JladbopaTopHas padora Ne 12

YacToTHAst MOAYJIANMA M YACTOTHOE
NeTEeKTUPOBAHUE



ITPOI'PAMMA BBIIIOJIHEHUA PABOTbBI

Ha4vajo padoThl

» Bximtounte Bce puOOPHI, KOTOPHIE 3aJeHCTBOBAHEI B JIAOOPATOPHON yCTaHOBKE.
He BwIKTIOUAiiTe MX 10 OKOHYaHUS 3aHATHS (NP HEOOXOAMMOCTH BPEMEHHO
OCTaBUThH YCTAHOBKY 0€3 KOHTPOJIA MpeAyIpenTe MPernoaBaTelia U COTIacyiTe ¢
HUM HEOOXOJMMOCTh OTKJIIOUCHHS IPHUOOPOB).

e 3aBenuTe TNPOTOKON H3MEpPEeHHH, 3amucaB Ha3BaHue pabotel, DOUO
MPETOIaBaTelsi M BBIIONHIIONUX PabOTy CTYACHTOB, HOMEp aKaJeMHUYECKOMN
TPYIIIBI, HOMEp OpUTaabl U AaTy.

Yacte 1. U3sMepeHne XapaKTePUCTHK YACTOTHOT0 MOAVJIATOPA

* [locrosiHHasA cocraBisomas £ MOIYIMPYIOIIETr0 HANPSKEHUS, YIIPABISAIOIIEr0 4acTOTON
CUTHaJa HAa BBIXOAE MOIYJIATOPA, PETYIMPYETCS COOTBETCTBYIOIIMM MOTEHLIMOMETPOM M
oToOpaxaeTcsi Ha U(POBOM MHIMKATOPE (MHIUKATOP MOKA3BIBAECT 3HAUCHNUE HATIPSKCHUS B
Bonbrax). B makere ecTe BXOH UIsi MEPEMEHHOTO MOIYJMPYIOIIETO CHUTHANA, KOTOPBIH
MOJIAETCSl B CXEMY 4Yepe3 MPOXOIHON KOHIIEHCATOpP U CyMMHpyeTcs ¢ E, GopMupys moiHoe
MOZYJIUPYIOIIEE HANPSKEHUE, YIIPABIIAIOLIEEe YaCTOTOW BBIXOJIHOIO CUTHAJIA MOLYJISATOPA.

1.1. ITogxnroyeHue NPUOOPOB U PErUCTPALMSA CUTHAJIA HECyIeill YacTOThI.

— TlogxmounTe ocuumorpad ¥ 9acTOTOMEpP K BBIXOIY YaCTOTHOTO MOAYJSATOpa, Kak
MOKa3aHOo Ha pUCYHKE 1.

— YbenuTech B HATMYNH TAPMOHUYECKOTO CUTHAIA Ha BBIXO/E MOAYJISATOPA.

— W3mensas Hampspkenue E, yOeaurech B TOM, YTO 4acToTa f BBIXOJHOTO CHUTHaia
MOAYJISATOPA U3MEHSAETCS.

— YCTaHOBUTE 3HAYEHHME HAIpsOKEHUs E B cepelrHE auana3oHa HM3MEHEHMsS 3TOro
HANpsDKEHUs U 3aUKCUPYHTE OCHMIUIONPaMMY CUTHalla HECyIIed 4acTOThl Ha BBIXOJE
MOJYJIATODA.
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Puc. 1. Cxema 1151 U3MEpEHUs CTaTUYECKON XapaKTEPUCTUKHU YaCTOTHOTO
Moayastopa. U —gactoromep, O — ocuusiorpad.



1.2. U3mepeHue cTaTH4eCKOM MOAYJISIHUOHHON XapaKTepPUCTUKH.

! Ilox cratnyeckoil MOAYJSLMOHHOM XapaKTEPUCTUKOW MOJpa3yMeBaeTCsl 3aBUCUMOCTD
4acTOThl f BBIXOJHOTO CHTHaJla MOAYJIATOpa OT TMOCTOSHHOM cocTapisioniei £
MOJIYJIUPYIOIIETO CUTHAA.

! UYacTtoTy CHHYyCOMAANbHBIX KOJE€OAHMH Ha BBIXOJAE MOAYIATOpAa H3MEpANUTE
4acCTOTOMEPOM.

— 3anumuTe B MPOTOKOJ MHHUMAJIBHOE M MaKCHMaJIbHOE 3HAYEHUS HanpsDKeHUs E.;, U
E o, @ TAKXKE COOTBETCTBYIOIIME 3HAYCHUS YACTOTHI fiin ¥ frnax-

— Wsmepwere 3aBucumoctu AE) u An(E) (4, — amMIUIMTya CHTHajda Ha BBIXOJE
MOIyJATOpa), BbIOpaB & +~ 12 3HaYeHWi HamnpsokeHuss E, B auamnasone E;, + Eo..,
3aMUIINTE U3MEPEHHBIE 3HAYEHUS B POTOKOIL.

— OTkiarounTe OT CXEMBbl 4YacTOTOMEp, ycTaHoBuTe E =2 B, u u3MeppTe amIuUTy1y
BBIXOJHOTO CUTHAJIA A ;9. 3aITUIIUTE 3HAYEHUE A ;) B MPOTOKOJI.

1.3. IPY IOJArOTOBKE OTYETA|
AHaJIN3 XapaKTEePHCTHK YaCTOTHOI'0 MOAYJIATOPA.

— I[ocTpoiite rpaduku 3aBucumoctent f{E) u A, (E).

— OueHuTe TpaHUIBl BXOJHOTO CTATUYECKOTO HampspkeHus E'n, u E'.,, Takue 4To
paboumii yyacTOK MOAYJSIIMOHHOM XapaKTepUCTHKU OT E';, 10 E',.« COOTBETCTBOBAI
MOJIYJISIIIAHA YaCTOTHI 0€3 N3MEHEHUS aMIUTUTY b, TakKe 3aluInTe B MPOTOKOJ TPAHUIIBI
ATOTO yJacTKa B mKajie 9acToT: f ' nin =fE "min)s [ 'max =AE "max)-

— OneHute KpPYTU3HY MOIYJIANUOHHOW xapakrtepuctuku Ky [I'1/B] mms toukm E,
CTaTHYECKON XapaKTePUCTHKHU TPAKTa, U3MEPEHHOM MPH BHIMTOTHEHUH T1. 3.1.

1.4. HaOmoneHne MAHMITYJISIIUH YACTOThI CHTHAJIA YACTOTHOT0 MOAYJISITOPA.

! Manunynsuued 4actoTsl (WM YaCTOTHOM MaHUIYJISLMENH) Ha3bIBAIOT PEXHUM
MOAYJISILUMA YacTOTHI, IPU KOTOPOM 4YacTOTa MEHSETCS HE HENPEPBIBHO, a CKaukamu. B
YaCTHOCTH, YaCTOTHAsI MaHUIYJALMS peaju3yercs B Ciydae, KOrJa MOIYJUPYHOIIUI
CUTHAJI MPEJCTABIAECT COO0M MPSAMOYTOJIbHBIE UMITYJIbCHI. Tora Ha BhIXO/AE MOAYJIATOPA
YacTOTa U3MEHSETCS] CKaYKaMHi MEXAY ABYMs 3HAUCHUSIMHU.

— IMoaxmrounTe TeHepaTop U ocuMyuIorpad KO BXOIY M BBIXOY YaCTOTHOTO MOJYJIATOPA,
KaK MMOKa3aHO Ha PUCYHKE 2 ¢ MOAKIIOYCHHEM ociuuiorpada K BBIXOAY MOAYJISATOpa —
MOJKJIIOUEHUE a) Ha PUCYHKE 2.

— YcranoBute HanpsikeHue E =2 B.

— YcranoBute Ha reHeparope vactory 100 ', ocnabnenue BoixonHoro curnana 20 ab,
PEXKUM UMNYTLCHO20 CUSHANA.

— YcraHoBuTe pa3BepTKy ociuiorpada B pexum 0.5 Mxc/aern.

— Ybenurechb, YTO MPU CHUIKEHUU aMIUIUTYIbl CUTHaJla reHepaTopa A0 HYJS PYYKOM
TUTABHOW PETYJIUPOBKU aAMIUTUTY/bI, Ha BBIXOJIE MOJIYJSTOpa HAOIIOJACTCS HECKOIBKO

NEPUOJOB TAPMOHMYECKOIO CUTHaja. A TNpU YCTAHOBKE PYUYKU IUIABHOM PEryIHMpPOBKH
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aMIUTMTY/Ibl HA MaKCUMyM HaOJII0JIaeTCs JiBa rapMOHWYECKUX curHayia ('"'pa3aBOCHHAsS
cunycomnma').

— 3adukcupyiTe OCIMILIONPaMMy CUTHaJA ¢ "pa3IBOCHHON" CHHYCOHION.

— Ilepexmrounte ocuuiiorpad Ha BXOA MOAYJATOpa — MOJKIIOYCHHE 0) Ha PHCYHKE 2.
[TonGepute pexuM pa3BepTKH W YCWICHHS I HAOJMIOJCHUS HMMITYJIbCHOTO CHTrHaja
reHepaTopa, M3MepbTe pasMax MMIIYJIbCOB Ha BhIXoze reHeparopa U, M 3alUILIUTE 3TO
3HA4YEHHUE B MPOTOKOI.
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Puc. 2. Cxema 715t HaOJIIOACHUS MAHUTTYJISIIMKA YACTOThl CUTHAJIA YACTOTHOTO
Moayisitopa. [loaxmouenue ocuusuiorpada K BEIXOY MOIYJISATOpA — &), U KO
Bxo11y Moayisitopa — 0). U — gwactoromep, O — ocumiiorpad.

1.5. ITPU MOAT'OTOBKE OT‘IETA]
AHaJIM3 MAHUILYJISLUHA YACTOTHI HA BBIX0/€ YaCTOTHOI0 MOAYJIATOPA.

! B 1aHHOM IIyHKTE pacyeT Ha OCHOBE 3apEeruCTPUPOBAHHON OCIHMILIOTPAMMBI CUTHAJIa Ha
BBIXO/IE MOXYJATOpa (B PEKMME MaHUMYJSAIUK YaCTOTHI) JOCTATOYHO TPOCT, HO HE
TOYCH, €0 HAJIO0 pacCMaTPUBATh KaK MPUOJIMKCHHBIN, OIICHOYHBIH.

— Ilo ocumimnorpamMMe curHajga Ha BBIXOAE MOIYJIATOpa B BHJIE '"pa3gBOCHHOMN"
CUHYCOU/Ibl OLICHUTE BpeMs 1, 32 KOTOPOE CUTHAJI MEeHseTcs Ha N epuoJ0B, U BpeMs Of,
Ha KOTOPOE OJIMH CUTHAJI ONlepexXaeT Apyroi Ha uHTepBaje 7y (MOsiCHEHHE Ha PUCYHKE 3).
— OueHuTe MpUMEPHOE U3MEHEHHE YacTOThI Of Ha BBIXOJE MOAYJISITOpPA MPU UMITYJILCHOM
BO3/JICHCTBUM HA BX0/1€ (MAaHUMIYJISALUS YaCTOThI CUTHAJIA).

! JIsig OEHKM M3MEHEHMS 4YaCTOThl MOYKHO YUUTHIBATh CIEAYIONICE:

[lepron xonebanusi onenuBaercs kak 1 = T)/N. Da30BbIii CABUT MEXIYy CUTHAJIaMU
CBSI3aH C 3aJIepKKoi OTHomeHueM O¢ = 2m-0t/T. Ecnu Ha uHTepBasie 7y OAWH CUTHAI
cMmecTmiics 1o (aze Ha 8¢ OTHOCHTEIBHO APYTOro, TO CIBUT YACTOTHI MKy CUTHAJIAMU
0® = 21of = 0@/ Ty.

B HTOre HCKOMBIif CIBUT YaCTOTHI MOKHO OLCHUTb 10 BRIpakeHHI0 &f = N-8#/(Ty)>.

— Ouennre KpyTU3HY Ky MOAYISLMOHHON XapaKTEPUCTUKH ISl YCTAaHOBIIEHHOM B 1. 1.4
paboueii Touku £ 110 otHOmEHUIO Ky = 8f/ U, .

— CpaBHHUTE NOJYYEHHYIO OLEHKY KPYTU3HBI CO 3HAUYEHHEM KPYTU3HBI MOIYJISILIUOHHOM
XapaKTEPUCTUKH, ONIPEACIICHHON ITPU BBINIOJHEHNUHU ITyHKTa 1.3.
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Pucynok 3. Bua ocuniuiorpaMmsl ¢ "pa3gBOCHHOM" CUHYCOWION HA BBIXOJIE
YaCTOTHOTO MOAYJIATOpa (TIPY MAHUITYJISIIIUUA YaCTOThI) C MOSCHEHUEM UHTEPBAJIOB
Bpemenu Ty u ot. Ha nannom pucynke N = 5.

Yactes 2. U3MepeHne XapaKTePUCTHK YACTOTHOI0 JEeTEKTOPA

* B [1aHHOM MakeTe 4acTOTHBIM JETEKTOp MPEAIoyaraeT MCIOJIb30BAaHUE PE30OHAHCHOIO
KOHTYypa, HOCJe MPOXOKIEHUSI KOTOPOr0 CUTHAJ ¢ YAaCTOTHOM MOIyssuuMen mnpuoOperaer
TaKKe aMIUIUTYJHYI0 MOIYJSIIUIO. [lamee mpuMeHseTcs: MpoCTOM aMILUIUTYIHBIA JETEKTOP C
nuonoM u @HY Ha ocHoBe RC-uenu. [{ns nuHeapu3anuu IETEKTOPHON XapaKTEPUCTUKH B
MAaKETE€ MWCIOJIB3YETCsl JBA PE30HAHCHBIX KOHTypa CO CIBUHYTBIMH PE30HAHCHBIMH
4acTOTaMHU, JIBa aMIUTUTYIHBIX JETEKTOpa (ISl TIEPBOTO M BTOPOTO KOHTYPA), & BHIXOIHBIM
CUTHAJIOM YaCTOTHOI'O IETEKTOpA SBJIACTCSA PAa3HOCTb BBIXOJHBIX CUTHAJIOB aMIUIMTYIHBIX
JETEKTOPOB.

2.1. I3mepeHune napaMeTpoB Pe30HAHCHBIX KOHTYPOB.

— [MogkirounTe KO BXOy YaCTOTHOTO JIETEKTOpa FeHEPaTop, OCIULIOrpad U 4acToTomep,
a K BBIXOJIaM PE30HAHCHBIX KOHTYPOB JIETEKTOPA BOJLTMETPhI IEPEMEHHOTO HAIPSIKEHUS,
KaKk T[OKa3aHO Ha puUCyHKe 4 (Uil TOAKIIOUEHUS] YacTOTOMEpa MCHOJIb3YHUTe
JIOTIOJTHUTEITLHOE THE3/10 MOJKIIOUCHHUS TIOCIIe KacKaa YMUTTEPHOT'O IIOBTOPUTEIIS).

— YCTaHOBHTE Ha TEHEPATOPE PEKUM 2APMOHUYECKO20 KOJeOaHUs N 9acTOTy B IHAIa30HE
Jfnin + fmax- YCTAaHOBHTE aMIUIUTYy CUTHAJIA PaBHYIO 4., (M3MepeHHY0 B 1. 1.2).

! BbIXOJIHbIE HAIpsKEHUS KOHTYPOB IOJAIOTCS Ha THE3/la pa3beMOB MakKeTa uepes
€MKOCTHBIE JICTTUTEIHN HAIPSKEHUA, B PE3yJIbTaTe YEro U3MepsieMble 3HAUEHUS! IPUMEPHO
B 10 pa3 Hke (QaKkTUUECKOr0 HANPSLKEHUS Ha KOHTYpe. DTO CHENaHO IS OCJIa0JIeHUS
BJIUSHUSL BXOJIHOTO COINPOTHUBIIEHUS © €MKOCTH TMOAKIOYaeMbIX NpUOOpOB Ha
PE30HAaHCHBIE XapAKTEPUCTUKH KOHTYPOB.

— V3MeHss 4acToTy TeHepaTopa B aKTyaJbHOM Juamna3oHe (TaKOBBIM JIOTUYHO CUUTATh
Jimin = fmax), HaHIUTE PE30HAHCHYIO YacTOTy HEPBOrO KOHTypa fy,, HA KOTOPOH
NEHCTBYIOIIEEe 3HAYCHHWE HANpsHKEHUS HA BBIXOJE IMEPBOTO KOHTypa Uy J0CTUTaeT
MaKCUMYMA Uy|max. 3QIUIIATE B IIPOTOKOJ 3HAYEHUS fjp M Uymax-




— M3mepbTe mMpuHY MOJOCHI MpOIycKaHusi Af; mepBoro koHrypa. [ns storo, uaMeHss
4acTOTy T'€HepaTopa B pasHbIE CTOPOHBI OT fyj,, HaWJIMTE W 3aNUIIMTE B IIPOTOKOJI
3HAYEHMSI YaCTOT, Ha KOTOpbIX U, cHmxkaeTcs 10 ypoBHs 0.707 oT ypoBHS Uy max-

— Hailimure pe30HAHCHYIO 4YacTOTy BTOPOIO KOHTYpa fi,, korga U, HnocTHraer
MakCUMYMA Upmax. 3QIUIIATE B IIPOTOKOJ 3HAYEHUS fiop B Uomax-

— W3meppTe mMpHHY MOJIOCH POITycKaHusi Af, BTOporo KoHtypa. Jljis 3Toro HaguTe u
3aMUILINATE B MPOTOKOJI 3HAUYCHUS YacTOT, HA KOTOpbIX U, cHmkaetcsa 10 ypoBHs 0.707 ot
YPOBHA UK2max-

— Haiimure B 001aCTH MEXIY fy1p M fiop 9ACTOTY fy, HAa KOTOPOH Uy = Uy, M 3anmmmre B
MIPOTOKOJI 3HAYCHHE f.
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Puc. 4. Cxema niigd n3MepeHnst XapaKTEPUCTUK YaCTOTHOIO JieTeKTopa. ' —
renepatop, U — wactoromep, O — ocuusuiorpad, B. — BOIbTMETPHI IEPEMEHHOTO
HaIpsHKeHus!, B- — BOJIbTMETP MOCTOSIHHOTO HAIPSIKEHUSI.

2.2. ITPU NMOATI'OTOBKE OT‘IETA] AHaM3 pe3yJbTAaTOB H3MEpPeHHUH

XAPAKTCPUCTUK PE30OHAHCHBIX KOHTYPOB JI€TCKTOPA.

— Paccunraiite 106poTHOCTH KOHTYpOB O 1 O,.

! OOLIeNpHHATHIA BAPUAHT OLEHKH JIOOPOTHOCTH 110 PE30HAHCHOM KpUBOH: O = fui,/ Afi,
rae Afi — mMpUHA PE30HAaHCHOM KpHBOW mepBoro KoHTypa mo ypoBHio 0.707, u
aHasoruyHo s Q,.

— PaccunraiiTe 4acTOTy cepeAMHbl MHTEpBaja MEXAYy PE30HAHCHBIMU YaCTOTaMHU

KOHTYPOB fop, = (fx1p + frop)/2.
— CpaBHHTE 3HAUEHHE f) U f),, TIOACHUTE, I0OYEMY TH YACTOThI Pa3IHMYaIOTCH.

2.3. U3mepeHne cTaTH4eCKOM 1eTEKTOPHON XapAKTEPUCTHKH.

— [oaxntounte BOJBTMETP MOCTOSHHOI'O HAIPSHKEHHS! K BBIXOJY YaCTOTHOI'O JIETEKTOPA
JUIsL ©3MEPEHNUS BBIXOJHOTO HalpskeHus AeTekTopa Uy, Kak 0Ka3aHO Ha PUCYHKeE 4.

— HsmepbTe neTeKTOpHyr0 XapakTepucTHKy Ujp(f), H3MeHss 4acToTy TeHepaTopa,
HOJKJIIOYEHHOTO KO BXOJAY JETEKTOPa, B AUANA30HE YACTOT fmin © fmax - 1IPM 3TOM HYKHO

5



BbIOpaTh pazymHoe (~ 10 Touek) KOJTMYEeCTBO TOUEK IIKAJIBI f, B KOTOPBIX PETrHCTPUPYETCS
KpuBasg. B 4McIO TakuX TOYEK JOJDKHBI BXOJIUTH YacTOTBI fy; M frp SKCTPEMYMOB
nu3MepsaeMol KpUBOH Uppmax U Uppin (KOTOpBIE JOJDKHBI IIPUMEPHO COOTBETCTBOBATH
PE30HAHCHBIM 4YaCTOTaM KOHTYPOB JETEKTOpa) M TOYKa Ha 4YacToTe fro, B KOTOPOM
usMepseMas XapaKTepHCTHKA IEepPeXoauT depe3 Houb (B kotopoi Uy =0). 3anummre
M3MEpPEHHbIE 3HAYEHUS B IPOTOKOJ.

24. TP NMOATI'OTOBKE OT‘IETA] Ouenka mnapamMeTrpoB 4YacTOTHOIO
JAETEKTOPA HA OCHOBE CTATHYECKOM JAeTEKTOPHOM XapaKTEePUCTUKH.

— IocTpoiiTe cTaTn4ecKylo A€TEKTOPHYIO XapakTepucTUKy Up(f).

— Paccuuraiite MakcuManbHYHO JA€BHAIMIO 4YacTOThl UM-curHana, KOTOpPBIA MOYKET
JEMOAYJIUPOBaTh JaHHBIM JETEKTOp (OHAa OrpaHWYeHa IMIUPUHON pabovero yyacTka
MEKAY SKCTpEMYMaMHU J€TEKTOPHOM XapaKTepUCTUKU: Afy = fio — f1)-

— OuenuTte nuana3zoH 4actoT F,, MOAYJIHPYIOIIETO CUTHAJIa, KOTOPBIA MOXKET OBITh
KOPPEKTHO AEMOIYJIUPOBAH JaHHBIM JIE€TEKTOPOM (ISl TaKOM OIIEHKH MOKHO TMPHUHSTH
ycaoBue F. << Afp).

— CpaBHuTE 4acTOTHI f; (u3MepeHa B 1. 2.1) u fr.

— Ounennre 4actory fre, = (fm +/1)/2, KOTOpas COOTBETCTBYET CEpEIUHE DPabOYEro
JuarnasoHa aerekropa. Hackonbko pasnu4arorces fi U fyep, B € YEM 3TO CBA3aHO?

— CpaBHHTE TapaMeTpbl MOIYISALUUOHHOW  XapaKTEPUCTHKH ©  JCTEKTOPHOU
XapaKkTepucTUK. HacKoIbKO COTTacoBaHbl XapaKTEPUCTUKH MOIYJISATOPA U JETEKTOpa C
TOYKH 3PEHUS BO3MOXHOCTH UX COBMECTHOW KOPPEKTHON pabOTHI?

— Ouenure KpyTH3HY IE€TEeKTOpPHOHM Xxapakrepuctuku Ky [B/I'n] B paGouem nuamnazone
nerexkTopa Ha ocHOBe OTHOWEHHUSA Ky = (Upnmax — Unmin)/Af 1.

Yacts 3. U3vueHue padoThl TPAKTA NepeIady ¢ YACTOTHOW MOV
HeCYIIer YacTOThI

* B pmanHOM ciydae moapasyMeBaeTcs TPAKT MepeAadd HEKOTOPOTro HH(POPMAIMOHHOTO
curHana u(f), Korjga B KaHaje CBA3M MEXAy NepelaTiYMKoM U IPUEMHHUKOM
pacnpocTpaHseTcs He caM CUrHall u(f), a y3KOIOJIOCHBIM CUTHAM T.H. HECYILIEH 4acTOTHI f,.
[Tpu sToM HcxonHas nHpopMaLus 0 KojiebaHUM u(f) IepeHeceHa B CUTHaJl HECYIIEH YaCTOTHI
MOCPEACTBOM YacCTOTHOW MOAYJSIMH. [|JIsi peanu3auy Takoro TpakTa MepeaTdyuk JOJKEeH
COJIep)KaTh YAaCTOTHBIA MOAYJSITOP, @ MPUEMHHUK — YAaCTOTHBIA JETEKTOP, YTO W IMO3BOJISET
JIEMOHCTPUPOBATH JTAHHBIN JTA0OPATOPHBIA MaKET.

3.1. U3MepeHue CTATHYECKON MEPeJATOYHOH XAPaKTEePUCTHKH TPAaKTa ¢
YaCTOTHOM MOAYJIALMEH HecyLel 4YacToThI.

— OTKJIIOYUTE OT CXEMbl reHepatop M yactoroMmep. CoeIMHHUTE BBIXOJ MOIYJSITOpa U
BXOJI IETEeKTOpa KabeseM, Kak oKa3aHo Ha PUCYHKE 5.

! B naHHOM ciyyae MOAYJSTOP BBIIOJHSAET POJIb MCTOYHHMKA CUTHAJIA (CTAaTHYECKOE
HanpspkeHue E) U mepenaTydka CUTrHaja Hecylled 4acToThl. JIeTeKTOp BBIMIOJIHAET POJIb
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MpUEMHUKA CUTHaja. A KaOeyb, COCAMHSIONUNA BBIXOJ] MOIYJISTOPAa U BXOJ JIETEKTOPA,
BBIIIOJIHSET POJIb KaHAJa CBA3U, B KOTOPOM pacrpoctpansercss UYM-curnai.

! B xayecTBe COEAMHHUTENHLHOTO KaOels B JaHHOM MAaKeT€ HCIOJIb3YETCS OOUHOUHbLU
npoeood, BBIBOABI 3eMiIM (OOIIEW TOYKM) BBIXOJAa MOIYJSATOpa W BXOJa JETEKTOpa
COCIMHATH HE HA/I0, OHU YK€ COSAMHEHBI BHYTPU MaKeTa.

— M3MephTe CTaTUYECKYIO MEPENaTOuYHYI0 XapaKTepUCTUKy TpakTa Up(E) — 3aBUCUMOCTD
BLIXOJHOrO HampsikeHuss Uy  OT OCTOSHHOM — COCTAaBJISIOIIEN  MOAYJIHMPYIOLIETO
HanpspkeHus E Ha Bxoje mopayiaropa. M3mepeHus mpoBecTd B JuUana3oHE U3MEHEHMUS
HanpspDKeHus E, mpu 3TOM HYXHO BBIOpaTh pasyMHOE KOJHMYECTBO To4eK (~ 10 Touek) B
3TOM aAuamnaszoHe. [Ipu 3ToM B 4uCIO TakuX TOYEK JIOJKHBI BXOAWTH TOuku E, u E,, B
KOTOPBIX Ha BBIXOJ€ TPAKTa JOCTUIAKOTCH SKCTPEMYMBI Upax U Uppin, @ TaKKeE TOUYKA £ B
xoropoi Uy = 0.

— Paccunraiite Hanpsukenue FEg,, COOTBETCTBYIOIIEE CEPEAMHE DPabOYEro yvacTka
NIepEaTOYHON XapaKTePUCTHKHU TpakTa Ey, = (E, + E})/2.

— OueHuTe MaKCUMAJbHYIO aMIUIUTYAYy MEPEMEHHOI0 CHUTHajda Ha BXOJAE Tpakta E,
KOTOpasi MOXET OBITh BbIOpaHAa TPH HCIIOIH30BAHMHM JTAHHOTO TpakTa (B KadecTBE
MIPUMEPHON OLIEHKU MOXKHO B3STh F, 0~ (E, — E})/2).

‘3.2. IHPU ITOJATI'OTOBKE OT‘IETA‘ Ouenka napaMeTpoB TPaKTa nepeaadu

C YACTOTHOM MOAYJSIl{UeN Hecyleil 4YacTOThI.

— IloctpoiiTe cTaTHYECKYIO IIEPENIATOUYHYIO XapaKTepUCTUKY TpakTa Upn(E).

— IlosicauTe Xapakrep 3aBucumoctu Up(E) ¢ yuetom Bua 3aBucumocteit f{E) n Uy(f).

— Paccunraiite kKpyTn3Hy pabodero ydactka (MOHOTOHHOTO YYacTKa) MEpeAaTOYHON
XapakTepuCcTHKH TpakTa Kt 1o oTHOMmEHHIO K1 = (Upnmax — Upmin)/(E2 — EY).

— CpaBHute 3Hauenue K ¢ mpousBeneHueM Ky K.
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Puc. 5. Cxema i1 u3MepeHusi CTaATUYECKOU MepelaTOYHON XapaKTEPUCTUKHI
TpakKTa ¢ YaCTOTHOM MOIyJIALMEN Hecylel 4acToTel (B- — BoapT™METp
MOCTOSIHHOT'O HAIPSKEHU).



3.3. Perucrpaumsi CHrHAJIOB, MPOXOJSIIIUX Yepe3 TPAKT € YACTOTHOM
MOAYJ/IsIlMeN Hecylel 4acToThbl.

— VYcTaHOBUTE Ha BXOJI€ MOAYJSITOpPA MOCTOSIHHYIO COCTABJISIIOLIYIO MOJYJIUPYIOIIErO
HaIpsDKEHUs paBHYIO K.

— B cooTBercTBUM C PUCYHKOM 6 MNOIKIIOYUTE T€HEPATOpP KO BXOAY MOAYJATOpA, a
KaHaJbl ocuuiuiorpada Ko BXOJQy MOIYJSATOPAa M BBIXOAY JAETEKTOpa, YTOOBI HAOIIOIATh
OCLIMJJIOIPaMMBbl IEPEMEHHBIX CUTHAJIOB HA BXOJI€ U BBIXOJI€ TPAKTA.

! Ilpu mOAKITIOYEHUH KO BXOAY MOIYJISITOPA KOHTAKT OIUIETKH Kabest ocumsuiorpada, Kaxk
0OBIYHO, OJIKJIFOYAETCS] K KOHTAKTy 0011ei Touku Makera. [Ipu moakioueHuu K BbIXOAY
JIETeKTOpa KOHTAKT OIJIETKH Kabems ocuuiuiorpada moakioyaeTcs K HIDKHEMY KOHTaKTy
BbIX0/a (3TO JOMOJIHUTEIBHO [T0OKAa3aHO HA PUCYHKE 6 MyHKTUPHON JIMHUEN).

— YCTaHOBUTE IE€HEpaToOp B PEXKUM 2apMoHuueckoz2o cucxana ¢ 4actorou £ = 100 I'q u
amnaumyoou Uy ipumepro 0.3-F .

— IlepeBeaure kaHambl ocimumorpadga B pekuMm 3akpeiToro Bxoaa (pexum "AC") m
YCTaHOBUTE CHHXPOHM3AIINIO TI0 IEPBOMY KaHaly (10 CUTHAITy TEHEepaTopa).

— 3adukcupyiiTe OCHWUIOTpPAMMBI CHTHAJOB Ha BXOJAE MW BBIXOJAE TpakTa (TpH
MPaBIIIBHOM paboTe TpaKTa JOJDKHBI 0TOOpAKAThCS TAPMOHHUECKHE CUTHAJIBI C YaCTOTOM
F)). 3anumure B IpOTOKOJ aMIUIUTY 1y BXOAHOTO Ulypy U BBIXOTHOTO Uy CUTHATIOB.

— IlepeBenuTte reHepaTop B pexuM MeaHapa (He MeHsuTe uvactoty F; =100 T'u, u
aMIUIUTYAY Uyexi). 3aduKcUpyiiTe OCLHMIUIOINPaMMbl CUTHAJIOB HAa BXOAE M Ha BBIXOJE
TpakTa (JOJIKHBI OTOOPAKATHCA UMITYJIBCHI C YACTOTOM F).
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Puc. 6. Cxema 11l perucTpaluy IpoX0oXKICHUSI CUTHAJIOB Ye€pe3 TPAKT C
4aCTOTHOM MonyJsiiueit Hecymen yactothl (I' — renepatop, O — ocrmmiorpad).

3.4. I1PU ITOAT'OTOBKE OT‘IETA\ AHaJIM3 NMPOXOKIEHUs CUTHAJIOB 4Yepe3

TPAKT NepeAavyu ¢ YaCTOTHOM MOAYJIsilUell Hecyleil 4YacToThbI.

— CaenaﬁTe BbIBOJA O BO3MOXXHOCTH II€p€aadyu NCPEMCHHBIX CUTHAJIOB Y€pPEC3 TPAKT C
YaCTOTHBIM MOOYJIATOPOM U YaCTOTHBIM ACTCKTOPOM.

— Ykaxure, Kakas Hecyllass 4yacToTa Obljla MCIIOJNb30BaHa B JaHHOM ciydae. KakoBsl
JIEBUAIUS YaCTOTHl M MHIEKC YaCTOTHOM (YIJIOBOM) MOAYJISILIMM CUTHAJA B KaHAJIE CBS3H.
— O6paTI/ITe BHUMAHHUC HAa TO, B KAKOM OTHOIICHHHN HAaXOAATCA IMapaMCTPbl CUTHAJIa U UX

JIOIYCTUMBIC 3HAUEHUS: Uy Y By, F1 1 F .
— Cpasuaute otHOMEHUE U, pp1/ Uy ¥ 3HAUCHHE K.




3.5. Perucrpanusi HCKa:KeHHsI CHUTHAJIOB NPH NMPOXOXKJAEHMH 4Yepe3 TPAKT ¢

YacTOTHON MOAYJIsIIMEH HeCcyleil YacTOThI.

— IlepeBeauTe TeHEpaTOp B PEXUM TapMOHUYECKOTO CUTHAIA (HE MEHSHUTE YacTOTy
F=100 Tu, w ammuutyny U,y — Ha BBIXOAE JODKEH BHOBb HAOIIOIATHCS
rapMOHMYECKHUI CUTHA).

W3meHsiiTe MOCTOSHHYIO COCTABJISIIOLIYIO HAa BXOJI€ MOIYJSATOpA, YBEIWYUBas €€
OTHOCHUTENIBHO E, 10 TeX MOp, MOKa HE OYIyT XOPOIIO BUIHBI XapaKTEPHbIC UCKAKEHUS
(meperuObI) B 006J1aCTH MOJIOKUTENBHBIX MMOIYIEPHOIOB BHIXOJHOTO CUTHAJA.
3aduKkcupyiTe OCHMUIOrPAaMMbI CUTHAJIOB HAa BXOJIE M Ha BBIXOJIE TPaKTa W 3HAYCHUE
MMOCTOSIHHOM COCTAaBJISIFOILIEN HA BXOJIE MOAYIsATOpa Ep.

— H3meHsiiTe MOCTOSHHYIO COCTABJSIIONIYI0 HAa BXOJE MOAYJISATOpPA, YMEHbIIAas €€
OTHOCHUTENBHO E, 0 TeX MOop, MoKa He OyAyT XOpOIIO BUAHBI XapaKTEPHbIE UCKAKEHUS
(neperu6nl) B 001aCTH OTPUIIATEIBHBIX MOTYIIEPUOA0B BIXOAHOTO CUTHAIA.
3adukcupyiTe OCHMIUIOrpaMMbl CUTHAJIOB Ha BXOJI€ M Ha BBIXOJE TpakTa M 3HAYCHUE
IIOCTOSIHHOM COCTaBJISIIOLIEN HA BXOJI€ MOysiTOpa EYy.

— YCTaHOBUTE MOCTOSIHHYIO COCTABJISIIOIIYIO HAa BXOJI€ MOAYJISITOpa CHOBA paBHOU E, (Ha
BBIXO/I€ JOJKEH BHOBb HAOJI01aThCSI TADMOHUYCCKUMA CUTHA ).

— YCTaHOBUTE aMIUIMTYAy CUTHaJIa Ha BXOJ€ MOAyJaATopa U, PAaBHOM MPUMEPHO
1,5'En. 3adukcupyiTe OCIMIUIOIpaMMBbl CHTHAJIOB Ha BXOJ€ W Ha BBIXOJE TPAKTa,
3amUIIATE Uy,

— YcraHoBUTE BHOBb aMIUTUTYAY BXOAHOrO curHaia U, (Ha BBIXOJIe JOJDKEH BHOBB
Ha0JII0aThCSl TAPMOHUYECKUI CUTHAIT)

3adukcupyiTe OCHMIIOTpAaMMBI CHUTHAJIOB Ha BXOJI€ M Ha BBIXOJE TpPaKTa B Cilyyae
4acTOThl BXOAHOTO curHana £, =1 k['1. 3anummure B OpOTOKOJI aMIUIUTYAbl BXOJIHOTO U
BBIXOJHOTO CUTHAJIOB.

— YCTaHOBHUTE PEXHM HMITYJIBCHOTO BXOJHOTO CHrHajla (HE MEHSUTE aMILUIUTYLYy
BXOJIHOT'O CUTHAJIA).

3adukcupyiTe OCIIIIJIOTPAMMBI CHTHAJIOB HAa BXOJEC M HAa BBIXOJE TpPaKTa B Cilydae
4acTOThl HOBTOPEHUS BXOJHBIX UMIYJIbCOB F, = 1 kI'm.

3.6. IIPU IMOAI'OTOBKE OT‘{ETA] AHAIM3 HMCKAKeHHUs CUTHAJIOB IIPHU
NPOXO0KJACHUM Yepe3 TPAKT Iepeaadyd ¢ YacTOTHOW MoayJsuued Hecyluei
YacTOThbI.

— s xaxgoro ciydas 3aUKCHPOBAHHBIX TMPHU BBITIOJHEHUW M. 3.5 OCHMILIOTpamMM
BXOJHOI'O U BBIXOAHOT'O CHUI'HAJIa OIMMIIUTE XAPAKTCP HCKAKXCHUA BBIXOJHOI'O CHIHAJIa U
MMOACHUTC IIPUYHHBI. B KaXXIOM CJIy4dac YKAXKHUTC KAKHC KOHKPCTHO HCCOOTBCTCTBHSA
KaKux [apaMeTpoB Ha BXOJE U KaKUX I1IapaMETPOB, XapaKTEPU3YIOIIUX TPAKT IEpeaayu,
IMPHUBOAAT K HCKA)KCHUIO BBIXOAHOI'O CUT'HAJIA.

3aBepuienue padoTbl
Ha otom pencrBus, npenycMmorpeHHble IIporpaMmoil  BBINIOJHEHUS
Ja00paTOpHOI pabOThI, 3aKOHUECHBI.
Beikntounte Bce  mpuOOpHI, MOANUIIMTE MNPOTOKOA  U3MEPEHHH Y
IIPENoAABaTEIIs.




