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KaKux-nubo ABHbIX UNU NOApPa3yMeBaeMbIX
rapaHTMil B OTHOLUEHMW AAHHOTO
PYKOBOACTBA U coAep Kalymxca B HEM
CBeJEeHUiA, BKIOYaA, HO He OTPaHNYMBAACH
nogpa3ymeBaeMbIMy FapaHTUAMMU
KOMMepUecKoi BbIroAbl U NPUTOAHOCTH ANA
KOHKpeTHoro ucnonb3oBauua. Komnanua
Agilent He HeceT 0TBeTCTBEHHOCTH

3a owKbKM B aHHOM AOKYMEHTe, a TaKXKe 3a
cnyyaiHble Unu KOCBeHHbIe YObITKM,
NoHeceHHble B CBA3M C AOCTaBKO,
Mcnonb3oBaHWeM nn6o BbINONIHEHUEM
MHCTPYKLUIA AAHHOTO AOKYMEHTA Unu
copaepXkalmxca B HeM cBepeHuii. Ecnu
mexxay komnanueii Agilent nonb3oBarenem
3aKINHYeHO oTAeNnbHOE NUCbMEHHOE
cornaweHue, rapaHTMiHbIe YCNOBUA
KOTOPOro pacnpocTpaHAIOTC Ha Martepuanbl
[aHHOTO AOKYMEHTa U NpoTUBOpeYar
HacTOALUM YCNOBUAM, NPUOPUTET UMELOT
Nosno>KeHUA oOTAENbHOTO OrnalleHus.

JIvuen3suu Ha ucnonn3oBaHue
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o6ecneyeHune, ONMMCaHHOE B HACTOALLIEM
[IOKYMeHTe, NpeoCTaBaeTca no NuLeH3um
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C YCNOBMAMM TAaKOBOIA.

MoAcHeHnAa oTHOCUTENDbHO
orpaHu4yeHua npas
Ecnu aanxoe MO npeaHasHayeHo aAna paboTt no

MCMOMNHEHUIO OCHOBHOTO KOHTpaKTa uiu
norosopa cy6noapaaa c Npasutenscteom CLUA,

10, cornacHo nonoxexuam DFAR 252.227-7014
(nioHb 1995 1.), oHO NocTaBnAeTca

1 NULEH3UPYeTCA KaK KKOMMepyeKoe
nporpaMmMHoe o6ecreyeHney, Uim, cornacHo
nonoxenuam cratbn FAR 2.101(a), kak
«KOMMepYeCKUit NpoAyKT» UK Kak
«nporpamMmMHoe obecneyeHue orpaHUYeHHOro
MCMonb3oBaHUAY, cornacHo nonoxenuam FAR
52.227-19 (vioHb 1987 r.) unu niobbix
HanorMYHbIX NPaBUI UMK YCNOBMUIA KOHTPaKTa.
Vicnonb3oBaHue, KoNnMpoBaHUe UMM packpbiTue
npanHoro M0 noanagaet na ycnosua cTaHAapTHOW
KomMmepueckoit nuueH3un Agilent Technologies,
1 Heo60pOHHbIE MUHUCTEPCTBA M BEAOMCTBA
lMpasutencrea CLLIA umetot orpaHuyeHHble
npaBa Ha ero UCMonb30BaHUe B COOTBETCTBUM

¢ nonoxeHuamu cratbu FAR 52.227-19(c) (1-2)
(toHb 1987 r.). CornacHo cratbe FAR 52.227-14
(ntoHb 1987 r.) unu cratbe DFAR 252.227-7015 (b)
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OrpaHUYeHHble NpaBa Ha UCMoNb30BaHMe
TEXHUYECKUX AAHHbIX.

YBepomnenua no 6e3onacHocTtu

Haanuce OCTOPOXKHO npeaynpexaaet 06
onacHoctu. Elo o603Havatotca npouesypbl
Unu npuembl paboTbl, HenpasunbHOe
BbINOMHeHUe NM6o HeobnaeHUe KOTOpbIX
MO>eT NPUBECTMU K NOBPEXAEHMIo npubopa
UNK NoTepe BaXKHbIX AaHHbIX. BbinonHeHune
[LeCTBUI, O KTOPbIX UAET peyb

B npeaynpexaexun 0CTOPOXKHO,
[0MyCTUMO TOMbKO NpU NOMHOM
MOHUMaHWW 1 cobnAeHUM BCeX
yKa3aHHbIX Tpe60oBaHUi.

NPEAYNPEXXAEHNE

Hapnuco "NPEAYNPEXXAEHNE"
coob6waer 06 onacHoctu. Eto
o6o3HavaroTcA npoueaypbl AU NpUeMbl
pa6oTbl, HenpaBuUnbHOE BbINONHEHNE
nubo HecobniogeHne KOTOPbIX MOXXET
NPUBECTH K Cepbe3HbIM TpaBMaM MU
npeAcTaBNATb YIPO3Y ANA XKU3H.
Bbinonnenune geicTBui, 0 KOTOpbIX MAET
peyb B npUMeyaHum
"NPEAYNPEXXAEHWNE", ponyctumo
TONbLKO NPy NOIHOM NOHUMaHNU

1 cobniofeHnn Bcex yKasaHHbIX
Tpe6oBaHui.




Jla6opatopHoe pykoBoacTBO M yue6Hoe nocobue — Kpatkuu 0630p

[aHHoe nabopaTopHOEe pyKoBOACTBO Mo ocuunnorpadgam n yyebHoe nocobue
ONA CTYAEHTOB 3MEKTPOTEXHUYECKNX U dhm3mueckux dhakynbTeToB
npeaHa3Ha4yeHo AnAa Ucnonb30BaHuA ¢ ocuunnorpadamu Agilent
Technologies cepun DS0O1000.
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lpumeuanune pna npenogaBartena aNeKTPoTeXHMYecKoro u husanueckoro
thakynbteToB

YBa>kaemMblli NpenoaaBaTenb aNeKTPOTEXHNUYECKOro U domanyeckoro cakynbTeToB n/unun nabopaHr!

HacTtoswiee nabopaTtopHoe pyKoBOACTBO Mo ocuunnorpadam u yiebHoe nocobue AnA cTyaeHTOB
3NeKTPOTEXHUYECKUX (hbU3nyeckux cpakynbtetoB aAnAa ocumnnorpados Agilent cepun DSO1000 cocTouT
M3 ceMu OTAeNbHbIX NMpaKTUYeckmx nabopaTopHbIXx paboT, B X0[e BbINOMHEHUA KOTOPbIX CTYAEHThI
03HaKoMATCA ¢ ocumnnorpadom n cnocobom ero ucnonbsobaHua. Ocumnnorpad npeactaensaeT cobon
YHUBepcanbHbI U3MepuTenbHbIN Npubop, Hanbornee YacTo UCNOMNb3YEeMbIl CTYAEHTAMW N0 CPaBHEHUIO
C No6bIMU APYrMMU MHCTPYMEHTaMMU, AJA NPOBEPKU Lienel U NpoBeaeHMA 3anaHMpoBaHHbIX
3KCMEepUMEHTOB, a Tak>Xe AnA NpoBepku 6oree cepbe3HbIX OMbITHO-KOHCTPYKTOPCKUX paborT.
BbINyCKHUKM YHMBEPCUTETOB U OyayLIM cneumanncTbl B 0651acT COBPEMEHHOW 3NTIEKTPOHUKMN ByayT
Tak>ke akTMBHO UCMNOMb30BaTh ocuUunnorpadbl Bo BpeMA paboTbl. [lo3ToMy KpaliHe Ba>KHO NpeaocTaBUTb
MM OnbIT paboTbl C 3TUM HE3AMEHUMbIM UHCTPYMEHTOM.

Ha BbinonHeHue Kaxxaoi nabopatopHon paboTbl noTpebyetca nopaaka 15-20 MuHyT. 3TN
nabopaTopHble paboTbl paccynTaHbl Ha BbiNoNHeHUe ¢ ocumnnorpadcgamu Agilent cepun 1000. Mpexkae
YeM CTyAeHTbl BNepBblie NPUCTYNAT K NPOBeAeHUI0 Nto6bIX 3anfiaHMPOBaHHbIX 9KCMEPUMEHTOB

B TabopaTopmuy Mo M3y4YeHuto Lenei, B Ka4ecTBe NpeaBapuUTENbHON NOArOTOBKM (AOMILLHEN paboThbl)
peKkoMeHayeTcA 03HaKOMUTbLCA ¢ pasaenom 1, a Takxke npunoxkeHmamm A 1 B HacToALero ooKyMeHTa.
B pasene 1 cogep>kutca 063op ocumnnorpada M OCHOBbI MO BbIMNONTHEHUIO U3MepeHuit. B npuno>keHmax
A n B npeactaeBneHbl kpatue yuyebHble nocobumsa ¢ onucaHMem npuHumna paboTtbl ocumnnorpada

1 Nosnocbl NponyckKaHuA.

Ha nepBom 3aHATUM B NabopaTopumn CTyAEHTbl AOM>KHbI BbINOMTHUTb NpakTuyeckue nabopaTtopHble
paboTbl U3 pa3aena 2 HCTOALLEro IOKYMEHTA. Y>Ke nocrne BbiNonHeHnsa nabopatopHbix pabot N2 1 n Ne 2
CTYAEHTbI AON>KHbl 0611aaaTh 6a30BbIMY 3HAHMAMM MO UCMONb30BaHUIO ocuunnorpada, oaHako ecnu
eCTb BpeMsA Ha BbINONIHEHME BCceX ceMu nabopaTopHbIX paboT, CTyaeHTbl nonyyaT 6onee
npodeccuoHanbHble 3HaHMA No paboTe ¢ ocuunnorpadom, BKNoYaA HaBblKM MO AOKYMEHTUPOBAUIO

M COXpaHEeHWto pe3ynbTaToOB ANA CO34aHMA HEOH6X0AMMbIX OTYETOB MO NabopaTopHbiM paboTam no
akcnepumeHTam ¢ enamu. O6paTnte BHUMaHUe, YTo B NlabopatopHou pabote Ne 3 (Peructpauus
OAMHOYHOro cobbITUA) NPMBOAATCA NHCTPYKLUWM ANA CTYAEHTOB MO NOAKMIOYEHMIO NPO6HUKa
ocuunnorpada Ha cTone AnA co3aaHuA pa3pAaaa ctaTudeckoro anekTnyectsa. Ecnu Bbl He xoTuTe, 4TO6bI
CTYAEHTbl MPOBOAUITN 3KCMEPUMEHTbI MO NOAKTIOYEHUIO NPO6HUKOB Ha CTONE, MOXXHO pa3peLlnTb UM
nponycTuTb 3Ty NabopatopHyto paboTty. [laHHOe pykoBOoACTBO No nabopatopHbiM pabotam

c ocumnnorpacom MMeeT CTPYKTYpPYy AnA obecrnevyeHnsa MakCMManbHOM rMbKOCTU ero UCNOSib30BaHUA.

C yBaxkeHuem,

O>xoHHM XaHkok (Johnnie Hancock)
PykoBoauTenb otaena o6pa3oBaTenbHbIX MPOrpaMm No UCNONb30BaHUIO ocuunnorpados
Agilent Technologies
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O6yuyarowme matepuansl gna npenogasarens no DS01000

JlaboparopHoe pykoBoacTBO U yuebHoe nocobue
[ ]

Qo 1

[ ]
WamepeHue ¢ nomollblo ocuunnorpacga 8

0630p nuuesoit naHenu 11

Ocumnnorpad npeactaenaeT co60M Ba>KHbIA MHCTPYMEHT ANA U3aMepeHus
HanNpA>XeHWA U BPEMEHWN B COBPEMEHHbIX aHaNnoroBbiX U LM POBbLIX
anekTpuyeckux uenax. Nocne okoH4YaHUA anekTpoTexHuyeckoro BY3a

M Hayana paboTbl B 3NEeKTPOHHOWN MPOMbILLNIEHHOCTU, BEPOATHO, Bbl
obHapy>xuTe, 4yTo ocumnnorpad — 3To UBMeEPUTENbHbIN NPUBOP, KOTOPbLIN
MCNonb3yecA Yalle oCTanbHbIX ANA TECTUPOBAHUA, MPOBEPKMU U OTNAAKMK CXEM.
Y>xke BO BpeMA 00y4YeHUA Ha SNEeKTPOTEXHUYECKOM UNK (DN3NYECKOM By3e
Kakoro-nnbo yHnsepcuteTa Bbl OyfgeTe o4eHb 4acTo UCMONb30BaTb
ocuunnorpad AnA NpoBeAeHM U3MepeHUin B nabopaTopmaAxX MO U3yYeHUto
Luenein, a Tak>XXe AnNA TeCTMpPOBaHMA N NpoBepku nabopaTopHbIX paboT 1 cxem.
K coxkaneHuto, MHOrne cTyaeHThl Tak A0 KOHLA U He MOHUMAaIOT, Kak
nonb3oBaTbCcA ocuunnorpacgom. Hacto oHU NpocTo cry4YaliHOM nopAake
KPYTAT PYYKU M HA>KMMAIOT KHOMKW Noka Ha aucnree ocuunnorpacda
“yynecHbiM obpasom” He noABUTCA U3obpakeHne, NPUMEpPHO
cooTBeTcTBYlOoWee xxenaemomy. OaHako nocre BbINOSIHEHUA AaHHOMO pAaa
HebonbLUKX NaopaTopHbIX paboT Bbl byaeTe nydule pasbupatbca B yCTPOUCTBE
ocuunnorpacda n Hayuutecb 6onee apeKTUBHO UM NOb3OBATLCA.

WTak, uyto Takoe ocuunnorpad? Ocumnnorpad — anNeKTPOHHbIN
M3MepUTenbHbI NPUHOP, KOTOPLI NO3BONAET KOHTPONMPOBATb BXOAALLME
WUrHanbl n oTobpakaeT ux B Buae rpadnka B KoopanmHaTax HanpaAxKeHus

n BpemMmeHu. Te ocumnnorpadbl, KOTOpbIMU B NpoLcce o6yyeHun
nonb3oBanucb Balwy NpenoaaBaTenu, HaBepHAKa 6biNM aHanoroBbIMW. Y Takunx
ocuunnorpadoB cTapbix Maenen noroca nponyckaHua (paccmatpuBaeTca

B Npuno>xeHuun B) 6bina orpaHnyeHa, OHM HE MO NPOBOAUTL UBMEPEHUA
aBTOMaTM4ecku n um TpeboBanca NOBTOPAOLLMNCA BXOAHOW CUrHanN

(T. e. uUMKNNYECcKuin).

B saTom pAge nabopaTtopHbIX paboT U, BEPOATHO, B NpoLiecce Bcero obyuyeHuns
B YHMBEpPCUTETE, Bbl OyeTe Nnonb3oBaTbcA UMGPOBLIM ocumnnorpadom

¢ chbyHKUMeNr NnamMATHU, MHoraa HasbiBaembiM NpocToDSO. CoBpemeHHble
ocuunnorpadbl DSO moryT pernctpmpoBaTb 1 oTobpa>kaTb NOBTOPAOLLMECHA
W OOAVHOYHbIE CUTHANDbI. Y HUX ecTb HAabop BO3MOXHOCTEN AnA
aBTOMaTUYECKUX N3MEPEHNIN N aHanun3a, ¢ MOMOLL b KOTOPbIX Bbl COCTaBUTh
XapaKTEPUCTUKY CXEM W BbIMONMHUTb CTyAeHYeCKMe aKCNepumMeHTbl 6bicTpee
M TOYHEe, YeM Ball npenogasaTenb BO BPEMA CBOEro o6yyeHus.

Agilent Technologies 7



1  Hauano pa6orbl

MpuHuunbl paboTbl ocumMnnorpada cM. B NpUNoXeHnn A aToro pykosoAacTBa.
Y106bI 6bICTPO HAYYNTLCA NONb30BATLCA OCUMNNOrpPacOoM 1 03HaKOMUTCA C ero
BO3MO>XHOCTAMMU, HEO6XOAMMO CHavana M3yuynTb camMble BaXKHbl€ 3N1IEMEHTbI
ynpasneHus u NPoBECTU C UX MOMOLLbIO U3BMEPEHUA OCHOBHbIX CUTHAarOoB.

. DS01152B 150MHz -
T Agilewt Technologies cugua surape Drctescese b s / E 23
e

Puc. 1 Ocumnnorpad Agilent cepun 1000B

Namepenue ¢ nomowbio ocuunnorpada

Mpu npoBeneHUM N3MeEPEHUI C MOMOLLbIO ocuuniorpada cHa4yana
HeobxoaMMO NoAKNIYNTL NPOOHMKM ocuunnorpadga K TecTupyeMmomy
npubopy n Bxogam BNC ocumnnorpada. NpobHuku ocumnnorpada nmerot
OTHOCUTENbHO BbICOKOE BXOAHOE CONPOTUBNEHME NpepbiBaHNUA (BbiICOKOE
CONpOTUBMNEHME NPU Manoi eMKOCTMK), paBHYO BXOAHOMY COMPOTUBIEHUIO

B KOHTPOJSbHOM TouKe. [MoakntoyeHme ¢ BbICOKMM CONPOTUBIIEHVEM
HeobxoaAnMo AnA U3onAuMN U3MEPUTENBHOIo Npubopa OT TECTUPEMOWN Lenw,
4yTo6bI Ocuunnorpad v ero NpobHUK He OKa3blBanu BAUAHWA Ha TECTUPYEMbIe
CUrHanbol.

[lnAa pa3HbiXx TUNOB N3MEPEHUIN UCNOMb3YHOTCA pa3Hble BUAbl NPO6HMKOB
ocumunnorpadga. Celiuac Bbibepem Hanboree WMPOO UCMONb3YEMbIE, KOTOPbIE
Ha3blBalOTCA NaccuBHbiMU NpobHMkamu 10:1 HanpaxkeHua (cm. Puc. 2).
“lMaccnBHbIN” 03Ha4YaeT OTCYTCTBME B NPOOHUKE AAaHHOIO TUNA aKTUBHbIX
3M1eMeHTOB, Hanpumep TpaH3ucTopoB unu ycunutenen. “10:1” osaHavaeT, 4TO
npobHuK ocnabnaeT BXoAHOW cMrHan Ha Bxoge ocuunnorpada B 10 pas.
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Havano pa6orer 1

Puc. 2 MaccusHblin npobHuk 10:1 HanpaxeHuA

Mpu ncnonb3oBaHUM cTaHAapTHOro naccueBHoro npobHuka 10:1 Bce
n3mMepeHuAa ¢ NoMoLLbto ocuuMnnorpada cnengyet NPoBOAUTbL MexXXay
KOHTPOJSIbHOM TOYKOW curHana u 3asemneHmem. VMiHbimu cnoBamuy,
06A3amersibHO BbINONHANTE 3a3eMIIEHNE 3a>KMMa 3a3eMI1eHNA NPOOHMKa.
Heeo3MO0%#CHO n3mepuTb HanpAXXeHUA Ha KOMMNOHEHTE NPOMEXKYTOYHbIX
ueneiu, ncnonb3yAa NpobHuk atoro Tvna. lNMpn Heob6xoaMMOCTN UMEPUTH
HanpA>XeHne Ha He3a3eMJTIEHHOM KOMMOHEHTE UCMNONb3yNnTe MaTteMaTU4YECKYHO
byHKUMIO BblYMTaHMA ocumnnorpada, 4Tobbl UI3BMeEpPUTb CUIrHarbl Ha KOHLAX
KOMMNOHEHTa OTHOCUTENbHO 3a3eMJIEHUA C MOMOLLbIO ABYX KaHanoB
ocuunnorpacda, nnbo Bocnonb3ynTtecb cneunanbHbiM agnddepeHunanbHbIM
aKTUBHbIM NpobHMkom. O6paTUTE BHUMAHNE, YTO HEAOMYCTUMO 3aMblKaTb
Lenb ¢ NOMOLLbIO ocuunnorada.

Ha Puc. 3 npeacTaBneHa anekTpmMyeckas cxema naccmMBHoro npo6Huka 10:1,
NOAKJITIOYEHHOT0 K ocuunnorpacdy npu BxogHom conpoTtusneHnn 1 MOm no
YMOJ4aHuio, KOTOPOoe Heo6xoAMMO Npu Ucnonb3oBaHUM NPo6HUKa Takoro
Tnna. O6paTuTe BHUMaHUeE, 4TO HAa MHOIMX ocuunnorpadax ¢ yBenmmyeHHom
NMoyiocou NPONyCKaHWA NoNb30BaTellb MOXET BblbpaTh BXOAHOE OKOHEYHOE
conpoTtusBnerme 50 Om, KOTOpPOE YacTO UCMOJSIb3YETCA B KAYECTBE OKOHEYHOTO
COMpPOTUBMNEHMWA aKTUBHOIO NPO6HMKA U/ Unv Npv NOCTYNIIEHUN CUTHana ot
NcToYHUKa ¢ conpoTtusneHmem 50 Om no koakcuanbHomy kabento BNC ¢
conpoTtuBneHnem 50 Om.

Probe | Scope

Ctipz"]5pF BNC : BNC
Probe Tip ) Outpijt : In\put
Input * VW oy =
Rtip = IMQ I
I Hscope = T C _
. Al L I 1MQ scope =
Ad]ustable f Ccomp = Ccahle = | 1[]_20pF
Compensation | 5-30pF 90-110pF 1
Capacitor :
= = I =
Puc.3 YnpouieHHaa cxema ¢ naccuBHbIM NpobHukom 10:1, noaKNOYEHHbIM

K ocuunnorpady ¢ BxoaHbiM conpotuBneHnem 1 MOm
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Hauano pa6otbi

HecmoTpsa Ha To, UTO aneKkTpuyeckaa MoAerNb C NaCCUBHbIMU MPOGHMKOM

n ocumunnorpacom BKIoYaeT B cebs 1 BHYTPEHHI00/NapasnTHY0 eMKOCTb
(He NpeayCMOTPEHHYIO KOHCTPYKLIMEN) U 3aN0>XKEHHbIE B KOHCTPYKLIUIO CETU
KOMMEeHCaLUMn eMKOCTU, Mbl He ByZleM ceilyac X yuuTbiBaTb, @ PACCMOTPUM
naeanbHbIA CUTHaAnN B 3ToM cucteme NpobHuK/ocumnnorpadg npu H3KUx
yacToTax UMnu B YCNOBUAX BXOAALLETO MOCTOAHHOIO TOKa.

Ecnun nckniountb BCe eMKOCTHbIE KOMMOHEHTbI M3 3NIEKTPMYECKOK Moaenu
npo6Huka/ocumnnorpadga, To 0OcTaeTcA TONbK PE3NCTOP HaKOHEYHMKa
npo6Huka Ha 9 MOm, NOAKMIOYEHHbIN NOCNeA0BaTENbHO C BXOAHbIM
nmnenaHcom ocuunnorpada 1 MOm. CnepgosatensbHo, BxogHoe
CONpoTMBNEHME CETU Ha HaKoHe4YHnKe NpobHuka coctaenaet 10 MOwm.
CornacHo 3akoHy Oma, HanpaxeHue Ha Bxoae ocuunnorpada coctaBnaet
1/10 oT Hanpsa>keHWA Ha HakoHeuYHuKe NPO6HUKA (Vocyunnorpada = Vnpo6ruka X
(1 MOm/10 MOwm).

37O 03HayaeT, UTo naccuBHbIV NPobHKK 10:1 obecrneuynBaeT pacLUMPEHHbIN
OMHaAMN4YecKuit gmanas3oH cucTemMbl U3MmepeHunin ocumnnorpada. T. e. MOXHO
M3MepuUTb curHanbl ¢ amnnutyaoi B 10 pas 6onblue Mo cpaBHEHUIO

C CUTrHanamwu, KOTopble MOXHO U3MEPUTb C MOMOLLbIO NpobHuka 1:1. Kpome
TOro, BXOAHOE COMPOTUBIIEHE CUCTEMbI U3MepPeHUA ocumnnorpada (NpobHuK
+ ocuunnorpad) ysenuumnaetca ¢ 1 MOm no 10 MOm. U aTo xopouuo,
NOCKOJbKY Manoe BXOAHOE CONpPOTUBIIEHME MO0 6bl CO34aTb Harpy3Kky Ha
Tectupyemoe yctponcteso (DUT) M nsmeHnTb ypOBHU peanbHOro HanpaXXeHusn
B HeM (a aTo HexxenaTenbHO). /I HecmoTpA Ha To, YTO cOBCTBEHHOE BXOA0€E
conpotuBneHne 10 MOm sBnAeTcA 4OCTaTOYHO 6ONbLUINUM, MOMHUTE, YTO €ro
HeobxoaMMO cpaBHMBATb C CONPOTMBEHMEM N3MEPAEMOr0 YCTPOMCTBA.
Hanpumep, npocTtas Lenb onepaunoHHOr0 YCUITUTENA C PE3UCTOPOM LiENU
o6paTtHoi cBA3n 100 MOm Mo>KeT NPUBECTU K HEMPABUITbHbIM MOKa3aHUAM Ha
ocuunnorpade.

HecmoTpsa Ha To, 4To ocuunnorpadgbl ¢ caMbiMU BbICOKUMMU
XapakTepuctmkamu moryT obHapy>kueatb nogkntoyeHmne npobHka 10:1,

a 3aTeM aBTOMaTM4YeCKM ycTaHaBnmMBaTb KO3(ppuLMeHT 3aTyxaHnA NpobHuKa
ocuunnorpada 10:1, npn ucnonbsoBaHum ocumnnnorpada Agilent cepun 1000
crieayeT BPy4YHyto BBECTU KOadhpuumneHT 3aTyxaHua npobHuka (10:1) nnum
Ha>kaTb knasuwy nuueson naHenu [Default Setup] Hactpoiika no ymonuaHuo,
yTob6bI ycTaHOBUTbL KOoadhduumeHT NnpobHmka 10:1. Mocne Toro kak

B ocumnnorpade 3agaH KohPULMEHT 3aTyxaHUA (onpeneneH aBToMaTU4YeCcKM
Wnu 3afaH BpPy4YHYto), Ha ocuunnorpadge otobpa>katoTcAa 3Ha4YEHUA BCX
HanpA>XXeHU ¢ KoMmneHcaunen oTHOCUTENbHO pPeanbHOro BXOAHOIO CUrHana
Ha HaKoHe4HuKe NpobHuka. Hanpumep, env namepAemMblit cUrHan nmeeT
HanpaxeHue asyx amnnutyn 10 B, To Ha Bxoa ocumnnorpada noctynaeT
curHan Tonbko 1 B. OgHako 6narogapa npobHuky 10:1 genutena Ha
ocuunnorpacde otobpasutca curHan 10 B.

Mpu BbinonHeHun nabopatopHon paboTbl N2 4 (KomneHcauma nacCUBHbIX
npo6Hukos 10:1) Mbl BEpHEMCA K MOAENN NacCUBHbIX MPOBHUKOB yXKe

C YY4ETOM €MKOCTHbIX KOMMOHEHTOB. TN 3NeMEHTbI B 3NEKTPUUYECKON cXxeme
npobHuka/ocumnnnorpada oasbiBaloT BIMAHUE Ha XapaKTepUCTUKN
OVHaMWYecKoro ananasoHa/nepemMeHHoOro Toka B 06beaAMHeHHOl cucteme
ocumnnorpada n npobHMKOB.
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0630p nuueBoi naHenu

3HakomcTBO ¢ Npnbopom HayHeM ¢ 0630pa caMbiX BaXKHbIX 3NIEMEHTOB
ynpasneHua/pydyek ocumnnorpacda. B BepxHelt yacu ocumnnorpada
pacrnorno>keHbl aneMeHTbl ynpasneHua “Koad. passeptkun” (cm. Puc. 4).

C nomoLbto KPYMHOWM pyuykn perynmpyeTca YNCNOo CEKYHA Ha AeneHue.
Opyrnmn cnoBamu, oHa 3agaeT macwitab no ocu gnA BbIBOAMMOTIO curHana.
OpHo geneHune No ropusoHTanu npeacTaBnaeT B D pa3 oTnnYaeTca OT LEeHbI
OerneHua mexkay BepTuKanbHbIMU NUHUAMUN ceTKU. [pu HeobxoaumocTn
npocmoTpa 6bICTPbIX KPBbIX (CUrHANOB C BbICOKOM YacToToM) MacwTtab no
ropvsoHTanu (3HadyeHue cek/gen) cneayeT ymeHbwnTb. MNpn HeobxoanmocTu
npocMoTpa MeANeHHbIX KpUBbIX (CUrHANOB ¢ HU3KOM YacToToM) mMacwTab no
ropusoHTanu (3HadyeHune cek/pen) cneayet yBennintb. C noMolLLbio
ManeHbkow py4yku B cekuuu Horizontal (PasBepTtka) perynupyerca
NONo>XeHne KPpMBOI N0 ropuoHTanu. T. e. MOXXHO NepemMeLLaTb KPpUBYHO Mo
rop1M30HTanu BNeBO UM BNPaBo. dNeMeHTbl ynpaBrneHWA pa3BepTKOn
ocuwunorpacda (cek/nen v NonNo>XXeHne) 4yacTo Ha3blBakOT FaBHbIMMU
afrieMmeHTamMu yrnpaBrieHUA BPEMEHHOMW pa3BepTkM ocuumnnorada.

Puc.4 JdnemeHTbI ynpasneHua pa3epTkoii (no ocu X) ocumnnorpada

AnemeHTbl ynpaBneHua/pyyku B HUXKHeN YacTu ocuunnorpada (cm. Puc. 5)
B obnactu “Koadp. otknoHeHna” (Haa Bxogamu BNC) oTBevatoT 3a macwitab
ocuunnorpada no Beptukanu. Ha aByxkaHanHom ocuunnorpade
NPUCYTCTBYIOT ABE Napbl 3NeMeHTOB yrnpaBneHna macwtabom no BepTUKanu.
Ha yeTblpexkaHanbHOM ocuunnorpadge NpUcyTCTBYIOT YeTbipe napbl
3M1eMeHTOB ynpaBneHua macwtabom no septukanu. C nomoubio 60nbluoi
pPY4YKM Kaxkaoro BXOAHOro kaHana B obnactu “Koady. oTknoHeHuns”
perynupyetca koadhnumMeHT macluTabrMpoBaHMA No BEpTUKANu B BONbTax Ha
aeneHue. MIHbIMn cnoBan — 3TO BM3yanbHbI MacwwTab cMrHanos no ocu Y.
OaHo peneHue no BepTukanu npeactasnAeT coboi D B mexxay
rOpu30oHTanbHbIMU NMHUAMM ceTKU. [InAa HabnoaeHUA 3a 4OCTAaTOYHO
6onbwunmu curHanamm (¢ 60nbLWON NONTHON MNNUTYAO0N HAaNPAXKEHWUN) HY>KHO
YBENUYUTb HAaCTPOWKY BonbT/aAeneHue. [Ana HabnogeHusA 3a ManeHbKUMHU
CUTHarNamMu HYHO YMEHbLUUTb HAaCTPOWKY BonbT/AeneHune. ManeHbkune
anemMeHTbl ynpaBneHua/pyyku Kkaxkaoro kaHana B obnactu “Koad.
OTKMOHEHUA" npeAHa3Ha4vyeHbl ANA HaCTPONKM NONOXKEHUA/ CMeELLEHMA.
Mcnonb3ynTe Ux AnAa nepemMeLlleHna KpUBOn Ha aKkpaHe BBEPX U BHUS.
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Al Inputs
IMQ/I5pF
300V RMS
CATI

Puc. 5 JdnemeHTbl ynpaenenua ocuunnorpada “Koady. otknoHenua” (no ocu'Y)

Eule oAHMM Ba>kHbIM 3NeMeHTOM ynpasneHusa ocunnnorpadya ABnAeTcA py4yka
ypoBHsA 3anycka (cMm. Puc. 6). OHa pacnono>keHa cnpaBa Ha NULEBON NaHenu
ocuunnorpada noa obnactbio 3anyck. OyHkUUIO 3anycka ocuunnorpada
3a4acTylo HeIONOHMMaIOT, 0AHAaKO KpaliHe Ba>XHO YMeTb NpaBUIbHO ee
ncnonb3oBaTtb. PyHKUMA 3anycka byaeT paccmoTpeHa 6ornee nogpo6HO

B COOTBETCTBYHOLLMX NPaKTUYECKNX nabopaTopHbix paboTax.

wamm Trigger mms

Push for
50%

Puc. 6 JdnemeHT ynpasneHusa 3anyckom ocuunnorpaca

JTto6oe cnoBo B NnabopaTopHOM pyKOBOACTBE, BblAENEHHOE XXUPHbIM
WwpndToM B KBaapaTHbIX ckobkax, Hanpumep [Cursors] Kypcopbl, o603HavaeT
Knasuwy (MNu KHOMKY) NIMLEBOW NaHenun, KOTopana pacnofo>XeHa Ha npaBou
cTopoHe ocuunnorpadda. Nocne HaxaTua NG00 KHOMNKU OTKPOETCA MEHIO

C YHUKanbHbIM Ha6OPOM NporpaMMHbIX KHOMOK ANnA BbiOpaHHOM Ha NMLEBOW
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naHnu pyHkummn. “MNporpaMmmHble KHOMKN — 3TO 5 knaBuw/KHOMOK crhpaBa oT

ancnnen ocu,vlnnorpacba. (DYHKLI,VIVI 9TUX KHOMOK N3AMEeHAKTCA B aBUCUMOCTHU
OT OTKPbITOro MeHto.

Tenepb HaanTe pydKky BBoga, n3obpakeHHyto Ha Puc. 7. 3ta pyuka
pacrnonaraeTtcA cnpaBa oT gucnnea ocuunnorpada. 3Ton pyykon npuaerca
Nonb30BaTbCA AOBOSIbHO YacT AnA M3MeHeHMA Habopa napamMeTpoB, ANA
KOTOPbIX HET OTAENbHbIX 3NEMEHTOB YNPaBNeHWA Ha NIMLLEBOM NaHenwu.
N3orHTana cTpenka (0) Ha Bbl6paHHOM NPOrpaMMHON KHOMKE O3Ha4YaeT, 4YTo
U3MEHEHNEM 3TON NepeMEHHOM yNpaBrnAaeT pyyka BBoga. Tenepb NpucTynum
K MPOBEAEHUI0 UBMEPEHUI C NOMOLLbLIO ocuunorpada.

)

Push to Select

Puc.7 YHuBepcanbHaa pyyka BBoAa ocumnnorpaca
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2  TNaGopatopHbie pa6oTbl N0 03HaKOMIEHMIO ¢ ocuunnorpacgom

Jla6opatopHaa pa6ora N2 1. BbinonHeHne 0CHOBHbIX U3MEpPEHUU

lNMepBasa nabopaTtopHana paboTa npeaHa3Ha4YeHa AnA 03HaKOMMNEHUA

C aNleMeHTaMu yrnpaBrneHua Macltabom pa3BepTku u macwtabom no
BepTMKanu, KoTopble UCMNOMb3YOTCA ANA HacTPOWKK ocumnnorpada Ha BbiBOA
NOBTOPAIOLMNXCA CUTHANOB pAMOYyronbHon chopmbl. Kpome Toro, B Hel
onuncaHo npoBseaeHnMe NpocCTbiX I/I3MepeHI/Ii7I HanpA>XeHnA n BpemMmeHun ana aToM
BOJIHbI.

1 lMoakntounTe kabenb NMTaHWUA N BKNOYUTE ocuunnorpad.

2 [oacoeanHnte NpobHMK ocumnnorpada k Bxogy BNC kaHana 1 u KOHTakTy
c noanucbto Probe Comp (KomneHcaunsa npo6HuKa), KOTOpbI umeeT hopmy
CcUrHana, nokasaHHyto Ha Puc. 8. MogkntouunTe 3a>XMm 3a3emMreHun
NpobHMKa K KOHTaKTy ¢ CUMBOINOM 3a3emrneHuna. O6paTtnute BHUMaHUE, YTO
Ha ocumunnopadax cepun DSO1000A koHTakTbl Probe Comp (KomneHcauun
npobHuka) pacnonaratoTca noa AUCHeeM.

Puc. 8 MoaknioueHne npobHMKA K BXoAy KaHana 1 M KOHTaKTy komneHcauuu npobHuka

16 06yuarowme matepuanbl ana npenoaasarena no ocuunnorpacy DS01000 — na6opartopHoe pykoBoacTBo U yue6Hoe nocobue



Na6opatopHbie pa6oTbl No 03HaKOMneHuto ¢ ocuunnorpagom 2

Ha koHTakTe “probe comp” Bceraa npucyTcTByeT CUrHan NpPAMOYrofibHOWM
cdopmbl ¢ yactoton 1 kl'u. HecmoTpAa Ha To, UTO 30T CUrHanN NpeAHa3HaueH,
npe>kae BCcero, AnA Kannbpoeku/komneHcaunm npo6HUKoOB ocumnnnorpadda,
KoTopana 6yaeT BbINOMHATbLCA B crieaylollen nabopatopHoi paboTte, Mbl
6ynem ncrnonb3oBaTb 3TOT cUrHan anAa obyyeHua pabote ¢ ocuunnrpadgom.

3 Ha nunueBoit naHenu HaxkmuTe knasuwy [Default Setup] Hactpoiika no
YMOTNYaHHUIo.

Mpwu BbIGOPE HAcTpOiKK MO yMoNYaHuK Ha ocuunnorpade byaer
BOCCTaHOBIeHa 3aBoAckana KoHturypauua. BocctaHoBATcA He TONbKO
koadpumumeHTbl macwtabmpoBaHua no ocam X n 'Y, Ho n 6yayT OTKMNOYEHbI
BCe 0cobble pexxMMbl paboTbl, KOTOPblE, BO3MOXHO, UCNOMb30Banunchb
paHee. [pu BbINOMHEHUM HACTPOMKWN MO YMOIYHUIO Tak>Ke ByaeT BbINOMHEH
cbpoc koadphnumeHTOB 3aTyxaHuA NnpobHUkoB ocumnnorpadga go 10X,
NO3TOMY BCE aMNUTYyAHble U3MepPeHUA ByayT Npon3BoanTcA
OTHOCUTENbHO YPOBHA CUFHana, NPUCYTCTBYIOLLErO HA HAKOHEYHUKE
npobHuka. PekomeHayeTca Kaxkaoe HOBoe U3MepPEHUE C MOMOLLbIO
ocuunnorpada HauyMHaTb C ICNOMNb30BAHUEM HACTPOMKWN NO YMOMYaHMUIO.
Tenepb BbINONMHUM HAaCTPOWMKY NapamMeTPOB OTKINOHEHUA, pa3BepTKU

n 3anycka ocuunnorpacda, 4Tobbl BbINOMHUTL NpaBUNbHOE
mMacwTtabupoBaHue n oT6pasuTb curHan npamoyronbHon coopmbl 1 k'L Ha
auvcnnee ocuunnorpada.

4 Ha nuuesoit naHenu HaxkmuTe knasuwy [Menu On/0ff] MeHio Bkn./Bbikn.
(pacnonaraeTca B NpaBoOM BEPXHEM YIIy OT AUCHNEnA), YTOObl pa3BEPHYTh
obnacTb NpocMoTpa curHana ocuunmnorpada.

5 [loBopaunBainTe pyuKy ypoBHA 3anmycKka Mo 4aCcOBOW CTperike, Noka ann
napamMmeTpa ypOBHA 3anycka He oTobpaaunTca 3HayeHue npubnuantenbHo 1,5
B (nokasaHuA B NpaBoOM BEPXHEM YIny AUCNNEA), a BPEMEHHAA opaHXXeBan
ropu3oHTanbHan NMUHUA YPOBHA 3anycka He NepeceyYeTca ¢ CEPeanHomn
curHana. O6paTtute BHMMaHue, 4To 6onee noapobHoO 3anyck ocuunnorpada
onucbiBaeTcA B cnaytowen nabopatopHoii paboTe.

6 [MoBopauuBaiTe 6onbluyto pyuky “Horizontal” [Koadh.pasBepTku]
(pacnonaraeTcA B BEpXHEN YacTu NMLEBON NaHenu ocumrnorpacda) npoTms
4YacoBOW CTPErikK, Noka Ha Ancnriee He 0oTob6pa3uTcA He MeHee ABYX
nepuoaoB cMrHana npAmMoyronbHi chopmbl. [Jon>kHO NoaonTn 3HavyeHne
napameTtpa 200 us/ (nokasaHuA B BEpXHEM NeBOM yrny gucnnesn). 3To
COKpalleHHoe o603HauyeHue ana HacTponku 200 mc/neneHue. Danee atu
3HauyeHuA byaem Ha3biBaTb HACTPOWKOM BPEMEHHOW pa3BepTKHu
ocuunnorpadda.

7 TloBopaumBainTe py4yKy perysinpoBKM NOMOXKEHMUA MO rOPpU3oHTaNu (pydka
MEHbLLEro pa3aMmepa B BEpXHEW 4acTu NULEBON NaHenNu) aAna nepemMmelieHuns
CuUrHana BneBo u BrnpaBo. Haxkmute 3Ty pyuky, 4YTobbl COPOCUTL 3HAUYEHME
0o Hyna (0,0 cekyH no UeHTpy aKpaHa).

8 T[loBopaumBaiTe py4yKy HaCTPOMKU MONOXKEHNA NO BEPTUKANW ANA KaHana
1 (>kenTaA py4Yka MeHbLUEro pa3amepa B BEPTMKanbHOMW CEKLUUM Ha NNLIEBOMA
naHenu, HenocpeacTBeHHo Hag Bxogom BNC), noka BepxHAA ToYka curHana
He ByneT ycTaHOBEHa NPUMEPHO Mo LeHTpy aucnnea. Jon>kHo noaontun
3HauyeHue napameTpa npumepHo -3,0 B (BpemMeHHble NoKka3aHUA B HUXKHEM
neBoM yrny aucnnes).
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9 T[loBopauuBanTe pyuky B/nen kaHana 1 (6onbwan >kenrtan py4ka
B BEPTUKaNbHOM CEKLMN) MO YaCOBOW CTperike, MoKa B HXXHEM NIeBOM yrny
aucnnen He otobpasaTtcA nokasaHua “500mB/”. 310 osHayaeT 500 mB/gen.
Ecnu HaxaTb pyuky B/pnen kaHana 1 v BbINOMHUTb HAaCTPOIAKY, NOABUTCA
BO3MO>KHOCTb BbINONHEHWA TOYHOW HacTpoliku. [penogaBaTens MOXeT
Ha3blBaTb 3TO HACTPOWKON «BEPHbepP» ocumnnnorpada. CHoBa HaxkmMmuTe
PY4Ky, 4TOObl BEpPHYTbCA K «rpyboiy HacTolke, a 3aTEM CHOBA YCTaHOBUTE
HauyeHue 500 mB/.

PerynupoBka nono>eHuA no BepTukanu n Hactpoiika B/ gen Ha
ocuunnorpade (warv N2 8 u Ne 9 Bbiwie) 06bIYHO BbINOMHAKTCA UTEPALMAMUY,
BbINOSTHUTE PErynnpoBKY OQHOr0, 3aTeM APYroro napameTpa, NoBTOpANTe
nencTeunA, noka otobpa>keHn curHana He 6yaeT NnpaBUNbHbIM.

N3ob6paxkeHune Ha gucnnee ocumnnorpada Tenepb AOMN>XXHO COOTBETCTBOBATb
Puc. 9. Tenepb BbINOTHMM HECKONIBKO U3BMEPEHUI ANA CUrHana
npAmMoyronbHoi hopmbl. O6paTTe BHUMAHME, YTO n3obpa>keHue Ha
ocuunnorpacde no cytn npeacrtaenaet cobomn rpacduk 3aBucumoctun Y ot X. lNo
ocu X (No ropu3oHTanbHoOM) oTknaabiBaeTca Bpema, no ocu Y (no
BepTUKanbHOM) — HanpAXeHue. Ha MHOrnx Kkypcax no aniekTpoTexHuke

n hbusuke BaM, BEPOATHO, y>Ke NPUXOANITOCH PAaCCHUTbIBATbh U CTPOUTb
rpachuku aneKkTpMYecKMx CUrHanoB, HO TONbKO B cTaTu4eckom hopmaTte — Ha
6ymare. inu, mo>keT 6bITb, Bbl UICNOMNb30BaNu pa3fnyHble KOMMbOTEPHbIE
nporpamMmbl AnNA aBTOMaTU4eCckoro NOCTPOHUA KPUBbIX curHanos. Ecnu Ha
ocuunnorpad noctynaet NOBTOPAKOLWMNCA BXOAHOW CUTHAM, TO MOXHO
HabntoaaTb ero gHamMmunyecku (HenpepbiBHO OOHOBMAKOWMUMCA) B BUAE KPUBbIX

Ha aucnnee.

Puc.9 Hactpoiika napameTpoB OTKNOHEHUA, pa3BepTKM U 3anycka ocuunnorpada ana
otobpakeHuA curHana
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Ocb X (ropusoHTanbHas) noaeneHa Ha 12 OCHOBHbIX AerneHun (ecnu
oTobpa>keHne MEeH0 OTKMIOYEHO), LIeHa KOTOPbIX COOTBTCTBYET HAaCTPOUKe
c/nen. B paHHOM crniyyae Ka>kioe OCHOBHOE AereHne Mo ropu3oHTanm
cooTBeTcTBYEeT 200 MMKpPOCEKHAAM, T. K. yCTaHOBINEeHa BpeMeHHanA pa3BepTka
ocuunnorpadga 200 mc/aen, kak 6bino ykazaHo paHee. [lockonbky Ha akpaHe
no ropusoHTanu 12 geneHni, To ocumnnorpad nokasbiBaeT OTPEOK BPEMEHMU
2,4 mc (200 mc/pen x 12 npeneHunin) cnesa Hanpaeo. O6paTuTe BHUMaHMKE, YTO
Ka>k[loe OCHOBHOE aeneHune AenutcA Ha b Mmanbix geneHnn (kaxaoe
cocTtaBnAeT 0,2 OCHOBHOro AeneHunA), KOToOpble MOMEYatoTCA WTPUXOBbIMMU
meTkamu. Kaxxgoe manoe feneHue B Halle criy4yae COOTBETCTBYyeT

1/5 pen Y 200 mc/pen = 40 mc.

Ocb Y (BepTukanbHas) pasneneHa Ha 8 OCHOBHbIX IENEHWI, 3HAYeHusA
KOTOpPbIX 3aBUCAT OT HacTpoliku B/ aen. B naHHom cyyae — 500 mB/gen. Mpwm
TakoM HacTpoiike ocuunnorpad Mo>keT M3MepuUTb CUTHarnbl C BENTMYNHOWN
asoriHoi amnnutyabl 4 B (500 mB/pen x 8 aenennin). Kaxkaoe ocHoBHOE
neneHue Takxe pasaeneHo Ha 5 manbix (no 0,2 ocHoBHOro aeneHuna). Kaxxaoe
Mare gerneHve nomevaeTca WTpuxoson meTkon u cootsetcteyeT 100 mB.

10 OnpenenuTe ANUTENbHOCTb OAHOMO NMOMOXXUTENbBHOrO UMNYIbCa,
noacymnTaB KONMMYECTBO AerneHnit (OCHOBHbIX U MarnbiX) OT NepeaHero
(bpOHTa A0 cnenyoLwero 3agHero poHTa, 3aTeM YMHO>XKbTe Nony4ymnsLleeca
3Ha4yeHue Ha 3HaYeHune HacTpoiiku ¢/aen (ao>xHo 6biTb 200 mc/pen).

OnutenbHoCTb mnmnynbca =

11 Onpepnenute nepuog (T) ogHOro N3 3TUX CUrHaNoB NPAMOYIOfbHOWM
chopMmbl, NOACYNTAB KONMYECTBO AENEHUI OT NepeaHero ppoHTa Ao
cneaytoulero 3agHero opoHTa, 3aTeM YMHOXXbTe NMofy4YmnBLLIEECA 3HaYEeHUNe
Ha 3HauyeHWe HacTpoWku c/aen.

T =

12 YacTtoTa aTolh cuHycoumaanbHon BonHbl (F=1/T).

13 OnpeaenuTe ABOWHYIO aMNNUTYAyY HanNpsA>XXeHWA 9TOro curHana, noacuynTas
KOMNMMUYECTBO AeNEeHNN OT HUXKHEN N0 BEPXHEN TOYKM CUTHaNa, 3aTem
YMHOXbTe Norny4yuBLIeecs 3HayeHne Ha 3HauyeHue HacTpoiku B/ aen
(morn>kHo 6biTb 500 mB/gen).

V gB.amn =

O6paTute BHMMaHMe, 4To >XenTaa meTka “1” cnesa Ha aucnnee obo3HavaeT
ypoBeHb 3a3emnenusn (0,0 B) curHana kaHana 1. Ecnu Tak>xe BKIKOYEH KaHan
2, oTobpa3utca 3eneHasa MmeTka “2”, o603HaaloLWan ypoBeHb 3a3eMneHus
aToro kaHana (0,0 B). Tenepb ucnonbdyem yHKLMIO KypcopoB
ocuunnorpada, 4YTobbl BbINOMHUTbL T€ XK€ UBMEHEHWUA HaNpPA>XXeHUA U BPEMEHU.
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14

15

16

17

18

Ha nuueson naHenun HaxxmuTe knasuwy [Cursors] Kypcopbl, 3aTem Haxxmute
nporpamMmmHyto kHonky Pexxum. NMoBopauunBainTe pyuky BBoaa, noka He byaer
BblAeneH arnemeHT PyuHol, 3aTemM Ha>kmMuUTe py4dky BBoaa, YTobbl caenaTb
BblbOp.

Ha>kumalite nporpammMHyto kHornky CurA---, noka aTa KHomnka He 6ypet
BblAeNieHa CMHUM (0bpaTuTe BHUMaHUE Ha TO, YTO OHa Y>Ke MOXeT ObITb
BblaeneHa CUHUM).

lMoBepHUTE pyuKy BBOAA, YTOObI PAacnonoXXnUTb Kypcop BpeMmeHu A Ha
nepeom nepegHemMm PpPoOHTE CUrHaNa pAAOM C NEBO CTOPOHOW agncnnen.

Ha>kmuTte nporpamMmmHyto knasuily CurA---, 4To6bl OTKMOUYMTb 3TOT KYpCop,
3aTeM HaXXMuTe nporpammHyto knasuuy CurB---, 4yTob6bl BKNMIOUYUTL KYpCcop
BpemeHu B.

MNosepHUTE pyuKy BBOAA, HTOGbLI PACNONOXUTb Kypcop BpeMmeHu B Ha
BTOpPOM nepeaHemM OpoHTe cMrHana B LueHTpe aucnnesn. NIso6paxkeHne Ha
Avcriee ocuunnorpada Tenepb AOMXKHO cooTBeTcTBOBaThL Puc. 10.

Bpema |
[ACTOYHKE
iZH1

FY

Puc. 10 Wcnonb3oBaHue KypCoOpoB BpeMeHun Anfa n3aMmepeHua nepmnoga n 4actoTtbl

19

20

CUrHana nNpAMoyronbHoi opMbl

KakoB nepuoa v 4yactoTa 3TOro curHana?
DX

1/DX

HaxxmuTe nporpaMmmHyto kHonky Tun, 4To6bl M3MeHUTb Kypcopbl Bpema Ha
Kypcopbl AMnnautyaa.
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21 HaxkmuTte nporpaMmMHyto KHoMKy CurB---, 4To6bl OTKNHOYUTB 3TOT KYpCcop,
3aTeM Ha>XMuTe NporpamMmMHyto KHonKy CurA---, yTo6bl BKIIOYMTE KYpCcop
amnnutyabl A.

22 [oBepHUTE Py4Ky BBoAa, YTOObI pacnonoXXmnTb Kypcop amnnutyabl A Ha
HUXKHEN ToYKe curHana.

23 HaxkmuTte nporpaMmMHyto KHonKy CurA---, yTo6bl OTKMIOYNTL 3TOT KYypCcop,
3aTeM Ha>XMUTe NPOrpaMmmMHyto KHomnky CurB---, yTo6bl BKNIOYNTL Kypcop
amnnuTtyabi B.

24 [MoBepHUTE pyuKy BBOAA, UTOObI PacnonoXXnTb KYypcop amnnutyabl B Ha
BepxHei Touke curHana. lsaobpakeHue Ha aucnnee ocuunnorpada tenep
DOJ>KHO cooTBeTcTBOBaTh Puc. 11.

Cursars

e A S S
[CurA:

R [mE=a

Puc.11  licnonb3oBaHue KypcopoB aMNnUTyAbl ANA U3MEpPeHUa ABONHOI aMNnUTy bl
HanpAXeHMA cUrHana NpAMoyronbHoi opmbl

25 KakoBa aMnnuTyaa BepXHUX Todek, amnnntyga HUW>KHUX ToO4eK U ,D,BOI?IHGH
amMnnuTyaa aToro curHana?

Hus (CurA)
Bepx (CurB)

[BoiHasa amnnutyaa (DY)

C nomoubo KYpCOPOB MOXHO NPOBOAUTb U3MEPEHMNE HEMHOIO TOYHEE U He
CTpoA npeanonoXxeHun. Tenepb ncnonb3yem 6riee NpocTon U TOYHbIN MeTOA
BbIMONTHEHUA 3TUX UBMEPEHWUIA.
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26 Ha nunueBoit naHenu HaxkmuTe knasuwy [Meas] Namepenne. O6paTtute
BHMMaHue, 4To Ha ocuunnorpadax cepum DSO1000A asta knaBulia Ha
nuueson naHenu HasbiBaeTcA [Measure] iamepenue.

27 Ecnu BepxHAA nporpaMMHan KHOMkKa uMeeT MeTky 2/2 (MeHto 2 ns 2),
Ha>XMUTEe 3Ty NPOrpaMMHYHO KHOMKY, YTOObI MEPEKIOYNTLCA Ha 3HaYeHne
1/2 (meHio 1 13 2).

28 HaxmuTte nporpamMmmMHyto KHornky Hanpax., 3aTem noBepHuUTE py4yky BBOAA,
yTobbI BbIAENUTL NapameTp [Vpp] B aBoitHoN amMnauTyAbl, @ 3aTEM HaXKMuUTe
py4Ky BBOAa, 4TOObI caenaTb BbIOOD.

29 Ha>kmuTte nporpaMmmMHyto KHOMKy Bpema, noBepHuUTe pyyky BBoaa, 4TOObI
BblaenuTb napameTp [Freq] Yacrora, a 3aTem Ha>kmMuUTe pyuKky BBoaa, YToObI
coenaTb BblGoOp.

N3obpaxkeHune Ha gucnnee ocumnnorpada Tenepb AOMN>XXHO COOTBETCTBOBATb
Puc. 12 n otobpa>kaTb aBTOMaTU4YEeCKNE U3MEPEHUA ABOMHON aMNNnUTyabl
M 4acTOTbl B HUXKHEN YacTu aucnnes.

R EENTEY B Measure |

[ACTOYHKE

« HanpaAs.

1 BpemA

CUACTHTE|

T ettt e 1.2

Puc.12  licnonb3oBaHue aBTOMaTUYECKUX NapaMeTpUUeCcKnX U3MepeHUit
ocuunnorpadga

Camblii pacnpocTpaHeHHbIn MeToa, ANA U3MEPEHUA BPEMEHU U HanpaXKeHus
— 3TO MeTopA NoAcYeTa AeneHui Ha ocumnnorpade, KoTopblid Mbl
ucnonb3oBanu nepebiM. HecmMoTpa Ha To, UTo B 06bLLIEM crydyae HeEO6XoaMMO
CUMTaTb [IeNIeHN U YMHOXaTb UX HAa HAaCTPOWKU LeHbl AeneHnsa ocuunnorpada,
creumnanmcTbl, XOpoLLo 3HaKOMble ¢ npnbopammn, MoryT 6bICPO OLIEHUTb
HanpA>XeHue U BpeMs CUrHarnoB, a UHOraa AocTaTouyHo rpybon oueHku, YTobbl
cKauyaTb NPaBUIbHbIN CUTHA UIN HET.
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lMepen Havyanom BbINONHEHNA NepBoil NnabopaTopHOWN paboTbl BbINOMHUM OAHO
6oree MHTEPECHOE U3MEPEHME.

30 HaxkmuTte nporpamMmHyto KHonKy 1/2, c NOMOLLbHO KOTOPOI MOXXHO NepenTn
Ha BTOPYH CTPAHWULY MEHIO USMEPEHUN.

31 HaxkumainTe nporpamMmmHyto kHonky Oto6pBce, 4TO6bl NEPEKNIOUYUTD PEXKUM
Bbikn Ha Bkn.

N3o6pa>keHune Ha gucnree ocuunnorpada Tenepb AON>XXHO COOTBETCTBOBATb
Puc. 13 n oTtobpa>kaTb NOMHbIA CAUCOK NapaMeTpPUUYEeCcKnUX usMmepeHunn ans
curHana npamoyronbHon dpopmbl 1 kL.

0| 2ae . Bus- B Measure

202
CTobpECe
Bkn

HacT pouia S
Mpofrne

1.5l [Ri=e .
2. 14U 112 | HacToTa

| Brikn |

Puc. 13 BbinonHeHne Bcex M3MepeHWt HanpAXKeHNA U BpEMEHU ANA CUrHana
NPAMOYTonbHOW hopmbl

OaHuM 13 nepBbix Waros nabopaTtopHoi paboTbl MO 03HAKOMITEHUIO

c ocumnnorpadoM ABNAETCA yCTaHOBKa YPOBHA 3anyKa UNn CUHXPOHU3aLun
ocuunnorpada. Ho mbl ewe He ob6cyamnu, 4To 03HaAYaeT NOHATUE
CUHXPOHU3aunu ocuunnorpacda. YaHaem 60nblle 0 CUHXPOHM3aUnmn
ocuunnorpacda B crnenytowen npakTnyeckon nabopatopHon paboTe.
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Jla6opartopnan pa6ora Ne 2. /i3yueHne 0CHOB CHHXPOHU3 ALY
ocuunnorpadca

24

Kak 6bIno ckasdaHo paHee, CUHXpOHU3auma (Mnu 3anyck) ocunnnorpada —
9T0, BO3MOXHO, Hanbonee BaxkHaA ero 0CO6eHHOCTb, KOTOPYtO HEOOX0AMMO
3HaTb ANA 3 PeKTMBHOro NpoBeaeHnUA N3amMepeHnin. 3To 0CO6EHHO Ba>KHO Npu
N3MepeHNAX MHOXeCTBa COBPEMEHHbIX CITOXKHbIX LU(PPOBbLIX CUFHAMNOB.

K coxkaneHuto, CUHXPOHU3aLMA YacTO OCTaeTCA HEMOHATHOMN.

CuHxpoHM3saumto ocumnnorpada MoXKHO CPaBHUTb C CUHXPOHU3NPOBAHHOM
doTocbemkon. B peructpnpyemom n BbiIBOANMO ocumnnorpadom
NOBTOPAOLWEMCA BXOAHOM CUIrHarne MoryT ObiTb TbiCAYM N306pa>keHni

B cekyHAy. YTob6bl HabntonaTb 3a TakMMu curHanamm (unu cpotorpacmamu),
POTOCHEMKY HEOBXOAUMO C YEM-TO CUHXPOHU3NPOBATh. ATO KY4TO-TON
ABMAETC YHUKaNbHbIM MOMEHTOM BPEMEHU Ha BXOAHOM CUTHare.

CuHxpoHMsaumto ocumnnorpada Mo>KHO CPaBHUTb ¢ (POTOOUHMLLEM Ha
ckauykax. HecmoTpsa Ha To, 4TO 3TO He NoBTOpAOLMEcA cobbITUE, 3aTBOP
doToannaparta AON>KeH 6bITb CUHXPOHU3NPOBAH C MOMEHTOM, KOrga HOC
nuavpyrowen nowaanmn nepeckaet NnuHU puHuwa. CnyyamHasa potocbemka
ckayek Mmexkay cTapToM 1M OUHULLIEM aHarnorMyHa NnpocmMoTpy
HECUHXPOHU3NPOBAHHbIX KPUBbIX Ha ocuunnorpade.

Y7106bI NyyLle NOHATb CUHXPOHU3ALMIO ocuunnorpada, BbINONMHUM HECKOMNbKO
M3MepEeHUt curHana NPAMoYrofibHo opMbl, yY>ke 3HaKOMOTro Nno
nabopaTtopHoii paboTte Ne 1.

1 Y6eauTech, 4To NPOBHUK ocumnnorpada Bce eLle NoaKnioYeH K KOHTaKTy
¢ noanucbio “Probe Comp” (KomneHcauua npobHuka) u exony BNC kaHana
1.

2 Ha nuueBoit naHenu ocuunnorpadga Haxkmute knasuiuy [Default Setup]
Hacrtpoiika no ymonuauuto.

3 Haxkmute knasuwy [Menu On/0ff] MeHto Bkn./BbIKR., 4TO6bI OTKMIOYNTD
MEHI0 U pa3BepHyTb 0bnacTb NPOCMOTpa CUrHana.

4 T[loBepHWUTE Py4KYy YPOBHA 3arnycka Mo 4YacoBoOW CTpernke, 4Tobbl 3aaaTb
ypoBeHb 3anycka B6nuaun cepeanHbl curHana (npuénuauntenoHo 1,56 B).

5 OTperynupyiiTe py4ky perynmpoBKMW NMorioXKeHUsA No BepTukanu kaHana 1,
yToGbl KpUBaA pacrnonaranachk B LeHTPe obnaTn otobpa>keHus
ocuunnorpadda.

N3o6pa>keHune Ha gucnree ocuunnorpadga Tenepb AON>XXHO COOTBETCTBOBATb
Puc. 14. 3aecb Mbl BUANM TONbLKO Y3KYHO YacTb 3TOr0 CUrHana npAmMoyronbHom
dopmbl B6NKU3KM ero nepeaHero opoHTa, NOCKOIby ANA BPEMEHHOM pa3BepTKu
ycTaHoBrieHo 3HayeHue 1,0 mc/pen. HanomHuM, 4TO Nepuoa 3Toro curHana
paBeH npubnusutenbHo 1,0 mc. B BepxHelt yacTu gucnnena otobpaxkaeTcn
cumaon “T”. OH oTMeYaeT TOYKY BPEMEHMU, B KOTOPOI ocuunnorpad
CUHXPOHM3UPYETCA C 9TUM cuUrHanom. [laHHble curHana, 3apermcTpupoBaHHbie
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[0 TOYKM 3anycka (B NeBow YacTu aucnnen), CYNTalOTCA AaHHbIMU
oTpuLaTenbHOro BpeMeHMU, a AaHHble hopMbl cUrHana, 3aperncTpupoBaHHbie
nocne Toyku (B NpaBoW YacTu Ancnnen), — AaHHbIMU NOMNOXUTENbHOIO
pemenn. O6paTute BHUMaHMe, 4To Ternepb cumBon “T” oTo6parkaeTcaA Ha
avcnnee crnesa. OH oTMeYaeT ypoBeHb HanpAeHus, NP1 KOTOPOM
ocuunnorpad CUHXPOHU3UPYETCA C 3TUM CUTHanNom. Touka nepecedyeHuns aByx
KPUBbIX, MOMeYeHHbIX cumBonom “T", Ha nepeaHeM hpoOHTE cUrHana,
ABnAeTcA NpUbNM3nTENbHOM TOYKOW 3anycka, UNu TOYKON CUHXPOHU3aUMN.

Puc.14  CuHxpoHusauua no nepeaHeMy hpoHTY

6 [loBopaumBanTe py4Ky ypOBHA 3arnycka no 4acoBoW CTpernke, YToObl
NOBbICUTb 3HAYEHWE NapamMeTpa ypPOBHA 3anycka u npMbnuauTtb ero
K BepxHel Touke curHana. Kak Bbl 3ameTuTe, cMrHan nepemellaeTcs BreBO.

7 TloBopauymBaiTe py4yKy YPOBHA 3amycka NpPOTUB YaCcOBOW CTPESKU, YTOObI
NOHN3NTb 3HAYEHME NapamMeTpa 3anycka n Npnbnn3nTb ero K HUXKHe Touke
curHana. Kak Bbl 3aMeTUTe, CUrHan nepemMeLlaeTca BNpaso.

8 YcTaHoBUTE ANA yPOBHA 3anycka 3HauyeHue, NpnbnuantenbHo pasHoe 1,6 B,
HaxopsALleeca B6NM3W cepeanHbl curHana.

Mo ymonuaHuio ocumnnorpad aBToMaTU4Yeckun BeiIbUpaeT CUHXPOHM3aLMIO MO
nepeaHum cppoHTam. Tenepb YCTaHOBUM CUHXPOHU3aLUIO ocumnnorpada no
3aAHUM bpOHTaM 3TOro curHana NpAMoyronbHoi popmbl ¢ Yactotom 1 klu.

9 Ha nuuesoin naHenu Haxmute knasuwy [Trig Menu] MeHio 3anycka.
O6paTuTe BHUMaHUe, YTO 3Ta KNaBuLla Ha NMULEBOWN NaHEenNu B cekuum
3anycka nmeet meTky [Menu] Menio Ha ocuunnorpadax cepun DSO1000A.
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10 HaxxmuTe nporpaMmMHyto KHonky Haknou, 3atem nosepHuUTe pyyKy BBOAA,
4yTOo6bl BbIAENMUTH CUMBON 3aAHEr0 (PPOHTA.

Bua Ha ancnnee ocumnnorpada tenepb AOMKEH ObITb CUHXPOHU3NPOBaH

n otobpa>kaTb 3afHUI PPOHT 3TOr0 CUTrHana, Kk nokasaHo Ha Puc. 15. Tenepb
paccMOTPUM peXXUMbl, KOTOPble MOXHO UCMOMNb30BaTh Npu Bbibope
napameTpa “Pexxum”.

T' D T - Trigger
Peszon
+ DpoHT
I TOYHKE
+ CH1
MNonApH
. &
Fesmm

AETD |

hleHin Y eTaHK

Puc. 15 CuvHxpoHuM3auma no 3agHeMy hpoHTy

11 lNoBepHuTe bonblyto pydky “Horizontal” [[opu3oHTanb] npoTuB YacoBom
CTpenku, 4Tobbl YCTaHOBUTL AN1A BPEMEHHOW pa3epTKn 3HaYeHune
200 mc/pen. Tenepb MO>KHO BMAETb, YTO HECKONbKO NEPMOAOB 3TOTO
CUrHana npAmMoyrosibHou bopmbl C 3aAHUM (DPOHTOM BCE €elLle
CUHXPOHU3UPOBaHbI C TOYKOW B LLIEHTPE 3KpaHa.

12 MNoBopaunBaiTe pyyuKy ypoBHA 3anycka no 4acoBOW CTpernkKe, noka
MHOMKATOP YPOBHA 3anycka He 6yaeT HaxoAUTbCA bille CUrHana.

lMockonbKy ypoBeHb 3anycka Bbillie CUrHana, ocuunnorpady He 4em
CUHXPOHU3UpoBaTb U3obpaxkeHue. [laHHaa cuTyaumn nokasaHa Ha Puc. 16.
Ocuunnorpadc cUHXpOHU3MpPYETCA B pexxume “ABT0", a B BEpXHEM NIEBOM yrny
avecnnes muraet 3eneHbiM LBeTomMm coobeHne “AUTO” [ABTo]. 3TO 03HauaerT,
yTO ocumnnorpad reHepupyeT aBTOMaTUYECKYHO HaCTPOMKY 3aMnyCcKOoB, HO 3Ta
HacTpoWKa H CUHXPOHU3NPOBaHa ¢ BXOAHbIM curHanom. O6bpaTute BHUMaHue,
4yTO cuTyauuna 6yaeT aHanNnormMyHom, ecnu ypoBeHb 3ancka 6yaeT ycTaHOBMEH
HUXe CUrHana.
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ZMRN] | 268 . Euts . Tricger
Peszm
1 DPOHT
IICTOYHKE
ZH1
MonApH
L
Feim

ABTOD |

MeHn Yo TaHk

ke

Puc.16  AsTomaTMyeckuii 3anyck ¢ ypOBHeM Bbillie BXOAHOIO CUTHana

Pexxum “ABT0" ABNAETCA PEXMMOM pa3BepTKN (UMK peXXMMoM 3anycka)
ocuunnorpada no ymondanuto. Korga ana ocumnnorpada ucnonb3yeTtca
aBTOMAaTMYECKUI pPEXXNM pa3epTKu, ecnu ocumnnorpad He HaxoauT
noaxofsulee ycrnoBue 3anycka (B AaHHOM crniyJyae 3aaHuii poHT nepecekaeT
CcuHan npamoyronbHoi oopmbl 1 kL), TO OH reHepupyeT cO6CTBEHHbIE
ACUHXPOHHbIE HAaCTPOWMKK 3anyCcKoB U BblaaeT u3obpaxeHua (ocyllecTBnsaeT
c60p AaHHbIX) BXOAHOIO CUrHana ¢ pa3HbiMU BPpEMEHHbIMU MHTepBanamu. Tak
KaK permcrtpauna BbINONHAETCA Cry4aHbiM 06pa3om (He CUHXPOHM3UpPOBaHa
C BXOOHbIM CMIHaNom), TO KpMBble Ha 3KpaHe pa3MblTbl UMM OTOpa>katoTcaA

B MPOWU3BONIbHOM NopAAKe. ATOT NPOU3BOSIbHbIN NOPALOK 0TOOpakeHuMA Kak
pa3 cBUAETeNbCTBYET O TOM, YTO ocuunnorpacd He BbINOMHAET 3anycK no
BXOOQHOMY CUTrHany.

Tak>ke obpaTuTe BHUMaHUE, YTO CIOBO “pa3BepTka” ABAAETCA
3aMMCTBOBaHHbIM TEPMMHOM CO BPEMEH aHanoroBbiX ocunnorpadgos, koraa
ocuunnorpadbl (KOTOPbIMWU, BO3MOXHO, NONb30BancA Ball npenojasaTenb

B CBOM CTyAlEHYECKME BPEMEHA) C MPUMEHEHUEM CTapPbIX TEXHOIOIUM
“pasBepTbiBanun” N oTKMNOHANN 3NEKTPOHHbIN Ny4YoK NapannenbHO BEKTOPY
KaTogHo-ny4yesol Tpybku (BJ1T). Undposbie ocumnnorpadgbl ¢ pyHKUMEN
namATu (DSO) 6onblue He “pa3BepTbiBatoT”, a OUNGPOBLIBAIOT BXOAHbIE
CUrHanbl, UCrnomnb3ya aHanoro-uudgposoi npeobpasosatenb (ALI), a 3atem
oTobpaxkatoT oundpoBaHble TOYKM B BUAE NOpa3pAAHON KapTbl 0ToOBpakeHusA
Ha nnockom gucnnee. Ho TepMmuH “pasBepTka” LWUIMPOKO UCNONb3YyeTCA

n cerogHA. OgHako He0OXOANMO 3HaATb, YTO B HEKOTOPbIX COBPEMEHHbIX
ocuunnorpadax aToT pe>kum paboTbl Tak>Ke a3blBaeTCA «PE>XKMMOM 3amnyckay.
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13 YT106bI aBTOMATUUYECKM YCTAHOBUTb YPOBEHb 3anycka NpMbnuM3nTenbHO Ha
50 %, Ha>kmuTe py4uKy YPOBHA 3amnycka.

14 OTcoeanHute NpobHUK KaHana 1 oT koHTakTa «Probe Comp» (KomneHcauwus
npobHuKa).

Tenepb Mbl AON>KHbI BUAETb CUTHaN NOCTOAHHOro Toka 6asoBoro yposHa 0,0 B.
Mockonbky atoT curHan 0,0 B nocToAHHOr TOKa He NepecekaeTcA ¢
KakumM-nmbo ppoHTOM, ocuunnorpac He MeeT TOUKKU 3anycka.

MoaTtomy ocumnnorpad cHoBa NepPexoanT K aBTOMaTUYECKO HacTpoike
3anycka anA oTobpa>keHusA curHana ¢ 3TUM ypBHEM MOCTOAHHOTIO TOKa.

Kpome pe>kuma aBToMaTU4YeCKOW pa3BepTKU, Nonb3oBaTeNb MOXET BblOpaTh
HOpPManbHbIN pexxum passepTku. PaccmoTpum oTnmuma mexkay HopmManbHbIM
PEXNMOM N PEXMMOM aBTOMAaTUUYECKOW pPasBepTKHU.

15 CHoBa noacoeanHuTe NpobHUK kaHana 1 kK KoHTakTy «Probe Comp»
(KomneHcauuna npobHuka). Tenepb Ha 3KpaHe CHOBa oTob6pa>kaeTcA
CUHXPOHU3UPOBAHHbIN CUTHaN NPAMOYroSibHOM (DOPMBbI.

16 HaxxmuTe nporpaMmMHyto KHoMnKy Pexxum, ytobbl MBMEHUTbL pexxum ABTo Ha
HOPManbHbIN PEXXUM.

17 CHoBa oTcoeauHUTe NpobHUK kKaHana 1 oT koHTakTa «Probe Comp»
(KomneHcauma npobHuka).

Tenepb MOXHO BUAETb NOCHEAHIOI 3aceydKky (nocnegHee nsobpaxxeHue)
nepea oTknoYeHnem NpobHUKa Nnu, BO3MOXKHO, CKa4yokK. Tak>Ke B BEPXHEM
nesom yrny aucnnea muraet coobuweHune «Waity [O>xknaaHue]. 31o o3Hauvaer,
yTO ocumnnorpad oxuaaet noaxoasawme cobbiTuA 3anycka. ObpaTtuTte
BHUMaHUe, 4TO Ha AUcnsiee OTCYTCTBYET KpUBaA YPOBHA NOCTOAHHOIO TOKa
0,0 B, koTopana oTobpa>kanacb B peXXMmMe aBTOMaTU4YECKOW pasepTKy Npu
OTKMOYeHUn npobHuka. B HopmanbHOM pexknme pa3BepTky ocuunnorpad
oTobpa>kaeT KpuBble, TONTIbKO €CNK OH 06Hapy>XWin NoAXoAALLME YCIOBUA
3anycka (B 4aHHOM crly4yae nepeceveHus Ha 3agHeM PPOHTE).

18 NoBepHMTE PyUKy 3anycka Mo 4YaCOBOW CTpenke, YTobbl yCTaHOBUTL AnA
YPOBHSA 3anycka 3HauyeHue, npumepHo pasHoe +4,00 B (koTopoe 6bynet
Bbllle CUrHana NpAMOYronbHoOn hopMbl, ECNN NOAKMHOYEH NMPOOHUK).

19 CHoBa noacoeanHuTe NpobHUK KaHana 1 kK koHTakTy «Probe Comp»
(KomneHcauma npobHuka).

CurHan npAamoyronbHoi popMbl TENEPb NOCTYNaeT B ocuunnorpad, Ho rae
Xe uMknuyeckana kpmsanA? MockonbKy BKOYe HOPMarbHbIN PEXUM
pa3BepTku, ocumnnorpady Hy>KHbl IENCTBUTENbHbIE NepecevyeHnA (OPOHTOB.
Ho ypoBeHb 3anycka 3aaH Bbilwe curHana (+4,00 B), u nepeceveHuns
OTCYTCTBYIOT. AACHO, YTO B HOPMarbHOM PEXMME Pa3BEPTKU KPUBYIO
HEBO3MO>XHO HaWTU, PaBHO KakK U UBMEPUTb 3HAYEHME NOCTOAHHOTO TOKa.

20 YT106bl aBTOMATUYECKM YCTAHOBUTb YPOBEHb 3amnycka NpubnuanTenbHo Ha
50 %, HaxxmMUTe py4Ky ypoBHA 3anycka. Ha ocunnnorpadpe Aon>kHbl CHOBa
NOABUTbLCA NOBTOPAIOLLUNECA KPUBbLIE.
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B HekoTopbIx ocuunnorpadax ctapbix MOAENEN HOPMarbHbIA PEXUM
pa3BepTKN Ha3blBaeTCA MHULUMPOBAHHbIM. DTO Ha3BaHWe nyylle
XapakKTepuayeT TakoW pekum, T. K. B HeM ocuunorpad 3anyckaeTca TONbKO
npwu BbINOSIHEHUWN NOAXOAALLErO YCIOBUA 3aMyckKa, U OH HE UCNONb3yeT
aBTOMaTM4YeCKUi 3anyck (aCUHXPOHHbIV 3anyCcK AS1 NPOBeAEHNA aCUHXPOHHOWN
cbeMkun). HopmanbHbIN pexxum pa3BepTKM HE COOTBETCTBYET MPAMOMY
cMbicny crnoBa “HopMarnbHbIN®, T. K. HE ABNAETCA PEXUMOM pa3BepTKU
ocuunnorpada no ymondanuto. O6bI4YHO UCMONb3YETCA PEXKUM Pa3BEPTKU
“ABTO", KOTOPbIN N ABMAETCA PEXXMMOM 3anycka no yMon4aHuio.

Ha aTom aTane Mo>keT BO3HUKHYTb BOMPOC, KOraa cneayet UCNonb3oBaTb
HOpPMarnbHbIN PeEXXUM pa3BepTkM. HopmManbHbIN eXXum pa3BepTku crnenyet
ncnonb3oBaTb, Koraa cobbiTue 3anycka NPoOUCXoauUT KpaHe peako
(Hanpumep, Npy ogHOKpaTHOM cobbiTuun). Hanpumep, ecnu ocunnnorpad
HacTpoOeH Ha perucTpaumio n otobpa>keHue curHana ¢ yactotoin S 'y, (oaH pas
B 2 CEKyH/bl) M BKIMIOYEH PEXUM pa3BepTku “ABT0”, To npubopy npuaetca
reHepMpoBaTb MHOXXECTBO aCMHXPOHHX aBTOMAaTUYECKUX 3aMyCKOB, U OH He
CMOXXeT 0To6pa3nTb Takol MeANeHHO U3MeHAKLWMncA curHan. B Takon
CUTyauuu nydlle BbibpaTb HOpMarbHbIA PEXXUM Pa3BEPTKU, B KOTOPOM
ocuunnorpad, npexkae yem otobpakaTb CUrHanbl, OXKuUaaeT BO3HUKHOBEHUA
noaxoaawero cobbiTMa 3anycka. Ecnu B nabopatopuu ecTb reHepaTop
PYHKLUN, MOXKHO NOMbITaTbCA ycTaHOBMTb YacTtoTy 0,5 Ny, a 3aTem
NOCMOTpPETb pasHULY UCNOMNb30BaHUA peXxXuma pa3BepTku “ABTo”

N HOPMAarbHOIO peXxuma pa3BepTKH.
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Jla6opartopHaa pa6ora Ne 3. Pernctpauma ogHoKpaTHbIX coObITHIA
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[o cux nop BbINOMHANACh PErMCTpaLMaA NOBTOPAIOLWMXCA curHanos. CurHan
npAmMoyronbHoi chopmbl ¢ yactoton 1 kl'y noBTopsAeTca 1000 pas B cekyHAy.
Ho vHoraa nH>xxeHepam TpebyeTtca 3aperncTpupoBaTb 04HOKpPaTHbIE COObITUA
(curnanbl), KTOpble BO3HUKAIOT TONbKO OAMH pa3. Ludposbie ocunnnorpadbi
¢ oyHkument namatn (DSO) adpcpekTUBHBI ANA perncTpaumnm OHOKpPaTHbIX
cobbITuiA 6rnarogapA BbICOKOM YacToTe AnckpeTtusaumun. OgHako HacTpoiika
ocuwunnorpada ana peructpaunm ogHOKpPaTHbIX COObITUI BbINOMHAETCA He TakK
NpoCTO, KaK AnA perucrpauum NnosTopAroWwmnxca curHanos. Npu npocmoTp
curHana 6onblie He TpebyeTcA BbINOMHATH TOYHYHO HaCTPOWMKY YCIOBUN,
Hanpumep napameTpos B/aen v ¢c/gen. B otcytcTBUM curHana noao6Hble
HaCTPOMKN BbIMOMHUTb HEBO3MOXKHO. Heobxoanmo obnagate HEKOTOPbLIMMU
3HaHUAMM O NPUBNN3UTENBHBIX XapaKTEPUCTMKAX OAHOKPATHOIo cobbIThA
(Hanpumep, 06 amnNUTYAE UKW ANUTENbBHOCTM) ANA BbINOMHEHUA HACTPOUKN
ocuunnorpacda ana peructpaumm atoro cobbiTua. NMpeanonoxxum, 4To
M3BECTHO, YTO ABOMNHAaA aMniMTyaa 3Tor OAHOKPaATHOro cobbITMA paBHa
npnbnuauntenbHo 2 B, a AnntenbHOCTb CO6bLITUA cocTaBNAET NPUONUINTENBHO
10 munnucekyHa. Tenepb BbINOMHUM HAcTPOWKY ocuunnorpada ans
perncTpaumm oAHOKPaATHOro cobbITUA C 3TUMU XapaKTEPUCTUKAMMU.

1 Ha nuuesown naHenun HaxxmunTe knasuwy [Default Setup] Hactpoiika no
YMONUYaHuHo.

2 OtknouynTe NpobHUK KaHana 1 (3axBaT HAKOHEYHUKA NPOBHNKA UMK 3aXKUM
3a3eMIieHunA) oT KoHTakTa ¢ nognucbto «Probe Comp» (KomneHcauna
npobHuka).

YcTaHOBUTE BPpeMeEHHYI0 pa3BepTKy ocuunnorpada 1,000 mc/pen.
YcTaHoBUTe 3HauyeHue HacTpoliku B/ nen kaHana 1 200 mB/ pen.

YcTaHoBMTe ANA ypoBeHb 3anycka 3HayeHue okorno 300 mB.

D G A W

Ha nuueson naHenun Haxkmute knasuuy [Trig] Tpurrep. O6patnTte BHUMaHuUe,
yTo Ha ocuunnorpadax cepun DSO1000A aTa KnaBuLLa Ha NMLEBOWN NaHenu
B cekuum 3anycka HasbiBaeTcA [Menu] MeHio.

7 HaxmuTte nporpaMmmMHyto KHOMKY Pexxum, 4To6bl USMEHUTb pexkum ABTO Ha
HOPManbHbIA PEXUM.

8 Ha nuueBow naHenu Haxkmute knasuwy [Menu On/0ff] Mento Bkn./BbIkn.
9 Ha nuuesoi naHenun HaxkmuTe knasuuwy [Single] 0aAUHOYHBIIA.

10 Bosbmute I'Ip06HI/IK M crnerka npukKocHUTeCb UM K riaBke uinun ctony, 4yTOOBDI
CcO034aTb U 3aperncTpmnpoBaTtb Hebonbluon pa3pAaa ctratun4eckoro
AJ1IeKTpunyecTBa.

CoxpaHeHHbIV curHan, otobpakarowWuinca Ha gucnree ocuunnorpada, MoxeT
COOTBETCTBOBATb TOMY, YTO nokasaH Ha Puc. 17. OgHako, BEpOATHO, OH 6yaeT
HEeMHOro otTnu4yatbeA. Ecnm ocumnnorpad He BbINOMHUN perucTpaunto
curHana, nonbiTanTecb CHU3NUTb YPOBEHDb 3amnycka, CHOBa Ha>XMMUTE Ha
nuuesBon naHenu knaeuwy [Single] 0guMHoYHbIN, @ 3aTEM NPUKOCHUTECH
NPobHUKOM K cTony. YTo6bl BbIMOMHUTL PErMCTPaLMIO HECKOMbKMX
OJHOKpaTHbIX cOObITWIA, Nepea crneayowmm NoABeHnemM cobbiTMa cHoBa
HaxkmuTe knasuuwy [Single] OauHOYHBIIA.
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Puc. 17 Hactpoiika ocumnnorpaca Ha perucTpaumio 0 AMHOYHOTO COBbITUA.

Y106bI Nyyle paszobpaTbCcA B UCMOMNb30OBaHUM HOPMArbHOIo pexknma
pa3BepTku (onncaHHOro B Npeabiaylwei nabopatopHoi paboTte), nonbiTaemcs
BbIMOJNTHUTb PEFMCTPALMIO HECKONbKUX PeaKUX cobbITUN.

11 Ha nuuesown naHenun HaxxmunTe knasuwy [Run/Stop] Myck/Cron (knaBuwwa
OOI>KHA 3aropeTbCA 3ef1eHbIM).

12 HauyHuTe npukacatbCA NPOOHNKOM K CTOSY C HEOONbLUIMMK MHTEPBaNamMmm
(Hanpumep, 0AVH pa3 B CEKYHAY).

Bbl ON>XKHbBI 3aMeTUTb, YTO ocLMniorpad perMcTpmpyeT Kaxkaoe O4HOKpPaTHoe
cobbiTne. Tenepb U3MEHMUM peXUM pa3BepTKU Ha “ABTO” N MOCMOTPUM, YTO
npounsonger.

13 Ha nuuesoit naHenu HaxxmuTte knaesuwy [Trig Menu] MeHnto 3anycka.
O6patuTe BHUMaHMe, 4To Ha ocuunnorpadgax cepun DSO1000A aTa
KnaBulla Ha NMULIEBON NaHesnu B ceKkuMu 3anycka HasbiBaeTcA [Menu] Mento.

14 HaxxmuTe nporpaMmMHyto KHOMKY Pexxum, 4To6bl MBMEHUTDH HOPManbHbIN
pe>xxum Ha Asro.

15 CHOBa HayHUTe NpuKacaTbCcA NPOOHUKOM K cTony Yyepes 6onblune
MHTepBarnbl.

Bbl 4ON>KHbI 3aMeTUTb, YTO ocuMnnorpad peako permcTpmpyetT oAHOKpPaTHOe
cobbiTre, U, eCNN PErnCTPUpPYET, TO OHO 0ToGparkaeTcs B MPOU3BOINbHOM
MecTe Ha gucnnee ocuunnorpada, T. e. He MPUBA3aHO K LLEeHTPY aKpaHa. ITo
NPOMCX0ANUT MOTOMY, YTO ocumMnnorpad 3anyckaeTca B pexume «ABTO).
MomHuTe, 4TO pexxum pa3BepTku (3anycka) «ABTO» XOPOLLO NAXOAUT ANA
permcTpaunm NOBTOPAIOLLMXCA CUTHANOB, HO ero He crieayeT UCNOMb30BaTh
ANA perncTpauumn ogHOKpaTHbIX COGbITUI C HU3KOM YaCcTOTOW MOBTOPEHUA.
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Jla6opartopnan pa6ora Ne 4. KomneHcauuna naccuBHbix npo6xukos 10:1

32

lMocne BbINONHEHMNA NePBbIX Tpex labopaTOpHbIX paboT AaHHOrO PYKOBOACTBA
no obyyeHuto paboTte ¢ ocuunnorpacgom B 3HaeTe, Kak NPOBOAUTb OCHOBHbIE
n3MepeHnA HanpaAXXeHna n BpemeHn. Tenepb Mbl CHOBa NOroBopmMm 06
ncnonb3oBaHu NpobHukoB. B pazaene Hayano paboTkl pykoBoAcTBa KpaTKo
paccmaTpuBanucb U3MepeHUa U NPUBOANIIaCh ANeKTpuyYeckKana cxema BXo40B
B COYETaHMM co BxaamMu naccuBHoro npo6Huka 10:1 n ocuunnorpada. Ha
Puc. 18 cHoBa noka3aHa anekTpuyeckasa Moaenb NpobHuka u ocuunnorpada.

Probe | Scope

Ctip:‘15pF BNC : BNC
Probe Tip ) Outpflt : In\put
Input VW LI
Rlip =9MQ |
I Rscope = T C -
: i o+ I 1MQ scope =
Adjustable /] Ccomp = Ccable = | 10'20DF
Compensation | 5-30pF 90-110pF
Capacitor :
= - I =

Puc. 18  YnpouieHHana cxema ¢ naccuBHbIM Npo6Hukom 10:1, noaknoYeHHbIM K
ocuunnorpady ¢ BxoaHbIM UMneaancom 1 MOm

B Hell He y4nTbIBanMcb EMKOCTHbIE KOMMOHEHTbI, @ pacCMaTpUBanucb TONbKO
pe3ncTuBHbie. bbino onpeaeneHo, YTo coyeTaHMe pe3ncTopa HaKOHeYHMKa
npobHunka 9 MOm ¢ BXxoaHbIM conpoTuerneHnem ocuunnorpadga 1 MOm
co3faaeT oTHoweHue aenutena HanpaxkeHua “10-k-1". MNpu HU3KKMX YacToTax
WM NOCTOAHHOM TOKE UFTHOPUPOBaHUE EMKCTHbIX 3NieMeHTOoB gonyctumo. Ho
ONA U3MepeHNa AMHaMNYeCcKUX curHanos (a 3To OCHOBHOE Ha3HavyeHune
ocuunnorpadB) ux y>kxe Heo6xoANMO Y4YUTbIBaTb B 3NEKTPUYECKON MOAENMN.

lMapas3uTHble eMKOCTW ABMNAKOTCA HEOTbEMITIEMOMN YacTbiO BXOAOB NPOOHMKOB
n ocumnnorpada. K Hum otHocATcAa emkocTb kabena npobHuka (C ya6enq)

n emkocTb Bxoaa ocumnnorpada (C ocyunnorpada) - 1€PMUH
“BHYTPEHHMIN/Napa3uTHbIN” 03Ha4YaeT, YTO 3TU NEMEHTbI He 3aN0XeHbl

B KOHCTPYKUMIO Npubopa, oaHaKo TeM He MeHee B Held MPUCYTCTBYIOT U UX
Heob6xoaMMOo y4nTbiBaTb. 3HAaYEHME BHYTPEHHe/ napasnTHON eMKOCTH
WHAMBUAYaNbHO ANA KaXkaoro ocuunnorpada n npobHuka. bes
OOMONTHUTENbHbIX BCTPOEHHbIX EMKOCTHbIX KOMIMOHEHTOB, NpeaHa3HauYeHHbIX
OIA KOMMNEeHcaLUun BHYTPEHHUX EMKOCTHbIX 3NTEMEHTOB, CONPOTUBITHUE
CUCTEMDI NPU AUHAMMUYECKUX CUTHanNax (He NOCTOAHHbIN TOK) MOXET
NPUBECTU K UBMEHEHUIO 06LLIEr0 ANHAMUYECKOIO 3aTyXaHMA CUCTEMDI
namepeHus ot kernaemoro otHoweHuA 10:1. lononHUTENbHbIA/BCTPOEHHbIN
KOHAeHcaTop HakoHeYHnKa NpobHuKa (C ,axoneunnka) C KOHAEHCATOPOM AnA
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KoMMeHcaummn nepemeHHon eMmkocTu (C oun) NPeAHa3HauveHbl AnA 3aaaHun
TaKoro eMKOCTHOIO COMPOTUBIIEHNSA, KOTOPOE COOTBETCTBYET PE3UCTUBHOMY
3aTyxaHuto 10:1. Ecnu emKocTb KOHAEHCAaTOpa ANnA KoMneHcaumum BoibpaHa
npaBuIibHO, TO NOCTOAHHAA BpeMeHNn eMKOCT KOHAEeHCaopa HaKOHEe4YHUKa
npo6HWKa Npu ero napansfernbHOM NoAKMYeHUn ¢ conpotTusneHnem 9 MOm
paBHAETCA NOCTOAHHOW BPEMEHM KOHAEHCAaTOpa BHYTPEHHEN EMKOCTH

N eMKOCTU KOHAEeHcaTopa AfiA KOMIMeHcauum npu ux napannenbHom
NOAKIMHOYEHUN C BXOAHbIM conpoTtueneHnem 1 MOm ocumnnorpada.

He BpaBanacb B TeOpeTUYECKNE OCHOBbI, MPOCTO AaBalTe NoAKMTHYNMCA
K UICTOYHUKY CUrHana u noHabnrogaem achdekT 0 HeaOCTaTOUYHOM,
M36bITOYHOM U NMPaBUNbHOK KOMMEHcaLUU.

1 lMoakntounTe oanH NpobHMK ocumnnorpadga k exoay BNC kaHana 1 u
KoHTakTy ¢ noanucbto Probe Comp (KomneHcauna npobHuka). NogkntoumnTte
3a>KMM 3a3eMreHunA NPobHMKa K KOHTaKTy 3a3eMIeHus.

2 TMopknrounTe apyron npobHUK ocumnnorpada k exoay BNC kaHana 2 n
KOHTaKTy ¢ nognucbto Probe Comp (KomneHcaumna npobHuka). Moakntounte
3a>kKnM 3a3eMneHuna NpobHUKa K KOHTaKTy 3a3eMreHus.

3 Ha nuueBoii naHenu ocuunnorpada HaxkmuTte knaesuuwy [Default Setup]
Hacrpoiika no ymonuaumio.

4 YT106bl BKMNIOYNTb KaHan 2, HaXKMUTe Ha NULEBOI NaHenu knasuwy [2]
(mexkay ABYMA 3eMeHbIMM pyuykamm).

b Ha nuueBoit nanenu HaxkmuTte knasuwy [Menu On/0ff] MeHio Bkn./Bbikn.
yTOObl pa3BeEPHYTbL 06MacTb NPOCMOTPa CUrHana.

6 YcTaHOBWUTe BpeMeHHYo pa3BepTKy ocuunnorpada 200,0 mc/nen.

7 YT06bI aBTOMATUYECKM YCTAHOBUTb YPOBEHb 3amnycka NnpubnuanTenbHo Ha
50 %, Ha>kMUTe py4Ky YPOBHA 3anycka.

8 OTperynupyiiTe pacnornoxeHue oTKIOHeHNA KaHana 2 (3eneHas pydka
MeHbLlero pasmepa), 4Tobbl curHan kaHana 2 (3enHas Kpusan)
pacnonaranca HuXe curHana kaHana 1 (>kentana kpuBas).

Ecnv npobHMKM NpaBUnbHO KOMMNEHCUPOBAaHbI, TO Ha Aucnnee ocuunnorpadga
oTobpasnaTca nBe NPAMOYrofbHble BOMHbI ¢ YacToTol 1 k' 1 nnockom
XapaKTepUCTUKON, Kak Ha Puc. 19. Tenepb BbINONMHNUM KOMIMEHCAUUIO KaXKOoro
npobHuka.
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Puc. 19 Wcnonb3oBaHue curHana komneHcauum npobHuka 1 kl'y aAna komneHcaumu
naccusHbIx npo6Hukos 10:1

9 C nomoubio TOHKOW OTBEPTKM HACTPONTE KOHAEHCATOP NEPEMEHHOM
€MKOCTM Ha Kopnyce Kaxkaoro npobHuka. Obpatute BHUMaAHWE, YTO 3Ta
HacTpolka MHorga Npou3BoaMTcA pAaom ¢ mectom noakntodyeHnAa BNC Ha
Ka>kaom npobHuke.

Ha Puc. 20 noka3aH npumep u3bbiTOYHOW KoMNeHcaunm (CNUKom 60nbLuoi
eMKocTUu) npobHuka kaHana 1 (>kenTaa KpMBasa) U HEAOCTTOYHOM
KoMmneHcaumun (CNUMLWKOM ManeHbkasa eMKOCTb) NpobHUKa KaHana 2 (3eneHas
KpuBas). Ecnu kpuBana Ha akpaHe He naeanbHOW NPAMOYroribHON hopMbl, TO
HacTpoOWTe KOMMeHcaLuMo NPobHMKOB, Tak, YTOObI KPpMBbIE COBNaaanu

c KpuBbiMUK Ha Puc. 19.
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Puc. 20 HenpasunbHaa komneHcauma npo6HUKOB

HacTpoiika komneHcaunm NpobHMKOB NPOBOANTCA OAUH pas nocne
NoAKItoYeHNA K ocumnnorpady 1 B AanbHeNLWLEM BbIMOHATb ee He TpebyeTcA.

Ha aTom npakTnuyeckan yacTb 3Tol nabopatopHoi paboTbl 3aBeplueHa.
Cneayrolan yacTb 3Tol nabopaTopHo paboTbl NOCBALLEHa NOAPOOHOMY
006Cy>kAeHUI0 KOMMNEHcaUmMn 1 Harpy3ku npobHukoB. lNpenogaBaTenb MoXeT
Ha3Ha4YUTb N3y4YeHne 3TOM YacTu B Ka4ecTBe AoMalLHeN paboTbl. B Takom
criyyae MO>KHO NepenTn K n3yyeHuro cneaytowenn nabopatopHon paboThbl,

a nosgHee M3y4nTb ITOT pasaern.

OHDEAEHEHME npaBuJIbHOIO 3Ha4YeHUA KOMMNEeHcauun eMKOCTH

Mpw >XenaHMn MO>KHO BbIYNCMINTL 3HaYeHne emkocTu komnercaumm (C oun),
KoTopana Heobxoanma AnA npaBunbHOM KoMneHcaumu. Pacyet nponssoamTtca
Ha OCHOBE creayrLWnX 0NYyLEHNR:

R wakoneunmka = 9 MW
R =1 MW

ocuunnorpaca
C ocunnnorpada = 19 n®
C xagens = 100 n®

C hakoneunuka = 15 ND

C napan — C ocuunnorpada +C ka6ena T C Komn
C

KoMn = ?
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Harpy3ka

Mpolue BCcero BbIYNCNNTL 3Ha4YeHne emkocTn komneHncaumm (C oun), €cnu
NPUPaBHATbL NOCTOAHHYIO BpemeHU (1/RC) napannenbHoro coeauHeHus
R akoneunmka Y C nakoneunnka K MTOCTOAHHOWN BpeMeHMn napannenbHoro

coeauHeHus R ocuvnnorpadca ¥ C napan’

_ 1

Rtip x Ctip Rscope . Cpamllel

B moaenu npo6Huka/ocuunnorpada C napan NPEACTaBNAET cO60M CyMMyY Tpex
€MKOCTHbIX 31EMEHTOB.

Opyron cnocob pacueTa 3aknoyaeTca B NpypaBHUBaHUN EMKOCTHOIO
conpoTtuenenus C napa5, YMHOXEHHOTO Ha 9, K eMKOCTHOMY COMPOTUBIIEHUIO
C hakoneunnka- 1@Knm obpasom, koadhpruneHT 3aTyxaHumA, co3aaBaemblin
€MKOCTHbIMM CONPOTUBIIEHMAMM, OyaeT paBeH KO3 pULUMEHTY aTyxaHuA,
CO3aBaeMOMY UCKITHOUYUTENbHO pe3ncTuBHom cetbto (10:1):

1 1

i = 9

x ———————————
anctip 2nfcpamllel

C KoMn =

npo6HukoB

Kpome npaBunbHOM KoMneHcauun naccueHbix npobHukos 10:1, ana
obecrneyeHuA Hambornbluelh TOYHOCTM USMEPEHMI, MPOBAUMBIX C MOMOLLbIO
ocuunnorpada, Heo6xoaAMMO Tak>Ke yYUTbIBaTb U Harpy3ky NpobHUKOB.
OkaxkeT nn noaknoyeHne NpobHMKa 1 ocumnnorpada K TectTupyemomy
npunbopy (DUT) BnuaHue Ha uenb? MNMpu nogkntoyeHnn ntoboro npnbopa

K Llenu aToT Npubop CTaHOBUTCA YaCTbiOo TECTUPYEMOIrO YCTPOMCTBA U MOXKET
co3faBaTb Harpy3Ky Uiu B HEKOTOPOM CTENEHU UBMEHATb curHanbl. Ecnu
ncnonb3oBaTh 3afaHHble 3HaYE€HUA CONPOTUBITHUA U EMKOCTU, NPUBEAEHHbIE
Bbiwe (1 3HavyeHune C g\, KOTOPOE Mbl Onpeaenunnmn), To MOXXHO NpeacTaBuTb
BO3AENCTBME HArpy3ku ot NnpobHuKa 1 ocumnnorpada B Buae napanienbHoro
COeAVHEHNA CONPOTUBMNEHNA U KOHAEHCATOPA, Kak NokasaHo Ha Puc. 21.

3}
]

= 13.5pF
10MQ

Puc. 21 Cxema Harpy3aku naccuHoro npo6Huka 10:1 n ocumnnorpaca

lMpu HM3KOM YacToTe cUrHana Unu NoCToAHHOM TOKe npeobnanaeTt Harpyska c
conpotuBneHnem 10 MOm, koTopasa B 6OMNbLUMHCTBE Crly4yaeB He co3aaeT
npobnem. Ho yto NnpousonaeT Nnpu U3amMmepeHnn LMpPoBOro TaKTOBOro cMHana
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100 Ml'u? 5-A rapmoHuKa uMpPoBOro TaKTOBOrO CMrHarna, Kotopas BHOCUT
3HauynTenbHbIN BKNaa B oopmy curHana, coctaensaet 500 MIuy. Tenepb
onpeaenMm eMKOCTHOE CONPOTUBIIEHME, CO34aBaeMoe KOHAEHCAaTOPOM
emkocTbto 13,5 n®, B cxme Harpysku Ha Puc. 21:

R 1
21fC 51 % 500x10° x 13,510

X

c

T 23,6Q0

HecmoTpsa Ha To, 4To 13,5 N® — 3TO HEMHOrO, NPY BLICOKMX YacTOTax 9TOM
€MKOCTbIO Harpy3ku y>xe Hemnb3A npeHebperatb. [AnA curHanos ¢ BbICOKUMMU
yacToTaMm, KaK B HalleMm crny4yae, Ha 6onbLMHCTBE ocumnnorpacdoB
npeaycMoTpPeEHbl CPEACTBA aKTUBHbIX UBMEPEHUI, Yy KOTOPbIX BXOAHAA EMKOCTb
3HauyuTenbHo HUXe (mMeHblwe N®d). OgHako akTUBHbIE NPOOHMKK CTOAT
ropasno gopoxxe obbiyHoro naccmusHoro 10:1.

He 3abbiBanTe, 4TO Moaenu npobHukK + ocumnnorpad B aToii nabopaTopHoOM
paboTe cunbHO ynpolleHbl. B 6oree TouHble MAENu >kenaTenbHO BKIOUYUTD
elle U MHOYKTUBHbIE 3NeMeHTbl. DNeKTponpoBoaKa, B 0co6eHHOCTH Kabenb

3a3eMreHua, ABNAETCA UHAYKTUBHbIM 31IEMEHTOM, 0COGEHHO NP BbICOKMX

yacToTax.

YT106bI NpoBECTN COBCTBEHHbIN 9KCNEPUMEHT C Harpy3kon npobHuka,
3arpyaunTe npunoxkeHne 3IkcnepumMeHmsbi ¢ Ha2py3kol npobHUKO8
ocyunnoepagha, npuseneHHoe B pasgene “Cnucok nutepatypbl Agilent”
OaHHOro AOKyMEeHTa.
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Jla6opatopHana pabora N2 5. Peructpauma n coxpaHeHue pe3ynbTaToB TeCTOB
ocuunnorpadca

38

Mocne 3aBepweHna nabopaTopHbIX paboT MO U3YYEHUIO Pa3NUYHbIX Lenen
npenogaBaTenb MOXeT NONPOCUTb COCTaBUTb MPOTOKON UCHbITaHUA. B oTueT
no nabopatopHon pabote mo>keT noTpeboBaTbCA BCTaBUTb M300pa>keHUnA
(pucyHkun) c uamepeHnamu. Kpome Toro, o4HOro ceaHca Mo>eT okasaTbCA
HeJO0CTaTO4YHO ANA BbINOJIHEHUA Beel nabopaTopHoi paboTbl. XKenatenbHo
npoaomkutb paboTy ¢ Toro Mmecta rae oHa 6bina npepBaHa, 6e3
nepeHacTponku ocuunnorpada unu curinos. B naHHoih nabopaTopHom
paboTe Bbl y3HaeTe, Kak COXpPaHUTb M OTKPbITb (hainbl ocumnnnorpada pasHbix
TUNOB, HanumMep M3obpa>keHusA, ONOpPHbIE CUTHaNbl U HacTpohku. B aTon
nabopaTtopHoii paboTe Bam notTpebyeTcA nepcoHanbHOe 3anomMunHarouiee
yctpoicteo USB.

1 Y6eauntecb, 4To NpobHMK ocumnnorpada Bce eLle NOAKNIOYEH K KOHTaKTy
¢ noanucbto «Probe Comp» (KomneHcauua npobHuka) u exony BNC kaHana
1.

2 Ha nuueBoii naHenu ocuunnorpada HaxxkmuTte knasuuwy [Default Setup]
Hacrpoiika no ymonuaHnuio.

3 Ha nuuesoit naHenu Haxkmute knasuwy [Menu On/0ff] MeHio Bkn./BbIKA.
4yTo0b6bl pa3BepHYTb 0611aCTb NPOCMOTPA CUTHana.

4 YcTaHOBMTE BPEeMEHHYI0 pa3BepTKy ocuunnorpada 200 mc/pen.

5 YT106blI NPUGNMU3NTENBHO YCTAHOBUTb YPOBEHb 3anycka Ha 50%, HaxkmuTte
PY4YKYy YPOBHA 3anycka.

Ha paHHOM 3Tane oTob6pa>katoTcA HECKONbKO LMKIOB CUrHana
npAmMoyronbHoi popmbl 1 KL, kKak NokasaHo Ha Puc. 22. Tenepb coxpaHum
3TO u3obpakeHue.
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Puc.22  [lsa umkna curHana npamoyronbHoi hopmbi 1 KL, KOTOpbIE HYXKHO COXPaHUTL
ANA nocneAyoLLero aHanmsaa

6 BcTaBbTe nepcoHanbHoe 3anomuHatouwee yctponctso USB B nopt USB Ha
nuueBon naHenu ocuunnorpadda.

7 Haxxmute knasuwy [Save/Recall] CoxpaHeHue/BoccTaHoBneHue,
pacnono>XeHHy B CEKLMU Knasuw AnA paboTbl ¢ haiinamu Ha NMUEBON
naHenw.

8 Haxxmute nporpammmnpyemyto kHonky Mamarb, NnoBEpHUTE Py4YKy BBOAA,
yTobbI BbIAENUTL NapameTp PNG, 3aTem Ha>xXxmMunTe pydyky BBoAa, YTOObI
BbIOpaTb 3TOT NapamMeTp ANA TUNa onepauumn cCoXpaHeHuAa unu tuna danna,
KOTOpbIN TpebyeTcA cCOXpaHUTb U BOCCTAHOBUTD.

9 HaxxmuTe nporpamMmHyto KHOMNKy BHewHui, 4To o3HayaeT, 4To TpebyeTca
COXPaHMWTb UMM BOCCTAaHOBUTbL AaHHble Ha BHewWwHeM Hakonutene USB.
O6paTuTe BHUMaAHUE, YTO HECMOTPA Ha TO, YTO MOXKHO COXPaHATb
onpeaeneHHble TUMbI AaHHbIX BO BHYTPEHHEN NnamMATK ocuunnorpada, atu
OHHble MOTYT nepesanuncaTb Apyrue cTyaeHTbl.

10 Ha>kmuTe nporpammHyto kHonky Co3parb thain, 4ToObl cO34aTb UMA HOBOTO
canina. HecmoTpa Ha To, YTO MO>KHO co34aTb cO6CTBEHHOE NMA dhalna, Ha
OaHHbIX MOMEHT 6yaem ncnonb3oBaTb UMA haiia no yMonyaHuio.

11 HaxxmuTe nporpaMmHyto KHornky Coxpanutb, 4To6bl COXpaHUTb 3TOT hain
n3obpakeHus.

lMpu aTom coxpaHaeTca nsobpakeHue, kKOTopoe oTobparkanoch Ha gucnree
ocuunnorpacda ao Bxoda B 3To MeHt0. HecmMoTpa Ha To, 4To Ha ocuunnorpade
HEBO3MO>XHO 0To6pa3nTb han atoro Tuna, paiin PNG Mo>XHO OTKpbITb Ha
komMnbtoTepe. MOHO Tak>ke BCTaBNATb 3TO M300pa>keHne B AOKYMEHTbI padHbIX
TUMNOB, HAaNPUMep B IOKYMEHTbI, co3AaHHble B npunoxxeHun Microsoft Word.

06yuarowme matepuannl ana npenoaasarena no ocuunnorpacy DS01000 — na6opartopHoe pykoBoacTBo M yue6Hoe nocobue 39



2

40

JlabopatopHble pa6oTbl no 03HaKoMINeHUH0 ¢ ocuunnorpactom

Bo3mo>kHO, npenogaBaTenb No3aHee NONPOCUT Bac 3TO cAenaTb npwm
CO34aHuN AOKYMEHTaUMN AnA pas3nnyHbix nabopaTopHbIX 9KCNEPUMEHTOB.
Kpome coxpaHeHua nsobpaxkeHuit B bopmate PNG MOXKHO Tak>Ke cOXpaHATb
n3obpa>keHus ak 8-6uTtHble Unun 24-6MTHbIE pacTPOBbIe M306pa>keHns

B bopmaTte BMP. O6paTtute BHMMaHue, 4TO Bce n30bpa>keHMA aKkpaHa
ocuunnorpacda, npueefaeHHble B 3TOM s17abopamopHOM pyKkogsoocmee,
M3HavyanbHo 6binyn coxpaHeHbl B oopmaTte PNG. Tenepb BbINOANHUM
coxpaHeHue cpanna HaCTPOMKM.

12 Ha nuueBown naHenun Haxxmute knasuiuy [Menu On/0ff] MeHio Bkn./Bbikn.

13 lNMpu ncnonb3osaHum ocuunnorpada cepum DSO1000B Ha nuueBoi NnaHenu
Ha>kxmuTe knasuiuy [Save/Recall] Coxpanenue/BoccranoBnenue. Mpu
ucnonb3oBaHuu ocumunnorpada cepum DSOT000A meHto
coxpaHeHua/BOCCTAHOBIEHUA y>Xe ByaeT oTobparkaTbeA.

14 HaxkmuTe nporpaMmHyo KHonky lMMamare, 3aTemM NoBepHUTE py4Ky BBOAA,
4yTO6bI BbIAENUTbL NapamMmeTp Hactpoiiku, a 3aTemM Ha>KMUTe PyyKy BBoAa,
yTobbI coenaTb BbIOOP.

15 HaxxmuTe nporpaMmMHyto KHOMKy BHewHuii.

16 HaxxmuTe nporpammHyto kHonky Coaparb chaiin, 3atem HaxkmuTe CoxpaHuTtb.

BwmecTe ¢ haitnom HacTPOMKN MOXKHO COXPaHWUTb YCNOBUA HAaCTPOMKN
ocuunnorpadwa (B/nen, c/aen, ypoBeHb 3anycka U T. .), YTOObl NO3>Ke MOXKHO
6bINT0 BOCCTAaHOBUTL 3TW YCITOBUA HAaCTPOMKMU ANA NPOAON>XKEHMWA BbINONHEHUA
N3MepeHUI Nocre HEKOToOporo nepepsbiBa. Tenepb Nnonpobyem BOCCTaHOBUTb
HaCcTPOWKN, KOTOpPbIE BbINN TOMNbKO YTO coxpaHeHbl. Ho Ansa Hayana nameHum
TeKyllue yCNnoBUA HacTponku ocumunnorpada.

17 Ha nuuesoit naHenu Haxxmute knasuwy [Menu On/0ff] MeHio Bkn./Bbikn.

18 Ha nuueson naHenu HaxxmuTe knasuily [Default Setup] Hactpoiika no
ymonuauui. [Mpn aTOM 6yayT HapyLUeHbl TEKYLLIWE YCITOBUA HAaCTPOKHU
ocuunnorpadda.

19 Ha nuueBoit naHenu HaxxmuTte knaesuwy [Save/Recall]
CoxpaHeHue/BOCCTaHOBNEHHE.

20 Ha>kmuTe nporpaMmmMHyto KHornky llamartb, 3aTeM NOBEpPHUTE PyyKy BBOAA,
4yT06bI BbIAENUTL NapameTp Hactpoiika, a 3aTeM Ha>KMUTE py4Ky BBOAA,
yTo6bI CAenaTb BbIOOP.

21 Haxkmute nporpaMmMHyO KHOMKY BHewnui.

22 [MoBepHUTE pyuKy BBOAA, YTOObI BblAENUTb (Daln HaCTPOMKU, KOTOPbIN Obin
TONbKO 4YTO coxpaHeH. ObpaTuTe BHUMaHUe, YTO ITOT haiin OON>KEeH UMETb
pacwupeHue .stp. Ecnu 310 eAMHCTBEHHDbIN (hann .stp, KOTOPbIN XpaHUTCA
Ha HocuTene USB, oH 6yaeT BblaeneH aBTOMaTU4YeCcKu.

23 HaxkmuTe nporpaMMHyr KHOMKY Bbi3oB, 4yTo6bl BOCCTAaHOBUTDL 3Ty
HaCTpOMKYy.
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Ecnu npobHuk Bce ewe noakntoyeH kK KoHTakTy Probe Comp, ocunnnorpad
6yneT HacTPOEH NpaBuUibHO U CHOBA OTOGPAa3UT CUrHaN NPAMOYrONbHOM
cdopmbl 1 kl'u. O6paTuUTe BHUMAaHE, YTO HAaCTPONKM TaK>XKe MOXXHO COXPaHUTb,
ncnonb3ysa TUn coxpaHeHua “CurHan”. Npu coxpaHeHUU U BOCCTaHOBMNEHMU

¢ ncrnonb3oBaHuem Tuna “CurHan” ocumnnorpad BOCCTaHOBUT YCNOBUA
HaCTPOWKM, a Takxke curHanbl. Ho ecnv noce BocCcTaHOBMNEHUA HAaCTPOEK

n curHanoB HaxkaTb knasuwy [Run] lyck, BoccTaHOBNEHHbIE cUrHanbl 6yayT
3aMeHeHbl TeKylwnmMmm oundpoBaHHbIMK curHanamu. PekomeHayetca
NOCTOAHHO COXPAHATb CUTHanbl ANA NocreayroLWero aHanusaa, ucnonb3ys
OMOpPHbIe CUTHanbl. BbINONHWUTE yKa3aHHbIe HUXKE AEACTBUA.

24 Ha nuueBow naHenu Haxkmute knasuwy [Ref] Onopublit (pAgom ¢ knasuien
BKITHOYEHUA/BbIKIMIOYEHMA KaHana 2).

25 HaxkxmuTte nporpammHyto kHonky Mecto, 4To6bl Nepeknto4YnTbeCA
C BHYTpPeHHei NaMATUN Ha BHELIHKOH).

26 Ha>kxmuTe nporpaMmmMHyto KHornky CoxpaHutb.

27 HaxkxmuTe nporpammHyto KHonky Cospatb haiin, 3atem Haxkmute CoxpaHutb.

Tenepb BbINOAHUM MMNOPT (BOCCTaHOBMNEHWE) 3TOrO OMOPHOroO CUrHana,
KOTOPbIN 6bINT TONbKO YTO cOXpaHeH, 0bpaTHO H ocumnnorpad ana
nocrieayrowiero aHanunaa. Ho ana Havana yaganum Tekywmin otobpakarowminca
curHan kaHana 1 (>kenTtana Kpueas).

28 Ha nuueBoit naHenu Haxkmute knasuwy [Menu On/0ff] Mexio Bkn./Bbikn.
29 Ha nuueBoit naHenu Haxkxmute knasuwy [Display] Oto6paxkeHne.

30 Ecnu BepxHAA KHoMKa Bblibopa umeet meTky 2/2 (MeHto 2 n3 2), HaxkmuTe
3Ty NPOrpaMMHYH0 KHOMKY, YTOObI NepekntouYnTbea Ha 3HadyeHne 1/2 (meHto
1us2).

31 HaxkmuTe nporpamMmHyto KHOMKy QuucTutb, 4TOObI yAANUTb CUrHanN KaHana
1.

32 Ha nuueBow naHenu Haxkmute knasuwy [Ref] OnopHbiii.

33 HaxxumainTte nporpamMmmHyto kHonky Mecrto, noka He oTobpasuTca napameTp
BHewHuiA.

34 HaxkxmuTte nporpammHyto kHonky Amnopr.

35 [MoBepHUTE pyuKy BBOAA, UTOObI BbIAENUTb ONOPHbINA CUrHAMN, KOTOPbIN Bbin
TONbKO 4YTO coxpaHeH. O6paTnTe BHUMaHWE, YTO ITOT halin AONKEH UMETb
pacwupeHue .ref.

36 HaxkxmuTte Nmnopr.

Tenepb Ha aucnnee ocuunnorpada Mo>XXHo BUAETb oToOGpakatolmnca 6enbim
LBETOM CUrHarn, cooTBeTcTBYOWMIA Prc. 23. Tenepb 3TOT CMrHaN MO>KHO
MCNOonb30BaTh AJ1A CPaBHEHUA C TEKYLMMU OLUNAIPOBAHHBIMU CUTHANMaMu.
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Puc. 23 Vimnopt coxpaHeHHoro onopHoro curHana (.ref) Bo BHyTpeHHIo0 Namatb
ocuunnorpadga

Kpome coxpaHeHua nsobpaxkeHui (.png unu .bmp), Hactpoek (.stp)

n onopHbIX curHanos (.ref), Tak>ke MOXKHO coxpaHATb CUTrHan B hopmare .csv
(3HayeHuA, pasgeneHHble 3anATbiMK). B naHHOM cnyyae 6yaem numeTb Aeno
¢ maccuBom nap XY (BpemaA v HanpA>KeHne), KOTopbIn npeacTaBnAeT
oTAenbHble oundpoBaHHbIE TOYKN cUrHana. HecmoTpsa Ha To, UTo
HEBO3MO>XHO BOCCTAaHOBWUTb 3TOT TN (panoB Ha ocuunnorpade, X MO>XXHO
OTKPbITb C NOMOLLbIO NPUIO>KEHUA ANA paboTbl C 3NTEKTPOHHBIMM Tabnuuamm,
Hanpumep ¢ nomoubto npunoxxenunsa Microsoft Excel. Mo>kHo Tak>ke
MMMNOPTUPOBATb AaHHbIE 3TOrO TUMNAa B Pa3Hble NPUNOXXEHUA, HANPUMPp
LabView n MatLab, ana BbinonHeHWA paclMpPEHHOro aHanunsa
CuUrHana/aaHHbIX, KOTOPbIA, BO3MOXHO, HE YAACTCA BbINMOMHUTb C MOMOLLbHO
ocuunnorpada.

37 Ha nuueBown naHenu HaxxmuTe knasuwy [Ref] OnopHbii, 4TO6bI OTKNHOUUTDL
oTobpakeHne onopHoro curHana. (Mpu ncnonb3oBaHnun ocumnnorpada
cepun DSO1000B aty knaBuwy Heobxoammo HaxkaTb aABaxkabl. Mpu
ncnonb3oBaHuu ocumnnorpada cepum DSOT000A 3Ty KnaBuLly HY>KHO
Ha>xaTb OAWH pa3s).

38 YT1o6bI cCHOBa HauyaTb c60p AaHHbIX, HaxkmuTe knasuwy [Run/Stop] Myck/Cron
(knaBuwa [Run/Stop] Myck/Cron 3aropuntca 3eneHbIM).

39 Ha nuueBown naHenu Ha>kmuTe knasuwy [Save/Recall]
Coxpanenue/BOCCTaHOBMEHME.

40 Ha>xmuTte nporpamMmmMHyto KHornky llamartb, 3aTem NnoBepHUTE pyyKy BBOAA,
yTobbI BbIAENUTL NapameTp CSV, a 3aTemM HaxxmMuUTe pydyky BBoAa, YTOObI
caenaTtb Bblbop.
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41 Haxkmute nporpaMMHyto KHOMKY BHewHwii.

42 Ha>kmunte nporpammHyto kHonky Coaparb thaiin.

43 Ha>kmute nporpaMmMHyto KHOMKy CoxpaHuTtb.

44 Ha nuuesoi naHenu HaxkmuTte knasuwy [Menu On/0ff] MeHto Bkn./Bbikn.

Ecnu oTKpbITb 3TOT (haiin Ha NEPEHOCHOM KOMMNbIOTEPE C MOMOLLbIO
npuno>xenua Microsoft Excel, MO>XKHO yBuaeTb CNMCOK Nap AaHbiX BPEMEHM
M HanpA>XXeHUA, CXOAHbIN C NoKa3aHHbIM Ha Puc. 24. HecmoTpA Ha TO, 4TO
npuno>xxeHue Excel npegnaraet orpaHMyeHHbIW aHanNnn3 AaHHbIX CUTHana, aToT
chaiin MO>KHO Tak>kKe OTKpPbITb B TaKUX NpunoxenHuax, kak LabView nnn MatLab,
anA 6onee pacWMpPeHHOro U NOMHOro aHanuaa curHana.
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JlabopatopHble pa6oTbl no 03HaKoMINeHUH0 ¢ ocuunnorpactom

Jla6opartopHan pa6ora Ne 6. icnonb30BaHue maremMaTuyeckux onepaumi
ONA CUTHanoB Ha ocuunnorpade

44

C nomoubto ocumnnorpaddoB MOXXHO BbINOMHATE MaTeMaTUYeCKUe onepauunm
ONA Lenoro curHana unuv napHbix curHanos. OaHon Haubonee
pacnpocTpaHeHHbIX MaTeEMaTUYECKUX (DYHKLMEN ABMNAETCA BblYUTAHME OQHOTO
CUrHarna 13 gpyroro ¢ nomoubto ocumnnorpada. Ha Puc. 25 nokasaH npumep
NPOCTOI CeTn AenuTenen Hanpa>XXeHUA ¢ AByMA pe3ucTtopamu. YTo aenarb,
ecnu TpebyeTtcAa npocmMmoTpeTb curHan anAa R1? C nomoulbio cTaHAapTHOro
naccueHoro npobHuka 10:1, koTopbIN y>ke ucnonb3oBanca B nabopaTtopHoi
paboTe, MOXXHO U3MepPATb BOAHOE HanpA>KeHWE OTHOCUTENbHO 3a3eMIIEHUA,
ncnonb3ysa oAMH KaHan ocuunnorpacda, 1 BbIXOAHOE HanpAXKeHue
OTHOCUTENbHO 3a3eMJ1eHUA, UCMONb3yA APYroi KaHan ocuunnorpada. Ho npu
3TOM HEBO3MOXXHO BbINOMHUTL n3amMepeHnsa anAa R1, nockonbKy HWM OAWH U3
KOHL,OB HE NO3BONAET NUBMEHUTb HaNPA>XXEeHUE OTHOCUTENbHO 3a3EMITEHUA.
OaHUM 13 pelleHnA ABNAETCA UCNOMNb30BaHWE CneumanbHOro, HO JOPOroro
onddepeHUnanbHOro akTMBHOro npobHuka. [lpyroe pelweHne cocTouT B
Mcnonb3oBaHUM MaTemMaTuuyeckon pyHkumu ocumnnorpada “A-B” anna
€co34aHuA cneuunanbHOro MaTeMaTU4eCKOro curHana, Kotopbii npeacTaBnaeT
coboli pasHuLy Mmexkay curHanamum kaHanos 1 n 2. NMpenoaasatenb/nabopaHT
B 6yayLleM MOXeT Ha3HauYMTb BbIMONTHEHME NOA0OHOI0 3KCNEePMMEHTa C
Mcnonb3oBaHNEM BHELIHEro reHepaTopa (pyHKLUUIA BMeCTe C NaCCUBHbIMU
n/nu akTMBHbIMU KOMMNOHeHTaMu. Ho ceityac 6ygem ucnonb3osaTtb
BCTPOEHHbI CUIrHaN KoMneHcaumu npobHuka ocumnnorpada, 4Tobbl y3HaTb,
Kak Mcnonb3oBaTb MaTemMaTnyeckume oyHKLMMN CUTHANOB Ha ocuunnorpade.
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Na6opatopHbie pa6oTbl No 03HaKOMneHuto ¢ ocuunnorpagom 2

R1=10kQ

AVAVAY °
4 | y

Vin R2=10kQ Vout

Puc. 25 Llenb aenuteneit HanpAXeHUA ¢ ABYMA pe3nctopamu

1 lMoakntounTte oanH NpobHMK ocumnnorpadga k exoay BNC kaHana 1 u
KOHTakTy ¢ noanucbto «Probe Comp» (KomneHcauua npobHuka).
MoakntounTe 3a>KuM 3a3emMreHns NPobHMKa K KOHTaKTy 3a3eMreHus.

2 lMopknrounte apyron npobHUk ocumnnorpada k Bxoay BNC kaHana 2 n
KOHTaKTy ¢ noanucbto «Probe Comp» (KomneHcauua npobHuka).
Moakniounte 3a>knum 3as3emMneHnsa NpobHMKa K KOHTAKTy 3a3eMIMeHuA.

3 Ha nuueBoii naHenu ocuunnorpadga Haxkmute knasuiuy [Default Setup]
Hacrtpoiika no ymonuauuto.

4 YT06bl BKNIOYUTb KaHamn 2, HaXXKMUTe Ha NULEBON NaHenu Knaeuuy [2]
(me>xay ABYMA 3eNeHbIMU py4yKamm).

5 YcTaHOBUTe BpeMeHHyo pa3BepTKy ocuunnorpada 200,0 mc/pen.

6 YTOo6bl aBTOMATM4YECKM YCTAHOBUTb YPOBEHb 3anycka NpubnmManTenbHoO Ha
50 %, Ha>kmunTe py4Ky YPOBHA 3anycka.

7 OTperynupyiTe pacnono>eHue OTKINOHeHUA KaHana 2 (3eneHasa pydka
MeHbllero pasmepa), 4Ytobbl curHan kaHana 2 (3enHanA Kpueas)
pacnonaranca B HU>XXHel NonoBuHe aucnnes. Ybeautecb B TOM, UTO
BEPXHAA YacTb 3eJIEHON KPUBOW CUTHIA pacrnoriaraeéTcA HEMHOIO HUXe
LEeHTpa aKpaHa.

8 OTperynupyinTe nono>eHue oTKNoOHeHMA KaHana 1 (>kenTaa pydka
MeHbLIEro paamepa), 4Tobbl UI3MeHUTb NOJTIOXKEHUE cUrHana kaHana 1 Tak,
4yTO0OblI HUXKHAA YacTb CUIFHana kaHana 1 pacnonaranacb HEMHOIO Bbllle
LeHTpa 3KpaHa.

9 Ha nuueBoi naHenu HaxxmuTte knasuwy [Math] Maremaruueckuin (mMexxay
KnaBullamMu BKNOYEHUA/ BbIKNoYeHUA KaHanos 1 un 2).

10 Ecnu BepxHAA nporpaMmMHan KHornka Bbibopa umeeT MeTky 2/2 (MeHto 2 us
2), HaXKMUTe 3Ty NPOrpaMMHYH KHOMKY, YTO6Gbl NEPEKMIYNTLCA Ha
3HaueHune 1/2 (meHio 1 13 2).
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JlabopatopHble pa6oTbl no 03HaKoMINeHUH0 ¢ ocuunnorpactom

11 Ha>xkmuTe nporpamMmHyto kHonky Onepartop, 3aTemM NOBEPHUTE PYYKY BBOAA,
yTO6bI BbIAENUTL NapameTp A-B, a 3aTem HaxxmMmuTe py4yKky BBoaa, YTOObI
caenaTtb Bblbop.

Bua Ha gucnnee ocumnnorpadya Tenepb AOMXXEH COOTBETCTBOBaTb Puc. 26.
Ecnu komneHcauma npobHMKOB 6bifa BbINOMHEHA HaaneXxalum obpasom,
mMaTemaTuuyeckuin curHan (pmonetoBan KpuBas), KOTOPbIA NpeacTaBnAeT
cobolt pasHuLy mexkay KaHanamu 1 un 2, nonkeH otobpakaTbcsa B Buae
npamoin nuHum 0 B. Mockonky oba kaHana ocuunnorpada perucTpupyroT
OMWH cUrHan, pes3ynbTtaT 6yaeT paBeH Hynto.

M ath

BekTop
1+ AE-B
[CTO4HME A

CH1 |

|eTouHKAE B

CHz |

lIHEEPCKA

Brikn |

12

el

Puc. 26 [MpumeHeHWe onepauun BbIYUTAHUA CUTHANA Ha KaHane 2 U3 cMrHana Ha kaHane
1

Y106bI coenaTtb 3To AnddpepeHunanbHoe namepeHme 6onee MHTEPECHbLIM,
nonpobyiTe HapyLWNTb PEryinpoBKy KOMMeHcamm ogHOro u3 NpobHNKoB
(npobHuka kaHana 1 unu npobHunka kaHana 2). Mpu aTom NnoABUTCA pasHuLa
MeXkay 3TUMU ABYM BXOAHbIMU curHanamu. Visobpa>keHue Ha gucnnee
ocuunnorpada Tenepb AON>XXHO cooTBeTcTBOBaTbL Puc. 27.
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Na6opatopHbie pa6oTbl No 03HaKOMneHuto ¢ ocuunnorpagom 2

0| 268 . Bus- I ¢ Math

BekTop
i A-R
[ACT OYHKHE A

CH1 |

lAcToYHKE B

CH2 |

l“IHER[CMA

Brikn |

1-2

~lli—

Puc. 27 CospaaHune pasHuLpbl Mexay curHanom kaHana 1 u curHanom kaHana 2

O6paTuTe BHMMaHMe, YTO MacliTabupoBaHMe MaTeMaTUYECKOro cUrHana no
ymonyanuto (5,00 B/aen) otnnyaetcA oT MmacwiTabupoBaHUA cMrHanoB KaHana
1 v kaHana 2 (1,00 B/pen). Mo>xHO u3amMeHUTb MacwtabupoBaHue
MaTemMaTU4ecKoro curHana u ero cMelleH1e/ pacnonoXXeHme B MEHHO YPOBHA
2/2 (MmeHt0 2 U3 2).

Tenepb BbINOMHUTE NPaBUNbHYO PEeryrnmpoBKy KOMMeHcaunm npobHuka,
npexae 4yem, Kak NpUcTynuTb K crieayowemMy N3MepeHuio.

Tenepb BbINONMHUM Gonee CNOXXHYHO MaTeMaTUYeckyto (oyHKLIMIO TONbKO AnA
curHana kaHana 1. NNpeobpa3syem curHan kaHaa 1 U3 curHana BpeMeHHbIX
WHTEpPBAaNnoB B CUrHam 4acToT, UCMONb3yA OCHOBHYIO DyHKLUIO ObICTPOro
npeo6bpasoBaHunsa Opbe (BMNO).

12 Ha nuueBoii naHenu HaxxumanTe knasuwy [2] BKJ1/BbIKJ1, noka curHan
kaHana 2 (3eneHan Kkpuas) He 6yneT OTKMIOYEH.

13 3apanTe anAa macwTaba oTobpa>keHusa nNo BepTukanu AnAa kaHana 1 (>kenTtasn
pyyka 6onblero pasmepa) 3aHaueHue 500 mB/pen.

14 VlameHunTe pacnonoxeHue curHana kaHana 1 Tak, 4To6bl OH HaxoAuMrcsA no
LUeHTpy aucnnea (>KenTtasa pyyka MeHbluero pasmepa).

15 YcTaHOoBUTE ANA NapamMmeTpa BpeMeHHOW pa3BepTku (6onblias pyyka
“Horizontal” [FTopusoHTanb]) sHadyeHue 1,000 mc/pen.

16 Ha nuueBon naHenun HaxxmunTe knasuwy [Math] Marematnueckui.

17 Ha>kmuTe nporpamMmmHyto kHornky Onepartop, 3aTemM NOBEPHUTE Py4Ky BBOAA,
yTOo6bI BbIAenuUTb Napametp [FFT] BN®, a 3atem HaxkmuTe py4yky BBOAa,
4yTO6bI CAenaTh BbIGOP.
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JlabopatopHble pa6oTbl no 03HaKoMINeHUH0 ¢ ocuunnorpactom

Bua Ha akpaHe gonxkeH cooTBeTcTBoBaTb Puc. 28. Ha akpaHe ocumunnorpadda
Tenepb oToOparkaeTcA CUrHan BpeMeHHbIX UHTepBanoB (rpacuk 3aBUCMMOCTH
HanpA>eHWsA B BOMNbTax OT BPEMEHU) U cUrHan obnacTu 4acToT (3aBMCUMOCTb
cpeaHeKkBaapaTUYHOMO 3HaYEHUA aMNNUTyAbl B BONbTa OT YactoThbl). O6paTuTte
BHUMAaHUe, 4TO MacwTabupoBaHME YacTOTbI MO ropu3oHTanu byaet
OoTNUYaTbCcA Npu ucnonb3oaHum ocuunnorpados cepun DSOT1000A.

T | 1. 686ms- B ¢ - Math
EekTop
+ FFT
IICTOYHKE
CH1 |
DKHO
Rectangle

JKpaH
Faznen |

1-2

i

Puc. 28 MpumeHeHWe onepauun BbINUTAHUA CUTHANA Ha KaHane 2 U3 cuMrHana Ha kaHane
1

MaTemaTtnyeckas cdoyHkuua BINO nponsBoanT pasno>keHne CUrHanoe Ao
OTAENbHbIX YaCTOTHbIX COCTaBMAIOLLMX CUHYCOMAaanbHbIX BONH. Kak n3BecTHO
N3 KYpPCOB MO 3NEKTPOTEXHUKE U DU3NKE, BCE ANEKTPUYECKME CUTHATbI, B TOM
yucre undpoble, COCTOAT U3 MHOXKECTBA CMHYCOUAANbHbIX BOMH pa3HbIX
yacToT. /laeanbHblli TaKTOBbIM cUrHan ¢ pabounm unknom 50% ornkeH
COCTOATb N3 OCHOBHOW YaCTOTHOM COCTaBMAOLLEN CUHYCONAanbHON BOMHbI
(noBTOpAOLLAACA YacToTa CMrHana) U HeYeTHbIX rapMoHuK (3,5, 7-nuT. 0.).
HenpeanbHble NPAMOYrofnbHble BOJTHbI TaK>Ke BKITHOYalOT B cebA YeTHble
rapMoHuku 6rnee HU3KNX ypoBHel. Tenepb onpeaenium 4acToTbl OCHOBHOW U
HeYeTHbIX FaApMOHUK 3TOr0 BXOAHOIO CUTrHana.

18 Ha nuueson naHenun HaxxmuTe knasuwy [Cursors] Kypcopbl.

19 HaxkmuTe nporpaMmHyo KHOMKy Pexxum, 3atem NoBepHUTE PYyUKY BBOAA,
yTO6bI BbIAENUTL NapamMeTp CnexxeHne, a 3aTeM HaXXMUTE PyUyKy BBOAA,
yTOobbI cAenaTb BbIGOP.

O6paTtute BHMMaHue, 4To B NnabopaTtopHoit pabote N2 1 kypcopbl
Mcnonb3oBanuchb ANA U3MepeHUA HanpAXXeHUA U BpeMeH, Npu 3ToM
BbINOMHAMNACb HACTPOWKa Kypcopa Bpy4Hyto. B pexxnme HacTpoOnkn Kypcopos
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Na6opatopHbie pa6oTbl No 03HaKOMneHuto ¢ ocuunnorpagom 2

BPYYHYH MOXHO HE3aBMCMMO yNaBfATb HACTPOMKaMM KYpCOpOB Mo
Beptukanu (Y) u no ropusoHTanu (X). Korna BbibpaH pexxum KypcopoB
“Cne>xeHune"”, MOXXHO yrnpaBrnaTb TONbKO HaCTPOKaMun KypCcopoB Mno
ropusoHTanu. Ocumnnorpad 3aTemM aBTOMaTUUYECKU CBAXKET PacMoNoXKeHne
KYPCOpPOB aMNnuTyAbl C pacnorio>XeHMeM curHana B ToO To4ke, rae Kypcopbl
BPEMEHU NepeceKkarTcA ¢ curHano. Tenepb Ha3Ha4YMM Kypcopbl AnA
OTCNneXXnBaHWA U BbINOSTHEHUA U3MepeHuii anAa curHana bBro.

20 Ha>kmuTe nporpaMmmMHyto KHonky CurA, 3aTem NnoBepHUTE py4Ky BBOAA,
yT06bI BbIAENUTL NapameTp Math, a 3aTem HaxkmuTe pyuky BBoaa, 4ToObI
caenaTtb Bblbop.

21 HaxkmuTte nporpamMmmMHyto kHonky CurB, 3aTem noBepHuUTe py4yky BBoAa,
yTOo6bI BbIAENUTL NapameTp Math, a 3aTem Ha>kxmuTe pyyky BBoaa, YTOObI
caenatb Bbl6Op.

22 HakxmuTte nporpamMmmMHyto knasuuwy CurA—, noBopayuBanTe pyyKky BBOAa,
NnoKa OTCIEXXNBAOLWUI KypCop B BUAE NEPEKPECTUA HE PACMONTOXMNTCA B
camMoW BepxXHeN ToYKe KpUBOW YacToThl (B IEBOI YaCcTu 3KpaHa).

23 HaxkmuTte nporpammHyto knaesuwy CurB—, nosopaunBaitte pyuky BBoaa,
Nnoka OTCNe>KnBalLLNiA Kypcop B BUAe NepeKpPecTy He pacrnonoXnTca Ha
BTOPOIA caMOW BEPXHEN ToOUKe KPUBOI YacToThl.

N3obparkeHue Ha aucnnee ocuunnorpada tenepb AOMXKeH ObITb MOXOXUM Ha
TO, 4YTO nokasaHo Ha Puc. 29.

[ACTOYHHE

CH1 |

CIKHO
Rectangle

JKpaH
Faznen |

1-2

~lli—

Puc. 29 Wcnonb3oBaHue oTcnexxuBatoLLMX KYpcopoB AnA BbINONHEHUA U3MepeHuid AnA
curHana brnao
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24 Onpenenute YacTtoTy “A -> X", KOTOpana ABNAETCA OCHOBOMONaraoLwmm
KOMMOHEHTOM.

F1 =

25 Onpenenute YyacTtoTy "B -> X", koTopas ABNAETCA TPETbEN rapMOHUKON.
F3 =
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Na6opatopHbie pa6oTbl No 03HaKOMneHuto ¢ ocuunnorpagom 2

Jla6opatopHaa pa6ora Ne 7. Vicnonb3oBaHue pexkuma macwutabupoBanua
ocuunnorpadca

BonbwuHcTBO ocuMnnorpadoB MMEIOT ABa PEXXMMa BPEMEHHOW pa3BepPTKU.
370 03HayaeT, YTo OHU cNOCO6HbI 0To6paXkaTb CUrHaMbl Ha OCHOBE ABYX
pa3HbIX HAaCTPOeK OTKNoHeHuA (¢c/aen). [lo cux nop Hamu ucnonb3oBarcA
OCHOBHOM pe>XMM BPeEMEHHOW pa3BepTkn ocuunnorpada. Bropoi pexxum
BPEMEHHOM pa3BepPTKM 0O6bIYHO Ha3blBaeTcA MacliTabupoBaHuem
n3obpa>keHns no ropusoHTanu. Ecnu npenopaeatens/nabopaHT paHee
ncnonb3oBan cTapble aHanooBble ocumnnorpadbl, TO O4EHb YacTo 3TOT
BTOPOW pe>Xum BpeEMEHHOWN pa3BepPTKU Ha3blBarCA OTNOXKEHHON BpeMeHHOM
pasBepTkoil. Korga BkntoyeHo macwtabupoBaHme n3obpa>keHuA, MO>XKHO He
TONbKO NPOCMAaTpPMBaTb CUIrHarbl C UICMOSIb30BaHNEM ABYX Pa3HbIX HaCTPOEK,
HO TakK>Xe MO>KHO BbINOMHATb CTPO6MpPOBaHHbIE UMK BbIBOPOYHbIE U3MEPEHMUA.

1 TMoakntounTte NpobHUK ocumnnorpada k exoay BNC kaHana 1 n KoHTaKTy
¢ noanucbto «Probe Comp» (KomneHcauma npobHuka). Moakniounte 3axxum
3a3eMIieHuA NpPobHMKa K KOHTAKTy 3a3eMI1EHUA.

2 Ha nuueBoit naHenu Haxkmute knasuwy [Default Setup] Hactpoiika no
yMonuaHuio.

3 YcTtaHoBMTe AnA BpeMeHHOW pa3BepTku ocuunnorpada (bonbliaa pyyka
“Horizontal” [FTopusoHTanb]) 3HauyeHue 200,0 mc/gen.

4 Y106bI aBTOMATMUYECKM 3a4aTb ANA YPOBHA 3anycka 3HauYeHue
npnénusutenbHo 50 %, HaXkMmuTe pyuKky ypoBHA 3anycka.

5 3apaiite AnA macwTaba oTo6pa>keHnA No BepTMKanu ana kaHana 1
3HaueHue b00 mB/pen, ucnonb3yA XKenTyto pyyky 6onbliero pasmepa.

6 Pacnono>xute curHam no LUeHTPY 3KpaHa C MOMOLLbIO >KENToW pyuKu
MeHblLLUEero pasmepa.

7 Ha nunueBoit naHenu HaxkxmuTte knasuwy [Meas] Namepenue. Ha
ocuunnorpacdax cepun DSO1000A aTa knaBuwla Ha NULLEBOI NaHeNnn nmeet
meTKy [Measure] iamepenue.

8 HaxxmuTte nporpammHyto KHOMKy Bpema, 3atem noeBepHUTE pyyKy BBOAA,
yTO6bI BbIAENUTbL NapameTp Bpema HapacTaHua, a 3aTeM HaXKMUTE Pyuky
BBOAa, UTOObI caenaTtb BbIGOP.

N3obpa>keHue Ha gucnnee ocuunnorpada Tenepb AOMXKEH ObITb MOXOXUM Ha
TO, 4TO NokasaHo Ha Puc. 30. O6paTnTe BHUMaAHUKE, YTO ANA NapameTpa
“Bpema HapacTaHuA”, oTobpakaroLerocsa B HAXKHEN 4acTn aKpaHa, BO3MOXKH,
oTobparkaetcsa 3HadeHune “<40 mc”. Ho Tak>xke moxkeT oTobparkaTbCA 3HaYeHue
“20 mc” npu ucnonbsoBaHum ocumunnorpados cepun DSOT000A. Mpwu
Mcnonb3oBaHMN JaHHOW HacTPOMKKN BpeMmeHHoM paseepTku (200,0 mc/aen)
ropv3oHTanbHOe pa3peLleHne gucnnea ocuunnorpada HegocTaTouyHoO AnA
BbINOSTHEHWUA TOYHbIX U3MEPEHUI Ha 3TM BbicTpoM nepeaHem cpoHTe. Ecnu
netanu aToro 6bicTporo nepeaHero opoHTa BU3yarbHO He MpocMaTpuBatloTeA,
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TO oumnnorpad TakXe He CMOXeT UX 0To6pa3nTb. Tenepb BKMNHOYUM PEXXUM
MacwTabupoBaHMA NO rOPM30HTaNM, YTOObI BbINONHUTL 6onee ToYHble
cTpobupoBaHHbIE U3MEPEHUA Ha AAaHHOM (PPOHTE.

T' [ 268 . Bus Measure
MCTOYHAE

CHT |

1 HanpAx:.

F

EpemA

CIYMCTHTE |

1.2

~li—

Puc. 30 BbinonHeHue Nn3MepeHUa BpeMeHn HapacCtaHuA Npu nNioxom pa3peLeHnu

9 HaxxmuTte 6onbliyto pydky “Horizontal” [Topu3oHTanb], 4TOo6bI BKMIOYNTL
pexkum macwtabupoBaHua ocuunnorpada.

10 MNoBepHuTe bonblyto pydky “Horizontal” [Fopu3oHTanb], 4ytTobbl 3apaThb
OIA BpeMeHHOW pa3BepTkyn MmacwtabrupoBaHua 3HauyeHue 5,000 vc/gen
(oTobparkaetca 6enbiMyu CMMBONaMu B HAXKHE YacTu gucnnesn).

N3obpaxkeHne Ha gucnnee ocumnnorpada Tenepb A0OMN>KHO COOTBETCTBOBATb
Puc. 31. Tenepb ocumnnorpad Aon>eH BbINONMHUTL 6onee ToOYHbIE U3MepeHUs
BpeMeHu Ha 3ToM BbicTpom nepeaHem cpoHTe. Korga BKMIOYEH pexxum
MaclTabmupoBaHua ocumnnorpada, MoXXHO BUAETb KPYNHoe n3obpa>keHue u
6onee getanbHoe M3obpa>kHue Ha ogHOM aucnnee. TakXke MOXXHO BbINOSTHUTb
6onee To4YHble UBMEPEHMA BPEMEHUN NPU NPOCMOTPE KPYNMHOIro n3obpa>keHus.
Pe>xum macwtabmpoBaHua nsobpa>keHna Tak>ke NO3BONAET BbiopaTb OPOHT U
CUrHan AnA BbINOMTHEHUA NU3MEPEHUA.

06yuatowme marepuansl ana npenogasarena no ocuunnorpacy DS01000 — na6opartopHoe pykoBoacTBo M yue6Hoe nocobue



Na6opatopHbie pa6oTbl No 03HaKOMneHuto ¢ ocuunnorpagom 2

El heasure
[ACTOYHKE

Puc. 31 BbinonHeHue ToyHoro cTpo6UPOBAHHOIO U3MEpPEeHUA BpEMeHW HapacTaHuA
C Ucnonb3oBaHMeM pexxuma macwitabupoBaHu ocuunnorpada
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O6yuyarowme matepuansl gna npenogasarens no DS01000

JlaboparopHoe pykoBoacTBO U yuebHoe nocobue
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[ ]
Cnucok nutepatypbl Agilent 56

lMocne BbiNnoNHeHUA Bcex NabopaTopHbIX paboT gaHHOro nabopaTopHOro
pykoBoacTBa no ocuunnorpadam n ydebHoro nocobums Bbl, Hageemca, cTanu
XOpOoLLO pa3bupaTbCca B yCTpoOMcTBE U (hyHKLUUAX ocumnnorpada. 1o
NO3BONUT HE TONbKo 6onee ahPEKTUBHO BbIMONMHATL YKa3aHHbIe
nabopaTtopHblie paboTbl ¢ 6onee rMyboknM NOHUMaHMEM NEeXXalnX B OCHOBEe
TEPEeTUYEeCKNX NPUHLMMNOB 3NEKTPOTEXHUKMU U (DUIUKU, HO U Nocrie
3aBeplueHuA obyyeHunsn, korga Bbl HauHeTe paboTaTb U UCNOMb30OBaTb
ocuunnorpadbl ANA NPOBEPKU CXEM, Bbl CMOXETe Hamna>kueaTtb Ux bbicTpee u
6bicTpee BbiNyckaTb NPOAYKTbl Ha pblHOK. Ecnu Bbl XoTUTe noapobHee y3HaTb
06 ocumnnorpadax n NnpuHUMNax U3MepeHnsa ¢ NOMoL b0 ocuunnorpada,
obpaTtuTtechb K cneayrolen cTpaHule, rae npueBeaeH cnMcok pasHoobpasHbIX
yKasaHui No NpUMEHEHUIO, COCTaBIEHHbI KoMmnaHuen Agilent.
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Pestlome

Cnucok nureparypsbi Agilent

Ta6n.1 Cnucok nutepatypsbl Agilent

HasBaHue ny6nukauumn Tun ny6nukauum  Homep
ny6nukauum

I3yyeHne 0CHOBHbIX NPUHLMNOB paboTbl ocuunnorpaca MpunoxeHue 5989-8064EN

Bbi6op nonockl nponyckanua ocumnnorpadgoB An MpunoxeHue 5989-5733EN

KOHKpeTHoli 06nacTu npumeHeHnA

JKcrnepumeHTbI ¢ Harpyskoi npo6HMKOB ocuunnorpada MpunoxeHue 5990-9175EN

CpaBHeHWe 4acToTbl M TOYHOCTU AUCKPETU3aLIMK MpunoxeHue 5989-5732EN

ocuunnorpada

CpaBHeHue ocuunnorpacdos No ckopocTu 06HOBMNEHUA MpunoxeHue 5989-7885EN

cUrHaros

CpaBHeHWe xapakTepucTuK BEPTUKANbHOIO Lyma MpunoxeHue 5989-3020EN

ocuunnorpacgos

CpaBHeHue ocumnnorpacoB No kayecTsy U3obpakeHus MpunoxeHue 5989-2003EN

5989-3702EN

CpaBHeHMe ocumnnorpad)os AnA 0Tnagkn cxXxem CMellaHHbIX anIJ'IO)KEHMe
CUrHanos

YT106bI 3arpy3nTb 3TN AOKYMEHTbI, BCcTaBbTe HOMep nybnukauun B URL-aapec:
http://cp.literature.agilent.com/litweb/pdf/xxxx-xxxxEN.pdf
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A  Bnok-cxema u npuHuun pabotbl ocuunnorpaca

bnok-cxema DSO

+V Mamatb gna
cbopa faHHbIX Oucnnen

T ocuunnorpada
8-61THbIN Ancnnein
>——ATTeHi0aTOp + Yeunutens
B ADC DSP o 61
Xo[
BNC AN A l %N
=V
CmelleHre NOCTOAHHOM CeazbT
cocTaBnAoLien jpurrepoB
Cucrema
BpPEeMeHHOM
KomrieHcaLpa [PEEEE AL
TPUITEPOB
Jlorvka
TpUITepa
ypOBEHb 3anycka
Mo NOCTOAHHOMY TOKY
Cucrema
L

Puc.32  bnok-cxema DSO

bnok AL

58

Ha Puc. 32 nokasaHa 6nok-cxema o4HOro KaHana BBoja cTaHg4apTHOro
umndposoro ocumnnorpada c oyHkumenn coxpaHenuma (DSO). brnioku,
3aKpalleHHbIe XXeNTbIM, ABMAOTCA KOMMNOHEHTAMU CUCTEMbI, KOTOPbIE
YHUKanbHbI ANA oAHOro KaHana cbopa AaHbix, Hanpumep kaHan 1 u kaHan 2.
Briokn, 3akpallueHHble CUHUM, ABNAIOTCA KOMMNOHEHTAaMM CUCTEMbI, KOTOPblE
MCNonb3yTCA BO BCeX KaHanax cbopa AaHHbIX, Hanpumep obuas BpeMeHHan
pa3BepTka ocuunnorpacda n cuctema L.

AL (npeobpas3oBaTenb aHanoroBoro curHana B udpoBon) HaxoanTcA

B cepeanHe 6nok-cxembl. bnok ALIT — oCHOBHOI KOMMNOHEHT BCEX
ocuunnorpacos DSO. OH npeagHa3HayeH Ana npeobpasoBaHUA BXOAHOIO
aHanoroBoro cuMrHana B nocnegoBatenbHOCTb UMcp. B 6onblunHcTBE
coBpemMeHHbix DSO ucnonbayrotca 8-6utHbie 6nokn AL, koTopble
obecneunsatoT 256 yHUKanNbHbIX YPOBHEN/KOAOB BbIXOAHOIO CUrHana. 3Tu
uMcpoBblie ABONYHbIE KOAbI XPAaHATCA B NAMATU BXOAHbIX AAHHbIX
ocuunnorpada, KoTopaa paccMoTpeHa Huxe. Ecnu ypoBeHb BXOAHOIO
aHanorosoro curHana B AL paBeH nnu meHblue —V, TO BbIXOAHOW CUrHan
6noka ALM 6yaet 00000000 (0 B pecatnuyHom popme). Ecnu ypoeeHb
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Bnok-cxema v npuHuun pa6orbl ocuunnorpacha A

BXOAHOro aHanorosoro curHana B AL paBeH unu 6onblue +V, To BbIXOAHOM
curHan 6noka ALUM — 11111111 (255 B necatuuHon popme). Ecnu yposeHb
BXOAHOro aHanorosoro curdana B AL paeseH 0,0 V, To BbiIxoaHOW curHan
6noka AL — 10000000 (128 B necATMuYHOM chopme).

Ona poctu>keHua Hambonbluero pa3peLweHna U BbINOTHEHNA TOYHbIX
namepeHuin exogHom curHan B AU gonkeH 6bITb MacwtabrpoBaH B CBOEM
AnHamumyeckom ananasoHe * V. HecmoTpa Ha 1o, uyTto y AL BxoaHOM
OWHaMN4YeCcKUi amana3oH orpaH4yeH U oukcupoBaH B 3aBUCMMOCTM OT
onopHbIx HanpaxkeHun AU (£ V), ocunnnorpadbl AON>KHbI PETMCTPUPOBATH
LWMPOKNI ANHAMUYECKMIN AMana3oH CMrHanoB, B TOM YMche BXOAHbIE CUTHarnbl
BbICOKOIO 1 HU3KOro ypoBHel. MacwTtabrupoBaHMe aanoroBoro BXoAHOro
curHana ALI B npepenax aMHamuyeckoro ananasoHa AL onpenensaetca
6nokamu aTTeHl0aTOpa, CMELLEHMA NOCTOAHHON COCTABMAIOLWEN U yCUNuTens,
KOTOpPble PaCCMOTPEHbI HUXE.

bnok arreHroaropa

B ocHoBy 6noka aTTeHtoaTOpa NofoXXeHa cxemMa Pe3nCTOPHbIX AeNUTENEN,
KoTopanA npeAHa3HayeHa Ana macwtabMpoBaHMA BXOAHIO CUTHana B npeaenax
AVHaMWYecKoro anana3oHa aHanoroBoro YCUUTENA ¢ NepeMeHHbIM
ycunennem u AU, Ecnu noctynaeTt BXogHOW cUrHan BbICOKOrO YPOBHA,
Hanpumep ¢ aABoliHon amnnutynon 40 B, To ypoBeHb curHana Aon>eH 6biTb
yMeHblueH (ocnabnen). Ecnu noctynaeT BXOAHOW CUrHaN HU3KOro YPOBHHA,
Hanpumep ¢ ABorHon amnnutynoi 10 mB, To oH poxoauT Yepes ycunurtens
6e3 nameneHun (1:1). Npu nameHeHnn HacTpolikn B/ gen ocumnnorpada
pasgatotca wenykn. OHM BO3HUKAKOT NPU NepEKNOYEHNN MEXaHUYECKMX pene
MeXKay CETAMM pe3ncTopHbix aenutenen. Kpome Toro, ¢ nomoubto 6roka
aTTeH0aTOopa NoMb30BaTENb MOXET NEPEKOYUTb BXOAHOW MMNeaaHc

(1 MOm unu 50 Om) 1 cBA3b BXxoA4a NEPEMEHHOIO MU NOCTOAHHOIO TOKa.

bnok cmeLleHna NOCTOAHHOM COCTaBNAIOLLLEH

Ecnu BxogHol curHan npeactaBnAeT coboii co cMeLLeHMEM NMOCTOAHHOM
COCTaBMAMLWEN, HaNpMMep LMPOBON CUTHaAM, YPOBEHb KOTOPOro KorebneTca
B avana3oHe ot 0 o 5 B, 1 ero Hy>kHO BbIBECTU NO LIEHTPY AUCHIIEA, TO K HEMY
Heobxoanmo nob6aBUTb BHYTPEHHEE CMeLLEHUE NOCTOAHHOW cocTaBnAloen
NPOTUBOMNOMOXXHOM NONAPHOCTU, YTOObI CMECTUTb BXOAHOW CUTHanM

B Npegenax gMHamunyeckoro ananasoHa ALI. B kayecTBe anbTepHaTUBbI
MO>XHO BblBpaTb CBA3b MO NEPEMEHHOMY TOKY, YTOObl YCTPaHUTb KOMMOHEHT
NOCTOAHHOIO TOKa BXOAHOrO cUrHana.
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A  Bnok-cxema u npuHuun pabotbl ocuunnorpaca

bnok ycunurena

MocnegHum 3aTanom 06paboTKM aHaANOroBOro cMrHasna npu mactabMpoBaHuu
BXOAHOIO CUrHana B npeaenax AMHamMu4ekoro gvanasoHa cuctemol AL
ABNAETCA ero NPOXoXKAeHWe Yepes ycunuTenb ocuunnorpadga ¢c nepemMeHHbIM
ycuneHuem. Ecnu noctynaet BXOAHOW CUrHaN o4eHb HU3KOMO YPOBHA, TO
06bIYHO HY>KHO 3a4aTb AOBONILHO HM3Koe 3HaueHue B/ gen. MNpu H1U3Kom
3HayeHun B/poen Ha aTane NpoxoXXAeHUA CUrHana yepes ycunuternb
aTTeHroaToOpa He NPOU30OMNAET ero 3aTyxaHua (ycuneHue = 1), 3atem
ycunuTtenb yBenuuut (ycuneHue>1) amnnutyny curHana, 4tobbl
ncnonb3oBaTb BeCb AMHamunyeckun gmanasod AL, Ecnu noctynaeT BxogHowm
CUTHan o4eHb BbICOKOIO YPOBHA, TO 0ObIYHO HY>KHO 3a4aTb AOBOSIbHO BbICOKOE
3HauyeHue B/ pen. Np Bbicokom 3HauyeHun B/ gen Ha aTane npoxo>kaeHus
cuUrHana 4yepes aTTeHtoaToOp NpousonaeT ero ocnabnexune (ycunenme < 1)
HacToNnbKo, 4TOOblI OH HaxoAurcA B Npeaenax AMHaMUYECKOro AMana3oHa
ycunuTensa, 3aTemMm ycunutenb MoXeT elle cnabutb curHan (ycuneHue <1) Tak,
4yTOObl OH HaxoAUICA B Npeaenax AuHamuyeckoro gmanasona ALUIMM.

Ecnu BbiGpaHo KOHKpeTHOE 3HauyeHue B/ aen, To ocunnnorpad
aBTOMaTM4Yecku onpeaenunT Tpebyemble BeNUUYNHbI 3aTyxaua B 6noke
aTTeHoaTopa U ycuneHuna (Unu, BO3MOXKHO, AONOMNMHUTENbHOrO 3aTyxaHuA)

B 6noke ycunutena. MoXHo npeactaBuTb 6ok aTTeHoaTopa, 6ok cmelleHus
COCTaBnAloLWEi NOCTOAHHOIO TOKa U 610K yCcUnuTens B BUae OHOro ycroBoro
6noka npeobpa3oBaHUA BXOAHOIO aHaNoroBoro curHana, KoTopbli BbINOMHAET
NnuHenHoe npeobpasoBaHWe cUrHana, NPeacTaBnAOLLEero BXOAHOW CUrHan Tam
obpasom, 4yTobbl OH OCTaBanca B Npenenax AMHaMunyeckoro ananasoHa 6nok
AL, B 3aBMcMoOCTU OT HacTpoiku B/ nen u cmeleHMAa KOHKPETHOro KaHana
ocumnnorpada.

bnoku KoOMnapartopa 3anyckKa U nNormn4yeckoro 3anycka

bnoku Tpurrepa-komnapatopa 1 JIOrMY4ECKON CXeMbl TpUrrepa
npeaHasHayeHbl AnA onpeaeneHnsa YHUKanbHOro MOMEHTa BPEMHU BHYTPU
BXOOHOTO curHana (Mnu KoMOGuHaLUMN HECKOINbKUX BXOOHbIX CUTHaNoB), No
KOTOPOMY AOJI>KHbl CUHXPOHU3MPOBATbCA BXOAHbIE AaHHbIe. [Tocne
BbinonHeHua nabopaTtopHoit paboTbl N2 2 (3yyeHne ocHOB CMHXpPOHU3aLUN
ocuunnorpadca) aToro pykoBoAcTBa Bbl y3HaeTe, YTO Takoe 3anyck
(cuHxpoHM3auma).

MycTb BXxOAHOM cUrHan npeacTaBnAeT cobo cuHycouaanbHy BOIHY, Ans
KOTOpPOI HEO6XOAUMO YCTaHOBUTb 3aMycK N nepeaHemy (OpoHTY NpU YPOBHE
50%. B aTom crnyyae HeMHBEPTUPOBAaHHbI BbIXOAHOW CUrHaN KoMmnaparopa
3anycka npeartaBnAeT cobol NPAMOYronbHYO BONHY ¢ pabouyunm uuknom 50%.
Ecnu ypoBeHb 3anycka 3agaH 6onbuie 50%, To HEMHBEPTUPOBAHHbIN
BbIXO[JHOW CUrHan KkomMmnapartopa 3anycka 6ynet meHblue 50%. N Hao6oporT,
€ecnu ypoBeHb 3anycka 3agaH meHblue 50%, To HeMHBEPTUPOBAHHbIN
BbIXOAHOW cMrHan komnapatopa 3anycka 6yaet 6onbwe 50%. Ecnu sanyck
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Bnok-cxema v npuHuun pa6orbl ocuunnorpacha A

OCHOBAaH TONbKO Ha epeceyeHnn NONoXKUTENbHbIX PPOHTOB OANHOYHOIO
KaHana, To nornyeckuit 6rnok 3anycka nepeaaeT HEMHBEPTUPOBAHHbIN
BbIXOHOM CUrHan KomMnapaTopa 3anycka B 61ok BpeMeHHOM pa3BepTku. Ecnu
3anyckK npoucxoanT no oTpuuateribHbiM (prHTaM OAUWHOYHOrIo KaHana, 1o
norvyeckuii 6nok sanycka nepenaet MHBEPTUPOBAHHbIM BbIXOAHOW CUrHanN
KomMnapaopa 3anycka B 6510k BpeMeHHOM pa3BepTku. B aTom cnyyae 6nok
BPEMEHHOW pPa3BepTKU UCMNONMb3yeT B KAYECTBE YHUKITbHOIO MOMEHTA
BPEMEHU CUHXPOHU3aLMN NepenHuin PpoHT curHana 3anycka. [omumo aTtoro,
3anyck Mo>keT 3aBUCETb OT MHOMMUX APYrux NepeMeHHbIX, Hanpumep
orpaHn4yeHumAa BpemMeHu n KOM6I/IHaLI,VIVI BXOOHbIX CUTHANMOB U3 HECKOJTbKUX
BXOAOHbIX KaHaJ10B.

bnoku BpeMeHHOW pa3BepTKu U NaMATH

bnok BpemeHHOW pa3BepTKN OTBEYAET 3a BbIOOP Hayana u OKOH4YaHUA
Bblbopku AL oTHocnTenbHO cobbiTuA 3anycka. Kome Toro, 6rnok BpemMeHHon
pa3BepTKM OTBEYaEeT 3a YacToTy auckpetnsaumnm AL, koTopasa 3aBucUT oT
OOCTYNMHOW NaMATU ANA NONyYeHWA AaHHbIX U HACTPONKM BPEMEHHOM
pa3BepTkn. Hanpumep, nycTb 3anyck NpoMcxoauT B LEHTPe 3KpaHa
(HacTpoiika n ymonuaHuio) npu BpeMmeHHol paseepTtke 1 mc/gen. OAnA
HarnAQHOCTU NpuMem 0O6beM NaMATU ANA NONMyYeHUA AaHHbIX ocumunnorpada
Bcero 1000 Touek. B atom cnyyae ocumnnorpad ucnonbayet 500 Touek oo
cobbiTnAa 3anycka n 500 Touek nocne Hro. MNpu BbiIGpaHHO BpeMEHHOM
pa3BepTke 3anonHeHne 1000 Touek npoucxoant B TeyeHne 10 mc (1 mc/pen
x 10 neneHunin). [>xe ecnn makcumanbHaA 4yacTtoTa AUCKPETU3aLUNU
ocuunnorpada coctaenaeT 2 Mpo6/c, npu Tako BpeMeHHOW pa3BepTKe ee
6nok cHU3UT YacToTy HenpepbiBHON anckpetndauun oo 100 Teic. npob/c
(HacTtoTta auckpetusaumu = Namatb/npomexxytTok Bpemenu = 1000
npo6/10mc = 100 knpob6/c).

Mocne HaxkaTua kHonku «[lyck» 6NOK BpeMeHHOW pa3BepTKU BKIItOYaeT
HenpepbIBHOE COXpaHeEHUE OUMMPOBAHHbIX AaHHbI B LMKINYECKYO NaMATb
ocuunnorpada anAa Nnony4eHNA AaHHbIX C COOTBETCTBYHOLLEN YAaCTOTOM
anckpeTtusaumm (100 knpob/c). MNMocne kaxkah BbIGOpkM 611OK BpeMeHHO’
pa3BepTKM yBENMUYMBAET aapec B bydepe LUMKNUYeckoin namaTu ans
NONy4eHUA AaHHbIX, KDPOME 3TOro, OH OTCYUTbIBAET KONNYECTBO BbI6OPOK A0
500 (npu o6beme namaTu B 1000 Touek 1 HAaCTPOMKeE 3anycKa MNo LeHTy
aKkpaHa). Kak Tonbko 6510k BpeMEHHOMN pa3BepTKN ONPeaenunT, 4To CoOXpaHeHo
He meHee 500 BbI6OpOK (T. €. N0 KpaillHe Mepe NoNoBUHa NaMATU 3arnoriHeHa),
OH BKMHOYaeT 3amnyck 1 AoXKuaaeTcA NnepBoro nepeagHero opoHTa BbIXOAHOMO
CUrHan KomMmnapaTtopa 3anycka (B pexkume npocToro 3anycka no poHTy).

B npouecce oxknpgaHua 3anycka, B 6ycepe UMknmMyeckomn namaTu
ocuwunnorpada Npoaon>KakT COXpaHATbLCA AaHHble. Ecnu cobbiTne 3anycka
NPOUCXOANT OYEHb PeaKo, TO COXaHEHHbIe AaHHble MOTyT ObITb Nepe3anuncaHbl
npu ero oxknpaaHmun. 1o HopmarnbHo. lNMocne o6Hapy>keHnA cobbiTUA 3anycka
6nok BpeMeHHOI pa3BepTku cHoBa HaumHaeT otcueT ao 500. Mocne
coxpaHeHua gononHutenbHbix 500 BbIGOPOK 65T0K BPEMEHHOM Pa3BEPTKU
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A  Bnok-cxema u npuHuun pabotbl ocuunnorpaca

oTknroyaeT Bblbopky. T. e. nocnegHue 500 coxpaHeHHbIX BbIBOpOK
npeacTaenAT coboi nocneaoBaTenbHble TOYKU KPUBOK cUrHana nocrie
cobbITuA 3anycka,

a npeabiaywme 500 — Takme TOYKM 00 cobbITUA. C 3TOr0 MOMEHTa HauMHaeT
paboty 6rnok DSP aucnnes.

Momunmo 3anycka No LEeHTPY aKpaHa, Kak B 3TOM Npumepe, C NOMOLLbIO
3M1EMEHTOB ynpaBneHna 3aaep>kkn/nono>KeHnA nNo ropu3oHTann MOXHO
YCTaHOBUTb TOYKY 3anycka B nobom mecte. Hanpumep, MO>XXHO yCTaHOBUTb
3a/lep>kKKy, NPy KOTOPOW o4Ka 3anycka HaxoauTcA Ha 75% anuHbl
ropusoHTanbHou ocu (OTHOCUTENbBHO NEBOI CTOPOHbI 3KpaHa). B aTtom cnyyae
610K BpEMEHHOW 3aAepP>KKN U3HaYanbHO yCTaHOBUT c4yeTuunk Ha 750 Touek
(npy o6beme namAaTn anA nonydyeHua aaHHbix B 1000 Touek) oo cobbiTuA
3anycka 1 Ha 250 Touyek nocne Hero.

bnok DSP pucnnesa

COBET

Mocne 3aBepluieHns c6opa aaHHbIx 6nok DSP aucnnea nepeBoauT AaHHbIE
B 6roke NamMATK ANA Nory4YeHuA AaHHbIX B NOCneaoBaTeNibHOCTU «MOCneaHUM
nocTynun nepebiM Bbiwen». bnok DSP gucnnea nponu3BoauT He TONbKO
6bIcTpYto 06paboTKy COXpaHEHHbIX AaHHbIX LM POBOro CUrHana, Hanpumep,
BbINMONHAET UNbTp LUNPOBOI peKOHCTPYKLUMKM Sin(x)/X, HO U NepenaeTt
coxpaHeHHble n/unu obpaboTaHHble AHHbIE B NaMATb MMKCENbHOIo Aucnnen
ocuunnorpada. lNocne BoccTaHOBNEHUA AaHHbIX U3 NamMATK ana cbopa
OaHHbIX 6nok DSP coobuaeT 610Ky BpeMeHHOW pa3BepTKU, YTO OH MOXKET
HauyuHaTb HOBbIN COOP AaHHbIX.

Ocuwunnorpadbl DSO npeabiayLLmnx NOKONEHU He BKITtoYanu B cebs
otaensHoro 6noka DSP agucnnen. Ero dpyHkuuun BeinonHAna cuctema LI
ocuunnorpada, Ho ee HU3kana ahhpekTUBHOCTb OrpaHM4YnBana 4acToTty
obHoBneHusa curHana. C otaenbHbiM Nokom BbiBoga DSP HekoTopble
coBpemeHHble DSO o6ecneumBatoT yactoTy o6HoBneHua ao 1 000 000
CUTHamnoB B CeKyHay.

[na nonyyeHna A0NONHUTENbHbIX CBEAEHWIA MO OCHOBHbIM NpUHUMNAM paboTbl
ocuunnorpados 3arpyaute npunoxenue Agilent c HasBaHuem VIzyyeHue 0CHOBHbIX
npuHyunos pabomsl ocyusnnozpagha. Ita NybnmKaLUma u UHCTPYKLIMM MO 3arpyske
npuseaeHsl B pazgaene Cnucok nutepatypsl Agilent aToro pykoBoAcTBa.
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CyluecTByeT MHOXKECTBO Pa3fMYHbIX XapaKTepUCTUK ocuunnorpados,
KOTOpble ONpeaenAoT TOYHOCTb PErMCTPALMN U UMEPEHUA CUTHANOB.
OcHoBHoOI xapakTepucTUKoM ocuunnorpacda ABNAeTcA ero noroca
nponyckaHuA. Y ocuunnorpados, KOTOPbIMU NMONb3yOTCA Ha NabopaTopPHbIX
paboTax CTyAeHTbl 9NEKTPOTEXHNYECKUX haKyNbTETOB, NONoca NponyckKaHua,
BEpPOATHO, ByaeT AocTaTouyHas AnA 60MbLUIMHCTBA, ECIN HE BCEX 3aflaHUN,
HasHa4yaemblx npenogaBatenem. lMocne okoHYaHUA yye6HOro 3aBegeHnNA

M Hayana paboTbl B 9NEeKTPOHHON NMPOMbILLNIEHHOCTU BaM, BMOJIHE BEPOATHO,
noHago6utcA BbiGpaTb ocuunnorpacd AnA NPoOBEPKN CXEM U3 [OCTYMHOrO
Habopa nnu NPoBeCTU OLIEHKY Pa3HbiXx NpMBOPOB ANA nocneayroLwero
npuobpeTteHua. [laHHOe pyKOBOACTBO MO ONpeaeneHunto Nonochl NponyckaHua
ocuunnorpada coaep>uT pag norie3Hbix COBETOB Mo Bbi6opy npubopa

C NoaxopALwen Nonocor NponyckaHua aAnAa M3aMepeHuin LndpoBbIx

M aHanoroBsbIxX curHanos. Ho cHavyana naBanTe naaum onpeaeneHne TPMUHY
“nonoca nponyckaHua ocuunnorpada”.

OnpepeneHne nonocbl nponyckauua ocuunnorpada

Bce ocuunnorpadobl o6nagatotT amnnuTyaHO-HU3KOYaCTOTHOM
XapaKTepUCTUKOM’, KOTopas UMEET HaKMOH BHU3 Ha BbICOKMX YacToTax, Kak
nokasaHo Ha Puc. 33. BonblIMHCTBO ocuunnorpadoB ¢ XxapakTepUCTUKON
nonocbl nponyckanua 1 I'Mu n HUXXe nmeroT Tak Ha3biBaemMyto ["ayccoByto
aMnnNUTYQHO-4YaCTOTHYIO XapakTepucTuky. Fayccosa amnnuTygHO-4acTOTHasA
XapakTepucTmMka ocuunnorpaa cooTBeTCTBYEeT O4HOMNOMNOCHOMY (PUNbTPY
HU3KUX YacTOT, C KOTOPbIM Bbl, BOBMOXHO, Y>K€ NO3HaKOMWUMMNCb Ha Kypcax no
M3y4YeHUIO Lenen, n MoXeT BbITb Aa)ke CTPOUNK AnA HUX anarpammsl bope.

Agilent Technologies 63
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0dB

-3dB

- Attenuation

Frequency ——

Puc. 33 [ayccoBa aMnnuTyaHO-4aCTOTHAA XapakTepucTuka ocuunnorpadca

Camasn HuM3KaA YacToTa, NPU KOTOPOW BXOAHOW curHan ocrnabnaerca Ha 3 ab,
Ha3blBaeTcA nonocon nponyckaHua ocuunorpada (fgyy). 3aTyxaHue curHana
B MOMeHT -3 ab cootBeTcTBYET npumepHo -30% owunbkun B amnnutyae.
Lpyrumun cnoeamum, ecnv BXoAHOM curHan (CMHycouaanbHana BONHa ¢ ABONHOWN
amnnutygon 1 B nyactoton 100 MIl'y) noctynaeT B ocuunnorpad ¢ nomnoco
nponyckaHua 100 Ml'uy, To nsmepAaemas Ha HeM ABOMHasA amnnuTyaa 6ynet
HaxoaUTbcA B AnanasoHe npumepHo 700 mB (-3 o =20 Log [0,707/1,0]).
HeB0O3MO>HO BbINOMHUTb TOYHbIE UBMEPEHUA CUTHANOB, Y KOTOPbIX
CYLLECTBEHHbIN AMana3oH 4acToT NPUXOANTCA Ha YacToTbl, 6BNIN3KMe K nonoce
nponyckaHua ocuunnorpada.

C nonocoi nponyckaHua ocuunnorpadga TeCHO CBA3aHa Takas
XapaKTepucTuka, kak BpemMsa HapacTaHua. [pnbnuantenbHoe BpemA
HapacTaHuA ocuuMnnorpada ¢ amnianMTyaHO-4aCTOTHOM XapaKTepUCTUKOM
ayccoBa Tuna coctasnsaet 0,35/fgy Ha ocHoBe kputepua 10% no 90%. OaHako
BpeMA HapacTaHuA ocuunnorpada He ABNAeTcA Haubonblleih CKOPOCTbIO
hpoHTa, KOTOopyto ocuuniorpad MoXeT To4HO nameputb. OHO NpeacTaBnAeT
coboit HanbonbLyo CKOPOCTb (hpPOHTA, KOTOPYH MOXKET co3aaTb Npubop npu
TeopeTnyeckn 6eCKOHEeYHO 6bICTPOM BPpEMEHW HapacTaHUA BXOAHOMO CMrHana
(0 nc). HecmoTpA Ha TO, YTO 3Ty TEOPETMUUYECKYIO XapaKTEPUCTUKY
HEBO3MO>KHO NPOBEepPUTHb (Tak Kak reHepaTopbl UMMNYNbCOB HE MOTYT
co3naBaTb 6€CKOHEYHO ObICTpble PPOHTLI), Ha NPAaKTUKE MOXXHO U3MEPUTb
BpeMA HapacTaHuA ocuunnorpada, ecrnv noaatb MMMNynNbC CO CKOPOCTAMU
cdpoHTOB B 5-10 pas 6bicTpee, YeM XxapakTepUCcTUKa BpeMeHU HapacTaHuA
npubopa.
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Yye6Hoe noco6ue no onpepenexunio nonochbl nponyckanua ocumnnorpaa B

Tpebyeman nonoca nponyckaHua AnA aHanoroBbiX CUrHanoB

PaHee 60MnbLIMHCTBO NPON3BOAUTENEN PeKOMeHAOBaNM ocuunnorpadsbl

C NOrocoi NponyckaHuA No KpanHen mepe B Tpu a3a 6onblUen, yem
MaKcMMaribHaA YyacToTa BXOAHOI0 cUrHana. 9Ty peKkoMeHAaunto MoXeT eLle
NOMHMWTb Ball NpenoaasaTtenb. HecMoTpa Ha To, 4TO KO3hPULMEHT 3 He
NPUMEHUM K LMPOBbIM CUTHaNamM, OCHOBaHHbIM Ha TaKTOBbIX YacToTax

M CKPOCTAX (PPOHTOB, OH NMO-NpPEXHEMY AEACTBUTENEH ANA aHaNoroBbIX
CUrHanos, Hanpumep MmoaynvpoBaHHou PY. YTob6bl NnoATb, 0TKyAa BO3HUK
koadhcuumeHT 3, AaBaiTe paCCMOTPUM pearbHY aMANUTYAHO-4aCTOTHYIO
XapakTepucTuky ocuunnrpada ¢ nonocoiu nponyckanua 1 Iu.

Ha Puc. 34 nokasaHa npoBepka U3MepeHHOW aMNinUTyaAHO-4aCcTOTHOM
xapaktepuctuku (ot 1 MINy go 2 I'Mu) ana ocumnnorpada Agilent nonocoi
nponyckaHma 1 I'Mu. Ha rpaduke BuaHo, uyto npu 1 My namepaemolit
BbIXOAHOM curHan (KpuBasa Ha gucnree ocuunnorpadga) 3aTyxaeT 4yTb MeHee
yem Ha 3 ab (Vo/Vi > 0,7). YTobbl 06ecneynTb TOYHOCTb U3MEPEHMUA
aHarnoroBbIX CUrHaNoOB, MX He06X0AMMO NPOBOANTbL HA OTHOCUTENbHO MNITOCKOM
yyacTke rpaduka, rge saTyxaHue MuHumanbHo. Mpunbnusutenso oo 1/3
nonocbl nponyckaHua 1 'y ocumnnorpada npmbop AEMOHCTPUPYET OUYEHDb
He3HaunTenbHoe 3aTyxaHue (-0,2 ab).

0.9
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05
0.4
0.3
0.2
0.1

0 1 10 100 1.000 MHz

Puc. 34 PeanbHaa amMnnutyaHO-4acTOTHAA XapakTepuctuka ocuunnorpadca ¢ nonocoin
nponyckanua 1 [Ty ocumnnorpadpa Agilent
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Tpebyemas nonoca nponyckauua pna umcppoBbix npubopos

66

Mpu paboTe B 3NeKTPOHHON NPOMBILWISIEHHOCTU B NOAABIAIOLLEM
60nblIMHCTBE Criy4yaeB NpUMAeTCA MMETb Aeno ¢ ULMpoBbIM cUrHanamum.
Ceituac umdpoBblie TaKTOBbIE CUFHarbl U KaHanbl ANA NocrneaoBaTeNbHOM
nepenayv AaHHbIX UMEIOT NPOMNYCKYH CNOCOOHOCTb B HECKONbKO rMrabut/c.

Mpaktmueckoe npaBuno

Ha npakTnke MO>XXHO pyKOBOACTBOBaTbCA NPaBUIIOM, COrfacHO KOTOpPOMY
nornoca nponyckaHua ocuunnorpacda gon>kHa no MmeHblue mepe B 5 pas
npeBblaTb MaKCMMarbHYH TaKTOBYHO 4YacTOTy TECTUPYEMOM LcpoBoi
cuctembl. B aTom cnyyae npnbop MoXKeT perncTtpMpoBaTb Aaxke nATyr
rapMoOHWKY C MMHUMAarnbHbIM 3aTyXaHUEeM CUrHana. 3Ta rapMoOHUKa OYEHb
Ba>kHa Ana onpeneneHma obwen dopmbl LM POBLIX CUTHAMNOB.

fBW >=5hx fc"(

OaHako AnA TOYHbIX U3MEPEHN BbICOKOCKOPOCTHbIX PPOHTOB 3Ta NpocTasn
copMyrna He y4nTbIBaeT pearibHbIX BbICOKOYACTOTHbIX COCTaBMAIOLMX,
KOTOpbl€ NPUCYTCTBYIOT B GbICTPbIX NepeAHMX U 3aHUX PPOHTAX.

LLar 1. Onpepenexne cambix ObICTPbIX peanbHbIX cKopocTen hpoHTOB

Bonee TouHbI MeToA onpeaeneHna TpebyemMoi Nonockl NPoONyckaHuA
ocuunnorpada 3aknto4yaeTca B BbIABIIEHUU MAaKCUMITbHOW 4acTOTbl LMD POBbIX
CWUrHanoB, KOTOpaa He COBMaAaeT C MaKkCMMarnbHON TaKTOBOM YaCTOTOMN.
MakcumanbHana yacoTa 6yaeT 3aBUCETb OT caMbiX BbICTPbIX CKOPOCTEW
thpoHTOB B cxemax. CHayana Hy>kHO OonpeAenvTb BpEMA HapacTaHuA M cnaja
cambix 6bICTPbIX curHanoB. O6bIYHO CBeAEHMA O HUX HAaXOAATCA

B cneundmrKkaumax ycTporucTB, MCNONb3yEMbIX B CXEME.

LWar 2. Pacyer f,,,,,

[nAa onpepeneHnAa makcMManbHOW U AOCTUXKMMOM Ha NPakKTUKE YaCcTOTHOWM
cocTaBnAlowWwen ncnonbayetca npoctasa popmyna. Nlosapa B. >koHcoH (Dr.
Howard W. Johnson) Hanucan Ha aty Temy kHury: “High-speed Digital Design
— A Handbook of Black Magic” (KoHCcTpynpoBaHME BbICOKOCKOPOCTHbIX

UM POBbIX YCTPOMCTB. HayanbHbIA Kypc YepHOM Marunm). 1 B Heit aTa
4acTOTHaA COCTaBNAOLWAaA Ha3blBaeTcA YacToTon nsnoma (f,,,). ¥ Bcex
6bICTPbIX PPOHTOB €CTb 6ECKOHEYHOE MHOXKECTBO YaCTOTHbIX COCTaBMAOLLMX.
OpHako B YaCTOTHOM CneKTpe 6bITPpbIX DPOHTOB MMEETCA HEKUW U3NOM, Fae
4acTOTHble COCTaBNAOLLME C HacTOTOM, NpeBblwatoLlen f,,,, AsnaoTca
HeBa>XHbIMUW ANA onpeAeneHna opmbl curHana.
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Yye6Hoe noco6ue no onpepenexunio nonochbl nponyckanua ocumnnorpaa B

20 = 0.5/RT (10% 90%)
,2n = 0.4/RT (20% 80%)

Y curHanoB ¢ xapakTepPUCTUKAMM BPEMEHMW HapacTaHMA, OCHOBAHHbIX Ha
noporax oT 10% no 90%, f,,;, pasHa 0,5/Bpema HapacTaHuA curHana.

Y curHanoB ¢ xapakTepUCTUKaMu BpeMeHU HapacTaHMA, OCHOBaHHbIX Ha
nopora ot 20% no 80%, 4To O4eHb YACTO BCTpPeYaeTcA B crneundukaumsax Ha
coBpeMeHHble npubopsl, f,,, paBHa 0,4/Bpema HapacTaHuA curHana. He
nyTanTe 3T 3HaYeHUA BPEMEHM HapacTaHUA C onpedereHHbIM B ocUUNorpae
BpeMeHeM HapacTaHuA. Celluac pedb NaeT 0 CKOPOCTAX PPOHTOB peanbHbIX
CUrHanos.

LLiar 3. Pacuer nonocbl nponyckaHwua ocuunnorpada

Ha paHHOM aTane BbIMOMHMM pacyeT Nofiockl NPOMNycKaHuA, KoTopas
TpebyeTcA OAnA M3MEePEHMA 3TOro CUrHamna Ha OCHOBaHMN HY>KHON TOYHOCTHU
npu onpeaeneHn BpeMeHM HapacTaHuA u cnaga. B Tabnuua 2 npuBeaeHbl
koadhhmnumeHTbl ANAa ocumnnorpados ¢ ayccoBoit aMnnUTyAHO-4aCTOTHOM
XapaKTePUCTUKOM NpU pa3HbIX CTEMEHAX TOYHOCTW.

Tabn.2 KoaddmumeHntsl Ana onpeseneHna ipebyemoit nonocsl
nponyckaHua ocuunnorpaca ¢ Hy>XHoi TOYHOCTbIO

Tpebyemaa TouHOCTD Tpebyemaa nonoca
nponyckaHua

20% fgw = 1.0 x {5,

10% fgw = 1.3 xf,3,

3% fgw = 1.9 x {3,

Mpumep

PaccmoTpum cnenytowmin npumep.

Onpeaenum MUHUManbHYHO Tpebyemyro nonocy
nponyckanua ocuunnorpadcpa co cxoxxei FayccoBou
aMNAUTYAHO-YACTOTHOW XapaKTepUCTUKOM, YToObI
u3meputb Bpema Hapactanuua 1 uc (10-90%)
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Ecnu npumepHoe Bpema HapacTaHuA/cnaaa curHana coctasnaeT 1 HC (Ha
ocHoBaHuu kputepua 10-90%), To MmakcMmanbHaa acCTOTHaA COCTaBMAtOLLaA
(f4an) B CUTHane, koTopan Ba>kHa Ha NpakTuke, GyAeT COCTaBNATb OKOMNO
500 Mrw.

f,27 = 0.5/1 1c = 500 MI'y

Ecnv npu npoBeaeHuUn napameTpuiecKux U3MepeHnint BpeMeHu HapacTaHuWA
M cnaga ownbku cuHxpoHusauum o 20% gonycTumebl, TO ANA U3MepeHus
LuMPOBLIX CUTHANOB MOXXHO UCMONb30BaTh Ocuunnorpadg ¢ nonocoun
nponyckaHua 500 MI'u. Ho ecnu TpebyeTcAa NOrpelHocTb BO BDEMEHU He
6onee 3%, To Ny4uwe BbibpaTb Npubop ¢ nonocok nponyckanuna 1 INu.

TouHocTb cuHXxponn3aunu 20%:
Monoca nponyckanua ocumnnorpaca = 1,0 x
500 MI'y = 500 MI'y

TouHocTb cMHXpoHU3auuu 3%:
Monoca nponyckanua ocuunnorpaca = 1,9 x
500 MI'y = 950 Ml'y

Tenepb BbINONTHUM HECKOJbKO N3MEPEHUI LM(PPOBOro TaKTOBOro CUrHana
C XapaKTepucTnukamm, CXOXXMMU C 3TUM NPUMEOM, ucnornb3ya ocuunnorpad
C pa3HbIMM Nonocamu NPonyckKaHuaA.

CpaBHeHue MSMGPEHMﬁ I.l,M(prBbIX TaKTOBbIX CUTHANOB

Ha Puc. 35 nokasaHbl peaynbTaTbl UMepeHUsa UMEPOBOro cUrHarna c 4acToTom
avckpeTtmsaummn 100 MIy ¢ 6bICTPbIMU CKOPOCTAMU PPHTOB NpwU
ncnonb3oBaHuM ocumnnorpada ¢ yactoton nponyckaHua 100 MI'u. Kak
MO>HO BUAETb Ha PUCYHKe, ocumnnorpad NnpocTo nponyckaeT 6e3 uameHeHuU
OCHOBHY YacToTHYto cocTaenatowyto 100 MMy aToro TakTOBOro CMrHana v oH
NOX0> Ha CMHycouaanbHyto BonHy. [Nonoca nponyckaHua 100 MMy noaxoauT
anA MHorux 8-6MTHbIX cxem Ha 6aze MCU ¢ taktoBbiMu yactoTamu ot 10 My
0o 20 Mlu, ogHako Takoi nNonocbl NponyckaHuA abconoTHO HeJOCTaTOYHO
OnA aaHHoro uudposoro TaktoBoro curHana 100 MlTu,
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Yye6Hoe noco6ue no onpeaenexuto nonockbl nponyckanua ocuunnorpatpa B

i 2000/ ] ] # 00s 5005/ Auto £ 0.0V

Rise(1): 2.55ns
Source <) Select: ] Measure Settings Clear Meas Statistics
1

Rise Rise ~i ~i ~i

Puc. 35 Lnchpoeoit TaktoBblid curdan 100 MI'u, 3apernctpupoBaHHbIiA ocumnnorpacom
¢ nonocoit nponyckanua 100 Mly

Ocuwunnorpad ¢ nonocou nponyckanuna 500 MI'y moXkeT permctpmupoBaTh Bce
cocTaBnAloLWMeE BNIOTb A0 NATON rAPMOHUKMK, YTO ABMAETCA NEPBOM
NpakTUYecKom pekomeHaaumnen, aTo nokasaHo Ha Puc. 36. OgHako npu
n3mMepeHun BpeMeHM HapacTaHua ocumnnorpad nokaxet okono 750 nc.
WHbIMK cnoBamu, 3TOT Npubop He NoAXOAUT ANA OYEeHb TOYHOIO U3MEpPEHUA
BpeMeHM HapacTaHWA JaHHOro curHana. AToT ocuMnnorpad onpeaenun
BENuUUMH, 6nmnsKkyto K ero cobcTtBeHHOMY BpemMmeHu HapacTaHua (700 nc), a He
BpeMA HapacTaHuA BXOAHOro curHana, 6nunaskoe k 500 nc. Ecnu namepeHun
3HaAYeHUN BpeMeHU ABMAKTCA BaXKHbIMM, TO ANA 3TOro LMGPPOBOro curHana
noTpebyeTtca ocuunnoradg c 6onblie NofIocon NponyckaHus.
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Yye6Hoe nocobue no onpeaeneHnto Nonochbl nponyckaHua ocuunnorpadca

i 2000/ # 00s 5005/ Auto £ 0.0V

Rise(1 ): 750ps

Horizontal Menu 4.00GSa/s
<) Time Mode Zoom Fine Time Ref
Normal | | Center

Puc. 36 LUndposoii Taktosbiii curian 100 MI'u, 3apernctpupoBaHHbIii ocuunnorpacgom
¢ nonocoit nponyckanua 500 Mly

Ecnu ncnonb3oBatb ocuunnorpacd ¢ nonocon nponyckanva 1 My ana
pernctpaunm umudposoro TaktoBoro curdana 100 MlMy, To npeacraBneHue
curHana 6yaet ropasno 6onee TOYHbIM, Kak nokasaHo Ha Puc. 37. MoxHo
namepuTtb 6oree BbICOKMe 3HaYEHUA BpeMeHW HapacTaHuA U cnaaa,
HabnoaalTCA MeHbLIEee OTKITOHEHNE U AaXKe ABa YIIOBUMbIE OTPa>KeHuA,
KOTOpble CKpbIBan ocuunnorpad ¢ MeHbLelk NONOCO NPONycKaHuWA.
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Yye6Hoe noco6ue no onpeaenexuto nonockbl nponyckanua ocuunnorpatpa B

i 2000/ ] ] # 00s 5005/ Auto £ 1250

Rise(1 ): 550ps

Horizontal Menu 4.00GSa/s
<) Time Mode Zoom Fine Time Ref
Normal | | Center

Puc.37  Uudposoii TaktoBblid curian 100 My, 3apeructpupoBaHHbIit ocuunnorpadom ¢
nonocoi nponyckanua 11Ty

B aTom yuebHOM nocobum no onpeneneHnto Nonockl NponyckaHuA
ocuunnorpaca oCHoBHOe BHMMaHUe yaeneHo ocuunnorpacdgam c Nayccoson
aMnNUTYAHO-4YaCTOTHOM XapaKTePUCTUKOMN, KOTopasa 06bl4HO UMeeTcA y
npubopos ¢ nonocou nponyckanua 1 My 1 HUXxe. Y mHorux ocumnnorpados
¢ 6onblen NONoOCco NponyckaHMA aMNAUTYAHO-4aCTOTHAA XapakTepucTuka
obnpaet 6onee pe3kum cnagom. C Takoil xapakTepPUCTMKOM 4acTOThI,
HaxoAALMecA BHYTPU nonockl nponyckaHuna (Huxe -3 ab), 3aTyxatoT MeHblLue,
a Te, YTo HaxoanaTcA BHe ee (Bbilwe -3 ob), ocnabeBatoT B 60nblUEN CTENEHM.
TakoW TMN aMNNUTYAHO-4aCTOTHOWM XapakTePUCTUKU, KOTOPbIA HaYnHaeTcA

C naeanbHoro dounbTpa, UHOrAa Ha3blBaklOT MakKCUMarnbHO NMIIOCKOM
aMnnUTYAHO-4aCTOTHOM xapakTepuctukoin. [lna pacuerta Tpebyemoit nonochl
nponyckaHua (> 1 ITu) Takux ocunnnorpacdoB UCNONb3YHOTCA Apyrue
cdopmynbl. lononHUTENbHbIE CBEAEHUA NO NONOCce NPonyckaHnA
ocumnnrpada Mo>KHO HanTK B 3arpy>kaemMom npunoxxeHuu Agilent “Bbibop
nosiocbl nponycKaHuA ocyurisioepagoe 051 KoHKpemHol obriacmu
npumeHeHuUA". 3ta Nnybnukauma n MHCTPYKLUM MO 3arpyske npuBeneHbl

B pasgene “Cnucok nutepaTypbl Agilent” aToro pykoBoacTs.

L High-Speed Digital Design, A Handbook of Black Magic, Howard Johnson, Martin Graham, 1993, Prentice
Hall PTD, Prentice-Hall, Inc, Upper Saddle River, New Jersey 07458
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