Tektronix:

KombunHupoBaHHble ocuunorpadbl

Cepua MDO4000C

HacTpanBaembliil 1 NONHOCTLIO MOAEPHU3UPYEMbIN ocumnnorpacd
"6 B 1" obecneunBaet rnyb6oKuii aHanu3 aHanoroBbIX, LMPOBLIX 1
PY curHanoB ¢ koppensumen no BpeMeHm

310t ocumnnorpad o6beauHsieT B cebe LwecTb NprbopoBs: aHanmn3aTop
CreKTpa, reHepaTop CUrHanoB NPOM3BOSIbHON (DOPMbI M CTAHAAPTHBIX
(OYHKLWIA, NIOrMYeCcKuii aHanuaaTop, aHanu3aTop NPOTOKONOB 1
Umdpposoit BonbTMeTp/vacTotomep. Ocuyunnorpad cepum MDO4000C
obnapaet xapakTepucTukamm, KoTopble MOMOryT Bam 6bICTPpo 1
3(peKTUBHO peLuaTh CNOXHbIE 3aaa4m Npu paspaboTke BCTpanBaeMbIx
cucteM. Mpu Mcnonb30BaHMM BCTPOEHHOTO aHanuaatopa cnekTpa aToT
ocuunnorpad, No3BONAOLMIA OAHOBPEMEHHO 3aXBaTbiBaTh
aHarnoroBble, Ludposble 1 PY curHansl, sBnsetcs ugeanbHbIM
npubopom Ans TeCTUPOBAHNS BCTPOEHHBIX PaaNoMOZYIel 3EKTPOHHbIX
npuBopoB Nnn 06HaPYXEHNS ANEKTPOMArHUTHbIX NoMex. Bo3aMoXHOCTb
KOHUryprpoBaHMs 1 NOHOro 0BHOBNEHMUS ocumnnorpada cepum
MDO4000C nossonstoT 06aBAsTb PyHKLMM, KOTOPbIE MOTYT
NoHagobuTLCS B AAHHBIA MOMEHT WK NO3XKE.

OCHOBHbIe TEXHUYEeCKue XapaKTepucTuku

¢ 1. Ocyunnorpad
© 4 aHaroroBbIx kaHana

o mogenu ¢ nomnocon nponyckanus 1 My, 500 My, 350 MI'y 1
200 Mrry

©  ronoca nponyckaHus MOXeT ObITb paciumpena (1o 1 M)
o yacToTa AuckpeTusauum go 5 ebib/c
o anuHa 3anucy 20 MIH TOYEK Mo BCEM KaHamnam

©  MaKcuMarnbHas CKOpOCTb 3axBaTa curHana
> 340 000 ocuunnorpamMm B CEKYHAY

©  MacCcuBHble MPOBHUKN HAaNpSHKEHUs C BXOAHOM EMKOCTbHO 3,9 nd
1 aHanorooil nonocon nponyckanns 1 My uam 500 My B
CTaH4apTHOM KOMMreKTe

L[]

2. AHanusatop cnektpa (onuus)
o ananasoH Yactot oT kI go 3 My um ot 9 kMy o 6 My
o CBepXLMpokas nonoca 3axsara = 1Ty

©  3axBaT CMEKTPOB, a TaKKe aHamnoroBbIX 1 LM(POBbLIX CUTHANOB C
KoppensiLmeli no BpeMeHi

©  U3MepeHne 3aBNCUMOCTN 4YacCTOoTbl, aMnnnUTydbl U ¢)a3b|
CUrHanoB OT BPEMeEHU

3. l'eHepaTop CHrHaNoB NPOW3BOSIBHOM (DOPMbI 1 CTaHLAPTHBIX

yHKLMRA (onuus)

o 13 npeaBapnTenbHO 3agaHHbIX POpM CuUrHana

o reHepauus curHanos ¢ YactoToit go 50 My

o AfWHa 3anucu curHana npouasonbHom dopmbl 128 000 Touek

©  4acToTa AMCKPEeTM3aLnmM reHepaTopa CUrHanoB NPOM3BOMbHO
copmbl 250 MBbib/c

4. Jlornyeckuin aHanmuaaTop (onuus)

o 16 uMdpoBbIX KAHANoB

o AnuHa 3anucy 20 MITH TOYeK N0 BCeM kaHanam

o paspeLleHue no spemenu 60,6 nc

5. AHanuaaTop npoTOKOmMOB (0nLws)

o MOANEPXVBAIOTCS CTaHAAPTHI NOCNeaoBaTenbHbIX Wik 12C, SPI,
RS-232/422/485/UART, USB 2.0, Ethernet, CAN, CAN FD, LIN,
FlexRay, MIL-STD-1553, ARINC-429 n ayaunoLumHbi

6. LindbpoBoii BonbTMeTp/vacToTomep (GecnnaTtHo npu peructpawum
npubopa)
©  M3MepeHue CP.KB. NEPEM. 1 MOCT. HaNPSKEHWS, CP.KB. NEpeM.

HanPsBKEHUs C NOCTOSHHOM COCTaBMSIOLLEN C pa3peLleHnem
4 paspsga

o W3MEepeHye YacToTbl C paspeLleHieM 5 paspsaoB
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TexHunyeckoe onucaHue

MSO/DP02000B

MDO3000

MDO4000C

MSO/DP05000B

XapakTepHble 0COGeHHOCTH

PacLuvpeHHble BO3MOXHOCTM
0TNagKku 1 npuemnemas LeHa

Ocuwnnorpad, 06beanHsioLLmii
B cebe 6 npnbopos

XapaKTepucTukm
ocuunnorpada «6 B 1» B
coyeTaHum ¢
KOppenMpoBaHHbIM MO BPEMEHM
rny6okuM aHanuaom
aHanoroBbIX, LPOBbIX
CUTHasoB 1 CNEKTPOrpaMm
CUrHanoB

WckntounTensHas
[0CTOBEPHOCTb CUTHAroB C
paCLUMPEHHBIM aHan13om 1
maTtemaTtnyeckor 0bpaboTkon

06nacTi npumeHeHus

e Paspabotka u otnagka

e ObyyeHne

e Paspabotka u otnagka
e O6HapyxeHue M nomex

e ObyyeHve

e Pagpabotka u otnagka
e O6HapyxeHue M nomex

e PaspaboTka v nHTErpaLus
PY-ycTpoiicTs obLero
Ha3HaueHust

e PaclmpeHHas paspaboTka

1 oTnagka cuctem

lpoBepka Ha COOTBETCTBME
cneyyndukaumu USB 1
Ethernet

® |lccnenoBarenbckas

pabota

Monoca nponyckaHus

70 My, 100 M, 200 Mry

100 My, 200 My, 350 Mr,

200 Mr, 350 Mrw, 500 My,

350 Mr, 500 My, 1 T,

aHanoroBbIX KaHanoB 500 MTu, 11Ty 2Ty

1My
Makc. yactoTa 1 BbIG/C 5Tebiblc 5 I'ebib/C 10 'ebib/c
AMCKpeTU3aLmn aHanoroBoro
curHana
Yucno aHanoroBbIX KaHanoB | 2, 4 2,4 4 4
[OnuHa 3anucu 1 MIH ToYek 10 MIH ToYek 20 MIH ToYek 25 MIH ToYek, Ao 125 mnH

TOYEK (onums)

Yucno undpoBbIx kaHanoB | 16 (onuus) 16 (onums) 16 (onums) 16 (onums)
Kanan aHanusatopa cnektpa | H/T1 Ot 9 k'Y go BepxHei rpanmubl | OT 9 ky o 3 Ty (onums), ot | HIM

nosockl NponyckaHus 9 kly go 6 Iy (onuws)

aHanoroBbIX KaHamMoB (CTaHA.),

ot 9 kl'y go 3 Iy (onums)
['eHepaTop curHanoB H/N [o 50 MI'y (onyms) ¢ [o 50 MI'y (onyms) ¢ H/N

npon3BosbHON hOPMbI U
CTaHAAPTHbLIX yHKUMIA

reHepupoBaH1em CurHanos
NpOV3BONBbHON (HOPMbI 1
13 cTaHa. yHKuMsMu

reHepupoBaH1eM CUrHanos
MpOV3BONBHON (HOPMbI 1
13 cTaHa. dyHKumit

AHanus curHanos
nocrnegoBaTeNbHbIX WUH

3anyck v gekoaupoBsaHue: | 2
C, SPI, RS-232/422/485/UART,
CAN, LIN

3anyck v gekogupoBaHue: | 2
C, SPI, RS-232/422/485/UART,
CAN, CAN FD,LIN, FlexRay,
USB2.0, MIL-STD-1553,
ARINC-429, ayanolmHbl

3anyck u gekoaupoBsaHue: | 2
C, SPI, RS-232/422/485/UART,
CAN, CAN FD, LIN, FlexRay,
USB2.0, Ethernet, MIL-
STD-1553, ARINC-429,
ay/MoLLIHI

3anyck u gexogupoBsaHue: | 2
C, SPI, RS-232/422/485/UART,
CAN, LIN, FlexRay, USB2.0,
Ethernet, MIL-STD-1553
Tonbko pekoaupoBaHue:
USB-HSIC, MIPI D-PHY
TectupoBaHue Ha
COOTBETCTBME CTaHZapTaM:
BroadR-Reach, USB2.0, USB-
PWR, Ethernet, MOST

PaclumpeHHbIn aHanu3

AHanus kayectea
ANEKTPO3HEPrun, TeCTupoBaHne
Nno npefenbHbIM 3HayeHusam/
Macke, aHanu3 BaeocurHanos

AHanu3s kayecTBa
ANEKTPO3HEPrun, TeCTupoBaHne
no npeaenbHbIM 3HayeHusam/
Macke, aHanu3 BaeocurHanos,
aHanma cnekTporpamm,

Ananus kayecTea
3MNEKTPOIHEPIUH, TECTUPOBAHME
Mo npeaenbHbIM 3HaueHsam/
Macke, aHann3 BUgeoCcHUrHaros,
BEKTOPHbI aHann3 CUrHarsos,

BEKTOPHbII aHanu3 CUrHanoB | aHanus gpxuTrepa
XapakTepucTukm 100 My, 12 n® 250 Mru, 3,9 n® 500 Mru, 3,9 n® 500 Mry, 3,9 n®
CTaHAAPTHbIX NPOGHMKOB unm 500 Mry, 3,9 n® unm unm
200 Mru, 12 n® nm 11Ty, 3,9 n® 11Ty, 3,9 n®
11Ty, 3,9 n®
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O6nacTv npMmMeHeHuUs
¢ PazpaboTka BCTpamBaeMbIX CUCTEM

BricTpoe 0BHapyseHue 1 pelueHne npobnem CUCTEMHOTO YPOBHS
npu 0TNagKke BCTpanBaeMblX CUCTEM CO CMELLAHHbIMI CUrHanamu, B
KOTOPbIX MCMOSbB3YIOTCS PacnpOCTPaHEHHbIE NOCneaoBaTenbHbIe
LKHbI 1 BeCnpoBOaHbIE HTEPENCHI.

¢ PazpaboTka UCTOYHWKOB NUTaHUA

[ocToBepHble 1 BOCMPOU3BOANMBIE U3MEPEHUS HANPSKEHUS, TOKa W
MOLLHOCTU, @ TaKke aBTOMaTUYECKNE U3MEPEHNS KayeCTBa
NUTAOLLMX HANPSKEHWUIA, KOMMYTALNOHHBIX NOTEPb, FAPMOHUYECKNX
COCTaBNAOLLMX, NynbcaLuit, MOAYNaLmMu n obnactv besonacHoi
paboTbl € LIMPOKUM BbIGOPOM NPOBHIMKOB B pamMKax MpMemMemMoro no
LieHe peLueHus.

e O6HapyxeHne M nomex

BricTpoe 0BHapyeHe CTOYHMKA SNEKTPOMArHUTHLIX MOMEX BO
BCTPaMBaeMOM C/CTEMe 3a CYET aHann3a cUrHanoB BO BPEMEHHON
obnacTu. HarnagHoe npeacTtasnenune uanyyaembix M nomex
CUCTEMbI B PEXVME pearnbHOro0 BpEMEHM.

¢ lccnepoBaHue curHanoB 6ecnpoBoAHbIX CeTen

Ocuunnorpad cepu MDO4000C nossonsieT UccrneaoBaTh CUrHanbl
BCeW CUCTEMbI — aHanorosble, Lndposble 1 PY, — a Takke
BPEMEHHbIE COOTHOLLIEHUS MeXay HUMK. OTO 0becneymBaeT
rny6okoe NOHMMaHWe NoBeEeHUs pasnnyHbIX cucTeM BecnpoBogHOM
ces3n — Bluetooth, 802.11 WiFi, ZigBee v gpyrux. Mpu ogHom
3axBaTe B yMNbTPaLLMPOKOM MOMOCE YacTOT MOXHO OLieHMBaTb
B3aMMOAENCTBUS MEXAY CUrHaNaMn HECKONbKNX BeCnpoBOaHbIX
TEXHOMNOM UMM MPOCMATPUBaTh BEC AManasoH 4acToT
COBPEMEHHOTO LUMPOKOMONOCHOrO CTaHaapTa, Takoro kak 802.11/ad.

¢ OOyyeHue

OpHOBpEMEHHOE YNpaBMeHUE HECKOMbKUMI Npubopami Ha CTeHae
MOXET OKa3aTbCsl 3aTPYAHUTENbHBIM. [Py MCNonb3oBaHMM
ocuunnorpadga cepun MDO4000C, BbINOMHEHHOTO NO NPUHLMMY
"\WecTb B 0AHOM", HET HE0BX0AMMOCTH YNpaBnATh HECKOMbKIMM
npubopamu. Mpu Hanuumm BCTPOEHHOTO aHanuaaTopa crnekTpa
MOXXHO MPOBECTU NabopaTopHyto paboTy Mo cOBpEMEHHbIM
6eCcnpoBOAHLIM TEXHOMOTMSIM C MUHUMaTbHLIMI 3aTpaTamu.
B03MOXHOCTb MOMHOM MOLEepHWU3aLMK NO3BONUT A06ABNATL
(hYHKLMOHANBHOCTb MO Mepe HeobXOAMMOCTY U B 3aBUCUMOCTH OT
OopxeTa.

. npOM3BOACTBEHHbIe UCNbITaHUA U QUArHOCTUKa

B npoun3BoLCTBEHHBIX LieXax 4acTo BO3HMKAIOT Npobrembl 3-3a
HegocTaTka MecTa 15 pasmeLleHns npubopos. Ocuunnorpad
cepun MDO4000C, B koTOPOM MCNONBb30BaHO peLleHe "6 8 1",
MO3BOMUT MUHUMWU3NPOBATH NPOCTPAHCTBO, 3aHUMaemoe
n3meputensHeIMK npubopamn. OBbeanHeHNe YHKLMIA HECKOMbKMX
npubopoB B OAHOM KOPMYCE CHIKAET pacxofbl Ha
MPOW3BOLCTBEHHOE TECTUPOBAHWE W NArHOCTHKY.

Ocuwmnnorpadbl cepun MDO4000C

1- Ocuunnorpad

Ocuwnnorpad cepun MDO4000C — aTo ocuyunnorpad BbICOKOro knacca
C pa3Hoo6pasHbIMK PYHKLMAMM ANS YCKOPEHWUS Kaxaoro aTana oTnaaki
— 0T BbICTPOro 0BHApYeHs 1 3axBaTa aHOManui 40 Novcka B 3anucy
OCLMNNorpaMMbl MHTEPECyHoLMX COBLITUIA, aHanN3a XxapaKkTepucTuk
3TVX COBBITWI 1 NOBEAEHNS UCCMELyEeMOro YCTPOICTBA.

TexHonorusa umdpoBoro noMmHodhopa ¢ pexxumMom bbicTporo
3axsara FastAcq® — [1nq Toro 4to6bl yCTpaHUTL NPoGNeMy, HyXHO ee
nokanuaoBatb. Kaxaomy UHXeHepy-KOHCTPYKTOPY NPUXOANUTCA TpaTUTb
Bpemsi Ha nouck npobnem B paspabaTbiBaeMoM YCTPOWCTBE, YTO MpU
OTCYTCTBUM HEOBXOAMMBIX MHCTPYMEHTOB NpeBpaLLaeTcs B BecbMa
YTOMUTENBHBIA 1 TPYAOEMKMIA NPOLIECC.

TexHonorus LmdpoBoro MtomMmHodopa ¢ pexnMom 3axsata FastAcq
no3BonseT HbICTPO OLIEHNUTb UCTUHHBIE NMPOLIECCHI, MPOUCXOASLLME B
nccnenyemom yctpoiicTee. Bonbluas ckopocTb 3axeata — bonee

340 000 ocuunnorpamm B CekyHay — 06€CneYnT BbICOKYH BEPOSITHOCTb
06HapyXeHus! KpaTkoBPEMEHHO BO3HUKAIOLLMX NpobreM, JOCTaTouHO
pacnpoCcTpaHeHHbIX B LMPOBLIX CUCTEMAX: PAHTOB, FIUTYER,
HapYLLEHWI CUHXPOHM3ALMN 1 MHOTUX PYTUX.

[pafaLmst APKOCTY ANS MHONKALMM YacTOTbl NMOSBIIEHNS PeaKMX
MEpPEXOf0B OTHOCUTENBHO CPEAHECTATUCTUYECKUX XapaKTEPUCTUK
CUrHaroB No3BONSET YyulLUTb 0ToGpakeHe peakux cobbiTuit. B
pexume 3axBata FastAcq ans otobpaxeHns ocLunmorpamm
MPUMEHSIOTCS YETbIpe LIBETOBbIE MannTpbI.

e TemnepamypHasi nanumpa ucnonb3yeT LIBETOBOE KOAMPOBaHWE AnS
NHAMKALMM 4acTo NOSBNSIOLLMXCS COBbITUIA C MOMOLLbIO TENMbIX
LYBETOB (KpaCHbIi 1 XENTHIN) U PEAKO NOSBASIOLLMXCS COObITUN — C
MOMOLLIbIO XOMOAHBIX LiBETOB (CUHWIA 1 3eMeHbIi).

o CnekmparbHas nanumpa UCronb3yeT LBETOBOE KOAMPOBaHHNE Ast
NHAMKALMM 4acTO NOSBNSIOLLMXCS COBBITAN C MOMOLLbIO XOMOAHbIX
LiBETOB, HaMPUMEP CUHETO LiBeTa, U PELKO NOSBRSIOLMXCS COObITU
— C MOMOLLbIO TEMNbIX LIBETOB, HAMPUMeEp KPacHOro LiBeTa.

* HopmarnbeHas nanumpa ucnonb3ayeT CTaHAaPTHbIN LIBET kaHana
(Hanpumep, XenTbli ANs NepBOro kaHana) ¢ rpagaLyert SpkocT
ANS MHOMKALMK YacToTbl MOsIBNEHNst coBbITHIA, Mpuyem Bonee
BbICOKasi APKOCTb COOTBETCTBYET YaCcTO NOSBNSIOLLMMCS CODBITUAM.

o YHeepmuposaHHas nasumpa UCnomnb3yeT CTaHAapTHbIi LBET
KaHana C rpagaumen SpkocTi Ans MHANKALMM YacToTbl NOSBIEHNS
cobbITHiA, Npudyem Goree Bbicokast APKOCTb COOTBETCTBYET PELIKO
MOSIBRSOLLMMCS COBBITUSIM.

3a cyeT aToro Cpady BblenATCAa 4acTo NoABMALNECA cobbITns nunu,
B Crny4ae Henepuoan4eckmx aHomanui, penko noasnawLLnecs cobbITHS.

B03MOXHOCTb BbiGopa GECKOHEYHOTO UMW PETyNIMPYEMOTO BpeMeHu
rocnecBeYeHIst No3BONISIeT 3a4aBaTh Bpemst HabnogeHus
ocLMnrorpaMm Ha [MCTinee 1 nomMoraeT onpeaensTh YacToTy
MosIBNEHIS aHOMasnU.
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(@ soomv S00MS/S H & 7 47omv

ns H
1+v0.000000 s FastAcq

TexHonorus uudposoro nomuHocopa obecneynsaet 3axsat bonee 340 000
ocuunnorpamm B CekyHay v oTobpaxeHue rpafaLuil SpKOCTY B PEXUME peanbHoro
BPEMEHU.

3anyck — OBHapyxeHue HencnpaBHOCTY YCTPOCTBA — 3TO NNLLb
nepBbli Wwar. Tenepb HYXHO 3axBaTUTb UHTepecyloLLee cobbiThe, YTobbl
YCTaHOBUTb NMPUYMHY €ro BO3HWUKHOBEHMS. B ocuunnorpade cepum
MDO4000C npegycmoTpeHo bonee 125 kombuHaLwmin 3anycka,
0becneumnBaroLLnX NomHbI Habop BapuaHTOB A71S1 YCKOPEHMS Moucka
WHTEpecytoLLero cobbITis. 3anyck MOXET OCYLLECTBASTLCA MO PaHTY,
NOTNYECKON KOMBMHALMY, ANUTENBHOCTY MMMYNbCA/rNTYa, HAPYLLEHNIO
BPEMEHI YCTaHOBKW 1 BPEMEHU YAepXaHns, nocneaoBaTenbHbIM
nakeTam M AaHHbIM napannensHoi WiHel. briarogaps anuke 3anucy 1o
20 MITH. TOYEK, MOXHO 3aXBaTblBaTb CPa3y HECKOMbKO MHTEPECYHOLLNX
COOBITUIA 1 [laxe ThbICAYN NOCNEA0BATENbHbIX NAKETOB C COXpPaHEHNEM
BbICOKOTO pa3peLLeHus, N03BoNSIoLLEro AeTanbHO paccMaTpuBaTh
MenbYaiiline NogpoBbHOCTY CUrHana v 3anucbiBaTb AOCTOBEPHbIE
pe3ynbTaTbl U3MEPEHUIA.

Trigger Type

Edge

Sequence
(B Trigger)

Pulse width
Timeout
Runt
Logic
Setup & Hold
Rise/Fall Time
video

Bus

20.0ms  |(50.0kS/s
0.000000 § Hlok points ‘ ‘ ‘

Mode
gexel Normal

~ Slope
L . & Holdoff

Source Coupling
(1) DC

Bonee 125 kombuHaLuit 3anycka obneryaioT 3axear UHTEpeCyHoLLero cobbITu.

MaHens ynpasnexns Wave Inspector® ans Hasuraumm u
aBTOMaTU4ecKoro noucka — bonbluas AnvHa 3anucy no3BonseT npy
O[HOM 3axBaTe MonyyaTh ThICAYN IKPAHOB MHCOPMALMK C
ocuunnorpamMmamu. C nomoLusto naHenu yrpaenenns Wave Inspector®,
NPeACTaBNAIOLLEN NyyLlee B 0Tpacnn CPeACTBO HaBUraLmm 1
aBTOMATMYECKOrO NMOUCKa, MHTEPECYIOLLME COOBITUS MOXHO HAXOAUTb 3a
CYUTaHHbIE CeKyHbI.

R fecord it Deiy el otz
Length N osition
sample A off e

wavetorm XY Displ
Display off

MaHenb ynpaenexus Wave Inspector obecneunBaeT HenpeB3oAAEHHYIO
3(hheKTUBHOCTb NPOCMOTPA, HABUraLK 1 aHanu3a AaHHbIX. [oBopauMBas BHELLHIOKW
PYuKy naHopamupoBaHust (1), MOXHO nponucTaTh Bce TOukK 3anucy. [Mepemelienne
113 Havana B KOHeL| 3aliMET CYMTaHHbIE CEKYHAbI. A €CIN Bbl YBUAENN HEYTO
WHTEPECHOE M XOTUTE NnofpobHee 310 paccMoTpeThb? MpocTo NoBepHUTE
BHYTPEHHIOI0 PyuKy MacluTabuposaHms (2).

Macwrabuposanue/naHopammpoBaHue (Zoom/Pan) — CneuuansHas
CABOEHHas NOBOPOTHAs pyyka Ha nepeaHelt naHenn no3sonser
WHTYMTUBHO YNPaBsiTh MacLLTabupoBaH1eM 1 NaHOPaMUPOBAHNEM.
BHYTpeHHsIs pyyka ynpaBnseT KoagnLMEHTOM yBENNYEHNS (MnK
MacLuTabupoBaH1eMm); Npu ee NOBOPOTE MO YaCOBOW CTPErke
BbIMONHSAETCS PaCTsHKEHUe CUrHana ¢ nocTeneHHbIM nepexoaom k 6onee
BbICOKUM KO3(h(hMLMEHTaM YBENNYEHWS, @ MPX NOBOPOTE MPOTUB
4acoBOW CTPENKM KOIPPULNEHT YBENUYEHNS NOCTENEHHO YMEHbLIAETCS
[0 OTKMIOYeHNs MaclTabupoBaHus. Bam 6onblue He npuaeTcs
OTKpbIBaTb HECKOMbKO MEHIO ANs HACTPOIKK MacLuTaba u3obpaxeHus.
BHeLLHss pyyka nepemelLaeT okHO 063opa no curHany, no3sonss
ObICTPO AOCTUYb HYXHOO dhparmeHTa ocuunnorpammsl. Kpome Toro,
BHELLHSIA pyyka OCHaLLEHa MexaHu3MoM 06paTHOM CBSA3M, KOTOPbIN
MO3BONSET KOHTPONMPOBATL CKOPOCTb NaHOPaMMUPOBaHHS
ocuunnorpamMmmbl. Yem BonbLue Bbl NOBOPAYMBAETE BHELLHION PYUKY,
Tem BbICTpee nepemelLaeTcs OkHO npocMoTpa. HanpasneHue
naHopaMM1pPOBaHWS MU3MEHSIETCS MPOCTLIM NMOBOPOTOM YUK B PYryi0
CTOPOHY.

Monb3oBatenbckue MeTkn — Haxmute kHonky Set Mark (YcTaHoBuTb
MeTKy) Ha nepeaHelt naHenu, 4tobbl OTMETUTL OHO MM HECKOMbKO
MecT Ha ocumnnorpamMme. [ns 6bicTpoi HaBuraLum Mexay MeTkamm
[OCTaTO4HO HaxarTb kHonku Previous (Hasap) (<) n Next (Bnepep)
(—) Ha nepepnHei naHenu.



MownckoBble MeTkn — KHonka Search (nowck) nossonser
aBTOMaTMYeCKM NPOCMAaTPUBAThL ANVHHbIE 3aXBaYeHHbIE (pparMeHTbI 1
uckaTb onpeaenéHHble nonb3osatenem cobbiTus. Bce 0b6HapykeHHble
coBbITNS NOMEYAOTCS MOMCKOBLIMU METKaMU, MEXIY KOTOPbIMU MOXHO
nepemMeLLaTbCs C NOMOLLbH KHOMOK NepeaHeit naHenu Previous («—) n
Next (—) (Hasag v Bnepén). BoamoxeH nouck no gpoHTy,
AnUTENBHOCTM UMMYNbCOB/TMUTYEN, BPEMEHM OKMUAAHWS, PaHTaM,
NOTNYECKUM KOMBUHALIMAM, BPEMEHW YCTaHOBKMW W yaepXaHu!s, BpEMEHM
HapacTaHus/cnaaa, a Takke No COAEPXKMMOMY NaKETOB NapannenbHbIX
LWKH 1 WuH 12C, SPI, RS-232/422/485/UART, USB 2.0, Ethernet, CAN,
CAN FD, LIN, FlexRay, MIL-STD-1553, ARINC-429 1 12S/LJ/RJ/TDM.
CobbITns, HaliLeHHbIe NpY aBTOMATUYECKOM Noucke, oTobpaxatoTes B
BuAe Tabnmubl cobbITUI ¢ MeTKaMi noucka. Kaxagoe cobbiTue cHabxeHo
MeTKON BpeMeHu Ans obnervyeHns n3mepeHnini BpeMeHHbIX napameTpoB
Mexay cobbITvsMM.

M 4.00ms
AR AAAAALAS

Zoom Factor: 400 X
v
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Bropoit atan novcka: Wave Inspector aBTomaTiiecki npocMaTpyBaeT 3anuch 1
nomevaeT HaiaeHHble cobbITus BenbiMu TpeyromnbHkamu. Tenepb MOXHO
nepemeLLaTbCs Mexay COBbITUSMM Npy noMoLLy KHomok Previous (Hasap) v Next
(Bnepen).
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TpeTuit aTan noucka: cobbITS, HageHHbIE NP aBTOMATUYECKOM NOUCKe,
oToBpaxatoTcs B BuAe Tabnuusl cobbiTuit ¢ MeTkamu noncka. Kaxgoe cobbitne
CHabeHO METKO BPeMeH, YNpPOLLaIoLLE M3MepeHe BpEMEHHBIX NapaMeTpoB
Mexay cobbITuAMM.

AHanus ocuunnorpamm — [1ns Toro 4tobbl NPOBEPUTL COOTBETCTBUE
TEXHUYECKNX XapakTEpPUCTUK NPOTOTMMNA €70 NPOrPaMMHOI MOLENN 1
ybeamTbCs B TOM, YTO OH CMOCOOEH peLuaTh NOCTaBMEHHbIE 3a4ayu,
HeobX0AMMO NpoaHanuanpoBaTh BCe pexumbl paboTbl. ATa 3agaya
MOXeT noTpeboBaTh cambix pasHO0Opa3HbIX M3MEPEHUI — OT NPOCTOM
NPOBEPKM BPEMEHMN HapacTaHus 1 AINTENbHOCTI UMMYNbCOB A0
CTOXHOrO aHanmn3a BHOCMMOTO 3aTyXaHusl 1 UCCINIEA0BaHNS CTOYHIKOB
LUYMOB.

Ocumnnorpad npeanaraet BceobbeMnioLynii Habop BCTPOEHHbIX
CpecTB aHann3a, BKNoYas NpuBA3aHHbIe K CUrHary 1 akpaHy Kypcops!,
aBTOMaTUYECKNE U3MEPEHUS, PACLLIMPEHHbI HABOP MaTeMaT4eCcKux
(PYHKLWIA, B TOM YinCre peakTop YpaBHEHWIA, MOCTPOEHUE M1CTOrpamm,
BricTpoe npeobpasoBaHue Pypbe 1 AnarpaMmmbl TPEHAOB ANS
BM3yanbHOro onpeaeneHmns U3MeHeHUin pesynbTaToB CO BPEMEHEM.

_—

(@ 200mv ]
value Mean  Min Std Dev "i.oops 250MS/s H @ 7 o.oov‘

@D Frequency 156.0kHz 156.0k  156.0k  156.0k  9.867 1+v0.000000 s 10K points

@ Peak-Peak 1.48V  1.49 1.06 1.62 8.24m

| @D +Pulses [ 6.000 6 [ 0.000

(AFG Square 156.00kHz 1.3940 Vpp)

Ha ocHoBe pe3ynbTaToB aBTOMaTU4YECKMX VI3MepeHI/IIZ MOXHO nony4atb
CTaTUcTM4eckne npeacTaBneHnsa XxapakTepucTuk curHana ¢ BbICOKON
BOCMNPOM3BOANMOCTbH).
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Measurements
Burst Width
Peak—to—peak
Amplitude
Max
Min

High Add
Low Measurement
Positive Overshoot 50"";9
Negative Overshoot
Total Overshoot Measurement
Mean +Pulses
Cycle Mean
RMS
Cycle RMS
Positive Pulse Count

Positive Pulse Count is the number of
positive pulses that rise above the Mid
Reference level.

All measurements use the portion of the

acquisition selected in the Gating menu. Negative Pulse Count

Rising Edge Count
oK
Falling Edge Count

= Add
(@ 200mv Measurement

Area
value

@ Frequency  156.0kHz 156.0
@ Peak—Peak 1.49V  1.49
(@ +Pulses 6 6.000

156.00kHz

Cycle Area

400ps  |[250MS/s
000000 § Hlvkpoims H ‘

waveform

Remove Indicators -~
Off Histograms More

(Time) add
s ,  Measurement Measurement

Kaxgoe n3mepeHue CHaBXeHO TEKCTOM W CYMBOOM ansa 06bsICHEHVS TOTO, Kak OHO
BbINOJHEHO.

MCTOrpaMMbl CUrHana AakoT BU3yarnbHoe NpeacTaBreHne 06
N3MEHEHIM CUTHAMNOB BO BPEMEHM. [OPU30HTASTbHbBIE TMCTOTPaMMB
CUrHana nonesHbl Ans aHanusa AKUTTepa U ero pacnpeaeneHns
CUHXpOCUTHane. BepTukarbHbIe r1CTorpamMMbl UCMIOMb3yoTCs A
aHanu3a LymMa B CUrHane 1 ero CrekTpanbHoro pacrnpeaeneHus.

Ha ocHOBe 13MepeHuit, Nomy4eHHbIX C MOMOLLbIO TMCTOrpamM, MonyyaroT
aHaNUTUYECKYIO MHCOPMALMIO O pacnpeaeneHni rncTorpaMmmbl cUrHana,
MO3BOMAIOLLYI0 TOYHO OMPEAENATh LWMPUHY pacrpeaeneHus,
CpefiHeKBaAPaTNYECKOE OTKIIOHEHWE, CPEIHEE 3HAYEHNE U apyrve
3HaYEHMS.

.00GS/s H‘

00V Hs
1.201200ps || 10k points

Mean Min Max std De

lvcTorpamma curHana, NoCTPOeHHas Mo MonoX1TENbHOMY Nepenagy MMnynbea,
nomoraeT OLeHUTb pacnpegeneHne NonoxeHs nepenaga (MkuTTep) Bo Bpemenu. Ha
3KkpaHe 0ToOPaXalTCS YNCTIOBbIE 3HAYEHWS PE3YTbTATOB M3MEPEHUIA, MOMYYeHHbIe
Ha 0CHOBE r1CTOrPaMMbl.

lMpoekTupoBaHue U pa3padboTka BUAEOYCTPOMCTB (onuusi) — MHorve
VHXeHepbl, paboTatoLLne ¢ B1naeoob0pya0BaHNEM, MPEANOYUTAIOT
aHaroroBble ocuunnorpadbl, CYUTas, YTo rpafaLnm SpkocTM Ha
pucnnee 1T JaloT eANHCTBEHHYI0 BO3MOXHOCTb 3aMETUTb HEKOTOPbIE
Mernkve AeTanu BugeocurHana. Beicokas ckopocTb 3axBaTa
ocumnnorpados cepum MSO/DPO4000C B coyeTaHum ¢ rpagaLmsmm
SPKOCTI CUTHana NpegoCTaBnseT CTOMb Xe MH(OPMATUBHOE
n3obpaxeHue, Kak 1 Ha aHaroroBom ocuunmnorpadge, 1 B To Xe Bpems
MO3BONSIET Pa3rNsAeTb 3HauMTENbHO Donblue AeTanei 1
BOCMONb30BaTLCS BCEMM NMpenMyLLEecTBamMm LdpoBbIX ocumnnorpados.
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Takue cTaHgapTHble hyHKUMN, Kak pa3MeTka Lwkarbl B IRE n mB,
BbIpaBHUBaHWe M0 NONAM, MONSAPHOCTL BUAEOCUTHANa M aBTOHACTPONKa,
[OCTATO4HO MHTENNEKTyanbHast Ans 0bHapyKeHUs BUAEOCUTrHANOB,
npespaLyatoT ocLyunnorpadbl B camble NpocTble B obpalleHini nprbops!
ANs BUAEONpUNnoxeHuir. A bnarogaps LUMPOKOW NONIoce NponyckaHus u
YeTbIpeM aHaroroBbIM BXxof4aM Takie ocLunmnorpadbl obnagatot
[O0CTaTO4HbIMW XapakTepucTUkamn Ans paboTbl ¢ MtobbiMm
aHaroroBbIM1 1 LMPOBLIMI BUAEOCUTHANAMN.

BupeodyHKUm ocumnnorpados paclumMpsioTcs ¢ NOMOLLbH
OnuMoHanbHoro Moayns BuaeoobpaboTky, pacnonaratowero Hanbonee
MOMNHbLIM B 0Tpacnu Habopom dyHkLmiA 3anycka no curHanam HDTV
cneyyanbHbIM (HeCTaHaapTHbLIM) BUAEOCUIHanaMm, a Takke pexuMa
npocmoTpa BraeonsobpaxeHuii ans BuaeocurHanos ctaHgapta NTSC
unn PAL. Bbl MOXeTe OLEHNTb AONONHNTENbHbIE BO3MOXHOCTY aHann3a
BIEOCUrHarmnoB, BOCMonb3oBaBLLMch 30-aHeBHOI GecnnaTHom
nuueHaven. [leictame aTon MNLEH3MU HAYMHAETCS C MOMEHTa NepBOro
BKIMHOYEHNS npubopa.

Application Display Standard Contrast odd Source

Video

[on] i Location
picture [on] off [NTsc] paL ~ Automatic

(Even]
Interlaced

MpocmoTp BumeocurHana craHgapta NTSC. B pexume npocmotpa
BMEOM300paXeHNI NPeayCMOTPEHbI aBTOMATUYECKAs 1 pyyHast perynmpoBka
SPKOCTW W KOHTPACTHOCTH.

AHanu3 ncToyHnkoB nuTaHma (onums) — MocTosHHO pacTyLme
TpebOoBaHNS K yBENMYEHNIO BpeMEHM paboTbl 0T BaTtapeit n nouck bonee
9KOMOTMYHBIX PELLEHN C MEHbLUWMM 3HepronoTpebneHnem 3acTaBnsoT
pa3paboTYMKOB MCTOYHIMKOB MUTAHNS U3MEPSITH U MUHUMU3MPOBATL
KOMMyTaLMOHHble noTepu. Kpome Toro, Ans yaooBneTBOPeHNs
TpebOoBaHW MeXAYHaPOAHbIX W HALMOHABbHBIX CTAHAAPTOB Ha
CUCTEMbI MUTaHWS, HeOBXOANMO M3MEPSTb MOLLHOCTb MCTOYHWUKOB
MUTaHMS, YUCTOTY BbIXOZHOTO CMEKTPa 1 YPOBEHb rApMOHUK B Liensix
nuTaHus. TpaauLMOHHO CROXMUOCh TaK, YTO U3MEPEHIE 3TUX U MHOMNX
APYrUX NapameTpoB C MOMOLLbO ocumunnorpaca OTHUMANo MHOro
BpEMeH 11 NpeAcTaBnsAno cobor KponoTNMBbIV PyYHOI NpoLiecc.
[lononHuTenbHble CPEACTBa aHann3a UCTOYHUKOB NMUTAHMS,
npeanaraemble ocyunnorpacdamu cepun MSO/DPO4000C,
CYLLECTBEHHO YNPOLLAOT 3TV onepavuy, No3eonsis ObICTPO U TOYHO
N3MEPSTb Ka4eCTBO UCTOYHWKOB MUTAHUS, KOMMYTaLMOHHbIE NOTEPH,
YPOBEHb rapMoHuK, obnactb 6e3onacHoi padotsl (OBP), mogynsuuio,
nynbCcaLmm 1 CKOPOCTb HapacTaHns Toka u HanpskeHns (dl/dt, dV/dt).
bnarogaps NonHoM MHTErpayum B cxemy ocuunnorpada, cpeactaa
aHarnuaa UCTOYHMKOB NUTaHUS NO3BONSIOT OLHWM HaXaTeM KHOMKM
BbIMONHSATL aBTOMATUYECKIE, BOCMPOM3BOAMMBIE U3MEPEHUS!, MPUYEM
6e3 BHELLHEro KoMNbIOTEpa 1 CAOKHBIX MPOrpaMMHbIX HacTpoek. Bbl
MOXXETE OLIEHWTb [OMONHUTENBbHbIE BO3MOXHOCTI aHanu3a NCTOHHUKOB
NUTaHMUs, BOCMOMNb30BaBLLUNCh 30-gHEBHON BecnnaTHoM nuueH3nen.



[encrane aToM NNLEH3NN HAYMHAETCA C MOMEHTA NEPBOrO BKIOYEHNS
npubopa.

L
Power

Analysis

None

um‘

Power
Quality

Power Quality ‘
switching

value Mean Min Max Std Dev ‘

¥ RMS . . 17.6 22.2 21.4m

V Crest Factor J J 1.45 1.50

Frequency y L 137.0  142.6

| RMS 72.5m  77.2m

| Crest Factor 1.45 J .43 .31 b

True Power b —18.1m 26.3m b =ee=
Apparent Power 64 1.29 1.69 Tof2
Reactive Power 4 1.57 1.69

Power Factor m  —4.54m —11.1m 15.6m

Pt 1 90.6
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0.000000 5 10k peints
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pplication | Analysis
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V3mepeHus nokasatenei kayecTsa UCTOYHNKA MUTaHNS. GYHKLUMM aBTOMATUYECKOTO

“3MepeHUs MapamMeTpoB NUTaHUs MO3BONSKOT GbICTPO 1 TOYHO aHanM3ypoBaTh obLyme

XapaKTepuUCTUKN UCTOYHUKOB NUTAHKA.

Reference

Define  Measurement -~
i Levels More

Inputs Display

TecTupoBaHue no npeaenbHLIM 3HaYeHNAM U Macke (onuus) —
PacnpocTtpaHeHHol 3agayei B npoLiecce pa3paboTkv cUCTeM SBNSIETCS
KOHTPOIb NapameTpOB ONpefeneHHbIX CUrHanoB B aToit cucteme. OguH
13 MEeTOL0B, N3BECTHBIN KaK TECTUPOBaHWE MO NPEeAENbHbIM 3HAYEHUSM,
3aKI0YaeTCa B CPABHEHNM UCCNEAYEMOTO CUrHaNa C 3TarnoHOM 3TOro
CcUrHana ¢ onpefeneHHbIMW nonb3oBaTenemM BepTUKanbHbIMMU 1
rOPWU30HTaNbHbIMK Jonyckamu. [lpyrol pacnpocTpaHeHHbI MeTof,
W3BECTHbI KaK TECTUPOBAaHKE N0 Macke, OCHOBaH Ha CPaBHEHWM
ucenesyeMoro curHana ¢ WabnoHOM 1 BbISIBNIEHUM MECT HECOBMaAEHNIA.
Ocuunnorpadsl cepun MDO4000C nopnepxmeatot oba MeToaa, UTo
nonesHo Ans AONrOBPEMEHHOrO MOHWUTOPWHIA CUTHANOB, U3MEPEHNS
XapaKTepuCTUK CUrHanoB B npoLiecce paspaboTku 1 Ans TeCTUpPOBaHNS
YCTPOMCTB Ha NPOWN3BOACTBEHHBIX NUHUSX. MoanepxuBaeTcs
TECTUPOBaHWE Ha COOTBETCTBUE MHOXECTBY KOMMYHUKALMOHHBIX Y
KOMMbOTEPHbIX CTaHAApTOB. Kpome TOro, nonb3oBaTenb MOXET
co3gaBatb COBCTBEHHbIE MaCK 1 UCMOMb30BATb UX ANs KOHTPONS
cvrHanos. [Ins 3agaHns Tecta B COOTBETCTBUM CO CneLnanbHbIMu
TpeboBaHUaMM Heo6X0AMMO yKa3aTb €ro AnUTEeNbHOCTb B eauHMULax
BPEMEHW UMK B YWCIE OCLUNIIOrpaMM, ONpeaenuTb Nopor CpaBHEHNS,
KOTOPbI JOMKeH ObITb NPEBbILLEH ANS NPU3HAHNS TECTa HeydauHbIM,
yKa3aTb YMCNO nonagaHui B Macky CO CTaTUCTUYECKOW UHGopMaLmei 1
onpesenuTb LeNCTBUS, KOTOpble HaA0 BbINOMHUTL NPY BbIXOAE 3a
npenenbl, HeyAa4HOM TECTUPOBAHWM U NO 3aBepLLeHnm TecTa. W kak bb
Bbl HW ONpeaensny Macky — no M3BECTHOMY 3TarlOHHOMY CUrHany 1mn no
crneyvansHOMY UK CTaHAAPTHOMY LWABMOHY — HUKOTAa elle
pas3bpakoBKka CurHana B 3aBUCUMOCTY OT HanM4mMs Takux aHoMarnuii, kak
rnUTYK, He Bbina CTonb NPOCTON, Kak Tenepb. Bbl MoXeTe OLEeHUTL
[ONOMHUTENbHbIE BO3MOXHOCTM TECTUPOBAHUS MO NpeaenbHbIM
3HaYEHUAM 1 Macke, BOCMONb3oBaBLLKCh 30-gHeBHOI GecnnaTHom
nuueHaven. [leicTene 3101 NULEH3MN HAYMHAETCSH C MOMEHTa NepBoro
BKIKOYEHNS npubopa.

Ocuunnorpadbl cepun MDO4000C

Show Results

Show Results

Show
Detailed
Results

Limit/Mask Test Results
Current Totals

Test Status

Total Waveforms

violations set
Total Tests Statistics
Failed Tests

Elapsed Time os

Total Hits 1.394k

(@ t.oov ) (100ns Hs.oocws H @ 7 1.8V
WI18.70% 10k points

Application Set Up

Limit/Mask Mask

Test on

setp Run Test | show Results
Limit Mask ‘ei on ‘ﬁ‘ Failed

Select Mask Create
Limit Test

Pexum TeCTUpOBaHUS N0 NPeAeNbHbIM 3HAYEHUSIM, NOKa3bIBaIOLMIA MacKy,
CO3/1aHHYI0 Ha OCHOBE 3TafIOHHOIO CUrHana, v pesynbTaTbl CPAaBHEHWS C pearnbHbIM
cuUrHanoM. BblBOAUTCS Takke CTaTucTdeckast MHchopMaLst O TECTUPOBaHIM.

2- AHanusaTop cnekTpa (onuus)

BbICTpbIN U TOYHBIN aHanu3 cnekTpa — [1py MCMomnb3oBaHNM TOMBKO
pagMoyacToTHOro BXoAa avcnnen ocumnnorpada cepun MDO4000C
MEPEexoauT B PEXUM NOMHO3KPAHHOTO 0TOBPaXKEHUS YaCTOTHO
obnactu.

Bce ocHOBHbIe MapameTpbl CriekTpa, Takue Kak LeHTpanbHas yacToTa,
noroca 0630pa, OMOpHbII YPOBEHb 1 MOMoca PaspeLLeHns,
HaCTpanBatoTCs Nerko 1 BbICTPO C MOMOLLbHO CeLManbHbIX KHOMOK
MEHI0 Ha nepezaHeit naHenu v knasuatypbl.

Oto6paxeHue yacToTHot obnactu Ha akpaHe MDO4000C.

YnobHble nHTeNnnekTyanbHble Mapkepbl — B 00bl4HbIX aHanu3aTopax
cnekTpa BKIYEHME 1 pa3MeLLeHre 40CTaTOMHO 60MbLLIOrO KonMYecTBa
MapKkepoB A/151 0603Ha4eHNs BCEX MHTEPECYIOLLMX MMKOB MOXET CTaThb
[O0BOSBLHO TPYAOEMKON 1 yTOMUTENbHOI 3agadeir. Ocuyunnorpadbi
cepun MDO4000C noBbiwatoT adtheKTUBHOCTb 9TOMO NPOLIECCa 3a CHET
aBTOMATUYECKON PaCcCTaHOBKM MApKEPOB Ha Nukax 1 0TobpaxeHus
3HaYEHN YaCTOTbl 1 aMIINTYabl ANS Kaxaoro nuka. Kputepun nomcka
MUKOB MOTYT HAacTpamBaTbCs NOMb30BaTeNeMm.
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Mapkep, 0603HavaroLLiA Camblil BbICOKWI MUK, HA3bIBAETCS OMOPHLIM
(KOHTPOIbHBIM) MapKEPOM W BbIAENSIETCS KpaCHbIM LiBETOM.
OtobpaxaeMble BO3fe MapkepoB NapameTpbl NnKa MOTyT BbIBOAUTLCS
nm6o B BuAe abconoTHbIX 3HaveHuir (pexum «Absolutey), nnbo B Buae
OTHoCUTenbHbIX (pexum «Deltay). B pexume «Delta» oTobpaxatoTcs
3HaYeHUs YacTOTbl M aMNAMTYAbI KA OTHOCUTENbHO OMOPHOTO
Mapkepa.

[ns n3mepeHus HeMMKOBBIX Y4aCTKOB CNEKTpa MOXHO BOCMONb30BATHCS
ABYMS py4HbIMI Mapkepamut. [pu BKMIOYEHUM PyYHbIX MapKEPOB OfWH
13 HUX BbIMONHSET POfb OMOPHOTO Mapkepa, N03BONSAS NPOBOAUTH
“3mMepeHus B Ntoboi YacTy cnekTpa. B 3aBMCMMOCTM OT BbIGpaHHOro
pexuma («Absolute» unn «Deltay), nOMAMO 3HaYeHMIA YacTOThI W
amMnAUTyabl MOKa3aHWs PyYHbIX MapKEPOB NPEACTABASIOT MNOTHOCTb
wyma 1 dasosbin wym. C nomowysto dyHKUMM «Reference Marker to
Center» («OnopHbIii Mapkep B LEHTP») MOXHO MHOBEHHO NepemMeLLaThb
4acToTy, 0603HaYeHHYI0 OMOPHBLIM MapkepoM, B NONOXeHWe
LIeHTparbHOM 4acToTbl.

Markers

Peak Markers
| 5

o1 " on
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|

\ ‘ J\ | .
LN }‘.
"‘J"'JW ”M\ i ]1]\1}\4% [ H’ WH
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Manual
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ﬂ I iﬂ \,m,‘ m‘ ‘Wm\)"r lyww e
|

Scale: 10.0 dB/div ) (CF:_2.40000000GHz ) (Span:  20.0000MHz ‘ ‘ Free Run ‘

RBW:  20.0kHz

ABTOMaTHYECKNE MapKepbl NMUKOBbIX 3HAYEHWA NO3BONAKT HArNAAHO NpeacTaBnaTb
BaXXHYH0 VIH(I)OpMaLI,VI}O. Ha PUCYHKe NnokKadaHbl NATb CamblX BbICOKMX aMMNIUTYAHbIX
nukoB. OHK aBTOMaTI4ECKM 0603HAYEHI MapKkepamu, NOCKOSbKY NpesbillakT
NOpOroBble 3Ha4YEHUs 1 BENNYMHY NoKasaTend OTKNOHEHUA; ANnA KaxXaoro Mapkepa
npveeaeHbl 3Ha4eHns NNKOBON aMnanTyapbl 1 4acToThbl.

Cnektporpamma — Ocumnnorpadbl cepum MDO4000C c onupen SA3
unn SAG no3sonsioT 0ToBpakaTh CNEKTPbI B BUAE CNEKTPOrpaMm,
KoTOpble ABNSAOTCA NaeanbHbIM CPEACTBOM AMS OTCNEXMBAHMUS
MeZJIeHHO u3MeHstoLwmxes cobbiTuit B PY curdanax. Mo ocn X
OTKNaAbIBAKTCS 3HAYEHIUS 4acTOThI (kak Ha 0BbIYHOM rpadmke
npencTaBneHus cnektpa), no ocu Y — Bpems, a LiBeToM 0603Ha4aeTcs
amnanTyga.
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Cnow cnektporpamMmbl (hopMUpyIOTCS criegytoLim obpasom. bepércs
OfVMH 3aXBaYeHHbIN CMEKTP W «CTaBUTCS Ha pebpoy», 4Tobbl co3aath psf
BbICOTOW B OAWH NuKCenb. Kaxaomy nuKcento psiga npucBamBaeTcs
3HauYeHue LBETa, KOTOPOe 3aBUCHT OT BENMYMHBI aMMNUTY/b! KaXaoi
4aCTOTHOM COCTaBNSAIOLLEN CnekTpa. XONoaHble LiBeTa (CUHWUIA, 3eNEHbIN)
COOTBETCTBYHOT MaribiM 3HAYEHNAM aMNUTYAbl, @ TENMble (KENTbIN,
KpacHbIii) — Gonee BbICOKMM. [1pn KakooM criefytoLLem 3axsaTte B
HWKHEI YacTh CnekTporpaMMbl MOSIBASIETCS HOBIA CIOW, a
npezLIecTBYIOLLME CMOV CABUrAKOTCS Ha OAUH psf BBepX. INocne
npekpaLLeHust cbopa AaHHbIX NoNb30BaTeNb MOXET NPOKPYTUTB BCIO
cnekTporpammy B 06paTHOM HanpasfieHun 1 MOCMOTPETb 060
OTAEMNbHbIA CNekTp.

‘”
i

T T T vk | f
i f J "l‘l' ! i
\ I (il W.,“‘ n} ”h].lw,‘m‘ «vﬂ‘}“‘ﬂ‘

it

) (CF:_2.40000000GHz ) {Span: 10.0000MHz H Free Run ‘
RBW: 10.0kHz

B pexume criektporpamMmbl 0TobpaxatoTcst MeaneHHo naMeHsitoLmecs: cobbitus B PY
curHanax. Ha jaHHOM pucyHKe nokasaH CUrHanm ¢ HeCKOMbKUMM Nkamu. MameHeHuns
BO BPEMEHU 3HaYEHUIA YaCTOTbI 1 aMNUTYbl 3TUX MUKOB NETKo OTCIEXVBAIOTCS Ha
CreKkTporpaMme.

Ceepxwwupokas nonoca 3axsata — CoBpeMeHHble cpeacTsa
BecnpoBoAHON CBA3M Pa3BMBAOTCS O4YeHb BbICTPO. B HIX YacTo
MCNonb3yrTCA TEXHONOrMn MakeTHOM nepegayn AaHHbIX U CrOXHbIe
CXeMb! LicpoBOI MOZYNSLMM. ITW BUALI MOLYNALMN UMEKT O4eHb
LUMPOKYIO NONOCY YacToT. TpaanLMOHHbIE aHanM3aTophbl CrekTpa
nocrneaoBaTenbHOro (CKaHMPYHOLLME) UMW NapannensbHoro (AUCKpeTHbIE)
TNa NNoxo I'IpVICI'IOCOﬁJ'IeHbI Ana uccnegoBaHna Takux CUrHanoB, Tak
Kak OHU MOTYT BIAETb MULLb Y3Ky0 YaCTb CNEKTPA B Kbl MOMEHT
BPEMEHM.

LLnpuHa cnekTpa, 3axBaTbiBaEMOrO 3a OAMH Lk cbopa faHHbIX,
Ha3bIBaeTCs NONoCcoi 3axBaTta. TpaguLMOHHbIe aHanM3aTopbl CnekTpa
CKaHMPYIOT MONOCY 3axBaTa B YCTaHOBMEHHbIX Npedenax Ans
MOCTPOEHNS HYXXHOTO M306paxeHust. B pesynbTaTe, Noka aHanmsaTop
3axBaTblBaeT 1 06pabaTbiBaeT OANH y4aCTOK CNeKTpa,
npeacTaBnstoLLee MHTEPEC COBbITE MOXKET NPOU30ITY B APYrOf YacTy
cnekTpa. BonblUMHCTBO aHanW3aTopoB cnekTpa, AOCTYNHbIX CEroAHs Ha
PbIHKe, umetoT nonocy 3axeata 10 My, koTopas ¢ NOMOLLbI0
[OPOroCTOSLLMX ONUMiA MOXET BbITb paclwmpena o 20, 40 unn paxe
160 MI'w.



Yrobbl cooTBETCTBOBATH TPEOOBAHMAM COBPEMEHHBIX PY npunoxeHui
no nonoce YactoT, ocuunnorpadgsl cepum MDO4000C obecneunsaiot
nonocy 3axsata =1 ITu. Mpn ycTaHOBKe 3HaYeHWs Nonockl 063opa

1 I'Ty 1 MeHee ckaHMpoBaHMe BCEro AnanasoHa He Tpebyetcs. CnekTp
reHepupyeTest U3 AaHHbIX, NOMyYEHHbIX 33 OAWH 3aXBaT, NO3TOMY Bbl
rapaHTUpOBaHHO yBUANTE BCe COOLITUS, KOTOPbIE UCKANN B 4YaCTOTHOM
obnacTu. MockonbKy BCTPOEHHbI aHann3aTop CrnekTpa uMeeT
cneumanbHoIn PY Bxoa, oH obnagaet pasHomepHoit AYX B nomnoce 4o
3 Ty mnm go 6 I, 4To BLIFOAHO OTNMYAET ero 0T ocuMnnorpados ¢
BrN®, B koTopbix HabnoaaeTcs cnag AYX go 3 ob B6nn3n BepxHeil
rpaHuLibl NONOChI MPOMYCKaHUS BXOAHOTO KaHana.

i 5'“,\{‘“[1““"‘" e m ‘Hu“'l nw‘r'\"lu,"“q ‘
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Free Run
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OtobpakeHue CNEKTPOB CUrHaNoB NakeTHON Nepefayy aHHbIX, NOMyYeHHbIX 33 OANH
3axBar, Ha Bxofe 1 Bbixofe npeobpasosatens npotokona Zigbee (900 M) B
npotokon Bluetooth (2,4 My).

Tpacchbi cnektpa — Mpubopel cepun MDO4000C obecneunBaroT
yeTblpe pexuma 0TobpaxeHus CnekTpa (Tyuna Tpacc) CUrHanos ¢ BXxoAa
aHanuaartopa crnekTpa: HopManbHbIii, yepeaHeHue, yaepkaHue
MaKCUMyMa, yaepkaHue MuHuMyma. MeTon JeTekTUpoBaHnst MOXeT
OblITb YCTAHOBNEH HE3aBMUCUMO ANS KaXAO0ro TUna Tpaccsl. Kpome Toro,
MOXXHO OCTaBUTb ocuunnorpad) pabotats B pexume «Autoy, KOTOpbIA
MCMOnb3yeTcs N0 YMOMYaHMIO 1 NO3BOMSET aBTOMaTUYECKN
yCTaHaBMMBaTh TUM AETEKTUPOBAHNS, ONTUMANbHbIA 41151 TEKYLLEN
koHcburypaumu. [ocTynHbl CneaytoLme Tunbl AeTEKTOPOB:
MOMNOXMTENbHbIV MUK, OTPULLATENBHBIA MK, YCPEAHEHWE, BbIOOpKa.
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MCI'IOJ'IbSyeMbIe TWUNbl TPACC cnekTpa: HOpMaJ‘IbeII;I, yCpeaHeHue, yaepxaHve
Makcumyma, yaepxaHue MUHUMyMa

Ocuunnorpadbl cepun MDO4000C

Pexwum 3anycka: xaywun unu aBTomatuyeckun — Korga
NpeACTaBNEeHNs CUrHana BO BPEMEHHOM 11 YacTOTHOM 06nacTsx
oToBpaxatoTCs Ha akpaHe OAHOBPEMEHHO, 3aXBaT CNEKTpa BCeraa
OCYLLECTBASETCS C 3anyCKOM MO CUCTEMHOMY COBbITIIO, MPY 3TOM
CNEKTP KOPPENMPOBAH MO BPEMEHN C 0TOOpaXaembIMu
ocuunnorpaMmamm Bo BpeMeHHoit obnact. OgHako ecnm Ha akpaHe
oTobpaxaeTcsi NpeACTaBneHe TONMbKO B YaCTOTHOM obnacTy,
aHanu3aTop cnekTpa MoXeT ObITb HACTPOEH Ha aBTOMATUYECKMIA 3amyCK.
OTOT PEXIM NONe3eH NPy HEMPEPBLIBHbLIX U3MEPEHNSIX B YACTOTHOM
obrnacTu, He CBA3aHHbIX C COBLITUSMW BO BpEMEHHOI 0brnacTu.

PacwmpeHHbIe BO3MOXHOCTM 3anycka No CUrHanam aHanoroBbIX,
uncpoBbIx u PY kaHanoB — [1515 paboTbi ¢ BbICTPO M3MEHAOLLUMICS
BO BPEMEHM CUrHanamm, CBONCTBEHHbIMM COBpeMeHHbIM PY
npunoxennam, ocyunnorpadel cepun MDO4000C ocHalleHbl cuctemoi
3anycka, KoTopas NosHOCTb0 MHTErpupoBaHa ¢ PY, aHanorosbiMu 1
LncbpoBbIMM KaHanamn. 3To 03HaYaeT, YTo 04HO CobbiThe 3anycka
no3BoNseT cornacoBaTtb CHOP faHHbIX Cpa3y no BCEM kaHarnam, B
pesynbTaTe Yero MOXHO 3aXBaTUTb CNEKTP UMEHHO B TOT MOMEHT
BpPEMEHY, B KOTOPbIV NPOM3OLLIO MHTEpeCyHoLLee CobbiThe BO
BpemeHHo obnacTu. Mpnbopbl OCHaLLEHbI MOMHEIM HAbOPOM PEXMMOB
3anycka BO BpeMeHHOIN 0b6nacTy, BKntoyas 3anyck no qpoHTy,
nocnefoBaTenbHOCTU, AINTENBHOCTI UMMYAbCa, BPEMEHM OXUAaHNS,
BbIPOXEHHbIM UMMYNbCaM (PaHTaM), TOrM4eCKUM COCTOSHUAM,
HapyLLEHWI0 BPEMEH! YCTaHOBKW/yaepaHus, BpDEMEHN HapacTaHus/
cnaga, BUAeocHrHary, a Takke pasnuyHbIMU TUnamu 3anycka no
nakeTam nocnegoBaTenbHbIX 1 NapannenbHbIX LWWH. Kpome Toro, MOXHO
HaCTPOWTb 3anyck Mo YPOBHIO MOLLHOCTI Ha BXOAE aHanuaatopa
cnekTpa. B kayecTBe nprmepa MOXHO NPUBECTM 3anyck no cobbITUIO
BKIMIOYEHNS UK BbIKMoYeHNs PY nepegaTymka.

HononnuteneHbln mogyns MDO4TRIG obecneunsaeT paciumpeHHble
BO3MOXHOCTY 3anycka no PY curHanam. 3ToT Moaynb no3sonseT
1Cnonb30BaTh YPOBEHb MOLHOCTU Ha BXOAE aHanu3aTopa crekTpa B
Ka4yecTBe UCTOYHMKA ANs PasfnyHbIX TUMOB 3amycka: no
nocnefoBaTenbHOCTU, AUTENBHOCTI UMMYAbCa, BPEMEHM OXUAaHNS,
BbIPOXAEHHbLIM UMMYNbCaM (paHTaM) U NOrMYECKM COCTOSIHUAM. Tak, B
4aCTHOCTY, MOXHO OCYLLECTBASATL 3anyck no PY nmnynscy
onpefenéHHoN AnNUTENbLHOCTM UK ucnonb3oBath PY kaHan
aHarnu3aTtopa crekTpa B Ka4ecTBe BXOAa Ans 3anycka no fornyeckium
COCTOsIHUAIM, YTODbI 3amyckaTb ocuunnorpad Tonbko Toraa, koraa u PY,
1 ocTanbHble CUrHambl akTUBHI.

P4 usmepenmna — Ocuunnorpadbl cepun MDO4000C BbINOMHSKOT Tpu
BMOa aBTOMaTuyeckux PY n3mepeHuit: uamepeHne MOLLHOCTM CUrHarna B
kaHane, Ko3athuumeHTa pasBsa3ky COCEAHUX KaHaMoB No MOLLHOCTW 1
LUMPWHBI 3aHMMaeMoil norockl YacToT. [pu akTuBaLmn kakoro-nubo 13
3TUX PEXVUMOB U3MEPEHUs ocLmnorpad aBToMaTU4ECKW BKIOYaeT
pexum otobpaxeHus cnekTpa 1 MeTof AeTeKTUPOBaHUS «YCpeaHeH ey
(«Average») 4ns onTUMM3aLMK Pe3ynbTaToB U3MEPEHMIA.
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ABTOMaTUYECKOE M“3mepeHune MOLLHOCTHK B KaHane

O6HapyxeHne M nomex — TecTupOBaHWe Ha ANEKTPOMArHUTHYIO
coBmecTMocTb (AMC) obxoanTcs LOBOMBHO JOPOro, HE3aBUCUMO OT
TOro, NprobpeTaeTe nu Bbl 060pyLOBAHME ANS CAMOCTOSTENBHOIO
TECTUPOBAHWS UK ONNaYnBaeTe CTOPOHHWE YCIyru MO TECTUPOBaHNIO
Ans cepTudmkaLym Bawler npogykuuu. MNpu aTom npegnonaraeTcs, YTo
Ballle 13aenve NpoxoanT cepTudmkaLmio Bnepsble. Heckonbko BU3NTOB
B TECTOBYI0 1abOPaTOPUIO MOXET CYLLECTBEHHO MOBLICUTL CTOUMOCTb W
YBENWYNTbL BPEMS BbINOMHEHNS NpoekTa. MUHUMU3NPOBaTb U3AEPXKKM
MOXHO 3a c4eT BbisiBneHns npobnem OMC Ha paHHUX Tanax
npoekTMpoBaHus. [ins onpegeneHns 4actoTbl 1 aMnanTyabl
napasuTHbIX CUrHanoB 06bIYHO MCMONb30BANMCH aHANM3aToPbI CNeKTpa
C KOMMneKTaMu Npo6HUKOB BrIKHEro Nons, HO X BO3MOXHOCTY
OnpesensiTb NPUYMHY NOSIBNEHNS NPO6nEMbl JOBOMLHO OrpaHUYEHbI.
Tenepb pa3paboTumky BCe YalLe NPUMEHSIOT ocuunnorpadbl v
NOTNYECKIE aHANN3ATOPbI, NOCKOMbKY BOMbLIMHCTBO Npobnem,
cBsi3aHHbIX ¢ AMI, BO3HWKAIOT B COBPEMEHHbIX YCTPOACTBAX B
pesynbTaTe CrOXHOrO B3aMMOLENCTBS MHOXECTBA LMDPOBLIX
CUrHanoB.

Mpnbop MDO4000C, obbeamnHstowumii B cebe ocumnnorpad, NOr1Yeckuii
aHann3aTop 1 aHanuaaTop CrekTpa, IBNSeTCs naeanbHbIM
WHCTPYMEHTOM ANSst BbISBNEHUS MPOOIEM aneKTPOMarH1THOM
COBMECTMMOCTY Npy pa3paboTke COBPEMEHHbIX yCTpoicTB. MHorme
npobnemsl, cBfi3aHHble ¢ AMIT 1 BO3HWKAIOLLME B reHepaTopax TakTOBOM
4acToTbl, UCTOYHMKAX MUTAHUS U KaHamax NocnefoBaTeNbHOM Nepeaaym
[aHHbIX, BbISIBMSIOTCA B pe3ynbTaTe aHann3a BO BpEMEHHOM obnacTy.
ObecneynBas KoppenmpoBaHHoe Mo BpeMeHn oTobpaxeHune
aHanoroBbIx, Undpobix 1 PY curdanos, MDO4000C sasnsietcs
€[MHCTBEHHbBIM NPUOOPOM, KOTOPbIA MOXET YCTaHOBUTb CBSA3b MEXAY
COObITMSIMM BO BPEMEHHOMN W YaCTOTHO 06nacTsix.

CHsatne PY curHanoB ans usamepeHus cnektpa — logaya curHana Ha
BXOf] @HanN3aTopoB CNeKkTpa 0BbIYHO OCYLLECTBASETCS MO kKabenbHOM
TIMHWAM UK Yepe3 aHTeHHy. MpumeHeHne AONONHUTENBHOTO aganTepa
TPA-N-VPI B ocumnnorpacax cepum MDO4000C no3ssonset
1Ccnonb30BaTh Noboi akTuBHbIN NPobHUK TekVPI ¢ BxogHbIM
conpotusnennem 50 Om. 3To obecneynBaeT AONONHUTENBHYIO MMOKOCTb
npu NOMCKE UCTOYHUKOB Nomex 1 obrneryaeT aHanu3 cnektpa bnarogaps
BO3MOXHOCTY BbICTpOi nogaum Ha PY Bxoa Heobxoanmoro curHana.

Kpowme Toro, Ans nccnegoBaHus CUrHanoB Manov amnauTyapl
“cnonb3yeTcs fononHuTenbHbIn npegycunurens TPA-N-PRE, koTopbiil
obecneynBaeT HOMUHANbHbIN KO3 dULMEHT yeunenns 12 ab B nonoce
yactoT oT 9kl o 6 .

C nomoLubto onumroHansHoro agantepa TPA-N-VPI k PY Bxogy MOXHO NOACOEANHNTDL
ntoboit akTmBHbI NPobHUK TekVPI ¢ BxoaHbIM conpoTusnernem 50 Om.

Buayanusauus PY curnana — B okHe BpemeHHo obrnacTtu gucnnes
ocuunnorpada cepu MDO4000C oTobpaxatoTcs Tpy ocLMnnorpaMmbl,
KOTOpble MOMy4atoTCs 13 OCHOBHbIX | 1 Q KOMMOHEHTOB CUrHaNa,
noJaBaeMoro Ha BXoJ aHanu3aTopa CrekTpa:

. AMI'IJ'II/ITy,ELa — 3aBNCUMOCTb MIHOBEHHbIX 3HA4YEHNI aMmnninTyabl
noAaBaeMoro Ha BXoA aHanmaatopa CrnekTpa curHana o1 BpeMeHu;

e YacroTta — 3aBMCUMOCTb OT BPEMEHU MIHOBEHHbIX 3Ha4eHNN
yacToTbl PY curHana oTHOCUTENbHO u,eHTpaanoM YacToThbl;

¢ ®asa - 3aBMCMMOCTb OT BPEMEHU MIHOBEHHbIX 3HauYeHni hasbl PY
CcUrHana 0THOCUTENbHO LIEHTPanbHOM YacToTbl.

Bce Tpu ocumnnorpaMmmMbl MOTYT OTO6pa)KaTbCF| Ha aucnnee
OAHOBPEMEHHO, I'IpW'IéM Kaxkgas U3 HUX MOXeT ObITb BKMHOYEHA UMK
BbIKIMOYEHa HE3aBMCMMO OT APYrnX OCLMIIIorpamm. npeﬂ,CTaBﬂeHl/le PY
ocuunnorpaMmm Bo BpeMeHHOVI obnactu nomoraeTt NydLle NoHATb
noseaeHne M3MeHALLIEroca BO BpEMEHN paano4acToTHOro CurHana.
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OpaHxeBas ocuunnorpamMma, otobpaxaemast BO BpeMeHHoii 06nacty, npescrasnser
3aBMCMMOCTb YaCTOTbI OT BpEMEHY A5 CUrHana, NoaBaeMoro Ha BXOf, aHanuaaTopa
cnekTpa. ObpaTute BHUMaHWe, 4To MHAMKaTop ST pacnonoxeH B obnacTu nepexoga
C BbICLLE YaCTOTbI Ha HU3LLYI0, TakuM 0BPa3oM, aHeprus pacnpeaeneHa Mexay
HecKoNMbkUMM YactoTamu. C NOMOLLIO 3aBUCUMOCTY YacTOTbl OT BPEMEHU MOXHO
NEerko OTCNEXNBaTL PasnuyHbIe CKAaUKV YacTOTbl, YTO yNpoLLaeT OnucaHme
MOBEAEHMS YCTPOACTBA NMPU NEPEKIOYEHNN MEXAY YacTOTaMM.



PaclumpeHHbIn aHanu3 PY curdanoB — [pu coBMeCTHoI paboTe ¢
MO SignalVu-PC n onypen Live Link ocumnnorpadel cepun MDO4000C
CTaHOBATCS BEKTOPHbLIM aHan13aTopoM CUrHanoB € Nomocoil 3axeaTa o
1 [Ty, MporpammHoe obecneyerne BekTopHoro aHannaa SignalVu-PC
Mo3BOMSIET YCKOPUTb aHann3, oTobpaxas Bce N3MEHeH!s
LLIMPOKOMONOCHbIX CUrHANOB BO BPEMEHM MPU NPOBELIEHUN
aTTeCTaLMOHHbIX UCTIbITaHNIA YCTPOCTB BecnposoaHon cesaan WLAN,
LwmpokononocHbix PI1C, BbICOKOCKOPOCTHbIX CUCTEM CMYTHUKOBOMN CBSI3M
NN CUCTEM CO CkaukooBpa3Ho NepecTpoikoil YacToTbl. Cpean
[OCTYMHBIX ONUMiA aHanu3a — aHanua kavectsa curHanos Wi-Fi (IEEE
802.11 a/blgljin/p/ac), TectupoBaHue nepeaatynka Bluetooth Ha
COOTBETCTBME CTAHAAPTY, aHanM3 UMMyMbCHbIX CUrHANOB, U3MEPEHMS
napameTpoB ayAMoCHrHanoB, aHanua aHanoroon Mogynsuyum AM/MM/
®M, 06wyt aHanu3 LmhpoBo MOAYNALMM U MHOTOE ApYroe.

Ocuunnorpac MDO4000C coemecTHo ¢ MO SignalVu-PC aHanusupyet
MOAYnMpoBaHHble curHanel craHaapta 802.11ac.

InyGokuit aHanu3 aHanoroBbIX, LMgpoBbIX U PY curHanos ¢
Koppensuuen no BpemeHn — KombuHupoBaHHble ocumnnorpadbl
cepun MDO4000C - 370 nepeble B Mype ocuunnorpadbl o
BCTPOEHHbIM aHanM3aTopoMm crnekTpa. Tenepb He HY)XHO 1ckaTb U
OCBauBaTb aHann3aTop crnekTpa, 4Tobbl UCCeaoBaTh CUrHan B
4acToTHOM obnacTi. BMecTo aToro Bbl MOXETe UCMONb30BaThb CaMblid
nonynsipHbI npubop — ocuunnorpad.

Mpm 3TOM (YHKLMOHASbHBIE BO3MOXHOCTI OCLMnorpadoB cepum
MDO4000C He orpaHuyeHbl MPOCTLIM NPeACTaBMNEHNEM CUrHANOB B
4acTOTHOM 0BMacTy, 4To NO3BONAT AeNaTh 1 0BbIYHbIE aHANM3aTOPbI
cnekTpa. beccnopHbiM NpenMyLLECTBOM HOBLIX MPUOOPOB SBMSETCS UX
CnocoBHOCTb COOTHOCKTL COOLITUS B YaCTOTHOI 0BnacTy ¢
BbI3bIBAIOLLMMM UX MPUYMHAMU BO BPEMEHHOW 0BracTu.

Ecnu B ocuunnorpacbe 3agerncTBoBaHbl 04HOBPEMEHHO
PaaMoYacTOTHbIN W N0BOI M3 aHANOroBbIX UK LMGPOBLIX KaHAMOB,
pucnnen npubopa fenuTcs Ha ABe YacTi. BepxHsas YacTb cryxuT 4ns
TPaAMLMOHHOIO NpeaCTaBNEeHUs CUTHaNOB BO BPeMEHHO obnacTu. B
HWXHe YacTn oTobpaxaeTcs curHan ¢ PY Bxoga B 4acToTHOM obnacTu.
Ocobo noag4epkHEM, YTO NpeLCcTaBNeHNe CUrHana B YacTOTHOM obnacTty
ABnseTcs He 06bIYHbIM BbICTpbIM Npeobpasosannem Pypee (BID)
CUTHasoB C aHanoroBbIX Ui LdpoBbIX kaHanos npubopa, a
MOSHOLIEHHbIM CNEKTPOM CUrHana, nonyyeHHoro ¢ PY Bxoga.

Ocuunnorpadbl cepun MDO4000C

ElLe oaHO BaxHOE OTNINYME 3aKMOYAETCS B TOM, YTO B TPAAWULIMOHHOM
ocuunnorpade ¢ dyHkyyen brd, kak npasuno, MOXHO yBuaeTb Nbo
npeactasnexne bN®, nubo npeacTaeneHne curHana Bo BPEMEHHOM
obnactu, Ho Hukoraa o6a ogHOBPEMeEHHO. MpuyrHa 3TOro KPoeTCs B
TOM, 4YTO 06bIYHbIE OCLMANOrpadibl UMEOT TONMBKO OfHY cucTemy cbopa
AaHHBIX C eAUHCTBEHHBIM HabOPOM MONb30BATENLCKNX HACTPOEK, TaKuX
KaK AnvHa 3anucu, YactoTa AUCKPETU3aLMN 1 CKOPOCTb PasBepTy,
onpegensioLLmux npeacraBneHne AaHHbIX. B npoTBONONOXHOCTL aTOMY,
ocuunnorpadsl cepum MDO4000C nMetoT He3aBUCUMYH CUCTEMY
3axsata no PY Bxogy, koTopas koppenupoBaHa fno BpeMeHu ¢
cucTEMamM 3axBaTa aHamnoroBbIx 1 LMGpoBbIX kaHanoB. OTO NO3BONSET
ONTUManbHO HacTpamBaTb NPEACTaBMEHNs B kaxaoi obnactu,
obecneymnBas NOMHyL KOPPEnsLMo N0 BPEMEHY NPX MPOCMOTPE BCeX
aHanoroB.bIXx, LudpoBsbIx 1 PY curHanos.

CnekTp, 0ToBpaxaeMmblii B YaCTOTHOM 0611aCTh, COOTBETCTBYET NEpUoy
BpemeHw, 0603HaYeHHOMY KOpPOTKOW OpaHXeBOI NON0COi, KoTopas
pacrnonoXeHa BO BpEMEHHOI 061acTu 1 HasblBaeTCs "BPEeMEHEM
cnektpa" (Spectrum Time, ST). Ocuunnorpad cepun MDO4000C
no3BonseT nepemelatb uHaMKkaTop ST Mo 3aXxBa4eHHOMY curHany,
4yT0bbI MCCIe0BaTh M3MEHeHWe cnekTpa PY curHana Bo BpemMeHU.
Cnepfyet 0TMETUTb, YTO UCMOMb30BaHWe ST BO3MOXHO Kak Ha «KUBOMY,
TaK W Ha COXpaHEHHOM curHare.

" Spectrum time

T Time domain
indicator

view

- AddrTWI: 50 { Data: 00 }

SCLK
sbA

{ Addr[R]: 50 { Data: 10 1

(@ _200mv ( 0.0MS/S

| |10k points

Frequency
. Domain view

(G Ref: ~10.0 dBm

BepxHsas yacTb guennes ocuunnorpada cepun MDO4000C cryxuT ans
0TOBpaXeHUs BO BpEMEHHO 06nacTi CUrHaroB, NOCTYNaroLLMX Ha aHarnorosble 1
LmchpOBbIe KaHambl, B TO BPEMSI KaK HUXKHSIS YaCTb AMCTNES MOXET UCMONb30BaTHCS
ANs MPeACTaBMEeHUs B YacTOTHON obnacTu curHana ¢ PY Bxoga. OpaHxeBas noroca
— nHankaTop «Spectrum Time» — ykasblBaeT Ha Nepuog BPEMEHH, UCTOMb3YeMbIi
ans pacyéta PY cnekrpa.
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1. MNpeacTaBneHne BO BpEMEHHOM W YacToTHON obnactax curdana ®AMY B npouecce
BKMloYeHus. Ha kaHan 1 (xéntas ocumunnorpamMma) nofaH curHan BknoyeHus MNYH.
Ocumnnorpamma kaHana 2 (ronybas) otobpaxaet curHan ynpasnenus I'YH. CurHan
LWnHb! SPI, no koTopoi nporpammupyeTcs Yactota PAMY, noctynaet Ha Tpu
LMcpoBbIX kaHana v aBTomaTudecku aekoaupyetcs. Obpatute BHUMaHWe, YTO
nHankaTop ST pacnonoxeH nocrne MomeHTa BkoyeHns NYH u coBnagaet no
BpPEMeH ¢ koMaHgamu WiHbl SPI, 3agatolmmu HyxHyto yactoty ®AMY, pasHyo
2,400 Ty, 3ameTM, YTO NPY BKIKOYEHUN CXeMbl YacToTa PY curHana pasHa

2,5564 .
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0-00 dim Scale: 10.0 dB/div ) (G- 2.40000000GHz ) Span: 300, 000MHz H PN

RBW: 400kH2

2. VHovkatop «Spectrum Time» nepemelyéH npumepHo Ha 90 Mkc Bripaso. CnekTp
CUrHana B 3TV TOUKe ykasblBaeT Ha To, 4o PAMMY HaxoguTcs B NpoLiecce HaCTPOiKL
Ha HyxHyto yactoty (2,400 ITw). B gaHHbI MOMEHT YacToTa NOHM3Mnack A0

2,4924 Tu.

[T}vCO Enable

25 PLL Voltage

[0

SCLK! :
11111 :
1L

: ]
500mv_ & )] W‘ 25.0MS/s
20.00 % 10K points
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0.00 dBm Scale: 10.0 dB/div ) (CF:_2.40000000GHz ) ‘S © 400.000MHz

RBW: 400kHz

3. ViHavkatop «Spectrum Time» nepemelLéH ewwé Ha 160 Mkc Bnpaso. B aTo Touke
CNeKTp curHana ykasbiBaeT Ha 1o, 4to GAMY chakTyeckn «npockoumna» 3afaHHyo
4acToTy Ao 3HayeHus 2,3888 My,

[D/VCO ENablesmmmmmmsns

[23PLL voltage

i
I‘ ‘II} 1 \‘ Il

10k points
T T T

500mV_ & \‘40 ops | (35,057
20.00 %
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0.00 dBm Scale: 10.0 dB/div ) (CF:_2.40000000GHz ) {Span: 400.000MHz H @ 7

RBW: 400kH2

4. B utore npumepHo Yepes 320 mkc nocne BkntodeHus M'YH cuctema GAMY
HacTpamBaeTcs Ha Tpebyemoe 3HadeHve YacToTbl 2,400 M.

3- 'eHepaTOp curHanoB NPou3BOsiIbHOMN (hOpMbI U
CcTaHAapTHbIX PYHKUUNK (onuus)

Ocumnnorpad cepum MDO4000C comepxuT OnuUMOHaNbHbIN
BCTPOEHHbIN reHepaTop CUrHarnoB Npou3BOSIbHOM hOpMbI 1
cTaHgapTHbIX dyHkumi (onumns MDO4AFG), naeaneHblid ons ummutawmm
CUTHanoB JaT4MKOB B NpoLiecce 0Tnaakv Unm ans aobasneHus Wwyma K
nonesaHbIM cUrHanam npu MOLENMpOBaHUM HEBNaronpUSTHBIX YCMOBHIA.



BCTpoeHHbIN reHepaTop CUrHaroB NPOU3BOSLHOM (hopMbI U
CTaHAAPTHbIX (hyHKLWA BblgaeT curHanbl ¢ yactoton 4o 50 MI'y, B
YaCTHOCTW CUHycOWaarbHble, NPSIMOYrofbHbIE, NUM00BpasHbIe 1
UMMYFbCHbIE CUTHAMbI, MOCTOSHHBIN TOK, LWYM, CUrHasbl (YHKLMA
kapauHanbHoro cuHyca (Sinc), Maycca 1 JlopeHua, SKCnoHeHLManbHoro
noAbema 1 cnaga, raBepcuHyca 1 kapanocurHan.

waveform

Arbitrary
Sine

square

Pulse

N/ Ramp
DC
Noise
Sin(x)/x
Gaussian
Lorentz
Exponential Rise
Exponential Decay

Haversine

HIOOMSIS H 7 o.oov‘
100.00KHZ 50 00000s J[10k points

Frequency 100.00kHz  Period 10.000ps
Amplitude 500.00mvpp  High 250.00mv
Offset 0.0000 V Low —250.00mV.

output

waveform waveform
Sine Settings

Settings

Bbi6op TMNa curHana Bo BCTPOEHHOM reHepaTope CUrHamnoB NPoM3BONLHON HOPMbI 1
CTaHAAPTHBIX DYHKLMIA.

MamsTb reHepaTopa CUrHaNoB NPOM3BOMNbLHOI hOPMbI COCTABMSET [0
128 000 Touyek. B Hee MOXHO 3anucaTtb curHan ¢ aHanorosoro Bxoga, 13
COXPaHEeHHOro BHYTPEHHEro haina, co cbemHoro Hakonutens USB unu
C BHELUHero komnbtotepa. CurHan, 3anucaHHbIN B peaakTpyemyio
namsiTb, MOXeT BbITb MOAN(ULIMPOBAH C MOMOLLBH 9KPAHHOTO
pefakTopa, a 3aTeM nofaH Ha BbIxog reHepatopa. Ocuunnorpadbl
cepun MDO4000C cosmecTtumbl ¢ MO ArbExpress Tektronix,
no3BONAKLLMM ObICTPO 1 NETKO CO3AaBaTh U PeAaKTMPOBaTh CIOKHbIE
CUrHarbl Ha BHELLHEM koMnbtoTepe. UTobbl nonyyuuTs Tpebyembii
CWrHan Ha BbIxofe reHepatopa, ain ¢ CUrHanom HyxHo nepenucatb B
penaktvpyemyto namsatb ocuyunnorpadpa MDO4000C vepes nHTepdeiic
USB, LAN unu ¢ ucnonb3osaHnemM cbemHoro Hakonutens USB.

M ‘\"“‘\\“\M‘W\ﬂ
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250mv

Level
63.000mv.

Insert
Point

Delete
Point
-250mv
867.43us 872.55us

1.0000kHz 500.00m 333-4000115 10k 10k points

248mv. Toops 10 OMS/s H 7 1i9mv

3 Freq. 1.0000kHz Period 1.0000ms
Create Load e
cisti W " Ampl. 500.00mvpp High  250.00mv
Existing New Waveform | ofrsei 0.0000 v low _ 250.00mv

PenakTtop Ans N0TO4EYHOr0 PeakTMpPOBaHNUS CUrHANoB NPOKU3BONbHOM hOPMbI.

Sav
wa\refo rm

4- Jlornyeckuin aHanusatop (onuus)

TNornyeckuin aHanusatop (onuyns MDO4MSO) npepoctasnset

16 LMdpOBbIX KaHANOB, UHTErPUPOBAHHBIX B MHTEPENC NONb3oBaTeNs
ocuunnorpada. 310 ynpoluaet paboTy 1 obneryaet pelueHne npobnem
npu paboTe ¢ curHanamm B pasHbix obnactsx.

Y PP PR . A R W T
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¢ [counTs

Ocuunnorpad cepun MDO4000C obecneunsaeT 16 LpoBbIX KaHanoB, YTo
no3BonsieT HabntoaTh U aHanu3poBaTh KOPPENMPOBaHHbIE MO BPEMEHH
aHarnoroble 1 LpOoBbIE CUTHarbI.

LiseToBoe kogupoBanue ocuyunnorpamm — Ocuyunnorpadebi
MOAAEPXMBAIOT LIBETOBOE KOAMPOBAHWE MOTNYECKMX YPOBHEN LIMGPOBbIX
CUTHanoB, BbIAENASA €ANHULbI 3eMEHbIM LIBETOM, @ Hy — CUHUM.
L{BeToBOE KOAMPOBAHNE TaKKe UCMIONb3YeTCH B MOHUTOPE LIM(POBLIX
kaHanos. MoH1TOp oTobpaxaeT ypoBeHb CUrHana (BbICOKMIA UM HUKNI)
WK HeyCTaHOBMBLLEECS COCTOSHWNE CUrHana, 4YTo NossonseT
onpefensTb akTUBHOCTb kKaHana He 3arpoMoXaas akpaH passépTkamu
CMrHarnos.

BcTpoeHHas cxema o6HapykeHUst MHOTOKPaTHbIX NEPEX0a0B
oKpaLunBaeT POHT curHana 6enbim LIBETOM NPU HaNU4MK B 3TON TOUKE
MHOXEeCTBa NepexoaoB. berble (POHTbI YKa3blBaOT Ha TO, YTO MpK
PaCTSHKEHWUW CUrHana Ny 3axeate ero ¢ bonee BbICOKOM YacTOTOM
AMCKPETU3ALMM MOXHO NOMTy4NTb AONOSTHUTEMBHYI0 MHAOpMaLto. B
BonbLUMHCTBE CryYaeB pacTskeHne No3BONSeT yBUAETb UMMYNbChI,
He3aMeTHbIE NPY MPEXHUX HACTPOKax passepTkn. Ecnn Benble poHTbI
COXPaHSIoTCA M NOCne MaKCMManbHOro PacTsHKEHNS!, TO MOBbILLEHWE
4acToTbl AMCKPETU3ALMM NPU CrIedyHoLLeM 3axBaTe Mo3BOMMUT BbISIBUTH
BbICOKOYACTOTHY0 MHGOPMALMIO, HELOCTYMHYIO NP NPeablayLLnX
HaCTpoMKax.

113 HeckonbKMX LIMPOBLIX KaHaMoB MOXHO ChOpMUPOBAaThL rpynmy u
BBecTV ¢ USB knaBmaTypbl METKW ANs Kaaoro kaHana. CurHarnsl MOXHO
00beanHATL B rpynny, NPOCTO pasMeLLas UX Ha 9KpaHe OAWH PSAoM C
Apyrvm.



TexHnyeckoe onucaHune

Ierighe
5 (M

LiBeToBOE KOAMpOBaHWE LMGPOBLIX CUrHAMOB NO3BONSIET 06BEAMHSTH UX B rpyMMbl,
MpoCTO pasMeLLast Ux Ha 3KpaHe OAH psaoM ¢ ApyriM. MoMeyeHHbIe LndpoBble
kaHanbl MOXHO nepemeLyaTb eauHoN rpynnon.

Korga rpynna chopmupoBaHa, Bce kaHanbl rpynbl MOXHO NepemelLaTh
Mo 3KPaHy OIHOBPEMEHHO. JTO CYLLECTBEHHO COKpaLLaeT Bpems
HaCTPOWKM, KOTOPOE YBENMYMBAETCS NPU OTAENLHOM NEpeMeLLEHUN
Kaxgoro kaHana.

Pexum GbicTporo 3axeata MagniVu® — OcHosHoil pexim 3axsaTa
UndpoBbIx curHanos ocuunnorpadgos cepun MSO4000C nossonset
3anmucbiBath Ao 20 MITH. To4ek co ckopocTbio 500 MBbI6./c (paspeLueHve
2 He). Kpome aToro ocuunnorpadbl NpeanaralT pexuM 3axsaTa co
CBEPXBbICOK/M Pa3peLLeHeM Mo BPEMEHW, NOMYYNBLUNIA HA3BaHWe
MagniVu, koTOpbIl NO3BOMSET 3anuchIBaTh B NamsTb npubopa

10 000 Touek co ckopocTbio 0 16,5 BbI6./C (paspeLeHve 60,6 nc). Obe
ocuunnorpaMmbl — ocHoBHast 1 MagniVu — 3axBaTbIBalOTCS Npu Kaxaom
3anycke, Npy 3TOM MOXHO NEPEKNoYaTLCH MEXAY HAMMU W BbIBOAUTL UX
Ha 3KpaH B pexuMe OCTaHOBIEHHOW UMK XnBOW passepTku. MagniVu
00n1apaeT 3HaUMTENBHO NyYLLIMM pPa3peLLeHeM No BPEMEHM, YEM
ApYrve cMCTeMbl 3axBaTa aHanoryHbIx Mogenei ocuyunnorpados
ApYrux npon3soauTenen, obecneynsas yBepeEHHOCTb NpY BbINOMHEHU
TOYHbIX N3MEPEHNI BPEMEHHbIX COOTHOLLEHMI LMEPOBbIX CUTHAMOB.

Pexum 3axsata MagniVu obecneunsaet paspeLueHune no Bpemenn 60,6 nc, no3sonss
BbINOMHATb TOYHbIE M3MEPEHIS BPEMEHHbIX XapaKTEPUCTUK LM(POBbIX CUHAMOB.
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Mpo6Huk P6616 MSO — OT0T yHMKanbHbIA NPOGHUK MMeeT ABa noaa no
BOCEMb KaHamnoB. Kaxablil 13 BOCbMM CUrHanbHbIX kabenel noga
CHabxeH HaKOHEYHUKOM C BO3MOXHOCTbIO MOAKMOYEHNS BbIBOAA
3a3eMreHus, YTo ynpoLLaeT NOAKMIYEHNE K TECTUPYEMOMY YCTPOCTBY.
[ins BbicTpON NAeHTUMKaLMM NepBbIt kabenb Kaxaoro noga okpalleH
B rony6oi UBeT. B kauecTBe 06LLero KOHTaKTa «3eMny» UCronb3yeTcs
MMOCKWI LUTbIPEBOI KOHTAKT, LIMPOKO NPUMEHSIEMBI B TECTOBbIX
ocHacTkax. [Ins nogkmoYeHUs K rpynnam LUTbIPeBbIX KOHTAKTOB Ha
nnate TECTUPYEMOro YCTPOMCTBA Ha HAKOHEUHMKM NpobHIKka P6616
HYXHO YCTaHOBWUTb afanTepbl, YANUHSIOLLME «3eMIISHOM» KOHTaKT.
P6616 obnazfaeT npeBOCXOAHLIMU ANEKTPUYECKAMM XapaKTEPUCTUKaMM
— €ro BXofHas eMKOCTb cocTaBnsieT Bcero 3 nd, BxogHoe
conpoTuenexure 100 kOm, YacTota perncTpupyembix LMpPoBbLIX
curHanos npesbiwaet 500 MI'y, a 4nuTenbHOCTL MMMYBCOB — Nopsiaka
1 He.

MMpo6Huk P6616 MSO nmeeT gBa noaa no BOCEMb KaHaroB Kaxabli 47st YPOLLEHNs
MOAKIIOYEHNS K UCCresyemMoMy YCTPOMCTBY.

5 — 3anyck no curHanam nocrnegoBaTesibHbIX WWH U
ux aHanus (onuus)

CurHan nocnefoBaTenbHOI LWKMHBI COLEePKT, Kak NpaBuno, afpec,
YNpaBnsitoLLy0 MHOPMaLMO, JaHHbIE U TAKTOBYHO YACTOTY, YTO
3aTPYAHSIeT MHTEpNpeTaLyio M306paxeHns Ha akpaHe ocuunnorpadia 1
BblENEHNE UHTEPECYIOLLMX COBbITU.

CpenctBa aBTOMATUYECKOrO 3anycka, AeKoANpPOBaHUS 1 noucka
cobbITWI 1 YCTOBWIA B CUTHAanax, nepeaaBaemblx N0 NOCneL0BaTeNbHOM
LUWHe, NPeA0CTaBNSIOT HaAEXHbI HAbop CpeaCcTB OTNaaKM
nocneaoBaTenbHbIX WUH. Bbl MOXeTe OLEHNUTb JOMONHATENbHBIE
BO3MOXHOCTYW aHanmaa u 3amnycka no curHanam nocrnegoBaTtenbHbIX
LUVH, BOCMOmNb30BaBLLKCh 30-aHeBHON BecnnaTHo nuLeH3nen.
[encTane 3TN NULEH3NN HAYNHAETCS C MOMEHTA NEPBOrO BKITOYEHNS
npubopa.



M 2.00ms

Zoom Factor: 2kX

Zoom Position: 2.35Hs
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1A
Trigger On
sync
Reset
Suspend
Resume
End of Packet

Token (Address)

Data Packet

Handshake
Packet
Special
Packet

Error

(@ 200V 2.00V

Type Source Bus _ Trigger On | Token Type
Bus (USB)  Token Packet Any

Address
XXh

Endpoint
Xh

Token Packet

& Holdoff

3anyck no KOHKPETHOMY MaKeTy NOMHOCKOPOCTHOM WiHbl USB. XenTas
ocuunnorpamma npeacTaensiet coboit curHan D+, a cuHsis — D—. OcuunnorpamMma
CcUrHana LWWHbI Moka3blBaeT AEKOAMPOBaHHOE COAEPKMMOE NakeTa, Bkrtovas Crapr,
CuHxpoHusauuto, MigeHtndpukarop naketa, Agpec, KoHeuHyto Touky, KoHTpombHyto

cymmy, flaHHble 1 Cton.

3anyck no curHanam nocnefoBaTeNbHbIX WKUH — 3anyck no
COAEPXMMOMY MakeTa, HanpyUMep No Havany naketa, 3a4aHHbIM
agpecam, 3aAaHHOMY COAEPKaHMIO AaHHbIX, YHUKANbHbIM
naeHTudmrkaTopam 1 T. ., TakX pacnpoCTpaHEHHbIX
nocneaoBatenbHbIX MHTepdeitcos, kak 12C, SPI, USB 2.0, Ethernet,
CAN, CAN FD (ISO n He-ISO), LIN, FlexRay, RS-232/422/485/ UART,

MIL-STD-1553, ARINC-429 u [?S/LJ/RJ/TDM.

npe,D,CTaBHEHMe WWHbI — BbICOKoypOBHEBOG KOM6MHMpOBaHHOE
npeacrtaBreHne oTaenbHbIX COCTABNALWMNX CUTHanNa LWnHbI (TaKTOBOI7I
4acTOoTbl, A@HHbIX, Bbl60pa Kpuctanna u . I'I.) ynpoLlaeT NoucKk Havana u
KOHLIa NakeToB U I/I,quTI/ICbVIKaLWIIO X KOMMOHEHTOB, TaknX Kak agpec,
[aHHblE, VI,D,eHTM(bMKaTOp, KOHTPOsibHaa cymma n . .

ﬂeKO,qI/IpOBaHVIe CUrHanoB WKH — YcTanum OT NOCTOSIHHOMO noucka
TaKTOBbIX YaCTOT, HyNen n eanHnL? Hapgoeno o6beanHsiT GuThI B
BaiTbl 1 BbIMUCIATL LUECTHAALATEPUYHbIE 3Ha4YeHUs? Tak nopyyuTe aTy
paboTy ocuunnorpadyy! Mocre Toro kak Bbl ONPEAENNTE LUKHY,
ocuunnorpacsl cepun MSO/DPO4000C 6yayT fekoanpoBaTh Kaxablit

nakeT Ha 3TOM LUKHE 1 OT06pa>|(aTb €ro 3Ha4yeHne B

LecTHaaUaTepuyHoM, 4BOUYHOM, AecaTuyHoM (Tonbko USB, Ethernet,
MIL-STD-1553, ARINC-429, CAN, CAN FD, LIN u FlexRay),
[LECATUYHOM CO 3HaKOM (Tosbko 12S/LJ/RJ/TDM) urmn ASCII (Tonbko

USB, Ethernet n RS-232/422/485/UART) chopmare.

Ocuunnorpadbl cepun MDO4000C

CTaHpapTbl nocneaoBaTeNbHbIX WWH, NOAAEPXKUBaEMble
ocuunnorpacom MDO4000C

CraHpapt 3anyck, 3akaxuTe onuuio
[eKoaupoBaHue,
nouck
Betpansaemble | 12C Na DPO4EMBD
cucTemel SPI La DPO4EMBD
KomnbtoTep RS232/422/485, | [a DPO4COMP
UART
UsB USB Hu3ko-, [a (3anyck ans DPO4USB
MONHO-, HW3KO-, NOJTHO-,
BbICOKOCKOPOCTHbI | BbICOKOCKOPOCTHbI
€ LUMHbI X LUKH)
BbicokockopocTHa
S WKHa
nopaepxuBaeTcs
TONbKO MOZensiMu
C noroco
npomnyckaHus
11y
Ethernet 10Base-T [a DPO4ENET
100Base-TX
AstomobunbHas | CAN, CAN FD [a DPO4AUTO unn
3MeKTPOoHMKa (ISO n He-ISO) DPO4AUTOMAX
LIN Ja DPO4AUTO nnm
DPO4AUTOMAX
FlexRay Ja DPO4AUTOMAX
BoeHHoe 1 MIL-STD-1553, Na DPO4AERO
aapokocmuyeckoe | ARINC-429
obopyaoBaHmne
Ayaunocuctembl 1S [a DPO4AUDIO
LJ,RJ [a DPO4AUDIO
TDM Ja DPO4AUDIO
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TexHunyeckoe onucaHue

Tabnuua cobbiTnn — Kpome 0TOBpaXeHns 4EKOANPOBAHHBIX
MaKeTHbIX aHHbIX Ha caMoii ocLMnorpaMme, MOXHO NpescTaBnsTh
3axBayeHHble B NamsaTb Npubopa nakeTbl B TabnuyHon hopme nogobHo
TOMY, Kak OHU NPeACTaBNAOTCS B IMCTUHIE Nporpammbl. [pn 3ToM
nakeTbl CHabXarTCst METKaMW BpEMEHM 1 pa3buBatoTcs Ha CToNBLbI
QNS KaXA0ro OTAENbHOro TUMa curHana (agpec, faHHbIe U T. M.).
Cogepumoe TabnuLbl cobbITUI MOXHO COXPaHUTL B hopmaTe .Csv.

M 1.00ms
Vertical
—1.50 div

T o

Zoom Factor: 100 X Zoom Position: —1.20s

Identifier Data CRC Missing Ack

7B7E 9A9C 37EE
330A
0103 562D
10000001 1122 3344 55 6A65 —
12345678 1122 3344 5566 7788 4C2 ‘0,,‘ off

Event Table

Event Table

1597EEB2 FFFF 0000 EEEE 1111 216E
519 4269 6C6C 7744 -
1597EEB2 AE4F FFF1 0272 DF6B 2180

=
527DE32 11 7F3D File Details

140014 1122 33 H
160016 1122 3344 55 3911
18181818 F1F2 F3F4 F5F6 F7 5F9B S

0 0000 0000 0000 0000 3DAF (ot Telola
757 Remote 2088
TASSAASS Rermote Fram EEER
57 4568 6C65 7273 7D95
1597EEA3 DES5 CBFA 5D45 ADSC___1DED
1122 61A8
1122 3344 3751
s 1122 3344 5566 5DF7
2.157ms CI1C2 C3C4 B7B6 B4B4___ 69DB

selects an event

(@ s00mv Start of Frame ‘

%
hts

Bus Define Tl Bit Rate

CAN Inputs 500000 Bus Display = Event Table

Tabnuua cobbITnii 0ToBpaxaeT AeKOANPOBaHHbIE MAEHTU(DIKATOP, KOA ANNHbI
panHbIx (DLC), AaHHble 1 KoHTponbHYt0 cymmy (CRC) Ans kaxaoro nakeTa WuHb
CAN B TeyeHvie AnUTENbHOTO 3axBara.

Mowuck (3anyck no curHanam nocnegoBaTenbHbIX WKH) — 3anyck no
CWrHanam nocrneaoBaTenbHbIX WWH 04eHb NONE3eH 15 BblAeNeHns
WHTEpecytoLmx cobbliTuit. Bbl 3axBaTinm Takoe cobbiTue U XOTUTE ero
npoaHanu3npoBartb, YTO Aenath Janblue? PaHbLue Ans noucka NpuymnHbl
BO3HWKHOBEHMS TOMO UMM MHOMO COBbLITIS BaM NPULLNOCH Bbl BPYYHYHO
npocMaTpuBaTh OCLMNIOrpaMMbl, NOACHUTLIBas 1 Npeobpasyst GuTsl.
Tenepb y Bac ecTb ocyunsorpad, No3BoSLLMIA aBTOMATUYECKN
npOCMAaTpuUBaTh 3aXBaYeHHbIE AaHHbIE W BbIMOMHATH MOUCK MO
yKa3aHHbIM KpUTEPUSIM, B TOM YUCAE M MO COAEPXKMMOMY NaKkeToB
nocnenoBaTenbHbIX AaHHbIX. Kaxnoe obHapyxeHHoe cobbiTue
cHabxaeTtcs MeTkon. [1ns1 6bICTPOV HaBUraLmm Mexay MeTkamu
[0CTaTO4HO HaxaTb kHomkw Previous (Hasap) (<) u Next (Bnepep)
(—) Ha nepegHeit naHenw.

6 — LlndopoBon BoNnbTMETP U YacToTOMEP

Ocumnnorpad MDO4000C comepxuT BCTPOEHHbIE 4-paspsiaHbIii
UMcpoBOII BONBLTMETP U 5-paspsaHbIin yactoTomep. CurHan ¢ noboro
aHanoroBoro Bxoga ocuunnorpada MoxeT 6biTb NoaaH Ha BONbTMETP
Be3 nepeknioyeHns NpobHUKOB. PeaynbTaThl U3MEPEHNs AMHaMUYecKm
oToBpaxatoTcs Ha aucnnee B UndpoBoil 1 rpacuyeckor popme. Ha
pucnnee Takke 0TobpaxalTcs MUHUMaNbHOE, MakcMManbHOE 1
CpeaHee N3MepeHHbIe 3HAYEHNS 1 AnanasoH 3HaYeHWi, U3MEPEHHbIX B
TeyeHue npeplayLero S-cekyHaHoro uHTepeana. Lindposon
BOMbTMETP 11 4aCTOTOMEP UMEDTCS BO BCex Mogensx cepun MDO4000C
W aKTUBMPYIOTCS NpK peructpaumm npubopa.
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Trig'd
43.95mV e e
48.08mv

[ SSSEUSSE
-500.0mvV 500.0mv 1.0000kH2

1}

FAVATAYA

@ s [Fmsre )@ 7 o)
(aFG Sine ———Tomukiz_Suv.00mvpp) 0 033.0000us ik poinis |

waveform waveform
Sine Settings

Frequency 1.0000kHz P 1.0000ms
Amplitude 500.00mVpp High
Offset 47.000mV Low

Pe3yanaTb| N3MepeHna B Te4eHne 5-CeKyH,CI,HOI'O WHTepBana npeactaBneHbl C
yKkaszaHMeM MUHUMAsbHOro, MakCuManbHoro 1 cpeaHero 3HaYeHWit NOCTOSIHHOMO
HanpsxeHus. [Noka3aHa Takxe YactoTa curHana.

output

298.00mv settings

—204.00mV

Mnardopma ocumnnorpados cepun MDO4000C

Ocuunnorpac MDO4000C npu3saH obrerynts Bally paboty. BonbLuoit aucnnei ¢
BbICOKUM pa3peLLeHneM nokasbiBaeT Menbyaiilme nogpobHOCTH curHana.
CneLnanbHble opraHbl yNpaBreHust Ha nepeaHen naHenu ynpolyatot paboty. [lsa
xocT-nopTa USB Ha nepeaHeit naHenu no3BonsioT COXpaHATb CHUMKM SKpaHa,
HacTpOiiki Npubopa 1 ocLMMNorpamMMbl Ha BHELLHWUX HOCUTENSX.

BonbLwoii gucnneii ¢ BbIcokuM paspewennem — Ocuunnorpadbl
cepum MDO4000C obopyanosaHb! 6onbLunm spkium 10,4-4t0AMOBbIM
(264 mm) ueTHbIM Ancnneem (XGA) co CBETOAMOAHO NOACBETKONM,
MO3BONSIOLLMM PACCMOTPETh MeNbYaiLLme nogpo6HOCTH curHana.

Uutepdbencbl — Ocumnnorpad MDO4000C nmeeT HeCKonbKo NOpTOB,
KoTopble MOryT BbITb 1CMOMNb30BaHbI A8 COeANHEHNS Nprnbopa ¢ CeTbio,
HenocpesCT