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B 3atux PekoMeHpaLmax no npMMeHeHUo npmeeneH 063op ocHOB
ncnonb3oBaHMa ocuuniorpadoB. 3aech Bbl CMOXETE Y3HaTb, YTO
npeactaBnsaoT cobor ocunnnorpadbl U Kak oHM paboTatoT. Mbl
paccMoTpuM 061acTU NPUMEHEHNS ocumMnnorpadoB, OCHOBHbIE BUAbI
BbINOJSIHAEMbIX U3MEPEHUN U UX XapaKTepPUCTUKM. KpoMe Toro, Mbl
yAenuM BHUMaHWe pasinyHbIM TUnam Npo6HUKOB, a TakXKe 06cyanm
MX LOCTOMHCTBA U HELOCTATKM.



BBepneHune

INEeKTPOHHbIE TEXHOJIOTMU MPOHUKAIOT BO BCE

061aCTV Halemn XU3HU. MUNINOHBbI U MUANNapAbI
NoAen exegHeBHO NoJb3YHTCS MOBUITbHLIMU
TenedoHaMu, TeNEBU30PaMU, KOMNbIOTEPAMU U
APYTMMU 371EKTPOHHBIMK YCTporcTBamu. Mo Mepe
COBEPLUEHCTBOBAHUS 3NIEKTPOHHBIX TEXHOOIMI
yBenu4yMBaeTcsi 6bicTpoaencTBUe 3Toro 060pyAoBaHus.
CeropHs B 60NbLIMHCTBE COBPEMEHHbIX YCTPONCTB
MCNOJb3YHTCS BbICOKOCKOPOCTHbIE LndpoBbIe
nHTepdencel.

NH>XeHepbl BONXKHbI UMETb BO3MOXHOCTb NPaBUSIbLHO
NPOEKTUPOBaTb U [LOCTOBEPHO TECTUPOBATL KOMMOHEHTHI
CBOMX BbICOKOCKOPOCTHbIX LM$POBbLIX YCTPONCTB.
KoHTponbHO-u3MeputensHoe obopyaoBaHune, KOTopoe
MCNOJIb3YyEeTCS MHXEeHepaMu B npouecce pa3paboTku

M UCMNbITaHUN, AOJIXKHO ObITb NPUTroAHO ANns paboTbl

B YC/TOBMAX BbICOKWUX YAaCTOT U BbICOKMX CKOPOCTEN
nepepnayun paHHbix. M ocumnnorpad senserca npumepom
MMEHHO TaKoro poaa npubéopos.

Ocuunnorpacbl — 3TO MOLLHbIE MUHCTPYMEHTbI, KOTOpbIe
[0Ka3asnu CBOI0 NONe3HOCTb NPU NPOEKTUPOBAHUM U
TECTMPOBAHMUU 3NIEKTPOHHbIX YCTPOMCTB. 3TW NprbopbI
KpalHe Heo6X0aUMbI AS OLEHKM COCTOSIHUSI CUCTEMB,

C UX MOMOLLbIO CTAHOBUTCS BO3MOXHbIM ONPEAesuTb,
KaKue U3 KOMMOHEHTOB paboTaloT KOPPEKTHO, a Kakue
ABNAKOTCA UCTOYHUKOM OLLIMBOK. Kpome Toro, oHu
NoOMOratT y3HaTb, GYHKLMOHUPYET JIM HOBbIN KOMMNOHEHT
TaK, Kak 6bl1o cnpoekTMpoBaHo. Ocumnnorpadsl HAMHOMO
Bonee GYHKLUMOHANbHBI MO CPABHEHUIO C MYNIbTUMETPaMK,
NOTOMY YTO OHW NO3BONSAOT BaM YBUAETb, KaK Ha CaMoM
Jene BbIrMAAAT 3/1eKTPOHHbIE CUTHAsbI.

Ocumnnorpadbl MCNONb3YHOTCS B CaMblX Pa3fIMUHbIX
cpepax — 0T aBTOMOGUIIbHOM MPOMbILLAEHHOCTH

[0 YHUBEPCUTETCKUX HAayYHO-UCClIef0BaTeNIbCKUX
nabopatopui n 060pOHHON N a3POKOCMUYECKOWN
oTpacnen. CneumanucTtbl foBepsatoT ocumnnorpadam,
KOTOpble NoMoralT UM bonee 3pPeKTUBHO BbISBAATb
HenonafgKu yCTPOWUCTB U CO34aBaThb NMPOAYKTbI C
LUIMPOKMMU GYHKUMOHANbHBIMY BO3MOXHOCTSMM.
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CurHanbi

Ocuunnorpad npegHasHayeH gns
NpeacTaBieHUs ANEKTPUYECKUX,
ONTMYECKUX U NPOYUX CUTHANOB

B rpaduyeckom suge. Uccnepys
oTobpa)kaeMble Ha akpaHe ocuunnorpada
CUrHasnbl, MOXHO ONpeaesuTb, MPaBUIIbHO
N GYHKLMOHUPYET TOT MU MHOW
KOMTOHEHT 3/1IEKTPOHHON CUCTEMBI.
Mo3aToMy Ansi NOHUMaHWSA NPUHLMMNOB
paboTbl ocumnnorpada Heo6xoANMO 3HaTb
TEOpEeTUYECKME OCHOBbI aHaNIM3a CUFHAJIOB.

CsoncTBa BOJIHb

CvrHanel npeacTaBnstoT co60M BOHbI
nnu umnynbcbl. CBOMCTBA BOJIHbI MOTYT
ObITb OMMCAHbI C MOMOLLbIO CJIeAyLLNX
OCHOBHbIX MapaMeTpOB.

Amnnutyna

B MH)XeHepHbIX NPUNoXeHUAX
06bI4YHO MCNOMb3YHOTCS ABE 0CHOBHbIX
XapPaKTepUCTUKnU aMnanTynbl.

——

Mukosoe
3HayeHune
aMnAnTyabl

_

CpenHekBagpaTuyHoe
3Ha4YyeHue amMnNAnTyabl

Puc. 1. NMukoBoe n cpegHeKBagpaTtuyHoe 3Ha4YeHUe aMnNanTynbl.

Mepuopg

Puc. 2. Mepuop TpeyronbHoro curHana.

OpHa 13 HUX, KoTopas Ha3biBaeTcs
«MaKcuMasnbHasa amnautyga» (unm
«MUKOBOE 3HaYeHMe» UK «pasMax»),
npepcTaBnseT cobon MakCcMManbHoe
CMeLLEeHWNE UM OTKJIOHEHWE NepeMeHHOoMN
BEJ/IMYMHBI OT ee CPEAHEro 3Ha4YeHus.
[pyryto XxapaKTepuCcTUKy HasbiBalOT
«CpefHEeKBaAPaTUYHbLIM 3HAYEHUEM»
(CK3 unu RMS) amnnutyapl. Ons
BbluncneHnsa CK3 HanpsixkeHus curHana
HY>XHO BO3BECTM B KBagpaT Kaxnoe

13 N 3HaYeHM HanpsaXXeHus 3a

nepuog BpeMeHn T N HANTK UX cpefHee
3HaYeHue, U3 KOTOPOro 3aTeM U3BJeYb
KBaApaTHbLIN KOPEHb.

[ns cMHyconpanbHOro curHana cpegHe-
KBafpaTM4YHOe 3Ha4YeHne PaBHO NMUKOBOMY
3HauYeHuo, yMHoXeHHOMY Ha 0,707.

®a30BbIV COBUT

Da30BbIM COBUIOM Ha3blBaETCS
BENINYMHA rOPU30HTasbHOrO (T.e. No

0CY BPEMEHM) CMeLLEeHUs MeXxay AByMS
CXO0XVMU BO BCEM NpoyeM curHanamu. OH
n3MepsieTcs B rpagycax Uiam paguaHax.
[lns cMHycompanbHOro curHana oguH
nepuopg coctanset 360 rpagycoB. Takum
06pas3oM, ecniv ABa CUHycouAanbHbIX
CUTHasna oT/IMYalTCA Ha NONOBUHY
nepuoaa, To UX OTHOCUTENbHbIN $ha30BbIN
casur coctasnsieT 180 rpagycos.

Mepuog

rlepVIO,D, CUrHaJjla — 370 NPOMEXYTOK
BpeMeHU, B Te4eHne KOToOpPoro CurHan
NOJIHOCTbIO MOBTOPAETCA. I'Iepmop.
n3MepaeTca B CeKyHaax.

YacToTa

Kaxkabli nepuoguyecknin curHan umeet
CBOIO YacToTy. YacToTa paBHa KonnyecTsy
NOBTOPEHWU CUTHanNa B eAUHULLYY BPEMEHU
(B cekyHAy, ecnu yacToTa M3MepseTcs B
repuax). YactoTa sBnseTcs BefIMUYMHOMN,
obpaTHOM nepuoay CMrHana.
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CurHansl (npomonykeHue)

CDOprI CUrHasnos

®opmMa curHana — aTo rpadumyeckoe
oTobparkeHue BoHbl. PopMa curHana
No3BOJIAET MOAYYUTb 3HAYUTENbHbIN
06beM MHdoOpMaL MM 0 NnoBeaeHUn
nccnegyemoro curHana. Tak, K npumepy,
OHa MOXXET MoKa3aTb, HACKONIbKO Pe3Ko
MEHSIEeTCS HanpsiXXeHne, U3MeHsieTcs Nn
OHO IMHENHO M/ OCTAETCSA MOCTOSAHHBIM.
CyluecTByeT MHOXECTBO CTaHAAPTHbIX
$opM curHanoB, HO B 3TOM pa3gene
OyAeT paccKasaHo TONbKO O TeX, KoTopble
MCMONb3YyTCS Yalle ApYrux.

CVIHYCOM,D,aJ'IbeIe CUTrHanbl

CvHycomnpanbHble CUrHanbl
accoumnmpyloTcs, Kak npasuo, ¢
MCTOYHMKAMW NepeMeHHOro ToKa, TakuMmn
KaK 3M1eKTpMYeCcKne po3eTKU B BalleM
noMe. [MMKoBoe 3HaYeHMe aMnanTyabl
CMHYCOMAOANbHOMO CUrHana He Bceraa
SABNAETCS BEIMYNHON NOCTOSSHHOWN.
Ecnu nukoBoe 3HayeHne aMnanTy bl
C TeYeHWEM BPEMEHUN HenpepbIBHO
yMeHbLUAeTCs, TO TaKOW CUrHan
Ha3blBaeTCS 3aTyXakoLWwmum.

Puc. 3. CuHycompanbHbI CUrHan.

Puc. 4. Meangp.

MeaHgp/npsiMoyrofbHble
CUrHanbl

MeaHAp — 3TO CMIHaN, KOTOPbIN
nepvoanYeckn ckaykoobpasHo
N3MEHSAETCS MeXAy ABYMS Pa3fnNYHbIMU
3HaYeHUsIMU, NPU 3TOM ANUTENBHOCTHU
WHTEPBAaJIOB C BbICOKUM U HU3KUM
YypPOBHEM paBHbl. [IpAMOYroNibHbIN CUTHan
OT/INYAETCS OT MeaHApa TeM, YTO Y HEro
ONMTENIbHOCTb CEFMEHTOB C BbICOKUM U
HU3KMM YPOBHEM He paBHbl Mexay coboi.
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CurHansl (npomonykeHue)

TpeyronbHble/NnMnoobpasHble
CUrHanbl

B TpeyronbHoOM curHane HanpsixxeHue
N3MEeHSAETCS Mo IMHENHOMY 3aKOHY.
(DpPOHTbI TPEYrosIbHOrO CUrHANa UMeT
HaKJIOH, NOTOMY YTO CUFHAN MU
JINHEMHO BO3pacTaeT, Uu IMHENHO
yMeHblUaeTcs 40 onpeneneHHoro
3Ha4veHus. NunoobpasHbI CUrHAN NOX0XK
Ha TPeyrosbHbIN, 0QHAKO Y HEro 0AuH
13 GPOHTOB HapacTaeT Uau cnagaeT
OTHOCUTESNIbHO MeaJieHHo. [pu 3ToM
apyron ¢opoHT HapacTaer (cnagaer)
NPaKTUYECKN MITHOBEHHO.

VlMI'IyanHble CUTrHanNbl

MMNynbCHBIN CUrHan npeactasnseT
coboi pe3Koe 04HOKPaTHOE OTK/IOHEHNE
Hanps>XeHuUa 0T NOCTOSAHHOrO
3HayeHus. MNpeacTaebTe, UTO BbI
WENIKHYNIM BbIKJIlOYaTeneM, 4Tobsbl
BKJIIOUYNTb B KOMHATe CBET, a 3aTeM
6bICTPO BbIKNO4YMAN ero. Cepus us
HEeCKOJIbKMX UMMNYNIbCOB 06pasyeT
nocnefoBaTelbHOCTb UMNYNbCOB. Ecnn
BOCMOJIb30BATLCA HaLLen aHasormen,
TO 370 6yAeT BbIrNAAeTb, Kak 6yATo Bbl
CHOBa M CHOBa BbICTPO BKJlOYaETE U
BbIK/1l0YaEeTE CBET.

NMnynbc aenseTtcs 06bl4HOM dopmon
rauTya (MMNynbCHOM nomMexu) nnu
owunbKmM B curHane. KpoMe Toro, MMnynsc
MOXeT BbITb TaKXKe Noe3HbIM CUMHAMOM,
€CJIX 3TOT CUrHaM NEePEHOCUT eAUHUYHBI
o06beM nHbopMaumm (oguH 6uT).

Cno>KHble curHansl

HekoTopble cMrHanbl MOryT
npencTaBnsaTb co60M KOMOMHALMIO
NnepeYncsieHHbIX Bbile GOpPM CUrHANOB.
OHW HeobA3aTeNbHO [OJIXKHbI ObITh
NepuoaNYeCKUMMU U MOTYT UMETb OYEHb
CNOXHbIN Npodunb.

CpaBHeHMe aHaNoroBbIX
CUrHanoB ¢ uMdpPoOBLIMU

AHanoroBble CUrHanNbl MOTYT UMETb
nioboe 3HaYeHne B Npefenax HEKOTOpPOro
AuanasoHa. 34ecb Nose3Ho NpeacTaBUTb
cebe aHanorosble Yackl. 3a ABeHapUaTb
4YacoB CTPEJSIKN ONUCHLIBAKOT MO
uncdepbnaTy nonHbIN Kpyr. B TeyeHne
3TOro BPEMEHU CTPesiKK ABUXKYTCS
HenpepbiBHO. HUKaKNX CKaYyKoB n
OVUCKPEeTHOCTM NokasaHun. Tenepb
CPaBHMM UX € UMGPOBLIMK HacaMu.
LimdpoBbie yackl NpoCTO NOKa3bIBaOT

HaM BpPeMS B YMCJIOBOM BUAE: Yacbl U
MUHYTbl. CnegoBaTenbHO, NOKa3aHusa
BPEMEHWN AUCKPETU3NPOBAHbI C
WHTEPBasIOM B O4HY MUHYTY. B TeueHne
O[HOM CEeKYHAObl 3TO MOXeT ObITb CHa4yana
11:54, a 3aTeM CKAaYKOM NU3MEHMUTCSH Ha
11:55. UndpoBble curHanbl TakMM xe
06pa3oM AUCKPETHbI U KBAaHTOBaHHbI.

Kak npaBuno, AUCKpeTHbIe CUTHanbI
MOTyT MPUHUMATb ABa BO3MOXHbIX
3HaYeHus: BbICOKOe uan Hu3koe, 1 nnm 0
n 7.4. Mo3ToMy 3HaYeHUs CUrHanoB
CKAYKOM MEHSAITCA MeXAay 3TUMU ABYyMS
BEPOSATHbIMU COCTOAHUAMMU,

Puc. 5. TpeyronbHbI curHan.

Puc. 6. Mnnoo6pasHbin curHan.

Puc. 7. UMnynbcHbIN curHan.
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YT1o Takoe ocumnnorpad v ons Yero oH Hy»XeH nH>xxeHepam?

LI,eJ'IOCTHOCTb CUrHanoB

OCHOBHbIM Ha3Ha4YeHueM ocumnnorpada
AABNSIETCS TOYHOE BU3YasibHOe
npepcraBnieHne curHanos. Mo aton
NpUYMHEe LenoCTHOCTb CUrHasa sBNsieTCs
0YEHb BaXKHOW XapaKTEPUCTUKON.
MoHATUE LEeNoCTHOCTU CUrHana
OTHOCUTCS K cnocobHocTM ocumunnorpacda
BOCNPOM3BOAUTL POpPMY cUrHana

TaK, 4To6bl OH MaKCUManbHO TOYHO
0TOOpa)an UCXOLHbIA CUTHaN.
Ocuunnorpad ¢ HU3KOM LLENOCTHOCTbIO
curHana 6ecnoneseH, NOTOMYy 4TO
6EeCCMbICNIEHHO BbIMOMHSATL U3MEPEHUS,
€Cc/In ocuMNNorpaMMa Ha aKkpaHe

ocuunnorpada otnmyaetcs no ¢opme

N XapaKTEPUCTMKaM OT peasibHoro
curHana. MNpu aTom, 0oAHaKo, BaXKHO
NMOMHUTb, YTO OCLMJIIOrPaMMa Ha 3KpaHe
npubopa HMKorga He 6yaeT TOYHbIM
npeacTaBieHWEM peasibHOro CUrHana BHe
3aBUCUMOCTM OT TOT0, HACKOJIbKO XOPOLL
ocuunnorpad. 3To NPOMCXOANT NOTOMY,
YTO MpM NOAKNKYEHUN ocumnnorpada

K CXeMe, caM ocumanorpad cTaHoBUTCS
YacTbk 3TON CxeMbl. [lpyruMum cnosamu,
MMeeT MECTO HEKOTOPOe BNIUAHUE
Harpy3ku. [ponzeogutenun npubopos
CTPEeMATCS CBECTU K MUHUMYMY
BO34EeMCTBUE HArpy3Ku, HO OHO, B TON UK
WHOW CTEMEHM, CyLLecTBYeT BCeraa.
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YTo Takoe ocuunnorpad v onsa Yero oH Hy»KeH uHxxeHepam? (npoaosxeHue)

Kak Bbirnagut ocumnnnorpad

OpraHbl ynpaBneHus cuctemom

B GOHbUJMHCTBe Cﬂy‘-IaEB COBDEMEHHbIe .D,VICI'IJ'IGI;I FOPU30OHTaNbHOrO OTK/IOHEHUA

undposble ocumnnorpadbl NOXoxu

Ha ocuunnorpad, NoKasaHHbIN Ha TR —" ST Howe  wayom

pucyHke 8. BMecTe ¢ TeM, Ha pblHKe

npeacTaBneHbl Camble pa3fnyHble T Oprans
Mopenu ocumnnorpados, No3ToMy ynpasneHms
BaLl NpMBoOp MOXET BbIrNsSAeTb cucTemoi
coBceM nHaye. HecMoTps Ha 370, ecTb sanycka
HEKOTOpblE XapaKTepHbIe NPU3HAKM, Oprans
CBOWMCTBEHHbIE BosbLLIeNn YacTn Takoro ynpaBaeHns
pona npubopos. [NepenHsas naHenb cucTemon
6onbWwKMHCTBA ocuunnorpadoB MoxKeT BepTMKaneHoro

OTKJIOHEHUA

ObITb pasgesieHa Ha HECKOJTbKO OCHOBHbIX — - — —lg o 7

YacTe: BXO[bl KaHas0B, ANCNEN, OPraHbl o ‘)# r-— Rl ‘_@ @ A
ynpaBfeHns CUCTEMOW FOPU30HTaNIbHOr0O — = = —_—
OTKJIOHEHUS, OpraHbl ynpaBfieHus |

CUCTEMOM BEPTUKANbHOI0 OTKIOHEHUS

W OpraHbl ynpaBfieHUs CUCTeMomn

CUHXpOHM3aumu (3anycka). Ecnv Baw Puc. 8. MepepHas naHenb ocunnnorpada Keysight cepuu InfiniiVision 2000 X.
ocuunnorpad pabortaer nog ynpaBneHueM
onepaunoHHON CUCTEMBI, OTSIMYHOM OT

Microsoft Windows, To oH, ckopee Bcero,

6yneTt uMeTb Habop GYHKUMOHANbHbIX f\

DyHKUMOHANbHbIE KTaBULIN Bxopbl KaHanos

KNaBul ANs yNpaBneHns MeHIo Ha 3KpaHe. I < : 2
»
CurHanel nogatoTcs Ha ocumnnorpad
uepes BXOAbI KaHaO0B, KOTopble
ABNSATCA pa3beMaMmn A8 NOAKN0YEHNS
npo6HMKoB. iucnnen — 3To NPocTo
3KpaH, Ha KOTOPOM oTo6paXaloTcs b i
@ -3 o G-
nccnepyemble curHanbl. Bnoku opraHos ) S " ®
ynpasJieHUs CUCTEMAMU rOPU30HTAsIbHOMO f’)@@}@ﬁ* = © i
1 BePTMKaNbHOrO OTKJIOHEeHMA cogepiaT . - — .\
PEerynaTopbl U KNaBuLLK, C MOMOLLbIO
- e T e R i i
KOTOPbIX OCYLLECTBASETCA HACTPONKA w bE CTECESE QLD 4

napameTpOB ropu3oHTasibHOM (KoTopas
06bl4HO npeacTaBnseT coboi ocb
BpEMeHM) 1 BepTUKanbHou (KoTopas Puc. 9. 3agHss naHenb ocumnnorpada Keysight cepuu Infiniium 9000.
NpeacTaBfseT HanpsXKeHne) ocu npu

0TOOPAXKEHUW CUTHAMOB HA 3KpaHe

oucnnesi. OpraHbl ynpaBfieHUs cUCTeMOM

3anyckKa yKasbiBatoT ocumnnorpady, npu

KaKUX YCIOBUAX OH OOJ/IXKEH Ha4YnHaTb

3axBaTblBaTb AaHHbIE.

MpuMep TOro, KaK BbIrSAUT 3aHSAS
naHenb ocuunnorpada, nokasaH Ha
pucyHke 9.

Kak MO>XHO 3aMeTuTb, MHOTMe
ocuunnorpadbl UMeT TaKue xe
BO3MOX>KHOCTU NOAKIIIOYEHMS, KaK U
nepcoHasnbHble KOMMbTEpPbl. 34eCb U1
npusogbl CD-ROM, CD-RW 1 DVD-RW, u
USB nopTbl, M nocnenoBaTesnbHble NOPThbl,
a TaKXXe pasbembl AN1S NOAKII0YEHUs
BHELIHEro MOHMTOPA, MbILKN U
KnaBuaTtypbl.
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YTo Takoe ocuunnorpad v onsa Yero oH Hy»KeH uHxxeHepam? (npoaosxeHue)

HasHaueHue ocumnnorpacdos

Ocumnnorpad — 3T0 KOHTPOJIbHO-
M3MepUTENbHbIN NpUbop, KOTOPbLIN
nucnonb3yeTcs pas otobpaxkeHus rpadmka
3aBUCUMOCTUN OOHOM NEPEMEHHON oT
npyron. Hanpumep, MOXHO NOCTpPoUTb

Ha gucnnee rpaduK 3aBUCUMOCTHU
Hanpsi>keHus (ock Y) oT BpeMeHu

(ock X). Ha pucyHke 10 nokasaH npumep
Takoro rpadurka. 3To MoOXKeT BObITb
NMONE3HbIM, ECITN Bbl XOTUTE NPOBEPUTH
KaKom-nnb0 31eKTPOHHbIN KOMMOHEHT

W onpenennTb, HACKOSIbKO KOPPEKTHO

OH dYHKUMOHMpYeET. Ecnu Bbl 3HaeTe,
Kakasi dopMa cUrHana fosmKHa 6bITb

Ha BbIXxo[e AaHHOr0 KOMMOHEHTA, Bbl
MOXKeTe MCMOoSIb30BaTb ocuunnorpad,
4YTOGbI YAOCTOBEPUTLCS, YTO KOMMOHEHT
Ha caMoM fiesie BblOaeT NpaBuSibHbIN
curHan. ObpaTute BHUMaHMe, 4To ocn X n
Y pa3butbl Ha peneHus u obpasytoT CeTKy.
CeTka No3BoONSIET NPOBOAUTL BU3YasibHble
NU3MepeHns NapaMeTpoB CUrHanNa, xoTs
Nnpv UCNOJIb30BaHUM COBPEMEHHbIX
ocumnnorpados 60/bLINHCTBO U3

3TUX U3MEPEHMUIN MOTYT BbITb CAeNaHbl
aBTOMATMYECKU 1 Bonee TOYHO CaMUM
ocumnnorpadom.

Bo3moxkHocTM ocumnnorpada He
OrpPaHMYUBAKOTCS TOJIbKO NOCTPOEHMEM
rpaduka 3aBUCUMOCTU HaANPSXKEHUS

oT BpeMeHu. Ocumnnorpad nmeet
HECKOJIbKO BXOA0B, Ha3blBaeMblX
KaHanamu, u Kaxkablin U3 HUX cnocobeH
paboTaTb He3aBUCUMO. [103TOMY Bbi
MOXKeTe NOAKYUTL KaHan 1 K ogHoMy
YCTPOWCTBY, @ KaHan 2 — K gpyromy.

B 3ToM cnyuae ocumnnorpad nossonset
NoCcTPouTb rpadmK 3aBUCUMOCTH
Hanpsi>XeHUsl, U3AMEPEHHOro Ha KaHane 1,
OT Hanpsi>XeHUsl, U3MePSIeMOro Ha
KaHane 2. Takow pexKuMM Ha3sbiBaeTcs
pexumoM XY ocumunnorpada. 3tot
pexuM nosieseH Ans rpaduyeckoro
npeacTaBfieHUst BOSbT-aMMNePHbIX
XapaKTepUCTUK UM NOCTPOEHUS duryp
Jlnccaxky, no popme KOTOPbIX MOXKHO
CYAMTb 0 pa3HOCTK $a3 U OTHOLWEHMUM
4yacToT ABYX curHanos. Ha pucyHke 11
nokasaHbl npuMepsbl Guryp Jinccaxy u
3Ha4yeHUs pasHoOCTU Ga3s u OTHOLLEHUS
4YacToT, KOTOPbIM OHU COOTBETCTBYHOT.

Elle Control Setup Messure Analyze Utilities Help 10:02 Al

T o clexa

More
[1af 2)

Delete
Al

Puc. 10. U306parkeHre 3aBUCMMOCTM HaNpPSXKEHUsI NPAMOYTroJIbHOMO
CUrHana oT BpEMEeHU Ha akpaHe ocumnnorpada.

PasHocTb ¢has 180°,
OoTHoLleHue YacToT 1:1

PasHocTb cha3s 90°,
OTHOLeHne yacToT 1:1

PasHocTb a3z 90°,
OTHOLUEHMe YacToT 1:2

PasHocTb ¢pa3s 30°,
OTHOLIEeHne YacToT 1:3

Puc. 11. ®urypol Jluccaxy.
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YTo Takoe ocuunnorpad v onsa Yero oH Hy»KeH uHxxeHepam? (npoaosxeHue)

Tunbl ocunnnorpagos

AHanoroBble ocunnnorpadsl

Mepeble ocunnnorpadsl 6biu
aHanNoroBbIMU, B KOTOPbLIX ANS
0TOBpaXeHUsl CMrHana MCnosb3oBanuch
3NEeKTPOHHO-NTy4YeBble TPYOKM.
DOTONOMUHECLLEHTHbIN IloMUHOOP,
KOTOPbIM MOKPbIT 3KPaH, CBETUTCA Npu
nonagaHum Ha Hero aNIeKTPOHa, U Nno
Mepe TOro KaK 3aropaeTcsi KaXkablv
nocnenywLwmnn y4acTok JloMMHodopa, Bbl
MoXKeTe BUAeTb U3obpa)keHne curHana.
CucteMa cMHXpoHU3auuu (3anycka)
ocumnnorpada HeobxoanMa ans Toro,
4YTOGbI M306paXKeHMe CUrHaNa Ha 3KpaHe
BbIFNAAeno cTabunbHbIM. Mo OKOHYaHUK
BbIBO[,A HA 3KPaH BCEW OCLMUNIOrPaMMbI
ocumnnorpad KAet HacTynneHus
cnepyoLero onpeaeneHHoro cobbiTms
3anycka (HanpuMmep, nepeceyeHus
HapacTawwum GpPoHTOM CUrHana
334aHHOr0 3HAYEHUS HAMNPSXKeHNs),

a 3aTeM 3anycKaeT pa3BepTKY CHOBa.
HecuHXpOHN3MpPOBaHHbIN 3anycK
pa3BepTKM GecroneseH, NOTOMY YTO
n3o06paxeHne cMrHana Ha aKkpaHe
OyneT HecTabubHbIM (3TO BEPHO TaKXe
1 ons UMGPOBLIX 3aNOMUHAKLLNX
ocumnnnorpador DSO n ocuunnorpados
CMeLaHHbIX curHanos MSO, o KoTopbIx
ByOeT pacckasaHo Huxe).

AHanoroBble ocuunnorpadbl None3Hbl,

B NepByto oyepenb, MOTOMY, 4YTO
cBeyeHue ntoMnHodopa ncyesaet He
MrHOBEHHO. Bbl MOXXeTe Habnoaatb
HECKObKO OCLMNIIOrPaMM, KOTopble
HaKnapblBalOTCS APYr Ha Apyra, 4To
NMo3BONSAET OTC/IEXKMBATb FNTYU U
apyrve aHoManuu curHana. MNockosbKy
oToOpaXkeHne curHana npoMCxXoauT,
KOrfa 3/IeKTPOH CTaskKuBaeTcs ¢
3KpaHOM, SpKOCTb 0TOOparkaemom
OCLMINOrpPaMMbl HEMOCPeaCTBEHHO
CBS13aHAa C MHTEHCUBHOCTbIO peanbHoro
CMrHana. 3To No3BosSIeT paccMaTpuBaThb
OCLMNIOrpaMMy KaKk TpeXMEPHbIN
rpaduk (To ectb, ocb X — BpeMsi, ocb Y —
HanpsXxeHune, oCb Z — MHTEHCUBHOCTb).

HepocTtaTok aHanoroebix ocumnnorpados
COCTOUT B TOM, YTO OHU HE NO3BONSIOT
3adumKcupoBaTbh N306paxkeHne Ha

3KpaHe U XpPaHWUTb oCLuuUIorpamMmmy B
TeYeHue OJIUTeNbHOro NepMoaa BpeMEH!.
MockonbKy BewecTBo NntoMmMHodopa
ObICTPO racHeT, YacTb CUrHaNa MOXeT
TepsTbcs. KpoMe Toro, Bbl He MoXeTe
BbIMOJIHATb aBTOMaTUYECKUE U3MEPEHNS
napameTpoB curHana. Bmecto atoro
06bIYHO NPUXOAUTCS BbIMONHATD
N3MepeHns C UCMONIb30BaHUEM CETKM Ha
aucnnee. AHanorosble ocumnnorpadsbl
MOryT 0To6paaTb He BCE TUMbI
CUTHanoB, TaK KakK CYLLECTBYET BEPXHUM
npenen CKOpoCTU BEPTUKASIbHON

W rOPU30HTaNbHOM Pa3BepPTKU
3NEKTPOHHOro ny4ya. M xoTs aHanorosbie
ocumnnorpadbl 4O CUX NOP UCNONb3YHOTCS
MHOMMMU UHXXEHepaMu, UX He YacTo
MOXHO YBUAETb B npofaxe. MM Ha cMeHy
npuwnu 6onee coBpeMeHHble LUPPOBbIE
ocuunnorpadsl.

LUndposblie 3anoMuHatowme
ocuunnorpadsl (DSO)

LUndposbie 3anoMuHarowme ocuunnorpadsbl
(DSO nnu L30) 66111 co3paHbl 4nsa Toro,
4YTOOblI MOXKHO ObIJI0 KOMMEHCUPOBATb
HeaoCTaTKK, NpUCYyLLMe aHanoroBbiM
ocumnnorpadam. B umdpposom ocumunno-
rpade nogaBaeMbI Ha BXOA CUTHanN
oundpoBbLIBAETCS C NOMOLLbIO aHaNoro-
undposoro npeobpasosatens (ALM). Ha
pucyHKe 12 nokasaH npuMep apXuTeKTypbl
ofHoro us undposbix ocunnnorpados
komnaHumn Keysight Technologies, Inc.

ATTeHaTop NpegHasHayeH ans
MacwTabupoBaHUsA CUrHana.

Ycunutenb BEpTUKANbHOMO OTKJIOHEHUS
obecneynBaeT AONONHUTENIbHOE
MaclwTabrMpoBaHWe CUrHana nepeg ero
nopayven Ha ALLM. AHanoro-uudposon
npeobpasoBaTesib NPOM3BOAUT BbIGOPKY
M oundpPOBKY BXOAHOI0 CMrHana. 3tm
[aHHble 3aTEM COXPAHSATCA B NaMATH
npubopa. CucteMa CUHXPOHU3aUNK
OCYLLECTBISIET NOUCK COObITUN

3anyckKa, a 6,10k BpeMeHHOoM pa3BepTKH
onpepenseT ANUTeIbHOCTb UHTEpBaa
BPEMeHU, 0TOBPaXkaeMoro Ha akpaHe
ocuunnorpada. Mukponpoueccop
BbINOJIHSIET 3a4aHHYI0 Nosb30BaTeNeM
OOMOJIHUTENbHYO NOCT-06paboTKy, nocrne
Yero CUrHaJs, HakoHeL, BOCNPOM3BOANTCS
Ha 3KpaHe ocuunnorpada.

Hanuune paHHbIX B undposon dopme
nossonseT ocumnnnorpady BeINONHUTb
MHOXXEeCTBO M3MEPEHUN PasNNYHbIX
napameTtpoB curHana. Kpome Toro,
CUrHanbl MOryT XPaHUTLCS B NaMATU
CKOJ1b YroAHO fonro. [laHHble MoryT
OblTb pacneyaTaHbl UK NepeaaHbl

Ha KOMMbIOTEP C NoMoLLbio drew-
Hakonutens unu gucka DVD-RW, a
Takxe yYepes nHTepoeicol LAN n USB.
B HacTosLwwee BpeMsi nporpaMMHoe
obecneyeHve N03BONSET YNPaBAsTh
ocuunnorpadoM c KomnbloTepa

C MCMONb30BaHMEM BUPTYyanbHOMN
nepepHen naHenu.

MamsATb
KaHana
Yeunutenb
Bxop Cbuc Mwukpo- o
| ATTeHtoaTop (- - ALN = — vcnnen
KaHana P [~ [BepTUKanLHoro U MegaZoom npoLeccop A
OTKIMOHEHUsA
Cucrema ~—| B| e?/lne?-{KHOVI
3anycka P
pasBepTku

Puc. 12. ApxuTtekTypa undposoro ocumnnnorpada.
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YTo Takoe ocuunnorpad v onsa Yero oH Hy»KeH uHxxeHepam? (npoaosxeHue)

Ocunnnorpadbl cMeLaHHbIX
curHanos (MS0)

B undposbix ocumnnorpadax BxogHom
CUTHanN ABNSETCA aHaNIoroBbIM, M aHaNoro-
umdposon npeobpasoBaTesib NPOM3BOAUT
ero oundposky. BmecTe ¢ Tem, no

Mepe pasBUTUS TEXHOJI0MMI undpoBomn
3NEKTPOHUKM CYLLECTBEHHO BO3pPOCNa
Heo6XxoaMMOCTb OAHOBPEMEHHOIO
Habno4eHNs aHanoroBbiX U LMGpPOBbLIX
curHanoB. B pesynbTate npoussoautenu
ocumnnnorpadoB Hayanm BbiNycKaTb
ocumnnorpadbl CMeLIaHHbIX CUTHANO0B,
KOTOpble cNocobHbl 0TOOpaXkaTb U
aHanoroeble, U LMPOBbIE CUTHANbI,

M OCYLLEeCTBNATb 3anyck no HUM. Kak
npaswuno, TMNoBoON ocuuanorpad
CMELUAaHHbIX CUrHANO0B COAEPXKUT ABA

W YeTbipe aHanoroBbiX U Gosbluee
Konn4yecTBo UndbpoBbIX KaHanos (puc. 13).

MpenmyliecTso ocunnanorpados
CMeLLaHHbIX CUTHaN0B COCTOUT B TOM, YTO
OHM MO3BOJIAIOT OCYLLECTBAATH 3aMyCcK no
KOMOUHaLUMM aHANOroBbIX U UNdPOBLIX
CUTHanNoB 1 0To6pa)kaTb UX B eANHOM
MacliTabe BpeMEHMU.

MopTaTnBHbIE/pYyYHbIE
ocuunnnorpadsl

Kak cnepnyeT u3 Ha3BaHus, NOPTaTUBHbIN
ocumnnorpad — ato ocumnnorpad,
KOTOpPbIA [OCTAaTOYHO MaJl, 4ToObl ero
MOXHO BblJI0 HOCUTB € cobown. Ecnu Bam
HYXXHO MCMNoJib30BaTb ocuunnorpad Bo
MHOMMX MecTax, HanpuMmep, NePeHoCUTb
ero c ogHoro pabo4ero MecTa B
nabopaTopuun Ha gpyroe, To NOPTAaTUBHbLIN
ocuunnorpad naeanbHo noaxoaouT Ans
Bac. Ha pucyHke 14 nokasaH npumep
noptaTMBHOro npubopa — ocuunnorpad
Keysight InfiniiVision cepuu X.

MpeunMyLLeCcTBO NOPTAaTUBHbIX
ocumnnnorpadoB COCTOUT B TOM, UTO

OHW NEerkne 1 KOMNaKTHble, 6bICTPO
BKJII04AOTCA U BbIKJIIOYALOTCS, @ TaKXe
NpocTbl U YyAO6HbI B UCNOJSIb30BaHUMU.
Kasanocb 6bl, nopTaTuBHbIE
ocumnnorpadbl He MOryT 6bITb TAKUMU
e NPoV3BOAUTESNIbHBIMU, KaK Ux Gonee
KpynHble cobpaTbs, Ho ocunnnorpadol
Keysight cepun InfiniiVision

2000 X 1 3000 X onpoBepratoT 310
npepnonoxeHune. OHn obecneumnBaioT
KOMMaKTHOCTb U MOBUJIBHOCTb,

06bI4HO NpUCyLLME NOPTAaTUBHBIM
ocumnnorpadam, HO Npu 3TOM
[OCTaTO4YHO NMPOU3BOAUTESbHbI, YTOGbI
oTBeYaTb 60/IbLIEN YAaCTN COBPEMEHHbIX
TpeboBaHMM No OTNafKe 3NEKTPOHHbIX
YCTPOWCTB B NOJIOCE NPONYCKaHUS

0o 6Imu.

8 undpposbIx
KaHanos

4 aHanoroBbIX KaHana

Puc. 13. BxogHble pa3beMbl Ha NepegHen naHenun ocunnnorpada cMelwaHHbIX CUTHAN0B:
YyeTblpe aHaNoroBbIX KaHana U BOCEMb UM LWWECTHAALATb LUPPOBLIX KaHAMO0B.

R, =
| S — =
wagon |

200 MHz
Soan

] 0-X 2024A
m AN KEYSIGHT oiiVison  Metspuosbeee

Ty

Puc. 14. NopTaTtusHbin ocumnnorpad Keysight cepuu InfiniiVision 2000 X.
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YTo Takoe ocuunnorpad v onsa Yero oH Hy»KeH uHxxeHepam? (npoaosxeHue)

Tunbl ocunnnorpagos

Ocuunnnorpadbl 3KOHOM-KNacca

Ocumnnnorpacdbl 3KOHOM-KJ1acca
VMEHT HEBLICOKYIO LIeHY, HO UX
dYHKLMOHaNbHbIe BO3MOXHOCTU

U TEXHUYECKUE XapaKTepUCTUKHN
CYLLECTBEHHO HUXKE, YEM Y
BbICOKOMPOW3BOAMUTENbHbIX
ocumnnorpacdos. Takune npubopsl
06bIYHO MOXXHO YBUAETb B Yy4ebHbIX
nabopatopusix BY308. [naBHbIM
LOCTOMHCTBOM 3TUX ocuunnorpados
SABNIIETCH UX HU3KAA LeHa.

33 OTHOCUTENIbHO HEOONbLLYID CYMMY
OEeHer Bbl NoslyyaeTe 04eHb YAOOHbIV 1
NMPaKTUYHbIA MHCTPYMEHT.

Mr KEYSIGHT  infiniium DS091304A Digital Storage Oscilloscope

Bon  wm@oom

Bbicokonpon3BoauTesibHble
ocumnnorpadsol

BbicokonpounsBoguTenbHbie
ocumnnorpadbl 061a4a0T HAVAYYLWMMN
U3 [OCTYMHBIX CErOAHS TEXHUYECKUMU
XapaKktepuctukamu. Takue npubopsl
UCMONb3YITCS MHXEHEPAMU, KOTOPbIM
TpebyeTcs LWMpOKas Nnosoca NponycKaHus,
BbICOKAs 4acToTa AUCKPETM3aLMM U
CKOPOCTb OGHOBNEHMS CUTHANOB Ha
3KpaHe, 60nbLWON 06bEM NaMATH 1
LUIMPOKMUI CMEKTP U3MEPUTESIbHBIX
BO3MOXHocTen. Ha pucyHke 15 nokasaH
npuMMep BbICOKONPOU3BOANTENBHOIO
ocumnnorpada — ocumnnorpad Keysight
cepuu Infiniium 90000A.

[naBHOe NPenMyLLEeCTBO BbICOKO-
NpPon3BOAMTENbHbIX ocuunnorpados
COCTOUT B TOM, YTO 3TU NPUBOPbLI
NO3BOJISIKOT C BbICOKOWN 3D PEKTUBHOCTbIO
BbIMOJIHATb aHANIU3 CaMblX Pa3HOO6Pa3HbIX
CUTHasoB, a TaKXe NpefoCcTaBAsoOT
MHOXECTBO NPUKAAHbIX NPOrpamMm

W UHCTPYMEHTOB, KOTOPbIE AeNatT
npouenypy aHanusa npotie u 6bicTpee.
OCHOBHbIMUW HeAOCTAaTKaMU BbICOKO-
NpPon3BOAMTENbHbIX ocuunnorpados
ABNAOTCA UX LeHa U pasmep.

—

File Control Setup Trigger _Measure _Analyze _Utilities _Help

1 Dec 2007 4:13 PM

Trigger
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Puc. 15. Ocumnnorpad Keysight cepum Infiniium 90000A.

loe ucnonb3yTcs
ocunnnorpadsl

Ecnu HanpaBneHue gesaTenbHOCTH
OopraHu3aLmMm CBA3aHO C 3JIEKTPOHHON
NPOMbILLINEHHOCTbIO (B TOM yuncne,
PaaVo31eKTPOHHON) MK OHa
3aHUMaeTCsi METPOJIOTUYECKUM
obecrneyeHMeM 3JIEKTPOHHbIX YCTPOMCTB,
TO, CKOpee BCero, B ee NpMGopHOM

napke ectb ocuunnorpacdsl. MoaTomy
ocuunnorpadsl WMPOKO PacnpoCTPaHEHbI
B CaMbIX Pa3/INYHbIX 061acTaX.

— ABTOMEXaHUKM UCMONb3YIOT
ocumnnorpadsl 418 [UArHOCTUKK
HENCMNPABHOCTEN B 3JIEKTPOHHbIX
cucTemMax aBTomobunen.

— B y4ebHbix nabopatopusax BY3os
ocumnnorpadbl UCNONb3YHTCA
Onsa 06y4YeHUs CTYOAEHTOB OCHOBaM
3/IEKTPOHUKMW.

— YyeHble BO BCEM Mupe B xoge
nccnenoBaHum MnCcnonb3yrwT
OCLLVIJ'IJ'IOFpaCbe B Ka4yecTBe
OCHOBHOIo MHCTPYMEHTa.

—MNpounssoaunTenn MobubHbIX
TenedoHOB NOMb3yHTCA
ocumnnorpadom oNs NpoBepKu
LLeNOoCTHOCTU CUTHAOB.

— B 060pOHHOM M a3pOKOCMUYECKON
oTpacnsx ocumnnorpadbl
MCNONb3yTCS AN TECTUPOBAHUS
PafVoNOKAUMOHHBIX CUCTEM U
CpencTB CBA3M.

— VIH>KeHepbl LWWMPOKO UCMOb3YHT
ocumnnorpadsbl B npouecce
pa3paboTKM U TECTUPOBAHUS HOBbIX
TeXHONorunn.

— Ocumnnorpadsl UCMonb3yOTCA
TaKXXe A1 TECTUPOBAHNSA YCTPONCTB
W CUCTEM HA COOTBETCTBUE
TpeboBaHMAM CTaHAAPTOB.
B kauecTBe npuMepa MOXHO
npusecTu nHTepdencsl USB n HDMI,
B KOTOPbIX BbIXOAHbIE CUFHASbI
LOJIXKHbl 0TBeYaTb TpeboBaHUAM
COOTBETCTBYOLWMX cneumPpumkaummn.

3T0 BCEro Nnwb Hebonblas 4acTb
BO3MOXHbIX 06/1aCTEN UCNONb30BaHUS
ocuunnorpadoB — NOUCTUHE
YHUBEpPCasbHbIX U MOLLHbIX NPUBOPOB.
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OcHoOBHbIe OpraHbl ynpasseHus ocumnnorpadomM n Buabl U3MepeHun

OpraHbl ynpaBneHus Ha
nepenHen naHenu

Kak npasuno, onsa ynpasneHus
ocunnnorpadoM Ucnonb3yTcs
perynaTopbl U KNaBULLM Ha NepeaHen
naHenu. B nononHeHue k opraHam
yrnpaBneHns Ha NnepefHen NaHenm MHorme
COBPEMEHHbIE BbICOKOMPOU3BOAUTENbHbIE
ocunnnorpadbl Tenepb 0CHaLLAKTCS
onepaLyVoOHHbIMU CUCTEMAMU, B
pe3ynbTaTe Yero oHW BeayT cebs Kak
KOMNbHTEPLI. Bbl MOXeETe nogknounTb

K ocumnnorpady Mbilb U KNaBuaTypy 1
MCMNONb30BaTb UX AN HACTPOMKM OpraHoB
yMNpaBAEHNS C MOMOLLbI BbiNafaroLwmx
MEHI0 M KHOMOK Ha gucnnee. Kpome

TOro, HeKOTopble ocuunnorpadbl UMerT
CEHCOPHbIe 3KpaHbl, MO3TOMY ANS A0CTyna
K MEHH0 Bbl MOXKETE MCMOJIb30BaTb CTUITYC
WM MPUKOCHOBEHWE ManbLaMM.

MNepen Ha4YanoM N3MeEpPEHUN...

Korpa Bbl npucTtynaete K pabote

c ocunnnorpadoMm, npexxae Bcero
NpoBeEpPbTE, YTO UCMOJIb3YEMBbIN

BXO[QHOM KaHan BkJoYeH. [na
YyCTaHOBKM ocuunnorpada B UcxogHoe
COCTOSIHWE MO YMOJTYAHUI0 HAXKMUTE
knaeuwy [Default Setup] (Hactpoiiku

MO YMOJIYaHUIO), €CJ/IN OHA eCTb.

3aTeM, Npy ee HanMumm, HaxmnTe
knaeuwy [Autoscale] (AsTomaTuyeckoe
MacwTabupoBaHue). 3To nossonser
aBTOMAaTMYECKM HAaCTPOUTb BEPTUKASIbHBIN
W rOPU30HTaNbHbIM MaclTab, Tak,

4yT06bI CMFHAN oTobpa)kancs Ha aucnnee
Hauy4dwmM obpa3oM. 3T HACTPOMKM
MOryT paccMaTpuBaTbCs B KayecTBe
OTMNPaBHOM TOYKM, U B HUX 3aTEM MOXHO
BHOCUTb HEO6X0AUMbIE U3MEHEHMUS.
Ecnu curHan sgpyr 6yneT notepsiH, unum
BO3HWKHYT npobnembl ¢ oTobparkeHnem
CUrHana, peKoMeHAyeTcsl MOBTOPUTL 3TU
warw. NepepgHne naHenu 60NbLWKNHCTBA
ocumnnorpadoB BKOYAKT, MO KpanHen
Mepe, YeTbipe OCHOBHbIX 6JI0Ka: OpraHbl
ynpaBfieHNs CUCTEMaMW BEPTUKAJIBHOMO
W TOPU30HTAJIbHOTO OTKJIOHEHUS!, OpPraHbl
ynpaBfieHWUsl CUCTEMOW 3anyCcKa 1 OpraHbl
ynpaBfieHVsl BXOOHBIMU KaHanaMmu.

OpraHbl ynpaBieHUsa CUCTEMOM
BEPTUKANbHOIO OTK/IOHEHUS

OpraHbl ynpaBrieHus cuctemon
BEPTUKaNbHOIO OTKJIOHEHWS
ocumnnorpada obbl4HO 06bEAUHAIOTCS B
610K, KOTOpbI 0603HaYeH Kak «Vertical».
3TK aNeMeHTbl NO3BONAKT HacTpanBaTb
napaMeTpbl 0TOBpaXKeHMs curHana

no BepTUKanbHOM ocu gucnnes. Tak,
Hanpumep, CPeAU HUX eCTb PerynaTopsl,
C NMOMOLLbI KOTOPbIX 3343eTCs YNCII0
BOJIbT Ha AeneHune (koaddpuumneHT
OTKJIOHEHMA) 1o ocn Y ceTKM 3KpaHa. Bbi
MOXKETE PacTArMBaTb OCLUNOrPaMMy

Nno BepTUKau, yMeHbLLas 3HaYeHue
Ko3dPMUNEHTA OTKSIOHEHUS, NN,
HaobopoT, CXXUMaTb ee, yBeSIMYMNBASA 3Ty
BennyuHy. Kpome toro, B 6510k «Vertical»
BXOASAT OpraHbl yNpaB/ieHUs NOJIOXKEHNEM
(cMeleHmeM) curHana no BepTUKanu.
3TW perynaTopbl MO3BONSIOT NPOCTO
nepeMeLLaThb BCO OCLUMUIINIOrPaMMy BBEPX
Uy BHM3 no gucnnet. Ha pucyHke 16
nokasaH 6710K OpraHoB ynpaeneHus
CUCTEMOW BEPTUKANIbHOTO OTK/IOHEHUS
ocumnnorpada Keysight cepum
InfiniiVision 2000 X.

KnaBuwa BknoyeHns kaHana 1

OpraHbl ynpaBneHUsa cMcTeMon
rOPU30HTANIbHOr0 OTKJIOHEHUSA

OpraHbl ynpaBrieHus cuctemMomn
rOPM30HTaNIbHOMO OTKJIOHEHMS Ha
nepegHen naHenu ocuymnnorpada
06bIYHO 06beanHAOTCA B 610K, KOTOPLIN
0603HaueH Kak «Horizontal». 3Tn
opraHbl ynpaeneHus obecneymBatoT
HACTPOWMKY ropM30HTasIbHOro MaclwTaba
ocuunnorpammbl. OOUH U3 3N1EMEHTOB
3TOro 6110Ka No3BoONSAeT 3a4aBaTthb
MacwTab no ocu X — YMCO CEKYHA, Ha
nenerve (M KoadPUUNEHT pa3BepTKH).
YMeHblaa BeNnduHy koapoduumeHTa
pa3BepPTKU, Bbl MOXKETE YMEHbLUUTb
WHTepBaJl BpeMeHu, oTobparkaeMbli

Ha 3kpaHe. Ewe oauH perynsatop

3TOro 6/10Ka NpefHasHaveH ons
yrpasneHusa nosoXKeHneM (cmeleHnem)
ocuuorpaMmsbl Mo ropusoHTanu. OH
No3BOJIAET NepeMeLLaTb OCLUINIOrpaMMy
Mo 3KpaHy C/eBa Hanpaso M HaobopoT
TOYHO B HY>KHOE MnosioxeHue. Ha pucyHke
17 noka3saH 6/10K OpraHoB yrnpasfieHUs
CUCTEMOWN FOPU30HTANIbHOIO OTK/TIOHEHUS
ocumnnorpada Keysight cepun
InfiniiVision 2000 X.

PerynaTtop HacTponku koadduumneHTa
OTKJIOHEHUS KaHana 4

Pel’yJ'ISITOp A8 ynpaBieHUsa nosoxXeHueM no
BEpTMKanM oCUMANorpaMmbl KaHana 2

Puc. 16. Bnok opraHoB ynpaBiieHMUs CUCTEMOW BEPTUKANIbHOIO OTKIIOHEHUS
ocumnnorpada Keysight cepuu InfiniiVision 2000 X.

PerynaTtop HacTpomnku
Ko3adbduLMeHTa pa3BepTKU

Perynstop gns ynpaBneHus nosioxeHnem
ocunnnorpaMMmbl MO ropu3oHTaNn

Puc. 17. Bnok opraHoB ynpaBneH/s CUCTEMO FOPU30OHTaNBHOIO
oTkNoHeHus ocuunnorpada Keysight cepum InfiniiVision 2000:X:
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OcHOBHble opraHbl yrnipaBieHus ocuunnorpadpom 1 Buabl namepeHuin (npogonkeHue)

OpraHbl ynpaBneHust cucteMomn
3anycka

Kak y>xe ynoMuHanocb paHee, cuctema
3anycka obecneynBaeT cTabunbHoE,
ynobHoe ans paboTbl NnpeacTaBneHve
CUTHana u No3BonseT CUHXPOHM3MPOBATb
cucTeMy 3axBaTa ocumnnorpada c Ton
YacTbio OCLUINIOrPaMMbl, KOTOPYIO 3anyck no HapacTalolLemy (hpoHTy
HeobxoguMo nccneposaTb. OpraHbl
ynpaBneHus 3To CUCTEMOMN NO3BONAOT

HanpsbkeHue sanycka

N Puc. 18. Mpu ncnonb3oBaHUu 3anycka no HapacTawLlweMy GpoHTy
nofo6patb BepPTUKAbHbIN YPOBEHb 3anyck ocumnnorpada ocyLecTBASeTca Npyu AOCTUKEHNM
3anycka (HanpuMmep, HanpsXxeHue, Npu HaNpPsXKEHWS CUTrHaNa 3aAaHHOMO NOPOroBOro 3HAYEHMS.

KOTOPOM [0JI3KEH 3aMyCcKaTbCs npoLecc
3axBaTa AaHHbIX ocuunnorpadom)

1 BbIBUPATb MEXAY Pa3NNYHbIMK
BO3MOXHOCTIMU 3anycka. Huxe
paccMaTpuBaloTCcs nNpuMepsl Haubonee
pacnpocTpaHeHHbIX TUMOB 3amnycKa.

3anyck no GpoHTYy cMrHana
1009/ @ B B £ 000s 100/ Trgd ¥ E 203V

3anyck no GpoHTy curHana saensietcs
Haubosiee 4acTo UCNOJb3YEMbIM BUAOM
3anycka. CobbiTue 3anycka HacTynaer,
Korga BXOLHOW CUrHan nepecexkaet
3a[aHHbIN NOPOroBbIfA YPOBEHb
HanpsxxeHuUs. Bbl MoXxxeTe BbIGpaTh 3anyck
no HapacTalwLLeMy Unu no cnagawLemy
$poHTY curHana. Ha pucyHke 18
nokasaHo rpaduyeckoe npeacTaBieHme
3anyckKa no HapacTawLweMy GpoHTy.

3anycK no UMNynbCHOW nomexe
(rnnTyy)

3anyck no rnuT4yy nossonser Acquire Menu
OCYLLLECTBASATD 3aMyCcK N0 COBLITUAM UK [ hiormél ]ﬂ] Peak Det w Averaging ] J i | [
UMMYNbCaM, AJIUTENBHOCTb KOTOPbIX

60/blUEe MU MEHbLLE HEKOTOPOro
3a[1aHHOr0 NPOMEXYTKa BPEMEeH!.

3Ta PyHKUMSA 04eHb NonesHa ans

MOUCKa Cly4aHbIX UMMYbCHbIX MOMeX
unu owmnbok. Ecnu Takne aHoManum
NpOosIBNSAOTCA HE OYEHb YacTo, TO YBUMAETb
nx 6bIBaeT [OBOJILHO 3aTPYAHUTENBHO.
Mexay TeM, 3anyck no rauMT4y no3sonser
yCMeLHo 3axBaTbiBaTb 6OMbLUYI0 YacTb U3
3TMX owmnbok. Ha pucyHke 19 nokasaHa
UMMyNbCHas NOMexa, 3axXxBa4YeHHasi ¢
nomoulbto ocumnnnorpada Keysight cepun
InfiniiVision 6000.

Puc. 19. Pegkas cnyyanHas UMnynbCcHasi NoMexa, 3aXBayeHHas
¢ noMowbio ocumnnorpacda Keysight cepum InfiniiVision 6000.
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OcHOBHble opraHbl yrnipaBieHus ocuunnorpadpom 1 Buabl namepeHuin (npogonkeHue)

3anyck no ANMTeNIbHOCTH
UMMNynbca

3anyck no panTenbHOCTM UMNYNbCa
MOXO0X Ha 3anycK No rauT4y u
ncnonb3yeTcs pas 06HapyXKeHus

nMnynbcoB OI'Ipe,D,EJ'IeHHOVI ONUTENbHOCTU.

BmecTe ¢ TeM, aTo 6Gonee 0bwmn BuA,
3anycKa, TaK KaK OH [laeT BO3MOXHOCTb
OCYLLECTBASATb 3aMyCK Mo UMMYJIbCaM
nbon 3agaHHoM anuTtenbHocTu. Mpu
3TOM MOXET ObITb BbIOpaHa NONISIPHOCTb
UMMNYNbCa — NONOXUTENbHAA NN
oTpuuatenbHasa. Kpome Toro, MoXHo
YCTAHOBUTb NOJIOXKEHME 3anycKa no
ropM30HTaNIbHOM OCU. 3TO NO3BONSET
YBUAETb COBbLITUSA, KOTOPbIE NPOM30LLSM
00 cobbITUS 3amnycKka uau nocsie Hero.
Tak, HanpvMep, MOXKHO HAaCTPOUTb 3aMycK
no rAuTyy, a 3aTeM, 06Hapy»XuMB OLWNDKY,
nccnenoBaTb CUMHa, NpeaLlecTBYOLWNA
Ccob6bITUIO 3anycKa, YTOObI HAUTU NPUYUHY
BO3HMKHOBEHMUS 3TON UMMYNbCHOM
nomexu. Ecnu yctaHoBUTb 3aaepiKKy no
rOPM30HTaNIbHOM OCY PaBHOM HYJIHO, TO
cobbITue 3anycKka byaeT pacrnosioXeHo B
LeHTpe akpaHa. CobbiTus, npousowepine
HenocpeacTBEHHO nepepn cobbITUEM
3anycka, bynyT otobpakaTbCcs B JieBOM
YacTW 3KpaHa, a Te, KOTOpble MPOU30LLSIN
nocsie cobbITUS 3anycka, — B NpaBoW.
Kpome Toro, nosib3oBaTesib MOXKET
HaCTPOMTb PEXUM BX0Aa 3anycKa, a
TaKKe YCTaHOBUTb UCTOYHUK CUTHanNa,

Nno KOTOpoMy 6yfeT oCyLecTBASATLCA
3anyck. [pu 3ToM coBceM He 0693aTeNbHO
3anycK JOJIXKEH OCYLLEeCTBNATLCSA Mo
nccnegyemMoMy curHany, ois aToro
MOXXHO MCMNOJIb30BaTb Jitobon apyromn
CUMHa, UMEKLWMI OTHOLIEHWE K AaHHON
n3MeputenbHon 3agayve. Ha pucyHke

20 nokasaH 610K OpraHoB yrnpasJfieHus
CUCTEMOW 3anycKa Ha nepeaHen naHenu
ocumnnorpada.

OpraHbl ynpaefeHMs BXOAHbIMU
KaHanamu

Kak npaeuno, ocuunnorpad nMeer gga
WNY YeTbipe aHaNoroBbIx KaHana. OHu
NPOHYMEPOBaHbI, NPY 3TOM AJ1S KaXKA0ro
KaHana o6bl4HO UMeeTcsa OTAEeNbHas
KHOMKa, KOTopasi N03BOJIsSIeT BKIOYaTb
WNY OTK/I0YaTb COOTBETCTBYIOLLMNA
KaHan. Ha nepegHel naHenu Moxet
pacnonaratbcs cneuuanbHbIv
nepekntoyaTesnb (Unn GyHKUMOHaNbHasNA
K/aBMLLA), KOTOPbI NO3BOMISET 3a4aBaTh
TUN BXOAaA: 3aKpbiTbin (AC) UM OTKPLITHIN
(DC). Ecnu BbIbpaH peskuMM OTKPbITOro
BX0Za, BXOAHOW CUTHAnN He NoABepraeTcs
obpaboTke 1 NopaeTcs HenocpeacTBEHHO
Ha yCUUTeNb CUCTEMbI BEPTUKANIbHOMO
OTKNOHEeHMs ocumnnorpada. B pexume
3aKpbITOro Bxoda Gunbtpyercs
NOCTOSIHHasl COCTaBNAOLLAsA CUTHaNa,

W OCUMIOrpaMMa LeHTpupyeTcs
OTHOCUTEJIbHO YPOBHSA NPUBIN3UTENBHO
0 BonbT («3emns»). Kpome Toro, ¢
MOMOLLbIO KNaBULLIY BbIGOPA MOXET ObITb
3aaH MMneaaHc NpobHMKa ANa KaXaoro
kaHana. OpraHbl ynpaBneHusi No3BoNSIOT
TaKXXe YCTaHOBUTb TUN AMUCKpPeTU3auum
BXOZAHOro curHana. Mcnonb3yetcs aga
OCHOBHbIX METOA,A AUCKPeTU3aunu
CUTHana: AUCKPEeTU3aLms B pexume
peanbHOro BpeMeHu U AUCKpeTu3aLuus B
3KBUBAJIEHTHOM MacliTabe BpeMeHuU.

- eTE—— Trigger -

Push for 50%
(=)

3T0T perynstop
nossonseT BbIGpaTh
pexum 3anycka

,D,VICerTVI3aLLI/IFI B pexXunme
peanbHOro BpeMeHun

Mpy pMCKpeTU3aLmMmM B peXXMMe peasibHoro
BpeMeHu ocuunnorpad 3axeatbiBaeT
BbIGOPKMU CMUrHasMa c 4acToToM,
[O0CTaTOYHOM AN TOYHOro oTobpaxkeHns
dopMbl curHana. Hekotopeble
COBpPEMEHHbIe BbICOKONPOU3BOAMUTENbHbIE
ocuunnorpadbl cnocobHbl 3aXBaTbiBaTb
OOMHOYHbIE CUMHAMbI C 4acTOTON

0o 63 Iy, oundpoBbIBas UX B peXxXnme
peasibHOro BpEMEeHW.

OuckpeTtnsaumsa B
3KBMBANEHTHOM MacLwTabe
BpeEMEHU

[uckpeTusauns B 3KBUBANEHTHOM
MaclTabe BpeMeHU No3BONISIET NOCTPOUTD
¢$bopMy curHana no AaHHbIM HECKOJIbKUX
3axBaTtoB. OfiHa YacTb cMrHana
ouMbpOoBLIBAETCSA B NPOLECCe NepBoro
3axBaTa AaHHbIX, Apyras YacTb — B XO4e
BTOPOro 3axBaTa M Tak Janee. 3aTeM Bce
3TW AaHHble cobMpatoTca BoeAMHO Ans
BOCCO3AaHNs GOpMbl curHana. Pexxum
OVCKPeTU3aLnm B 3KBUBAJIEHTHOM
MacLTabe BpeMeHU 0CO6EHHO nonieseH ans
U3y4eHUsl BbICOKOYACTOTHbIX CUrHAJO0B,
KOTOPbIE CJIMLLKOM BbICTPbI Ansi
MCNOb30BaHUS AUCKPETU3ALMM B PEKUME
peanbHoro BpemeHu (yactorta Gonee 63 Mw).

PerynaTtop
HaCTPOMKKU
YPOBHS 3anycka

Puc. 20. Bnok opraHoB ynpaBneHWs CUCTEMOW 3anycka

ocunnnorpada Keysight cepuu InfiniiVision 2000 X.
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OcHOBHble opraHbl yrnipaBieHus ocuunnorpadpom 1 Buabl namepeHuin (npogonkeHue)

CDYHKLI,VIOHaJ'IbeIe KJ1aBULWA

DyHKUNOHANbHBIMK KNaBuLWamMu

OCHalleHbl ocumnnorpadsbl, onepauMoHHas

CUCTEMA KOTOPbIX OCHOBaHa He Ha
0OC Windows (cM. puc. 8, Ha KOTOPOM
noKasaHbl pyHKUMOHaNbHbIE KNAaBULLK).
3TW KNaBMLWM NO3BONISIOT NepeMeLLaTbCs
no MeHto, oTo6parkaeMoMy Ha aucnnee
ocumnnorpada. Ha pucyHke 21 nokasaHo,
KaK BbIrNSAUT BCM/bIBAOLLEE MEHIO,
Koraa HaxaTa GyHKUMOHaNbHas
KnaBuwa. Moka3aHHOE Ha PUCYHKe
KOHKPETHOe MeHI0 NpeaHa3sHayYeHo ans
BblGopa pexkMMa 3anycka. Bol MoxeTe
LUMKIMYECKUN NepeMeLLaTbesl No NYHKTaM
MEH10, HENPEpPbIBHO HaXKMMasi Ha
YHKLMOHANbHYO KNaBULLY MKW BpaLas
NMOBOPOTHbLIV pPerynaTop Ha nepegHemn
naHenwu.

B soov/ B soov/ § & 52808 10008 Swp @ TIL

P RS v o RS B e e b ) R AR s W e e

Trigger Type
M ARERERRER RARRRRR CAN
Duration
v I?C
LIN
Nth Edge Burst
Sequence
SPI (2&3 Wire Serial)
TV
More Trigger Men£ex8Y _____|  |JSB
 Sete | SSEUGUNIN  FlexRay

+ Trigger ‘
12C

R R (R T LR LT

(ARRRRERE RRERE

Puc. 21. MeHto BbIGopa TMNa 3anycka NosiBASeTCS NPU HaXaTuu Ha
GYHKUMOHANbHYIO KN1aBULLY, PACMOJSIOXKEHHYIO Mo, COOTBETCTBYIOLLUM
NYHKTOM MeHIo 3anycka.
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OcHOBHble opraHbl yrnipaBieHus ocuunnorpadpom 1 Buabl namepeHuin (npogonkeHue)

OcHOBHble BUAbI U3MEPEHUN

LUndposblie ocumnnorpadbl No3BonsoT
BbINOHSATb LUMPOKUIA CNEKTP U3MEpPEeHUI
napaMeTpoB cUrHanos. Buabl n cteneHb
CNOXHOCTW [OCTYMHbIX U3IMEPEHUN
3aBUCAT OT Habopa PyHKLMOHANbHbIX
BO3MOX>KHOCTeN Balwero ocumnnorpada.
Ha pucyHke 22 nokasaH 4YncTbin
aucnnen ocunnnorpada Keysight.
06paTuTe BHUMaHUE, YTO KnaBuwmn/
WKOHKM pacnoJsioXeHbl BEPTUKANbHO

C JIeBOV CTOPOHbI 3KpaHa. Ncnonb3sys
MblLLb, Bbl MOXXeTe nepeTackueaTb 3TU
WKOHKM Ha OCUMIIOrpaMMy; Npu 3ToM
6yayT BbINOJIHATLCS COOTBETCTBYOLMNE
BUAbl 13MepeHun. Micnonb3oBaHue
WKOHOK 04YeHb yA06HO, MOTOMY YTO OHU
CaMu NOKa3blBalT, KAKoe N3MepeHme
BbINOJIHSIETCS.

BonbwuHcTBO COBPEMEHHbIX
ocu.m'lnorpaqu NO3BONAKT BbINOJIHATb
BCe OCHOBHbIe BUObI M3Mep9HVIVI.

MonHbin pa3max (amnnauTyaa)
Hanpsi>KeHus

I'Ipvl BbIMOJTHEHUW 3TOro0 BUAA M3Mep8HMVI
onpegendeTcsa pa3sHOCTb MeX 4y CaMbIM
HU3KWUM U CaMbIM BbICOKUM 3Ha4YeHneM
HanpsaXxeHud CurHana B Ted4eHue
HEeKOTOpOoro nepnona BpeMeHun.

CpenHekBagpaTuyHoe
3HaYeHMe HanpsXKXeHuns

Mpy BLINOSIHEHMM 3TOr0 BMAA U3MEPEHUNI
onpefensetca cpefHeKBagpaTUYHoe
3HauyeHune HanpsaXXeHua curHana. 3ta
BEJ/IMYMHA MOXKET MCMNOJIb30BaTbCA 3aTeM
009 BbIUNCEHUS MOLLHOCTMW.

File Control Setup Moasire _Analyze _Utilties _Help

Puc. 22. Yuctoih gucnnent ocumnnorpada
Keysight.

Bpems HapacTaHus

3TOT BUA, U3MepeHNn no3sonsieT
onpenensiTb MHTEpPBan BPEMEHW, B
TEeYEeHMe KOTOPOro HanpsXeHue curHana
MeHsIeTCsi OT CaMOoro HU3KOro 0 CaMoro
BbICOKOI0 NpeAesibHOro 3Ha4yeHus.
06bI4HO N3MepsieTcsl BpeMs, Heobxoanmoe
onsa nepexopa ¢ 10% po 90% ot nonHoro
pa3Maxa curHana.

ﬂ,ﬂMTeJ'IbHOCTb nMnynbca

Mpu n3MepeHUn AAUTENbHOCTH
NONIOXKUTENBHOO UMMYNbCA BbIYUCISETCS
NPOMEXYTOK BPEMEHMU, B TEYEHWNE KOTOPOro
Hanpsi>XeHWe CMrHana Bo3pacraeT oT
ypoBHS, cooTBeTcTBYtOWero 50% ot
aMNAUTYAbl, A0 ero MaKCUMasbHOro
3HAYeHUs, a 3aTeM yMeHbLUaeTcs

0o ypoBHsi 50%. MNMpu naMepeHun
ANMTENbHOCTM OTPMLATENBHOO UMMNYJbCa
BbIYUCNIAETCA NMPOMEXKYTOK BPEMEHMU,

B TEYEHME KOTOPOro HanpsiKeHue
CUTHaNa CHUXXaeTcsl OT YPOBHS,
cootBeTcTBytowero 50% ot amMmnanTyabl,
[0 ero MMHUMasbHOro 3HaYeHus, a 3aTeM
Bo3pacTaeT 0 ypoBHs 50%.

Puc. 23. U3smepeHne aMNnnTyabl CUrHanNa.

Mepuog

3TOT BUA, USMEPEHWUI CYXKUT ANS
onpeneneHus nepuopa, T.e. UHTepBana
BPEMEHMU, Yepe3 KOTOPbIN NepuoanyecKuin
CUrHan NoBTOPSIET CBOM 3HAYEHUS.

YacToTa

LaHHbIN BUA N3MEPEHUN CRYXUT ans
onpeaeneHuns 4acToTel, T.e. BEJIMYUHDI,
obpaTHow nepuopay.

3TOT NepeyeHb NpUBeAEH 34eCb ANS TOrO,
4yTOObI faTb BaM obLee NpeacTaBneHme

0 TOM, KaKue BUAbl U3MEPEHUIN MOXKHO
BbINOMHATbL C MOMOLLUbLO ocuunnorpada.
BMmecTe ¢ TeM, cnegyeT MMeTb B BUAY,

4TO 60NLLIMHCTBO ocumorpadoB
obecneynBaloT HaMmHoro 6osbluee
KOJINYECTBO U3MEPUTENbHbLIX YHKLMNA.

Puc. 24. Mpumep nsaMepeHns BpeMeHN HapacTaHus (MoKa3aHo u3MepeHune
no yposHto 0-100% BMecTo 06bI4HO ncnonb3yemoro 10-90%).
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OcHOBHble opraHbl yrnipaBieHus ocuunnorpadpom 1 Buabl namepeHuin (npogonkeHue)

OcHOBHble MaTeMaTU4eckne
PYHKUNYK

MoMMMO onncaHHbIX BbilLe BUOOB
N3MEpPEHUI CYLLECTBYET MHOXECTBO
OpYrux MaTeMaTu4yeckux onepaumm
GYHKUNI, KOTOPbIE MOXKHO NPOU3BOAUTL
Hag curHanamu. Huxe npuseneHbl
NpMMepbl TaKMX onepauni.

MNpeobpasoBaHue Pypbe

3Tta MaTeMaTuyecKas GpyHKUMUA no3sonseT
BWUAETb FAPMOHUYECKNE KOMMOHEHTbI
(4acToTbl), U3 KOTOPLIX COCTOUT
nccnenyemblin CUrHan.

Ab6contoTHOe 3HaYeHne

3JTa MaTeMaTnyeckas GyHKuUMa
nokasbiBaeT abCcoNoTHOE 3HaYeHMe
BEJ/INYMHbBI CUTHaNa, BbipaXXeHHoe B
eaVHNLAX Hanpsi>KeHus.

NHTerpupoBaHue

3JTa MaTeMaTuyeckas dyHKUMS no3BonseT
BblHUCNNTb UHTErpas nccnenyemoro
CurHana.

CnoxxeHue 1 BblYMTaHUE

3T MaTeMaTuyeckue GyHKUMMU
MO3BONAKT CKNaAbIBaTb MW BbIYUTATD
MIHOBEHHbIE 3HAaYEHMS Uccnenyemblx
ocuuiorpamMm u otobpakaTb Ha aucnnee
pPe3ynbTUPYHOLWMIA CUTHAN.

XoTenock 6bl eLe pas 0TMETUTb, YTO 3TO —
NnWb He6oMbLIAA YacTb U3MEPUTESNIbHbIX
BO3MOXKHOCTEN, AOCTYMNHbIX NpU
MCNoJsIb30BaHUN COBPEMEHHbIX LMdpPOBbIX
ocumnnorpacos.
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OCHOBHbIE TEXHNYECKME XapaKTePUCTUKN ocumnnnorpados

MHorve xapakTepucTuku ocunnnorpada
OKa3blBalT 3HaYUTENIbHOE BNIMSHME

Ha NpPoM3BOAUTENBHOCTbL Npubopa u,
COOTBETCTBEHHO, Ha Ballly cnocobHOCTb
BbIMOJIHATb TOYHbIE U3MEPEHUS
napameTpoB pa3pabaTbiBaeMbix
ycTponcTB. B aTom paspene
paccMaTpuBalOTCS CaMble BaXKHble U3
3TuX XxapaktepucTuku. Kpome Toro, 3gecb
Bbl 03HAKOMUTECH C TEPMUHOJIOTUEW,
ncnonb3yemon B ocumnnorpaduum, a Takxke
y3HaeTe, KaK NpWHATbL 060CHOBaHHOE
pelweHue no Bbibopy ocumnnorpada,
Hauy4limMM o6pa3oM OTBEYAOLLErO
noTpebHOCTAM TEeCTUPOBAaHUS.

Monoca nponyckaHusa

Monoca nponyckaHus sBnseTcs

CaMoM BaXKHOW XapaKTePUCTUKOMN
ocumnnorpada, Tak Kak UMEHHO OHa JaeT
npeacTaBiieHne o0 aManasoHe npubopa

B 4acCTOTHOM obnacTtu. MHaye rosops,

OHa onpefenisieT YacTOTHbIN ANanasoH,
KoTopble ocumnnorpad cnocobex
KOPPEeKTHO oTobparkaTb U NPaBUSIbHO
N3MepsATb NapaMeTpbl curHanos. Monoca
nponyckaHus uamepseTcs B repuax. Ecnu
nosioca NponyckaHus He O0CTaTO4YHO
LIMPOKA, TO ocuunnorpad He CMOXeT
TOYHO NPEACTAaBUTb pPeasibHblil CUrHaJ.
Tak, HanpuMep, B 3TOM c/lyyae aMnanTyna
CUrHaNa MOXeT BblTb UCKaXKeHa,

POHTBI OCUMINOrPaMMbl OKAXKYTCS He
BMOJIHE YNCTLIMU, @ HEKOTOPbIE AeTanu
curHana MoryT 6biTb noTepsiHbl. MNonoca
nponyckaHus ocunnnorpada — 3To camoe
HU3KOE 3HaYeHMe YacTOoTbl, Ha KOTOPOM
BXOAHOM curHan ocnabnsietcsa Ha 3 aob.
Lpyrumu cnoeamu nosocy NponyckaHus
MOXXHO ONnpeAenuTb TaK: eciin Ha BXop,
ocumnnorpada nogaeTcs YUCTbIN
CUHYCOMAAJbHBIN CUTHA, TO Nnosioca
nponyckaHus 6yaet paBHa MUHUMabHON
4acToTe, Ha KOTOPOMN N3MepeHHas
amnnutypa coctasnsiet 70,7% ot
daKTUyecKom aMnaANTyAbl CUrHana.

Onsa nonyyeHus 6onee nogpobHom
MHbOPMaLNN COBETYEM 03HAKOMUTLCA
C peKoMeHZauusMu1 No NpUMeHeH1Io
«Bbi6op ocunnnorpada c onTMansHon
Mos0COM NPOMNYCKaHUsA Os peweHus
KOHKPETHbIX NMPUKMIaAHbIX 3a4au».

KonnyecTBo KaHanos

TepMUH «KaHan» 03Ha4yaeT He3aBUCUMBIN
Bxo4 ocuunnorpada. Konmyectso KaHanoe
B ocumnsiorpade MoXeT U3MEHSATLCS B
npegenax ot ABYX 1 Ao ABaauatn. 06biyHo
B ocumnnorpade ABa UK YeTbipe KaHana.
KaHanbl MOryT pasfninyaTbcsi TakxKe B
3aBMCMMOCTM OT TMNA NOAABAEMOr0
curHana. Hekotopble ocuunnorpadbl
MMeloT TOIbKO aHasloroBblie KaHasbl, 1
Takue NpuBopbl Ha3biBalTCA «UNPOBLIE
3anoMuHatLwwme ocumnnorpadb»

(DSO). Opyrue, KoTopble Ha3blBalOTCA
«ocumnnorpadbl CMeLaHHbIX CUTHAOB»
(MSO0), copgep»aT KaK aHanorosble, Tak

1 undpoBsble KaHanbl. Tak, HanpuMep,
ocumnnorpadbl CMeLaHHbIX CUTHaN0B
Keysight cepuu InfiniiVision moryt nmetb
[0 ABaALaTV KaHanoBs, U3 KOTOPbIX
WwecTHaguaTb — umopoBssble, a YeTbipe —
aHanoroeble KaHasbl.

OueHb BaXHo, 4T06LI B ocumnnorpade
Obl710 4OCTAaTOYHOE A5 PELUEHUS LAHHON
NPUKNaAHOW 3alauu KOMYeCcTBO
kaHanos. Ecnu ncnonb3yetcs
ABYXKaHanbHbIM NpU6Op, HO NpU 3TOM
TpebyeTca oTobpakaTb YeTblpe CUrHana
OOHOBPEMEHHO, TO 3TO, O4EBUAHO, MOXET
NpUBECTU K NpobriemMam.

8 unodpoBbIX
KaHanos

4 aHanoroBbIX KaHana

Puc. 25. AHanoroBble 1 undposbie KaHanbl ocuunnorpada Keysight cepum InfiniiVision 2000 X.
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YacTtoTa ONCKpeTnsaunm

YacToTa gMckpeTusaumm ocumnnorpada
— 3TO0 KOSIMYECTBO BbIGOPOK, KOTOpbIe
ocumnnorpad MoXeT 3axBaTUTb 3a OA4HY
cekyHay. PekomeHayeTcs, 4To6bl YacToTa
OUCKpeTu3saumu ocumnnorpacda 6eina, no
KpanHen mepe, B 2,5 pa3a 6osblue nonocol
nponyckaHua npubopa. B naeane yactora
OUCKpeTM3auum Ao/KHa ObiTb B 3 1 6onee
pasa 60/iblue NoJIoChl MPONYCKaHUS.

Hy>XHO 6bITb 04EHb OCTOPOXKHbBIM MpU
OLleHKe 3asBNSAEMbIX NPOM3BOAUTENIEM
XapaKTepucTuK npubopoB, B TOM YUCHiE,
YacToTbl AUCKPEeTM3auuu ocumnnorpada.
Mpoun3BoanTeny, Kak NpaBuo,
YKa3blBalOT MaKCUManbHOE 3HaYeHue
4YacToTbl AUCKPETM3aLUMK, KOTopoe
MoxeT obecneunTb ocumnnorpad, Ho
WHOrga 3aTa MakcMMasbHas CKOPOCTb
oundpoBKM OCTYNHA TOSIbLKO Npu
MCMONb30BaHWUM OJHOIO UKW ABYX
kaHanos. Ecnv ogHoBpeMeHHO
ucnonb3yeTcs 6onbLIee YNCI0 KaHaNoB,
TO YacToTa AMCKPeTU3aLMM MOXKET
yMeHbLaTbcs. MoaToMy 661510 Bkl
LenecoobpasHo NPOBEPUTL, CKOJIbKO
KaHanoB MOXHO MCNOJIb30BaTb, COXPaHas
npv 3TOM yKa3aHHOE MaKcUMasnbHoe
3HaYeHue YacToTbl AUCKPETU3ALUN.
Ecnu yactoTa AMcKpeTU3aumm CAULLKOM
HW3Kasi, CUrHa MOXKET He COBCEM TOYHO
oTobpa)kaTbCsa Ha aKpaHe ocuunnorpada.
B kauecTBe npuMepa NnpeacTaBbTe, YTO
Bbl XOTUTE NOCMOTPeTb GOpPMy CUrHana,
HO YacToTa AUCKPETM3aLnn TaKoBa,

YTO 3aXBaTbIBAETCSA BCErO ABE TOYKM HA
nepuog (puc. 26).

Tenepb pacCMOTPUM TOT XK€ CUTHAJ, HO
3axBayeHHbIV Npu 6oJiee BbICOKOW YacToTe
OUCKpeTM3aumm, obecneymnBatoLlen
oundpoBKy ceMu Todek 3a nepwuog (puc. 27).

MoHATHO, YTO YeM Gonblue BbIGOPOK
3axBaTblBAETCS 3@ CEKYyHAY, TeM bosee
TOYHO ByAeT 0To6pa)kaTbCs CUTHAN.
Ecnu 6bl Mbl NPOAOIXUAMN YBENTUYMBATL
4acToTy AUCKPETU3aLMM ANa CUrHana,
PacCMOTPEHHOrO B paHee NpUBEAEHHOM
npumepe, To BbIGOPKU, B KOHEYHOM
cyeTe, Bbirnsaenu ool NPaKTUYECKU
HenpepbiBHbIMKU. Ha caMoM fene,
YTOObl 3aNONHUTL MPOMEXYTKU MeXAay
BbIGOpKaMu, B ocumanorpadax, Kak
NnpaBuo, UCMONb3YeTCs MHTeprnonAuus
sin(x)/x.

Onsa nonyyeHus 6onee nogpobHom
nHdopMaumu, KacarLencs 4acToTbl
OVCKpeTu3auuu B ocumnnorpadax,
COBETyeM 03HaKOMMUTbLCS C
peKkoMeHAauMaMU No NPUMeHeHNo
«CornocTaByieHne 4acToTbl AUCKPETU3IALUYN
ocunnnorpaga v JOCTOBEPHOCTU
0LNGPPOBKYN: KAK BbIMOJIHSATb CaMble TOYHbIE
MN3MepeHUs1 UNGPPOBbLIX CUrHATIOB.

Puc. 26. Ocumnnnorpamma, noslyyeHHas npu
yacToTe AMCKpeTU3aLum, obecneymsatoLlen
ounbpoBKY ABYX TOYEK 33 NEepPUOA,

Puc. 27. OcumnnnorpamMma, noslyyeHHas npu
yacToTe AMCKpeTU3aLum, obecneymsatoLen
ouMbpPOBKY CEeMM TOUEK 3a Nepuoa.
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MybuHa namMaTu

Kak y>ke ynoMuHanocb paHee, B
undposom ocumnnorpade ana oundpoBku
BXO[LHOIO CUrHasna ucnosb3yeTcs
aHanoro-undpoBon npeobpasosaTtesb
(ALLM). OundpoBaHHbIE AaHHbIE 3aTEM
coxpaHsawTCca B GbicTpoaencTeytoLemn
namatu ocumnnorpada. MybuHa namaTm
YKa3blBaeT, KAKoe TOYHOe KOJIMYeCcTBO
BbIGOPOK W/N TOYEK U, COOTBETCTBEHHO,
KaKoM NpoaosIKUTEIbHOCTU BPEMEHHOM
WHTepBan MOryT BbITb COXPaHeHbI.

nybuHa namMaTtn uMeet 6onbluoe
3HayeHune gns YacToThbl AUCKPETM3aLmnm
ocumnnorpada. B ugeansHom mupe
YyacToTa AMCKpeTusauum bynet
0CTaBaTbCs NOCTOSIHHOW BHE 3aBUCUMMOCTU
0T HacTpoekK ocuunnorpada. Mexay

TeM, TaKkon naeanbHbI ocumnnorpad
noTpebyeT orpoMHOro o6bema namaTm
npu 60nbLINX 3HaYEHUAX KO3pduLumMeHTa
pa3BepTKM, U, COOTBETCTBEHHO, ByaeT
MUMEeTb TaKylo LleHy, KoTopas cnocobHa
CUNBbHO OrPaHUYUTL KOJIMHECTBO
BO3MOXHbIX 3aKa34nkoB. BMecTo aToro
4YacToTa AMCKPeTU3aLMmM yMeHbLIaeTcs
no Mepe yBesM4yeHus UHTepBana
BpeMeHu. BennunHa obbeMa namatm
Ba)XHa NoTOMY, 4TO YeM GonbLie rnyouHa
namsaTu ocumnnorpacda, TeM 6onblue

BPEMEHWN MOXXHO 3aTpaTuTb Ha 3axBaT
OCLMSIOrpaMM Ha NOJTHOW CKOpPOCTH

ouMdppoBKN. MaTeMaTUUYECKU 3TO MOXKHO
NpeacTaBuUTb CNEAYIOLLUM BbiPaXKeHUEM:

MMy6uHa namatu = (yactoTa
AncKkpeTusauum) x (NMPoAoSIKMTENBHOCTb
BPEMEHHOro MHTepBeasna)

TakuM 06pa3om, ecain Bbl XOTUTE
npocMaTpuBaTh ANUTENbHbIE UHTEPBANbI
BPEMEeHMU ¢ 6ONbLINM paspeLLeHneM

(T.e. ManbIM paccTosHueM Mexay
To4Kamu), To BaM notpebyertcsa npubop

c 6onblomn rny6uHon namaTn. Takxke
BaXXHO NPOBEPUTb BbICTPOTY peakuunu
ocuunnorpada Ha ynpaensiwlume
BO34EWCTBUS, KOr4a OH HAaCTPOEH Ha
MaKCMMasibHO 60/1bLIOM [OCTYNHbIN 06beM
namaTu. B aToM pexkmMe y ocumnnorpados
006bI4HO HabnoaaeTcs cepbe3Hoe
CHUXXEHWEe CKOPOCTU 06HOBNEHNS,
MO3TOMY MHOTME WHXKeHEepPbl UCNOJIb3YHT
rny6oKyr NaMaTb TOJIbKO TOrAa, Koraa

3TO KPUTUYECKM BaAXKHO A5 peLleHus
CTOALLMX Nepes HUMKU 3agau.

[Ons nony4yeHns 6onee noapobHon
nHdopmMaumm o rnybuHe namaTu
ocumnnorpada CoOBETYeM 03HAKOMUTLCS
C PeKOMEeHAAUUSMM N0 NPUMEHEHUIO
«Pa3BessHne mugos 06 ocymnnorpagax c
r71y60KOM NamsiTbH.
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CkopocTb 06HOBNEHUSA
CUrHANOB HA 3KpaHe

CKkopocTb 06HOBNEHMSA NOKa3blBaeT,
HACKOJ1bKO ObICTpO ocumnnorpad
cnocobeH 3anycTuTb c6op AaHHbIX,
06paboTaTb 3axBaveHHyH MHoOpMaLuto,
oT06pa3uThb ee, a 3aTeM NOATOTOBUTLCA

K cnegytoleMy 3anycky. MHorpa
YeN0OBEYECKOMY N1a3y MOXKET Ka3aTbCs,
4yTOo ocumnnorpad oTobparkaeT «KUBON»
CUTHas, HO 3TO MPOUCXOAUT NOTOMY, YTO
00HOBNIEHNSA NPOUCXOAAT TaK BbICTPO, YTO
Yes0OBEYECKMI rNas NpocTo He ycneeaeT
3aMeTuTb U3MeHeHus. Ha camoM pene,
MeX4y 3axBaTaMu CUrHana cyLecTeyeT
HeKoTopoe MepTBoe BpeMs (puc. 28).

B TeueHune aTOro MepTBOro BPEMEHU 4acTb
ocuuniorpaMMbl He oTobpaxkaeTcs Ha
3KpaHe ocuunnorpada. B pesynbrare,
ecsin Kakoe-nnbo pegkoe cobbiTUe UK
rAUTY NPOU30MAYT UMEHHO B 3TOT MOMEHT
BPEMEHMU, TO UX HEBO3MOXKHO byaeT
YBUAOETD.

Jlerko noHATb, NOYEMY TaK BaXKHO MMETb
BbICOKYI CKOPOCTb 06HOBNEHUA CUTHAJIOB
Ha 3KpaHe. YeM BbilLe CKOpoCTb 06HOBEHUS
CUrHaNoB, TEM MeHblLEe Y HEero BesinynHa
MepTBOro BPEMEHMU, YTO 03Ha4aeT

60s1ee BbICOKYI BEPOATHOCTb TOO, YTO
ocuunnorpad CMoXeT 3aXBaTUTb U
0T06pa3nTb PeAKy aHOMasIMIO UK FINTY.

MpennonoxuM, Hanpumep, 4To TpebyeTcs
0TOOPa3nUTb CUIHAM, KOTOPbIN COAEPXUT
rMWTY, nosiBNatOWMNCS oauH pa3 Ha 50 000
umnknos. Ecnu ocunnnorpad obecneunsaet
CKOPOCTb 0GHOBJIEHWNS CUTHAMOB Ha
akpaHe 100 000 ocunnnorpaMm B CeKyHAay,
TO Bbl CMOXKeTe 3aXBaTUTb 3Ty aHOMasui

B CpegHeM [Ba pa3a B cekyHay. OgHako
ecnin 66l ocumnnnorpad MMen cKopocTb
o6HoBneHus 800 ocunnnorpamm B
CeKyHay, To And Toro, 4Tobbl yBUAETD
nomexy notpebyeTcs B cpegHeM ogHa
MWHYTA. 3TO CAIULLKOM LOJIrO.

Hy»XHO 04eHb BHUMATENbHO YNTaTb
TEXHUYECKUE XapaKTePUCTUKMY,
KacalLLmecss CKOPOCTM 06HOBNIEHUS
CUrHanoB Ha 3KpaHe. B ocumnnorpadax
HEKOTOpble Npon3BoauTeNnemn

ON1S LOCTUXKEHUS «BaHHEPHbIX»
XapaKTEPUCTUK CKOPOCTM 06HOBMIEHUS
TpebyeTcsa obecneynTb 0cobble pexKnMbl

cbopa AaHHbIX. TakMe peXxMMbl 3axBaTa
CUrHanoB MOryT CEPbe3HO OrpaHNYMBaTh
Npov3BOANTENBHOCTb ocuunnorpada,

B TOM YuCJie, COKPATUTb 06bEM NaMsTy,
YMEHbLUUTb 4acTOTy AUCKPETU3aLMU 1
YXYALNTb AOCTOBEPHOCTb BOCCTAHOBJIEHMUS
dopMbl curHana. MoatoMy 6bino

6bl Lenecoobpa3sHo NPOBEPUTL
XapaKkTepucTuKku ocuunnorpada no
0TOBPAXKEHMIO OCLMIIIOrPaMM Mpu
MaKCMManbHON CKOPOCTM 06HOBNIEHUSA
CUrHanoB Ha 3KpaHe.

Bo3MOXHOCTK NogKN0UYeHNs
ocumnnorpados

CoBpeMeHHble ocuunnorpadsbl
obecneynBatoT LUMPOKMI BbIGOP
BO3MOXHOCTEN NnoAkoyeHus. Yactb

M3 HUX OCHaleHa noptamu USB,
nuckosogamu DVD-RW, BO3MOXKHOCTbIO
NOAK/OYEHUS BHELLUHMWX XECTKUX
OVCKOB, MOPTaMu AN1s MOAKII0UYEeHNUS
BHELUHWUX MOHUTOPOB U MHOTUM

apyrum. Bce aTu pyHKUMOHaNbHbIE
BO3MOXHOCTU YNPOLLAIOT UCMONb30BaHMe
ocuunnorpadoB 1 nepegady AaHHbIX.
HekoTopbie ocumnnorpadsl Takxe
OCHaLLeHbl ONepaLMoHHbIMU CUCTEMAMMY,
KOTOpble NO3BONSIOT ocuunnorpady

-— OKHO —>:<—
oToGpaxeHNs

Bpems
3axBara

< P«

«AdpekTnBHOEY
MepTBOE BpPeMsi

«PeanbHoe»
MepTBOE BpeMS

dYHKLMOHMPOBATb B KaYecTBe
nepcoHanbHOro KoMnbtloTepa. bnaropaps
BHELUHEMY MOHMTOPY, MbILUW U KNaBMaType
Bbl MOXXeTe CMOTPeTb Ha AWUCMJIeN CBOero
ocuunnorpada v ynpasnisaTb CBOUM
ocuunnorpadoM Tak, Kak byaTo oH
BCTPOEH B Kopnyc KoMnbtoTepa. Kpome
TOro, B psAe CNy4aeB Bbl MOXKETe TaKXKe
nepefasaTh AaHHble ¢ ocumnnorpada Ha
MK yepes nHrepdencol USB 1 LAN.

Xopoluve BO3MOXHOCTU MOAK/IYEHUA
MOMOralT CIKOHOMUTL Maccy BpeMeHu
M YNPOCTUTb BbIMOSIHEHME CTOALLMX
nepen BaMu 3agad. Tak, HanpuMep, OHU
No3BONIAT BLICTPO M Ierko nepenaBaTb
OaHHble Ha HOYTBYK Uau gennTbes
MoNyYeHHbIMM OAHHBLIMU C KOSIIeramu,
HaxoOAWUMKNCS B APYrUX CTPaHax uu
LaXKe Ha APYruX KOHTUHeHTax. OHu
06ecneynBaloT TakKe ANCTaHUUOHHOe
ynpasneHue ocuunnorpadom c
KomnbloTepa. B mupe, B KoTopoM
3dppeKTUBHAA Nepenaya AaHHbIX BO
MHOTUX CNyYanXx SBASETCA HacToATEIbHOMN
noTpebHOCTbI0, NpMobpeTeHne
ocuunnorpacda ¢ KauecTBEHHbIMU
BO3MOKHOCTAMW MNOOKIOUYEHUNS
NpeacTaB/AeTCA 0YeHb XOPOLLMM
BJIOXKEHMEM CPeACTs.

- OkHO :
1 OTOBpaxeHus |

Bpewms
3axsara

Puc. 28. Tpaduyeckoe npepctasneHne MepTeoro BpeMeHun. Kpyxkamu BolfenieHbl ABe pegkue
aHOManuu, KotTopble He MOryT 6bITb 0TOGpaXkeHbl Ha Aucnnee npubopa.
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Ocuunnorpadunyeckue npodbHUKM

Ocumnnorpa¢ npeacraensieT cobon
JIMLWb 4acTb CUCTEMBI, KOTOPast
onpepensieT, HACKO/IbKO TOYHO Bbl MOXeTe
oTo6paxaTb M aHaNM3MpPoOBaTb CUTHasbI.
Mpo6HWKKW, KOTOpble NpefHa3HaYeHbI
ONa NnofKf4YeHus ocumnnorpada K
TECTUPYEMOMY YCTPOWCTBY, UTrpatoT
BaXKHeMNLWy posb B obecneyeHnn
LLesloCTHOCTKM curHana. Ecnum k
ocumnnorpacdy ¢ Nos0con NponycKaHWs
1 Ty NnoaKN4YUTE NPOBHMK, KOTOPbIN
noAnepXKMBaeT NoJIoCY NPONyCKaHuUs
Bcero 500 MIMy, To nonoca nponyckaHus
ocumnnorpacda bynet cepbesHo
OrpaHWYeHa, M BO3MOXHOCTK npubopa
Henb3si 6yeT NOSIHOCTbIO Peann3oBaTh.
B 3ToM pa3pgene paccMaTpuBaoTCs TUNbI
NPo6HMKOB M 06/1aCTU NPUMEHEHUS
KaXX[oro U3 HUX.

Harpy3ka Ha uccnegyemyto uenb

Hu oaMH NPOBHMK He B COCTOSIHUU
abCcoN0THO NPaBUIbLHO BOCMPOM3BECTH
nccnenyembln CUrHas, NoTOMY YTO

npv NOAKYEHUN NPOBHMKA K CXeMe

OH CTaHOBUTCS YaCTbto 3TOW CXEMBb.
YacTb 3N1eKTPUYECKOM 3HEPIUN B LLENN
Te4yeT yepes NPOOHUK. ITO iBNEHNE
Ha3blBaeTCcsa Harpyskon. Paznunyatot 1pun
TUMa Harpy3sKu: pe3ncTUBHas, EMKOCTHas
N UHOYKTUBHAS.

Pe3ncTuBHasa Harpyska

Pe3ucTuBHas Harpyska MoXeT NpuUBecTH
K HEKOPPEKTHOMY 0TO6paXeHuio
amMnnuTynbl curHana. OHa Takxe
ABNAETCSA NPUUYNHON HENPaABUIBbHOO
OYHKLMOHNPOBAHUS UCCTIEAYEMON CXEMbI
npv NOAKIIOYEHUN K Hel NPpoBHMKaA.
PekoMeHpyeTcsa y6eanTbes, 4To
CONpoTUBNEHME NPOBHMKA HE MeHee YeM
B 0EeCATb pa3 NpeBblaeT CONPOTUBNEHNE
MCTOYHUKA, YTOObI CHUXKEHUE aMNAUTYAbI
6bIs10 He 6osblue AecsATU NPOLEHTOB.

EMKoCTHas Harpy3ka

EMKOCTHasi Harpy3Kka MOXeT npuBecTu

K YMEHbLUEHMIO CKOPOCTU HapacTaHus
CUTHaNa n Cy>XeHUH Nosochbl
nponyckanus. Ons yMeHbLleHUs
€MKOCTHOW Harpy3Ku criefyeT BblOupaTtb
NPOBHMKMK, NOJIOCA NPONYCKAHUS KOTOPbIX,
no KpanHen Mepe, B NATb pa3 NpeBblllaeT
MaKCUMabHY0 4acToTy UCCNenyeMOro
curHana.

NHOoyKTUBHaS Harpy3ka

BnusaHue MHOYKTUBHOM Harpy3sku
NPUBOAUT K UCKAXKEHUIO N3MEPSIEMOr0
CUrHana u NposiBNsieTCcs B BUAE «3BOHa»
B curHane. [pUYnHON ee BO3HUKHOBEHMUS
ABNAETCA MHAYKTUBHOCTb NPoOBOAaA
3a3eMJieHust NPo6HUKa, No3TOMY
pPeKoMeHAyeTCcs UCMoNb30BaTh NPOBOA,
3a3eMJIeHUsi MUHUManbHO BO3MOXHOM
OJIVHbI.

MaccuBHblE NPOBHUKM

MaccuBHbIE NPOBGHUKK copepKaT
TOJIbKO MacCUBHbIE KOMMOHEHTbI U He
TpebyeT NMTaHMs oNs cBoen paboThbl.
OHM NpUMeHSATCSA ANd UccneaoBaHus
curHanoB ¢ yactoton go 600 My, Ecnu
yactoTa curHana 6onbwe 600 Mly,
TpebyeTcs Apyron TMN NpobHMKa —
AKTUBHbIN NPOOHUK.

MaccuBHbIe NPOBGHMKK, KaK NpPaBuno,
HeLoporu, HaleXHbl 1 NPOCTbl B
ncnonb3osaHun. OHM obecneumBsatoT
[0CTaTO4HYI0 YHUBEPCASIbHOCTb U
TOYHOCTb U3MEPEHMUIA. ITOT TMN NPOBGHMKOB
BKJ/1104aeT HU3KOOMHbIE NMPOBHUKM C
PE3UCTUBHBLIM OENUTENEM HaNpPSXKEHUS,
KOMMNEHCUPOBaHHbIE BbICOKOOMHbIE
NPOGHMKU C AeNUTENEM HaNPSXKEHUS U
BbICOKOBOJIbTHbIE MPOBGHUKMN.

MaccuBHbIe NPOBHMKU 06bIYHO
o6ecneynBaloT OTHOCUTESNIBHO BbICOKYIO
€MKOCTHYH U HU3KYIO PE3UCTUBHYIO
HarpysKy Ha UCCNIefyeMYH CXeMY

AKTUBHbIE NPOBHUKMK

Onsa paboTbl aKTUBHOIO NPO6HUKA
TpebyeTcs UCTOUHUK NUTAHUS,
obecneynBaoLWNN NoJayy HaNPSAXKeHUA
Ha aKTUBHbIE KOMMOHEHTbI B CaMOM
npo6bHuke. HeobxoamMmoe nNuTaHue
uHorga nopaetcs Yepes kabenb USB, ¢
BHELUHEro NCTOYHMKA, @ MHOTAA MOXeT
OCYLUeCTBNATLCS HEMOCPEACTBEHHO OT
ocumnnorpacda. B akTnBHbIX NPo6HMKax
ONa ycuneHus unv npeobpasoBaHus
CUrHana Ucnosib3ylTcs aKTUBHbIE
KOMMOHEHTbI. AKTUBHbIE MPOOGHUKMN
noanepxvBatoT ropasgo 6osee WUpokue
NoJsioCbl MPOMYCKaHWs, NO3TOMY

WMEHHO OHW SIBNSIIOTCS ONTUMasbHbIM
BbIGOPOM AN UCMONb30BaHUS

C BbICOKONPOU3BOANUTENbHBIMU
ocuunnorpadamu.

AKTMBHbIE NPOBHWNKM 3HAYUTESTBHO
nopoxe naccmeHbix. Kpome T0r0,
AKTMBHbIE NPOB6HUKMN 0BbIYHO He
TaKue KOMMaKTHbIE U HAfIeXKHbIE,

a UX HAKOHEYHWKMU, KaK NpaBuno,
6onee KpynHble. B 10 ke BpeMs, oHu
obecrneymBaloT nyyllee coveTaHue
PEe3NCTUBHOM U EMKOCTHOM Harpysku,
YTO NO3BOJISIET UCMOMb30BATH UX OIS
TECTUPOBAHMUS BbICOKOYACTOTHBIX
CUTHasoB.

AkTuBHbIE anddepeHUnanbHble NPOOHUKM
Keysight cepuu InfiniiMax aBnsitotca
CaMbIMU BbICOKONPOWU3BOAUTENIbHBIMU
npobHMKaMu. B HaKoHEYHUKaX 3TUX
NPo6HMKOB UCMONb3YOTCH racsiwmne
pesncTopbl, KOTOpble NO3BONAOT
CYLLECTBEHHO YMEHbLWNTb 3PdEeKThI
Harpysku. Mpo6Huku InfiniiMax Takxe
MUMEIOT OYEeHb LUMPOKYLO nosocy
nponyckaHus.

Puc. 29. NMaccuBHbIN NPOGHUK.

|

InfiniiMax
e |

Puc. 30. AKTMBHbIN NPOBHUK.
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Ocuunnorpadunyeckme NnpobHUKK (NpoaomKeHne)

TokoBble NPOOHNKMK

TokoBble NPOBGHMKM UCMONb3YIOTCA ANA U3MEPEHUSA TOKA, NpoTeKatowlero B Lenn. O6bIYHO OHM UMEIDT LOBONbHO
6onblne rabapuTHble pasMepbl U OrpaHMYeHHYto nonocy nponyckauusa (ao 100 Mlu).

MpuHapgnexXHocTu AN NPoOHNKOB

BonblWKHCTBO NPOGHNKOB NOCTABNAETCS C KOMMNIEKTOM HaKOHEUYHWUKOB. CyLlecTBYyeT MHOXECTBO TUNOB HAKOHEYHWKOB,
MCNONb3YyeMbIX C OCLMNIOrpadMyeckuMm NPoBHUKAMU — OT KPYMHbIX, CNOCOBHbIX 0XBaTbiBaTb Kabenu, 40 MeNKUX,
TOJILLMHOW BCEro HECKOJIbKO BOSTOCKOB. 3TW HAKOHEYHMKU YNPOLLAOT AOCTYMN K Pa3/IMYHbIM YacCTAM CXEMbI UK
TecTMpyeMoro ycTponcTBa.

Puc. 31. TokoBbI NPOGHUK.

3aKJiln4yeHue

Ocuunnorpadsl ABNSAOTCSA MOLLHBIM YHUBEPCAJIbHbIM MHCTPYMEHTOM B TOM TEXHOJIOTMYECKOM MUPE, B KOTOPOM Mbl
ceropHs xuseM. Ocumnnorpacdbl HaXo4AT CBOE NPUMEHEHME B CaMblX pa3siM4HbIX 06nacTsax, obecneumBas Maccy
NPevMyLLLEeCTB N0 CPABHEHUIO C APYTMMU KOHTPOJIbHO-U3MepUTENbHbIMU NpuBopamu. Mocne 03HaKOMAEHMS C 3TUMU
pPEKOMeHAAUMUSAMU N0 NPUMEHEHMIO Bbl [ONXHbI OCTAaTOYHO YETKO NPeACTaBAsTb OCHOBLI ocuunnorpadpun. YceonTe
3TW 3HaHUSA M NPOAOJIXKANTE U3ydaTb Gonee CNoXHble Npo6sieMbl — U TOFAA Bbl CMOXeTe MaKCUManbHO 3pHEeKTUBHO
MCNoJsib30BaTh CBOW ocumunnorpasd.

Bonee nogpobHyto nHpopmaumio 06 ocumnnorpadax Keysight npuseneHa Ha ctpaHuue www.keysight.com/find/scopes.

Ocuwmnnorpadsbl Keysight Technologies

Pa3nnuHoe KOHCTPYKTUBHOE UcnonHeHne | BepxHas rpaHunua nonocsl nponyckauusa ot 20 MMy go 90 My v 6onee
Jlydwme B oTpacnu xapaktepucTukm | MPpUIoXKeHUs C LUMPOKUMU BO3MOMKHOCTAMM
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LXI

myKeysight

www.keysight.comfind/mykeysight
MepcoHanuanpoBaHHoe NpeAcTaBneHne Hanbosiee BaxHo Ans Bac
MHbopMaLuu.

www.axiestandard.org

AXle npencTaBnsieT co6oi OTKPLITLIN CTaHAAPT, OCHOBaHHbIM Ha AdvancedTCA®,
C pacWMpeHnsiMUN 11 KOHTPOJIbHO-U3MepPUTENbHbIX NpUnoxeHnin. Komnanus
Keysight BxoguT B Uncno ocHoBaTenemn koHcopunyma AXle.

ATCA®, AdvancedTCA® u norotun ATCA sBnsitoTCA 3aperncTpupoBaHHbIMU B
CLUA ToproebiMu Mapkamu PCl Industrial Computer Manufacturers Group.

www.lxistandard.org

LAN eXtensions for Instruments (pacwupenns LAN ons namMmeputenbHbix
npu6opos) 4o06aBNSET B MU3MEPUTESIbHbIE CUCTEMbI BO3SMOXHOCTU JIOKaSIbHOM
cetu Ethernet n Web. KomnaHusi Keysight BxoauT B uncno ocHoBaTenen
KoHcopuuyma LXI.

www.pXxisa.org

PCl eXtensions for Instrumentation (PXI) (pacwupenune PCl gns
N3MepUTESIbHbIX CUCTEM) — CTAaHAAPT MOAY/bHbLIX M3MEPUTEbHLIX NPUBOPOB,
No3BOJIAOLWMIA CO3[aBaTb BbICOKONPOU3BOAUTENbHbIE U3MEPUTESNbHbIE

1 aBTOMATM3MPOBaHHbIe cucTeMbl Ha 6a3se MK onsa xecTkux ycnosui
3KCnyaTauumn.

Tpu ropa cTaHAApTHOM rapaHTUMn

www.keysight.comfind/ThreeYearWarranty

Komnanus Keysight o6ecneunBaeT Bbico4anilee Ka4ecTBO NPOAYKLUM U
CHWKaeT o6LLyto CTOUMOCTb BRageHus. EQUHCTBEHHbIN Npon3BoanTeNnb
KOHTPOJIbHO-U3MepUTENIbHOro 060PYA0BaHUS, KOTOPLIV NpeanaraeT B KayecTse
CTaHAapTa TPexJIeTHIO rapaHTuio Ha Bce o6opyfoBaHMe No BceMy Mupy.

MnaHbl TexHuueckon nopaepxku Keysight

www.keysight.comfind/AssurancePlans

[lo naT neT noaaep>ku 6e3 HenpeaBUAEHHbIX PACXO[0B rapaHTUpYIOT,
4To Bale obopynosaHue 6yaeT paboTaTb B COOTBETCTBUM C 3asiBJIEHHON
npoussoAuTenem cneuudukaumen, a Bol 6yfete yBepeHbl B TOHHOCTU CBOMX
VN3MepeHun.

www.keysight.com/ga/quality
Cucrema ynpaBneHus kayectBoM koMnanum Keysight Technologies, Inc.
ceptnuduumposaHa DEKRA B cooTBeTcTBMM ¢ TpeboBaHMamu ISO 9001:2008.

Toprosbie napTHepsbl Keysight

www.keysight.comfind/channelpartners

Jlyuywee 13 aBYyx MUPOB: rNy6okune npodeccuoHanbHble 3HaHWUa B o6nactu
VN3MepUTENIbHOM TEXHWKM U LUIMPOKasi HOMEHKNATypa BbiMyCKaeMol NpoayKumm
koMnaHum Keysight B couetanuu ¢ ynobcTBamu, npeaoctaBnsieMbiMu
TOProBbIMU NapTHEPAMMU.

www.keysight.comfind/scopes
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