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Asmomamu3upoeaHHble cucmemol HaKonaeHuUs u obpabomku
OaHHbIX A0epHO-hU3UYEeCcKo20 3KcnepumeHma

e [laHHble, NoNyYaeMbix B Xo4e AAepHO-GU3NUYECKOTrO SKCNEPMMEHTA C MOMOLLbIO
[eTeKTOPOB (4aTuMKOB) B NoAaBaAtoLLEM DONbLIMHCTBE CAyyYaeB npeobpasyemcsa
8 3/1IeKMpuYecKue cu2Hanbl.

* [1nAa paboTbl C STUMU 3/TIEKTPUYECKUMM CUTHANAMMU NPUMEHSAIOTCA NEKTPOHHbIE
YCTPOWCTBA B BUAE MOoAY/bHbIX 6104HbIX cnctem B cTaHgapte CAMAC, VME, NIM.
[na npoBeaeHna garke He OYEeHb CNOXHbIX UCCNeA0BaHMIN, HANPUMeEpP, N3IMepeHne
aMNANTYAHbIX U BPEMEHHbIX XapaKTePUCTUK POTOYMHOXKMTENEN, HEObXOaMMA
YCTAaHOBKA U3 AeCATU-NATHAALATN MOAY/1IEeN, PaCNONOXKEHHbIX B ABYX KpenTax.

* B HacTosLLEE BPpEMA NOABUINCL HOBbIE YCTPOMCTBA — YlUghposbie ocyunozpagel,
KOoTopble MOryT Ana 60nbLLION Cepnn N3MepeHnin 3aMeHUTb CI0XKHbIe YCTaHOBKM B
ANEepPHOM 3KCcnepumeHTe (Kpome cBoer OCHOBHOM PYHKLMUKN — ObITb
N3MEPUTENbHbIM MHCTPYMEHTOM).
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Ocyunnozpag — npnbop, oTobpaXKatoLKUA NOAYyYaEeMYIO
nHpopmaLuio B rpadmnyeckom suge (1.e. BUAE Anarpammbl/pUCyHKa
3NEKTPUYECKOro cMrHana)

B 60nblLINMHCTBE NPUNOKEHUN, AMArPaMMa OTPAXKAeT U3MEHEHUA CUTHaNa BO
BPeMEHMU: BepTMKanbHaA ocb (Y) npeactaBaseT 3HaYeHMs HanpaXeHus, a
ropmM3oHTaIbHAA ocb (X) — Bpemsa. BbiBOAMMAA Ha 3KpaH KpuBas
(oTparkatowan Gopmy CUrHaNa) NOKA3bIBAET USMEHEHWA YPOBHA HANPAXKEHUA
C Te4YeHnem BpemeHn. MHTEHCUBHOCTb UM APKOCTb BblBEAEHHOM HA 3KPaH
npmbopa KAPTUHKM MHOTAA HAa3blBAETCA OCbio Z.

Y (HANpAxXeHKe)

X (BpemA)

(anHaxBdUBH) A

7 (MHTEHCMBHOCTL)

X (BpemdA)

£ (MHTEHCUBHOCTE)



Ucmopusa co30aHusa ocyunnozpaga (oscilloscope)

1895: HemeuKkun dusuk Kapna ®epduHaHo bpayH (HobeneBckaa npemmsa no
dun3snke 1909) co3pan KatogHyo TPYOKY, MONYYUBLLYIO Ha3BaHUE TPYOKHK
bpayHa. Jlyd OTKNOHANCA C NOMOLLLbIO 3/IEKTPOMArH1Ta To/1IbKO B O4HOM
N3MepEeHMK, BTOPOE HanpaBaeHne pa3BepPTbIBaA0OCh Npu
NOMOLLMBpPALLAIOLWEroCcA 3epKana.

1899: [xwcoHamaH 3eHHeK 0bopya0Ban 3NEKTPOHHO-1y4YeBYO TPYOKY (I/1T)
bopMUPYIOLLMMM NYY NAACTUHAMM.

1903: Apmyp BeHesnbm nomecTtun B TPyOKe LMANHAPUYECKUI SNEKTPOA
(umnnHap BeHenbta), NO3BOASAOLWMNA MEHATb MHTEHCUBHOCTb 3N1EKTPOHHOTO
JIy4a, a COOTBETCTBEHHO N APKOCTb CBEYEHUS NtoMUHOPOopa.

1931: B. K. 380pbiKuH NpeacTaBUa SNEKTPOHHO-/TYY4EBYHO TPYOKY C
TEPMOINEKTPOHHON 3MUCCUEN, OTKAYAHHYIO A0 BbICOKOro Bakyyma. Pupma
General Radio Company ncnonb3osana AnA BbINyCKa OMNbITHOrO 3K3eMnN/apa
ocumnnorpada.

1947: chupma Tektronix sbinyctuna Ha ocHoBe 3J/1T nepByo moaenb
aHanorosoro ocumnnorpada Tektronix Model 511.

1985: @upma LeCroy Corporation BbinycKaeT Nepsbin LUPPOBOM
ocunnnorpad.



AHanorosble U uudposble ocuunnorpadbi:
aHanorosble paboTatoT C HENPEPbIBHO U3MEHAOLWMNMUCHA BO BPEMEHMU

3HAaYEHMAMM HANPAXKEHUA, 3 ULMPPOBbIE — C ANCKPETHbIMU (BUHAPHbIMMK)
CUrHasaMm, NpeacTaBaaloWnMMmmM cobon BbIDOPKM HanpaKeHun
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Lindbposele ocumnnorpadsl NpoBOAAT
BLIBOPKY NapaMeTPOB CUIHANOR U
BOCCO3[a10T MX M300paxeHne Ha aKkpaHe

AHanorossle ocuunnorpad.sl
OCYLWeCTBNAKT pA3BEPTEY
CHMI'Hanoe
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AHaO10208b1l 31eKMpPOHHO-ny4Yesol ocyunnoepaag (3/10)
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OnpedeneHue yugpoesozo ocyunnozpaga

Lndposbim ocumnnorpadpom HasblBaeTCs YHUBEPCANbHbINA N3MEPUTENIbHBIN
npmbop, NnpeaHa3HAYEeHHbIN ANA UCCIeA0BaHNA SNEKTPUYECKMX CUTHANOB NyTEM
nx npeobpasoBaHunA B LMPpoByto popmy € nocneayowmm BU3yaabHbIM
HabntogeHNUEM Ha }KUOKOKPUCTANIMYECKOM ANUCHaee, USMepPEHUEM NX
aMMAUTYOHbIX N BPEMEHHbIX MapPaMeTPOB, a TaKXe MaTeMaTU4YeCKomn
obpaboTkon.

NCTOYHMKaMK 31EKTPUYECKUX CUTHAI0B MOTYT ObITb Kak cneuuasbHble
reHepaTopbl N UCCneayemMble 3/IEKTPOHHbIE YCTPOMCTBA, TaK U AETEKTOPbI
A0ePHbIX U3NYYEHUN.
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MpuHuMn paboTtbl undposoro ocumnorpada
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BxogHOM curHan NocTynaeT Ha napannenbHbin AL, KoTopbi cTpobmpyeTcs ¢ BbICOKOW
4aCTOTOM reHepPaTopPOM TaKTOB BpeMeHHOM BbIOOPKKU 1 Koa ¢ AL noctynaer B
3anOMMHaoLLEE YCTPOMUCTBO.

Ons obecneyeHuna Tpebyemomn 4actoTbl Npeobpa3zoBaHNA NPUMEHAETCA NapanieNbHO A0
100 ALLIM, koTopble obecneumBato Tpedbyemyto YacToTy ANUCKPETU3ALUN.
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CmpyKmypHasa cxema yugpoeo20 3arnomMmuHarouwe20
ocyunnozpaga
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OCHOBHblIe xapakmepucmuKu yugpoeso2o ocyunnozpaga

NMonoca nponyckaumsa, Mu;
PaspagHoctb AUM ( 06bi4HO 8 — 12 6UT namn 256 — 4096 ypoBHEN KBAaHTOBaHUA)

YacToTa OTCUETOB (AUCKpeTH3aumum) — uncno Bbibopok B cekyHay, MBbib/c (Ms/c) nnm
MSa/s (Megasamples/s). YacToTy AuCKpeTM3aLMmM Nydllie YKasbiBaTb B YNCAE OTCYETOB
WNn ToueK, Mortcu/c.

O6bEM namatu nnm gamvHa 3anucmn, Mbant unm Nbant (Ha KaHan nnm obuwasn). MNog,
oAHUM BalTOM NOHMMAETCA 3HaYeHUe O4HOro oTcyeTa (04HOM TOYKM) CUTHaNA,
NO3TOMY MHOTAA 06beM NAaMATU BblPaXKatoT B KonmyecTtBe ToveKk. Obbem namaTtm
onpeaenaetr MakCMMasbHYHO AZIMHY CUTHana, KoTopyto LLO morKeT 3apernctpnpoBaThb,
He npepbiBas NOAY4YEHMA OTCHETOB C MAaKCMMaIbHOM YaCTOTOM AUCKPETM3aLNMN.

[MepBan M3 3TUX YETbIPEX XapPaKTEPUCTUK ONpeaenseTca, B OCHOBHOM, aHa/Ior0OBOM
yacTbto LO, Haxoaswenca Ha Bxoae, T.e. Ao ALII; BTopasa u TpeTbsa — aHaNoro-
umMdppoBbiM NpeobpazosBatesiem; YeTBEPTAA — 3aMNOMMHAIOLWLUM YCTPOMNCTBOM.
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lNonoca nponyckanusa 4O, Iy... 'y
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Monoca NponycKkaHMA U3MepAETCA B 2epyax 1 OTpaxKaeT AMana3oH YacToT, B npeaenax
KOTOPOro ocumanorpad MoKeT BbIMOHATb TOYHbIE U3MepeHUa. Nonoca NPonycKkaHus
onpeaensieTcs Kak 4yacToTa, Ha KOTOPOW BXOAHOM curHan ocnabnserca Ha 3 Ab (aeunben), uto
COOTBETCTBYET YMEHbLUEHUIO aMNAnTyabl npumepHo Ao 70,7 % oT ero nepBoHaya/ibHOro
3Ha4YeHMsA. ITO 03HAYaeT, YTO CUTHANbI C 3TON UK Bonee BbICOKOW YacTOTOM He MOTYT BbITb

TOYHO U3MepeHbl ocumanorpapom. N, = 20*Iog10U2/U1
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N306paxceHuUe npamoy201b6H020 cu2Hana Yyacmomodu 50 Mly

Mepuognyeckmin NPAMOYTONbHbIA CUTHAN COAEPMKUT 3HaUYMMBble (MO YPOBHIO) cOocTaBAaAowWMe, KoTopble = 10 pas
60/blLe Mo YacToTe MO CPaBHEHUIO C OCHOBHOM YaCTOTHOM KOMMNOHEHTOM curHana. Ocumnnnorpadol ¢ bonbluei

lNonoca nponyckaHua LJO:

MOI0COM NPONYCKAaHUA NPeaocTaBaT 6osee AeTanbHy0 MHGOPMALUUIO 06 3TUX BbICOKOYACTOTHbIX COCTaBNAIOLLMX.
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Ha aKpaHe LUO c nonocon 150 My
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Pa3psadoHocmeb AL u KeaHmoeaHue

S(t) 4
. PaspagHocTb AL - 3TO Yncno pa3pAanos B ymcne
YPOBHEW KBAHTOBAHMA BXOA4HOrO CUrHanNa,
3anncaHHOM B ABOWYHON popme a)

. KBaHTOBaHMEM Ha3blBaeTCA NPOLECC 3aMeHb!
HENPepPbIBHOTO MHOMECTBA 3HAYeHMUI CUrHaNa
ANCKPETHbIM MHOMKECTBOM 3HauyeHui. Lar
(cTyneHb, MHTEpBan) KBAHTOBAHMA €CTb PAa3HOCTb 0
COCeZIHUX YPOBHEMN KBAaHTOBaHMA.

*  [pu aHanoro-umdpposom npeobpasoBaHUM S(nT) T - MepHO AMCKpeTH3AMMH
aMnauTyaa BbI6opkM Nnpeobpasyertca B M- T T BhIGOpKH

y~
e N

pa3pAgHoe ABOMYHOE YMCNO0, MO3TOMY YMCAO - S
YPOBHEW KBaHTOBaHMA n = 2M, 6) ’

. Yncno ctyneHemn KeaHToBaHua S =2M -1, ,[

. [Mpumep. Nonyctum, mbl umeem ALMN 8-6ut (256 0 2T 4T 6T 8T 107 12T
ypoBHel curHana). T. e. curdan c amnantyaoii 10 B
OH MOMKET NepeBecTn B LMPPOBOMN KOA C TOYHOCTbIO
0,04 B, a ecnny ALN 10 pa3psgos (1024 ypoBsHs),
TO Mbl CMOYKEM HabNOAAaTb 3TOT XKe CUTHaN C
ToyHocTblo 0,01 B.

11.09.2020 LindpoBsoit ocunnnorpad-sBoaHas npeseHTaLms 14



Yacmoma omcyemos (Ouckpemusayuu),
Mebi16/c (MSa/s, mez2acamnn 8 ceKyHOy)

YacTtoTa AMCKpeTU3aLUmMm — 3TO KOIMYECTBO OTCYETOB (T. €. AUCKPETHbIX 3HaYEeHW),
KoTopble LuudpoBoi ocuunnorpad MoxKeT 3axBaTUTb B ceKyHAY. YacToTa
NNCKPeTU3aLum 3aaeT ropM30HTa/IbHOE pa3peLlleHme NPUHATOro CUrHana.

YacToTy AMCKpeTM3aL MM YKa3biBatoT B YMC/ie BbIDOPOK B CEKYHAY: Hanpumep,
MBbI6/c, a B UHOCTpaHHOM nuTepatype — MSa/s unm MS/s (meracamnn B cekyHAy).

B oTeyecTBEHHOM NnUTepaType noa BbIbOPKON MHOTAA MOHMMAKOT HECKO/IbKO
BbIOPaHHbIX OTCYETOB, NO3TOMY YaCTOTy AUCKPETU3ALMN NyYlle YKa3biBaTb B Yncne
OTCYETOB MW TOYEK B CEKYHAY: Hanpumep, MoTcu/c.

YactoTa gucKpeTnsaumm AonxKHa bbiTb XoTA Obl B 2 pa3a Bblle NO/I0Cbl NPONYCKaHUA
L1O; Ho B peanbHbix LLJO 06bi4HO TpebyeTtca B 4—10 pas.

Mpu perncrTpaumm ogHOKPaTHbIX CUFHAIOB C AJIUTENbHOCTLIO t, ANA UX
npeAcTaBNeHNA TaKKe Haflo UMeTb onpeaeneHHoe Ynucno N oTcueToB, Tak 4To
nepuog, paBHOMEpPHON NO BPEMEHW AUCKpeTU3auum curHana byaet paseH At = t, /N,
a YyacToTa Auckpetusaumu f, = 1/At = N/t,.

Mpumep. YTobbl curHan gautensHoctblo t, =0,1 mKc npeacTasmTb 100 oTcueTamuy,
HYXHbl At=1 HC 1 YacToTa guckpeTmsaumm f, =1 BbIG/C.
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Teopema KomenbHUKoea u onpeodesneHuUuU 4Yacmomeol
ouckpemusayuu*

Auckpemu3ayueli Ha3biBaeTCcA NPOLLECC 3aMEHbl MTHOBEHHbIX 3HAaYEHMI HENPEPbLIBHOTO CUrHaAa COBOKYMHOCTbIO €ro
AVCKPETHbIX 3HaYeHul (BbIGOPOK), NONYYEHHbIX B NOCAeA0BaTe/IbHble MOMEHTbI BpeMeHu t+At. MHTepBan Bpemenn At
=t,,, — t, Ha3bIBaeTCA LWAroM UK MHTEPBANIOM AUCKpeTU3aumu. Inckpetmsauma bbiBaeT paBHOMEPHOWM ¢ warom At =
const 1 HEpPaBHOMEPHOWM C WArom, 3Ha4YeHNe KOTOPOro MeHAeTcs IMBO No onpeaeneHHOMY 3aKOHY, TMHO cayyvanHo.
[0OBOPAT, YTO NPU PAaBHOMEPHOM ANCKPETU3aLLMM BbIOOPKKN NPOM3BOAATCA B peasibHOM macwTabe BpeMeHu, a npu
HEepaBHOMEPHOW — B 3KBMBANIEHTHOM MacluTabe BpemeHMu.

MMWHUMaNbHO BO3MOXHOE 3HaYeHne At paBHO BpemeHu npeobpasosaHua ALIM. YactoTy anckpetusaumm fs = 1/At
(sample rate) nHorga Ha3bIBAOT YaCTOTOM BbIOOPKM MUIM YACTOTOM CIMMNIMPOBAHMA.

Mpu onpegeneHnm 4acToTbl AUCKPETU3aUUmM, HeobXxoaAMMO NoNb30BaTbCA Teopemoin KoTenbHUKoBa (Teopema
HaikeucTa), KOTOpasA racuT, YTo NPOU3BOJIbHbIA aHANOrOBbIM CUTHAA X(t) C OrpaHUYEHHBIM CNEKTPOM MOXKET bbITb
O[HO3HaA4YHO BOCCTAHOB/NEH NO ero oTcyeTam, B3ATbIM c yactoTom fs > 2f ., rae f . — rpaHuMyHan yactoTta cnekTpa

max’
curHana. Mpu aTom curHan x(t) MosKHO NpeacTaBUTbL B BUAE PAAaA

o0

=3 x(m)sinc[%(r—m)}

fk=—n

roe sinc(x) = sinx/x v HTepBan AMcKpeTMsauumn yaosnetsopaet ycaosuio 0 < A < 1/2f
OrpaHMYeHne 4acToTbl CBEPXY).

BepxHAA rpaHMYHan YacToTa cnekTpa curHana f,, MoXeT npesbiwaTh NONOCY NponyckaHua ocumanorpada fe. Moatomy,
KaK NOKa3blBaeT NPaKTUKa, MaKCMMa/ibHasA YacToTa AncKpeTmsaumm fs gonkHa 6biTbbonblue fB, KAK MUHUMYM, B NATb
pas. B 3Tom ciyyae BoccTaHaBAMBaOWMIA ¢uabTp ocumanorpada sinx/x MoXKeT TO4HO BOCMPOM3BOAUTL GopmMy
BbICOKOCKOPOCTHbIX CUTHA/I0B C pa3pelleHnem B AnanasoHe AeCATKOB NMUKOCEKYHA,

YacToTa AMCKpeTM3aLumMm 3a4aeTCA reHepaTOPOM TaKTOBbIX MMNYAbcoB (W), KOTopbIN MHOTAA Ha3blBAOT FeHepPaToOpPOM
pa3BepTKnN. O6bIYHO MU BXOAUT B COCTAaB MUKPOKOHTPO/I/IEPA, KOTOPbIM ABAAETCA YNPABAAIOWMM LLEHTPOM
ocuunnorpada.

max-(T-€. Mpeanonaraerca
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ToyHOCMb OMobpaxceHUa cuzHaAAA 3a8UcUM om 4Yacmomboi
OucKpemusayuu u om ucrosnb3yemo20 memooa uHmepnonayuu.

* JInHeNHaa MHTepNoNALMA COeanNHAET
BbIOOPKM CUTHANA NPAMbIMU IMHUAMM, HO
TAKOW NoaxoA orpaHuyeH
PEKOHCTPYKLMEN CUTHANOB C NPAMbIMMU

KOTOPOM A1 3aN0/IHEHUSI MPOMEXKYTKOB
MeXKay peasnibHbiMM BbIBOpKamm
k PaCCYNTLIBAIOTCA AOMO/IHUTENbHbIE TOYKM.

. 100 y4yacTKamMMm.
MHycouaa, NnocTpoeHHad o e = ) R =
¢ noMoLLbio wHTeprionsim 90 / \\ + /]
o \\ /’/ *  WHTepnonauma «sin x/x» npeacraBnaert
FSUPSS SR SEPPLIRS: i o~ LSRRV OO cob0i MaTemMaTUYEeCKMUi1 NPoLece, B

Curycouna, noctpoerHas 4ol I
C MOMOLLBIO IMHENHOW
WHTEpronaLum

 CnepoBaTefibHO, MHTEPNOAALMA «Sin X/X»
bonee npeanoyTUTENbHA ANS
NPUNOXKEHWUN, TAe YacToTa ANCKPETMU3aLUN
npeBbIWaeT No0A0CY NPONYyCKaHUA
cuctemol oT 3 4o 5 pas.
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O6vem namamu (OauHa 3anucu):
obwuli (unu Ha KaHan unu Ha ocyunnozpammy)

3TOT NapaMeTp BbipaXKaeTca B KunobamTtax (kb),
merabanTax (MB) nnu rurabantax (F6). Mod oOHUM
6aiimom noHumaemcs 3HayeHue 00HO020 omcyéma o Amm = 03y il
(o0HOli moyKu) exo0Ho20 cuzHana, NoamMomy a) - T
UHO020a 06BEM NAMAMU 8bIPAXCAIOM YUC/OM '
mouex.

CHIrHAO

Ly

O6bEM namaTn LIO onpeaenaeT MakcMManbHyO CHFHAZ MoTepsH
ANVHY CUrHana, kotopyto O moxeTt 0) :

3aperncTpupoBaTtb, He NpepbiBad NOAyYeHUA - — ? —
OTCYETOB C MAaKCMMaAbHOWM YacTOTOM ANCKPETM3aLMN. »— mpouecc odpadorkn

Yem 6onblie 06bem namaTtu, Tem 6onblie TipuMeHnenne AnEHOl mavsa 125K

MHpopmaLmm 06 ncciegyemom NPOLLECCe MOXKHO B)

HaKOMMUTb B NaMATM N 3aTEM U3Y4YUTb €e MO YacTaAM J L L LI~
nnm obpaboTaTb cpeacTBaMu, BCTPOEHHbIMU B ———————
ocumnnorpad.
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Knaccel yugpossix ocyunnozpagos

Lindposblie 3anommHatowme ocumnnorpadsl (DSO — Digital Storage
Oscilloscope),

Ocunnnorpadsbl ¢ undposbim ntommHopopom (DPO — Digital Phosphor
Oscilloscope)

Ocuunnorpadbl cmelaHHbix curHanos (MSO — Mixed Signal Oscilloscope)

BupTyanbHbie ocuunnorpadsbl (ocumnnorpadsl Ha 6a3e MK, nam 1.H. USB-
ocumnnorpadobi)

Ctpobockonunyeckume ocumnnorpadsbl.

Ocyunnozpagsi c mexHonozueli X Stream Il (¢pupmei LeCroy)
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CmpyKmypHasa cxema yughposo20 3anomuHarouje2ocsa ocyunnozpaga
(DSO - Digital Storage Oscilloscope)

MNamaTte Mukpo- Mamate

BLIGOpOK NpoLEeccop oMcnnes

* OcHoBHoe oTanume LLO oT aneKTpoHHO-1y4YeBbIX ocumnanorpadax
3aK/1I04AEeTCA B TOM, YTO MITHOBEHHbIe 3HaYeHUA HaNPAXKeHUA
CHayvana nepesogAaTca B umdppoByto popmy («oumndpoBbIBAKOTCA») C
NOMOLLIbIO aHanoro-undposoro npeobpasosatena (ALM) un
3aMNOMMUHAIOTCA B UMPOBOM 3aNOMUHAKOLWEM YCTPOMUCTBE, NOCANE
yero obpabaTbiBaOTCA NO PA3/INYHBLIM aZITOPUTMAM U BbIBOAATCA Ha
3KpaH.

K UO oTHOCATCA Npmnbopbl, HEe NPOCTO MMmerLwme umndpoBbie CpeacTsa
(Hanpumep, MMKPOMNPOLLECCOPHOE YyrPaBAEHUE UIN BCTPOEHHbIE
LMbPOBbIE MYNBTUMETPbI), @ OcyLlecTBaAOWMe Undposoe
npeobpa3oBaHMeE aHANOrOBbIX CUTHA/M0B, UX 3aNOMMHAHNE B MaMATH
N BbIBOA, CUFHANOB, NpeAcTaBAeHHbIX B undpoBoun dopme.
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Ocuyunnozpag ¢ yugposbim ntOMUHOGPOPOM
(DPO - Digital Phosphor Oscilloscope)

M300paxeHna 3axBa4YeHHOr0 CUrHana ua 6askl JaHHLIX «LMppoBo-
ro NOMUHOGOPa» NePUOIMYECKA HAaNPABNAETCA Ha AMCnnenl Ges
npekpaLleHnd NpoLecca 3aXBaTa MCCNedyeMoro CUrHana.

Cxema
LUMDpoBOro
NOMWHOMOPa

Mukpo-
npousccop

1 - - - Martematvueckan o6paboTka CMrHANoB, NPpoLUEdyphLl M3MEpEHUS K
: OpraHbl YNpasneHus nepeaHei nadenin npubopa 0By MBanTCA
| MUKDOMPOLIECCOPOM NapannensHo ¢ paBoToi MHTErpPUDOBAHHOM
1
!

CHMCTEME! 38XBaTa 1 OTOE[}EEJKBHI-"IFI HHt:l}ODMEiLI,HM. !

_____________

B 3Toif TeXHOTOTHH HH(POBBIMH MeTOa-
MH HMHTHPYETCA CITOCOOHOCTh H3MEHATh HHTEHCHBHOCTh CBEUEeHHA JTHHHH
Ha 3KpaHe B 3aBHCHMOCTH OT INOBTOPAEMOCTH TPAeKTOPHH JIy4a. IPHCYIIAdg
TIOMHHO(OpaM Ha 3KpaHe aHaIOroBBIX ocHHIIorpadoB. JIHHHA OCLHIIO-
rpaMMBl Ha 3KpaHe [1O. noBTopAromasca MHOTO pa3 IPH MOBTOPHBIX H300-
pPakKeHHAX 3TOH OCHHIIOTPaMMBI. HMeeT CHIBHYI0 HHTEHCHBHOCTH. UeM
peke MOBTOPASTCA THHHA. TEM MEHBIYI0 HHTEHCHBHOCTD OHA HMEeT.
OCHOBHOE Ha3HaueHHEe TeXHOJIOTHH IH(POBOro TOMHHODOpa 3aKTHO-
YaeTCA B MOBBIMICHHH CTEIeHH BH3YaIH3allHH BCEX CHIHATIOB. B TOM YHCTIE
PEAKO H CIyYaiiHO MOBTOPAIOIIHXCA.
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Ocuyunnozpag c yugposbim ntOMUHOGPOPOM
(DPO - Digital Phosphor Oscilloscope) - 2

* DPO nepeBoauT B pacTpoBbln dopmat oumdppoBaHHble AaHHbIE O popme curHana B 6asy faHHbIX
«umndpooro ntommHodopa». CneyuanuzuposaHHsIl npoyeccop DPX npeobpasyeT ounppoBaHHYHO
OCLMNNIOTPAaMMY B AMHAMUYECKYIO TPEXMEPHYIO 6a3y AaHHbIX, KOTOPYIO M Ha3blBalOT «LNMGPOBLIM
dochopom». Kaxkayto 1/30-yto gonto ceKyHabl M30bparkeHne, coxpaHeHHoe B 3Tol base,
NepeHoCUTCA CUCTEMOM OTObpaXKeHnA Ha aucnnen. Kaxkapi anemeHT 3Ton TpexmepHoi 6asbl
AAHHbIX cOOTBEeTCTBYET nNuKkcento aucnnea DPO-ocumnnorpada. Ecam curHan noasnaeTca B JaHHOMU
TOYKEe 3KpaHa 4YacTo, TO APKOCTb 3TOM TOUKM ByaeT 6onbliue, YemM Yy COCeAHMX TOYEK, KOTOPbIe
noAsAAtoTCA pexke. Takum ob6pa3om, Npm oTobparkeHMn ocUUANOrPaMMbl Ha 3KpaHe Npmbopa
NoABNAETCA HOBAA NepeMeHHasn, XapakTepuayoLw,as 4YacToTy NOSABNEHNA CUTHANA B 4AHHOM TOUYKe
3KpaHa. Ecav 3ameHnTb APKOCTHYIO LWKany LUBETOBOM LWKAN0oN, TO noAsaseTcA abPeKTMBHAA
BO3MOXHOCTb LBETOBOrO BblAENEHNA PEAKMUX aHOMANMN CMTHAN0B. TaKOW NpoLecc NpPAMOM pacre-
pU3aunmM AaHHbIX 0 POPME CUTHANA MU HEMNOCPEACTBEHHOE KONMPOBAHME M3 6a3bl AaHHbIX B NaMSATb
aucnaes, ycTpaHAeT HeAOCTaTOK, CBA3aHHbIN ¢ 06paboTKOM AaHHbIX, YTO NPUCYLLE NHObIM APYIMM
TMnam LIO. B pe3ynbTaTte Ha Ancnsiee MoxHO HaboAaTb «*KUBbIE» CUTHA/bI B PeaIbHOM BPEMEHMN.
Bce nx nogpobHoCTH, Nnepemerkatomeca cobbiTvA, AMHAMUYECKNE XaPaKTEPUCTUKN — BCE
PErnCTPUpPYETCA B peXKUme peasibHoro spemeHu. Mukponpoueccop DPO ¢yHKUMOHMpPYET Napa-
NIe/IbHO C MHTErPUPOBAHHOM CUCTEMOW 3axXBaTa, OCYLLLECTBAAA YNPaBAEHNE OUCTISIEEM,
aBTOMATUYECKMMM NpoLLeaypaMmm U3MepeHUN K obliee ynpasneHmne npubopom. Takmum obpasom,
NPOM3BOANTENLHOCTb MPOLLECCOPA HE BAMAET Ha CKOPOCTb PErnCTPaLmm.

DPO

Kowrponnep

6Gazosbix
NamaTs BPeMEHHbIX
oTcueros MHTepBanos

Yeunurens —»  AUM )

Digital

e ’ Phosphor

Muxpo- ;
KOHTPONNEp YcrpoicTeo |
oTOGpaxeHnun ;
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Ocyunnozpagh cmewaHHbIX CU2HA08 CU2HA08
(MSO — Mixed Signal Oscilloscope)

Ocuunnorpad cmelaHHbIX CUTHANOB NpeacTaBaseT cobon umpposon ocunnnorpad co
BCTPOEHHbIM NOTMYECKUM aHA/IU3ATOPOM. JTO no3BonAeTr Ha6fll-0,£l,aTb aHaNoOroBbln CUTHaN
MCNONb3YH0 CUHXPOHW3ALMIO MO 3HAYEHUIO HA UMPPOBON WIMHE AN UNDPOBOM CUTHAN
MCMNOb3YA CUHXPOHM3ALMIO MO aHa0roBoMy npotieccy (T.e. coyetaet B cebe GyHKUUMU
uugpoesozo ocyunnopaga u 102U4eCcKo20 aHanAU3amopa).

Ocumnnorpadbl cMelwaHHbix curHanos (MSO) coyeTatoT XxapaKTepUCTUKM ocumnnorpados ¢ LnMppoBbIM
nommnHodpopom (DPO) ¢ 6a30BbIMU DYHKLMAMM 16-KaHAbHOFO NOrMYECKOro aHanM3aTopa, BKAOYan
BO3MOXHOCTb AEKOANPOBAHMA NPOTOKO/a NapanfefbHbix/NocneaoBaTeNbHbIX WWH M 3anycka No CUrHanam
3TUX WWH. Lugpossie kaHanbl MSO, nodobHo nobol no2u4yecKol cxeme, 8u0AM yugposol cu2HaAs, KaK
nocsnedo8amesnbHOCMb BbICOKUX U HU3KUX /102UMECKUX YpOoBHel. ITO 3HAYMT, YTO NOKa 3BOH, BbIOPOCHI U1
CKAUYKM HaNpAXKeHMA NUTaHMA He Bbi3blBAKOT IOFMYECKUX NEPEXOAOB, 3TN aHanoroBble 3¢pdeKkTbl B MSO He
YUYMTbIBAKOTCA U HA 3KPaHe UX He BUAHO.

Mogo6bHO Nnornyeckomy aHann3aTopy, ANA onpeaesneHns BbICOKOro AN HU3KOTO IOFTMYECKOro YPOBHA CUTHaNa
MSO ucnone3zyem nopozosoe HanpaxeHue. MSO oyeHb yaobeH ana 6bicTpolt 0TnaaKu UMOPOBbIX CXEM,
npeanaras pasHoobpasHblie GyHKLMM 3anyCKa, PETMCTPALLUIO C BbICOKMM pa3peLLleHnem 1 cpeacTsa aHaaumsa.
OAHOBpPEMEHHDIN aHa/M3 aHANOroBbIX U LMPPOBbLIX CUTHAIOB, NO3BOAAET ObICTPO BbIABAATL OCHOBHbIE
NPUYMHBLI MHOTMX Npobiem, npespatas MSO B naeanbHbl NPMGOP 418 NPOBEPKMU M OTNaAKM LUPPOBbIX
cXxem.

¥poeeHE Noporoeoro
Norwyeckan 1 i HanpAxeHHA Bnop.

Norvyeckuin n ----
aHa"H3aT0p OrHYeCKHA O

Uncdposoin | |
ocuyunnorpadg |
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BupmyanbHbie ocyunnopageol

gl S

BupTyanbHbIn ocumnnorpad
VDS2062

MoryT 6bITb Kak BHeLWHMM npmubopom ¢ USB nau
napannenbHbiM NOPTOM BBOAA-BblBOAA AAHHbIX,
TaK U BHYTPEHHUM A0NONHUTENBHBIM NPpUbopom
Ha ocHose PCl nnun ISA kapTt. lNporpammHoe
obecneyeHmne n0bHOro BUPTYasIbHOTO
ocumnnorpada AaetT BO3SMOXKHOCTb MNOJHOIO
ynpaB/ieHna npnbopom, a TaKkKe npeaocrasndaeT
PAL CEPBUCHbBIX BO3MOXKHOCTEN, HAaNnpumep,
3KCNOPT-MMMNOPT AAHHbIX, MAaTEMATMUYECKaS
0b6paboTKa CUTrHANOB, paclUMpPEHHble
n3mepenus, umpposaa dGuabTpauua m T.A4.

Pa3nunyHble cepumn ocumanorpados Ha 6ase MK moryT ncnonb3oBaTbca A1 O4YEHb
LLMPOKOrO CNEKTPA USMEPEHMUIN, KaK B Pa3/IMUYHbIX 06/1aCTAX PaANO3/IEKTPOHMUKM,

TaK U B CMEXHbIX 06/1aCTAX XU3HeAeATeNbHOCTU YenoBeKa. OHM 06/1a4a10T OYEHb
BbICOKMMM 3KCNAYaTaLMOHHbIMU XapaKTEPUCTUKAMU N SABNAIOTCA a/ibTepPHaTUBOM

TpagnymoHHoim LI30.

11.09.2020
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Llugpoebie cmpobockonuyecKkue ocyunnozpaghol

Takume UO cTpoAaTt TpaHcdopmMmMpoBaHHOE NO
BpemeHu (pacTaHyToe) nsobparkeHmne Ha
OCHOBE OTCYETOB M3 Pa3HbIX Nepruoaos
nccnegyemoro curHana (co caBurom oTcyeToB
OT Nepuoaa K nepnoay Ha BeNYUHY OA4HOro
wara At).

MonyyeHHoe n3obpaxkeHne, NpeacrasaaoLee
cobou ormbatouLyto BbiIbpaHHbIX OTCHETOB
BXOAHOrO CMrHana, nosTopsaet ero popmy. Ho
ANNTENbHOCTb NPeobpa3oBaHHOIO CMTHANA BO
MHOTFO pa3 NpeBblWaeT ANUTENbHOCTb
nccaeayemoro CUrHana, T.e. NpouncxoauT
CXaTMe ero CrneKkTpa, YTo SKBMBANNEHTHO
pacLMpPEHMNIO NONOCHI MPOMNYCKaHMA
ocumnnorpada.

CambI KpynHbIN HeAOCTATOK N0ObIX
cTpoboCcKoNUUeckux ocumnnorpados: OHU
MOryT 0TO6paKaTb TOIbKO Nepuoanyeckmne
CUTFHAbl C MHOYKECTBOM MOBTOPSAIOLLMXCA
nepuoaoB, HO He MOryT UCCNea0BaTb OA4HO-
KpaTHbIE U peaKo NOBTOPAOLMECA NPOLLECCHI.

 J

Undposon ocumnnorpad-sBogHaA npeseHTauma
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MpumeHeHue LJO 0158 amnaumyoOHbIX U 8pemMeHHbIX usmepeHull

AMnaumyoOHbie usmepeHus — 3T0 N3MEPEHNE TaKUX aMMNANTYAHbIX NAapaMeTpoB
BXOZHOTFO CUTHaNa, Kak MaKCMMabHOE 3HAaYEeHNE, MMHMMA/IbHOE 3HAYEHUE,
NOCTOSIHHAA COCTaBAAIOLLLAA NEPUOANYECKOrO CUTHANA, MMKOBbIE OTKIOHEHUA BBEPX U
BHU3, BbIBpOCHI, CpeaHEKBAAPATUYECKOE 3HAUYEHME N ApYyruUe.

BpemeHHbIe uamepeHuUs npeaHa3Ha4YeHbl 419 U3MEPEHUN TaKUX BPEMEHHbIX
napamMeTpoB CUrHaNa, KaK YacToTa, Nnepuoa, ANNTeNbHOCTb MMMY/IbCHOrO CUrHana no
334aHHOMY YPOBHI0, ha30Bble CABUMM, BPEMA HapacTaHWUA U cnaga v aApyrue.

Kpome mozo, coepemeHHbie LJO mo2ym usmepames HeKomopbsie napamempei,
rnpou3eoo0Hble om amnaumyobl U 8pemeHuU, Hanpumep: NAOWaAb CUTHaNA UK
NAOLWaAb CUTHANA B KBaAapaTe (YTO NPUMEHUTENBHO K MMMYAbCHOMY CUTHaNy
onpeaenaeT ero SHepPruio); ocyLecTBnATb 6e3pasmepHble BUAbl U3MEPEHUN,
Hanpumep: NoACYET YMCNA LUe/bIX NEPMOL0B CUTHA/A B 3a4aHHOM UHTEPBA/ie BPEMEHMH,
YMCNa TOYEK ANCKPETM3ALMM HA BCEM 3KPAHE MU HA 3a4aHHOM Yy4acCTKe CUrHana,
4Ymcna NUKOB HA FTMCTOrPaMMe U TaK aanee.

B LJO mak »ce umeromca crneyuanu3uposaHHble sudbl usmepeHuli, npeaHa3HaYeHHble
ANA U3MepeHnsa napameTpoBs cneunduruyeckux yCTPOMCTB NN PEXKUMOB, HANpUmMep, —
NnapameTpoOB MOLLHOCTM 3/1EKTPUYECKOrO CUTHaNa, NAapPaMeTpPoB CUCTEM
nocnefoBaTeNbHOM Nepeaayn AaHHbIX, MapamMeTpPoB AUCKOBbLIX MW ONTUYECKUX
NPMBOAOB, AXXUTTEPA U Apyrue. Bce 3TU cneumanbHble BUAbl U3MepeHu basupytorca
Ha pe3y/bTaTax U3MepeHUa aMnJaNTYAHbIX U BPEMEHHbIX MapamMeTpoB CUrHaaa.
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[MoepewHOCMU u3mepeHUs AMNAUMYOHbIX Napamempos
cuc2Hanoe ¢ nomouwbro LUO

[lorpelwHOCTb U3MepeHna aMnanTyaHbIX NAPaMeTPOoB onpeaenAeTca Tem, YTo B
bonblinHcTBe coBpemeHHbIx LIO ncnonbaytotca 8-6utHble AL, yto gaet
TeopeTNYeCcKyo OTHOCUTE/IbHYIO NOrPeLIHOCTb U3mepeHus, pasHyto 1/28 = 0,4 %.

C y4eToOM HEIMHENHOCTU BXOAHbIX ycunauTteneum, HeamHenHoctm ALLM,
TemnepaTypHoro apenda, NorpewHoCcTM KoapduumeHTa yCuaeHmna BXoaHbIX
YCUNUTENEN U T.A4., NOTPELIHOCTb N3MEPEHUA MOCTOAHHOIO HANPAXKEHUA
cocTaBnaeT nopagKka 3 % . 310 4OCTAaTOYHO H6ObLLIOE 3HAYEe-HME NMOrPELLHOCTH
N3MepPEHUS, TaK Kak 0bblYHO LMdpPOBbIE BO/IBTMETPbI 06ecneymBatoT NOrpeLwHoOCTb
N3MepeHnA NOCTOAHHOIo HanpaxXeHua meHee 0,1 %.

MorpewHocTtb LUO npu anddpepeHumnanbHbiXx U3SMEPEHMAX HANPAKEHUS
(amnanTyabl) NnepemeHHbIX CUTHa/I0B COCTaBAAET BenndnHy nopsaka 1,5 %. Ho
eC/I NPUHATb BO BHUMAHME, YTO AMana3oH nHenHocTn A4X 6onblUMHCTBA
cospemeHHbIX LLO coctasnaet nopaaKa 0,7 oT 3Ha4YeHUA NOAOChI NPONYCKaHUA
(apocturatowen aecatkos IMU) To aarke Ha YacToTax okoso 1 Iy, undposble
ocumnnorpadbl COCTaBAAKT KOHKYPEHLMIO BONbTMETPAM NEPEMEHHOIO TOKa UN
N3IMEPUTENAMM MOLLLHOCTU, MUMEIOLLMM NOrpeLwHOCTb nopaaKka 3 %.

Kpome Toro, ocumnnorpadbl CnNOCOHOHbI NPOMU3BOAUTD USMEPEHUSA
CpeAHeKBaAPaATUYECKOro 3HAYEHUA HANPAXKEHUA CMTHana Ntoboi popmsl, a
0ObIYHbIE BbICOKOYACTOTHbIE BO/ILTMETPbI NEPEMEHHOIO TOKA — TO/IbKO CUrHana
CUHycouaanbHom popMbl (T.K. Yalle BCEro OHM UCMOAb3YIOT MUKOBbIE AETEKTOPbI).
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lMo2pew HOCMU Uu3mepeHUA epeMeHHbIX Napamempoes
cu2Hanoe ¢ nomouwjbro LUO

N3mepeHna BpemeHHbIX NapameTpoB ¢ nomouwbio LUIO — 3TO o4eHb TOYHbIE
aBTOMAaTUYECKNE N3MEPEHNA O4eHb BoNbLIOro Habopa NapameTpos.

LUndposbie ocumnnorpadbl obecneymBatoT OTHOCUTENbHYHO NOrPELLIHOCTb
N3MEepPEHUA 3TUX NapameTpos nopaaka 10~ (T.e. 10 ppm) nam 0,001 % n
MeHee (B TO BpeMs, KaK Jydlline 3Kk3emMnaAapbl aHa/10roBbIx ocuuanorpados
MMEIOT NOrpeLwHoCTb n3mepeHus scero 1,5 %).

ABCONOTHAA NOrPELHOCTb U3MEPEHNA BPEMEHHbIX NapameTpoB (AT)
umdposoro ocumnnnorpada moxKet bbiTb BbipaxkeHa Gopmyon:

AT = +(T,, +1/ F+ T,)

rae T, — NOrPeLIHOCTb YCTAaHOBKM qaCTOTbI onopHoro reHepatopa; F,
4acToTa ONCKpeTU3aumn; T, — COBCTBEHHDIN AXNTTEP ocu,mnnorpacba

CoBpeMeHHbIe TEXHONOTUN INEKTPOHHbIX 3N1EMEHTOB Aat0T BOSMOMKHOCTb
NPUMEHEHUA B ocumnnorpadax onopHbIX FrEHEPATOPOB C MOrPELLIHOCTbIO
ycTaHOBKK meHee 10° (T.e. 0,0001 %) B roa, 4To Npu YacToTe reHepaTtopa 1
Ml naéT BennYnHYy HecTtabunbHocTu B 1 nc, a npm yactote 1 My, — B8 1000 pas3
MEHbLLE.
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Mocm-06pabomka pe3ynomamoe usmepeHus

Lindposble ocumnnnorpadbl CNOCOOHbI XpaHUTb 6ONbLLIOK MaccMB AaHHbIX (OTCYETOB). ITOT Maccus
AaHHbIX MOXKHO NpeacTaBasTb B rpaduyeckom sBmae, obpabatbiBaTb METOAAMM MAaTEMATUYECKOM
CTaTUCTUKM U BbIBOAUTb Pe3yNbTaTbl CTaTUCTUYECKON 06PpabOTKM, COXpaHATb B BUAE $alioB AaHHbIX
A5 3KCNopTa B APyrve nNporpammHbie NPUAOKeEHUA onepaunoHHol cpeabl Windows. Bce aTo gaet
nosib3oBaTento 6onblMe AONONAHUTE/IbHbIE BO3MOXKHOCTM MO aHaNMU3Yy CUTHANa.

L|O umerom 803MOXHOCMb hOPMUPOBAHUA U3 MACCUBA OGHHbIX PA3HbIX 2paUKO8 — 2pauKa
criexceHus, mpeHoda, 2ucmoapammel U op.

Ipaguk cnexceHusa npeacrtasnaet cobor GyHKUMIO, B KOTOPOM FOPU30HTaIbHaA ocb (0Cb X)
npeacTaBnaet coboit BpeMeHHY 0Cb, MOJIHOCTbIO COBMAAAtoLLY C BPEMEHHOH OCbO PAa3BEPTKM,
a no ocn Y (BepTMKanbHOM OCK) pacnonaratoTcsa 3HaYeHUA pe3ynbTaTta M3MepeHnsa 3a4aHHOro
napameTpa. B pe3ynbraTe 3TOro nosyyaerca BpeMeHHON rpapuk n3ameHeHu BbiIbpaHHOro
napameTpa B npeaenax o4HOW pa3BepTKU ocumanorpada.

TpeHO — 370 rpaduk, npeacTaBaaoWmMn cobo PyHKLUMIO, B KOTOPOI FOPM30HTaIbHaA ocb (ocb X)
npeacTaBaseT ocb Homepa nsmepeHunsa — 1, 2, 3, 4,...n, (3Ta ocb He CBsi3aHa C BPEMEHHOIO OCbHO
pa3BepTKM ocumnnorpada), a no ocn Y (BepTUKaAbHOM OCK) pacnonararoTcA 3Ha4YeHMs pesynbTaTta
N3MepeH 1s BbIbpaHHOro napameTpa.

lucmoepamma. C TOUKM 3peHuns rpadmnyeckoro n3obparkeHunsa ructorpamma — 3T1o rpadpuk B Buae
CTONOUKOB, BbICOTA KOTOPbIX NPONOPLUMOHA/IbHA CTeNEeHM NOBTOPAEMOCTU AaHHbIX N3 60NbLIOro
MacCMBa, NOMNaBLUMX B YKa3aHHble AMana3oHbl 3HaYeHun. B cnyyae LUO maccuBom BbiCTynaeT
MacCcuB JaHHbIX U3MepPeHMa BbIOpaHHOro NapameTpa.

LIO B ponu aHanu3aTopa cneKTpa: BbluNCAEHNE CMEKTPOB CUrHANO0B MO aITOPUTMY AUCKPETHOro
npeobpasoBaHua Pypbe (Yalle Bcero — 6bICTPOro).
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lMpumep oucnnesa LJO ¢ peayaemamamu usmepeHuli:
OCYUMN02PAMMbI, 2UCMO2PAMMbI AMNAUMYOHO20 U 8peMeHHO020
pacnpeodeneHus

(T I0C)

Lindpposoit ocumnnorpad-sBoaHas
npeseHTaLms
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List of Standard Measurements-1
(mabnauusi usz WaveRunner 6 Zi/HRO Oscilloscopes Operator's Manual)

11.09.2020

rement D |31]0I'I Duration of pulse waveform's falling transition from 90% to 10% of the amplitude averaged for
] R ) ~ Fall ime all falling ransitions between the measurement gates. On signals not having two major levels
. MEES'UFEE the difference betwean upper apd lf:mer levels in two-level signals. Differs ﬁ_'nm p!:pk (fall) (riangle or saw-tooth waves, for example). top and base can default 1o maximum and minimum,
Amplitude in that noise, overshoot, undershoot, and ringing do not affect the measurement. Amplitude is giving less predictable results
(ampl) calculated by using the formula Top — Base. On signals nothaving two major levels (such as ri-
angle or saw-tooth waves), the amplitude parameter retums the same value as peak-to-peak. r'" lﬂ level: Duration of pulse waveform’s falling edges b pecified
evels
Area Integral of data. Computes area of the waveform relative to zero level. Values = zero contribute Tree [Romons [ Lowar [Tpper | Datar
positively to the area; values <zero, negafively. L | U
FaliQievel 1 Go | 1% | %% ] 0%
B} ) ) - ) (fall@iv) e
Lower of two most probable states (higheris top). Measures lower level in two-level signals. Dif- thper | Hgh [55% | 3% | 0%
Baze fers from min in that noise, overshoot, undershoot, and ringing do not affect measurement. On Threshold arguments specfy two vertical values on each edge used o compute fall tme.
signals not having two major levels (such as triangle or saw-tooth waves), the amplitude para- lower = lower thresh. x amp/100 + base
meter retums the same value as minimum. upper = upper thresh. x amp/100 + base
BitRate Bit rate of serial data stream First Indicates value of horizontal axis atlef cursor.
Period of I red as ime betwee: the: f 50% cros: Start
Cycles Debennineslljum berof cycles of a periodicf wwe‘ﬁ:rm lying .h.eween CUPSOrs. FI!'Et cycle begins (F':m,uﬂw ‘:m ﬁr: 2 s-g::"n::w o mo‘ga‘ 7::::0: is :r:‘:s:nd for n;u':::smm :g,
cycles) at first transition after the left cursor. Transition may be positive- or negafive-going. q The reciprocal of each period tis as the feq Y
Time from trigger to ransition: Measures ime between fngger and first 50% crossing of spe- Freq@level Period of cyclic signal measured as tme between every other pair at the specified level. Stan-
Delay cifies signal. Delay can be used to measure the propagafion delay between two signals by trig- (freq@iv) ing with first after left gate. The period is measured for each transition
gering on one and determining delay of other. pair. The reciprocal of each period measurement is calculated as the frequency.
Delta Delay Comp fime between 50% level of two sources. EWHM Measures the width of the largest area histogram peak at half of the populationof the highest
{ddelay) pRak
R FWax Measures the width of the largest area histogram peak at xx% of the populaton of the highest
Dperiodi@ievel Adjacent cycle deviation (cycle-io-cycle jitier) of the peried measurement for each cycle in a peak
dpen@iv eform. The refes leve| for thi t be cified.
(dper@iv) waveform. The rence level for this measurement can be spe oTe—— Haltpasodota waretrn
Dtime@lievel Computes the §me between transitions of the selected sources at the specified levels. Only pos- (hper)
(de@iv) itive going ransitions are counted. Hist ampl Difference in vaiue b the two most pop peaks in a histogram
hampl
Dirig Time: Time from last trigger to this frigger (hamel)
(drig) Histbase Value of the lef-most of the two most populated histogram peaks
For single sweep waveforms, dur is 0; for sequence waveforms: ime from first to last segment's Hist max pop Peak with maximum population in a hisogram
Duration trigger; for si_ngle segmenis ufsequenuewauefnrrps: fime from pn_!\rious segment’s to current Hist maximum Value of e highest (right-most) populated bin in a histogram
(dur) segment's igger; for waveforms produced by a history function: ime from first to last acow-
mulated waveform's trigger. Hist mean Average or mean value of data in a histogram
Duty Cycle Percent of period for which data are a or below the 50% level ofthe signal. Hist median Value of the ' axis of a histogram that divides the population into two equal halves.
Hist minimum Value of the lowest (left-most) populated bi hi
Duty@level Percent of period for which data are above or below a specified level. e ical aradsa - coloid s o
(duty@iv) Hist mode Position of the highest histogram peak
Dwidthi@ievel Difference (delta) between adjacent widths above or below a specified level. Hist pop@x Population at bin for specifed honzontal coordinate.
Hist
Edge@level MNumber of positive edges in waveform that cross the specified threshold lewel. ko Caloiates rnoe (mkmin of & hiskogea
(edge@hv) Histrms Root mean square of the values in a histogram.
Edge to Edge Delta time between some edge on the first source to some (other) edge on a second source. Hist sdev Standard deviation of values in a histogram
Dwration of pulse waveform's falling fransition from 80% o 20% of the amplitude averaged for Hatkp Value offhe right-most of the two most populsted histogram peaks.
Fall 80-20% all falling transitions between the measurement gates. On signals not having two major levels Hist X@peak Value of the nth highest histogram peak. You supply the value of n
(fall20z20) (triangle or saw-tooth waves, for example), top and base can default to maximum and minimum,
giving less predictable results. Hold Time Time from he clock edge © the data edge.
Last Time from trigger 1o last (nghtmost) cursor.
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List of Standard Measurements-2

(mabauusl uz WaveRunner 6 Zi/HRO Oscilloscopes Operator's Manual)

Dwuration of pulse waveform's rising transition from 10% to 80% of the amplitude averaged for
all rising transiions between the measurement gates. On signals not having two major levels

P Rise Time
Measurement Description (triangle or saw-tooth waves, for example), top and base can default to maximum and minimum,
Level@Xx Gives the vertical value at the specified x position. f the x position is between two points, it giving less predictable results.
(@) gives the interpolated value. When the Nearest point checkbox is selected, it gives the vertical Duration of pulse waveform's rising edges between user-defined transition levels. Threshold
value of the nearestdata point Rise@level arguments specify two vertical values on each edge used to compute rise time:
MATLAB param Custom MATLAB funcion that produces a measurement Requires XDEV option to edit func- (risegiv} lower = lower thresh. x amp/100 + base
P tions through the oscilloscope GUIusing MATLAB Saript. upper = upper thresh. x amp/100 + base
Maximum Measures highest peint in waveform. Unlike top, does not assume waveform has wo levels. Raoot Mean Square of data (betwaen gates) calculated using the formula:
(max)
Mean Average of data for ime domain waveform. Computed as centroid of distribufion for a histogram RMS
of the data values.
Median The average of base and top values. Where: vi :Ienmu?s measured sar.nple values, and M = number of data points within the periods
found up to maximum of 100 periads.
Minimum Measures the lowest pointin a waveform. Unlike base, does not assume waveform has two
(mim} levels. Setup Time from the data edge to the clock edge.
MN-cycle Jitter Peak-to-peak jitter between edges spaced 1 Ul apart. Skew Time of Clock2 edge (nearest to Clock1) minus time of Clock1 edge. "Clock® refers o specified
N " edge and level of any two sources, data signals included.
MBPhase Provides measurement of the narrow band phase at a specific frequency of the waveform.
. R Slew Rate Slew rate or local dVidtin a transiton zone
MEFower Provides measurement of the narrow band power at a specific frequency of the waveform. (slew)
None Disables parameter calculation . _
Standard deviation of the data between the measurs gates using the formula:
Hum Points Mumber of peints in the waveform between the measurement gates. PR
{npoints) LN - 4
Std Dev NZ‘ (v, = meen )
Amount of overshoot following a falling edge. This is represent=d as percentage of amplitude. (sdev) t=1 ) ) - .
COwershoot- Owershoot- is caleulated using the formula (base - min_Jampl » 100. On signals not having two Where: vi denotes measured sample values, and N = number of data points within the periods
major levels (riangle or saw-teoth waves, for example), may not give predictable results. found up to maximum of 100 periods. This is equivalent to the rms for a zero-mean waveform.
- — - — Also referad fo as AC RMS
Amount of overshoot following a rising edge specified This is represented as a percentage of
Overshoott amplitude. Overshoot# is calculated using the formula (max. - toplampl x 100. On signals not Difference between the measursd times of crossing a given slope and level and the ideal
having two major levels (friangle or saw-tooth waves, for example), may not give predictable expected ime. For Slope you can choose positive, negative, or both. For cutput units you can
results. TIE@level choose time or unit interval (U1). A unitinterval equals one clock period. The Virtual Clock setup
Feak o Peak Difference between highest and lowest points in wavefarm. Unlike ampl, does not assume the (tie@iv) gives you a choice F’f Standard (1.544 MHz) or Custom ref%rence clocks. You can 3|5.° use 3
(pkpk) waveform has two levels. Peak to peak is caleulated using the formula maximum — minimum_ malmemb?”ﬁ”\' derived Golden PLL to filter low frequency jitter. The cutoff frequency is user
selectable.
Feaks Mumber of peaks in a histogram.
- Time@level Time from trigger (=0) to crossing at a specified level.
Percentile Horizontal data value thatdivides a histegram so the population to the left is xx% of the total. (time@Iv)l
(ped)
R . R R - " Higher of fwo most probable states (base is lower). Measures higher level in two-level signals.
) The time between every other pair of 50% crossings. Starting with first transition after left meas- Dii'lg"ers from maz in :1.!.1 noise overs{hnm. undershz:-c-t. and rin irlg do not afect measurergne-nl.
Period urement gate, period is measured for each transifion pair, with values averaged to give final res- Top . R ' N ging N
ult. On signals not having two major levels (such as fiangle or saw-tooth waves), the amplitude
parameter returns the same value as minimum.
Period@level The time between every other pair of at the level specified. Starting with first transition after left - -
{per@iv) measurement gate, period is measured for each fransition pair, with values averaged o give Total Pep Total population of a histogram.
final result (totp)
Phase Fhase difference between signal analyzed and signal used as reference. Both signals are Width of cydic signal determined by examining 50% crossings in data input. If first transition
measured from the 50% point of their rising edges. after left cursoris a rising edge. waveform is considered to consist of positive pulses and width
Duration of pulse waveform's rising transition from 20% to 80% of the amplituds sveraged for Width the time between adjacent rising and falling edges. Conversely, if falling edge, pulses ars con-
Rise 20-80% all rising transifons between the measurement gates. On signals not having two major levels 5“_19"“' negative and width the ime between adjacent falling and rising edges. For both cases,
(rise2020) (friangle or saw-tooth waves, for example), top and base can default to maximum and minimum, widths of all waveform pulses are averaged for the final result
giving less predictable results. Widthi@level Width measured at a user-specified level.
(weid{Ev)
WidthiN Time of cyclic signal determined by examining 50% crossings in data input The widthM is
[widn} measured from falling edge o rising edge.
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List of the math standard Operators-1

(mabauusi usz WaveRunner 6 Zi/HRO Oscilloscopes Operator's Manual)

Operator

Absolute

Definition

For every point in the waveform the distance away from zero is calculated. Forvalues greater
than zerg this is the same as the value. For values less than zero, the magnitude of this value
without regard to its sign is used.

Average

Calculates either a summed or continuous average of a selected number of sweeps. See Aver-
aging Waveforms. The maximum number of sweeps is determined by the oscilloscope model
and memory.

Copy

Copies waveform in its unprocessed state to the first available memory location.

Cormelation

Calculates a measure of similanty of two waveforms, or a waveform against itself, as a function
of a time-lag applied to one of them.

Dervative

Calculates the derivative of adjacent samples using the formula:
{mext zample value — current zampie value) / (honzontal zample inferval)

Deskew

Shifts trace in time the amount of the deskew factor.

Difference

For every point in the waveform, the value of Source2 is subtracted from the value of Source1.
Source i and Scurce2 must have the same horizontal units and scale and the same vertical
units.

Envelope

Calculates highest and lowest vertical values of a waveform at each horizontal value for a spe-
cified number of sweeps.

ERes

Applies a noise reduction and smoothing filter by adding a specified number of bits. See
Enhanced Resclution.

Calculates the antilog to the base e of the source; that is, e raised to the power equal to the
source.

Exp10

Same as Exp. using base 10.

FFT

Computes a frequency spectrum with optional Rectangular, Von Hann, Flat Tepp, Hamming,
Blackman-Harris, and Hanning windows. Calculates up to 128 Mpts. Also allows FFT Aver-
aging through use of a second math operator. See FFT.

Floor

Calculates the lowest vertical values of a waveform at each horizontal value for a specified num-
ber of sweeps.

Hisfogram

Plots the number of data points that fall into stafistically significant intervals or bins. Bar height
relates to the frequency at which data points fall inte each interval/bin.

Integral

Calculates the lineary rescaled integral (with muliplier and adder) of a waveform input starting
from the left edge of the screen using the formula:

{current sample value + next zampie value) * (honzonfal zample interval)

Each caleulated area is summed with the previous sum of areas. The multiplier and adder are
applied before the integration function.

Interpolate

Inserts points between sampled points (upsamples) according to one of three algorithms: Lin-
ear (straight line), Sing (curved), and Cubic (spine). Interpolation factor of 2 to 50 determines
number of points in the upsample.

Invert

For every pointin the waveform, the inverse of that point is calculated.

11.09.2020
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List of the math standard Operators-2

(tabnunupbl 3 WaveRunner 6 Zi/HRO Oscilloscopes Operator's Manual)

11.09.2020

Operator Definition

Ln Peforms a natural log of a waveform. WValues less than or equal to zero are set to underflow.

Logi0 Performs a log base 10 of a waveform. Values less than or equal to zero are set to underflow.

Matlab math FProduces a waveform using a custom MatLab function. Requires XDEV option to edit funciions
through the oscillescope GUI using Matlab Script

Phistogram Creates a histogram based on the displayed pixels of a parsistence map falling within a user-
defined vertical andlor horizontal box (slice). The source frace must have Persistence tumed
"an."

Product For every point in the waveform, the value of Source1 is multiplied by the value of Source 2.

Source1 and Source2 must have the same horizontal units and scale.

Ptrace mean

Plots the mean value of each sample pointin a persistence map. The source trace must have
Persistence turned "on."

Ptrace rangs

Generates 3 waveform with a width derived from the population range of a persistence map.
The source trace musthave Persistence tumed "on."

Ftrace sigma

Generates a waveform with a width derived from the sigma (sum) of a persistence map. The
source trace must have Persistence turned "on

Ratic For every point in the waveform, the value of Source is divided by the value of Sourcel.
Source1 and Source2 must have the same horizontal units and scale.

Reciprocal For every point in the waveform the inverse is caleulated using the formula:

1/ (sample valus)}

Reszcale For every point in the waveform the sample value is multiplied by the specified multiplier and
then add to with the specified adder. See Rescaling and Assigning Units.

Roof Calculates the highest vertical values of a waveform at each horizontal value for a specified
number of sweeps.

Segment Selects one segment from a source waveform to place in a sequence waveform. Used in
Sequence sampling mode.

Simxulx Performs 10-i2-1 interpolation using a Sin(x)x filter.

Sparse “Thins,” or decimates, an incoming acquisition by dropping sample points at regular intervals.
Sparsing factor specifies the number of points to drop between retained samples (e.g., factor of
4 retains 1 then drops 4). Sparsing offset specifies the peint at which io begin applying the
sparsing factor (e.g., offset of 2 begins count on the third sample (2), then drops the number of
samples specified by the sparsing factor (4).

Square For every point in the waveform, the square of the sample value is calculated.

Square Root For every point in the waveform, the square root of the sample value is calculated.

Sum For every point in the waveform, the value of Source1 is added to the value of Source 2.
Source1 and Source2 must have the same horizontal units and scale and the same vertical
units.

Track Generates 3 waveform composad of parameter measurements that is ime synchronous with
the source waveform. The vertical units are those of the source parameter value and the hori-
zontal units are seconds. Parameter values are posted atthe sampling rate.

Trend Produces a waveform composed of a series of parameter measurements in the order the meas-
urements were taken. The vertical units are those of the source parameter, the horizontal unitis
measurement number. The trend contains a single value for each measurement.

Zoom Producss a magnified trace of 3 selected portion of the input waveform. See Zooming Traces,
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CuHxpoHu3ayus (3anyck) ocyunnoepaga

*  CuHxpoHu3aums (3anyck) ocumnnorpada onpenenaet MOMEHT BpEMEHU, B KOTOPbIV ocumnnorpad
HauMHaeT 3axBaT CUrHana.

*  OcHOBHaA KoHUenuma GyHKLMK 3anycKa ocumanorpada 3akao4aeTcs B TOM, YTO YacTb BXOAALLErO
CUTHanNa noAaeTca B cxemy cpaBHeHuA. Koraa HanpsasKeHue curHana AocTuraeTt 3apaHee 3aaHHoro
COCTOAHUA 3aMycKa (Hanpumep, nepecekaeT NOPOroBbliiA ypOBEHb), HaUMHaeTcs cbop AaHHbIX.

*  [pu ncnonb3oBaHUM LMPPOBOro 3aMycka TO e camoe BbIMOIHAETCS NOC/ie aHanoro-undpoBoro
npeobpasoBaTens Ha yxe oundpPoBaHHbIX AaHHbIX. 3TO NO3BOAAET 4OOUTHCA OYEHb MAJIOrO
[XKUTTEPA TOYKM 3aMyCcKa M AaeT BO3MOXHOCTb BbIMOJIHEHUA 3aMyCKa BO BCEM NOI0CE NPONYCKaHUSA
ocumnnorpada. Mpu 3Tom AOCTYNHbI AOMNOJHUTENIbHbIE BO3MOYKHOCTU YNPaB/IE€HUSA 3aMyCKOM, Takue
KaK perysimpyembli rmcTepesmnc 3anycka.

*  PacwupeHHble GYyHKLUMM 3anyCcKa MOMOratoT HANTU HYXKHYI MHGopMaumio. 3anyck No 3a4aHHbIM
YC/IOBMAM MO3BO/IAET BbIAENUTb ONPeAeNeHHbIN Y4acTOK OCLIMANOTPaMMbl U OBHAPYKUTb
aHoMannu. PyHKLMM 3anycKka MOXKHO HAaCTPOUTb Ha CnewuyManbHble YC10BMA BO BXOAHOM CUTHANE,
obneryas, Hanpumep, ObHapy»KeHNe MMMNYNbCOB, AJIMTENIbHOCTb KOTOPbIX MEHbLLE 3aaHHOM
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Le Croy: moodenu cepuu WaveRunner 6 Zi

* [MamaTtb — 16 M6 Ha Kaxkabi KaHan (32 M6 B pexxnme obbeanHeHua 2
KaHa/10B) C BO3MOKHOCTbIO ONLMOHANbHOIO YBEANYEHUS AJINHDBI 3aNUCK
[0 64 M6 Ha KaHan (128 M6 B pexkume obbeagnHEHNA KaHANOoB),

* YacToTa ancKpeTmsauum ysenmyeHa go 40 Bbib/c (ana ocumnnorpados ¢
nonocomn nponyckanma 1 My, n Bbiwe).

* Wcnonb3oBaHue onepaunoHHon cpeabl Windows 7 1 noToKoBoOM
apxutekTypbl X-Stream |l no3BoAMA0 NOAYYNTL ObICTPbLINA OTKAUK
ocumnnorpada Ha MaHUNYAALUM OPraHOB YNPaBAEHMUA.

* Bonbwon BbI6GOP NPOOHMKOB U aKceccyapoB, PaclUMPEHHbIM
MHCTPYMEHTapPU aHan3a CUrHaI0B CUCTEM NMOCNe0BaTe1bHON
nepeaayun AaHHbIX
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LeCroy WaveRunner 6Zi:
BoicoKkasa ckopocmeb usmepeHusa u obpabomKu nomokxkosou
apxumeKkmypsol X-Stream |1

TexHonormna X- Stream aBnaeTca YyHMKaNbHOW pa3paboTKOM KOMNAaHUK
LeCroy 1 ncnonb3ayetcsa BO BCEX MOAENAX OCUMANOTPadOB, BbINYyCKAaEMbIX
OJAHHOW KOMMaHUEMN.

ApxutekTtypa X-Stream Il ncnonb3syeTt cermeHTbl OCUMINOTPAMM
nepemeHHOW AnHbI ANA NOBbIWeHNA 3PPEKTUBHOCTM KILW-NAMATL
npoueccopa. TpaauuMoHHbie uudpoBble ocumanorpadbl, KOTopble
oTob6parkatoT NOZIHOPA3MEPHbIe OCUMANOTPAaMMbl 32 OAMH npoxoa cbopa
AAHHDIX, BbIHYXAEHbI NN1aTUTb 3@ 3TO CHUXXEHUEM NMPON3BOAUTENbHOCTH
0bycnoBNEHHOMN YPE3MEPHO YNPOLLEHHOW apXUTEKTYpOn be3
33eNCTBOBaHNA BCEX PECYPCOB LEHTPabHOro npoueccopa. Kak
pe3ynbtaT — 310 B 10—-100 pa3 6onee bbicTpaa 06paboTKa AaHHbIX U
NnoBbilWeHWe bbiCTpoaenCcTBUA B LeoM. Takmum obpasom, ocumnnorpad
WaveRunner asnaetca 6onee bbicTpbim Npmn 06paboTKe 6onbLLKX
MaCCMBOB 3aMMUCEN, MONYYEHHbIX MPU MAaKCMMaANbHOM NaMATH, NO
CPaBHEHMUIO C ApyrMmu ocumnnorpadpamum.

BO3MOXHOCTU apxuTeKTypbl X-Stream || npeymHoXatoTcA
ncnonb3oBaHmem npoueccopa Intel® Dual Core™, BbICOKOCKOPOCTHOM
BHYTPEHHEeW WKnHou nepegaymn aaHHbix PCIE x 4, 64-pa3pagHon OC
Windows7TM u ysennyeHHow o 4 6 onepaTMBHOM NamsATblO.
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LeCroy: ob6pabomku nomokKoeol apxumekmypeoi X-Stream |l

BricTpan
CMOS namaTe Wl

10 Mu
SiGe ALIN

KpaeyronbHbl KaMeHb apXnTeKTYpbl NpoayKkToB LeCroy — npumeHeHue SiGe-TeXHONormi
B TEXHMYECKOM MOAENMPOBAHNMN, YTO NO3BONAET AOCTMUYb B ocumnnorpadax pekopaHbix
CKOpOCTEeN aHaN0roBo-uMdpoOBbIX OnepaLmii.

TexHonorma oCHOBaHa Ha TOM, YTO BXOAHOM CUTHAN MOCTYNaeT Ha KPEMHUN-TEPMaHMNEBBIN
AL (BbINONHEHHbIN HAa OCHOBE reTeponepexoaoBs, AaOLWMX CAMOE BbICOKOE
HbicTpoaeNCTBUE TPAH3UCTOPOB) U OUMPPOBLIBAETCA B PealbHOM BPEMEHMW C 4aCTOTOM A0
10 'BbI6/c. 3aTem curHan pasbmBaeTcs Ha NaKeTbl U XpaHUTbLCA B 6bicTpot KMOM-namsaTtu
TPaKTa OUNPPOBKMU.

[lo ABYM BbICOOCKOPOCTHbIM KaHaslamM CUTHaN U3 NnamATn nepegaetca B LU
(LeHTpanbHbIM NpoLEeccop), KOTOPbIN NPON3BOAUT HEODBXOAMMYIO MAaTEMATUYECKYHO
0b6paboTKy cnrHana v BbiBOA, €r0 Ha AUCNIEN.
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lMepedHsaa naHenb WaveRunner LeCroy WaveRunner 640Zi

BONbLWNHCTBO 31€MEHTOB
YNpPaBAEHMA HA NepeaHeEN
naHenun aybampyrot pyHKUUK,
AOCTYMHbIE Yepe3 CEHCOPHbIN
3KpaH. Bce py4kn Ha nepegHemn
naHenun paboTatoT KaKk Nnpu mx
BPaLLEHUN, TaK NPK NpU
HaXaTUWN UX KaK Ha KHOTKY.
KHOMKM Ha nepegHen naHenm
3aroparoTcs, yKasbiBas, Kakue
Tpaccbl U PYHKLUUN aKTUBHBbI.
[lencteua, BbiINONHAEMbIE U3
nepeaHAs NaHeNb BCeraa
NPUMEHAETCA K aKTUBHOM
KPUBOMN.

Trigger
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LeCroy WaveRunner 6Zi
Hossili ciocob Hasuzayuu - yrnpasasarouwee nose WavePilot

WavePilot o6ecneunBaeT 6bICTPLIN AOCTYN K PEXKUMAM KYPCOPHbIX
n3mepeHun, aekogmpoBaHua, WaveScan™, }KypHany npeabiCTopun,
LabNotebook™ v aHannsatopa cnektpa, 6aarogapa HaAnMuuLo
ropAYMX KNaBuLW Ha nepegHen naHenu ocunnnorpada.

MHOropyHKLUMOHANbHbIN PeryiaTop B BUae AKOUCTUKA
(SuperKnob) HaxoaawmMinca B LEHTPe YyNpaBAsIoLWEro nons
WavePilot no3BonseT nerko nepemewatbca no Tabaunue, ynpasnatb
MacwTabupoBaHMeEM M NO3ULMOHUPOBAHMEM OCLMANOTPAMMBbI, @
TaK e 6bICTPO AOKYMEHTUPOBATb M KOMMEHTUPOBATL BCE
NPOM3BOAUMbIE HAaCTPOMKMU.
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Le Croy WaveRunner 6 Zi :
lMpunoxceHue Lab Notebook («Mos 3anucHaa KHUXKA»)

Lab Notebook obecneunBaeT BO3MOXKHOCTb CO030aBaTb U COXPAHATb OTHETbI, JOKYMEHTUPOBATb
pe3ynbraTbl pa6OTbI; COXpaHeHNe BCEX OTO6pa)KaeMbIX ocumnnnorpamMmm mn HaCTpoek
ocu,vmnorpacba, n3basnas ot HeO6XOﬂ,MMOCTM MCNno/21ib30BaTb OTAE/IbHbIE MEHIO ANA 3aNUCKU BCEX
3TUX cbaﬁnos no OoTAEeNbHOCTW.

DyHKu WA Coxp:
; ' PaHUTL
ILOKYMPHW raeTe OAHUM NMPUKOCHOBEHWEM pes
: 3YNbTaTe pg Be;
ore@ry WaveRunner 6Zi TBPabOTLL  peyy 8T

STaTLy bPabg s
I

QOPMA CATHANA,

BonwT/men
Epemn/nen
AnNHHa NakMATH
Yacrora
AMCKpeTATAL/MA
Hzmepermna
MaTremaruia

”PHH N ( -

;KEETKMLH”MCK

YCTARHQEKW OCLUMNNOrPADA

YCNOBWUIA 3KCNEPUMEHTA

BOCI’IPOH:’.BED,EH e

USE!--VC".'?O'J‘.(.TEC {

£ W B

WAOA ZANNCHAR KHIAXEA

IKPAHHAR KOMWA
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LeCroy WaveRunner 6Zi
PacwupeHHble B03MOXHOCMU CUHXPOHU3AYUU

KombuHauma WMpoKo Nonockl NponyckaHma n 10 pasinyHbIX MHTENIEKTYaNbHbIX
BMAOB CUHXPOHM3ALMMN, YETbIPEX KAaCKaAHbIX BUAOB CUHXPOHMU3ALUMK, 3aNyCKa
Pa3BEPTKMU MO pesynbTaTaM U3MepPeHUin u pexxum Triggerscan — BCE 3T0
CTaHAApPTHbIM Habop cpeacTB, NO3BONAOWMX ObICTPO 0O6HaPYKUTb Npobaemy,
4Tobbl CPOKYCUPOBATHCA Ha NPUYNHE €€ BOZHUKHOBEHMUS.

HoBbIl peXnm CUHXPOHMU3ALUM - 3aMyCK PA3BEPTKU MO pe3y/ibTaTaM U3MEPEHUN
ABNAETCA MOWHOMN GYHKUMEN pernctpaumm cobbiTua, OCHOBAHHbIN Ha
onpeaenéHHOM U3MepPEHUN BbIBPaHHOIO NapameTpa ¢ 60/1bLIMM pa3peLLlEHUEM.

BbICOKOCKOPOCTHOM 3anycK NO AaHHbIM NOCNeA0BaTe/IbHbIX LUMH NO3BONAET
OCYLLLECTBAATb 3aMyCK NO Noc/aea0BaTe/IbHOCTAM Ha CKOPOCTU Nepegayn o 3
réut/c Ha annHe 80 6UT. MoNHbIN CNEKTP NocneaoBaTeNbHbIX MPOTOKON0B
BratovaeT: 12C, SPI,UART, RS-232, Audio (I12S, LJ, RJ, TDM), CAN, LIN, FlexRay, MIL-
STD-1553, SATA,PCle, 8b/10b, USB2 n mHorue apyrue.

Ocumnnorpadbl WaveRunner 6Zi nogaepxunBatoT NpoTOKON cTaHAaapTa LXI Knacca
C n obecneumBatoT paboTy co BCeEMM APYTMMU COBMECTMMbIMW aKceccyapamm
LeCroy, B TOM 4Mcae Norm4yeckumm npobHnkamm MS-32, MS-250 / MS-500, a Takxe
WHCTANNALUNIO BCEX AONO/IHUTENbHbIX MPOrPaMMHbIX ONUKUIN, paHee AOCTYMHbIX ANA
mopenen WaveRunner (WR Xi-A n WR MXi-A)



LeCroy WaveRunner 6Zi:
®yHKyuAa TriggerScan

TriggerScan ncnonb3yeT BbICOKOCKOPOCTHYIO annapaTHY BO3MOMKHOCTb
CXEMbl CUHXPOHM3aLUMKN C NOC/IECBEYEHNEM IKPAHA, YTOObI OTGUNLTPOBATL
TONbKO MHTEpecyoLwme CUrHanbl n obecnevynTb pesyabraT nomcka ao 100
pa3 bbicTpee, Yem Apyrue metoabl.

TpaANUMOHHbIE peXnmbl BbICTPOro o6HOBNEHUA 3KPaHa paboTatoT ayywe
BCEro Haj 4acTbiMU COBbITUAMMK, NPOUCXOAALLUMMN B HU3KOYACTOTHOM
CUrHane, B TO BpemMa Kak TriggerScan ABnaeTcA /Iy4lwmm CpeacTBoOm B
obHapyKeHnn peakunx cobbITUn B BbICOKOYACTOTHOM CUTHane. B
AONO/IHEHWE K aHA/IMTUYECKUM MHCTPYMEHTaM OOLLLEro NPMMEHEHMUA,
cneymnanmnsnpoBaHHble peleHna NPUMEHAITCA ANA NPOBEPKU CUCTEM
nocaenoBaTeIbHOM Nepeaayun AaHHbIX, Pa3paboTKN BCTPOEHHbIX CUCTEM,
UMPPOBbIX CUCTEM, aBTOMODOUNBHbBIX MPUNOKEHNI. DTU ONUMKN PACLLUUPAIOT
N3MEepPUTE/IbHbIE N AHANUTUYECKNE BO3MOKHOCTU CTaHAAPTHbIX PYHKLUN
ocumnnnorpados LeCroy n gononHatoT ytunutoel WaveRunner 6Zi, 8
COOTBETCTBUM C MEHAOLWMNMUCA NOTPEOHOCTAMM.



LeCroy WaveRunner 6Zi
Crneyuanu3upo8aHHsIe UHCMPYMEHMbI

* TonbKo ocumnnorpadol LeCroy NnONHOCTbIO
NHTErpmpyeT CTOPOHHME NPOrpamMmmbl B MOTOK
0b6paboTkun ocumnnorpada, No3BoNAA CO34aTb HOBbIE
N3MEPEHNA NN MAaTEMATUYECKME A/ITOPUTMbI
HEenocpeaCcTBEHHO B ocumanorpapmnyeckorm ob6o104Ke u
BbIBECTU Pe3yabTaT Ha 3KpaH ocumnnorpada B
pPeasibHOM BPEMEHMN.

* Mcnonb3yloTca TakMe MHCTPYMEHTbI, Kak C/C++,
MATLAB,® Excel, Jscript (JAVA), n Visual Basic yTobbl
CO3/1aBaTb COOCTBEHHbIE CNeLumnarn3npoBaHHbIe
MaTEMATUYECKMNE N N3MePUTENbHbIE GYHKLUU UK
Apyrue anropuTmMbl YnpaBiaeHuUA.



LeCroy WaveRunner 6Zi:
Pexcum npedsicmopuu

* Pexum npeabiCTOpmm NO3BONISET NPOKPYYMBATb Ha3aA
cobbITUA, YTOObI 0OHAPYKUTb AHOMANTUUN, UBMEPUTD UX
napameTpbl, U ObICTPO HAUTU UCTOYHUK CYLLLECTBYIOLLLEN
npobnemoil.

* Pexum npeabicTopumn Bceraa coxpaHset dopmy curHana, bes
Kakoro-1nbo BmellaTenbcTBa onepatopa. EagMHCTBEHHOE, YTO
Bam TpebyeTca - 3TO TO/IbKO BbI3bIBATb CPEACTBO MPOCMOTPA.
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IIpuHOHND gelicTBHA ocH/LTorpada

Ocupmtorpadbl HCIOMB3YIOTCS /I UCCIEI0BaHUA [TEPHOJUUECKHX CHTHAIOB
Pa3MHUHOH (OPMBI M aMIUTHTYALL TIpHHIMN paboThl TPaJUIIMOHHOTO aHAJI0TOBOTO
ocuusutorpacda rmokasaH Ha pucyHke la. Ha muacTHHBI TOPU30HTA/IBHOTO OTK/IOHEHHUS
OT CIIeLHabHOrO TeHepaTopa [0JAeTCd HaNpsyKeHHe Pa3BePTKH, U3MEeHSIO[eecs 1o
nunoobpasHoMy 3akoHY. [Io Mepe HapacTaHMs NHI000pa3HOro CHrHama ayd Ha
skpaHe JJIT mepeMellaeTca CeBa HampaBo, NPOUEPUMBAA TOPU30HTANBHYIO OCh —
oCh BpeMeHH. B To ke camoe BpeMs Ha IUIACTHHbI BEPTHKATbHOTO OTKIOHEHUS
OeHCTByeT WCCAeAyeMblii CHTHa/l, TI03TOMY TpaeKTOpHS J/yda B TOYHOCTH
COOTBETCTBYET 3TOMY CHTHATY. '

a)
OTK/IOHAIOLIHE 3MeKTPOHHAA
TIacCTHHEBI OVIIEA
: m
3KpaH i
pa3BepTKa
%)
| Bpesud salepasn oy

—_—

PucyHnok 1 - [Ipunimn paboTel aHATOTOBOT0 OCIM/LIOrpada
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lNonoca nponyckaHusa L0, Iy... Ny

f,, — ONOpHasA yacToTa;

Af, — HOpManbHbIM AMaNA30H, B KOTOPOM
HepaBHOMepHOCTb AYX He npeBblwaeT
NnorpewHoCcTM KoadPrumeHTa OTKNOHEHUA
(0bbluHO paBHOro 2-4 %);

Af, — paclmMpeHHbI A1anasoH, B KOTOPOM
HepaBHOMepHOCTb AYX He npeBblwaeT 10 %;
Af — nonoca nponycKkaHua, KoTopas
onpeaenaeTca Kak 4actoTa, Ha KOTOpPoK
KoapPpuumeHT nepegaum K, ymeHbluaeTca Ha
i 3 ab (1.e. B 1,41 pa3sa unu o yposHs = 0,7)
OTHOCUTENIbHO HOMWHANIbHOIO 3HAYeHUA

Y Konom 2TOMO KO3 drLMEHTa

\\

llonoca nponyckaHuA onsa rnoemopArwWUXCcAa cueHas108

TO/IbKO A5l HENepPNoaANYECKUX (MM OAHOKPATHbIX) CUTHANOB, Ka3a/10Cb Bbl, MOKET 06ecneunTb 1X 4acToTa
KOTOpble 3aXBaTblBAOTCA U OUMPOBbLIBAIOTCA OCLMANOrpadom ANCKpeTM3aLmn. Ho ecam curdan noBTOPSAIOLLMIACS, TO
3a 0O4MH 3anycK. B aTom cnyyae nosoca Ana O4HOKPATHbIX ocumnnorpady He 06s3aTENbHO OLMDPOBLIBATH BECH
CUIHA/I0B 3aBMCUT OT YAaCTOTbl ANCKPETM3ALUM AaHHOIO CUrHan 3a oauH 3anyck. LLO MOeT BoCnpon3secTy
undposoro ocumnnorpada. TAaKOWM CUTHaN 32 HECKOJ/IbKO 3aMyCKOB, KaxKAbln pa3

3axBaTbiBaA M 0TOOpPaXKan Ha IKpaHe TO/IbKO YacTb
curHana. (Moatomy nonoca nponyckaHmA
NOBTOPAIOLLUXCA CUTHANOB HEe 3aBUCUT OT YaCTOTbI
AVNCKPETU3aLUMK; 3TO — XapaKTePUCTUKA aHAN0roBbIX
ycunuteneun umdposoro ocumnnorpada).

11.09.2020 Lindposoit ocumnnorpad-sBoaHan npeseHTaums 50



Yacmoma (ckopocms) 3axeama cuz2Hana

*  DTO YMCNO 3anNyCcKOB Ha OUMPPOBKY B €ANMHULYY BpeEMEHU. B pe3ynbTate 04HOro Takoro
3anycKa NoABAAeTCA BblOOPKa M3 psAga OTCHETOB; pa3mep BbIOOPKKM 3a4aETCA, KaK NpaBuno,
CaMMM NONb30BaATE/IEM C YYETOM MMetowerocs o6bEéma namatn ocunnnorpada,
YCTaHOB/IEHHOM YaCTOTbl AUCKPETU3ALLMM, A TaKKe Tpebyemoro KoadpPpuumeHTa pa3BEPTKM HA
9KpaHe LO.

* OHa orpaHuyeHa, B OCHOBHOM, MHEPLMOHHOCTbLIO 3/IEKTPOHHbIX CXeM 3aMyCKa, BpeMeHem
paboTbl AN 1 MHEPLUMOHHOCTbLIO NPOLLECCOB Nepeaadun uMppoBbIX oTcHETOB 13 ALLM B
namatb LO.

*  3HayeHue YacToTbl 3aXBaTa MOXKET A0CTUraTb MU/IJIMOHA 3aMNYyCKOB B CEKYHAY W 3aBUCUT OT
CXEMOTEXHUKM ocumnnorpada; ot MCNosibayeMon AJIMHbI NaMATU; OT meToaa cbopa
MHOPMaALINM M ee BbIBOAA Ha 3KPaH; OT PEKMMOB U3SMEPEHWNI U MAaTEMATUKM,
MCMNONb3YEMbIX B TEKYLUUIA MOMEHT cbopa nHpopmaumm, 1 ot Apyrux GpakTopos.

* Ocunnnorpamma Ha aKpaHe MOXKeT BbITb NONYYEHA N3 OAHOM BbIBOPKM, HO 0BbIYHO OHa
obpasyeTca U3 HECKONbKMX BbIDOPOK. ITO 06yCcNOBAEHO TEM, YTO NPU NOCTPOEHUM
ocumnnorpamm B LUO Hanbonee 4acto MCNONb3YETCA PEXMUM HANOKEHUS (NEePCUCTEHLMNM)
BbIOOPOK U U3MEHAEMOWN MHTEHCMBHOCTU CBEYEHUA NNHUI (TEXHONOTUA LMPPOBOro
nomuHodopa). Kpome Toro, B TaKOM c/iydae B HECKOIbKO pPa3 YMEHbLLAETCA YacToTa
nepeaayun ocumanorpaMm Ha sakpaH LLO, yto 3HauMTenbHo obneryaeT TpeboBaHMA K
6bICTPOAENCTBUIO YCTPOMUCTB 0OMeEeHa MHPopmaLme.
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Yacmoma (ckopocmos) o6HoBAeHUA 3KpaHa (omobpaxceHusa
CU2HAN08 HA 3KpaHe)

YacToTa (ckopocTb) 06HOBNEHUA 3KpaHa (0TOBpaXKeHMA CUTHaN0B Ha 3KPaHe) — 3TO YNC0 BbiBEAEHWU N
ocuMnnorpaMm Ha akpaH LO B eanHuLy BpemeHw.

Lindposble ocumnnorpadbl cHavana A0MKHbI ouMdpoBaTb BXOAHOW CUrHaN (NPOM3BECTU pas,
OTCYéTOB), 3aTEM 06paboTaTh NoNyYeHHble LMPPOBbIe AaHHbIE (HAKOMUTbL, NEPEBECTU B PAaCTPOBYIO
CTPYKTYPY) 1, HaKOHEL,, BOCNPOM3BECTU OCLIUINIOTPAMMY Ha SKpaHe.

YacTtoTa 06HOB/IEHMSA 3KPaHa OTpaXKaeT bbicTpoaecTBne LMPPOBbIX NPOLLECCOPOB U BUAEOKAPTbI
Aucnnen; NPonycKkHyt cnocobHOCTb KaHanoB No obmeHy umudpposoi MHPopmaumein B LIO;
KOHCTPYKUMIO 3KpPaHa U MaTepuranbl, UICNOAb3YEMbIX B HEM.

YacTtoTa 06HOBAEHMSA 3KPaHa 06bIYHO 3HAYNTENbHO MEHbLLE YacTOTbl 3axBaTa CMrHana. [oatomy, 4Tobbl
He NoTepPsATb NONE3HYI0 MHGOPMALMIO, HA SKPAH HYXHO BbIBOAUTb OCLUANOFPAMMbI, NONYYEHHbIE B
pPeMMe HaNoXKEeHMA UK C UCNONb30BAHMEM NUK-AETEKLUMN.

KomnaHua Tektronix nowna gpyrum nytem. MNpobnemy notepm MHGopmaLmMm o CUTHANE UK
YMeHbLUeHMNA BpeMmeHu "cnenotbl” ocumnnorpada 6bina NpmM3BaHa pewmntb TexHonorua "InstavVu™".
OCHOBHOM MAEen 3Ton TEXHO/IOTNKM CTa/I0yBE/IMYEHNE CKOPOCTM 3axXBaTa BXOAHOMO CMrHana unm
YMEHbLUEHNE NHTEPBAA BPEMEHN MEXKAY COCEAHMMM 3aMyCKamMn. ITO AOCTUTAETCA 3a cHeT
NPUMeEHEeHMA NapannenbHon (MHOronpoLeccopHOM) apxuTekTypbl. Mpn aTOoM 0aAnH npoueccop,
NOAKNOYEHHbIN K MHOTOMEPHOW NaMATU 415 OTCYETOB, YNPaB/AA TONbKO cbopom MHPopmauum,
APYro e — BUAEOCMCTEMOM. ITOT LWar N03BOU/ AOBECTM CKOPOCTb 3axBaTa CMrHaNa (4acToTy
3anycka) ocumnnorpada go npumepHo 100.000 B ceKyHAY NPOTUB HECKOJIbKUX TbicAY (0ObIYHO,
2000...3000) y ogHonpoueccopHoro L30.

BansiHMe CKOpoOCTM 3axBaTa CUrHaNa Ha notepu nHbopmaLuunm
[ m
3 m
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Pa3psadoHocmeb AL u KeaHmoeaHue

. PaspagHocTtb AL - 3TO Yncno paspagos B Uucae
YPOBHEN KBAHTOBAHMA BXOL4HOMO CUTHANa,
3anMcaHHOM B ABOMYHOWN popme S(6)

® KBaHTOBaHMeM Ha3biBaeTCA NPOLECC 3aMeHbl

HeNnpepbIBHOrO MHOXeCTBa 3HaYeHU curHana

AVNCKPETHbIM MHOXECTBOM 3HaueHui. Lar a) /\/
(CTyﬂeHb’ MHTPDRRH\ KRAHTORAHUA ACTh NARHOCT

COCEAHUX Y| A - IDar KBaHTOBAHHA

YpoBHH
KBaHTOBAHHS
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lMonyyeHue 2n1a3Ko8bIXx duazpamm

Mpu pa3paboTke, MccnegoBaHMM N TEXHUYECKOM 06CYXKMBAHUM TENEKOMMYHUKALMOHHOTO
0b60pyn0BaHNA BO3HMKAET HEOBXOANMOCTb PUK-CMPOBATb U U3MEPATb OcLLMANOrpadom NapameTpbl
HenaeanbHbIX NPAMO-YrO/1IbHbIX MMMY/IbCOB U CUIHA/I0B, UMeLWMX BUA nepenanos. [Npn sTom
TaKne CUrHanbl 06bIMHO UMEIOT XapaKTEPHYIO HECTABUNBbHOCTb — AXKUTTEP, T.€. BbICTpbIe
bnykTyaunm (ot aHrA. jitter — gporkaHue). 06bIMHO NpesyCMOTPEHbI CNeuun-asbHble CpeacTBa 4NA
nofo6HbIX M3mepeHnin. Hanbonee pacnpocTpaHeHHOe U3 TaKUX CPeACTB — [N1a3KoBas AMarpamma.
MpUHUMN ee NOCTPOEeHUA UNNKOCTPUpPYyeTcA puc. 2.9.

[nAa NnocTpoeHms rMa3koBoM AnarpaMmbl U3 CUTHAIbHOFO MNOTOKa BbIAENAIOTCA BCE Nepenaapl U Bce
KOPOTKNE MMMYAbCbl, UMEIOLLNECA B CUTHA-N1e. BbIXBaYeHHbIe NPY 3STOM «Kagpbl» oundppoBbIBatOTCA
C BbICOKOM 4aCcTOTOM ANCKPETU3aLMK, @ 3aTEM OCLLUNNOTPAMMbI 3TUX «KaZAPOB» HaKNaAblBa-HOTCA
APYr Ha Apyra C NPUMEHEHNEM PEXKUMA NEPCUCTEHLNN.

Ho onA BbICOKOYACTOTHbLIX CUTHAN0B HEBO3MOXKHO BblaeneHne n oumdppoBKa BCEX BOSMOMKHbIX
nepenasgos U UMMNY/IbCOB B PeasibHOM Mac-iTabe BpemMeHM, NOSTOMY 3TOT NPOLLECC 3aHMMAET
3HAYMTENIbHOE BPeMA, B TEYEHME KOTOPOro nepenagbl U UMNYAbCbl BbIAENAOTCA M OUMPPOBbLIBAIOT-
CA B CNy4YaHOM MopAAKe.

Clock
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lMooKnrwyeHue ocyunnozpada K UCMOYHUKAM CU2HANOB:
crneyuasabHbIM 2eHepamopam U ucciedyembiM 31eKMPOHHbIM
ycmpoucmeam

NopgknoueHue ocuunnorpada K cneymasbHoMy reHepaTopy (HU3KOW UM BbICOKOM YacCTOTbl,
®YHKLUMOHANbHOMY U T. A1.), KaK NPaBW/IO, OCYLLLECTBASAETCA C MOMOLLbIO CrieLmanbHbIX Kabene.

MpuY 3TOM HY}KHO cobatoaaTb caeaylolme npaBuna:

* - 1CNO/Nb30BaTb TO/IbKO Kabenun, rapaHTMPOBAHHO NpeAHa3HayYeHHble A18 AaHHOro ocuunnorpada;

* - MNPUMEHATb Kabenun co cTaHAapPTHbIM BOJIHOBbIM conpoTuBaeHMneMmM (B ocumunnorpadpuryeckoin
TexHuKe — 50 Om, a B TenieBU3MOHHOMN — 75 Om);

* - MCNONb30BaTb CNeuManbHble NePEXOAHUKN, HaNnpUmep — Nepexos-HUK € BXOAHbIM

conpoTtusneHmem 75 Om u Bbixogom 50 Om gna noakAo-4eHUA K ocunnnorpady 75-omHbix
BbIBOAOB TeNEBU3NOHHbIX CUTHANOB;

® - IPUMEHATDL Hanbonee KOpPOTKHe Kabenun u3 MMEKLWNXCA,

® - B KaHane Y 1 B KaHase 3anyCcKa-CUMHXPOHU3ALMKM Pa3BEePTKN UCMNOb30BaTb Kabenu O,CI,I/IHaKOBOl‘/‘I
AONNHbI ANA BblpaBHUBAHUA BPEMEHHDbIX 3a4epPXKEK CUTHANOB: NCCneayemoro 1 3anycka,

® - €C/In eCTb BO3MOXKHOCTb, 40 NOAKAKOYHEHNA OTKaJ'II/I6pOBaTb ocu,wmorpacb c Kabenem ¢ NOMOLbIO

reHepartopa TeCtoBbiX MPAMOYIroJibHbIX UMMY/NbCOB C MaJibiIM BpemeHeM HApPaCTaHNA U Crada.

NoakntoueHue ocumnnorpada K uccnegyembim 31€KTPOHHbIM YCTPOUCTBAM (Hanpumep — K BbIBOAAM
MHTErpanbHbIX MUKPOCXEM) OObIYHO OCYLLLECTBAAETCA C MOMOLLbIO CTAHAAPTHOIO ocumanorpapuyeckoro
npobHuKa.

*  «3eMNIAHON» 3aXKMM NPOBHUKA C KKPOKOAUNOM» CnefyeT NOAKM0-4aTb K 06LLeMy NPOBOAY Ha
CXeMe KaK MOXKHO 6MKe K 3/1eMeHTY, CUTrHaslbl Ha BbIBOAAX KOTOPOTO HYXKHO MCCnen0BaTh.
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