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7. MU3MEPEHHUE AMIVIUTYJIHO-YACTOTHbBIX XAPAKTEPUCTHK
C IOMOULBIO 'EHEPATOPA U BOJIBTMETPA

[lens paboThl — M3y4eHHE OCHOBHBIX METOJIOB UCCIIEIOBAHUS AMILTUTYIHO-
YaCTOTHBIX XapaKTEPUCTHUK IENel U YCTPOMCTB, U3MEPEHUE XAPAKTEPUCTUK U Ta-
paMeTpoB MOJOCOBBIX QUIBTPOB U KOJIEOATEIHHOTO KOHTYpA.

7.1. AMIIJII/ITyIIHO-‘IaCTOTHaH XapaKTEPUCTUKA U €€ U3MEPECHUE

JInst XapaKTepUCTUKU JUHEHMHBIX PaJHMOTEXHUYECKUX YCTPOMCTB HauOoliee
4acTO MPUMEHSIOT Koaghpuyuenm nepedayu. OOBIMHO 3TO KOMIUIEKCHBIN KO3 du-
IIUEHT TIepelaydl 10 HANPSHKEHUIO, PaBHBIA OTHOIICHUIO KOMIUIEKCHBIX aMILIATY T

HanpsoKeHWit  Ha  BeIXOme Up =U mz-exp( j(pz) U Ha BXOoAe Lenu
Ut =Upmi -exp(jo1):

. UmZ Um2
K =— =
(J(D) Unm  Umi

Amnaumyorno-vacmomuoti xapaxkmepucmuxoti (AYX) Ha3bIBaIOT MOAYJb KO-

exp(p2 —¢1).

s dunrieHTa nepegavun 1Mo HampsHKEHUIO ‘K ( f )‘ Jns xapakTepUCTUKU pexUMa

nepeaadyr MOIIHOCTH Yepe3 YCTPOMCTBO C BX0J1a Ha BBIXOJ] YACTO MCIOJIB3YIOT 3a-
myxanue (ocirabnenue) — norapudMudecKuii (B nenubdenax) mapameTp, CBsI3aHHBIN
¢ MoayJieM ko3 dHIMeHTa TTepejadi COOTHOILICHUEM

A, 16 =10lg Pex =—201g(|K (jo)).

BBIX j

HaubGonee mpoctoit meton nsamepennst AUX — omnpesienieHne OTHOIICHUS aM-
IUINTYA BBIXOJHOTO M BXOJHOIO HAaINpsDKEHUH TapMOHMYECKOrO CUTHaJIa
U2(fi)/U1(fi) B OTHENBHBIX 9aCTOTHBIX TOUKAX f; (u3mepenne AUX 1o Toukam)
C TOCJIEAYIOIIEM MHTEPIOJSIUUEN BCEeW 3aBUCUMOCTU. Ha mpakTtuke yacto uszme-
PSAIOT 3aBUCHMOCTBH HaIpsKEHUS! Ha BbIXOJE uccieayeMoro ycrpoictBal( f;)
OT YacTOThl NpU (PUKCUPOBAHHON (€AMHUYHOM) aMIUIUTYAE TapMOHHYECKOTO
Hanpsokenust Up(f;) Ha Bxone. Ha puc. 7.1, a, npuBeneHa o01as cxeMa BKJIIOYe-
HUSL MCCIIEAYEMOTO YETHIPEXMOIIOCHUKA MEXAY UCTOYHMKOM TapMOHUYECKOIO
HaNpPsDKEHUS. ¢ BHYTPEHHUM BBIXOJHBIM MMIIEJAHCOM ZT'€H U Harpy3KOoM, Xapakre-

PU3YIOLIENCS UMIIETAHCOM Zy.
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Puc. 7.1. I3mepenne AUYX 1o Toukam:
a — 00o01IeHHas cxema BKJIIOYEHHs! YCTpOICTBa B cxeMy nsmepenust AUX;
O — 9acTOTHasl 3aBUCIMOCTh aMIUTHTYIbI BEIXOTHOTO HAIPSIKCHUS

Hampsixenue U7 ( f;) 3aBUCUT OT CONMPOTUBIICHUSI HATPY3KU Zy, MOAKIIOYEHHOTO K

BbIXONy ycrporctBa. [Ipym nzmepernn AUX BO MHOTMX Cily4asx COINPOTHBIICHHE
Harpy3k 3a/aloT cTaHaapTHbeIM (Hampumep, 50, 75, 600 Om). BTopoil BakHbIN

MOMEHT — BiusHUE HA AYX BBIXOZHOIO CONPOTHBIICHMS T'€HEPATOPA Zpey. Ecin
AUYX ompenensroT Kak OTHOLIEHWE aMIUINTYJ BBIXOJHOTO M BXOJHOTO HaIpsiKe-
Huii U/U1, T0O BusAHUE Zoy HA GOPMY XapaKTEPUCTUKU OTCYTCTBYET. OHAKO BO

MHOTHX TMPaKTHYEeCKUX 3amadax moa AYX NMOHMMArT YacTOTHYH 3aBHUCHMOCTH
OTHOIIICHUSI HAMPSHKEHUSI Ha BBIXOJIE YCTPOWUCTBA U HAMPSHKEHUS XOJIOCTOTO XOJa
redeparopa Up/Urey (TO €CTh Zrey (AaKTHYECKH BKIIOYAIOT B HU3MEPUTEIBHYIO

cxeMy). BxogHoe nanpsokeHne nenu U] MOXKET UMETh 4aCTOTHYHO 3aBUCHUMOCT,
nostoMy Ha Bua AUX Oyner BIUATH BEIMUYUHA Zpoy. B 3TOM ciaydae mpu nsmepe-

HuM AUX compoTuBiieHHE TeHepaTopa I0JKHO ObITh 3apaHee oroBopeHo. Hecoot-
BETCTBUE BBIXOJHOI'O COIPOTUBIIEHUS U CONIPOTUBIICHUS HAIPy3KU 3aJaHHBIM 3Ha-
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YEHUSIM TPUBOJUT K TMOSBJICHUIO CUCTEMATHUYECKUX MOTPEIIHOCTEH H3MEpPEHUs
AUYX MeToauyYecKoro xapaxkrepa.

Onucanneiii MeTo n3Mepenus AUX 1no ToukaM peanu3yroT, Kak MpaBuiio, ¢
UCITOJIb30BAaHUEM [EPECTPANBAEMOr0 T€HEPATOpa TAPMOHHYECKUX KOJIEOAHUU WU
BOJITMETpA MepeMeHHoro Toka (puc. 7.1, a). I'enepatop mnocienoBaTenbHO
HACTpauBaIOT Ha PsiJl BHIOPAaHHBIX YACTOT, a HAIPSYKEHUE HA BBIXOJIE UCCIIETYyEeMO-
ro yCTpOMCTBAa M3MEPSIOT BOJIBTMETPOM. [lockosibky GopMa HanmpsHKeHUs] rapMo-
HUYECKas, TO JOMYCKAaeTCsl UCIO0JIb30BaTh JIOObIE BOJIBTMETPHI MIEPEMEHHOTO TOKA
— aMIUIMTYJIHbIE, CPEAHEKBAIPATUYCCKUE WM CPEAHEBBIPSMICHHOTO 3HAUYCHHUS.

AMuiTyny HanpsbkeHus reHepatopa Uren mnoaepxuBatoT nocTostHHOW. [lpu

HEOOXOJMMOCTH, AMILTUTYly BXOJIHOTO HampspKeHUs uenu U] U3MepsitoT BTOPbIM
BOJIBTMETPOM (B mocieaHem ciydae usmepsitor AUX kak Up/Up). 3aBUCUMOCTb,
IIOCTPOECHHAsI MO pe3yJbTaTaM H3MEPEHUM C HCIIOJb30BAaHUEM WHTEPIIOISALNN
MEXIy TOUYKaMu, pencrapisier coooi AUX uccnenyemoit uenu (puc. 7.1, 6).

JlanHbli croco® oOecrneynBaeT 10CTATOYHO BBICOKYIO TOUHOCTh U3MEPEHUU.
OCHOBHBIMM MCTOYHMKAaMH NOTpemHocTeld Meroaa uzMepeHus AUX mo Toukam
SBJIIFOTCSL:

1) morpemHocTh YCTaHOBKH YaCTOThI TEHEPATOPA;

2) MOrpemHOCTh YCTAHOBKY aMILIUTY/ Ibl HAPSKEHHS Ha BBIXOJE IeHepaTopa

Y €ro HeCTaOMIIBHOCTD B Ipoiiecce uaMepenus AUX;
3) NOrpelmHOCTh BOJBTMETPA, U3MEPSIOIIETO HAMPSKEHUE Ha BBIXOE LIeTH;
4) BIMSHUME KOHEYHOIO BXOJHOIO MMIIEJAHCA BOJIBTMETPA HA BBIXOAHOE
HaIpsDKEHUE LIETIH;

5) morpemHOCTh UHTEpHOAAUMUA AUX MEXy U3BMEPEHHBIMU TOUKAMU.

Kpome sToro, HeoOX0IUMO YUYHUTHIBATh BIMSIHUE HECOOTBETCTBHUS 3HAUYEHUS
BHYTPEHHETO COIPOTHUBIICHHSI F€HEpaTopa 3aJaHHOMY CTaHJAPTHOMY 3HAYEHUIO
(B cily4ae OTCYTCTBUS BOJIBTMETPA Ha BXOJI€ YCTPOUCTBRA).

Bkiiag mepBbIX TpeX UCTOYHHUKOB B OOUIYIO MOTPEIIHOCTh MU3MEPEHUS MOXKET
ObITh YMEHBILIEH HCIIOJb30BAaHUEM MPUOOPOB 0OO0Jiee BHICOKOTO Kiacca TOYHOCTH.
BonbT™meTp Hago BeIOMpPATh ¢ BXOAHBIM CONPOTUBIICHUEM, 3HAYUTEIBHO IMPEBbIIIA-
IOLUIMM COTPOTUBJICHHE HArpy3ku ycTpodcTBa. OH JODKEH MMETh MHUHUMAJIbHYIO
BXO/IHYIO €MKOCTb (C Y4ETOM Mapa3uTHON €MKOCTH COeMHHUTENbHOrO Kabems). [ns
YMEHBIIEHHS TIOTPEIHOCTEH MHTEPIIOJSILUN CIETYET YBEIMYUTh YHUCIO YACTOTHBIX
TOYEK M BHIOpATh ONTUMAIIBHBIN METOJ MX pacyéra (MOJIMHOMHUAIIBHYIO allpOKCUMa-
LU0 WJIM MHTEPIIOJILUIO CIUTAHAMU).



OcHoBHOI HegocTatok u3MepeHuid AUX 1o ToukaM — €ro TpyAOEMKOCTh U
IuTeabHOCTh. KpoMe Toro, ripu 3apaHee HenzBecTHOM Buae AUX mpou3BOJIbHBIN
BBIOOP M3MEPSIEMBIX YACTOTHBIX TOYEK MOXKET IMIPUBECTH K MPOIYCKY €€ XapaKTep-
HBIX 0coOeHHocTel (B 00acTsax pe3koro usMmenenus AUYX). [lpu anmuTeabHbIX U3-
MEpEHUSX CKa3bIBACTCs BIUSHUE TEMIIEpaTyphbl, Ipeida MUTAIOIMUX HAMPSKEHUN
Ha UCCJIEAYEMOE YCTPOMCTBO. DTU HEAOCTATKU MPEOIOJIEHBI B TAHOPAMHBIX H3Me-
putensix AUX, rae ucnoiib3yroT T€HEPATOp C AJICKTPOHHON NMEPECTPOMKON YaCTOTHI U
ocumIiorpaduyecKuii MPUHLIUI UHIUKAIIUHY Pe3yIbTara.

7.2. YacTOTHBIEC MapPAMeETPhI 0J0COBBIX (PUJILTPOB

Yame Bcero 00bekToM u3Mepenus AUX sBISIIOTCS 4aCTOTHO-U30UpATENbHbIE
LEMU U YCTPOICTBA, B YACTHOCTU hunbmpsl. ITH YCTPOUCTBA OCYIIECTBIISIIOT Ya-
CTOTHYIO CEJICKIIMIO curHaioB. Paznuuaror ¢unbtpel HU3kux yactotr (OHY), BBI-
cokux yacror (®BY), mnomocHo-nponyckatomme (IIIID) wu  nomocHo-
3arpaxnaaromme (I13®) bunbrpel. Onpenenum UX 4acTOTHBIE MMapaMeTpbl HA MpPH-
Mepe IMOJIOCHO-MIPOMyCcKaoumx (GUiIbTPOB (Zajgee — MmojJocoBbIX (uiabTpoB I1D).
Ha puc. 7.2 npeacraBiieHbl TUIIMYHBIE YACTOTHBIE XapaKTEPUCTUKU KO3 puineHTa

nepenadu mo HanpskeHuto K( /) = Uppix /Upx MMOJ0COBOTO (UIBTPA B TUHEHHOM
(puc. 7.2, a) u norapudmuaeckom (puc. 7.2, 6) macmradax o ypoBHIO.
Och 4acToT 00BIYHO MMEET JIMHEWHBIA MaciiTad. OxHako 11t GUIbTpoB, pa-

OoTaroumx ¢ 60JIbIKUM KO3(D(OULIMEHTOM NEPEKPBITUs fg / f, BUI rpadpuka AUX B

JUHENHOM MacmTabe HeyJqo0eH — HuU3KodacToTHas yacTh AUX cxata M mioxo
BUHA. B norapudmuyeckom mMacmirabe mo yactote rpaduk okas3bIBaeTCs pacTs-
HyThIM B HU-00mactu, mostomy Habmogatonuiicst TaM ckjion AYX xopolio BUIEH.
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Puc. 7.2.. Tunnunsie AUX nonocHO-IpomnycKaromero GpuibTpa:
@ — B JINHEHHOM MaclTade 10 YpOBHIO (OTHOCHUTEIbHBIE €IUHHULIBI);
6 — B norapupmMuyeckoM Macmraoe (B 1b)

OCHOBHBIMM YaCTOTHBIMH IapaMeTpamu, xapakrepusyromumu ¢popmy AUX
peanbHOTO [II1D, ABNsIOTCA:

Maxkcumanvuoiii koaghpuyuenm nepedauu KO v munumanvroe 3amyxarue A(

Ko =Upgyx/Ugx, Ay=-201gK(, nb. Yacrory f, Ha xoropoii K(f))=Ky u
A(fy) = Ay, HA3BIBAIOT YaCMOMOU MUHUMANILHO20 3amyxanus. YacTo mpu uccie-
JOBaHUH (UIBTPOB CTPOAT HOopmHupoBaHHyl0 AUX K(f)/K( M HOpMHUPOBAHHYIO
3aBUCUMOCTh 3aTyxaHus (ocnabienus) GuibTpa
A(f)=-201g (K(f)/Ko)= A(f)~ 4o,

MPECTABIISIONTYI0 OO0 «repeBEpHyTYIO» AUX (puc. 7.2, 6).

Ilonoca nponyckanus Af — nuana3zoH 4acToT, B KOTOPOH 3aTyXxaHHUE mepea-
Y{ HE MPEBBINIACT 3alaHHOTO 3HaveHusA. [lIupuHy MOIOCH TPOMYyCKaHUs, U3Me-
peHHyl0 1o ypoBHIO ocmabnenus 3 1B (K(f)/Ky=0,707), o6o3Hauarot

Mo 707 = M3 5 = Afp. npuny nomnocer mo yposaio 20 16 (K(f)/Ko= 0.,1)
obozHavaroT Afy 1 = Afpg - HUKHAS M BEPXHSSA vacmomsl cpesd fu ¥ fz NOIOCHO-

MPOITYCKAIOMIETO (GUIBTPA COOTBETCTBYIOT ITPAHUIIAM TTOJIOCH Afj).

Kosgppuyuenm npsamoyzononocmu Ky — OTHOIIEHUE ABYX MOJIOC IPOITyCKa-
HUS, U3MEPEHHBIX 10 pa3HbIM ypoBHAM (00bryHO 0,707 1 0,1 wm 3 u 20 1b)
K = 0,707 /A = M3 15/ Y20 5 -
6



KoadduimeHT npsaMoyroibHOCTH TMOKa3bIBaeT cTeneHb omm3octu AUX peanbHOTo
¢unbTpa K npsamoyronbHoit AUX uneanbHOro GUIBTpA.
Kpymuszna cxamoe AUYX 3a mpenenamMu  TMOJOCHl  MPOIyCKaHUS

d
SAayux = —(A( f ) . OTOT mapaMmeTp MO3BOJISIET OLEHUTh CTENEHb IOAABICHUS

af
MEMIAIOLIEro CUrHaja Mpy 3alaHHON €ro PacCTPOIKE MO YacTOTEe OT I'PaHULL MOJI0-
chl mporyckanus ¢uiabTpa. Ha mnpakTuke u3MepsaroT yCpeAHEHHOE 3HAaueHUE

SAUX, nb/kI'11, BEIYKMCIEHHOE KaK MOMYJIh OTHOIIEHUSI Pa3HOCTH HEKOTOPHIX BHI-
OpaHHBIX 3HAYeHUH 3aTyxaHust Al u A2 (Hanpumep, 10 u 20 n1b) k pazHOCTH COOT-
BETCTBYIOIMX UM 4acToT [f{A1) — f(A2)]:
EAI{X :| A -4 |
()= ()

[IpuMepoM HECIOKHOTO MOJIOCOBOTO (PUIIBTPA SIBISIETCS OJUHOYHBIN KoJie-

OarenbHbIl KOHTYp. Ero AUX cymectBenHo otiaudaercs ot AUX uaeanbHoro [1O

U UMeeT HeBBICOKUI Ky . OJIHaKO BBUY CBOEH MPOCTOTHI KOJIEOATEIbHBIN KOHTYP

IIMPOKO MPUMEHSETCS B KAU€CTBE YaCTOTHO-U30MPATETHHOM 11ETIH.

AUYX mosocHO-IpOMyCKaIMUX (UIHTPOB MAJIO MEHSIETCS B Ipenenax mo-
JIOCHI MPOIYCKaHMS W CHAAaeT 110 HyJis BHE ee. s uccnenoanuss AUX takoro
BU/JIA 11€J1€CO00Pa3HO MCMOIb30BaTh HEKOTOPHIE MPUEMBI, YITPOILIAIOIINE TPOLEY-
py uzMepenusi. CHaudana HeoOXoAuMO HalTH MakcuMyM AUX M OLEHUTH 4acTOT-
HBIM Tuamna3oH u3Mepenusd. Jlamee Hajo BbIOpaTh B €ro mpejenax JI0CTaTOYHOE
KOJIMYECTBO YACTOTHBIX TOYEK, B KOTOPBIX H3MEPSIOT BBIXOJHOE HANPSIKECHHUE,
MOAJEPKUBAS AMIUITUTYY BXOAHOTO HANIPSKEHUS IMOCTOSIHHOM.

Ecin AUX ¢unbTpa uMeeT oJMH SBHO BBIPAKCHHBIH MAaKCUMYM U MOHO-
TOHHO CITaJIaf0IIUEe CKJIOHBI (KaK y OJMHOYHOI'O KOHTYpa), TO MPOLEIYyPYy MOXKHO
YIPOCTUTh, TEPEXOAsd K H3MEPEHUAM II0 JIUCKPETHBIM YPOBHSAM BBIXOIHOTO
HanpspkeHusi. B 2ToMm ciydae (QUKCHUPYIOT 4YacTOThI, Ha KOTOPBIX BBIXOJHOE
Hanpsbkenue cocrasisier 90, 80, 70, ..., 20, 10 % ot Mmakcumyma. M3mepenue va-
CTOTHI MpU (UKCUPOBAHHOM YPOBHE BBIXOJHOTO HAMPSHKEHUS YMPOIIaeT paboTy
orepaTopa M CHUXKAET TPeOOBaHMS K TOUHOCTH BOJbTMETpa. OQHAKO TaKOW METO/I
HE MOJXOUT JJIsl UBMEPEHUS B npejenax miockoit vactu AUX T10.

Jl1st onpenienieHus: 4acToOT cpe3a U MOJIOChl MPONYCKaHUs HE 0053aTeNIbHO U3-
MepsaTh Bcto AUX. YacToThl cpe3a QuiIbTPOB MOKHO ONPENETUTh OTACNIBHO, HC-
MOJIb3Yysl KaJUOpPOBAaHHBIM YPOBEHb aMIUTUTYbl TeHepaTopa. JJis 3TOro Haxonsr
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BX0JIHO€ Ulmax ¥ BbIXogHOE U2max HamnpsikeHue B MakcumyMme AUX. 3atem yBe-

JIMYMBAIOT HanpsbkeHue reneparopa B 1,41 pasa (1,41U max). YMeHbIIas 4acToTy
reHepaTopa, 10OMBaIOTCs, YTOOBI BBIXOJHOE HAIpsDKEHHUE (QUIIbTPA PaBHAIOCH OBl

MMPECKHCMY 3HAYCHUTIO UZmax. 3Ha4YeHHEe 4YacToT I'CHCpPATOpa ABJIACTCA HW)KHEH 4a-

cToToi cpe3a ¢uiabTpa mo ypoBHio 0,707. YBenuuuBas 4acToTy, aHAIOTHYHBIM
00pa3oM HaxoJAT BEPXHIOI YacTOTy cpe3a. YacToThl cpe3a puibTpa Mo ypOBHIO
0,1 HaxonmSTCS aHAJIOTUYHO, HO HANPSKEHUE T'eHepaTtopa yBeauuuBaroT B 10 pas.
JlaHHbBIN c11OCOO MO3BOJIET UCIIOJIB30BAaTh MPOCTHIE HEKATMOPOBAaHHBIE NHUKATO-
PBl YPOBHSI BBIXOJIHOTO HAIPSKEHHUS BMECTO BOJIBTMETPA, UTO yA0OHO MpHU U3Me-
peHnsx B nuana3zoHax BU u CBY.

7.3.3agaHKe U YKa3aHHUs K BBIIIOJHEHUIO padoThI

7.3.1. Onucanue nabopamopHoii ycmanosxku

B maGoparopHoii paboTe B kKauecTBe UCTOYHUKA TAPMOHUYECKOTO HAMpsHKe-
HUS UCTIONB3yeTcsa (YHKIIMOHAJIBHBIM T€HEPAaTOpP CUTHAJIOB CHEIUATBHONU (HOPMBI
SFG-71013, nByXkaHalbHbIA MUJUIMBOJILTMETP nepemeHHoro tToka GVT-427B u
71a060paTOPHBII MaKeT ¢ UCCIIeTyEMbIMHU MOJIOCOBBIMU (prstbTpamu (puc.7.3).

[Tpunun geiictBust reneparopa SFG-71013 — mpsimoit 1udpoBoit cuHTE3
dbopmbl curnana. I'enepatop BeIpadaThIBAE€T CUTHAJ MPSMOYTOJILHOM, TPEYTOJbHON
U cuHycouJanbHoi popmel B nuamazone yactoT 0.1 I'n ...3 MI'n , morpemHocTts
YCTaHOBKH 4acTOThl mopsaka 20°10°. OH mo3BoiseT NMPOM3BOAUTL YCTAaHOBKY
3HA4YEeHUSI 4acTOThl ¢ BhICOKOUM TouHOCTHIO (0.1 I'tr). MakcumanbHas aMIuinTy1a
BBIXOJITHOT'O HANPsDKEHUs Ha coriacoBaHHOM Harpyske 50 Om ne menee 10 B; am-
IUTUTY1a PEryJIUpPYyeTCs TUIABHO U JUCKPETHO (BKJIIOYEHHUEM BCTPOEHHOTO aTTEHIO-
atopa 401b). KoadduimeHT HEMMHEHHBIX UCKAXXEHUN CHHYCOUJATBHOTO CHTHAJA
He Xyke -35 n1bH, HEpaBHOMEPHOCTh YaCTOTHOM 3aBUCUMOCTH aMILIUTY/bl CUTHA-
na He 6onee 1 ab.



Puc. 7.3. BHemHwmiA BUJT Ta00paTOPHOM yCTAHOBKH

BrixogHoe HamnpsbkeHHe reHepaTopa peryiaupyror pyukoid AMIUI u koH-
TPOJUPYIOT 10 TiepBoMy KaHairy BoJibT™MeTpa GVT-427B (uepnas ctpenka). Bui-
XOJTHO€ HAIpsKeHHE (PUIbTPOB U3MEPSIIOT IO BTOPOMY KaHajly BOJbTMETpa (Kpac-
Has ctpesika). Bonbtmerp GVT-427B — aHanoroBblii MUJUITMBOJIBTMETP MEPEMEH-
HOTO TOKa, 00a ero KaHajia rpaJyHpOBaHbl B CPEIHEKBAIPATUYCCKUX 3HAUYCHUSIX
CUHYycouAanbHbIX curHanoB. [Ipenen uzamepenus Bonbt™MeTpa 0.3MB... 100B pas-
out Ha 12 moxmuana3zoHoB. [lepexmoueHne mMoaIuana3oHoB OCYIIECTBISIOT BXO/I-
HBbIM aTTEHIOATOPOM B KaXJIOM KaHaje, IpaJyHMpOBaHHbIM B MaKCHUMAaJIbHBIX 3Ha-
YEHUSIX MIKajabl BoibTMeTpa. Eciu nogauanaszon kparen 10 (100 mB, 1 B, 10 B u.
T.J1.), TO OTCYET MPOU3BOAMUTCS IO CAMOM BEpXHEH IlIKaJie BOJIbTMETPA, €CIN KpaT-
HO 3 — OTYET MPOU3BOAUTCS MO BTOPOM mmkane. IlorpemHocts n3mMepenust Hamnps-
YKEHUS BOJBTMETPOM He Xyxke 3% B yactroTHoM auanazone 10 I'u...1 MI'u. Bxon-
Hoe conpoTusiieHue npudopa 1 MOM, BxoaHast eMkocTh — He 6os1ee 50 nd.

JlaGopaTopHbiii MakeT (puc.7.4) CONEPXKUT ABAa AKTHBHBIX IOJOCOBBIX
bunpTpa [1O-1, [1D-2 (monoxenus nepexatoyatens 3...4) u KojaedaTeIbHbIN KOH-
Typ (monoxxenue 2). B monoxkenun 1 mepexitouatessi OCYIIeCTBISETCS HETOCPe-
CTBEHHOE COEMHEHHME I€HEepaTopa CO BTOPHIM KaHAJOM BOJIbTMETPA, YTO MCIOJIb-
3YIOT JIJIsl KOHTPOJIsl OajlaHca KaHaJIoB.
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Puc. 7.4. CTpykTypHasi cxema U3MEPUTEIBHON YCTAHOBKH
B pabote uccnenyorcs 4aCTOTHBIE XapaKTEPUCTUKH MMapaMeTpbl MOJIOCHO-
nponyckaomux GuibtpoB [Id-1 (vactoTHell Auanazon nopsaka 2...5 kl'm) u
[1®-2 (yactoTHbIi quama3oH S50 ... 3000 I'). M3MepsaroTcs Takke mapaMeTphl Ko-
7e6aTeNbHOr0 KOHTYpa ¢ Pe30HAaHCHOM yacTtoTou nmopsiaka 500 I'.

7.3.2. H3mepenue amnaumyono-4acmomHbix XapaKkmepucmuk noJioco-
evix punompoe IN® 1 u IO 2

Bxntounte nuranue npubopoB u Makera. [logaiite ¢ reHepaTtopa Ha BXO[
MakeTa rapMoHuudeckuil curdan 1 kl'm. [ns 3Toro ycraHoBUTE OpraHbl yIpaBiie-
HUs T€HepaTopa B CIAEAYIOIINE MTOJI0KECHUS:

1. Kuonkoit ®OPMA BbIOepUTE TApMOHUYECKUNM BUJI TEHEPUPYEMOI'O CUTHAIA
~ (3HAYOK BBIBOJAUTCS B YIIIy IIKaJbl);

2. Bpamenuem pyukun HACTOTA ycranosute 3nauenue 1.000 kl'nu. Ins Tou-
HOM ycTaHoBKkM KHOmNKamu [IPE® => <« unu P> BbIOEpUTE aKTUBHBIN pa3-
psia Ha UU(POBOM HHIUKATOpPE, KOTOPBIA PETYNHUPYETCS MPH BpPALECHUU
pyukn HACTOTA. PekoMeHyeTCsl yCTAaHOBUTD yKa3aTelb B pa3psje Jecs-
TBIX 1ojen Kl 'm.

3. Bxmounte kHonky BbIXO/l BKIJI (3aropurcst unaukatop). Curnan ¢ reue-
paTopa MOCTYIUT Ha MakeT U Ha 00a KaHaJla BOJIbTMETpA.

[TpousBenuTe yCTaHOBKY HaIpsDKEHMsI TeHEpaTopa M BHIOOD Mpejena hu3Mme-
penus. IlocraBpTe mepekiodaresnbr MakeTa B IOJIOKeHUE | (HemocpencTBEHHOE
COEMHEHME), TorAa o0a KaHaja BOJbTMETpa OyIyT MOKa3blBaTh OJAHO U TO K€
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3HAYEHUE BBIXOJHOIO HAIPSDHKEHUs reHepaTtopa. BrirounTe BOJBTMETP KHOIKOW
POWER wu ycraHoBuTe pa3fenbHblid pesxuM padboThl kaHanoB (kHonka MODE ot-
*ata). Berbepure mpezen nikaabl KakI0ro kaHaia BoiabTMeTpa 1B u pyukoii pery-
aupoBKkU aMIIuTy 16l AMITJI renepaTopa yCTaHOBUTE €ro BBIXOJHOE HANPSKEHUE
passabM 0,5 B.

W3MeppTe MO TOYKAM 4YaCTOTHYIO XapakTepUcTUKy ¢uibTpa I1D 1 (mepe-
KJII0YaTeslb MakeTa B mojokeHud 3). Ha mepBoM stane Haiiautre makcumym AUYX
B yactotHor oOmactu 100...5000I'11 (MO0 MakcMMyMy BBIXOJHOTO HamNpsHKEHUS
¢unbrpa). [lanee, nepectpauBas 4acTOTy reHEpaTopa B 00€ CTOPOHBI OT MaKCH-
MyMa, NPUOIU3UTENBHO ONPEAEIUTE KpallHue TOUKH Juana3oHa U3MEPEHus, B KO-
TOPBIX HAIPSHKEHHE BBIXOJHOTO CUTHaja (KpacHas CTpeiKa) NajaeT MPUMEPHO B
20...25 pa3. 3atem B 3TOM AuanazoHe Bbioepute 15...20 4aCTOTHBIX TOYEK H3MeE-
pennsa AUX. Touku pacnonaraite yame Ha y4acTKax pe3KOro N3MEHEHMS BBIXOM-
HOTO HanpspkeHust (Ha ckiioHax AYX).

B xaxx10i1 4aCTOTHON TOYKE M3MEPHTE BBIXOJIHOE HampsbkeHue Guibrpa Us,
UCIIONIb3Ysl BTOPOM KaHaJl BOJbTMETpa (KpacHas crpenka). IIpu 3ToM BXoaHOe
HanpspbkeHne U; nopnepxkusaiite paBHbiM (0.5 B mo mokaszanusiM nepBoro kKaHain
BOJIbTMETpA (4epHas cTpenka). O0s13aTenbHO BhIOUpalTe Mpeaes u3MEpeHus KaHa-
na No2 tak, 4TOOBI OTKJIOHEHHE CTPEJIKH ObLIO Obl MaKCUMAaIBHO (B MPABOM YacTU
IIKaJbl), HO HE JIOMYCKasl €€ «3allKaJTuBaHUD).

Pe3ynbTarhl M3MepeHusi BBIXOJHOTO HampsbkeHus ¢uibtpa U, 3aHecuTe B
tabmuity 1o ¢gopme 7.1. Paccumraiite AUX K(f)=U,/U, u noctpoiite ee rpadux,
UCIIOJIb3Ysl TUHEHHbIE MaciTaObl o0 YacToTe M ypoBHIO. [locTpoiite Takxke rpa-
¢buk BHOCUMOTO 3aryxaHusi guibrpa A(f) B morapupmmueckom macmirade 1o
ypoBHIO (B 1b).

[IpoBeaute no ananoruuHod mMeromuke uzmepenue AUX ¢unprpa [1D 2
(monosxkeHue 4 nmepexioyaTesis MakeTa). YUTHUTE, YTO YACTOTHASI XapaKTEepUCTUKA
¢unbsTpa [1P2 pacnonoxena B obsactu 50...3000 ['; oHa caBuHyTa B 00JaCTh
MaJjbIX YacTOT U MMEET JOBOJBHO LIMPOKHUI IJIOCKUN y4acTOK 0e3 pe3Ko BbIpa-
KEHHOTO MaKCUMyMa.

Paccuutaiite AUX K(f)=U,/U, u noctpoiite ee rpaduk 1o cIeayromiei Me-
TOJMKE, UCTIOJNIB3YsI torapudmudeckuii Macmtad gactot. O603HaUbTE OCh abcIuCe
(f, T'm). 3aTem HaHecUTe HA HEE C pAaBHOMEPHBIM IIarOM OTMETKH, COOTBETCTBYIO-
HIME JECATUYHOMY JOorapudMy 4acTOThl, BHIpAXKEHHOM B repuax (puc.7.5).
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Puc. 7.5. T'padpuxk AUX dunbTpa B 1orapudmMudeckom mMaciirade
10 OCH 4acTOT

OuudpoBKy OCH YaCTOT IPOU3BEAUTE, UCIIOJIb3YsI CAMU 3HAUEHHS 4acToT (B
Hamem ciydae 10, 100, 1000, 10 000 I'm). danee B uatepBane 10...100 ['n Hanecu-
Te Ha ocu oTMeTKkHu JactoT 20, 30, 40, ..., 90 I'u, pacnonaras OTMETKH MO 3aKOHY
MaHTHUCCHI X aecsituyHoro jorapudma (0.3, 0.47, 0.6 u 1.1.). AHAJIOTUYHO pa3-
MeTbTe uHTEepBaIbl yacToT 100...1000 'y m 1000...10 000 I'n. OueBUAHO, YTO TOY-
Ka HYJIEBOM 4YacTOThl Ha OCH aOCIHCC MPU 3TOM OTCYTCTBYET, MOATOMY Tpaduk
HAYMHAETCSl C HU3IICH 4acTOThl AUana3oHa u3MepeHus (B JaHHOM ciydae — ¢ 10

I'm).

7.3.3. H3mepenue korppuyuenma npamoyzoavrnocmu punompa IN®d 1

Jlnst onpeneneHus 4acToT cpesa fy U fi mojgocoBoro ¢puistpa [ID1 no ypos-
H10 0.707 (3 n1b) ucnonb3yirte CIeayIONyI0 METOIUKY U3MEPECHHUS:

1. TlocraBbTe mepekiroUaTens poja padboT B MOJIOKEHHUE 3;

2. Hacrpoiite reHepatop Ha 4acTtoTy mMakcumyma AUX (Touka MUHH-
MaJIbHOTO 3aTyXaHHWs) MO MOKa3aHWSIM BTOPOTO KaHaja BOJBTMETpPA
(KpacHas cTpelika);

3. Ha reneparope Haxmute kHOonky [IPE® (3aroputcs uHaukarop), a 3a-
TeM KHOMKY arreHtoaropa -40 nb (cooTBeTcTBYEeT 0CnabIeHUIO BBIXO-
HOTO HanpspkeHus: renepaTopa B 100 pa3s) ;
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. Pyuxou perymupoBkn ammiutynasl reneparopa AMIII ycranoBute o

BosibTMETPY (KaHanm Nel, mpenen mkanel 10 MB) HanpsixeHue renepa-
TOPa Uimax= 5 MB;

. 3adukcupyiite MakcuManbHOe HanpsbkeHne Usmax Ha BBIXOJIE (QUIBTpPa

0 TIOKa3aHusIM BosibTMeTpa (kaHas Ne2, npenen mikansl 10 MB);

. Pyuxoit AMIIJI yBenuubTe HampsbkeHue Ha BXxoje ¢uibtpa B 1,41 pa3

(U=7,07 MB);

. I[anee YMCHLmaﬁTC JaCTOTY I'CHECpATOpa OO0 TCX IIOpP, ITOKA ITOKA3aHUC

BBIXOOAHOI'O BOJIBTMCTpa HC AOOCTHUIHCT IICPBOHAYAJIbHOI'O 3HAYCHUHA
U2max.

. 3anuImTe 3HAYCHUE YaCTOTHI IC¢HCpaTopa; OHa sABJISACTCA HW)KHEH 4a-

CTOTOM cpesa puibTpa.

. IloBrIas 4acToTy reHeparopa OTHOCHUTCIIBHO YdCTOTbI MaKCHMYyMa

AUX, aHamoTMYHBIM 00pa30M HaWJIUTE BEPXHIOIO YACTOTY Cpe3a.

Paccuuraiite nosnocy nponyckanus ¢punstpa [I1O 1 o ypossio 0,707 (3 nb)

KaK pa3HOCTb HaﬁI[GHHBIX qacToT Cpe3a.

[Tonoca npomyckanus ¢puinptpa o yposHto 0,1 (20 nb) maxoautcs anano-

T'M4YHO:

CHOBa HacTpoOWTE TeHepaTop Ha YacTOTy Makcumyma AYX;

. I[IpoBepwTe, uTOOBI aTTeHIOATOp TeHeparopa (kHomka -40 nb) ObuT

BKJIFOYCH;

. YCTaHOBUTE HUCXOJIHOE HAIIPsKEHUE reHeparopa S MB;
. 3adukcupyiiTe HaNpsHKEHUE BHIXOTHOTO BOJIBTMETPA Uzmax ;

Otkimrounte arTeHoaTop HaxkatrueM KHOMoK [IPE® u — 40 nb u pyukoii
AMIUI yctaHoBuTe BXOJHOE HanpsbkeHUH paBHbIM 50 MB (1o BOJbT-
Metpy, ka"ai Ne 1, npenen mxkanst 100 MB);

. 3aTeM yMeHbLIAaWTe YacTOTy T'€Heparopa A0 TeX MOp, NOKA IMOKa3aHUE

BBIXOJITHOT'O BOJIBTMETPA CHOBA HE CTAHET PaBHBIM Ujzmay ;

. 3amuIImTe 3HaueHHE YacCTOTHI réacparopa, oHa ABJISICTCA HIDKHEHW 4a-

CTOTOM cpesa ¢unbTpa 1o yposHio 0,1.

. AHamornuHbIM o0O0Opa3oM (TOBBIIIAS YacCTOTy TEHepaTopa) HaWAWTe

BEPXHIOIO YaCTOTy Cpe3a.

PaccuuTaiite monocy npomyckanus ¢punstpa [1d 1 mo yposaio 0,1 (20 1b) u

K03 QHUIUEHT IPAMOYToabHOCTH 0 Gopmyne K1y = fo 707/ Mo -

Onpenennute yCpeaHEHHYIO KPYTU3HY CKAaTOB 110 ypoBHsM 3 u 20 b cieBa u
crnpasa 1no popmysam
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JlaHHBIM METOJl M3MEpPEHHs TOJIOC MPOITyCKaHUs He TpeOyeT H3MepeHus

SAUxX, = SAux,, =

Bcell AUX. K ero 7ocTouHCTBaM clielyeT OTHECTH CHUYKEHHBbIE TpeOOBaHUs K TOY-
HOCTH BOJIbTMETpa (IPHU MOBBIIICHHBIM TPEOOBAHUSIM K TOYHOCTH YCTAaHOBKH 4Ya-
CTOTBHI).

7.3.4. H3mepenue AUX koneovamenvnozo Konmypa

[TocTaBpTE mEpeKIOUATENIb MAKETa B MoOJoKeHue 2. HampsikeHue reHepa-
topa U ycrtanoButre paBHbiM 0,5 B. M3menss yactory reneparopa B paiione 500
['n ¢ marom 10 'y (ayia BeIOOpa akTUBHOTO paspsiga ucnonb3dyite kHonku [[PED,
<« u P), onpejienuTe pe30HAHCHYIO YacTOTY fy K0Je0aTeaTpHOr0 KOHTypa Mo Mak-
CUMYMY BBIXOJIHOTO HANPSKEHU. 3alUIINUTE €€ 3HaUYCHHUE.

N3meprre AUX KOHTYpa cioco00M Ouckpemmvix yposHeli. Y CTAHOBHUTE pe-
rysmpoBkoii AMIIJI reneparopa BeixogHoe HampspkeHue U, B makcumyme AUX
paBHbiM 100 MB (mkana kanana Ne2 100mB). 3ateM ymeHbIIaiiTe 4acTOTy T€He-
paropa W MOCJIeI0BaTEIbHO OMPEAEIUTE YaCTOThI, HA KOTOPBIX BOJBTMETP IMOKa-
xet 70, 50, 30 u 10 MB (ypoBau AUX 0,7; 0,5; 0,3 u 0,1 ot makcumyma). AHao-
TMYHBIM 00pa3oM MPOBEAUTE W3MEPEHUsS MPHU YBEIMYCHUH YaCTOThI T€HEepaTopa
BBEPX OT PE30HAHCHOM.

3anuimTe pe3yabTaThl u3MepeHuit B Tadauity mo ¢popme 7.2. I1o momyueH-
HBIM JIaHHBIM TIOCTPOITE Tpaduk Hopmuposanroti AUX KonedaTerbHOrO KOHTYpa

K() Ko = 12

[To rpaduky omnpenenuTe moJjiocy MOporyckaHus Afy KOHTypa MO YPOBHIO
0,707 , paccuuraiite ero 106poTHOCTb QO = fo/Afo 1 KOAPIULIMEHT NPSIMOYTOJIBHO-

et Ky =Af0707 / Mo.1 -

MeTon IMCKPETHBIX YpPOBHEW HE TpeOyeT BBICOKOW TOYHOCTH BOJIbTMETPA,
OJIHAKO OH IPUTOJIeH TONBKO i1 AUX ¢ pe3Kko BBIpaKEHHBIM MAKCHUMYMOM.

7.4.Conepxanue oT4éTa
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OT4YET TOJKEH COAEPKATh CTPYKTYPHYIO CXEMY U3MEPHUTENIbHOM yCTAHOBKH,
TaOJUIIBI C pe3yNbTaTaMu U3MEpEeHUH, rpaguku u3mepeHubix AUX u xapakrepu-
CTHK 3aTyXaHHs, pacu€THbBIC MapaMeTpPhl UCCIETOBAaHHBIX (PUIBTPOB.

7.5.Pexomenayemblie popMbl TAOIHI

Tabnuya 7.1
S T (xI'm)
Uz, MB
AUX
A, n1b
Tabauya 7.2

Ui, B U max 0,7 U max 0,5 U max 0,3 U max 0,1 U max
S I'n

7.6. KoHTpOJIbHBIE BONPOCHI

1. Yto Takoe aMIIUTYyAHO-4aCTOTHAs XapakTepucTuka uenu? Yto takoe 3aTyxa-
Hue (ocnabnenue) nenu? B kakux ciydasx ynoOHee UCIOIb30BaTh 3aTyXaHue,
a He AUX?

2. Onmmmre MetoauKy usMepennst AUX no Toukam.

3. Kakue TpeboBaHus MPEABABIAIOT K T€HEPATOPY, UCIOJIB3YEMOMY MPU U3MEPE-
Hu AUX o Toukam?

4. Kak napaMeTpbl BOJIbTMETPA BIUAIOT HA Pe3yabTaThl u3MepeHuss AUX?

5. B kakoM ciiyyae 3Ha4€HUE BBIXOJHOTO CONMPOTHUBIIEHUS F'€HEpaTopa CUTHAJIOB
BIIMAET HA pe3yJibTaThl u3Mepenust AUX?

6. YKaxxuTe MOTrpelHOCTH, BO3HUKAomuKe npu uzMepeHnn AYUYX mo Toukam, u
MyTH UX YMEHBIIICHUS.

7. Kakue yacToTHbIE MapaMeTpbl PUIBTPOB UCTIOIB3YIOT ISl XapaKTEPUCTUKU UX
CBOWCTB?

8. B xakux ciydasx 1enecooOpa3HO HCIOIb30BaTh JIOTApUPMUISCKUNA MacCIITa0
gacToT Ha rpadukax AUX?

9. YkaxuTe METOAMKY M3MEPEHHsI MOJIOCHI MPOMyCKaHusi GuibTpa, HE TPeOyro-
uryto onpenenenus Bceit AUX. Kakue npenmyniecTBa UMEET TaKOW METO]T 13-
MepeHus?
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10. B xakux ciaydasx IenecooOpa3HO HCIOIb30BaTh m3mepenne AUX mo muc-
KpeTHbIM ypoBHsM? ['1€ 3TOT cioco6 HempuroaeH?
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