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TPAHC®OPMATOPHAS 3. JI. C. 3JIEKTPOMATHUTHOTO
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1. H. KPAEB, | B. H. TI/ITOBI

(ITpencraBnena HayuHbIM ceMHHApOM (H3HKO-T@XHHYECKOro (aky/bTera)

H3BecTHO, YTO B 3/J€KTPOMArHUTHBIX pacxojoMepax OJHHM M3 HCTOU-
HUKOB IOMeX SIBJIsSeTCS MepeMeHHOe MarHuTHoe 1moJe npubopa, KoTopoe
UHAYKTHPYET B U3MEPHUTeJbHOM KOHTyp€ HANpsKEHHe, He CBS3aHHOE C JIBHU-
JKeHHeM KUAKOCTH. DTO HamnpsikeHHe (TpaHcopmaTopHasi 3. 1. C.) BO3HHU-
KaeTr 3a cyeT TOro, 4TO B HEpPEeMEeHHOM MAarHUTHOM I10Jie HaXOJHMTCS NETJs,
oOpa3oBaHHas JBYMS 3J€KTPOJAaMH, CTONOOM KHIKOCTH MeKJAy HHMH
U BBIBOJAMH, HAYIIHUMH OT 3JEKTPOJOB.

Beanuunna tpanchopMaTopHO#l 3. J. C. 3aBUCHT OT MJIOUIAAM HETJIH,
IIPOHU3BIBAEMON MAarHUTHBIM ITOTOKOM, HHTEHCHBHOCTH MArHHTHOIO I10JS
H 4aCTOTLl €r0 U3MeHEeHHs.

[lnomans netsu HEOOXOAMMO YMEHLUIATh, OCTaBJ/SISI HE3HAUHUTEJbHOMH
BeJHYMHY HABOJIUMOU B HEH 3. J. C. /I KOMIEHCAIUH CTaOUJAbHBIX NOMEX
rOH 7K€ YaCTOTbl, BOSHUKAIOUUX 3a CYET HCOJHOPOAHOCTH MATHUTHOIO MOJIA.
BpiBOJABI OT 3J€KTPOLOB Cja€AYeT THlaTenbHo 3KpaHupoBaTh. OObIYHO BeJH-
yMHa TpaHC(OPMATOPHOH 3. J. C. CPABHUMA C BEJWYMHOH MOJE3HOTO CHTHa-
J1a ¥ COCTaBJ/IsAeT HEeCKOJbKO MB.

[Tonasnenue TpancopMaTOpPHOH 3. 1. C. MOXKHO OCYILI[E€CTBUTb B CaMOM
JlaTYMKe, Ha BXOJe BTOPUYHOrOo NMpubOpa, a TakkKe U Tak, KOrja BTOPHUHBII
npu6op obdaanaer ¢gasoBoii U3OHPATEABHOCTBIO, M MO3TOMY pPEerHCTPHUPYIO-
Ui n1pubop He pearupyer Ha TpaHcPOpPMATOPHYIO 3. 1. C.

CHHUKeHHMe TOTpellHOCTell, BBI3BIBAEMBIX TpaHC()OPMATOPHOU 3. 1. C.,
MOZKHO OCYIIECTBUTh NOCPEJCTBOM TOUHOH peryJupOBKH OpPHUEHTALUH BbIBO-
JIOB OT cOOMpaIoUUX 3JEKTPOAOB B (POpMe HEHHAYKTHBHOH NETJH, KakK IO-
KaszaHo Ha puc. I.

Iletns,, o6pas3oBaHHas KUAKOCTBIO, 3JEKTPOJAMH M BLIBOAAMU OT
9JIEKTPOJIOB, JIEKUT B TJaHe NapaJielbHO MAaTHUTHBLIM CHJIOBBIM JUHUAM H
03TOMY OKpyzKeHa HyJeBbIM NOTOKOM. CJle/[0BaTe/NbHO, COOTBETCTBYIOILEH
OpHUeHTalHeil MeTJH MOXKHO JOOHTECS MHHMMAJbHOTO CHrHAjMla OT JaTyHKa
fipu HyJeBoM pacxojne [1, 2].

Ha puc. 2 npuseseHa cxema NOJAaB/JI€HUsi TpaHCHOpMATOPHOH 3. 1. C.,
KOrJla OT OJIHOrO M3 3JIEKTPOJOB JeJaeTcsl JBa BbiBojaa. [loaBHKHBIE BBIBO-
JIbl OXBATHIBAIOT IOJIOC 3JI€KTPOMATHHTA C JABYX CTOPOH U 3aMBIKAIOTCS Ha
MaJIOOMHBI morteHuuoMerp. Hanpszkenue, moaydyaemoe oOT JaTudka, CHHU-
MaeTcsi ¢ JBHKKa NMOTEHIHOMETPa M BTOPOI'0 3JeKTpoAa. MeHssl MmooKeHHe
JIBUJKKA MOTEHIIHOMeTpa, MPHU HEMOJABHKHON KUIKOCTH JOOHUBAIOTCH TAKOIO
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€ro I0J0XKEHHSI, 4YTOObl CHTHAJ Ha BXOJe B YCUJUTe]Nb Obl1 paBeH
HyJaio {3, 4].

Jpyro#i cnoco6 mopaBJseHusi [5] 0CHOBaH HA NMPHMEHEHHH JBYX IPeod-
pasoBareJied, BK/JIKOUYEHHBIX TaK, KaK NOKas3aHo Ha puc. 3. Ecau tpauncgop-
MaTopHble 3. 1. C., obpasyouecs B 000Hx Ipeobpas3oBaTensix, paBHbI MO -

Ycunumens

Puc. 1. Cxema CHMUJKEHHSI TMOTPELIHOCTEH, BEI-
3bIBAE€MBIX TPaHCGHOPMATOPHOH 3 M. C. TOCpes-
CTBOM OpHEHTAaIlHH BBEIBOJOB OT 3JEeKTPOJOR.

Yeunumens ﬂ

Puc. 2. CxeMa mopmaBieHHsl TpaHCHGPMATOp-
HOH 3. 4. C. C pacllenJeHHbM BBIBOJIOM Ha
NOTEHIIHOMETP.

Yeunumenp ¥4
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Puc, 3. Cxema mopnaBjeHuss TpaHchopmaTof-
HOH 3. A. C. C TIOMOIIBIO ABYX npecHpazona-
Tenel,

¢paze u No BeJUYMHE, TO OHH KOMIIEHCHPYIOTCS B NEepPBHYHOH OOMOTKE TpaH-
copmaropa. [lonesnnie 3. . c., NpPONOPUHOHAJbHbIE BeJHUHHE pacxoia
B Ka:kJ0M HPHEMHHKE, NPOTHBOMNOJOMKHBI 10 (ase U CK/IAJbIBAIOTCA B Iep-
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“BUYHOH oOMOTKe TpaHcopmartopa. Tak Kak MNpPaKTHUeCKH HEBO3MOXKHO
C03/1aTh iBA OJMHAKOBBIX JaTuMKa U OJMHAKOBLIE yC/JAOBHUS JJIS BbIBOJOB OT
3JeKTPOJAOB, MO03TOMY He0OXOAUMO, 4TOObl CpefHfAA TOo4YKa IEePBUYHOH OO0-
MOTKH TpaHcpopMaropa Oblia HepeMeHHOM.

YcenoxXHeHHe KOHCTPYKLUHH 3JEKTPOMAarHUTHLIX pPacXoJOMepoB ¢ IIO-
JOGHBIM METO/IOM KOMIEHCAlHUU TPaHC(OPMATOPHOI 3. 1. €. 0OYCJAOBHIO HX
NpPUMEHEeHHe JMIIb [/ Ja0opaTOPHbIX HCCAEJ0BAaHUI pPacxoJOoMepOB.

JlJs yMeHbIIeHUs] BJAHAHHS TPaHC(OPMATOPHOI 3. 1. C. Ha BXOJe BTO-
_puyHOro npubopa HPUMEHSIOT CHMMETPHUYHYIO AU(pPepeHLUAJbHYIO CcXeMy
ycuJaeHus. B atom cayuyae mapasutHasi 3. A. . OyneT uMeTb OAMHAKOBYIO
a3y ¥ BeIMUMHY Ha KaxXJOM BXOJHOM IIPOBOJE ¥ YCH/IMBATLCS 3HAUMTE/b-
HO MeHblle, YeM II0JI€3HBIH CHrHAJ, ()asbl KOTOPOro Ha BXOAHBIX IPOBOAAX
YCHJIHTE/ISI NPOTHBONOJOZKHBL.

OCHOBHBIM 3aTpy/JAHEHUEM IpPH HCIO/JIb30BAHHHU 3TOTO METOAA SIBJSETCSH
HeoOXOAMMOCTb B TPaHCPOPMATOPHOM Kackaje AJsl Iepexoja OT CHMMeET-
PUYHON CXEMBbl YCUJIEHUSI K OOBIYHOI.

Komnencanuio TpancopmMaTOpHOil 3. J. C. MOXKHO OCYIIeCTBHTb C IO-
MOIIbIO JONOJHUTENbHOH KATYUIKH, INOMEUIEHHOH B CIIeLHaJbHOM THe3Je
B maTpybke pacxojpomepa. /s KOMIEHCAIMH HCHOJb3yeTCs HampsKeHHe,
UHIYKTHDPYEMOe MarHUTHBIM mHoJsieM mnpubopa B 3Tod Kartyuike [6].

[Ipu M3MeHEHHH HANPAKEHHOCTH MAarHHTHOIO 10/ KOMIIEHCHpYyIoLlee
HaIpsi?)KeHHe M3MEHSEeTCs TaK Ke, KaK U u3MepseMblil curHaJd. Tak Kak Ha-
npsizKeHne, MHAYKTHPyeMoe B KaTyllKe, CABHHYTO HO (pase OTHOCHUTEJNbHO
curtazia Ha 90° B cxeme mpubopa HeoOXOAMMO IpUMeHeHHe (a30CBHUral0-
iefl guefiku. DTOT METOJ MOXKHO INIPHMEHSITb, CHHMMAasl KOMIIEHCHpPYIOIee
.Hanpsi’KeHHe He CO CrneluaJbHOH KaTyIIKH, a ¢ CHJI0BOH 0OMOTKH Tpancdop-
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Puc. 4. Cxema mnompaBJeHusi TpaHchcpMaTon-
HOW 3. J. C, HampsiZKeHHeM, CHUMaeMbIM C CH-
JI0BOil OOMOTKH TpaHcdopmaTopa.

"MaTopa [7], muTalollell 3JeKTpOMAarHuT jgatuuka puc. 4. Kpome rtoro, pas-
_paboTaHbl 3JEKTPOMArHUTHble pPacXOAOMEpPHl, B KOTOPHIX BO H30exkaHHe IO-
SIBJICHUSI TPAHC(POPMATOPHON 3. [. C. MPOBOJA OT COOUPAIOUIUX 3JEKTPOLOB
'BBIBEJI€HBl 4Yepe3 OTBEePCTHE, BLINOJHEHHOE B CepAeYHHKe 3JI€KTPOMAarHuTa,
~COCTOSIIIIET0 M3 JBYX CHMMETPUYHBIX YacTel, HMEIOUUX OJUHAKOBBHIE Ka-
TYWKH {8].

Hpyroit cnoco6 u3GaBUTbCA OT BJAUSHHA TpaHCPOPMATOPHOH 3. 1. C.
.Ha pe3yJbTaT H3MEeDPEHUS SIBJSETCH IPHMEHEHHE [l TNHTAHHS MarHura
JaTyhka Toka npsimoyrosibHOil gopmMmel. Takas dopma Toka [9] HHAYKTHPYET
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B H3MEPHUTE/JNbHOH IEeNU CUIHAJ INPSMOYrO/bHOH (OpMbI, TPONOPUHOHAb-
HBIH CKOPOCTH JIBUKEHHS KHIKOCTH.

He#ictBue TpaHc(OpMaTOPHONM 3. A. C. MNPOSIBJSIETCS B MOSIBJIEHUH
“OCTPBIX UMITYyJIbCOB B MOMEHT CMEHBI MOJISIPHOCTH TOKA, MUTAIOLIEr0 MarHuT.
D10 pasnuuue B ¢opMe BOJHBI NO3BOJsIET Oosee 3(D(PEKTUBHO OTAEIAThH
CHUTHAJ TMOTOKAa OT TpaHchopMaTopHoii 3. A. ¢. ITogaBuTL oCTpbie MHUKHU, BbI-
3BaHHbIE TPAaHC(HOPMATOPHON 3. JI. C., MOXKHO cXeMoil cTpoOupoBanusa. s
3TOrO CTPOGHPYIOT YCHJIUTEAb B MOMEHT CMEHBI MOJIAPHOCTH TOKa, MHUTAI0-
IIero MarH{uT JaT4uka. J. J. C. U3MEpPSIOT TOJIbKO B Te€ NPOMEXKYTKH Bpe-
MEHH, KOrja IoJie MaKCcuMaJabHO M NnocTosiHHO. Takum oOGpasoM, ImpOHU3BOM-
Hasi OT MArHUTHOTO IOTOKAa II0 BPEMEHH M COOTBETCTBEHHO CHTHAJI, CO3/1a-
BaeMblil TpancopMaToOpHOH# 3. A. C., PaBHBI HYJIIO.

Pacxonomep ¢ npsiMOyro/JbHO# (OpMOil BOJHBI THTAIOILEr0 TOKa HC-
MOJIb3yeT NPEeHMYIeCTBA M yCTpaHsieT HENOCTATKH TAKOTo THIA NPHOOPOB
C NOCTOSIHHBIM MarHUTOM W NUTAHHEM MarHuTa MEPeMeHHLIM CHHYCOUJaJb-
HBIM TOKOM. ] :

[TonaB/ienne TpaHcGOpMATOPHON 3. A. C. MOXKET OBITb OCYILECTBJIEHO
NpUMeHEHHEeM CIlenHaJabHOro (azonsbupareJbHOTO 3jaeMeHTa. B xauectBe
“TAKOr0 3JEMEHTa MOKEeT ObIThb MCIOJb30BAaH PEBEPCHUBHBLIH KOHIEHCATOPHBIN
_JIBHUTaTe/]b, YCTAHABJUBAEMBIl B aBTOMATHYECKHUX 3/J€KTPOHHBLIX HOTEHLHO-
MeTpax M Mocrax JJs ypaBHoBeiHBaHus cxeMsl [10]. [lasi aBTOMaTHYECKOMH
KOMIIEHCAIlM{ CHTHaJa Ha BXOJe BTOPHYHOro npubopa MCHOJAb3YyeTCs Ha-
npsizKeHue, HHAYKTHPYeMOe MarHuTHBIM ToJeM jatuuka. Kommencupyiolee
HanpsizkeHue, CHUIMAaeMoOe C peoxopld, W BLIXOJHOe HaNpsIXKEHHEe aaTyuKa
MoJlaloTCsl B NpoTUBO(Aa3e Ha BxoJ ycuautens. Ilpu n3MeHEHHH BeJHUMHBI
BXOJHOTO CHTHA/Ja HA BXOJEe YCHJMTENSI 0Ka3blBAeTCS HEKOTOpas BeJUYH-
Ha - Au, KOTOpasi yCHU/JIUBAETCS U IOJaeTcss B 0OMOTKY BO30y:KIEHUS [BH-
‘ratedd. Ban JaBuraress, nepeMellaercss IpH 3TOM Ha yroda —+ Ag, uepes
CHCTEMY pbLIUAroB IepeMelllaeT JBHKOK PeoXopjia, U3MeHss BeJUYHHY KOM-
NEeHCHPYIOIero HampsizKeHHUs.

Banaronapsi nannuuio $aszou3dbupaTeIbHOTO 371€eMeHTa, BTOPUUHBIH TPH-
00p He pearupyer Ha IOMeXH, HHAYKTHDYyeMble MATHHUTHBIM IIOJeM JaT4H-
'Ka. OfHaKO NpU HCHO/JIb30BAHHHM TAKOTO MeETOJa KOMIEHCAUHH YBEJHUH-
BaloTcsl ero rabapuThl U NOBLILIAETCS CTOUMOCThb TpHuOOpa.

B ToMCKOM NOJHTeXHHYECKOM MHCTUTYT€ TPOBELEHO HCCeOBaHKE
OpPUTHHAJbHOTO METOAa KOMIIeHCalWH TpaHchopMmaTopHO# 3. a. ¢. Merox
“OCHOBAH Ha YMHOXKEHHMH CHCHaJa, CHUMaeMOro ¢ JaTUMKa Ha HampsKeHHe,
coBmajarmplulee 1Mo (pase ¢ MOJE3HBIM CHTHAJIOM.

Jlas cMHYCOMJa/JbHOTO MAarHUTHOTO MOJSI CHTHAJ, IOJydaeMblil OT pac-
XoJoMepa Ha 3JMeKTPOAax AaTyMKa, COCTOUT H3 JBYX COCTABJSIONUIHX.

e, = (e, sin of + e, cos vt), (1)

rjae e;sinof — HanpsakeHue B (pase C MATHUTHBIM [10JIEeM, NIPONOPIHOHA/D-
HO€ CKOPOCTH MOTOKA;

€, Cos of — HaIPsKEeHHe IOMeX, He 3aBHCsIee OT NMOTOKA H CABHHYTO

no ¢ase ¢ MarHUTHBHIM ToneM Ha 90°.

Uro6bl mONy4uTh HANpsizKeHHe, NPOINOPLHOHAIbHOE MOTOKY JKHAKOCTH,
'HEOOXOJMMO BBIJEJIHTL NMEPBLI 4IeH B ypaBHeHHH (l) M IOJaBHTL - BTOPOW
yjied. [IpakTHyecKn 3TO MOXKHO OCYIIECTBHTb Ha CXEMe YMHOMKEHHS.

YMHOKHTE/Ib PHC. 5 COCTOHT H3 MOCTA CONPOTHBJ/IEHHI, HCIOJb3YIOIe-
-TO TOJNYNPOBOJHHKH KaK 3/IEMEHTHl CONPOTHBAEHHH. YBeJIHUYCHHE UYBCTBH-
TeJIbHOCTH JIOCTUTAeTCst BKJAIOYEHHEM 4YeThipeX (OTOCONPOTUBJIEHUII MO
MocToBoOii cxeme. IToacBeTka (OTOCOMPOTHBIEHUI OCYLIECTBASAAACH ¢ IIO-
MOILbIO HEOHOBBIX sammouek Tuna MH-8. [las kommencanuu tpauchopma-
TOPHOH 3. A. C. HEOOXOAUMO CHHMaeMOe C 3JEKTPOJOB HaNpsKEeHHE YMHO-
ZKATb Ha YJIeH C MOCTOSIHHOH aMIIMTY/0H, coBmajawolleil mo (ase ¢ mar-
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HUTHBIM NOJIeM e3sinwf. B HauleM ciayuyae HanpsizKeHHeM e3sinwl NHUTalTCS
HEOHOBBIEe JaMnouku. HanpsizkeHue, cHUMaeMoe C 3JEKTPOAOB, NPHIOKEHO:
K JHaroHaJ/Jid Mmocra ef.

YMHOXKHUTeJb paboTaer CJeAyIOUIUM O0pa3oM: NpPH OTCYTCTBHUH MOA-
CBETKH BCe (OTOCONPOTHBJIEHHS OKa3blBAIOTCA B OJMHAKOBBIX YC/IOBHAX
1 pa3HOCTb MOTeHLHAJOB B JUArOHa/Jd MOCTa M7 paBHa HYJIO.

Puc. 5. Cxema ymHoxenus ®C;;, PC,y; OC;, OC, —
doroconporuBaenus, JIj; Jlp, JIz; JI; — nammouxy.

B nepByio NOJOBHHY NepUOAd ropaTt Jaammnodku JIy, /I, BHOCs pasba-
JaHc B paboty wmocrta, aamnouku Jl,, JI; norameHel. BeanunHa cONpOTHB-
genuit @Cy u PC, uaMeHseTcsi N0 rapMOHHYECKOMY 3aKOHY OT R: no R.
u g0 R:, T. e. yactora M3MeHEHHs] CONPOTHBJEHUH paBHA YACTOTE H3Me-
HeHHsl e;sinof, MakcuMma/ibHBI pasbanaHCc MocTa Hacrymaer, korjaa ¢asa
HalpsKeHHUsl, NHTAIOILEero JaMIlIOYKH, coBnajaetr ¢ (aszofi HampsKeHHs,
IPUJOKEHHOTO K AHArOHaJdH MocTa ef. B KOHIe NepBoil MOJOBHHBI mepH-
olla BCe JaMIOYKH NOTAIleHbl ¥ MOCT ONATh CcOa/qaHCHPOBAH.

Bo BTOpyI0O MOJOBHHY TepHOJA €38inof mojuKkuraet Jamnouku Jl,Ji,
KapTHHA H3MEHEHHs CONPOTHBJEHHUI MOBTOPSETCH.

B pesy/abraTe yMHOXEHHSI IOJYUHM

€0 = (e, sin ot - e, cos w?) e; sin of =
(2)

1 :
= — (e,8, — €,€,c0s 2wt -+ e,e, sin 2wf).

2

[ToctaBuB Ha BBIXOAE CXeMBI YMHOXKEHHS (HIbTP, MOKHO BBIACIHTH
YHCTBHIA CHTHAJ, NPONOPIHOHAJIBHBEINA PACXOLYy

1
i ) 2
e > €3 ( )

L

IIpoBejennble HCCJAEAOBAHUA HACTOSILIEH cxeMbl yMHOKeHust Ha PC-Kl1
c yacroros nutaHusgs MarHuta 50 ri u Ha @C-Al c uyacroToll NHUTAHUS
400 ri MO3BOJHJ/IH 3HAYHUTEJbHO YIPOCTUTh CXeMy BTOPHYHOro mnpubopa u
1¥30aBUTbCs OT BJHSHUSA TpaHchOpPMATOPHOH 3. JA. C. HA Pe3yJbTaT wu3Me-
PEeHHUSI.
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