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JTabopaTtopHas pabota Ne 1

NCCIEQOOBAHVE OHOPA3HOIO TPAHCOOPMATOPA
Llenb paboTsbl:

1. VNIayyeHne KOHCTPYKUUWN, YACHEHME CYLIHOCTU 3NEeKTPOMarHuT-
HbIX MPOLLECCOB B TpaHcopmaTope.

2. [MpnobpeTeHne HaBbIKOB 3KCNEPUMEHTAaNbHOIO NCCeaoBaHns
TpaHcdopmaTopa U onpegeneHne ero paboumx CBOMCTB MO AdaHHbIM
OMbITOB XONOCTOroO XoA4a M KOPOTKOro 3aMblKaHuS.

3. 3akpenneHne HaBblkOB B 0OOPMISIEHNN OTYETHOMN AOKYMeHTauumn
No pesyrnbTaTtam aKCnepumMeHTa 1 3almTa Nofy4YeHHbIX pe3ynbTaTos.

OCHOBHbIE CBEOAEHNA 3 TEOPUA

TpaHchopmMaTOpOM Ha3bIBAETCS CTAaTUYECKUA 3NEKTPOMAarHUTHbIN
annapaT, npegHasHavyeHHbIM Ons npeobpasoBaHUs 3NEKTPUYECKOMN
9HEPrMn rnepemMeHHOro ToKa OLHOr0 HarnpsiKEHUsI B 3NeKTPUYECKYHo
9HEpPrnio NepemMeHHOro Toka ApYyroro HanpsXKeHns ogHOW N TOW Xe 4a-
CTOThI.

TpaHchopmMaTopbl HAXOAAT LUMPOKOE NPUMEHEHUE B ANIEKTPOIHEP-
reTMke Npu nepegade v pacnpegeneHnn anekTpmyeckon aHeprun. OHu
LLMPOKO MCNOMb3YKTCA B CUCTEMAxX INEKTponuTaHms noTpebutenen
pasnUYHOro yHKUMOHANbLHOro HasHavyeHusa. BaxHyw ponb wurpatoT
TpaHcdopMaToOpbl B CUCTEMAX NMUTAHUSA YCTPOWCTB U CUCTEM TENIeKOM-
MYHUKaLNNA.

B paHHOm paboTe wuccnepyetcs ogHogasHbin TpaHcdopmaTop.
3aKOHOMEPHOCTU NMPOTEKAHUA 3NEKTPOMArHUTHbLIX MPOLIECCOB B HEM Lie-
NIMKOM NPUMEHUMbI U K TpexdasHoMy TpaHcopmaTopy, ecnm MMeTb B
BUay ogHy n3 dgas nocnegHero.

OcCHOBHble 3KcCnIlyaTauuOHHbIE CBOMCTBA TpaHcdopmaTtopa MOryT
ObITb onpederneHbl ABYMSA MNYTSAMU: HEnocpeaCcTBEHHbIM WUCMNbITaHUEM
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no4 Harpys3kon 1 no pesynbTaTam OMbITOB XOSIOCTOr0O Xo4a U KOPOTKOro
3aMblKaHUA.

[lna HenocpeacTBEHHOro UCNbITaHNA TpaHcdopmMaTopa TpebyeTtcs
rpoMo3aKkas M goporocrosiLiasl HarpysovHas annapartypa, B Xo4e Takoro
NcNbITaHUS UMEET MEeCTO DOSbLUOM pacxon 3NeKTPO3HEPrum, 0COBEHHO
AN MOLWHbIX TpaHcdopmaTopoB. CambiM rfiaBHbIM HEOOCTATKOM 3TOro
cnocoba siBNsieTcs 0YeHb HWU3Kasi TOMHOCTb MOJTyYeHHbIX Pe3ynbTaToB.
OTO O6BACHAETCA TEM, YTO K.M.[4. COBPEMEHHbBIX MOLWHbLIX TpaHchopma-
TOPOB BbICOK, @ 3Ha4nT nonesHasa P, n 3atpayeHHas P; MOWHOCTK OT-
nuyarTcs HesHauuTenbHo. B pesynbrtate 9Toro paxe Hebonblume
OWKnBKN NpM  MN3MEPEHUN MOLLHOCTM MPUBOAAT K 3HAYMTESIbHOW  MO-
PEWIHOCTM  MPU  BbIMUCNEHUMN K.M.A4., KaK BaXHeWWwen TEeXHUKO-
9KOHOMWNYECKOM XapaKTePUCTNKN TpaHcdopmMaTopa.

C ppyromn CTOpoHbl Bce paboyune cBoncTBa TpaHcdopmMaTopa Mo-
ryT 6bITb onpefeneHbl NoO pesynbTaTaM ONbITOB XONMOCTOro Xo4a U Ko-
POTKOro 3amblkaHusl, ANs NPOBEOEHUNSA KOTOPbIX HEe Tpebyetca 6o0nb-
lUMX  3aTpaT INIEKTPOIHEPIMM U HET HeobXOoAMMOCTU B TPOMO3AKOM
Harpy3oyHon annapaTtype. [1pyM 3TOM TOYHOCTb MOSYYEHHbLIX pesysibTa-
TOB OKa3blBaeTCs 4OCTAaTOYHO BbICOKON.

B nabopaTtopHon paboTte onpeaeneHne paboumx CBOMCTB TpaHC-
dopmaTtopa npoBOAUTCS MO peldynibTataM OMbITOB XONOCTOro Xo4a u Ko-
POTKOro 3amMblkaHnsl. PaccMOTpMM KpaTKO OCHOBHbIE MPOLIECCHI U 3aBU-
CUMOCTN, UMeKLLUne MecTo B TpaHcopMaTope B pPeXMMe XONOoCTOro
Xo4a U KOPOTKOro 3aMblKaHUSI.

OlbIT XOJIOCTOIO XOOA

B pexumme xonocTtoro xoga BTopuyHas obmoTka TpaHcdopmaTopa
pa3oMKHyTa (zy = «; noatomy |,=0), a K nepBn4HON OOMOTKE NOABOAMT-
CA HanpshkeHMe NepemMeHHOro Toka, BENIMYMHY KOTOPOro MOXHO perynm-
poBaTb C NoMoLLbto flabopaTopHoro asToTpaHcdopmartopa (JIATP).

Tok xonoctoro xoaa lig, MeLNn Mecto B nepBm4HON obMoTKe,
co3gaeT B MarHutonposoge TpaHcdopmaTopa OCHOBHOM MarHUTHbLIN
NOTOoK ®19 M MArHUTHBIN NOTOK paccessHna ®s;, CUENNEHHbIN TOMbKO C
NepBUYHON ODOMOTKOMN.
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OCHOBHOM MarHUTHbIA MOTOK MO 3aKOHY 3SIEKTPOMAarHUTHON UHAYK-

UM HAaBOAMT B NEPBMYHOM OOMOTKE 3.4.C. CaAaMOUHAYKUMM a BO BTO-

PUYHOW - 3.0.C. B3aMMOMHAYKUMU. [JencTeyoline 3HaAYEHUS ITUX
9.0.C. 3anncbiBalOTCA COOTBETCTBEHHO B BUAE

E]_ = 4,44f '¢m0'Wla
(1.1)

E2 = 4,44f . cDmo ‘Wo.
(1.2)

OTK 3.4.C. coBnagatoT no dpase Apyr ¢ Apyrom n otctaroT Ha 90°oT
BeKTopa MarHMTHoro notoka ®,,, KOTOPbLINA, B CBOK o4epenb, OTCTaeT OT
HamarHm4ymBaroLlero Toka l;p Ha HebOosbLIOM yron a 3a cYeT NnoTepb B
cTanm.

MarHuTHbln NoTok paccesHusi Ps; BbI3blBAaeT MNOsIBNEHUE B nep-
BUYHOW OBMOTKE 3.4.C. paccesHust Es;, AeNcTBME KOTOPOW YYNTLIBAETCS
BBEEHNEM MNOHATUA NHOYKTUBHOIO COMNPOTUBIIEHNSA PacCeAHUS NepBuY-
HOM ODMOTKM X;.

[MpunoxeHHoe K NepBUYHON OBMOTKE HanpsKeHne ceTn ypaBHO-
BewmBaeTca 3.4.C. camoumHaykuum Ei, 9.4.c. paccesHusa Es; u nageHu-
€M HanpshKeHUs1 Ha akTUBHOM COMPOTUBIIEHUMN 1 NEPBUYHON OOMOTKM:

Uio =-E1 + l1o- 11 + 110" X1.
(1.3)

B cBA3M ¢ TeEM, YTO TOK XONOCTOro xoaa l;o Mman, coctaBnALLNMU
l10- 11 (NageHneM HanpsKeHUs1 Ha akTUBHOM COMPOTUBIIEHUU NMEPBUY-
HOWM OOMOTKN) U |19+ X; (N@AeHMEM HaNPSXKEHUSI HA UHOYKTUBHOM COMpPO-
TUBNEHUN paccesHus) B ypaBHeHMN (1.3) MOXHO nNpeHebpeyb 1 cumTaTb,
YTO MPU XONIOCTOM XOoAe HanpsikeHue U;q ypaBHOBELUMBAETCS TOJIbKO
3.4.c. E., T.€. U =-E;.

TpaHcdhopmaTop npu paboTe B pexume XOrocToro xoga npea-
CTaBfsieT KaTyWKy C 3aMKHYTbIM CTasfibHbIM MarHMTonpoBOLOM, UHOYK-
TUBHOE COMPOTUBMEHNE KOTOPOMW, BeCbMa Benunko. OHO cKnaablBaeTcs
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N3 HOYKTUBHOIO COMPOTUBIEHUS, OOYCNOBMEHHOIO paccesdaHnem nep-
BUYHOWN OOMOTKM X; U UHAYKTUBHOIO COMPOTMBIIEHNA KOHTYpa HamarHu-
YMBaAHUSA Xo. [TOSTOMY TOK XONOCTOro xoAda TpaHcopmartopa man u co-
ctaBnsieT 5-10% OT HOMUHaNLHOrO Toka OOMOTKM |4y (B ManNOMOLLHbIX
TpaHcopmaTopax OH MOXET ObITb 1 BonbLUEe).

BektopHaa guarpamma TpaHcdopmaTopa B peXmme XOJI0CTOro
xofa 0e3 ydeTa nafeHust HanpsXKeHna Ha akTUBHOM UM MHOYKTUBHOM CO-
NpoTMBNEHNAX M300paxeHa Ha puc. 1.1, rge yron casura no ase
mexay Ui n 110 onpegenaetcs n3 dpopmynbl Ans koadpdunumeHTa MoLL-
HOCTH

I:)O
cos@, =—2>—, (1.4)
UlO ) IlO

roe Py - akTMBHaAs MOLWHOCTL, NoTpebnsiemasa TpaHcdopmMaTopoM U3
CeTU NMpu XoSsI0CTOM Xoae.

a

Upo=-E;
Do

e

Y E:2

v El

llO

e
3

Puc. 1.1. BektopHas guarpamma TpaHcgopmatopa B
pexmnme XosIoCToro xoaa

OTa MOLLHOCTb pacxogyeTcsl Ha NOKpbITUE NOTEPb B CTann MarHu-
TONpoBoAa - P.r (NOTEPU HA rUCTEPE3NC N BUXPEBbLIE TOKWN) U NOTEPL B
Mean nepBuUYHON 0O6MOTKM I°,0 - r;. C AOCTAaTOYHON TOYHOCTBHI MOXHO
cumtatb, 4To Py npmn Uy =U 1y pacxogyroTcst TONbKO Ha MOKPbITUE MO-
TEpPb B CTalu P¢r, TaK Kak NOTEPU B MeAN BBMOY ManocTU TOKa XONOCTO-
ro xoda nNpPakTUYEeCKN HUYTOXHbI. [109TOMY NPUHATO cumnTaTb, YTO NOTe-
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pu, onpenendemsie B OMbIT€ XONOCTOro Xo4a, paBHblI NOTEPSAM B CTanu
MarHMTonpoBoaa

Po = Pem- (1.5)
Kpome TOro, B onblTe€ XOSfIOCTOr0 xoga onpenensietca KoadpuuueHT
TpaHcpopmMmauum TpaHcopmMmaTopa Kak OTHOLUEHWE HarnpsXXeHun Ha
3aXnmMmax obOMOTKM:
Es _ W1 _Uio (1.6)

Ex W, Ujpg
TOK XONoCTOro xoga B NpoueHTax OT HOMUHANbHOrO ToKa NnepBuUY-
HOW OOMOTKU

N =

I
I =—2—-1009, (1.7)
0 |

1H

MOLLHOCTb XONIOCTOro Xo4a B MPOUEHTax OT HOMMHaNbHON MOLLHOCTU
TpaHcopmaTopa 1, COOTBETCTBEHHO, NOTEPU B cTanu B npoueHTax (%)

P’ —i-looo ’ :h-looo
o S, Y, (1.8) T = Som . (1.9)

Taknm obpa3om, MO AaHHbIM OMbiTa XONOCTOro xoda npu HOMU-
HanbHOM 3Ha4YeHUM nepBUYHOro HanpsbkeHnst Uy, NoO BEennyMHe ToKa
l,0 n noTepb Py, onpenendetcsa koOaPPUUNEHT MOLLHOCTU COS Pg U KO-
adppuumeHT TpaHchopmauum n. o pesynbTatam dKCrnepumeHTa CTpo-
ATCA rpadunyeckme 3aBUCUMOCTH lg, Pq, pct, €OS @ = f(U1), NpuMepHbIn
BN KOTOPbIX nNpeacTtasneH Ha puc.1.2. lapameTpsl 'y, P'o M pcr Crieqy-
eT paccumtaTtb ans U, = 220 B.



Po; lo  cos ¢o o
Pct 5
Po;
i Pct
i CcOS @¢o
Uy
0O o0 o U,

Puc. 1.2. Xapaktepuctukm TpaHcopmaTopa
B peXXnmMe X0fiocToro xoaa

N3 rpacpukoB BMAOHO, YTO TOK lo C yBenuyeHnem HanpsxeHus U;
N3MEHSETCS MPaKTUYEeCKNn MpPsAMONPoONnopUMoHanbHO A0 Tex Mop, MNoka
MarHMTonpoBoA4 TpaHcopmaTopa He HackllweH. B obnactn HacblweHus
TOK lp pacTeT 6onee MHTEHCUBHO.

MowHocTb, noTpebnaemas TpaHcdhopMaTopoM U3 CETU, pacxoay-
eTCA NPaKTUYECKN HA NoTepu B cTanu, T.e. Py = pcr. Npn nocTtositHHOM
yactoTe Toka nutatowen cetn (f = 50 'y) notepu B ctanun nponopumo-
HanbHbl KBagpaTy MarHUTHOM MHAOYKUWKW, a NOCNeaHAs NponopLMOHanb-
Ha MHOYKTMPYEMOM 3.4.C. camMounHaykumu E;. Tak Kak B pexmnme Xxono-
CTOro xoda aTa 3.4.C. NPaKTUYECKM paBHA HaMPsPKEHUKD Ha 3aXMmax
nepBMYHON 0BMOTKM TpaHcdopmaTtopa, To per = B® = E;* = U, 1 noato-
MY Po U per NPaKTUYECKM NPOMOPLUMOHanbHbl KBagpaTy HanpsikeHus W,
crniegosarernbHo, kpusble Py = f(U1) n per = f(U1) 6nnsku k napabone.

KpuBasga koadpdumumeHta MOLHOCTU cos ¢g = f(U;) ¢ yBenuyeHnem
HanNpsKeHMsa nNUTaloWen ceTu MMeeT Nagjarwmin xapaktep. 1o 06bsic-
HAeTCA TeM, YTO MO Mepe MOBbILWEHUS HaNpsKeHUs BO3pacTaeT mar-
HUTHbIA MOTOK N B CBA3WN C HaCbILLEHNEM MarHMTONpoBoAa 3HAYNTENBHO
BO3pacTaeT peakTUBHas cocTaBnsowas Toka xonocrtoro xoga. C ganb-
HEMWMM yBEeNMYEeHMEM HanpsbkeHuss U; B MariOMOLLHbIX TpaHcdopMma-
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TOpax Ha4vnMHaeT 3aMeTHO BO3pacCTaTb N aKTUBHAA COCTaBIIAOLLAA 3TOIO
TOKa BCJieaCTBnE yBeJIM4EHUA NOTEPL B MEN.

OlbIT KOPOTKOIO 3AMbIKAHNA

PasnuyatoT ABa B1naa KOPOTKOro 3aMblKaHMSA: dKCNyaTauMOHHOE,
NN agapuliHoe KOPOMmKoe 3aMbiKaHUe, U UCNbITaTeNbHbIV PEXUM, UMK
OrbIM KOPOMKO20 3aMblKaHUS.

[Mpu asapuliHOM KOPOMKOM 3aMbiKaHUU, KOrga HanpskeHne Ha 3a-
Xumax nepsuyHoOn 0O6MOTKM paBHO HOMMHaNbHOMY U4y, TOKM B 0OMOT-
Kax TpaHcdopmaTtopa B 10-20 pa3 npeBbiLalOT X HOMUHASIbHbIE 3Ha-
YeHMs1, YTO ONacHO Ans ULenoCTHOCTU TpaHcdopMaTopa Kak BCcrneactame
BO3HMKAKOWMX B OOMOTKax BecbMa OOMNbLUMX 3NEKTPOMArHUTHbLIX CWUII,
Tak 1 BCreacTBME Ype3MepHoro ux Harpesa. OB6bIYHO npeaycmaTpuBsa-
I0TCA ObICTPOAENCTBYOLLME CUCTEMBI 3aLlLnTbl, obecnednBatoLlme cBoe-
BPEMEHHOE OTKMAOYEHME TpaHcopmaTopa OT UCTOYHUKA 3nekTpuye-
CKOW QHEpPrnm npyv BO3HMKHOBEHMM TaKOro Buaa KOPOTKOro 3aMblKaHUA.

Onbim KOpoOmMKo20 3aMbiKaHUs ans TpaHcdopmaTopa He ornaceH,
N NMPOBOLUTCS OH C Lienbto onpeaesieHns ero napameTpoB Npu KOPOTKOM
3amblkaHun. B aTom cnyyae npu 3akKopOYEHHOW BTOPUYHOM OBMOTKE
TpaHc-popmMmaTopa K ero nepBUYHOM OOMOTKE NOABOAUTCS MOHMXEHHOoEe
HanpskeHne U x TakoW BenWYMHbI, NPU KOTOPOM TOKM B ODMOTKax
TpaHcopmaTopa paBHbl HOMUHambHBbIM. BennunHa aToro HanpshkeHus,
OTHECEHHasi K HOMUHANbHOMY 3HAYEHUIO HaNpPsXXeEHUA B NEPBUYHON O6-
MOTKE sIBNsSieTCA napameTpomM TpaHcdopmaTopa. Ero npuHATO Hasbl-
BaTb " HaNpshKeEHNEM KOPOTKOro 3amblkaHusa" n obosHavatoT Uk, OOBbIu-
HO OHO BblpaxaeTcs B NPOLEeHTax OT COOTBETCTBYIOLLEN0O HOMMWHASIbHO-
ro HaNpsKeHUs 1 ykasblBaeTCs B NAcnoOpTHbIX AaHHbIX TpaHcopmaTopa

U
Ux % = —1£-100 04 (1.10)
Uiy

BenununHa U % cornacHo TOCTy anst HopmanbHbIX TpaHcdopMaTopoB
HaxoguTcsa B npegenax 5,5-10,5%. Nockonbky HanpsxeHne U4k 1 3.4.C.
E. manbl: [Uq = (5-10%)U 44, a E4x =0,5U+], crnegosaTtesibHO, N OCHOB-
HOW MarHUTHbIN NOTOK Pk Takke HesHaumTeneH. OH cocTaBnsieT 0bbIY-
HO BeNUUMHY nopsigka 2-5% OT MarHMTHOro noToka TpaHcdopmaTtopa
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npu xonoctom xoge. Cnegyet 3aMeTUTb, UTO B BOMbLLUEN CTENEHU ITO
cnpaBeanuMBo Ans TpaHcdopmMaTopoB cpeaHen 1 B60sbLLON MOLLHOCTW.
MoaTomMy Ans aTnx TpaHCOPMaToOpPOB B OMbITE KOPOTKOrO 3aMblKaHUS
noTepsiMu B CTanu MarHMTonpoBoAa Pcr, NPONOPLMOHANbHbIMN KBagpa-
TY MarHUTHOW MHAOYKUUW, N HAMarHM4YMBaKLLUM TOKOM |1o MOXHO npeHe-
Opeyb 1 cumTaThb:
Pr = (v + Puma) + Perk = Pm = Pak - 11+ Pok - 1o,
(1.11)

2 _ 2 _
roe % - ri = pur. 1“2k T2 = Pm2.

B mManomoluHbIX TpaHcopmaTopax Tok |, gocturaet 40-50% ot
HOMWHAaNbHOrO 3HAa4YEHNS TOKa NEPBUYHON OOMOTKM |1y. [TpUMEHUTENBHO
K OMbITYy KOPOTKOrO 3aMblkaHna aOns aTux TpaHcdopmMmaTopoB |y = Iy, ,
NO3TOMYy NOTEPAMU B CTann gnga aTux TpaHcopmMaTopoB rnpeHebperatb
Henb3s, U crnegyeT yuntbiBaTb UX No popmyne pcrx = Pk - pw.

3Has HanpsKeHne KOpOTKOro 3amblkaHus U4k, NpU KOTOPOM TOKU B
obmMOTKax TpaHcopmaTopa OCTUraloT CBOUX HOMUHAMbHbBIX 3HAYEHWUHN,
No BeNUYnHe Toka lik = l4y U noTepam Py MOXHO onpeaenutb Ko3ddu-
LMEHT MOLLHOCTM COS (g U NMapameTpbl CXeMbl 3aMeLlleHuss TpaHcdop-
MaTopa B PEXMME KOPOTKOro 3aMblKaHUA Zg, g, Xk.

c0S R r P
0 =T (1.12) k- (1.13)
U1k |1,<
U
_VK 2 2
ZK——IM’ (1.14) X =440 (1.15)

ConpoTuBneHus zg, rg U Xx Ha3biBalOTCA COOTBETCTBEHHO MOSTHbIM,
aKTUBHLIM N WHOYKTUBHBLIM COMPOTUBIIEHUSIMU KOPOTKOrO 3aMblKaHUS
TpaHcgopmaTopa.

[Mo pesynbTatam 3KCnepumeHTa CTPOATCA rpadpuyeckme 3aBUCK-
MOCTU lik, Ik, Pk, Pu, €OS @k = f(Ux), npuMepHbIN BUA KOTOPLIX Npea-
cTaBneH Ha puc.1.3.
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p I 1K;
Mo gk
COSQP

0 0 O

Puc. 1.3. Xapaktepuctukm TpaHcopmaTopa
B peXXnMe KOPOTKOro 3aMblKaHUS

3 rpacmkoB BUAHO, YTO 3aBUCUMOCTH |1k = f(Uk) 1 Ik = f(Uy),
NpaKTU4YECKM NPAMOSIMHENHBI T.K. NPU Manom HanpseHmnn Uy MarHuTo-
NpoBog TpaHcdopmaTopa U TOKM U3MEHSATCA NPAMONPONOPLUMOHANbHO
HanNpPs>KeHUIo.

MowwHocTb Py B mccnegyemMom MarioMOLHOM TpaHcdopmaTope
pacxogyeTca B OONblUEN CTEMNEeHW Ha HarpeBaHWe MPOBOLHMKOB nep-
BUYHOW N BTOPUYHON OOBMOTOK Py, @ B MEHbLUEN CTEMNEHM Ha NOTEPU B
cTanu MarHuMTonpoBoa Pcrk. [109TOMYy Xapaktep uaMmeHeHua Py 1 py
onuceiBaeTcs napabonamu. OgHako 3aBucumocTb Py = f(Uk) oTpaxaeT-
cs bonee KpyToBOCXOAsILLEN BETBbIO MO cpaBHeHUo c¢ py = f(Ugk). Ux
pasnuume obbACHAETCH Ooren NnoTepb B CTalnu Perk B COCTaBe NoTepb
Pk.

3aBucumocTb cos @k = f(Ux) ocTaeTca no4tm Heus3MeHHOW, T.K. COo-
OTHOLLUEHWE MeXOy  aKTUBHbIM W WHOYKTUBHBIM COMPOTUBIIEHNAMM
TpaHcdopmaTopa NOYTU HE U3MEHSETCA.

NMNOCTPOEHME 3ABUCUMOCTN KOSPONLUMEHTA MOJIESHOIO
OENCTBUNA TPAHCOOPMATOPA OT HATPY3KU
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KoadbdpuuneHT nonesHoro p[encreus wmuccnenyemoro TtpaHcdop-
MaTopa BbIYUCIIAETCS NO AaHHbLIM OMNbITOB XOSTOCTOro Xo4a U KOPOTKOro
3aMblKaHMA NO BblpaXXeHWIO:

7="2.10005=— 2 .10005=— 2 1000 =
Py

Po+Zp Po+Pem+ Py

.
%=——2 1009
o= p p. 100% (1.16)

rae P, =U,y - |y - COS @, - akTMBHAsA MOLWLHOCTb, OTAaBaemMasi TpaHc-
dopmaTtopom B Harpysky (3HadeHust Uy 1 |y Be-
PyTCA M3 MacnopTHbIX AaHHbIX TpaHchopmaTto-
pa);

Pct - NOTEPU B CTanM MarHMTonposoga TpaHcopma-
TOpa, KOTopble onpeaensatTcs B ONbITE XOSIOCTOro
xopa: Po = pcr npn U; = Uy = 220 B; B panb-
HeMWeM Per MNPUHUMAEM He 3aBUCALLMMUM OT
Harpyskm TpaHcdopmaTopa.

Pm = PwmH7s - NOTEPU B Mean 0BMOTOK TpaHCcopmaTo-
pa, onpegensieMble B ONbITE€ KOPOTKOro 3aMblKaHUS
npun HOMUHaNbHOM Toke |,y =0,2 A, HO NnpuBeaeH-
Hble K TemnepaType 75 C kak aToro TpedyeTt
FOCT.

OnbIT KOPOTKOro 3amMblkaHMsA OBbLIMHO MPOBOAUTCA MpPU  Temnepa-
Type okpyxatouwen cpenbl t°C. lNpueseneHne k temnepatype 75°C ocy-
LecTBnsaeTcs no opmyrne

PmHzs = Pu - [1 - a (75°-t°)],
roe a = 0,004 - TemnepaTtypHbIM KOS(PPULMEHT ANa Meau;
t°=15C.

BoipaxeHue (1.16) npumeHnmMo ans onpegenenus K.n.a. TpaHcdop-
MaTopa TONbKO NPy HOMUHANbLHOW Harpyske.

Korga TpebyeTca onpeaenntb K.n.4. TpaHcdopmMaTopa B LLUMPOKOM

AvanasoHe Harpys3ok TO BBOOAT MOHATME O KO3MMULIMEHTE 3arpysku
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TpaHcopmaTopa, paBHOM OTHOLLEHMIO TEKYLLIEro 3Ha4yeHUs BTOPUYHO-
ro Toka K ero HoMuHanbHOW Benn4YnHe, T.e.

12
p=—2 .
o (1.17)

C yyeTom TOro, 4YTO MOTEPU XONOCTOro X04a MPakTUYECKUN He 3a-
BUCAT OT Harpy3ku (Po = const), a noTepn KOPOTKOro 3amblkaHUsi n3me-
HAITCA NO KBagpaTUYHOW 3aBUCMMOCTWU OT Toka Harpysku (Px = pu =
:Bz-pMH75, dopmyna (1.16) npuHumaet BuAa;

PP 100 0y,

PP +Po+ 87 Pynts

[padcpukn 3aBucumocten pcr =f(B), pm =f(B) n n =f(B) npeacrasne-
Hbl Ha puc. 1.4. 3apaBascbh 3HadeHusasmu B, pasHbimn 0,12, 0,25, 0,5;
0,75; 1,0; 1,25, cos ¢, = 0,8 MOXHO BblYMCNUTL K.MN.4. TpaHcdopmaTo-
pa ona yKasaHHbIX 3Ha4YeHUn KoadhULMeHTa 3arpyskm B n NnocTpouTb
3aBucumocTb N =f(). PesynbTaTbl pacyeToB 3anuceiBatoTcs B Tabn. 1.3.
Mo gaHHbIM Tabnuupbl cTposATes 3aBucumMocTu per =f(B), pm =f(B) u

n =f(B).
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Pm

[ el I ——

0 0

Puc. 1.4. 3aBUCUMOCTM NOTEPL U K.N.A. TpaHcdopmaTopa
OT HarpysKku

MEPbI BESOIMNACHOCTW NMPW BbITTONHEHAN
OKCMNEPNMEHTA

1. MNepen BKNOYEHNEM TpaHCcopMaTopa B 3NEKTPUYECKYIO CXEMY
Heo6xoaAnMMO TLUATENIbHO NMPOBEPUTL COOTBETCTBME €ro BXOAHbLIX U Bbl-
XOOHbIX 3aXMMOB, a TakKe COOTBETCTBME M3MEPUTENbHLIX NpUbOpPOB,
HeobXxoaAnMbIX ANst NPoBeAEHUS CCrneaoBaHUMN.

2. lNepen nogaden nUTaHUS Ha cCxeMy HeobxoguMmo MpPOBEPUTb
YCTaQHOBKY COOTBETCTBYIOLUMX [OAaHHOMY ONbITY NpenenoB M3MepeHun
MHoOronpegenbHbix npubopos. Ocoboe BHUMaHME HeobXxoaMMo yae-
nuTb BbicTaBke JIATPa B ncxogHoe nonoxeHue (B KOTOPOM HanpsiXeHune
Ha €ero BbIXOAE PaBHO HYSIO) B ONbITE KOPOTKOro 3aMblkaHnda, Mbo nto-
b6oe HebonbLloe nepemelleHne nonadyHka JIATPa Bbi3biBaeT 3HAYUTESb-
HOe BOo3pacTaHue ToKa B Lenn nabopaTopHOM YCTAHOBKU, YTO MOXET
NPUBECTN K NOBPEXOEHUID IMEKTPOU3IMEPUTESbHBIX NPMBOPOB N TpaHC-
doopmaTtopa.

3. MNMpu npoBegeHUM SKCNEpPUMEHTA 3anpeLLaeTcs:

- UIBMEHATb CaMOCTOSATESIbHO 3SIEKTPUYECKYHD CXEMY BKITHOYEHUS
TpaHcopmaTopa;
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- OCTaBnNATb TpaHcdhopMaTop BO BKIKOYEHHOM COCTOSIHUW Ha O0S-
roe Bpemsi n 6e3 Hag3opa;
- KacaTbCa 3aXMMOB TpaHcdopmaTopa W HEU30NMPOBAHHbLIX
KnemMm Uenu, genaTtb MNEpeknioyeHna B CXeMe, Haxogsuwenca nopg
HanpsiKeHNEM.

COCTAB TABGOPATOPHOW YCTAHOBKM

JTabopaTopHasa ycTaHoBKa COCTOUT N3 uccnegyeMmoro ogHodasHo-
ro TpaHcdopmartopa, JIATPa gna nsmeHeHns BXOOHOrO HanpsXKeHUsa U
aneKkTpomsmepuTenbHbIX NPMBopPoB (Kak ogHonpeaenbHbIX, Tak U MHOTo-
npegernbHbIX), COCTaB U npeaenbsl U3MEPEHUN KOTOPbIX MEHSITCA OT
onbiTa K onbITy. OTU NPUOOPLI B pasfnyHbIX ONbITax MMET crieayoume
npeaenbl N3MepeHni:
a) onbIT XONOCTOro xoAa:
- munnmeonbTMmeTp PV1 tnna B3-38;
- munnmeonbTMmeTp PV2 tnna B3-38;
- munnuamnepmeTp PA1, - 0-75 mA;
- BattmeTp PW1 tuna [ 580.
6) onbIT KOPOTKOrO 3aMblKaHUSA:
- munnmeonbTMeTp PV1 tnna B3-38;
- amnepmeTp PA1 - 0-0,5, 0-1 A;
- amnepmeTp PA2 - 0-0,5, 0-1 A;
- BattmeTp PW1 tnna [ 580.

Bo Bcex onbiTax npegensl NU3MepeHnUss BaTTMeTpa YycTaHaBfvBa-
loTCcs ucxoast u3 npegenoB nusamepenna PA1, PU1 n PW1, BKNOYEHHbIX
B Lenb NepBnUYHOM 06MOTKM TpaHcopmaTtopa.

NOPAAOK BbIMNMOJIHEHNA PABOTHI

1. N3y4nTb KOHCTPYKUMIO TpaHcopmartopa, UCNomnb3ysa CTeHAbl,
MakeTbl U 06pasubl TpaHCopMaToOpPOB, MPUMEHSIOLLNXCA B TEXHUKE
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cBsa3n. ObpaTuTb BHMMaHME Ha pasHoobpasne KOHCTPYKUMW MarHuTo-
NPOBOAOB N pa3meLleHne 06MOTOK BbICLLErNO N HA3LWEro HanpsikKeHUNn.

2. [lpoBecTn onbIT XONIOCTOro Xxo4a, A Yero:

a) cobpaTtb cxemy onbita (puc.1.5), obpaTmB BHUMaHME Ha TO, YTO
Ha cxemy nogaetcs HanpsbkeHue 220 B. Yboegutbcs, 4TO Non3yHoK J1A-
TPa noBepHyYT NpOTUB YaCOBOW CTPESIKM OO YyNopa;

0) nogatb Ha cxemy nutaHue. BobicTaBnsasa ¢ nomowbio JIATPa
HanpshkeHne Ha nepBUYHON OOMOTKE TpaHcdopmartopa, nocnenosa-
TenbHo (130, 160, 180, 200, 220, 240) B, cHATb Noka3zaHMsa Npudopos.,

*
, JATP ) | ;I\pW (D)o

* N
220 B @@ ‘ @@
O & O

Puc. 1.5. Cxema ncnbiTaHusa TpaHcdopmaTopa npu onbiTe
X0M0CTOro xoaa

obpatne ocoboe BHMMaHME Ha NpaBuIibHOE onpeneneHne nx UeHbl ae-
neHus. lNokasaHua npnbopos 3aHecTn B Tabn.1.1.

Tabnuua 1.1

HabnopgexHunsa BbluncnenHus NpnmeyaHus

Uio| lio | Uzo [Po | Pmt | PcT | COS @o| N
B| A| B [Br | Br| Br % Pu1 = PPak - Fa;
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Pcr = Po - l10° - 11;
P
_ 0 -
COS ¢ g=———=—
Yoo
Uio
n= .
U2o "
3HayeHune r; bepetcs u3
NacrnopTHbIX OaHHbIX

TpaHcdopmaTopa.

B) CHM3UTb C NnomMoLubto JIATP HanpskeHne 0O Hynst Ha nepBuy-
HOW 0OMOTKe TpaHcdopmaTopa, BbIKMIOYNTL NMUTaHKE;

r) Mo pesynbTatam BblYUCIIEHUN ONpeaeniMTb U NOCTPOUTL rpadum-
Yyeckne 3aBUCUMOCTU lg, P, pct, COS @ = f(U,).

3. MNMpoBecTn onbIT KOPOTKOro 3amMblkaHUA TpaHcdopmMaTopa, And
yero:

a) cobpaTtb cxemy onbiTa (puc.1.6.);

*
NATP
O pAl ™ pwW - O O
220 B @D @9
O - O O

Puc. 1.6. Cxema ncnbiTaHnsa TpaHcdopmaTopa nNpu onbIiTe
KOPOTKOro 3aMblKaHMs

6) nogatb Ha cxemy nutanHume. C nomowpbio JIATPa mnameHsaTb
HanpsbkeHMe Ha nepBuYHOM OBMOTKe TpaHcdopmaTtopa OT Hyns o
3Ha4yeHus, Npu KOTOPOM TOK BO BTOPUYHOW OOMOTKE TpaHcdopmaTopa
AOCTUTHET CBOEro HOMUHaNbHOro 3HaveHus (loy = lok). Ha aTom mnHTep-

Bane CHATb MNokKasaHusi npubopoB B 4-5 Todkax M 3anucaTb UX B
Tabn.1.2. o pesynbTatamMm BbIYUCIIEHNI ONPeaenMTb N NOCTPOUTb

Tabnuua 1.2
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HabnoaeHunsa Bbluncrnenus [MNpnmeyaHus

Uil ik | ik [Pk | Pm | PcTk| cOS
Bl A| A (Bt | Br| BT | o« P = Picerat Poger;
Pctk = Pk - Pwm;

P
cosp =—K

K Ul}{IlK,
r Zi. Z :U—K

K|2
1k

3HayeHmsa r, n r, Oe-
pyTCA M3 NacnopTHbIX
AaHHbIX TpaHcdopma-
TOpa.

rpadounyeckme 3aBuUCUMOCTHU |4k, lok, Pk, pm, €0S @k = f(Uk) n napameT-
pPbl CXEMbI 3aMELLEHUA ONA peXxuma XOonocToro xoga TpaHchopmaTopa
Zk, Tk, Xk.

B) CHM3NTb C nomoLlubto JIATP HanpskeHne 0O Hyns Ha nepBud-
HOM 0OMOTKe TpaHcdopMaTopa, BbIKIIHOUYNTL NUTAHKE.

4. PaccuntaTtb KO3 dPUUMEHT NOME3HOro AenUcTBus TpaHchopma-
TOpa 1 NOCTPOUTb €ro 3aBMCUMOCTb OT Harpysku, 45s Yero:

a) ucnonb3ys BblpaxeHue (1.16) paccumtaTb K.n.4. TpaHchopma-
TOpAa;

6) ncnonb3ys BoipaxeHue (1.18) n 3agaBadcb 3Ha4YeHUsIMU 3 paB-
HbimMu 0,12, 0,25, 0,5; 0,75; 1,0; 1,25, BblMUCINTb K.N.4. TpaHcdopmMaTo-
pa. Pe3synbTaThl pacyetoB 3aHecTn B Tabn. 1.3. [lo gaHHbIM pacyeTa
NOCTPOUTb 3aBUCUMOCTU Pct, Pm, N = f(B).

Tabnuuya 1.3

HabnwaeHus Bbluncnenus
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B |Pau| Po |Px B*Pan| B® | B*Pk| n
BT B |BT BT BTt | %

COOEPXAHUVE OTHETA

CxeMbl UCNbITaHUI TpaHcdopmaTopa B OMNbITE XONOCTOr0 Xoaa

N KOPOTKOIo 3aMblIKaHUA.

2,

© ©®NO OAOW

1.
2.
3.

Tabnuupl ¢ pesynbTataMmn USMEPEHUIN N BbIYUCTIEHNNA.
PacuyeTHble hopMyribl.

[‘padonyeckue 3aBUCUMOCTH lg, Po, pct, COS Qo = f(U1).
[‘padonyeckue 3aBucUMocTn g, lxk, Pk, pm, €0s @k = f(Uk).
PacuyeTHoe 3HayeHne napameTpa Uk %.

[‘padmyeckme 3aBUCUMOCTU Pct, Pm, N= F(Uk).

BbiBOAbI NO KaXQoMy aTany aKcnepmMeTarbHbIX UCCieJoBaHNN.
NToroBkle BbIBOALI MO paboTe.

KoHTpOsibHblE BONPOCHI
YTo HasbiBaeTcAa TpaHcdhopmMaTopom?

HapucoBaTb NonHyo cxeMy 3amelleHus TpaHcgopmaTtopa.
HapucoBaTb BEKTOpPHYI Avarpammy TpaHcdopmaTtopa, paboTa-

OLLEro Ha aKTUBHO-UHOYKTUBHYIO Harpysky.

4.

C kakon uenbto nepBuyHasa n BTopndHast obMoTkn TpaHcdopma-

Topa pasmeLllalTcs Ha MarHUTONPoOBOoAE OAHAa Haj ApYron?

5.

Topa?

6.

Kakue cywiecTtByoT cnocobbl onpegenenus K.n.4. TpaHcdopma-

HapucoBaTb BeKTOpHytO guarpammy TpaHcgopmaTopa B pe-

XMMe XOJ10CTOro xoaa.

7.

UTto Takoe npuBedeHHbIN TpaHcdopmaTtop? KakoBbl yCroBus

1 bopmynbl NpuBeaeHUNA?

8.

KakoBa cxema 3amellleHuss TpaHcdopmaTtopa npu KOPOTKOM 3a-

MbIKaHUN?
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9. KakoBa cxema 3amelleHnsa TpaHcopmaTopa npu XOsI0CTOM XO-
ne?

10. NoAacHUTL xapakTep U3aMeHeHns 3asucumocTen lg, Py, per,
cos Qo = f(Uy).

11. lNoAcHUTL XxapakTep Wu3MeHeHus1 3aBucumocTten lq, lx, Pk,
Pu, cos @k = f(Ux).

12. TloACHUTL rpadoMkKn U3MEHeHUs 3aBUCUMOCTEN Pct, Pm, N =
=f(B).

13. TpaHcdopmaTop, paboTaeT B pexxmme XonocToro xoga. Kak ns-
MEHUTCA rnepsBasi cCoCcTaBnsAlLaa B NpaBon Yactu ypaBHeHna U, = -E; +
I1-(ry + J-X1) ecnn mMaTepuan MarHMTONpPoOBOAa CMEHUTb CO CTasniM Ha
OpOoH3y?

14. TloCTpoUTb BEKTOPHYIO Anarpammy BTOPUYHOM LENU TpaHC-
doopmaTopa 4na pexxmma akTUBHO-€MKOCTHOW Harpysku.

15. Kak cnegyeTt N3MEHUTb YMCIO BUTKOB Wi NEPBUYHON OOMOTKMU
TpaHcopmaTopa, 4YToObLlI NpU yBENUYEHHOM B 3 pasa HanpsbKeHUn nu-
TaHus U; BbIXOAHOE HarnpsiXXeHne YMEHbLUMNOCH B 2 pasa.

16. TpaHcdopmaTop, HopmarnbHas paboTa KOTOPOro paccyuMtaHa
npu U=220 B, f= 50 "y, BKNo4aloT B CETb C TAKUM Xe HanpsikeHnem
nf =400 lNy. Kak nameHnTCcs TOK B Harpy3ke n ToK B NnepBMYHON 0OMOT-
Ke.
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