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2. IBSMEPEHUME HATIPSI)KEHUM DJJEKTPOHHBIMU BOJIbTMETPA-
MU

Llens pabOTHI — U3yUyEHUE METOJIOB U CPEACTB U3MEPEHUS MTOCTOSHHBIX U IIe-
PEMEHHBIX HAMPsDKEHUN pa3ndHON (GOPMBI, TIPUHIIUIIOB paOOThl M3MEPUTEIBHBIX

npeoOpa3oBaTeseil aHaIOrOBBIX U IU(PPOBBIX BOJLTMETPOB.

2.1. CTpyKTypHBI€E CXeMBbI 3JIEKTPOHHBIX BOJIHTMETPOB

BoapT™MeTp — u3MepuTenpHbI NpuOOp, MO3BOJISIIOIIMNA U3MEPUTH Hampsike-
HUE (Pa3HOCTb NOTEHIMAIOB MEX]ly BHIOPAaHHOM TOUKON CXEMBbI U OOIIMM IPOBO-
noMm). Ecam HanpspkeHwe — MOCTOSIHHAsT BEJIMYMHA, TO BOJBTMETPBI HAa3bIBAIOT
«sonbmmempamu nocmosinnozo mokay (rpynna B2 nmo ['OCT). [lna uzmepenus
MTOCTOSIHHOTO HANpSKEHUS MPUMEHSIOT 3JIEKTPOMEXaHUYECKUE MPUOOPHI MarHu-
TO3JIEKTPUUECKOTO THUIA C J00ABOYHBIM pPE3UCTOPOM. UyBCTBUTEIBHOCTh ATHX
MpUOOPOB M HX BXOJHOE COIMPOTHUBICHHE YACTO HEAOCTATOYHBI, MO3TOMY JJIs
yJIy4IIEHUs] UX NapaMeTpPOB HCIOJIB3YIOT ycuiIuTenu noctossHHoro toka (YIIT).
Takue npuOOpbHl HA3BIBAIOT «2IEKMPOHHLIMU BOILMMEMPAMU», UX BXOJHOE CO-
IPOTUBIIEHUE MOXKET JOCTUTaTh AeCATKOB MOM, 4yBCTBUTEIBHOCTh — JOJIA MKB.
Cxema TUIIOBOTO BOJIBTMETPA MOCTOSTHHOTO TOKA MpeAcTaByieHa Ha puc. 2.1. [lepen
VIIT cTaBAT €IUHCTBEHHBIN PETYJIATOP MpUOOpa — AUCKPETHBIA aTTEHIOATOP, KO-
TOPBIN CIY>KUT JJIs1 IEPEKIIIOUYECHUS] Uana30HOB U3MEPEHHs BOIbTMETpA. Pabouunit
JAIIa30H 3JIEKTPOHHBIX BOJBTMETPOB IOCTOSHHOIO TOKAa MOXET HAYMHATHCS OT
JIOJIE MUKPOBOJIBT, BEPXHSS K€ TPAHUIIA ONPEIEIAETCS NEKTPUUECKOU IPOYHO-
CTBhIO BXOJHBIX OJIOKOB U JIMaNa30HOM PETYJUPOBKH MEPEKIIOUaTeNsl JUana30HOB.
J171s1 TOBBIIEHNS] TIOMEXOYCTOMYMBOCTH BOJIBTMETPOB ITOCTOSTHHOTO TOKA HA BXOJIE

MPEAyCMaTPUBAIOT CTiaXUBaOMUK GuinbTp HU3KHX 9actot (OHY).

dHY ATTeHoaTop Yeunurens
71 MOCTOSTHHOI'O TOKa
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Puc. 2.1. CTp}/KTypHaﬂ CXCMa aHAJIOTrOBOI'O BOJIBTMCTpPA IMOCTOAHHOI'O TOKA




JIJst i3MepeHusl HaIPSIKEHUST CUTHAJIOB CIIOKHOW (POPMBI PUMEHSIOT «80.1b-
mmempul nepemenrozo mokay (rpynmna B3 mo 'OCT). B Hux ucnosib3yroT u3zmMe-
puTenbHbIe IpeodpazoBaTenu GopMbl CUTHANA — demekmopsl. OHU TTO3BOJIIOT U3
CUTHAJIa CJIOKHOU (POPMBI HA BXOJI€ MOJIYUYUTh MOCTOSIHHOE HaIpsikKeHue, QyHKIIH-
OHAJIBHO CBSI3aHHOE C NapaMeTpaMH BXOJHOTO cUrHama. /(s coXpaHeHus TOYHO-
CTH TPaAyUPOBKH IIKAIbI BOJBTMETpPA HEOOXOUMO O0ECIEeYUTh MOCTOSHCTBO KO-
s dummenTa mpeodOpa3zoBaHUS MPU U3MEPEHUHM PA3HBIX YPOBHEW BXOIHOTO
HanpsDKeHUs (urelnsii demekmop). Ilpu Manblx 3HAYEHUSX HAMNPSHKEHUS 9TO
BBINIOJHUTH CJIO’KHO, MO3TOMY B BOJIBTMETpPax IMEPEMEHHOTO TOKa MPUMEHSIOT
peIBapUTEIbHOE YCWICHHE CUTHaNIa (110 JeTekropa) (puc. 2.2). Cxema «yCHId-
TeJIb—JETEKTOP» MO3BOJISET YBEIUUNUTh UYBCTBUTEILHOCTD BOJBTMETpPA.

Ycunurens
ATTCHIOATOD  [1epeMEHHOr0 TOKa HerexTop
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Puc. 2.2. CtpykTypHas cxeMa aHaJOroBOTO BOJIETMETPA IIEPEMEHHOTO TOKA

Hugposvimu BoabTMeTpamu (11B) Ha3piBatoT mpUOOPHI IS WU3MEPEHHUS
HanpsokeHus: ¢ nudpoBoit mHauKarued pesynbrata. [Iporecc mpeoOpazoBaHus
aHAJIOTOBOTO 3HAYEHHUs HANpsOKEHUS B LUQPPOBOM KOJ pealn3yloT aHajloro-
undposbM npeodOpazoBareneM (ALIT). Yamie Bcero ucnosb3yroT nmpeoOpa3oBaHue
MOCTOSTHHOTO HAIpsDKEHUs B KOJ, OITOMY CTpyKTypHas cxema LIB oOmero npu-
MEHEHHUS TPEJICTABIIAECT COOOM CXeMy 3JIEKTPOHHOIO BOJBTMETPA MOCTOSIHHOTO TO-
ka (puc. 2.2), B KOTOPOM BMECTO CTPEJIOYHOTO MHIMKATOpa Ha BBIXOJAE INpeay-
cmotpenbl AL n uudpoBoe Tadno. g n3mMepeHns nepeMeHHbIX HANPSKEHUN B
1B uCcHoab3yrOT 1ETEKTOPHI (KaK B aHAJIOTOBBIX BOJIBTMETPAX NEPEMEHHOTO TOKA).
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Puc. 2.3. CtpykTypHas cxema iu(poBOro BOJITMETPA-MYIbTHMETPA

O6b1yno 1B BKiIIOUaeT npeodpazoBaTeilb «TOK—HAIMPSHKEHUE», IETEKTOp Ie-
PEMEHHOTO TOKa (CpPEIHEBBINPSAMICHHOIO WJIH CPEIHEKBAIpPaTHYECKOro 3Haye-
HUS), IpeoOpa3oBaTeilb «COMPOTUBICHUE—HAIIPSHKEHUE» [Tl pealu3alii pekuMa
ommeTpa. DTo mpeBpamaer tako [[B B MHOro(yHKIIMOHANBHBIA MYJIBTUMETP
(puc. 2.3).

ITo cpaBHEHMIO ¢ aHATOrOBRIMU L[B nMmeroT cnenyronme 10CTONHCTBA:!

— BBICOKAs U 3apaHee U3BECTHAst TOYHOCTD;

— I[IAPOKHUM JWAIa30H M3MEPEHUs HAIPSDKEHHS MPU MOCTOSHHOW TOYHOCTH,
BBICOKAsl 4YyBCTBUTEJILHOCTD;

— OTCYTCTBHE CYObEKTUBHON MOTPEIIHOCTH;

— IPOCTOTa aBTOMATHU3ALN1 U3MEPEHMUI;

— BO3MOXXHOCTh MPOrPaMMHOI 00pabOTKU pe3ysibTaTOB U JIETKOCTh BKJIIOUE-
Hus [[B B u3MepuTenbHbIE CUCTEMBI.

K menocrarkam L[B ciienyeT OTHECTH OTHOCHUTENIBHYIO CIIOKHOCTh U JOPOTO-
BU3HY, CHW)KEHHE TOYHOCTH IIPU U3MEPEHUU IEPEMEHHBIX HAIPSIKEHUH, OTPaHHU-
YEHHYI0 padouylo MOJI0Cy U HEOOIbIIOE OBICTPOIEHCTBHE.

CBoiicTBa BOJIBTMETPOB OIKCHIBAIOT PSIIOM 3KCIUTYaTalMOHHBIX U METPOJIO-
TUYECKHUX MTAPAMETPOB:

— JIAANa30H U3MEPEHUS HAIIPSKCHUS;
— KJIaCC TOYHOCTH WJIM IPEJEN JOIYyCKAaeMOM MOTPEIIHOCTH;
— BXOJIHOW UMIIEJAHC (AKTUBHOE COMPOTUBJIEHUE U EMKOCTB);

— TmoJsioca pabovux 4acToT (I TApMOHUYECKUX CUTHAJIOB);



— BpeMs U3MEPEHHUS.
JIist iMppOBBIX BOJBTMETPOB UCIOJIB3YIOT IOMOJHUTENbHBIE TApAMETPHI:

— Paspemaromas cnocoOHOCTb. DTO MUHUMAJBHBIII HMHTEPBAT BXOJHOIO
HaIpsDKEHUs, KOTopbli criocoOeH pasnmuunth ALII (mar xeanmoesanusi BXOAHOTO
HanpspkeHus: AU ). OH COOTBETCTBYET €IMHUIIE MIAJAIIETO pa3psijia pe3ylibrara
M3MEPEHHUSI U ONPEEsieT MUHUMAIIBHYIO TOIPEIIHOCTh U3MEPEHUS HAIPSHKEHUS.

— Pazpsannocts 1IB — 3T0 4nClio AeCATUYHBIX 3HAKOB (Ppa3psioB) B pe3yJibTaTe,
BBIBOJAMMOM Ha Ta0JI0 OTCUETHOTO ycTpoicTBa. Hampumep, pa3psaHocTh 4 3HaKa
COOTBETCTBYET NOKa3aHUAM BoJibTMETpa B uHTepBasie 0000...9999. Ecnu crapmmii
pa3psi HEMOJHBIN (HalpuMep, MOXKET MPUHUMATh 3HaueHus 0 u 1), TO TOBOPAT O
IpOOHOM pa3psAHOCTH BOJBTMETpa. 3 ‘2 pa3psa COOTBETCTBYET MHAMKALMU B
npeaenax 0000...1999, 3 % — 0000...3999. Yucnutens npoOHOrO paspsjaa Moka-
3bIBAET MAKCUMAJIbHOE 3HAYEHHUE, KOTOPOE OH MOKET IIPUHUMATh, a 3HAMEHATEIIb
— YKUCJIO BO3MOXHBIX COCTOSIHUW. Eciyi HEmoJHbIA paspsiy 72, TO €IUHULIA — 3TO
MaKCHUMaJIbHOE 3HaY€HUE, KOTOPOE OH MOXKET NIPUHHUMAaTh, a ABOMKA — YUCIIO BO3-
MOXHBIX coctossauil (0 wim 1). s ¥4 MakcuManbHOE 3HAYEHUE 3 U YEThIpE BO3-
MOHBIX coctosiaus (0, 1, 2 unm 3).

— Ilpenen pomyckaeMOW OCHOBHOM OTHOCHUTEJIBHOW IMOTIPELIHOCTH COTJIACHO

U max 0/

I'OCT 14014-94 yka3bIBalOT B CTaHAApTHOM BHje, 0 =x| C+d| —<>—1 ||, %:
Ux

rae Upax — BepxHU npenen usMmepenus. @opmyina 1 NOrpelIHOCTH BKJIFOYAET

MYJIbTUIINIMKATUBHYIO 1 aJANTUBHYIO YaCTH U YUYHUTBIBACT KAaK IMMOTPCITHOCTHU KBAH-
TOBAHU:A, TaK U HHCTPYMCHTAJIBHBIC ITOI'PCITHOCTH BCCX 0JI0KOB BOJIBTMCTpPA. Or-
HoIIeHue «c/d» HHOT'Ja HAa3bIBAKOT K1IAdCCOM mMOYHOCMU L!Md?pOBOZO eojibmmempa.

2.2. IlpeoOpa3oBare/in 3J1eKTPOHHBIX BOJILTMETPOB
2.2.1. Ilapamempolt nepemeHHbIX HANPAIHCCHUTL

[Tpu u3mepennn HanpspkeHuid U(t), MEHSIOMUXCS BO BpEMEHH, UX XapaKTepH-
3YIOT HEKOTOPBIMU ITapaMeTpaMH, KOTOPBIE MPHUHATO HA3BIBATH «3HAYEHUAMU
Hanpsocenusay. ICIonp3yoT:

— cpedHee 3HaueHue (MMOCTOSHHYIO COCTAaBJISIONIYIO0 CUTHAJIA)

— 1T
Ug=U :?gu(t)dt, (1.18)



rac T — IIepruoa CUrHajda HJIN HHTCPBAT YCPCAHCHUA I HCIICPHUOINYCCKOIO
HaIIPsKCHUS

— cpeoneksadpamuyeckoe 3navenue (“Root Mean Square” — RMS)
1 T
U= |=[u’@dt.
T
0
—  CpeOHeBbINPAMICHHOe 3HAYeHUE
T
1
U, == j u(t)ldt.
T 0

— NuKogoe (amMniumyoHoe) 3HaueHue HanpsiceHusi. ITO IKCTPEMaIbHOE 3Ha-

+
YCHHC Ha MHTCPBAJIC Ha6JIIOIIeHI/ISI — HWJIN MaKCHUMAJIbHOC Um nJIKM MUHHUMAJIBHOC —

Umn (puc. 2.4).
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Puc. 2.4. TlukoBoe 3HaYCHHUE HANPSHKSHUS

I[J'U{ rapMOHHYCCKOI'O HAIIPAKCHUSA 3TH 3HAYCHHA PaBHBI KU OIIPCACIIAIOT aM-

ooyt —
naumyoy curtana Um. Pasuuiia mukoBbix 3uauennii Uy, - Uy, HaseiBaroT pasma-

xom curHana. Ero o6o3nagarot Vp-p («pick-to-pick»).
Hanpsixenue onpeneneHHod (opMbl MOXKHO OXapaKTepu3oBaTh Ko3pduyu-

U U
enmom amnaumyont K, = TmI/I Ko3¢hpuyuenmom gpopmoi kqb =——. 3Has 3TH KO-

c6

3¢ ¢duLueHTs U U3MepUB 0JHO U3 HanpspkeHud Up,, U nmm U,,, MoXkHO paccuu-

ce?

TaTb JBa OCTaBIIMUXC. Tak A1 HAIIpsHKCHUA FapMOHI/IIICCKOﬁ (i)OpMBI



u(t) =Up cos(at +¢), k, = 1.41, kg = 1.11, 115 OpsIMOYroJILHOTO CHTHalIa THUIIA

measap K, = kq) =1.

2.2.2. Ilpeoopazoseamenu (0emexkmopul) cpeOHEBbINPAMIACHHBIX 3HAUCHUIL
HanpaceHus

B stux Hp606pa3OBaT€JIHX BBIXO,Z[HOfI CUTHAJI MpOonopuruoHaJICH CPpCIAHCBLBI-

npsiMIIEHHOMY 3HaueHuto HanpspkeHus: Ucg. Cxema mpeoOpaszoBatess mpecTaBie-

Ha puc. 2.5, a.

u(t)

\ 4

0 u

a 0
Puc. 2.5. JlerexTop cpenHEBBITPSIMICHHBIX 3HAYCHUH:

a — CcXeMa ACTCKTOpa, 0— BOJIbTaMIICpHAs XapaKTCPUCTHUKa JTUOJHOI'O MOCTa

Tox yepe3 MukpoaMIiepMeTp NPOTEKAET B OJHOM M TOM K€ HAIpPaBJICHUU B
TedeHHUE OOOMX TOJMYNEPUOIOB TEPEMEHHOTO HANPsDKCHHS (B TOJIOXKUTEITHHBIN
noaynepuon mo nenu VD2-R-VD3, a B orpunarenshsiii — o nenu VD4-R-VD1).
Takum o00pa3oMm, JOHOTHBIA MOCT peaTM3yeT OIEpaldio B3SATHSI MO
(puc. 2.5, 6). UaTerpupoBanue OCyIIECTBISETCS WHEPIIMOHHBIM MarHUTOAJIEKTPH-
YECKUM MHMKPOAMIIEPMETPOM, 3allyHTHPOBAHHBIM CTJIQKHBAOIIAM KOHJIEHCATO-
pom. Ilokazanusi MukpoammnepmeTpa OyayT MPOMOPIIMOHAIBHBI CpEeHEMY 3HAYe-
HUI0O TOKa W, CJICIOBATEIBHO, CPEIHEBBITPAMIICHHOMY 3HAYCHHUIO HANPSDKCHHS

U

(GUIBTPOM HU3KOM YaCTOTHI.

ce" Onepaumo HHTCTPUPOBAHUA MOXHO IIPOBECTH TAKKC OOIOJHHUTCIbHBIM



2.2.3. IIpeoopazosamenu cpeonexkeaopamuyuecKux 3Ha4eHuil HanPAHCeHUs

B cpeanexBaipaTHyecKux JIETEKTOpax MepeMEHHOE HANpsKeHUe mpeodpasy-
€TCid B IMOCTOSHHOE, MPOMOPIMOHATBLHOE CPEIHEKBAIPATUUECKOMY 3HAYCHUIO
HanpspkeHus: U npu mo0oit ero ¢opme. JleTekTop cpeHeKBaIpaTHIECKOTo 3Haue-
HUSI JIOJDKEH BBIMOJHUTH CJECAYIOIIME ONepaluy: BO3BECTHM BXOJHON CUTHAlI B
KBaJIpaT, YCPEIHUTh €r0 U U3BJICUb KBAJIpaTHBIA KOpeHb. [lepByto omnepaiuio ocy-
MIECTBIISAET TMpeoOpa3oBaTeNb € KBAAPATUIHOW XapaKTEPUCTUKOW, BTOPYHO —
(GUIBTP HUKHUX YACTOT WM MAarHUTORJIEKTPUUECKUM M3MEPUTENbHBIN MEXaHU3M,

TPCThs OIICpalvs BBIIIOJIHACTCA IIPH KaJ'II/I6pOBKC IIKaJibl BOJbTMETpPA.

KBanparuuHas BoJibT—aMIiiepHas xapaktepucTtuka (BAX) i = au® MoserT GBITH

CO3/laHa B BUJIE€ KYCOYHO-JIMHEIHOM anmpokcumanuu (puc. 2.6) ¢ TOMOIIbIO THOI-

['Q
»

Puc. 2.6. Kycouno-nuHelHas anmpoKCUMAaIHs KBaJpaTHIHOW XapaKTePUCTHKH

HOM QyHKIMoHANBHOU cxembl ([IDC), mpencraBnenHoi Ha puc. 2.7.

Ha Bxone meTekTopa CTaBsT MOCTOBOW JBYXITOJYHEPUOIHBIA BHIIPSIMUTEIb,
AQHAJIOTUYHBIA pUC. 2.5, a, KOTOPHIN BHITIOIHSAET OMEPAIUIO B3ATUS MOJYJISI BXO/I-
HOI'0 CUTHaJIa. DTO MO3BOJIIET JAJIEE UMETH €10 TOJBKO C MOJOKUTEIbHBIMHU 3HA-
YCHUSIMH CHTHAaJIa. BBIXOTHON TOK BBIIPSAMHTEIS MPOTEKACT Yepe3 MUKpPOAMIIEP-
MeTp u pe3uctop Ro. [lepemenHast coctapistonias Toka T€UYET Yyepe3 KOHIACHCATOP
C, a TOCTOsIHHAsA — 4Yepe3 MarHuTodJieKTpuueckuidi mexanusm pA. TloctosiHHBIE
Hanpsokenus: cvemenus U1, U2 u U3 co3garoTcs JOMOMHUTEIbHBIM UCTOYHUKOM

E.. C TOMOIIBIO PE3UCTUBHBIX ACTUTENCH U SBIISIIOTCS MO OTHOILIEHUIO K JUOJaM

VD1, VD2 u VD3 3amuparonmmu (U1 < U2 < U3g).



[Ipy MasbIX 3HAYEHHAX BXOJHOTO HANPSKEHUS 00pa3yercs ydacTOK BOJIBT-

aMITIEpHOM XapakTepucTuku Ha ydacTke oT —Ui1 mo Ui. Haximon BAX Ha sToM
y4acTKe OmpenensieTcss BelInyuHol pesuctopa Ro. Ecian ypoBeHb BXOAHOIO
HanpspkeHus: mpeBbicuT 3HaueHue U1, To otkpoercs nuoa VD1 u compoTuBieHue
Ro Oynmer 3allyHTHpOBAHO CONMPOTHBJICHUEM R1. DTO MpHUBEAET K yBEIUYEHUIO
HAaKJIOHa  BOJBTAMIIEPHOW  XAPAKTEPUCTUKU HA  y4YacCTKe U1<‘u(t)‘ <U,
(cm. puc. 2.6). Koria ypoBeHb BXOJIHOTO HaNpsDKEHUS MPEBBICUT 3HadeHue U2, To
JOMOJHUTENBHO OTKpoeTcs nuoA VD2 u conpoTusnenue Ro Oyaer 3auryHTHpoOBaHO

COIIPOTUBJICHUAMU Rl n RZ, HaKJIOH BOHBTaMHepHOﬁ XApaKTCPHUCTHUKHU CIIC Ooiece

BO3pACTET, U T. [I.
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Puc. 2.7. Cxema quotHOTO IpeoOpa3oBarTelis AeTeKTOpa CPETHEKBAAPATHICCKOTO 3HAUCHUS

B pesynbraTe mnokazaHus MHKpoammnepMerpa OyayT MNpONOPLHUOHAIbHBI
CpEOHEMY 3HAYEHUIO KBaJpara BXOAHOTO curHana. KopeHb W3 3TOro 3Ha4yeHUs
YUUTBIBACTCS PU TPayUpOBKE LIKAJbI Ipubopa.

JHoctouncTtBo aetekropa ¢ JPC — 6obIoi TMHAMUYECKHUM TUana3oH BXO/I-
HBIX CUTrHaj0B. HenocraTkamu SBISIIOTCS CIOXKHOCTb CXEMBI, TPYAHOCTH €€
HACTPOMKH, HEJIMHEWHOCTh LIKaJbl, OTPAaHUYEHHBIN YacTOTHBIN Auana3oH (He 0o-
JIe€ HECKOJBKHUX Merarepil). B mMpoKkonosIoCHeIX BOJBTMETPaX MEPEMEHHOIO TOKA
HaIUIA MPUMEHEHHE TepPMOlJIeKTprUUeckue rmpeoOpa3zoBarenu. B HacTosmiee Bpems
IUIA TIOCTPOEHHUS IETEKTOPOB CPEAHEKBAAPATUUYECKOr0 3HAYCHUS IIUPOKO UCIOJIb-
3yI0T aHAJIOTOBbl€ (DYHKIIMOHAJIBHBIE AJIEMEHThl — KBaJApaTOPhl (IEPEMHOKUTENN
CUTHAJIOB) U JIOTApU(MUPYIOLIUE YCUITUTEIH.



2.2.4. Ilpeoopazosamenu RUKo8bIX (AMNAUMYOHBIX) 3HAUEHUTI HANPAIHCEHUS

B BonpTMETpax aMIUIUTYTHOTO 3HAYCHUS H3MEpSIEMOE TIEPEeMEHHOE Harpsi-
KCHHE TIpeoOpasyeTcsl B MOCTOSTHHOE HANPsDKCHHE, OJIM3K0e K aMIUTATyIHOMY. Ha
puc. 2.8 mpeacTaBleHBbI MPOCTEHIME CXEMBI MpeoOpa3oBaTeNeii aMIUIUTYIHBIX
3HAYEHUUN — amniumyounsie (NUKo8ble) NETEKTOPHI.

Ha puc. 2.8, a mpeacraBieH mpeoOpazoBaTeNb MOCICIOBATEIBHOTO THIA C
omxpuimeim 6xo0om. Ecav Ha BXOJie TPUCYTCTBYET IOJIOKUTEIIbHAS IOJIYBOJIHA
rapMoHuueckoro HanpspkeHus U(t) =Up, sin(at) (puc. 2.9), To xonaencarop C Oy-

JET 3apsKaThCs TOKOM 3apsija i uepe3 BHYTPEHHEE COIPOTHBIICHUE UCTOYHUKA R

U OTKPBITHIN uox VD.

VD C
{>| o | | o
C VD
i - R SZ R
Ip lp<—
o) o
a 0

Puc. 2.8. AMIIUTYIHBII TETEKTOD:
a — C OTKPBITBIM BXOAOM; 0-c 3aKPbITBIM BXOJA0M
CkopocTs 3apsia onpezaeiseTcs: OCTOSIHHOM BpeMeHH 3apsaa 7, = RiC . Ko-
r1a BXOJHOM CHTHAJd HAUYMHAET YMEHBIIATHCS M HAMNpPsKEHHE Ha KOHIEHCATOpE

OKa3bIBAETCsS OOJIbILIE BXOJHOTO HANpsDKEHMs, AUOA 3akpbiBaeTcs. lIpomcxomut

paspsil €MKOCTH TOKOM Ip C TOCTOSHHOH BpEMEHH paspsia Tp = RC. Ecmu

T, <<T (T — mepnoj rapMOHHYECKOTO HANPSHKEHUS), & Ty, >>T , TO HANPSHKEHHUE

p
Ha KoHJeHcaTope Uc (t) OyneTr mpakTH4YecKH MOCTOSIHHBIM W OJIM3KUM K aMIUIH-

TYyJTHOMY 3HAYEHUIO BXOJHOTO HamnpsokeHus Um.
DTO HE BBIMOJIHACTCS HA HU3KHMX YacTOTaX, €CJIU MEePUOJI CUTHAJIA OOJIBIION 1
CPaBHUM C NOCTOAHHOM paspsina 7, [I T . Ha uxrepsane ot t1 10 t2 (cM. puc. 2.9)

MPOMCXOUT 3aMETHBIN pa3ps]l KOHJACHCATOPAa M HANpPsHKCHUE HAa HEM MajaeT 110
3aKOHY
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Puc. 2.9. Jlnarpammbl HarIpsKEHUS Ha BBIXOJIE IETEKTOPA C OTKPBITHIM BXOJIOM

Ha unrepBane ot t2 g0 t3 KoHOeHcaTop moa3apsyKaeTcs A0 aMILTUTYIHOTO

3Ha4YCHMUA Um. B CUJIy MAJIOCTH 3TOI'O MHTCPBAJIA I10 CPABHCHHUIO C IICPUOAOM T um

MOKHO HpeHe6peqL. Torna CpCOAHCC 3a IICPpHUOA HAIIPsAKCHHUC Ha KOHACHCATOPC

paBHO
1t1+T
Uco :? j Uc (t)dt =
L]
t 2
zU—mI 1—t 4 dt:Um 1:2—1:1—M = 2.1)
T i Ty T 2Tp .
Up, T2 T2
~x— | T——|=Up|1-—|.
T 2Tp 27p

ITpu T/21p <<1 UCo ~U,,. OgHako mpu OOJIBIIOM IEPUOJE CUTHAJIA ITO

HCPABCHCTBO HC BLIIIOJHACTC. Bo3HukaeT HM3KOYaCTOTHAs MNOTrpCIIHOCTL U3MC-
pPEHHA aMIINIMTY bl TaPMOHHUYCCKOI'0 CUIHaJIa IIMKOBBIM BOJIBTMCTPOM.



AMIUIMTYTHBIHA JETEKTOP MPUMEHSIOT U B UMITYJIbCHBIX BOJBTMETpax (TpyIa
B4 no I'OCT). Ecnu nonate Ha npeoOpazoBaresib OTKPHITOTO THIIA UMITYJILCHOE

HanpspkeHue (puc. 2.10), To Ipy BBIOJIHEHUH YCIOBUM T, << T (I'le T — JUIUTEIb-

HOCTh UMIIYJIbCA) U T, >>T HaNpsHDKEHHE Ha BbIXOJE OyJeT OJM3KO K aMIUIUTYA-

p

R e SvasaS

v

Puc. 2.10. BxogHo# MMIYJIbCHBIN CUTHAJI U HAIPSDKCHHUE HA KOHJICHCATOPE

HOMY 3HA4YCHHIO Um. Ecan IICpuog CUraajia COIIoCTaBuUM C IIOCTOSIHHOM pa3psaaa,

TO U B 3TOM CJIy4a€ BO3HUKHET HU3KOYACTOTHAS OTPEIIHOCTb.
Curnan B BUJI€ OJHOIOJSIPHBIX UMITYJIbCOB BHa puc. 2.10 coaepKuT nocro-
1 p T
SHHYI0 cocTaBisonryo Ug =—J.u(t)dt =Up, —. JleTeKTop ¢ OTKPHITHIM BXOA0M
T 0 T
U3MEPSET CyMMY aMIUIMTYAHOTO 3HAYEHUs M IOCTOSHHOW cocTaBisroumen. Bo
MHOTHX CJy4yasx A3TO HEyJoOHO (Hampumep, Korja B CUTHajJe MPHUCYTCTBYET
HarnpspkeHue nuranus). [loaToMy B aMITUTYIHBIX BOJIBTMETPAX UCIONB3YIOT Mpe-
UMYIIIECTBEHHO JIETEKTOPHI C 3aKkpbimuim 6xo0om (puc. 2.8, 0). Beixognoe Hamnpsi-
KEHUE MpeodpazoBartesisi 3aKPhITOTO0 TUIIA PABHO PA3HOCTH BXOAHOTO HAIPSHKCHUS

Ur(t)

v

Un !

Puc. 2.11. UmnynscHOE HANPsHDKEHUE HAa BBIXOJE JIETEKTOPA C 3aKPBITHIM BXOJIOM



U HaNpsOKEHUS Ha KOHJeHcaTope (MpaKTHYECKH PaBHOTO aMILIUTYJE CHTHaia)
Ug (t) =u(t) —uc (t). Hockombky Uc = Um, To BeixonHOe Hampspkenne UR() Oyner

uMeTh BUa puc. 2.11. MarHuTO3IeKTPUIECKUH BOJIBTMETP U3MEPHUT MTOCTOSTHHYIO
1 T T
COCTABJISIFOIIYIO 3TOTO HAIPSKCHUS ?J‘u(t)dt :Um(l_?j- B pesynbpraTe BMeE-

CTO aMIIIUTY /bl UMITYJIbCa Um 6YI[GT HN3MCPCHA PA3HOCTh aMIUIUTYAbl U IIOCTOSH-

g . +
Hoi coctasistroniei curnana Uy =Up —Ug. To ecth mpeodpa3oBartesib 3aKphITO-

ro Tuia HC pearupycr Ha MOCTOSHHYIO COCTABJIAIOIIYIO BXOAHOI'O CHIHAJIA. I[JI?I
HN3MCPCHHUA IIOJIHOI'O padMaxad UMITYJIbCa Ha BOJIBTMCTP IIOAAIOT HHBepTHpOBaHHBIﬁ
CHUTHaJla (I/I3M€H5HOT €ro HOHHpHOCTB). BOHBTMeTp IIpHU 3TOM IIOKAa3bIBACT 3HAYC-

Hue Uy =Ug —Upin - CyMMa U3MEPEHHBIX 3HAYEHUM JaCT UCKOMYIO aMIUIATY Ty
ummynbcos Uy, =Un +U .

AMITTUTYIHBIE (MMITYJIBCHBIE) BOJIBTMETPHI OOBIYHO CTPOSIT IO CXEME «JIe-
TEKTOP—yCHIUTENbY (puc. 2.12).

BrmHoOcCHaAA |

|
: rQJI0BKa : $HT YT

Puc. 2.12. Cxema aMIUTUTYTHOTO BOJIETMETPA TUTIA «YCUITHTEIb—IETEKTOP

DTO MO3BOJSIET 00ECIEUNUTh MUPOKOTOIOCHOCTh MPUOOpPa, YTO HEOOXOAUMO
JUTSI U3MEPEHUST UMITYJIBCHBIX CUTHAIOB M aMIUTUTy BU rapMoHWYECKHUX Harps-
KeHul. ['paynpoBKy UMITYJILCHBIX BOJIBTMETPOB JICAIOT B aMIUTUTYIHBIX 3HAYE-
HUSX, a TPaIyUPOBKY aMIUTHTYIHBIX BY BOJBTMETPOB — B CpeIHEKBAAPATHYECKHIX
3HAUYCHUSX CHHYCOUJAIBHBIX CHUTHAIOB (C ydeToM Kod(QuImeHTa aMIuiuTyabl
1.41). HemocTtaTkom cXeMbl «JI€TEKTOP—YCUJIUTEIb)» SBISETCS Majas YyBCTBHU-
TEIHHOCTh AMIIIUTYAHBIX BOJIBTMETPOB.



2.3. Onucanme J1a00paTOPHOI YCTAHOBKH

JlabopaTopHasi ycTaHOBKa COCTOMUT W3 mudpoBoro BojgbsT™MeTpa GDM-8246,
ucrounuka nutanus AKUII-1123, reneparopa curnanoB cioxxnon popmer AKUII-

2.13).

I'enepatop
CTIeIHATIBHOM (hOpMBI
AKMWII-3407/4
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3407/4, mudpoBoro ocuumiorpadpa GDS-820C u maboparopHoro makera (puc.
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Puc. 2.13. CtpykTypHas cxema JJabopaTOpHOH YCTAHOBKH

B MakeTr BXOAAT AETEKTOPBI CPEAHEKBAAPATUUECKOTO, CPEIHEBBIIPAMIEHHO-
ro ¥ MUKOBOTO (aMIUTUTYJIHOTO) 3HAYEHUN HaMpsiKeHUs. BbIOOp COOTBETCTBYIO-

IIEro JETEKTopa OCYIIeCTBIseTCs nepekmodareneM maketa (Iuk, CB, CK) (puc.

2.14).
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Puc. 2.14. CtpykrypHas cxema 1a00paTOpHOTO MaKeTa



B nonoxenun ITP (ipsiMmoe COeTMHEHUE) HANPSIKEHUE TeHepaTopa MOCTyIaeT
Ha BBIXOJl MaKeTa, MUHYs npeoOpazoBaTenu. Ha Makere Takxke UMeEETCs EPEKITIO-
4aTellb OMKPbIMOo20 W 3aKpblmo2o Bxoaa. B mocinenHem cioydae Ha BXOJAE JETEK-
TOPOB MaKeTa BKJIOYAETCS Pa3ACIUTENbHBII KOHAEHCATOP, MPENATCTBYIOMINN
MPOXO0XKAEHUIO IMTOCTOSHHOM COCTABJISIONIEN BXOIHOTO HANPSHKEHUS.

Hudposoii BoabTMeTp-MyJbTUMEeTp GDM-8246 ncnons3yercs B jgabopa-
TOPHOU paboTe ISl M3MEPEHUS MMOCTOSTHHOTO HAMNPSDKCHUSI, a TaKKe I U3Mepe-
HUSA CPEIHEKBAJIPATHUYECKOTO 3HAYEHHSI CHUTHAJIOB IIEPEMEHHOTO HaIpSKEHUS
(puc. 2.15).
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Puc. 2.15. Hugposoii BonsTMeTp-mynbTuMerp GDM-8246

JInst u3MepeHus HanpsHKEHUM HEO0O0XO0IMMO HCTOJIb30BaTh BXOMbI «V ) Kak
noJI0KUTeNbHBIA KOHTaKT 1 COM kak oTpUIaTeIbHBIN.

Bxoanoe conportusienue BoasT™Merpa — 10 MOM. Bxognas eMkocth — He 00-
nee 100 n®. ToyHOCTh U3MEPEHU BOIBTMETPOM OLICHUBAIOT MPEEIOM IOy CKa-
€MOil MOrpelHOoCTH, KOTopas 3anaercd B Buae Gopmyi. [Ipu pacuere morpenrHo-
CTel M3MepEeHUs MOCTOSTHHBIX HAMPSKEHUH CIIeAyeT UCIIOh30BaTh Taou. 2.1.

Tabnuya 2.1
IIpenen Paspernenne K (3nauenne ¢ unu- AGCONIOTHAS TIOTPENTHOCTh
11bl MJIQJIIETO pa3psiaa)
500 MB 0.01 mB +(0,0002 Uy + 4k), MB
5B 0.1 B +(0,0002 Uy + 2k), MB

13neck Uy — m3MepeHHoe 3HaueHue, K — paspemicaue (00a ciraraeMbIX JOJDKHBI OBITh BHIPAKEHBI
B OANMHAKOBBIX eI[I/IHI/II_IaX).



IIpn pacuere MorpemHOCTEN U3MEPEHUS NIEPEMEHHBIX HANPSKEHUN CIIETyEeT

HCITIOJIb30BaTh Ta0I. 2.2.

Tabauya 2.2
IIpenen ITonoca yactor AbcoumoTHas orpemHocTs | Pazpemienue
20...50 I'g +(0,01 Uy + 10Kk)
50 T'u...2 x['o +(0,003 Uy + 30Kk)
2...10 kI'g +(0,004 Uy + 50k)
500 mB 0,01 mB
10...20 xI'ng +(0,005 Uy + 50k)
20...50 xI'ng £(0,02 Uy + 20Kk)
50...100 xI'n +(0,005 Uy + 50Kk)
20...50 I'u +(0,01 Uy + 10k)
50 I'a...2 x['o +(0,003 Uy + 30k)
2..0xl'a +(0,004 Uy + 50k)
5B 0,1 mB
10...20 xI'rg +(0,005 Uy + 50k)
20...50 xI'ng +(0,02 Uy + 20Kk)
50...100 xI'n +(0,005 Uy X + 50k)
Ha3znauenne OCHOBHBIX OpraHoOB  YIIpaBJICHHUA BOJIbBTMCTPOM  YKa3aHO
B Tab. 2.3.
Tabnuya 2.3
O6o3HaueHue Haznauenue
POWER BxutroueHne-BbIKITIOUEHHE TUTAHUS
[DCV] BbibOp pexiMa n3MepeHus IOCTOSIHHOTO HanpshkeHust (Oonee 500 MB)
DCV/IDCmV [DCmMV] BeIGOp pexrMa H3MEPEHHUS IIOCTOSIHHOTO HANPSKEHUS (MEHee
500 mB)
[ACV] Bb1OOp perkriMa H3MEpeHus TIepeMeHHOro HanpsikeHust (6osiee 500 MB)
ACV/ACmV [ACmV] BIOOp pexrMa H3MepeHHs IEPEMEHHOTO HAMPsHKEHUs (MEHee
500 mB)
AUTO/MAN [TepexiroueHue aBTOMaTHUYECKUN, pyuyHOU BBIOOD Ipejiesia H3MepeHHit
SHIFT Knonka-npeduxc

Hcrounuk nocrosinnoro HanpsizkeHusi AKUII-1123 popmupyer noctosis-

Hoe Hamnpsbkenue B nuana3one 0...32 B ¢ orpannuenunem Toka ot 0 go 6A. Jluc-

KPETHOCTh ycTaHOBKM HampsbkeHus 10 mB. HecTaOMIbHOCTH BBIXOJHOTO HAMps-

xenust He Oomee *(0,1U,,,. +3), MB. [lns ycTaHOBKM 3Ha4eHUS HANpPSHKCHUS

HY)KHO HakaTh KHOMKY V-Set u nudpoBbIMU KHOINKAMH, a TaKKe€ KHOMKOW aecs-

TUYHOM TOYKH YCTaHOBUTL HYKHOC 3HAYCHHC. I[J'IH BBOJa Ha6paHHOFO 3HAYCHHA

HaIpsDKEHUsT HY’)KHO HaxkaTh KHonky Enter. Ilepectpoiika HanpskeHUs B CTOPOHY



YBEJIUYEHHS OCYILECTBISIETCA HAXKATHEM HA KHONKY A, B CTOPOHY YMEHbBILICHHS —
kHonikoil ¥ . IIpu sToM miar uamenenus HanpspbkeHusa paseH 0,01 B. Mctounuk nu-
tauust AKUIT-1123 nmeet O0710KHPOBKY BBIXOTHOTO HampspkeHus: kHorkoi On/Off.

Ieneparop curnajgoB cnenuanbHoii ¢opmbl AKHUII-3407/4 mo3Bonser
(opMupOBaTh HAPsKEHUS pa3nuyHOU popmsl. I'eHeparop nmeet 2 kanana A u B,
BBIXOJIbI KOTOPBIX aKTUBHpYIOTCS HaxkaTtheM kiaBuim CHA Output uiun CHB Out-
put. PexxuMmbl paboThl reHepaTopa U MapaMeTpbl BbIPAOATHIBAEMBIX CHUTHAJIOB
0TOOpakaroTcs Ha auciuiee. B neBoit yactu aucmiies orodpaxaercs popma curHa-
na kanana A (CH A), B IIecHTpaJIbHOM BepXHEH 4acTH JUCIUIes OToOpakaeTcs Gpop-
Ma curHajia kanaina B (CH B).

Jlig ycTaHOBKHM TpeOyeMOoro mnapameTpa CHrHaja reHepaTopa HEoOXOAUMO
Ha)KaTh OJIMH WM HECKOJILKO pa3 COOTBETCTBYIOINIYIO KiaBuiry (Hampumep, Ampli-
tude). 3arem HaOpaTh ¢ MOMOIIBIO UPPOBON KIABHATYPHI YHCICHHOE 3HAYCHUC
napamerpa, Hampumep, 2.583. 3aBepmuTh BBOJ ClEIyeT HakaTueM (yHKIHO-

HaJIbHOM KJIaBUIIM pa3MepHOCTH (Hampumep, Vpp WIH B ciiydae 4acToTel — KHz).

JUisi TUIaBHOTO M3MEHEHMSI YHMCIIEHHOTO 3HA4YeHMsl MapameTpa MOXHO HMCHOJIb30-
BaTh Py4YKYy B IPABOM BEPXHEM YIIIy JIULIEBOU nmaHenu reHepatopa. Knonkamu «d u
» BbIOECpUTE pa3psia HA HU(POBOM MHIUKATOPE, C IIArOM KOTOPOro OyAeT u3Me-
HATHCS 3HAUCHHE MapaMeTpa MPU BPAILICHUU PYUYKH. 3HAYEHUE MTapaMeTpa MOMKHO
M3MEHATH Takke KHonkaMu A u V.

st HabOmoeHust OpMbl HAIPSKEHUST U U3MEPEHHsS] €ro rapaMerpoB, HC-
MOJTB3yeTCs NBYXKaHAIBHBIN 1udpoBoit ocimuiorpadg GDS-820C.

Ha nepBblii kKaHa!l OCTyNaeT BXOJHOM cUrHal (OT reHepaTopa), Ha BTOPOM
KaHaJ — CUTHAJI C BbIX0/a MakeTa. B nmanHoi naboparopHoit pabote ociusmuiorpad
UCIIOJIB3YETCSl B PEKMME CaMOHACTPOMKU Mo mepBoMy kaHany «Kanly», koTopbrit
BbI3bIBaeTCs Haxkatruem KHONKU «ABTO YCT».



2.4. 3ajaHue M YKa3aHHUA K BbINOJHEHUIO PpadoThI

Cobepute mabopaTOpHYIO YCTAaHOBKY B COOTBETCTBHH ¢ puc. 2.13. Coenunute
kabenem uepe3 TpolHUK BbixoJ Output ncrounuka nocrosiHHoro Toka AKMUII-
1123 ¢ pazbeMoM Bxoo maketa. PazbeM Buixod MakeTa COEAMHUTE Yepe3 TPOUHUK
¢ BxoaoM Kanl ocumnorpada u ¢ BXoAHbIMU KiieMMaMu BoJibTMeTpa GDM-8246:

YepHBIN (CHHUIT) TPOBOJ — C KJIEMMOU «-», OeJblil (KpacHbII) MPOBOJ — C KIEMMON
«+». YcranoBute nepexirovarenu MakeTa B nonoxenus /7P u Omkp. Bxiarounte

NMUTaHUE BCEX MPUOOPOB U MAKETA.
2.4.1. H3mepenue noOCMOAHHBIX HANPAIHCCHUL

1. Bxumtounte uctouHuk noctosHHoro Toka AKUII-1123. Haxmure KHOMKY
YCTaHOBKH HampsbkeHus V-Set m kHonkamu uudpoBoil naHenn HabepuTe Hayallb-
Hoe HanpsbkeHue 5.00 B. 3aBepiuTe BBo kHOMKOM ENnter. Paz6nokupyiite BoIX0
UCTOYHHKA, HaxkaB kHonky On/Off.

2. BxurounTte pexuM aBTOMAaTUYECKOW HACTpoiiku ocuuiuiorpada «ABTO
YCTy». OTknrounTte nepBbId KaHal ABOMHBIM Ha)kaTheMm KHONKU Kawnl. Brirounte
PEXKUM U3MEPEHUS MapaMeTPOB HaIpsKeHUs (KHOTKa M3mepenue ocuuiiorpada).
Ha npaBoil yacTu skpaHa NOSIBATCS pa3iMyHbIE 3HAYEHUSI BXOJHOTO HAMPSHKEHUS
BTOpOro KaHana. M3MepeHHas BeJIMYMHA MOCTOSHHOTO HANPSKEHUSI BBIBOAUTCS
kak Ucp.

3. IlpoBeante M3MepeHHE MOCTOSHHOTO HAMPSHKEHUS MYJIbTUMETPOM M OC-
usuiorpadom, pesynbratel 3aHecute B Ta0id. 2.4. [loBropure usmepeHus ais He-
CKOJIbKUX 3HaueHui Hanpsbkenus Uy, B nuamazone 0,05; 0,1; 0,25; 0,5; 1,0; 2,5;
5,0 B. Ilpu uzmepenun Hanpspkenus, menbinero 0,5 B, Ha BoiabTMETpe HaAO Tie-
PEUTH C BOJILTOBOIO IIpelesia U3MEPEHUN HAa MWUIMBOJIBTOBBIM, I 4YEro HaI0
Haxath kiaBumry SHIFT, a 3arem DCmV. Ha ocmmorpade moBTopuTe pekum
aBTOMATUYECKON YCTaHOBKH.

Tabauya 2.4
Hanpsoxenue, Ha [TorpemnocTs N3smepennoe
N3mepenHoe Myiib-
BXOJIC YCTaHOBKH HaIpsixe- ocuusuiorpagom
MaKeTa TAMETPOM HHUS U
’ Upsms B, (MB) _ P
UyCT 1M A= Uyzy 'UyCT, MB B, (MB




4. Paccunraiite aOCOJIOTHYIO MOIPEIIHOCTh YCTAHOBKH IMOCTOSIHHOTO HAmps-

’KEHUs Ha ucrounuke nuranus A=U,. —U .. A. IlocTpoiite 3aBUCUMOCTEL OT-

yem

HOCHUTEIBLHOU IMOTPCITHOCTH YCTAHOBKHU

,% OT u3MepsSIeMOro 3HAYCHUS
U3m

HAIIPSKCHUA.

2.4.2. H3mepenue napamempoe 2apmoHu4ecKozo (CUHYCOUOanbH020) HaANpsdice-
HuA

1. BeikimrounTe UCTOYHUK MUTAHUS U OTCOETUHUTE €ro OT BXxoja Makera. Co-
eMHATE KabeneM (depe3 TporHHMK) Beixo «Output B» remepaTtopa AKUII-3407/4
C BXOJIOM MakeTa U BxoaoM Kanl ocuusiorpada.

2. YcTaHOBHTE peXUM paboOThI TeHepaTtopa B kKanane B. [lig aToro HaxaTtuem
kHonku Channel mobefitech nosiBneHus Ha auciiee Haamucu «CHB Aloney («ka-
Han B omuny). Jlanee Haxxmute knaBumry \Wave Ha reHepaTope U BpalleHHuEM pyd-
KU BbIOEpHTEe CHHYycouaabHy0 Gopmy curnana (BOO Sine). Haxas kiaBumny Fre-
quency, ycranoBute yactory currana reHeparopa 1000 kHz. Haxas kanonky Am-

plitude, ycranoBute pa3max curnaina reaeparopa Vpp =2 B (amrumuryna cunyca =2
B).

3. IlomaiiTe HampspKeHHWE C TeHepaTopa Ha BXOJl MakeTa Ha)XaTHeM KHOIMKU
CHB Output (uHIuKaTOP KHOTIKK 3arOPUTCH).

4. Ha mynpTUMETpE 711 U3MEPEHUS MOCTOSHHOTO HAMPSDOKEHUS Ha BBIXOJIE
Mmaketa Haxxmute kiaBuiry DCV. Ha ocumnorpade BKIOUUTE pEKUM aBTOMATH-
yeckoi HacTpoilku «ABTO YCTy. Otperynupyiite BepTUKaIbHbIN MacmTad n300-
paxenust (BOJIPT//[EJ]) u ero nonoxenue no Beptukanu (pyuxoit CMEIIIEHUE
Y Kawnl). Tlpu HE0OXOIUMOCTH BpallleHUEM PYYKU Yposensb n00€HTECh HEMOo-
JIBMKHOTO M300paKeHMs] CUHYCOUATBHOTO HANPSDKCHHS HA DKpaHE OCIUILIOrpa-
¢da. B nanpHelemM npu M3MEHEHUH YacTOThl CUTHAJA PeryaupyiTe koddduiment
pasBeptku BPEMA//[EJI Tak, 9T0o0ObBI Ha SKpaHe ObLIO BUIHO 3—5 IEPHOJIOB CUTHA-
na.

5. Brnrounte nuranue makerta. [lepekimouaTens BXoJa MakeTa YCTAaHOBUTE B
NOJIOKEHUE 3axp, TepeKIoYaTellb AeTeKTOpoB — B nosioxkenue //uk. Ilposenure
U3MepeHue NUKoBoro 3HadeHus U, (nonoxenue [/H1K), cpenHEBBIIPSIMICHHOTO

U, (monoxenue CB) u cpenHekBaapaTudeckoro 3nadenuid U (monoxenue CK)

rapMOHHYECKOTO HANpsDKEHUS Ha YaCTOTaX, yKa3aHHBIX B Tabm. 2.5.



Tabauya 2.5

f, kI'ng
0,5 1 2 5 10 20 50 100 | 200 500 | 1000

c|lCcC|lC

nuKk

c

nuxK,

pacy

6. Ha BTOpoM kaHane HaOmIrogaiTe GopMy BBIXOJHOTO HAIMPSDKEHUS I€TEKTO-
poB. CdoTtorpadupyiite BHIXOAHON CUTHATI TUKOBOTO JAETEKTOpa Ha CaMOM HU3KOU

F—\

aacrore [Q)
1. HpOBGIII/ITe pacucT IIOCTOSIHHOM COCT&BHHIOHICI?I Ha BBIXOJC Hpeo6pa3013a-
Uge =U, 1 T
TCJIA IIMKOBOT'O HAIIPSKCHHUA 110 (1)0pMYJ'I€ gvix — “m| - 2 , IToJiaras AaJjisa Im-
p

KOBOTO JieTekropa Maketa T, = RC=0,5wmc; T =1/f .

p

8. Iloctpoiite Tpaduky HSKCIEPUMEHTANBHBIX W PACUYETHOW aMIUIUTYIHO-
YaCTOTHBIX XapakTtepucTuk (AUX) nerexkropoB mo naHHbIM Tabm. 2.5. Ilpu mo-
CTPOEHUHU IPpaPUKOB UCIONB3YITE JIorapuPpMUUecKkuii MacTad 1no 4acTOTHOM OCH.
Ha puc. 2.16 nmoka3ad NpUHIUI MOCTPOEHUs JorapupMUYECKOro mMaciiraba ya-
cToThl B Auamnaszone ot 1 g0 100 kI’ (BepxHsst och). Ha HuKHEN ocu mokasaH Jie-

cATHUHBI Torapudm otHomenns gactor Ig( o/ ).

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

Puc. 2.16. Hudposoii BonbTMeTp-MynbTuMeTp GDM-8246

Hagaso mkamer coorBerctByeT f1 = 1 KI'11, IpyTHe 4acTOTHI paciioyiararoTcst Ha

Jorapu(p)MUYECKOil 1IKaie COrjacHo Jorapugmy oTHouIeHus yactoT. Hanmpuwmep, ya-

crore fp = 2 k['11 cooTBETCTBYET Ig( fa/ fl) = 0,3, yacrore fo = 8 k'l cooTBeT-

ctByeT 0,9 u T. 1.



9. IlpoBeanTe U3MEPEHUE AMAUIUMYOHBIX XAPAKMEPUCMUK TETEKTOPOB MaKe-
Ta. AMIUIMTYAHAs XapaKTEPUCTHKA — 3TO 3aBUCUMOCTBH MOCTOSHHOTO BBIXOJIHOTO
HaMpsHKEHUS IETEKTOPa OT aMIUIUTYAbl TAPMOHUYECKOTO HAMPSHKEHUST Ha €ro BXO-

Te.
Haxxmute kHomky Frequency u ycranoButTe yactoTy curHaia 500 xI'm.

Haxmure xHonky Amplitude n ycranoBuTe MakcumanbHOe HampspkeHue Vpp =
2Um=10B (ammumuryna =5 B). [IpoBenute nsmepenus ais amrmutyn Um, ykazaH-

HBIX B Ta0J1. 2.6. s usmepenus Uck, Ucg 1 Uppk UCTIONIB3YHTE MEpeKIOUaTeb Ha

MakeTe mnpeoOpasoBareneil. [Ipn u3MepeHHH MallbIX HaIpPsSHKEHUN BKIIOYMTE Ha
BOJIBTMETPE MUJUIUBOJILTOBBIN auamnazon uzmepenuit (SHIFT + DCmV). Pacuer-
HbIC 3HAYCHHS MapaMETPOB HAMPSOKCHUS OMpPENeNuTe depe3 KodPPHUIIUESHTH aM-

ATy 16! 1 GopMbl rapMoHuueckoro curHana (Ka = 1,41, a Ky = 1,11) u 3agannOe

3Hauenue Unm.

Tabnuya 2.6

Um =Vppr2, B 0,05 0,1 0,2 0.5 1.0 2.0 5.0

U H3MEpEeHHOe
CK

pacueTHoe

U U3MEpEHHOE
CB

pacdeTHoe

U3MEpEHHOE

U.. pacueTHoe
(U,

10. [TocTpoiite rpaduky aMITUTYTHBIX XapaKTEPUCTUK JETEKTOPOB MAKETA.

2.4.3. H3mepenue napamempoe nepuoouieckux HeCUHycouoaabHulxX
HanpaxiceHuu

Haxxmute xHOTIKY Frequency u ycranosure dactorty curnaia f = 50 kI'm. [Tpu
9TOM nepuoj] currana Oynet paBed T = 1/ f = 20 mkc. Haxas kHonky Amplitude,
YCTAQHOBHTE aMIUIUTYyy curHaia reHeparopa 2Vpp (Um = 1 B). [omaiite curnan ¢

reHepaTopa Ha BXoJ MakeTa HaxkatueM knaBuiiu CHB Output (unaukaTtop 3aro-
puTCA).



Tabnuya 2.7

Bux curnana Ucks | Uer | Uk Ka k‘b

(omMH TIEpHOT) B B B  |usm.| Teop. |u3m.| Teop.
Cunyc (B00) 141 1.11

Meannp (BO1) 1 1
Tpeyronbusiii (B02) 1,733 1,155
[Tunoo6pa3neiii (B03) 1,733 1,155

; T_g T/t = VTt =
[Ton0XHUTEIBHBIN UMITYJIBC . 2.83 283
(B0O5)

[TpoBeauTe W3MEpeHUs MapamMeTpoB HampspkeHud cuHycoupansHou (B00),
tpeyrosnbHoi (B02), mumooOpaznoit (B03) u umnynscHoit (B0S) dopmer. s
YCTaHOBKH (hOpMBI HAXKMHUTE HA F€HepaTope KHOMKY BblOOpa curHana \Wave u BbI-
6epute Hyx)Hy10 Gpopmy Hampsikenus (B00...B0S). [IpaBunbHOCTS BBIOOpA CUTHA-
Jla KOHTPOJIUPYHUTE C MOMOIIBIO oclmiuiorpada. Pe3ynbrarel M3MEpeHUil 3aHECUTE

B Ta0u1. 2.7. Ilo pe3ynbraram usmepenuit paccunrtaiite Ka u K¢ 171 kasknoit Gopmsl

HaIpsKCHUA U CPABHUTC UX C TCOPCTUICCKUMHU 3HAUCHUAMMU.

2.4.4. H3mepenue cpeonekeaopamuueckux Hanpsicenuil eonvmmempom GDM-
8246

(Mo yKa3aHHIO MPETno1aBaTess)

Jljig mofauu curHajga reHepaTopa HampsMylo Ha MyJIbTUMETP YCTaHOBUTE Tie-
peKirovyaTrens MakeTa B mojoxkenue //P. Haxxmurte Ha BonbTMeTpe KHONKY ACV
(u3MepeHre CpeHEKBAAPATUYCCKOTO HAMPSDKEHHUS C TIOMOIIBI0 COOCTBEHHOTO
npeoOpa3oBaTelisi BOJILTMETPA).

YcranoBute Ha reHepaTope kaomkoi Channel pexxum «CHB Aloney (kanan B
onuH). Haxxmure kHonky Wave u ycTaHOBUTE CUHYCOUAAIBbHYIO (POpPMY HAIpPSIKE-
uus (B00). Haxxmute kaonky Amplitude u ycraHoBUTE 3HAUECHUE HAMPSKCHUS Te-

Hepatopa 1 Vpp (Um = 0.5 B). Haxxmute Ha kHONKY Frequency m ycraHoBure ya-
crory renepatopa 15 kl'u. Haxmute kaonky «CHB Outputy (mpu sTomM KHOMKa
3aCBETUTCS M HANPSDKCHHUE ¢ TEHEpaTopa MOCTYTUT Ha BOJLTMET)).

[TpoBeauTe u3MepeHne CpeTHEKBAAPATUUECKOTO HAMIPSHKEHUS MYIbTUMETPOM
U 3alUIINTe pe3ysbTar B Tabnuily. [loBropute usamepenus Ajig HanpsHDKeHUH, yka-
3aHHBIX B Tabm. 2.8. Jlns 3HadeHwit Hampspokenus, MeHbmux 0,5 B mepeiinure B



MUJUTHBOJITOBBIN JTHAITa30H W3MEPEHHUS, TTOCICI0BATEIHbHO HaxaB KHonku SHIFT

u ACmV.

Tabnuya 2.8
AbGcomoTHas
Doma Uk = U IorpemHocts [acrnopTHas 1o-
cn;)lfana Up/K,, B H31\;3’ U3MEPEHHS IPELIHOCTD (TabI.
B,mMB | MB (A = Uy — Ugg), MB 2.2),
MB
Cunyc (B00)
Meannap (B01)
Tpeyronbubiii (B02)
[Tunoo6pasusrii (BO3)
Iym (B21)

Paccuuraiite morpenHocTs U3MEPEHU U Mpees adCOIIOTHON MOrPEIIHOCTH
M3MEPEHHUI HaIpsKEHUs, BOCIOIb30BABIINCH JaHHBIMU Ta0d. 2.2. Ilpu aTom cHa-

dajla OnpcACINTC YCTAHOBJICHHOC Ha I'CHCPATOPC CPCAHCKBAAPATHYCCKOC 3HAYC-

Hue HanpspkeHus Uk gepe3 koddduumenTsr aMmumty el Ka (cm. tadm. 2.7), mms

IrymMa ¢ paBHOMEpPHBIM pacrpezeincHueM Ky = 1,733. ITorpenrHocTs U3MepeHus —

Pa3sHOCTb USMCPCHHOI'O CPECAHCKBAAPATUICCKOIO 3HAYCHUA U CPCAHCKBAJAPATHUIC-
CKOT'O HAIIPAKCHUSA, YCTAHOBJICHHOI'O HAa I'CHCPATOPC.

Copep:xanue oTuera

OTtuer J0JKEH coaepKaTh:
— cXeMy J1abopaTOpHOTO MaKeTa,;
— TaONWIBl JTAHHBIX, MOJYYEHHBIX B PE3yJIbTaTe W3MEPCHHM, IOTOTHCHHBIC
pacYeTHHIMU JAHHBIMH, BBITIOJTHEHHBIMHU B COOTBETCTBUH C 3a/IaHUEM;

— TpaduKy pacUETHBIX U IKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH.



KOHTpOJILHbIe BOIIPOCHI

1. Ilepeuncnute npeuMyuniecTBa MUMPOBBIX BOJIBTMETPOB IEPE aHATOTOBbI-
MU ¥ IPUBEUTE OCHOBHBIE TTapaMeTPhl MU(PPOBBIX BOJIETMETPOB.

2. Kakue mapameTpbl MCHONB3YIOT MPU U3MEPEHUU TMEPEMEHHBIX HaIlpsixKe-
HH?

3. Uto mpeacTaBisioT coboi mpeodpa3oBaTesid CpeTHEKBAAPATUYECKOrO 3Ha-
YeHUS HANIPSDKCHUS M KaK OHU paboTaroT?

4. Yto mpencTaBisiioT co00il mpeoOpa3zoBaTev CPEeIHEBBITPSIMICHHOTO 3HA-
YEHUS HANPsDKEHUS U KaKk OHU paboTaroT?

5. Uto mpencraBisitoT coboi mpeoOpa3oBaTesid MUKOBOTO 3HAUYCHUS HaIpsi-
YKEHUSI U KaK OHU pabOoTaroT?

6. Uem 00ycioBieHa HU3KOYACTOTHASI MOTPEIIHOCTh BOJIBTMETPA MUKOBOTO
3HAYECHUS HANPSKCHUS ?

7. UTO Takoe «OTKPBITBIN» U «3aKPBITHIN» BXOJIbI BOJIbTMETPA U KaK UX MOXK-
HO UCITOJIb30BaTh?

8. HO‘IGMY IIPpHU pa3HbIX 3HAYCHUAX CKBAXHOCTHU HMITYJIbCOB MCHACTCA UHI/IK

B PCIKUME 3aKPBITOIO0 BX0Ad, a IIPU OTKPBITOM BXOJC OCTACTCA MOCTOSIHHBIM ?



