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KoHTponbHo-u3mepuTenbHble Npu6opbl U o6opyaoBaHue

KoMOHUpOBaHHbIE ocuunnorpadbl

Cepus MD04000

B03MOXHOCT 11 NpenMyLLecTBa

OCHOBHbIE TEXHUYECKME XapaKTepUCTUKM

® 4 aHanoroBbIX KaHana

= MoJenu ¢ nonocoi nponyckanua 500 My n 1 My
= 16 unpoBbIX KaHAOB

" pEXWUM BbICOKOCKOPOCTHOrO 3axeata MagniVu™ obecne4ynBaeT paspeLueHue
no Bpemenu 60,6 nc

= 1 pafno4acToTHbIN KaHan

= Mofenu ¢ fuanazoHami vactot ot 50 kl'y o 3 MMy unu 6 Ty,

= CBepXLIMpOKas nonoca 3axeata — 6onee 1 1Ty

= [laccuBHbIE NPOBHUKM C BXOAHOM EMKOCTbIO 3,9 N® 1 NoN0CcoiA NponyckaHus
500 My wnm 1 Ty B CTaHLAPTHON KOMNEKTaLMn

KOM6UHNPOBAHHbIN aHANN3

= KoppenmpoBaHHbI N0 BPEMEH 3aXBaT aHA/IOr0BbIX, LMPOBLIX U paanoya-
CTOTHbIX (PY) cUrHanoBs ¢ NOMOLLbIO OAHOTO Npuéopa

= [laHenb ynpaenenus Wave Inspector® o6ecrneqnBaeT NpocTyH HaBUraLuto
N0 KOPPENUPOBaHHbIM MO BPEMEHN AAHHBIM KaK BO BPEMEHHON, TaK 1 B
4aCcTOTHOW 06nacTu

= [loCcTpoeHMe 3aBUCMMOCTI aMNUTYAbI, 4aCTOTbI U (hasbl OT BPEMEHN Ans
CUrHaNoB, NoNy4eHHbIX ¢ PY Bxoga

= B03MOXHOCTb BbIGOPA NOML30BATENEM BPEMEHN pacyéTa cnekTpa (yHKuns
«Spectrum Time») N03BONAET HAGNKOAATH U aHANM3UPOBATL U3MEHEHME
CreKTpa BO BPEMEHN — J@XKe B COXPaHEHHOM CUrHane

lMpocToTa ucnonb3osaHus

= Spkuit uBeTHoi aucnneit XGA ¢ anaroHansio 10,4 aroitma (264 mm)

= Manble rabapuTHble pa3mepbl 1 He60NbLLIOK BEC — BCEro 147 MM B ryo6uHy
npu macce 5 kr

AHanus cnekTpa

= (Cneunanu3vupoBaHHble OPraHbl yNpaBneHns Ha NepeaHeil NaHenu ans camblx
pacnpocTpaHEHHbIX 3aaay

= ABTOMATMYECKMIA NUKOBbIA MApKep 415 ONpeAeNneHns 4acToTbl U aMnanTyab!
NMWKOB CNeKTpa

= PyyHble MapKepbl 06eCMeYNBaOT U3MEPEHUE HEe NMUKOBbIX NapaMmeTpoB
curHana

= |cnonb3yemble TUMbI TPACC: HOPManbHas, YCPeAHEHNE, YAepKaH!e Makcumy-
Ma, yAepXXaHne MAHUMyMa

Tunebl NEeTEeKTOPOB: NOSIOXUTENbHbIN MUK, OTpI/ILlaTeﬂbeIVI NuK, ycpeaHeHue,
BbI6OpKA

Pexum CcnekTporpamm o6neryaet BU3yanbHbIi KOHTPO/b U aHann3 MeaneHHo
U3MEHSIOLLMXCA COOBITUI

ABTOMATUYECKME U3MEPEHUS MOLLHOCTW CUTHANA B KaHane, KoadduuneHTa
pasBsA3KM COCEHNX KAHANIOB N0 MOLLHOCTY W LUNPUHBI 3aHUMAEMOIA NONIOChI
yacrot (OBW)

= 3anyck no ypoBHt0 MOLHOCTY B PY KaHane
= B03MOXHOCTb NPOBEJEHNS aHaN3a aBTOHOMHO MNN MO 3amycky

B03MOXHOCTW NOAKNIOYEHUS

= [1ga xocT-nopTa USB 2.0 Ha nepefHen 1 ABa Ha 3a[Hei NaHenm 06neryaiT u
YCKOPSIOT COXpaHeHue AaHHbIX, pacneyaTky u noakntoyeHne USB knasnatypbl

= [lopt USB 2.0 (knueHT) Ha 3afHel naHenu ynpoLyaet nogkntoyeHme K MK n
06€ecrneYnBaeT NpAMYI0 pacneyarky Ha NpUHTEpe, COBMECTUMOM C TEXHONOM-
et PictBridge®

= BcTpoeHHblid nopt Ethernet 10/100/1000 Base-T ans noaknto4YeHus K nokanb-
HbIM CETAIM 11 BUJEOBbLIXOA ANS BbIBOJA U300PAXKEHUS C 3KpaHa OCLMANOrpa-
tha Ha MOHWUTOP UNK NPOEKTOP

[lononHUTENbHblE BO3MOXHOCTM MO 3anyCKy W aHanuay CUrHanos nocneno-

BATEJIbHbIX LUNH

= QyHKLMM 3anycKa, [eKOAMPOBAHUA U MOUCKA B CUTHANAX NOCNeA0BaTENbHbIX
wuH 12C, SPI, USB, Enternet, CAN, LIN, FlexRay, RS-232/422/485/UART, MIL-
STD-1553 u 12S/LJ/RJ/TDM

[lononHNTenbHOE MPOrpamMMHoe 06ecneyeHne

= PaclwmpeHHblii 3anyck no PY curHanam

= AHann3 MOLLHOCTM

= TecTUpoBaHue No Npeaenam 1 no Mackam

= AHanus curHanos HDTV 1 HecTaHAPTHbIX BULEOCUTHANIOB
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KombuHnpoBaHHble ocuunorpadesl - cepus MD0O4000

lMpeacTtaBnsem KOMOUHUPOBAHHBIA ocuunnorpad
Kom6uHupoBaHHble ocuunnorpadsl cepun MD04000 — 370 nepebIe W eAuH-
CTBEHHbIE B MUpe 0CLMnnorpadbl CoO BCTPOEHHbIM aHanM3aTopoM CrnekTpa.
BnepBble N0Nb30BaTesNb MMEET BO3MOXHOCTb 3aXBaTblBaTh KOPPENMPOBAHHbIE
10 BPEMEHM aHanoroBble, LN(POBbLIE U PAAMOYACTOTHBIE CUrHAMbI, YTO NO-
3BO/ISIET NONYYUTH NOMHOE NPeSCTaBeHne 0 (PYHKLMOHMPOBAHWM TECTUPYEMOTO
yCTpOIicTBA. Tenepb MOXHO paccMaTpueaTh CUrHanbl 04HOBPEMEHHO BO BPEMEH-
HOIA 1 4aCTOTHOM 0611acTsX. BO3MOXHOCTL NOCTOSHHO OTCNEXUBATL CrekTp PY
CUrHana no3BonseT KOHTPOMPOBATb €ro0 U3MEHEHUs Kak BO BpEMEHU, TaK U B
3aBUCMMOCTU OT COCTOSHUS TECTUPYEMOTO YCTPONCTBA. C NOMOLLBI0 KOMOUHU-
poBaHHoro ocumnnorpaca MD04000 camble CNOXHbIE NPO6AEMbI pPa3paboTKu
9NEKTPOHHBIX YCTPOICTB BYAYT PELUeHbl BbICTPO U 3CDCEKTUBHO.

HoBble NprnbopbI NOCTPOEHbI HAa 6a3e CTABLUMX OTPACNEBbIM CTaHLAPTOM OCLM-
norpachos cepun MS04000B. Tenepb, 4T06bI MCCNEAOBATHL CUTHAM B YACTOTHON
0611acTH, Bbl MOXETE UCMONb30BATb CaMblil MOMYNAPHbIA MHCTPYMEHT — OCLIUII-
norpad, BMECTO TOro, 4T06bl MCKaTb 1 3aHOBO OCBANBATh aHANN3aTOP CMeKTpa.
MMpun 3TOM (hYHKLMOHANbHbIE BOSMOXHOCTW ocuunnorpacos cepun MDO He
OrPaH1yeHbl NPOCTbIM OTCNEXMBAHMEM CUTHANIOB B YaCTOTHOW 061aCTK, 4TO
N03BONAKT fenatb 1 06bl4HbIE AHANM3ATOPbI CeKTpa. beccnopHbiM Npeumy-
LLIeCTBOM HOBbIX NPMOOPOB ABASETCA UX CNOCOOHOCTL COOTHOCUTD ABNEHMUS B
YaCTOTHOM 0611ACTY C BbI3bIBAIOLLMMU UX COOLITUAAMI BO BPEMEHHOI 061aCTW.
Ecnu B ocumnnorpadpe 3a8eicTBOBaHbI OAHOBPEMEHHO PAAN0O4ACTOTHBIA U
Nt060M U3 aHANOrOBbIX MW LUMKPOBbLIX KAHANOB, AUCNAEA NPUOOPa JenuTcs

Ha [1Be 4acTU. BepxHAs 4acTb CRYXUT Ans TPALULMOHHOMO NPeACTaBAEHUS
CWUrHAN0B BO BPEMEHHOM 061acTh. B HMXHe YyacTu oTobpaxaetcs curan ¢ P4
BXO/a B 4aCTOTHOM 06nactu. 0C060 NOAYEPKHEM, YTO NPEACTABNEHME CUrHANA B
YaCTOTHOM 061aCTN ABNAETCA HEe 00bIYHLIM ObICTPLIM NpeobpasosaHnem dypbe
(BMN®) curHanos ¢ aHanoroBbIX UK LUGPOBLIX KaHAN0B NpM60pa, @ NOHOLEH-
HbIM CMEKTPOM CUrHaNa, nony4eHHoro ¢ PY Bxoja.

CnekTp, oTo6paxaemblii B YaCTOTHON 0611acTI, COOTBETCTBYET NepuoLy Bpe-
MeHM, 0603Ha4eHHOMY KOPOTKOI OpaHXeBOil MON0COMN, KOTOPAs PacrnonoXxeHa
BO BPEMEHHOI 06/1aCTI 1 Ha3bIBAETCA «BPEMEHEM crekTpa» (Spectrum Time,
ST). Ocumnnorpad cepum MD0O4000 nossonseT nepemeLLats uHamkatop ST no
3aXBA4YEHHOMY CUTHANY, B Pe3yNbTaTe 4ero MMeeTcs BO3MOXHOCTb UCCe0BaTh
13MeHeHue cnektpa PY curnana Bo Bpemenu. Creflyet 0TMETUTb, 4TO UCMOMbL30-
BaHue ST BO3MOXHO KaK Ha «XWBOM>», TaK W HA COXPAHEHHOM CUrHane.
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| Bupg BpemexHoim
o6nactn

| Bup vactotHoi
obnactu

Bepxuss 4actb gucnnes ocuyunnorpagpa cepun MD0O4000 cnyxut gns
0TOO6PaXEHNS BO BDEMEHHOM 0071aCTV CUTHA/I0B, NOCTYNAOLYNX HA aHAIOr0BbIe
Y UNPOBbIE KaHATbI, B TO BPEMS KaK HIKHAS YaCTb UCIIES MOXET
UCMO/b30BaTLCA A1 NPEACTABIEHNS B YACTOTHOW 061acTu curkana ¢ PY Bxoga.
OpaHxesas monoca — nHaukatop «Spectrum Time» — yka3biBaeT Ha nepuos
BPEMEHN, NCMOMb3YEMbIN /151 pacyéta PY cnekTpa.

Ha pucyHkax 1-4 noKasaHo BbINOMHEHWE NPOCTOI NOBCEAHEBHON NPUKNAAHON
3a[ja41 — HaCTPOIKa W PeryninpoBKa reHepaTopa, ynpasnseMoro HanpskeHnem
(T'YH) 1 cuctembl ¢ (ha3oBoii aBTOMATUHECKON NOACTPOIKOIA HacToTbl (DAMY).
JTa 3afa4a N03BONSET NPOMANIOCTPUPOBATL BOSMOXHOCTU OCLMANOrpados ce-
pun MDO4000 no koppensumuu co6bITUIA BO BPDEMEHHOI M 4ACTOTHOI 06N1acTAX.
Bnarogaps Wwupokoit nonoce 3axsara v BO3SMOXHOCTY NePEMELLIEHNS MHANKATO-
pa ST no curHany, KOM6MHMPOBAHHbIA ocuuAnorpad) 3a OAMH 3axeat cobupaeT
CTOMbKO XK€ AaHHbIX, CKOMbKO X cofepxutcsa npumepHo B 1 500 HacTpoek 1
CUrHam0B, 3aXBaTbIBAEMbIX 00bI4HbIM aHaNN3aTOPOM CrekTpa. C NOMOLLbIO HO-
BbIX NPUBOPOB BNEPBbIE 06CMNEYMBALTCS YPE3BbIYAAHO NPOCTOE CONOCTABNEHNE
COObITUIA B 4aCTOTHOIA M BPEMEHHON 0671acTAX, HAGMIOAEHNE UX B3aWMOAENCTBNIA
UNN U3MEPEHNE BPEMEHHbIX 3aePXKEK MEXY HUMU, YTO NO3BONAET ObICTPO
pa3o6paTbCsa B HIOAHCAX (DYHKLMOHMPOBAHMA pa3pabaTbiBaemMoro ycTpoincTsa.
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Puc. 1. lpefcTasneHne Bo BDEMEHHON 1 HACTOTHON 0671aCTAX CUIHAA BKITKOYEHUSA Puc. 3. UHaukatop ST nepemelyéH ewyé Ha 120 MKc BripaBo. B 9Toil T0YKe CrexTp

TYH/@ATY. Ha kaHan 1 (xéntas ocuynnnorpamma) nojaH CUrHai, 3amnyckaroLymi CUrHana cBUpeTeNbCTBYET 0 ToM, 410 ['YH/DAITY hakTuyecku «npockoyus»
T'YH. Ocyunnorpamma kaHana 2 (ronybas) 0T06paxaet CUrHan HanpsykeHns 3a/]aHHOE 3HAYEHME YaCTOTbI, BESINYMHA KOTOPOU TENEPh
QAIM4. CurHan wnHs! SPI, o koTopost npon3soauTcs nporpammuposanve M'YH/ pasHa 2,4164 ITy.

@ATTY Ha HyXHyH0 YacToTy, MOCTYNAaeT Ha TPU LUGPOBLIX KaHana u aBTOMaTnyeckn
Jexoaupyercs. 06patnte BHUMaHe, Y10 uHankatop ST pacnonoxeH nocne
momeHTa 3anycka 'YH n coBnajaet no BpemeHu ¢ KomMaHaamu Lwnkbl SPI,
3agaroLmu HyxHyto yactoty l'YH/@AIY.

AVED EAADC e

TAVED ENADIC e

Puc. 2. ngnkatop «Spectrum Time» nepemeLyéH npumepHo Ha 60 MKC Brpaso. Puc. 4. B koHeuHom ntore npumepHo yepes 340 mxc nocne 3anycka l'YH

B 310/ TOYKE CMIEKTP CUrHana cBnAeTeNbCTBYET O TOM, 4T0 cuctema 'YH/@AIY HacTpansaeTcs Ha Tpebyemoe 3Ha4eHne yactotsl 2,400 [Ty.
TYH/®AIY HaxoguTcs B POLECCe HACTPONKN Ha 3a[aHHYH YacToTy

(2,400 ITy). B gaHHb1i MOMEHT 4acToTa pasHa 2,3168 ITy..
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KombuHnpoBaHHble ocuunorpadesl - cepus MD0O4000

OpaHxxeBas ocynnnorpamma, 0Tobpaxaemas BO BDEMEHHON 00671acTy,
NPeACTaBAAET COO0M rpachuKk 3aBUCUMOCTY HACTOTbI OT BPEMEHU [/ CUrHana,
nogasaemoro Ha P4 Bxog. 06patute BHUManue, 4o nHamkarop ST pacnonoxeH
B 00714CTV MEPEXOSA C BbICLLEN YACTOTbI HA HU3LLYIO, TAKUM 00pAa30M, IHEPrus
pacnpeseneHa MexAy HeCKonbKuMy Yactotamu. C noMOLLbI0 rpaghuka
3aBUCUMOCTY YaCTOTbI OT BPEMEHU MOXHO JIErkO OTCIIEXNBATH PA3/INYHbIE
CKa4Ky YacToTbl, YTO YAPOLUAET ONNCAHNE NOBEAEHUS YCTPOVCTBA NPU
N1EPEKTIIOYEHUN MEXY YACTOTaAMM.

Buayanuzauus PY curnana

OkHo BpemeHHoit o6nactu gucnnes ocuyunnorpaca cepun MD04000 obecneyn-

BAeT 0TO6paxeHne TPEX 0CLUMNNOrpamMm, KOTOPbIE NONYHAOTCA U3 OCHOBHbIX | U

Q napameTpoB curnana, nogasaemoro Ha P Bxop:

= amMnauTyga — rpacmk 3aBMCMMOCTM MTHOBEHHbIX 3HA4€HUIA aMMANTYAbI NO-
[laBaemMoro Ha PY Bxop curHana ot BPEMeHU;

4acToTa — rpacuk 3aBUCUMOCTI OT BPEMEHU MIHOBEHHBIX 3HA4YEHNIA 4aCTOTbI
PY curHana 0THOCUTENbHO LEHTPaNbHOM YacToTbl;

= (haza — rpachuk 3aBUCUMOCTY OT BPEMEHI MIHOBEHHbIX 3Ha4eHui (asbl PY
CUTHaNa OTHOCUTENBHO LIGHTPANbHOM 4acToThI.
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KoHTponbHo-u3mepuTenbHble Npu6opbl U o6opyaoBaHue

www.tehencom.com

Bce Tpu ocumnnorpamMmbl MOryT 0To6paxaTbCs Ha AMCNee OAHOBPEMEHHO,
NPUYEM KXAAA U3 HUX MOXET ObITb BKIIOYEHA UK BbIKMOYEHA HE3ABUCUMMO
0T Apyrux ocuunnorpamm. Mpeacrasnenune PY ocumnnorpamm B0 BPEMEHHON
0611aCTM NOMOraeT NyyLUe NOHATb NOBEAEHNE U3MEHSAIOLLEr0Cs BO BPEMEHU
PaAMo4acTOTHOrO CUrHana.

PaCLIJI/IDEHHbIE BO3MOXXHOCTKM 3anycka

[nq paboTbl ¢ 66ICTPO U3MEHSIOLLMMMCA BO BPEMEHM CUTHANIAMM, CBOWCTBEHHbI-
MM COBpPeMeHHbIM PY npunoxenunsm, ocuunnorpadsl cepun MD04000 ocHatue-
Hbl CUCTEMON 3amycka, KOTopas MOMHOCTbI0 MHTErpupoBaHa ¢ PY, aHanorosbiMm
1 UMPOBLIMY KaHanamu. IT0 03HAYAET, 4TO OHO COObITUE 3amycKa NO3BONAET
cornacoBarb C60p JaHHbIX Cpa3y Mo BCEM KaHanam, B pe3ynbrare 4ero MOXHO
3aXBaTWTb CMEKTP TOYHO B TOT MOMEHT BPEMEHN, B KOTOPbIV NPOU30LLNO
MHTepecytoLlee cobbITUE BO BPEMEHHOR 06nacTu. MpnbopbI OCHALLEHbI MOHBIM
HabopoOM PEeXMMOB 3arnycka BO BPEMEHHOM 0651aCTK, BKIIK0Yas 3anyck no
(PpOHTY, NOCNEeA0BaTENbHOCTY, ANUTENBHOCTYA MMMYMbCA, BPEMEHU OXMNAAHNS,
BbIPOXKAEHHBIM UMMYAbCAM (PaHTaM), TOrMYECKUM COCTOSHUSAM, HapYLLIEHMIO
BPEMEHW YCTaHOBKMW/yaepXaHus, BpeMeHy HapacTaHus/cnaga, BugeocurHany, a
TaKkKe pasnnN4HbIMM TUNAMK 3anycka no naketam NocnefoBaTenbHbIX U napan-
NenbHbIX WUH. Kpome TOro, MOXXHO HaCTPOUTb 3amyCK MO YPOBHIO MOLLHOCTY Ha
P4 Bxofe. B kayecTBe npumepa MOXXHO NPUBECTU OCYLLIECTBIIEHIE 3anycKa no
CO6LITUIO BKITKOYEHNA PY nepefarymka.

[ononHutenbHblii Mogyns MDO4TRIG o6ecneynBaeT pacluMpeHHbIe BO3MOX-
HOCTM 3anycka no PY curHanam. 310T MOfyNb NO3BONSET UCMONL30BATh YPOBEHD
MOLLHOCTH Ha PY Bxofe B Ka4eCTBe NCTOYHMKA ANS Pa3NUYHbIX TUMOB 3amycKa:
1o NocneaoBaTeNbHOCTY, ANTENbHOCTY MMMYNbCA, BPEMEHU 0XWUAAHWS, BbI-
POXAEHHBIM UMMYNbCAM (PaHTaM) M IOFUYECKUM COCTOHMAM. TaK, B 4aCTHOCTH,
MOXHO OCYLLECTBAATL 3anyck no PY umnynbcy onpeaenéHHoi JnTeNnsHOCTM
UnK ©cnonb3oBaTb PY kaHan B ka4ecTse BxoAa Ans 3anycka no Normyeckum
COCTOSIHNAM, Y4TO NO3BONSAET 3anyckaTb ocuunnorpad TonbKo Toraa, korga u PY,
11 OCTasnbHbIe CUrHANbI aKTUBHBI.
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OCHOBHbIE NapameTphbl CrIEKTPa MOryT 6bITb ObICTPO HACTPOEHBI C MOMOLLYbIO
Crneynanu3npoBaHHbIX 0praHoB ynpasieHns Ha nepeaHen naHeny.

BbICTPbI 1 TOYHBIA aHaNN3 crnekTpa

Mpwn ncnonb30BaHNN TONLKO PaaNo4acToTHOrO BXOAA AnCTNeld ocumnnorpada
cepun MDO4000 nepexoanT B pexxKmm NOSTHOSKPAHHOIO 0TOBPaXKeHNS 4aCTOTHOA
o6nactu. Bce 0CHOBHbIE MapameTpbl CNEKTPA, Takue Kak LeHTpanbHasg 4acToTa,
nonoca 0630pa, ONOPHbI YPOBEHb 1 NMO0CA PA3PeLLeHMs, MOTYT ObITb NErKo 1
6bICTPO HACTPOEHBI C MOMOLLBIO CMELNanu3MpPoOBaHHbIX KHOMOK MEHI 1 umdpo-
BOW KNaBuaTypbl Ha nepeaHeii naHenm.
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Markers

ABTOMATU4ECKINE MAPKEPbI MUKOBbIX 3HAYEHWIT M03BONAIOT ObICTDO 0603HAYATH
BAaXHYH MHEOPMAaLNIO. Ha pucyHke nokasaHbl NATs CaMblX BbICOKMX
aMAANTYHbIX MUKOB, MPEBbILLAIOLLMX MOPOrOBbIE 3HAYEHUS W BENNYNHY
10Ka3aTesIsl OTKIOHEHNS Y ABTOMATNYECKM 0603HAYEHHbIE MapKepamu.

Vro6Hble NHTENNEKTYanbHble MapKepbl

B TpagMLMOHHbIX aHanM3aTopax CnekTpa BKNOYEHNE U pa3MeLLeHne J0CTaTOMHO
60/1bLLIOr0 KONUYECTBA MapKepoB AN 0603Ha4YeHUs BCEX NPEACTABNSAIOLLNX
MHTEPEC NUKOB MOXXET CTaTb JOBOLHO TPYAOEMKOM 1 YTOMUTENBHO 3afa4el.
Ocuunnorpadbl cepum MD0O4000 fenatoT 3TOT NPOLIECC HAMHOTO 6onee -
(heKTUBHBIM 6M1arofaps BO3MOXXHOCTU aBTOMATU4ECKONM PacCTaHOBKM MapKepoB
Ha NUKK 1 OTOBPAXKEHNS 3HAYEHUI YACTOTbI U aMNIUTYAbl ANs KOXKAOro NuKa.
Kputepuu, ucnonbayemble fas onpeaeneHus, YTo SBASAETCA NMKOM, MOTYT Ha-
CTPaunBaThbCs NOMb30BaATENEM.

Mapkep, 0603Ha4at0LLMIA CaMbIA BbICOKUIA MUK, HA3bIBAETCA OMOPHLIM (KOH-
TPOJbHbIM) MapKepoOM U BbIAENSeTCs KpacHbIM LBeToM. OTobpaxaemble BO3Me
MapKepoB NapameTpbl NKa MOrYT BbIBOAUTLCA B BULE MO0 aBCOMIOTHbIX 3HA-
YeHnit (pexxum «Absolute»), 1n6o oTHoCUTENbHBIX (pexum «Delta»). B pexume
«Delta» 0TO6PaXAKTCA 3HAYEHUS YACTOTbI M AMMAUTY/bI NMUKA OTHOCUTENbHO
0MOPHOr0 Mapkepa.

[ns npoBefigHUst U3MEPEHNIA He NMUKOBBIX Y4aCTKOB CMEKTPa MOXHO BOCMOJb30-
BaTbCA ABYMs PY4HbIMU MapKepamu. Mpu UxX BKITHOYEHUN OUH U3 PYYHbIX MapKe-
POB BbINOMHAET POSb OMOPHOTO MapKepa, YT0 NO3BOMSET NPOBOAUTL U3MEPEHUS
B JII060i1 YacTn cnekTpa. B 3aBucUMOCTM OT Bbi6paHHOro pexxuma («Absolute»
unu «Delta»), NOMUMO 3Ha4€HWIA YacTOTbl M AMNANTYbI NOKA3aHUS PY4HbIX
MapKepoB MOTYT TaKXe BK/H0YaTb 3HA4YeHMs NAOTHOCTU LUYMOB U (ha30BbIX LUYy-
moB. C nomoLubto pyHkumun «Reference Marker to Center» («OnopHblit Mapkep

B LIEHTP») MOXXHO MFHOBEHHO NEpPeMeCTUTb 4acToTy, 0603HA4YEHHYK0 ONOPHBIM
MapKepoM, B MOMOXEHWE LeHTPabHON 4acToThbl.
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KombuHnpoBaHHble ocuunorpadesl - cepus MD0O4000

B PEXUME CMeKTPOrpammal oroépa»(aforcg MEA/IEHHO U3MEHSIOLUMNECS COObITUS
B PY curxanax. Ha gaHHom PUCYHKE 0Ka3aH CUrHas ¢ HeCKOSIbKUMU TTUKaMU. Mo
Mepe U3MEHEeHNs BO BPEMEHY 3HaYEHUI YacTOTbl M AMIINTY/bl 3TUX TUKOB, IT!
U3MEHEHNA JIBrKO OTCIEXXNBAKITCA HaA CIIEKTPOrpamme.

CnekTporpamma

Ocumnnorpadbl cepun MDO4000 no3BonAOT 0TO6PaXATb CNEKTPbI B BUAE
CMeKTporpaMmmbl, KOTOpPas ABNAETCA UAeaNbHbIM CPeACTBOM AMs OTCNEXUBAHUS
MeJJIeHHO U3MEHSLWMXCS coObITUIA B PY curHanax. Mo ocu X 0TKNaabIiBaoTCcA
3HaYeHUs 4acToThl (KaK Ha 06bIYHOM rpacdmke NPeACTaBNEHUA CMEKTpa), No 0cu
Y — Bpems, a LUBETOM 0603Ha4aeTcs aMnaNTyaa.

Cnown cnexkTporpammbl (DOPMUPYIOTCS CneaytoLum 06pa3om. bepétcs oamH
3aXBa4YeHHbIN CNEKTP U «CTaBUTCS HA pebpo», 06pasys psf BbICOTOI OAMH
nuKcenb. Kaxaomy NuKCento psiia NpucBamBaeTcs 3Ha4eHne LiBeTa, KoTopoe
3aBUCUT OT BENMYMHbI aMNINTY/bl KAXKA0M YaCTOTHOI COCTABNAOLLEN CNeKTpa.
XonogHble LBeTa (CUHWIA, 3eNEHbIN) COOTBETCTBYIOT MasbIM 3HA4YEHUAM amniu-
Tyabl, a TENSble (KENTbIA, KPACHbIN) — 60/1ee BbICOKUM. Kbl cnefytoLmi
3axBaT 06aBNSAET HOBbINA CMOW B HIKHEN YacTU CNeKTPOrpammbl, npy 3ToM
npeALIecTBYOLLME CNIOM CABUraKOTCA Ha 0AWH paa BBepx. Koraa c6op AaHHbIX
npeKpaLLaeTcs, Nonb30BaTeNlb MOXET NMPOKPYTUTb 06PATHO BCH CMEKTPOrpamMmmy
1 NOCMOTPETb JI060M OTAENbHbIA CEKTP.

Pexxum paboTbl: ¢ 3anycKOM UM aBTOHOMHBIA?

Korpa BpemeHHas 1 4acToTHas 0611acTi 0TOOPAXKAITCS HA 3KpaHe 0JHOBPEMEH-
HO, 3aXBaT CNEKTPa BCeraa OCYLLECTBNAETCS C 3aMyCKOM M0 COBLITUI0 CUHXPO-
HU3aLUK, NpY 3TOM CNEKTP KOPPENMPOBAH MO BPEMEHM C OCLIIIIOrpaMMamm BO
BpeMeHHoil 06nacTu. OBHAKO ecnmn Ha aucniee 0TO6PXKAETCH TONLKO YaCTOTHas
06nactb, P4 BXOA MOXET 6bITb HACTPOEH HA PabOTy B aBTOHOMHOM PeXMME.
JTOT PeXUM NONE3eH B CNyYasX, KOraa JaHHble B YaCTOTHON 06N1acTi HEeNpepbIB-
Hbl 1 HE CBS3aHbI C COObITUAMMW BO BPEMEHHOW 0651acTu.
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OTo6paxKeHne CrneKTpOB CUrHAI0B NAKETHOM Nepeaaymn JaHHbIxX OT yCTpovcTBa
Zigbee Ha 4actote 900 MIy u yctpovictsa Bluetooth Ha yactote 2,4 Ty,
M0JTYY6HHbIX 33 OANH 3aXBaT.

CBepxLuMpoKas nosoca 3axsara

CoBpemeHHble cpefcTBa 66CNPOBOAHOI CBA3M MEHSIOTCS 04eHb 6bICTPO. B HMX
324aCTYt0 NCTONbL3YHOTCA TEXHONOTNN, KOTOPbIE BKMIOYAKOT B CE6S1 NAKETHYHO
nepeaady AaHHbIX, @ TAKXKE CMOXHbIE CXeMbl LMPOBOI MOZYNALMMA. 3T BUbI
MOZYNALMM MMEIOT 04eHb LUMPOKUIA AMana3oH YacToT. TpaanuMoHHbIe aHanm3a-
TOPbI CMEKTPA NOCNEA0BATENbHOrO (CKaHUPYIOLLME) UK NapannienbHoro (auc-
KpeTHbIE) TMNa NA0X0 NPUCNoCco6/eHbl ANs UCCNEe0BaHUS TAKNX CUTHAMOB, TakK
KaK OHU MOTYT BUAETb NULLb Y3KYH0 4aCTb CMEKTPA B KOK/bI MOMEHT BPEMEHN.
LlnpuHa cnekTpa, 3aXBaTbiBAEMOr0 32 OAVH LMK CO0Pa AaHHbIX, HA3bIBAETCA
nonocon 3axeara. TpaAnLMOHHbIE aHANM3aTOPbI CMEKTPA CKaHUPYIOT Nonocy
3axBara B npejenax yCTaHOBMEHHOro A1anasoHa Ans NoCTPOEHUS HYXHOro 130-
6paxeHus. B pesynbrare, noka aHanu3aTop 3axaTbiBaeT 1 06pabaTbiBaeT OANH
Y4aCTOK CMeKTpa, NPeACTaBNAIOLLEe UHTEPEC COBbITUE MOXET NPON30IATH B APY-
rof YacTu cnekTpa. bo nbLuas 4acTb aHaNM3aToOPOB CNEKTPA, AOCTYMHBIX CEroAHs
Ha pbIHKe, UMeLoT nonocy 3axeata 10 MI'y, MHOrAa ¢ NOMOLLbK JOPOroCTOALLMX
onuuit OHa MOXeT 6bITb pacuupeHa ao 20, 40 unu gaxe 140 MTu,.

YT06bI COOTBETCTBOBATL TPEGOBAHWUAM COBPEMEHHbIX PY NpUnoXeHnit no -
pUHE NONOChI YacToT, ocuunnorpadbl cepum MD0O4000 o6ecneynBatoT nonocy
3axsara 6onee 1 ITu. Mpu ycTaHoBKe 3Ha4eHUs nonockbl 063opa 1 My n MeHee
CKaHMpOBaHMe BCEro AnanasoHa He TpebyeTcs. CnekTp reHepupyeTcs 3 faH-
HbIX, MONYYEHHBIX 32 OAMH 3aXBaT, TakKUM 06pa3oM 06ecne4nBaeTCs rapaHTus
TOr0, 4TO Bbl YBUANTE BCE COOLITUA, KOTOPbIE UCKANN B 4aCTOTHOM 061aCcTy.

www.tehencom.com
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Ucnonb3yemble Tuibl TPACC CNEKTPA: HOPMAllbHas!, YCPEAHEHNE, YEPXaHNe
Makcumyma, yaepxxaHne MuHumMyma.

ABTOMAaTUYECKOE N3MEPEHNE MOLYHOCTY B KaHASTE.

Tpaccsl cnekTpa

Mpu6opsl cepun MDO4000 ob6ecneynsaioT YeThbipe pexxnMa 0To6paxeHus
cnekTpa (Tuna Tpacc) curHanos ¢ PY Bxoaa: HOpManbHbIA, yCpeaHeHue,
yaepXXaHue MakcuMyma, yaepxxaHue MuHnmyma. MeToa AeTeKTUPOBaHUS MOXET
6bITb YCTAHOB/EH HE3ABUCUMO ANS KOXAOr0 TUMna Tpacchl. Kpome T0ro, MOXHO
0CTaBUTL ocuunnorpad paboTatb B pexume «Auto», KOTOPbIA MCNONL3YETCA

M0 YMOJST4AHUIO M NO3BONSET aBTOMATUYECKWN YCTAHABNNBATL TUM AETEKTUPOBA-
HUR, ONTUMANbHBIA A8 TeKyLLei KOHUrypaumumn. [LoCTynHbI CeLyHoLLne TUMbl
[ETEKTOPOB: NONOXNTENbHbIA MWK, OTPULLATENbHBI MUK, YCPEAHEHUE 1 BbIGOpKA.

LononHutenbHbivi agantep TPA-N-VPI o6ecrieynBaer nogkioyeHne io6oro
akTuBHoro 50-omHoro npobHuka TekVPIl k P4 Bxogy.

PY namepenus

Ocumnnorpacs! cepun MDO4000 no3sonstoT NpoBOAMTL TpK Buaa PY ns-
MEPEHNI: MOLYHOCTM CUrHaNa B KaHane, KoahuumeHTa pa3Ba3kn COCELHNX
KaHanoB N0 MOLYHOCTM W LUIMPUHbI 3aHMMAEMOii NONO0CkI YacToT. Mpn akTMBaumm
KaKoro-nm6o 13 aTux pexxMmMoB M3MepeHuii ocuunnorpad aBToMaTN4eckn BKKO-
4aeT PeXUM 0TOOPAXKEHNS CMEKTPa U METOS [eTEKTUPOBaHMA «YcpeaHeHue»
(«Average») Ans ONTUMU3aLNK Pe3ynbTaToB U3MEPEHUIA.

Bo3amoxHoCTM nogayn PY curHanos Ha BXoA

Bo3MOXHOCTI NoAaym curHanos Ha PY Bxof B aHanu3atopax cnekTpa 06bI4HO
OrpaHuyeHbl BO3MOXHOCTbIO MOAKMIOYEHNS Kabeneid unn aHTeHH. B ocumunno-
rpadpax cepun MDO4000, 6narogaps gononHutensHomy agantepy TPA-N-VPI,
INs 3TUX Lieneit MOXET MCNONb30BaTbCA Nt060N akTUBHBbIA NPo6HUK TekVPI ¢
BXOAHbIM conpoTuneHnem 50 Om. 310 ob6ecneynBaeT SONOMHUTENbHYIO M16-
KOCTb NpW NOMCKE UCTOYHUKOB MOMEX M NO3BONSET 06/EryYnNTb aHanu3 cnekTpa
6narogaps BO3MOXXHOCTI NOMCKA M NPOCMOTpA CUrHanos Ha PY Bxoge.

www.tektronix.com 107




000 "Tex3aHkomM"

108

KombuHnpoBaHHble ocuunorpadesl - cepus MD0O4000

06HapyxeHne — Bbicokasi CKOpOCTb 3axBaTa CUTHasOoB (CBbILLIE
50 000 ocymnnnorpamm B CeKyHAY) MakCuMasbHO MoBbILLAET
BEPOSITHOCTb 06HAPYXEHUS KDATKOBPEMEHHbIX [TIUTHEN U APYrnx
DPEsKO NPONCXOAALUNX COObITUMA.

Co3aaHbl Ha 6a3e 0TMEYEHHbIX Harpagamu ocuMANorpacoB CMeLIaHHbIX
curxanos cepuun MS04000B

Ocuumnnorpadbl cepun MDO4000 o6ecneymBatoT TOT XKe NOMHbIA CNEKTP BO3-
MOXHOCTEIA, 4TO U MX NPOTOTAN — OCLMNNOrpagbl CMELLAHHBIX CUTHANOB Cepui
MS04000B. LLinpokuit Habop hyHKLWIA NO3BONSET YCKOPUTb NPOBEIEHNE BCEX
3TanoB 0TNafKM — OT 6bICTPOro 06HAPYXEHUs aHOManum 1 eé 3axata A0 NOUC-
Ka COObITMI B 3aMNCAHHBIX CUTHANAX U aHANN3a NX XapaKTepuUCTUK U NOBEAEHMS
paspabaTtbiBaeMoro ycTpomcTBaa.

O6HapyxxeHue

[ins TOro 4T06bI YCTPAHUTL HENONAJKY, CHAaYana HYXXHO Y3HaTb, YTO OHA
cyLiectByet. Kaaomy UHXEHepy-KOHCTPYKTOPY NPUXOAUTCA TpaTUTb Maccy
BPEMEHM Ha NMOMCK HeWcnpaBHOCTEN B pa3pabaTbiBaeMOM YCTPOIACTBE, HTO,
NPy OTCYTCTBUM NOAXOASALLUMX CPELCTB OTNALKM, NPEBPaALLAETCs B BECbMA
YTOMUTENbHbIA U TPYAOEMKUIA NpoLiecc.

Ocuwmnnorpadsl cepun MD0O4000 npeanaratoT camblid NOMHbIA B 0TPACAN
Habop CpefcTB ANs 0TOBPAXKEHNS CUTHANOB, KOTOPbIA NO3BONSAET BbICTPEE
W rNy6XKe NPOHUKHYTL B NPUPOSY NPOLECCOB, MPOTEKAIOLLMX B YCTPOMCTBE.
Bbicokas ckopocTb 3axBara curHanos — 6onee 50 000 ocumniorpamm B
CeKyHAy — No3BOAseT HabmogaTh MMTYN 1 APYrue peakue UMMyNbCHble
MOMEXM, 4TO CNOCOOCTBYET ONPEAENEHINIO UCTUHHBIX NPUYNH COOEB, BO3HM-
Karowmx npu paboTte ycTpoiicTea. [ucnnei ¢ LunposbIM NOMUHOMDOPOM C
rpajaumei ApkocTi AAET BO3MOXHOCTb 0TO6PaXKaTb AMHAMUKY U3MEHEHUS
CUrHana, Tak Kak y4acTku 0CLMINOrpaMmbl, F4e CUrHan nosBAseTcs Yalle,
UMEHT 60 MbLUYH SPKOCTb, YTO MO3BONAET BU3YaNbHO OLEHNBATbL 4acTOTY
NOSABNEHNS aHOMANMIA.
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SP1 Data

3axsar — 3anyck no onpeaenéHHOMy NakeTy JaHHbIX, NePEAABAEMOMY 110 LLINHE
SPI. lMonHbii HA60P DYHKUMI 3anycKa, BK/I0Yas 3amycK 110 COAEPXNMOMY
naKeTa nocnef0BaTeNbHbIX AAHHbIX, FAPAHTUPYET GbICTPbIN 3aXBaT
NPEeACTaBAAOLLEro MHTEPEC COObITUS.

3axsar

06HapyXXeHne HeNCnpaBHOCTEN YCTPOIICTBA — 3TO NNLLL NEPBbIA Lwar. Tenepb
HY)XHO 3aXBaTUTb WHTEPECYIOLLEe COObITIE, 4TOOLI MOXHO ObINI0 YCTAHOBUTbL
NPUYUHY €r0 BOSHUKHOBEHNS.

Tou4HbIli 3axBaT NG00 CUrHANA 06ecne4MBaeTCa NpasuibHLIM N0A60POM NPO6-
HukoB. Ocumnnorpadbl cepun MDO4000 KOMNNEKTYHOTCS YeTbIPbMS NPOBHNKA-
MU C Manoi BXOAHON EMKOCTbIO. 3TV NepBble B OTPACNN NACCUBHBIE NPOBHMKMN
HaNpsXKEHUs C BbICOKMM UMNEeJaHCOM UMEIOT BXOAHYH EMKOCTb MeHee 4 nd,
4TO NO3BOJIAET YMEHbLUMTL BO3AEIACTBIME HA U3MEPAEMYIO LieMb. pu 3TOM OHM
COYETAKT BbICOKYIO NPOU3BOAUTENBHOCTb, CBOACTBEHHYH) aKTUBHBLIM NPO6HM-
KaMm, C rMBKOCTbI0 NACCUBHbIX.

Ocuumnnorpacbl cepum MDO4000 npegnaratoT NOAHbIA HAGOP GYHKLMIA 3anycka,
BKJTH04A5 3aMyCK N0 BbIPOXAEHHBLIM MMNYNbCaM (PaHTaM), BPEMEHM 0Xunaa-

HWUS, NOrMYECKMM COCTOSIHMAM, ANUTENbHOCTU UMNYNbCA/IANTYA, HAPYLIEHNHO
BPEMEHW YCTaHOBKMW/YAepXaHns, N0CNeA0BaTeNbHbIM NaKeTam W napannienbHbIM
[aHHbIM, YTO NOMOraeT 6bICTPO 0BHAPYXUTb MHTEPECYtoLLee CobbITHe. bnaro-
naps Anute 3anucu [o 20 MIH. TOYEK, 32 OANH 3aXBaT MOXHO 3a(PMKCUPOBATL
Cpa3y MHOr0 COOLITUIA — BNAOTbL [0 HECKOMbKMX ThICAY NOCNE[0BATENbHbIX
NaKeToB AaHHbIX. pn 3TOM COXPAHSAETCS BbICOKOE PaspeLLeHue, N03BONSIoLLEe
[eTanbHO PaccMOTPeTL MeNibYaiLume NoLPOBHOCTY CUrHana.

Ocuumnnorpacbl cepum MDO4000 nMetoT WUpoKne YHKLMOHANbHbIE BO3MOX-
HOCTW — OT 3anycka no onpeAenéHHoOMy COAEPXKUMOMY NaKeTa AaHHbIX [0
ABTOMATWN4ECKOr0 LEKOANPOBAHNSA LAHHBIX PA3NNYHbIX popmaToB. Mpn 3TOM OHKM
06€eCcrneynBaoT NOAAEPXKKY Camoro LWNPOKOro B CBOEM Krnacce Habopa nocnego-
BaTenbHbIX WuH: 12C, SPI, USB, Enternet, CAN, LIN, FlexRay, RS-232/422/485/
UART, MIL-STD-1553 u 12S/LJ/RJ/TDM. Cnoco6HOCTb 0HOBPEMEHHOTO [EKOAN-
pOBaHNA A0 YeTbIpEX NOCNEA0BATENbHbIX U/MAW NapanieNbHbIX LWWH NO3BONSET
6bICTPO pacno3Hasatb NPO6NEMbI HA CUCTEMHOM YPOBHE.

[ins 6onee 3¢hheKTUBHOrO BbIABNEHUS 1 YCTPAHEHWS HENONAfA0K BO B3aUMOCBS-
31X HA CUCTEMHOM YPOBHE B CHIOXHbIX BCTPOEHHbIX CUCTEMAX, OCLMANOrpadbl
cepun MDO4000 nmetoT 16 UMPOBLIX KaHANOB. PEXXMM BbICOKOCKOPOCTHOMO
3axsara MagniVu™ no3sonseT 0To6paxarb Mefbyanilne nogpo6HOCTI CUrHana
BOKPYI TO4KM 3anycka (¢ paspeLlueHuem go 60,6 nc). Pexxum MagniVu oco6eHHO
none3eH A TOYHOr0 M3MEPEHNS BPEMEHHbIX UHTEPBAIOB, YTO HEO6X0AMMO NpK
onpejeneHnn BPEMEeHI YCTAHOBKMN 1 yaepKaHus, 3a8ePXKKN TAKTOBOI YacTOTbl,
(ha30BbIX CABUIOB W XapaKTEPUCTUK FUTHEIA.
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lMonck — [lekoanpoBarne curana wnHel RS-232 ¢ 0To6paxeHnem pe3ynbTaToB
10MCKa JAHHBIX, UMEIOLYMX 3HAaYEHNe «N», ¢ MOMOLLbI0 hyHKuymm Wave Inspec-
tor. laHenb ynpasneqns Wave Inspector o6ecneynBaeT HenpeB3on[eHHy0
3QhheKTNBHOCTb NIPY HABUTALMY 1 IPOCMOTPE JAaHHbIX.

Momnck

be3 COOTBETCTBYIOLLMX MHCTPYMEHTOB MOUCK UHTEPECYHOLLEr0 COObLITUS B
J/IMHHOM 3annCu CUrHana MoXeT 0Ka3aTbCs BeCbMa TPYA0EMKMM MPOLECCOM.
Y4nTbIBas, Y4TO B COBPEMEHHbIX NPMOOpPax AnMHA 3anNUCK NPEBLILIAET MUNOH
TOYEK, MONCK COOBITUS MOXET 03Ha4aTb NPONNCTLIBAHNE HECKONbKUX ThICAY
9KPaHOB OCLMNIOrPaMM.

Ocuunnnorpadbl cepun MDO4000 npegnaratoT camble COBEPLUEHHbIE B OTPACAN
CPEeACTBA NOWCKA 11 HABMraLuW, Peann3oBaHHble B BULE MHHOBALMOHHON NaHenun
ynpasneHus Wave Inspector®. G noMOLLbto 3TUX OPraHOB yNpaBeHNst MOXHO
YCKOPUTb MPOLECChI NAHOPaMUPOBAHUSA 11 U3MEHEHNs MacLuTaba hparMeHToB
3anucu. bnarogaps yHuKanbHOW CUCTEME C MEXaHU3MOM 06paTHON CBA3M,
nonb30BaTeb UMEET BO3MOXXHOCTL NepeMeLLaTbecs U3 OAHOM0 KOHLA 3anucu B
JPYrom 3a CHMTaHHbIe CeKyHAbl. C MOMOLLBIO CreunanbHbIX N0Nb30BaTENbCKNX
METOK MOXHO 0603Ha4MTb Ha ocLunIorpamMme Nto6oii y4acTok, a N0TOM Bep-
HYTbCA K HEMY ANs AanbHeLwero nay4eHus. Kpome Toro, nonb3osarenb UMeeT
BO3MOXXHOCTb NPOBOANTH ABTOMATMYECKMI MOUCK NO 3aaHHBIM UM KPUTEPUSM.
Wave Inspector MrHoBeHHO NPOCMATPUBAET BCIO 3aNUCh, BKMKOYAs aHaNOoroBble
1 UNPOBbIE AaHHbIE, @ TaKXKe AaHHbIE NOCNef0BaTeNbHbIX LMH. [1pn 3TOM OH
2BTOMATUYECKM OTMEYAET KXKbI MOMEHT HACTYNeHNs 3aaHHOr0 cobbITUs. B
JanbHeliLlem Nonb30BaTeNlb MOXET ObICTPO NEPEMELLATLCA MEXAY COObITUAMM
110 3TUM METKaM.
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AHannz — luctTorpamma curuana, nocTpoeHHas no cnagy uMmynbca, no3BonseT
OLIeHUTb 3aBUCHMOCTb MOSIOXEHNS NIEPENasa 0T BDEMEHU (IKUTTED). Ha akpaHe
0TOGPAXAIOTCA YUCIIOBLIE 3HAYEHUS PE3YIIbTATOB UBMEDEHUI, MOSTYEHHbIE Ha
OCHOBE ruCTOrpamml. [10MHbIA HAGOP BCTPOBHHBIX CPEACTB aHANN3a YCKOPAET
POBEPKY XapaKkTepucTUK TECTUPYEMOro YCTPOHCTBA.

AHanus

[1ns TOro 4T06bI NPOBEPUTH, HACKONLKO NAPaMeTPbl OMbITHOMO 06pa3ua pas-
pabaTblBaeMoro yCTPONCTBA COOTBETCTBYIOT MOAENM W YA0BNETBOPSIOT I OHN
NOCTaBNEHHbIM B POEKTE LieNamM, He06X0AMMO BCECTOPOHHE NPOAHANN3NPOBATH
BCE XapaKTEPUCTUKM YCTPONCTBA. ITOT aHaNN3 MOXET NOTpe6oBaTh Camblx pas-
HO06pa3HbIX U3MEPEHUIA — OT NPOCTOro ONPeSeNeHns BPEMEHI HapacTaHns n
LNUTENbHOCTI UMNYNBCOB A0 COXHOMO aHanu3a BHOCMMOTO 3aTyXaHus (noTepb
MOLLHOCTH) W UCCREeS0BaHUS UCTOYHUKOB LLUYMOB.

Ocuumnnorpadbl cepum MD0O4000 ocHaLLeHbI NOHBIM HAGOPOM BCTPOEHHBIX
CPEeACTB aHanu3a, B TOM 41Cne NPUBA3AHHbIE K CUTHANY 1 3KpaHy KYpcopbl,

44 BnAa aBTOMATUYECKUX M3MEPEHMNIA, PACLLMPEHHbIA HABOP MaTEMATU4ECKIX
(PYHKLNIA, BKNKO4AA PEAAKTOP YPaBHEHUN, & TaKxe (DYHKLNI0 NOCTPOEHUS
rucTorpamm, 6bicTpoe npeobpazoBaqne Mypbe n AnarpamMmmbl TPEHA0B ANs BU-
3yanbHOIi OLEHKN U3MEHEHNs Pe3yNnbTaToB M3MepeHUii Bo BpemeHu. Kpome Toro,
npu60opPbI KOMNAEKTYHOTCS CMELNanin3npoBaHHbIMI NPUKNAAHBIMY NPOrpaMMamm
ONs aHann3a CUrHanoB NocneaoBaTeNbHbIX WWH, NPOEKTUPOBAHUS UCTOYHUKOB
NUTaHNS, TECTUPOBAHNS NO Npejenam n Mackam 1 pa3paboTku BUAEOYCTPONCTB.
[ins 6onee rny60Koro aHann3a MoOXeT 6bITb MCMOMb30BaHA NPOrPaMMHOE
o6ecneyeHne LabVIEW SignalExpress™ Tektronix Edition komnanun National
Instruments, koTopas Bknto4aeT 6onee 200 BCTPOEHHbIX (DYHKLMWIA, B TOM YuCne
aHanu3 B 4aCTOTHOM W BPEMEHHOW 06N1acTH, PErNCTPALNIO JAHHbIX U CO3AaHNe
0TYETOB B 33[1aBaEMOM M0Mb30BaTeNeM hopmare.
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TexXHUYEeCcKIe XapakTepucTUKi

MapameTp MD04054-3 MD04104-3 MD04054-6 MD04104-6
Y1Cn0o aHanoroBbIx KaHanoB 4
Monoca nponyckaHus 500 My 11Ty 500 Mr'y 11Ty
YacToTa anckpeTusaumm (1-2 KaHana) 2,5 BbI6./C 5TBbl6./C 2,5 BbI6./C 5 IBbI6./C
YacToTa anckpetusaunm (3-4 kanana) 2,5 I'BbI6./C
Y1cno UMppoBLIX KaHaNoB 16
PY KaHan 1
[nanasoH vacTot 50kMy ... 3 My, 50kMy ... 61Ty
Monoca 3axgata B peasibHoM BPEMEHN 6onee 1Ty

Monoca 0630pa

1«kly ... 3/6 [Tuy B nocnegoBatennHocth 1-2-5

lMonoca paspeLueHuns

20 Ty ... 10 Ml'y B nocneposartenbHocTh 1-2-3-5

OnopHblii YypoBEHb

—140 pbm ... +30 abm, waramu no 5 abm

BepTukansHas Lkana

1 ab/pen. ... 20 nb/aen. B8 nocneaoBatenbHocTM 1-2-5

BepTukanoHoe nonoxeHue

ot -10 gen. go + 10 gen.

EnuHMLBI n3MepeHns no BepTukany

nbm, nbmB, nbmkB, nbmkBT, AEMA, aBMKA

CpeaHuit ypoBeHb COBCTBEHHBIX LLYMOB

50 kl'y ... 5 MI'y: menee —130 nbm/Ty (meHee —134 gbm/ly TUn.)
5Mry ... 3Tu: menee —148 pbm/Ty (menee —152 pbm/Iy Tun.)
31Ty ... 6 ITu: meHee —140 pbm/Ty (MeHee —143 abm/Ty Tnn.)

MapasuTHble COCTaBNAIOLLNE

[apmMOHMYeCKMe MCKXXeHUs 2-ro 1 3-ro nopsaka
(>30 Mru)

<55 ibH (< -60 pbH Tnn.)

VHTepMOJYNALNOHHbIE UCKAXEHWA 2-T0 nopaaka

< —55 abH (< —60 abH TMN.

MHTepMOAyﬂﬂLLMOHHbIe MCKaXeHNs 3-ro nopsaaka

[lpyrue nckaxxexus

(
< —60 abH (< —63 abH TuN.
(

[MozpasneHne nomex oT 3epkanbHOro kaxana v M4

)
)
< —b5 bH (< -60 abH Tun.)
<50 gbH (< =55 abH Tun.)

OcTaTo4Hble COCTABNSIOLLNE

< —78 obm

[MepekpécTHble nomexu B PY kaHane ot
ocunnnorpadomyecknx KaHanos

yacToTa Ha Bxoae <1 ITu: < —68 Ab 0T 0MOPHOro YpoBHS
yactora Ha Bxoge ot 1 Ty 8o 2 IMy: < -48 nb ot onopHoro ypoBHs

@a3oBble WyMbl Ha YacToTe 2 [T,
npu otcTpoitke 10 Ky
0 Ky

1 Mrluy

< =90 gbH/Tu, < -95 gbH/Ty (TUn.)
< =95 nbH/Tu, < 98 obH/Ty (Tun.)
<113 gbu/Ty, < —118 gbH/Ty (Tun.)

[MorpeLuHOCTb M3MepEeHNs YPOBHA
(ypoBeHb BxofHOro curHana ot +10 gbm go -50 gbm)

npu Temnepartype 20 ... 30°C: meHee +1 gb (0,5 ab tun.)
BHe paboyero guanasoHa: meHee +1,5 ab

OcTaro4Has 4yacToTHas Moaynaumus

<100 'y 0T nuka go nuka Ha 100 mc

MakcumanbHbIn pabo4uii BXOAHOI YPOBEHD

CpepHsis HenpepbIBHas MOLLHOCTb

+30 obm (1 B)

MakcumanbHbIin 6e30MacHbIid YpOBEHb
NOCTOSHHOMO HaNPsKeHUs

+40 B NOCTOAHHOrO HanpsXXeHus

MakcumanbHas 6e30nacHas MOLHOCTb
(HesaryxatoLme KonebaHus)

+33 abm (2 B1)

MakcumansHas 6e3onacHas MOLWHOCTb (UMMYNbC)

+45 nbwm (32 Br)
(BnutenbHOCTb UMNYnbca <10 MC, CKBaXXHOCTb <1%, OMOPHbIA ypoBeHb > +10 abm)

3anyck N0 ypOBHKO MOLLHOCTY

YHacToTHbIA AnanasoH

1 MMy ... 30y 1MMy...60My

[lnanasoH amnauTyapl

+30 abm ... —40 gbm

Mpegensl, npu L4* o1 1 My go 3,25 My
npn U4* 6onee 3,25 My

-35 nb 0T onopHoro ypoBHs
—15 nb 0T onopHoro ypoBHs

MuHUManbHas LuTenbHOCTb UMNYNbCa

Bpems BKNoYeHUs 10 MKC Npu YCTAHOBIEHHOM MUHUManbHOM BpeMeHu BbIKNoYeHus 10 MKe

BpemeHHoi cagur mexay PY 1 aHanorosbimu
KaHanamm

<5HC

Tunbl TPAcc B 4aCTOTHO 061acCTy

HOPMarbHbIiA, YCPeaHeHNe, YepXKaHne MakcuMyma, yaepXKaHiue MUHUMyMa

Tunbl Tpacc BO BpeMeHHOM 06nactu

amnnuTyaa/Bpems, Yactota/spems, pasa/Bpems

Tunbl AeTEKTOPOB

NONOXUTENbHBIV MUK, OTPULATENbHbIA MUK, YCPeLHEHE, BbI6OpKa

ABTOMATMYECKME MApPKepbI

pacnosHasaHue ot 1 4o 11 NMKOB Ha OCHOBE 3aaBaeMbIX M0Sb30BATENEM NOPOrOBbIX 3HAYEHUI U

OTKNIOHEeHUA

PyyHble Mapkepbl

[IBa PYYHbIX MapKepa Ans MHAMKALMN YacTOTbl, aMNAUTYAbI, MOTHOCTY LWYMOB 1 (ha30BbIX LIYMOB

Pexxmmbl 0TO6PXEHNS NOKa3aHUIA MapkepoB

26COMIOTHBIA N OTHOCUTESbHbIA

UM — ueHTpanbHas Yactota
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MpogomxuTensHOCTh 3axsata PY curHana OkHa BN®

Monoca o630pa MakcumanbHoe Bpems 3axpara OkHo b Koathcpmument

6onee 2 Ty, 2,5 mc Kansepa 2,23

or1 MMy pmo2lmy 5 Mmc MpsamoyronbHoe 0,89

o1 800 MIy o 1 MMy, 10 mc XamMMuHra 1,30

ot 500 MT'y go 800 Ml 12,5 mc XeHHMHra 1,44

0T 400 My go 500 MTy 20 mc bnekmaHa-Xappuca 1,90

o1 250 MTy go 400 MTy, 25 mMc OKHO € NN10CKOW BEpLUMHOM 3,77

0T 200 My go 250 MTy 40 mc

o1 160 My o 200 MTy, 50 mc

o1 125 My go 160 Mry 62,5 mc

meHee 125 MI'y 79 mMC

Cnctema BepTMKanbHOr0 OTKIOHEHNS aHANIOroBbIX KaHanos

Mapamertp MD04054-X MD04104-X
Y1CNO BXOAHBIX KaHANoB 4

Ananorosas nonoca nponyckanus (-3 ab), 5 mB/gen. — 1 B/gen. 500 Mry, 11Ty
PacueTHOe Bpems HapacTaHus, 5 mB/gen. (Tun.) 700 nc 350 nc

AnnapaTHoe OrpaHuyeHue NONOCHI NPOMyCKaHWs

20 MT'y unn 250 Mrry

Pexxum Bxoaa

oTkpbITbIA (DC), 3akpbiThiil (AC)

BxoaHoe conpoTusneHue

1 MOm 1%, 50 Om +1%

[lnanasoH BxoAHoOM YyBCTBUTENLHOCTM, 1T MOM

ot 1 mB/gen. go 10 B/gen.

[lnanasoH BXOAHOM YyBCTBUTENbHOCTU, 50 OM

ot 1 mB/gen. go 1 B/gen.

BepTukanbHoe paspellexue

8 61T (11 6MT B pexxKMmMe BbICOKOIO paspeLLeHus)

MakcumanbsHoe BxoaHoe HanpshxeHue, 1 MOm

300 By, (Kat Il) ¢ nukoBbIMuM 3HaueHusiMn < +425 B

MakcumanbsHoe BXoaHoe HanpshxeHue, 50 Om

5 Beks C NMKOBbIMK 3Ha4eHUAMY < +20 B

MorpeLHoCTb YCUNeHUs NOCTOSHHOIO HanpPsXXeHus

+1,5%, ¢ yxyawenuem Ha 0,1%/°C npu Temnepatype 6onee 30°C

Pa3Bsizka Mexay KaHanamu

>100:1 Ha yacToTe <100 MTwu,
>30:1 Ha yacToTe ot 100 MI'y [0 BEPXHEN rpaHuLibl NONOCHI NPONYCKaHUS,
Ins [1BYX JII06bIX KaHAN0B C OAMHAKOBON 4yBCTBUTENBHOCTBIO

[lnana3oH cMeLLeHnst

vnana3son 1 MOm 50 Om
ot 1 mB/gen. o 50 mB/gen. +1 B +1B
ot 50,5 mB/gen. no 99,5 mB/gen. +0,5B +0,5B
ot 100 mB/gen. no 500 mB/gen. +10 B +10B
o1 505 mB/gen. no 995 mB/gen. +5B +5B
ot 1 B/pen. no 5 B/gen. +100 B +5B
0T 5,05 B/gen. go 10 B/gen. +50 B -
Cnctema BEpPTMKANbHOrO OTKNOHEHNS LIMPOBbIX KaHANoB

MapameTp Bce mogenn MD04000

Y1C0 BXOLHbIX KaHAN0B

16 (ot D15 g0 DO)

Moporosble HaNPSHXKeHUs

0T/IeNbHAsA HACTPOMKA ANA KAXKAOro KaHana

BbI60p 3Ha4YeHMi Noporos

TTN, KMOM, 3CN, nceBno-3CJ1, 3agaBaemblii NoNb30BaTENIEM

[lnanasoH 3Ha4yeHWi NOporos, HacTpanBaemblxX Nojb30BaTeNeM

+40 B

MakcumanbHoe BXOAHOE HanpshkeHue

+42 anK-nMK

MorpeLHoCTb YCTaHOBKM NOpora

+(100 MB +3% OT yCTaHOBNEHHOTO 3HA4YEHUS)

MakcumanbHbI AMHAMUYECKUIA ANanasoH BXOLHOMO CUrHana

30 By (<200 MT'w)

10 B,yennc (>200 MITy)
MuHUManbHbIA pa3max HanpsHKeHns 400 mB
BxonHoe conpoTusneHue 100 kOm
BxoaHas émkocTb Npo6HMKa 3no
BepTukanbHoe paspelueHune 16ut
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Cuctema ropu3oHTanbHOIi pa3BEPTKM aHANOr0BbIX KaHANOB

KOHTpOﬂbHO-M3MepVITel1beIe np|/|60pb| n o6opy,c|,OBaHV|e www.tehencom.com

Cuctema 3anycka

MapameTp MD04054-X MD04104-X MapameTp Onucanue

MakcumanbHas finHa 3anucu (BCe KaHanbl) 20 MAH. TOYeK OCHOBHbIE PEXWMbI ABTOMATWNYECKMIA, HOPMATbHbI U OJHOKPATHbIN
MakcumansHast MPOJOMKATENLHOCTD 8/8 mc 8/4 mc sanycka

3axBara C MakCUManbHOM 4acTOTOM Twn BXofda 3anycka OTKPbITbIN, 3aKPbITHINA,

JMCKPeTU3aLnn (Bce KaHanbl/nonosuHa

KaHarnos)

[lnanasoH ckopocTn passepTku ot 1 He/pen. ot 400 nc/gen.
no 1000 c/men. no 1000 c/men.

[lnanasoH 3anepXxku pasBepTku oT —10 geneHnit o 5000 ¢

[lnanasoH komneHcauun cagura as +125 He

MEXAy KaHanamu

MorpewHocTb pa3sepTku +5.10% B nto6oM MHTEpBaNe >1

MC

Cuctema ropusoHTanbHo pa3BEpTKY LMGPOBLIX KaHaNoB

nogasnexue BY (nogasnexue vactot >50 klw),
nogasnexue HY (nogasneHne 4actot <50 k),
NOJABJEHME LYMa (CHUXAET YYBCTBUTESIbHOCTb)

[lnanasoH 3afepxku oTr20HC 0 8 ¢C
3anycka

YyBCTBUTENBHOCTb CUCTEMbI 3anycka

MapameTp Onucanue
BHyTpeHHWiA 3anyCcK, OTKPbITLIN BXOA

Bxog 1 MOwm (Bce mogenu) B auanasone ot 1 mB/gen. go 4,98 mB/gen.:
0,75 penenus Ha 4actote ot 0 'y go 50 Mrw,

MapameTp Bee monenu MD0400D yBenu4yneaetcs fo 1,3 aenexus npu NoBbILIEHIN
4acTOThbl 1O BEPXHEr0 Npejena HOMUHANbHON

MakcumanbHas Yactorta 5 500 MBbI6./C (paspeLLeHue 2 He) NONOCI NPONYCKaHHS

AMCKDETU3AUAN (OCHOBHO peiA) Bxo4 50 Om (MD04054-X) B gnanasote 6onee 5 mB/gen.:

MaKCVIManbHaﬂ [JIMHA 3annucu 20 MIH. ToYeK 0,4 nenenns Ha yactote ot 0 ' 1o 50 MI,

(0CHOBHO/ pexium) YBENM4MBAETCH [0 1 IeNeHNs NpI NOBbILIEHUN

MakcumanbHas YactoTa 16,5 IBbI6./c (paspeLueHune 60,6 nc) 4acToThl JO BEPXHEro npefena HOMUHANbHOR

auckpetusauun (MagniVu) nosi0ChI NPONYyCKaHNs

MakcumanbHas anuHa 3anucu 10 ThIC. TOYEK, LEHTPabHas ToYKa Bxo4 50 Om (MD04104-X) 0,4 penenns Ha yactoTe o7 0 'y go 50 Mry,

(MagniVu) COOTBETCTBYET MOMEHTY 3anycka yBenuynBaeTcs 40 1 AeneHus npu noBbILLEHUN

MuHUManbHas pacnosHasaemas 1 He 4acTOThbl JO BEPXHEr0 Npejena HOMUHANbHOM

JNNTENbHOCTb UMNYNbCA (TUM.)

CaBur thas mexay kaHanamu (Tun.) 200 nc

MakcumanbHas Yactota nepeknoyeHns 500 My

BX0AA MakcumanbHas yactorta
CUHYCONJANbHOMO CUrHana,
KOTOpas MOXET ObITb MPaBUALHO
BOCMPOU3BEJEeHa B BIUAE NOrM4eCKOro
meaHgapa. TpebyeTcs KOpOTKWA NpOBOS,
3a3eMrIeHNs Ans KaXA0ro KaHana.

3T0 MaKcumanbHas 4actoTa npu
MUHUMaNbHON aMUTYAe CUrHana.
IMpu 60ALLUNX aMAAKTYAAX MOXKHO
MoNy4nTb 60NbLUYHK YacTOTy
nepeKnyeHms.

www.tektronix.com

nosioCbl NponyckaHnA

[lnanasoH ypoBHeli 3anycka

MapameTtp Onucauue
Jto6on KaHan +8 [ieNeHNiA OT LeHTpa 3KpaHa

CeTb nepemMeHHOro Toka  (PMKCUPOBaH Ha ypoBHe 50%
OT BENNYNHBI HANPSHXKEHNS CETU

13mepeHue 4acToThl cUrHana sanycka

0TO6paXeHUe 3HaYeHIUs YacTOTbl CUTrHaMa 3anycka ¢ 6-pa3psAfHbIM paspeLle-
HUEM.
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Pexumbl 3anycka

Kom6rHupoBaHHble ocuunnorpadsl - cepus MD0O4000

Pexum

Onucanue

®poHT

onoXnTenbHbIA UK 0TPULATENbHBIA UPOHT HA NO6OM KaHane. Tun BXOAA: OTKPbITbINA, 3aKPbITbIA, ¢ nogasneHnem BY, HY nnn
Lyma.

MocnenosatenbHOCTb (B-Tpurrep) 3agepxka 3anycka Ha Bpemst — 0T 4 HC [0 8 C.

3ajepxka 3anycka 4o Hekotoporo cobbitnss — ot 1 o 4 000 000 cobbITuil.

[nutenbHOCTL MMNynbCa

3anyck no nonoXUTeNbHbIM UK OTPULATENbHBIM UMNYALCAM, [MTENBHOCTL KOTOPbIX >, <, = WK # 33[JaHHOMY 3Ha4YeHU0 (0T 4 HC
1o 8c).

Bpems oxugaHus

3anyck B cnyyae, eCv B Te4EHME 3aaHHOM0 Nepuoaa BpeMeHu (0T 4 He 0 8 ¢) He 6yaeT 06HAPYXXEHO HU OJHOMO UMMyfbCa.

BbIPOXAEHHDBIN MMNYTbC (PaHT)

3anyck no umnynbey, KOTOpbIN nepecéK O0QlMH nopor, Ho He I'Ie[)ECéK BTOPOM NOpPOr nepes noBTOPHbLIM NepeceyeHnem nepsoro.

TNorunyeckoe BbIpaxeHne

3anyck NpoOUCXOANT B TOM Clyyae, eciv 3afjaHHOe NI0MMYecKoe COCTOSHUE KaHa0B CTAaHOBMTCSA NIOXKHBIM MM OCTAETCH UCTUHHBIM
B TEYEHME 3a[jaHHOro neprofa BpemeHu (0T 4 He Ao 8 ¢). CurHan Ha mo6om 13 BXOA0B MOXHO MCMONb30BaTh B Ka4€CTBE CUrHana
TaKTOBOIA 4aCTOTbI, N0 PPOHTAM KOTOPOr0 BbINOMHSAETCA NPOBEPKA NOTUYECKOr0 COCTOAHMSA. JTornyeckue 3Havenus (U, UK,
HE-W, HE-WIN), yka3aHHble A1s BCEX aHANoroBbIX U LM POBbIX BXOLHbIX KaHAN0B, ONPeLensioTcs Kak «Bbicokoe», «Hu3koe»
unun «beapasnnyHo».

YCTaHOBKA M YAepXaHue

3anyck no HapyLIEHMO 1 BPEMEHIN YCTAHOBKM, U BPEMEHI YAEPXKAHUS MEXAY CUTHANIOM TaKTOBOIA 4aCTOTbl U CUTHANIOM [JaHHbIX
Ha NtoGOM 13 BXOfHbIX KaHanoB.

OnutenbHOCTb )poHTA
(Bpems HapacTaHus/cnaga)

3anyck NponcxXoAuT B TOM Cryyae, eCnu SAUTENbHOCTb (DPOHTA 0Ka3blBAETCS 6ONbLUE UM MeHbLUE 3aaHHOI BENNYNHbI. DpOHT
MOXET ObITb 3afjaH NN NONOXKUTENbHbIA (HAPACTAIOLLWIA), UK OTPULATENbHBIA (CaAaoLWmiA), uau Nto6on.

BupeocurHan

3anyck no BCeM CTPOKAM, HEYETHbIM, YETHbIM AW BceM nonykagpam BuaeocurHanoB NTSC, PAL n SECAM.

PaclwmpeHHble dyHKLMK 3anycka
0 BMAeOCUrHany (onuus)

3anyck no Bugeocurnanam 480p/60, 576p/50, 720p/30, 720p/50, 720p/60, 875i/60, 1080i/50, 1080i/60, 1080p/24, 1080p/24sF,
1080p/25, 1080p/30, 1080p/50, 1080p/60 1 No cneumanbHbIM BUAEOCUTHANAM C ABYX- U TPEXYPOBHEBOMN CUHXPOHU3ALMEN.

[2C (onuws)

3anyck no ctapty, NOBTOPHOMY CTapTy, CTOMY, NPOMNYLLEHHOMY NOATBEPXAEHNIO, agpecy (7- unu 10-6UTHOMY), AaHHbIM UK
afipecy 1 JaHHbIM Ha WuHax |2C co ckopocTbio nepefgayun fo 10 Mout/c.

SPI (onums)

3anyck no aktusHomy SS, MOSI, MISO unn MOSI n MISO Ha wuHax SPI co ckopocTbio nepegayn go 50,0 Moéur/c.

USB (onuus)

HW3KOCKOPOCTHasA LKMHA: 3anyCK MO CUrHaMY CUHXPOHU3aUmMK, COPOCY, 0XKMAAHMIO, BOSOOHOBNEHMIO, KOHLY NakeTa, MapKepHOMY
nakeTy (aapecy), NakeTy [aHHbIX, NAKETY YCTAHOBKM COEAMHEHWS, CNELManbHOMY NakKeTy 1 N0 OLWNOKeE.
3anyck no MapkepHOMy nakeTy: no6oit Tun mapkepa, SOF, OUT, IN, SETUP. Agpec MOXHO yKa3aTb Anfi TMna Mapkepos:
nto6oit mapkep, OUT, IN n SETUP. MoxHo onpefenuTb 3anyck no agpecy, KOTOpbIi <, <, =, >, >, # 3aJaHHOMY 3Ha4EHN0 UK
nonagaeT B Npefenbl UK 3a Npejensl 3a4aHHOro AnanasoHa. Homep kagpa ans mapkepa SOF MOXHO BBOAWUTL B ABOMYHOM,
LECTHAALATEPUYHOM, 6E33HAKOBOM [ECATUYHOM UK Nto60M chopmare.
3anyck no nakety AaHHbIX: Nto60i TUN aaHHbIx, DATAO, DATA1; MOXHO OnpeaennTb 3anyck no AaHHbIM, KOTOpbIE <, <, =, >, >,
# 3alaHHOMY 3Ha4eHuI0, IM60 NONaZaKT B NPeAesbl UKW BbIXOAAT 3a NPeAenbl 3ajaHHOr0 jnanasoHa.
3anyck no nakeTy YCTaHOBKM COeAMHEHMs: N060I TN ycTaHoBKM coeamHenns, ACK, NAK, STALL.
3anyck no cneuuanbHOMY NakeTy: 060N TUN CMeLNanbHOro naketa, 3ape3epBUPOBAHHbIA.
3anyck no owwuo6ke: nposepka PID, CRC5 unu CRC16, BcTaBka 6UTOB.

oNHOCKOPOCTHAsA LWKHA: 3anyCK MO CUrHaMY CUHXPOHWU3aLMK, COPOCY, 0XXUAAHNI0, BO3OBHOBNEHIIO, KOHLY NakeTa, MapkepHOMY
nakeTy (agpecy), NakeTy AaHHbIX, NAKETY YCTAHOBKM COEAUHEHUS, CNELMaNbHOMY NakeTy U No OLUNOKE.
3anyck no MapkepHOMy nakeTy: no6oit Tun mapkepa, SOF, OUT, IN, SETUP. Agpec MOXHO yKa3aTb ANnsi TUna Mapkepos:
no6oi mapkep, OUT, IN n SETUP. MoxHo onpegenutb 3anyck no agpecy, KOTOpbIA <, <, =, >, >, # 3aaHHOMY 3HAYEHUIO UK
nonagaeT B NpeAenbl UNu 3a Npefenbl 3a4aHHOro avanasoHa. Homep kagpa ans mapkepa SOF MOXHO BBOAUTb B ABOUYHOM,
LIeCTHAALATEPUYHOM, 6€33HAKOBOM LECATUYHOM UK Nto6OM opmare.
3anyck no nakety AaHHbIX: Nt060M TUN faHHbIx, DATAO, DATA1; MOXHO OnpeaennTb 3anyck no AaHHbIM, KOTOpbIE <, <, =, >, >,
# 3a[JAHHOMY 3Ha4eHuI0, NN60 NONajaloT B NPeAeNbl UK BbIXOAAT 3a Npejesbl 3afaHHOro AnanasoHa.
3anyck no nakeTy yCTaHOBKM COeAMHEHMs: N060i Tun ycTaHoBKM coeanHenns, ACK, NAK, STALL.
3anyck no cneynanbHOMY nakeTy: Nt060M TMN cneunanbHOro naketa, PRE, 3ape3epBupOBaHHbIN.
3anyck no owwuo6ke: nposepka PID, CRC5 unu CRC16, BcTaBka 6UTOB.

BbICOKOCKOPOCTHAS LUKMHA: 3anyCK NO CUrHany CUHXpOHM3aLMu, cOpocy, 0OXKMAAHNI0, BO30BHOBNIEHMIO, KOHLY NakeTa, MapkepHOMYy
nakeTy (agpecy), NakeTy AaHHbIX, NAKETY YCTAHOBKM COEAMHEHMS, CNELManbHOMY NakeTy U no OLUNGKe.
3anyck no MapkepHOMy nakeTy: mo6oit Tun mapkepa, SOF, OUT, IN, SETUP. Agpec MOXHO yKa3aTb ANnsi Tuna Mapkepos:
no6on mapkep, OUT, IN u SETUP. MoxHO onpeaennts 3anyck no agpecy, KOTopblii <, <, =, >, >, # 3aaHHOMY 3HQ4eHU0 UK
nonagaeT B Npefenbl U 3a npefenbl 3ajaHHOr0 amanasoHa. Homep kagpa ans mapkepa SOF MOXHO BBOAWTL B ABOUYHOM,
LIeCTHaALATePUYHOM, 6€33HaKOBOM ECATUYHOM UK Nto6OM hopmare.
3anyck no nakety AaHHbIX: Nto60i TUn aaHHbIx, DATAO, DATA1, DATA2, DATAM; M0OXHO OMpeaenuTb 3amycK no AaHHbIM,
KOTOpble <, <, =, >, >, # 3aJaHHOMY 3Ha4eHWto, MO0 NONAZAIT B NpeAesNbl UKW BbIXOAAT 32 Npefenbl 3a4aHHOM0 A1ana3oHa.
3anyck no nakeTy YCTaHOBKM COeMHEeHUs: No60i Tun ycTaHoBKN coeanHenns, ACK, NAK, STALL, NYET.
3anyck no cneunanbHoMy nakeTy: Nto6oi Tun cneynansHoro naketa, ERR, SPLIT, PING, 3ape3epsupoBaHHblil. MOXHO yKa3aTb
KOMMOHeHTbI nakeTa SPLIT, Bkntoyas:
afpec KOHLeHTpaTopa;
nyck/3aBepLueHue: 6e3pa3nuyHo, myck (SSPLIT), 3aepiuenne (CSPLIT);
afpec nopra;
Ha4amnbHbIe 1 KOHeYHble 6UTbI: 6€3pa3nuyHo, ynpaBneHne/Maccus/npepbiBaHue (MOAHOCKOPOCTHOE U HU3KOCKOPOCTHOE
YCTPOWCTBO), N30XPOHHbIA (MPOMEXYTOYHBIN NaKeT, NOCNEAHUIA NakeT, CTApTOBbIA NAKET, BCE AaHHbIE);
TWN KOHEYHON TOYKM: 6€3pa3NiyHo, ynpaBneHue, U30XPOHHbIA, MacCHB AAHHBIX, MPepbIBaHME.
3anyck no owwubke — nposepka PID, CRC5 nnm CRC16, niobas.

[MoAAepKKa BbICOKOCKOPOCTHOM LUNHBI JOCTYNHA TOAbKO B Mofensx MD04104-3 n MD04104-6.
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Pexumbl 3anycka (Mpofo/mKeHne)

Pexum

Onucanue

Ethernet (onuus)

10BASE-T: 3anyck no pasgenutento Hayana cpeitma, MAC agpecy, ynpasnsioweit nHgopmauumn MAC Q-Tag, anuHe/Tuny MAC,
3aronosky IP, 3aronosky TGP, gannbim knnenta TCP/IPv4/MAC, koHuy naketa, owubke FCS (CRC).
MAC agpec: 3anyck no 48-6uTHoMy aipecy UCTOYHMKA UK afpecy NPUEMHMKA.
Vnpasnsiowas uicpopmaums MAC Q-Tag: 3anyck no 32-6utHomy 3HaveHuo Q-Tag.
Onuna/tun MAG: 3anyck no BennymHe, Kotopas <, <, =, >, >, # YKazaHHOMY 16-0UTHOMY 3Ha4eHut0, 60 NonagaeT B
npegenbl N BbIXOAUT 32 NPefeNbl YKa3aHHOro A1ana3oHa.
3aronosok IP: 3anyck no 8-6utHoMy 3HadYeHnto IP npoTokona, aapecy UCTOYHUKA, aapecy NpuemMHuKa.
3aronosok TCP: 3anyck no nopTy UCTO4HMKA, NOPTY NPUEMHIKA, HOMEPY NOCNeA0BaTeNbHOCTI U HoMepy Ack.
[anuble knuenta TCP/IPv4/MAC: 3anyck no BenuynHe, KOTopas <, <, =, >, >, # yKa3aHHOMY 3Ha4eHuIo, 1160 nonagaer B
npegenbl AN BbIXOAUT 32 NPefenbl yKa3aHHOro AnanasoHa. MoXHo ykasbiBaTb 4ncno 6aiToB Ans 3anycka B npegenax ot 1
10 16. BapuaHTbl cMelLieHus 6aitTa: 6e3pasnuyHo, 0-1499.

100BASE-TX: 3anyck no pasgenutento Ha4ana cppeiima, MAC agpecy, ynpasnstoLleid nncopmauun MAC Q-Tag, anune/tuny MAC,
3aronosky IP, 3aronosky TCP, nauubim knuenta TCP/IPv4/MAC, koHuy naketa, owubke FCS (CRC).
MAC agpec: 3anyck no 48-6uTHOMy afpecy UCTOYHUKA UK afpecy NpUemMHuKa.
Vnpasnsiowas uHcpopmaums MAC Q-Tag: 3anyck no 32-6utHomy 3HaveHuo Q-Tag.
Onuna/tun MAG: 3anyck no BennymHe, Kotopas <, <, =, >, >, # yKazaHHOMY 16-6UTHOMY 3Ha4eHut0, NM60 NonagaeT B
npegenbl N BbIXOAUT 3a NPefenbl YKa3aHHOro A1ana3oHa.
3aronosok IP: 3anyck no 8-6utHomy 3HadeHuio [P npoTokona, afpecy UCTOYHMKA, aapecy NpueMHUKa.
3aronosok TCP: 3anyck no nopTy UCTO4HMKA, NOPTY NPUEMHIKA, HOMePY NOCNeA0BaTeNbHOCTI U Homepy Ack.
[Nanuble knmenta TCP/IPv4/MAC: 3anyck no BenuynHe, KOTopas <, <, =, >, >, # yKa3aHHOMY 3Ha4eHuio, 1160 nonagaer B
npegenbl UK BbIXOAUT 3a NPefenbl yKa3aHHOro AnanasoHa. MoXxHo ykasbiBaTb 4ncno 6aiToB Ans 3anycka B npegenax ot 1
1o 16. BapuanTbl cmeLleHus 6arita: 6e3pasnuyHo, 0-1499.

CAN (onuus)

3anyck no Havany kagpa, Tuny Kagpa (faHHble, YAanéHHbIA 3anpoc, olnbKa, neperpyska), aeHTMUKaTopy (CTaHaapTHbIA uu
PaCLUMPEHHbIN), AAHHBIM, AEHTU(UKATOPY W AAHHBIM, KOHLY Kaapa, NPOMyLLEeHHOMY NOATBEPXKAEHNIO UK OLUMOKE 3anONHeHNs
6uTOB B curHanax WuHbl CAN co ckopocTbio nepegadn go 1 M6uT/c. 3anyck MOXHO HaCTPOUTb TaK, 4TO6bI OH NPOUCXOANN B TOM
Crny4ae, ecniy JaHHble OKaXYTCA <, <, =, >, > UM = 3aIJaHHOMY 3Ha4eHut0. 10 yMonyaHnio HacTpauBaemas nonb3oBaTenemM To4Ka
BbIBOPKM yCcTaHasnnBaetca Ha 50%.

LIN (onuus) 3anyck no CUHXPOUMMYMbCY, MAEHTUNKATOPY, AAHHBIM, MAEHTUNUKATOPY W AAHHBIM, Kaapy akTUBM3aLMK, Kaapy AEXYPHOro
pexuma, a TaKkxe o owmnbKam CUHXPOHNU3ALMK, YETHOCTI UM KOHTPOMNBHOM CyMMbl HA ckopocTsax Ao 100 k6ut/c (no
onpegenexuto Wikl LIN,

20 K6uT/C).
FlexRay (onuwus) 3anyck no Hayany kagpa, Tuny Kagpa (HopManbHblii, MHCDOPMALMOHHBIIA, HYNEBOK, CUHXPOHUNPYIOLLMIA, CTAPTOBBIA),

UOEHTMCMKATOPY, YUCTY LMKOB, NONO 3aBEPLLEHUS 3ar0f0BKa, AaHHbIM, AEHTU(UKATOPY U AaHHLIM, KOHLY Kagpa uium no
owmbkam, Takum kak owwnbka CRC 3aronoska, CRC Tpeiinepa, HyneBoro kagpa, kaapa CUHXpOHU3aLMK UK CTapTOBOrO Kaapa Ha
ckopocTax fo 100 Méurt/c.

RS-232/422/485/UART (onuus)

3anyck no cTapToBomy 6UTy nepefayu, CTapToBOMY GUTY NpuéMa, KOHLY nepeaaBaeMoro nakeTta, KOHLY NpUHUMaeMoro nakeTa,
nepeiaBaeMbiM JaHHbIM, MPUHUMAEMbIM JaHHbIM, OLUMOKE YETHOCTM Nepefadn 1 oLwmnbKe YETHOCTI Npuema Ha ckopocTsx ao 10
Méur/c.

MIL-STD-1553 (onuusi)

3anyck no CUHXpocurHany, Tuny cnoea’ (KoMaHgHOe, cTaTyca, aHHbIX), KOMaHAHOMY cnoBy ' (3anaéres otaenbHo RT agpec,
T/R, cybagpec/pexum, CHETYMK CNOB [aHHbIX/KOA PEXNUMa, YETHOCTb), CNOBY cTaTyca™ (3afaétcs oTaenbHo RT agpec, owmbka
c0061LeHus, 060pyfoBaHNe, GUT 3anpoca Ha 06CNyXUBaHUE, MPUEM LIMPKYNSPHO KOMaHAbI, 3aHATO, pnar NoACUCTEMbI,
LVHAMUYECKUIA KOHTPONb LWWHBI, (nar TepMuHana, YETHOCTb), CIOBY laHHbIX (32 aBaeMoe nonb3oBatenem 16-6UTHOE 3Ha4eHME),
OLUMOKe (CMHXpOCMrHana, YETHOCTW, KOAA MaH4YecTep, CBA3HOCTYM AaHHbIX), BPEMEHN OXWUAAHMSA (MUHUMANbHOE Bpems OT 4

MKC 10 100 MKC, MakcumanbHoe Bpemsi 0T 12 Mkc 10 100 MKC; 3anyCK OCYLLEeCTBAAETCS, eCNW BPEMS MEHbLUE MUHUMANLHOTO,
6onbLUe MaKCUManbHOr0, NONAZAeT WK He NonagaeT B AnanasoH). RT agpec MOXXHO HacTPOMUTb Tak, YTO6bI 3amycK NPONCX0Ann
B TOM CIyyae, eCNi €ro 3Ha4YeHue <, <, =, >, >, # 3a[JaHHOMY 3Ha4eHuo, NM60 NonaaaeT B NPeSeNbl NN BbIXOAUT 3a NPefenb
3a[]aHHOr0 Ananasoxa.

[2S/LJ/RJ/TDM (onumst)

3anyck no BbI6OPY COBa, N0 CUHXPOCUTHANY Kagpa unu no JaHHbIM. Kpome TOro, MOXHO HacTpouTb 3anyck TaK, YT06bl OH
cpabarbiBan Npw CO6MIAEHNN YCNOBUA <, <, =, >, > UK # [N HEKOTOPOr0 YKa3aHHOIO 3HAYeHNUs Un NpK nonagaHum 3Ha4eHus
B Npefenbl Unu 3a Npefenbl YKa3aHHOro AnanasoHa.

MakcumanbsHas ckopocTb nepegadn faHHbix ans 12S/LJ/RJ pasHa 12,5 Méut/c.

MakcumanbHas ckopocTb nepeaayn faHHbix ans TDM pasHa 25 MoéuT/c.

MapannenbHas WnHa

3anycK no 3Ha4eHUsIM AaHHbIX HA NapanienbHON WuHe. MapannenbHas WrHa MOXET UMETb pa3psaaHoCcTb 0T 1 ao 20 6uT.
[MoAAepXMBAKOTCA faHHbIE B ABOMYHOM W LUECTHALLATEPUYHOM (DOpMATaX.

*1

Mpy BbIGOPE PexmMMa 3anycka No KOMaHAHOMY CII0BY 3anyCK OCYLECTBASETCA N0 KOMAHAHOMY COBY U MO HEONPEAENEHHOMY KOMaHAHOMY CNIOBY WiW CNOBY cTaTyca. Mpu BbIGOPE Pexi-

Ma 3anycka o cnoBy cTatyca 3anyck OCyLLECTBASETCS N0 CNOBY CTaTyca U no HeonpeaenéHHOMY KOMaHLHOMY CIOBY UNu CNOBY CTaTyca.
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PeXWMbl PerucTpaLmm JaHHbIX

Pexum

Onucanue

Bbi6opka

3axBaT ANCKPETU3NPOBAHHOTO CUrHana

lMnK-peTekTop

3axsar rmutyei gautensHocTbio o1 800 nc (mogenu ¢ nonocoii 1 ITy) unm ot 1,6 He (Mogenw ¢ nonocoit 500 MIL) Ha Bcex pexumax
pasBepTKu.

YcpeaHeHue

YcpeAHeHWe no 3ailaHHOMY KONIMYeCTBY ocumniorpamm (0T 2 go 512)

OrunbatoLas

Orubaroas MWHUMYMOB-MaKCUMyMOB, 0T06pa>Ka+ou4aﬂ NaHHbIE, NONy4eHHbIe B pe3ynbraTte 06Hapy>Keva MUKOBbIX 3HA4YEHNI B
Te4eHNe HeCKONIbKNX 3aXBaToB.

Bbicokoe paspelLeHue

YepeaHeHue ¢ y3KoMnonoCHbIM (UILTPOM B PeanbHOM BPEMEHM NO3BONSET CHU3UTh Cy4ailHbIi LLYM 1 NOBbICUTbL BEPTUKANbHOE
paspeLLeHme.

MpokpyTka [poKpyTKa ocuMnnorpamMmbl MO 3KpaHy Crpasa HaneBo CO CKOPOCTbIO Pa3BepTKM MeHbLUE uian pasHoi 40 mc/gen.
\3mepeHne napameTpoB CUrHAN0B

N3mepenue Onucanue

Kypcops! Ocumunnorpamma n aKpa.

ABTOMATM4ECKNE N3MEPEHUS
(BpemeHHas 06nacTb)

29 BNJ0B, YETbIPE 13 KOTOPbIX MOXHO BbIBECTU HA 3KPaH OLHOBPEMEHHO. BO3SMOXXHO N3MepeHmne Creayowmx napameTpos:

nepuon, 4acToTa, 3afepikka, JIUTENbHOCTb NEPEAHEro 1 3aiHero pPOHTA, CKBAXXHOCTb MOMOXKUTENbHBIX UMAYNbCOB, CKBRXXHOCTb
0TPULATENbHBIX UMMYALCOB, ANUTENLHOCTb NONOXKMTENBHOrO UMNYNbCA, AANTENBHOCTL OTPULATENLHOMO UMMYAbLCA, ANUTENbHOCTL
naketa, hasa, NonoXuTenbHbIA BbIGPOC, OTPULLATENbHbIA BbIGPOC, ABOMHONA pa3max, aMnanTyaa, BbICOKUIA YPOBEHb, HU3KNIA YPOBEHbD,
MaKCUManbHOe, MUHUMANbHOE 1 CPEAHEE 3HAYEHNS, LMKIIMYECKOE CPEAHE., CPEAHEKBAAPATUYECKOE 3HAYEHME, LMKNNYECKOoe
CpeAHeKBaLpaTNYeCKOe 3HAYEHNE, YUCNO MONOXKUTENbHBIX UMAYNLCOB, YACAO OTPULATENLHBIX UMMYALCOB, YUCMO0 (OPOHTOB, YMCO
Cnagos, NNoWaab W LMKIMYeckas nnowiap.

ABTOMaTMYECKME U3MEPEHNS
(4acToTHas o6bnactb)

3 BNAA, 0AMH KOTOPbIX MOXET BbITb 0TOOPAXEH HA 3KPaHe OAHOBPEMEHHO. BOSMOXHO 3MepeHuMe CreayoLmx napameTpos:
MOLLHOCTI CUTHana B KaHane, koahuumneHTa pa3Baski CoceaHUX KaHanos no MowwHocTi (ACPR) 1 LumpuHbI 3aHMMaeMoil nonocs!
yactot (OBW).

CTaTucTuka n3mepeHnii

CpepHee 3Ha4eHME, MAHUMYM, MakCUMYM, CTaHAAPTHOE OTKIOHEHME.

OnopHble YpoBHM

Onpegensemble NONb30BaTENEM OMOPHbIE YPOBHU A1 aBTOMATMHYECKNX N3MEPEHMIA MOTYT 6biTh 33aHbl B MPOLEHTAX UAN B eANHMLAX
13MEPAEMON BEMNYUHBI.

CTpobupoBaHue

BbIaensieT KOHKPETHOE MOSIBNEHME COOLITUSA B 3aXBaYEHHOM CUTHANE 1Sl BbINOMHEHUS ero 3MepeHIs. BbiNoNHAGTCA ¢ NOMOLLbIO
KypPCOPOB 3KpaHa unn KypcopoB CUrHana.

lncTorpammbl cUrHanos

[uctorpamma npeacTasnseT CO60M MAcCUB 3HAYEHUI, NPeCTaBAAOWMX CO60M 06LLee Y1CNO NonafaHuin B 3alaHHYI0 N0b30BaTeNnem
06nacTb 3kpaHa. MmcTorpamMma BbIBOAUTCA B BUAE rpachuka pacnpefeneHuns yucna nonagaHni, a Takxe B BUAE Maccusa YUCHOBbIX
3HAYEHMN, KOTOPbIE MOTYT BbITb U3MEPEHBI.

WcToqHnkn panubix: Kanan 1, Kanan 2, Kanan 3, Kanan 4, OnopHbiit curan 1, OnopHbii curian 2, OnopHblit curHan 3, OnopHbIi
CuUrHan 4, matematunyeckue yHKLuN.

Tunbl — BEPTUKANbHAsA, rOPU30OHTANbHAS.

I'Iapameprl rMcTorpaMmsl

Yucno curHanos, nonagaque B 3afaHHble Npefenbl, KOMYeCTBO NMKOB, MeLUaHa, MakCUMyM, MUHUMYM, pa3Max (MUK-NKK), cpeaHee,
CTaHAapTHOE OTKNOHeHWe, curmal, curma2, curmasd.

Marematuyeckas 06paboTka cUrHanos

MapameTtp

Onucanue

ApudmeTnyeckue onepawmm

CnoxeHue, BblYUTaHME, YMHOXEHWE 1 [eNeHNe CUrHanos.

Maremaru4eckue onepawuu

VHTerpupoBanue, ouddepeHumnposasme, 6oIcTpoe npeobpasosaHne Oypoe (BMNO).

BricTpoe npeo6pasoBaHue
®ypbe

CnekTpanbHas amninTyga.
BeptukanbHas wkana bN®: nuneitnas (CK3) unu 8 A6B (CK3).
Bbi6op okHa BIN®: npamoyronbHoOe, XeMMUHra, XeHHWHra unm bnakmaxa-Xappuca.

Maremaru4eckue onepawum
Haj CnekTpoOM

CnoxeHue 1 Bbl4MTaHNE TPACC B YACTOTHOM 06N1acTy.

PacwmpeHHble
marematuyeckue yHKLun

Onpegenexne paclMpeHHbIX anrebpanyecknx BbIPaXKEeHWIA, BKITIOYAKOLLMX OCLMANOrPaMMbl, OMOPHbIE OCLWN0TPaMMbl,
matemartnyeckue yHkuun. NMo3BonseT BKNOYATb B MaTEMATUYECKIE BbIPXEHUS MaTemaTuyeckue dyHkuun (Brd, nHrerpuposatue,
uddepeHUMpoBaHue, norapudm, 3KCNoHeHTa, KOpeHb KBaApaTHblil, MOAYMb, CUHYC, KOCUHYC, TAHTeHC, pafuaHbl, rpagychl),
CKanspHble 3Ha4eHus, O ABYX ONPeAenseMblX Nofb30BaTeNIeM NePeMEHHbIX U Pe3ynbTaTbl NapaMeTpUyecknx U3MepeHnin (nepuoa,
4acToTa, 3afepKKa, NONOXKUTENbHBIA (PPOHT, OTPMLATENbHBIA (DPOHT, ANMTENBHOCTb MOMOXNUTENIBHOTO UMMYNbCA, ANTENbHOCTD
0TPULATENBHOO UMNYNbCA, AANTENbHOCTL NAKeTa, CKBAXXHOCTb MOMOXMUTENbHbIX UMMYNbCOB, CKBXKHOCTb OTPULIATENbHBIX
MMNYNbCOB, NONOXUTENbHBIA BbIOPOC, OTPULIATENbHBIA BbIGPOC, ABONHOI pasmax, aMnauTyaa, CpeHeKBaapaTMYeckoe 3Ha4eHue,
LMKNNYECKOe CpefHeKBAAPATMYECKOE, BbICOKWA YPOBEHb, HU3KMIA YPOBEHb, MAKCUMyM, MUHUMYM, CPELHEE 3HAY4eHNe, LUNKIYecKoe
cpedHee, MOLWafb, LMKNNYECKas Nnowwans 1 rpadmku Tpexaa),

nanpumep, (Intg(Ch1 - Mean(Ch1)) x 1,414 x VAR1).
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I3mepenns moLHoCTK (onums)

W3mepenue

Onucanue

13MepeHus KayecTsa aneKTPOaHeprin

CpeHeKBaapaTM4eckoe HanpsxeHne, KO3MULNEHT aMnIUTyAbl HANPSXKEHNS, YacToTa, CPeAHeKBaapaTUYECKNil TOK,
KO3 PULMEHT aMNIMTYAbl TOKA, aKTUBHAS MOLLHOCTb, MOMHAS MOLLHOCTb, PEAKTUBHAS MOLLHOCTb, KO3 MULMEHT
MOLLHOCTH, CABUT (has3bl.

KomMyTaLmMOHHbIe NoTepu

MoTepwn mowHoCTH: Ty, Torins MPOBOAUMOCTD, OOLLME.

www.tehencom.com

MoTepw aHeprum: Ty, Toren MPOBOAUMOCTD, O6LLNE.

[apmMoHUMYecKue cocTasnsioLme

MonubIn Ko3adpdmumenT rapmoHnk (THD-F, THD-R), cpegHekBanpaTuyeckoe 3HaveHme.

Tpachuyeckoe 1 TabnUYHOE NPEACTaBNEHNE rapMOHUK.

TectupoBaHue Ha cootseTcTaue |[EC61000-3-2 Knacc A u MIL-STD-1399, pasaen 300A.

Mynbcaumn

Hanpsi>keHne nynbcaumit n TOK Nynbcaluil.

AHanua Moaynaummn

[padhuyeckoe npeacTaBneHne TMNOB MOLYNALNN ANNTENbHOCTIA NOMOXKUTENLHOrO UMNYNbCA, JANTENbHOCTU OTPULLATENBHOTO
umnynbca, nepuopa, 4acToTbl, CKBaXXHOCTW NOJIOXUTENbHbLIX U OTPULATESIbHbIX UMMNYNbCOB.

O6nactb 6e30macHoil paéoTbl

[padouyeckoe npeacTaBieHne U TECTUPOBaHNE N0 Macke 06/1acT 6e30MacHON PaboTbl UMMNYSbCHBIX UCTOYHUKOB NMUTAHUS.

dV/dt n dl/dt

13mepeHme CKOpPOCTY HapacTaHs HaNPSKEHNS U TOKA C NOMOLLbIO KypCOpPOB.

TecTMpoBaHue CMrHanoB no npejenam u mackam

MapameTp

Onucanue

Mpunaragmble CTaHAAPTHbIE MACKM

ITU-T, ANSI T1.102, USB.

MIcTOYHMK curnana

Tectuposanue no npegenam: nto6oit 3 Kanl - Kand unu no6on ns R1 - R4.

TectuposaHue no macke: nto6oi n3 Kani - Kan4.

Co3naHue mMacku

TecTuposaHue no npegenam: BepTuKanbHblii gonyck ot 0 o 1 genenus ¢ warom 0,001 genexus;
ropu3oHTanbHbIA gonyck ot 0 go 0,5 genenus ¢ warom 0,001 penexns.

3arpyska CTaHAapTHOI MacKM U3 BHYTPEHHEN namaTy.

3arpy3ka cneuuanbHoi Mackn 13 TeKCTOBOMO (haina, BK/KHAKOLLEro 40 8 CerMeHTOB.

MacwwtabupoBaHue Macku

MpuBA3Ka K UCTOYHWKY BKNKOYEHA (Macka MaclUTaGuUpyeTcs aBTOMATUYECKN MpI U3MEHEHUI HACTPOEK KaHana CTOYHIKA).
MpuBA3KA K UCTOYHUKY BbIKNIOYEHa (Macka He MacLUTabUpyeTcs NMPU U3MEHEHUM HACTPOEK KaHana UCTOYHMKA).

Kputepun octaHoBa TecTa

MwuHumanbsHoe 4ucno ocuunnorpamm: o1 1 o 1 000 000; 66CKOHEYHO.
MuHumanbHoe npolefwee Bpems: 0T 1 cekyHAabl A0 48 4acoB; 6ECKOHEYHO.

MpeBbiLLeHne nopora

Ot 1 go 1 000 000

[lencTeus npu oTkase

[TpekpaTuTb 3axBat, COXPaHUTb CHUMOK 3KpaHa B (haiini, COXPaHUTb OcuuiorpaMmy B hais, pacneyaratb CHUMOK 3KpaHa,
BbIATb CUrHAN 3anycka, nofgarb curHan SRQ Ha yaanéHHbIA HTEPEIAC.

[lelicTBIS NPy 3aBEPLLEHIN TecTa

BblaaTh curHan 3anycka, nogatb curdan SRQ Ha yaanéHHbIn uHTepdeiic.

OTO6paXeHWe pe3ynsTaTos

CocTosiHue TecTa, 06LLee YACNO OCLMANOrPamMM, YUCTO HAPYLLEHWUIA, YacTOTa NOABNEHNS HAPYLLEHUIA, 06LLee YCNOo TECTOB,
YUCIO HeY[A4HbIX TECTOB, MHTEHCUBHOCTb OTKA30B, NPOLUELLEe BPems, 06LLEee YUCN0 NonagaHui B KOKLbIA CErMEHT MacKu.

lMporpammHoe obecneyeHmne

no

Onucanue

NI LabVIEW SignalExpress™
Tektronix Edition

[ToNHOCTbIO MHTEPAKTNBHAA M3MEpUTEeNbHAs Cpefa, ONTUMIN3MPOBaHHas Ana ocuunnorpados cepum MD0O4000, no3sonsert
MrHOBEHHO 3axXBaTbIBaTb, FEHEPUPOBATL, AHANM3UPOBAThL, CPABHWUBATL, UMNOPTUPOBATL U COXPAHATL PE3YNbTaThl U3MEPEHUI
1 CUTHanbI C MOMOLLbI0 MHTYUTUBHO MOHATHOTO MOAb30BATENLCKOr0 UHTEPeiica; He TPeByeT HIUKAKoro MPOrpamMMupoBaHms.
Bepcus MO, BxogsLLas B CTaHLapTHYIO KomnnekTauuio ocuunnorpacos cepun MDO4000, nofLaepKuBaeT 3axsar,
ynpasnieHue, NPOCMOTP M 3KCMOPT XMBbIX curHanos. MonHas Bepcus (SIGEXPTE) BkntovaeT AONOMHUTENbHYIO 06paboTKy
CWUrHANO0B, PaCLUNPEHHbIE CPEACTBA aHaNN3a, CMeLIaHHbIe CUTHANbI, CBUNUPOBAHWE, NPOBEPKY FPAHNYHBIX YCAOBUIA 1
onpegensemble Nofib30BaTesIeM NOLIAroBble peXxuMbl. [ns kaxaoro npuéopa goctynHa 30-gHeBHaA NpobHas Bepcus 3Toro
Mo.

OpenChoice® Desktop

06ecneymBaet 6bICTPOE M NPOCTOe B3aumogencTane ocunnnorpadgos cepun MD0O4000 ¢ KomnbroTepamu, padoTaroLLMMi
nog ynpasnexnem Windows, yepe3 untepdencsl USB nnn LAN. Mo3BonsieT nepefaBatb U COXPaHATb HACTPOIKK,
ocuuMnIorpaMmbl, pe3ynstatbl U3MEPEHNA U CHUMKKM 3KpaHa. B cocTas MO BxoasT naHenn uictpymentos Word u Excel,
M03BONAOLLME aBTOMATM3MPOBATL 3axBaT 1 Nepefady AaHHbIX U CHUMKOB 3kpaHa B Word u Excel ans coctaBneHms 0T4ETOB
JanbHeliLlero aHanusa.

Dpaisep IV

[MpefocTaBnseT CTaHAAPTHbIA MHTEPENC NPOrpaMMUpPOBaHUs NPMOOPOB AN PacnpPOCTPAHEHHBIX NpUNoXeHuii: LabVIEW,
LabWindows/CVI, Microsoft.NET u MATLAB.

e*Scope® 10 ans AMCTaHUMOHHOIO
ynpaeneHus Ha 6a3e Be6-CTPaHNLbI

MNo3zBonset ynpasnate ocyunnorpadamu cepun MDO4000 no nokanbHoii CeTU Yepe3 CTaHAAPTHbIA 0603peBaTenb UHTEPHETA.
[MpocTo BBeAnTe IP agpec unn ceteBoe UMs ocumnnorpada, 1 B 0603pesatene 0TKPOETCSA CTPaHMLA YNpaBieHus.

Be6-nHtepgeiic LXI, knacc C

06ecneymnBaeT noaknoyerne K ocumnnorpadyy MDO4000 yepes cTaHAapTHbIA 0603peBaTenb nyTem BBoAA IP agpeca
ocuumnnorpaca B aipecHyto CTpoKy 6paysepa. Be6-uHTepdheiic No3BONSET KOHTPONMPOBATL COCTOSHUE U KOHUIypaLnio
npu6opa, NPOBEPATb U U3MEHATL CETEBbIE HACTPOMKM W YNPaBASTb NPMOOPOM C NoMoLLbto M0 Ans AUCTAHUMOHHOMO
ynpaeneHus Ha 6a3e Be6-CTpaHnLbl e*Scope. ANropuT™ paboThl MHTepdIeiica COOTBETCTBYET cneuudukauum ctaHaapta LXI,
knacc C.
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XapakTepuctuku gucnnes

KoHTponbHo-u3mepuTenbHble Npu6opbl U o6opyaoBaHue

MapameTp

Onucanve

www.tehencom.com
Kom6uHnpoBaHHble ocuunorpadesl - cepus MD04000

Du3nYecKne xapakTepucTukm

[a6apuTHbIE pasmepbl, MM

Twn gucnnes

LiBeTHOI Xuakokpuctananyecknin TFT guennen
¢ guaroxansio 10,4 groitma (264 mwm).

Pa3peLueHune

1024 x 768 nukceneit (XGA).

MpeacTaBneHue CUrHanoB8

BEKTOpPbI, TO4KK, NepeMeHHOE NoCcliecBe4€eHue,
66CKOHEYHOE MOCNECBEYEHNE.

KoopanHatHas cetka

MONHas, CeTKa, CNOoLLHas, NepeKkpecTue, pamka,
IRE n mB.

®opmar

YT v ogHoBpemMeHHO XY/YT.

CKopocTb 3axBata CMrHanos

>50 000 ocumnnorpamMm B CeKyHay (Makc.).

MopTsl BBOAA/BLIBOAA

Nopt Onucauue
BbicOKOCKOpOCTHOM nopT Mopaepxunsaet USB Hakonutenu, npuHTepbl
USB 2.0 (xocT) Knasuarypy. [1ea nopta Ha nepesHen naHenu

1 1Ba — Ha 3aaHen naHenu npuoopa.

BbICOKOCKOPOCTHOM nopT
USB 2.0 (knueHT)

Mopaepx1BaeT ynpasneHue ocuunnorpacom
yepes unTepderc USBTMC nnm GPIB (¢
TEK-USB-488), a Takxe npamMyio pacneyatky Ha
BCEX MPUHTEPaX, COBMECTUMbIX C TEXHONOrMei
PictBridge. PacnonoxeH Ha 3agHeil naHenu.

CeTeBoii nopt LAN

Pasbém RJ-45, nopaepxmBaeT ctanaapT
10/100/1000Base-T

Bbixog BugeocurHana XGA

Pasbém DB-15, n03BoNsET BbIBOAUTD
1306paxeHne ¢ aKkpaHa ocuyunnorpada Ha
BHELLUHWIA MOHUTOP UK NPOEKTOP.

Bbixoa KoMneHcaTopa
npo6HuKa

KOHTaKTbl Ha nepeaHen naHenu,
amnnutyga 2,5 B, vactota 1 'y

BcnomoratensHbli BbIXOA

Pasbem BNC Ha 3aaHei naHenu.

Vo (BBICOKMIA): >2,5 B 663 Harpysku,

>1,0 B ¢ Harpy3koit Ha 3emnto 50 Om.

Voux (HU3KMIA): <0,7 B npu BbIXOAHOM TOKe <4
MA; <0,25 B ¢ Harpy3koii Ha 3emnio 50 Owm.

BbIX04 MOXHO HAacTpOUTb Ha BbIBOA
MMNYNbCHOrO CUrHana npu 3anycke
ocuunnorpada, BoIBOS BHYTPEHHEN TaKTOBOM
4acToThl OcuMAnorpada unm BblIBOA CUrHana
npy TECTUPOBAHMM M0 NPeAenam 1 Macke.

BxoA BHELLUHEr0 OMOPHOro
curHana

[eHepaTop TaKTOBOIA YaCTOTbI MOXET
CUHXPOHM3MPOBATLCS C BHELUHUM OMOPHbIM
reHeparopom yactotoit 10 My (10 My +1 %)

3amok Kensington

CNnoT Ha 3agHeil NaHenu nog CTaHAapTHbINA
3aMOK KEHCWHITOHA.

Kpennexue VESA

CTaHaapTHble To4kK KpenneHus VESA 100 mm
(MIS-D 100) Ha 3apHeit naHenu npubopa.

LXI (Paclumpenue LAN ans n3ameputensHbix nproopos)

MapameTtp Onucanue
Knacc LXI Knacc C
Bepcus V1.3
lMuTtaHmne npuéopa

MapameTp Onucanue

HanpsxeHue nutaHus

ot 100 o 240 B £+10%

YacToTa

o1 45 1o 66 I'y (85...264 B)
o1 360 po 440 'y (100...132 B)

MoTpebnsiemas MOLLHOCTb

225 BT (makc.)

BbicoTa 229

LnpuHa 439

Tny6uHa 147
Macca, kr

HetTo 50

BpytTo 10,7
KoHgurypaums npu MOHTXe B CTONKY 5U

3a30pbl 48 0XnXAEHUs no 51 mm cneea u c3agu

YcnoBsus oKpyxatoLLen cpegp!

MapameTp Onucauue
Temneparypa
pa6oyas 01 0°C go +50°C

NPy XpaHeHun 0T —20°C po +60°C
OTHOCHMTENbHAR BNAKHOCTb

paboyas Bbicokas: o1 10 5o 60% npw Temnepatype 40 ...
50°C
Hu3kas: ot 10 7o 90% npm Temnepatype 0 ... 40°C

BbICOKast: 0T 5 ao 60% npw Temnepartype 40 ... 60°C
HW3Kas: o1 5 5o 90% npwm Temnepatype 0 ... 40°C

BbicoTa Hap, ypoBHEM Mopst
103000 m
109144 m

Mpy XpaHeHuu

pa6oyas
NPy XpaHeHum
HopmaTueHble JOKYMEHTbI

anekTpomartHutHas  [upekTtuBa coseta EC 2004/108/EC
COBMECTMMOCTb
6e30NacHOCTb UL61010-1, BTOpOE M3LaHMKE;

CSA61010-1, BTOpOE M3AaHME;
EN61010-1:2001;
IEC 61010-1:2001

indopmauums ang 3akasa

Cepus MD04000

Mogenb Onucauue

MD04054-3 Kom6uHUpoBaHHbIA ocuunnorpad, 4 aHanorosbIX KaHana,
500 Mry, 16 uncposbix kaHanos, 1 P4 Bxog, 3 Ty

MDO04054-6 Kom6uHNpOBaHHbI ocumnnorpad, 4 aHanoroBbIx kaHana,
500 Mru, 16 undposbix kaHanos, 1 PH Bxog, 6 Ty

MD04104-3 Kom61HWUpoBaHHbI ocuunnorpad, 4 aHanoroBbIx KaHana,
1 MTu, 16 undposbix KaHanos, 1 PY Bxog, 3 My

MDO04104-6 Kom6MHWUpOBaHHbIA ocuunnorpad, 4 aHanorosbIX KaHana,

1Ty, 16 umcposbIx kaHanos, 1 PY Bxog, 6 ITw

B KOMNNekT nocTaBKu BCEX MOAENEi BXOAUT: OAWH NACCUBHbLIA NPOBHUK

Ha Kax[pli aHanorosblit kaHan (TPP0500, 500 Mru, 10X, 3,9 n® ans
MoZeneii ¢ nonocor nponyckanus 500 MIy; TPP1000, 1 My, 10X, 3,9 n®
Ins MoAener ¢ nonocon nponyckadus 1 Iu), 16-KaHanbHbIA NOrMYeCcKuin
npo6Huk P6616, komnnekT npuHaanexHocten (020-2662-xx) ANs NOrMHECKOr0
npo6Huka, nepeaHss kpbiwka (200-5130-xx), agantep N-BNC (103-0045-00),
pyKOBOACTBO nonb3osatens (071-2918-xx), KOMNAaKT-AMCK C AOKYMEeHTaLmeN
(063-4367-xx), MO OpenChoice® Desktop, MO NI LabVIEW SignalExpress™
Tektronix Edition, kannépoBoUHbI cepTUdIMKaT, Kabenb NUTaHUs, CyMKa C
NPUHAANEXHOCTAMN

(016-2030-xx), TpeXNETHAA rapaHTus.

Mpumevanue. an 3aKase crnejyeT ykasbiBaTb TUN Kabens nUTaHus n A3blK
PyKOBO/ACTBA MoJib30BaTeN .
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MpuUKnagHble NPOrpaMMHble MOAYNN

MpuKnagHble NPOrpaMMHble MOZYAN MOCTABAAIOTCA BMECTE C NIMLEH3UAMU, KOTOPbIE MOTYT CBOGOJHO NEPEHOCUTLCA C MOAYNA B ocumunnorpad v 06patHo.
JInueH3ns MoXeT 6bITb NPUBA3AHA K MOAYMHO, NPU 3TOM OH MOXET YCTaHABNMBATLCS B pasHble Npu6opbl. Kpome TOro, NMLeH3ns MOXeT 6bITb NpUBSA3aHa K
ocuunnorpady, 4To NO3BONAET U3BNEKATH MOAYNb U3 NpMbOpa Ans 06eCneveHns ero COXPaHHOCTU. BO3MOXHOCTb NPUBA3KN NULEH3UM K Ocuuanorpady 1
13BMIEYEHUS MOAYNS NO3BONSET UCMONb30BATH

[0 4YeTbIPEX NPUNIOXKEHNI OHOBPEMEHHO.

Mogynb Onucauue

DPO4AEROQ Mogynb aHanusa u 3anycka no curHanam nocnefoBaTenbHbIX WUH 418 a3POKOCMUYECKONA NPOMBbILLIEHHOCTU. [103BONAET OCYLLECTBASATL 3aMycK No
nakeTam, nepegaBaembiM no wiuHam MIL-STD-1553, a Takxe npeaocTaBAseT CPeAcTBa aHanm3a, Takue Kak LndpoBoe NpeacTaBieHne CUrHanoB,
NpejCcTaBfieHne B BUE LWVHbI, JEKOAUPOBAHNE NAKETOB, NOUCK W TAabnMLbl JEKOANPOBAHMS NAKETOB C METKAMU BPEMEHN.
Bxopgpl curHana: no6oii kaHan 1-4, matematiyeckas yHKLMSA, N060i N3 0NOPHbIX curHanos R1-R4.
PekomeHayemble NPOOHUKY: Anch(epeHUnanbHbIA U HECUMMETPUYHBIA (TPEBYETCA TONbKO OLUH HECUMMETPUYHbINA CUTHAN).

DPO4AUDIO Mogaynb aHanu3a u 3anycka no curHanam nocneaoBatesbHbIX ayauoLLnH. No3BoNseT OCYLECTBAATL 3aNyCK N0 NakeTam, nepeaaBaeMbiM Mo
ayauoLmnHam
128, LJ, RJ n TDM, a Takxke npefocTaBNseT CPeACTBA aHANN3a, Takne Kak LMpoBoe NpeACTaBneHne CUrHANO0B, NPeSCTaBNEHNE B BUAE LLUMHBI,
[1eK0ANPOBaHNE NAKeTOB, MOWCK M TabnmMLbl 4EKOANPOBAHMS NAKETOB C METKAMM BPEMEHN.
Bxoabl curHana: nwo6on kaHan 1-4 n DO-D15.
PekomeHayemble npo6Huku: ans I2S, LJ, RJ, TDM — HecuMMETPUYHBI.

DPO4AUTO Mogaynb aHanusa u 3anycka no curHanam aBToMo6MbHbIX NOC/eL0BATESIbHbIX LWNH. [103BONSET OCYLLECTBAATL 3anyck Mo nakeram, nepejasaemMbiM
no wuHam CAN un LIN, a Takxe npefocTasnseT CpeficTBa aHann3a, Takne Kak LMdpoBoe npefCcTaBneHne CUrHanos, NPeCcTaBieHne B BUAE LUNHDI,
[eKOLNPOBaHNE MAKETOB, MONCK 1 TabnMLbl AEKOAMPOBAHNSA NAKETOB C METKAMMW BPEMEHU.

Bxogb! curnana: LIN — nio6oit kanan 1-4 n D0-D15; CAN — nto6oit kaHan 1-4 (D0-D15, T0NbKO HECUMMETPUYHBIV NPOBHUK).
PekomeHayemblie npobHuku: LIN — HecummeTpuyHblid; CAN — HeCMMMETPUYHbIA unu anddepeHLnanbHbIn.

DPO4AUTOMAX Mopgynb pacLunpeHHOro aHanmaa v 3anycka no cirHanam nocneaoBaTenbHbIX aBTOMOBUbHBIX LUMH. [03BOAAET OCYLLECTBAATL 3aMyCK N0 nakeTam,
nepesasaembiM no wiuHam CAN, LIN u FlexRay, a Takxe npefocTaBnsieT CpefCcTBa aHann3a, Takue Kak LupoBoe NpesCcTaBneHns CUrHanos,
NpeACTaBNeHNe B BUAE LUNHBI, JEKOAUPOBAHME NAKETOB, MOWNCK 1 TabnuMLbl AEKOAMPOBAHNSA NaKETOB C METKaMu BpeMeHu, a Takxke 0 ans aHannsa
Ma3KoBbIX Auarpamm.
Bxogbl curnana: LIN — nto6oit kanan 1-4 n D0-D15; CAN — nto6oii kaHan 1-4 (D0-D15, Tonbko HecMMMeTpuyHbIi NpobHUK), FlexRay — nro6oit
KaHan 1-4 (D0-D15, TONbKO HECUMMETPUYHBIA NPOGHMK).
PekomeHayemblie npobHukm: LIN — HecummeTpudHbiii; CAN, FlexRay — HecuMmeTpuHbIid unn guddepeHumanbHblii.

DPO4COMP Mogaynb aHanu3a u 3anycka no curHanam KOMnbIOTEPHbIX NOCeJ0BaTeNbHbIX WKH. M03B0NSET OCYLIECTBNATL 3anyCK N0 naketam, nepeaaBaembim
no wmHam RS-232/422/485/UART, a Takxe npefocTasnseT CpeACcTBa aHanuaa, Takue Kak undposoe NpeAcTaBeHne CUrHanos, NpeacTasneHue B
BMAE LNHDBI, AEKOAMPOBAHNE NAKETOB, MONCK 1 TaBAMLbI IeKOAMPOBAHIS NAKETOB C METKaMil BPEMEHM.
Bxogb! curHana: nio6oit kauan 1-4 (D0-D15, TONbKO HECUMMETPUYHBIA NPOBHUK).
Pekomengyemble npo6Huku: RS-232/UART — HecummeTpuyHblil; RS-422/485 — pudpchepeHumanbHblii.

DPO4EMBD Mogaynb aHanu3a u 3anycka no curHanam nocnefoBate/ibHbIX LWH BCTPanBaeMbixX cUcTeM. M03BONAET OCYLIECTBNATbL 3anyCcK Mo naketam,
nepeaasaeMbiM no WrHam 12C u SPI, a Takxe NpeAoCTaBNseT CPeACTBA aHaNN3a, Takne Kak LMPOBOe NpeiCTaBNeHNe CUTHANOB, NPeLCTaBEHE B
BNIE LUMHbI, EKOANPOBAHNE MAKETOB, MOWUCK W TabNNLbl JEKOANPOBAHNSA NAKETOB C METKAMMN BPEMEHU.
Bxogpl curHana: 1°C, SPI — nio6oit kaHan 1-4 n D0-D15.
PekomeHayemble npobHuKK: 12C, SPl — HeCUMMETPUYHBIIA.

DPO4ENET Mogaynb aHanu3a n 3amycka no curHanam LumHel Ethernet. Mo3BoNseT 0CyLIECTBAATb 3aMycK MO Naketam, nepegasaembiM no wuHam 10BASE-T u
100BASE-TX, a Takxe npefocTasnseT CPeACTBa aHanu3a, Takme Kak UpoBoe NpeacTaseHne CUrHanos, NpefcTasneHune B BUAE LUUHGI,
[eKOLIMPOBaHNe MaKeToB, MONCK 1 TabnMLbl AEKOANPOBAHNS NaKETOB C METKaMM BPEMEHU.

Bxopgpl curHana: no6oii kaHan 1-4 4ns HeCUMMETPUYHOrO NPOBHNKA; Nt060N KaHan 1-4, MatemaTu4eckuil, N060N M3 onNopHbIX curHanos R1-R4 —
ons anddepeHunanbHoOro NpobHMkKa.
PekomeHayemble npo6HUKM: 10BASE-T — HecummeTpuyHbli unu anddepeHumnanbHbii; 100BASE-TX — anddepeHLmansHbii.

DPO4USB Mogynb aHanu3a u 3anycka no curHanam nocnefosatenbHoii WwiHsl USB. M03B0NsSeT 0CyLWeCTBAATL 3anyCK N0 nakeTam, nepeaBaeMbiM no
HW3KOCKOPOCTHbIM, MONTHOCKOPOCTHBLIM 1 BbICOKOCKOPOCTHBIM WinHam USB. Kpome Toro, npeaocTaBnsieT cpefcTa aHann3a, Takne Kak Lmdgposoe
NpeacTaBeHne CUrHanoB, NPeACTaBAeHNE B BUAE LWKHbI, [EKOANPOBAHNE NAKETOB, MOUCK W TabnMLbl 4EKOANPOBAHNS NAKETOB C METKAMM BPEMEHU
ANst HU3KOCKOPOCTHBIX, MOTHOCKOPOCTHBIX 11 BbICOKOCKOPOCTHBIX LiH USB.
Bxopfbl curHana: HU3KOCKOPOCTHbIE W MOMHOCKOPOCTHbIE LWKHBI — Nt0601 KaHan 1-4 (D0-D15 T0MbKO C HECUMMETPUYHBIM NPOBHUKOM);
HU3KOCKOPOCTHbIE, NOSIHOCKOPOCTHbIE U BbICOKOCKOPOCTHbIE LWWHLI — M0G0 KaHan 1-4, maTeMaTu4eckui, o601 13 onopHbIX curHanoB R1-R4.
PekomeHayemble NPOBHNUKM: HU3KOCKOPOCTHbIE 1 MOSIHOCKOPOCTHbIE LUMHLI — HECUMMETPUYHBINA UAN AnddepeHunanbHbIi;
BbICOKOCKOPOCTHbIE WWHbI — AuddepeHumnanbHbIi.
BbicokockopocTHble WwiHbl USB nogaepxusatotcs Tonbko mogensmm MD0O4104-X.

DPO4PWR Mogaynb aHanu3a MowwHOCTK. M03B0AsAET OLICTPO N TOYHO aHANM3UPOBATL KAYECTBO ANEKTPOIHEPTIM, KOMMYTALMOHHbIE NOTEPU, rapMOHUYECcKMe
cocTaBnAoLLMe, 061acTb 6e30MacHON paboTbl, MOAYNALMIO, MYNbCALMN U CKOPOCTb HApacTaHus Toka 1 Hanpsxxenus (dl/dt, dv/dt).
DPO4ALMT Mogaynb TecTMpoBaHusa No npeaenam 1 mackam. Mo3BonseT BbINOMHATL TECTUPOBAHME CUTHANA NO AONYCKaM, NOMy4YeHHbIM Ha 0CHOBE 06Pa3LOBO

(<<30]'I0T017I>>) BEPCUM TOr0 XKe CuUrHana, a Takxxe npoBoOANUTL C MNOMOLLbIO MAcOK TeCTUPOBaHWE CrHAN0B Ha COOTBETCTBUE TENTEKOMMYHNKALNOHHLIM
W KOMMNbKOTEPHbLIM CTaHAapTaM.

DPO4VID Mogynb 3anycka no cur#anam HDTV 1 cneunanbHbIM (HECTaHAAPTHBIM) BUAEOCUTHANaM.

MDOA4TRIG Mogynb pacLUMpeHHOro 3anycka no ypoBHIO MOLLHOCTU Ha PY Bxoge. M03BoNseT MCNONb30BaTh YPOBEHb MOLLHOCTY Ha PY BXOfe B Ka4ecTse
MCTOYHUKA ANS CELYIOLWMX TUMOB 3aMycKa: N0 AAUTENbHOCTW UMMYNbCA, BBIPOXKAEHHBIM UMMYNbCAM (PaHTY), BDEMEHU 0XMAAHUS, NOrUYECKUM
COCTOSIHUAIM U NOCeS0BaTeNbHOCTY.
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Onuuu npuéopa

BapuaHTbl BUIKK kabens nutaHns

Onuuu Onucanmne

Onuusa A1 YHuBepcanbHas eBponenckas

A13bIK PyKOBOACTBA NMOMb30BaTEN

Onuuu Onucauue

Onums L10 pyccKui

2 [lanHas onuus BKoYaeT nepeBeaeHHyo Ha GOOTBeTCTBy}OLLI.I/Iﬁ A3bIK HAKNaaKy ans nepeuHeVl
nasenu.
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PekomeHayemble MpO6HNUKM

Mpo6HuK Onucanue

TPP0500 MaccueHbIin Npo6HMK HanpsixeHus TekVPI®, 500 MTy, 10X,
BXOAHas eMKocTb 3,9 n®

TPP0502 MaccuBHbIA Npo6HUK HanpsbxkeHus TekVPI®, 500 MTu, 2X,
BXOfHasA eMkocTb 3,9 nd

TPP0850 BbICOKOBO/bTHBI NaccuBHbIA NpobHUK TekVPI®, 800 Mrwu,
50X, 2,5 kB

TPP1000 MaccuBHbIA Npo6HUK HanpsbkeHus TekVPI®, 1 [Tu, 10X,
BX0[Has emkocTb 3,9 n®

TAP1500 AKTUBHbI HECUMMETPUYHBIA NPO6HUK HanpsxxeHus TekVPI®,

1,51y

TAP2500 AKTWBHbIIA HECUMMETPUYHBIA NPOBHUK HanpsxeHus TekVPI®,
2,51y

TAP3500 AKTUBHbI HECUMMETPUYHBIA MPO6HUK HanpsxxeHus TekVPI®,
3,51y

Onuyu Onucanue TDP0500 JncbdpepeHLmanbHblit npo6HUK Hanpshxenna TekVPI®, 500
Onuus C3 Yenyru no kKanmbpoBke B TeveHue 3 neT MTu, BXOAHOE HanpshxeHue +42 B
Onuus C5 Yenyru no KanubpoBke B TeYeHMe 5 net TDP1000 IudbchepeHumanbHbiil npo6HUK HanpshxeHus TekVPI®, 1 T,
Onuus D1 OT4eT ¢ KanM6pPOBOYHBIMI AaHHBIMM BXOAHOE Ha“pmeH”? 42 B
Onuws D3 OT4eT ¢ KannbpPOBOYHBIMY JAHHLIMU B Te4eHne 3 neT TDP1500 Lncbdpepeunanhbiit pOGHUK Hanpsxeris TekVPI®, 1,5
(c onuweii C3) ITu, BxofHOE HanpsxeHue +8,5 B
Onuws D5 OT4€eT C KaNMOPOBOYHBIMN AAHHLIMM B Te4eHue 5 net TDP3500 AvdbchepeHumanbHbiid NPOGHYK Hanpsxerns TekVPI®, 3,5
(c onuvei C5) ITu, BXoOHOE HanpskeHue +2 B
onuus G3 MoAHOE 0GCAYXUBAHME B TeYeHUe 3 neT (BKA0YaeT TCP0030 Mpo6HMK NocTosHHOrO/NepemMerHoro Toka TekVPI®, 120 Mrwu,
npeaocTaBneHne NOAMEHHOr0 Npubopa Ha Bpems 30A
PEMOHTA, PErynsapHyI0 KanuepoBKy 1 T.4.) TCPO150 Mpo6HUK nocTostHHOro/nepemeHHoro Toka TekVPI®, 20 MIw,
Onums G5 lMonHoe 06CNyXMBaHME B Te4eHMe 5 NeT (BKNoYaeT 150A
npefocTaBneHne NoAMEHHOro npubopa Ha Bpems P5200A BbICOKOBONBTHBIA AnchdepeHunanbHblii npobHuk, 1,3 kB, 50
PEMOHTA, PErynspHy0 Kanubposky 1 T.4.) Mry
Onuus R5 PeMOHT B Te4eHMe 5 NeT (BK/KYas rapaHTuio) P5202A™ BbICOKOBOMLTHBIN A epeHLmManbHblii npo6HuK, 640 B, 100
MTy
"3 TapaHTWiiHble 06513aTeNLCTBA 1 CEPBUCHBIE MPEANIOKEHNA HE PACTIPOCTPAHAIOTCA Ha P5205A™ BbICOKOBOMBTHBIN AN EpeHLManbHblil Npo6HUK, 1,3 KB,
NPOGHUKN W NPUHAANEXHOCTU. [apaHTUiiHble 0653aTeNbCTBa U YCNOBUSA KannbpoBKN 200 Mry
EEESHMKOB W NpuHaanexHocTen npueeaeHbl B COOTBETCTBYHOLLUX TEXHUYECKUX Onuca- P521 OA*A BblCOKOBOJ’IbTHbII?I ﬂ,l/l(bq)epeHLll/laJ'leblVl I'Ip()ﬁHI/IK, 5,6 KB, 50
' Mry
P5100A BbICOKOBOMbTHBIA NAcCUBHbLIA NPOB6HUK ¢ fenutenem 100X,
2,5 kB

"4 HeoBxomum nepexonrvk ¢ TekVPI® Ha TekProbe BNC (TPA-BNC).

PekomeHayeMble NPUHAANEXHOCTY

MpuHapgnexHoct  Onucanue

119-4146-00 KomnnekT npobHnka nons B 6numxHeid 3oe, 100 KMy
-1y

119-6609-00 [nbKas HeCUMMETPUYHas BUOPATOPHAs aHTEHHA

TPA-N-VPI Apantep N-TekVPI (nepexofHuK Ans noAKMH0YeHUs
npo6HukoB TekVPI k P4 Bxoay)

077-0585-xx CepBMCHOE PYKOBOACTBO (TOMbKO HA aHMNIACKOM
A3bIKe)

SIGEXPTE MporpammHoe o6ecneyenne NI LabVIEW
SignalExpress™ Tektronix Edition (monHas sepcus)

FPGAView-xx M0 ans otnagkm NG Altera n Xilinx.

TPA-BNC MepexoaHuk ¢ TekVPI Ha TekProbe BNC

TEK-USB-488 MepexoaHuk ¢ GPIB Ha USB

ACD4000B Msirkas cymka Ansi nepeHocku

HCTEK54 JKECTKMI Kelic Ans TPAHCMNOPTUPOBKM (HE06X0AMMa
onung ACD4000B)

RMD5000 KoMnnekT Ans MOHTaXa B CTONKY

TEK-DPG [eHepaTop UMNyNbLCOB C KOMMeHcauuein hasoBbix
CLBMroB

067-1686-xx lMpucnocobneHune ans KoMNeHcaumm asoBbix

CLBWTOB W KannbpoBKN NPOBGHNKOB

[apaHTus
Tpl/l roga Ha getanu u paﬁOTy, 3a UCKNKYeHnem I'Ip06HI/IKOB
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Mixed Domain Oscilloscopes
MDO4000 Series Datasheet

Spectral Analysis

- a0 = Dedicated Front-panel Controls for Commonly Performed Tasks
= Automated Peak Markers Identify Frequency and Amplitude of Spectrum
= — e D G - Peaks
SEE = _ -
b © Q = coc = Manual Markers enable Non-peak Measurements
i = .
",_: S & = Trace Types Include: Normal, Average, Max Hold, and Min Hold
)'® 4 9 2 ' = Detection Types Include: +Peak, —Peak, Average, and Sample

B 8 8k = Spectrogram Display enables Easy Observation and Insight into Slowly
M omom e Changing RF Phenomena
- cosEse ol @ @ ' = Automated Measurements Include: Channel Power, Adjacent Channel
A—— Power Ratio (ACPR), and Occupied Bandwidth (OBW)

= Trigger on RF Power Level

DO

)

= Triggered or Free Run Spectral Analysis
Features & Benefits Ease of Use Features

= 10.4in. (264 mm) Bright XGA Color Display
= Small Footprint and Lightweight — Only 5.8 in. (147 mm) Deep and 11 Ib.

Key Performance Specifications

= 4 Analog Channels

. (5 kg)
- 500 MHz or 1 GHz Bandwidth Models
. Connectivity
= 16 Digital Channels
- MagniVu™ High-speed Acquisition provides 60.6 ps Fine Timing = Two USB 2.0 Host Ports on the Front Panel and Two on the Rear Panel
Resolution for Quick and Easy Data Storage, Printing, and Connecting a USB
Keyboard

= 1 RF Channel
- 50 kHz - 3 GHz or 50 kHz - 6 GHz Frequency Range Models
- Ultra-wide Capture Bandwidth =1 GHz

= USB 2.0 Device Port on Rear Panel for Easy Connection to a PC or
Direct Printing to a PictBridge®-compatible Printer

= |ntegrated 10/100/1000BASE-T Ethernet Port for Network Connection
and Video Out Port to Export the Oscilloscope Display to a Monitor or

Standard Passive Voltage Probes 3.9 pF Capacitive Loading and
500 MHz or 1 GHz Analog Bandwidth

Projector
Mixed Domain Analysis Optional Serial Triggering and Analysis
= Time-correlated Analog, Digital, and RF Signal Acquisitions in a Single = Serial Protocol Trigger, Decode, and Search for I2C, SPI, USB, Ethemet,
Instrument CAN, LIN, FlexRay, RS-232/422/485/UART, MIL-STD-1553, and
12S/LI/RIITDM

= Wave Inspector® Controls provide Easy Navigation of Time-correlated ) o
Data from both the Time and Frequency Domains Optional Application Support

= Amplitude, Frequency, and Phase vs. Time Waveforms derived from = Advanced RF Triggering

RF Input = Power Analysis
= Selectable Spectrum Time to Discover and Analyze how RF Spectrum = Limitand Mask Testing

Changes over Time — Even on a Stopped Acquisition = HDTV and Custom Video Analysis

Tektron/ix*
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Introducing the Mixed Domain Oscilloscope

Introducing the world’s first and only oscilloscope with a built-in spectrum
analyzer. For the first time ever, you can capture time-correlated analog,
digital, and RF signals for a complete system view of your device. See both
the time and frequency domain in a single glance. View the RF spectrum
at any point in time to see how it changes over time or with device state.
Solve the most complicated design issues, quickly and efficiently, with an
oscilloscope as integrated as your design.

Based on the industry-standard MSO4000B Oscilloscope Series, you can
now use your tool of choice, the oscilloscope, to look at the frequency
domain rather than having to find and re-learn a spectrum analyzer.
However, the power of the MDO goes well beyond simply observing the
frequency domain as you would on a spectrum analyzer. The real power is
in its ability to correlate events in the frequency domain with the time domain
phenomena that caused them.

When both the RF channel and any analog or digital channels are on, the
oscilloscope display is split into two views. The upper half of the display

is a traditional oscilloscope view of the Time Domain. The lower half of

the display is a Frequency Domain view of the RF input. Note that the
Frequency Domain view is not simply an FFT of the analog or digital
channels in the instrument, but is the spectrum acquired from the RF input.
The spectrum shown in the Frequency Domain view is taken from the period
of time indicated by the short orange bar in the time domain view — known
as the Spectrum Time. With the MDO4000 Series, Spectrum Time can be
moved through the acquisition to investigate how the RF spectrum changes
over time. And this can be done while the oscilloscope is live and running
or on a stopped acquisition.

2 www.tektronix.com
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- Time Domain
View

- Frequency Domain
View

The upper half of the MDO4000 Series display shows the Time Domain view of the analog
and digital channels, while the lower half shows the Frequency Domain view of the RF
channel. The orange bar - Spectrum Time — shows the period of time used to calculate
the RF spectrum.

Figures 1 through 4 show a simple everyday application - tuning of a
VCOIPLL. This application illustrates the powerful connection between the
time domain and the frequency domain that the MDO4000 Series provides.
With its wide capture bandwidth and ability to move Spectrum Time
throughout the acquisition, this single capture includes the same spectral
content as approximately 1,500 unique test setups and acquisitions on a
traditional spectrum analyzer. For the first time ever, correlating events,
observing interactions, or measuring timing latencies between the two
domains is exceptionally easy, giving you quick insight to your design’s
operation.
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Figure 1 - Time and Frequency Domain view showing the turn-on of a VCO/PLL. Figure 3 — Spectrum Time is moved another 120 ps to the right. At this point the spectrum
Channel 1 (yellow) is probing a control signal that enables the VCO. Channel 2 (cyan) shows that the VCO/PLL has actually overshot the correct frequency and gone all the
is probing the PLL voltage. The SPI bus which is programming the VCO/PLL with the way to 2.4164 GHz.

desired frequency is probed with three digital channels and automatically decoded. Notice
Spectrum Time is placed after the VCO was enabled and coincident with the command
on the SPI bus telling the VCO/PLL the desired frequency.

1AVEO ENab e s

Figure 4 — The VCO/PLL eventually settles on the correct 2.400 GHz frequency about
340 ps after the VCO was enabled.

Figure 2 — Spectrum Time is moved about 60 ps to the right. At this point, the spectrum
shows that the VCO/PLL is in the process of tuning to the correct frequency (2.400 GHz).
It has made it up to 2.3168 GHz.

www.tektronix.com 3
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i | RFversus |8 Spectrum i i -~
Time Traces Triggered 2

The orange waveform in the Time Domain view is the frequency vs. time trace derived
from the RF input signal. Notice that Spectrum Time is positioned during a transition from

the highest frequency to the lowest frequency, so the energy is spread across a number of
frequencies. With the frequency vs. time trace, you can easily see the different frequency

hops, simplifying characterization of how the device switches between frequencies.

Visualizing Changes in Your RF Signal

The time domain graticule on the MDO4000 Series display provides support
for three RF time domain traces that are derived from the underlying | and Q
data of the RF input including:

= Amplitude — The instantaneous amplitude of the RF input vs. time

= Frequency - The instantaneous frequency of the RF input, relative to the
center frequency vs. time

= Phase — The instantaneous phase of the RF input, relative to the center
frequency vs. time

4 www.tektronix.com
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Each of these traces may be turned on and off independently, and all three
may be displayed simultaneously. RF time domain traces make it easy to
understand what's happening with a time-varying RF signal.

Advanced Triggering

In order to deal with the time-varying nature of modern RF applications,
the MDO4000 Series provides a triggered acquisition system that is fully
integrated with the RF, analog, and digital channels. This means that a
single trigger event coordinates acquisition across all channels, allowing
you to capture a spectrum at the precise point in time where an interesting
time domain event is occurring. A comprehensive set of time domain
triggers are available, including Edge, Sequence, Pulse Width, Timeout,
Runt, Logic, Setup/Hold Violation, Rise/Fall Time, Video, and a variety

of parallel and serial bus packet triggers. In addition, you can trigger on
the power level of the RF input. For example, you can trigger on your RF
transmitter turning on.

The optional MDO4TRIG application module provides advanced RF
triggering. This module enables the RF input power level to be used as a
source for Sequence, Pulse Width, Timeout, Runt, and Logic trigger types.
For example, you can trigger on a RF pulse of a specific length or use the
RF channel as an input to a logic trigger, enabling the oscilloscope to trigger
only when the RF is on while other signals are active.
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Key spectral parameters are adjusted quickly with the dedicated front-panel menus and
keypad.

Fast and Accurate Spectral Analysis

When using the RF input by itself, the MDO4000 Series display becomes a
full-screen Frequency Domain view.

Automated peak markers identify critical information at a glance. As shown here, the five
highest amplitude peaks that meet the threshold and excursion criteria are automatically
marked.

Key spectral parameters such as Center Frequency, Span, Reference
Level, and Resolution Bandwidth are all adjusted quickly and easily using
the dedicated front-panel menus and keypad.

Intelligent, Efficient Markers

In a traditional spectrum analyzer, it can be a very tedious task to turn

on and place enough markers to identify all your peaks of interest. The
MDO4000 Series makes this process far more efficient by automatically
placing markers on peaks that indicate both the frequency and the
amplitude of each peak. The criteria used to determine what a peak is can
be adjusted by the user.

The highest amplitude peak is referred to as the reference marker and

is shown in red. Marker readouts can be switched between Absolute and
Delta readouts. When Delta is selected, marker readouts show each peak’s
delta frequency and delta amplitude from the reference marker.

Two manual markers are also available for measuring non-peak portions of
the spectrum. When enabled, the reference marker is attached to one of
the manual markers, enabling delta measurements from anywhere in the
spectrum. In addition to frequency and amplitude, manual marker readouts
also include noise density and phase noise readouts depending on whether
Absolute or Delta readouts are selected. A “Reference Marker to Center”
function instantly moves the frequency indicated by the reference marker
to center frequency.

www.tektronix.com 5
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Spectrogram display illustrates slowly moving RF phenomena. As shown here, a signal
that has multiple peaks is being monitored. As the peaks change in both frequency and
amplitude over time, the changes are easily seen in the Spectrogram display.

Spectrogram

The MDO4000 Series includes a spectrogram display which is ideal

for monitoring slowly changing RF phenomena. The x-axis represents
frequency, just like a typical spectrum display. However, the y-axis
represents time, and color is used to indicate amplitude.

Spectrogram slices are generated by taking each spectrum and “flipping
it up on its edge” so that it's one pixel row tall, and then assigning colors
to each pixel based on the amplitude at that frequency. Cold colors
(blue, green) are low amplitude and hotter colors (yellow, red) are higher
amplitude. Each new acquisition adds another slice at the bottom of the
spectrogram and the history moves up one row. When acquisitions are
stopped, you can scroll back through the spectrogram to look at any
individual spectrum slice.

Triggered vs. Free Run Operation

When both the time and frequency domains are displayed, the spectrum
shown is always triggered by the system trigger event and is time correlated
with the active time-domain traces. However, when only the frequency
domain is displayed, the RF input can be set to Free Run. This is useful
when the frequency domain data is continuous and unrelated to events
occurring in the time domain.

6  www.tektronix.com

KoHTponbHO-n3MmepuTenbHble Npubéopbl U 06opyaoBaHne

www.tehencom.com

Spectral display of a bursted communication both into a device through Zigbee at 900 MHz
and out of the device through Bluetooth at 2.4 GHz, captured with a single acquisition.

Ultra-wide Capture Bandwidth

Today's wireless communications vary significantly with time, using
sophisticated digital modulation schemes and, often, transmission
techniques that involve bursting the output. These modulation schemes can
have very wide bandwidth as well. Traditional swept or stepped spectrum
analyzers are ill equipped to view these types of signals as they are only
able to look at a small portion of the spectrum at any one time.

The amount of spectrum acquired in one acquisition is called the capture
bandwidth. Traditional spectrum analyzers sweep or step the capture
bandwidth through the desired span to build the requested image. As a
result, while the spectrum analyzer is acquiring one portion of the spectrum,
the event you care about may be happening in another portion of the
spectrum. Most spectrum analyzers on the market today have 10 MHz
capture bandwidths, sometimes with expensive options to extend that to 20,
40, or even 140 MHz in some cases.

In order to address the bandwidth requirements of modern RF, the
MDO4000 Series provides =21 GHz of capture bandwidth. At span settings
of 1 GHz and below, there is no requirement to sweep the display. The
spectrum is generated from a single acquisition, thus guaranteeing you'll
see the events you're looking for in the frequency domain.
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Automated Channel Power measurement.

Spectrum Traces

The MDO4000 Series offers four different traces or views of the RF input
including Normal, Average, Max Hold, and Min Hold. You can set the

KoHTponbHO-u3mMeputenbHble Npubopkl U o6opyaoBaHme www.tehencom.com

Mixed Domain Oscilloscopes — MDO4000 Series

The optional TPA-N-VPI adapter enables any active, 50 Q TekVPI probe to be connected
to the RF input.

detection method used for each trace type independently or you can leave
the oscilloscope in the default Auto mode that sets the detection type
optimally for the current configuration. Detection types include +Peak,
—Peak, Average, and Sample.

RF Measurements

The MDO4000 Series includes three automated RF measurements —
Channel Power, Adjacent Channel Power Ratio, and Occupied Bandwidth.
When one of these RF measurements is activated, the oscilloscope
automatically turns on the Average spectrum trace and sets the detection
method to Average for optimal measurement results.

RF Probing

Signal input methods on spectrum analyzers are typically limited to cabled
connections or antennas. But with the optional TPA-N-VPI adapter, any
active, 50 Q TekVPI probe can be used with the RF input on the MDO4000
Series. This enables additional flexibility when hunting for noise sources
and enables easier spectral analysis by using true signal browsing on an
RF input.

www.tektronix.com 7
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Discover - Fast waveform capture rate - over 50,000 wfm/s - maximizes the probability
of capturing elusive glitches and other infrequent events.

Built-on the Award Winning MSO4000B Series of Mixed
Signal Oscilloscopes

The MDO4000 Series provides you with the same comprehensive

set of features available in the MSO4000B Mixed Signal Oscilloscope
Series. This robust set of tools will help you speed through every stage

of debugging your design — from quickly discovering an anomaly and
capturing it, to searching your waveform record for the event and analyzing
its characteristics and your device's behavior.

Discover

To debug a design problem, first you must know it exists. Every

design engineer spends time looking for problems in their design, a
time-consuming and frustrating task without the right debug tools.

The MDO4000 Series offers the industry's most complete visualization of
signals, providing fast insight into the real operation of your device. A fast
waveform capture rate — greater than 50,000 waveforms per second —
enables you to see glitches and other infrequent transients within seconds,
revealing the true nature of device faults. A digital phosphor display with
intensity grading shows the history of a signal's activity by intensifying areas
of the signal that occur more frequently, providing a visual display of just
how often anomalies occur.

8 www.tektronix.com

KoHTponbHO-n3MmepuTenbHble Npubéopbl U 06opyaoBaHne

www.tehencom.com

X ¢oomPosition; =50005 M 40,045
1HVEO Enabile e—— s

13 VED Enable

SPI Data

Capture - Triggering on a specific transmit data packet going across a SPI bus. A
complete set of triggers, including triggers for specific serial packet content, ensures you
quickly capture your event of interest.

Capture

Discovering a device fault is only the first step. Next, you must capture the
event of interest to identify root cause.

Accurately capturing any signal of interest begins with proper probing. The
MDO4000 Series includes four low-capacitance probes for accurate signal
capture. These industry-first high-impedance passive voltage probes have
less than 4 pF of capacitive loading to minimize the affect of the probe on
your circuit's operation, offering the performance of an active probe with the
flexibility of a passive probe.

The MDO4000 Series provides a complete set of triggers — including Runt,
Timeout, Logic, Pulse Width/Glitch, Setup/Hold Violation, Serial Packet, and
Parallel Data - to help quickly find your event. With up to a 20M point record
length, you can capture many events of interest, even thousands of serial
packets, in a single acquisition for further analysis while maintaining high
resolution to zoom in on fine signal details.

From triggering on specific packet content to automatic decode in multiple
data formats, the MDO4000 Series provides integrated support for the
industry's broadest range of serial buses — 12C, SPI, USB, Ethernet, CAN,
LIN, FlexRay, RS-232/422/485/UART, MIL-STD-1553, and 2S/LJ/RJ/TDM.
The ability to decode up to four serial and/or parallel buses simultaneously
means you gain insight into system-level problems quickly.

To further help troubleshoot system-level interactions in complex embedded
systems, the MDO4000 Series offers 16 digital channels. The Magnivu™
high-speed acquisition on these channels enables you to acquire fine
signal detail (up to 60.6 ps resolution) around the trigger point for
precision measurements. MagniVu is essential for making accurate timing
measurements for setup and hold, clock delay, signal skew, and glitch
characterization.
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Search — RS-232 decode showing results from a Wave Inspector® search for data value
"n". Wave Inspector controls provide unprecedented efficiency in viewing and navigating
waveform data.

Search

Finding your event of interest in a long waveform record can be time
consuming without the right search tools. With today's record lengths
pushing beyond a million data points, locating your event can mean scrolling
through thousands of screens of signal activity.

The MDO4000 Series offers the industry's most comprehensive search and
waveform navigation with its innovative Wave Inspector® controls. These
controls speed panning and zooming through your record. With a unique
force-feedback system, you can move from one end of your record to the
other in just seconds. User marks allow you to mark any location that you
may want to reference later for further investigation. Or, automatically
search your record for criteria you define. Wave Inspector will instantly
search your entire record, including analog, digital, and serial bus data.
Along the way it will automatically mark every occurrence of your defined
event so you can quickly move between each occurrence.

KoHTponbHO-n3MmepuTenbHble Npubéopbl U 06opyaoBaHne
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Analyze - Waveform histogram of a falling edge showing the distribution of edge position
(jitter) over time. Included are numeric measurements made on the waveform histogram
data. A comprehensive set of integrated analysis tools speeds verification of your design's
performance.

Analyze

Verifying that your prototype's performance matches simulations and meets
the project's design goals requires analyzing its behavior. Tasks can range
from simple checks of rise times and pulse widths to sophisticated power
loss analysis and investigation of noise sources.

The MDO4000 Series offers a comprehensive set of integrated analysis
tools including waveform- and screen-based cursors, 44 automated
measurements, and advanced waveform math including arbitrary equation
editing, waveform histograms, FFT analysis, and trend plots for visually
determining how a measurement is changing over time. Specialized
application support for serial bus analysis, power supply design, limit and
mask testing, and video design and development is also available.

For extended analysis, National Instrument's LabVIEW SignalExpress™
Tektronix Edition provides over 200 built-in functions including time and
frequency domain analysis, data logging, and customizable reports.

www.tektronix.com 9
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Specifications
Characteristic MDO4054-3 MDO4104-3 MDO4054-6 MDO4104-6
Analog Channels 4
Bandwidth 500 MHz 1 GHz 500 MHz 1 GHz
Sample Rate (1-2 ch) 2.5 GS/s 5 GSIs 2.5 GS/s 5 GS/s
Sample Rate (3-4 ch) 2.5 GS/s
Digital Channels 16
RF Channels 1
Frequency Range 50 kHz - 3 GHz 50 kHz - 6 GHz
Real-time Capture Bandwidth =1 GHz
Span 1 kHz - 3/6 GHz in a 1-2-5 sequence
Resolution Bandwidth 20 Hz - 10 MHz in a 1-2-3-5 sequence
Reference Level -140 dBm to +30 dBm in steps of 5 dBm
Vertical Scale 1 dB/div to 20 dB/div in a 1-2-5 sequence
Vertical Position -10 divs to +10 divs
Vertical Units dBm, dBmV, dBuV, dBuW, dBmA, dBuA
Displayed Average Noise 50 kHz - 5 MHz: < -130 dBm/Hz (< -134 dBm/Hz typical)
Level (DANL) 5 MHz - 3 GHz: < -148 dBm/Hz (< =152 dBm/Hz typical)
3 GHz - 6 GHz: < -140 dBm/Hz (< -143 dBm/Hz typical)
Spurious Response
2nd and 3rd Harmonic < -55 dBc (< -60 dBc typical)
Distortion (>30 MHz)
2nd Order Intermodulation < =55 dBc (< -60 dBc typical)
Distortion
3rd Order Intermodulation < -60 dBc (< -63 dBc typical)
Distortion
Other A/D Spurs < -55 dBc (< -60 dBc typical)
Image and IF Rejection < -50 dBc (< -55 dBc typical)
Residual Response < -78 dBm
Crosstalk to RF Channel from <1 GHz input frequencies: < -68 dB from ref level
Scope Channels >1 GHz - 2 GHz input frequencies: < —48 dB from ref level
Phase Noise at 2 GHz CW 10 kHz: < -90 dBc/Hz, < -95 dBc/Hz (typical)
100 kHz: < -95 dBc/Hz, < -98 dBc/Hz (typical)
1 MHz: < -113 dBc/Hz, < -118 dBc/Hz (typical)
Level Measurement 20 °C - 30 °C: < £1 dB (< £0.5 dB typical)
Uncertainty (Input level Over operating range: < +1.5 dB
+10 dBm to -50 dBm)
Residual FM <100 Hz peak-to-peak in 100 ms
Maximum Operating Input Level
Average Continuous Power +30 dBm (1 W)
DC Maximum Before +40 V DC
Damage
Maximum Power Before +33 dBm (2 W)
Damage (CW)
Maximum Power Before +45 dBm (32 W)
Damage (Pulse) (<10 ps pulse width, <1% duty cycle, and reference level of = +10 dBm)
Power Level Trigger
Frequency Range 1 MHz - 3 GHz 1 MHz - 6 GHz

Amplitude Range

+30 dBm to —40 dBm

Limits

With CF 1 MHz - 3.25 GHz: -35 dB from ref level
With CF >3.25 GHz: -15 dB from ref level

Minimum Pulse Duration

10 ps On Time with a minimum settling Off Time of 10 ps

RF to Analog Channel Skew

<5 ns

10  www.tektronix.com
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Characteristic MDO4054-3 MDO4104-3 MDO4054-6 MDO4104-6
Frequency Domain Trace Normal, Average, Max Hold, Min Hold
Types
Time Domain Trace Types Amplitude vs. Time, Frequency vs. Time, Phase vs. Time
Detection Methods +Peak, —Peak, Average, Sample
Automatic Markers 1-11 peaks identified based on user-adjustable threshold and excursion values
Manual Markers Two manual markers indicating frequency, amplitude, noise density, and phase noise
Marker Readouts Absolute or Delta

RF Acquisition Length FFT Windows

Span Maximum RF Acquisition Time FFT Window Factor

>2 GHz 2.5ms Kaiser 2.23

>1 GHz - 2 GHz 5ms Rectangular 0.89

>800 MHz - 1 GHz 10 ms Hamming 1.30

>500 MHz - 800 MHz 12.5ms Hanning 1.44

>400 MHz - 500 MHz 20 ms Blackman-Harris 1.90

>250 MHz - 400 MHz 25ms Flat-Top 3.77

>200 MHz - 250 MHz 40 ms
>160 MHz - 200 MHz 50 ms
>125 MHz - 160 MHz 62.5 ms
<125 MHz 79 ms

www.tektronix.com 11
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Vertical System Analog Channels
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Horizontal System Analog Channels

Characteristic MDO4054-X MDO4104-X Characteristic MDO4054-X MDO4104-X
Input Channels 4 Maximum Record Length 20M points

Analog Bandwidth (-3 dB) 500 MHz 1 GHz (All channels)

5 mV/div - 1 V/div Maximum Duration at 8/8 ms 8/4 ms
Calculated Rise Time 700 ps 350 ps Highest Sample Rate

5 mV/div (typical)

(All/Half channels)

Hardware Bandwidth
Limits

20 MHz or 250 MHz

Time Base Range

1nsto 1,000 s 400 ps to 1,000 s

Input Coupling

AC, DC

Time Base Delay Time
Range

-10 divisions to 5000 s

Input Impedance

1 MQ +1%, 50 Q +1%

Input Sensitivity, 1 MQ

1 mV/div to 10 V/div

Channel-to-Channel
Deskew Range

+125 ns

Input Sensitivity, 50 Q

1 mV/div to 1 V/div

Time Base Accuracy

+5 ppm over any 21 ms interval

Vertical Resolution

8 bits (11 bits with Hi Res)

Max Input Voltage, 1 MQ

300 Vrus CAT Il with peaks < +425 V

Max Input Voltage, 50 Q

5 Vrws with peaks < £20 V

DC Gain Accuracy

+1.5%, derated at 0.10%/°C above 30 °C

Horizontal System Digital Channels

Characteristic

All MDO4000 Models

Channel-to-Channel
Isolation

2100:1 at <100 MHz and 230:1 at >100 MHz
up to the rated bandwidth for any two channels
having equal volts/div settings

Maximum Sample Rate 500 MS/s (2 ns resolution)
(Main)
Maximum Record Length  20M points

(Main)

Maximum Sample Rate
(MagniVu)

16.5 GS/s (60.6 ps resolution)

Maximum Record Length
(MagniVu)

10k points centered around the trigger

Offset Range

Range 1 MQ 50 Q

1 mV/div to 50 mV/div 1V 1V

50.5 mV/div to 05V 05V
99.5 mV/div

100 mV/div to 500 mV/div +10 V +10 V
505 mV/div to 995 mV/div 5V 5V

1 V/div to 5 V/div +100 V 5V

5.05 V/div to 10 V/div +50 V NA

Vertical System Digital Channels

Characteristic

All MDO4000 Models

Input Channels

16 Digital (D15 - DO)

Minimum Detectable 1ns
Pulse Width (Typical)
Channel-to-Channel 200 ps
Skew (Typical)

Maximum Input Toggle 500 MHz

Rate

Maximum frequency sine wave that can accurately be
reproduced as a logic square wave. Requires the use
of a short ground extender on each channel.

This is the maximum frequency at the minimum swing
amplitude. Higher toggle rates can be achieved with
higher amplitudes.

Thresholds

Per-channel Thresholds

Threshold Selections

TTL, CMOS, ECL, PECL, User Defined

User-defined Threshold
Range

0V

Maximum Input Voltage ~ +42 Vpeq
Threshold Accuracy +(100 mV + 3% of threshold setting)
Input Dynamic Range 30 Vp,p <200 MHz
10 V., >200 MHz
Minimum Voltage Swing 400 mV
Input Impedance 100 kQ
Probe Loading 3pF
Vertical Resolution 1 bit

12 www.tektronix.com
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Trigger System

Characteristic
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Trigger Sensitivity

Description Characteristic Description

Main Trigger Modes Auto, Normal, and Single Internal DC Coupled
Trigger Coupling DC, AC, HF reject (attenuates >50 kHz), LF 1MQ Path For 1 mV/div to 4.98 mV/div; 0.75 div from DC to
rsijre;gitti(\f}ggnuates <50 kHz), noise reject (reduces (Al models) 50 MHz, increasing to 1.3 div at rated bandwidth
. > iv: i
T taan  mmuas DR, frspuanatmmncos
50 Q Path 0.4 div from DC to 50 MHz, increasing to 1 div at
(MD0O4104-X) rated bandwidth
Trigger Level Range
Characteristic Description
Any Channel 48 divisions from center of screen
Line Fixed at about 50% of line voltage
Trigger Frequency Readout
Provides 6-digit frequency readout of triggerable events.
Trigger Modes
Mode Description
Edge Positive or negative slope on any channel. Coupling includes DC, AC, HF reject, LF reject, and noise reject
Sequence (B-trigger) Trigger Delay by Time — 4 ns to 8 s. Or Trigger Delay by Events — 1 to 4,000,000 events
Pulse Width Trigger on width of positive or negative pulses that are >, <, =, or # a specified period of time (4 ns to 8 s)
Timeout Trigger when no pulse is detected within a specified time (4 ns to 8 s)
Runt Trigger on a pulse that crosses one threshold but fails to cross a second threshold before crossing the first again
Logic Trigger when any logical pattern of channels goes false or stays true for specified period of time (4 ns to 8 s). Any input can be used as a clock to
Ilggrli{og ;?ee pattern on a clock edge. Pattern (AND, OR, NAND, NOR) specified for all analog and digital input channels defined as High, Low, or
Setup and Hold Trigger on violations of both setup time and hold time between clock and data present on one or more of any of the analog and digital input channels
Rise/Fall Time Trigger on pulse edge rates that are faster or slower than specified. Slope may be positive, negative, or either
Video Trigger on all lines, odd, even, or all fields on NTSC, PAL, and SECAM video signals
Extended Video Trigger on 480p/60, 576p/50, 720p/30, 720p/50, 720p/60, 875i/60, 1080i/50, 1080i/60, 1080p/24, 1080p/24sF, 1080p/25, 1080p/30, 1080p/50,
(Optional) 1080p/60, and custom bi-level and tri-level sync video standards
12C (Optional) Trigger on Start, Repeated Start, Stop, Missing ACK, Address (7 or 10 bit), Data, or Address and Data on 12C buses up to 10 Mb/s

SPI (Optional)

Trigger on SS active, MOSI, MISO, or MOSI and MISO on SPI buses up to 50 Mb/s

www.tektronix.com 13
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Datasheet
Mode Description
USB (Optional) Low-speed: Trigger on Sync, Reset, Suspend, Resume, End of Packet, Token (Address) Packet, Data Packet, Handshake Packet, Special
Packet, Error.
Token packet trigger — Any token type, SOF, OUT, IN, SETUP; Address can be specified for Any Token, OUT, IN, and SETUP token types. Address
can be further specified to trigger on <, <, =, >, 2, # a particular value, or inside or outside of a range. Frame number can be specified for
SOF token using binary, hex, unsigned decimal and don't care digits.
Data packet trigger — Any data type, DATAQ, DATAZ; Data can be further specified to trigger on <, <, =, >, 2, # a particular data value, or inside
or outside of a range.
Handshake packet trigger — Any handshake type, ACK, NAK, STALL.
Special packet trigger — Any special type, Reserved.
Error trigger — PID Check, CRC5 or CRC16, Bit Stuffing.
Full-speed: Trigger on Sync, Reset, Suspend, Resume, End of Packet, Token (Address) Packet, Data Packet, Handshake Packet, Special
Packet, Error.
Token packet trigger — Any token type, SOF, OUT, IN, SETUP; Address can be specified for Any Token, OUT, IN, and SETUP token types. Address
can be further specified to trigger on <, <, =, >, 2, # a particular value, or inside or outside of a range. Frame number can be specified for
SOF token using binary, hex, unsigned decimal and don't care digits.
Data packet trigger — Any data type, DATAQ, DATAL; Data can be further specified to trigger on <, <, =, >, 2, # a particular data value, or inside
or outside of a range.
Handshake packet trigger — Any handshake type, ACK, NAK, STALL.
Special packet trigger — Any special type, PRE, Reserved.
Error trigger — PID Check, CRC5 or CRC16, Bit Stuffing.
High-speed: Trigger on Sync, Reset, Suspend, Resume, End of Packet, Token (Address) Packet, Data Packet, Handshake Packet, Special
Packet, Error.
Token packet trigger — Any token type, SOF, OUT, IN, SETUP; Address can be specified for Any Token, OUT, IN, and SETUP token types. Address
can be further specified to trigger on <, <, =, >, 2, # a particular value, or inside or outside of a range. Frame number can be specified for
SOF token using binary, hex, unsigned decimal and don't care digits.
Data packet trigger — Any data type, DATAO, DATA1, DATA2, MDATA; Data can be further specified to trigger on <, <, =, >, 2, # a particular
data value, or inside or outside of a range.
Handshake packet trigger — Any handshake type, ACK, NAK, STALL, NYET.
Special packet trigger — Any special type, ERR, SPLIT, PING, Reserved. SPLIT packet components that can be specified include:
Hub Address
Start/Complete — Don't Care, Start (SSPLIT), Complete (CSPLIT)
Port Address
Start and End bits — Don't Care, Control/Bulk/Interrupt (Full-speed Device, Low-speed Device), Isochronous (Data is Middle, Data is End,
Data is Start, Data is All)
Endpoint Type — Don’t Care, Control, Isochronous, Bulk, Interrupt
Error trigger — PID Check, CRC5, or CRC16.
High-speed support only available on MDO4104-3 and MDO4104-6 models.
Ethernet (Optional) 10BASE-T: Trigger on Start Frame Delimiter, MAC Addresses, MAC Q-Tag Control Information, MAC Length/Type, IP Header, TCP Header,
TCP/IPv4/MAC Client Data, End of Packet, FCS (CRC) Error.
MAC Addresses — Trigger on Source and Destination 48-bit address values.
MAC Q-Tag Control Information — Trigger on Q-Tag 32-bit value.
MAC Length/Type — Trigger on <, <, =, >, 2, # a particular 16-bit value, or inside or outside of a range.
IP Header - Trigger on IP Protocol 8-hit value, Source Address, Destination Address.
TCP Header - Trigger on Source Port, Destination Port, Sequence Number, and Ack Number.
TCP/IPv4/MAC Client Data - Trigger on <, <, =, >, 2, # a particular data value, or inside or outside of a range. Selectable number of bytes
to trigger on from 1-16. Byte offset options of Don't Care, 0-1499.
100BASE-TX: Trigger on Start Frame Delimiter, MAC Addresses, MAC Q-Tag Control Information, MAC Length/Type, IP Header, TCP Header,
TCP/IPv4/MAC Client Data, End of Packet, FCS (CRC) Error, Idle.
MAC Addresses — Trigger on Source and Destination 48-bit address values.
MAC Q-Tag Control Information — Trigger on Q-Tag 32-bit value.
MAC Length/Type — Trigger on <, <, =, >, 2, # a particular 16-bit value, or inside or outside of a range.
IP Header - Trigger on IP Protocol 8-hit value, Source Address, Destination Address.
TCP Header - Trigger on Source Port, Destination Port, Sequence Number, and Ack Number.
TCP/IPv4/MAC Client Data — Trigger on <, <, =, >, 2, # a particular data value, or inside or outside of a range. Selectable number of bytes
to trigger on from 1-16. Byte offset options of Don't Care, 0-1499.
CAN (Optional) Trigger on Start of Frame, Frame Type (data, remote, error, overload), Identifier (standard or extended), Data, Identifier and Data, End of Frame,
Missing ACK, or Bit Stuffing Error on CAN signals up to 1 Mb/s. Data can be further specified to trigger on <, <, =, >, 2, or # a specific data value.
User-adjustable sample point is set to 50% by default
LIN (Optional) Trigger on Sync, Identifier, Data, Identifier and Data, Wakeup Frame, Sleep Frame, Errors such as Sync, Parity, or Checksum Errors up to 100 Kb/s
(by LIN definition, 20 Kb/s)
FlexRay (Optional) Trigger on Start of Frame, Type of Frame (Normal, Payload, Null, Sync, Startup), Identifier, Cycle Count, Complete Header Field, Data, Identifier and

Data, End of Frame or Errors such as Header CRC, Trailer CRC, Null Frame, Sync Frame, or Startup Frame Errors up to 100 Mb/s

RS-232/422/485/UART
(Optional)

Trigger on Tx Start Bit, Rx Start Bit, Tx End of Packet, Rx End of Packet, Tx Data, Rx Data, Tx Parity Error, and Rx Parity Error up to 10 Mb/s

14 www.tektronix.com
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Mixed Domain Oscilloscopes — MDO4000 Series

Mode Description
MIL-STD-1553 Trigger on Sync, Word Type*! (Command, Status, Data), Command Word*! (set RT Address, T/R, Sub-address/Mode, Data Word Count/Mode Code,
(Optional) and Parity individually), Status Word*! (set RT Address, Message Error, Instrumentation, Service Request Bit, Broadcast Command Received, Busy,
Subsystem Flag, Dynamic Bus Control Acceptance (DBCA), Terminal Flag, and Parity individually), Data Word (user-specified 16-bit data value),
Error (Sync, Parity, Manchester, Non-contiguous data), Idle Time (minimum time selectable from 4 pis to 100 pis; maximum time selectable from
12 ps to 100 ps; trigger on < minimum, > maximum, inside range, outside range). RT Address can be further specified to trigger on =, #, <, >, <,
> a particular value, or inside or outside of a range.
[2S/LI/RIITDM Trigger on Word Select, Frame Sync, or Data. Data can be further specified to trigger on <, <, =, >, 2, # a specific data value, or inside or outside of
(Optional) arange
Maximum data rate for 12S/LJ/RJ is 12.5 Mb/s
Maximum data rate for TDM is 25 Mb/s
Parallel Trigger on a parallel bus data value. Parallel bus can be from 1 to 20 bits in size. Binary and Hex radices are supported

*1 Trigger selection of Command Word will trigger on Command and ambiguous Command/Status words. Trigger selection of Status Word will trigger on Status and ambiguous Command/Status words.

Acquisition Modes

Waveform Measurements

Mode Description Measurement Description

Sample Acquire sampled values Cursors Waveform and Screen

Peak Detect Captures glitches as narrow as 800 ps (1 GHz Automatic 29, of which up to eight can be displayed
models) or 1.6 ns (500 MHz models) at all sweep Measurements — on-screen at any one time. Measurements include:
speeds Time Domain Period, Frequency, Delay, Rise Time, Fall Time,

Averaging From 2 to 512 waveforms included in average ggf’slgv\?vﬁtﬁy ﬁggiﬁfv':egjg\éev%% ngrlgt \I,thi)gmve

Envelope Min-Max envelope reflecting Peak Detect data over Phase, Positive Overshoot, Negative Overshoot,
multiple acquisitions Peak-to-Peak, Amplitude, High, Low, Max, Min,

- ) ) - Mean, Cycle Mean, RMS, Cycle RMS, Positive

HiRes Real-time boxcar averaging reduces random noise Pulse Count, Negative Pulse Count, Rising Edge
and increases vertical resolution Count, Falling Edge Count, Area and Cycle Area

Roll Scrolls waveforms right to left across the screen at Automatic 3, of which one can be displayed on-screen at
sweep speeds slower than or equal to 40 ms/div Measurements — any one time. Measurements include Channel

Frequency Domain

Power, Adjacent Channel Power Ratio (ACPR),
and Occupied Bandwidth (OBW)

Measurement
Statistics

Mean, Min, Max, Standard Deviation

Reference Levels

User-definable reference levels for automatic
measurements can be specified in either percent
or units

Gating

Isolate the specific occurrence within an acquisition
to take measurements on, using either the screen
or waveform cursors

Waveform Histogram

A waveform histogram provides an array of data
values representing the total number of hits
inside of a user-defined region of the display. A
waveform histogram is both a visual graph of the
hit distribution as well as a numeric array of values
that can be measured.

Sources — Channel 1, Channel 2, Channel 3,
Channel 4, Ref 1, Ref 2, Ref 3, Ref 4, Math

Types - Vertical, Horizontal

Waveform Histogram
Measurements

Waveform Count, Hits in Box, Peak Hits, Median,
Max, Min, Peak-to-Peak, Mean, Standard
Deviation, Sigma 1, Sigma 2, Sigma 3

www.tektronix.com
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Waveform Math

Characteristic

Description
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Limit/Mask Testing (Optional)

Characteristic

Description

Included Standard Masks

ITU-T, ANSI T1.102, USB

Test Source

Limit Test: Any Chl - Ch4 orany R1-R4
Mask Test: Any Chl - Ch4

Mask Creation

Limit test vertical tolerance from 0 to 1 division in 1 m
division increments; Limit test horizontal tolerance from
0 to 500 m division in 1 m division increments

Load standard mask from internal memory

Load custom mask from text file with up to 8 segments

Arithmetic Add, subtract, multiply, and divide waveforms
Math Functions Integrate, Differentiate, FFT
FFT Spectral magnitude
FFT Vertical Scale: Linear RMS or dBV RMS
FFT Window Settings: Rectangular, Hamming,
Hanning, Blackman Harris
Spectrum Math Add or subtract frequency domain traces
Advanced Math Define extensive algebraic expressions including

waveforms, reference waveforms, math functions.
Perform math on math using complex equations
(FFT, Intg, Diff, Log, Exp, Sart, Abs, Sine,
Cosine, Tangent, Rad, Deg), scalars, up to two
user-adjustable variables and results of parametric
measurements (Period, Freq, Delay, Rise,

Fall, PosWidth, NegWidth, BurstWidth, Phase,
PosDutyCycle, NegDutyCycle, PosOverShoot,
NegOverShoot, PeakPeak, Amplitude, RMS,
CycleRMS, High, Low, Max, Min, Mean,
CycleMean, Area, CycleArea, and trend plots)
e.g. (Intg(Ch1-Mean(Ch1))x1.414xVAR1)

Mask Scaling

Lock to Source ON (mask automatically re-scales with
source-channel settings changes)

Lock to Source OFF (mask does not re-scale with
source-channel settings changes)

Test Criteria Run Until

Minimum number of waveforms (from 1 to 1,000,000;

Infinity)
Minimum elapsed time (from 1 second to 48 hours;

Infinity)

Violation Threshold

From 1 to 1,000,000

Actions on Test Failure

Stop acquisition, save screen image to file, save
waveform to file, print screen image, trigger out pulse,
set remote interface SRQ

Power Measurements (Optional)

Measurement

Description

Power Quality
Measurements

VRMSy VCresI Factors FfeqUGNCy, IRM?; ICresl Factory TrUe
Power, Apparent Power, Reactive Power, Power
Factor, Phase Angle

Switching Loss

Power Loss: T, Tor, Conduction, Total

Actions on Test Complete  Trigger out pulse, set remote interface SRQ

Results Display Test status, total waveforms, number of violations,
violation rate, total tests, failed tests, test failure rate,
elapsed time, total hits for each mask segment

Software

Software Description

NI LabVIEW A fully interactive measurement software environment

SignalExpress Tektronix
Edition

optimized for the MDO4000 Series, enables you to
instantly acquire, generate, analyze, compare, import,
and save measurement data and signals using an
intuitive drag-and-drop user interface that does not
require any programming.

Standard MDO4000 Series support for acquiring,
controlling, viewing, and exporting your live signal data
is permanently available through the software. The full
version (SIGEXPTE) adds additional signal processing,
advanced analysis, mixed signal, sweeping, limit
testing, and user-defined step capabilities and is
available for a 30-day trial period standard with each
instrument.

Measurements Energy Loss: Ton, T, Conduction, Total

Harmonics THD-F, THD-R, RMS measurements
Graphical and table displays of harmonics
Test to IEC61000-3-2 Class A and MIL-STD-1399
Section 300A

Rlpple Vnpp\e and Iripple

Measurements

Modulation Analysis Graphical display of +Pulse Width, —-Pulse Width,
Period, Frequency, +Duty Cycle, and -Duty Cycle
modulation types

Safe Operating Area Graphical display and mask testing of switching

device safe operating area measurements

dv/dt and di/dt
Measurements

Cursor measurements of slew rate

16 www.tektronix.com

OpenChoice® Desktop

Enables fast and easy communication between a
Windows PC and the MDO4000 Series, using USB

or LAN. Transfer and save settings, waveforms,
measurements, and screen images. Included Word
and Excel toolbars automate the transfer of acquisition
data and screen images from the oscilloscope into
Word and Excel for quick reporting or further analysis.

IVI Driver

Provides a standard instrument programming
interface for common applications such as LabVIEW,
LabWindows/CVI, Microsoft .NET and MATLAB.

e*Scope® Web-based
Remote Control

Enables control of the MDO4000 Series over a
network connection through a standard web browser.
Simply enter the IP address or network name of the
oscilloscope and a web page will be served to the
browser.

LXI Class C
Web Interface

Connect to the MDO4000 Series through a standard
web browser by simply entering the oscilloscope's

IP address or network name in the address bar of

the browser. The web interface enables viewing

of instrument status and configuration, status and
modification of network settings, and instrument control
through the e*scope web-based remote control. All web
interaction conforms to LXI Class C specification.
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Physical Characteristics

Characteristic Description Dimensions mm in.
Display Type 10.4in. (264 mm) liquid-crystal TFT color display Height 229 9.0
Display Resolution 1,024 horizontal x 768 vertical pixels (XGA) Width 439 17.3
Waveform Styles Vectors, Dots, Variable Persistence, Infinite Depth 147 5.8
: Persistgnce : : Weight kg Ib.
Graticules Full, Grid, Solid, Cross Hair, Frame, IRE, and mV Net 5 1
Format YT and simultaneous XY/YT Shipping 107 236

Waveform Capture Rate ~ >50,000 wfm/s maximum

Input/Output Ports
Port Description

Rackmount Configuration  5U

Cooling Clearance 2in. (51 mm) required on left side and rear of

USB 2.0 High-speed Host - Supports USB mass storage devices, printers and
Port keyboard. Two ports on front and two ports on rear of
instrument

USB 2.0 Device Port Rear-panel connector allows for communication/control
of oscilloscope through USBTMC or GPIB
(with a TEK-USB-488), and direct printing to all

PictBridge-compatible printers

LAN Port RJ-45 connector, supports 10/100/1000 Mb/s

XGA Video Port DB-15 female connector, connect to show the

oscilloscope display on an external monitor or projector

Probe Compensator Front-panel pins
Output Amplitude: 2.5V
Frequency: 1 kHz

Auxiliary Out Rear-panel BNC connector
Vour (Hi): 22.5 V open circuit, 21.0 V 50 Q to ground
Vour (Lo): 0.7 Vinto a load of <4 mA; <0.25 V 50 Q

to ground

Output can be configured to provide a pulse out signal
when the oscilloscope triggers, the internal oscilloscope
reference clock out, or an event out for limit/mask
testing

instrument
Environmental
Characteristic Description
Temperature
Operating 0°Cto+50°C
Nonoperating -20°C to +60 °C
Humidity
Operating High: 40 °C to 50 °C, 10% to 60% Relative Humidity
Low: 0°C to 40 °C, 10% to 90% Relative Humidity
Nonoperating High: 40 °C to 60 °C, 5% to 60% Relative Humidity
Low: 0°C to 40 °C, 5% to 90% Relative Humidity
Altitude
Operating 9,843 ft. (3,000 m)
Nonoperating 30,000 ft. (9,144 m)
Regulatory
Electromagnetic EC Council Directive 2004/108/EC
Compatibility
Safety UL61010-1, Second Edition; CSA61010-1 Second

Edition, EN61010-1:2001; [EC 61010-1:2001

External Reference In Time-base system can phase lock to an external

10 MHz reference (10 MHz +1%)

Kensington Lock Rear-panel security slot connects to standard

Kensington lock

VESA Mount Standard (MIS-D 100) 100 mm VESA mounting points

on rear of instrument

Ordering Information

MDO4000 Family
Model Description

LAN eXtensions for Instrumentation (LXI)

Characteristic Description
Class LXI Class C
Version V1.3

Power Source

Characteristic Description
Power Source Voltage 100 to 240 V £10%

Power Source Frequency 45 to 66 Hz (85 to 264 V)
360 to 440 Hz (100 to 132 V)

Power Consumption 225 W maximum

MDO4054-3 Mixed Domain Oscilloscope with (4) 500 MHz analog
channels, (16) digital channels, and (1) 3 GHz RF input
MDO4054-6 Mixed Domain Oscilloscope with (4) 500 MHz analog
channels, (16) digital channels, and (1) 6 GHz RF input
MDO04104-3 Mixed Domain Oscilloscope with (4) 1 GHz analog
channels, (16) digital channels, and (1) 3 GHz RF input
MDO4104-6 Mixed Domain Oscilloscope with (4) 1 GHz analog

channels, (16) digital channels, and (1) 6 GHz RF input

All Models Include: One passive voltage probe per analog channel (TPP0500

500 MHz, 10X, 3.9 pF for 500 MHz models; TPP1000 1 GHz, 10X, 3.9 pF for

1 GHz models), P6616 16-channel Logic Probe, Logic Probe Accessory Kit
(020-2662-xx), Front Cover (200-5130-xx), N-to-BNC Adapter (103-0045-00), User
Manual (071-2918-xx), Documentation CD (063-4367-xx), OpenChoice® Desktop
Software, NI LabVIEW SignalExpress™ Tektronix Edition Software, Calibration
Certificates document measurement traceability to National Metrology Institute(s) —
the Quality System this product is manufactured in is ISO9001 registered, power
cord, accessory bag (016-2030-xx) and a three-year warranty. Please specify power
plug and manual language version when ordering.

www.tektronix.com 17
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Application Modules
Application modules have licenses which can be transferred between an application

Module
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Description

DPO4EMBD

module and an oscilloscope. The license may be contained in the module; allowing
the module to be moved from one instrument to another. Or, the license can be
contained in the oscilloscope; allowing the module to be removed and stored for
safekeeping. Transferring the license to an oscilloscope and removing the module
permits the use of more than 4 applications simultaneously.

Module

Description

DPO4AERO

Aerospace Serial Triggering and Analysis Module.

Embedded Serial Triggering and Analysis Module.
Enables triggering on packet-level information on 12C
and SPI buses as well as analytical tools such as
digital views of the signal, bus views, packet decoding,
search tools, and packet decode tables with time-stamp
information.

Signal Inputs — 12C: Any Ch1l - Ch4, DO - D15; SPI: Any
Chl-Ch4, D0 - D15

Recommended Probing — 12C, SPI: Single ended

Enables triggering on packet-level information on
MIL-STD-1553 buses as well as analytical tools

such as digital views of the signal, bus views, packet
decoding, search tools, and packet decode tables with
time-stamp information.

Signal Inputs — Any Ch1 - Ch4, Math, Refl - Ref4
Recommended Probing — Differential or single ended
(only one single-ended signal required)

DPO4ENET

DPO4AUDIO

Audio Serial Triggering and Analysis Module. Enables
triggering on packet-level information on 12S, LJ, RJ,
and TDM audio buses as well as analytical tools

Ethernet Serial Triggering and Analysis Module.
Enables triggering on packet-level information on
10BASE-T and 100BASE-TX buses as well as
analytical tools such as digital views of the signal,
bus views, packet decoding, search tools, and packet
decode tables with time-stamp information.

Signal Inputs — Any Ch1 - Ch4 for single-ended
probing; Any Chl - Ch4, Math, Refl - Ref4 for
differential probing

Recommended Probing — 10BASE-T: Single ended or
differential; 100BASE-TX: Differential

such as digital views of the signal, bus views, packet
decoding, search tools, and packet decode tables with
time-stamp information.

Signal Inputs — Any Ch1 - Ch4, DO - D15
Recommended Probing - I2S, LJ, RJ, TDM: Single
ended

DPO4USB

DPO4AUTO

Automotive Serial Triggering and Analysis Module.
Enables triggering on packet-level information on CAN
and LIN buses as well as analytical tools such as
digital views of the signal, bus views, packet decoding,
search tools, and packet decode tables with time-stamp
information.

Signal Inputs — LIN: Any Ch1 - Ch4, DO - D15; CAN:
Any Chl - Ch4, (DO - D15; single-ended probing only)
Recommended Probing - LIN: Single ended; CAN:
Single ended or differential

DPO4AUTOMAX

USB Serial Triggering and Analysis Module. Enables
triggering on packet-level content for low-speed,
full-speed, and high-speed USB serial buses. Also
enables analytical tools such as digital views of the
signal, bus views, packet decoding, search tools, and
packet decode tables with time-stamp information for
low-speed, full-speed, and high-speed USB serial
buses.

Signal Inputs — Low-speed and Full-speed: Any Chl
- Ch4, (DO - D15; for single-ending probing only);
Low-speed, Full-speed, and High-speed: Any Ch1 -
Ch4, Math, Refl - Ref4

Recommended Probing — Low-speed and Full-speed:
Single ended or differential; High-speed: Differential
USB high-speed supported only on MDO4104-X
models

Extended Automotive Serial Triggering and Analysis
Module. Enables triggering on packet-level information
on CAN, LIN, and FlexRay buses as well as analytical
tools such as digital views of the signal, bus views,

DPO4PWR

Power Analysis Application Module. Enables quick
and accurate analysis of power quality, switching loss,
harmonics, safe operating area (SOA), modulation,
ripple, and slew rate (dl/dt, dV/dt)

packet decoding, search tools, packet decode tables
with time-stamp information, and eye diagram analysis
software.

Signal Inputs — LIN: Any Ch1 - Ch4, DO - D15; CAN:

DPOALMT

Limit and Mask Testing Application Module. Enables
testing against limit templates generated from "golden”
waveforms and mask testing using custom or standard
telecommunications or computer masks

Any Chl - Ch4, (DO - D15; single-ended probing only);
FlexRay: Any Chl - Ch4, (DO - D15; single-ended
probing only)

DPO4VID

HDTV and Custom (nonstandard) Video Triggering
Module

Recommended Probing — LIN: Single ended; CAN, MDOATRIG

FlexRay: Single ended or differential

DPO4COMP

Computer Serial Triggering and Analysis Module.
Enables triggering on packet-level information on

Advanced RF Power Level Triggering Module. Enables
the power level on the RF input to be used as a source
in the following trigger types: Pulse Width, Runt,
Timeout, Logic, and Sequence

RS-232/422/485/UART buses as well as analytical
tools such as digital views of the signal, bus views,
packet decoding, search tools, and packet decode
tables with time-stamp information.

Signal Inputs — Any Ch1 - Ch4, (DO - D15;
single-ending probing only)

Recommended Probing — RS-232/UART: Single ended;
RS-422/485: Differential

18  www.tektronix.com
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Instrument Options

Power Plug Options

Option Description
Opt. A0 North America
Opt. Al Universal Euro
Opt. A2 United Kingdom
Opt. A3 Australia

Opt. A5 Switzerland
Opt. A6 Japan

Opt. A10 China

Opt. A1l India

Opt. A12 Brazil

Opt. A99 No power cord or AC adapter

Language Options*2

Option Description

Opt. LO English manual

Opt. L1 French manual

Opt. L2 Italian manual

Opt. L3 German manual

Opt. L4 Spanish manual

Opt. L5 Japanese manual

Opt. L6 Portuguese manual

Opt. L7 Simplified Chinese manual
Opt. L8 Traditional Chinese manual
Opt. L9 Korean manual

Opt. L10 Russian manual

Opt. L99 No manual

Recommended Probes

Tektronix offers over 100 different probes to meet your application needs. For a
comprehensive listing of available probes, please visit www.tektronix.com/probes.

Probe Description

TPP0500 500 MHz, 10X TekVPI® passive voltage probe with
3.9 pF input capacitance

TPP0502 500 MHz, 2X TekVPI passive voltage probe with 3.9 pF
input capacitance

TPP0850 2.5 kV, 800 MHz, 50X TekVPI passive high-voltage
probe

TPP1000 1 GHz, 10X TekVPI passive voltage probe with 3.9 pF
input capacitance

TAP1500 1.5 GHz TekVPI active single-ended voltage probe

TAP2500 2.5 GHz TekVPI active single-ended voltage probe

TAP3500 3.5 GHz TekVPI active single-ended voltage probe

TDP0500 500 MHz TekVPI differential voltage probe with 42 V
differential input voltage

TDP1000 1 GHz TekVPI differential voltage probe with +42 V
differential input voltage

TDP1500 1.5 GHz TekVPI differential voltage probe with +8.5 V
differential input voltage

TDP3500 3.5 GHz TekVPI differential voltage probe with +2 V
differential input voltage

TCP0030 120 MHz TekVPI 30 Ampere AC/DC current probe

TCP0150 20 MHz TekVPI 150 Ampere AC/DC current probe

P5200A 1.3 kV, 50 MHz high-voltage differential probe

TMDP0200 750V, 200 MHz TekVPI high-voltage differential probe

THDP0200 1.5 kV, 200 MHz TekVPI high-voltage differential probe

THDP0100 6.0 kV, 100 MHz TekVPI high-voltage differential probe

Recommended Accessories

*2 Language options include a translated front-panel overlay for the selected language(s).

Service Options™3

Option Description

Opt. C3 Calibration Service 3 years

Opt. C5 Calibration Service 5 years

Opt. D1 Calibration Data Report

Opt. D3 Calibration Data Report 3 years (with Opt. C3)

Opt. D5 Calibration Data Report 5 Years (with Opt. C5)

Opt. G3 Complete Care 3 Years (includes loaner, scheduled
calibration and more)

Opt. G5 Complete Care 5 Years (includes loaner, scheduled
calibration and more)

Opt. R5 Repair Service 5 years (including warranty)

Opt. SILV900 Standard Warranty Extended to 5 Years

*3 Probes and accessories are not covered by the oscilloscope warranty and service offerings. Refer to the
datasheet of each probe and accessory model for its unique warranty and calibration terms.

Accessory Description

119-4146-00 Near Field Probe Set, 100 kHz - 1 GHz

119-6609-00 Flexible Monopole Antenna

TPA-N-VPI N-to-TekVPI Adapter

077-0585-xx Service Manual (English only)

SIGEXPTE NI LabVIEW SignalExpress™ Tektronix Edition
Software (Full Version)

TPA-BNC TekVPI-to-TekProbe BNC Adapter

TEK-USB-488 GPIB-to-USB Adapter

ACD4000B Soft Transit Case

HCTEK54 Hard Transit Case (Requires ACD4000B)

RMD5000 Rackmount Kit

TEK-DPG Deskew Pulse Generator

067-1686-xx Deskew Fixture

Warranty

Three-year warranty covering all parts and labor, excluding probes.

G )
"

GPIB

IEEE-438

G P, Tektronix is registered to ISO 9001 and ISO 14001 by SRI Quality System Registrar.
()
-

Product(s) complies with IEEE Standard 488.1-1987, RS-232-C, and with Tektronix
Standard Codes and Formats.
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Contact Tektronix:

ASEAN / Australasia (65) 6356 3900

Austria 00800 2255 4835*

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Belgium 00800 2255 4835*

Brazil +55 (11) 3759 7627

Canada 1 800 833 9200

Central East Europe and the Baltics +41 52 675 3777
Central Europe & Greece +41 52 675 3777

Denmark +45 80 88 1401

Finland +41 52 675 3777

France 00800 2255 4835*

Germany 00800 2255 4835*

Hong Kong 400 820 5835

India 000 800 650 1835

Italy 00800 2255 4835*

Japan 81 (3) 6714 3010

Luxembourg +41 52 675 3777

Mexico, Central/South America & Caribbean 52 (55) 56 04 50 90
Middle East, Asia, and North Africa +41 52 675 3777
The Netherlands 00800 2255 4835*

Norway 800 16098

People’s Republic of China 400 820 5835

Poland +41 52 675 3777

Portugal 80 08 12370

Republic of Korea 001 800 8255 2835

Russia & CIS +7 (495) 7484900

South Africa +41 52 675 3777

Spain 00800 2255 4835*

Sweden 00800 2255 4835*

Switzerland 00800 2255 4835*

Taiwan 886 (2) 2722 9622

United Kingdom & Ireland 00800 2255 4835*

USA 1 800 833 9200

* European toll-free number. If not accessible, call: +41 52 675 3777

Updated 10 February 2011

For Further Information. Tektronix maintains a comprehensive, constantly expanding
collection of application notes, technical briefs and other resources to help engineers working
on the cutting edge of technology. Please visit www.tektronix.com
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