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B cmamwe paccmompenvt nexomopule 3a0auu u mexHudecKue peueHus, CésA3anHble ¢ MASHUMHBIMU USMEPEHUIMU NO-
CMOSIHHBIX U NEPEMEHHBIX MASHUMHBIX NOJell INEeKMPOIHEPLEMULECKO20 000PYO008aAHUS, OCYWECMEIAIOWe20 63AUMHbIE
npeoopaz0eanus dIeKmMpuUiecKoll u opyaux 6u0og sHepeui. Onucanvl Memoovl U cpeocmed peanusayuu GyHKyutl yn-
PABIeHUs: U3MepeHUusMuY, npoyeoypamu coopa u npedsapumenbHol 00pabomKy OAHHbIX MOHUMOPUHSA HYMPEHHUX U
GHEWHUX MACHUMHbBIX NOJell Ol CUCeM OUASHOCIMUPOBAHUsl, KOHMPOJISL MEKYWe20 COCIMOIHUSL U OYeHKU OCMAamoy-
HO20 pecypca Habardaembix 06vekmos. bubm. 26, puc. 5.
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Br10op XxapakTepHCTHK MarHUTHBIX TOJIEH B KauecTBE OUATHOCTHYECKHUX IapaMeTpOB 00YCIOBICH
UX HEMOCPEICTBEHHOHN CBA3BIO C MPOIIECCAaMU NMPeoOpa30BaHuUs YHEPTUH U, OE3yCIOBHO, C KOHCTPYKTHUBHBI-
MU U (YHKIHOHAJIBHBIMH 0COOEHHOCTSIMH AJIEKTPOIHEPTETUIECKOTO 000PYJOBAHUS, TEKYIIUM COCTOSTHUEM
U peXHMaMH ero padoTel. MOXKHO MPeNnoiI0KUTh, YTO COBOKYIIHBIC BIMSHUS HAa JUArHOCTMYECKUH Hapa-
METP NPHUBOAAT K U3MEHEHUSIM €TI0 3HaUCHHS, a UX MHOTr00oOpa3ne BBI3BIBACT PA3IMUUE B XapaKTepe dTHX H3-
MeHeHui. [1o3ToMy noy4eHHbIE SKCIEPUMEHTAIbHBIM IIyTEM 3HAU€HHs [1apaMeTPOB MOTYT OBITh HCIOJIb-
30BaHbI IS KOHTPOJISI TEXHUYECKOTO COCTOSAHUS 0OBEKTOB TIOCPEICTBOM OIIEHKH UX COOTBETCTBHS TpeboBa-
HUSIM TEXHHYECKOH TOKYMEHTALUH.

AHanu3 xapaxkTepa 3THX H3MEHEHHMH WCIONb3yeTcs Ul ONKCAaHMUSA JUArHOCTUYECKUX NPHU3HAKOB,
CBSI3aHHBIX C MPOSBICHUSIMH HEHCIPABHOCTEH, YTO MO3BOJIAET YIIPOIIEHHO MPEICTaBUTh MPOIECC JUarHoc-
TUPOBAaHUSI KaK MPOLEAYPY COOTHECEHHs HaOII0JaeMoro mpH3HaKa K OJHOMY MM HECKOJBKHM Kilaccam
TEXHUYECKOro nuarHosa. O4eBUAHO, YTO TAKOH IMOAXOA B OLIEHKE COCTOSHUS TEXHHMUYECKHX 00BEKTOB Oosee
CIIOKHBIH B pealM3aliii, HO, BMECTE C TeM, oOecreunBaeT OoNbInyr0 d3QPEKTUBHOCTh B OOHAPYKEHUH paH-
HUX NPOSIBICHUH MPU3HAKOB OTKIOHEHWH OT HOPMAIBHOTO COCTOSHHUS M OOJBIIYIO CEJIEKTHBHOCThH B CIIY-
YasiX MHO>KECTBEHHBIX HEHCIIPABHOCTEH.

MOHUTOPUHT 00BEKTa C IEJbI0 BBIACICHUS U OLIEHKH OUArHOCTHYECKOIO NPHU3HAKa M cama Ipole-
Iypa TEXHUYECKOI'0 JTUAarHOCTHPOBAHUSA YpE3BBIYAITHO CXOXH C, HECOMHEHHO, 0ojiee paHHUM IO BPEMEHU
BO3HUKHOBEHMSI, MEIUIIMHCKUM quarHoctupoBanueM [1]. CoBpeMeHHas MeIulMHa Hapsaay ¢ MPUMEHEHUEM
1a00paTOPHBIX, UHCTPYMEHTAJIBHBIX METOO0B HCCIIEI0OBAHUS HCIIOIb3YET aHAMHE3 — CBEIEHMSI, IOy ICHHBIE
nyTéM paccrpoca obcienryeMoro. B TeXHU4eckoM MUarHOCTHPOBAHWM WH(pOPMAIUS, MONyYeHHAs TOCpe-
CTBOM HaOJNIOJIEHHS, TAaK)Ke MOXKET OBITh MPECTaBJICHA B CJIOBECHOM, ONHMCATEILHOM BHJIE, OJJHAKO CHCTEM-
HBIH MOJXOJ K PELICHUIO MPOoOJIeMbl TpeOyeT HCIIOIb30BaHusl O0BEKTUBHBIX AaHHBIX, MOJIyYEHHBIX C IIOMO-
IIBIO0 U3MEPEHUH. B KOHTpOJe KOHCTPYKIUI 1 MaTepHaoB KJIIOYEBBIM OIPEAEICHUEM METOJa SIBISETCS Ha-
JMYHUE CIO0Ba «HEpa3pyLIAOMNNy. XapaKTepUCTHKA «HEMHBA3UBHBIM», T.€. HE HAHOCAIIMK ymepd Lemoct-
HOCTH OpraHW3Ma HJIM OTAENbHBIM €r0 y4acTKaM METOJ MEOULUMHCKOrO AMAarHOCTUPOBAaHHMS, 00O3HAYaeT
mas1Iee CBOUCTBO MPOBOUMOMN MPOIELYPHI.

be3ycnoBHBIM TIPHOPUTETOM B TEXHHUYECKOM AMArHOCTHPOBAHHM OOJIaJar0T METOJbl MOHHUTOPHUHIA
0e3 HapylIeHHs KOHCTPYKIHH 00BbEKTOB, BHECEHUS! M3MEHEHHH B TEXHOJIOTHMYECKHH MPOLIECC WM PEKUMBI
ero pa0otsl [2]. B 3apy0ekHOI TEXHHYECKOH JIUTEpaType BCE Yallle MCIIOIb3YETCs 3aMMCTBOBAHHBIN U3 Me-
JUIMHCKOW MPAaKTUKU TEPMUH «non-invasive monitoring» [3, 4], KOTOpBIH, Ha HANI B3I, KPATKO U TOYHO
OlpeseNnsieT OTINYUTENbHYIO0 XapaKTEepUCTHKY HCIOIb3yEMOr0 METOAA M pealu3yIollell ero ammapaTyphl.
MOHUTOPYHT BHEIIHUX MAarHUTHBIX [IOJIEH 3JEKTPOIHEPreTHYECKOI0 000OPYAOBaHUA 00JaaeT NpU3HaAKaMu
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HEMHBA3UBHOCTH U MOXET OBITh UCIIOIB30BAH HE TOJBKO I JUATHOCTUPOBAHUS HEHCIIPABHOCTEH 000pyI0-
BaHus [5, 6], HO U JJIs OLIEHKU PHEPro3(PHEKTUBHOCTH BPALIAIOIIUXCS IJICKTPUICCKUX MaIluH [7].

Oco60 OTMETHM, YTO JHUArHOCTUPOBAHME CIOXKHBIX O0OBEKTOB, K KOTOPBIM, 0€3yCIOBHO, OTHOCHUTCS
OOJIBPIIMHCTBO 3JIEKTPOIHEPTETHIECKOTO 000pyAOBaHUs, TpeOyeT cOopa MaHHBIX M aHAIW3a MapaMeTpoB,
Pa3TUIHBIX (U3WUECKUX IMPOIIECCOB, CBSI3aHHBIX ¢ MPpeoOpa3oBaHUSIMH dHEpPTUH [8]. MOHUTOPHUHT MarHHUT-
HBIX TOJICH B Pa3iMYHBIX OOJACTSAX WX MPOSBICHUS — BPEMEHHOH, MPOCTPAHCTBEHHON M YacTOTHOM [6, 9,
10], — obecrieynT MOBBILICHNE TOCTOBEPHOCTH OLEHKH TEKYIIETO COCTOSHUS TUarHOCTHPYEMOTro 000pyHo-
BaHHUs B YCIIOBUSIX MHO>KECTBEHHBIX HEMCIPABHOCTEH, PACIIMPUT BO3MOKHOCTU B CO3/IaHUH HOBBIX METOJOB
U CPEJICTB, 00ECIIEUNBAIOIINX OONBITYI0 0€30IaCHOCTh U 0€3aBapUHHOCTD PaOOTHI.

[IpoBenenue ucciaeq0BaHUM, CBSI3aHHBIX C pa3paOOTKOW METOIOB U CPEICTB MOHUTOPHHIA MAarHHT-
HBIX TIOJIEH JJIs1 KOHTPOJIS WU JHAarHOCTUPOBAHUS AIIEKTPOIHEPTeTUIECKOT0 000PYI0BaHUs, 00ecIeueHneM
OecriepeOOIHON AKCILUTyaTallny ITOBCEMECTHO HCIIONB3YEMBIX SJIEKTPHYECKHX MAIIHH, MPEICTaBIAETCS aK-
TyaJIbHOI HAY4YHOH U NPAKTHYECKOH 3a/1a4eil.

HeoOxomumpIM yCIIOBHEM CO3MIaHHS KOMIIBIOTEPHBIX CHCTEM TEXHUYECKOTO IHAarHOCTUPOBAHHS SIB-
JSIeTCsl HAJMYWe JOCTATOYHOTO KOJHMYECTBA apHOPHBIX 3HAHWN, HAOOP KOTOPBIX OMpeAessieTcs] 00bEeKTOM
JIMATHOCTUPOBAHUS U pemaeMoi 3anadeii [11]. Beimenum qBa myTH MOMyYEHHUST TAaKUX CBEIEHUN — KOMITBIO-
TEpPHOE MOJIENMPOBAHUE U SKCIEPUMEHTAIBHBIE MCCIENOBAHUA. DTH METOIBlI JOMOJHAIOT Apyr napyra. Mx
pe3ybTaThl B (hOPMAJIM30BAHHOM BUE CTaHYT YacThI0 HH()OPMAIIMOHHOTO HAIOJIHEHHS CHCTEMEI, a TIOJTHOTA
Y Ka4eCTBO 3THX CBEIECHUI B 3HAUUTEIHHOM CTENIEHN CHU3ST 3aTpaThl Ha MCCIIEA0BaHUSA U Pa3paboOTKy HOBBIX,
OoJiee COBEpIIEHHBIX KOMIUIEKCOB 71 cOOpa, caMOOOYyUeHHs M OLICHKH THarHOCTHUECKON HH(OpMAaLIUH.

Lenabio padoThl, IpeACTaBICHHON B HACTOSIIEH CTAaThe, SBISETCS pa3paboTKa MPUHITUIIOB TTOCTPO-
eHus U (PyHKIIMOHWPOBAHUS, METOJIOB peaTH3aIiy IPOTPAMMHO-ANMaPaTHRIX KOMIUIEKCOB CPENICTB I MO-
HUTOPUHTa MAarHUTHBIX TOJEH 3JIeKTPO3IHEPreTHUEecKOro OOOpYIOoBaHUSA Kak OOBEKTOB HCCIETOBAHUN U
JUarHOCTUPOBAHMUSL.

Hasnauennem moJoOHBIX KOMIUIEKCOB SIBISIETCS TpeoOpa3oBaHre (U3NIECKON BETUYHHBI — JTHar-
HOCTHYECKOTO TIapaMeTpa — B DAJIEKTPUYECKUN CHT'HAJ, KOTOPBIH IMOCJTe YCHJICHUS M aHaJIoro-IudpoBoro
npeoOpa3oBaHus MPECTaBISIEeTCs BPEMEHHOH MOcieqoBaTeIbHOCThI0 NaHHBIX. [lepen oTnpaBneHneM Bpe-
MEHHOTO psifia B KOMIIBIOTED JUIsl AajbHeHIeil 00paboTKy, XpaHEeHUs!, UCCIEAOBaHUS C LENbI0 TIOUCKA JTuar-
HOCTUYECKHX MPHU3HAKOB M OIIEHKH TEKYIIETO0 TEXHHYECKOTO COCTOSHHS WM €ro MPOTHO30B Ha OINpese-
JICHHBIH CPOK JaHHBIE MOTYT MPOWTH MpeNBapUTENbHYI0 GUIBTPALNIO, U3MEHEHHE popMaTa UX MpeicTaB-
JIEHHsI ¥ APYTHUE HEOOXOIUMBIE TIPOIIETYPHI.

O000menHan QyHKIUOHAJbHAS cieH(pUKANNSA CHCTEMbl MOHUTOPUHTa. COOCTBEHHO CHCTEMa
MOHUTOPUHTA TIPEICTABISET KOMIUIEKC ODIIEKTPUYECKH H HWH(QOPMAIMOHHO CBS3aHHBIX MEXIY COOOi
anmapaTHBIX KOMIOHEHTOB CUCTEMBI U CHIEHHAIN3UPOBAHHOTO IIPOTPAMMHOI0 00ECTICUEeHH S, pa3MeIaeMoro
BO BCTPOEHHBIX LH-

Cuctema MOHUTOPUHIa (posbix  cucTemax
Vnpasiaenune MarHUTHbIX NOTOKOB 00pabOTKU JaHHBIX.
anmapaTHbIMH N
cpe;{)cmamn 3"eKTF’6"3“ePreT"'"e°K°r° JIByHANpABJICHHBII 3mech  MPOCIIEKUBA-
000 OBaHuA
CcHCTeMbI PyA 0GMeH 1aHHBIMH 1 ercs OTUETINBOE
KOMAHIAMH C
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uamepuTenbHbIMU (b BBIMU MET aMU
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v BpPeMeHHbLIMU MX XpaHeHne B KOMaHZaMU Mo B BHUJAC IIOCICNO0BA-
XapaKTepucTMkam onepaTUBHOM NaMATH NpoBoaHOI CBA3M TENLHOCTEH JaHHBIX,
YnpaBnexue n npoueccos Wnu paguokKaHany >
MHOroKaHanbHbIM n3mepeHun * Han «pubOpHOD»
ycunuTternbHo- €ro 4acTbro, KOTOpasa
npeoGpaso?aTeanbl O6eCHqu/IBaeT yCI/I-
M YCTPOMCTBOM l O6paboTka, 6
unbTpaLms u JIEHHEe W TIpeodpaso-
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YECKYH0 HH(OPMAITHIO.

B ¢dynknuonansHoit crnenudukanun (puc. 1) TpemycMOTpeHa BO3MOXKHOCTH OJHOBPEMEHHOTO
npeoOpazoBaHusl (PU3MYECKON BENIWYMHBI B DICKTPUYECKUI CHUTHAT HECKOJbKUMH TEPBHUYHBIMH Mar-
HUTOM3MEPHUTEIHHBIMU TIpeoOpa3oBaTensiMu. lcrnonp3oBaHne OMHOTHITHBIX IMpeoOpaszoBaTelneil obecrednT
MOCTYTUIEHHE MAaHHBIX MJIS TONyY9eHHUS OIEHOK IPOCTPAHCTBEHHOTO paclpeieNieHuss AMarHOCTHIECKOTO
nmapaMeTpa BO BHYTPEHHEHW WM BHENIHEH oOmacTax HabmomaeMoro o0bekTa. B aTOM ciiydae pe3ynbTarhl
MOTYT OBITh HCIIOJIb30BaHbl AJISl IMPOCTPAHCTBEHHOW JIOKATW3alMd WM CEJEKIUH MHOKECTBEHHBIX
HeucnpaBHocTell. Pa3sHOTHIIHBIE TepBHYHBIE TIpeoOpa3oBaren obecrnedyar BO3MOXKHOCTh OJHOBPEMEHHOTO
MIPOBEJCHNUA H3MEPEHHMI TUarHOCTUYECKOro MapaMeTpa B 00JacTIX C CYIIECTBEHHO OTJIMYAIOIIUMUCS
XapaKTePUCTUKAMH U3MEPSEMON BETMUMHBI — THArHOCTHUECKOTO TapaMeTpa.

IlepBuuHbIe U3MepHTeIbHBbIE MPe0Opa3oBaTeI B CHCTEMaX MOHUTOPUHIA MATHUTHBIX MOTO-
KOB. lccnenoBaHre MarHUTHBIX ITOTOKOB AIIEKTPOIHEPTETHYECKOTO 000pyIOBaHU, a TeM 00Jee UX MOHH-
TOPHHT PEaNrU3yeMbl TOJNBKO C MOMOIILI0 HMEPBUYHBIX M3MEPHUTENBHBIX MpeoOpa3zoBaTenel, OTBEYAIOIINX
KOHCTPYKTHBHBIM OCOOEHHOCTSIM M YCIIOBHSIM SKCIUTyaTallMHd JAHAarHOCTHpyeMoro obopymnoanus. OcoOble
TpebOBaHMsI, HATIPIMED, K pazMepaM Mpeodpa3oBaTeis, MOTYT OBITh BBI3BAHBI HEOOXOIMMOCTBIO OOecTeye-
HUS BBICOKOTO ITPOCTPAHCTBEHHOTO pa3pelIeHus: IPOBOIUMBIX H3MEPEHHI.

Jnst u3MepeHus: MepeMEeHHbIX MAarHUTHBIX TOJIEH 3IIEKTPOIHEPreTHIECKOro 00OpyAOBaHUS B Psile
CIIy4aeB MPUMEHEHHEe WHIYKIIMOHHBIX TaTYUKOB [7, 12] MoxkeT OBbITh JOocTaTOYHO 3(h(HEeKTUBHBIM Onaromaps
UX TOCTOSIHHOW TOTOBHOCTH K M3MEPEHHUSIM, OTCYTCTBUIO HEOOXOIUMOCTH B YIIPABICHUH, MPOCTOTE U3TO-
TOBJICHHSI, BO3MOKHOCTH OLIEHKA METPOJIOTHYECKHX CBOWCTB MO PacyeTHBIM 3HAYCHUSM, HaISKHOCTH B
SKCIUTyaTanud. B paccMaTpuBaeMbIX KOMITIEKCaX MPOrpaMMHO-aNapaTHHIX CPEACTB MOHUTOPHHTA IIeNIECO-
00pa3Ho MperyCMOTPETh BO3MOKHOCTD MOIKITIOYSHHS JATINKOB 3TOTO THUIA IS ICTIOB30BAHUS B KAUECTBE
CEHCOPOB JMArHOCTHYECKHX IapaMEeTpOB IMEPEMEHHbIX MAarHWTHBIX TOJIeH KaK Ha JTane HCClIeIOBaHUM
00BEKTOB TUArHOCTUPOBAHUS, TAK U B CUCTEMAaX TEXHHUYECKOTO TUArHOCTUPOBAHUSI.

CoBpeMeHHBIE MAarHUTOM3MEPHUTEIbHBIE MPeoOpa3oBaTe OCHOBAaHBI Ha Pa3iIMYHBIX (DH3MUECKUX
npuHIunax [13]. 3HaUuTEeIBHO YIydIIEHHBIE METPOJIOTHUECKHE XaPAKTEPUCTUKUA B IIMPOKOM IHANa30HE
M3MEHEHUI MapaMeTpoB W3MEpPsSEeMON BEMYMHBI 00ECIIEUMBAIOT raJibBAHOMarHUTHBIE peoOpazoBaTeny Ha
ocHOBe 3(]dexTa Xoia B HHTETPAITEHOM HCITONHEHUH, KOTOPbIE HAXOAT IIMPOKOE MMPUMEHEHHE B TIPprU0O-
poctpoenuu u apTomaTuke [14, 15]. OnHako npu MpOBEAEHUH SKCIIEPUMEHTAIBHBIX UCCIIEOBAHUH C IIebI0
oTpeneNieHus TUarHOCTHYECKUX MPU3HAKOB Pa3IMYHOTO JIEKTPOIHEPIeTHUECKOro 000pyaoBaHMs HEOOXO-
IUMO OOECTIeUUTh W3MEpPEHHe WHIYKIIMU BHEUTHHX M BHYTPEHHMX MAarHUTHBIX TOJed B BO3MOXHO Ooiee
IIMPOKOM JHara3oHe 3HadyeHui. [loaToMy B KauecTBe 4yBCTBHUTEIHHOTO AIIEMEHTa MOXKET OBITh MCIIONB30-
BaHa, Hall[pUMep, FfepMaHueBas MJIACTHHA C OPTOTOHAJIBHO Pa3MEIIEHHBIMU BBIBOJAMH.

[Ipumenenne mompoOHOTO MpeoOpa3oBaTEILHOTO JEMEHTA B KauecTBE JaTyMKa BBI3BIBAET HEOOXO-
JTUMOCTB TIPHHATHUS CIIEIUATBHBIX MEp ISl UCKITFOUYEHUS COCTABIISIONIEH MOTPEIIHOCTH, BEI3BAHHOW HEIKBH-
MOTEHIIHAIBHBIM PACIOJIOKEHHEM BBIBOJOB Ha IJIACTHHE JaTdynka. MeTo KOMMYTallui BBIBOJOB (Spinning
current) [16] 3akmoyaercsi B Moo4epeJHOM MOAKIIOYEHUH OPTOTOHANBHBIX Hap BHIBOAOB AAaTYHMKa K HCTOY-
HUKY YIIPaBIIONIETO TOKA U K YCHIIMTENIO CUTHAJA, YTO 00ECIeYnBaeT aBTOMATHYECKYI0 HEeHTpaIn3aliio
HATPSDKEHHS] CMEIICHN S, BRI3BAHHOTO TEXHOJIOTHYECKOI HETOYHOCTHIO €r0 H3TOTOBIICHHS.

OyHKIMs npeobpa3zoBaHusl AaTurKa XOJUla Ui MPSMOYTOJIbHOM M30TPOMHON IIACTHHBI M3 MOJY-

ITPOBOJHHUKOBOT'O MaT€pHrajia OIMMUCBIBACTCA IMPOU3IBEACHHUEM YIIPABIIAIOMIETO TOKA 1 ¢ » AHAYKIIMA MaraiuTHOT'O

nons B, kocuryca yrma & mexny Bekropom B u HOpMaibio K TIOCKOCTH JaTumka Xosuia

V, =R, - I"C;]B -(/)(Z,b,B)-cosﬁ, (1)

rae R, — xoapdunuent Xoita st HeHarpyXeHHOro npeobpasosarens; [, b, d — nnuna, mmpuHa u
TOJIIMHA [UIACTUHBI COOTBETCTBEHHO; ((/, b, B) — 3aBHCHMMOCTb HANpsHKeHHUs XOJUIa OT COOTHOLICHUS pas3-

MEpPOB IUIACTHHBI U 31EeKTpoaoB [17].

CoBpeMeHHasi WHTETrpajbHas MHUKPOAICKTPOHHKA MpeiaraeT IMUPOKHH BBHIOOP MarHUTOW3MEpH-
TENBHBIX YCTPONCTB, COAEPKAIINX HHTETPHPOBAHHBIC allllapaTHBIC U IPOrPaMMHBIE CPEICTBa I TOCTPOe-
HUSI M3MEPUTENBHBIX CHUCTEM Pa3IMYHOTO HazHaueHHs. BcTpoeHHBIE yCHIUTEIbHO-TIpeoOpa3oBaTebHbIC
YCTPOWCTBa, IU(POBHIEC CPEICTBA YIPABICHUS H 00pAaOOTKU TaHHBIX COBMECTHO C HOBEHITMMHU MarHUTOYYB-
CTBUTEIBHBIMH 3JIEMEHTAMH IIO3BOJIMIIA CO3IaTh PN OJHO-, ABYX- M TPEXOCEBBIX MarHUTOPE3MCTHBHBIX
naturkoB [18] u QyHKIMOHANBHO 3aBeplICHHBIX U3MepuTenel Ha ux ocHoBe [19]. TlogoOHbIe mpeobpa-
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30BaTeNd B MHTETPAIILHOM HCITONTHEHUH MPUMEHSIOTCS B OOPTOBOM 000PYIOBaHHH OECTIMIIOTHBIX aIiapaToB
JUTSL IPOCTPAHCTBEHHOTO OPUEHTHUPOBAHUS M0 MarHUTHOMY Moo 3eMin. Kak Bo3MOKHBIE 00JIaCTH UX MPH-
MEHEHHUSI KOMIIAHWU-U3TOTOBHUTENN 3TUX JaTYMKOB 0cO00 BBINENSIOT 3JeKTpodHepreTuky [20]. Bmecre c
MIPOU3BOJICTBOM IIMPOKOW HOMEHKIIATYpPhl KOMIIOHEHTOB U CPEJICTB JUIsi MarHUTHBIX WU3MEPEHUH BBHIMYC-
KaloTCs TaKOKe JIMHEIHbIe COOPKM M3MepHUTeNeH, MpeIHa3HaYeHHbIe IS MCIIOJIb30BAaHUS B CHCTEMax TOY-
HOTO TIO3UIIMOHUPOBAHUS Tpu nepememieHusx [21]. Takue cOOpKHM MPUTOAHBI M IJISL ONPEACIICHUS OJIHO-
MEPHOT'0 IPOCTPaHCTBEHHOT'O PAacHpeAeIeHUs] HHAYKLINY BHEUTHUX MarHUTHBIX MOJIEH Pa3IMYHOTO AJIEKTPO-
SHEPTEeTHYECKOTO 000PYAOBaHUS.

[pencraBusiercs menecooOpa3HbIM MPEITyCMOTPETh BO3MOXKHOCTh KOH(DUTYPUPOBAHUS KOMILIEKCOB
C HECKOJBKMMH M3MEPHUTEIBbHBIMU TPAaKTaMH JUIsI OJHOBPEMEHHOro cOopa AaHHBIX MOHHTOpPWHIA C IIOMO-
IIHF0 MHOTOOCEBEIX AaTdukoB [20]. HoBelimne MarHuTOpe3nCTUBHBIC TTpeoOpa3oBaTenu He TPeOyIOT Mogauu
CHETMAFHBIX YIPABISIONINX cUTHANOB[18]. YrpaBierne ApyruMu aHAJTIOTOBBIMHU JTaTYHMKAMH MOXKET OBITh
CBSI3aHO JIMIIb C BRIPAOOTKOM peryJIsipHBIX UMITYJIBCOB JUISI 3aIlyCKa BCTPOCHHBIX HHAYKTOPOB cOpoc/Hamar-
HUYMBAaHWE MarHUTOYYBCTBUTENBHBIX 3yeMeHTOB [20]. HempepriBHBIE aHanOroBBIE CUTHAIBI BCEX pac-
CMOTPEHHBIX THUIIOB JAaTYMKOB MOTYT OBITh, P HEOOXOAMMOCTH, CHHXPOHHO OLM(POBaHB MHOTOKaHAIb-
HBIMH aHAJIOTO-II(PPOBBIMU TIPEOOPA30BATEISMH.

YunpasieHne MOHUTOPHHIOM MArHUTHBIX MOTOKOB. Pemenne mpodieMHO OpHEHTHPOBAHHOM 3a-
JTa9d TIOCTPOEHHSI CPECTB MOHUTOPHHTA 3aKII0OYAETCS B CO3JIAHUH KOMIUIEKCOB, aNlMlapaTHbIe KOMIOHEH-
ThI KOTOPBIX TOMUMO 3JIEKTPUUECKUX CBSI3eH 00BheTMHEHBI MPOTPAMMHBIMH CPE/ICTBAMHU.

Bri0op anmapaTHBIX KOMIOHEHTOB JAJIsI MpeIBapuUTeNbHON 1u(poBoii 00pabOTKK CUTHAIOB W MPO-
TPaMMHUPYEMBIX CPEACTB YIPABICHHS ONMPEEISIeTCs eNIIMU TOCTABICHHOM 3a/1aul, CTPYKTYpaMH €€ pean-
3YIOIUMH, THTIOM 00BEKTa JUArHOCTUPOBAHUS M XapaKTepPOM IKCIUTyaTallHOHHBIX BO3JEHCTBUI Ha HETO.

VYrpapneHue U3MEpPEHUSIMHU U COOPOM JIaHHBIX O JIUArHOCTUYECKHX MapaMeTpax MarHUTHBIX MOTOKOB
AIIEKTPOIHEPTETUIESCKOTO 000PYIOBAHHS IPOTPAMMHO PEATU3YIOTCS BHITIOJHEHUEM CIEAYIOMINX (DYHKITHHA:

—  yIpaBIIEHUE PEXUMOM Spinning current mpeodpazoBaTels XoJuia;

— KOMMYTHpPYEMO€ MOJKIIOYEHHE aHAJIOTOBBIX CHUTHANIOB K BXOJaM aHAJIOTOBO-LM(POBOTO
npeoOpaszoBares;

— 3agaHue ¢popMaTa BEIXOJHBIX JaHHBIX;

—  3aIycK U OXHJIaHHE TTOATBEPKICHHSI BBIIIOJIHEHHOTO Pe00pa30BaHuUS;

— COXpaHEHHE JAaHHBIX B ONEPATHBHOM MaMsITH MUKPOIIPOLIECCOpa;

— JmanpHeiimee mpeoOpa3oBaHHWE NAHHBIX W3MEpPEHHWH B (opMaT MPOTOKONAa KaHala oOMeHa
JTAHHBIMH Yepe3 MOCIIeIOBATENIBHEBIN OPT MUKPOIIpOIieccopa B pexxume Begomoro (Slave);

— MHUIMANMs B KauecTBe Bexymiero (Master) mepenadn JaHHBIX B MIEPCOHANBHBIA KOMITBIOTED
0 3aBEPLICHUH 0UYEPEIHOTO MPpeoOpa3oBaHms CUTHAJIOB.

AmmapatHasi peaqu3aiis KOMIUIEKCOB, IPeIHa3HAYeHHBIX ISl HEMPEPBIBHOTO WIIN TTEPHOAMIECKOTO
MOHHUTOPWHTa MarHUTHBIX MTOTOKOB 3JIEKTPOIHEPTreTHUECKOTO 000PyA0BaHNUs, COCTOUT U3 aBTOHOMHOTO arl-
HapaTHO-IIPOTPaMMHOI0 OJIOKa U MEPCOHAILHOTO KOMIBIOTEPa, KOTOPhIE COSANHEHbI KaHAJIOM CBs3H, obec-
MIEYUBAOIIUM OOMEH JaHHBIMHU U KOMaHIaMU.

[IpumepHas KOHQUTypaIys anmapaTHO-IIPOTPAMMHOTO OJIOKa KOMITJIEKCOB OMpenensercss Habopom
CIIEIYIOIINX COCTABISAIOLINX:

— TepBUYHBIC U3MEPUTENBHEIE MTPeoOpa30oBaTeN I KOHTPOIS HHIYKIIMHA TOCTOSTHHBIX H TIe-
PEMEHHBIX MATHUTHBIX TIOJIEH B MIMPOKOM JHAaIla3oHe 3HaUYeHHH;

—  MHOTOKaHaJbHBIH YCHJINTENHHO-PE0Opa30BaTENbHBIN TPAKT, BKIIOYAIONINA WHCTPYMCH-
TaJbHBIC UK oneparuonnbie ycrwnutenu OP AMPS u ananoro-uudposoii npeodpazosarens ADC;

— BCTpOeHHBbIE IU(POBBIE M BHIYUCIUTEIBHBIE YCTPOHCTBA C MPOTPAaMMHEIM OOECTIeueHHEM
IUIsl peanu3ay GyHKIMOHAILHON crienu(HUKaIng;

—  TPOBOAHOM WM OECIPOBOIHBIN KaHaJ CBS3H.

Ha puc. 2, a nokazana o000IIeHHasT cXxeMa MOJICHCTEMBl aBTOMATHYECKON KOMITEHCAITUH CMEIICHUS
HYJISI U3MEPUTETHHO-TIPE0OPa30BaTeNFHOTO TPAKTa C JATYMKOM XOJUTa, KOTOpas HCHOIb3YeT IS peasi3aiiu
GyHKIMI yrnpaBleHUs TIEPBHYHBIM IpeoOpa3oBaTeieM pecypchl JBYX BCTPOSHHBIX YCTPOHCTB € MpoO-
TpaMMHBIM ofecrieueHueM — MukpokoHTposiepa MCU U mporpaMMHpyeMOro JIOTHYECKOTO YCTPOHCTBA
Control Logic. O6o0meHHas 0J0K-cXeMa MHKPOKOHTpoJuiepa coiepuT 8/16 wmm 32-OMTHBIA TMporieccop
[23]. OcnoBnas ¢pynkuus nentpaibHoro mnporeccopa CPU u ero sapa Core 3akiodaeTcs B BBIITOJTHEHUH KOJa
(npensapurenbaoit 06padoTkn AaHHEIX — DATA PREPROCESSING, Hampumep), 3allMCaHHOTO B HaMsTh
MIPOrpaMM, YIIPaBIeHUH MepruepUHHBIMEI YCTPOWCTBAMH M MOAYJISIMU. HekoTophle W3 HUX Tpe/ICTaBlIeHbl Ha
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puc. 2, a: 1/O — moptel BBOga/BeiBOa, SRAM — crarmdeckas mamsiTh C MPOU3BOJBHBIM JOCTYIIOM IS
XpaHeHus naHHbIX, DMA — koHTpOosep npsmoro poctyna K namsati, USART — yHUBepcanbHbI CHHXPOHHBIN
Y aCHHXPOHHBIN MPUEMHHUK U MEPEIATUMK I CBS3U C TIEPCOHATBHBIM KOMIIBIOTEPOM.

DAC |=
|hl &
£ 1
£ Control B .
O i . us matrix
[ Logic
2 [ H | A
I ‘ \ 4
/ 4
OP AMP ADC SPI
I 3 Peripherals SRAM
i /0 and system
modules RAM
Y
g AC shift correction DAC [ ] MCU
:

: ~/

LY(E) = y13(t) + y24(t) a

HU3MCPCHUC

Ih T /_ — AC cMmeleHue
| »

U
S

t, mc

Puc. 2

[IporpamMmHBIE CpencTBa KOMIUIEKCA IS MOHMTOPWHTA pa3MeIlleHbl B MaMSITH MPOrpaMM MHKpO-
npoueccopa MCU u nporpammupyemoii goruku Control Logic [24]. x neiicTBre o0ecriednBaeT B peKuMe
peanrbHOr0 BpeMEHH cO0p, XpaHeHHe U 00paboTKy JUArHOCTUICCKON HH(POPMAITHH, TIOTYYCHHOH B TIpoltecce
HOPMAJIBHOM 3KCIUTyaTally WM CTEHIOBBIX MCIIBITAHUH THAarHOCTHPYEMOTO 000PYJ0BAHNS.

AnmnapaTHbpleé KOMIIOHEHTHI, YYacTBYIOIIME B peau3ali METOAa Spinning current, 1 UX B3alMO-
JIeiCTBUE MTOKA3aHbl HA pUC. 2, a.

KommyTtarop map BeiBozioB 1,3 m 2,4 Comm rampBaHoMarHutHoro natamka H mopkimrodaeT mx K
HCTOYHUKY TOKa — Ippo-aHasoroBomy mpeoOpasoBaremto DAC ¢ TOKOBBIM BBIXOJOM H KO BXOJY OIepa-
uuonHoro ycunureiast OP AMP. Ynpapnenue nepekinoueHus MU KoMmmyTaTopa Comm OCYLIECTBIISIETCS Yepe3
BBIBOJIBI OZJHOTO M3 TIOPTOB BCTPOCHHBIM TalitMepoM MHKpomporieccopaoro yerpoiictea MCU. B aToMm pexume
CHUTHAJIBI, TIPOIIOPIIMOHAIFHBIE 3HAYEHHUIO0 MAarHUTHON MHIAYKLWH, ¢ Tap BeIBOAOB 1,2 u 3,4 matunka H gepes
yeunmutens OP AMP nozakirouarotes Kk ananoro-uugpoomy npeodpazosarento ADC. JlaHHble MOHUTOPHHTA
HIOCJIeIOBAaTENbHO MOCTYNaroT Ha oguH u3 BxonoB (CHO nHa puc. 2, @) kaHana mpsMoro A0CTyna K MamsTH
DMA wmuxkpokontpomnepa MCU u nanee, 4epe3 CUCTEMHYIO IIHHY, 3alIOMHHAIOTCS B ONEPAaTUBHOW MaMsTH
SRAM. YcunenHsle curHaisl )(f), THAEKCUPOBaHHbIE HOMEPaMH Tap BBIBOJOB, MOKa3aHbI Ha puc. 2, 6. [locie
NPENPOLECCHHIa YABOCHHBI MO 3HAYCHUSIM HECMELICHHBIM pe3yJbTaT H3MEpPEHHH o0pasyeT BBIXOIHOM
MAacCHB JaHHbIX, [IOJy4Y€HHBIH U3 UCXOAHOTO NIOCIEI0BATEIbHBIM CYMMHPOBAaHUEM ABYX COCEAHUX JIEMEHTOB.
BrIxoaHOI HEMHIEKCHPOBaHHOM cUrHai (f) TaKkKe MpeACTaBJIeH Ha pHC. 2, 0.

Hpyrast cocTaBisiromasl NOIPEIIHOCTEH M3MEPEHUI BhI3BaHA CMEIEHHEM HYJS COOCTBEHHO YCH-
JTUTENBHO-TIpeoOpa3oBaTeIbHOTO TpakTa. M3 yHKIMN mpeobdpazoBanus gatamka Xoswia (1) ciemyer, 9To
npu [, =0 onpenensercs TeKyllee 3HaU€HUE CMEILEHUS HyJIsl HU3MEPUTENILHO-IIPe00pa30BaTEIbHOIO TPAKTA.

ABTOMaTHYECKYI0 KOMIIEHCAIIUIO 3TOW COCTABIIAIOIIEH MOYKHO OCYIIIECTBUTH C IIOMOIIBIO IPOCTEHUIIETO MPO-
IPaMMHO PEaM30BaHHOI'0 MHTETPAIBHOTO PETyJATOPa, YTO OOECIEUYHUT CYLIECTBCHHOE CHIDKEHHME HOrpell-
HOCTEHl M3MepeHU MarHUTHOW WHAYKUWH. YTIpPaBJICHHE PEKUMOM CBOJIUTCS K TMEPHOAMYECKOMY OOHY-
JICHUIO YIPAaBJIAIOLIET0 TOKa 3aJaHHEM HYJIEBOTO 3HAYEHHs] Ha BXOJHOM pErucTpe LH(PO-aHATIOrOBOTO
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npeobpazoBarenss DAC MukpokoHTposuiepa 6e3 mpepeIBaHus pexkuMa spinning current (puc. 2, g).

CBsI3p anmapaTHO-IPOTPAMMHOTO OJI0Ka ¢ TePCOHAIBHBIM KOMITBIOTEPOM OCYIIECTBISIETCS 10 €Iu-
HOMY (opmary mpencTaBieHHs AaHHBIX/KomaH[ crtaHpapta [EEE.488.2 yepe3 mpoBOOHYIO JHHUIO CBSI3H
WA PaJInOKaHall co CBOOOTHBIM UCTIOIb30BaHUEM [22].

HALL SENSOR
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SPINNING DATA >3p1 ]39[ DMA ]
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CPLD \DATA PREPROCESSING/
Puc. 3

O06o0meHHas cxeMa aBTOHOMHOTO alllapaTHO-IIPOTPaMMHOTO OJIOKa YIIPaBJICHHS IPOIETypaMH
cOopa u mepefadu JaHHBIX MOHUTOPHHTA [TOKa3aHa Ha pHc. 3. 3/1eCh MPeICTaBICHO paclipeielIeHne BhIYHC-
JUTEIBHBIX PECYPCOB MEXy BCTPOCHHBIM MUKPOKOHTPOJIIEPOM U Iporpammupyemoit noruxkoit CPLD [25],
UCTIOJIb3YEeMBbIX U1 peaiu3ann QyHKIMH KOMIIEHCaluu cMeleHus. IIpumenenne nporpaMmMupyeMon JIoru-
KM, HECMOTpSl Ha pa3sHOOOpa3ue yHpaBiSAIOIIMX CHUTHAJIOB, BHI3BAHO MX CTPOrOoW COOBITHITHON mocienoBa-
TEJIFHOCTBIO, 00BEMBI KOTOPBIX 3aBUCAT TOJBKO OT KOHEYHOTO YMCIIA 3HAUYEHHWH CHTHAJIOB, XapaKTEepPHU3YIO-
KX TEKyIlee COCTOSHHUE yNPaBseMbIX KOMIIOHEHTOB. DT0 ocBoOoxaaeT MukpokoHTposuiep MCU ot He-
IPOU3BOAMUTENIBHOIO PACXOMA0BAHUS BBIYMCIUTENBHBIX PECYPCOB, KOTOPbIE MOTYT OBbITh HCIIOJIB30BaHbI IS
00pabOTKH JaHHBIX M UX MEPEeaad B MEPCOHATBHBIN KOMIIBIOTED, YTO, COOCTBEHHO, OyIET CIIOCOOCTBOBAThH
ONTHMU3ALMN PEIIEHNs 3aJa4d MOHUTOPHHIAa MarHUTHBIX MOJEH B CHCTEMaxX IUAarHOCTHPOBAHHA M KOHT-
POJIS JIIEKTPOIHEPreTHIECKOr0 000PYJOBAHUS.

HNHTerpupoBanue annmapaTHbIX M NMPOrpaMMHBIX cpelacTB. IIporpammHoe obecriedueHue mnepco-
HAJILHOTO KOMITBIOTEPa COBMECTHO C aBTOHOMHBIM OJIOKOM YHpaBisieT cOOpoM B 00pabOTKOM JaHHBIX MO-
HUTOPHHTa, UX MPOTOKOIMPOBAHHEM, XpaHEHHEM Ha 3HEPrOHE3aBHCHMOM HOCHUTENIE W BH3yalu3alUed B
yI0OHOM JUIsi BOCTIPHSATHS BHUJIE, TIOATOTOBKON K BBIPAOOTKE TEXHUYECKOTO IUArHo3a — OLEHKH TEKYIIEro
COCTOSIHUSI UCCIIELyEeMOT0 000pYIOBaHHUS.

[IpencraBneHHbIE B CTaThbe METOABI PEATU3ALUHN TPOrPaMMHO-AMIAPATHBIX KOMITJIEKCOB, IPUHIIUIIBI
HOCTPOEHUSI U (YHKIHMOHUPOBAHUS OBUIM IIOJIOXKEHBI B OCHOBY CO3AHHUS KCIIEPUMEHTAJIBHOIO 00pasua,
MIpeIHa3HAYEeHHOTO JJIS MIPOBEACHMS UCCIIEIOBaHUM, CBA3aHHBIX ¢ OOHApY>KEHHEM AMAarHOCTHYECKHUX TMpPH-
3HAKOB B [TapaMeTPax BHEIIHUX MAarHUTHBIX MOJIEH BPALAIOIIUXCS SJIEKTPUIECKUX MAIlKH.
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IIporpaMmHOe obecrieyeHne MEepPCOHAIBHOTO KOM-
magnetic induction Biy IBIOTEpa, BXOIANIETO B KOMILIEKC, CO3/aHO HA S3BIKE Ipa-
L75- ¢uueckoro  mporpammuposanust «G»  ¢pupmbl National
Instruments (CIIA) ¢ ucronp3oBaHueM cpenbl pa3paboTKu
n miatGopMbl IS BBEITIOJNIHEHHUS nporpamm LabVIEW
[26], 9TO TTO3BOJIMIIO IPUAATH Pa3pabOTAHHOMY KOMIUIEKCY
R e T THOKOCTh, 00ECTICUHTh OBICTPYIO €ro MEePEHACTPOUKY MpHU
IIPOBEICHUH YKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUM, UCTIBITA-
HUSX U KOH(QUTYpHpOBaHMH 00OpYyIOBaHUs. 3/1ech OBLTU
peanu30BaHbl PYHKIMH OOILIETo YIpaBJICHUS! aBTOHOMHBIM
1751 | OJI0KOM, CBSI3aHHBIMH CO COOpOM [JAaHHBIX, MOJIYYECHHBIX
0 0,025 gyepe3 KaHajJ CBA3M, M NPEICTaBICHUS B rpa)uuecKoM BU-
Tirne ne. Ha puc. 4 mokaszaHel pe3ynbTaThl PEruCTpalld 3Ha-
YyeHU MarHuTHoM mHAykuuu Bx u By mo aBym oproro-

HAJIbHBIM HAIIPABJICHUSAM X U ).

Pazpabotannsie B cpene LabVIEW nporpammubie cpeAcTBa NpeaHA3HAYAINCH IS CIIEKTPATIHLHOTO
aHaj3a OJAHOMEPHBIX M JIByMEPHBIX AaHHBIX Pe3yJbTaTOB MOHUTOpWHra. Pacmpenenenue crneKTpaibHOI
IUIOTHOCTH MOIIHOCTH CHUT'HAJIOB, ITOJYYEHHBIX MPU PETUCTPAllM{ BHELIHErO BPAILAIOIIEroCsi MarHUTHOTO
NOJsl HA MOBEPXHOCTH CTaropa Tpex(a3HOro aCHHXPOHHOTO ABHIATENs MO COOTBETCTBYIOIIUM HAaIlpaB-
JICHUSIM TIOKa3aHo Ha puc. 5 a, 0.
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[MoTrpeGHOCTE B pacuimpeHnd GYHKIUOHAIBLHON CIIEU(PHUKAINY KOMIUIEKCA IO UTOTaM aHajIu3a dKC-
TIEPUMEHTAIILHBIX JAaHHBIX, CBSI3aHHAA C IPUMEHEHHEM U JAPYTUX METOA0B NU(POBOI 00pabOTKH ISl BBISB-
JICHWSI TUATHOCTHYECKUX IMPH3HAKOB B MapaMeTpax MarHUTHOTO TOJs, OOeclieurBaeTcs JIETKO pean3ye-
MBIMHU JOTIOJTHEHUSIMH B pa3pabOoTaHHOM MIPOTPaMMHOM OOECTIEUEHHH.

JanbHeliee COBEPLUICHCTBOBAHHE KOMIUIEKCOB CBS3BIBACTCS C CO3JaHUEM TEXHHYECKHX CPEICTB
peanuzanuu paHee pa3pa0OTaHHOW KOHIIETIIMW MPOCTPaHCTBEHHOro 2D MOHWTOpHWHTa B CHCTEMax Iuar-
HOCTHPOBAHUS AJIEKTPOIHEPTETHICCKOTO 000pyA0BaHUS [9].

BriBoabI

1. B pabore mpuBeneHa MHOTOYpoBHeBas (DyHKIMOHAIbHAs CreNU(UKANKA KOMIUIEKCA, TO €CTh
TiepeYeHb OCHOBHBIX (DYHKLMH, KOTOPBIE peann3yloTcs anmapaTHBIMHA U TPOTPAMMHBIMH €r0 KOMIIOHEHTa-
MU. OnrcaHbl BO3MOKHBIE ITyTH COTJIACOBaHMS X MH(POPMALIMOHHOTO B3aUMOJIEHCTBHS B pa3padaThIBaeMBbIX
KOMITJIEKCaX Il MOHUTOPUHTA 3JEKTPOIHEPTETHYECKOTO 000pyI0BaHUSI.

2. O6ocHOBaH BBHIOOP MEPBHUYHBIX U3MEPUTEIBHBIX MPpeoOpa3oBaTeeii ¢ yaeToM 0COOCHHOCTEH MoO-
HUTOPWHTA BHEIIHUX U BHYTPEHHUX MarHUTHBIX MOJIEH 0O BEKTOB HAOIIOJCHUSI.

3. IIpennoxkeHbl METOJIBI M CIIOCOOBI MPOrPaMMHO-ANNAPaTHON peanu3aiui (yHKIIMH KOMITCHCAIH
HYJIEBOTO CMEIIEHHsI, BRI3BAHHOTO HAIPSKEHUEM HEIKBUIIOTCHIIMAIBHOCTH TaIbBAHOMArHUTHBIX Ipeodpa-
3oBarelneii U ApeihoM yCHITUTEBHO-TIPE00Pa30BaTEIFHOTO TPAKTA.

4. O60CHOBaHO pa3JiefieHHe BBIYHUCIUTEIBHBIX PECYPCOB MEXAY MPOTrPaMMUPYEMBIMU BBIYUCIIH-
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TEJIbHBIMH (MHKPOKOHTPOJUIEP) YCTpOWCTBAMH M LU(QPOBBIMH JIOTHYECKHMMHU NpHOOpamMH C MPOrpamMMu-
pyemoii ctpykrypoii (CPLD).

5. Pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX HCCIEJOBaHUM pa3paboTaHHOIO KOMIUIEKCa MOATBEPIUIIN BBI-
NOJHEHHUE 3aaHHON (QyHKIMOHAIbHOH cneundukanuy. Kommieke npeqHasHaveH uiss cOopa JaHHBIX U pe-
TUCTPALM MHIYKIUY BHELIHEIO MAarHUTHOTO IOJISl NIPH AKCIIEPUMEHTAIbHBIX HCCIECAOBAaHUAX C LIETIbIO MO-
MCKa JUAarHOCTUYECKHUX MPU3HAKOB B CHCTEMaX KOMITBIOTEPHOTO AMArHOCTUPOBAHUS 3JIEKTPUUECKUX Bpalla-
IOLIUXCS MalllkH.

1. 3a6nynosckuii I1.E., Kprouok I'.P., Ky3emun M K., Jlesut M.M. Ucrtopust meaunuasl. Mocksa: Menuiiina,
1981.352 c.

2. Ileryxos B. JlnarHoctuka anexrpoasurareneid. CrexTpaiabHbI aHanu3 Moayneld BekTopoB Ilapka Toka u
Hanpstkenus. Hogocmu snekmpomexuuxu. 2008. Ne 1 (50). C. 33-37.

3. Emec S., Kruger J., Seliger G. Online Fault-monitoring in Machine Tools Based on Energy Consumption
Analysis and Non-invasive Data Acguisition for Improved Resource-efficsency. Procedia CIPR. 2016. Vol. 40. Pp.
236-243.

4. Irfan M., Ibrahim R., Asirvadam V.S., Alwadie A.S., Sheikh M.A. An Assessment on the Non-Invasive
Methods for Condition/ Monitoring of Induction Motors Fault Diagnosis and Detection. InTechOpen. 2017. Ch. 4. Pp.
87-129. DOIL: http://dx.doi.org/10.5772/67917

5. Anekceenxo A.YO., Bponckuii O.B., Benenees B.H., Tonkux B.I'., XomytoB C.O. JluarHoctuka u mporHo-
3UPOBAHUE COCTOAHHA ACUHXPOHHBIX [lBHFaTeHeﬁ Ha OCHOBE HCIIOJb30BaHUs MapaMETPOB UX BHEIIHETO J3JICKTpoOMar-
HUTHOTO 1oL Becmuux Anmaii. eoc. mexu. yu-ma um. U.U. Ilonzynosa. 2006. Ne 2. C. 79-83.

6. dos Santos H.F., Rigoni M., de A.Elias R., Feler L.A., Wengerkievicz C.A.C., Batistela N.J., Sadowski N.,
Kuo-Peng P., Bastos J.P.A. Non-invasive monitoring system of synchronous generator using external field. Journal of
Microwaves, Optoelectronics and Electromagnetic Applications. 2017. Vol. 16. No 1. Pp 70-89.

7. Zidat F., Lecointe J-Ph., Morganti F., Brudny J-F., Jacq T., Frédéric St. Non Invasive Sensors for
Monitoring the Efficiency of AC Electrical Rotating Machines. Sensors. 2010. No 10(8). Pp. 7874-7895.

8. Mitsubishi Electric Develops Unique Technology for Electromagnetic-field and Large-coupled Analysis of
Turbine Generators. URL: http://emea.mitsubishielectric.com/en/news-events/releases/global/2017/0524-g/pdf/170524-
g 3114 en_g.pdf (accessed 10.05.2019)

9. Masmansia P.O. TlpoctpancTBeHHbII 2D MOHUTOPUHT B JUArHOCTUPOBAHHUHU JJIEKTPOIHEPTETUIECKOr0 000-
pynoBanus. [Ipomsiwnennas snepeemuxa. 2015. Ne 2. C.17-20.

10. CunensaukoB JLI'., AdanacbeB /1.0. O030p METONOB KOHTPOJIS TEXHUYECKOTO COCTOSHUS aCHHXPOHHBIX
JIBUTaTeNeH B rpouecce akcrutyaratyn. Becmuuk I[THUITY. I'eonoeus. Heghmezazosoe u copnoe oeno. 2013. Ne 7. C. 127-137.

11. Turko O.1. HaykoBi 3axoau Ta 3acoOu 3a0e3neyeHHs] HaAiHHOCTI 1 eeKTUBHOCTI POOOTH €HEePreTHUHHUX
SJIEKTPUYHUX MaIuH. [Ipayi [ncmumymy enexkmpoounamixu HAH Vkpainu. 2004. Ne 2(8). C. 158-159.

12. TTomsiko C.B., Pesnukos b.1., lllenankoB A.B., Kombirerko E.A., CamconoB b.B. JInneiika WHIYyKIIN-OHHBIX
JATYMKOB MATHUTHOTO TTOJIS Iy Teopusmueckux uccnenoBanuid. Ceticmuueckue npubopet. 2016. T. 52. Ne 1. C. 5-27.

13. Kpyma H.H., Cxupra 10.b., llapait 1.B. ManorabapuTHble JaTYNKA MATHATHOTO ITOJI1 HA OCHOBE TOHKOM
doneru u3 amopdHBIX K0OaIBTOBBIX ciiaBoB MM-3Co, MM-5Co u MapTeHCHTHBIX KpucTauioB NiMnGa. Ycnexu
¢usuku metamos. 2014. T. 15. C. 101-120.

14. Allegro Hall-Effect Sensor ICs. URL: https://www.allegromicro.com/en/Design-Center/Technical-
Documents/Hall-Effect-Sensor-IC-Publications/Allegro-Hall-Effect-Sensor-ICs.aspx. (accessed 10.05.2019)

15. Infineon. Pocket guide 2018. Infineon Technologies AG.

URL: https://www.infineon.com/dgdl/Infineon-Sensor_Solutions%20Pocket%20Guide-PC-v01 01-
EN.pdf?fileld=5546d462636cc8fb016422acal671ccO. (accessed 10.05.2019)

16. Steiner R., Maier Ch., Haberli A., Steiner F.-P., Baltes H. Offset reduction in Hall devices by continuous
spinning current method. Sensors and Actuators. 2000. A, 85. Pp. 9-17.

17. Bpaiixo B.B., I'punbepr WN.I1., KoBanpuyk [I.B., Tapanos C.I'. ['anpBaHOMarHuTHBEIE TIpeoOpa3oBaTeNn B
u3MepuTeNnbHON TexHuKe. M.: DHeproatomuznat. 1984. 360 c.

18. MultiDimension Technology. URL: http://www.dowaytech.com/en/ (accessed 10.05.2019)

19. Asahi Kasei Microdevices (AKM). URL: https://www.akm.com/akm/en/featured/. (accessed 10.05.2019)

20. Honeywell. Aerospace. URL: https://aerospace.honeywell.com/en/products/navigation-and-sensors/small-
size-axis-analog-magnetic-sensors. (accessed 10.05.2019)

21. Voss A., Bartos A. Scalable linear magneto resistive sensor arrays. GMA/ITG-Fachtagung Sensoren und
Messsysteme. 2016-05-10 - 2016-05-11 Pp. 195-199. DOI: 10.5162/sensoren2016/3.3.2

22. 488.2-1992 IEEE Standard Codes, Formats, Protocols, and Common Commands for Use With IEEE Std
488.1-1987, IEEE Standard Digital Interface for Programmable Instrumentation. URL:

http://webuser.unicas.it/misure/MAQ_OLD%20(VO)/Dispense/DISP_7STANDARD%20IEEE%20488 2%20192.pdf
(accessed 10.05.2019)

90 ISSN 1607-7970. Texn. enexmpoounamixa. 2019. Ne 5



23. bponun, B.b.; llarypun, N1.11. MuKkpoKkoHTpOIIEpEl. ApXUTEKTypa, MPOrpaMMHUpOBaHue, nHTepdeiic M.:
OKOM, 1999. 400 c.

24. ISE In-Depth Tutorial UG695. (v13.1) March 1. 2011. Pp. 91-116. URL.:
https://www.xilinx.com/support/documentation/sw_manuals/xilinx13_1/ise_tutorial ug695.pdf (accessed 10.05.2019)

25. Brown S., Rose J. Architecture of FPGAs and CPLDs: A  Tutorial. URL:
http://www.eecg.toronto.edu/~jayar/pubs/brown/survey.pdf (accessed 10.05.2019)

26. National Instruments. URL: http://www.ni.com/ru-ru/shop/labview.html (accessed 10.05.2019)

YK 631.362

MPOT'PAMHO-ATIAPATHUAM KOMILJIEKC JIJIsI MOHITOPUHI'Y MATHITHUX IOJIIB
EJEKTPOEHEPTETUYHOI'O OBJIATJHAHHS

P.O. Ma3maHsiH, JOKT.TEXH.HAyK

IncrutyT enexrponunamikn HAH Ykpainn,

np. [lepemoru, 56, Kuis, 03057, Ykpaina. E-mail: mazmanian@ied.org.ua

Posenanymo Oesaxi 3a80anus i mexHiuHi pilieHHs, NO8'A3AHI 3 MASHIMHUMY BUMIDIOBAHHAMU NOCMIUHUX | SMIHHUX Mde-
HIMHUX NOIG eIeKMPOEHEePeMUIH020 001a0HAHH, WO 30TUCHIOE 63AEMHI NEPEMBOPEHHsL eNeKMPUYHOT Ma IHWUX 8U0i6
enepeil. Onucano memoou ma 3acobu peanizayii QyHKYIU YIPAGIIHHA GUMIPIOSAHHAMU, Npoyedypamu 300py i none-
PeOHbOi 06POOKU OAHUX MOHIMOPUHZY GHYMPIWHIX MA 306HIWHIX MASHIMHUX NOAIE 015 cucmem OIAZHOCMYSAHHS,
KOHMPOJI0 HOMOYHO20 CIAHY | OYIHKU 3ATUKOB020 PECYpPCy CHOCMEPEdCY8AHUX 00 €Kmis.

Knrwouoei cnoea: MarHiTHI BUMIpIOBaHHS, MOHITOPUHT, 30ip 1aHUX, EIEKTPOESHEPTeTHYHE 00 JHAHHS.

COMPLEX FOR ELECTRIC POWER EQUIPMENTS MAGNETIC FIELDS MONITORING
R.O. Mazmanian

Institute of Electrodynamics National Academy of Sciences of Ukraine

pr. Peremohy, 56, Kyiv, 03057, Ukraine. E-mail: mazmanian@ied.org.ua

Using characteristics of magnetic fields as diagnostic parameters is due to their direct interconnection with
energy conversion processes, structural and functional features of electric power equipment, current state and modes of
its operation. The cumulative effects on the diagnostic parameter lead to changes in its value, and their diversity causes
differences in the nature of these changes.

Analysis of the nature of these changes is used to describe diagnostic signs associated with the exposure of
faults, which provides greater efficiency in detecting early signs of deviations from the normal state and greater
selectivity in case of multiple faults.

At the same time, monitoring of external magnetic fields of electric power equipment in various areas of their
occurrence — temporal, spatial and frequency — is implemented without the objects destructing, changing the
technological process or modes of their operation.

The aim of the work is to develop principles of construction and operation, methods for implementing a set of
tools for studying electric power equipment through continuous or periodic monitoring of magnetic fields and the use of
monitoring results in technical diagnostics systems.

Summary:

1. A multi-level functional specification of a system has been developed, which is implemented by its hardware
and software components;

2. The choice of primary measuring transducers is substantiated with factoring in the features of monitoring
external and internal magnetic fields of observing objects;

3. Methods and means for software and hardware implementation of the zero-bias compensation function
caused by the non-equipotentiality of the Hall transducers and the drift of the amplifier-converter circuit are proposed,

4. The division of computing resources between programmable computing (microcontroller) devices and
digital logic devices with programmable structure (CPLD) has been grounded.

5. Experimental studies of the developed system confirmed the implementation of the given functional
specification. The system provides registration of induction of external and internal magnetic fields, data collection and
its visualization for identification of diagnostic characteristics of electrical rotating machines.

Key words: magnetic measurements, monitoring, data acquisition, electric power equipment.
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