MHAHHUCTEPCTBO CEJBCKOI'O X034 CTBA P®

®IOYy BIIO "BPSIHCKHI T'OCYJIAPCTBEHHBIN
ATPAPHBIA YHUBEPCUTET"

Kadenpa cucrem sneproodecrneueHus

O.E. lllupoGokoBa

DJIEKTPOTEXHUKA U JJICKTPOHUKA

Y4eOHO-METOAUUECKOE TT0COOME
JUTSL CAMOCTOSITEIIEHOTO M3YYeHHS Kypca «DIEeKTPOTEXHUKA U
ANIEKTPOHHKA» CTYACHTaM-0akanaBpam, 00yJaroIiuMCst
no HanpasieHuto 15.03.04 - «ABToMaTU3aIMUs TEXHOIOTHYECKUX
MIPOIIECCOB U IMPOU3BO/ICTBY

Bbpsack 2015



VJIK 621.3.(076.5)
BKK 31.1
111 76

[InpobdokoBa O.E. DnekTpoTeXHUKa U 3JICKTPOHHUKA. Y YeOHO-
METOANYECKOE MOCOOME K BBIMOJIHEHUIO CAMOCTOSITEIIHHON PadoThI
crynearos/ O.E. llupo6okosa. - bpsack: M3garensctBo bpsuckuii
Ay, 2015 - 86 c.

Y4eOHO-MeTOANYECKOe MOCOOME COCTaBIECHO IJIsi BBIIOJIHE-
HHUS CaMOCTOSITENBbHON pabOTHl CTYJACHTOB IO AWCIMIUIMHE «DJIEK-
TPOTEXHHUKA U AJNEKTPOHHKA» sl OakamaBpoB, O4HOU (PopMBI 00y-
uennst HanpaBieHus 15.03.04 - «ABromaTH3anus TEXHOIOTHIECKUX
IPOLIECCOB M MPOM3BOJACTBY». KpaTko M31I0KeH TEOPETHIECKH Kypc,
HpUBECH HaOOp 3a71a4 Il CaMOCTOSATEIBHON PaOOTHI U TIOPSIOK HX
BBITIOJTHEHHSI.

Peuensent: 1.T.H., npodeccop Kucens 10.E.

PexomMeHI0BaHO K M3JaHMI0 METOAMYECKON KoMHuccuen ¢a-
KyJIbTETa SHEPreTHKH U npupoaonons3oBanus BI'AY, nporokon Ne6
or 22.06.2015 .

© Bpsiackas 'CXA, 2015
© IlIupoboxosa O.E., 2015



IIpenucioBue

IloaroToBNEeHHOE METOAUYECKOE MOCOOME MO Kypcy «IIeK-
TPOTEXHHKA M HJIEKTPOHHUKA» TSI CAMOCTOSTEIEHON pabOTHI CTyIeH-
TOB, COOTBETCTBYET IPOTPaMME M BKJIIOYACT KPATKHH TeopeTHde-
CKHI MaTepHas 10 OCHOBHBIM pa3/ieNiaM JWCIUIUIMHEL 3JIeKTpHIe-
CKHE LIETH MOCTOSHHOTO U CHHYCOUIAIBHOTO0, a TakKe TpeX(a3HOTo
TOKa, TIEPEXOIHBIC TPOIECCH B JIMHEHHBIX SJIEKTPUYECKUX IEIX,
3IIEKTPOMArHUTHBIE YCTPOHCTBA U 3JEKTPUICCKUE MAIIHHBI.

B mMeToandyeckoM mocoOuu faeTcsi 3HAYUTEIBHOE KOJIMYECTBO
Marepuana, KOTOPBIH MOXHO HCIIOIb30BaTh IPH IOJTOTOBKE U BBI-
HOJIHEHWHU KYPCOBOM paboTHI, IpH cade 3a4éTa M dK3aMeHa I10 JIHC-
[UTUIAHE.



TI'JIABA 1. DjekTpu4yecKue enH MoCTOSIHHOT0 TOKA
1.1 OcHoBHBbIE MOHSITHSI U ONIPeIeTeHusI

Hanpsocénnocmo snekmpuueckozo noas - BeKTopHas pusude-
CKasg BeMYMHA, XapaKTepHU3YIOmas JJIEKTPUIECKOe ToJie B JaHHOU
TOYKE W YWCIIEHHO paBHAs OTHOIICHHWIO CHIJIBI JCWCTBYIOMIEH Ha
HEIMOABW)XHBIA TOYEUHBIM 3apsii, MOMELIECHHBI B NAHHYK TOUYKY
TOJISI, K BEJIMYMHE 3TOTO 3apsijia.

Hanpsixk€HHOCTE 3neKTpudeckoro monst B MexayHapoaHOM
cucteme equnann (CU) m3mepsercs B BombTax Ha MeTp [B/M] nmm B
HBIOTOHAX Ha KynoH [H/Ku].

[lon HampspkeHHEM TOHUMAIOT Pa3HOCTh MOTEHIINAIOB MEXITY
TOYKAMH y4YacTKa JJIEKTPUYECKON menu. Hanpsoicernue — 3TO dHEp-
TUS, KOTOpas 3aTpavyMBaeTCs Ha TEpEeMeIIeHHe SIUHHYHOTO IT0JIO-
JKUTEIFHOTO 3apsa U3 TOYKH a B TOUKY b. DT0 ckamspHas (huzude-
ckas BennunHa. Equanna namepenus - Bonst (B).

Hpyroe omnpenencHue NOHATUS "HanpspKEHUE' - 3TO 3HEPrus,
KOTOPYIO 3apsifi TPATUT B MOTPEeOUTENE, YUCIEHHO paBHAsl Pa3HOCTH
MOTEHIIMAIOB Ha 3aKUMaX IMOTPeOnTes.
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Pucynok 1.1 — Yyacrok anekrpudeckoit nenu 6e3 3J1C

CuuTtaercs, 4To 3JIEKTPUUYECKUI TOK Bcerja Te4e€T oT Ooiee
BBICOKOTO IOTEHIMajda K Oosiee HU3KoMy. CrnenoBarenbHO, Ha
yaactke ((¢, >¢p,) BenmmunHa mnaaeHus HanpspkeHus (IR) wmm
(0,=@ptIR), otkyma (@,-p=Ux=IR)). JlaHHas BBIKIIaZKa COOTBET-
cTByeT ydacTky Oe3 ucrounuka JJIC. Hanpspkenwe dwamie Bcero
HA3bIBAIOT TaJIEHUEM HalpspkeHus. Ero HampaBieHwe cOBMalaeT ¢
HaIpaBJIeHUE MPOTEKAHUS TOKA.

C yuetom D/IC nanpsikenue U, paBHO @,-Qc. Bripakas ¢b
yepes (pC MoTydaeM:



op= @cE,
02 =0p+IR= @.-E+IR,

otkyna Ugp= @~ 0.=IR-E

B cnyuae m3menenus Hanpsoxerns, I1C

Ov= QcHE;

0= Pp+IR= @ +E+IR;

oTKyIa Qa- Oc=IR+E=U,; (BombT).

ITo BeIOpanHOMY HampaBieHHIo Toka Uca= @¢- 0;= -Uye= -( -
Pe)= Pc- Pa:

CHCHOB&TGJ’IBHO, N3MCHEHUE Y€pE€AOoBaHUA HWHACKCOB pPaBHO-
CHJIbHO U3BMCHCHHIO 3HAKaA.
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Pucynok 1.2 — Yuacrok anexrpuueckoit nenu ¢ 34C

B obmem crmyuae U,=Z(IxRy)+ZEy, rme co 3HaKoM TUIIOC B
nepByro cymmy Bxozdat IR, coBmanaromue ¢ BoIOpaHHBIM HallpaBJie-
HueM. C MUHYCOM, €CIIM HE COBIAIAtoT.

Bo Bropyro cymmy 9/IC BXOAAT ¢ MMHYCOM, €CJIM UX HallpasJie-
HHE COBIAAET C BEIOpaHHBIM HAIIPABJICHUEM, a C ITFOCOM Ha00O0pOT.

Pasnocme nomenyuanos (HanpspkeHue) MEKAY IBYyMs TOUKa-
MH paBHa OTHOIIEHHIO PabOThHI MOJIS NPU MEPEMEIICHUH IOJOKH-
TEJIBHOTO 3apsijia N3 HA4aIbHOW TOYKM B KOHEUHYIO K BEJTMYMHE 3TO-
ro 3apsaa. Ecnu 3a HyneBo#l ypoBeHb OTcueTa MOTEHIMANA IPUHSATD
NOTEHNHAaN OSCKOHEYHO YAAJeHHOW TOYKU IOJS, TO MOTCHLHAl B
JAHHOM TOYKE paBeH OTHOLICHHIO paOOTHI AJIEKTPOCTATHUECKUX CHIT




0 TIEPEMEIIIEHHUIO MTOJIOKUTENBHOTO 3apsiia U3 JaHHOW TOYKH B Oec-
KOHEYHOCTH K 3TOMY 3apsIy.

Enuanma pa3sHocTH MOTeHIMANoB. EMWHUITY pa3HOCTH MTOTEH-
[IMAJIOB YCTaHABIUBAIOT C MOMOIIBI0 popMmyisl. B MexmyrapoHoi
CHCTEME eIWHUI] paboTy BRIPAXKAIOT B JHKOYJISAX, a 3apsl - B KyJO-
Hax. [loaTOMy pa3sHOCTh MOTEHIAIIOB MEXIY ABYMS TOYKAMH YHC-
JICHHO paBHa €JMHHUIIC, €CIU MpH IepemMenieHuu 3apsana B 1 K us
OJTHOM TOYKH B JIPYTYIO JEKTPUUECKOE T0JIe coBepIraeT paboty B 1
k. Oty equaniy Ha3siBaoT BosbToM (B); 1 B =1 Jx/1 K.

1.2 DJIeKTpUYecKasi menb U ee 3JIeMeHThI

B snekTpoTexHHKe paccMaTpUBAETCSl YCTPOWCTBO M MPHHITHIL
JEHCTBUSI OCHOBHBIX 3JIEKTPOTEXHHUUYECKUX YCTPOWCTB, MCIOJb3Ye-
MBIX B OBITY M TPOMBIIIICHHOCTH. UTOOBI 3JEKTPOTEXHUYECKOE
YCTPOMCTBO padoTaio, MOJKHA ObITH CO3/1aHa AJIEKTPUUCCKAS IIETb,
3ajiaya KOTOPOH Mepenarh 3JIEKTPUIECKYI0 SHEPTUIO 3TOMY yCTPOH-
CTBY 1 00eCTIeulTh eMy TpeOyeMBbIi pexKUM paOOTHI.

DNEeKTPUUECKON LIENbIO HA3bIBAETCA COBOKYITHOCTh YCTPOHCTB
U 00BEKTOB, 00Pa3yIOIIUX IMYTh IS JICKTPUYECKOTO TOKa, JJICK-
TPOMarHUTHBIE TPOIECCHl B KOTOPBIX MOTYT OBITh OIMCAHBI C TO-
MOIIBIO TTIOHATHH 00 3ekTprudeckoM Toke, IJC (aMeKTpoaBIKYILas
CHJIA) U DJICKTPUUECKOM HaIPsSHKEHHH.

Jnst aHanmi3a U pacuera dJIeKTprIecKas e rpaduuecKy mpe-
CTAaBJISIETCS. B BMJIE DJIEKTPUYECKONW CXEMBI, COJEpIKallledl YCIOBHBIE
0003HaYEHHSI €€ IIEMEHTOB M CTIOCOOBI X COSAMHEHHUS. DNEKTPUUECKast
cXeMa TPOCTEHIel 3JIeKTPUYEcKOol Ienu, obecrednBaromeiil pabory
OCBETHTEIIHHOH anmapaTypebl, peicTaBlieHa Ha puc. 1.3.

Pucynoxk 1.3- DnexTpuueckas 1eb



Bce ycTpoiicTBa 1 00BEKTHI, BXOASIINE B COCTAaB dJIEKTpUUeE-
CKO¥ 1er, MOTYT OBITh

pas3zeseHbl Ha TPU TPYIIIbL:

1) McTOYHMKY DIIEKTPHISCKON dHEPTUr (TTUTaHUA).

OOuyM CBOMCTBOM BCEX MCTOYHHMKOB IUTAHUS SIBISETCS Ipe-
o0pa3oBaHHe KaKOTO-TMO0 BUIa SHEPTUH B dIEKTpHUecKyro. McTou-
HHUKH, B KOTOPBIX IPOHUCXOAUT IpeoOpa3oBaHHUE HEIIEKTPUUECKON
SHEPIUH B 3JIEKTPUUECKYIO, HA3bIBAIOTCS MEPBUYHBIMH HMCTOYHHKA-
MH. BTopruHbIE HCTOYHMKM — 3TO TakMe MCTOYHUKHU, Y KOTOPBIX U
Ha BXOJZ€, M Ha BBIXOJE — DJICKTPUUECKAsl 3HEPIrusl (HanmpuMmep, BbI-
NpSMUTEIIbHbIE YCTPOICTBA).

2) IloTpeburenn AMEKTPUIECKON IHEPTHU.

OO0muM CBOHWCTBOM BCeX MOTpeOUTENEH SIBIAETCS IPeoOpas3o-
BaHME DJICKTPOIHEPIHH B IPYTUe BHUIBI 3HEPTHM (HAampuMmep, Harpe-
BaTeNbHBIN puodop). MIHOTIa TOTpeOnTENN HAa3bIBAIOT HATPY3KOH.

3) BcnomorarenbHble 3J€MEHTHI ENH: COCTUHUTEIIBHBIE IPO-
BOJIa, KOMMYTAallMOHHAS ammapaTrypa, amnmnaparypa 3aliuThl, ©3MEepH-
TeJIbHBIE PUOOPHI U T.J., 0€3 KOTOPHIX peaabHast

1ens He paboTaer.

Bce snemeHTBI LeTM OXBadeHbl OJHUM 3JICKTPOMArHUTHBIM
MPOLIECCOM.

B onextpuueckoit cxeme Ha pucyHke 1.3 snexTpuueckas
sreprus ot ucrounuka D/C E, obOnagatomero BHyTpeHHUM COIPO-
TUBJICHUEM Tj, C TIOMOIIBIO BCIIOMOTaTEIbHBIX 3JIEMEHTOB LIEMH I1e-
penaroTcsl 4epe3 perylnupoBOUYHBI peoctaT R Kk morpeburesnsm
(Harpy3ke): anekTpuieckum nammnodkam EL1 u EL2.

1.2.1 OcHoBHbIe MOHATHS U ONpeaeTeHUsl A5 dJIeKTpule-
CKOH 1enu

I[J'ISI pacucTa U aHajlin3a pcajibHasd 3JICKTpHUYCCKasd LCIb IMPEa-
CTaBJIACTCA rpaqmqecxn B BUIC pacquHOﬁ BHGKTqueCKOfI CXCMbI
(CXGMBI 3aMeH_[€HI/IH). B »sroii cxeme PCAJIbHBIC 3JICMCHTHI LICIIA
1/1306pa>1<a}0Tc51 YCJIOBHBIMHU 0603Ha‘{eHI/I${MI/I, npuicMm BCIIOMOra-
TCIBHBIC 3JICMCHTHI LICIIN OOBIYHO HE I/1306pa)KaIOTCH, a €CJIM COIIpo-
THUBJICHUC COCAWHUTCIIbHBIX MMPOBOJAOB HAMHOI'O MCHBIIC COIIPOTHUB-



JICHHsl APYTHX 3JIEMEHTOB ILIEIH, €r0 He yYMTHIBAaIOT. MICTOUHMK Nu-
TaHUsA NoKasbiBaeTcsl kak ucrounuk J/IC E ¢ BHyTpeHHum cormpo-
TuBeHUeM 10, pealbHble MOTPEOUTENH 3JIEKTPUUECKOW 3HEPruu
MOCTOSIHHOTO TOKA 3aMEHSIOTCS MX 3JCKTPUUECKUMH MapaMeTpaMu:
akTHBHBIME comnpoTuieHusIMA R1, R2,....Rn. C momorrsio compo-
TUBJIEHUsI R y4YUTHIBAIOT CIIOCOOHOCTH PeajbHOr0 JIEMEHTA LENH
HEoOpaTHUMO NpPeoOpa30BHIBATh INMEKTPOIHEPTUIO B APYTHE BUBI,
HampHuMep, TEIUIOBYIO MIIH JIy4UCTYIO.

[pm 3THX ycnoBusax cxema Ha pucyHke 1.3 MoxkeT ObITh Tpen-
CTaBjJicHA B BHJE PAcCUYECTHOH d3JIEKTPHUYCCKON cxeMbl (puc. 1.4), B
KoTopoi ectb ucTouHuK nutanud ¢ DJC E u BHyTpeHHUM compo-
tuBJeHneM 10, a MOTpeOuTeNH MEKTPHUECKON SHEPTUU: PETYITUPO-
BOYHBIN peoctat R, snexrpuueckue namnouku EL1 u EL2 3ameHeHbl
aKTHUBHBIMU conpotuBieHussMu R,.R1 u R2.

m
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Pucynok 1.4 — PacdeTHas cxema 3JIeKTPHUYECKOM 1enu

Ucrounnk J3JIC Ha amekTpuyeckoit cxeme (puc. 1.4) mMoxet
OBITH 3aMEHEH MCTOYHHKOM HampspkeHus U, ImpuyueM ycIOBHOE I0-
JIOKUTENbHOE HampaplieHHe HampsokeHus U HCTOYHHMKA 3aJaeTcs
MIPOTUBOIIOIOKHBIM Harnpasienuto J/]C.

IIpn pacuere B cxeme 3JIEKTPUYECKOW IIETIH BBIAENSIOT He-
CKOJIBKO OCHOBHBIX 3JIEMEHTOB.

BeTBb 351eKTprdecKoii 11enu (CXeMbl) — y4acTOK LIEMHU C OJHUM
Y TeM K€ TOKOM. BETBb MOXET COCTOSATH M3 OJJHOTO MIJIH HECKOIBKUX



MOCJIEIOBATEIFHO COCAMHEHHBIX 3JeMeHTOB. Cxema Ha puc. 1.4
WMEEeT TPU BETBH: BETBh bma, B KOTOPYIO BKIFOUEHBI AJIEMEHTHI
r,E,R u B KoTOpoii Bo3HMKaeT TOK I; BeTBb ab ¢ ameMeHTOM R; M
TOKOM I1; BeTBb anb ¢ anmemeHToM R, 1 TokoMm L.

V3en aMeKTpUYecKo Ienmu (CXEeMBI) — MECTO COSHMHEHUS
Tpex u Oonee BeTBeil. B cxeme Ha puc. 1.4 — Ba y31a a u b. Betsy,
MIPUCOETMHEHHBIE K OJHOM Mape y3JI0B, HAa3bIBAIOT IMapaJIeIbHBIMIL.
Conpotueienus R; u R (puc. 1.3) HaxoaaTcs B mapajuiebHbIX BET-
BAX.

KonTyp — mro0o¥i 3aMKHYTBHIN ITyTh, MPOXOISAIINNA TIO He-
CKOJIbKUM BeTBAM. B cxeme Ha puc. 1.4 MOXHO BBIICTUTH TPHU KOH-
typa: I — bmab; Il — anba; Il — manbm, Ha cxeme cTpenkoii mokasbi-
BalOT HampaBIeHre 00X0/1a KOHTYpa.

VYcnoBHble NOJ0)UTENbHBIE HampabieHusd DJIC HMCTOYHHUKOB
MIUTaHWUS, TOKOB BO BCEX BETBAX, HAINPSDKEHUH MEXKIY y3JIaMH W Ha
3KAMax D3JIEMEHTOB IEMH HEOOXOAMMO 3aJaTh IS IMPaBHILHOW
3aMCH ypaBHEHWH, OMUCHIBAIOIIUX TIPOLECCH B JJIEKTPHUECKON
nenu win ee dnementax. Ha cxeme (puc. 1.3) crpenkamu ykakeM
nosioxkuTenbHble HanpasieHus IC, HanpsLKeHUH U TOKOB:

a) w1 DJIC HCTOYHUKOB — MPOU3BOIBHO, HO TIPH ATOM CIIETY-
€T YYUTBIBATh, YTO MOJIIOC (329KUM UCTOYHHKA), K KOTOPOMY HaIpag-
JIeHa CTpellka, UMeeT OoJiee BBICOKWH MOTEHIIMAN MO0 OTHONIICHUIO K
JIPyTOMYy TIOJTOCY;

0) 111 TOKOB B BETBsIX, cojaepkanux ucrounuku IJIC — cos-
nagarmuMu ¢ HarnpasieaneM DJ[C; BO BceX IPYrHX BETBSIX MPOH3-
BOJIBHO;

B) JIJISl HAIIPSDKEHWH — COBIIAJAIONIMMH C HAIllPaBIIEHUEM TOKa
B BETBU WU 3JIEMEHTA IIETIH.

Bce anexTpuueckue 1enu NensATCS HAa JTUHEWHbIE W HEIWHEH-
HBIE.

DJeMEeHT 3JeKTPUUECKON LEeNH, TapaMeTpsl KOTOPOro (CoIpo-
TUBJICHUE U JIp.) HE 3aBUCSAT OT TOKA B HEM, HA3bIBAIOT JIMHEHHBIM,
HanpuMep, IEKTPONeyb.

HenuueiHblid 371eMeHT, HaIpuUMep, JlaMIla HaKaJUBaHUs, UMe-
€T CONPOTUBIICHUE, BEIMYMHA KOTOPOr0 YBEJIMYMBACTCS MPU MOBHI-



IIICHUHN HATIPSHKSHUS, a CIeI0BATEIHLHO M TOKA, ITOABOIAMOTO K JIaM-
MOYKe.

CreroBaTeIbHO, B JTMHEHHONW AIEKTPUYCCKOM IIETH BCE dJIe-
MEHTbl — JIMHEHHBIC, a HEIMHEHHOW HAa3bIBAIOT SJIEKTPUUYECKYIO
IeTb, COAEPKAIYIO XOTs OBl OJTUH HETTMHEWHBIH IIEMEHT.

1.3 OcHoBHbIe NPUHIIUNIBI, TEOPEMBI H 3aKOHBI 3JIEKTPO-
TeXHUKHU

PacyeTr u aHanmu3 3EKTPUUECKUX LIETIEH MPOUZBOIUTCS C UC-
MoJIb30BaHUeM 3akoHa Oma, epBoro u BTOporo 3akoHoB Kupxroda.
Ha ocHOBe 3TuMX 3aKOHOB YCTaHABIMBAETCS B3aUMOCBS3b MEXKIY
3HAUCHUSIMHU TOKOB, HanpspokeHuid, 9J{C Bcell 31eKTpuiecKou Lenu u

OTJICNBHBIX €€ yYaCTKOB W IapaMeTpamMH 3JEMEHTOB, BXOIANINX B
COCTaB ATOM IIEIH.

3akoH Oma ans yyactka uenu uiad UR=RI.
d

Pucynok 1.5 — Onexrpuyeckas uens ¢ C

B stom cnyuyae UR=RI — Ha3bIBalOT HaNpsHKEHUEM WU Haje-
HHUEM HanpsiKeHUs Ha pe3uctope R, a — TokoM B pesuctope R.

[Ipu pacuere 3MEKTPUUECKUX IIeTIeH MHOTA YI00HEe M0jIb30-
BaThCs HE COMPOTHBIICHUEM R, a BelTMuuHON 0OpaTHOHN CONMPOTHBIIC-
HUIO, T.€. JIEKTPUUECKON MPOBOJUMOCTHIO:

B atoMm ciyuae 3akoH OMa s ydacTKa MENH 3alHUIIeTCs B
BUJIE:

I=Ug (1.1)
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CootHomenue Mexay TokoMm I, Hampspkenuem UR u compo-
TuBJIcHHEeM R yuactka ab snexrpuueckoit nenu (puc. 1.5) Beipaxka-
ercs 3akoHoM Oma

Ilepeotit 3axon Kupxzoga

®opmynuposka Nel: Cymma BceX TOKOB, BTEKAIOIINX B y3€T,
paBHa CyMMe BCEX TOKOB, BBITEKAIOIIUX U3 y3IIa.

®opmynupoBka No2: Anrebpamdeckas cyMMa BCEX TOKOB B
y3J1e paBHa HYIIIO.

[osicHto nepBsIii 3akon Kupxroda Ha npumMepe prucynka 1.6.

R1 )/ L R3
b
R2

Pucynok 1.6 - Y3en anexTpudeckor 1enn

3nech Tok I;- TOk, BTekatouuii B y3en , a Toku I, u I3 — Tokw,
BEITEKaroIue u3 y3na. Torma npumenss GopmynnpoBky Nel, MoxHO
3aIACaTh:

|1 = |2 + |3 (12)

Yro OBl MOATBEPOUTH CHPABEIJIUBOCTH (OpMynupoBKU Ne2,
nepeHeceM Toku I, u I3 B sieBy1o yacte Beipaxkenus (1.2), Tem caMbiM
MOy IHM:

Il' |2' |3=0 (13)

3Haku «MuHYC» B BblpakeHHH (1.3) W 03Ha4arT, 4TO TOKH
BBITEKAIOT U3 y3Ja.

3HaKM JUIS BTEKAIONIMX M BBITEKAIOIIMX TOKOB MOKHO OpaTh
NPOMU3BOJIBHO, OJHAKO B OCHOBHOM BCErZla BTEKAlOIIUE TOKU OepyT
CO 3HAKOM «1», a BBHITEKAIOLIME CO 3HAKOM «-» (HampuMep Kak
HOJIYYHIIOCH B BeIpaxkeHuH (1.3)).
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Bmopoii 3axon Kupxeopa

®opmynupoBka: Anrebpamveckas cymma I/IC, nedcTBy-
IONIMX B 3aMKHYTOM KOHType, paBHa ajre0pauyeckod cymme
NaZieHu HampsDKEHUS Ha BCEX PE3UCTHBHBIX JJIEMEHTaX B 3TOM
KOHTYpe.

3n1ech TepMHH «anreOpandeckas CyMMa» O3HA4aeT, YTO Kak
BenmnunHa OJ[C Tak M BeIMYMHA [aAEHWs HANpsDKEHUS Ha
3JIEMEHTaX MOXKET OBITh KaK CO 3HAKOM «1» TaK M CO 3HAKOM «-».
[Ipu 3TOM OmpenenuTh 3HaK MOKHO IO CIEAYIOIEMY aJrOpUTMY:

1. Beibupaem HampaBieHne o0xoja KOHTypa (/Ba BapuaHTa
00 TI0 9aCOBOM, JINOO TIPOTHR).

2. Ilpow3BonpHO BBIOWpAEM HaNpaBJICHHE TOKOB depe3
3JIEMEHTHI LIEeTIH.

3. PaccraBnsieM 3Haku i OJIC v HanmpsDKEHUM, Maaaroniux
Ha 3JIEMEHTax I10 IPaBUIaM:

- EJIC, co3paromue TOK B KOHTYpE, HAmpaBiCHHE KOTOPOTO
COBIAJAET C HaIpaBJIeHUEe 00X0Aa KOHTYpPa 3alHCBIBAIOTCS CO 3HAKOM
«+», B mpoTuBHOM citydae EJ[C 3amuchIBarOTCS CO 3HAKOM «-).

- HamlpsDKEHUs, JA0NIMe Ha 3JIeMEHTaxX LeNn 3alHChIBAI0TCS
CO 3HAKOM «+», €CIM TOK, HPOTEKAIOUIMHA Yepe3 3TH 3JIEMEHTHI
COBNAJAET IO HANpaBJICHHIO C O0XOJIOM KOHTYpa, B HPOTUBHOM
Cllydae HalpsDKCHUS 3alMChIBAIOTCS CO 3HAKOM «-».

Hanpumep, paccMOTpuM 1Lielib, IPEACTaBICHHYI0 Ha PUCYHKE
1.7, u 3anuiieM BbIpaXeHHE COTJIacHO BTOpoMy 3akoHy Kupxroda,
00X0/151 KOHTYp IO YaCOBOM CTpeJIKEe, U BHIOpaB HANpaBlIeHUE TOKOB
yepe3 pe3nucTOPbl, Kak MOKa3aHO Ha PUCYHKE.

R1
E1 | _—

T Ur1 R2
L, )

Pucynok 1.7 - Dnekrpuyeckas Uelb, A7 MOSICHEHUS] BTOPOTO
3akoHa Kupxroga
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El' E2 = 'URl - UR2 nin E1 = E2 - URl - UR2 (14)

®opmyna 1.4 cocraBiena mo BTopomy 3akoHy Kupxroda mist
ANEKTPUYECKON LIENH, TOKA3aHHON Ha pUCYHKe 1.7.

1.4 MeToapl pacuyéra dJIeKTPUIECKUX Lieneil MoCTOSTHHOT 0

TOKa

OO6meit 3amauedt pacdéra SIEKTPHUSCKUX IICTICH SBIISICTCS
oTpeJielieHHe TOKOB BO BCEX YYacTKaxX IEeNmH NpH 3aJlaHHBIX Tapa-
MeTpax 3JEeMEHTOB Iienu. [Ipu 3TOM HCIONB3yOT 3aKkoHb OMa u
3akoHbBI Kupxroda.

PasnuuaroT crneaymoliiue METOAbl pacueTa JJISKTPHUYSCKHUX

LETEen:

wn e

4.

Meron, ucrionb3yronuii 1-i u 2-# 3axons! Kupxroda;
MeToa KOHTYpPHBIX TOKOB:

MeTton y3mOBOTO HANPSDKEHUS (IBYX Y3IIOB);

Merton mpeobpazoBaHU TPEYTOIbHUKA COMPOTHBICHUH

B KBHBAJICHTHYO 3B€3y 1 HA00OPOT;

5.

© oo N

MeToa y31oBbIX TOTCHIIUAIOB:

MeTto HanoXKeHUs (CyNepIIO3UIIHH):

MeToa SKBUBAJICHTHOTO TEHEPATOPA;

MeToa MponopIHOHANTBEHBIX YHCETT;

MeToa BXOZHBIX ¥ B3aUMHBIX TPOBOJMMOCTEH.

KouTposabHbie BONPOCHI:

Nookowh e

TOKa.

OCHOBHBIE TTOHATHSI, TEPMUHBI U OTIPEICTICHISL.
DneKTpudecKas 1enb. DIEMEHTHI MIEKTPHUECKUX TIeTeH.
BeTBb, y3el U KOHTYP DIICKTPUYECKOH ESTH.

OCHOBHBIE PUHIIMITEI K 3aKOHBI YIEKTPOTEXHUKH.

3akon Oma s yuactka renu ¢ 9J1C u 6e3.

3akonbl Kupxroda.

Mertonsl pacuéra 3JEKTPHUYECKUX MENed MOCTOSHHOTO
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I'JIABA 2 AHaau3 ¥ pacyeT JHHEHHBIX Leneid nepeMeHHO-
ro Toka

2.1 IloHsiTHeE 0 IMHEHHBIX LENSAX MEPEMEHHOT0 TOKA

BonpmuHCTBO TOTpeOUTEICH JIEKTPHICCKOW DHEPTHU
paboTaeT Ha MepeMEeHHOM ToKe. B HacTosmee BpemMs MOYTH BCS
DJIEKTPUUYECKasi dHEPTHs BBIpAOATHIBAETCS B BUIE DHEPTUU Ie-
PEMEHHOTO TOKa. DTO OOBICHIETCS MPEUMYIIECTBOM IIPOHU3BO II-
CTBa U pacupeneneHus 3Tou sHepruu. llepemMeHHBId TOK moay-
YaT Ha JJIEKTPOCTAHIUAX, Mpeodpa3ys ¢ MOMOIIbI0 TeHepaTo-
pPOB MEXaHMYECKyI0 JHEpPrui0 B IJIeKTpuueckyio. OCHOBHOE
MPEUMYIIEeCTBO NMEPEMEHHOTO TOKa IO CPaBHEHHIO C TOCTOSH-
HBIM 3aKJTI0YaeTCSd B BO3MOYXHOCTH C IMOMOINBIO TpaHC(hOpMaTo-
POB TOBBIMIATH WA MOHWKATH HANPSDKEHHUE, ¢ MUHUMATbHBIMHA
MOTEePSIMU TEePeaBaTh JJIEKTPUUECKYI0 IHEPrUi0 Ha Oombiine
paccTosiHUS, B Tpex(a3HbIX HCTOYHUKAX IMHUTAHUSA MOIydaTh
cpa3y IBa HampspKeHWs: JTuHeiHoe u ¢gasHoe. Kpome Toro, re-
HEpaTOpHl W JBUTATEIN TEPEMEHHOTO0 TOKa 0oJyiee MPOCTHI IO
YCTPOUCTBY, HaJeKHeH B paboTe W MpoOIIe B AKCILTyaTallu I10
CPaBHEHHIO C MaIIMHAMHU MTOCTOSIHHOTO TOKa.

B »snekTpuueckmx memsx MepeMeHHOTO Toka Hambomee
YacTO HCHOJB3YIOT CHHYCOWJAIBHYI (QOpMy, XapaKTepHu3ylo-
IIyIOCS TEM, YTO BCE TOKH W HAMPSKEHHS SBISIOTCS CUHYCOHU-
ManbHBIMUA (YHKIUSIMUA BpeMeHU. B reHeparopax mepeMeHHOTO
Toka moaydarotr DJIC, U3MEHSIONIYyIOCS BO BPEMEHHU IO 3aKOHY
CHHYCa, U TEM CaMbIM 00eCNeunBaOT Haubosee BHITOJHBIN JKC-
MIyaTalliOHHBIA PEXHUM Pa0OTHl JIIEKTPHUYECKUX YCTAHOBOK.
Kpome Toro, curycommanbHas opMa TOKa W HAMPSIKESHUS I103-
BOJISIET MPOU3BOJUTH TOYHBIM pacdeT SJIEKTPUUECKHX Iernei ¢
UCIIOJB30BAaHUEM METOJla KOMIUIEKCHBIX YUCEN M MPHUOIHKEH-
HBIl pacueT Ha OCHOBE METOJa BEKTOPHBIX auarpamm. llpu
3TOM JJIA pacuyera HCmoib3yroTea 3akoHsl Oma u Kupxroda, Ho
3alMCaHHble B BEKTOPHOHN MIIM KOMIUIEKCHOH (opme.
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2.2 MeToabl pacyeTa neneil CHHYCOMIAJBHOTO TOK

Bexmopnoe uzobpasicenue cunycoudanbHulx GelUduUH 8 nps-
MOYV201bHbIX KOOPOUHANAX

Ilpu pacuére nened MmepeMEHHOro TOKa YacTO IMPUXOJIUTCS
MPOW3BOANTD OIEPAlMA CIOKEHWS W BBIYETAHUS TOKOB U
HanpsokeHNH. Korma Tokn W HampspkeHWs 3a/IaHbl aHATTUTHYECKH
WIM BpPEMEHHBIMH auarpamMMamu (puc. 2.1) 9T omepaunuu
OKa3bIBAIOTCS BECbMa TPOMO3JKMMHU. PaccMoTpuMm BparieHne
BEKTOpPAa Ha TIOCKOCTH

wi

wl

g/
Pucynok 2.1-BekTopHoe n300pakeHNe CHHYCOUIAIBHBIX 3.71.C.
B mockoctu ¢ ocsimu koopauHat OX u OY (puc. 2.1, a) pac-
CMOTPHM BPAIIAIONIHNCS C MOCTOSHHOW CKOPOCTBIO, PaBHOM YTJIO-

BOil vactore @ ,BekTop OA, [IMHAa KOTOPOTO paBHAa aMIUIMTYHE
CHUHYCOUJIAJIbHOM 3.1.C.

e=FE, -sin(at+y,) (2.2)

3a TONOXWTENbHOE HampaBieHue BpamieHusi Bekrtopa OA
MIPUHMMAaEM HarpaBJeHHe, MPOTHUBOIIOIOKHOE BPALICHUIO YaCOBOU
CTPETIKH, YTroJ TOBOpPOTa BEKTOpa oTcuuThiBaeM oT ocu OX. B

15



Ha4aJbHOM M0J10keHuH BeKTop OA MOBEPHYT MO OTHOIIEHHIO K OCH
OX na yron y/, .

IToctpoum npoekimu BekTopa OA Ha ock OY (puc. 2.1 0), ko-
TOPbIE U3MEHSIOTCS [0 MEpe MOBOPOTa BEKTOpa Ha yroa @t mo oT-
HOIIICHUIO K HAYaJbHOMY IOJIOKEHHIO. B HavalbHOM IOJIOKEHUH
npoekuus OA =OAsiny, =E_-siny, =e,, T. €. paABHa MTHOBEHHOMY
3HaueHuto 3. 1. c¢. npu t =0. Yepes HekoTopoe Bpems Bekrop OA

HIOBEPHETCS Ha yroil C()tl u Oyner cocTaBiaTh B ocklo OX yron
ot +y,. [Tpoekuus Ha oCh oY:
OA =OAsin(at, +y, ) =E, sin(at, +y,)=¢€, , 1o ects pasna
MTHOBEHHOMY 3Ha4eHHIo 3. 1. ¢. mpu =1 . IIpum t =1, Bexrop

OA coemanaer ¢ oceto 0Y u ero npoekuns OA= E= x Ilpu

nmanpHelmem BpameHnn BekTopa OA ero mpoekmum Ha ock 0Y
HAYHYT YMEHBIIATHCS, 3aTEM CTAaHyT OTPUIATEILHBIMHA H T. JI.
Takum obpazom, mpoekiuu Ha ock 0Y BekTopa, Bpallarolie-

rocsi ¢ MOCTOSIHHOM CKOPOCTBIO @ y HMMEIOIIETO JJIMHY, PABHYIO
aMIUTUTY/IE 3. 1. C., H3MEHSIOTCS [I0 CHHYCOUIaIbHOMY 3aKOHY, T. €.
MPEACTABISIIOT CO00M MTHOBEHHBIC 3HAUYCHUS CHHYCOUIATBHON 2. 1.
c. CrenoBaresibHO, CIPaBEIJIMBO W OOpaTHOE: JIIOOYIO CHHYCOH-
JAJBbHO N3MCHAKIIYIOCI BO BPEMCHU BCJIIMYHUHY MOXXHO I/I306I)a)KaTB
BpAIIAIONIMMCSL BEKTOPOM, JUIMHA KOTOPOIO paBHA aMILUIMTYAE, a
YIJI0Bask CKOPOCTh BpAaIlIEHUS - YIJTIOBOM YacTOTE 3TOM CHHYCOMIAJIb-
HOM BenmuuHBl. HadanbHOE IOJIOKEHHME BpAIIAIONIETOCS BEKTOpa
OlIpeNieNIsieTCs. YIVIOM, PaBHBIM HayaJdbHOHN (ha3e CHHYCOMIAIBLHON
BCJIMYHUHBI M OTKJIAABIBACMBIM OT ITOJOXHUTCJIBHOI'O HAIIPABJICHUS
ocu OX B CTOPOHY, IIPOTUBONOJIOKHYIO BPAIICHUIO YaCOBOM CTpEJI-
KH.

Bektopamu MOXXHO H300pakaTh CHHYCOWJAIbHBIE 3. 1. C.,
HaTPsOKEHUs], TOTEHIIMANBl U TOKK. B OTHUX M TeX ke KOOpAnHaTax
OX u 0Y MOXHO NPEACTaBUTh BEKTOPBI BCEX 3. 1. C., ACHCTBYIOIIMX
B JIaHHOM 3JIEKTPUYECKOM LENU, HANOpsDKEHWM Ha BCEX ydacTKax
9TOH LIENM U TOKOB BO BCEX €€ BETBAX. Tak Kak BCE 3. J. C., HAIps-
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JKEHUSI 1 TOKH UMEIOT OAMHAKOBYIO YaCTOTY, TO M300paKaromine ux
BEKTOPBI BPALLAIOTCS C OJUHAKOBOM YIJIOBOM CKOpocThbto. WX B3a-
MMHOE DAaCIIONIOKEHHE Ha IUIOCKOCTHA OCTaeTcss MocTOosSHHBIM. [lo-
ATOMY BEKTOPHI Ha MPAKTHKE HE BPAIIAIOT, & CTPOST HX, COOIIOnas
YTIIBI MEXIYy BEKTOPaMH, KOTOPBIE TPEACTABISIOT OO0 YTIIBI CABU-
ra ¢as.

¥

Pucynok 2.2- ['eomerpuyeckoe CIOKEHHE BPAIAOIIINXCS
BEKTOPOB:

a — MAaKCHUMAaIIbHBIX 3HAa4eHWH 3.1.C.; 0 — JeHCTBYIOMIHMX
3HAa4YEeHUH 3.1.C. IPU HPOU3BOJIBHOM PACIHOJIOKEHUH BEKTOPOB; 6 —
JEHCTBYIOIMX 3HAYEHUH 3.1.C. MPH PACIOJIOKEHHUH HA4albHOTO
BekTopa Ei 1o ropr3oHTaIbHON JTHHKH.

Ecnu Heckonvko 6exkmopos, 9. 0. ., HanPAN*CEHUU U MOK08, no-
CHPOEHHBIX C VHEMOM UX NPASUNLHO20 83AUMHO20 PACHONONCEHUS HA
IIOCKOCHU, SNACMCS U300PANCEHUEM 3. O. C., HANPANCEHUS U MOKO8,
0€eliCmBVIOWUX 8 KAKOU-MO INeKMPU4ecKol yenu, mo maxas co8oKyn-
HOCIb 8eKIMOPO8 HA3bIBACHICS BEKMOPHOU OUASDAMMOLL.

Komnnekcuoiit memoo pacuéma

Bce rpaduueckne MeToabl pacuera 3JeKTPUUECKUX LEnei cu-
HYCOMJAJIBHOTO TOKa, B TOM YHCJIE U METOJ BEKTOPHBIX AMArpamM,
HE MOTYT OO0ECIEYUTh BBICOKOW TOYHOCTH WM OYEHb CIOXKHBI M
TPYIOEMKH.

Komnnexcuuiii memoo pacuema, 6a3upyercst Ha TEOPUU KOM-
TUIEKCHBIX urcen. Ero docmouncmea:
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- IOBOJIBHO TIPOCT;

- TIO3BOJISIET T0OUBATHCS BHICOKOI TOYHOCTH.

JI1000# BEKTOp Ha IIOCKOCTH, MPOBEAEHHBIN W3 Havajga KOOp-
JUHAT ¥ M300pakarouid JeWCTBYIOIIEe 3HAYeHHE d. 1. C., HapshKe-
HUSI WJTH TOKA, OTIPENENIeTCs] TOYKOH, COOTBETCTBYIOMIEH KOHITY 3TOTO
BekTopa (Touka 4 Ha pucyHke 2.3). Ha miockocTi KOMIUIEKCHBIX Y-
CEJI TOUYKE A COOTBETCTBYET OJTHO KOMIUIEKCHOE YHCIIO A.

+/

All_____._____,_ A

ud
i Al +}

|
|
I
}
|

Pucynok 2.3 — CocTaistoniue KOMIUIEKCHOTO YUCIIa Ha KOM-
IUIEKCHOM TUIOCKOCTH.

Takum o06pa3om, IMOO00H BEKTOP OTHO3ZHAYHO H300payKaeTCs
KOMIUIEKCHBIM YHCJIOM, COOTBETCTBYIOIIMM KOHILy STOrO BEKTOpa.
KoMrutekcHbIi METONl pacueTa NPUMEHHM TOJBKO K LEISIM C CHHY-
COMJINIBHBIMH 3. [I. C., HANPSDKCHUSAMH M TOKaMHM, TaK KaK TOJIBKO
CHHYCOUIAIbHBIE BEJIMYNHBI MOKHO H300pakaTh BEKTOPAMH.

KoMmmuiekcHOe 9ucio A MeeT BeIECTBEHHYI0 H MHUMYIO CO-
CTaBJIAIONINE:

A=A + A 2.2)

rie A' — xoopauHaTa TOYKU A Ha BEIIECTBEHHOM OCH;
A" — xoopanHaTa TOYKH 4 Ha MHUMOW OCH;

i=v-1 (2.3)
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VMHOXK€EHHE KaKOTO-TO YMCiIa Ha | O3HAYaeT IOBOPOT €ro Ha
yroan 7z A M0 OTHOIIEHHUIO K MOJOKUTEIFHOMY HANPABICHUIO BE-
IIECTBEHHON OCH B HAIPaBJICHUHU IIPOTUB YaCOBOM CTPEJIKH.

Koopaunatsl Touku 4 MOTYT OBITH BBIPa)KEHBI Yepe3 JITUHY

Bextopa \04 | = 4 u yron ¢: A = A-C0S¢ Torma KoMIUIEKCHOE
YHCII0 MOXKHO 3aIUCaTh!

A= A(cose + jsin @) (2.9)

2 2
rme A= (A’) +(A//) - MOJyJNh KOMILJIEKCHOTO YHCIA,

paBHbIN amuHe BekTopa OA;
I

@ = arctg W - aprymMeHT KOMIUICKCHOrO 4YHcia, T. €.

yroi, Ha KOTOpbld BekTOp OA MOBEpHYT MO0 OTHOWICHHIO K MOJO-
JKUTEIHHOMY HAIPaBJICHUIO BEIIECTBEHHON OCH.

VYron ¢ nonoXKUTENEH, eCIU OH OTCUUTBHIBACTCS B HaIlpaBlle-
HUH, TIPOTUBOIOJIOKHOM BPAIICHUIO YaCOBOW CTPEIKH, U OTpHIIATE-
JIeH, €CIIM OTCUUTHIBACTCS B HAINPABICHUW BpAIICHUS YacOBOH
CTPEJIKH.

Vicrions3ys opmyity iinepa COS@ + jSin @ =€, momyunm:
A= Ael? (2.5)

rae €' - noBOpOTHBIM MHOKMTENb, YKAa3bIBAIONIMIA, HA KAKOM
YTOJI TI0 OTHOIIECHHIO K BEIIECTBEHHONW OCH JOJDKEH OBITh MOBEPHYT
BEKTOD, JJIMHA KOTOPOI'O paBHa /A/.

ﬂ‘ W

e | Pucynok 2.4 — BekTopHast
b | JuarpamMma Toka
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2. 3akonpl  Kupxroda  mus  2JCKTPHYSCKOM  LICHH
CHHYCOHIaJTHFHOTO TOKA

Jns memeld CHHYyCOMAANBPHOTO TOKa CIPABEIIUBBI 3aKOHBI
Kupxropa. Ho Ttak kak CcHHycOWITalTbHBIE BEIWYHHBI (3.1.C.,
HanpsOKEHUe, TOK) XapaKTePU3yIOTCS MT'HOBEHHBIMU ,
MaKCHMaJIbHBIMU M JCHCTBYIOIIMMH 3HAYCHUSMH, TO JUII KaXKIOTO
CYIIECTBYIOT CBOH (hOpMyIHpOBKH 3aK0HOB Knpxroda.

Jlns MrHOBEHHBIX 3HaUYeHMM 3aKkoHBI Kupxroda cripaBeIIuBbl
B anreOpanveckou Gpopme.

llepsviti  3axon  Kupxeogha:  aneebpauueckas  cymma

n

MCHOBEHHBIX 3HAUEHUL MOKO8 8 Y3/le PAGHA HYII0 Z Ik =0 (2.6)
k=1
Ilo emopomy 3axony Kupxeoga ancebpauueckas cymma 3.0.c.
6 KOHmype paena azzee6pauttec;<oﬁ cymme nadeHuil HanpsiiceHull 6

IMOM KOHmype: Z € Z U, 2.7).

Jns MakcHMaJbHBIX M JICHCTBYIOIIMX 3HAYEHHH 3aKOHBI
Kupxroga crnpaBesIMBBI TOJIHKO B BEKTOPHOH WM KOMIUICKCHOM
dopme.

CornacHo MepBOMY 3aKOHY, CyMMa KOMIUIEKCHBIX TOKOB B

n
y3IIe paBHa HYJIIO Z I, =0
k=1
[To BTOPOMY 3aKOHY CyMMa KOMILUIEKCHBIX 3.1.C. B KOHTYpE
paBHa cyMMe KOMIUIEKCHBIX T1aJIEHUH HAIPSHKEHU B 3TOM KOHTYpE:

BTODOI/I 3akoH Kwupxroda moxker OBITH coOpMyTUpOBaH
MHaye: CyMMa MTHOBEHHBIX HJIM KOMIUIEKCHBIX 3HAY€HUH MaaeHuH
HanpsDKEHUH Ha BCeX 3JEMEHTax KOHTYpa, BKIOYas HMCTOYHHUKH
3.].C. , paBHA HYJIIO.
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n
.

DU=0; 3 U,=0 (28)

k=1 x=1

IIpu cocraBnennn ypaBHeHHH mo 3-Ham Kupxroda B memsx
CHHYCOWJAJTBHOTO  TOKa  HEOOXOAMMO  yKa3zaTh  YCIOBHOE

MOJIOKUTENNBPHOE ~ HampaBieHne d3..C. , 337aThb  YCIOBHOE
MOJIOKUTENIFHOE HAIIPABJIIEHHE TOKOB B BETBSIX U TOJOXHUTEIHHOE
HanpapJIeHUE MaJeHUNA  HaIpPsSOHKCHUM Ha YydYacTKax LEIH,

COBIIAAAIONIEE C IOJIOXKUTEIbHBIM HAIIPABICHUEM TOKA.
Touamue ,, conpomusnenue * 011 nepemeHHo20 mokd.
DNEeKTPUUECKUI TOK NMPOBOJUMOCTH B METaljiax MpencTaBis-

eT co0oli HampaBJIeHHOE IBUKEHHE CBOOOIHBIX DJIEKTPOHOB, CKO-

POCTb M HAIIPaBICHHE KOTOPOTO OIPENESIOTCS 3HAUYCHHEM M IIO-

JSIPHOCTBIO MPHJIOKEHHOTO K NMPOBOXHUKY HampspkeHus. [lpu nBu-

JKEHUU 3JIEKTPOHBI CTAJKUBAIOTCA C aTOMaMM IPOBOASIIETO Belle-

CTBa M KMHETHUYECKas SHEPrusl 3JIEKTPOHOB, 3alaceHHas MMHU IpU

YCKOPEHUH, MPEBpAIacTCsl B TEIUIOBYIO 3HEPrHIO, 3aTPadrBacMyIO

Ha HarpeB MPOBOJHHUKA U PACCEHBAEMYIO B OKPYXKAIOILYIO Cpemy.

OT0 HeoOpaTHMEBI aKTUBHBIA TIpoIiecc TpeoOpa3oBaHUs AIIEKTPH-

YECKOM 3HEPruH, KOTOPbIM KOJIMYECTBEHHO OIpEneNsieTcs COIpo-

tuBieHueM R. [loToMy ero Ha3bIBaIOT aKMUBHbIM CONPOTNUBTEHUEM.

AKTUBHBIM CONPOTHBICHHEM 00JaJal0T METalibl, YroJb,
3IIEKTPOJIUTHI.

Takum oOpas3oMm, Bce MpoBoJa, OOMOTKHU, PEOCTaThl U APYTHE
3JIEMEHTHI LEeNH 00JIaZal0T aKTUBHBIM COIIPOTHBICHHEM. DJIEMEHTHI
ANIEKTPUIECKOil 11enu, 00Iaarone TONbKO aKTUBHBIM COIIPOTHBIIE-
HHUEM R, Ha3BIBAIOT pe3ucmopami.

IIpu paccMOTpEHUH ANEKTPUUECKUX LIeTIeH TOCTOSHHOTO TOKa
colpoTHuBiieHHE R Ha3pIBaJIM MPOCTO CONMPOTHUBICHUEM.

B Teopun nemell CHMHYyCOMIAIBHOTO TOKA €ro Ha3bIBAIOT aK-
TUBHBIM CONPOTUBIEHUEM. TO ecTh HEOOXOOMMO NPHBECTH Ha3Ba-
HHUE 3TOT0 CONPOTHUBJICHHUS B COOTBETCTBHE C Ha3BAHUSIMH JPYTUX MO
XapakTepy CONPOTHUBJICHUI: HHAYKTUBHOE, EMKOCTHOE, PEaKTUBHOE,
TMIOJTHOE.
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Z- TI0JIHOE CONIPOTUBJICHUC

N

X -peakTUBHOE COMPOTHBIICHUE R-akTHBHOE COMPOTUBIICHHE
Xc — éMKOCTHOE X\ ~MHIyKTUBHOE
CONPOTUBIICHUE COIPOTUBIICHUE

rae X, -MHAYKTHBHOE€ M X(-€MKOCTHOE CONPOTHUBJICHUS
OTIpEACTISIOTCS TI0 (hopMyIIam:

Pucynok 2.5 — C(CxemMa @OJHOIO CONPOTUBJIEHUS LU
MEPEMEHHOTO TOKa

X =o-L=27xf-L,0m (2.9)

1 1

© we 2nf-c " (39)

KouTtpoabHbie BOpochI:

1. JluneliHble >JEKTPUYECKUE LIEMH CHHYCOMIOAIBHOTO TOKA.
AMIUIUTYAa, 4acToTa U (a3a CHHYCOMAAIBHOTO TOKA U HANIPSKEHHUS.

2. llomyuenue cunycounnansuoit /C.

3. Meronpl pacyera 1eneil CHHyCOUaabHOTO TOK

4. KoMIIeKCHbIM MeTox pacuéra ILeneil CHHYCOMIAIbHOTO
TOKA.

5. BekropHoe u300pakeHHE CHUHYCOMAAIBHBIX BEJIMYMH Ha
KOMITJIEKCHOH IIIIOCKOCTH.

6. 3axonsl Oma u Kupxroda B kommiekcHoii popme.

7. lloHsiTHE CONPOTUBIICHUS I HIEPEMEHHOTO TOKA.
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I'JIABA 3. Tpexda3Hble dJIeKTPHYECKHE LENH
3.1 OcHoBHbIe (OpMYJIbI H YPABHEHMS

Tpexdasznas cucrema aekTpudecknx TokoB (DJIC u Hamps-
JKEHHI) — 3TO COBOKYITHOCTH TPEX CHHYCOHJANBHBIX 3JIEKTPUIECKUX
tokoB (D1C u HanpshKeHwit) OHOM YacTOTHl U CABHHYTHIX 1O (haze
JIPYT OTHOCHUTENBHO ApyTra Ha 120°. TIpu paBeHcTBE aAMIUTATY]T TOKOB
(BAC n HampspkeHUil) Bo Bcex (ha3ax CHCTEMY HA3BIBAIOT CUMMET-
PUYHOM.

YacTs 5TOM CUCTEMBI, Ile€ NPOXOJUT OJUH U3 TPEX TOKOB
Ha3BIBAIOT (a30i Tpex(a3HOH CUCTEMBI.

[Ipocreitmuii TpexdaszHbIil TeHepaTop — YCTPOHCTBO aHAJO-
TUYHOE OMHO(pA3HOMY Te€HEepaTopy, HO MMEIOIINe OTIHYHUS OT IIO-
cnennero. Tpu ogHOodazHple 0OMOTKH ((a3bl) Ha AKOpe, HaYaIa U
KOHI[BI KOTOPBIX 0003HA4al0T COOTBETCTBeHHO A, B, Cu X, y, Z. Ot
0OMOTKH CHBHHYTHI B TIPOCTPAHCTBE OTHOCHUTEIBHO JAPYT Apyra Ha

YIJIBI 2?” (1209).

ITpu BpameHuu sSKOpsi B 0OMOTKax IreHepaTopa MHAYLHPYIOT-
cs1 O/1C onHOI 4acTOTHI U PaBHOM aMILIUTYIbI, CABHUHYTHIE IO (haze
Ha 120° 1pyr OTHOCHTENBHO Apyra (CMOTPH PHCYHOK 3.1).

A Z a

I\

Pucynok 3.1 — ®a3bl reHepaTopa HECBSI3aHHOH TpexdasHOH
CUCTEMBI
Ecnu otnensHble (a3bl reHepaTopa U MPUEMHUKA COEIMHEHBI
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MeXIy coboi (puc. 3.2), TO TaKyl0 CUCTEMY Ha3bIBAIOT CBSI3aHHOU
Tpex(ha3Hol CHCTEMOM, B KOTOPO# (a3sl MOTYT OBITH COENWHEHBI B
«BBE3IIy» U « TPEYTOILHUKY.

3.2 CoennHeHue OOMOTOK reHepaTropa W NpPHEMHHKAa B
«3GBeE3AY»

3Be3a — 3TO Takoe COEMWHEHHE, KOorJa K HadalaM OOMOTOK
reHepatopa A ,B, C mpucoenuHSIOT TpH JIMHEHHBIX TPOBOJA, UAY-
HIMX K MPUEMHHKY, & KOHI[BI OOMOTOK X, Y, Z COSIUHECHBI B y3el,
KOTOPBIA HA3bIBAIOT HEUTPATBLHOW WM HyNeBou Toukoit N-n (pucy-
HOK 3.2).

Z
A £ Ia o
Zr
Za
Ea 7
LN In
Ec N — -
Zr E =0
Epg B
C Zr Za °T Is ’
Ic Zn
j UV |

Pucynok 3.2 — CoenuHenue cBa3aHHON Tpex(azHOW Lenu 1o
CXEMe «3Be3/1a»

B 4eThIpexnpoBOJHON cHUCTEME K 3TOM TOYKE MPUCOEAUHEH
HEUTpaNbHBIN NPOBOJ (PUCYHOK 3.2), a B TPEXIPOBOAHOHN cHCTeMe
OH OTCYTCTBYET.

Hanpspkenue Mexy HavajdaMyd M KoHIamu (a3 reHepaTopa
WIH MEXIy JWHEHHBIMH TPOBOJAMH W HEHTPaJbHBIM IPOBOIOM
Ha3pIBalOT ()a3HBIM HampspkeHueM. HampspkeHue mMexiay JByMs -
HEHHBIMU TIPOBOJAMH HA3BIBAIOT JINHEHHBIM HAMPS/KEHUEM.

Toxu, mpoxondire MO JTUHEHHBIM TPOBOJIAM, HA3bIBAIOT JIH-
HEHHBIMU U 0003Ha4aroT la I, I, 1. Toku, npoxoxasiue B ¢a3zax,
Ha3bIBAIOT (pa3HBIMU TOKaMH M 0003Ha4aroT I, ,lp, l¢, lg.
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[Ipu coenquHeHUN OOMOTOK B «3BE3/1y» JIMHEHHBIC TOKH PaBHEI
COOTBETCTBYIOIIHM
(ha3HBIM TOKaM

JI

) (3.1)

JIvHeiHOe HamnpshKeHUE paBHO IeOMETPUUYECKON Pa3sHOCTH CO-
OTBETCTBYIOIMIHX (Pa3HBIX HAMPSHKCHUN.

UAB :UA_UB
Uge =Uy -U. (3.2)
U =Uc-U,

Jnsi CUMMETPUYHOM CHCTEMbI HanpsDKEHUN (Z, =Zg = Zc)

UMEEM
u,=+3-U, (3.3)

B sTOoM ciydyae BekTOpHas cyMMa JMHEHHBIX HaNpsSOKECHUI
paBHa HYIIO.

U,+U,+U. =0 (3.4)
JeiicTBytomiee 3HaYeHHE TOKOB B (pa3ax MpHEeMHUKA
U a
l,==%;
Za
U
I, ==2; 35
=7, (3.5)
U C
. ==5%;
ZC

B ‘IeTBIpéXHpOBOZ[HOﬁ CUCTCMC TOK B HYJICBOM IIPOBOJC pa-
BCH BeKTOpHOﬁ CYMMC TOKOB OTACJIBbHBIX (1).':13

Iy =1, +1,+1, (3.6)
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Ecnu B 4eThlpexnpoBoaHON Tpex(da3zHol nenu Z, = Zg = Z.,
TO TOK B HYJIEBOM IIPOBOJIE PaBEH HYNIO0. AKTUBHAS MOIIHOCTH BCEH
[N TPy HEPaBHOMEPHOW Harpy3ke paBHa CyMMe aKTHBHBIX MOII-
HOCTEH OTIENBHBIX (a3

P=P+R+P, (3.7)
rae P,P,P. - akTuBHBIE MOIIHOCTH OTAENBHBIX (a3 IpHEM-
HUKA.
P,=U, 1 cose,
B, =U,-l,cosg, , (3.8)
P.=U_-1_cosg,
PeakTuBHasgs MOIIHOCTH BCEW UENW NpPU HEPABHOMEPHOU

Harpy3ke paBHa alreOpanveckoil cyMMe pPEakTHBHBIX MOITHOCTEH
OTIIENBHBIX (a3.

Q=Q,+Q,+Q., (3.9)

rre Q,,Q,,Q, - peakTHBHBIC MOIIHOCTH OT/AEIBHBIX (a3 mpHu-

CMHHUKaA.
Q. =U, I ;sing,
Q,=U, 1 ,sing, , (3.10)
Q. =U_-I_sing,

ITonmHas moTpedsieMas MOIIHOCTD HEMH MPH HEPaBHOMEPHOMH

Harpyske
s=P2+Q?, (3.11)

rae P — akTuBHas MOIIHOCTE Beel 1ienu, BT
Q - peakTHBHAs MOIIHOCTH BCEH IIETH, Bap.
IIpu cuMMETPUUYHOI HArpy3Ke MOIIHOCTb BCEH LIEIIN:

-axtupnas P=3U, -1, COS¢:\/§UHV -1, cosg;
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- peaKTUBHast Q=3Uqb~|¢sin§0=\/§Uﬂ~|ﬂSin§0;
- HOJTHASI Q:3-U¢-|¢:\/§-Uﬂ-|ﬂ (3.12-3.14)

3.3 CoennHeHne 0O0MOTOK TPHEMHHKA IO CXeMe «Tpe-
YroJbHUK»

Ipu coequHeHNH OOMOTOK IO CXEME «TPEYTOJBHUK» KOHEIl
00MOTKH ab coenuHsercs ¢ HayanoM oOMOTKU bc, a KoHel 0OMOTKH
bc coemunsercs ¢ HayanoMm 0OMOTKH ca, a €€ KOHEH B CBOKO OUepE/lb
COeIMHSIETCS ¢ HadyastoM 00MoTKH ab (pucyHok 3.3 u 3.4)

/‘I Za

8

@mm—

C de
s

Pucynok 3.3 - CoenrHeHHE OOMOTOK I10 CXEME «TPEYTOIBHUK»

[Ipu coemuHEHNH OOMOTOK MO CXEME «TPEYTOJbHHK)» JHHEH-
Hele ¥ (asnble Hanpspkenns pashsl, T.e. U, =U  , a nmneiinse u

(l)aBHLIG TOKH OTJINYAKOTCA B \/§pa3, T.C.
1, =~3"1,, (3.15)

JIuHeliHble TOKU pPaBHBI F€OMETPUUECKON PA3HOCTH BEKTO-
POB COOTBETCTBYIOIIUX (Da3HBIX TOKOB

IA= Iab_lca

I'bc - I.ab ) (316)
IC = Ica - Ibc

BekTopHbIe JuarpaMMbl JTMHEHHBIX M (pa3HBIX TOKOB ITOKa-
3aHbl Ha pUCyHKe 3.40.
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Pucynok 3.4 - Onpesenenue THHEHHBIX TOKOB IIPH COSTMHEHUU
B TPEYTOJIbHUK
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Pucynok 3.5 - CoenriHeHVe B TPEYTOIBHUK OOMOTOK
Tpanchopmaropa

1]+
L= [[&]& &
8! A, a e olls {

v—— . L 2 l 2
Cems ) e)

¢

L

Pucynoxk 3.6 - CoequHeHme B TPEYTOIBHUK 3JIEKTPONPHUEMHUKOB
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Ecnu conpoTuBieHue ITWHEWHBIX MPOBOJOB HE PABHO HYIIIO
(puc. 3.7a), To U3-3a MaJCHUS HANPSOHKCHUS B HUX TPEYroJIbHHK HE
obecrieurBaeT He3aBUCHUMOM paboTHl (a3. M3mMeHeHne HanpsHKeHHS,
COIIPOTHBIICHHS B TMHEHHBIX MPOBOJax A U B, BEI30BeT H3MEHEHHE

dasnoro Toxa |, a cmemosarensHO M muHEHHBIX TokoB |4, 1.
IIpu 3TOM M3MEHSIOTCS MAJCHUS HAMPSDKEHUS B JIWHEHHBIX MTPOBO-
Jax A u B, 4TOo nIpu HEM3MEHHBIX JUHEWHBIX HAMPSDKEHUSAX Ha 3a-
JKUMax TeHepaTopa BBI30BET M3MEHEHHE HaIpsDKEHWH Ha BCEX TpeX
¢azax mpuemHUKa. [Ipym 3TOM MOMKHBI M3MEHATHCA (pa3HBIE TOKH

l,., |, Tex das, conmpoTuBIEHNE KOTOPHIX OCTAIOCH HEM3MEHHBIM.

I 2 & A utdy

Pucynok 3.7 - Cxema mpeoOpa3oBaHus TPEYTOJIbHUKA B K-
BUBAJICHTHYIO 3BE31y

Jns pacuéra nemu (pucyHok 3.7a) Tipu 3aJaHHBIX JTHHEHHBIX
HANpPsHKESHUSX, TOMUMO METOJNOB ypaBHeHmii Kupxroda, Hamoxe-
HUS, KOHTYPHBIX TOKOB MPU OTCYTCTBUU B3aUMHOW WHIYKIIMH MOX-
HO MPUMEHUTH METOJ IpeoOpa3oBaHus. TpeyrolbHUK COMPOTHUBIIE-

HUl Z,,7,.,Z, TPeoOpasyloT B SKBUBAJIEHTHYIO 3BE3Jy C CONpO-

TUBIEHUAMM Z,,Z;,Z, 110 hopMysam

Zab Lea
Zab + Zbc + an
Z., 2
7, =—-2=¢ (3.17)
Zab + Zbc + an
L " Lea

Zab + Zbc + an
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OO0BenuHssA, B KOKI0H (a3e CONMpOTHBIICHUE JIMHUHA U TTPHUEM-
HUKa TIPUBOIAT CXeMy K 3Be3zie (puc. 3.7 B) MOcCie OIpeneieHus
TOKOB, KOTOpO# Bo3BpamarTcs K nenu (puc. 3.7 6). Haxomat das-

HbIE TOKM M JIMHEHHBIE HANPSUKCHUS HA 3BE3NE Z,,7Z,,Z. . 3aTeM me-

PEXOAST K MCXOTHOMY TPEYTONBHHKY (puC 3.7 a) M HaxoIsT €ro
(ha3HBIC TOKH.

[IpuBeneHHBIE BBINIE€ BBIPAXEHHS TSI pacdéra COEIMHEHUS
TPEYTOIBHUKOM CIIPaBEJIUBHI JJIsI OOIIETO CiIy4as HECHMMETPHU-
HOM CHCTEMBI HaNPsHKEHUNA reHeparopa.

OrmpeneneHre MOJHON, aKTUBHOW W PEAKTUBHON MOITHOCTEH
MIpH PaBHOMEPHON W HEPaBHOMEPHON HArpy3Kax MPOW3BOIUTCS IO
¢dopmymnam 3.7...3.14.

3.4 Tumnosble 3a1a4H ¢ pelieHHEM

3amaua 1. Tpexdas3Hplii aCHHXPOHHBIA 3JEKTPOJBHUTATENH C
HOMUHAIBHOH MomiHOCTRIO 10kBT, 1 COS@ =0.87; 7 =82% mox-
KITIIOYeH K TpEx(a3HOU CeTH ¢ TMHEHHBIM HanpsbkeHuem 220B.

Heob6xomumo onpenenuTs:

- TOK B MPOBOJIaX, K KOTOPBIM HOJKIIOYCH JBUTATEIb,

- compotuBieHue (a3 OOMOTOK 3JIEKTPOJABHUTraTelis HPU CO-
enuHeHnn a3z 0OMOTOK cTaTopa TpeyroasHuKoM (puc. 3. );

- MOCTPOUTH BEKTOPHYIO JMarpaMMy TOKOB M HaIpPsOKEHUH
JIBUTATEJIS.

Pemnrenue:

PI/IC}/HOK 3.8 - Cxema MMPpUEMHHKA COCANHCHUEC «TPCYTOJIbHUKOM»
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1. ITorpebnsieMast MOIITHOCTE JICKTPOABUTATEIIS U3 CETH:

3
) = P—H = 10-10 =12.2xkBm
n 0.82
2. JluHelHbIC TOKH 3JIEKTPOIBUrATENISA
P 12.2-10°

= - ~37A
T B-U,-cosp [3-220-0.87

=ly=1.=1

3. MouHocTh 0THOM (ha3bl ABUTATEINS

3
P(p = E = & =4070Bm =4,07xBm
3 3
4. AKTUBHOE CONPOTHBIICHUE (Pa3bl JBUTATEIIS
3
R(p :%:—4’07 10 :8,90M
I@ (2)2
3

rae |, - dbasHblil TOk NpUEMHUKA IPU COCUHEHHH OOMOTKH

M0 CXeMe TPEeYTrOJIbHHUK

P
DA \/g \/g

5. I/IHHyKTI/IBHOG COIIPOTHUBJICHUC 00MOTKH IMpUCMHHKA

X, =2,-SINp=10.3-0.87 =5.070m

=21,394

rae Z, - HOJHOE CONPOTUBIIEHUE OJHON (a3bl IBUraTeNs

_Y, 220 =10,30m

6. 3anuimem (GasHoe HANPSHKEHUE JBUTATENS B KOMIUICKCHOM
dhopme

32



U,, = 220B
U,, =220e "*’B
U, =220e"*'B
7. ®azHple TOKM MNpPHEMHUKAa B KOMIUIEKCHOH QopMe mnpu
yenosun cosg =0.87 (¢ =29.6°)

Iy =1,-e712% 2137129 A

I = 1, -e7149% =21.3.¢71498° o

I, =1, e/ =213 A

8. CTponM BEKTOpHYIO IuarpaMMy TOKOB W HAaINpsDKEHUH B
Macmrabe Ha KOMIUIEKCHOW IiockocTH. Ilpumem macmiTa0:

508 54

+1

Pucynok 3.9 — BekTopHas AuarpaMma TOKOB M HalpsDKEHUH
JBUraTENs
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3agaua 2. Tpéxdasupiii nBUraTeNh MOIMHOCTHEIO 7 KBT,
Hampspkeauem 127/220B paGoraer ¢ Kod(DPUITMEHTOM MOITHOCTH
0,78 u KII1 paBasiM 87%. HeoOxoanmMo omnpenennTb:

- TOKM B TPOBOJAX, C ITOMOIIBIO0 KOTOPBIX ABUTATENb MPHUCO-
eIMHSIETCS K CETH,

- conmpoTuBJeHNE (a3 0OMOTOK JIBUTATEIS;

- MOCTPOWUTH BEKTOPHYIO AWAarpaMMy TOKOB W HaIpPsDKEHUI
AIIEKTPOIBUTATETIS.

Pewienue

1. TloTpeGasieMast MOIITHOCTD JJICKTPOIABUTATEIIS U3 CETH:

3
p-Fu 710 g 05kBm
n 087

3. Toku B MOABOIAIINX MMPOBOAAX
- TIpY COeTUHEHHH 0OMOTOK IO CXeMe 3Be3/a

P 8.05-10°

1, = = =~ 27.1A
" JB:U, cosp  /3-220-0.78

- IpU coeIMHEHNH (a3 0OMOTOK 110 CXeMe TPEYTOIbHUK

P _805-10°
J3-U,, -cosp 3:127-0.78

0N

4. Conporunenue a3 0OMOTOK
- AKTUBHOE COTPOTHUBIICHHUE a3kl

P, P/3 805/3-10°

"TRE =3.650m

R¢=|T |2
o, @,

- [IOJIHOC COIIPOTHUBJICHUC (1)33};1
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U
o _Ze 12T g0m
l,, 271

- UYHAYKTHUBHOC COIMPOTUBJICHUC (1)331)1

X, =122 —R3 = /4,77 —3,65% =2,960m

5. 3anuiemM koMIUIeKChl (ha3HBIX HAIMPSDKCHUH MPH COSIAMHE-
HUM 0OOMOTOK I10 CXEME «3BE31a»

U,=U, -e?=127-¢"B
Uy =U,, -e ™ =127¢ ™'
U, =U,, -e" =127¢"B

6. Komruiekchbl (ha3HBIX TOKOB TPH COCTUHEHUH OOMOTOK TIO
CXeMe «3Be3Ja»

. i290 200
=1, e/ =21.3.e A
I, =1, e =27.1.e A

. i10 i10
i, =1, e =27.1.eA

7. BekropHasi amarpamMma TOKOB M HANpsDKCHUH NpHEMHHUKA
npezcrasieHa Ha pucyHke 3.10.
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Za

Pucynok 3.10 — BexTopHas AuarpaMma TOKOB H HAIPsKEHUHA
MpUEMHHKA

3agaya 3. [IpuéMHHK 3JIEKTPUYECKON SHEPTHH BKIIOYEH B
Tpex(}a3HyI0 YeTBIPEXIPOBOAHYIO CETh C JICUCTBYIOLIMM 3HAYCHHEM
thaznoro nanpsoxenust U, =1278 u gacroroir f =5077y . B dasy

A BxuroueH pesucrop comporusiennem R, =181.40m, B pasy B —

KOHAEHCAaTOp eMKOCThI0 17,5MKk®. Ompenenuts xapakrep (€MKOCT-
HOU, MHJYKTUBHBIN , aKTUBHBII) Harpy3Kku, BKIIOUEHHOH B (dazy C,
e€ MoHOe, aKTUBHOW M PEaKTHUBHOE COMPOTHUBIEHHUS, HEOOXOUMbBIE
JUTSL TOTO, YTOOBI TOK B HEHTPAJIHLHOM IIPOBO/IE OBLT paBeH HYIIIO.
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Penrtenne.

—> Ug
Be > E I Cs in
—_——
L/g Ce

Pucynok 3.10 — Pacu€rnas cxema
1. EmxoctHoe conpotusnenne dasel B (pucysok 3.10)

1 1 1

Xy =——= = _=1820m
wC, 27f-C, 2-3.14.50-17.5-10

2. Kowmrmekchl Ga3HbIX HAMPSHKEHUH

U, =U, -e?=127-¢"B
U,=U, e =127¢ B
U, =U, - =127/

Ha pucynke 3.11 mpencraBineHa BeKTOpHAs jaHarpamma
HaIpsDKEHUHM IPUEMHHUKA.
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Pucynok 3.11 - BekropHas auarpaMma HanpspKeHHH TPUEeMHHKA
3. ®dazHble TOKH NIPUEMHHKA

U, _ 127 _ ..,
1814

U, 127e %
Xeg 182-¢71

m
|

I, =

=0.7¢7 = (0.6 j0.35)A

4. Tok B ¢aze C onpenensieM U3 yCIOBHS, YTO
I, +1;+1.=0

OTCIO/a

i =—1,~1y=-0.7—(0.6— j0.35) =-1.3+ j0.35=1.346e"*"
5. Tlomnoe conportusienue $hazpr C

i j120° -
2. =9c 12787 g4 3501 _ (66,5 66.5)0m
. 13460
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6. OTcrona, yToOBI TOK B HEHTPAIbHOM IIPOBOJC OBLT ObI pa-
BEH HyIt0, He0O0x0anMo B (pa3y C BKIIIOUUTH PE3UCTOP COMPOTHUBIIE-

HueM R. =66.50Mm , 1 mocneoBaTensHO ¢ HUM BKIIOYHTH EMKOCTh

1 1
7.Co = =
‘ olx.| 314-66,5-10°

=47,89mxd.

rae  X..- €mxoctHoe comporuBienue ¢azer C, Om,
X, =—66,50m

8. CTponM BEKTOpHYIO IUarpaMMy TOKOB W HANpPsHDKCHHUU B
Macmrabe Ha KOMIUIEKCHOW IiockocTH. Ilpumem wacmiTa0:

608 0,854
m, :].MM; m, = Lo (puc 3.14)

Re | +1

Pucynok 3.12 - BektopHyo AuarpaMmy TOKOB M HalPsDKEHUI
NPUEMHHKA
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9. IIpoBepka
I,+0g+I.=1,=07+(0.6-j0.35)+(-1.3+ j0.35) =0,

4TO cooTBeTCTBYET ycuosmio | =0.

KoHTpoabHbIE BONPOCHI:

1. Ilonsarue o Tpexdasznoii cucteme. [lomyuenne Tpexdaznoit
CHCTEMBI.

2. Tlonydenue TpéxdasHoil cUCTEMBI 3.]1.C.

3. CxewmbI coeuHeHMsI TPEX(HA3HBIX TETEH.

4. CooTHomeHHe MeXTy (a3HbIMHU U JIMHEHHBIMU BEINYNHA-
M.

5. Coenunenne (a3 npueMHHUKA B «3BE3/1y» C HYJIEBBIM IIPO-
BOJIOM.

6. CoenmneHune a3 IPUEMHUKA «TPEYTOITHBHAKOM.

7. BrBombI 10 Tpex(a3HBIM IIETISIM.
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I'naBa 4. IlepexoaHbie mpouecchl B JHUHEHHBIX dJIeKTpUYe-
CKHX Lensx

4.1 OcHOBHBIE CBeJIeHUSI O pacuéTre MepexoaHbIX Mpolec-
COB JJIEKTPUYECKMX Ilemnei

[lepexoaHble NPOLECCHl BO3HUKAIOT B AEKTPUYECKUX LETIAX
IpU [IEPEX0AE OT OJHOIO YCTAaHOBUBILIEIOCS PeXUMa paboThl K Ipy-
roMy ycTaHoBuBIIeMmycsi pexumy (puc.4.1). CMeHa pexuMoB mpo-
UCXOIUT B pe3yjbTaTe KOMMYTalMi (BKIIOUCHHE, BBIKJIIOYCHUE,
NepeKIoueHe, U3MEHEHHE TapaMeTPOB LIeTH U Ap.).

[lepexoqHoil mpouecc MPOTEKAET B TEYEHUE OMNPEIAEICHHOIO
BpPEMEHH, KOTOPOE 3aBUCUT OT 3allacOB SHEPI'MH B PEAKTUBHBIX 3Jie-
MeHTax nenu. [IpomoKuTenbHOCTh NEPEXOAHOTO MPOLEcca MOXKET
OBITH BeChbMa HE3HAYUTEIHHOM, OT JOJIEH CEKYHIBI 10 TOJIeH MUKPO-
cexyHzbl. [Ipy 3TOM TOKM M HampsKEHHS B NEPEXOAHBIX MpoLeccax
MOTYT CyLIECTBEHHO NPEBBIILATh TOKH M HANPSDKEHUS B CTAllMOHAP-
HBIX PEXHMax, 4TO MOXET NPHUBECTH K PA3PYLICHUIO Pa3IUYHbIX
3JIEMEHTOB UIEKTPUUECKHUX U HJICKTPOHHBIX CXEM.

B 10 %€ Bpems mpu pa3yMHOM OTpaHWYEHUH HANPSKEHUH U
TOKOB IPH MEPEXOAHBIX MPOLECccax MX MOKHO HCIOJIb30BaTh UIs
(GbopMHPOBaHUS Pa3IUYHBIX 3JIEKTPUUECKUX cHurHainos. Ilostomy
pacyer MEPeXOAHBIX PEXHMOB B AJIEKTPUUYECKUX LEISX SBISETCS
OUYCHb BaKHBIM Ul PEIIeHHUs] NpOOIeMbl MOBBILICHUS HAJACKHOCTH
Pa3JINYHBIX 3JEKTPHUECKUX U AIEKTPOHHBIX YCTPOHUCTB.

MoMEHT BHE3aIHOr0 U3MEHEHUs PeXUMa paboThI AIIEKTpUIe-
CKOM 1leny NMPUHUMAIOT 332 HayaJIbHBIN (HyJIE€BOH) MOMEHT BpEMEHH,
OTHOCUTENFHO KOTOPOTO XapaKTepU3yIOT COCTOSIHUE LENH U OIHCHI-
BAIOT caM IepexogHOi mporecc. llepexoaHble TOKH, HANpPsLKEHUS,
OJIC u mpyrue 3Ha4eHUs1 0003HAYAIOT MAJIBIMU OyKBaMmH, a UX KOH-
KpETHBIE 3HAUEHUS OTMEUYAlOT MOMEHTOM BPEMEHH, MPEAIIECTBYIO-
IIMM HW3MEHEHHIO pexuMa. Hampumep, TOK B MOMEHT BpEMEHH,
NPEAECTBYIOIMI N3MEHEHUIO PeXUMa paboThI e, 0003HAYAI0T

I(O,)a B HepBLIfI MOMCHT BPEMCHHU IIOCJIC M3MCHCHUA PCKHUMA -

I(O +), a B 3aJaHHBI MOMeEHT BpemenH t — i(t). YcraHoBuBIeecs
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3HAaYeHHE TOKA, PaBHOE IOCJIE 3aBEPIIEHHS IEPEXOIHOTO IIpoIecca
l,, 06o3HauaroT i(0) = .

Jns mepexoHOro Tmpolecca, paccMaTpyuBaeMoro Ha pwuc.l,
UMEEM:

1(0)=i1(0,) =1y i(0) =1,.

Iepexonnblit

VcTaHOBUBIIMHCS
o Ipo1ecc
YcTaHoBUBIINICS pexum nocie
PEXKUM 10 IIEPEXOTHOIO nepexoaHoro nponecca
nporecca C

F 9

| = U1 |2 = U_Z

'R i R

r

Pucynok 4.1- BpemenHbsle U13MEHEHHsI TOKa
B LIEMH MPH NEPEXOTHOM IpOoLIecce

Ilepeviii 3axon: B nr000# BETBH C WHAYKTHUBHOCTBIO TOK U
MarHUTHBIA TTOTOK B MOMEHT KOMMYTAallUU COXPAHSIIOT T€ 3HAYEHHUS,
KOTOpBhIE OHH HMMENM HENOCPEJCTBEHHO Iepea KOMMYyTaluen, a
Jlanbllle HAYUHAeT U3MEHATHCS IMEHHO C 3THX 3HA4YEHUH, T.e.

i(0) = i(0) 1 D(0.) = D(0,). (4.1)

Bmopoti 3axon: B mo0oi BeTBU ¢ KOHAECHCATOPOM HampsiKe-
HUE U 3apA] COXPaHIIOT B MOMEHT KOMMYTAIIMH T€ 3HAYEeHHUs, KOTO-
pBle OHU MUMENIM HEMOCPEACTBEHHO Tepes] KOMMYyTAIlel, U B Jajb-
HeHIIeM U3MEHSIOTCS, HauMHasi IMEHHO C 3TUX 3HaYeHUl, T.€.

u(0.) = u(0.) 1 Q(0.) = Q(0.). (4.2)

B umensix ¢ HMHAYKTUBHOCTBIO HWJIM €MKOCTBIO MEpPEXOIHOU
MPOLECC MOXKHO paccMaTpUBaTh KakK pPe3ysibTaT HaJOXKEHHS JIBYX
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MIPOIIECCOB — MPUHYXACHHOTO B cBOOOAHOTO. TOK M HampshKeHHe B
IIENTH B TEUEHHUE MTEPEXOTHOTO IPOIIecca MOXKHO MPEICTABUTh B BUJIE
CYMMBI TIPUHYXICHHBIX U CBOOOJHBIX 3HAYEHWH TOKOB W HaIpsKe-
HHH, T.C.

inep(t) = inpul-t(t) + ics(t)'

Jns pacdera 1 aHaNIM3a MEPEXOIHBIX MPOLIECCOB B AIEKTpUUE-
CKHX IEMsSIX MPUMEHSIOTCS CIEAYIOIMEe METOABI : KIACCUYECKHUH ;
OTIEpPaTOPHBIH ; YaCTOTHBIN (CHEKTPANbHBIN) ; C TOMOLIBIO HHTETpa-
na J{roamerns ; mepeMeHHbBIX COCTOSHUM.

Knaccuueckuit memoo 3axniouaercs B pemieHuH IuddepeH-
LUaJIbHBIX YPaBHEHHUH LM, COCTABICHHBIX 10 IIEPBOMY M BTOPOMY
3akoHaM Kupxroda myis MrHOBEHHBIX 3HAUYE€HHH TOKOB M HampsbKe-
HUi. PemieHue cCOCTOUT B ONMpENENICHUU: KOpPHEH XapaKTepucruye-
CKOT0 ypaBHEHHS, CBOOOJHBIX COCTABIIIOIIMX IMEPEXOAHOrO Mpo-
1ecca, NOCTOSHHBIX MHTETPUPOBAHMS M, HAKOHEL, IEPEXOIHBIX TO-
KOB U HaIpsDKEHUI.

OCOOEHHOCTh KJIACCHYECKOr0 METOJa COCTOMT B TOM, IIpH
PELICHNH 3a7auil UIMEIOT A€JI0 C PEAIbHBIMU BEJIMUMHAMH U C peallb-
HBIM BpeMeHeM. Pe3ynpTaThl pacuera 0OBIYHO WILIFOCTPHPYIOT I'pa-
¢uxamu. OTHAKO 3TH pacyeTbl CIOXHBI M TPEOYIOT MPUMEHEHUS
BBIYUCIIUTEIbHON TEXHUKH.

Onepamophalii Memoo COCTOUT B TOM, YTO peanbHas (QyHK-
Ul BpEMEHH, Ha3bIBaeMasi opueuHaiom, 3aMeHsieTcst Ipyroit QpyHk-
el - usobpasicenuem. JTa 3aMEHA OCYLIECTBISECTCS C ITOMOIIBIO
MpsIMBIX ITpeoOpa3zoBanuii Jlamnaca u Kapcona-Xesucaiina.

N3o0paxenne spisercs (yHKIMEH He BpeMeHH t, a KOM-
IJIEKCHOM NEepeMEeHHOW wiM omneparopa P. Ero HEBO3MOXKHO mpej-
CTaBHUTH Tpaduyecku. ITO 03HAYAET, YTO PACUET ONEPATOPHBIM Me-
TOIOM TIPOBOJUTCS HE B pealbHOM Macimrtabe BpemeHH. OmHaKo
HaHHBIﬁ HEAOCTATOK KOMIICHCUPYECTCA TEM MNPEUMYIICCTBOM IIEPEC]
KJIACCHYECKAM METOJIOM, 4YTO oOrepanud JudQepeHMpoBaHus |
WHTETPUPOBAHMS 110 BPEMEHH CBOJATCS K IMPOCTHIM alreOpandecKuM
onepanuiaM YMHOXCHUA U JCJICHUA. B PE3YIbTATE PCIICHUA CUCTEC-
MBI YpaBHEHHMH NOJy4aeTcs M300pa)KeHHe MCKOMOH (YHKIHH, OT
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KOTOPOTO TEPEeXOIAT K €e OpUTHHANY. biaromapst 5TUM mpenumyIe-
CTBaM OIIEPATOPHBI METON IMIMPOKO MPUMEHSETCS B HH)KEHEPHBIX
pacderax.

4.2 Knaccu4ecKuii MeTO pacyera MepexoaHbIX MPoLeccoB

PaccMaTpuBaeMblil METOA OTHOCHTCS K JIMHEHHBIM LEMSAM C
COCPEIOTOYCHHBIMU IapamMeTpaMu. Pacuer mepexoaHbIX MpOLEeccoB
KJIACCHUYECKHUM METOJIOM CBOAUTCS K BBIIIOJHEHHUIO CIEIYIOIINX OIle-
panmii:

1. Ha cxeme menu mocjie KOMMYTAlMH YKa3bIBalOT IOJIOKH-
TeJIbHBIC HAIIPAaBJICHHUS TOKOB B BETBSIX.

2. Cocramsaotr muddepeHnnaIbHbple YpaBHEHHS ISl MTHO-
BEHHBIX 3HAYEHWI TOKOB M HANpsDKEHHUU 1Mo 3akoHam Kupxroda ams
MEPEXOAHOTO PEKUMA.

Tak Kak nmazeHue HalpsDKEHUS Ha aKTUBHOM CONPOTUBIICHUH
R, mamyktuBHOocTH L m emxoctu C ompenenstor mo ¢opmynam:

: di 1..

Ug =1-R; ULZLE u U ZEJ.I-CI'[ , TO 10 3aKOHAM
Kupxroda Oyner cocTaBJIeHa cucrema WHTErPaIbHO-
JuQQepeHInaNbHBIX YpaBHEHUH 3a1aHHOH LIETH.

3. Ilonay4eHHYIO CUCTEMY YpaBHEHHH DPEIIal0OT OTHOCHUTEIILHO
MCKOMOM (yHKUMH (TOKa WM HanpsbkeHus). B pesynbrare momyua-
I0T HEOAHOPOJHOE JIMHEIHOe nuddepeHIranbHoe ypaBHEHUE, T0-
PSIOK KOTOPOrO PAaBEH YHCIY HE3aBUCHMBIX MECT HAaKOIUICHHS
3Hepruu. B ciydae IByX HE3aBHCHMMBIX MECT HAKOIUICHUS B CXEMeE
nuHeHHoe tuddepeHnaibHoe ypaBHEHUE UMEET BUJL

2 -
a:t:+b%+ci= f(u)

roe 4, b, C - ko3 hUIHEeHTBI, 3aBUCSIINE OT TIAPAMETPOB TICTIH;
f (U) - HEOJIHOPOJHBIN UJIeH YpaBHEHUS, 3aBUCAILUNA OT Be-

JIMYNHBI 1 (1)0pr1 MIPUIIOKCHHOI'O K HCTIN HAITPAXKCHUA.
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4. Pemaror HeomHOpomHOe muHEHHOEe muddepeHnnamTsHoe
YpaBHEHHUE, B pe3yJbTaTe Yero HAXOJSIT MCKOMBIA TOK WM Harps-
JKEHHE TIEPEX0/THOTO TPOoIIecca.

Pemenne nuddepeHnnanbHOr0 YpaBHEHUS CKIbIBACTCS U3
o0Iero pemeHus OJHOPOJHOW HYacTH STOrO ypaBHEHHS (TpaBas
4YacTh paBHA HYIO) W YaCTHOT'O PEIICHHS HEOJHOPOJHOTO YpaBHeE-

HUS, OTIPEICIISIEMOTO BUAOM f (U) .

YacTHOE pelleHUEe BBIPAXKAET MPUHYKICHHBIN PEXUM, 3a1a-
BaeMbBIif MCTOYHWKAMH JHEPTHH, a oOIee pemieHue - CBOOOIHBIN
pexxuM. Takum 00pa3oMm, TOK MEPEXOMHOTO TpoIecca paBeH

+1_,a HanpsbkeHue U = Unp +U,.-

Izlnp ce

5. Haxomar npuHYXIEHHYIO COCTaBISIOLIYIO IIyTEM pacyera
UENH T0CIe KOMMYTAIUH.
6. 3anuceIBaeTCsA XapaKTEPUCTUUECKOE YpaBHEHHE MM TUIIa

ap2 + bp + C =0 u onpenensiorcs ero KopHu.

7. Haxomar cBOOOHYIO COCTaBISIONIYIO, KOTOPAst 3aBUCUT OT
XapakTepa LEIH, T.e. ONpEAesIeTCs] BUIOM KOPHEH XapakTepUCTHU-

9EeCKOro ypaBHeHUs [y .

Ob1ee penienre U1t CBOOOHOM COCTABIISIONICH UIITYT B BUIIE
- _ . Pk -t
.., = A -€ ,

rac AK - [IOCTOSIHHASL UHTCTPUPOBAHHAS

Pk - KOpHHM XapaKTEPUCTHYECKOTO YPABHEHMS.

[Ipu 3TOM, ecnu:
a) KOpDHM BEIIECTBEHHBIC, OTPULATEIbHbIE U pa3HbIC

(P < 0; p, < 0), nepexomroit pexum Gyaer anepuoduueckum

CBO60)_'[Ha}I COCTaBJIAIOIIAs TOKA 3aIlIUIICTCs B BUJIC

i, =AeP + AePt,

0) KOPHH XapaKTEPUCTUYECKOTO ypaBHEHHsS KOMILUICKCHBIC U
conpsbkeHnbie () = -0+ ja)o; P, = -0 — jcoo ), TO B Iemu
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Oyner mepuogudeckuil (KoieGaTeNbHBIN) PeKUM W CBOOOMHAs CO-
CTaBIISIONIAST TOKA BBIPAYKACTCS 3aBUCUMOCTBIO

i, = Ae ™" sin(wyt +7),

rae O - Ko9(GQHUIMEHT 3aTyXaHHs IEPEXOHOI0 PEKIMA;
(- yTJI0OBas 4acTOTa CBOOOMHBIX KOJEOAHWH TOKa (Hamps-

JKCHUSA);

¥ - HadanbHas (asza MepexogHOrO TOKa (HANPKEHHS).

B) KOPHHM XapaKTEePUCTHICCKOTO YpaBHEHUS paBHbBIC, OTPHIIA-
tenshbe (P = P, = P <0), 10 cBOGOAHA CocTaBAsIOMmAs OMpe-

JenseTCs

- _ pt

i, = (A +At)e”,
8. Ompenensor MocTOSHHBIE UHTETPUPOBAHUS Ai; A2 U yron
7/ I10 Ha4dYaJIbHBIM ch_IOBI/DIM, HUCXOods1 U3 3aKOHOB KOMMyTaHI/H/I B
momenT Bpemenn [ = 0. Jlns storo cHauama onpenessiorT Hadab-

HBIC 3HAYCHHUA TOKa Ha ydaCTKaxX LENHU C MHAYKTUBHOCTBIO U HaAIIPs-
JKCHHS Ha y4aCTKaX € EMKOCTBIO

i(0.)=i(0)=i(0,);
uc(0-) =uc (0)=i(0,).

IMoncTapisist 3TH 3HAYCHUS B MCXOJAHBIC TU(GepeHIMaTbHbIC
ypasuenust npu £ =0, onpenensior HauanbHbIe 3HAYCHNS TOKOB B
OCTaJIbHBIX BETBSIX.

[IpousBoaHass OT TOKa B WMHAYKTHBHOCTH HAXOJMTCS HEIO-
CPEJICTBEHHO M3 YPAaBHEHUS, HAIIMCAHHOTO JIJIi KOHTYpa, B KOTOPBIH
BXOJIUT BETBb C HHIYKTUBHOCTBIO.

[Ipou3BoaHBEIE OT TOKOB B JPYTHX BETBAX CXEMBI OIMpPEIEIIs-
I0TCS U3 ypaBHEHHS, B KOTOPOM HET BETBH C MHAYKTHBHOCTBIO I1OCIIC
ero nubdepenrmposanus u mepexoga k £ = 0. IIpu srom Hamps-
JKEHUE Ha KOHJICHCATOPE HY)KHO MHCaTh B (opMe HHTErpaja
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1..
duc _ic(0)

YTO IAET =

dt C

B HEKOTOPBIX CIIyYasAXx HYXHO UCIIOJIb30BaTh U HSpBLIfI 3aKOH
dip _ di N di,
dt dt dt

Ecnmn xapakTeprcTideckoe ypaBHEHHE TMpEACTaBIseT coOoit

Kupxroda 11 npou3BOAHBIX TOKOB

: P
ypaBHEHHE nepéo2o  nopaoka, 1o 1 = Ae™ u  torma
A=i,(0,).

Ecnu xapakrepuctuiyeckoe ypaBHEHHE 6/0p020 NopsaoKd, TO

=Ae Pty Ae P2t 4t rora

IC@

o100 P, 1,0)
PL— P2
Ay =i, (0,)—A.
ECITH KODHW XapaKTepHCTHUECKOTO YPABHCHHS KOMILTCKCHBIE

- 75 -
U conpspkennsle, To 1., = Ae -sm(coot - 7/), TOTAa 3HAYCHUS

Au Y HaXOIAT U3 COBMECTHOI'O PEIIEHUS JBYX YPaBHEHUM

I.,(0,)=Asiny,
i, (0.)=—Adsiny + Aw,siny.

9. XapaKkTepuCTHUUECKOE ypAaBHEHUE HAXOIUTCA U3 BXOJHOTO
COIIPOTHBIICHUS CXEMBI B OIIEpAaTOPHOM (hopme.
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4.3 OnepaTopHbIii MeTOA pacyeTa MepexoaHbIX MPOIECcCOB

B oneparopHoM meTozae (QYHKUIHIO BEIIECTBEHHOTO MEPEMEH-
HOTO BpeMeHH [, HasBIBAEMYIO OpucunaioMm, 3aMEHSIOT COOTBET-
CTByOIIEH (YHKIHEH KOMIIEKCHOTO TIEPEMEHHOTO0, 3aBHUCAIICH OT
omeparopa [) ¥ Ha3bIBaeMOH uzobpasicenuem.

B sTtom meTone netictBus nuddepeHIMPOBaHNS B HHTETPUPO-
BaHMs AaHHOW (DyHKIMH — OpUTMHAja 3aMEHEHBI 0oJiee MPOCTHIMU
anreOpanvdecKuMu TEHCTBUSAME HaJl N300pakeHneM 3TON (yHKITHH.
IIpu stom muddepeHuranbHble YpaBHEHUS U OPUTHMHAIIOB 3JICK-
TPUYECKUX BEIMYMH TOKA M HANPsHKEHUS MpeoOpasyrorcs B Oolee
MPOCTHIE aNreOpandecKkue ypaBHEHUs sl U300paKeHHH

TeX K€ BEJINYHH.

B mpocTeiimux cirydasx TpHU COCTABICHUH aNreOpanvecKux
YpaBHEHUH, B KOTOpPBIE BXOAAT M300pa)KeHMS MCKOMBIX (YHKLUH,
omeparus AudepeHITnpOBaHN OpPUTHHATIA MOXKET OBITH 3aMEHEHa
YMHOKEHHEM H300paxkeHUs HCKOMOH (yHKIMK Ha oneparop [ .

B pesynpraTe pemieHHs IMONYYEHHOW CHCTEMBI aireOpande-
CKUX YpaBHEHHI HAXOIAT M300paKEHHS MCKOMBIX AIICKTPHYECKHX
BeJWYWH (TOKOB WM HampspkeHui). [lytem obpaTHOTO TpeoOpa3oBa-
HUH TIOJy4eHHBIX H300paKeHWIl HaXOIAT COOTBETCTBYIOIIHE UM
OPHI'HHAJIBI, T.€. HCKOMBIE (DYHKIIMU BPEMEHH.

B sTOM MeToze oTnasaeT HEOOXOAUMOCTD OTPENEISATh MOCTO-
SIHHbIE MHTETPUPOBAHMSA 110 HAYaJIbHBIM YCJIOBHUSM, TaK KaK Hayaib-
HBIE YCJIOBHS YYUTBHIBAIOTCS TIPH COCTABICHHU alreOpandecKux
ypaBHEHHH JUIs H300paKEHUIH UCKOMBIX JIEKTPUYECKUX BEITHYHH.

Jlns npeoGparenns 3amanuoi Gpynkuun | (t) - OpUTHHANIA B

COOTBETCTBYIOIIYIO (DYHKLHIO F(p) - U300pakeHue MOXKHO NpH-

MCHUTH IIPSAMOC Hp€06paBOBaHI/Ie Jlannaca

F(p):Tf(t)e‘ptdt wn F(p)=f(p),
0

rac p - KOMIUICKCHAsA TICPEMCHHAA HWJIHW  OICPATOp
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P=0+ Jay,
rae O - BEIIECTBEHHAS 4acTh ONMEPATopa, XapaKTepHu3yeT 3a-
TYXaHHEC ICPEXOAHOr0 IIponecca,

(U - MHMMas 4acTh TOTO K€ ONEPaTopa, XapaKkTepu3yeT yr-

JIOBYIO 4aCTOTY CBOOOJTHBIX KOJICOAHUH.
[Tpssmoe npeobpazoBanue Jlannaca ycioBHO 0003HAYAIOT

F(p)=L[f(®)]
Iepexon ot u3obpaxkenns ( p) K OpUTHHAILY f (t) MOKET

OBITh OCYIIECTBIICH MpPH MOMOIM OOpPaTHOrO TNpeoOpa3oBaHMUs
Jlamtaca

f(t)= i J. F(p)e”'dt mwm coxpamento
27 =,

f(t)=L"[F(p)].

[TocTosHHOE HAIIPsAKCHUC U 6yz[eT 3aIUCBhIBATHCA B OIICpa-

U U
TopHoit popme kax — , t.e. U (P) =—.
P p
N306paxenne rapMOHHYECKOT0 HanpsHKEeHUs]

u=U,_ -Sin(at + ) 6yner

_psiny +wcosy

u =U
(p)=VU, 07+ o

Ilonp3ysch  KOMIUIEKCHBIMH ~ YMCJIaMM, TapMOHHMYECKOE
Hanpsokenue U :Umsm(a)t+w) MOXHO TPEACTAaBUTh Kak
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j (ot +
MHUMYIO 4YaCTb TIIOJIHOI'O KOMIUICKCA U me J( W) , T. €.

u=Jmu, el

B stom ciydyae mzoOpakeHHe TapMOHHYECKOTO HAIPSKEHUS
3HAYUTENHFHO YIPOIIAETCS U UMEET BHT

OneparopHble CONMPOTHUBIIEHUS IIeTeN 3aMHUChIBAIOTCS TaK Ke,
KaK U CONPOTHUBIICHUS JUIS TEX JKe IerNeil B KOMIIEKCHOH dopme, B
KOTOpBIX ] 3ameneHo Ha . Tak g nenu, cOCTOAIMMA U3 1O-

cneoBaTenbHO coenunenHbx snemento R, L u C | oneparoproe
1
comporupienne 2 ( p) =R+ pL + C_ .
P

HanpsioxkeHus Ha CONPOTHUBICHNUH, HHAYKTUBHOCTH U €MKOCTH
B OIIEPaTOPHOI (hopMe UMEIOT BU:

Uz (p) =R-1(p);

u_(p) = pLI(p) - Li(0);
_1(p) , uc(p)

Uc(p) = Cp + Cp )

rac |(0) nu UC (0) - Ha4aJIbHBIC 3HAYCHUSA TOKAa B UHAYKTHB-

HOCTH U HaIIPSDKEHHUS HA EMKOCTH.
VYpaBHeHus: A1 M300paKeHUH TOKAa M HampsDKEHHs 000

LEeNU MOTYT OBITH MONyueHsb! 1o 3akoHaM Oma u Kupxroda, nanu-
CaHHBIX JUIsl ONIEPATOPHBIX CXEM 3aMEILECHUS.
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3akoH OmMma B OTIepaTOPHOM dhopme -
E(p)+Li(0)- 2@
p

1(p)= 200 ;

3akoH Kupxroda B onepatopHoii ¢popme

iIK(p):O;

ilK(p)-Z(p)zﬂEK(pH LKiK(O)—lJWp(O)]

[lomydeHHyI0 cHCTeMy ypaBHEHHH B oOIepaTopHON ¢dopme
peLIaloT OTHOCUTENBHO HM300paXKEHUs] MCKOMOTO TOKA WJIM Hamps-
*KeHusa. B obmiem ciyuae BbIpakeHUs Uil TOKa B JIt00OI BETBH B
orepaTopHOi popMe IMEET BUJT

=g,

rac Fl(p) n FZ(p) - anre6pa1/1qe01<ne MHOI'O4JICHBI CTC-

MIEHN KOTOPBIX coorBercTBeHHO M u N, mpuuem M <N .
[Tepexonm oT M300pakeHUsI K OPUTHHATY OCYILECTBISIETCS MPH
MIOMOIIM TEOPEMBI Pa3I0KEHHS

i) =3 -P) gnet
T'F, (py)

rae Py - KOpHU ypaBHEHUS F2 ( p) =0;

N - gucno kopHeii;

51



Fl( pK) - 3Ha4YeHHE QYHKINH Fl( P)mpu P = Pk
FZ’ ( Pk ) - 3HaueHWe TIPOM3BOMHOMN DYHKIMH F (p) mpu

P=Pk-
HpI/I IIOOKIOYCHUN NCTOYHHUKA ITOCTOSHHOI'O UJIN FapMOHI/I‘{e—
CKOTro HaHpSIH(eHI/IH K H&CCI/IBHOﬁ oenm ¢ BXOIHBIM Ol'IepaTI/IBHbIM

COTIPOTHBIICHHEM Z(p) Ha OCHOBAaHWHU TEOPEMBI Pa3NIOKEHUS I0-

Jy4eHbl MPOCThIE pacdeTHble (OPMYIBI, Ha3bIBaEMbIe (OPMYJIaMH
BKITFOUCHUS

U
+
Z(0)

U _epKt

0= PZ'(Pk)

2

rie Py - KOpHU ypaBHEHUs Z ( p) =0.
[Ipn BKIIOYEHUHM LENM HAa CHHYCOMJAJIbHbIE HANPSHKEHHS
u=U_ Sin(wt + ) semuuuna Toxa

, U e U,e'”

i(t)=Jm —2— + M ’ .gPkt
Z(jo) (Px +J@)-Z'(pk)

rne U m - AMILTATY/1a IPUIIOKEHHOTO HANPSHKEHHUS;

W/ - HavanbHas (a3a MPHUIOKEHHOTO HANPSHKCHHS;

Z ( j a)) - TIOJIHOE COMPOTHUBJICHUE B KOMIUIEKCHOH (hopme;

!/
Z (pK) - MPOM3BOJHAS ONEPATOPHOTO COMPOTHUBIEHUS MPHU

P=Pk-
3uak  JM o3Hauaer, 4T0 OT MOJIYICHHOTO KOMITJIEKCHOTO
ypaBHeHus Oepercst K03 GUIUEHT PU MHUMOW YacCTH.
IIpu pacuere nmepexoIHBIX MPOIECCOB OIMEPATOPHBIM METOOM
B JJICKTPOTEXHUKE YACTO MPUMEHSIIOT TaKXKe MpsMoe mpeodpa3oBa-
Hue Kapcona-XeBucaiina, KoTopoe 3aluchiBaeTcs
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F(p)= pT f (t)e P'dt.

B mpeoOpazoanun Kapcona-XeBucaiija B OTIMYHE OT Ipe-
oOpazoBanus Jlamnaca nepea MHTETpasoM MMEETCS MHOXKUTEIb [J.

OT0 AaeT BO3MOKHOCTb UMETH OJHY M TY)K€ Pa3MEPHOCTb ISl OpH-
THHANIa U W300paXKeHus, a M300pakeHUe MOCTOSIHHOM paBHO CaMoii
noCTOSHHOH, T.€. U ( p) =U.

KOHTpOJ’IbHBIe BOIIPOCHI:

1. OcHoBHBIE CBelleHHS O pacyére MEepexXOJHBIX MPOIECCOB
3JIEKTPUUECKUX LENEn

2. T'padux nepexomHOro mpoiecca.

3. OCHOBHBIE TTIOHATHSI U IIPUHLOMUIIBI aHaJIn3a NEPCXOAHbIX
MIPOLIECCOB

4. 3aKOHBI KOMMYTAIIHH.

5. Kiaccuueckuii MeTos1 pacdera mepexoJHbIX MPOIEeCCOB.

6. OmpeneneHue MOCTOSHHBIX HHTETPUPOBAHUS B KJIaCCHYE-
CKOM METOJIE.

7. OnepaTopHBIi METO/] pacyéTa MepeXoJHBIX MPOILIECCOB.
[TonsiTue 00 omepaTopHOM METOJIE.
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I')IABA 5. DaekTpoMarHuTHble YCTPOICTBA U JJIEKTPHU-
YyecKHe MAalIUHBI

Pabora MHOTHX 3JE€KTPOTEXHHYECKHX YCTPOWCTB OCHOBAaHA Ha
WCTIONIb30BAaHNH HWHAYKIIMOHHOTO W CHJIOBOTO JICHCTBHS MarHUTHOTO
TIOJIS.

WHunyknmnoHHOE IeiiCTBIE MAarHUTHOTO TIOJISI COCTOHT B TOM, YTO
B KaTyIlIKe, MPOHM3bIBAEMOI TEPEMEHHBIM MAarHUTHBIM TOTOKOM, a
TaKke B MPOBOJHHKE, IBIDKYIIEMCS] OTHOCHTEIIFHO MarHUTHOTO TIOJ,
uanykrapyercss D/IC. Ha wucmonp3oBanmm WHIYKTHpOBaHHBIX JJ(C
OCHOBaH TPUHIUIT AEHCTBUS T€HEPATOPOB, TPaHC(HOPMATOPOB, MHOTHX
TprUOOPOB KOHTPOJISI, YIIPABIEHUS W aBTOMATH3AIlMH TPOW3BOICTBEH-
HBIX TiporieccoB. CHIIOBOE JICHCTBIE MarHUTHOTO TIOJNS 3aKITFOYAETCS B
TOM, YTO Ha 3JIEKTPUIECKHE 3aPS/IbI, IPOBOIHIKH C TOKAMH H JECTaIIH U3
(heppOMarHUTHBIX MaTEPUAIOB, HAXOMSIINECS B MATHUTHOM IIOJIe, ACH-
CTBYIOT 2JICKTPOMAarHUTHEIE CHITEL.

Hcnonp3oBaHue CHUIIOBOTO IEHCTBUS MATHUTHOTO TIOJIS JIKHUT
B OCHOBE NPUHITUNA JACHCTBUS 3JICKTPOJBHUTATENEH, DIIEKTPOMAarHu-
TOB, MHOTHX 3JIEKTPOU3MEPHUTEIHHBIX TPUOOPOB U AIEKTPOTEXHIUE-
ckux anmapaTtoB. C IOMOIIBIO 3JEKTPOMArHUTHBIX CHII OCYIIIECTBIIS-
€TCsl yIpaBlieHHE IBM)KCHHEM 3apsDKEHHBIX YaCTHIl B AIIEKTPOHHO-
JMy4eBBIX TPyOKax, 3JMEKTPOHHBIX MUKPOCKOMAX, YCKOPHUTEISAX 3apsi-
JKEHHBIX YaCTHII.

DNEKTPOTEXHUYECKHE yCTPOUCTBA, MPHUHIUI JEHCTBHS KOTO-
pPBIX OCHOBaH Ha HWCITOJIF30BAaHUM HMHIYKIIMOHHOTO WM CHIIOBOTO
JIEACTBYSI MATHUTHOTO TIOJISI, HA3BIBAIOTCS 3JEKTPOMArHUTHBIMH.

Jns nonyuenus tpedyemoit D/1C nnm cuiibl B 3J€KTPOMArHUT-
HOM YCTPOHCTBE JIOJDKHO OBITH CO37]aHO MarHUTHOE TIOJIE OTIpeIeIIeH-
HOM MHTEHCHUBHOCTU W HANpPaBICHHOCTH AeucTBUsA. C ATOM LIEIbIO B
KaXXJIOM DJICKTPOMArHUTHOM YCTPOWCTBE WMEETCSl MarHHWTHAs IEeTlb
(MarHuTHas cUCTeMa), COCTOALIAs U3 MarHUTONPOBO/IA, BHIOIHIEMO-
ro B o0IIeM ciydae U3 pa3inuHbIX (eppOMarHUTHBIX MaTepHaIoB, U
OJTHOM MJTM HECKOJIBKUX HAMAarHHYMBAIOLIHX 0OMOTOK.

YroObl MHOTHE 3JIEKTPOMAarHUTHBIE YCTPOWCTBA MOTJIH BHI-
NOJHATH T€ (PYHKIMHU, HA KOTOPbIE OHM PACCUMTAHBI, B UX MarHUTO-
MIPOBO/BI MPUXOANUTCS BBOJAUTH BO3AYIIHBIE 3a30pbl. B HEKOTOpBIX
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AIIEKTPOMArHUTHBIX YCTPOMCTBAX BMECTO HAMarHUIHBAIOIIUX 00OMO-
TOK UCTIOB3YIOTCA

MTOCTOSTHHBIE MATrHUTHI.

C moMoIIpl0 HAMarHMYUBAIOMIX OOMOTOK, 1O KOTOPBIM BO
BpeMs pabOThl YCTPOHCTBA MPOMYCKAIOTCA TOKH, JINOO C ITOMOIIBIO
MOCTOSTHHBIX MAarHUTOB B IPOCTPAHCTBE BO30YXTAaeTCs MarHUTHOE
note. [Ipn 3ToM (heppOoMarHUTHBEIN MaTepHwall MarHUTOIPOBOAA Ha-
MarHM4YMBaeTCs, B PE3yJbTAaTe Yero MarHUTHOE II0JI€ MAarHUTOIPO-
BO/Ia 3HAYMTEIHHO YCHIIMBAETCS W CTAHOBHUTCS HaMHOTO Oojee WH-
TEHCUBHBIM, Y€M T0JIe BHE MarHUTONPoBoa. [[0CKObKy MarHUTHOE
MOJIe OKa3bIBAETCS COCPENOTOYCHHBIM B OCHOBHOM B MAarHHTOIIPO-
BOJIe, MOXXHO, TIpUaBasi €My COOTBETCTBYIOIIYIO KOH(HUTYpPAIHIO,
CKOHIICHTPUPOBATh MAarHUTHOE IIOJI€ B HY)KHOM OOBEME BJIEKTPO-
MarHUTHOTO YCTpPOUCTBA.

3HAYUTENFHOE YCHUJICHHE MAarHUTHOTO TOJS 32 CUET CBOMCTB
(heppOMarHUTHOTO MaTepHala IMo3BOIsIeT (MIPH 33JaHHON WHTEHCHB-
HOCTH MAarHUTHOTO TIIOJsI) HAMHOTO YMEHBIIUTh TOK, MOIIHOCTD,
rabapuTHBIE pa3Mephl H MAacCy HAMAarHUYMBAIOINX OOMOTOK, a TakK-
K€ MacCy U CTOMMOCTb ITOCTOSIHHBIX MarHUTOB, UCIIOIB3YEMBIX MHO-
I/1a BMECTO HaMarHHYMBAIOIINX KaTYIIEK.

B 3aBucMMOCTH OT Ha3HAYEHHUS M TEXHUYECKUX JTAHHBIX DIICK-
TPOMAarHUTHBIX YCTPOWCTB WX MAarHUTHBIE IeNH OBIBAIOT BEChMa
pa3HOOOpa3HBIMH H OTIWUYAIOTCS POJIOM TOKA, KOHCTPYKTHBHBIMH
OCOOCHHOCTSIMH, Ta0apuUTHBIMHA pa3Mepamu, a, CIIeJ0BaTelIbHO, U
Maccoil.

DneKTpryecKas MalllvHa TIOCTOSHHOTO TOKa COCTOUT U3 JIBYX
OCHOBHBIX YaCTei: HETIOABIKHON YacTh ( HHIYKTOpa) U Bpaliaro-
mieiics yactu ( sskopsi ¢ 6apabaHHONW 0OMOTKOM).

Ha puc. 5.1 uzo0pakeHa KOHCTPYKTHBHAsl CXeMa MAITUHBI
MOCTOSTHHOTO TOKa

Pucynok 5.1 — KoHcTpykTuBHas
CXEeMa MaIIMHbI IOCTOSHHOIO TOKa
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WHAYKTOp COCTOWT M3 CTAaHWUHBI | MUIHMHAPUYECKOW (POPMBL,
H3TOTOBIICHHOHN M3 (heppOMarHUTHOTO MaTepuaia, U MOJIOCOB C 00-
MOTKOW BO30YXIEHHUS 2, 3aKpETUIEeHHBIX Ha cTaHnHe. OOMOTKa BO3-
OyX/IeHHsI CO3/1aeT OCHOBHOW MarHWTHBIA MOTOK. MarHUTHBIA TO-
TOK MOJKET CO3/1aBaThCsl MOCTOSHHBIMM MarHUTaMH, YKPEIUIEHHBIMH
Ha CTaHMHE. SIKOph COCTOUT U3 CIEAYIOIIHX IEMEHTOB: CEpACUHHUKA
3, oOMOTKM 4, YIOXEHHOM B Ta3bl CEpACYHHKA, KOJIIEKTOpa
5.CepevHuK SKOpsl IJI1 YMEHBIICHUS] NIOTEPh HAa BUXPEBBIE TOUKU
HaOupaeTcsl U3 U30JIMPOBAHHBIX APYT OT Apyra JUCTOB AIIEKTPOTEX-
HUYECKOH CTaJIH.

Lpunyun delicmeusa MawuHbl NOCMOAHHO20 MOKA

PaccmoTpum paboTy MalMHBI MOCTOSHHOTO TOKA B PEKUME
reHepaTopa Ha MOJEIH puc.5.2,

rae 1 - modrockl HHAYKTOpPA, 2 - SIKOPb, 3 - MPOBOJHUKH, 4 -
KOHTAKTHBIE ILETKH.

[IpoBomHVKH SKOPHONH OOMOTKH PaCIOIOXKEHBI Ha ITOBEPXHO-
CTH SIKOps. BHeIIHNE MOBEPXHOCTH NMPOBOIHUKOB OYMIICHBI OT U30-
JSIIMY, @ HAa 3TU MOBEPXHOCTU NMPOBOIHUKOB HAJIOKEHBI HEHOIBHK-
HbIE€ KOHTaKTHbIC IeTKH. KOHTaKTHBIE IIETKN pa3MeIlIeHbl Ha JINHUN
T€OMETPUYECKON HEUTpaIu, OpOBEACHHON MOCPEIUHE MEXAY MOIIO-
camu. IlpuBeseM sKOphp MallMHBI BO BpallleHHE B HAIpPABJICHUH,

YKa3aHHOM CTPEJIKOH.
/@E\
Lo

P
I
2 B/ TIH
Pucynok 5.2 — Cxema paGoThl
MAIlMHBI IOCTOSTHHOTO TOKa B PeXHUMeE —
reHeparopa 'F'
H

Onpenenum Hampasienue OJIC, MHIYKTHMPOBAHHBIX B IPO-
BOJIHUKaX SIKOPHOH OOMOTKH I10 MIPaBUITY NIPABOM PYKH.

Ha puc.5.3 kpectukom o6o3nauensl D/IC, HampaBieHHbIE OT
Hac, Toukamu - DJ1C, HanpaBieHHbIe K HaM. COeITMHUM IPOBOJIHUKH
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Mexay cobor Tak, uyToOsl DJIC B HHMX cKiambBamuch. s 3TOTO
COCMHSIOT ITOCIIEIOBATEIHFHO KOHET] TIPOBOAHIKA, PACTIONOKEHHOTO
B 30HE OJHOTO TOJIIOCA ¢ KOHIIOM IPOBOJHHKA, PACIIOIOKECHHOTO B
30HE ITOJIFOCA MTPOTHBOIIONIOKHOM TOIIpHOCTH (puc. 5.3)

JIBa mpoBoAHMKA, COEMHEHHBIE TIOCTIET0BATENIHHO, 00Pa3yoT
OJIMH BUTOK WX OAHY KaTymKky. 3J{C mpoBOJHUKOB, pacHOIO0XKEH-
HBIX B 30HE OJIHOTO IOJIFOCA, Pa3IUYHBI 10 BemuduHe. Hanbopmas
OJIC mHAyKTHpYETCS B MPOBOJHUKE, PACTIOJIOXKEHHOM TIOJ CpEIu-
Hoit monroca, DJIC, paBHas HyITIO, - B IPOBOAHHUKE, PACTIOIOKEHHOM
Ha JJMHUM T€OMETPUUYECKON HEHTpaiu.

Pucynok 5.3 — Cxema paboTsI
MIIT

Ecnu coequHUTh BCe MPOBOAHUKN OOMOTKH I10 OIIPEJIEIIEHHO-
My MpaBWIIy MOCIIENOBATENBHO, TO pe3ynbTupyromas IJC axopHOH
0oOMOTKH paBHa HYJIO, TOK B OOMOTKE OTCyTCTBYyeT. KOHTakTHBIE
IIETKU JeNAT SIKOPHYI0 OOMOTKY Ha JIB€ HapajlefibHble BETBU. B
BEpXHEH MapajnenbHoll BeTBH uHAyKTHpyerca OJIC  omHOro
HaIlpaBJICH!s], B HY)KHEH apajuleIbHOM BETBH - IPOTHUBOIIOJIOKHOTO
HanpasieHus. OJIC, cHumaeMass KOHTaKTHBIMH LIETKaMH, paBHA
CyMME 3JIEKTPOABIDKYLIMX CHJI IPOBOJHHUKOB, PAaCIOJIOKEHHBIX
Mexny merkamu. Ha puc. 5.3 mpencraBieHa cxema 3aMeLCHHS
SIKOPHOW OOMOTKH.

B mapamnensHBIX BeTBAX JAeiicTByroT oauHakoBblie OJIC,
HanpaBJIeHHbIE BCTPEYHO APYyr Apyry. lIpu momakiroueHnH K sIKOp-
HOW OOMOTKE COIPOTHBIICHHS B MapaljIeNIbHBIX BETBAX BO3HHKAIOT
OJIMHAKOBBIE TOKH, Uyepe3 conpoTuBieHue Ry nporekaer Tok Ig. 9J1C
SKOPHOM 0OMOTKH NMPONOPLHOHATIBHA YaCTOTE BPAIIEHUS SIKOPS Ny U
MarHUTHOMY IOTOKY HHIyKTOpa @
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E=C, ny @,

rae C. - KOHCTaHTa.

B peanbHBIX 3JIEKTPUYECKUX MAIIUHAX TOCTOSHHOTO TOKA HC-
HOJIB3YeTCs  CHELUaIbHOC KOHTAaKTHOE YCTPOMCTBO - KOJUICKTOP.
KosiekTop ycTaHaBIMBaeTCs Ha OJHOM Bally C CEpACYHUKOM SKOPS
U COCTOUT M3 OTACJIBHBIX M30JIMPOBAHHBIX JIPYT OT Jpyra U OT Baja
SKOpSl MEIHBIX IUTacTHH. Kakaas M3 IUIacTMH COeMHEHA C OJJHUM
WM HECKOJIBKUMH MPOBOIHMKAMU SKOpHOH 00MoTKH. Ha koutektop
HaKJIaAbIBAOTCA HCIOABMKHBIC KOHTAKTHBLIC IIICTKH. C IIOMOIIIBIO

KOHTaKTHBIX IIETOK Bpallaloniascs SKOpHasi 0OMOTKa COSITUHSIETCS C
CEeThIO TIOCTOSIHHOTO TOKA WJIM C Harpy3Kou.

BeHTWNATOP JheKTUBHO oxXnaxaaeT
ANA NPOACNKMTENLHONM patoTe!

BpoHnpoBaHue 06MOTPM AKOPSA WHYPAMM
ANA 3aWnThl 0T abpPa3MBHO NbinK

SawmtHas wanba
| ANA NbINE3AWNTL! NOAWMAHWKA

i pabotbl 3NeKTP

Pucynok 5.4 -SIxops anexkTpoasurarens

Paboma aﬂekmpuquKozZ MAUUHBL NOCMOAHHO20 MOKA 6 pe-

AHcume cenepanmopa
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Jrobast smekTpuyeckas MaimHa 00J1ajacT CBOHCTBOM 00Opa-
TUMOCTH, T.€. MOKET paboTaTh B peKUMe I'eHepaTopa WM JIBUTaTe-
ns1. Eciu k 3a)kMMaM MPHUBEJICHHOTO BO BpAIllEHUE SKOPS TeHEpaTopa
MIPUCOCJIMHUTH CONPOTHBICHUE HATrPYy3KH, TO Noj aevictBrueM DJ[C
SIKOPHOW OOMOTKH B IIEMIM BO3HUKAET TOK, KOTOPBIH MOXHO OIpejie-
JUTH U3 BeIpakeHus (5.1)

E=U+1I_-R, (5.1)
rae U - HanpspKeHHe Ha 3a)KUMax reHepaTopa;
R, - conpoTuBieHne 0OMOTKH SKOPSI.
U=E-I_-R.. (5.2)

VYpaBuenue (5.2) Ha3bpIBacTCsS OCHOBHBIM YpaBHEHHEM I'eHEpa-
Topa. C MOSIBIEHHEM TOKa B MPOBOJHHMKAX OOMOTKM BO3HHKHYT
aJeKTpOMarHuTHele cuibl. Ha puc. 5.4 cxematnyHo u300pakeH Te-
HEpaTop MOCTOSHHOTO TOKa, MOKa3aHbl HANPaBJIEHUS TOKOB B NPO-
BOJIHUKAX SIKOPHOH OOMOTKHU.

Bocnonp3oBaBmuch NpaBUiIoM JIEBON PYKH, BUJIUM, YTO DJIEK-
TPOMAarHUTHBIE CHJIBI CO3JIAIOT 3JEKTPOMArHUTHBIA MOMEHT M,,,
NPENSTCTBYIONMIA BPalleHUIO SKOps TeHepaTopa. UtoObl MammHa
paboTtana B KauecTBe reHepaTopa, He0OXOAUMO MEPBUYHBIM JIBUTa-
TeJeM BpallaTh €€ SAKOPb, IPE0JI0JIeBas TOPMO3HON 3JIEKTPOMArHUT-
HbIi MOMEHT, BO3HUKAIOIINK 10 npasuiy JleHua.

5.1 YcrpoiicTBa 11 U3MepeHHs] U KOHTPOJISI HedJIeKTpH-
YeCKHMX BeJTHYUH

DneKTpon3MepHuTeIbHas TEXHUKA 110 CPABHEHUIO C JAPYTUMHU
BUJIAMH H3MEPUTENBHBIX YCTPOWCTB 007amaeT OOJbInel HaJeKHO-
CTBIO, TOYHOCTBIO, JICIIEBU3HOU U MPOCTOTOM. ITo atum npuun-
HaM DIIEKTPOM3MEPHUTENbHbIE MPHOOPHI IUPOKO MPUMEHSIOT ISt
M3MEPEHHS HEAIEKTPUUECKUX BEJTUYHH. OCHOBHBIMH YaCTSIMH
JIEKTPUIECKONW CHUCTEMBI, CITyKalle JIsl H3MEPEeHUsT HedJeKTpHhye-
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CKHX BEJMYHWH, ABISIOTCS MPEoOpa3oBaTeb (IaTUHK), IPOMEKYTOU-
HBIe yCTpoiicTBa M MHAWKATOp. CYIIHOCTH 3JEKTPUYECKHX H3Mepe-
HUH HEDJIEKTPUYECKUX BEJIMYMH 3aKIIOYAeTCS B TOM, YTO JATYHK
npeoOpasyeT HEeITEKTPUYECKYI0 BEIMYUHY, HAlpUMep H3MEHECHHUE
YPOBHSI JKHIKOCTH, TEMIIEPATYpbl, CKOPOCTH IBIKCHUS W T. I, B
U3MEHECHNE JJIEKTPUYECKON BEIMYMHBI CONPOTHUBICHUS, TOKA MIIH
HaNpsHKCHUsI, KOTOPOE H3MepseTCs HHAWKATOPOM, IIPEICTaBIISIO-
UM CO00# OOBIYHBIN 3JIEKTPON3MEPUTEIBHBIA TTPHOOP. Pac-
CMOTPHM YCTPOHCTBO HEKOTOPBIX 3JIEKTPUUYECKUX JATIUKOB M IPH-
MepBl UX TPUMEHEHHS Ul IEKTPUUECKUX M3MEPEHHH HEedIeKTPH-
YECKUX BeNWYMH.  Peocmammubiii damuuk (puc. 5.5) mpeacrapuseT
co00# M30THYTYIO (WM MPSAMYIO) MJIAcTHHY 1 M3 M30ISIIIMOHHOTO
Marepuaia, Ha KOTOPYIO HaMOTaHa MPOBOJOKa 4 W3 Marepuana c
OOJIBIINM YZIENBHBIM compoTHBIeHHEeM. [Ipu moBopore ocu 2 mo-
JIBIDKHBIA KOHTAKT — IIETKa 3 JaT4uKa MepeMeIaeTcs Mo MpoBO-
JIOKe, B pe3yJIbTaTe Yero M3MEHSETCSl €e CONPOTHBICHHUE, YTO COOT-
BETCTBEHHO BO3/ICHCTBYET Ha ITOKAa3aHUS AIEKTPOU3MEPHTEIHHOTO
npudopa.

lftf—o

SN demoyriuy moxa

Pucynok 5.5 — Cxema peoctaTHOro JaTduka
DnexmpoxoHmaxmuvle 0amuuKy CIy>XaT JUIsl TpeoOpa3oBaHus

MCXAaHUYCCKOT'O TMCPEMCUICHHUA U3MCPUTCIBbHOTO IITOKA, COIIPHKA-
CaroIIerocd € MOBEPXHOCTBIO KOHTPOJIHUPYECMOI'O O6’LCKTa, B 3aMbl-
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KaHWe WM pa3MbBIKaHWE AIIEKTpUYecKkoi nenu. Hanbomee mpocTeiM
AIIEKTPOKOHTAKTHBIM AATYMUKOM SIBJISIETCS OTHOTIPENETBHBIN JTATUHK,
KOTOPBIA UMEET OJIHY Tapy KOHTAaKTOB. MHOTOIpenebHbIE JATIUKN
C HECKOJBKMMH TTapaMi KOHTaKTOB MOTYT OJHOBPEMEHHO KOHTPO-
JMPOBATh HECKOJIBKO Pa3InYHbIX 00bhekTOB. Ha puc.5.6 nmpuseneHa
CXeMa YCTpOWCTBa W JEWCTBHA SJIEKTPOKOHTAKTHOTO AATYHMKA, HC-
MOJIB3yEMOI0 ISl U3MEPEHUs pa3MepoB AcTalieil. M3MepUTeIbHBIM
mToK 1 moj gedcTBHEM MpPYXWHBI 2 CTPEMHTCS BBIIBHHYTHCS W3
KOpITyca TaTYNKa BHU3.

Pucynok 5.6 — Cxema 31€KTpOKOHTAKTHOTO AATYMKA

Ecnn reomerpudeckuil pasmep KOHTpOIMpyeMoi aeranu 3
Oosblie 3aaHHOTO, U3MEPUTENIBHBIN ITOK TOAHUMAETCS, Pa3MbIKa-
€T KOHTAKT 4 1 3aMbIKaeT KOHTAKT 5. [Ipy HaX0XKIEHNH MO IITOKOM
M3IENHs C pa3MepOM MEHbILE 3aJaHHOW BEJIMYMHBI KOHTAaKT S pas-
MBIKaeTCsl M 3aMblkaeTcs KoHTakT 4. [Ipu HopmanmbHOM pasmepe
KOHTPOJIMPYEMOH JIeTalll KOHTAKTHI 4 U 5 0CTa0TCs Pa3OMKHYTHIMH.

K natunky MOXHO NPUCOEIMHHUTH 3IIEKTPOU3MEPHUTENbHBIE PHU-
0opbl. OTKIOHEHHE CTPEIKU OAHOTO MPHOOpa COOTBETCTBYET OOJb-
IeMy pa3Mepy AeTajH, a APYroro — MEHBIIEMY pa3Mepy.

[lonoxxeHne cTpenok y HyJIeBOrO JEJIEHUS O3HAa4aeT, 4To MOJ
LIyIIOM JaT4uKa MpOXOAST AETalH 3aJlaHHBIX pasMepoB.  Bmecto
3IIEKTPOM3MEPHUTEIBHBIX NPUOOPOB MOXKHO MOAKIIOYUTH K JAaTYUKY
JIEKTPOMArHUTHBIE CUETUUKH, IPU MOMOIIH KOTOPBIX YUYHUTHIBAETCA
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KOJTMYECTBO HeTajieli Opaka — OOJBIIEr0 W MEHBIIETO Pa3MEpoB.

CYeTynkr MOXKHO 3aMEHHTh Pa3HOIBETHBIMUA CHTHAJIBHBIMU
JIaMITaMH.

Hnoyxyuonnvle oamuuxyu mpeoOpa3yroT HEINEKTPUIECKUE BEITH-
YHHBI B MHAYKTHPOBAHHYIO 3. JI. C., KOTOpas M3MEPSETCs AJIEKTPO-
U3MEPUTEIHLHBIM TIPHOOPOM. B wHAyKIMOHHOM paTdmke (pHC.
5.7) karymka 1, moMenieHHass Ha ceplieuHUKe 2, MepeMeliacTcs B
3a30pe MOCTOSTHHOTO MarHuTa 3 (MM DJIEKTPOMArHuTa) U B HEW WH-
JIYKTUPYETCS 3. II. C.

<2
7

oy ) '_'__3

ol 2

Pucynok 5.7 — UHyKIIMOHHbBIE TATYUKHU

JJis aBTOMaTHYECKOTO KOHTPOJIS pa3MEpOB JETaIH B MPoOIiec-
ce ee 00pabOTKM HA CTaHKE MPUMEHSIOT BUOPOKOHTAKTHBIH TIPHUOOp
C WHAYKIHOHHBIM AaT4ukoM. OH TO3BOJISIET 3HAYUTEIHHO YBEIU-
YUTH MPOU3BOJIUTEIHLHOCTh CTAHKOB, O0JIEr4aeT Tpya paboumnx, pes-
KO COKpalaer opax.

CxeMa ycTpoiicTBa BHOPOKOHTAKTHOTO TNpHOOpa MpHUBE/cHA
Ha pucyHke. Pa3mepsl 00pabaThiBaeMO# JETaau KOHTPOJIUPYIOTCS
JATYNKOM-II[YTIOM, BBIITOJHEHHBIM B BHJe pbruara. yn npmxuma-
€Tcsl K JIeTalId 10/ JIEUCTBUEM TUIOCKOM Ipy»KuHbl. Koraa mo anek-
TPOMarHUTy TPOITYCKAIOT TIEPEMEHHBIN TOK, BBICTYII IIyIla TO MPHU-
TATHBAETCS K CEpPJACYHHKY 3TOTO IJIEKTPOMArHUTa, TO OTXOIHUT OT
Hero. Ilpu 3TOoM mIyn momydaer kosjeOaTeNbHbIE NBWXEHHS IO Bep-
tukam (100 pa3 B cekyHay).
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5.2 N3smepuTenbHble TpaHCHOPMATOPHI TOKA M HATIPSIZKEHUST

Hzmepumenvrvle mpancghopmamopsbi moka U HAnpAlceHus
MpeTHa3HAYEHbI IS YMEHBIICHHS TIEPBUYHBIX TOKOB M HAMIPSHKCHUN
JI0 3Ha4YeHW, HamOoiee YAOOHBIX UIS MOIKIIOUSHHS W3MEPHUTEIh-
HBIX IPUOOPOB, pelle 3aluThl, YCTPONCTB aBToMaTHKH. [IpnMenenne
M3MEPUTEIBHBIX TpaHchopMaTopoB obecreuynBaeT 0€30MacHOCTD
paboTarommx, Tak Kak IeMy BBICIIETO W HHU3IIErO HANpSIKeHHS pas-
JISJICHBI, & TaK)Ke MO3BOJISIET YHU(PHUIIMPOBATh KOHCTPYKITHIO MPHOO-
POB U peTe.

Texnuyeckue xapakmepucmuKky mpauncgopmamopos moxa

Homunanoholli nepsuyHblil U 6MOPUYHBIL MOK mpanchopma-
mopog moka

TpanchopmaTopsl TOKa XapaKTEpPHU3YIOTCS HOMUHAIBHBIM
nepBUYHBIM TOKOM [HOM1 (CTaHmapTHas IIKana HOMHHAJIBHBIX TEp-
BUYHBIX TOKOB COJEPKUT 3HaueHus oT 1 mo 40000 A) u HOMHUHATB-
HBIM BTOPHYHBIM TOKOM [HOM2, KOTOpBIA NPUHAT paBHbIM 5 wiu 1
A. OTHoIIeHHe HOMHHAIBHOTO MEPBUYHOTO K HOMHHAIEHOMY BTO-
PUYHOMY TOKY IIPEICTaBIseT CO00H KOAQPUIMEHT TpaHCHOpMAITHH
KTA=Inom1/ [Tnom?2

Tokosas noepeutnocns mpancghopmamopos moxa

TpanchopMaTopsl TOKa XapaKTEpU3YIOTCS TOKOBOU ITOTpEII-
HocThI0 AI=(I2K-11)*100/I1 (B mpoIieHTax) U YIJIOBOW IMOTPEIIHO-
CThIO (B MUHYTax). B 3aBUCHIMOCTH OT TOKOBOM MOTPEIIHOCTH H3Me-
pUTENbHBIE TpaHCGOPMATOPBI TOKA pa3/ieleHbl Ha IISITh KIACCOB
TouynoctH: 0,2; 0,5; 1; 3; 10. HaumeHOBaHME K1acca TOYHOCTH COOT-
BETCTBYET TMpPEAENHFHOW TOKOBOW MOTPENTHOCTH TpaHcpopmaropa
TOKa IPU MEPBUYHOM TOKE, paBHOM 1-1,2 HomuHanbHOro. s na-
0OpaTOpHBIX HM3MEpEeHUIl TMpeaHa3HaueHbl TpaHC(HOPMATOPHI TOKa
kiacca TouyHocTtH 0,2, IS IPUCOeTUHEHHH CYETINKOB AIEKTPOIHED-
TUH - TpaHCPopMaTopbl Toka kiacca 0,5, IUisi TPUCOSTUHEHHS U~
TOBBIX H3MEPUTEIBHBIX TPUOOPOB -KiaccoB 1 u 3.

Haepyska mpancgopmamopos moka

Harpyska Tpanchopmaropa Toka - 3TO MOJHOE COMPOTHUBIIE-
HUE BHEIIHEW uenu Z,, BeipaxkeHHoe B OMax. ConpoTUBIEHUS T U
X, TIPEACTABISAIOT COOOW COMPOTHBIIEHUE MPUOOPOB, MPOBOJOB U
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KOHTakToB. Harpy3ky TpaHnchopMaTopa MOKHO TaKKe XapaKTepU30-
BaTh Kaxymeicss MomHocThio S, B*A. [lon HoMuHAIRHON Harpys-
Ko TpaHchopMaropa Toka Z,HOM MOHHUMAIOT Harpy3Ky, MpH KOTO-
pOii TIOTPEITHOCTH HE BBIXOIAT 3a MPEAeINbl, YCTAHOBJICHHBIE IS
TpaHchOpMaTOPOB MTAHHOTO Kjlacca TOYHOCTH. 3HAaYCeHHE Z,HOM
JTaeTCsl B KaTajorax.

DnekmpoouHamMuyeckas CIouKoCcHmby mpancghopmamopos moxa

DNEKTPOANHAMHYECKYI0 CTOWKOCTh TPaHC(HOPMAaTOPOB TOKa
XapaKTepU3yI0T HOMHHAJIHHBIM TOKOM JHHAMHUYECKOW CTOWKOCTH
Im.muH. wm otHOMEeHUeM kamH = TepMuveckas CTOWKOCTH OIpese-
JII€TCS. HOMUHAJIBHBIM TOKOM TE€PMUYECKOH CTOMKOCTH IT mim ot-
HomeHueM kt= It / I1HOM U AOITyCTUMBIM BpeMEHEM JEeHCTBHSI TOKa
TEPMUYECKON CTOUKOCTH tT.

Pucynok 5.8 — KoncTpykiu TpancopMaTopoB Toka

Koucmpyxyuu mpancgopmamopos moxa

[lo KOHCTPYKUMH pa3iuyaroT TpaHCPOpPMATOpBl TOKa KaTy-
mieunsie, ogHOBUTKOBBIe (Tuma TIIOJI), MHOTOBUTKOBBIE C JIUTOU
m3onsinuedt (tuna TIUI u TJIM). Tpanchopmarop tuna TJIM npen-
HaszHadeH Ans1 KPY 1 KOHCTpYKTHBHO COBMEIIEH ¢ OJHUM U3 IUTEI-
CENBHBIX Pa3bEMOB IEPBUYHOMN LIETH TYEHKH.

Jiiss OOnbIIMX TOKOB NPUMEHSAIOT TpaHC(HOPMATOpHl TUIA
THUI u TIILJIL, y KOTOPBIX PoJib NEPBUYHON OOMOTKHU BBIIIOJHSET
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HIMHA. DJIEKTPOAMHAMHUYECKasi CTOMKOCTh TAKMX TPaHC(HOPMaTOpOB
TOKa ONpPEeNeNnseTcs] CTONKOCTBIO IIMHBI.

Hns OPY Beimyckatot Tpanchopmaropsr Tarma TOH B dhapdo-
POBOM KOpIyce ¢ OyMa)KHO-MAciSTHOW W3OJSAIe M KacKaIHOTO
tuna TPH. Jlng peneiiHoi 3amuThl UMEIOTCA CHelMajbHble KOH-
cTpykuuu. Ha BeIBogax MacisiHbIX OAKOBBIX BBIKIIOUATENIEH U CHIIO-
BBIX TpaHc(hopMaTopoB HampspkeHHeM 35 KB u Bhimie ycraHaBiuBa-
IOTCSl BCTPOCHHBIE TpaHchopmaropsl Toka. [lorpemHocTts ux mnpu
IPOYMX pPaBHBIX YCIOBHAX OOJbINE, YEM Yy OTAEIBHO CTOSIIUX
TpaHchOpMaTOPOB.

Texnuueckue XapakmepucmuKy uUsmMepumenbublx mpancdop-
MAamopos HanpPANCeHUs

Homunanvuvie nepsuunoe u 6mopuyHoe HANpAiCeHue usme-
PUMENbHBIX MPAHCPHOPMAMOPOE HANPAICEHUSL

TpancgopMaTopsl HampsHKEHUSI XapaKTEpU3YIOTCS HOMU-
HQJIBHBIMH 3HAYCHUSMH TIEPBUYHOIO HANPSKEHUS, BTOPUYHOTO
HanpspkeHus (o0sraao 100 B mmm 100/ ), xoaddummenta tpanchop-
marun K=U;aom/U,HOM. B 3aBHCHMOCTH OT TMOTPENTHOCTH pa3iu-
YalT CIEAYIOIIUE KJIacChl TOUYHOCTH TpaHc()OpMaTOpOB HampsbKe-
must: 0,2:;0,5; 1:3.

Haepyska mpancgopmamopos nanpsorcenus

Bropuunas Harpy3ka TpaHchopMmaropa HaIpsKCHHS—AITO
MOIIIHOCTh BHEIIHEW BTOpuyHOU 1enu. Ilon HOMUHAIBHOW BTOpHY-
HOW Harpy3Kod IOHHMMAlOT HauOOJBLIYI0 HArpy3Ky, IIPH KOTOPOM
MOIPEIIHOCTh HE BBIXOAMT 3a JIOMYCTUMBIE NPEEIIbl, YCTAHOBIICH-
HBIE 17151 TpaHC(HOPMATOPOB AAHHOTO Kacca TOUHOCTH.

Koncmpyxyuu mpancghopmamopos nanpsicenus

B ycranoBkax Hampspkenwem 10 18 kB mpumensitorcs Tpex-
¢dazHpie u oxHO(Ma3HBIE TpaHC(hOPMATOPHL, MpH Oo0Jiee BBICOKHUX
HanpsOKEHUSIX — TobKo ofgHodasuble. [Ipn Hanpsokenusax mo 20 kB
uMeeTcsl OOJIBLIIOE YMCIIO THIIOB TPAaHC(HOPMATOPOB HANPSIKEHUS:
cyxue (HOC), macisaeie (HOM, 3HOM. HTMU, HTMK), ¢ nutoii
m3oisinmedt (3HOJI). Crnenyer ommyark ogHO(da3HbIE JBYXOOMO-
TouHble Tpanchopmaropsl HOM oT ogHO(A3HBIX TPEXOOMOTOUHBIX
tpancpopmaropoB 3HOM. Tpanchopmatops! Tunos 3HOM-15, -20
-24 n 3HOJI-06 ycraHaBnIMBarOTCS B KOMIUIEKTHBIX TOKOIIPOBOAAX
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MOIIIHBIX TeHepaTopoB. B ycranoBkax HampspbkeHuneMm 110 kB u BEI-
e TMPUMEHSIOT TPaHCPOPMATOPHl HANPSHKEHHS KAacKaJHOTO THIIA
HK® u emxoctHbie nenutenu Hanpsbkenus HIE.

Pucynok 5.9 — Konctpykuuu TpanchopMaTopoB HaNpsKeHUS

Cxemul 8KkAIOUEHUS MPAHCHOPMANMOPOB HANPAICEHUSL

B 3aBucuMOCTH OT Ha3HAYCHUS MOT YT NPUMCHATHCA Pa3HbIC
CXEMBI BKITIOUEHHsI TPaHCPOpMaTOpOB HanpsbkeHus1. [IBa ogHO(a3HbIX
TpaHchopMaTopa HAPSHKCHUS, COSAMHEHHBIC B HETIOJIHBIN TPEYTOJb-
HUK, TIO3BOJISTIOT M3MEPSITh J1Ba JHMHEUHBIX HampspkeHus. Llernecoob-
pa3Ha Takas CX€Ma IJid MOAKIIOYCHHSA CUCTUMKOB U BATTMETPOB. I[J'ISI
W3MEpEHUsl IMHEHHBIX U (Da3HBIX HAIIPSHKEHUH MOTYT OBITH UCIIONB30-
BaHbl TpU oaHO(a3Hbx TpaHchopmaropa (3HOM, 3HOJI), coenu-
HEHHBIE 110 CXEME «3Be3/la — 3Be3/a», WK Tpexdazuplii Trna HTMU.
Tax e CoeMHAIOTCS B Tpex(ha3Hylo IpyIiny oaHoda3HbIe TPEeXoOMO-
TouHbie TpaHcGopmaropsl Tuia 3HOM u HKO.

[MpucoeauHeHre pacyETHBIX CYETYMKOB K Tpex(asHbIM
TpaHchopMaTopaM HampsHDKEHUS] HE PEKOMEH/IYeTCs, T.K. OHH HMe-
10T, OOBIYHO, HECUMMETPHUYHYI0 MAarHUTHYIO CHCTEMY U YBEJIWYEH-
HYIO TOrpemHocTh. JlJisi 3TOW 1enu KeJaTelbHO YyCTaHaBIUBAaTh
TpyMIy M3 JIBYX OJIHO(A3HBIX TPaHCHOPMATOPOB COCJAMHEHHBIX B
HEIOJIHBIN TPEYTOJIbHUK.

TpanchopMaropsl HaNPsHKEHUS BBHIOMPAIOT IO  YCIOBHUSIM
Uycr <UjHoM, S,< S;HOM B HaMe€daeMOM KJIacce TOYHOCTH. 3a
S,HOM MPUHUMAKOT MOIIHOCTH BCeX Tpex (a3 omHO(a3HbIX TpaHC-
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(bopMaToOpOB HANPSHKEHHS, COSTUHEHHBIX 110 CXeME 3BE3JIbl, U YIIBO-
E€HHYI0O MOIIHOCTh OgHO(a3HOro TpaHchopMaTopa, BKIOUYESHHOTO
0, CXEME HETIOJIHOTO TPEYTOJIbHUKA.

5.3 Cuaosbie Tpanchopmatopsnl. IlorpemHocTu m3mepe-
Hus. Ilorepu B Tpancgopmarope

TpanchopmaropoM Ha3bpIBAECTCS AICKTPOMATHUTHBIA aIliapar,
IpeIHa3HAYeHHBIA Uil NPeoOpa3oBaHMsl 3JIEKTPUUECKOM SHEpruu
NEPEMEHHOr0 TOKA OJHOTO HANPSIKEHUS B ANEKTPUUCCKYIO SHEPIHIO
NEPEMEHHOr0 TOKa APYroro HANPSOKEHUS MPH yCIOBUU COXPAaHEHHUS
Y4aCTOTHI

MIEPEMEHHOT0 TOKA.

[TpunnunuaneHas cxema TpaHcopMaTopa: Ha 3aMKHYTOM
(beppUMarHuTHOM CeplIeYHUKE PacIoyIoKeHbl aBe oOMoTkH. K on-
HOH OOMOTKe, KOTOpasi Ha3bIBaeTCsl NEPBUYHON, MOJBOIUTCS 3JICK-
TpUYECKasl SJHEPrusl OT UCTOYHUKA nuTaHus. OT Apyroi- BTOPUYHON
0OMOTKH -PHEPTHUs OTBOAUTCS K IPUEMHHUKY.

ITon BO3nEiiCTBHEM MEPEMEHHOI0 HaNpsDKEHHS, MOJBEIECHHO-
T0 K TIEpBUYHON OOMOTKeE, B HEH BO3HHKAET TOK [; M B cepievHHKe
BO30y’KIaeTcsi NEPEeMEHHBIH MarHUTHBIA IMOTOK. OTOT IMOTOK WH-
nykrtupyer O/IC E; B nepBuunoit oomotke u 3C E; Bo BTOpHUHOI
obmotke Tpancdopmatopa. IIC E; ypaBHOBemnBaeT yacTb Hampsi-
skerus ucrounuka U;. DJIC E, co3maer nanpspkenne U, Ha BBIXO/I-
HBIX 32)KUMaX BTOPUYHOUN oOMoTkH (Ha Ruarp.). BozHukaromuii Bo
BTOPUYHOHN IeNH TepeMeHHbIH TOK [, co3maeT coOCTBEHHBINH Mar-
HUTHBIA TOTOK B CEpJECYHMKE, HAKJIAAbIBAIOIIUIICA Ha IOTOK, CO-
3/IaHHBINA TIEPBUYHON 0OMOTKOW. B pe3yibTare B cepiedHnke co3fa-
eTcst OOIMI MarHUTHBIM MOTOK @D, CLEIVIEHHBIM C BUTKAMH O0€HX
00MOTOK TpaHcdopMaTopa M ONpeACISIOMUI B HUX PE3YIbTUPYIO-
mue DJIC E; u E,.

OtHomenue BenuunHbl Hanpspkeruit Uy / U, u motokos 11/ 1,
OTIpeIeNIAeTCSl YUCIOM BUTKOB HEPBUYHOW M BTOPUYHOW OOMOTOK.
IIpn cunycOMgalbHOM HaNpsSHKEHUM HMCTOYHUKA IHUTaHUS TOK H
HanpspKeHUE BO BTOPUYHOMN 1IETIM UMEIOT CHHYCOUJANBHYIO (GOpMY:
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Beanuuna
K=U,/U, =W, /W, (5.3)

Ha3pIBaeTcs Kodddurmentom tpanchopmammu. PaccMoTpum,
KaK IIPOMCXOIUT PeoOpa3oBaHUE HANpsDKEHHs B TpaHChOpMaTope.
IIpencraBuM cebe naeadbHBIA TpaHCHOpPMATOp, T.€. TAKOH, KOTOPHII
He uMeeT notepb. [lycTs nepBuyHast 1 BTOpu4YHast OOMOTKH UMEIOT
o oxHoMy BHUTKY. K mepBuuHOi oOMoTke noasenena D/[C cunyco-
unansHOi (opMmel. [lon mefictBuem stoit IC B 00OMOTKE HaUMHAET
MPOTEKaTh CUHYCOUAAIBHBINA TOK. TOT NEPEMEHHBIN

TOK HAaBOOUT NEPEMEHHBIH MAarHUTHBINA IOTOK B CEPIACUHUKE
tparcdopmaropa. [lepeMeHHBIII MAarHUTHBIN ITOTOK TIEPECEKAET BUT-
KM KaK MEPBUYHOW, TaK W BTOPUYHOW OOMOTKH. B mepBu4HO#N 00-
MOTKE 3TUM MOTOKOM HaBonautTcsa DJC, HampaBieHHas B CTOPOHY,
MPOTHBOIIOJIOKHYIO HAaNpsDKEHUIO HMCTOYHMKA. lIpu HezaMKHyTOH
BTOpUYHOIN 00MOTKe TpaHchopmatopa D/IC, Bo30ykmaemas B mep-
BUYHOW 0OMOTKE, OYTH MOJHOCTHIO KOMIICHCUPYET TOK HCTOYHHKA.
Takoit pexxuM paboThl TpaHC(hOpMaTOpa HA3BIBAIOT PEKUMOM XOJIO-
cTOro xoxa. B 3ToM pexume OT MCTOYHHMKA 3HEPrHs MOYTH HE IO-
Tpebusercs. [lepBuunas oOMOTKa sIBIIsI€TCS OOJIBIIMM UHAYKTHBHBIM
comnpoTuBiieHreM. Ecin Bo BTOpHYHYIO OOMOTKY BKJIIOUHUTBH COIPO-
TUBJICHUE, TO MO0 HEMYy HOTEYET TOK. 3TOT TOK CO3/1aeT MarHUTHOE
1ojie, KOTOpOE HAalpaBJIeHO MPOTHUBOIOJIOXKHO MAarHUTHOMY IIOJIO
NEPBUYHON OOMOTKM M OyleT ero 4acTU4YHO KOMIIEHCHpOBaTh. B
pe3yibTaTe 3TOr0 TOK B IEPBUYHON 0OMOTKE BO3pPACTaeT.

Ecnu B Tpanchopmarope nepBuuHas oOMOTKa conepkut Wi,
B BrOopuuyHas W,BUTKOB, TO HAaIpsDKEHHE NEPBUYHOW OOMOTKH K
HaNpsDKEHUIO BTOPUYHONW OOMOTKM OyIeT OTHOCHUTBCS TaK XKe, Kak
YHCJIO BUTKOB NEPBHUYHOH OOMOTKH OTHOCHUTBHCS K YHCIYy BHUTKOB
BTOPUYHOM:

U,/U, =W,/W, uimU, = U,W, /W, (5.4)
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IIpenebperass moTepssMu B OOMOTKaxX W pacCeHBAHWEM Mar-
HUTHOTO TIOTOKA B CEPACYHHUKE, MOXKHO 3aITHCATh:

LU, =1,U,, (5.5)

T.€. MOIIHOCTh, IPOBOAMMAS K IEPBUYHOW OOMOTKeE, paBHa
MOIITHOCTH, OTBOJUMOI BTOPUIHOW OOMOTKH.

W3 BblIEe BBIPAXEHHBIX 3aBUCHMOCTEH, MOXHO OIIPEICIIUTh
TOKHM W HalpsDKEHUs BO BTOPUYHOW OOMOTKE, 3HAs YHUCIIO BUTKOB U
TOKH B IEPBUYHON OOMOTKE.

CyLIecTBYIOT pa3iW4Hble HCIOIHEHUS TpaHc()OpMaToOpoB.
Ms1 roBOpHIH 00 OJHOW MTEPBUYHON W OJHON BTOPHUYHON OOMOTKAX.
Ha npakTuke oueHb 4acTO HCHONB3YEeTCS HECKOJBKO IEPBUUHBIX U
HECKOJIBKO BTOPHUYHBIX OOMOTOK.

Llomepu 6 mpancgopmamope u ux onpedenenue

Mo1HOCTS TIepBUYHOM 0OMOTKH TpaHCopMaTopa:

P=U,1,cosq,, (5.6)

MOIIHOCTh BTOPUYHON 00OMOTKHU TpaHchopMaTopa:
P=U,I,cosop, (5.7)

PasHocTh MeXy NEpBUYHON U BTOPUYHON MOIIHOCTSIMH P —
P, npencrasnser co0oit MomHOCTh MoTeph. [loTepu B Tpancdopma-
TOPE COCTOST U3 JIBYX YacTeM:

MOTEePHU B Me 0OMOTOK P;

MOTEPHU B CTallM TpaHCPOpMaTOpa u3-3a rucTepe3nca U BUXpe-
BBIX ITIOTOKOB P,,.

P, =L, +1Ir,, (5.8)

rac rl I/Irz — AKTHUBHBIC COHpOTI/IBJIeHI/ISI HepBI/IT-IHOI‘/‘I nu BTOpI/I‘I-
HOI OOMOTOK.
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Jns pganHoro tpancdopmaropa P, 3aBHUCHT TOJIBKO OT €ro
Harpy3ku (T.e. TokoB I; uly). I[lotepu B cTamu Tpancgopmaropa npu
MMOCTOSTHHOHM 9acTOTE MEPEMEHHOT0 TOKa 3aBHCAT OT MAaKCHMAaIBHOTO
3HaYeHUS] MArHUTHOW WHAYKIWW B CTamd. Tak Kak MpH JaHHOM
HanpsokeHNH U MakcMManbHOE 3Haue€HHe MArHUTHOTO IMOTOKa
Tparcopmaropa, a ciemoBaTeNbHO, W MaKCHMaJbHOE 3HAYCHHE
MarHATHOW MHIYKIIUN OCTAIOTCS HEM3MEHHBIMH, IO TIOTEPH B CTAIIA
MOJKHO CUHTATh HE

3aBUCSIIIIUMH OT HATPY3KH.

Jnst yMeHbIIEHUsI TTIOTeph OT BUXPEBBIX TOKOB MAarHUTOIPO-
BOJI COOMpAETCS U3 OTJENBbHBIX H30JMPOBAHHBIX JPYT OT JApyra Iia-
CTHH, U3TOTOBIICHHBIX M3 JIUCTOB AJIEKTPOTEXHUYECKOW CTAIld TOJ-
muHo# 0,35 nan 0,5 mM.

Ilotepu B Meau M CTaNH JIETKO OMPEACISIOT IBYMS OIBITAMHU:
xomoctoro xona (XX) u xopotkoro 3ambikanus (K3).

Jns ombrra X.X. K IEpBUYHON OOMOTKE IMTOABOSAT HOMUHATb-
Hoe Hampspkerne Uy. M3MepuB MOIIHOCTB, OTPeOIseMyI0 TpaHC-
(hopMaTOpOM TIPU XOJIOCTOM XOJI€, CIMTAIOT, YTO OHA paBHA MOIIIHO-
CTH TIOTEPH B CTAITU

P =P (5.9)

XX CT.

OT0 00BSICHAETCA TEM, YTO TOKa BO BTOPUYHOW OOMOTKE HET,
a TOK HEpBHYHONW OOMOTKH Mai; MOSTOMY HOTEpSAMH B MeIu Iep-
BUYHOW OOMOTKHM MO CPaBHEHMIO C MOTEPSMH B CTAIH MOKHO IIpEHe-
Opeus. IIpu npoBeneHNH OIBITA XOJIOCTOTO X0J1a HEOOXO0AUMO TIOM-
HUTb, YTO NPH BKIIOYECHHH TpaHCPOpMaTopa BXOJOCTYIO YacToO
HaOJroaeTcsT MTHOBEHHBIH OpOCOK TOKa, HPEBBILIAIONINA HOMHU-
HaJbHBIN TOK B 6-8 pas.

i ombITa KOPOTKOT'O 3aMBIKaHUSI BTOPHYHAsE 00MOTKA 3aMBbl-
KaeTCsl HAKOPOTKO MPOBOJIOM OYEHb MaJIoro conpoTusieHus. K mep-
BUYHOW OOMOTKE MOJBOIAT TAKOE MOHMKEHHOE HampsDKeHHe, Mpu
KOTOPOM aMIIEpMETp B LN NEPBUYHON OOMOTKH MOKaKET HOMHU-
HaJIbHOE 3HAa4eHHE TOKa ;. OTO MOHMWKEHHOE HAIPSKEHUE Ha3blBa-
€TCs HaIIpsDKEHUEM KOPOTKOTO 3aMBIKAHUS U
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cocrasigeT 5412% U y.

Momuocts, u3Mepennas mnpu K.3., Bcs pacxomyeTcst Ha To-
KpBITHE TIOTEPh B MEU OOMOTOK, TaK KaK MOBEACHHOE HAIIPSHKCHHE
OuYeHb Masio. MHAYKOWS B CTalM TOXKE Majla W TOTEPSIMH B CTalA
MO>KHO TIPEHEOPEYb.

Torna P,=P, (5.10)

KoHTpoJibHbIE BONIPOCHI:

1. TlonsaTHe 06 3JIEKTPOMArHUTHBIX YCTPOMCTBAX U 3JICKTPH-
YECKHUX MaIlIHHAaX.

2. llpuHIun nefdCTBUS ANEKTPOMATHUTHBIX yCTPOUCTBAX.

3.  Ilpunuun pa®oTbl 3JIEKTPUUECKUX MAIIWHAX HOCTOSHHO-
ro TOKa.

4. VYcTpoiicTBa IS M3MEPEHHUS W KOHTPOJS HEIJIEKTpUYe-
CKUX BEJIUYHH.

5. HWzmepurtenvHble TpaHCPOPMATOPHI TOKA W HAIPSKECHUS.
Wx nHaznauyeHue.

6. Cunossie TpancdopmaTopsl. [IpuHIMIIHANEHAS cXeMa CH-
JI0BOro TpaHcdopmaropa.

7. llorepu B Tpanchopmarope.
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T''TABA 6. OCHOBBI 3JIEKTPOHUKH

6.1 DaemMeHTapHasmi 0a3a COBpPEMEHHBIX JJEeKTPOHHBIX
yCTpoOiicTB

DOTOINCKTPUICCKUMHU TTPHOOPAMHU HAa3BIBAIOT IIpeoOpa3oBa-
TEJI SHEPTUH ONTHYECKOTO U3ITYUEHHsSI B DJICKTPUUECKYIO SHEPTHIO.

K ontuueckum OTHOCAT ynbTpaduoieToBOE, BUIUMOE U MH-
¢bpakpacHOe H3Iy4eHUS C [UIMHOW BOJHBI OT JIECSITKOB HAHOMETPOB
JI0 AeCATHIX fojei MmuumnMeTpa. Kak n3BecTHO, BUAMMOE N3Iy4YEeHHUE
JISKUT B mHamna3zone mmH BoaH 0,38—-0,76 MxM.

Pabota momynpoBOIHUKOBBIX (DOTOANEKTPUIECKIX MPUOOPOB
OCHOBaHa Ha TaK Ha3blBaeMOM BHyTpeHHeM (oTodddexre — HOHU-
3alMM KBAaHTaMH CBETA aTOMOB KPHCTAIIMYECKOW pEIIETKH, B pe-
3yJIbTaT€ YEro HM3MEHSEeTCS KOHLEHTpauusi CBOOOIHBIX HOCUTENEH
3apsa, a cIeJOBaTeNIbHO, U 3JIEKTPUYECKUE CBOMCTBA BellecTBa. B
MeTalIax BHyTpeHHUH (HoToddeKT He HaOIro1aeTcs.

®Dotopesuctopbl. POTOPE3UCTOPOM HA3BIBAKOT MOIYIPOBOI-
HHUKOBBIM NPUOOP C IBYMS BBIBOAAMH, JIEKTPHUECKONH MPOBOAMMO-
CTHIO KOTOPOI'O MOKHO YINPABISATH C MOMOIIBIO ONTHYECKOTO H3IIY-
YEeHHUSI.

fmrA

a 800 M

sooj A A sz
/ 4
2004

%.ﬂ" =

0 10 2030 40 50 fp
i) B

Pucynok 6.1 YerpoiictBo (a), cxema BriroueHus (0) Gportope-
3uctopa u ero BAX (B) mpu pa3nu4HBIX OCBEIIEHHOCTSIX

VYerpoiicTBo ¢oropesncropa mokasano Ha puc. 6.1.,a. Ilna-
CTHHA WJIM TUICHKAa MOJYIPOBOJAHUKOBOIO MaTtepuana | 3akperiena
Ha TOJUTOKKE 2 U3 HENMPOBOJSIIET0 MaTeprajia — CTeKIIa, KePaMHUKH
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win kBapua. CBeTOBOH MOTOK MafaeT Ha (POTOAKTHBHBIN MaTepuas
yepe3 3aLUIIEHHOE CJI0EM IPO3PadHOro JIaka CIEeHalbHOE OTBEp-
CTHE — OKHO.

Ecnn k HeocBeleHHOMY (DOTOPE3UCTOPY MOJKIIOUUTH UCTOY-
HUK muTanus E (cM. pucyHok 6.2,.0), TO B SJIEKTPHUYECKON IemH
HOSBUTCSI HEOONBLIONH TOK, Ha3bIBa€MbIil TEMIIOBBIM TOKOM, 00Y-
CJIOBJICHHBII HAJTMYMEM B HEOCBEILEHHOM MOJIYIPOBOAHUKE HEKOTO-
POro KOJIM4YecTBa CBOOOAHBIX HOCUTENIEH 3apsaa.

IIpu ocsemennu ¢GoTope3nucTopa TOK B LEHNH CYIIECTBEHHO
BO3PACTAET 3a CUET YBEJIMYEHHUS KOHLEHTPALUU CBOOOJHBIX HOCHUTE-
neit 3apsga. Tummaaeie BAX ¢otopesuctopa s pa3nuyHbIX CBe-
TOBBIX TOTOKOB @ M300pakeHbI Ha puC. 6.2,B.

@DOTOTOK (Pa3HOCTH TOKOB NPH HAJMYUHM U OTCYTCTBHU OCBE-
IICHUS) 3aBHCUT TaKKe OT CIEKTPAJILHOIO COCTaBa CBETOBOIO MIOTO-
ka. CnekTpasibHble CBOHCTBA (DOTOPE3UCTOPOB NMPHUHATO XapaKTepH-
30BaTh JJIMHOM BOJIHBI AMAKC,COOTBETCTBYIOLICH MAaKCUMyMy UyB-
CTBUTENLHOCTH, U MOporoM (oTtodddexra, paBHBIM THHE BOJIHBI
A0, Ip1 KOTOPOH YyBCTBUTEIIBHOCTH COCTABISIET 1% MakCHUManbHOM.

DoTOpe3nCTOPhl 00MANAIOT 3HAYUTENFHOW HHEPIIMOHHOCTHIO,
00yCJIOBIEHHON BpEMEHEM I'€HEepalli U PEKOMOMHALIUH JJIEKTPOHOB
U JBIPOK, MPOUCXOISAIINX IPU W3MEHEHWH OCBELIEHHOCTH (oTope-
3uctopa. MakcuMaibHas 4acToTa MOAYJSIMM CBETOBOTO MOTOKa,
npu KOTOPOil MOryT paboTarh (POTOPE3UCTOPBI, JOCTUTACT 3HAUYCHHS
nopsinka 105 I'o.

TeMHOBOE CONPOTUBIIEHHE HEOCBEIEHHBIX (OTOPE3UCTOPOB
Pa3IUYHBIX TUIIOB MMEET WUPOKUi auanazoH: ot 102 go 109 Owm.
3HavyeHue pabouero HanpsHKEHUs GOTOpe3ncTopa, KOTOPOE 3aBUCHUT
OT €ro pa3MepoB, T.€. OT PACCTOSHHUA MEXAY JIEKTPOAaMH, BHIOU-
paroT B Ipezeiax 0T HECKOJIbKUX equHul BosbT 10 100 B.

HocTtouncTBa (HOTOPE3UCTOPOB: BBICOKAS UYBCTBHTEIBHOCTB,
BO3MOXKHOCTb HCIIOJIb30BaHMsI B MH(PaKpacHOH o0JacTu crekTpa
n3JIy4eHust, HeOopIre rabapuThl 1 IPUMEHUMOCTD [T Pa0OTHI KaK
B LIETISIX [TIOCTOSIHHOTO, TaK U IIEPEMEHHOT0 TOKOB.

@Dortoanoapl. PoTOIMOIOM HA3BIBAIOT IOIYNPOBOIHUKOBBIH
(doTroanekTpruecKrii TpudOp C ABYMS BBHIBOJAMHM, UMEIOIIMN OAMH
p—Nn- mepexo.
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Crpykrypa ¢doToamoga HE OTIMYAETCS OT CTPYKTYpPHI OOBIU-
Horo muona. Ha rpanwmme p- u n-obnacteld oOpasyeTcsl TUIIEHHBIA
TOJIBIKHBIX HOCUTEJICH 3apsjia 3alUparolIuil CIION, 3JIEKTPUUECKOE
10JIe KOTOPOT0, 00YCIOBIEHHOE KOHTAKTHOM Pa3HOCTBIO IOTEHLIMA-
JIOB, TPEMSITCTBYET IBI)KEHUIO OCHOBHBIX HocuTeneil 3apsima. Ilpu
ocBenieHud GoToauoaa (CBETOBOH MOTOK HAIIPABISIETCS HEpIEHIU-
KYJISIPHO IIJIOCKOCTH p-N-Tiepexosa) B pe3yibTaTe HOHU3AMK (HOTO-
HaMHM B p- U N-0071acTsix 00pa3yroTcs 3JIEKTPOHHO-ABIPOYHBIE MAPBI,
KoTopele MuhGYHAUPYIOT K p-N-Tiepexony (pa3sHOCTh KOHIICHTpa-
uit). Ilom gedcTBHEM 3IIEKTPHUYECKOTO IOJSI p-N-TIepexoaa IMaphl
pas3AessIoTCs U HOCUTENH 3apsia nepeOpachlBatoTcsl B 00JIacTH, TAe
OHHU CTAaHOBSITCSI OCHOBHBIMH (pHcC. 8.3), T.c. HCOCHOBHBIE HOCHUTENN
3apsiia n-00JacTu — ABIPKU — MEPEXOIAT B P-00JacThb, a 3JIEKTPOHBI
p-o0nacTy mepexonsiT B n-06jacTb. ITO NPUBOIAUT K CO3MAHUIO Ha
BbIBOAAX (hOTOAMONA MPHU PA30OMKHYTOM BHELIHEW LENMU Pa3HOCTU
MOTEHITNAIIOB, Ha3biBaeMor Goro-0/[C, mpenensHO BO3MOXKHOE 3Ha-
YeHHEe KOTOPOW PaBHO KOHTAKTHOM Pa3HOCTH MOTEHIHMAJIOB, COCTaB-
JSIIOILEH JecaThle NOMU BOJIbTA. Tak, HampuMep, Y CEJICHOBBIX H
KkpemMHHEBBIX (otoanonos Goro-0/IC mocruraer 0,5-0,6 B, y poro-
InoaoB U3 apceHuaa ramwus — 0,87 B.

Ecnu 3aMKHYTH 3aKHMBI OCBEILIEHHOTO (pOTOAMOAA Yepe3 pe-
3UCTOP, TO B JIEKTPUUYECKON LENH MOSBUTCS TOK, 3HAUYCHHE KOTOPO-
ro 3aBUcHT OT GoTo-3/C 1 conpoTUBIEHUS pe3ucTopa.

®doTtoaroap! MOTyT paboTaTh B OHOM U3 IBYX PEXKHMOB — 0€3
BHEILIHETO HMCTOYHUKA HJIEKTPUYECKOW 3HEepruu (pexum (oToreHe-
paropa) MO0 C BHEIIHUM HCTOYHHKOM OBJIEKTPUYECKON 3HEPruu
(pexum QoromnpeodpazoBarTes).

Cxema BkmoueHust 1 BAX doronuona B poTorenepatopHom
peKuUMe Ul Pa3IMYHBIX OCBELICHHOCTEHW MoKa3aHbl Ha puc.6.2. B
3TOM peXXHME CBETOBAas SHEPIHs HENOCPEICTBEHHO MpeoldpasyeTcs B
anexTpuieckyro. 13 puc. 6.2 BunHo, uro npu RH = 0 Tokx kopoTkoro
3aMblkanus [k gotoamona Oyner MakCHUMasbHBIM, a IPU pa3MbIKa-
HUM Harpy304HOro Pe3rcTOopa MaKCHMaJIbHBIM OyAeT HampssKeHHE
xosoctoro xona Ux dotoanona.
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Pucynok 6.3 - Cxema rirouenus (a) u BAX (6) poromnona B
(hOTO reHepaTOpPHOM PEKHUME

®doroanoapl, paboTamiye B pesxxuMe QoToreHepaTopa, 4acto
MPUMEHSIOT B KadeCTBE WMCTOYHWUKOB IUTAHHS, MPEOOPa3yIONUX
SHEPrUI0 COJHEYHOr0 M3IY4YEHHUs! B ANEKTpUUecKyr0. OHHM Ha3bIBa-
FOTCSI COJTHEYHBIMH DJIEMEHTAMHU M BXOIAT B COCTAaB COJHEYHBLIX Oa-
Tapeil, UCIONb3yeMbIX Ha, KocMudecknx kopabmsax. KIIJ[ kpemHue-
BBIX COJIHEYHBIX 3JIEMEHTOB COCTaBIAET OKOJO 20%, a y MICHOYHBIX
COJHEYHBLIX DJEMEHTOB OH MOJKET HMETh 3HAYHUTEIBHO OOJbIIEe
3HaueHWe. BaXKHBIMU TEXHHUYECKUMH TMapaMeTpaMH COJHEYHBIX Oa-
Tapel SBIAIOTCS OTHOLICHUS MX BBIXOJHOM MOIIHOCTH K Macce U
TUTOIIAI, 3aHMMAaeMOM COJTHEYHOH OaTapeed. DTH mapaMeTpsl J10-
crurarotT 3HayenHnii 200 Bt/kr u 1 kB1/M2 cOOTBETCTBEHHO.
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IIpu pabote doroamona B hoTompeodpa3oBaTeILHOM PEKUME
WCTOYHWK NMUTaHuA E BKITIOYaeTCs B IleTh B 3aIIMPAIOIEM Harpasiie-
Huu (puc. 6.3,a). Mcnonb3yrotes o6patHeie BeTBH BAX doToamona
IIPH Pa3IHYHBIX OCBEIIEHHOCTAX (puc. 6.3,0). TOK U HampspKEHHE Ha
Harpy304HoM pesnuctope RH MOryT OBITH ompeaeneHsl rpaduuecKu
o To4ykam nepecedernns BAX ¢doToamona u muHUN Harpy3KH, COOT-
BETCTBYIOLLEH COMPOTUBIECHUIO pe3ucTtopa RH. Ilpum orcyrcrBHH
OCBEIIEHHOCTH (POTOAMO pabOTaCT B peXKUME OOBITHOTO THOA.
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Pucynok 6.4-Cxema Bxmouerns (a) u BAX (0) ¢oroanona B
doTonpeodpa3oBaTEILHOM PEKUME

TemHOBOI TOK y TepMmaHHEBBIX (oTtoanonoB paseH 10-30
MKA, y KpeMHHEBBIX — 1-3 MKA.

CriekTpanbHble XapaKTepUCTUKU (OTOIHOAOB 3aBHCAT OT Ma-
TEPUAJIOB, UCIIOJIb3YEMBbIX AJIsl UX M3roToBieHus. CeneHoBble (poTo-
JIUOZBI UMEIOT CIIEKTPAJIbHYIO XapaKTePUCTUKY, OIHM3KYIO 10 Gopme
K CIEKTPaJbHON 3aBUCHUMOCTH YYBCTBHUTEJIBHOCTH YEJIOBEYECKOTO
ry1as3a, MO3TOMY MX IIMPOKO HPUMEHSIOT B ()OTO- U KUHOTEXHHKE.
I'epmanueBble 1 KpeMHHEBbIE (DOTOAMOIBI UYBCTBHUTENbHBI KaK B
BUAMMOM, TaK U B HHPPAKPACHOM YACTAX CIEKTPA U3ITYUCHHUS.

ITo cpaBHeHuto ¢ oTopesucTopaMu HOTOIUO I ABISIOTCS
Oonee OBICTPOACHCTBYIOIIMMH, HO HMEIOT MEHbBIIYIO YyBCTBH-
TEJIBHOCTD.
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YacToTHBIE XapaKTEPUCTUKU 3aBUCAT OT MaTepuanoB (oTo-
muona. B Hacrosiiee BpeMs cO3JaHbl BBICOKOYACTOTHbIE (ObICTpO-
JeicTByronye) GpoToauoapl Ha OCHOBE I'€pMaHUs M apceHHuna rai-
JMsI, KOTOpBIE MOTYT paboTaTh MPHU 4aCTOTaX MOLYJISLIMKA CBETOBOTO
IIOTOKA B HECKOJIBKO COTEH MeTarepil.

CyliecTBeHHBIM HEAOCTAaTKOM (DPOTONMOAOB SIBIISIETCSI 3aBUCH-
MOCTb 3HaYE€HHH UX MapaMeTPOB OT TEMIEPATYPbI, IPU ITOM CIIEIyeT
MMETh B BUIY, YTO KpeMHHEBbIE ()OTOIMOIBI OoJiee CTAOMITEHBI.

Ecmu B dorommomax wWCIoONb30BaTh OOPATHMBIA 3JICKTpHUE-
CKHU TIPOOOH, CONPOBOXKIAIOIIHMICS JTABUHHBIM YMHOXKE€HHEM HOCH-
TeJIel 3apsina, Kak B MOJYHPOBOAHHUKOBBIX CTaOMIMTPOHAX, TO (o-
TOTOK, a CJIEAOBATEIbHO, M YyBCTBUTEIBLHOCTh 3HAUYUTEIHHO BO3pac-
TyT. UyBCTBUTEIBHOCTH JABHHHBIX (POTOJMOAOB MOKET OBITH Ha
HECKOJIBKO TOPSIIKOB OOIbIIe, 9eM Y OOBIYHBIX GoTonnonoB (y rep-
mauueBbIx — B 200 — 300 pa3, y kpemaneBbix — B 104—106 pa3). Jla-
BUHHBIE (DOTOIUOMBI SBISIOTCH OBICTPOACHCTBYIOIIUMHU (HOTODIIEK-
TPUYECKUMHU MPUOOpPaMHU, MX YAaCTOTHBIA AMANA30H MOXKET JOCTHU-
ratb 10 I'T. HegoctaTkom TaBHHHBIX (POTOMMOMOB SIBISiETCS Oojee
BBICOKHI ypOBEHb LIIYMOB 110 CPaBHEHHIO ¢ OOBIYHBIMH (OTOIMOIA-
MH.

JlaBuHHBIE (HOTOAMOIBI MOKHO MPUMEHSTH U1 OOHAPYKEHUS
CBETOBBIX CHTHAJIOB M CUETa CBETOBBIX HMMITYJIbCOB B pPeNCHHBIX
YCTPOHCTBaX aBTOMAaTHKH.

Camblii npocmotl 1o2uyecKul diemenn — 3mo ungepmop (J1o-
rudecknii sneMeHT HE, "inverter"), y)ke yIoOMHUHABIIUICS B ITEPBOM
nekuuy. IHBepTOp BBIIOIHSET MPOCTEHINYIO JIOTHUECKYIO (DYHKIHIO
— MHBEPTHUPOBAHME, TO €CTh U3MEHEHHE YPOBHS BXOIHOTO CHTHAjIa
Ha MIPOTHBOMNOIOKHBIH. OH UMEET BCEro OAMH BXOJ U OJMH BBIXOZ.
Boixon nnBepropa moxet ObiTh THIA 2C nim tuna OK. Ha puc. 6.4
MIOKa3aHbl YCIIOBHbIE 0003HAUYEHUsI HHBEPTOPA, IPUHSTHIE Y HAC U 32
pyoOexoM.
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Pucynok 6.4- YcinoBHbIe 0003HAYCHUS MHBEPTOPOB: 3apyOeiK-
HBIC (CJIEBa) U OTCUECTBEHHBIE (CIIpaBa)

JlBe OCHOBHbBIC 00JIaCTH TPUMEHECHUSI HHBEPTOPOB — 3TO U3-
MCHEHHE TOJISIPHOCTH CHUTHAJA M M3MEHEHHUE MOJSIPHOCTH (POHTA
curHana (puc. 6.4). To ecTb U3 NMOJOKUTEILHOTO BXOJHOTO CHTHAJIA
WHBEPTOP JAeaeT OTPUIATENbHbIA BBIXOJAHOW CHUTHAI B HA000poT, a
U3 MOJIOKUTEIBHOrO (PPOHTA BXOAHOTO CUTHAJIA — OTPUIATEIIBHBIH
(GpPOHT BBIXOAHOTO cUrHana u Haobopot. Emie ogHo BakHOE IpuMe-
HEHHE WHBepTOpa — OydepupoBaHue curHana (C MHBEpCHEH), TO
€CTh yBEIMUEHHE HArPy304HOU CHOCOOHOCTH CHUTHana. JTO ObIBacT
HY>XHO B TOM CJIy4ac, KOorjia KaKON-TO CUTHAI Haao 1moaaTthb Ha MHOI'O
BXOJIOB, @ BBIXOJIHOM TOK HCTOYHMKA CUTHAJIA HEJIOCTATOUYCH.

it Flite

Pucynok 6.5 - MHBepcusi NOJSIPHOCTH CHUTHAaNa U WHBEPCHS
MOJISIPHOCTH (PPOHTA CHTHAIIA

HimeHHO WHBEpPTOp, Kak HaubOoliee MPOCTOM DJIEMEHT, 4allie
JIPYTUX 3JIEMEHTOB HMCIOJb3yeTCSd B HECTaHJIAPTHBIX BKIFOYECHHSX.
Hanpumep, nHBEpTOPHI OOBIYHO MPUMEHSIOTCS B CXEMaxX IeHeparTo-
POB MPSIMOYTOJIBHBIX UMITYJILCOB (pHC. 6.5), BEIXOJHOW CUTHAI KO-
TOPBIX MEPUOINIECKH MEHSETCS C HYJIEeBOTO YPOBHS Ha €IWHUYHBINA
n oOpaTHO. Bce mpuBeneHHBIE CXEMBI, KPOME CXEMBI [I, BHITIOTHEHBI
Ha snementax K155JIH1, Ho MoryT OBITH peann30BaHbl M HA WHBEP-
TOpax JIPYTHX Cepuil MPU COOTBETCTBYIOIIEM U3MEHEHIH HOMHHAJIOB
pesuctopoB. Hanpumep, misa cepun K555 HOMHMHaBI pe3nCcTOpPOB
YBEJIMYMBAIOTCS MPUMEPHO BTpoe. Cxema [ BBIIIOJIHEHA Ha DJIEMEH-
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tax KP531JIH1, Tak kak oHa TpeOyeT BBICOKOTO OBICTPOIEHCTBHS
WHBEPTOPOB.
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Pucynoxk 6.6 - Cxempl reHepaTopoB UMITYJIECOB HA MHBEPTOPAX

Cxembl a, 6 W B mpeACTaBISIOT coOoil oObluHBIE RC-
Te€HEepaTOPhI, XapaKTEPUCTUKHA KOTOPHIX (BBIXOJHYIO YaCTOTY, JJIU-
TEIBHOCTh MMITYJIECA) MOKHO PACCUUTATh TOJIBKO MPUOIU3UTENHHO.
Jnst cxeM a u O pu yKa3aHHBIX HOMUHAIAX PE3UCTOPA M KOHJIEHCA-
TOpa YacToTa reHepauuu coctaBuT nopsaka 100 kl'u, ansg cxemsl B
— okono 1 MI'n. O1u cxeMbl peKOMEHAYETCA UCIOJb30BATh TOJIBKO
B TeX CIlydasX, KOTJla 4acTOTa HE CIIMIIKOM Ba)kKHa, a BAXEH caM
(hakt reHepanuu. Eciam ke TOYHOE 3HAYEHHWE YACTOTHI NMPUHITUIIH-
abHO, TO PEKOMEHIYETCS TIPUMEHSTh CXEMBI T U [, B KOTOPHIX Ya-
CTOTa BBIXOJHOTO CHTHAJa OMPEAEINSETCS TOJNBKO XapaKTepPUCTHKa-
MU KBapIeBoro pezoHaropa. Cxema r UCHOJb3YyeTCs sl KBapLIEBOTO
pe3oHaTopa, paboTaromiero Ha nepBoi (OCHOBHOM) rapMoHHKe. Be-
JUYMHY EMKOCTH MOKHO OIIEHUTH 10 popmyie:

C>1/(2RF) (6.1)
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rae F — gacTora reneparuu. Cxema Ji IPUMEHSETCS IS rap-
MOHMKOBBIX KBapIIEBbIX PE30HATOPOB, KOTOPhIE pabOTAIOT Ha 4aCTO-
Te, OoJbIIIel OCHOBHOM B 3, 5, 7 pa3 (3T0 OBIBaET HYXKHO ISl 9aCTOT
reneparuu Boime 20 MI ).

Bx

Y t 3
Bx. Brix. ls i
. L . U J Brix. —'

Ue

Bhix.

T -
1HO Brix.

Pucynok - 6.7. Mcnonp3oBaHre MHBEPTOPOB IS 3aJCPIKKH
CHUTHasa

WHBepTOpHI TaK)Ke MPUMEHSIOTCS B TEX CIIy4asx, KOrjaa HeoO-
XOJMMO TIOJIYYUTh 3aJIePKKY CUTHAJA, IPaB/a, He3HAUYUTEIbHYIO (OT
5 mo 100 uc). [ns momydeHus TakoW 3adep:KKH IOCIEIOBATEIBHO
BKJIIOUACTCSI HY)KHOE KOJMYECTBO MHBEPTOpOB (puc. 6.5-6.6, BBep-
xy). CymMmmMapHOe BpeMs 3aJIep>KKH, HapuMep, Ui YeThIpeX MHBEp-
TOPOB, MOKHO OIICHUTH 110 (hopMyIie

t; = 2tPHL + 2tPLH, (6.2)

IIpaBna, HaO yYUTHIBATh, YTO OOBIYHO PEAJbHBIE 33JEPKKU
3JIEMEHTOB OKa3bIBAIOTCS CYIIECTBEHHO HUKE (MHOTA Jake BIBOE),
yem Tabanunble napamerps! tPHL u tPLH. To ects 0 TouHOM 3Haue-
HUU T0JY4YaeMOM 3aJep>KKU TFOBOPUTHb HE IPUXOIUTCS, €€ MOXKHO
OLICHUTh TOJIBKO IPUMEPHO.

Onepayuonnsiti ycurumens (OY) — yCUIUTEND dIEKTPAYECKAX
CUTHAJIOB, M3TOTOBJICHHBIA B BUJE HHTETPAIbHOM MHMKPOCXEMBI C
HenocpencTBeHHbIMU cBsi3aMu (YIIT) u mpenHa3Ha4eHHBIH U1 BbI-
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MOJTHEHMSI Pa3IMYHBIX OTepaIuii HaJl aHAIOTOBBIMH CHUTHAIAMH TPU
paborte B mersix ¢ OOC.

ITo cmocoOy BKIIIOYEHHS ONEpaMOHHBIE YCHIINTENN TOpa3-
JIEJSTFOTCST Ha WHBEPTHPYIOIINE M HEWHBEpTHpyomue. B mHBepTH-
PYIOIIEM yCHUIIUTENE UCTIONB3yeTCs MapajuiebHas oOpaTHas CBsI3b, a
B HEWHBEPTHUPYIOUIEM TOcjenoBaTeNnbHass oOpaTHas CBs3b TIO
HaIPSHKEHUIO.

Ycunurens Ha3bpIBACTCS WHBEPTHPYIOMINM, TaK KaK BBIXOJHOE
HaIpsHKeHHe IPOTHBO(a3HO (MHBEPCHO) TI0 OTHOIICHHIO K BXOAHOMY.

OY BBINIYCKAIOTCA C Pa3MYHBIMU XapaKTePUCTUKAMH U Tapa-
METpaMH.

Kak mnpaBuno, paccMaTpuBarOT HICaNbHBIA ONEPALMOHHBIN
yCUIIHTENb, Y KOoToporo RBx=co, RBbIx=0, Koy=c0, Koc=00, K=co,
AiBx=0 , iBx=0.

Cxewmsl BkItoueHus OY:

R &
R R
U - b 5 4 4
Uﬂl 0_:}_ lUmr
pr—) e ]
& U‘j_ K —

a - UHBEPTUPYIOIIUH YCHIIUTEIb; O - HOMHBEPTUPYIOIIUH YCH-
JUTEIb.
Pucynoxk 6.8 CxeMbl BKITFOUEHHUS AIEKTPOHHBIX YCIITATEEH

Ha pucynke 6.8 mpencraBieHa mpocTeimias cxema BKIIOYe-
HUS AJIEKTPOHHBIX YCUIIMTEIEH.
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KoHTpoJibHbIE BONIPOCHI:

1. IlpuBectm TpHUMEpPH  COBPEMEHHBIX  JJIEKTPOHHBIX
YCTPOMCTB.

2. Tlousarue o POTOIICKTPUUCCKUX ITPHOOPaX.

3. TlpuHnun paGoThI MONYNPOBOTHUKOBBIX (HOTOIIEKTpUYE-
CKHX TTPHUOOPOB.

4. Tlowsarue o ¢poropesucrope. Ero HazHaueHue.

5. Tlomsarue o ¢poroauone, ero Ha3HAUYCHUE.

6. IloHsTue 0 HHBEpPTOPE.

7. OOnacTh MPUMEHEHUS HHBEPTOPOB.

8. Omnepanmnonnsiii ycunurenb (OY). CrmocoOsl BKIIOYE-
Hus OY.

9. OO6nacTs MpUMEHEHHS OTIEPAITUOHHBIX YCUIHTEICH.
10. Cxempl BKITIOUEHHS ONIEPAIMOHHBIX YCMUITUTEIEH.
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Coneprkanue.

TIpenucnoBue

I'maBa 1. DiekTpUdecKue METH TOCTOSTHHOTO TOKa

1.1 OcHOBHBIC IOHATHS U OTIPEICIICHIS

1.2 DnexTpuyecKas Leb U €€ JICMEHThI

1.2.1 OcHOBHBIC TTOHATHS M ONPEACIICHUS IS DIICK-
TPUUYECKOH 1enu

1.3 OCHOBHBIE TIPUHITUIIBI, TEOPEMBI B 3aKOHBI DJICK-
TPOTEXHHUKH

1.4 Metoap! pacyéTa AIEKTPUUECKUX LIENe MmocTo-
STHHOT'O TOKa

I'maBa 2 Ananu3 U pacdeT JTUHEHHBIX Ienei mepe-
MEHHOTO TOKa

2.1 TlonsATHE O MMHEHWHBIX TEMSIX CHHYCOMAAIHHOTO
TOKa

2.2 Metonpl pacueTa Leneil CHHYCOMAAIBHOIO TOKa

I'naBa 3. Tpexdasnple d7eKTpUIeCKUe enn

3.1 OcHoBHBIE (HOPMYITBI U YPABHEHHS

3.2 CoenuHenne 0OMOTOK I'eHepaTopa 1 MPUEeMHHUKA
B 3BE3Y
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