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3ananme k padore «<USMEPEHUE HECUHY COUIAJBHBIX
HAIIPSIXKEHUHA ITPUBOPAMMU PA3JINMYHBIX CUCTEM»

OnpenenuTs pe3ysIbTaT U3MEPEHNS HECUHYCOMIAIBHOTO HAPSKEHHUS
(tabmuua Nel) crnegyromumu npudopamu:

1. MarHuTO31EKTPUYECKUM BOJIBTMETPOM

2. BeIpssMUTEIBHBIM BOJIBTMETPOM

3. DJIEKTPOMarHUTHBIM BOJIBTMETPOM

4. DneKTpoAMHAMUYECKUM BOJIBTMETPOM

5. DIIEKTPOCTATUYECKUM BOIBTMETPOM

6. DIEKTPOHHBIM BOJIBTMETPOM C AMIUTUTYAHBIM IETEKTOPOM TpU
OTKPBITOM U 3aKPBITOM BXOJIE

7. DIIEKTPOHHBIM BOJIETMETPOM C JIETEKTOPOM JIEUCTBYIOIIMX 3HAYEHUI
IIPU OTKPBITOM U 3aKPBITOM BXOJIE

8. DIEKTPOHHBIM BOJBTMETPOM C JETEKTOPOM CPEIHEBBIIPSIMICHHBIX
3HAYEHUN C OTKPBITHIM U 3aKPBITHIM BXOAaX

9. DNEKTPOHHBIM MMUKOBBIM BOJIBTMETPOM C OTKPBITBIM U 3aKPBITHIM
BXOJIaM.

[Ipu BBINIOJIHEHUU PE3YIHTATOB U3MEPEHHSI HEOOXOIUMO MPUBECTU CXEMY
COOTBETCTBYIOILETO JIETEKTOPA C OTKPBITBIM U 3aKPBITHIM BXOJIaMH.
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1 BBeaenmue.

DJIEKTpHYECKHE U3MEPCHHSI 3TO-
U3MEPCHHE JICKTPHUSCKUX BEIIMYNH, TAKHX, KaK HAIIPSDKEHUE, COMTPOTUBIICHHUE, CH
J1a TOKa, MOITHOCTh. I3MEepeHHUSIIPON3BOASTCS C TIOMOIIBIO PA3IHUHBIX CPEJICTB -
HU3MEPUTEIIBHBIX TPHOOPOB, CXEM U CIICIHATBHBIX YCTPOHCTB. THITH3MEPUTEITBHOT
0 puOOpa 3aBHCUT OT BUJIAa U pa3Mepa (Inuana3oHa 3HAaYCHUI) U3MEPSIeMOI BeJTuY
WHBI, a TAKXKe OTTPeOyEeMOM TOUHOCTH U3MEpEHHs. B aJIekTpruecKuX n3MepeHusIX
UCIIOJIB3YIOTCSI OCHOBHBIC equHUIIBI cucTeMbl CH:BosbT (B), oM (Om), dhapama (D),
reup (), ammiep (A) u cexynza (c).

DIIEKTPUYECKOE U3MEPEHNUE -
3TO HaXOXJIeHHE (IKCTICPUMEHTAIBHBIMU METOAaMH) 3HAYCHUS (PU3NICCKOMBEITNY
WHBI, BBIPAKEHHOTO B COOTBETCTBYIOIIMX eauHUIaX (Hampumep, 3 A, 4 B). 3HaueH
Usl SIMHULL DJICKTPUICCKUXBEITNIHH ONPECIISTFOTCS MEKYHAPOIHBIM COTJIAIICHNE
M B COOTBETCTBHUH C 3aKOHAMHU (DU3HWKHU M eIUHUIIAMIMEXaHUIeCKIX BenanH. [Toc
KOJIBKY "TIOJiepKaHue" eMHUIL AICKTPUICCKUX BEITUIHH, OMPEACIIIEMBIXMEXTYH
apOJHBIMU COTJIAIIICHHUSIMH, COTIPSDKEHO C TPYAHOCTSIMH, HX HPEACTABIISIOT "IPAKT
WYCCKUMH' ATATOHAMHEIUHUI] JICKTPUICCKUX BEIHUWH. TaKue dTaOHBI MOIIEPK
UBAIOTCS TOCYIaPCTBEHHBIMU METPOJIOTHUSCKUMUIA00paTOPUSIMHU Pa3HBIX CTPaH.
Hanpumep, B CIIA 1opuanyuecKyro OTBETCTBEHHOCTb 3a MOJICPKaHUEe dTAIOHOBE]]
WHUI] SJICKTPHYSCKUX BEJIMYUH HeceT HarmoHampHBIA HHCTUTYT CTAaHIAPTOB U TEX
HOJIOTHUH. BpeMst 0T BpeMEHHITPOBOIATCS 3KCIICPUMEHTBI 10 YTOYHEHHUIO COOTBETC
TBUS MEX/Ty 3HAUCHHUSMH TAJIOHOB €TUHUIT SJICKTPHUUCCKUXBEIIMYNH U OIIPEICIICH
ussmMu 3TuX enuanil. B 1990 rocymapcTBeHHBIC METPOJIOTHUECKHE JTA0OPATOPHUHITPO
MBIIIJICHHO Pa3BUTHIX CTPaH MOAMKMCAIN COTJIAIICHHE O COTVIACOBAaHUM BCEX MPAKT
WYECKUX ITAIIOHOB SIUHUIDIICKTPUUCCKUX BETMUNH MKy COOOH M ¢ MEeXIyHAPO
JHBIMU OTPEACICHUSAMH SAMHHUILL THX BEIHMUNH. DJICKTPHUCCKHAE U3MEPCHHUS IIPOBO
JSITCSL B COOTBETCTBHH C TOCYIaPCTBCHHBIMU ITAJIOHAMH SAWMHHMII HAITPSDKCHUS NCH
JI6I TIOCTOSTHHOT'O TOKA, COMTPOTUBJICHHSI IIOCTOSTHHOMY TOKY, HHAYKTHBHOCTH M €MK
octu. Takue 3TajOHBIIPEACTABIAIOT CO00M YCTPOHCTBA, MMEIOIINE CTAOUIbHBIC T

CKTPHUYCCKHNC XaPAKTCPUCTUKH, UJIN YCTAHOBKH, BKOTOPBIX Ha OCHOBC HCKOCTO (I)I/I3
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WYECKOTO SBJICHUS BOCIIPOW3BOIUTCS AJICKTPUUECKAs BEIMYUHA, BEIYHUCIIIEMAs TI0
W3BECTHBIM 3HAYCHUAM (yHIAMEHTATBHBIX (PU3MUECKUX KOHCTAHT. DTAJIOHBI BATT
a U BaTT-

yaca HemoJJIEP>KMBAIOTCS, TaK Kak 0oJiee 11eJ1eCO00pa3HO BEIYUCIIATh 3HAUEHUS 3T
WX CJIMHUII 110 ONPEACIISIIONTUMYPaBHCHHUAM, CBS3BIBAIONIUM UX C SIUHUIIAMH JPYT

HnX BCIIMYHUH.




2 KpaTtkue cBeieHns1 00 3JIeKTPOM3MEPHUTEIbHBIX PUOOpaX.

2.1 YcrpoiicTBO M IPUMHIMI 1efiCTBUS ¢ MATHUTOYIEKTPHYECKOH CHCTEMOA.

MarHuTo3JeKTpUYECKUA U3MEPUTENBbHBIN MeXxaHu3M (puc. 2.1,a)
BBITIOJIHEH B BHJIE IOCTOSTHHOIO MarHuTa 1, CHa0KEHHOTO MOJIIOCHBIMU
HAaKOHEYHUKAMHU 2, MEK]1y KOTOPBIMHU YKPEIUIEH CTaIbHOM CEPACYHUK 3. B
KOJIbIIEOOpa3HOM BO3AYIIIHOM 3a30p€, 00pa30BaHHOM IOJFOCHBIMU
HAaKOHEYHUKAMU U CEPACUYHUKOM, IIOMELIEHA IIOIBU)KHAsL KaTyIlIKa 5, HAMOTaHHAas
Ha aJTIOMUHUEBBIN Kapkac 6 (puc. 2.1,0). KaTtymika BbllioiHEHa U3 OYE€Hb TOHKOTO
IIPOBOJA U YKPEIUIEHA HA OCH, CBA3aHHOM CO CTPEJIKOM CIIUPaAIbHBIMU IIPYKUHAMU
4 wnm pacTsoKkamu. Yepes 9TH ke NMPYKUHBI WA PACTSKKA OCYIIECTBIISAETCS

IMOoABO/ TOKA K KAaTYUIKC.




bLviwiinddy g,

Puc. 2.1-YCTpOﬁCTBO MAarauTO3JCKTPUICCKOI'O U3BMCPUTCIIbBHOTO MCXaHHU3Ma

[Ipn nmpoxoxzaeHnn Toka | mo KaTymike Ha KaKIbIM M3 €€ NMPOBOJHUKOB
Oyner JAelcTBOBaTh »dJEKTpOMarHuTHas cuwia. CymMMmapHOe [IeWCTBHE BCEX
JIEKTPOMArHUTHBIX CHJI CO3JaeT BpalllalolIMi MOMEHT M, crpemsmuics
HNOBEPHYTh KaTYILIKY U CBSI3aHHYIO C HEW CTpENIKy NMpubopa Ha HEKOTOPBIH Yrod o.
Tak Kak MHIyKIUSA B MarHuTHOrO IIOJIs, CO3/1aBAa€MOr0 IOCTOSSHHBIM MAarHUTOM,
HEU3MEHHA U HE 3aBUCUT OT TOKa I, To

M =cal (1)

rae CL— TOCTOSIHHAs BEJIMYMHA, 3aBHCSINAs OT KOHCTPYKTHBHBIX
rapaMeTpoB JJaHHOTO IpHOOpa (Yuciaa BUTKOB KaTYIIKH, €€ pPa3MepOB, HHAYKIIUU
B B BO3my1iHOM 3a30pe).

[ToBOpOTY MOABMKHOW YaCTH M3MEPUTEIBHOTO MEXAaHHW3Ma IPEMATCTBYET
IIPOTUBOJEUCTBYIOIUNA MOMEHT M,;p, CO34aBaeMbIil CHHPAJIbHBIMU IIPYKUHAMU
WJIM PACTSDKKAMHU. DTOT MOMEHT IIPONOPLUUOHAIIEH YIIy 3aKpy4YMBaHUs, T. €. YIIIy
IIOBOPOTA 0. MOJABW>KHOM YaCTH; IIPU 3TOM

rae C2 — IIOCTOSIHHAsl BEJIMYMHA, 3aBUCSAINAS OT YKECTKOCTH CIUPAIBHBIX
MPYKUH UM pacTsHKeK. [ToBOPOT MOABMKHOM YaCTU U3MEPUTEIBLHOTO MEXaHU3Ma
U CTpENKH OydeT MpoJoJKaThCi JO TEeX MOop, MOKa Bpallaronuid MOMEHT M,
CO3/1aBACMBI TOKOM I, HE ypaBHOBECHUTCS IPOTUBOACHCTBYIOIIUM MOMEHTOM M.
B momenT paBHOBecus M = My, OTKyZia IOy YUM:

a= (c1/c2) 1 =kl (3)




CrnenoBaTenbHO, Yrojl MOBOpPOTa a MOJBHKHOM YacTU NPOINOPLIMOHAIEH
u3MmepsemMomy ToKy [. IloaToMy MarHuUTO3JE€KTpUYECKUE MPUOOPHI HMEIOT
PaBHOMEPHYIO IIKAITy.

[TocTosiHHAs BeMUYMHA K HA3bIBACTCS Y)8CMEUMENbHOCMbIO NPUOOpa, OHA
XapaKTepUu3yeTcsl YrJioM MOBOPOTA CTPEJIKM B Tpaaycax WU B JICICHUSIX IIKaJIbI,
MPUXOSIIIIMUMCS Ha €IUHUIY U3MEHEHUS U3MEPSIEMON BEJIMUUHBI.

Benuuuna, oOpaTtHas 4yBCTBUTENIBHOCTH, C=1/K Ha3bIBACTCS HOCMOSHHOLU
npubopa, unu yernou denerus. ECIu yMHOXKUTH OTCUET I10 IIKaJIe Ha IEHY JIeTICHUs
npubopa C, TO MOXHO OIpPEACIUTh 3HAYCHHE H3MEPSeMON BeNMUYMHBL. J[7s
YCTpaHEHUs KOJeOaHUI MOABUAKHOM CUCTEMBI TPUOOpA MPHU MEPEX0JIe CTPEIKU U3
OJIHOTO TIOJIOXKEHHSI B JPYroe »3JICKTPOU3MEpPHUTEIbHbIE MPUOOPHI CHAOXKAIOT
BO3YIIHBIMU UJIM MarHUTHO-UHIYKIITMOHHBIMU JeMIi(pepamu.

Boznymnsiii nemmndep (puc. 2.2, a) BBHIIOIHEH B BHIE IWIMHIPHUECKON
KaMephbl, BHYTPU KOTOPOU MepeMeniaeTcsi Kppllo 1 B BUJE MOPIIHS, CBI3aHHOTO C
NOABWXKHONW cucteMoil. [lpm mnepemermeHuu IOABMKHOM YacTH IPOUCXOIUT
TOPMOXKEHUE JIBUXKYILErocs B Kamepe 2 Kpbula, U KoyieOaHUs MOJABIKHOM YacTu
OBICTPO 3aTyXaloT.

MarauTHO-UHAYKIIMOHHBIN femndep (puc. 2.2, 0) BBHIIOJIHEH B BHUJC
HEMOJIBMKHOTO TMOCTOSIHHOIO MAarHuTa 3, KOTOPBIM NP MOBOPOTE MOABHKHOMN
CUCTEMbl  MpUOOpa  HUHAYUUPYET BUXPEBbIE TOKM B  METAUIMYECKOM
(TIOMUHHEBOM) CEKTOpE 4, YCTAaHOBJICHHOM Ha OCH Ipubopa.

B3aumoneiicTBue 3TUX TOKOB € MarHUTOM CO3JA€T COTJIACHO IpaBUILY
Jlenna cuity, TOPMO3AILYIO TOABMXHYIO CHUCTEMY U 00ECIEUHBAIONIYIO OBICTpPOE
3aTyXaHue KoyieOaHuil cTpenku. B MarHurosnekTpuueckux mpudopax poib
nemrdepa BBITIONHSIET alIOMUHHUEBBIA Kapkac 6 katymku (cMm. puc. 2.1,0). [pu
MOBOPOTE TMOABIKHOM dYacTh mMpuOOpa M3MEHSETCS MAarHUTHBIM  TIOTOK,
MIPOHU3BIBAIONINI KapKac KaTymiku. brarogaps sTomy B Kapkace WHAYIUPYIOTCS
BUXPEBBIE TOKH, B3aUMOJICHCTBHE KOTOPHIX C MATHUTHBIM TTOJIEM MAarHUTa CO3/1aeT
TOPMO3HOU MOMEHT, 00ECIIEYNBAIOIINNA OBICTPOE YCIIOKOEHUE TOIBMXKHON YacTH.

Jlist Toro 4toOBI OO0 SIEKTPOU3MEPUTENBHBIA MPUOOP oOecTeqr
TpeOyeMyI0 TOYHOCTh W3MEPEHUI, HEOOX0IUMO, YTOObI OTKJIOHCHHE TOJIBMKHON
CUCTEMbI pUOOpa ONpeAesIOCh TOJbKO BPAIIAOIIMM MOMEHTOM, CO3/1aBa€MbIM
KATYIIKOW, M NPOTUBOAECUCTBYIOIIMM YCHJIHEM NpPYKHUHBL. s ycTpaHeHus
BJIMSTHUS CHITBI TSDKECTH, CO3IAIOIIEH MOTPENTHOCTH IPH U3MEPEHUSX, TOIBUKHYIO
cuctemy npubopa (puc. 2.3) ypaBHOBEIIMBAIOT MpoTUBOBecamMu 5 (puc. 2.3, a),
MPEICTABISIIOIIMMHA COOON CTEP)KHU C TIEPEMEHIAOIIMMHUCS 110 HUM TPYy3UKaMHU.
Jis  yMEHBINICHHUS] BJIMSHHUS TPEHUS OCH TPUOOPOB CHAOXKAIOT TIIATEIHHO
OTITOJINPOBAHHBIMU CTAJIbHBIMA HAKOHEYHUKAaMH |, BBIMOJIHEHHBIMH M3 MaTepuana




C BBICOKOM H3HOCOCTOMKOCTBIO (3aKaJeHHAasl CTajlb, BOJb(PPaMO-MOIUOIEHOBBIN
CILJIaB U TIp.).

Puc. 2.3- YcTpoiicTBO MOABMKHOM YaCTH JIEKTPOU3MEPUTEILHOTO MIpHOopa

HakoHeUHUKM BpamaroTcsl B MOANSATHUKAX 4, BBINOJHAEMBIX C BKJIAJBIIIAMH 2 U3
KOpYH/JIa, araTta, pyorHa U T. M. 3a30pbl MEXIY HAKOHEYHUKAMH U TOJAMSITHUKOM
PETYJIMPYIOTCS CTONOPHBIM BUHTOM 3.

DNEKTPOU3MEPUTENbHBIE MPUOOPHI  OOBIYHO  CHAOXKAIOT KOPPEKTOpOM  —
MPUCTIOCOOJICHUEM,  TO3BOJIIONIMM  YCTAHaBIIMBATh CTPEIKY B  HYJIEBOE
nosioxkeHue. KoppekTop coCTOUT U3 BUHTA 6, BBEIXOSIIETO U3 KOPITyCa, U MOBOJIKA
7, MpA TIOMOIIM KOTOPBIX MOKHO CMEIaTh Ha HEKOTOPOE PACCTOSHUE TOYKY
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3aKpEIUICHHs] CIHMPAJIbHOM MPYXKUHBI §, CO3AAIOUIEl NPOTUBOAECHCTBYIOLIEE
ycwine. B OONBIIMHCTBE COBPEMEHHBIX 3JIEKTPOU3IMEPHUTENBHBIX MPUOOPOB
NnoJBW>KHAsg 4YacTh 11 moaBemmBaeTcss Ha JByX pacTsbkkax 10 — ympyrux
METaJUIMYECKUX JeHTaX, KOTOphIE CIYXKaT JUIsl MOJBOAA TOKA K KaTylIKe Mmpudopa
¥ OJTHOBPEMEHHO CO3/Ial0T MPOTHUBOJAEHCTBYIONMH MOMEHT (puc. 2.3,0). PacTsikku
MPUKPEIUICHBI K IBYM IJIOCKUM TpYyXUHaM 9 u 12, pacrnonoKeHHbIM BO B3aUMHO
NEePHEHANKYISAPHBIX IMITOCKOCTSIX.

Kpome paccMOTpEeHHOTO BbIIlI€ U3MEPUTEIBHOTO MEXaHW3Ma C BHEIIHUM
(0 OTHOILIEHHIO K KaTyIIKE) MOCTOSIHHBIM [[-00pa3HbIM MAarHUTOM, CYIIECTBYIOT
MEXaHU3Mbl C MarHUTaMu JIpyroil Gpopmel (IIMIMHAPUYECKON, B BUJE TIPU3MBI, a
TaK)Ke C BHYTPUPAMOYHBIMU HETIOJBUKHBIMH U TOJBUKHBIMU MarHUTaMH).

2.2 IllpumMeHeHUe MPUOOPOB ¢ MATHUTOIEKTPHYECKOH CHCTEMOIA.

[TpnOOpsl MArHUTORIEKTPUUECKOW CHUCTEMBI MPUMEHSIOT ISl U3MEPEHUS
TOKa M HAaIIPSDKEHUS B AJIEKTPUYECKUX LEISAX IMOCTOSIHHOIO TOKa. B yacTHOCTH, Ha
3.11.C. U TEIUIOBO3aX MX MCIOJIB3YIOT B KAYECTBE aMIIEPMETPOB U BOJBTMETPOB. B
amMIepMeTrpax M BOJBTMETpax KaTylllka mpubopa HMMEEeT  pas3InyHOe
CONPOTHUBJICHUE U BKIIIOYAETCS 10 PAa3JIMYHBIM CXEMAM.

JInsg yMeHbLIEHHA IPOXOJAIIErO0 II0 KAaTylnIKe TOKa W KOMIICHCAIlUU
BIIMSIHUSA TEMIIEPATyphl Ha IOKa3aHUs NpUOOpa B BOJBTMETPAX MOCIEA0BATEIBHO C
KATYIIKOM BKJIFOYAIOT JOOABOYHBIN PE3UCTOP, KOTOPHIA OOBIYHO BCTPAaUBAETCA B
kopnyc npubopa. CONpOTUBIEHUE 3TOrO PE3UCTOpPA 3HAYUTEIBHO OOJIbIIE
CONPOTHUBJICHUS KATyIIKA, W OH BBIIOJIHEH W3 MATEpHUANA, DIEKTPUYECKOE
COIPOTHBIIEHUE KOTOPOIO BECbMa Majo 3aBHCHUT OT TeMIlepaTypbl (KOHCTAHTaH,
MaHraHuH u 1p.). B ammepmerpax mnapaiienbHO KaTylike mnpubopa dYacTo
BKJIFOYAIOT 0OPa3lOBbIN PE3UCTOP, HA3BIBAEMBIHN IITYHTOM.

ConpoTHBI€HHE UIYHTAa 3HAYUTEIBHO MEHbILE CONMPOTUBICHUS KaTYIIKU
npuodopa, BCIEICTBUE YEr0 M3MEPSEMbId TOK B OCHOBHOM MPOXOJUT MO UIYHTY.
[yHTHI 1 106ABOYHBIE PE3UCTOPBI CIYKAT JJISl PACIIMPEHUS MPEIETIOB U3MEPEHUS
npruOOpOB.

W3 npunHnmna AecTBUS MarHUTODJIEKTPUUYECKOTO MPUOOpa CIEemyeT, 4TO
HaIlpaBJICHUE OTKJIOHCHUS €ro CTPEIKH 3aBUCUT OT HaIpaBJICHHS ToOKa I,
npoxosimero mo karymike. CrenoBaTenbHO, MPU BKIIOYEHUH 3TUX MPUOOPOB B
IIETIh TIOCTOSTHHOTO TOKa JIOJDKHA OBITH COOJIIO/ICHA MPaBUJIbHAS MOJIIPHOCTD, MPU
KOTOPOH CTpeNKa OTKJIOHSETCS B TpeOyemyro CTOpoHy. IS mepeMeHHOTo ToKa
MarHUTO3JICKTPUUICCKUE TTPUOOPHI HENIPUTOIHBI, TaK KaK MPU MUTAaHUU KaTyIIKH
MIEPEMEHHBIM TOKOM CPEJIHEE 3HAUYCHHE CO37]aBacMOI0 €0 BPAIIAOIIEr0 MOMEHTA
paBHO HYII0 W CTpeiaka mpubopa OyIeT CTOSATh Ha HYyJIE, HUCIHBITHIBAs YyTh
3aMETHBIE KOJIEOaHHUS.
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JIoCTOMHCTBOM MTPUOOPOB MArHUTOIICKTPUIECKON CHCTEMBI SIBIISIOTCS
PAaBHOMEPHOCTD IIKAJIbI, BBICOKAsI TOYHOCTh U HE3aBUCUMOCTH TTOKA3aHUM OT
MOCTOPOHHUX MarHUTHBIX nosier. K HemocTaTkam X OTHOCATCA
HEIMPUTOAHOCTD JIJIsl U3MEPEHUS IEPEMEHHOT0 TOKa, HEOOXOAUMOCTh
COOJIIO/ICHUS TTOJISIPHOCTH MPU BKJIIOYEHUHU U UYYBCTBUTEILHOCTD K
neperpyskam (Ipu neperpy3Ke TOHKas MPOBOJIOKA KaTYIIKU U CIIMpaJibHbIE
MPY>KUHBI, TOJBOASIINE K HEM TOK, MOTYT CTOPETH).

2.3 DJ1eKTPOHHBIE BOJIbLTMETPBI

DneKTpoHHbIE BOJILTMETPHI (DB) ObIBAIOT MOCTOSIHHOTO U MEPEMEHHOTO
TOKa, YHUBEPCAJIbHBIE.

BoabsT™MeTpsI moapa3aensroTcs Ha TPYIIbL:
- B1 — kanuGparop;
- B2 — mocTosiHHAs TOKa;
- B3 — nepemeHHas;
* B4 — UMITyIbCHBI;
- B5 — (hazouyBCTBUTENBHBIN;
- B6 — celIeKTUBHBIT;
- B7 — yHUBepCanbHBbIN;
- B8 — u3mepurens OTHOIIEHUS U Pa3HOCTH;
- B9 — mpeoOpazoBarenu HanpsHKEHUS;

[To npuHLMIy pabOTHI U YCTPOMUCTBA OBIBAIOT: MPSMOTO TPeoOpa3zoBaHus
Y ypaBHOBEILIEHHOTO. [IepBbie MpoCThie, HO MEHEE TOUHBIE, BTOPBIE CIOKHEE,
HO 3HAYUTEJIBHO TOYHEE.

DNEKTPOHHBIC BOJIBTMETPHI KIACCUDHUIIUPYIOT TIO CICTYIOITUM
MPU3HAKAM:

a) MO CIOCco0y U3MEPEHUS - MPUOOPHI HEMOCPEACTBEHHON OIIEHKH U
CpaBHEHUS;

0) Mo Ha3HAYEHUIO — MPUOOPHI MOCTOSTHHOTO, IEPEMEHHOT0, UMITYJICHOTO
HaIpsKEHUM, YHUBEPCAIbHBIE U CEJIEKTUBHBIE;

11




B) 110 XapaKkTepy U3MEPSIEMOr0o HANPSKEHUSI — aMILTUTYIHbIE (IIMKOBBIE),
JEHCTBYIOLLETO U CPEAHETO HAINPSHKEHUH;

F) 10 YaCTOTHOMY HUAIIa30HY — HU3KOYACTOTHBIC 1 BBICOKOYACTOTHBIC.
2.3.1 BHCKTPOHHIJIG BOJbLTMETP NMOCTOAHHOI'0 TOKaA

CocrosT u3 BxoiHOTO ycrpoiictsa (BY), ycunurens moCTOSHHOTO TOKa
(VIIT), usmepurensHoro mexanusma (MM).

BY YTIT UM

Puc. 2.4- CtpykTypHas cxema 3JIeKTPOHHOTO BOJIBTMETPA MOCTOSTHHOTO TOKA.

N3mepsieMoe HanpsKEHUE MOCTOSTHHOTO TOKA MOCTYIIAET HAa BXOIHOE
YCTPOMCTBO, MPEACTABIISAIONIEE COO0N MHOTONPEIEIbHBIA BHICOKOOMHBIN
PE3UCTOPHBIN JienuTelb HanpsokeHus. Curnan ¢ BY noctynaer Ha Bxon YIIT,
KOTOPBIM MOMUMO (DYHKIIMU YCUJICHUSI CUTHAJIA COTJIaCYET BHICOKOE BHIXOJHOE
conpoTuBiicHUE BY ¢ MaJibIM COMPOTUBIICHUEM PAMKH - JIEJIUTENS BXOTHOTO
HanpsbkeHus: UM MarHuTO3EKTpUYECKON CUCTEMBI. BXOHOE CONpOTHBIIEHUE
OB cocTaBIgeT AeCATKA MEraoM, YTO CHIDKACT €T0 BIUSHUC HA O0BEKT
M3MEPEHUSL.

[Tpu n3mepenuu cnabbIX CUTHATIOB HAYMHAETCS CKa3bIBAThCA Jpeiid
VIIT, no3TOMY B 3JIEKTPOHHBIX MUKPOBOJBTMETpaAX UCKItodaroT YIIT,
MOCTOSTHHBIN TOK MPE0Opa3yroT ¢ MOMOIILI0 MOAYJISITOpPa B IEPEMEHHBIN U
MCMOJIB3YIOT YCUJIUTEIb IEPEMEHHOTO HATIPSIKCHUS.

—» BY M ~y I UM

r

Puc. 2.5- CtpykTypHas cxema 3JIEKTPOHHOTO BOJIbTMETPA IMOCTOSTHHOTO TOKA €
MOZYJIALIMEN CUTHAIA.
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BY — BxonHo#l genuTtenb, NpeHa3HaAYeH JJisl COTJIAaCOBaHUS C HATPY3KOH (C
MCTOYHUKOM CHUTHAJa);

~Y — YCHUIIUTCIIb IICPEMCHHOT'O TOKA JJISI U3MCPCHUA ci1a0BIX CHUTHAJIOB,

VYIIT — ycunurtenb MOCTOSIHHOTO TOKA, XapaKTepU3yeTcs AperidoM HyIIs, 94To
OTPAHUYMBAET U3MEPEHUE CBEPXMAJIbIX CUTHAJIOB;

UM — yCTpOHUCTBO OTOOpaKEHUS;
M - IM — MogynsTop — AEMOAYJIATOP CUTHANA;
I — reneparop;

HCI[OCTaTKOM YCPIJII/ITCJIeﬁ INEPEMCHHOTI'O TOKA ABJIACTCA 3aBUCUMOCTD
MOKa3aHWi OT YacTOThLI CUTHAJA.

JlnanazoH u3MepsieMbIX HAIPSHKEHUN COCTABIISIET OT MUKPOBOJIBT J0
TBICSTYM BOJIBT; KJIACCHI TOYHOCTH — 1,5; 2,5, 1mKkaja JTuHelHHas.

2.3.2. DJIeKTPOHHbIE BOJIbTMETPbI NEPEMEHHOI0 TOKA.

Hcronb3yroTes Juisi H3MEPEHUs IEPEMEHHOTO HAIPSDKCHHS,
U3MCHSIOMIETOCS B IIMPOKOM JIMAITa30HE [0 aMIUIMTYIC M 9acTOTe (10
rurarepir).

CrpykrypHas cxema OB MoXeT coziepxaTh BeIpaMuTeb (B), 4to
MO3BOJISIET CYIIECTBEHHO PACUIMPUTh YACTOTHBIN JUANa30H U3MEPSEMOro
CUTHAaJA.

Puc. 2.6.- CTpyKTypHbIE€ CXEMBI AIEKTPOHHBIX BOJIBTMETPOB HEPEMEHHOTO
TOKA.

DnemenTHas 6a3za coBpeMeHHbIX DB ocHOBaHa Ha MCTIOIL30BAHUH
MOJIYNPOBOJHUKOBBIX YCTPOUCTB MUKPOUHTETPAILHOTO UCIIOJIHEHMUSI.
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2.3.3 YHuBepcaJIbHbIE 3JIEKTPOHHbIE BOJIbTMETPHI.

HpeHHaSHaquHBIG I UBMCPCHUA PAa3JIMYHBIX IIApaAMCTPOB

v L.IR
5JIEKTPUYECKOM 1IEH TIOCTOSHHOIO (IIEPEMEHHOT0) TOKa: ~ ** **" u ap. Takue

YCTPOMCTBA coAepkKaT B ceOe psAJl AOMOTHUTEIBHBIX OJIOKOB, MPEOOPa3yIOIINX
U3MepAEMbIi TapaMeTp B HANPSKEHUE, KOTOPOE 3aTEM U3MEPSIETCS.

U~

= I

Lon.

Puc. 2.7- CTp}IKTypHaH CXCMa YHUBCPCAJIIBHOT'O 3JICKTPOHHOI'O BOJIBTMCTPA.

2.3.4 UMnyJibCHBIE BOJBLTMETPBI.

HCHOJ’II-BYIOTC?I AJI1 N3SMCPCHUA UMITYJIbCHBIX CUT'HAJIOB (aMHHI/ITyI[BI

e | Py

MaKCHMAJIbHOTO 3HAYCHHS) pa3TMIHON (POPMBI C BBICOKOM CKBOXKHOCTBIO (
2=500, roe { - mepuoj, - JUIMTEILHOCTh CUTHAJIA).

[TpuHIMn ux paboOThl OCHOBaH Ha 3apsJie KOHAEHCATOpa OT
CTAOMIM3UPOBAHHOTO UCTOYHHUKA U MOJJIEP)KaHUE U3MEPSIEMOI0 CUTHAJIA
HEU3MEHHBIM BO BPEMEHU Ha YPOBHE, COOTBETCTBYIOIIEM MaKCUMAJIbHOMY €I0
3HaueHuto. /{51 aroro ucnons3yror ycumrenau ¢ OOC.

D
N
%

|

¢
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/X 4 / o

Puc. 2.8- CtpykTypHas cxeMa UMITYJbCHOT'O 3JIEKTPOHHOTO BOJIBTMETPA U €TO
BPEMEHHBIE THATPAMMBI.

Jnama3oH u3MepeHuit 1o 4acTore y mpuOOpOB JAHHOTO THUIA COCTABIISACT
20 I'u...1 I'T'u, mo manpsbxkenuro 100 mB...1000 B, ximacc Tounoctu 4,0...10,0.
Henocratkom npubopa sBISETCS 3aBUCUMOCTh MOKa3aHUM OT ()OpPMbI CUTHAJIA.

2.3.5. CesleKTHBHBIE YJIEKTPOHHbIE BOJILTMETPHI.

[Ipenna3zHavyeHsb! U1 U3MEPEHUS JECUCTBYIOIINX 3HAUECHUN HAIPSYKEHUN
OTJIEJIbHOW TapMOHMYECKON COCTABJISIONINX CUTHAJIOB (MIEPUOANUECKUX
CHUTHAJIOB).

[TpuaIIMT PabOTHI TAKKX YCTPOHCTB OCHOBAH HA BBIICICHUH OTICIBHBIX
TapMOHHK M3 CHUTHaJA, HAaIPUMeEp, C TOMOIIIBIO TIEPEeCTPauBAEMOT0 TTOJIOCOBOTO
(GuUIBTpa WK UCTIOJIB30BAHUS IPUHITUIIA TeTepoIuHa. VICTIONB3yIOTCS TakKe
0e3hUIBTPOBBIC METOIBI CIEKTPAILHOTO aHAIM3a CUTHAJA, B TOM YHUCJIE, C
UCITIOJIb30BaHUEM ITU(POBOIT 0OPaOOTKM CUTHATIOB.

HyXHO y4uTBIBaTh, UTO UJCATBHBIX (PUIBTPOB U YCUIIUTENECH HE
CYILIECTBYET, YTO MPUBOAUT K UCKAKECHUIO IIEPEAABAEMOI0 CUTHAJIA, K
IIOIPEIIHOCTH €70 U3MEPECHUM.

TexHomorn4Yecku yno0HO UCTIOIB30BaTh HE OT/ENIbHbBIE (DUIBTPHI HA
KaXX1yt0 TapMOHHUKY, a YCTPOMCTBO, COCTOsIIEE U3 cMecuTensi curHanoB (CM),
noJiy4aemMbix oT pusibTpa nosocoBot yactothl (YIIH) u mepectpanBaeMoro
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renepatopa (I'). IlepemHokast 3TU CUTHAJIBI, MOKHO BBIAEIUTH (AJIs
TapMOHHYECKUX CHUTHAJIOB) CUTHAJIBI C PA3HOCTHOW U CYMMapHOW 9acTOTaMH.

U Af U

Puc. 2.9- CtpykTypHas cxema CeJIeKTUBHOIO 3JIEKTPOHHOTO BOJIBTMETPA.

UM — u3MepuTenbHblii MEXaHU3M;

BY — BXOIHON yCUNUTEND;

CM — cmecuTens 4acToT;

VYIIY — ycunurens MpOMEXYTOUHON YAaCTOTHI.

[Tpu cobmonennn ycnoBus -4 % £, moIydyuM CyMMapHBIA CUTHAJ Ha BBIXOJIE
CMECHUTES B BUJIE:

@ ey, 0oy
Jé~cosﬁar+3*cesaxlrz21'é1w3( gt Jo - oos( 2 ?(41)

C nomompto YIIY BeIAEIAIOT U yCUIMBAIOT CUTHAJ Pa3HOCTHOM YacTOTHI,

& -
COOTBETCTBYIOIINI OruOaroIieli OMeHus KoJeOaHui = , 3aTEM €ro
JETEKTUPYIOT U U3MEPSIOT.

JlocToMHCTBA: UCTIOIB3YETCS OIUH DUIBTP (TI0JI0COBOM) pa3HOCTHON YaCTOTHI

Y OJINH NIEPECTPAUBAEMBbII T'€HEPaTOP.

16




3. PacueTHas 4aCTh.

3.1. MarHuTodjieKTpu4ecKuii BOJIbTMETP.

[lpuHiMn — [EWCTBUST  MArHUTOAJICKTPUYECKMX  MPUOOPOB  OCHOBAaH  Ha
B3aMMOJICHCTBUM TOJIS1 TOCTOSIHHOTO MAarHWuTa W MPOBOAHMKOB B BHUJE PaMKU.
[TprOOpsI MArHUTOANIEKTPHUUYECKON CHCTEMBI PEarupyroT Ha CpeHee 3HA4YCHUE 32

niepro/1 (MOCTOSTHHYHO COCTaBJISIOIIYIO H3MEPSIEMOM BEITMUMHBI)

17 L7
Ih=1,= ?/ﬂ rdt:Upy = Uy = T ; et

I[JBI 3aJaHHOTO CUrHajia CpCaHCC 3HAYCHNUC HAIIPAXKCHUA

[ Lt it:
Jep = ; it

Cpennee BBIHpHMJ'IeHHOC 3HaquI/Ie HaMpsHKCHUS

Up = Ugps = jlul dt = —f lu(wt)|dwt =

s s
2 [a 2z 1
1 2 | [Um |
= — f u(wt)dwt = — f—-a)tdwt+fUmda)t =
21 nl a J
0 0 a
2 ([Um (wt)? 1 2Um ([1 a? T
| e l #om-otf =20 {(2- 5 - o] + [F - ol -
2U0m m « a 1
= '(z—z)—Um'(l‘;)—1°°'<1‘Z>‘753'
npna=%

OObIYHO BceMu MpubopaMu (KpoMe€ MarHUTORJIEKTPUUECKUX) MOJIb3YIOTCS
JUIE W3MEPEHMST JCHUCTBYIOIIMX 3HAYCHUW CHHYCOUJIAJIBHBIX BEJIWYWH. Toraa
MMOKA3aHUE MAarHUTOAJIEKTPUYECKOTO BOJBTMETPA, IPOTrPagyHMpPOBAHHOTO IS
WU3MEPEHUS MMOCTOSHHON COCTABIISIIOIIEH N3MEPSEMON BEITUYHHBIL,
Uv=Ucp =0.
VY BonbTMETpA C JETEKTOPHBIM BXOJIOM (BBIIPSIMUTEIbHBINA BOIBTMETP)
Uv=Ucp.B=758.

3.2. BoinpsaAMHUTEIbHBIH BOJILTMETP.

Jns usmMepeHus HanpsbKeHust (TOKa) B LETSIX MOBBIIIEHHON 4acTOThI

HIMPOKO MPUMEHSIOTCS BBIIPSIMUTENbHBIE TPUOOPHI, COCTOSIINE U3
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BBIIPSIMUTENBHOTO MPE0Opa3oBaTelsd U U3MEPUTEIBLHOTO MexaHu3Ma (puc. 1).

’
‘\ " \ /
N A

Puc.2.9- Cxema AByX1OIyNEPUOTHOTO BBITPSMIICHUS

) 7 \
\
\ S \

Ol '\-o‘ \\,_d’

/

Puc.2.10- CxeMa ogHONOIyIEPHOAHOTO BBIIPSIMIICHUS

JleiicTBue npuOOpPOB OCHOBAHO Ha MPEOOpPa30BAHUU C MOMOUIBIO JHOOB
U3MEPSIEMOr0  MEPEMEHHOr0  HampsbKeHHs  (ToKa) B MPONOPLMOHAIbHOE
MOCJIEIHEMY MOCTOSIHHOE HaNpsbKEHHE (TOK), PETUCTPUPYEMOE UYyBCTBUTEIbHBIM
MarHUTORJIEKTPUUYECKUM MPHOOpPOM.

N3mepsiemplil TOK (HanmpspKeHHUE) JIF000M (OpMBbI BBI3BIBAET OTKJIOHEHUE
NOJBW)KHOW 4YacTH BBIIPAMHUTENIBHOIO MpPUOOpa C MarHUTOAJIEKTPUUYECKUM
U3MEPUTEIIEM, TPONOPLHUOHAIBHOE CPEIHEBBIIPAMICHHOMY 3HaueHuto. Ilkary
BBIIIPSIMUTENBHBIX MPUOOPOB BCErJa TpaaiyupylOT B CpPEIHEKBAAPATUYECKHUX
3HAYEHUSIX HAIMPSHKEHUs! (TOKa) CUHYCOUAAIBHON (POPMBI, XOTS MOMEHT BpallleHHUs
pPaMKH Ma2HUmMOod1eKmpuiecko2o npudopa NponopuruoOHAIEH CPeIHEMY 3HAYEHUIO
BBINPSAMIICHHOTO HAIPsDKCHUS.

To ecTb rpamyupoBKa MpousBeAeHa IS Ko3gduyuenma GHOpMbI KPUBOH
CUHYCOUJATBHOTO TOKA.

Koaddumuent dhopmpl KpuBoO# CHHYCOUIATLHOTO TOKA

a) cxema JABYXIOJYIEPUOTHOTO BBITPSAMIICHUS

K _Ucp.xB m 1111
dsin — UCp.B _2\/2"* . ,

) cxeMa OJIHOTIOTYIIEPHOTHOTO BBIIPSIMIICHUSI
Uep.xB m
Ucp.B /2
Koapduuunent popmer Ky paccmMaTpuBaeMoro curHana:

K@sin = =~ 2.222.

18




- BOJIBTMETP BBIIPSAMUTEIBHBIN C OTKPBITHIM BXOJI0M
u(?), B

100 / \ i
501 ‘ :

<

[

[}
w
Lo
Ln

2m
1 1
Ucp.kB = Ef u? (wt)dwt = _T[ 4 | u?(wt)dwt =
0

2

o — iy

T

2

[ a 2 ] 2 a T
o] o e o - ] e
k « °

Il

S

3
2
QN
—
R, =
lew

|
N——

+
VN
N| S

|

Q
—

Il

|~

3

—_

|
wl»b
=N IR

|
—~
Q

Il
SN
——

Il

_

o

o

_

|
Wl =

- BOJIETMETP BBIMPSIMHUTEIBbHBIN C 3aKPBITHIM BXOA0M (0€3 TOCTOSTHHOU

COCTAaBJISIFOLIEH )

u(z). B

30

o/ 1
-50

| &)

\3@/4 : Y ot, pai

= _ Upis _ 0.32275-Um
" ¥,, 028125 Um

= 1.1476,
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17 17 1 7
ﬁcp.KB = ff i%dt = Tf(u —Ug)?dt = ﬁf [u(wt) = Up)?dwt =
0 0 0

T

2 2

[« ]
= iﬁ 4 - J.[u(wt) Upl?dwt = % ll-f — wt—UO) dwt+f(Um—U0)2dootJ|=
0

=S
O\g
I
()
-
|
~—
[N
|
\l/
N——
N
Q.
()
-
+
g\n\)l;l
/
[N
|
~—
[N
|
\l/
N——
(o8
()
—
————
Il

Il
c
=
2
:II_N

:”’"'J
:”’"'J

2 /1 a T 1 /1 1
= Um- —-(———)={a=—}=25- —-(———)=100-O.32275=32.288.
T 3 8

T
1 1
Ueps leuldt— J|U—U0|dt—§ Jlu((ut) Upldwt =

0
n

NI

a

1 2
=E-4-f|u(wt)—U0|da)t—— f— wt — U,
0

da)t+f|Um Upldwt| =

1
o




-90)-(50-9"-(-De(:-9)

_um- 2. (1 —%)2 ={a= %} —25. % (1 —%)2 — 100 - 0.28125 = 28.13 B.

[Tokazanue BOJBTMCTpPA C BBIHpSIMHTGHBHOﬁ OIIHOHOJIYHepHOIIHOI;’I CXEMOM:
-C OTKPBITBIM BXOJI0M

A
Ky i NG 2.222
Uy omp = —‘I";m Ugpn = % 0.81650 - Um = =" 0.81650 - 100 = 166.65 B
(D .

M (uepe3 3HaueHue Ko uieHTa rpaayupoBKu)

Uy orip = C " Uep = 2.222* Uy, = 2.222+ 75 = 166.65 B;
-C 3aKpBITBIM BXOJI0M

T
Ky sin NG 2.222
Uy sap =%-UCMB =7 I/f% 1032275 - Um = - 0.32275 - 100 = 62.49 B

P

WM (4epe3 3HaueHue Kor(puimeHTa rpagyupoBKU)

Uy sap = C - Ugpp = 2.222 - 028125 - Uy, = 2.222 - 0.28125 - 100 = 62.49 B.
IToka3aHue BOJIBTMETPA C BBIIPAMUTEIBHON ABYXITOIYIEPUOIHON CXEMOM:

- C OTKPBITBIM BXOOOM

T
K, o 1.111
¢ sin Zﬁ
Uy gmy = —5in, = —2¥2 (81650 Um = ————-0.81650 - 100 = 83.33 B
Vorp = T " Nepra = 8866 M= 108866

WM (4epe3 3HaueHue KodpuimeHTa rpagyupoBKy)
Uy orep = C " Ugpy = 1.111 - Uy, = 1111+ 75 = 83.33 B

- C 3aKPBITBHIM BXOJIOM
KQ) sin =~ 2\/§

1.111
=————-0.32275-Um =

U —.0 : +0.32275- 100 = 31.25 B
vap g TP T 11476 1.1476

WM (depe3 3HaueHue Ko puimeHTa rpagyupoBKu)

Uy sap = C Ugpp = 1.111- 028125 - Uy, = 1.111 - 0.28125 - 100 = 31.25 B,
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3.3 DJIeKTPOMATHUTHBIH BOJILTMETP

[TpuGOpHI PJEKTPOMArHUTHOM CUCTEMBI pEarupyroT Ha JEHCTBYIOLIEE
3HaueHue (CpeIHEKBAPATHYHOE 3HAYECHUE) U3MEPSEMOM BEJIMYHUHBI.

OOb19YHO TPUOOPHI PTEKTPOMATHUTHOM CHCTEMBI IIPOrPayUupOBaHbI B
JNEUCTBYIOIIUX 3HAUYCHHSIX CHHYCOUIAJIbHBIX BEJTUYMH.

Torga nokazaHue BOJbTMETPA PaBHO CPETHEKBAIPATUYHOMY 3HAYEHUIO

MNCPHUOINICCKOTO HCCUHYCONAJIbHOI'O CUI'HAaJIa

= = Lt =™ 100 |1-L=100- 08165 = 81658
Uv—Ucp_KB—Um- —g—{(l—z}— : —g— - 0.8165 = .6 .
3.4 DIeKTPOAMHAMHYECKHI BOJILTMETP

BoapT™METp 371€KTPOAMHAMUYECKON CHCTEMBI OTKIMKAETCS Ha
CPEIHEKBAPATHUECKOE HAIIPSKEHUE U OTIPATYUPOBAH B CPEIHEKBAAPATUUECKUX
3HAYEHUAX U1 TAPMOHMYECKOTO CUTHAaJa.

Torga nokazaHue BOJbTMETPA PaBHO CPEAHEKBAIPATUUECKOMY 3HAUCHHIO
NEPUOANYECKOT0 HECUHYCOMIAJIbHOIO CUTHAJIA

Uv = Ugpys = 81.65 B.
3.5 DaekTpocTaTHYecKHii BOJILTMETP

DIEKTPOCTATUYECKUN BOJBTMETP MPUHIIMITUAIIBHO MIPUTOJICH JIJIsI
U3MEPEHUS JIUCTBYIONIET0 3HAUYEHUSI IEPEMEHHOT0 HAMPSHKEHUS.

Torna nokazanue BOJIbTMETPA PABHO CPEAHEKBAAPATUYHOMY 3HAUYEHUIO
MEPUOANYECKOI0 HECUHYCOUTAJIBHOTO CUTHAJIA

UV = Ugpus = 81.65 B.
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3.6 DJIeKTPOHHBIH BOJbTMETP € AMILTUTYAHBIM 1€TEKTOPOM NPH OTKPHITOM U
3aKPBITOM BXO/1€e

JleiicTBUE BOJIBTMETPA OCHOBAHO Ha IPe0Opa30BaHUU U3MEPSIEMOTO
NEPEMEHHOr0 HANPSKEHUS (TOKA) B IPOMOPILIMOHAIBHOE MOCIEAHEMY ITOCTOSIHHOE

HarpsHKeHUE (TOK), PETUCTPUPYEMOE aMIUTUTYIHBIM (TIUKOBBIM) JE€TEKTOPOM.

@ 2 8) bu

6) Ju .

— — — ———

)]
-

L

Puc.2.10-Cxema (a) u BpeMeHHbIE MarpaMMbl CUTHaJIOB (0 U B) mpeoOpazoBaTes

AMINIUTY AHBIX 3HAYCHUM (HI/IKOBOFO I[GTGKTOpa) C OTKPBITBIM BXOJI0OM.

1Y

Puc.2.11-Cxema (a) u BpeMeHHbIE TMarpaMMbl CUTHAJIOB (0) mpeoOpazoBartes

AMINIUTY AHBIX 3HAYCHUM C 3aKPBITBIM BXOA0OM

[ITxana 3J1eKTPOHHOTO BOJIBTMETPA C AMIUIMTYIHBIM JIETEKTOPOM
porpasyupoBaHa B CpEIHEKBAAPATUYECKUX 3HAUCHUAX HANPsHKEHUS (TOKa)
CUHYCOUJATBHOU (POPMBI.

To ecTb rpanyupoBka npousBeaeHa 1 KO3 GUIneHTa aMILTUTYIbI
KPUBOW CUHYCOUJAJIBHOI'O TOKA.

[Toka3zanue BOJIbTMCTpA C aMIUIMTYAHBIM NICTCKTOPOM:

- C OTKPBITHIM BXOJIOM
v _Um _Um_ 100
Vorse T n V2 1414
uiu (depe3 3HaueHre Ko puimeHTa rpaayunpoBKu)
Uyong = C+Um = 0.707 - 100 = 70.7 B;
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- C 3aKPBITBIM BXOJIOM
U Un Um-U, 100-75
Veae Ka sin B Ka sin B 1.414
uu (depe3 3HaueHue KoddpuimenTa rpagyupoBKHy)
Uy saxp = C * Uy = C - (Um — U,) = 0.707 - 25 = 17.7 B,
rae Kod(hUIMEHTH aMIUIUTYIb TAPMOHUYECKOTO (CHHYCOUAATBHON (POpMBI)
CUTHAJIa

=17.7B

Um
Kasin = U_ = ‘/E

Cp.KB

3.7 DJIeKTPOHHBIH BOJbTMETP € AeTEKTOPOM e CTBYIOIIMX 3HAYEHUI PH
OTKPBITOM M 32aKPBITOM BXOJ€

[Toka3aHust BONBTMETPA € IpeoOpa3zoBaTEIEM CPEIHEKBAAPATUYECKOTO
3HAYCHUS PABHBI U3MEPSEMOMY JCHCTBYIOIIEMY HAIIPSIAKEHUIO JIs JIF000M POopMBbI
MU3MEPSEMOr0 CUTHAJIA

T
1 4o T 1
Uepxs = HUZdt: /1—§-Um={a=z}= /1—5-100=0.8165-100=81.7B.
0

HpI/I 3aKPbITOM BXO/IC ITOKA3aHUC TAKOI'0 BOJIbTMCTpPA PaBHO

CPCAHCKBAAPATUICCKOMY 3HAYCHHIO HGpGMGHHOfI COCTaBJIHIOHlef/'I CHI'HaJla

T T

5 101, 1 X 20 /1«
UCp-KB= T]u dt = TJ(U_UO) dt=Um* ?<§—ﬂ>=
0 0

T 1,1 1
={a=—}=25- —-<§—§)=100-0.32275=32.3B.

3.8 DJIeKTPOHHBIIH BOJBTMETP € A€TEKTOPOM CpeIHeBBINMPAMIEHHBIX

3HAYEHHUH ¢ OTKPBITBIM H 3aKPBITHIM BX0JaMH

IToka3zaHus BOIBTMETPA C JETEKTOPOM CPEIHEBBINIPSAMIICHHBIX 3HAUEHU N
pPaBHBI:

- C OTKPBITEIM BXOA0OM

Uy orep = Ueps * K sin = 75+ 1.111 = 83.3 B;
- C 3aKpPLITBIM BXOJ0M
Uy sarp = Ucp.B "Kgsin = 28.13-1.111 = 31.3 B.
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3.9 DJ1IeKTPOHHBIH NMUKOBbIN BOJIbTMETP € OTKPBITHIM U 3aKPBITHIM BXOJIAMH

[TokazaHnus TMKOBOTO BOJIBTMCTPA PaBHBI:

- C OTKPBITHIM BXOOOM
Uy orp = Um = 100 B.

- C 3aKPBITBIM BXOJ0M
Uy sap = Um = Um — Uy, = 100 — 75 = 25 B.

4 BeiBOI

[Tpu HEecuHycoM1aIbHON KPUBOM TOKA WIIM HANPSIKEHUS] IPUOOPHI pa3InyHbIX
CUCTEM OYIyT BECTH ce0sl MO-Pa3HOMY M MOTYT JJaBaTh HEOJUHAKOBBIE PE3YJIbTATHI
WU3MEPEHHUs IIPU OJTHOM M TOM K€ 3HAYCHUU U3MEPSIEMON BEIINUUHBI.

OO0pyHO Bcemu TpuOOpamMu (KpOME MarHUTORJIEKTPHUUECKUX) MOJIb3YIOTCS
JUISL U3MEPEHUS] ACHCTBYIOIIMX 3HAYEHUN CHHYCOMJAIBHBIX BEJIUYHUH, U MTOITOMY
HIKalbl 3TUX [pUOOPOB  TPaAyupyroTCs B  JEUCTBYIOUIMX  3HAYEHMSIX
CUHYCOUJATbHBIX BEIUYHH.

Tax, B BBIIPSAMUTENBHBIX NpUOOpax IMIKaJlbl TPagyupyeTcss Ha HampsKeHHUE

U=111U_, B aMIUTUTYIHBIX 3JEKTPOHHBIX BojabTMeTpax Ha U=0.707Um.Tak kak

cp

OTHOWIEHUS y,u, U U, TIPU HECUHYCOMJIAIBHOM (hOpME KPUBOW OTIMYAKOTCS OT

3HaueHnit kodpPuumento 1.11 u 2 (a8 cuHycouasl), TO BBIIPIMHUTENLHbIE U
ANEKTPOHHBIE TPUOOPHI  JAIOT OOJBIIYIO IOrPEIIHOCTh TPH  H3MEPEHUU
JIEUCTBYIOIIUX 3HAYCHHU I HECUHYCOMIAJIbHOU BEJINYUHBI.
B pabote HaiiieH pe3ysbTaT M3MEPEHHsS] HECHHYCOMAAIBHOIO HAIPSKEHUS

(tabmuria Nel) cnemyromumMu mpudopamu:

1. MarauTo3JeKTpu4eCKUM BOJIbTMETPOM

2. BpIIpsSMUTENIBHBIM BOJIBTMETPOM

3. DJEeKTPOMarHUTHHIM BOJIbTMETPOM

4. DNeKTPOJIMHAMUYECKUM BOJIBTMETPOM

3)

QHGKTpOCTaTI/I‘—IeCKI/IM BOJIBTMCTPOM
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6. DNeKTpPOHHBIM BOJIBTMETPOM C AMIUIUTYIHBIM JETEKTOPOM IIPU OTKPBHITOM H
3aKpBITOM BXOJI€

7. DNEeKTpPOHHBIM BOJIBTMETPOM C JIETEKTOPOM JCUCTBYIOIIMX 3HAYCHUH MpH
OTKPBITOM U 3aKPBITOM BXOJI€

8. DNeKTpOHHBIM BOJBTMETPOM C JETEKTOPOM CPEAHEBBINMPAMIICHHBIX
3HAQYEHUH C OTKPBITBIM M 3aKPBITHIM BXOAaX

9. DNeKTpOHHBIM MUKOBBIM BOJIBTMETPOB C OTKPBITHIM U 3aKPHITHIM BXOAaM

PCBYJIBTaTI)I pacducToOB IIPCACTABJICHLI B Ta6JII/IH€ 2
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