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AHANOIO-UMdOPOBOU NPEOEPA30OBATEIb
LIEJTb PABOTbI

O3HakoMJIEeHHE C TPUHIMIIOM pPAa0OThl M HCIBITAHWE WHTETPaJbHOrO §-pas-
PSITHOTO aHAIOTO-IU(POBOTO Mpeodpa3oBaTes.

TEOPETUYECKUE CBEOEHUA N PACYHETHBLIE ®OPMY/bl

1. CTPYKTYPHASA CXEMA AL IOCJIAENOBATEJIBHOI'O
JAEUCTBUA

Ananozo-yughposoti npeoopazosamenv (ALIT) — ycTpoiicTBO, MpegHa3HAYCHHOES
JUIsT TIpeoOpa3oBaHUsI AHAJOTOBBIX BEIMYMH B WX NH(PPOBONM SKBUBAJICHT B
Pa3IMYHBIX CHCTEMaxX wucuncieHud. Bxomnsim curnaaom ALl B TeueHue
HEKOTOPOTO TIPOMEKYTKA BpeMeHHU Al SBIISIETCS MOCTOSHHOE HAMPSHKEHUE, PABHOE
0TCYETY Ugyx(KAL) BXOTHOM aHATOTOBOM (hYHKITUH Ugy. 3@ 3TO BpeMst Ha Bbrxoze AL
dbopmupyetcst udpoBoit (0OBIYHO TBOUYHBIN) KOJT

Ai (an_lan_z...alao) ,
COOTBETCTBYIOIIUI AUCKPETHOMY OTCUETY HampsDKEHUS Ugy(KAt). KomuuecTBeHHas
CBSI3b JIJIS JIIOOOTO MOMEHTA BPEMEHH OIPEACIIICTCS COOTHOIIEHUEM

Ai=Ug, (kat) [ Aut 5,
rie AU — 1ar KBaHTOBAHUS BXOJHOTO aHAJIOTOBOTO HAIPSKEHUS Ugy; OF —
MOTPENTHOCTh MPeoOpa3oBaHus HANPSHKEHUS Uqgy(KAt) Ha maHHOM TIare.

®u3znyeckuii MPOIECC aHaJoro-mu¢poBOro MNpeodOpa3oBaHUsI COCTOUT U3
JTUCKPETU3aIMKM TI0 BPEMEHH aHAJIOTOBOI'O CHUTHAja, KBAHTOBAHUS MO YPOBHIO U
komupoBanus [8]. [Iporecc ouckpemusayuu aHamoOroBOrO CUTHAJIA JJIUTEIEHOCTHIO
tex BBITIOJNHSAETCS B COOTBETCTBHUU C Teopemoil KoTenbHMKOBa, OMpemessromei
HeoOXoauMbId mar auckperusanun At < 1/(2fy), roe fm — MakcumanbHas yacrora
CIICKTPa BXOIHOTO CHTHAJIA, U YUCJIO 11aroB M =t/ At.

[Tportecc xeammosanusi no yposHio ITUCKPETU3UPOBAHHON (DYHKIHH Ugy (KAL)
3aKJTF0YACTCS B OTOOpOKEHMH OCECKOHEYHOTO MHOKEeCTBa €€ 3HA4YCHWH Ha
HEKOTOPOE MHOXECTBO KOHEUHBIX 3HaueHWi Uy(K), paBHOe umMcay ypoBHEH
kBaHTOBaHUSA N = Ugymax/AU. Tlpoliecc KBaHTOBaHUSA IO YPOBHIO (OKPYIJICHHE
KOKI0ro 3Ha4YeHHS Ug(KAt) mo Omwkaiimero ypoBHs Up(K)) npuBOIUT K
BO3HMKHOBEHHIO OMIMOKH (IITyMa) KBAaHTOBAHUS, MAKCUMAIbHOE 3HAUEHHUE KOTOPOI
+1/2Au onpenenseTcs Pa3psAAHOCTBIO HMCIOJB3YEMOr0 BBIXOAHOTO Koja. Ilpu
YBEIMYCHUH PA3PSAHOCTH BBIXOJHOTO KOJA OIIMOKAa KBAHTOBAHHS MOXET OBITH
YMEHBIIICHA JI0 CKOJIb YTOHO MaJION BEJIMYUHBI, HO HE MOKET OBITh CBEICHA K HYJTIO
BBEIOOPOM MMapaMeTPOB YCTPOMCTBA, TaK KaK OHA MPHUCYIIA JaHHOMY aJIrOpPUTMY.

[Ipomecc xoouposanus 3aKnrO9YacTCsS B 3aMCHE HAWICHHBIX KBaHTOBaHHBIX N +
1 3HaYeHUi BXOAHOTO curHajia Uy(K) HEKOTOPHIMU ITU(PPOBBIMU KOAMH.



Ha puc. 1, a npuBenena xapakrepuctuka uaeanbnoro AT B HopMHpoOBaHHBIX
eIMHUIAX BXOJIHOTO HANPSHKEHHS Ugy.;; = Ugy/Ugx. max. Kpome ommOKM KBaHTOBAHMS,
npu oueHke TOYHOCTH AIllll y4yuTHIBaIOT JONONHUTENBHBIE MOTPEIIHOCTH:
uncmpymenmanviyio (MOTPEIIHOCTh CMEIIECHMS HYJISA, BbI3BIBAIOUIEH CMELIEHUE
IIYHKTUPHOM MpsiMOM L BI€BO WiiM BIIpaBO OT Hayajia KOOPJAWHAT, CM. pHC. 1, a)
anepmypHy1o, BOSHHKAIOIYI0 U3-3a HECOOTBETCTBHSI 3HAUEHHS] BXOJHOTO CUTHAJIA
Uo(K) mpeodpazoBanrOMy 1ppoBOMY KOOy Aj. HecooTBeTcTBHE BO3HUKAET, €CIH
BXOJIHOM CUTHAJI B TEUEHHE MHTEpBaia quckperuzauuu At u3mensercs 6osiee yeM
Ha 3HaYEHHUeE I1ara KBaHToBaHus Au.
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2. OCHOBHBIE TAPAMETPbBI ALLII

K ocnoBHbiM napamerpam AL otHOCHT:

— YHCJIO Pa3psIoB BBIXOJIHOTO Koja n = §, ..., 16, 0ToOpa)karmero HCXoaHyo
aHAJIOrOBYIO BEIIMYMHY, KOTOpoe MOKeT (opmupoBaThea Ha Bbixoae ALIL Ilpu
ucnonb3oBanuu qeondHoro koaa n = logz(N + 1), rae N + 1 — MakcuManbHOE YUCIIO
KOJIOBBIX KOMOMHaIMH (YpoBHEH KBaHTOBaHMs) Ha Bbixoje ALIT;

— JIAana3oH M3MEHEHHS BXOJHOTO HAMpPSKEHHS Ugymax. OTMeTuM, uro AL
MOKeT 00pabaThIBaTh BXOJHYIO HH(POPMAIUIO B BUJIE OJTHOTIONISIPHOTO aHAJIOTOBOTO
HanpspkeHus ¢ npeaeiaaMu 0. . . Ugy.max ¥ ABYIOIAPHOTO *+ Ugymax /2;

— abcommoTHas paspemaromasi crnocooHoctb 3MP = AU (3HaYeHHE MIIAIIIEro
paspsiia) — cpeHee 3HaueHue MUHUMAJIbHOTO U3MEHEHHUSI BXOJHOTO CUTHAjA Ugy,
0OyCJIaBIMBAIOIIETO YBEIUYCHUE UM YMEHBIIIEHNE BBIXOHOTO KOJa HA €IMHUILY.
3nauenue 3MP omnpenensieTcss pa3psiAHOCTBIO BBIXOJHOTO KOAA W JIHANa30HOM
BXOJIHOTO HAIPSKEHUS;

— a0COJIIOTHAsE TMOTPENIHOCTh & MPeoOpa3oBaHUsl B KOHEYHON TOYKE IIKaJbl
€CTh OTKJIOHEHUE PEAIbHOTO MAaKCUMAJbHOTO 3HAYEHUSI BXOJAHOTO CUTHaNA Ugymax
OT MaKCHMaJIbHOTO 3HAYCHHUs uacaibHOi xapaktepuctuku L AL (em. puc. 1, a).
OO6b1uHO O m3Mepsiercs B 3MP;

— MaKCUMaJIbHas 4acToTa MpeoOpa3zoBaHus (AECATKA U COTHH KUJIOTEPII);

— BpeMsI peoOpa30oBaHMs BXOAHOTO CHrHAA: thpmax < (1/2)At.

Cocra ALIII B otimmuue oT LIAIT MOXXET U3MEHSITBHCSI B 3HAUUTEILHON CTETICHU B
3aBHCUMOCTH OT BBIOPAHHOTO METOJIa MPEOOpPa30BaHUS U CIIOCO0A €ro peam3alluu.
HaubGonbiiee  pacnpocTpaHeHue  MOJMYYWIM ~ TPU  OCHOBHBIX  MeEToja:
MOCJIE0BATEIBLHOTO CYETA, TOPA3PSAHOTO KOAUPOBAHUS Y CUUTHIBAHUA.



Memoo nocnedosamenvho2o cuéma OCHOBAaH HA YPaBHOBEIIMBAHUM BXOJHOMU
BEJIMYMHBl CYMMOW OJIMHAKOBBIX IO BEJIMYMHE OTAJIOHOB (CYMMOM IIIaroB
KBaHTOBaHUs). MOMEHT YypaBHOBEUIMBAHMS ONPEAETSETCS C TOMOIIBIO OJHOTO
KOMIIapaTopa, a KOJWYECTBO 3TAJIOHOB, YPAaBHOBEUIMBAIOIIUX BXOAHYIO BEIMYUHY,
MOJICYUTHIBAETCS C TOMOIIBIO CUETUHMKA.

Memoo nopaspsonoco koouposanusi (YpaBHOBEIIMBAHUS) IIpeaycMaTprBaeT
HAJIMYKME HECKOJIBKUX ATAJIOHOB (YaCTO PEATM30BAHHBIX B BUJI€ YPABHOBEUIMBAIOIIETO
CIIBUTAIOIIETO PErUCTpa), 0OBIYHO MPOMOPIMOHATBHBIX MO BEIMYMHE CTETICHSIM YMCIIa
2, ¥ CpaBHEHUE ATHX STAJIOHOB C AaHAJIOTOBOM BETMYUHON. CpaBHEHNE HAYMHAETCS C
JTaJiOHA cTapliero paspszga. B 3aBucMMOCTH OT pe3ylibTara 3TOr0 CpaBHEHHUS
dbopmupyeTcs 3HaUeHHE CTapIIero paspsjaa BbIxoaHoro koxaa. Ecium stanon Gosbiie
BXO/IHOM BENWYMHBI, TO B CTapiieM paspsae craButcs 0 U janee MpOU3BOIUTCS
ypaBHOBEIIMBAaHUE BXOAHOM BEIUYHMHBI CIEIYIOUIMM IO 3HAYEHHUIO 3TalioHOM. Ecim
ATAJIOH PaBEH WJIM MEHbIIE BXOJIHOW BEJIMUYUHBI, TO B CTApIIEM pa3psijie BBIXOTHOTO
KOJ/ia CTaBUTCS | U B JaJIbHEHIIIEM POU3BOUTCS YPABHOBEITMBAHUE PA3HOCTU MEXKITY
BXOJTHOM BEJIMYMHOM U TIEPBHIM ATAJIOHOM.

HauGonbimmM ObicTpoaelicTBUEM 00J1a/1at0T TIpeoOpa3zoBaTeiu, MOCTPOSHHBIE T10
METOJy CUUTHIBaHUSL. Memoo cuumvléanus noapazymeBaet Hammuue 2" — 1 3TaloHOB
NPy n-pa3psAHOM JBOMYHOM Koje. BxojHas aHamoroBasi BeIMYMHA OJHOBPEMEHHO
CpaBHMBAETCS CO BCEMHM 3TaJloHaMu. B pesynbrate mnpeoOpa3zoBaHUs IOJIy4aeTcs
napaJuIeIbHbIA KO B BHJIC JJOTMYCCKUX CUTHAIOB Ha BbIxojax 2" — 1 koMmapaTopos.

3. BAPUAHT PEAJIN3ALIUU AL NOCJEJOBATEJBHOI'O CUETA

B  kadectBe nmpuMepa  paccMOTpUM  CTPYKTypHyro  cxemy ALl
nociuenoBarenabHoro cuéra ¢ LHAII B nienu oOpatHoii cBsi3u (puc. 1, 6) u BapuaHT €€
peanmuzanuu (puc. 2). Ilo curnany "Ilyck" nHa Bxoa oOHyneHHoro cuétumka CT
HAYMHAIOT MOJJaBaThCSl UMITYJIbChI TeHepaTopa TakToBoi yactotel I'TU (cm. puc. 1,
0). [lo Mepe NOoCTYIJIEHUs 3TUX UMITYJBCOB pacTET BXxoaHou koA LIAIT u ctynenyaro
NOBBIIIACTCS HANPSDKEHUE Uygy HA €r0  BBIXOAE, NPUYEM YPOBEHb CTYIIEHU
COOTBETCTBYET LIary KBaHTOBaHUsS AU BXOZHOTO HANPsLKEHUS Ugy ALILIL

ITponiecec npeoOpa3oBaHusl 3aKaHYUBAETCS, KOTAA HAMPSDKEHUE Uyqn CTAHET Yy Th

OoJbIlie BXOMHOTO HampspkeHust Uge AL, momanHoro na Bxonm OV, Ha KOoTOpOM
coOpan komrmapatop. [Ipu 3ToM paboTta cu€Turka IpeKpaIaeTcs, a Ha ero BhIXOJIE
yCTaHaBIUBACTCA KOJI Aj, IBISIOMMUICS [U(PPOBHIM SKBUBAJICHTOM HANPSDKEHUS Ugy.

CornacHo paccMoTpeHHOM cTpykTrypHOM cxeme AIIIl Ha puc. 2 mpuBeneH
BapUaHT peanuzanuu moxaenu 4-paspsanoro ALl mocrnenoBarenbHOro cuéra c
IIAII, cocrosimero u3 omepamuonnoro ycwmmrens OPAMPL u pesuctuBHOU
matpunbl R1, ..., R4 co B3BemennbiMu conpotuBnenusamu. [lepexmrouarenn Keyl,
..., Key4 B cxeme (ipu pa3oMKHYTOM KJTFOUe SPaCe) Ciryskat st IPOBEPKH PaOOThI
cuétunka CT, a octumnorpad XSC1 — nist CHATHS OCIMIUIOTPAMM HaNpsKEHUS C
Bbixoga [{AII u Bxoma komnaparopa.

[Tpu 3amycke monenupoBanusi ALl chopmupoBanusie reneparopom E1 num-
nylbebl nopatorca Ha Bxon cuétunika CT, 4uclio KOTOPBIX MOCIEI0BATEIBHO
BBICBEUMBAETCS] HA 7-CETMEHTHOM MHAMKATOpE. BhIXOAHBIE MOpa3psAHbIE CUTHAIIBI



CO CYETYMKA MOCTYIAOT TAKXKE HA BXOIbI JIornueckoro aHanu3zaropa XLF1 u Bxoawl
pesuctuBHOM Matpulibl R1, ..., R4, a cymmapHoe HarpshKeHHue ¢ MaTPHUIIbI — Ha BXOJT
OY. Crynenuaroe HanpsixeHue U4 ¢ Beixoga OPAMPL (puc. 3) nomaércs Ha BXOA
KoMITapaTopa, codpanHoro Ha oneparmonHoMm ycuiurene OPAMP2. Ha stot ke
BXOJ] [T0JIaHO TIOCTOSIHHOE HampsihkeHue Ugy, ¢ TeHepatopa E7 yepes nenurens R6-RY.
B MoMmeHT, Korjga yKa3zaHHbIE HaNpPsDKCHHUS CpPaBHHUBAIOTCS, KOMIIApaTop
cpabartbiBaet, Ha steMeHT M (AND) momaércst morndeckuii 0 1 mpekparaercs padoTa
CuéTyMKa, a Ha HWHJUKATOpE BBICBEUMBACTCS LHUQPPOBOM KOJ (YUCIO IIaroB
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KBaHTOBaHMSI), COOTBETCTBYIOIINH ypoBHIO Uy(K).

AHanu3 BpEMEHHBIX JHarpaMM CHUTHAJIOB C BBIXO/A CUETUMKA M OCIIMIUIOTPAMM
HaIpsKEHUM ¢ BXOJIOB KOMITapaTopa (CM. pHC. 3) MOKA3bIBAET, YTO CUETUUK MIPEPBAI
CU€T C MPUXOJIOM JBEHA/IIIATOTO TAKTOBOTO MMITYJIbCA, TIOITOMY Ha 7-CErMEHTHOM
uHIUKaTope BeIcBeTHIIOCH YKciio C1e (122) (em. puc. 2).

[TorpemHocTh mpeoOpa3oBaHUsl 3aBUCUT OT IIara KBAaHTOBAaHUS (BBICOTHI
CTYNEHHU HANpPsDKEHUS! Uygn), TOTPEIIHOCTH B (DOPMUPOBAHUM CTYHNEHYATOI'O
HanpshKeHUs Uygn, M OMIMOKM KOMIIApaTopa B ONPEIENIEHUH PAaBEHCTBA Ugy U Uyan.

Bpewms npeobpa3zoBaHus HETIOCTOSHHO M 3aBUCHUT OT YPOBHSI HAIPSDKEHUS Ugy. [Tpu
3amanHoM 4ywmciie paspsgoB ALl Bpemst mpeoOpa3oBaHusi OMPEACTSETCS YHCIOM
MEPUOJIOB CYETHBIX UMITYJIbCOB.

[To ctpykrype noctpoenuss UMC ALII noapazaenstor Ha AL ¢ npumeneHnem
[TAIT u 6e3 nux. K BUC AIIII 6e3 ITAII, nanpumep UMC KP57211B2, K10711B2 u
np., otHocaT AT mocinenoBaTenbHOrO cu€ra ¢ JBOMHBIM MHTErPUPOBAHUEM (HA
MEPBOM TaKT€ — BXOJHOI0 HAIPSIKEHUS, HA BTOPOM — HTAJOHHOTO HANPSIKEHUS C
npeoOpa3oBaHUEM PE3yJIbTaTOB WHTETPUPOBAHUS BO BPEMEHHOW HMHTEpPBAl U B



DKBUBAJICHTHBIM THU(PPOBONH KOA) ISl CIIQKHBAHUS UMITYJIBCHBIX —TIOMEX,
MOBBIIICHUS TOYHOCTH M ITIOMEX03alUIIEHHOCTH JaHHoro Tuma ALIIT [12].
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[Tnater ALTI/LIATL, sanpumep, mogenu LTC poccuiickoit kommanuu 3A0 "JI-
KAPJI", mupoko NpuMeHS 0T B HU(PPOBBIX U3MEPUTETBHBIX TPUOOPAX, B CHCTEMAaX
U YCTpoMcTBax 00pabOTKM M OTOOpakeHUsT MH(POpMalUU, B aBTOMATHYECKUX
CHUCTEMax KOHTPOJI M YIpPAaBJICHHUS, B YCTPOWCTBAaxX BBOJa-BbIBOJa MH(pOpPMaLUU
OBMur. o

OcHoBHble HampasiieHusi pa3ButTust ALl — noBblieHue ObICTPOIEHCTBHSI OC-
HOBHBIX Y3JIOB, B YaCTHOCTH, KOMIIApaTopoB 210 5...10 HC, MOBBIIIEHUE UX TOYHOCTH
n0 0,05...0,005%, yBenwdeHWe pa3psAIHOCTH TIpeoOpazomarenet  no 24,
UCMOJIb30BAHNE MUKPOIIPOLIECCOPOB B MTPE0Opa3oBaTEsX.

YYEBHbIE 3A0AHUA U METOOAUYECKUE YKA3AHUA
K UX BbINOJNIHEHUIO

3apaHue 1. Codpatsb Ha paboueM MOJIe CPEIbl CXEMY TS HCTIBITAHUS AHAI020-
yugpposozo npeodpazosamens ¢ LIAII (puc. 4) u ycTaHOBUTH B JUATIOTOBBIX OKHAX
KOMIIOHEHTOB MX MapaMeTphbl WIH peKUMbI paboThl. CkonmupoBaTh cxemy (puc. 4)
Ha CTPAHULY OTYETA.

B cxemy (puc. 4) BkiItOYeHBbI COOCTBEHHO OMOMMOTEUHbIN 8-paspsanbiii ALLT
(ADC); ucrounuku onopHoro Hanpspkenus E1 n E2 (moaxmrouens! k Bxogam Vref+
u Vref- ALII); rereparop E4 mis cuaxpoHU3auu padoThl (MOAKIIOUEH K BXOTY
SOC) u pazpemrenus (Bxoax OE) Ha Beiady 1BOMYHOM MH(POPMAIIUKA HA BBIXOJIBI
DO, ..., D7 AIIII, ¢c koTOpbIMU COSAMHEHBI BXOIbI JIOTHUecKkoro anainu3aropa XLAL
u nipoOuukn X0, ..., X7; pynkunonanbueiii reHeparop XFG1 B kauecTBe HCTOYHUKA

BXOJHOTO cHrHana Ug (moakimoueH k Bxoay Vin); LHAIT (DAC) u ocumsiorpad



XSC1l. Bexon EOC cayxut nis nepenaun asouyHon wuHopmammu AL,
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Harpumep, Ha OBM.

3apaHue 2. HUcciaenoBath TOYHOCTH mpeodOpasoBanus ALIIl ypoBHel BXo-
JTHOTO HampsikeHus: Uge B HU(PpoBOM Koj ¢ momoribio npooHukoB X0, ..., X7,
joruyeckoro ananmzaropa XLAIL, a taxke LIAII u ocummiorpada XSC1.

C arout nenpo:

— BPEMEHHO yAaJuTh 1ipoBoj 1 (cM. puc. 4) u noaxarounts Bxoa Vin ALIIT k
MOJIOKHUTEIIBHOMY TIOJIFOCY UCTOYHUKA TIOCTOSIHHOTO HanpshkeHus: E3;

— COCTaBUTH TAaOJUIly, aHAJIOTUYHYIO Taba. 1, B mepBbIid cronden KOTopoi
3anmucaTh YPOBHU HANPSKCHUS

Uex = 0,1;0,2;0,5;1,0;1,5; 2,0; 2,4; -0,5; -1,0: —2,0 B,
MOOYEPENHO 3a/1aBAEMBIE B TMATIOTOBOM OKHE rereparopa E3;

— YCTAHOBMTB B TUanoroBbix okHax reHepatopoB E1 u E2 OJIC E1=2,5B, u
OJC E2 =-2,5B;

— 3amycTuTh nporpammy MoaenupoBanus ALl u 3aHocuTh B 1O
COCTAaBJICHHOM TaOJMIbl 3HAYEHUS HANPSDKEHUS Ugux(zj4r7) © Bbixoma ILIAII,
HU3MepseMble Ha dKpaHe OCHuIorpada ¢ MOMOIIbI0 BUZUPHON JTMHUU; JIBOMYHBIN
’KBUBaIEHT D(2) mpeoOpazyeMoro HampspKeHHs, ONPENEseMblil MO0 CBEYCHHUIO
npoOHukoB X7, ..., X0; mectHaauarepuyssiii ko1 D(16), CHUTBIBaEMBIN ¢ AUCILIES
ananuzatopa XLAL;

— nony4daemsle ¢ Bbixoga ALl necsituynbie MHBEpCHBIE CUTHAIBI D(10)un6 T1€-
pecYuTaTh Ha HEMHBEPCHBIE D(10) IO BBIPaKEHUIO

D(10) = D(10)uns — 128
Y 3aHECTHU B COOTBETCTBYIOIIUE CTOJOIBI TAOJIUIIBL;



— pacy€THbIC AECATHYHBIE SKBUBAICHTBI D(10)pacy NBOMUHOro koma D) Ha
BbIxosie ALIIT mpu 3a7aHHOM 3HAYEHUU BXOJHOIO HAIPSKEHUS Ugy ONMPeNeJUTh 10
dbopmyne

Doypacy = 256Uqy /(E1 + | —E2| ),

Y 3aHeCTH BO BTOPOI1 cripaBa cTOJI0EL TaOIUIBL;

— PacCYMTATh [TOTPELIHOCTU U3MEPEHUS HAIPSKEHUS 110 BBIPAKEHHIO

AU% = 100(U3b1x(l]AH) - ugx)/uex
Y 3aHEeCTH B MPaBbIii CTOIOCI] TAOIUIIBI.

B kauectBe mpumepa B Tabn. 1 mpuBeneHBl JaHHBIE HM3MEPEHUN TpU
mozaenupoBanus ALIT mpu E1 =3 B u Ex = -3 B, koTopsie 6;iM3Ku K pacy€THBIM
| E> | =3 B u Ugy = E3 = 1 B pacu€rnsiil necsaTuuHbIit

3KkBUBANEHT D(10)pacy = 256-1/6 = 42,67 npu uzmepennom Do) =10101010u  D(10)
= 42. Ilpu 5TOM OTPENIHOCTh U3MEpPEHus cocTaBuia 3,56%.

3HaueHusIM. Tak, npu Ep =

Taonupma 1

Ug, Ugbzx](élAH)‘ D(z) D(16) D(lO).qu D(10) D(lO)pacw AU%
0,1 0,09375 | 10000100 84 132 4 4,27 6,25
0,5 0,5156 | 10010101 95 149 21 21,33 3,12
1,0 0,9644 | 10101010 AA 170 42 42,67 3,56
2,0 2,017 11010101 D5 213 85 85,34 0,85
2,5 2,484 11101010 EA 234 106 106,67 0,64
2,9 2,906 11111011 FB 251 123 123,74 0,21
-1,0 -0,9844 | 01010101 55 85 -43 -42,67 3,56

3apaHue 3. UccaenoBaTh nporiecc Mpeodpa3oBaHusl BXOJHOTO HAIPSHKESHUSI
TpeyroysbHOM (Gopmbl B LHUPPOBBIE KOABI, a 3areM ¢ nomompo [AIT — B
CTyNeHYaTOe HANPsKEHUE, allMPOKCUMUPYIOIIEE HAMIPSIKEHHUE Ugy.

Jlsg aToro:

— YAQJIUTD IIPOBO/JI, COSAMHSIONIMIA BhIxoa reaeparopa E3 ¢ Bxogom Vin ALII,
U BOCCTAHOBUTHL TpoBOA 1, coenuHstomuii BbIxod "+" (YHKIIMOHATIBLHOTO
reneparopa XFG1 ¢ Bxomom Vin AL (cm. puc. 4);

— ycTaHOBHTHL TapameTpbl TeHepatopa XFG1l (puc. 5, a): mHanmpsbkeHHe
TpeyrojabHoi (popMbl co ckBaxkHOCTBIO N = 99 u ammmutynoi 1 B (mnamazon ot —1
B 10 0,98 B) u ero uacrory f,= 50 I's;

— 3amyCTUThb IporpamMmmy MoaenupoBanus AL,

— MOJIYyYUTh U CKONMPOBATH HAa CTPAHUILY OTUETA OCHUIIJIOTPAMMY BXOJHOTO
HanpsDKEHUs Ugy, OCLIMIUIOIPAMMY CTYNEHYATOTO HAIPSIKEHUS Ugyx(1]417) C BBIXOAA
LIAIT (cm. puc. 5, 6), 1 BpeMEHHbIE JUarpaMMmbl CUTHaJIOB ¢ BeixoaoB DO, ..., D7
AIIII, moctymnaronux Ha BXOJbI JJorndeckoro ananuzatopa XLAL u sBasronmumMucs



JBOMYHBIMH SKBUBAJICHTAMH TUCKPETHBIX OTCYETOB Ugy(KAt) BXOAHOTO HAITPSHKEHHUS
(puc. 6);

XFG1 _
aveforms
W i Aaddd
Signal Options Uax
Frequancy |5IZI | Hz M
Duty Cycle |99 [ % i i i
smpltude |1 | Wb dxffdu
oftsst [0 [ Uaprx (£1an2) dﬂdd
|

a)

Time Channel_A Channel_B
-IT-; o 4505 ms 545,000 mt -G62.500 mt
4= | 14527 ms 5T 3TE m 458 750 mi
6) T2-T1 10.023 m= 1.012 % 1.031 %W
Timebase Channel A Channz| B

Scale lmil Seale IM Scale M
Puc. 5 ¥position [0 | Y position [0 | ¥ position [0 |
[T #dd| Bealam| | Ac| o fDC | ac] o fOC -]

— BOCIIOJIb30BABIIHCH BU3UPHBIMU JTMHUSMU, POBECTH aHAJIN3 (POpPMUPOBAHUS
HANPSOKEHUS  Ugpix(1/477), ANIPOKCUMHUPYIOIIETO BXOAHOE HANPSDKEHUE Ugy, B
YaCTHOCTH, H3BMEPUTH HANPSHKEHHE W BBICOTY €r0 CTYINEHEH B pa3Hble MOMEHTHI
npeoOpa3oBaHusi (C UHTEPBAJIOM B 1 MC B MOMEHTHI MOJOXHTEIHLHOTO Tepernaza
TAaKTOBOTO WMITYJIbCa CHHXPOHHU3AIMH) U CPABHUTb WX C OTCUETaMH Ugy(KAL)
HaNpsHKEHUS Ugy.

Time (%)
1] 5000k 10000 15000m  20000m  25000m
- . s
. N S | — L 1 L
Dl [ T
“ |2 I [ SRS | B ey Sy Iy [y
* D3 e nferr
“ | s 1 1 | | 1
& 1'ps | I n
& | s ] ]
= | o7 I [
-
&+ | 0E T U e oy
| stop 1 ¥ 0ssems |I:I2?e ClocksiDiv [ 75 ]| _set...
Reset | 1g B 0#ims j0ix b External Qualifier | Qualifier
FY— TE_T;'—'u 10,095 ms i P p s
Puc. 6

Tak, npu gactore cuHxpoHm3armu f. = 1 k[l U YacToTe MHII00OpA3HOTO
Hanpspkenus f, = 50 I'm oOpasoBanmock Ha BeIxome I[AIl nBamnarh crymneHei
HaNPSKEHUA  Ugpx(17417), CPEAHSA BbICOTa KOTOPbIX paBHAa Ugy ~ 93,7 MB mpwu
pacuétHoM 3HaueHUU AU = Ugemax/(N + 1) = 1,98/21 = 94 mB. IlepBas cryrneHb
BbICOTON 66 MB chopmupoBanace nmo ucreuenuu 0,5 MC ¢ MOMEHTa BKJIFOUCHUS
MOJIETTMPOBAHKS TIPU YPOBHE BXOJHOTO HANpPsHKEHUA Ugy = —93,4 MB, BTOpast — npu
Ugr = —0,849 B BBIcOoTOM 93,75 MKB n u T. 1.



3apaHne 4 (BbimonHseTcs — (DAaKyNbTATUBHO WM 10  YKA3aHHIO
npenoaasareinsi). HMceciaegoBare mnporecc npeodpazoBanuss ALl  BxoaHoro
CUHYCOMIaJIbHOTO HaNpsKeHUs B LU(POBBIE KOABI, a 3aTeM ¢ nomMoibto LIAIL — B
CTYIIEHUATOE HalpsHKEHUE.

C aT0M 1enbo:

— IEJIKHYTh MBIIIBIO HAa KHOTIKE "CHHYCOMIATLHOE HAIIPsHKEHHE' TeHepaTopa
XFG1 (cm. puc. 5, @) 1 yeTaHOBUTB 4acToTy Hanpspkenus f,= 25 ', a 3atem, npu
ocTaHoBKe monenupoBanus, f. = 5 'l ¢ M3MeHeHneM BpeMEHU Pa3BEPTKU Iydei
octmmiorpadga ¢ 10 mc/nen Ha 50 mc/men. Cmectuth BBepx Ha 0,6 neneHus

OCLIMJUIOrPaMMYy BXOJHOTO HaNPsKEHUs Ugy (pHC. 7);

# Oscilloscope-X5C2

Uax Uax
U ebne{LIAFT) U ennx{LEAIT) /
fe =1kly f. =1kly
f,=25Tu fa=5Ty

Time Channel_A Channel_B N Time Channel_#&  Channel_B
TOH* aoi0ms 900000 my 034375 my 40550 m= 000000 mY 024375 my
T2 gl || 20055 ms -000.078 myv 084375 m 149776 ms 999976 mb 034376 m
Tz-Ti 0045 ms <2000 % -1.060 W 100225 ms  -2.000 W -1.060 W

Timebasze Channel & Channel B Timebase Channel &

scale |10 ms/Div =] | Seale | 500 MWDy Scale | 500 mAIDi | Scale |50 me/Div | Seale | 500 muiDiv:
¥ position |0 Y position | 0.6 Y position |IZI ¥ position |0 Y position | 0.6 i
[¥ add| mea|am| | ax| o JOT Ao OC - | |[¥T add| pea|ae| | ac| o JOC

Puc. 7

— M3MEPHUTb HAIIPSHKEHUE Ugyx(17477) U BBICOTY €T0 CTYIIEHEH B Pa3HbIE MOMEHTBI
npeoOpa3oBaHus U CPABHHTh UX C OTCUETAMHM HanpspKeHHs Ug(KAt) Bxomuoro
HaNpsHKEHUS Ugy JJISI MOMEHTOB TOJIOKUTEIBHOTO TEPENajia TaKTOBOTO MMITYJIbCA
CUHXPOHU3ALINH.

JIBOMYHBIC SKBHBAJICHTHI OTCUETOB HampsKCHHS Ug(KAt) ¢ Beixomos AILIII
npeoOpasytorcs ¢ nomoibio LIAIl B aHanmoroBslil cTyneH4YaTslii CUTHAT Ugyix(17417)
(cm. puc. 7). [Ipu 3TOM C YyMEHBIIIEHUEM YacCTOThl CUTHAJIA YBETUYUBAETCS YUCIIO
CTyreHel U nmpeoOpa3zoBaHHAs KPUBAsk XOPOIIO allPOKCUMUPYET BXOIHOW CHUTHAIL
Bricota cryneneii mnepemenHas, ot 46 mMB nmo 141 MmB, Tak kak HHTEpBan
JTUCKpeTr3aIuu At mpu 3aJjaHHON 4acTOTe CUHXPOHU3AIUHU MTOCTOSIHHBIN. OCOOEHHO
3aMETHA BEPXHSS M HIKHSS CTYNEHU C OTKJIOHEHUEM OT AMIUIUTYAbl BXOIHOTO
HanpsDKeHUsT puOIkéHHO Ha 15,5 MB, Tak kak Ha WHTEpBanax JAUCKPETU3AIUN
OKOJIO aMIUIUTYJ] CKOPOCTh U3MEHEHUS HAIPSIKEHUSI MUHUMAJIbHAS.



COOEPXAHUE OTYETA

1. HaumenoBanue u 11efib paboTHI.

2. Ilepedenbp mpuOOPOB, UCIOJIBL30BAHHBIX B AKCIIEPUMEHTAX, C UX KPATKUMHU
XapaKTEepUCTUKAMHU.

3. U300paxkeHre 3MEKTPUUYECKON CXEMbI JIJISl UCIIBITAaHUS aHAJIOro-IIU(pPOBOro
npeoOpazoBaTens.

4. Konuu ocuiijiorpaMM M BPEMEHHBIX JUarpaMM CUTHAJIOB C Pa3HBIX Y3JIOB
CXeMBbI, oToOpakaromme padboty ucciemxyemoro AL

5. Tabnuma c¢ pe3ynbTaTaMu H3MEPEHHA W PACUETOB BXOAHBIX OTCUETOB
BXOJIHOT'O HAaIpPSXKEHUS U BBIXOAHBIX KoAoB ALIIL

6. BeiBoabI 110 pabore.



