Jlexuusa Nel5

IMpuHuun geiicrBus Tpancopmartopa.
OCHOBHBIE IKCILIYaTAIUOHHbIE PEKUMbI PA0OTHI.

Bonpoch! JeKIIMU:

1.  Ha3znaueHue u IpPUHIUI IEUCTBUS TpaHChHOpMaTopa.

2. XomnocTo# xoa TpaHc(opmaropa.

3.  Pabora TpaHcdopmaTopa npu Harpyske.

4.  TlpuBeneHue BeIUYMH BTOPUYHONM OOMOTKH K YUCITY BUTKOB IIEPBUYHOU
0OMOTKH.

1. Ha3HayeHue v npUHIMI AeiicTBUS TpaHchopMmaTopa.

Tpanchopmaropom Ha3bIBae€TCsd CTATUYECKOE AIIEKTPOMArHUTHOE
YCTPOMCTBO, MMEIOIEEe JABE WM OOJbIIee YUCIO MHAYKTUBHO CBSI3aHHBIX
OOMOTOK ¥ TMpeJHa3HAYE€HHOE Uil MpeoOpa3oBaHUs MOCPECTBOM
AJEKTPOMArHUTHOW MHAYKIMA OJHOM WIIM HECKOJbKUX CUCTEM MEPEMEHHOTO
TOKa B OJIHY WJIM HECKOJIBKO JIpyrux cucteM nepemeHHoro toka (I'OCT 16110
- 82).

[lepBbie TpaHchopmaTOpbl €  Pa3OMKHYTBIM  MarHUTONPOBOJOM
npeioxui B 1876 1. pycckuit yuensiii [1.H.S6104k0B, KOTOpBIN MPUMEHWIT
UX JJIs nuTaHus odnektpudeckoil "cBeuw'. B 1885 r. BeHrepckue ydeHble
M. le6pu, O.bmarn, K.IlunepkoBckuit paspaboranu  oaHO(a3HbIE
MPOMBIIUICHHBIE TpaHCHOPMATOPHl € 3aMKHYTHIM MarHUTOMPOBOIOM.
Tpexdaszusie Tpanchopmatopsl mnosiBuauch B 1889 1891 rr. (M.O.lonuBo-
JlobpoBomnbckuii, H. Tecina).

TpanchopmaTopbl MIUPOKO  TPUMEHSAIOTCS B pa3HbBIX  00dacTsIX
AJIEKTPOHUKH, PATUOTEXHUKH, DIEKTPOTEXHUKHU, B YCTPONCTBAX U3 MEPEHUS,
aBTOMATUYECKOTO YIMPABJICHUS U PETryJIUPOBAHUS. [Io ocobGeHHOCTSIM
KOHCTPYKIIMU U TPUMEHEHHUIO TpaHCPopMaTOpbl MOXKHO  pa3/eluTh Ha
CWJIOBBIE, CBApOYHbIC, U3MEPUTEIbHBIE U CIELHAIIbHbIC.

HauGosnbiliee NpuUMEHEHHE B HAPOJHOM XO3SIMCTBE U B BOCHHOM i€
MOJTYYUIIA CUJIOBBIE TPAHC(POPMATOPBI, KOTOPHIE SIBISIOTCA HEOOXOAUMBIM 3Jie-



MEHTOM  IPOMBINUJIEHHOW  A3JIEKTpUYECKOW  ceth.  ['eHepatopsl  Ha
AJIEKTPOCTAHIIUAX BBIPA0ATHIBAIOT AIEKTPUUYECKYIO SHEPTHUI0 npu
HanpsokeHuu He Oosee 24 kB, Tak kak nmpu 0Oojiee BBICOKMX HAIPSKEHUSIX
BO3HUKAIOT TPYJIHOCTU CO3/IaHUSI KAUYECTBEHHOW H3OJIAIIUU B JIEKTPUUYECKUX
MamuHax. Ilepegaya 3JIEKTpUYECKOM SHEPTHU Ha OOJBIINE PACCTOSHUS MPU
TAaKUX OTHOCUTEJIbHO HU3KHUX HAMNPSIKEHUSX YKOHOMHUYECKH HEBBITOJHA W3-3a
OoNpIIMX TMOTEeph B JUHUM. M MOITOMY Ha »dICKTPUUECKHUX CTAHIIMIX
YCTaHABJIMBAIOTCA CHUJIOBBIE TpaHC()OPMATOPHI, MOBBHIIAIONINE HAMPSKEHUE
no 110, 220, 500, 750 u 1150 xB. YV noTpebuteneit Hanpsi>KeHUE MPU MOMOIIH
TpaHC(OPMATOPOB TMOHMKAETCS HECKOJIBKUMHU CTYICHSIMHU: Ha palOHHBIX
noactanusax g0 35(10) kB, na moacranumsx npeanpustuii 1o 10(6) kB u,
HaKOHEIl, Ha TOJCTaHIMAX II€XOB M KWIbIX pailoHoB - g0 380/220 B.
TpanchopMaTopbl MOKHO KIACCUPUIIUPOBATH MO CIEAYIOIIUM MIPU3HAKAM:

- B 3aBHCUMOCTH OT uucia (a3 mpeoOpa3oBaHHOTO HAINpPsHKEHHS — Ha
oaHodaszHbie U Tpex(dazHbie;

- B 3aBUCUMOCTH OT 4Yucia OOMOTOK - Ha JIByXOOMOTOYHBIE U
MHOTOOOMOTOYHEBIE;

- B 3aBHCHUMOCTH OT KOH(HUTypaIlii MarHUTOIIPOBOJA - Ha CTEep)KHEBBIC(PHC.
1,a,0),6poneBbie(puc. 1,B,r),Topongansabie(puc. 1,1).
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Puc. 1. OcHOBHBIE TUIIBI TPAHC(HOPMATOPOB : &) CTEPIKHEBOU IMMXTOBAHHBIN;
0) CTep:)KHEBOM HAaBUTOM; B) OPOHEBOM IIMXTOBAHHBI;
r) OpOHEBOW HABUTOM; 1) KOJIbIICBOM (TOPOUIAJIbHBIN ) HABUTOMN



KoHcTpykTHBHO 1000 TpaHchopMaTOp HMMEET ABE OCHOBHBIC YaCTH: M
ATHUTONpPOBOA M 00MOTEKHU. TpanchopMaTopsl 0OIbIION
MOIITHOCTH, KpOM€ TOro, HMEIT CHUCTeMy oxJaxieHus. YacTh
MarHuToINpoOBOJIa, HA KOTOPOU pa3MelleHbl 0OMOTKH, HA3bIBACTCA C T € P XK H
€ M, a OCTaJlbHasg YacTh, 3aMbIKAIOIIasi MarHUTOIIPOBOM, - SIP M O M .
MarepuasioM MarHuTonpoBoja TpaHchopMaropa SBISIETCA TropsiyeKaTaHHas
WM XOJIOJHOKATaHHAs dJICKTPOTEXHUYECKAs CTallb. JIns  yMeHbIlIeHUs
BUXPEBBIX TOKOB MAarHUTONPOBOJ BBINOJHSIETCS HE CIUIOIIHBIM, & B BHJE
MaKeTa IITAaMIIOBAHHBIX TUIACTUH WJIM B BUJI€ PYJIOHA CTaJIbHOW JIEHTHL. B
YaCTHOCTH, MPH dYacTtoTe Toka A0 150 I'm mMarHUTOmpoBOJ COOMpAIOT U3
avuctoBo ctanu TommuHOoM 0,35 mnu 0,5 MMm. JIeHTOYHBIE MAarHUTONPOBOIBI
HCTIOJIB3YIOT B MaJIOMOIIHBIX TpaHchopmaTopax. [ yBenmuueHus
AIEKTPUYECKOTO COMPOTHUBIICHUS, MPEHSATCTBYIOMIETO BO3PACTAHUIO BUXPEBBIX
TOKOB, IJIACTUHBI MAarHUTONPOBOJIA (WJIM TIOJIOCY JIEHTHI) U30JUPYIOT OJIHA OT
JIPYrov IUAJIEKTPUUYECKUMU MaTepuagaMu (JIakoM, 3Majbio, OKUCHOM TIJIEHKOM,
Ooymaroii). UToObI MAarHUTOIPOBOI MIPH paboTe HE "3yMMepwiI'", €ro CTATMBaIoOT
00JITaMH WJIM OXBAaThIBAIOT METAJUTMYECKON 000HMOM.

OOMOTKM BBITIOJHSIOT B BHJE HEMPEPHIBHO HAMOTAHHOTO B HECKOJBKO
CJIOCB WJM B BHUJE OTHEJIbHBIX CEKIMH M Karymiek. Ha MarnutonpoBojie
CTEP)KHEBOI'O THMA KaxJas oOOMOTKa pa3MelleHa Ha OTJEJIbHOM CTEpIKHE
(puc. 2,a) psiioM WIK OJHA TOBEpPX Jpyroi. B OpoHEBOM MarHUTONMPOBOIC
BCE OOMOTKM pa3MEIIaloT Ha IEHTpallbHOM cTepxkHe (puc. 2,0). B
TOPOHUIAJIBHOM TpaHchopmaTope OOMOTKH pa3MelalTcsia II0 Bcei
OKPY>KHOCTH KOJIbIIa (TOpOHaa).

Cxemy pasMemieHuss OOMOTOK  BBIOMpAlOT U3  COOOpaKeHHI
MUHUMU3AIMA TIOTEPh OCHOBHOI'O MAarHUTHOrO TOTOKa TpaHcopmaTopa,
YIYUYIIEHUS] YCJIOBUM OXJaXJICHUS, TOBBIIMICHUS HAJICKHOCTH PadbOTHI U
ONTHUMU3AIMH PACXOJIHBIX MATEPUAIOB.

O6MoTKa TpancpopmaTopa, K KOTOPOH MOJBOJMUTCS DICKTPOIHEPTHS,
Ha3blBa€TCI T € p B U 4 H 0 M , a oOMOTKa, K KOTOPOH MOIKIFOYEHBI
ANEKTPONIPUEMHUKH (HArpy3Ka) U OT KOTOPOMl OTOMpPAETCs 3JIEKTPOIHEPTHS,
HA3bIBAETCSI BT O P U YU H 0 i. [IepBUYHBIX U BTOPUYHBIX OOMOTOK MOXKET OBIThH
Heckoyibko. OOMOTKa, wuMeroliass HauOoJblllee HaNpsHKEHUE, Ha3bIBACTCS
oOmoTkol Bricmiero HampsbkeHus (BH), a oOMoTrka, umeromiasi MeHbliee
HaIpsHKEHUE,



Puc. 2. PazMenienre 0OMOTOK Ha CTEP)KHEBOM (a) U
OpoHeBOM (0) MarHUTOMPOBOAAX

Ha3bIBACTCSI OOMOTKOM H M 3 m e T o HanpsSxeHwusg (HH).
Tpanchopmarop, y KOTOporo rnepBuyHas oOMOTKa siBisieTcsi oOMoTkod BH,
Ha3bIBACTCS MMOHWKAIOIIUM, a TOT , Y KOTOPOTO MEepBUYHAsI OOMOTKA SBJISETCS
oomoTkoi HH,

[lpunuun  nedictBust ~ TpaHcoMaropa OCHOBaH  Ha  SIBJICHHUH
ANEKTPOMArHUTHON WHAYKIMU. PaccMOoTpuM mpouecchl, NPOHUCXOIAIINE B
0HO(A3HOM JIByXOOMOTOYHOM TpaHCHOPMATOpPE, SIECKTPOMArHUTHAS CXeMa
KOTOpPOTO TMoKa3zaHa Ha puc. 3. Ecmu Tpexdazublii TpaHcpopmaTop NUTAET
CUMMETPUYHYIO Harpy3Ky, TO TOKM BO BceX (ha3ax OyayT paBHBI, U IPOLIECCH B
KaXJI0M ero (ha3e mpoTeKaroT Tak ke, Kak U y ogHo¢azHoro Tpancopmaropa.

[Ipu nonaue nepemenHoro Hanpsbkenust U; Ha IEPBUYHYIO OOMOTKY W B
HEW TMOSBISIETCS TMEPEMEHHBIM  TOK, KOTOPBIA CO3/Ia€T B MArHUTOMNPOBO/IE
MEPEMEHHBII MarHuTHBIN TOTOK D,. 3aMblkasicb O MAarHUTONPOBOLY,
MarHuTHbIN 1oToK @), cuemisieTcs ¢ BUTKaMu 0OMOTOK TpaHchopmaTropa wi
U W; U HAaBOAUT B HUX JJEKTPOABIKYIIHE CHJIbI, KOTOPBIE ONPEACISAIOTCA
CJIEAYIOIUM 00pa3oM:
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Puc. 3. DnexkrpoMaruutHasi cxema 0H0(a3HOTO

JBYyXO0OMOTOYHOTO TpaHchopmaTopa

dd

dt
€, = —W —d(D )
? P dr

B Tpanchopmarope, MarHMTONpoOBOJ  KOTOPOTO
MAarHUTHBIM MOTOK MOKHO CUMTATh CUHYCOUIaJbHBIM, T.€.

O =@, - sin ot,

rae O, - aMIIIMTYIHOE 3HAYEHUE TTOTOKA,;

(0 - yrioBast 4acToTa U3BMCHCHUSI MAarHUTHOI'O IIOTOKA.

[Toxacrapnss saagenre O B (2.1) u (2.2), nomydnm:

e =-w; - Dy ®-cosot=w; Dy, - o - sin(o t-90°),
€y =-Wy - Dy - ® cos ot =wy D, - ® - sin(w t - 90°),

(D

(2)

HE  HAaCBIIICH,

} 3)



N3 (3) cuenyer, YTO JJEKTPOJBIKYIIME CHJIBI B OOMOTKax
TpaHcopMaTopa OTCTAIOT OT BBI3BIBAIOIIETO WX MArHUTHOTO IIOTOKA Ha
YETBEPTH NMEPUOAA, T.€. Ha 90 FIEKTPUUYECKUX TPaLyCOB.

MakcumanbHoe 3Hauenne 3/[C cornacHo (3) MOKHO TPEICTaBUTH B BUJIC

Elm: Wl '®m'0\);E2m: W2'®m.0x).

Paspe:mB E;,, u E,, Ha +2 ¥ INOICTaBUB ® = 2uf, momyumm
neicreyromue 3nauenus DJIC 06MoToK Tpancdopmaropa:

E,=4.44fw, - Op; 4)
E2 = 444fW2 : CDm. (5)

Takum oOpa3om, dJeKTpUYECKast SHEPTUS W3 MEPBUIHON OOMOTKHU B 1I€TIh
BTOPUYHON OOMOTKHM MEpeaacTCs MOCPEICTBOM IEKTPOMArHUTHOTO TOJIS, T.€.
LENU 3TU HE UMEIOT rajbBaHMYeCKOW cBA3U, a DJIC, WHIYKTUpPOBAHHBIC B

oOMOTKax TpaHchopmaTopa, IpsMO IIPONOPIIMOHAIBHBI YUCJIaM BUTKOB, T.€.

DBy, 6)
E,

Otnomenue JIJ[C obmoTku Beicmiero HamnpsbkeHus kK IJC oOMOTKu
HUBIIETO HAaNpSHKEHUsT Has3bIBaeTcsl KO3 PUUIUMEHTOM TpaHchopMaluu
TpancopmaTopa U 0003Ha4YaeTCss OyKBOU n.

2. XoJiocTou xoa Tpanchopmaropa

PexxumoMm xonoctoro xoja TpaHcopMaTopa HA3bIBAETCS TAKOW PEXKUM
ero paboThl, TpPU KOTOPOM TNIEpBUYHASI OOMOTKA  BKIIOYEHA B CETh
TIepeEMEHHOr0 ToKa ¢ HampsbkeHueM U, u yactoToii f, a Bropuunas o6moTka

Pa30MKHYTa, T.€. TOK BTOPUYHOW OOMOTKH paBeH HYJIO (puc.4).



ITox neiicTBueM Hanpsbkenus Up 1o mepBUYHOM OOMOTKE IIPOTEKAET

BEChbMa HE3HAYUTENBHBIA TOK XOJIOCTOTO X044 lj,, KOTOpBIi co3maer
MarHutoJiBkyiyto cuty (M/IC), paBayto

Liowi,
IJIe W; - YUCJIO MOCJIEIOBATENbHO COECIMHEHHBIX BUTKOB MEPBUYHOM
oomotku. Ita MJIC co3naet B TpaHchopMaTOpe MarHUTHBIN MOTOK,
npeoOagaromnias 9actb KoToporo O, 3aMbIkaeTcsi IO MarHUTOMIPOBOTY, a
Jpyras 4acTh MOTOKa, 00bIYHO Topa3ao MeHbas (B 200 - 300 pa3),
3aMBIKAETCSl BHE MarHUTOIPOBOJIA - 3TO TaK Ha3bIBAEMbIN MOTOK pacCesiHUs
Dq;.

OcHoBHOI MarHuTHBIN oTok D, Oyayun crerieH ¢ ooenMu
obMoTkaMu, HaBOIUT B HUX D/[C, KOTOphIE ONPeIeNIsSItOTCS B COOTBETCTBUH C
(4) u (5).

[ToToxk paccesaus Dy, crienieH TIaBHBIM 00pa30M ¢ TIEPBUYHON

obmoTtkoi 1 HaBoauT B Her DJIC paccestHus, CBsi3b KOTOPOH C mapa-
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Puc. 4. Cxema ognodaznoro Tpanchopmaropa
B PEXKHUME XOJIO0CTOTO X0Aa



MeTpaMH TpaHc(opMaTopa MOKHO ONPEACNIUTh CleayomuM obpazoM. [Ipu
CUHYCOUJATbHOM W3MEHEHUM TOKa MrHOBeHHoe 3Hauenue JDJIC paccesHus
MepBUYHON OOMOTKHU

€1 — - le' dll/dt = - le' d(Ilm'sin COt)/dt =
=-Lg- o1, cosot= -1, X; cosmt. (7)

B 3TOM BBIPAKCHUU:
Ly, - MHIYKTUBHOCTh pacCesiHUsI IEPBUUHON OOMOTKH,
X - UHIYKTUBHOE COMIPOTUBIICHUE PACCESIHUS 3TOU OOMOTKH.
Takum o6pazom, DJC paccesHus e, oTcTaeT mo Qasze OT CO3AAIOLIETO
ee TOoka 1; Ha m/2, a naeictByromiee 3HaueHue 310 DJIC, BhIpakeHHOE B
KOMIUIEKCHOU opMe, ¢ ydeToM, 4To B AaHHOM ciydae [; = I;,, onpenensiercs
CIIEAYIOIIUM COOTHOILIEHUEM:

Esl = 'jXI 'Ilo- (8)

[Ipu mporexkanum TOKa XOJOCTOrOo xojAa l;, B MepBUYHON OOMOTKE
BO3HUKAET TNaJeHUE  HanpsbkeHus o1,  ompeaenseMoe  aKTUBHBIM
COTPOTUBIIEHUEM OOMOTKH T7.

YuuThIBast yKa3aHHbBIE TTOJI0KEHUS, B COOTBETCTBUU CO BTOPBIM
3akoHoM Kupxroda ypaBaenue IJ1C nepBuyHoi 00MOTKH TpaHCHOpMa-

TOpa 3aIUCHIBAETCS CIEAYIOIINM 00pa3oM:

U, +E +Eg =11y, 9)
Otkyna
U =-E; —-Eg t1ier, (10)

WU C y4eToM (8) MOXKHO 3amucaTh

U =-E +jLoxi t Lo =—E; +Lio(r +]x1) =—E; T L10z1. (1T)



[TockoabKy TOK XOJIOCTOTO XOJla OYeHb MaJ, MajeHue HanpspkeHus 1,7,
o0biyHO He mpebimaer 0.5% ot U;. I[losTtoMy c 10CTaTOYHOM CTENEHbIO
TOYHOCTU MOXHO CUUTATh

U, ~=-E, (12)

T.e. HaNpsHKEHHWE Ha 3aKUMax MepBUYHON 0O0OMOTKM U; ypaBHOBEIIUBAETCS
DJ1C E;.

Uto KacaeTcss BTOPUYHOM LIENH, TO TOKA MPHU XOJOCTOM XOJI€ B HEM HET, a

IOTOMY HamnpspKeHue Ha ee 3akuMax U, Touno pasHo D/[C E,
U, =Es. (13)
VYuutsiBas (6), (12) u (13), MOXHO 3anucaTh

U, :ﬂzn, (14)
u, w,

T.e. kKoa(ddumueHt TpaHcPopMallMK PaBEH OTHOIICHUIO HAMNPSKEHUN IpU
X0JIOCTOM X0J€ TpaHchopMaropa.

JletictBue mnpotuBo-OJIC E; MOXHO TIpeACTaBUThL B BHUIC ITaJICHHS
HAIPSDKCHUS OT TOKa XOJIOCTOrO Xoja lj,"X; Ha HEKOTOPOM COIPOTHBJICHHUH
L

- El = Elo' Zm = llo' I'm +j'Xm'Iloa

rae 7.y = \Jr} +x2 - mapaMeTp, XapaKTePU3yOLIUI MArHUTHYIO
TpaHchopMaTOpa U HA3bIBAEMBIM TMOJIHBIM COMPOTUBJICHUEM KOHTYpa
HaMarHUYMBaHUS;

I'm - AKTUBHOE CONPOTUBJIEHHWE KOHTypa HaMarHUYMBaHUS,
orpeesieMoe NOTepSIMH B CTaIM TpaHchopMaropa;

X;m - WUHAYKTUBHOE CONPOTHUBJICHUE KOHTYpa HaMarHMYHUBaHUS,
OIpeNEesieMOEe MOTOKOCIEIUIEHUEM  OCHOBHOIO IIOTOKAa C MEPBUYHOU H
BTOPUYHOW 0OMOTKAaMHM MPHU TOKE B IIEPBUYHON 0OMOTKE, paBHOM .



C yueroM 3TOro ypaBHEHHE HANPSHKEHUM TEPBUYHON IeMU  MpH

XOJIOCTOM XOZI€ MOXKET OBITh 3aIMCaHO B BHJIE
Hl :llo' I‘m—i_.].°xm°llo—'_IIOTI +j°110'X1- (15)
3. Pabora TpancdopmMaTopa npu Harpys3ke

[Toxg warpy3koil MOHMMAaeTcs TOK BTOPUYHOW IIEMU: 4YeM OH OoJibllie,
TeM Oosbiie Harpyska. K Tpancopmaropy HNOJIKIIOHAIOTCS Pa3InYHOTO PO
MOTPEOUTENU: FIECKTPUUECKUE IBUTATENM, OCBEIICHUE U T.II.
[Ipy mnoAKIIOYEHHH HArpy3ku Z, K 3aKAMaM BTOPUYHOM  OOMOTKH

TpaHcdopMmaropa B OCIeAHEN nosaBiseTcs Tok I, (puc. 5).
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Puc. 5. Cxema ognodazHoro Tpanchopmaropa
B pEKUME HarPy3KH

Tok I,, mpoTekast Mo BTOPUYHONW OOMOTKE, CO3/1a€T MarHUTHBIN MOTOK
BTOpUYHOU OOMOTKH D,. OCHOBHAs YacTh 3TOTO TOTOKA 3aMBIKACTCS IO
MarHuTONPOBOAY TpaHc(opMaropa, CHEIUISISICh CO BTOPUYHOM M MEPBUYHOMN
obmotrkamu. Menbias (B 200 - 300 pa3) yacTh NOTOKa BTOPUYHON OOMOTKH -
notok paccenBaHusi Oy, CHEIUIAETCS TOJIBKO CO BTOPUYHOH OOMOTKOH W
HaBoauT B Helt DJIC paccesaus Eg,. [lo ananoruu ¢ Beipaxkenmsmu aiss DJ[C

paccestHusl niepBUYHON 0OMOTKY (7) 1 (8) MOXKHO 3amucaTh:



Eo =-1'x2°L, (16)

r7€ X, - MHAYKTUBHOE COMPOTUBJIEHUE PACCESIHUSI BTOPUYHOU OOMOTKH.
CornacHo 3akoHy JleHIla MarHUTHBIN TOTOK BTOpUYHON 00MOTKH D)

HaIpaBJIeH HaBCTPEUy MOTOKY nepBuIHOM 00MOoTKH D 1 cTpeMutcs

YMEHBIITUTh CyMMapHBIN MAarHUTHBIN MTOTOK TpaHchopmaTopa O, KOTOPHIH

MOJKET ObITh BBIPAKEH CYMMOI
D =D + D + D, +Dg,. (17)

Hampsixkenue cetw, K KOTOpPOM TMOAKIIIOUEHA TMEepBUYHAsT OOMOTKa,
CTPEMUTCSI BOCCTAHOBUTHh 3HAYEHHE MArHUTHOTO ITOTOKA, ochlUIasi B
NEPBUYHYI0 OOMOTKY TpaHcopmaTopa JAOMOJHUTEIBHBIN TOK. Takum
o0pa3om, Tipu Harpy3ke TpaHcPopMaTopa TOK MEPBUYHON OOMOTKHU | MOXKHO

BBIPA3UThH
I, =1, + Al, (18)

rae 1, - Tok xomocToro xoxa,

Al - Tok, uaymuii Ha nmoxmepKaHME HEM3MEHHBIM MArHUTHOTO IIOTOKA
IIPY TIOIKJTFOYCHUHN HArpy3KH (TOSIBICHUH TOKa I)).

B sTOoM cka3biBaeTcs OOLIMNA MPUHIIMI CAMOPETYIUPOBAHUS, KOTOPBI
NEUCTBUTENIEH  JJI1  BCEX  DJIGKTpUYECKMX  MamuH. KonnuecTBeHHas
3aBUCHUMOCTh MEXJY BTOPUYHBIM U MEPBUYHBIM TOKOM YCTAaHABJIMBAETCS Ha
OCHOBAaHHUM YPAaBHEHUSI MAarHUTOABMKYIIIUX CHUIIL.

YMHOXUB 00€ yacTu ypaBHeHHs (18) Ha 4MCIIO BUTKOB W; MEPBUYHOM
OOMOTKH, MOJTYyYUM YpaBHEHUE

L'w;=Low, + Al 'w;. (19)



[Tockonbky yBemuuenne MJIC mnepBuunoit  ooMoTku Alj*w; mnpu
Harpy3ke B KaXJblii MOMEHT BPEMEHH PAaBHO W NPOTHBOIOJIOXKHO IO
Harnpasyieanto MJIC BropuuHoi 0OMOTKH, T.€.

Alywy =—Lw,, (20)
To ypaBHenne MJIC (3.19) MoxkHO 3anucath Kak
I'wy = Lig'w; — Lhw. 21)

PazgenuB 006e wactm (3.21) Ha W], DNOJy4YMM YypaBHEHHUE TOKOB

TpanchopmaTopa
L = Lo — L (wa./ wy). (22)

Eciau 0603HauUnTH

I, =L (wa/ wy),

rne I, - TOk BTOpUYHOM OOMOTKM, NPUBENEHHBIA K YHMCIy BUTKOB

IIEPBUYHON OOMOTKH, TO yPaBHEHHE TOKOB (22) MpUMET BHJ
I =1+ (1. (23)

Tox Bo BrOpmuHOU oOMoTKe I, ompenemsercas DJIC E,, xoropas B
3HAYUTEJIPHOM YacTH HJET Ha CO3JIJaHME HAIPsDKEHHUS Ha BBIBOJAX BTOPUYHOM

00OMOTKH
HZ = 12 ) ZH

OcraBmascs 4acth B, uaer na komnencanuto IJIC paccesaus Eg, (16)
U TaJIeHUS] HANpPSOHKEHUS Ha aKTUBHOM COIMPOTHBIIEHUU BTOPUYHONH OOMOTKH
L.



Takum oOpaszom, Hanpspkernue U, paBHo E,(3a Beruerom Eg, = —-1,X, 1
I,, a 3HaunT, ypaBHEHWE HANPSHKCHU BTOPUYHONW OOMOTKHU TpaHChopmaTopa
MO>KHO 3aIicaTh B CICAYIOIIEM BU/IC:

U,=E,—jr'x; - L,'1,. (24)

Takum 00pa3om, OCHOBHBIE ypaBHEHHUsS TpaHChoOpMaTopa - ypaBHEHUS
HaIpsOKEHUN TMEePBUYHOM M BTOPUYHOM OOMOTOK M YpaBHEHHUE TOKOB - B
OKOHYATEJILHOM BHUJIE MOTYT OBITh 3amucanbl B cooTBeTCcTBUU ¢ (11), (23) u (24)
B CJIEAYIOIIEM BUJE:

U=—E +Lir+jLx; (25)
U, =E, —jhxp — Iy (26)
L=1,+( 1,2)- (27)

VYpaBHenus (25) u (26) HOCAT Ha3BaHHE YpPaBHEHUM DJICKTPUYECKOTO
paBHOBecUsl. OTH YpaBHEHHUSI COBMECTHO C ypaBHEHHEM (27) OMUCHIBAIOT
pabouuii nmporecc B TpaHcPopmaTope MPU HArPy3Ke U SBISIIOTCS OCHOBHBIMU
ypaBHEHUSIMU TpaHcpopMarTopa.

Cormacao (25) mpuIIOKEHHOE K TEPBUYHOM OOMOTKe Hampspkenune U,
ypaBHOBemmBaeTcs HaBeaeHHor B Hedt DJIC E; m magenmeM HampsiKeHUS
I-Z,.

[Ipu pabote Tpancpopmaropa B AuanazoHe OT XOJIOCTOTO Xo/1a A0
Harpy30K, HE3HAYUTEJIbHO MPEBBIIIAIOIUX HOMUHAIBHYIO, TTaJICHUE
HaIpPSHKEHUST OTHOCUTENBbHO Mano (2 - 4%), 1 MOKHO MIPUHSTH, YTO

U, =E,.
[Tockosbky

E1 =4.44-f Wi CDm, (28)



to ipu U; = const u f = const MOKHO cUMTaTh, 4TO B YKA3aHHOM JHAra3oHe
Harpy3ok notok @, Tpanchopmaropa TODKEH OCTaBAaThCs MOCTOSHHBIM, TIPH
3TOM HaMarHUYMBArOMMK TOK I, Takxke OyneT mMpakTHUYEeCKH HEU3MEHHBIM H
PaBHBIM TOKY X0J0CTOTO X012 L.

JInst coxpaHeHUsT TMOCTOSIHHOTO 3HAYEHUsI MAarHUTHOTO IOTOKAa MpHU

Harpy3ke TpancopMaropa C pocToM Toka I, coryiacHo paBeHCTBY

L =1+ (-1
JOJDKEH BO3pacTaTh M TOK ||, MpW 3TOM MarHUTHOE JeHCTBUE ToKa I, Oyner
KOMIICHCUPOBATbCS MAarHUTHBIM JIEWCTBUEM cOCTaBisromeH - I, B Toke ;.

[Io camoMy mnpuHLIMIY JEWCTBHUS SICHO, YTO TPaHCHOPMATOP HEIb3s
BKJIFOYAaTh B CE€Th MOCTOSIHHOTO TOKAa. B 3TOM ciyyae MAarHUTHBIA MOTOK B
HeM OyneT HEU3MEHHbIM BO BPEMEHM U,  CIIEJOBAaTelIbHO, HE Oyaer
unayuupoBath JJ[C B oOMoTkax. BenencrBue 3Toro B MepBUYHON OOMOTKE
Oyner mporekaTb OOJbIION TOK, Tak Kak mpu orcyrctBuu JJIC oH Oyzner
OTrpaHUYUBATHCS TOJIBKO OTHOCHUTEIIbHO HEOOJIBIINM AKTUBHBIM
COIPOTHUBIIEHUEM J3TOH OOMOTKH. Bo wu30exanue mneperopaHusi OOMOTKHU
IPOTEKAHUE TaKOTO TOKA JOIYCKAaTh HENb3S.

B 3akmrodyeHue oTMETHM, YTO €clid Mpu padore TpaHchopmaTopa OT
cetu ¢ U; =const u3menurcs yacrora f WM YUCIO BUTKOB €ro MEpBUYHON

O6MOTKI/I Wi, TO 4J4A TOrIO, IITO6I>I 06€CHC‘II/ITB paBGHCTBO
U, =E,

MOTOK corjacHo (28) Takxke u3MeHHUTCS. [Ipu yMEHbIIEHWHM 4YaCTOTHI WIIH

9UCJIa BUTKOB IIOTOK YBCIIMYMUBACTCA, a ITPU UX YBCIINYCHUN YMCHbIIACTCA.

4. IlpuBeneHne BeJJUYMH BTOPUYHON OOMOTKH K YU CJIY
BHUTKOB IEPBUYHON O0OMOTKH

[Ipu Oompmux kodddunuentax Tpanchopmamuu K dgucieHHbIE

3HAYCHUS TOKOB, HamnpsokeHud, IJIC W CONpOTHUBIEHUN TIEPBUYHOU H



BTOPUYHON OOMOTOK CHUJIBHO OTJMYAIOTCS APYT OT Apyra. OTO B psJi€ CIIy4acB
3aTpyAHSET KOJIMYECTBEHHBIN aHanu3 paboThl TpaHchopMaTopa.

Hanpumep, npu 6omabiiux kKodhPUIMeHTax IpakTUYECKH HEBO3MOMXKHO
Ha BEKTOPHOM JuarpamMMmMe H300pa3uTh B OJHOM MacITade BEJIMYHHBI
MEPBUYHON ¥ BTOPUYHON OOMOTOK.

OTHU 3aTpyAHEHUS MOKHO YCTPAHUTh, €CJIM peabHbIN TpaHcPopMaTop,
MMEIOIIUN PA3IMUYHbIC YHCIIa BUTKOB Y IEPBUYHON W| U BTOPUYHOU W)

00OMOTOK, 3aMEHUTbH SKBUBAJIECHTHBIM TpaHCPOPMATOPOM, Y KOTOPOTO 00€
0OMOTKH OyAyT WMETh OJWHAKOBBIC YHCIIA BHUTKOB. DKBHBAJICHTHBIN

TpaHchopMaTop, y KOTOPOTro Wy = W, Ha3bIBACTCI R P U B €O € H H bl M
(puc. 6).
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Puc. 6. DnekTpruueckrue BEIUUYUHBI B peajibHOM (a)
U TIpuBeIecHHOM (0) TpaHchopmaTope

Vka3aHHas 3aMeHa OyJeT NMPaBOMEPHOM, €CIM BCE IHEPreTUYECKHE H
ANEKTPOMATHUTHBIE  COOTHOLIEHUS B  pPEAIBHOM U IPUBEICHHOM
TpaHchopmaTopax OyayT OJIMHAKOBBIMHU M, CIE€JOBATEIbHO, HE OTpa3aTcs Ha
pexuMe padoThl NEPBUUHON OOMOTKHU. VIcX0/s U3 3TOr0, ONpPENeNsItoTCsl TOKH,
OJIC, HampspKeHHsT W CONPOTHUBJICHHUS BTOPUYHOW LEMH IPUBEICHHOTO
TpaHchopmaTopa.

OTH BEIWYWHBI HA3bIBAKOTCA MPUGEOEHHBIMU K YHUCIY BUTKOB

MEPBUYHON OOMOTKM WJIM MPOCTO MNPHUBEAECHHBIMHU M 0003HAYAIOTCS IMITPUXOM

).



OnpenenuM 3TH BEJIUYUHBI.
Tak xkax

Wo = Wy,
TO

E!z = El = Ez'Wl /W2 = Ez'l’l.

Awnanormano U, = E,n. MJIC BTOpPHYHOM OOMOTKM NPUBEIECHHOTO
TpancopmaTopa nomkHa ObiTh paBHa MJIC BTOpUYHON OOMOTKH peajbHOrO
TpaHcopmaTopa, T.€.

I'z w1 =Dhrw,,
OTKyJa
1,2:IZW2/W1:IZ'1/H, (29)

IIpHU 9TOM IIOJIHAA MOIIHOCTDb BTOpI/ILIHOI\/’I OOMOTKH OCTaeTCsI HEU3MEHHOIL:
U2'12=U2'n'12'1/n=U2'12, 30)

[ToTepu BO BTOpUUHON OOMOTKE 3TUX TPaHCHOPMATOPOB JOJKHBI
OBITh OJINHAKOBBIMU:

(1'2)2 : I"z = (12)2'1'2.
C yuerom (29) nonyuum

I',z ) '(Wl/Wz)z =TIy Ilz.

Jlns Toro  4TOOBI OTHOIICHHWS MEXJYy aKTUBHBIMM W WHIYKTUBHBIMH
COIIPOTUBJICHUSIMU paccesHus y TpaHchOopMaTOpPOB COXPaHUJIUC,
HEO0O0XO0MMO, YTOOBI BBHIMOJIHAIOCH PABEHCTBO

' 2
Xp=Xp" 1,



OTKyJa CIeAyeT, 4YTO COMpOTUBIEHUE Z, BTOPUUYHON OOMOTKH MPUBEICHHOTO

TpaHchopmaTopa paBHO:

! 2
Z>,=72>" 1

Ecmu COIMPOTUBJICHUC LCIIN HAI'PY3KHU ZH, TO II10 aHAJIOTUHU

! 2
Zr =72y " 1Nn.

Jist mpuBeneHHOTO TpaHchopMaTopa  ypaBHEHHS,  ONUCHIBAIOIIWE

paboumii rporece B HeM, IPHOOPETAIOT BHL:
U=-E+Lin+3Lx,=—E +1,z;

U, =E; —jlz'Xz —Lrn=E -1 z:.

HpI/IBCI[GHI/IC BCIIMYNH BTOpH‘IHOfI OOMOTKH MO3BOJISIET TaKKe

MOCTPOUTH YA0OHYIO /I paCUETOB CXEMY 3aMeIlleHUs TpaHcPopmaTopa.

(1)

(32)

(33)



