1. 2JIEKTPOMEXAHUYECKUE UBMEPUTEJIBHBIE ITPUBOPBI

[lenb paboTHI — U3yYEHUE YCTPOMCTBA, OCHOBHBIX TEXHUUYECKUX XapaKTepH-
CTHK M MPUMEHEHUN 3JIEKTPOMEXAaHUYECKUX M3MEPUTEIbHBIX MPUOOPOB MAarHUTO-
DIEKTPUYECKOU, INEKTPOAUHAMUUYECKON M DJIEKTPOMATHUTHOU cuctem. Usmeps-
I0TCSl TIOCTOSIHHBIE U IIEPEMEHHBIE HANPSKEHUS U TOKH, aHAIU3UPYIOTCS NOTpeNl-
HOCTH M3MepeHni. MccienyeTcss 4acTOTHAsl 3aBUCMMOCTD ITOKAa3aHUM dJIEKTpoMar-

HUTHOTI'O aMIICPMCTpa U IMPOU3BOAUTCSA KOCBCHHOC U3MCPCHUC COHpOTHBHeHHﬁ.

1.1. KpaTkue cBeieHus1 00 3JIeKTPOMEXaHMYECKUX U3MEPHUTEIbHBIX NPUOopax

DNeKTpOMeXaHUYECKUe MPUOOPHI MPUMEHSIOT JJI1 U3MEPEHUS HAIIPSHKEHMUS,
TOKA, MOIIHOCTH U JPYIUX DJIEKTPUYECKUX BEJIIMYMH B LEIAX IIOCTOSHHOIO U IIe-
PEMEHHOT0 TOKa HHU3KOM 4acToThl. Ha3BaHWE 3EKTPOM3MEPHUTENBLHOIO MpUOOopa
ONPENEIAECTCS €r0 Ha3HAaYeHUEM. Pa3indaroT BOJBTMETPEI, aMIIEPMETPBI, BATTMET-
pBL, OMMETPBI, (ha3oMeTpbl U KOMOMHUPOBAHHBIE MPUOOPHI — aMIIEPBOJIBTMETPHI,
BOJIBTOMMETPBI U APYIHeE.

[To npuHLMIY AEHCTBUSA JIEKTPOMEXAHUYECKHE MPUOOPHI AENATCA HA MPH-
OOpbl MAarHUTORJICKTPUUYECKOW, DIICKTPOJUHAMUYECKOH, (eppoauHAMUYECKOMH,
AJIEKTPOMArHUTHOM, JIEKTPOCTATUYECKON, MHIAYKIMOHHOM M HEKOTOPBIX APYTrHUX
CUCTEM, UCIONb3yeMBbIX pexe. [IpuHaaiexxHoCTh npubopa K TOW WM MHOW CUCTE-
Me 0003HauaeTcs yCIOBHBIM 3HAYKOM Ha €ro LIKae.

Mertponorunueckue cBOiCTBa NpUOOpa XapaKTEpU3YyIOT €ro KJ1acC TOYHOCTH.
OH 0003HayaeTcsl YMCIOM Ha ILIKaJle MpUOopa U yKa3bIBaeT Mpeei MPUBEICHHON
NOTPEUTHOCTH MPUOOPA, BBIPAKEHHBIN B POLEHTaX.

OCHOBOH 3JIEKTPOMEXAHUYECKOIO MpHOOpa SABISETCS U3MEPUTENbHBIM Me-
xaHu3M (M), umeroniuii 0TCYETHOE YCTPOMCTBO, HEMOABUKHYIO U MOJABUKHYIO
yacTu U Jemndep sl yCIOKOeHHsI COOCTBEHHBIX Kojebanuil mocnenneir. Kpome
WM 1nipubop MOXKET coliepKaTh IUIYHTHI U JOOABOYHBIE PE3UCTOPHI, PACHIUPSIIOIIIE
Ipeensl U3MEPEHNs U pa3MELLEHHbIE B TOM e Kopiyce. Ha moaBrmkHyr0 4acTh
UM neicTtByeT BpalarOlIMid MOMEHT, BO3HMKAIOIIMKA MOJ HAECWCTBUEM TOKOB U
HaIpsHKeHUH, (PYHKIIMOHAJIBHO CBSI3AHHBIX C U3MepseMoil BenuuuHou. s ero
YPABHOBEIUIUBAHKS WCIIOJIb3YIOTCS CIUPAIbHbBIC MPYKUHKHA WM PACTSIKKHU, CO3/1a-
IOIIME MPOTUBOACHUCTBYIOIIUM MOMEHT, TPONOPLMOHAIIBHBIN YIy ITOBOPOTA MO-

JBUKHOM YacTH.



1.1.1. Maznumodnekmpuueckue I1eKmpouImMepuneibHovle npuodopsvl

YcrpoiictBo MarHuToanekTpudeckoro MMM mokaszano Ha puc. 1.1. PaGora
€ro OCHOBaHa Ha B3aWMOJICUCTBUU MOJBUKHOW paMKU D, 00TEKaeMOIl TOKOM, C
MOJIEM TOCTOSTHHOTO MarHuTa 1. DTo 1moJie ¢ MOMOIIBI0 MarHWTOIIPOBOJA 2, TIO-
JIOCHBIX HAKOHEYHHKOB 3 M IIJIMHAPUYECKOTO CepjCUHMKA 4, U3rOTOBJICHHBIX U3
MarHuTOMSTKOTO MaTepuaja, KOHIIEHTPUPYETCS B 3a30pe, IJe IBUKETCA paMKa S,
COCJIMHEHHAs MOJyochlo 8 co cTpenkoit 6. Pamka 5 HaMoTaHa Ha JIETKUM aJIFOMHU-
HUEBBIM KapKac, B KOTOPOM IpHU JIBMKEHUH BO3HUKAIOT BUXPEBBIE TOKH, CIIOCOO-
CTBYIOIIIME YCIIOKOCHUIO €€ KoJjieOaHui. TOK MOBOIUTCS K paMKe 4epe3 CIHUpalib-
HbIE IPY>KUHKHU 7, CO3JAI0IINE MPOTUBOICUCTBYIOIINA MOMEHT.

[Ipn mporekaHuu MO OOMOTKE pPaMKH

IIOCTOAHHOI'O TOKa |p Ha HCC HCﬁCTByeT

BpAILIAIOIINI MOMEHT AN s I |—+4—1
MBp = BSn[p , (1.1) . ]
rae B — MHAYKOMS MarHUTHOTO MOJISA B 3a30-

pe; S — miomaab paMKu; N — YUCIO BUTKOB
OOMOTKH PaMKH.

YuuteiBasg, 4YTO MNPOTUBOACUCTBYIOIIUN

MOMEHT IPOIOPLHUOHAIECH YIIIy ITOBOPOTA paM-

K, U3 BbIpaxeHus (1.1) MOXHO HATH yroJ OT-

KIIOHCHUS, IIPH KOTOPOM HACTYIIACT PABHOBCCHC Puc. 1.1. Koncrpykuus
MarHUTOJIEKTPUYECKOTO

HOHBH}KHOI/I HacTn HM’ H3MEPUTECIIBHOTO MEXaHU3Ma

_SBn
W
rae W — koadduiment, 3aBucsImil oT ynpyroctu npy;xuaku. Koaddumuent npo-

o I (1.2)

p ]

MOPLUMOHAIBHOCTA MEXKIY YIJIOM OTKJIOHEHHMS M CHJIOM TOKA HAa3bIBAETCS UyBCTBH-
tenbHOCTHIO IM 110 TOKy. Kak cnenyer u3 (1.2), npy NOCTOSHCTBE MHTYKIIUU B 3a30p€
YyBCTBUTEIILHOCTh MAarHUTOAJIEKTpUUeCKOro MMM nocrosiHHa 1 mikana JuHeHa.

[Ipu mpoTekaHuu MO OOMOTKE PaMKH MEHSIOIIErocs BO BpeMeHu Toka i(t)
BoIpakeHne (1.1) Oymer omuchIBaTh CBSI3b MTHOBEHHBIX 3HAYEHUW TOKA PAMKH U
JEHCTBYIOLIErO HA HEE BPALIAOIIEr0 MOMEHTA.

Ecnu yactora M3MeHEHHs] TOKa HAMHOTO MEHbIIIE YaCTOThl COOCTBEHHBIX
MEXaHUUYECKUX KOoJieOaHUN MOoBMXHOM YacT UM, TO OTKIIOHEHHUE paMKHU OIpe/e-
JISIeTCS. MTHOBEHHBIMHM 3HAYEHUSMM €€ TOoKa. Takoil pexxuM paboThl XapaKTepeH

JUTSl PETUCTPUPYIOUTUX MPUOOPOB, HAITPUMEP CaMOIKUCLIA.
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YactoTa cOOCTBEHHBIX MEXaHHYECKHX KOJieOaHUI pamMKu mana, U B OOJb-
IIMHCTBE CIy4aeB MPH MPOBEACHUH PAAUOU3MEPEHHI YacTOTa TOKA PAMKHU 3HAYH-
TEJIbHO MPEBOCXOJUT €€. B 3TOM ciydyae yrosl OTKJIOHEHHS] paMKH IPOIOPLIHOHA-
JIEH CpeJTHEMY 3HAYEHUIO TOKa PaMKH (€ro MOCTOSIHHOW COCTaBJISIONIEH )

1T

lpo=1 i(t)dt, (1.3)

0
rae T — mepuoa U3MEpsEeMOro TOKa WM MHTEPBAJ YCPEIHEHUS, ONpPEAEIsieMbIN
MTOCTOSIHHOM BpEMEHM NOABUXKHOM yacTu UM, 1151 Henmepuoan4ecKux TOKOB.
MarnuTodjieKTpruyeckue Npudopsbl Ui U3MEPEHUS MIOCTOSHHBIX TOKOB U
HANPSHKEHUH CTPOSITCA MO cXeMaM, U300pa’keHHBIM Ha puc. 1.2.
HemnocpenctBenHo wmarnutosiektpudeckuiit MM, 0€3 10moTHUTEIbHBIX
3JIEMEHTOB, UCHOJIB3YIOT AJI1 U3MEPEHUsI MaJbIX TOKOB (puc. 1.2, @) u Hampsixe-
Hui. [Ipu n3mepennn TokoB UM BKIIFOHAIOT MOCIEOBATENBHO C CONPOTHUBICHUEM

Harpy3ku Ry. [l u3mMepeHus 3HaUnTeIbHBIX TOKOB MCIIONB3YIOT cxeMy (puc. 1.2, 6)

C MapaJICIIbHBIM PC3UCTOPOM — IMYHTOM RH_I , II0 KOTOPOMY TCUCT OoJbIIIast 9acTh

u3MepsieMoro Toka. [Ipenen uaMepeHust Toka aMIepMeTpa ¢ IyHTOM OIpeeIsIeT-
Csl CIICIYIOIITUM 00Pa3oM:

I max =1 p max (Rux + Rp)/ Ry, (1.4)

rae Ry — conporusnenne paMku UM |y may — TOK HOIHOTO OTKIOHCHHUS PAMKH.

mA O A
R
) Unzm Rn
s Ry hism Ry
— -—
O— O O |
a o 6

Puc. 1.2. CxeMbl BKIIOYCHHS MAarauTO3JICKTPHYCCKUX U3MCPUTCIIbHBIX MCXaHNU3MOB

Jlist pactpenust quana3oHa U3MepsieMbIX HaIpsHKEHUH MCTIOIB3YIOT q00a-

BOYHBIE pe3ucTopbl R (puc. 1.2, 6). UM ¢ nmocienoBarenbHO BKIIOUEHHBIM C HUM

N00aBOYHBIM PE3UCTOPOM MOJKIIOYAIOT K KJIEMMaM, Ha KOTOPBIX H3MepseTcs
HaIpspKeHue (MmapaieapHoe BKitoueHue). [lpu atom npenen namepenus

Umax = 1p max (Rq + Rp)- (1.5)
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I[J'I)I HN3MCPCHUA TICPCMCHHBIX TOKOB COBMCCTHO C MAarHUTOJ3JICKTPUICCKHUM
M HCIIOJIB3YIOT AOIIOJIHUTCIBbHBIC TUOAHBIC BLIIIPAMUATCIIN. DTO MO3BOJACT U3-

MEPATH CPEAHEBBIIPSIMICHHOE 3HAUEHUE TOKA
T
1.
Icp. B :?Hl(tﬂdt,
0

_ SBn I
o= W Cp.B"

CBoiicTBa MAarHMTOdJIEeKTpHUYeCKUX npuodopos. [Ipu padorte ¢ nepemeH-
HBIMHU TOKaMHM IPUOOPHI U3MEPSIOT TOJBKO MOCTOSHHYIO COCTABIISIFOILYIO MpPOTe-
Karomero yepes npubop toka (1.3). B maraurosnexkrpuueckom MM npumeHsioT
IOCTOSIHHbIE MarHUThl C BBICOKMM 3HaY€HHUEM MarHUTHON MHAyKuuu B, yTo 0Gec-
MEYNBAET BBICOKYIO UYBCTBUTEIBLHOCTh MeXaHnu3Ma. 110 Tou ke npuunne 3toTr UM
MaJi0 4yBCTBUTEJIEH K BHEIIHUM MAarHUTHBIM ToyisiM. KpoMe TOro, Ha MarHuTo-
anexkTpuyeckuii UM He TeWCTBYIOT BBICOKOYACTOTHBIE HABOJIKH.

Marnurosnexkrpuueckue MM oTHoOcCSTCS K HanboJiee TOUHBIM 3JIEKTPOMEXa-
HUYECKUM MexaHu3MaM. [Ipyu MCHoJb30BaHMM B HUX BBICOKOCTAOMIIBHBIX MarHH-
TOB MOTYT OBITh CO3/IaHbI IPUOOPHI KJIACCOB TOUHOCTH BILIOTH 710 0,05.

K HemocraTtkam nmpuOOpOB 3TOM CUCTEMBI MOKHO OTHECTH UX OTHOCHTEIBHO
BBICOKYIO CTOMMOCTh M MaJyl0 CTOMKOCTh K IEperpy3kam, oOyCIOBJIEHHYIO TEM,
yTo pamka MM, HamaTbeiBaeMas TOHKUM ITPOBOAOM, NPU CUJIBHBIX TOKaX MOKET

BBITOPATh.

1.1.2. dnexmpoounamuuecxkue 31eKmpousmepumebHovle nPUOOpsl

YcrporictBo anekTpoauHamuyeckoro UM nosicusercs puc. 1.3, a. Pabota ero
OCHOBaHa Ha B3aMMOJCHUCTBHM MATHUTHBIX IIOJICM HEMOABMKHOM M ITOJABMKHOM
KaTylIeK C TOKaMH, B3aUMHOE PACMOJIOKEHHE KOTOpPbIX MoscHseTcs puc. 1.3, 6.
HenonsuwxHyio Katymky 1 BEINOTHSIOT OOBIYHO U3 JABYX 4YacTei, MEXy KOTOPHI-
MU MPOXOAMUT OCh C 3aKPEIUICHHOW Ha HEeW MOJBMXKHOM KaTyHIKOH (paMkoii) 2 u
crpenkoit 3. CnupanbHas PY>KUHKA 4 CIY>KUT AJIsl CO3/IaHUsl IPOTUBOIEHUCTBYIO-
IIEr0 MOMEHTA U MOJBOJA TOKA K paMKe. /[ yMEHbIIEHHS] BpEMEHU YCIIOKOEHUS
KoJIe0aHUM MOABMKHON KaTYIIKUA MPUMEHSIOT BO3AYIIHBIN YCIIOKOUTEb.

J{ns momydeHus: 3aBUCUMOCTH YIJIa TOBOPOTA PAMKH AJIEKTPOAUHAMUAYECKOTO
MM oOT TOKOB, NPOTEKAIIIMX Yepe3 €ro KaTyLIKH, HCIIOJIB3YIOT CIEAyrolee
000011IeHHOE BBIPAKEHUE BPAIIAIOIIET0 MOMEHTA, CIPaBEUIMBOE AJI BCEX DJIEK-
Tpomexannyeckux MM:



Myp = dA/doc = dW,,, /dat,  (L.6)

rne A — pabota, coBepiaemas MMpH IO-
BOpoTe pamku Ha yroa do; W,,,— sHeprus

anekTpoMarHutHoro moyisi B WM. [lns
anekTpoarnHamudeckoro UM

1 2 1 .2 .
W, ZELBIB +§Lp|p + Migip, (1.7)

rne L, u L,— MHAYKTUBHOCTH ITOJBUKHOMI
B p

n HGHOIIBH)KHOﬁ KaTyIICK COOTBCTCTBCHHO,

I H ip — MTHOBEHHBIE 3HAYE€HUS TOKOB,

Puc. 1.3. Konctpykuus

STIEKTPO/IHHAMUIECKOrO IIPOTEKAIOIIMX 4Yepe3 Karymku, M — B3a-
HU3MEPUTCIILHOTO MEXaHU3Ma

MMHAasi UHIYKTUBHOCTh KaTYIIIEK.

[Ipu moBOpOTE paMKH U3MEHEHHUE PHEPTUU IJIEKTPOMATHUTHOIO TOJISI POHC-
XOJIUT 32 CYET U3MEHEHHS B3aUMHOW WHIYKTUBHOCTHU MOJBHKHOW M HEMOABUAKHOMN
karymek. Mcnons3ys (1.6) u (1.7), MokHO MOKa3aTh, 4TO

1dv 1",
o= ?(j)uB(t) i, (t)dt, (1.8)

rae W u 7 uMeroT TOT e cMBbICH, 4To U B popmynax (1.2) u (1.3).

Inekmpoounamuueckue npudOPvl CTPOATCS IO CXEME C TTOCTIEA0BATEIBHBIM,
napajieIbHbIM MM HE3aBUCHUMBIM BKJIIOUEHHEM KaTYIIEK, YTO WLIHOCTPUPYETCS
puc. 1.4 a, 6, 6, rie MoKa3aHbl CXeMbl BOJIbTMETPA, aMIIEpPMETpa U BaTTMETpa CO-
OTBETCTBEHHO CPEIHEN 3a MEpUOJ aKTUBHON MOIIIHOCTH.

Ucnonszyst (1.8), MOXHO mMoOKa3aTh, YTO MJII CXEMbl, M300paKEHHOM Ha
puc. 1.4, a,

1 dM, -
o=—7——Upy, (1.9)
WR7 da
T
rae U,y = %juﬁw (t)dt — cpenmHexkBagpaTH4ecKoe 3HAYEHHE H3MEPSIEMOTO

0
HanpspkeHus. [lonOupas hopMy U B3aMHOE PACIIOIOKEHUE KATYIICK, CTPEMSITCS
BBITIOJIHUTH CJICAYIOIIEE YCIOBUE, TPU KOTOPOM YroJl OTKJIOHEHHUSI PaMKH TTPOTIOP-

nuoHaseH Uy,

OI—MUHSM =const. (1.10)

do
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AR I N VAR
AN N N
v H OinsM _ <L

Puc. 1.4. CxeMbI BKIIOUCHUS QJICKTPOAUHAMHWYCCKUX U3MCPUTCIIbHBIX MCXAaHHU3MOB

Jlist cxeMbl, H300paXkeHHO# Ha puc. 1.4, 6, MOKHO TaKUM K€ 00pa3oM IOJIy-
YUTH
_ b dM 2

W do v (1.11)

a

.. .2 . )
rae b=iyip /iy — nocrosHHbll KOdQPUUUCHT; |5, — CpPeAHEKBaLpPATHYECKOE

=
I iéM (t)dt . Beugy Toro, uTo BeIpaKCHHE
0

(1.11) momo6HO (1.9), ycrmoBue IMHEapHU3allMK IIKAJILl B TOM ciydae OyaeT aHa-

1
3HAYEHHUE U3MEPSIEMOro TOKA |5 = [—=

aoruyHo (1.10).
Jlns cxembl, n300paskeHHOM Ha puc. 1.4, s,
1 d™m
o=——R,, (1.12)
WR; da
rne P, — akTtuBHas MomHOCTH B Harpy3ke Z,. M3 Belpaxenus (1.12) caenyer
yCJIOBHE JIMHeapu3auu nmkaibl BartMerpa dM /dow = Cconst, npy BHIMOJIHEHUH KO-

TOPOT0 OTKJIOHEHHE PAMKH PUOOpa NPONOpLHOHAIBHO Py .

Ha mpaktuke ymaercs caenarh MKy 3JEKTPOAMHAMHUYECKUX MTPHOOPOB
paBHOMEpHOU HaunHas ¢ 15-20 % OT KOHEUHOro €€ 3HaYCHMUSI.

CBoiicTBa JJIEKTPOJAMHAMMYECKUX MNPHOOPOB. ODIJIEKTPOJAMHAMUYECKUE
aMIIEpMETPbl U BOJBTMETPHI U3MEPSIOT CPEIHEKBAJAPATUUECKOE 3HAUCHHE TOKa
WJIU HaIpPSHKEHUS U O3TOMY MOTYT HCHOJIB30BAThCS JJIsI UBMEPEHUN B LEMsAX HE
TOJIBKO MOCTOSIHHOTO, HO ¥ IEPEMEHHOTO TOKA.



DNeKTpOJAMHAMUYECKUE MPUOOPBI SBJISIIOTCS HamOOJee TOYHBIMH CPEIH
JIpYyTruX MPUOOPOB MEPEMEHHOTO TOKA, MOCKOJIbKY B HUX OTCYTCTBYIOT (peppomar-
HUTHBIC JIEMEHTBHI, a CJIeI0BATEIbHO, OTCYTCTBYIOT M MOTPEIIHOCTH, CBSI3aHHBIE C
HEJIMHEHHOCTBhIO M HECTaOMIBHOCTBIO (peppomarHeTukoB. Kiacc TOYHOCTH 3THX
npuodopoB — a0 0,05. CTonp Majiasg NOrpPeMIHOCTh, OAHAKO, HAOIIOAAETCS TOJIBKO
Ha HU3KUX 4YacToTax (1o 1,5 kl'm), rae He cka3blBaeTCsl BIUSHUE MHIYKTUBHOCTU
KaTyIIeK.

K HenmoctatkaM mpuOOpPOB 3TOW CHUCTEMBI CIIEAYyeT OTHECTH YYyBCTBHUTEIb-
HOCTh K BHELITHIUM MAarHUTHBIM TOJISIM M HABOJAKAaM, YTO TpeOyeT TIIaTEeIbHOM dKpa-
HUpOBKU. Kpome TOro, 4yBCTBUTENBHOCTb y 3JIEKTPOJMHAMMUYECKUX HPUOOPOB
MEHBILIE, YeM Y IPUOOPOB MAarHUTOIIEKTPUUECKUX. DTO BbI3BAHO HEBO3ZMOKHOCTBIO
CYIIECTBEHHOTO yBennuceHus mapamerpa dM /dal B cucTeMe CBSA3HM KaTyIliek.

1.1.3. dnexkmpomazHumnsle I1eKMPOUIMEPUMENbHbIE NPUOOPDL

YerpoiictBo anekrpomarauTHoro MMM mokaszano Ha puc. 1.5. PaGota ero
OCHOBaHAa Ha B3aWMOJCHCTBUHU IOABMKHOTO (HEPPOMATrHUTHOTO CEpACYHHUKA 2,
YKPEIUICHHOTO BMECTE CO CTpesko 4 Ha ocu 3, C HEMOIBMXKHOM KaTymkou 1, 00-
TekaemMoil TokoM. CrimpayibHasi IPYKUHKa S UCIHOJIb3YeTCs 3/1eCh TOJBKO ISl CO-
3aHUSl TTPOTUBOJCHCTBYIOIIETO MOMEHTA. Y CIOKOCHHE KOJIeOaHuW MOABMIKHOU
YaCTU MPOUCXOIUT 3a CUET BUXPEBBIX TOKOB, BOZHUKAIOIINX B (PEPpOMArHUTHOM
CepJCUYHUKE 2.

JIns BBIBOJA 3aBUCMMOCTH YIJjla TTOBOPOTA MOABMIKHOM YAaCTH TAaKOTO MpPU-
0opa OT MPOTEKAIOIIIET0 Yepe3 KaTYIIKy TOKa MOXKHO BOCHOJIb30BaThes (1.6).

VYuurteIBas, 4TO IpHU MOBOPOTE CcepAcdHUKAa usMeHeHue W,,, MPOUCXOIUT

TOJIKO 3a CUeT M3MEHEHHUS WHIyKTUBHOCTH KaTyImIKd L, MOXHO moOkas3aTh, 4TO
1 dL 2 |
5 a—ﬂa p» e |y — cpenneksanpatu-
.
YeCcKOoe 3HaYeHHE TOKa, MPOTEKAIOIIET0 Yepe3
kartymky. IlonbGupas ¢opmy MNOABUKHOTO
CepICYHHKA, CTPEMSTCS BBIIOJHUTH YCIOBUE

I, dL/dou=const, npu kotopom yroma or-

KJIOHEHUs TMOABWXHOM YacTH IMPONOPLUOHA-

———
e ° JIEH CPEHEKBAIPATHIECKOMY 3HAYEHHIO TOKA
S ' B KaTyIIKE.
DJIEKTPOMATHUTHBIE MPHOOPHI  BKIIHO-
Prc. 1.5. Koserpykuus YalOTCA B LEMb IO TEM JKE CXEMaM, 4YTO

QJICKTPOMArHuTHOI'O U3MEPUTECIIBHOIO MEXa-
HHuU3Ma 9



u puOOPHI MarHUTORJICKTPUICCKUE (cm.
puc. 1.2).

CBoiicTBa 2JIEKTPOMAarHUTHBIX NMPUOOPoB. Kak 1 3yeKTpoInHaMUYECKUE
PUOOPHI, IICKTPOMATHUTHBIE aMIIEPMETPBl W BOJLTMETPHI HM3MEPSIIOT CpEIaHE-
KBaIPaTUYECKOE 3HAYCHUE TOKA WJIM HAIPSOHKEHUS U MOTYT WCIOJIB30BATHCS IS
U3MEPEHHH B LIETSAX MOCTOSTHHOTO M MIEPEMEHHOTO TOKA.

OCHOBHOE JTOCTOMHCTBO DJIEKTPOMArHUTHBIX MPUOOPOB — MPOCTOTA KOH-
CTPYKIIMH ¥ CBSI3aHHAS C TUM BBICOKAsI HAJICKHOCTh M HU3Kasi CTOMMOCThL. Kpome
TOTO, 3T MPHOOPHI TOBOJIBHO CTOWKH K Tieperpy3kam. Bce 3To 00ycioBuio miu-
POKOE MPUMEHEHUE EKTPOMATHUTHBIX TPUOOPOB ISl KOHTPOJISI TOKOB W Hampsi-
KEHUH B PA3IMIHBIX CHJIOBBIX ICTISX.

Cy1iecTBEHHBIM HEJ0CTATKOM TPHOOPOB 3TOM CHUCTEMBI SIBIISIETCS HU3Kas
TOYHOCTh M Majiasi YyBCTBUTEIBLHOCTD, & TAK)KE MOJABEPKEHHOCTh BIMSIHUIO BHEIII-
HUX MarHUTHBIX TOJICH.

1.2. IlorpemtHOCTH 3JIEKTPOU3MEPUTEIbHBIX IPUOOPOB

JUid XapakTEepUCTUKA TOYHOCTH AJIEKTPOM3MEPUTEIBHBIX HPHUOOPOB HC-
HOJIB3YIOT IPHUBEICHHYIO IOIPEIIHOCTb, ONpPENEIIeMyl0 KaK OTHOLIEHHE abco-
JIOTHOM NOTIPEHIHOCTH K HOPMUPYIOLIEMY 3HAUEHHIO, KOTOPOE MPUHUMAIOT O0bIY-
HO PaBHBIM KOHEYHOMY 3HA4Y€HMIO pabouel yacTu mkaisl npudopa. [Ipeaen npu-
BEJICHHOM MOrPELIHOCTH ONpeAEIsAeT KJIAcC TOYHOCTU Ipudopa.

IIpenen otHOCHTENBHOM NorpenHOCTH (%) PrOOpa onpenessieTcs! BEIpayKeHH-
eM

Sx =CXmax/ Xuam - (1.13)
rae C — wiacc TouHOCTH NpHOOpa; Xpax — HPeAend U3MEpPEHUu BeIUYUHBL X;
Xism — U3MEPEHHOE 3HAYEHUE ITOM BEIMUYUHBL. [I0rpenHocTs UMeeT CUCTEMATH-

YECKYIO U CIIyYalHYIO COCTABJISIOIINE.

N3-3a KOHEUHOI BEIMYMHBI BHYTPEHHETO COMPOTHUBIICHUS Mpubopa MpH
BKJIIOYEHUH €ro B LENb MPOUCXOJUT HAPYIIECHUE peXrma padoThl Lenu. ITO BbI-
3bIBAET METOJMNYECKYIO IMOTPEMIHOCTh M3MEpeHu. Tak, Mpu U3MEPEHUH TOKA B
Harpyske Ry amIepMerpoM ¢ BHYTPCHHHM CONpPOTHBICHHEM Ry OTHOCHTENbHAs

MeTOou4ecKas morpenrHocTs (%0)
J :100Rp/(Rp+RH). (1.14)

OCHOBHasl COCTaBJISIIOIIAs TOTPEIIHOCTH O0YyCIOBJIEHA HECTaOUIBbHOCTHIO
IpayMpOBKH M3-3a TEMIIEPATYpPHBIX YXOJOB U cTapeHus aetaneit UM, myHToOB u
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JOTIOJIHUTENIBHBIX PE3UCTOPOB, TPEHUEM B ONOpax noaBmxkHOM yactu UM u npy-
ruM (pakTopaM. JTa MOTPEIIHOCTh MOKET UMETh KaK ClIydyallHylo, TaKk U CHCTeMa-
TUYECKYIO COCTaBIAIOLLIHUE.

[Ipy n3MepeHnn NEPEMEHHBIX TOKOB M HAIIPSKEHUU AJIEKTPOAUHAMHUYECKH-
MU NpUOOpaMH M3-3a BIMSHUSA MUHIYKTUBHOCTU MX KaTyIIEK BO3HUKAET MOIpell-
HOCTb, 3aBUCAILAS OT 4acCTOTHI. Tak, IMOKa3aHUs AJIEKTPOMATHUTHOTO aMIIEpMETpa
3aBUCAT OT 9acToThl f cremyromum obpazom:

| (2nf) = Io/\/1+(2npr/(RH +RY)) (1.15)

rae |g — mokasanust npuOOpa Ha HU3KOW 4acToTe; Ly M Ry — MHIYKTHBHOCT M

AKTUBHOE CONPOTUBJICHHE KAaTyIIKU NIpuOopa; R, — CONpOTHBIEHHE HArpy3KH,
depe3 Kotopoe npoTekaet Tok. IIpu stom Ly u Ry camu 3aBUCAT OT 4aCTOTHL, HO

Ha HU3KHUX YaCTOTaX 3THUM MOXXHO MPeHeOpeyb.
1.3. Onucanue 1a60paTOPHOTro MaKeTa

Cxema J1abopaTOpHOIO MakeTa MpuBeAeHa Ha puc. 1.6. Maker comepxut
ucciaenyemele amnepmeTpsl P2 n P3, mepBbli U3 KOTOPBIX MAarHUTOXJIEKTpHYE-
CKOHM, @ BTOPOIl — 3JEKTPOMArHUTHON CHUCTEMBI, & TAaK)Xe ATAJOHHBIN mpubdop Pl
0oJsiee BBICOKOTO Kjacca TOYHOCTH (MAarHUTO3JIEKTPUUYECKON CHCTEMBbI) C IIYHTOM

Ry, ¥ IONONHUTENBHBIME pe3UcTOpaMu Ry, U Ry5. Llenouka VD Ry, ucnons3syer-

CA IIPU KOHTPOJIC aMINIUTYAbI IICPEMCHHOTO BXOAHOI'O HAIIPSKCHUS.

Bxon P2 P3
1 A

G S1 P1
_______ 2 Ru s4 s5
e e

” H ﬂ} |3 S2

1 2! 3. 4 >

|

AYYYY\ |4 VDZS U 2 I 3 4 5
Annle  [rad el L R LR | el Ful Rl

Puc. 1.6. Cxema nabopaTopHOTO MaKkeTa

B Mmakere mmeercss UCTOUHMK HampspkeHHs G, Ha BBIXOJax 2—5 KOTOPOTO
IIPUCYTCTBYIOT ITOCTOSIHHOE HaNpsDKEHUE, NMEPEMEHHOE HaNpsLDKEHUE YacTOTOM

11



50 I'n ¥ myJIbCUPYIOIINE HANPSIKEHUS TOM K€ YaCTOTBhI, IOJYYEHHBIE C TOMOUIBIO
OJIHO- U JIBYXIIOJYNEPHUOIHOrO BbIIpsMUTeNed. Kpome TOro, Maker coaepKuT

HA0Op HArpy304HbIX PE3UCTOPOB Ry ...Rys.
[apamerpbl npubopoB u makera: Ry, = 29,3 kOm, Ry = 79,3 xOm, Ry =

= 0,069 O, Rpl = 688 Owm, sz = 0,06 Om, Rp3 = 0,35 Om, Lp3 = 81 mk['H (IpHu

toke 1 A). Kmaccer Tounoctu C mpubopos P1, P2, P3: 1,0; 2,5 u 2,5 cootBeT-
CTBEHHO. MaKCHMaJIbHOE 3HAYCHHUE TOKA PaMKH 3TaJIOHHOTO MPUOOpa (TOK IOJTHO-

r0 OTKJIOHEHUS paMKu) | =100 MxA.

Pmax
YcnoBHbIe 0003HaUYEHMSI, HAHECEHHbBIE HA MIKAIy MPpUOOPOB, MPEACTABICHbI
B IIPUIL. 5.

1.4. 3aganne U yKa3aHus K BbINOJHEHHUIO PadoThI

1.4.1. H3mepenue nocmoanHo20 moka u HANPAMHCEHU

[logaiiTe HA BXOJ U3MEPUTEIIBHOW CXEMBI MAKeTa ITOCTOSTHHOE HAINPsKEHUE,
YCTaHOBUB TepekitouaTensb S1 Ha 1abopaTopHOM MakeTe B MosioxkeHue 2. Bkito-
9uTe B CXeMy ammepMmerpsl P2 u P3, ans dyero TymoOnepsl S4 u S5 BBIKITIOUHTE
(pa3oMKHHUTE).

YcTanaBivBas nepexiarovarenas S3 B mojgoxkeHus 1-5, n3meprTe TOK Harpy3Ku
ammniepmeTpamu P2, P3 u sTasionHsiM ipubopom PL. JIiist usmMepeHus Toka 3TajloH-
HBIH TPUOOpP MOAKITIOYAETCS C TIOMOIIBIO MEepPEeKTIoUaTeNs S2 mapayiebHO IIYHTY
R, - 3MmepbTe Takke HanpsokeHre Uy Ha BXOAE CXEMBI C IOMOIIBIO 3TaJOHHOTO

pudopa, KOTOPBIH JIJIs1 ATOTO MOAKIIOYAETCS TIEpEeKIoYaTesieM S2 K 100aBOYHOMY
pesucropy Rya.

W3meppTe TOK HArpys3kd STaJIOHHBIM MPUOOPOM, MOCIEIOBATENbHO BBIKIIIO-
yas amnepmeTpbl P2 u P3 ¢ moMonibio TymoepoB S4 u SS.

Paccuuraiite mpenen OTHOCUTEIBHOM MHOTPEIIHOCTH BCEX M3MEPEHUN TOKa
amnepmerpamu P2 u P3 ¢ nomoiusto (1.14), B3sB 3HaueHus R, W3 pe3ysibTaToB
B1.4.4.

PesynbTaThl n3MepeHuii U pacyeToB 3aHecuTe B Taba. 1.1. PesynbTaTsl nzme-
penuit npubopom P1 B npoTokosie OyayT BbIpaXXEHbI B JEIEHUSIX €ro mKaibl. Pac-

CUMTANTE MPEesbl U3MEPEHHsI 3TaJOHHBIM NprubopoM Pl Toka U HaNpsHKEHUs IPU

12



MCIIONIB30BAaHUH IIYHTAa R, ¥ 1100aBOYHBIX pe3UCTOPOB Ry, 1 Rps. Ilpu pacuere

Bocmoas3yiTtech (1.4) u (1.5).

[Tpu odopmiiennn otdera B Tabna. 1.1 cmemyeT mepecunTaTh STH JCIICHUS B
CIUHUIIBI TOKA M HaIpPsDKEHUsI, BOCIONb30BaBIIUCh Gopmyiamu (1.4) u (1.5), a
TaKke CBOMCTBOM JIMHEHHOCTH IIKaJbl mpubopa.

1.4.2. H3mepenue cpeonezo u cpeoHeKeaopamuiecko20 3Ha4eHull
nyJbCUpPyOULeco U nepemMeHH020 nmoka

Ilepekoyarenem S3 BKIFOYUTE B CXEMY HATPy304YHBbIi pe3uctop Ry,. Biito-

yuTe amrnepMmeTpsl P2 u P3, pa3oMKHYB TymOJepsl S4 u SS.

[TonaBas Ha BXOA M3MEPHUTEIHHOW CXEMBI C TMOMOINBIO TepekmtouaTens Sl
(monosxenust 3—5), HaNPSHKEHUS PA3TUUIHON POpPMBI, GUKCUPYHTE TTOKA3AHUS TIPHU-
6opoB P2 u P3. OqHOBPEMEHHO U3MEPSUTE TTOCTOSHHYIO COCTABIISIFOIIYIO HAIPsI-
KEHHSI Ha BXOJIE CXEMBI C MOMOIIBI0 Tpudopa Pl, ycraHaBnuBas NEpeKI0YaTeNb
S2 B mosnoxxenue 2 win 3, Tak, YTOObI OTKJIOHEHUE CTPEJIKU Iprbopa ObUIo OBl B
npenaenax mkaibl HanOonsmmM. [Ipu opopMiaennn otyera nepecuyuTanTe nokasa-
Hus npubopa Pl B eIMHULIBI HANIPSDKEHUS, KaK 3TO MpeANnuchiBaiocs B 1.4.1.

PaccunraiiTe npenes OTHOCUTENBHOM MOTPEIIHOCTH BCEX U3MEPEHUN UCXOS
U3 KJIacca TOYHOCTH TPUOOPOB, Kak U B 1.4.1.

Pe3ynbpTaThl ©3MEpEHUI U pacyeToB 3aHecuTe B Ta0. 1.2.

1.4.3. Hceneoosanue wacmommuoi 3a6ucumocmu nOKa3aHui
INEKMPOMAZHUMHO20 AMNepMempa

BxrounTe renepatop Hu3koi yactotel 1'3-109. Coenunante kabemeM KIeMMBI
Buixoo 2 renepatopa ['3-109 ¢ rae3om Bxood 1abopatopHOro MakeTa. Y CTaHOBUTE
nepekiatouatens Haepyska, Q nHa nuneoir mnaHenmu [3-109 B momoxenwue
5 Om, a nepexiouarens Pez2ynuposka vix. — B onoxkenue 15 V. C nmomomnisio me-
pexirouarens S1 coeqMHUTE BBIXO TeHEpaTOpa HU3KOW YaCTOTHI CO BXOJIOM HM3Me-

PUTENBLHON CXEMBbI, MEPEKIoYaTeieM S3 BKIIOUHMTE B LENb PE3UCTOP Ry, a oTa-

noHHBIA Tpudop Pl nepexmoyarenem S2 noxakmouute K nenouke VD Ry, mis

KOHTPOJISI aMIUTATYbI TICPEMEHHOT'O0 BXOIHOTO HanpspkeHus. C TOMOIIBI0 TyMOJIe-
poB S4 1 S5 BKIIIOUHTE B cXeMy TipruOop P3 1 BeIKITIOUUTE puodop P2.

HccnenoBanne 4aCcTOTHOM 3aBUCUMOCTH TTOKA3aHUM BJIEKTPOMArHUTHOTO aM-
nepmerpa P3 npousBoaute B auanazone yactot 0,05...20 kl'u. Jns sToro Ha ya-

crote 50 ['1; ¢ momomikio pyuku Pezyruposxa evix. renepatopa 1'3-109 ycranoute
13



TOK 3JIEKTpOMarHuTHoro amrnepmetpa P3 1 A u 3apukcupyiTe moka3zaHus ITaIOH-
Horo npubopa Pl. Jlanee uzmensiite yactory reneparopa ['3-109, nogaepxupas
aMIUTUTYy €r0 BBIXOJHOTO HAIpPsKEHUS MMOCTOSTHHOM (KOHTPOIHpYEeTCs mpHuo o-
poM P1), u pukcupyiite nokazanus 31E€KTPOMarHUTHOTO amnepmeTpa P3.
Ucnonwiys (1.15), paccuuraiiTe 4aCTOTHYIO 3aBUCUMOCTh MMOKa3aHUH 3JICK-

TPOMAIrouTHOIO0 aMIICPpMETpa, B34AB 3HAUYCHUC COIIPOTHUBIICHUA RHl U3 pe3yJjibTa-

ToB 1.4.4.
Pesynbratel 3anecure B Ta6u. 1.3. [loctpoiiTe rpadukmu.

1.4.4. Pacuem conpomueienuii Hazpy3Ku

PacueTr BBINOIHSIETCS HA OCHOBAaHUM PE3YJIbTATOB HSMCpCHHﬁ, IMpOACIIaHHBIX

B 1.4.1. Ilo m3MepeHHBIM 3HaYCHUSIM TOKa lp, u Hanpsbkenust Uy (Tabm. 1.1) mpu

BBIKJIFOYCHHBIX IprOopax P2 n P3 paccuuraiite conpotuBieHus Ry ...Ryg (He 3a-

OyAbTE IIPU 3TOM y4ecTb conpoTuBieHue R ). Takoil BUI u3MepeHuil Ha3bIBaeTCs

KOCBCHHBIM.
HpI/I KOCBCHHBIX U3MCPCHHUAX 3HAYCHHC WCKOMOMW BEJIUYHHBI HaxoZsiAT I1O0 H3-

BECTHOM 3aBUCHUMOCTH MEXIY 3TOW BEIMUYUHOU A M 3HAYEHUSMU Xj, ONPEACIICH-
HBIMH ITyTEeM MPSAMbBIX u3Mepennid A= f (Xl, X9, ..., Xm).
AOconoTHasE U OTHOCUTEIbHAS TMOTPEIIHOCTH KOCBEHHOTO HM3MEpPEHHUsS MpHU

HEKOPPEJIMPOBAHHBIX 3HAYEHHAX MOTPEIIHOCTEN MPSAMBIX U3MEpEHUN AXj omperne-

JISIFOTCSL COOTBETCTBEHHO 1O (hopmyrnam

2
2 2
m m AX
A=Y o (AX; )2, SAZA_A: 3 o (ij _ (1.16)
i=1\ OXj A iz 9% A
B wactHoM ciyuae, koraa A= f (X, X, ..., X ) =X /X, B cooTBeTCTBUHU C

(1.16) 6ynem umethb

2 2
X (Axp ) + x5 (Axy oz || D) 422 (1.17)

AA = 2
X5 X1 X2

B kauectBe OLOCHKH IIOTPCHIHOCTH AX| B JJAHHOM CJIydac CJICAYCT B3iTh IIPC-

A€ JOIyCTUMOW MOrPEIIHOCTH, ONpelesieMblii yepe3 KilacC TOYHOCTH IpHOopa
AXj =CXpmax /100. Ecin 3Ha4eHHs OTHOCHTENBHOM MOTPENIHOCTH TPeOyeTCs BbI-
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pasuTh B IPOLIEHTaX, TO 3HAYCHHs Op, ompenenacHHele 1o ¢gopmynam (1.16),

(1.17), neo6xomumo ymMHOKUTH Ha 100.

Paccumrarite npeacia OTHOCHUTEJIBbHOM IMOTPCIIHOCTU 3TUX KOCBCHHBIX H3MC-

penwii mo Gpopmyne (1.17). Pesynbrars 3anecute B Tadun. 1.4.

1.6. Conep:xanme oTyera

Otuer HOJDKCH COACPKATb CXCMY J]a60paTopH0ro MAakKceTa, a TaKKC PC3yJIbTa-

Thl U3MEPEHUI M PacyeTOB, BHIIIOJHEHHBIX B COOTBETCTBHHU C 3aJaHHEeM, 0hopM-

JICHHBIC B BHUJC Ta6JII/III I10 YCTAaHOBJICHHBIM (bOpMaM n Fpa(i)I/IKOB.

1.7. Pekomenayembie (popMbI TA0 M

Tabnuya 1.1
[Tonoxxenne nepexurogareneid S4 u S5
S4 u S5 BBIKIIFOYEHBI (Pa30MKHYTHI) 54 — Bicr.
R Uy | du, P YT S5 — BKII.
T 1 B %
IPl' Ipzv 8|1E>2’ 8|pzM’ |p3v 6'93’ 8|133M’ Iplv 8|p1’
A A % % A % % A %
Ry
Rig
Tabnuya 1.2
[TonoxeHue Uy, 3U, Ipo, Ol Ips, Slpg
nepexrogarenns S1 B A % A %
3
4
5
Tabnuya 1.3
f, xI'ng 0,05 0,5 2 5 10 15 20
lps, A (9KCIICpHMEHT)
lps, A (pacuer)
Tabnuya 1.4
V3mepeHHbIC BETHUUHBI
ITapamer
pmEIP Ry Riy Rz Ry Rus

Conporunienue, Om

OtHOCHUTENbHAA
IIOTPEIIHOCTb, %o
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1.8. KoHTpOJIbHBIE BONIPOCHI

1. CpaBHHTE OCHOBHBIE THIIBI JIEKTPOMEXAHUUECKUX U3MEPUTEIBHBIX IPUOOPOB.

2. YKaXXuTe HWCTOYHUKU NOTPEIIHOCTEH NPU HU3MEPEHHM TOKOB U HaNpsKEHUM
AIIEKTPOMEXAHUYECKUMHU ITPUOOpaMHU.

3. IlosicHuTE YCTPOWCTBO 3IEKTPOMEXAHUYECKOTO MPUOOpa MArHUTOZJIEKTpPHUUE-
CKOU CHCTEMBI.

4. TlosicHuTE YCTPOWCTBO 3JIEKTPOMEXAHUUYECKOTO MPUOOpA 3IIEKTPOJMHAMUYE-
CKOU CHCTEMBI.

5. IlosicHuTe YCTPOHCTBO 3JEKTPOMEXAHMUYECKOTO MpHOOpa 3JIEKTPOMArHUTHOM
CUCTEMBL.

6. OObsicHUTE BIUSHUE IIYHTAa U 100aBOYHOTO PE3UCTOpaA HA MPEEIIbl U3MEPEHUS
TOKOB U HaIPsDKEHUH 3JIEKTPOMEXaHUYECKUMU TPUOOpamMu.

7. YTO M3MEpPSIOT MarHUTOIEKTPUUECKHUE, IIEKTPOIMHAMUYECKHE U JIEKTpoMar-
HUTHBIE TIPUOOPHI, €CIIA MPOTEKAIOIMINN Yepe3 HUX TOK— MEPEMEHHBIN?

8. OO0bsicHuTe BiIUsHUE (HOPMBI U3MEPSIEMOTO HANPSKEHUsI WM TOKA Ha IOKa3a-
HUS 3IEKTPOMEXAHNYECKUX TPUOOPOB PA3TUYHON CUCTEMBI.

9. Uewm BbI3BaHa 4aCTOTHAs 3aBUCUMOCTH MOKa3aHUM MPUOOpa AIEKTPOMArHUTHOM
CUCTEMBI?

10. YkaxxuTe UCTOYHUKU HOTPEIIHOCTEH MPU KOCBEHHOM H3MEPEHHU COMPOTHB-
JICHUM.

11. Ykaxxute BO3MOKHbIE IPUUUHBI PACXOKACHUSI MEXKIY SKCIIEPUMEHTAIIBHO I10-
Jy4EHHOM YaCTOTHOW 3aBHCHUMOCTBIO MOKA3aHWUW JJIEKTPOMATHUTHOTO aMIlep-
MeTpa U JaHHBIMU TEOPETUYECKOTO pacyera.

12. OnpenenuTe TMOKa3aHUS MarHUTODJIEKTPHUECKOTO aMIlepMeTpa, eciu depes
HEro NpPOTEKAET B BUJIE NEPUOANYECKON MOCIE0BATENBHOCTHA NPAMOYTOJIbHBIX
UMITYJIbCOB ¢ aMunTy1oM 100 MA, mmurensHOCTRIO 1 MC 1 iepuonoM 10 mc.

13. OnpenenuTe MokazaHUs JIEKTPOJIUHAMUUECKOTO BOJIBTMETPA MPU U3MEPEHUU
HaIpsOKEHUS B BHUJIE NEPUOJMYECKON MOCIENOBATEIBHOCTH MPSIMOYTOJIBHBIX
UMITYJIBCOB € aMIUIUTy 10 5 B, nmurensHocThiO 100 MKC 1 neprogom 10 mc.

14. Onpenenute npeaenbl TOMYCTUMBIX a0CONIOTHONM M OTHOCUTEIBHOM MOTrperl-
HOCTEN ammepMeTpa, €Ciu €ro BepXHUM npejiesl u3MepeHuid paseH 1 A, a kiacc
TouHOCTH Tiprbopa 1,0.

16



17



