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JIABOPATOPHAS PABOTA Nel



«HMccnegoBaHue 3/1eKTPUYECKOH I{eNH NPH CMeIlIaHHOM BK/IIOUeHHU IPUeMHUKOB»
Ilennb: DKCnieprMeHTalIbHBIM IIyTeM IIPOBEPUTH pe3yJIbTaThbl pacueTa MPOCTOM 3/1eKTPUUeCKOM Lieln

3agaHue

1. B nporpammMHo#i cpesie Multisim v apyrom 1O (MoAyIMpoBaHUS 37IEKTPUUECKHUX CXeM) coOpaThb
YCTAaHOBKY IO CXeMe pacueTa MPOCTOM LieNu MOCTOSTHHOTO TOKA, BK/IOUMB B KaXIyH BeTBb
amMIiepMeTp U BOJIbTMETP /il U3MePeHUsT TOKOB.

2. BK/IIOUWTB pEXXUM CUMYJISILIMU U CHATH MOKAa3aHWs aMIIepMeTPOB.

3. Pe3ysbTaThl M3MEPEHUH M PACUETOB 3aHECTH B TaOJIUITY

Pe3sysbTaThl pacuera Pe3ynbTaThl M3MepeHus
Tok, A Harnpsikenuve, B Tok, A Harnpsikenuve, B

Pesucrtop

R1

R2

R3

R4

R5

R6

4. CopepkaHue oTyeTa

1. Tema, Liesib.

2. Cxema ucceioBaHuH (CKpUH 10/ CBOel (hamustreit) (¢ pe3ybTaTaMyd U3MepeHUH).
4. Tabnuija C OMBITHBIMUA U PaCUe€THBIMH JJaHHBIMH.

5. BeiBoiBI 110 pabore.

IIpumep
Ncxopnas cxema
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JIABOPATOPHASI PABOTA Ne2
Tema: UcciegoBanue pexxumoB padoTsl ogHoda3zHoro Tpancopmaropa (XX, K3, moa Harpyskoii)

TpaHcdopmMaTopoM HasbIBaeTCsl CTaTUUeCKWI 3/1eKTPOMAarHWTHBIM ammnapar, CayXKalui s
npeobpa3oBaHusl IepeMeHHOI0 TOKa OZJHOTO HarlpshKeHHUs! B TiepeMeHHbIM TOK /Ipyroro HaripsbkeHusi 6e3
V3MEHEeHUs YaCTOTBHl.

Tpanchopmarop 6bu1 nM300peTeH B 1876 rofly 3HaMeHUTHIM PYCCKUM 3jeKTpoTexHMKoM I1.H.
s16moukoBbiM. CoBpeMeHHbIe TpaHC(HOPMATOPbl BeCbMa Pa3HOOOpa3HbI B CBOEM HCIIOJHEHWH U MOTYT
ObITh 0fiHO(A3HBIMY, TPeX(a3HbIMU U CIeLMaIbHBIMU.

TpaHcdopmaTopel MOMYyYXIA paclpocTpaHeHWe KaK YCTPOMCTBa, MO3BOJISIOIIME IepefiaBaTh
3/IEKTPUUECKYIO0 SHepryii0 Ha Oosibliiie paccTosiHUsI 0e3 CyIeCTBEHHBIX 3HepPreTHyecKuX I0Tepb B
MHUSX Jnektporiepefad. C WX TOMOMIBIO TakKe OCYIIECTB/sieTcsi O0beAWHEHWe HCTOYHUKOB
3JIeKTPUUYECKOM SHEpPrMM IepeMeHHOr0 TOKa pas3/WYHbIX YPOBHeH HamlpsKeHUWW B eJUHYIO
SHepreTUYeCcKyr CUCTEMY.

YcTpolicTBo TpaHC(opMaTopa CXeMaTU4YHO I0Ka3aHo Ha puc.l.
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Ha 3aMKHyTOM cep/ile4HrKe, COOpDaHHOM W3 JINCTOBOM CTaJlv, PACIIO/IOKEHbI /[Bé N30/ IMPOBAHHBIE
oomoTku. K ofHOM M3 HUX C UMCIOM BUTKOB W1 MOJBOAMTCS 3/IeKTpUUECKasl SHEPTHsi OT UCTOUHMKA
repeMeHHOT0 TOKa. JTa 0OMOTKAa HOCHT Ha3BaHWe TiepBUYHOM. OT [Apyroi, BTOPUYHOU OOMOTKH C
YMCJIOM BUTKOB W2, S5HEprusi OTBOAUTCS K HarpysKe.

[Tepesaua 53/1eKTpUUECKOW SHEPrMd OT MCTOYHMKA uepe3 TpaHCoOpMaTop K Harpyske
OCYILIeCTB/ISIETCST TTOCPeACTBOM I1€epEMEHHOI0 MarHUTHOro noroka @, OCHOBHasg YacTb KOTOpOTO
3aMbIKAeTCsl B CTaJIbHOM Cep/leuHrKe, Apyrasi Ke 4acThb ero, MPOXo/s 10 BO3yXy, 00pa3yeT MarHUTHbIe
noToku paccessusi (dpl, dp2).

[Ipy BKIFOUEHUM TePBUYHOM OOMOTKH B CETh TIePEMEHHOr0 TOKAa B HeW BO3HUKAeT repeMeHHbIN
TOK, KOTOpBIi 00pa3yeT MepeMeHHOe MarHWTHOe Tioje. JTO Tojie YCUIMBAeTCS CepAEeYHUKOM, U
riepeiaeTCsl Ha BTOPUUHYI0 0OMOTKY TpaHcgopmaropa.

I[Toz BO3AelicTBHEM TlepeMEeHHOTO MAarHUTHOTO TIOTOKa B 00erXx 0OMOTKaX, COTJIaCHO TMPUHLIUITY
3/1eKTPOMarHMTHOW MHAYKLIMU BO3HUKaeT repemeHHas D/C.

ITpu stom 3/IC mepBuuHOM 00MOTKM HasbiBaeTcs JDC camouHaykimu. OHa OrpaHUYMBaeT
Be/IMUMHY MepBUYHOI0 TOKa TpaHchopMaTopa, Tak KakK HarpaB/ieHa MPOTUB MPU/I0KEHHOT'O HaTlPSKEeHUSI.
3/IC BropuuHOoi 00MOTKM Ha3biBaeTcs O/]C B3auMoMHAYKIMH. OHa SIBJSETCS WCTOYHUKOM TOKa
BTOpDUUHOW 0OMOTKM (TOKa Harpy3ku). [elictByrouque 3HaueHuss O/JC 0OMOTOK orpejenstoT
dhopmynamu:

E =444-Wf@ (1)
H
E,=444-W,.f-@_, (2)
rae @m - aMIIMTy/ja MarHWUTHOTO 1MoToKa; W1, W2- uncio BUTKOB IEPBUUHOU U
BTOPUYHOU 0OMOTOK; f- UaCTOTa IepeMeHHOT0 TOKa.

TpaHcdopmaTop MokeT paboTaTh TOJILKO Ha TlepeMeHHOM TOKe, TakK Ha MoCTosiHHOM Toke (f = 0)

3/1C B ero 0OMOTKax He BO3HHUKaeT.



PEXUMbI PABOTHI TPAHC®OPMATOPA
Pexxum xosocToro xoaa
Pe>kuM XOJI0CTOTO TOKa TIPOBOJWTCS TPY Pa3OMKHYTOM Iierny BTopuuHOi ob6moTku (120 = 0). Jto
ycJioBUe TIpUOIMKEHHO COOJTIOIaeT st TaKk)Ke TIPY TOJK/TF0UeHHH K BTOPUUHOM 06MOTKe TpaHchopMaTopa
BOJIbTMETpA.
YpaBHeHUs 37IeKTPUUECKOr0 PABHOBECHSI B UCC/IElyEMOM peXXUMe MOTYT OBbITh 3aIlMCaHbI:
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Uw =E) Tl Zr  u Uyp=Ey-LyZ,.
rae 110 - TOK mepBUYHOM OOMOTKH MPH XOJIOCTOM XO7Zie, KOTOPhIK He mipeBbimiaer 5-10% I1H (I1H —
HOMHHA/IbHOE 3HaueHUe TOKa MepBUYHON 0OMOTKH).
Tak kak 110 masn, a I20 = 0, To Mo>xHO cunTaTh, uTo Ul * E10 m U20 =~ E2 .

BaxHO OTMeTHUTb, YTO TMpU peXUMe XOJO0CTOr0 XOJa 3HAuMTeJbHO CHIDKAeTCs COoSQ
3/1IeKTPUYeCKUX Liereid, a, cjiefoBaTeqbHO, 3TOT PEXUM SIBJSI€TCS HEAOMYyCTUMbIM TPHU 3KCILTyaTaluu
TpaHc(hOpMaTOpOB.

[TomuMo oripeziesieHust Ko3(duijpeHTa TpaHCpopMallui OIMpe/ie/sieTCss MOIIHOCTb XOJI0OCTOTO
X0Jia, KoTopasi (haKTUUeCKd paBHAa MarHUTHBIM TOTepsiM TpaHchopMaTopa, TaK Kak TOK TepBUYHOM
0OMOTKM OuYeHb MaJ, TIOTepSIMHA YHeprud Ha HarpeBaHWe OOMOTKM MOKHO TipeHeOpeub. MOIIHOCTb

2 —
MarHUTHBIX MOTEPh MPONOPLMOHAILHA Ui a TIOCKO/IEKY B OIBITE XOJIOCTOrO XOZa Uso = U”]“M,
3HAQUUT MArHUTHBIE TIOTEPH, OIpe/ie/iseMble B 3TOM OIbITe PaBHbl HOMMHA/ILHBIM MarHMTHBIM TIOTepPAM
PMAF.
Pexxum Harpysku Tpaacopmaropa.
JaHHbIA  pekuM  paGoThl  ONpeZieIsieTcsl ypaBHEHWSIMM  3/IEKTPUUECKOTO PAaBHOBECHS O0GMOTOK
TpaHc(opmaTopa, NoJyueHHbIMU Ha OCHOBe 13aKoHa

Kupxroda:
—_— —> —» —»
Ui=(GE) + 'Ry+L'xy  ana 1-oii odOmoTKH,
—> —> — —»
U;=E; - L'R; - Ir'x, st 2-0if 06MOTKH,

rae: R1, R2 — akTHBHBIE COTIPOTHBI/IEHUS] OOMOTOK;
x1, X2 — peakTHUBHbBIE COITPOTHUBJIEHUSI 0OMOTOK.
B pexume  Harpysku  onpefensercsi — BHEIIHSs
Uz | xapakTepucTuka TpaHchopmatopa (puc.2): U, =f(Lo),
npu U; = const, COS® = const, B OCHOBE KOTOPOH JIE)KUT
ypaBHeHue (6).

N [IpouileHTHOe TaZileHWe HamNpsKeHWss Ha  BTOPUUHOM

oOMoOTKe:
AU% = —b:‘} r_—{"lz -100

1é rae: Uy~ E2npul, =0.

e [lpy HOMMHA/MLHON Harpy3ke OHO OOBLIUHO JIeXKUT B
npezenax 4-6%.
Puc.2 CBsi3b Mexxay Tokamyd 06MOTOK (I; ¥ I,) MOXKHO BBISIBUTH

W3 ypaBHeHHs HamarHpumBaroumx cun  ( I'W)
TpaHchopmaTopa:

—» —» —»
[-Wi+L-W, =1p-W,

N3 3TOro MOKHO MOYUYUTh YPaBHEHUE TOKOB, [iefisl ero rnoujeHHo Ha W;, Toraa:
—  —F — — —

[ =(-LW2/W)) + Lip=12+ 1 (8)

rae I - Tok xosoctoro xoja 1-oti 06MoTkH, a I'; = (-I*W, / W) — Ha3bIBaeTCsl TIpUBEJIEHHBIM TOKOM
BTOpHUYHOM 06MOTKH. OBBIUHO 1y 0OUeHb Maji, U MOXKHO CUHTaTh MpUOMKeHHO I; ~ I',. C yBennuenuem Iy,



a, caiegoBarensHo U I, “W,, Bo3pactaer u Tok I;. Ilpu sTOM pa3marHuuMBarollee AeucTBHe ToKa I,
KOMIIEHCUPYeTCSl HaMarHWuUMBarol[UM [leliCTBMeM TOKa l;, B pe3ynbTaTe uyero MarHWTHBIA ITOTOK
TpaHcdopMaTopa 0CTaeTcsi P ero paboTe MPaKTUYeCKH MOCTOSTHHBIM (Tipu U = const).

Pexxum KOpPOTKOro 3aMbIKaHUS

OnbIT KOPOTKOTO 3aMbIKaHUSI HeJb3sl MyTaTh C PEXKUMOM KOPOTKOTO 3aMbIKaHWS, KOTOPbIM BO3HHUKAeT
NpY HOMHWHA/LHOM HarpsyKeHUU TIepBUYHOM O0OMOTKU. Pe)XMM KOpPOTKOTO 3aMbIKaHUsI — aBapUMHBIN
pexxuM paboTel TpaHchopmartopa. OIMBIT ke KOPOTKOTO 3aMbIKaHUsI TIPOBOJUTCS TIPH OUYe€Hb HeOO/bIIIOM
HanpsbkeHUU Uigs., KOTOpOe ToAbupaeTcsi TakiM 00pa3oM, uToObl TOKM TEePBHUHOM W BTOPUUHOU
00MOTOK COOTBETCTBOBA/IM HOMHUHA/ILHBIM TOKaM 00MOTOK (B fiamazoHe 3 — 10 % oT Uiyowm.).

OTBIT MPOBOJIMUTCS MPU KOPOTKOM 3aMbIKaHUM BTOPUUHOM 0OMOTKH (KOTOpasi 3aMbIKaeTCsi Ha aMIiepPMeTp,
MMEIOIIUY OYeHb HHM3KOe COTpOTHB/IeHWe). Bcsg MoifHOCTh, ToTpebssieMasi TpaHC(OpMaTopoM,
TIPaKTUYeCKU UeT Ha KOMIIeHCAIUIO 3/IeKTPUUeCKHX MoTephb MPU HarpeBaHUK 0OMOTOK.

— _ 12 2
Pis =Pyy=T 3 Ry + k3 Ry
Ha ocHoBaHMM OMBITOB X0JIOCTOTO XOZa M KOPOTKOTO 3ambikaHus onpezesnsercs KI1/ TpaHcdopmaTopa
n:

n —_ 'PE —_ PE
P] PE + P.H'.-I'F + F'J.'I _
, rie Pox , Pumar - 3/1eKTpryeckre ¥ MarHUTHbIE TIOT€PU COOTBETCTBEHHO.
OBOPYIOBAHNE

Tpancdopmarop 36/4 B
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XOO PABOTHI
1. Cobpatb u3MepuTebHYyIO cxemy (puc. 6).
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Puc. 6. MI3amepuTtesnbHas cxema.

2. OcylecTBUTh peXUM XOJIOCTOTO XoJa TpaHc(opmaropa IPU HOMHHAAbHOM HalpspKeHWH Ha
nepBUYHON 00MOTKe. CHSITh OCLIM/IJIOTPAMMY TOKa XOJIOCTOTO XO/la M M3MepUTh ero BenuuuHy (/s
CHSTHS OCLIW/IJIOrPaMMbl ocLiyuiorpad MoAK/IIOUUTD K KieMMaM 2 1.3).

3. OcymecTBUTh PEXMM KOPOTKOTO 3aMbIKaHUsI TIPM HOPMaJbHOM TOKe BO BTOPHWYHOW OOMOTKe
TpaHcopmaropa. OrpesieTh BeJIMUMHY HalpsDKeHUs U TOKA B TePBUUHOI 00MOTKe TpaHCcdopmaropa.
4. CHATb Harpy3ouHyl0 XapaKTepUCTUKy TpaHCc(opMmaropa IPpU HOMHHAJIBbHOM HampshkeHWH Ha
TiepBUYHON 0OMOTKe, IPU M3MeHeHNH BeJIMUMHBI aKTUBHOW Harpysku R2.

5. Paccunrath K03((ULMeHT N0/1e3HOT0 1eHCTBUS.



