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UT0 Takoe ocuunnorpad?

I O6006LWEHHO, ocumnnorpad 3To NPMOOP U3MEPSIOLNIA 1 NOKa3biBaOLLNN 3aBUCUMOCTb HaNPSKEHUS OT BPEMEHMN.
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UT0 Takoe ocuunnorpad?

HanoxeHune aByx
BpemenHas , / CUHYCOMAANbHbIX
oobnacth curHanoB

ul
YacToTHas "
obnacTb
OuckpeTHble

KOMMNOHEHTbI TOro xe

curHana




UT0 Takoe ocumnnorpad?
dopMbI curHana

I MHormne curHanbl MOXHO KnaccuduumpoBaTtb No oopme:

CuHycomngarnbHbIA curHan

[MpamMoyronbHON UnNn MeaHapu4eckon Popmbl
TpeyronbHOW UnNn NuNoodpasHon opMbI
CTyneH4yaTon nnm nMmnyrbCHOM popMbl
[Meprnognyecknn n Henepmnoandecknum curHan
CWHXPOHHbIE U aCUHXPOHHbIE CUrHasbI
KomnnekcHbIn curHan
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UT0 Takoe ocuunnorpad?

[TprMeHeHne

1 N3amepeHus BO BpeMeHHOM obnacTtu

JIuHum anekTponepenay
(aHanoroBbIX / cMHycoMAaanbHbIN)

ROHDE&SCHWARZ

AnekTpoHuka u AMC
(aHanoroBbIN KOMMNEKCHbIN)

LLnHbI AaHHbIX
(umdppoBble curHanbl)



Brok-cxema LndpoBoro ocuunnorpada

1

[Mpoueccos
Cuctema LMppoBbIX
3anycka CUrHanos
(DSP)

Hes3aBucumas
cucrtema
o6paboTku

ATTeHtoaTop
N ycunuTesnb

MamaTtb

on,u,MT B KOpnyc ocuunnorpadga




Ocumnnorpad ¢ TpaguLMOHHON aHanoroBon CMCTEMOK 3anycka

MamaTtb
Cucrtema BepTUKasribHOro
OTKITOHEeHuA |
—Pp ATT. % » AL — fr% AnnapaTtHas <«¢—P»> NMocTto6paboTka
obpaboTtka

x Cucrtema
‘9% > 3anycka
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briok-cxema ocuunnorpada ¢ LudpoBon cUCTEMON 3anycka

Mpoueccop
LMPpOBbIX
CuUrHanos
(DSP)

Lindopoas
cucrtema

3anycka

Hes3aBucumas
cuctema
0o6paboTkun

ATTeHtoaTop
N ycunuTenb

[MpoOHMK

onp,vlT K Kopnyc ocuunnorpada




BaxHeWlune napameTpbl ocLunnorpada

1 [nybunHa namaTtu

1 Bpemsa n ckopoCTb n3amMepeHus

1 YacTtoTta guckpeTtusaumm

I AHanoroBas noroca nponycKaHus

1 OddekTnBHOE KonuyecTBo 6ut (ENOB) / dnHamudeckmin gnanasoH



Bpems 3axsara vs. [ybuHa namsTy

1 JnutenbHOCTb HernpepbIBHO HabniogaemMoro Ha J9KpaHe 1 3anncbiBaemMoro nHtepealsjia BpeMEHU
n3mepeHumnsa Harnpamyro 3aBUCUT OT YaCTOTbl ANCKPETU3aunn 1 JJ,OCTyHHOVI FJ'Iy6VIHbI namMAaTn.

t — Nuamats /
3axBaTa
JUCKD



OcHoBsbl. [1nnHa 3anucu

AnckpeTtnsauums

AN

—

(AMcKpeTbl U UX YPOBEHDb)

Ouundposka

10111001

(KoHnBeprauusa B
6MHapHbIii Kof)
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OcHoBsbl. [1nnHa 3anucu

AMCKpeTU3aums Oumndposka
* l l l —> 101110G

| I T T T O |
(AncCKpeTbl U NX YPOBHHM) (xoHBepTaums)

Yacrora AUCKPETHU3alluH X BpeMH 3aXBaT = ,[[J'II/IHa 3allMCH

f,aHCKp. X tiaxsata = Mrouex A€  tsaxsara = [Llena gesnenus] x [Konnyectso nenenni]

['Touek Hc
Mpumep: 10 ———— x 100—— x 10 gesnn = 10 kTouek
YacToTa anckp.= 10 Noyek/c C AeJ

['Touek MKC
——— X 100—— X 10 gesn = 10 MTouek
C el
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Bpems 3axeata vs [nybunHa namaTu
CermeHTMpoBaHHas namsiTb

I Bcs poctynHasa aonsg 3axsaTta namsiTb 4enUTbCHA Ha 3aaHHOE KONUYECTBO CEMMEHTOB (N gryentos) -

1 Kaxabl U3 cerMeHTOB 3TO OAUMHOYHbLIW 3aXBaT OaHHbIX TaKoM XXe ONVHbI, Kak 1 npeabiaywmn. .

1 OOLee Bpems HabNaeHNs yBenMUMBaETCs KpaTHO KONMYECTBY CerMeHToB. PeanbHoe Bpem4
HabnaeHNsa 3aBUCUT OT ONUTENBHOCTU Nay3 Mexay cobbITUSIMUM 3anycka B ABYX
nocriegoBaTteribHbIX CErMeHTax.

OtcyrcTaue OTcyTCcTBUE
saxsara 3axBaTa

m 000

Cermentl Ceﬁ"\)f'eHT 2 CerM'em 3

Amplitude

I_HanomuHaHue: He 3abyabTe NpaBU/IbHO YCTAaHOBUTL BpeMs 3aAepPXKKU 3anycka.
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Bpems 3axeata vs [nybunHa namaTu
Pexum Apxuea

1 Kaxgbln 3axBaT gaHHbIX:
= ABTOMAaTU4YECKMN COXPAHSAETCA B
apxuBe namsaTu,
= MoxeT 6bITb NpourpaH B noboe
BpeMms, Korga oyget
Heobxoaumo.

1 [pnmeyaHue: Bpemsa npocTtos
ocuunnorpadga sHa4ymTenbHo
COKpaLllaeTcs Npu UCnorb30BaHUU
pexunma apxvsa.
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PeanbHbIV curHan
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HactoTa auckpetusaunn fo,q.r

f/:mcxpT = 1/At

Amplitude [V]
[}
I

10 1|1 P 12 13 14 15 16 17 18 192 20
N t[us]
At

At aBnsieTcs (*)MKCI/IpOBaHHbIM 3Ha4YeHnEeEM U, TakKUM o6pa30M, BC€ TOYKM paBHOMEPHO
pacnpegesieHbl Mo oCh BpeMeHn




BnnsiHue YacTtoTbl AMCKpPETU3aLMM HA Pe3ynbTaThbl aHanm3a
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BrninsiHue YactoTbl AONCKPETU3alN Ha Pe3yJibTaTbl aHAJ1N34d
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Hactota auckpeTusaumm f,,c.r

I YacTtoTa aMckpeTtmsaunu:
= Pa3smepHocTb: Todek B cekyHay [Touek/c]
1 Kak onpegenntb MakCMMarsibHyt0 YacToTy, KOTOPYH MOXHO pasnMynTb Npu 3agaHHou f ?

OUCKPT *

= Teopema Hawnksucrta-LLeHHoHa (Teopema KoTenbHMKoBa)

f;mcrcpT
fmax = T

1 ,D,GIZCTBI/ITeﬂbHO TOJIbKO And nepmnoanyeCcknx cMHycomnaalsribHbiX CUrHarnoB

- Kak onpegenuts f,,,, ANS HECUHYycOMAANbHbBIX CUrHANoB?

ROHDE&SCHWARZ



BaxHewnLune xapaKkTepucTuku ocumnorpada

myOuHa
namaTu

BHumaHue:
Ontnmunsauusa obssartensHa! Begb
BCe Tpy napameTpa UMeroT
3aBUCUMOCTb ApYr OT gpyra.

Bpems YacToTa

n3mMepeHus ' ' AncKpetTn3aumm




Kako nonockl nponyckaHus byaeTt AoCTaToyHO?

NMonoca nponyckaHuaA
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[Tonoca nponyckaH1s Kak n3mepuTenbHbIN NapaMeTp

I Bcerga cneumduumpyetcsa no 3aHavyeHuto -3 dB.
= 3HaunUT 3TO YacToTa curHana, npu KoTopon npmbop ocnadbut aToT curHan Ha 3 dB.
= nun gpyrummn cnosamu, onpegenut amnnutyay nuwb Ha 70.7% OT peanbHOro 3Ha4yeHus




Ocuunnorpad. OcHoB!.

TpeboBaHNs MPU TECTUPOBAHWI Ka4YECTBA CUTHanNa

I CkopocTb nepefadn pasnmyHbiX MHTEPGENCOB

EXPRESS

ROHDE&SCHWARZ

5 CkopocTb TakToBas TpeboBaHUA kK Nonoce NponyckaHus Knacc
UHTepdenc
nepegayun yacToTa ocumnnorpadca
3-4 rapMOHMKa 5-4 rapMoHuKa
12C 3.4 Mbut/c 3.4 Mly, 10.2 Mly 17 Mlu OlIKETHBIN
LAN 1G 125 Mowut/c Wmxe cpeaHero
USB 2.0 480 MowuT/c
cpeaHui
DDR I 800 MbuT/c L
SATAI 1.5 Téut/c 750 MI'y, 2.251Tuy 3.751Ty Bbllwe cpegHero
PCle 1.0 2.5Tout/c 1.251Tuy 3.751Tuy 6.251Ty Bbiclwiunin Ha4anbHbIN
PCle 2.0 5.0 I'out/c 251y 75Ty 1251Ty Bbicwini
T~

4



http://de.wikipedia.org/w/index.php?title=Bild:PCI_Express.svg&filetimestamp=20061221220742
http://de.wikipedia.org/w/index.php?title=Bild:Serial-ATA-Logo.svg&filetimestamp=20061229222935
http://de.wikipedia.org/wiki/Bild:Usb-svg.svg
http://images.google.de/imgres?imgurl=http://cactus-teh.com/images/ddr2-1gb.jpg&imgrefurl=http://cactus-teh.com/popup_image.php?pID=171&h=400&w=306&sz=19&hl=de&start=1&um=1&usg=__tnC-L5ieWefsQ46nkLv3vAqF17E=&tbnid=ffrtHeXcvHfITM:&tbnh=124&tbnw=95&prev=/images?q=DDR+II&um=1&hl=de&sa=N
http://images.google.de/imgres?imgurl=http://www.meilhaus.de/fileadmin/upload/pictures/newsletter/ethernet.jpg&imgrefurl=http://www.meilhaus.de/e-mail-newsletter-archiv/emeil-sonderausgabe-ethernetlan/&h=225&w=300&sz=49&hl=de&start=4&um=1&usg=__PVJKjKDTL6OUkWel3R0rcAxs_ao=&tbnid=01CPsthz9CpxuM:&tbnh=87&tbnw=116&prev=/images?q=Ethernet&um=1&hl=de&sa=N
http://en.wikipedia.org/wiki/Image:I2clogo.jpg

Kakon nonockl nponyckaHus byaeTt A0CTaTo4YHO?
Kakvne napameTpbl CUrHana MHe Hy)XHO 3HaTb?

I YactoTa noBTOpEHUS N0OOro TECTUPYEMOro CUrHana - He cambll BaXKHbIn NapaMeTp Ana Bbibopa
ocuunnorpada ans sawen nsmepuTtenbHon 3agaym!

1 Toraga 4To XXe JeNCTBUTENTbHO Ba)KHO?

- Bpemsa HapacTaHus!

1 dpyrumn cnosamu: Cambin ObICTPO HapacTarLwmn / KpyTOoW (PPOHT CUrHana cogepXXuTt camble
BbICOKME COCTaBNSALLNE YACTOThI.

- Kak oueHUTb Heob6XxoAMMYIO NPOMNYCKHYH CMOCOOHOCTbL
NCNOSIb3yeMoro uamMmepuTenbLHOro ooopyaoBaHma?

ROHDE&SCHWARZ



Kakon nonockl nponyckaHus byaeTt A0CTaTo4YHO?
Kakue napameTpb! CUrHana MHe HyXHO 3HaTb?

1 Moyemy BpeMsi HapacTaHus Tak BaXXHO?
= B GonblUMHCTBE CnyYyaeB Mbl 3aMHTEPECOBaHbI B aHann3e HeCUHycoMaanbHbIX CUTHANoB

dyHaameHTansHas yactoTa 3-51 rapMOHUKa 5-2 rapMOHMKa
/- rapMOHMKa 9- rapmMoHuka 11-5 rapMOHVKa

NERSR VRS RV




Kakon nonockl nponyckaHus byaeTt A0CTaTo4YHO?
Kakue napameTpbl cUrHana MHe HyXHO 3HaTb?

Gy

AmMmnnuntyna

——




Kakon nonockl nponyckaHus byaeTt A0CTaTo4YHO?
Kakvne napameTpbl CUrHana MHe Hy)XHO 3HaTb?

1 Kak onpenennTtb Nnosocy rnponyckaHnA, eciin N3SBECTHO BpeEMA HapaCTaHVIFI?

= PasmepHOCTU BENUYNH:
» Bpemsa HapacTaHus t. nsamepsiercs B [C] } £ =1/t
= [lonoca nponyckanus namepsietcs B ['u] max ’
= Ho npaBunbHa Nn aTa OueHKa Unn CANLWKOM KOHcepBaTMBHA?
= Bpems HapacTtaHnsa JOMmKHO NPeACcTaBnsaATb HapacTaloLWmMn PPOHT COOTBETCTBYHOLLMX YaCTOT
CUHycouganbHoM OpMbI.
= Takum obpasom, NpuBeaeHHas Bbille OLeHKa byaeT n3bbITOYHON
= B 3aBucMMoOCTH OT uccrnegyemon nutepatypbl Bbl 0ObIYHO HardeTe crnegyowme
onpeaeneHus:

1) fmax = 0.4/t 2) fmax = 0.5/t 3) fmax =1/(2*m *t;)

ROHDE&SCHWARZ



Kakon nonockl nponyckaHus byaeTt A0CTaTo4YHO?
Kakvne napameTpbl CUrHana MHe Hy)XHO 3HaTb?

1 Kak onpenennTtb Nnosocy rnponyckaHnA, eciin N3SBECTHO BpeEMA HapaCTaHVIFI?

. Pa3MepHOCTVI BEJIUHUH.

- Bpewms HapacTaHus t, usmepsietcs B [c]
fmax = 1/tr

Kak npaBuno, ansa onpeaeneHus f,,,, NCNONb3yOT PaBEeHCTBO 2)

- Bpems Hg fmax = 0.5/t T

CVHYCOV/IerTsrren .
» Takum obpasom, npmBeaeHHasi Bblllie OLeHKa byaeT n3bbITOYHOM
« B 3aBucMmocTn ot nccnegyemom nutepaTypbl Bbl 00bIYHO HangeTe cneayrowme
onpeaeneHus:

1) fmax = 0.4/t 2) fmax = 0.5/t 3) fmax =1/(2*m *t;)

ROHDE&SCHWARZ



CtaHOapTHble U3MepeHust Ha ocLmnorpade
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OnntenbHOCTb nMnyrbca
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Toukn guckpeTmnsaumm



CtaHOapTHble U3MepeHust Ha ocLmnorpade
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Bpewms cnapa
Bpems HapacTana TOUKM AVCKpETU3ALMM



AL
BxoaHou anana3oH

I BepTukanbHasi pasBépTka 1 NonoXeHWe curHana Ha aKkpaHe HanpsaMyto BUSAIOT Ha paspeLueHme
1 Bca BepTukanbHas passépTka akpaHa (Bce 10 geneHui) CooTBETCTBYHOT MOMTHOMY BXOOHOMY
ananasoHy ALLIT
INyqwne pesynerarsl! OKBMBArEHTHO paspeLleHue B 7 out

LleHa neneHna 50 mB/gen LleHa neneHnal00 mB/gen

7 6ut/
128 ypoBHeW

. 8 6ut/ )
Amnnutyna: 0.5 B > AN

Jlydwee paspewenne AL Ypes3aHHoe paspelueHne ALII
8 out =>2 mB / But 8 out =>4 mB / 6ut
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TOYHOCTb
BepTukanbHoe paspelueHue ALIT

| BepTMKaJ’IbHaFI passépTKa N NoJNNoXeHne CUrHana Ha aKkpaHe HarnpamMmyro BJIIMAKOT Ha pa3pelleHne
| MaCLLITa6MpOBaHI/Ie CUrHamna no He NosiHOWM LWKane yBennynBaeT pasMep wara KBaHToBaHUA U CHUXXaeT TOYHOCTb

LleHa penenus 50 mB/gen LleHa aenenuns 100 mB/gen Cucrema otobGpaxeHusn
— Multi-Grid

/

8 6ut{
Ocuunnorpac RTO

8 ouT?

Nyuwee paspewenue ALUMN  YpesanHoe 3|.uue AUN
8 out => 2 mB / 6ut 8 6uT =>4 MB / 6UT

(Ny4wme pesynetatel!) (SKBMBanNEHTHO paspelueHnio 7 61uT)  Bce npumepbl NpuBeaeHsI AnsA curHana 500mMB
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MeToab! ynyyLieHns curHana

AHanoroBas ¢punbTpauma Ha Bxoge

Vertical scale Position

B cround  EEETEVED) (VLT

:‘ ;’:tg: (—) (+) Acquisition |»

Couplingd _  gffget Bandwidth

Menonesosanve | NITERRY o ] (it e sev |

aKTUBHbIX
NPOBGHMKOB He

YcpenHeHue
(Mpy MHOroKkpaTHOM 3axBaTe)

Decimation

[ RUER - sample

< Peak detect
“+~ High res
S+ RMS

Wfm Al :hmetic

~Off
#n Envelope |

+ Average

Pexum BbicoKkoro paspetueHus (HiRes)
(cbvnbTp cKONb3ALLEro cpeaHero)

BHOCALLUX Pexxum Bbicokon 4éTkoctu (HD)
UCKa)keHue B (UndbpoBoit counbTp NOBbILLAILWMIA pa3peLleHne)
CurHarn...
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Ocumnnorpad. OcHoBI.
[TpopexwuBaHue. OTYETHI

1 [NpuHUMN npopeanBaHnAa
= AUl Bcerga paboTtaet Ha MakcMMaribHOM YacToTe ANCKPETU3aLnm
= B 3aBNCMMOCTU OT ropu3oHTanIbHON Pa3BEPTKM HE BCE OTYETbLI MOTYT ObITb HEOOXOANMBI

VicxoaHas 4acToTa ANCKpeTH3aLMm npopexmnBaHue OTuéThl 3axBayYeHHble NamATbio Npubopa



Ocuunnorpad. OcHoB!.
[TpopexunBaHue. [nkoBbIN OeTekTop

1 Onepaumnsa Boi6opkun (Min / Max)
= BbiBupaeT TonbKko MakcMmansHOe U MUHUMaribHOe 3Ha4YeHne U3 BCeX OTYETOB Ha MHTepBarne

NpPOopeXnBaHUS
d B | — -
’ﬁ\\f =
- - == [ — —e " —=
NMukoBbIN
AeTeKTop

1 [pumeHeHns:
= PaboTta Tonbko B pexume cbopa B peanbHOM BpeMeHun, 6e3 nHrepnonsuum
= cnonb3oBaHWE Npu NOMCKE BbICOKOYACTOTHbIX MMNTYEN
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Ocumnnorpad oCHOBBI
[TpopexunBaHue. Pexum Bbicokoro paspelueHus (HiRes)

1 Onepaumns Beibopku
= PacyéT cpegHero Bcex OTYETOB Ha MHTepBane BbiOOpKU
= YBENUUMBAET paspeLleHne, yMEHbLLIAET MNOmocy nNponyckaHus

I MpUMEHEHNS: MpopexuBaHue HiRes

= Yny4ywaeTt BepTUKanbHOE paspeLlleHne N YMeHbLUIaeT WyMm

= [logaBnseT wym (ecnu nsmepeHns wyma He TpebytoTcs)

= BbICOKOTOYHbIE N3MEPEHUS

= YpesaHue nonockbl NponyckaHns orpaHNYMBaEeT NpUMEHEHNe
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Ocuwunnorpad. OcHoBbI
[lpopexuBaHmne. Pexum Bbicokomn yetkoctu (HD)

1 3anyck no Menb4yavuluMm geTtansam B curHane

7 8 6e3 HD
—> V4 unsTp[— l namsTb
/
ALM g

Cucrema
3anycka

HTerpanbHasa nnarta

Pexxum HD akTuBmpoBaH

Bbibpoc 9 mB Ha curHane B 1B

BepTukaneHas passéptka 140 mB/gen

BbiGpoc MeHbLLe YeM aecaTas 4oNs LeHbl AeneHus

= 3anyck no npexHeMy cpabaTtbiBaeT N0 3TOMy BbIbpocy
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Ocuunnorpad. OCHOBBI
[eunmaums. Pexum BbiCoKoro paspetierus (HD)

1 bonblwe aetanen, 6onbwan TOYHOCTbL pe3ynbTaToB

PexuM BbICOKOTO paspeLUeHnst He akTUBEH Pexxum BbICOKOro paspeLleHnsa akTuBeH
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UT0 Ha CYET NONOCHI NPOMNYCKaHNs BCEN CUCTEMBI?

1 [paduk oTobpaxkaeT noBegeHne cUCTeMbl C HOMUHaNbHOW nonocon 1 Iy
1 Pe3ynbsTupytowas nonoca cuctemMbl U3 NpobHMKa 1 ocuunnorpada onpegensercs Kak:

2 2
1/monoca,crems =\/1/nonocanpo6 + 1/non0cageyynn

I PekomeHpgauus: Beibrpante npobHMK ¢ nonocom kak MMHUMMyM B 1, 5 pasa Bbllle Nonockl ocuunsiorpadga
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