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NMPEOUCIOBUE

VYyebHoe mocobue MocBSLIEHO TEOPUU M NMPaKTUKE TpaHC(HOopMaTopos
B 10CJIEIOBATEIbHOCTH U3JIOKEHHUSI MaTepuasa, NPUHITON ISl 3JIEKTPOIHEP-
TFeTUYECKUX U BJIEKTPOTEXHUUYECKUX CIIELMATbHOCTEM.

JUia obsieryeHyss NOHUMaHUs MPUHIUNA AEUCTBHSI, OCOOEHHOCTEH KOHCT-
PYKLMH, PEKUMOB pabOThl TpaHC(HOPMATOPOB B MEPBOM II1aBe MPUBEICHA Kiac-
cuuKalus 3IEKTPUYECKUX MallMH U TpaHchopmaTtopoB. 3/1ech Ke paccMmarpu-
BAlOTCA OCHOBHBIE 3aKOHBI 3JIEKTPOMEXAHUYECKOIO MPeoOpa30BaHusl SHEPTUU U
HEKOTOpbIe, HEOOXOIMMBbIE MJIsi M3YUYEHHsS] BCEH IUCHMIUIMHBI «DJIEKTPUUYECKHUE
MaIIMHbD («DJIEKTPOMEXAHUKA»), MOHATHS U3 Kypca TEOPETHYECKHMX OCHOB
AJIEKTPOTEXHUKU. BBeneHue 3Toil riaBel B ocobue no tpaHcpopmaTopam 00b-
SICHSIETCS. TeM, 4TO Uil OOJIBIIMHCTBA CIEUUAILHOCTEH HM3Y4YeHUE TUCIUILIUHbBI
«ONEeKTpUYECKUE MAIIMHbD HAUMHAETCS UMEHHO ¢ paszena « Tpancdopmaropsy.

MeTtoauuecku mocoOue BHICTPOEHO TaKMM 00pa3oM: CHavaljla paccMaTpu-
BaloTCs (PU3MUYECKHE MPOLECCHl MPeoOpa30BaHUsl PHEPIUU, a 3aTEM JACTCs UX
MaTeMatuyeckoe onucanue. [0 MHEHHIO aBTOpPOB, HE OJMH TOJl YUTAKOUIUX
JEKIUU TI0 pacCMaTpUBaEeMOll NHUCLUIUIMHE, TaKO€ MOCTPOCHHE CIOCOOCTBYET
JTy4IIeMy MOHUMAHUIO MaTepuana OyaylmuMu MHKEHEpaMH, MPU3BAaHHBIMU 00-
CIIy’KUBAaTh DJIEKTPUYECKHE MAIIUHbI, POU3BOJUTH BHIOOP U PEMOHT 3JIEKTPO-
obopynoBanus. [Ipu pa3paboTke HOBBIX AIEKTPUUECKUX MAIIUH Takoe 0a30BOE
00pa3oBaHHE MO3BOJUT CIELHUATUCTY CAMOCTOSITENIbHO U3YYUTh HEOOXOIUMBIE
paziesbl TEOPUH U MPAKTUKU DJIEKTPUUECKUX MAIITUH.

MareMatrnyeckoe OMHCaHhe 3JIEKTPOMArHUTHBIX MPOLIECCOB TpaHCchOop-
MaTOpPOB COCTaBJIEHO C MCIOJIb30BAHHUEM COBPEMEHHOTO MAaTEMAaTHYECKOTro arl-
napara yepe3 pe3ysbTHPYIOIINE KOMIUIEKCHbIE (PYHKIIMU BEIMYUH dJIEKTpHUUe-
CKHUX LEIEN WJIM 4Yepe3 UX MPOEKUHUH HAa OCH MPOCTPAHCTBEHHOW KOMIUIEKCHOU
IUIOCKOCTH.

B nmocobun moapoO6HO paccCMOTPEHBI MPUHITUIT ICHCTBUS U OCOOCHHOCTH
KOHCTPYKIIUU CHJIOBBIX OOIENPOMBIIUICHHBIX, HEKOTOPBIX CHEIHATbHBIX TUIIOB
TpaHncopMaTopoB, a Takxke TpaHCPOpMaTOpoB, pabOTAIOMIUX Ha BBIIPIMHU-
TENbHYIO Harpy3ky. [IpuBeneH BbIBOA OCHOBHBIX ()OPMYI U ypaBHEHUU, HEOO-
XOJIMMBIX JIJISI U3YUYEHUs] OCOOCHHOCTEN paboumnx pekuMOB paboThl TpaHChOp-
MaTOPOB, a TAK)KE€ BOBMOXHBIX UX aBAPUUHBIX PEXUMOB. JlatoTcs onpeneneHue
U BHJI OCHOBHBIX XapaKTEPUCTUK TpaHcPopMaropa: MarHUTHOW, BHEIIHEH, XO-
JIOCTOTO X0/Ia ¥ OMBITHOTO KOPOTKOT'O 3aMbIKAHUS.

Bomnpocsl, cBsi3aHHbIE C yCIOBUSIMH BKJIIOYEHHUS TpaHChHOPMATOPOB Ha
napauiesibHyl0 paboTy, HoApoOHO MpUBEIAEHBI B OTACIBHON TJlaBe, Kak Mmpe-
CTaBJIAOUIME NPAKTUYECKUN UHTEPEC ISl CHELHAINCTOB 3JIEKTPOIHEPTEeTUKHU.



OTnenbHbIE TIaBbl MOCBSIICHB paboTe TpaHcHOPMATOPOB MPU HECUM-
METPUYHBIX HArpy3kax, MPeICTaBJIAIONMX OMACHOCTh MJJISi MX IEIOCTHOCTU
U 17151 TOTpeOUTENeN AIIEKTPOIHEPTUH.

Cepbe3Hoe BHHMMAHHUE YJIEJICHO H3YyUYEHHUIO MEPEXOJHBIX IPOLECCOB:
BKJIFOUEHHUIO TpaHc(hopMaTropa B CETh, BHE3AIHOMY KOPOTKOMY 3aMBIKAHUIO B
JUHUMA TOTpeduTensi, atMocepHoMy nepeHamnpspkennto. Ilokazana Heobxoau-
MOCTb MPOEKTUPOBAHUS TPAHCHPOPMATOPOB C YUETOM BHE3AIMHOCTH BO3HUKHO-
BEHUs, OBICTPHIM MPOTEKAHUEM OIACHBIX Ui TpaHc(opmaTropa MmporueccoB, He-
00XOJIMMOCTH M TEXHUYECKOW HEBO3MOXKHOCTU MOYTH MTHOBEHHOTO OTKIIIOUe-
HUS €T0 OT CETH.

ABTOpBI BBIPXKAIOT HAACKIY, UYTO TNpeIaracMoe MOCOOHe OKaMeTCs
MOJIE3HBIM U TOHSATHBIM JUIS CTYACHTOB U C OJarolapHOCTBIO MPUMYT JIIOOBIE
3aMEeYaHus U MOKEITaHuUs.



1. BBEOEHUE B 3JIEKTPOMEXAHUKY

1.1. OOwWwme cBegeHNA O INIEeKTPOMEeXaHNYeCKMX
npeoobpasoBaTtenax aHeprum

JlucuuiuinHa «Q1eKmpomexaHuka» W3y4aeT OCHOBHBIE 3aKOHBI AJIEKTPO-
MEXaHUYECKOTO MPeOoOpa3oBaHUsI YHEPTUHU, A TAK)KE KOHCTPYKIIMU W TPUHIIHIT
JEHCTBHS YCTPONCTB, OCYIIECTBIISIIOIIMX JJIEKTPOMEXaHUYECKOe MpeodpazoBa-
HUE PHEpPruu. Takue yCTPOICTBA HA3BIBAIOTCS 21EKMPOMEXAHUYECKUMU NPeoD-
pazosamenamu (IMII) unm snekmpuueckumu mawunamvu (AM).

DnekTpuyecKkas MallliHa MpedHa3HaueHa O0Jisl npeoOpa308aHusi IHEPIUU:
MEXaHUUYECKOU B DJIEKTPUYECKYIO (DJIIEKTPUUECKUM TEHEPATOP), ANEKTPUUECKOM
B MEXaHMUYECKYIO (RJICKTPUUYECKUIN JBUTATENh), a TAKXKE DJICKTPUUECKON IHEp-
THH B JICKTPUUYECKYIO (TpaHchopmaTop).

[IpeoOpazoBanue sHepru B DM MOXKET OCYIIECTBISATHCS MAarHUTHBIM
noJjieM (cama MallliHa MPU ATOM Ha3bIBACTCA UHOVKMUBHOL) WIIH DIIEKTPUUYECKUM
noyieM (MalIMHa HA3bIBACTCS EéMKOCMHOU). BO3MOXKHO Takke COBMECTHOE HC-
MOJIb30BAHUE MAarHUTHOTO M 3JIEKTPUYECKOTO MONEH (UHOYKMUBHO-EMKOCHHbLE
MaruHbl). Ha mpaktuke HanOolbiiiee pacripocTpaHEeHHE TOMYyYUId WHIYKTHUB-
Hble MAalllMHbl. MarHuTHOE MOJ€ B HMHAYKTUBHBIX DJEKTPUUECKUX MAIlIMHAX
CO3/1a€TCSl MOCTOSIHHBIMU MarHuTaMu, MOCTOSIHHBIM M TMEPEMEHHBIM TOKaMH,
npoTeKarmuMi Mo oomotkaMm OM. B oOMOTKax MammuH MepeMeHHOro TOoKa
MPOTEKAIOT AKTUBHBIE M PEAKTUBHbIC TOKU. PeakTHBHBIE TOKH (pEaKTHUBHAs
MOIITHOCTh) CO3Jal0T MAarHUTHOE TOJie, & AKTUBHBIC TOKU OIPECISIOT aKTHB-
HYIO0 MOITHOCTb MAIlIUHBI.

Jlns monmyueHusi 0oJiee CUIIBHBIX MAarHUTHBIX Tojie B OM NpUMEHSIOT
dbeppoMarHuTHbeIE CEPACUYHUKU (MArHUTOMPOBOIBI), SIBISIOIIUECS HEOThEMIIE-
MOl yacTbio MamuHbl. [Ipy nmepeMeHHbIX MArHUTHBIX MOJISX MarHUTOMPOBO/IBI
BBINIOJIHAIOT U3 TOHKUX JIUCTOB DJIEKTPOTEXHUUECKOU CTAJM C 1IeJIbI0 YMEHbIIIe-
HUSA NOTE€Pb SHEPTUU OT BUXPEBBIX TOKOB U TUCTEPE3UCA.

IIpeoOpa3zoBanne sHEprun B OM HeW30€KHO CBSI3aHO C IOTEPSIMHU
MOIITHOCTH (HAarpeBOM pa3IMYHBIX YacTe mamuubl). [Ipu pabore DM Harpe-
BAIOTCS OOMOTKH (3JIEKTPUUECKHE MOTEPU MOIIHOCTH ), MATHUTONPOBOI (Mar-
HUTHBIE MOTEPU MOIIHOCTH), a TAKXKE Bpallalolluecss 4acTU MAIllMHbI — BaJl,
NOJIINITHUKN, BEHTUJISIMOHHBIE JIOMATKU (MEXaHHMYECKHUE MOTEPU MOIIHO-



ctu). [loatomy kodddunment mnoseznoro neiicteus (KIIJ) DM nHe moxer
obITh paBen 100 %:

n=§<100%,

l§

rae P, — BeIXxoaHasi MOITHOCTh OM; P, — BXoJiHast MoiHOCTh DM. lnis reHepa-
TOPOB P; — 3TO MeXaHWYecKass MOIIHOCTbh, a P, — 3JeKTpu4ecKas MOIIHOCTb.
Jna nBurarenerd P; — 3TO 3JIEKTPUYECKAas MOIIHOCTh, a P, — MeXaHu4deckas
MOIIHOCTh. J{ns1 TpancopmaTopoB Py u P, — 31eKTpuYecKre MOIIHOCTU pa3-
JIMYHBIX HANpsOKEHHHM W TOKOB. Ho Bcerma BbIXOAHAsT MOIIHOCTh P, MEHbIIE
BXOJITHOW MOIIIHOCTH HA BEJIMYMHY CYMMapHBIX TOTEPh MOLIHOCTH:

SP=R-P,

KIIJl snexTpuyeckod MamMHBI yBEIWYUBAECTCS C POCTOM MOUIIHOCTH.
Tak, y mamuu momHocTeio 10-50 Bt n=20-40 % . KIIJ[ mMomHbpIX MamuH

(1000 MBT u 6onee) gocturaer 99 %. Haubonsmum KIIJI oGmanaror Heno-
BIDKHBIC JICKTPUYCCKHE MAIIMHBI — TpaHcopMaropel. B Momnabix Tpancdop-
martopax gocturayT KITJI n=99,8 %.

Bce snexkrpuueckue MamuvHbl MO MOUTHOCTH YCJIOBHO MOKHO Pa3/elIUTh
Ha CJIEAYIOIIUE TPYIIIIbL:

1. Muxkpomarunsl (MomHocTh 10 600 BT).

2. Mammnbl Masiol MoHocTH (MontHOCTh oT 0,6 10 20 KBT).

3. Mamusnsl cpeaeid MottHocTd (MomHocTh oT 20 10 250 kBT).

4. MamuHbl 6061101 MOIITHOCTH (MOIIHOCTD cBhImIe 250 kBT).

Hanbompime MONTHOCTH B COBPEMEHHBIX 3JICKTPHYECKUX MaIlWHAX JIOC-
TUTHYTHI B TypOorenepatopax — a0 1600 MBT.

B mporecce paboThl 3IEKTPpUUSCKON MaIIMHBI €€ KOHCTPYKTHUBHBIC dJie-
MEHTBI U Y3JIbl MOJIBEPratOTCsl TEIIOBBIM, TEPMOMEXAHUYECKUM, IJICKTPOAUHA-
MUYECKUM, MEXAaHUUYECKUM U JPYTUM BO3JEHUCTBUSIM, YTO MPU OMNPEIAEICHHBIX
YCJIOBUSIX MOXET MPUBECTH K MOBPEXKICHUIO OTIAEIBHBIX Y3JIOB M BBIXOJY W3
CTpOsI BCEM MallMHbIL. BennunHa Takux BO3JAEMCTBUM 3aBUCUT OT MOIIHOCTH P,
4acTOThI BpAIIICHHS 7, BPAIIAIONIEr0O MOMEHTa Ha Baly M), Toka B 0OMOTKax
MamuHbl [, Hanpsbkenus U . Kaxaoil mamimHe 3aBOJI-M3TOTOBUTEINb yCTaHAB-
JIUBAET HOMUHANbHbIE 3Hauenus Py, ny, My, I, Uy, TpA KOTOPBIX TAPAHTUPYETCA
paborocriocoOHOCT, DM B TeUeHHE BCETO CpPOKa CIyKObI (CpOoK ciayk0b1 DM
15-20 ner). OOBIYHO HOMHHAJIBHBIC 3HAYCHHS YKA3bIBAIOTCS HA MACTIOPTHOM
Ta0INYKE MAIIUHEL.



Bce oanektpuyeckue MamivHbl OOJAAAIOT HPUHYUNOM O0OpAMUMOCIU.
DTOT NpUHLIMI 00YCIIOBJIEH YHUBEPCATHLHOCTHIO MArHUTHOTO IOJISI KaK SHEPTo-
Hocutensd. Jlto0oit reHeparop MoKeT paboTaTh B PEKUME JBHUTATENs, a JH00M
JIBUTATE]Ib MOXKET paboTaTh B pexuMme reHeparopa. JIroO6oit Tpanchopmarop
MOXKET paboTaTh Kak MOBBIMIAIONINN WKW Kak moHWxkaromud. OQHAKO Kaxaas
OM npoektupyeTcs s padoThl B OHOM ONPEAEICHHOM PEKUME. ITUM J100u-
BAIOTCS HAWIYYIIETO WCIOJIB30BAHMS MaTEPHUAIOB MAIIWHBI, T.€. TMOIYYaroT
HAWOOJIBIITYI0 MOIITHOCTh HAa €IMHUITY MAacChl MAITHHBI.

1.2. Knaccundgpumkauma anekTrpmyeckux MawvH

Knaccudumupyrot siekTpruueckiue MamivHbl M0 Ha3HAYEHUI0, a TAKXKE 10
poAy TOKa U NPUHIUITY ACHCTBHSIL.

ITo nasunauenuro M nensiTca Ha reHEpPaTOPbl, IEKTPUUECKUE IBUTATENH,
TpaHCHOPMATOPHI, AIEKTPOMAITMHHBIE MPEOOpa3oBaTENN, IIEKTPOMAITUHHBIC
YCUJIUTENH.

I'enepamopur ipeoOpa3yrOT MEXaHUYECKYH) HHEPrUI0 BpaIATEIbHOIO
JBIKCHUSI B DJICKTPUUECKYIO SHEPrut0. MexaHudeckass HEprusi MOoJABOJUTCS
K BaJIy TeHepaTopa OT MPUBOHOTO ABUTATEIIS WJIK MPUBOJHON TypOuHbL. B Kaue-
CTBE MPUBOJHOTO JABUTATEIS UCIIOIb3YIOT dJIEKTPUUECKNE JBUTATENN TOCTOSHHO-
ro 1100 MEepeMEHHOro TOKa WM JIBUraTeld BHYTpeHHEro cropanus. [lpuBogHas
TypOMHa MPUBOAMUTCS BO BpallleHHE MOTOKOM BOJIbI, MapoM uiu razom. ['eHepa-
TOpbl YCTAHABIMBAIOT HA 3JIEKTPOCTAHIMAX (CTAlMOHAPHBIX U TEPEABMIKHBIX),
Pa3IMYHBIX TPAHCHIOPTHBIX YCTAHOBKAX (aBTOMOOMIIH, CAaMOJIEThI, T0€3/1a, Kopad-
I U.T.A.). ['eHepaTopbl UCHOJB3YIOT TAKXKE B KAaU€CTBE MCTOYHHKOB MHUTAHMS
B YCTAaHOBKAaX CBSI3H, YCTPOWCTBAX aBTOMATUKH, U3MEPUTEIIbHON TEXHUKH.

Onexmpuueckue dsueamenu NPeoOPa3yOT dIEKTPUUECKYIO IHEPTUIO, TTO-
TpeOIIIeMyt0 OT HICTOYHUKA TTUTaHUS, B MEXaHHYECKYI0 SHEPTUIO BpallaTelIbHO-
0 WU MOCTYNATEIbHOrO JBWKECHUS. DJIEKTPUUECKUE JIBUTATENIN MPUBOISAT BO
BpallleHUE PA3IUYHBIE MEXaHU3Mbl U YCTPOWCTBA B MPOMBIILICHHOCTH, CEJb-
CKOM XO0341CTBE, TPAHCIIOPTE, BOCHHOM JIelie, CACTEMaX aBTOMATHUKH M ObITOBOI
JIEKTPOTEXHUKE.

Tpancgopmamopel OBBILIAIOT WU MOHUKAIOT HANPSHKEHUE NTEPEMEHHO-
ro TOKa, U3MEHSIOT 4ucio (a3 U mpeodpa3yroT 4YacTOTy MEPEMEHHOrO TOKa.
Tpancpopmaropsl TPUMEHSIOT B CUCTEMax Mepefadd U pacipenesieHus JeK-
TPOIHEPIHH NMEPEMEHHOI0 TOKA U HANPsDKEHHS, MPeoOpa3oBaTelIbHON TEXHHKE,
Pa3IMYHBIX TEXHOJIOTMYECKUX YCTAaHOBKAaxX (CBApOUHBIE, AJIEKTPOIEUYHBIE), YCT-
pOMCTBAaX aBTOMAaTUKH U CBSI3U, U3BMEPUTEIIbHBIX YCTPOUCTBAX.



Onexmpomawiunnvie npeodopazosamenyu NPeoOPa3yrOT MEPEMEHHBIM TOK
B IIOCTOSIHHBIA W HA0OOpPOT, M3MEHSIOT 3HAYEHUsI HANPSKEHUS IMOCTOSHHOTO
Y TIEPEMEHHOT0 TOKa, YaCTOTY, YUCJIO (a3.

Inekmpomawiuntsle ycuaumenu YCUIMBAKOT JIEKTPUUECKUE CUTHAIBI Ma-
JIOW MOIITHOCTH 3a CYET MOJAaBAEMOM Ha BaJl YCHIIMTEIISI MEXaHUYECKOM SHEPTUM.

B Hacrosiiee Bpemsi aniekmpomauiurHble npeobpazoeament U 31eKmpo-
MawuHHble ycuaumeay B TPOMBIIUIEHHOCTH U HA TPAHCIIOPTE MPUMEHSIIOTCS 8C€
pedice, TIOCKOIBKY HX POJIb BBINOJIHAIOT cmamuyeckue noaynpo8oOHUKOBbLLE
npeobpazosamenu. OTHAKO 8 BOEHHOM Oejle U CNeYymexHUuKe 31eKmpoMauHHble
ycunumenu u npeobpazogameiu O-MPEKHEMY UCHOTILIVIOMCS UUPOKO, TaK KaK
00JIaJIaAl0T 3HauUmMenbHo Oobulell PAOUAYUOHHOU YCMOUYUBOCIbIO, YeM NOJL)-
NPOBOOHUKOBbLE YCMPOUCMEA.

Inekmpomauiunuble KOMNEeHCcamopvl OCYIIECTBIISIIOT FTEHEPUPOBAHUE WUIIH
NoTpeOJIeHNEe PEaKTUBHON MOIITHOCTH B DJIEKTPUUECKUX YCTAHOBKAX ISl YJIyd-
HICHUS DJICKTPUYECKUX MOKA3aTeIed HUCTOYHUKOB U MPUEMHUKOB JJIEKTpUYE-
CKOM DHEPIUHU.

ITo pody moka n npunyuny Oeticmeus BBIACISIOT dJICKTPUUYCCKUE MaIlH-
HBI TIEPEMEHHOT0 U MOCTOAHHOTO ToKa (puc. 1.1).

MaunHbl NEPEMEHHOTO TOKA B 3aBUCUMOCTH OT 3JIEKTPOMATHUTHOW CXEMBI
JensTCa Ha TpaHC(OopMaTOphl, aCHHXPOHHBIE MAIIUHBI, CHHXPOHHBIE MAIIWHBI,
KOJUIEKTOPHBIE MAILIVHBI.

SHGKTPI/I‘{CCKI/IG MallTMHBI
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Puc. 1.1. Knaccuduxauus M no poay Toka U IpUHIMITY JEHCTBUS



Tpancghopmamopvl — cTaTUUECKHE DJIEKTPOMArHUTHBIC MpeoOpa3zoBaTen
SHEPIruu MepeMeHHoro Toka. OOMOTKU TpaHCHOPMATOPOB OTHOCUTEIHLHO JIPYT JIPY-
ra B mporiecce padoTsl HenmoABWXKHBIL. [IpeobpasoBanme sHEpruu B TpaHchopmaro-
pax OCyIIECTBIISIETCS 3@ CYET MEHSIOIIETOCS TOTOKOCHEIUICHUSI MEXKTy OOMOTKaMHU.

AcunxpoHHnble U CUHXPOHHbIE MAUIUHbL BBITOJIHSIOTCS C HEMOABUKHOU
0OMOTKOM cTaTtopa W Bpallarlieicss oOMOTKON portopa. B MammHax nepemeH-
HOT'O TOKa MAarHUTHOE MOJIE BPaIllaeTCs C YaCTOTOM BpailleHus #; (006/MuH):

_060-4
p b

n

re f; — mMpoMBINIIeHHAs 9acToTa ceTH (s Poccuu u GONMbIIMHCTBA CTpaH MU-
pa fi = 50 I'm); p — 4Kcio map MONOCOB (KOJIMYECTBO IMAp JICKTPOMArHUTOB
WM MarHUTOB).

B cunxponmnwix mawunax potop BpamaeTcs ¢ 4aCTOTON BpAIICHHS /1, PaB-
HOM YacTOTE BPAIICHUS MATHUTHOTO TOJIS:

ny = n.

Tak, HanpuMep, B IBYXIOJIOCHOU (p = 1) CHHXpPOHHOM MalllMHE IIPU IHU-
TaHUM OOMOTKH CTaTopa HANpsHKEHHUEM IPOMBILIUIEHHON 4acTOTHI POTOp Bpa-
njaetcs ¢ yactotoit BpamieHust n = n; = 300 (06/mMun). CUHXpOHHbBIE MaIIUHBI
IIPUMEHSIIOT B KQ4E€CTBE I€HEPATOPOB NEPEMEHHOIO0 TOKA IPOMBIIUIEHHON Yac-
TOTBI HA 3JIEKTPOCTAHIUAX U B aBTOHOMHBIX 3HEPreTUUYECKUX ycTaHOBKaxX. CUH-
XPOHHBIE ABUTATEIM HCIONb3YIOT B AJIEKTPONPUBOAAX OOJIBIION MOIHOCTH NPU
IIOCTOSIHHOM 4acTOTE BpalleHus INPUBOJHOIO MexaHnusma. Kpome toro, cun-
XpOHHBIE MAIIUHBI pabOTAIOT KaK KOMIIEHCATOPBl PEAaKTUBHOM MOIIIHOCTH.

B acunxponnwix mawunax 4acToTa BpaleHus: poTopa ¥ MarHUTHOTO MOJIS
cTaTropa OTINYAIOTCS HA BEJINYNHY CKOJIBKECHHUS §:

n=np (1 -ys).

Benuuuna ckonbxkeHus s B Tpex(a3zHbIX aCHHXPOHHBIX MAIlIMHAX HE TIpe-
Bbiaet 1-3 %.

Tak, HarpuMep, B JBYXITOJIOCHOM aCHMHXPOHHOM JIBUTaTeljie MPHU CKOJIb-
xenun s = 0,02 marautHOE TONIE Bparmmaercs ¢ yactotord n; = 300 (06/Mun),
a poTtop ¢ yactotoi BpamieHus n = 2940 (06/MuH). ACHHXPOHHBIC MAaIlTUHBI KC-
MOJIH3YIOT B OCHOBHOM B KaU€CTBE JICKTPUUECKHUX JIBUTATEIICH MPOMBIIIICHHBIX
U OBITOBBIX JJICKTPONPUBOJOB. ACHHXPOHHBIE JBUTATEIHN MOTPEOISIOT Oojee
MOJIOBUHBI BCEH AJIEKTPOIHEPIHH, BhIpAOATHIBAEMOW CUHXPOHHBIMU T'€HEpPaTo-
pamu. B pexxrme reHepaTopoB aCUHXPOHHBIC MAIIMHBI UCIIOIB3YIOT MIPEUMYyIIIe-
CTBEHHO B aBTOHOMHBIX JHEPreTUYECKUX YCTAaHOBKaX COBMECTHO ¢ Oarapeeii
KOHJICHCATOPOB ([IJIs1 CO3/1aHUsI MAarHUTHOTO MOJs1). ACUHXPOHHBIA T€HEepaTop
MOXKET padoTaTh W MapajiesIbHO C CEThIO, HO MPHU 3TOM U3 CeTH OyAeT moTpeo-
JSITh PEAKTUBHYIO MOIIIHOCTD JJIs1 CO3/IaHUSI MATHUTHOTO MOJIS.
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Konnexmopuvie mawunvl nepemenno20 moka OTINYAOTCS OT ACHHXPOH-
HBIX U CHHXPOHHBIX MallMH HAJIWYMEM KOJIJIEKTOpa, KOTOPBI COENMHEH € 00-
MOTKOH cTaTropa win poropa. Koyiekrop B MalnHax epeMEHHOIO TOKA SIBIISAET-
Cs1 MEXaHMUYECKUM IpeoOpa3oBaTeieM 4acTOThl U uncia (a3. 3a cyeT KoJIeKTopa
4acTOTa BpalICHUS POTOPA KOJUIEKTOPHBIX MAIIMH IIEPEMEHHOIO TOKA 3HAYu-
TEJIBHO BBIIIE, YEM ACUMHXPOHHBIX W CHHXPOHHBIX MAllMH. Takue MalvHbl MpU-
MEHSIOT B Ka4eCTBE JBUraTesieii OBICTPOXOAHBIX 3JIEKTPOIPHUBOJOB HEOOIBIION
MOIITHOCTH, TJIABHBIM 00Pa30M B OBITOBOM AJIEKTPOTEXHUKE.

Maimunsl octosiHaoro toka (MIIT) pensitcss Ha KOJIJIEKTOpHBIE U Oec-
KOHTAKTHBIE.

Konnexmop B MIIT — 3T0 MexaHUYECKUI BBIIPSAMUTEND (B reHEepaTopax
IOCTOSIHHOTO TOKA) WJIM MEXaHWYECKUN MHBEPTOP (B ABUIATEISAX MOCTOSHHOTO
TOKa). I'eHepaTopbl NOCTOSHHOIO TOKA MPHUMEHSIOT JUIsl NIUTaHUS JBHUraTeleu
IIOCTOSIHHOTO TOKa W B KadyecTBE BO30yAUTENEH WU MOABO3OyAMUTENEH CUH-
XPOHHBIX I'€HEPATOPOB. J[BUraTeny MOCTOSIHHOTO TOKA IO3BOJSAIOT OCYILECTB-
JIATH IJIABHOE M DKOHOMHUYHOE PEryJIMPOBAHUE YACTOTHI BPAILLEHUS B IIMPOKOM
nuarasoHe. Takue gBHUrareny HaxoLAT NPUMEHEHUE B AJIEKTPONPHUBOAAX IIPO-
KaTHBIX CTAHOB, METAJIO00padaTHIBAIOIINX CTAHKOB, AJIEKTPUUYECKOTO TpaHC-
[I0pTa U JpyruX CUCTEMax aBTOMATU3UPOBAHHOIO DJIEKTPOIIPUBOIA.

beckonmaxmmuvle mawiunvl nOCMOAHHO20 MOKA — 3TO YHUIIOJIAPHBIE (OA-
HOMOJISIPHBIE) HU3KOBOJIbTHBIE I'€HEPATOPbl MOCTOSHHOIO TOKA M OECKOHTAKT-
HbIC JBUraTeJIM IOCTOSHHOIO TOKA. BECKOHTaKTHbBIE NBUTaTENId IOCTOSIHHOIO
TOKa €l1e Ha3bIBAIOTCS BEHTUJIbHBIMU JABUIATEIsAMU. B Takux aBUraTeisx poJib
KOJUJIGKTOpPA BBIIIOJHAECT CTAaTUYECKUM IOJIYIIPOBOJHUKOBBIA KOMMYTATOD,
yHOpaBIsieMbl TaTYMKOM MOJOXKEHUS poTopa ((HOTOTPaH3UCTOPHI, AIEKTpOMar-
HUTHBIE JaTYMKHU WIN JIEMEHTHI X0JIj1a).

1.3. OcHoBononarawLwue 3aKoHbl
3NIeKTPpOMEeXaHU4YeCKoro rnpeoodpasoBaHnAa 3Heprum
B UHAYKTUBHbIX 31IEKTPUYECKMX MaLLUHaX

3aKOHOMEPHOCTH MpeoOpa3oBaHMsl SHEPrUM B MHAYKTUBHBIX DM ompese-
JSOTCS (PUBNYECKUMU 3aKOHAMH, YCTAHABIMBAIOIIMMU CBSI3M MEXKIY Pa3IuYHbI-
MU BEJIMYMHAMU M TapaMeTpaMu IJICKTPUUYECKUX, MATHUTHBIX U MEXaHUYECKUX
nporieccoB. BaxkHeHmmMuy 3aKkoHaMu, OTNIPEENSIOMUMEI PadoTy 000 dIEKTpu-
YECKOW MAIIMHBI, SBJISIOTCSA 3aKOHBI 3JIEKTPOMArHUTHONW MHIYKUIMU (B (popMyJIU-
poBke M. ®@apazes u B hopmynupoke J[. MakcBeisia) U 3aKOH 3JIEKTPOMArHUT-
HBIX cui (3akoH Ammepa). B npouecce uzydenuss OM He0OXOAMMO TaKKe 3HATh
U MOHUMaTh 3akoH OMa JJis 3JEKTPUYECKOM Lenu, 3akoH Oma JUis MarHuTHOM
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LIENH, 3aKOH MOJHOTO TOKa, 3akoH JleHia, 3akonbl Kupxroda aiis s1eKkTpudeckux
Y MarHUTHBIX Iienei. HamoMHuUM KpaTKo 3TH 3aKOHBI B TEPMUHAX M MOHSTHUSAX,
HanboJIee YacTo yrnoTpeOsieMbIX B TEOPUU AIEKTPUISCKUX MAIITHH.

3axkon 21ekmpomacHumHOU UHOYKYUYU YCTAHABIMBAET 3aKOHOMEPHOCTH
BO3HUKHOBEHUs 2nexkmpoosudicyuert cunvt (OJ1C) B OTAEIBbHBIX MPOBOJHUKAX
WM B DJIEKTPUUYECKUX KOHTYpPaX, HAXOSAIINXCS B MATHUTHOM TIOJIC.

[Ipu onpenenennn 3/C, UHAYIMPOBAHHONW B OTIEJIBbHBIX IPOBOJHUKAX
00OMOTOK 2JIEKTPHUUECKON MaIIHHbI, yTI0OHO ATOT 3aKOH HCIIONIB30BaTh B (hOpMy-
mupoBke M.Dapanes:

Ecnu nposoonuk onunou | nepemewyams 6 macHumnom none ¢ uHOykyuet B
C JIUHEUHOU CKOPOCMbIO V NEPNEHOUKYIAPHO CUNOBbIM TUHUAM MACHUMHO20 NO-
JISl UU MASHUMHOE Nojle nepemewams OMHOCUMETbHO HeNoOBUNCHO20 NPOBOO-
HUKA ¢ MO Jice CKOPOCmbio, Mo 6 npogoonuke unoyyupyemces IAC ey,

Bennunna nnaynuposannon 9/(C, B,

ewp =B -1, (1.1)

rae B — maruutHas uHAykuus, Tiu; [ — nauHa NpoBOJHUKA, M; V — CKOPOCTb
JIBYDKEHUS MTPOBOJIHUKA (TI€pECceYeHUs] MPOBOJHUKOM MArHUTHBIX JIMHHM), M/C.

[Ipu noctositHHONM MarHUTHOM MHAYKUIUM DJ]C 3aBUCUT TOJBKO OT CKOPO-
CTH IIEPECEUCHHs IPOBOJHUKOM MArHUTHBIX JUHUN U HE 3aBUCUT OT MaTepHaa,
(opMBI U pa3MEPOB MOMEPEUHOTO CEUEHUS IPOBOIHUKA.

Hanpasnenue smou 3/{C onpenensiercsi o NpaBUily «npasol pyKu», Kak
MIOKa3aHo Ha puc. 1.2, a: eciiv JIMHUU MHIYKIUHU B BXOAAT B PACKPBITYIO J1aJ0Hb
paBoOil pyKH, a OOJBIION Mayel COBMAJAcT C HANPABJICHUEM IBWKEHUS V, TO
BBITSIHYTBHIE OCTAJIbHBIE YETHIPE NAJbLIbI JIAJIOHU YKaXXyT Hampasienue J/C e.

[Ipu onpenenennu I/C, HAYIUPOBAHHOM B OTIEIBHOM AJIEKTPUUYECKOM
KOHType, YI0OHEee TOJb30BaThCS 3aKOHOM JJIEKTPOMATHUTHOW WHIYKIIMH
B (hopmynupoBke MakcBesia:

3nauenue 3/]C e, HageOEéHHOU 8 KOHMYpe, NPONOPYUOHANLHO CKOPOCHIU
UBMEHEHUs NOMOKOCYENIeHUS \J WU CKOPOCMU USMEHEHU MACHUMH020 nomoka @,
NPOHU3BLIBAIOUE20 IMON KOHMYD.

l\ﬂ

€mp

B(®) e

~
a 9]

Puc. 1.2. Onpenenenue DJIC u 351eKTpOMarHuTHOM CUJIbI AMIiepa:
@ — TIPaBHUJIO IIPABOU PYKW»; 6 — MPABHUIIO «JIEBOH PYKI»
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Bennuuna unaynuposannoi 3/1C, B,

v, 40 A (1.2)

e= k
dt dt dt

rae Yy =w, -® =L -i—1IOTOKOCIEIUIEHUE KOHTYPa; W, —YHUCIIO BUTKOB KOHTY-
pa; L, —MHIyKTUBHOCTb KOHTYDPA; I —TOK, IPOTEKAIOIIUNA 110 BUTKAM JJIEKTPH-

YECKOT0 KOHTYpa.

Kak cnenyer u3z dopmynsr (1.2), Benuuuna 3JIC 3aBUCHT TOJIBKO OT CKO-
pPOCTH M3MEHEHUS MOTOKA (TOKAa) M HE 3aBUCUT OT MaTepuaia, GOpMbI U pa3Me-
POB IPOBOJTHUKOB, U3 KOTOPBIX C/I€JIaHbI BUTKU KOHTYpA.

3axon anexkmpomaznumuulx cun (3aKOH AMIlepa), WIN 3aKOH 31eKmpo-
MASHUMHO20 83AUMOOelicmaUsl, YCTAHABIMBAET 3aKOHOMEPHOCTh BO3HUKHOBE-
HUS AJIEKTPOMArHUTHOM (JIEKTPOIMHAMUYECKOW) CUJIbI, JEHCTBYIONIEH Ha MPo-
BOJHUK C DJICKTPUYECKUM TOKOM WM Ha (EPPOMArHUTHOE TEJIO, PACIIOJIOKEH-
HbIC B MATHUTHOM TIOJIC.

DJIEKTPOMArHUTHYIO CUJTy, JCHCTBYIOIIYIO Ha MPOBOJAHUK C DJIEKTpUYE-
CKHM TOKOM B MAarHMUTHOM T0Jie, yA0OHO ONPEACIISITh 10 3aKOHY AMIepa:

Ha npo6oonux ¢ moxom i 8 00HOPOOHOM MACHUMHOM NOJe C UHOYKYUel
B oeticmeyem anexmpomacnumuas cuna f,, , H,

fiu=B-1i, (1.3)

riae B — marautHas uHaykuus, Ti; / — juinHa 0poBOHMKA, M; | — TOK, A.

Hanpasnenue snexmpomacnumnou cuivl ONPEIEISAETCS 10 IPABUILY «le-
6ol pyxuy» (puc. 1.2, 6): ecliu TUHUU UHAYKIMH B BXOJAAT B PACKPBITYIO J1a0Hb
JIEBOM pyKH, a MaJIbLibl BBITSIHYTHI MO HAINPaBJICHUIO TOKA I, TO OOJBIION majiel
IIOKa3bIBAET HAIIPABICHHUE DJIEKTPOMArHUTHOM CUIIBL f,, .

Ecnun HEoOXoauMo ompenenuTh 3JISKTPOMArHUTHYIO CHIIY HMJIH 3JIEKTPO-
MarHuTHBIE MOMEHT B MAarHMTHOW CHCTEME, OOpa30BaHHOW OJHUM HWJIM He-
CKOJIbKUMHU DJICKTPUYECKUMHU KOHTYpaMU, TO YJ0OHEE HCXOAUTh U3 TOJHOM
DHEPruM MarHuTHOro nojs W, . Cuily, NEACTBYIOLLYIO B HAIIPABICHUHU IE€OMET-

pHHGCKOfI KOOpAWHATHI g, OHpe,HCHHIOHIGfI IMOJIOKCHUC CUCTCMbBI B IIPOCTPAHCT-
BC, MOJKHO OIIPCACIUTD 110 OAHOMY U3 IIBYX TOXICCTBCHHBIX BBIpa)KCHI/If/'Ii

T e I ol I (14)
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ITepBoe BbIpaK€HHE YKa3bIBAECT, UTO JJIEKTPOMArHUTHAS CHUJA, CTPEMS-
1asics K3MEHUTD JIAaHHYIO KOOPJMHATY, paBHA YOBLIN SHEPTUA MAarHUTHOTO TTOJI,
OTHECEHHOM K EIHMHUIIE IPOU3BOJAUMOrO CHIOHM HW3MEHECHUS KOOPJIUHATHI,
B MPEAIOJI0KECHUU, YTO IOTOKOCHEIUICHUS KOHTYPOB COXPAHSIIOTCS HEU3MEH-
HbIMH. BTOpoe BbIpaX€HHE YKa3bIBAECT, YTO JJICKTPOMArHWUTHAS CHUJa, CTPEMs-
AsICSl U3BMEHUTD JTAHHYHO KOOPJAWHATY, PAaBHA YBEIUYEHUIO SHEPTUU MAarHUTHOTO
MOJIsI, OTHECEHHOMY K €IMHHUIIE MPOU3BOJAMMOIO CHJIOW M3MEHEHUs KOOpIHUHA-
ThI, B IPEANOJIOKEHUN, YTO TOKM B KOHTYpax MNOAAECPKUBAKOTCS HEU3MECHHBIMU.
[lenecooOpa3HOCTh MPUMEHEHUSI OJHOTO W3 JIBYX BBIPAXKECHUM OMNpeessercs
KOHKPETHBIMU yCJIOBUSIMU MMOCTABICHHOM 3a/1a4H.

DJIEKTPOMArHUTHBIE CHUJIBI JEUCTBYIOT HE TOJBKO HA MPOBOJHHUKHU C TO-
KOM, HO 1 Ha (heppOMarHuTHbIE Tejla, HaXOASIIuecs B MarHuTHOM noJjie. [IposiB-
JISTFOTCSI OTH CUJIBI B BUJIE CUJT MATHUTHOTO TSDKEHUS TPYOOK MarHUTHOTO MOTOKA.
VYaenpHOE 3HaUE€HHUE TAaKOW CHUJIBI, JCHCTBYIOIICH Ha euHUIY (heppOMarHUTHOM
ITIOBEPXHOCTH,

2
f :Bn'Hn: Bn
M ) 2‘“0’

(1.5)

Trac Bn u Hn — COOTBCTCTBCHHO, MAIrHUTHBIC MHAYKIHA W HAIIPsSKCHHOCTHL Ha
IIOBCPXHOCTHU (beppOMaFHI/ITHOFO TClIa, [, —MarduTHas IIPOHUIIACMOCTh HEMAr-

HUTHOM cpe/ibl (00BIYHO BO3/YX, OKPY KON MarHUTHOE TEJO).
3axon Oma 0na snekmpuyeckou yenu, He cooepacaujeti ucmodnux I/[C
(puc. 1.3, a), ycTaHaBIMBAET CBSI3b MEXKJY PAa3HOCTHIO AJIEKTPUUECKUX MOTEH-

UajoB ¢, — ¢, (Hanpsoxenuem U, , B, nmu O/1C E ;) , B), noaHbeIM d1eKTpHUye-
CKUM CONPOTHUBJIEHUEM Lienu Z, OM, U BEIUYMHOM ToKa [, A, Ha 3TOM Y4YacTKe.

[IpumenutenbHo K puc. 1.3, @ maneHue HanpsHKeHUs (HaAIpsiKEHHWE Ha COMpo-
TUBJICHUU Z)

niimn
]':(Pa_(pb:Uab:Eab. (16)
VA VA VA

N3 dbopmynsr (1.6) ciemyer, 4To 3JIEKTPUUYECKUN TOK BO3HHMKAET IPHU
HaJWYUU Pa3HOCTU MOTeHIManoB (HampspkeHus, IJC) U nenu ¢ KOHEUHBIM
COIPOTHUBJICHUEM.
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Uab (Eab) Uac .
a [ Z b a I Z b L c
e o oi;'_l:l o Q o
a 9]

Puc. 1.3. 3akon Oma: a — snekTpudeckas 1enb 0e3 ucrounuka 3/C;
0 — dIeKTpUIecKas 1emnb ¢ uctounukom IJ1C

3axon Oma ons snexkmpuyeckou yenu, cooepacawert ucmouynux I/C, mo-
3BOJISIET HAWTHU TOK 3TOW LENU MO W3BECTHOM PA3HOCTH MOTEHIHUAIOB ((p () c)

Ha KOHIIaX LIENU U uMeronieics B atou uenu IJ(C E. Hns cxemsl (puc. 1.3, 6)
3aIMIIeM
EE U + E

. O, — +
=4 e 1.7
Z ~ (1.7)

B domymne (1.7) 3naK «+» crast, ecau Tok I n DJIC E coBmamaioT mo
HATIPaBIEHHUIO (B OM 00BIYHO B PEKHUME IeHepaTopa), 3HaK «—» CTaBAT, €CIU
tok [ uDJIC E HATIPABIEHBI BCTPETHO (B8 OM 00OBIYHO B PEKUME JIBUTATEIIS).
B uyactHOM ciyudae pu E =0 ypasaenue (1.7) mepexoaut B ypasHenue (1.6).

3axon Oma O MmaeHUmMHOU yenuy yCTAaHABIMBAET CBSA3b MEKIY MAarHUTO-
newxkymen cuno (MJIC) F, co3maHHON KaTyIIKOW WM 0OMOTKON, MAarHUTHBIM
CONPOTHBJICHUEM MAarHWTOINPOBO/A MIIM YYaCTKa MarHUTHOW Lenu R, ¥ BelH-

YUHOW MarHuTHOro noroka ®. /lng 3aMKHYTOr0O MarHMUTOIIPOBOJAA C IOCTOSIH-
HBIM CE€YEHUEM S MAarHUTHBIA ITOTOK

F
==, 1.8
7 (1.8)

r7Ie W —4uciIo BUTKOB KaTymku wim ooMoTku. MJIC F B (1.8) Ha3bIBalOT TaKxke
MAarHUTHBIM HANPSKEHUEM, WM MOTECHI[MAJIOM MArHUTHOIO MOJIS, T.€. MPUYH-
HOM BO3HMKHOBEHMS DTOTO I0Jsl. MarHuTHOE CONPOTUBJICHHE R, 3aBHCHT OT
pa3MepOB U MAarHUTHBIX CBOMCTB MAarHUTONIPOBOJA:

Lo
RH:M‘S, (1.9)

rae lcp — JUIMHA CpeJHEeW CUJIOBOM JIMHUM, M; S — IUIONIA/b MMOMEPEYHOTO ceue-

2
HHA MAaroHuToIipoBoJa, M ; p‘a:“O ‘UL — a0CoOJIIOTHAsT MAarHUTHAs IMpOHHULACMOCTD
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MarHuTOIPOBO/A, IMOKAa3bIBAIOIIAs, BO CKOJIBKO pa3 MHIYKIUS B CTaILHOM Mar-
HHTOLPOBOJE GOJIbIIE, YeM B BakyyMme; Lo = 4m'10 ~ '— MarHuTHas IpoHHuAe-
MOCTb BakyyMa ['H/M; [l — OTHOCUTEIbHAS MarHUTHAs MPOHUIIAEMOCTh CTAIBHOTO
MarHuToINpoBoAa (MJIM MarHUTHAs! ITPOHUIIAEMOCTB ).

N3 cootnomenuit (1.7)—(1.9) cnenyer dopmManbHOE cCOOTBETCTBUE (DH3H-
YECKUX BEJIMYHH JICKTPUICCKUX M MATHUTHBIX 1ieneit (Taou. 1.1).

Taomuma 1.1

CooTBeTCTBHE (1)I/I3I/I‘IGCKI/IX BCJIMYHH 3JICKTPUYCCKUX U MAaIrHUTHBIX ueneﬁ

DJeKTpHYecKas 1eb Z, Om I,A U,E,B J, NS E.,B/m
MaruuTtHas 1neib R, , A/BO ®, B6 F,A B, Tn H, A/m

Bce oanextpuyeckne 1enud MOTYUHSIOTCS
MepBOMY U BTOpOoMY 3akoHaMm Kupxroda.

Ilepswiii 3akon Kupxeogha moka3biBaeT, 4yToO
JIBIDKCHHUE 3apsiIOB B JIEKTPUUECKOMN 1LIETIH TTPOUC-
XOJIUT TaK, YTO HU B OJAHOM M3 Y3JIOB IIENU 3TU
3apsiibl HE CKaTUIMBAIOTCA.

Aneebpauueckas cymma mokog, noOmeKaro-
Wux K ar000My V31y cxembvl, pA6HA HYIH0 UIU: CYM-
Ma noomeKkarwux K Jaobomy Y31y MOKO8 pAGHA
CyMMe YmeKanowux u3 y31a moKoa.

s puc. 1.4 cunraem, 4TO MOJATEKAIOIINE K Y31y TOKH MOJOKUTEIbHBIE,
a yTEeKalollle — OTpUlATeIbHbIE, TOT1a

Puc. 1.4. Unnroctpanus
3akoHa Kupxroda

f—i,—-i,-1,=0
NN
Bropoii 3akon Kupxroda: areceopauueckas cymma nadenuii Hanpsaicenul

8 JI0OOM 3AMKHYMOM KOHMYpe pasHa anzeopaudeckol cymme J1eKmpoo8UdiCy-
WUX CUT 800Ib MO20 dHce KOHMYpa:

>I-R=3}F.
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3akon nonHo2o mMoka YCTAHABJIMBAET CBSI3b MEXKAY TOKAMU 1y, Iy, ... I,
U HaNpsHKEHHOCTHIO MAarHUTHOTO 10J1s1 / , 00pa30BaHHOTO A’TUMU TOKAMH B OK-
pYKaroIIeM IPOCTPAHCTBE, B BUJIE

$HAl =i =i +iy+...+i,. (1.10)

CornacHo BeipaxkeHuto (1.10), 3aK0H MOJIHOTO TOKA TJIACUT:
Humeepan no npouzgonvHomy 3amMKHymomy Kowmypy l; om npoussedenus

Hanpascénnocmu mazHumno2o noaa H na snemenm Onumvi kowmypa dl pasen
cyMMe MOKO8, HaXOOAWUXCSL 6HYMPU KOHMYPA UHMESPUPOBAHUS.

Eciu myts unTerpupoBanus B ¢popmyie (1.10) coBnagaeT ¢ MarHUTHOM
JIMHHUEHN, TO TIOJ 3HAKOM MHTErpasia Hdl = Hdl .

B cimydae kaTylku ¢ YUCIOM BUTKOB W U TOKOM [ MHTETPUPOBAHUE JIIO-
00} M3 MarHWTHBIX JMHUH (HampUMep, CPEIHEN C MIUHOM [), Ta€T B IpaBoi
yacty uHTerpana (1.10) cymmy TokoB Xi = wi = F, paBHyro MJIC kaTymiku.
3aKOH TOJIHOTO TOKa SBJISIETCS OMBITHBIM 3aKOHOM. ODKCIEPUMEHTAIBHO €ro

MO>KHO MPOBEPUTH MyTEM H3MEPEHUS Cj}Hdl C MOMOIIbI0 MAarHUTHOTO MOsCa
(YCTpOICTBO, U3BECTHOE U3 Kypca (DU3UKH).

[Ipu pacueTe MarHUTHBIX ILIETICH AIEKTPUUECKUX MAIIWH WHTETPAIbHYIO
cymmy B (1.10) 3amensitor anreOpandeckoid cymmoin. Pa30uBas MarHUTHYIO

LEeNb HA yYacTKH, B MpeJerax KOTOPbIX MarHUTHAs HaNpsDKEHHOCTb /1 MOXKeT
OBITh IPUHSTA OCTOSIHHOM, a IIMHA [ KOHEYHOUN BEIMYHUHOM:

SH. L =w-i, (1.11)
1

i
rne Y H,-[;=>F — cymma MJIC i-X y4acTKkOB MarHuTHou nenu OM. 3Haue-
1

HHA HaprDKéHHOCTI/I H ; Ha OTACJIBbHBIX Yy4YaCTKaX MarHuTOIpoBOAda MallIMHbI

OIIpENENAIOT MO0 TabIMIaM MM KPUBBIM 3aBUcUMOCTH H,; = f(B;) mns cranu,

nus3 KOTOpOfI HU3roOTOBJICH MAarHuTOIIPOBOA. HpI/I 3aJJaHHBIX IT'COMCTPUUICCKUX Pa3-
MCpax U BEJIMUYWMHC MArHUTHOI'O ITOTOKA MarHuTHasA MHAYKIUS

B =—, (1.12)

rac Si — INomagb IIOIMCPCYHOI'0 CCUCHNA YUACTKa MarHuTOIIpOBO/JAA.
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MarsuTtHoe HAIIPAKCHUC JI000T0 U3 IMOCJICAOBATCIIBHO BKIIOYCHHBIX
Y4aCTKOB

(1.13)

rae H; — cpenHee 3HaUE€HHE HANPSYKEHHOCTU HA JJAHHOM y4acTKe; [, — cpenHsis
JJIMHA MATHUTHOMU JIMHUY JJAHHOT'O y4acTKa.

Tak xax H,=(1/p;)B;,a B;=®/S§,, rne S; — niomags pac4eTHOTO ce-
YeHHs y4acTKa MarHUTOIIPOBOAA, TO

F=®1/(S;;). (1.14)

BBGI[H IMOHATHUC MACHUNTHO20 CONPOMUBIEHUA

R, =1L/(S;u,), (1.15)
u3 BeipaxxeHus (1.14) nonyunm popmyny 3akona OMa MarHUTHOW LIEMH:
F.=®R, ;. (1.16)

®opmymna (1.15) nokasbIBaeT, 4TO MPU MAJIOM 3HAYEHUH MAarHUTHOM TMpo-
HUIIAEMOCTH L (HampuMep, MPOXOKJICHUH MAarHUTHOTO MOTOKAa 4Yepe3 BO3AYII-
HBI 3a30p TIpH Lo = 1,256 - 10°° TH/M) TpeGyercs MarHHTOABWKYINAS CHIIA
00JbIION BeNMUYUHBI. {715 TpOBENEeHNUs] MAarHUTHOTO MOTOKA IO CTAJIbHBIM y4Ya-
CTKaM MarHUTHOM 1enH ¢ W, = (5 — 100) ['a/M MarHuTOABMKYIAs CHIa 3HAYH-
TEIHHO HUXKE.

1.4. MaTepuansbl, npumMmeHsieMble
B 3/1IEKTPOMALUNHOCTPOEHUN

[Ipy mpou3BOACTBE ANEKTPUUECKUX MAIIUH UCIOIb3YIOT MPOBOJHUKOBBIE
U MarHUTHBIC MaTepHabl (AaKTUBHBIE), IEKTPOU3OJISIITUOHHBIC U KOHCTPYKTHB-
Hble MaTepuaibl. [[poBOAHUKOBBIE, MATHUTHBIE U 3JIEKTPOU3OJISIIUOHHBIE MaTe-
pHUaIbl HAa3bIBAIOT 271€KMPOMEXHUYECKUMU.

IIposoonuxkoevie (31€KTpONPOBOAAILNE) Mamepuanst. K HUM OTHOCST
MEIHBbIE WJIM QIIOMUHHEBBIE H30JMPOBAHHBIE MPOBOJAA KPYIJIOTO CEUECHUS,
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a TaKk)Ke IIMHBI MPSMOYTOJIbHBIX CEYEHUM, KOTOPbIe OOBIYHO U30JIUPYIOT MpPHU
U3TOTOBJIICHUM OOMOTOK. OJEKTPOJABUTATENd M TEHEpaTOphl HMEKT, Kak
MpaBWIO, 0OOMOTKH M3 MEJIHBIX ITPOBOJOB WM IIWH, a 0OMOTKH TpaHchopma-
TOPOB BBINOJHSIOT KaK W3 MEJIHBIX, TaK U W3 aJIIOMUHHEBBIX IPOBOJIOB
WJIU IIHH.

JIy1st 0OOMOTOK MCIIOJIB3YIOT MEIHBIE TPOBOA KPYTJIOTO WIH MPSMOYTOJIb-
Horo ceueHusi mapok [IDTB u I[IOTBII kiacca HarpeBocToOKOCTH M30IsALMH B,
kpyrasle npoBoaa I19T-155 u npsamoyroasnsie npoBoga [I9TII-155 knacca F,
npoBoja [I93T-200 u II9TII-200 knacca HarpeBocrorikoctu H. B snekrpoma-
HIMHOCTPOECHUM MHPOKO ucnoib3ytores nposona [IC/ u IICAT co creknoso-
JIOKHUCTOM n3oJsanuen kinacca Harpepoctoiikoct F, mposoga IICJIK u ITICIKT
KJjacca uzonsuu H.

JIJisi IpOM3BOICTBA KOPOTKO3aMKHYTHIX OOMOTOK aCHHXPOHHBIX MAIIWH
UCIOJIB3YIOT AIFOMUHUN AS U €ro CIUIaBbl C MOBBIIICHHBIM COMPOTUBIECHUEM —
AKM12-4, AK3.

Jlist neMrQepHbIX MyCKOBBIX 0OMOTOK CHHXPOHHBIX MAIIHH MPUMEHSIOT
OpOH3y U JIaTyHb, a KOJUIEKTOPHI MAIlIMH MOCTOSHHOTO TOKa M3TrOTABJIMBAIOT U3
TBEPAOTSAHYTOM MEMU.

[Ipumenenne B OOMOTKaX MeIu W ATIOMHUHHS OOYCJIOBICHO WX MAaJIbIM
yaenbHbIM conpoTusiieHueM p. [Ipu remneparype 20° C y OTOXOKEHHOW METHON
MIPOBOJIOKH Pagecy = 0,0172- 10 ° OM'M; aTFOMHUHIEBOI — p20oal = 0,0282- 107° Om'm.

OueBuaHO, cieTaHHAs U3 ATUX MaTEPUAIIOB OOMOTKA WUJIU €€ 4yacTu OyayT
UMETh HEOOJIbIIIOE aKTUBHOE (OMUYECKOE) compoTUBieHue, OMm,

r=p—, 1.17
PS (1.17)

IJIe p — YJAEIBbHOE JIEKTPUUYECKOE CONMpoTuBIeHHEe, OM'M; [ — quHa, M, B S —
cedeHue, M, IPOBOIA OOMOTKH WITH €8 JaCTH.

Tak xe mansl onpeaensieMble 0 3aKoHY J[koyns-JIeHna snekrpuyeckue
MOTEpU MOIITHOCTH OT TOKa / B 00MOTKax, BT,

p,=rl. (1.18)

CHIKeHUE AIEKTPUYECKUX MoTeph B 00MoTKax yBenuuuBaet KIIJ[ snek-
TPUYECKOUN MAIlIUHBI U 00JIeTYaeT e€ OXJIaxKIeHUE.

JIJist DIEKTPUUECKUX KOHTAKTOB MPUMEHSIOT Hamailku u3 cepedpa, 30J10Ta
Y TJIATUHBI, UMEIOIINX €11I€ MEHBIIIEE YIeIbHOE COMTPOTUBIIEHUE, YEM MEIb.

Maznumnsie mamepuansvt. CepiCUHUKU JIEKTPUUECKUX MAIIUH BBINOJ-
HSIOT W3 MaTepUAJIOB, OOJAMArONIMX BBICOKOM MArHUTHOW MPOHHUIIAEMOCTHIO.
K HIM OTHOCSITCSI KOHCTPYKTHUBHBIC CTAJIH, JICKTPOTEXHUUECKHAE CTAIH U dheppu-
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Tbl. KOHCTpYKTHBHBIE CTalM MPUMEHSIOT IPEUMYILIECTBEHHO B MAILIMHAX OCTO-
SHHOT'O TOKa JJI1 U3rOTOBJIEHUS MAarHUTOIIPOBOJOB U MX YacTEH C MOCTOSHHBIM
HaIIPaBJIEHUEM MArHUTHOTO MOTOKA (CTAJbHOE, PEKE UYTYHHOE JIUTHE, TUCTOBBIC
Y KOBaHbIE CTAJIU, CIIEIUAJIbHBIE CIUIABBI U1l IOCTOSIHHBIX MAarHUTOB).

JI71s1 U3rOTOBIIEHHUSI MATHUTOIIPOBOAOB AKOPEN MaIllMH MOCTOSIHHOTO TOKa,
MarHUTOMPOBOJOB TPaHC(HOPMATOPOB U IJICKTPUUCCKUX MAIITUH TMEPEMEHHOTO
TOKA MCHOJIb3YIOT NMPEUMYILECTBEHHO CIECLHAIBHBIC MACHUMOMACKUE IIEKMPO-
mexHuyeckue cmanu, O0JaNalIIe BHICOKOW MAarHUTHOW MPOHUIIAEMOCTBIO H
HU3KUMHU yI€IbHBIMU TTOTEpsiMU. CTallb MPOKATHIBAIOT HA MPOKATHBIX CTAHAX JI0
tonuHbl auctoB 1; 0,5; 0,35; 0,3; 0,2; 0,15; 0,1 Mmm. B anexkrpuuecknx mamu-
Hax Ha yacToTy 50 I'i 0ObIYHO MCMONB3YIOT ctanu ToiamuHou 0,35 u 0,5 mm.
JIucThl cTau M30JIUPYIOT OAHUM—TPEMS CIOSIMU JIAKa UM TEPMOCTOMKUM Mar-
HUEBO-(PoCchaTHBIM MOKPHITHEM.

C uenbro ymeHnvuienuss nomepsb om GUXpesvlx MOKO8 MATHUTOIIPOBOJ, Jie-
JSAT HA TOHKHE W30JIMPOBAHHBIC JINCTHI TOBEPXHOCTIMU, NapaJIEIbHBIMU JIMHU-
AM UHAYKUMA B. [Ipn TakoMm [ejIeHHH MOMEPEYHOE CEYEHUE JIMCTOB MEHBIIE,
YeM Yy BCEro MacCHBHOTO MAarHMTONpPoBOAa. COOTBETCTBEHHO YMEHBIIAKOTCS
OJ1C, BUXpeBbI€ TOKU U MOTEPU OT HUX B KAXKJIOM OTJEIBHOM JIUCTE U CyMMap-
HbIE NMOTEPU OT BUXPEBBIX TOKOB BO BCEM pa3ieIEHHOM HA JIUCThl MArHUTOIPO-
BOZIc. B MarHuTHBIE MaTepHANIBI Ha OCHOBe Jicesie3a TOOABISIIOT HEOOIBIIOE KO-
JMYECTBO KPEMHHUS JJI MOBBIIIEHUS YACIBHOTO 3JIEKTPUYECKOTO COMPOTUBIIE-
HUS, YTO yMeHbuiaem uxpesvie moxu u nomepu om Hux. llpucaaku KpeMHUS
MaJio BIUSIIOT HA MAarHUTHYIO MPOHUIIAEMOCTh MaTepuara.

O06o3HaueHne aexkmpomexruyeckou cmanu coaepxkut 4 uudpsi: 1(A),
2(B), 3(C), 4(D).

[lepBas uudpa A xapakrepusyeT KIacC CTaIU MO CHMPYKMYPHOMY CO-
CMOSIHUIO N 8U0Y NPOKAMKU, MOXKET MPUHUMATH CIEAyIolue 3HadeHus:: 1 —
CTajb ropsyeKaTaHas U30TPOIHAS (MarHUTHAs MPOHUIAEMOCTh B HallpaBJICHUU
MpoKaTa U MOMEpEK MpOKaTa MPAKTUYECKU OAWHAKOBA); 2 — XOJOJHOKATaHas
M30TPONHAsA; 3 — XOJOAHOKATaHasl aHU30TPOMNHAsl (MarHUTHas MPOHUIAEMOCTb
BJIOJIb TIPOKaTa CYIIECTBEHHO OOJbINE YeM TOomepéK IpoKara) ¢ peOdpoBOi
CTPYKTYpPOU. Y XOJOJHOKATAHBIX CTaJ€d MAarHUTHBIE CBOMCTBA JIy4ylle, YEM Yy
rOpSIY€KATaHbIX: BBIIIE MATHUTHAS MPOHUIIAEMOCTh U HH>KE MAarHUTHBIE TOTEPHU
BJI0JIb IIPOKATa CTaJIH.

Bropas uudpa B onpenenser conepxanue kpemuus (Si) B cranu: 0 — He
oonee 0,4 % (cranp HenerupoBannasi); 1 — ot 0,4 1o 0,8 %; 2 — ot 0,8 10 1,8 %;
3—or1,8102,8%;4—o0t12,8103,8%;5—o0t13,8 104,8 %.

Tpetbst nudpa C 0603HAYACT epynny no OCHOBHOU HOPMUPYEMOU XAPAK-
mepucmuxe, pa3nuyaroT 5 rpynn: 0 — yJaenbpHble TOTEPU MPU MArHUTHOM HH-
nykuuu 1,7 Tn u yactore 50 I'it (p1.7/50); | — yAenbHbIE TOTEPU TP MAarHUTHOM
uHaykouu 1,5 Ti m gacrore 50 I'n (py,5/50); 2 — yA€JIbHBIE IOTEPU NIPA MarHUT-
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Hoil mHAykimu 1,0 T u vacrore 400 I'u (p1,0/400); 6 — MarHUTHasE UHAYKLIMS
B €Ja0bIX MarHUTHBIX MOJSAX npu Hanpspk€HHoctu nonst 0,4 A/m (Boa); 7 —
MarHuTHas MHIYKIUS B CPEIHUX MATHUTHBIX TOJISAX MPU HANPSHKEHHOCTH MOJIS

Yersépras nudppa D o603HaUaET MOPSAAKOBBIA HOMEP CTAIM U MPUHU-
MaeT 3HaueHud oT 1 1o 6. C yBenuueHueM 3HaueHus D ynydiiaercsi KauecTBO
CTaJIM: BO3pAcTae€T MarHUTHas MOPOHHUIIAEMOCTbh U CHUXKAIOTCS MAarHUTHbBIC
MOTEPH.

lIpumepovl 0603HaUEHUSA MApOK TUCTOBOU AIEKTPOTEXHUUECKOU CTAJIU:

1212 — cranp ropsiuekaTaHas U30TpoOIHas ¢ coaepkanueMm Si 1o 1,8 %
J1st paOOTHI B MATHUTHBIX TOJISIX ¢ uHAyKImen 1,5 Ti u gactoToit 50 I';

2311 — cranp xoN0HOKaTaHas U30TPOITHAs C cojaepkanueMm Si 10 2,8 %
JU1s1 paOOTHI B MArHUTHBIX TOJISIX ¢ uHAYKImen 1,5 Ti u gactoToit 50 I';

3403 — cTayib XOJ0JHOKATaHasi aHU30TPOITHAs ¢ coAepxkaHueMm Si 110 3,8 %
TS paOOTHI B MATHUTHBIX TOJISIX ¢ mHAyKIMen 1,7 T u gwactoToit 50 I'm.

[TpOMBIIIIEHHO M3rOTABIMBAIOT CTAIM CICIYIOUIMX MapOK: ropsiueKaTaHble
m3otponHsle 1211-1213, 1311-1313, 1411-1413, 1511-1514, 1561, 1562, 1571,
1572; xononHokaransle uzoTpornueie 20112013, 2111, 2112, 2211, 2212, 2311,
2312, 2411, 2412; xonoaHokaranele anuzoTporHelie 3411-3416, 3404-3406.

[IIupokoe MpUMEHEHHE B BJIEKTPUUECKUX MAIIMHAX HAXOMST BBICOKO-
HSHEPreTUYECKUE MPECCOBAHHBIE MOCTOSIHHBIE MAarHWTHl HAa OCHOBE pPEIKO3e-
MeJbHBIX MaTepuanoB (MarHuTbl P3M): camapuii-koOanbT, HUOAMM-KEIE30-
oop. [IpuMeHeHue ATUX MArHUTOB CYIIECTBEHHO CHWXAET MacCy U rabapuThl
OM npu 0JHOBPEMEHHOM TOBBIIIEHUU UX BBIXOJIHBIX XapaKTEPUCTHUK.

Inekmpouszonayuonnvie mamepuaisl. [IpuMeHsI0T UX Il IPEIOTBpA-
HIEHHUS] HEMTOCPEJICTBEHHOTO JJICKTPUUECKOTO KOHTAKTA Pa3IMYHBIX TOKOBEIY-
X yacteir OM — BBOJIOB, BUTKOB, OOMOTOK M MX YacT€ll — OT MarHUTOIPOBO-
JIOB 1 KOHCTPYKTHBHBIX YacTel MaIIWHbI. J[JI1 U30IS1IUM POBOJIOB U YBEIUYE-
HUS DJICKTPUUECKON MPOYHOCTHU MPOMEKYTKOB B MAaIlIMHAX MCIIOJIB3YIOT dMaJlH,
Oymary, KapToH, MaTepHalbl Ha OCHOBE IEJUTFOJIO3bI, MIENTKA, XJIOMKA, CITFOJIBI,
acbecra, CTeKJIOBOJIOKHA, (papdopa, snekrpormdepa (Tadm. 1.2).

OcHoBHBIE TPeOOBAaHUS K AJIEKTPOU3OJSAIIMOHHBIM MaTepHaliaM: BBICOKAs
JTUAJIEKTpUYECKass TPOUYHOCTh, MO3BOJIAIONIAS YMEHBIIUTD TOJIIUHY W30JSLIHY;
BBICOKAsi MEXaHHMUYECKas MPOYHOCTH; XOPOIIas TEeIUIONPOBOIHOCTh, 00eCIeyu-
BaloIasi MaJIbI Mepenaja TeMIepaTypbl B U30JAILMU U, COOTBETCTBEHHO, XOPO-
niee OoxJaxAeHue OOMOTOK; BJIAroCTOMKOCTh; HArpeBOCTOMKOCTb, OOecredu-
BaloIIasl JJIUTENbHOE (YHKIIMOHUPOBAHUE H3OJISIMU TPU BO3ACHUCTBUM TIpe-
JIeIBHO JOMYCTUMOM paboyeil TemIepaTyphl.

ITo HarpeBocTOMKOCTH WiIKM TemmnepaTypHoMmy unaekcy (TH) anexTpouso-
JSALMOHHBIE MaTEepUaJIbl Pa3AeisiiOT Ha CEMb KIJIACCOB COTJIACHO MPEAEIBHO J10-
MyCTUMBIM TeMIiepatypam (Tadsm. 1.2).
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Tabmuua 1.2

Kitaccsl HarpeBOCTONKOCTH JIEKTPOU3OJIALIMOHHBIX MATEPHUATIOB

TemMmnepatypHbIit
unaexc (TH)

Knacc narpe-
BOCTOMKOCTH

Temneparypa,
C

XapakTepuCTUKa OCHOBHBIX IPYIIII
3NEKTPOU30ISALUOHHBIX MATEPUATIOB,
COOTBETCTBYIOIINX JAHHOMY KJIACCY HArPEBOCTOMKOCTH

90

90

He nponutanHbie M HE MOTPY)KEHHbIE B >KUAKUN
OUBJICKTPUK BOJIOKHHUCTBIE MaTepHalbl Ha OCHOBC
XJIOTIKA, HATYpaJbHOTrO MIENKa, MEJUIIoNIo3bl (OyMmara,
KapTOH, JEpPEeBO), TIACTMACCHl, a TAKXKE COOTBETCT-
BYIOIIIME JAHHOMY KJIacCy ApYTHe MaTepHalbl U ApY-
THE COYCTaHUSI MAaTEPUAJIOB

105

105

[IponutanHble J1akaMd Ha OCHOBE HATypaJlbHBIX
CMOJI, TEPMOIUIACTUYHBIMU KOMIAyHJaMU WJIU TIOMe-
WEHHBIE B JKUAKUW JUAJIEKTPUK MaTepuana Kiacca
HArpeBOCTOMKOCTH Y, TpaHC(HOPMATOPHOE MACIIO

120

120

CTEKII0NaKOTKaHH, CHHTETHYECKHE OpPTaHWYeCKHe
NoJMATHICHTepeTalaTHbIe TUIEHKH, TEPMOPEaKTHB-
HbIe CUHTETHYECKHE CMOJIBI U KOMIAayHIBl (STOKCHA-
HBIC, TONMI(QUPHBIE)

130

130

Marepuanbl Ha OCHOBe acOecTa, CIOIbI, CIIEKIOBO-
JIOKHA, IIPONHUTAHHBIC 6I/ITYMHI)IMI/I nin MacJistHO-
CMOJITHBIMU OPTaHUYECKUMU JIAKaMH, TEPMOPEAKTUB-
HBIC CUHTETHUYCCKHE KOMIMAyHMAbI, riu(pTaNeBble U
BHHH(JICKCHBIC dYMaJIH, aCOOIIEMEHT

155

155

Marepuanbl Ha ocHOBe acOecTa, CHIIOABI, CIIEKIIO-
BOJIOKHA, NPUMEHSAEMbIE B COYETAHUU C CHUHTETHYE-
CKMMH CBS3YIOIIMMH W IPONUTHIBAIONIMMH COCTaBa-
MU, TJaBHBIM 00pa3oM Ha OCHOBE KPEMHHHOpTaHU-
YEeCKUX JIAKOB

180

180

MaTepI/IaJ'IBI Ha OCHOBC ac6eCTa, CJIr0AbI, CICKIIOBO-
JIOKHA, MIPUMCHACMBIC B COYETAHUN C CHHTCTUYCCKUMHA
nu erMHHﬁOpFaHquCKHMH MPOMUTHIBAIOIIIMUMU U CBSA-
3YIOIIMMU COCTaABAMHU

Boiee 180

ooxee 180

Crroza, cTekyo, KBapl, KepaMmuka, Gpapdop, npume-
HsieMble 0€3 CBA3YIOIIMX WM B KOMIIO3HLIUU C HEOP-
TaHUYECKUMU CBS3YIOIIUMHU

Koncmpykmuenvie mamepuanst. 113 KOHCTPYKTUBHBIX (KOHCTPYKIIMOH-
HBIX) MaTE€pHaIOB M3TOTAaBIMBAIOT KOHCTPYKTHBHBIE YACTH MAlIUHBI, BOCIPH-
HUMAIOIIUE M TIEpPeIarolIe MEXaHWYECKHE Harpy3Kd: CTaHUHBI (KOpIryca),
MOAIINITHUKOBBIE LIUTHI, MOIIIUIHUKYU, BaJibl, BEHTUWIATOPbI, KOHTAKTHHIE H
JIpyrue ycTpoiictBa. B kauecTBe KOHCTPYKUIHMOHHBIX MAaTE€pPUAJIOB UCIOIb3YIOT
JIUTBIE CTajb U YYT'yH, IBETHbIE METAJUIbl U UX CILIABbI, BBICOKOIPOYHBIE I1J1a-

CTMAcCCHI.



22

1.5. HasHa4yeHne n o6nacTb NpUMeHeHus
TpaHccopmaTopoB

B nanHoMm y4eOHOM 1MOCOOMU OCHOBOIIOJIATAIOIINE 3aKOHBI JIEKTpPOMEXa-
HUYECKOTO MPeoOpa3oBaHUs SHEPTUH SJEKTPUUECKUX MallMHAX paccMaTpuBa-
IOTCSl B IPUMEHEHUU K TpaHCPOopMaTopy, Kak K YCTPOHUCTBY, Hanbosee mpocTo-
My MO NPUHIUITY PeoOpa3oBaHus SHEPTUU.

[To Ha3HaueHUIO U 00JACTH MPUMEHEHHUSI COBPEMEHHBIE TPAHCHOPMATOPHI
MO>KHO Pa3JeUTh HA HECKOJBKO PYIIIL.

Cunosvle mpancgopmamopsi — CityKaT JJis TOBBIILIEHUS WA TOHWKEHUS
HaIpSKEHUS B DJIEKTPUUYECKUX CETSIX M CUCTEMAax MEpeladyd U paclpeleieHus
AIEKTPUYECKON SHEPTUH.

Hanpsxenue reHepaTopoB Ha 3JEKTPUUYECKUX CTAHIUSIX HE MPEBBIIIAET
6—20 xB. IlepenaBath Ha OOJBIINE PACCTOSHUS IIEKTPOIHEPTUIO TIPU TAKOM
HaNpsSHKEHUU HEBBITOAHO M3-3a OOJIBIIMX JJIEKTPUUECKUX TOTEPh B JUHUSIX
anekrporniepenau (JIDI). YBenuueHwe BTOPUYHOTO HAMPSHKEHUS MPUBOJIUT
K MPONOPIMOHATIBHOMY YMEHBIIEHUIO TOKa. Tak, Halmpumep, MpU yMEHbIIIe-
Huu ToKa B 10 pa3 morepu anexkrposHepruun B juHUU JIOII ymeHbmIaroTcs
B 100 pa3. IToaTomy Ha BceX 3JEKTPOCTAHLUMIX YCTAHABIMBAIOT MOBBIIIAO-
e TpanchopMmaTopsl, yBeauuuBawie HanpsbkeHus B JIDIL go cranpapt-
HbIx 3Hauenuit 110, 220, 330, 500, 750, 1150 xB. IToBeimatomiue Tpanchop-
MaTopbl, YCTAaHABIMBAEMbIE HAa MOILIHBIX T'€HEPUPYIOIIHUX CTAHLMAX, UMEIOT
MOIIHOCTE 10 1 MiH KBA.

Ha pacrnpenenutenpHbIX NOACTAHLUMIX HANPSHKEHUE TOHMXKAETCA 10 35,
10, 6 xB. A moTpebiieHHE JIEKTPOIHEPTUM DJICKTPONPUEMHUKAMHU Ha MecTax
ocymectBisiercs npu Hanpspkerun 220, 380, 660 B. CiaegoBaTtenbHo, HE00XO-
JTUMO CHUKEHUE HAIPSOIKEHUS 0 TPeOYyeMbIX BEIUYHH, YTO OCYIIECTBIISETCS
MOHIKAOIIMME TpaHchopMaTOpamH.

Taxum oOpa3om, B 3HEProcUCTEMax NIPOUCXOAUT MHOTOKpaTHOE OT 3 10 5
pa3 mpeoOpa3oBaHHE BEIMYMHBI HAMPSIKEHUs, OCYIIECTBISIEMOE CUIO8bIMU
mpaucghopmamopamu.

IIpeobpazosamenvuvie mpancghopmamopst — MPUMEHSIOT ISl COTIAcOBa-
HUSl HallpsSOKEHUH B BEHTUJIBHBIX NMPE0OpPa30BATENbHBIX YCTaHOBKAX, 00eCIeyu-
BAIOIIMX MpeoOpa30BaHUE NMEPEMEHHOIO HAINPSIKEHUS B MOCTOSHHOE WM B Iie-
PEMEHHOE HaIpsHKEHUE PEeryaupyeMoil 4actoTel. VX mepBUYHOE HampsiKeHue
COOTBETCTBYET HANPSKEHUIO MUTAKOUIENH CETH, & BTOPUYHOE — BBIXOJAHOMY Ha-
NPsHDKEHUIO TAHHOTO TuIa npeobdpasoBarens. MOMHOCTH npeoOpa3oBaTeNbHbIX
TpaHcHOPMATOPOB JOCTUTAIOT HECKOJBKO ThiCSAY KBA, a HampsikeHus: rnepBuy-
HBbIX 00MOTOK — 10 110 xB.
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Tpancgopmamopsi mexnono2uueckux ycmaHo8oK — MpeIHA3HAUYEHBI IS
MUTAHMS AJICKTPOTEXHOJIOTHUECKUX YCTAaHOBOK W TPOIECCOB (IIEKTPOIICUHBIE,
CBapouHbIe TpaHC(HOPMATOPHI U JIp.). MOITHOCTh TaKKX TpaHC(HOPMATOPOB OC-
TUTAET HECKOJIBKUX JECATKOB Thicsiy KBA, Hanpsbxkenue — 10 10 kB.

Tpancghopmamopst agmomamuxu U 8bIYUCTUMENLHOU MeEXHUKY — TIPAME-
HSIOT B BBIIPSIMUTENBHBIX OJIOKaX MUTAHHS YCTPOMCTB aBTOMATHUKH, BBIUYUCIIH-
TEIBHOW TEXHUKH H.T.N. TpancopMaTopbl UMEIOT MOITHOCTh OT COTeH BA 10
eaunull KBA, nepsuunbiM Hanpsikenuem 220, 380 B.

HzmepumenvHnvle mpancgopmamopvl HAnPA’CeHUs U MOKA — UCTIONb3Y-
IOTCS B DJICKTPUYECKUX CETAX I U3MEPEHUS BBICOKUX HAMPSOKCHWA W OOJIb-
IUX 3HAYEHWUH TOKa, KOTOPHIE HENb3S M3MEPHUTh HEIMOCPEACTBEHHO BOJIBTMET-
paMu W aMIepMeTpaMu, a Takke I MOAKIIOUEHHUS K HUM JIIEKTPUICCKHX
anmapaToB 3aIUTHl U aBTOMATHKH.

Hecmotpss Ha mHpOKyr0 00JIACTh MPUMEHEHHS, pa3jnude MO CBOEMY
HA3HAYEHUIO W BBIMOJIHSAEMBIM (YHKIUSIM, TpaHCHOPMATOPHI MO MPUHIUITY
JIEUCTBUS, OCHOBHBIM PEKHUMaM paOOThl MOJAUYUHSIOTCS €AUHBIM 3aKOHAM JJICK-
TPOJMHAMUKH, PACCMOTPEHHBIM BbIIIE. AKTHUBHAs 4YacThb TpaHCHOPMATOPOB
(0OOMOTKHM, MarHUTOMPOBO/IbI), U3OJISAIMS TOKOBEIYIIINX 3JIEMEHTOB OT MarHUTO-
MIPOBOJIa M KOHCTPYKTUBHBIX YaCTEH BHITTOJTHEHA U3 MPUBEICHHBIX BBIIIE MaTe-
puanoB. B mocnemyromux riaBax y4eOHOTO MOCOOHMS JOCTAaTOYHO MOIAPOOHO
OyIyT W3II0KEHBI BOMPOCHI TEOPUU M TMPAKTUUECKOTO HCTOIH30BAHMS TPaHC-
dbopmaTopoB.



24

2. OCHOBHbIE CBEOAEHUA O TPAHC®OPMATOPAX

2.1. MpuHuMn gencreusa TpaHcchopmaTopa

Tpancpopmamop — 3TO CTaTUUECKOE SIECKTPOMATHUTHOE YCTPOMCTBO C
JIBYMSI WX OOJIBIIUM YHUCIIOM WHIYKTUBHO CBSI3aHHBIX OOMOTOK, TMpeaHa3Ha-
YEeHHOE TS TTpeoOpa30BaHUs MOCPEICTBOM DJICKTPOMArHUTHOW WHIYKITUU O/I-
HOM WJIM HECKOJIBKUX CHCTEM MIEPEMEHHOTO TOKa B OJHY MJIM HECKOJBKO IPYTHUX
CHUCTEM NIEPEMEHHOTO TOKA.

B ocHoBe paboThl TpaHchopMaTOopa JISKHUT SBICHUE SJCKTPOMArHUTHON
WHIYKITUU:

3nauenue snexmpoosudxcywei cunvt (3/C), HaseoenHol 6 0OMOMKAX
mpancghopmamopa, npsamo nponOPYUOHAIbHO USMEHEHUID MACHUMHO20 NOMOKA
D | cyennennozo ¢ smumu 0b6MOmMKAMU.

Hanpagsnenue naBenénnoit J/1C onpenensaercs 3akoHom Jlenna:

Tox, npomekarowuii noo Oeticmeuem Hagedennou 6 oomomxax I/C,
CMpemMumcsi 60CNPensimcmeosams USMEHEeHUI0 MACHUMHO20 NOMOKA, CYENieH-
Hoco ¢ oomomkamu. CnenoBatenbHo, DJIC, HaBeneHHass B OOMOTKax TpaHC-
dbopmaTopa MarHUTHBIM TTIOTOKOM,

dt dt dt

(2.1)
rae Y =w® =il —moToKocuemieHue oOMOTKH TpaHchopMaTropa; Ww —YHuCIIo
BUTKOB OOMOTKH; [ —MTHOBEHHOE 3HaUEHHUE TOKA, MPOTEKAIOIIETO MO0 OOMOTKE;
L —MHIyKTUBHOCTh OOMOTKH.

PaccmoTpum npuHIMNI paboThl TpaHchopMaTtopa Ha mpuMmepe ogHodas-
HOTO JIByXOOMOTOYHOTO TpaHcopmaTopa. DIEKTPOMArHUTHAS CXeMa TaKOTro
Tpancopmaropa (puc. 2.1) coctoutr u3 AByX OOMOTOK, pPa3MEIICHHBIX Ha
3aMKHYTOM MarHUTOMNpOBOJie. MarHUTONPOBOJ /ISl YCUIIEHUS MAarHUTHOM CBSI-
31 MEXJy OOMOTKaMHu BBITIOJIHEH U3 (PEPPOMATHUTHOTO MaTepHaia ¢ MajbiM
MarHuTHBIM comnpoTuBiaeHrneM. OOMOTKY 0oJiee BRICOKOTO HAMPSIKCHUS HA3bl-
satom obmomxou evicuezo Hanpsaxcenus (BH), oOMoTky Oonee HHM3KOro Ha-
NpsDKeHUsT — oomomkou Huzwezo Hanpsowcenus (HH). OO6MoTka, KoTOpylo
BKJIFOYAIOT B CE€Th, — OTO IEpBHYHAS OOMOTKAa. UMCIO BHUTKOB MEPBUYHOMU
oOMoTKH Ww,. OOMOTKa, K KOTOPOM MOJKIOYAIOT Harpy3Ky, — BTOpUYHas 00-

MOTKa C YUCJIOM BUTKOB W, .
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Puc. 2.1. [lpunnun neiictBust TpaHcopmaropa
(peXuM XO0JIOCTOTO XO0/a)

B kauectBe Harpy3ku TpaHchopMaTropa MOXKET ObITh JIMHUS 3JIEKTpOIle-
penay uiM aBTOHOMHBIA notpedutens. [lepBuunas u BTOpU4Has OOMOTKH MO-
ryT Ob1Th Kak BH, Tak u HH.

B pexume X050CTOro xoja MEPBHUUYHYI0 OOMOTKY MOJKIIOYAIOT K CETH
IIEPEMEHHOT0 TOKa C CUHYCOMJAJIBHBIM HanpsbkeHuem u, = U, sin ot . Bropuu-

Hasi 0OMOTKa TpaHCc(OpPMATOpPa B PEKUME XOJIOCTOTO X0/1a Pa30MKHYTa (Harpys-
Ka K 3a)KMMaM BTOPUYHON OOMOTKH HE MOAKIIOYEHA).

ITo nmepBu4HOM 0OMOTKE TpaHC(hOpMATOpa MPOTEKAET TOK ij. B pexume
XO0JIOCTOTO XOAa TOK NEPBUYHONM OOMOTKM HA3bIBAIOT TOKOM XOJIOCTOI'O XOJa
i =i;. TOK X0JI0CTOro xo1a, IpPOTEKas 10 BUTKaM W, CO34aeT MarHUTOIABHKY-

I[y10 CUJTy (MOTEHIMal MarHUTHOTO TOJIs):

MaruuronBwxkymas cwia (MIAC) F, B0o30yXDaeT B MarHUTONPOBOJIE

TpaHchopMaropa MEPEMEHHOE MarHuTHOe Iosie. MaruutHoe noje yAoOHO
MPEACTaBUTh B BUJIC HAJIOKEHUS JIBYX MOJICH:

1. OcnosHoe none (mojie B3aMMOUHIYKIIMH), TOTOK @ KOTOPOro Ha XOJO-
CTOM XOJY MOJIHOCTBIO 3aMBIKA€TCS MO MarHuTonpoBogy. OCHOBHOW MarHuUT-
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HBII NOTOK P CIIEIUIEH OYTH CO BCEMU BUTKAMU II€PBUYHOM M BTOPUYHON 00-
MOTOK TpaHc(opMaTopa.
2. Ilone pacceanus, notok @ _; KOTOPOrO 3aMbIKA€TCsl YACTUYHO IO Mar-

HUTOIPOBOAY, @ YACTUYHO BHE MArHUTOMPOBOJIA MO MACAy U KOHCTPYKTHUBHBIM
gacTsaM TpaHcdopmaropa. Ilortok paccesHuss @, CLEIUIEH TOJIBKO C BUTKAMHU

MIePBUYHON OOMOTKH.

OcHosHoti maenumuwiti nomox @ (MOTOK B3aUMOWHIYKIIUU) YYaCTBYET
B MpeoOpa3oBaHUM PHEPTrUU B TpaHchopmaTope. DTOT MOTOK 3aMBIKAETCS IO
MarHuTONPOBOAY U3 (EPPOMArHUTHOTO MaTepuajia, M BEIMYMHA TOTOKA,
corjlacHo 3akoHy OMa i1 MarHuTHOM 11eTH,

F, iw
O=Pp,=-"L=21, (2.3)
R, R
1 1
/
rae Ru = ——— — MarHuTHOE CONPOTUBIICHUE MATHUTOINIPOBOAA. MarHuTHOE CO-

He 1_[c
IMPOTUBJICHUC 3aBHUCUT OT JIMHBI MarHuTHOW JIMHUU [ TTOTOKa q), IJIiomaan HC
MaramuToIpoBo/Ja, HpOHH3BIBaeMOﬁ 9TUM MOTOKOM M OT MarHUTHOM IMpOHULIAC-
MOCTH W Marcpualia, 10 KOTOPpOMY 3aMbIKACTCs IMOTOK. MarnuTtHas IMpOHHLIAC-

MOCTh JJIEKTPOTEXHUYECKUX cTasied coctaBisger W=5—-100 I'n/M. Marautnas
IPOHMIAEMOCTb BaKyyMa (Bo3ayxa)—p=4-1-107 TH/M.

OCHOBHOM MarHUTHBIA MTOTOK @ B COOTBETCTBUU C 3aKOHOM JJIEKTpOMAr-
HUTHOW MHAYKIUU HaBeAeT B nepBuYHON oOMoTKe DJ[C caMOMHIYKIINH:

dy dd di,
o= __, 2 % 24
I ar U ar L dt 24)
BO BTOPHYHOM 06M0TKe — DJIC B3aMMOUHIYKIUN:
dy  do diy
e =—"—-=-W,——=-M,,—. 2.5
) 5 2 2 (2.5)

B Belpaxenusx (2.4) m (2.5) L, —MHOYKTUBHOCTb IIEPBUYHON OOMOTKH,
M, —B3auMHas UHIYKTUBHOCTb IEPBUYHON U BTOPUYHON OOMOTOK.
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Maznumnwiti nomok paccesnus @, HaBeleT B nepBUYHON ooMoTke D/1C
paccesHus

L L Y

dt dt

2 (2.6.)

o

Hasenennsie B nepsuuHoil oOMoTKke DJIC €, U e, BMECTE C MaJE€HUEM
HaIpsDKEHHs HAa €€ aKTUBHOM (OMHMYECKOM) COIPOTUBIEHUU 7; YPABHOBEILIH-

BAIOTCSI, COTJIaCHO BTOpOMY 3akoHy Kupxroda, moJBoJIuMbIM HaNpsKeHUEM
CEeTH:

a HampsDKEHUE BTOPUYHON OOMOTKHM TIPH XOJIOCTOM XOJI¢ HE OTIMYAETCS OT Ha-
BeaeHHOM B Hel DJIC:

uy = e, (2.8)

MIOCKOJIBKY B 3TOM CJIy4yae TOK MO0 BTOPUYHONU OOMOTKE HE MPOTEKAET.
ITockosibKy OpH XOJOCTOM XOJ€ MNaJCHUE HAIpPSHKEHHE Ha AKTUBHOM

COTIPOTHUBJICHUH MEPBUYHON OOMOTKH OYEHb Majo, a MOTOK PacCEesHUs, 3aMbl-

KAIOUIMICA 10 HEMAarHuTHBIM IyTAM (Cpelle ¢ NMPOHULAEMOCTBIO [i), TAKKE

HEe3HAYUTENIEH, ypaBHEHHE (2.7) MOXKET OBITh MPEICTABIEHO B BUIE
ul :_el :Wl_. (2.9)

VYpaBaenue (2.9) Ha3bIBAIOT ypaBHEHUEM HAMPSKEHHUs] TEPBUYHON 00-
MOTKH UJeaTBHOTO TpaHchopmaTopa.

[Tpu BrItOYeHNM TpaHchopMaTopa B CETh CHHYCOUAATBHOTO HAMPSKEHUS
SJIC e, MHIYLMPOBaHHAs B €0 NEPBUYHON 0OMOTKE, Takxke OyIeT U3MEHSThCA

CHUHYCOHNAAJIBbHO!

e =-w a;z_cf =E| . SINO! = \/EEI sin ot . (2.10)

Paznenenuem nepemenHsix B (2.10) momydaror

\2E,

dd=—- sinwt - dt, (2.11)
m
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OTKY/1a OCHOBHOMW MarHUTHBIN NOTOK TpaHchopmaTopa

O = 2 [ sinot-dt_ 2E, coswr = 2E, sin(ot +§). (2.12)

W ® w0 W0

CrnenoBaTenbHO, TPU CHUHYCOUAAIHLHOM HAINPSHKCHUH, TPHIOKEHHOM
K TMEepBUYHON OOMOTKE TpaHchopmaTopa, MarHUTHBIM TOTOK CUHYCOUOANEH
T
u oniepekaeT D/1C Ha yron 5 (puc. 2.2).

MakcuMalnibHOE (aMIUIUTYTHOE) 3HAY€HHE MAarHUTHOTO MTOTOKA

D :*/EEl

m s
WO

(2.13)
U3 KOTOpPOTO (C y4eTOM 3HAYCHHsI YTJIOBOM YacTOThI ® =27/ ) ACHCTBYIOIICE
3Hauenue DJ]C nepBUUHON OOMOTKH

Q)]

2

a o a"ayoruu ¢ (2.14) 3/1C BTopu4HOH 0OMOTKH

®
\/5 m m
@, ul’ 4]
()
~
~ o t
\
\
\ ot
e

Puc. 2.2. U3smenenne D/1C, HanpsxeHus
1 MarHUTHOTO MOTOKa BO BPEMEHU
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OTHoIIEHNsT MTHOBEHHBIX W JAeicTByromux 3HaueHud D/[C B oOMoOTKax
OTIPEICIISIOTCS BBIPAKCHUEM

a_bim (2.16)
e £y w

[TanenriemM HaNpsHKEHUS HA COMTPOTUBIICHUSX MEPBUYHON OOMOTKH MOXKHO
npeHeOpedb, T. K. OHO HE MpeBbImacT 3...5 % OT HOMHHAJIBLHOTO 3HAYCHHS.
Torna Beipaxkenue (2.16) nmepenuiieM B BUE

a_ b Y owm (2.17)
e, E, U, w

CnenoBaTenbHO, MOAOMpas YHMCIO BUTKOB W, M W,, IPH 3aJaHHOM
Hanpsbkennn U, nomydaeM Tpebyemoe Hanpsixenue U, :

U, =2y,. (2.18)
m

Eciiu He06X0MMO TIOBBICHTH BTOPHYHOE Hanpsokenue U, > U, TO 9hCII0
BHTKOB W, OepyT OGombmiew; (w,>w;), Takoil TpaHC(HOPMATOP HA3BIBAIOT

HOBBIIIAIOIINM.
Ecnu HeoOXoauMo MOHU3UTH BTOpUUYHOE Hampspkenue U, > U, TO 4uciio

BHTKOB W, OepyT MeHbmew, (w, >w;), Takoil TpaHChOPMATOp HA3BIBAIOT

MOHUKAOIINM.

B pesicume xonocmozo xooa mpancgopmamop 6030yscoen, m. e. 8 mae-
HUMONPOBOOE 3AMbIKAEMC Sl NePeMeHHbIL MACHUMHbLI NOMOK, HABOOAWUL 6 00-
momkax mparcgopmamopa I/{C.

[Tpu mogkIIOUEeHNN K BTOPUYHOW 0OMOTKE BO30YKICHHOTO TpaHChopMa-
TOpa CONPOTUBICHUSA HArpy3ku z,. (puc. 2.3) non neicrueM OJIC e, mo

00OMOTKE MOoTe4eT TOK i, U coznact M/JIC:
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Puc. 2.3. [Ipunuun peiictBus Tpanchopmatopa (pexxuM Harpysku)

MJIC F, B030yXZaeT B MarHUTONPOBOJE TpaHC(HOpMATOPa MarHUTHBIH
notok @,, HAIpPABJICHHBIA BCTPEYHO MOTOKY @D,, KOTOPBIA CO34ABajCS IEp-
BUYHON OOMOTKOI B PEKHUME X0JIOCTOTO X0/1a:

®,=-2=-2" (2.20)

Pesynprupyromuii MarauTHeI 10T0oK @ =@\ + @, ymeHbmaercs, Npu
s3ToM DJIC e, TaKkKe yMEHBIIACTCSA U HE YPABHOBEIIMBAET HANIPSKEHUE U , TTO-
BEICHHOE K NepBUYHOI 0oOMOTKe. PaBeHCTBO u; ~—e; He BbimonHsercs. Ilo-

TpeOnsAeMblil NEPBUYHON OOMOTKOM TOK y6enuuueaemcs MO CPABHEHHIO C pe-
AHCUMOM XONIOCMO20 X00a Ij >1i,. YBEINYECHHBIH TOK IEPBUYHONM OOMOTKH i

cozgact MJIC:
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Ota M/JIC 6onbsmie MJIC xomocroro xona £ > F, u Bo30yxxaaer 00ib-
IIMA MarHUTHBIA NOTOK @ > @,. YBenMYeHHbIH MarHUTHBIM MOTOK @, KOM-
NEHCUPYET pasMarHu4uBaroniee neucrsue mnoroka @O,. Ilosromy pesyibTu-
pYyIOIIUI MarHUTHBIM NOTOK IIPU HArpy3Ke TpaHC(HOPMATOpa HE U3MEHHUTCS:

O =, =D, +D, =const. (2.21)

Taxkum 00paszom, Ipu HAarpy3Ke MarHUTHOE I0JIE TpaHc(opmaTopa co3/a-
ercs coBMecTHbIM aeiictBueM M/IC nepBu4HOil F; U BTOPUYHOU F, OOMOTOK,

cymma kotopeix paBHa MJIC, co3maBaeMoii MepBHUYHOW OOMOTKOW IMPH XOJIO-
CTOM Xx01€ Fy:

F=F+F,= Fo = const (2.22)
WIN

B3aumnuo ypasHoemennbie MJIC nepsuunoit oomotku u MJIC BTOpHY-
HOI OOMOTKH CO3JAIOT MOJIE paccesHusi, NOTOK @ KOTOPOro 3aMbIKa€TCs IJ1aB-

HbIM 00pa3oM BHE MarHUTONPOBOJA. JTOT MOTOK LEJIECOOOPA3HO NPEACTABUTH
B BUJEC CYMMBI [BYX IIOTOKOB, OJAWH U3 KOTOpPbIX — @, — CLEIUIEH TOJIBKO
C BUTKaMH NIEPBUYHON OOMOTKH, ApYrou — @ _, — TOJIBKO C BUTKAMHU BTOPUYHOU
oomotku. Ilotoku paccesanus nepsudnoit @, u propuuHoi @, 0OMOTOK HH-
nyuupyroT B HuX DJIC paccesHus e, U e, .

Heuszmennocms mMacHumno2o nomoxka mpancgopmamopa npu nepexooe
OM PedCUMa X0u0Cmo20 X00a K PeHCUM) HA2PY3KU AGAEMC I ANCHEUWUM CEOU-
cmeom mpancgopmamopa.

VYpaBHEHUs HANPSHKEHU NEPBUYHOW M BTOPUYHON OOMOTOK JJisl HArpy-
KEHHOI'0 TpaHc(opmaropa, corinacHo BTopoMmy 3akoHy Kupxroda, umeror cie-

JTYFOLIAN BUL:

UZ = 62 + 662 - rziz N (2.24)

IZie 7, —aKTUBHOE (OMHYECKOE) COIPOTUBIEHNE BTOPUUHON OOMOTKHU.
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Kosdduiment mnonesnoro nedcTBHUs COBPEMEHHBIX TpaHchopMaTOpoB
coctasisieT 97-99,7 %. [loaToMy MOIIHOCTH IEPBUYHON U BTOPUUHONU OOMOTOK
TpaHchopmaropa MNPUONIH3UTENHHO OJMHAKOBA (peajbHasi MOIIHOCTh BO
BTOPUYHON OOMOTKE HECKOJHKO MEHBIIE H3-3a HAJIMYWS BHYTPEHHUX IOTEPh
SHEPIUn):

S, ~S,, (2.25)

rne S;=U;l; — mnoiHas MOIIHOCTb OJHOM (a3pl NEpBUYHON OOMOTKH;
S, =U,[, —1nonHasi MOIIHOCTb OJHOW (ha3bl BTOpUYHON oOMoTKH. Cienosa-

TEIbHO, TOKM B OOMOTKax TpaHC(HOPMUPYIOTCS OOpPaTHO MPOMNOPLHMOHATIBHO
HapPsHKEHUI0 0OMOTOK:

4 R Y : (2.26)
I, U

N3 dbopmynsl (2.26) cnenyet, YTO NpHU YBEIMYEHUH BTOPUYHOTO HAMpS-
KEHHsI B kK pa3 M0 CPaBHEHHUIO C MEPBUYHBIM HAMPSIKEHHUEM TOK BO BTOPUYHOMN
00MOTKE YMEHBIIUTCS COOTBETCTBEHHO B k pa3.

Koagpduyuenm k nazviearom xosgpguyuenmom mpancgopmayuu. Co-
rinacHo ['OCTy, ko3¢ dunuent tpanchopmanuu k >1 omnpeaensiercs Kak OTHO-
mwenne DJC oOMoTku Beiciiero HampsbkeHus E, k OJIC 0OMOTKM HH3ILETO

HanpsokeHus: £ (WM OTHOIIEHHE UX YMCENl BUTKOB):

= Zo_ W (2.27)
EHH WHH

B mpaktuke skcmiyaranuu tpancpopmatopoB kKoddduimeHt tpaHchop-
MaIH OTPEIeNIIeTC KaK OTHOIICHHEe HOMUHAJIBHBIX HAIMPsDKCHUN, OTHOIIICHUE
O/1C, uncen BUTKOB, OOpaTHOE OTHOIICHHWE TOKOB NMEPBUYHON W BTOPHUUHOU 00-
MOTOK TpaHcpopmaropa:

U _E_a_w_b

k = —
Uy E, e w |

(2.28)

Paboma mpancgopmamopa 603modncHa monvko 8 yensix nepemeHHo20
moka. Eciii nepBUYHYI0 0OMOTKY TpaHchopMaTopa NOAKIIOYUTh K CETH TIOCTO-
SIHHOTO TOKa C HaNpsKEHUEM U, TO B €[0 MarHUTONPOBOZE 00pa3yeTcs MocTo-

HHHBIﬁ, HC MGH}II-OHII/II‘/’ICH BO BPCMCHH, II0 BCIIMUMHC W HAIIPABJICHUIO MAIrHUT-
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Heiil notok @ . BJIC E; u E, B 00OMOTKax TpaHC(HOpMATOpa HE UHIYLUPYIOTCS

TaK, KaKk HET M3MEHEHHSI TOTOKOCIICTIIICHUS (TTPOU3BOAHAS OT TIOCTOSIHHOTO YHC-
na pasHa 0):

dd
e =—w L. 2.29
| " (2.29)
dd
e =—w, —%L, 2.30
) 2 (2.30)

CrnenoBaTenbHO, IIEKTPUIECKAst SHEPTHS U3 TEPBUYHON OOMOTKH BO BTO-
PUYHYIO HE mepenaeTcsi. Takol peKuM SIBJISIETCS aBapUMHBIM PEKUMOM PaObOThI
TpaHchopMaTopa, TaKk Kak HAMPsSHKEHUE MOCTOSIHHOTO TOKAa yPaBHOBEIIMBACTCS
TOJBKO NAJCHUEM HANPSIKEHUS HAa OMHUYECKOM CONPOTHUBJICHHHU IEPBUYHOMU
OOMOTKH:

U, =ni (2.31)

COOTBETCTBEHHO, TOK B MEPBUYHON OOMOTKE B JIECATKU pa3 MPEBBIIIACT
HOMHUHAJIBHOE 3HAYEHUE:

=1 (2.32)

Tpancgopmamopel 6 ycmpoiicmeax asmomMamurkyu U paouod1eKmpoHUKU
cyocam makdice O0Jisl npeoOpa308anuUsi Ha2py304HO20 CONPOMUBTIEHUsT U NO360-

2
JISIHOM UBMEHUMb conpomueierue 8 k™ pas.

Ecnun k MCTOYHHMKY TIEpEMEHHOr0o TOKa uyepe3 TpaHchOopMaTop IOIKIIIO-
YUTh CONPOTHUBJICHUE 7, TO JUIS 1I€MH UCTOYHHUKA BEJIMYMHA COMIPOTUBIICHUS

2
B P i
r':—éz—%z—g ~k*r, (2.33)
VA R §
1 1 1
rae B — mnorpebisemas TpaHCPOPMATOPOM OT HUCTOYHHKA MOIIHOCTb;

PR =1l % — MOIIIHOCTb, MTOTpeOIIsieMasi COMPOTUBIIEHUEM 7 OT TpaHCPOopmMaTopa.

OTO CBOMCTBO TpaHc(oOpMaTopa MCHOJIB3YIOT AJIS COIVIACOBAHUS COIPO-
THBJICHUN HArpy3Kd ¢ BHYTPEHHHUM COIPOTUBIECHHEM HCTOYHHMKOB DJIEKTpUYE-
CKOM DHEPIuM.
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2.2. YcTpoucTtBo TpaHcdopmaTopoB

B ocHoBHOM TpaHchOpMaTOphl UCHOIB3YIOT ISl MPE0Opa3OBaHUS DJIEK-
TPUYECKOW SHEPIUU MEPEMEHHOIO TOKA OJJHOTO HAIPSKEHUS B DJIEKTPUUYECKYIO
SHEPTUIO APYTrOro HANPSKEHUS.

Paznmnuaror nByXx-, Tpex- 1 MHOTOOOMOTOYHBIE TPAHCPOPMATOPHI, UMEIO-
e, COOTBETCTBEHHO, JIBE, TPH U OOJiee TalbBAHMYECKH HE CBSI3aHHBIE OOMOT-
ku. llepemaya sHepruuM W3 MNEPBUYHOM IIEMKM BO BTOPUYHYIO MPOUCXOIUT
MOCPEICTBOM MATHUTHOTO MOJISI.

Konctpykius TpanchopmaTopa ompeaessieTcsi ero Ha3HaueHUEeM, MOIII-
HOCTbIO M HampsikeHueM. Cunosbivu HA3bIBAIOT TpaHCHOPMATOPhI, MPUMEHse-
MBbIE B JJIEKTPUYECKHUX CETSAX U B yCTAHOBKAaX, NMPEAHA3HAYEHHBIX ISl MpUEMa
U UCIIOJIBb30BaHUS 3JIeKTpUuecKkor sHepruu. K cuinoBbsIM oTHOCSATCS TpaHcdop-
MaTopbl Tpexdazubie U MHOTO(a3HbIie MOIHOCTEIO 6,3 KBA u 6onee, u oJHO-
dazubie MOIMHOCTHIO 5 KBA 1 6oree.

Paznuuatot cunoBbie TpaHchopMaTOphl 00IIETO HA3HAUYCHUS U CIICIHAIIb-
HOTO HazHauyeHus. CuoBbie TpaHCHOPMATOPHI 00We20 Ha3HayeHUus TIpeIHa3Ha-
YEHBI JIJIs1 BKJIIOYEHUS B CETH, HE OTJIMYAIONINECS OCOOBIMH YCIIOBUSMHU PaOOTHI,
WU JUIsl HETIOCPEACTBEHHOTO MUTAHUSI MPUEMHUKOB 3JIEKTPUUECKON IHEPTHH,
HE OTJIMYAIOIINXCA OCOOBIMH yCIOBHUSIMH paboThl. CHIIOBBIE TpaHC(HOPMATOPHI
CneyuanbHo20 HAa3HayeHus: TPEJIHAa3HAYEHBI JUIsl HEMOCPEICTBEHHOTO MUTAHUSA
ceTel U NMPUEMHUKOB AJIEKTPUUECKON IHEPTHUH, €CJIU ITU CETH WU MPUEMHUKH
OTJIMYAIOTCS OCOOBIMM YCIOBUSIMU PAOOTHI, XapaKTEPOM HArpy3KU WIIU PEXKU-
MOM paboThl. K unciy Takux ceredl U MPUEeMHHUKOB 3JEKTPUUYECKON IHEPTUU OT-
HOCSITCS, HAIPUMEP MOA3EMHBIE PYIHUYHbIC U IIaXTHBIE CETU U YCTAHOBKH, BbI-
NPSIMUTENbHBIE YCTAHOBKH (AJ1 3JIEKTPUPUIIMPOBAHHOTO TPAHCIIOPTA, SJIEKTPO-
JIM3HBIX YCTAHOBOK), JIEKTPOTEPMHUUECKHE TICUH.

B npunaraembix k TpancopmMaTopy COMPOBOIUTENBHBIX JOKYMEHTaX W3-
TOTOBUTEJIEM YKa3bIBAIOTCS HOMHUHAJIBHBIE JAHHBIC: MOIIHOCTb, HAIpPSKEHHE
00MOTOK, 4acToTa  T. J1., 00eCIeYnBaOIIKNe ero paboTy B YCIOBHUSX, YCTAaHOB-
JIEHHBIX HOPMATUBHBIMU JJOKYMEHTAMU.

HomuHanbHONM MOIIHOCTBIO JBYXOOMOTOUYHOTO TpaHchopMaTopa sBIs-
€TCS HOMUHAJIbHAS MOTITHOCTh KaXJI0H U3 €ro 0OMOTOK, a B TPEXOOMOTOYHOM
TpanchopmaTope — HauOoJblIasi U3 HOMUHAIBHBIX MOIIHOCTEM Tpex ero
0OMOTOK.

3a HOMMHAJILHOE HAMPSXKEHUE OOMOTKHM MPUHUMAETCS HANPSHKEHUE MEXK-
Jy COOTBETCTBYIOIIMMHU 3a)KMMaMU, CBA3aHHBIMHU C JAaHHOW OOMOTKOM TpH XO-
JIOCTOM XOJIe TpaHcopMmaTopa.

TpancdopmaTopsl, y KOTOPBIX OCHOBHOUM U30JUPYIOLIECH CPEION CITYKUT
BO31yX, I'a3 WM TBEPAbIA AUAJICKTPUK, & OXJIAXKIAOLIEH CpEeaou — BO3AYX,
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Ha3biBalOT cyxumu. Cyxue TpaHcHOpMATOPbl MPUMEHSIOT MPU MOIIHOCTSIX
16002500 xBA, Hanpsixenun a0 20 kB u ycTaHaBIMBAaIOTCS B MOMEIICHUSIX
C OTHOCHUTEJIBLHOUN BIAXHOCTBIO Bo3ayxa 10 80 %. s ymydllIeHus 3JeKTpude-
CKOM H30JISIIMA TOKOMPOBOJAIINX YacTed M YCIOBUM OXJaXKICHUS OOMOTKH
BMECTE€ C MAarHUTHON CHUCTEMOU MOTPY’Kal0T B 0ak ¢ TpaHCHOPMATOPHBIM Mac-
jom. Takue TparnchopMaTopsl Ha3bIBAtOT Macaaubimu. Jlo momuocTr 6300 KBA
IPUMEHSIOT TpaHC(HOPMATOPHI ¢ €CTECTBEHHON NMUPKYIISIIIUEH Macia U BO31Y-
Xa, OXJIaKmaromero paauatopbl (tum Tpanchopmaropa M). Ilpu Oosnbiieit
MOIIHOCTH TPUMEHSAIOT TpaHCHOPMATOPHI C MPUHYAUTEIBHON HMUPKYJISIIIUECH
Bo3ayxa (tun Jl) mnm npuHyauTenbHOM wupkyisiued macia (tun ML u
HMII). baku HekoTOpbIX TpaHCHOPMATOPOB BMECTO Macja HAIMOJHSAIOT HEro-
proueil CUHTETUYECKON KUJKOCTHIO — COBTOJIOM.

Jlanee B OCHOBHOM OyIyT paccMaTpUBaThCS CUIJIOBbIE MAaCISIHbIE TPaHC-
dbopmatopsl 001IEr0 Ha3HAYEHUS, PEJCTaBICHUE 00 YCTPOMCTBE KOTOPBIX AAET
puc. 2.4.

OCHOBHBIMHM YacTAMHU TpaHChoOpMaTopa SBJISIOTCS MAarHWTHAas CHUCTEMa
(MarHUTOMPOBO/T), OOMOTKHU M CUCTEMA OXJIAXKICHUS.

Maenumuas cucmema CIYXKUAT IS TPOBEJEHUS M KOHIIGHTpAIMU Mar-
HUTHOT'O MTOTOKA ¥ U3TOTaBJIMBACTCS U3 W30JUPOBAHHBIX JINCTOB AIEKTPOTEXHU-
YECKOM CTalld C 1IEJIbI0 YMEHBIIICHHUSI BUXPEBBIX TOKOB. OCHOBHBIE KOHCTPYK-
TUBHBIC THUIHI TPaHC(HOPMATOPOB OOYCIOBIEHBI KOHCTPYKIIMEH MX MArHUTHBIX
CHUCTEM: CTEP>KHEBBIX U OPOHEBBIX.

Ob6momKu W3TOTABIUBAIOTCA M3 MEIHOTO WIM aTIOMHUHUEBOrO MPOBOJAA
uin ¢onbru. B BUTKaXx OOMOTKM OCHOBHBIM MAarHUTHBIM MOTOKOM HaBOJUTCSA
O/C. B tpexdaznom tpancopmarope moj OOMOTKONH MOHUMAIOT COBOKYII-
HOCTb COEITMHEHHBIX MEXKy CO00i 0OMOTOK OJHOTO HANPSKEHUsI pa3HbIX (as3.

B nByxob6moTOYHOM TpaHchopmaTope pazindyaroT 0OOMOTKY BBICIIETO
Hanpsikenus: (BH), npucoenunseMyro k cetu 60Jiee BEHICOKOTO HANPSHKEHUS,
u obmoTky Huzmero Hamnpsbkenus (HH), mpucoenmusemyro k cetu Oomee
HU3KOTO HampspbkeHus. OOMOTKy TpaHchopMaTopa, K KOTOPOH TOJBOIUTCSA
AIEKTPUYECKasi SHEPTHs, HA3hIBAIOT NMEPBUYHON, a OOMOTKY, OT KOTOPOM

DHEpPrUsi OTBOJUTCS, — BTOpPUYHOU. B TpexoOmoTouHOM TpaHcdopmarope
paznmuyaroT oOmotku Beicmiero (BH), cpemnero (CH) m nmusmero (HH)
HapsKEHHUS.

Macnsansiii Tpancopmarop (puc. 2.4) COCTOUT U3 OCTOBa (3aMKHYTasl
MarHuTHas cuctemMa 8 B cOope ¢ JaeTaisiMu KperuieHus I, 5, 6); yCTaHOBJICH-
HBIX Ha MarHUTHOM cuCTeMe OOMOTOK 2; MepeKovaroniero ycrpoucrtsa 10
JUISl pETYJIUPOBAHUS HAMPSKEHUS; YCTAHABIMBAEMbIX OOBIYHO Ha KpBIIIKE Oa-
kKa BBOJOB /2, 14 Bwiciiero HanpspkeHust (BH) u ausmero nanpspkenus (HH)
COOTBETCTBEHHO; OTBOJIOB 3, 9; Oaka 7, oxyianurteneit (paauatopoB) 24, 3a-
IIUTHBIX, KOHTPOJIbHO-U3MEPUTEIIHLHBIX U BCIIOMOTaTEIbHBIX YCTPOUCTB.



Puc. 2.4. O6muii Bun cuimoBoro tpancopmaropa oOMIEro Ha3HAYCHUsS: | — HIDKHSSA
spMmoBas 6ainka; 2 — oomotrka BH; 3 — perynmupoBodHbie OTBETBICHMUS; 4 — IEPEBSHHBIC TUTAHKH;
5 — BepTHKalIbHAs TIPECCYIOIas MIMUIbKa; 6 — BEPXHss spMoBas Oayka; 7 — 0ak; § — MarHuTo-
MpoBOJI; 9 — MuHENHbIN 0TBOA; /() — nepekitouarenp; // — KpaH sl 3aJIUBKU Macia; /2 — BBOJ
BH; 13 — npuBop nepekimouatens; /4 — sBox HH; 15 — macnonpoBon; /6 — ra3oBoe pene; 17 —
BBIXJIONHASA TpyOa; /8 — pacmmputens; /9 — macioykaszatenb; 20 — BO3AyX0OCYIIUTeNb; 21 —
TepMOCU(POHHBIN GUIbTP; 22 — KpaH [uis ciauBa Macia; 23 — KaTok; 24 — paguarop (Ha ¢poH-
TaJbHON MPOEKLMHU HE MOKa3aHbl PaguaTOPbl OXJIaKICHUS)
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OctoB TpaHncopmaTtopa, 0OMOTKH, YaCTH PETYIHPYIOIIETO YCTPOUCTBA,
coOpaHHBIE HA MATHUTHOM CUCTEME OTBOJbI U COCIUHSIONIME JAeTalu Ha3blBa-
10T aKmMuBHoU Yacmyio Tpanchopmaropa.

TpanchopMatopsl ¢ €CTECTBEHHBIM BO3IYIIHBIM OXJaXIACHUEM (Cyxue
TpaHcopMaTopbl) OOBIYHO HE UMEIOT CHENHAIBHON CHUCTEMBI OXJIAXKIICHHUS.
Cyxue TpaHncopmaTopbl TpuUMEHSIOT mpu MomHOcTIX 1600-2500 kBA,
HanpspkeHnu 20 kB M ycTaHaBIuMBalOT B IOMEUIEHHUSAX C OTHOCHUTEIBHOU
BJI&KHOCTBIO Bo3ayxa 10 80 %. B MacnsHbIX TpaHcdopmaTopax B CUCTEMY
OXJIAXKJEHHS BXOJAT OaK TpaHcpopmaTopa, 3aIMBAEMbId MaclIOM, a JIJIsi MOII-
HBIX TpaHC()OPMATOPOB €II€ U OXJIAAUTENN, BEHTUIATOPHI, MACISIHbIE HACOCHI,
TEIIOOOMEHHUKH U T. A. TpaHchopMaTtopsl ¢ oxJiaxaeHUeM Thuna M mpume-
Hs10T 10 MomHOocTH 6300 kBA. OxnaxaeHue macia B HUX OCYIIECTBISETCA
€CTECTBEHHON LMPKYJSIIMENd Macia BHYTpU 0aka, BHIXOJOM HarpeToro Maclia
B paJMaTOPhI, PACIOIOKEHHbIE M0 OOKOBBIM CTEHKaM 0Oaka W CIy’Kallue AJis
YBEIIMUYCHHS TTOBEPXHOCTU OXJIAXKEHUS TIPU MPOXOXKICHUH ero 1o Tpybam pa-
nuatopoB. MuHorna (B Tpanchopmaropax MomiHocTei0 10 10-160 kBA) mpu-
MEHSIIOT PeOpUCThIe OaKM NI yBETUUYEHUS OXJIAKIAroeld noBepxHocTu. [lpu
MomHocTsax 10000-80000 kBA nmpumensitoT cucteMsl Tuna /[, npexycmarpu-
BAIOIIME MPUHYJIUTEIbHYIO BEHTWISIMIO BO3JyXa BIIOJb HAPY>KHBIX MOBEPX-
HOCTEH paguaTopoB MPHU €CTECTBEHHOW HUPKYJISIMUA B HUX MacJa.

B 3TOM cnyyae Temnootiaya yBeJIMYMBAECTCS IOYTH B JIBa pa3a MO CpaBHE-
HUIO ¢ oxJaxkaeHueM tuna M. B Tpanchopmatopax momHocThio 10 400000 kBA
UCIOJIB3YIOT IPUHYIUTENbHYIO [IUPKYJIALMIO Macia Yyepe3 ClielruagbHble MaJlo-
rabapuTHbIE OXJIAIUTENW C TMPUHYAUTEIBLHBIM BO3IYIIHBIM OXJIXKICHUEM
(oxnaxnaenue tuma JI[ u HJLIL). JIna 6onee s3pdekTUBHOrO OXJaxaeHUs MpH-
MEHSIOTCSl BOJIsIHbIE oxJiaguTenu Macia (tun oxmanurens L[ m HLI). Boasueie
OXJIQJANTENId KOMIIAKTHEE, YeM BO3AYIIHBIC, U TTO3BOJISIOT PACCEUBATH OOJIBIIYIO
MOIIHOCTb.

B tpancdhopmaropax ¢ oxnaxaenuem tuna H, HJ/ u HHJ] aktuBHyro
4acTh MOMEIIAIOT B 0aK, 3alOJHEHHBIH CHHTETHYECKONW HErOproYei M HEOKHC-
JSIOUIENCS )KUAKOCThIO — COBTOJIOM, Y KOTOPOT'O AUAJIEKTPUUYECKHUE CBOMCTBA
Y TEILUTONPOBOAHOCTH TAKHE XKE, YTO M Y Macya, HO OH JIOPOXKE.

JIst 31U TBI OT COMPUKOCHOBEHUSI C BO3/IyXOM U OKHUCJIEHUS HArpeToro
npu padote TpaHchopmaropa Macia 6aK 3aKpHIT KPHIIIKOW, YIIJIOTHEHHOU MPo-
KJIaJIKOM U3 MaclocToikoi pe3unbl. [locTosHHOE AaBieHUe BHYTpU Oaka MoJI-
JEp’)KUBAETCs MPU U3MEHEHUH TEMIEpaTyphl 32 CUET NepeToka Macia u3 0aka 7
B pacuupuresb /8 U 00paTHO MO COEIUHUTENLHOMY NaTpyOKy MaciompoBoia
15 (puc. 2.4).

Buaytpennuii 00bEM paciimpuTensi cOOOMAETCs] C OKPYKAIOIIUM BO3Y-
XOM 4€pe3 BO3AYyX0O0CYIIUTENb 2(), CIly)Kalluil sl yAaJeHUsl BJIaru U3 MOCTy-
MaUIero B paclIUpUTENb Bo3ayxa. M3-3a pa3HULBI TeMmIlepaTyp B BEpXHEH
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U HIWKHEH dYacTsax Oaka maciao Tede€T depe3 TepMocuPoHHBIA (puiabtp 21
Y B HEM OYHUINAETCS OT BJIarv U MPOAYKTOB OKHUCJICHHUS.

[Ipr HeOOMBIIMX MOBPEKIACHUSIX, COMPOBOXKIAIOIIMXCS Pa3JIOKCHUEM
Macyia B 0aKe W ra3oBBIJICICHUEM, Ta30BOE peiie /6 pearupyeT Ha BBIJICICHUE
raza v moja€T CUTHaJ Ha IIUT YIPaBJICHUS WX Ha OTKIIOYEHHE TpaHchopma-
Topa OT ceTu. B ciydae OypHOTO Ta30BBIICIICHHUS KHIISAIIEE MACiIO BMECTE
C razaMu pa3pylraeT MeMOpaHy, 3aKphIBAIOIIYIO BRIXJIONMHYIO TpYOy /7 u yna-
JSeTCsl Yepe3 Hee, 4yTO MpeAoXpaHseT O0aKk OT MEXaHMYeCKUX AehopMariuii
Y TIOBPEXKICHUM.

B cunoBeix TpanchopmaTopax MpenycMOTPEHbI YCTPOMCTBA JJisi KOH-
TpoJsi ypoBHS /9 u TeMnepaTyphl Maciia B 0ake; TPAaHCIOPTUPOBKU — KPIOKH
Y KaTku 23; KpaHsl /1 v 22 s 3aJIMBKU U CIIMBA Macia.

CuitoBbie TpaHcopMaTophl OOIIEr0 HaA3HAYCHUS OTJINYAIOTCS KOHCTPYK-
TUBHBIM HCITIOJHEHHEM, YCJIOBUSMH PaOOTHI, CIIOCOOOM OXJIaXIACHUS, HOMH-
HaJbHBIMUA MOIITHOCTBIO M HANPSIKEHUEM, UTO HaAXOJIUT CBOE OTpakKeHHE B 000-
3HAYCHUH THUIIA TpaHchopmaTopa.

YcnoBHoe 0003HaUYeHHE THIA CHIIOBOTO TpaHcpopmaTopa HUMeEET clie-
JTYFOIIAN BUL:

XXXXXX-S,/U,-XX

123456 7 8 910

[TepBbie mecTh MO3UIHN 00pa3yrOT OYKBEHHOE 00O03HAUYCHHE THIA U
MOT'YT IPUHUMATh CIEAYIONIUE 3HAUCHUS:

1 — nnst aBTOoTpanchopmaropa — A, B 0003HaU€HUU TpaHcPopMaTopa mo-
3ulUsA | OTCYTCTBYET;

2 — ecnu Tpanchopmarop onHodazueiit — O, Tpexdazubiii — T;

3 — pu HAIMYUU pacileryIEHHOW 0OMOTKHY Husiero Hanpspkenus (HH) — P,
no3uuus 3 B 0003HaUYE€HUU OTCYTCTBYET, €CJIM HET paciieriénnoi oomotku HH;

4 — ns TpexoomMoTouHoro Tpancopmaropa — T (11 IBYyXOOMOTOUHOTO
0003HaYECHUS HET);

5 — cnoco0 OXJIaXKIEHUS — OJTHA WK TPU OYKBBI,

6 — ecliid B OJHOM M3 OOMOTOK €CTh OTBETBIICHUS JJI PETYJIUPOBAHUS Ha-
npsbkeHus noa Harpyskoi (PITH) — H, mo3uniua 5 B 0603Ha4eHUN OTCYTCTBYET
(perynupyromiee yctporictBo 0e3 Harpy3ku [1bB He o6o3HagaeTcs).

[Tozuumu 7 m 8 ompenenstor, COOTBETCTBEHHO, HOMUHAJIbHBIE MOJHYIO
MONIHOCTh Sy, B KWJIOBOJbT-aMiiepax (KBA), u nuHeliHOe HamnpsbkeHue (Kiacce
HarnpsbKeHus1) oOMOTKH Bbiciiero HanpsbkeHus (BH) Uy, B kunoBosbTax (kB).
[Tozumuu 9 n 10 XapakTepu3yrOT, COOTBETCTBEHHO, KIIMMAaTHYECKOE HCITOJIHE-
HUE U KaTEropuIo pa3MelieHus: Tpancpopmaropa, Hanpumep, Y2 — yMepeHHbIH
KJIMMaT, HEOTalUIMBaeMoe Chipoe NomelneHue. B mapkax TpaHchopmaTopos
COOCTBEHHBIX HYK/[| JIEKTPOCTAaHIIMI niepes no3uiuent 7 ctaBar 0ykBy C.
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Hampumep:

TMH 630/35 — tpanchopmaTop Tpexdas3HbIil MaCSIHBINA C PEryJIMpPOBaHUEM
0] HAarpy3Koi, MOIIHOCTEIO0 630 KBA 1 HanpshkeHreM NEpBUYHON CTOPOHBI 35 KB.

TPAHC-16000/20 — tpanchopmaTop Tpexdas3Hblii ¢ pacuIeryIeHHOW 00-
MoTkon HH, npuHynuTtenbHONM UHUPKYISLUHUEN BO34yXa, PETYJIMPOBAHUEM IO
HArpy3KOM, 711 COOCTBEHHBIX HYXK]] AJIEKTPOCTaHIuU, MOIITHOCTHIO 16000 kBA,
NepBUYHBIM HanpspkeHueM 20 kB.

B 3aBUCHMMOCTH OT MOIIHOCTH U KJlacca HaIpPSHKEHHS CHIIOBBIE TpaHC-
dbopmaTopbl MOAPA3ALIAIOTCS Ha BOCEMb Ira0apuTOB:

I raGapuTt BKIHOYaeT TpaHchopmaropsl MolHOCTHIO 10 100 kBA kmaccoB
HanpspkeHus 10 35 kB;

IT — ot 100 no 1000 xkBA nHanpsixenueMm 110 35 kB;

IIT — ot 1000 no 6300 kBA nHanpsixenunem 10 35 kB;

IV — cBbimie 6300 kBA nanpsbkenuem 10 35 kB;

V — 10 32 000 kBA, nanpspbkenuem 1o 110 xB;

VI — cBoiie 32 000 go 80 000 kBA nanpsixenuem 110 330 kB;

VII — cBbimie 80 000 mo 200 000 kBA nanpspbkenuem g0 330 kB;

VIII — cBere 200 000 kBA nanpspkenunem 6omnee 330 kB;

2.3. Buabl TpaHccopmaTtopoB U MarHMTonpoBoaoB

Tpancopmarop, B Kaxoil ¢aze KOTOPOro Mo OJHOW MEPBUYHON H IO
OJTHOM BTOpUYHOU OOMOTKE, Ha3bIBAaETCs IBYyX00MOTOUHbIM. Kpome nByxoOmo-
TOUYHBIX TPaHC(OPMATOPOB, MPUMEHIIOT MHOIOOOMOTOUYHBIE TPaHC(HOPMATOPHI
C OJTHOM TIEPBUYHOM M HECKOJIBKUMHU BTOPUYHBIMHA 0OMOoTKamu (10 10—15 o6mo-
TOK B TpaHCc(opMaTopax paauOTEXHUKH). MHOroOOMOTOYHBIE CHUJIOBBIE TPAHC-
dbopmaTopbl OOBIYHO BBIMTYCKAKOTCS TPEXOOMOTOUHBIMU (0JIHA OOMOTKA MEPBUY-
Has, Be€ OOMOTKM BTOpUYHbIEC). HamOoibliee pacmpocTpaHEHUE MOIYUYUIH
JIBYXOOMOTOYHBIE CUJIOBBIE TPAaHC(HOPMATOPHI.

[To uucny a3z m yaiie Bcero npuMeHsitoTcs ogHodasHbie m=1 U Tpex-
dazupie m =3 Tpanchopmaropsl (puc. 2.5, a, 6). TpanchopMaTtopsl ¢ Ipyrum
YHCIOM (pa3 UCTIONB3YIOTCS B CIIELIUAIbHBIX YCTPOHCTBAX.

Cunosvie mpancgopmamopsi, KOTOpPbIE CIIyKaT JUIsl IpeoOpa3oBaHus
DHEPIUU B IEKTPUUECKUX CETAX MEPEMEHHOTO TOKA Ha 3JIEKTPOCTAHLMIX, MO~
CTaHIUAX, TPOMBIIUIEHHBIX NPEIIPUATUSAX, B TOPOJACKUX CETAX, CEIBCKOM XO-
3IICTBE, ABJISIIOTCS HAaMOOJIee paclpOCTPAHEHHBIM M Ba)KHBIM KJIACCOM TpaHC-
¢dopmaTopoB. Kpome cuIOBBIX TpaHC(HOPMATOpPOB, CYLIECTBYET LEIBIA PsiA
TpaHCc(OPMATOPOB CHEIHATBLHOTO HAa3HAYEHUS: BBIIPSMUTEIbHbBIC, CBAPOYHbIE,
U3MEpUTEIIbHBIC, IEYHBIE U .
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OCHOBHBIE BOIIPOCHI TEOPHUH SIBJISTFOTCSI OOIIMMHM JIJIsi BCEX BUOB TpPaHC-
¢dbopmaTopoB. MarHUTOMPOBOI CTEPKHEBOTO TpaHC(HOpPMATOpa UMEET CTEPIKHH,
Ha KOTOPBIX Pa3MEMIAIOTCs OOMOTKH, W SpMa, KOTOPBIC CIyXaT ISl CO3/IaHUS
3aMKHYTOTO MarHMTOIIPOBO/IA.

B cmeporcnesvix macnumonposodax (puc. 2.5, a, 6) sipMa COSIUHSIOT pa3HbIe
CTEp KHH T10 UX TopiaM. Ha KakoM cTepKHE eCTh OOMOTKHM B BUIE KOHIICHTPHYC-
ckux nmnHApoB. [Ipu momuoctu 1o 100000 xB-A Haunbomnbliiee pacnpocTpaHe-
HUE MOy TIOCKHUE CTEPKHEBBIE MATHUTHBIE CHCTEMBIL. SIpMa U CTEpKHH B Ta-
KUX TpaHchOpMaTopax pacroioKeHbl B OJHOM TIIOCKOCTU. Tpexda3Hble cTepHe-
BbIC MarHUTOIPOBOABI (pHC. 2.5, 6) MarHUTHO HECUMMETPUYHBI, TaK KakK JJIUHA
MarHMTONPOBO/A /TS CpeHel (ha3bl HECKOJIBLKO MEHBIIIE, YeM I KpaHuX (da3.

Puc. 2.5. Cxembl CTEpKHEBBIX IUIOCKHX (@, 6) W TPOCTPAHCTBEHHBIX (8, 2) Mar-
HUTOIPOBOJIOB o7HO(Da3HOTO (@) M Tpex(da3HbIxX (0, 8, 2) TpaHCHOPMATOPOB: | — CTEP)KEHDb; 2 —
SIpMO; 3 — YTOJI MATHUTHOM CUCTEMBI; 4 — HaBUTOE KOJbIT0; 5 — ooMoTka HH; 6 — o6MoTka BH
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BcenenctBue 3Toro Tok B 0OMOTKaX CPEIHErO CTEPKHS HECKOJIBKO MEHb-
e, 4eM B OOMOTKAaxX KpallHMX CTEepXHEHl. YMEHbIIEHHNE HECUMMETPUU TOKOB
JIOCTUTAETCS BBIMOJHEHUEM CEYEHMsI ApM OOJBIINM CEUEHUsl CTEepHKHEH, 4To
YMEHBIIAET CONPOTUBJICHUE IPOXOKICHUIO MAarHUTHBIX ITOTOKOB IO sipMaM.
[TOJTHOCTBIO MarHUTHYIO HECHMMETPHUIO YCTPAHSAIOT IPUMEHEHUEM CTEPHKHEBBIX
IPOCTPAHCTBEHHBIX MAarHUTONPOBOJOB PA3JIMYHBIX THUIIOB, C OCSIMH CTEPKHEM
U SIpM B Pa3HbIX IIOCKOCTAX (puc. 2.5, 8, 2). 3a cC4eT CUMMETPUU MArHUTOIPO-
BOJa B HUX CHIKEHA Macca M MOTEPHU XOJIOCTOro Xoaa. X MHpOKO MPUMEHSIOT
B TpaHchopmaropax MouHOcTbI0 10 6300 kB. B 6ponesvix macnHumonposooax

(puc. 2.6) OOKOBBIE sipMa COCIUHSIIOT KOHIIBI CTEPKHEH M «0OXBaTBHIBAIOT)
0OMOTKH.
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Puc. 2.6. Cxembl OpoHEBBIX (a, 6) 1 OPOHECTEPIKHEBBIX (6, ) MATHUTOIIPOBOIOB OAHO(DA3HBIX
(a, 6) u TpexdasHpIx (0, 2) TpaHCHOPMATOPOB: [ — CTEPIKEHB; 2 — APMO; 3 — OOMOTKH
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MarHuTHpli MOTOK B spMaxX OJHO(A3HOW MArHUTHOM CHUCTEMBI BJIBOE
MEHbIIIE, YEM B CTEPXKHE, YTO MO3BOJIIET YMEHBIIUTh B JBA pa3a CEYEHUsS spMa
OTHOCHUTEIBHO CTEPKHS.

B Tpexdazubix OpoHEBBIX TpaHchopMaTopax s BBITOTHEHUS 3THX
COOTHOIIEHUI y 0OMOTOK cpenHel (ha3bl UBMEHSIIOT MapKUPOBKY KOHIIOB WM
HaIpaBJIeHUE HAMOTKUA OTHOCHUTENBHO Jpyrux (a3. B mpoTtuBHOM ciydae yBe-

Jn4aTcia B \/g MAarauMTHBIC IIOTOKH B O6H_[I/IX JacTiax sdpmMa MCKAY OKHaMM Mar-

HuTonpoBoAa. COOTBETCTBEHHO, IPUIETCS B V3 YBEJIMYMBATh CEUCHHS SIPM Ha
TUX Y4acTKaX, YTO MPHUBENET K YBEIWYEHHUIO MAacChl, rabapuTOB CTOMMOCTH
BCEro MarHUTONPOBO/Ia U TpaHCc(hOopMaTopa.

BpoHeBbie MAarHUTONPOBOIBI MPUMEHSIOT B 0OJHO(A3HBIX TpaHChHOpMATO-
pax Mayiod MOIIHOCTH. Tpexda3Hbiii OpoHEBOH TpaHCHOPMATOP MOXKHO pac-
CMaTpHUBaTh KaK TPH OJHO(A3HBIX OPOHEBBIX TpaHC(HOpMATOpa, MOCTABIEHHBIX
JpYT Ha Jpyra wind psaoM. TpexdasHble CUIIOBBIE TPaHCPOPMATOPHI ¢ OpoHe-
BBIM MarHUTOMPOBOAOoM B Poccuu He mpou3BosatT. Takue TpaHchopMaTophl BbI-
MyCKalOT HEKOTOPbIE MHOCTPAHHbBIE (PUPMBI.

B Ttpancdopmaropax momrHOoCcTRIO Gostee 100000 kBA, BbIcOTa KOTOPBIX
OrpaHuyYeHa yCIOBUSIMHU TPAHCIIOPTUPOBKH IO KEJIE3HBIM J0POTaM, MPUMEHSIOT
CTEP>KHEBOM MarHUTOIIPOBO]I C Pa3BETBICHHBIMU sipMaMH (puc. 2.6, 8, 2), Ha3bI-
Ba€MOM OpOHECTEpP)KHEBBIM (WM TMSATUCTEpPkKHEBbIM). B onmHodazHom OpoHe-
cTepkHeBOM TpaHchopmaTope (puc. 2.6, 6) Ha KaXAbld CTEPKEHb MPUXOIUTCS
0 OJHOMY OOKOBOMY SIpMYy M THOTOK sipMa PaBEH IOJOBUHE MOTOKA CTEPKHS,
a B Tpex(azHoi KOHCTPYKUUHU (pHUC. 2.6, 2) TONBKO JABa CTEPXKHS U3 TPEX UMEIOT

OOKOBBIC sIpMa U MOTOK s[pMa MEHBIIE MOTOKA CTEPKHS B V3 pa3. 3a cuer npu-
MEHEHHUs OOKOBBIX SIpM B OpOHECTEP>KHEBOM TpaHc(opmaTope, 1Mo CpaBHEHUIO
CO CTEpXHEBBIM, BBICOTA TOPIIEBBIX SIPM B OJHO(A3HONW KOHCTPYKIIUA MOXKET

ObITh yMEHBIIIEHa B 2 pa3a, a B Tpexda3Hoil — B J3 pa3. BcaeactBue 3toro
YMEHBIIIAETCS BHICOTAa MAarHUTONPOBOJIa U Bcero Tpancgopmaropa. ITo cocoly
COCTMHEHHMS CTEP)KHEH ¢ s[pMaMH MarHUTONPOBOJBI MOAPA3IEIIIOT Ha CTHIKO-
BbIC, IIMXTOBaHHBIC U JICHTOUHBIC (HABUTHIE).

B CTBIKOBBIX MarHUTOMPOBOAAX CTEPKHHU W SpMa COOMPAIOT M3 IJIACTUH
AIIEKTPOTEXHUYECKON CTalll OTACIBHO, MIPECCYIOT, a 3aTeM COCIUHSIOT (CTHIKY-
I0T) B €IMHBIN CEPACUYHUK YXKE MOCJIe YCTAHOBKA OOMOTOK Ha cTepkHH. JlocTo-
WHCTBO KOHCTPYKIIMM — TPOCTOTa COOpKM MarHuTompoBoja. HemocraTtok —
CJIMIIIKOM BEJIMKU 3a30pbl B CThIKaX, KOTOPbIE MPUBOIAT K MOBBIIMICHUIO TOKA
U MOTEPh X0a0cToro xonaa, cHmwkennto KITJ[. Mexannueckas o0paboTKa CTHIKOB
U TPUMEHEHUE MArHUTHBIX KJIEEB YCIOXHSIOT TEXHOJOTHIO W YBEIUYHBAIOT
CTOUMOCTH TpaHchopMaTopa.
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Puc. 2.7. Cxema MUXTOBKKM MarHUTOMPOBOA

B mmxToBaHHBIX MarHUTONPOBOAAX (pUC. 2.7) CTEPXKHU U sipMa COOUPArOT-
Csl BMECTE KaK L€JIbHAasA KOHCTPYKIUS: JIUCThI CTEPKHEN U APEM OTAEIBHBIX CIIOEB
CTaJM COOMparOTCs B MEpEIUIeT — MIUXTYIOT. biarogapst 3ToMy y HUX HET CIUIOLI-
HOT'O CTBIKA B INIOCKOCTH MONEPEYHOT0 CEUYEHUS], YTO IIPUBOAMT K CYILIECTBEHHOMY
YMEHBILIEHUI0 HEMarHUTHBIX 3a30pOB M TOKA XOJIOCTOTO XOAa (& 3HAYUT, U MOTEPh
XOJIOCTOTO XO0J1a) MO CPaBHEHHIO CO CTHIKOBBIMH MarHutonpoBoaamu. HaunGosee
IPOCTBIM, TEXHOJIOTUYHBIM, a 3HAUUT, U ICHIEBBIM SIBJISECTCS PSAMOYTOJIBHBIN CTBIK
(puc. 2.7, a). IIpu npsiMOM CTBIKE B y3JaX MarHUTOIPOBO/Ia UMEETCS 30Ha, B KOTO-
po¥i HanpaBJIeHHs MPOKATKA U MarHUTHOTO MOTOKAa He coBnaaarot. [Ipu ncnomnn3o-
BaHUM TOPSIYEKATAHOM CTalld, 00JIa1al0IEel N30TPOITHOCTBIO MAarHUTHBIX CBOMCTB,
3TO HECOBMA/IEHUE MPOKATKA U MATHUTHOT'O MOTOKA HA MOTEPSAX CTAU U TOKA XO-
JIOCTOTO X0/a TpaHchopMaTopa NPaKTUYECKH HE CKa3bIBAIOTCAL.

B coBpeMeHHBIX CHIIOBBIX TpaHc(hopmaTopax MPUMEHSIOT 0oJjiee KadyecT-
BEHHYIO (C MOBBIIIEHHBIMU UHIYKUIHUSIMH HACBHIIIEHUS U CHUXKEHHBIMHU MOTEPS-
MH) XOJIOJHOKATaHYI TEKCTYPOBAHHYIO CTajb, OOJAaJalONIyl0 CYIIECTBEHHOM
aHu3oTponuen (Hampumep, cranu Mmapok 3405, 3413 u 1. 1.). B aTom ciiyqae He-
COBIIAJICHUE HAIPABJICHUN MPOKATKU U MAarHUTHOIO MOTOKA MPUBEAYT K 3HAUYU-
TEJIbHOMY YBEJIMUEHHUIO NOTEPh M TOKA XOJIOCTOro xoja TpaHchopmaropa. Ilpu
OTKJIOHEHHH MarHUTHOTO MOTOKa OT HANpaBJCHMs MPOKATKHM BO3HUKAIOT q00a-
BOYHBIE TOTEPU B CTAJIM, YBEJIINYMBAIOIIHNE ITOJTHBIE MATHUTHBIE IOTEPH.

Hanpasnenue npokaTku B sipMax

Hanpasnenue mpo-
KaTKd B CTEPIKHIX

a 9]

Puc. 2.8. Yacti MarHuTONpoBOa ¢ TOBBIIICHHBIMA MarHUTHBIMU TTIOTEPSIMHU
MIPU MIPSMBIX (@) U KOCBIX () CTBIKaX IJIACTHH CTaJH CTEPXKHEU U sIpM
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[InacTuHbl cTepKHEH U SPM U3 XOJOJHOKATAHOW CTald BBIPE3AlOT Tak,
4yTOOBI HampasieHue notoka @ B MarHUTONPOBOJIE COBMAAANO C HANPABICHUEM
MPOKATKH cTanu. B yrimax MarHuTOonpoBoja ¢ MPSIMBIMHU CThIKaMHU TUIACTHUH spMa
U CTEPKHS 10 puc. 2.8, @ yroa Mexay BEeKTOPOM MHIYKIWU B 1 HampaBlIeHUEM
npokatku crainu uzMensiercs or 0 mo 90 rpaa, 4To MPUBOAUT K YBEIUYEHUIO
MarHUTHBIX OTEPH B 3aIITPUXOBAHHOM 30HE. [Ipr KOCBIX CThIKax HECOBMACHUS
HaIPaBJICHUI MArHUTHOTO MTOTOKA U MPOKATKH CTAJIM MEHBIIIE, YeM TIPHU MPSMBIX
cThIKax (puc. 2.8, 6). Jlis1 nepeKkpbITHs CTHIKOB IJIACTUHBI CMEXHBIX CIOEB Mar-
HUTONPOBOJA CMEIAIOT MO JJIHHE.

[IpumeHneHne KOChIX CTHIKOB (puc. 2.7, 6) B MarHUTONPOBOIaX yMEHbIIIA-
€T TOK X0J0CTOro xonaa Ha 25-30 %, a notepu — Ha 10—12 %. OnHako U3roToB-
JIEHUE MAarHUTOIPOBOJIA C KOCBIMU CTBIKAMH BeChbMa TPYAOEMKO, B CBSI3M C YEM
HIMPOKO MPUMEHSIOT KOHCTPYKIIMIO MAarHUTOINPOBOJAa ¢ KOMOWHHUPOBAaHHBIMU
cTeikamu (puc. 2.7, 6, 2), KOTOpble Hapsly C HEKOTOPHIM YBEJIMUYEHUEM IMOTEPh
Y TOKa XOJIOCTOTO X0/1a CYILIECTBEHHO MEHEE TPYAOEMKHU.

[Tockonbky 0OMOTKHM TpaHchoOpMaTopa yI0OHEE BBIMOIHATH IUIUHAPU-
4eCKOM (POPMBI, TO U CEUEHHE €T0 CepPACUHUKA CTPEMSITCS MPUOIU3UTH K hopme

KpyTa, BBITIOJHSS CEYEHHE MarHUTOIMPOBOJIA B
BUJIE CHMMETPUYHON CTyNeHYaTol QUrypsl,
BIIMCAHHOM B OKPYXHOCTb. JluameTp OKpyKHO-
CTH, B KOTOPYIO BIIUCHIBAIOT CTYNEHYATYIO (PU-
Typy CEUEHHMs CTEPKHS, HA3bIBAIOT OUAMEMPOM
d cmepoicns mpancgopmamopa. Kaxnas cry-
NEHb CEYEHMsI CTEpKHS 00pa3yercsl MaKeToM
IJIACTUH OJIMHAKOBOro pasmepa (puc. 2.9).
Yucno cryneHed ompenensieTcss MOIIHOCTBIO
tpaHchopmaropa. C yBelIMYEHHEM YHUCIA CTY-
neHer pacreT KOd(PGUIUEHT 3arOJHEHUS ILJI0-
I[aJ1 Kpyra IIONIaIbl0 CTYIIEHYaTON (UTYPHI,
npuOIKasch K €IUHMIIE MPU KPYIJIOM ceue-
HUU  cTepkHS. OJIHAKO MarHUTONPOBO/IBI
C KPYIJIBIM CEUYEHHEM HIMPOKOTO MPUMEHEHUS
HE HaIUIM M3-3a UX OOJBIION TPYJOEMKOCTH.
B coBpemenHsix TpaHchopMaTopax MOIIHO-
cteto 70 80000 kBA uwmcno crynenen B ceue-
HUU CTEP>KHS MPUHUMAIOT OT 5 110 16, ko3 du-
3 UMeHT 3amojHeHust kpyra kg, =0,89+0,92.

Puc. 2.9. Ceuenue crepxHs
MarHUTONPOBOA

S

TR

SRR

S
oy

W,

dopMa NOMEPEHYHOrO CEYEHHUs SpMa B CTEPK-
HEBBIX MAarHUTONPOBOJAX TPaHCHOPMATOPOB
Puc. 2.10. IIpeccoBka cTepx- P pancop p

Heil gepepsHHbIMM miankayy  1OBTOPAET GbopMy TONEPEYHOTO CEUYECHMS
¥ CTePKHSAMH crepkHsA. C 1EIpl0 YBEIUYEHUS CEUYCHHS
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CTEpKHS KpailHue (OJUH WM JiBa) MAaKEThl MATHUTOMPOBOJA SipMa BBIMOJIHSIOT
PaBHBIMU CEUEHUIO MTPEANOCIIEAHETO MaKeTa CTEPKHS.

Crepxuu [ (puc. 2.10) TmareasHO TMpecCyOT OaHAaKaMH 2, CTSITHBAIO-
IIMMH XOMYTaMHU C YCTAHOBKOW MEXIy CTEpPKHEM U OOMOTKOHN JIepEBSHHBIX
pacIoOpHBIX TUIAHOK U CTEP)KHEN 3 B yIriibl makeToB. IIpeccoBKy sipM MarHHUTO-
IPOBOJIOB TpaHChOpMAaTOpa MPOU3BOIIT SIPMOBBIMH OalTKaMH, KOTOPHIE CTSTH-
BAIOTCS IIMUJIKAMU, BBIHECEHHBIMU 3a MPEJIETbI sipMa.

2.4. TUnbl N KOHCTPYKLUUA OOMOTOK

O6moTKH TpaHchopMaTopa SBISIOTCA €ro BaXHEUITUM 3neMeHToM. Cpok
CITy»)0bI TpaHchopMaTopa, €ro CTOMMOCTh BO MHOTOM 3aBUCSAT OT CTOMMOCTH
Marepuaia 0OOMOTOK, a HaJEKHOCTh MX DJICKTPUUYECKONU, MEXaHUUYECKOU U Tep-
MHUYECKON TPOUYHOCTHIO. [Ipy 3TOM TEXHOIOTHS U3rOTOBJICHUSI OOMOTOK JIOJKHA
OBITh TI0O BO3MOXKHOCTU MPOCTOM U HEJAOPOTOM, a JIEKTPUUYECKHUE MOTepU B 00-
MOTKaX — OBITh KaK MOKHO MEHBIIIE.

B 3aBucuMOCTH OT MOIIHOCTH U HANpsKEHUS TpaHcpopmaTopa KOHCT-
PYKIMKA OOMOTOK CYHIECTBEHHO pasinyarorca. OnpenensommuMi KOHCTPYKTUB-
HOE HMCIOJIHEHHE OOMOTKHU SIBJISIFOTCS YMCJIO BUTKOB, CEUEHHWE BUTKA M KJAacc
HaIpPsKEHUS.

Knaccom Hanpsbkenrs oOMOTKH TpaHcopMaTopa Ha3bIBAIOT €€ JUTUTEIb-
HO jomycTuMoe pabodee HampspkeHwe. Kiacc coBmagaeT ¢ HOMHUHAIBHBIM
HAIMPSHKCHUEM CETH M CUUTAETCS KJIAacCOM HampspkeHust oOMoTky BH.

OOMOTKHM BBIMOJHSAIOT W3 AJTIOMUHHUEBBIX WIIM MEJHBIX MPOBOJOB C
AMaJeBOM WM XJIOMYATOOYMaKHOW M3OJISIIMENH M ¢ U30JsIue kaOelbHOU
Oymaroi.

OCHOBHBIM 3JIEMEHTOM Ka)KJI0H OOMOTKH SIBJISIETCS BUTOK, COCTOSIIITUN U3
OJIHOTO WJIM HECKOJBKHUX MapalijiebHbIX MPOBOJHUKOB. COBOKYIMHOCTh BUTKOB,
COEIMHEHHBIX TIOCIIEI0BATEIbHO, 00pa3yeT Karynmky. OOMOTKa MOKET COCTOSITh
U3 OJHOM WMJIM HECKOJIbKUX KaTylleK. BUTKM, HAMOTaHHbIE HA LWJIWHIPUYECKOU
MOBEPXHOCTH, 00Pa3yIoT CIOM.

ITo pacnonoxxeHnto 0OMOTOK TpaHCHOPMATOPHI MOAPA3IACIISIOTCS:

a) Ha TpaHCcHOPMATOPHI C KOHIEHTPUYECKUMU OOMOTKAMU — OOMOTKHU
BH u HH (a takxe CH) BBIMOJHSIOT B BUJE IUIMHIPOB W pPacHoiararor
Ha CTEP)KHE KOHIEHTPUUECKH, TPUIEM OJIMIKE K CTEPIKHIO OOBIYHO HAXOIUTCS
oobmorka HH, Tak kak w30nsmms OOMOTKHM OT CTEpXKHS B OTOM ClIydae
obJieryaercs.
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0) TpanchopmaTopsl ¢ yepemyronmmMucss ooMorkamu — ooMotku BH u HH
BBITIOJTHSIIOT B BUJI€ HEBBICOKUX LIMJIMHAPOB U PACIIONIararoT, Yepeaysi, B OCEBOM
HAIpPaBJICHUU. DTU OOMOTKH UMEIOT 0oJiee MOJIHYIO AJIEKTPOMAarHUTHYIO CBSI3b, HO
CJIOKHEE B M3TOTOBJIEHUU U B CIIydae BBICOKUX HAMPSHKEHUN M3OJISIUS 0OMOTOK
JpyT OT Jpyra ycinoxnsercsi. Konyenmpuueckue 0OOMOTKU BBITIOTHSIOT IMJIMH/I-
PUYECKUMHU OJTHO- M MHOTOCIIOMHBIMU M3 TPOBOJA KPYTJOro (MOLIHOCTBIO /0
630 kBA) u npsAMOyroibHOrO CEYEHHM, BUTKH KOTOPBIX pa3MEIIAlOT BJOJb
CTEpKHSI B HECKOJIBKO CJIOEB, C M3OJISIIMEH KaXXIOTO CJIOS IPOBOJHUKOB KaOelb-
Hoi Oymaroi. [lepBbiif cioit 0OMOTKH, KaK MpPaBMIIO, HAMATHIBAIOT Ha OyMa)KHO-
0aKeTUTOBBIN IIMHAP. JlJIs TydIIero OXJaxkaeHUs OOMOTKH MEXIY €€ CIOSIMU
BBITIOJTHSAIOT KaHaM, ¢ pasMepoM He MeHee 4 MMm. [Jununopuueckue OOMOTKH TIPO-
CThI B IIPOM3BOJICTBE, OJJHAKO HEAOCTATOYHO YCTOMUYMBHI K BO3JCUCTBUIO OCEBBIX
CHJI KOPOTKOTO 3aMbIKaHHs BCIEACTBHE MAJIOr0 pPajualibHOTO pa3Mepa Cllosl.

C uenbro CO3JaHMS JYUYIIUX YCIOBHM
OXJIQXCHUS W TIOBBIIMICHUS MEXaHUYECKOU

MIPOYHOCTH OOMOTKH BBITIOJHSIOT M3 MHO-

TOCIIOWHBIX JHCKOBBIX KaTymiek (Hempe-

b ‘ '/, DBIBHas KarylieuyHas OOMOTKa), HaMOTaH-
1T IN_| ¢ } * HBIX HernpepbiBHO (0e3 o0pbiBa MIpoBOjA

| I\Ql /] MEXy OTIEIbHBIMU KaTyIIKaMH) U pacro-

2 - | JIO’KEHHBIX BAOJbL cTepxHA (puc. 2.11, ) c
) Near PAIMAIBHBIMM KaHaJlAMH, BBIMOJHEHHBIMU
\3@ yepe3 KKyl WU 4epe3 JABe-TPU KaTyll-

| K. Mexy KaTyllKamMu YCTaHaBIUBAIOT
Puc. 2.11. Henpepsiaas maiObl WIM TOPU3OHTAIbHBIC MPOKIAIKU
KaTyledHas 06MOTKa (puc. 2.11, 2), oOpasyroimiue paaudaibHbIC
OXJIAXKJAIOIME KaHAJIbl. OTH OOMOTKH
NpUMEHsIOT B kadectBe ooOmotok BH u HH
BBUAY MX OOJBIION MEXaHUYECKON MPOYHO-

CTU U HAJEHKHOCTH.

Jlns Hu3IIed CTOpOHBI TpaHcdopma-
hy TOpOB npu Tokax Beie 300 A UCTIONB3YIOT
BUHTOBbIE OOMOTKHM U3 psijia MapajuieIbHbIX
1poBoJioB (puc. 2.12, 1), ¢ yCTaHOBJIEHHBIMU

[T MEXAY XOAaMHu H30JUPYIOIIUMHU TPOKIIAIKa-

R : ' I mu (puc. 2.12, 2), mpuiieraromux Apyr K Apy-

Ty B paJuaJibHOM HaIlpaBJICHUU U 00pa3ylo-

X BMECT€ C paJualbHbIMU KaHajJaMu

BUHTOBOM X071 oOMOTKH (puc. 2.12). Otu

Puc. 2.12. JlByxxo1oBas OOMOTKH B MEXaHMYECKOM OTHOIIEHUU SIB-
BUHTOBas 0OMOTKa JS0TCS HanOoJiee YCTOMUHUBBIMH.

KOIOIOII

T



47

2.5. CxeMbl 1 rpynnbl coeauHeHust TpaHcdopmMmaTopoB

Jlnst mpeoOpaszoBanusi, Wi TpaHchopmaiuu, Tpexda3sHoro Toka MOKHO
UCIOJIb30BaTh TpHU oOnHOGA3HBIX TpaHnchopmaropa (puc. 2.13, a), xKoTOphie
BKJIFOYAIOT MO OTAEIBHOCTH B Kaxayto a3y Tpexdasnoit cetu. Takoe ycTpou-
CTBO Ha3bIBaeTcsl Tpex(da3HOW TpaHCHOpPMATOPHON TPYMIOH, WK TPYHIOBBIM
TpancopmaropoM. Ha mpaxTuke yaie npuMeHsIOT Tpex(ha3HbIe CTEP)KHEBBIC
TpaHchOpPMATOPBI C TUIOCKUAM, PEXE C MPOCTPAHCTBEHHBIM MarHUTOIIPOBOIOM.
[Inockuil TpexcTep:kHeBOM TpaHcpopmatop (puc. 2.13, 6) KOMMaKkTHeEe
U JICIICBIIC.

Hnst cunoBeix TpaHchopmaropoB ['OCT ycraHaBnuBaeT craHIapTHbBIC
0003HaYeHus (MapKUPOBKY) Hauajl U KOHIIOB (BBIBOJOB) OOMOTOK M MX OTBETB-
neHuii (0TBOZ0B) (Tab. 2.1).
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Puc. 2.13. Tpanchopmanus TpexdazHoro Toka: a — Tpexdasnas rpynmna ogHopa3HbIX
TpanchopMaTopoB; 6 — Tpex(das3HbIil TpexCTepKHEBOW TpaHChOpMAaTOp
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UYepenoanue (a3 NMpUHATO CUUTATHh CIIEBAa HAIPaBO, €CJIM CMOTPETh Ha
Tpancdopmarop co ctoponbl 0TBo0B BH. Eciin oomorka BH unum HH umeer
pPEryIupoOBOYHBIE OTBETBJICHHS, TO UX OOO3HAYAIOT TEeMHU K€ OyKBaMH, 4YTO
¥ HAa4yaJIo U KOHIIBI, HO ¢ ITM(pOBbIMU UHAeKcaMmH 1, 2, 3, 4 u T. 1. B TpexdazHbix
TpaHchopMaTopax 0OMOTKH Yallle BCEr0 COSAUHSIOT MO CICAYIOIMIUM CXEMaM:

— «36e30a» obo3HavaeTcs Y (crapoe obo3HaueHHE Y);

— «mpeyzonbHuKk» obo3Hauaercs [ (crapoe o6o3HaueHue A).

B HEKOTOpBIX ciydasx MPUMEHSFOT COCTUHEHHE OOMOTOK IO CXEME «3ue-
3ae» (0Oo3HaUeHHE 7). 3a)KUMbI HYJIEBOM TOUKH IMPU COCIUHEHUM OOMOTOK B
«3BE3ly» WM «3Ur3ar» obo3Hadarotcs ajisa ooMotku BH—O, nis oomotku HH—o,
1uist oOMoTku cpennero Hanpspkenus (CH) — O,,. [pu 3Tom k OyKkBeHHBIM 0003Ha-
YEHUSIM CXEM COEIUHEHHS OOMOTOK JOOaBISIOT MHIEKC «H» —Y., Z, B pannee
BBIIMTYIIEHHON TEXHUYECKOM JIMTEpaType MOXKHO BCTPETUTh 0003HaueHus Y Zo.

CxeMbl coeuHeHus: 0OOMOTOK TpexdazHoro TpaHchopmaropa 00603HaUa-
10T B BUJie 1poOu. B uncnurene apobu craBsat cxemy coenuHenus oomotroxk BH.
B 3namenarene npobu — cxemy coenunenus oomotox HH.

Tak, o6o3nauenue /Y, mokaswiBaeT, uro obmorka BH tpexdaznoro
TpaHcdopMaTropa COEIMHEHA B «TpeyrojbHUK», a oOMoTka HH B «3Be3my»
C BBIBEJICHHOM HelTpanbto. [Ipyn Hanuuuu oOMOTKH CpelHEro HanpsbkeHust 000-
3HaueHne oOMoTkn CH craBaT Mexay oO0O3HAYEHUSMH CXEM COCIUHCHHMA
oomoroxk BH u HH. Jlist mamero nmpumepa — JI/V/Y,. 3necs ¥V — cxema coenu-
HeHust ooMotku CH.

Taobmuma 2.1
O06o3HaueHus1 HaYaJI U KOHIIOB 0OMOTOK TpaHchopmaTopa
HasBamme oBMOTOK OnHodaszHble Tpexdazubie
TpaHcGopMaToOphbl TpancGopMaTopsbl
OOMOTKHM BBICIIETO HAIPSHKEHUS:
—HayJaja; A A, B, C
—KOHIIbI X X, Y, 7Z
OOMOTKH HU3IIETO HAMPSHKEHUS:
— Hayania; a a, b, c
— KOHITBI X X, ), Z
OOMOTKH CpeTHETO HAPSKEHUS:
— Hayajna; A Ay By, Cin
— KOHIIBI X Xy Yoy Zon

Da3zuvie MOKU U HANPANXCEHUS MpexgazHoco mpancghopmamopa 3a8ucam
om cxembl coeouHenusi oomomok. Ilpu coenMHeHNH 0OMOTOK «36€300u» (ha3zHOe

. U .
HaIpsDKEHUE MEHbBIIE JIMHEWHOTO B J3 pas: Uy, :T”. A ¢da3Hblil TOK paBeH
3

auHennomy: Iy = [,. Ilpu coenuHeHMH OOMOTOK «mpey2oibHukxomy» Ga3Hoe
Y- 1y pey
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Y JIMHEWHOE HanpsbKeHus oAuHakoBbl: Uy = U, A (a3HbId TOK B \/3 pa3 MEHb-

. 1
11e JIMHEHHOro: [y = Tﬂ [Ipu coenrHeHNH OOMOTOK B «3UTI3ar» COOTHOIICHUS
3

MEXIy JIMHEWHBIMU U (pa3HBIMU TOKAMH U HAIPSKEHUSIMU TOTY4Yal0TCs] TAKUMHU
kKe, KaK W TMpU COeAMHEHHMH OOMOTOK 3Be3nod. Ho mpu 3amanHom (daszHom
HAMPSHKCHUW YBEJIMYUBAIOT YUCIIO BUTKOB Ha 16 % 1O CpaBHEHHIO C YHCIIOM
BUTKOB TpU «3Be37e». [1010KUTETbHON 0COOCHHOCTHIO COCTMHEHHUS 0OMOTOK
«3UT3aroM» SIBJSIETCS OTCYTCTBHUE MCKAKCHMH (Da3HBIX HANPsHKEHUM TpaHchop-
MaTopa MPU HECUMMETPUIHON HArpy3Ke.

Cunoseie Tpex¢as3Hbie IBYXOOMOTOUHBIE TpaHCcHOpMaTOpbl OOILIEro Ha-
3HAYEHWs BBIMYCKAIOTCS CO CICAYIOMMMHU CXEMaMH COCAWHEHHS OOMOTOK:
VIV YO, Yo/ [, 2/Y y u /1. [lpuMeneHue Toro uivl MHOTO COeAMHEHUS 3aBU-
CUT OT psiia MPUYMH, TAaKUX Kak padoTa NMpU HECUMMETPUYHBIX Harpy3kax
TpaHchopMaTopoB, OOprOa C IEPEHANPSIKEHUSIMHU, BIUSHUE BBICIINX TAPMOHUK,
KOTOpbIE OYIyT pacCCMOTPEHBI J1ajiee.

Jlnst BKItoueHus TpancopMaTopa Ha mapauieNibHYI0 padoTy ¢ IpyTruMU
TpaHchopMaTopaMu HEOOXOAUMO 3HATh B3auMHoe HampasieHue IJJC B oOMOT-
kax BH u HH (caBur ¢a3). lnsa onpenenenust casura (a3 BBOIUTCSA TMOHSTHE
2PYNNbl COeOUHEeHUsL 0OMOMOK mpancghopmamopa.

Paccmotpum nBe oOMoTKM onmHOGa3HOTO TpanchopmaTtopa AX U ax, pas-
MEITIEHHBIC HAa OJTHOM CTEP’KHE MarHUTOMPOBOAA TpaHChHopMaTopa M MPOHUBHI-
BAaE€MbI€ OJTHUM MarHuTHbIM oTokoM @ (puc. 2.14, a).

Ecnmu 0OMOTKHM MMEIOT OJJMHAKOBOE HAIMpaBJIEHHE HAMOTKH U OJMHAKOBOE
0003HaueHNEe KOHIIOB (MapKHUPOBKY), TO B pacCCMaTpUBAEMbIi MOMEHT BPEMCHHU
OJ1C E| u E,, naBeaennsie B o0MoTkax BH u HH, coBnanatot no ¢aze (oauna-
KOBO HalpaBJIeHbl OT KOHIIOB K Haudajam). B aToM ciyuyae onHoda3Hblid TpaHC-
dbopmarop umeer coeAuHeHUE OOMOTOK HyneBoil rpymmbl — 1/1—0. Tlomyuuts
B paccMaTpuBaeMOM TpaHCHOPMATOpPE COEIMHEHHE OOMOTOK IIECTON TPYIIIBI
1/1—6 BO3MOXKHO TTPU U3MEHEHUU MapKUPOBKU KOHIIOB OOMOTKH ax (puc. 2.14, 0).
Hampasnenue nasenpennoir 3/[C E, o OTHOIIEHHUIO K BBIBOJIaM OOMOTKH H3Me-
HUTCS Ha TIPOTUBOMONOKHOE. W BekTophl K, 1 E,GynyT cABHHYTHI MO (ase Ha

180°. Anamoruunsblii caBur ¢a3el Ha 180° MOXKHO TOJIYYHTh, HE MEHSAS MapKH-
POBKY KOHLIOB OOMOTKH ax, HO U3MEHUB HAIPaBJIEHUE €€ HAMOTKH (puc. 2.14, 6).

Taxum oOpazom, ¢azoBbiii caBur mexay ¢aszaeivu IC odmotox BH
u HH 3aBHCUT OT MapKHUPOBKH KOHIIOB U OT HAIIPABJICHHUS] HAMOTKH.

®dazoBbiif capur mexay duHerHbiMu DJIC oomoTtoxk BH u HH 3aBucur
€Il U OT CXEM COEAMHEHUSI.

I'pynna coedunenus o603Hauaemcs yeiblM YUCIOM, HOJAYVHAOUWUMCS
nocne oenenus Ha 30° yena cosueca medxncoy auneunvimu I3/[C Ha 0OHOUMEHHBIX
evigooax oomomox BH u HH mpancgopmamopa.
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Puc. 2.14. I'pyninsl coeauHeHust oAHO(a3HbIX TpaHC(HOPMATOPOB

B tpexdaszubix TpanchopmaTopax co cxemamu coeauHeHuit Y, [, Z
BO3MOXHO MOJY4YUTh 12 paznuusHbix rpynn. CxeMbl COEIUHEHUNH OOMOTOK
Yy, /A, I/Z (puc. 2.15) oOpa3yroT ueTHble Tpynnsl 2, 4, 6, 8, 10, 0, a cxe-
Mbl coeauHeHuin oomorok Y/I, N/Y, Y/Z (puc. 2.16) — HeueTHbIE TPYIIIIbI
1,3,5,7,9, 11.

Jlnist onpenienieHust TPYNIbl COETUHEHUSI TTONB3YIOTCS CIMPeNKaMU 4aco80-
20 yugepobrama (Ha uudepoaate 12 uudp, a yroj MeKIy ABYMs JTFOOBIMU 1T (-
pamu kpateH 30°). Bexrtop muneitnorr DJIC oomorku BH (6ombimmit) — 310
Oombiras MunyTHas crpenka. Bekrop muneitnoit 9J1C HH (Menbmmii) — 310 Ma-
JIEHbKasl yacoBas cTpeska. Huke npuBeieH aaropuTM ONpeesIeHHs] TPYIIIbL:

1. CtposT BekTOpHYIO0 nuarpammy JuHeHsix IJ[C oomorku BH.

2. CtposT BekTopHYI0 Auarpammy JuHeiHbix J1C oomoTku HH.

3. BoruepunBatoT u3 oHOM TOukH JuHelHbIe BekTopbl J/1C oomoTrox BH

u HH Ha oiHOMMEHHBIX BEIBOAAX (Hampumep, E ; u E b)-

4. Jlanee MCHOIB3YIOT MpaBuUiio yacoBoro Iudepdiaara. BozmoxHbl aBa
BapHUAHTA!

1-1ti 6apuanm. TIpou3BOJAT OTCUET yrila OT MUHYTHOM CTpPEJIKU (E ) K

qacoBoi ( £, ) 10 HaNpaBJICHUIO BpalleHUus cTpesioK. [loyueHHslit yron aensr

Ha 30°. Pe3ynbTaT — HOMEp UCKOMOM TPYIIIIHI.

2-ui eapuanm. OJHOBPEMEHHO IOBOPAYMBAIOT MHUHYTHYIO M YacCOBYIO
CTPEJIKH TakK, YTOObI MUHYTHas CTpelika coBnaina ¢ uudpoi 12 (0), Torma gaco-
Bas CTPEJIKa MOKAXET TOT Yac, KOTOPOMY COOTBETCTBYET JaHHAs TpyIia.
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Puc. 2.15. YeTHble rpynibl coeTUHEHUH 0OMOTOK TpexdazHoro TpaHchopmaropa
a—-Y/V-0;6—-Y/Y-6

Jlns mpumepa Ha puc. 2.15 mokazaHbl cXeMbl COeAMHEHUsT 00MOTOK Y/Y,
BEKTOPHBIC TMAarpaMMbI U OTIpeieJieHue YeTHRIX () 1 6 TPYIIIL.

Ha puc. 2.16 — cxemsl coequnenns oOMOToK Y/Jl, nuarpammsl 11t omipe-
neneHus HeueTHsIX 11 u 5 rpymm.

[Ipu mOCTpOEHWH BEKTOPHBIX AWArpaMM CJIEAYeT PYyKOBOACTBOBATHCS
CJIEIYIOLUM:

— HarpaBJIeHUE HAMOTKHU BCeX OOMOTOK OJIMHAKOBOE;

— BekTopbl DJIC oomorok BH nu HH Ha ogHOM cTepHe cOBHajaroT 1o
daze, ecnu B paccmarpuBaembliii MOMeHT BpeMeHd DJ]C aTux oOMOTOK Hampas-
JIEHBI K OJTHOMMEHHBIM BBIBOJIaM (OT KOHIIA K Haday) (cM. puc. 2.14, a).

— BekTopbl DJIC oomotoxk BH u HH Ha ogHOM cTepikHE CIBHHYTHI 10
daze na 180° ecnu B paccmarpuBaembiii MOMEHT BpeMeHu JJIC 3Tux 0OMOTOK
HaIpaBJIeHbI K PA3HOMMEHHBIM BbIBOAM (CM. puc. 2.14, 0).
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Puc. 2.16. HeueTHble rpynmsl coeAnHEHUH 00MOTOK Tpex(azHoro TpanchopmaTopa:
a-Y/A-116-Y/1-5

N3 Bcex BO3MOXHBIX T'PYNIl COSAUHEHUS TpeX(a3HbIX JBYXOOMOTOUYHBIX
TpancopmaropoB B Poccuun cranmaptusuposansbl, cornmacHo ['OCT 12965-85,
TOJIbKO JiBe rpymmbl O 1 11.

B omnodaszubeix TpancpopmaTopax BO3MOXKHBI TOJBKO ABE TPYIIBI CO-
eaunenns: 0 u 6. CranmaptusupoBana Toibko 0 rpynma.
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3. HAMATHUWHUBAHUE MAIrHUATOMNPOBOAOB
TPAHC®OPMATOPOB

3.1. PacyeT mMmarHMTHOM LenNUu, HAMarHMYNBaKOLMUN TOK
M TOK XOJI0OCTOro xoaa

Kaxxgast TuHUS OCHOBHOTO MAarHUTHOTO MOTOKa @ MpOXOAMT Yepe3 spma
¥ CTepXHU TpaHchopmaropa. Mexy spMaMu U CTEPKHSIMH €CTh HEMarHUTHBIC
BO3/YIIIHbIC MPOMEXKYTKH O, HA3bIBAEMBIMH CTBHIKAMH. TakuM oOpa3om, mar-
HUTHAS I[IeTh TPaHCPOpPMATOpPa COCTOUT U3 yYaCTKOB, OTIUYAIOIIUXCS APYT OT
JIpyra CBOMMH T'€OMETPUYECKMMH pa3MepaMu U (U3MUYECKHUMHU CBOWCTBAMHU.
[TpakTryeckn MarHUTHYIO LIeTh TpaHchopMaTopa JAeNIT HAa TPU y4acTKa C O/~
HAKOBBIMU TUJIOMIASIMUA CEYEHUH, BIOIb KOTOPHIX HAMPSKEHHOCTh MAarHUTHOTO
noJist onuHakosa (puc. 3.1, a):

1 .Cmepoicenvy mpancgopmamopa. JIniHa MarHUTHOM JIMHUU [, , UHAYKIMS

MarHUTHOT'O HOJISL JAaHHOT'O y4acTKa B, HapsKeHHOCTh MArHUTHOTO 1ot /.
2. HApmo mpancgopmamopa. JnuHAa MarHUTHOW JMHUU [ , VHIYKIUS
MarHUTHOIO TOJI1 HA 3TOM y4yacTKe B, Halmps>KeHHOCTh MarHUTHOTO nons H .

3. Cmulku Mmedncoy NIACMUHAMU SApMA U CmepicHs. JImuHa MarHUTHON
JMHUY O, UHAYKIXS MarHUTHOTO TOJISI B CThIKE By, HANPSKEHHOCTh MATHUTHO-

ro ons H .

¥17 1, T I, >\ Pl - I, \\\\\
! : 1 A X
| | | | |
/e 2 L | L Lo |
| | | | |
! | y K A
\\\Z'&~_¢__lﬂ/’/4 \\\N_lﬂ___,/ |~
a 9]

Puc. 3.1. MarautHas uens TpexdazHoro (a) u onHodaszHoro (6) TpaHcGopMaTOpOB
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JUtst onpezesieHnss TOKa XOJIOCTOTO TOKa M YCTaHOBJIEHHS 3aBUCHMOCTHU
MEXJly HaMarHMYMBAOIUM TOKOM U OCHOBHBIM MarHUTHBIM IIOTOKOM ITPOBO-
JST pacyeT MarHUTHOM 1enu TpaHcopmaTropa Ha OCHOBE 3aKOHA MOJHOTO TOKa!

$HdI=Yi. (3.1)

Ha npakTuke pemieHre KpyroBoro MHTErpasiga A0CTaTOYHO TpyJHas 3aja-
4a, mo3ToMy uHTerpan ¢ Hdl 3aMeHsIOT CyMMOM MarHHUTOABMKYILHX CHII COOT-
BETCTBYIOIIUX YYacTKOB, a cyMMy TOKoB ».i Ha MJIC mepBuYHON OOMOTKH B
pexume xosioctoro xonaa. Torma anga oaHogasHOro TpaHcpopMmaropa BMECTO
paBeHcTBa (3.1) ¢ yueToM MPOXOXKIAEHUS MATHUTHOW JTMHUM MOTOKa D 1BaK bl
M0 Y4acTKaM CTEpKHEU U APpM MOJTYyUHUM:

2H, I +2H, 1+ Hy - ng-5=~2-wy - Iy, (3.2)

rne H,, H,, Hg — HalnpsHKEHHOCTM MarHUTHOI'O II0JI1, COOTBETCTBEHHO,
B CTEPXKHE, IpME U CTBIKE; /., [, — CpenHssa JUIMHA COOTBETCTBYIOLIETO Y4acTKa

CTEpKHSL U sipMa; O — HEMarHUTHBIN 3a30p (CTBIK) MEX]y IJACTUHAMHU sSpMa
U CTepxkHs (A1 MMXTOBaHHOro marHutonposoaa 6=0,035-0,05 mm); ng —

YHCJIO CTBIKOB (A1 OJHO(A3HBIX TpaHCHOPMATOPOB 715 = 4, Ui Tpex(das3HbIX
ns =7); 1 op ~ JIEUCTBYIOIIEE 3HAUEHUE PECAKTUBHOW COCTABIISIIONIEN TOKA XOJIO-

croro xona. MJIC oOMOTKH ompenensieTcs Mo aMIUIMTYJHOMY 3HAYCHHUIO PEaK-

TUBHOI'O TOKa, TO3TOMY MpaBas 4acTb BbIpakeHUs (3.2) yBeIuveHa B V2 pas.

Cnaraemsble B BbipakeHHH (3.2) npeactasisitor cyMmmy MJIC oTaenbHbIX
Y4aCTKOB MarHMTHOM LIEIIN.

MJIC — smo unmezpanvHas xapakmepucmuxa MAcHUMHO20 NOJA, ClLy-
Jcawjas mepou dHepeuu, 3ampadenHol Ha YCmaHnoenieHnue 3moz2o nois (m. e.
npuuunou obpaszosanus 3mozo noas). MJ[C maxoice Hazvlearom MacHUmMHbIM
Hanpsdicenuem Uiy NOMeHYUaIoM MASHUMHO20 NOJA.

CymmMma Boipakenus (3.2) — MJIC nepBuuHoit 0OMOTKH TpaHchopmaTopa
B PEXHUME XOJOCTOr0 X0Ja. 3amuileM BblpaxkeHue (3.2) uepe3 COOTBETCTBYIO-
e MJIC yyacTKOB MarHUTHOM 1ETIH:

2F, +2-F,+ns-Fy=F,, (3.3)

3necy F.=H_ -1, — MAC crepxns; F,=H_ -I. — MJC sapma; Fy=Hy-l; —
MJIC cthika (3a3o0pa); Fj, = \/Elop -w; — MJIC nepBuuHOif 00MOTKH TpaHchoOp-

MarTopa B pEKUMC XOJIOCTOT0 X014d.
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Hanpsokennoctu oy H, u H, onpenendrorcs 1o KpuBOW HaMarHW4u-
BAHWs JUISL CTalld, M3 KOTOPOil M3rOTOBJICH MAarHUTONPOBOA By, = f(Hy))-

3HaYeHUs1 MHIYKIUHU B CTAJIA CTEPKHS WIM sIpMa ONpPENENstoT, ¢ yuetoM (3.14)
o gopmyiie

U
B @ 1o

NS = , (3.4)
C( ) Hc(ﬂ) 444 * fi * Wl ‘ Hc(ﬂ)

rae Il ;) — COOTBETCTBEHHO, CEUCHUE CTCPIHKHS (sspMma).
HamnpsikeHHOCTh TOJI1 B HEMAarHUTHOM 3a30p€ OMNPENEISIOT, UCXOI W3
UHYKIIMY 3a30pa By ¥ MarHUTHOM ITPOHMLIAEMOCTH 3a30pa [, =4 -7 - 107 Tu/m:

_5
Ho

H (3.5)

B dopmyne (3.5) mHmykuusa 3azopa By paBHa HMHIYKLIUH CTEPKHA
B6 = BC .

Hamaenuuusarowum moxom mparncgopmamopa Ha3vléarom peaxmusHyro
COCMAGNAIOWYIO MOKA XOI0CMO020 X004 1y, , nompebnsiemylo us cemu Ons co3-

OaHUs MACHUMHO20 NOJIAL.

B pexume xomocTtoro xoma mepBuYHas oOMOTKa TpaHchopmaTopa
NOTPeOISIET U3 CETH PEaKTHUBHYI0 MOIIHOCTH 11l oOpa3oBanuss MJIC, Heo6xo-
JUMOM UId CO3JaHMsI B MarHUTOIPOBOJIE OCHOBHOTO MAarHUTHOroO moToka @.
Pemast (3.2) OTHOCHTENBHO [(),, MOIyYNM [ICHCTBYIOIICC 3HAYCHHEC HAMAarHUYN-

BAIONIETo TOKa JJisi ogHO¢a3zHOro TpaHchopmaropa:

_2.HC.ZC+2.HH.I}I+n6.H616

: NEE

1y

(3.6)

B tpexdaznom Tpanchopmarope (puc. 3.1, a) onpenensroT HaMarHu-
YMBAIOIIUH TOK OTAGNBHO sl (a3 KpaWHUX CTepx)HeH [y, (C ydeToMm

TOTO, YTO Mg =3) N HAMArHMYMBAIOIINA TOK (ha3bl CpefHEero CTepxkHs [,

(mpu ng=1):

HC.IC+2HH.lﬂ+n8'H8'15

IOp.Kp = \/;Wl

(3.7)
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Hc‘lc'i‘né'HS'la

]Op.cp = \/;Wl

(3.8)

PacyeTHoe 3HaueHWe HaMarHMYMBAIOIIETO TOKA NPUHUMAIOT PaBHBIM
cpenHeMy apu(pMeTUYECKOMY:

2[O K] +IO .C
op — P P3 P-cp (39)

HamarnnunBaromuii Tok /,, MOXKHO ONPEACITHTh U Yepe3 PeakTHBHYIO (Ha-

MarHMYMBAIOIIYI0) MOIIHOCTh, TTOTPEOJIIeMy 0 TpaHC(OPMATOPOM B PEKHME XO-
JIOCTOTO X0/1a (MOIIIHOCTh, HEOOXO0IUMAs /Il HAMarHMIMBaHUSI MAarHUTOTIPOBO/IA):

rae m — uucio §as; Uy — pasHoe HanpsyKeHHe NEPBUYHON 0OMOTKH, Sy — HOJ-
Hasi MOILHOCTb, MOTpedsiemas (ha3oi TpaHchopmMaTopa Ha XOJIOCTOM XOAy; Iy —
THIOJIHBIA TOK XOJIOCTOTO XOJia OAHOM (a3bl (CTEPXkKHS); @, — YroJ MEKIY TOKOM

XOJIOCTOTO X0/1a U (Da3HBIM HANPSKEHUEM MepBUYHOM oOMOTKH. Hamarnmum-
BAIOIIYI0 MOITHOCTh PACCUUTHIBAIOT MO (popmyiie

O =29, G, +2q, G, +3q5-ns -1, (3.11)

rie ¢., 44, 5 — yJAENbHbIE HAMArHUYMBAIOIIME MOIIHOCTH, COOTBETCTBEHHO,
CTEpKHS, ipMa, CThIKA, ONpeeIsieMble TI0 Ta0IuIlaM B 3aBUCUMOCTH OT MHIYK-
mu; G,, G, —Macca cTaiad OJHOrO CTEPKHA U ApMa; 115 — mromans cTeIka.
Axmuenas cocmaenaowas moka xonocmozo xooa l,, nompebnsemcs
mpancgopmamopom Ojisk NOKPbIMUs AKMUEHBIX NOMepb MOWHOCMU P, (Hazpe-

8@) MA2HUMONPOBOOA U NEePEUYHOU OOMOMKU.

[ToTepu sHEpTHH B MarHUTOMNPOBOJIE — MAarHUTHBIC TIOTEPU — OOYCIIOBIIE-
HBI SIBJICHUEM THUCTEpEe3rca M HAIMYUEM BUXPEBBIX TOKOB TIPH TEPEMEHHOM
MarHUTHOM TTOTOKE. MarHuTHBIC MOTEPH MPUOIU3UTEIBHO MPOMOPIIMOHATBHBI
KBaJIpaTy MHIYKIIUH.

[Totepu sHEpruu B MEPBUYHON OOMOTKE — DJICKTPHUECKUE MOTEpHU, 00Y-
CJIOBJICHHBIC aKTUBHBIM COTPOTHBIICHUEM ITOW OOMOTKH. DIIEKTPUIECKUE TIOTe-
PH POTIOPIIMOHATBHBI KBaPaTy TOKA.

Crnemyer OTMETUTH, YTO DJEKTPUUYECKUE TTOTEPU MOIIHOCTH Ha XOJIOCTOM
Xolly TpaHchopmaTopa 3HAYUTEIBHO MEHBIIIE MAarHUTHBIX, TaK KaK COMPOTHB-
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JICHUE MEJHOIO WM aJIOMHHHEBOTO OOMOTOYHOIO IPOBOJA, M3 KOTOPOTrO BBI-
IIOJIHEHBI OOMOTKH, HE3HauuTelabHO. Il0o3TOMy B nanbHEHIIEM IOjgaraeM, 4ro
AKTHBHBIE TIOTEPH MOILTHOCTH TpaHC(OpMATOpa B PEKUME XOJIOCTOIO X0 — 3TO
NPEUMYIIIECTBEHHO MarHUTHBIE IIOTEPH.

Tok [, onpexnensercsa Kak

Iy, :p—g. (3.12)
m- 1(1)

[ToTpebisieMyt0 aKTUBHYIO MOIITHOCTh TpaHc(hopMaropa B pexXuMe X0JI0-
CTOTO X0jJa (MarHUTHBIE TOTEPH) OMPENCIAIOT IO MPUOIMKEHHON (opMmyIe
[IrertameTna:

13,
Py =Py =Py = P1,0/50 (%) ‘le(Bi -Gy), (3.13)

31€Ch p,,, — MAarHUTHBIE IIOTEPH; Py /50 — YAEABHBIE IIOTEPU B CTAIU HA €UHU-
1y maccsl nipu yacrore 50 I'm u uaaykuuu 1 Tn; f— yacTora nepeMarHu4uBa-
HMs; B, — MHOYKIHA B COOTBETCTBYIOLIEH 4aCTH MarHUTONpoBoaa; G; — macca

COOTBETCTBYIOIIIETO YYaCcTKa MarHUTOIIPOBO/IA.
[TomHBIN TOK XOJOCTOTO X072 TpaHchopma-

jo , TOpa UMEET ABE cocTaBisitomue (puc. 3.2): Hamar-
/T Lo, HUYUBAIOIIYI0 (PEaKTUBHYIO) C JICUCTBYIOIIUM
> 3HAYCHHUEM [(,, CO3MAIOIIYI0 OCHOBHOH MAarHHT-

D) HeIi moTok ® COBMAAIOIILYIO C HUM 10 (ase, U aK-

TUBHYIO [\, , HIYIIYI0O Ha IOKPBITUE MArHUTHBIX
Puc. 2.2. Tok xomocToro

xoz1a TpanchopmaTopa
Y €T0 COCTaBJISIFOIINE

U DJIEKTPUYECKUX IMOTEPh U INPAKTUYECKU COBIIA-
JAIOIYI0 0 (pa3e ¢ MEpPBUYHBIM HAIPSKEHUEM:

501051

o= 13, + 13, . (3.15)

B Tpancdopmaropax OOIIECIPOMBINUIEHHOIO HAa3HAYCHHUA aKTHUBHAS
cocrapisromas /,, He npesbimaer 10 % or momHOro Toka /,, Mo3TOMYy OHA
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oxasvigaem gecoMa Majioe IuUsHUe Ha 3HAYeHUue MoKa X0a0cmo2o xoda. Popma
KPUBOU MOKA XOA0CMO20 X00d ONpeoensemcs 8 OCHOBHOM KPUBOU HAMACHUYU-
salowe2o0 moxa.

B cunoBbix Tpancdopmaropax TOK X010CTOro xoaa He npessbimaet 0,3-3 %
OT HOMHHAJIBHOTO 3Ha4YE€HUs ToKa. [Ipu yBeIMueHMH MOIIHOCTH 3HAYEHUE TOKA
XO0JIOCTOT'O X0/1a OTHOCUTEIIbHO HOMUHAJIBHOTO YMEHBIIIAETCS.

3.2. Popma HamarHM4YMBaKLLEro Toka
U MarHUTHOro noTtoka ogHodasHoro TpaHccpopmaTopa

PaccmoTpum mporiecc HamarHM4MBaHUSL OJHO(A3HOTO TpaHc(opmaTopa
B pexuMe xoJioctoro xonaa. Kak mokazano B 1. 3.1, HAMarHMYMBarOIUM TOKOM
B TOM PEKUME SIBIISIETCA TOTPEOIISIEMBIN MTEPBUYHON OOMOTKON TOK XOJIOCTOTO
X0/1a, €CIU MpeHeOpeyb MAarHUTHBIMU TMOTEPSIMUA B MarHUTOMPOBOJIE U DJIEKTPU-
YECKUMH TOTepsMU B 00MOTKe. To ecTh moTpebisemMplid TpaHC(HOPMATOPOM Ha
XO0JIOCTOM XOJly TOK — YUCTO PEaKTUBHBIA. BennunHa 3TOro ToKa B CUIIy BBICO-
KO MarHUTHOM MPOHUIIAEMOCTH CTalld MarHUTOMNPOBOJIa HEBENMKA, U HE Tpe-
BbIIIAET 3 % HOMUHAIBHOTO TOKa. [Ipu 3TOM najneHneM HanpsiKEHUsI Ha COIpo-
TUBJICHUU NIEPBUYHON OOMOTKH 7 -i; B popmyuie (2.7) MOXKHO peHeOpeyb.

AMIUTTYJHOE 3HaYEHWE MOTOKA B MAarHUTOIIPOBOC HJICATHLHOTO TpaHC-
dbopmaropa

L Uy

d, = = . (3.16)
4,44 fi-w 444 f o

AMIUTUTYTHOC 3HAYCHHE HAMarHUYHMBAIOIICTO TOKa, BO30YXKIAIOIIEro
MarHuTHBIA MOTOK @ B ujcalbHOM TpaHchopmaTope, onpeaeiuM no Gopmy-
ne (2.3):

®m
Iopmzvl’Ru. (317)
C yuerom (3.16)
U
opm 1 R,. (3.18)
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CrnenoBaresibHO, HAMAarHMYMBAIOIINI TOK TpaHCc(opMaTopa pH 3alaHHOM
4aCTOTE CETH f; U YUCJIE BUTKOB NEPBUUYHONM OOMOTKHU W; ONpee/seTcs KaK Ha-
NPSHKEHUEM CETH, TaK U 3HAYCHUEM MArHUTHOTO COIPOTHBIICHUS MAarHUTOIPO-
BOJA R,,. DTO CONPOTUBIICHHE B OCHOBHOM OIPENENAETCS CTEINEHBIO HACBIIICHUS
MaraurornpoBoaa. Eciu MarautonpoBoj TpaHchopMaTopa HE HACHIIICH, TO Ha-
MarHMYUBAIOMUN TOK o, — CUHYCOUAAIBHBIN, €CIM MarHUTOIIPOBOJ, HACHIILEH,
TO TOK /o, — HeCUHyconanbHblii. Ho B 11000M cily4ae HAMAarHMYMBAIOMIMN TOK
coBmagaer mo (a3e ¢ MarHUTHBIM ToTokoM @. B  Tpancdopmarope
C HACBIIIEHHLIM MarHUTOIIPOBOIOM TOK /o, ONPEAENAETCA 110 KPUBON HaMarHM-
auBaHust © = f(iy,), IPEACTaBICHHO Ha puc. 3.3 B niepBoM KBajpaHTe. Kpu-

BYI0 HAMAarHMYMBAHUS MOXKHO MOJYYUTh PACUETHBIM WJIA OMBITHBIM ITyTEM.
PacuernpiMm myTem 3amava pemnaetcs ompenenenuem MJIC Tpanchopmaropa
JUISl Pa3JIMYHBIX 3HAYEHUH MAarHUTHOTO MOTOKA (pacueToM MarHUTHOM LIeNH
TpaHchopmaropa).

Puc. 3.3. IlocTpoenne KprBOW HAMarHWYMBAIOIIETO TOKAa TpaHchopmaTopa
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OMNBITHBIM IyTEM KPUBYIO HAMarHUYMBaHUSI CHUMAIOT, IIUTAasl IEPBUYHYIO
00MOTKY TpaHc(opmaTopa MOCTOSHHBIM TOKOM. B 3TOM ciydyae 3aBHCHMOCTH
MEXJly MTHOBEHHBIMU 3HAUEHHUSMHM MarHUTHOro noroka ® m HamarHu4uBaro-
IEr0 TOKa I, NOTy4aeTcs Oe3 ydeTa MarHUTHBIX MOTEPh (I€peMarHMYUBaHUE
CTaJli ¥ BUXPEBOI TOK OTCYTCTBYIOT).

Bo BTOpOoM KkBaapante puc. 3.3 npeacTaBieHa CUHYCOUAANbHAs 3aBUCH-
MOCTh MarHMTHOTO NOTOKa OT BpeMeHu @ = f(w?). B derBepTOM KBagpaHTe

ATOr0 PUCYHKa M300pa’keHa KpUBasi, KOTOPYIO MOXKHO MOJYYUTb, €CIIU 3HaYe-
Hus otoka @ kpuBoit @ = f(wf) IS OTAETLHBIX MOMEHTOB BpeMeHu 1, 2, 3

U T. J. epeHecT Ha KpuByro @ = f'(ipp), a MOIydaeMble IIPH 3TOM B IIEPBOM
KBaJIpaHTe 3HAYEHMs Ip, IEPEHECTU B YETBEPTBHIA KBAJPAHT U OTIOXKHUThH MJIS
3THX XK€ MOMEHTOB BpeMeHH. OTpuIarenbHas BOIHA KPUBOH ig, = f (o) Oyzaer
UMETh TAKYI0 ke (GOopMy, UTO M TOJIOKHUTENbHASA. BUIHO, 4TO M3-32 HACKHIIICHUS
MarHUTONPOBOIA CHHYCOMIAIBHBIN MOTOK @ BO30Y)KIAeTCsd HECHUHYCOUAb-
HbIM HaMarHUYUBAIOLIMM TOKOM ip,. HecunycoupanbHas kpusas ip, = f (®?),
CUMMETPHUYHAsI OTHOCUTEIHHO Hadasia KOOpJWHAT, COTJIacHO Teopeme Dypne,
UIsE cUMMETpuH 3 O pofa COMEP)KHUT TONhKO HEYETHBIEC BBICIIME TapMOHHKH
v=1,3,57....

Puc. 3.4. 'apMOHMKHM HAMarHMYMBAIOIIETO TOKA
onHoda3zHOro TpaHchopmaTopa
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["apMOHMKHM HECHHYCOMIAIbHOIO HAMarHWYMBAIOIIETO TOKA OAHO(A3HOTO
TpaHchopMaTopa npejacTaBieHsl Ha puc. 3.4. Hanbomnee cuiibHON MOCe OCHOBHOM
nepBoit rapmonuku (v = 1) sBisercss mpemos (v = 3) u nsitast (v = 5) TapMOHUKH.
Cunvhee 6ce2o CKa3bIBACTCS BIUSHUE mpembvell apMonuky. B OTAeNbHBIX HACHI-
MICHHBIX KOHCTPYKIIMSX MAarHUTOIPOBOIOB BEIUYMHA TPETHEH TAPMOHUKH MOKET
nocturate 50-60 % OT aMIUTMTYbI IEPBOl TAPMOHMKH, BEJIMYMHA IIATOW rapMo-
HUKH COCTaBIISIET OKOJIO 15 % OT mepBoil.

Takum o0paszoM, 6 ooHoghasHom mpancghopmamope MacHUMHBLL NOMOK
CUHycoudaneH, a ciedogamenvbHo, cunycouoarvuvl u I/C, nHagooumvle smum
HOMOKOM 8 NEPBUYHOU U 8MOPUUHOU 0OMOMKAX, eCIU HAMACHUYUBAIOWUL MOK
HecunycouoanvHuli (UMeem evicuiue Heuemnoble 2APMOHUKLL).

3.3. OcobeHHOCTU HaMarHM4YnBaHu A
TpexdasHbIXx TpaHcdopmMaTopoB

PaccmoTpumM  0COOEHHOCTM HaMarHMYMBAaHHS MAarHUTOIPOBOJIOB TpPEX-
dazubix TpancpopmatopoB. Kak ObUTIO BBISICHEHO B 1. 3.2 IPU CUHYCOUATHLHOM
HAMPsHKEHUW CeTH MAarHUTHBIN MOTOK @ ogHOdazHoro Tpanchopmaropa u 3/(C
TAK)K€ CUHYCOMJAIIbHBI, 8 HAMAarHMYMBAIOLIUH TOK f(,, BCIEJCTBUE HEIUHEHHO-
CTH KPUBOM HaMarHWYWBaHWS (HACHIIICHWE MAarHUTOMPOBOIA), HECHHYCOHWIA-
neH. Mickaxxenue (popMbl KPUBOM TOKA iy, ONPEACAECTCS HAIUNYMEM B HEH BBIC-
KX rapMOHUK. CHUIIbHEE BCEro CKa3bIBAECTCS BIIMSHHE IMEPBOM (OCHOBHOM)
U TpEeThel TapMOHUK. (B danvHeuuem eapmonuxamu eviuie mpemovel Oyoem
npernebpezamv 88Uy UX OMHOCUMETbHO HEOONbUIUX 3HAUEHULL).

B tpexdaznbix TpancpopmaTopax nepBble TAPMOHUKH HAMAarHUYHUBAOIIIE-
ro TOKa CIIBUHYTHI MO (a3ze Ha 120° ¥ U3MEHSI0TCA BO BPEMEHH C YAaCTOTOU CETH
fi = 50 T'm. Tperbu TapMOHMKM HAaMarHMYMBAIOIIErO TOKAa CABHra mo Qase
He umeroT (3-120° = 360°) u U3MEHsA0TCI BO BPEMEHH C TPOWHOM YacTOTOM
cetd 3 f; = 150 I'. DTO MPUBOAUT K TOMY, YTO TPEThU TAPMOHUKH HAMarHUYH-
BAaIOIIIET0 TOKAa MOTYT MPOTEKaTh HE TMPH BCEX CXEMaxX COEAMHEHHS OOMOTOK
Tpex¢asHoro TpaHchopmaropa. CienoBarebHO, HAMArHUYUBAIOIIUM TOK Io, IPU
HEKOTOPBIX CXeMaX COEAUHEHUs] OOMOTOK OYAET CUHYCOUOATbHbIM, 3 MATHUTHBIN
notok 1 3JIC B oOMoTKax TpaHcopmaTopa OyayT HeCUHYCOUOAIbHbIM.

HamaranunBaronyii TOK TpETbe TapMOHUKN MOKET IPOTEKATDH B KAXKIOU
daze npu coeTMHEHUH OOMOTOK IO CXeMaM «TPEYTOJbLHUK» U «3BE€3/1a» C BbIBE-
neHHoW HehTpanbio. [Ipu coequHeHU 0OMOTOK IO CXEME «3BE371a» HaMarHu-
YUBAIOIIWNA TOK TPEThEW TapMOHUKHU B Kaxaou (aze TpanchopmaTopa mpoTe-
KaTh HE MOXET, T. K. HET BbIXOJa TOKOB KaXI0H (ha3bl U3 HYJICBOW TOYKHU (HET
MPOBOJISAIIETO KOHTYpA).
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PaccMoTpuM  pasnudHbBIE CXEMBI COSIUHEHUS OOMOTOK Tpexda3zHoro
JIBYXOOMOTOYHOTO TpaHc(opmaTopa.

Coeounenue oomomox J1I/V. Ilycth Ha X0JI0CTOM X0y K Tpexda3Hol ceTn
MOAKJIIOUeHa OOMOTKA, COEIUHEHHAs «TpeyrojJbHHKOM» (puc. 3.5, a). Tpe-
YTOJIHHUK SIBIIAETCS MPOBOJSAIIUM 3aMKHYTBIM KOHTYPOM JJISI TOKOB TPEThE
rapMOHUKH. B HaMarHMYMBArOIIEM TOKE KaXIIOM (pa3bl €CTh TPEThs TApMOHUKA
lop, —3- TOKH TpeTbeil rapMOHHKH OyIyT HUPKYJIUPOBATh BHYTPU 3aMKHYTOTO

TpeyroJiibHUKa. Tak Kak Kaxnaas ¢aza 3Tol OOMOTKU MOJKIIOYEHA K CHHYCOU-
JTATHbHOMY HAIPSOHKEHUIO CETH, MOTOK KaXIIol (a3l OyJeT CHHYCOUIAIbHBIM,
a HAMarHW4YMBAIOIIUI TOK KaXK 10U (pa3bl ip, — HECUHYCOUAIbHBIM.

[lyctb Tenepp Ha XOJ0CTOM XOAY K Tpex(ha3HOH CEeTH MOJKI0YeHa 0OMOT-
Ka, COeIMHEHHAas «3Be3/10i» (puc. 3.5, 6). B coenuHennn «3Be3/1a» TOKH TPEThEH
TapMOHUKH TMPOTEKATh HE MOTYyT ¢Gu3nuecku. [103TOMy HaMarHUYMBAIOIIMKN TOK
B 3TOM cllyyae sBJsieTcs CUHycouAalbHbIM. KpuBas marHutHoro mnotoka Oy,
B0O30Y>K]a€MOr0 CHHYCOMAAIbHBIM HAMAarHUYMBAIOIIMM TOKOM, BCIIEACTBHE Ha-
CBIIICHUSI OYyJIeT HECUHYCOUIAIBHOMN, YIIIomeHHoH GopMsl (puc. 3.6, a). Kpusas
IIOTOKA HApPsIy C OCHOBHOM rapMOHUKOU @y CONEPIKUT TPETHIO FTApMOHUKY D3y.
Tperbu rapmonuku mnotoka @iy Bcex Tpex (a3 coBmamaroT mo (aze U UHAYIHU-
PYIOT BO BTOPUYHON OOMOTKE, COCTUHEHHON «TPEyTrOJIbHUKOM» TPU PaBHBIE 110
3Ha4eHUIo u copnanaromyue 1o pasze AC Esy (puc. 3.6, 0).

; I
a lOa Opv =3\

§ B
————— >|Y
C
<.----
lopv: a
4
B lop
C loc
o

Puc.3.5. [luranune tpanchopmartopa ¢ coeTuHEHHEM 00MOTOK Y/]]

Ha XOJIOCTOM XOJy CO CTOPOHBI. a — ¥Y; 6 — ][]
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ITon neiictBuem 3trx DJIC B Kakaoh (a3e 3aMKHYTOTO «TPEYTOJIbHUKAY)
HAYMHAIOT IPOTEKaTh TOKU TPETbEH TapMOHUKH /37 IOBBIIIEHHON YaCTOTHI
3 f1 = 150 I'n. 3a cuer npeobnananust B 0OMOTKaX CHUJIOBBIX TPaHCPOPMATOPOB
UHAYKTUBHOI'O COIPOTUBIICHUS 3TU TOKH IIOYTH YUCTO MHAYKTUBHBIE. TOKHU /3
BO30Y>KIAal0T B MarHUTONPOBO/IE TpaHC(HOPMATOpa MarHUTHBIE TOTOKU TPEThEi
rapMOHUKU Dy, KOTOpBIE IOYTH IOJHOCTBIO KOMIIEHCUPYIOT HOTOKH Dsy.
[TosTOMy pe3ynpTHpyOIKe MOTOKH (ha3 OyayT MPaKTUUYECKHA CHHYCOUIATbHBIMHU.

W3 U310KEHHOTO CIENYET, UTO 8 CIyuae COeOUHeHUs 0OHOU U3 0OMOMOK
mpancgopmamopa «mpey20abHuUKom» macHumuvle nomoxu, 3/C u nanpsoice-
HUs az ocmaromcs CUHyCOUOAIbHLIMU. ITO CYIIECTBEHHOE MNPEUMYIIECTBO
Tpexda3zHbIX TpaHCPOPMATOPOB, Y KOTOPHIX OJIHA M3 OOMOTOK COEAMHEHA
«TpeyroibHUKOM». [lpu coenuHeHnn onHOM M3 OOMOTOK TpaHc(opMaTopa
B TPEYTOJIBHUK UCKaxkeHue KpuBoi (a3ubix DJC U HanpsoKkeHUd HE 3aBUCUT OT
THIIAa MAarHUTONPOBO/IA.

Coeounenue oomomox ¥V/¥. B TpancpopMaropax ¢ TaKUM COECIUHEHHUEM
0OMOTOK TpPEThU TaPMOHHMKM B HAMarHUYHMBAIOIIMX TOKaX MEPBUYHOM U BTO-
PUYHON OOMOTOK CyIIeCTBOBAaTh HE MOryT. [lo3TOMy MarHUTHbIE MOTOKH (a3
Hapsay ¢ OCHOBHOM rapmMoHuKkon @, coaep:xar euie u TpeTbU TapMOHUKHU ITOTO-
ka @;. M3-3a HaM4uns TpeTbe rapMOHMKY MATHUTHOTO MOTOKA KPUBAsI IIOTOKA
CTAaHOBUTCS yIUIOmeHHOW (hopmbl (puc. 3.6, a). Takum oOpazomM, xapaKTepHOM
0COOCHHOCTBHIO HAMarHMYMBaHUs Tpex(a3Horo Tpanchopmaropa ¢ CoeUHEHU-
eM OOMOTOK Io cxeme V/V sBnsercs Hamuyue TPEeTbUX TapMOHUK MarHUTHOIO
notoka ®@3. TpeTbu rapmonuku notoka @z B kax o (aze Tpanchopmaropa Ha-
BoAAT Tperbu rapmonuku DJ(C E;. Kpussie gaszubix 3/1C n HanpsixeHui cra-
HOBATCSI HECUHYCOMJAJIbHBIMHU. BenuunHa STUX TapMOHHUK, a CJEJ0BaTENbHO,
U CHHYCOMJIAJIbHOCTH (ha3HOr0 HAMPSIKEHUS 3aBUCST OT THIIA MarHUTOMNPOBOA
TpaHchopmaropa.

/\q)’iOp d)3y
m D,y
0° E
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\/®3y p
a 9]

Puc. 3.6. ®opma KpuBOii MOTOKA MPU CHHYCOMIATBHOM HaMarHU4MBAIOLIEM TOKe (@)
1 BEKTOpHas Juarpamma IoTOKOB U TOKOB TPEThEe rapMOHUKH (0)
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Puc. 3.7. TpeTbu TapMOHHUKH MTOTOKA B TpeX(a3HBIX TpaHCPOpPMATOpaX:
a — TPYIIIOBOM; 6 — TPEXCTEPKHEBOM; 8 — OPOHECTEPIKHEBOM

B tpexdasznoit rpynne omanHodasneix TpaHchopmaropoB (puc. 3.7, a),
OpoHecTepkHEeBOM (puc. 3.7, ) u OponeBoM (puc. 3.5, 6) Tpanchopmaropax mo-
TOK @3 3aMBIKA€TCsl IO MAarHUTOMPOBOAY, KAK U OCHOBHOM MarHUTHBIN MOTOK —
MOTOK MepBOi rapMOHUKU P; — IO MAarHUTONpPOBOY. Tak Kak CONMPOTUBICHUE
MarHUTONPOBOJA Majlo, TO BelInurHa oToka @ moxer gocturath 10-20 % ot
notoka ®;, a HaBoAMMBIE UM B 00MOTKax amruiuTyaubie JJ1C TpeThelt rapmo-
HUKU cocTaBiT 30—60 % ot 3JIC nepoii rapmonuku. Kpussie JIC nepBudHOM
U BTOPUYHONW OOMOTOK MCKaXKarOTCsl, a JeUcCTByromMe 3HaueHus ¢azupix DJ1C
BbIpacTaloT Ha 5—17 %, BbI3bIBAasi BO3pACTAHUE AIEKTPUUECKOTO MO B U30JIs-
U (mpexaeBpeMeHHoe crapeHue uzoisiuun). OnHako auHedHsle DJIC u Ha-
NPSDKEHUST OCTaHYTCsl CHHYCOUANbHBIMU, TaK Kak B pazHoctu DJIC nByx a3 E;
UcyYe3aeT, Kak He MMEIOIIUE CIIBUTA 10 (hase.

B TpexcrepxkneBoM TpaHcpopmaTope moTokuM D; OecnpensaTCTBEHHO
3aMKHYTbhCS IO MarHUTOMPOBOJTY HE MOT'YT, TaK KaK B KaXK/Iblii MOMEHT BPEMEHU
BO BCEX CTEpPKHAX HaIpaBieHbl oguHaKoBoO (puc. 3.7, 6). [loaTomy notoku @
BBITECHSIFOTCS HA ITyTH MAarHUTHBIX MIOTOKOB PACCESHUS U 3aMBIKAIOTCS OT OJTHO-
ro gpMa K Jpyromy uepe3 TpaHc(hopMaTOpHOE MaCio, BO3AYX, KPENeKHbIE Jie-
TaJdu U CTEHKH Oaka TpaHchopmaTopa. MarHUTHOE COMPOTUBIECHUE ITUX y4aCT-
KOB JIOCTaTOYHO BEJIHMKO, U MOTOKKM D3, MO CpaBHEHHIO C TAKUMU MOTOKAMHU
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B TpaHc(opMmaTopax Ipyrux THUIIOB, 3HAYUTENIbHO MeHbIle. COOTBETCTBEHHO,
B TPEXCTEP>KHEBOM TpaHC(HOPMATOpPE 3HAUUTENIHO MEHbBIIE HMCKaXKAITCS KpH-
Bbie ¢aszubix DJIC u nanpspkenuil. [lorok @;, mynabcupys ¢ TPOWHON YaCTOTOM
CETH MO CTaJbHBIM KOHCTPYKTHMBHBIM YacTsIM TpaHcopMaTopa, UHAYIHUPYET
B HUX 3HAYUTEIbHbIE BUXPEBBIE TOKU. JTO BEAET K YBEINUYEHUIO JOMOJIHUTENb-
HBIX MOTEPh MOLIHOCTH M YBEJIMYEHHUIO HarpeBa O0aka M KpENMEXHBIX JeTayeu
Tpanchopmaropa.

Coedunenue oomomox ¥/Y, obecneunBaeT MpOTEKaHNE HaAMAarHMYHBAFO-
IIMX TOKOB TPEThEH TapMOHUKH lp3 B OOMOTKE CO CXEMOW COeAMHEHUs V).
[TorTomy moTok @ u dazHbie HanpspkeHus: Tpancpopmartopa Uy u U, OyayT cu-
HYCOUJIAJTbHBIMH.
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Puc. 3.8. TpeTbu rapMOHHKN HaMarHHIMBAIOIIETO TOKa B cxeme Y/Y
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Toxu ly; MpoTEKaroT MO HyJIEBOMY ITPOBOAY (IIPH 3a3€MJICHHOM HEHUTpaJIH)
Y OKa3bIBAIOT BPEJHOE BJIUSHHE HAa METAUIMYECKHE MOJI3EMHBIE COOPYKEHHS,
BbI3bIBAasl UX YCUJICHHYIO KOPPO3HUIO, TaK KaK 4acTOTa 3TUX TOKOB paBHA TPOM-
HOH JacToTe ceTH, T. €. 150 I'1.

TOKH MOBBIIEHHOW YaCTOTHI /j; 3aMBIKAIOTCSI 4YEPE3 EMKOCTH HAXOIAIIHE-
csl MKy oOMOoTKaMu TpaHchopmaTopa u 3emieit (puc. 3.8) v CO3MaI0T TOMEXH
JUHUSM CBSI3M. EMKOCTH yCTaHaBIMBAIOT i1 OOpPHOBI ¢ MEpEHANPSIKEHUSMHU
(cm. manee n. 8.5), u npu yactore 50 'l TaHHBIE EMKOCTH HE BIUSAIOT Ha padoTy
TpaHchopMaTopa, MOATOMY paHee HE pacCMaTPUBAJIUCH.

C nomoIb0 pacCMOTPEHHOTO B IJIaB€ METOJA pacueTa MAarHUTHOM LIETH,
ornpezesieH HaMarHWYMBAIOIIMM TOK M TOK XOJIOCTOrO XOJa TpaHcgopMmaTopa.
[Tokazan BeIBOA opmyn I/IC nepBUUHON U BTOPUYHONM OOMOTOK TpaHchopma-
Topa. AHaiIM3 (OpMbl HAMArHUYMBAIOIIETO TOKA 1 MarHUTHOTO TIOTOKA MOKas3all,
YTO BCJIEJICTBUE HACBHIINICHUS MAarHUTHOW LIENIH CUHYCOMJAIBHOCTH MAarHUTHOTO
MOTOKa 00ECTIeYnBAETCS HECUHYCOMIATBHOM (hOPMON HAMArHUYMBAIOIIETO TOKA.
B tpexdaznom tpancpopmaTope HecuHycouIaIbHAs opMa HAMArHUYUBAIOIIETO
TOKa BO3MO>KHA HE MPHU BCEX CXEMaX COCTUHEHUS €r0 0OMOTOK.
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4. CXEMbl 3AMELWLEHUA TPAHC®OPMATOPA

4.1. YpaBHeHNA HanpsHKeHUsA
MU BEKTOpPHbIe AnarpamMmmMbl TpaHcdopmaTopa

Kak Obu10 BhIsICHEHO BbIIIIE (CM. TI. 2.1, 3.2), OCHOBHOM MarHUTHBIN MOTOK O
HAaBOAUT B oOMoTkax TpaHchopmartopa DJAC E; =444 - f, - wy - @, u
E, =444 - fi - w, - ©,. B peanbHom TpaHchopmMaTope MOMUMO OCHOBHOT'O TIOTOKA
CYIIECTBYIOT MarHUTHBIE TTOTOKH paccesHusi Oy u Dy (M. puc. 2.2), CleruieHHbIE
TOJILKO C OAHOM 13 00MOTOK. B mpeoOpazoBaHuy SHEPTUU ATU MMOTOKU HE YyYaCTBY-
10T, HO HAaBOJAT B Kaxk1oi u3 ooMoTok DJIC paccesaus Ey = 4,44 - f1 - wy - Do,
YMEHBIIAIOUIUE BBIXOAHOE HarpshkeHue. [T0CKoIbKy MOTOKH paccesiHus OJTHOCTBEO
WJIA YaCTHUYHO 3aMBIKAOTCS 10 BO3AYXY, OHU nponopuuoHanbHbl MJIC cooTBercT-

BYIOIIMX OOMOTOK MJIM COOTBETCTBYIOLIMM TOKaM. Tak kak Bekropsl DJC E |, E_,
OTCTArOT OT COOTBETCTBYIOIIMX BEKTOPOB TOKOB 1 BekTOpoB M/IC Ha 90°, To

Ey =—jx1; Egy =—jx,l,, 4.1)

rJie X| U X; — KO3(DPUITMEHTHI MPOTIOPIIMOHATBHOCTA MEXKIY COOTBETCTBYIOITH-
mu Tokamu (MJZIC) u DJIC paccesHus.

Koaddunmentsl x; U X, Ha3bIBAOT UHOYKMUBHBIMU CONPOMUBTEHUAMU
paccesanus 06Momox mpancpopmamopa, Tak Kak OHU 00YCJIOBJICHBI IOTOKAMHU
paccestHusi. [lomyyenHoe BoipaxkeHue (4.1) HarasHO MOKAa3bIBAET POJIb MArHUT-
HBIX TIOTOKOB paccesHusi B TpaHChOPMATOPE: OHU CO30ai0m UHOVKMUBHbLE
NAadeHUs HANPAXCEeHUs: 8 0OMOMKAX, He YUacmeys 8 npeodpa3o8aHull dHepeuu.

PaccMmoTpum m3MeHeHre TOKa MePBUYHON OOMOTKHU TIPH MEPEX0JIe OT pe-
KUMa XOJIOCTOTO X0Jia TpaHchopMmaTopa K pekuMy Harpys3ku. [[is sToro Boc-
MOJIB3YEMCSl BaXHEHIIMM CBOMCTBOM TpaHC(HOpPMATOpa: MACHUMHbBIL HNOMOK
mpaucgopmamopa npu Hazpyske ocmaemcsi HeusmeHHuviM. VI3 3TOTO cBOWCTBA
cienyer 3akoH paBHoBecus MJIC B Tpancdopmarope:

rne F; u F, — MJIC, co3naBaeMble TOKaMH NIEPBUYHON ¥ BTOPUYHOU OOMOTKHU

npu Harpyske; F, — MJIC, coznaBaemMas TOKOM NEPBUYHON OOMOTKH B pEXKHUME
XO0JIOCTOTO XO/1a.
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[Tpu mepemeHHOM TOKe omepupytor ¢ amrumryaamu MJC, npu sTom u3
(4.2) nomy4um:

i
. . Wy s

1

Bropoe cmaraemoe B ¢opmyne (4.4) Ha3bIBAIOT HArpy304HONW COCTaB-
JSIOMEH TOKAa TIEPBUYHOM OOMOTKM WJIM KOMIICHCAIITAOHHBIM  TOKOM

. W . o
I.=——21,. Tok I, TOKa3bIBAET, HACKOJLKO M3MEHSETCA TOK B TEPBUYHOM
w
1
00MOTKe TpaHchopMaTopa IIpH MEePEXo/ie OT PEKUMa XOJIOCTOTO X0/1a K PEKUMY
Harpy3ku. C y4eToM Harpy304HOM COCTaBISAIONICH BeipaxkeHue (4.4) mpuHUMaeT
BU/T

MOoOIHOCTE HArpy304YHOM COCTABJISIOLIEN NMEPBUYHOIO TOKAa pPaBHA MOII-
HOCTH, OT/JIaBaeMOi TpaHCc(hopMaTOpOM Harpy3Ke:

w W

Taxum obpazom, mok I, e moavko cozoaem MJ[C, pasnyio no 3HaueHuro

u npomusononoxcuyro no ¢gpaze MJ[C emopuunoii oomomKu, m. e. He MOAbKO
KOMNneHcupyem ee, HO U obecneuusaem NOCMYNIEHUe 8 MPAHCHOPMAmMOp U3
cemu MOWHOCMU, 0MoOaA8aemMol NPUEMHUKY INEeKMPUYECKOU IHepUU, KOMOpblll
NOOKIIOUEH K 8MOPUYHOU 0OMOMKe.

O6oiing no Bropomy 3akoHy Kupxroda KOHTypbl EpBUYHON U BTOPHUY-
HOI 00MOTOK TpaHchopmaTopa ¢ yueToM (4.5) MoydyuM CUCTEMY KOMILIEKCHBIX
YPaBHCHUU:

U, + By + Egy =1y

I =1y+(-—3)1,,
M

-

rae Z,. — IOJIHOE COIpPOTHBIIEHUE 3JIEKTPUYECKOr0 MPHUEMHUKA (HArpysku),
MOJIKJIIOYEHHOT0 K BTOPUYHOM 0OMOTKE.
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[Ipeob6pazyem (4.7) ¢ yuerom (4.1) u pemum nepBoe ypaBHEHHE OTHOCH-
TenbHO U}, a BTOPOE — OTHOCUTENBHO Fj:

rUl :_El +”1il +jx1j1;

L =1y + (==,
. el

Bo BTOpOoM ypaBHeHHMH cucTeMbl (4.8) majeHHe HampsHKEHUs Ha COIpO-
TUBJIEHUM HArpy3Kd 3aMEHEHO BTOPHYHBIM HaIpsDKEHUEM TpaHchopMaropa
Uy=Z,-1,.

ITo ypaBHeHusiM cuctemsl (4.8) CTpOST BEKTOpPHBIE AHArpaMMbl TpaHC-
dbopmaropa mpu pa3IMIHOM XapakTtepe Harpys3ku. Ha puc. 4.1 mpencrtaBieHb
MIOJTHBIE BEKTOPHBIE AHAarpaMMbl OHIKAIOLIETO TpaHchopmaTopa (w, < wy) pu
AKTUBHO-UHIYKTUBHON U aKTUBHO-EMKOCTHOM Harpy3kax.

Jjxyl 5

Puc. 4.1. BekTopHble quarpaMMsel TpancopMaropa Mpu aKTUBHO-UHAYKTUBHON
Harpy3ke (a); mpu akTUBHO-EMKOCTHOW Harpyske (0)
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IIpu nocTpoeHHH AMarpaMMBl IIOJIATAIOT, YTO 3a/[aHbl BEKTOPbI BTOPUYHO-
0 HanpsHKEHUS U2 U OTCTAIOLIETO OT HETrO Ha Yrol ¢, TOKa 12, BEKTOP

nepsuuHor DJ1C El, BEKTOP OCHOBHOT'O MAarHMWTHOI'O MOTOKA CD , BEKTOPBI aK-
THUBHOM IOa U PEaKTUBHOMU IOp COCTaBJISIIOIIMX TOKAa XOJIOCTOTO XO/a, a TakkKe

CONPOTHBIICHUS TIEPBUYHOMN 7|, X| U BTOPUIHOM 7', X; OOMOTOK.
[TocTtpoenne nuarpamMmel NpU aKTHUBHO- I/IHI[yKTI/IBHOI/I Harpy3Ke HauMHaroT

C BEKTOpa CD . BekTop HaMarHM4YMBarONMIETO TOKA I op COBIIAZIACT C BEKTOPOM d m

M0 HaNpPaBIIEHUIO, BEKTOP ]Oa TepreHIuKyspes Bekropy @, . BekTop pesysibTu-
pytoiero Toka xonocroro xoxa [y =1y, + 1, onepexaer d) Ha yrox y = 5-10°.

OTOT yroJ Ha3bIBarOT YTJIOM MarHUTHOTO 3aNa3/IbIBAHMSL. OH ompenernser orcrasa-
HHE BEKTOPA ITOTOKA CD ot Bexktopa MJIC F 1 00yCJIOBJIEH MarHUTHBIMU TIOTE-

psAAMU B ceplIeYHNKe MaruuronpoBoaa. Bekropsr 3/1C E1 u E2 OTCTArOT OT ITOTOKA

®, Ha yronm 90°. Bekrop TOKa BTOPMYHOM OOMOTKM [, NpU AKTHBHO-

o : X

MHJIyKTHBHOM HArpy3Ke OTCTaeT OT BeKTopa F, Ha yron v, = arctgr—=. BekTopbt
g

E, n E, coBIajaroT 110 HalPaBJICHUIO. 3Has BEKTOP /,, MOXKHO IIOCTPOUTH BEKTOP

W. .
KOMIIEHCAIIMOHHOTO ToKa (——2)/,. Permnas rpaduvecku mocienHee ypaBHEHUE
W,
1
cucremsl (4.8), MoIy4aroT BEKTOP TOKAa NEPBUYHON OOMOTKH /.
Pemast nepBoe ypaBHeHUE cucTeMbI (4.8), CTPOSIT HICKOMBIN BEKTOP NIEPBUY-
HOro Hanpspkenus U, . s 3Toro U3 KoHIa BEKTopa —£, mapajiiebHO BEKTOpY 1,

CTpPOAT BEKTOp 7 - I, (MaJeHUE HANpsDKEHUS HA aKTHBHOM COIPOTHUBJICHUU IIEp-
BUYHOM 0OMOTKM). VI3 KOHIa BekTopa 7 -/, NEpHEHIUKYJSAPHO €My (U BEKTOpY

ToKa 1,) cTposT Bektop jx,J, (IajieHHe HANPSHKEHHS HA MHIYKTHBHOM COIPOTHB-
JICHUM paccesiHusl MepBUYHONM OOMOTKH). ClokeHHE ABYX MOCIETHUX BEKTOPOB
JIaeT BEKTOp Z, - I, (II0JIHOE TIa/IeHIe HATIPSUKEHNS Ha CONPOTHBJICHUSX TIEPBUYHOM
0OMOTKH).

Pellras aHAJIOTMYHO BTOPOE ypaBHEHHE CHCTEMBI, HAXOIAT BEKTOp Z, - 1,
(MoJHOrO majeHHs] HANpPSHKEHHST HA CONMPOTHUBICHUSX BTOPUYHONW OOMOTKH)
u uckoMbIii BekTop D/1C BTOpryHON 0OMOTKH Ez.

Bekropnas nuarpamma mpu akTUBHO-EMKOCTHOM Harpyske (4.1, 6) cTpo-
UTCSI AaHAJIOTUYHO.

BekTopHble auarpammbsl TpaHc(opmaTropa MOKas3bBaloT, YTO JIH000E U3-
MEHEHHE TOKa BO BTOPUYHON OOMOTKE BEAET K M3MEHEHHMIO TOKa B MEPBUYHOMN
0oOMOTKE.
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4.2. NpuBepeHue BTOpUYHON OOMOTKM TpaHcdopmaTopa
K nepBnYHON. Cxema 3amellueHUa TpaHchopmaTopa

JIns ananu3a pa3auyHBIX PEKUMOB PabOTHI TpaHchOpMaTOp MpPEACTaB-
JSFOT B BUJIE DJIEKTPUUECKOW CXEMBI 3aMELIEHHUS], 10 KOTOPOM ONPENEIISIIOT TO-
KU TEPBUYHOM M BTOPUYHOM OOMOTOK, MOIIHOCTb, MOTPEOJIIEMYIO0 U3 CETH,
norepu MoiHoctH, KIIJ{ u 1. . B cxeme 3ameuienus neppudHas 1 BTOpUYHAas
OOMOTKH COEIMHEHBI JIEKTPUUYECKHU. Takoe CoeNMHEHUE B CXEME CTAaHOBUTCS
BO3MOJKHBIM, €CJIM TIEPBUYHASI U BTOpUYHASsE OOMOTKH TpaHCcPopMaTopa UMEIOT
OJVMHAKOBOE KOJMYECTBO BUTKOB. Tak Kak 4HMCJIO BUTKOB IIEPBUYHON W U BTO-
pUYHOU W, OOMOTOK MOTYT 3HAUUTEIbHO Pa3InyaThCs, TO B CXEME 3aMellle-
HUS peaJibHas BTOPUYHAS OOMOTKA 3aMEHSIETCS HEKOTOPOW BUPTYaIbHOUN 00-

MOTKOM C YHCIOM BHTKOB W, =Ww,. TaKkyi BTOPHYHYIO OOMOTKY Ha3bIBAaIOT

npugedennoll, a TpanchopMarop — npusedennvim mparcgopmamopom. llpu
MPUBEJCHUU BTOPUYHON OOMOTKH HEOOXOJMMO, YTOOBI BCE DJIEKTPOIHEpPTE-
TUYECKHUE MPOIECChl B PEaJbHOM U TMPUBEACHHOM TpaHchopmaTopax ObLIU
coxpaHeHbl. To ecTh 3aMeHa peaqbHOW BTOPUYHONW OOMOTKH MPUBEICHHON HE
JOJKHA U3MEHHUTh KOJIMYECTBEHHBIE M KAUECTBEHHBIE XapaKTEPUCTUKHU 3JIEK-
TPOMAarHUTHBIX TPOLIECCOB BO BTOPUYHON OOMOTKE H, COOTBETCTBEHHO,
B TpaHchopMmaTtope.

Yucno BUTKOB W, IIPUBEICHHOW BTOPHMYHON OOMOTKM OTIMYAETCS OT
peasbHOTO YMCiIa BUTKOB W, B k pa3 (k — koaddunmeHT TpanchopManum):

OJIC u HanpspKeHHE BTOPUYHOM OOMOTKHM TpaHChOopMaTopa TakKe M3Me-
HSIOTCS B k pa3:

Uy=U,- k; (4.10)

ES=E) k. (4.11)

[TonHast MOLIHOCTH BTOPUYHON OOMOTKHM B pEaIbHOM M TMPUBEICHHOM
TpaHchOpMAaTOPE HE TOJKHBI OTINYAThCS:

U,-1,=U,-1. (4.12)
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W3 Beipaxkenus (4.12) monydnM 3HaYeHUE MPUBEIACHHOTO TOKA BTOPHY-
HOM 0OMOTKH TpaHchopMaropa:

.,

=2 (4.13)

JIOJDKHBI OBITh OJAMHAKOBBIMM M 3JIEKTPUUECKUE TOTEPU MOITHOCTH BO
BTOPUYHON OOMOTKE PEasibHOrO U MPUBEIEHHOTO TPAHCPOPMATOPOB:

rois=n-17, (4.14)

OTKy/Ja 3HAYCHUE TMPUBEJICHHOTO AaKTHBHOTO CONPOTHBIICHUS BTOPUYHOM
0OMOTKH

Eo=r k2. 4.15
2 2

[IpuBeneHHOE WHIYKTUBHOE COINPOTUBIICHUE PACCESIHHUS BTOPUYHOU
OOMOTKH X, OHpEIENUM, UCXOJs M3 PAaBEHCTBA YIJIOB W, =\, MEXIY BEKTO-

pamu DJIC 1 TOKa BO BTOPUYHON OOMOTKE peaIbHOTO U MTPUBEIEHHOTO TPaHC-
dbopmaTopa:

!
— . = X2 _ X2

¥, =y, =arctg—= =arctg—-.

) )

(4.16)

Tpuronomerpuueckre PyHKIIUU paBHBI, €CIH PABHBI UX APTYMEHTHI:

B _% (4.17)

OTKYIa HHAYKTHUBHOC COIIPOTUBJICHUC PACCCAHUA BTOpH‘IHOﬁ OOMOTKH

Xy =xy k2. (4.18)
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o EMUE LD

HT

b b

Puc. 4.2. DnexkTpuueckas cxema HEMPUBEACHHOTO
(peanbHOrO) TpanchopmaTopa

[lepBuuHyl0 M BTOpUYHYIO OOMOTKM (pa3bl TpaHcopmaTopa MOKHO
MPEACTAaBUTh IEKTPUUYECKON cxemoit (puc. 4.2). B anextpuueckoil cxeme mnep-
BUYHAsl U BTOPUYHASI OOMOTKU HE CBSI3aHbI 3JIEKTpUYECKH. BOCOIb30BABIIKCE
NPUBEACHUEM BTOPUYHONM OOMOTKH, MOXHO MpeoOpa3oBaTh JAHHYIO CXEMY
¥ 00bETMHUTH MOMAPHO PABHOMOTEHIMAIbHbIE TOUKH a —a’ u b—b', T. e. co-
€IMHUTD TIEPBUYHBIA M BTOPUYHBIA KOHTYpPBI (TOK KOHTYpa [, =0). Iomy-

yeHHyI0 cxemy (puc. 4.3) HaspBatoT T-00pa3HON CXEMOU 3aMeIeHUs TPaHC-
¢dopmaropa. Ha Bxoa cxembl 3aMellieHus NoJaroT HanpsbkeHue U, K BBIXOy ee

!
HI ?

MOAKJIIOYAIOT MEPEMEHHOE COMPOTUBIICHUE HATPY3KU z. , K KOTOPOMY MPUIIO-

’KeHo HanpspkeHne —U .

b

Puc. 4.3. T-o0pa3Has cxema 3amenieHus Tpancpopmaropa
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KoHtyp a — b cxembl 3aMellieHUs HA3bIBAIOT HAMACHUYUBAIOUUM KOHMY-
pom. [1lo HaMarHu4YMBaroUEeMy KOHTYpPY MPOTEKAET TOK XOJIOCTOro Xoja (Hamar-

HUYMBawuit T0K) [, =1,+1,, KOTOpHIH BO30YXIaeT B MarHUTONPOBOJC

TpaHchopMaTopa MarHUTHBIM MOTOK D, HABOASIIMA B OOMOTKaX MPUBEIACHHOTO
Tpanchopmaropa IJ1C B3auMOMHIYKIIUU:

Conpomuenenue 63aUMOUHOYKYUU HAMASHUYUBAIOWE20 KOHMYPA X
B (4.19) 00yClIOBI€HO OCHOBHBIM MAarHUTHBIM MOTOKOM @ U siBisieTcst KO3 u-
UEHTOM MPONOpHUOHATBHOCTH Mexay OJIC oOMOTOK MPUBENEHHOTO TpaHC-

dopmaropa E, = E; ¥ TOKOM XOJIOCTOTO XOJa.

Axmuenoe conpomueénenue HAMASHUYUBAIOWe20 KOHMYpa F, BBEIEHO
B CXEMY 3aMEIIECHUSA I y4eTa MATHUTHBIX II0T€Ph B MAarHUTOIIPOBOJE PEallb-
HOTO TpaHc(opmaropa U ABIsETCS KO3((HUIIMEHTOM MPOMOPLHUOHAIBHOCTH Me-
Ky peaIbHBIMM MAarHUTHBIMU ITOTEPSIMU U KBAaJIPATOM TOKA XOJIOCTOI'O XOJa:

Dar =My - 1 -Ig. (4.20)

CrnenyeT NOMHUTh, UTO aKTUBHOE COMPOTHUBIICHUE 7y (PU3NYECKOTO CMBIC-
ja He umeeT. OHO HE OTHOCHUTCS HU K AJIEKTPUUYECKON, HU K MAarHUTHOM IIEMsAM
peanbHOro Tpanchopmaropa.

['opuzoHTanbHas BETBb CXEMBbI 3aMEIICHUS HA3bIBACTCS 21AGHOL 8€MBbIO.

[To rmaBHOW BETBU MPOTEKAET TOK I = —I B rnaBHOM BEeTBU 7, 7, — aKTUBHBIC

COIIPOTHUBJICHUS, COOTBETCTBEHHO, IEPBUYHOMN U MPUBEICHHON BTOPUYHOM 0OMO-
TOK, OOYCJIaBJIMBAIOIIME AJIEKTPUUECKUE MOTepU B 0OMOTKaxX TpaHchopmaTopa;
X1, X, — UHIYKTUBHBIE COMPOTHUBIICHUSI PAacCesSHUS NMEPBUYHON U TPUBEICHHOM
BTOPUYHON OOMOTOK, 00YCIIOBJICHHbIE MATHUTHBIMU TIOTOKAMH PAacCesSHUSI COOT-
BETCTBYIOIIMX OOMOTOK TpaHc(opmaropa; z, — TOJHOE MPUBEIECHHOE COMpO-

TUBJICHUE HArPy3KHU, MOAKIIOUEHHON K BTOPUYHONU 0OMOTKE TpaHchopMaTopa.
Conpomugnenus HAMAHUYUBAIOWE20 KOHMYPA U 21A6HOU GemeU HA3bl-
8ai0m Napamempamu cxemvl 3amewieHus mpancgopmamopa.
[TapameTpsl CXeMbl 3aMELIEHUSI MOYKHO CUWTATh MOCTOSHHBIMU TOJBKO
IpY HEOOIBIIMX U3MEHEHUIX IEPBUYHOrO HanpsbkeHus B npeaenax £10 %. 3to
B MIEPBYIO OYEPEb OTHOCUTCS K HAMAarHMYMBAIOIIEMY KOHTYPY C CONPOTHUBIICHU-

eM Z, =7, + jX,, TAPAMETPhI KOTOPOTO ONPEIENIIOT B TIEPBYIO OUepelh TOK I, .
[Tpu yBennyeHun HanpsHKEHUS MPOUMCXOAUT HACBIIEHUE CTAJIM MarHUTONPOBO-
Ja, a Xo yMeHbIaeTcs (IOCKOJIbKY YMEHBIIAETCS MAarHWTHas MPOBOJUMOCTB),
a HAMarHHYMBAIOIINI TOK [, PE3KO BO3pacTaer.
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[Tpu M3BECTHBIX MapaMeTpax CXEMbl 3aMEIICHHUS PACCYUTHIBAIOT TOKHU BO
BCEX €C BETBSAX M OMNPEACISIIOT dHEPreTHUYCCKUE IOKazaTeld TpaHchopMaropa
JUIS JTFOOOTO peKMMa Harpy3KH.

[TapameTpbl CXeMBbI 3aMEIICHHS OMPECISIOT PACUCTHBIM WA OIBITHBIM
nyTeM. B mpakTtuke TpaHcpopMaTOpOCTPOCHHUS HMIMPOKO HCIOIB3YIOT METOIBI
OTIBITHOTO OTIPEJICIICHUS TTApAMETPOB CXEMbI 3aMEIIICHHUSI.

Ilapamempol cxemvl 3ameujerusi ONbIMHLIM NYMeM ONpeoensiom no pe-
3YAbMAMAM ONBINMOE XOJIOCNO20 X00A U KOPOMKO20 3AMbIKAHUSL.

4.3. OnbIT XONOCTOro xoaa

OnbIT X0JIOCTOrO XOJa MPOBOAAT C LIEJIbIO MOCTPOEHUS XaPaKTEPUCTUK
XOJIOCTOIO XOJa WM ONpEAENeHUs MapaMeTpOB HaMarHMYMBAIOIIETO KOHTYpa
CXEMBbI 3aMEILICHHUS.

Cxema ombITa 1 oiHO(A3HOTO TpaHCPopMaTopa nprBezieHa Ha puc. 4.4, a.
[lepBrunass 0OMOTKa MOAKIIOYAECTCS K CHUHYCOMAQIBHOMY HANPSIKEHUIO
U, = U, uepes3 peryisatop Hanpsikenus (PH), a BTopuunas 0OMOTKa pa3oMKHYTa.

OnbIT MPOBOAIT IJISl Psiia 3HAYCHHUM HampspkeHus (0ObIYHO 5—8 3Hade-
HUM), U3MEHSs HampspDkeHue mnepBuuHo oomotku ot Uy = 0,3 - Uy, (Manoe
HaCBIIIIEHUWE cTalu MarauTonpoBona) mo U, = 1,1 - U, (nepeBo30yxeHue
TpaHc(opMaropa, CUILHOE HACKIIICHUE CTATd MarHUTOIIPOBO/IA).

B oanodaznom TpancdopmaTope s KaKIOro 3HAYEHUS HAIpPsKEHUS
U3MEPSIOT MOTpedIsieMble TEPBUYHOM 0OOMOTKOM TOK /| = [, © MomHOCTh P = P,
F

1 PACCUUTBIBAIOT KOA(PPHULUNUEHT MOUIHOCTU COS Q) = TR
010

Iy
o1 —>
PH YUo
o— W,

PO
a o

Puc. 4.4. CxeMbl IpOBEICHUS OTTBITOB XOJIOCTOTO X012 (a)
¥ KOPOTKOTO 3aMBIKaHHUS (D).
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B tpexdaznom TpanchopmaTope i KakAOW TOUYKH OMbITA OMPENEISIOT

Iy +1yg+1
cpesHue 3HaveHus QasHoro toka [, = [, =24 (_;,B 0C | (pasHoro HampsKe-

Upg +Upp +Uyc

nua U, =U,= 3 , CYMMapHyI TOTpeOIsieMyl0 MOIIHOCTb
B=FR=F, ,+Fg+F- ¥ paccyurbiBalOT KOXP(PHULHUEHT  MOIIHOCTU
5y
COSPy=—"—.
3 * UO * ]O

[To pesynbraram ombITa CTPOSIT XapaKTEPUCTUKH XOJOCTOrO xoma I
Py,cos@, = f(U,), npencrasneHHsle Ha puc. 4.5. XapakTepUCTUKU OOBACHSIOT-

Csl CIEYIOLIUM 00pa3oM.

Xapaxmepucmuxa Iy = f(U;). B npyrom macmitade 3Ta 3aBUCUMOCTb T10-
BTOPSIET KPUBYI0 HAMarHWYMBaHUS CTajlu MarHutonposona B = f(H), Tak Kak
HaMarHuyuBaromas (peakTuBHasl) COCTaBJSIONIAsl TOKa [y MPOMOPLMOHANIbHA
HaIpsH>KEHHOCTH MAarHUTHOTO MOJist H, a MarHuTHas UHAYKUUS B mponopuuo-
HallbHa HanpsbkeHuto U;. IloaToMy mpu ManbIX HaNpsHKEHUSX 3aBUCUMOCTD
Iy = f(U)) nuneiina (HachIllleHWE CTajd MarHUTONpoBoJia Maio). [Ipu Bo3pac-
TaHUM HAIPSHKEHUS W3-3a HACBIIICHUS CTalu (YBEJIMYEHUE MAarHUTHOTO COMPO-
TUBJICHUSI CTaJu) 3aBUCUMOCTb CTAHOBHUTCS HEIMHEWHOW, T. €. TOK [, pacteT
osicTpee HanpspkeHus U). Ilpu Hanpsbkenusix U; Bblllle HOMHUHAJIBHOTO 3aBH-
CUMOCTb CHOBAa CTaHOBUTCS JIMHEMHOM, TaK KAK CTajJb MarHUTONPOBOAA CHJIb-
HO HaChIIlIeHa: TPU pocTe /) MAarHUTHBIN NOTOK IPAKTUYECKU HE BO3PACTAET.

cosy, Py
A
IO

0 03U, 0,50, U,

|
|
i
LU, U,

H

Puc. 4.5. XapakTepucTUKU X0JIOCTOTO X01a TpaHchopmaTopa
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Xapaxmepucmuka cos@, = f(U,). Koadpdunuenr momuoctu cosq, mo-

Ka3bIBAET JIOJII0 AKTUBHOM COCTABIIAIONIEN [p, 1 PEAKTUBHOM COCTABIIAIOIIEH /o,
B IIOJJHOM TOKE XO0JIOCTOI'O Xoja /o:

F 1,
0 0 Oa
S0 \/PO2+Q§ \/](%a—i'l(%p

371ech Sy — MOJHAsE MOITHOCTh NMEPBUYHONM OOMOTKH B PEXKUME XOJIOCTOTO XO0/a;
Py — akTUBHAs1 MOIITHOCTH TTEPBUYHOM OOMOTKH B PEKHUME X0JIOCTOTO XoAa; O —
peaKTUBHAs MOITHOCTh EPBUYHON OOMOTKH B PEKHUME XOJIOCTOTO XO/a.

[Tpy ManbIX HaNPSHKEHUSX MAarHUTOMPOBOI HACKIIICH MaJIo, TIO3TOMY pe-
AKTHBHBIN TOK /o, c1a00 PacTeT IO JMHEHHON 3aBUCUMOCTH, & COS(, OCTAETCH

Her3MEHHbIM. C POCTOM HAaINpPSKEHUS CTallb MAarHUTOIIPOBO/1A HACKIIIAETCS, YTO
NPUBOJUT K 3HAYMTEIBHOMY HENMHEHMHOMY yBenudeHuro Iy, Ilpn yBennuennn
HAIPsKEHUS. XapaKTepUCTUKAa cos®, = f(U,) yMeHbIIAeTCs IO HEIMHEWHON

(MoYTH TUNEPOOTNYECKOMN ) 3aBUCUMOCTH.
Xapaxmepucmuka Py, = f(U,;). AKTHBHas O3JIEKTpHUYECKasi MOIIHOCTb

xoJyioctoro xoaa Py, = P, noTpebisercss NepBUYHON OOMOTKOM IJIsl MOKPBITHS
JJIEKTPUUYECKUX TOTEPh B OOMOTKE P 1. =M 1 -lg U MarHUTHBIX TOTEPh

B MarHUTONPOBOJAE p,,. =M, - I, -15 :

2 2
I)IZP():panlxx-l_er:ml'rl'lO+ml'r0'[0' (422)

Tok xomocToro xoaa /y, M0 CPaBHEHHUIO C TOKOM HOMHHAJIbHBIM BEChbMa
Majll U B CWIOBBIX TpaHc(opMaropax He npebimaet 1-3 % OT HOMUHAIBHOTO
(10 :(0,01—0,03)-11H). [ToaTOMYy 3JEKTPUYECKUMU TMOTEPSIMH IMPEHEOpEerarT
( DPonlxx zO) U CUMTAIOT, YTO aKTHBHAsg MOIIHOCTh P, morpebisiemas TpaHC-

dbopMaTopoM B peKUME XOJIOCTOTO XO0J1a, PACXOIyEeTCs Ha KOMIICHCAIIUIO Mar-
HUTHBIX NOTEPH Py

B =01~ Dy (4.23)

N3 popmynsl lterinmeria (4.13) BUAHO, 4TO MarHUTHBIC TTIOTEPU B CTAITU
. 2
MarHuTOIpPOBOAA MPOMOPIUOHAIBHBI KBaJApaTy MarHUTHOM WMHIYKIUU B~ WiH

KBaJIpaTy Halps KCHUs Ulz. IIpn yBennuenuu HanpsokeHus U, MOIIHOCTH Py
YBEIMYMUBAETCS 10 MapabOINYECKON 3aBUCUMOCTH.
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| i fp
To

[

Puc. 4.6. Cxema 3amenieHus TpaachopmarTopa
B PEXKHME XOJIOCTOTO X0/1a

ITo pe3ynpTaTam OnbITa XOJOCTOIO XOJa ONPENEISAIOT TapaMeTpbl HaMmar-
HUYMBAIOIIEro KOHTypa T-o0pa3Hoiil cxembl 3amelienus. T-oOpa3Has cxema 3a-
MEILEHUSI 11 PeXKUMa XOJIOCTOr0 XO0Ja MokazaHa Ha puc. 4.6. DKBUBAIICHTHBIC
BXOJIHBIE COTIPOTHUBIICHUS CXEMBI 3aMEIIeHUs TpaHchopmaropa:

Z.=Z21+Zg; 1, =K+ X, =X +X. (4.24)

B tpaHchopMmaTopax z; K Z,; 1 <Kry; X <X,. B pe3ynbrate MOXHO
npeHeOpedb CONPOTUBIEHUAMH Z;, 1, X; U C JOCTATOYHOH CTENEHBIO TOYHOCTU
CUUTATh, YTO

I+ ZgRZy; K+ RK; X +X)=Xp. (4.25)

Takum 00Opa3om, mapaMeTpbl HAMAarHUYMBAIOIIETO KOHTYpa CXEMbl 3aMe-
HIeHUs TpaHcpopmaTopa OPeAeIISIIOT 1o cxeme puc. 4.6 ¢ yuetom (4.25):

zg=—8 (4.26)

=0 __ Pur . (4.27)

Xo =+lZg — Xg - (4.28)

B dopmynax (4.26) u (4.27) 3HaueHUs TOKa X0JIOCTOrO xoAa [y 1 cymmap-
HOUM MomHOCTH Py (s m-da3zHoro tpanchopmaTopa) IpUHUMAIOT COOTBETCT-
BYIOIIIMMU HOMUHAJIbHOMY HAaIPSKEHUIO MEPBUYHON 00MOTKH U = Uy,
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4.4. OnbIT KOPOTKOro 3aMblKaHUA

OnBIT KOPOTKOTO 3aMbIKaHHS MPOBOJSAT C LEIBI0 TOCTPOCHUS XapaKTepH-
CTUK KOPOTKOIO 3aMbIKaHUsl, ONpPEACJICHUS I[apaMeTPOB TJIABHOM BETBU
T-00pa3HOil CcXeMbl 3aMELIEHUS W ONPEEICHUS Ba)XXHOM SKCIUTYyTallMOHHOM
BEITUYHMHBI TpaHCHOpMATOpa — HAMIPSHKEHUST KOPOTKOTO 3aMBIKAHUS.

Cxema ombITa 1 01HO(A3HOTO TpaHChopMaTopa puBeaeHa Ha puc. 4.4, 6.
Bropuunas oOMOTKa B OMNBITE KOPOTKOI'O 3aMbIKaHUS 3aMKHYTa HAKOPOTKO,
a K IEPBUYHON OOMOTKE uepe3 peryJisiTop HaMpsHKeHUs MOJIBOJAT MOHMKEHHOE
Hanpsbkenue U, = Uy, IpU KOTOPOM TOK KOPOTKOTO 3aMBbIKaHUsI B OOMOTKax He
MIPEBBICUT HOMHUHAJIIBHOTO TOKA. JTO HAIpPSKEHHE 3HAYUTEIbHO MEHbIIE HOMHU-
HaJILHOT'O HAMPsHKEHUS MepBUYHON 00MOTKH Uy << Uy,

Ecnu npu 3axopouennot emopuunoii 0oMomke K NepeuyHou noosecmu
HOMUHAIbHOE HANPAXCEHUe, MO MOKU 8 0OMOMKAX 8 0eCAMKU pa3 Npesvlcim
HOMUHATbHblE 3HAYeHUs. Pe3xo eo3pacmym anekmpuueckue nomepu 6 oomom-
Kax u 31eKmpoouHamuieckue Cuivl, Oeiucmayowue Ha 0OMOmMKU, 8 pe3yibmame
yeeo 0OMomKu mparcpopmamopa mozym ovims pazpyuieHvl. Taxum oopasom, 8
DeanvHblX YCI08UAX IKCHILYAMAYUU PENCUM KOPOMKO20 3AMBIKAHUS ABNAEMCs
ABAPUUHBIM PENCUMOM.

[TosTOMYy ONBIT KOPOTKOTO 3aMbIKAHUS MPOBOSAT NMPU MOHMKEHHOM Ha-
npsbkenun. Hanpspbkenue U, u3meHstoT ot 0 10 Takoro 3Ha4e€HUs, 4TOObI TOK
NEPBUYHON OOMOTKM m3MeHsIcs OoT [} = [, = 0 10 HOMWHATLHOTO 3HAYCHUS
I = I} OOBIYHO PUKCUPYIOT 5—6 TOYEK.

B onnodaznom TpanchopmaTope mis Kakaoro 3HadeHUs HanpsikeHus Uy

U3MEPSIOT MOTpedsieMble MEPBUYHOM OOMOTKOM TOK I = [y WM MOIIHOCTH
P

Py = Py 11 pacCUUTBIBAIOT KOA(PPHUIUEHT MOIIHOCTHU: COS @, = —K]
K K

B tpexdaznom Tpanchopmarope sl KaXKIOHW TOYKH OIBITA OINPENEIISIIOT
I +1p+1
cpe/iHMe 3HaueHus! (Pa3HOTO TOKa KOPOTKOTO 3aMblkanus [ = [ = —4 ‘;B xC |
_UutUg+Uc
3
CYMMapHyIO0  TOTpPeOJIIEMyl0  MOIMHOCTh HPU  KOPOTKOM  3aMBIKaHUU
B=P =P, ,+Pz+P, " pacCuuTblBalOT KOIP(PHULUEHT  MOILHOCTH

P

K
3-U, -1,
[To pe3ympTaTam OmBITA CTPOST XAPAKTEPUCTUKH KOPOTKOTO 3aMBIKAHHSI
Iy, Py, cos¢, = f(U,), npeacrasiaeHubie Ha puc. 4.7. XapakTepUCTUKU KOPOT-

(ha3HOrO HAINpsDKEHUS KOPOTKOro 3amelkaHusa U, =U_

5

COSQP, =

KOT'0 3aMBIKaHUS OOBSICHSIOTCS CISTYIONIUM 00pa3oM.
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Puc. 4.7. XapakTepucTUKH KOPOTKOTO 3aMBbIKaHUs TpaHChopmaTopa

Xapaxmepucmuka I, = f(U,). OObIYHO B OIBITE KOPOTKOI'O 3aMBIKaHUS
U,<0,15-Uy,, T. e. He peBblIIacT 15 % OT HOMMHAIBHOIO 3HAYEHUS IIEPBUY-
HOTrO HanpspkeHus. [Ipu TakoM MOHMKEHHOM HaIpPSKEHUHW CTajlb MArHUTOIPO-
BoJa TpaHchopmaTopa HE HACHIIIEHA, W 3aBUCUMOCTh TMOBTOPSET JMHEHHBIMA
y4acCTOK KPUBOM HAMarHMYMBaHMS CTaJW: MPU YBEIUUYCHUU HanpsbkeHus: Uy TOK
I BO3pacraer JIMHENHO.

Xapaxmepucmuka cos¢, = f(U,). KoadpdunueHtT MOIHOCTH IpU KOPOT-

KOM 3aMbIKaHUU ompeaesieTcs: GopMynon

2
cosg, =t el T (429

K _—
Se yP2+Q2 2P +(x 2 \r2+x

311eCh Sy — MOJHASI MOIITHOCTh MEPBUYHON OOMOTKH B PEKUME KOPOTKOTO 3aMbI-
KaHWs; Py — aKTWBHAas MOIIHOCTh MEPBUYHON OOMOTKH B PEXKUME KOPOTKOTO
3aMbIKaHus; () — PEAKTUBHAS MOIMHOCTh TEPBUYHON OOMOTKH B PEXKHME
KOPOTKOT'O 3aMbIKaHUS; 7, =7 +7, — AKTUBHOE COIPOTHUBJIEHHE OOMOTOK IpHU
KOPOTKOM 3aMbIKaHWH; X, =X, + X, — HHAYKTHBHOE CONPOTHBIICHHE OOMOTOK
IPY KOPOTKOM 3aMBIKAHHH.

Tax kak cONpoTUBICHNE OOMOTOK 7y TIOCTOSIHHO M HE 3aBHCHUT OT HampshKe-
HUSI, @ COMPOTUBIICHUE X, OOYCIIOBICHHOE TIOTOKAMH PACCESHUS, TAKKe TOCTOSH-
HO, TO M 3aBUCUMOCTB cos ¢, = f (U, ) — npsiMas, napajuleNbHas OCH adCLHcC.
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Xapaxmepucmuka Py = f(U,). AKTHBHasI 3JIEKTpUYECKasi MOIHOCTb IIPU
KOPOTKOM 3aMbIKaHUH P = P moTpe0iisieTcsi IEpBUYHOM OOMOTKOM AJI MOKPHI-

THSl DJIEKTPUYECKUX MTOTEPh B IIEPBUYHON OOMOTKE p, | =m;  H -If , BTOpUYHOMN

OOMOTKE P, , =m; -1, -[22 ¥ MarHUTHBIX TIOTEPh B MarHUTOMNpPOBoOe. BBuay ma-
JIOW BETWYWHBI MTOIABAEMOT0 Ha TIEPBUYHYI0 OOMOTKY HAamNpsDKEHUS (HACHIIIe-
HUE OTCYTCTBYET) MarHUTHBIMH TIOTEPSMH (IIPOTIOPITHOHATBHBIMU HAMPSHKEHUTO
BO BTOPOM CTENEHU) MOKHO TIpeHEeOpeybh ( Dur ® O) U CUUTATh, YTO BCS MOTPEO-

JsieMasi MOIITHOCTh MPU KOPOTKOM 3aMBIKAHHHM PACXOAYETCS JJIsi KOMIIEHCAIIU!
AIIEKTPUUECKHUX MOTEPHh B 0OMOTKax TpaHcopmarTopa:

2 2
B=F=py+Pop=m 11y +my-r -1, (4.30)
WU [T IPUBEIEHHOr0 TpaHchopMaTopa:
_ _ 2 rop2 2
B=Fo=m n-Iy +mp-n-Iy=m 51, (4.31)

rne [, =1, + 1, — TOK KOPOTKOTO 3aMbIKaHHUs, MPOTEKAIONINA B OOMOTKaX MpH-

BEJICHHOTO TpaHc(opMaTopa.

N3 Gopmynsl (4.31) cnenyeT, 4To Mpu yBeIUYEHUH HanpsokeHus Uy 1 mu-
HelHo# 3aBucuMocTH [ = f(Uy) MOMHOCTL P yBennuuBaeTcs Mo mapadoande-
CKOW 3aBUCUMOCTH.

[To pe3ynbraram ombITa KOPOTKOTO 3aMBIKAHUS ONPEAEIISIOT MapaMeTphbl
r71aBHOM BeTBH T-00pa3HOi cxeMbl 3amelieHus. T-o0pa3Has cxema 3aMeleHus
JUISl peKAMa KOPOTKOrO 3aMbIKaHUs NOKa3aHa Ha puc. 4.8. Hamaranunsarommii
KOHTYpP B CX€ME OTCYTCTBYET U3-3a MPEHEOPEIKEHHS] HAMarHUYMBAIOIIUM TOKOM:
npu ymeHblleHun HampsbkeHus B 10-20 pa3 Tok HamarHM4YMBarouIvil (cocTas-
asomuil He 6osiee 3 % OT HOMHUHAIILHOTO) YMEHbIIAETCs (32 CUeT HACHIIIECHUS
MarHUTONPOBO/AA P HOMUHAIBHOM HarpsikeHun) B 25—40 pas.

i Xy "2 Y2
—
. T
U, I =-1,

Puc. 4.8. Cxema 3amenienus TpaHcpopmaTopa npu KOPOTKOM 3aMbIKaHUH
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IlonHoe COIMPOTUBJICHUC KOPOTKOI'O 3aMBbIKaAHHUA

7 =2k (4.32)

AKTHBHOE COMPOTHUBIIEHHE OOMOTOK MPU KOPOTKOM 3aMbIKaHUU

P
ro=—%X_. (4.33)

NHayKTUBHOE CONPOTUBIICHUE PACCEAHUS IIPU KOPOTKOM 3aMbIKaHUU
X, =+lz2—x2. (4.34)

B dopmynax (4.32), (4.33) TOK KOPOTKOTO 3aMbIKaHUSI paBEH HOMHHAJIb-
HOMY TOKY NEpPBUYHOU OOMOTKH [ = [, a 3HaUeHUs HanpsbkeHus Uy U cyMm-
MapHOM MoITHOCTH Py (111 m-¢a3zHoro TpanchopmaTopa) IPUHUMAIOT COOTBET-
CTBYIOITUMU ITOMY TOKY.

N3 ombiTa KOPOTKOTO 3aMBIKaHUS ONPEACIACTCS BayKHAS IKCILTyaTaIlOH-
Hasl TACMOPTHAS BEJIMYMHA TPaHCPOPMATOPA — HANPAIHCEHUE KOPOMKO20 3aMbl-
xanus Uy.

1100 nanpsocenuem Kopomko2o 3aMbIKAHUSL NOHUMAIOM MAKoe Hanpsiice-
HUue, KOmopoe HeoOX00UMO No0amsb Ha 0OHY U3 0OMOMOK Mpauncghopmamopa npu
3aKOpoOUeHHOt Opyeol, Ymobbl N0 0OMOMKAM NPOMEKANU HOMUHAIbHbIE MOKU.

Hampsokenne KOpoTKOTO 3aMbIKaHUS MPUHATO BBIPAXKaTh B MPOIEHTAX OT
HOMHWHAJTHHOTO HAMPSKECHUS:

Ys 1009 =2t 1009 (4.35)

1u 1n

MK:

3HaueHUE U, YKAa3bIBACTCS B MACIOPTHOW Tabmuuke TpaHcdopmarTopa.
OHO OKa3bIBa€T HEMOCPEACTBEHHOE BIUSHHE HAa M3MEHEHHUE BTOPUYHOTO Ha-
npsDKeHUsT TpaHcopmaTtopa mpu HArpys3Kax, ONpenesseT 3HAYCHUS YAapHOTO
¥ YCTaHOBHBIIIETOCS 3HAYEHHUS TOKAa KOPOTKOTO 3aMbIKaHUS TIPU HOMHHAJIEHOM
HANPSOKEHUU W ONpEENsIeT paclpeiesieHue Harpy3Kd MEXIy MapajielbHO
paboTaromumu TpaHchopMaTOpaMHu.

Jlnst cunoBbix TpanchopmaTopoB uy, = (4,5-15) %. IlepBas nudpa oTHO-
CHUTCS K TpaHc(hopMaTopaM ¢ JTMHEHHbIM HanpsbkeHueM U, <10kB, a BTopas —

K TpaHcpopmaTopam ¢ U, =500 kB, obmamaromum OOJBLIIMM paccesHUEM
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BCJICACTBUC YBCIIMUCHUA pasMCPOB OOMOTOK H YBCIIMYCHHBIMHA U30JEIIUOHHBIMU
MMPOMCIKYTKaAMH MCKIAY HUMU.

AXTUBHas COCTABJAIOIIAA HAIIPSAKCHUA KOPOTKOI'O 3aMbIKaHHUS B ITPOICH-
Tax OT IICPBUYHOT'O HOMHUHAJIBHOT'O HAIIPAKCHUA

u. =009 =l ygg 04 (4.36)
U U

Ka
1u 1

Ecnu yMHOXUTH 4HMcIuTeNh U 3HaMeHarenb (4.36) Ha [}y, TO TMOIYyYHM
eme oaHy (GOpMyJy IS ONPEACNICHUS Uy, MO MACIOPTHBIM JTaHHBIM TpaHC-
dbopmaropa:

PKH
10-S

1n 1n H

u :ﬁ.ll_ﬂ.loo%:

Ka

, (4.37)

311eChb Pyy — MOLIHOCTH MOTEPh KOPOTKOTO 3aMblkaHus (BT) mpu HOMHHAIBHBIX

TOKax; Sy — MOJHAas HOMHMHAJIbHAs MOIIHOCTBH TpaHcpopmatopa B KBA. Ilo
dbopmyine (4.37) BO3MOXKHO CYAUTh O MPOLICHTHOM 3HAYEHUU HIICKTPUUYECKUX
notepb B 0OMOTKax TpaHchopmaropa WUiu MOTEPh KOPOTKOTO 3aMbIKAHUS TPU
HOMHWHAJIbHBIX TOKAaX.

PeakTuBHas cocTaBisiomas HampsHKEHUST KOPOTKOIO 3aMbIKAHUS B MPO-
[EHTaX OT NEPBUYHOTO HOMUHAILHOTO HAMPSIKEHUS

U .
qu:ﬂ-loo%zﬂ-loo%. (4.38)

1u 11

Puc. 4.9. BextopHas nuarpamma Tpancgopmaropa I = Iy
NPU KOPOTKOM 3aMBIKAHUHU
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BekTtopHast nuarpaMMa TpaHcopmaropa Npu KOPOTKOM 3aMbIKaHUH
¢ TokoM [ = I}, npencrasieHa Ha puc. 4.9. JlanHHas BeKkTOpHas quarpamma
Ha3bIBACTCSI TPEYTOJBHUKOM KOPOTKOTO 3amblkaHus. [Ipy HOMHUHAIBHOM TOKE
TUIIOTEHY3a TPEYroJbHUKA — HANpsDKEHHE KOpOTKOro 3amblikanus Uy (B) nmm
ux (%). A KaTeTbl TPEYroJbHUKA — AKTHUBHAs COCTABIIAIOIIAS HANPSKEHUS KO-
poTkoro 3aMmbikanus Uy, (B) unm uy, (%) n peakTuBHas cOCTaBIAIOIIAs HaIps-
’KEHHUS KOPOTKOro 3aMbIkanus Uy, (B) umm g, (%). Ha puc. 4.9 Bunno, uTo

— : _ o[22
Upq = Uy "COSP 5 Uy = Uy - COSQy 5 Uy =3 [Uy + Uy, - (4.39)

C noMouiplo u; MOXHO OIPENEIUTh BEIUYHHY YCTAaHOBUBILEIOCS TOKa
KOPOTKOTI'O 3aMbIKaHUsl (OTHOCUTEIIbHO HOMHHAJIBHOI'O TOKA), IPOU30LIEIIIETO
P HOMUHAJILHOM HAIpsLDKEHUH B IEPBUYHONM OOMOTKE (aBapUUHBIN PEKUAM):

U
]KyCT = Ji
1

:U1H_11H:100<V0J1

H uK

L (4.40)
ZK ZK

Tak kak B CHJIOBBIX TpaHchopMaTopax HampspkeHue u, = 4,5-15 %, Tox

YCTaHOBHBIIETOCS KOPOTKOTO 3aMBIKAHUSA [yc; = (20-7)-1,,. Hannpumep, ecnu

u=10 %, TO yCTaHOBMBIIUICA TOK KOPOTKOI'O 3aMBIKaHHSA B JIECATH Pa3 IPEBbI-
CHT HOMHHAJIBHBII TOK MEPBUYHON 0OMOTKH [y, =101}, .

Berllie paccMOTpeHbl KOMILUIEKCHBIE YPaBHEHUS HANPSKEHUS U BEKTOP-
HbI€ TMarpaMMbl TpaHchopmaTropa B peKUME pa3IMYHbIX Harpy3ok. st ompe-
JIEJICHHS] SHEPTeTUUECKUX XapaKTEPUCTHK PeabHOTO TpaHcpopMaTopa mocieI-
HUM 3aMEHEH JJIEKTPUYECKON CXEMOM 3aMEIIEHUs, MO3BOJISIONIEH PacCUUTATh
JAr00bIe PEXUMBI PaOOTHI MIPU M3BECTHBIX MapaMmeTpax cxeMbl 3amenieHus. [la-
paMeTpsl CXEMBI 3aMEIICHUS HaXOMATCS PACUETHBIM WIIM JKCIIEPUMEHTAIBHBIM
METOJIOM IO pe3yJIbTaTaM OIBITOB XOJIOCTOTO XOJAa M KOPOTKOTO 3aMBIKaHMS.
Omnpenenena BakHeHIIasi TacOpPTHasl BEJIMYMHA TpaHcPopMmaTopa — Hampsixke-
HUE KOPOTKOT'O 3aMBIKaHUS.
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5. PABOTA TPAHC®OPMATOPA NMOa HAFPY3KOU

5.1. QHepreTnyeckne anarpaMmmbl aKTUBHOMN
U peakTUBHOM MOLWHOCTEeN TpaHcdhopmaTopa

[Iponecc mpeodpa3zoBaHusl aKTUBHOW MOIIHOCTU B TpaHcopmarope Xa-
paKkTepu3yeT IHepreTudeckas auarpamma (puc. 5.1, a). AKTHBHasE MOIIHOCT,
KOTOpas npu padoTe TpaHcPopMaTopa BeIAEIAETCA B BUJIE Teria (IOTepyu MOIII-
HOCTH), TOKa3aHa B HI)KHEH 4acTu JuarpaMMbl MaJIeHbKUMH OyKBaMH p.

B cooTBercTBHM € 3HEpPreTMYEecKOW auarpaMMON NEepBHYHAs OOMOTKA
TpaHcopMaTopa NOTPEOISAET U3 CETH AKTUBHYIO DJIEKTPUUECKYIO MOLIHOCTE ) :

R=m-U;-1-cosq,. (5.1
A A A
Py 5
\
\ S
LR N
Poni Pur  Pon2 Pr
a
A A
Q1 Q2
\ Y
Y ’ )|
ﬂw G~ D2
o

Puc. 5.1. DHepreTuyeckue quarpaMmbl IpeoOpa3oBaHus aKTUBHOU (&)
Y peakTHBHOU (6) MoITHOCTEH B TpaHChopMaTope
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YacTh 3TOM MOITHOCTH KOMIIEHCUPYET IJIEKTPUIECKHIE TIOTEPH MOITHOCTH
B MIEPBUYHON 0OMOTKE TpaHchopmaTopa (HarpeB MpoBOJOB OOMOTKH):

Doy =my i - I} (5.2)

Eme gacTe MOmHOCTH F pacxoLyeTcs Ha MOKPBITHE MAarHUTHBIX IIOTEPh
B CTJIM MATHUTOIIPOBOJA!

Pyr =My 1y 15 (5.3)

OcraBmasics 4acTb MOIIHOCTH IE€PENACTCS MATHUTHBIM IIOJIEM BO BTO-
pUUYHYIO OOMOTKY. DTy MOIIHOCTb Ha3bIBAIOT BHYMPEHHEl INeKMPOMACHUMHOLUL
MOWHOCMBIO:

P3M:P1_p13n_er:ml'Eé'Ié'Cos'//29 (54)

rae Yy, — yroua mexay Bekropamu OJIC m TOKa NpHUBEACHHOW BTOPUYHOU

0OMOTKH.
YacTe MomHOCTH P, KOMIEHCUPYET BIIEKTPUYECKUE ITOTEPH MOLIHOCTU

BTOPUYHON OOMOTKH:

2 ' 12
Doy =My -1y - Iy =my -1y - 1" (5.5)

Eme yacth MOIIIHOCTH [~,, IIOKPBIBACT I[068,BOLIHBI€ IMOoTCPH Dy IIo MCCTY

BO3HUKHOBEHUS PA3IHYAIOT J0OABOYHBIE MOTEPH B TOKOBEIYIIMX YacTsX (00-
MOTKaX, OTBOJIaX) 3a CUET BBITECHEHMs] TOKa, B DJIEMEHTAaX KOHCTPYKIIUU OT
BUXPEBBIX TOKOB MOJISI paccessHus (0ake, MPecCymuX Koiblax, SPMOBBIX Oall-
Kax, HOKUMHBIX M CTSDKHBIX TUIACTHHAX, OaHakaX, dJICKTPOMArHUTHBIX M DJICK-
TPOCTAaTUYECKHUX JKpPAHAX), a TAKKE MOTEPU OT BUXPEBBIX TOKOB IO pacces-
HUS B KpallHMX TaKeTax MarHutonpoBoja. [Ipm mpoeKTHUpOBaHWU CHIIOBBIX
TpaHcopmaropoB nob6aBouHble norepu npuHuMarT (0,15 — 0,45) % ot HOMU-
HaJIbHOW MOUIHOCTH:

P, =(0,0015-0.0045)S,,. (5.6)

OcraBmasics 4acThb BJICKTpOMaFHI/ITHOﬁ MOIIIHOCTH P3M — AKTHUBHAasA IOJIC3-
HasA JICKTPpUYICCKAA MOITHOCTD })2 , OTAaBacMasl TpaHC(bOpMaTOPOM HOTpe6I/ITeJI}IM:

By =Py =Py =Py =my Uy Iy -cos9y =m;-Uy - I;-cosp,.  (5.7)
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[Ipeo6GpazoBanue peakTUBHOW MOIIHOCTH MPEICTABICHO AHArpamMMOMn
Ha puc. 5.1, 6. ITlepBuuHas oOOMOTKa M3 CETH NOTPEOJISIET PEAKTUBHYIO
MOIIHOCTb:

Yacte MomHOCcTH (J; pacxomyeTcst Ha CO3JaHHWE MAarHUTHOIO IOJIA pac-
CesTHUA MePBUYHON OOMOTKHU:

q =m - x '112~ (5.9)

Eme gacte MomHoOCTM (J; CO34ACT MAarHUTHOE IIOJIE B3aUMOMHIYKLUU
B MarHUTOIPOBO/JIC:

Bo BTOPHUYHYIO O6MOTKy nepeaacTcda pCakKTUBHAA JJICKTPOMArHUTHAA
MOIIHOCTDL:

O =01 —q1—qo=my-Ey- 1) -siny,. (5.11)

Yacte MomHoOCcTH (J,, PAacXOoAyeTcsl Ha CO3/laHUEe MAarHUTHOTIO IOJIs pac-
CesTHUS BTOPUYHONU OOMOTKH:

Gy=my-xy- 13 =my-xy- I3 . (5.12)

OcTaBmiasics 4acTh AJIEKTPOMArHUTHOW MOITHOCTH — PEAaKTHBHAsl MOIII-
HOCTh TpaHc(hopmaTopa, OTaBaeMasi MOTPEOUTEISAM:

O, =0-q—9y—9,=m, Uy -1, -sin@, =m; -U} - I} -siny, . (5.13)

IIpy aKTUBHO-EMKOCTHOM HArpyske ¢, <0, cienosarensHo, O, <0. Us-
MEHEHHME 3Haka (), O3HA4YaeT M3MCHCHHME HAIPaBJICHUSA IIEpeladd pEeaKTUBHON
momHocTd. Eciou pu atom O, <0, TO peakTHBHAsE MOIIHOCTb IIEPENACTCS W3
BTOPUYHONW OOMOTKM B nepBuyHyro. Ecim O, <0 m (O, >0, To peakTuBHas

MOITHOCTH JIJII HAMarHM4MBaHUsI MarHUTOMPOBOJIa TTOTPEOIISIETCS OJIHOBPEMEH-
HO U3 MEPBUYHON U BTOPUUYHON 0OMOTOK TpaHchopmaTopa.
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5.2. KoachcpmumeHT nonesHoro aencreusa TpaHcchopmartopa.
3aBucumocTtb KM oT Harpy3ku

Koaddurmentom mnosnesnoro neictsust TpanchopMaropa Ha3bIBAIOT OT-
HOUICHNWE aKTUBHOW MOIIHOCTH, OTJAaBaeMoi TpaHcopMaTopoM B Harpy3ky P,

K aKTUBHOW MOIIHOCTH P, moTpebisieMol TpaHCOPMATOPOM U3 CETH:

P Uy 1, -
p=-2=T2102702 T0% (5.14)
R m-U;-1-cosg,

Kaxk nmoka3ano B m. 5.1, nepBUYHYI0 MOIIHOCTh TpaHC(hOpMaTopa MOKHO
MPEICTaBUTh KaK

TOE 3P = Py + Doy + Poyp + P, — CYMMAapHBIE IIOTEPY MOIIHOCTH B TPAHC()OPMATOPE.
MaruauTHble IOTEPU P, , WIK IOTEPU B CTAIM MarHUTOIPOBO/IA, IPUHUMA-
I0T paBHBIMH IOTEPSAM XOJIOCTOTrO Xona p, (cm. 1. 4.4). Ilorepu xomocroro xona
IPOTIOPIUOHANIEHBI KBAApaTy MAarHUTHOM MHAYKUUH U 3aBUCAT OT YacTOTHI IH-
Taromeit cetu p, ~ B>, f 3 TIpu U, =const u f, =const orepu p, OT HArpys3-
KU MPaKTUYECKU HE 3aBUCST U HOCSIT HA3BaHUE NOCMOAHHBIX HOMEPb MOUWHOCTIL:

Dy = Do = const. (5.16)

DneKkTpudecKre MoTepu B 0OMOTKaxX TpaHc(hopmMaTopa MpornopIuoHaIbHbBI
KBaJpaTy TOKa, U MOATOMY WX HA3bIBAIOT NEPEMEHHbIMU NOMEPSIMU MOUHOCHU.
[lepemeHHBIC dIEKTPUUYECKUE TTOTEPHU, BKIIIOUAs TOOABOUYHBIE, BRIPAKAIOT Yepe3
MOTepU KOPOTKOTO 3aMBbIKaHUsI MPU HOMHUHAIBHBIX TOKaX B OOMOTKax MpHBe-
neHHoro tpanchopmaropa (cM. 1. 4.4). [lorepu KOPOTKOTO 3aMbIKaHUSI TIPU HO-
MUHAJIBHOM TOKE

2 YY) 2
Paw = Pomt ¥ Pop ¥ Py =my vy Lig+my-ry - Iy =my-r - Iy o (5.17)

JInst onpeeseHus SIEKTPUIECKUX MEPEMEHHBIX OTEPh KOPOTKOTO 3aMbl-
KaHUs p, IpU TOKaX, OTIMYHBIX OT HOMHMHAJIBHOI'O, BBEJIEM HOHAMUE KOIDhu-

yuenma 3aepysku (Hazpysku) mpancgpopmamopa.

Lo 4

5.18
LT (5.18)

H H
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Koa¢ddunuent 3arpy3ku k, MOKa3blBaeT, KaK TEKyIIUl TOK B OOMOTKE

TpaHcopmaTropa npu ONpeAeIeHHON HAarpy3Ke OTIMYAeTCsl OT TOKa MPU HOMHU-
HaibHOW Harpy3ke. COOTBETCTBEHHO, NpPU HOMHUHAJIBHOW 3arpyske, Koraa
1, =1,,, xo3hduuueHT 3arpy3ku k, =1; npu 3arpyske TpaHcopmaTopa HOJO-
BUHOW HOMUHAJILHOW MOILITHOCTH, Korja Tok [, = 0,5/, , ko3 dunment 3arpy3ku

H?

k,=0,5 u T. 1. OOBIYHO TOKH, OTIIMYHBIE OT HOMMHAJIbHBIX, YYUTBIBAIOT CTaH-
JapTHBIMU 3HaueHUsAMU Kod(duuuenTa 3arpysku k, = 0; 0,25; 0,5; 0,75; 1,0; 1,25.
C yuerowm (5.18) nepeMeHHbIe IOTEPU p, IPUHUMAIOT BU]L

Dy = k32 * Pyy = VAr. (5.19)

3a pacueTHyI0 TeMIlepaTypy OOMOTOK — YCJIOBHYIO TeMIEparypy, KOTO-
POl COOTBETCTBYIOT AJNEKTPUUECKUE MOTEPU MOIIHOCTH, MPUHUMAIOT:

e 75°C nmnst MacnsiHBIX M CYyXUX TpaHC(hOpMaTOpOB ¢ M3OJSLIUEH Kiacca
HarpeBocToiikocTu A, E, B.

e 115°C nns MacnsHbIX U CyXUX TpaHC(HOPMATOPOB C U3OIALMEH KiIacca
HarpeBocTtoukoctu F, H.

CymMapHbIe TOTepU MOIIIHOCTH TpaHcopmaTopa ¢ yuaetoM (5.16) u (5.19)

> P=Do+P=DPotki P (5.20)

KIIJI TpanchopmaTopa npecTaBuM B CJICIYIOIIEM BU/IE:
g R-2p_ 2 2p (5.21)
R B R P+ p

B ¢opmyne (5.21) akTuBHYI0 MOIIHOCTH P, MOKHO 3aMEHUTbH MPOU3-

BEJICHUEM:
P=k, S,  -cosp,. (5.22)

Mensis koapdunueHt 3arpy3ku k, B (5.22), BO3MOXKHO MOITY4YHUTh 3Ha4e-
HHE MOIIHOCTU P, 1 1r000ro Toka Harpysku TpaHcopmaropa. Iloacrasiss

(5.20), (5.22) B (5.21), nmonyuum opmymny mist onpenenenuss KIIJ[ tpancdop-
Mmatopa, pekomenayemyro ['OCTowm:

2
Po +k3 Pxu (523)

n=1- —
kS'SH'COS¢2+pO+k3 " Pxn
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I'OCT mnpeanuceiBaer Bbruuciate KIIJ[ Tpanchopmatopa koceerHvim
memoodom 1o popmyne (5.23), tak kak Bbicokue 3HaueHus KIII tpancdopma-
TOpa HE MO3BOJISIIOT ONPEAEIATH €r0 € JJOCTATOYHOM CTENEHBIO TOYHOCTH ITyTEM
HETIOCPEJICTBEHHOrO 3aMepa MomHocte A u P. CormacHo TpeOoBaHHAM

['OCTa, moTepu MOIHOCTA TpaHcPopMaTopa ONMPENENIIOT MO JAHHBIM OMbITA
X0JIOCTOTO Xoja (IOTEPH p,) U ONbITa KOPOTKOIO 3aMbIKaHUA (IIOTEPU P, ).

[lonydaemslii IpU 3TOM Pe3yJbTaT UMEET BBICOKYIO TOYHOCTbH, IIOTOMY 4YTO B
OMBITaX XOJOCTOTO XO0Ja M KOPOTKOIO 3aMbIKaHUsI TpaHC(POpMATOp HE OTIAET
MOIIIHOCTH Harpy3ke. Bcs mMomHocTbh, motpedisiemas NepBUYHOM OOMOTKOI,
pacxoyeTcsi Ha KOMIIEHCAIMIO TOTeph MOIIHOCTH TpaHchopMaropa.

3ajaBasch pa3IM4YHBIMU 3Ha4YeHUsAMHU k, B (5.23), CTpOAT 3aBUCHUMOCTH

KIIZ ot Harpy3ku Tpancopmaropa M= f(k,) (puc. 5.2). Ha atom xe rpaduke
NIOKa3aHbl 3aBUCUMOCTH p, = f(k,) u p,= f(k,). Ilpu ManbIx Harpyskax
TpaHcpopmaropa k, =(0-0,15) 3aBucumocts M= f(k,) nuHeltHa U OBICTPO
BO3pacTaeT, Tak KakK IOTepU p, OTHOCUTEIbHO Maibl. Ilpu nanbHeiimem yBenu-
YEeHUHU Harpysku TpaHcpopmaropa, npu k, = (0,2—-0,85), poct KIIJ] 3amennser-
Csi W JIOCTUTaeT TMOJIOTOr0 MaKCMMyMa, TaK KaK CKa3bIBaeTCS POCT IMOTEPh
KOPOTKOTO 3aMBIKAHHs MPONOPIHOHANBHBIX KBajpaTy Toka I, (WM BTOPOIf

2
cTeneHu ko3¢ (puIueHTa 3arpys3Kku k; ).

n,PoaPK
A
maxl — _ _ _ _ ________ |
T~
|
: n
|
|
0,5 | i
| 2
|
|
J ) :
Po =k * Dy | Po
|
|
1 ] 1 >
0

025 050 075 1 125 K,

Puc. 5.2. 3aBucumocts KI1/] Tpanchopmaropa
oT ko3 dunuenta 3arpysku n = f(k,)



90

Marematuueckoe ycioBue 3kcTpemyma ¢yukuuu KIIJ[ momyyator, npu-

d
paBHuBas npousBoanyto KIIJI nysmto: N _ 0. Venosne pmonnsiercs npu

3

Po :ks'zmax " Pxn - (524)

MakcuMalIbHOTO 3HAUeHUsI N =1, 3aBUCUMOCTb JIOCTUTAET MPU PABEHCT-
BE IMOCTOSHHBIX U MIEPEMEHHBIX TOTepb MomtHocTH. CiemoBarenbHo, KI1J umeem
MAKCuMym npu maxou Hazpys3Ke, npu KOmMopou sj1eKmpuyecKkue nomepu ¢ 0OMom-
Kax mpancghopmamopa pasHbl MASHUMHBIM NOMeEPSIM 8 CIANU MAZHUMONPOBOOQ.

KoaddummenT 3arpy3ku, cOOTBETCTBYIOMINNM MaKCUMaJIbHOMY 3HAYCHUIO
KIIA M0 (Ksmax), onipenensiercs no (5.24):

k= |0 (5.25)

3max
p KH

Makcumanbhbie 3HaueHus: KITJ[ coBpeMeHHBIX CHIIOBBIX TpaHCHOPMATOPOB
nocturator 1M =0,98-0,995 npu kordpduimente 3arpysku k, ~0,4-0,7. OtoT

JIMaIa30H Harpy3o0K COOTBETCTBYET HamOoJiee BEpOSITHOW Harpyske TpaHchopma-
Topa. Ilpu nanbheiimem yBenuuennn Harpysku Tpancdopmatopa KIIJI cHimkaer-
Csl, TaK KaK pacTyT NIEKTPUUECKUE TOTEPU B OOMOTKaxX TpaHc(opMaTopa p, .

B tpanchopmaropax makcumym KIIJI BeIpaxkeH cpaBHUTEIBHO clado,
T. €. T COXpPaHAET BBICOKOE 3HAYEHHE B JOBOJBHO IIMPOKOM JIMAINa30HE HArpy-

30k: 0,4 <k, <1,5.
[Ipu ymenbpmieHnn kod@duimenta mourHoctu cos¢, KIIJ cHmkaercs,
4yTO cienayet us3 (5.23).

5.3. A3MeHeHMe BTOPUYHOro HanpsiXXeHns npu Harpys3ke.
BHelwHAA xapakTepucTuka TpaHcgopmartopa

B cunoBbsIx TpaHcopMaTOopax TOK XOJOCTOTO XOJa CPABHUTEIBLHO Majl
U He IpeBbluaeT 3 % HOMMHAJIBHOrO Toka. [loaTomMy mpu pacderax 4acTo Mc-
HOJIB3YIOT YIPOLICHHYIO CXEMY 3aMEIlleHHs 0e3 HaMarHUYMBAIOILEro KOHTypa
npu z, =oo (puc. 5.3). IlorpenHoCTs pacyeToB, BEI3BAHHAS TAKUM YNPOILIEHU-

em, He npesbimaeT 0,1 % npu Tokax, OJU3KUX K HOMUHAIBHOMY.
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o

0

Puc. 5.3. YopoienHas cxema 3aMeIlIeHUs] U BEKTOpHAs luarpaMma TpaHcopmaropa
IIPU aKTUBHO-UHAYKTUBHOM HarpysKe

B ynporeHHoi cxeme 7, =7 + 1, — pe3yJIbTUPYIOLIee aKTHBHOE COIPOTUB-
JIeHWE TIePBUYHON 1 MIPUBEIEHHON BTOPHIHON OOMOTOK; X, = X| + X, — Pe3yJIbTH-

. _ |2, .2
pyroliee HHAYKTUBHOE CONPOTUBIEHUE 3TUX OOMOTOK; Zz, =47 + X —
PE3YyIABTUPYIOIEE MMOJTHOE COMPOTUBICHUE OOMOTOK TpaHchopmaTopa.

[To oOMOTKaM cxeMsbl mpoTekaer Tok [; =—1}. BekropHas nuarpamma

pUBEIAECHHOr0 TpaHchopMmaTopa MpU aKTUBHO-MHIYKTUBHOM HArpyske, COOT-
BETCTBYIOIIAsl YIIPOLIEHHOM cXeMe 3aMelleH s, ToKa3aHa Ha puc. 5.3.

Bexrop 7, -1} — pe3yapTUpyIOlllee aAKTUBHOE IAJECHHE HaIPSOHKEHUS
B NPUBEJAECHHOM TpaHC(POPMATOPE, BEKTOP jX, -fl — pe3yJIbTUPYIOLlEe UHIYK-
TUBHOE IaJieHUEe HANPSOKEHUS, Z, -il — pe3yIbTUPYIOLLIEE MOJIHOE MaJeHUE Ha-
NPSDKEHUS

Bekropnas nuarpamma (puc. 5.3) mo3BojisieT onpeneauTh U3MEHEHUE Ha-
npspKeHus TpanchopmaTopa Mpu M3MEHEHUH Harpy3KHU.

Hzmenenuem nanpsasxcenus TpanchopmaTtopa Ha3bIBalOT apu(PMETHIECKYIO
Pa3HOCTh MEXKy BTOPUYHBIM HAIMPSIKEHUEM MPU XOJIOCTOM XOJi€ U BTOPUYHBIM
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HAIPsDKEHUEM IIPU HarpysKe, KOrja IEepBUYHOE HAIPsHKEHWE M 4acToTa IMOCTO-
SHHBl U paBHbl HOMUH&JIbHBIM 3HaueHusMm U, =U, =const, f, = f, =const:

rne U,, u U), — BTOpUYHbIC HANPSHKEHHUS PEAbHOTO U MPHBEACHHOTO TpaHC-

dbopmaropa mpH X0J0CTOM Xojie. Tak Kak B PeKHME XOJIOCTOr0 X0/a MaJeHUs
HanpsHKeHUs: B 0OMOTKaxX TpaHc(popMaTopa OTCYTCTBYIOT, TO PU HOMUHAIBHOM

HaNPsDKSHUH NepBUYHOI oomMoTku Uy, =U, .
Taxk ke, Kak U HaIPsKEHUE KOPOTKOIO 3aMbIKAHUsA, U3MEHEHUE HaIIpsKe-

HUA IIPHUHATO 0003Ha4aTh B % WM OTHOCUTEIBLHBIX CANHUIIax:

_Uu=U3 10002 é_U 100 %. (5.28)

1a 1n

Au

W3 guarpammsl (puc. 5.3) ciaenyerT, 4To B BUAY MaJIOCTH yIyla @, — @, 3a
MOJyINb BekTopa U, MpUONMKEHHO MOYKHO B3STh €r0 IPOEKIMIO HAa HAMpaBJie-
Hue Bektopa — U} , T. e. otpe3ok OA = U, . OTpe3ok OB COOTBETCTBYET JTHHE
BEKTOpa —U . Ecimn BekTop 7 I1 CIIPOEKTUPOBATh HA HAIIPABJICHUE BEKTOpA

~ U}, (otpe3ok BC) u BeKTOp jx, - [, Ha 3TO ke HANpaBJeHHe, TIOTYIHM:
AU =04-0B=BA=BC+CA=r -1 -cos@, +x,-1;-sin@,. (5.29)

Ecmu pacemarpuBate AU 115 peXuMa HOMUHAJIBHOM Harpy3ku, TO IPoO-
IIEHTHOE U3MEHEHNE HaIpshKEHUs Tpancpopmaropa 1o (5.28) ¢ yuerom (5.29)

AuH:rK'IlH'coscpz+xK-IlH-s1n(p2 100 % (5.30)
UIH
uiu ¢ yuetoM (4.36), (4.38)
Ay = (thy - COSPy + Uy - SING,) . (5.31)

Ucnonb3ys kodpduniueHT 3arpy3ku (cMm. M. 5.2), mOJydYuM H3MEHEHUE
HaMpsHKEHUS TpaHncpopMaTopa Jjisl Harpy30K, OTIIMYHBIX OT HOMUHAJIBHOM:

Au =k - Auy, =k - (U, - COSQy + Uy, -SING,). (5.32)
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Au,%
A
5 |
4 7
3
) el | e
uKa
Y Y >
45° @, 90°

()

Puc. 5.4. 3aBucumocts AU = f(¢,)npu k, = const

Kak Bunno u3 gopmynsl (5.32), uzmenenue nanpsicenus mpaucgopma-
mopa nponopyuUoHaIbHO MoKy Haepysku 1y = I, u 3asucum om xapaxmepa Ha-

epy3KU, m. e. om yaia ¢, .
I'padux 3aBucumMoctd Au = f(¢,) NpU HEU3MEHHOW BEIMYMHE HArpy3KH
k,= const (puc. 5.4) umeer HenMHENHbIN xapakrTep. IIepBbIil KBagpaHT COOTBET-

CTBYET aKTMBHO-WHIYKTMBHOM Harpy3ke. A BTOpPOM M TPETUM KBAJPAHTHI — AK-
TUBHO-EMKOCTHOI Harpyske. [Ipu unucTo aktuBHOM Harpyske ¢, =0 (cosp, =1)

U3MEHEHHE HANpsDKEHUs HAaMMEHBIIEE U PaBHO aKTUBHOM COCTaBJIAIOIIEH Ha-
NPsKEHUS. KOPOTKOro 3aMbIkaHusa Au =k, -u,, . IIpn nanyxtuBHOM (@, =+90°,

CoS®, =0) mnm EMKOCTHOM Harpyskax ¢, =-90° (cos@, =0) u3smMeHeHue Ha-
npspkeHust Au =k, -u,,. Hanbonbiiee usMeHenne HanpspkeHust Au =k, -u, Ha-

OmojaeTcs npu ¢, = @, , 4TO CIEAYyEeT U3 BEKTOPHOH 1uarpaMMsl (puc. 5.3).
I'pacuk 3aBucumoctu Au = f(k,) npu HEU3MEHHOM XapaKTepe Harpys-

KH COS(, =const (puc. 5.5) uMeer NMHENHHBIN Xapakrep. UeM BbIllle UHOYK-

TUBHOCTh HAarpy3ku (MeHpIIE COSQ, =const), TeM OOjblle H3MEHEHUE

HanpsoKeHUus Au Tpu yBenudeHuH Harpysku. [Ipu €émkocTHON Harpyske Au
U3MEHSET CBOM 3HAK.
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B npakTtuke skcrutyaranuu TpaHCPOpPMATOPOB HYACTO MOJIB3YIOTCA €ro
BHeWHell XapakmepucmuKkou, o]l KOTOPOW MOHUMAIOT 3aBUCUMOCTh HaIpsike-
HUSI BTOPUYHOM OOMOTKM OT ToKa Harpys3ku U, = f(/,) umu ot koadppunueHTta

3arpy3ku U, = f(k,), Ipu NOCTOSHHOM HOMHMHAJIBHOM II€PBUYHOM HAIPSKEHUU
(U,=U,,), HOMUHAIIPHO! 4acTOTE NUTAOWEH ceTu ( f; = f,) 1 HEU3MECHHOM
XapakTepe Harpy3kHu (cos@, = const).

|
|
|
|
|
|
|
|
|
1 1 i -
0,50 0,75 p "k,
i
|
|
|

cos¢, =0,8

Puc. 5.5. 3aBucumocts Au = f(k,): 1 — akTUBHO-UHYKTUBHAsl Harpy3Ka;

2 — aKTHBHAas HArpy3Ka; 3 — akTUBHO-EMKOCTHasl Harpy3ka

BHemn00 XapaKTepUuCTUKY MOJIy4ar0T ONBITHLIM MM PACYETHBIM IIyTEM.
ITpn ombITHOM ONpeAEICHUN BHEIIHENW XapaKTEPUCTUKU BO30YKIAIOT He-
Harpy>Ke€HHbIM TpaHCc()OPMATOp 10 HOMUHAJIBHOIO HAIPSKEHHS IIEPBHYHOM 00-
Motk U, =U,, . U3MepAr0T HanpsskeHue BTOPUYHOM OOMOTKH IPU XOJIOCTOM

xone U, =U,,=U,, 1 QUKCUPYIOT OTCYTCTBHE TOKa BO BTOPHUYHON OOMOTKE:
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I, =0. 3areM NOCTENEHHO HArpyXarT TpaHc(OpMATOpP 1O HOMHUHAIBLHOU
Harpy3ku [, =1, ¥ cHEUMaloT enie 3—4 TOYKM BHEIIHEH XapaKTEPUCTUKH.

CeMeliCTBO BHEIIHMX XapaKTEPUCTHK MPHU PAJNTMUYHOM XapaKTepe Harpy3Ku
nokazaHo Ha puc. 5.6. Jlns pacuera BHEIIHEH XapaKTEPUCTUKHU PEaTbHOTO
TpaHchopMaTopa MOKHO BOCIIONIB30BaThCs Clieytoniet hopMyIIoi:

(Ugq - COSPy + Uty - SIN G,
100

Au k,
u,=U,,-1-—)=U,,-(1- , 5.33
= Uy (1= =Us, o ) (533)

rae U,, =U,, — HOMHHaJIbHOE HaIpPsKEHHE BTOPUYHON 0OMOTKH (IIpU OTCYTCT-
BUM HArpy3Ku TpaHchopmaropa); u

Ka ?

qu— COCTABJIAIOIMINC HAIIPAXKCHUA KOPOT-

KOT'0 3aMbIKaHus, onpeaesieMble o ¢popmyiam (4.36), (4.38).
Jlnist pacueTa BHEIIHEH XapaKTePUCTUKH MMPUBEICHHOTO TpaHchopmaropa
dbopmyna (5.33) mpuHUMAET BUJT

ey (U - COS Py + Uy ~SIN Q)

Au Au
u,=U, -1-—)=U,,-1-—)=U,, - (1- .(5.34
Uy A
3 | cosp, =0,8
|
|
Uz =Usy 2 % cos@, =1
|
1 |
|
cos@, =0,8
0,5-Us,, | R
|
|
0.5-1,, Lo 8
0 0,5 1 k

Puc. 5.6. Bueninue xapakTepucTUKU TpaHchopmaTopa: 1 — akTUBHO-UHIyKTHBHAsL Harpys3Ka,
2 — aKTUBHAas Harpy3Kka; 3 — akTUBHO-EMKOCTHAsl Harpys3Kka
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I'padux 3aBucumoctu U, = f(/,) umeer nauHeWHBIH Xxapakrep. U3 ce-
MeICTBa BHEIIHUX XapaKTePUCTHK (puc. 5.6) BUAHO, UTO YEM BBILIE COS(Q,, TEM

MEHBIIIE U3MEHSETCS HalpshKeHUE TpaHchopMaropa MpU NEPEexXojie OT pexuma
XOJIOCTOTO XOJa K PEXKUMYy HOMHUHAJIBHOM HArpy3ku, TEM XapaKTECPUCTUKA
«okecryey. [Ipu akTHBHO-UHIYKTUBHOM HArpys3kKe Bceraa Hampsbkenue U, <U, . .

[Ipn yBennyeHUN aKTUBHO-EMKOCTHOW HArpy3Kd HaIpshKEHUE BTOPUYHON 00-
MOTKU TpaHcpopmaropa Bospactaer: U, >U,,, Tak Kak Au HU3MEHsSET 3HaK

Au <0 (B popmyne (5.32) HeueTHas QyHKIMS Sin @, MEHSAET 3HAK).

5.4. PerynupoBaHue HanpsxeHUA TpaHcdopmaTopa

[Ipu pabore Tpanchopmaropa HEU30E€KHO M3MEHEHHUE €ro BTOPUYHOTO
HaMPsHKEHUS M3-3a KOJIeOaHUsl Harpy30K MOTpeOuTeNeH 1 maaeHnus HanpsHKeHUs]
B 00MOTKax TpaHchopmaropa. [TosToMy BO3HHKaET HEOOXOAUMOCTh PETYIHPO-
BaHUS HANPsDKEHHS TpaHchopMaTopa MOCPECTBOM BKIIOUYCHUSI WU OTKIIIOYe-
HUS YHCIIa PETYJIUPOBOYHBIX BUTKOB B TIEPBUYHON WM BTOPUYHON OOMOTKE
Tpanchopmaropa. [ 3Tol 1enm oOMOTKa, B KOTOPOH MEHSIOT YHCIIO BUTKOB,
BBITIOJIHSETCS C PSAOM OTBETBJICHHM, KOTOPbIE EPEKITI0YAIOTCS ¢ TOMOIIBIO TTe-
PEKITFOYAIOIIETO YCTPOUCTBA.

OTBeTBICHHUS OOBIYHO BBITIONHSIOT HA TOW CTOPOHE, HAIMpPsDKEHHE Ha KO-
TOPOM B MpOLECCEe IKCIUTyaTaluu NnoABepraerca u3MeHeHusiM. OObIYHO 3TO CTO-
pOHa BBICHIETO HampspKeHUs. B 0OMOTKe BBICHIEr0 HAMpsKEHUsS] BUTKOB 0OJTb-
1Ie, MOATOMY PETYJIMPOBAHNE MOKHO MIPOBECTH € OOJbIIEH TOYHOCTHIO. Kpome
TOTO, TOK Ha ctopoHe BH menble, u nepexitoyaroniee yCTpoiucTBO MOJIy4aeTcs
0osiee KOMIIAKTHBIM.

Paznmuuaror nBa croco0a mepexsIroueHus] OTBETBICHUN JI PETYIpOBa-
HUS HATIPSHKCHUS:

llepexniouenue 6e3 6030ycoenus (nepexitoyaromiee ycrpoiicto I16B)
IIpU OTKJIFOYEHHOM OT CETH TpaHcopmaTope.

Pezynuposanue noo naepysroii (nepexmrodatomniee ycrporictso PITH) 6e3
OTKJIIOUEHUS TpaHc(hopMaTopa OT CETH.

Tpancgopmamopel ¢ nepekitoueHuem YUCIa GUMKO8 8 OMKIOUEHHOM
cocmoanuu ¢ [1bB. B Takux TpanchopmaTopax BO3MOMXHO CTYIEHYATOE Pery-
JMPOBAHUE HAMPSIKEHUS] OTHOCUTEIHHO HOMHUHAIBHOTO Ha +5% wmm +2.5

u 15 % . B nepBom ciyuyae TpaHchopMaTtop UMEET TpU, BO BTOPOM CIIy4ae ISITh
CTYIICHEH peryJIMpOBaHus.
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[lepekmrouaeMble y4acTKM OOMOTKM OOBIYHO pacroJiaraloT B CpeaHei
YacTHU 1O BBICOT€ OOMOTKU B OKHE MarHMTOIIPOBOJIa, YTOOBI pacnpeneseHue To-
Ka B OOMOTKE MO OTHOUIICHUIO K sipMaM TIpH padOTe Ha Pa3HBIX OTBETBJICHHSIX
OBLJIO IO BO3MOXXHOCTH CUMMETPUUYHBIM. [Ipr 7TOM MarHuTHOE MoJe paccesHus
UCKa)KaeTCAd MaJI0 U YCUJIUS, JEHUCTBYIONME Ha OOMOTKY MPH KOPOTKUX 3aMbI-
KaHUSIX MUHUMAaJIbHBI.

CxeMbl peryJIMpOBOYHBIX OTBETBIICHHA B 0OMoTke BH mpu perymmposa-
HUU 6e3 Bo30YX)aeHus st omHol ¢asbl (ha3er A) mpuBenensl Ha puc. 5.7. Co-
rinacHo ['OCTy npegycMOTpeHsI ST OTBETBICHMM Ha +5; +2,5; 0; —2,5; =5 %
OT HOMHUHAJILHOTO HamnpspbkeHus. Cxemy puc. 5.7, a IPUMEHSIOT B MHOTOCIIOM-
HBIX 0OMOTKaX MpU MOUTHOCTHU TpaHchopMmartopa a0 160 kB-A.

B Tpancpopmaropax Oosblleil MOIIHOCTH TMPU KOPOTKOM 3aMbIKaHUU
BO3HUKAIOT 3HAYUTEIbHBIX JUHAMUYECKUE YCWIIMS, ONACHBIC I LEIOCTHOCTH
00OMOTOK, MO3TOMY PETyJIMPOBOYHbIE BUTKU MHOTOCHOWHONH oOMoTku BH pas-
MEIIAIOT B HAPYKHOM CJI0€ OOMOTKH CUMMETPUYHO OTHOCUTEIIBLHO CEPEIUHEI €¢
BBICOTHI, (CHMMETPUPYIOT MEPEKII0UYaEMbIE BUTKH MO BHICOTE OOMOTKU — CXeMa
puc. 5.7, 6). B HenpepbIBHOHN KaTylIeyHON OOMOTKE, COCIMHEHHON MO CXeMe
«3Be3/1a», MpU HaANpsKeHUsX A0 35 kB perynupoBOYHBIE BUTKH pPa3MENIAOT
B KoHIIE ¢a3pl Mo cxeme puc. 5.7, 6. Cxemy puc. 5.7, ¢ ¢ peryaupoBOYHBIMH
BUTKAMHU B CepeiHe OOMOTKHM MPUMEHSIOT Uil HEMPEPHIBHBIX KATYIICYHBIX
oOMoTOK Ha Hamnpspkenue oT 3 o 220 xB. Ilpu coenunenun oomorkn BH
B «TPEYTOJBHUK» CXEMY PEryJIMPOBaHUS O pUC. 5.7, 6 HE IPUMEHSIOT.

A X1 A A A
_____ §7 ® i
¢ |
E X1 A6
8 A4
2y A2
g 22 s 3
3 A3 X3 A5
X4 X4 AT
é r N X5
- § X5 X
a o 6 2

Puc. 5.7. Cxembl pery1MpoBOYHBIX OTBETBIIEHHH B 00MoTkKe BH
IIPU PETyIUPOBaHUM HampsbkeHus 0e3 Bo30yxaenus (I16B)
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Puc. 5.8. Cxembl nepekirodatesieit 11 peryJIupoBaHus HaNpsKeHUs

B cxemax 5.7, a, 6 perynupoBOYHbIE BUTKUA MEPEKIIOYAIOT C MMOMOIIBIO
TpexdazHoro obmiero nepexiarouarens (puc. 5.8). A B cxemax, W300paKEHHBIX
Ha puc. 5.7, 6, 2, IEPEKIIOUECHUSI OCYIIECTBISIOT OTAEIIbHBIM MEPEKI0YATEIIEM
B Kaxkaou ¢asze (puc. 5.8).

Crnenyer oTMeTuTh, 4to ycTpoiictBa [IBB npuMeHsatoTcs: riiaBHbIM 00pa-
30M IS KOPPEKIMH HAMPSHKCHUS CETEBBIX MOHIKAIOIINX TPaHCHOPMATOPOB
B 3aBUCHUMOCTH OT YPOBHS MEPBUYHOTO HAIPSIKEHHS HA JAHHOM Y4acTKE CETH,
a Tak)Ke MPU CE30HHBIX U3MEHEHUAX HANPSKEHUS CETH, CBSI3AHHBIX C CE30HHBIM
W3MEHEHUEM Harpy3KHu.

Tpancpopmamopvl ¢ nepexirouenuem 4YUCIA BUMKOE NOO HANPINCEHUEM
¢ PIIH. Tpanchopmaropsl ¢ PITH paccuutansl ajisi peryJIupoBaHus HampsixKe-
Huga B npegenax +(6-10) % wyepe3 (1,25-1,67) % . Ilepexon ¢ oaHON CTyleHH
pPEryJIupoOBaHMs HA IPYTYIO JODKEH MPOUCXOAUTH 0€3 pa3pbiBa IeNu TOKa, IMo-
ATOMY B IPOMEXYTOUYHOM MOJIOKEHUU NEPEKIIOUATEIISI OKa3bIBAIOTCS BKIIFOUECH-
HBIMH J[BA COCEIHUX OTBETBJIICHHS OOMOTKH, a 3HAYUT, YACTh OOMOTKU MEKIY
HAMH OKa)KETCsl 3aMKHyTa HaKopoTko. JlJis orpaHuueHusi TOKa KOPOTKOTO
3aMBbIKAHUSI TIPUMEHSIOTCS TOKOOTPAHUYMBAIOIINE PEAKTOPHl WM AKTUBHBIC
conporuBieHuss. COOTBETCTBEHHO, INepekntoyaroniee ycrporcrso PIIH 3naum-
TEJILHO CJIO)KHEE U nopoxe, ueM [IbB. Takue ycTponcTBa MPUMEHSIOT B MOIII-
HBIX TpaHchopMaTopax Mpu HEOOXOAUMOCTH YaCTOTO WJIM HEMPEPHIBHOTO PETY-
JIMPOBAHUS HAIIPSIKEHUS.

Ha puc. 5.9 noka3ansl cxema MepeKII0YEHUsI TOKOOTPAHUYMBAIOIIUM PEaK-
TOpOM P U IATh NOCJIEA0BATEIbHBIX MO3ULINHI MTPU MEPEXOIE C OTBETBICHUS X/
(bparmenT @) Ha oTBeTBIeHHEe X2 (dhparmMeHT 0). B xaxmoil u3 AByX BeTBei
CXEMBbI MEPEKIIOUYEeHUs €cTh KOHTakTop (K/ u K2) miis BBIKJIIOYEHUS TOKa
U3 JIaHHOW BETBH Iepe] €€ MEPEKIIOUEHUEM U MOJIBUKHbIE KOHTAKTHI Iepe-
kitouarenss ([71, I12), koTopble pacCUMTaHbl Ha TMEPEKIIOYECHUE BETBEU
0e3 ToKa.
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Puc. 5.9. IlepexiitoueHre OTBETBICHUH OOMOTKH MPH PETYJINPOBAHUH HATIPSIKECHUS
II0J] Harpy3KOil ¢ UCIOJIb30BaHUEM TOKOOTPAHUYMBAIOIETO peakTopa

B HopmanbHOM pabGodem monoxeHuu (puc. 5.9 a, 0) TOKU JIBYX BETBEH
CXEMbI OOTEKAIOT JIBE MOJIOBUHBI OOMOTKH PEakTOpa B pa3HbIX HAMPABICHUSX.
[ToTok B cepaeuHHKE peakTopa MPAKTUYECKU OTCYTCTBYET, U UHAYKTUBHOE CO-
MPOTUBJIEHUE peakTopa Masio. TOK KOPOTKOTO 3aMbIKaHUS CTYIIEHU MPU IIPOMe-
)KYTOUHOM TIOJIOKEHUM Tepekitouarens (puc. 5.9, ) 00TeKkaeT BCIO OOMOTKY
peaktopa. CepJeUHUK peaKTopa HAMArHWYUBAETCSA, U COIPOTUBIIEHUE pEeaKTopa
10 OTHOLIECHUIO K 3TOMY TOKY BeJIUKO. Peaktop P u nepekmrouarenu [/ pazme-
maloT BHYTpU Oaka TpaHchopmaropa, a KOHTAkTOpsl K B CleNHaIbHOM
JOTIOJIHUTENIbHOM 0ake, KOTOpbIH MOHTHpyeTcs Ha OOKOBOM cTeHke Oaka
TpaHcpopmaropa. [Ipu TakoMm ycTpoiicTBe Maciio B 0ake TpaHchopmaTopa 3a-
IIMIIEHO OT 3arpsi3HEHMs], BHI3BIBAEMOI0 pabOTONW KOHTAKTOPOB IMpPHU pa3pbiBe
MMM 1EMH TOKA.

B cxeme PIIH ¢ npumeHeHneM akTUBHBIX TOKOOIPAHUYMBAOIIUX COIPO-

tuBleHud R, u R, (puc. 5.10) npu MosoXeHUM BBIKJIFOYATENEH, TOKa3aHHOM

Ha pHUCYHKe, TpaHcpopmaTop padoraer Ha oTBeTBieHun X2. [Ipu nepexoae Ha
orBeTBiIeHUEe X1 cHavana nepekitouarens /71 nepeBoautcs Ha X1, a 3aTem ne-
pexitoyaTtens I/ pa3MblKaeT KOHTakThl 3, 4 W 3aMblKaeT KOHTakThl 1, 2. Ilpu
3TOM IIemb pabodero Toka / He paspbiBaerca. Ilepexmouenne KOHTakToB 3, 4

u 1, 2 IponucXoauT B TeUEHHUE JOJIEH CEKYH[Ibl, U CONPOTUBICHUS R, U R, He

YCIEBAIOT MEPErpeThCs.
Crnenyer oTMeTUTh, UTO NpuMeHeHue tpanchopmatopoB ¢ PITH Bce 60-
Jiee pacIIupsIeTCs.
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X8
Puc. 5.10. Cxema perynupoBaHUsI HANPSKEHHUS O
Harpy3KOoM € HMCIOJIb30BAaHUEM AKTUBHBIX TOKOOTPAaHUYH-
® O BAIOILIUX COMPOTUBIICHUI

PaccmoTpeHHbIe B ri1aBe SHEPTeTUUECKHUE AUarpaMMbl aKTUBHOM U peak-
TUBHOM MOIIHOCTH TpaHchopMaTropa, a TakkKe MOTEPH MOIIHOCTH B TPaHC-
dbopMaTope Mo3BOJISIOT paccyuTaTh KOAPPUIIMEHT MOJE3HOTO JIEUCTBUS Yepes
NOJIHYI0 MOIIHOCTh TpaHc(hOpMaToOpa, MOCTOSHHBIE M IEPEMEHHBIE MOTEPU
MOIIHOCTH Tak, kak periameHtupyetr ['OCT. M3MeHeHne BTOPUYHOrO Hamps-
KEHUs TpaHchopmaTopa B 3aBUCUMOCTH OT BEJIMYMHBI U XapakTepa Harpy3Ku
ompeneaeT BUJ BHEIIHEH XapaKTEepUCTUKU TpaHcPopMaTopa MpU paziuyHbIX
Harpy3kax. [[ns crabunusanuu BBIXOJHOTO HAMPSDKEHUS MPUMEHSIOT pa3ind-
HbIE CTIOCOOBI PETYJIUPOBAHUS HAMPsDKEHUsT TpaHchopmaropa.
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6. MAPANNENbHAA PABOTA TPAHC®OPMATOPOB

6.1. YcnoBusa napannenbHou paboTbl TpaHchopmaTopoB

[Tpu mepenaye >IEKTPOIHEPTUN B SHEPrOCHUCTEME BMECTO OJHOTO TpaHC-
dopmaTopa OOIBIION MOITHOCTH IEIECO00Pa3HO UMETh HE OJUH, & HECKOJIBKO
TpaHchOpMaToOpOB, BKIIOYCHHBIX TMapaieIbHO Ha OOIIyl0 Harpysky. Takoe
npobieHue TpaHchOpMaTOPHON MOITHOCTH TO3BOJISET JIydIlle pemaTh mpooiie-
My SHEProcHa0XeHHUs! MOTpeOUTeNel, OTKIII0YATh YacTh TpaHC(HOPMATOPOB TIPH
YMEHbILIEHUU Harpy3KH, 00ecreurnBaTh pe3epBUPOBAHUE MOIIHOCTU MPU aBapu-
X U MIPOBEJICHUU NPOPUIAKTUUECKUX PEMOHTOB.

[Ipu sKcmTyaTtalmy napauieNbHO BKIIIOYEHHBIX TPaHC(HOPMATOPOB BaXKHO,
9YT0OBI Harpy3Ka MeXIy HUMH paclpeiessiach MpOMOPIMOHAIFHO WX HOMUHAJb-
HBIM MOIIHOCTSM. CXeMa BKIIFOUEHHS Ha MapaUieibHy0 paboTy ABYX OJHO(Aa3HbBIX
TpaHC(HOPMATOPOB U UX YIPOIICHHAS CXeMa 3aMellleHrs] MoKa3aHbl Ha pwuc. 6.1.

Kak BUHO U3 cXeMbl 3aMeIIeHUs, 10 COPOTUBICHUIO HATpy3KU z, MpO-

TEKaeT TOK Harpys3Kd, paBHbI CyMME TOKOB IE€pBOro I, u BTOporo [ TpaHc-

dopmaropoB: [ =1, +1;;. COOTBETCTBEHHO, IOJHAas MOIIHOCTb, OTAAaBaeMas
napajjiebHO paboTarmuMu TpanchopMaTopaMu B Harpy3Ky,

3nech S; — MoJIHas MOIIHOCTh IEPBOro TpaHchopMmaTopa; Sy — IMOJIHAS MOII-
HOCTh BTOPOTO TpaHchopMaTopa.

I

SR

RNV 1PN , _Tél— |
lzrm_alxnrv\_arpn lUl Iy —U;l Z

a o

Puc. 6.1. Cxema BKIIOUCHHS Ha MapajuIeIbHYIO padoTy 01HO(]A3HBIX TpaHCHOPMATOPOB (@)
U UX cxeMma 3amernieHus (0)
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s exnouenus mpancgopmamopos Tpl u TPII na napannenvuyio pabo-
my Heobxo0umo, ymobdwvl 8 pedldcume X0a10Cmo20 Xx00a 8 ux 0OMOmKax He 803HU-
Kanu ypasHumesvbHvle MoKU, d Npu Haspy3Ke Hu 00UH U3 MpaHcohopmamopos He
nepezpyicaics.

YpaBHUTENBHBIC TOKH, ITPOTEKAst MEXIy OOMOTKaMH IapajuieibHO pado-
TAIOMUX TPAHCHOPMATOPOB, BBHI3BIBAIOT IUPKYJAIMIO MOIIHOCTA OT OIHOTO
TpaHchopmaTropa K APYroMy M HEPaBHOMEPHYIO Harpy3Ky TpaHc(hopmaTopos,
COTIPOBOXKTAFOIIYIOCS YBEIIMUEHUEM TTOTEPh MOIITHOCTH U HAarpeBa:

— E2OI — EZOII

yp . . 2
Za 1 Zgn

I (6.2)

rne Eyu Eyyy —OJC BTOpHYHBIX 0OMOTOK TPaHC(HOPMATOPOB B PEKHME XO-
JIOCTOTO X0/1a (BTOPHYHbIE HAPSHKCHHS [IPH XOJIOCTOM XOJIe).

N3 dopmynsr (6.2) crmemyer, 4TO ypaBHUTEIBHBIM TOK OTCYTCTBYET

(]yp =O), eciu pazHocTh DJIC BTOPUYHBIX OOMOTOK HEHArpy»XEHHBIX TpaHC-

dbopmaTopoB, paBHa HYJIIO:

PaBenctBo (6.3) BemMoaHUMO, eciu DJ{C BTOPUYHBIX 0OMOTOK TpaHChOp-
MaTOpa OJJMHAKOBBI I10 BEJIMUMHE U COBIAJAIOT IO (asze, T. €. UMEIOT OJUHAKOBOE
KOJINYECTBO BUTKOB M MPHUHAICKAT K OJTHOU TPYTINe COSAMHEHUS OOMOTOK.

Jiia n  mapamnenbHO paboTaromux Tpex(asHbIX TpaHCcHOpMATOpOB,

UMEIOIINX PA3JIMYHbIE HOMUHAJIBHBIE MOIIHOCTH Sy; Syps Sy, Ha puc. 6.2 mo-

Ka3aHa OJIHOJIMHEWHAs cxeMa ux BKitoueHus. Kak BugHo Ha puc. 6.2, uacaibHble
YCIJIOBHSI COOTBETCTBYIOT ITOJTHOMY MCIIOJIB30BAaHUIO KaXKI0I0 TpaHchopmaropa.

U
,l

1 I n
I, Ly 1, U,
'I,I,I yywi

—— o — y o o 4

777

Puc. 6.2. [lapannensHas paborta TpexdasHbIXx TpaHCHOPMATOPOB
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Ilapannenvuyro pabomy n mpancgopmamopos npuHamo cuumams uoe-
AIbHOU, €CIIA BO3MOYKHO OCYIIECTBUTh PEKUM MAKCHUMAJIBHOW HAarpy3kH Tak,
4YTOOBI €€ MOJHAsE MOIIHOCTh S . OblIa paBHA CyMME HOMHHAJIBHBIX MOIIHO-

cTell Bcex TpaHc(hopMaTopoB:

Smax = SHI + SHH +... S . (6.4)

Hn

PaBencTBo (6.4) BBIMOTHUMO, €CIM JIOMOJHUTEIHLHO COOJIFOJCHBI Clie-
OYIOINE YCIOBUS:

1. Tok marpysku [ paBen apnq)MeTI/IquKon CYMMe BTOPUYHBIX TOKOB T1a-
paJLIENBHO PAGOTAIOIIMX TPAHCHOPMATOPOB [ 21 ,]2H, I », (BCE BTOPUYHBIE TOKH

COBITAJIAIOT 110 haze).
2. Tlpu yBenwueHWW HArpy3KH Kaxablii TpaHchopmarop HarpykaeTcs
IIPOMOPITMOHATIFHO CBOSH HOMHUHAIBHON MOITHOCTH.

Ha cxeme 3amemtenus (puc. 6.1, 6) Bumno, uto TOKu 1y, 1y, I,, Gyayr

coBmajaTh Mo (pase, eciau apryMeHTbl CONPOTUBIICHUN KOPOTKOTO 3aMbIKaHMsI
Zgs Zlls- -+ Zxy OYRYT OnuHaKoBbIMU. lIpm Harpyske kaxxiwlii TpaHc(hopMaTop

Harpy»kaercsi IpOoINOPLUUOHAIBHO CBOEH HOMHMHAJIBHOM MOIIHOCTH, €CIIA OTHO-
CUTEJIbHBIC 3HAYCHUS CONPOTUBICHUN Z 1, Z qp,--- Zy, (WIA HAPSKEHUS KOPOT-

KOTO 3aMBIKAHUS Uy, Uy ,... Uy, ) ONUHAKOBBL

Kl

Takum o0paszoM, uoeanvHvle YCa08Usi NAPALIENbHOU pabombl mpaucghop-
Mamopog MOXHO cPOPMYJIMPOBATH B CIAECAYIOIIEM BHUJIE:

1. Tpancgpopmamopwr O0ondicubl 061a0aMb 0OUHAKOBHIMU KOIDDuyUeH-
mamu mpancpopmayuu.

Ha mpaktuke pomyckaercs mapajuienibHas pabota TpaHchopmMaTopoB
¢ paznuuueM B ko3 dunuentax tpanchopmaruu e 6onee 0,5-1 %. [lpu sTom
pasHocth BropudHbix DJIC AE ~0. [Ipu GONbIIMX pasauuusix B KOd(PPHIUEH-
Tax TpaHchopmaiuu B 0OMOTKaxX TpaHCPOPMATOPOB HUPKYIUPYIOT 3HAUUTEITh-
HBIC YPABHUTEIHHBIC TOKH.

2. Tpancghopmamopul 00n#CHbL UMEMb OOHY 2PYRNY COCOUHEHUsSL 0OMOMOK.

[Tpumenenune TpanchopmMaTOpOB pa3HBIX TPYII MPHU MaPaUICTLHON pado-
T€ HE JOIYCTUMO, TaK KakK Jake HeOObIIoN (a30BbI CABUT MEXTY BTOpUY-
HeiMH DJ[C TIpUBENEeT K MOSBICHUIO YPAaBHHUTEIBHBIX TOKOB B OOMOTKaX, Ipe-
BBIIIAFOIINX B HECKOJIBKO pa3 HOMUHAJILHOE 3HAYCHUE TOKA.

3. Hanpsoicenus KOpomko20 3aMbIKAHUS U UX COCMABNAIOUUE OO0NHCHDI
ObIMb 0OUHAKOBLIMU.

Ecnu npu mapamiensHol paboTe MCMONIB3YIOT TPaHCHOPMATOPHI C pas-
HBIMM HaIPSHKEHUSMH KOPOTKOTO 3aMbIKAHUSA U, , T. €. C Pa3HBIMU COINPOTHUBIIE-

HUSMU Z,, TO NEPErpykKaercst TpaHCHOPMATOP C MEHBIIUM HAIPSKEHUEM KOPOT-
KOro 3aMbikanusi. OctaabHble TPAaHC(HOPMATOPHI OCTAIOTCS HEAOTPYKEHHBIMHU.
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JInsi paBeHCTBA COCTABIIAIOLIMX HAIpPSKEHU KOPOTKOIO 3aMbIKaHUSI HE
pPEKOMEHIyeTCsl BKJIIOUEHHE Ha MapauiebHyl0 paboTy TpaHchopMaTopoB
C pa3IMureM HOMUHAJIBHBIX MOIIHOCTEN OoJiee YeM B TpHU pasa.

Ha npaktuke uoeanvuvie ycnosus napannienvnou pabomsl mpancgopma-
MOpo6 BBINIOJIHUTh YIAETCA HE BCeraa. BhISICHMM, B KakOW Mepe yXyJIIIaeTcs
UCTIOJIb30BaHUE TPAHC(HOPMATOPOB npU HecoOI00eHUU UCATBHBIX yCIOBUIL

6.2. NapannenbHaa pabota TpaHccgopmaTopoB
C HeoAUHaKoBbIMU KO3thduumneHTamun TpaHccopmayum

[Iycts Ha mnapamiensHyl0 paOOTy BKIIOYEHBI JBa TpaHc(opmaTopa
(puc. 6.1) ¢ OAMHAKOBBIMU T'PYIIIIAMHA COSTMHEHUH 0OMOTOK, OJJMHAKOBBHIMU Ha-
NPSKEHUSIMA KOPOTKOT'O 3aMBIKAHUS Uy = U g M PA3IMUYHBIMU KO3 ULMEHTa-

MU TpaHcpopmauuu k; < k. CiemnoBaTenbHO, E,y > E,g;. B aTOM ciydae

B 3aMKHYTOM KOHTYPE BTOPHUYHBIX OOMOTOK TPaHC(OPMATOPOB MOSBUTCS pa3-
HOCTb 3TUX DC: AE = Eyq; —Eoq; #0.

Jlaxe Ha X0JIOCTOM XOAy moj neiictBueM AE B 0OMOTKax HEHarpy»KeH-
HBIX TPaHC(OPMATOPOB OyAy MPOTEKATh ypaBHUTENbHbIC TOKK [y, (puc. 6.3),

ompenensemMbie paBeHCTBOM (6.2). M3 cxembl

4 q OPOTEKaHUsI YPABHUTENbHBIX TOKOB (puc. 6.3)
BUJ/IHO, YTO YPAaBHUTEIbHBIA TOK BO BTOPHUYHBIX
ol 00MOTKax TpaHC(OPMATOPOB UMEET PA3NUUYHBIC
HampaBieHusi. Bo BTopuuHO# 00MOTKe TpaHc-

X, X, dopmaropa Tpl fypl pOTEeKaeT OT Hayajia 00-

@ MOTKH K KOHIY (TpaHcopmarop mnoTpeOsser
Xy yYpaBHUTENBHBIN TOK), a BO BTOPUYHON OOMOTKE

tpancdopmaropa Tpll [ ypll TPOTECKACT OT KOHIIA

I K Hauany (TpaHchopmaTop OTAAET YPaBHUTEIb-
HBI TOK). [lajgeHust Hanps>KeHUs, BbI3bIBaEMbIE
YpaBHUTEIbHBIMA TOKaMH, BBIPABHUBAIOT BTO-
pUYHBIC HANIPSHKEHUST 00MOTOK TpaHchopMaropa

Puc. 6.3. Cxema mporekanuns (puc. 6.4), TOHUXk asi €ro Ha MEPBOM U IMOBbIIIAS
YPaBHHTENBHBIX TOKOB B 0OMOT-  Ha BTOpOM TpaHchopmarope. B pesynbrare ye-
Kax NapajuienbHO paboTaloluX  rapopyTCs HEKOTOpPOe HaInpsHKEHUE

TpanchopmMaTopoB . . .
Eyor > Uy > Egopp -

Ay ay
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IIpy BKIIIOUEHUHU HATPY3KU z, PE3YyJbTHPYIOIUE TOKU HArpy3KH Iep-
BOro /; u BTOoporo I;; TpaHc(opMaTOpOB U3MEHAIOTCS HAa BEJIUYMHY YPaBHHU-
TeNBHOTrO TOKa. [ns paccmampusaemvix mpancgopmamopos Tox I;; yMEHb-

mutes, a I; ysenuuuted (puc. 6.4). Harpyska TpaHc(hopMaTopoB OKaxkeTcs

HEPaBHOMEPHOM.

PaccmoTpum, B Kakoil cTemeHW yxyauiaercs padbora TpaHchopmaTopoB
IIPY UX MapauieTbHOM BKIIFOUEHUH U HECOOTIOCHUHN PaBEHCTB KO PUITEHTOB
Tpancopmanuu. [ yrnpomeHHoi cxembl 3aMerienus (puc. 6.1)

_Uz =k 'Ul — Zg 'jI (6.5)
WIIH
_Uz =k ‘Ul = Zan ‘jna (6.6)

TAC Z gy, Zy — COHPOTHBJICHUA KOPOTKOI'O 3aMbIKaHHs CO CTOPOHBI BTOPUYHBIX

w w
06MOTOK; ky = —L 1 kyy =—1L — koo pumments TpancdopMaIuy.
w w
21 211
) .
AL \ T2kl ]ypI
/ . A AN O
1 zo L 2
kIl L ypll
. : I
1 U,
0 IHFI = ]HFH
K
Dyt
/ 0 0
IypII

Puc. 6.4. YpaBHuTENbHbBIE TOKU
IIpX HepaBEHCTBe KOA (G PUIIMEHTOB TpaHChOpMaLU
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VuuteiBas, 4To TOK Harpys3ku [ =/ + I;;, TOK BTOpUYHOM OOMOTKH HEp-
BOoro TpaHcopmaropa I} =1—1;, TOK BTOPUYHOH OOMOTKH BTOpPOTO TpaHC-

dbopmartopa iH =]- il, 3anumieM (6.5) u (6.6) B ciaeayroieM BUJIE:

Uy =hky-Up+ 2 Iy =21, (6.7)

_UZ:kII'U1+ZKII'jI_ZKII'j' (6.8)

Pemas coBmecTHO (6.5) u (6.8) OTHOCHTEIBHO iI, a (6.6) u (6.7) oTHOCHU-

TEJIBHO [}, MOJYYUM BBIPa’KE€HHSI TOKOB BTOPUYHBIX 0OMOTOK TpaHc(hopMaTopa
TpaHc(hOpMATOPOB, YUUTHIBAIOIINE YPABHUTEIBHBIN TOK:

i k—kY-U, . 2 : .
II:(I. H) 1+I. KH. :[yp+1
Za t Za Zg t Zy

Hrl »

(6.9)

(6.10)

N3 dbopmyn (6.9), (6.10) cremyet, 94To TOK Kaxkaoro Tpancopmaropa co-

CTOMT W3 YPaBHUTENbHOrO ToKa [, (IepBbIC craraembie), 0OyCIOBICHHOTO
paznnureM Ko3(h(UIMEHTOB TpaHchopMauuu ky # ky, U 4acTU TOKa HarpysKH
]Hl"’

poB z

OTIPEJIEIISIEMOTO COMTPOTUBIICHUSMH KOPOTKOTO 3aMbIKaHUs TpaHcPopMaTo-

o U Zgy (BTOpbIE claraeMble). YpaBHUTEIbHbIE TOKH IIPOTEKAIOT MO 00-

MOTKaM TpaHcopMaTopa U Nnpu Toke Harpy3ku [ =0 (pexxuM X0J0CTOro X0/a).
IIpu k; =k, ypaBHUTENBbHBIH TOK pPaBEH HYJIO, a TOK Harpy3Ku pacrpe-

aensercs oOpaTHO MPOHNOPLUUOHATIBHO CONPOTUBIECHHUAM (HAIPSHKEHUAM) KOPOT-
KOT'O 3aMBbIKaHHUSI.

B kaudecTBe npumepa JOIMYCTHM, YTO MapauIeIbHO PaOOTAIOT Ba TpaHC-
(opMaTOpa OJMHAKOBON MOIIHOCTH U OJMHAKOBBIMU HAIPSKEHUSAMH KOPOTKO-
rO 3aMBIKaHUA U = U, ;= 5,5 %, a ux ko3 unueHTsl Tpanchopmanuu k; u kj

ornmyatrored Ha 5 %. Torma AE =0,05-U,. YuutsiBas, 4TO B OTHOCHTEJBHBIX
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eIUHUILAX U, = Z,, COIJIAaCHO (popmyiie (6.2) B 00MOTKax TpaHC(hOpMaTOpa Mpo-
TeKaeT YPaBHUTEIbHBIA TOK:

Ly

_ BBy AE 0,05 1,=0,45-1
Zg t Zqr zgtzqg 0,055+0,055

w 45 % OT HOMHUHAIBHOTO TOKA, T. €. YPABHUTEIBHBIA TOK TIPH HArpy3Ke yBe-
JUYHAT TOK B 00MOTKax TpaHchopmaTtopa Ha 45 %.

Cornacuo 'OCTy B ob6meM ciydae AOIMyCKaeTcsl OTInYue Ko3ppuimen-
TOB TpaHchopMaluK MapajuiesibHO padoTtaronux TpancpopmartopoB Ha 0,5 %,
a 1151 TpanchopmaTopoB ¢ k >3 u TpaHCHOPMATOPOB, UCIOIB3YEMBIX JJIs COO-
CTBEHHBIX HYX/ 3J€KTpocTaHuuii, — Ha 1 %.

6.3. NapannenbHaa pabota TpaHccgopmaTopoB
C HeOAMHAKOBbLIMM rpynnamMmm coeguHeHUsa o6 MOTOK

[TycTh Ha mapamienbHyI0 padoTy BKIIOYEHBI IBa TpaHCHOpMATOpa C OJIH-
HaKOBbIMU Ko3(p¢duuueHtamu TpaHchopMauuu k; = kj, OIMHAKOBBIMHU HaIps-

KEHUSIMU KOPOTKOTO 3aMBIKAHUS U =U g = 5,5 % W PasIMUHBIMU I'pyHIaMu
coenuHeHHs 0OMOTOK, Hampumep, 0 u 6 (puc. 6.5, a). Torna Bropuunsie IJ[C
Eyop 1 E,ppp, COOTBETCTBYIOIIMX (pa3 TpaHC(HOPMATOPOB paBHBI IO BEIUYHHE,

HO cABUHYTHI 1o ¢aze Ha 180°. B 3aMKHYTOM KOHTYp€ BTOPHUYHBIX OOMOTOK
pasznocth 3Tux IJIC paBHa ABOITHOMY HOMUHAIBLHOMY HAIPSKEHUIO BTOPUUHBIX
00OMOTOK:

AE = EZOI —(—Ezon) =2 EZOI .

VYuuTbIBasl, YTO B OTHOCUTENbHBIX €AUHULAX U, = Z, , @ HOMHUHAJIbHOE Ha-
NpsDKCHUE HEHATrPY>KCHHBIX TpaHC(HOPMATOPOB B OTHOCUTEIBHBIX EIMHHUIAX
U, = Eyy = E5op =1, cornacHo ¢opmyne (6.3) B 0OMOTKax TpaHCpopMaTopa
Jake Ha XOJOCTOM XOJIy MPOTEKACT YPAaBHHUTEIbHBIA TOK, MPUMEPHO PAaBHBIN
TOKY YCTaHOBHUBIIIETOCS] KOPOTKOT'O 3aMbIKAHUSI:

[,==- AE, = 2 1, =18,18-1, ~ 1.
Zg+tzZg 0,055+0,055
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E 200

Y
6
a 9]

Puc. 6.5. BekTopHble quarpaMMbl HalpsODKEHUHN TP MapajuieIbHON paboTe
TpaHC(hHOPMATOPOB: @ — C TPyIIaMu coeAMHEHUsT 00OMOTOK 0 1 6;
6 — ¢ rpynmnamu coenHeHus ooMoTok 11 u 0

HanmMenpiiee 3Ha4eHHWE YpPAaBHHUTEIBLHOTO TOKA, IMPOTEKAIOMIErO I10
00MOTKaM MapajiebHO padoTaronuX TpaHchOPMATOPOB, UMEET MECTO, €CIIH
rpymnmna TpaHcOpMaTOpOB OTIWYAETCA Ha eauHMIy, Hampumep, 11 u 0

(puc. 6.5, 6). Bropuunsie DJ1C EZOI u Ezon COOTBETCTBYIOMIMX (ha3 TpaHchop-

MaTOPOB PaBHBI MO BETUYHMHE, HO CIIBUHYTHI 1O (a3e Ha 30°. B 3aMKHYyTOM KOH-
Type BTOPUYHBIX 0OMOTOK pazHOCTh 3TuxX DJ[C

AE = Eyg; —Epony
He paBHa 0. JlelficTByro1Iee 3HAUEHUE 3TOW Pa3HOCTH, KaK CIEAYET U3 BEKTOPHOM
nuarpaMmel (puc. 6.5, 0),

Ha xomoctoMm xoay 1o BTOpUYHBIM OOMOTKaM TpaHc(hopMaTOpoB MpoTe-
KaeT ypaBHUTEJIbHBIA TOK

: AE 0,518
I == _— . -
ooz +Zqg  0,055+0,055

=471,

PaBHBINM IPUMEPHO MATUKPATHOMY HOMUHAJIBHOMY 3HAYEHUIO BTOPUYHOIO TOKA.
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Takum 00pazoM, napanienvhoe SKIOYEHUE MPAHCHOPMAMOPOS PA3TIUY-
HBIX 2PYNN COeOUHEHUST 0OMOMOK HeOON)CIMUMO.

DTOT BBIBOJI KacaeTcs TpaHCHOPMATOPOB, OJAWH U3 KOTOPBIX MpPUHAJJIE-
KUT K YETHBIM TPYIINaM COEIUHEHUsI OOMOTOK, a APYyrod — K HedeTHbIM. Eciu
00a TpaHchopmaTtopa MpUHAJIEKAT K YETHOW WIIM HEUETHOM TpyMIe, TO MpaK-
TUYECKU BCETIa MOXHO MEePEMapPKUPOBKON KOHIIOB (Ppa3HBIX 0OMOTOK TMPHUBECTH
YX K OJTHOW TpyIIIIE.

6.4. NapannenbHaa paboTa TpaHccopmaTopoB
C Pa3NIM4YHbIMU HaNPSXKEHNAMU KOPOTKOro 3aMblKaHUA

PaccmoTpuM napasuienbHyto paboTy Tpex TpaHc(hopMaTopoB ¢ OJUHAKO-
BbIMH KOd((uuueHTamMu TpaHchopMalMu k; =k, OAMHAKOBBIMU TPyIIIAMHU

coenuHeHMsT 00MOTOK. [loydaeMble TIpu 3TOM PE3yJIBTATHI JIETKO MOYKHO pac-
MPOCTPAHUTH HA JIFDOOE YKCIIO MapAJIEIbLHO paboTaronuX 1 TpaHC(HOPMATOPOB.
[IpeneOperass HAMarHWUYUBAIOIUMH TOKAMU U UCHOJIb3Ys YIPOIICHHYIO CXEMY
3aMelleHHs], IPEJICTABUM CXEMY MapajuiebHON paboThl Tpex TpaHChHOpMaTOPOB
B BHJIE, U300paXKEHHOM Ha puc. 6.6.

VY Bcex Tpex TpaHcOpMaTOPOB MAICHUS HATIPSHKEHUS OJJMHAKOBBIE U PABHBI

AU =U,-Uy=U,~-Us=2"1, (6.11)

rae [ =1;+ I+ Iy — NONHBIA TOK HArpys3ku; Z —CyMMapHOE€ CONPOTHUBIIEHUE
00MOTOK TpaHC(OPMaATOPOB,

. 1 1
== (6.12)

Zy Zxm 2k n “xn

Toku oTIEAbHBIX TPAHCHOPMATOPOB PABHBI:

AU Z-1 1 : I I

R R 1 ; 1 m= 1 1
Zx1 Zy1 Z . Z R Z . Z R z . Z _
Kl kIl KIII
n ZI(n n ZKn n ZKn

I, P . (6.13)
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Zyl / 1
. Z I‘ .
° I & Zxll [ § I
Zxlll Iy
) , B
(o, -< ]

Puc. 6.6. YnpolieHHas cxema napajiesibHOW paboThl TpaHCHOPMATOPOB ¢ OJTUHAKOBBIMU
rpyInaMu coequHEeHNH 1 ko3 duienTaMmn TpanchopMaIiy, IpH Pa3HIX U,

B oOuiem ciayyae 3TM TOKHM HE COBHAAAIOT MO (ha3e, TaK Kak apryMEHTbI
Q> Pypr> Pypp KOMILIEKCOB COIPOTUBICHUM KOPOTKOT'O 3aMbIKaHUSI MOTYT OBITh

HepaBHBIMU. OJIHAKO B OOBIYHBIX YCJIOBHUSIX CIBHUTHM TOKOB IO (ha3e He3HAUM-
TeIbHBI, U apupMeTUUYecKass CyMMa IOJHBIX MOIIHOCTEH TpaHCHOPMATOPOB
¢ 00JIBIION TOYHOCTHIO PABHA MOJTHOW MOIIHOCTH HATPY3KHU:

S=8,+8;+Sy. (6.14)

[TosTOMy KOMIUIEKCHBIE BEJIMYMHBI B BhIpOKEHUAX (6.12), (6.16) MOXKHO
3aMEHUTh UX MOIYJISIMU.

CoriacHO omnpeIeNICHUIO HAMIPSHKEHUS KOPOTKOTO 3aMbIKaHUs, Il IEPBO-
ro TpancopMaTopa COMPOTHUBICHHUE KOPOTKOTO 3aMbIKaHUs (HANpPsDKEHHE
KOPOTKOT'O 3aMBbIKaHUS1) B OTHOCUTEIbHBIX €IMHUIAX

-l
N M N ZKI(] i, (6.15)
H
OTKY/1a MOJYyYUM
ZI:ZKI*-UH:MKI%‘UH (6.16)
g : .
- 100 1

BeipaxkeHus 1S z, g ¥ Z, gy @QHAJIOTUYHBI (6.16).
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IToncraBum (6.16) B (6.13) 1 3aMEHUM TOKH Ha IPOIMOPIIMOHATIBLHBIE UM
IIOJIHBIE MOIIHOCTH, YMHOYUB JIEBYIO U IIpaByto yacTu (6.13) na m-U., :

: m-U, -1
m.UH'[I_uKI%.(]H.m.ZIOO'IHn
100 1, m “ug.,U,
0] 041
S = SS . (6.17)
KI%'Z HI

S u

ul n “xn%

AHaIOTUYHO OIpPEACNAIOTCS MOJHBIE MOIIHOCTH BTOPOTO U TPETHETO
TpaHchOpMaTOPOB:

S
Si = y S (6.18)
k1% . Z HI
SHH n Ueno,
S
S = . (6.19)
. Uiy, | Sin

St 5 Ukn%

B otHOcUTeENnbHBIX equHUIaX BbipaxkeHus (6.17)—(6.19) npuHuMaroT BU

&=?= SS ; (6.20)
LT Zu HA
n Kn%
S S
Si. I _ 5 ; (6.21)
mll gy, Zu n
n “xn%
St S

M. = = . (6.22)
Sum U1, ann
n

kn%
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N3 paBenctB (6.20)—(6.22) cienyer, 4TO OTHOCHTEIbHBIC HArpy3Kd Ia-
payenbHO  paboTaronux TpaHCHOPMATOPOB OOpPAaTHO MPOMOPIIMOHATBHBI HX
HAIMPSHKECHUSIM KOPOTKOTO 3aMbIKAHUS

111

St oS, 1S, = (6.23)

Ugron  Ugrioe Ukl

Ecnu HanpsbKeHnst KOPOTKOTO 3aMBIKAHHSA OAMHAKOBBI: Uyqo, = Uygio; = Usqrios »
0 S, =Sp, =S, > T. €. TPaHCPOPMATOPbI HArPYKAIOTCS PABHOMEPHO M IIPU

YBEIIMYEHUH HATPY3KU AOCTUTAIOT HOMUHAJIBHBIX MOIIHOCTEH OJHOBPEMEHHO.
Ecmu xe u,,, He paBHBI, TO IPU NOBBILICHUHM HAIPy3KHM HOMHHAJIBHOM MOIIHO-
CTU IpPEXJE BCEro JOCTUTHET TPaHC(HOPMATOP C HAUMEHBIIUM U, . Jpyrue
TpaHc(hOpMaTopsl IPU ITOM OyAyT €Il1e HEIOTPY>KEHbI, HO B TO € BpeMs Jallb-
Heillee yBenu4ueHue oOIIe Harpy3kd HEJAOMyCTHMO, TaK Kak MEpBBIA TpaHC-
dopmarop Oyner neperpykarbcs. Y CTAaHOBJIEHHAs MOLIHOCTb TpaHc(opmaro-
POB OCTAHETCS HEAOMCIIONB30BAHHOM. PexkoMeHnmyercs BKiIOUYaTh Ha Iapal-
JeNbHYI0 paboTy Takue TpaHCHOPMATOPBI, A KaKIOTO U3 KOTOPHIX 3HAUECHUS
U, OTINYAIOTCS OT apU(PMETUYECKOrO CPEJHEro 3HA4YEHUs U, BCEX DTUX

TpaHchopmaropoB He Oonee yem Ha +10 % M oTHOLIEHME HOMUHAJIBHBIX MOIII-

HOCTEU KOTOPBIX HAXOAUTCA B nipeaenax 3:1.
PaccMoTpuM B KauecTBe Mpumepa mapaviebHyl0 padoTy Tpex TpaHcdop-
MaTOPOB C OJAMHAKOBBIMU KO3(PPUIIMEHTAMH U TPYIIIIaMHU COEIMHEHU 0OMOTOK.
Homunanvuelie mownocmu u  Hanpsdcenusi KOPOMKO20  3AMbIKAHUSL
mpancgopmamopos:

S =180 kB-A, S, =240 kB-A, S, =320 KB-A;
uKI% :5,4%, MKH% :6,0%, MKHI% :6,6%.

OnpenenuM Harpy3Ky Kaxjaoro u3 TpaHcQpopMaToOpoB JUIsl Cliydasi, KOrjaa
00was Hazpy3Ka pasHa Cymme ux HOMUHAIbHbIX MOWHOCE.
MouHocTh Harpy3ku, kB-A,

S=8+8y+Sy; S=180+240+320=740.

CymMMma MOIIHOCTH 1O BhIpakeHusM (6.20)—(6.22)

5 Sw__ 180,240 320 o

u .. 54 6 6,6

n KHY%
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[TonHble MOLTHOCTH TPAHC(HOPMATOPOB B OTHOCUTENIBHBIX €IUHHUIIAX Ha-
XOJIUM 110 hopMyiam

uKI%'Z o ’ ’
n Uyno,

§ S 740 _
ol S~ ™ 61218 T

“KH%'Z:L ’

n “xn%
S 740
SIII* = > >

S = — =
S, M 66-121.8
Ui, Z ’ ’

n Yxn%
[TosHbIE MOIIHOCTH TpaHC(HOPMATOPOB B UMEHOBAHHBIX €IMHULAX, KB-A,
S, =1,125-180=202,5;
Sy =101-240=1243;
S =0,92-320=2944.

Takum oOpazom, Tpanchopmarop I neperpyxen Ha 12,5 %, Tpancpopma-
top Il meperpyxen na 1 %, a rpancopmatop IIl Henorpyxen Ha 8 %. s ycr-
paHeHus TMeperpy3ku IMepBoro TpaHchopmaTopa HEOOXOAMMO YMEHBUIUTh
Harpy3ky Bceil moactanuuu g0 740:1,125 = 657 kB-A unm Ha 83 kB-A, 1. e.
83 kB:A yCTaHOBIEHHOW MOIIIHOCTH OCTAIOTCSI HEJOUCIIOIH30BAHHBIMHU.

CdopmynupoBaHHbIE B TJIaBe yCJIOBUS MapaliedbHON paboThl TpaHCchop-
MaTOpPOB M MOCIEACTBUS HECOOJIOIEHUS 3TUX YCJIOBHM MOKA3bIBAIOT BO3MOXK-
HOCTh M SKOHOMUYHOCTH pa0OTHI TpaHC(HOPMATOPOB NapAIIENBHO ¢ ceThio. JJid
KQ)KJIOT0 clly4das ONpeJielieHa BEJIMYMHA YPABHUTEIBHOIO TOKA B PEXXHUME XOJIO-
CTOro Xoja MapajulesibHO pabOTaIKX TPAaHCPOPMATOPOB U JlaHA OLIEHKA BO3-
MO>KHOCTH MapajuiebHON paboThl TpaHCPOPMATOPOB MPU PA3IUYHON BETUUHHE
YPaBHUTEIBHOI'O TOKA.
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7. HECUMMETPUYHAA HATPY3KA
TPEX®A3HbIX TPAHC®OPMATOPOB

7.1. OcHOBHbIe gonyLeHuns
WU NPUMEHEeHue MeTo4a CUMMETPUYHbIX COCTaBNAIOLWMX

[pu skcrmyaTau Tpex@a3HbIx TpaHC(HOPMATOPOB HEPENKU CIydal HepaB-
HOMEPHOTO pacrpeieieHus TOKOB 10 (a3aM U3-3a HEPaBHOMEPHOTO pacpeIeIeHuUs
MOIIHBIX OJHO(A3HBIX NPUEMHHUKOB HArpy3Kd WM BCIIEACTBUE aBAPUMHBIX PEXU-
MOB IpU OJTHO(A3HBIX U JBYX(a3HbIX KOPOTKHUX 3aMbIKaHHUAX. Bo3HuKaromas npu
TOM HECUMMETPUs BTOPUYHBIX HANpsDKEHHW TpaHcdopmaropa BecbMa HeOiaro-
NPUSATHO OTPAXKAETCSI Ha OTPEOUTENAX: MPU MUTAHUKA HECUMMETPUYHBIM HarpsiKe-
HUEM Yy JIBUTaTeJel MEepPEMEHHOr0 TOKAa CHIDKACTCS JOMYCTUMAsi MOIIHOCTb, PE3KO
YMEHBIIIAETCS CPOK CITY>KOBI JIaMIT HAKAJIMBAHUS NPU MMUTAHUU OT BO3MOXHOI'O T10-
BBILICHHOI'O HAMPsDKEHUS, @ IIPU MUTaHUK TIOHWKEHHOM HalpsHKEHHEM YMEHBIIIAeT-
cs cuna cBeta. HecuMmerpudHasi Harpyska BbI3bIBAaCT MEpPETPy3Ky OTAENbHBIX (a3
TpaHc(hopMaTopa WK Ype3MEPHOE MOBbIILIEHNE (Pa3HBIX HANPSDKEHUI U HACHIILIEHHE
MarHuTorposoja. [loatoMy nccnenoBanue MmpoeccoB, BO3HUKAIOIIUX B TPaHCHOP-
Marope MpU HECUMMETPUYHBIX HAarpy3kax, UIMeeT OOJbLIOE MPAKTUYECKOE 3Haue-
HHE, TTOCKOJIbKY TO3BOJISET ONPEICTHUTh JOMYCTUMBIC HArpy3Ku, 00eCIeUHBAIOIIIE
paboTOCIIOCOOHOCTh Kak MOTpeOHTENs, TaKk M camoro TpaHcopmaropa. Llens
UCCIIE/IOBAHUS — OMPENENIUTh MPU U3BECTHBIX COMPOTUBIICHUSX HArpy3Kd, (azHble
TOKM W HampshkeHuss Ha o0erx cropoHax TpaHcdopmatopa. [nga uccienoBanus
MOJOOHBIX PEKUMOB ITPUMEHSIIOT METO/] CUMMETPUYHBIX COCTABJISIFOIIINX.

CoriacHO 3TOMY METO]ly, HECUMMETpUYHasi MHOTro(a3Has cucteMa TOKOB
U HaIpSOKEHUM MPEACTABISIETCS B BUAE COBOKYIHOCTU 7 CUMMETPUYHBIX CHUC-
TeM, T m — 9uciio das.

Tak, Tpexda3Has cucteMa HECUMMETPUYHBIX TOKOB [, [, [, DKBUBAaJEHT-

Ha TpEeM CHMMCTPHYHBIM CHCTEMaM, OTIMYAIOIMIUMCA IIOCICA0BATCIIBHOCTBIO
IPOXOX/ICHUSI TOKOB 4Yepe3 MaKCUMYMbI (CHCTEMBbI TOKOB MPSMOW, OOpaTHOM
Y HYJICBOM TOCJICIOBATEIBHOCTH):

]a :IaO +]al +Ia2 >

Ic = Ic() +Icl +102 >

rae unaekcamu 0, 1 u 2 0603HaYEHbI, COOTBETCTBEHHO, TOKU HYJIEBOH, MpsIMOit
¥ 00paTHOM MOCIe10BATENbHOCTEN.
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c

jaZ

al c

Puc. 7.1. Paznoxenne HECUMMETPUYIHOM CUCTEMBI TOKOB (a)
HA CHMMETPUYHBIE COCTABJISIONINE (6) U UX CIOXKEHHE (8)

Kak wu3BecTHO, CHMMETPHYHBIE TOKH, OOpa3ylIIHe CHUCTEMY MPSIMON
MIOCJICIOBATEIPHOCTH, JOCTUTAIOT MAaKCHMYMOB, COOTBETCTBEHHO, B (hazax a, b,
C; TIOPSAZIOK TIPOXOKJICHUS Yepe3 MAaKCHMYMBI TOKOB OOpaTHOW IMOCIICIOBATEb-
HOCTH — d, ¢, b; TOKM HYJIEBOU ITOCJIEIOBATEILHOCTH BO BCEX TpeX (a3ax coBma-
natoT 1o ¢asze (puc. 7.1, 6). I'padbmuecku MeTon pasioXeHUs TOKa3aH Ha
puc. 7.1, a, 8.

s pa3HbIX TOKOB, 0003HAYMB I KpPAaTKOCTH jaO = jo» ial = il,

1,5, =1,, 3anumem

I,=1y+1,+1y; (7.2)

I,=Iy+d’l,+al,; (7.3)

I, =1Iy+al, +ad*l,, (7.4)
r71€ BEKTOp OBOPOTA a = e 2= na+a’+1=0.
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ITo dopmynam (7.2)—~(7.4) TOKM pa3IMYHBIX MOCIEIOBATEIBHOCTEH MOTYT
OBITh BBIPQXKEHBI Uepe3 HECHMMETPUYHBIE TOKU B BUJIE

Iy=3U, 41y + 1) (1.5)
1. . 2:
A =§(Ia +al,+a’l,); (7.6)
A 5. .
[zzg([a"‘a Iy +al.); (7.7)

[TonoGHbIe k€ COOTHOLIECHUS CBA3BIBAIOT HECUMMETPUYHBIE (Da3HbIC Ha-
npsoxenus U, Uy, U,.:

U X cuMMeTpu4Hble coctassromme Uy, Uy, U, :

%:?@+@+mﬁ (7.11)
mzéag+ug+fag; (7.12)
U, :%(Ua +a’U, +aU,). (7.13)

[Ipumenenne MeToa CUMMETPUYHBIX COCTABISIOIINX, KaK U3BECTHO, OC-
HOBAaHO HA NPUHUMIIE HAIOXKEHUs. TeM caMbIM IPEANOaracTcs, 4ro s BCEX
y4acTKOB MarHUTHOW Ienu TpaHchopmaropa |l =const, yeM U 00ycIOBIIeHa
BO3MOKHOCTb €TI0 IPUMEHEHUS.

[Ipu ananM3e HECUMMETPHUYHBIX PEXKUMOB OyJeM Mojararb, 4To cam
TpaHc(hOpMaToOp YyCTPOEH CUMMETPUYHO, T. €. Bce TpH (ha3bl OJUHAKOBBI B Mar-
HUTHOM H DJIEKTPUYECKOM OTHOLIECHMX. Hekoropas HecuMMeETpus, IPOsIBIAIO-
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11asCsl Ha XOJIOCTOM XOJly U BBI3BaHHAsI HEOJMHAKOBBIM B3aWMHBIM PACIIOI0XKE-
HUeM (a3, HEe MMeeT MPAKTHUEeCKOro 3HaueHus. B 0003HaueHUU NMpUBEIEHHBIX
BEJIMYMH BTOPUYHON OOMOTKHM TpaHchOpMaTopa OIMyCTUM MPUMEHSBIIUNACS pa-
HEE WITPUX HAJ CHUMBOJIOM, aHAJIU3UPYS, KAK U MNPEXKAE, PUBCICHHBIN TPAHC-
dbopmarop. DTO JOMyIIEHUE TO3BOJISIET TMOIB30BATHCA MPOCTHIMUA COOTHOIIIE-
HUSIMA MEXJY MEPBUYHBIM U BTOPUYHBIM TOKaMH. ECIIM 3TH TOKM HE coIepKaT
HYJIEBOW MOCJIEA0BATEIBHOCTH, TO

I +1+1.=0; (7.14)
I,+1,+1,=0. (7.15)

ByI[eM CUuTaTh, 4YTO TOK HaMarHM4YHMBaHUA (TOK XOJIOCTOIO XOI[a) paBeH
HYJIIO, TOTAa MOJHBIE TOKM IEPBUYHONM M BTOPHMUYHOM OOMOTOK (hasbl pPaBHBI,
CJICOOBATCIIBHO,

a’®

Bripaxkenus (7.16) cripaBensivBbl AJ1s JIFOOOM MOCIEA0BATEILHOCTH TOKOB
(unn Qa3HbIX HANPSHKEHUI), B TOM YKCIIE TOTIa, KOrAa IPUCYTCTBYIOT TOKH HY-
JIEBOM MOCIEA0BATEIbHOCTH B IEPBUYHON U BTOPUYHOU OOMOTKAX:

Tg0=—140, 1po=—1po» Ico=—1co- (7.17)

Crnenyer uMeTh B BHJy, UTO HyJIEBas MOCIEI0BATENBHOCTh TOKA MOSBIISA-
€TCsl B LIETH TOJIbKO MPH COBMECTHOM HAJIMYMU ABYX (DAaKTOPOB: HANPSKEHUS
i uHayurpoBanHod DJIC HyneBoil mociie0BaTebHOCTH; KOH(DUTypaluK 1e-
Y, JOIMYCKAIIIeH NPOTEKaHHEe TOKOB HYJIEBOM MOCIIEI0BATENbHOCTH (3aMKHY-
THIN TPEYTOJBHUK WIH 3B€3/1a C HEUTpaIbHbIM MpoBoAoM). Muayuupyemas 3/(C
HYJIEBOW MOCIIEIOBATEIHLHOCTH BO3ZHUKAET B NEPBUYHOM MIJIM BO BTOPUYHOM 00-
MOTKaX, €CJIM 10 3TUM 0OMOTKaM (10 OJHOM M3 HUX WK MO 00eUM) MPOTEKAET
TOK HYJIEBOW IMOCJIE€I0BATEILHOCTH, 00YCIaBIMBAIOIINN B CEp/IEYHUKE MarHUT-
HbII TIOTOK HYJIEBOM mocienoBaTteabHOCTH. CONpPOTUBIICHUS HYJIEBOM MOCIIEIO0-
BaTEJIbHOCTH OTJIMYAIOTCS OT COMPOTHUBIICHUM MPAMOW W 00paTHOM MocieoBa-
TENbHOCTEN OTCYTCTBHEM clBHMra (a3 TOKOB HYJEBOW IOCIIEIOBATEIbHOCTH.
ConpoTuBIIeHHs HYJIEBOW MOCIIEIOBATEIBHOCTH 3aBUCAT OT CXEMbl COEIMHEHHUS
00OMOTOK U KOHCTPYKLIMU MarHUTHOM CUCTEMBI TpaHchopmaropa.

B oTnmnuune ot Bpamaonmxcs MamH B TpaHCQOpMaTope COMPOTUBICHUS
npsiMOl M OOpaTHOM MOCJIEeOBAaTENbHOCTEW paBHbI. J[eMCTBUTENBHO, €CIH
y TpaHcpopMaropa, padOTAIOIIEr0 C CUMMETPUYHOW HArpy3KoM, HU3MEHHUTb
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NopsZIOK 4epenoBanus (a3 (MOMEHSATh MECTaMH JIBa TIOJBOMASIIMX IMPOBOA),
TO M3MEHUTCS Ha oOpaTHOE W uepenoBaHHE TOKOB (a3 Tpancopmaropa, HO
BHYTPEHHHE COIMPOTUBIICHUSI OCTAHYTCS HeM3MEHHbIMHU. CJe10BaTeNbHO, TOKH
00paTHOI MOCIEeN0BATETLHOCTH TPAHCHOPMHUPYIOTCS W3 BTOPUYHOW OOMOTKH
B MEPBUYHYIO TaK K€, KaK M TOKHU MPSIMOI TTOCIE0BATENHHOCTH, U UMEIOT OJTHH
U T€ XK€ CXEMbl 3aMEIICHUS, MPUMEHSIEMbIE B CUMMETPUYHBIX pexumax. [lo
3TOM MPUYMHE YaCTO MPHU aHAIM3E U pacueTaX HECUMMETPHUYHBIX PEXKUMOB pac-
CMaTPUBAIOT UX T€OMETPUYECKYI0 CYMMY BMECTO OTIEIBHOIO PAaCCMOTPEHUS
COCTABJIIONIUX MPsIMOI M 0OpaTHOM MOCIEA0BATEILHOCTEN.

[Tpu aHanm3e HECUMMETPUYHBIX PEKUMOB CUUTAEM, UYTO TpaHCHOpMATOp
paboTaer OT ceTh OECKOHEYHOW MOIIHOCTH. JTO, BO-NIEPBBIX, CIIPABEIIMBO MIPU
COBPEMEHHBIX JIOCTATOYHO MOIIHBIX 3JEKTPHUECKUX CETSAX, BO-BTOPBIX, YIPO-
IIaeT aHAIN3 PEKUMA, TIOCKOJIBKY HAMPSHKEHUE CETH MPHU ITOM CJIEIyeT CUNTATh
TIOCTOSTHHBIM, HE 3aBUCSIINM OT pexuma paboTsl TpancopmaTopa. byaem pac-
CMaTpHUBaTh KpaitHUe ciaydau ogHo(a3HON U ABYX(}a3HOW HArpy3Ku — ogHO(pa3-
HbIe U JABYX(]a3Hble KOPOTKHE 3aMbIKaHMsI, TPOU3OIIEANINE HA XOJIOCTOM X0y
Tpanchopmaropa. [Ipu 3ToOM cuuTaeM akTUBHBIE COMPOTUBICHUS HECPABHUMO
MEHbIIIE UHAYKTUBHBIX.

7.2. OgHoha3Hoe KOpOoTKoe 3aMbliKaHue TpexdasHoro
TpaHcdopmaTopa npu coeguHEeHUN OOMOTOK
no cxeme Y/Y,.

Tpancpopmaropsl co cxeMoi coenuHeHHs: 0OMOTOK Y/Y, MPUMEHSIOT
B pacHpeleNuTeNbHBIX CETAX, TJIe€ UMEIOTCS CHJIOBAasi M OCBETHUTENIbHAS HArpy3-
KH, paboTaromue ¢ pa3IuIHbBIM HanpsDKeHneM. BriBeieHHass HeUTpanbHasi TouKa
Ha BTOPUYHOM CTOPOHE MOHIKAIOIIETO TpaHchopMaTopa MO3BOISET UMETH JIBA
pabouunx HanpspKkeHus: pa3zHoe U IMHEWHOE.

I, =-@/3)i, Ly =1y

y ._fYY\_. a
Ip=/3)I, 1, =0

B ._'NY\._" .p—NY.\_.b
I-=(/3)] I.=0

C —27 Y Y\ NY\_.C

Puc. 7.2. OnqnodazHoe KOpOTKOE 3aMbIKaHHE
B cxeMme Y/Y
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[Tycth ogHOMa3HOE KOPOTKOE 3aMbIKaHKUE Mpor3o1Lo B (aze a (puc. 7.2),
TOT/Ia TIPU OTCYTCTBUHU TOKOB B (a3ax 6 U ¢ COCTABJISAIONINEC CUMMETPUYHOM
CHUCTEMBI:

. 1,. . . 1. 1.
fo==(I,+1,+1)==1==I, 7.18
a0 3( a b c) 3 a 3 K ( )

A VPN P

1a1_§(1a+a1b+a 10)_§1a_§1K, (7.19)

N R

Iaz—g(la+a Ib+alc)—§la——IK. (7.20)

Cucremam TOKOB [,5, 1, , I,, BTOPHYHOH OOMOTKM COOTBETCTBYIOT

al»
TaKHe K€ CUCTEMbI TOKOB B MIEPBUYHON OOMOTKE, HO HAXOJISAITUECS B TIPOTHUBO-
dazax ¢ HUMU:

4TO caeayer u3 ypaBHeHus (7.16).
VY mepBuuHON 00MOTKH (pHUC. 7.2) BBIBEICHHOW HEUTpAIN HET, MIOATOMY
TOKOB HYJIEBOU IOCJIEI0BATEILHOCTH B HEM ObITh HE MOkeT. ClieJoBaTeNbHO,

A I
Lo==(1,+1,+1.)=0, (7.24)
3
PCAJIBHBIC 3HAYCHUA TOKOB HepBI/IIIHOI?'I OOMOTKH:
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: I =—1
Ib] Al 3 K
icl jc1
1. 1
Ialzglk Bl
. 1.
. IA2:_§IK .
Lo Ip,
1 I \\\
b2 B2 | . N
1. IC2 IB_EIK Bl
IaZZ_IK
3 .
\ ; \ .
. 1. _——\]J
A j.o=—] C2
Ly Ino Ieo S
a 8

Puc. 7.3. CuMMeTpuYHbIE COCTABIISIONINE TOKOB BTOPUYHOM (@), TEPBUUHOM (6) 0OMOTOK
Y TOKH ITIEPBUYHON 0OOMOTKH (8) TpaHchopMaTopa mpu 0JHOPA3HOM KOPOTKOM 3aMBIKAHUN

Ecnu npeacraBuTh CUCTEMBI BTOPUYHBIX TOKOB BEKTOPAMH, TO OTHOCH-
TEJIbHO UX BEKTOPHI MEPBUYHBIX TOKOB JOJDKHBI OBITh MOKa3aHbl MPOTHUBOIO-
JI0’KHO HanpaBjieHHbIMU (puc. 7.3).

['eomeTpruyecKuM CIOKEHHEM BEKTOPOB TOKOB MPSIMOW M OOpaTHOM MO-
CIIEZIOBATEIbHOCTEN TOTYyYUM peajibHble (ha3HbIe TOKU MEPBUYHON OOMOTKH:

.. . 7.
. . 1.
.. . 1.
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Pe3ynbTaThl CHOXKEHHUS MOKA3bIBAIOT HWCTHUHHOE PAaCIpPEAECICHUE TOKOB
B 00MOTKax TpaHchopmaropa npu 0AHO(Pa3HOM KOPOTKOM 3aMbIKAaHUU

Takum oOpa3om, omHO(da3zHOE KOPOTKOE 3aMbIKaHuUE TpaHchopmaTopa,
OOMOTKH KOTOPOTO COEIUHEHBI MO cxeme Y/Y,, MOXHO paccMaTpuBaTh Kak
pe3yJbTaT HAJOXKEHUSI TPEX PEXKUMOB: ABYX CHUMMETPUYHBIX PEKHMOB TpEX-
(a3HOTO KOPOTKOTO 3aMbIKaHHS CUCTEMbl TOKOB MPSIMON M 0OpaTHON Mmocieno-
BaTEJNIBHOCTEN M TPETHEro peknuMa OAHO(Aa3HOro TOKa BO BTOPHUUYHON OOMOTKE
(TOKM HYJIEBOH MOCIEI0BATEIbHOCTH BTOPUYHOM OOMOTKH).

[Ipsimast u oOpaTHasi CUCTEMBI TOKOB 00pa3ylOT HOpMaJibHbIE Tpex(da3Hbie
CHUCTEMBI, B KaXXJOW M3 KOTOpBIX nepBUuYHble W BTOpruHble MJIC B3anmHO
YPaBHOBEIIECHBI.

JIJ1s1 3TUX CHCTEM TOKOB CYIIECTBYET CXeMa Z, Z
3aMEMICHUS C COMPOTHUBIIEHHUEM KOPOTKOTO 3aMbl- —_—t] 11—
' —
Kanus Z =7,+7Z, (puc. 7.4), aHanoruyHas . : :
U =Uk —i
cxeme 3amelnieHus Ha puc. 4.8. 1o oObsCHsIETCS 3 K

TEM, 4TO TpaHCPopMaTOp MPEACTaBIsET CO0O0I Pre. 7.4 Cxoma savomonmn
anmapar, B KOTOPOM, B HPOTHBOMONOKHOCTE  uoowon nmaviof u oBpaTHOM
BpAIAOIIAMCS MalliHaM, TOPSIOK CIICIOBAHHMS [OCIIeIOBATEILHOCTEI
da3 (4 — B— Cwim 4 — C— B) 6e3pa3inuueH.

Toku HyJEBOH TOCIEIOBATEIHPHOCTH iao, I 50, ja , TEKYyIIIUe TOJBKO BO
BTOPHYHON OOMOTKE, paBHBI 10 BEJIMUYWHE W COBMAAAIOT 1O (hase, T. €. OHH TPO-
TEKaloT 10 0OMOTKE B OJIHOM HAIpaBJICHUU — OT Hayaja (a3HbIX OOMOTOK K UX
KOHIIaM WJIM B OOpaTHOM HaIpaBi€HUU. DTO PABHOCWIBHO COEIMHEHHUIO (a3
BTOPUYHOM OOMOTKH IMOCJIEA0BATEILHO 10 cxeme (a —x) — (b —y) — (¢ — z) u 00-

Pas3yIoIMX LEMb, 110 KOTOPoH TeueT ToK [y, =1,0=1yy=1.0=1,/3 oTr ucroy-

HMKa OHO(]A3HOr0 TOKa HOMMHAIILHOM 9acTOThI ¢ HanpsbkenueM U, (puc. 7.5):

= &, (7.28)
372y,

On
rae Zy, — HOJHOE COIPOTUBICHUE HYJIEBOM I10-
CIIeI0BATEIbHOCTH.

IIpoxoas mo obmoTkam, Tok I, =1, /3
CO3JIa€T TPU paBHBIC II0 BEJIWYMHE W COBIIA-
natomme no dase MIAC Fy = wyl,, =w,l /3.

HerictBue »dtoii MJIC 3aBUCHUT LEIMKOM
oT KOHCTPYKHI/II/I MaFHHTHOfI CUCTEMBI TpaHC— Puc. 7.5. Toxku HyneBOﬁ
dbopmaropa. TI0CIIEI0BATENHLHOCTH
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B tpexcrepxueBoM Tpancdopmarope MIC Fy, HampasiIeHbl OJUHAKOBO
BO BCEX TPEX CTEpKH:AX (puc. 7.6) u co3naroT ogHo¢aszHelid NOTOK D, 3aMbl-
Karoluiics OT sipMa K sipMy (IITPUXOBbIE TOHKHE JIUHUM HA pUC. 7.6) B cpele, OK-
pyKaroliel cepAeuyHIK TpaHcPopMaTopa: OOMOTKH, Macj0, CTEHKU 0aka U T. .

Tak xak MarHUTHOE CONPOTHUBIIEHUE 3TOU Cpeabl BEIUKO, TO MPHU 3a/aH-
HOM 3HAQ4YEHHUU TOKAa NMOTOK D,  CPaBHUTEIBHO HEBEIMK. 3aMBIKAHUE ITOTOKA
@,
3bIBAET JIONOJHUTENIbHBIE IOTEPU HAa BUXPEBBIE TOKHU. B 3TOM OTHOIIEHUHU TOTOK
HYJIEBOM MocienoBaTeslbHOCTH @D, aHAJIOTMYEH MOTOKY TPEThEH rapMOHHYE-

; Uepe3 KpelexHble AeTall CTCHKU KOKyXa Win 0aka TpaHc(opmaropa Bbl-

ckoil @3, BO3HMKAIOUIEMY BCIIEACTBUE HACHIIEHUSA MAarHUTHOM CHCTEMBI

TpaHchopmaropa (cm. puc. 3.7, 6). Ho Mmexxny HUMU €CTh CYIIIECTBEHHAs pa3HU-
113, 3aKJIFOYAOIIASICS B CIIEIYIOLIEM:

1) motox @, 3aBUCHUT OT HArpy3ku TpaHcdopmaropa, a notok P, npax-
TUYECKU UMEET OJIHO U TO K€ 3HAUEHHE KaK MPHU XOJOCTOM XOJE, TaK U IPH Ha-
TpYy3Ke;

2) notok @, LHUPKYIUPYyeT C YACTOTOU CETH, a MOTOK P; — ¢ TPOWHOM
YacTOTOM CETH;

3) notok ®,,, Kak OyAeT MOKa3aHO Jajee, He UcKaxaeT GopMbl (pa3HbIX

O/1C B nepBUYHON U BTOPUYHON OOMOTKAX, HO HapyIlaeT UX CHMMETPHIO, a MOo-
Tok @;, He Hapymas cumMeTputo DJIC, uckaxaer ux Gopmy.

N\ N /p //CDCOH
\ \ / /
\ Vo /
e U Lo ) I
\ I L
— . .
L L |
L I I
. ! .
— . .
= I A= e
R | -1 I -
| |
L | ||
= T ™
| Vo Iy
/| Do |
CDZZOH / / N \
s a \’b AN C
rd ~ ~

//
- - (DbOr[ o o

Puc. 7.6. [loToku HyJIEeBOM MOCIIEI0BATETLHOCTH
B TPEXCTEPKHEBOM TpaHChopMaTope
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Puc. 7.7. IToToKM HyJ€BOM MOCIEIOBATEILHOCTH
B IPYIIIOBOM TpaHC(hOpPMaATOpE
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Puc. 7.8. JleiicTBuEe MOTOKa HYJIEBOW MOCJIEI0BATEIbHOCTH Dy,
MIPH COEIMHEHNU 0OMOTOK 1o cxeme Y/Y

B rpynnoBoM TpaHchopmaTope NOTOK @D,  3aMBIKAeTCA MO CEPACUYHUKY

KaXJI0T0 U3 0HO(a3HbIX TpaHchopMaTopoB (puc. 7.7), T. €. IO MyTH OCHOBHOTO
NOTOKA (B Cpeie ¢ MUHUMAJIbHBIM MarHUTHBIM conpoTuBiieHHeM). [loaTomy agaxe

HeOONBIION TOK [, — OJIM3KUII K TOKYy XOJOCTOrO XOJa — CO31aeT NoToK D,

COM3MEPUMBIN IO BEIMYMHE C OCHOBHBIM MarHUTHBIM MOTOKOM TpaHc(opmaro-
pa. DTOT MOTOK HABOJUT B 0OMOTKax TpaHchopmaropa 3HaunTenbHy0 IJ(C.

B HeHarpyxeHHOM (UM PaBHOMEPHO HArpy>KeHHOM) TpaHchopmaTope
HaAMPSHKEHUST CHMMETPHYHBI M M300pakeHbl Ha quarpamme (puc. 7.8, a) TOHKU-
My nuHUSMH. [Ipu ogHOPA3HOM KOPOTKOM 3aMBIKAaHHH, KPOME TOKOB TPSIMOM
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1 00paTHON mocneoBaTeNbHOCTEN, MPOTEKAIOIUX B MEPBUYHON U BO BTOpUY-
HOM OOMOTKax M ypaBHOBEHIMBAIOIIUX JAPYT JIpyra, BO BTOPUYHOU OOMOTKE
MOSIBUTCS] HECKOMITIEHCHPOBAHHBIN TOK HYJIEBOM MOCIEA0BATENBHOCTH, 110 (7.18)

paBHBIA [, :glK, BEKTOp KOTOpOro (mpu NmpeHeOpeKeHUH MajbiM aKTUBHBIM

CONPOTHBIICHMEM) OTCTAET OT BEKTOPA HANpshKeHus Ha yroi 7/2. Tok [, BbI-
30BeT NOsBJIEHUE NMOTOKa D, , KOTOPHII B CBOIO O4Yepeab HaBeAET B OOMOTKax

paBHbIe 10 BenmunHe U HanpasieHuto DJIC E,, . CkunanpiBasich ¢ (pa3HbIMHU Ha-
npsoxenusmu U ,, Uy, U, DJC E;, R0omKHBI OblIM ObI CMECTUTH KOHIIBI BEK-

topoBU ,,Up, U, coorBerctBenHo, B Touku A',B',C', HO mnomoxeHue

Touek ABC eCTKO 3aKpeIuieHO CeThio (TpaHc(opMaTop mMUTaeTcst OT ceTu Oec-
KOHeYHOU MoIHOcTH). ClenoBaTenbHO, ACHCTBHE TOKOB HYJIEBOW IOCIEOBa-

TEJIBHOCTU BBIPA3UTCS B CMELICHUU HEUTPaAIBbHONW ToUkH Ha Besmuuny OC E ..

[Tpu KOPOTKOM 3aMBIKaHWW HANPSDKCHHUE 3aMKHYTOU (Da3wl oOparaeTcs B HYJb,
HEUTpaslb TIepeMeIiaeTcs B OJHY U3 BEpIIMH TpeyroiapHuka (puc. 7.8, 0),

a HaIpsDKEHUS JBYX CBOOOAHBIX (a3 (B naHHOM ciydae Uz u U ) Bo3pacTaroT

10 TUHEWHBIX.

3HauuTeNbHAS HECUMMETPUS HAMPSKEHU HACTYTIAET MPU TOKaX HYJEBOM
MOCJIEI0BATEIBHOCTH, OJIM3KUX K TOKY XOJOCTOrO X0Ja, BEIUYMHA )K€ TOKa KO-
POTKOT'0O 3aMBbIKaHHsI HE IIPEBBIIIAET TOKA XOJIOCTOr0 XOAa.

AHanornysasi HECHMMETPHUs HANPsDKEHUM BO3HUKAET HE TOJIBKO B I'PYII-
MOBBIX, HO M B OpOHEBBIX M OpPOHECTEPKHEBBIX TpaHCPHOpMaTOpax, TaAKKE
UMEIONINX HE3aBUCHUMbIC MAarHUTHBIE CUCTEMBI. Takoe MCKaKeHHe (a3HbIX Ha-
NPSDKEHUH COBEPUICHHO HEOMYCTHMO U MO3TOMY TpaHC(hOpPMATOphl C HE3aBU-
CUMOIl MarHMUTHOM CUCTEMOH (TpynmoBoM, OpOHEBOI, OpOHECTEPKHEBOM) HE
OPUMEHSIOT [IPU COEIMHEHUH 0OMOTOK 10 cxeme Y/ VY.

3HaueHHe TOKa OJHO(A3HOTO KOPOTKOTO 3aMbBIKAHMS OIPEACSIOT 10
ypaBHeHUsIM (pa3ubix DJIC, ¢ yueToM TOro, 4To B 3aMKHYTOMU HaKOpoTKO (aze A
HanpsHDKeHUE Ha 3aKMMax MPAaKTUYECKH PaBHO HYJIIO, HAMpspKeHUs B ¢azax B

1 C paBHBI, COOTBETCTBEHHO, U U U :

Up+Ey~Zdg ~Zdp, =Uy, (7.30)
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Ucnonbiys paBenctBo (7.18) u 3amenss 3/1C majgeHueM HanpsoKeHUS:

1

Eow ==Zolon = =3 Zolon: (7.32)
MOHO (7.29) ipecTaBUTh B BUJE
| A 1.

: . 1.
Kpowme toro, [ =1, = glK' CnenoBarensHoO,

v, ——72,1 —Z2 1 ——7Z 1 =0, 7.34
A 3 On'k 3 K'K 3 K'K ( )
OTKy/1a
iK:L. (7.35)
Loy +27Z,

B dopmyze (7.35) U, =Ug =U, /N3 ; conpornsnenne Z, maxomst u3
OTIBITA KOPOTKOTO 3aMbIKAHHUsl; COTIPOTUBIIEHHE Z, ONMPEEISIOT ONBITHBIM My-

TEM, COoequHssT 0OOMOTKM TpaHcopmaTropa B cXxemy, 00eCreUHBArONIYIO MPOTE-
KaHHUe 10 BceM TpeM (pa3am paBHBIX MO BEIMYMHE W COBMAJAOIINX MO (aze To-
koB (puc. 7.9).

Puc. 7.9. DxcniepuMeHTanbHOE ONpeieeHne CONPOTUBICHHS
HYJIEBOH MOCJIEI0BATEIEHOCTH
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W3smepus Hanpsixenue U g, , TOK /g ¥ MOIIHOCTB P 4 Ha (ha3y, momydaem:

U P [52 2
Zon = 3-;11@ > Ton = 5 s Xon =\ Zoq ~ Ton - (7.36)
On®d

- 2
3 IOH<I>

ITpu ompenenenun Z,, BTOpUYHAas OOMOTKa TpaHc(hopMaTopa AOJKHA

OBITh 3aMKHYTa HAKOPOTKO, €CJIM B HEH MOTYT T€Ub TOKH HYJIECBOH TOCIE0Ba-
TenbHOCTH (cxeMbl [l 1 Y), U pa30MKHYyTa, €CIIU 3TUX TOKOB OBITh HE MOXKET
(cxema V).

7.3. OpHoha3Hoe KOpPOTKOe 3aMbikaHue B cxeme A/Y

B cimyuae paboTsr Tpancdopmaropa Ha omHO(A3HYIO HArpy3Ky TP COSMIU-
HeHun oomotok JI/Yy (puc. 7.10) mo BropuyHON OOMOTKE MPOTEKAET TOK HYyJIe-

BOM NOCJENOBATEIbHOCTH [, TaK e, KaKk M IPHU COECIUHEHUU 0OMOTOK Y/VY|.
Ho npu aToii cxeme coequHEeHnss OOMOTOK TOK [, T€YeT U MO0 KOHTYpY IEepBUY-
HOM OOMOTKH, COCIMHEHHOMU

Ji B CXEMy  «TPCYTOJBbHHK»

4 4 Y Y\, rvywy g A-X-B-Y-C-Z. Ta-

Iy, j =] KAM 00pa3oMm, B obeux 00-

B Iy “ b MOTKax TpaHcopmaTtopa

—> o 1YY\, — Y Y IIPU COEJMHEHUM MX TI0 CIIO-

. Lon I,=0 coby /Yy TeKyT TOKH BCeEX

C I- ¢  TPeX IOCIeN0BaTEIbHOCTEH.
>+ Y Y\ o1 =YY i—e

Co3naBaeMbIe KaXIoM U3
m oTuX cucrtem TokoB MJIC
B3aUMHO YPaBHOBEIIMBAIOT-
Cs, BCJEACTBUE YEro OJIHO-
(asubii motok @, ABIAET-

Puc. 7.10. OnHodazHoe KopoTKOoe
3amMbIkaHue B cxeme J1/Y

CsS TPAKTHYECKH TMOTOKOM
paccenBaHMs M CIBUT HEUTPATbHOW TOYKH MPAKTUUCCKUA OTCYTCTBYyeT. Das3HbIE
HAMPSHKCHUS MCKAXKAIOTCS 3HAYMTEILHO MEHBINE, 4eM B cuctemMe Y/Y,, mpu
mo00i BenmuuuHe oHO(a3HON Harpy3ku. [1o3ToMy mpuUMEHEHUE STON CXEMBbI
COCTMHEHHSI OOMOTOK SIBIISIETCSl TIPEAMOYTUTEIILHOM sl JIF0O0H CXeMBbI MarHu-
TOMPOBO/JIA: TPEXCTEPKHEBOTO, TPYIIIOBOT0, OPOHEBOT'0, OPOHECTEPKHEBOTO.
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7.4. IByxca3Hoe KOpoTKoe 3aMbikaHue B cxemax Y/Y

ITpu koporkom 3ambikanuu ¢a3 B u C Ha xonoctoMm xoxny (tox [, =0,

puc. 7.11) B cxeme OTCYTCTBYET BBIBEJICHHASI HEUTPaJlb, UTO HE MO3BOJISIET LIUP-
KYJINPOBaTh B HEW TOKaM HYJIEBOW MOCJIEAOBATEIBHOCTA U YCTPAHAECT MPUYUHBI
uckaxenus DJIC (cMeleHre HenTpam).

Toku KOpPOTKO3aMKHYTHIX (pa3 paBHBI MO BEJIUYMHE U MPOTHUBOMOJIOKHO
HarnpasiieHbl (TOK /g OT KOHIA K Hadaiy (asbl, a TOK /¢ — OT Hayajla K KOHILY).

B orom cnywae [ =—Ipg, I, =—1c. YuursiBad, uto [;, =0, a cOonpoTUBICHUA
00MOTOK TpaHc(opMmaTopa TOKaM IPSAMOM M OOpaTHOW IOCIIEAOBATEIbHOCTEH
OJJMHAKOBBI, TOK KOPOTKOI'O 3aMBIKaHHs OIPEIEIAIOT 0 (hopMyIIe
. U,-U
[ =—b—¢, (7.37)
2Z

K

WJIH, IpeHeOperas aKTUBHBIM COMPOTUBJICHUEM, HaXOAT TOK KOPOTKOT'O 3aMbl-
KaHUs 110 a0COJIFOTHOMY 3HAYCHHIO:

U
J =—. 7.38
K 2x, ( )
1,=0
A o—L Y Y —1 Y Y \_°
ig Ip
Ic 1.
C o>l Y Y |

Puc. 7.11. IByxda3zHoe kopoTkoe
3aMbIKaHue B cxeme Y/Y
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IIpyu axTUBHOM HArpyske TOK /g
COBIIAJACT C JIMHEHWHBIM HANPSKEHU-
eM Up,. (puc. 7.12). IIpu orcyrcTBUH

TOKOB HYJIEBOH ITOCJIEI0BATEIBLHOCTH
HEUTpaJIbHAasT TOYKA CHCTEMBI HE
CMEIIaeTCs, IMOTCHIUANIBI Touek A, B,
C ABIAIOTCS 33JaHHBIMM M, COOTBET-
CTBEHHO, (pa3Hble MEPBUYHBIC HAIps-
KEHUS MPU HArpy3Ke HE U3MEHSIOTCS.
Bropuunsie (asHbie u nuHEiHBIE Ha-
NPSHKEHUST MOXKHO MOJIYYUTh, HE MPO-
U3BOJA PA3JIOKEHUS] HECUMMETPHUY-
HOI cucTeMbl ABYX(Aa3HOro TOKa Ha
CUMMETPHUYHBIEC CcOCTaBisronue. Jlns

Puc. 7.12. BextopHasd AuarpaMma 3TOr0 HY’KHO CJIOKHTh BEKTOp (paszHO-
npu AByx(a3Hoi Harpy3ke B cxeme Y/Y

ro HanpsbkeHus Up ¢ BEeKTOpamu Ia-
JECHUI HaNpsDKEHUS Ha COIPOTHUBIECHUSAX TOH (a3bl 0OMOTKM —r [, U —jx, 1,
a Bektop U, — ¢ BekTopamu —r [, u —]xKI o>

TOpa BTOPHYHOTO JIMHEHHOT0 HATpsuKeHus U, »e (puc. 7.12). B paccmarpuBae-

" IIOJIYYUTh HOBOC 3HAYCHUC BCK-

MoM ciydae (hasHoe HampsvkeHme U, Bo3pacTaeT, a (asHoe HampskeHne U,

yMenbinaercs. ITpu Tokax [ b —I VU3MEHEHHE HAIPSHKEHUM OCTAeTCs B IIpefe-

JaX HEeCKOJBKHUX MPOLIEHTOB (B Mpejiesax MaclopTHBIX HAMPSHKEHUH KOPOTKOTO
3aMbIKaHUS).

Tpexdaznas cucreMa TOKOB W HANPSHKEHUW CUUTACTCA MPAKTHUICCKU
CUMMETPUYHOMN, €CIIM OTHOIICHHNE TOKA WM HAMPSHKEHUS 00paTHOW MOCIIeI0Ba-
TEILHOCTH, COOTBETCTBEHHO, K TOKY WJIM HANPSHKEHUIO MPsIMOM MOCIE0Ba-
TEJIbHOCTH HE MpeBbIaeT 5 %.

[Ipy cumMMeTpuYHOM TEPBUYHOM HAMNPsHKEHUU U JIBYX(a3HOW Harpyske
Harpy304Hbld TOK TpaHchopmaTopa, MPU KOTOPOM BTOPUYHBIC HANPSKEHUS
MPAKTUYECKA CUMMETPUYHBI, ONPENIEISAIOT 10 (hopMyIie

I < 54/3(1 = Au/100)

Uy

L, (7.39)

rae Au U u, — COOTBETCTBCHHO, IIaJICHUE HAIPSHKCHUA U HANPSOKEHUE KOPOT-
KOT'0 3aMbIKaHUsI TpaHC(POPMATOPA, BHIPAKEHHOE B MPOIEHTAX.
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7.5. Pabota TpaHcdopmaTopa
B CXeMe OTKPbITOro TpeyrosibHuKa

Tpancdopmarop, BriatoueHHBIN B cxemy JI//], obecrneunBaer mpakTuye-
CKYI0O CUMMETPUYHOCTbH JIMHEMHBIX TOKOB U HAIPSIKEHUN JaKe€ B TOM Cllydae,
KOTJla IEpPBUYHAs U BTOpUYHAsi OOMOTKH OJHOU (pa3bl OyIyT U3 CXEMBbI YJaJICHBI
(otkpsiThiil ). CpaBHUM yclioBUSI pabOThI TpaHcpopMaTopa ¢ 3aKpPBHITHIM U OT-
KPBITBIM TPEYTOJIbHUKAMM, JJI YNPOIICHHS aHajdu3a J100aBUB K JOMYIICHUSM,
IpUBEACHHBIM B 1. 7.1, ele aBa: Harpy3ka CUMMETpPUYHAs U 10 XapakTepy ak-
THUBHAs, MaJICHUEM HampsKeHU nmpeHeoperaem. Cxema paboThl TpaHchopMaTo-
pa co cxemoii JI/Jl npuBenena Ha puc. 7.13, a. Ha nuarpamme puc. 7.13, 6, no-

CTPOEHHOM JUIA 3aKPBITOrO TPEYrojibHUKa, BEKTOPBl U 5, Up- u U, mpen-
CTaBJISIIOT COOOM CUMMETPHUYHYIO CHCTEMY MEPBUYHBIX JTUHEHHBIX HANPSKEHUN
U SBJISIOTCS TaKKe NepBUYHBIMU (pasHbIMU HanpspkeHUsIMH U v, Upy 1 U, .
IIpn axTuBHOM Harpyske (asubie TOKU [y, gy U [, COBIANAIOT C COOTBET-

CTBYIOIIIMMU UM (Da3HBIMU HANPSIKEHUSAMH, a JIMHEWUHBbIE TOKU MPEJICTABIISIOT
c000i reOMeTPUYECKYI0 PaA3HOCTh JIBYX (Da3HBIX TOKOB:

jA:icz_jAXa (7.40)

Puc. 7.13. Cummetpuunas pabora Tpanchopmaropa B cxeme J1//]
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AHaJOrHYHbIE COOTHOLICHMS HANPSIKEHMH M TOKOB MOJKEM COCTaBUTB
111 BTOPUYHOM LIETIN.

[TocmoTpuM, Kak H3MEHHTCS paboTa TpaHC(HOpPMATOpA, €CIU OTKPBITH
NIEPBUYHBII M BTOPUYHBII TPEYrOJIbHHUKH, yHaluB M3 cxembl (azy BY —by
(puc. 7.14, a). IlockombKy MO yCIOBHIO TIEPBUYHBIC JIMHEHHBIE HATIPSKEHHS
U 5> Usc» Upy M, cOOTBETCTBEHHO, hasubie Hanpskenust U ., Uy, 1 U, He
U3MEHSIOTCS, TO 10 yca0BUI0 paBHOBecHd DJIC HE MOTYyT U3MEHHUTHCSA HH IEp-

BuuHbie D/IC dha3 4 — X u C — Z, Hu MarHuTHBIC MOTOKHU, HEOOXOTUMBIC IS
cozganms 3tux DJIC.

IIpu orcyrcrBum magenun Hanpsokenun U, ,=U, u U-=U,,, T. €.

ca’
BTOpHYHBIe Hanpsbkenus U, u U,, ToXe He U3MEHAIOTCA HU 110 BEIMYUHE, HU
no ¢ase. Tak xax U, +U,. +U_, =0, T0 Hanpsbkenue U, ocTaeTcs HEU3MEH-

HbIM (puc. 7.14, 0).
Takum 00pa3oM, eciii K BTOPUYHON IIETMM TOJIKIIOYEHA Kakas-HUOYIb
Harpyska (Z,.), TO IpU OTKPBITOM TPEYrojJbHUKE M OTCYTCTBUU NaJCHUH Ha-

MPSKCHUA Ha HEM OCTaeTCs TO K€ HaIps’KCHUC, KaK U B 3aKPbITOM TPCYI'OJIbHH-
K€. HOBTOMy JIMHCHHBIC BTOPHUYHBIC H, COOTBCTCTBCHHO, IICPBHUYHLIC TOKH
ocraroTcs 0e3 HU3MCHCHMU, HO (paSHBIe TOKH U3MCHAIOTCA KaK I10 BECJIIMYHMHEC, TaK

u o daze. JleHcTBUTENBHO, B cooTBeTCTBUH ¢ (7.41) ipt 15y =0 Tok Iz =1,
octaercsi Hem3MeHHbIM. CrlieioBaTeNnbHO, (a3HbI TOK BO3pacTaeT J0 JUHEHHO-
ro, YBEJIUYUBIINCH B V3 1 u3meHuB CBOO dazy na +30° (puc. 7.14, b). Anano-
TMYHO 3TOMy TIpH Toke [zy =0 TOK B muHuH [, = —I, TakkKe U3MEHHTHCS He

MOJKET. 3HAYNT, H3MEHUTCA B /3 pa3 BenmumHa (asHOro TOKa I-, n Ha —30°
ero (aza (puc. 7.14, b).

Puc. 7.14. Pabota TpancdopmaTopa B cXeMe OTKPBITOTO TPEYTrOIbHUKA
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Jns mpeaynpexaeHus meperpeBa oOMOTOK oO0mias Harpys3ka TpaHC-
dbopmartopa, nepeBeIeHHOro Ha paboTy MO CXeME OTKPBITOTO TPEYroJIbHUKA,

JIOJIKHA GBITh CHIKEHA B /3 pas, T. €. He npeBbIaTh 58 % HOMUHAIBHOM.

3a cder HEW30EXKHBIX MAICHUN HANPSOKCHUS Ha COMPOTUBICHUSIX
OOMOTKH CHMMETPHUS BTOPUYHBIX HAINPSIKEHUW B CXEME OTKPBITOTO Tpe-
yTOJIbHUKA HECKOJIBKO HapyIHUTCa (B Mpeaenax HampsKEHHS KOPOTKOTO
3aMBIKaHHUS).

PabGoTty TpaHchopmaropa mpHU OTKPBITOM TPEYTOJBLHUKE HCIIOIB3YIOT
B JIMHUSAX TepeJadyu MpH ciaadblX Harpy3Kax WIM KOTJa IMPH BBIXOJE U3 CTPOS
OJIHOTO U3 TpeX TpaHCHOPMATOPOB IPYIIIBI BCE K€ Hy)KHA HEMPEpbIBHAS paboTa
py yMeHbIIEHHOW Harpy3ke. Kpome Toro, mo cxeme OTKPBITOIO TPEYyrojJbHUKA
BKJIFOYAIOTCSl U3MEPUTEIbHBIE TPAaHC(HOPMATOPHI.

ITonumanue ocobeHHOCTEH pPadoThl TpaHCHOPMATOPOB NPH HECHMMET-
PUYHBIX HArpy3kax MO3BOJISIET W30€KaTh HApYLIEHUH X PabOThI, OMMACHBIX JIJIS
UX HaJIeKHOU paboThl, OT KOTOPOU 3aBUCHUT Oecriepe0oitHOe IIeKTpocHa0KEeHNE
notpebuteneil. Bo3M0OXHOCTh BO3HUKHOBEHHSI TaKUX PEKUMOB YUYUTHIBACTCS
IIPU pacyeTe, MPOSKTUPOBAHUY U DKCIUTyaTalluy TPpaHC(HOPMATOPOB.
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8. MEPEXOOHbIE PEXUMbl TPAHC®OPMATOPOB

8.1. Bknro4yeHne HeHarpyxeHHoro tpaHcdgopmaropa B CeTb

[Tepexoanbie mpolecchl BO3HUKAIOT B TpaHchoOpMaTopax MPHU BCIKOM
W3MEHEHUH PEeXHMa €ro padoThl: BKIIIOYEHUE TpaHChOpMaTopa B CETh, PE3KOE
W3MEHEHHUE HArpy3Ku, KOPOTKOE 3aMbIKaHHUE B MEPBUYHON WJIM HA BBIXOJE BTO-
pPUYHOIM OOMOTKH, BOJIHOBBIE MPOLIECCH B JMHUM, MUTAIOLEH TpaHchopmaTop,
U B psge apyrux ciaydaeB. HecMoTpsi Ha oueHb KOPOTKOE BpeMs MEPEXOIHBIX
IIPOLIECCOB, OHU COIPOBOXKJAIOTCS 3HAYMTENIbHBIM MOBBIIIEHUEM TOKOB, AJIEK-
TPOMArHUTHBIX CHJI, MATHUTHBIX MOTOKOB, BOSHUKHOBEHHWEM OITACHBIX JUIS I1e-
JIOCTHOCTH TpaHcpopMaTopa OOJIBIINX MEXAaHHYECKUX YCHIMN MEXIy oOMOT-
KaMH, KpailHe HEpaBHOMEPHOTO paCIpEEICHUs HAMPSIKEHUS] MEXKIY OTHENb-
HBIMH YaCTAMH 0OMOTOK, PE3KOT0 meperpeBa 0OMOTOK U T. 1.

[ToaToMy 6€3 yueTa mepexoIHBIX MPOIECCOB B TpaHCHOPMATOPE MPHU €0
MPOCKTUPOBAHUM HE MOTYT OBITh MPABWJIBHO BBIOPAHBI Pa3Mephl, OMpPEACICHBI
YCJOBUS, B KOTOPBIX OH JIOJKEH KCILUTyaTUPOBAaThCA, U CHOPMYIHPOBAHBI TpE-
OOBaHMS K €r0 3aIIUTE.

[Ipu ycraHoBuBIIEMCSI pekuMe pabOThl TOK XOJOCTOrO XOJia CHIJIOBOTO
Tpancopmaropa He mnpeBbimaer 3—5 % HoMmuHaNBHOTO. [Ipu BKIIOUEHUM
TpaHcdopMaropa B CeTb Ha HOMHHAJIBHOE HANpsDKEHHE MOTYT HaOJI0AaThCs
pe3kue OpOoCKH TOKa, BO MHOTO pa3 IMPEBHIIIAIONIME HOMUHAIbHBIC 3HAYCHUS
TOKa XOJIOCTOr'O X0/1a.

VYpasuenue 3/1C npu BiIOUeHUH TpaHchOpMaTopa Ha CUHYCOUAIBHOE,
HE 3aBHCSIIEE OT €r0 PeKUMa pabOThI, HAMPSXKEHUE MOYKHO 3amucaTh B BUJE

rae y,— (asza BxirodeHus, T. €. (pa30BbII yroj, ONpeAeIOIMNA 3HaYeHUE U,

B MOMEHT BKIIOYEHHs TpaHchopmaTopa B ceTh (puc. 8.1). 3aBUCUMOCTB
@, = f(i,) HenMHENHA, IOITOMY pelleHHe ypaBHEHUS (8.1) BO3MOXKHO IIpH YII-

pOLIaIOIIEM MTOJIOKEHUH O NPOINOPLHOHAIBHOCTH IOTOKOCLEIIEHUS] TOKY i)

L]lo = qu)l . (8.2)
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Torna ypasuenue (8.1) mpuobpeTaeT BUI

AUy
> ) d ()
> Uy, sin(of +y,) = —Lk + w, 90 33
N Ll df
Vo
Puc. 8.1. ®a3a BxiroueHus NN
Tpancdopmaropa
db, o )
L Py =Y inor +yg). (84)
dt L W

IToTok th BBIPpAKACTCA B BUAC CYMMBI JIBYX IIOTOKOB — IICPHUOAUYICCKOTO

notoka @, COOTBETCTBYIOLIETO yCTAHOBUBIIEMYCS PEXHUMY, U CBOOOIHOTO

notoka @_,, COOTBETCTBYIOIIETO NEPEXOTHOMY pexkUMY. TakuM oOpazom,
D, =D, +Dg. (8.5)
Hotox @, OTCTACT OT MOJBOAMMOIO K TPaHCHOPMATOPY HAIPSIKCHH

u, moutu Ha 90°, mosTomy
D, =D, sin(of +y, —71/2) =-D, cos(wt + ), (8.6)
rae @, — aMIUIUTY/1a TOTOKA TP YCTAHOBUBIIEMCS PEXKUME PabOTHL.

Jlnist onipeiesieHrs CBOOOAHOM COCTaBIISIONIEH MOTOKA MpaBylo vacTh (8.4)
MPUPABHUBAIOT HYIIO:

+—Lp =0. (8.7)

Pemenue (8.7) oTbICKMBAeTCS B BUIC

n
_n,

®,, =Ce b, (8.8)

rae C — MOCTOsSHHAsA MHTETPUPOBAHMUS, ONpeeisieMasl U3 HadyaJIbHBIX YCIOBUI:
i
—Lt

t=0. Ilpu t=0 ¢dyskuusa e b =1 u norox @, =C, a B MATHUTOIIPOBOJE
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CYILIECTBYET TOJIBKO IIOTOK OCTaTOYHOro HamarHuuyupanus +@ ... B atom ciy-
yae ypaBHeHue (8.5) ¢ yueTom (8.6) MOXKHO 3anucath B BUJIE

O, =20, =D, + D, =—D, cosy, +C, (8.9)

OTKyJa
C=-0,cosy,+D_, . (8.10)

[Toacrasisist aTo 3Hauenue C B ypaBHeHue (8.8), HAXOAUM

D, =D, cosye by eh . (8.11)

OkoHYaTeNhbHO TIOTOK B MarHUTOINPOBOJIE TpaHchopMaTopa sl JT000TO
BPEMEHHU IEPEXOTHOTO TpoIecca

n n
_hy, _nhy,

D, =D, + D, =—D, cos(0t +y,) + D, cosy,e h +D, e b (8.12)

XapakTep W3MEHEHHUS] MarHUTHOTO IMMOTOKAa OYJET 3aBUCETh OT MOMEHTA
BKJIFOUCHHMS TpaHchopmaTopa.

o .
ITpu vy, = ) u u; =U|, MarduTHBINA IIOTOK

@, =-D,, cos(wt + %) +® e =@ sinotxd e . (8.13)

AU D, i,
/ chCT
Ly
U, 4
\j
-
a o

Puc. 8.2. Bxitouenue HeHarpy)eHHOTO TpaHncpopmaropa (a)
¥ M3MEHEHUE MarHUTHOTO MOTOKA 1pu ¥ = 1t/2 (6)
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Ecimu oCTaTo4HbIi NOTOK OTCYTCTBYET, TO IIPU BKJIKOYEHUU TpaHchopma-
TOpa B CETh IIOTOK M TOK HAMarHU4MBaHus (puc. 8.2) JOCTUrarOT yCTaHOBUBIIIE-
rocs 3Ha4eHHs Oe3 IepPeX0AHOro Mpolecca.

IIpu y, =0 u u; =0 MarHUTHBIA IOTOK

O, =-D, cos(wr)+D, et £D e " (8.14)

UMEET alepUOJUYECKYIO COCTABILAIOINYIO Aaxe npu moroke ® . =0 u mepe-

XOJIHBIN Tiporiecc Hens0OexeH. Ha puc. 8.3 mpuBeeHbl KpUBbIE, XapaKTEPU3YIO-
M€ WU3MEHEHUSI BO BPEMEHU MATHUTHOIO NOTOKAa @ M €ro COCTaBIISIIOIINX MPH
npolecce BKIOUEHUS 0JIHO(a3HOrO TpaHCPopMaTopa, MPOTEKAIOIIEM COTJIACHO
ypaBHeHuo (8.14).

Hawubomnpiiero 3HaueHus MarHUTHBIN MOTOK JIOCTUTHET 4Yepe3 MoJynepu-
0J1 OT MOMEHTA BKJIFOUEHUS, KOTJa

2n T
oot:2rcft:—n——:n; coswt =cosm=—1, (8.15)
T 2
¢ yuetoM (8.15) MarHuTHbBIN MOTOK
i, A,
O, =D, +D,el +D e . (8.16)
N3 (8.15) cnenyer:
of =T, t:n/oo,ait:ﬂ. (8.17)
L, oL
AP o
/.
®OCT (DCB
q)CB
\\ /1 7 - )(,Ol
vy =0 \/
o \J/
T

Puc. 8.3. I3MeHeHne MarHuTHOTO MOTOKa mpu =0
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OOBIUHO 7 << WL, U B IEpBOM NPHONMKEHUHA MOKHO CUMTaTh, YTO 3Ha-
_mh
(DLI )
gyeHue e = ' =1, oco0eHHO B OonbIuX TpaHchopmaropax. OCTaTOUHBIN ke 110-

TOK MOXCT OBITh 3HAYMTENBHBIM M jpocturare ueorma @ . =(0,2-0,3)® .,

1 HauOOJbIlIee 3HAUCHHE MAarHUTHOI'O IOTOKA B IMEPCXOJHOM IIPpOLECCCC B ABa
C JIMIHUM pa3a IPCBbIIIACT YCTAHOBHUBIICCCH:

D=(2,2-2,3)D, . (8.18)

HamarnnuunBaroniyii Tox i,, HEOOXOAUMBIN Ul CO3JaHUs TaKOTo MOTOKa,

omnpenesaeTcs Mo KpUBOW HaMarHuuuBanus (puc. 8.4).

Ha kpuBoit (puc. 8.4) touku 4 u C COOTBETCTBYIOT HOMHHAIbLHOMY
U JIBOMHOMY 3HAY€HUSM MAarHUTHON WHAYKIIMH CHJIOBBIX TpaHCHOPMATOpPOB,
T. €. HOPMaJIbHOMY U JIBOMHOMY 3Ha4eHusM noroka @ .. W3 pucynka cnenyer,

YTO aMIUTATYJa TOKA BKIKOYEHUSI MOKET MPEBBICUTh AMIUIUTYy HOMUHAJIBHOTO
HaMarHM4YMBAaIoLIEero Toka xosnoctoro xonaa B 50—100 pa3. Ecnu umeTs B BUny,
410 TOK [, #5% I, , TO TOK BKIIIOYEHHUSI MOXKET NIPEBBICUTh HOMUHAIIBHBIN pa-

0ounii Tok B 3—4 pa3a. AMIUIUTYAHOE 3HAYEHHE TOKA TeM OOoJblle, yeM OOoJbllie
HACBIIlIEHA CTaJlb MAarHUTONpoBoja. JIMTENbHOCTH MEPEXOAHOro Mpolecca
BKJIIOUYEHUS HEBEJIMKA M HE MPEBOCXOIUT HECKOJIBKUX MEPHOIOB.

C Bo3pacTaHMEM HOMHHAIBHON MOIIHOCTH TpaHCpOpMaTopa OTHOIIE-
HUe 7 /L, 0OBIYHO yMeHbUIACTCS (yBEIMYUBAETCS ICKTPOMArHUTHAS TOCTO-
SHHAs), TO3TOMY y TpaHCPOpPMATOPOB MaJON MOIIHOCTH MEPEXOJHBINH MPO-

oecC IIpru BKIIIOYCHHH HPOTCKACT 6BICTpCe H CBsi3aH C MCHbIINMHU 6POCK3_MI/I
TOKa.

B A

2,28, ,
1

C
‘:
A |
BOH :
|

i L

l

| L
lOH iBK.]'I

Puc. 8.4. KpuBas HamarauuuBaHus
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[Ipouiecc BkiItOYeHUs B OTACNIBHBIX (pazax TpexdazHoro Tpancopmaropa
POTEKAET Pa3Iu4HO, TAK KaK MarHUTHbIE MOTOKU (a3 CABUHYTHI MEXKITY COOOil
Ha 120° u Bcerma cieayeT oXuaaTh Ooyiee WM MEHEE 3HAYMTEIBHBIX TOJIYKOB
TOKa, MOCKOJIbKY Bceraa Oynet (aza, HaNpsHKEHUE KOTOPOM B MOMEHT BKJIFOUE-
Hus Onu3ko Hymo. OnHako ypaBHeHue (8.14) st kaxxaoit ¢asbl B OTEIBHOCTH
OCTaeTCs CIPABEJIUBBIM.

Tox BrmroYeHUs TpaHchopmaTtopa HE MPEACTABISIET OMACHOCTH HETO-
CPEeICTBEHHO HJisi TpaHChopMaTopa, HO OH MOYKET MPUBECTU K BBIKIIOUCHUIO
Tpancopmaropa u3 cetu. [loaToMy 3anuTHYIO annapaTypy pacCUMTHIBAIOT Ha
TOKM BKJIFOUEHHsI TpaHC(hopmaTopa, 4ToObl N30eKaTh HEMPABWIBHBIX OTKJIIOYE-
HUN TpancpopmaTtopa. CieayeTr NOMHUTh, YTO MPU PE3KOM TOBBIIIEHUN TOKOB
YBEIIMYMBAKOTCA AJIEKTPOMArHUTHBIE CHIIBI, CTPEMSIIMECS CABUHYTh BUTKH
00OMOTOK.

MHorokpatHoe BO3pacTaHHE€ TOKa MpPH BKJIIOYEHUU TpaHcopmaTopa
MOXXHO OOBSICHUTh U (U3UYECKU. B CHIly MHEPTHOCTH MPOBOMASIIUX KOHTYPOB
TpaHchHOPMATOP CTPEMHUTCSI COXPAHUThH MOTOKOCICTVICHUE HEHM3MEHHBIM, a MPU
BKJIFOYEHUH — PABHBIM HYJIIO WJIM HEKOTOPOMY OCTAaTOYHOMY MOTOKY. CienoBa-
TeJIbHO, B MOMEHT BKJIIOUEHHUS TpaHchopMaTopa B ero 0OMOTKE BO3HUKHET TOK,
KOTOPBIM €O3/1aCT COOCTBEHHBIM MArHUTHBIM MOTOK, PABHBINA MO BEJIUYMHE, HO
MPOTUBOMOJIOKHBIN 110 3HAKY BBIHYKJICHHOMY MOTOKY B MAarHUTOIIPOBO/IE.

B Te mepuwonsl BpeMeHH, KOT/Ia BBIHYKJICHHBIH M COOCTBEHHBIN IMOTOKU
COBIIJIAIOT MO HANPaBJICHUIO, MAarHUTOMPOBOJI CUJILHO HACHIIIAETCS U Hamar-
HUYUBAIOUIMNA MOTOK MHOTOKPATHO yBEIUYUBACTCS.

8.2. BHe3anHoe KOpOoTKOe 3aMbiKaHue

BreszanHnoe kopoTkoe 3aMblkaHuE TpaHChopMaTopa SBISIETCS aBapUUHBIM
npoueccoM. [Ipu ero wucciegoBaHUM YCIOBHO CYHTAIOT, YTO MOABOJUMOE K
TpaHchOpMaTOPy HANPSDKEHHE OCTAETCSl HEM3MEHHBIM M BTOPHUYHAS OOMOTKA
3aMBIKAeTCsl HAKOPOTKO HETMOCPEICTBEHHO Ha ee 3akuMax. [lepBoe momyiieHue
000CHOBAHO JOCTATOYHO MOIIHBIMU COBPEMEHHBIMHU IJICKTPUUYCCKUMU CETSIMH,
BTOpPOE — TEM, YTO YyJaJCHUE KOPOTKOTO 3aMbIKaHUS OT BTOPHYHBIX 32)KHMOB
TpaHchopMaTopa HECYIIECTBEHHO YBEIMYHWBACT COMPOTUBICHUE BTOPHYHOMN
00MOTKHU TpaHc(opMaTopa, HO YCIOKHSIET aHAJIU3 SIBJICHHUS.

KopoTkue 3aMbIkaHusI B SJICKTPUUECKUX YCTAHOBKAX BO3HUKAIOT OOBIYHO
W3-32 Pa3IMYHbIX HEUCIPABHOCTEH B CETSIX: MPU MEXaHUYECKOM MOBPEKICHUH
U30JIAIIAH, DIEKTPUIECKOM €€ TIPoOoe B pe3yiIbTaTe OMIMOOYHBIX TEHCTBUIN dKC-
IUTYyaTallMOHHOTO TIEPCOHANA U B PSI/IC IPYTUX CIydaeB.
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Puc. 8.5. KopoTkoe 3ambikanne 0fHO()a3HOTO
TpanchopmaTopa

KopoTkoe 3amMbIkaHue OpeacTaBiseT Uisl TpaHC(hOpMaTopa Cepbe3HYIO
OMACHOCTh, TaK KaK TPHU ITOM BO3HUKAIOT UPE3MEPHO OOJBIITNE TOKU, PE3KO
MOBBIMIAIOIIAE TEMIIEPATYpy OOMOTOK, YTO YIPOXKAET IEITOCTHOCTH W3OJISAIUH.
B oOmoTtkax TpaHchopmaropa CYIIECTBEHHO BO3pPACTalOT AJEKTPOMAarHUTHBIE
CHJTBI, UTO TaK)Ke MIPUBOJIMT K BBIXOAY TpaHCHOpMATOpa U3 CTPOSI.

PaccMmoTpum mepexoaHbIi mporiecc Haubojee TUITUIHOTO CiTydas KOpPOT-
KOro 3aMbIkaHusl oJHO(a3zHoro Tpanchopmaropa (puc. 8.5). OCoOOeHHOCTH ATO-
o TIpoIiecca XapaKTepHbI U A Tpex(da3HbIX TpaHCHOpPMATOPOB.

Jl7is yIpoIleHrst aHaIu3a paccMaTpUBaeM MPUBEACHHBIN TpaHCchOopMaTop,
T. €. IPUHUMAaeM W = wy M NpeHeOperaeM TOKOM XOJIOCTOro xona. B ocHOBY

UCCIICIOBAHMS TIOJIOKHM CXEMYy KOPOTKOTO 3aMbIKaHHA, MPHUBEICHHYIO Ha
puc. 4.8. Cxema 3amenieHus: TpanchopmaTopa MpeACTaBIIeT COO0M dIeKTpule-
CKYIO LeTIb C OOIIUM aKTUBHBIM CONPOTHBICHHEM 7, =7 + 75 W OOLIUM HUHIYK-
TUBHBIM COIPOTHBICHHUEM X, =X, + X3 =L, + 0L , =0l , roe L, — WHIyK-
TUBHOCTH paccesHusi TpancdopmaTopa. Tak Kak MOTOKH pacCesHUs pacipene-
JSIFOTCS TJaBHBIM 00pa3oM B HEMarHUTHOH cpene, To L =const. C yderom

sToro ypasHenue DJ1C npu BHE3aMHOM KOPOTKOM 3aMbIKAHUH MHIIETCS B BUJIE

di,
b

uy =U,,sin(of + vy, ) =ri. + L, i

(8.19)

rae , yroi, XapakTepU3yOUIHi MIHOBEHHOE 3HAU€HHE HAMPSHKEHUs] B MOMEHT
KOPOTKOT0 3aMbIkaHus (¢ =0).

B cooTBeTcTBHHE € TeopHeii MEPEXOAHOTO MPOIIecca TOK KOPOTKOTO 3aMbl-
KaHUs B K&K MOMEHT BPEMEHH MOYKHO PacCMaTpHBaTh Kak CYMMY JBYX TO-
KOB — YCTaHOBHUBIIIETOCS] TOKA KOPOTKOTO 3aMbIKaHUSI ¥ CBOOOJHOTO TOKA:

+i.,. (8.20)

hx = lyCT CB
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B dopmysne (8.20) jjy, — MTHOBCHHOC 3HAYCHHE yYCTAHOBUBILIETOCS TOKA

KOPOTKOI'O 3aMbIKaHUs C aMHHHTYHOfII

Ui . (8.21)

Ilc =
P (oL,)?

BekTop TOKa KOPOTKOTO 3aMBIKaHHs OTCTAET OT BEKTOpPA HAIPSHKECHUS HA
yroa

¢, = arctg = = 90°, (8.22)

T

MOJIy4aeM

m

ilyCT = > 4 2 sin(o? + vy, — 75/2) = _\/EIIYCT cos(of+vy,). (8.23)
Vi + (L,

3Ha4YeHHue CBOOOJHOIO TOKA Ij, ONpPENENAETCA KaK PEIICHUE OJHOPOIAHO-
ro ypaBuenus J/IC (ypaBaenue (8.19) npu paBeHnctse 0 ero npaBoii 4acTh):

di

rig + L dctB =0, (8.24)
B BUJIC
i, =Ce ™, (8.25)

rae o, =7, /L. KOpeHb XapaKTepUCTUIECKOTO yPABHEHHSI.

[TocTostnnas unrerpupoBanusi C omnpenesieTcss U3 HavyalbHbIX YCIOBUM:
€CJIM J10 KOPOTKOTO 3aMbIKaHUS TpaHCPopMaTop padoTas BXoiocTyto npu ¢ =0,
i1=0,

hy =gy + iy, =C— \/EIIyCT cosy =0, (8.26)

OTKYJ1a OCTOsIHHAs uHTerpupoBanus C = \/EIIYCTCOS\II.

Takum oOpazom, mepexoHbIN TOK

-

i = —\/EIIYCT cos(of + W, ) + [y € L cos Y, (8.27)
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JITMTENBPHOCTh TIEPEXO0HOTO MPOIlecca COOTBETCTBYET BPEMEHHU 3aTyXa-
HUSI CBOOOTHOM COCTABJISIONICH TOKA, T. €. COOTHOIIECHUSI NHIYKTUBHOCTH H aK-
TUBHOT'O COIPOTHUBJICHUSI OOMOTOK TpaHcopmaropa. B cuinoBsix Tpancdopma-
TOpax, IJleé MHIYKTUBHOE CONPOTHUBIIEHHE OOMOTOK OOJbIlIE €ro aKTHBHOI'O
CONIPOTUBIICHUS, BpeMsl 3aTyXaHHUs IEPEXOAHOro IMpollecca HE MPEBBIIACT
(0,5-0,7) c.

Haubonee xapakTepHbl Ba MOMEHTa BHE3AITHOIO KOPOTKOTO 3aMbIKaHUS
TpaHcdopmaropa:

I max »

T
1) KOpOTKOE 3aMBIKaHUE NIPU Y, = ) unu =U

2) xopoTkoe 3amblkaHue npu Y, =0 u u; =0;
B nepBom ciyuae 1o (8.27)

I, = —\/EIIYCT cos(ot + g) = \/EIIYCT sinwt?, (8.28)

CBOOOJHBIM TOK HE BO3HUKACT, U TOK I, Cpa3y NPUHUMAET yCTAHOBMBILIEECS

3HAYCHUE.
Bo BTOopoM ciydae no (8.27)

I
— Ky

i =21 cos 0t + [jye B (8.29)

[Tponecc cTaHOBIIEHUS TOKA KOPOTKOTO 3aMbIKaHUs IMOKa3aH Ha puc. 8.6.

T

L
B npenensHoM ciyvae, npu 7, /L. =0 u e ™ ~1, HanbobIuee 3HAYCHHE

TOKa, WIH YOApPHbIU MOK KOPOMKO20 3AMbIKAHUSA, HACTYIIUT Yepe3 MOTyIEepPHOL
t =T/2 v OyzeT paBeH yBOCHHOMY 3HAYEHUIO YCTAHOBHMBILETOCS TOKA:

iy =221, (8.30)

OCKONIbKY Tipu ¢ =T/2 coswt =—1.

B peansHoM TpaHchopmarope cBoOOIHAs COCTABISIONIAsl TOKA 3aTyXaeT
TeM ObicTpee, YeM Gosiblie oTHOLIEeH e 7, /L .

VYpaBuenue (8.29) nepenuiiemM B BUAE

e

i =21 (1+e ). (8.31)
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Puc. 8.6. Tox BHE3alTHOTO KOPOTKOT'O 3aMbIKaHHUS
mpu y =0

B npenpiaymmx popmyax ycmaHo8USUUICA MOK KOPOMKO20 3AMbIKAHUS

ALY w3

K uK

C yuerom Toro, uro 1ipu ¢ =T/2

Bg il _ n2nf 1R (8.33)
L. 2L 2L2nf f x.

yaapHbiii Tok (8.31) MOXHO 3anucaTh B 0osiee y100HOH 11 pacueToB popme:

_I"KTE

b (14e %100, (8.34)

Uy,

T T
Ly = \/EIIYCT(I +te )= V2

B KOTOPOU 4, — HAIPKEHUE KOPOTKOIO 3aMbIKaHUsA B IPOLEHTaX; [, — HOMU-
HaJIbHBIN TOK B aMIIepax.
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8.3. BnusHmne TOKOB KOPOTKOro 3aMblKaHUA
Ha paboTy TpaHcopmaTopa

XOTsI KOPOTKOE 3aMbIKaHHE TpaHcpopMmaTopa IIUTCS OOBIYHO OYEHb He-
J0JIr0 (TMOBPEXACHHBIA TpaHC(HOPMATOP aBTOMAaTUYECKH OTKIIFOYAETCS OT CETH),
TEM HE MEHEE TeMIIepaTypa ero 0OMOTOK MOKET JOCTUTHYTh 3HAYEHUU, HEIO-
CPEICTBEHHO YIPOXAIOLIUX LENOCTU U30Jauun. UToObl Temmneparypa 0OMOTKH
He mpeBbicwiia nonmycTuMbix 200°-250°, BpeMsi IPOTEKaHHsSI TOKAa KOPOTKOTO
3aMbIKaHUS HE TOJXKHO MPEBBIIIATD:

Uy

t~2,5(—%)2, (7.35)

cp

3,Z[€CB U, — HaIIPpA’KCHHUC KOPOTKOT'O 3aMbIKaHUA B %; Jcp — CpCaHAA IINIOTHOCTD

2

Toka B oOmoTkax TpaHcpopmaropa, A/MM°, s TpaHchOpMaTOPOB
2

C MEJHBIMU 0OMOTKaMu OHO cocTaBisier ¢ = 0,1u; .

Bpewms HarpeBanus 0OMOTOK /10 MpEEIbHOM TeMIepaTyphbl HE MPEBbIIIa-
eT 4-10 c. Ho Bpems ocThiBaHus 0OMOTKH 10 pabodelt TemnepaTypbl MOCIe OT-
KJIFOYEHHUS] KOPOTKOTO 3aMBIKAHHUSI YACTO HUCUMCISETCS IAECATKAMU MHHYT, YTO
00BSICHSICTCSI OTHOCUTENIBHO CJ1a00M MHTEHCUBHOCTBIO MPOIecca OTBEICHUS Te-
TJ1a C TOBEPXHOCTH OOMOTOK B OKPY>KAIOIIYIO CPEY.

Y CcTaHOBUBIIMICS TOK KOPOTKOTO 3aMbIKaHUSI OMAaceH CBOMM TEIJIOBBIM
BO3JICKCTBHEM. YApHBIA TOK — JAMHAMHUYECKHUM: BO3HMKHOBEHHEM OOJBIINX
AJIEKTPOMArHUTHBIX CHJI BCJICACTBUE B3aUMOJICUCTBUS MPOTEKAIOIIUX MO IMPO-
BOJIHHKaM OOMOTOK TOKOB ¢ MarHUTHBIM T10JIeM TpaHchopMaropa. Mexy mpo-
BOJIHUKAaMU, MO KOTOPBIM TOK MPOTEKAET B MPOTUBOIOJIOKHBIE CTOPOHBI, YTO
¥ TIPOUCXOJUT MPU KOPOTKOM 3aMbIKaHUH TpaHC(OopMaTopa, BOZHUKAIOT MeXa-
HU4eckue cuibl F; =—F, (puc. 8.7), KOTOpble pacKJIaJbIBAIOT Ha PaaualbHbIE

(momepeuHsle) cocraBisiromue F; u F, n ocessle (MpofosbHbe) Fy U Fyy.

[TepBbie cTpeMsTCs pacTSIHYTh HAPYKHYI0 OOMOTKY U C)KaTh BHYTPEHHIOKO, BTO-
pBIe — CMECTHTH OOMOTKY B 0CeBOM HampasieHud. Kpome cun F, un F;, Mexay

BUTKAMU OJHOU U TOH k€ OOMOTKM AEHCTBYIOT CHJBI [, KOTOpBIE CTPEMATCS

C)KaTb OOMOTKY TIO BBICOTE. YKa3aHHBIC CHJIIBI UMEIOT MECTO M B OOBIYHBIX YC-
JIOBHSX PabOTHI, HO TOTJ]a OHU HE BEJIMKHU M HE MPEICTABISIOT OMACHOCTH, TOT1a
KaK IIpH KOPOTKOM 3aMbIKAHHHM OHH YBEIWYMBAIOTCS B COTHU pa3 U MOTYT IpH-
BECTHU K aBapuu TpaHchopmaTopa.
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Puc. 8.7. OceBble, panuanbHble ¥ BHYyTPEHHHUE CHIBIL: @ — TIPU OJMHAKOBOW BBICOTE OOMOTOK;
6 — MIpH IBYCTOPOHHEM YKOPOUEHUH 0OMOTOK; 8 — IIONIEPEUHOE CEUEHUE 0OMOTOK

HauGonpiiero 3HaueHust TOCTUTAIOT CHUJIbI, IEUCTBYIOIIKE B PaHaIbHOM
HaIpaBJIeHUH. IX pacCUNTHIBAIOT IO YPABHEHUIO

nDCp. ) 6
F=0,628kp ; (W) -1077, (8.36)

rae kp — kodddummenT PoroBckoro, paBHBIA i OOJNBIIMHCTBA CHIIOBBIX
tpancdopmaTopos 0,98; D, — cpenHuil quaMeTp oOMOTKH; [ — OCEBON pa3mep

OOMOTKH; I, — yJAPHBIA TOK KOPOTKOTO 3aMBIKAHHS; W,, — YHCIO BUTKOB 00-

MOoTKM BH npyn HOMHHAJIIBHOM HaIIpsSKEHUH.

OceBble CHJIBI CYHIECTBEHHO MEHBUIE PAJNUAJIbHBIX U YaCTO HE yYWUTHIBA-
I0TCSl IIpU pacderax. /[ yMEHBIIEHMS 3TUX CHJ NEPBUYHBIE U BTOPUYHBIC
OOMOTKHM pacIioyiaratoT Ha MarHUTONPOBOJE C MPEAEIbHO BO3MOKHON CUMMET-
pUYHOCTEIO (puc. 8.7, 6).

8.4. NepeHanpskeHUa B TpaHchopmaTopax

[Ton mepenanpsbkeHueM B TpaHc(opmaTrope MOHHMAKOT KpaTKOBPEMEH-
HBIE IIPOLIECCHI, UMEIOLINE XapaKTep OTACIbHBIX KOPOTKHUX HMMIIYJIbCOB, HOCS-
IIUX NEPUOIAYECKUIN NN AallEPUOANIECKAN XapaKTep.
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[IpuurHamMu nepeHanpsKeHuid ObIBAIOT:

— SIBJICHUS aTMOC(EpPHOro Xapakrepa, BO3ZHUKAIOUIUE BCIAEACTBUE MPSMBIX
yJapOB MOJIHUU B JIMHUIO TIEPEIayH;

— KOMMYTAIlMOHHBIE TPOIECCHl — BKJIIOYEHUE, BBIKIIOUEHUE, OBICTPHIC
U3MEHEHHUSI Harpy30K, COMPOBOXKIAOIINECS PE3KUM HM3MEHEHHEM 3JIEKTpOMar-
HUTHOM CHCTEMBI TpaHchopMaTopa.

UccnenoBanus nokasanu, 4YTO KOMMYTAIMOHHBIE IEPEHANPSKEHUS MOTYT
MIPEBBINIATh HOMHHAIBHOE (pa3HOE HAMpsDKEHUE B 2—5 pa3, arMochepHbIe mepe-
HaIpPsDKEHUST TOCTUTAalOT 7—12 HOMUHAIBHBIX HANPSKEHUW U SBJISIIOTCS OIac-
HBIMU JUIs IIEJIOCTHOCTH TpaHchopmaTopa.

Jlocturaroniye 3aXUMOB TpPaHCPOPMATOPOB MEPEHANPSKEHUS MOTYT
OBITh OIpaHUYEHBI YCTPONUCTBAMU 3aIIUTHI, HAXOASIIUMHUCS BHE TpaHc(opmaTo-
pa. ['opa3zo onacHee nepeHanpsH>KEHMs, BOSHUKAIOIIKUE BHYTPHU TpaHChOpMaTo-
pa Mpu pacrpeaesieHud 3JIEKTPOMAarHUTHOM BOJIHBI BAOJb OOMOTKH, MPU 3TOM
HAMPSHKEHUST MEXKIY OTICIbHBIMU BUTKaMU OOMOTKH MOTYT 3HAYUTENIBHO Ipe-
BBICUTh HANPSKEHUS YCTAaHOBUBIIErocs pexkuMma. Yailne BCEro MmOBPEXKAAIOTCS
BUTKH, OJlbKaiiue K BoIBoJaM TpaHchopmaTopa. [Ipo6oii n30siuy BIeyeT 3a
co0oit BbIX0J TpaHchopmaTopa U3 CTPOS M HAPYIIEHHWE HOPMAIbHBIX YCIOBHIMA
AKCILTyaTall TaHHOM YCTAHOBKH.

[Iponeccrl, mpoucxoasmue B TpaHCPOpMaTOpe MpU TMEPEeHANPSHKEHHSIX,
SIBJISIFOTCS CIIyYalHBIMU M B TMOJIHOM OOBbEME€ HE MOJJAl0TCd MaTeMaTUYECKOMY
aHaym3y. TeM He MeHee Ja)ke MpU YNPOILIEHHOM IMOAXO0/I€ K aHAJIM3y MPOIECCOB
MOJIYYEHHBIC PE3yIbTaThl JAIX BO3MOXKHOCTH CelaTh PsJl MPAKTUYECKUX BBIBO-
JIOB, TTO3BOJIMBILIMX CO3/IaTh TAK HAa3bIBAEMbI T'PO30YMOPHBINA TpaHCHOpMaTOp.

PaccMmotpum mpocTedmmii ciryyan, KOrja BOJHA MEPEHANPSIKEHUS C KPY-
ThIM (PPOHTOM (BECbMa BBICOKOM YaCTOTHI, JOCTUTAOIIEH COTHU KUJIOTEpIl) pac-
MPOCTPAHAETCS MO JIMHUU B 00€ CTOPOHBI OT MECTa pa3psjia PO30BOro obdjaka u
HaberaeT Ha BbIBOJ TpaHchopmaropa. BeneacTBue BecbMa OOMBIION CKOPOCTH
(uactotsl) n3mMeHeHus HanpstkeHust (0T U =0 1o U = Uy, HallpsiKEHUE HapacTa-

4 €T 3a HECKOJIBKO MHUKPOCEKYH]I), HHIYKTUBHOE CO-
MPOTUBJICHUE X; OOMOTOK TpaHchopMmaropa OKa-
3BIBAETCS JUIA Pa3psAOHOrO TOKA YPE3BbIYAKHO
OONBIINM, TOT/Ia KaK €MKOCTHOE COIMPOTHUBIICHUE,
HA000POT, YMEHbIIACTCA. Pa3psIHbId TOK yCTpeM-
JSeTCsl B 3€MIII0 4epe3 HEU30EeKHbIE €MKOCTHbIE
CBSI3M TpaHcpopMaTopa: BIOJb OOMOTKH IO Iie-
MOYKE TMPOJOIBHBIX (MEKBHUTKOBBIX) eMKkocTer Cy
Y MOMNEPEUHbIX (MEXIy BUTKAMH OOMOTKU M CTEH-
xoi Oaka) emxocreii C, (puc. 7.8). Eciu nomyc-
TUTb, YTO MONEPEUYHbIE EMKOCTH OTCYTCTBYIOT, TO
pa3psAHBIA TOK YCTPEMHTCS B 3€MIIIO 1O LIETIOYKE

@
DULTNG
O

X

Puc. 8.8. EMkocTHBIE CBS3U
B TpaHchopmaTope
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NPOJOJBHBIX €MKOCTEH, a HampsbKeHHe HaOekaBIleH BOJIHBI — pacIpeieuTCs
BJIOJIb OOMOTKHM paBHOMEpHO (puc. 8.9, a), eciau JOMyCTUTh OTCYTCTBHE IpPO-
JOJIBHBIX €MKOCTEH, TO €IMHCTBEHHBIM ITyTEM Pa3psiIHOTO TOKA Ha 3eMJII0 OyIyT
emkoctu C,, Ommkalimue K Hadary oOMoTku. IIpm 5TOM Bee maneHue Hanpsoke-
HUs (HalpspKEHUE BOJIHBI) MPUJIETCS Ha MepBble BUTKU. Pacripenenenue Hamnps-
YKEHUS BI0JIb OOMOTKH M300pa3uTCs BEpTUKAIBHOU TIpsiMoi (puc. 8.9, 0).

@DaKTUYECKH CYIIECTBYIOT T€ U APYTHME€ EMKOCTH, U B HEYCTAHOBHBILIEMCS
NEpUOIC paclpe/iesieHne HampsHKEHUS BAOJIb OOMOTKH MPOUCXOAUT MO KPUBOM
(puc. 8.9, 8).

Haubonbiiee HanpsikeHre BOJHBI MPUXOTUTCS UMEHHO Ha MEPBBIE BUTKH
oOMoOTKH. BeneacTBue pe3oHaHCHBIX KosieOaHWW (B HEyCTAaHOBUBLIEMCS PEXKU-
M€) BO3MOYHO, YTO HauOOJblLIee HAMpPSHKEHUE MPUAETCS Ha BUTKH, HECKOJIBKO
yAaJIeHHBIC OT Hauaja OOMOTKHU.

\U \U U
A X A X A X
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Puc. 8.10. Cxema 3amemieHus rpo30yIopHOTro TpanchopmaTopa
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Puc. 8.11. Pacnipenenenue HanpsiKEeHUsI
B TPO30YIIOPHOM TpaHChopMaTope

22 ;

2222

—

Puc. 8.12. YcTaHoBKa 3aIIUTHBIX
AKPaHOB B IPO30YIIOPHOM TpaHCHOpMATOpE

Jlist yBenu4eHusi Tpo30yHOPHOCTH TpaHchopMmaTopa YCHIMBAIOT H30-
JAAUUI0 KpaitHuX (¢ o0eux CTOpoH OOMOTKH) BHTKOB (B TpaHchopmaTopax
KJ1acca HanpsbkeHuil 10 20 kB) Wi HCKyCCTBEHHO NepepaclpeielisiioT eMKO-
ctu 00MoTKH (puc. 8.10). [Ins yMeHbIIeHUs MaJeHusl HaNpsDKEHUsI Ha y4dacT-
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K€ MEepPBbIX BUTKOB HAJI0 YMEHBIIUTh COMPOTUBJIECHUE ITOTO y4aCTKa, YBEJH-
uuB ero eMkocTh (x, =1/wC). Tak ke ciemayer mogaodparh U E€MKOCTHBIE

CONIPOTHUBIICHUS OCTaJbHBIX I'pynn BUTKOB (puc. §8.10). B uckyccTBeHHO c03-
JaHHOW TakuM 00pa3oM cXeMe pPa3psSaHbId TOK MOTEYET MO IMOMEPEYHBIM
U TPOJOJBHBIM E€MKOCTSIM, 3HAUUTEIbHO MNPUOIU3UB KPUBYIO HAYaJIbHOTO
pacnpeneneHus HanpsbkeHust (kpuBas 1, puc. 8.11) k ycTaHOBUBIIEMYCS
(kpuBas 2, puc. 8.11).

B kadecTBe JOMONHUTENBHON €MKOCTH B MPOJOJIBHOM LIETIH UCTIONB3YIOT
3allUTHBIC KOJblla 1, He3aMKHYThIe SkpaHbl 3 (puc. 8.12), mpubangaxupoBaH-
HbIE K KaTylikam 2. Pa3Hoe ynaneHue s5KpaHoB OT KaTylIeK 00ecrednBaeT Hy k-
HbIE BEJIMYUHBI EMKOCTE.

3amuTHBIE KOJBIIA U AKPaHbl PEIYIPEKIAI0T KonebaTeabHbIe MPOIIECChl
B TpaHc(opMaTopax Mpu ACUCTBUSX BOJH MepeHarnpsikeHus. TpanchopmaTopsl
C UCKYCCTBEHHBIM IIE€pEpacIpeeICHUEM €MKOCTEH HA3BIBAIOT 2PO30YHOPHLIMU,
WIM HEPE3OHUPYIOMMMH. BBIMOTHSIIOT Takue TpaHCHOPMATOPHI JJIS HAIpsIKe-
Huii 35 kB u BbIIE.

TakuMm oOpa3zom, mepexoaHbIe MPOLECCH B TpaHC(hOpMATOpax SBISIOT-
ca Haumboliee TSOKEIbIMU pexuMaMu padoThl. CyIIecTBYIONIUE 3allUTHbBIC
YCTpPOMCTBa COCOOHBI OTKJIIOUUTH TpaHC(opMaTop OONBIION MOIIHOCTH OT
cetu 3a BpeMs He MeHee 0,05-0,1 c. B To e BpeMsi TOK KOPOTKOTO 3aMbIKa-
HUS B TpaHC(OpMATOpE JAOCTUTAET MaKCUMaJIbHOTO (yJapHOT0) 3HAYCHUS 3a
0,01 c. Eme meHbllie BpeMsi HapacTaHus NepeHanpsiKeHus B TpaHchopMarope
npu rpo3oBoM pazpsiae. CrenoBaTenabHO, TpaHCHOpPMATOp CIEAYEeT paccu-
TaTh TaKUM 00pa3oM, 4TOObl OH OBIT B COCTOSSHUM BBIJEPKUBATH TSKEIbIC
nepexoJHbple Tporecchl 0e3 oTpulaTedbHbIX mociaencTsuil. Heobxomumo
YCTAHOBUTH 3alIUTHYIO allaparypy, CIOCOOHYIO0 32 KOPOTKOE BpEeMs OTKIIIO-
YUTh TPaHCHOPMATOP OT CETHU C IEIHI0O YMEHBIICHHUS BPEMEHU MPOTEKAHUS
TOKOB YCTAHOBUBIIETOCS KOPOTKOTO 3aMbIKaHUsl U BO3JCUCTBUS MEpeHaIpsi-
KEHHUI Ha U30JIHI0 00MOTOK. ['paMOTHO BhIOpaHHAs BEIMYMHA MaKCHMAJTh-
HOM TOKOBOM OTCEYKM aBTOMATHYECKOI'O BBIKJIIOUATENS HUCKIIOYUT JIOKHOE
cpabaThIBaHUE 3alIUTHI IPU MOBBIIICHHBIX TOKAaX BKIIOYEHUS TpaHCPOpMATO-
pa B CETb.
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9. PASHOBUWOHOCTU TPAHC®OPMATOPOB

9.1. ABTOoTpaHchopmaTopbl

B paccMoTpeHHBIX BbINI€ IBYyXOOMOTOYHBIX TpaHchopMaropax MepBUY-
HbIE U BTOPUYHBIE OOMOTKH MUMEIOT MEXAY COO0ON TOJBKO MarHUTHYIO CBSI3b.
B psine ciiydaeB BMECTO TakuxX TpaHC(HOPMATOPOB SKOHOMHUYECKH 11eT1eco00pas-
HO MPUMEHATHh TPaHC(HOPMATOPHI, B KOTOPHIX NMEPBUYHBIE U BTOPUYHBIE OOMOT-
KU MMEIOT €lIe U AJIEKTPUUECKYI0 CBsA3b. Takue TpaHchopmaTopbl Ha3bIBAIOT
aBToTpancopmatopamu. Ilepexoq oT IBYXOOMOTOYHOTO TpaHchopMaTopa
K aBTOTpaHcpopMaropy mokaszaH Ha puc. 9.1. [locraBnenHas B 1ByXoOMOTOY-
HOM TpaHchopmatope (puc. 9.1, a) Mexay KOHIIaMHU OOMOTOK MepeMbIuka X — X
HE U3MEHHUT ero paboty (puc. 9.1, 6). He BrI30BeT N3MEHEHUS TUHEHHBIX TOKOB
U HaMpsDKeHUH Takxke nepembiuka A1 — a, ecnu 4ncia BUTKOB HAa YYacTKax ax
(puc. 9.1, 6) u A1 — X oquHakoBbl ¥ TOYKU A1 ¥ @ paBHONOTEHUUAIBHBI.

MOXHO UCKIIIOUUTH U3 PabOThl OOMOTKY ax M OCYILECTBUTH MEPEXOi OT
JIBYXOOMOTOYHOTO TpaHChopMaTopa K OJAHOOOMOTOYHOMY, WU A8MOMPAHC-
¢dopmamopy (puc. 9.1, 2).

ABTOTpanchOpMaTOp MOXKET CIYKHUTh KakK IJi TMOHWXKEHUS, TaK W IS
NOBBIIICHUS HAaNpsbkeHus. B nepBom citydae ceth ¢ HanpsbkenueM U (puc. 8.1, 2)
SIBJIIETCSI IEPBUYHOM U SHEPTUs MOCTYMAET U3 ITOM CETU B CETh C HANPSHKEHUEM
U, (noHmwxaromuii aBToTpancpopmaTop), BO BTOPOM cilydae MEPBUYHON SBIIS-
eTcsl CeTh ¢ HampsbkeHueMm U, W HampaBlieHUE Mepefaud SHEPruu MEHSETCs Ha
MPOTUBOIOJIOKHOE.

A

<<

Ny
<

a

Puc. 9.1. Cxema nByxo0mMoTo4HOTO (@) TpanchopmMaTopa u aBroTpanchopmaropa (2)
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PaccmoTpum sHepreTuueckre COOTHOIICHHS B aBTOTpaHcopMmaTope,
npe”eOperas NoTepsMU, MaJCHUEM HANPSHKEHUST 1 HaMarHUUUBAIOITUM TOKOM.
[To 3akonam TpaHcopMalii TOKOB U HAMPSXKEHUM aBTOTpaHC(hHOpMATo-
PBI HE OTJIMYAIOTCS OT TPAHC(HOPMATOPOB JIBYXOOMOTOUHOTO UCITOJTHEHHUS:
HanpsbKeHue Tpancopmaropa

ﬂ:kw U2:LU13
U, k

T
HanpsbKeHue aBToTpaHchopmaTopa

1
UzzﬂWz =—Uj;
/4 k

T

TIOJTHBIE MOIITHOCTH KakK B TpaHc(opmaTope, Tak U B aBTOTpaHCHOpMaTope
(mpu KII/1, paBHOM eTUHUIIE)

U111:U2[2,
OTKYya TOKH
]1 _U2
12_U1
nJINn
U 1
L=I—"Lt=kl, I =—I
2 le 1 1 ) 2
a » 0
1;_) A
U !
1 —
A " U,>U,
w
1 u,<u, Y
W ZH
io=d+i,- b oL
142 ¥ v I, =1 +1, v
X, x X, x
a 4]

Puc. 9.2. CxeMbI NOHMKAIOWIETO (@) ¥ TOBBIIIAIONIETO (6) aBTOTPaHC(HOPMATOPOB
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Btopuunbiii TOok aBTOTpaHchopmaTOpa, KaK BCAKUNH HHAYIHUPOBAHHBIN
TOK, HaIlpaBJjeH MPOTHUB NEPBUYHOrO, M Ha ydacTke ax (puc. 9.2) nercTByeT
reoMeTpuYecKasi CcyMma TOKOB:

B nonwxaromem astoTpaHcdopmarope [, >1;. C HEKOTOpbIM IpuoIIu-
KEHUEM MO>KHO 3alucaTh:

U CJeNaTh BBIBOJI, YTO BTOPUYHBIA TOK aBTOTpaHChopmaTtopa GOpMHUpPYETCS U3
JIBYX TOKOB:
1) I;, mocTynaroIero u3 OJHOHW CETH B APYTYIO HETMOCPEACTBEHHO (DJIEK-

TPUYECKUM ITyTEM);
2) 1, , nepenaromerocs dJ1eKTPOMAarHUTHEIM ITyTEM.

X °

MomHOCTh BTOPUYHOM IIeNU aBTOTpaHcpopMaTopa 1o aHaioruu c (9.2):
P,=P +P,,, (9.3)

Il MOIIHOCTh, HEMOCPEACTBEHHO TMOCTYIMAOIIAs B CETh BTOPUYHONH OOMOTKH
(ameKkTpudecKas),

1 1

T T
U MOIIHOCTL, IIEpeaaromasncsa 3JICKTPOMAriuTHBIM ITYTEM,

Po=Pi=P=P==P=Py(l--). 9.5)

OM
T T

VYpaBHeHue (9.5) nmokas3bIBaeT, YTO JIEKTPOMAarHuTHas (BHYTPEHHSA, pac-
YeTHAas1) MOITHOCTh, ONPE/IEINISIONIas CeUeHne MarHuTOIIPOBO/Ia, a 3HAUUT, rada-

PUTHI U Maccy Bcero TpaHchopmaTopa, B aBTOTpaHcpopMarope B ——— pa3
1-1/k,
MEHBIIIE TAKOH BTOPUIHON MOIIHOCTH JIBYXOOMOTOUYHOT'O TpaHCchopmaTopa.
Bcenencrsue aToro aBrorpancgopmMaTop MEHBIIE, JIETYE U JICIICBIC IBYX-
obmoTouHoro tpancdopmaropa. Pa3Huiia B Macce ¥ CTOMMOCTH TeM OOJIbIIIE,
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gyeM Ommke koddduuument Tpancpopmanuu k equaune. [pu &, >3 aBToTpaHc-

dhopMaToOpsl CBOE IPEUMYIIIECTBO TEPSIOT.
AKTHBHOE W WHIYKTUBHOE COIMPOTHUBIICHHUS OOMOTOK aBaTOTpaHc(opMa-
TOpa, NMaJICHUs HAMPSHKEHUST Ha HUX (CIIe0BATENIbHO, U HAMIPSIKEHUS] KOPOTKOTO

3aMbIKaHHs) U TIOTEPU MOILHOCTH B pa3 MeHblIe, YeM y JIByX0OMOTOU-

1
1-1/k,
HOTO TpaHchopMaTopa TaKoH *Ke MOIIHOCTU. TOKHM KOPOTKOTO 3aMBbIKaHUS — CO-
OTBETCTBEHHO, Oouibiie. [Ipy KOpOTKOM 3aMbIKaHMH HAOIIOJAETCS 3HAYUTEIb-
HOE TICPEHACHITIICHNE MAarHUTOIIPOBO/Ia aBTOTpaHC(HOpMATOpa U YBEIHYCHHUE €TO
TOKa XOJIOCTOTO XOJa, TaK KaK C 3aMbIKAHUEM HAKOPOTKO OOMOTKH @ — X WJIH
A — X (puc. 9.2) HanpsbkeHne Ha 0OMOTKe A-a Bo3pacTtaer co 3HaueHus Uy —U,
0 U 1-

CyIiecTBEHHBIM HEIOCTAaTKOM aBTOTpaHC(hOpMaTopa SBISIETCS BO3MOXK-
HOCTb TOSIBJICHUS BBHICOKOT'O HAIPSKEHUS] Ha CTOPOHE HU3KOTO H3-3a DIICKTPU-
YECKOM CBSI3M MEXJy OOMOTKaMu (U3-3a OTCYTCTBUS TaJIbBAHUUYECKOUN pa3BA3KU
MEXIy OOMOTKAMH, XapaKTepHOM Jyisi JIBYXOOMOTOUHOTro TpaHchopMaropa),
YTO OMACHO JJi1 00OpYyJIOBaHMS U OOCIy>KHBaroilero nepconama. M3-3a aek-
TPUYECKOU CBSI3M OOMOTOK H3OJIALMS CETU HU3IIETO HAINpPSKEHUSI aBTOTPaHC-
dbopmaropa 10JKHA OBITH TAKOM K€, KaK Ha OOMOTKE BBICIIETO HAIPSKEHMUS.

ABTOTpaHchOpMaTOphl U3rOTABIMBAIOTCA OJHO(MA3HBIMH U Tpex(a3HbI-
Mu. CxeMbl TpexdaszHbIX aBTOTpaHC(HOpMaTOPOB NMOKA3aHbI HA pucC. 9.3.

KoHcTpykTuBHO aBTOTpaHchOpMaTOphl HE OTIUYAIOTCS OT JABYXOOMO-
TOYHBIX: HA MarHUTONMPOBOJABI ABTOTPAHC(HOPMATOPOB YCTAHABIMBAIOTCS JIBE
obmoTkH (puc. 9.4, a), BIEKTPUUYECKU COCTMHEHHBIE OJIHA C JIPYTOH.

A B C A B C

a 9]

Puc. 9.3. Tpexdazublit aBTOTpaHCHOpMATOP C COEAUHEHHEM 0OMOTOK 10 cxeme Y (a)
U TPEYTOJIBHUK (0)
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3
=

LTS

Puc. 9.4. Pa3zmemnienne oOMOTOK (@) U OOIIETIPUHATHIE CXEMbI TIOHUKAIOMIETO (0)
Y TIOBBITIAIONIETO (8) aBTOTPaHC(HOPMATOPOB

a 9] 8

B cxemax snekTtpoceTedl U MOJACTAaHIMN aBTOTpaHC(hOpPMATOPHI M300pa-
KAIOT TaK, KaK MoKa3aHo Ha puc. 9.4, 6 (nns MOHWXKAIOIIKUX) U HA puc. 9.5, 6
(17151 TTOBBIIAOIIINX ).

[ToBbrmaroniyie aBToTpancHopMaTophbl HA3BIBAIOT BOJIHTOI00aBOYHBIMHU.

9.2. TpexoOMOTOUYHbLIN TpaHCcdOopmaTop

TpexoOMoTOUHBIE TpaHCHOPMATOPHI SBJISIOTCS MPOCTEHIIIMMHA U3 MHOTO-
oOMoTouHBIX. He3aBucHMO OT umcia OOMOTOK, YCTAHOBJICHHBIX HAa MAarHHUTO-
IPOBO/JIC, HA BUTOK KaXXJIOH OOMOTKH MPHUXOIUTCS OHO M TO K€ HANPSKCHUE
U KaX1as mapa 0OMOTOK CIIOCOOHA TepeIaBaTh SHEPTUIO U3 OJTHOW CETH B JIPY-
ryio (puc. 9.5 a, 6).

Puc. 9.5. Pacniosioxkenre 0OMOTOK B TPEXOOMOTOYHOM TpaHCHopMaTope
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OmauuumenvHou yepmou pabomsi mpexooMOmouHO20 MparHcHopmamo-
pa AGNAemcs 3a8UCUMOCIb HANPAICEHUs] OOHOU U3 €20 8MOPUUHBIX 0OMOMOK
om Haepysku Opyeou. llpu yBennueHUH HATpy3KH OJHOW BTOPUYHON OOMOTKH
YBEIIMYMBAETCS TOK B IIEPBUYHOM OOMOTKE U NaJlcHUE HaNpshKkeHus Au = 1,7, .

HamaranuuBarommit Tok /y 1 motok @, HECKOIBKO YMEHBIIAETCS, a Clie-
JOBATEJIbHO, YMEHBIIAETCS U HANPSKEHUE Ha 00enx (WM BCeX) BTOPUYHBIX 00-
MOTKaX, BKJIIIOUas Jaxke Ty, KOTopas paboTaeT BXOJOCTYIO.

[Io sTOoM mpuyYKMHE BO3MOKHO CaMOIIPOM3BOJIBHOE IMEpEpPACHPENCIICHUE
MOIIIHOCTH MEXAY MapajyieIbHO padOTaAOIIMMHU TPEX- U MHOTOOOMOTOYHBIMU
TpaHchopmaTopamu.

Tem He MeHee TpexoOMOTOUYHBIE TPAaHC(HOPMATOPHI MONTYYHIIN TOCTATOYHO
HIMPOKOE PACIPOCTPAHEHUE: OJIMH TaKOW TpaHCcHOpMAaTOp JIeT4e U JICHIeBIIE JIBYX
OOBIYHBIX JBYXOOMOTOUYHBIX TpaHc(opmaTtopoB. X HCONB3YIOT Ha IEKTpHUC-
CKUX CTAHIMSIX W TMOJCTAHIUSAX JIJISl MTAHUS PACTIPEACTUTENbHBIX CeTel ¢ pas-
JMYHBIMH HOMUHAJIBHBIMU HAMPSDKEHUSMH, YTO TO3BOJIECT JOCTUYH SKOHOMUU
U KalMUTalIbHBIX 3aTPaT 3a CYET YCTAHOBKU MEHBLIETO YHClia TPaHC(HOPMAaTOPOB.

[Ipu pa3HOM umciIe BUTKOB B OOMOTKax TpaHC(HOpPMATOp MMEET TPH KO-
s dunmerTa Tpanchopmanuu:

w U
Mexty oomoTkamu 1 u 2 — kj, =—=—"; (9.6a)
w, U,
w U
Mex Ty ooMoTkamu 1 u 3 — k, = —-=—1; (9.60)
wy U
w, U
MEXIy OOMOTKaMU 2 U 3 — k,y = —2 = —%, (9.66)
wy U
] ) Crnenyer OTMETUTh, YTO BCIIEJCTBHUE
1 1
° HAJIUYUSl JIOTIOJIHUTEIBHBIX TIOTOKOB pac-
D, cessHus (puc. 9.6) MHAYKTUBHOE CONPOTHUB-
J€HUEe paccesHus OOMOTKH, PAaCIOJIOKEH-
q)G3l

HOHM MeXay IBYyMs JIpYyTUMHU, OJIU3KO K HY-
JI0 WM UMEET HEOONBIIOE OTPULATEIBHOE

(DO
CDG3 d
/< \ o3 3HAYCHHUEC, YTO 3KBHUBAJICHTHO CMKOCTHOMY.
. MorntHoCTH  OOMOTOK  TPEeXOOMOTOYHOTO
L 1,

TpaHchopmaropa:

o031

Puc. 9.6. Pacnipenenenue
MarHUTHBIX TOTOKOB S, =mUl; S, =mU,1,; S =mU,15 (9.7)



154

B CJIydac, €ClIn obMoTKa 1 sBiIsIeTcs HCpBH‘IHOﬁ, HaxoaATCda B COOTHOIIICHHUH

S, <S,+5;,

TaK KaKk KO3(QQUIHUEHTH MOLUTHOCTH COS(Q, U COS(; OOBIYHO pa3IU4HbI, TOKU /,
u [; cnBuHYTHI 1O (haze u nodromy I, <1, + 1.

[IpakTuKyeTcs U3roTOBIEHHE TPaHCHOPMATOPOB CO CIEAYIOUIMMHU BapHu-
aHTaM¥1 COOTHOIIEHU HOMUHAJIBHBIX MOITHOCTENU TPEX OOMOTOK:

1) 100 %, 100 %, 100 %;

2) 100 %, 100 %, 67 %;

3) 100 %, 67 %, 100 %,;

4) 100 %, 67 %, 67 %.

Tpexdazubie TpaHcGopMaTOpbl BBHIIOIHSIIOT C TPYIIAMU COECTUHEHHM
Vo!/ Yo/ A-0-11wmm V,/ A/ /-11-11.

TpexoObMmoTouHble TpaHCHOPMATOPHI C ABYMSI NMEPBUYHBIMU OOMOTKaMU
U OJIHOM BTOPUYHON HM3TOTABJIMBAIOTCA Il YCTAHOBKM HA MOIIHBIX 3JIEKTPO-
cTaHuMsX. VX nepBUYHbIE OOMOTKH BBIIIOJIHEHBI HA HOMUHAJIBHOE HAIPSKEHUE,
U K HUM NPUCOEIUHAIOTCA IO OJTHOMY MOIIHOMY I'€HEpaTopy, a BTOPUYHAs 00-
MOTKa, UMEIoUIas 1B€ NapajuieibHble BETBU, COCAUHAETCS Yepe3 MOJCTaHIMIO
C NMHUAMHU nepenadn. TpaHcopmaTopbl BHIIOIHSAIOT OAHO(MA3HBIMU U COEIU-
HSIOT B Tpex¢a3Hylo TpymiLy.

9.3. UamepuTtenbHble TpaHchopMaTopbl TOKa
N HanpsXeHus

JUi U3MepeHus: TOKa B YCTAaHOBKaX BBICOKOTO HANPSKEHUS U U30JISALUU
U3MEPUTENBHBIX IPUOOPOB M YCTPONCTB PEIEHHON 3alUTHl OT BBICOKOI'O Ha-
npsbkeHust ciayxkat Tpancpopmaropsl Toka (TT). Uepes nmepBuuHyr0 0OMOTKY
IPONYCKAIOT MEPBUYHBIM TOK, BTOPUYHAsT OOMOTKA IMOAKIIOYAETCS K HU3MEpU-
TenbHBIM Npubopam. [lepBuynas 0OMOTKa M301MpOBaHa OT BTOPUYHOM B COOT-
BETCTBUU C KJIACCOM M3OJSIIUH MpHOOpa (Ha MOJHOE HampshkeHue). B mHoro-
IpeeNbHBIX U3MEPUTENbHBIX MPUOOpax TpaHCHOPMATOPHI TOKA CIyXKaT s
pacimpenus npeaenos usmepenus. Cxema BkimodeHus TT 1 pacnonoxeHue ero
00OMOTOK Ha MarHUTOIIPOBOJIE MPHU MOJIOKUTEIHHOM HAIMpPaBIEHUU TOKOB B 00-
MOTKaxX IpHUBeIEHbI Ha puc. 9.7, a, 6 COOTBETCTBEHHO.
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Puc. 9.7. Cxema Bkmtouenust TT (a) u ero snekTpomaruutHas cxema (0)

HCpBI/I‘IHaH 0OMOTKa W, BKIIFOYACTCA B LCIIb HOCICAOBATCIIBHO € HAI'PY3-

Koil Z,. Hauano BTOpu4YHON OOMOTKHU NPHCOENNHAETCS K Harpy3ke Z,, B Kade-

CTBE KOTOPOM MOXET CIIyXuTb amrepmerp. IIpu 3amene Harpy3ku Z, wu

pa3MBbIKaHUM IENU Harpy3KH BKIIOYaeTcsl KOHTAakT K mist mzbexxanus pexxuma
Pa30MKHYTON 0OMOTKH, KOTOPKIH it TT siBisieTcst aBapuitHBIM.

[Tocnennee oOBsSCHSETCS OOJBIIMM PA3IMYMEM YHUCIA BUTKOB OOMOTOK:
NepBUYHON W,, B KadyecTBE KOTOPOH MOKET OBITh YacTh IIMHONPOBOAA

(w;=0,5), 1 BTOpUYHOH W,, COCTABIJIAIOIIEH HECKOJBKO JECATKOB BUTKOB.

BcnenctBue sToro, HaBoAgnuMas B pa3oMKHYTOM BTopuuHO oomMoTke DJIC omac-
Ha JJIs 1eJIOCTU ee M3oJsiuuu. B Tpancopmarope Toka HEM30€KHBI TOKOBBIE
(Al, %) n yrioBble OTrpemIHOCTH (O, MUH), TaK KaK HaJU4Yle HaMarHWYUBalo-

Puc. 9.8. Inarpamma tokoB TT

IIMX TOKOB UCKIJIIOYAIOT PAaBEHCTBO IEPBUY-
HeIX I, ¥ BrOpHuHbIX 1, ((hakTHuecKuX u

WU3MEPEHHBIX) TOKOB U MPUBOAUT K HEKOTO-
poMy YTy CIABHra MEXAy TOKaMu (pHcC.
9.8).

B 3aBucmMOCTM OT BEIWYHMHBI IIO-
rpemHOcTer, cormacHo ['OCT 7746-78,
YCTAHOBJICHBI IIECTh KJIACCOB TOYHOCTHU:
0,2; 0,5; 1; 3; 5; 10. Ins ymMeHbIIEHUA TO-
rpemHocTd TT  M3MepuTelbHBIE TpaHC-
dbopmaTopsl MPOSKTUPYIOT ¢ BeCbMa MaJloi
MarHuTHOM MHIYKIUEH B MAarHUTOMIPOBO/IE
(0,08 — 0, 1 Ta, mpotus 1,2—1,7 Ta B cuio-
BBIX TpaHC(hopMaTOpax).
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B 3aBucumoctr oT Ha3HaueHUs U MecTa pazMenieHus TT BhIMyCKarT 11
BHYTPEHHEHW yCTaHOBKHU ( B TOM YHUCJE BCTPOEHHBIE), pabOTAIOIINE B 3aKPBITHIX
pacupeaeauTeNbHbIX YCTPOUCTBAX, U HAPYKHOW, MOJABEPraroIIuecs BO3IACHUCT-
BUIO JOXJs, CHera, nbuid. IX HOMUHaJIbHBIE HanpsbkeHus gocturaroT 330 kB
1 BhIIIE, a TOKH 70 4000 A.

Tpanchopmarop nanpsoxenust (TH) cayxut ans npeoOpa3oBaHus BHICO-

KOr0 HamnpspKeHUs B HU3Koe cTa”aapTtHoe 3HadueHue (100 wim 1043, B), yno6-
Hoe Jiy1st u3MepeHusi. TH mo3BosisieT n30JIMpoBaTh U3MEPUTEIbHbIE IETTU U 1ETH
penerHON 3alIuThl OT Iienel BhICOKOTO HampshkeHus. [lepBuunas ooMotka TH
U30JIMPYETCsS OT BTOPUYHOM COOTBETCTBEHHO Kilaccy HampspkeHus. s 6e3o-
MACHOCTH 00CTY>KMBaHUSI MPUOOPOB OJMH KOHEIl BTOPUYHON OOMOTKH 3a3eMIIsi-
ercs. Ha puc. 9.9, a npencrasiena cxema BiiItoueHus: ogHodazHoro TH, a Ha
puc. 9.9, 6 — pacnosiokeHre ero 0OMOTOK Ha MarHUTOMPOBOJIE C YCIOBHBIM T0-
JIO’KUTENBHBIM HAIIPABICHUEM DJIEKTPUUECKUX BEJIIMUUH.

OcnoBubiM napametpoMm TH sBnsercs koddduumeHt Tpanchopmanum —
OTHOIIICHUE HOMHUHAJIBLHOTO TEPBUYHOTO HAMNPSHKEHHS] K HOMHUHAIBHOMY
BTOPUYHOMY:

= (9.8)

Kax u Tpancdopmaropst Toka, TH npu paboTe UMEIOT MOTPEITHOCTH: yT-
JIOBYIO MOTPEITHOCTD (BEKTOpPHI Hampspkenuit U, u U) He coBMamaroT mo ¢ase)

" IIOT'PCIIHOCTD IO HAIIPSXKCHUIO, OIPCACIIICMYIO KaK

AU:M_ (9.9)
U,
D
R [ — i
[ } . |
]FU2 Uj f ¢Ei |
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Puc. 9.9. Cxema Bkmtouenus TH (@) u ero snexktpoMarautHas cxema (0)
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B 3aBucumoctu ot BenmunHbl orpentHocteit TH, cornacuo I'OCT 1983-77,
BBIITYCKAIOT Ha OMpe/eaeHHble Kiacchl TouHocTu: 0,5; 1; 3, COOTBETCTBYIOIINE
MaKCHMAaJIbHOM TOTPEITHOCTH B MPOIEHTaX OT HOMHHAJIBLHOTO HAIPSIKCHHS.
TpancpopMaropbl HampsHKEHUS BBIMYCKAlOT B ofgHO(a3zHOM U TpexdaszHOM
HCTIOJTHCHUH.

N3mepurenbHbie TpaHCHOPMATOPHI JOMYCKAIOT 3HAYUTEIBHYIO MTEPETPy3-
KY, HO TOUHOCTb UX PA0OTHI MIPU ATOM yXYIIAETCH.

9.4. CBapouHble TpaHcchopmaTopbl

JUIs 3IEeKTPUYECKOM TyTOBOM CBapKH MPUMEHSIOT TpaHC(HOpPMATOpPHI C
BTOPUYHBIM HANpPSHKEHUEM, 00ECIIeUHBAIOIIUM HAJIEKHOE 3aKUTAaHUE U yCTOM-
4quBOe ropexue ayru. Jlus atoro BHemHss xapakrepuctuka U, = f(/,)cBapou-

HOTO TpaHcopmaTopa JOJDKHA OBITh KpyTONaaaromieid. DTo OJarompHsTHO
BIIMSCT Ha OTPAaHMYCHUE TOKOB KOPOTKOTO 3aMbIKaHHUs, HEU30CKHBIX TIPU pabdo-
Te TpaHchopmaTopa (B MOMEHT 00pa30BaHUs AyTrH) U oOecTieUrBaeT MO IIepKa-
HUE TMOCTOSHHOW BETMYMHBI TOKA MPU PA3IMYHBIX PEXUMaX ropeHus ayru. Jis
PYYHOI CBApKHU UCIOJIB3YIOT TPAaHC(POPMATOPHI C HAMPSHKEHUEM XOJIOCTOTO X072
60—75 B u npu HOMuHanpHOM Harpyske — 30 B.

Y ~
()

Puc. 9.10. CBapounslii Tpanchopmatop ¢ apoccesem (a)
U €T0 BHEIIHSS XapaKTepucTuka (0)
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KpyTusna xapakrepucTuku 00ecrneqnBaeTCs HICKYCCTBEHHBIM yBEJIMUEHU-
€M PEaKTUBHOTO COMPOTUBJIECHUS OOMOTOK, Yallle BCEro IMyTeM MOCIIeI0BATEb-
HOTO BKJIFOUEHHS C HArPY3KOUM APOCCENS C PEryIUPYEMbIM BO3IYIITHBIM 3a30pOM
(puc. 9.10, a). Ilpu yMmeHblIeHUH 3a30pa O B MArHUTHOW IEMH KaTYIIKU €€
WHIyKTUBHOCTH BO3pPAcCTaeT, a KpPyTHU3HA BHEUIHEH XapaKTEPUCTUKHU YBEINYMBa-
ercs (puc. 9.10, 0).

B nocnegnue roasl B CBA3U ¢ OYpHBIM PAa3BUTHEM 3JIEKTPOHHUKHU, B OCO-
OCHHOCTH HOBBIX THUIIOB TPAH3UCTOPOB, MOSIBUJICA PsiFi HOBBIX CBAPOYHBIX YCT-
poicTB, He mpUMeHsoIMX TpaHchopMartopel. Tem He MeHee CBapOyHbIE
TpaHc(opMaTOpbl MIKUPOKO HCIOJB3YIOT B MOIIHBIX CBapOUYHBIX YCTaHOBKax
U TS pa3IMYHBIX COOPOYHBIX TEXHOJIOTUUECKUX JIMHUH.

HecmoTps Ha paznuuue B Ha3HAYEHUU U MOTPEOUTENHCKUX CBOWCTBAX,
paccMOTpeHHbIE B JaHHOM TJiaBe TpaHC(OpMaTOpbl MO MPUHIUITY CBOETO
NEUCTBUS HE OTIMYAIOTCS OT PAaCCMOTPEHHBIX BbINIE TpaHCHOpMaATOPOB
o01ero Ha3Ha4YeHUs, TMOJYUHSIOTCS TEM K€ OCHOBHBIM 3aKOHaM JJIeK-
TPOJAUHAMHUKH.
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10. TPAHC®OPMATOPbLI
NMPEOBPA3OBATEJIbHbIX YCTAHOBOK

10.1. Knaccudukauma tpaHccopmaTtopos
npeobpasoBaTenbHbIX YCTAHOBOK

Tpanchopmaropsl mpeoOpa3oBaTEIbHBIX YCTAHOBOK, OCYIIECTBIISIONTUX
npeoOpa3zoBaHus MEPEMEHHOTO TOKA B MOCTOSIHHBIA B BBIPSIMUTEIBHBIX YyCTa-
HOBKaXx U MOCTOSIHHOTO TOKA B MIEPEMEHHBII B UHBEPTOPHBIX YCTAHOBKAX, IPaK-
TAYECKU TOJHOCTHIO 3aMEHWIM TPUMEHSBIIMECS PAHEE DIECKTPOMAIIMHHBIC
npeoOpazoBatenu. I[IpeoOpazoBatenbHble TpaHChHOPMATOPHI PabOTAIOT, Kak
MPaBUIJIO, NMPU HECUHYCOMJAIBHBIX TOKaX 0OMOTOK. PacueT u mpoekTupoBaHue
TaKuX TpaHC(HOpMATOPOB 3HAYUTEIILHO M3MEHSETCS B 3aBUCHMOCTH OT IMpUME-
HsIeMOUM TIpeoOpa3oBaTenbHOM cxeMbl. [Ipu OTHOCUTENHEHO HEOONBIIMX HAIPS-
KEHUSX 0OMOTOK B HEKOTOPBIX U3 HUX ITUPKYJIUPYIOT 3HAYUTEIHHBIC TOKH, JTOC-
TUTAIOLIUE COTEH KHJIOAMIIEP.

CunoBble TpaHC(OpPMATOPHI, BXOASIIME B COCTaB IPeoOpa3OBaTEIbHBIX
YCTaHOBOK, B 3HAYUTEJIbHOW CTENEHHU OMPEEIAIOT SHEPreTUUECKUE MOKa3aTeNH
ATUX YCTAHOBOK, ITOCKOJIBKY IOTEPU B HUX COCTaBILIOT 10 50 % morepp Moui-
HOCTH Bceil ycTtaHOBKH. (OOmIMe moTepy MOUIHOCTH BCEM YCTAaHOBKHM HE IIpe-
BBIIAIOT 5 % moTpebiiieMoll yCTaHOBKOM MouHocTH). [IpumepHas cTpyKTyp-
Hasl cxema npeoOpa3oBaTesIbHON yCTAaHOBKH IpuBeeHa Ha puc. 10.1.

1 2 3 4

D | I =

Puc. 10.1. CtpykTypHas cxema npeoOpa30BaTeIbHON yCTaHOBKH:
1 — Tparcdopmatop; 2 — BEIIPSIMUTEND; 3 — CTIIAKUBAIOIINA QUIBTD;
4 — Harpy3ska; 5, 6 — 6;oku ($az0BOro peryInpoBaHuUs
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B nee nomumMo TpanchopmaTopa BXOAUT OOJBIIOE KOJIHMYECTBO JIOMOJIHU-
TEIBLHOTO OOOpYAOBAaHMS: YpPAaBHUTEIbHBIE PEAKTOPbI, AHOAHBIC JECIUTENH,
JpOCCeId HaCBILICHUSI, CTAOMIIN3UPYIOIINE YCTPOUCTRA.

OO6nacty nmpuMeHeHusi TpanchopmMaTopoB MpeoOpa3oBaTEIbHBIX yCTaHO-
BOK BECbMa MHOT'OT'PaHHa:

— BJIEKTPOJIM3HBIE YCTAHOBKH B IIBETHOM ¥ XUMUYECKOM MPOMBIIIJICHHOCTH;

— 3JIEKTPOMPUBO/] TOCTOSIHHOTO TOKA;

— ANEKTPU(PUIIUPOBAHHBIN >KEIE3HOIOPOXKHBIN, TOPOJICKON M IMPOMBIIII-
JICHHBIW TPAHCIIOPT;

— BaKyyMHBIE€, TYTOBBIE U MJIa3MOTPOHHBIE JICKTPHUUECKHE TICUH;

— TUHUH SJIEKTPONepead MOCTOSHHOTO TOKa;

— CTaTU4YeCKOoe BO30YK/I€HHE KPYITHBIX CHHXPOHHBIX MAIlIUH.

B npeobpasoBarenbHbIx TpaHchopMaTopax 0OMOTKH, K KOTOPBIM MOJIBO-
JTUTCSl CETEBOE MHTAIOIIee HANPSIKEHUE, HA3bIBAIOT CETEBBIMHM, & BTOPHYHBIE
O0OMOTKH, COCAMHSEMbIE C BEHTUIbHBIMU CXEMaMH, — BEHTHWJIbHBIMHU UJIU CXEM-
HBIMH OOMOTKaMHU.

B tpexda3znbix npeoOpazoBaTeabHbIX TPaHCPOPMATOPAX CETEBBIE OOMOT-
KU COEIUHSIOT B 3BE€3/ly WU TPEYroJbHUK. J[JI1 BEHTHIIBHBIX OOMOTOK pa3iuny-
HbIE CXEMBI: Pa30MKHYTBIE WM JTyueBbIe — IPOCTasi U BOIHAsI 3Be3/1a, MPOCTOM
WIN JBOMHOM 3UT3ar U 3aMKHYThIE — TPEYTOJIbHUK U IIECTUYTOJIbHHUK.

10.2. OcobeHHOCTU npoueccos
N cxem npeobpasoBaTefibHbIX YCTAaHOBOK

Yamie Bcero mnpeoOpa3oBaTelbHbIE YCTAHOBKU MUTAIOTCS OT CETU TpeX-
¢da3HOro TOKa, YTO MO3BOJISIET MOJIYYUTh TPEX-, IECTH- WIH JABEHAIIaTU(ha3HOE
BBITIPSIMJICHHE M YMEHBIIUTh MYJbCAllUU BBIMPAMICHHOTO Hampspkenus. [log-
KITFOUCHHBIE K BTOPHYHBIM OOMOTKaM MpeoOpa3oBaTebHOTO TpaHchopMaTropa
HeympaBJisieMble BEHTHIN — auoisl (B, B,,B;) — NpOBOAAT TOK NOOYEPETHO,

COCNIMHSISI C HAarpy3Kol OOMOTKHU TeX (a3, MTHOBEHHBIC 3HAUCHUS HANPSHKCHUI
KOTOPBIX BBIIIIE MTHOBEHHBIX 3HAUEHUM ocTalbHBIX (a3 (puc. 10.2). OTu BeH-
TUJIX HAXOJSTCS B OTKPBITOM COCTOSIHUU, & OCTaJIbHbIE BEHTHIA — 3aKPBITHL, T. €.
HAXOJSATCS TOJ OOpaTHBIM HampspkeHweM. [Ipu ucmosib30BaHUU YNPaBIISEMbIX
BEHTUJICH (HampuMmep, TUPUCTOPOB), OTKPBIBAIOIIUXCS TMPHU MMOJA4Ye yIPaBIISIO-
IIMX UMITYJIbCOB HA COOTBETCTBYIOIIME 3JEKTPOIbI, BOBMOKHA 3a/I€PKKa BKIIIO-
YEHUS TOTO MPUOOpa, Yepe3 KOTOPBIA K HArPy3Ke MOJABOAUTCS HAMpPSHKEHUE 00-
MOTKH C HAaUOOJBIITUM TTOTCHITHAIIOM.
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Puc. 10.2. Tpexda3znas cxema BbIIPIMICHUS
CO CpeaHEN TOUKON

IlepeBox TOKa BBIIPSIMUTENS U3 OJHOTO BEHTWIA B IPYTOM B IIPOLIECCE I1O-
ouepeHOM PadOThl BEHTWIEW HA3bIBAETCSA IMPOLECCOM KOMMYyTaluu. JluTesns-
HOCTb MPOIIecCa KOMMYTAIIMK TOKA MEXK/Ty BKJIFOUA€MbIM U BCTYIAIOIIMM B PadOTy
BEHTHWJIEM ONpEETsAeTCa 3HaUeHUEM MHIYKTUBHOCTEHN paccesiHisi 0OMOTOK TpaHC-
dbopmaTopa, He AOMYCKAIOIIMM MIHOBEHHOIO TMEpexojia TOKa Harpy3Ku Mpeoopa-
30BarTelisl C OAHOIO BEHTWIA Ha APYroW. BBIIPAMIICHHBIN TOK CTAHOBUTCS PaBHBIM
CyMMe TOKOB JIBYX (a3 wiu BeHTusel, a 3{C BeHTUIbHBIX 0OMOTOK MPHUKIIA IbIBA-
eTcs Yepe3 BEHTUIM K MHAYKTUBHOCTSIM PACCEsTHHSI BTOPUYHBIX OOMOTOK.

ITon peiictBuem OJIC KOHTypa KOMMYTallud TOK MEPBOTO BEHTHJIS
YMEHBIIIAETCS, & TOK BTOPOr0 BEHTWI Bo3pacTaeT. 110 OkOHYaHNH KOMMYyTaluu
BECh TOK IPOXOJUT [0 BTOPOMY BEHTHJIIO, a MEPBbIM HAXOAUTCA 1O 00paTHBIM
HanpspKeHueM. B 3aBUCMMOCTH OT MHAYKTUBHOCTEH 0OMOTOK TpaHc(opmaTopa
BO3MOKHO YBEJIIMYCHUE JUINTEIBHOCTH UHTEPBAJIa KOMMYTALUH, KOT/1a K HaYaly
KOMMYTAIUU CIEAYIOIIMX BEHTWIEH HE 3aKaHUYMBACTCS KOMMYTALHs IIPEAbITY-
X BeHtuie (puc. 10.3).

Lh

><

>
Yo

Puc. 10.3. Bpemennble nuarpaMMsbl poliecca KOMMYTalluu
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Puc. 10.4 Tpexdaznas cxema BbIIPSIMIICHUS
CO cpenHel TouKoi npu cxeme Y/Z

DTO SIBIEHHE HA3bIBAIOT MPOCTHIM MEPEKPHITHEM, BpeMsS U yrod (y) KOTO-
pOTro 3aBUCAT OT UHAYKTUBHOCTEHN paccesiHusi 0OMOTOK TpaHc(popMaTopa v TOKa
Harpy3ku mnpeoOpazoBarens. [Ipy KOMMYTalMOHHOM NEPEKPHITUA BO3HUKAET
Mexay(}azHoe KOpoTKoe 3amblkaHue. KOMMyTanmOHHBIA TOK OrpaHUYMBAETCA
AKTUBHBIM M WHJIYKTUBHBIM CONPOTHUBJICHUSIMU BEHTUJIBHBIX OOMOTOK TpaHC-
dbopmaropa. 1 3pheKTUBHOTO OrpaHUYEHHs] 3TUX TOKOB M TOKa KOPOTKOIO
3aMbIKaHUsl TpaHCHOPMATOPHl BEHTHIIBHBIX MpeoOpa3oBaTesieidl BBITYCKAIOT
c OOoNBIIUM HaMpspKEHUEeM KOpOoTKoro 3ambikanus (1o 20 %, mpotuB 4-6 %
y CHJIOBBIX TpaHC(HOPMATOPOB OOIIEr0 Ha3HAYCHUS).

Tpexdaznyro cxemy ¢ HyneBod Toukoi (puc. 10.2) mpumeHsIOT B ycTa-
HOBKax cpemHell MomHoCcTH. /[ ocinabmenus Bo3nelcTBrs Ha TpaHCHOPMATOD
MOCTOSTHHBIX COCTaBIISAIOIINX TOKOB BEHTHJIBHBIX OOMOTOK, €r0 CEeTeBbIe 0OMOT-
KU COEJIMHSIOT B TPEYTOJBbHUK, XOTS U B 3TOM CIIy4ae OCTAE€TCs MOCTOSIHHAS CO-
CTaBJISIONIAs TOKOB BEHTHJIBHBIX OOMOTOK, CO3JAlOIIUX B MAarHUTONPOBOE
TpaHc(opMaTropa MOCTOSHHBIN IO HAMPaBICHUIO W30BITOYHBIN MOTOK BBIHYX-
JIEHHOT'O0 HAMAarHUYMUBAHUA. JTOT MOTOK MPOXOJUT MO BCEM CTEPKHSIM, 3aMbIKa-
SCh MEXAY SIPMaMH IO BO3JIyXy U 0aKy TpaHc(popMaTopa, U BbI3BIBAET POCT J0-
OaBOYHBIX MOTEPb.

[TosiBieHHE MOTOKA BBIHYKJIEHHOTO HAaMAarHMYMBAHUSA HCKIIOYAKOT, CO-
eIMHsS BEHTWIbHbIE 0OMOTKHM B cxeMy 3ur3ar (puc. 10.4). Ilpu npoxone Toka
BEHTUJISI Yepe3 JIBE YaCTH BEHTHJILHOW OOMOTKH, PACIOJIOKEHHBIE HA CTEPIKHSIX
paznuuHbIX a3, He co3aaercs ogHoHanpasieHHod MJIC 1 MoTOKa BBIHYXK/ICH-
HOT'O HAMarHW4YMBaHUS. JTa CXEMa IMO3BOJISIET YBEIWYUTh TUIOBYIO MOIIHOCTb
Tpanchopmaropa.

[Tpu GonbIION MOLTHOCTH MPeoOpPa30BaTEIbHBIX YCTAHOBOK Tpex(da3Hble
CXeMbI He 00eCeunBaOT TpeOyeMoro kayecTBa npeoodpazoBanus. s ymeHb-
HICHUS MYJbCAIMI BBIIPSMICHHOTO HAIpPSKEHUSI B 3TOM CIydae MPUXOIUTCS
3HAYUTEIbHO YBEIMUMBATH CIIIAKUBAIOIINI peakTop.
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Puc. 10.5. Hlectudasznas cxema
«3B€3/1a — IBE B3aUMHO OOpPATHBIC 3BE3/bI
C YPaBHUTEJIHBIM PEAKTOPOM»

[Hemecoobpa3Hee ycTaHOBKUA MOIIHOCTHIO CBhIIIE 250 KBA BBINOIHATH O
SKBUBAJIECHTHBIM IIECTU(A3ZHBIM U JJaXe ABEHAALATH(A3HBIM CXEMaM.

Cxema npeoOpa3oBaTenbHOM YCTAHOBKHU C IIeCTU(A3HONW CXEMOU BBIMPAM-
nenust noka3zaHa Ha puc. 10.5. CereBas 0oOMOTKa coeMHEHa B IIeCTU(]A3ZHYIO
3Be3/y, a BEHTHJIbHAsA — B JIB€ OOPATHBIX 3BE3/Ibl C YPAaBHUTEIIbHBIM PEAKTOPOM,
HYJIEBbIE TOUYKH 3B€37] CBA3aHBI MEXIy cO00HM uepe3 0AHO(Ma3HBIN YpPaBHUTEIb-
HBII peakTop ¢ (PeppOMarHUTHBIM CepACYHUKOM. bobllioe HHIYKTUBHOE COIPO-
TUBJICHUE peaKTopa JUlsi KOHTYPHOI'O TOKa ABYX BEHTHJIbHBIX I'PYIIIT 00YCIOBIECHO
COTJIACHBIM BKJIFOYEHHMEM JBYX 4YacTel OOMOTOK. YPaBHUTENBHBIM PEaKTOP BbI-
PaBHMBAECT MIHOBEHHBIE 3HAYEHHUs aHOJIHBIX HAIIPSOHKEHUH, NMOABOAMMBIX K IIEp-
BOM M BTOpPOW TIpymmaM BEHTWIEH, W, Omaromapst OONbLIIOMY WHIYKTHBHOMY
COIPOTHUBIICHUIO, 0OECIIEUNBAET JACJIEHUE TOKA HAIPy3KH BBIIPSIMUTEIIS.

[ectudaznyto cxeMy ¢ ypaBHUTEIbHBIM PEAKTOPOM MPUMEHSIOT B Mpe-
00pa3oBaTENbHBIX YCTAHOBKAX C OTHOCHTEIbHO HU3KUM BBINPSAMIICHHBIM Ha-
OpsDKEHUEM U OOJBIIMM TOKOM, MOCKOJIBKY TOK Harpy3ku pa3BETBIIAETCS IO
JIBYM TapaJljieIbHbIM BETBSAM, COCTOSIIIIMM M3 BEHTHJIbHBIX OOMOTOK, BEHTHUJIEH
Y CEKI[MH YPAaBHUTEIBHOTO PEAKTOPA.
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Puc. 10.6. Tpexda3znas MocToBasi cxeMa BBITPSIMIICHUS

YMEHBIIUTh Pacu€THYIO MOIIHOCTh MpeoOpa3zoBaTeIbHOTO TpaHchop-
MaTopa MO3BOJIAIOT MOCTOBbIE cXeMbl BhIIpsimieHus (puc. 10.6). MocToBsle
CXEMBI, MUTAIOIIHUECS OT CJIIOKHBIX CXEM BEHTHJIBHBIX OOMOTOK, CyMMUPYIO-
IIUX IIPOCTBIE CXEMBI, COXPAHSIIOT JOCTOMHCTBA IIPOCTBIX CXEM M IO3BOJISIOT
3HAQUYUTENBHO YIYYHIUTh (OPMY TOKa, MOTPEOISIEMOro U3 CETH NEPBUYHOMN
0OMOTKOM, a TakKe YMEHBUIUThH MYJbCALIMH BBINPSAMICHHOTO HANPSHKCHUS.
B MocToBO#i cxeMe majeHue HaNpsyKeHHWs Ha BEHTUJIBHBIX OOMOTKAX BBIIIE
M3-3a HAJIMYMSA B KOHTYPE HEPA3BETBISAIOLIErOCS TOKA HArpy3KH JABYX IOCIIE-
JOBATEJIbHO BKJIIOYEHHBIX BEHTWIEH MocTa. [I03TOMYy MOCTOBYIO CXEMY IpHu-
MEHSIOT IPH OTHOCUTEIBHO OOJIBIINX BRIMPSAMIICHHBIX HanpspkeHusx (ot 100 B)
Y MaJbIX TOKaxX.

CrpeMHUTENBHOE PA3BUTHUE DJIEKTPOHHOM TEXHHMKH, MHKPOIPOLIECCOPHBIX
CUCTEM YNPABJICHHUSI TO3BOJISIET IIMPE MPUMEHATH TpaHCHOPMATOPHI B BHIIPS-
MUTEJIBHBIX CXEMaX, HAXOAUTh HOBBIE IIPOTPECCUBHBIE PEIICHUS, ITOBBIIIAOIINE
HAJECKHOCTh M CHIDKAIOIIME CTOMMOCTBh YCTAaHOBOK. B TiiaBe JaHbl IPUHLIUIIBI
IPOLIECCOB M CXEM IpeoOpa3oBaTENbHbIX YCTAaHOBOK. B mocienyromux Kypcax
(97EKTPONPUBOJ, JIEKTPUUECKAs TAra, 3JEKTPOTEXHOJIOTMYECKHE YCTPONCTBA)
CBEJICHHMSI O COBMECTHOI paboTe TpaHchopMaTopa U yNpaBiIsieMOro BBIIPSMU-
Tesst OyIyT JOMOIHEHbI TOAPOOHBIMU CXEMHBIMH PEIICHUSMHU.
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3AKINIOYEHUE

PazBuTHe mpoU3BOIUTEIBHBIX CHUIJI COBPEMEHHOTO O0IIECTBa HEMBICIUMO
0e3 Bce BO3pACTAIOLIEro0 MPOU3BOJCTBA U MOTPEOJICHUS IIEKTPUUECKON IHEP-
run. [lepenaya snexkTpuyeckoit 3HEPTUK Ha OOJIBIINE PACCTOSHUS HEBO3MOXKHA
0e3 nmpuMeHeHus TpaHcpopmaTopoB. [lockonbKy B sHEprocuctemMax Mmpoucxo-
JTUT MHOTOKpaTHOe OT 3 10 5 pa3 mpeoOpa3oBaHHME BEIMYMUHBI HAIMPSKCHUS
(cm. 1-10 TIaBy), OCylIeCTBIsIEMOE TpaHCHOPMATOPAMH, TO C IEIbI0 CHUKEHUS
NOTEPb ANEKTpOIHeprun Tpanchopmaropam Heobxoaum Beicokuit KII/ (B co-
BPEMEHHBIX CBEPXMOIIHBIX TpaHchopmaTopax oH goBeaeH a0 99,7 %, u 310
elle He npejnesn). DTO JTOCTUTAeTCsA, C OJHOM CTOPOHBI, COBEPUIEHCTBOBAHUEM
METOJIOB pacyeTa, ONTUMHU3ALUH TapaMeTPOB, C APYTrOi, — MOBBIILICHHEM Kaye-
CTBA aKTHUBHBIX MAaT€pUAJIOB: CTaJIM MArHUTONPOBOJOB, IPOBOJHUKOBBIX MaTe-
puanoB, U30JsUUHA. YeM BhIllIe MOLIHOCTh J000T0 Mpeodpa3oBaTess, TEM BbI-
me MoxeT ObiTh AocTUTHYT ero KIIJ. IToaTomMy MOIIHOCTH COBpEMEHHBIX
tpanchopmaropoB gocturaer 2000 MBT npu nanpsokenusx 500 kB, 750 kB
n naxe 1150 xB.

[IpousBoACTBO Takux TpaHC(HOPMATOPOB CTAJIO BO3MOKHBIM OJjarojaps
Pa3BUTHIO TEOPHUH AJIEKTPOMATrHUTHBIX IMPOLIECCOB B TpaHChopMaTope, MpUMe-
HEHUIO COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTMI KaK Ha CTaguu IPOEKTHPO-
BaHHUs, TaK U Ha CTaAUM NMPOU3BOACTBA. C MPUMEHEHNEM ITUX TEXHOJIOTHH I10-
BBIIIACTCS HAIC)KHOCTD U3/IETHS, TAK HEOOXOAMMast A1l TAKOTO OTBETCTBEHHOTO
YCTPOMCTBA MEepeAadn MEKTPOIHEPTHH, KaK TPAHCPOPMATOP.

[Tpu skcrutyaranuu TpaHc()OpMaTOPOB HEOOXOIUMO COOJIOAATh PEKOMEH-
JyeMbI€ PEKUMBI UX PAOOThI, HE JIOMYCKaTh MEPErpy3KH, HECUMMETPUYHBIX Pe-
YKUMOB, SIBIIIIOIIUXCS 3a4acTyl0 aBapUUHBIMHU, CBOEBPEMEHHO MPOBOJIUTH pEriia-
MEHTHBIE PabOTBhI, C LENBI0 MPOAJICHHS CITYKObI JOPOTOro 3JIEKTPOOOOPYI0OBAHHUS.

VYcnexu uHKEHEPOB-3JIEKTPUKOB B pa3pabOTKax HOBBIX MU MOJIU(DUKAIIUN
y>K€ BBIITYCKaeMbIX TPAHC(POPMATOPOB, YCIEIIHAS MHOTOJETHSS UX JKCIUTyaTa-
1Sl MOTYT OBbITh 00€CIeYeHbl TOJIBKO MPHU TIIyOOKOM 3HAHUU TEOPHUH JIJIEKTPO-
MAarHuTHOTO M 3JEKTPOMEXaHUYECKOro MpeoOpa3oBaHMsI dHEPIHH, OCOOECHHO-
cTeit paboThl TpaHCHOPMATOPOB.
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