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KYPC JIEKIIUI:
METPOJIOI'USI, CTAHIAPTHU3ALIMSI U CEPTUDUKALINS

TEMA 1. METPOJIOI'USA

JIEKIIUSA 5
Ne COJAEPKAHUE
B BBEJJEHUE. OCHOBHBIE ITOHATHUA METPOJIOT'UU (nexuus 1)
1 BUJIbI CPEJICTB U3MEPEHMU (nexums 2)
2 OCHOBHBIE XAPAKTEPUCTUKU U3MEPUTEJIbHBIX ITPUBOPOB
(mexmus 3)
3 BUJIbI M OBLIVE METO/IbI U3SMEPEHUH (nekius 4)
4 CIIOCOBBI U CPEJJCTBA U3MEPEHUI CUJIbI TOKA U 1..26
SJIEKTPUYECKOI'O HATIPSOKEHUSA (nexius 5)
4.0 Beenenue 2
4.1 CriocoOblI U CpeIcTBa U3MEPEHUN AITEKTPUISCKOTO TOKA 4
411 [ToaxmroueHne n3MepuTeNen TOKa B JIEKTPUIECKYIO CXEMY 4
4.1.2 Bunsl nzmepurenei aneKTpU4eCcKOro Toxka 6
4.2 CpencTBa u3MEpeHHi 3JIEKTPUYECKOI0 HAIIPSKEHUS 14
4.2.0 Beenenue 14
421 Bunsl nzmepurenei a1eKTpUIeCKOro HanpsKeHUs 14
4.11A I'pagyupoBka mIKambl  ANEKTPOHHBIX W LHU(PPOBBIX  BOJBTMETPOB | 24
MIEPEMEHHOTO TOKa
5 SJIEKTPOHHO-JIYYEBBIE OCLIMJUIOTPA®DI.
BUJBL.YCTPOUCTBO. XAPAKTEPUCTUKU (nexrus 6)
6 CIIOCOBBI U CPEJICTBA U3MEPEHWI YACTOTHI
SJIEKTPUYECKUX CUTHAJIOB (niexiust 7)
7 CITOCOBbI U CPEJICTBA U3MEPEHU TEMITEPATYPHI (nekims 8)
8 [IPEJICTABJIEHUE PE3VJIbTATOB U3MEPEHUI (nexus 9)

IIpumeuanue — Hymepanus ctpanuil, pUCyHKOB M TaOJIMIl CKBO3HAasl B Ipejesax paszena 4.
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4 CIOCOBBI U CPEJCTBA UBSMEPEHUI CUJIbI TOKA U
IAJIEKTPUYECKOI'O HAIIPSAKEHUA

4.0 Beenenue

B cooTtBercTBUM ¢ Hauanamu (U3MKU MO JIEKTPUUYECKUM TOKOM MOHUMAETCS
HaMpaBJICHHOE JBWXKEHHE DJICKTPUUYECKUX dYacTull (3apsiioB). OcCHOBHOM
XapaKTEPUCTUKOW TOKa SIBISIETCS cuia snekmpuueckoeo moxa 1=q/t mmm Gomee
touno i=dg/dt.

L4 BI/I)IBI ANEKTPUHYECCKUX CUTHAJIOB: OIIHCAHUNE, XaPAKTCPUCTUKHU

B wu3smepurenbHOM NOpakTUKE pa3adyarOT YEThIPE THUIA JJIEKTPUYECKUX
CUTHAJIOB (TOKOB M HAIPSKEHUMN). NOCMOSIHHble, NepeMeHHble, UMNYJIbCHble U

wymosvie (pucyHok 4.1).
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Pucynox 4.1 — Bujsl curnanos

IMpumeuanus —
1 Mi3MepeHne UMITYJIbCHBIX U IIIYMOBBIX CUTHAJIOB B JAHHOM KypCe HE pacCMaTpUBaeTCsl.
2 Jlanee B TEKCTE MPUMEHSETCSI TEPMUH CUTHAJIbI, €CITH pedb UJIET OJJHOBPEMEHHO O
HaIPSDKEHUAX U TOKaxX. BMECTO rpOMO3JIKMX TEPMUHOB CUIA 9IEKMPULECKO20 MOKA 1
neKmpuieckoe Hanpsaxcenue 0yneM COKpaiéHHO TUCATh — MOK U HANPAXCeHUe

COOTBETCTBCHHO.
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HO,ZI NOCMOSHHbIMU ~ OOBIYHO ITOHMMAIOTCS OAHOITIOJIAAPHBIC CcTaOMILHBIC
(HaHpH}KeHI/Ie HCTOYHHUKOB ITIOCTOAHHOI'O TOKa) NN MCOJICHHO MCHAIOIIMUCCA

CHUTI'HAJIbI (BLIXOIIHOC HAIIPAKCHUC XUMHYCCKUX HCTOYHHUKOB TOKa).

IIpumeuyanue — B HEKOTOPBIX CilydasixX IOCTOSHHBIE CUTHAJIbI MOT'YT MEHSATH U MOJISIPHOCTD,
HalpuMep, TOK B aKKyMYJISITOPE MPU 3apsAJIKE UMEET OJJHO HAIPABJICHMS], 4 B HATPY3KY OH OTIAET
TOK JApPYroro HarpaBJICHHUS.

Ilon nepemennvim, ecnu OTHEIBHO HE OrOBapUBaeTCA — TaK IPHUHITO
HUCTOPUYECKH, NOHUMAIOT  OBYNOJAPHLIN — Nepuoouyeckull,  HaIpUMep,
CUHYCOUJAIbHBIA CHUTHAJ B JJIEKTPOCETIX. MHiopmamusHubiMu napamempamu
NEPEMEHHOI0 CHUTHaja, KOTOpPble Mbl OyaeM H3MepPSATh, SBISIIOTCA €ro

amnaumyonoe (X,) m cpeonexeadpamuueckoe (WM Oetlicmsylowee™) 3HAYCHUS
(pucyHok 4.2).

HpI/IMe‘{aHI/Ie — CpeI{HeKBaHpaTI/ILIeCKOC 3HAa4YCHUC CHUI'HAJIOB 6yI[eM o0o3HayaTh 0Oe€3

unaekcoB: X, U, |. Touno Tak:xe Mbl 0003Ha4YaeM MOCTOSIHHBIC HANPSKEHUS U TOKHU.

% x(t)= Xgsin ot A x(t)= | Xalsin o
e e AWANN
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X

Pucynok 4.2 — [TapameTpbl mIepeMEHHBIX CUTHAJIOB

I[Ipumeuanue — B psnge cirydaeB HCMONB3YIOT TOHATHE CPEOHEBLINPAMIEHHO20 3HAYEHUS
(X635, PUCYHOK CHIpaBa). JTO TOHSATHE BBOJMTCS B HAIlEM Kypce TPU OMHCAHUHU OemeKmopos
cpeonesvinpsamienno2o 3uavenus (pasaen 4.1.2). AHaAIUTHYECKOE BBIpAKEHUE X 4 IS pacuéra
MPEJICTABICHO HIXKE:

1 T

lo == [licjat (0.1)
0

[losicaum mnonsitue cpegHekBaapatuyeckoro 3HaueHus (CK3) curnanoB Ha

pUMepe MePEMEHHBIX TOKOB. J[J1s1 3TOro mpoBeIéM IKCTIEpUMEHT (pUCYHOK 4.3).
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Pucynok 4.3 — Cxema skcniepumenTa no onpezenennto CK3 nmepemeHHOro Toka

K uCTOYHHKY nmepeMeHHOro TOKa C MOMOIIBIO MEPEKUTHOTO MEPEKITIOUaTEeNs S
HOAKIIOYMM Harpy3ky Ry (monmoxenue 1 mepekimtouatens S). Harpyska, Beiaemnss
TEII0, HAarpeeTcs A0 HEKOTOPOM TeMriepaTypsl t°;. 3aTeM Harpy3Ky MOJKIIOUUM K
VCTOYHHKY PETyIHPYEMOr0 MOCTOSTHHOTO TOKa (IIOJIOKEHUE 2 TIepeKIIoYaTes S)
U, peryiupys (M3MeHss) 3HAau€HHE MOCTOSHHOTO TOKa, JOOMBAEMCsl TOTO K€

— 140

3HAQ4YEHUS TeMIlepaTypsl Harpy3ku t% = t°;. Tok, mpy KOTOPOM MBI JOCTUTIIN 3TOTO
PaBEHCTBA, ¥ HA3BIBAECTCS CPEAHEKBAAPATHYECKUM 3HAYECHHUEM PaHee TIOJAHHOTO
IIEPEMEHHOTO TOKA.

CK3 MOxHO paccunuTarh, €CJIM U3BCCTHO aHATTUTHYCCKOE BBIPAXKCHUC CUTHAJIOB.

(0.2)

1 T
U= fJﬂMﬁ, [=

IIpumeuanue — IlepeMeHHBIH CUTHAT MOXET HUMETh JIOOYIO (OpMy, OJHAKO YacTO MbI
MMEEeM JIeJI0 ¢ CHHYCOMJIaIbHBIMU CUTHaaMu. J[st Hux Jierko mokassiBaetcs mo (0.2) sx€ctkas
CBSI3b MEIKLY aMIUTHTY/IHBIM U CPEIHEKBAAPATHUECKIMH 3HAYCHIAMI: X=X,/\2.

4.1Cnioco0bl 1 cpecTBA U3MEPEHH I YJIEKTPUIECKOr0 TOKA
4.1.1 MoakJoyeHne U3MepPHUTEJIei TOKA B JJIEKTPUYECKYIO CXEMY

W3mepeHre TOKOB Ha MPAKTHUKE OCYIIECTBIsAETCS 4acto. Jns 3Tux meneu
WCIIOJB3YIOT Pa3IMYHOTO BUA amMmepMeTpbl. M3MepuTenn Toka BKIIOYAIOTCS B

pa3pe3 dJICKTPUUECKON cXeMbl (PUCYHOK 4.4).

/ - A
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Pucynok 4.4 — IloaxtroueHue amnepMeTpa B 3JIEKTPUUECKON cxeme

AMHepMGTpBI MMCHOT BHYTPCHHEC COIIPOTHUBICHHEC [p, KOTOPOC BIIMSICT Ha
06HICC COIMPOTUBJICHUC JJICKTPHUYCCKOI'O KOHTYpa: COIIPOTHUBIICHHUC KOHTYpPaA
YBCIMYNBACTCA U 3TO BHOCHUT IIOTPCIIHOCTL B HU3MCPCHHUC TOKA: H3MCPCHHOC
3HAYCHUC TOKa YMCHbBLIIACTCA. Takas MOrpCIIHOCTL HA3BbIBACTCA nocpeutHoCmbvblo

szaumooeticmsust (nexus 9).

B 51Ol CBsI3M BHYTPEHHEE CONPOTHUBIICHUE aMIIEPMETPa [ JTOJKHO HUMETH
MaJICHbKOE 3HAUYCHUE, B UJICANIE — HYJIb. PeallbHbIE CONMPOTUBIICHUS aMIIEPMETPOB
MOT'YT UMETh 3HAYECHHE B HECKOJBKO COTEH OM. C IEIbI0 CHUKEHHUSI MTOTPEIIHOCTH
B3aMMOJICHCTBUSL HUCMOJIB3YEMBI aMIEPMETP JOJDKEH HMETh BHYTPEHHEE
CONPOTUBJICHUE CYIIIECTBEHHO MEHBIIIEE COMPOTUBJICHUSI KOHTYpa!

Jns pacmmpenus n1uana3oHOB U3MEPEHHUs TOKA MCHOJIB3YIOT MOKOGble ULYHMbI

WIH usmepumenvhvlie mpancgopmamopol TokoB (UTT; pucyHok 4.5).
I4

IAE >
©;
;> g kil R
R |»— Ru |—»— Ri e Zen—
Llynm artr
E I||R2 e(t)=Esinot iR

Pucynox 4.5 — CriocoObl pacuimpeHus 11ana3oHoB U3MEPEHUS] aMIIEPMETPOB

Toxosviti wiynm TPEACTaBIseT COOOM MPEIU3UOHHBIA PE3UCTOP CHEIUATLHOMN
KOHCTpYKIMHU (pucyHok 4.6). OH uMeeT Majioe HOPMHUPOBAHHOE CONPOTHBIICHHE
U CIOCOOEH TPOMycKaTh OOBIYHO 3HAYUTEIbHBIE TOKM — OO0JIbIIME, YeM
amriepmerp. [IIyHTB MOTYT OPUMEHATHCS KakK B IEMSAX MOCTOSHHOTO TOKAa, TaK U

NEPEMEHHOTO.

A

Pucynox 4.6 — [Ipumepsb! 271eKTpUYECKUX IITYHTOB
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W3meputenbhbie TpaHchopMmaTopbl Toka (pUCYHOK 4.7) HCIONB3YHOTCS IS
U3MEPEHU B CETSIX IMIOCTOSIHHOTO M TepeMeHHoro Toka. OHu obOnanaer
JOTIOJTHUTENIBHBIM TMPEUMYIIECTBOM — TaJIbBAHUYECKU PA3ACIAIOT TMEPBUUHYIO
Henb OT IENU C aMIIepMETPOM U TE€M CaMbiM MOTYT 3alllMIlaTh MEePCOHAN OT
MOPAKEHUS BBICOKMM HAIPSHKCHUEM TEPBUYHON IIENMU TMPU MAHHUITYJISIUAX C
aMIepMETPOM ™.

[Tpumedanue (npakrtuyeckoe) — BaxxHO 3HATH, YTO MAHUNYJSALMU C aMIEPMETPOM B 3TOM

ClIy4ae He JOJLKHBI IPUBOAUTH K pa3peiBy BropuuHou nenu UTT — 310 npuBenér k aBapuu.

Pucynok 4.7 — Ilpumepsl ©3MEepUTEIbHBIX TPAaHC(HOPMATOPOB TOKA
4.1.2 Buabl usMepuTeiel 3J1eKTPUIECKOro ToKa

B coBpemMeHHOI MpaKTUKE MIHPOKO HUCHOJIb3YIOTCA caenaytomue Buasl CU s
HEenocpeoCcmeeHHo20 N3MEPEHHSI TOKA:

- 3JICKTPOMEXAHUYECKUE AMIIEPMETPHI;

- BBIIPSMUTEIIbHBIE aMIIEPMETPHI;

- 3JIEKTPOHHBIE AMIIEPMETPHI;

- IU(PPOBHIE aMIIEPMETPHI.
4.1.2.1 AmnepmeTpsl dJIeKTPOMEXaHUYeCKue

D10 HaumboJiee cTapble cpeiacTBa uzmepeHudd. OHM co3faroTcsi Ha 0asze T.H.
usMepumenbHulX Mexanuszmos. B HacTosmee BpeMs akTyaabHO U3y4aTh U
UCIIOJIb30BaTh TOJIBKO J[Ba MeXaHu3Ma: MmacHumosnekmpuyeckui (MOVM) u
anekmpomachumuviti (OMHUM). OHM TO-TIpEKHEMY IIMPOKO HCIIOIB3YIOTCS B

POMBIIIICHHOCTH U TIPUOOPOCTPOCHUH (PUCYHOK 4.9).

MarauTosNeKTpUIECKHE aMIIEPMETPBI DNEeKTPOMAarHUTHBIE AMIIEPMETPHI
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Pucynok 4.9 — BHemnue BUAbI 3JIEKTPOMEXaHUUECKUX aMIIEPMETPOB

YCTpOﬁCTBO MCXaHU3MOB OOCTATOYHO CJIOKHOC, II09TOMY HAaAuM TOJIBKO

IMOBCPXHOCTHOC NX OIMMCAHUC.

e MarnuTodjieKTpuueckuii MexanmusMm (pucyHok 4.10).

OcHoBHBIMH feTaiIiMu MOUWM gaBisaroTcs:

- MIOCTOSTHHBIN MarHuT (aeTaisb 1);

- ToJBWXKHAs (M3MepUTebHas) KaTyllka MpoBoja (Aeraib
4);

- OCb, 3aKperisieMasi B Kopiryce npudopa (aetans 5);

- IpY>KUHBI (AeTaisb 6);

- CTpesKa co mKanou (aetaib 7).

Ipunuun padorbl: u3MepseMbli TOK NOMAETcs (HE
MOKa3aHO KaK) B KAMYWKY C HpPO80OOM, MAarHUTHOE IIOJIe
KOTOPOi1 B3aUMOJIEHCTBYET C MOJIEM HOCHOAHHO20 MACHUMA.
YeMm Oosbliie TOK, TEM B3aUMOJICHCTBHE CHIIbHEE U KAMYUWKA
SHEprUYHee MOBOpAUMBAETCS BOKPYT ocu. OKOHYATEIbHBIN
yToJl MOBOPOTa, a BMECTE C HUM — DPE3yJbTaT M3MEPEHMS,
OOyCIIOBJIEH CUJIOW TPOTUBOACUCTBUS NPYIHCUHBI, KOTOpas
BO3pacTaeT IMpONOPLHUOHAIBHO MOBOPOTY ocu. CTpenka
OCTaHaBIMBAETCH, Korja MOMEHT BpallleHuUs,
OOYCJIOBJICHHBI TOKOM M XapaKTEPUCTHKAMH MEXaHW3Ma,
CPaBHSETCA C MPOTUBOJAEHCTBYIOIIMM MOMEHTOM: My, =M.

Pucynok 4.10 — Ycrpoiictso MOUM

MOHVM 1no3BoJIAI0T U3MEPATH TOJBKO MOCTOSIHHBIE TOKH, B OOILIEM Ciy4yae —
NOCMOSIHHYIO COCMABIAIOULYI0 TIEPEMEHHOTO ToKa (prcyHOoK 4.1).

Hanpasnenune epawaroweco momenma B8 MOUM 3aBUCHT OT HampaBieHUSA
TOKa, MO3TOMY HEO0X0IUMO oOpaIniaTh BHUMaHHUE Ha MOJISIPHOCTH MOJJaBa€MOTO Ha
aMIiepMeTp HanpspDKeHUs. Tak, eClu MMeeM amIlepMETp C HYJIEBOM OTMETKOW B
KpailHEeM JICBOM TIOJIO)KCHUHM Ha IIKAJI€ — TaKUX MPUOOPOB OONBIIUHCTBO, TO
1o/1ava OTPULIATEITLHOTO TOKa Oy/1eT MPUBOANTH K BPAIICHUIO MEXaHW3Ma BJIEBO, U
ATO MOKET MPHUBECTH K BBIXOJly TOKA U3 CTposi. EciM HOMb MOCpeIUHEe MIKabl, TO

1oJIaBaTh HA BXOJI JOMYCTUMO HaNpsHKeHUE 00eux mossipHocTed (pucyHok 4.11).
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Pucynok 4.11 — /IBa Tuna nikaia MUKpOAMIIEPMETPOB

MOUM uMEIT BBICOKYIO YYBCTBUTEIBHOCTh M IMO3BOJSIOT U3MEPSATH MaJIble
TOKM CO 3HAaUYCHMSIMU B HECKOJBKO MHKpoamIiiep. Takue 4YyBCTBHUTEIIBHBIE
U3MEPUTEIN IIPUHATO Ha3bIBaTh MUTTUAMNEPMEMPAMU WIH

MUKPOAMNEPMEMPAMU.

MexaHu3Mbl XapakTEpU3yeT BBICOKAsT TOYHOCTh H3MEpEHHUs. J[oCTHKHUMBIN
kiacc TouHocTH 0,1 (npedenvroe 3nauenue ocHOBHOU NPUBEOEHHOU NOZPEUHOCTU
Yor=%0,1%). XapakTepHO€ BHYTPEHHEE COMNPOTUBIICHUE (COMPOTUBIICHUE

MOJIBM)KHOU KaTYIIKH) — HECKOJIBKO COTEH OM.

[ToMmuMO caMOCTOSITENBHBIX H3AENUNA — ammepMerpoB, MOWM mupoko
BCTPAaMBAIOTCS B PA3JIUYHBbIC U3JEIUA, HAIPUMEP, UCTOUHUKU ITOCTOSTHHOI'O TOKA
(pucyHok 4.12).

Pucynox 4.12 — [Ipumeps! ucrions3zoBanus MOVM B uCTOUYHHUKAX MUTAHUS

e DJIEKTPOMATrHUTHBIA MeXaHu3M (prCcyHOK 4.13).
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5 OcHoBHbiMU AeTanisMu DMUM sBinsitoTes:

- HETIOJIBYDKHASI (M3MEpHUTENIbHAS ) KaTyIIKa MPoBo/a (J1eTalb
1);

- cep/IeuHUK (TUIaCTUHA) U3 MACHUMOMALKO20 MaTepuaia
(merans 2);

- OCb, 3aKperuIsieMast B Kopiryce npudopa (aerans 3);

- cTpenka (aerans 4);

- mKaya (aetainsb 5).

- IPY>XUHBI (AeTAb 6);

HMpunuun padorel: u3mepsembiii Tok (I) momaéres B
Kamywiky ¢ npo8o0OM, MarHUTHOE II0JIe  KOTOpOM
B3aMMOJICICTBYET C MOJIEM HaMarHUYEHHOTO CepoeyHuKd -
CEpJICYHUK BTATUBACTCS B IIEIb KATYIIKA M IOBOPAYMBAET
ocv. YeM 0ombIlIe TOK, TEM CHIIbHEE B3aMMOJCHCTBHE U TEM
cepOeyHuK  DHEPrUYHEee  BTATMBACTCS B KaTYIIKY.
Bo3ty i xemmdep OKOHuaTeNnbHBIM Yroja MOBOPOTa, a BMECT€ C HUM —
G A MY IR IRCHI YD) pe3yabTaT U3MEpPEHUs, 00YCIOBJICH CUIION MTPOTUBOICHCTBUS
npYI*HCUHBL, KOTOPAsI BO3PACTAET NPOMOPLIMOHAIBHO TOBOPOTY
OCH.

Ha3nauenue: namepenune CK3 nepeMeHHBIX TOKOB.
Pucynok 4.13 — Ycrpoiicteo O9MUM

OMUM 1no03BONAIOT U3MEPATH KaK IOCTOSIHHBIE, TaK M IIEPEMEHHBIE TOKH,
OJJHAKO MX OOBIYHO MCHOIB3YIOT JJIsI HM3MEPEHUH CpeJHeKBagpaTH4YeCKHX
3HAYeHMH TEPEMEHHBIX TOKOB — IIOCTOSHHBIE TOKM Jiydlle u3mepstor MOUM.
OMUM wuMET HEBBICOKYIO YYBCTBHUTEIBHOCTh M Yalle WCIOJIB3YIOTCA IS
HEIMOCPEICTBEHHOIO H3MEPEHHS] JOCTATOYHO OOJIBIIUX TOKOB B 3JIEKTPOCETIX
nepeMeHHoro Toka. Jlis pacimmpeHuss Auana3oHoB wu3Mepenns B OMUM
UCTIONB3YIOTCSL MOKO8ble ULYHMbL U UBMEPUMENbHbIE MPAHCHOPMAMOPbl MOKA

(cM. BBejieHHUE B paszedn).

OMHUM xapaKTepu3ylTCs CpEIHEH TOYHOCTBIO HU3MEPEHMS, JTOCTHKUMBIN
kiaacc TouHoctd 0,5 (y,,=%0,5%), TumoBeie — 1,0 mmm 1,5. XapakrepHoe
BHYTPEHHEE CONPOTUBJIICHUE (CONMPOTHUBJICHUE W3MEPUTEIHHON KaTyIIKH C

MEHBIM TIPOBOJIOM) — HECKOJIBKO COTECH OM.

OMUM uMeroT y3KUi 4aCTOTHBIN JUara3oH U3MEPSIEMbIX CUTHAJIOB, KOTOPBIN
He npesbimaeT o0brgHO 1000 I'm. OpmHako 3TO HE MeIMIaeT WX HCIOJIb30BaTh B
AJIEKTPOIHEPTETUKE, TJE€ YACTOTHBIM JMana3oH CHWTHaja OTPaHUYUBACTCSA
sHaueHusiMu (45...500) I'u. B Havasne mkana mpuOOpPOB MOXKET ObITh CYIIIECTBEHHO

HEJIMHEWHOM, HO B ATOM 00J1aCTH U3MEPEHUS HE PEKOMEHTYIOTCS.
CpaBHUTe/IbHBIE XaPAKTEPUCTUKH U3MEPUTEJIbHBIX MEXaHU3MOB.

Tabnuma 4.1 — TunoBblie XapaKTEPUCTUKU N3MEPUTEITHHBIX MEXaHU3MOB

9
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XapakTepucTHKH MOAUUM OMHUM
Bung nuzmepsiemoro Toka [TocTrosaHHbII [TepemeHHbIN U TOCTOSHHBIN
XapakTep HIKaJIbl PaBHOMEpHBII He paBHOMEpPHBIN B HaYase Kbl
YUyBCTBUTEIBHOCTH Beicokas Hesbicokas
TouHOCTE Bricokas Cpennsis
JlnanazoHbl U3MEpEHUs Mukpo- u necsaTku JlecsaTKkH ¥ COTHU MUJUIMAMIIED,
0e3 LIYHTOB MUJUIAAMIIEDP JIECATKH amIep

4.1.2.2 AmnepMmeTpsbl BbINPSIMUTEIbHbIE

MDSVM He cniocoGeH HEMOCPEICTBEHHO U3MEPSITh nepemMeHHbll TOK, OAHAKO 10
pSALy IPUYUH UX TAKKE MPUCTIOCAOIUBAIOT JJIsl U3BMEPEHUS nepeMeHHbIX CUTHAIIOB.
JIJis 3TOrO MX CHA0XAIOT npeobpazosamenamu nepemeHHo20 moka 6 NOCMOAHHbLU
mok — oemexkmopamu. Ha pucynke 4.14 nokazana QyHKIIMOHAJIbHAS CXE€Ma TaKOro
svinpamumenvrhoeo amnepmempa (BA), B KauecTBe Jemexmopa B KOTOPOM

HCIIOJIB30BaH 6blnpﬂMum€]Zbelﬁ mocm.

WU
i(t)=Isinwt

@

P

Pucynok 4.14 — Cxema sbinpsamumensHo20 amnepmempa

Ha pucyHke nmoka3aHo MPOXO0KJAECHUE TOKOB MPHU CUTHAJIAX MPOTHBOMOJIOKHBIX
noJIsIpHOCTEH (0003HAYEHBI HEMPEPHIBHBIMM W NMYHKTHPHBIMH CTpPEJIKAMH JBYX
[IBETOB), KaK 3TO MPOUCXOJIUT TPHU H3MEPEHUM CUHYCOUJAJIbHBIX TOKOB. TOK,
NPOXOJAIIMIA  4Yepe3  MArHUTODJEKTPUUECKUUA  MUKPOAMIIEPMETP,  HUMEET
NYJbCUPYOUIUIA BHI, T.e. MNPEACTABJIACT €000l CyMMYy MNEPHOAUYECKOIO
CHTHaJJa M TNOCTOSIHHOM cocraBiasiome. MOMM B COOTBETCTBHHM C
PAacCCMOTPEHHBIM paHee MPUHIIMIIOM €ro JCUCTBUS pearupyeT Ha MOCTOSHHYIO
COCTABJISIFOIIYIO TAKOTO CUTHAJIA, HA3BIBAEMYIO CPEOHEBbINDAMICHHbIM 3HAYEHUEM
|z OTa ocobenHocTs MOUM ONHOBPEMEHHO SIBISETCS M €r0 HEJIOCTATKOM:
00JaCTh €ro HCMOJh30BaHUS — M3MEPEHUE CHUHYCOUIAIBHBIX TOKOB (CM. Jajee
BOIPOCHI KATHOPOBKHU AJICKTPOHHBIX aMIIEPMETPOB).

[IpeumymiectBa BA: npoctota peanuzaiuu, OTCYTCTBUE HCTOYHUKOB IMUTAHUS.
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OOblyHast oOnacTh mnpuMeHeHus BA — B NpoCThIX  MOPTaTUBHBIX
MHOTO(YHKIIMOHANIbHBIX HU3MEPUTENIbHBIX TNpubopax (mecmepax, agomempax, u

T.11.; pucyHok 4.15).
4.1.2.3 AMniepMeTpsbl 3J1eKTPOHHbIE

OTnanuuTenbHas 0COOEHHOCTD 271eKMPOHHbIX amnepmempos (DA) — HaTu4yue B
CTPYKTYPE 91eKMPOHHO20 YCUIUmens ¢ yrupaBisieMbIM KOd()PUIIMEHTOM yCUICHUS
U 2JIeKIMPOHHO20 OemeKmopa, KOTOPbI OTINYaeTcsi OT OOBIYHOTO BBIMTPSIMHUTENS
CIIO)KHOM TIpeoOpa3oBaTeIbHON CXEMOH, JOIyCKalolmel mpeodpa3oBaHnue He
TONBKO  aMIUIMTYJAHBIX W CPEOHEBBINPSMIICHHBIX  3HAYCHUH, HO H
CPEIHEKBaIPATUYCCKUX 3HAYCHUU IEPEeMEHHOro Toka. HamoMHuM, 4YTO Takas
BO3MOYKHOCTh TIO3BOJISIET aMIIEPMETPY OCYIIECTBIATh H3MEPEHUS HE TOJIBKO
CUHYCOUJATBHBIX TOKOB, HO M TIEPEMEHHBIX TOKOB pa3ndHoil hopmbl. CTpyKTypa

AJIEKTPOHHOTO aMITepMeTpa Mmoka3aHa Ha pucyHke 4.16.

Yerpoiicteo Jlerexrop
macmrabuposarus  (mpeoGpasosares
Ilepexrouarens BX. CHTHANA TepeMeHHOro ToKa B
/IMarasoHoB MOCTOSIHHBII )

"

i) — | ||

|I/ICTO‘{HHK TTUTAHMS |

Pucynok 4.16 — CTtpykTypa 3JeKTPOHHOTO aMmIepMeTpa IMepeMEHHOT0 TOKa

OOmiee NpPeuMyIIECTBO JJIEKTPOHHBIX aAMIEPMETPOB: HHU3KOE BXOAHOE
COIIPOTHBIICHUE, OOJBIIOEC KOJMYECTBO JHAMA30HOB HM3MEPEHHSA™), XOPOIIHE
TOYHOCTHBbIE BO3MOXXHOCTU. Hepocratku: st ux paboThl TpeOyeTcss MUCTOYHHK

IIMTaHHWs, BBICOKAasA IICHA.

IMpumeuanue — HamomuHaeM M3BECTHOE METPOJIOTUYCCKOE MTPABHIIIO: JHUAIIA30H H3MEPEHUS
HEOOXOMMO BBIOMpaTh TaK, YTOOBI PE3yNbTaT M3MEPEHHUS HAXOJWJICH KaK MOXKHO OJIMKe K
KOHITY IIKaibl. B 9TOM cityuae mounocme usmepenusn OynetT HauBBICIIICH.

DNEeKTPOHHBIE aMIIEPMETPbl Yallle BCEro MPUMEHSIOTCS B Ja0OpPaTOPHBIX

YCIIOBUSX.
4.1.2.4 AMunepmerpbl HH(ppPOBLIE

[udpossie ammepmetpsl (L{A) 310 Hanboee COBpEeMEHHBIN BU aMIIEPMETPOB,
KOTOPBIN BHEIIHE BBIICIACTCS CIIOCOOOM OTOOpaKeHHS PE3YJIbTAaTOB U3MEPEHUS.
[IA BBIMyCKalOTCS B Pa3JIMYHBIX KOHCTPYKTUBHBIX U IKCIUTyaTallMOHHBIX

BapuaHTax (pucyHok 4.17).
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MepeHocHon

LuToBon
Pucynok 4.17 — KoHCTpyKTHUBHBIE Pa3HOBUIHOCTH HU(PPOBBIX aMIIEPMETPOB

[IA TMOJTHOCTBIO AJIEKTPOHHBIE, CIOXHBIE H3MEpUTEIbHbIE NpUOOpbl. X

TUTIOBAsi CTPYKTYpHasi CXEMBI Mpe/icTaBlieHa Ha pUCcyHKe 4.18.

TIepeKOaTeTh
JIHANA30HOB

I Loy
WM — > }1 AL[H
i fA2A8

HcTouHuK NHTAHKS

Pucynok 4.18 — CtpykrypHas cxema mu@poBOro amrnepmeTpa

CTpyKTypHOE OTJIMYHE OT IIEKTPOHHOTO amIepMeTpa 3aKJII0UaeTcs B 3aMEHE
U3MEPUTENTLHOTO MEXaHW3Ma Ha aHano2o-yugposoii npeodpazosamens (ALIl) u
yugposoe omcuémnoe ycmpoiicmso (110OY).

Bonee pa3BuTas cTpykTypa 1udpoBbIX aMIIEpMETPOB MpECTaBICHAa HA PUCYHKE
4.19.

[EPEKIIIoUaTe b YP
JIMarnasoHoB [r—
,@ e "33,
cuw

wm ) > ATl MK >
0 i

VP - yempoiicmeo pecucmpayuu oannvix
VT - yempoiiemeo mpancaayuu oannwix VT ——> Brix. xoj

HNcTouHuK nmuTaHus

Pucynox 4.19 — CtpykTypa uu@poBoro amMmrnepMerpa ¢ MUKpOKOHTPOJIIEPOM

BaxxHOol 0COOEHHOCTBIO CTPYKTYPBI SIBIISIETCS HAJIUYUE MUKPOKOHMPOJLEpd,
KOTOPBIN BBINIOJIHAET JIB€ YKPYNHEHHbIE QYHKUIUU: 00pabOTKa CUTHAJIOB (KOJOB),
noctynarommx or ALII, m ynpaBnenue crpykrypHbiMu pecypcamu. He cumras
AITI, Takux pecypcoB B obmiem ciydae tpu: LIOY, yempoiicmeo pecucmpayuu
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(VYP) pesynbratoB wusMepeHuil u ycmpoticmeo mpanciayuu (YT) maHHBIX
(pe3ysbTaThl U3MEPEHUM, BpEMSI U3MEPEHUHN U Ap.) yAAIEHHOMY NoTpeouTento. B
0oJiee MPOCTHIX HCIHOJHEHUSX OJUH WU JaXKe JBa U3 YKa3aHHBIX YCMPOUCMS

MOJKCT OTCYTCTBOBATD.

Utak, ALIIl B maHHO¥ cxeMe, B OTJIMYMU OT CXeMbl Ha pucyHke 4.18, paGotaer
Mo-IpyroMy, a HWMEHHO: C €ro IIOMOIIbI0 KpHBas TIEPEMEHHOTO TOKa
oyugposvisaemcs — MpeBpaIIaeTCs U3 HEMPEPHIBHOW B HaOOp 3HaueHuid. Tak Ha
pucynke 4.20 mokazaH NpUMEp oyugposku CUHYCOUIAIBHOTO HAMNpsDKCHUS: W3
HEMPEphIBHOM  CHUHYycOUJla TMpeBpalieHa B 16 JUCKPETHBIX  3HAYEHUH.
MUKpOKOHTpOJUIEp A3TOT MAacCMB MTHOBEHHBIX 3HA4YeHH oO0pabarbiBaeT u
npeBpamiacT B cpedneksaopamuyeckoe (Oeticmsyrowee) 3HadeHne Toka. [loatomy
JIETEKTOP B 3TOM CTPYKTYpE yxKe He TpeOyeTcs.

o,

,7214557;_9797:;‘77“:::475,@6\t
b § ¢

\
qucm)‘e B Q\ ?

Pucynox 4.20 — JluckpeTruzainusi u3MepsieMoro Toka

[To cpaBHEHHUIO C aHAJIOTOBBIMHU (IJIEKTPOMEXAaHUYCCKHE, BBIMPSIMHUTEIbHBIC U
AJIEKTPOHHBIE) aMmrepMeTpaMu IUdPOBbIE MOTYT 00JaaTh TOPa3ao JTydITUMU
Mempono2udeckumu xapakmepucmurxamu. OTIMYATEIbHBIM TPU3HAKOM TOYHOTO
U3MEPUTENS SIBIISICTCS YUCIO pas3psioB 1udpoBoit mikansl npudopa. IIpocteie
(oTHOCUTENIBHO TpyOBIe) MPUOOPHI COJEpPkKAT OOBIUHO JI0 TPEX TMOJHBIX
necaTyHbIX paspsaga (999). Tounble npuOOpPHI MMEIOT YETHIPE-TISTh TOJHBIX
paspsna (9999 wiu 99999). lns Tex u APyrux CTapiivid paspsisi — CaMblil JICBBIH,
IIKAJIBI JJIsl HEKOTOPBIX U3JIETTUH MOKET MPUHUMATh 3HaueHue 2, 3, 4 unu 5.

[TIpocteie IIA 0OBIYHO peanu3yrOTCSs B TOPTATUBHBIX aMIEPMETpax U
MYTbmMUMempax.

Tounsie A — moporue wu3Jenus, BBIMYCKAIOTCS Kak sl J1abopaTOpPHOIO

HCIIOJB30BaHUs, HO B PAAC CIIYyHAaCB M KaK ITOPTATUBHBIC U31CIINA.
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4.2 CpeacrBa u3MepeHNH 3J1eKTPUYECKOT0 HATIPSAKEHUSs

4.2.0 BBenenue

Pa3znen pasBuBaeT mMarepuan paszzgena 4. Jleno B TOM, 4TO METOJBI U3MEPCHUM
AIIEKTPUUCCKUX HANPSOKCHUH (PaKTHYECKHU TE )K€, YTO U Y aMIIepMeTpoB. Jpyrumu
CJIOBaMH, BHJIBI BOJIBTMETPOB COBIAAAIOT C BUIAMHU aMIIEPMETPOB.

OcHOBHOE OTIWYHE BOJBTMETPOB 10 XAPAKTEPUCTHKAM —  BXOIHOE
COMPOTHUBJICHUE, OHO JOJKHO OBITh MPUHITUITHAIBLHO OOJBIINM, T.K. B TPOTHBHOM

cllydae BO3pacTaeT MOTPEIIHOCTh B3aUMOJICHCTBUS C 00BEKTOM U3MEPCHHSI
4.2.1 Buapl usMepuTeseH 3J1eKTPUIECKOr0o HANPSKEeHUsI
4.2.1.1 BoabTMeTPHI JIeKTPOMEXAHNYECKOH IPyNIbl

AKTYyanbHOCTh TaKUX HNPHOOPOB KaK CaMOCTOSITENbHBIX U3JEJIHI, HECMOTPS Ha
UX TPEKIOHHBIN BO3PACT, COXPAHSAETCA B DJIEKTPOIHEPTETUKE, IPOMBIIIJIEHHOCTH,
Ha TpaHcnopre. [lo-npexxHeMy OHM BCTPamBarOTCA KaK yCTPOWCTBA MHAMKALIMM B

0oJ1ee CI0KHBIC H3JCIIKs: HCTOYHUKU ITMTAHUS, TCHEPATOPHI U T.II.

e MarHurodjeKTpuyecKne BoJbTMeTPbI (PUCYHOK 4.21)
Cosnmarorcsa Ha 6aze MOUM. O0anaioT B OCHOBHOM TEMHU K€ CBOMCTBAMH, YTO
W MarHuTodJICKTpuuYeckue amrepMerpbl. He 3abymem, 4TO TakWe H3MEpPUTEIH

CITOCOOHBI HU3MCPATH TOJIBKO ITOCTOAHHBIC CUT'HAJIBI (TOKI/I n HaHp}DKCHI/I}I).

]

N0y
200 300 ~

‘/100/~ 400~

Pucynok 4.21 — Pa3HOBUAHOCTH MarHUTORJIEKTPUIECKUX BOJIBTMETPOB

B ornnume ot ammepMerpoB BOJIBTMETPHI JOJKHBI MMETh OOJIBLIOE BXOJHOE
CONMPOTHUBJICHUE [UIsl CHUKEHUS TOTPEIIHOCTH B3aUMOJEHCTBUA C OOBEKTOM
u3Mepenus. Bxognoe comportusienne B MOUM 00ycnoBieHO CONPOTUBICHUEM
MPOBOJIa MOABUKHOM (M3MEpUTENbHOM) KaTylmku. OHO Maje (HECKOJIBKO COTEH
OM) M UTOOBI €ro YBEIWYHUTb, IOCJIEAOBATEILHO BKIIOYAIOT 000a80UHOe

conpomusnenue (R, pucyHok 4.22).
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Pucynox 4.22 — CTpyKkTypa BOJIbTMETpa MOCTOSHHOTO Toka Ha 6aze MOUM

[IpoBeném  pacu€r  3HaueHus  J100aBOYHOro  comportuBiieHud.  OHO
paccuutbiBaercs 1o (4.1), rne U, — koneunoe 3nauenue nuanazoHa U3MEpPEHUN, a
l.o — MOK noanoco omkiOHeHUs. ITO TAKOW TOK B 0OMOmMKe KATYIIKW, TIPU

KOTOPOM CTpeJiKa Mprudopa ycTaHOBUTCS Ha oTMeTKe U,:

RBX = RIL06+ Foom = lelno (41)

ITycts 1, = 100 mxA, U, = 100 B, Torna R,,=1 MOwM. 3HaueHue I,5, OOBIYHO
W3BECTHO M3 XapaKTEPUCTHK BBIOPAHHOTO MHKpOaMIIEpMETpa, TOTAa MOKHO
paccunTath R, [lomydeHHBINH pe3yabTaT HAC MOXKET YAOBIETBOPUTH: BXOIHOE
conporuieHue B 1 MOwM pnocratoyHo xopommui pesynbraT. Ho mocMorpum,
KaKue 3Ha4eHUs R MBI MOTYYUM JJIsl MEHBIIIUX TUANa3oHOB u3MepeHuil. Tak s
U = 10 B u3 (4.1) mbet umeem yxe Ry =100 kOwm, nampsikenuto U, = 1 B
cootBeTcTBYeT R,y = 10 kOwm. Ilocneanuii pesynapTaT Hac wmayo OyneT
YIOBIETBOPSATH, HO TIIO3BOJIUT €II€ MCIOJb30BaTh TAaKOW BOJBTMETP IS

H3Mep€HI/If/'I B 3aB€JOMO HU3KOOMHBIX ILICITAX.

U3mepsiemoe  Hampsikenue (U,.,), MoJaBaeMoe Ha IMOCJIEI0BATENIbHOE
coequHeHne R o5 + Io6y, BBI3BIBAET MPONOPILHOHAIBHBIA TOK B OOMOTKE, IO3TOMY
HIKaJIy HCHOJIb3YEMOr0 MIIIHaMIEpMETpa MOXKHO cpadyuposams B €IUHUIAX
HampspkeHus: — BosibTax. Ha pucynke 4.23 moka3zaHa CTPYKTypa CEpUIMHOTO

BOJILTMETPA C BBITIOJTHEHHON 2padyuposKoll.

Rzs  Boremmemp

1
| S

+

Unsn [ o6

Pucynok 4.23 — CtpyKTypa BOJIBTMETpa MOCTOSHHOTO TOoKa Ha 6aze MOUM

15



Penaxuus or 18.02.2018 r
B kagecTBe mnpumepa pacCMOTPUM OCHOBHBIC XapaKTEPUCTUKH CEMEMCTBa
wumoswvix MOUM-BonsT™MeTpOB THa M42609:
Bo3moxubie npenens usmepenuit, B — 2; 3; 7,5; 10; 15;
20; 30; 50; 75; 100; 150; 250; 300; 400; 500; 600.
Kmaccel Tounocta — 1,5 o 2,5.

[aGapuTHBIC pa3sMepsl, MM° — 48x48x48.

Pabouee nmonoxkeHne mKaibl — BEPTUKAIBHOE.

Macca, r— 120

Pucynok 4.24 — Buemnuii Bua u xapakrepuctuku MOUM-BonsT™MeTpa THIIA
M42609

Haunbonee pacrpocTpaHEHHBIE 21eKmpomexanuyeckue BOIbLTMETPHI C KilaccaMu
tounoctu 0,2; 0,5; 1,0; 1,5 mo3BOJAIOT U3MEPATH MOCTOSIHHBIE HANPSKCHUS B
nuanazone ot 1 B mo 1000 B. [ns m3mepenus Gonpmux HampspkeHui (6omee 1
kB) Ha BXOJ BOJIbTMETpa JAOIMYCKAeTCA MOJKJIIOYEHUE BHEIIHEro J100aBOYHOTO
conpotuBieHus. Jma u3MepeHus HanpsokeHud  MmeHee 1 B HamOonee
11€JIECO00Pa3HO KCIIONB30BATh 2JeKMpPOHHble W yugposvie sorvmmempst (CM.

naiee).

¢ DJIeKTPOMATHUTHBIE BOJILTMETPHI (PUCYHOK 4.25)

g
v \\\\\\\\ 4\00 500
N

X300

Pucynok 4.25 — Pa3HOBUIHOCTH 3JIEKTPOMATrHUTHBIX BOJBTMETPOB

BonbtmeTpsl, co3naBaembie Ha 0aze DOMIM, 00BIUHO mNpenHA3HAYEHBI ISt
HETOCPEJCTBEHHOTO0  HM3MEpEeHHs  Oeticmeyrowe2o  (cpeonexkeadpamuueckozo)
3HaYeHus TOKa, MPOTEKAIOIIETO 0 U3MEPUTEIHHOM 00MOTKe. B psine ciydaeB mx
MO>KHO HCIIOJIb30BaTh M JIJIS U3MEPEHHUS IOCTOSHHBIX HANPSKEHUN — MPUHIUI
JNEeUCTBUS MeXaHu3Ma 1o3BossieT. Haunbosnee pacmpocTpaHeHHBIE BOJBTMETPHI

uMmeroT kiaccbl TouHoctu 0,9; 1,0; 1,5 u mo3BOJAIOT M3MEPSITh TEPEMEHHbIC
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HanpspkeHust oT 1 B no 1000 B B wactorHoM auanaszone curdama ot 45 I'mp qo 1
kl'n. BxonHble compoTuBIICHHS HE BelaWKW. [Ipu »TOM cieayeTr OXuaarh, 4TO

BXOOHOC COIIPOTHUBIICHUC BO3PACTACT C pOCTOM IIPCACIId U3MCPCHUA.

R Ruos Bonbmmemp
A06 a—
[ | S
| S
UMSM
Uuam M A unu Fos

unu i Vi u(t)msm

u(t)nsm
BnexkmpomazHumHsbili
MexaHu3m

BnexkmpomazHUMHbIT MexaHu3m

Pucynox 4.26 — CrpyKTypsl BOJBTMETPOB Ha 0a3e 3JIEKTPOMArHUTHOTO

MEeXaHu3Ma
4.2.1.2 BoabTMeTPbI BHINPAMHUTEIBHOM IPYNIbI

Mp1 yxe 3HaeM, IO KaKOW IPUYMHE CO3JAK0TCS aMIIEPMETPBI BBIIPSIMUTEIBHON
cuctembl (cM. pasnen 4.1). BonbT™merp, Kak U paHee, cO31aéTcsl U3 aMIlepMeTpa
nyTEM MOJKIIIOUEHUS 100aBOYHOTO COMPOTUBIICHHUS.

B kadectBe nmpumepa paccMOTPUM XapaKTEPUCTHKU CEMEMCTBA BOJBTMETPOB
DB2265, co3naHHOro Ha pacCMOTPEHHBIX OCHOBaX (pUCYHOK 4.27).

[Ipenensr uamepenuii, B — 5; 15; 30; 75; 150; 300; 600.
Knaccel Tounoctr — 0,2 uim 0,5.

["abGapuTHbIE pa3mepsl, MM — 243%200%100.

Pabouee nonoxeHue mKaabl — TOPU30HTAIBHOE.

Macca, r — 3000
Pabounit remnepatypusiii Auanasol, °C — 10...35
OTtHOCHTEbHAS BIIAXHOCTH, % - 80 mipu t°=+20 °C

Pucynok 4.27 — Bun u XxapakTepucTUKH 1a00paTopHOTro BosbT™METpa DB2265

DA2265 — ananoroBblid OpuOOp NPSIMOrO JEHCTBUS, BBIIOJHEH B BHJE
U3MEPUTENISl IOCTOSTHHOTO TOKA C BhIIpsIMUTENEM. M3MepuTens MOCTOSIHHOTO TOKa
MarHUTO3JIEKTPUYECKON CUCTEMBI CO CTPEJOYHBIM YyKa3aTeleM U PaBHOMEPHOMN

mKanon uHout 150 MM, ¢ aumunapaniakcuvim yCTPOUCTBOM.

HanuM nosicHeHue. AHTUIIApaIIaKCHOE YCTPOMCTBO 3TO 3€pKalibHAs MOJIOCKA,

KoTopass 1o (opMe TMOBTOpSET MAYry IIKajdbl M TIO3BOJIAET YMEHBIIUTH

17



Penaxuus or 18.02.2018 r

nocpeuwHocms CcuumsvléaHusd pesylbmamad. I[J'ISI 9TOI'O H€O6XOI[I/IMO CUUTHIBATH

PE3yJbTaT OJHUM I'JIa30M TakK, YTOOBI CTpCJIKa U e OTPaAXCHUC B 3CPKAJIC COBIIAIIN.

JlabopaTopHble BoOJbTMETPHl OB2265 — MHOrompeaeibHble MNPUOOPHI,
npeaHasHaueHHble i u3MepeHuss CK3  HanpspkeHus MEepeMEHHOTO TOKa
CHHYCOUJAJIBLHOW — M TOJbKO, (opMmbl. Jlnama3zoH 4YacToT H3MEPSIEMOTO
HanpspokeHust ot 45 go 1000 I'm. BonbTMmeTphl NpUMEHSIETCS MPU MOBEPKE U
KaJIMOpPOBKE MEHEE TOYHBIX NPHOOPOB, a TaKXkKe, JJIA MPOBEPKUA IMApaMETPOB

U3JICITAIA TIPH UX TIPOU3BOJICTBE, KOHTPOJIC U HCTIHITAHHSIX.
4.2.1.3 BoabTMeTpPbI 3JIEKTPOHHbIE

B oTnnune oT 35€KTPOMEXAHNYECKUX AHAJIOTOBBIX BOJIBTMETPOB 21eKMPOHHbIE
sonommempubl (BO) HUMEIOT B CBOEM COCTABE 2.1€KMPOHHbIE YCUIUMENU
Hanpsdicenus — OTCI0Ja Ha3BaHKWE BOJBTMETPOB. HanpspkeHns MallbIX 3HAYCHUM
npeoOpa3yeTcsi B 3TUX NPUOOpax B MOCTOSHHBIN TOK, KOTOPBINA MTPOTEKAET 3aTEM B
U3MepUTenbHOi KaTtymke MOUM, mikana KOTOporo epadyupyemcsi B eAMHALAX

HaIIPAKCHUA — BOJIbTaXx.

VYrpoiiieHHas TUNIOBas cxeMa BO MOCTOSAHHOT0 TOKA COCTOUT U3 TPEX
OCHOBHBIX Y3JIOB: 6X00H020 Oelumens HaTIPSKEHUS, YCUIumens MoCTOSTHHOTO
TOKa, MOJKJIFOYEHHOTO K €T0 BBIXO/1Y — BCE 3TO T.H. 8x00usbie yenu (BxL]), u

MA2HUMOIIeKMpUu4ecko2o MUKpoamIepMeTpa (pucyHok 4.28).

o * | nepexniovamens
1 "@ ol ouanaszonoe
bt 1
ém

BxoO0Hble yenu

Yeunutenb

~

Pucynok 4.28 — CTpykTypa 3JeKTPOHHOTO BOJIBTMETPA IMOCTOSTHHOTO TOKA

Jlenurenb HampspKeHHUs OOECIIEYMBAET BBICOKOE BXOJHOE COIPOTUBIICHHUE
DJIGKTPOHHOTO BoJbTMeTpa (He MeHee 1 MOM). Koagguyuenmol Oenenus u
ycunenwuss MOXKHO JUCKPETHO pPETyJIHpoBaTh BpYy4YHYIO, dYTO Jemaer BDO
MHO200UANna30HHbIMU. 32 CYET BBICOKOTO KO3 duiuenTa ycuienus ycunurens BO

o0ecreunBaeT MOJIb30BATEII0 BBICOKYIO YY8CMEUmMenbHOCHy (IPyTUMH CIIOBaMH,
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MOXXHO M3MCpATb, B TOM UYHUCIIC, CPAaBHUTCIBHO MaAJIbIC HaHp}I)KeHI/IH) I10

CPaBHCHHUIO C 2JIEKMPOMEXAHUUECKUMU.

B crpyktypy BD s u3MepeHusi mnepeMEHHBIX HampsbKeHUM J00aBlieH

JICTEKTOP, KaK 3TO ObLIO CAEIaHO paHee I aMIIepMeTpoB (pucyHok 4.29).
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Pucynok 4.29 — CtpyKkTypa 3JIeKTpOHHOTO BOJIBTMETPA MEPEMEHHOTO TOKa

B kauectBe mpumepa Ha pucyHke 4.10 mpencraBien oOmuil BUA, a pAIOM —
XapaKTEPUCTUKU 3JEKTPOHHOIO MWUIMBOJIBTMETPA TMEPEMEHHOTO TOKa THUIA

B3-56.

Boastmerp B3-56 mpenHazHaueHbl A1 M3MEPEHUS CPEIHEKBAIPATHUECKOIO
3HAYCHUsl HANPsDKCHUS IIEPEMEHHOTO TOKA CHHYcOMAAAbHON ¢(opmbl. Illkaiel
npuOOpoOB  MPOrpajiyMpoBaHbl B  CPeAHEKBAJAPATHYECKHUX  3HAYEHHMAX
CHHYCOUJAAJILHOI0 HATIPAKCHUSA.

[IpumensroTcss s OPOBEPKH, HANaAKA W PEMOHTA  Pa3JINYHOM
PaAMOTEXHUYECKON ammapaTypbl MW anmaparypbl CBsS3M B Ja0OpPaTOPHBIX,

IMIPONU3BOACTBCHHBIX, d TAKIKC B ) KCCTKHUX YCJIOBUAX SKCILIYaTallUH.

[Tpenenst uamepenwnii, MB — 1; 3; 10; 30; 100. ITpenenst

— usmepenuii, B — 1; 3; 10; 30; 100; 300.
© © MUWAAVBOABTMETP  B3-56 )
YactoTHbll Auana3oH Hanpspkenuit, [ —45... 10°.

Kmnaccel TouHOCTH — 2,5 B yacTOTHOM auanaszone 45 Iy ...200

KFI_I; 4 — Ha oCTaNbHBIX YacTOTaX.

pu ["aGapuTHbIE pa3mepsl, MM — 168x206%328.
d8 mV V dB  cere

i 9 | Macca, xr — 6.
L

20 100 )
BXOD .30 o~ ~ 10«20

&= e . ! Pabounii Temneparypusiii quanasos, °C —-30...+50
)

100 <20

%0 3
30
-0 | 300 (b

OTHOCHUTEBHAS BIAKHOCTB, % — 98 mipn t° = +35 °C.

19



Penaxuus or 18.02.2018 r
Pucynok 4.30 — Bueninuii BUa 1 OCHOBHBIE XapaKTEPUCTUKH BoJIbTMeTpa B3-56

Haunbomee pacrnpocTpaHCHHBIC aHAJOTOBBIC  3JICKTPOHHBIC  BOJBTMETPHI
TTO3BOJISIOT U3MEPSITh HAIPSDKCHUS OT 10° (MHKPOBOJIBTHI) JIO 10°B (KUJIOBOJIBTHI)
B "4acTOTHOM auamazoHe or 10 I'm 1o 10° ['y (rurarepiisl). 3nHauenus npedenos
OCHOBHOU NPUBEOEHHOU NOoZpewHOCmy 3aBUCIT OT JWana3oHa HW3MEPCHHHA U

YacTOThI U3MEPSAEMOTO HAMPSIKEHUSI U COCTaBIAIOT 00b14HO £ (0,5 ... 5,0) %.
4.2.1.4 BoabT™MeTpbl HU(POBLIE

Hudpossie BosbTMeTpHI (LIB) — coBpeMeHHbIN 1 HanboJiee pa3BUBaEMbIi KJlace
BOJILTMETPOB  (pucyHok 4.31). DTO AJIEKTPOHHBIE BOJBTMETPHI, KOTOpPbHIE
MPUBJIEKAIOT CIOCOOOM OTOOpaKeHHUs pe3yIbTaTOB M3Mepenus. s oToOpaxeHus
UCIIOJIB3YIOTCS T.H. Yyugposwvle oucnieu, COCTOSIINE U3 HECKOJIBKUX IECATUYHBIX

uudp — aexan. Yem Oodibliie qekaja B AUCIUIEE, TEM TOUHEE MpUOOP.

Pucynok 4.31 — KoHCTpYKTHBHBIE Pa3HOBUIHOCTH HU(PPOBBIX BOJBTMETPOB

[IB oTiau4aroTcss OT paHEe ONHUCAHHBIX HHUQPPOBBIX aAMIEPMETPOB TOIBKO
ocoOeHHOCTsIMU BXOnHbIX 1erier (BxL]), HazHaueHHMe KOTOPHIX — OOECIEYUTH
HEOOXOJIMMOE COTJIaCOBAaHHME XapAaKTEPUCTUK H3MEPSEMOro HalpsDKCHHS C
BO3MOXXHOCTSIMU 3JIEKTPOHHBIX MPE0Opa30BaTEIIbHBIX CXEM BOJIbTMETpa. I aBHas
dbyukmusa BxI] aTo macmtabupoBaHue CUrHala: €CJId CUTHAJI OTHOCUTEIBHO Mall,
To BxI] ero ycuimBaroT, €cliv BEJIMK, TO YMEHbIIAKOT. [Iepekitouenne quana3oHoB
U3MEPEHUS OOBIYHO OCYIISCTBIISICT IOJB30BATENh C IOMOIIBI0 MEXaHUYECKOTO
CEKTOPHOT'O WJIM KHOIIOYHOTO IIepeKIoYaTesIsl Ha JIMIICBOM ITaHEeNIH NpHoOopa,
OJHAKO BXOJIHBIE IIeMM HEKOTOpbIX LB HaxeneHwl 3amedarebHBIM CBOMCTBOM —

ABTOMATH4YCCKH BblﬁﬂpaTL AUAIIA30H U3MECPCHUS.

Hpyras ¢gyukmus BxIl — 3amura Bxoga LIB oT meperpys3ku, Bo3HUKaroUIeH,
KOI'JIa Ha BXOJ HECAaHKLIIMOHUPOBAHHO MOJAETCS OMACHO OO0JIBLIOE HANPSIKEHUE.
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C yuyé€ToM CKa3aHHOTO, MOXXHO YTBEPXKIaTh, YTO CTpykTypa LIB mosHOCTBIO

COBIIJIaCT CO CTPYKTYypoii nudpoBoro ammepmerpa (cM. pucyHok 4.18).

B kauectBe mpumepa coBpeMeHHBIX [[B paccMoTpuM OTHOCHUTEIBHO MPOCTOM
Wumoeou BOJILTMETP.

B NHC-®1 (pucynok 4.32). [Ipubop npenHasHaueH A U3MEPEHUN B CETAX
NEPEMEHHOTO TOKA, BCTPaMBACTCS B DJIEKTPOTEXHUUECKHE UIUTHI U IIKa(BI.
[Ipubop wumeer omuH nuamna3on wusmepeHus. HMsmepser CK3 mepemeHHOTO

HaIpPsHKEHUS, UMEIOIIEro Kak CHHYCOUIAIbHYIO, TaK U HCKAXKEHHYI0 (popmy.

Juana3on n3mepenus, B —0...264

[lorpemnocts usmepenus, % — + 0,5 B HOpMaJbHBIX
e YCJIOBUSX M B Mana3oHe Hanpsokenuit 220B+20%.
Juana3on pabouux temneparyp, °C — munyc 20...+50.
Hanpsoxenue nutanus, B — 90...264.

MomHocTh moTpebienus, He 6onee, BA — 4.
TaGapuTHBIE pasMepsl, MM® — 76x34x70
Macca, "e 6onee, T — 500

Pucynok 4.32 — BHentHmii BUI 1 OCHOBHBIEC XapaKTepUCTHKH muToBoro 1B
tuna UHC-®1

MsbI paccMOTpend MPOCTOW M IEMIEBBIM BapHaHT, KOTOPHIE CO3/aH Ha OCHOBE
OJIHOM-IBYX MHTETpaJIbHbIX MUKpocxeM. [lInpoko ucnonw3yrorcs 6ojiee Toporue
1B, xoTOpBIE UMEIOT XOPOITUE METPOJIOTUUECKUE CBOMCTBA U CIIOKHBIC (PYHKIUH.

Takue 1IB co3naroTcs Ha ocHOBE Oo0Jiee CIIOKHON CTPYKTypa, peACTaBICHHON Ha
pucyske 4.33.

v

v vP |
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U ; Allll VO

Macirabupo-

WIHN % BaHHMsI
Il(’) BXOZHOTO
MK - muxpokonmponiep VT I
VP - yempoiicmeo pecucmpayuu
iy oo > = BbIX. K01
YO - yempoiicmeo omobpasicenus
iy

CHUI'HaJ1a
VT - yempoiicmeo mpancaayuu

HNcTouHUK NUTAHUS

Pucynox 4.33 — O600ménHas cTpykTypa MUKporpoiieccopHoro [1B
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KitoueBasi 0COOEHHOCTh 3TOW CTPYKTYpPhl — HAJIMYUE MHUKPOKOHTPOJLIEpA.
Hamomuaum, uto coBpemenHbii MK criocoOeH kak yrmpaBisTh BCEM CTPYKTYpOH
KOHEYHOTO W3JeNus, Halpumep, udpoBoro npudopa — 3T0 ero OCHOBHAs 3ajaua,
TaK M OCYIIECTBISITh BBICOKOIPOU3BOAUTENIBbHYIO OOpabOTKY H3MEpPUTEIbHON
uHboOpMallMy, KOTOpass B BHJE MPEIBAPUTEIbHO OLU(DPOBAHHBIX 3HAYCHUUN
noctynaer B Hero ¢ Beixoga ALIIl. B Hekoropeix ciuywasx ALl saBisercs

BCTPOCHHBIM (DYHKITMOHAILHBIM PECYPCOM MHKPOKOHTPOJIIEPA.

Pesynbratel usmepenuidi B CU yTunmsupyrorcs B OOIIEM ciay4yae Tpems
croco0amu: OTOOpaKalOTCS Ha JUCIUIeE, PETUCTPUPYIOTCS TEM WIM HHBIM
CIIOCOOOM B YCTPOMCTBaxX  pETUCTpAallMM, TPAHCIUPYIOTCS  yAAJIEHHOMY
NOTPEOUTENIO.

YacTto Bce 3Tu (PyHKIMU B OJHOM u3AeauM He peanusyercs u CU monydaror

yCEeUEHHBIE CTPYKTYPHI (pUCYHOK 4.34).
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CHCTEMHBI BOIBETMETD VsmeputensHeLi npeoOpasopaTern

Pucynox 4.34 — TumnoBble CTPYKTYpbl COBPEMEHHBIX ITU(MPOBBIX U3MEPUTEIICH
HaIPSHKCHUS

B 3aBrcuMOCTH OT peanu30BaHHOU CTPYKTYPbI TAKUE U3MEPUTEIN HAIIPSIKECHUN
MOTYT Ha3bIBaThCA pPETUCTpaTOpaMHu, BOJBTMETPAMU C PETUCTPUPYIOIIUMHU
GyHKUUSIMH, HM3MEPUTENIbHBIMUA — IIpeo0pa3oBaTeIsiMU, NpeoOpa3oBaTEsIMU  C
PETUCTPUPYIOIMMHU  (DYHKIIMSMHU, HW3MEPUTENIbHBIMU MPUCTABKAMU U MPOCTO
BOJIETMETPAMH.

B kauectBe nmpumepa cnoxHoro LB paccmorpum BosibTmeTp CB3010 (pucynok
4.35).
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Pucynok 4.35 — Buenrnuii Bua uugposoro BosnstMerpa CB3010

Onucanue W OCHOBHbIe XapakTepucTukum BoabT™Merpa CB3010.
[IpennazHayeH [ M3MEpPEHUM HanpsbKeHWs mnoctossHHoro Toka u  CK3
HanpsDKEHUsT TNepeMeHHoro Ttoka yactorod ot 40 mo 1500 TI'm. Moxker
UCIIOJIb30BAaThCSl B KayeCTBE TOUYHBIX pabO4YMX NpuOOpOB, a Takxke padoumx
ATAJIOHOB JJI1 MOBEPKHU MPHOOPOB MOCTOSIHHOIO M INEPEMEHHOI0 TOKa KJIACCOB

tounoctu 0,3 u 6onee rpyosix. [1o 3aka3y BeimyckatoTcs ¢ unrepdeiicamu RS232
i RS485.

OcHoBHBIE XapaKTEPUCTUKU.

[Ipenensr mamepenui, B — 7,5; 15; 30; 60.

[Ipenensl OCHOBHOM MPUBEAEHHOM NOTrpemHocTH, % — 0, 1.
Bxonnoe conporusienue, He Mmenee, kOm — 100.
Hanpsbxkenue nutanus NOCTOAHHOTO Toka, B —9 ... 18.
[ToTpebisiemas MOLITHOCTD, HE OoJiee, BT — 5.

T'aGapuTHBIE pa3sMepsl, MM° — 225 x 100 x 200.

Macca, ne 6oxaee, kr — 1,0.

Juamazon pabouux temmeparyp, °C — ot +5 no +40.

OTHOcuTeNnbHAs BIaXHOCTh Bo3ayxa npu 25 °C, % — mo 90.
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[TPUJIOXXEHUE 4A

I'pagynpoBka mKajdbl JJIeKTPOHHBIX W  OU(POBBIX  BOJLTMETPOB

IMMEPEMECHHOI'0 TOKA

B3O nepemennoco TOKa CTpOSITCS C NPUMEHEHHEM T.H. demekmopos (Uiu
usmepumenvrolx  evinpsamumeneu). WX  HazHauyeHne — npeoOpa3zoBaHUE
MIEPEMEHHOTO HAMPSDHKEHUS B MOCTOSHHBIA TOK, C TE€M, YTOOBI €r0 3aTeM MOXKHO

OBLTO U3MEPHUTHh MAarHUTOYJICKTPUIECKUM MexanuzmoM (MOUM; pucyHok 4.111).
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Pucynox 4.111 — TunoBasi cTpyKTypa 3J€KTPOHHOTO BOJIBTMETPA MEPEMEHHOTO
TOKa

Ha mpakTuke peann3yroTcsi TPH Pa3HOBUIHOCTH JIETEKTOPOB:

- amnaumyonozo 3Hauenus U,. [Ipeobpa3yeT MakcuManbHOE (aMIUTUTYIHOE)
3HAYCHHUE TICPEMEHHOTO HANPSOKEHHUSI B TOCTOSIHHOE,

- cpedHesvinpaMaeHHo20 3HadeHus. [IpeobpasyeT cpeTHEeBBIIPSIMIICHHOE
3Ha4YCHHE MepeMeHHOro HanpsokeHus U, = (1/7)-[Ju(t)|-dt B mocTostHHOE;

- cpednexsaopamuueckozo™) 3nauenus (CK3). [Ipeodpasyer
CpeIHEKBaIPATHICCKOE 3HAYCHHE epeMeHHoro Hanpspkerms U = \(1/7)-[Ju’(t)]-dt

B ITIOCTOAHHOC.

IMpumeyanue — DTOT mapaMeTp YaCTO B IUTEpaType 0003HAYAIOT MO-IPYTOMY: cpedHee
Keaopamuueckoe, cpeoneksaopamuyroe; NeucTpyroiiee, 3GPeKTuBHOE.

Herektop CK3 emé HaswiBaroT oemexmopom ucmunnoeo CK3 (true RMS).
Jleso B TOM, 4TO UMEHHO 3TO 3HAYCHUE HHTEPECYET KOHEYHOTO MOIh30BATEIIS.

Ha nmpumepe Hopmuposannozo CUHYCOUWIAILHOTO HANPSOKCHHS  BHIA
u(t) = 1-sin ot, na rpadpuxe (pucynok 4.I12) mokazaHbl 3HAYCHHUS BCEX TPEX
napaMeTPOB CHHYCOUAAIBLHOIO HANPSHKCHMS. 3HAUYEHHUS apaMETPOB PacCUHUTAHBI

110 U3BECTHBIM COOTHOIIeHUsIM: U= Ua/\/2; U.,=U/1,1.
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Pucynok 4.112 — [TapameTpbl CHHYCOUJANBHOTO HAPSKEHUS

Baxno 3HaTh, 4yTOo He3aBucuMO OT Buaa /[l mkansl BD  epadyupyromcs
OJIHOTUIIHO: B  CPEAHEKBAJAPATHYECKHX 3HAYEHHUSX CHHYCOHIAJIBLHOIO

HANIPSKEHUS.

Hamum mosicienue. CoOepéM cxeMy M3 3TaJIOHHOTO TeHepatopa U TpEX
AIIEKTPOHHBIX BOJBTMETPOB ¢ pasHeIMH JeTrekTopamu (pucyHok 4.I13). C
MOMOIIBIO TIEPEKIIIYATENsI Ha TeHepaTope OyJeM MociieIoBaTelIbHO (hOPMUPOBATH
9MANOHHblEe 3HAYeHUs™) CHHYCONAATbHBIX HanpsikeHnii: 1 B,2 B, 3B, 4B, 5B
u 6 B. D10 cpenHekBapaTHICCKUE 3HAUCHHS CHHYCOUIATBHBIX HAMPSOKCHUA — TaK

IIPUHATO I'paAyHPOBATh HIKAJIBI TCHCPATOPOB.

HarmomunaeM, 4TO 3TaJIOHHBIMU CUMTAIOTCS HAMIPSHKEHUS 3aBEIOMO OOJIBIICH TOUHOCTH, YEM
TOYHOCTbH MPOBEPAEMBIX BOILTMETPOB. Kputepuii — ne menee, uem 6 mpu paza bonee mounsie.

2 3 4

B3 c amnnutyaHbIm

[eHepaTop ETSKTOON

3TanoHHOro
CuUrHana

Pezynamop esixodHoeo :)1)/‘\1\{ B 9
HanpAXesus &
i — N ,\ C AETEKTOPOM

</}

:/,-‘\{’ > CpeAHeBbINPAMIIEHHOIo
o, &

b 3Ha4yeHunsa

Q>}<~I\SF B3 ¢ peTekTopom

CpeaHeKBaLpaTn4YecKoro
3HaYeHuns

true RMS

Pucynoxk 4.113 — Cxema rpaagyrupoBKH 3JIEKTPOHHBIX BOJIBTMETPOB
be3 yd€ra mOrpemHOCTH W3MEPEHHsI CTPENKH Ha MIKaIax MOAKITIOYEHHBIX
BOJIbTMETPOB ~ OyIAyT TOBTOPITH (OpMHUpPYEeMBIE T'e€HEpaTOpoOM  3HAUCHUS
HanpspkeHul.  [[pyrumu  cioBaMM, HE3aBUCHMO OT BHUAA PEaTU30BAHHOIO
JIETEKTOpa, BCE BOJBTMETPHI OYAYyT TOKa3blBaTh OAHO M TOXKE 3HAUCHUE —

CPCAHCKBAAPATUICCKOC 3HAYCHUC ITOJaHHOI'O HAITPSAKCHHA.
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[IporpanyupoBaHHbie TaKUM 00pPa30M BOJIBTMETPHI MOT'YT MCIOJb30BaThCS IS
U3MEPEHUS CMHYCOMIAJBHBIX HAIPSIKEHUM HAa paBHBIX yCIOBUAX. VX moka3aHus
OyIyT pa3nuyaThCsl TOJBKO B COOTBETCTBUU C KJIACCAMU TOYHOCTH.

Opnako, ecnu Mbl OyJeM HU3MEpATHb IMEPEMEHHbIE HAIpPSHKEHUS, UMEIOIINe
apyrue (GopMbl BpEeMEHHBIX 3aBHUCHUMOCTEH (MPSMOYTOJNBHBIC, TPEYTOJIbHBIC,
UCKaXEHHAs CHHYcOMJa U T.1.), TO T[IOKa3aHUsi PACCMOTPEHHBIX BHIIIE
BOJILTMETPOB OyAYT pacXOAUThCA, T.K. B COOTBETCTBUM C PACCMOTPEHHBIMU
OCOOCHHOCTSIMU ~ MPUMEHEHHBIX  JIETEKTOPOB  CTPEJIKA IpuObOpoB  OyayT
OTCIIC)KMBAaTh  COOTBETCTBEHHO:  aMIUIUTYAY, CPEIHEBBIIPSIMIECHHOE  WJIHU
CPEIHEKBAAPATUYECKOE 3HAYECHHE H3MEPSEMOr0 HAIMPSIKEHUSI COOTBETCTBEHHO.
JIn HECMHYCOMJANbHOTO HAINpPSXKEHUS PAacCMAaTPUBAEMbIE IMAPAMETPHl MOTYT
CYILLIECTBEHHO Pa3InyaThCs.

BaxHblil BBIBOJ 3aKJIIOYAETCS B TOM, UYTO €CJIIM Mbl HE 3HaeM (opMy KpUBOH
MU3MEPSIEMOT0 HAMPsHKEHUs, TO BOM30EKaHUM JIOTIOJTHUTEILHON OIIMOKH, TOJKHBI
UCITI0JIb30BaTh BOJBTMETPHI CO CPEIHEKBAIPATHUECKUM JETEKTOPOM — OH OyJeT

HU3MCPATH BCCT A HpaBHJIBHO!
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