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Tema: OaHodasHbie TPAHCKHOPMATOPDLI.

1. HazHaueHue TpaHCHOPMaTOPOB, UX TUMbLI U NPUMEHEHUE Ha N.a.

2. YCTPOWUCTBO W NPUHLNI ASHCTBUS OAHOMA3HBIX TPaHChopMaTopos,
3. Pe)xvnmi;l paboTel TpaHcOpPMaTOpPOB.

4 MoTtepu mowuHocTn 1 KMNA TpaHctopmaTopos.

1. TpaHncdopmatop npeaHasHavdeH Ans npeobpa3oBaHuA OAHOW — NEpBUYHOR
CUCTEMbI MEepeMeHHOro ToKa B APYFyl0 — BTOPUMHYIO, WUMelowue Apyroe
HanpsKeLEe 1 TOK NPY HeMSMeHHOI YacToTe. Takum 06pasom k TparcgopmaTopy
NOAAETCA IHEPrus Npu opHNX Hanpsokervn U4 v Toke 14, @ nonydyaetcs nocne
TpaHchopMaunn SHEPruA rpu Apyrux HanpsukeHun U, v Toke To.

TpaHchopmaTops! GbieaioT oaHoGdasHLIe U TPEXDa3HbIe U NPUMEHSIOTCA B UENAX
MepeMeHHOTO TOKa, BbIZAT ofHOMAasHbIA W Tpé&xdasHelit TOK pasHOro
HanpsxernA notpeburtenam Ha JA.

2. MpocTefiumit TpaHCHOPMATOP UMEET CTarnbHOW cepAeqHUK U Age OOMOTKY,
V30ITMPOBAHHLIE KaK OT CepAeurinKa, TaK ¥ Apyr oT apyra.
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O6moTka TparcdopmaTopa, KoTopas NOAKMIOHASTCA K UCTOWYHWKY HANPSMKEHUS,
Ha3bIBAETCA MepBUMHON OBMOTKOW, a Ta oBmoTka, K KOTOPOW MoAKIoYATCA
notpebutenu, HaseIBRETCS BTOPUUHON OGMOTKON.

NepeMeHHbIA TOK, NPOXOAA MO NEepBUYHOW OOMOTKE, CO3RaeT NepeMeHHbIR
MarHWTHbIA MOTOK, KOTOPLIK CLUENfseTcA € BUTKaMM BTOPUMHOA OBMOTKM n
HaBoAUT B HUX 3.4.C.

Tak KaKk MarHMTHBIA MOTOK MNEepeMeHHbI, TO WHAYKTUPOBaHHaA 8.3.C. BO
BTOPUYHSEE 0OMOTKE TpaHcdopmaTopa Takke NepeMeHHas. U 4acToTa eé pasHa
4YacroTe Toka B NepeuYHOi obMoTKe.

MepemMeHHbIi MarHUTHLBIR NOTOK, NPOXOAALWMA NO cepaeYHuKy TpaHcdopmartopa,
nepecekaeT HEe TONbKO BTOPUUHYI0 OBGMOTKY, HO W nepeuuHyild OGMOTKY
TpaHchopmaropa. MoaToMy B nepeuuHoi obmoTke ByaeT NHAYKTMPOBATLCS 3.4.C.

BenuunHel 3.4.C., UHAYKTUPYIOLWMUXCS B 06MOTKax TpaHcdhopmaropa, 3aBuUcAT oT
4acToTbl MEPEeMEHHOro Toka M NepBUUHOW OOMOTKW, YMCNa BWTKOB KaKOAOW
OBMOTKU M BEMUUNHBI MArHUTHOrO NOTOKA B cepaeyHnke E=4,44{u% Oy,
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KaKQOW OOMOTKM 3aBUCUT TOMBKO OT 4uCna BWUTKOB 3TOW OBMOTKWM. 3Ty
3aBUCUMOCTL  MEXAY BEeNUHMHAMM  3.4.C. U  YUCTiamu  BUTKOB  OBMOTOK
TpaHchopmaTopa MOXHO BbIPasuTs hopMynoi

2 Eo/ E2=Wi/wWz roe Ey w E, - s.A.c. nepsuuHoil u
BTOPWHH&OGMOTOK,L\L{ W% - YICNa BUTKOB OBMOTOK.

Bonbtmetpsl Va1 Va2 BKUIOYSHHBIE K 3aKUMAM NEPBUMHOW U BTOPNYHOWR
0BMOTOK NoKaxkyT Ham Hanpsxenua Uy n - Ue atux obmoTok. Benegereue Toro,
4YTO B kaxgol oOMoTKe MMEeTCA CONpOTMBMEHWEe, HaMpsXXeHWe Ha BTOPUYHON
oBmoTKe ByAET HeCKONBKO MEHBLLIMM, Yem e€ 3.A.C., @ B NEPBUYHON - HaoGopPOT.
OpnHako NpaKTUYeckas pasHula MeXEy HUMKM Tak Mana, uTo 3aBUCUMOCTb Mexay
HanpPSKENNAMM 1 YMCTIaMVN BUTKOB 0Benx 0BMOTOK BuipaxaeTcs dopMyno

Ua/ U_’Q=1AIL/E'L

W3 3Toil chopMynsl BUAHO, YTO BO CKOMbKO Pas YACNO BUTKOB B NEPBUYHOM
obmoTtke Gonblue (MMM MeHble) Yem YWCRa BUTKOB BTOPMMHOW OOMOTKM BO
CTOMbKO & pa3 HanpsxeHuwe nepsuyHoi obMOTKM Gonblie (UNU MeHblue)
HaMNPAXEMIA BTOPUYHON OBMOTKM.

PasHuLa Mexay 3.4.C. U HanpsXXeHWeM B nepsnuHoi 0BMoTke TpaHcdopmaTopa
CTaHOBUTCA 0COGEHHO Manoi Toraa, Koraa BToOpuuHan obMoTKa pa3oMKHYTa W TOK
B Helt paBeH Hynio (xoroctas paborta), a 8B nepsu4Hoi 06MOTKe NpoTeKaeT TONbKo
HebonbLUOK TOK, HasbiBaeMbll TOKOM XONOCTOro xoaa. Npu 3Tom HanpsxeHue Ha
3aX1Max BTOPUYHOW OOMOTKM NOYTY PaBHO HABOAWMON B Heil 3.4.C.

P
YUncno, nokasblBalolfee BO CKONbKO pa3 HampsXKeHue B NEpBUYHOR oBMoTke
Gonblue (MN MeHble) HanpsXeHWss BO BTOPU4HON OBMOTKE, HasbiBaeTCA
koapchuLimeHToM TpaHccopmauun U o6osHayaetcs Gyksoil K.

Ua / Ug= K =/ ury,

Ho cux ngeg Mbl npegrnionarani, YTo MarHUTHbIY MOTOK TpaHcgopMaTopa LEenkom
3aMblka€CH  Yepe3 cepAeuHuK. Bonbiuas 4acTb  MarHUTHBIX  MOTOKOB,
CO3laBaéMbiX MNEPBUMHOW WM BTOPWYHO oBMOTKamMu  TpaHccopmartopa,
3aMblKaeTCA udepes CepAeuHUK, OpYyras — MeHbllas 4acTb — B BWAE NOTOKOB
paccesHus s, U DS, 3aMLIKAETCA BOKPYr OTAEMbHBIX BUTKOB Yepes BO3AyX.
ToToKM pacCcesHUA MHAYKTUPYIOT B cBOWX 0BMOTKaX 3.4.C.





[image: image3.png]' 3. Pexmﬁi;onocroro xopAa.

Pexvm, ﬁﬁn KOTOPOM STOpPWUYHas OBMOTKa TpaHcthopMmaTopa PasoMKkHyTa, a Ha
32KMMbl NEPBUMHON NOAAHO NEpPeMeHHOEe HanpsXeHWe, Ha3biBaeTCs XOMOCTbIM

XOAOM, Unn xonocToi paboToit TpaHchopMaTopa.

MarkuTHbIA NOTOK, BO3GY)XAAeMbi NepBUYHOA OOMOTKON, WHAYKTUPYET BO
BTOPUYHOR O6MOTKE 3.4.C. Ez= 4,44'£”(£z'¢ m TOT M€ Camblil NOTOK
MHAYKTUPYET B nepsuyHOn obmotke a.a.c. EA = 4,44 3‘_'15 D4 KOTOPAS B
TpaHcgopmaTope 6e3 NoTeps ypaBHOBELLMBAET MPUNOXEHHOEe HanpsikeHve Uq .

HebGonbLuoii Tok, NoTpebnsembi Nnepsu4Hoi 0BMOTKON TP-Ta MPK XONOCTOM Xo4e,
Ha3LIBAETCA TOKOM XOMOCTOro X0Aa, WU HaMarHMuMBaOWMUM Toxom. Benwuuxa
3TOrO TOKA OT TOKA NPY HOMUHANBHOM Harpyske Tp-pa cocrasnset 3,5 ~ 10%.
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{locTpouM BekTOPHYIO Auarpammy. TOK XONOCTOrO XOA3 CO3A28T MAarHUTHLIA
roTok &, KoTopblfi coBnagaeT ¢ TokoM no dase. MarHuTHeI noTok ¢ nHayKTUpYeT
B nepsudHoh o6mMoTKe 3.4.¢. E4, a BO BTOpUYHON 3.4.c. Ez. WapecTro, YTO BCAKas
3.8.C. MHAYKTUpYEMas CUHYCOUJANbHO W3MEHSIOLMMCA MarHWTHBLIM NOTOKOM,
oTCTaéT o noToka no ¢ase Ha 90, noaTomy BekTopbl E4 E2 OTKNagpiBalotes nog
yrnom 90 oT noToka & B CTOpOHy, obpaTHylo BpalleHWO BEKTOpoB. 3.4.C.
nepenuH o6moTk E4 ypasHoBewwBaeT Hanpskenne Ug. O.a.c. Eq m
HanpsbkeHWe U4 paBHbl U B3aUMHO NPOTMBONOMOXHSL. W3 gnarp. sugHo, uto Tok Jo
noTpebnaemMbli TP-POM NpU XONOCTOH paboTe, OTCTa&T OT HanpAxXeHua Ug cetn
Ha 90 3TUM OBBACHAETCH OUeHb HUSKMIA KO3 HULIMEHT MOLUHOCTY ( COS Y ) TP-
pa npu xonocToii paboTe.

o
B peanbHOM Tp-pe HEOBXOAMMO YUMTHIBATb MOTEPH M PACCESNHWE MArHUTHOIO
noToka. MNotepn Gyayr 8 cranu u Megn. TpaHCHOPMATOp OTAMHAETCA 3aMKHYTOM
MarHUTHON CUCTEMOIt U OTCYTCTBMEM BPALLAIOWMXCS UYacTei, No3ToMy noTepu B
HEM Marbi W K.1.4, TP-poB BonbLUMX MOLLHOCTEN aocTuraeT 99% u Bbilue.

Pexxum Harpysku.  Harpyskoit TpaHcdopmaTopa HasblBAeTCA PeXWM, npu
xoTopom-#PopuyHan 06MOTKa 3aMKHyTa Ha kakoe-ninGo conpoTuenenue. Mpu sTom
BO BTOpPWYHOW oBMoTKe OyneT npoxoduTh Tok JZ KOTOpbIA CO3AAacT CBO#
marHuTHE® notok ®2 . Takum obpa3oM, nNpu Harpyske Tp-pa B8 Hem ByayT
fAefcTBOBaTb MarHUTOABUXYLKNE CUSbLI M.A.C. ABYX OBMOTOK, a B cepfiedHuKke ero
6yneT MarHUTHLIA NOTOK, NONYYEHHBIA B pe3ynbTare AWCTBUSA NOTOKOB 0Benx
obmoTok.
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[image: image4.png]'Cornacno npasuny JleHua, MardHuTHbIA NOTOK BTOPUYHO 0BMOTKU P2 CTpemuTca
YMEHbLLNTL NOTOK NEePBUYHOA OBMOTKM. OAHAKO Pe3ynbTUPYIOLLNIA MarHUTHLIA
MOTOK AQZEAEH OCTATLCA NOCTOAHHBIM T.K. 3.4.C. EA Npy NOCTOSHHOM HanpskeHni
cetn Ug fomkHa OCTaTbCH TNMOYTA HEUIMEHHOW W PaBHOW HaNPAXEHWIO CeTw.
MocTpoum BeKTopHYto guarpammy.

E-VE,
MarHuTHeli NoTok Tp-pa @ U Hamarduuvsalowmi Tok Je cosnagaior no ase.
Snempo;%umymme cwnbl E4 n Ez oTnoxeHsl nop yrnom 90° k notoky ¢ B

CTOpOHy, GbpaTHyo BPALWEHNIO BEKTOPOB. Tak KaK Harpyska akTuBHas u Tp-p He
wMeeT noTepb, TO TOK lz coenapaer no ¢ase ¢ 3.4.c. Ez Mpu Harpyske
reoMeTpuyeckass CymMMa HamarHuyuealowwyx Cun nepsuyHOW U . BTOPUYHOW
obmoTok GyfeT nouTu pasHa HamarHUUMBalowen cune nepeudHol o6MoTke npu
XONOCTOM Xofe.

) T+ lzwg=To 2

Hamarnnumeatowan cuna stopuuHoii o6Motkn 1z W, cornacHo npasuny NeHua,
GyaeT pasMarHu4uMBaTh NepBUYHYI0 0OMOTKY. MO3TOMy MO BUTKAM MEPBUMHON
OBMOTKM JOMKEeH NPOXOAMUTL TaKoM TOK 14 , KOTOPLSi BO36YxRaNn Gbl MarHUTHbIA
noTok P, u, KPOME TOro, KOMMEHCUPOBaJ) pasmarHuyusaoliee AencTeve
BTOPUYHOW OBMOTKM. VHade roBops, amnepeuTkM nepsuqHoi obmoTkn Ty w5
DOMKHbL qgaramcn w3 amnepauTKoa Loﬁ » CO3AANOLLUX NOTOK ®, U aMnepsuTKOB

IZ’UT = -1’_7, u& unm o—l}ﬂlﬁj’w’ Iv + I_g_ T.6. B 9TOM
Cny4ae NepBUYHLIA TOK paBeH reome'rpuqecmu CyMMe Toka NpW XOMoCcToM xofe
Lo¥ NpuBEgEHHOrO TOKa BTOPUUHON OOMOTKM L2

B peanbHOM Tp-pe HanpsikeHue Ha BTOpUYHOW 06MoTkM Uz npwu Harpyske MexbLue
aa.c. Ez Ha BenuuuHy nageHuii HanpmxeHUn B camoil oBMoTKe, Mo3Tomy,
HanpsixkeHwe U4 nonyyaeTcAd U3 TeOMETPUYECKON pasHuUbl  MHAYKTUBHOTO
NageHun HaNPSKEHUA 12 X 2, ¥ AKTUBHOTO NafieHNst HaNPSKEHNA LeTe,

Uz = Ez - Jarz - Izxe , T Harpyska axtuena Tok Ta n Uz
coBRiagalT no dase. Tok nepeBuuHON# Lenu 1. nonyyed B pesynbTate
reoMeTpuLeckoro CJ'IO)KEHMﬁ TOKOB  XOfIOCTOTG  X0ga To w npueegenHoro
HarpysouHoro T =T +lg, HanpskeHue tofseaeHHoe K NepBuYHON
obmoTke ¥ Tp-pa, ypasHoseumaaeT 3.4.c. Ey ¥ Nagenve HanpsxeHus 8 Hei.
Moatomy Uy = -E_+ L1y +Texa.
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BuiBoAbI: YBENUUEHWE TOKa Harpyskm npusoauT. 1) K yBenu4eHwio nageHws
HanpsAXeHUs BO BTOPUYHON OBMOTKe; 2) K yMeHbWeHWio HanpsbkeHus UzHa
3a)KUMaX BTOPUYHOM OBGMOTKW (NpY Hannumin EMKOCTHON Harpysku Hanpsxenve Uz
ByaeT ysenuumpathcs), 3) K yBenuueHno Toka 1y B nepeuyrOn uenu; 4) k
YBENUUEHNIO NaASHUA HanpsKeHns B nepsBudHOA oBMOTKe; 5) Npu NOCTOSHHOW
BENUYMHE - NPUNOXEHHOrO HanpsbkeHnAa Uf aTo Bbi3oBeT yMeHblieHue Ejf ; 6)
3.4.¢. Ei YMEHBLUMTCA TOMBKO 33 CUET YMEHBLUIGHUS MarHUTHOTO NoToka Tp-pa ®.

Takum 06pa3oM yeenuueHue Toka Harpysku |2 IPUBOANT HE TONLKO K YBENUMEHMIO
Toka 1l ,noTpebnAemoro TP-pOM U3 CETU, HO TaK Xe YMEHBLLIGHWIO MarHUTHOro
MOTOKa B CEpAeUHUKE.

KopoTtkoe 3aMbikaHue. Pexum npy KOTOpoM ofiHa U3 0OBMOTOK Tp-pa NUTAETCR OT
uctouHUiE c nepeMeHHeiM HanpsHkeHUEM, a KOHLE! BTOPOW 3aMKHYTH! HaKOpPOTKO,
Ha3LIBAETCA PEXXUMOM KOPOTKOIO 3amMbikaHus. Tpu sKCnnyaTaumoHHOM KOPOTKOM
3aMbiKaHMK TOK BO BTOpMUYHOM OBMOTKE MOXET npesbillaTe HOMWHaNLHoe
sHaveHne B 10 — 20 n Gonee pa3. TOKM KOPOTKOrG 3aMbiKaHus BbiAeNsAlOT
Gonblloe KOM-BO TEMMOTHl, YTG NPUBOAWUT K MOpYe W3ONAUMM NPOBOAHMKOB
0BMOTOK 1 3akunaHuio macna B Gake Tp-pa.

Ecnu KoHub! BTOPUYHOA OBMOTKM 3aMKHYTB HAKOPOTKO, @ NEPBUHHYIO NOAKMIOYNTD
K FOHIHKEHHOMY HanpsOXEeHWIO, YTOObl TOK KOPOTKOro 3amblkanus | 6bin paseH
HOMUWHarnbsHOMY paGouemy Toky |_ , To Huuero He nponsonaét. [lna onpeaerieHna
HanpsXeHUA KOPOTKOFO 3ambikaHusl MW MOWHOCTK MOTEepb NPOU3BOAAT ONbIT
KOPOTKOrO 3aMblkaHUs TP-pa No CXeMe.
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C nomoLLb perynaTopa HanpshKeHUs NOCTeiHee Ha NepanyHoN 0BMOoTke NnasHo
NOBLILIAOT oT O [0 3HAYEHUA, NP KOTOPOM TOKM B OBMOTKax paBHb!
HOMUHAIbHBLIM 3HaYeHnAM. HanpsbkeHue nopsogumoe K Tp-py Ul Npu KoTopom
TOKK B OGMOTKaxX paBHbI HOMUHANBHLIM, BBIPAXalOT B % OT COOTBETCTBYIOLLEro
HoMUHaNBHOro Hanpskerus Uiy

Ui = Uae / Uaw 100 - HanpskeHWe KOPOTKOro 3ambikaHWs.

Hanpsxen /& KOPOTKOrO 3aMbikaHusi U_ yKashiBaeTcA Ha wuTke Tp-pa v He
npesbIEST 5-10% OT HOMWHaNBHOTO HanpsKeHns, U_ . NapameTpbl KOPOTKO| o
sambikarms  Zg = Uge / Tg, Re = Px /Tie Xe=VZ% - RZ
Ukq= Rxlye / Uy, 100 Ukp= XgG,/ Uiy 100 . AkTuBHas v peaktveHast
COCTaBNAONE 3aBUCAT OT MOI.LIHOCTM W C POCTOM NOCRepHelt, aKTMBHas
COCTABNALAS YMEHbLIAETCA, a peakTUBHaA ysenuumsaeTca. Tak kak npu K3
HanpsxeHwe B nepeuyvHON OBMOTKE W MarHWUTHbI noTok & B MarHMTONPOBOAES
Marel, OTEPsIMU B CTaNY MArHUTONPOBOARA MOXHO Npexebpeds. P = 0,5~ 3,7%.
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[image: image6.png]I loTepu B8 cTanu MarHuTONpoBOAa pe COCTOAT M3 MOTEPL Ha MUCTEPE3UC M
amxpesbf?fom T. e. obLne noTepn CTanu NPoMopLMOHanbHe! keagpaTty 3.4.c. Eg.
Mepexon, 0T XONoOCTOro XoAa K MONHOR Harpyske Tp-pa NUllb HE3HAYUTENbHO
yMmeHbiaeT 3.4.¢. Ey ( Ha 2,5-4%) 1 npu aTOM NoTepu CTany yMeHbLIalTC BCEro
Ha 3-8%, NOSTOMY NOTEPM NpY HArpy3ke paBHbLt NOTEPAM XONOCTOro xoAa. Tak Kak
noTepu CTanu He 3aBUCAT OT Harpy3ku UX HasbIBAOT N OCTOAHHBIMUNOTEP
AMn.

MNoTepn &.o6moTkax Tp-pa p O6GycnosBneHsbl Tennossim ,qeuc-rswem TgKa 1 ans
no6oit Harpysku onpegensiotTcs no molwHocT K3 pa = 14 Rx= ki Pg wnx
Ha3bIBAT N e P e M e H H b M 1. Takum 06pa3om nonHble NoTepu Tp-pa paeHs!:

T
SIP=pc+ps=Px+kuPr
= Doy, Xan, xoph
Mo u3BecTHeIM nonHbiM notepam ¢ P moxHo onpepenutse KNI Tp-pa -

OTHOWEL R OTAABaeMOli aKTUBHOI Tp-pa Pz K noaseneHHoH Pq.

M =Pz /Py

-

-
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