[TpenmyLiecTBa LMPPOBON CUCTEMBI
3anycka ocuunnorpada R&SeRTO

YKazaHus no npuMeHeHuIo

U3penus:

| Umdposon ocumnnorpad
R&S®RTO

3anyck (CMHXpOHM3aLKs) — KnoyeBast
dyHKUms ocumnnorpada. OH cnyxuT ans
3axBaTa 0cobbix COObLITUN cUrHana ¢ Lenbio
nogpobHoro aHanmsa n obecneynsaeT
cTabunbHoe HabnoaeHve 3a
NOBTOPSOLLMMUCS CUTHANAMM.

HauuHas ¢ nsobpeteHuns B 1940-x, cucrema
3anycka ocuunnorpaca npetepneBana
NMOCTOSIHHbIE YCOBEPLUEHCTBOBAHUS.
MonHocTbIO UndpoBas cMcTtemMa 3anycka
uncbpoBbIx ocuunnorpacdo R&S®RTO
CTaBWUT HOBYIO BEXY B €e UCTopuu, Npeaoc-
TaBNAs 3HAYMTENbHbIE NPenMyLLecTBa
nonb30BaTesNto N0 TOYHOCTU U3MEPEHWM,
NNoTHOCTM cbopa AaHHbIX U
dPyHKUMOHArBHOCTH.

B maHHOM OoKymMeHTe paccka3aHo O
npyHUMnax paboTbl 06bI4HOM CUCTEMBI
3arycka v nokasaHbl npeumMyLlecTsa
LUMpOoBOro 3anycka B peanbHOM Maclutabe
BpeMeHu B ocuunnorpadax cepumn RTO.
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MpuHUMnbl paboTbl 06bIYHON CUCTEMBI 3anycka

1 MpuHumnbl paboTbl 00bIMHOM CUCTEMBI 3anycKa

1.1 BaxXHOCTb cMCTeMbl 3anyckKa ana ocuunnorpacdcpa

Cuctema 3anycka ocuunnorpaga o6bl4HO BbINOMHAET ABE YHKLMN:

1. ObGecneyeHune cTabunbHOro oTobpaxeHus

M306peTeHne cucTembl 3anycka (CMHXPOHM3aLMM) Bbino NpopbIBOM AJ1s
ocumnnorpadoB kak cpeacTs OTNagKM NPU NPOEKTUPOBAHUMN 3NEKTPOHHbBIX U
anekTpunyeckmx yctporcTs [1]. Cucrtema 3anycka rapaHTMpyeT cTaburnbHoe
oTobOpaXkeHne CMrHanoB Npv HeMpepbiBHOM HabNo4EHMN NMOBTOPSIOLLMXCS CUTHamMoB.

2. OTobpakeHue 0cobbix XapaKTepuUCTUK curHana

CucTema 3anycka MOXeT pearnpoBaTtb Ha BblgereHHble cobbiTus. 310 yaobHo ans
nokanuaaummn n oTobpakeHUs1 TakMx 0COOLIX XapakTEPUCTUK CUrHana, Kak
HeQOCTUrHyTble nornyeckue yposHu ("Runt"), nckaxeHus curHana, Bbl3BaHHbIE
nepekpecTHeIMM Nnomexamu (Hanpumep, "Glitch"), nonorne dpoHTel ("Rise time") unu
HeBepHasa CUHXPOHU3aumsa mexady kaHanamm ("Data2CIk"). U3 roga B rog Habop
COObITMI 3anycka 1 TMOKOCTb HACTPOWKKN 3anycka HeNMpepbIBHO COBEPLLEHCTBOBAMUCh.

TOYHOCTL CUCTEMBI 3anycka, Kak n ee rMOKOCTb, onpeaenarT Ka4eCcTBO OT06pa)KeHI/IF| n
aHanuma3a namepdaemMmoro cumrHana.

1.2 Peanusauus oObIMHOW CUCTEMbI 3arnyckKa

B HacTosiLLee BpeMsi GOMNbLUMHCTBO ocLuMInorpadoB SBNSOTCS LMPOBLIMU B TOM CMbICIE,
YTO M3MEPSIEMbIV CUTHAI AUCKPETU3UPYETCH U COXPAHSIETCS B BUAE HEMPEpPbIBHLIX Cepuii
LMppPOBLIX 3HAa4YeHMn. TeM He MeHee, cucTeMa 3arycka, KoTopasi OTBETCTBEHHA 3a
[eTeKTpoBaHWe cobbITUS cUrHana, Bce elle SIBNAETCA aHanoroBo Lerbto, kotopast
obpabaTbiBaeT UCXOOHbIN M3MepsieMblii curHan. Ha pucyHke 1 nokasaHa ynpolleHHast
Grok-cxema umdpoBoro ocuunnorpada.
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PucyHok 1 — YnpouweHHasi 6510k-cxeMa yughpoeoz2o ocyusiozpagha ¢ aHaso208biM 6JI0KOM 3anycka
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MpuHUMnbl paboTbl 06bIYHON CUCTEMBI 3anycka

1.3

BxogHow ycunutens ncnons3yeTcsa Ans perynnpoBkM YPOBHA N3MEPAEMOro curHara Tak,
4yTOObI €r0 amMmnnMTyaa cooTBeTCTBOBana paboyemy agmanasoHy AL 1, cooTBETCTBEHHO,
oTobpaxeHuto Ha ocumnnorpadge. OTperynnpoBaHHbIA CUrHan € Bbixoda yCunutens
napannensHo nepenaetcsa Ha ALM u B cuctemy 3anycka. B ogHom Tpakte AUIT anckpe-
TU3NPYET U3MepsieMbln CUrHan, n oungpoBaHHble 3HaYEHNS OTCHETOB 3aNuCLIBAKOTCS B
namsiTb. B Apyrom TpakTe cuctema 3anycka cpaBHUBAET CUrHan ¢ AeNCTBUTENbHBIMU
cobbITnAMM 3anycka (HanpvMMep, nepeceyeHne nopora npu 3anycke Tuna "Edge").

Mpy BO3HWKHOBEHWW OENCTBUTENBHOMO YCNOBUS 3anycka 3aBepLuaeTcs 3anncb OTCHETOB
AL, a nony4eHHbI curHan obpabaTbiBaeTcsl M BbIBOAWUTCSA Ha akpaH. Ha pucyHke 2
nokasaH npumep 3axBaveHHoro u otobpaxaemoro curHana. OundpoBaHHblE TOYKU
oTcyeToB U3 AL nomeyeHbl Ha curHane kpyxxkamu. [na gaHHoro npuMmepa npuMeHseTcs
cobbiTre 3anycka "Edge" no HapacTtatowemy dpoHTy. [lepeceyeHune ypoBHs 3anycka
N3MepPEHHbIM CUrHaroM NPUBOAUT K BO3HUKHOBEHWIO AENCTBUTENBHOMO COOLITMA 3arnycka.

MonoxeHue 3anvcka

YpoBeHb 3anycka

OTtcueTnbl |

A /’\/ : |
il N

PucyHok 2 — [Ipumep usmepsieMo20 cugHasa ¢ omc4yemamu ALIT u moukoul 3anycka

Hepoctatku aHanoroBom cucTeMbl 3anyckKa

[ns ToyHOro oTobpaxeHus curHana Ha ceTke ocuunnorpada Heobxoanma ToYHas
CUHXPOHM3aUMst TOYEK 3anycka rno spemeHn. Ecnv oueHka BpeMeHu 3arycka HeTovHa, TO
oTobpaxaeMblil cUrHan He nepecekaeT TOUKY 3anycka (TOYKy nepeceveHus ypoBHS
3anycka v noroxeHusi 3aanycka) Ha gnarpamme. CooTBETCTBYIOLLMIA NpUMep NpyBeAeH Ha
pucyHke 3.
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MpuHUMnbl paboTbl 06bIYHON CUCTEMBI 3anycka

MonoxeHune 3anycka

| |
| MorpelwHocTs nonoxeHus sanycka %

YpoBeHb 3anycka

PucyHok 3 — lpumep Hecoomeemcmeusi Mex0y omobpaxxaeMbIM CU2HASIOM U ¢hakmu4ecKkoli mo YKol
3anycka

HeTo4yHoe nonoxeHue 3anycka MOXeT ObITb BbI3BaHO CEAYIOLUMN MPUYNHAMU:
1. HeTouHoOe nsmepeHue poHTa curHana sanycka

B cucteme 3anycka nsmepsieMblii CUrHan cpaBHMBaETCS C NOPOroM 3arnycka ¢
nomMoLyblo kKomnapartopa. CMHXpPOHM3aUmMs PpoHTa Ha BbIXOo4e KoMnapaTopa LOShKHA
Npou3BOANTLCA O4YEeHb TOYHO. [Ins 3TOro Mcnonb3yeTcs npeobpasoBaTenb «BpeMsi-
uncposon kog» (TDC). HeTouHoCTb pesynbtaToB TDC 3aknoyaeTcsa B CABUre
OTOEeNbHO 0TOOpakaeMbIX CUrHaNoB OTHOCUTENBHO TOYKM 3anycka. CnydaiiHas
cocTasngiowas norpewHoct1 TDC npnBoAUT K U3MEHEHUIO AaHHOro cABura npu
Ka)kgoM COObITMM 3arnycka, YTO BblIpaXXaeTCsl B [)KUTTEPE 3arnycka.

2. WCTouYHMKM cucteMaTnU4eckmnx HOFpeLUHOCTeVI B TpaKTax namepdemoro curHana

MNamepsiemblii curHan obpabaTtbiBaeTcs B ABYyX pasHbiX TpakTax — B TpakTe cbopa
AaHHbIX ¢ LIAM v B TpakTe 3anycka (pucyHok 1). Oba TpakTa BHOCAT pasnvyHble
TNMHENHbIE N HENUHEHbIE MCKaXKeHWs!, KOTOpble NPMBOAST K CUCTEMATUYECKOMY
HecoBMaAeHNio oTobpaxkaeMoro curHana u 3agaHHomn Touku 3anycka. B xygwem
cryyae cucTema 3anycka MoXeT He pearMpoBaTb Ha AeiCTBUTENbHbIE COBObITUS
3anycka, XOTsl OHW BUAHbI Ha 3KpaHe, U cUcTeMa pearMpyeT Ha cobbITUs 3anycka,
KOTOpble He MOTyT GbiTb BEPHO 3axBaveHbl M 0TOBpaXKeHb! B TpakTe cbopa AaHHbIX.

3. WcTo4HuKM wyma B TpakTax namepaemoro curHana

[ga TpakTta, k ALl 1 kK aHanoroson cucteme 3arnycka, cogepxaT ycunutenu ¢
PasnuYHbIMU UCTOYHMKaMM LUYMOB. VX BNUSHME NPUBOOUT K 3adepXXKam 1
kornebaHuaM aMmnnuTyabl, YTO NPOSIBNSAETCA B BUAE CABUIOB NMOJTOXEHMS 3anycka
(oxuTTEp 3anycka) Ha akpaHe ocuunnorpada. hkuttep 3anycka otobpaxkaeTcs B
MpaBoK YacTu PUCYHKa 4 B BUAE LUMPVIHbBI U BbICOTbI HANOXXEHHbIX CUrHAMNBbHbIX
KpuBbIX. B nneBon Yactu pyucyHka 4 nokasaHo, YTO J)KMTTEP 3anycka NposiBrsieTcs B
BMAE CMyYanHbIX BEPTUKANbHbLIX U FOPU30OHTaNbHbIX COBUIOB OTHOCUTENBHO
naeanbHOro NOMOXEHNsT TOYKM 3anycka.
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LindpoBas cuctema 3anycka
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PucyHok 4 — [pxummep 3anycka npu HaKon/eHUuU HeCKONIbKUX CU2Ha/oe
B cne,qyrou.l,elh rnase onuncaHa peann3auna CUCTeMbl 3arnycka, BbINONTHEHHON B LI,I/ICprBOM
Buge. Lll/l(prBaﬂ Cucrtema 3anycCka He cooepXxnTt I'IOFpeLIJHOCTeIZ, ONnncaHHbIX paHee, Uu,

TakMM o6pa3oM, obecneunBaeT 6onee TOYHbIN NOAXOA K peanuaaummn cucTembl 3anycka
ocuunnorpacda.

2 Linpposas cuctema 3anycka

2.1 KoHuenuua cuctembl uudppoBOro 3anycka

Ha pucyHke 5 npmBegeHa ynpolleHHasa brnok-cxema LmcpoBoro ocumnnorpada c
CUCTEMOW LNpOoBOro 3anycka.
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Cuctema
3anycka [MonoxeHue curHana Ha akpaHe

PucyHok 5 — Briok-cxema yughpogozo ocyusuiozpaga ¢ cucmemol yughpoeo2o 3anycka

B oTnuumne ot aHanoroBomn cuctemsl 3anycka cuctema umdpoBoro 3anycka paboraet ¢
otcdetamu ALM Hanpsamyto. MamepsieMbii curHan He pa3bvBaeTcs Ha ABa TpakTa.
Takum obpasom, cuctema LMdPOBOro 3anycka obpabaTsiBaeT curHarn, MAEHTUYHbIN
3axBa4yeHHOMY 1 OTODOpaeHHOMY. HegoctaTkm aHanoroBon cUCTEMBbI 3anycka,
onucaHHble B rnase 1.3, ycTpaHeHbl 3a CHET ONMMCaHHOW peannsaumu.
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LindpoBas cuctema 3anycka

2.2

[N BbIYMCINEHNSA TOYKM 3anycka B cMcTEMe LM POBOro 3anycka UCronb3ylTcs MeTobl
LuMdpoBol 06paboTku curHanos. TouHble anropuTMbl ONPeaensioT AeUCTBUTENbHbIE
cobbITUS 3amnycka U N3MepPSIIOT OTMETKM BPEMEHM C BbICOKOV TOYHOCTbIO.

O6paboTka curHana B peanbHOM MacliTabe BpeMeHM 4118 HENpepbIBHOrO HabnoaeHus
N3MepseMOro curHana npeacTaBnseT Ans umdpoBoro 3anycka CrioxHyto 3agady. Pabota
LM POBON CUCTEMBI 3amnycka R&S®RTO 6asnpyeTcsa Ha AL co ckopocTbio npeobpaso-
BaHus 10 mnipg. oTcHeToB/C 1, Takmm obpa3om, cucTeMa JoSmkHa obecneynBaTb
06paboTKy AaHHbIX co ckopocTbto 80 OuT/c (paspagHocTe AL — 8 6uT).

Tak kak cucteMa UMdpoBOro 3anycka UCNoNb3yeT Te Xe oLUMdPOBaHHbIE AaHHbIE, YTO U
YCTPOMCTBO cOopa AaHHbIX, TO HEOOXOANMO OTMETUTL, YTO BO3MOXEH 3amnycK TOSbKO Mo
coObITUSAM curHana B npegenax gnanasoHa ALIMM.

OGHapyxeHue coObITUA 3anycka Npu UCMNONb30BaHUN
cuctembl uudpoBOro 3anycka

[nsa BbIGpaHHOro cobbITA 3anycka koMnapaTop, Npexae BCero, CpaBHMBaET M3MepseMblii
CvrHan c 3agaHHbIM Noporom 3anycka. B npoctenwem cnyyae, npu 3anycke tvna "Edge”
(no dpoHTY), cobbiTre 3anycka obHapyXMBaeTca Npu nNepeceyeHn curHanom nopora
3anycka B 334aHHOM HanpaBneHun (HapacTaloLwnii v cnagaroLwmii poHT).

B undposoi cucteme curHan npeacrasreH B Buae otcyeToB. Teopema KoTenbHMKoBa
roBOpPUT O TOM, YTO YacToTa ANCKPETU3aLUMN OOITKHA ObITb XOTsi Obl B ABa pasa bonblue,
YeM MaKcMMarbHas YactoTa curHana. TonbKo Npy BbINOSIHEHUN TAKMX YCITOBUN
BO3MOXXHO MOMNHOE BOCCTAHOBMNEHWe curHana.

PucyHku 2 1 3 NokasblBaloT, YTO pacCcMOTPeHMsl Tonbko oTcdeToB ALLM HegocTaTouHo ans
TOro, YTobbl BUAETb BCE AeTanv curHana. To e camoe BepHO U ANs LMdpoBOro 3anycka
— T0O, YTO peLleHNe O 3anycke LIennkoM 3aB1CUT oT oTcueToB ALIM, HeBepHO 13-3a Toro,
YTO MOXHO MPOMYCTUTL NepeceYeHnst Nopora 3anycka. Takum obpasom, paspeLLeHue rno
BPEMEHU YBENMYEHO MyTEM MOBbILLIEHWS AUCKPETM3aLUMMU CUrHana ¢ NoMOLLbHo
UHTepnonsTopa oo ckopocTu 20 MNpA. oTcyeToB/c (pucyHok 6). Mocne nHTepnonsTopa
KOMMapaTop CPaBHUBAET 3HAYEHUS] OTCYETOB C 3afaHHbIM MOPOrom 3anycka. Ecniu
obGHapyxunBaeTcsa cobblTe 3anycka, BbIXOOAHON YPOBEHb KOMMapaTopa U3MEHSIeTCS.

MoBbIWEHNE AUCKPETM3ALUN

N AN
10 mnipg.oted./c ) QT 20 mnpg.otey./c )
rd 7

YpoBeHb
3anycka

PucyHok 6 — Yeenu4eHue yacmomasl Guckpemu3sayuu e yugpoeoli cucmeme 3anycka no memoady
noebiweHus1 duckpemusayuu

AHanua
ycrnoBsus
3anycka

Ha pucyHke 7 npuBoanTca npumep, rae «crnenasi» 3oHa B curHane ymeHbllaeTcs 3a cyeT
yBeNnuYeHns paspeLleHns ¢ NOMOLLLIO MOBbILLEHNS ANCKpeTu3aumm B 2 pasa. Ha nesom
rpaduke oTcuYeThbl CMrHana He cogepxaT Bbibpoc curHana. Nopor 3anycka 3a npegenamum
otcdeToB AL He cnocobeH obHapyxuTb BbiOpoc. Ha rpaduke cnpaea yactota
OUCKpeTM3aLmMKn curHana yaBoeHa ¢ NOMOLLbIO MHTepnonsauun. Tenepb BO3MOXEH 3arnyck
no BbIOpocy curHana.
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LindpoBas cuctema 3anycka

2.3

Tonbko NCXOAHbIE OTCYETHI
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PucyHok 7 — lMpumep noeblweHus1 Quckpemu3sayuu Osist 02paHUYeHUsl crienoli 30HbI 3arnycKa

MakcumanbHast yactoTa curHana B npumepe coctasnset 3,5 My, JaHHbIn npumep
nokasblBaeT, YTo cuctema umdposoro 3anycka R&S RTO cnocobHa HagexHo
ObHapyXnBaTb Ja)e BbICOKOYACTOTHbIE COCTaBNALME Npy ncnonb3osaHum AL co
CKOPOCTbIO NpeobpasoBaHus 10 MnpAa. oTcYeToB/C.

OnpeneneHne BpeMeHHOMN CUHXPOHU3aLUN TOUYKU
3anycka B uucppoBoM cucteme 3anycka

"maBHoe TpeboBaHMe Ons 4OCTOBEPHOrO BOCCTAHOBMEHMS N3MEPAEMOrO CUrHarna B
Crny4anHbIi MOMEHT BPEMEHW — BbINOMHEHUE TeopeMbl KoTenbHMKoBa (Kputepuii
Hankeucta). B ocuunnorpacge RTO vcnone3ytoTcs MHorodasHble punbTpbl, KOTOpble
CNOCOOHBI BbIYMCASTL U3MEPSIEMbIN CUrHan B NF06ON MOMEHT BPEMEHM C OTHOLLEHNEM
curHan/wym (SNR) 6onee 90 ob. Toyka nepeceyeHnst U3BMEPSEMOro curHarna u nopora
3anycka BblYUCIISETCA B peanbHOM Maclitabe BpeMEHM C MOMOLLbIO UTEPALNOHHOMO

MeToda ¢ ToMHocTblo 250 doc.

HekoTopble cobbITusA 3anycka, Takme, kak umnynbscHas nomexa (“Glitch") unm
anutenbHocTb uMmnynbeca ("Pulse width") ocHoBaHbI Ha yCIOBUSIX CUHXPOHM3ALNN.
Ocuunnorpad RTO nogaepxmMBaeT BbICOKOTOYHbIN 3anycK N0 TaKMM CODbITUSAM, TaK Kak
TOYKM NepeceyveHunsi C NoOPOroM onpenensoTcsa B peanbHOM Maclutabe BpeMeHM.
CuHxpoHu3aumst cobbITUI 3anycka MOXeT BbITb YCTaHOBMNEHa ¢ pa3pelleHnem B 1 nc, a
MUHMManbHas obHapyxvBaemas AnuMTensHOCTbL MMMynbca coctaenseT 100 nc.
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MpenmyecTBa LMpPoOBOM CUCTEMBI 3anycka

3 [lNpenmylliecTsa LMJPOBON CUCTEMBI 3aMycKa

3.1 Manbi mxuTTep 3anycka B pearisHOM MacluTabe BpeMeHun

PesynbTaTtoM UCNONb30BaHUs UOAEHTUYHBIX OTCYETOB AN HaKonneHns 1 3anycka
ABNSAETCA OYeHb Manbli SKUTTEP 3anycka, Hmke 1 nc (cpegHekBagpaTtuyHoe 3Hal4eH|/|e)l
ana R&S RTO. Ha pucyHke 8 nokasaH NpUMep OLEHKM AXUTTEpa 3anycka B TOUKe
3anycka ¢ yactoTon TaktoBoro curHana 10 My co BpemeHeM HapacTtaHus 400 nc.

Kak onuceiBanock B rmase 2.1, 6rnok undposBoro 3anycka peansHoro maclutaba BpemeHm
npubopa R&S RTO HaxoguTcsa B Tpakte 06paboTtkm mexay AL n namatbio cuctemsl
cbopa gaHHbIX. B oTnuume ot cuctem 3anycka ¢ «ynydwweHHbIM [10», 0CHOBaHHEIM Ha
nocT-o6paboTke AaHHLIX, OH HE TpebyeT AOMONMHUTENbHBIX NEPMOLOB NPOCTOS Nocre
Kaxkgoro umkna cbopa gaHHbeix. Bnepsble, B ocumnnorpage RTO, HAaUMEHbLUWIA DKUTTEP
3anycka, MakcumarnbHas CKOpoCTb cOopa AaHHbBIX M CKOPOCTb aHanm3a B 1 MIH. CUrHanoB
(ocumnnorpamm) B CeKyHAy SIBNSATCA YacTblo CTAaHOAPTHOIO pexvmMa coopa AaHHbIX.

PucyHok 8 — Co6cmeeHHbIl @xummep 3anycka, MNosly4eHHbIl ¢ MOMOWbI0 CUHycoudaslbHO20 cu2Hana
yacmomoli 2 'y u amnnumydol (pa3maxom) 500mMB

Coesem rno NMPUMeHeHUro

Onyust mepmocmamupogaHHO20 Keapueeozo eeHepamopa OCXO, docmynHas 0sisi oc-
yunnoepagha R&S RTO, ysenuyusaem mo4yHOCmb OMOPHO20 2eHepamopa 00 +0,2 maH",
Onuusi ocobeHHo nonesHa 0nsi dnumesibHo2o cbopa OaHHbIX, Or1si cbopa OaHHbIX C
b6onbwuM cMeuw,eHUeM 3arlycka unu Orsi npusioXKeHul, 8 KOmopbix npedcmasnsem
UHMepec 8pPeMeHHOEe OMHOWeHUE MexX0y peOKUMU CObbImuUsIMU 3arlycKa.

! [bkuTTep 3anycka, M3MepeHHbIi B TOUKe 3amycka, 3aBUCUT OT BpEMEHMW HapacTaHUs
namepsieMoro curHana. Monorne MPOHTLI CMrHana nNpUBOAAT K GonbLLEMy
oTOGpaxxaeMoMy [KUTTEpPY 3arnycka.
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MpenmyecTBa LMpPoOBOM CUCTEMBI 3anycka

3.2 OHTVIMI/I3I/IpOBaHHa$| YYBCTBUTEJIbHOCTDb 3adllyCKa

CyuiecTByeT ABa NPOTUBOPEUMBbLIX YCIOBUSI, OTHOCSLLMXCS K YYBCTBUTENBHOCTM 3anycka.
[nsa ctabunbHOro 3anycka no 3alymSieHHbIM CUrHanam cuctemMa 3arnycka Tpebyet
YeTKOro rmcrepesuca B obnactv nopora 3anycka (cM. pucyHok 9). C opyrov CTOPOHbI,
LLUMPOKUIA TUCTEPE3NC OrpaHNYMBaeT YyBCTBUTENBHOCTbL CUCTEMbI 3anycka Af1sl CUrHanoB ¢
Maron amnnuTyaon.

YyBCTBMTENBHOCTL 3anycka TPaaMLMOHHbIX ocuunnorpadgoB oObIYHO orpaHnyeHa 6onee
YeM OOHVMM BepTUuKarnbHbIM geneHneM. K Tomy e, MOXHO BbiOpaTb 60MbLWni rmcTepesmnc
B pexxume "Noise Reject" gns ctabunbHOro 3aanycka npu 3alymneHHbIX CurHanax.

A Y

MmcTepesunc
3anycka

-

>

PucyHok 9 — Nucmepe3uc ypoeHsi 3anycka obecrieyugaem cmabusibHbIl 3arycK ro 3awyMiIeHHbIM cu2Hanam

Lincdpposaga cuctema 3anycka ocuunnorpada R&S RTO nossonseT nponsBoauTb
OTOENbHY HAaCTPONKY rMcTepesuca 3anycka (ot 0 4o 5 genenHnin) ¢ uenbsio onTMMu3aumm
YYBCTBUTENbLHOCTU 3arnycka A5 COOTBETCTBYIOLLMX XapakTepUCTUK curHana, pucyHok 10.

| B aBTOMaTtMyeckom pexunme ructepesmca "Auto” BctpoeHHoe MO npubopa
R&S RTO ucnonb3yeT rucrepesunc, 3aBUCUMbIN OT BEPTUKANbHON LWIKarbl.

| Tuctepesnc MOXeT BbITb yBENUYEH BPYYHYHO B pexume "Manual" gns obecneveHus
CcTabunbHOro 3anycka no curHanam ¢ BbICOKMM YPOBHEM LUyMa (PUCYHOK 9).

| Hyneeoli ructepesnc obecneumBaeT HaMbOoNbLLYO YyBCTBUTENBHOCTL 3anycka ans
CUTrHarmnoB C KpYTbIMU (DPOHTaMMU.

Opyroe npeumylectso ocuunnorpaga R&S RTO, o koTopom He0b6X0aUMO YyNOMSIHYTb B
JaHHOW TeMe, 3aKri4aeTcs B TOM, YTO BXOZHOW Kackaz C HU3KUM YPOBHEM LUyMa
Mo3BOMsieT MPON3BOANUTL 3anMyCK C TOYHOCTLIO A0 1 MB/gen. 6e3 orpaHudeHnii No WuprHe
nosiocsol.
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MpeumyuiecTBa LMGPOBON CUCTEMBI 3anycka

3.3

Events Qualification Nolse Reject

| Hysteresis mode

Auto
Hanual

Trigger
level and !
hysteresis Absolute
coupling 3
Relative
Absolute hystaresis
[ scomv
Relative hysteresis

vertical Math Cursor Meas Masks Search  Protoc

PucyHok 10 — Nl'ucmepe3uc nopoza 3anycka RTO ceo600HO npozpammupyemcsi. [Qnst Hauebicwel
4yecmeumesibHocmu 3adaemcsi Hyseeol aucmepesuc.

MuHumansHO 06Hapy)Kuma;| ANMUTEeJNIbHOCTb UMNYJibCa

CnenyoLwmn KIYeBon NapameTp CUCTEMbI 3anycka — 3TO MUHUMAIbHO OOHapyXxumMas
ONUTENbHOCTL (WMpKHA) nmnynsca. OHa COOTBETCTBYET CAMOMY Y3KOMY UMMYIbCY,
KOTOpPbIN MOXET 0OHapyXuTb ocuumnnorpad u Npon3BecTu 3anyck.

Ocuwnnnorpadbl cemerictBa R&S RTO nogaepXvBatoT CTabUNbHBIN 3anyck N0 UMMYIbCY,
UMMYNbCHLIM NOMexaMm (FMnUTYy), MHTEpPBanam U BpeMeHW HapacTaHus/yObiBaHUS BNNOTb
0o 100 nc.

Mpumep cTabunbHOro 3anycka no AIMTenbHOCTM MMNynbca MeHee 100 nc nokasaH Ha
pucyHke 11. B gaHHOM npumMmepe cuHycouaanbHas BornHa ¢ yactoton 1 [Ty 1 manon
amnnutygon +/-200 MB ncnonb3yeTcs Ans 4EMOHCTPALMK YyBCTBUTENBHOCTU 3anycka
npmbopa R&S RTO.

B CI/IHyCOI/ID,aJ'IbHOIZ BOJTHE yCIioBUA Manon AnnTenbHOCTN nMmnyrnbca MOryT BbINOJTHATLCA
B cCaMom BerHeIZ M HWXHEN YacTsx curHana. B gaHHom npumepe BaxHo, YTOObI
r’mcrTepesnc 3anycka ObITb YCTaHOBJ1€H paBHbIM HYIHO, T.K. CprHTbI B BerHeIZ 4actu
CuUrHasia o4veHb nornorue.

Ha gnarpamme MOXHO BUAETb, YTO BCE 3aXBaveHHbIE CUrHarbl YA0BMETBOPSOT YCNOBUIO
3arnycka no anutenbHocTU nmnyrsca meHee 100 nc.
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MpenmyecTBa LMpPoOBOM CUCTEMBI 3anycka

PucyHok 11 — 3anyck RTO ¢ dnumenbHocmbto ummnybca 3anycka meHee 100 nc

3.4 OTcyTCcTBUE MAaCKMpPOBaHUA COOLITUA 3anycKa

[lns aHanorosoro 3anycka TpebyeTcs HeKOTOpoe BPeMsl MOCe PeLLIeHUs O MOBTOPHOM
B3BOZe (Nepesapsiake) Lienu 3anycka nepeq TeM, kak 3anyck 6yaeT BO3MOXXEH BHOBb. B
TeyeHWe JaHHOro BpeMeHu nepesapsaakv ocuunnorpadbl He MOryT pearMpoBaTh Ha
HOBble COBLITUS 3amnycka — coBbITMS 3amycKa, BO3HUKaOLLIME BO BPEMSA Nepesapsiaku,
MaCK/pPYHTCA.

B oTnuune ot aHanorosown, LmcpoBas cuctema 3anycka ocumnnorpagos R&S RTO
cnocobHa aHanu3MpoBaTb OTAENbHbIE COOLITMSA 3anycka C MOMOLLbIO Npeobpa3oBaHns
Bpemsi-kog (TDC) Ha 400 nc-oTpeskax (pucyHok 12) ¢ paspelueHnem 250 dc. 310 BakHO
45 NPUNOXEHUI CO CIIOXHBIMU YCNOBUSMUM 3anycka, Hanpumep, 3agepxka Ha
onpefeneHHoe KoNM4ecTBO CODLITUI, UNW NocneaoBaTenbHOCTM 3anyckoB A-B, raoe
nepep 3anyckom TpebyeTcs BbINOMHEHWE HECKOSTbKMX COObITUN B.

WHTepBan anutensHocTbio 400 nc

""" I R

TDC TDC TDC TDC TDC
paspellieHne paspeLlueHne paspeLleHve paspeLlleHne paspellieHne
250 dbc 250 dbc 250 dbc 250 dbe 250 dbe

PucyHok 12 — Cucmema 3anycka RTO Moxem obHapyxueams cObbImusi 3anycka 8 uHmepeasnax
dnumensHocmsio 400 nic ¢ paspeweHuem 250 ¢he.
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MpeumyuiecTBa LMGPOBON CUCTEMBI 3anycka

3.5

Coeem no NMPpUMeHeHUro

MHozoceameHMHbI pexum ¢ MUHUMaibHol OnumesibHocmeto crienol 3oHbl 300 He
rnoddepxkusaem HakornseHue 6bICmpPo MosmMopsitoulUxcsi cobbimuli 3anycka.

N'Mbkasa hunbTpaumua curHanos 3anycka

CneumnanunavpoBaHHble MHTerpanbHble cxeMbl (ASIC) cbopa gaHHbIX 1 3arnycka B
ocumnnorpadax R&S RTO nogaepxmBatoT rubkoe NnporpaMMMpoOBaHNE YacTOTbl Cpe3a
undposoro HY-punbTpa B TpakTe peanbHOro BpeMeHMU.

Te e camble HAcTPOWkM ounbTpa MOryT GbITb MCMONB30BaHb! Ans 060UX UnK Ans
Ka)kgoro B OTAENbHOCTM CUrHana 3anycka 1 namepsiemoro curiana (pucyHok 13). HY-
hvnbTpauua curHana 3anycka nvib nogaenseT BY-wuym B uensax 3anycka, B TO xe
BpeMs, 3axXBaTbiBasi M 0TOOpaxas HeUINbTPOBAHHbBIV U3MEPSIEMBIA CUrHar.

Trigger coupling

I sa fiter
e

DSP filtsr
|| | RF reject BW

Channel Setup

PucyHok 13 — N'ubkoe onpedeneHue punibmpa Onsi c6opa GaHHbIX U CU2Haa 3anycka

CoOTBETCTBYIOLLMIA NPUINOXKEHWIO MPUMEP NoKa3aH Ha pucyHke 14. 3aeck nonb3oBarernb
MPUMEHSIET 3aMycK Mo paHTy (KOPOTKOMY UMMNYnbCY) ANS 3axBaTa UMMYMbCOB AaHHbIX, He
[AOCTUraIoLLIMX YPOBHS MOrMYECKON eMHMLILI. HacTpoiika noporos 3anycka rno paHty
OKasblBAETCA CMOXHOM M3-3a GOMbLLOrO Ha4YanbLHOro BLIBPOCA, KOTOPLIN NepecekaeT OKHO
KOPOTKOro nmnynbsca. PelleHveM aBnsieTcs npuMeHeHne HY-gunbTpa TonbKo K curHany
3anycka. Ternepb BO3MOXEH aHanua n3HavarnbHOro U HeM3MeHeHHOro curHana
n3mepeHus.
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MpenmyecTBa LMpPoOBOM CUCTEMBI 3anycka

_KopoTtkun

"Umnynec ¢

. Ha4YanbHbIM e
BbIOpOCOM |

Setup

Trigaer colipling
& RF refect

PucyHok 14 — 3anyck no KOPOomKoMy ummnysibcy (PaHmy), 8 KOmopoM HayaslbHbIlU 8 bI6POC nodaesnsiemcsi
H4Y-¢punbmpom 0Onsi cuzHana 3anycka

3.6 BbisiBneHne BbipaBHMBaHUSI KaHaNoB GJIOKOM 3anycka

CUMHXpoHM3aLmMsa Mexay BXoAHbIMM KaHanamu ocuunnorpadga (BelpaBHUBaHME) BaXXHO
ANa U3MepEHUI 1 YCNOBWIA 3anycka Mexay ABymsi U Gonee curHanamu. PasnunyHble
ANVHbI KaGenen, LWynbl, UMW NONOXeHMs! TOYEK 30HANPOBaHNSA TaKKe Bbl3bIBAKOT CABUMM
mexay kaHanamu. OBblYHbIE LMGPOBbLIE ocuunnorpadbl cogepkaT QYHKLMIO
BblpaBHMBAHWUSI CUrHAroB At KOMMEHCaLUWWN 3aepXXeK Mo PasfuYHbIM BXoaaM.
BblpaBHMBaHWE 0ObIYHO BbINOMHSAETCS B TpakTe cbopa AaHHbIX nocrie AL u, Takum
06pasoMm, He MOXeT BblTb 0BHapyXeHO 06bIYHBIM aHANOroBbIM 3arnyckoM. JTO NPUMBOANT K
OoTOGpaXkeHWo Ha 3KpaHe 1 aHanmnay CUCTEMOIA 3anycka HEeYCTOWYMBBIX CUTHAMOB.

B undposom ocuunnorpade R&S RTO 6nok cbopa AaHHbIX 1 60K 3anycka MCNonb3yrT
MOEHTUYHbIE oM pOBaHHbIE U 0OpaboTaHHble AaHHble (pucyHok 15). Takum obpasom,
CWrHarnbl, MokasaHHble Ha 3KpaHe, U curHar, obpaboTaHHbI Orokom 3anycka,
COrnacoBaHbl, faxe eCcnn UCMOoNb3yeTCs KaHan BblipaBHMBaHUA. Tak kak B npubope RTO
NCNonb3yloTcsa unpoBble OUnbTPbl 3aePXKKU, TO MOXHO YCTaHOBUTbL BbipaBHMUBAHWE C
warom 1 ric.

Mprmepbl ANs B3avMHbLIX YCMOBUIA 3amnycka KaHaroB BKITHYAOT 3anyck Nno KOHTPOIo
cobbITMI 3anycka ogHOro kaHana (Hanpumep, "Edge") n KOHKpeTHbIX KOMOUHaLn
ypoBHen (coctosiHne "high" unu "low") B apyrmx kaHanax.
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MpenmyecTBa LMpPoOBOM CUCTEMBI 3anycka

BpemeHHoe BpemeHHOe oTHOLLEHWE F—
COOTHOLLEHNE Ha BxoAe npubopa
Mexay ABYyMS O\

curHanamm ! BblpaBHuBaHue o
N g
*—’4 TeHt * AU [orcuetsi A At =0 OTCYETHI! 3
o
| / 9 3
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i 5 &
| = o
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| B
PasnnyHble 3agepxku us-3a Cuctema ;
kabenen, LLynoB 1 To4ek 3anycka X

KOHTpons

| 9
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| BblpaBHMBaHue o

H T

| [a

— Tehz - AL |otcuetsl X AT = Ty —Tous oTcyeThl;

Cucrema 3anycka BuauT BblIpOBHEHHbIE CUrHarbl

= [OeiCTBUTENbLHOE COOTHOLLEHNE MexXay ABYMS!
curHanamm

PucyHok 15 — Cucmema yughpoeozo 3anycka npubopa R&S RTO mMoxem ucnosib30o8ame KaHaslbHOe
eblpagHuU8aHue 0151 Nodxodsiuje20 3anycka no KOMbuHayusiM CocMosiHUll KaHasloe

3.7 PYyHKUMA NPOCMOTPaA apXuBa AaHHbIX C
MCNOJSIb30BaHUEM BPeMEeHHbIX MeTOK

Bo MHorux crnyyasix peanbHas NpuynHa oLWnOK1 He MOXET ObITb TOYHO OnpefeneHa, noka
He OyaeT NpoCMOTPEeH apxmB cobpaHHbIX AaHHbIX curHana (ocuunnorpamm). B
ocuunnorpadgax R&S RTO Bcerga npegocTaBnsieTcs 4OCTYN K paHee nosyYeHHbIM
curHanam. HezaBncumo oT pyHKLMK, N3 KOTOPOK ObINI0 OCTAHOBIIEHO M3MEPEHUE,
JaHHble curHana, XpaHsilmecs B namsaTu, cpasy e JOCTYNHbl Ans aHanusa. K Tomy xe,
Kaxablh cUrHan nmeeTt NHAMBUAYyanbHYy0 METKY BPEMEHN A5 TOYHOro onpeaeneHnst
MOMEHTa BO3HUKHOBEHWSI COObITUA 3anycka. B 3aBncmocTy ot onuumn namsaTm
nonb3oBaTento JOCTYNHbI UCHepnbIBaOLWME AaHHbIE ANs 3PEKTUBHON OTNaaKN.

VHCTpYMEHT NpocMOTpa apxuBa AaHHbIX ynpaBnseT NOBTOPHbLIM BOCNPOU3BEAEHNEM
CWrHanoB, CM. PUCYHOK 15. BpeMeHHble METKM MOTYT ObiTb OTODpaXkeHbl B BUAE
abCconTHOrO BPEMEHN OTHOCUTENTbHO CUCTEMHOIO, UITM OTHOCUTENBHO MOCregHEero
3anyLeHHoro curHana. PaspelueHne no MetTkam BpeMeHu BO BTOPOM PEXUME — OfiHa
nukocekyHaa (1 nc). B npunoxeHusix, Tpebyowmx gnvtenbHon cTabunbHon
CYHXPOHU3aLmMKn, 0COOEHHO nonesHon byaeT onuus TepMOCTaTUPOBAHHOIO OMOPHOrO
reHepartopa (annapartHas onuus R&S RTO-B4), koTopasi 06eCneynT BbICOKYH TOYHOCTb
pas3BepTKM No BPEMEHN.

Coesem rno NMPpUMeHeHUro

Bce UHCMPYyMeHmMbI o6pa6omKu U aHanusa cueHarsos, makue, Kak MamemMamu4eckuu
mecm, d)yHKL(UU usmepeHuUsd, mecm rio Macke usiu UHCmpymMeHmbl eucmoepamMmbl, Mocym
6bImb rPpUMeHeHbI 80 8peM=H Mo8IMoPHOSO GOCI'IpOLI366(36HLIFI OaHHbIX cueHana.
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3akntoyeHne

Awailohle acgs

currentacy | (T

Tirme 189669042313 ms

e v

Viewer Information

Time stam Pla"er
4 Start acq Stop acq

|Date 2011:01:10| Current acq ( i [ ;
|Time 14:20 30,546,155 s -55555| -

noe [T Baorpe | EEITHD (RSN

Time per acquisition

PucyHok 16 — UHcmpymeHm npocmMompa apxuea 0aHHbIX o6ecrieyueaem Aocmyn KO 6CeM cu2Hanam e
namsimu cé6opa 0aHHbIX

3akno4yeHne

B naHHOM goKymeHTe Obinm obCcyxaeHbl NpenmMyLecTsa LMPOBON CUCTEMBI 3aMnycKa B
CpaBHEHMM C TPaaMLMOHHON aHanoroson cucteMmon. Lindposasi cuctema pabotaet
Hanpsamyto ¢ otcdeTamm AL, Takas apxuTekTypa obecneunBaeT NOCTOAHHYHO
CMHXPOHM3aLMIo Anst COOpaHHbIX AaHHbIX M AaHHbIX 3amnycka, YTO NPUBOAUT K MOSYyYEHUIO
bonee TOYHbLIX pe3ynbTaToB N3MEPEHWN.

XapakTtepHou yepToi uncposoro ocuunnorpada R&S RTO aBngeTcs LMdpoBOM 3anyck
B peanbHom macwTtabe BpemeHn. OHa No3BONSET 4OOUTBECA OYEHb HU3KOTO SKMTTEpa
3arnycka B COMETaHMU C OYEHb BbICOKOW CKOPOCTbIO cOopa 1 aHanm3a JaHHbIX curHarna.

Lincpposasa cuctema 3anycka ocuunnorpacda R&S RTO no3sonsaeT nponsBouTb TOUYHbIE
n3mepeHua Griarogapsi BbICOKON YyBCTBUTENIBHOCTU 3amnycka BO BCEN MOMOCE U
noacTtpansaeMomy LMcbpoBOMY PUNLTPY ANA cUrHana 3anycka.

[aHHble npenMyLLeCTBa BKyMNe C TaKUMK XapakTepuUCTUKaMU, KaK BbICOKUIA AUHAMMNYECKUIA
AvanasoH (ENOB) BxogHOro kackafa, BbICOKasi CKOpocTb cbopa v aHanmaa AaHHbIX, 1
WHTYWUTUBHO NOHSITHLIA MHTepdelic npespalatoT ocuunnorpad RTO B MoLLHOe CpeacTBO
oTnafKu 1 aHanuaa.
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5 JlnutepaTtypa

[1] Hickmann, I.: Digital Oscilloscopes, Newnes, 2001

[2] R&S application note, "The Impact of Digital Oscilloscope Blind Time on Your
Measurements"

[3] R&S product brochure, "R&S®RTO Digital Oscilloscopes”

[4] R&S user manual, "R&S®RTO Digital Oscilloscopes - Getting Started"

[ononHutensHas MHopmMaLms

[aHHbIN JOKYMEHT MOXET ynydllaTbCa 1 A0NOMHATLCA. [Insa 3arpy3ku HOBbIX BEPCUN
nocetuTe Halw Beb-canT. CBOM KOMMEHTAPUM U NPEaSIOKEHUS N0 JaHHOMY OOKYMEHTY
npockba npuckinatb no agpecy TM-Applications@rohde-schwarz.com.

[ MIHopmauwma ong 3akasa

O603Ha4yeHune Tun ycTtponctBa | Ko 3akasa

Ba3oBbIf 650K (B COCTaB BXOAAT akCeccyapbl: Ha kaHarn: MacCuBHbIA NPobHMK HanpsxeHns 500 MMy (10:1),
MeLLoYeK Ans NpUHaAexXHoCTen, KpaTkoe PyKOBOACTBO, KOMNAKT-ANCK C PYKOBOACTBOM, LUHYP NMUTaHUs)

LindpoBsie ocumnnorpadbi

1Tu, 10 mnapg. otcy./c, 20/40 MnH. OTCM., 2 KaHana R&S®RT01012 1316.1000.12
1Tu, 10 mnapg. otcy./c, 20/80 MnH. oTCu., 4 KaHana R&S®RT0O1014 1316.1000.14
2 [Tu, 10 mnpg. otcy./c, 20/40 MnH. OTCu., 2 KaHana R&S®RT01022 1316.1000.22
2 [Tu, 10 mnpg. otcu./c, 20/80 MnH. oTCu., 4 KaHana R&S®RT01024 1316.1000.24
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BMCUMYIO FPYNMy KOMMaHW, crneumanmnsnpyo-
LLYIOCS HAa NPOU3BOACTBE ANEKTPOHHOro 060-
pynooBaHus. Rohde & Schwarz siBnsieTcs Begy
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Horo HasHauyeHus. Rohde & Schwarz ycnewHo
paboTaeT yxe 75 neT, npeacTaBUTeENbLCTBA U
CepBUCHbIE LIeHTPbl KOMNaHWN HaxoasaTCA B
6onee yem 70 cTpaHax. [(onoBHOM oduUC KOM-
naHum pacrnonoxeH B MioHxeHe, lepmanus.

MpuBepkeHHOCTb Aeny oxpaHbl

OKpYyXXawLen cpeabl

e OHeprocbeperarwoLme nsgenvs

e HenpepblBHOE YCOBEPLLEHCTBOBAHNE B
06nacTn 3KONornYeckon yCTon4mBoCTH

o CepTudurumpoBaHHasa cuctema aKkonornyec-
Koro meHemxmeHTa 1SO 14001

Certified Quality System

1S0 9001

KoHTakTbl B permoHax

CLWA & KaHapa

CLUA: 1-888-TEST-RSA (1-888-837-8772)
n3sHe CLUA: +1 410 910 7800
CustomerSupport@rohde-schwarz.com

BoctoyHasa Asusa
+65 65 13 04 88
CustomerSupport@rohde-schwarz.com

Opyrve pervoHsi
+49 89 4129 137 74
CustomerSupport@rohde-schwarz.com

[aHHbIN JOKYMEHT U NocTaBnsaemMble
nporpaMmmbl MOTFyT NMPUMEHATLCS TONbKO NpuU
cobnoaeHnn yCnoBun, N3NOXEHHBIX B 00racTu
3arpysku Ha Beb-cante Rohde & Schwarz.

R&S® apnsieTtcs 3aperMcTpMpoBaHHON TOProBo MapKomn
koMnaHum Rohde & Schwarz GmbH & Co. KG. Bce ToproBble
MapKu SBNSOTCSt COBCTBEHHOCTBIO X BrajernbLes.
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