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2. IBMEPEHUE HANPAKEHUSA DJIEKTPOHHBIMHA BOJIBT-
METPAMU

Lens pabOThI — N3yUYEHHE METOJOB U CPEJCTB U3MEPEHHUSI TIOCTOSTHHBIX U
MEePEeMEHHBIX HANPSHKEHUH pa3inuyHON (pOpMBI, MPUHIIUIIOB PaOOThI U3MEPH-
TEJIBHBIX MTpeoOpa3zoBaTeIeii aHAIOTOBBIX U IIU(PPOBHIX BOJLTMETPOB.

2.1. CrtpyKTypHBIE CXeMBbI 3JIEKTPOHHBIX BOJILTMETPOB

BonbT™MeTp — M3MEpUTENTBHBIA TPUOOP, MO3BOJSIIOIIMN U3MEPUTH HAIPsDKe-
HHE (Pa3HOCTh MOTEHIMAIOB MEX/Ty BHIOPAHHON TOYKOM CXEMbI U OOIIMM IPOBO-
noMm). Ecmu HampspbkeHne — MOCTOSHHAsI BEIWYMHA, TO BOJIBTMETPBI Ha3bIBAIOT
«8onbmmempsl nocmosinHozo mokay (rpyrnmna B2 mo I'OCT). Jlns usmepenus mo-
CTOSIHHOTO HANpsHKEHUS! MPUMEHSIOT 3JIEKTPOMEXaHUYECKHE MPUOOPbI MATHUTO-
AIIEKTPUYECKOTO THIA C JOOABOYHBIM PE3UCTOPOM. UyBCTBUTEILHOCTh 3TUX IPH-
OOpOB U MX BXOAHOE COMPOTUBIIEHHE YACTO HEIOCTATOUHBI, IOATOMY IS YIIydlle-
HUSI MX MapaMeTpoB HCIONB3YIOT ycuiaurenu noctosHHoro Toka (YIIT). Takue
puOOpBI HA3BIBAIOT «IIEKIMPOHHBIMU 80T6MMEMPAMUY, UX BXOJHOE COIPOTUBIIC-
HUE MOXET JTOCTUraTh JECATKOB MOM, 4yBCTBUTENIBHOCTh — 10y MKB. Cxema
TUIOBOI'O BOJIBTMETPA MTOCTOSIHHOTO TOKa npezcTasiieHa Ha puc. 2.1. Ilepen YIIT
CTaBAT €AMHCTBEHHBIM PEryJsTOp MpUOOpa -TUCKPETHBIM aTTEHI0ATOpP, KOTOPBIN
CITYKUT JUIsl IEPEKITIOUEHHS JUana30HOB U3MEPEHUs BoJbT™MeTpa. Pabounii nuana-
30H JIEKTPOHHBIX BOJBTMETPOB MOCTOSHHOI'O TOKA MOXKET HaYMHATHCA OT J0Jer
MHUKpPOBOJIBT, BEPXHSISI TPAHULIA ONPENEIAETCS AIEKTPUIECKON MPOYHOCTIO BXO/-
HBIX OJIOKOB M JTMANla30HOM PEryJHPOBKU MEpeKrouarens aAuana3oHoB. [lns no-
BBIILIEHNAS [TOMEXOYCTOWYMBOCTU BOJIFTMETPOB IIOCTOSHHOI'O TOKAa Ha BXOJE
NpeAyCMaTPUBAIOT CTIIAKUBAIOIHA (GuiibTp HU3KKUX yactot (OHY).
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Puc. 2.1. CtpykTypHas cxema aHaJIoOrTOBOI'0 BOJIbTMETpPa MOCTOSHHOTO
TOKa



Jlns m3MepeHusi HamnpsDKEHHST CUTHAJIOB CIOXKHOM (DOPMBI  IPUMEHSIOT
BOJIETMETPHI «nepemennoco moxay (rpynmna B3 nmo ['OCT). B HUX HCTIONB3YIOT
U3MEpUTENbHBIE TIpeoOpazoBareny (popMbl curHana - demexmopsl. OHU TTO3BOIIS-
10T U3 CHTHaja CIO0KHOW (DOPMBI Ha BXOJIE MOIYYUTH MOCTOSHHOE HANpsDKEHHUE,
(YHKIIMOHAIBHO CBSI3aHHOE C MapaMeTpaMH BXOAHOTO curHaia. It coxpaHeHus
TOYHOCTH TPaTyHPOBKH HIKAJIBl BOJIBTMETpa HEOOXOIMMO OOECIICUUTh MOCTOSH-
cTBO K03(purmieHTa mpeodpa3zoBaHUs IPH H3MEPEHUN Pa3HBIX YPOBHEH BXOIHOTO
HaNpsDKEHUSI (uHetinblit demekmop). TIpr MaJIbIX 3HAYEHUSX HANPSHKEHHS ITO
BBITIOJIHUTH CJIOXKHO, TIO3TOMY B BOJBTMETPAX  MEPEMEHHOTO TOKA MPHUMEHSIOT
NPEABAPUTENBHOE YCUIIEHUE CUTHANA (10 Aerektopa) (puc.2.2). Cxema «yCHIH-
TEb-AETEKTOP» MO3BOJISIET YBEIMUYUTH YyBCTBUTEIHHOCTh BOJIBTMETPA.

4 = > O

Ycunurenb Herextop
MEPEMEHHOT0 TOKA

Puc. 2.2. CtpykTypHas cxeMa aHaJIOTOBOTO BOJIBTMETPA IEPEMEHHOTO TOKA

Hugposvimu BonsTMeTpamu (LIB) Ha3bIBalOT TpUOOPHI UIST W3MEPEHUS
HanpspkeHusl ¢ nudpoBod mHAMKauued pesynbrarta. [Ipoiiecc mpeoOpazoBaHus
AHAJOrOBOIO 3HAYEHHUSl HANPSHKEHUS B IM(PPOBOM KO pEaTu3yrOT aHAJIOro-
urdpoBbM npeodpazosareneM (ALII). Yamie Bcero uenomb3yroT mpeodpa3oBaHue
MOCTOSIHHOTO HAIpPsDKEHUST B KO/, TOATOMY CTpyKTypHasi cxema [[B oOmiero
OPUMEHEHHUs MpPEeICTaBIsIeT co00M cXeMy 3JEKTPOHHOTO BOJIETMETpA MOCTO-
SIHHOTO TOKa (puc.2.2), B KOTOPOM BMECTO CTPEJIOYHOTO MHAMKATOpa Ha BBIXO-
ne npexycmorpensl ALl u nudpoBoe Tadmo. s m3MepeHus: mepeMEeHHBIX
HanpsbkeHui B L[B ncnonb3yroT neTekTopsl (Kak B aHAIOTOBBIX BOJBTMETpPaX Iie-
PEMEHHOIO TOKA).
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Puc. 2.3. CtpykrypHas cxeMa 1udpoBOro BOJIBTMETPA-MYJIbTUMETPA

OOpyHO 1IB Bikmouyaer npeoOpazoBaTeslb «TOK-HANPSHKEHHUEY, AETEKTOP
NEPEMEHHOIO TOKa (CPEeTHEBBITPSIMICHHOTO WA CPEIHEKBAIPaTHYECKOro 3Haue-
HUSL), IpeoOpa3oBaTelb «CONPOTUBICHUE-HATIPSHKEHUE) ISl pealn3aliii pexxuma
oMMeTpa. 1o mpeBpamaeT Takod [[B B MHOropyHKIMOHAIBHBIA MYJIBTUMETP
(puc. 2.3).

ITo cpaBHeHuto ¢ aHanoroBsiMu [IB nMmeror cienyromue J0CTOMHCTBA:

BBICOKAs M 3apAHEE U3BECTHASA TOUYHOCTD;
IIUPOKUN JAMANa30H U3MEPEHUS HAIpPSIKEHUS TPU MOCTOSHHOM TOY-
HOCTH, BBICOKAsl YyBCTBUTEILHOCTb;

OTCYTCTBUE CyOBEKTUBHOM MOTPEIIHOCTH;

IIPOCTOTA ABTOMATU3alN U3MEPEHHN;

BO3MOXXHOCTh MPOTPaMMHOM 0OOpabOTKU pPe3yjbTaTOB U JIETKOCTh
BKItOUeHU LB B n3MeputenbHbie CUCTEMBI

K HEOOCTaTKaM ]_IB CJIEeaAyCeT OTHECTU OTHOCHUTCIIBHYIO CIOKHOCTDb U O0-
POTOBU3HY, CHMKCHHUC TOYHOCTU IIPHU M3MCPCHHHU IICPCMCHHBIX HaHpH)I(eHI/IfI,

OTPaHUYCHHYIO pabouyIo MOJIOCY ¥ HEOOIbIIIOE OBICTPOICHCTBHE.
CBo¥iCTBa BOJIBTMETPOB OIMHUCHIBAIOT PSJIOM KCIUTyaTaIIHOHHBIX U MET-

POJOTNYCCKHUX IIapaMCTPOB:

Junarna3zoH u3MepeHus: HaMPSKEHHUS;

Knacc TouyHocTH WM IpeAen A0MmyCKaeMOM IMOrpeIIHOCTH;
BxoaHoit uMrienanc (akTHBHOE COMTPOTUBIIEHUE U €MKOCTb);
[Tomoca pabounx 4acToT (1J1sI TApMOHUYECKUX CUTHAJIOB);
Bpemsa uzmepenust.

I[J'Iﬂ I_II/I(i)pOBI)IX BOJIBTMCTPOB HCIIOJIB3YHOT JOIIOJIHUTCIIBHBIC I1apaMcET-

pBI:

Pa3pematomas cmocoOHOCTh. ITO MUHUMAIBHBIA UHTEPBAT BXOIHO-
ro HanpspKeHUs, KOTOpbId criocodeH pazauuuth AL (mar xeanmo-



sanusi BXogHoTro HampspkeHust AU ). OH COOTBETCTBYET CIAMHMIIC
MJIAJUIEr0 paspsiia pe3ysibTaTa U3MEPEHUsT U OMNpeaessieT MHUHU-
MaJIbHYIO0 OTPEUTHOCTh U3MEPEHUS HAMPSKCHUSL.

e Pazpsanocts [IB — 3T0 ymcio aecsITUUHBIX 3HAKOB (pa3psiioB) B pe-
3yJbTaTe, BEHIBOAMMOM Ha Tabjio OTCUETHOro ycTpoicTBa. Hanpumep,
pa3psiAHOCTh 4 3HAKa COOTBETCTBYET MOKA3aHUSIM BOJBTMETPA B MH-
tepBasie 0000...9999. Ecnu crapmmii pa3ps HEMOMHBIM (Hampumep,
MOKET NMpUHUMATh 3HauYeHus 0 u 1), To roBOpAT 0 APOOHOU pazpsa-
HOCTH BOJBTMETpA. 3 Y2 pa3psia COOTBETCTBYET MHJMKAIMU B IIpe-
nenax 0000...1999, 3 % — 0000...3999. Yucnurens ApoOHOrO pas-
psila MOKa3bIBaET MAaKCUMAJIbHOE 3HAYEHHE, KOTOPOE OH MOXKET MpH-
HUMAaTh, 2 3HAMEHATENb - YUCJIO BO3MOXKHBIX cocTosiHui. Eciau He-
MOJIHBIA pa3psa /2, TO €QUHULIA - ’TO MAKCUMAJIbHOE 3HAYEHHUE, KO-
TOPOE OH MOKET MPUHHUMATh, a IBOMKA - YUCIO BO3MOXKHBIX COCTOS-
Hud (0 wm 1). Jlns % MakcuMallbHOE 3Ha4€HUE 3 M YEThIpE BO3-
MOXHBIX coctostHus (0, 1, 2 unum 3).

e [lpenen momyckaeMol OCHOBHOM OTHOCHUTEJIBHOM IOTPELIHOCTH CO-
rmacio ['OCT 14014-94 yka3plBalOT B CTaHJAPTHOM BHJE,

U .
S==|c+d| =22X _1||, %: rme Umax — BepxHHMii mpenen u3Mepe-
X

Hus. QopMyiia Uil MOTPEITHOCTH BKIIIOYAET MYJIbTUILNTUKATUBHYIO U
QJIUTUBHYIO YaCTH W YYUTHIBAET KaK MOTPEIIHOCTH KBAHTOBAHUA,
TaK ¥ MHCTPYMEHTAJIbHBIC MOTPENTHOCTH BCEX OJOKOB BOJIBTMETpA.
OTtHomeHue «c/d» uHOTIIa HAa3bIBAIOT KAACCOM MOYHOCMU YUpposo-
20 801bMMempa.

2.2. IIpeoOpa3oBaTe v 3JIEKTPOHHBIX BOJIbTMETPOB

2.2.1. IHapamempol nepemeHHblX HANPAIHCEHUIL

[Ipn m3Mepenun HarpsKEHUN u(f), MEHSIOIMIMXCS BO BPEMEHH, WX Xa-
PaKTEpPU3YIOT HEKOTOPHIMU TapaMeTpamMu, KOTOpbIE MPUHSATO HA3BIBATh «3HA-
yeHuaMu Hanpsaxcenusy. VICTIONb3yIOT :

cpeoHee 3HayeHue (TIOCTOSTHHYIO COCTABJISIONIYIO CUTHAJIA)

Uy :U:—ju(t)dt,
T
0
rne 7 — mepuoja CUTHajla WIM MHTEPBal YCPEAHECHHS IS HETIePHUOIUIECKOTO
HaANPSDKEHUS;
cpeonexsadpamudeckoe snavenue (“Root Mean Square” — RMS)



1 T
U= |- [u @)t
T ’
CpeOHeeblnpﬂMﬂeHHoe SHA4YeHue

1 T
Uce=—j|u(t)|dt.,
T
0
nuKogoe (amMnaumyoHoe) 3HayeHue HanpsdxiceHus. ITO SKCTPEMaIbHOE

+
3HAYCHHUC Ha MHTCPBAJIC Ha6JIIOI[eHI/I$I - HWJIN MAaKCHUMAaJIbBHOC Um nWin MHUHH-

mansHoe - U, (puc. 2.4).

u(t) | | |

Puc. 2.4. 1IlukoBoe 3HaYEHNE HANPSHKEHUS
JIJ1s1 TApMOHUYECKOTO HAINPSDKEHUS 3TH 3HAYEHUS PABHBI U ONpeEes-

. rr+ -
10T amnaumyoy curiana Uy, Pasauna nukoBbix 3Hauenuit U, - U, wHa3biBa-

10T pasmaxom curnana. Ero o6o3nagator Vp-p («pick-to-pick»).
Hampsixkenue ompenengeHHOW (GOPMBI MOXXKHO OXapaKTepU30BaTh KO-
U

U
appuyuenmom amniumyowt k, = 7’" U K03 uyuenmom gpopmol kg =—— .
c6

3Has 3TH KO3 PUIMEHTH U U3MEPUB OAHO U3 HanpsukeHUl Uy, U ummn Ucs,

MOJXHO pacCUHMTAThb ABa OCTABIIHUXCH. Tak AJIA HAIIPSAXKCHUA FapMOHquCKOfI

dopmsl u(t)=U,, cos(axt + @) ka=1.41, kp = 1.11, 111 OpAMOYTrOIBHOTO CHT-

Halla TUNa Meanap ka=kgp=1.



2.2.2. Ilpeoopazoseamenu (0emexkmopul) cpeoOHeGbINPAMIACHHBIX 3HA-
YCeHUU HANPANCECHUA

B stux Hp€06pa3OBaT€HHX BI)IXOI[HOﬁ CUTHAJI IPOIMIOPpHUOHAJICH CPCOAHC-

BBIIPSIMJIIEHHOMY 3HadeHUI0 HanpspkeHus: Ucg. Cxema npeoOpaszoBaresis npe-

CTaBJeHa Ha puc. 2.5a.

u(t)

Puc. 2.5. ]JleTexTop cpeHEBBIIPSIMIECHHBIX 3HAYECHUM

a — CXEMa ACTCKTOpa, 0— BOJIbTMAIICPHAA XapaKTCPHUCTHUKA JUOAHOI'O MOCTa

Tok depe3 MUKpoamMIIepMeTp MPOTEKAET B OJHOM M TOM K€ HaIlpaBiie-
HUM B TE€UYEHHE OOOMX IMOIYNEPUOAOB MEPEMEHHOIO HAMPSLKEHUS (B MOJIOXKHU-

TEJIbHBIN MOJIyniepuo 1o uenu VD2—R—VD3, a B OTpULIATENbHBIA — MO LIENHU

VD4—R-VDj). Takum 00pa3om, AUOTHBI MOCT peaju3yeT ONEPAINIO B3ATUS
Monyinst  (puc.2.56). UHTerpupoBaHue OCYILECTBIISIETCS WHEPLUUOHHBIM Mar-
HUTODJIEKTPUYECKUM MHUKPOAMIIEPMETPOM, 3alTyHTHPOBAHHBIM CTJIaKHBAIO-
M KoHaeHcaTopoM. [Tokazanus MukpoamiiepMerpa OyayT IPOIOPIHOHAIb-

HBI CPCAHCMY 3HAYCHUIO TOKA U, CJIICJOBATCIIbHO, CPCAHCBBIIIPAMIICHHOMY 3Ha-

yeHU0 HanpsbkeHus: Ucg. Onepanuio HHTETPUPOBAHUS MOXKHO IIPOBECTU TAK-

K€ JOTOJTHUTEIbHBIM (PUITBTPOM HU3KOW YaCTOTHI.

2.2.3. Ilpeoobpazosamenu cpeoHeKkeaopamuuecKkux 3Ha4eHUuil Hanp -
JHceHus

B cpenHekBagpaTHYeCKUX AETEKTOpPax IMEPEMEHHOE HamlpsHKEHUE mpe-
oOpa3yeTcs B OCTOSTHHOE, MPONOPIMOHATIBHOE CPETHEKBAIPATUUECKOMY 3HA-
yeHuto HanpspkeHus: U npu mo6oit ero gopme. JletekTop cpenHekBagpaTuye-
CKOTO 3HAYEHMS JTOJDKEH BBINOJIHUTH CJEAYIOIIHUE ONepaluu: BO3BECTU BXO/I-



HOM CHUTHAJI B KBaJapaT, YCPEOHUTb €ro M W3BJEYb KBAJPATHBIA KOPEHb.
[lepByto omepanuio ocyuecTBiseT npeoOpa3oBaTesb ¢ KBaJApaTUYHON Xapak-
TEPUCTUKOHN, BTOPYIO — (UIIBTP HUKHUX YACTOT WM MArHUTODJIEKTPUUECKUNA
WU3MEPUTEbHBIN MEXaHU3M, TPEThsl ONEpalysl BBINOJIHAETCA IPU KATMOPOBKE
IIKAJIBI BOJIBTMETPA.

. 2
KBagparnunas BonbT-amnepHas xapakrepuctuka (BAX) 7 = au™ moxer
OBITH CO3/]aHa B BUJIE KYCOYHO-TMHEHHOH anmpokcumanuu (puc. 2.6) ¢ momo-
1IbI0 JuoHOM GyHKUIHOHANBHOU cxeMbl (JDPC), mpencrasiennoi Ha puc. 2.7.

A

~Us -U, -4

Puc. 2.6. KycouHo-nuHelHas anmpoKkcuManus KBaJIpaTUYHON Xa-
PaKTEPUCTUKH

Ha Bxone merexktopa CTaBsAT MOCTOBOM JBYXIOJYTIEPUOJAHBIN BBITPSMU-
T€Jb, aHAJIOTUYHBIN pUC.2.5a, KOTOPHIN BBHIMIOJHAET OMEPALUIO B3STUSI MOTYJIS
BXOJHOTO CUTHaja. JTO MO3BOJIAET Jlajie€ UMETh JEJIO TOJBKO C MOJIOKUTEIb-
HBIMHM 3HAUYEHUSMU CHUTHaIAa. BBIXOOHOM TOK BBIIPSMUTEIN MPOTEKAECT Yepe3

MHUKpoamnepMeTp u pe3uctop Ro. [lepemeHHas cocTaBisfronias TOka TEYET ye-

pe3 koHaeHncarop C, a MOCTOSTHHAS - 4Y€pe3 MArHUTORIEKTPUUECKUN MEXaHU3M

pA. Iocrosunsie Hanpsixenust cMeienust Ul, Uz u U3 co3naroTcst 10MOIHU-

TCIbHBIM HMCTOYHHUKOM ECM C IIOMOIIIbIO PC3MCTHUBHLBIX ,Z[eJII/ITeJIeﬁ Hu ABJISIIOTCA

10 OTHOILICHMIO K uojaM VD1, VD2 u VD3 3anuparomumu (U < Uz < U3).

[Ipn ManmbIX 3HAYEHUSX BXOIHOTO HAIPSIKEHUS 00pa3yeTcss y4acTOK

BOJITAMIIEPHONW XapaKTepUCTUKHU Ha ydacTke oT —U] no U], Hakinodn BAX Ha

ATOM YYacCTKE ONPEAEIsIeTCs BEIIMUUMHON pe3ucropa Ry. Eciau ypoBeHbs BXOIHO-
ro HanpspKEHUs NMPEeBbICUT 3HaueHue U1, To oTkpoercs nuox VD1 u conpoTuB-
jeHue Ro OyAeT 3allyHTUPOBAHO CONMPOTUBIEHUEM R1. Do MPUBEAET K YBEIH-

YEHUIO HAaKJIOHA BOJIbTAMIIEPHOM XAapaKTEPUCTUKHU Ha ydacTke Uj < ‘u(t)‘ <U,

(cm. puc. 2.6). Korna ypoBeHb BXOJHOTO HAMPSHKEHUS MPEBBICUT 3HaueHue U2,



TO OTMOJHUTENBHO OTKpoeTcs Auoa VD) u compotuBieHue Ro OyaeT 3amryH-

THUPOBAHO COIIPOTHUBJICHUAMU Riu RQ, HaKJIOH BOHBTaMﬂepHOfI XapaKTCpPUCTU-

KH e1ie 0oJiee BO3pacTeT, U T. .

VS
4
VAS
4

|_
©

Ry Ry Ry Ry
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Puc. 2.7. Cxema quoanoro mnpeo6paszoBateis I€TEKTOpA CPEAHEKBAAPATHIECKOTO
3HAYEHUS

B pesynbTare mokazaHuss MUKpoaMIipepMeTpa OyayT IPOIMOPIHUOHAIIBHBI CPE/I-
HEMY 3Ha4YE€HHUIO KBaJipaTta BXOAHOI0 curHajga. KopeHb U3 3TOro 3Ha4YCHUS y4u-
TBIBACTCS MIPU TPATyUPOBKE MIKAIBI IPpUOOPA.

JHloctounctBo nerektopa ¢ JDC — Oonbliod TUHAMUYECKUM JTuara3oH
BXOJHBIX CUTHalI0B. HemoctatkaMu SIBISIFOTCS CJIOKHOCTB CXEMBbl, TPYJIHOCTh
€€ HACTPOMKHU, HEJIMHEWHOCTh IIKaJIbl, OTPAHUYCHHBIA YAaCTOTHBIM JWana3oH
(He OoJiee HECKOJBKUX Merarepil). B IIMpOKOMOJOCHBIX BOJIBTMETpax Iepe-
MEHHOT'O TOKa HaIllJIM IPUMEHEHHUE TEPMOIJICKTPHUIECKUE MpeoOpa3zoBarenn. B
HACTOSAIIEE BPEMS A MTOCTPOCHUS JETEKTOPOB CPEAHEKBAIPATHYECCKOTO 3HA-
YEHUSI ITUPOKO UCIIOIB3YIOT aHAJIOTOBbIE (DYHKIIMOHATIBHBIE DJIEMEHTHI — KBaJI-
paTopsl (MIEPEMHOXKHUTENN CUTHAJIOB) U JIOTApU(PMUPYIOIINE YCUITUTEIH.

2.2.4. Ilpeobpazosamenu nukogvlx (AamMnaunyoHsvlx) 3Ha4eHull

Hanpsycenun

B BosbTMeTpax amIUIMTY[HOTO 3HAUYEHHUS HU3MEpSEMOE MEPEeMEHHOE
HanpspKEHUE MpeodpasyeTcss B IOCTOSTHHOE HAMpsKeHHE, OMM3KOe K aMILIH-
tyaHoMy. Ha puc. 2.8 npencraBieHbl NpocTeHIIME CXEMBI peoOpa3oBaTeien
aAMIUTUTYTHBIX 3HAYCHUN - AMIIUMYOHbIE (NUKOBble) NETEKTOPHI.

Ha puc. 2.8a npencrasien npeodpa3oBaresb NOCAEA0BATEILHOIO TUIIA C
omKpulmbiM 6xo0oM. Eciu Ha BXOJe IPUCYTCTBYET MOJIOKHUTEIbHAS MOTYBOJI-
Ha TapMOHMYeCKOro Hampsokenus u(f)=U,, sm(wt) (puc. 2.9), T0 KOHJEHCa-



Top C Oyzer 3apsKaTbCsl TOKOM 3apsija i 4epe3 BHYTPEHHEE COIPOTUBIICHHE

WCTOYHUKA R; 1 OTKPBITHIN quoa VD.

VD C
N 0 | o
I/IC ! VD
1 lp llp
O O
a) 0)

Puc. 2.8. AMnimTynHBIA JETEKTOP:
@ — C OTKPBITBIM BX0JI0M; O — C 3aKPBITHIM BXOJIOM

CKOpOCTB 3apAaaa OonpcaciiaCTCA MOCTOSIHHOM BPCMCHHU 3apsfia 7, = RZC

Korga BXoaHOM CUTHall HAYMHAET YMEHBIIATHCS U HAIPSKEHHE HA KOHJAECHCAa-
TOpE OKa3bIBaeTCsl OOJIbIIE BXOJHOIO HAMPSKEHUS, TUOJ 3akpbiBaeTcs. [Ipo-

UCXOJUT pasps] EMKOCTH TOKOM ip C IIOCTOSIHHOM BPEMEHU paspsia Tp = RC.

Ecmn 1, <<7T (T — mepuox rapMOHUYECKOr0 HANPSDKEHUs), a T, >>71, TO

p
HalpsbKeHWEe Ha KOHJEHcaTope u(f) OyIeT NMpaKTU4eCKH HNOCTOSHHBIM H

OJIM3KUM K AMINIMTYJHOMY 3HAUYCHHUIO BXOAHOI'O HAITPAKCHUA U, m-

OTO HE BBINOJHACTCS Ha HU3KUX qacToTrax, €CJIu Mnepuod CUuraaia 00JIb-

IO U CPaBHUM C IOCTOSIHHOM paspsiaa Tp ~T . Ha unrepBane ot #1 10 12

(cMm.puc.2.9) NpOUCXOIUT 3aMETHBIN pa3psll KOHIAEHCATOpa U HANPSKEHUE Ha
HEM TIaJIaeT 10 3aKOHY

10



-4

uc(t)= Ume_(t_t1 )/ =U,|1-

u(t) uc(?)
4 AN

VAAVARY.

Puc. 2.9. IlnarpamMbl HANPsKEHHUS HA BBIXOJIE IETEKTOPA C OTKPBITHIM
Ha unTepBane ot #2 10 3 KOHAEHCATOP MOA3APSIKAETCSA JO AMILIUTYIHOTO
3HayeHus U,,. B cuiay ManocTu 5TOro MHTEpBaja IO CPAaBHEHHUIO C IIEPHO-

nom T UM MOXXHO TipeHeOpeub. Torma cpemHee 3a Mepuoj HaNpsHKCHHE Ha
KOHJCHCATOpE PaBHO

t+T t 2
11 U, 2(. t—t U (1 —11)

Ur =— [ Up(Ddtr 2 [| 1oL |gp=2m| 4y ¢ X2 U |4
G~ r t{ ¢ T t{( T ]d 7|2 1 21,

2.1)

2
ol 120, 1-1),

[Tpu T/ 2rp <<1 UCo ~U,,. OnHako npu OOJBIIOM IIEPHOJIE CUTHAJIA OTO HE-

PABCHCTBO HC BBLIITOJHACTCH. Bo3uukaeT HU3KO04acTOTHAS IOrp€mHOCTL U3MC-
PEHUA aMIINIUTY bl TApPMOHHUYCCKOT'O0 CUTHAJIa ITMKOBBIM BOJIBTMECTPOM.

AMIUIMTYIHBIM JTETEKTOP MPUMEHSIOT M B HMMIIYJIbCHBIX BOJIETMETpaX
(rpynma B4 mo I'OCT). Ecnu momats Ha mipeobpa3oBateib OTKPHITOTO THUTIA UM-
IyJIbCHOE HanpsbkeHue (puc. 2.10), To pU BBINOIHEHUH YCIOBUH T, << T (THe T

N - 7 o

0 TT ;

Puc. 2.10. BX0OAHOM UMIyIbCHBIIM CUTHA M HANPSDKEHUE HA KOHIEHCATOPE



— JUINTEIBHOCT MMITYJIbCA) M Ty >>7' HaNpsHKEHHE Ha BBIXOZE OyeT OIM3KO K

aMIUINTYyTHOMY 3Ha4eHUIO Up,. Eciin meproa curaana conocTaBuM € IMOCTOSSHHOM

pa3psadaa TO 1 B 9TOM CJIy4d€ BOBHUKHET HU3KOYAaCTOTHAA MMOrpCIIHOCTD.

Curnain B BUJI€ OJTHOTIOJISIPHBIX UMITYJIbCOB Bua puc.2.10 cogep ut mo-
T
1 T
CTOSIHHYIO cocTaBisomyo Ug =— j u(t)dt =U,,— . JIeTeKTOp € OTKpBITBIM
T T
0
BXOJIOM U3MEpSET CyMMY aMIUTUTYTHOTO 3HAYEHHS] U TMOCTOSHHON COCTaBIIfA-
foleid. Bo MHOrux citydasix 3To HEyJoOHO (HampuMep, KOrja B CUTHaJe Mpu-
CYTCTBYET HamnpsbkeHue nutanus). [lo3ToMy B aMITUTYIHBIX BOJIBTMETPAX UC-
MOJIB3YIOT MPEUMYIIIECTBEHHO NETEKTOPBl C 3axpuimuiM 6x00om (puc.2.80).
BrixogHoe HampspkeHue npeoOpa3oBaTelisi 3aKpbITOrO THIA PAaBHO Pa3HOCTU
BXOJIHOTO HANPSDKEHUS U HANPSDKEHUS Ha KOHAeHcaTope (IPaKTUYeCKH PaBHO-

ug(t)
0 = lUO T t

v

Puc. 2.11. VNmnynbcHOE HanpsHKEHUE HaA BBIXOIE JIETEKTOPA € 3aKPHITHIM BXO-
oM

ro amrumTyzae curnana) up(t) =u(t) —uc(t). llockoneky uc ~ Up, TO BBIXOA-

HOE HampspbkeHue ug(t) OyaeT uMeTb BUJ puc. 2.11. MaraurosnexkTpuyecKuit

BOJIBTMCTP HU3MCPUT IOCTOAHHYIO COCTABJIAIOIIYIO OTOI0 HANPAKCHUSA

1 T
P f u(t)ydt=U,, (1 — %) B pesynbpraTe BMecTo aMmrmmTyabl ummyiasca Uy, Oy-
T

ACT U3MCPCHA PA3HOCTL aMIUIMTY/Abl U MOCTOSTHHOM COCTaBHHIOHleﬁ CHT'HaJla

Ur=u, -U,. T 6
m=Um 0. 1o ecTh mpeoOpa3oBaTeiib 3aKPBITOrO THUIIA HE pearupyer Ha

IIOCTOSIHHYIO COCTAaBJIAIOIIYIO BXOJHOTO CHUTrHama. Jlius M3MepeHus IOJIHOTO
pa3maxa UMITyJIbca Ha BOJBTMETP MOJAI0T MHBEPTUPOBAHHBINA CUTHaNA (M3Me-
HSIOT €ro MOJSpHOCThb). BoOJbTMETp MNpuU 3STOM MOKa3bIBa€T 3HAYEHUE

U,, =Up —Upin - CyMMa U3MEpEeHUBIX 3HAYEHUM AACT MCKOMYIO aMIUINTYIY

ummyiscos U, =U, + U, .
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AMIUIMTYAHBIE (MMITyJIbCHBIE) BOJBTMETPHI OOBIYHO CTPOSIT IO CXEME
«JIeTeKTop-ycunurenby (puc.2.12).

S 1 OHU  VIIT
|
~
" L low-o |
a1/ =]
IBBIHOCHaH:
| TOJIOBKA

Puc. 2.12. Cxema aMmiuTyIHOTO BOJIBTMETPA THIIA «yCHIIUTENb-IETEKTOP)

DTO NO3BOJISIET 00ECHEYUTh MIUPOKONOIOCHOCTh MPUOOpa, UTO HEOOXO-
MO U1 U3MEPEHUS UMITYJIbCHBIX CUTHAJIOB M aMIIUTy 1 BY rapmMoHnuecKkux
HaIpspKeHU. ['pagynpoBKYy MMITYJIBCHBIX BOJIBTMETPOB JIEJAIOT B aMILIUTYI-
HBIX 3HAYEHMSX, & TPaIyUpOBKY aMIUINTyAHBIX BU BOJIBTMETPOB — B CpeliHE-
KBaJIpaTUUECKUX 3HAUEHUSAX CHHYCOUJAIBHBIX CUTHAJIOB (C ydeToM Ko3(pdu-
nueHTa amruatyasl 1.41). HemoctaTkoM CXeMbl «JI€TEKTOP-YCHIAUTEND) SB-
JSIeTCS Majiasi YyBCTBUTEIBHOCTh aAMITUIIUTYIHBIX BOJBTMETPOB.
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2.3. Onucanue J1a00PATOPHOI YCTAHOBKH

JlaGopaTopHast ycTaHOBKa COCTOMT W3 HudpoBoro BoiapTMeTpa GDM-
8246, uctounuka nutanus AKWII-1123, renepaTopa curHaaoB ciokHOH (op-

Mbel AKUII-3407/4, uudposoro ocmmmiorpadpa GDS-820C u naboparopHoro
MakeTa (puc. 2.13).

[eneparop JIabopaTOopHBIii

B
AI(I/IH'3 407/4 Bxog MakcT Bbixog

: |.' <§> ®
Hcroynuk HJ

>
IUTaHHSA @_>j
AKMIT-1123 @Y

-

Ocuumnorpad M
JIbTUMET -
o GDS-820C  Kan Y P ®

GDM 8246
® 0 o1’

I A\

Puc. 2.13. CtpykTypHas cxeMa J1a00opaTopHOil YCTaHOBKH

B MmakeT BXOAST IETEKTOPHI CPEIHEKBAIPATUUECKOTO, CPEIHEBBIIPIM-
JICHHOTO U MHUKOBOTO (aMIUTUTYAHOTO0) 3HAaYEHUH HanpsikeHus. BeiOop cooTBeT-

CTBYIOIIETO JIETEKTOpa OCYIIECTBIsIeTcs nepekmodareneM makera (IMuk, CB,
CK) (puc.2.14).

Muk

B
Bxon O—,_ c _|_O

3akp

Brixon

o———— CK O

OTKp

o)
rne

Puc. 2.14. CtpykTypHas cxema 1abopaTopHOro MakeTa

B nonoxenun IIP (npsiMoe COeAVMHEHHUE) HAMNpsDKEHHE reHepaTtopa Io-
CTyIAaeT Ha BBIXOJ] MaKeTa , MUHYs MpeoOpa3oBarenu. Ha Makere Takke MMeeT-
Csl TIEPEKITIOYATEb OMKPbIMO20 WK 3aKpblmozo BXxoja. B mocnenneM cimydae
Ha BXOJIE JIETEKTOPOB MAKETa BKJIKOYAECTCS pa3AeUTEIbHBIN KOHEHCATOP, Mpe-
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ISATCTBYIOUIMM MPOXOXKJIEHHUIO MOCTOSHHOM COCTAaBJISIOLIEW BXOIHOIO HaIpsi-
KEHUSL.

Hudposoii BoabT™MeTp-MmyabTuMeTp GDM-8246 ucnosb3yercs B ja-
OoparopHoit paboTe Al U3MEPEHUsS] MOCTOSHHOTO HAMPSIKEHHS, a TaKkXKe s
U3MEPEHUsI CPEIHEKBAJAPATUYECKOIO 3HAYEHHS CHUTHAJIOB IEPEMEHHOTO
HaNpPsHKEHUS.

BxoaHoe comporuBienre BoibT™MeTpa — 10 MOM. BxoaHast eMKOCTh —
He 0osee 100 nd. ToyHOCTH M3MEPEHUI BOJIBTMETPOM OIICHUBAIOT MPEACIOM
JOITyCKaeMOM IOTPEIIHOCTH, KoTopas 3aaaercs B Buae Gopmyi. Ilpu pacuere
MOTPEITHOCTEH U3MEPECHHSI MOCTOSHHBIX HAMPSIKCHHWHA CIIEIyeT UCIOJb30BaTh
Tabmn. 2.1.

Tabnuya 2.1
[penen Paspemenne k (snaucnue exum- | o0 oag TIOrpeImHOCTH |
1B MJTAJIITIETO pa3psiaa)
500 MB 0.01 MB +(0,0002 U + 4k), MB
5B 0.1 MB +(0,0002 U, + 2k), MB

13necy Uy — n3MepenHoe 3HaueHune, k — paspenienue (06a caaraeMblX JTOJDKHBI OBITh BHIPa-
KEHbI B O/INHAKOBBIX €MHULIAX).

[Ipn pacueTe NOTpPEMIHOCTEN HM3MEPEHHUS NEPEMEHHBIX HANPSKEHUN
CJIeyeT UCTOb30BaTh Ta0d. 2.2.

Tabnuya 2.2
Hpe[[eﬂ HOHOC@. qacToT A6COHIOTH3.H NOI'PCIIHOCTD Pa3pemeHI/Ie
20...50 Tt +(0,01 U, + 10k)
50Tm...2 kI'n (0,003 Ux + 30k)
2,10 +(0,004 U, + 50k)
>00 MB 10...20 kT (0,005 Us + 504) 00T MB
20...50 xT'nt +(0,02 U, +20k)
50...100 &Iy +(0,005 U, + 50k)
20...50 Tt +(0,01 U, + 10k)
50 I'r...2 kI (0,003 Uy + 30k)
2. .0xln (0,004 Uy + 50)
>B 10.. 20 1t (0,005 U, + 50) 0.1 mB
20...50 kTt (0,02 Uy + 20)
50...100 &'t (0,005 Uy X + 50k)
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Ha3HaueHre OCHOBHBIX OpPraHOB YIPABICHHS BOJBTMETPOM YKa3aHO
B Ta0I. 2.3.

Tabnuya 2.3
O6o3HaueHue Ha3nauenue

POWER BxiiroueHue-BbIKIIOUYEHHUE TUTAHUS

[DCV] Bb10Op peskrMa U3MepeHHs IIOCTOSTHHOTO HanpsbkeHus (6onee 500 MB)
DCV/DCmV [DCmV] BeIOOp pexxuMa U3MEPEHHS TIOCTOSIHHOT'O HaIpsDKEHUs (MeHee

500 mB)

[ACV] Bb1OOp pesxrMa U3MepeHHs mepeMeHHoro Harpspxenust (6oee 500 MB)
ACV/ACmV [ACmV] BeIOOp pexxuMa U3MEPEHHS TIEPEMEHHOTO HAMPsDKEHUsI (MEHEe

500 mB)
AUTO/MAN [TepekstoueHre aBTOMAaTUUECKHI, pYYHOU BBIOOD Ipejieia M3MEPEHU
SHIFT Kuonka-npeduxc

HUcrounuk nocrosinHoro Hanpszkenusas AKHWII-1123 popmupyer
MOCTOSIHHOE Harpsbkenne HanpstkenueM 0...32 B ¢ orpannuennem toka ot 0
no 6A . /IuckperHocTh ycTaHOBKM HanpsbkeHus 10 mB. HectabuibHOCTh
BBIXOJIHOTO HanpskeHus He 6onee +(0.1-Uy,, +3), B . Jlns ycTaHOBKM 3Ha-

YeHUS HANPSDKEHUST HYXKHO HaXKaTh KHOMKY V-set U U(POBBIMU KHOIIKaAMHU, a
TAKYK€ KHOIKOMN JECATUYHON TOYKH YCTAaHOBUTH HYXKHOE 3HaueHue. [[ns BBoga
HaOpaHHOTO 3HAYCHUS HANPSDKEHUS HYKHO HaXKaTh KHomKy Enter. [lepectpoii-
Ka HalpsHKEHUsT B CTOPOHY YBEIIMUCHUSI OCYLIECTBIISICTCS HAKATUEM Ha
KHOMKY A , B CTOPOHY yMeHbIlIeHUSI - KHONKOU ¥ . [Tpu 3TOM 1miar usmeHeHus
Hanpspkenus: paseH 0,01 B . Uctounuk nutanuss AKUWII-1123 umeer 610ku-
POBKY BBIXOJIHOTO HampspkeHus KHomkoi  On/Off .

I'enepatop curnajnos cneunanbHoii popmbr AKUII-3407/4 no3Bosns-
eT GopMHUPOBATh HAMPSIKEHUS pa3nuHoi GopMbl. ['eHepaTop umeer 2 kaHasia
A u B, BBIXOJIbI KOTOPBIX aKTUBHUPYIOTCS HaxkatueM kiaBuil CHA Output i
CHB Output. PexxuMbl paboThl TeHepaTopa M MapaMeTpbl BhIpaOaThIBAEMBIX
CUTHAJIOB OTOOpa)karoTcsl Ha Auciuiee. B neBoil yactu aucmiies oroOpaxaercs
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dbopma curnana xanaina A (CH A), B LUEHTpalIbHOW BEpXHEH 4YacTu JUCIUIES
otoOpakaercst popma curHana kanana B (CH B).

CHAMUAIGREY | BOO Sine CHA Alone b
1.0000000kHz 1.0000000kHz

Amplitude b

Jlyis ycTaHOBKM TpeOyemMoro IapameTpa CHUTHalla TeHepaTopa Heo0Xo-
JUMO Ha)KaTh OJIMH WJIM HECKOJBLKO pa3 COOTBETCTBYIOIIYIO KJIABHUIINY (HAIpH-
mep, Amplitude). 3atemM HAOpaTh ¢ MOMOIIBIO ITUGPOBOM KIIaBHATYPHI YUCIICH-
HOE 3Ha4YeHHUE MapaMeTpa, Hanpumep, 2.583. 3aBeplIuTh BBOJ CIEIyET Ha)Ka-

THEM (DYHKIIMOHATIBHON KIABHIIN Pa3MEPHOCTH (HAIIpUMep, Vpp WK B Cilydae
4acToThl — kHz). JIJid MJIaBHOTO M3MEHEHHSI YMCIIEHHOTO 3HAUEHUsl apameTpa
MO’KHO HCIIOJIb30BaTh PyUKy B IPABOM BEPXHEM YIUIy JIMLIEBOM IaHENN I'eHe-
patopa. Knonkamu <« u P BbiOepuTe pa3psa Ha MUPPOBOM HWHIUKATOPE, C
IaroM KOTOPOro Oy/IeT U3MEHSThCS 3HAaU€HUE MapamMeTpa pH BpalleHUH pyd-
KH. 3HAYEHHE MapaMeTpa MOKHO U3MEHSTh Takke KHOnKaMu A u V.

s HabOmoneHust popMbl HANpsKEHUs] U U3MEPEHHUs €ro MapameTpoB,
UCTIONB3YeTCsl  JABYXKaHaNbHBIM  1udpoBoit  ocummwiorpadp  GDS-820C.
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Ha nepBblii KaHa MOCTyNaeT BXOJAHOM CUrHajl (OT reHepaTropa), BTOpOi
KaHaJl —CUTHAJl C BbIX0Jla MakeTa. B naHHOM s1abopaTopHO paboTe ocuuilio-
rpad ucmonb3yercs B peKUMe CAaMOHACTPOUKH 10 mepBomy kaHaiy «Kanly,
KOTOPBIN BbI3bIBacTCs HaxaTueM KHONIKH «ABTO YCT».
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2.4. 3ananue M yKa3aHUsl K BBIIOJHEHHUIO Pa0dOTHI

Cobepure nabopaTopHy0 YCTaHOBKY B cooTBeTcTBHM ¢ puc.2.13. Coenu-
HUTE KabeneMm depe3 TPOWHHWK BhIXxoA Quiput NCTOYHUKA TTOCTOSHHOTO TOKa
AKUII-1123 ¢ pazsemoM Bxoo maketa. PazbeMm Bouixo0 MakeTa COCTMHHUTE Ue-
pe3 TpoWHUK ¢ BxoaoM Kaw2 ocuumoiuiorpada © C BXOJHBIMH KJIE€MMaMH
BosibTMeTpa GDM-8246: depHbIil (CUHMIT) TPOBOJT — C KIEMMOM «3eMiis», Oe-

JBIA (KpacHbIN) MPOBOJ — C KIIEMMOU «+». YCTaHOBUTE MEPEKIIOYATENIN MaKe-

Ta B nosioxeHust [/P u Omkp. Bkiiiounte NuTaHue Bcex MpuOOPOB U MaKeTa.
1.1.1. H3zmepenue nocmoaHHbIX HANPANHCEHUT

Bxirounte uctoyHuk nocrouyHHoro toka AKWII-1123. Haxmurte kHONKY
YCTAHOBKM HampsikeHusi V-set U KHONMKaMH LUQPPOBOM MaHeNIu Halbepute
HavyaynbHOe Hamnpspkenue 5.00 B. 3aBepuiure BBOJ KHOmKOM Enter. Pa3omoku-
pyHTE BBIXOJl MICTOYHHUKA , HaXkaB KHONIKY On/Off.

BxirounTe pexuM aBTOMaTHYECKOW HacTpouiku ocumiiorpada ABTO
VCT. OtxiirouniTe EpBbI  KaHal ABOMHBIM Ha)kathem KHoOmnku Kawul. Bxmto-
YUTE PEXKUM H3MEPECHUSI NapaMeTpoB HampsikeHus (KHomka Msmepenue OcC-
uusuiorpagda). Ha npaBoit yactu skpaHa MOSIBATCS pa3iuvHble 3HAYEHUS! BXO/I-
HOTO HAaIpsDKEHUsI BTOPOro KaHama. V3MmepeHHass BelWYuMHA MOCTOSIHHOTO
HarpsKeHUs: BeiBoguTes kak Ucp.

[IpoBenute u3MepeHUE MOCTOSHHOTO HAMPSHKEHUS MYJIbTUMETPOM H
ocumiorpadom, pe3ynbTarhl 3aHecute B Tadn. 2.4. TloBTopute u3MepeHUs
JUISl HECKOJIBKUX 3HaueHHH HanpsbkeHus Uy, B ananazone 0.05, 0.1, 0.25,, 0,5,
1.0, 2.5, 5.0 B. IIpn n3mepennn Hanpsiokenus, Mensiero 0.5 B, Ha BonbT™MeTpe
HAJI0 TEPEUTH C BOJIBTOBOIO MpEAeia WU3MEPEHUNM HA MUJUIMBOJBTOBBIN, IJIS
yero Hajgo Haxarth kiaBuiny SHIFT, a 3arem DCmV. Ha ocumuiorpadge mo-
BTOPUTE PEKUM aBTOMATUYECKON YCTAHOBKHU.

Tabnuya 2.4
ITorpemHuocTs N3mepennoe ocuui-
Hanpsioxenue, Ha | I3mepeHHOE MyIb-
YCTaHOBKH HampsixKe- norpapom U,
BXOJIE MAKeTa, TUMETPOM i B. (MB
B, (MB > M
Yyer Yoo B, (B) A = Uyzy -Uyer , MB
5B
0.05B

PaccuuTaiite aOCOMIOTHYIO MOIPEIIHOCTh YCTAHOBKH IOCTOSIHHOTO
HaNpsDKEHUs Ha UCTOYHMKe mutanus A=U,,, —U yem A. TlocTpolite 3aBHUCH-
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MOCTb OTHOCHUTEIbHOM INOIrp€IIHOCTHU YCTAaHOBKHU ,%OT HU3MEPSACMOTO

usm
SHAYCHUSA HAIIPSAKCHUA.

1.1.2. H3mepenue napamempos 2apmoHUUecKko20 (CUHYyCoOuodaIbH020)
HANpAsCeHUus

BrIkiiIounTe MCTOYHUK MUTAHUS M OTCOEIMHUTE €ro oT Bxoja makera. Co-
eauHUTEe KaodeineMm (depe3 TpoilHuK) Bbixon Qutput B reneparopa AKMUII-
3407/4 ¢ BxomoM MakeTa 1 Bxogom Kanl ocumnorpada.

YcraHoBuTe pexxuM pabOThl reHeparopa B kaHaie B. [[ns storo Haxka-
teM kHonku Channel noOetitecs nossinennsa Ha nuciuiee Haanucu CHB Alone
(«kanan B onuny). Jlanee nHaxmute kinaBuily Wave Ha TeHepaTope W Bpallle-
HUEM PYUYKH BeIOepuTe cuHycouganbHyto ¢opmy curHaia (BOO Sine). Haxas
KJIaBuilly Frequency, yCTaHOBUTE 4acTOTy curHaia re”eparopa 1000 kHz.

Haxas kHONKY Amplitude, ycTanoBuTe pa3Max CHrHaja remeparopa Vpp =2 B
(ammmutyna cunyca =2 B). [logaliTe HanpsbkeHUE ¢ reHepaTopa Ha BXOJ Make-
Ta HaxxatrueM kHonku CHB Output (MHAUKATOP KHOIKHU 3arOPUTCS).

Ha mynpTuUMeTpe AJis u3MepeHus MOCTOSTHHOTO HAIPSKEHUsI Ha BBIXOJIE
MakeTa Haxmute kiasuiry DCV. Ha ocuuiinorpade BKIIOUNUTE PEKUM aBTO-
Matuyeckoi HacTpoiku ABTO YCT. OtperynupyiTe BepTUKAIbHBIA MacIITad
uzoopaxkenuss (BOJIPT//IEJI) w ero TmoOJOXEHHWE M0 BepTUKAIU (pydKoi
CMEHIEHME Y Kawl). Ilpu HeoOX0AUMOCTH BpaIliecHUEeM PYYKH Yposensb NO-
OeiiTech HEMOJBI)XKHOTO HU300paXEHUS CHUHYCOMJIAJIIBHOTO HANpsKEHUsS Ha
sKpaHe ocumiiorpada. B nanbHeilleM npyu M3MEHEHUH 4acTOThl CUTHANA pe-
rynupyire koddduuuent pazseptku BPEMA//{EJI Tak, 4TOObI HA dKpaHe Obl-
JI0 BUTHO 3—5 NEPUOJ0B HANIPSKECHUS.

Bxirounrte nutanne maketa. [lepeknrouaTens BXoJa MakeTa yCTAHOBUTE
B MOJIOKEHHE 3aKp, MEPEKIT0YaTeNb IETEKTOPOB — B nosioxkeHue [luk. IIpose-
JUTE€ U3MEPEHUE MHUKOBOro 3HaueHus: U, (monoxenue IINK), cpenHeBbi-

npsiMiieHHOro U, (monoxkenne CB) U cpelHEKBaJIpaTUYECKoro 3HaueHud U

(monoxenne CK MakeTa) TapMOHMYECKOIO HAIMPSKEHUS! HA YacTOTaxX, yKa3aH-
HBIX B Ta0JI. 2.5.

Tabnuya 2.5
£, kg
0.5 1 2 5 10 20 50 100 200 | 500 | 1000
UCK
UCB
UHI/IK
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UHI/IK,
pacu

Ha BTOpoM KkaHane HabmronaiTe GopMy BBIXOAHOTO HAIPSKEHUSI JETEKTOPOB.
CdororpadupyiiTe BEIXOAHONW CUTHAT MUKOBOTO JETEKTOpAa HA CaMOW HU3KOMN
4acToTe.

[IpoBeauTe pacyer MOCTOSHHOM COCTAaBJISIOIIEH Ha BBIXOJAE Ipeodpa-
30BaTelis MMKOBOTO HAIpshKEHUs 1o opmyie (2.1):

T
Ugorx =Up | 1 - Nt
p
nonaras 1y ITHKOBOIO NETEKTOpa MaKeTa T, =RC= 0.5 mc; T=1/f. To-

CTpoiTe TpadUKu IKCIIEPUMEHTATIBHBIX U PACUETHON aMIUIUTYAHO-YACTOTHBIX
xapaktepuctuk (AUX) nerektopoB 1o gaHHbIM Taba. 2.5. [Ipu moctpoeHuun
rpaduKoB UCHONB3yiTe JorapudmMuueckuii Macmrad mo 4yactotTHoil ocu. Ha
PUCYHKE MOKa3aH NPUHIUIT MOCTPOEHUS JTOTapu(PMUIECKOro MaciiTada 4acTo-
Thl B Auana3one oT 1 mo 100 k' (BepxHsag ock). Ha HuKHEH ocu mokazaH Jie-

CAITUYHBIN JJoTapru(M OTHOIIECHHUS YaCTOT lg( f/ fl) .

Sy
| | | | | | | L1 1 | | | | | | [ |
1 2 3 4 5 6 7 10 20 30 50 70 100
lg(f2/f1)
A N TN N HNN NN NN N N NN (NN NN NN N NN NN SN N
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Hauao mkansr cootBerctByeT f] = 1 k[, Ipyrue 9acToThl pacoararTcs Ha
Jorapu()MHUYECKOIi MIKaJe COrIacHo JorapudMy oTHOIIeHUs JacToT. Hampumep,
gacrote f3 = 2 k' coorserctsyer 1g( f>/ 1) = 0,3, gacrore /2 = 8 kI’ cooT-
BeTcTBYEeT 0,9 U T. 1.

[IpoBeaTe U3MEPEHUE AMNAUMYOHBIX XAPAKMEPUCTUK TETEKTOPOB Ma-
KeTa. AMIUTMTYJHAs XapaKTEPHCTUKA -3TO 3aBHCHMOCTb HOCTOSHHOTO BBIXOJI-
HOT'O HaIIPSKEHHS IE€TEKTOpa OT aMILIATYIbl TAPMOHMYECKOTO HAMPSKEHUS Ha

€ro BXOJE.
Haxxmure kHONKYy Frequency n ycranoBuTe yactoTy curHana 500 I 'm.

Haxxmure kHONIKY Amplitude n ycTaHOBUTE MaKCUMAaJIbHOE HANPSDKEHUE Vpp =

2Up=10B (ammutyna =5 B). Ilpoeaute nzmepenus ais ammautya Uy, yka-
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3aHHBIX B Ta0xd. 2.6. [{ns usmepenust Uck, Ucg U Unux MCHIONB3YHTE MEPEKITIO-

yaTenb Ha MakeTe mpeooOpazoBatenedd. [Ipu u3MepeHHr Majblx HampsHKEHHM
BKJIFOUMTE HA BOJBTMETPE MUJULIMBOJIBTOBBIN Auana3zoH usmepenuit (SHIFT +
DCmV). PacyeTHble 3HauYeHUs MapaMETPOB HAIPSLHKEHUS OINpPENETUTE 4depe3

KO3 GUIIUEHTH! aMIUTUTY bl U (POPMBI TapMOHUYECKOTo curHana (ka = 1,41, a

k¢ = 1,11) n 3anannoe 3nauenue Up,.

Tabauya 2.6
Um =Vpp/2, B 0,05 0,1 0,2 0.5 1.0 2.0 5.0
U3MEPEHHOE
UCK
pacdeTHoe
U3MEPEHHOE
UCB
pacdeTHoe
U3MEPEHHOE
Uk | pacuernoe
(Up,)

[TocTpoiiTe rpaduku aMIUITUTYTHBIX XapaKTEPUCTUK JIETEKTOPOB MaKeTa.

1.1.3. H3mepenue napamempoe nepuoouydecKux HecuHycoudanbHovlxX
Hanpaj ceHuu

Haxxmute kHOTIKY Frequency u yCTaHOBUTE 4acTOTy curHana /= 50 kl'm.
[Ipu sToM nepuox curnana Oyaer pasen 7 = 1/ f = 20 mxc. HaxaB kHOTIKy Am-

plitude, ycTanoBuTe aMIUIMTYly curHajia reaeparopa 2V, (Uy = 1 B). Tlonaiite

CUTHaJ C reHepaTopa Ha BXOJ MakeTa HaxkatueM kiaBuimiu CHB Output (MH-
JUKATOP 3arOPUTCH).

Tabnuya 2.7
B curaana Usor | Uers | Unuges ka kg
(oauH niepuon) B B B |m3m.| Teop. |u3sm.| Teop.
Cunyc (B00) 1.41 1.11
Meanap (BO1) 1 1
Tpeyronsusiit (B02) 1,733 1,155
[Tunoo6pasusrii (BO3) 1,733 1,155
ITon0XUTENBHBIN UMITYJIBC VTt = T/t ==
r 2,83 2,83
—=8(B05)

[IpoBenuTe wW3MEpeHUs TMapamMeTpOB HAMPSIKEHUH CHUHYCOUIAITBHOM
(B00), tpeyromproii (B02), munoodpazuoit (B03) u ummynscHoi (B0S) dop-
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MBI, [[71s1 ycraHOBKH (pOpMBI HOKMUTE Ha TeHEpaTope KHOMKY BBIOOpA CHTHAIA
Wave n BbiOepuTe Hy*X)HYyI0 (opmy HampspkeHus (B00..B0S). [IpaBunbHOCTH
BBIOOpa CHUTHAaja KOHTPOJHMPYHTE C MOMOIIbI0 ocuuiuiorpada. Pe3ymbraTs

n3MepeHui 3anecute B Taou. 2.7. [1o pe3ynbratam u3MepeHuil paccuuTanTe ka

)41 k(b JIIA Ka}KHOﬁ (1)OpMI)I HaIIPAKCHUA U CPABHUTC UX C TCOPCTUICCKUMU 3HA-

YCHUAMMU.

1.1.4. H3mepenue cpeonexsaopamuyuecKux HAnNPAHCEHUIl 601bMMem-
pom GDM-8246 (no ykazanuto npenooasameis)

JI1st mo1aun cUrHajga reHeparopa HarpsiMylo Ha MyJIbTUMETP YCTaHOBHU-
T€ MEepeKIoYaTeslb MakeTa B nosioxkeHue //P. Haxxmure Ha BOJBTMETpE KHOTI-
Ky ACV (M3MepeHue CpeHEKBaAPATUYECKOr0 HAIPSHKEHHSI ¢ MOMOIIBIO CO0-
CTBEHHOTO MTPeoOpa3oBaTess BOJILTMETPA).

YcranoBute Ha re”Hepatope kHonko Channel pexxum CHB Alone (ka-
Han B onun). Haxxmurte kHonky Wave u yCTaHOBUTE CHHYCOUJIATBHYIO POpMy
HanpspkeHust (B00). Haxmure xHomky Amplitude u ycraHoBUTE 3HaueHUE

HanpsbkeHus reaeparopa 1 Vpp (Uy, = 0.5 B). Haxxmute Ha kHOTIKY Frequency
M yCTaHOBUTE 4acToTy reHeparopa 15 kl'n. Haxmure xnonky CHB Qutput
(mpu 3TOM KHOIIKA 3aCBETUTCS M HAaNpPsDKEHHE C TeHepaTopa MOCTyHUT Ha
BOJILTMETD).

[IpoBenuTe M3MEpEHHE CPENHEKBAAPATHUYECKOIO HANPSIKEHUS MYJIBTH-
METPOM U 3aluIIuTe pe3yibTaT B Tabnuiy. [loBTopuTe wu3mMepeHus s
HaIpsHKEHUH, YKa3aHHbIX B Ta0md. 2.8. JIyig 3HaueHUN HaIpsKEHUs, MEHbBIIINUX
0.5 B nmepeilinure B MUJIMBOJIBTOBBIN JUANa30H U3MEPEHUS, TTOUCTIEI0BATEb-
HO HaXKaB KHONKU SHIFT u ACmV.

Tabnuya 2.8
AbcomoTHas
Dopaa U= U [TorpemnocTs ITacropTHas mo-
p U, lky, | oW U3MEPEHHS IPEIIHOCTh
CHTHaNa B, MB B, MB (A = U, — Uy, MB|  (1a61.2.2),
MB
Cunyc (B00)
Meanap (BO1)
Tpeyronbhsiii (B02)
[Trmoo6pa3zusiii (B03)
[Iym (B21)

PaccuuTaiiTe morpemHocTs U3MEepeHus 1 mpenen abCoTOTHOM Mmorper-
HOCTH M3MEPEHUI HaMpsOKEHUS, BOCIIOIB30BABIINCH JaHHBIMH Ta0m. 2.2. [Ipu
ATOM CHA4aJIa ONPENEIINTE yCTAaHOBJIECHHOE HAa ITEHEPATOPE CPEAHEKBaIpaTuye-

CKoe 3HaueHue HampsukeHust Uckx depe3 Kod(DPUIMEHThl aMIUIUTyAbl ka (CMm.
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Tabn. 2.7), s nryma ¢ paBHOMEPHBIM pacmpeseneHuem ka = 1,733, Morpern-

HOCTb U3MCPCHU — PA3HOCTb UBMCPCHHOT'O CPCAHCKBAAPATUICCKOI'O 3HAYCHU A
N CPCAHCKBAAPATUICCKOI'O HAIIPSIKCHWA, YCTAHOBJICHHOI'O Ha I'CHCPATOPC.

Cooepircanue omuema

Otuer JOJDKCH COACPKATh: Ta6J'II/IHLI PE3YJIbTAaTOB I/I3MepCHI/Iﬁ 1o yCra-
HOBJICHHOM (I)opMe C BHCCCHHBIMHU pACUYCTAMMU, l“paq}I/IKI/I OKCIICPUMCHTAJIbHBIX
H3M€p€HPII>i N PAaCUYCTHBIX SaBI/ICI/IMOCTeﬁ; KpaTKHC BbBIBOJBI.

KOHmPOJleble 60RpOCHI

1. Ilepeuncnute npeumyiiecTBa MUGPOBLIX BOJLTMETPOB IEpe] aHATIOTOBbI-
MU U MPUBEIUTE OCHOBHBIE apaMeTphl IU(PPOBLIX BOJLTMETPOB.

2. Kakue mapaMeTpbl UCIOIB3YIOT MPU U3MEPEHUH TEPEMEHHBIX HampsiKe-
HUW?

3. Uro npeacTaBisioT coboi mpeoOpa3oBaTeIn CpeIHEKBAIPATUUECKOrO 3HA-
YEHUS HANIPSDKCHUS U KaK OHU paboTaroT?

4. Yto mpencTaBistoT cobol mpeoOpa3oBaTeNu CPEeIHEBBINPSIMIECHHOTO 3HA-
YEHUS HANPsDKEHUS U KaK OHU paboTaroT?

5. YUto mpeacTaBisioT co00il mpeodpa3zoBaTev MUKOBOTO 3HAUCHUST HaIpsikKe-
HUSI U KaK OHHM paboTaroT?

6. UeM 00yciioBlIeHa HU3KOYACTOTHAS TMOTPEHIHOCTH BOJBTMETPA MHUKOBOTO
3HAYEHUS HAMPSKEHUS ?

7. UTO Takoe «OTKPBITBIN» W «3aKPBITBII» BXOAbl BOJBTMETPAa U KaK HX
MOHO HCIO0JIb30BaTh?

8. Hoquy IIPpHU Pa3HbIX 3HAYCHUAX CKBA)KHOCTHU UMITYJIBCOB MCHACTCA UHI/IK B

PEKMME 3aKPBITOIO BXO4a, a IIPHU OTKPBITOM BXOJC OCTACTCA MMOCTOSIHHBIM ?
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