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BBEJEHHUE

TpancdopmaTop 3TO0 MHAYKTUBHBIA MPeoOpa3oBaTelb, NPy MOMOIIU
KOTOpPOTO TIepEeMEHHBbIH TOK OJHOTO HaIlpsDKeHUs THpeolOpa3yercs B
NEPEMEHHBIA  TOK  Apyroro HampspkeHus. (OCHOBHOE — Ha3HAu€HUE
TpaHCOpMAaTOPOB  M3MEHATH  HANpPSDKEHHE  TEPEMEHHOrO  TOKa.
TpanchopMaTopsl NPUMEHSIIOTCS BO BCeX OONACTIX TEXHUKH, TJIe
UCIOJIB3YETCS DJIEKTPUYECTBO: B AJIEKTPOIHEPreTHUYECKUX CHCTEMaX, B
MPOMBIIIVICHHOCTH, B OBITOBOM TEXHUWKE, B paauoTeXHUKe. Jluama3oH
MOIIIHOCTEH, TPUMEHSIEMBIX TpaHC(HOPMATOPOB, OT MHUKPOBATT JO
HECKOJIbKUX TUTaBaTT.

JUis  mepenaud M paclpeleNieHus]  DJIEKTPUYECKOM  SHepruu
HEOOXOJMMO TOBBICUTH HANPSDKEHUE TEHEPaTOPOB HA DIEKTPOCTAHIMAX C
16-24 kB mo 110-1150 kB, ucronb3yeMbIX B JMHHUSAX IEpeNadu, a 3aTeM
MOHHW3UTh 10 HampsbkeHus motpeburteneit (220 B — 35 kB). as atoro
UCTIOJIB3YIOTCSI CUJIOBBIE TPaHC(HOPMATOPHBI, BBITYCKA€MbIE MOIIHOCTBIO 0
MUJUTMOHA KUJIOBOJIBT-aMIIep W Ha Hanpspkenue a0 1150-1500 B.

B ydyeOHOM mocoOuM U3IOXKEHAa METOAMKA pacyera MapameTpoB U
XapaKTEPUCTUK CHUJIOBBIX TpaHC(HOPMATOPOB, UCIIOJIb3yeMas B TEUCHHE psiaa
ner Ha kadeape onekrpomexanuku HUY «MBOW»  crynmentamu
ANEKTPOTEXHUUECKUX U DJIEKTPOIHEPreTUUECKUX CIEUUaTbHOCTeN s
BBINOJIHEHUS TUTIOBOT'O pacyéra 1o Tpanchopmaropam.

Copepxxanue pacy€THOro 3aJlaHusl COOTBETCTBYET IpOrpamMmam
KYpPCOB JJIEKTPUYECKHX MAaIlllH, 4YuTaemblx Kadempoit mis HMHCTUTYTOB
AIIEKTPOTEXHUKH U AeKTposHepreTuku MOU (TY).

Yucno M XapakTep IMyHKTOB PAcUETHOTO 3aJlaHWs U HEOOXOIUMBIN
00beM pacyueTHOM palOOThl BBHIOpaHBI TaK, YTOOBI TEMAaTHKa 3aJaHUs
OXBaThlBalla HamOoJee Ba)KHbIE BOIPOCHI TEOPUU TpPaHCHOPMATOPOB U
oOmmit  o6beM paboThl ObUT  CYIIECTBEHHO OOJNBIIUM, YeM 3TO
NPEeIyCMOTPEHO Tpa@UKOM O0s3aTeNbHBIX 33JaHWil. ITO  TO3BOJISET
MPENoIaBaTeN0 COCTABIATh 3a/1aHUE Ui KaKJIOW TPYIIbl WU JJIST KaXKI0rOo
CTYIEHTa C WCIOJb30BAHUEM 4YAaCTH IIYHKTOB, pPACUETHOIO 3aJlaHUsl B
COOTBETCTBUU € TpoduieM QakyIbTeTa U CIEIUAIBHOCTH M € 00BEMOM,
YCTaHOBJIEHHBIM TPaUKOM.

JUisi KaXJoro CTyAeHTa O0s3aTelbHO BBIMOJHEHHE TEX ITyHKTOB
pacueTHOro 3agaHus, KOTOpble OYAYyT yKa3aHbl JIEKTOPOM TIIOTOKAa WU
MIPEToIaBaTeieM, BEAYLIUM 3aHSATHUSI.

OCHOBHBIMH y4eOHBIMU MTOCOOUSIMHE SIBJISIIOTCS yueOHuku [1-3]. Tlpu
BBITIOJIHEHUH PACcYeTOB MOYKHO MOJIb30BAThCS KHUTOM [4].



1. OCHOBHBIE ITIOHATHUSA

Tpanchopmarop (puc.1.1a) cocrout u3 AByX (@ HHOT/IA W OOJIBIIETO
YyCcia) B3aMMHO  HEMOABIKHBIX ~ OOMOTOK,  pACIOJIOKEHHBIX  Ha
¢deppomarauTHOM MarHutompoBoge. OOMOTKHM HMMEIOT MeXIy co0oii
MarHuTHYIO CBSI3b, OCYIIECTBIIIEMYIO IMEPEMEHHBIM MarHUTHBIM IIOJIEM.
®deppoMarHUTHBIT MarHUTONPOBOJ CIYKUT Ui YCHJICHHS MarHUTHOM

tC

CBS3M MEXKY OOMOTKaMH. A *B

°a °h
a 0)

Puc. 1.1. JIsyxoOMoTouHbIN ogHO]a3HbIN TpaHchopmaTop (a),
Tpéxdazubii Tpanchopmatop (6)

TpanchopmaTop uMeeT HE MEHbIIE JIBYyX OOMOTOK, M3 HHUX
NepBUYHONH OOMOTKOM Ha3bIBaeTCs OOMOTKA, KOTOpasi MOJIy4aeT 3HEPTHUIo
OT HWCTOYHHMKA TmepeMeHHoro Hanpsbkenus U; (puc.l.la). Bropuunas
0oOMOTKa KOTOpbIE OTJAIOT BSHEPTUI0 MPEOOPa30BAHHOIO MEPEMEHHOTO
TOKa.

Ha puc.l.la wu3oOpakeHa MNpUHIMIHAIbHAS CXe€Ma BKIIOUYEHHUS
TpanchopmaTopa, Ha KOTOPOW MJisi SICHOCTH NEpBUYHAs ¥ BTOPUYHAsS
OOMOTKHM NOMEILEHBI Ha Pa3HBIX CTEPAKHAX CTAIBHOIO MarHUTOIIpOBOJa. B
NEHCTBUTENBHOCTH KaXkaasi 0OMOTKa pa3Melaercs Ha 000MX CTEPKHIX TakK,
YTO MOJIOBHUHBI IByX OOMOTOK HaXOJATCS HA JIEBOM, & BTOPBIE NIOJIOBUHBI -
Ha MPaBOM CTEpIKHE.

O6moTka TpaHchopMaropa, MNOTpeONsIONIasl JHEPTUI0 M3 CETH,
Ha3bIBACTCS MEPBUYHON OOMOTKOI, a 00MOTKa OTJAIOIIast SHEPTHIO B CETh,
- BTOPUYHOM.

OOMOTKHM TpaHCOopMaTOpa MOAKIIOYAIOTCS K CETSIM € Pa3IMYHbIMU
HanpspkeHussMu. OOMOTKa, MpeiHa3HAYEeHHAs U1 IPUCOEIMHEHUS K CETH C
Oosiee  BBICOKMM  HAlpsOKEHHEM, Ha3blBaeTcs OOMOTKON  BBICIIETO



Hanpspkenus (BH), a noncoennnsemast K ceTu ¢ MEHBIIUM HaNpsKEHUEM, -
obmoTtkoi Hm3mero Hanpsokenus (HH). Ecniu HanpsbkeHne BTOpUYHOM
OOMOTKHM MEHbIIIE HAMPSHKEHUS MEPBUYHONM OOMOTKH, TO TpaHcPopmaTop
HA3bIBAETCSl TOHMXKAIOUIUM, a eclid OoJbllle — MOBBIAMUM. B
3aBHUCHUMOCTH OT BKJIIOYEHMS] T€X WJIM HHBIX OOMOTOK K CETH KaXKIIbIi
TpaHCPOPMATOP MOKET OBITh KaK MOBBIIIAIOIIUM, TAK U IIOHUKAIOLIUM.

Tpanchopmatopst C JIBYMSI 0o0OMOTKaMu HA3BIBAIOTCS
IBYX0OMOTOYHbIMU. B 3aBucumoctu oT umcna ¢a3 TpaHchopMaTopsl
MOApa3ACNIIOTCA Ha ogHO(a3HbIe, TpeX(a3Hble U MHOTO(a3HbIE.

B TpexdaznoMm crepxkHEeBOM TpaHcPopmMaTope OOMOTKH KaxKIOM
¢da3pl pazMemaoTcss Ha cBoeMm crepxkHe (puc. 1.10); crepkHU BMeEcTe C
spMaMu 00pa3yroT 3aMKHYTYI0 MarHUTHYIO CUCTEMY.

[To cnocoby oxaxaeHus] B 3aBUCUMOCTH OT OXJIAXKIAIOIIEH Cpeibl
TpaHc(OpMaTOpbl  MOAPA3JENSAIOTCA HAa  Ccyxue (C  BO3AYLIHBIM
OXJIAXKJIEHWEM), MACJSHblE W 3allOJHEHHBIE HErOpPIOYUM  KHUIKUM
JTUDIIEKTPUKOM.

[Ipn BKIIOYEHHMH NEPBUYHOM OOMOTKM TpaHcdopmaropa B CETb
MEPEeMEHHOTO TOKa MO 3TOH OOMOTKE NPOTEKaeT TOK, CO3JAroUIUil B
MarHuTonpoBojie Tpancopmaropa marauToasmxkyiryto cuny (MIC) F
PaBHYIO NMPOU3BEJCHUIO BEJIMYMHBI TOKA [; HA YMCIIO BUTKOB W1 MEPBUYHOU
oomotku Tparchopmaropa (Fi1=l;w;). MJIC Bo30y»xk1aeT MarHUTHBINA TOTOK
® B MarHuTOmpoBOjie TpaHchopmaTopa, KOTOpbIA MO 3akoHy Oma s
MarHuTHOM 11enu paBeH, BO,

@ == Fl)lM’

rie Ay~  MarHuTHas  MpPOBOJMMOCTh  MarHUTHOW  ILIeNH
Tpanchopmaropa.

bosibiras yacTb MarHUTHBIX JIMHUM 3aMKHETCS 110 CTaIbHOMY
MarHMTONPOBOAY, 00pa3yss OCHOBHOW MarHUTHBIN MOTOK D,, KOTOPHIN MPO-
HHU3BIBACT BUTKH KaK MIEPBUYHON, TaK M BTOPHYHON OOMOTOK (pHCYHOK 1a).
Hekortopass 4acTp MarHUTHBIX JIMHUN 3aMKHETCS 110 HEMarHUTHOW cpene,
00pa3ys MOTOK paccessHus nepBUYHOM 0OMOTKH Dg;. MarHuTHbIC JTUHUU
NOTOKA pacCesHUs NPOHU3BIBAIOT BUTKU TOJBKO NMEPBUYHONM OOMOTKHM U B
nporiecce TpaHCPOPMHUPOBAHMS PHEPIHMU ydyacTus He npuHuMaroT. [lpu
Harpy3ke TpaHcopMaropa B €ro BTOPHUYHON OOMOTKE MpOTeKaeT Tok o,
BO30Y)KIAIONUI CBOE MAarHUTHOE Moje. Tak Kak OCHOBHOW MarHUTHBIN
MOTOK B MarHUTOIIPOBOJIE TpaHCPopMaTopa CLEIJIEH CO BCEMU BHUTKaMHU
MEePBUYHON M BTOPHUYHON OOMOTOK, TO OH ompezaensercs cymmoint MJIC
3TUX OOMOTOK. YacTb MarHMTHBIX JIMHUN TOJS, BO30YKIAa€MOrO TOKOM
BTOPUYHOM OOMOTKHM, 3aMKHETCS 4Yepe3 HEeMarHUTHYI0 cpeny, o0pasys



MOTOK paccessHus BTOpUUHOM OOMOTKH Dgy. DTOT MarHUTHBIA MOTOK HE
B3aMMO/ICHCTBYET C MOTOKOM MEPBUYHON OOMOTKH.

MarautHbelil IOTOK TpaHchopmaropa @, MHAYHUPYET B OOMOTKax
tpanchopmartopa nepemennsie IJIC: E; = wy d®,/dt u E, = w, dd/dt (w;
U Wy- YHCJia BUTKOB MEPBUYHONW U BTOPUYHOM 00MOTOK). DJIC mepBUUHOM
obmoTku E; HampaBieHa BCTPEYHO MPHIIOKEHHOMY HampspkeHuto U, Tak
kak 1o 3akoHy Jlenna EJIC mnpenarcTByeTr H3MEHEHHIO ToKa. Tok
NEepBUYHOM OOMOTKM Takxke HamnpasieH npotuB DJC u coriacHo
HanpspkeHnto U;. Bo BropuuHOil 0oOMOTKe TOK |, Bcerma HampaBliieH
cormacio D/IC E,, Tak kak B 1enu BTOPUYHOM OOMOTKH OHA SIBISETCS
€IUHCTBEHHbIM HCTOYHUKOM Hamnpstkenus. OJC E; m E, umeror ogHo
HalpaBlieHWe, TaK KaK WHIYIUPYIOTCS OJHUM M TEM >K€ MarHUTHBIM
MOTOKOM MarHutonpoBoja. M3-3a atoro, Toku o6MoTok I; u I, a 3HauuT 1
MJIC o6moTok, Bceraa HampaBieHbl BcTpeuHo. Pasnocts MJIC oO6moTOK
TparncpopmaTopa paBHa naaenno M/IC B ero MarHUTONpPOBOJIE, KOTOPOE
onpeJenseT TOK HaMarHW4MBaHusA TpaHcpopmaropa |, (peakTuBHas 4acTh
TOKa XOJIOCTOro xoaa TpaHcopmaropa). MJIC marmuTompoBoja
TpaHcopMaTopa U, CJIelI0BaTEIbHO, TOK HAMarHUYMBAHUS, TeM OOJbIIIE,
yeM OOJbIlle HACHIIIEHHE MAarHUTOMPOBOJA M BEJIMYMHA TMApPa3UTHBIX
3a30pOB MEXAY YaCTSIMH MarHUTOIPOBOA.

Jlis  pacuera TpanHchopMaropa  HCHOJB3YIOTCS  CIEIYIOIIHE
pacuétHbie cooTHomeHus. JleiictByromue 3HaueHus: 9J{C oOmoTok, B,

E1:4 ,44®maxf1W1
E,=4,44 051 W5,

rae Ona- MakcuManabHOE (ITMKOBOE) 3HAYEHHE MArHUTHOTO ITOTOKa
MarHMTOIIPOBO/IA, fi-4acToTa HANIPSIKCHUS CETH.
MakcuMalbpHOE 3HaYe€HHEe OCHOBHOIO MAarHUTHOTO TTOTOKA, BO,

(Dmaxz BmaXQCTkCl

ra€ Bpmax- MakCUMaJIbHOE 3HAYEHWE MArHUTHOW MHAYKIUU B
CTEp)KHE MarHUTONpPoBoAa, Q- TUIOIAJh MONEPEUYHOTO CEUEHUSI CTEPIKHS,
K.- KO3 pHUIMEHT 3amoJHeHHUs] MarHUTONPOBOJA CTalbl0, KOTOPBIA IPH
toyuHe miactul 0,5 Mmm npuHuMaroT paBHbiM 0,95.

Koaddunment tpanchopmanuu paBeHn otHomeHuro IJC oOMOTKH
BBICIIETO HampsikeHus TpaHchopmatopa k DIJIC OOMOTKM HH3IIETO
HATPSDKEHUS, U TAKXKE PaBEH OTHOIIEHUIO YMCENI BUTKOB JTHUX OOMOTOK:

K; = El/Ez = W1/W2



[lonHas MoIIHOCTH MEPBUYHON OOMOTKHM TpaHchopmaropa WIH
N0JIHAsl MOIHOCTh MOTpedisieMas TpaHC(POpMaTOpoM U3 ceTH, KBA,

Sl = Ulll
rine U;- HanpspKeHue CeTH.
[lonHasg MOIIHOCTH BTOPUYHOM OOMOTKM TpaHchopmaropa WIH
MOJIHAsl MOIHOCTh OTJaBaeMasi TpaHC(OpMaTOpOM B Harpy3ky, kBA,

Sz = U2|2

rae U,- HanpsikeHne BTOPUYHONW OOMOTKH.

ITotepy B TpanchopmaTropax  HeBenuku. B Oombimx
TpaHcpopMaTopax MOTEPU COCTABIAIOT MEHee OHOTO TporieHTa. [loaTomy,
0e3 00JbIION MOTEPH TOYHOCTH MOKHO MPUHATD, YTO MOJIHAS HOMUHAJIbHAS
MOIIHOCTh TpaHc(hopmaropa paBHa, KBA,

SH = U1|1 =~ U2|2

B oOmiem ciydae B TpaHchopMaTope YMCIO BUTKOB B MEPBUYHON U
BTOPUYHONU OOMOTKAX HEOJUWHAKOBO (W,#Wi), YTO 3aTpPyAHSET aHaINU3
TpaHc(HOPMaTOPOB MOCPEICTBOM CXEM 3aMEIICHUS U BEKTOPHBIX TUATPaMM.
[TooTroMy mnpu aHanu3e UCHOJB3YIOT MPUBEACHHBIA TpaHCPOpMATOP.
[IpuBeeHHBIM HA3bBIBAIOT TpaHCHOPMATOpP, Yy KOTOPOro Wo=W; U
napaMeTpbl BTOPUYHONH OOMOTKM TIE€pecuuTaHbl TakKUM OOpa3oM, 4YTO
MOIIIHOCTh Ha Ka)KJOM 3JIEMEHTE BTOPMYHOM Lenu Takas ke, KaKk U B
peanpHOM  TpaHcpopmarope. [lapameTpbsl  BTOpUYHON  OOMOTKH,
NPUBEICHHBIE K YACITY BUTKOB MIEPBUYHON OOMOTKH, UMEIOT 0003HAUEHHE C
BEPXHUM MHJEKCOM “IITPHUX .

VYpaBHeHUs NPUBEAEHHOTO TpaHChopMaTopa:

.Ul = _El + ilzl = _El + jilxl + 117‘1
Uy = By — Iz, = B, —jlpx, — 1515
i,+1, =1,

rae Iy, X1, Z1 4 I, Xo', Zo'-COOTBETCTBEHHO aKTHUBHBIE, PEAKTUBHBIC U
TIOJIHBIE CONPOTHBICHHSA TEPBUYHOW M BTOPUYHON OOMOTOK, Ip- TOK
XoJiocToro xoja tpancdopmaropa. ConpoTuBIeHUS X; U Xp' 00YCIOBIICHBI
MOTOKaMHU pacCesiHUs TIEPBUYHON U BTOPUUHON 0OMOTOK TpaHchopmaropa:
Oy u D, (pucyHok la).
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Puc. 1.2. Cxema 3amenienus npuBeEHHOT0 Tpanchopmaropa

Cxema 3amellleHUs MPUBEIEHHOTO TpaHcpopMaTopa MpeAcTaBICHA
Ha puc. 1.2. Ha cxeme DJIC o6motok E; u E, nMuTHpyroTcs mageHneM
HaNpsHKEHNs B IeHTpanbHO BetBH E,= E,= 1,z = Iorm+ jloXm, THE My X,
Zn COOTBETCTBEHHO AaKTUBHOE, PEAaKTHBHOE W IIOJHOE CONPOTUBIIECHHUE
HeHTpaidbHOM BeTBU. CompoTHBICHHE Zm= Iyn + | Xy, Ha3bIBAIOT
CONMPOTHUBIICHUEM HAaMarHMYMBAIOMIET0 KOHTYpa CXEMbl 3aMelLIEHUS.
JleficTBUTENbHAS YacTh [ - 3TO YCIOBHOE aKTUBHOE COINPOTHUBIIEHHE, HA
KOTOPOM  BBIJENSIETCS ~ MOUIHOCTb, paBHas  MOTEpPSIM B  CTaju
Tpanchopmaropa, T.e. Iy = P../lo?. MHEMasI 4acTh Xp - 3TO WHIYKTUBHOE
CONPOTHUBIICHHE B3aMMOUHYKIIUH 00MOTOK Tpancgopmaropa,
NPOMOPLHUOHAIBHOE MAarHUTHOW MPOBOJMMOCTH €ro MarHUTONpPOBOJA.
ConpoTusienue z, Ha puc. 1.2 — conpoTUBIIEHUE HATPY3KHU.

3/1C BTOpHUYHOM 0OMOTKH NPUBEAEHHOTO TpaHcpopmaropa: Z,, B,

E,Z :E2W1/W2 = x.E>=E;

N3 ycrmoBus paBeHCTBA MOJIHBIX  MOIIHOCTEM BTOPUYHOW LEMH
TIPUBEIEHHOTO U peanbHoro Tpanchopmatopos I,E, = I,E,,

MOKHO TOJYyYUTh TOK BTOPUYHOM LENU PUBEAEHHOTO
TpaHcpopmaTopa, A,

1,2:(E2/E,2) I 2= I Z/KT


http://servomotors.ru/documentation/electromechanical_automation_devices/book/image/part1/1_6.gif

W3 ycrmoBUST paBEHCTBA AaKTHUBHBIX, PEAKTUBHBIX U  TOJHBIX
MOIITHOCTEH COMPOTHBIICHUI BTOPUYHON LEMH MPUBEAEHHOTO H PEATLHOTO
TpaHC(HOPMATOPOB MOXKHO IOJYYUTh TMPHUBEAEHHBIC COMPOTHUBIICHHUS
BTOPUYHOM memu, OMm,

r2I:KT2|’2
X2'=K; X,
Z,'= KTZZZ
2,'= x,°Z,.

[To ypaBHEHUAM NpUBEAEHHOTO TpaHCHOPMATOPa MOKHO MTOCTPOUTD
BEKTOPHYIO JuarpamMmy, KOTOpas HarjIsJHO IOKa3bIBAET COOTHOILICHHS
Mexnay Tokamu, OJIC wm HanpsbkeHusmu. BekropHas auarpamma
TpaHcopMaTopa Mpy aKTUBHO-UHIYKTUBHON HArpy3Ke MpUBE/IeHA HA PUC.
1.3.

ITopssiiok mNOCTPOEHUS BEKTOPHOM auarpammbl. [IpoBoautcs

IMPONU3BOJIbHO BEKTOP MArHUTHOT'O ITOTOKA @m. B ToMm xe HaIpaBJICHUH

-i5X5

Puc.1.3. Bekropras ntuarpamMmma TpaHcGopMaTopa mpu aKTUBHO-
WHIYKTUBHOW Harpy3ke
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OTKJIAJIbIBAETCSl PACUETHOE 3HAYEHHE BEKTOPA PEAKTHBHOW COCTAaBJISIOLIEH
TOKa XOJIOCTOTO XOJ1a iop (TOKa HaMarHM4YUBaHUSA i“), OT KOHIIa KOTOPOro B
NEPIEHIUKYISIPHOM  HANpaBJIEHUHM  NPOBOAMUTCS  BEKTOp  aKTUBHOM
COCTABIIAIONIEH TOKA XOJNOCTOTO XONa o, Pe3ynsTupyrommii BeKTOp ToKa
XOJIOCTOTO X0Ja 1 MPOBOAAT OT Hayaga KOOPAMHAT K KOHITY BEKTOpPA ly,.
TlepneHuKyIAPHO K MATHUTHOMY MOTOKY @, TIpoBoasTcs Bektopa IJIC

(- E; u E,), xoTopbie otcTarot Ha 90° OT MarHuTHOro nMotoka @,,. [anee,
ONPE/IENINB BEJIMUUHY TOKA, A,

’

' E,

2 = ’
L2 ()2

I

OTKJIaJIBIBAIOT BEKTOP |, MO yIIIOM W), KOTOPBIM HaxoauM 1o Gopmyiie

Xo+Xy
= arctg ——-.
V2 5 r,+ry

CormacHo ypaBHermio 1;=Iy+(-I,) crpomm Bexkrop I;, Xak
reOMETPHUECKYI0 CyMMY BEKTOPOB 1, 1 (-I,).

IMo ypaerenmio U; = —E; +jl;x; + ;77  maxomum  Bextop U;.
PaccunThiBaeM aMIUTUTYIbI BEKTOpoB jlx;m ;7. OT KoHma BekTopa
—E, oTknansiBaeM BeKTOp [;7y, MapaluleNbHO BEKTOPY TOKa I;, M BEKTOP
ji,x,, mepnenaMKyNsApHO BeKTOPY ToKa I;. Bektop U; mpoBoxuM oT Hauana
KOOpAYHAT 10 KOHIIA BEKTOpPa jilxl.

Ilo ypaswennmo U, = E, —jl,x, —I,r, maxomum Bextop U,.
PaccunThiBaeM AaMILUTHTYABI BEKTOPOB jl,x, mI,r,. OT KoHmIA BeKTOpa
E, oTKnaasiBaeM BEKTOp jl,x,, TEpHEHIMKYIAPHO BEKTOpPY TOKa I,, M
BeKTOp —I,I,, MapaensHo BeKTOpy Toka I,. Bexrtop U, mpoBoamm oT
HaYaJa KOOPIMHAT JI0 KOHIA BEKTOpa [,1.

Mensiss 3HaU€HUS Z;, C TOMOULIBIO BEKTOPHOW JHArpamMMbl MOKHO
OCTPOUTh BHEIIHIOK XapakTepuctuky U, = f(l,) u 3aBucuMoCTh cos@, =
(1,).

Buemnen XapaKTEPUCTUKOU TpanchopmaTopa Ha3bIBAIOT
3apucuMocTh U, = f(l,) mpu Uy = const u COS@, = const (pucyHoK 4).
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cos ¢, =-0,8
cos gy =1
cos ¢, = 0,8

v

Pr P P

Puc. 1.4. BHemiHue xapaktepucTuku Tpancopmaropa: 1 — Harpy3ka
aKTUBHO-EMKOCTHAsl; 2 —4HUCTO aKTHBHas; 3 — aKTUBHO-WUHJYKTUBHas; 4—
BHEIIIHSS XapaKTEePUCTHKA CBApOYHOTO TpaHchopmaTopa

Kosddunuent mnonesnoro neiictBuss (KII) Ttpanchopmaropa
ompenensercs 1mo Gopmyie

P P TP
n=tz=_P2__q_ P
P,  P,+3P P,+XP

rae P, — MmomHoCTh, OTaBaemast (moJjie3Hasi) BTOPUYHONM 0OMOTKOM;
P, — MomHOCTh TOABeACHHAs (3aTpadyeHHas) K IEPBUYHON OOMOTKE.
PazHocTh MeEXay NOABENCHHONM M OTJABAEMOM MOIIHOCTSAMH SIBIISIETCS
MOTEPSIMU MOIITHOCTH, BT,

Pl' P 2:Z P MOTePh

[ToTepu mMomHOCTH B TpaHchopMaTope JEIATCS HA MarHUTHBIC P,
(To ke, 9yTo oTepH B ctanu P.,) u anexrpuueckue P,

MarauTHbI€ IOTEPHU — 3TO NOTEPU MOIIHOCTH B MATHUTONPOBOJAE HA
rucrepesuc P. u Ha BuxpeBbie Toku Py, BT,

PMar: PCT: PF+PBT: P0
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[Totepu B cTamm Ha3BIBAIOT, TAKXKE, MOTEPSMHU XOJIOCTOTO Xo1a - P,
TaK KaK MOTEPU B OMBITE XOJOCTOTO XO0J1a MPAKTUYECKU PABHBI IMOTEPSIM B
CTa. DJIEKTPUUYECKUE IMOTEPH B OIBITE XOJOCTOIO XOJa Mallbl, 1 UMHU
MOKHO TIpeHeOpeub. [loTepu B CTalu SBISIOTCS TOCTOSSHHBIMH TIOTEPSIMHU
TpaHncopMaTopa, Tak Kak OHU HE 3aBUCAT OT Harpy3Ku TpanchopmaTopa.

DJNEKTPUYECKHE TOTEPU — OTO IOTEPH, CBSA3AHHBIE C HATPEBOM
0OMOTOK TpaHchopmaTopa. DJIEKTPUUYECKHUE TMOTEPU JIBYXOOMOTOUYHOTO
TpaHcpopMaTopa MOKHO OINPEACINTh, €CIIH HW3BECTHBl aAKTHBHBIC
COIIPOTHUBJICHUS 0OMOTOK TpaHc(hopMaTopa ¥ TOKH 0OMOTOK, BT,

_ 2 2
Pan: P3H1+ P3n2 - mll |’1+ m|2 r21

rjae m — gucio ¢a3 TpanchopmMaropa.

DNEKTpUYECKUE TOTEPHU HA3BIBAIOT, TAKXKE, MOTEPSIMH KOPOTKOTO
3aMbIKaHus — P,, Tak Kak TOTEpH B OIBITE KOPOTKOTO 3aMBbIKAHUS
MPAKTUYECKU PaBHBI JIEKTpUYECKUM moTepsiM. [lotepu B cramu B ombITe
KOPOTKOTO 3aMbIKaHUS Majbl, W HWMH MOXXHO TmpeHeOpeub. I[lotepu
KOPOTKOTO 3aMbIKaHHUS SIBIISTFOTCSI NepeMEeHHBIMU OTepsSMU
TpaHcopMaTopa, TaK KaKk OHHM 3aBUCAT OT HArpy3kd TpaHcdopmaropa. ,
BT,

P,.=B° P,

rne P, - dnexkTpuueckue MOoTepu B HOMUHAIBHOM pexume, f-
K03 (ULKMEHT HAarpy3Kku TpaHchopMaTopa.

B = |1/|1H: |2/|2H
[Toe3Hyr0 MOIIHOCTH MOKHO ONPEAETUTE 1o popmyiie, Br,
P, =mU, I, cos (0F)

KII/] rpancdopmaropa mpu 1r060# Harpy3ke MO>KHO OIPEEIIUTH 110
BBIPAKCHHUIO:

T]::I. P0+.82P9/1H
ﬁSHCOS<p2 +PO+.BZP9/1H

MakcuManpHOE 3Ha4YE€HHE KIIJ| COOTBETCTBYET TaKOM HarpyskKe,
KOI'ZIa MarHUTHBIE IIOTEPU PABHBI JIEKTPUYECKUM ITOTEPSIM, BT,
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PO = IBZPQJZH OTKyAa IB = PO/PaﬂH

3aBUCHUMOCTD ko3 puimenrta MOJIE3HOTO NEUCTBUA OT
ko3 dunrenta Harpysku n = f(p ) mpeacrasiena Ha puc. 1.5.

1A

100 %

50 %

s
0 0,5 P

Puc. 1.5 3aBucumoctb ko3 unrenta monesHor~ ~~HUCTBUS
TpancopmMaTopa ot kKodhuIeHTa Harpy3K
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2. PACYHETHOE 3AJAHHUE 10 TPAHC®OPMATOPAM U
ABTOTPAHC®OPMATOPAM

Jlnst TpexdazHoro 1ByXxoOMOoTOYHOTO TpaHchopmaTopa Ne... u3 Tabdi.
2.3, npuHAMas IEpBUIHON 00MOTKOM 06MOTKY BH:

1 Onpenenuth (a3Hble 3HAYEHUS HOMHHAIBHOTO HAIPsDKEHUS, a
TaKk)ke HOMUHAIBHBINA TOK U ero (a3ubie 3HaueHus Ha cTopoHax BH u HH, u
K03 dULKEHT TpaHchopManuu (U1 cpeiHel cTyneHu HanpsbkeHnuio BH).

2. Beraeptuth B Macrabe 3CKU3 MarHUTHOW CUCTEMBI M pa3MEIICHHS Ha
Hell 0OMOTOK. BrIUepTUTH CXEMBI COCTMHEHHSI OOMOTOK, 00€CTIEUnBAIOIINE
MOJTyYeHHE 3aJaHHOU TPYINIBl COSTUHEHHUS.

3. OnpenenuThb:

a)Macchbl CTajJu CTEpPKHEM W spM, MOTEPH XOJOCTOro xoaa Py,
cpenHee (cpemHee apudMeTHUeckoe JUIsI TpeX ¢a3) 3HAUYCHHE TOKa
XOJIOCTOTO XOfa lp ¥ €r0 aKTUBHOMU I, ¥ PEAKTHBHOM lp, COCTABIAIONIMX, a
TaK)Ke COSQPg — BCE BEJIWMYHMHBI IS HOMUHAJIBHOTO 3HAYCHUS HAMPSHKCHUS
U,ion ipu =50 I'1;

O)ipuBEJiIcHHbIE K TEpPBUYHOW OOMOTKE MapaMeTpbl CXEMBI
3amenieHus ly, Xg 1 Zg B Omax npu U= U,,;

B)paccuMTaTh W TIOCTPOUTH XapPAKTEPUCTUKU XOJIOCTOTO XOJIa:
P,,=f(U); lo= f(U) u cospy= f(U), a Tarxke rpaduxu lp,= f(U) u ly,= f(U)
s quanasosa 3HadeHui U ot 50 no 110% ot U,

T)ONPENCIUTh,  TMOTEPH  XOJIOCTOTO  XoJa  TpaHcdopmaTopa
MIPY BKJIOYEHUU B ceTh ¢ yactotor 40 I'u u 60 I'm.

4.0npenenurb:

a)TIOTepU KOPOTKOTO 3aMbIKaHUS Py;

O)ipuBeZicHHblE K  MEepBUYHOM  OOMOTKE  COCTaBISIOIINE
CONPOTHUBIICHUS] KOPOTKOTO 3aMbIKaHUs, I, Xi U Z, B OMax; COCTaBISIOLINE
HANPSKEHNAS. KOPOTKOTO 3aMbIKaHMA Ug U Uy, HAIPSHKEHHE KOPOTKOTO
3aMbIKaHUs U, B IPOLIEHTAX U; COSQy

B)...pacCUMTaTh M TOCTPOHUTH TpauK H3MEHEHHS BTOPUYHOTO
HanpsokeHust Tpancpopmaropa AU= f(cos@,) mpum HOMHUHAIILHOM TOKE.
Omnpenenuth coSQ,, npu kKotopom AU  mpuHUMaeT MaKCHUMalbHOE
3HaveHue. [locTpouTh Ha OJHOW JUMarpaMMe BHEIIHIOK XapaKTePUCTUKY
U,=f(l,) u rpadux AU= f(l,) mpu cosp,=1 u cose,= 0,7.
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5.IToctpouTts B MaciTabe mpUBEIECHHYIO BEKTOPHYIO AHarpaMMy:

a) Juis OAHOM (a3bl TpaHcpopMaTopa MPU AKTUBHO-MHAYKTHUBHOU
Harpy3ke HOMUHAIBHBIM TOKOM H c0SP,=0,8;

0) TO ke IIpH eMKOCTHOM Harpyske C0S(-¢,)=0,0.

6.a) Paccumrtarb u moctpouth 3aBucumocTh KIIJI oT Harpysku
n=1(P,) npu cose,=1 u cose,=0,7. Onpenenuts P,, IpU KOTOPOM 77

proOpeTaeT MaKCUMaIbHOE 3HAUCHHE;

0) paccunrare cpennecyrounsiii KIIJ[ ms rpaduka Harpysku Ne...
u3 tadu. 1 mpu cose,=0,9.

7.l TpexodmoTouHoTo Tpanchopmaropa Ne... u3 tabi. 2.2:

a)paccuuTarth (as3HbIC HANPSIKCHHS, JIMHCHHBIE W (a3HbIe TOKHU
0OMOTOK;

O)HATH MapameTpbl CXEMbI 3aMELICHUS X,, Xy, Xg, [, 0y, 15,2y, Z,,2,,

npuBeeHHbIEe K 00MOoTKe BH;
Tadmuna 2.1

I'paduku CyTOYHOMN HArpy3KH TpaHCHOPMATOPOB (OT HOMHUHATIBHOM
MOIIIHOCTH TpaHcdopmatopa, %)

Yacsl cyToK

N | © ) IN o @ 5 N = > & S N
v A S & = = e = = R N\ NS

N ~ [e2] (o] o N N

1 10 | 10 | 10 10 100 100 50 100 100 10 10 10
2 20 | 20 | 20 20 100 100 100 70 100 100 100 20
3 60 | 60 | 60 60 100 100 80 100 100 100 100 60
4 20 | 20 | 20 20 40 10 10 10 100 100 70 50
5 10 | 10 | 10 10 30 50 30 60 100 100 70 70
6 40 | 20 | 20 100 100 80 80 100 100 100 80 60
7 30 | 30 | 50 50 50 40 40 50 100 100 80 50
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Tabmuma 2.2

OcCHOBHBIC JaHHBIC CHJIOBBIX TpeX(baSHBIX TpeXO6MOTO‘IHI>IX

TpaHCc()OPMATOPOB C MACIISIHBIM OXJIAKICHUEM

OCHOBHBIE
JTaHHBIC XapakTepucTuku
S
& E Hanpsxenus XomnocToit
> 2 oOMoTOK, KB Kopotkoe 3aMbikaHme XOJ
Ne 3
=
Q
a
HanpsikeHust KOpOTKOTO :E TOK,
[Torepu, kBT 3aMbIKaHus, % @ %
S U | Uy | Us -
o o o c c c Py lo
= g, = z 5 A
1 6300 | 115 | 38,5 | 11,0 52 50 46 10,5 17,0 6,0 125 | 1,10
2 | 10000 | 115 | 38,5 | 11,0 76 75 60 10,5 17,5 6,5 17,0 | 1,10
3 | 16000 | 115 | 38,5 | 11,0 100 105 90 10,5 17,5 6,5 210 | 0,8
4 | 25000 | 115 | 38,5 | 11,0 140 130 120 10,5 17,5 6,5 285 | 0,7
5 | 40000 | 115 | 38,5 | 11,0 200 220 150 10,5 17,5 6,5 39,0 | 0,6
6 | 63000 | 115 | 3855 | 6,6 290 280 260 10,5 18,0 7,0 53,0 | 0,55
7 | 80000 | 115 | 385 | 6,6 365 380 320 10,5 18,5 7,0 64,0 | 0,5
8 | 16000 | 158 | 385 | 6,6 96 100 90 10,5 18,0 6,0 210 | 1,0
9 | 25000 | 158 | 38,5 | 11,0 145 140 120 10,5 18,0 6,0 29,0 | 0,9
10 | 32000 | 158 | 38,5 | 11,0 185 180 165 10,5 18,0 6,0 440 | 0,8
11 | 63000 | 158 | 38,5 | 11,0 285 240 220 10,5 18,0 6,0 56,0 | 0,7
12 | 25000 | 230 | 385 | 6,6 130 135 105 125 20,0 6,5 450 | 0,9
13 | 40000 | 230 | 38,5 | 11,0 220 200 170 12,5 22,0 9,5 54,0 | 0,55
14 | 63000 | 230 | 38,5 | 11,0 320 300 280 125 24,0 10,5 75,0 | 1,0
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Ipumeuyanus: 1. Cxembl U TpyMNIbl COETMHEHUN BCEX
tpanchopmaropos tadmuusr Y, /Y, /A-0-11-11.

2. Homunansusie Mmominoctu oomorok BH, CH u HH Bcex
Tpa"cpopmaTopoB oTHOcsATcs kak 100:100:100.

B)HAWTH HaIpsHKEHUS Ha 3akuMax BTOpHYHBIX oOMoTok CH m HH
npu nepsuuHoil ooMoTke BH, o6morke OH, HarpyxeHHON HOMHMHAJIbHBIM
TOKOM IIpH €0S @, =0,8 1 pazomkHyToil oomoTke HH;

IIOCTPOUTH MPHUBEIECHHYIO BEKTOPHYIO JUAarpaMMmy Jjsi OJHOM (hazbl
TpaHcopMaTopa mpH Harpy3ke oOeux BropuuHblx oOmorok CH m HH
HOMHUHAJIBHBIMH TOKaMU IpH CoS ¢, =0,9 u cosg, = 0,6.

8. Hns Ttpexdasznoro aBroTpanchopmaropa Ne... u3z Ttabm. 2.4
OTIPE/ICTINTD:

a)pasHble HaIpsHKCHHS, JUHEHHbIe U (Pa3Hble HOMHHAJIBHBIE TOKU
oomotox BH u HH;

0)2JIeKTPOMAarHUTHYIO (pacyeTHYI0) MOIIHOCTh aBTOTpaHchopmaropa U
OTHOIIIEHHE TOM MOIITHOCTH K TIPOXO THOI;

B)YCTaHOBUBILHUICS TOK KOPOTKOTO 3aMblKaHus st ooMoTok BH u
HH;

rkoddduimert nonesHoro neictus npu pabore oomorok BH u HH
npu f =1wu cose,=0,8.

9. 3amanHbIil TpaHchoOpMATOP BKITIOUAETCS HA ApaUIEIbHYIO paboTy
¢ TpaHc(hopMaTOpOM, HMEIONIMM TE JK€ HOMHHAIBHBIE MOIIHOCTD U
HANIPSDKEHUSI, TPYNIYy W CXEMYy COCAMHEHHsI U JApyrue mapaMmeTpsl, a
HaIlpsDKEHNE KOPOTKOro 3amblkaHus Ha 10% Belmie, 4yeM y 3agaHHOTO
TpaHnchopmaTopa:

a)HaliTh  pacrpezielieHHe  OO0IIero TOKa  HAarpy3Kd  MExAy
TpaHc(hOpMATOpaMH [IPH U3MEHEHHH o0mieit Harpy3ku ot 0 1o S, +S,

Hom !

rne S, W S, — HOMHHAJIbHBIE MOIIHOCTH TPAHCHOPMATOPOB;

HOM HOM

0)orpenenanTh MaKCUMaJIbHYIO JOMYCTHUMYIO MOIIHOCTH YCTAHOBKH
Opd YCIOBUHM, YTO HHU OAMH U3 TpaHCPOPMATOPOB HE JOJDKEH
NepEerpykaThCsl CBEPX CBOEH HOMUHAIBHON MOIIHOCTH;

B) HAWTH pacrpesieseHue 00IIEro TOKa Harpy3K| M yPaBHUTEIbHBIN
TOK MeXIy JBYMsS TpaHc(opMaTopaMu IIpu Harpyske S =S +S' B TOM

HOM HOM

cly4yae, €clid 3aJlaHHbIi TpaHcpopMaTop OMIMOOYHO BKJIKOYEH B
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Mpumevanns: 1. =50 I'm.

2. Tpanchopmatopsr Ne 1—18 ¢ amroMHUHHEBBIMA OOMOTKAMH;
Tpancdopmaropel Ne 19—32 ¢ MeHBIMU OOMOTKAMHU.

3. O6motku BH umeroT msaTth cTyneHei Hampspkenus: 95; 97,5;
100; 102,5; 105% ot U,,,. Hanpsokenus u gyucia BuTkoB oomMoTkn BH
JTaHbI ISl CPEJTHEN CTYTICHU.

4. MarHutHele CHUCTeMbl CcOOpaHbl BIEpeIUieT, € KOCBIMHU
CTBIKaMH HaJI KpatHUMU CTEPKHIMH U MPSMBIM HaJl CPETHUM CTEPIKHEM,
U3 XoyoaHoKaTanou cranmu mapku 3404 — 0,35 mm o ['OCT 21427-83

5. HanpsbkeHue HyNeBOM MOCIENOBAaTEIBHOCTA B MPOLIEHTaX OT
HOMHHAJIBHOTO ()a3HOTO OTHECEHO K TOKY HYJICBOU IMOCIIC0BATEILHOCTH,
paBHOMY HOMHUHAJIBHOMY TOKY.

6. Oomorku HH tpanchopmaropos Ne 1—5, 7—10, 11—13,
15—25, 28, 30—32 coequHEeHBI IO cXeMe 3Be371a C HYJICBBIM BBEIBOJIOM.

cerb Ha oOMoTke BH Ha BepxHIOIO CTymneHb, T.e. HA OTBETBJIICHHE,
coorBeTcTBytomee 105% OT HOMHMHANBHOTO HANpPSDKEHUSA, a BTOPOM
TpaHc(hopMaTop BKIIIOYEH HAa CPEIHIOI0 CTYIEeHb, T. €. Ha HOMHHAJIBHOE
HanpspkeHue. OnpenenuTs MaKCUMaJbHO JIOMYCTUMYIO MOIIIHOCTh
YCTaHOBKH.

10. Omnpeaenuth HaWOOJbBIIEE MIHOBEHHOE 3HAUYCHHE TOKa
KOPOTKOTO 3aMbIKaHHUsl (yIapHbId TOK) M KpaTHOCTh 3TOr0 TOKa IIO
OTHOIIEHUIO K HOMHHAJIBHOMY TOKY MpH Tpex(a3HOM KOPOTKOM
3aMBIKaHUU;

11. a) Haiitu Toxku B ¢azax nepBUYHOM OOMOTKM M CMeEIlEHHE

HYJIEBOW TOYKHU IIpH TOKax |, =1 Iz =1. =0 (3TOT MYHKT BBINOJHAETCS

Hom !

s TpancopmaropoB Ne 1-5, 7, 8, 11, 12, 15, 18-25, 28, 31, 33-45 u3
Tabi. 2.3.

6) Ilpu cUMMeTpUYHOH CHUCTEME TMEpPBUYHBIX HaANPSKEHUN
TpaHc(hopMaTop HArpy>keH TOJbKO MEXIy 3aKMMaMu a u b Tokom |

Hom 1

CABUHYTHIM OTHOCHUTEIBHO HanpsbkeHust U, Ha yroun ¢, =30°. HaiiTu Toxu
B MIEPBUYHON 00MOTKE (6€3 ydeTa HAaMarHUIMBAIOIIErO TOKA).

[TocTpouTh TPEYrOJBLHUK BTOPUYHBIX MPHUBEACHHBIX HANPSDKCHUHA M
OTPEJICNIUTh €r0 CIBUT OTHOCUTEIIBHO TEPBUYHOTO TPEYroJbHUKA. DTOT
MYHKT BBITIOJIHSETCS 71 TpaHnchopmaTtopoB Ne 6, 9, 10, 13, 14, 16, 17, 26,
27, 29, 30, 32, 46-50 u3 tadi. 2.3.



22

Tadbmuna 2.4

OcHoBHbIE JaHHBbIE CHJIOBBIX TpeX(ba3H]>IX

aBTOTpaHC(l)OpMaTOpOB AJI1 BBICOKOBOJIBTHBIX cerei

IIpoxo Hanpsxenne

A obmotox, kB s ITotepu K3 [Torepu XX
Neo | MOIIHO

CTb, BH-HH, P, kBt P, kBt

% V

kBA BH HH
1 | 63000 230 121 11,0 200 37
2 | 125000 | 230 21 11,0 315 65
3 | 200000 | 230 121 11,0 430 105
4 | 250000 | 230 121 11,0 500 120
5 | 125000 | 330 115 10,0 345 100
6 | 200000 | 330 115 10,5 560 155
7 | 250000 | 330 158 10,5 620 160
8 | 400000 | 330 158 10,0 720 180
9 | 250000 | 500 121 13,0 690 200
10 | 500000 | 500 230 12,0 1050 220
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IIpumeuanus: 1. [lorepu 1 HanpsHKEHUST KOPOTKOTO 3aMbIKAHUSA
OTHECEHBI K TPOXOAHON MOIIHOCTH.
2.HampsikeHuns: KOpOTKOTO 3aMbIKaHUSI OTHECEHBI K OOJIbIIIEMY 3
HaIpPSKEHUN CETH.
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SMETOAUYECKHUE YKA3AHUS K PACHETHOMY
3AJAHUIO 11O TPAHC®OPMATOPAM U
ABTOTPAHC®OPMATOPAM

[lepen  BBIIOJIHEHHEM  PACYETHOTO  3aJaHUSI  PEKOMEHIYeTCs
MPOCMOTPETh  COOTBETCTBYIOIIME  pa3fiefibl  KOHCIEKTa JIEKUMH U
03HAKOMUTKCS C JIUTEPATYpOM, yKa3aHHON B METOJIMYECKUX YKa3aHUsIX. Bo
BpEMSI BBITIOJTHEHUS 3aJaHUs TIPU UCIIOJIb30BAHUU

CIPaBOYHBIX TAOJMII CIeTyeT BHUMATEIbHO MPOYUTATH 3ar0JIOBKU U
BCE IPUMEUYAHUs K TaOIHIIAM.

K nynxkmy 1. llpm ompeneneHny JIWMHEWHBIX W (Da3HBIX 3HAUCHUI
HanpsokeHMd U TokoB oOMorok BH um HH crnegyer ydects cxembl
COCIMHEHUsT OOMOTOK, NMpUBEJAcHHBIC B Tabn. 2.3. B umcrmurene ykazaHa
cxemMa coemuHenuss ooMotkn BH, B 3mamenarene — oomorkun HH. Bce
TpaHCcPOpMaTOpPbl, TaHHbIE KOTOPBIX MIPUBEACHBI B Ta0I. 1 U 2, - TpexdazHeble.

K nynxkmy 2. DCKU3 MarHuTHON CHCTEMBbl U pa3MEIICHUS HA HEH
0OMOTOK CJIeIyeT BBIIIOJIHUTH B MaclliTa0e B TAKOM BUJE, KaK 3TO MOKa3aHO
Ha puc. 3.1 ¢ MPOCTaHOBKOW BMECTO OYKBEHHBIX OOO3HAUCHUM 3aJaHHBIX
pasMepoB TpaHcpopmaropa. Macmrad pPeKOMEHAYeTCs BBIOMPATh TaKHM,
YTOOBI TOPU3OHTAIIBHBINA pa3Mep pucyHKa coctasisul 150-200 Mmm nipu pasmepe
nucta 6ymaru ¢popmara A4.

OTtaenbHO clieyeT MmoKa3aTh cxeMbl coeanHenus ooMotok BH u HH,
o0ecrieynBarole MOMy4YeHWe 3aJaHHOM TPYNIbl COCAMHEHUS OOMOTOK
TpancdopmaTopa, a TaKxKe TonorpaduuecKyro Jarpammy,
MOJITBEPK/IAIOIIYI0 COOTBETCTBUE IMOIYYEHHOM Tpymibl 3aganuio [1], § 2.4;
[2],§2.8;[3] § 1.5.

K nynxkmy 3. a) BHawane cieayer paccuMtarh Maccy CTaJid B TpeX
CTEPXKHSX U JABYX spMaxX Tpex(a3HON MArHUTHOW CHUCTEMBI, UCIIOJIB3Ys €€
pa3Mepsl u3 Tabi. 2.3 U NpuHUMAas IUIOTHOCTh XOJIOJIHOKAaTaHOM cTaiu 7,

=7650 kr/m°.
OnpenenuTs pacueTHYI0 MAarHUTHYIO MHAYKIUIO B CTEPKHAX B, U B

apmax B, otagenbHo, npuHumas OJIC nepBUYHOM OOMOTKHM, paBHOMU

HOMMHAJILHOMY ITepBUYHOMY HanpsbkeHuto (BH).
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Puc. 3.1. Tpéxdazusrii panchopmaTop

B mpakTMke NpPUHATO pacCUUTHIBATh IMOTEPU XOJIOCTOrO XOJa
TpaHcopMaTopa, OmpeneNsisi X KaK MPOU3BEICHUE YACIbHBIX MOTEPh B
EAMHUIIE MACChl, BT/KT, 3aBUCSIINX OT PACUETHOW YACTOThl U UHAYKIIMU U
KaueCTBAa CTaJld, HA MacCy CTajd COOTBETCTBYIOLIEW YacTH MAarHUTHOM
cuctembl. [lotepu paccuuTHIBAIOTCS OTACIBHO JUJIsI CTEPHKHEU U SpM U
3aTE€M CYMMUPYIOTCS.

JloGaBoYHBIE TMOTEPH, BO3ZHUKAIONINE B MAarHUTHBIX CHCTEMaxX W3
XOJIOJJHOKATaHOW TEKCTYPOBaHHOW aHW30TPOITHOW CTalld BCIEACTBHE
HECOBIIAJICHUS  HAINpaBJICHUS  BEKTOpa MAarHUTHOM  MHAYKIMH  C
HaNpaBJICHUEM TMPOKATKH CTald, HEPAaBHOMEPHOTO pacIpeleieHuUs
UHAYKIIUU B CTEP)KHAX U SIpMax, a TakKe BBI3BAHHbIC MEXaHHMUYECKUMU
BO3JCHCTBUSMHU B MPOIECCE 3arOTOBKU IUIACTUH CTald M COOPKH OCTOBA
TpanchopMaTopa, MOTYT OBITh YYTEHBI IIOCTOSHHBIM KO3 duimenTom K,

HOTepI/I XO0JIOCTOI'O X04a

Px:Kﬂ.(pc.Gc_'_pﬂ.G,q)’
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rae p, W p, — YACIbHbIE IIOTEPU B CTadu CTEPKHEH U SPM,

ompeneneHHbie Mo Tadu. 3.1 I COOTBETCTBYIOIIMX MHIYKIIMH B CTEPKHE
B,  uBspme B, , Br/kr; G, u G,, — Macchl CTalll CTEpKHEHN U SpM, KT.

Taomuna 3.1

YaeabHble motepu p, BT/Kr, n yaejlbHasd HaMArHM4YMBAKOIIAS
MOIIIHOCTHL (, B-A/kr, mpu 4yacrore 50 I'm s X0JI0OJHOKATAHOI

3JIEKTpOTeXHU4YecKoi craiau Mapok 3404 u 3405 rtommmuoi 0,35 mm

V nenbHbIE TOTEPH p , Hamaran4uBarorias MOIIHOCTD (
Bt/kr B-A/kr
5 0 3405 3404 3405

(0,35 mMm) | (0,35 mm) (0,35 mm) (0,35 mm)
1,00 0,475 0,45 0,548 0,533
1,20 0,675 0,635 0,752 0,732

1,30 0,785 0,755 0,9 0,86

1,40 0,930 0,875 1,06 1,02
1,50 1,10 1,030 1,33 1,246
1,52 1,134 1,07 1,408 1,311
1,54 1,168 1,11 1,486 1,376
1,56 1,207 1,15 1,575 1,447
1,58 1,251 1,19 1,675 1,524
1,60 1,295 1,23 1,775 1,602
1,62 1,353 1,278 1,956 1,748
1,64 1,411 1,326 2,131 1,894
1,66 1,472 1,38 2,556 2,123
1,68 1,536 1,44 3,028 2,435
1,70 1,60 1,50 34 2,747
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1,72 1,672 1,56 4,48 3,547
1,74 1,744 1,62 5,56 4,347
Jlist IUIOCKOM IIMXTOBAaHHOM MarHUTHOM CUCTEMBI

tpanchopmaTopoB MomHOCTEI0 1000 kKB-A u Gonee ¢ MHOTOCTYIIEHYATHIM
CEUCHUEM CTEpKHS U spMa, C KOCBIMU CTBIKAMHU B YETHIpEX yrIiax u
NpSIMBIMU CTBIKAMHM B JBYX YIJIaX, COOpaHHOM M3 OTOXXKEHHBIX TUIACTHH
xoJiogHoKaTaHoM ctanu Mapok 3404 u 3405 c¢ tommmuoi miactud 0,30 u
0,35, mm (puc. 3.2, a) koadpdunuent K, = 1,40.

a) 6)

Puc.3.2. Cxema marauTonpoBoja Tpanchopmaropa:
a) U3 XOJIOAHOKATAHOW CTaJIM C KOCBIMH CTBIKAMU
0) U3 TOpsSYEKAaTaHOW CTAIU C IPSIMBIMU CThIKAMHU

s tpanchopmaropoB MomHOCTEIO 63-630 kB-A mpu npsiMbIx
CTBIKaX B IIECTH YTJIaX MarHUTHOM cuctemsl (puc. 3.2, 6) K,=1,8.

I[J'ISI pacd€ta TOKa XOJOCTOro XoJa pPacCUYUTBIBACTCHA O6HIa${
HaMaram4dyuBaroniasa MOIIIHOCTD MarHUTHOM CHUCTEMBI

Qx :R‘T'(qc.GC_Fqﬂ .Gﬂ)

rae 4, u ,— yAelIbHbIe HAMarHM4MBAIOLUE MOIIHOCTH JUISl CTAJIA CTEPKHEN
U sapM 1o Tabiu. 3.1 A5 COOTBETCTBYIOIIMX 3HAUYEHUN MHAYKIMU B, u B, ,
B-A/kr. Koadpduument K, yduTbIBaeT yBEIMYEHHE HaMarHWYUBaroIeH

MOIIIHOCTH, BBI3BAaHHOE BO3JICVICTBUEM paHee YHOMSIHYTBIX
KOHCTPYKTHUBHBIX, TEXHOJOTMYECKUX MU ApYyrux (axkrtopos. st miockoit
IIMXTOBAHHOW MAarHUTHOM CUCTEMbI BBIIICHA3BAHHBIX KOHCTPYKLMH JTOT
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KO3(QPUIMEHT MOXKET ObITh MPUHAT: MpU MOIIHOCTAX 63-630 kB-A K, =
11-110; 1000-6300 xkB-A K, =5; 10 000 u Beiie K,=4,5.

Toxk xonocToro xona:

AdKTHUBHas COCTaBJIAIOIIas

i —Px 0
oo = /10.5) 7

PCaKTUBHAA COCTABJIAIOIIAA

iOp :Q/(m.s)’ %,

MOJIHBIA TOK XOJIOCTOTO X0J1a
- .2 .2
g =[ig, +io, »
rae P, uamepsiercs B [Br], Q. —[B-A]; S — [kB-A].
Tok X0mocToro xoma MOXeT ObITh TAaKXKe OMpEeNieH U KaXI0ro
cTepkHs (Kaxaou (a3sl 0OMOTOK) OTAeNbHO. [Ipu 3TOM TOKOM X0JI0CTOrO

XoJa TpaHcpopMaTopa CUHUTAIOT CpenHee apu(METHYECKOe TpeX ITHUX
TOKOB

_ IOA +IOB +IOC
=,

|
0 3

PeayibHBIN TOK X0OJIOCTOTO X0J1a

IOA : IHOM . IOP ) IHUM . I0 : IHOM

loa = ly, = I, =
0A 0 0
100 ' 100 ' 100
rie |, — HOMHMHAJIBHBIA TOK IEPBUYHONM OOMOTKU (BBICIIErO
HANPSDKEHUS ),
P .
COSQy=—"—~= Q.

D sing,=——=r
LU, 3 T, 3

HOM
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[locne ompenenenuss MOTepp ©  TOKA  XOJOCTOTO  XOja
TpaHcopMaTopa  cleAyeT  IOJY4YEHHbIE€  JaHHbIE  CPaBHUTb  C
KOHTPOJBbHBIMU. Pe3ynbTaThl pacyeTa He JOJKHBI CHIIBHO OTIMYATHCS OT
KOHTPOJIBHBIX JTaHHBIX.

Cormacio I'OCT oTkioHEHHE TOTEPh M TOKa XOJOCTOIO XOja
TpaHchopMaTopa OT HOPMHUPOBAHHOTO 3HAUYECHUS HE JOJIKHBI OBITH OOJIBIIIE
+15% u +30% COOTBETCTBEHHO.

[1], §2.1,2.2; [3], §1.2; [4], § 8.2 u 8.3.

0) [TapameTtpsr CXEMBbI 3aMeleHus TpaHcdopMaTopa
PACCUUTHIBAIOTCS TIO TIapameTpaMm MepBUYHONM oOMOTKH (0OmMoTku BH) u
MOJIY4al0TCsl MPUBEJICHHBIMH K 3TON 0OOMOTKE

Ul

d) -

%= | Iy =2, -COS@,; X9 =2y -SINQ,.
0¢)

[1], §3.4; [2], §2.6; [3], § 1.4.

B) IIpu BBINONHEHUU 3TOr0 MYHKTa CIEIYET MPOU3BECTH pacCyeT
3HAUYEHUI BEJIMYMH MO METOJlY YKa3aHHOMY IS 1. 3, a Uil HanpsbkeHui U
=(0,5;0,7;0,9; 1,00 1,10) oT U, .

r) PaccuuThiBalOTCS TOTEpU XOJOCTOTO XOJa MPU HOMHUHAIHLHOM
HaIpsDKEHUHU TMepBUYHOM 0OMOTkH (0OMoTku BH) ¢ ydetom u3MeHeHus
WHYKLIWU [P U3MEHEHUH 4acToThl. [Ipu sTom

2 13

B f

P = =1 | —
X px50 B50 f50 y

TI€ P.sos By fso —HanHbIe mpu yacToTe 50 I'm.

K nynkmy 4. a) BHawazne cienyer paccuuTaTh Maccy MeTaia
oomoTku BH n obmotku HH, ucnoneszys pazmepsl 0OMOTOK M HMX 4YHCIa
BUTKOB, MPHUBEACHHBIE B Tabn. 1 wim 2, M 3CKU3 MarHUTHON CHCTEMBI U
pa3MelleHusl Ha Hell 0OMOTOK, BBITIOJIHEHHBIH 110 11. 2. [oTHOCTh MeTalna
o6MoOTOK Mean 7, = 8900 xr/m’, amomumms y, = 2700 xr/m’. Totepn
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KOPOTKOI'0 3aMbIKaHHA PaCCUUTBIBAIOTCA IJI Ka)KLLOfI OOMOTKH W 3aTeM
CYMMHUPYIOTCS
P . = +P,

ocH ocrl cH2

[Torepu KOPOTKOro 3aMbIKaHUsI TpaHcPopMmaTopa P, ONpenessioTcs
JUIsl OOMOTOK, UMEIONIUX HOMUHAIBHYIO SKCIUTYaTallMOHHYIO TEMIIEpaTypy
+75 °C. Ilpu omnpegenenun P, cieayeT yduyecTb, YTO MOMHMO OCHOBHBIX
(37IeKTpUUECKUX) TTOTEPh B OOMOTKAX BO3HUKAIOT J100aBOYHBIE moTepu. K
MOTEPSIM KOPOTKOT'O 3aMBbIKAHUS OTHOCSTCA TakKe IOTepU B OTBOJAX
(mpoBosiax) OT OOMOTOK K MPOXOAHBIM HM30JIATOpPAM M TMEPEKIIOYAOIINM
YCTPOWCTBAM, TOTEPU B CTAIBHBIX JETANSAX KPEIUICHUS MarHUTHOU
CUCTEMHBI U B CTEHKax Oaka; BbI3BaHHBIC TOJIEM paccesiHUs 0OMOTOK; U
oTBOJIOB. Bce 3TM n006aBOouYHBIE TOTEPH MOTYT OBITH OPUEHTHUPOBOUYHO
OIICHEHBI CPETHUM KO3 (PHUITMEHTOM IO OTHOIIEHUIO K OCHOBHBIM MOTEPSIM,
T.C.

PK :POCH ) k

rae k MoxeT ObITh MPUHAT IS TpexdaszHbIX TpaHCHOPMATOPOB
morgHocTeio 10 100 kB-A — 1,03; 160-630 kB-A — 1,06; 1000-6300 kB-A
-1,12.

OcHoBHble noTepu npu +75°C:

- B MEIHBIX 0OMOTKax

POCH.M - 2’4 ) J 2(30 ,

- B aJIIOMHUHHUEBBIX 0OMOTKaX

P =1275-3°G,

OCH.A4

2.
rae J — IIOTHOCTHh TOKa B 0OMoTKe, A/MM°; G, — Macca MeTaiia

OOMOTKH, KT.

HpI/I BBIBOIC BbIPAXKCHUSA P IIPUHATBI YKA3dHHBIC BBIIIC

OCH

IUIOTHOCTH METajla 0OMOTOK U YACJIBHBIC JJICKTPUYICCKUC COIIPOTUBJICHUSA



31

npu +75°C: memu p, = 0,02135 MxOm'M u amomunus p, = 0,0344

MKOM M.

0) [na onpeneneHUss HaNpsyKEHUsS KOPOTKOIO 3aMbIKaHUS CIIEIYET
HAalTH AKTUBHYIO I, M PEAKTUBHYIO X, COCTaBJIIOIINE CONPOTUBIICHUS

KOPOTKOTO 3aMbIKaHus TpaHchopMaTopa z, . [loTepu KOpOTKOro 3aMbIKaHUs

B TpexX (pazax 0OMOTOK

2
PK :3 IHOMQI) .rK

1
rac I — akKTUBHOE COIIPOTHUBIICHUEC OJHOM (1)2131:1 06MOTOK; OM;

| — HOMHNHAJIBbHOC 3HAYCHUC (1)33HOI‘0 TOKaA,

PK
"o %)’ Inzom.qb)'

AxTuBHas COCTAaBJIOIIasA HAIIPAKCHUA KOPOTKOI'O 3aMbIKAHUA,

HOM.Gh

dazHoe 3HAUCHHE:!
_ a.gp.
ad — IHOM.([7 ’ rK’ [B] wm Ua = U 100’ [%]
HOM.¢h

PeaktuBHas cocTaBisionas HANPSDKEHUS KOPOTKOTO 3aMbIKaHWS,
dazHoe 3HAUCHUE

Up.qb = IHom.qb X, [B]wm Y, = U’;‘j" ,100’ %
HOM.

rZie X, — PEaKTUBHOE COMPOTUBIICHUE OJHOU (ha3bl 0OMOTOK, OM;

. 2 2 _r
ZK —W/I‘K —I—xK : COS(DK—KK_

HpI/I pacuereZ,, U, U HUX COCTABIAIOIIHX I10Jb30BATHCA (baSHI)IMI/I

3HAYEHUSAMU HOMMHAIBHOTO HANPSOIKEHUS W TOKa IMEPBHYHON OOMOTKHU
(oomotku BH).

[1], §3.5 1 §3.6; [2], §2.6; [3], §1.4; [4], §7.1 u §7.2.
B) [1], §4.2; [2], §2.10; [3], § 1.6.
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K nynkmy 5. llpuBectn Bce mapameTpbl TpaHcpopMaropa K
nepBuyHOii oOMoTke (oOmorke BH). Ilpu mocTpoeHum auarpamMmbl

YCIIOBHO CUHUTATh, YTO X, =X, = % HIL=I= % . lpunsars U, =U, .

[1], §3.3;[2], §2.3; [3], § L.3.

K nynxmy 6. a) Ilpu pacuére KIIJ| ans pasnuuHblx 3HaueHuil |,

clelyeT y4ecTb, YTO BMECT€ C M3MEHEHHMEM Harpy3ku TpaHchopmaropa
IIPY HEU3MEHHOM HAIIPSKEHUM CETH KBaJAPAaTHUYHO M3MEHSIOTCS OCHOBHBIE
U J100aBOYHBIE MOTEPH B OOMOTKAaX, a TakKKe MOTEpHU, BBI3BAHHBIC I10JIEM
paccesHuss OOMOTOK M OTBOJOB B 0ake M KPEMEKHBIX KOHCTPYKIIHIX
MAarHuTHOM CHUCTEMBI, U MOTepH B oTBOAax. llorepm B cTanmum MarHuTHOMN
CUCTEMBI OCTAOTCS IPAKTUYECKH HEU3MEHHBIMH.

0) Cpennecyrounsiii KIIJ| paBeH OTHOIIEHHMIO 3HEPIHH, OTAAHHOU
TpaHc(hOpMaTOPOM BO BTOPUYHYIO C€Th B TEUYEHHE CYTOK, K IHEPrHH,
MOJTYYEHHON TpaHC(POPMATOPOM 3a TOT K€ TEPHO] H3; NEPBUYHON CETH.
Cyrounniii KT/l moxxeT ObITh HalizieH 110 popmyIie

(/312 Attt ~tn)~ P +24.-P

-1-
Uc COS¢2 .(ﬂlltl-l_ﬂZ .t2 ++ﬂn ltn)'SHo.eu +(ﬂ12 t1-}-ﬂ22 .tZ ++ﬂnz tn)Pk +24P¥

rae B, B,, ..., B, — OTHOLICHUE TOKA HArpy3KU K HOMUHAIbHOMY
TOKY JJIs OTPE3KOB BpeMeEHH t, t,, ..., t BBIpaXKEHHBIX B Yacax; S, —

HOMMHAJIbHAsE MOIIIHOCTh TpaHcopmaTopa, kB-A; P, u P_ —norepu

KOPOTKOTO 3aMbIKaHUS M XOJIOCTOr0 Xoa Tpancopmaropa, kBt. [1], §4.3;
[2], §2.10; [3], §1.6.

K nynkmy 7. B Tabn. 2.2 motepu U HaNpsiKeHHE KOPOTKOTO
3aMBIKaHUs JaHbl I HOMHHAIBHON MomHocTH obmotkn BH-S,, . ITpu

pacduere  mapaMeTpoOB  CXEMbl  3aMEIICHUS M JAPYrUX  JIaHHBIX
TpanchopMaTopa WX MPUBOJAAT K 4yucay BUTKOB oOMoTkM BH. Pacuer
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COHpOTI/IBJ'IeHI/II\/'I KOPOTKOI'O 3aMbIKaHUA I, x, U Z, IJIAd 11ap ooMotox BH—

CH; BH-HH wu CH-HH npou3BoasT kak sl JBYXOOMOTOYHOTO

TpaHcopMaTopa 4Yepe3 3aJaHHble IOTEPH W HAIpPSHKEHHE KOPOTKOIO
3aMbIKaHUS

_L 7 = uK .UHOM.gb X = 22 r2
K .12 , Tk y UK k Tk
3 IHOM.gb 100- Inom.qb
ITapameTpsl CXEMBI 3aMelICHUs X0y Xpy Xgu 0300 100 20,2, 2,

OIIPEACIIAOTCA HA OCHOBAHUH IIOJIYUYCHHBIX I, X, U Z, .

[Ipy mocTpoeHMHM BEKTOpPHOW AuarpaMMmbl — TpaHchopmaropa
PEKOMEHIYETCsl IPUHATH YIoJl MEXAY TOKaMu |, U |, paBHBIM o =@, — @, .

Jnarpammy pekoMeHayeTcs MOCTpouTh 1o puc. 8.4 [1]; wim puc. 1.37 [3].
[1], §8.1; [2], §2.12; [3], §1.8.

K nynxmy 8. B Tabn. 2.4 mpuBeaeHbl JaHHBIC JIBYXOOMOTOUHBIX
Tpex(dasHbix aBTOTpaHchopmaTopoB. [loTepu M HANpPSKEHUS KOPOTKOTO
3aMBIKaHMsI OTHECEHBI K OOJbIlIeMy W3 JUHEHHBIX HampsbkeHuh. Cxemy
COeIMHEHUs 0OMOTOK CM. Ha puc. 3.3.

[1], §8.2; [2], §2.13; [3], §1.7; [4], §3.2.

A a
Uab
B b v | Uy
A
y ch
C C Vv
Z

Puc. 3.3. Cxema coearHeHHsI 0OMOTOK aBTOTpaHc(opmaTopa
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K nynkmy 9.[1], §6.1, 6.2 u 6.4; [2], §2.11; [3], §1.9;

K nynkmy 10. YnapHblii TOK KOPOTKOTO 3aMbIKaHHsS — HauOoJblIee
MITHOBEHHOE 3HAYCHHE TOKAa KOPOTKOIO 3aMBIKAHMs ONpenessieTcs 10
AMIUIUTYZIHOMY 3HAQUEHHMIO TOKAa KOPOTKOIO 3aMBIKaHHS B COOTBETCTBUHU C
dbopmyroit

rae II(‘. yem u . k, - K03 (DUITMECHT, YUUTHIBAIOIIUI

arepHoOIMUECKYI0 COCTAaBIISIONLYI0 TOKA, KOTOPBIM MOXKET ObITh MpUHAT K,
=1,55 nns tpanchopmaropoB mourHocTei0 10 630 kB-A u k, =1,70 ms

TpanchopmaropoB mMorHocThio 1000-6300 kB-A; | — YCTaHOBHBILIMICS TOK

K.ycm

KOPOTKOI'O 3aMBIKaHUSI.
[1], §9.2; [2], §2.6; [3], §5.8; [4], §7.3

K nynxkmy 11. ]Ina pemeHus 3agauv pacupenciieHHs TOKOB IIPH
HECUMMETPUYHOM  HAarpy3ke IOJIB3YIOTCSI ~ METOAOM  CHMMETPHYHBIX
COCTaBJIAIOIIMX. Jlns OnpeneIeHUs COITPOTUBJICHUI HYJIEBOU
MIOCJIEZOBATEIBHOCTH ~ Z,, HYKHO MHCIIOJb30BaTh HANPSDKCHUE HYJIEBOM
nocienoBarenbHocTH U, puBeeHHoe B Tabn. 1 uiam 2, KoTopoe Jaercs B

MMponucHTax oT HOMUHAJIBHOI'O HaIIpsIKCHUA Inpu TOKEC HYJ'ICBOI;'I
IMOCJICA0OBATCIIbHOCTHU, PABHOM HOMHWHAJIbBHOMY TOKY:

I -z
Yo =| =5 100, 10m

HOM

Crnenyer OTMETUTH, UTO B TpaHchopmaTopax ¢ MarHMUTOCBA3aHHOU
TpexdazHoii MarHuTHOU CUCTEMON COIPOTUBJICHUE HYJIEBOU
NOCJICZIOBATEIIBHOCTH Z, 3HAYUTEIBHO MEHBIIE COMPOTUBIICHHS XOIOCTOTO
xona z,.

[1],8§7.1-7.4; 2], § 2.16; [3], § 1.10.
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3.YKA3AHUS K O®OPMJIEHUIO PACUETHOI' O
3AJTAHMSA

1. PacuetHoe 3amaHue odopmisieTcs Ha JUCTaX Nucdyed Oymaru.
®opmat A4 —297%210 mm.

2. TexcT mumeTcsl YepHUJIaMH WU IIapUKOBON pydkod. B Texcre
HEOO0XOAMMO TPHUBOIUTH BCE HCMOJIb30BaHHbIE (opmyinbl. [lomyueHHble
3HAYeHHUs  BEJIMYMH  JOJUKHBI  CHAOXaTbCsl ~ COOTBETCTBYIOIIMMU
pazMepHocTaMH. [lpu ucmosnb30BaHMM TaOJUYHOIO U CIIPABOYHOIO
MaTepualla 1aTh B TEKCTE KpPATKUE MOSCHEHHUS.

3. Dcku3bl U Tpaduku oQOPMIISIOTCS Ha MWIIUMETPOBON Oymare
¢opmata A4 B cOOTBETCTBMM ¢ EIuHON cuCTEMOM KOHCTPYKTOPCKOM
nokymenrtanuu (ECKJI). KpuBbsie 06BoaUTH 10 JIEKaIy.

4. PacueTHoe 3amaHue OpoOILIIOpYeTCs M CHa0XaeTcs THUTYJIbHBIM
JHCTOM C YKa3aHUEM:

a) Ha3BaHMsI pacueTHOTO 3a/1aHus;

0) HOMepa BapuaHTa U 0003HaYEHUs THMA TpaHchopMaTopa;

B) (dakynbTeTa U Ipynbl, (GaMUIUU 1 MHULIMAJIOB CTYJEHTA.
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4 KOHTPOJIBHBIE BOITPOCHI

1. O0bpscHHUTE HA3HAYCHWE U TIPUHIIAII JCHCTBUS TpaHchopmaTopa?

2. JI7is 9eTo MpOBOJAUTCS OTBIT XOJIOCTOTO X0/1a TpanchopmaTopa?

3. Kak nmpoBoaHTCS OMBIT KOPOTKOTO 3aMbIKaHUs TpaHchopmaTopa?

4. IlepeuncnuTe BUIBI TOTEPh YPHEPTUH B TpaHchopmaTope?

5. Urto Takoe rpymnmbl coeAMHEHU 00MOTOK TpaHcopmaropa?

6. B uém otnmuus aBroTpancpopmartopa u TpanchopmaTtopa?

7. Yto takoe ko3 uureHt tpanchopmanuu? Yem otnuvaercs GpasHblii
kod(duimeHT TpanchopMaluu OT JHHEHHOTO?

8. Kax omnpemenuts GasHeli W  JHHEHHBIH  KOA(DUIIUEHTHI
TpaHchopMalii PaCYETHBIM MTyTeM?

9. Kak ompenenuth K03hOUIUEHT TpaHCHOPMAITUU IKCIIEPUMEHTATHHBIM
nyrem?

10. MoxnHo U omnpeaenarb KodhduiueHt TpaHchoOpMallUM TPH
HANPSDKEHUH, OTINYAIOIIEMCS] OT HOMHHAJIBHOTO?

11. B yem 3akirouaercs OMBIT XojocTtoro xoxa Tpancdopmatopa? Ilo
KaKoii cXeMe OH ITPOBOJUTCS?

12.Yto Ha3pIBaETCSI TOKOM XOJOCTOTO XOJa M MOTEPSIMHU XOJIOCTOTO X012
TpaHcpopmaTopa? B Kakux eIMHULIAX OHU BBIPAKAIOTCS?

13. B xakux yactsx TpaHcpopMaTopa BO3HUKAIOT TOTEPH MPU XOJIOCTOM
xojie? Kakue U3 HUX COCTaBIIAIOT OOJIBIIYIO YaCTh MOTEPh XOJIOCTOr0 X027

14. TIpu ombITe XOJOCTOTO XOJa TEPBUYHON sBisieTcss oomorka HH.
MOo’KHO J11 B KaueCcTBE MEPBUYHON UCIONIb30BaTh 00MOTKY BH?

15. Yto Ha3bIBaeTCSa TOKOM XOJIOCTOTO X0/1a TpaHchopmaTopa?

16. Kakoii Bua wuMeeT cxeMmMa 3aMelIeHus Ui XOJIOCTOrO XoJa
TpanchopmaTopa? Kak ompenenuTs mapaMeTpbl CXEeMbl 3aMEIICHUs 0
JIAHHBIM OIBITa XOJOCTOT0 X04a?

17. B 4yem 3akir09aeTcs OIMBIT KOPOTKOTO 3aMbIKaHUs TpaHchopmaTopa?
ITo kakoi cxeme OH MPOBOAUTCA?

18. Uto Ha3bIBaeTCs HAMPSHKEHHEM KOPOTKOTO 3aMBIKAHUSI U TMOTEPSIMU
KOPOTKOTO 3aMbIKaHUsi TpaHchopmaropa? B Kkakux eaWHHIIAX OHU
BBIpaXXaroTcs?

19. B kakumx dactsax TpaHcopmaropa BO3ZHHKAIOT TMOTEPU MPU OTIBITE
KOPOTKOTO 3aMbIkaHus? Kakue u3 HUX COCTaBIISIIOT OOJIBIIYIO YaCTh MOTEPh
KOPOTKOTO 3aMbIKaHUS ?

20. Kakoii BHJI HMMeeT cxema 3aMeIICHHS TPU KOPOTKOM 3aMbIKaHUHU
TpaHncpopmaTopa? Kak omnpenenuTs mapaMmeTpbl CXEMbl 3aMEIICHHs I10
JAHHBIM ONBITa KOPOTKOT'O 3aMbIKAHUS?

21.Yto Ha3pIBaeTCSI M3MEHEHHWEM HAIPSHKCHHUS JIBYXOOMOTOYHOTO
TpancpopmaTopa? B kakux eIMHUIIAX OHO BhIpaXaeTcs?
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22. Kak yctpoeHn Tpexdaszusiii Tpancopmarop? OOBSICHUTE YCTPOHCTBO
MarHuTONpPOBOAA.

23. Kak ycrtpoensl onxHodasHble TpaHCHOPMATOPHl CTEPKHEBOTO U
OpOHEBOTO TUIIOB?

24. Kakue  MaTepuasbl  HUCHOJB3YIOTCS Ul W3TOTOBJICHUS
MarHuTOMPOBOIOB TpaHC(HOPMATOPOB?

25. Kakue morepu >HEpPrUU HU3MEPSIOTCA B ONbITAX XOJOCTOIO XOoJa U
KOPOTKOTO 3aMbIKaAHUS?

26. Ot kakux (aKTOpOB 3aBHUCAT TOTEPH B CTaId W B MEIU
TpaHchopmaTopa, paboratomiero Ha Harpy3ky. Kak 3t morepu
U3MEHSIOTCS TIPY N3MEHEHUH HATPy3Ku?

27. Kakue nBe COCTAaBIAIOIIME MMEET TOK XOJOCTOro xoma? Yem oHuM
00YyCJIOBJICHBI?

28. C Kakoil IENbI0 BBIMOIHSAETCS OINpENeJCHHe TPYIIBl COSAUHEHUS
00MoTOK TpexdazHoro TpaHchopmaTopa?

29. Ot 4ero 3aBUCUT NMPHUHAUICKHOCTh TpaHCPopMaTopa K TOH WM WHOU
rpymrme?

30. Yro o3HayaeT yuciao B 0003HAUEHUH TPYIIIBI COSTUHEHUS?

31. Kakumu criocobamu OmpeAesisiioTCs TPYIIITBI COSeTUHEHUS ?
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