Meroaunueckue yka3zaHus K JlabopaTopHoi padboTe

«OcumiorpadgupoBanme 3JIeKTPUIECKHUX CUTHAJIOB HU(PPOBBLIM OCHILIOTPadom»
JUTSL CTYJICHTOB, OOYYAIOIINXCS B PaMKaX YHH(PHUIIMPOBAHHBIX JTACIUTUIHH:
Onektponuka 1.1
OnekTpoHuka 1.2

OnektpoHuka 1.3



1. IIEJIb PABOTbI

OcBoeHHE METOJIOB HM3MEPEHUS MapaMEeTpPOB JSJICKTPUYECKHX CHUTHAIOB C
nomonibio nudposoro ocumwmiorpada RIGOL DS1052E. 3nakoMcTBO €
NPOCTEHIIMMH  DIICKTPUYCCKUMH  LEMSIMU, I[IUPOKO  HMCIOJB3YIOUIMMUCS B
IIEKTPOHUKE.

2. IPEJABAPUTEJIbHOE 3AJAHUE

2.1. U3yunte npuHIMO paboOThl, OCHOBHBIE (DYHKIHM U OpraHbl yIpPaBICHUS
ociuiorpada.

2.2. Paccuntarp ko3(pUIMEHT JeneHus pe3ucTuBHOro aenutens (puc. 4.1)
Kir = R/(R1+R;)  mns  comporuBienmici  pe3uctopoB: R; =1xkOm (10 kOm);
R, =560 Om, 3 kOM, 5 kOm, 10 kOM. Pesynbrarhl pacuera oQOopMUTH B BHUJC
TaOJHIIBI.

3. TEOPETUHYECKHUE CBEJAEHU A

3.1. Ocumorpad
Ocummiorpa — u3MepUTENbHBI  OpuOOp, MpeAHA3HAYEHHBIA IS

BHU3YyaJIbHOI'O Ha6JII-OIICHI/IH N UCCIICAOBAHUA SJICKTPUICCKUX CUTHAJIOB.

YCeTpoicTBO M NPUHIMIT AEHCTBUSA ocHuIorpaga
C JIEKTPOHHO-JIy4eBOH TPYOKOil

B ocHoBe paboThl ociumiorpada JeKUT MpeoOpa3oBaHUE MCCIIETYyEMbIX
AIEKTPUYECKUX CHUTHAJIOB B BHUIUMOE H300paKCHHE Ha JKpaHE >JICKTPOHHO-

JTy4€eBOM TPYOKHU.
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Puc. 3.1. VYmpomeHHas QyHKIHOHaIbHAS cxemMa ocnuwuiorpada ¢ 3JIeKTPOHHO-TYYeBOH
TpyOkoit. I1; — nmepekimtouarens pexxuma Bxona («AC» — 3akpbIThiil BxoJ, «DC» — OTKpBITHIH
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Bxon); Il —nmepexknrouarens HCTOYHMKA CUHXpoHM3anuu («BHyTp.» — BHYyTpeHH:A
CUHXpOHM3aLMs, «BHeml.» — BHemHAsA cuHXpoHu3auus); [13 — nepexmtodarens BxonoB YI'O

B cocraB ¢yHkmumonanpHONM cxembl (puc. 3.1) ocmmwmiorpada BXOIST
cienmyronue OJOKHM: AJIeKTpOoHHO-imydeBas Tpyoka (DJIT), arrenroatop (A),
YCUJIUTENh BepTUKaNbHOTO OTKIOHeHUs (YBO), ycuiurtenb ropu30HTaIbHOTO
otrkionenus (YI'O), 610k cunxpounusanuu (bC), reneparop passeptku (I'P), 610k
nutanus (bIT).

['maBHBIM y3510M ocHuiorpada sBISETCS 3JIEKTPOHHO-IydeBas TpyoOka,
IpECTaBISIIONIAasl cOOOM CTEKISIHHYIO KOOy, 3alassHHYIO C OJIHOM CTOPOHBI U
paclupsIoNIytocss ¢ Apyroil cropoHsl Ha KoHyc. Cama TpyOkKa, Kak MpaBuUIo,
UMEeT UWIMHIPUYECKYI0 (OopMy, a paCIIUPSIONIAsCs YacTh MOXKET OBITh Kak
WIMHIPUYECKOH, TaK U MPAMOYToJbHOM hopmbl. Pacimpsromascs 4acte TpyOKku
3aKaHUMBAETCS ITUIOCKOCTHIO, KOTOpasi oOpa3yeT, Tak Ha3biBaeMblil skpaH OJIT.
BHyTpeHHSs 4acTh 3KpaHa MOKPBITA CHELUAIBHBIM COCTABOM — JIIOMUHOPOPOM.
['maBHBIM CBOWMCTBOM JIOMUHO(Opa SBISETCS CHOCOOHOCTb CBETUTHCS IIpU
OOMOapUPOBKE €ro AJIEKTPOHHBIM IMYyYKOM. Takas CHOCOOHOCTb Ha3bIBACTCS
JIIOMUHECUECHUUA.

BHyTpu TpyOKH BIOJIb IIEHTPAJbHON OCH pPaCHoJIaraeTcsl I71eKMmpOHHbLI
npodiceKmop, TPENCTABIAIOIUN cO00M CUCTEMY 3JIEKTPOJOB, C IOMOIIBIO
KOTOpoW (opMHUpYETCS Y3KUI MOTOK JJIEKTPOHOB (DJIEKTPOHHBIM Iy4OK) —
anekmponnwti ayy. Kpome npoxekTopa, BHyTpU TPYOKH HAXOIATCS JIBE IMaphl
B3aMMHO IE€PHEHAMKYJSIPHBIX IUIACTHH, MPEIHA3HAYECHHBIX Ui IEPEMEIICHUS
JIEKTPOHHOI'O Iy4YKa BJIOJb JKpaHa M IOJIYYEHHs] Ha JKpaHE TaK Ha3bIBAEMBIX
ocyunnozpamm. Opna mnapa (Y-IUIaCTUHBI)  HA3bIBA€TCS  BEPTHKAIBHO
otknonsAromue maactuHel (BOII) pacnonoxxena ropuzontansHo. Bropas nmapa (X-
IUIACTUHBI),  PACMOJOKEHHAas  BEPTUKAIbHO, HA3BIBAETCS  FOPU3OHTAIBHO
oTkyoHsAomuMe miactuHsl (I'OIT).

B cocraB QJICKTPOHHOI'O ITPOKCKTOPA BXOAUT:

1. Kamoo (K) sBusercs WMCTOYHHUKOM DIIEKTPOHOB, HCITYCKA€MBIX IO
JeHCTBUEM BBICOKHUX TeMIiepaTyp (aTOT mpoiiecc Ha3bIBACTCA
MepmMoINeKmpoHHoUl  Imuccuentr). Jlnsg  HarpeBa  KaTojJa  HCHOJIb3YETCS
creruanbHas Cupalib, Ha KOTOPYIO TOIaeTcs HanpspkeHne Hakama U,,,.

2. Ynpaenarowuit 3nexkmpoo (YJ) unu mooyaamop (M) npeaHazHaueH s
MIEPBOHAYAIILHOTO (DOKYCHPOBAHUS JJICKTPOHHOTO IydKa W PEryJUpPOBaHUS
SPKOCTH CBEYCHHUs H300pakeHUsi Ha OHKpaHe. K ympapisionieMy 3IEKTPOLY
MIPUKJIAABIBACTCS OTPHUIIATSIIBHOE HAIIPSKEHUE OTHOCUTEIBHO KaTO/1a.

3. @okycupyrowuit Inekmpoo (D) wiu nepevtit anod (A1) CIYXKUAT s
YCKOPEHHS DJICKTPOHOB, BXOSIIMX B AJCKTPOHHBIA MyYOK U €ro (DOKYCHPOBKH,
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T.C. I CHMXCHHA IIONCPCYHOIO0 CCUCHUA IIy4Ka. K JaHHOMY OJICKTPOAY
MMPHUKIAABIBACTCS IMOJOXKUTCIbHOC HAIIPSAKCHNUE OTHOCHUTCIIBHO KaTOAa.

4. Bmopoit anoo (A;) wucnonb3dyercs Uil JalbHEHIIETr0  yCKOPEHHs
AMEKTPOHOB. K 3JeKTpoly MNpUKIaIbIBaeTCs caMoe OOJbIIOe HaIpsKEHUE
OTHOCHUTEJIBHO KaTO0J1a, COCTABJISIIONIEE HECKOIBKO €AUHUI[-IECITKOB KIJIOBOJIBT. B
COBOKYMHOCTHU C (DOKYCUPYIOIIHUM AJIEKTPOJIOM BTOPOM aHOJI TaK>Ke MpeTHA3ZHAUCH
JUTs1 POKYCUPOBKH AJIEKTPOHHOTO TyYKa.

KOHCTpYKTHUBHO BCE 3JEKTPOJIbI 3IEKTPOHHOIO MPOKEKTOPA BBINOJHEHBI B
BU/IE MOJIBIX HUJIMHAPOB, PACIIOIOKEHHBIX 110 OCU TPYOKH, U UMEIOT MEPErOPOJIKH
C oTBepcTusMH. JlBa COCEOHUX DBJEKTpoaa o0O0pas3ylT, TaK Ha3bIBAEMYIO
INNEKMPOHHYIO JIUH3Y.

[lomaya HanpspDKEHW Ha  DJIEKTPOHHBIM  NPOKEKTOP  OCYIIECTBIIIETCS
cienyromuM oopazoM. Karoa nmeer HyneBol MOTEHIMAT OTHOCUTEIBHO «3EMIIH.
Jis  pOKycUpOBKHM 3JEKTPOHHOTO Jyda Ha DD mnomaercs MOJN0KUTEIbHOE
HaIpsHKEHUE OTHOCHUTENIBHO KaTo/a, BEIMYHMHY KOTOPOTO MOYKHO MEHSTh C
MOMOIIbIO CIIENUAIBHOTO ToTeHImoMeTpa «®Dok.». K aHomy A, NOpHIOKEHO
MOJIOKUTENIBHOE HaNpshKeHHe. BenmnurHa JaHHOrO HaNpsKEHUs: oI0MpaeTcs pu
HacTporike npudopa. [{1s1 ynpapieHnuss HHTEHCUBHOCTBIO JIEKTPOHHOTO Jy4ya K YO
OTHOCUTEIBHO KaTOJa IMPUIOKEHO OTPUUATEIbHOE HANpPsIKEHHWE, BeEJINYMHA
KOTOPOT'O PETYIUPYETCS NOTECHIIMOMETPOM «SIpK.».

OJIGKTPOHHBIA ~ TMPOKEKTOP  HM3JIy4YaeT Y3KUM MMY4YOK DJJEKTPOHOB —
AJICKTPOHHBIN JIy4, KOTOPBIM MPOXOAUT MEXKIY MapaMu OTKJIOHSIOIIMUX TJIACTHH.
[Tox nericTBUEM HANpPSHKEHUM, MOJABAEMbIX HA 3T IUIACTUHBI 3JICKTPOHHBIN JTy4

OTKJIOHAETCS 10 ocsiM X U Y, BBI3bIBasl MEPEMEILIEHUE CBETOBOTO MATHA HA YKpaHe
OJIT.

PaccmoTpum mpuHIMn (GopMuUpOBaHUS BHAUMOTO H300pa)KEHUs Ha DKpaHE
ocuiorpada.

1. Ecnu x otknonstonum mactuHaM (OI) He mpukimanbiBaTh HAMPSKEHUS, TO
SJIEKTPOHHBIH JTyd OyIeT MaaaTh B IEHTPAIbHYIO TOUKY 3KpaHa 1 (Ha puc. 3.2).

2. Ecnn monBectw curHan K Y-IUIaCTMHAM, HalpUMeEp, CHUHYCOUAAIBHOE
HaIpspKeHUe, a BTOpYro napy (X-IJIacTUHBI) OCTaBUTh 0€3 MOTEHLUUANOB, TO Ha
AKpaHe OyJieM BUJIETh BEPTUKAIIbHYIO JJUHUIO 2, IJIMHA KOTOPOH OyJEeT 3aBHCETh OT
BEJIMYMHBI PUJIOKEHHOTO HanpspkeHus (puc. 3.2).

3. Honagum CUHYCOHJIATLHOE HanpsHKCHUE K X-TIJIacTUHAM,
a Y-TUIaCTUHBI OCTaBUM CBOOOAHBIMH, O€3 MOTEeHIMaaoB. B »Tom ciydae Ha
AKpaHe OyneT oToOpaxaThCsl TOpU3OHTANbHAS JIUHUA 3 (puc. 3.2). JlnuHa JTuHUMA
OTIPEJIEISIETCS aMIUTUTYI0M CUTHAJIA.



Yo

Puc. 3.2. CxemaTuyHo€ U300pakeHHE OTKIOHSIOMINX TUIACTUH
U ipuMepbl GopMHUpoBaHUs u3o0paxeHus Ha sxpane IJIT

4. Ecnu moiath OJHOBPEMEHHO JBE CUHYCOHIbl Ha X- U Y-IJIACTUHBI, TO HA
sKpaHe OyJieM BUJIETh JMHUIO MO/ yriioM 45°, npu ycioBuu, 4TO (Ha30BbIA CIBUT
MEXy CHHYCOMJaMH OTCYTCTBYeT (puc. 3.3).
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Puc. 3.3. U306paxkenue Ha sxkpane DJIT npu nogaue na OI1
JBYX CUH(A3HBIX CUHYCOUIATIbHBIX HAIIPSKECHUN
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Puc. 3.4. U306paxxenue Ha skpane DJIT npu nogaue Ha OIl nporrBodazHbIx
CUTHAJIOB
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Puc. 3.5. U306paxenue Ha sxkpane DJIT npu mogaue na OI1
CUTHAJIOB C (ha30BBIM CABUTOM /2

5. Ecnu Ha o6e maper OIl moaats npoTuBoQa3Hble HAMPSKEHU, TO HA SKpaHe
ANEKTPOHHBIN JIyd C(HOPMUPYET JIMHUIO, MPOXOAAIIYIO YEepe3 LIEHTP SKpaHa IIo
yrioM munyc 45° (puc. 3.4).

6. Ilpu nmogaye Ha MJIACTUHBI CHHYCOUAIBHBIX CUTHAJIOB, CIBUHYTHIX Ha TU/2, B
LICHTPE Ha dKpaHe 0TOOpa3UTCs OKPYKHOCTH (puc. 3.5).

IIpuMeuanue: moyeMy Mbl BHIAUM JIMHUM Ha 3kpaHe? Eciu Obl rias
yeJioBeKa ObUT COBEPILICHHBIM, T.€. 00Jagal Obl OECKOHEYHO OOJIBIION CKOPOCTHIO
BOCIIPHUATHSI HH(POPMAIIUU, TO YEIOBEK BHJIECT OBl TIEPEMEICHNE TOYKHU 110 SKPaHy.
[TockonbKy Ta3 SBISETCS WHEPIMOHHBIM OPTaHOM, YEJIOBEK BHAMT Ha DKpaHE
CBETSAIIYIOCS JIMHUIO TIPU TOCTATOYHO OOJIBIIION YacTOTe BXOIHOTO curHajia. Ecim
YaCcTOTy BXOJIHOTO CUTHaja cjaeiarh MajeHbkodl =~ 1 I'l, To a3 Oyner BUIETH
MEPEMEIIEHHUE CBETSIIEHUCS TOUKH.

N3o06pakenne, modydeHHOE Ha dKpaHe ocuuiorpada moj JeHCTBUEM JIBYX
CUHYCOMJAIbHBIX CUTHAJIOB, MOCTYMAIOUIMX HA IUIACTHMHBI TOPU30HTAIBHOTO M
BEPTUKAIBHOTO OTKJIOHEHUS] OTHOBPEMEHHO, Ha3bIBaeTCsl gpuzypoit Juccarxcy. 11o
BUJY JaHHOW (UTYphl MOXKHO oOmpeaeauTh (a30BbI CIBUT MEXKAY ABYyMS
CUHYCOUJAJbHBIMU CUTHAJIAMU C OMHAKOBOM yacToToi. B o0miem ciyuae urypa,
nojydaeMasi Ha dKkpaHe ocuwuiorpada, mpeacrariser codoi smmrnc (puc. 3.6).
®da30BbIil CABUT, B Ipajlycax, paCCUUTHIBACTCS 1O (HOpMYJIE:
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CCJIM PasMCPbl CHHYCOU/] Ha SKPAHC OANHAKOBBI.



Nsmepenne pasHoctu ¢a3z metonom (uryp Jlnccaxy MOKHO MPOU3BOIUTH
TOJNILKO C TIOMOIIBIO JBYXKaHAIbHOTO ocuuuiorpada, paboTaromero B
crietiuduyeckom pexcume X-Y.

1

Puc. 3.6. @urypa Jluccaxy. A — paccTosiHuE MEXIy TOUKaMHU NIEPECEUCHUS
AJUTUIICA U EHTPAJIbHON BEPTUKAJILHOM JIMHUM 9KpaHa; B — MakcuMaiibHbIN
pasmep
AIUTUIICA IO BEPTHKAIH

Pexxum X-Y 103BOJIIE€T MOJYYUTh 3aBUCUMOCTD MEXIY JIByMS BEITMYMHAMU B
JIEKapTOBOM CHCTEME KOOpAMHAT Ha 3KpaHe ocuuiuiorpada. Hampumep, naHHBIN
peXUM TO3BOJISIET IOJy4YaTh Ha OHKpaHe ocHwuiorpadga BOJIbT-aMIIEPHBIC
XapakTepUCTUKU JIUOJa, CTAOMJIUTPOHA, TMETIM THUCTEpe3ruca MarHUTHBIX
MatepuanoB u Ap. Pexum X-Y sBusercda crneunpuuecKuM M HCHOJIb3YyeTCs
JIOCTATOYHO pelko. B  00bIUHOM peXuMe, Ha3bIBAEMOM  KIACCUUECKUM,
uccienyembiii curtan mnojaercs Ha BOII, a na I'OIl — nuHeliHOMEHsIOIIEECS
Hanpspkenue (puc. 3.7), Ha3bIBAEMOC Hanpsdicenuem pazeepmiku (pazeepmka),
BBIPA0ATEIBAEMOC 2eHepamopom pazeepmiu (2enepamop nuivl).

Ecni Ha miacTUHBI TOPU3OHTAIBHOIO OTKJIOHEHUS MOJaBaTh TOJIBKO
HaIpsHDKEHUE Pa3BepTKH, TO Ha HKpaHe OyaeT HaOJI0AaThCsl TOPU3OHTAIbHAs
CBETALIASACA JMHHUS pa3BEPTKU. 3a BpeMsi NOPsIMOrO XOJa CBETAIIAACS TOYKa
NepeMeNaeTcsl ¢ MOCTOSHHOM CKOPOCTBIO M3 KpaHEero JI€BOro MOJIOKEHUS B
KpaiiHee mpaBoe. 3a BpeMs OOpaTHOTO XoOJa NPAKTHUYECKH PaBHOTO HYIIIO,
CBETAILASACA TOYKA IPAKTUYECKH MIHOBEHHO BO3BpallacTCsl B KpalHee JIEBOE
MIOJIOKEHHUE.
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Puc. 3.7. Jlnuarpamma HanpspKeHUS pa3BepTKU (TTHITHI)



B mpocreiiiem cinyyae nzoOpakeHue Ha dKpaHe OyAeT HEMOABHKHO TOJIBKO
KOI'JIa MEpUOJ UCCIEAYEMOr0 CUTHAJIA PAaBEH, MO0 KPATE€H, B MEHBIIYIO CTOPOHY,
NEPUOAY HANpPSDKEHUS pa3BepTKU. s MOydyeHus: yCTOMYMBOIO H300payKeHUs
UCCIIEAYEMOI0 CHTHaja B OCHWLIOrpade OCYIIECTBISAECTCS CUHXPOHUZAUUA
HaIPsHKEHUS! Pa3BEPTKH C UCCieyeMbIM cCUTHAJIOM. bC BbIpaOaThIBa€T UMITYJIbCHI,
3anyckaromue ['P cuHXpoHHO ¢ U3MeHeHueM uccienyemoro curHana. Ha puc. 3.8
NPUBEAECHBI JHArpaMMbl HAIPSDKEHUI HA OTKIIOHSIOIIMX IJIACTHHAX I BXOJHOTO
cunyconganbHoro curhaina. bC 3amyckaer I'P, korga HampsbkeHHE Ha BXOJE
JOCTUTAeT YPOBHA 3alycKamoollero HampspkeHus U.,; Ha KaxXIoM Iepuoje
cunycounbl. Ha skpane DJIT oToOpakaeTcst TOJIBKO 4acTh UCCIETYEMOIO CUTHAIA,
B TEUEHHE KOTOPOU JAEMCTBYET HANPSKEHUE PAa3BEPTKU.

Paznmuuaror nBa BUAA CUHXPOHU3ALUWUU GHYMPEHHAA W 6HeuwiHAn. llpu
BHYTPEHHEW cuHXpoHu3anuu (nepexitodarens [l, — B monmoxenun «BHYTpP.»)
3anyck ['P ocymiecTBisieTcss HEMOCPEICTBEHHO CAMUM BXOJHBIM CUTHajioM. B
pexXuMe BHEIIHEW cuHXpoHu3anuu (nepekitovarens [1, — B monoxenun «BHelr.»)
I'P 3amyckaercs BHEINIHMM CHUTHAQJIOM, I[IOCTYIAIOIIMM HA BXOJ BHELIHEU
cuHXpoHM3anu. OUYeBUAHO, YTO €CIIM HET BHEIIHErO0 CHUTHajla, TO HET U
PAa3BEPTKH.

Y~

Puc. 3.8. narpammsl Hanpsprenuit Ha Ol n nzo6paxkenue Ha sxpane DJIT

CymecTByeT ABa pexuma pabOThl TeHepaTopa pa3BEPTKU HCOYUW4UIL W
asmoxonebamenvuvtit.  (aemomamuueckuir). B oxaymem pexuMe  cxema
CUHXPOHU3AIMKA OJIOKA CHUHXPOHHU3AIMHA TPOUZBOAUT OTOOP MOCTYMAIOIINX
CUTHAJIOB 10 BEJIMYMHE U MOJSPHOCTU (KPUTEPUU 3a7AI0TCA BHEITHUMU OpPTaHAMHU
ynpasienus). Eciu 3T mapamMeTpsl COOTBETCTBYIOT TpeOyembiM, 0ok BC
BbIpa0aThIBACT UMITYJIBCHI, 3amyckatonue ['P CHHXpOHHO ¢ BXOJHBIMU CUTHAJIAMH,
u Ha okpaHe OJIT dopmupyercs cooTBeTcTByIOIIee u3o0paxkenue. [lpu



HECOOTBETCTBUU IapaMeTpoB curHaiioB ['P He 3amyckaercs, clie0BaTeNbHO,
U300paKeHHNE Ha SKpaHe OTCYTCTBYET.

B aBtokonebarensHoM pexxume BC u I'P paboraroT aHamornuHo xaymemy
pexumy. Ecinu BXOoAHBIE CUTHAJIBI HE COOTBETCTBYIOT TPEOOBaHUSIM WJIM BOBCE
OTCYTCTBYIOT Ha Bxoje ocmmmiorpada, I'P padoTaeT ¢ yactoTol mpuOIU3UTETHEHO
paBHoil 100 ['u. Takum oOpa3zoMm, B 3TOM CiIy4a€ CHHXPOHH3ALUS OTCYTCTBYET,
MO3TOMY B JIAaHHOM PEKHMME Ha dKpaHe HaOIIOJAIOTCS «HEYEeTKue» («Oerymme)
OCLIUJIIOTPAMMBI.

HpuHuun aecTBUd ocuuiIorpaga no GyHKuMOHAJIBHOM cxeme

BXo#HOW cHUTHaJNI TMOCHENOBATENbHO MOCTYNAaeT Ha arTeHiaTop A U
yewurens YBO, rae HopMupyeTcst o BeluuuHe (YCUIMBAETCS WK 0ciIa0isieTcs)
70 YpPOBHS YHAOOHOrO [Uisi HAONIOJEHUS. YCUJICHHBIM CHUTHal MOCTyHaeT Ha
IJIACTUHBI BEPTUKAIBHOTO OTKIOHEHUs1 DJIT M OTHOBpEMEHHO, MPU BHYTPEHHEN
CUHXpPOHU3AllUM,  3allyCKaeT TEHepaTop  pa3BEepPTKH,  BbIpAOATHIBAIOIIHIA
nuiiooOpa3Hoe HamnpsbkeHue. ['enepaTop pa3BepTku BbiaaeT curHal Ha YI'O, rae
MUII000pa3HOE HANPSKEHUE YCUIIMBACTCS N0 TpeOyeMOW BEIMYMHBI. Y CHJICHHAs
MJIA TOCTYNAeT HAa TOPU3OHTAJbHBIE OTKIOHSAIomME IacTuHbl DJIT. Takum
oOpaszom, Ha 3kpane DJIT nosBiseTcst BUIMMOE U300paKEHUE BXOAHOIO CUTHAJA.

Ilepexmrouarens Il  3amaer cocrossHue Bxoxma Y. [lonoxkenue
nepekimoyarenss «AC» COOTBETCTBYET «3aKpPBITOMY» BXOAY, T.K. KOHJEHCATOP
NPEMATCTBYET  NPOXOXKIACHUIO  MOCTOSTHHOM COCTaBJIISIIOIICH CUTHAJA,
clieIoBaTeIbHO, HA JKpaHe OyAeT oToOpa)kaThbCsl OCIMJUIOrpaMMa CHUrHaia 0e3
MOCTOSTHHOM cocTaBistonieid. B nonoxenun «DC» (OTKpBITBIA BXOJ) Ha dKpaHe
BUJICH HEMOCPEICTBEHHO BXOJHOM CUTHAJL.

brnox nmutanus BII BeipabarbiBaeT HEOOXOAUMbIE MUTAIONINE HAMPSIKEHUSA,
MOCTYTIAIOIINE Ha Bce (PYHKITMOHAIIbHBIE OJIOKU ocImutorpada.

B pexume X-Y nepexmrouatens [l orkmouaer I'P m mogkmrouaer Bxog X
HEIMOCPEACTBEHHO K ycrnteno YI'O.



3.2. YcrpoiicTBO M IpUHIMI AeiicTBUSA HH(PPOBOro ocuuuiorpaga

[Mudposoit ocumuiorpad - 370 KOHCTPYKTUBHOE OOBEIMHEHUE aHAIOTOBOTO
ocrmuiorpada M 3JIEKTPOHHO-BRIYMCIUTENLHON Mammebl. Ha puc. 3.9 nmpuBenena
YIOPOIIEHHAs CTPYKTYpHAs cxema 1udpoBoro ocruiuiorpada.

B Yeunurens Ananoro- | OnepatueHoe
xoa Y % ’
—@ »{ BXOAHOro o uwdposon 3anomuHaowee
curHana npeobpasosarens I yCTPOMCTBO
leHepaTop p
passepTin [+
KonTponnep .
.4 Bnok »| (KomnbioTED) Ancnned

Bxoa —_—
_—6 }-—Do CUHXPOHMZA UMK
CUHXP. P "

Puc. 3.9. Ynporuennast cTpykTypHas cxema mudpoBoro ocuusuiorpada

['maBHOM wacThio 1U(ppoBOro ocuusuiorpada sBISETCS KOHTPOJUIEP WU
KOMIIBIOTEP, KOTOPBIM Yepe3 OpraHbl YIPaBJICHUS OOECIEUYMBAET  CBS3b
ocuwyuiorpaga C MOJB30BaTENEM, a TaKXKe VYOPABISIET BCEMH y3JaMu
ocruuiorpada.

Uccnenyembrit BxogHo curdan Y (1) depe3 yCWIUTENb BXOJHOIO CHUTHala
nonajgaeT Ha Bxoj aHayoro-nidpooro mnpeodpazoBatens (ALIl), xoTopsit ¢
4acTOTOM, OMpeIEsIEMOI TEHEPATOPOM pa38epmKu, TIPOU3BOAUT MIPeoOpa30BaHUE
(orpoBKy) MIHOBEHHBIX 3HAUCHHH BXOJHOTO CHTHajlla B IHM(POBOH KOI.
YacTtoTy reHeparopa pa3BepTKH (YaCTOTYy AUCKPETU3AIMH) MOXKHO HU3MEHSTH B
IIMPOKHX TMPEeNiax, YTO COOTBETCTBYET M3MEHEHHUIO MacIlTada 1Mo rOPU30HTAIN U
aHAJIOTUYHO M3MEHEHHUIO CKOPOCTH Pa3BEPTKHU B aHAJIOTOBBIX OCHHIIIOrpadax.

Ha Beixoge AIIIl BxomHON  cuTHal  TNPEACTABICH  JAUCKPETHOM
MOCJIEIOBATEILHOCThIO KOJOBBIX (IIM(POBBIX) CIOB, KOTOPBIE 3aMUCHIBAIOTCS B
ornepatuBHOE 3anomuHawoiiee ycrporctBo (O3Y). 3amuch manHbix B O3V
OCYILECTBIISIETCS TAKUM 00pa3oM, UTO KaKJ10€ HOBOE 3HaueHue BuITecHseT u3 O3Y
HanOoJiee cTapoe Mo BpeMEHHU 3HAYEHUE.

Jns nonydeHus yCTOMYMBOrO H300paKeHUs] MCCIENyeMOro CHUTrHajla B
ocuwyiorpage OCYIIECTBISIETCS CUHXPOHU3AUUA HANPSHKEHUS PA3BEPTKH  C
uccieayeMbiM curHajioM. Ecnu  BBIOpaHHBIM [J11 CHHXPOHU3AIMU CUTHA
COOTBETCTBYET 3a/IaHHBIM B HACTPOIKax mapameTpam (MOJISIPHOCTH, YPOBHIO) OJI0K
CUHXPOHU3AIMKA COOOIIaeT 00 OTOM KOHTPOJUIEPY, KOTOPBIA TMPOU3BOJIUT
OIMM(POBKY CIEAYIONIMX TOYEK HUCCIEAYEMOIr0 CHUTHaja, a 3aTeM OCTaHaBJIMBAET
reHeparop pasBeptku. [lociaeanss 3amuch Touek B O3Y oToOpakaeTcss Ha dKpaHe
mucruiest. Kaxnon siueiike O3Y COOTBETCTBYET TOYKA Ha 3KpaHE IO LBETY
otnuyaromiasics ot ¢oHa. E€ ropusoHTanbHas KOOpAUHATA OMPEACTIICTCS HOMEPOM
SYEHKH, a BEpTUKAJIbHASA KOJOBBIM CIIOBOM, HaXOISAIIEMCS B 3TOM sA4erke. Takum
o0pa3oM, M0JIb30BaTeNlb BUAUT Ha AMCIUIEE M300paKeHHE BXOJHOTO CUTHAJIA WU
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ocyunnozpammy. OCIIILIIOTpaMMa — 3TO TOCTPOCHHAs ¢ TOMOIIbIO ocuuiuiorpaga
KpUBasi, OTpakarollas MapamMeTpbl Kakoro-imbo KojedaTelbHOro Ipolecca.
Bricokas ckopocTh pabOThl COBPEMEHHBIX JIEKTPOHHBIX CXEM MPUBOJUT K TOMY,
YTO MOJB30BATENb BUAUT H300paKeHHE Ha SKpaHe HU(POBOro ocuwiorpada
MPaKTUYECKU B pEaTbHOM BPEMEHH.

Hcnonb3yst BO3MOKHOCTH KOMIIblOTEpa LU(poBOro ocuusuiorpada, MOKHO
HE TOJIbKO HaOJIOAaTh BXOJHBIE CUTHAJBI B PEAIbHOM BPEMEHH, HO U BBINOIHIThH
pa3nuyHble MATEMATHYECKUE ONEpPalUd C HUMH: YCPEIHATh BXOAHOW CHTHAN JJIS
YMEHBIIICHUSI 1IyMa, CKJAJbIBaTh M BBIUUTATH CUTHAJIBI B pa3HbBIX KaHajax,
pacTAruBaTh BO BpEMEHU (hparMeHThI 3alMCAHHOTO B IAMSATh CUTHANA, OIPEIEIATh
YaCTOTHBIA CIEKTpP CHTHaja IMyTEM MpPUMEHEHHUs OBICTPOro MpeoOpa3oBaHUs
®dypre, HU3MEPATH pa3IUYHbIE NApAMETPbl BXOJHBIX CHIHAJOB (aMIUIMTYAA,
JacToTa, nepuoA u T.11.). Kpome Toro Mmuorue mozaenu uudpoBsix ocuuiuiorpadon
CIIOCOOHBI BBIBOJUTH HM300pa)KEHHWE C HDKpaHa Ha I[eyaTaloliee YCTPOIMCTBO
(mpuHTEp), 3amUChiBaTh ONU(POBAHHBIM BXOJHONW CHUTHAJ Ha HOCHUTEIHU
uH(MOpMAIUU - JUCKETHl WJIM yCTPONCTBA XPaHEHUS Ha OCHOBE (ICII-TIaMATH,
NepeaBaTh HAKOIUJIEHHBIE TaHHBIE HA KOMIIBIOTEpHI WK faxe B MHTepHeT. Bee
TH BO3MOXHOCTH ITU(GPOBBIX OCIMILIOTPadoB MPUBOIAT K TOMY, YTO OHHU
MOCTETIEHHO BBITECHSIOT BCE OCTaJIbHBIE BUIbI OCIIILIOTPadoB.

3.3. Texunueckoe onucanue ocumsiorpaga RIGOL DS1052E

Oo0mue cBeaeHU

Ocmmtorpadsr RIGOL DS1052E umeror:

e 1BetHOM XK nucruient pazmepom 5,7 nronma;

® BO3MOXKHOCTh COXPAaHEHMsI JAHHBIX, MEYaTH Ha MPUHTEP U OOHOBJICHUS
nmporpaMmmMHoro ooecredeHus yepes nopt USB;

® PEryIHpPOBATH APKOCTH OCIHILIOTPAMM;

® BO3MOXXHOCTh ABTOMATHMYECKOM HACTPOMKM HAXKATUEM OJHOW KHOIIKHU
(AUTO) mst OBICTPOro MOJIYYCHHS OCIIMILIOrPAMMBI BXOIHOTO CUTHAJIA;

® COXpaHEHHE OCIMILIOTPAaMM BO BHYTPEHHEH MaMsITH, MOJAepKKa popMaToB
CSV, BMP u PNG;

o (dyHKIMsA yBeaM4eHHS (PparMeHTa IMO3BOJSET OJHOBPEMEHHO HaOII0IaTh
BCIO OCIIMJIJIOTPAMMYy CHUTHAjIa M €€ YBEITUYCHHBINA (PparMeHT;

e apTroMaruyeckoe uMmepenue 22 (20) napameTpos;

® U3MEpPEHHE MOJIOKEHUS Kypcopa, aBTOMATHYECKH OTCIICKUBAIONIETO (GOpMy
CUTHAJIA TIPH €T0 MEePEeMEIICHUN;

® ABTOMATHYECKUN TMOKAAPOBBIM peructpatop (HOpMbI CHUTHAJA MO3BOJSET
aBTOMATHYECKH PETUCTPUPOBATH U BOCITPOU3BOAUTH OCIALIOTPAMMBI;

® BO3MOYKHOCTB OBICTPON aBTOKAJIMOPOBKH T0JIb30BATEIICM;

® BCTpPOEHHBIE YacToToMep U ObicTpoe mnpeobOpazoBanue Dypbe (BIID wnmm
FFT);
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e 1mdposbie GunbTpbl: HWKHUX udacTtoT (PHY), Bepxuux uactor (DBY),
nosiocoBoii (I1D), pexxexropusiit (PD);

e (Qynkumio pomyckoBoi mpoBepku Pass/Fail, onTuuecku u3071MpOBaHHBIN
BeIX0J1 Pass/Fail;

e MaTeMaThyeckue (QPYHKIMU A7 OCIHHIIOTPAMM: CIIO)KEHHE, BBIYMTAHUE U
YMHOKCHHE,

e paclMpeHHbIE Habop pexumoB 3amycka: 1o ¢pontry (Edge), mo

Bujneocurnany (Video), mo mmmrenpHocTH ummnyibea (Pulse), mo ckopoctu

Hapactanusi  (Slope), depenoBanue  kaHainoB  (Alternative), 1o

OTIpeJIeTICHHOMY 111a0JI0HY Jorudyeckoro cocrosuus (Pattern);

peryJmpyeMbIil ypOBEHb 3aITyCKa;

MHOTOSI3BIKOBBIN MTOJTH30BATEIBCKUA HHTEPDEHC;

BCILIBIBAIOIIEE MEHIO, JIETKOCTh MOHUMAHMSI M IPOCTOTA UCIIOIb30BAHUS;

CUCTEMY BCTPOECHHOW MHOTOSI3bIKOBOW MTOMOIIIH;

NOAJIEPKKY (paliIoBOM CHUCTEMBbI MpPU BBOJI€ HAaMMEHOBaHUU (ASIOB Ha

KUTaCKOM M aHTJIMHCKOM SI3bIKAX.

Ha puc. 3.10 uzo0pakena nepeanssi maHelb AByXKaHAIBHOTO ocIiuiorpada
cepur DS1000CA. Ha nepeaHeil maHenu pacronaraioTcsi peryasTopbl U KHOTKH.
Perynstopsl HCIONB3YIOTCA 4Yalle BCEro, M JEWCTBUE UX B LEJIOM MOJ0OHO
aHAJIOTUYHBIM peryJsiTopaM Jitodoro ociuuiorpada. C moMoIblo KHOIOK MOKHO
HEIOCPE/ICTBEHHO UCIOJIb30BaTh OMpe/eiIeHHbIe (PYHKIINHU, a TaKXKE BbI3bIBATh Ha
KpaH MEHIO, Il BbIOOpa IMYHKTOB KOTOPOIO HCIOJIB3YIOTCSA CIIEHUaIbHbIE
KHOIIKH, PACIIOJIOKEHHBIE BEPTUKAIBHO PSIZIOM C IKPAHOM.

O003HaueHNs] KHOTIOK M PETYJISTOPOB TaKUE K€, UTO U Ha TepeHel MmaHeIu
npuodopa.

eKHomka ¢ pamkoil 00O3Ha4yaeT KHONKY (YHKUMM MEHIO Ha TepeaHOU
nanenu, Hanpumep MEASURE.

e3Hak (4>)0003HauaeT MHOrO()YHKIMOHAILHEIA perynsrop ©.

e3nak POSITION o0o3HauaeT TPEXIMO3UIMOHHBIN PETYIATOP MOJOXKCHHS
OCLIMJIIOTPaMMBI Ha SKpaHe.

e3nak SCALE o0o3nauaet perynarop macmra0a.

e3nak LEVEL o6o3HauaeT peryastop ypoBHs 3amycka (CHHXPOHU3ALNH).

HaunmenoBanue ¢ cepbiM (pOHOM 0003HAYAET BHIOPAHHOE TEKYIEE COCTOSTHUE
JUTSl IyHKTa MeHto, Hanpumep, Waveform B Menio Storage.
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MonoxeHue okHa
OCUMNNOrpaMMbl B 104Ka 38NYCKA B Toyua sanycka 8
CocrosHue namaTu namaTm

&

KaHanl —

KaHan 2 —2& OkHO nokaza

 OCUMNIOrPaMMb!

S R A I T A T S S

CHi1e 16.8nU |3 M3E SO Time 200.08us -0

Puc. 3.11. Bug skpana ocumsinorpada

ABTOMaTHYECKOE MMOJYYCHHE OCHNJIJIOTPaAaMMbI CUTHaAJIAa

Ocummnorpadp cepun  DS1000 wumeer  GyHKIMIO  aBTOMaTUYECKOM
ONITUMAJIBHON HACTPOUKH IS TTOJIYYCHHS OCIIIJIOTPaAaMMBbI BXOJHOTO CHTHAJa Ha
sKpaHe. ITa QyHKIHS TpeOyeT, YTOObI BXOJHOM CHUTHAJ MMEJ YacTOTy HE MEHee
50 I't 1 ko3 puIeHT 3anoIHeHUs (CKBAXHOCTh) HE HUXE 1%.

[Ipu naxatun xuHomku AUTO ocuwmwiorpad aBTOMAaTHYECKH BBIOEPET
3HAYEHHE HACTPOCK KAHAJIOB TOPU3OHTAJIHHOTO M BEPTUKAJIHLHOTO OTKJIOHEHHUS U
CUCTEMBI 3aITycKa JUIsl TTOJIy4eHHsI Ha SKpaHe OCHUIUIOrPAMMbl BXOJIHOTO CHTHAJA.
BriocneacTBuu MOXXHO KOPPEKTUPOBATh HACTPOWKH BPYUYHYIO JJIS TOTYYEHUS
TpebyeMoro pe3ynbrara.

Opraﬂm YHpaBJc€HHUS KaHA/Ia BEPTUKAJIBbHOI0 OTKIIOHCHUSA
I VERTICAL

[cH1}—, &™™

=5

A

—

T,
—
i

=)
p— LA LA i
[CH2 )} Lo

S

..".".&TH":——; OIFE |

[ REF |- P

Puc. 3.12. Kanan BepTUKaIbHOTO OTKJIOHEHUS
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1. IlepeMemieHHe OCUMJ/LUIOTPAMMBI CHTHAJIA HA JKPaHe MO BEPTHKAJIM MPH
nomMoiuu peryasropa POSITION.

Perynsarop POSITION 1mo3BoisieT nepeMenarh OCHUUIOTpaMMy CHTHAIA 10
BEpPTHUKAJIU, ATO NepeMenieHne kamoposano. [Ipu moBopoTe perynstopa 3HaUCHUE
HaIPsHKEHUST HEKOTOPOE BpeMsi OTOOpakaeTCs Ha JKpaHe, yKas3bIBas, ymalieHUE
HYJIEBOI'O YPOBHS (3€MJIM) CHTHaja OT LEHTpa 3KpaHa. MapKep HyJleBOro ypoBHS
(3eMJid) Ha JIEBOM CTOPOHE PKpaHa MEPEMENIAETCS B COOTBETCTBUM C MOBOPOTOM
perynsitopa POSITION.

2. BbicTpoe nepeMeleHne OCHMIJIOrPAMMBbI B IEHTP IKPaHa

Bpamenuem perynsaropa POSITION mnepeMecTuTe OCHMIUIOTPAMMY CHUTHAja
[0 BEPTUKAIM MU HAKMHUTE HA PYUYKy DpEryjsitopa, IpA OTOM IIOJO0KEHUE
OCIMJUIOTPAMMbl MTHOBEHHO BEpPHETCS K HYJIO. OTOT PEXUM YCKOPEHHOTO
NEPEKITIOYEHUST 0COOEHHO MOJIE3€H, KOT/Aa MOJI0KEHNUE OCIIUILIOTPAMMBbI HAXOUTCS
JTAJIEKO 3a HKPAHOM, U HEOOXOAMMO HEMEIJIEHHO BEPHYTh €€ B IEHTP 3KpaHa.

OpI‘aHLI yYupaBJi€eHUA KaHaJ/JIa TOPU30OHTAJTbHOI'0 OTKJIOHCHHUSA

Ha puc. 3.13 mokazansl kaonika MENU, perynsaropsr SCALE u POSITION
KaHaja Tropu30HTaIbHOTO OTKIOHEHUs - 30HBI "HORIZONTAL". Cnenyromue
IpUMepsl TOMOTyT Bam MOHATH UX AEMCTBHE M OTOOpa)keHHWE COOTBETCTBYIOIIEH
UH(POpPMAIIUU B CTPOKE COCTOSIHHUSL.

g HORIZONTAL ==
<] POSITION D>

P

G &

O &

Puc. 3.13. Kanay ropu30HTaIbHOTO OTKIIOHEHUS

1. Bpamas pyuky SCALE, na6awoaats 3a u3aMmeneHueM rpagnbl COCTOSTHUSA.

Perynsarop SCALE usmensier kodppuimeHT pa3BepTKH B COOTBETCTBHH C
marom 1-2-5, 3HadeHWe OTOOpakaeTcs B JIEBOM BEpPXHEM YIJIy JIUCILIES.
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Ocuumtorpadsr RIGOI DS1052E ob6ecnieunBaroT KOAPOUIMEHT TOPU30HTATEHON
pazBeptku ot 5 He/AEJI no 50 ¢/AEJI.

Perymstop POSITION nepemeniaer oToOpa)kaeMblii CUTHAIT 10 TOPU30HTATIN
B OKHE OCITUJIOTPaMM.

2. Peryastop POSITION mnepememaer otroOpaxkaeMblii CHTHaJ 10
TOPU30HTAJIM B OKHE OCHUJIJIOTPaMM.

[Ipu Bpamenun peryastopa POSITION  mpoucxomut  cmemeHue
OCLIJIJIONPAaMMBI TI0 TOPU30HTAIIH.

3. Hasxmure kHonky MENU nas noka3a menio Time.

B sToM MeHI0 BBl MOXeTe BKIIOUHUTH WA BBIKIIOYUTH PEXKUM YBEIUUYCHUS
dbparmenTa, BeIOpaTh pexkuM oToOpakeHmst Ha auctuiee Y-T1, X-Y wm ROLL un
BpAILIECHUEM PETYISATOPAa TOPU3OHTAIBHOTO MOJIOKEHHSI YCTAHOBUTH MOJIOKEHUE
MOMEHTA 3aITyCKa.

Opransl ynpaBJjieHUusi CAHHXPOHHU3 AU el

Ha puc. 3.14 nokazana 3oHa “TRIGGER” mepenneii ma"enu, cojeprkarias
perynstop ypoBHs 3anycka LEVEL u xnonku MODE, MENU, FORCE, 50%.
Crnenyromuye mnpuMepbl MOMOTYT BaM TOHSATH JIeiCTBHE OpPraHoB YIIPaBIICHHS
3armyckoM (30HbI “TRIGGER”) u otobpaxkenne cooTBeTcTBYIOIICH HHPOPMAITIH B
CTPOKE COCTOSTHUS.

TRIGGER

& LOW

MEMNU

Puc. 3.14. biiok cuHXxpoHM3allUK HA MIEPEIHEN MmaHeIu ocuuiorpada

Haxatue kHomku MODE mnepekimiouaeT BHA pPEKHUMA 3allycKa MEXIY
ABTOMaTHYeCKMM (aBTOKOJIeOaTebHBbINH), HopmaabHbIM  (KAyWIMHA) H©
OIHOKpaTHBIM.



1. Bpamas peryasTop ypoBHs 3amycka LEVEL, mna0awpaiite 3a
NPOUCXOAS MMM U3MEHEHHSIMH HA JKpaHe.

[Ipu Bpamenun perymstopa LEVEL, MoxHO HaOmogaTh, YTO Ha JKpaHe
TIOSIBJISICTCS JIMHMSI 3aITyCKa, 3HAK 3aIlycka M BelMdrHa ypoBHs. [Ipu npekpamenun
BpameHus perynsatopa LEVEL, nunus 3amycka, 3HaK 3amycka U BeJIMYMHa YPOBHS
MCYE3al0T B TCUCHUE 5 CEKYH/I.

2. I3MeHsIsl HACTPONKH 3amycka, Ha0J1oaaiTe 3a N3MeHeHneM UH(opManuM B
CTPOKE COCTOSTHUS.

Haxarts kaonnky MODE B 30ne "TRIGGER".

Ha »kpane mosiBUTCS MEHIO Trigger, mokasbiBasi BO3MOXKHBIC HACTPOUKH
CHCTEMBI 3aIyCcKa C MOMOIIBI0 (PyHKIIMOHANBHBIX KHOMOK. Ha puc. 3.15 moka3zano
MeHIo Trigger.

ICEE  Haxmvure knonky Mode (Pexxum) u Beioepute Edge
Mode

Edge Haxwmure kHomky Source (Mcrounuwk curHana s 3aIycka
SN (cpmxponmsanun) ocupniorpada) u Beioepure CHI

Haxxmure kHonky Slope (HakioH) u BeIOCpHTE HapacTaroOIIUi
Slope dpont &

e
Sweep Haxxmure xHOmky Sweep (Pasmax)u Beibepute AUTO

(ABTOMAaTHUYECKUIA)

Haxxmure xkHonky Set Up 1i1st BpI30Ba Ha 9KpaH CIEAYIOLIETO
Set Up.

Puc. 3.15. MeHro 0j10ka CHHXpOHHM3AIUH « T rigger,

3. Knonka 50%

[Tpu naxxatuu kHOMKK 50%0 ycTaHaBIMBAaeTCS YPOBEHD 3aIlyCKa Ha CEPEIUHY
pa3Maxa CUTHaa.
Pab6oTa ¢ ocuussiorpagom

YcTaHOBKH KaHaJ1a BEPTHUKAJIBHOI'0 OTKIIOHCHUA

Jlisa xaxaoro kanana ociuniorpada Rigol DS1052E umeetcst coOcTBeHHOE
MEHIO YIIpaBJIEHUS, KOTOpOEe TMOSBJsAETCsA mocie Haxkarus kHomok CHI1, CH2.
Hactpoiiku u ux 3HaueHue yka3zano B tTadmuie 3.1.
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CHA
Coupling

BYY Limit

Frobe

Digital Filter

172

~ i

CH1
=

272
Volts/Div

Tabawnma 3.1

MeHnro Y CTaHOBKU KomMmenTapun
3aKkpbIThIi  BXOA - OJOKUpYyeTcs
AC KOMIIOHEHTa  IIOCTOSIHHOTO  TOKa
BXOJIHOTO CHUTHAJA.
. OTKpBITBI BXOJT — MPOITYCKAIOTCS
Coupling P 8 porty
00€¢ KOMIIOHEHTHI U TMOCTOSHHOTO, U
(Tunsr DC
MEPEMEHHOTO  TOKa  BXOJHOTO
CBSI3H)
CUTHAJIA.
OTkiroyaeT BXOJHOM CHTHal U
GND 3aMBIKA€T BXOJI YCWJIMTENS KaHala
Ha 3eMJIIO.
BW Limit Orpanu4mMBaeT WIUPUHY  ITOJOCHI
(ITpenen (ON) npornyckaHus kaHaia g0 20 MI'hg
MTOJIOCHI JUISL  YMEHBIIIEHUS OTOOpaKaeMbIX
MIPOITYCKAaHU IITyMOB Ha JKpaHe.
s) (OFF) IToHas moyoca mpomycKaHus
Koaddunment ocyiabJIeHHst
0.001X
Probe i NpoOHMKA Il  OTOOpakeHUs Ha
MPOOHUK ' JKpaHe CaTbHBIX 3HAYCHUU
(mp ) 1000X p p
HaIPSHKCHUS
Digital Filter
(Ludposoii YcranoBku udpoBoro GuibTpa
GbubTp)
1/2 [Tepexon k cineayroniel 4acTu MEHIO
MeHro Y cTaHOBKH KommenTtapun
* 2/ Bo3zBpar K npeapiaymied 4acTu
MEHIO
Bribupaet a3zpelieHue st
Coarse er JmpTo a SCRLII;' ’
\Volts/Div (Tpy6o) | PEryToP !
B COOTBETCTBUHU C psiioM 1-2-5.
(Bonb1/[len) .
Fine [Tepexon k Oosiee METKOMY IIIary.
(HopmanbHO)
Invert ON BxitoyaeT MHBEPCHUIO CUTHAJIA
Bo3Bpamaer k HOpMaJIbHOMY BH
(MuBepcus) OFF patt P v BRAY
CUTHaJIa
Unit YcranaauBaer V/ A/l W/ U xak
(Emuauma VI A/W/'U | enuHuIty 1)1 KaHaia BEPTUKAILHOTO
M3MEPEHUS ) OTKJIOHCHHUS.
50Q Kiasuma BBIOOpA BXOJIHOTO
Input (Bxon) p !
IMQ conpotusnenus 50Q wim 1MQ
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YcraHoBKH KaHaJa TOPU30HTAJBHOI'0 OTKJIOHCHHUSA

Ocumiorpad oTodpaskaet TeKyIee 3HaueHHe TOPU30HTAIBHOTO MaciiTaba B
CTPOKE COCTOSIHHS - BpeMsl Ha JeiieHue. IToCKOJIBKY Uit BCeX OTOOpa)kaeMbIX
OCIIJUIOTPaMM HCIIOJIB3YeTCsl OJ[HA W Ta K€ BPEMEHHas pa3BepTKa, TO MPHOOP
MOKa3bIBA€T TOJBKO OJHO 3HAYEHHE TOPH30HTAJIBHOTO Maciitaba i BCEX
0TOOpakaeMbIX KaHAJIOB, KPOME Clydas, Korja BbI HCIONB3yeTe YBEIHYCHHE
dparmenta (Delayed) wimu uepemoBanue kanamoB mpu 3amycke (Alternate).
["opu30HTaIbHBIC 3JEMEHTHI YIPABICHHUS MO3BOJISIOT W3MEHATh MOPH3OHTAIbBHBIC
MacmTad U MOJIOKEHHE OCIHIIOrpaMM. [ OpH30HTAIbHBIA IIEHTP dKpaHa - TOYKa
Havyajia OTCYeTa BPEMEHH JUIsl OCIUUIOrpaMM. M3MeHeHHe TOpH30HTAIBLHOTO
Mmacimtaba MPUBOAMT K  PACTATHBAHMIO WM  CHKATHIO  OCIHJLIOTPaMMbI
OTHOCHTEJIBHO I[SHTPA dKpaHa.

Perynatop  TrOpU3OHTAIBLHOTO  MOJOXKEHHUS  M3MEHSET  OToOpa)kaeMoe
MOJIOXKCHHUE OCIIUILIONPaMMBbl OTHOCHTEIBHO MOMEHTA 3aIlyCKa.

Opransl ynpaBJieHUsI

(IPOSITION | u3MeHsleT TOPU3OHTAIBLHOE MONOKEHHE OCLHIIOrPaMM
Bcex kaHanoB (Bkmouass MATH). UyBcTBUTENBHOCTH
OTOr0  PEryjstopa  3aBUCUT OT  yYCTAHOBJIICHHOU
JIUIMTEIIBHOCTH pa3BepTku. Haxkatme Ha pydky 3TOro
peryisTopa cOpachblBaeT YCTAHOBIEHHOE paHEE CMELIEHUE
MOMEHTA 3allyCKa M IIEpEMEIAcT €ro B HYJEBOE
ITOJIO’KEHHE B LIEHTP DKpaHa.

ESCALE MO3BOJISIET BHIOPATh 3HAYEHUE TOPU30HTAIBHON pa3BEPTKU
BPEMS/JIEJL. nyisi OCHOBHOM OCHMJUIOTPAMMBI HIJIH €€
pactsHyToro  (¢gparmeHta. Eciu  BKIIOYEH  PEXUM
yBeIMYEeHHUs (parMeHTa, IIMpUHA OKHA (parMeHTa
U3MEHAETCS pu U3MEHEHUH koaurenTa
TOPU30HTAIBHON Pa3BEPTKHU.

MeH10 KaHaJ1a TOPU30HTAJIBbHOI'0 OTKJIOHCHUS

Haxxmute xHonky MENU 30upl "HORIZONTAL" nns BbI30Ba Ha 3KpaH
MEHIO KaHajla TOPU30HTAILHOTO OTKJIOHEHUS. Y CTAHOBKHU 3TOI'0 MEHIO MPUBEICHBI
B cieayromen Tadnure 3.2.

Ta0muna 3.2

YcTaHoBK
Menro u KommenTapun

Harizantal
Delayed

BrurroueHne pexuma yBEITHUCHUS
Delayed ON (dparMeHTa OCIHILIIOrPaMMbI
(3amepxka) OFE BrikatoueHue pexxuma yBeIUUYCHUS
(dbparMeHTa OCIUIIJIOTPaMMBbI
Time Base Y-T OTtoOpaxeHue 3aBUCUMOCTH
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(Bpemennas HarnpspkeHus: (ocb Y) OT BpeMEHU

0aza) (och X)
OTtoOpakeHue 3aBHCHUMOCTH
X-Y sHaueHuss CH2 mo ocm Y or
sHayeHuss CH1 mo ocu X.
Pexum “camomnmucelr”’, KorJa
Roll ocouyuiorpaMmMa OOHOBJIIETCS Ha
DKpaHe Crpana Ha JICBO.
Trig-Offset
Reset (Copoc YcraHOoBKa MOMEHTa 3amycka B
CMeIIeHne IIEHTP PKpaHa.
TpUTTEpA)

Ba:xublie 3ameyanus

Y-T: OCHOBHOM pexuMm Bu3yanuzauuu ocuuuiorpada. IlokaseiBaer
3aBUCUMOCTh  HANpPsDKEHHS]  3aperuCTpUpOBAaHHOM  (opMbl  curHama (1o
BEPTUKAJIBLHON OCH) OT BpeMeHHU (110 TOPU30HTAILHOM OCH).

X-Y: oToOpakaeT COOTHOIICHHE HaIlpsHKEHUs CHrHajga KaHaita | 1o
TOPU30HTAJIBHON OCH M HAIIPSKEHUs CUTHAJIA KaHaJla 2 TI0 BEPTUKAIBHOW OCH.

Pexxum X-Y 1o3BOJISIET NOJYYUTh 3aBUCUMOCTb MEXIY JBYMS BEJIMUYUHAMH B
JIEKapTOBOM cHCTEME KOOpAMHAT Ha 3KpaHe ocuwuiorpada. Hanpumep, naHHbIN
peXMM IO3BOJISIET IOJlydyaTh Ha JKpaHe ocuwuiorpaga BOJbT-aMIEpPHBIE
XapaKTepUCTUKU [MO0Jla, CTa0WJIWTPOHA, TMETIM TUCTepe3nca MarHUTHBIX
MaTepHaloB U Jp.

Roll (pexxnm "camonucen''): 3TOT peXUM JOCTYIEH TOJIBKO MPHU YCTAHOBKE
kodpdunmenta passeptku 500 mc/JIE/1. mam MemneHHee W peXMMa 3arycka -
apromatuueckuii (AUTO). B stom pexume otoOpakeHue G(HoOpmbl CHUTHaiIa
oOHOBJsieTCs chpaBa HaieBo. B pexume '"camomucen'" yCTaHOBKHM 3amycka u
TOPU30HTAJIBHOE MEPEMENIEHUE OCIIMIIIIOTPAaMMBbI HE IEHCTBYIOT.

Slow Scan (pesKMM MeIJICHHOI0 CKAHMPOBAHMS): 3TOT PEXKUM JOCTYIIEH
TOJIBKO MpU yCTaHOBKE Ko3(pduuumenta pazseptku 50 mc/JAEJL. unn mennennee u
pexuMma 3amycka - aBromatuyeckuit (AUTO). B stom pexume oToOpa)keHue
(dbopmbl curHana oOHOBIISIETCS ciieBa HampaBo. [Ipu BeIOOpE 3TOro pexuma JoJHKHA
OBITh YCTAHOBJIEHA CBSI3b MO BXOAY [ KaHana uaMmepenus DC (OTKpBITBINA BXO).

Time/Div (BPEMSI/AEJL.): ropu30HTaIbHBIA MacIITad, €ClIi PErucTpaIus
CUTHaja ocTraHoBlieHa (ucronb3oBaHueM KHonku RUN/STOP), To perynsarop
Time/Div pacTaruBaet Win CKHUMAaET OCIHIIIOIPaMMY.

YCTaHOBKM CHCTEMbI 3aIlyCKa (CHHXPOHU3AI[UN)

Pexumpbl 3anmycka

Ocuunorpad moanepkKuBaeT psiJ BUAOB 3amycka pa3sepTku: Edge, Pulse,
Video, Slope, Pattern u Alternative

20



Edge: 3anyck mo ¢ponry. [Ipoucxonut, Korna BXOJHON CHTHANl TIEpECeKaeT
BBIOpAaHHBIN YPOBEHb HANPSHKEHMS B BBIOPAHHOM HampaBJIeHUH (HapacTaHue, Criajy
WJIU TIPOU3BOJILHBIM (PPOHTOM).

Pulse: 3amyck mO UIMTENBHOCTH WMITYJIbCA. OJTOT PEXHM 3aIycka
UCIIOJIb3YETCsl, YTOOBI 3aXBATUTh UMITYJIHChI ONIPENEICHHOMN ITUTEIHHOCTH.

Video: 3amyck mo BujaeocurHainy. Vcnomnb3yiTe ajis 3amycka 1Mo MOJsIM WK
CTPOKaM OT CHHXPOUMITYJIbCA CTaHJIAPTHBIX BUJCOCUTHAJIOB.

Slope: 3amyck o ckopoctr Hapactanus. [IpousBoauTcs ocruniorpadgom npu
BBITIOJTHEHUHU 33JIaHHBIX YCIOBUM MO IUTEILHOCTUA M YPOBHIO ISl HAPACTAIOLIETO
(cmagaroiiero) nepenaja CUrHaia.

Pattern: 3amyck mo onpeneneHHOMY MTAa0JIOHY JIOTHYECKOTO CUTHAJA.

Alternate: moouepennbiii 3amyck oT kanamoB CHI w CH2 s
OJIHOBPEMEHHOTO HAOIIO/ICHHS IBYX HECUHXPOHU3UPOBAHHBIX CUTHAJIOB.

3amyck o ¢pponty (Edge).

3amyck 1o (pOHTY MPOUCXOAUT MPU BBISBJICHUHU TOYKA C 3aIaHHBIM YPOBHEM
Ha 33/IaHHOM (HapacTaloleM Wi criajaromeM) GpoHTe curnana. Beibupaiite 30T
pexuM, eclii HeoOXOJUM 3alycK [0 Hapactamonemy (poHTY, CHaJaroliemMy
(GpOHTY WK TPOU3BOIBLHOMY (DPOHTY.

Basknble 3aMe4aHusi 0 CUCTEMe 3aIyCKa
1. UcTouHHMK 3amycKa

Jns 3amycka (CHHXpOHM3allMM) ocuWwiiorpada MOryT HCIOIb30BaThCs
pasznuuHble MCTOYHUKH: BxoaHble kaHanel (CHI1, CH2, nanpsbkenune cetun (AC
Line), BHemHuii curHan yepe3 Bxoa 3amycka (EXT) wnau BHemHUN cuUrHam c
ociiabnenuem B 5 pa3 (EXT/S).

eCHI1, CH2

D10 HamboJIee YacTo UCIIOIb3yeMbIe HICTOYHUKHU 3amycka. Kanam MoxeT ObITh
BBIOpAaH KaK MCTOYHUK 3allyCKa BHE 3aBUCUMOCTH OyJeT WM HET, €ro CHUTHal
O0TOOpakaeTcs Ha HKpaHE.

egHelHMi 3anmyck (EXT)

[Ipu peructpauum curHaioB nocrynaromux Ha Bxoael CHI1, CH2, 3amyck
ocimiuiorpaga MoKeT ObITh MNPOU3BEIEH OT JPYroro BHEIIHETO HCTOYHHKA
CUTHAJIA TTOJKJIIOUYEHHOTO K CIENUAIbHOMY BXOAY BHEHIHEro 3anmycka. Hampumep,
Bpl X0THTE HCNONB30BAaTh B KAayeCTBE IYCKOBOI'O CUI'HAJa BHEIIHWWA TAKTOBBIN
FEHEepaTop WJIM CUTHAl OT JAPYrOM YacTh NPOBEPAEMOM CXEMBI. Pexnmbl
uctounnka 3anmycka EXT wunmu EXT/5 wucnonb3yloT BHEIIHHMM 3ammyCKaromui
curHal, nonanueiit Ha Bxo ocimuiorpada EXT TRIG. Ipu Beibope pexuma EXT
CUTHAJI WCHOJI3YETCSl HEMOCPEICTBEHHO, NHMAIla30H YpPOBHS 3allyCKa Uil 3TOrO
pexuma or + 0.6 B mo - 0.6 B. Ilpu BwiOope pexuma EXT/S curnan,
noctynarommii Ha Bxox EXT TRIG, ocnabnsercs B 5 pa3, 4To pacimmpsieT
JIMana3oH ypoBHs 3amycka oT + 3 B 10 - 3 B. DT0 nmo3BoisieT UCIOIB30BaTh JJIsI

3amycka ocuusiorpada curaai 0oJbIie aMITUTYIbl.
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enamnpsizkenue cetu: (AC Line)

[Ipu perucrpalii CUTHAJIOB, CBS3aHHBIX C YacTOTOM MHUTAIOIIEH CETH,
HaIlpuMep, OT OCBETUTEIHLHOTrO OOOPYIOBaHUS WM WCTOYHUKOB MUTAHUSA, IS
CUHXPOHU3ALIUHA MOKET ObITh UCMOJIB30BAHA CETh MEPEMEHHOT0 ToKa. CUrHai Juis
3almycka ocuuuiorpada B 3TOM cllydae IMOCTYMAaeT Yepe3 ero CoOCTBEHHBIN
CETEBOI IIHYp, MO3TOMY HE TpeOyeTcss NOMOJHUTEIBHOE MOJKIIOUYECHHE BXOZa
3alycka K MUCTOYHUKY MEPEMEHHOro Toka. Eciu B KauecTBe MCTOUHMKA 3alycKa
BbIOpana AC Line, To ocimiiiorpad aBTOMaTUYECKH YCTAHABIMBACT JJISI CHCTEMBI
3amycka CBs3b Mo nMoctossHHOMY TOKY (DC) u HynieBoil ypoBEHb 3aIycKa.

2. Pe:xxuMbl pa3BepTKH

PesxuM pa3BepTKH OIpeesieT MOBEACHHE ocHuiuiorpada BCEro MOMEHTa
nycka. Ocuwmiorpad mnpemiaractT TpH pPEKAMa Pa3BEPTKH: aBTOMATUYCCKHIA
(AUTO), sxaymmii (Normal) u omHoKpaTHO#M peructpanuu (Single).

eapromaTudecknii (AUTO)

OTOT PEXKHM pa3BEPTKH TO3BOJISET TOMydaTh H300paKEHUE BXOIHOTO
CHUTHAJIa, JaXe KOIJla HE MPOUCXOJUT BBITIOJIHCHHUSI YCJIOBHM  3aIycKa.
Ocmmorpad oXumaeT BHITOJHEHUS YCIOBUH 3aIlyCKa B TEUEHUE OTPEIEICHHOTO
MeproJia BpEMEHH (OTPEIesAeTCs JUIMTEILHOCTRIO Pa3BEPTKU) U TIPH OTCYTCTBUU
TpeOyeMoro MyCKOBOTO CHTHalla TMPOM3BEAECT AaBTOMAaTHYECKHI  3aIlyCK
peructpanuu. B ciyyae Takoro aBTOMaTH4ECKOTO 3aIlycka Mpoiecc 0ToOpakeHus
OCIIJIJIOTPaMMBbl Ha dKpaHe He CMHXPOHU30BaH C caMHM cUTHaoM. OfHako mpu
MOSIBJICHUU TpeOyeMoro MmyCKOBOTO CHTHajla M300paKeHHE Ha DKpPaHE CTAHOBSITCS
ctabuibHbIM. JI1000#1 (pakTOp, BBHI3BIBAIONINN HECTAOMIBLHOCTH (DOPMBI CHTHANA,
MOXET OBITh OOHAapy)XeH IMpHU 3TOM PEKHUME 3amycka pasBepTku. [Ipumep
WCITIOJIb30BAHUS - IPOBEPKA BHIX0/1a UCTOYHHUKA MTUTAHUS.

IMPUMEYAHMUME: npu ycranoBke koddduimenta paszBeptku Oosiee 50
MC/JIe] aBTOMAaTHYECKHU I 3aITyCK pa3BepTKH HE 00ECTICUMBACTCSI.

e:xnymni (Normal)

Knoymmii  pexxum  1mo3BoJisieT  ociuuiorpady  peructpupoBath  (Hopmy
CUTHAJIOB TOJBKO TIPU BBINOJHEHWH YCIOBMM 3amycka. Ilpum orcyrctBumn
BBINIOJIHEHUS ATUX YCJIOBMHM ocuwuiorpad >KAeT WX TMOSBICHHS M Ha SKpaHe
COXpaHSAETCs MpeblIylias OCIMIUIONpaMMa, €Clii OHa Oblila 3aperucTpUpOBaHa.

®0IHOKpAaTHBII (Single)

B pexume omHOKpaTHOUM peructpanuu nociie Haxatus kHonku RUN/STOP
ociuiorpad OyneT OXuAaTh BBHITIOJHEHWS YCIOBUM 3amycka. [lpm  wux
BBITIOJTHEHUU  OCHWIIoTpad Mpou3BeNeT OJHOKPATHYIO  PETUCTPALMIO U
OCTAHOBUTCH.

3. Tunsi cBsa3u (Coupling)

Tun cBsSI3U CUCTEMBI 3aI1yCKa OIIpeaAcsI€T, KaKu€ M3 KOMIIOHCHT CHUI'HaAlla
MNOCTYIIarOT B CHUCTEMY. Tunel CBSI3M BKJIIOYAKOT: CBS3b IIO MNEPEMCHHOMY TOKY
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(AC), cBa3p no mnocrossHHOMY TOKY (DC), mponyckanume Hu3kux uvactor (HF
Reject), mponyckanue Beicokux yactoT (LF Reject).

eAC: CBsI3b 0 NEPEMEHHOMY TOKY OJOKHMpPYET KOMIIOHEHTY MOCTOSIHHOT'O
TOKa.

eDC: mpu CBsI3U IO MOCTOSIHHOMY TOKY IPOITYCKalOTCSl BCE KOMIIOHEHTBHI U
NIEPEMEHHOT0, U MIOCTOSIHHOT'O TOKA.

oL F Reject: cBs3p uepes ®BY 650KkMpyeT KOMIIOHEHT MOCTOSIHHOTO TOKa M
ocnabJsieT BCe CUTHAJIBI ¢ YacTOTOM Huxe 8 KI'1.

eHF Reject: cBsa3p uepes ®HYU ocnabiser Bce CUTHANBI ¢ YAaCTOTOM BHIIIIE
150kI 1.

4. Mudopmanus 0 CUTHAJIE 10 M OCJIE 3aIyCKa

JlaHHBIE O CHTHAJE PETUCTPUPYIOTCS KaK J10, TaK U MOCJI€ MOMEHTa 3amycKa.
[TonmoskeHne MOMEHTA 3amycKa, KaK MPaBUIIO, YCTAHABIUBACTCSA B TOPU30HTAIBHOM
neHTpe ’Kkpana. [Ipu 3ToM Ha BceM 3KpaHe MOKHO HAOMIOAATh WH(OPMAILUIO O
CUTHaJIe 10 6 JeJeHuil 0 W IMOCJe MOMEHTa 3amycka. boibiie uHpopManuu o
CUTHAJE JI0 WM IMOCJIe MOMEHTa 3aIllyCcKa MOYHO MOJyYUTh, U3MEHSS TOJIOKEHUE
MOMEHTa 3allyCKa C [OMOIIBI0 PETyJIATOpa TOPU3OHTAIBHOTO TOJOKEHUS
POSITION (no 14 nenenuii n0 3amycka WM BBOJIA 3aJ€PKKy 3amycka 70 1 c).
OTa BO3MOXHOCTh OYEHb IOJIE3HA TeM, 4TO Bbl MoxkeTe HabionaTh coOBITHS,
IpeIIIeCTBYIOLIME MOMEHTY 3amycka. Bce 4To HaxomuTcsl crpaBa OT TOYKH
3allyCcKa, Has3blBaeTcs  MHpopManuell  mocie  3amycka.  JlnurenpHOCTH
peructpupyemMoi HHpopMalu OTHOCUTEIBLHO MOMEHTA 3alycka (MHpopMalus 10
¥ TIOCJIE 3aITyCKa) 3aBUCHUT OT BEIOpaHHOTO KO3((UIIMeHTa pa3BePTKH.

5. Peryupyemblii rucrepe3uc (4yBCTBUTEJIbHOCTH) YPOBHS 3aIIyCKa

YtoObl u30€XaTh BIWSHUS BHEIIHUX I[IYMOB M TOJYYUTh YCTOWYUBBIN
3anyck, y ocuwuiorpagoB cepuu DS1000 momoiHUTENBHO MNPEeayCMOTPEH
peryJMpyeMbIii TUCTEPE3UC YPOBHSI CXEMBI 3allyCKa C JUana3oHOM PETyJIHPOBKHU
ot 0.1 nenenus no 1.0 nenenwms. Jlomyctum, ycraHoBiieH rucrepesuc 1.0 neneHus.
- 3TO O3HAYAeT, YTO CXeMa 3amycka He OyJeT pearupoBaTh Ha CUTHaJ, €CIU €ro
pa3Max He IPEBBIIIACT YCTAHOBJICHHBIM ypoBeHB 3arycka Oonee 1.0 men. Takum
00pa3om, MOKHO U30eKaTh BIUSHUS ITOMEX.

ABTOMATHYECKASl KAJTUOPOBKA

MENU ¢

[Vr.hurj E‘\(((U"CJ [‘.'-tour_.r: ]
~—
[ Cursor J LU splau,J [ Utility

Puc. 3.16. Pacnionoxxenue Ha nepenneii nanenu kaomnku Utility
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ITpouenypa  aBTOKaNMOpOBKM  HACTPaWBAE€T  BHYTPEHHUE  CXEMBI
ocumuiorpaga i IOJYYEHHS MAaKCUMallbHOM To4yHOCTH. Mcmomnb3yiite 3Ty
GYHKIUIO 171  KaIMOPOBKM KAHAJIOB BEPTUKAJIbHOIO U TOPU30HTAIBHOTO
OTKJIOHEHMsI ocLiorpada.

JUis  MOCTOSHHOrO  0OecreyeHUs] MAaKCUMaJIbHOM TOYHOCTH  CIEAYeT
BBIMOJHATh MPOLEAYPY ABTOKAIMOPOBKM TIPH HM3MEHEHUM TEMIIEpaTypbl
OKpYXaloIel cpebl Ha 5 TpaaycoB u Ooiee.

[lepen TeM, Kak OCYHIECTBUTH 3Ty MPOLEAYPY, IPOJAETANTE CIETyIOLIEE:

1. OrcoenunuTe Bce NPOOHUKU U Kabeln OT BXOJOB KAHAJIOB, B IPOTHBHOM
cllydae 3TO MOKET MPUBECTHU K OIMMOKE WM MOBPEIUTH OCHUILIOTpad.

2. Haxxmute xaonku Utility u Self-Cal.

DKpaH npH aBTOKaIMOpoBKe MokaszaH Ha puc. 3.17. IIpoueaypa aBToKaIuOpOBKU
3aHUMAET HECKOJIbKO MUHYT.

User Cal Date: T-21-20068 16:8:-33

Disconhect everything
from all inputs

CH1 Vertical Sastem

Puc. 3.17. Dxpan npu aBTOKaIMOPOBKE

RUN/STOP

Knonka RUN/STOP no3BoisieT 3amyCTUTh WM OCTAHOBHUTD IPOIIECC
peructpauuu GopMbl CUTHANIA.

3AMEYAHHUE

Jlo ocyiiecTBieHHsT NPOUEAYPhl ABTOKAIMOPOBKM OcUuiuIorpad I1oimKeH
HEeMpepbIBHO  paboTaTh WM  ObITh Tporper He MeHee 30 MHMHYT.

HN3mepenne HanpsizKeHUs

Jlist Toro, 4ToOBl W3MEPUTh HANPSDKEHHE HYXKHO BBIOpATh THUI CBSI3H
(Coupling) — DC. J[lamee BbIOparh HeoOxomumoe 3Hauenue VOIts/Div
(Bonb1/[lenenue). Hanpspokenue OyneT paBHBIM KOJIMYECTBY JIETICHUN OT HYJIEBOU
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OTMETKH dKpaHa ocumuiorpada, 10 TOro CUTHANA, HAPSDKEHHE KOTOPOTO HYKHO
u3MepuTh. B 3aBucumoctu ot wm3MmeHenus VOIts/Div nena nenenus Oynaer
A3MEHITHCS.

N3mepeHne BpeMeHHBIX TAPaMeTPOB

Ocumwmnorpader cepun RIGOL DS1000 obGecrieunBaloT aBTOMaTHYECKOE
U3MEpEHNE BPEMEHHBIX IMapaMeTpoB (HE CTOWUT 3a0bIBaTh W MPO aBTOMATHYECKOE
U3MEpeHNe aMIUTMTYAHBIX TapamerpoB), Lludporoii ocummiorpad obecrneunBaet
NOTPENIHOCTh U3MepeHus: BpeMeHHbIX 10 0,01%.

Haubonee cyimecTBEeHHbIM MpPU ONPEACICHUU TMOTPEITHOCTH H3MEpEHUs
BPEMEHHBIX MHTEPBAJIOB SIBISETCS MOTPEIIHOCTh YCTAHOBKM YACTOTHI OMOPHOTO
reHeparopa.

3.4. Oco0eHHOCTH IKCILTyaTAlMH OcCHUIorpaga
Onpenesnenne NOTEeHUMAJIBHOI0 IPOBOJA CUTHAJIBHOIO KadeJis

CoenuHeHHE CO BXOJOM ocHuwuiorpadga IPOU3BOJUTCS C  ITOMOIIBIO
KOAKCHAJIbHOTO  CHUTHAJIBHOTO  Ka0ejs, COCTOSIIEero M3 IEHTPAJIbHOTO —
MOTEHUMAJIBHOTO MPOBOJIA, MOMEIIEHHOTO B MEIHYK OIUIETKY JpYyroro —
AKPAHHUPYIOIIETO «3eMIITHOTO» TTpoBoaa. Kaxkiplit U3 MpoBOAOB Kabels IpUIasH K
CrienMaibHOMy ITeKepy. [IOCKOJIbKY 3a4acTyr0 HEM3BECTHO KakK IMOJKIIOYCHBI
HITEKepa B CUTHAJILHOM Kalelie, 0 MPOBEICHUSI U3MEPEHUMN CIEAYET ONpEeaeTuTh
€ro MOTCHIHAIbHBIM U «3EMJITHOW» TMpOoBOAa (KOHIIbI), BBIMOJHUB CJIEAYIOIIHNE
JIEUCTBUS:

a) lloaroroButh ocuwuiorpad K TMPOBEACHUIO HU3MEPECHHM, Hampumep,
ka"ayiom 1.

0) B MeHto xaHana BeIOpaTh pekuM OTKpbITOro DC WM 3akpbITOro BXojaa
AC.

B) IIpoBectu tectupoBanue. Kacasch manblieM pyKd OJHOTO M3 IUTEKEPOB
(BTOpO#1l BUCUT B BO3[yX€) CUTHAJIBHOIO Kabess, HaO/oAaiTe 3a KapTUHKON Ha
skpaHe. Ecnu kacaHue NpUBOIUT K CUIIBHOMY HUCKKEHHUIO WJIM TPOMNaJAHUIO
JIMHUY Ha KpaHe, TO Bbl TECTUPYETE MOTEHIMATbHBIA KOHEL] CUTHAJILHOTO KaOeJs.
Ecnu e xacaHue nanblieM HE MPUBOAMT K JOCTATOYHO 3AMETHBIM U3MEHEHHSIM B
KapTHHKE, Bbl TECTUPYETE «3EMIISIHON» KOHELl Kales.

CuHXxpoHU3auuu

CunxpoHmzaiusi 00€CIeUYMBAECT YCTOMYMBOE W300pKEHHE HaA JKpaHe
ocimuiorpada. Cxema CHHXPOHM3AlUA «IIPUBS3BIBACT» MOMEHT 3alyckKa
re€HepaTopa pa3BEpTKA K OMNPEACICHHOMY MOMEHTY HCCIEAYEMOr0 CUTrHajla B
COOTBETCTBHHM C NapaMeTpaMH, 3aJaHHBIMA B MEHIO YCTAHOBOK, U YPOBHEM JIMHUU
CUHXpPOHU3AIUK, U3MEHseMbIM pyukoi perynstopa LEVEL (ypoBenb) B 0i0ke
cuaxponuzamun «Trigger». Takum o0pa3om, cxemMa CHHXPOHH3AIUU 3aIyCKaeT
TE€HEepaTop pa3BEPTKHU BCETJa B OJMH M TOT K€ MOMEHT MCCIIElyeMOro curuaina. B
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pe3ynpTaTe Ha JKpaHe HaOIIOAaeTcs YCTOWYMBOE H300pakeHHe curHama. B
OOJBIIMHCTBE CIIy4aeB OTCYTCTBUE CHUHXPOHM3AIMU HAOIIOJAETCS MPU CIUILIKOM
MaJIoM YpOBHE BXOJHOI'O CHUTHaJla, KOTOPBIA MOYXHO MOJAPEryJIHPOBATh PYUYKOU
LEVEL. Ilpu Bpamenun pyuku LEVEL mnosBnasercs ropus3oHTanbHas JIWHUA
(IuHUS ~ YpPOBHS CHUHXPOHHU3AIMHM) T[E€COYHOTO I[BETa, IEpEeMEIaroIasics
BEPTUKAJILHO Ha 3KpaHe. [Ipu OTCYTCTBUM CHHXPOHU3ALMHU HEOOXOAUMO PYUKOMH
LEVEL ycTaHOBUTH JHHUIO YpPOBHA CHUHXPOHU3AIMU HE OOJIbIE aMILTUTYIbI
CUTHaJa, UCIOJIb3YIOIIETOCs JUIsl CHHXPOHH3ALNH.

3anpenieHHbIe PeKUMbI U 1CHCTBUA
npu padore ¢ ocunuIorpadom

CoOmofieHre  TPHUBENEHHBIX  TPeOOBaHUN  TapaHTUPYET  OE30MacHYIO
AKCILTyaTaIuio mpuoopa:

1. DOxkcmiyaTtanuus npubopa 6e3 ero 3a3eMyeHus 3anpenieHal

2. 3anpemaeTc;1 IIPCBLIIATh IIPCACIBHBIC OJKCINIYATAIUMOHHBIC I1aPaMCTPHI,
npeaAyCMOTPCHHBIC TCXHUYCCKUMH JJaHHBIMHA npn6opa.

3. 3ampemaeTcss MOJAKIIOYEHHE «3EMJIIHBIX» KOHIIOB CHUTHAJIBHBIX KaOenei
00OMX KaHAJIOB B TOYKH CXEMbl C pa3HbIMM MOTEHLHUAJIaMH, T.K. «3eMiam» 1 u 2
KaHaJIOB COEIUHEHBbl MEXIy COOOH uepe3 MeTaJUIMUecKuidl Kopryc mpudopa.
VYKa3zaHHOE COEAMHEHHE MOXKET MPHUBECTU 3aKOPAYMBAHUIO LIETIEH HCCIELYEMOU
CXEMBI, a, CIIE0BATEILHO, K MTOTEPE PA0OTOCTIOCOOHOCTH KaK CaMOM CXEMBbl, TaK U
NOJKJIIOYEHHOTO K Hell J1abopaTopHOro 000pyI0BAHHUSL.

OcuuuiorpagupoBaHue 3JIEKTPUIECKUX CUTHAJIOB

Ocmumiorpad mo3BoJsieT U3MEPATh aMIUTUTYTHBIE M BpEMEHHbBIEC TTapaMeTphl
NIEKTPUUECKUX CHUTHAIOB. B anekTpuueckyro 1enb npubop BKIIOYACTCS
napajjieJbHO, TOCKOJIbKY OTOOpa)xaeT, MCKIIOUUTEIbHO, OCIHJIJIOTPAMMBI
HanpspkeHus. st uccienoBanusi Toka ¢ OMOIIBIO0 ociiiiorpada B pa3pbiB IEMU
BKJIFOUAETCS WLYHM — HU3KOOMHBIM PE3UCTOP C HM3BECTHBIM COIIPOTUBIICHUEM,
MaJIO BJIUSIOMIMM Ha HCCIEAYEMYK LENb, C KOTOPOrO HEIMOCPEICTBEHHO
CHHUMAETCS OCHMJIJIOTPAMMA HAIPSIKEHUSL.

[Iponecc ocuumiorpadupoBanus (MOJIy4EeHHUE OCHUIIIIOTPAMM) 3aKJIFOYAETCs
B U3MEPCHUH JIMHCHHBIX pa3MepOB M300paKCHUI HA dKpaHe ocmmriorpada U ux
nepecueTe B HampspkeHWe W BpeMms. [l w3MepeHus JWHEHWHBIX pa3MepoB Ha
DKpaHe UIAUIUPYETCS HW3MEPHUTENIbHAS CeTKa-IIKajga, COCTOSIIas M3 KPYITHBIX
(KIETKM) M MENKuX JeicHuil. KpyrHble neneHus MIKajabl — KICTKH TMPUHSATO
HA3bIBATh JICJICHUAMH. TOYHOCTh M3MEPEHUN OCIIMILIOTpad oM 3aBUCUT OT pa3Mepa
KapTUHKH Ha DJKpaHe. YeM KpymHee KapTUHKA, TEM BBIIIE TOYHOCTBH!
«IlacmopTHasi» TOYHOCTH M3MepPeHHUsi ocuuuIorpagomM odecrnedyuBaeTcs MPH
MHHMMAJIBHOM pa3Mepe HM300pPa’keHHs CUTHAJIA HA JKpPaHe ocuuiorpadga
(11 U3MepsIeMOro nmapamMmeTrpa) He MeHee 4-X JeJIeHU MIKAJIbI!
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Ocmuiorpad MmMO3BOJIIET TMOJy4YaTh, TaK Ha3bIBAEMbIC ChazuposanHbvle
OCUUNLNOZPAMMBL, TIPEJCTABIAIOMIUE COOOM M300pa)keHUs ABYX CHUTHAJIOB Ha
sKpaHe ociuuiorpada, mocrpoeHHnle (CHOpMUPOBAHHBIC) UISI OJTHUX U TEX XKe
MOMEHTOB BpeMeHU ([Jis eIuHOM ocu BpeMeHHu). Jlpyrumu cioBamu, Yy
cha3upoBaHHBIX OCHUIUIOTPAMM BEpPTUKAIBHBIE OCH — pa3Hble, & BPEMEHHbIC
(ropu3oHTANIbHBIE) — OAMHAKOBBIE. [Ipumepbl c@azupoBaHHBIX OCHUIUIOTPAMM
MIpUBEJEHBI HA puc. 3.8.

IIpoBenenue usmepeHnu ocuuIorpagom

[ToarotoBsTe ocmmorpad k padore. [locie BkIIOUEHHS] TUTAHUS MPOTPENTE
npubop B Teuenwe 30 MUHYT Ajii OOECIEYEHUS! TOYHOCTHBIX XapaKTEPUCTHUK.
BrlnonHuTe aBTOKAIMOPOBKY ocuuiiiorpada.
["opuzoHTanbHBIC IMHUK (Pa3HOTO LBETa: 1 KaHal — JKENTOro 1BeTa, 2 KaHal
— roxyooro 1eta) pyukoid VERTICAL POSITION coBmectuTe ¢ omHON U3
TOPU3OHTAIBHBIX JUHUN SKpaHHOM IIKajdbl. TakuM 00pa3oM, 3aJaeTcs Havalo
OTCUETa — Hy/1e6asn JUHUA UIU JUHUA OMCYema, OTHOCUTEIILHO KOTOPOH OyayT
MPOU3BOJIUTHCS JATbHEHIITNE U3MEPEHUS.
BrinonnuTe crenyronme IeiCcTBUS:
1. B MeHro kaxaoro kaHana yctaHoBuTh "PROBE x1".
2. OTKJIIOYHUTH HHBEPCHIO CUTHAJIA B MEHIO KaXJ0T0 KaHaa.
3. YcTaHOBUTSH kenaeMblil pexkumM padoTs! kanana "AC" umu "DC".
4. OnpenenuTh CUTHAIBHBIE TPOBOJIa 000MX KaHAJIOB ociuiuiorpada.

[Mepexmouarens TIME/DIV ycTaHoBUTH B TpOM3BOJILHOE TONOKeHUE. [Ipu
HEM3BECTHOM 3HAYCHUH M3MEpseMOro HampsbkeHus nepekimodarens VOLTS/DIV
YCTAaHOBUTh B KpailHee JIeBOE IMOJIO)KEHHE (COOTBETCTBYIOIIEE MHUHUMATbHOU
YyBCTBUTEIBHOCTH). B mpoTuBHOM cilydae (eciii M3BECTHO MPHUOIU3ZUTEIBHOE
3HaYCHHE M3MEPSIEMOIo CHUTHaja) MepeKiIrvareib YCTaHOBUTh B HEOOXOAMMOE
noJjiokeHue. Jlanee ciueaynre NprUBEACHHBIM HUKE HHCTPYKIIUSIM.

(1) I3mepeHne mMOCTOSIHHOTO HANPSIZKEHUS

Jlnst u3MepeHus MOCTOSHHOTO HAaIpsDKEHUS YCTAaHOBUTh B MEHIO IEPBOTO
kanata CH1 B pasmene Coupling BwiOpath pexum «DC» — OTKpBITBIH BXOJ.
[Mepexmouarens TIME/DIV ycTanoBUTH B pOU3BOIBHOE MONIOKeHUE. Habnronas
32 OTKJIOHEHMEM Jiy4a [0 BEpTHKalu, MOJaTh Ha BXOJ ocluwuiorpada
uccienyeMblil curHan. Eciiu nyd OTKIIOHWIICS BBEPX, TO U3MEPSIEMOE HaIPSKEHUE
MOJIOKUTENBHOE, €CIM BHU3 — OTPUIATENIbHOE. YBEIMYMBasi YYBCTBUTEIbHOCTD
ocummtorpada, mepexmoudarenrem  VOLTS/DIV  goOelitech  cMeIeHus,
Ha0JII0JaeMOM JTMHUM OT paHee 3aJJaHHOW HYJIEBOM JIMHUU Ha HECKOJBKO KJIETOK-
JesieHni mkansl. M3MepseMoe HanpsiKeHHe pacCuUnuThIBaeTCs 1Mo popmyIie:

U,=N,-G,
rae N, — 4nciio neneHui, Ha KOTOPOE OTKIOHWIICS JIyd OTHOCHTENIbHO HYJIEBOMN
muHuy; Cy — k03P HUUHUEHT OTKIOHEHUS (0TOOpaXkaeTcs B HIXKHEHM CTpOKE dKpaHa,
TIOKa3bIBACT KOJMYECTBO BOJIBT B OJIHOM KIIETKE IIKAJIbl IKpaHa).
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(2) U3mepenune aMIJIMTY/AbI IEPEMEHHOT0 HANIPSIAKEHUS

WN3mepeHrne amIumTyabl TMEPEMEHHOTO  HANPSHKEHUS  OCYLIECTBIIAECTCS
cienyrouuM obpazom. [IpenBapurenbHO HEOOXOIMMO 3a/aTh JIMHUIO OTCUETA B
CpelHel 4dYacTHM »dKpaHa. B MeHI0 BbIOpaHHOro [JIi HM3MEpPEHUM KaHaja
ocimuiiorpada B paszaene Coupling ycranoBuTh 3a1ath pexxkuM «AC» — 3aKpBIThINA
BXOJ, OJHAKO €CJIM IIOCTOSIHHAs COCTAaBJISIIONIAs B HCCIEAYEMOM CHUTHAJIE
OTHOCUTEIBHO Maja, TO MOXHO BXOJ OTKpbITh. llomaTe Ha oAWMH W3 BXOAOB
uccienyeMblii curnan. Manunynupys pydkamu VOLTS/DIV u TIME/DIV,
YCTAaHOBUTH Takue KOA(P(UIIMEHTHl OTKIOHEHMs, 4YTOOBI TOJHBIM pa3Max
n300pakeHHUs Ha SKpaHEe 0 BEpPTUKAIM 3aHMMall HE MeHee 4-X KIETOK, a IO
TOpPU3OHTAIM HaOMoIanoch 2-3 mepuoja HCCIelyeMOoro CHUrHaia. AMIUIMTYAa
HaIPSOKEHHS] PACCUUTHIBACTCS 1O popMmyIe:

U - AN - C,
2
rae AN — pa3max curHalia 1o BepTHKaJIH, BBIPAKEHHBIN B IEJICHUSX IIKAJIbI.

(3) U3mepenne BpeMeHHBIX HHTEPBAJIOB

Hcnonb3yst pydykd MepeMEenieHusl Jydya MO0 BEpPTHUKAaId U TOPU3OHTAIIH,
KeNaTelbHO  TOMECTHTh  HM3MEpSieMblii  HMHTEpBaJl B IIEHTP  JKpaHa.
[Mepexmouarenem «TIME/DIV» ycranoBuTe UIMHY W3MEPSIEMOTO BPEMEHHOTO
WHTEpPBAJIA HA DKPaHE HE MEHEE 4-X JIEJICHUM IIKaJIbI.

JIMUTeIpHOCTh BPEMEHHOTO MHTEPBAJIa PACCUUTHIBACTCS MO (hopMyJIe:

t=N-C,
rie N — uyMcno AeneHuil MIKanbl, KOTOPOE COCTAaBJIseT BPEMEHHON WHTEpPBAJ;
C; — 3HaueHue KodpQUIMEHTa pa3BepTKU (MHAULIUPYETCS B HUKHEH CTpOKe

DKpaHa).

(4) U3mepenune ¢ nomoubio pynxkuu Cursor

OnucanHble METOABI W3MEPEHHUs OCIMIIOTpadoM SBISIOTCS 0a30BBIMH U
MOTYT MPUMEHSTHCS BO Bcex Tumax ocuuiuiorpados. [udposeie ocnumiorpads
UMEIOT OoJiee TMOKME HMHCTPYMEHTHI JJII M3MEPEHUs PAa3IMYHbIX MapamMeTpOB.
OnuH U3 TakuX UHCTPYMEHTOB — QyHKIMs Cursor (KypCOpHbIE U3MEPEHU).

Oyukiust CUrsor Bkitodaercs HaxaTrueMm kHorku CUrsor Ha JMIIEBOM MaHenu
ocimuiorpada. BembiBaromiee Ha 3KpaHe MEHIO MMEET CIEIYIONINE BKIIAJIKH:
Mode, Type, Source, CurA, CurB.

DyHKIUS KypcOpHbIe H3MepeHus umeer Tpu pexkuma (Mode): pyunoi
(Manual), ciexxenne (Track) u aBToMmaTHueckue usmepenus (Auto).

Pyunoii (Manual). B 3ToM pexume Ha 3KpaHe KypCOpbl OTOOpakaloTcsl B
BUJIC JIBYX mNapajulelbHbIX JuHUK. [lodp3oBatenb uWMEET BO3MOXKHOCTH
nepeMeIaTh JUHUM KypCcOpOB Il BBIOOpA M3MEPSEMbIX MHTEPBAJIIOB BPEMECHH U
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HaIpsHKEHUsST Ha ocIpuutiorpamMmMe. M3MepeHHbie 3HadeHusT OyIyT OTOOpaKaThCs B
paMKax psiJIoM ¢ MEHIO.

Caexenne (Track). B aTom pexkume Kypcopbl Ha dKpaHe OTOOpakaroTcs B
uaee NByx nepekpectuid. [lepekpecTtbe Kypcopa yCTaHaBIMBAECT CBOE MOJIOKEHUE
Ha JIMHUM CUTHaja aBToMaTH4ecku. [1oyip30BaTesib MOXKET IepemMeniaTh Kypcophl B
TOPU30OHTAIPHOM  HAMpaBJICHUW BOJb JIMHUW  OCIWJUIOIPAMMBI  CHUTHaja
BpalleHreM MHOTO(QYHKIMOHAIBHOTO perynsaTopa ©. Ocummiorpad orodpaxkaer
3HAYCHUS KOOPJAWHAT B paMKaX PsOM C MEHIO.

ABTOMaTnyeckue m3MepeHusi (Aut0). DTOoT peXHM  BU3YaJIbHO
OTOOpa)KaeTcs TOJBKO COBMECTHO C PEKHMOM aBTOMATHYECKOTO H3MEPECHHUS.
Ocmutorpad aBToMaTHdeckn OyAeT oOToOpakaTh C TOMOIIBIO KypCOPOB
(bU3UYECKUI CMBICT U3MEPSIEMBIX TTapaMepOB.

Bxnanka Type BeiOupaet och i uamepenuit: X uinu Y.

Bxnanaka Source BeiOupaet kanan ais usmepenuii: CH1, CH2 win MATH.

Bxnagkun CurA u CurB BeiOuparot auHun KypcopoB. JloctymHo 2 Kypcopa.

3.5. IlapamMeTpsl 3JIeKTPUYECKHX HMITYJIbCOB

Bce napaMeTpbl JJCKTPHUIYCCKHUX HMIIYJIbCOB JACIATCA Ha TPH T'PYIIIBL:
OCHOBHBIC, IIPON3BOJHLIC 1 NOIMOJTHUTCIIBHBIC.

OcHoBHBIE MapaMeTpbI

JlaHHas Tpynma mapaMeTpoB XapakKTepHa JJISI BCEX BHJIOB JJIEKTPUYECKHUX
CUTHAJIOB HE3aBUCUMO OT UX (POPMBI:

Amnaumyoa — Uy, B — BelMurHa MaKCUMaJILHOTO OTKJIOHEHUS UMITYJIBLCHOTO
CUTHAJIa OT HaYaJabHOTO ypoBHA Uj.

Jlnumenvsnocms umnyasca — t,, ¢ — UHTEpBaJl BpPEMEHU OT MOMEHTa
MOSIBJICHHSI MMITYJIbCHOTO CHTHaja JI0 €ro 3aBeplicHus. Eciam Havalo u KOHell
UMITYJIbCa TPYAHO BBIICIUTH, TO pacuer 1, Beayr mo ypoBHio 0,1U, mu6o mo
ypoHio 0,5U, (puc. 3.18). B »Tom ciydae wHCHonb3yloT Ha3BaHus: i,
JUTMTEIIBHOCTh WMITyJIbca 10 ocHoBanuto 0,1 ammumryasr; t,, — aKkTUBHAA
JUTUTEIIBHOCTh UMITYJIbCA.

K ocHOBHBIM napaMeTpaM Takke OTHOCUTCA MepUos T.

\

u(t) 4

0,5U,,
0,1V,

0 t ]

Puc. 3.18. IIpsAMOyTrofbHBIN UMITYJIBC C YBETMYEHHBIMU BO BpEMEHHU (PPOHTAMHU
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IIpou3BoaHBIE MapaMeTPbI

[TapameTpsl TaHHOW TPYMIbI MOJYYalOTCS U3 OCHOBHBIX MMApaMETPOB IMyTEM
nepecyera:

1. Yacrora f paccuntsiBaercs o gpopmyiie:

Fol
T

2. KOB(b(I)I/IHHeHT 3allOJIHCHHA Y ITOKA3bIBACT KAKYIO YdCTh IICpHUOAa COCTABIIACT
JJIMTCIIbHOCTD UMITYJIbCA:

t
=<y,
=7

3. CKkBaXXHOCTb (] ITOKa3bIBAE€T BO CKOJIBKO pa3 Mepuoj OO0JIbIIe AJIUTEIbHOCTH
UMITYJIbCA:

>1.

g=1-T
Yy

Ecnu ckBaxkHoCTh = 2, TO KO3 uiueHT 3anonnenus y = 0,5.

I[OHOJIHI/ITeJIbHLIe nmapamMeTpbl

[TapameTpsl 3TO Tpynmbl XapakTEPU3YIOT CHEUU(PUKY CUTHAIOB JTAHHOTO
BHJ1A, CIIE0BATEIIBHO, CKOJIBKO BUOB UMITYJILCOB, CTOJIBKO U I'PYIII [1APAMETPOB.

1. lonoJiHUTE/IbHbIE MAPAMETPbl KBA3UNPSAMOYI0JIbHbBIX CUTHAJIOB

Jnumenvnocmy ¢ponma (nepennuin GpoHT) ty, ¢ — BpeMs OT MOMEHTa
Hayajla CUTHaja /10 MOMEHTa JOCTHXEHHS UM MaKCUMalbHOro 3HaueHus. Eciu
BPEMEHHBIE MOMEHTHI I1J10X0 pasinuHsl (puc. 3.19), 1o ty, pukcupyercs ot ypoBH:
0,1Up, no yposast 0,9U,.

Jlnumenvnocms cnaoa (cpesa) (3aauuii GpoHT) t., ¢ — BpeMEHHON WHTEpBAII
OT MaKCHUMAaJIbHOTO 3HaY€HHUS UMITyJIbca JO MOMEHTA ero 3aBepiineHus. Eciu cnan
II0cKkoi BepmHbl oTcyTcTBYET (AU =0), TO . HaxomuTcs Takke Kak t,. Ecim
cnaj Tiockoi BepimHbl Habmonaercs (1. e. AU #0), To oTMeuaercs rpaHuvHas
touka (U,p), rae KoHuaeTcs IIocKasl BEPIIMHA U HAYMHAETCS CIajl UMITyJIbca (pHC.
3.19). JlanHas To4ka HE SBISETCS <OKECTKOW», T.K. €€ MOJIOKEHUE OMpPeaeIIsieTCs
KOKIbIM HaOMomaTeaeM WHAMBUAyaJlbHO. B 3TOM ciiydae Bpems cpesa
onpezensercs kak yosiBanue curnana ot 0,9U,, no 0,1U,.

Koagppuyuenm cnaoa nnockoit éepuiunsl umnynsca

A& YoYU, Uy
Y U U

m m m
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B orcyrcTBHe cmama miiockoi BepmiuHbl, T.6. AU = 0, k03 dUIMeHT cmanapaBeH

HYJIIO.

u(t) A
0,9U,, 1

0,1Up, 1--

0

Puc. 3.19. Onpenenenne AMTUTEIBHOCTH MEPEIHETO U 3aHETO (PPOHTOB

2. lonoJiHUTEIbHBIE APaMeTPbl MUJI000PAa3HBIX CUTHAJIOB

B oTnuyme oT mpsAMOYTOIbHBIX MHJIO00pa3HbIe UMITYIBCHI HE UMEIOT TIOCKOM
BepmiHbl (puc. 3.20), ciemoBaTenbHO, MOMOJHUTENBHBIE MapaMeTpbl TaKUX

CHUI'HAJIOB UHBIC.

Jlnumenvsnocms npamozo xoda i, c — BpeMs HapacTaHUsl CHTHajga OT

Ha4aJIbHOT'O YPOBH: Uo J0 MaKCHUMaJIbHOI'O Um.

u(t)A

/l\_ /S ’Um
TN 28 WA

Ol t

Y~

Puc. 3.20. OnpeneneHue napamMeTpoB MUI000Pa3HOTO CUTHAA

Bpema oopammnozo xooa 1t,,c — Bpems YyObIBaHHMS CHUTHAJIa OT

MaKCHUMAJIbHOT'O 3HAYCHUA O UCXOOHOTO.

Kosgppuuyuenm nenuneitnocmu nunvt K, — napamerp, XxapakTepu3yomun
OTHOCUTEIHFHOE N3MEHEHHE CKOPOCTH HAPACTAaHUs HATIPSDKEHHS 32 BPEMSI IIPSIMOTO

xXoaa.
dutt)|  du() du(t)
K _ dt t=0 dt t:tnx :l_ dt t:tnx ’
. du(®) du(t)
dt | dt |
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_ du@® du(t)

dt — CKOpOCTB HapaCTaHI/I}I IINJIBI B HA4YAJIC HpHMOFO Xo4a,
t=0 Ul

ra

CKOPOCTh HapacTaHHs MHJIbI B KOHIIE TPAMOTo Xoja. [ToCKOIbKY reoMeTprUeCKuit
CMBICJI TPOM3BOJHON (DYHKIIMM — TaHTCHC yrja HAKJIOHA MEXIy KacaTelbHOMH,
MPOBENCHHOW K 3aJaHHOW TOYKE MWkl W Ochbio abcmuce (puc. 3.21), TO
KOA(PPUITUEHT HETMHEHHOCTH TTHJIBI MOKHO OIPEICIUTh, UCTIOIB3YS N300paKeHHE
IIIJIBI, HAIIPUMED, Ha dKpaHe ocIuniorpada, mo gpopmyie:

B tga,

K, =1 ;
tga,

IZIe O — yrojl HakJOHA KacaTeJbHOW B Havaje mpsmMoro xona mwibl (t = 0);
O — YroJl HakJioOHa KacaTeJbHOM B KOHIIE mpsiMoro xoaa mwibl (t=t,). B

u(t) A .—-\)'ocK

Oo

uneansHoM ciaydae K, = 0.

~*

X

Puc. 3.21. I'paduueckoe onpenenenne K,

Kpome paccMOTpEeHHBIX, CYIIECTBYET apameTp, SBISIOMIUNCS TaKKe 00IUM
JUIl  BCEX BHUJIOB CHUTHAJIOB M XapaKTEPU3YIOLIMK KA4eCTBO yCTPOMCTBA

dbopMUpOBaHUS UMITYJILCOB — KoIhhuyuenm ucnonb306anus nNUMAOULE20o
HaAnpA}ceHus
U
KI/ICH = E = S 1’

riae By, — HanpsbkeHue ucTouHuka nutanus. B uneansHom ciyvae K, = 1.

4. IIPOI'PAMMA 1 METOANYECKUE YKA3AHUA
K BBIITOJIHEHNIO PABOTDI

4.1. IIpakTnuyeckoe ndyueHue ocumwiorpaga

a) [lonroroButs ocumsmiorpad RIGOL DS1052E k paGote. Bxmtounts mpudop.
O3HaKOMUTKCS Ha MPAKTUKE C OpraHaMy yIpaBIeHUS U MEHIO ocIiorpada.

0) OmnpenenuTs MOTCHIMAIBHBIA M 3EMJISTHOH BBIBOABI IIEPBOTO M BTOPOTO
KaHaja ocmuiorpada.
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B) Ilogkmiounts BbIXOJ BHemHero renepatopa GFG-8216A x omHomy wu3
KaHaJIoOB ocuwuiorpada, wucnoiab3ys HaOopHOE Imoyie. BKIOYMTH reHepaTop.
VY CcTaHOBUTH Ha BBIXOJE IeHepaTOpa CUHYCOUIAJIbHOE HAMPSKEHNE TPOU3BOJILHOM
amMIuITypl  4yactotod 1kl'm. 3apucoBaTh MONYYEHHYIO OCHUIIOTpamMmy.
W3Meputh mapameTphl JaHHOTO CHTHala ABYMS CIOCOOaMU: C HCIIOJIb30BaHHEM
CETKH, N300paXeHHOHN Ha sKpaHe, U QyHKIUH «Cursor» (B pydyHOM PEXHUME WU
peKUME CIeKeHHs). l3MepeHHble MapaMeTpbl HAaHECTH Ha 3apHUCOBAaHHYIO
OCLIIIJIOTpaMMy.

r) Ha Beixome renepatopa GFG-8216A ycTaHOBUTH OJHOMOJSPHBIN
NPSIMOYTOJIBHBIA WM NHJI000pa3Hbli CcHUrHain (MmapaMeTpbl CUTHalIa 3aJaeT
npernojiaBaTesb). 3apucoBaTh MOJYYEHHYI0 OCHWUIOTpaMMy U ONpPEAEIUTb
COOTBETCTBYIOIIME NTAPAMETPhI CUTHAJIA.

Ilpumeuanne. B mcxomnom cocrossamm Ha BeIxofe reHepatopa GFG-8216A dopmupyercs
JIBYXTIOJISIPHBIN CHUTHAN CKBKHOCTBIO 2. PerynmmpoBka CKBaXXHOCTH ocymiecTBisieTcst pyukord DUTY B
pexxume ADJ (pyuky perymsaropa DUTY notsnyTts Ha cebs). s moTydeHUs! OIHOMOISPHOTO CUTHAA
HeoOxoaumo perynsatop cmemenus curaana OFFSET mepeBectu B pexkxum moxactpoiiku ADJ (pydky
perynaropa OFFSET motsHyts Ha ce0s). KoHTpoympys BBIXOJHOW CHTHAN OCHUJUIOTpadoM, 3aaaTh
HEO0OXOIMMbIEe CKBaKHOCTh U CMEIIICHUE.

Uccnenosars Biusaue thna cesizu AC, DC u GND (cMm. MeHI0O BepTHKaJIbHOTO
OTKJIOHEHUsI) Ha OoToOpaxaeMblii curHayi. OObSICHUTh HaAOJI0JaeMble U3MEHEHUS
CUTHAJIA.

4.2. UcciienoBanue pesuCTUBHOIO JeJIUTES HANPSKEHUS

a) C momompio uudpooro BoabTMeTpa (IIB) u3MeputTh compoTUBIEHUS
BBIJIAHHBIX TIperoaBareiaeM pe3ucTopoB. COMOCTaBUTh PE3yJIbTaThl U3MEPEHUN C
HOMHUHAJIBHBIM COIPOTUBJICHUEM, YKa3aHHBIM Ha KOPITyCe 2JIEMEHTOB. Pe3ynbraThl
M3MEPEHU U PacueToB MOTPENTHOCTEH BHECTH B Tabmuily. CienaTh BHIBOBI.

06) HWcnonb3ys pesuctoppl ¢ HOMHHATIOM R;=1xkOM (umu 10 kOm) wu
R, =560 Om, cobpaTh Ha MOHTaXHOW MaHENIM CXEMY PE3UCTHBHOTO JEIUTEIs
HanpspkeHus (puc. 4.1). B xauecTBe BXOJIHOTO HAMPSHKEHUS UCTIOJIB3YUTE OJTHO M3
MOCTOSIHHBIX ~ HampspkeHuit: +5 B; +12B  (mo 3amanuto mpenonmaBatens).
[loaxatounTh BBIOpAaHHOE HANpsDKEHUWE K BXoAy Aenurtens. HMcnoawv3ya
coomeemcmeyrowuii pexcum padvomst 1B, nmoodepeqHo usMepuTh, GUKCHPYS
pe3ynbTar, BXoAHOe HamnpsbkeHue U, HanmpspbkeHue Ha pe3uctope Rj, BbIXOJIHOE
Hanpspkerue U, . Paccuntats BXOTHON TOK A€IUATENS | yy.

R;
+ ¢— 1 & +

Ugx R? Ugbix

_¢ ¢_

Puc. 4.1. IlpuHiunuaneHas cxeMa pe3UCTUBHOIO JIETUTENS HANPSKeHUs
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[ToBTOpUTH TIpOLIETYpPY, MOCIENOBATEILHO MEHSSI CONMPOTUBIEHHWE PE3UCTOpa
R, =3 kOm; 5 kOwm; 10 kOm. Paccuurare koddduiiueHT neneHus (repenayn)
nemurenas K, = U, /U, Ipu KaXaoM 3HAYEHHH CONPOTHBIICHUS pe3ucTtopa Ry,
CPaBHHUTH IOJYUCHHBIC PE3yJbTaThl C JAaHHBIMH IIPCABAPHUTEIBHBIX pPAaCUCTOB,
OMPENCNIUTh IMOTPEIIHOCTH 3KclepuMeHTa. CrenaTh BBIBOJBI O CBOMCTBaxX M
TIPUHITUIIC ICHCTBUSA CXEMBL.

4.3. UccaenoBanue npocreiimmux RC-ueneii

a) UWcnome3ys wmomymu ¢ pesuctopoMm R =10kOwm, 11xOwm, 12 xOwm
(CompOoTHUBIIEHUE PE3UCTOPA 3aJa€T MpernojaBarenb) U kouaeHcatopom C = 47 HD,
coOpaTh Ha HAOOpHOM Moy JabopaTopHOro creHaa ¢azocasuraroniyro RC-mens
(puc. 4.2), obOecreunBaroONIyl0 3aJaHHBIA (Pa30BBIA CABUT MEXKIY BXOJHBIM U
BBIXOJTHBIM TAPMOHHYECKUMH HAMPSHKCHUSIMU QPky. PaccuuTaTh 4aCTOTy BXOIHOTO
CUTHaJa, MPH KOTOPOM OOECmeuMBaeTCs 3aJlaHHOE 3HAdYeHHE (Oxy (YTOUYHHUTH Y
IpernoaBaTens).

Ipumeuanue. PopmyJibl Il pacdeTa HICKOMBIX apAMETPOB:
ona RC-yenu, nauunaroweiics c pesucmopa:
f — _tg(pKu . K _UBbIX _ l

ne YU, (ie@afo? ]

onsa RC-yenu, nauunarowetics ¢ konoencamopa:
1 ) U, 2nfz

BBbIX

fo— = K _ ,
2ntgo, U, [i+(@nfr)

rae f — pabouas yacrora renepatopa GFG-8216A; 1 = RC — nocrosiHHas BpeMEHH
ETH.

[lone3ysick ~ opraHamMu  yOpaBl€HUS,  YCTAaHOBHTh  HA  BBIXOJIE
¢dynkunonansHoro reneparopa GFG-8216A cuHycounanbHOE HaIpsKEHUE
ammutyoit Uy, = 5 B (KOHTpOIMpOBaTh C MOMOIIIBIO OCIIMILIOrpada) ¢ 4acTOTOH,
COOTBETCTBYIOIIICH pacCUMTaHHOMY 3HaueHuio. [lomath maHHOE HamMpsDKEHHE Ha
Bx0J1 uccienyemoit nenu. [logkmouns ocimmiorpad (kanan 1 — kK BXoAdy, a KaHal
2 — K BBIXOJly LIETIH), 3apUCcOBaTh c(ha3supoBaHHBIC OCHMWIIIOrpamMMbl. Paccuurtarh
kodddumment mnepemauun uenu Ky, u3MepuB ocuuiuiorpagoM  amIuIMTYIbI
BXOJIHOTO M BBIXOJIHOTO cHrHamoB. Omnpeaenutb @gy. CpaBHUTH pe3yibTaThl
U3MEPEHU C TEOPETHUECKHMMH 3HAYCHUSIMH H PacCuMTaTh IOTPEITHOCTh
n3mepeHui. Crenarb BBIBOJBI.

Ipumeyanue. Usmepenue @gy.
[TomecTuTh HyJEBbIE JUHUKM OOOMX KaHAJIOB ociiuuiorpada Ha OJUH YPOBEHD.
VY CTaHOBUTH CUHXPOHU3ALMIO OT 1-ro KaHana (3a1aTh Ha4aJIbHYIO (ha3y BXOJHOTO
HANPSHKCHUS Qugy = 0). MI3MepuTh BpemeHHOM uHTepBal (ty) Mexay nepexoiamu
CUHYCOU/] Yepe3 HYJEBYIO JIMHUIO U3 «—» B «+» U nepuoj T 0OAHOr0 U3 CUTHAJIOB.
Jlanee cocTaBiisieTcs pOIOPLMSL:

tx — oku
T - 21 (360°)
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R105(0]0)
tx — oku
T/2 — 7 (180°)
Perrast mpomopLumio, Ioay4aeM Qxy.

0) Ha moHtaxsoi manenu coOpath RC-mens (BapuaHT I€NA YTOYHHUTH Y
IperoaaBaress), W300pakeHHyl0 Ha puc.4.2 C mapaMeTpamu pe3ucTopa u
KOHJICHCaTopa, B3sIThie u3 1.4.2,a. Ha BX0/ 1enu moaath rapMOHUYECKHA CUTHAIT
BenUIMHON U,y rey = 1 B 0T dyHKIIMOHANBHOTO TeHepaTopa GFG8216A. U3mensis
gactoty reHeparopa ot 30 I'm mo 30 k['m, cHATh 3aBucumocTh (15-20 Touek)
koaddunuenta nepegaun K, =U, /U, 0T 4acToThl. ['paduyeckd MOCTPOUTH

3aBucumocth Ky = F(f), ompenenuts mosockl NpOMyCcKaHUs W MOJABICHUS W THII
bunpTpa.

LS R
C
Ugx R  Usbix Upx — Ugbix
@ ¢ ¢ o ¢
a 4]

Puc. 4.2. RC-nienb, HauMHaroIascs ¢ KoHaeHcaropa (a) u pesucropa (0).

5. COAEPXAHUME OTYETA

=

[lenb paboOTHI.
2. Pe3ynbTaThl BRITOTHEHHS KaXIO0TO ITyHKTA MPOTPaMMBI:
— TMPUHIUTIAATBHBIC CXEMBI UCCIIETYEMBIX IIETICH;
— pe3yibTaThl U3SMEPEHUI, CBEICHHBIE B TAOJIUIIHI;
— rpaduKu 3aBUCUMOCTEH;
— c¢a3upoBaHHbIE  OCHWUIOTPAMMBI €  YKa3aHHEM  XapaKTEPHBIX
napamMeTpoB ISl BCEX CUTHAJIOB.
3. BoiBogbsl (mpuBOASTCS MO0 B KOHIIE KaXJAOro0 IyHKTa IO XOAIY
BBITIOJTHEHUS, THOO B KOHIIE PaOOTHI).
4. OTBeTbl HA KOHTPOJBHBIE BOMPOCHI (IO 3aJaHUI0 MTPENOIaBATENs).

6. KOHTPOJIBHBIE BOITPOCHI U 3AJJAHU A

1. Yro Takoe ocumntorpad?
2. Pacckaxute npunnmn nevictBus ocuuiorpada ¢ 3JIT no pyHkimonansHoi
cXeMe.
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3. Uro Takoe pasBeptka? Hapucyiite nuarpammy HampspKEHUS Pa3BEPTKH.
[losicHuTe TmOBeNEHUE DIEKTPOHHOTO Jy4ya TMOJ JEHCTBUEM HaIpsHKEHUs
pPa3BEPTKHU.

4. VYkaxure Ha3HaueHue pexxuma X-Y. B yem ero otiauuue oT KJIacCH4eCKOro
pexuma?

5. Haznauenue cunxponmsanuu B ocumuiorpage? Kak ona ocymectsisiercs?
Bunbr cuaxponuzanuun?

6. Kak mno wu3o0pakeHHIO Ha »JSKpaHE AHArHOCTUPOBATh OTCYTCTBHE
CUHXPOHU3ALINU?

7. B dem 3akirouaercs pazauyMe KIYLIEro U aBTOKOJIE0ATEIbHOTO PEKUMOB
paboThI reHepaTopa pa3BepTKU?

8. Kak obecneunTs «IMacrmopTHY0» TOYHOCTh U3MEPEHHUs ociiuiorpadgom?

9. IlosicHuTe CMBICT TEPMHHOB «OTKDBITBIN» UM  «3aKPBITHI»  BXOA
ocriuiorpada.

10. Kak Ha mpakTHKe ONpeNeiauTh MOTEHLUMAIbHBIH U «3EMJISTHOW» BBIBOJIBI
CUTHAJILHOTO Kabest ocmuuiorpada?

11. IToueMy Henb3sl «3€MJISTHBIE» KOHLIbI CUTHAJIBHBIX Kabeneil 000MX KaHajoB
ocuusuiorpaga noJKI0YaTh B TOYKH CXEMbI C pa3HbIMU OTEHIIUATIaMU?

12. Kak cHATH OCHWJIJIOTpaMMy TOKa € IOMOIIIbIO ocuuiuiorpadga?

13. Pacckaxute mpuHIMO JedcTBUA  ImdpoBoro  ocimmwuiorpada 1o
CTPYKTYPHOU CXEME.

14. Onumure opraHbl yOpaBi€HUS W NOAKIIOYEHHS  ocuwuiorpada
RIGOL DS 1052E.

15. Ilepeuncnure HMCTOYHMKK CUXpOHHU3aMKU ocuwuiorpada. Kak BbeiOpaTh
MCTOYHHUK CUHXPOHU3aLUK ocuuiuiorpada?

16. Ilepeuncnure 3amperieHHbIE pPEXAMBI W JACHCTBHS Tipu padbore ¢
ocruuIorpagom.

17. Kakue OCHOBHBIE MapaMeTpbl CUTHAJIOB MOJUIEKAT U3MEPEHHIO IpPU HX
ocIorpadupOBaHUM?

18. Kakue nmapameTpbl 3JIEKTPUYECKUX UMITYJIBCOB OTHOCATCS K MMPOU3BOIHBIM
napamerpam?

19. Kakuie AOMONHUTENbHBIE TapaMeTpbl MPSMOYTOJBHBIX W MHUI000pa3HbIX
CUTHAJIOB MOJAJIEKAT U3MEPEHUIO IIPpU ocluIuIorpadupoBaHun?

20. Ilossicaute mpuHIMO paboTel  pe3ucTuBHOTO genutens. [lomyuure
BbIpaKEHHE JIs1 KO3 dULIMEeHTa nepeaayd (AeIeHNs) pe3UCTUBHOTO JETUTEIS.

21. TTosicHuTEe MPUHIIKTI pabOTHI, HCCICTYEMBIX B JTaHHOUM pabore B RC-1eneid,
IIPU U3MEHEHUU YaCTOThI BXOJJHOTO TAPMOHUYECKOTO CUTHAJIA.

22. Hapucyiite cxemy mnpocredmero ¢GuibTpa HU3KUX (BBICOKHMX) YacTOT.
[Tosicaute AYX QuiibTpa u ero Ha3HauYCHUE.
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