~ 7 ‘Eg I

TOKOM B ciyyae nmpukoc- ||~~~ Li I

HOBEHUS. N N 47 0 3
Kpome  mpukocHO- R..[1H]] = N R, Al

BEHU K TOKOBEIYIIUM T(_]nN:(_fz

IpoBOJIAaM CETHU  Orac- n

oors I ===

HOCTh JJISI 3JI0POBBSI M
JKU3HHM 4eJIOBEKa BO3HH- a)

KaeT MNpu TPUKOCHOBE- Puc. 14.5
HUU K KOpITycam »dJIeK-

TPOYCTAaHOBOK, HAXOJISIIUXCS 0T HANIPSDKCHUEM B PE3yJIbTaTe IPOOO0ST M30JISAIINH,
a TakXke B ciaydae npubikenus Kk HuM (puc. 14.6). B cootBerctBum ¢ I[1YD Mme-
TATUYECKUE KOPITyca AJIEKTPOYCTAaHOBOK IOJDKHBI OBITH 3a3€MJICHBI, T.C. JJIEK-
TPUUYECKU COCIMHEHBI 3eMJIEH, U B Clydae MpoOOsi M3OJSAIUU 0 3eMJIe OT TOUKH
3a3eMJICHHSI paCTEKAeTCsl MoK 3ambikanus Ha 3emmio 1,. OH co31aéT Ha MOBEPXHO-

6)

CTH 3€MJIM pachpeieNéHHYI0 pa3HOCTh noTeHuuanoB U(/), Ha3bIBaeMylO Hanps-
JCeHUeM Ha 3azemusaoujem ycmpoiicmee, Tae | — paccTossHUE OT TOYKH 3a3emiie-
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HUs. B pesynbrare HaxonsAIIMICA B 9TOM I10-
JIe YelOBEeK IOABEPraercs AEHUCTBUIO HAmps-
YKEHUs PaBHOI'O Pa3sHOCTHU MOTEHIUAIOB MEX-
Iy TOYKaMH €ro KacaHus 3emud. Paszmuyaror
JBa BO3JCHCTBYIOIIMX HA YEJIOBEKA 3HAYCHUS
HAIIPSDKEHUSL:  HANpAJCeHUue NpPUKOCHOBEHUS
U, u uanpsocenue waea U, (puc. 14.6).

IlepBoe sBisIETCA Pa3HOCTBHIO ITOTEHIMATIOB
MEXIYy IBYMSI TOUYKAMHM II€MA TOKA 3aMbIKa-
HHS HA 3€MJIIO TIPU OJHOBPEMEHHOM MPHUKOC-
HOBEHUHU K HHUM YE€JIOBEKA, a BTOPOE — Pa3HO-
CTBIO MOTEHLHMAJIOB MPU OJHOBPEMEHHOM Ka-
CaHMM ITUX TOYEK HOramu udesnoBeka. Hopma-
TUBHOW HIMPUHON IIara Mpu 3TOM CUUTAIOT
OJIUH METP.

14.2.2. 3awuma om_nopaxcenus 31eK-
MPUYECKUM MOKOM

Jnga  3amurel  r0A€d  OT  TOPaKEHHUS
anekTpudeckuM TokoM IIYD TpebyroT mpu-
MEHEHMS, 10 KpalHEeW Mepe, OJHOM Hu3 cle-
JOYIOIIMX 3alIUTHBIX MEP: 3a3€MJICHUE, 3aHYJICHHE, 3alIUTHOE OTKIIFOYEHHE, pa3Jie-
JICHHE DJICKTPUUYECKUX LENEH, NOHWKEHUE HAMPSHKEHUSI U MPUMEHEHUE JBOMHOMN
W30JISAIUMN.

3azemnenue u 3anyneHue IBISIOTCA TITABHBIMU CPEACTBAMHU 3alIUTHI OT MOpa-
xenus. [lon 3azemnenuem MOHUMAIOT NMPETHAMEPEHHOE BJIEKTPUUYECKOE COEUHE-
HUE OTKPBITHIX TOKOMPOBOJSIIMX YAaCTEH BJEKTPOYCTAHOBOK, HE HAXOASIIUXCA
MOJ] HANPSHKEHUEM, C 3a3eMAAI0WUMU Yycmpotcmeamuy. B KadecTBe 3a3eMIISIOIINX
YCTPOMCTB MCIOJB3YIOT €CTECTBEHHBIE M UCKYCCTBEHHBIC METAJUIMYECKUE KOHCT-
PYKUHH, HaXOISIIMECS B 3€MJI€ U UMEIOIINE C HEH AJIEKTPUYECKUH KOHTAKT, IO
BO3MOKHOCTH, OOJIBIIICH TIJIOMIaIU. B KauecTBe €CTECTBEHHBIX 3a3eMIISIONINX YCT-
POMCTB UCIOIB3YIOT MPOJIOKEHHBIE B 36MJI€ BOJIOIIPOBOIHBIC TPYOBI, TPYOBI CKBa-
KWH, METAJUIMYECKUE U KeJIe300€TOHHbIE KOHCTPYKIMH 3JaHUM, HaXOASIIUECS B
KOHTAKTe C 3eMJIEH, CBUHIIOBBIE 000JIOUKH Kalesei, peIbCOBBIC IMyTH HEDJICKTPHU-
(GUIMPOBAaHHBIX KEJIE3HBIX JOPOT U T.M. VICKyCCTBEHHBIE 3a3€MIIMTENN MPEACTAB-
JSIIOT cOOOM CTalIbHBIE CBAPHBIE KOHCTPYKIIMU C OOJIBIION TIIOMIAJBI0 TOBEPXHO-
CTH, 3aKOMAHHbIC B TIJIOTHBIN TPYHT.

3anynenuem Ha3bIBACTCS MPEAHAMEPEHHOE COEAUHEHUE OTKPBITBIX TOKOIPO-
BOJIAIIMX YACTEH AIEKTPOYCTAHOBOK, HE HAXOAAILIMUXCS MO/ HANpPSHKEHUEM, C Iy-
X03a3eMJIEHHON HEHUTpasIbio reHepaTopa Wi TpanchopmaTopa.

3a3eMJICHUIO W/WIM 3aHYJICHHUIO TMOJIeKaT BCE JOCTYMHBIE MPUKOCHOBEHUIO
METAJUTMYECKUE KOPIyca U KOHCTPYKIIMU AJIEKTPOOOOPYyHOBaHUS, KOTOPBIC MpHU
HAPYIIECHUH LEJIOCTHOCTH U3O0JISILIMU MOTYT OKA3aThCs TT0]T HAITPSHKEHUEM.

Puc. 14.6
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DNEeKTpUYECKUE CEeTH MEePEMEHHOr0 Toka cornacHo [1YD BeimonHstorcsa audo
C IJIyX03a3eMJIEHHOW HEUTpasblo, JTMOO C U30JIMPOBAHHON HeWTpanbio (puc. 14.7).
CucTteMbl TUTaHUS C TIIYyX03a3eMJIEHHON HEUTpasbio 0003HavaroT OykBamu 1N, a ¢
U30JIMPOBAHHOM HeWTpanbio OykBamu /7. B 3aBUCMMOCTH OT pexuMa UCTIOIb30Ba-
HUSL HYJEBOTO (HEUTpalabHOT0) MPOBOJA peanu3anus cucteMbl TN BO3MOXKHA B
TPEX BapuaHTax: ¢ HYJEBbIM (HEHTpaIbHBIM) IIPOBOJOM, MCIOJIB3YEMbIM Ha BCEM

. TN-C o TN-§
TR [ Ll =R (O Ll
EE o IS o
23 L, 5 L,
=1k o L, =R R L,
Sl PEN E% |77 N
‘\k\ I\ ’ .\k\ l\ PE
1 1
=—— |o%000o ||ooco ] = |oo00d ||d00 ]
2 2
- IN-C-§ - IT
:g [ Ll .'S}E o Ll
ZZ o L ZZqo L
=3 2 5«:{ 2
SEW{C Ly SE° Ly
r's Z =
=R I, PE =
= | PEN ket = N 1
L pan L ehga”
2 2

1 — 3azeMIIMTER,
2 — OTKPBITBHIE TIPOBOAAIUE YACTH HIEKTPOYCTAHOBKH,

/" — HyneBo# pabounii npoBojHuK (N),
7 — HYJICBO# 3aIMUTHEIH MPOBOTHUK(PE);
4 — COBMEIIEHHBII HyNeBoi pabounii 1 3aIMTHEIN TPpoBOAHKK (PEN)

Puc. 14.7

NPOTSHKEHUU KaK pabodyuil M Kak 3alUTHBIN poBoaHUK (PEN)— cuctema TN-C; ¢
pasaenbHeIME padoduM (N) u 3amuTHBIM (PE) IpOBOJIHUKAMH Ha BCEM MPOTSIKe-
HuU — cucteMa TN-S; ¢ coBMemEHHBIM HyJeBbIM TpoBogHNKOM (PEN) Ha Havans-
HOM YYacTKE CETH U IMOCJIEAYIOIIUM pa3/ieJIeHUEeM €ro Ha pabodyuil U 3aluTHBINA
npoBogHUKH. — cucteMa TN-C-S. Ilon paGoynm HyJIEBBIM MPOBOJAOM MOHHMAIOT
MIPOBOJIHUK, UCTIOJIb3YEMBbIH JJIsl IUTAHUSI TPUEMHUKOB U COCMHEHHBIN C TIIyX03a-
3eMJIEHHOM HEUTPAJIBIO, a MO/ 3aIUTHBIM — IIPOBOJHUK, COCIUHSIOMNN C HEUTpA-
JIBIO 3aHYJISIEMBIE YaCTH AJIEKTPOYCTAHOBOK.

B cucremax TN OCHOBHBIM CPEIACTBOM 3allUThI ABJISIETCS 3aHyJieHue. Mc-
NIOJIb30BAHUE 3a3€MJICHHS B TaKUX CETSIX JOIYCKAeTCA TOJBKO B COYETAHHUH C 3a-
HYJICHHEM. DTO CBS3aHO C T€M, YTO MPHU OTCYTCTBUU 3aHYJIEHHS B cllydae mpo0os
M30JSILMN KOPIYC AJIEKTPOYCTAHOBKHM OKAXETCA MOJ HAMNPSHKEHUEM, NPUMEPHO
pPaBHBIM MOJOBUHE (Pa3zHOro HampsbkeHus. [Ipu aTom 3ammTa OT KOPOTKOTO 3aMbl-
KaHMsI MOKET He cpaboTaTh, eciiu e€ ycTaBKa O0JIbIlIe TOKAa KOPOTKOTO 3aMbIKaHUS
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Ha semmo [, =U,/(Ry +R,), e Ry, R, — CONPOTHBJICHUS 3a3eMIISIOLIMX YCT-

poOiCcTB TpaHchopMaTopa U 3a3eMIIEHHOMN AIEKTPOyCTaHOBKU. [Ipu HOpMaTHBHOM
3Ha4YeHUU conportusieHuil Ry, =R, =4 Owm u ¢azHom HanpspkeHuu 220 B Tok 3a-

MBIKaHHUS Ha 3€MJII0 COCTaBUT 27,5 A, 4TO COOTBETCTBYET Harpy3ke 6 kBt. Cieno-
BaTEJIbHO, MPH MPOO0E MU3OJSAIUU B CETAX C 3aIIUTON, pACCUMNTAHHOW Ha OOJBIIYIO
MOIIIHOCTb, OTKJIFOYEHHUE HE TPOUZOMIET.

B cucremax /T OCHOBHBIM CPEICTBOM 3AIIUTHI SIBJISIETCS 3a3€MJICHUE, KOTOPOE
JIOJIKHO COYETAThCSI C KOHTPOJEM COMPOTHUBIIEHHUS W3O0JISIIUM WM 3aIMUTHBIM OT-
KJIIOUCHHUEM.

3awumnoe  om-

L __/ ___-'I: _ _____ - _")F L ',(:\. ,;] iy L KnloueHue  SIBISETCS
I S | I I (TT===— \ COBpEMEHHBIM  3¢-
| @j o X | gy 12 :IR | Q (EKTUBHBIM  CpEICT-
} AR I | g I |§~[] 3 I BOM 3aIlUTHI IS JIIO-
| *w||li & & o 0oif cucTeMbl muTa-

N. Y30 __é Nl «I P . OHO peanusyer-
i | T Tect R J| I | A I cd C HOMOIIBIO YCT-

o ——— ~ I | L pOMCTB  3alIUTHOTO

)i l_(j_qu— orkmoueHust  (Y30),
T QT OCHOBHBIM  3JIEMEH-
= TOM KOTOPBIX SBJIAET-
Puc. 14.8 c1  mubdepeHIHaTD-

HBI TpaHcdopmaTop
(AT) (puc. 14.8). On npeacrapisieT co0oit TpanchopmaTop ¢ AByMSI OTMHAKOBBIMH
0OMOTKaMH W, BKIFOUEHHBIMHU TOCEAOBATEIHFHO BCTPEYHO B JIMHEWHBIA M HYJIC-
BOH MPOBOJI MU MUTAHKS HAarpy3Kku. [Ipu oTMHAKOBBIX TOKaX B 00eMX 0OMOTKax
MarHUTHBIA TIOTOK B CEpACUHUKE TpaHchopmaropa paBeH Hy0. COOTBETCTBEHHO
paBHa Hy0 1 DJIC, HaBoAMMAs STHM IIOTOKOM B TpeTheil 0OMoTke (w'). Eciu
4yepe3 U30JLUI0 HAarpy3ku (R, ) IPOUCXOAUT yT€UKa, TO TOKU B JIMHEHHOM IIpO-

Bojie L U B HyJIeBOM pabodem mpoBojae N OyAyT OTIUYATHCS U B OOMOTKE YIIpaB-
nenust Tpancpopmaropa w mosButcs DJIC, BenuyrHA KOTOPOH OyIeT mpormop-
LIMOHAJIbHA Pa3HOCTU TOKOB, T.C. TOKY yTeUKH [ + 1 ,. [Ipuuém, myTh, 0 KOTO-

pOMYy TPOUCXOTUT yTeYKa TOKA HE MMEET 3HAYCHHUS, U YCTPOHCTBO OJUHAKOBO
pearnpyer Kak Ha CTapeHHe WId Npo0oii nsossiuuu (1), Tak U Ha OPIMOC MM

KOCBCHHOC IIPUKOCHOBCHHUC YCJIOBCKA K TOKOBCAYIIUM YaACTAM YCTAHOBKHU (IyTZ)‘

[Ipu npeBBIIEHUN TOKOM YTEUKH 33JaHHOTO MOPOTOBOI0 3HAYEHMSI CHUTHAJ C 00-
MOTKH YTIPaBJIE€HUs BO3JIEUCTBYET Ha KJIOY S M OTCOCIUHSAET HArpPy3Ky OT JIMHEM-
Horo TpoBojia. Tok cpabareiBanust Y30 cocraBiisieT BemuuHy He 6osee 30 MA, a
BpeMsi cpabaThiBaHUs He mpeBbimaer 10 Mc, 4TO MPAKTUYECKU MOITHOCThIO 00ec-
neynBaeT 0e30macHOCTh JroAei. OaHako Al MOBBINIEHUS HaAEKHOCTH B Y30
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MPEIYCMOTPEH PEXUM TECTUPOBAHUS HCIPABHOCTH, KOTAA C MOMOIIBK) KHOMKH
«TecT» uMUTHpYETCS YTEUKAa C HOMUHAIBHBIM MOPOTOBBIM 3HAYECHHUEM.

Tonuscenue nanpscenus 1o 6e3onacHoro ypoBHs (Menee 42 B) mmpoko uc-
MOJB3YETCA Ha MPOU3BOJICTBE JJISI MIUTAHUSI PYYHOTO DJIEKTPOMHCTPYMEHTA U Me-
CTHOro ocBenieHus. OJHaKO MPU 3TOM HE UCKIIIOYAETCS OMACHOCTh MPo00s U30J1s-
MU MEXJy OOMOTKAaMH BBICIIETO W HU3ILIErO HANPSHKEHUM MOHUKAIOLIETO TPaHC-
dbopmaropa, UMEIOIIEr0 OOBIYHOE UCIIOJHEHUE, U TIOPAKEHUE DIIEKTPUUECKUM TO-
KOM, T.K. BTOpUYHasi 0OMOTKa MOHIKAIOIIETO TpaHchOopMaTopa U KOPIYC JTOTKHBI
OBITh 3a3eMJICHBI WJIM 3aHYJICHBl. B OTBETCTBEHHBIX CIydasX HCIOJIBb3YIOT pazde-
numenvHbvle mparncgopmamopsl. OHU UMEIOT CIIENUATBHYI0 KOHCTPYKIIUIO C YCH-
JICHHOM M30JSIIUeH U 3a3€MJIEHHBIM SKPAaHOM MEXK]y OOMOTKaMU, UCKIIOYAIOIIUM
BO3MOKHOCTh MEpexoja HANpsHKeHUsT NEPBUYHOM OOMOTKM Ha BTOPUYHYIO MPHU
npoboe um3osanuu. HampspkeHue BTOPUYHOM OOMOTKHM pa3elIUTENIbHOTO TpPaHC-
dbopmaTtopa orpanndeHo 380 B, u k HEeMy MOXKHO MOJAKIIOYATh TOJIBKO OJUH MPHU-
E€MHHUK C MOIIHOCThIO COOTBETCTBYIOIIEH TOKY MEPBUYHOM OOMOTKH HE MPEBbI-
matoiemy 15 A. Tlpu 3TOM He TomycKaeTcs 3a3eMJICHHE BTOPUYHOU OOMOTKH.

B HEkOTOpBIX cilyyasx, HanpuMep, AJisl NEPEHOCHBIX TPUEMHUKOB 3AIIUTY OT
MOPAKEHUST TOKOM OCYIIECTBIISIOT C MIOMOIIBIO OB0UHOLU UL YCUTEHHOU U3OJAYUU.
[Ipu ncnonb30BaHUM ABOWHOM, T.€. paboUei M 3aIllIMTHON HU30JISALHS TPOBOJHUKOB,
NPEANOJIAraeTcs, YTO MOBPEXKACHUE OJHOM M3 €€ COCTABISIOIINX HE MPUBOIUT K
MOSIBJIEHUIO OMACHBIX HAIPSXKEHUW B MECTaxX JOCTYIHBIX INPUKOCHOBEHMIO. Y CH-
JICHHAs! U30JISALUS B COOTBETCTBUU ¢ TpeOoBanusamu [1YD nomkna obecrieunBath
CTEIIEHb 3alUTHI SKBUBAJICHTHYIO IBOMHON U30JISLIHUH.

Bonpocwi 0ns camonposepku

1. Kakas BenuunHa TOKa CMEPTEIBHO OINAacHa JUIsl YeI0BeKa?

2. Kaxkoit Bua Toka 0ojee onaceH MOCTOSIHHBINA UK TTEPEMEHHBIN ?

3. [Touemy NpUKOCHOBEHHE IBYMS pyKaMH K TOKOBEIYIIUM 3JIEMEHTaM
o0opyaoBaHus Hanbojee onacHo?

4. [Touemy ceTh ¢ M30JIMPOBAHHON HEUTpabIO cuuTaerca Oojee Oe3omac-
HOM?

5. [Touemy 1151 ANEKTPOCHAOKEHUS KUJIBIX 31aHUA M OCBEIICHUS UCIIOJIb-
3YIOT CETH C TUIyX03a3eMJIEHON HEUTpabio?

6. Kakyto onacHOCTb i 4enoBeka co3AaéT mpoOoil U30MSIUU 3IEKTPO-
obopyaoBaHus?

7. UTto Takoe HanpsKEHUE MPUKOCHOBEHHUS U HANIPsKEHUE 1mara?

8. Kakue Mepbl mpeaycMOTpEeHbl TpaBUJIaMH YCTPOICTBA 3JIEKTPOYCTAHO-
BOK JUISI 3aLUTHI JIOJEH OT MOPAKEHUSI IEKTPUIECKUM TOKOM?

9. Yro Takoe 3a3emMieHue (3aHyJIeHUE)?

10.  Yto Takoe paboumnii, 3aIIUTHBIN ¥ COBMEIIEHHBIN HYJIEBOW MTPOBOT?
11. Yro Takoe 3aMTHOE OTKI0YECHUE?
12.  Kak pabGoTaer yCTpOHWCTBO 3aIIUTHOTO OTKIIOYEHUS ?
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13. Ot kakuxX ONacHBIX CUTyallMi B CETH 3AIIMUIIAET YCTPOMCTBO 3AIIUTHO-
r0 OTKJIOUECHUA?

14.  Kakoil ypoBeHb HaNPSKEHUsI CUATAETCS O€30MaCHBIM JIJIsl YeJloBeKa?

15. UYem ornuuaroTcs TpaHC(HOPMATOPHI, UCIOIb3YEeMbIC ISl MOHMKCHUS
HaMpPsHKEHUS U J1s1 pa3JesieHUs] DJIEKTPUYECKUX ernen?
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I'noccapuii

A

ABToTpancdopMaTop — BuUJ TpaHchopmaTopa, B KOTOPOM MEXAY NMEPBUYHON U
BTOPUYHOM OOMOTKaMU KpPOME MAarHUTHOHM CYIIIECTBYET TaKyKe 3JIEKTpUUYecKas
CBSI3b.

AKTHBHasi MOIIIHOCTH — MOIIIHOCTh, COOTBETCTBYIOIIAS IEKTPUUECKON SHEPTHH,
npeoOpazyemMoil IBYXIOTIOCHUKOM B HEIJIEKTPUUECKUE BUJIbI MPU JAHHOM Harpsi-
YKEHUU U TOKE Ha BXOJIE JIByXMOJIIOCHHUKA.

AKTHBHAas MPOBOAUMOCTDb — BCIICCTBCHHAA YaCTb KOMILJIEKCHOM ITPOBOJAUMOCTH,
onpeaciarmal MHTCHCUBHOCTD Hp606pa3OBaHI/I$I ABYXIIOJIFOCHUKOM 3JICKTPHUYC-
CKOM OHCPIrUU B HCIJICKTPUUCCKHUC BU/IbI.

AKTHBHOE HaNpsi’KeHHe — COCTABJISIONIAS BXOIHOTO HANIPSIKEHUS IBYXIOJIFOCHU-
Ka, coBmajaromas mo ¢aze ¢ TOKOM U COOTBETCTBYIOIIAs aKTUBHOW MOIIHOCTH,
npeoOpa3yemMoi IBYXITOJIOCHUKOM IPH JTAHHOM BXOJIHOM TOKE.

AKTHBHOE CONPOTHUBJIEHME — BEIIECTBEHHAs YaCTh KOMIUIEKCHOTO COIPOTHBIIE-
HUSI, OINpENeNsIoNias UHTEHCUBHOCTh NMpeoOpa3oBaHUsl JIBYXIOJIOCHUKOM 3JIEK-
TPUYECKON SHEPIUU B HEDJIEKTPUYECKNE BUIBI.

AKTHBHBIH CJI0H POTOpPAa THCTEPE3MCHOI0 ABHMIaTe/]sl — 4acTb pOTOpa B BHJE
CIUIOIIHOTO WJIM COCTOSILETO M3 KOJEL ITOJOr0 LUUIMHIPA, KOTOPBIA B AaCUHXPOH-
HOM pexuMe nepemaranunBaercs 3a cu€r MJIC craropHoit 0OMOTKH.

AKTHBHBIH TOK — COCTaBJISIIOLIAsl BXOAHOTO TOKA JBYXITOJIFOCHUKA, COBIIAJA0IIAs
1o (aze ¢ HaIpsHKEHUEM M COOTBETCTBYIOIIAs] aKTUBHOM MOLIHOCTH, ITpeodpasye-
MO JIBYXITOJIFOCHUKOM IIPU JAHHOM BXOJIHOM HAIIPSIKEHUH.

ACHHXPOHHBIH JBUraTejib ¢ JABOMHON «0eJUYbeill KJIETKOW» — JIBUTATENb C
JBYMSI «OCIMUbMMU KJIETKaMU» B Ta3axX poTopa, B pPe3yJbTaTe Yero MmyCKOBOM Mo-
MEHT YBEJIWYHMBACTCA HE TOJILKO 3a CUET U3MEHEHHE COMPOTUBIIEHHUS POTOPA, BbI-
3BAHHOT'O BBITECHEHHEM TOKA B HAPYKHYIO KJIETKY MPHU IYCKE, HO TAKXE 32 CUET
pa3au4uns CONPOTUBIIEHUM KIIETOK.

ACHHXPOHHBI JABHUraTe/ib ¢ 3KPAHUPOBAHHBIMH (PACIIEIUIEHHBIMH) MOJIIO-
CaMH — SIBHOIIOJIFOCHBIN ACHHXPOHHBIN JBUTATENb C KOPOTKO3aMKHYTBIM POTOPOM,
y KOTOPOTO 4acTh MOJIIOCA OXBaueHa (SKpaHUPOBaHA) KOPOTKO3aMKHYTHIM BUTKOM,
co37arIuM (pa30BbIM CIBUT MarHUTHOTO MOTOKA B SKPAaHUPOBAHHON 4acTu, B pe-
3yJbTaTe Y€ro MOTOKU IKPAHUPOBAHHOM M HEIKPAHUPOBAHHOM yacteil hopmMupy-
10T BPAILIAIONIEECS MATHUTHOE TOJIE.

ACHHXPOHHBIN IYCK — BBOJ CUHXPOHHOI'O JIBUTATENIsI B CHHXPOHMU3M IIyTEM pa3-
rOHa POTOpa 0 CKOPOCTH OJU3KONW K CHHXPOHHOH C MOMOIIbIO ACHHXPOHHOI'O
BPAILAIOLIETO0 MOMEHTA, CO3[aBa€MOro IyCKOBOM KOPOTKO3aMKHYTOH OOMOTKOM,
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PacIoN0KEHHON Ha POTOPE, WIM NPUCOEAUHEHHBIM K Baly IIyCKOBBIM aCHHXPOH-
HBIM JIBUTATEIIEM.

b

be3peayKTOpHBIN 3JIEKTPONPUBOA — DJIEKTPOIPUBOJ, HE MMEIOIIMN MEXaHU4e-
CKUX IpeoOpa3oBaTesiell KOOpAUHAT JABHKEHUS, B KOTOPOM yIPaBICHUE JABHKECHU-
€M OCYILECTBIISETCSA DIEKTPUUIECKUM PEryJIATOPOM.

«beJuYbsl KJeTKa» — Ha3BaHUE KOHCTPYKIIMH OOMOTKH POTOpa aCHHXPOHHOIO
JIBUTATEIISI, COCTOAIIEH U3 HECKOJIBKUX CTEPKHEW U JIBYX KOJIEL, 3aMBIKAIOIINX UX
[0 KpasiM, ¥ BHEIIHE HANIOMHUHAKOIIASI ITPOTOTHII, OT KOTOPOTO MPOU30ILIO Ha3Ba-
HHUE.

becna3oBblii AKOPb — KOHCTPYKLUSA SIKOPS MCIOJHUTEIBHOTO JIBUIaTelNsl NOCTO-
SHHOT'O TOKa, B KOTOPOl MPOBOJHUKH OOMOTKH SIKOpSI PACIOJIOKEHBI HA TJIaJKOU
LHUJMHIPUYECKON ITOBEPXHOCTHU SIKOPsl, YEM JOCTUTACTCS YMEHBIICHUE UHIAYKTUB-
HOCTH OOMOTKH U YJy4IlIEHUE yCIOBUA KOMMYTAaLUU.

B

BebGep-amnepHasi XxapakTepuCcTHKA — 3aBUCUMOCTh TMOTOKOCIEIJICHUS ydacTKa
AIEKTPUUECKOU LIETIH OT MPOTEKAIOIIETO O HEMY TOKa.

BekTopHasi quarpaMma — COBOKYIHOCTh BEKTOPOB, M300paxkaroiias CHHYCOHU-
JaabHbIE TOKU, HanpspkeHus U DJ{C, nefcTByomMe B 2ICKTPUUSCKON 1IeTIH.

BerBb 3/1€eKTpHMYECKON LeNmM — CBs3HAs COBOKYIIHOCTH 3JIEMEHTOB JJIEKTpUYE-
CKOM 1€, 00pa3yrouX MyTh JAJI MPOTEKAHUS TOKA MEXIAY JBYMS y3JIaMHu.

BuxpeBbie Toku (Tokn PyK0) — 3JIEKTPUUECKUNA TOK, BOSHUKAKOUIUN MO IEUCT-
BreM DJ[C MHAYKIIUM B IPOBOASAIICH Cpejie, HaXOAIICHCS B U3BMEHAIOIIEMCS Mar-
HUTHOM IIOTOKE, W 3aMBIKAIOIIANCA MO KOHIEHTPUYECKHM KOHTypaM, OXBaThl-
BAIOIIMM MAarHUTHBIE JTUHHM.

BHeliHsAsl XapaKTepuCcTHKa ABTOHOMHOIO CHHXPOHHOI'0O FeHepaTropa — 3aBHU-
CUMOCTb HANpSKEHUS Ha BBIXOJIE T'€HepaTopa OT BEJIMYMHBI TOKAa HArpy3Ku Mpu
HEU3MEHHOM KO3((pUIMEHTE MOIIHOCTU HArpy3Ku, HOMUHAJIbHOM TOKE BO30YK-
JIEHUSI U CKOPOCTHU BpAICHUS.

BHellHsIsi XapakTepUCTHKA HMCTOYHUKA 3JJIEKTPUYECKOW JHEPruM — 3aBUCHU-
MOCTb HANpPSHKEHUS HA BBIX0JI€ HCTOYHHMKA OT TOKa B Harpys3Ke.

BHeliHsisi XapaKkTepuCcTHKA TpaHc(OpMATOpa — 3aBUCUMOCTb HAIpPSDKEHUs Ha
BTOPUYHON 00MOTKE TpaHchOopMaTopa OT BETUYMHBI TOKA HATPY3KH.

BoabT-amMnepHasi XapaKkTepUCTHKA — 3aBHCHUMOCTb HAIpSHKEHUS Ha YYacTKe
AIEKTPUYECKON LIENH OT MPOTEKAIOIIETO 0 HEMY TOKa.

BoJbT-Ky/JI0HOBA XapaKTePUCTHKA — 3aBUCUMOCTh HAMNPSDKCHUS HA YYacTKe
ANEKTPUUYECKON 1IEMU OT BEIUUYMHBI 3apsiia HA €ro KOHIAX.
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Bpamiarmouieecsi MArHUTHOE M0JIe — MAaTHUTHOE I0JIE, OCh KOTOPOTO TPOXOISIIIAsT
4yepe3 IEHTPHI TIOTFOCOB BPAIIACTCsl B IPOCTPAHCTBRE.

BpeMsiTokoBasi (3alUMTHAsl) XapaKTePUCTUKA — 3aBUCUMOCTh BpEMEHHU cpada-
THIBAHUS 3aIUTHI OT BEJIMYUHBI MPOTEKAIOIIETO TOKA.

Bropuunas o6mMorka TpancdopmaTopa — oOMOTKAa, K KOTOPOM MOJKIFOYAETCS
Harpy3ska Tpancdopmaropa.

BxoaHoii Tok (HanpskeHue) ABYXNMOJICHMKA — TOK (HaNpspKeHHE) B TOUYKax
MOAKJIIOUEHHUS ABYXIOJIIOCHUKA K BHEIIHEHN LEIH.

Bbixoa («BbInajeHue») U3 CHHXPOHM3MA — MEPEXOJl CHHXPOHHOW MAaIlWHBI B
ACUHXPOHHBIN PEKUM IPHU MPEBBIIMIEHUM MOMEHTOM HAarpy3Kd BEJIMYHWHBI MaKCH-
MaJIBHOTO MOMEHTA, Pa3BUBAEMOT0 MAIIMHOM.

r

I'mcrepe3ncHbIi ABUraTe b — CHHXPOHHBIM JIBUTATENb, Y KOTOPOIO B ACUHXPOH-
HOM PEXHME MPOUCXOAUT NEpeMarHiuMBaHue MaTepraia poTopa (M3MEHEHHUE MO-
JIOKEHHUSI OCH MAarHUTHOI'O TOJISI) U 3a CUET 3TOrO CO34aETCs BpaIlAlOIUN MOMEHT,
BEJIMYMHA KOTOPOr0 3aBUCHUT OT ()OPMbI THCTEPE3UCHOM METIIH.

I'J1aBHBIE MOJIIOCHI MAIIIMHBI MOCTOSIHHOTO TOKA — KOHCTPYKIMS U3 deppomar-
HUTHOT'O MaTepuaiia, peJIHa3HaueHHasl Ul CO3JaHusl U PacCIpeiesIeHUs: OCHOBHO-
'O MarHUTHOT'O IIOTOKA B MallIuHE.

I'ny0oxona3Hblii aCHHXPOHHBIH JABUTaTe]b — JIBUTaTellb, Y KOTOPOTO IIyOWHA
1a30B CEPJICYHUKA POTOPA 3HAUUTEIHLHO OOJIbIIIE IUPHUHBI, 32 CYET YETrO YCUIIUBA-
etcst 3¢ (HEeKT BHITECHEHHS TOKAa B HAPYXKHBIE CIIOM CTep)KHEH 0OMOTKH MPHU MyCKe U
YBEIMYUBAETCS ITyCKOBOW MOMEHT.

A

J{BUraTe/ib ¢ NPUHYAUTEIbHON BEeHTHJISINUEH — JABUTaTellb, B KOTOPOM BEHTH-
JSIUUSL OCYIIECTBIISETCS BHEIIHUM JIBUTAaTEIEM U TEIUIOOTBOJ HE 3aBUCUT OT CKO-
POCTH BpaILEHUS.

J{BoiiHasi U30JIIUMSA — COBOKYITHOCTh pabouel M 3alllUTHOM M30JIALMH, TIPU KOTO-
PO HCKIIIOYAECTCA NMPUKOCHOBEHUE K YACTAM JJIEKTPOYCTAHOBKU C ONACHBIM Ha-
HPsDKEHUEM TPU NOBPEXKACHUN TOJIBKO pabouell WK TOJIBKO 3aIIUTHON U30JIALUY.

JABYXIIOJIIOCHUK — YaCTh JICKTPUUYECKOU LETH, TTOAKIIOYEHHAS K HEW IBYMS IPO-
BOJIaMU (B JIBYX TOYKax).

JAByx(da3HbIii aCHHXPOHHBIN IBUIraTEJb — JIBUTATEIb C KOPOTKO3AMKHYTBIM PO-
TOpPOM, MMEIOIIMI ABe (a3Hble OOMOTKH, CMEUIEHHBIE B MPOCTpaHcTBE Ha 90°,
YIPABJIEHHE KOTOPBIM OCYIIECTBIIACTCS IMyTEM M3MEHEHUS aMIUIUTYbl u/unu da-
30BOT'0 CJIBUTA HANPSDKEHUS MUTaHUS OJTHOM U3 OOMOTOK.
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HeiicTByromee (OQ(PeKTHBHOE, CPEAHEKBAJAPATHYHOE) 3HAYECHUHE CHHYCOH-
AAJTbHOM BeJIMYUHbI — 3HAYEHUE HKBHBAJICHTHOE IO KOJMYECTBY TEIUIA, BbIJeE-
JSIOIEMYCS B LEMU MOCTOSTHHOT'O TOKA MPU TEX ke YCIOBUSX.

JAuHaMHnyecKkoe TOPMOKEHHEe — TOPMOKEHHUE JBUTATENsS MyTEM IpeoOpa3oBaHus
MEXaHUYECKOM SHEPTUH B AIEKTPUUECKYIO U paccesHueM €€ B 0OMOTKE SIKOPs WK
BO BHEIIIHEM COIIPOTUBIICHUH.

JAuddepenunanbHoe (IMHAMUYECKOE) CONMPOTHUBJIEHHE — OTHOUICHHE IpHpa-
IICHUS NAJCHUS HAIPSDKEHUS HA HEJIMHEMHOM PE3UMCTUBHOM JJIEMEHTE K MpUpa-
MICHUIO MPOTEKAIOIIETO M0 HEMY TOKY BOJIM3M HEKOTOPOW TOYKH BOJIHT-aMIIEPHOMN
XapaKTEPUCTHUKH.

JIuTeIbHBIA peXUM PadoThl IJIEKTPONPUBOAA — PEKUM pabOThl MPUBOAA C
NOCTOSIHHOW Harpy3Koi, IpM KOTOPOM TeMIlepaTypa ABUTaTelsl JOCTUraeT ycTa-
HOBUBILETrOCS 3HAYCHMUS.

J00pOTHOCTDL KATYIMIKH MHAYKTHBHOCTH — OTHOIIEHUE MHIYKTHBHOI'O COIIPO-
THBJICHUS KATYILIKU K €€ aKTUBHOMY COIPOTHUBIICHHUIO.

J1oOpOTHOCTH KOHIEHCATOPA — OTHOIIIEHUE EMKOCTHOTO COMPOTUBJICHUSI KOH/ICH-
caTopa K €ro akTUBHOMY COIPOTHUBIICHHUIO.

I[OHOJIHI/ITGJILHBIC MOJIIOChbl MAIIMHBI MOCTOSAHHOI'O TOKA — KOHCTPYKIHA U3
q)epPOMaFHI/ITHOI‘O MaTcpuaiid, paclloJOKXCHHas MCKAY TJIAaBHBIMHU IIOJIFOCAMH U
NpcaHasHa4YCHHAA IJISI KOMIICHCAIIMH MArHUTHOI'O IIOTOKAa PCAKIHU AKOPA B MCK-
ITOJJIOCHOM IIPOCTPAHCTBC.

E, E
EMKoCcTHOE conmpoTHBIIeHHe — TTapaMeTp EMKOCTHOIO AJIEMEHTa 3JIEKTPUYECKON

LEMH, ONPEICIISIOMNI COOTHOLIEHUE MEXKY BEIIMYMHON TOKAa M HAIpPSKEHUS HA
HEM.

EMKOCTHBIN 3JIeMEHT — UJICAJIbHBIA 3JIEMEHT SJIEKTPUUECKOMN 1enu (U1eanbHbIN
KOHJIEHCATOp), 0010 TOJIBKO JIEKTPUUYECKON EMKOCTBIO.

EMKoOCTh (3JeKTpHYecKasi EMKOCTB) — IapaMeTp, XapaKTepH3YIOIIHil CIoco6-
HOCTh KOHJEHCaTopa (POPMHUPOBATH 3JIEKTPUUECKOE IMOJIE C ONPEAEIEHHBIM 3ara-
COM DHEPI'H U YHUCIICHHO PABHBIN OTHOIICHUIO BEJIUYUHBI 3apsiia, HAKAIUIMBAEMO-
ro KOHJEHCATOPOM K BEJIMYMHE HANIPSIKEHUS HA €ro 3JIEKTPOIaX.

EcTecTBeHHAass MeXaHM4YeCKasi XapaKTEPUCTUKA ACUHXPOHHOI0 JABUraTesIsl —
MEXaHUYECKasA XapaKTEPUCTHUKA, COOTBETCTBYIOIIAs] HOMUHAIBHOMY HANPSIKECHUIO
1 9aCTOTE MUTAHUS M OTCYTCTBHUIO CONIPOTUBJICHUHN B 1N ()a3HOTO pOoTOpa.

EcTecTBeHHasi MeXaHHYeCKasi XapaKTePUCTHKA ABUTATEJIs1 IOCTOSIHHOIO TOKA
— MeXaHHWYecKasi XapaKTEepHUCTUKA, COOTBETCTBYIOIIAs HOMUHAJIBHBIM 3HAUYECHUSAM
HaIpsDKEHUS. Ha SKOpPE U TOKA BO30YXKIEHUS U OTCYTCTBHUIO JIOOABOYHOI'O COIPO-
TUBJICHHUSL.

275



T ioccaputi

TOCYIAFCTBEHHbIV YHUBEPCUTET

EcTecTBeHHBIN 3a3eMJIMTE]b — UCIIOJIB3YEMBIE U1 3a3€MJICHUSI METAJNINYECKUE
KOHCTPYKIIMM M KOMMYHUKAIUH 3JaHUN U COOPYKEHUM, HAXOISIIUECS B COMPHU-
KOCHOBEHHUU C 3€MJIEH.

XK

KécTkocTh MeXaHM4YECKON XapaKTepPUCTHUKN — OTHOIICHHE MPUPAIICHUS Bpa-
[IAIONIET0 MOMEHTa JBUTaTeNld K MPHUPALIEHUI0O CKOPOCTH WM IMPOU3BOHAS
dM/dn, xapakTepu3yroliee peakiiio JBUraTessi Ha U3MEHEHUE Harpy3KHu.

3

3azeMileHHe — TIPEIHAMEPEHHOE JJIEKTPUUECKOE COCIMHEHHE KaKOH-IH00 4acTu
AJEKTPOYCTAHOBKH C 3a3€MJISIIOIINM yCTPOUCTBOM.

3azemuisironiee ycTpoicTBo (3a3eMJINMTE]b) — COBOKYITHOCTh COEAUHEHHBIX MEXK-
oy coOOM METAINIMYECKUX MPOBOJHUKOB, HAXOMSIIMXCS B COMNPUKOCHOBEHUU C
3eMJIEN.

3aKO0H MOJIHOI0 TOKA — JINHENHBIN MHTErpall BEKTOPA HAPSHKEHHOCTU MAarHUTHO-
r'0 I0JIs1, B3ATBIM 110 3aMKHYTOMY KOHTYPY, PaBEH IIOJHOMY JJIEKTPUYECKOMY TOKY,
IIPOXOJAIIEMY CKBO3b IIOBEPXHOCTD, OTPAHUYEHHYIO 3TUM KOHTYPOM.

3akoHbI KOMMYTallM| — CJICACTBHA 3aKOHA COXPAHCHUS SHCPIUH, OTPpAKAIOIINUC
HCIIPCPBIBHOCTL TOKA B MHAYKTHBHOM 3JICMCHTC W HAIIPSAKCHUA HaA €MKOCTHOM
QJICMCHTC IIPU KOMMYTallUH.

3amensienHas (YCKOpeHHAasi) KOMMYTAUMsl — KOMMYyTalus, MpU KOTOPOW TOK B
KOMMYTHPYEMOW CEKLIMM JOCTUTAET HYJIEBOTO 3HAYEHHUS MOCIE (J10) CEepEeIUHBI Tie-
proaa KOMMYTALIUH.

3aHyJieHMe — TpeJHAMEPEHHOE JJIEKTPUUYECKOE COEIMHEHHE TOKOMPOBOJSAIINX
YacTe 3JIEKTPOYCTAHOBKH, HOPMAJIbHO HE HAXOIAIIMXCS IOJ HAIMPSKECHUEM, C
[IyX03a3eMJIEHHON HEUTpalbio TeHepaTopa uiu Tpancdopmaropa.

3anuTHOE 3a3eMJIeHHe — 3a3¢MJICHHE TOKOIPOBOJSIINUX YaCTEH JIEKTPOYCTAHO-
BOK JIJ1s1 0OecrieueHus eKTpoOe30MacHOCTH.

3amMTHOE OTK/II0YEeHHe — ABTOMaTHYECKOe OTKII0UEeHUE BeexX (ha3 ydacTka IIenH,
oOecrieunBaroliee 0€30MaCHOE COYETAHHE BEIMYMHBI TOKA U BPEMEHH €ro MpoTe-
KaHUs TPH 3aMbIKAaHUM Ha KOPIYC WM YMEHBIICHUS COMPOTHBIICHUS H30JISAINU
HIDKE ONPEesIEHHOTO YPOBHSL.

n

HNaeanbHbIN KJIKOY — 3JIEMEHT JIEKTPUUCCKON LIETIH, UMEIOIIUN JBA COCTOSIHUSA, B
KOTOPBIX OH 00JIa/IaeT HYJIEBBIM U OECKOHEYHO OOJBIITUM aKTHBHBIM CONPOTHBIIC-
HHUEM, U MTHOBEHHO MEHSIOIIUI COCTOSIHHE B 3a/IaHHBIE MOMEHT BPEMEHH.
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N3mepuresbHble TpaHchopMaTopbl — TpaHCPOPMATOPHI HAMPSIKEHUS U TOKA,
BKJIFOYAEMbIE€ MEX]1y IPUOOPOM U U3MEPUTENBHON 1ENbI0 A o0ecniedeHus: 0e30-
MIACHOCTH M3MEPEHHUN W MPUBEIAECHUS U3MEPSAEMBIX BEJIMYUH K YPOBHIO JOCTYITHO-
My U3MEPEHUIO CTaHJAPTHBIMU MPUOOpaMHU.

NHayKkTHBHOE COMPOTUBJIEHHE — [TAPAMETP MHIIYKTUBHOTO JIEMEHTA AJIEKTpUYE-
CKOM 1IeTH, ONPEAEISIONIMNA COOTHOIIIEHNE MEXK/Ty BEJIMYMHON TOKA U HANPSHKEHUS
Ha HEM.

NHayKTHBHOE CONPOTHUBJIEHUE pPaccesiHUS 00MOTKHM — UHIYKTUBHOE CONPOTHUB-
JIEHWE, COOTBETCTBYIOIIEE NHIYKTUBHOCTH PACCESHUS.

NHAYyKTUBHOCTBL — apaMeTp, ONPEAEIAIONIUN SHEPTUI0 MArHUTHOTO TIOJISI y4acT-
Ka AJIEKTPUYECKOM 1IENMU U YKUCICHHO PAaBHBIM OTHOIICHUIO BEJIUYHHBI MOTOKOCIIE-
MJICHUS ATOT0 YYacTKa K BEJIMYMHE MPOTEKAOUIET0 M0 HEMY TOKa

NHAYKTUBHOCTH (MHIYKTUBHOE CONPOTHBJICHHE) peaKlHUU SIKOPH CHHXPOH-
HOM MAIIMHBI — UHIYKTUBHOCTh (MHIYKTUBHOE COMPOTHUBIICHHUE), COOTBETCTBYIO-
11asi IOTOKOCUEIUVIEHUIO MTOTOKA PEeaKIuu SIKOps ¢ pa3HOM 0OMOTKOM cTaTopa.

NHAYyKTUBHOCTH paccesiHUsI 00MOTKHM — WHIYKTUBHOCTD, OINPEIEIAIONIAs B3au-
MOCBSI3b MEXKIY BEIMYMHOW MAarHUTHOTO MOTOKa pacCesHHs U TOKa B OOMOTKE
AJIEKTPOMAarHUTHOTO YCTPOICTBA, BO30YKJAIOLIETO 3TOT MOTOK.

NHaAYyKTUBHBIN 3JIEMEHT — UICATHHBIN 2JIEMEHT AJICKTPUUYECKON 1enu (uacanbHas
KaTyllka), 001a1ar0lui TOJIbKO HHIYKTUBHOCTHIO.

I/ICKyCCTBeHHbIﬁ 3a3€eMJINTECJIb — HCIIOJb3yEMasd AJIA 3a3€MJICHUA CIICHHAaJIbHas
MCTAJNIMYCCKAs KOHCTPYKIHA, HAXOAAMIAsACA B COIIPUKOCHOBCHHH C 3eMJIEH.

HcnoaHuTeILHBIA ABUraTe/ib — JBUTATElb, MPEIHA3HAYCHHBIN Uil paboThl B
CUCTEMaX aBTOMAaTUYECKOI0 YIIPaBJICHUS, BCIEACTBUE YErO K HEMY IPEIbSBIISAIOT-
cst ocoOble TpeboBaHus MO0 OBICTPOACHCTBHIO, YCTOMUNBOCTH, IJIABHOCTH U JHAIIa-
30HY pPEryJUpOBaHUS CKOPOCTH BpAIICHMS, a TaKKe MO HaA&KHOCTH pabOThl U
MaccorabapuTHBIM MMOKA3aTENSIM.

HcToYHMK TOKA — HWCTOYHUK DJIEKTPUUECKON SHepruu, (GpopMHUpyOmMil B MOA-
KJIIIOUEHHOW K HEMY DJIEKTPUYECKOU LENU TOK, HE 3aBUCAILLIMN OT BEJIWYHUHBI U Ha-
IIPABJICHUS [AJCHUS HAIIPSIKEHUS.

Hcrounnk IC (MCTOUYHUK HANPSIZKEHUN) — UCTOUYHUK DJICKTPUUECKON SHEPTHH,
dbopMupyIOIUI B TOYKAX MOJKIIOUEHHS] K HEMY AJIEKTPUUECKOW LIENU Pa3HOCTh
MOTEHIIMAJIOB, HE 3aBUCSIIYIO0 OT BEJIMYMHBI U HAIIPABJICHUS MPOTEKAHUS TOKA.

HMcTouHNK 3J1eKTpUYecKOi HepruM — npeoOpa3oBaTelb HEAICKTPUUCCKUX BH-
JIOB HEPTUM (MEXaHUYECKOW, XMMUUYECKOM, TETUIOBOM U JP.) B DJIEKTPUUECKYIO.
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K

Karymeunass rpynna — rpyrmnmna mocjae0BaTeIbHO COCINHEHHBIX KATYILIEK, MMPH-
HaJUIeKaIUX OJHOM (pa3e U yJI0KEHHBIX B COCETHHE MAa3bl.

KaTymRa — I'pyIiia 1mocjI€10BaTCIbHO COCIMHEHHBIX BUTKOB, YJIOXCHHBIX B OJJHHU
M TC JXC I1a3bl, © UMCIOIIAasA ITIOMHMMO H30JIIIHNKU OTACIIBHBIX BUTKOB O6HIYIO N30~
OUIO OT CTCHOK IIa3a.

Katymika MHIYKTMBHOCTH — DJIEMEHT AJICKTPUUYECKOM 1enu ((Ppu3ndecKuii 00b-
€KT), TpeAHa3HAYCHHBIN 111 (OPMUPOBAHHMS MArHUTHOTO IO C 3aJaHHBIMU
CBOMCTBaMHM.

KoasekTop — HabOp U30IMPOBAHHBIX MEHBIX IIACTUH, 00PA3YIOMIUX UTUHIPU-
YECKYI0 TOBEPXHOCTD JJISI CKOJIB3SIIEr0 KOHTAKTa, K KOTOPBIM MPUCOECAUHEHBI BbI-
BOJIBI CEKITMI OOMOTKH SIKOPSI.

KomMMyTanmss — MIHOBEHHOE H3MEHEHHE CXEMBl COCAMHEHUs WIIM IapaMeTpOB
3JIEMEHTOB JJICKTPUYECKOM LETIH.

KomMmyTanus — npouecc nepexIoueHns CEKIMA U3 OJTHOW NapasjieIbHOW BETBU B
JIPYTYIO0, COMPOBOXKIAOIIMICSI N3MEHEHUEM HaIlPaBJICHUS NPOTEKAHUS TOKA.

KOMMyTpreMaﬂ CEKIMA — CCKIMA, HaXoas1masiAcCa B IIPOUEeCCC KOMMYTAllNH.

KOMHGHC&HHOHHaH 00MOTKA MalIMHbI MOCTOSAHHOI0 TOKA — 06MOTKa, pacIio-
JIO’)KCHHAs B IIa3aX TIJIAaBHBIX ITOJIFOCOB H MPCAHA3HAYCHHASA HJISI KOMIICHCAIIUH HC-
Ka>XCHUA MAI'HUTHOTO ITI0JIA ITO ITOJIFOCAMH I10JIEM PCAKIUH AKOPA.

KommuiekcHasi aMIIMTy1a — KOMIUIEKCHOE YHCIIO, COOTBETCTBYIOIIEE BEKTOPY C
MOJYJIEM, PAaBHBIM aMIUIMTYAE CUHYCOUJIAIBHON BEJIWYMHBI U COCTABIISIOLIEMY C
BEIIIECTBEHHOMN OCHIO yTOJI, paBHBIN €€ HauaabHOU (ase.

KommniekcHasi mpoBOAMMOCTb — TapaMeTp dJCKTPUUYECKOM Iernu, OoOpaTHBIN
KOMIUIEKCHOMY COTPOTHUBIICHHUIO M ONPEACISAIONUN aMIUIUTYAHOE U ($a30BOE CO-
OTHOILICHUS MEXIy HAIPSKEHUEM M TOKOM JIBYXITOJIOCHHUKA.

KommiiekcHoe eiicTByolIee 3HAaYeHHE (KOMIUIEKCHOE 3HAYeHUe) — KOMIUIEKC-
HOE YHCJIO, COOTBETCTBYIOIIEE BEKTOPY ¢ MOJYJIEM, PABHBIM JIEUCTBYIOIIEMY 3Ha-
YEHUIO CUHYCOWJAIIBHOW BEJIMYMHBI U COCTABIISIONIEMY C BEIIECTBEHHON OCHIO
yToJI, paBHBIN €€ HayanbHOU (ha3ze.

KoMmmiekcHoe COIIPOTHUBJICHHUE — IIapaMCTp BHGKTPHHGCKOﬁ e, OInpCaciIAro-
I[II/Iﬁ AMIININTYIHOC 1 (1)8,30BOC COOTHOWICHUA MCKIY HAIIPAKCHUCM U TOKOM JIBYX-
ITOJIFOCHHKA.

KoMiuiekcHbIN (CUMBOJIMYECKMI) METOJ pacyéra — OCHOBHOW METOJl pacuéra
BJICKTPUYECKUX LIENEH MEPEMEHHOTO TOKA, 3aKIOYAIONIUICA B 3aMEHE CHHYCOU-
JAJbHBIX BEJIMUMH M MAapaMETPOB IEMU KOMIUJIEKCHBIMU YHCJIaMU (CHMBOJIAMU Be-
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JUYUH), B pe3yJIbTaTe Yero pacuyér CBOAUTCA K PEIICHHUIO aireOpanvyecKux ypas-
HEHUM.

KonaencaTop — s1eMeHT dJIeKTpruyecKon 1enu (pu3udeckuii 00bEKT), B dJIEKTPHU-
YECKOM 110JIe KOTOPOI'0 MPOUCXOAUT HAKOIJIEHUE SHEPTUH.

KoHTyp 3j1eKTpryecKoil menu — 3aMKHYTBIN MyTh BJOJIb BETBEH AJIIEKTPUUYECKOM
LEIH.

Konnentpuyeckass 00MoTKa — pacrpeziesi€éHHas 0OMOTKa, COCTOsIIasi U3 KaTy-
HIEK pa3HOil (OPMBI, YKIIAIbIBAEMBIX OJHA BHYTPb JPYTOM.

KopoTko3aMKHYTBII POTOP — pOTOP aCHHXPOHHOTO JIBUTATENsl ¢ OOMOTKOM TUTIA
«OeNYbsI KIETKa.

KospuutuBHasi cujia — HanpspKEHHOCTh MArHUTHOTO TOJIsL, HeoOXoaumas st
CHUKEHUS JI0 HYJISI OCTATOYHOM MHYKIIUH.

Kod¢ppuuuent Harpysku tpancpopmaropa — OTHOLICHUE BEIWYUHBI TOKA BTO-
PUYHON 0OMOTKH TpaHc(popMaTOpa K HOMUHAIIbHOMY 3HAYEHHUIO.

Koy punuent Hacoimenus — otHomeHne BenuuuHbl M/IC co3nmaronmein 0OCHOB-
HOM MAarHUTHBIA NOTOK B MamuHe, K MJIC, 3aTpaunBaeMoi Ha MPOBEAEHUE 3TOrO
IIOTOKA Y€pe3 BO3AYIIHBIN 3a30D.

Ko3¢p¢puuueHT Tena0Boii neperpy3ku ABUraTessi — OTHOIICHHE MOTEPh YIHEPTUU
B JIBUTATENI€ C 3aBBIIICHHON MOIIHOCTBIO Harpy3Ku, paboTaromeM B KpaTKOBpE-
MEHHOM pPEKHUME, K MOTEPsIM ITPU HOMUHAIILHON Harpyske.

Kosddpunuent Tpanchopmaunu (nMpuBeaeHusi) — OTHOIICHHWE YHUCIA BUTKOB
NEPBUYHON OOMOTKHM TpaHc(opmaTopa K YUCITY BUTKOB BTOPUYHOM OOMOTKH, OII-
peleIIoIIee OTHOIICHUE HOMUHAIBHBIX HAIPSDKEHUW MEPBUYHOM M BTOPUYHOMN
0OMOTOK.

Ko3¢pguuueHT yxXyameHus: TemI00TAA4M — OTHOLIEHUE TEIUIOOTAA4YH JIBUTATENS
IpU BpalIEHHH POTOpPA CO CKOPOCTHhIO HUKE HOMHUHAJIBHOW K TEIUIOOTAAYE IMpHU
HOMHUHAJIBHOW CKOPOCTH BpPAILEHUS.

KpaTkoBpeMeHHBIII pe:kuM padoThl JIEKTPONPHUBOIA — PEKUM IyCKa M OCTa-
HOBKHM MPUBOJIA, TP KOTOPOM 3a BpeMsi pabOThl TeMIIepaTypa JIBUraTess He ycIie-
BAEeT JOCTUYb YCTAHOBUBIIETOCS 3HAYEHMSI, a 32 BPEMSI OCTAHOBKH IIOHUKAETCS /10
TEMIEPATYPbI OKPYKAIOLIEH CPEIBI.

KpaTHOCTh MAKCHMAJBLHOTO MOMEHTA ACHHXPOHHOTI'0 IBUTaTeJIsl — OTHOIIICHHE
MaKCHMAaJIbHOTO BpPAIIAIOIIET0 MOMEHTA, Pa3BUBAEMOTO JBUTATEIEM, K HOMUHAIb-
HOMY MOMEHTY, XapaKTEePHU3yIOlasi ClIOCOOHOCTh JIBUTATENsl MPOTHBOCTOATD TEepe-
rpy3kam 0e3 MoTepu YCTOMUYHUBOCTH.

KpaTtHoCTh MyCKOBOr0 MOMEHTAa ACHHXPOHHOI'0 ABHMIraTe/s — OTHOLIEHHUE Bpa-
[IAIOLIET0 MOMEHTA, PA3BUBAEMOrO JABUIATENEM IpHU IycKe (IIPU HEMOJBHKHOM
pOTOpE), K HOMUHAJIBHOMY MOMEHTY.
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KpuBasi pasMarHu4uBaHusl — 4acTh NPEAEIbHON NETIM TUCTEpPE3NCca, PaCIoo-
YKEHHAasi BO BTOPOM KBaJpaHTE U UCIIOJIb3yeMasl I pacyéTa MOCTOSIHHBIX MarHu-
TOB.

Kputuueckoe cKkoJibKeHHEe ACHHXPOHHOIO IBUraTelisi — CKOJBXEHUE, OTJIe-
JISOIIEE YYaCTOK MEXaHMYECKON XapaKTePUCTHKU, COOTBETCTBYIOIIMM yCTOWYM-
BOM paboTe IBUTATEIIS.

KpyroBasi tmarpamMmma — OKpy>KHOCTb, IIPEIICTaBJISIONIAsT COO0H TeOMEeTpHUIECKOe
MECTO TOYEK KOHIIOB BEKTOPOB aKTHBHOTO W PEAKTUBHOTO HAMpSDKEHUS (TOKA)
JIBYXIIOJIOCHUKA TP BCEX BO3MOKHBIX BapHAIMsIX €T0 MapaMeTPOB U MOCTOSHHOM
BXOJIHOM HampsHKEHUH (TOKE).

Kpyrosasi imarpaMmMa acMHXPOHHOI'O JABUIaTeJs — OKPYXHOCTb I'€OMETpHUYE-
CKOI'0 MECTa TOYEK KOHIIA BEKTOpA TOKA CTATOpa MPU U3MEHEHUHU CKOJIBXKEHUS OT
MOJIOKUTEIBHON 1O OTPULIATEIbHON OECKOHEYHOCTH.

Kpyrosoe Bpamameecsi MArHUTHOE MOJI€ — BPAILIAIONIEEC MAarHUTHOE IOJIE,
UHAYKIUS KOTOPOTO B JIFOOOW TOYKE OCU MPOXOSIIEH Yepe3 LEHTPhI MOJIICOB OC-
TaéTCs MOCTOSIHHOM, T.€. MAarHUTHOE ToJie, rogorpad BEKTOpa UHAYKIIUHA KOTOPOTO
SIBJISIETCSL OKPY>KHOCTBIO.

J

JladopaTopuslii aBTroTpanchopmarop (JIATP) — Bun aBroTrpanchopmaropa ¢
IUTABHBIM PETYJIMPOBAHUEM BBIXOJHOTO HAMPSIKEHHUS.

JInneiiHasi kKaTymka MHIYKTHBHOCTH — KaTyIlka, obOiajaroniasi JTUHEHHON Be-
Oep-aMIiepHOM XapaKTepUCTUKON

JIuneiiHasi kKaTymka MHIYKTHBHOCTH — KaTyIlka, obOjajaroniasi JTUHEHHON Be-
Oep-aMIepHO XapaKTepUCTHKOM

JIuneiiHasgs KomMmyTanusi (KOMMYTAaUMsl CONPOTHBJIEHHMEM) — ONTUMAaJbHas
KOMMYyTalusi 0e3 ucKkpooOpa3oBaHUs, IPU KOTOPOH TOK B KOMMYTHPYEMOH CeK-
LN U3MEHSIETCS 10 JIMHEHHOMY 3aKOHY.

JIuHeliHble HANIPSIZKEHUS] — HANPSDKEHUS MEXKIY JIMHEHHBIMU MPOBOAAMHU TPEX-
dazHoil 1enmu.

JIuHeliHbIe TOKH — TOKH B JIMHEHHBIX MPOBOJIax TPEX(Pa3HOM 1emH.

JInHeHHbIH MCTOYHUK JIeKTPUYECKO IHEPruU — UCTOYHUK, 00JIaIatOIIUi JIH-
HEWMHOW BHEIIHEW XapaKTEPUCTUKON

JIMHeHHBIA MPOBO — IPOBOJIHUK, COCAUHSIONIUNA UCTOYHUK C HATPY3KOU B TPEX-
dazHol nenmu.

JInneiinblil pe3ucTop — pe3ucTop, 00JIaTAONINI JTUHEHHON BOJIBT-aMIIEPHOMN Xa-
PaKTEPUCTUKOU
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M

MarnuTHass MHAYKIUA — BEKTOPHAs BEJIMYMHA, ONPEHEIAIOIIAs CUILy, IEUCT-
BYIOILYIO Ha JABMKYIIYIOCS 3apsKEHHYIO YAaCTHILY CO CTOPOHBI MAarHUTHOTO MOJIS.

MaruuTHasi Henb — COBOKYITHOCTh TEXHUYECKUX YCTPOUCTB U OOBEKTOB, BO30Y-
KIAIOUIMX MarHUTHBIE MO W (POPMUPYIOIIMX MYTH JUIsl UX PACTIPOCTPAHEHUS,
AJIEKTPOMArHUTHBIE MPOIECCHl B KOTOPHIX MOTYT OBITh OMHUCAHBI C TOMOIIBIO MO-
HATUI MarHATOJABWKYLIEH CUJIbI, MATHUTHOTO MOTOKA U Pa3HOCTU MarHUTHBIX IO-
TEHIIMAJIOB.

MarnuTHOe moJjie peakunu SIKOPsi CHHXPOHHOW MAIIMHbI — MarHUTHOE TIOJIE,
BO30y’KJ1aeMO€ CTATOPOM (SIKOPEM) CHHXPOHHON MAaIINHBI.

MarHuTHbIH MOTOK (MIOTOK BEeKTOPa MATHUTHON MHAYKIMH) — CKaJspHAs Be-
JUYUHA, ONpeeNsronias MarHUTHYI0 UHAYKIWIO B 00JIaCTU MPOCTPAHCTBA Orpa-
HUYECHHOM 3aMKHYTBIM KOHTYPOM U paBHAasi IOTOKY BEKTOPA MAarHUTHOM MHIYKLUH
Yepe3 NOBEPXHOCTh 3TOTO KOHTYpA.

MAarHuTHbIH MOTOK paccesiHUst 00MOTKH — MAarHUTHBIN MTOTOK, OTBETBIISIFOILIHI-
Cs U3 MarHUTONPOBO/Ia B BO3AYIIHYIO CPEy U MPOHU3BIBAIOIINKI TOJBKO OJHY 00-
MOTKY.

MaruuToaABMKYLIAs CHJIA — JIMHEWHBIM MHTErPajl BEKTOpa HANPsKEHHOCTH Mar-
HUTHOTO TIOJISI, B3ATBIA IO 3aMKHYTOMY KOHTYPY, OXBaThIBAIOIIEMY ITOJHBIA 3JIEK-
TPUYECKHI TOK, CO3JAOIINI 3TO MOJIE.

Marauromsirkue (MarHMTOTBEP/AbIE) MaTepuaabl — (peppoMarHUTHHIE Mate-
puaibl ¢ Maion (OOJBINON) KOIPIIUTUBHOMN CHIION.

MarHuTonpoBoa — KOHCTPYKIUUS U3 (EppOMArHUTHOrO MaTepuaia, MperHa3Ha-
YeHHas JUIsl yCUIICHUS U (OPMUPOBAHUS MAarHUTHOTO TIOTOKA.

MaJiOMHEepIHOHHBIH SIKOPb — KOHCTPYKLUS SKOPS UCHOJHUTEIBHOTO JBUTATENS
IOCTOSIHHOT'O TOKa, B KOTOPOM JJIsI YMEHbBIIEHUS MOMEHTA UHEPLHUH MPOBOAHUKU
O0OMOTKH SIKOPSI OT/AEJI€HbI OT MarHUTOIIPOBO/IA U PACIIOIOKEHBI HA JUCKE UITU LIH-
JUHAPE U3 HEMarHUTHOT'O MaTepuana.

MamuHbl MOCTOSTHHOTO TOKA ¢ He3aBHCHMMBIM (IOCJIe10BaTe/ILHbIM, MapaJi-
JIeJIbHBIM) BO30YK/I€HHEeM — MAIIUHBI IIOCTOSTHHOTO TOKAa, 0OMOTKa BO30YXICHUS
KOTOPBIX MUTACTCS OT OTACIHHOTO (HE3aBUCHMMOT0) MCTOYHHKA WM TMOAKIIOYEHA
MOCJIeI0BATENBHO (MapaijieIbHO) OOMOTKE SKOPSI.

MamuHbI MOCTOSIHHOTO TOKA €O CMEIIAHHBIM BO30Y:KI€HHEeM — MAaIIWHbI 10-
CTOSIHHOTO TOKa C JBYMsSI 0OMOTKaMu BO30YXICHUS, OJJHA U3 KOTOPBIX MOJIKIIIOYa-
eTCsl MapaJuieIbHO 0OMOTKE SIKOPSI, a Apyrasi — MOCJIeI0BaATEIbHO.

MeTtoa HArpy304HOii XapaKTepUCTHKH — OCHOBHOM Tpado-aHAIUTUYECKHI Me-
TOJ OIPEICICHUSI PEKHMa B LENU C OJHUM HEJIUHEWHBIM 3JEMEHTOM, BOJIBT-
aMIIepHasl XapaKTEPUCTHKA KOTOPOTO 3a/1aHa Tpaduecku, 3aKTF0YArONTHICS B OII-
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pEeleIeHUU TOKAa Y HANPSHKEHUSA B HEJIMHEMHOM PE3UCTUBHOM JJIEMEHTE II0 KOOp-
JVHATaM TOYKHU IEPECEUYCHUS BOJIbT-aMIIEPHON XapaKTEPUCTUKU C NPSAMOM JIMHU-
el, IPOBEAEHHON Yepe3 KOOPAUHATHI TOYEK PEKUMa XOJIOCTOTO X01a U KOPOTKOIO
3aMbIKaHUs ABYXIIOJIOCHUKA, YKBUBAJICHTHOI'O JIUHEWHON YaCTH LIETIH.

MCTOZ[ CpeaAHuX NMoTepbL — CII0co0 OLOCHKH HarpeBa ABUTATCIIA, OCHOBAHHBIM Ha
pacqéTe CPCOHCTO 3HAYCHUA IIOTCPb SHCPIHH B IPCACIaX HUKIIA U3MCHCHHUS Ha-
I'PY3KH U COIIOCTABJICHHUU PC3YJIbTAaTa C IIOTCPAMU B HOMHUHAJIbBHOM PCKUMC.

MeTOI[ 3KBHBAJEHTHOTO0O MOMEHTA — CII0CO0 OOCHKH HarpeBa ABUI'AaTCIIA, OCHO-
BaHHBIM Ha COIIOCTABJIICHUM CPCOAHCKBAAPATHIHOI'O 3HAYCHHUA MOMCHTA HAIrPY3KH B
Inpeaciiax nuKia €ro NI3MCHCHUA C HOMUHAJIbBHBIM 3HAYCHUCM.

MeTOI[ ’KBHBAJIEHTHOI0 TOKA — CIIOCO0 OIICHKN HarpcBa ABUTATCIIAA, OCHOBAH-
HBIM Ha COINOCTaBJICHUU CPCAHCKBAAPATUIHOI'O 3HAYCHUA TOKA B IIPCACiiax IHKJIIa
€ro NI3BMCHCHHUA C HOMHMHAJIbHBIM 3HAYCHUCM.

Meton IKBHMBAJIEHTHOM MOIIIHOCTH — crnoco0 OLCHKN HarpcBa ABUIraTciisi, OCHO-
BaHHBIM HAa COMNOCTABJICHUU CPCAHCKBAAPATHYIHOI'O 3HAYCHNA MOIMHOCTH HAIpy3KH
B IIpcaciiax muKia €€ N3MCHEHUS C HOMMHAJIbHBIM 3HAYCHUEM.

Mexanu4deckasi XapaKTEepUCTUKAa ACHMHXPOHHOI'0 ABMrartrejiss — 3aBUCUMOCTDH
Bpalaromero MOMCHTA PAa3BUBACMOI0 ABHUIATCIICM OT CKOJIBXXCHUSA WIIN 3aBHUCH-
MOCTb CKOPOCTH BpallICHUA OT pa3BUBACMOI'0O MOMCHTA.

MHOrocKOpoCTHbIE ACHHXPOHHBbIE IBUTaTeJN — JIBYX, TPEX U YEThIPEXCKOPOCT-
HbIE JIBUTaTENId, CKOPOCTh BPAIICHUS KOTOPBIX MOYXHO M3MEHSTh CTYNEHSIMU Iy-
TEM U3MEHEHUS CXEMbl COSTMHEHHUSI OOMOTOK.

H

HamarauuuBaommii TOK — 4acTh TOKa MEPBUYHOM OOMOTKH, pacxoiyemasi Ha
B030Yy’KJICHHE MAarHUTHOTO MOTOKA ¥ HA KOMITCHCAIIUIO TETUIOBBIX TIOTEPh B MarHU-
TOIIPOBOJIE.

Hanpsiskenne Ha 3a3eMJISIIONEM YCTPOICTBE — HAIPSXKEHUE, BBI3BAHHOE TOKOM
3aMBIKaHHS Ha 3€MIII0 M PaCIpeAcIEHHOE BOKPYT TOYKHM BBOJA TOKA B 3a3€MIISIO-
1Ie€ YCTPOMCTBO.

HanmeeHne NPUKOCHOBCHMUA — HAIIPSXKCHUC MCXKAY ABYMA TOUYKaAMH LCIIKM TOKaA
3dMbIKaHHWA Ha 3EMJITO ITPU OJHOBPCMCHHOM IIPUKOCHOBCHHH K HUM YCJIOBCKA.

Hanpmlcemle mara — HallpsoKCHUE MEXKAY ABYMA TOYKaMM Ha 3€MIJIC, HAXOJAIIH-
MHUCA Ha paCCTOAHHUU OOHOT'O MCTPA, BEI3BBAHHOC PACTCKAHUCM TOKAd 3aMBbIKAHUA Ha
3CMIIIO.

Hal'[pﬂ)KéHHOCTI) MArHUTHOIO IIOJII — BCKTOpHAasd BCIIHMYKWHA, OIPECACIIAIOoIIast
CBOMCTBA CUCTEMBbI B036Y)KI[6HI/IH MAarovuTHOI'O IIOJIA 1 YHCJICHHO pPaBHAA pa3HOCTHU
BCKTOPOB MHAYKIMU U HAMAaIrHUYCHHOCTU CPCbI.
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HavanbHble ycJI0BHSI MEPEXOAHOI0 MpPoUecca — TOKM B MHAYKTUBHBIX JJIEMEH-
Tax W HaIpPsDKEHUS] HA EMKOCTHBIX JIEMEHTAaX LENH HEMOCPEACTBEHHO NEPE KOM-
MyTaluen.

HeltTpanbHas (HyJieBasi) TOUKa (HelTpaJib) — y3€Jl B COCJMHCHUN 3BE3]I0M HC-
TOYHUKOB WJIM MPUEMHUKOB TPEX(Da3HOM 1IeTIH.

HeliTpanbHasi JuHUA (TreoMeTpUYecKasi HEWTpaab) — TEOMETpUUYECKas OCh
CUMMETPHUH MEXAY IIIaBHBIMU MOJOCAMU MAIIUHBI IOCTOSHHOTO TOKA.

HelTpajbHblil (Hy/J1eBOH) NPOBOJ — NPOBOJHUK, COCIUHSIONIMNA HEUTPAJIbHBIC
(HyJIeBbI€) TOYKM UCTOYHUKOB M MIPUEMHHUKOB B TPpEX(PazHOi 1enw.

HeimHeiiHas 3JIeKTpUYeCKas Lenb — JJIEKTpUYECKas LeNb, COAeprKallas, I10
KpalHeu Mepe, OJIMH HEIMHENHBIN 3JIEMEHT.

HeJsinHeiliHbIe 3J1eMEHThI 3JIEKTPUYECKON HeMu — 3JIEMEHTBI AJIEKTPUUYECKON 11e-
A, TAPAMETPHI KOTOPBIX 3aBUCAT OT MPOTEKAIOIIETO MO0 HUM TOKA WA OT MPHUJIO-
JKEHHOT'O K HUM HAIPSKEHUS, T.€. DJIEMEHTBI C HEJIMHEWHOM BOJIBT-aMIIEPHOU, Be-
Oep-aMrepHOU WM KYJIOH-BOJBTHON XapaKTePUCTUKOM.

HecBsizannas tpéxdaznas cucrema — tpéxdaszHas 1enb, HE UMEIOIIast dIEKTPU-
YeCcKoM (raTbBaHUYECKOM ) CBSI3U MEXKY (ha3aMu.

HomuHanbHOe HanpsikeHHe BTOPUYHOH 00MOTKH — HANpPsHKEHUE Ha BTOPUYHOM
00MOTKE MpHU OTKIIOYEHHOU HAarpy3Kke TpaHchopmaropa.

HomuHanbHOe HANPsSKeHHE MEPBUYHONH 00MOTKHM — pacyéTHOE HANPSDKCHHE Ha
NIePBUYHON 0OMOTKE TpaHcopmaTopa.

HomuHaabHbIe pe:kuMbI pa00ThI 3JIEKTPONPUBOAA — TP OCHOBHBIX U ATh J0-
MOJIHUTENFHBIX CTaHAAPTHBIX PEXKHUMOB paclpelesieHUus Harpy3kd MPUBOAA BO
BPEMEHH.

HoMuHaJIbHBIN pesKuM pPadoThl JJIEKTPUUYECKON e — PEXKUM, IPU KOTOPOM
AJIEMEHTHI AJICKTPUYECKON IIenmu paboTaloT B YCIOBUSX COOTBETCTBYIOIIMX JIaH-
HBIM UX IPOCKTUPOBAHUS

(0]

O0moTKa BO30Y:KIeHUA JABYX(PA3HOTO ACMHXPOHHOIO ABHraTessi — oOMOTKa,
NOJIKJII0YaeMasi K HeperyJIupyeMoMy UCTOUYHUKY TUTAHUS.

O0MoTKA BO30Y:KIeHHS] MAIIIMHBI MOCTOSTHHOTO TOKA — 0OMOTKA, PACIIOJIOKEH-
Hasl Ha MVIABHBIX MMOJIIOCaX M MpeJHAa3HAUYCHHAas CO3/aHMsI OCHOBHOI'O MAarHUTHOTO
MOTOKA MAaIlIUHBI.

O0MoTKa BO30Y:KI€HUSI CAHXPOHHO! MalIMHbI — 0OMOTKa pOTOpa, CO3AaroIias
MOCTOSIHHOE MarHUTHOE TOJIE.
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OO0MoTKa ynpasiieHHs JBYX(a3HOro aCMHXPOHHOIO JBMrarejisi — OOMOTKa,
NOJIKJIIOYaeMasi K MCTOYHHUKY MUTaHUS C PETYIUPYyEMOI aMILTUTYI0M WIIM Hadajlb-
HOU (a3oil HANPsSHKEHMUS.

OoOpaTHasi 3a1a4a pacuyéTa MATHUTHOM LENU — ONPEICIICHUE MATHUTHBIX MOTO-
KOB B MarHUTHOM €T MPH 33JJaHHBIX FT€OMETPUYECKUX U MarHUTHBIX MapameTpax
AJIEMEHTOB M MATHUTOABUKYIIUX CHJIAX.

OaHoga3Hblil aCHHXPOHHBIN ABUraTe/Ib — JIBUTATENIb C KOPOTKO3aMKHYTBIM pO-
TOPOM, MMUTAHUE KOTOPOTO OCYIIECTBIAECTCS OT ABYXIPOBOJHON OJHO(A3HOMN ceTh
NEPEMEHHOI0 TOKa.

«OnpoxkuabIBaHue» ACHHXPOHHOI'0 ABHMIaTe/sl — OCTAaHOBKA JIBUIAaTElsl BCIIE]-
CTBHE IIOTEPU YCTONIMBOCTHU.

OnpIT KOPOTKOI0 3aMbIKAHMSA — MCKYCCTBEHHO CO3JaHHBIA PEXKHUM KOPOTKOTO
3aMBIKaHMS IIPU HANPSKEHUU NMATAHUSA [TOHWKEHHOM J0 3HAYEHHUsI, IIPU KOTOPOM
TOK NMEPBUYHONM OOMOTKM paBEH HOMHHAJIBHOMY, MPOBOJUMBIN C LENbIO OIpese-
JICHUSI TapaMETPOB CXEMbI 3aMEUIEHUSI U KauyecTBa M3TOTOBJICHUS TpaHc(opmaTo-

pa.
OnbIT X0J0CTOr0 X0/1a — UCKYCCTBEHHO CO3JIAaHHBIN PEKUM XOJIOCTOTO XOJa JUIs

OTIpe/IeTICHUs] TTapaMeTPOB CXEMbl 3aMEIIECHUS U KadecTBa M3TOTOBIICHUS TPaHC-
dbopmaropa.

OCHOBHOII MATHUTHBIN MOTOK TPaHC(OPMATOPA — MATHUTHBIM MOTOK B MarHu-
TOIIPOBOJIC TpaHChOopMaTOpa, MPOHU3BIBAIOIINN 00€ 0OMOTKH.

OcraroyHasi MHAYKIUS — HWHAYKIUS B (GEeppOMarHUTHOM MaTepualie Iocie
YMEHBIIICHUS 10 HYJISI HAMPSHXKEHHOCTH MAarHUTHOTO TIOJISI.

I

IMapajienbHas cxeMa 3aMelleHUs] ABYXIIOJIOCHHKA — CXE€Ma 3aMEIIEeHUs, CO-
CTosINIas U3 MapauIeIbHOTO COCIMHEHUS JBYX DJIEMEHTOB, COOTBETCTBYIOINX aK-
TUBHOU U PEAKTUBHOW MPOBOJNMOCTH JIBYXITOIIOCHHKA.

IHapa/iesbHbIe BEeTBH O00MOTKH SIKOPSI MAIIMHbI IOCTOSAHHOIO TOKAa — pasje-
JIeHUE METKAMU KOJIBIIEBOM CXEMbI COCTMHEHUS CeKIIU OOMOTKH SIKOpS Ha mapai-
JIEJIbHBIEC BETBU.

IlaccuBHBIE 3JIeMEHTBI JJIEKTPUYECKON LeNmu — AJIEMEHTHI, HE MPOU3BOASIINE
ANEKTPUUECKYIO SHEPTHUIO (PE3UCTOP, KATYIIKA MHIYKTUBHOCTH, KOHACHCATOD).

IIaccuBHBIN ABYXIOJIOCHUK — JIBYXITOJIOCHHUK, HE COJEpKAIIUKA HCTOYHHKOB
3JIEKTPUYECKOUN IHEPTUU.

IlepBuunasi 00MoTKa TpaHcdopMmaTopa — 0OMOTKA, MOAKIIOYaEMasi K UCTOYHH-
KY 2JIEKTPUYECKON SHEPTHUH.
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Ilepemennble morepu B TpaHcpopMaTope — TEIUIOBBIE IOTEPU DHEPIUHM B
TpaHchOpMaTOpe 3aBUCSILUE OT €r0 HArpy3KH U paBHbIE IOTEPSM B OOMOTKAaX.

IlepexoaHblie nmpouecchl — JIEKTPOMArHUTHBIE MPOIIECCHI B AIEKTPUUECKON TIETH,
BO3ZHMKAIOILIME NMPU U3MEHEHUU €€ COCTOSIHUS U 00YyCIIOBJIEHHBIE TIepepacipeserie-
HUEM U IpeoOpa30BaHUEM IHEPTUH.

IloBTOpHO-KpPAaTKOBPEMEHHBbIH peXKUM PadOThI IJIEKTPONPHUBOAA — IUKITHYC-
CKHI peXUM IyCKa U OCTAaHOBKH MPUBOJIA, TP KOTOPOM 3a BpeMsi pabOThI TEMIIE-
paTypa IBUTaTelssl HE YCIEBAET JIOCTUYb YCTAHOBUBIIETOCS 3HAYEHUS, a 3a BpeMs
OCTaHOBKH HE YCNEBAET MOHU3UTHCS 10 TEMIIEPATYPhI OKPYKAIOIIEH CPEbI.

IoBbimawmuii (moHWKawIMii) Tpanchopmarop — TpanchopmarTop, y KOTOpo-
ro HOMMHAQJIBHOE HAINPSKEHNE BTOPUYHON OOMOTKH O0JbIIe (MEHBIIE) HOMUHAIb-
HOT'O HAaPSDKEHHS IEPBUYHON OOMOTKH.

IosHas (kaxymasicsi) MOIIHOCTDH — YCIIOBHAsI BEJIMYMHA, BBOJAUMAS JJI yI00CT-
Ba B CUCTEMY OLIEHOK MOIIHOCTH WU YWCJIEHHO PaBHAsl MPENEIIBHO BO3MOXHOM aK-
THBHOM MOIIIHOCTH NPH TAHHOM HANPSHKEHUU U TOKE HA BXOJIE JBYXIOJIFOCHUKA.

I[HostHass MPOBOAUMOCTH — MOJTYJIb KOMIIJIEKCHOU ITPOBOAUMOCTH, ONPEAEISAIOIINN
COOTHOIIICHHE NEUCTBYIOMUX (aMIUTUTYHBIX ) 3HAUCHUN TOKA U HAMPSHKCHUS.

IToaHoe COIMPOTHUBJICHUE — MOJYJIb KOMIIJICKCHOI'O COIIPOTHUBJICHHA, OIIPECACIIAIO-
H_II/Iﬁ COOTHOIICHUC ,Z[GﬁCTBYIOH.II/IX (aMHJII/ITy,ZIHBIX) 3HAYCHUM TOKAa U HaIlPpAXKCHUA.

IMoqHbId mar o0MOTKM (BUTKA, KATYIIKH) — IIar paBHBIN MOJIOCHOMY Jelie-
HUIO.

IToJirocHOE JejieHne — PAaCCTOSTHHE MEXIy MOJIF0CaMU MarHUTHOTO TTOJIS MaITHHBI,
BBIP2XXCHHOE B JIMHCWHBIX WM YTJIOBBIX SIMHHIIAX M3MEPEHUS, a TaKKe YHCIOM
11a30B [AKeTa CTaTOpa WIH POTOpa.

IHorocHOe ynpaBJieHMe — PEryJMpPOBAaHME CKOPOCTH BPAILEHMS IBUraTels IO-
CTOSIHHOTO TOKa MyTEM M3MEHEHHUs HANpPsDKEHUS MUTaHUs (TOKa) OOMOTKU BO30Yy-
KICHUS.

IMopsanok yepenoBanusi (pa3 — mocienoBaTeIbHOCTb, B KOoTOpoil ¢azubie DC
IIPOXOJAT YEPE3 OAUHAKOBBIE COCTOSHUS, HAIIPUMED, YEPE3 HYJIEBBIE 3HAUCHHUS.

IMocaenoBareabHasi cxemMa 3aMellleHUA ABYXINIOJKCHHKA — CXCMa 3aMCIICHUS,
COCTOAIIAA U3 MOCIICAOBATCIIBHOTO COCAMHCHHUA IBYX 3JICMCHTOB, COOTBCTCTBYIO-
IMUX dKTUBHOMY U PCAKTHBHOMY COIIPOTUBJICHUIO ABYXIIOJIKOCHHKA.

IMocTostHHASI BpeMeHH HarpeBa (OXJIaKAeHHsI) ABUTATesl — OTHOIIICHUE TEIIO-
EMKOCTH JBUTATENIS K TEIUIOOTAA4e, ONPECIAIONee JUIMTSIHbHOCTD MPOIIECCOB Te-
I000MEHA ¢ OKPYKaIOIIeH CpeIo.

ITocTosiHHBIEC TOTEpPH B TPaHC(POpMATOpPE — TEILUIOBBIE IOTEPU SHEPTUU B TPAHC-
(dopMaTope HE 3aBHCSIIME OT €r0 Harpy3KH U paBHbIC TOTEPSIM B MarHUTOIIPOBO-
1e.
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IloTepu B «Meam» —TEIUIOBBIE MOTEPU B MPOBOAE OOMOTKH 3JIEKTPOMATHUTHOTO
YCTPOMCTBA, BEI3BAHHBIE TPOTEKAHUEM AIIEKTPUUECKOTO TOKA.

HOTepl/I B «CTaJu» — CyMMa TCIINIOBLIX ITOTCPb BHCKTpHHGCKOﬁ 9HCPIrun B MatTc-
pHyuajCc MaroHuTompoBoaa OT TUCTCPE3NCa U BUXPCBBIX TOKOB.

HOTepI/I 0T BHXPEBLIX TOKOB — TCIINIOBBIC IMOTCPH BHGKTpHIICCKOﬁ 9HCPI'UHU, BBI-
3BAHHBIC ITPOTCKAHUECM BUXPCBLIX TOKOB B MAaTCPHAJIC MAaIrHUTOIIPOBOAA.

IToTrepu oT rucrepesuca — TEIUIOBBIE NMOTEPHU JICKTPUUECKON SHEPTUU, CBA3aHHBIC
C MEpEMAarHMYMBAaHUEM MaTepuaja MarHUTOMPOBOJA W MPOIMOPUHUOHAIBHBIE TLIO-
1IaJIM TIETJIM TUCTEPE3UCA.

IToTokocuenjeHue — cyMmMa MarHUTHBIX ITIOTOKOB, CLEIUIEHHBIX C BUTKAMH Ka-
TYLIKH.

IIpuBenenne mapaMeTpoB OOMOTKHM — MaTreMaTH4yecKas Onepanus 3aMeHbl pe-
aJbHBIX 3HAYEHUH MapaMeETPOB DJIEMEHTOB CXEMBbI 3aMEICHUS, TOKA, HAIPSHKECHUN
u OJIC onHOM U3 OOMOTOK pPacUETHBIMH 3KBHBAJICHTAMM, COOTBETCTBYIOLIMMU
YHUCIIy BUTKOB APYroi 0OOMOTKH, IPH YCIOBUHM COXPAHEHUSI MOIIHOCTH 3JIEMEHTOB
cxembl. [IpuBeneHre nmapaMeTpoB NMPOU3BOAUTCA IS 3aMEHBl MATHUTHOW CBS3U
0OMOTOK PKBUBAJIEHTHOU 3JEKTPUUECKOU CBSA3bIO.

IIpuBenénnbie mapaMeTpbl 3JIEMEHTOB MPUBOIA — BPAIAIONIUE MOMEHTBI, CHJIbI
U MOMEHTHl MHEPIMH KUHEMAaTHUYeCKOW ILeNd MpHBOJA NMpUBENEHHBbIE (Iepecuu-
TaHHbIE) K CKOPOCTH BpalleHUsl JABUTATENs NPH YCIOBUM COXPAHEHHUS SHEPTrUu
JIBUKYIIIUXCS MacC.

IIpuéMHUK IJIeKTPUYECKOil IHePrum — rnpeodpazoBaTenb dIECKTPUUCCKON IHEP-
TUU B IpyTry€ BUAbI SHEPTUU (MEXaHUUYECKYI0, XUMUYECKYIO, TEIUIOBYIO U IP.).

IIpuHOUN Cynmepmo3uUMU — PEAKUHS BJIEKTPUYECKOM LENH HAa CyMMapHOE BO3-
JICUCTBHE PABHO CYMME PEAKLMI Ha JJIEMEHTAPHBIE BO3AECHCTBUS.

HpuHuMNMATbLHAA YJIEKTPUUYECKAS CXeMa — U300paKEHHUE IIEKTPOTEXHUUECKHUX
YCTPOUCTB, 00pa3yOUIUX ANEKTPUUYECKYIO 1ETb, U UX CBA3EH C MOMOIIBIO YCIIOB-
HbIX 0003HAYECHUN.

IIpoBogUMOCTB — BEIMYMHA 00paTHASI CONTPOTHUBIICHHUIO.

HpOHOJ’l)KI/ITe.HI)HOCTI) BKJJIIOYCHHUA - OCHOBHOU mapamMeTp ITOBTOPHO-
KpPpaTKOBPCMCHHOI'O PCKHUMaA pa60T51 QJICKTPOIIPpUBOAA, paBHBIﬁ OTHOIICHHIO IJIN-
TCIIBHOCTHU pa6OTBI ABUTATCIIA K JJIMTCIIBHOCTHU IIUKJIAa pa6OTBI " I1aYy3bI.

IIponoabHas (monepevyHas) 0Cb POTOPa PeaKTHBHOIO ABUTaTeJsl — TEOMETPH-
Yyeckas OChb, COOTBETCTBYIOIIAsl HAMpaBIEHUIO, B KOTOPOM MAarHUTHAas MPOBOIM-
MOCTh (MHIYKTUBHOCTh, WHIYKTHUBHOE COMPOTUBIEHUE) POTOpAa MaKCHMalbHa
(MUHUMAJbHA).
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MporuBo-3AC — DJIC, HaBoanMass B OOMOTKE SKOpS 3JEKTPUYECKON MAaIIMHbI
OCHOBHBIM (pabO4KMM) MarHUTHBIM MOTOKOM U JIEUCTBYIOIIAs BCTPEYHO MO OTHO-
meHnto K DJIC uCTOUHMKA TUTAHUS AKOPSL.

IIpoxoaHasi MOIIHOCTH aBTOTPaHcpopmMaTopa — MojaHas MOIIHOCTh aBTOTPAHC-
(dopmaTopa, onpezaensieMas Kak IpOU3BEIeHNE HOMUHAIIBHBIX 3HAUYEHUI HampsKe-
HUS U TOKa BTOPUYHOW OOMOTKHU.

IIpoueHTHOE M3MEHEeHNE HANIPSAKEHUSA TpaHcGopMaTopa — OTHOCUTEIBHOE OT-
KJIOHEHUS HAIIPSKEHUST Ha BTOPUYHONM 00MOTKe TpaHchopMaTopa OT HOMUHAIBHO-
ro 3HAYEHUs, BBIPAXKEHHOE B MPOLIEHTAX.

IIpsamas 3agaya pacuéTa MArHUTHOM LeNH — ONPEICIICHUE MAarHUTOABHXKYIIINX
CHJI B MArHUTHOM LETIH NP 3aJaHHBIX T€OMETPUYECKUX U MATHUTHBIX NTapaMeTpax
AJIEMEHTOB Y MAarHUTHBIX ITOTOKOB.

Ilyascupyroniee MarHuTHOe MoJie — MarHUTHOE T0JIe, BO30yk/1aeMoe 0OOMOTKOM,
NUTAIOLIENCS OT UCTOYHUKA CUHYCOUIAIBHOIO IEPEMEHHOTO TOKA, U SBIISIFOLIEECS
IpeNeTbHBIM CIIy4aeM 3JTMITHYECKOT0 MarHUTHOTO MOJIS.

IlyckoBasi 00MOTKa 01HOG}A3HOT0 ACHHXPOHHOI'0 ABUIaTe sl — 0OMOTKa CTaTo-
pa, ToAIKITII0YaeMasi K CeTH BO BpeMsl ITycKa JBHUTATEINs JJIs CO3/IaHMsI Bpallarole-
rOCsl MArHUTHOTO TTOJIS.

P

Padouast 00MOTKa 0THO(A3ZHOT0 ACHHXPOHHOI'0 ABHraTesisi — 00MOTKa cTaTopa,
MOCTOSIHHO TIOJKJIFOYEHHAS K CETH BO BPEeMs paOOThI IBUTATEIS.

Pabouuii y4acTOK MeXaHM4YECKOI XapaKTEePUCTUKN ACHHXPOHHOI0 JIBUTaTeJIs
— Y4aCTOK MEXaHHYECKOW XapaKTePUCTUKH, COOTBETCTBYIOIINN YCTOMYMBOM pabo-
T€ IBUTATEJIA.

Pa3neanTesbHblil TpaHcdopmaTop — TpaHchopMmaTop, MpeAHA3HAUYCHHBIA IS
OTZEJICHUS CETH, NMUTAIOLIEW NMPUEMHUK OT NEPBUYHOM DIIEKTPUYECKOU CETH, a
TAK)K€ OT LIETICH 3a36MJICHUS U 3aHYJICHU.

Pacnpenenénnasi 00MoTKa — 0OMOTKa, COCTOSIIIAs U3 OJIHOW MJIM HECKOJBKUX Ka-
TYIIEYHBIX TPYIIIL.

PacyérHass MOIIHOCTH aBTOTPaHCHOPMATOPA — YACTh MPOXOJHOM MOIIHOCTH
aBTOTpaHc(opmaTopa, onpeAeaoNas pacu€THbIe MapaMeTpbl MAarHUTONPOBOAA U
COOTBETCTBYIOIIAsi MOIIHOCTH TIE€pelaBaeéMoil B II€Mb BTOPUYHONM OOMOTKH TO-
CPEACTBOM MarHWTHOIO MOJIS.

PeakTBHAasi MOIIHOCTH — MOIIHOCTh, COOTBETCTBYIOIIAS AJIECKTPUYECKON IHEP-
T'UH, YYACTBYIOIICH B MEPHOIMYECCKOM OOMEHE MEXIY ABYXIOJIOCHUKOM M BHEIII-
HEW [EeNbIo MPU IAHHOM HaMNPSKEHUH U TOKE Ha BXO/JIE JIBYXITOJIOCHUKA.
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PeakTuBHasi NpoBOAMMOCTb — MHUMAs 4aCTh KOMIUJIEKCHOU ITPOBOJAUMOCTH, OII-
penenstomas MHTEHCUBHOCTh OOMEHAa HJHEprue Mexay ABYXIOJIOCHUKOM H
BHEIIHEN IIETIHIO.

PeakTuBHOE HANpsiZKeHHe — COCTABJISIIONIAS BXOHOTO HAIMPSHKEHUS IBYXITOTIOC-
HUKa, CMEIEHHAs 10 (pa3e OTHOCHUTEIBHO BXOJIHOIO Toka Ha 90° M COOTBETCT-
BYIOIIIasi MOIIIHOCTY MEPHUOIUYECKOT0 OOMEHA SHEPTUEN MEXKIY IBYXITOIIOCHUKOM
Y BHEITHEH IETbIO MPU JaHHOM BXOJHOM TOKE.

PeakTHBHOE CONMPOTHBJIEHHE — MHUMAsl YaCThb KOMIUIEKCHOIO COIPOTHBIICHUS,
OTpeeNAronas UHTEHCUBHOCTL OOMEHA SHEpPrued MEXIy IBYXIOJIOCHUKOM U
BHEIIHEN 1IETIHIO.

PeakTUBHBII MOMEHT — BPalJaIOIINI MOMEHT, Pa3BUBAEMbIN JBUTATEIIEM 3a CUET
MarHuTHOM aCUMMETPUU POTOPA.

PeakTUBHBII CHMHXPOHHBIN JBUraTe/b — JBUraTelib C HEBO30YXJAEHHBIM POTO-
POM, MarHUTHOE IOJI€ KOTOPOTO SBJISICTCS TOJIEM PEAKIIUU SIKOPSI.

PeakTHBHBIN TOK — COCTaBIIAIONIAsA BXOJAHOIO TOKA JBYXIIOJIFOCHUKA, CMEILIECHHAS
1o (aze OTHOCUTENIFHO BXOJHOTO HampsbkeHus Ha 90° M cOOTBETCTBYIOIIAsT MOIII-
HOCTH MEPUOJIUYECKOI0 OOMEHA PHEpruel MEXIy JBYXIOJIOCHUKOM M BHEIIHEH
LENbIO ITPU JAHHOM BXOJHOM HaIlPSKEHUH.

PeaKHI/Iﬂ AKOPHA MAaIIUHBI IMTOCTOTHHOTO TOKA — BOSI[GﬁCTBPIC MAaramMTHOI'O ITOJIA
SIKOPS Ha ITOJIC I'TTaBHBIX ITOJIIOCOB MAIlTMHBL.

Peakuusi sikopsi CHHXPOHHOM MAaIIMHBI — BO3/CICTBUE MArHUTHOTO MOJIsI, BO3-
Oy>KIaeMOoro CTaTopoM (SIKOpEM) CHMHXPOHHON MalluHBI, HA MAarHUTHOE IOJIE PO-
TOpA.

PeaqbHbI MCTOYHUK — UCTOYHUK IJICKTPUUYECKON DHEPTUH, 00JIaIat0MIUi BHYT-
PEHHUMH NIOTEPSMU.

Pe:xuM n1€eaJIbHOT0 X0JI0CTOr0 X012 ACHHXPOHHOIO JABUTATENsl — PEXKUM pado-
ThI IBUTATEJIS C HYJIEBBIM CKOJIbKEHHEM, T.€. C CHHXPOHHBIM BpaIllCHUEM MarHUT-
HOTO TOJISI U POTOPA, PEaTu3yeMblid 3a CUET BpaIllalOIIEro MOMEHTA JIPYyTroro JIBU-
raTesisl Uiu MeXaHu3Ma.

PexxuM KOPOTKOro 3aMBbIKAHMSI — aBApUUHBIA peKUM padboThl TpaHchopmatopa
IIPU 3aMKHYTBIX MEXAY CO00# BBIBOJAX BTOPUUYHOU OOMOTKH.

Pe:kuM KOPOTKOI0 3aMbIKAHUSI ACHHXPOHHOIO JBHUIaTeJsl — PEXUM padOThI
JBUTATENIS] C HEMOJBUKHBIM POTOPOM (IIyCK), IPU KOTOPOM 3KBHUBAJIEHTHOE CO-
IPOTUBJICHUE HATPY3KU B CXEME 3aMEIlEeHUs 00pallaeTcs B HyJb.

PesxuM KOpPOTKOIro 3aMbIKAHMS JIEKTPUYECKON Ienu — pexkuM paboThl UCTOY-
HUKa DJICKTPUYECKON SHEPTUU C 3aMKHYTBIMU MEXTY CO0O0M TOUKaMH IMOIKIIIOYE-
HUSA BHEIITHEU IIENH.

288



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

Pexum HenoBo30y:xaeHusi (nmepeBo30yKACHUsI) CHHXPOHHOM MAIUIMHBI — pe-
UM PabOThl ¢ MaJbIM (OOJBITUM) TOKOM OOMOTKH BO30YKJICHHMSI, IPU KOTOPOM
MalIuHa NoTpedIIaeT U3 ceT (OTAAET B CETh) MHIYKTUBHBIN TOK.

PexxuM X0J10CTOr0 Xoaa — pekuM pabOThl TpaHchopmaTopa MpU Pa3OMKHYTOU
1eNU BTOPUYHON OOMOTKHU.

Pe:xuM X0J10€TOT0 X012 ACHHXPOHHOTI'O IBUTaTeJIsl — PEXKUM pabOThI IBUTaTess
C OTCOCIMHEHHOW Harpy3Kou.

Pe:xxuM X0J10CTOT0 X012 JIJIEKTPUYECKOl Henmu — pPeXuM padOThl MCTOYHHMKA
AIEKTPUYECKOU IHEPTUU C OTKIIOUEHHON HArpy3KOH.

Pe3ucTHBHBIN 3J1eMEeHT — HJICAJIbHBIN AJIEMEHT 2JICKTPUUECKOM 1enu (MAcaaIbHbIN
pe3ucTop), 00IaaArONTNI TOTBEKO COTIPOTHUBICHUEM.

Pe3ucrop — snemeHT anekTpuueckor menu (pusmdeckuii 00BEKT), B KOTOPOM
MIPOUCXOIUT HEOOpaTUMOE MPeoOpa3oBaHUE YIECKTPUICCKON SHEPTUHU B TEILIOBYIO
Y OCHOBHBIM MTapaMETPOM KOTOPOTO SIBJISIETCS DIIEKTPUUYECKOE COMPOTUBIICHHUE.

Pe3onaHc — pexuM MaCCUBHOIO JBYXIIOJIIOCHUKA, COJEPKAIIETO0 UHAYKTUBHbBIC U
E€MKOCTHBI€ AJIEMEHTHI, NMPU KOTOPOM €ro BXOJHOE PEAKTUBHOE COMPOTHUBJICHUE
PaBHO HYJIIO.

Pe3onanc Hal'[pﬂ)KeHl/lﬁ — JABJICHUC PC30HAHCA B ITOCIICAOBATCIIBHOM KOHTYPEC, IIpHU
KOTOPOM HAIIPAKCHUSA HAa PCAKTUBHBIX 3JICMCHTAX KOMIICHCHUPYIOT APYT Apyra.

Pe3oHaHC TOKOB — SBJICHHE PE30HAHCA B MAPAUIEIIBHOM KOHTYpE, IPU KOTOPOM
PEAaKTUBHBIEC TOKU B BETBSIX KOMIIEHCUPYIOT IPYT ApPYyra.

PexynepaTuBHOe TOPpMOKeHHE — TOPMOXKEHUE JBUTATENS C OTAAYEN DJIIEKTpUYE-
CKOM DHEPIUU B MUTAIOLIYIO CETh.

Porop — Bpamaroniascs 4acTh 3JIEKTPUYECKONW MAIIUHBI.

C

CaMoOBeHTWIHPYEMBbIil IBUraTelIb — JIBUTaTellb, B KOTOPOM BEHTHJISIIUS OCYIIE-
CTBIIICTCS 3a CUET BpaIllCHUs pOTOpa U MOITOMY MPU U3MEHEHUHM CKOPOCTH Bpa-
IICHUS U3MEHSIIOTCS YCIIOBUSI TETIOOTBO/IA.

CBerTOK — MaKCHMaJIbHOC 3HAYCHHC TOKa B IMCPECXOAHOM ITPOLECCC IMOAKIIIOYC-
HHA OCIINU C MHAYKTHUBHBIM 3JICMCHTOM K CCTH IICPEMCHHOT'O TOKaA, O6YCJ'IOBJ'ICHHO€
HaJINn4ucm CBO60,IIHOI>1 COCT&BJ’IHIOH.If?ﬁ TOKa U IPCBBIMIAOIICC AMIIMTYIHOC 3HaA-
YCHHC B YCTAHOBUBIICMC: PCIKHUMC.

CBOJCTBO 00pPaTHMOCTH JIEKTPOMEXaHHYECKUX MpeodpasoBaTesieil IJHEPrun
— M000# IIEKTPOMEXaHUYECKU TTPeoOpa3zoBaTelbh MOXKET OCYIECTBISATh MPeoo-
pa3oBaHMe HHEPruM B JBYX HampasieHUsX. [IpeoOpa3zoBaHue 3IIEKTPUUECKON
DHEPIrUM B MEXAHMYECKYIO HA3BIBACTCS PEKMMOM JIBUTATENs, a MEXaHUYECKOH B
IIEKTPUUYECKYIO — PEKUMOM I'e€HEpaTopa.
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CesizanHas TpéxdasHasa cucrema — Tpéx(dasHas 1enb, B KOTOPOM HUCTOYHUKH
ANEKTPUYECKOW SHEPTUH ANEKTPUUYECKH COETUHEHBI MEXIY CO00M M MPUEMHHUKU
(Harpy3ka) COeIMHEHBI MEXAY CO0O0il.

Ce1eKTMBHOCTB 3aIIMTHI — CIIOCOOHOCTH OTKJIIOUEHHUS aBapUITHOTO Y4acTKa CETH
B KOHIIE 3allUIIaeMON JTUHUH.

CumMeTpryHasi HArpy3Ka — NPUEMHUK (Harpy3ka) ¢ OJUHAKOBBIMU KOMILIEKC-
HBIMH (pa3HBIMU COTMPOTUBJICHUSIMHU.

CuHycOUIAJBHBIA TOK — AJIEKTPUUYECKUN TOK, U3MEHSIONIUNCA BO BPEMEHU IO
CHHYCOUJAIIbHOMY 3aKOHY.

CHHXpOHHASl MAIIMHA ¢ MATHUTOJIEKTPHUYECKUM BO30YyKIeHHEeM — MAIlIMHA, B
KOTOPOM MarHUTHOE I0JIE POTOPa BO30YKIAETCS OCTOSHHBIMUA MarHUTaMH.

CuHXpOHHAA MALIMHA C 3JIEKTPOMATHUTHBIM B030Yy:KIeHHEeM — MalllHa, B KO-
TOPOH MarHUTHOE I0JIe pOTOpa BO30YKIaeTcs 3JIEKTPOMArHUTOM, T.€. Pacrolio-
KEHHOM Ha poTOpe OOMOTKOMN BO30YKIECHUS.

CuHXpOHHOE HHAYKTHMBHOE CONPOTHUBJIEHHE — CYMMa WHJIyKTUBHBIX CONPOTHUB-
JICHUH pacCcesHUs U peaKiuu sIKopsi pa3HOH OOMOTKH cTaTopa.

CI/IHXpOHHbIe MallIuMHBbI — 6€CKOJ'IJ'ICKTOPHBI€ QJICKTPUYCCKNEC MAIIMWHBI, B KOTO-
PBIX OBUKCHHUC MArHUTHOI'O IIOJIA U PpOTOpa B CTATHYCCKOM PCIKUMCE IIPOUCXOOUT
CHUHXPOHHO.

CUHXPOHHBIH KOMIIEHCATOP — OOJEer4éHHBIN CUHXPOHHBIA JBUTATENbh, pabo-
Taroluii 0e3 HArpy3Ku Ha Bay B PEXKUME NMEPEBO30YKICHUS U TTPEeTHA3HAYCHHBIN
JUTSI KOMIIGHCAIIMK TMOTPEOHOCTH B MHAYKTUBHOM TOKE JIPYTUMHU MOTPEOUTEISIMU,
ITOJKJIFOYEHHBIMU K TOM KE CETH.

CkoJibkeHue — pa3HOCTh CKOPOCTEN BpallleHHs] MArHUTHOTO MOJISl U pOTOpa aCUH-
XPOHHOTO JABUTATENs, OTHECEHHAS K CKOPOCTH BpPAILLEHUS MOJIS.

CoryiacoBaHHbIN pe:KUM pPadoThl JJIEKTPUYECKON Henu — PEXXUM, IIPH KOTOPOM
UCTOYHUK 3JIEKTPUUECKON SHEPIHH OTAAET B HAIPY3KYy MAaKCUMAJIbHO BO3MOXHYIO
MOILHOCTb.

ConpoTuBJIeHHEe — TIApaMeTp, XapaKTEePU3YIOUIHA CIOCOOHOCTh PE3HCTOpa OCYy-
IIECTBIATH MIPEOOpa30BaHNE YHEPTUHU U YUCICHHO PABHBIN OTHOIICHUIO BETNIMHBI
HaTPsDKEHUS Ha PE3UCTOPE K BETMYUHE IPOTEKAIOIIETO TI0 HEMY TOKa.

CocpenoroueHHasi 00MOTKA — 0OMOTKA, COCTOSIIAs U3 OJTHOU KaTYIIIKH.

Cpez[Hee SHAYCHHUC CI/IHyCOI/IZ[aJIbHOﬁ BECJIMYIHUHBI — CPCAHEC 3HAYCHNEC CUHYCOH-
I[EU'IBHOﬁ BEJIMYUHBI 32 MOJI0KUTECIbHBIN IMOJIYIICPpHUOI.

CraTtuveckoe CONMPOTHBJIEHHE — OTHOIIECHUE NAJCHUS HANPSHXKEHUST HA HEJMHEH-
HOM PE3UCTHUBHOM 3JIEMEHTE K MPOTEKAIOIIEMY 10 HEMY TOKY.

CTaTOp — HCIIOABHKHAA 4aCThb BHGKTpH‘{eCKOﬁ MalllNHHI.

290



Yeonvyee A.A. Obwaa anekmpomexHuka

FOCYARCTBEHHBI YHUBEPCUTET

Cxema 3aMelleHuA MArHUTHOM nernum — ¢xemMa, B KOTOpOfI C IMIOMOIIBIO YCIIOBHBIX
0603HaquHﬁ, IIPHUHATBIX B JJICKTPUYCCKUX LCIIAX, I/1306pa)K€Ha B3aMMOCBA3b Mar-
HUTOABMKYIIUX CHII U MAIrHUTHBIX IIOTOKOB B MarHuTHOM OCIIN.

Cxema 3aMeleHHs YJIEKTPUYECKON 1leNMH — YCTIOBHOE N300pakeHNEe MapaMeTpOB
YCTPOMCTB U 0OBEKTOB AJIEKTPUUECKON 1M, TPUHUMAEMBIX B pacU€T P aHAIH-
3€ 3JIEKTPOMATrHUTHBIX MPOIIECCOB.

T
Tok 3aMBbIKAHHUS HA 3eMJII0 — TOK, CTeKa}OIlII/Iﬁ B 3CMIJITO 4CPEC3 MCCTO 3aMbIKAHU.

TonoJsiorusi — paszzen MaTeMaTUKH, U3y4YalOIIUA TOMOJIOTHYECKHE CBOMCTBa (u-
ryp, T.€. CBOMCTBa (PUTYp, HE U3MEHSIOLIUECS MIPU B3aUMHO OJIHO3HAYHBIX HEIpe-
PBIBHBIX OTOOPAKEHUSX.

TpancpopmaTop HanpsizKeHUs1 — CTaTUYECKOE (HE MMEIOLIEe JBMKYIIUXCS Yac-
T€) 3JIEKTPOMarHUTHOE yCTPOMCTBO, MPEJHA3HAUEHHOE I TpeoOpa3oBaHus O1-
HOT'0 IEPEMEHHOT0 CUHYCOUAAIIBHOTO HAMPSIKEHUS B IPYTroe TOM e YaCTOTHI.

TpéxnpoBognasi Tpéxdasnas cucrema — TpéxdasHas Lenb 0e3 HEUTPAIbHOTO
(HyJIeBOT0) MPOBO/IA.

Tpéxda3nas uenb — COBOKYITHOCTh TPEX AP MCTOYHUKOB IEKTPUUYECKOW DHEP-
MU U NPUEMHUKOB, MPUYEM aMIUIUTYIbI U 4acToThl DJ[C UCTOYHHUKOB OJUHAKO-
BbI, a2 HaYaJIbHBIE (Pa3bl CMEIIEHbI OTHOCUTENBHO ApYT Apyra Ha 120°.

Tpéxdazublii TpanchopmaTop — TpanchopmaTop ¢ pazHbIMU OOMOTKAMH, pac-
MOJIO’)KEHHBIMU Ha OOIIEM MarHUTOMNPOBOJE, B PE3yJbTaTe uero Mexay ¢azamu
CETU KpPOME BJIEKTPUUYECKOM CYIIECTBYET TaKKE€ MATHUTHAS CBSI3b.

Y

YriaoBasi XapaKTepHMCTHKA CHHXPOHHOM MAallIMHBI — 3aBUCUMOCTh BPAILAIOIIETO
MOMEHTA CHHXPOHHOW MAaIlIMHBI OT YTJla Harpy3KH.

¥Yros MAarHUTHBIX NMOTEPH (YroJ MATHUTHOTO 3ama3AblBaHMsI) — YTOJI, JIOMOJI-
st 10 90° yron ¢a3oBoro CMeEmeHHS TOKa OTHOCHTEIBHO HAIPSIKEHUS B
UJeaIbHOM KaTylike ¢ (eppOMarHUTHBIM cepaeuHukoM. [lotepu sHeprun B mare-
puane cepAeYHUKa MPONOPIMOHAIBHBI CHHYCY 3TOTO yIJia.

Yroa Harpy3km — yroyl MeJ1y OCSIMA MarHWTHBIX IOJIEW CTAaTOpa U pOTOpa WIIH,
YTO TO K€ caMoe, MEeXy BeKTopamu npoTuBo-2/(C 1 HanpsokeHus: TUTaHus Qasz-
HOl OOMOTKM CTaTopa, BEJIMYKMHA KOTOPOTO OMPENEISETCS MOMEHTOM, JEHCTBYIO-
IIUM Ha BaJI CHHXPOHHOHN MallUHBI.

¥Yroa norepb — yrod, JOMOJHSIOMNUNA Yroll (a30BOT0 CABUTA MEXKIYy TOKOM U Ha-
NPSKEHUEM KaTyIIKH HHAYKTUBHOCTH (KOHAEHcaTopa) 10 90°.

Y3en 3ﬂeKTpI/I‘leCKOﬁ e — COCANHCHUC TpéX u 00Jiee DIIEMEHTOB.
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YkopoyeHHbIN (YIJIMHEHHbIH) AT 0OMOTKH (BUTKA, KATYNIKH) — IIal' MECHb-
1ie (00JIBINE) OTFOCHOTO JSCHHS.

YI)aBHeHI/le ABUKCHUA MPUBOIA — YPABHCHHUC OajlaHca CTaTHYECKUX H JUHaMH-
YCCKHUX MOMCHTOB, ﬂCﬁCTBYIOHIHX Ha BaJI OJICKTPOABUTATCIIA.

YcuieHHasi M30JSIIUSA — HU30JALMS DJICKTPUUECKUX IIENel SKBUBAJCHTHAsI IO
CBOMCTBaM JBOMHOUN HU30JISAIINH.

()

da3a tpéxda3Hoil menm — yacth TpEx(dazHOM IMenu, BKIIOYAIONAS HWCTOYHHK
AIEKTPUUYECKOU SHEPTUHU U MOJAKIIOUEHHBIN K HEMY IPUEMHUK (Harpy3Ky).

da3Hoe cONPOTUBJIEHUE — COTPOTHUBIICHHUE (Pa3bl MPUEMHHIKA (HATPY3KH).

®azubie J/IC, nanpskeHus: U Toku — D/1C, HanpspKeHU U TOKU B (hazax TpEX-
dazHol 1enmy.

da3Hblii POTOP — POTOP ACHHXPOHHOTO JABUTATENS C TpeMs (a3HBIMA 0OMOTKaMH,
COCIMHEHHBIMU 3BE3JI0M, Hauajla KOTOPBIX Yepe3 KOHTAKTHBIE KOJIblla U IIETKH
BBIBE/ICHBI HA KJIEMMHYIO KOJOJKY JJIsl TOAKIIOUEHHS K BHEIIIHUM 3JIEKTPUUECKUM
LETISIM.

Deppope3oHaAHC — PE30HAHC B DIJIEKTPUUYECKOM LIEMH, CONEPIKALLEH KaTYIIKy C
(eppOMArHUTHBIM CEPICYHUKOM.

@Deppope30HAHCHBIN CTA0OMIM3ATOP HANPSKEHUs (TOKA) — YCTPOWCTBO s
NOJIEP>KaHMs TOCTOSIHHBIM 3HAUEHMS HANPsHKEHUS (TOKa) B DJICKTPUUECKOM 1enH,
UCIIOJIb3YIOIIEE JIJIsl 3TOTO BOJIBT-AMIIEPHYIO XapaKTePUCTUKY (Heppope30HaHCHOTO
KOHTYpa.

dusnyeckass HeUTPaJdb — JMHUS, NPOXOIAIIAS YEPE3 TOUKM BO3AYLIHOIO 3a30pa
C HYJIEBBIM 3HAYEHUEM UHIYKIIUU.

X

XapakTepuCTHKA XO0JIOCTOI0 X042 CHHXPOHHBbIC MAIIMHbI — 3aBUCHUMOCTH Be-
muunHbl DJC, HaBOAMMOW MarHUTHBIM TIOJIEM POTOpPa B 0OMOTKE cTaTopa MpH OT-
KJIIFOYEHHOM TIUTAHUA W HOMUHAQJIBHOMW CKOPOCTH BpAIIEHHUs, OT BEJIUYHMHBI TOKA
0OMOTKH BO30YXACHUS.

Xapakrepuctuka U-o0pa3Hasi CHHXPOHHOW MAIIMHBI — 3aBUCUMOCTb BEJIMYH-
HBI TOKAa CTaTOpa CUHXPOHHOM MaIIMHBI OT BETUYMHBI TOKA BO30YKIEHUS, MOIY-
YEHHas NP MTOCTOSTHHOM HArpy3Ke Ha Baly M MMEIOIIasl BUJ KPUBOU C CHIJIBHO BBI-
paXeHHbIM MHUHHUMYMOM, COOTBETCTBYIOIIMM PEXUMY pabOThl C YUCTO aKTUBHBIM
TOKOM.
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I0, 1

Huxa (metJist) rucTepe3nca — 3aBUCUMOCTh MATHUTHOM MHIYKIMU OT HAMPSKEH-
HOCTHM MArHUTHOTO TOJiA MpU €€ CUMMETPUYHOM ILHMKIMYECKOM H3MEHEHUH,
uMmeromas GpopmMy 3aMKHYTON KpUBOH (METIN).

Yer1uipéxnpoBoanasi Tpéxdaznasi cucreMa — TpéxdasHas 1enb ¢ HEUTpaTbHBIM
(HyJIEBBIM) IPOBOJIOM.

11, 111

IIa6ionHass 00MOTKA — pacripeeiéHHass 00MOTKa, COCTOAIIAs U3 KaTyIIeK OJU-
HAKOBOM (hOPMBI C OJTMHAKOBBIM I11aTrOM.

IIlar o0OMOTKM (BHTKAa, KATYHIKHM) — PAacCTOSIHUE MEXIy I1a3aMd, B KOTOpBIE
yJIoxkeHa oOMOTKa (BHTOK, KaTyIlIKa), BHIPAXKCHHOE B CIMHHIIAX H3MEPEHHS IIO-
JIXOCHOTO JCJICHUS.

IlaroBbiii (MMIYJIbCHBIN) JABUIaTeJb — CUHXPOHHBIM JIBUIATENlb, Y KOTOPOTO
JBUYKEHUE MAarHUTHOTO TOJS U POTOpPa MPOUCXOJUT AUCKPETHO (11araMu) 3a CU€T
MOOYEPENHOTO MEPEKIIOUEHHUS MIUTAHUS CTATOPHBIX OOMOTOK.

IInxToBanme (0T HeM. Schichte - cioii) — pa3jielieHle MaTepralia MarHUTOPOBO-
Jla Ha OTACJIbHBIC W30JIMPOBAHHBIC TIJIACTUHBI BOJIb HAMIPABIICHUS MAarHUTHBIX JIH-
HUM JJ19 YMEHBUICHUS TOTEPb OT BUXPEBBIX TOKOB.

IIléTka — TPOBOJHUK, U3TOTOBJICHHBIM M3 MaTepuajia ¢ MajbiM K03 HUImeHToM
Tpenus (rpadut, OpoH30-TpaduT) U 0O0PA3YIOMIUNA CKOJB3AIMIUN DISKTPUUCCKUN
KOHTAKT C KOJIbLIAMH WJIM KOJUIEKTOPOM POTOPA SIEKTPUUECKON MAIIUHBI.

IéTOYHO-KOMJIEKTOPHBII y3€eJ — MEXaHUYECKUI MpeoOpa3oBaTelb MOCTOSTHHOTO
TOKa B IIEPEMEHHBIM.

9

IKBUBAJIEHTHbIE CUHYCOHUABI — CHMHYCOMJAJIbHBIC BCIIMYWHBI TOKA W HAIIPSIKC-
HH:, HGIZCTBYIOHIHG SHAYCHUSA U aKTUBHAA MOIIHOCTb KOTOPLIX PABHBI HCfICTBYIO-
UM 3HAa4YCHUAM U AKTUBHOM MOIIHOCTU HCCHHYCOUJAJIBbHBIX IMCPUOANICCKUX BC-
JIMYKWH Ha BXOAC ABYXITOJIIOCHHKA.

DJIeKTpUYecKass MallMHA — BJIEKTPOMEXaHUYECKH MpeoOpa3oBaTesib SHEPIUH,
OCHOBAHHBIN Ha IMPUHLHUIIE 3JIEKTPOMAarHUTHOI'O B3aUMOJEHCTBHUSL.

DJleKTPUYECKAasl CeTh € IIyX03a3eMJIEHHOM HEHTPAJIbIO — CETh, B KOTOPOW HEM-
TpaJibHasi Touka (HEHTpasib) reHepaTopa Uiu TpaHchopmaTropa HENOCPEeICTBEHHO
MIPUCOEANHEHA K 3a3EMJIISIIOIIEMY YCTPOMCTBY.

JJeKTpU4YecKasi ceTb ¢ M30JMPOBAHHOM HEMTPaJbI0 — CETh, B KOTOPOU HEM-
TpaJibHasi TOUKa (HEUTpasib) reHepaTopa Wik TpaHcpopMaropa He MpUCOeTMHEHA K
3a3eMJISIFOLEMY YCTPOMCTBY.
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JJIeKTpUYecKas Henb — COBOKYITHOCTh TEXHUYECKUX YCTPOICTB U OOBEKTOB, IO
KOTOPBIM IIPOTEKAET JIEKTPUUECKUN TOK, U DJIEKTPOMArHUTHBIE ITPOLIECCHI B KOTO-
PBIX MOTYT OBITH ONMKMCAHBI MOHSTHSIMHU 3JEKTPOJABIXKYLIEH CHUJIbI, TOKA U Hamps-
KEHUS.

DJleKTpUuYeckuii MpuBoa (3JIEKTPONPHUBOI) — BJICKTPOMEXAaHUYECKas CUCTEMA,
cocTofllas M3 DIEKTPOABUTATENA, NPEeoOpa3oBaTENIbHOr0, MEPEAATOYHOTO U
YIPABJISIONIETO YCTPOUCTB, MPEIHA3HAYCHHBIX ISl IPUBEJCHUS B JIBUJKEHHUE pPa-
0ouero opraHa MaIIMHbI U YIPABICHUS TUM JIBUKEHUEM.

JJIeKTPU4YeCKHd TOK — HAIIPABIICHHOE JIBUKEHUE AIIEKTPUUECKUX 3aPsI0B.

JyeKTpru4ecknid PUIbTP — yCTPOWCTBO, MPEIHA3HAYECHHOE JI1 YCUJICHHS WJIU
NOAABJIEHUS B DJIEKTPUYECKOW LENN TOKOB WJIM HAIPSKEHUM ONpPENeSIEHHOW 4Jac-
TOTBI WJIA AAIIA30Ha 4acToT.

JJileKTpuYecKoe HANpsKeHUe (MajgeHue HANPSKeHUsl, HanpsiakeHue) — padora,
HeoOXxoaumast JUIsl IEPEMEILEHUS 3aps0B HA HEKOTOPOM YUYacTKe JIEKTPUYECKON
LENU W YUCJIEHHO paBHAsl HHEPruu, OTAABAEMON E€IMHUYHBIM 3aps/ioOM Ha 3TOM
y4acTKe.

DJIEKTPOABMAKYIIAST CHJIA — CWIA, NEHCTBYIOIIAs HA JJIEKTPUUECKHE 3apsalbl U
BBI3BIBAIOIIAs MX JBMKEHUE W YHCJIEHHO paBHAs dHEPIuH, MOJIy4aeMOM eIuHMY-
HBIM 3apsJIOM Ha y4acTKe IeHCTBUS ITON CHUIIBI.

DJIeKTPOMATHUTHOE paccesiHue — SBJICHUE HETOJHON AJIEKTPOMAarHUTHOU CBS3HU
JBYX MHIYKTUBHO CBSI3aHHBIX IICTICH, BBI3BAHHOE C OTBETBJICHUEM YacCTH MarHMT-
HOI'0 MOTOKA U3 MarHUTOIPOBOJIAa B BO3IYLIHYIO CpPEY.

DAIUNTHYECKOEe MATHUTHOE I0Jie — Bpamaromecca MaroHuTHOC I10JIC, rozlorpa(b
BCKTOPpA MHAYKIUHU KOTOPOT'O ABJISICTCS 3JIJIMIICOM.

P PeKTHBHOE YUCT0 BUTKOB 00MOTKH — PacY€THOE YHCIIO BUTKOB pacIpejie-
J€HHONM OOMOTKHM AKBHUBAJIEHTHOE YHCIy BUTKOB COCPEIOTOUYEHHOM OOMOTKH C
IIOJIHBIM IIIATOM.

A

SBJieHMe TUCTEpe3nca — 3aBUCUMOCTh 3HAUYCHUSI MATHUTHOM MHIYKIMU TIPU JaH-
HOW HANPSHKEHHOCTH MAarHUTHOTO TOJIS OT €€ MPEAUIECTBYOIINX 3HAYECHU M.

SlxkopHoe ynpaBJjieHHe — PETYJIMPOBAHUE CKOPOCTH BpAIICHUS ABUTATENS MMOCTO-
SHHOT'O TOKAa IMTyTEM U3MEHEHUS HANPSXKEHUS MTUTAHUST SIKOPSL.

HKOpb — POTOP MAIIKUHBI ITIOCTOAHHOTO TOKA.

SAxopb ¢ ne4yaTHOH 0OMOTKOM — MaJJOMHEPLIMOHHBIN SIKOPb, Y KOTOPOTO MPOBO/I-
HUKH OOMOTKH BBITIOJTHEHBI IIEYATHBIM CIIOCOOOM.

294



OI'JTABJIEHHUE

BBEOIICHIE «..euereerrecenersecseessensecssensessssssesssssssssssssssssssssssssssssssssssssssssssssssssd

Yacrs 1. IJJIEKTPUYECKHUE u MAT'HUTHBIE LHEITN
1. DJiekTprUYecKHe HEeNH MOCTOTHHOTO TOKA .eveereersssssssecssssssssscsssssssssssssssssssssssd

[ BRC ) (9794071 (S0 2 E 01 ()1 SRS 4
1.2 OcHOBHBIE BEIUYNHBI, XapAKTEPUIYIOIIHNE IICKTPUUECKYIO LEMb ........ 6
1.3 TTaccuBHBIE PTIEMEHTBI ATEKTPUUECKOM IETI . ...eeeeereerrreeeeeirreeeeeeaeraeenss 10
1.4 AKTUBHBIE 2JIEMEHTBI SJICKTPUUCCKOM LIETIM ....vveeeeeeeerrreeeeereeveeeeeenenneenns 14
1.5 OcHOBHBIE 3aKOHBI IJEKTPUIECKUX IETI€H MTOCTOSHHOTO TOKA.............. 18
1.6 DkBHUBaJIEHTHBIE TPEOOPA3OBAHUS DIEKTPUUECKUX HEIEH .................... 20
1.7 MeToapl pacu€Ta SAEKTPUUECKUX LETIEH .oevvrurrrreeerriiireeeeeniieeeeeseiieeeees 25
1.7.1. MeTon HEMOCPEACTBEHHOTO MPUMEHEHUS 3aKoHa OMa.............. 26
1.7.2. MeTton HeNocpenCTBEHHOTO MpUMEHEeHHsI 3akoHOB Kupxroda .27
1.7.3.METO KOHTYPHBIX TOKOB ......vvteeeeruurreeeesnnrreeeesnnnreeesssssseeessnnnnns 29
1.7.4. MeTo1 Yy3TMOBBIX TOTEHLIMATIOB ......evvveeeeenerrreeeeannrreesesnnnnneeesannnnes 30
1.7.5. METOIT HATTOMKEHUS - eeeeeeeeeee e e eeeeeeeeeeeeeeeeeeeeeeeeeaeeeaaeeennaeees 32
1.7.6.MeTo1 S5KBUBATICHTHOTO TEHEPATOPA.ceuevvvrreeeernnrrreeeennnnreeeennnnnns 33
2. DJIeKTpHYeCKHE el CHHYCOMAATBHOI0 NIEPEMEHHOI0 TOKA ..cceeereveeeesssss3S
2.1. OCHOBHBIE NOHSTHUS TEOPUU U 3aAKOHBI JIEKTPUUECKUX LETEH............. 35
2.1.1. Cunycounanbabie DJIC, TOKH U HAMPSIAKEHHUS .....eeeeeeerveeeeennnne 35
2.1.2. ITonyuenue cuHycouanbHOM DIIC....ccuviiiiiiiiiiiiiiiiiieeieeee 37
2.1.3. U3oOpakeHne CHHYCOUTATBHBIX (DYHKITUNA BEKTOPAMM.............. 38
2.1.4. OcHOBHbIE 3JIEMEHTHI U TApaMETPhI JIEKTPUUECKUX LIETEeHl......41
2.1.5. 3akon OMa. [TaCCUBHBIN IBYXITOTIOCHHK .....veeeenerreernereeeenereeennnn. 46
2.1.6. 3aKOHBI KHPXTOPA.....evviieiiiieeiiieeeiie e 53
2.2. AHanmn3 3NIEKTPUUYECKHUX LENEN CUHYCOUAAIBHOTO TOKA.....uvveeeneeennnne 55
2.2.1. Hepa3BeTBIEHHAS LENb CHHYCOUAIBHOTO TOKA .ccovvvveeennereennne 55
2.2.2. [TapanyieIbHOE COETUHEHUE BETBEH ....ccevvvvreeeeeriiieeeeeeiireeeeenee 58
2.2.3. CxeMbl 3aMeIIEeHUs KaTyIIKU WHIYKTUBHOCTH U KOHJEHCcaTopa 62
2.2.4. CMEUIaHHOE COETUHEHUE DIIEMEHTOB «..ceneeeeneeeeeeeeeeeeeeeneeeeenaaees 64
2.2.5. KomIuiekcHbIA METO pacy€Ta 1enel MepeMEeHHOr0 TOKA.......... 66
2.2.6. PE30HAHC B AJIEKTPHUUCCKUX HETIAX .vvveeerrerrreeeenrerreeeeennnreeeeennnnns 70
2.2.7. llenu ¢ UHAYKTUBHO CBSI3aHHBIMU JJIEMEHTAMH. ........eeeernevennnne. 77
3. TPEX(PABHDBIC LEIIHM  ..cveverreccsssrnnsecssssrsssssssssssssssssssssssssssssssssssssssssssssssssssassssssss 32
3.1. Honyuenune TpéxdazHoi cUCTEMBI DIIC .....cc.ooviiriiiiiiiiieieiieeeee 82
3.2. CBA3ZBIBAHUE TPEX(DAZHOM CHUCTEMDBI ....eeeereveeeeeireeeereeeaireeeenereeeennneeeenns 84
3.3. Pacuér uenu npu COCAMHEHUUN HATPY3KHU 3BE3HOM ....vvvveerriniieeereninneenn. 86

3.3.1. CoenuneHune Harpy3Ku 3B€3710M ¢ HEUTPaJIbHBIM IPOBOJOM .....86
3.3.2. CoequHeHue Harpy3Kku 3Be3/10M 0€3 HeUTpaJlbHOrO TpoBoa....87

3.4. Pacuér nenu npu COCIUHEHUU HATPY3KU TPEYTOIBHUKOM ................... 89
3.5. MOMIHOCTD TPEXPABHOM LICTIH ......eeeerreeeerreeeeieeeeereeesereeessneeessneeeensnens 91
3.5.1. MouHOCTh IPU HECUMMETPUUYHOMN HATPY3KE ...evvveeeernerrreeeennnnnne 91

295



3.5.2. MOIHOCTh OPU CUMMETPUYHOU HATPY3KE .oeeereerrreeeernrrreeeennnne 91
4. DyleKTpUYECKHE HENH HECUHYCOUTATBHOTO TOKA cecvererrrecsssnssrsessssnsssscssssss )2
4.1. PaznoxxeHue nepuoandeckoi PyHKIUU B TPUTOHOMETPUYECKUIMA

03 01 SRR 92
4.2. OCHOBHBIE XapaKTEPUCTUKU MEPUOIUYECKUX HECUHYCOUIATBHBIX
12101 17 1 171 SO SRR 94
4.3. MOIIHOCTh LENU HECUHYCOUTATBHOTO TOKA ....vvvvvreeeeanerrreeeennnrreeeeannnnns 96
4.4. PacuéT 1IeNM HECUHYCOUATBHOTO TOKA . .vveeeeerurrreeeeenerreeeeeannreeeeensnnens 97
5. IlepexoaHbie MPOUECCHI B AJTEKTPHUUYECKHX HETAX ceeerssrsrsecsssssssssssssssassscssse | 00
5.1. KommyTtanus. 3akoHbl KOMMyTalu. HayainbHbie yCIOBUS ................. 100
5.2. Knaccruueckunii METOI pacu€ra NEPEXOAHBIX MPOLECCOB .....ceeeerrnnnnneen. 101
5.3. IlepexoiHbIE TPOLIECCH] B LIENH C NHAYKTUBHBIM U PE3UCTUBHBIM
DIIEMEHTAME .....eeeeenuerreeesenneteeeessanuneeeessannseeeessaassseeeessnssseeesssnnsseeesssnnsseeesssnnsees 103
5.3.1. [logknroueHune uenu K iCTOYHUKY noctostHHou D/C ............... 105
5.3.2. OTkiIt04EeHUE LENU OT UCTOYHUKA nocTostHHOU DJIC ................ 106
5.3.3. IlepexoaHble NMPOLECCH TPU MEPUOINYECKON KOMMYTAIUH...... 107
5.3.4. IlopknroyeHue nenu K MCTOYHUKY cuHyconaansHon DJ1C ...... 108
5.4. IlepexoiHbIE TTPOIIECCHI B MU ¢ EMKOCTHBIM U PE3UCTUBHBIM
o (1Y (5] £ 211 1 (SRR 110
5.4.1. IlogkiroueHue nenu K UCTOUHUKY noctositHuon /C ............... 111
5.4.2. Pa3psjika KOHACHCATOPA YEPE3 PEBUCTOP ..vvvreeeeerrrrreeensnrvrneeaaens 112
5.4.3. IlepexoaHble TPOLIECCHI PU MEPUOJUYECKON KOMMYTAlUH...... 1 13
5.5. Pa3psiika KoHI€HCAaTOpa Yepe3 KaTyIIKy UHIYKTUBHOCTH ................... 114
5.5.1. Anneproar4eCcKuil TePEXOTHBIM MPOIIECC ..veeeeeurrrrreeeeeerereaeennnes 116
5.5.2. KoneOaTenbHbIN MEPEXOTHBIA MPOILIECC ..vvvreeeeerrreeeeanereeeeeeennnnes 118
6. HesiHEHHBIE 3TTEKTPHUYECKHUE IETIH aeeeeererrrrreecsssssssssssssssassssssssssssssssssssassssssss |l 19
6.1. HenMHENHBIE PE3UCTUBHBIC DJIEMEHTBL. ... ..eeeeuereeeiireeaiieeeeniieeesnaeeeennnne 120
6.2. AHanIU3 LENU C HETUHEUHBIMU JIBYXTOIIOCHUKAMU ....cceveevrreeeeennnnenenn 122
6.2.1. Llenb ¢ ICTOYHHUKOM ITOCTOSTHHOTO TOKQ........ccevvvvvvrererrrererreneennnns 122
6.2.2. [lenb ¢ KICTOUHUKOM MEPEMEHHOTO TOKA ....vvveeererrrreeeennerreeeennnns 124
6.3. AHaIU3 LENU C HEJTMHEUHBIMU TPEXTIOTIOCHUKAMM  .....ceenevvreeeeennevaeensnn 126
7. MarHuTHbIE LN ¢ MOCTOAHHOM MATHUTOABHKYIICH CHIIOM coeevvevneeeeeeeec 128
7.1. OCHOBHBIE HOHATHS U 3aKOHBI MATHUTHBIX HETIEH ..cenneeenneeeeeeeeneeennnnn. 129
7.2. CBoiicTBa PEPPOMATHUTHBIX MATCPHATIOB .....evvveeeeerreeeerreeennreeeenereeeenens 132
7.3. Pacy€T Hepa3BETBIEHHON MATHUTHOM LIETIH .....ceeeeervvrreeeennrreeeeeennnnnenns 133
7.3. 1. TIPAMAS BAZIAUA. ....ccceeiueriieeeeiiiieeeeesirreeeeesirreeeeesaareeeeeenaaeeeeeennnns 133
7.3.2. OOPATHAS 3AIIAUA ......uveeeeereeeeereeeerreeeeireeessreeesreeeesseeeensseeeennnes 134
7.3.3. 1lenb ¢ MOCTOSHHBIM MATHHITOM .......ccccuvvvvereeeeeeeeeeeennnnreeeeeeeeeeens 135
7.3.4. Cuna TPUTSIKCHUS MATHHUT . ....eeeeeeeevrreeeeesnrreeeeeennreeeeesssnnseeeeennns 136
8. Karymika ¢ MAarHUTONIPOBOOM B LEITH MEPEMEHHOI0 TOKA..eeeersureeessneeeess 137
8.1. DneKTpOMarHUTHBIE MPOLECCHI ITPU IEPEMEHHOM TOKE .....eeveeenneeeennnne 137
8.1.1. ITOTEPH OT THCTEPEBUCA .....eevvveeeeeiiiiieeeeniirieeeeeiereeeeennaneeesennnens 138
8.1.2. ITOTEPH OT BUXPEBBIX TOKOB ...cceeuvrrrreeernrrreeeeansnrreeesasnneeessennnsens 140

296



8.1.3. BexTtopHast AuarpaMMa u CXE€Ma 3AMEIIEHHUS .....ccceruvvveeeeernnvnennn. 141

8.2. YIIpOUIEHHBIN aHATN3 JNEKTPOMATHUTHBIX MTPOLECCOB ....ceeuvvvreeennnnne 144

8.3. SIBIICHUE (DEPPOPEIOHAHCA ..cvvvvreeeuereeeenereeranrreeenssreeesnseeeensseeesssseeesssseeens 145
Yactsp 2. DJJIEKTPUUYECKUE MAIINHbBI

9. TPAHCHOPMATOPDBI  ceeevrrrccsssnsrrccsssssssnscssssssnscssssssssssssssssssssssssssssssssssssssssssses 1 49

9.1. YCTPOMCTBO U IPUHIUI ACHCTBHS c...eeevveeeeesnerrreeeeererreeesennsseeesessnseeens 149

9.2. MaremaTu4ecKkasi MOJICIIb TPAHCHPOPMATOPA.....cceervreeeerrrereerereeeaereeeannns 151

9.2.1. YpaBHEHHE MarHUTOABUKYIIUX CUIT U TOKOB .....eeeeeeruerrreeeennnnne 151

9.2.2. YpaBHEHHUS DNEKTPUUECKOTO COCTOTHHS ..vvvreenerrrrreeannrvreeeennnnnes 152

0.3, CXEMA BAMEILICHUS . ..ccnuveenreeenireenieeeniteenreesteeenteeenseeesaeeesareesseeesaeenneeens 152

9.4. BEKTOPHAS IHATPAMME ......vveeeeeierreeeeeanrreeeeeannreeeeessnnseeesessssseeessssnssens 154

9.5. PEXKHUM XOTOCTOTO XOI@.c..uveeeuereerreenireenriernureensreensreesueesseesnseeessseesseens 155

9.6. PEKUM KOPOTKOTO 3AMBIKAHHS ....vveeeeeeerrereeeaerreeeeeesnsreeesennsseeeesssnseeeas 157

0.7. BHEUIHSSA XAPAKTEPHCTHKR ..eeeeruurrrreeernurrreeesannrareeesssannreeesssssseeesssnsnseees 159

9.8. [ToTepu SHEPTUH B TPAHCHOPMATOPE ..eeeererreeeerrreaereeeennreeeennreeeensseeennnns 161

9.9. Tpex(azHbIC TPAHCPOPMATOPDI ....eerrurrreernrreeranrreeerreeeenreeeesseeeenseesennns 163

9.10. ABTOTPAHCHOPMATOPBL....c.uevieeeierieeeirieeeireeeaereeeesreeenereeessseeeensseesennns 165

9.11. U3sMepUTENBHBIE TPAHCHOPMATOPDI ..eeeererreeeerrreeereeeerereeeessreeeensseeeannns 167

10. ACHHXPOHHDBIE IBUTATEIIH «ovvevrereccssssssecsssssssssssssssssssssssssssssssssssasssssssssssssssse | 10

10.1. Bpamaronieecss MATHUTHOE TIOJIC......uuvveeeeererreeeeeasnnrreeesessnneeeesssnnnseeens 170

10.2. YCTpOMCTBO Y MPUHITUATT IEHCTBHS ....vvveeeeeeerreeeeeeiirreeeeennneeeeeesnnneeens 174

10.3. DAEKTPOABIIKYITHAEC CHITBI OOMOTOK ...eecuvvveeenerereeereeeeereeeennreeesnseeennnns 177

10.4. MarHuTOABMXKYIITUE CHIIBI 1 MATHUTHBIE TTIOTOKH OOMOTOK ............... 178

10.5. YpaBHEHHS JIEKTPUUECKOTO COCTOSHUS U CXEMA 3aMEIIEHUS ........... 179

10.6. PexxuMbl paOOThl ACUHHXPOHHOTO JIBUTATEIIS «..ceeeueveeeennreeeenreeennneeennnns 182

10.7. DHEPTETHUCCKHUI OQITAHC .....veeeeevreeeeireeeeireeeeiteeeeetreeeereeeesreeeesreeeennns 184

10.8. Bpamaroniuii MOMEHT U MEXAHUYECKAS] XaPAKTEPUCTHUKA .................. 186

10.9. TTYCK IBUTATEIIS .....eveeeeeiiireeeeeeiiieeeeessiireeeeessiiaeeeessnnnreeessnssseeesssnnnneeens 189

10.10. PerynmupoBaHUE CKOPOCTH BPAILEHUS .ceeeuvvrvreeerannrreeeesnnrreeeesannnneeess 192

10.10.1. PerynupoBaHue U3MEHEHUEM YHCIIA I1AP MOJIOCOB................ 192

10.10.2. PerynupoBaHue NOHUKEHUEM HANIPSIKEHUS IUTAHUA. ........... 193

10.10.3. PerynupoBaHue U3MEHEHUEM COMPOTUBIICHUS LIenu poTtopa. 194
10.10.4. PerynupoBaHue U3MEHEHUEM YacTOThI MUTAHUS (4aCTOTHOE

JOS A1 020010) : 13 1 () PP SURUPPRPR 194

10.11. OgHoda3zubie u 1Byx(ha3Hble ACUHXPOHHBIE ABUTATEIH ................... 196

10.11.1. OTHO(DA3HBIC TBUTATEI . ... ..eeeeveernreernreeeereennreenseesseeensneennnes 196

10.11.2. JIBYX(Da3HBIC ABUTATCIIN ......vveeereeenreeanreeenreennseenseeeseesnssesnnnes 198

11. CHHXPOHHBIC MAIIMHBL ccccuveerecssssrcsssssecssssssssssssessssssessssssessssssssssssssssssssessassase 200

11.1. YCTpOUCTBO M IPUHIIUIT JEHCTBH ....ceeeneveeernireeeaireeenieeeenneeeennreeenane 201
11.2. YpaBHeHue HanpsiKeHUH OOMOTKH CTaTOpa U BEKTOPHAs

JIAATPAMME ...veeeeeurrreeeeesnnrreeesesansseeesssnnsseeesssssssseesssssseeesssnsssseesssnsssseesssnsnseees 205

11.3. PaGoTa CHHXpPOHHOT'O T€HEpATOpa HA ABTOHOMHYIO Harpy3Ky ........... 206

297



11.4. MomHOCTh U BpallatOIUi MOMEHT CUHXPOHHOW MAILIHHBI ............... 207

11.5. ITyCK CHHXPOHHOTO JIBUTATEIS ... eeeeeeennerreeeeannnrrreeeennnnsreeessnnnsneeesesnnneees 209
11.6. PerynupoBanuie KOAQMUITUESHTA MOITHOCTH ....ecervvreerrevreeennvveeenneeennnns 212
11.7. CuHXpOHHBIE IBUTATEIN ABTOMATUUYECKUX YCTPOUCTB.....evveeeeernenee.. 214
11.7.1. PEAKTUBHBIE JIBUTATEIIM «..cvnneeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeeeeeeeeeenaeeenns 215
11.7.2. TUCTEPE3UCHBIC IBUTATECII  ...ceeeeererrreeeeernnrreeeeennnreeeeensnnseeeesnnnnns 217
11.7.3. HHIQrOBBIE ABUTATEIIH «...ceeeneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeneeeeeeaeeenns 220

12. /IBUTaTe/IH MOCTOSTHHOTO TOK A uuseeeeeseeeesssssssssssasssssssssssssssssssanssssssssssssssssssaasd 22
12.1. YCTpONUCTBO Y MPUHITUTT JIEUCTBHS ....vvvveeeeeneirieeeeeenivreeeeeeneveeeeeennnneeeas 222
12.2. MarHuTHas ¥ SJEKTPUUECKAS HETTH MAIIMHBI .......evvvvereeeenerreeeeeeeenenen. 224
12.3. DIIEKTPOMAarHUTHBIA MOMEHT MALIMHBL .......veerureenireeireenireenreeeieeenanes 227
12.4. PEAKITHS STKOPS ....uuvvvrrrieeieeeeeeeeseiiiitreeeeeeeeesasasnnssssseeeeeeseessssnsssssseeeesseeens 228
12.5. KOMMYTALIEIS ...vveeeeuiiieeeiiieeeiteeeeieeeeeteeeeeteeeesnseeesnnneeesnseessnnseeesnsseesns 230
12.6. DHepreTnyeckre COOTHOLIEHUSI MAIIUH TOCTOSTHHOTO TOKA .............. 232
12.7. XapakTepUCTUKH JBUTATEIIEH IIOCTOSHHOTO TOKA ..ceevuuvreerurreeauneeenns 234

12.7.1. XapakTepUCTHKHU ABUTATENIel MapajiieIbHOro Bo30yxaenus .234
12.7.2. TopMO3HBIE PEKUMBI IBUTATENEN TAPAJUIEIBHOTO

BOBOYIKIICHUST ...vveeeeevveeeserreeesesreesssseeeasssseesssseeessssssessssseesssssesssssesesssseeenns 237
12.7.3. XapakTepuCTUKHU ABUTATEIICH MTOCIEA0BATEIHLHOIO
BOBOYIKIICHUST ...vveeeeevreeesureeeessreesssseeeasssseesssseeeessseessssssesessssessnssesesssseesnns 240
12.7.4. Topmo3HBIE peKUMBI IBUTaTEJIEH MOCIEI0BATEIBHOTO
BOBOYIKIICHUST ...vveeeeevveeeserreeesreeessssseeasssseesssseeeesssseesssseeessssessssssesesssseenans 242
12.7.5. XapakTepuCTUKHU ABUTATENIeH CMEIIAaHHOTO BO30YKIEHUS .....242
12.8. UcnonmHUTENbHBIE ABUTATEIIA HOCTOSHHOTO TOKA ....vvveeeeeniiireeeenneenees 243
12.9. KO/IeKTOpHBIE IBUTATENH MEPEMEHHOTO TOKA. .. evvveernerreeaireeennreeenns 245
13. OCHOBBI JJICKTPONPHBOIA «cceveeernsrecsssssessssssesssssassssssssssssssssssssasssssssssssasssssss 240
13.1. YpaBHEHHUE ABUIKCHUS TIPUBOIA ...ceeeernnrrrreeeennnrrreeeennnerreeeeanannreeesennnneees 247
13.2. YCKOPEHUE U 3AMETNTIEHUE TIPUBOIA ....vvveeeeeneevrreeeennnrrreeesannnrreeesannnneees 248
13.3. HarpeB 1 OXJTQXKACHUE IBUTATEIICH ... .vvveeeeereriieeeeniiireeeeeniireeeeennnnees 250
13.4. HomuHanbHbIE PEKUMBI PAOOTHI ABUTATEIICH ...eeevvvveeeerieeeveeeeeveeenes 252
13.5. BBIOOP MOITHOCTH JBUTATEIICH ...vvveeevvereeerreeeiereeeeereeessereeesssseeesssseeens 253
13.6. BBIOOP THUITA IBUTATEIIS «..eeeuvvveeeereeeeereeeeereeesssseeessseeesssseesssssseesssseeens 257
14. O01He BONpPOCHI JIEKTPOCHAOKEHHUS U IJIEKTPOOE30MACHOCTH ..........ee. 259
14.1. O61IHe BOIIPOCHI IJCKTPOCHAOKEHHUS ....evveeeeevveeeerreeeereeeesnreeeeneseeeenens 259
14.1.1. DIICKTPUUCCKUIE CETH ..vvvreeeererrrrreeesnrrreeeeasnrrreeeeasinsseeeessssseeeennns 259
14.1.2. 3anuTa SIEKTPUUECKUX CETCH...ceerurrrrreeeeiiiieeeeeriiieeeeesivveeeeeans 260
14.1.3.Tlotepu sHEpruu B SNEKTPUUECKUX CETAX U CIIOCOOBI
MTOBBIIICHUS SKOHOMHUYECKHUX MOKAZATCIICH ....eeeerniirieeerrniirieeennnieeeeenss 262
14.2. OCHOBBI DEKTPOOCIOTIACHOCT  .......evveeeeerreeeerreeeenreeesisseeeaisseeesssneeens 264
14.2.1. YcioBus TOPaKEHUS DNEKTPUUECKUM TOKOM ....ceevneveeennureennnnn 264
14.2.2. 3anmmTa OT NOPaKEHHUS DIIEKTPUUECKUM TOKOM........eveerueeeennnne 267

JIHTEPATYPAcccueeeiiiiiiiirnrnicsscsnnnnccsssssssncssssssssncssssssssnsssssssssssssssssssssssssssssssssssssssnsssss2 1 1
D JTOCCAPHHE couuveeerricsisnnrnccssssnnnnecssssnssnessssssssssssssssssssssssssssssssnssssssssssssssssssssasssssssss 1 2

298



@
rOCYAAPCTBEHHbIA YHUBEPCUTET ‘l\\\

1915209>

«ObpasoBaHue»

B 2007 rogy CIIOI'Y UTMO cran noOeauTeneM KOHKypca MHHOBALMOHHBIX
obpazoBaTenabHbIX Mporpamm By30B Poccun Ha 2007-2008 roawi. Peanuzanus un-
HOBAIMOHHOM 0Opa3oBareiabHO mMporpammbl «IHHOBaIlMOHHAS CHUCTEMa MOJTO-
TOBKH CIEIMAJIMCTOB HOBOT'O TOKOJIEHUS B 00JaCTH MH(POPMALIMOHHBIX U ONTHYE-
CKHX TEXHOJIOTMI» MO3BOJIUT BBINTH Ha KAUECTBEHHO HOBBIM YPOBEHB MOJATOTOBKU
BBIIIYCKHUKOB M YJIOBJIETBOPUTH BO3PACTAIOUIMI CIIPOC HA CHEUUAIMCTOB B HH-
(opMaIMOHHOM, ONTUYECKON U APYTUX BBICOKOTEXHOJIOTMYHBIX OTPAciisiX 3KOHO-
MUKH.

KAGEOPA SNEKTPOTEXHUKWU n
NMPEUN3UOHHbIX SNIEKTPOMEXAHUYECKUX CUCTEM

B 1930 rogy TeXHHMKYM TOYHONW MEXaHUKH W ONTHUKH OB pEOpraHu30BaH B
y4eOHBIM KOMOWHAT, COCTOSIIMNA W3 MHCTUTYyTa, TexHukyma u ®3Y B cucreme
Bcecoro3noro o0beiuHEeHUsI ONTUKO-MEXaHUYECKON MTPOMBIIUIEHHOCTH.

B Te roapl 37EKTPOTEXHUYECKYIO TTOATOTOBKY B HAIIEM MHCTUTYTE IMPOBOJIH-
71 Kadeapsl « ITEKTPOTEXHUKI» U «DIEKTPOU3IMEPUTENBbHBIX pudopoBy. Kaden-
poil «DnexkTpoTexHukn» pykooauia mnpod. CanreikoB JI.LH., a kadeapoi «Inek-
TPOU3MEPUTENBHBIX MPUOopoBy» npod. [umenos JLII.

C cents6ps 1933 roma ucnonHATh OOA3aHHOCTH 3aBEAYIOIIEro Kadeapoii
«DNEeKTPOTEXHUKWY HAIlIero MHCTUTYTa HaunHaeT PykaBumaukoB H. H, a ¢ HOs0-
ps 1937 rona, Ha 3aBegoBanne Kadeapoil HazHadaeTcs COJIOJOBHHKOB A. A., U3-
BECTHBIM CIEIUATUCT B O0JACTH DJIEKTPOTEXHUKH, DJICKTPOUIMEPUTEIIbHBIX MPHU-
O0pOB U 000PYIOBAHUS.

Bo Bpewms Bolinbl npu sBakyaruu JIMTMO B r. UepenanoBo kadenpoit pyko-
BOAMII JAOL., K.T.H. bepe3nukoBckuii C. ®.; mratHoe pacnvcanue Kaeapsl B Te
roJibl HACYUTHIBAJIO BCErO 4 YEIOBEKA.

[Tocne Bo3Bpamenus JIMTMO u3 spakyanuu B 1944 rony xadeapoii 3aBeayer
bepesnukorckuit C.®d., kotoporo 25 suBaps 1945 roga ocBoO0X1al0T OT 00s3aH-
HOCTel 3aBeayromiero kademnpoi «OOIEH U CIEMATBLHON AIISKTPOTEXHUKW» U Ha-
3HAYaI0T 3aBEIYIONIMM 3Toi Kadeapoii npodeccopa 3unmurenkesuya C..

B nocneBoeHHbIE TOAbI B LIETIOM IO CTpaHe U B JIeHUHIpazae omrymaics Je-
(ULIUT OMBITHBIX MPENojaBaTelIei BhICHIECH HIKOJIbI U PYKOBOACTBO MHCTUTYTOM
NPUTTACUIIO B KayecTBe 3aBenyromiero kadeapoit «OOmeil u cnenuanibHOl diek-
TPOTEXHUKW» U3BECTHOTO YU€HOro, nejarora u merogucrta [Imorposckoro JI. M.
BonbmMHCTBO y4€OHUKOB MO 3JEKTPUUYECKUM MalllMHAM B Ty TOPY OBLIO Hamuca-
HO [TuoTpoBckum JI.M. TUYHO WM B COABTOPCTBE C IPYTUMH BUIHBIMU YUCHBIMHU.



B 1948 rony Ha 6aze xadeapsl «OOmIEH U ceUaIbHON JIEKTPOTEXHUKM
obpaszyrorcs kadenpol: «OOImEr SIeKTPOTEXHUKH U JJIEKTPUUYECKUX MAIIUHY
3aB.ka@. gou. bepesnukoBckuit C.®@., «TeopeTUYECKUX OCHOB 3JIEKTPOTEXHUKI
3aB. kad. npod. CnensH JI.b. u «DnekTpousmMepuTeaIbHbIX TPUOOPOB» HUCIOJ-
HAIOIIMH 00s13aHHOCTH 3aB. Kad. npod. Crernsia JI.b.

B 1951 roay kadenpsl «nekTporexHuku» U «TOD» 00beIUHSIOT B €AMHYIO
kadenpy «nexkrporexHukd U TOD» mol pyKoBOJACTBOM J01. bepe3HuKoBCKOro
C.®. B cocraBe Pagnorexuudeckoro (hakynpTeTa,

B 1956 rony Ha pagmorexHudeckoMm (hakyJabTeTe BHOBb 00pa3yrOTCs JBE Ka-
denper — «TOD» 3aB. kad. gou. CouneB A.S. u «DNEKTPUUECKUX MAIIMHY 3aB.
kad. morn. bepesnukosckuii C.D.

B utone 1958 roga non. CouneBa A.fl. 0cBOO0OXIal0T OT 00sI3aHHOCTEN 3aB.
kad. «TOD», a mon. ®ynroBa H.M. Ha3HauaioT B.H.0. 3aB. Kad. U U30MPAIOT 1O
KOHKYPCY Ha JOJDKHOCTB 3aBeayromniero B 1960 roxy.

B 1961 rony B JIMTMO Ha A0mKHOCTh 3aBeyroniero kadgeapoit « nekTpu-
YeCKHMX MalluH» npuriamatot npodeccopa Caxaponsa A.Il.

B 1965 rony Ha mHOMKHOCTH 3aBeAyOIIEro kKadeapoil «IIeKTPUYECKUX Ma-
IIUH» U30upaercs J1o1l., K.T.H. ['mazenko T.A.

B 1968 roay xadenpsr «TOD» 1 «DNEKTPUIECKUX MAITUH» O0BEAUHSIIOTCS B
eIUHYI0 Kadenpy «DNeKTPOTEXHUKU» 1oj pykoBoAcTBOM T.A. ['nazeHko.

TaTpsana AnaronbseBHa [ 1azeHko B 1948 roay ¢ oTiiMurneM 3aKOHYMIIA SHEpPre-
Tudeckuid (paxkynprer JICHUHTpaJCKOrOo MHCTUTYTa MHXKEHEPOB YKEJIE3HOI0OPOKHO-
ro tpaHcnopta. B 1953 roay ona 3ammTiiia KaHAWUAATCKYIO JUCCEPTALUIO U B
1966 romy MOKTOPCKYIO NHUCCEPTALMIO. 3aClyKEHHBIN JIeITellb HAYKH U TEXHUKHU
Poccuiickoii @enepannn, MOYETHBIA WIEH DJIEKTPOTEXHHMUECKOW akaaemMuu Poc-
cun ipo¢. ['mazenko T.A. nBaguath nsATh JeT Bo3riasisuia kadenpy. OHa sgBIs-
Jach BUIHBIM, TBOPUYECKH aKTUBHBIM y4€HbIM, aBTOpoM Oosee 200 omyOauKoBaH-
HBIX HAyYHBIX padoT.

B 1990 rony Ha 1omKHOCTH 3aBeayolero kadeapoi nzdupaercsa npodeccop,
n.T.H. 'epman - ['ankun C.I.

B 1996 rony xadenpa «31eKTpoTeXHUKN» Oblia MepeMMeHOBaHa B Kadeapy
«INEKTPOTEXHUKU U MPEIUZUOHHBIX FJIEKTPOMEXAHUYECKUX CUCTEM.

C 1991 roma xadempoil pyKOBOAUT MOIEHT, KaHIWIAT TEXHUYECKUX HAYK,
TomacoB Banentun CepreeBuu.

C 1992 no 2005roxas! Ha kKadeape padoTall 3aCiay>KEHHBIN JIeATeNh HAYKH U
TexHukn Poccuiickont ®enepanuu, ACUCTBUTEIbHBIM WieH MexayHapOaHOU
DHepreTruuecKou akajaemMuu, mpodeccop, 1.1.H., Cabunns 10.A..

Ceronus Ha kadenpe paboraroT: mpodeccop, a.1.H. OBunanukoB WN.E.; mo-
ueHThl, K.T.H.: 'ydbanoB H.H., bopucos I1.B., /lenucoBa A.B., Kporenko B.B., JIy-
knueB J[.A., Hukutuna M.B., Ocunos I0.M., IlerpoB E.A., Cunuupsin B.A., Co-
noBbeB B.U., TonmaueB B.A., YconbueB A.A.; noueHt ['ypbsiHoB B.A.; cT. npeno-
naBarenu: k.T.H. Maxun W.E., JleancoB K.M.; accuctentsl: Cepebpsiko C. A.,
Knanos N.H.
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