IIpakTH4yeckoe 3ansiTHE /
Pacuer Tpancdopmaropa 1 HCTOYHMKA MM TAHUSA

Lean paéoTsi:
— MOJY4YUTh KPAaTKHE TEOPETUUECKHE CBEICHUS B 00JIaCTU CETEBBIX TPAHC(HOPMATOPOB;
— HAYYUTHCA IMIPOU3BOJUTH PACUCT CETCBOI'O Tpchq)opMaTopa JJI1 UCTOYHUKA ITMTaHUA.

1. KpaTkue TeopeTnyecKkue cBeaeHUs

Tpancgopmamop — CTaTUUECKOE JICKTPOMArHUTHOE YCTPOWCTBO, UMEIOIEE JBE HIIM OoJiee
WHAYKTUBHO CBSI3aHHBIE OOMOTKM ¥ TIpEeJHA3HAYCHHOE [UIsi TpeoOpa3oBaHUsi IMOCPEICTBOM
BHGKTPOMaFHI/ITHOﬁ HHIAYKIIUH OHHOﬁ HNJIM HECKOJIBKUX CHUCTEM IICPEMEHHOI'O TOKAa B OAHY WU
HCCKOJIBKO APYIrux CUCTEM IICPEMCHHOI'O TOKA.

[IpeoOpaszoBanue »Heprum B TpaHCHOpMATOpE OCYIICCTBISAETCS MEPEMEHHBIM MarHUTHBIM
nosieM. TpaHchopmarop mpencTaBiseT cOOOH CEepAeYHUK M3 TOHKHX CTaIbHBIX W30JIMPOBAHHBIX
OJHa OT I[perﬁ IUIaCTUH, HAa KOTOPOM IIOMCHIAKOTCA JOBC, 4 HHOI'Ja H 0omblIe OOMOTOK U3
M30JIMPOBAaHHOrO mpoBoAa. OOMOTKAa, K KOTOPOM MPHUCOEAUHSIETCS HMCTOYHUK AJIEKTPUUYECKOU
OHCPIrun IMEpEMCHHOI'O TOKaA, HA3bIBACTCA HepBI/I‘IHOﬁ 06MOTKOﬁ, OCTaldbHBIE OOMOTKH —
BTOPUYHBIMU (PUCYHOK 1).

Pucynox 1 — YcnoBHo-rpaduyeckoe o003HaueHue Tpanchopmaropa

[lenTpanpHas ToOJCTasi JIMHUA COOTBETCTBYET CEPACUHUKY, | — mepBuuHas oOMOTKa (0OBIUHO
cieBa), 2 u 3 — BropuuHble 00MOTKH. IIpu 06o3HaueHnn TpaHcopmaTopa KUPHOM TOUKOM OKOJIO
BBIBOJIa MOTYT OBITh yKa3aHbl Hadaja KaTymek. [lpuMensercs npu 0003Haue€HUHN MPOMEKYTOUHBIX
TpaHc(hOpPMATOPOB B YCHIIMTENBHBIX (TMpeoOpa3zoBaTeIbHbIX) KacKagaxX Uil MOAYEPKUBAHUS CUH-
WIM NMPOTUBO(A3ZHOCTH, a TaKXKe B CIIydae HECKOJbKHUX (MEpBUYHBIX WM BTOPHYHBIX) OOMOTOK,
€CIIU COOJIIOJICHUE «IIOJISIPHOCTH» UX TOJAKIIIOYEHUsS HE0oO0XOAUMO JUIsl paboThl OCTalIbHON 4YacTH
cxeMbl. Ecin Hauana oOMOTOK HE yKa3aHbl SIBHO, TO HPEIOJaraercsi, YTO BCE OHU HalpaBJCHbI B
OJIHY CTOPOHY (TI0CJIe KOHIIa OJJHOM OOMOTKH — HayaJlo Cieayromeil).

C nmomycTUMON JUIsl MPAKTUKH TOYHOCTBIO MOXKHO CUMTATh, YTO OTHOIIEHUE YHCIa BUTKOB
NEPBUYHON OOMOTKHM K BTOPHUYHON PAaBHO OTHOLICHUIO MPUIIOKEHHOTO HAIPSKEHUS K BBIXOJTHOMY.
OTO OTHOIIEHHE, Ha3biBaeMoe Ko3¢g¢dpuuueHToM TpaHchopmManuu, OOBIYHO COKpalalOT Ha
MEHbIlIee M3 4YHCeN, W Torjaa Kod(QQHUIUEHT TpaHchopMaly IOJYy4alOT B BHJE OTHOIICHUS
eANHHIBI K HekoTopomy uuciay (1:4; 1:50) wnu, Hao00pOT, HEKOTOPOTO uMcia K enunHuie (4:1;
50:1).

Tpancdopmarop, BXOIAMMKA B COCTaB BBIIPSAMUTENS U MPEIHA3HAUYEHHBIH IS MHUTAHUS
YCTpPOMCTBA, MOKET UMETH CIIEAYIOINE OOMOTKH:

— IIEpPBUYHYIO, BKIIIOUAEMYIO B CETb;
— BTOPUYHYIO OBBILIAIONIYIO;
— BTOPUYHYIO IOHWKAIOLIYIO.



WHorna Mexay MepBUYHOM M BTOPUYHOM OOMOTKaMu Momemniaercsi emé sKpaHHas oOMOTKa,
IIpeIHAa3HAYCHHAas U1 3allMThl IPUEMHHMKA OT IIPOHMKHOBEHHUS B HETO U3 CETH BCEBO3MOXKHBIX
noMex. OMH KOHel 3TOM 0OMOTKH 3a3eMIIS€TCs, a APYTrOW N30JIMPOBAH U HUKY/1a HE BKIKOYAETCS.

IlepBuyHass OOMOTKa MOMKET JENaeTcs M3 HECKOJbKUX CEKLMH, MO3BOJSIOIIUX BKJIKOYATh
TpaHc(hopMaTop B CETh C Pa3IMUHBIM HANPSIKEHUEM.

BropuuHas oOMOTKa CHIIOBOro TpaHC(OpMaropa MPH OAHONOJIYIEPHUOAHOM BBIIPSMICHUU
COCTOMT M3 OJHON CEKUUHU 0e3 BCSIKUX OTBOJOB, a IPU JBYXIIOJIYIIEPUOJHOM BBIIPSMIEHUH OHA
paccuMThIBAETCS HAa BBOE OOJIbIIEEe HAIPSKEHUE U UMEET OTBOJ] OT CPeIHEH TOUKH.

Koncmpykmuenusie ocodennocmu HeKOmopuvix 614008 mpanchopmamopos

OCHOBHBIMH YaCTSIMU TpaHC(HOPMATOPA SIBJISAIOTCS MArHUTOIPOBOJT M KaTyIIKa C OOMOTKaMH.

Marepuanom s MarHuTOIpOBOJIA TpaHc(hopMaTopoB CILy’KUT JIMCTOBAsI
AJIEKTPOTEXHUYECKAs CTaJIb PA3JIMYHBIX MAapOK U TOJILLUHBL, TOpAYEl MPOKATKU U XOJIOAHOKATAHAs;
OT COZECP)KaHUSI KPEMHHUsI, KOTOPOE OTPAKEHO B MapKe CTAJIM, a TaKXKe OT TOJILIUHBI JHCTA 3aBUCST
NOTEPU MOLIHOCTU B MarHUTOIIPOBOJE OT BUXPEBbIX TOKOB. TONIMHY JUCTa PUMEHSIEMON CTAIH
BBIOMPAIOT B 3aBUCMMOCTH OT YacTOTHI CETH, NMUTAIOIIEH TpaHC(HOPMATOp: C YBEIMUEHHUEM YaCTOThI
TOJILIMHY JINCTA HAaJl0 YMEHbIIaTh. JICHTOUHbIE (BUTBIE) MArHUTONPOBO/IbI U3TOTABIUBAIOT U3 JICHT
PYJIOHHOH CTajM; IPEeIBAPUTENIBHO JICHTA TIOKPBIBACTCS N30JIMPYIOIIUM U CKJIEUBAIOIIUM COCTABOM.

Crep:kHeBble MArHHTONPOBOAbI COOMPAIOT M3 MPSAMOYIOJBHBIX IJJACTUH OJUHAKOBOU
mUpHHBL. YacTH MarHUTONpOBOJA, HAa KOTOPBIX HAXOAATCSs OOMOTKM, Ha3bIBAIOTCS CTEPIKHAMU
(pucyHok 2). YacTh MarHuTONpoBO/1a, COEAUHSIONIAS CTEPKHU MEXY COOOM, HA3bIBAETCSI SIPMOM.
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Pucynoxk 2 — CtepxkHEBOM cepAeuHHK TpaHchopmaropa

COopka vacTeil MarHUTOIPOBOJIA MOYKET TPOU3BOIUTHCS BCTHIK U BIIEPEKPHINIKY, TIPUYEM B
NOCJETHEM Cllyyae YBEIMYMBACTCd MEXaHMYecKash MPOYHOCTh M YMEHBILIAETCS MAarHuTHOE
COIIPOTHBIIEHUE MarHUTONpoBoja. [Ipu cOOpke BCTHIK IMJIACTUHBI COOMPAIOT B €IWHBIA IMAKET U
OpeycCMaTpuBalOT M3OJSALMOHHYIO MPOKIAAKY MEXIy MakKeTaMH JUIsl TNpeAoXpaHEeHus oOT
3aMbIKaHHUSI MEXKAY OTICIBbHBIMU JTUCTAMH MarHuTorpoBojaa. COOpKa BCTHIK YIPOIIAeT MOHTaX H
JNeMOHTaX TpaHchopmaTopa. [ImacTuHB MarHUTONPOBOJA CKPEIUIAIOT B MakeT JHO0O0 C MOMOIIBIO
W30JIMPOBAHHBIX OT MAarHUTONPOBOJA INIIJIEK JMOO C TOMOIIBIO CHEIHMAaIbHBIX OaHmaXel W3
KaIpOHOBBIX HUTOK.

BponeBble MarHuTonmpoBoabl cobuparor u3 1wiactuH  [I-o0pa3nHoit  gopmbl U
OpSMOYTOJIBHBIX IUIACTHH, 3amblkaromux I[I-o0pa3Hyro miuacTuHy. OTH MarHUTOMPOBOJBI UMEIOT
OJIMH CTEPXKEHb, HA KOTOPOM pacroJiaraloT Bce oOMOTKH TpaHchopmaropa (pucynok 3). CoOopka
OpOHEBOT0 MarHUTONPOBOAA MPOU3BOAUTCS TaK *ke, Kak U MarHUTOIPOBOJIA CTEP>KHEBOIO THIIA,
OTIMCAaHHOTO BHIIIIE.



Y2

L

Yy

Pucynox 3 — BponeBoii cepieunuk Tpancopmaropa.

ITockonbky B OpPOHEBOM MAarHUTOIPOBOJE OOMOTKAa pa3MeLaeTcs Ha CPEJHEM CTEpIKHE,
MarHUTHBIH TOTOK Pa3BETBIIETCS HAa MPaBYIO M JIEBYIO 4YacTH M, TaKUM OOpa3oM, B KpalHHX
CTEpP>KHAX €ro 3HaueHue OyAeT B 2 pa3a MEHbIIIE, UeM B LIEHTPAJIIbLHOM; 3TO MO3BOJISIET YMEHBIIUTh
CeueHHe KpalHWX CTepKHEW B 2 pa3a M0 CPaBHEHHUIO C IEHTPAIBHBIM. COOMPAIOT M3 OTAEIBHBIX
IITAMIIOBAHHBIX KOJIEL, MOKPBITBIX H30JUPYIOIUM JAKOM; COOpKa HPOM3BOIUTCS C IOMOIIbIO
HAMOTKHM Ha MAaKeT IUIACTUH JICHTOYHOH JJAKOTKaHU. DTOT MAarHUTONPOBOA 00JaaeT HAWIYYITUMH
MarHMUTHBIMM ~ CBOWCTBAaMHU:  HAUMMEHbIIEE  MAarHUTHOE  CONPOTHBIICHHE,  MHHHMAaJIbHBIC
WHJIYKTUBHOCTb DPACCEMBAaHUsA W 4YYBCTBUTEIBHOCTh K BHEIIHUM MAarHUTHBIM IOJSIM, OJHAKO
U3rOTOBJICHHE OOMOTOK B IAaHHOM CITy4ae MOKET IPOM3BOIUTHCS TOJIBKO Ha CHELUAIbHBIX CTaHKaxX
YEJTHOYHOTO TUIIA WM BPYYHYIO.

JleHTOYHbIE MArHHMTONPOBOAbI CTEP:KHEBOI0 W OpOHEBOro THNA coOupalTcs U3
OTJENbHBIX, COEJAMHSAEMBIX BCTBHIK, MarHHTOIPOBOJIOB IOJKOBOOOpa3HOW (GopMbI (pUCYHOK 4), a
3aTéM  CTATMBAIOTCS  CHELUaJbHBIMU  HakjJaJkaMu  (XomyTamu). Takas  KOHCTPYKIIMS
MarHUTOIPOBOJIA 3HAYUTEIBHO yrpoinaer cOopky TpanchopmaTopa. JIeHTOUHbIE MArHUTOIPOBOIBI
10 CPAaBHEHMIO C IUTACTUHYATBIMU JOIYCKAOT MarHUTHYIO UHAYKIHIO Ha 20—30 % BILIE, TOTEPD B
HUX MEHbIIe, 3anoiHeHne oobema marHutonpoBoga u KIIJ[ tpancdopmaropa Bbime. Ilo atum
OPUYMHAM JICHTOYHbIE MarHUTONIPOBOABI HAXOAT Bce 0oJiee HIMPOKOE IPUMEHEHUE.
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Pucynox 4 — bpoHeBo# 1€HTOUHBIN ceplIeYHUK TpaHchopmaTopa.

ToponaajibHble JTeHTOYHbIE MATHMTONPOBOAbI M3rOTAaBIMBAIOT ITyT€M HAaBHUBKHU JIEHTHI Ha
ONpaBKy 3aJaHHOro pasMepa (pucyHOK 5). OOMOTKM TpaHchopmaropa IpPOU3BOIATCA Ha
HAaMOTOYHBIX CTAaHKAX YETHOYHOI'O TUIIA.



Pucynox 5 — TopounanbHbIi JIEHTOYHBINA CEPACUYHUK TpaHchopmaTopa.

O0moTKH TpaHcdoOpMaTOpa BBINOJIHAIOT U3 MEIHOTO WM AJTFOMUHHUEBOIO M30JIMPOBAHHOIO
npoBoja. IIpM M3rOTOBICHMM KATYIIKM C OOMOTKaMHM IPEIyCMaTPUBAIOTCS H30JIMPYIOLIHE
MPOKIIATKU: MEKOOMOTOUHAs, MEXKCIIOWHAS U BHEIIHSIS.

[Ipu nuamerpe npoBoaa 6osee 1 MM KapKkac BBINOJHSIETCS U3 3JEKTPOKAPTOHA, a OTAEIbHBIC
CJIOM OOMOTKH MEPEBA3BIBAIOTCS XJIOMYATOOYMaKHON JICHTOM.

OOMOTOYHBIE TPOBOJIA MAPKUPYIOTCS MO TUAMETPY, BUY U30JIALUN U HAarPEBOCTOUKOCTH.

J1Jis TIOBBILLIEHUS ANIEKTPUYECKONH MPOYHOCTH TpaHCHOPMATOPHI MOCIIEe COOPKU MPOMUTHIBAIOT
AJIEKTPOU3OJIALIMOHHBIMY JIAKAMHU, @ MHOT'/Ia 3aJIUBAIOT CHEIHMATIbHBIMU KOMIIAyHIaMU.

2. MeToauka pacuera cereBoro (CWjioBoro) rpancopmaropa

Knaccudecknii pacder TpanchopMaropa TOCTATOYHO CIOXKEH, TaK KaK TPeOyeT 3HaHUS BCEX
XapaKTEepUCTHK KaK MaTepuajoB M3 KOTOPOIO M3rOTOBJEH TpaHCPOPMATOp, TaK U YCIOBHH €ro
paboThl M CXEMbl, B KOTOPOH OH cTOMT. J[lis yuyeOHOro mporecca mpeajaracrcs YIpOUICHHBIN
METO/l, MHOTOKPAaTHO IIPOBEPEHHBIN pPAaJUOIIOOUTENSIMA M OCHOBAHHBIH Ha IPaKTHYECKOM
MMPUMCHCHHWH.

Jlns pacdera ceTeBOro TpaHcpopmaTopa HEOOXOJMMO 3HAThb MCXOJHbBIC JITAaHHBIE, 2 UMEHHO

BXOJIHOE U; 1 BBIXOIHBIE Up , U Uy HATPSOKCHUS U TOKH (III ,IIH ...In) KaXJI0i BTOPUYHOU
00MOTKH. ITepBBIM MIAaroM sIBISIETCS ONpPENC/ICHHE CYMMApPHOW MOIHOCTH, KOTOpPas BBIYHMCIISIETCS
KaK CyMMa MOIITHOCTEH, MOTpeOIseMOil KaXK 10 00MOTKOM (MOIIHOCTH - 3TO MPOU3BEACHUE TOKA Ha
HaNpPsDKEHUE), I03TOMY:

Peymma= Ul + Ul +-- Uyly )

rne UHIH, Umlm | Unln NPOM3BECHUS] HANPSDKEHUH M TOKOB BTOPUYHBIX OOMOTOK
(3Iech TOK — 3TO MaKCHMAIIbHBIH TOK Harpy3ku). Termepp ompenensieM ra0apuTHYIHO MOIIHOCTS,
KOoTopas noiydaercs npu aenennn Ha KIT:

P = Fovmm
F™"xnn
2)

H
rae KIIJ] — koaddunuent noneznoro aeiicreus. Onpenensiercs mno tadmuie 1, B 3aBUCUMOCTH
OT CYMMapHO# MOIIIHOCTH Pcymm

Tabmuma 1 — 3aBucumocts KII/] ot cymmapHoii MomHocT Pcymm



CynaapHaz MOLHOCTS, BT 10-20 20-40 40-100 100-300
KIT[ tpancdopraTopa 0,8 0,85 0,88 092

3Has rabapuTHYIO MOIIHOCTH TpaHchopMmMaTopa, HAXOAUM CEYEHHE padoyero KepHa €ero
Cep/IeuHUKa, HA KOTOPOM HaXOJUTCS KaTyIIKa:

3HayeHHe ceueHus pabouero KepHa WK IJIOMIAIN S U3MEPSIETCS] B KBAIPATHBIX CAHTUMETPaX.
Haxomuwm mupuny pabouero kepHa cepaeuHuka mo gpopmyse (M3mMepsieTcs B CAaHTUMETPax):

a= 0,81'@ (4)

TonmuHa nakera (B caHTUMETpax) onpeensercs no Gopmyne
5

L=—

a (5)

[To momy4eHHBIM 3HA4YEHUSM a M € BHIOMpPAaeM M3 HUMEIONIMXCS B HAJUYHH CEPJICYHUKOB
COOTBETCTBYIOIIUN, HO HE MEHbIIIE TI0 Pa3MepaM.
OmpenensgeM KOJIMYECTBO BHUTKOB, TMPUXOIANIMXCS HAa | BOJBT HANpsDKEHHS B
Tpancopmarope:
E
n=_—
5 (6)

rae K — ko3 duirient 3aBucsimii oT CBOMCTB cepieyHUKa

Koadppunuent K o0bruHO nexut B mpenenax ot 35 go 60. B nepByro ouepeap OH 3aBUCUT OT
CBOWCTB IUIACTHH CTalu cepaevyHuka. s cranu tommunoi 0,35 mm, 1t cepaeunukoB C-o0pazHoit
¢dbopMbl, BUTHIX U3 ToHKOU cranmu, K=35. lna cepaeunukoB O-o6pa3Hoit popmbl, coopanHblil u3 I1-
win [-o0pa3HbIx miuactuH 6e3 oTBepcTHil mo yriam, 6epem K=40. Ecin mpuMeHSIOTCS MIaCTUHBI
tuna I 6e3 orBepcrtuii, To K=45, ¢ orBepctusimu K=50. Jlns mmactun I11-o6pa3zHoii dopmsl ¢
otBepcTusimMu, TonmuHoi 0,35 mm, K=60. T.e. 3Hauennem K M0OXHO BappupoBaTh, HO YUUTHIBATH,
yTo yMmeHbllleHne K obnerdyaer HaMoOTKy, HO yXecrouaeT pabory TpaHchopmaropa. [Ipu
NPUMEHEHUN TIUIaCTMH M3 BBICOKOKAYECTBEHHOM CTalM ATOT KOA(P(GUIMEHT MOXKHO HEMHOI'O
YMEHBIINTH, a IPU HU3KOM KaueCTBE HYKHO YBEITHUYUTh.

OmnpenensieM KOJIMYECTBO BUTKOB IIEPBUYHON OOMOTKHU:

WI:UI-H (7)

Jnis  ompeneneHus KOJIMYECTBA BHUTKOB BTOPUYHOHW OOMOTKHM, HEOOXOIWMO BBOIHTH
JOTIOTHUTENBHBIN KO3 dummenT M (tabnmuna 2), 3aBUCAIIMNA OT CHJIBI TOKa B OOMOTKE U
YUUTHIBAIOIINI MaJIeHUE HAPSLKEHUS Ha Hel:

WH=II1-UH-I'1 (8)



Tabnuima 2 — 3aBucuMocTs KodhduImeHTa M OT CHIIBI TOKA BO BTOPHYHON 0OMOTKE
CwR ToKa Eropresoi ofmonmar & | 0,2-0,5 0,5-1,0 1,0-2,0 2,0-4.0
m 1,02 1,03 1,04 1,06

Jyis onpeiesieHrst [uaMeTpa mpoBoia 1Mo Meau (B MUJUTMMETPaxX ) BTOPUIHBIX OOMOTOK MOKHO
BOCIOJIb30BaThCS (OPMYJIIOi:

dip =pal
I =Py 9)

rae p-ko3GGHUIUEHT, YYUTHIBAIONIMN IOMYCTUMBIA HAarpeB, 3aBHCAIIANA OT MapKd IPOBOA
(Tabmuma 3)

Tabmuia 3 — 3aBUCUMOCTh KOAPPUITUEHTA P OT MAPKH ITPOBOA
Mapramoeom | [T3J] [T3B-1 [13B-2 13T
p 0,3 0,72 0,69 0,65

Cuna Toka B IEPBUYHON 0OMOTKE MOKHO OIPEACTUTH 110 (hopMyJIie:

Pr
II = —
U1 (10)

CoOTBETCTBEHHO AMAMETP MPOBOJIA TSI IEPBUYHON OOMOTKH MOXHO BBIYHCIHUTB 1O (hopMyIIe

dp = F‘\[ﬂ (11)

Z[I/IaMeTpBI mpoBoaa HepBH‘{HOﬁ U BTOPHUYHBIX 00MOTOK BBI6I/IpaIOTC$I B COOTBCTCTBHUU CO
CTaHJApPTU30BAHHLIMHA 3HAYCHUAMHA

3. IlpakTnyeckasi 4acThb
. O3HAKOMHTBCSI C TEOPETUIECKUM MAaTEPHUAIIOM JaHHON pabOTHL.
. [lonyunTs y npenoaaBaTenst ICXOAHBIE JaHHBIE U YKa3aHUA JUIS pacyerTa.
. IIponsBecTn pacueT 1 0OOCHOBaHHO BHIOpATh MapaMeTpsl TpaHchopmaropa.
. OpopMuUTB OTHUET 1O POJIETAHHOU padoTe.

AW N —

4. Conep:xxanue oTyera
. TUTYJIBHBIN JTUCT.
. Kpatkue Teopernueckue cBeieHus.
. PesynpTatel pacueToB ¢ 000CHOBaHHBIM BRIOOpA IMapaMeTpoB TpaHchopMarTopa.
. BBIBOZIBI C aHAJIN30M pe3yabTaTOB 110 MPOJIEIaHHON paboTe.

AW N —

5. KoHTpoO/1bHBIE BONPOCHI
1. Uto Takoe Tpanchopmatop?



2. Kakue BubI TpaHc(hOpMaTOPOB CYIIECTBYIOT?

3. YTo Takoe MAarHUTOMPOBO/T ¥ KAKUE €r0 BUAbI CYIIECTBYIOT?
4. B yem otnmuue Tpanchopmaropa ot aBroTpanchopmaropa’?
5. Yro Takoe korddunueHT Tpanchopmarn’?

6. B 9em mitockl 1 MUHYCHI TOPOUJATBHOTO TpaHchopmaTopa?



