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1. TEOPETUYECKASA YACTb

Tpanchopmaropom Ha3bIBACTCS AJIEKTPOMarHUTHBIN amnmnapar,
peoOpa3yroUINil IEPEMEHHBIN TOK OAHOIO HAIIPSDKEHUS B IEPEMEHHBIN TOK JPYTroro
HaNpsKEHUS TOM )K€ 4acTOTHI.

Ecnu tpancdopmarop nossimiaeT HanpsHKeHUe, OH Ha3bIBAE€TCS TOBBIIIAIOIIIM,
€CJIA TTOHMKAET - MOHIKAIOIIUM.

Tpanchopmaropbl, KOTOpble TPUMEHSAIOTCS B  CETAX Mepeiadyd u
pacrpeziesieHus JIEKTPOIHEPT UM, Ha3bIBAIOTCSI CUJIOBBIMHU.

PaGora  Tpanchopmaropa OCHOBaHa Ha  WCIOJB30BAaHUM  SIBJICHUS
AIIEKTPOMArHUTHOM MHIYKIIMH, €€ YaCTHOTO CIy4asi — B3aUMHOW WHAYKIIHH.

Tpanchopmarop cOCTOMT M3 3aMKHYTOTO (DEPpPOMArHUTHOTO CEpACUHUKA,
COOpPaHHOTO W3 JMCTOBOM AJIEKTPOTEXHUYECKOW CTadl Ha KOTOPOM PACIIOIOKEHbI
JIB€ HE3aBUCUMBbIE OOMOTKH, BBINOJHEHHBIE MEIHBIM H30JMPOBAHHBIM IPOBOJIOM.
OOMOTKa, KOTOpas MPUCOEIUHSAETCS K HMCTOYHUKY MNpeoOpa3yeMoro HampspKeHus,
Ha3bIBAaeTCsl IEPBUYHOM; Jpyras oOOMOTKAa, B KOTOpPOM HaBOAMTCA 3.J.C.
B3aMMOUHAYKIMHM, - BTOPUYHON. Bce BeNMYMHBI, KOTOpBIE OTHOCSTCS K 3TUM
oOMOTKaM (TOKM, HampsyKeHUs, 3.1.C. W T.I1.) Ha3bIBalOTCI COOTBETCTBEHHO
MEPBUYHBIMU U BTOPUYHBIMH.

[TpuHnunuansHas cxema TpancopmaTopa npuseaeHa Ha puc. 1.1.
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Puc. 1.1. IlpunnunuansHas cxema TpaHchopmaTopa

[Ton pelicTBHMEM MOABEIEHHOTO NMEpPEMEHHOro HampsbkeHuss U; B mepBUYHOMN
00OMOTKE BO3HHUKAET TOK Iy, M B CEPACYHUKE BO30YKIaCTCs MEPEMEHHBIH MarHUTHBIH
MOTOK @. DTOT MOTOK WUHAYKTUPYET 3.1.C. CAMOMHAYKLIHMH €; U 3.]1.C. B3aUMHOMU
WHIYKIIMA e, B OOMOTKax TpaHcpopmaropa. D.J.C. e; YpPaBHOBEIIMBAET YaCTh
BXoJHOro HanpsokeHus U;, a ».a.c. e, coszmaer Hampsbkenue U, Ha BbIXOAe
tpanchopmaropa. [Ipu noakiroueHnr Harpy3ku BO BTOPUYHOM OOMOTKE BO3HUKAET
TOK I, - M3 MEPBUYHOM IEMH BO BTOPUYHYIO MEPEIACTCS DJICKTPUYECKAs DHEPTHS.
Tak kak OOMOTKM DJJIEKTPHUUECKM HE CBfA3aHbl, TO 3Ta Ieperaya MPOUCXOIUT
3JIEKTPOMArHUTHBIM IIyTEM, T.€. [IOCPEACTBOM MAarHUTHOI'O ITOTOKa .



[ToToku paccesiHus OOyCIaBIMBAIOT HAIMYME WHAYKTUBHBIX COMPOTUBIICHUIN
00MOTOK X; U X;. OOMOTKH XapaKTepU3YIOTCA TaKKe aKTUBHBIMU COMPOTHUBIICHUSIMHU
R; 1 R,. Yncna BUTKOB MEPBUYHON U BTOPUYHOM OOMOTOK ®1 M (02 COOTBETCTBEHHO.

OCHOBHOM  XapaKTEpUCTUKOW TpaHchopmaropa sBIgeTCS KOdDPUIIMEHT
TpaHchopmali N, MOKa3bIBAIOIIUNA, BO CKOJIBKO pa3 TpaHCPOpMaTop H3MEHSET
HaNpsDKCHUE:

U
n=—2%, (1)
U 20
rae  U; — meiicTByrolee 3HaYCHUE IEPBUYHOTO HATPSKCHUS,
U,y — JeiicTByromiee 3HauYeHWE BTOPUYHOIO HANPSUKCHUS —IIPH

OTKJIIOYEHHOM Harpy3ke (X0JI0CTOM XOJIE).
Tak kak U, = E, =4,44fw,®, ,a U, = E, =4,44f0,®,, TO
ne B 2)
Uy E, o

OTHoIIICHHE HAIPSKEHUH IPUMEPHO PaBHO OTHOIIICHUIO YHUCETT BUTKOB.

3necb E; m E, — nelicTByromiyde 3HA4YE€HHS 3.]1.C., MHAYKTHPOBAHHBIX B
obMoTKax; @, — ammumaTyga pabouero moroka; f — wactoTa mnpeobOpasyemoro
HaIPSKEHUSL.

Ecnu npeneOpeub moTepsiMH MOIIMHOCTH, KOTOpble B TpaHchopmarope
OTHOCUTEJILHO HEBEIUKH, TO MOXKHO CUYUTATh, YTO MOIIHOCTb, IOJBEJCHHAS K
TpaHchopMaTopy, MPUMEPHO PaBHA MOIIHOCTU HArpy3ku: S; = S, win Ujl1=Usl,.
CnenoBaTeLHO:

lade W 2 3)
I, U w n

T.€., €CJIM HAMPSHKEHUE MOBBIIIAETCS, TO TOK B TAKOM e CTENEHU MOHMKaeTCs,
1 Ha00OPOT.

Kaxnpiii tpanchopmaTop XapakTepuszyercs CIAEAYIOIMMMH HOMUHAIBHBIMU
BEITMYNHAMMU:

HOMHUHAJIbHOM MOIITHOCTHIO SHoM, KBA;

HOMHUHAJIBHBIM ITEPBUYHBIM Hanpspkeruem Us .., B;

HOMHUHAJIBHBIM BTOPUYHBIM HampspbkeHuem U, .., B, KoTopoe ompenemnsercs
MpU pa30MKHYTOW BTOPUYHOM 0OMOTKe, T.€. ripu |, = 0.

HomuHanbHbIe TOKA ONPENETSIOTCS U3 COOTHOIICHUIA:

S,... .
I].HO.W = U¢ 1 (4)

1Hom

_ S (O6e3 ydera moreps). (5)

2HoMm

2HoMm

Bxrouenue Harpy3ku Z, B 11€Th BTOPUIHOM 0OMOTKH

BBI3BIBACT MOSIBJICHWE BTOPUYHOTO ToKa |, M yBenumdyeHue nepBUYHOTO ToKa ;.
B pesynbrare co3garoTcs MOTEpU HANPSHKEHUS HA AKTUBHBIX M HMHIYKTHUBHBIX
COTIPOTUBJICHUSX OOMOTOK ¥ BTOPUYHOE HAMPSHKEHNE CHUKACTCS:

U2 <U20 = UZ HOM (6)



Harpysky TpanchopmMaTopa IpUHATO OLEHUBATH KO3(PPHUIIMEHTOM HArpy3Ku:

p=tr. )

I 2HoM

3apucumocts U, = f(l;) wm U, = f(f) mpu U; = const u Hem3MeHHOM
XapaKTepe HArpy3Ku Ha3bIBACTCS BHEIIHEW XapaKTEPUCTUKOW TpaHcdopmaropa. M3
MIPUBEJCHHBIX HAa PHUC.3 BHENTHUX XapaKTEPUCTHUK BHIHO, YTO BEIUYMHA BTOPUIHOTO
HaIpsOKEHUST 3aBUCUT HE TOJBKO OT BEJIMYHMHBI TOKAa Harpy3kd l,, HO U OT
koddduirieHTa  MOIIHOCTH  (cos@)  ANEKTpONpueMHUKOB.  OUYeBUAHO, YTO
HAaMMEHBIIIME 3HAYCHUS COOTBETCTBYIOT YHCTO aKTHBHOM Harpyske (cosp =1,
@2 = 0). O6 M3MEHEHNN BTOPUYHOTO HAMPSIKEHUS CYASAT MO BEIWYHHE MPOIEHTHOTO
€ro U3MEHEHUSI:

AU = Up-Y, .100% (8)

20
Kak sneMeHT »3JeKTpudecKoil menu TpaHchopMaTop MOXKHO MPEACTaBUTH
SKBUBAJICHTHOM DSJICKTPUYECKOM CXeMOM (CXeMOHM 3amelleHus), COCTOsed u3
AKTUBHBIX U MHAYKTUBHBIX CONPOTHUBJICHUH (cM. puc.1.2):

Ry, X1 u Z, =R} + X} - akTUBHOE, HHIYKTUBHOE ¥ TIOJIHOE COMPOTHUBIICHUSI
MePBUYHONU OOMOTKH;
Ry, X,u Z)=,/R?+X}? - akTHBHOE, MHIAYKTHBHOE U MOJHOE COMPOTUBIICHHS
BTOPUYHON OOMOTKHU;
Ry, Xo UZ, =R, + XZ - akTUBHOE, HHIYKTUBHOE U TMOJHOE COMPOTHBIICHUSI
BETBH HAMAarHUYHBaHWUSI,
R/, X'u Z! =\/R/* + X/?* - aKTUBHOE, HHIYKTUBHOE U TIOJHOE COMPOTUBIICHUS

Harpys3kH.
Cxembl  3aMmelIeHUs]  NPUMEHSIOTCS  MPU  pacuerax  Lemem ¢
TpaHchopmaTopamu.
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Puc. 1.2 Cxema 3amemenus TpanchopmaTopa.

ConpoTHBIIEHHS 3JEMEHTOB CXEMbI OINPEAEISIIOT 3KCIEPUMEHTAIBHO U3
OTMBITOB XOJIOCTOTO XOJa M KOPOTKOTO 3aMblKaHus TpaHcopmaropa. OnbiT



xoJioctoro xoja npousBoaar npu U; = U,,,,, 1 pa30MKHYTOM BTOPUYHON OOMOTKE —
|2 =0.

N3mepsrort:

|10 — TOK X0JI0CTOrO X0/a.

Py — MOIIIHOCTH XOJIOCTOTO XO0/Ia.

U, = U, .0, — HOMHHAJIBHOE BTOPUYHOE HAIPSIKEHUE.

Bxoanoe compotuBieHue Tpancpopmaropa B peKUME XOJOCTOTO X0Jia paBHO
(cm.puc.1.2.):

Zex:Ui—:)M:\/(Rl"'Ro)z"'(Xl"'Xo)z zVR§+X§ =Z,. (9)
Tak kak Rp>> Ry u X¢>> Xy, T0o 3HaueHusmMu Ry u X; MOXHO TIpeHeOpedb.
CraenoBaTteibHO,

7 0= lom ’ (10)

R, =Z,C08¢, = F

_0-
21
IO

X, =Z,sing, =+Z5 —R’ .

Koaddumment moinocT TpanchopmaTopa mpu X0JI0CTOM XOJIE:

IDO I:)O
CosS @, = = ) 11
¢0 S Ulno,w ' IO ( )

HOM
[lo pe3ynpTaTaM oONBITA XOJOCTOTO XOJa ONPEAEHSIOT KOI(DPUIUEHT
TpaHchopmanuu

K= (12)
20
MormHocTh Py, moTpedasieMas TpaHCchOpMATOPOM B 3TOM PEXKHUME, PABHA:
P=1;R+P, ~P,, (13)

T.. TMPEICTaBISET COOOM MOTepU BCTAIM MPU HOMHHAIBLHOM TMEPBUYHOM
HanpsokeHun U; . OTH TOTEpU HE 3aBUCAT OT HArpy3kud TpaHcdopmaropa u
Ha3bIBAIOTCS TOCTOSTHHBIMU.

OnBIT KOPOTKOTO 3aMbIKAHUS NPOU3BOAUTCS NPHU 3aKOPOYEHHOW BTOPUYHOU
oomotke (Z, = 0, U, = 0) u TakoM TTOHMKEHHOM TTepBUYHOM HamnpspkeHnn U; = Uy,
MIPU KOTOPOM TOKH B 0OMOTKAX paBHbl HOMUHAIBHBIM — |7 0, ¥ 15 00

He crnenyer myraTh ONBIT KOPOTKOTO 3aMBIKAHHUSI C aBapHTHBIM KOPOTKHM
3aMbIKaHHEM MpPU HOMHUHAJIBLHOM IEPBUYHOM Hamnpsbkennu U; ,,,, KOrjaa TOKH B
00MOTKax BO3pPACTalOT B JIECATKH Pa3.

Hampsixkenue U, 0OBIYHO BBIpOKAIOT B MPOIEHTaX OT HOMHUHAJIBHOTO
MEPBUYHOTO HANPsKEHUS U you:

U =1 4100 % (14)

K

lnom

W HA3bIBAIOT HANPANCEHUEM KOPOMKO20 3AMbIKAHUA.

Tak xak oObryro U, <<U; ,,. (Uc = 5...10%) TO mnpomoprroHaIbHBIH
HaAIPSHKCHUIO MAaTHUTHBIM OTOK @ MMeeT HeOOJIbITYIO BEJIMYUHY, a BBI3bIBAEMBIC UM
OTepU B CEPJCYHUKE HE3HAYHMTEIbHBI. MOXKHO CYHMTAaTh, YTO MOIIHOCTH IIPH



KOPOTKOM 3aMbIKaHUA PACXOAYCTCA TOJIbBKO HAa HArpcB O6MOTOK, T.C. paBHa IMOTCPAM
B MCIH ITPX1 HOMHHAJIbHOM PCKUMC:

P.=12 R+I12 R,=P (15)

1Hom 2HoM MHOM

BxoxHoe compoTtuBieHne TpaHCHOpMaTOpa B OIMBITE KOPOTKOTO 3aMBIKAHUS
paBHO (cM.puc.1.1)

Z = =R R+ (X, 4 XgF <RI X7 =2, (16)

6X.K

Lnom

TJE Zy, Ry, X - conmpoTuBIieHHs (TTapaMeTphbl) KOPOTKOTO 3aMbIKaHUSI.

R = P =Z.CoSg, , (17)

K 2
LHom

X, =+Z-R>=2Zsing . (18)

C mocTaTo4yHOM TOYHOCTHIO MOKHO CUMTATh, YTO

_ R X
RlzR:?, Xl=X2=2.

KoadduumenT momuoctu

cosg =t -
(DK SK Uzc ’ Ilno,w
Koaddumument monesHoro naeictBus Tpanchopmaropa:
L
. (19)

rae P,=U,l,cosep, - aKTHBHasg MOIIHOCTH Harpys3ku; P, =U,l,cos¢, - aKTUBHasg
MOIIIHOCTb, TOTpeOsieMast TpaHCHOPMATOPOM OT UCTOYHHUKA (MJIH OT CETH).

B nanHOM ciydae cosg, = R _R (20)
Ulll Sl

Kak BHIHO W3 NpUBEIECHHBIX (POPMYI, K.I.J. MOXHO ONPEAEIUTH OMBITHBIM
IyTEM, W3MEPUB COOTBETCTBYIOIIME TOYKH HANPSHKEHHS W MOIUIHOCTU. OpHako
TaKoM MPsIMON METOJ ONpeeNIeHUsI K.II.J. IOMYCTUM TOJBKO JJIsi TpaHC(HOPMATOpPOB
MaJIOM MOIIHOCTH, Y KOTOPBIX UMEETCSl 3HAYUTEIIbHAsI PA3HOCTh MEXIY I10IBOJAUMON
1 OTIaBaeMOM MOIIHOCTSIMH.

B npyrux ciydasx Oosiee TOYHBIH pe3yJbTaT JaeT KOCBEHHBIM CIOCOO - 1O
JAHHBIM OIIBITOB XOJIOCTOT'O X0J1a U KOPOTKOI'O 3aMBbIKAHUSA:

P, 5., Cosp,

_P2+Zp_ﬁsuo,u COS§02+PX +ﬂ2PK (21)

n

rae f - koappuuueHT Harpy3ku Tpanchopmaropa;

> P - cymmapHsle motepu B TpaHC(OpMATOPE, COCTOSAIIUE U3 MOTEPH B CTAIN U
MOTEPh B ME/IH;

S/on - HOMHUHAIIbHASI MOIIIHOCTH TpaHc(opmaropa;



cos@ - K03h(OUITMEHT MOIITHOCTH HATPY3KU;

P. u P,- momHOCTH, MOTpeOasieMbie TpaHCHOPMATOPOM B OMBITAX

XO0JIOCTOT'O X0J1a M KOPOTKOTO 3aMbIKAHHS COOTBETCTBEHHO.

OKCIUlyaTalluOHHbIE, CBOMCTBA OJHO(A3ZHOTO TpaHchopmaTopa, pabOTaroIIEro
IIpU [IEPEMEHHOM Harpy3Ke, ONPEIEISIOTCS €ro XapaKTepUCTUKAMU:

Uz = f1B); n = fiB); coser = f(B); I=/(B).

0py HEM3MEHHOM TNEPBUYHOM HAMNPSHKEHUH U TOCTOSHHOM KO3 (uUIMeHTe
MOITHOCTH  (cos@pp)  HArpy3KHm.  OTH  XapaKTePUCTUKH  CTPOATCS IO
AKCIIEPUMEHTAJIbHBIM JIaHHBIM.

IpyHUMI AeHCTBUA U YCTPOCTBO Tpexda3HbIX TpaHcGOpMATOPOB

TpexdasHplii TOK MOXHO TpaHCPOPMHUPOBATH 3-Msi COBCEMPE,
OTIENbHBIMU OJIHO(a3HBIMH TpaHc(opmaTopaMu. B nanHOM ciydae
oOMOTKHM Bcex 3-X (pa3 MarHMUTHO HE CBsI3aHbl BMecTe: Jrobas (asa
MMEEeT CBOI0 MAarHuTHyo 1enb. Ho ToT ke Tpex¢aszHblil TOK MOXKHO
TpaHCPOPMHUPOBATH M OJHUM Tpex(aszHbIM TpaHCPOPMATOPOM, Yy
KOTOpPOT0 0OMOTKH BceX 3-X (a3 MarHUTHO CBSI3aHBbI MEXK CO0OI0, IOTOMY UYTO UMEIOT
OOLIYI0 MarHUTHYIO LEIb.

Uro6 yscHUTH Ajii ceOs NpUHUUI JAECUCTBUA U YCTpoOMcTBa TpexdaszHOoro
TpaHcopmaTopa, NpPEACTaBUM s ce0s Tpu OIHO(Aa3HBIX TpaHcpopmaTopa,
IPUCTABIICHHBIX OJUH K JIPYrOMY TaK, YTO TPH CTEP’KHSA UX 00pazyloT OJIMH OOIIMIA
LHEHTpaJIbHbIN cTepxeHb (puc. 1.3). Ha xaxaoM u3 apyrux 3-x cTep:KHEH HaJTO0XKEHBI
NEepBUYHBIE W BTOPUYHBbIE OOMOTKM (Ha puc. 1.3 BTOpUYHBIE OOMOTKH HE
M300pakeHsbl).

[IpeacraBum, 4YTO NEpBUYHBIE KATYIIKM BCEX CTEpXkKHEH TpaHchopmaropa
COBCEM CXOKM M HAMOTaHbI B OJJHOM HampaBiieHUH (Ha puc. 1.3 nepBUYHbBIE KaTYIIKH
HaMOTaHbl 1O YacOBOM CTpEJKe, €Clu CMOTpeTh Ha ux cBepxy). CoeauHuMm Bce
BEPXHHUE KOHIBI KaTymek B HedTpanb O, a HWKHHE KOHIIBI KATyLIEK IOJBENEM K
TpeM 3aXUMaM Tpex(a3HOH CEeTH.

Toku B kaTymikax TpanchopmaTopa co3qamayT
NEPEMEHHBIE BO BpPEMEHU MArHUTHBIE TIOTOKH,
KOTOpbIE OYyT 3aMbIKAThCS KaX bl B COOCTBEHHOU
MAarHUTHOM Lenu. B LeHTpaJbHOM COCTaBHOM
CTEpKHE MArHUTHBIC MOTOKHU CJIOKATCS U B CyMME
TaayT  HOJMb, WOO OTU TIOTOKA  CO3JIa0TCS
CUMMETPUYHBIMU Tpexda3sHbIMU TOKaMH,
OTHOCHUTEJILHO KOTOPBIX MBI 3HaeM, 4YTO CyMMa
MOMEHTAJIbHBIX 3HAYEHUN WX paBHA HYJIIO B XOTh
KaKOW MOMEHT BPEMEHH.

Toku B KaTymikax TpaHchopmaTopa co3aaayT
NEPEMEHHbIE BO BpPEMEHU MArHUTHBIE TIOTOKH,

o1 20 KOTOpBIE€ OYIyT 3aMBIKAThCSI KaX/IbIi B COOCTBEHHOU
MarHuTHOM ILenu. B  1eHTpaspHOM COCTaBHOM
Puc. 1.3 CTEpPKHE MATrHUTHBIE IIOTOKHU CJIOXKATCS U B CyMME

nagyT  HOJMb, ®WOO OTU TIOTOKH  CO3JIAIOTCS
CUMMETPUIHBIMA



Tpex(a3HbIMU TOKAMH, OTHOCHUTEIHHO KOTOPHIX MBI 3HAaeM, UYTO CyMMa
MOMEHTAJIbHBIX 3HAYEHUHN UX PABHA HYJIO B XOTh KaKOl MOMEHT BPEMEHH.

K npumepy, ecnmu 6 B karymke AX Tok I, ObU1 OOJIBIIMI M MPOXOIUT B
0003HaueHHOM Ha puc. 1.3 HampaBJeHHH, TO MarHUTHBIM MOTOK ObUT OBl paBeH
OoJplIeMy COOCTBEHHOMY 3HaueHHI0 @ U ObUI OPUEHTHUPOBAH B IEHTPAIbHOM
COCTABHOM CTEpKHE CBEepXy BHU3. B 2-yx npyrux karymkax BY u CZ toxu [2 u 13 B
TOT K€ MOMEHT BPEMEHHU PaBHbI IMOJOBUHE OOJIBILIETO TOKAa U MUMEIOT O00O0POTHOE
HaIlpaBJICHUE 110 OTHOIICHHUIO K TOKY B Karymike AX (TaKOBO CBOMCTBO TpeX(a3HbIX
TOoKOB). [10 3TOI NMpHuunHe B cTepkHAX KaTymek BY u CZ MarHUTHbIE TOTOKU OyAyT
paBHBI TMOJIOBUHE OOJIBIIETO MOTOKAa M B IIEHTPAJIBHOM COCTAaBHOM CTEp)KHE OYIyT
UMETh OOOPOTHOE HAMPABICHHWE MO OTHOIICHHIO K CrycTkKy KaTymku AX. Cymma
MIOTOKOB B pacCMaTpHUBAEMbIii MOMEHT paBHA HyI0. To ke caMoe uMeeT MeCTO U IS
J1000r0 IPyroro MOMEHTA.

OTcyTcTBHE MOTOKA B LIEHTPAJIBbHOM CTEPKHE HE 3HAYUT OTCYTCTBUS IMOTOKOB
B Jpyrux crepxkHsx. Ecam 0 Mbl yOpaid HEHTpaJbHBIA CTEp>KE€Hb, a BEPXHHUE U
HIOKHUE SpMa COSTUHWIM B obmme sipma (cMm. puc. 1.4), To mortok katymku AX
oThICKall Obl Juisi cebs myTh 4epe3 cepaeuHuku karymek BY u CZ, npu stom
MarHUTOJIBIKYIIIHE CHIIBI STUX KATYIIEK CIOXKUIUCH Obl C MATHUTOABMKYIIEH CHUIION
karymku AX. B TakoM ciayuyae Mbl moiydusiv Obl TpexdasHblii TpaHchopMmaTop c
oO11elt MarHUTHOIO 1IeThI0 Beex 3-X ¢a3.

[ToroMy 4TO TOKM B KaTyIlIKax CIBUHYTHI IO
daze Ha 1/3 mepwoma, TO M cO3/laBacMble HMHU
MarHUTHbBIEC TTOTOKU TAKXE€ CABUHYTHI BO BPEMEHH Ha
1/3 mnepuoma, T. €. camble OOJIbIIME 3HAYCHUS
MAarHUTHBIX TTOTOKOB B CTEPXKHAX KATYIICK CICTYIOT
nocJjeaoBaTenpHo uepes 1/3 nepuona.

CnenctBueM caBura 1o ¢ase MarHUTHBIX
MOTOKOB B cepieuHukax Ha 1/3 mepuona siBisiercs
TAaKOBOW JK€ CABUT 10 (haze U DIEKTPOJBIKYIIUX
CUJI, UHAYKTUPYEMBIX KaK B TIEPBUYHBIX, TaK U BO
Puc. 1.4 BTOPUYHBIX KaTYIKaX, HAJOKEHHBIX HA CTEPIKHSIX.

DJIEKTPOIBHKYIIIHAE CHJIBI MIEPBUYHBIX KaTyIIeK MPaKTUYECKU
YPaBHOBEIIMBAIOT TPUJIOKEHHOE TpexX(azHoe HampsHKEHUe. DJIEKTPOJIBIKYIIUE
CUJIbI BTOPUYHBIX KATYIICK MPU MPABUILHOM COCIWHEHUHU KOHIIOB KaTYIIEK JaloT
Tpexda3zHoe BTOPUIHOE HAMPSHKEHUE, KOTOPOE MOJIaeTCsl BO BTOPUYHYIO IIETTb.

B oTHOIIEHNN KOHCTPYKIIMM MarHUTHOW 1ienu Tpexdas3Hbie TpaHchOpMaTophl,
Kak 1 ogHo(a3HbIe, NEATCS Ha CTEp>KHEBbIE puc. 1.4. u OpoHEBHIE.



Crepi:KkHeBbIe Tpexda3Hbie
TPaHC(POPMATOPHI PA3AEJISAOTCH HA:

a) TpaHcopMaTopbl C CUMMETPUUYHOU
MAarHuTHOU LETbIO

0) TpanchopMaTopsl ¢ HECHUMMETPHUYHOU
MAarHUTHOU LETIIO.

Ha puc. 1.4 cxematuuecku u300pakeH
CTepKHEBOM TpaHCHOPMATOpP C CHUMMETPHUYHOM
MarHuTHOW IIeTIhIO, a HAa puUC. 4 HU300paKeH
CTEP>KHEBOU TpaHchopmaTop C
HECUMMETPUYHON MarHUTHON

nenblo. Kak BUIHO U3 3-X CTalmbHBIX CTepKHEN 1, 2 U 3, CXBa4EHHBIX CBEPXY U
CHHU3Y CTaJbHBIMU HAKJIaJIKAMU-SIPMaMH, Ha KQKIOM CTEPKHE HAXOJATCS MEpBUYHAS
I u BrOopuunas Il katymku ogHoi da3zsl TpanchopmaTopa.

Ha puc. 1.5 nmyHkTHpOM H300pa)XeHbl MyTH 3aMbIKaHHWSI MAarHUTHOTO TMOTOKa
¢azbr crepxkus 2. [Ipocto co3upath, yTo A1 NOTOKOB (a3 crepxkHedl 1 u 3 mytu
3aMbIKaHHS] UX MAarHUTHBIX IIOTOKOB COBCEM CXOXKH.

OTO O3HauvaeT, 4TO Yy paccMaTpuBaeMoro TpaHc(hopMaTopa MarHUTHbIE
COTIPOTHUBJICHUS JUIsl IOTOKOB paBHBI MEX co00r0. PazMmenienue crepkHeil B OAHOMN
IJIOCKOCTH MPUBOJUT K TOMY, YTO MAarHUTHOE COMPOTHUBJIEHHUE JJIsl MOTOKA CpeaHEn
¢da3wl (Ha puc. 1.6 mist a3l cTepxkHS 2) MEHBIIE, €KEIU NI MOTOKOB MOCIETHUX
a3 (na puc. 1.6 — ms da3 crepxneit 1 u 3).

l = 0 \ ’_._‘A-,.——-.--\
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Puc. 1.6

Puc. 1.5

MarauTHbie TOTOKH TIOCIIETHUX (Da3 MPOXOASAT MO HEMHOTO 0oJiee JNITMHHBIM
MyTsIM, YeM TIOTOK cpennei ¢aspl. He cuntas Toro, moTok mociennux (a3, BeIAS U3
COOCTBEHHBIX CTEp)KHEW, MPOXOJUT B OJHOW IOJIOBHHE SpMa CTOMPOIEHTHO, U
HCKJIIOYUTEIBLHO B JIPYyrod MoJOBUHE (TIOCJI€ OTBETBJIEHUS B CPEIHUI CTEP>KEHB)



IpOXoauT ero mojoBuHa. [1oTok ke cpenHel ¢asbl MO BBHIXOJE U3 BEPTHUKAIHHOTO
CTEPKHSI TOTYAC K€ PA3BETBIICTCS HA JIBE IMOJIOBUHBI, U TIO3TOMY B 00EHMX YaCTAX
spMa MPOXOJIUT TOJIHKO MOJOBUHA TIOTOKA CpeAaHel (asbl.

Takum o0pa3zoM, MOTOKU MOCIEAHUX (a3 HACBHIIIAIOT SIPMO B OCHOBHOM, YEM
NOTOK cpenHed (a3pl, a MOITOMY MArHUTHOE COMPOTUBJICHUE MJii TOTOKOB
nocyieqHuX (a3 0oJiblIe, YeM ISl MOTOKa CpeaHel (a3bl.

Cneocmeuem HepageHCcmea MAZHUMHBIX CONPOMUGIEHUI 011 NOMOKOS
Pa3iuunbIX a3 mpexghaznozo mpancgopmamopa a611aemca HePaeeHcne0 MoKoe
Xo10cmoil padomvl 6 OMOENbHBIX ha3zax npu O00HOM U Mmom xHce GazHom
HANPAMNCEHUU.

Ho mpu maneHpKrii HACBHIIIEHHOCTH JKeJie3a sspMa M HEIUIOXO0H cOOopKe kees3a
CTEp)KHEW 3TO HEPABEHCTBO TOKOB HENMPUHUMUIUAIBHO. [I0TOMYy 4YTO KOHCTpyKUUSA
TpaHc(HOpMaTOPOB C HECUMMETPUYHOW MArHUTHOM LIETBIO CYIIECTBEHHO IPOILE, YEM
TpaHnchopmaTopa ¢ CHMMETPUYHON MAarHUTHOM IIeMbI0, TO 1-ble TpaHchOpMaTOPHl U
OTBHICKAIM I ce0si TpEeuMyIeCTBEHHOe TMpuMeHeHue. TpanchopmaTopsl ¢
CUMMETPUYHOIO MarHUTHOIO LIETIBIO BCTPEYAIOTCS PEJIKO.

PaccmarpuBas puc. 1.5 u 1.6 u npenmnosnaras, 4To Bo BcexX 3-X (azax mpoxosT
TOKHU, TIPOCTO HAOJ0/1aTh, YTO BCE (Pa3bl MATHUTHO CBSI3aHBI BMECTE. DTO O3HAYAET,
YTO MArHUTOABWKYILUE CUJIbI OTICIBHBIX (ha3 OKa3bIBAIOT BIMSHUE JAPYT Ha ApPyTa,
4Yero Mbl He UMeeM, Korja TpexdaszHblil TOKk Tpanchopmupyercs 3-Mst 01HO(DAZHBIMU
TpaHchopMaTopamu.

Bropyto rpynny Ttpexdas3Hbix TpaHCHOPMATOPOB COCTABIAIOT OpOHEBBIE
Tpanchopmatopsl. bpoHeBoil TpaHChOpMaTOp MOKHO paccMaTpuBaTh Bpoje Obl
cocToAlMM U3 3-X OAHO(DA3HBIX OPOHEBBIX TPAHCPOPMATOPOB, MPUCTABIECHHBIX
OJIUH K JPYroMy CBOUMU SIPMaMHU.

Ha puc. 1.7 cxematuuecku wu300paxeH OpoHeBOMl  TpexdazHbIil
TpaHchopMaTop ¢ BEPTHKAIBHO pa3MEIEHHBIM BHYTPEHHUM cTepkHeM. U3 pucyHka
BUJIHO, 4TO TIOCKOCTsIMU AB u CD oH MOXkeT ObITh pa3out Ha Tpu OAHO(DAZHBIX
OpOHEBBIX TpaHCPOpPMATOpPa, MATHUTHBIE TOTOKH KOTOPBIX MOTYT 3aMBIKAThCS
KOKIBIH 10 COOCTBEHHOM MarHuTHOM 1enu. I[lyTm mpoXoXKaeHHs MarHUTHBIX
MIOTOKOB Ha puc. 1.7 yka3zaHbl MyHKTUPHBIMH JIMHUSIMH.

/____._%\({ﬂ/_g._ 5 Kak BuaHO W3  pHUCYHKAa, B  CpPEIHUX

s [ BEPTUKAJIBHBIX CTEPXKHSIX a, HAa KOTOPBIX HAJIOKEHBI
nepBuyHas | u BropuuHas Il oOMoTkM omHOU (a3bl,
MPOXOJUT TIOJHBIM TMOTOK, TOT/Aa Kak B sipMax b-b u
OOKOBBIX CTE€HAX MPOXOJHUT IO MOJIOBUHE MOTOKa. [Ipu
OJIHOW W TOM ke MHAYKIUU CEYEHUs pMa U OOKOBBIX
CTEH JOJOKHBI OBITH B JBa pa3a MEHbILIE CEYEHUs
CPEIIHETO CTEePXHS a.

YUro  Kacaercs  MarHUTHOTO  TOTOKa B
MPOMEKYTOUHBIX YACTSIX C-C, TO €r0 BEJIIMYMHA, KaK MbI
YBUJIUM JIaJIbllI€, HAXOAUTCS B 3aBUCUMOCTH OT METOJa
BKJIFOUEHUS CpeHEH (asbl.

OCHOBHBIM  TIPEUMYILIECTBOM  OpOHEBBIX  TpaHCHOPMATOPOB  TEpen
CTEP)KHEBBIMH  TpaHC(HOPMATOpPAMH  SIBJISIFOTCS ~ KOPOTKHE IYyTH  3aMBIKAHUS
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MarHUTHBIX IIOTOKOB, a KakK CJEeAyeT, MaJeHbKHE TOKHU XojocTtoi pabotel. K
HeJocTaTkaM OpOHEBBIX TpaHC(POpPMATOPOB MOXKHO OTHECTH, BO-1-x, Mmamyio
JOCTYITHOCTh OOMOTOK JIJII PEMOHTA, B BUAY TOTO, YTO OHH OKPY>KECHBI KEJIEe30M, H,
BO-2-X, XyJIIIIUE YCIOBUS OCThIBAaHUSI OOMOTKH — IO TOM K€ MPUYMHE.

VY crepxHEBBIX TpaHC()OpMATOPOB OOMOTKM MPAKTUYECKU TOJTHOCTHIO
OTKPBITBI U TI03TOMY OoJiee AOCTYIHBI JUIsl OCMOTpa U PEMOHTA, TaKXKe W s
OXJIQXKIAIOIIEH CpeIbl.

2. MOATOTOBKA K SKCIIEPUMEHTAJIbHOM YACTH

2.1 KpaTkoe onucanue y4e0H0-1a00paTOPHOro 000py10BaHUA

KoMmmiekt yueOHO-1a00paTOpHbIX 000pynOBaHUS «DIEKTPUUYECKUE IIENHU
MEPEMEHHOT0 TOKa» TMpeAHa3HayeH JUIsl MPOBEACHUS J1ab0paTOpHO-MPAKTUIECKUX
3aHATUNA MO JAMCUUIUIMHE «DJEKTPUUECKHE LIENn», O0ECHeunBaeT HW3Y4YCHHE U
WCCJIEOBAHMS  DJIEKTPUYECKMX LENeld IOCTOSIHHOTO M NEPEMEHHOIO  TOKa,
Tpex(a3HbIX IeNel, MePeXoIHbIX MPOILECCOB B JIMHEWHBIX AJIEKTPUUECKUX METISX,
MOJIYITPOBOTHUKOBBIX MPUOOPOB, BBHITIPSIMUTENEH U CTIKUBAIONTUX (PUIBTPOB.

JlaGopatopHbIil  CTeHA  TpeAcTaBisieT coOOW  u3Jenue  HAcTOJIBHOTO
MOAYJBHOTO UCIIOJTHEHUSI.

O06opynoBaHKe MOXKET IPUMEHSITHCS ISl 00ydeHHs B 00111e00pa3oBaTEIbHBIX
VUPEKIACHUAX,  YUPEKIACHUSAX  HAYAJIBHOIO  MPO(PECCHOHAIBHOIO,  CPEIHErO
po¢eCCUOHAIBHOTO M BBICHIETO MPOGECCUOHATIBHOTO 00pa30BaHusl JIsl TOJTyUYEHUS
0a30BbIX, U YIIyOJE€HHBIX NMPO(EeCCUOHANBHBIX 3HAHWM, U HABBIKOB MO JHUCIIUIUIMHE
«Qnektpuyeckue uenu». Takxke oOOpyAOBaHHME MOXKET ObITh HCHOJIb30BAHO Ha
CEMUHapax U Kypcax IMOBBIIICHUS KBATH(PUKAIMK JIEKTPOTEXHUUYECKOTO MepCcoHaa,
NpeAnpuaTuii U opranuzanuii. KomruiekT o0opynoBaHus MPEACTaBICH B TaOJHUIe
2.1

Tab6mauma 2.1.

HanmenoBanne ‘ Kous-Bo ,m.

JlabopaTopHble MOJIyJIH KOMIUIEKTa y4e€OHO-1a00paTOpHOro 00O0pYIOBAHUS
«DNEKTPUUYECKUE LICTTU:

«DYHKIIMOHAIIBHBIN TEHEPATOP

«VICTOYHUK TTUTAHU)

«3mepuTenpHbIC TPUOOPHDY

«ABTOTpanchopmaTop»

«MyJbTUMETPBI

e

«Hemmuelnrie 3JIEMEHTBI. PeakTuBHEBIE JIEMEHTBHI.
ConpoTuBiieHus 100aBOYHBIE» (COBMEIIEHHBIN)

«Jlnopapl, pe3ucTopbl, KOHIEHCATOPHI»

«TpanchopmaTtop ogHODA3HBIN

Cron nabopaTopHbIi

e L L

Pama nByxypoBHEBast IByXpsiaAHas

p—
=

Kommuekt COCAMHHUTCIIbHBIX ITPOBOJIOB U CUJIOBBIX Kabesen

|

CBGTOI[I/IOI[Haﬂ BBIBCCKA C HA3BaAHUCM CTCHAA




2.2.00mmii B KOMILIEKTAa 000Py/10BaHUSA

OO6mmit BH/I KOMIUIEKTa  y4eOHO-J1a00opaTOPHOTO o0opya0oBaHUs
«QNIEKTPUYECKHUE MAIllUHB) TpelcTaBieH Ha puc.2.1, Bun nepegnux mnanenen
MOJyJIEW MOKa3aH Ha puc. 2.2a-B.

Puc.2.1. O0mmii Bux

Puc. 2.2a. CMeHHbBIE MOAYJIM CTEHIA Puc.2.26. CmeHHble MOyU CTEH 1A
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Puc.2.2B. CMeHHbBIE MOZYJIA CTEHIA

3. OQKCIIEPUMEHTAJIBHAS YACTb

Hear paGorbli: O3HAKOMUTHCA C  Ha3HAYEeHUEM U OCHOBHBIMU
XapakTepucTHKamMu ogHoda3zHoro Tpanchopmaropa, padbotoi Tpanchopmaropa npu
pa3IMYHOM XapaKTepe Harpy3Ku.

3.1. [lopsiiok BHINOJIHEHUSI PA0OTHI

1. UByuuts rnaBy «Onucanue 060py10BaHUS.

2. 3yunTh TEOpETHYECKHE OCHOBBI MO MaTepHaliaM JIEKIIMH WM TEePEUHIO
PEKOMEHIOBAaHHOM MperoaaBaTeIeM JIMTepaTyphl.

3. Ilo ykazanuio TmpenojaBaTelsisa, BBIOpPATh MOIYJIW JUIsl BBITIOJHEHUS
Tekymiero 3afganus. PaccraButh ux Ha j1a00paToOpHOIl CTOWKE Tak, 4TOObI OBLIO
yI00OHO TIPOBOJUTH OJKCIEPUMEHT. [lOATOTOBUTH COENMHHUTENBHBIE TPOBOJA
(IepeMBIUKH ), BXOJISIINE B KOMIUIEKT MTOCTaBKH.

4. CoeAMHUTH MOYJIM COTJIACHO MPUHUIMIUAIIBHOMN JIEKTPUUECKOU CXEME

coequHeHui (puc. 3.1).
5. [TpoBecTr SKCIEPUMEHT.
6. CocTaBUThL OTUYET 10 JJTAOOPAaTOPHOH paboTe.
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HoToum ABTOTPOHOYOPHOTOP HOHERMT &
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Puc. 3.1. bnok-cxema (cxema COeIMHEHU OTACIbHBIX (PYHKIITMOHAIBHBIX OJIOKOB)
71a00paTOPHOTO CTEH A

3.2. Illopsinok npoBeAeHUA IKCIIEPUMEHTA

¥
PW |4 PA1
T2
L1~ S1 W
Bx

~ 20 B
S0 ru
No 0 O o

X N

Puc. 3.2. Cxema BrumroueHus uccienyemoro Tpanchopmaropa T2 (cormacHo 6J10K-
cxeme): S.1 — BeIKITIOUATENb MUTaHUS «BKim» Ha 6510Ke «VICTOYHMK MUTaHUS»; S.2 —
raJICTHBIN TIEPEKITI0YaTeNlb PEKUMOB padoThl TpaHchopmaropa T2 Ha Ooke
«Tpanchopmatop onHodasusiiiy; T1 — aBroTpancopmarop; T2 — uccneayeMblit
Tpanchopmarop; PA; — MyIbTHMETp U U3MEPEHUS TOKa B 1ienu Harpy3ku (Ry);
PV, — MynbTUMETp ISl K3MEPEHHUs HanpsbKkeHus Ha Harpyske (R,); PW -
U3MEPHUTEIIb MOIIHOCTH (aKTUBHOM P, peaktuBHOM Q 1 moJHOM S)
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B pabote UCIIOJIB3YIOTCS MOJTYJIU: «HcTounuk TUTAHUSY,
«ABToTpancopmaTop», HenuueliHbie U peakTUBHBIE 3JIEMEHTH», «V3MepuTennb
MOIIIHOCTH», «TpaHCcPopMaTop ogHOPa3HbIN», « MyIbTUMETPBHD.

1. Tlonp3ysicb cxemol coeauHeHWH (puc. 3.2) HAYEPTUTh MPUHIUIHAIILHbBIE

CXEMBbI UCCIIEAYEMBIX LIETIeH ¢ BKIIOYEHHBIMH U3MEPUTEIbHBIMU MTPUOOpaMHU.

2. O3HaKOMHUTBCS C XapaKTCPUCTHKAMU HCCIIEIyeMOro TpaHcdopmaropa
(Tabm. 3.1).

Tabmuma 3.1
Tun Uin Uon 14 l10
TII 114-7 220 B 16,5B 1,0A <0,04 A

3. Cobpatp snektpudeckyto memnb (puc. 3.2). YCTaHOBUTH MEPEKIIOYATEITH
«Ry;,Om» Monyns «OnHodaszHelil Tpanchopmarop» B mojiokeHne «X.X.». B 0Onoke
«3MepuTenb MOIHOCTHY YCTaHOBUTH npeaesnsl uamepenuit U = 500 B, 1=0,1 A.
[lepexmtouarens «C,Mk®D» wmonaynst «PeakTHUBHBIE JJIEMEHTBI» YCTAaHOBUTH B
MO3UIUIO «0».

4, OmnbIT X070€TOr0 X04a. BKIIIOUNUTH 31EKTpONUTAHUE MOAYJIEH CTEHIA.
Bpamas pyuky aBroTpancpopmMaropa, yCTaHOBUThH Ha €ro Bbixoje Hampsbkenue 220
B. IIpoBectu n3mepenus nepBUUHOTO HanpspkeHus Uqg, TOKa XoocToro xoaa lig
¥ aKTUBHOM MOIITHOCTH TpaHchopmaTopa Py B peskume xosoctoro xona. PesynpraTe
M3MEpPEeHU 3aHecTH B Ta0i. 4.2. BRIKIIOUUTH 3eKTponuTanue Moaylen creHaa. [1o
pe3yapTaram U3MEpeHUui paccuuTaTh KodhPUIeHT TpaHchopmauu
Tpanchopmaropa K u mapaMeTrpsl BETBH XOJIOCTOTO XOJa CXEMbl 3aMEIICHHS
tpanchopmatopa (Zy, Rg, Xp). YuuTbiBas, 4TO HOMHHAJIBHBI BTOPUYHBIA TOK
tpancopmaropa 0,1 A,  paccuuTaTh  HOMHUHAJIBHBIA  TIEPBUYHBIA  TOK
Tpanchopmatopa |lyy.

Tabnuua 3.2

N3mepeno Brruncieno

UlO’ BIlO; mA Plo, Bt U20, B |20, A COS(P10 Zo, OMm Ro, OMm Xo, OMm K

5. BHemiHsis M padoyue XapPAKTePUCTHKH NPH AKTHBHOM XapaKTepe
Harpy3ku. [lepexmouarens «C,Mk®P» Moy «Pe€akTUBHBIE JIIEMEHTB» YCTAHOBUTD
B no3unuio «0». BKIIIOUNTH 3JEKTPONMTAHME MOJAYJIEH cTeHaa. Bpamas pyuky
aBTOTpaHcpopMaTopa, YCTAaHOBUTHh Ha €ro Bbixoje Hampspkenue 220 B. Msmepsis
BEJIMYMHY COMNPOTUBICHUS Harpy3ku R, ¢ momompio nepexnroyatens «R,,Om»
moaynsi «OmHodazueiii Tpancopmarop» B mpenenax 20...510 Owm, usmepsarb
BEIIMYMHBI, YKa3aHHbIC B Ta0J. 3.3. BBIKIIOUNUTH 3JIEKTpONTUTAaHUE MOAYJIEH CTEHMa.
Ucnonb3ysd pe3yabTaTbl HM3MEPEHUW pPAacCUMTATh AKTHBHYIO MOIIHOCTh Py,
otnaBaemyto Harpyske u KIIJI tparncdopmaropa 1. [lo pesynbpraram uccienoBanus
MOCTPOUTH BHEIIIHIO U paboure XapakTEePUCTUKU TpaHchopmaTopa Mpu aKTUBHOM
xapaktepe Harpy3ku — |, = f(R,); P1 = f(Ry); n = f(R,); cosp; = f(R,).
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Tabmuma 3.3

ConpoTtus- N3mepeno

neHue CropoHa CrtopoHa MepBUYHOTO HANPSHKEHUS
Harpy3Kku BTOPUYHOTO
HaIPsHKCHUS

Beraucneno

Ry, OM Uy, Bl I, A U, Bl I, mA | Py, Br| cosps |P2, BT| n

20
40
100
220
330
510

6. PexxuM KOpPOTKOro 3amMbIKaHHsl. YCTAaHOBHUTH mMepekioyatens «R,,Om»
Moaynst «OpHodaszHbiii  Tpancpopmarop» B nojoxenue «K.3.». BxiouuTtsb
ANEKTPONUTAHUE MOJYJEH CTeHJa. YCTAaHOBHTh PYYKy aBTOTpaHc(popmaropa B
KpaifHee JIeBO€ MOJIOKEeHHE. 3aMKHYTh BTOPUYHYIO OOMOTKY HAaKOpOTKO (puc. 3.2).
W3MepuTh BETUUUHBI HAPSKEHUSI KOPOTKOTo 3amMblkaHust Uk, TEPBUYHOTO TOKaA
lik 1 axkTUBHYIO MOIIHOCTH Py. Pe3ymbrarel m3mepenuit 3aHectu B Tabmuny 3.4.
BBIKIIFOUNT 3JEKTPONUTAHUE MOIYJIEW cTeHaa. PaccunTarh BeMUMHY HANPSKECHUS
KOpOTKOro 3aMbikaHust Uk 1 mapaMeTpsl cxembl 3aMereHns Zy, R, Xk.

Tabmuma 3.4

N3mepeno BrrunciieHo
UlKvB |1K,mA PK, Bt U2K1 B I2K1A (:OS([)K UK, % ZK, OMm RK, OMm XK,OM

3.3. [IpaBuia ogopmiieHust 0TYETA N0 Ja0OPaATOPHOIi padoTe

JlaGoparopnasi pabora mpeAcTaBiIsieT CcoOOM HEOONbIIOE, HO BIIOJHE
3aKOHYEHHOE ydeOHOe HayudHoe wucciegoBanue. OT4€T 1o mabopaTopHoil paboTe
SBIIACTCS] JJOKYMEHTOM, OTPKAIOIIMM PE3YJIbTaThl BBIMOTHEHHOTO HCCIEIOBAHUS C
MaKCUMAaJIbHOM ITOJTHOTON U 0OBEKTUBHOCTHIO.

TpebdoBanus k opopMIeHHIO OTYETA

OTt4eT HoKEeH OBITH BBHITIOJIHEH Ha Oymare cTaHmapTHOTO pa3dmepa (popmar A4)
C MOJIAIMM IO O0EUMM CTOpOHaM TekcTta. Marepuan oTyéra JOJIKEH MMETh YETKYIO
pyOpHKaIIo, KaKAbIA pasaen He0oOX0AMMO CHAOIUTh 3ar0JIOBKOM.
[IpumepHbIi cocTaB oTuéTa MO J1JA0OpaTOPHOU padoTe:
e11c)Ib pabOTHI;
®[IOPSIJIOK BBIMOJIHEHUA 1a00paTOpHOIl pabOTHI;
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® IPUHITUITUATIBHBIE AJIEKTPUUECKUE CXEMBI U (WJIM) CXEMbI COEMHEHUI;

®[ICPCUCHh M3MEPUTEIBHBIX PUOOPOB M AIEKTPOOOOPYIOBAHUS C YKa3aHUEM
MMACHIOPTHBIX TAHHBIX;

® Ta0JIUITHI SKCTIEPUMEHTAILHBIX U3MEPEHHUN (MCCIEIOBAHNI) U BBITIOJTHEHHBIX
BBIYHCJICHU;

e [arpaMMbI U TpauKN XapaKTEPUCTUK QYHKITMOHATHHBIX 3aBHCHMOCTEHH;

®BLIBO/IBI MJIM 3aKJIFOUCHHE O MPOJCIaHHOM padoTe.

4. KOHTPOJIBHBIE BOITPOCHI

1. Ha xakom (pu3HUYECKOM SIBJIEHUM OCHOBaHA paboTa TpaHchopMaToOpoB?

2. ]Iy 9yero Hy»KHO MOBBIIIAThH U IMOHMKATh HANPsLKEHUE?

3. Ilo kakuM BHEIIHMM HpPU3HAKaAM MOXHO pa3JIMYUT B TpaHchopmaTope
OOMOTKH HHU3IIETO U BBICILIETO HAMPSKEHUIN?

4. Kakue Hampshpk€HUEe Ha MEPBUYHOM M BTOPUYHOM OOMOTKAX HA3bIBAIOTCA
HOMUHAQJIBHBIMU?

5. C Kako# 1enbr TPOBOJUTCS ONBIT XOJIOCTOrO X0Aa?

6. UeM OTIMYAETCA WCHBITATEIBHBI PEXUM KOPOTKOIO 3aMBIKAHUS OT
aBapUIHOTO KOPOTKOI'O 3aMbIKaHUs?

7. Kakue motepu MMEIOT MECTO B TpaHC(HOpPMATOpE M KaK OHU 3aBUCAT OT
Harpy3ku?

8. IloueMy ¢ U3BMEHEHMEM HArpy3KH U3MEHSIETCSI BTOPUYHOE HANPSLDKEHUE ITPU
HEU3MEHHOCTH MEPBUYHOTO?

9. Uto Takoe cxema 3amelnieHus TpancpopmMaropa, 1l 4ero €€ COCTaBISIOT?

10. Ilpu kakux Harpy3kax TpaHchopMaTtop pabdoTaeT ¢ HAaUMEHbIIUMU
HYKOHOMHYECKUMHU MOKa3aTeNsiMu (1 U cosQ)?

11. Hauepture cxeMy KOpPOTKOIO 3aMbIKaHUs TpaHC(hopmaTopa U OOBICHUTE
KaKW€ BETMYUHBI ONPENIETSAIOTCS B 3TOM ONbITE?

12. [ToueMy MarHuTHbIN TOTOK MPAKTUYECKHA HE 3aBUCHUT OT HArpy3Ku?

13. Kakue motepu B TpaHc(hOpMaTOpe SIBISIOTCA IMOCTOSHHBIMM U KaKue
MepEMEHHBIMU?

14. O6bscauTe padoTy oaHO(da3zHOrO TpanchopmaTopa

15. O6BscauTE padoTy TpEXdazHoro Tpanchopmaropa

16. Kak onpenenuts K03GGUIMEHTH TpaHCcHOpMAIUM ¥ MOITHOCTU
Tpanchopmaropa?

17. Kak omnpenenuTh MOJHOE, aKTUBHOE W HWHAYKTHUBHOE COMPOTUBIICHUS
AJIEMEHTOB JIEKTPUYECKON CXEMBbI?

18. Yto takoe Py, P,, n Tpancdopmaropa?

19. MH300pa3uTe BEKTOPHYIO JuarpaMMy TpaHcpopMaropa B PpeXKUME
X0JIOCTOTO X0/1a

20. M3 kakux MoayJed COCTOMT KOMIUIEKT Yy4eOHO-1a00paTOPHOTO
obopynoBanusi «lcnpiTanue ogHO(Ma3zHOTO TpaHchopmaTopary?

JAHHBIM?

21. Yro o3nauaet TepMmuH: «Tok xonocroro xona 5%»?

22. Kak Bnusiet ko3 duiuent 3arpy3ku Ha KIT/?



17

23. Kak wu3MeHUTCS BTOPUYHOE HampsbkeHue TpaHcdopmaropa mpu
YMEHBIICHUU CONPOTHUBIICHUS NHIYKTUBHOTO TPUEMHHKA?

24. Kak HW3MEHUTCS MAarHUTHbIA IOTOK B CEPACYHHUKE IIPU YBEIUUYEHUU
Harpy3ku?

25. 3anummre ypaBHeHue Tpancpopmaropuoi I/C.

26. Kak BbIYMCIUTh U3MEHEHHE HaNpsbKeHUs TpaHchopmaTtopa npu Harpyske?

27.Y4t0 Takoe nmoJjiHasg MOITHOCTh TpaHchopmaTopa?

28. Uto Takoe HOMHHAJIBHOE HaNpsHKeHHE TpanchopmaTopa?

29. Kak u3MeHUTCS BTOPUYHOE HAIPSIKEHHWE NPU YMEHBIIEHUN YMCIIA BUTKOB
MePBUYHONA OOMOTKHU?

5. IPABUWJIA TEXHUKHU BE3OITACHOCTHMU ITPHU BBIITOJIHEHUH
JIABOPATOPHBIX PABOT

o nauana pa6ot kaxaeii crynenT JOJIZKEH BHUMaTEebHO 03HAKOMUTHCS C
HaCTOSIIIMMHU IIPaBUJIAMU U PACIIUCATHCS B KypHAJIE y4eTa MHCTPYKTAXKA MO TEXHUKE
0€30I1aCHOCTH.

Crynent OBSA3AH BBINOMHATE CIEAYIOUIUE MTPABUIIA:

1. Ilepen BKIOYEeHHMEM J1a00OpaTOpPHOrO Komiuiekca B ceTb 220 B ybOeaurecs,
4yTO TyMOJIep BKIIIOUeHUs HaxoauTcs B ojoxkeHuu « BBIKJL.».

2. Ilpu cOopke HJIEKTPUUECKOW IIEMU HMCIOJB3YWTE MPOBOJA C HMCIPABHOU
m3onsuuen. [logkmioyass mpuOOphl, NPOBEPSANUTE COOJIIOJCHHE HOPM HArpy3Ku
(pabouee HampsKE€HUE KOHIEHCATOpa, MAaKCHUMaJbHBIA TOK JJIA  KaTyllek
WHIYKTUBHOCTH U T.I1.).

3. COOpKy SIEKTPUUECKOHN IeNu BEAUTE MO0 KOHTYpaM, HauMHas C OCHOBHOTO
(conep:xamero HCTOYHUK NUTAHNSA); MYJIBTUMETP, oOpa3zyromui
BCIIOMOTaTeNIbHbIN KOHTYP, MOJIKIIIOUYANTE B MOCIEIHIOI0 OUEPEb.

4., BxuwuaiiTe HCTOYHMKHA TIMTAaHUS TOJbKO IOCJ€ TPOBEPKH HeNnHu
npenojgaBareyeM.

5. Jlnsi mpoBeleHUsi JIOObIX TMePeKJIIOYeHHl B DJICKTPUYECKON IIeTH
OTKJIIOYUTE UCTOYHMK NMUTAHUSA, YTOOBI M30€KaTh KOPOTKOTO 3aMbIKAHHUS y4acTKa
LETIH.

6. OTKII0YUTE MUTAHKE MO 3aBEPIICHUI0 U3MEPEHUH.

SAIMIPEHIAETCA

1) xacarbCs TOKOBEAYIIMX YacTel CXEeMbl METALIMYECKUMH IpEeIMETaMH,
paboTaTh MOKPBIMH pyKamu;

2) 6e3 paspelieHust MpenojaBaress BKIYaTh JJabopaTopHbIe CTEH b B ceTh 220
B 1 nonaBarp HampsiKeHHE Ha CXEMY;

3) mepemeniath JgabOpaTOpHbIE CTEHABI C OJHOTO CTOJIA HAa JAPYrod WIH
BCKPBIBAaTh UX;

4) KypuTh B 1a0OpaTOpUM, HAXOAWTHCS B BEPXHEH OMEKIE WM TOJOBHBIX
ybopax.

[Io BceM BO3HUKAIOIIMM BOMPOCAM CTyACHTaM CJEAyeT oOpamarbes K
MpEeroiaBaTeNi0 WM J1alopaHTy. 3a TMop4yy OOOpYyIOBaHMS CTYACHTBI HECYT
MaTEPHAIbHYIO OTBETCTBEHHOCTb.
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TECTOBBIE BOIPOCHI JIJ151 CAMOCTOSITEJILHOM PABOTBI
OBYYAIOIMXCS

Bapuanr 1
Cepaeunuk TpaHcpopMaropa npeaHa3HaueH i . ..
KIIJA tpanchopmatopa ¢ P1p;=4,9 Bt u P=10 Bt Makcumamsen mpu
Kod(ppuUILIHEeHTE 3arpy3KH ...
HoMuHabHBIM HanpsiKEHHEM OOMOTKHM Ha3bIBACTCH ...
XO0JIOCTOU XOA-3TO TAKOU PEXKUM, IIPU KOTOPOM ...
Tepmun: «Tok xosmocTtoro xoaa 5%.» o3Haydaer ...
Jlis  9KCHEepUMEHTAILHOTO ompeseneHus koddduumenta Ttpanchopmaiuu
HEOOXOIUMO ...
B cepneunuke tpanchopmaropa ¢ W;/U;=20 BHTKOB/B, mocCTaBICHHOTO I0OJ
HanpsbkeHue 36 B, BO3HUKaeT MarHUTHBIN MOTOK PaBHBIH ...
[lepBuunass oOmoTka TpaHchopmatopa, umeronias 200 BUTKOB, MOCTaBJIeHA
non Hamnpstkenue 20 B. Hanpspbkenne Ha BropuuHoit ooMmoTke 100 B, a yucio
BUTKOB ...
v TpexdazHoro TpaHchopmaropa, BKJIIOUEHHOTO o cxeme
3Besna/Tpeyronbauk U, =380 B, U,,=220 B, a kosddurment tpanchopmarmu

[TpuHIMn AecTBUs TpaHCPopMaTOpa OCHOBAH Ha 3aKOHE ...

Cepneunuk Tpancopmaropa U3roToBJIEH U3 ...

Tpanchopmarop npenHa3HaueH 1 ...

CBs13p MEXly 0OMOTKaMH TpaHcpopMaTopa OCyLIECTBIIAETCS . ..

[Ipu yBennyeHnr Ynciia BATKOB NEPBUYHON OOMOTKH BTOPUYHOE HAIPSKEHUE

Koaddummentom tpanchopmarm Ha3bIBaeTCH . . .
[Ipy  yBenmWyeHWM  aKTUBHOM  HArpy3kd  KOA(Q(HUIIMEHT  MOIIHOCTH
TpaHcdopmaropa ...

. Koappurnmentom 3arpysku Tpancpopmaropa Ha3bIBaeTCs ...
. OJIC, BO3HHUKAIONTYI0 B 0OMOTKE TpaHCcPopMaTopa, BEIYUCISIOT 10 GhopmyIie

. HpI/I IMPOBCACHUMN OIIbITA KOPOTKOT'O 3aMbIKAHUA HAIIPAKCHUC YCTAHABINBAIOT

TaKHM, YTOOHI ...

. [Ipn ymeHbIICHNH Harpy3ku TpaHchopmaTopa IMOTOK B CEPACYHUKE ...
. [Ipn yBenmnueHnn TOKa HHIYKTUBHOTO MTPUEMHUKA BTOPUYHOE HATIPSHKCHHUE ...
. BHemHIOI0  XapakTepucTuKy TpaHcdopMaropa u300paxkaroT rpaduxom

3aBUCHUMOCTH ...

. [Ipu yBenmuueHnn Harpy3Ku MOTEPH B CEPACUHUKE ...
. MaramuTHOH 1IeNBI0 Ha3bIBAaeTCA ...
. 3aKOH MOJTHOTO TOKA TJIACHUT ...
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Bapuant 2

1. Tlorepu xomnoctoro xoja Tpancpopmaropa 3 Bt, MakcuMallbHOE 3HaUYEHUE
KIT nocturaercs npu koadduimente 3arpysku 0,775, a moTepr KOPOTKOTO
3aMBbIKaHUS PABHHI ...

2. Y tpancdopmaropa ¢ Wi/U;=10 BuTkoB/B Ha 3a)kuMax BTOPUYHON OOMOTKH
uMmeroieit 360 BUTKOB AEHCTBYET HAMPSIKEHHUE ...

3. VY tpexdazHoro TpanchopmaTopa, BKIFOUEHHOTO M0 CXEME
TpeyroapHuk/3Be3na U y=380 B, U,5=220 B, a koaddutiuenT tpanchopmaiuu

4. B katyuke, umeronieit 1000 BUTKOB mpoTekaeT Tok 2 A, a ee
HaMarHW4YWBaIoIas CUJIa PaBHA ...

5. CepaevHuk TpaHCpOpMaTOpa U3rOTABIMBAETCS U3 OTJEIbHBIX JIHCTOB CTAIU
I ...

6. HoMuHanbHON MOLIHOCTBIO TpaHCHOpMaTOpa Ha3bIBAETCH ...

7. Tepmun: «HampspkeHne KOpoTKOTo 3aMbIKaHus 7%) 03HA4aerT ...

8. 115 sKCepUMEHTAIBHOTO ONPENETICHUS MIOTEPh B CEPICUYHUKE HEOOXOAUMO

9. 3aKOH 3JIEKTPOMATHUTHON MHAYKIIUU TJIACUT .

10. IIpu npoBeaeHNH OIbITA XOJIOCTOTO X012 H€O6XOILI/IMO

11. Tlpu yMEHBIIEHUH YUCIIa BUTKOB NIEPBUYHON OOMOTKH, BTOpI/IT{HOG
HaTpPsDKEHHE ...

12. TIpu yBenuuennu Harpy3ku KI1J] tpanchopmaropa ...

13. Tlpu npoBeieHNH OTIBITA KOPOTKOTO 3aMBIKAHHSI HEOOXOIUMO ...

14. ITpu yBenuyeHUn Harpy3Kku MOTOK B CEPACUHUKE ...

15. TIpu yMeHbIIIEHNHN TOKAa MHAYKTUBHOTO IPUEMHUKA BTOPUYHOE HATIPSDKEHUE

16. I1pu yBenuyeHUU Harpy3Kku MOTEPH B OOMOTKAX ...
17. KIIJ] Tpancdopmaropa BEIYUCISIOT 1O GOPMYIIE ...
18. Tlepenaua sHEPTrUU U3 IEPBUYHON OOMOTKH BO BTOPUYHYIO OCYIIECTBIISETCS

19. Pacder motepb B 0OMOTKaX MPOU3BOAUTCS 10 GOpMYJIC ...
20. DneKTpuYecKoe COCTOSHUE MEPBUYHON OOMOTKH OMHUCHIBAETCS YPaBHEHUEM

21. MaruuTtHast ieb COCTOUT U3 ...

22. OTHOCHUTEIbHAS MAaTHUTHAS TPOHUIIAEMOCTD MTOKA3bIBACT ...

23. TpancdopmaTop npegHa3HaAYCH A ...

24. J151s 5KCIEPUMEHTAIBHOTO ONpeIeTICHUSI HOMUHAIBHBIX MOTEPh B 00OMOTKaX
HEOOXOIUMO ...

25. KJIJI Tpancdopmaropa 1ocTuraetr MakCUMyMa, Korja ...

Bapuant 3
1. Ilpu yBenn4eHHH TOKA PE3UCTUBHOIO MPUEMHHMKA BTOPUYHOE HAPSKEHHUE . . .
2. HoMuHanbHBIM TOKOM Ha3bIBACTCH ...
3. Ilpu ymenbienun Harpysku KIIJI tpancdopmatopa ...
4. OnbIT KOPOTKOIO 3aMbIKaHUS TPOBOJSAT JJIA ...
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[Ipy MOHMKEHHOM HANPSIKEHUU MPOBOMAST OTIBIT ...

MarnuTHas 11enb OAHOPOIHA, €CIIH ...

[Ipy ymMeHbIIIeHHH HAarpy3Ku KO3 GUIIMEHT MOIITHOCTH ...

B cepneunuke ceuenuem 4cm” maruutHas uaaykuus 0,6 T, a 9J1C,
BO3HHUKArOIIasi B 00MOTKe umerotiei 720 BUTKOB paBHa ...

VY tpexdaznoro TpanchopMaropa, BKIFOUESHHOTO 110 CXeMe 3Be3/1a/3Be3/1a
U,4=380 B, U,;=22 B, a koapdunineHT tpanchopmaiuu ...

. [lepBuunas oomoTka Tpanchopmaropa, umerornias 2200 BUTKOB, TOCTaBIICHA

non Hanpspkenue 220 B, na Bropuunoit o6MoTke 360 BUTKOB, a HaINPsHKEHHE

. B xarymke, nmeromeit 2500 BUTKOB, POTEKAET TOK 2 A U co31aeTcs

HaMarHU4MBaroIas Cuia ...
[Ipu yBenmnueHun Harpy3ku HaMarHMYMBAIOIIMI TOK TpaHchopmaTopa ...
DJEKTPUUYECKOE COCTOSIHUE BTOPUYHONM OOMOTKH OIKCHIBAETCS] ypaBHEHUEM

OneIT X0JIOCTOrO X0Aa MPOBOMST JUIA ...

['onogoit KIIJI TpancdopmaTopa paccuutbiBaeTcs mo Gopmysie ...

CBsi3p MEXly 0OMOTKaMU TpaHcpopMaTopa OCYUIECTBIAETCS . . .
VYpasuenue tpanchopmaropoit IJIC umeer BuUf ...

IIpu yBennyeHnM TOKa EMKOCTHOTO IPUEMHUKA BTOPUYHOE HAIIPSKECHHUE . ..
HomuHanbsHbIE TOTEPU MOLUTHOCTH B OOMOTKAX HAXOMASAT MO PE3yJIbTaTaM
OMbITA ...

3aKOH ITOJIHOTO TOKA IJIACHT ...

Pabota Tpanchopmaropa oCHOBaHa Ha 3aKOHE ...

KoadduimeHT 3arpy3ku BEIYUCISAIOT 110 (HOPMYJIE ...

KoadduimenT tpanchopmanum pacCUuThIBAIOT MO pe3yJIbTaTaM OMbITA ...
BarrMmeTtp B ombITE€ XOJIOCTOrO X012 MOKA3BIBAET MOILIHOCTS ...

[Ipu ymMeHbIlIeHUH Harpy3Ku MOTEPU B OOMOTKAX ...

Bapuanr 4
[Ipu yMEHBIIEHNH TOKA PE3UCTUBHOTO MPUEMHHUKA BTOPUYHOE HAMPSKEHUE ...
BarTtmeTrp B OIbITE KOPOTKOTO 3aMbIKaHUS MOKA3bIBAET MOIIHOCTS ...
Koaddumment 3arpysku, coorBercTByromuii makcumymy KIIJ[, BbrawmcusroT

o ¢hopmyre ...
[Ipu yMeHbBIIICHUH HarPy3KH MarHUTHBIA ITOTOK B CEPJICUYHUKE ...
Y Tpexda3zHoro TpaHcdopmaropa, BKJIIOUEHHOTO o cxeme

TpeyroibHuk/Tpeyronpuuk, U;,=380 B, U,=220 B, a kosddumment
TpaHCHOPMALIHH ...

Y tpanchopmaropa S,=0,220 xBA, l,=1 A, u=5%, a conporuBieHue
KOPOTKOT'O 3aMbIKAHHUS ...

[Totepu B cepaeunuke Tpanchopmaropa 5 BT, moTepu KOpOTKOTO 3aMbIKaHUS
10 BT, mpu ko3¢ dunuente 3arpysku 0,7 cymMapHbIe IOTEPH PABHHI ...
Hanpspkenue Ha 3akuMax BTOpUYHOM 0oOMOTKM 36 B, moTok B cepaeuHuKe
0,225 MB0, a 4nciI0 BUTKOB OOMOTKH ...



21

9. Koaddummentom tpanchopmarmu Tpexdasznoro tpanchopmaropa Ha3bIBACTCS

10. IIpu ymeHbIIIeHUU HArPy3KU KOAPOUITMEHT MOIITHOCTH TpaHchopmaTopa ...

11. JIng SKCHepUMEHTAIbHOTO OMNpe/IeNICHUsI HOMUHAIBHBIX TOTEPh B 0OMOTKaX
HEOOXOIUMO ...

12. ITpu yBenuyeHUU HArpy3KH MOTEPH B CEPJICUHUKE ...

13. IloTepu B cepAcUHUKE paBHBI OTEPSIM B 0OMOTKax, a KIIJI ...

14. YpaBHeHuE NEPBUYHOIO TOKA UMEET BUJT ...

15. Tpancdopmarop npegHa3HAuEH IJIA ...

16. BuemHsAs xapakTepucTika TpanchopMaTopa MOKa3bIBaeT ...

17. Tlpu yBenuuennn Harpy3ku KIIJ] tpanchopmaropa ...

18. Cepneunuk TpancpopmaTopa U3TOTABIUBACTCS U3 OTICIBHBIX JIMCTOB CTaJIH
A ...

19. Tlo 3akony snexkTpomMarauTHOM uHAYyKIMKH, IJC, BO3HUKAIOIIME B 0OMOTKaX
TpaHchopMaropa, MPONOPIHUOHATBHHI ...

20. MarauTHas 11ens He0IHOPOIHA, €CIIH ...

21. 3aKOH MOJHOTO TOKA IJIacur ...

22. KoaddurmeHT Tpanchopmaiuy mokas3biBaer ...

23. [lepenada sHepruu U3 NEPBUYHON OOMOTKH BO BTOPUYHYIO OCYIIIECTBIIAETCS

24. Tepmun: «Tok xonoctoro xona 5%.» o3Hayaer ...
25. IlapaMeTpsl HAMarHMYMBAIOIIEH 1IETTH B CXEME 3aMEIICHUsI PACCUUTHIBAIOT IO
JAHHBIM OIBITA ...
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