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Ob UBMEPEHHHU KO3PPUILLUEHTA ¢OPMbl KPUBOM
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{[TpeacraBiena Hay4yHO-TEXHHYECKHM CeMHHAapoM (aKyJbTeTa aBTOMATHKH
M BBIYHC/IHTEJIBHOI TEXHHKH) '

[TonbiTkn co3ganus NpHOOPOB AJs1 HENOCPEACTBEHHOTO H3MEPEHHs KO-
s(p¢duuuenta GopmMbl KpuBOil HanpsiKeHuss [1] ¢ wmcrmosb3oBaHHeM BLINpPS-
MHUTeJeH ¢ KBaJpaTHYHBIMH yYaCTKaMU BOJbT-aMIIEPHBIX XapaKTEPHCTHK He
JlaJii TOJIOKUTEJNbHBIX Pe3yJbTaTOB H B OTHOLIEHHH TOUHOCTH H3MepEeHHs
M TeXHOJOTMYHOCTH HX MacCOBOTO H3roTOBJMeHHS. B Hacrosiuiee Bpems, cyisa
N0 OonyO6JMKOBAaHHBIM JaHHBIM, HET NPHOOPOB IJIsSI HENOCPEACTBEHHOrO M3-
Mepenus Kodgduuuenra ¢opmel Kpupoi. OnpejeneHune ero NpOU3BOIHUTCS
KOCBEHHBIMH METOJaMH INyTeM H3MEepeHHS AeHCTBYIOLIEro M CPEeJIHEro 3Ha-
YeHHH HaNpsKeHHH ¢ NOCAeAYIOIHM pPacueToM HX OTHOUIeHHS. B oTmesbHBIX
cayyasx JAJsg HayuHbIX HccaepoBanuil [2] Ky Toka, Hampsixkenus, 31C,
IIOTOKA M JAp. MOXKeT OBITb OompejeseH Mo ocuuaaorpammam. OnpHako 3TH
METOJABl SABJSIOTCA T'POMO3JAKHMH, MaJONPOHU3BOIHUTEIbHBIMH U JAlOT 0O0JIb-
IIYIO NOTPeLIHOCTb H3MepPeHHS.

IIpumensieMble M3MEPHTENH JHHEHHBIX HCKaXK€HHIl He MOTYT OBITb HC-
I01b30BaHbl s onpeneneHus Ky, Tak Kak B o0lLIeM caydyae HET MaTeMaTH-
yecKoil 3aBucHMOCTH Mexay Kuw 1 K¢ . Kpome Toro, Bhimyckaemble mnpo-
MBIIIJIEHHOCTBIO H3MEPHUTEeIH HeJTHHEHHBIX HCKaXKeHHH HMEKT MOrpelllHOCTh
uamepenus 5—7,9 [3].

Heo6xonuMocTh M 1e/1ecoo6pa3HoCcTh pa3pabOTKU U CEPHIITHOIO BBITYCKA
npubOpoB JAJS HENOCPeACTBeHHOro NpsiMOTO H3MepeHus K¢ B Hacrosllee
BpeMsi 00YCJIOBJIUBAIOTCS CJAEAYIOUUMH COOOPaxKEeHUIMH.

Bo-nepBhiX, npy pacueTe M NPOEKTHPOBAHUH 3JIEKTPUUECKHX MalIuH,
anmapaTtoB M 3JEKTPOMATHHTHBIX YCTPOHCTB aBTOMATHKH  HCMOJb3yeTcs
(popmysa aefiCTBYIOLLEro 3HAUeHHS HANpskKeHUs, BBIPaKEHHOro yepe3 Mak-
CUMAJbHBIH MArHUTHBIH MOTOK (MM HMHAYKLHIO) U KO3P(PHUUHEHT (OPMBI
KPHBOMH, NpUHHMAaeMblil 06b19HO paBHBIM 1,11, Kak A1 CHHYCOH/BL.

B peaabHBIX MallMHaxX M anmaparax KpHBble MAarHHTHBLIX NTOTOKOB M HH-
JYKUUH OTJIMYAIOTCS OT CUHYCOHMJAAJbHBIX, CJI€I0BATEIbHO, AJST YTOUHEHHS
pacueToB B IeJ9X IKOHOMHH MaTepHaJOB U NPHU HAYYHBIX HCCJAEJOBAHHUAX
1eJaecoo6pas3Ho onpeneJauTb Gosee TOUYHOe 3HAueHHe Ko3(pduuueHTa (HOPMBLI
KPHBBIX HHAYKIHH,

Jlns mpuMepa MOXKHO NPHUBECTH HaydHble HCC/A€I0BAHHS CIIEKTPaJbHOTO
coCTaBa KPHUBLIX HHAYKUMH H 3AC JAJs PA3HBIX MapoK Crajedl npH 3alaH-
HBIX MAaKCHMaJbHbIX HHAYKUHSAX MPH Pa3JIHUHBIX TOJLIMHAX JHCTOB H HAMPSI-
JKEHHOCTSIX MarHUTHOTO N0JIs1, mpoBoauMbie Bo BHHUHM [2].

PesynbraTel HccnenoBaHHss MOrJIM GbITb 3HAUUTENbHO OOIIHPHEe M AJs
Gosiee IIMPOKOro JAHAaNa3oHa 4acTOT W HampsizKeHHOCTeldl MarHUTHBIX MOJel,
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ecau Gbl MBI Ha BOODYZKEHHMH MMEJH TOCTATOYHO TOYHbIe NPHOOPHI AaA He-
NOCPEJICTBEHHOTO H3MepeHHs Ko3(duiueHToB (GOpMBI KDHBOH TOKa, Ha-
TNIpsiZKeHHs U 9/C.

Bo-BTOpBIX, BCe BLINIPSMHTENbHbIe NPUOOPHI pearupyioT Ha cpeaHee
3HaYeHHe TOKa, a IPaJyHpPOBKA HX NPOHU3BOAUTCS B JEHCTBYIOLIMX 3HAUEHHX
CHHYCOHZAJbHOTO TOKa. [To3TOMYy HOrpemHocTr H3MEepeHHsl BBIIPSIMUTEb-
HBIX NPHOGOPOB 3aBHCUT OT Koa(duiueHta (GopmMbl KPHBOH H3MEPsiEMOro
TOKAa M MOXKET 0Ka3aThCs JOCTATOUHO GOJBIIOH.

Taxk, npu K¢ =2 norpemlHocTb W3MepeHHs MAEHCTBYIOLLEro 3HAYeHUA
TOoKa OyJAeT paBHa
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Hannuwe npubopa aas onpexenennst K¢ no3BOoAMT pacmiipHTh 06/1aCTh
NpUMEHEHHA BBLIIPSMUTEJIbHBIX IPUGOPOB.

B-Tperbux, Hajquune BLICOKOTOUHBIX NMPHUGOPOB A HENOCPEACTBEHHOrO
n3mepennsd kosdpdunuenta GopMbl KPHBOH HANPSKEHHs, TOKA, MOLIHOCTH,
MAarduTHOrO MOTOKA M JAPYTUX BeJHYHH, OCOGEHHO aBTOMATHYECKHX PETHCT-
pPHPYIOUIUX TIPHOOPOB ISl HCCJAEJOBAaHHUS CJOXKHBIX JHHAMHUECKHX Mpolec-
COB B 3JEeKTPOMArHHTHBIX MeXaHM3MaX H yCTPOHCTBAaX pAaCILUPHT acCOPTH-
MeHT IpHOOPOB HaYYHOTO NMO3HAHHS.

Ianee, nam npeicTaBIsieTCss BO3MOXKHBIM TaKHe BbICOKOUYBCTBUTE/D-
Hble TpHOOPBI HCNOJb30BATH HE TOJIbKO NPH HCNBHITAHHAX (eppOoOMarHUTHBIX
MaTepHaJoB Ha NepPeMeHHOM TOKe, HO M /s KOHTPOJS KauecTBa 3JeKTpo-
MarHuTHBIMH MeTOJaMH nyTeM H3MepeHust Ky 31C BO BTOpUUHOII OOMOTKE
TpancopmaTopHbiX AaTuukoB. M3Bectno [5], uto npu aedopmaunmu dep-
POMAarHUTHBIX MaTePHaJOB DPE3KO HM3MEHSIOTCS N0 aMIJuTyxe H ¢ase He-
yeTHble TapDMOHMKH 3¢ (HHAYKIMHM INPH HaMarHHYUBaHHU CHHYCOHMJAAJib-
HBIM TOKOM) BTOPHYHOH OOMOTKH, a CJ€I0BATENbHO, H KO3 GhUIHEHT GOopMbI
KPHBOIL.

Kosdduuuent ¢GopmMbl KpUBOIl ToKa ABJAAETCS TakKe ONLHUM M3 He-
XOJAHBIX IapaMeTpOB INpPH pacueTe M HCCae10BaHHM 0asaacTHBIX YCTPOHCTB
rasopaspsHbIX HCTOUHHKOB cBeTa [6].

YuuTeiBasi, 4TO NpejJaraeMble HaMH NpHOOPLI TO3BOJAT 3aMmeyaThb
MaJble OTKJOHCHHS OT 3aJaHHOH (POpPMBI KPHBOH TOKAa MM HaNpsKeHUs
(0,01 +0,001) Ky , nepcnekTuBa HCIOJAb30BaHusA Ky-METPOB NPH KOHTPOJE
KayecTsa H31e/71uHl 3/71eKTPOMAarHUTHBIMH MeTOJaMH 3acJyKHBaeT BHUMAaHHUA.

B 35TOM OTHOLIEHHH XapaKTepPHO CONMOCTABUTh MOsIBJeHHE (a30uyBCTBH-
TEJbHBIX BOJBTMETPOB, HalleAUIHX LIHPOKOE NPHUMEHeHHe s liesell Hccae-
JOBaHHA H KOHTPO.JS KayecTBa HM3JeJUIl 110 H3MEHeHHIO BelleCTBeHHBIX
H MHHMBIX COCTaBJ/ISIIOLUUX BTOPHUHBIX 3/C.

BosmoxkHocTe co3naHus K ¢-METpPOB C PYYHBIM ¥ aBTOMAaTHUYECKUM
VpaBHOBELINBAaHHEeM C HOTPELIHOCTbIO H3MEDEHHs MeHee OLHOrO NpPOLEHTa,
OOJBIIMM M MaJbiM BXOJHBIM CONPOTHBJEHHEM, KPOMe BCEero mnpoyero, Mo-
JKeT ABHTbCA CePbEe3HbIM KOHKYDPEHTOM H3MEepHTeNAM HeJHHEHHbIX HCKaxke-
HUH . CHMMETPHYHBIX (OPM KDHBBIX B 3JIEKTPHUECKHX LeNsXx IepeMeH-
HOTO TOKa. »

Ha kadenpe nudopmannoHHO-U3MEPUTEIbHON TeXHHKM aBTOPAMH pas-
paboTaH psix cXeM U npuOOPOB, NPOBEAEHbl HEKOTOPbIE MCCJACAOBAHHA HX
MaKeTOB J/I1 HEeNOCPEACTBEHHOTo H3MepeHus Koo duuuenTa GopMbl KPHBBIX
ToKa n nanpszxenus. [IpuHuun usMepenus xkosdouuuenta Gopmbl KPHBBIX
TOKa U HaNpSIXKEHHsSI M CBA3aHHBIX C HHMH 3J€KTPHUECKHMX § MarHHTHBIX
BEJHYHH OCHOBAH Ha CPAaBHEHHH HJIM JEJEHHH AEHCTBYIOLIErO H CpefHercv
3HauyeHHH TOKa C HCMOJb30BaHUEM MAaTHHTO3JEKTPHUECKOro JOroMerpa, Hs3-
BECTHBIX CX€M [leJ€HHS], MarHUTOJEKTPHUECKOro rajJbBaHOMETpA.
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[Ipu Hcnosb3oBaHUH JIOrOMeTpa MO OJHOH paMKe NMPONyCcKaeTcst NOCTOSH-
HBbIH TOK, NPONOPLUHOHANbHBIH JEHCTBYIOLEMY 3HAUEHHIO H3MEPSeMOro ToKa
IIOJIy4EeHHBIH C MOMOILbIO Pa3/JHUHBIX mnpeoOpas3oBaTeseil, a mo APYroi pam-
Ke — [PeBAPUTEIbHO BbINPAMJIEHHBII TOK MOJYNPOBOAHHKOBBIMU HJIH 3JIEK-
TPOHHBIMH BBIIPSAMUTENSIMH C MHHHUMAJAbHO AONYCTHMBIMH HCKaKEeHHSMH.
B kauectBe npeo6pasoBare/eil HCNOAb30BAIHCh TEePMO3JEKTPHUECKHE THIA
TBB, HO ¢ TaxuM Ke ycrnexoM MOTYT ObITb HCMOJb30BaHLI MOAOrPEBHbIE CO-
NPOTHUBJCHHA, (POTO3JEKTPHUECKHE (/1aMIOyKa-(pOTOCONPOTUBIECHHE) U APY-
rue. Jloromerp, pearupyrouuii Ha OTHOLIE€HHE TOKOB, TaKUM 006Pas3oM MOXKET
ObITb OTIPAaZYHPOBAH B 3HAYEHHAX Koddduuuenra ¢opmbl Kpusoi. Tounas
rpaayupoBka npubopa TO 3aBeAOMO M3BeCTHBIM (OpMaM KpPHBBIX TOKa
B 3HAYHTEJNbHOH CTENeHH YMEeHbIIaeT ero MNOTPEelIHOCTH OT HeJHHeHHOCTH
BOJIbT-aMIEpPHbIX XapaKTePUCTHK BbINpAMHUTeeH, Ko3dduuueHra BBIIPIAM-
JIEHHSl, HeJHHEeHHOCTH XAapaKTepHCTHK npeoOpa3oBarte/edl maeidCTBYIOLIEro
3HAUEHHs B OOCTOSAHHOEe M Apyrux. Takoil ke rpaayupoBKOi, HO JOCTa-
TOYHOH TOJIbKO /g OAHOIO 3HAU€HHs, BBHAY JHHEHHOCTH OTCYETHOTO YCT-
poiictBa aass K¢, CHUXKAIOT MOTPEMIHOCTH W B TpubOpax CpaBHEHHS
C HCINOJb30BaHHEM MAarHUTO3/JEKTPHUECKOrO ra/jbBaHOMeTpa B KayecTBe
HyJIb-HHJIHKATOPAa, Peardpyioulero Ha cpejiHee 3HayeHHe H3MeEPseMOH BeJHU-
upHbl. Jlanuas, Haubo/ee nepcrnekTUBHASA, Tpynna NpubOPOB ¢ PYUHbIM ypaB-
HOBELIHBAHHEM OCHOBAaHA Ha HYJeBOM WJIH AU(depeHUHasbHOM MeTOo1e
CpaBHEHHS NOCTOSTHHOTO HANPSIXKEHHs, NPOMNOPILHOHAJBHOIO IeHCTBYIOIEMY
3HAYEHHIO H3MEPAEMOH BEJHUHUHDbI, C TPeABAPUTE]bHO BBLIIPAMJICHHBIM Ha-
npsikeHneM. PaBeHcTBO cpaBHMBaeMBbIX HaNpsiXKeHHI (TOKOB) yCTaHaBJIH-
BaeTcs MpH HYJEBOM MeTOde IepeMelleHHeM JBHKKa 0e3peaKTHBHOTO IO-
TeHIIHOMEeTpa, KOTOPBIH rpaayupyercs B 3HaueHHsX K¢ M HUMeeT JHHEHHYIO
wkanay. IlefictBurenbHo, ecau o6osnauuMm E, u Ug  COOTBETCTBEHHO 3AC
TepmonpeoOpasoBarenast ¢ koshduuuentom npeobpasoBanus K, nas 3anan-
HOTO 3HAYeHHA AeHCTBYIOLLero Toka /,; M cpeaHee 3HaueHHE BLINPAMJIEHHOTO
HanpsiKeHust Ha conportusienun R, ronpu /=0, E,=U, nu K- [,=HK,- 1R,
rae Ky — xosdduuueHt npeoOGpa3oBaHust BBIIPSIMUTEJIBHOIO  MocTa (CM.
puc. 1, 0).
Orciona

Ky ta M p
oo [ 85y

B nuddepenunannhoii cxeme Kg-MeTpa 0 3HAUEHHH H3MEpSeMOil Be-
JIMUUHBL CYAAT 10 OTKJIOHEHHIO yKasaress rajdbBaHoMmeTpa (MHKpoamiep-
metpa). MeTtox MoxKeT ObITb PEKOMEHIOBAH AJs H3MEPeHHUS MajblX U Mejl-
JIEHHO MEeHSIOUHXCs H3MeHeHUH (OpMbl KPUBOH, AJs KOHTPOJIs KayecTBa
U3IeJHH U T. I

Ha puc. 1 npusenenbl npuHunnuaapHble cxempl K¢ -MeTpoOB:

a) C HCNOJb30BaHHEM JIOTOMETPHUECKOTro HM3MEPHUTEJbHOr0 MeXaHH3Ma
MAarHHTO3JIeKTPUUYECKOH CHCTeMBbI;

6) K¢ -MeTp HanpsizKeHUs;

B) K ¢-MeTp TOKa.

Bonee noapo6uoe onucanne 01HOro M3 MPUOOPOB CPaBHEHHA MPUBOIUT-
Cs1 B JaHHOM cOOpHHKE.

ABToMaTHueckHe NpPHOOPBI MOTYT ObITb CPABHUTEJNBHO JETKO BBINOJ -
HeHbl I/ u3MepeHus Koappuuuenta (GopMbl KPUBOH B 3aJaHHOM JHamaso-
HE M C 3aJaHHOH YYBCTBHTEJbHOCTbIO, HMOMOJbL3ysT H3BECTHble METOIAbI CJje-
JAUEro ypaBHOBELIHBAHUA KOMIIEHCATOPOB MOCTOSHHOTO TOKa ¢ (hOTO3/IeK-
TpudeckiMu tHnamu @117 wuan  uHAyKunoHubIMu Tunamu M3l mpeoGpaso-
BaTeJed, peardpyolHuX HAa CpelHee 3HAYEHHe TOKAa HJIM HANpsKeHHS.

[Torpemwnocts npuGOpPOB CKIaablBAETC TJAaBHbIM 0O0pPa3oM OT HEJHU-
HEHHOCTH XapaKTePUCTHK mnpeoOpasoBaTeeid 00OHX KaHAJOB CpaBHEHHS,
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HecTaOU/JIbHOCTH 3JE€MEHTOB 3JIeKTPHUECKOH Ilenu BO BPeMeHH, TeMIepaTyp-
HOH M 4acTOTHOH norpewrHocTeil. Heannefinocts ogHoro M3 KaHaJoB CpaBs-
HeHHs (KOMMapupoOBaHHs), HampuMep, KaHaja INpeoOpa3oBaHUs AEHCTBYIO-
Llero 3HauyeHHs TOKA, YCTpaHseTcs IyTeM ONTHMaJbHOro Bhi6Opa M ycTa-
HOBKOIl mepesa H3MepeHHeM 3aJaHHOro JIeHCTBYIOLIEro 3HA4YeHHs TOKa la
BXoJAe mnpeoOpasoBaTeass HJIH HCNONb3ysd KOMIEHCALMOHHBIH c€nocod -cpas-

Puc. 1

HEeHHUdA TepMO3AC U 3AC HOPMAJIbHOTO 3JIEMEHTAa. Henuneilnocrs Xapakrtepuc-

THK BbIIPAMHTE/E]l CBOAMTCA K MHUHHMYMy BBIOODOM THIA BBIIPSIMHTENEH
U UX pexuma padboTbl.

BeiBoj

[Ipennaraembie mpuOOPH /5 HEMNOCPENCTBEHHOTO H3MepPeHHs KO3(pdu-
IIHEHTOB ()OPMbI KPHUBBIX TOKA U JAPYTHX BEJHUYHH SIBJSIOTCS HEOOXOAHMBIMH
JL/Ii HAyUHBIX HCCJI€OBAHHH, CPABHUTENBHO JIETKO OCYIIECTBHMBI H PEKOMEH-
JAyloTcs 15 6oJiee MOJMHON UX pa3padOoTKH.
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