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PACUIMPEHUE ®YHKIMOHAJIbHbIX BO3MOKHOCTEM
SJIEKTPOMATI'HUTHBIX MPEOBPA3OBATEJIEN C
IMPOCTPAHCTBEHHO-ITEPUOUYECKNMU ITOJIAMH

B pabore paccMOTpEeHBI BOMPOCHI TEOPHH 3JIEKTPOMArHUTHBIX TpeoOpasoBarenedt s
MHOTOIIApPaMETPOBBIX ~ M3MEPEHHH C TOISIMH, KOTOpble HMEIOT IPOCTPAHCTBEHHO-
MEPUOAANYECKY O CTPYKTypy. IloKa3aHO, Kak C ITOMOIIBIO 3aBHCHUMOCTEH aMIUIMTYIHBIX
MPOCTPAHCTBEHHBIX FAPMOHUK MOXKHO PACIHOJIOKUTH CEKIIHH W3MEPUTENBHBIX 0OMOTOK C TEM,
4TOOBl BBIICOMTH M3 CHTHalTa IpeoOpasoBaTens HeoOXoauMmble rapMmoHHKHU.IIpuBeneHs
rpadMKi 3aBHCHMMOCTeH HOPMHPOBAHHBIX aMIUUTYR U (a3. OMucaH alropuTM OINpeIerIeHUs
3JIEKTPOMAarHUTHBIX W T'E€OMETPUYECKUX MapaMeTpoB LMIMHAPUYECKUX wu3zenuid. Crenan
BEIBOJ, O TOM, YTO OJICKTPOMAarHHTHBIE IpeoOpa3oBaTeNU MO3BOJIOT —OCYIIECTBISITH
MHOTI'ONapaMeTpOBbIH KOHTPOJb 3a CUET HCIIOJIb30BaHUS OIPEIENICHHOIO YHCIa OTACNBHBIX
MIPOCTPAHCTBEHHBIX TADMOHUK 30HAUPYIOIIETO ITOJIS.

KiaioueBble c¢10Ba:  DJIEKTPOMAarHUTHBIA — IpeoOpa3oBaTenb, IPOCTPAHCTBEHHO-
MIEPHOANIECKOE [I0JIe, MHOTOIIApaMeTPOBEIE H3MEPEHNUS, TIeKTPOMAarHUTHBIE TapaMeTpHL.
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IMoctanoBka mpoOJjemMbl. B Hactosmee BpeMs JOCTaTOYHO
AKTYaJILHBIM SIBJISIETCS BONPOC Pa3BUTHS MHOIONapaMeTpPOBBIX
MeTOJ0B H3MEPEHHH, KOTOPbIE MO3BOJAIOT MONYyYUTh HamOoJee IMOIHYIO
nH(pOopMannIo 0 cOCTOAHNH 00BEKTOB. [lJI1 OXHOBPEMEHHOTO OIIPEAEICHHS
JBYX MapaMeTpoB M3ZEIHs HanOosiee yHOOHBIM SABISIETCS HCIIOJIB30BAHHE
ANEKTPOMAarHUTHEIX mpeobpaszoBareneit (OMII), paboraromx Ha OIHOM,
¢uKcupoBaHHOH wactoTe. B 3TOM ciyuae uW3MepsioT JABa IIpU3HAKA
BeIXOAHOTrO curHana OMII, a 3arem pemalT cucTeMy M3 ABYX YpaBHEHUH,
CBSI3BIBAIOIIMX HM3MEPUTENbHbIE TPU3HAKM CHTHala C IapamMeTpamu
n3genus. [lpy  OJHOBpEMEHHOM  ONpeleNieHHMH Tpex u  Oolee
WH(QOPMATUBHBIX MapaMeTPOB HCCIENYyeMOro OO0BbeKTa HeoO0XOIUMO
UCIIOJIb30BaTh OOJIbIIIEE YKMCIO HE3aBUCHMBIX YpaBHEHHH. DTH MapaMeTphl
MOXHO ompenesnath ¢ mnomompio OMII, paboraiomem Ha HECKOJIBKHX
gacToTax. CyTh TAKOrO METOAA COCTOHMT B TOM, YTO M3JEIHC 30HIUPYETCS
TIOJISIMU JIBYX M O0JIee 4acTOT, a 3aT€M B BBIXOJHBIX CHT'HAJIAX BBIJCISIOT MO
JBa TIpHU3HaKa (aMIDIMTYQy U (asy), COOTBETCTBYIONMX (HKCHPOBAHHBIM
gactotaM. OJHAKO, WCHONB30BAaHME STOr0 METoJa Ha  MPaKTHKE
OCIIOXKHSIETCSI TPYJHOCTSAMH  (pa30BOH CHHXPOHHM3ALMM BO BPEMEHH
SOHAUPYIOIINX noJiei u BBIACJIICHUEM BBIXOHBIX QJICKTPUUCCKUX
napaMeTpoB (4 MX TIPU3HAKOB) U3 pe3yibTupyromniero curaana IMII [1-3].

Kak ykazano B pabGote [4], OIHOBpEMEHHbIE MHOTONAPaMETPOBHIE
U3MEPECHUA MOXKHO YIIPOCTUTH, €CJIM MCHOJIB30BATh MNPOCTPAHCTBCHHO-
NEPUOANICCKUE MArHUTHBIC TII0JIA, M3MCHAKOMIUECA BO BpPEMCEHU 110
CHHYCOMJaJIbHOMY 3aKOHY Ha O/IHOM (PUKCHPOBAaHHOW 4acToTe.

Heab crarbu. Llens naHHOI paboOTHI 3aKIIIOYACTCS B PaCCMOTPEHHH
BompocoB Teopur OMII 115 MHOromapameTpoBBIX U3MEPEHHUH € MOJISIMU,
MMEIOIIMMH MPOCTPAHCTBEHHO-TIEPHOINYECKYIO CTPYKTYPY.

OcHoBHast 4yacte.llpn cozmanum ycTpoiicTB € HPOCTPaHCTBEHHO-
MIepUOANIECKUMHI MOJISIMU 1enecooopasHo HCIIOJIb30BaTh
TpaHcopMaTOpHbIE TpeoOpa3oBaTeN, Yy KOTOPBIX H3MEPHUTEIbHBIE
OOMOTKHM  pa3MemaloTcsi Ha paanycaX MEHBIIMX, YeM pPaguycChl
BO30YKIAIOIIKX TOJIOCOB. DTO TO3BOJISET BBIACIUTh HECKOIBKO IEPBBIX
npeoOIalatolX TrapMOHHK, TIOCKOJIBKY OCTAlIbHBIC 3aTYXaloT.

Ha puc. 2 mokazaHo, kak ¢ TIOMOIIbIO 3aBUCUMOCTEH aMILIUTYIHBIX
3HageHn# 1-# m 2-it (a), a Takke 1-if m 3-ii (6) NPOCTpaHCTBEHHBIX
TapMOHUK H, — COCTABISFOLIMX TOJIS OT BEIMYUHBI () MOKHO PacIOIOKHUTh
CeKIIMM HM3MEPHUTENbHBIX OOMOTOK C TeM, 4YTOOBI BBIJENUTH W3 CHTHaja
npeoOpa3oBaTessi FApMOHUKY C YKa3aHHBIMU HOMepami [5].
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Puc. 1 — 3aBucUMOCTH IPOCTPAHCTBEHHBIX FAPMOHUK OJISI OT BEJIMUUHBI @ U
PAacIOJIOKEHHS CEKIUI N3MEPUTETHLHON OOMOTKH : a — 1-i 1 2-# IPOCTPaHCTBEHHBIX
rapMOHHK; 0 — 1-if 1 3-if MPOCTPaHCTBEHHBIX TAPMOHUK

IIpu xkoHTpOJIE TApaMETPOB UCCIIEYEMbIX U3IEJIUN OJJHUM U3 TJIaBHBIX
BOIIPOCOB  SIBIAETCSL OIpeIeNeHHe CHOCOO0B M CPEJICTB BBIICICHUA
TpeOyeMbIX TapMOHHUK M3 PE3yJIbTHPYIOIIUX CHUTHAJIOB IIpeoOpa3oBaTelst U
ocinaOneHnsl BJIWSHHSA Ha pe3yJbTaThl KOHTPOJsSI TapMOHHMK ¢ Oolee
BBICOKUMH HOMepaMu. OTMETHM OCHOBHBIE IyTH TOAABICHHS aMILIUTY
MEMIAOMIUX  HPOCTPAHCTBEHHBIX  TapMOHHUK:  pPa3MENICHHWE  CEKIMH
N3MEpPHUTENBHBIX ~ OOMOTOK  Ha  paamycax, MEHBIINX  paJnycoB
HaMarHMYMBAOUINX TIOJIOCOB; PAllMOHAIBHBIN BHIOOp YHCIA MONIOCOB C
OZHOHAIIPABJIECHHBIMU TOKAaMM B HHMX M 4MClIa [ap IOJIIOCOB C
MIPOTHBOIOJIOKHO HAPABICHHBIMU TOKaMHM; YBEIHMYCHHUE YIIIOBOM IIHPHUHBEI
BO30YI)K/IAIOIIUX IOJIOCOB; pa3MelleHHe CeKIMH N3MEepPHUTENbHBIX 00MOTOK
Ha OIIPEIENICHHBIX JIydax (¢ = const; COOTBETCTBYIOLIEE BKIIIOUEHUE TAaKHX
CEKITHiT; BEIOOP YTIIOBOH MIMPHUHBI CEKITMHA U3MEPUTEITFHON OOMOTKH.

Heo6xoauMo OTMETHTh, YTO KaxkJas NPOCTPAHCTBEHHAs TapMOHHUKA
AJIEKTPOMArHUTHOTO MOJISt IO-Pa3HOMY IPOHUKAET B IPOBOAALIMNA UIUHID,
a, CIEIOBATENbHO, U peakuuss W3AeIHs Ha KaXIyH 30HAUPYIOLIYIO
MIPOCTPAaHCTBEHHYIO TapMOHHUKY OyJerT pasnuyHa. Takoe pasinudue
MPOSIBIISIETCS. B U3MEHEHUU XapaKTEPHBIX, MPU3HAKOB FapMOHMK, T. €. UX
aMIUITYA W BPEeMEHHbIX (ha3. DTO JaeT BO3MOXKHOCTH HCIIOJIb30BaTh U
BBIOpaTh THI TpeoOpa3oBaTens C IMPOCTPAHCTBEHHO-TIEPHOINIECKUMHU
MIOJISIMH JUII MHOTOIIapaMETPOBBIX H3MEPEHHH.

[IpakTudeckunii WHTEpeC MPEACTaBIsAET pelleHne OOpaTHOW 3aaadd,
T.e. ONpEIENeHHEe KOCBEHHBIMM METOJAMHU  DIEKTPOMATHUTHBIX U
TEOMETPUYECKUX TapaMeTPOB LWIMHAPWUYECKHUX U3HCIHHA, a TaKKe
CBA3aHHBIX C HHMHU MEXaHUYECKOW HArpy3ku M Temneparypsl. Jlna
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OTIpE/ICNICHAsI STHX TMApaMeTpoB HYXXHO HMETh PACCUMTAHHBIC 3HAUYCHUS
3aBHCUMOCTEH HOPMHUPOBAHHBIX aMIUTUTYA © (a3 TepBOd H TpeTheit
TapMOHMK B BHJIE TaOIHIl WK TpadhUueCKUX 3aBUCUMOCTEH Ag/A13=f(tgd>1),
tgd; = f(x), Aid/a = K = f(X), koTopsic prBeieHBI Ha pHC. 2, 3.
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Puc. 3 — I'paduyeckne 3aBUCUMOCTH: @ — 3aBUCHMOCTb (ha3bl IEPBOM rapMOHHKH OT
00001IeHHOTO TapameTpa X; 0 — 3aBUCHMOCTh HOpMUPOBaHHOTO MapameTpa K ot
000011IeHHOT0 MTapameTpa X
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ANTOpUTM OmpeneNneHus MapaMeTpoB MWIMHIPUYECKOTO H3EIHA
CIEAYIOUINI: MO HW3MEPEHHBIM 3HAYEHUSAM aMIUIMTYJ HEPBOM U TpeThe
TapMOHMKH ¥  (a3pl TNEpBOH TAapMOHHUKH, HONB3ysch Trpadukom
Ay/A>=f(tg®Dy) (puc. 2), ompenmenseM MO TIEPECEUYCHUI0 HN3IMEPEHHBIX
3HAYEHUI BEJIMUUHY OTHOCUTEIBHOW MarHUTHON MIPOHULIAEMOCTH iy, 3aTEM,
none3ysick Tpapmkom tgd; = f(X) (em. puc.3, @), mo KpuBOH
COOTBETCTBYIOIIETO 3HA4Y€HWs |, W H3MEpeHHOMY 3HaueHuio tgd;
ompezensieM 0000IIEHHBIN TapaMeTp X.

B nanpHelieM MO MONYYSHHBIM 3HAYEHHSIM |, U X U3 rpauyeckon
sapucumoct Ajd/fa = K = f(X) (puc. 3, 6) maxomum 3Hauenme K c
MOCJIEAYIOIMM BBIYHCIICHUEM payca U3ienus a u3 GopMyJIbl:

a=2d, &)

rae d — paccTosiHME OT LeHTpa (HeppOMAarHUTHOTO M3IEIHS IO MPOBOJHUKA
¢ TokoM; A; — 6e3pa3MepHsbIi mapameTp [6].
3areM onpeaesseM yASIbHYIO 3JIEKTPOIPOBOIUMOCTh H3JEIHS !

X2

o=, 2)
aprpo®

rJe [lp — MarHuTHas noctosHEas (41107 TH/M);  — IMKIHYeCcKas 4acToTa.

BoiBoa. [IOCTOMHCTBO 3JIEKTPOMAarHUTHBIX MpeoOpa3oBaTenel c
MIPOCTPAaHCTBEHHO-TIEPHOANYECKIMHU TOJISIMA COCTOMT B TOM, YTO IIPH
pabore Ha OnHOWH (PUKCHPOBAHHON BPEMEHHOW YacTOTE€ OHH MO3BOJITIOT
OCYIIECTBIISITh MHOTOIIAPAMETPOBBIH KOHTPOJIb 3a CYET HCIIOJIL30BAHMSA
OTPENEICHHOT0  YHCIa  OTHACNBHBIX  NPOCTPAHCTBEHHBIX  TapMOHHK
30HAUpYytomero mnoms. Takum o0pa3oM, JaHHbIE NMPeoOpa3oBaTENNd MOTYT
HAaliTH IMUPOKOE NPUMEHEHHE B CHCTEMaX MOHHUTOPHHIA 3JIEKTpOCEeTei,
CHCTEMax KOHTPOJA TOJOJIE000pa3oBaHMsl M CHCTEMaX MOHHUTOPHHIA
JUHAMUYECKUX MapaMeTPOB MaruCTPAIbHBIX BRICOKOBOJIBTHBIX JIMHUH.
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OJITHOITAPAMETPOBbBI HEPA3PYILIAIOIUI KOHTPO.Ib
MMAPAMETPOB HEMATHUTHBIX HUJIVMHIPUUYECKUX
U3IEJIUN

B pabote paccMoTpeHa TeopHsi pabOThI BHXPETOKOBOTO MPEOOpa3oBaTeNs C HCCIELYeMbIM
HEMarHUTHBIM  IWJIMHAPHYECKHM oOpasmoM. IlomydeHsl QyHKIHM  npeoOpa3oBaHUS,
CBSI3BIBAIOIINE JJICKTPHYECKHE M TEOMETPUUYECKHME IapaMeTpbl HCCIELYeMOro H3JEIus C
BBIXO/IHBIMU CHI'HAJIaMH [Pe00pa3oBarersi, 4To MO3BOIMIO CYIECTBEHHO PACIIMPUTH MPE/EIIbI
IIPUMEHEHUs BHXPETOKOBOro mpeoOpa3soBaTens. IIpennoxkeH MeTox ORHONapamMeTpoBOTO
KOHTpOJISL Y[EIBHOTO 3JIEKTPUYECKOTO COMPOTHBICHHS IPH H3BECTHBIX T'EOMETPUYECKUX
pasmepax obpasma ¥ METOA OIpEAeNeHHs auaMerpa oOpasua MpH H3BECTHOM YACIbHOM
NEKTPUYECKOM COTNPOTUBIICHHH.

KiioueBble €JI0Ba: BHXPETOKOBBI IpeoOpa3oBaTenb, YAEIbHOE OSJICKTPHYIECKOE
COIPOTHUBIICHUE, (HYHKIIMS TPeoOpa30BaHuUs, aMILIUTY A, (a3a, MATHUTHBIH OTOK.

IMoctanoBka mpoGaembl. OHONH W3 OCHOBHBIX XapaKTEPUCTHK
1100010 HNEPBUYHOTO npeoOpazoBaTest SIBIIICTCS byHKIMA
npeoOpa3oBaHus, T.€. (PYHKIMS, CBSI3bIBAIOIIAas BXOAHBIC BO3JECHCTBYIOIUE
BeNMMuuHBl  ((pU3MUECKHe, XMMHYECKMEe M Jp.) C  BBIXOJHBIMHU
XapakTepucTukamMu  fgaruuka. OHa  MOXeT  OBITh  IpejcTaBiICHA
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