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BBeneHune

BeegeHue

Lingposble ocumnnorpadbl, bnarogapsa cBoen yHMBEpPCanbHOCTU U TMOKOCTH, ABNSAKOTCA
He3aMeHUMbIMY Npubopamum 4ns TECTUPOBAHUS M OTNAAKU SNEKTPOHHBLIX YCTPONCTB U
cucteM. OCHOBHbIMU TpebOBaHUSMU ANsi COBPEMEHHbIX OcLmMnnorpados ABNAIOTCA:
BbICOKasi YacToTa ANCKpeTU3auum A4S fyyLero paspeLleHnsi curHanoB 1 o6bemMHas
NamsaTb ANs 3axBaTa ANVMHHbBIX CUrHanNbHbIX NocregoBaTensHocTen. [dpyrov npobnemon
aBnseTca obpaboTka peakux, CriydanHbIX Uiy KpaTKOBPEMEHHbIX cOObITUIA. Takue
CObbITUS, KaK NPaBUITo, NOSIBASIKOTCS HEYACTO M MPOUCXOAST B TEYEHNE KOPOTKOIO
npomexyTka BpemeHu. [Insi 3axBata Nogo0OHbIX CUrHamnoB B YAOBNETBOPUTENIBHOM
KayecTBe TpebyeTcs BbICOKOE pa3peLleHne n anuTtensHoe Bpems 3axeaTta. Oba ycrnosus
03HayatoT, YTO K 0O BEMY NaMSTU OTCYETOB NpeabsBNATCs ocobble TpeboBaHus.

[na Toro ytobbl yaoBneTBoputb 3T0 TpeboBaHue, npubopbl RTO cHabXeHbl pexnmom
paboTbl C apXMBOM AaHHbIX, KOTOPbIN NO3BONSET NPOCMaTpMBaTb NPeaLIECTBYOLLYIO
ocumnnorpamMmy B criydae ecnm 3axsaT AaHHbIX Obln OCTaHOBMEH, HE3aBMCUMO OT TOrO,
NPOM30LUSIO NN 3TO B PYHHOM PEXMME, MPU NOABMEHNM OLLIMOKM UM NPU HApPYLLIEHWUN
npeaenoB Macku.

I Haunbonee BaxHbIMW NpUMEHEHNAMU pexnmMa paboTbl ¢ apxuBom AaHHbIX RTO
ABMSAOTCA TECTUPOBAHME W OTNaAKa 3reKTPOHHbIX NpubopoB. CoBpeMeHHble
3MeKTPOHHbIE NPUOOPbI — CIOXKHbIE YCTPOWCTBA M TPEBYIOT HENPOCTOro
TECTMPOBaHMUA, MOTOMY YTO UMEIOT BbICOKYIO CKOPOCTb Nepefayn CUrHanos B
CoYeTaHuM ¢ MasnbiMu aMnNAUTY4amMmn CUrHanoB 1 60MbLION MOTHOCTLIO pa3MeLLeHNs
anemeHToB. OCOBEHHO 3TO KacaeTCcs peako BO3HMKaLWMX C60eB, NPOSABMASIOLLMXCS
npv unpoBoM NpoekTnpoBaHmn. BnnsHue, koTopoe okasbiBaloT 3Tn cbom Ha
uncpoBbIE CXEMBbI, BblpaXaeTcs, HanpuMmep, B NoBpexaeHuu, B nepeboe B paboTte
n3-3a nepesarpy3ku Unu B CHUXKEHUN NPOU3BOAUTENBHOCTU.

I [Opyron npumep npumeHeHns pexnma paboTbl ¢ apxmBoM AaHHbix RTO — ato aHanus
peakux unmn cnyvamnHblx cobbITUIA B 0Bnactu saepHon dunsnkn n Usnkn BbICOKUX
SHEPrun, MNYrbCHbIX Nas3epoB M UMMYSbCHbIX PaANONOKaLMOHHBIX CUCTEM.
®usmyeckme cobbiTna NPeobpasytoTcsa B IMEKTPUYECKUIA CUTHAN, U MOMEHT KX
NPOVCXOXAEHMS HEMpeackasyeM, HO Takne cobblTUS MPOUCXOAAT CEPUAMU 1
Heobxo0aMMO 3axBaTUTb BCE COOLITUSI B COOTBETCTBMUN C XPOHOSOTMEN NO BPEMEHMW.

Kpome OByX yNOMSsIHYTbIX BhiLLE NPUMEPOB, NPU KOTOPbLIX NPUMEHEHUE pexnuma paboThl
C apXMBOM [JaHHbIX KpalHe yaobHO, 3TOT PEeXnM MOXET UCMONb30BaThCs U BO
MHOXECTBE ApYrX Cryyaes.

Ecnu pexxvm paboTbl C apXMBOM OaHHbIX BKITHOYEH, TO obecrnevmBaeTcs NOMHbIN AOCTYN K
paHee cobpaHHbIM AaHHbIM. [Nonb3oBaTeNb MOXET NCNONb30BaTh BeCb HA6GOP hyHKUMI
RTO ansa aHanusa kaxgomn 3anvcaHHon ocuunnorpammbl. @yHKUMM aHanmnsa BKYaloT B
cebs: macwTabmpoBaHue, KypCopHble YHKLMK, MOUCK, MaTeMaTndeckne gyHKLmm,
AekoauposaHne NPOoTOKOMOB, TECTUPOBAHWE MO Macke N U3MepuTernbHble PYHKLUN.

Mpu pabote ocumnnorpada RTO ¢ noBToOpSOWUMUCS CUrHaNammn ¢ onnTesnbHbIM
Heuncnonb3yemMbiM paboyrm BpeMeHeM MeXay CUrHanamMmm MOoXHO UCMoNb30BaTh 3axBat
TOJSIbKO aKTMBHOM YacTy curHana B KomobuHaumum ¢ AnutenbHbIM BpeMeHeM HabnoaeHus.
B atom cnydae RTO 3axBaTbiBaeT KOPOTKYH YaCTb OCLUNIIOrPaMMbl CO 3HaYUMbIMU
CcObObITUSIMM CUrHanMa 1 NPy 3TOM TOYHO COXPAHAET BPEMEHHbIE COOTHOLIEHUsT. C
MOMOLLBIO pexunma paboTbl C apXMBOM AaHHbIX MOb30BaTENb MOXET AeTarbHO
aHanM3MpoBaTb 3anvcaHHbIe OCLUIIIONPaMMbl, @ TakkKe BPEMEHHbIE COOTHOLLEHUS MeXay
ocuunnorpaMmamMu.

Kpome Toro, ocuunnorpadg RTO obecneunBaeT BbICOKYHO CKOPOCTb 3axBaTa AaHHbIX —
40 1 MunnmoHa BeIOOPOK B CEKYHAY, YTO MOBbILLAET BEPOATHOCTb AeTEKTUPOBaHMS cHos
curHana, uYTto B CBOK o4vepedb cokpallaeT obliee Bpemst uameperuii [1]. ns curHanos
C HenpepackasyeMblM NosiBNIEHMEM CODbITUI, YacToTa 3axBaTa AaHHbIX N9 3axBaTta
COBbITUIN MOXET ObITb HeAOCTATOYHA. B TakoM crny4ae MOXeT UCMOb30BaThLCA PEXUM
ynbTpacermeHTaumm RTO "Ultra-Segmentation Mode" ¢ MMHUManbHbIM Hepabounm
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BBeneHune

BpeMeHeM (BpeMeHeM NpoCTost) Mexay nocnegosatenbHbiMu Boibopkamu B 300 Hc.
O6e nepeymncneHHble ocobeHHOCTH Npubopa CyLLECTBEHHO YBENUYNBAIOT YPOBEHb
[OCTOBEPHOCTU 3axBaTa LIeNOCTHOW NOCneaoBaTelbHOCTU OCLMNIIOrpaMm.

Ona nyywero noHnmaHust paboTbl pexrma paboTbl C apXMBOM AaHHbIX U HAUNy4YLLIEro
MCNONb30BaHUS €ro NPeNMyLLECTB B cneayoLlemM pasgerne 4aHHOro AOKYMeEHTa
OnNUCaHbl OCHOBbLI BHYTPEHHEN apXUTEKTYpbl U paboTkl ocuunnorpacda RTO. B TpeTbem
pasgerne oObACHATCA NPUHLMMBLI paboThl B pexxume paboTbl C apXMBOM AaHHbIX. B
YeTBEPTOM pasferne Ha AByX NpuMepax NpoAEeMOHCTPUPOBaHa KOHUrypaLms pexmma
paboTbl C apXMBOM AaHHbIX At XapaKTepHbIX 3a4ay 1 NPenMyLLEecTBa MCNONb30BaHNUs
OaHHOTo pexunma.
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OCHOBHbIle cBegieHUs o0 paboTte LudpoBoro ocuunnorpada

2 OCHOBHbIe cBegeHUA 0 paboTe

2.1

LMdpOoBOro ocuunnorpaga

MpuHUunn gencreuA

Ha pucyHke 1 nokasaHa 6nok-cxema ocuumnnorpadga RTO, Ha KoTopou cTpenkamm
0603Ha4YeHbl NOTOKM AaHHbIX MeXay oTAenbHbIMK Gnokamm 06paboTku. Beck nyTb
AaHHbIX OT aHaNoroBOro BXOAHOMO Kackaga Ao AUChnes AenuTcst Ha OBE CeKumu,
Kaxkaas 13 KoTopblx 0603HaYeHa pasnmnyHbIM LLBETOM.
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PucyHok 1 — Bnok-cxema ocuunnorpacga R&S®RTO

B nepBoi cekumm uenoyka 3axsaTa (cbopa) gaHHbIX BKtovaeT B cebsa 6nok undposoro
3anycka, 0603Ha4eHHbIN Po30BbIM LiBeTOM. B Hem napannensHo obpabaTbiBatoTcs Bee
BXOAHble AaHHble 0O COXPaHEHWst AUCKPETHbIX AaHHbIX KaXOoro kaHana B namsaTb
cobpaHHbIX AaHHbIX. dTanbl 06paboTkM COCTOAT U3 aHaNoroBov NpeaBapuTENbLHON
06paboTKkn BXOOHBIM aHaNnoroBbiM Kackagom, QUCKpeTU3aLmMmM BXOQHOro curHana ¢
nomMoLLblo aHanoro-uudposoro npeobpasosartens (ALIM) n uudposon dunsTpaumm un
AeuvmManunm B 6roke 3axsaTta AaHHbIX. B kOHUe Lenoykm 3axeaTta AaHHbIX OTCYEThI
COXpaHATCA B NamMATh cobpaHHbIX AaHHbIX. [MapannensHo ¢ npoueccom 3axsaTa
AaHHbIX cuctema 3anycka ocumnnorpada RTO reHepupyeT cobbiTe 3anycka Ha 6ase
oundpoBaHHOro BXOAHOMO curHana. [lencreutensHoe cobbiTve 3anycka ynpasnseT
Ha4anom 3axsaTa AaHHbIX.

Btopas cekuusi, 0603Ha4YeHHasi CBETO-3eMEHbIM LIBETOM, OTBEYAET 3a NOCTOOPaboTKy
AaHHbIX. Ha atom atane RTO, npexage 4yem oTo6pasvTb AaHHbIe Ha gucnnee,
ob6pabaTtbiBaeT UX C MOMOLLBIO BbIGpaHHOM onepauun aHanuaa, Hanpumep,
NCMonb3yeTcs N3MepeHne, BbIMUCIIEHNE, TECTUPOBAHNE NO Macke, kypcop. Mamatb
cobpaHHbIX JaHHbIX Ucnonb3yeTcst B 06enx dasax — n cbope n nocnenyroLlen
00paboTke, MO3TOMY 3TOT 610K OTMEYEH Ha BIIoK-cxeMe 060MMM LiBETAMU — U PO30BbIM
N CBETNO-3ENEHBIM.

OTu oBe cekuum paboTatoT NonepeMeHHo B ABYX UCKMOYaoLWmMx basax, B anbHenLwemM
Has3blBatoLLMxcs pasor cbopa 1 dason NnocTobpaboTkn. TUNNYHBIM PEXUMOM PaboThbI
ABMNSIETCA HENPEPbLIBHLIN 3axBaT AaHHbIX. B aToM pexume paboTbl paboyne dasbl
YepepytoTcs. Ha pucyHke 2 nokasaH rpadhvk pacnpegeneHust paboTbl 3TUX onepauui.
CokpalleHue 'acq’ obosHavaeT a3y 3axBaTta faHHbIX, a 'pp' — pa3y noctobpaboTku.
CobbITne 3anycka gaet Hadano ase 3axBaTta faHHbiX. Pa3a 3axBaTa gaHHbIX
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Rohde & Schwarz Pexum apxvBa gaHHbIX 5



OCHOBHbIle cBegieHUs o0 paboTte LudpoBoro ocuunnorpada

2.2

2.21

3aKaH4MBaEeTCs, Korga B NamsiTu 3anucaHo Takoe KONMYECTBO AaHHbIX, kakoe Oblno
3apaHo napameTpoMm (anuHa 3anucu). Cneaytowas gasa HauMHaeTCs C YTEHUS
3anucaHHoOn ocuunnorpaMmmMbl U3 NamMATU COBPaHHbIX AaHHbLIX AN NOCneayoLLen
0bpaboTkn. TonbKo Nocne TOro Kak aToT npolecc dyaeT 3aBepLUeH, MOXeET HayaTbCs
cnepywoulas ¢asa 3axsara AaHHbIX.

| acqg | pp | acq | pp [ acq | pp |

Bpems

PucyHok 2 — pacbuk pacnpenenenus pa6otbl a3 ocumnnorpadga RTO B pexvme HenpepbIBHOTO
3axBarTa gaHHbIx "Continuous Acquisition"

Ha pucyHke 3 nokasaH nonHbiv UMk paboTbl RTO ¢ ncnonb3oBaHMEM YXKe YNOMSIHYTbIX
uBeTOB. Ha neBon CTOpoHe pucyHKa — 6OK 3axBaTa AaHHbIX, B KOTOPOM MPOUCXOaNT
3anucb ocuuniorpaMm, OH 0003Ha4YeH oTpulaTenbHbIM LENbIM YACITOM AnanasoHa [1-n,
0], Bx04 cO CTOPOHBbI NamATK cobpaHHbIX AaHHbIX 0603Ha4YeH cTpenkon ¢ Hagnucbto "W'.
C npaBow CTOpOHLI HaxoanTca 6110k NOCTOOPaboTKN AAHHbLIX, YTEHME 3anUCaHHbIX
ocumnnorpaMmm u3 namstv cobpaHHbIX AaHHbIX 0603Ha4YeHo CTpenkom ¢ Haanucbto 'R'.

MamsTb cobpaHHbIX
OaHHbIX

n-1 < 3

nycTo nycro 0 1 -2

HE

3axBaT gaHHbIX
- MNocTobpaboTka

Lindposon 3anyck

PucyHok 3 — lMoTok AaHHbIX B ocuunnorpacde RTO

TpeboBaHMA K NaMATH

MapameTpbl HACTPOMNKHK

Bo Bpems BbiNosiHeHMs dhasbl 3axBaTa AaHHbIX B NaMATU COXPaHAOTCA 3axBadeHHble
oTcyeTbl. HacTponka AnuHbl 3anncun AaHHbIX onpeaenseT coXxpaHaeMoe KONMnM4ecTBo
OTCYEeTOB, a YacToTa ANCKpeTU3aLmMKn onpeaenseT KonM4YecTBO 3axBaTbiBaeMbIX
oTcyeToB B cekyHAay. B ananorosom okHe RTO "Horizontal" MmoxHO HacTpouTb o6a aTunx
napameTtpa (CM. pUCyHok 4).

MakcumanbHas YacToTa QUCKpeTU3aLmMm COOTBETCTBYET YacToTe auckpeTtusaumm ALM,
ona RTO oHa coctaensieT 10 mnpa. otcyetos/c. CTaHgapTHbIM pa3mep namatn RTO
Ons xpaHeHust ocumnnorpamm — 20 MiH. 0TCYETOB Ha kaHan. [Ansa npubopa RTO
OOCTYIMHbI ONUMK yBENUYeHnst obbemMa NnamsTn onsa xpaHeHnus ocuunnorpamm. C
nomotubto onuuni RTO-B101 n RTO-B102 Bo3mOXHO paclumpenune namaty go 50 n 100
MITH. OTCYETOB Ha KaHar.
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OcHoBHbIe cBeAeHus o paboTe Ludpororo ocuunnorpada

Time Base Resolution  Acquisition Ultra Segmentation Horizontal@

Time scale dependency Sample rate

2.5 GSafs

Resolution ADC sample rate

o
Record length s00psM 10GHI)

Interpolated —PHe— ADC samples

Auto adjustment Samples

Use this mode to
ensure a time
resolution independent
from the horizontal
scale.

‘-____\‘,—__-J
Record length Acquisition time

) T

PucyHok 4 — inanoroeBoe okHo Horizontal / Resolution

2.2.2 TpeboBaHMA K NaMATX ANA paboTbl C UMNYNbCHbIMWA CUrHanNamm

2.3

B npumepe, npeacTtaBneHHOM HUXE, BblAeneHbl TpeboBaHMM K namsaTn ons paboTsl ¢
UMMYNbCHBIMW CUrHanamm (CM. pUCYHOK 7), O KOTOpPbIX roBOpunock B pa3sgene 1.
KonunyecTtBo oTcueToB 3a nepuof HabnogeHusa 3aBUCUT OT BbIOpaHHOM YacToTbl
OVCKpeTn3auun, KonnyecTea UMNynNbCoB, KOTOPbIE AOMKHbI OblTh 3anMcaHbl, U 4acToThbl
NMOBTOPEHUS UMMYNbCOB. PaBeHCTBO (2-1) Noka3biBaeT COOTBETCTBYHOLLEE BblYUCTIEHME.
PeanuctuyHble 1 pasymHble napameTpbl Ans paccMoTpeHns Tpebyemon namatu
oTcyeToB nepeyncnexsl B Tabnuue 1 B ctonbue "Mpumep"”. Tpebyembin pasmep namstu
ONS XpaHeHWs OTCYETOB COCTaBUT 2 MIPA. OTCHETOB. OTO 3HayYeHne npeBsbIaeT
pasMep namaTn AN XpaHeHus1 OTCYETOB CTaHAAPTHbLIX ocuunnorpadoB peanbHOro
MacwTaba BpeMeHu, npeacTaBneHHbIX Ha pbiHke. B pasgene 3.4 aToT npumep byaet
paccMOTPEH CHOBa B OTHOLLEHMUN pexrMa paboTbl C apXMBOM AaHHbIX, U OyayT
nokasaHbl ero NpenmyLLiecTBa.

s, =R Mo
Ry (2-1)
Mpumep
Sum 2 mMnpp. oTcyeToB Tpebyembi pasmep NaMATV ANS XpaHEHUsi OTCHETOB
Rs 10 Mmnipa. oTcyeToB/C YacToTta guckpeTm3aumm / KonmyecTBO OTCHETOB B CEKYHAY
Np 20 KonuyectBo nMmnynscos
Rp 100 ¢’ CpepaHsAs yactoTa NoBTOPEHWUS MMMYNbCOB / UMMYNbCOB B CEKYHAY

3axBaT AaHHbIX U ynpaBJrieHne 3anyCckom

AHanus XapaKTepHbIX CUrHAroB, Kak ObIno yXe yrnoMAaHYyTO Bbille, Tpe6yeT HaCTpOIZKVI
napameTpoB 3axBaTa AaHHbIX U 3anyckKa.
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OCHOBHbIle cBegieHUs o0 paboTte LudpoBoro ocuunnorpada

Ocuunnorpad RTO obecneumBaeT paboTy MOLLUHbIX (PYHKLUI 3anycka, KOTopble
NMo3BONSAIOT OCyLLecTBNATL bonee n3bupatensHbIn 3axBaTt AaHHbIX. [lonb3oBaTens
OOJIMKEH yKasaTb OCHOBHbIE YCnoBus 3anycka. OgHako 3T0 MOXeT BbITb 4OCTaTOYHO
TPYAHO, TakK KaK yCnoBus Ans BblAENEHNs OTAeNbHbIX COObITUI CUrHana He Bcerga
n3BeCTHbl. C MOMOLLLI0 MACKN N N3MepUTENbHbIX OYHKLNI NONb30oBaTeNb MOXET
3apatb oxkunaaembln pesynstaT, U RTO ocTaHOBUT 3axBaT AaHHbIX B Clyyae HapyLleHus
3agaHHbIX ycroBui. 3aTem gaHHble OyayT AOCTYMHbI ANst aHanu3a, U nonb3oBaTenb
CMOXeT co3aaTb bonee NoAxoasLne ycroBus 3anycka.

da3a 3axBaTa QaHHbIX 3anyckaeTcsi Npy roTOBHOCTU LMpoBOI cucTeMbl 3anycka. B
ocumunnorpadge RTO nogaepxunBaeTcs orpoMHbIN HAOOP BCEBO3MOXHbIX TUMOB 3anycka:
no cdopoHTy (Edge), no rnutuy (Glitch), no anutensHoctu (Width), no paHTty (Runt), no
okHy (Window), no tTanm-ayTty (Timeout), no nitepsany (Interval), no ckopocTtu
HapacTaHus (Slew Rate), no TaktnposaHutio curHana ganHbix (Data2Clock), no
coctosiHuio (State), no wabnony (Pattern), no nocneposatensHomy wabnoHy (Serial
Pattern), no NFC- n TB-curHanam. Ecnv nonb3oBaTernb BbibepeT npaBunbHbIN TUM
3anycka u KOppeKTHO ero HaCcTpouT, TO CMOXET OBHapYKUTb pasnuyHblie cobbiTus
aHamnoroBbIX, LMAPOBLIX U NOrMYeckmnx curHanos. B pasgene 4.3 B kayecTBe npumMmepa
pa3obpaH OAMH 13 yKa3aHHbIX TUMOB 3arnycka.

Ecnu ycTaHoBnNeH aBToMaTMYeCcKuii pexxum 3anycka "auto mode" 1 ycrnosue 3anycka He
BCTpeYaeTcs B TeYeHWE onpeaeneHHoro nepMoaa BpEMEHN, TO AN MHMunaumm
oTOBpaxxeHusi cMrHana co3fgaeTcsl BHyTpeHHee cobbiTue 3anycka. [1ns pegkmx cobbituii
N €AVHUYHBIX CUTHANOB Ba)KHO YTOObI 3aMyCcK NPOM30LLENT TOYHO B MOMEHT
BO3HMKHOBEHUS 3TUX COOLITUI M NPy 3TOM Obin BbIOpaH XayLwmin pexxum "normal mode”
ONs 3axBaTta AaHHbIX €OUHUYHbIX cUrHanos. B Takom cnydae (1 ecnu 3anyck He
npousoLlen B Te4eHne 3a4aHHoro nepmoaa BpemMeHn) nosBUTCS OKHO, oTobpaxatowiee
curHan ¢ MoMeHTa nocnegHero cobbiTvs 3anycka.
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Pexxum paboTbl ¢ apxMBOM AaHHbIX ocuunnorpadga RTO

3 Pexum paboTbl C apXMBOM OaHHbIX

3.1

ocumnnorpadga RTO

Pexxum paboTbl ¢ apxnBoM AaHHbIx ocuunnorpadga RTO crnaxvBaeTt BHYTpeHHee
NpoTMBOpEeYME MEXAY YaCcTOTON AMCKpeTU3aLnm n BpeMeHemM HabnogeHus.

Kak npasuno, undgposon ocuunnorpad peansHoro maclutaba BpeMeHU He 3axBaTbiBaeT
OIHY ANMHHYIO0 OocuMnnorpaMMy LienmMkom. BMecTo 3TOro MHOXeCTBO OCLMnnorpamm,
3anncb KOTOPbIX 3anycKaeTcsl B COOTBETCTBMM C onpeaerieHHbIMU YCNOBUSIMMU,
COXPaHSOTCA B BUAe OTAENbHbIX 3anMcel B MamAT COOpaHHbIX AaHHbIX.
CooTBeTcTBYIOLAasi opraHm3aums namsaTn obbscHseTcs nogpobHee B pasgene 3.2.

OnucaHue paboTbl

Pexunm paboTbl ¢ apxnBom gaHHbix RTO no3sonseT nonbL30BaTento nony4nTb OCTYN K
ocuunnorpaMmmMam, 3annucaHHbIM paHee U COXPaHEHHbIM B MAMSTU COOPaHHbIX AAHHbIX.
Pexxum paboTbl C apXxnMBOM AaHHbIX MOXET GbITb UCNONb30BaH, TOMbKO B Clyyae
NPUOCTaHOBKM MpoLecca 3axeaTta AaHHbIX. [Tonb3oBaTens MOXET BOCNPOU3BECTM
ocumnnorpamMmmbl MOCNeHEro Lukna 3axasarta AaHHbIX 15 NPOCMOTPa, a Takke MOXET
NPUMEHNTL BCTPOEHHbIe (byHKUMM aHanu3a RTO anga kaxgon 3anncu. @yHkuumn aHanmsa
BKIHOYAKOT B ce0A M3amMepeHve, maTteMaTu4ecknue onepawlmmn, TeECTMpoOBaHNE No Macke,
KYPCOpPHbIE onepauun 1 onepauum oTobpakeHusl.

HaHHble, npolueawne noctobpaboTky, oTobpaxkaroTcs Kak rpadouyecku, B Buae
ocumniorpaMmM, Tak U B BUAE YMCOBbIX 3HAa4YeHUn. YTo kacaeTcs pacnpeaenerus
paboTbl has, KOTOPOE NOKa3aHO Ha PUCYHKE 2, B peXxmme paboTbl C apXMBOM AaHHbIX
ncnonb3yeTca nocnegoBaTenbHOe pacnpeaeneHme otTaenbHbix has noctobpaboTky,
TOraa Kak B peXxunmMme HenpepbIBHOINo 3axBaTta AaHHbIX NCNOJb3yeTCA nonepeMeHHoe
pacnpegeneHune a3 cbopa n noctobpaboTkm.

Onanorosoe okHo "History" (cM. prcyHOK 5) coaepXuT anemMeHTbl ynpasneHns Ans
AoCTyna n oTobpaxeHns nonydeHHbix ocumnnorpamm. Merio "History" (ApxvB gaHHbIX)
Bbl3blBaeTCA HaxaTuem knasuwm "History" Ha nepegHen naHenu unu U3 NaHenn MeHo
"Display" > "Show history". BeinonHsiowunca HenpepbiBHbIN 3axBaT AaHHbLIX MPU 3TOM
HeMeaneHHO npekpaLlaeTcs.

Camas nocnegHsia (N0 BpeMeHW) NosydeHHas ocumnnorpaMMma umeeT HyneBon NHOEKC,
npu 3TOM Ha 3KpaHe oTobpaxaeTcs MMeHHO aTa ocuunnorpamma. bonee paHHune
3anucu HymepyoTcs B obpaTHOM nopsgke — no yobiaHuio. [1py pyyHOM M3MeHeHun
NopsiAKOBOro HoMepa B nose BBoaa, o6o3HayveHHom "Current acq”, ocumnnorpadg RTO
npon3BoauT NocTobpaboTky 1 oTobpaXKeHne ocuMNIIorpamMmmbl C BblIOpaHHbIM
nopsiakoBbIM HOMEpPOM. BMecTo oTobpaxeHuns OTAENbHbIX OCLUUNNOorpamMm,
nonb3oBaTerb MOXET BOCMPOMU3BECTU BCe COBpaHHbIe ocumunnorpaMmmMbl C MOMOLLbIO
knasuwu "Play". Monb3oBaTenb MoXeT BblOpaTh Anana3oH 3anvcen, KOTopble AOMKHbI
ObITb BOCNpoOM3BeaAeHbl 1 06paboTaHbl (CM. PUCYHOK 6) C MOMOLLIbIO ANanoroBoro OkHa
napaMmeTpoB pexvma paboTbl C apXMBOM AaHHbIX. MOXHO yCTaHOBUTL BpeMs
BOCMNpOun3BeaeHNs cobpaHHbIX AaHHbIX. VI3MeHeHe 3Toro napaMmeTpa B MEHbLLYHO
CTOPOHY NOJIe3HO AN YMeHblUeHUs BpeMeHn aHanusa, ecnv B RTO cobpaHo 6onbLioe
KONMYeCTBO OCUMNIOrpaMM 1 Nonb3oBaTtenb NPUMEHUT 3TOT MeToA AN UCMOMb30BaHUs
aBTOMAaTUYECKON Macku Unu cyHKLUM n3MepeHnii. He3aBUCUMO OT PYy4YHbIX HACTPOEK
oTobpaxkeHusi BOCMpomnsBeaeH1s ocumnnorpamm, abconioTHOe Nnm OTHOCUTENbHOE
BpeMs 3anucu nokasaHo B OMarioroBOM OKHE napamMeTpoB pexrmMa paboTbl C apXnBoM
OaHHBbIX.
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Pexxum paboTbl ¢ apxMBOM AaHHbIX ocuunnorpadga RTO

3.2

M= History M= "X
Available acgs (1)
Current acq

Time -42.000000013 ms

\

PucyHok 5 — [lnanorosoe okHO 0TOGpaxeHUsi pe3ynbLTaToB pexumMa paboTbl C apXMBOM AaHHbIX

Viewer Information History setup

‘ Show histor Player
v Start acq Stop acq

Date 2013:02:12 |

Time 9:27 55,323.003.401 s Replay time per acq.

Mode v v Absolute” Auto repeat

chyHOK 6 — lnanoroBoe OKHO HacTpoeK pexuma paGOTbI C apXMBOM AaHHbIX

BaxHbimM ycrioBreM ans pexvma paboTbl C apxXMBOM OaHHbIX SABMSAETCS OCTaHOBKa
npouecca 3axsaTa AaHHbIX B criyyae, ecnv npubop RTO HaxoguTcs B pexnme
HenpepbIBHOrO 3axBaTta AaHHbIX. ECTb Heckonbko cnocoboB OCTaHOBKM 3axBaTa
OaHHbIX: HaxxaTue Bpy4Hyto knaesuw HISTORY, "RUN CONT" unu "RUN Nx SINGLE" Ha
nepegHer naHenu unmn Hactpowka ycrnosus "Stop on Violation" gna macku unu dyHKumm
namepeHui. Mprumep Takon kKoHurypaumm npuseneH B pasgene 4.3.

OpraHunsauusa namaTu

MamaTe cobpaHHbIX AaHHbIX U €€ OpraHn3aLmns O4eHb BaXKHbl 4518 pexmuma paboTbl ¢
apXMBOM AaHHbIX, a ee CerMeHTaums akTMBHO NCMONb3yeTecs A58 COXPaHeHNs
CcoBpaHHbIX AaHHbIX. TO MOXET BbITb NPOAEMOHCTPUPOBAHO Ha Npumepe paboTsl ¢
UMMYNbCHBLIM curHanom (cm. pasgen 1 n 2.2). B BepxHer yactu pucyHka 7 nokasaHa
nayka (nocrnegoBaTenbHOCTb) MMMYNbCOB. Tak Kak MMMynbCbl UMEKT Manoe Bpemsi
HapacTaHus, To TpebyeTcs BbICOKOE paspelleHne, a Bpems HabntogeHus (13-3a
60nbLUOro NPOMEXYTKa Mexay MMNynbcammn) obbluHO COCTaBNSAET HECKOMNbKO MKC. B
AaHHOM MpUMepe Moka3aHa nayka 13 N9TU MMNYNbCOB C NOXOXUMU, HO He
OOWHAaKOBbIMW BPEMEHHbIMY UHTEpBanamMmn Mexay HuMu. Ha BpeMeHHOn ocu umetoTcs
pa3pbiBbl, KOTOPble 0603HAYAIOT, YTO UHTEPBANbI MeX4y UMNyNbCcamMu cryyaviHble, HO
GonbLUMe NO CPpaBHEHWUIO C AFIUTENbHOCTbIO MMMYSbCOB.

AN A el AN Y.\ AN
y > > >

Bpemsi

>
>

i [ INC L A ALY
tf trtts f'2 t2+fs ) tho tn72+rs ) tn—1 fn—f'”s ) ts fn"'ts
Bpems

PMCyHOK 7- OAHOKpaTHbIﬁ WJIM MHOXXEeCTBEHHbIN 3aXBaT AaHHbIX AN NaYKu uMnynbcoB

B HWXHeN YacTn pucyHka 7 nokasaHa Ta Xe camasd nocrnenoBateflbHOCTb CUrHarnoB, YTo
1 Ha BepxHeM pucyHke. B cnydyae ogHokpaTHOro 3axearta gaHHbix npubop RTO 3anuwer
3TN NMNYNbCbl BO BPEMEHHOM MHTEpBane [ty,t,+ts]. Obnactb, 3anonHeHHas ToYkamu,
BOKPYI MMMYIbCOB COOTBETCTBYET 0bnacTy 3axearta JaHHbLIX B TAKOM Cry4ae.
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Pexxum paboTbl ¢ apxMBOM AaHHbIX ocuunnorpadga RTO

3.3

3.3.1

Mpwn 3axBaTe AaHHbIX NUHUS 3a0EPXKN 3aAepXKNBaET CUrHan oTHOCUTENBHO COBbITUA
3anycka, KoTopoe reHepupyeTcs LMpoBbIM OCUUIIIOrpad)om Ha OCHOBaHUU TOTO Xe
curHana. 3anyck umdpoBoro ocuunnorpada nHMumMmMpyeT 3axesaT JaHHbIX HE3a4omMnro Ao
Havyana vMnyrnbca ¢ NpegBapuTenbHO onpeaeneHHbIM BpeMeHeM 3axBaTa fs. aTb
BnokoB 0TOBpaXkaeMbIX MMMYNbCOB C rpagaunsiMy Ceporo LiBeTa siBMsTCA
MHOWKaTopamMu BpeMeHu 3axeara [, tk+ts], rae k € [1,n]. JonycTum, 4TO BpeMs 3axBaTa fs
KpaTHOE N, MHOIro MeHbLLIEe BpeMeHn HabmnogeHus, 4to obcyxganock B pasgene 2.2. B
pesynbTate, npubop RTO He 3anucbiBaeT AaHHbIE B TEHYEHNE ANUTENBHOMO Neprnoaa
BPEMEHN HeaKTUBHOCTU. TaKoW NOAXOA MOXET COXpaHWUTb BonbLIO 06BbEM NaMATU 1
No3BONUT 3PEKTUBHO UCMONBb30BaTb NaMATb COOPaHHbIX AaHHbIX.

Ons ganbHenwen nnnicTpaumm 3Toro NpeMMyLLecTsa BOCMONb3yeMCS YNCIOBbIMU
3Ha4YeHMAMM Npumepa, NpuBeaeHHOro B Tabnuvue 1, nonarag, 4To LWMpPUHA UMMNYbCHOMO
curHana meHee 100 Hc. Npu BpeMeHn 3axBaTa AaHHbIX fs, paBHOM 100 HC 1 coxpaHeHun
ocTanbHbIx napameTpoB (Rs= 10 mnpa. otcyeTos/c, Np= 20,Rp = 100 c1), 06Lymin
pa3mep Tpebyemon namatu coctasnseT 20 Toic. oTcHeToB. B AaHHOM npumepe 3To
NPUBOAUT K 3HAYMTENBHOMY YMeHbLUeHnIo Tpebyemon namaTtn go 200000 (2 mnpaA.
otcyeToB/ 20 TbIC. OTCYETOB).

3anucu normyeckun ynopsagoumBatoTcs Tak, kak ecrnv 6bl OHU COXPaHANUCH B
uuknmyeckom bydepe, Torga Kak npu 3Tom oHu U3nMdeckn pacnpeneneHbl B IMHENHO
agpecyemon DRAM namsaTtn. B BepxHen YacTu pucyHka 8 nokasaHbl UMMySbCHbIE
curHanel. Kak yxxe obcyxganock, oTaenbHble UMNYNbChl QUCKPETU3MPYIOTCSA BO BPEMS
3axBaTa JaHHbIX fs, YMHOXasi KOTOPOE Ha 4YacTOoTy ANCKPETM3aL MmN NKC HEKOTOpoe
OOMONHUTENBHOE BPEMS, NOTy4aeM COOTBETCTBYIOLLEE KONIMYECTBO NamsT, Tpebyemoe
ONsl JaHHOW OCLMIIIorpaMmel.

Linknunyeckuin 6ydep, nokasaHHbIN Ha pUCYHKe 8, C 3anMcaHHbIMK OCLMITIIOrpamMmmamu,
0603HaveHHbIMK nHaekcamm o 0 oo 1-n, rae Hynesasi obnacTb COOTBETCTBYET nocrneaHemn
3anucaHHoW ocumnnorpamme, a 1-n — Hanbonee gaBHO 3anucaHHow. B opraHusauum
namMsaTh Kaxkgasi ocumnnorpamma o6beauHaeTcs ¢ HabonbLLMM CRyXeBHbIM GrIOKOM
3aronoska (OVH) n BpemeHHon meTkon anst 3anncu. B pasgene 3.4 obcyxpaetcs
MakcrMarnbHOe BO3MOXHOE YMCIIO 3anuncen, KoTopoe Mo Apyromy HasbiBaeTcsi 06bemMoM
apxmBHon namaTu. o mepe fobaBNeHNs BpeMeHHbIX METOK COXPaHSIOTCH TOYHbIE
BPEMEHHbIE COOTHOLLEHMS MeXay 3anvcaHHbIMU ocummniorpaMMamy. Hencnonb3oBaHHbIe
3anucuy nNpeablayLlero 3axeaTta AaHHbIX OOHYMATCA U CTAHOBATCA HEAOCTYNHbIMU. Ecnin
pa3mep Tpebyemon Ans 3axBaTa AaHHbIX NaMATU NpeBbilaeT 060bem apXMBHOW NamMSATw,
TO HOBbIE 3aNMCK 3aM1CbiBaOTCA BMECTO CaMbIX CTapbix (1-n).

Korga BkmoyaeTcs pexum paboTbl ¢ apxmBoM AaHHbIX npubopa RTO, Tekywas
oToGpaXkeHHas ocumnnorpaMmmMa siBNseTCs camon nocnegHen sanMcaHHom
OCLMINIOrpaMmon, 1 nonb3oBaTenb MOXeT BbiOpaTbh NOCNeAoBaTeNnbHOCTb
OTOBpaKeHNs 3anMcaHHbIX OCLMITIIOrPaMm, Kak NoKa3aHo B HDKHEW CTPOKE pUCYHKa 8.

OnpepeneHve AOCTOBEPHOCTN COOpPaHHbIX AaHHbIX
curHana

B gaHHOM pasgene pacckasaHo O BMMSHWM Takoro napameTtpa Kak Bpems HabniogeHus
Ha BEPOATHOCTb OOHapyxeHusa ownbok. Bo BBegeHun 6yaet o6bACHEHO, nodYemy aTa
Tema O4YeHb BaxkHa Ans paboTbl C apXMBOM OaHHbIX.

OueHka BpeMeHu NpocTos

Ons acheKkTUBHOrO MCNONb30BaHNS pexrnma paboThbl C apXMBOM OaHHbIX BaXKHO
NOHMMaTb, KakoBa JOCTOBEPHOCTbL cobrpaemMbIx AaHHbIX. KoHuenuus nonepemMeHHoM
paboTbl a3 3axBaTta faHHbIX U NOCTOBPaboTKM Obina yxe onucaHa, HO Nosib3oBaTerb
OOIMKEH NMOMHUTb, YTO BO BpeMs hasbl MocTo6paboTku ocuunnorpad He MOXeT 3axBa-
TbiBaTb JaHHbIE, 3TO BpeMsi NpocTos npubopa. OHo sBnsdeTcsa obLen xapakrepmcTUKon
umndgpoBoro ocuunnorpada Kak knacca, a He KoHkpeTHoro npubopa RTO. B ykazaHusix
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Pexxum paboTbl ¢ apxMBOM AaHHbIX ocuunnorpadga RTO

no npumeHeHunto [1] nogpobHO onncaHo BNUSIHME BPEMEHN NPOCTOS U3MEPEHNI 1
nony4eHvne BepoOsiTHOCTM 0BHapyxeHus cboeB B curHane.

AN ANl AN N I\ >
) 7 > >

T /\'2 I N

ty tH 2t e 2 to ot 4t bty 2t tHts
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H
VH
OVH

NNUHenHas opraHusauuna namMaTun

AN
tn tn/’
I

ocnenoBaTesibHOCTb OTO6pa)KeHI/|FI
PucyHok 8 — OpraHu3auusa NnaMmsaTy AnsA XpaHeHUsi COGPaHHbIX AaHHbIX

Bpems npocTos ocumnnorpadga coctout n3 UKCUPOBAHHOIO U M3MEHSEMOro OTPE3KOB
BpPEMeHM (CM. puCyHokK 9). duKcMpoBaHHas 4acTb, f,, onpeaenseTca MHANBNAYanbHbIMU
0COBEHHOCTAMU apXUTeKTypbl ocumnnorpacda. ismeHsemas yacTb 3aBUCUT OT
BpemeHwn, Tpebyemoro Ans nposeaeHnss NoctobpaboTku, ANUHBI 3anucK, KonmyecTea
aKTMBHbIX KaHanoB, BbIbpaHHOW yHKUMM NOCTOGPaboTkn 1 BOCMPOU3BEAEHNS
OCUMMIIorpaMm Ha gucnnee.

Ha pucyHke 9 nokasaH pexuM NoCTOSIHHOIO 3axBaTa AaHHbIX. [ocne cobbiTusi 3anycka B
MOMEHT {4, BbI3BaHHOIO nosiBreHnem umnynbca (1-n), npubop RTO HaunHaeT 3axBaT
OaHHBIX B TEYEHME BPEMEHN 3axBaTa AaHHbIX fs. B onpegeneHHbin MomeHT RTO
3aKaH4MBaEeT 3axBaT AaHHbIX, U ANsi TOro YToObI MPOJOMKNTL paboTy B dhase
noctobpaboTku TpebyeTca HekoTopoe hmkcMpoBaHHOE Bpems fn. B cdase
noctobpaboTkn ocumnnorpad pabotaet ¢ cOOpaHHbIMM JAHHLIMU B TEYEHNE BPEMEHMU
twp. Yepes NnpoMexyTok BpemeHu tr+ts+im+t,p, Mpubop RTO rotoB Kk ganbHenwen padore
N oXungaeTt nonyvyeHus criegyroLlero cobblTua 3anycka.

B OaHHbIX YKa3aHUAX No NpUMeHEeHUI0 C y4eTOM KoHUenunun BpeMeHn npoctoa u
BpeMeHn 3axBaTa aHHbIX aHann3npyeTcd BO3MOXHOCTb 06Hapy>|<eHv|9| CJ'Iy'-IaI7IHbIX
cboeB nony4eHHoro curHana. Ha pucyHke 10 nokaszaHa 3aBUCUMOCTb BEPOSATHOCTYU
obHapyxeHus cbos curHana BO BpEMEHM OT 4YacTOThbl 3axBaTa AaHHbIX. [lonb3oBaTens
MOXET 3aMeTUTb, YTO BbliCOKasi YacToTa 3axBaTa faHHbIX ABNseTcs 06s3aTenbHon ans
OOCTWKEHUST BbICOKOW [OCTOBEPHOCTM COOpaHHbIX AaHHbIX. [Ins o6ecneyeHns BbICOKOM
cTeneHun gocrtoBepHocTn Npmbop RTO obecneunBaeT BbICOKYIO CKOPOCTb 3axBaTta B 1
MITH. ocumnnorpamm B cekyHay. lNonb3oBaTtenb MOXeET NPOBEPUTbL CKOPOCTL 3axBaTa

1TDP02_0Oe

Rohde & Schwarz Pexum apxvBa gaHHbix 12



Pexxum paboTbl ¢ apxMBOM AaHHbIX ocuunnorpadga RTO

3.3.2

OaHHbIx ocumnnorpada RTO ¢ nomowbto Ananorosoro okHa Performance (cm pucyHok
11). Ans gocTtyna Kk 3ToMy OKHY HeobxoamMmo BbibpaTb B MeHto komaHay "Display >
Performance".

Bpemsi
| BP » BpeMs NpocTos N
3axeara duke. NnepeMeH. OXupaHve sanycka
> 1 g
-
Ll
ty ty+ts titatty, titettn [ toHs

Bpems
PucyHok 9 — Liukn c6opa un nocto6paboTku AaHHbIX LucpoBoro ocuunnorpada

Heobxoaumo obpaTtnte BHMMaHWE Ha ABa addeKTa, KOTOpble MOryT NomellaTtb
OOCTUXEHMIO BbICOKOW CKOPOCTU 3axBaTa AaHHbIx npubopom RTO. Bo-nepsbix, ecnu
ONVHa 3anucuy Benuvka, To COOTBETCTBYIOLLLEE BpeMsi 3axBaTa byaeT yMeHbLUaThb
CKOPOCTb 3axBaTa [aHHbIX. BO-BTOpbIX, €CNKU YCTaHOBMNEH XAYLLMA pexum 3anycka
npmbopa RTO 1 yactoTa cobbITWIA 3anycka MeHbLLE, YEM MakcumaribHas CKOPOCTb
3axBaTta JaHHbIX, TO 3TO, KOHEYHO, YMEHBLLMT YacTOTy 3axBaTa AaHHbIX.
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Bpems Ha6noaeHus [cl

PucyHok 10 — BeposiTHOCTb 06HapyxeHusi c6os

Performance

Performance

" Acquisition per frame 30430 |
Acquisition per second 1015000
| Time per frame 0.02999

r

PucyHok 11 — luanoroBoe okHo oTob6paxeHus pesynbtatoB Performance

Pexum ynbTpacermMeHTaumm

B npeablayiem pasgene BHUMaHue 6birio chOKyCHPOBAHO Ha BaXKHOCTM CKOPOCTM
3axBaTa AaHHbIX OCLMINIOrpaMMbl NMpU Clly4aiHOM pacnpegerneHnn c6oeB BO BpEMEHU.
B HekoTopbIX cryyasx Takoe AoMyLeHne NpaBoMepPHO, OAHAKO B APYrUX, Hanpumep npu
paboTe ¢ UMNYSIbCHLIM CUTHAMNOM, HET SIBHOW MOJb3bl OT UCMONb30BaHNS BbICOKOW
CKOPOCTY 3axBaTa AaHHbIX. [pumMep: Ans AaHHOro curHana TpebyeTcs 3axBaTbiBaTb BCE
UMNYIbChl, a He ToNbKo HekoTopble. Ecnn npuGop RTO roToBs K 3anycky no Hy>XXHOMY
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Pexum paboTbl ¢ apxMBoM AaHHbIX ocuunnorpacda RTO

curHany, 1o bonee BaxHO YMEHbLUNTb BPEMA NPOCTOA, 4yTOObI an60p ObIn roToB K
3anucu cnegywuwiero nMmnynbca.

CneuuaneHo ans atoro cny4vas B ocumnnorpade RTO npegycMoTpeH pexum
ynbTpacermeHTaumm (Ultra-Segmentation mode). Ha pucyHke 9 mMbl BUanm, 4T0 Bpems
NMPOCTOSA COCTOUT U3 ABYX OTPE3KOB pa3Horo nHrtepsana (f»=0,3 Mkc, MuH. t,,=0,9 MKC
[2]). OcHoBHOW ABNsieTCA NepeMeHHasi YacTb BPEMEHW NpocTos fy,, KOTOpas oTBevaeT
3a noctobpaboTky. Npu NCKMUNTENBHO NOCeAoBaTENbLHOM pacnpegeneHnm das
3axBaTa JaHHbIX NepeMeHHas YacTb BpPEMEHU NpocTos He byaeTt yuTeHa (CM. pUCyHOK
9). CnepoBaTtenbHO, B pexXume ynbTpacermeHTauum He NpoucxognT oOHOBNEHUS
oTobpaxxeHusi 3axBayeHHbIX ocumnnorpamm. lNocne okoH4YaHUsi nocnegoBaTenbHOCTH
cbopa ans goctyna K JaHHbIM U OTOBpaXXeHUs NosTyYeHHbIX OcuMifiorpamMmm
NCMNonb3yeTcst peXnMm paboTbl C apXMBOM AaHHbIX.

Ha pucyHke 12 nokasaH pexum yrnbTpacerMeHTauumu u npeMMmyLLecTsa Toro, 4to
nepemMeHHasi YacTb BPEMEHU MPOCTOS He yumTbiBaeTcs. Mocne cobbiTvs 3anycka,
BO3HWKLLErTO B MOMEHT BPEMEHM {1 1 3axBaTa AaHHbIX umnynbca (1-n) B TedeHune
BpeMeHu 3axBaTa ts, npubopy RTO HyXHO TONbKO hMKCMpOBaHHOE BPeEMS NPOCTOS i,
4106l CHOBA ObITh FOTOBLIM K 06paboTke cneaytoLlero cobbiTMa 3anycka n 3axsaTty
AaHHbIX cneayoLero curHana.

N—n

t ti+ts t trt+ts t3 tatts 4 ta+ts

A\ 4

BpeMmsi

PucyHok 12 — Liukn ynbTpacermeHTauum undpoBoro ocuunnorpada

Pexum ynbTpacermeHTaumm BbidbiBaeTca HaxxaTnem knasmwm "HORIZONTAL" Ha
nepegHen naHenu u Bbibopom Bknagkm "Ultra Segmentation”. Mpu aTom oTkpbiBaeTcs
OManoroBoe OKHO, B KOTOPOM MOJSb30BaTeNlb MOXET BblOpaTh AaHHbIN PEXMM U yKasaTb
KONMMYeCTBO 3axBaTbiBaeMbIX ocuunnorpamm (cm. pucyHok 13).

" =

Time Base Resolution Acquisition ' Ultra Segmentation Horlzontal@

Enable ultra segmentation

Enable automatic replay
Number of Acquisitions

Acquire maximum deferred |
q —hl lqi visualisation of

Required Available minimized blind time all acquisitions Replay time

e o

Acquisition of 2nd wim \cquisition of nth wim

i Show history History IEVED

Start acq Stop acq

Jimestamp________ Current acq [ -13951 Jselect all
Date 2013:02:12 —

Time 13:53 35,075.180.558 s Replay time per acq.

Mode /v Absolute ~ Ml Auto repeat

PucyHok 13 — [inanorosoe OKHO pexuma yrnbTpacermeHTauum

Korga nocrnegoBatenbHOCTb 3axBaTa AaHHbIX, 3adaHHas ans pexuma
yrnbTpacerMeHTauun, BeiMOSIHEHA, NOMNb30BaTENb, MPYU HaXXaTuUn B AMANOroBOM OKHE
KHOMKKM "Show history", nonyyaeTt focTyn kK hyHKLMK 3anycka pexxrmMa paboTbl C apXMBOM
OaHHbIX, B TOM YMCIe N K aBTOMaTU4E€CKOMY BOCMPOM3BEAEHMIO ocuunnorpammel. Jpyrown
crnocob coctouT B Haxkatum knaeuwm "HISTORY" Ha nepeaHen naHenu. Nocne aToro
nonb3oBaTeNb MOXET UCMONb30BaTh (PYHKLUMK, yKe onucaHHble B pasgene 3.1.
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Pexxum paboTbl ¢ apxMBOM AaHHbIX ocuunnorpadga RTO

3.4 OrpaHun4YeHus UCNOSNb30BaHUA peXxXuma padoTbl C

dPXUBOM AOaHHbIX

B naHHOM pasgene npuBefeHbl HEKOTOPbIE OrPaHNYeHUs! MO UCMOSb30BaHUIO pexuma
paboTbl C apXMBOM AaHHbIX. Bo-nepBbIX, Kak y»ke yNoMMHanoch, 4OCTYN K COOpaHHbIM
AaHHbIM BO3MOXEH TONbKO TOrga, Koraa 3axBaT AaHHbIX ocTaHoBreH. [Mpu cnegyowem
3anycke 3axBaTa AaHHbIX BCe AaHHble NpeablayLiero 3axsara 6yayT yaaneHosl. 9710
npoucxoauT, ecnuv nonb3oBaTenb HaxumaeT knasuwy RUN Ha nepegHen naHenu vnuv
nocbinaeT COOTBETCTBYIOLLYIO KOMaHAY yaaneHHoro goctyna. Bo-BTopbix, fob6aBneHue
BXOAHOIO KaHana unm nuaMeHeHne BpeMeHHOro maclutaba takke npmBedeT K
0BOHYNeHMI0 AaHHbIX B NaMATU, AaXe eCnNu 3axBaT AaHHbIX OblfT OCTAaHOBMEH.

Takke MMelTCs ABa OTAENbHbIX PEXMMa 3axBaTa AaHHbIX, B KOTOPbIX pexum paboTbl ¢
apXMBOM [aHHbIX He JOCTYNEH, pexnMm guckpetmnsauum "equivalent time" n pexum "roll-
mode". M3-3a cneundny4eckoro UCNonb30BaHMs NaMsaT B 3TUX peXnmax, nosiyyeHHble

OaHHble He JOCTYMHbI B peXXrMMe pabdoTbl C apXMBOM [aHHbIX.

UTo KacaeTcsa namsaTu cobpaHHbIX AaHHbIX, TO 30€Cb €CTb OrpaHnYeHne MakcMarnsHoOro
KONMYecTBa 3anuceil, KoTopble MOTYT BbiTb CoxpaHeHbl. 1o ApyroMy 3To KONUYECTBO
HasblBaeTcs 06 beMOM apxXuMBHOI NamsATU. MNonb3oBaTenb MOXET NPUMEPHO OLIEHUTL ero
crnenyowmnm obpasom:

— SM -1
RL +1000 (3-1)
Ta6bnuua 2
H O6bem apxvBHOM NaMSATV Ha KaHan
Sum [HoctynHasa namsaTte Ha kaHan (20 / 50 / 100 mnH. otcyeTos')
Ry [nvHa 3anucun, 06bIYHO 5 ThIC. OTCHETOB

B 3aBMcMMOCTU OT KOHDMIypaLmMm pexnma geunmanmmn, MaTeMaTuyeCcKknx pexnvosn
ocuMNIorpamMmmMbl UNN @aKTUBHbBIX PACYETHBIX CUrHANOB, 06bEM apXMBHOW NAMATN MOXET
ObITb MeHbLUEe. Ecnvn BXOAHOW KaHan He NCMNONb3YeTCsl, TO aKTUBHbIN KaHar
pacnpegenseTt naMmsaTb HEAKTUBHOMO KaHana. Hanpumep, YyeTblpexkaHarnbHbI
ocumnnorpad RTO c 20 MnH. oTcyeTamu Ha KaHan 6ygeT umeTb B pacnopsikeHun 80
MITH. OTCYETOB NamMATK Anst paboTbl OAHOIO KaHana, ecriv ocTasnbHble KaHarnbl He
aKTUBHBbI.

" Onuma RTO-B101 nogaepxwvsaeT 50 MIIH. 0TCHETOB Ha kaHan, a onuus RTO-B102 — 100 MriH. OTCHETOB Ha KaHar
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Mpumepbl npUMeHeHUA

4 [pumepbl NPUMeHeHUS

4.1

4.2

Mpexae yem nepenTn K NpUMepam NPUMEHEHUS, CTOMT NPOBEPUTbL KOHUrypaLuumio
npnbopa RTO n onpegenutbcsa co cTpaTernen nonyvyeHns makCumarnsHOM BbIroabl
NCMNonb30BaHKsA pexxMmMa paboTbl C apXMBOM AaHHBbIX.

KoHdurypaumsa BpeMeHHOU pa3BepTKU

Hanbonee BaxHOe orpaHMyeHne cocTouT B BbiIbope noaxoasLlen 4actoThl
OMcKpeTm3aLmm, CoOOTBETCTBYOLLEN Teopeme KoTenbHnkoBa (Teopeme o auckpeTmnsaumm
Harksucra-LLeHHoHa). B o6Lem cnyyae, 4actota guckpeTmsaumm OMmKHa ObiTb
fonblue B ABa nnu 6onee pas HaMBbICLLEN YaCTOTHOM COCTaBMAOLLEN CNIEKTPA cMrHana.
Ona nmnynbcHeix BY-curHanoB nonb3oBaTento cneayeT y4eCcTb rapMOHUKN HECYLLEN
4acTOThbl M LUMPUHY NOMOCHI MPONYCKaHUA.

Mocne onpeneneHns YacToTbl AUCKPETM3ALMM NOSb30BaTENb AOMKEH ONpeaenuTb
BpPEMsi 3axBaTa AaHHbIX Uy ANuHY 3anucu. Bece Tpu 3Ha4eHust MoryT GbiTb
ckoHdUrypmpoBaHbl B guanoroeom okHe HORIZONTAL (CM. pUCyHOK 4), HO OHM
CBsi3aHbl ApYr C APYroM, TaK Kak AfMHa 3anucy onpeaensieTcs kak BpeMsi 3axsaTa
OaHHbIX, YMHOXEHHOE Ha 4acToTy AucKpeTmsauun. [ns uMnynbCHOro curHana
MakcumarsbHasi AnNMTeNbHOCTb OrpaHMYMBaeT MMHMMAnNbHOE BpeMs 3axBaTa AaHHbIX.

Ons umdpoBbIX CUrHaNOB BpeMs 3axBaTa AaHHbIX ONpeaenuTb He Tak Nerko, Kak B
cnyyae paboTbl C UMNYNbCHLIM curHanom. MNpaBunbHbIN BLIGOP CUMBHO 3aBUCUT OT
copepXaHus curHana. 3agaHHas CMMBOSbHas ANnHa MOXeT OblTb XOPOLLUM BbIBOPOM,
Hanpumep, anga npotokona UART: 10 6uT, Bkntoyas 6anT gaHHbIX 1 CTOM-OUTHI.

W nocnegHuii NyHKT, KOTOPbIN HAAO paccMOTpeTb — Bpems HabnogeHus. [Npn paboTte ¢
UMMYNbCHBLIM CUrHaNOM MOMb30BaTEN0 HY)KHO 3HaTb KONMMYECTBO MMMYMbCOB, KOTOPOEe
Heobxogmmo 3anucaTtk. B ntobom cnyyae nonb3oBaTernb HAa OCHOBAHWMW BbIYUCIIEHWUNA,
npeanoXeHHbIX B pasgene 3.4, OOIMKEH NOHATb, HE NPEBbILLAET N TpebyeMbln pasmep
nNamsaTK JOCTYNHOro o6bema apxuBHon namaTu ocumnnorpadga RTO.

MMﬂyanHble paAnoONIOKaUuMNOHHbIEe CUrHarsbl

lMocne TeopeTnyeckon NOAroToBKN NOAPOBHO PACCMOTPUM MMMYMbCHbIN
paguvonoKaLMoHHBIN curHan. Ha sTom npymMepe NpoaeMOHCTPUMPOBaHbl HEKOTOPbIE
ocobeHHocTu npubopa RTO, BkMoYasa aHanm3 HECKOIbKMX 3anmMcaHHbIX OCLMorpaMm
B YaCTOTHOM 0611acTn U COOTBETCTBYHOLLEE TECTMPOBAHME NO Macke, a Takke
N3MepeHUst BO BpeMeHHOI obnacTu. [JononHuTenbHO 6yaeT nokasaH criyyain manoro
BpemeHu npoctost RTO, B ToM yncne npu paboTe B pexume ynbTpacermeHTauun. B
3TOM cny4yae AOMKHbI ObITb 3axBayeHbl Bce TpebyemMble AaHHbIE, U MONb30BaTENb
MONYYUT UX C BbICOKUM YPOBHEM JOCTOBEPHOCTU. M cHOBa HEOGX0AMMO NOAYEPKHYTH,
4YTO PEXUM PabOTbl C apPXMBOM AAHHbIX U yNbTpacermeHTaumsl — 3To ABE pasfuyHble
BEeLLM, 1 JOCTYN K OCuUniiorpaMmMe, nNoy4eHHoOM ¢ NOMOLLbIO pexuma
ynbTpacerMmeHTaumm, Npon3BOAUTCSt TONbKO B pexume paboTbl C apXMBOM AaHHbIX.

[nsa Toro ytobbl Nog4YEpPKHYTL 0COBEHHOCTU Npnbopa RTO, B AaHHbIX yKa3aHUsIX MO
NPUMEHEHUIO NMPUHSATLI HEKOTOPbIE AOMYLLEHMS A8 YNPOLLEHUS HAacTpPonkn. BmecTo
N3MepeHNIi pearbHbIX CUTHAMNOB U AN obecneyeHnst TMGKOCTU U3MEPEHUI, CUTHaN
reHepupyeTcsl BEKTOPHbIM reHepatopoM curdHanoB SMBV100A [2] ot Rohde & Schwarz,
YTO NO3BOJISAET NIETKO MOMYYUTh CIIOXHYIO NadvKy (MOCNefoBaTENbHOCTL) UMMYMbCOB.
KaHnan 1 npubopa RTO nogkntoyaeTca HanpsiMyto K BbIXOOY BEKTOPHOroO reHepaTopa ¢
cornacoBaHHom Harpy3skor 50 Om. BeibpaHa HOMUHaNbHas Hecyllas YactoTa CurHanoB
400 MI'u, 4YTO He aBNSETCA TUNNYHLIM PagMONIOKaUNOHHbIM Anana3oHoM. OgHako

1TDP02_0Oe

Rohde & Schwarz Pexum apxvBa gaHHbix 16



Mpumepbl npUMeHeHUA

peanbHbIN PpaanonoKaLMOHHbIN curHan obbl4HO NOABEpPraeTCs NOHWXKaKLLEMY
npeobpasoBaHuto B cpaBHMMbIN MY-grnanasoH. Ocumnnorpad RTO moxeTt
HenocpeaCTBEHHO 3axBaTbiBaTb M U3MEPATb curHan ¢ yactoton 400 M.

PagunonokaumoHHbIv curHan CocTouT 13 nocnegoBaTensHOCTU TPeX pasnmyHbIX TUMOB
UMMynbLCoB U B 06LWeM BkntoyaeT B cebs 21 umnynbe. Ha pucyHke 15 nokasaHbl
3axBayeHHble MMMYMbChl, CrPYNNMPOBaHHbIE B OAHON BbIOOPKE AaHHbIX, YAcTo
MMeHyeMble Mavykor UMMybCOoB. OTa Nayka MMNyNbCOB NoBTopsAeTcH kaxable 100 mc u
6nmn3ska K peanbHO CcyLlecTByOLWUM curHanam. MNapameTpbl JIMM-umnynbca nosicHaTCS
Ha pucyHke 14. NepBbIi TN MMNYNBCOB, 0003HAYEHHbIN Kak "Tun 1', BO3HMKAET TOSLKO
OAVH pa3 u xapaktepuayetca 2 MI'y (Af) nocteneHHo cHuxkatowewnca JIUM ¢
ONUTENBHOCTBLIO UMMYNbCOB 8 MKC. OH MMeeT YacToTHbIV casur 2 MITL, OTHOCUTENBHO
HOMWHArbHOWN HeCyLLen YacToTbl. Ha nmMetoLLencst ropu3oHTanbHOM OCK AeneHune Lkarnbl
500 mc/geneHve n nMmnynbc ene BUAUM u3-3a Marnon amnnntyabl u 6nmskoro coceaHero
nmnynsca. CnegyroLime MMNynNbCbl BTOPOro Tuna — Tuna 2, KOTopbIv XapakrepusyeTcs
3,5 MI'y nocteneHHo cHmxatowerncs JTYM HoMrHanbHOW HecyLwen 4acToTbl U
ONNTENbHOCTLIO MMMYNBLCOB 5 MKC. U, HaKoHeL, 4ecaTb UMMNYNbCOB TpeTbero Tuna — Tuna
3 — c vyactoTton cnegoBaHusa 800 MKC. DTN MMNYNbCLI Takke XxapakTepusyoTtesa 3,5 MMy
nocteneHHo cHwxarowenca JT4YM HoMMHanNbLHOM HecyLLen YacToTbl, HO UMEIOT
ONUTENBHOCTb MMMNYNLCOB 13 MKC. Bce Tpu Tuna nMmeroT pa3nuyHbie YPOBHWU aMninTyabl.

ANMNTEeNbHOCTb MMNyJibCa
~N N ARMNNAT
/ \ \\A;j \ // \/\

\ ) / \ / |
| ] | \ fl
\\J/ \\j \u' | \/ \/ \4 f U NOBTOPEHWE UMNyIbca \j \\J//

vl

TI
Bpemsi

PucyHok 14 — NMapameTpsbl JIYM umnynsca

OcHoBbIBasiCb Ha NapameTpax CUrHanoB, ONMCaHHbIX Bbile, 3a4agnm paspeLleHve

400 nc, 4ToBbI NapameTp yAOBNeTBOPSAN KpuTeputo HaikemcTta, npMH1nMasi BO BHUMaHne
BCe rapmMoHuku Hecywen. MNpu anvHe 3anucu 12,5 MrH. 0TCYETOB 1 HENPEPBLIBHOM
3axBaTe QaHHbIX Ha Kaxayl ocumnnorpammy npuaetcsa no 5 mc, Tak 4to npmbop RTO
0oTO6pasmnT BCIO Nayky MMNynbcoB. HM3kas YacToTa 3axBaTa AaHHbIX CBA3aHa C TeM, YTO
n3-za 100 mc nHTepBana ata nadka MMMNynbCOB NPOXOAUT TOMbKO AEeCATb pa3 B CEKyHAY.

BcecTopoHHMIA aHann3 6yaeT BKNHOYAaTh HECKOMBKO Nayvek MMMNyNbCOB, Tak Kak aHanuaa
O[LlHOW Nayku HegocTaToyHo. [oaTomy Ha cnepgytolwem atane obuiee Bpems
HabnogeHust coctaeuT 3 c. MNpu vyactote noBTopeHus 100 mc n Tpedbyemom
paspeLueHnn 400 nc NOHATHO, YTO AN1A aHanu3a noTpebyeTcs NCnonb3oBaHNe apxmea
OaHHbIX. [N Toro Ytobbl MakCMMM3MpoBaTb BO3MOXHOCTN OBHapYXXEeHWs!, a 3Ha4nT
YMEHBLUNTb BPEMS NPOCTOs!, NoTpebyeTcsa pexnm ynbTpacermentauun. Mpu anpuopun
N3BECTHOM NOCNeA0BaTENbHOCTY MMMYIIbCOB 3TO KAXETCS HENTOMMYHBLIM, HO NPW 3anucu
HEN3BECTHOWN NocnefoBaTeflbHOCTM UMNYNBbCOB C HEU3BECTHLIM BPEMEHEM MOBTOPEHUS
370 BaxHo. [Mpu paspewweHmmn 400 nc ¢ gnmHHoM 3anmcu 50 ThiC. OTCYETOB, TO €CTb
BpemeHu 3axBaTa 20 mkc ana 600 nayek nmnynbcoB. bes ucnonb3oBaHua pexuma
paboTbl C apXMBOM AaHHbIX, TPEOOBaHMSA K NaMATK 118 XpaHEeHWUs1 aHHbIX OyayT
onpeaeneHHo NpeBbIWaTh UMELLYIOCA NaMATh.

[nsa npoBepkn NpaBUNbHOCTU HACTPOEK BaXKHO 0OecneyvnTb 3axBaT BCeX AeTanen
curHana. Noatomy HauyanbHas YacTb nccriegosaHua RTO cocTouT B aHanmMse BpeMeHHbIX
meTok. CueHapuit ans nporpammbl MATLAB®, npuBeaeHHbIN B AaHHOM LOKYMEHTE (CM.
CTpaHuLy 28), npeaHa3Ha4YeH ansi NoyvYeHnss OTHOCUTENbHBIX METOK BPEMEHU OTAENb-
HbIX 3aXBa4YeHHbIX ocuunnorpaMmm. [JansHenwmn aHanm3 BpeMeHHbIX MeTOK (bonee
noapobHo cM. npurnoxeHue B Ha cTpaHuue 29), nonyyYeHHbIX C MOMOLLIbIO CLieHapust 4ns
MATLAB®, nokasbiBaeT, YTO BCE MMMYIbCbl 3aXBayeHbl J0IMKHBIM 06pa3somM.
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Mpumepbl npUMeHeHUA

2012-12-18
14:33:46

ontal settings

Performance
VPerfurmante

[ acquisition per frame
tion per second 10
per frame 0.09996

i

PucyHok 15 — Nayka umnynbcos

Ha pucyHke 16 nokasaHbl BpEMEHHbIE METKUN 3anncaHHbIX MMMNYNbCOB (21 nMmnynec) B
nHTepBarne 5 mMc, 3a KOTOPbIM CcrnegyeT Nepmog OTCYTCTBUS akTUBHOCTM B 95 Mmc,
KOTOpbIN HEe Noka3aH Ans nydwen HarnsggHocTn. Bo BTopbiX, BpeMeHHas pasHuua
MeXay NepBbIM U BTOPbIM UMNyrbcamun HeBenvka n coctaendaeT 20,29846 mkc. Tak Kak
Bpems 3axBarta (fs) coctaBnseT 20 MKC, BpEMEHHas pasHuua Mexay Bblibopkamu ¢
Homepamu -34 1 -33 ymeHbLuaeTcs Ha Bpems 3axeaTta 298 He (cMm. cTp. 29), uTo
3KBMBANEHTHO MMHMMM3MPOBAHHOMY BpeMeEHU NpocTos (f,). 3axBavyeHHbIE MMNYIbChI
cTonb GrM3KM ApYr K ApYry B OTAENbHbIX BbIOOPKaX AaHHbIX, YTO NpeacTaBnsioT cobomn
HaCTOSLLYIO CMOXHOCTb ANs paboTbl LmMdpoBoro ocuunnorpadal

0.101 -0 -0.099 -0.098 -0.097
Bpewms [c]

PucyHok 16 — 3anvcaHHble BpeMeHHbIE METKMN

Btopown atan — Bepudmrkauusi otaenbHblX UMNynbcoB. [na aHanusa TpebyemMbix
napameTpoB Monb3oBaTeNb MOXET UCMOMb30BaTb (PYHKLMIO U3MEPEHUI, B TOM Yucre
AN NonyvyeHns AnMTensHoCTN U aMnnnTydbl Mnynsca. Kpome Toro, nonb3osarterb
MOXeT ferko nNony4mTb OcTanbHble NapaMeTpbl B YacTOTHOWM obnacTu, Hanpumep,
nonocy nponyckaHus. [ns aToro HeodxoamnMo HacTpouTb yHKumMio MATH FFT npubopa
RTO Ha ueHTpanbHyto Yactoty 400 MIMy 1 nonocy o63opa 12,5 My, n npumMeHnTb K
CnekTpy dyHKLUI0 n3MepeHuin nonocel curHana "signal bandwidth". Onsa Toro 4tobbl
Nony4YnTb HaUny4yLwme pesyrnbTaTtbl, CUTHaN CTPOUTCS Kak yCpeaHEHHbIN C
NCMNONb30BaHMeM OKHa X3aMMUHra. 9TO OKHO PEKOMEHAYETCS K UCMOMb30BaHWIO A4S
CMHycouanbHbIX CUrHaNoOB B PyKOBOACTBE nonb3oBartens [4]. Ytobbl ybeautecs B
Hanu4yum cnekTpa wupuHon 3,5 MI'y Bokpyr Hecywen Yactotel 400 My ansa Bcex
ocuunorpaMM, nonb3oBaTenb MOXeT 406aBUTb MacKy U NPOBEPUTL STOT NapameTp
ANl BCeX UMNyrnbCcoB.
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Mpumepbl npUMeHeHUA

YKkasaHHas HacTpoWka nokasaHa Ha puUcyHke 17, Takke Kak u pesynbTaTbl U3MepeHUN
ANUTENBHOCTU UMMYNbCa U NOMOCHI MPOMNYCKaHUSA CUrHana B COOTBETCTBUM C ONUCAHHON
KoHurypaumen. Ytobbl NnpoBepuTb 9TV NapameTpbl AN BCEX OCUUNNIOrpamm,
nonb3oBaTernb MOXET NPOCTO HaxaTb knasuwy PLAY B okHe pesynbTtaToB History un
pexuM paboTbl C apXMBOM OAHHbIX NMOMYYUT BO3MOXHOCTb NPOBEAEHNS U3MEPEHUIA CO
BCEMU OCLMIorpaMMamMu B NaMsaTu.

B pesynbTtarte, MMMynbCbl BTOPOro U TPETbEro TUMOB MOKa3biBaKOT Npeanosaraemyto
AeBvaLMo cumynauuun. [ns umMnynbCoB NeEpBOro Tna OAMH TECT MO Macke B YaCTOTHOWN
obnacTn nokasbiBaeT NpeanonaraemMblin CABUM LEHTPanbHOM YacToTbl Ha 2 MITy (cm.
pucyHok 18). Takke namepsieTcs yMeHbLUEHHas nonoca nponyckaHusa 2 My,

B ntore, BbICOKOE pa3peLueHne No BpeEMEHU, a Takke ANMTenbHoe Bpems HabnogeHus
SABNSAOTCA KMNoYeBbIMY hakTopaMm ANnsa aHanmsa MMMynbCHbIX CUTHanoB BO BPEMEHHOM
n YactoTHoun obnactax. Ocuunnorpad RTO B nonHom mepe oTBe4aeT 3TUM
TpeboBaHusIM, KpOMe Toro, AN paboThbl 4OCTYMHbI PEXUM apxvMBa AaHHbLIX 1 60MNbLLION
Habop n3mepuUTEnbHbIX N KOHTPOMbHBLIX PYHKUUN, TAKUX KakK CTaHOAPTHBIN PEXUM
HenpepbIBHOro 3axeaTa gaHHbix unu pexmnm "RUN Nx SINGLE".
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Mpumepbl npUMeHeHUA

2012-12-19

. Completed
. Remaining
State

Acquisition hits
Fail rate
Test result

Amplitude fTime
measurement

Amplitude
Burst widtl

55.494 m¥ 55.494 m¥
13.007 ps

55.494 my
13.007 ps 13.007 ps

3.5226 MHz 3.5226 MHz 3.5226 MHz 5226 MHz 5226 MHz

PucyHok 17 — PaguonokaumoHHbIM uMnynbc Tuna 3

2012-12-19
13:26:29

' MaskTestl ™= |=%"
Acqg. Completed 1
Acq. Remaining 600
State

isition hits
Fail rate
Test result

Amplitude fTime
measurement

Amplitude 39.051 m¥ 39.051 m¥ 39.051 m¥ 39.051 m¥ 39.051 mY
Burst width 8.0089 ps 8.0089 ps 8.0089 ps 8.0089 ps 8.0089 ps

Spectrum
measuremen
2.0229 MHz

2.0229 MHz 2.0229 MHz

PucyHok 18 — PaguonokauMoHHbIM uMnynbc Tuna 1
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Mpumepbl npUMeHeHUA

4.3

BbisiBNneHMe nepemexarowmxcs cboen

BTopoli npumep NpuMeHeHUs1, Kak onucaHo B rnaee 1, 3TO oTnagka uMdpoBoONn Lenu ans
noncka nepemexaroLinxcs cboes. [1ns Takoro NPUMEHeHNs OKkasbliBaKOTCSA NOMNe3HbIMU
hyHKLMM MaCKM 1 3anycka v B JaHHOM pasgerne 3Tu yHkuun 6yayT onucaHbl 6onee
nogpo6bHo. [Insa co3gaHnsi UsMepuTenbHOM ycTaHoBKM ocumnniorpadg RTO
noakno4yaeTcs K AemMoHcTpaumnoHHon nnate RTO. Ha nnate nmeetcsa nctouHuk 10 My,
TTL-curnana gns popmupoBaHus PRBS-curHana, koTopbili ¢ MOMOLLbIO aKTUBHOIO
npobHuka (RT-ZS30) saxBaTbiBaeTcsa ans aHannsa RTO. Ha npumepe PRBS-curHana
OEMOHCTPUPYIOTCS CriyYanHble aHoManum curHana.

[nsa ueneHanpaBneHHOro NOMCKa elle HEN3BECTHOM OLLIMBKM curHana
OEMOHCTPaUMOHHON NnaThl C NOMOLLLIO ocumnnorpadga RTO nonek3oBaTens MOXeT
ncnonb3oBaTh TpexLlaroBblvi nogxod. [Ansg nokanusauum Bbixoda Ha NepPBOM Luare,
npnbop RTO otobpaxaeT uncposorn curHan npubopa B BUAE rna3koBon AMarpaMmmel,
ncnonb3ys OYHKLMIO NOCrecBeYeHns akpaHa. AHOManum Ha rnaskoBov guarpaMmve
NpMBOOAT KO BTOpOMY wwary. Habntogaemble aHoManum sIBASOTCA HE XapakTepHbIMM
nokasarensmu, a BCero nub nHankaTopamu. [ns yao6ctea MOXeET ObITb MCNOMNb30BaHa
knaeuwa AUTOSET, koTopasi KOHUrypupyeT ocuunnorpad 1 HacTpamBaeT 3arnyck
oTOOpaXXeHWsi rMa3koBOW AnarpaMMbl No AByM bpoHTam. Ha rnaskoBor guarpamme 4eTko
BMOHbI (PPOHTBI BBICOKOIO U HU3KOTO YPOBHEN LindpoBoro curHana. Ho B cepeguHe ectb
HeKoTopble BbIOPOCHI, HAa KOTOPbIE Mbl OOpaTVM BHUMaHWE Ha CreayHoLWEM Lware.

2012-12-17
09:12:26

v T Horizontal settings
Diagrami: Ch1 ! 7

PucyHok 19 — Nna3koBasi Amarpamma ¢ UCnosib3oBaHUeM hyHKLUM nocrnecBeveHUs

Ha BTOpoMm Lware nonb3oBaTtenb onpeaenseT Tpebyemble JONYCKM 3a4aHHON Mackv Ha
OCHOBaHUM CTaHAapToOB MHTepdeiica unn ocobeHHocTen npubopa. B aaHHOM npumepe
Mcnonb3yeTcsi NpocTas NPAMOYrofibHasi Macka, OCHOBaHHasi Ha 0COBEHHOCTAX
dopmupoBanus TTL-curHanos. MeHio mackm MoxeT OblTb BbI3BaHO, HanpuMep, ¢
nomotubto knaevwm "MASK" Ha nepegHen naHenu n No3BonsieT NofbL30BaTENO 3a4aThb
Tpebyemyto Macky. B naHHOM cnyyae, macka 3agaHa B guanasoHe [5;95] HC 1
[0,45;3,05] B. MNpu npumeHeHun aTon macku npmbop RTO 3axBaTbiBaeT cneumduyeckme
HapyweHus (cM. pucyHok 20) n otobpaxaeT CTaTUCTUKY Ha 3Ha4yKke curHana.

1TDP02_0Oe
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Mpumepbl npUMeHeHUA

2013-03-11
07:59:32

Diagraml: Chil I

Acq. Completed
Acg. Remaining
State

Sample hits
Acqui

Fail rate

Test result

2013-03-11
08:00:48

Acg. Completed
Acq. Remaining
State

Sample hits
Acquisition hits
Fail rate

Test result

PucyHok 21 — lMpuMeHeHne TecTMpOBaHUA NO Macke (ocTaHOBKa Ha cboe)
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Mpumepbl npUMeHeHUA

Ha pucyHke 21 nokasaHa ocTaHOBKa 3axBaTta AaHHbIX curHana npubopom RTO npu
HapyLleHun npeaenos Mmacku. Takas peakuns 6bina HacTpoeHa BO Bknaake "Event
Actions /Reset" meHi0 Macku. Ha kprBoOW 3axBayeHHOro curHana BugeH Bbibpoc
annTenbHocTbio okorno 10 He.

Ha TpeTbem Liare ucnonb3yeTcsa HakonneHHasi MHgopmauusa ¢ Tem, YToobl
nonb3oBarterb NONy4Ynn NPemMyLLECTBO OT onpeaeneHHbiX PyHKLMI 3anycka. B gaHHOM
cny4vae HacTpoeH pexum 3anycka GLITCH (no rmut4y, BbIGpOCy) No MMnynbcy
ONUTENBHOCTBLIO MeHee 25 HC, Tak Kak ToYHas AUTENbHOCTb BO3MOXHbIX BbIOpPOCOB
Heu3BecTHa. [Ins 3axBaTa TOMbKO OCLUIIOrpaMM € BbiIOpocamMu, YCTaHOBIEHbI XYL
pexum 3anycka "Normal" n paspewueHune 500 nc. YunTbiBas B3anMoCBS3N,
onpegerneHHole B rmase 4.1, annHa 3anucu coctasuT 100 ThiC. OTCYETOB, YTO MO3BONUT
3anucaTtb Npon3BosibHoe konnvecTBo 500-6uTHBIX Nnepuoaos. Ecnn nponcxoant coon,
TO MHTEPECHO, YTO NPOMCXOAUIO 40 3TOro cbosi, NOITOMY TOYKa Havyana 3anycka B
npuMepax Ha pUCyHke 22 1 pucyHke 23 yctaHoBneHa kak 98% oTobpaxeHus.

Ccbinasce Ha rnaBy 4.1, BHUMATENbHbIN NOMb30BaTENb JOMMKEH NPOBEPUTL O6BLEM
apxmBHoW namaTu. [ins gaHHon koHdurypauum ocumnnorpad co ctaHaapTHON NaMATbIO
XpaHeHus AaHHbIX 20 MIH. OTCYETOB Ha kaHan 6yaeT nogaepKusaTb 06GBbEM apXMBHON
namaty 800 ocumnnorpaMmm ans vYetbipexkaHanoHoro npnbdopa RTO. MNonb3oBatenb
MOXET yKa3aTb KONIMYECTBO OCLUIIIIOrPaMM, KOTOPbIE AOIMKHbI ObITb 3anncaHbl B OKHE
ynpasrneHusi 3anyckoM. Mpu KoHdurypauum 3anycka no rnutyy, 3axeaT JaHHbIX
ocumnnorpaMmmbl 6yaeT HaunMHaTbCS TONBbKO MPU BO3HUKHOBEHMM BbiOpoca (rnutya).

2012-12-13
09:57:08

Horizontal settings

t
1/at  7.662835.

2oom1: Chi

[ P \-.1"\.4.4.....;} Ih‘h"‘"‘"""‘i‘l‘ﬂ ‘-.,.....,..,.1‘;; IM...i
i

Amplitude fTime
measurement

100.43 ns 400.41 ns 100.26 ns 150.37 ns 187.39 ns 115.07 ns
Neg. pulse 99.564 ns 199.54 ns 99.564 ns 116.26 ns 122.08 ns 38.32 ns

PucyHok 22 — OTnagka ¢ NOMOLbI0 peXxuMa paboTbl C apXMBOM AaHHbIX

Mocne 3aBepLueHNs 3axBaTa AaHHbIX NOMb30BaTeNb MOXET NPUMEHUTb OFPOMHbIV
Habop cdyHkumMI aHanu3a. B gaHHom criydae npnbop RTO paboTtaet ¢ 500-6utHbIMK
WHTEepBanamMm Ha OCLMIIIOrpaMmMy (CM. BEpXHEe OKHO PUCYHKa 22), Npu yBeNn4YeHum
mMacwTaba okHa ByaeT nokasaH BbIGPOC, a ANst UBMEPEHUSI €0 XapaKTepUCTUK
npumeHseTcs kypcop. MiameHsas 3HayeHme nons "Current acq”, Hanpymep, ¢ NOMOLLBIO
I'IOBOpOTHOI7I PYy4KHn, nonb3oBaTesib MOXeT NPOCKaHMpOoBaTb ocuunnorpaMmmbl. 10T
cnocob ynpaeneHus RTO no3sonseT nonb3osaTtento nogpobHO npoaHanuanpoBaTb
NPUYNHY NOSIBNEHNS BbiIOpoca B MOTOKe COBpaHHbIX AaHHbIX Y NOMYYNUTb BbICOKYHO
cTeneHb JOCTOBEPHOCTM MPKW 3axBaTe BCeX nepemMexaroLumxcs cboes.

1TDP02_0Oe
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Mpumepbl npUMeHeHUA

Kpome HenocpeacTBEHHOro aHanu3a nonb3oBaTtenb Takke MOXeET UCMOMNb30BaTh ONLMI0
RTO pna cratnyeckoro aHanusa cobpaHHbIX AaHHbIX B ha3e noctobpaboTku.
Hanpumep, dyHKUUN N3MepPEHUI NOKaXYT ANUTENbHOCTb NONOXUTENbHbIX U
oTpuLaTenbHbIX MMMYNbCOB ANS BCEX MMMYNbCOB B KaXO0W 3axBavyeHHOM
ocumnnorpamme 1 gns scero Habopa ocuunnorpamm. Kpome Toro, nonb3oBaTenb
MOXET aKTMBUPOBaTb OTODpaxXeHne rmctorpamMmmbl A51s BCEX 3TUX 3HAYEHUI, BKNOYas
cTtaTncTuky. Ecnu nonb3oBaTtenb CKOHUrypupyeT aTy pyHKUMIO, TO BOCNPOU3BEAEHUE
APXMBHBIX AaHHbIX AOMOJHUT CTAaTUCTUYECKME AaHHbIE.

Ha pucyHke 23 ocumnnorpad RTO oTtobpaxaeT ykasaHHble yHKLUN N3MEPEHWI B
HWXHUX OBYX OKHax. /3 cTaTncTukm BUGHO, YTO yy4TeHsbl Bce (401) ocumnnorpaMmmel, 1
YTO MUMHUManbHas ANUTENbHOCTL Bbibpoca cocTtaBnseT 9,5 He. OT0 3HaYeHre MoXeT
ObITb ONpeaeneHo ¢ BbICOKOM CTENEHbIO LOCTOBEPHOCTU, Tak kak npmbop RTO 6bin
HaCTPOEH Ha 3axBaT UMMNYbCOB ANUTENBHOCTLIO A0 25 HC, a annapaTHO MOXeT
OeTeKTUpoBaTb UMNYNbCbI AnuTenbHocTbo? Ao 100 nc. Ha ructorpamme anvTenbHOCTU
UMNYNbCOB NoKa3aHbl oTAenbHble cTonbubl Ha 100 HC M KpPaTHBLIX 3HAYEHUSX,
B3BELUEHHbIEe No YyacToTe nosisneHmn 6onee yem ans 50000 nmnynscos.

2012-12-13
10:02:38

. Horizontal settings
Diagraml: Chi " Kb

,." |\~—-~«I g

*

Chiwfmi (5

Amplitude fTime
measurement

100.33 ns 1.8004 ps 10.342 ns 199.21 ns 244.28 ns 141.38ns 50380
Neg. pulse 99.578 ns 1.4997 pus 9.5137 ns 197.54 ns 242.71 ns 141.02 ns 50371

w Diagram2: Meas1
|
|
|
|
|

PucyHok 23 — OTnagka ¢ NOMOLbI0 peXuMa paboTbl C apXMBOM AaHHbIX

Tak e kak B npumepe, onncaHHoM B pasgene 4.2, BpeMeHHble METKU 3arpyxaroTcs,
aHanu3npylTca 1 0TOBPaXKaloTCA Ha PUCYHKe 24. BpeMeHHas pasHuua mexay
BbIbpocamu, oTobpakeHHbIMU KpacHbIM LLBETOM, B 3aBUCUMOCTM OT Yucna
BO3HWKHOBEHWS COObITMI. M3 gaHHOro rpadpmka CTaHOBUTCS SICHO, YTO BbIGPOCHI
BO3HMKaIOT Yepe3 ABe 1 Tpy cekyHabl. OgHaKo noka HENOHATHO, CAyYanHO n
pacnpefeneHa BpeMeHHas pasHuua Mexay 3HavyeHuammn 2 n 3 c.

250 nc ana RTO-1044
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Mpumepbl npUMeHeHUA

BTopas ructorpamma Ha Tow e camol ocu, OTOBpaXeHHas CUHUM LiIBETOM, NokasbiBaeT
BPEMEHHYIO pasHULy Mexay KaxablM BTOpbIM BbIBpOCOM. OTa ructorpamma
NnokasbIBaeT, 4YTO BbIOPOCHI pacnpeneneHsl nonepeMeHHo mexay 2 n 3 ¢ ¢
nepuoanyHocTbIo 5 ¢. BTopon rpacdhmk Ha pucyHke 24 nokasbiBaeT C yBENMYEHHbIM
paspeLleHnem aTy ructorpaMmmy u otobpaxaeT pacnpeneneHme oTHOCUTENbHO
cpeaHero 3HayeHue. 34ech YeTko BUAHO HEYCTOMYMBOE pacnpeaeneHne BbiI6poCcoB.

AHanus BpeMeHHbIX MeTOK AHanus BpeMeHHbIX MeTOK

500 30

25
= 400 -
3 3

L_g g 20
8 300 8

o o 15
2 :
8 200 8

T g 10
s s
S 100 8

= x 5

0 0

1 2 3 4 5 6 -2 -1 0 1 2

3apepxka mexay BbiGpocamu [c] HopmanusoBaHHas 3agepxka Mexay
ABYMs Bblopocamu [MKc]

PucyHok 24 — AHanu3 BpeMeHHbIX MeTOoK

MpuHsaB BO BHMMaHMe Bce Bpemsi HabntogeHus, 1000 ¢, nonb3oBaTeNb MOXeT
3aMeTUTb, YTO UndpoBon ocumnnorpad He cnocobeH 3axBaTbiBaTb TaKMe CUrHarnbl C
BbIBpaHHbIM paspeLleHmem 3a OAMH LMK 3axBaTta AaHHbIX. Takum o6pasom,
NCNonb30BaHne pexnma paboTbl C apXMBOM AaHHbIX CTAHOBUTCS 00A3aTenbHbIM ANst
yrnybneHHoro aHanmsa. Pexum paboTbl C apXMBOM AaHHbIX HE CBOAUTCH K ABYM
OMUCaHHbIM BhbILLE MpMMepaM NPMMEHEHUS; MONb30BaTENb MOXET Takke NCMNOoMb30BaTh
3TOT PEXMM ANS aHanM3a nocrneaoBaTeNbHbIX UMW NapannenbHbIX NPOTOKOSOB B
KOMOWHaLUKM ¢ onumen cMmellaHHbix curHanos MSO.

1TDP02_0Oe
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3aknwyeHune

5 3aknoyeHune

Pexum paboTbl ¢ apxnBom AaHHbIx ocuunnorpadga RTO no3sonseT none3oBartento
Nony4YnTb OOCTYN K AAaHHBIM, COBpaHHbIM paHee U NPUMEHUTb LLUMPOKUA CNEKTP OYHKLINIA
aHanu3sa npubopa RTO. BpemeHHbIe COOTHOLLEHUS Mexay coObpaHHbIMY AaHHbIMU
COXPaHSIOTCSA U MOTyT ObITb MCMONb30BaHbI B KAYECTBE OCHOBbI ANS NMOCEAYLWEro
aHanuaa.

Bonee Toro, atot peXnm cMdardaeT BHyTpeHHEE NpoTuBopedne mexay BbICOKOWN
yacToTomn AOncKpeTnsaumn n anntenbHbiM BpEMEHEM HabntogeHus. B HEKOTOpPbIX
cny4vyasax MOXHO NoJ1y4nTb 60]'IbUJyI'O noJib3y NMpu NCNosib30BaHUN pexnma paGOTbI C
apXMBOM OaHHbIX, B TOM YuUCIe, B JaHHbIX YKa3aHUAX No NpUMeHeHUIo npeacrtaBiieH
aHanm3 AByX BO3MOXHbIX HpMMeHeHMVI.

MHorouncneHHble BO3MOXHOCTM 3anycka npnbopa RTO no3sonsoT nonb3oBartento
CchOKYCMpOBaTb BHUMAHME Ha BaXHbIX AeTansax aHanumsa 3a CYeT CenekTMBHOCTU
3anvcu. bonee Toro, ocumnnorpad RTO obecneuvmBaeT adhdPekTnBHOE MCNONb30BaHNe
apXUTEKTYPbl NaMSATU, LUMPOKNIA BbIBOP PYHKLUIA TECTUPOBAHMSA N N3MEPEHUI NS
aHanusa nosy4eHHbIX ocuunnorpamMM. Kpome Toro, HenpepbiBHast OCb BPEMEHU
No3BoNSET Nofb30BaTENO pacUMpATb BpeMs HabnoaeHVs 3a npeaernbl BO3MOXHOCTEW
XpaHeHns cobpaHHbIX AaHHbIX. B Lenom, onucaHHble 0COGEHHOCTM AenatT PEXnM
paboTbl C apXMBOM AaHHbIX BaXHbIM MHCTPYMEHTOM, Harnpumep, 4N oTnaaki
LUMdPOBBIX CXEM M aHann3a peakvMx nepemexarownxcs CUrHanoB Unu gaHHbIX
nocregoBaTtesibHbIX NPOTOKOMOB. MNMpuMeyaTensHO, YTO pexumM paboTbl C apXMBOM
OaHHbIX SIBNSieTCcs cTaHaapTHOM doyHKumen npudopa RTO.

MATLAB® aBnsieTcs 3aperncTpMpoBaHHOl TOProBow mapkon komnaHum MathWorks, Inc.

R&S® aBnaeTca 3aperncTpmpoBaHHOl TOproBoi mapkoi komnaHun Rohde & Schwarz
GmbH & Co. KG.
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MpunoxeHus

[TpnnoxxeHuns

A MpunoxeHue A

Hwxe npuBeaeH nporpamMmmHbiit kog ana cuctembl MATLAB®, koTopbliit Obin
MCNONb30BaH ANA Nony4eHus MHpopmaLnm 0 BpeMEHHbIX MeTKax, 3anMcaHHbIX
npnéopom RTO ocumnnorpamm ans ganbHenwero aHanmsa. lNpumepbl aHanmsa
obcyxpatotcs B pasgenax 4.2 n 4.3.

1 %% —--—— VYcraHOBJIeHMe coenamHeHus c¢ RTO ----

2 RTO = visa('ni', 'TCPIP::10.113.10.39");

3 RTO.Timeout = 10;

4 fopen (RTO) ;

5 % 3anpoc M OoToOpaxeHMe NOAKJIOUEeHUs MHCTpyMeHTa ID String
6 fprintf (RTO, '*IDN?'); disp([' ID: ' fscanf (RTO)])

7 % Pabora C pexmMmoM paboTH C apxXMBOM IaHHEIX RTO

8 % — IOoJIydeHUe UMenlerocs KOJIMYeCTBa COOPaHHBIX HaHHBIX
9 % — IOJIydeHUe BPEeMEeHHHIX MeTOK IJiI COOPaHHBEIX HaHHBIX
10 %% ---- xoupurypaums RTO ----

11 % BxJyoueHMe pexmuMa paboTel C apXMBOM HaHHEIX

12 fprintf (RTO, ':CHANnel:WAVeform:HISTory:STATe 1');
13 % losyuyeHMe HOOCTYMHEIX COOPAHHEIX IAaHHBIX M BHIBOX IAHHBIX
14 nofAcqg = str2num(query(RTO, 'ACQuire:AVAilable?'));

15 fprintf('\n \n');
16 fprintf ('Number of available acquisitions: %i\n', nofAcq);
17 fprintf (' \n\n");

18 % cosnmaHMe MaccuBa
19 timeStampRel = zeros (nofAcqg,1l, 'double');
20 % [oJlyuyeHMEe BPEMEHHHX METOK IJis COOPAaHHEIX IaHHBIX ¥ BHBOI IaHHBIX

21  for idx = - (nofAcg-1):0

22 fprintf (RTO, 'CHANnel:WAVeform:HISTory:CURRent $%i', idx);
23 fprintf (RTO, '*OPC?'); [~] = fscanf (RTO);

24

25 fprintf (RTO, 'CHANnel:WAVeform:HISTory:TSRelative?');

26 timeStampRel (nofAcqg + idx) = str2double (fscanf (RTO)) ;

27 fprintf ('Acquisition %$i\t%9.7f\n',...

28 idx, timeStampRel (nofAcg + 1idx));

29 end

30 % 3BakpelTMEe COeOUHEHUS

31 fclose (RTO);

32 $ coxpaHeHMe NaHHEIX IJd HajbHelmer obpaboTku
33 save timeStamp.m timeStampRel;
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MpunoxeHus

B lNpunoxeHue B

B Tabnuue 3 nokasaHoO MOAMHOXECTBO NMOSTyYEHHbIX BPEMEHHbIX METOK 3anMCaHHbIX
ocumnnorpamm. B nepeom ctonbue cogepxuTtcs nHaekc cobpaHHbIX AaHHbIX, BO
BTOPOM — COOTBETCTBYIOLLIASA MeTKa BpeMeHu. Pe3ynbTaTt noctobpaboTkuy,
nob6aBrneHHbIN B TPETbEM CTONOLE, NOKa3biBAET BPEMEHHYIO pa3HULLY MEXAY OBYMS
COCeaHNMWN BPEMEHHbLIMU METKaMMU

TekyLwmin Homep OTHOCUTENbHAst BpEMEHHast BpemeHHas pasHuua [MKC]
BbIGOPKM MeTKa [c]
(Current acq,)
-34 -0,196799628 95179,52141
-33 -0,101620106 20,29846
-32 -0,101599808 79,99993
-31 -0,101519808 79,99977
-30 -0,101439808 79,99997
-29 -0,101359808 79,99973
-28 -0,101279808 79,99995
-27 -0,101199808 79,99975
-26 -0,101119809 79,99997
-25 -0,101039809 79,99973
-24 -0,100959809 79,99995
-23 -0,100879809 479,99913
-22 -0,10039981 399,999143
-21 -0,099999811 399,999356
-20 -0,099599811 399,999145
-19 -0,099199812 399,999356
-18 -0,098799813 399,999161
-17 -0,098399814 399,999166
-16 -0,097999814 399,999351
-15 -0,097599815 399,99915
-14 -0,097199816 399,999373
-13 -0,096799817 95179,52106
-12 -0,001620296 20,298469
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AndaBuTHbIN yKa3aTenb

AndbaBUTHbIW YKa3aTersb

AL (ADC)

AHanoro-umdpoBoi npeobpasoBaTesb MCBM (PRBS) .
(Analog Digital Converter)...........c.cccoevvreeniene. 5,6 lcespocnyaiHas ,6”T°Ba;' NOCNeAoBaTeNbHOCTL
(Pseudo Random Bit Sequence)...........cccccecvvecunennen. 21
JIYM (LFM)
JlnHeHas YyacToTHasa MoaynAuma T (TTL)
(Linear Frequency Modulated)...............cccocoveen... 17 TpaH3nCTOpHO-TPaHINCTOPHAA NoTMka
(Transistor—Transistor LOgic)..............ccovereeriieennn. 21
Mamate DRAM
[nHamnyeckas onepaTMBHas NamsaTb
(Dynamic Random Access Memory).........c.......... 11
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UHdopmauma ans 3akasa

[ VIHpopmauua ong 3akasa

LindpoBbie ocuunnorpadbl

600-MIu, 2 kaHana R&S®RTO1002 1316.1000.02
10 mnpa. otcyeTos/c, 20/40 MrH. OTCYETOB

600- Mlu, 4 kaHana R&S®RTO1004 1316.1000.04
10 mnpa. otcueTos/c, 20/40 MrH. oTCYeTOB

1 Tu, 2 kaHana R&S®RTO1012 1316.1000.12
10 mnpa. otcueTos/c, 20/40 MrH. oTCYeTOB

1 Tu, 4 kaHana R&S®RTO1014 1316.1000.14
10 mnpa. otcyeTos/c, 20/80 MrH. oTCYeTOB

2Ty, 2 kaHana R&S®RTO1022 1316.1000.22
10 mnpa. otcyeTos/c, 20/40 MrH. OTCYETOB

2 Ty, 4 kaHana R&S®RTO1024 1316.1000.24
10 mnpg. otcyeTos/c, 20/80 MNH. oTcHeTOB

4 Tu, 4 kaHana R&S®RTO1044 1316.1000.44

20 mnpa. otcyeTos/c, 20/80 mMnH. oTcyeToB

100 MAH. OTCYETOB Ha KaHan

[OononHuTenbHasi NaMATb, R&S®RTO-B101 1304.8428.02
50 MIIH. OTCYETOB Ha kaHan
[OononHuTenbHasi NaMATb, R&S®RTO-B102 1304.8438.02

CMmelLaHHble curHansi, 400 My,
5 mnpa. otrcueToB/c, 16 kaHanos,
200 MnH. OTCYeTOB Ha KaHan

R&S®RTO-B1

1304.9901.03
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O komnaHum Rohde & Schwarz

Rohde & Schwarz npeactasnsieT cobol He3aBucu-
MY Fpynny KOMMaHWRA, CneumManmuampyoLLyocs Ha
NPOU3BOACTBE 3NEKTPOHHOro 060pPYAOBaHUS.
Rohde & Schwarz aBnseTtcsa BegyLwmm nocTaBLLmW-
KOM KOHTPOJIbHO-U3MEPUTESIbHBIX CUCTEM U MpK-
0opoB, 0bopynoBaHWA Anst Terne- 1 paguoBeLLaHns,
CMCTEM PagUOMOHWUTOPVWHIA U paguoneneHrauum, a
TaKke cmctem NpodeccnoHanbHoOn pagnocBasmn
cneuuanbHoro HasHa4veHusi. Rohde & Schwarz
ycnewHo paboTaeT yxe 75 neT, npeacTaBUTENb-
CTBa U CEPBUCHbIE LIEHTPbI KOMMAHWM HAaXoaATCs B
6onee yem 70 cTtpaHax. [onoBHoW oduc KoMNaHum
pacnonoxeH B MioHxeHe, ['epmaHus.

O6si3aTenbLCTBa NO OXpaHe OKpyXalolen cpeabl
e JHeprocbeperatoLume msgenus
e [locTOsiHHOE yny4lleHUe 3KONOrm4yeckon
YCTONYMBOCTH
e CepTudmumpoBaHHasa cuctema
akonormyeckoro meHegxkmeHTa 1ISO 14001

Certified Quality System

1SO 9001

KoHTakTbl B permoHax

EBpona, Adpuka, BrnivkHnin Boctok

+49 89 4129 12345
customersupport@rohde-schwarz.com
CeBepHast AMepuka

1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com
JlatnHckas Amepuka

+1-410-910-7988
customersupport.la@rohde-schwarz.com
A3nsa/Tuxuii okeaH

+65 65 13 04 88
customersupport.asia@rohde-schwarz.com

Kntan
+86-800-810-8228 /+86-400-650-5896
customersupport.china@rohde-schwarz.com

[aHHbIN JOKYMEHT 1 NOCTaBMsieMble NPOrpaMMbl MOFYT
NMPUMEHATBLCS TONMBKO Npu cOBNAEHUN YCITOBUIA, U3M0-
YXeHHbIX B 0bnacTu 3arpy3ku Beb-canta Rohde & Schwarz.

R&S® siBnseTcsa 3aperncTpmpoBaHHbIM TOBapHbLIM 3HAKOM
koMnaHun Rohde & Schwarz GmbH & Co. KG. ToBapHble 3Haku u
TOProBblE MapKy NPUHAAJIEXaT COOTBETCTBYIOLMM BriagesbLam.
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