JTabopaTtopHas paboTta Ne 3
N3MEPEHWE MNMOCTOAHHOIO TOKA U HAMPAXXEHUA

1. LUEJIb PABOTHI

HSY‘IGHI/IG IIPpUHIAIIA JCUCTBUS M obOnactu IMPUMCHCHUA MArHUTOJJICKTPUYCCKUX
N3MCPUTCIIbHBIX MCXAHU3MOB. HaquTBCH C IOMOMIIBIO JOTIOJHHUTCIIBHBIX 3JICKTPUYCCKUX
CXEM KOHCTPYHPOBATH Ha 0aze MArovuTO3JICKTPUYCCKOIroO MCEXaHU3Ma aMIICPMCTPBI H
BOJIBTMCTPBEI.

2. KPATKUNE NMOACHEHUWA K PABOTE

B nannoit maGopatopHoi paboTe paccMaTpUBAOTCS METOAbl U3MEPECHUS HAMPSHKCHUH
U TOKOB C ITOMOIIBIO MPHOOPOB, OCHOBY KOTOPBIX COCTABISIOT MarHUTOAJICKTPUUCCKHE
U3MEpUTEIbHBIC MEeXaHU3MbI. MccienyroTesi crocoObl paciIMpeHus MPEeAesioB U3MEpPEHUs
10 TOKY W HaIPSKEHUIO.

2.1. OOmme cBeaeHuss. TOKM U  HaNpPsDKEHUS  SBISIOTCS — HaumOolee
pacOpoOCTPAHEHHBIMU AJIEKTPUUYECKUMHU BEIMYMHAMM, KOTOPBIE MNPUXOIUTCS HU3MEPATH.
Haunbonee pacnpocTpaHeHHBIMH CpPEACTBAMH HM3MEPCHHH TIOCTOSHHBIX TOKOB H
HalpsDKEHUW  SIBJISIFOTCS  aMIIEPMETPBI, BOJBTMETPBI, a TaKXKE€ YHUBEPCAJIbHBIE U
KOMOWHHPOBAHHBIC MPUOOPHI PA3TUUHBIX KOHCTPYKITUH.

OnpeneneHue 3HAYEHU HANPSKEHUM OCYIIECTBIAIOT, KaK IPaBWIO, MPSAMBIMU
M3MEPEHUSIMU. [[111 M3MEpEHUsI TOKOB KPOME MPSIMbIX U3MEPEHUN, IIUPOKO HCIOIB3YIOT
KOCBEHHBIE U3MEPEHHUS, IPU KOTOPBIX U3MeEpsIETCA NajeHue HanpsikeHnss U Ha pe3ucTope ¢

W3BECTHBIM CONPOTUBJICHHEM R, BKIIOYCHHBIM B IIEMb M3MepseMoro Toka ly. 3HaveHue
TOKa Haxomar 1o 3akoHy Oma: [, = U / R. B 3TOM ciiydae MOTpEmIHOCTh pe3yJIbTara

n3mepenun  Aly ONpEneNsAeTCsl NOTPEIIHOCTBIO U3MepeHuss HanpsbkeHuss AU u
IIOTPEIIHOCTBIO U3TrOTOBJIEHUS CcONpOTUBIICHUs AR.

Ra . R, a
a) + R +o— 1]
) ) R,
U U Ra
_ O _ O
b

Puc. 1. CxeMbl u3MepeHus TOKa aMIIepMETPOM (@) U HaIpsKEHUs BOJIbTMETPOM (0).

Hanuyune BHYTPEHHETO CONPOTUBIEHHS y CPEACTB U3MEPEHUH  BBI3BIBACT
Memoou4eckylo nozpewiHocms TPU W3MEPEHUU TOKOB M HamlpsykeHUd. BximtoueHue B
UCCIEAYEMYIO LIETIb CPEACTBA M3MEPEHUM HCKa)XaeT PEXUM OTOM Lenu. Tak, Hampumep,
BKJIIOUEHHE aMIIEpMETpa, MMEIOLIEro CONpoTuBiIeHHE R, , B 1Lenb, M300paKeHHYIO Ha
puc.l, a, mpuBeneT k ToMy, 4To BMecTo Toka [ = U / R, KoTOpHIif mpoTekan B 3TOH 1enu 10
BKJIIOUCHHSI aMIIepMeTpa, Mmociie BKiItoueHus amnepmerpa nouaer Tok I} = U / (R + Rp).

[Torpemmrocts Al = I; - I Tem Gobliie, yeM OOJIbIIE CONPOTUBICHUE aMIIEpMETpa.
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AHaJIorm4yHas NOrpelIHOCTh BO3ZHUKAET IPU U3MEPEHNH HanpsbkeHni. Hanpumep, B
LeNH, NpPeACTaBIeHHOW Ha puc. 1, O, Npu BKIIOYEHUH BOJIBTMETPA, HMEIOIIErO
conpoTuBieHUE Ry , pekUM 1ienn TOXKe HapyIIaeTcs, Tak Kak BMecTO HanpsbkeHus Uy, = U
R, / (R; + R,), koTopoe Ob1I0 B cxemMe MeXAy TOYKaMH a U b 10 BKJIIOYEHHUSI BOJIBTMETPA,
IIOCJIE €r0 BKJIFOUEHHUS HaIIPSKEHUE

URyR, /(Ry +R,)
R +Ry,R, /(R, +R,)

Uabl =

[Morpemnocts AU = Ugp; - Uy, TeM Oojbliie, 4eM MEHbIIE COMNPOTHUBIICHUE
BOJIbTMETpA.

N3 cpencTB uaMepeHuii, HCMIOJIb3yEMBIX JJIsI U3BMEPEHUS HAMPSKCHU M, HAUMEHBIITY IO
METOJIMYECKYIO MOTPEIIHOCTh 00ECIEUnBAIOT KOMIIEHCATOPHI, AJIEKTPOHHBIE U IU(GPOBBIE
npubopsl. Cpenu DIIEKTPOMEXAHMUYECKHX MPUOOPOB HAMMEHBIIYI0 MOIIHOCTh U3
W3MEPUTETHHON MU MOTPEOJITIOT MAarHUTORJIEKTPUIECKUE TPUOOPHI.

2.2. MarHMTO3JIeKTPMYECKHUMH MNPUHOOpPaMHM H3MEPSIOT TOKM M HaNpsKEHUs
(ammepMeTpsl M BOJBTMETPHI), CONPOTUBICHHUS (OMMETpbI). MarHuTo3JIEKTpUYECKHE
npuOopsl  MPUMEHSIOT B KAauyecTBE  HYJbHUHIUKATOPOB, MPUOOPOB €  BBICOKOU
YyBCTBUTEJIBHOCTBIO K TOKY WJIM HAIPSKEHUIO, JUIsl OUEHKU HaJu4usl WIA OTCYTCTBUS TOKa
WM HampsDKEHUs Ha ONPEACNIEHHOM ydYacTKe dyieKTpudeckod uenu. Kpome Toro, ux
UCIIOB3YIOT B CAMOMUIIYIIHUX MPUOOPAxX ISl PETUCTPALIUU SJCKTPUUECKUX BEIUYHH.

MaraurosnekTpuyeckue  Mnpubopbl B OCHOBE CBOEH  COCTOSIT U3 MarHUTO-
3JEKTPUYECKOTO0 H3MEPUTEIBHOTO MEXaHU3Ma, HW3MEPUTEIbHON 1LIeNM U OTCUYETHOTO
YCTPOMCTBA.

W3mepuTenpHBIi MEXaHU3M Mpeol0pa3yeT »dJIEKTPUUYECKYI0 BEJIWYHMHY B YIoll
MMOBOPOTA MOJBU>KHOM YaCTH.

W3mepurenbHas 1eNb CIYXHUT JJIs TMPeoOpa3oBaHUsT M3MEPSIEMOM AJIEKTPUUECKOU
BEJIMYUHBI B JPYTYIO AJIEKTPUUYECKYIO BEJIUYUHY, HETIOCPEACTBEHHO BO3JEUCTBYIONIYIO HA
U3MEPUTEIBHBIN MEXaHU3M.

OtcyeTHOE YCTPOWCTBO COCTOMT M3 IIKanel W ykazarensd. lllkanma mnpubopa
npencTaBisieT co0Oi IUIacTUHY, Ha KOTOPOWM HaHECEeHbl OTMETKH, COOTBETCTBYIOIIHE
OTIPEJICIICHHBIM 3HAUCHUSAM W3MEPSEMON BEIMYMHBI. YKa3zarelb IMPEACTaBIsIeT CcOOOU
MEePEMEIIAIONIYIOCS BIOJIb IIKAJIBI CTPEIIKY, )KECTKO CKPEIUICHHYIO C MOJBWKHOU YacThIO
U3MEPUTENBHOTO MEXaHU3Ma.

Jns ycTaHOBKM YyKa3zaTelsls Ha HYJIEBYHD OTMETKY B MArHHUTO3JIEKTPUYECKHUX
npubopax MPUMEHSIOT YCTPOWCTBO, Ha3blBaeMoe KoppekTopoMm. KoppekTtop comepkut
BUHT, YKPCIUJICHHBIH Ha KOpIyce MnpuOopa, MOBOpauMBas KOTOPHIM MOXHO IMEpPEMEIIaTh
MOJABHKHYIO YacTh Mprubopa

AMnepMeTpbl, BOJIBTMETPHl WM OMMETPBI MPUHLMIHAIBHO OTIMYAKOTCA APYT OT
Jpyra TOJbKO U3MEPUTEIHHOU 1eMnbl0. 3MepUTEenbHBIN MEXaHU3M MPU ITOM MOXKET OBITh
OJIHUM U TeM ke. BCcE 3To sBNIsIeTCS BAXKHOM MPEANOCHUTKOMN ISl CO3/IaHUsI YHUBEPCATbHBIX
puOOPOB.

PaGora MarHUTORNEKTPUYECKUX MEXaHM3MOB OCHOBAaHA Ha B3aUMOJCHCTBUU
MarHMTHOI'O MOTOKa MOCTOSIHHOTO MarHuTa M TOKA, MPOXOJSIIEro MO KaTylike (paMke).
Bo3Hukarommii npy 3TOM BpAIIAKOIIAN MOMEHT OTKJIOHSIET MOJBUKHYIO 4aCTh MEXaHW3Ma
OTHOCHUTEJIBHO HETIOJIBU>)KHOM.

Ha puc. 2 mnokazaHo yCTpONCTBO MAarHUTO3JIEKTPUUYECKOTO HU3MEPUTEIBHOTO
MEXaHH3Ma C MOJABMKHOM KAaTYLIKOM, T/ie 1 - MOCTOSIHHBIN MarHuT, 2 - MarHUTONPOBOJ, 3 -
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MOJIOCHBIE HAKOHEUYHUKH, 4 - HEMOABWKHBIN CEPICUHHK, 5 - CHHUpPAJIbHASA MPYKUHKA, 6 -
MOJABWKHAS KATyIlKa, / - MarHUTHBIN LIYHT, 8 - yKa3areiab. TOK K MOJBWKHOW KaTyIIKE
IIOJABOJUTCS YEPE3 CHUPATIbHBIC IIPYKUHKH.

1 Vron OTKIOHEHHS O  MOABUXKHOM YacTH
8 N / HU3MCPHUTCIIBHOI'O MEXaHH3Ma OIIPCACIIACTCA €ro
\ ) KOHCTPYKTHUBHBIMHU u AIEKTPOMArHUTHBIMH
2 ~J_ 1 rapamMeTpaMy ¥ TOKOM /, IPOTEKAOIIMM 10 PaMKe
3 _ BSw / i
3 \\\ — // a= 7 > ( )
T 4 TAE€ O- YTOJl OTKJIOHEHUS MMOJIBUKHON YaCTH,
5 B- uHAyKIKS pagualbHOT0 MarHUTHOTO MOJIS B
\\6 3a30pc MCIXKIY IIOJIFOCHBIMHU HAKOHCYHHUKaAMHU u

W- 9HCJIO BUTKOB KaTyIIKHU (paMKH),

Puc. 2. YCTpOHCTBO MarHuTo- W- ynenbHbIA NMPOTUBOAECHCTBYIOIMM MOMEHT
AIIEKTPUYECKOTO U3MEPUTEITHEHOTO yIpyroro dJIeMeHTa  (CIHMPAIBHOM  NPYKUHKH)
MEXaHH3Ma U3MEPHUTENHEHOIO MEXaHU3MA,

S- rIomaae paMKH.

N3  Beipaxenuss (1) cmemyer, d4ro TIpHU
NOCTOSIHHOM HMHAYKIMM B B 3a30pe yrojl OTKJIOHEHHMs] TOJBIKHOM  KaTyUIKU
MPOIOPIIMOHATICH TOKY B KaTyIIKE, a 3HAK yIJIa OTKJIOHEHHWS MEHSETCS TP U3MEHECHUU
HATPABJICHUS TOKA.

MaruuTHbIN ITyHT 7 B BUJE TUIACTUHBI U3 PeppOMarHUTHOTO MaTepuaia (CM. puc. 2)
UCTIONIB3YIOT I PEryJMpPOBKM HHIAYKIMKM B BO3AYIIHOM 3a30p€ MEXaHU3Ma IyTeM
nepeMenieHus myHTa. [Ipu 3ToOM mpoucXoAuT mepepacnpeelicHue MarHUTHBIX TOTOKOB
yepe3 BO3AYIIHBIM 3a30p M HIYHT. DTO HEOOXOAMMO Jii M3MEHEHUS UyBCTBUTEIHLHOCTH
U3MEpUTEIHHOTO0 MEXaHU3MA MPHU €ro KaJTuOpOBKe.

Pamka HamaThIBaeTCs, Kak MPaBUIIO, TOHKUM MEIHBIM ITPOBOJIOM C OOJIBIIUM YHCIIOM
BUTKOB M IMEET COOCTBEHHOE COMPOTUBIIEHUE OT HECKOJIBKHX JECATKOB OM /10 HECKOJIBKUX

necsitTkoB KOM. UToOBI co3/1aTh HOMUHANBHBIN TOK [, (TOK MakCUMallbHOTO OTKJIOHEHUS),
HEOOXOAMMO K paMKe MPHUIIOKUTh HAMIPSHKEHUE
U,=1L,R,, tne

R,,;, - copoTBIeHNE paMKH H3MEPUTEIHHOTO MEXaHU3MA.

Takum 00pa3zom, cOOCTBEHHO H3MEPUTEIbHBIH MEXaHM3M MOXKET HCIIOJIb30BATHCS
KaK JJIs U3MEpPEHUs TOKOB, TaK U HamnpspkeHuil. Hanpumep, MukpoaMiepmeTp ¢ npeaeiaMmu
u3Mmepenuss mo Toky 0-100 MKA u BHyTpeHHUM compoTuBieHneM | kOM MoOXer
MCIIOJIb30BATHCA U KaK BOJIBTMETP € npeaenamu usmepenuit 0-100 mB.

B MarHuTO3JEKTPUYECKUX aMIEpPMETpax paMKa H3MEPUTEIBHOIO MEXaHW3Ma
BKJIIOYAeTCs JIMOO B IIETIh U3MEPSIEMOr0 TOKa HETIOCPEICTBEHHO, OO0 ¢ MOMOIIBIO IIyHTA.
HenocpencTBeHHoe BKIIIOUEHHE MEXaHHW3Ma B TOKOBYIO LIENb JOMYCTUMO IMPU W3MEPEHUU
OTHOCHUTEJIbHO HEOOJbINX TOKOB (He Oonee 20 MA) BBUAYy Majol Meperpy304HOM
CHOCOOHOCTH TOKOIIPOBOOB U pPaMKH U3MEPHUTEIHLHOIO MEXaHU3MA.

[Ipu m3mepeHusx OONBIIMX TOKOB MPUMEHSIOT IIYHTHI (PE3HCTOPHI, BKIIOYAEMbIC
napajiiesIbHO PaMKE U3MEPUTEIBHOIO MEXaHU3Ma), KOTOPBIE MO3BOJISIIOT CHU3UTh TOK Yepe3
paMKy H3MEpPUTEIBHOIO0 MEXaHH3Ma, 10 CPAaBHEHHMIO C U3MEPSEMbIM TOKOM, B Tpebyemoe
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yucio pa3. Cxema BKIIIOUEHHUS H3MEPUTEIBHOTO MEXaHHW3Ma B COYETAHUU C IIYHTOM
MoKa3aHa Ha puc. 3.
HlyHTBl M3roTaBIMBalOT M3 MaTepuajga C BBICOKMM YJEJIbHBIM COMPOTHUBICHUEM
- MAHeAHUHA, YTO MO3BOJISIET CYIIECTBEHHO YMEHBUIUTh  MX rabapuTHble pa3Mmepsl. B
amrepmeTpax Ha HeOosibiue TOKH (10 30 A) WIyHTHl pa3MelleHbl HEMOCPEJICTBEHHO B
Kopryce Tmpubopa (BCTpoeHHBbIE  MIyHTHI). Jlmsi w3MepeHus OONBIIMX TOKOB (70
10000 A) npuMEeHSIOT Hapy>KHbIE IITYHTHI.
IIpu pacmmpenuu npeaena U3MEPEHHsI CONPOTUBIICHHUE
Ix Ry Iy IIYHTA BEIOUPAIOT U3 COOTHOIICHUSI

_|_|2_ RHM

Rl[[ - , TAC
n-—1

\_/ n=1./1,, - k035QOUIUEHT LIyHTUPOBAHUS,

I, w [,, - COOTBETCTBEHHO M3MEPSICMbIH TOK M TOK
4yepe3 paMKy HU3MEPHUTEILHOTO0 MEXaHU3Ma.

B MarHuTO’MEKTpUYECKMX  BOJBTMETpax, IS
pacIiupeHuss WX TMPEAETOB HM3MEPEHHUS IO HANpPsHKCHUIO, HM3MEPUTEIBHBIA MEXaHH3M
BKJIIOYACTCS B IIEMb BMECTE C J100aBOYHBIM pe3ucTtopoM. [1og00poM COOTHOIICHUS UX
COIPOTHUBJICHHI MOKHO PaCIIUPHUTD MIPE/IEN U3MEPCHHS B TPeOyeMOe KOJIMIECTBO pas3.

Cxema BKJIIOYCHHS H3MEPUTEILHOTO MEXaHHU3Ma C J00aBOYHBIM PE3UCTOPOM
MoKa3aHa Ha puc. 4.

Puc. 3

JloGaBOYHBIC PE3UCTOPHI R, KaK U IIyHTHl U3rOTABIMBAOTCS W3 MaHTAaHUHA.
Comnportuienue J100aBOYHOIO pe3ucropa
paccuuTbIBaeTcs o popmye:

Uy
Ry =R, (m- 1), tne
R Ry
/7N R, - conpoTuBieHue 100aBOYHOTO PE3UCTOPA,
_/

m = U, / U, - x03bOHIHEHT paciIrpeHus
npezeaa H3MEPEHUs 10 HAIPSHKEHHUIO,

Puc. 4 U, - u3aMepsieMoe HalpsoKeHUe,

U,y — TmaneHue HamnpsHKeHHUsS Ha CONMPOTHBICHUHU
paMKU U3MEPUTETHLHOTO MEXaHU3MA.
MarauTosneKTpudeckue IpruOOpsl OTHOCITCS K YACTY HAauOoJee YyBCTBUTCIBHBIX U
TOYHBIX. PaBHOMEpHas IIKajga W Majoe MOTPEOICHUE SHEPTUu SBISIOTCS JTOCTOMHCTBAMHU
STUX NMPUOOPOB.

3. KOHTPOJIbHbLIE BOINPOCHI

3.1. IlosicHUTP NPUHUMN JEUCTBUS MArHUTOSJEKTPUUECKOTO HN3MEPUTEIBHOIO
MEXaHu3Ma.

3.2. B kakux npubopax HCMOIB3YIOTCS MAarHUTOICKTPUUYECKUE H3MEPHUTEIbHBIC
MEXaHU3MBbl, UX JOCTOUHCTBA U HEAOCTATKHU?

3.3. Uem BbI3BaHAa METOAMYECKAs NOTPEUIHOCTh IPU HU3MEPEHUH TOKOB H
HANPSDKCHU MarHUTOSIEKTPUIECKUMU TTprubopammu?

3.4. KakuM 00pa3om MUKpoaMIIepMETp MpeoOpa3oBaTh B aMrepmeTp ?

3.5. 3anucaTh BbIpaXXEHUE U JaTh NOSICHEHUE K HEMY JUJI pacyeTa IIyHTa.

3.6. Kakum 06pa3oM MUKpoaMIiepMeTp mpeoOpa3oBaTh B BOJILTMETP ?
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3.7. Kak mpeoOpa3zoBaTh MUJUTMBOJIBTMETP B aMIiepMeTp ?

3.8. 3anmucaTh BhIpaKeHUE Il pacueTa COMPOTUBIICHUS J0OaBOUYHOIO PE3UCTOPA.

3.9. U3 kakux MaTepuajoB H3TOTaBIMBAIOT IIYHTHI U JA00ABOYHBIE PE3UCTOPHI U
nouemy ?

4. NMPNBOPLI N OBOPYOOBAHUME

4.1 YHuBepcaibHblil cTaOUIN3aTOP TOKA U HanpspkeHus b5-44 (b5-45).
4.2. Marnurosnektpuiaecknuii Mukpoammnepmerp M2001.

4.3. AmnepBosbTmMeTp M2017.

4.4. BonbT™MeTp yHUBEpCANbHBIN m(ppoBoit B7-35.

4.5. JlJabopaTopHBbIif MakerT.

5. MPOIr'PAMMA PABOTHI

5.1. W3yuyuTh NpUHIMN JEHCTBUS MArHUTOIIEKTPUUYECKOIO MEXaHHU3Ma, CIOCOObI
pacmMpeHus MpeaeaoB U3MEPEHHUs 0 TOKY U HAIIPSKEHHUIO.

5.2. U3yuuth yCTpOHCTBO JaOOPATOPHOTO MakeTa, HA3HAYeHHE U MapaMeTpbl
HaXOJAIIMXCS B HEM KOMIIOHEHTOB.

5.3. OnpenenuTb OCHOBHBIE MapaMmeTpbl NPEII0KEHHOTO MAarHUTO3JIEKTPHUUECKOIO
MHUKpPOAMIIEPMETPA.

5.4. Paccuutath M coOpaThb CXE€My MWIIMAMIEPMETpa C BEPXHUM IIPENEIOM
n3MepeHnus 2.0 MA M Ha Apyro mpenen u3MepeHus, NpeJI0KEHHBIN TPENOo1aBaATEIEM.

5.5. U3meputh IATH pa3IMUHBIX 3HAYEHUM TOKAa HAa HOBOM IIPEACIIC H3MEPEHUS.
OueHuTh NOrpeHOCTH U3MEPEHUSL.

5.6. OuecHWUTHh BIMSAHME BHYTPEHHEIO CONPOTUBICHUS MHUKpOAMIIEpMETpa Ha
pe3yJbTaT U3MepeHus (METOIMYECKast MOTPEIIHOCTb).

5.7. PaccuuraTh 1 coOpaTh cxemy BOJIbTMETpa ¢ npeaenamu usmepenus 1.0 B nin na
JIPYTOM IIPeAeI N3MEPEHUS, TPEAJIOKEHHBIN TPENOIABATEIIEM.

5.8.  H3mepuTh 0ATh 3HAYEHUN HANpPsHKEHUM HA HOBOM MpPEAENe H3MEPECHUS.
OueHuTh NOrpemHOCTh U3MEPEHUS.

5.9. OueHuTh BIMSHUE BHYTPEHHETO CONPOTUBIIEHUS BOJBTMETpPA Ha pe3yjbTaT
U3MEPEHUS.

6. METOANYECKUE YKA3AHWA K BbINONHEHNIO NTABOPATOPHOW PABOTDI

6.1. JIns ompeneneHuss mapamMeTpoB MAarHUTORJIEKTPUUYECKOTO H3MEPUTEIHHOTO
MeXxaHu3Ma Heo0X0IMMO coOpaTh cxemy, MOKa3aHHYI0 Ha puc. 5.

[lutanue cxeMbl ocyiiecTBisgerca oT ucrouHuka b5-44. B kauectBe 00pa3noBoro
pe3uctopa Ry umcnonws3zoBan pesucrop C2-13 - 0,5 - 10 kOm = 0,1%. Mccnenyemsiii
mukpoamnepmeTp M2001 u pesuctop Ry pacnonoxkeHsl Ha Makere.

3nauenune R, omnpenensercs mis OByX 3HAYCHHUH TOKa 4Yepe3 H3MEPUTEIIBHBIN

mexanamsMm: 0.5, w [, , tme [, - 3Ha4YeHHWE TOKA, COOTBETCTBYIOIICE MAKCHUMAJILHOMY
(HOMUHAJIBPHOMY) TIOKa3aHHUIO HCCIEAYyeMOro MHKpoamiiepmeTpa. Tok ycraHaBimuBaeTcs
M3MEHEHHEM HaIlpsKeHUs! ucTouHuka b5-44.

[lepen Bxmtouenuem wuctounuka b5-44 mnepexmouarens “HAIIPSKEHUE”
ycra"HoBute B nojoxenue 0,1 B, a nepexmouarens “TOK” - B mosoxenue 5 MA. 3aTteMm
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BKJIIOUNTE UCTOYHUK b5-44 u, yBennuuBas HanpspKeHUe, yCTaHOBUTE HEOOXOIUMBII TOK MO
NOKA3aHUIO CTPEJIKU UCCIIEyEMOTO MUKPOAMIIEPMETPA.

Ry

B ————

B5-44 M2001 <> Ry =10 kOm

-

Puc. 5. CxeMa skcriepuMeHTa JIJ1s1 ONPEICTICHHS TapaMeTPOB
MAarHUTORIEKTPUUECKOTO U3MEPUTEIBHOIO MEXAHU3MA

Ecnu npu Brimouenun uctounuk b5-44 nepexonut B pesxuM cTaOUIU3alUU TOKA, TO
cxema cobpaHa He MPaBHIHHO.

Tok uepe3 U3MEpPUTENBHBI MEXAHU3M ONPEIEISIETCSI KOCBEHHO, IyTEM H3MEPEHUS
najieHusl HampsDKeHUs Ha 00pas3ioBoM pesuctope Ry ¢ momomibio BoiabT™MeTpa — B7-35.
[Ipu stoMm [ = Uy / Ry . BHyTpeHHEe CONPOTHUBICHHUE MHUKpPOAMIIEPMETpa
(conpoTHBIIEHUE PAaMKU U3MEPUTEIBHOIO MEXaHU3Ma) ONIPEAEIAETCS KaK

RuM = UMM/[ = UuMRN/ UN, rac

U - NaJICHUE HANpPsDKEHUST Ha CONPOTUBJICHUHW PpPAaMKH  HCCIETYyEMOTO
MHUKPOAMIIEPMETPA.
Uy - manenue HanpspKeHUs Ha 00pa31loBOM PE3UCTOPE.
[TonmyuyeHHbIe pe3ynbTaThl BHECTH B TaOIUIy 1.
Ilo pe3ynbraraMm IByX U3MEPEHUN ONPENEIUTh YCPEAHEHHOE 3HAUEHUE BHY TPEHHETO
COIIPOTUBJICHUS PAMKHA U3MEPUTEIBHOIO MEXaHU3MA.
Tabmuna 1.

Ry Uy I U, R,

0.51,

1y

6.2. Paccuurarh CONMpOTHBIICHHE IIYHTA, HEOOXOAMMOE ISl PACIIMPEHUs Tpeiesa
n3MepeHus Mukpoamnepmerpa B 10 pa3. B kauecTBe 1myHTa MCIOIb30BaTh UMEIOIIUNCS B
KOMILIEKTE J1abopaTOpHON paboThl Mara3uH conportusieHuil P33. OnpenenuTs HOBYIO LIEHY
JieNieHus peodpazoBaHHOro nmpubdopa. st sxcnepuMeHTa coOpaTh IMEKTPUIECKYIO CXEMY,
U300paKEHHYI0 Ha puc. 6. C y4eToM MOJIAPHOCTH OOpa3LOBOTO U HCCIEAYEMOIO
puOOPOB.

B kauectBe 00pa3noBoro MuwuIMamrnepMeTpa HEOOXOAWMO HCIIOJIb30BaTh MPUOOP
OoJiee BBICOKOTO Kjlacca TOYHOCTH, Hanpumep M2017. PerynupoBka TOka OCyIIeCTBISIETCS
W3MEHEHNEM HANpPsKEHUS] UCTOYHMKA b5-44.

N\M2017
|| N

_ R Ry
B5-44 Re  M2001 <>_

_\ [ ]
L |

Puc. 6. Cxema skcriepuMeHTa JIJIsl U3MEPEHUS TOKA.
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VYcraHaBnuBas 3HA4YEHMsI TOKAa 4epe3 HCCIeNyeMblii IPHOOp, COOTBETCTBYIOLIHUE
OLM(POBAHHBIM JEJIEHUSM €r0 LIKaIbl U U3Mepsis NeHCTBUTEIbHbIE 3HAUEHUS ITOI0 TOKA C
IOMOIIIbIO 00Pa3OBOI0 MUKpPOAMIIEPMETPA, ONPEAETUTh NPUBEACHHBIE MOTPEIIHOCTH, B
COOTBETCTBHUHU C KOTOPBIMHU YCTaHOBUTH €0 KJIACC TOYHOCTH.

[IpuBeneHHas HOrPEeIIHOCTh ONPEAEIIAETCS U3 CAEAYIOIIETO BhIPAXKECHHUS.

I,-1
7/ :—H 0 100%31’*&@

H
1, - neiicTBUTENBHOE 3HAYCHHME TOKa (ITOKa3aHWe o0pasmoBoro npudopa); [;; - mokasaHus

UCTIIBITYEeMOTO TIprOopa; [, - HOMMHAIBHOE 3HAYEHUE TOKA UCITBITYEMOT0 puodopa.
Cormacao T'OCT 8.401-80 “Kmaccel TOYHOCTH CcpelacTB wu3MepeHmit. OOmmme

TpeboBaHus" 10 TOYHOCTH MPUOOPHI fnenstest Ha § knaccos: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5;

u 4,0. Knacc TouHoctu mnpubopa O3HA4YaeT, YTO OCHOBHAs MPUBEJEHHAs MOTPEIIHOCTH

npubopa (MOJOXKHUTENbHAS WJIM OTpHUIAaTeNbHAs) B pabodyeM Juana3oHe IIKaJbl,

BBIpa)KEHHAs B MTPOLICHTAX, HE MPEBBIIIAET 3HAYEHUS, COOTBETCTBYIOIIETO Kilacca mpudopa.
Pe3ynbTarhl n3MepeHuil 1 pacueToB CBECTH B Ta0. 2.

Ta0Omuma 2
I,, mA 1,, mA I, -1, Y
1(0,21,,)
2(0/41,)
3(0,61,)
4(0,81,)
5(1,0l,)

IIpun oneHKE METOAMYECKOW IOIPEIIHOCTH W3MEPEHHMS TOKAa MHUKPOAMIIEPMETPOM
HEOOXOAMMO U3MEPHUTh TOKU Yepe3 Harpy3Ky C BKIIOYEHHBIM B CXeMY MUKPOAMIIEPMETPOM
M2001 u ©6e3 Hero. OTHOCHUTENIbHAas METOJMYECKas MOTPEIIHOCTh H3MEPEHUs TOoKa
oIpesenseTcs Kak

Oy = M 100% , rme
I ol

1, ; - 3HaYeHHWE TOKa Yepe3 Harpy3Ky ¢ BKIIFOUYEHHBIM pubopom M2001,

1, ; - 3HaUeHUE TOKa Yepe3 Harpy3Ky ¢ OTKIFOYCHHBIM puoopom M2001.

B nocnennem ciydae KJIeMMBI MCCIELyEMOIO NMPUOOpPA OJIKHBI OBITH 3aKOPOUYEHBI
IIPOBOJHUKOM.

6.3. Paccuumrare 118 3azaHHOro (IpemnojaBaTeleM) Ipefesia  HU3MEPEHHUs
CONPOTHUBJIEHHE T0OABOYHOIO PE3UCTOPA, UCIIONb3YS JAHHbIE, IOJTYYEHHbIE B IyHKTE 6.1.

Co0paTth cxemy, mokazaHHyo Ha puc. 7. Jlenurens Hanpsokerus R1, R2 mogkmtounts
HEMOCPEJICTBEHHO K BBIXOJHBIM KileMMaM npubdopa b5-44.

B o10it cxeme wusmepurenbHbli Mexanusm (M2001) , ¢ MOOAKIIOYEHHBIM
HOCJIeI0BATENbHO J1OOABOUHBIM PE3UCTOPOM R, mpeacraBieH B KauecTBE HMCCIENLYyEMOIO
BosibT™METpa. [lapamiensHO eMy MOAKIIOYEH, B KauecTBe OOpas3IoBOrO, 1 poBoii
BosibT™METp B7-35. B kauecTBe 100aBOYHOTO PE3UCTOPA MOMKET OBITh MCIOIL30BaH Mara3uH
cornpoTtuBiieHui P33.

32




VYcranaBnuBas 3HA4YCHUS HanpsHKEHUM Ha HCCIIENYEMOM npuodope,
COOTBETCTBYIOIIME OLU(POBAHHBIM JIEJICHUSIM €ro ILIKaJlbl M U3Mepsis JEeHCTBUTEIbHBIC
3HAYCHNS OTUX HANPSKCHUH C  IOMOIIBIO 00pa3loBOTO BOJBTMETPA, OMPEICIHUTD

1 MIPUBEICHHbBIC MOTPENTHOCTH, B
R, P Ri COOTBETCTBUU C KOTOPHIMH YCTaHOBUTH
€ro KJIACC TOYHOCTH.
_ [TpuBeneHHas MOTPEIIHOCTh
B5-44 :E <V> oTpeIeIsIeTCs u3 CJIEYIOIIETO
R, R, BBIPAKCHHS.
- y = M 100%,
< Uy

Puc. 7. Cxema dKCIepuMeHTa JUIst rae U, - TOKasaHHs HCIIBITYyEMOro
M3MEPEHUS HAMIPSIKECHMUSL. npubopa (BoasT™MeTpa); U, - mokazaHus

obpazmoBoro  BosibT™MeTpa; U, -
HOMHUHAJIbHOE 3HAYCHHUE HAMIPSDKEHHUS TS UCTIBITYEMOT0 MpHoopa.
Pe3ynbTaThl ©3MEepeHUil U BEIYMCIICHUN CBECTH B Ta0II. 3.

Tabmuna 3
Un Uo Un - Uo Y
1(0,2U,)
2(0,4U,)
3(0,6U,)
4(0,8U,)
5(1,0U,)

OnpenenuTh METOINYCCKYIO MTOTPEITHOCTD MTPU U3MEPEHUH TaICHUS HAMIPSIKEHUS Ha
pCSI/ICTOpe R2 N HaA BbBIXOAC HCTOYHHKA E5-44 HpI/I 9TOM 3HAUYCHUIA I/ISMepHeMBIX
HaprI)KCHI/Iﬁ JOJI?KHBI 6BITB 6HI/I3KI/I K HOMHUHAJIHBIM.

Meronuyeckass  MOTPENTHOCTh  OMPENEISIETCS  4Yepe3  Pa3HOCTh  IMOKa3aHWi
06pa3u030r0 BOJ'II)TMCTpa COOTBETCTBCHHO HpI/I IIOAKJIKOUYCHHOM %1 OTKJIFOUCHHOM
I/ICHBITyeMOM BOHBTMeTpe KaK

8, = Yor =01 100% |, rae

ol

U, ; - mokazaHus o0pa3loBOTO0 BOJBTMETPA TPU TOIKIIOYCHHOM HCIBITYEMOM

BosbT™METpe, U, ; - OKazaHusi 00pa3oBOro BOJILTMETPA MPH OTKIFOYEHHOM HCITBITYEMOM
BOJIBTMETpE.

CpaBHUTHh METOJMYECKYIO MOTPEIIHOCTh NMPU U3MEPEHUM IaJ€HUS HANpSIKEHUs Ha
pe3uctope R, u Ha Bbixoae ucrounuka b5-44. OObsACHUT NOTy4YEHHbBIE PE3YJIbTATHI.

6.4. CocTtaBUTh OTYET O TWPOJECIAHHONW paboTe, KOTOPHIA OIKEH COJNEPIKATh:

Ha3BaHUE U LeJb PaldOTHI; MporpaMMy palOOThHI; IMEKTPUUYECKHE CXEMBI IKCIEPUMEHTOB;
pacyeTbl NOrPEIIHOCTEHN; pe3yIbTaThl SKCIEPUMEHTOB B BUJIE TAOIMII; BBIBOJIBI.
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