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Metoanyeckuii KOMIUIEKC NpeAHa3HadeH JUIsl CTYAEHTOB, OOydaloIIMXCsl MO Kypcam
«DNeKTpoTexXHNKa», «TeopeTnyeckne OCHOBBI DIEKTPOTEXHHUKI», «OCHOBBI TECOPHH LENEH» H
«Onextpopusnka HMHYOPMALMOHHBIX CcUCTeM» Mo HampasieHusM "HHdopmaTtnka u
BBIUMCIIUTENbHAS TexXHUKA", "DiekTpoHnka wu HaHo3nekTpoHuka', "IIpubopoctpoenue",
"VpaBiieHHe B TEXHUYECKUX cUcTeMax".

Metoanyeckoe TOCOOME COAEPKUT MOAPOOHBIE HMHCTPYKUUH 10 TOATOTOBKE K
7abopaToOpHBIM paboTaM, BBIOJNHAEMBIM Ha 00OpynoBaHUM Kadenpbl «DieKkTpodusnka
UH(POPMALMOHHBIX CHUCTEM», a TAaK)K€ PYKOBOJACTBO MO MPUMEHEHHIO MPOTPAMMHOIO MaKeTa
Design Lab 8.0 nys uieneit MaTeMaTHYeCKOr0 MOJCIUPOBAHUS SJIEKTPHUECKUX LETIEH.



1. ITopsa0K MOATOTOBKH K JIA00PATOPHBIM padoTam

[ToaroToBka K KaxaoW J1abopaTOpHOM pabOTE BBINOJHAETCA 3apaHee U
SBIIAETCS IOMAIIHEN paboTOM, HA KOTOPYIO B y4ueOHOM IUTaHe MpeyCcMaTpUBaOTCS
COOTBETCTBYIOLIME 4YacChbl «CAMOCTOSTEJIbHOM  NIOATOTOBKW». BrlnosiHeHue
MOATOTOBKH K J1Ja00OpaTOpHOM paboTe BKIIOYAET B CEOS:

— H3y4YEHUE TEOPETHUYECKOIO0 MaTepuajia W peIIeHHE 3aJad [0 TEeMaTHKe
1abopaTopHOIl pabOoTHI;

— BBINOJIHEHUE MYHKTOB 3a7aHus pasjena «lloaroroska k padore»;

— TMOJrOTOBKA K DJKCIEPUMEHTAJIbHBIM HU3MEPEHUsIM — TMOATOTOBKa ImabiioHa
oTdera K paszeny «BoInojHenne padoTs) ',

[ToarotroBka otueTa K mabOpaTopHON paboTe MOJpa3syMeBaeT BBIMOTHEHHE
CJICYFOIIHUX ITAIOB B COOTBETCTBUU CO CBOMM BapHAHTOM (BapHaHT OMPEACIISETCS
HOMEPOM CTEH/Ia).

1. IIpouurtars onucanue 1a0OPATOPHOI pabOTHI OT HAYaNIa IO KOHIIA.

2. IloouepenHo BBINOJHUTH MyHKTHI pa3aena «IlogroroBka k padore»:

2.1) HapucoBaTh pacyETHbICE CXEMbl B COOTBETCTBMHM CO CBOHMM BapUaHTOM,
0003HAYUTh TOKU U HANIPSDKEHHSI, KOTOPbIE HEOOXOAMMBI ISl pacyeTa;

2.2) BeiBeCTH (HOPMYJIBI, BBIMOJTHUTH pPacueThl (MpU BBIMOJTHCHUH pPACUETOB
00s13aTeIPHO CHavYaIa MUIIeTcss GopMyia, a 3aTeM BBITIONHSICTCS MMOJCTAaHOBKA
YHCEJT U TTUIIETCS YMCIIOBOM OTBET C yKa3aHUEM Pa3MEPHOCTH pe3yiIbTaTa);

2.3) moctpouTth rpaduku (€Cinu MPEeAYCMOTPEHO 3aJlaHheM) C YKa3aHHEM OCEeH U
MaciiTadoB; eciu Ha rpaduku peArnoiaraeTcs HaHECEHUE
AKCIIEPUMEHTAILHBIX TAHHBIX, TO HEOOXOAMMO BBITIOJIHATH UX MMOCTPOSHUE HA
otnenabHOM Jiucte popmaTta A4 nub0 Ha MUJUTMMETPOBOM OyMmare.

3. BaumaTenbHO MPOYMTATh KAXK/BIN MMYHKT pasjaena « BolnojgHeHue padoTh»:

3.1) HapucoBaTh CXE€Mbl I KaXJIOr0 OKCIEPUMEHTa C YKa3aHUEeM Y3JIOB
MOJIKJIIOUEHHS] U3MEPUTENBbHBIX TPUOOPOB U reHeparopa (ucrounuka JJ1C);

3.2) moAroTOBUTH TAOMUIBI JUIsi BHECEHUsI PE3YJIbTAaTOB W3MEPEHUI, BHECTH B
TaONHIIBI Pe3yJbTaThl TEOPETUUECKOTO pacdeTa u3 pazziena «IlloaroroBka k
padore»;

3.3) mpeaycMOTpeTh MECTO ISl 3alUCU MPOMEKYTOUYHBIX Pacu€TOB, MOCTPOCHUS
rpaduKoB, BEIBOIOB U T.II.

KoneuHo#t 11en1p10 MOATOTOBKH CTYACHTA K JaOOpaTOpHON padoTe ABIsSETCS
TOTOBHOCTH K BBIIIOJHEHUIO PaOOThI HA 3aHATUU U MOCIEAYIOIIEH 3aIuTe padoThI
Ha TEKYyIIEM IUIAHOBOM 3aHATUM WIH, [0 PEUIEHUIO NPEenojaBaTens, Ha
CJIEIYIOILEM 3aHATHUM.

bes IMpaBUJIBHO BBIIIOJIHCHHOM IMOATOTOBKHM CTYACHT K BBIIIOJIHCHHIO pa6OTBI
HC OOITYCKacCTCA.

' TIpu BBIMOJHEHUH JTa00PaTOPHBIX pabOT MOXKET MOTPEOOBATHCSI COXPAaHEHUE PE3YJILTATOB B
AJIEKTPOHHOM BHJI€ Ha CMEHHBIN USB-HaKOTHUTEb.



2. OdopmiieHne pe3yabTATOB BBINOJHEHHUS U 3a1MTA
J1adopaTopHOi padoThI

Brlinonnenue 1a0opaTopHbIX pabOT MPOUCXOIUT B JabopaTopusix Kadenpsl
O®UC ctporo B OTBEACHHBIE Y4YE€OHBIM IIJITAHOM 4achkl. [l CTyJAeHTOB He
BBINIOJIHUBILIUM TIpaguK y4eOHOro mpolecca, B KOHLE CEMeCcTpa OpPraHM3yHTCS
JOTIOJIHUTENBHBIC Yachl, B TOM YHCJIE HA IUIATHON OCHOBE.

Kaxnas naGopatopHas paboTa mpeamnonaraeT HHIUBUAYAIbHBIA OTYET
CTyAeHTa 00 e€ BBINOJHEHHH, C KOTOPHIM CTYAEHT JOITyCKAaeTCs K 3alluTe
nabopaTopHoil paboTsl. OPOpPMIICHHBII OTYET MpeACTaBiIsieT cO00M BBHIIOIHEHHYIO
HOJITOTOBKY K paboTe, B KOTOPYKO BHECEHBI DPE3YyJbTaThl 3KCIIEPUMEHTAIbHBIX
U3MEPEHM, a TaK)Ke BBIMOJIHEHbI HEOOXOUMBIE MO 33JaHUI0 PACUEThI, IOCTPOEHBI
rpaduky, NpUBEICHBl HEOOXOAUMBbIE OCLMIUIOIpAaMMBI M CHAENaHbl BBIBOJBI (BCE
PUCYHKH HYMEpYIOTCS U COJIEPKaT MOJAMUCH O TOM, YTO M300PaXKaIOT U K KaKOMY
INYHKTY 3aJaHusl OTHOCATCS).

OdopmiteHHBIN OTYET IS TOMYCKa K 3aIuTe pabOoThI TOJKEH COACPKATh:
— TUTYJbHBIN JIUCT ¢ YKa3aHueM Ha3zBaHus pabotel, PO cryaeHTa, €ro rpymniisl,
HOMEpa BapuaHTa U JAaThl BBIIIOJIHEHUS PaOOTHI;
— BBINOJIHEHHbIE MYHKTHI pazzaena «[loaroroBka k padorey;
— BBINOJIHEHHBIC MMYHKTHI pa3jena « BblnoiHeHue padoThly;
— TMOJMUCH MPernoiaBaTess U JaTy BBITOJIHEHUS! paOOTHI.

3amuTa J1abopaTOpHON pabOTHI BO3MOXHA TOJIBKO MOCE CAaMOCTOSTEILHOTO
BBITIOJTHEHHS BCEX IYHKTOB pasneia «BplmosHeHne padoTh» W MPOUCXOIUT Ha
TEKyIIeM 3aHSITHA WIM Ha CICIyIOIIeM IJJaHOBOM 3aHATHHU. 3amiura paboThl
NPEJCTABISICT CO0O0W WHAMBHIYAIbHBIM ONPOC CTYICHTA IO TEOPETUYECKOMY
MaTepuandy TIOATOTOBKH, a TaKXe IO COACpXaTelbHOW 4YacTH paszzelna
«BbInosiHeHne padoThl», MPEICTABICHHOTO K 3allMTE MPOTOKOIA PabOThI, B TOM
YHUCJIE OTBETHl HAa KOHTPOJIbHBbIE BONMPOCHI, NMPUBEICHHBIE B KOHIIE OMUCAHUS
KaXKJI0 paOOTHI.

3amuTa Mo PemeHUI0 MPEeroaBaTeIss MOXKET MPOBOAUTHCS B HECKOJIBKHUX
dbopmax:
— B BHJIC DJICKTPOHHOTO TECTA;
— UWHIUBHIyaJIbHOC 3aJlaHWE 110 TeMaTHuKe paboThl  (pelleHWe  3ajad,
PAacCMOTPEHHE YACTHOTO CIIydasi TCOPETUICCKOTO MaTepHalia U T.11.);
— B BHjIe OeceIpl ¢ MPEToIaBaTesieM Mo TeMATHKE PabOThI.
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2.2.

2.3.

2.4.
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3. Iopsiaok cOOPKHU ITEKTPUUYECKOI CXeMBbl

[TpounTaTh MyHKT 3aJaHHsl, OINPEICIUB Kakue (U3NYCCKUE BEIUYHHBI
HEO0OXOIUMO U3MEPATD.

I'mans Ha HAPUCOBAHHYIO MPU MOATOTOBKE AIEKTPUUECKYIO CXEMY, KOTOPYIO
HE0O0X0MMO coOpaTh Ha CTEHJIEe, 3pPUTEILHO HAWTH Ha CTEHJE HEOOXOIMMBIC
AJIEMEHTHI TIETTH.

Ucxons u3 yno0CTBa, COMOCTaBUTH y3/bl CXeMBI (He Oonee 4-x) hu3nIecKum
y3JaM CTEHJa, KOTOpble 0003HaueHbl «1», «2», «3» M TOYKa HYJIEBOIO
MOTEHIHANA «-» (0GBIMHO B KAYECTBE Y3/I0B LEMH JOCTATOYHO BHIOPATH TOUKH
COCIMHEHUS BBIBOJIOB DJIEMEHTOBR).

PeanbHBIII MCTOYHMK TIOCTOSSHHOTO HAIPSOKEHUS Ha CTeHJe 00O03HauYeH Kak
AKTUBHBIN JBYXIIOJIFOCHUK (A4).

['eneparop mepeMeHHOro HaIpsKEHUsl MPUHATO 00o3Ha4YaTh G (Ha CTeHHIE OH
IPEJICTaBIIEH CUTHAJIBHBIM MPOBOJIOM 3€JIEHOr0 I[BETa M MPOBOJOM HYJIEBOTO
MOTEHIIMAJIa YEPHOTO 1IBETA).

Kanansr ocrimmorpada o6o3nauenst OSC1 (1-4 kanan) u OSC2 (2-it kaHan) u
IpEeACTaBIEHbI JIByMs MapaMH IMPOBOAOB: KEITHIA (CUTHAJIBHBIN) U YEPHBII
(xaHan 1), cuauil (CUTHAJIBHBIN) U YEPHBIN (KaHa 2).

[Ipu cOopke cxembl H3MEpUTENbHBIE MPUOOPHI CJIEAyeT BKIOYaTh B
nocnenHo oyepens. COOpky cxembl yI0OHO HayaTh C HCTOYHHUKA
(renepatopa G WM peanbHOTO UCTOYHUKA A). [lanmee, nBurasicb mo myTH
BOOOpa)KaeMOTO0 TOKa WCTOYHHKA, IMOOYEPEIHO BKIIOYAIOT JJIEMEHTHI IICTIH,
00XO0/151 €e KOHTYPbI MJTU IBUTASICh OT y371a K y31y.

B TOYKe HYIEBOrO MOTEHIMANa «-1» IOMKHBI OBITh COCJWHCHBI BHIBOJIBI
npuOOpoB (MMPOBOIA YEPHOTO LIBETA).

BonpT™meTp u peanabHBId HCTOYHHUK A TOMYCKAIOT MPOU3BOJIBHOE BKIIOUCHHE B
ANIEKTPUYECKYIO 1enb. OHAKO MX YepHBIC MPOBOJA YI0OHO TaKKe BKIIIOYATH B
TOUYKY HYJIEBOTO TOTEHI[MAJIa, YTO HEOOXOAMMO IS U3MEPEHHUs MOTCHIINATIOB
e UMEIOLUMUCS Tpubopamu.

[Tocne 06xoaa Bcex KOHTYpPOB LIENH CIIeyeT yOeaUThCsl, YTO BCE COSAMHEHUS
BBIMIOJIHEHBI B COOTBETCTBMM CO CXeMOM (yZOOHO mOCJea0BaTeNbHO
paccMOTPETh COSMHEHUS MEXy BRIOpaHHBIMHU B 1I. 2.1 y31amu).

[Toaxmr0unTh K COOpPaHHOW IEMH HW3MEPHUTENbHBIE MPUOOPHI M HACTPOUTH
mapamMeTpbel MHOTO(YHKIIMOHAIBHOTO mpudopa GDM-8135 (BombT™METD,
amrepMeTp, ommetp), ocimiuiorpada GDS-2062 (ycTaHOBKON TOAXOISAIIUX
MaciTaboOB) ¥ YCTAHOBUTh HOMHUHAJIBHOE 3HAUEHHUE TIEPEMEHHOT0 pe3ucropa R
(nepemennoro konjaeHcaropa C).

BxitounTh nuTaHUE UCTOYHUKA (T€HEpATOpa WK PEAIbHOTO HCTOYHHKA).

Breinonauth HCO6XO,Z[I/IMBIC HU3MCPCHMU. CormocTaBuUTh pe3yiibTaTt C
TCOPCTUUCCKHU HOquCHHOﬁ BCJIMYMHOM U BIIMCATh €r0 B OTCYET.



4. U3mepeHusi ¢ NOMOIIbI0 YHUBEPCAJIBLHOT0
usmepurenass GDM-8135

vVaQ

COM 200 MKA 2 20 200 2000 20A

AC 200 Q 2 20 200 2000 20 MQ

O 200mB 2 20 200 1000

DC \Y4 mA kQ PWR
Ao O OOO0O0O O OO0 0O0OO =
P HUCYHOK 1- I/I306pa)KCHI/Ie YHHUBCPCAJIbHOT'O UBMCPUTCIIA U YCIIOBHO-
rpa(bnquKoe npeacTaBJICHUEC €0 J'IPII.[CBOIZ IIaHCJIn

1. BximroueHue/BRIKIIIOUCHHE MpUOOpa ocymecTBiusercs KHOMKONH «PWR»
(KpailHsis KHOIIKa CIpaBa TEMHO-3€JIEHOT0 1IBeTa — puc. 1).

2. Bp10op pexxuma paboThl (M3MEpsieMON BEJIMUYUHBI) OCYIIECTBIACTCS KHOIKAMM:
«Vy» — Hanpspkerue, «mA» — 1ok, «kQ» — conporusnenue. [Ipu nsmepeHun
HaIPSHKEHUST WM CONTPOTHUBIICHHSI KPACHBIN MPOBOJT TIOJKITIOYASTCS K PUOOpY
B rHe3mo «VQ» (BepxHee KpacHOE THE3A0 Ha IMAaHEAH Mpudopa), Ipu
U3MEpPEHUU TOKa — K THE3y «A» (HI)KHEE JIEBOE KPacHO€ THE3[10), YEPHBIN
IIPOBOJI BCET/Ia IOJKEH OBITh MOAKIIOUEH K THe31y « COM».

3. Boibop pexkuma wusMmepeHuid ocyuiecTBiseTcss kHomkod «AC/DCy» (camas
JeBas KHOIMKa Ha maHenu mpubopa): noctossHHoe (DC) HampshkeHue/Tok
(kHomka otmyiieHa); nepemeHHoe (AC) HaNpsKEHUs/TOK (KHOTKA YTOTUICHA),
U3MEPSIETCs IEUCTBYIOIIEE 3HAUCHHE.



4. BbIOOp mpenenoB U3MEpPEHHUs] OCYIIECTBISACTCS: MPU U3MEPEHUU HAIPSKEHUS
(kHOMKa «V)» Ha)kata) KHOMKAMHU KEJITON TPYIIbl — YCTAHABIUBAIOT MPEEIbI
no Hanpspkenuto 200 mB, 2 B, 20 B, 200 B, 1000 B; npu n3mepeHun Toka
(kHOMKa MA Ha)aTa) KHOMKaMH 3€JICHOW Tpymnmbl — mpenaeiibl mo Toky 200
MKA, 2 MA, 20 MA, 200 MA, 2 A, 10 A; nipyu U3MEPEHUHU COMPOTUBIICHUS
(xaonka k() nHaxkata) kHomkamu roiay6oii rpymmsl — npeaenbl 200 Om, 2 kO,
20 kOm, 200 kOm, 20 MOwM. Ilpu mnepexIouYeHUU MPEICIOB HU3MEHSETCS
TOYHOCTh M3MEPEHUMN, MOITOMY Ha MpaKTUKE MJisi o0ecreyeHuss TOYHOCTH
U3MEpEHUN HEOoOXOJUMO CTPEMHTCS BKJIIOYUTh HAMMEHBIINN TMOIXOISIIHNMA
npenen u3MepeHus (HauyMHAIOT ¢ OOJBIIOT0, MOCIEAOBATEILHO YMEHbBIIIAs
BEIIMYUHY Tpeena). Eciu u3Mepsemasi BeIMUMHA PEBOCXOIUT BKIIFOUEHHBIM
npenen u3MEpeHus Mpuoop oToOpakaeT Ha dKpaHe (B JIEBOM CTOPOHE) CUMBOJ
«1», 9T0 03HaYaeT HEOOXOAMMOCTD MEepPexo/1a Ha OOBIINI Mpe/er H3MEPEHUH.

4.1. smepeHne NEeUCTBYIOLIETO 3HAYCHNS HAIPSIKEHUS

4.1.1. BoiOpatps Bu U3MepsAeMOil BETUUUHBI: HaNpsDKEHUE (HAXaTbh KHOMKY «V»).
[Tpn u3MepeHun HanpsHKEHHsT KpacHBI MPOBOJ MPUCOEIUHSIETCS K BBIBOAY
«VQ». YépHrIlil npoBo npucoeauHsaeTcs K BoiBoay «COM».

4.1.2. BeiOpaTb pexxuM HU3MEpPEHHUs: MOCTOSIHHOE WJIM MEPEMEHHOE HaIpsKEHUE
(BBIOOp peXHMMa H3MEpPEHHUs OCYIIeCTBIsieTcss KHomkod «AC/DCy»: mus
M3MEPEHUS NMOCTOSSHHOTO HANIPSIKEHUS KHOIKA OTITYILIEHA, ISl IEPEMEHHOTO
— YTOIJICHA).

4.1.3. BeiOpath mpejen u3MepeHust HalpspDKEHUs U MOKIIOUUTD MPOBOIa Mpudopa
K y3J1aM 3JIEKTpUYECKON Lenu (pa3HOCTh MOTEHIHAJIOB 3TUX Y3JIOB OyAeT
0TOOpakaThcsd Ha MHAMKATOPE MpuOopa, MpH HEOOXOIUMOCTH W3MEHUTh
npeaen u3MepeHus).

4.2. I3smMepeHne NeUCTBYIOIIETO 3HAYCHUSI TOKA

4.2.1. BeiOpaTe BUJ W3MEpSIEMON BEIMYMHBI: TOK (HaXaTh KHOIKY «mMAY).
[Ipn n3MepeHHH TOKa KpPacCHBIM INPOBOJ INPUCOEOUHSAETCS K BBIBOIY «A».
UYeépuslii npoBo npucoeauHsaeTcs K BoiBogy «COM».

4.2.2. BpiOpaTh pexuM HU3MEPEHHs: MOCTOSHHBIM WIM NEPEeMEHHbIH TOK (BBIOOD
pexxnma u3MepeHus ocyuiecTBisaeTcss KHOonkou «AC/DCxy»: nist uamepeHus
IOCTOSTHHOTO TOKA KHOIKA OTITYILIEHA, /1151 IEPEMEHHOT0 — YTOIICHA).

4.2.3. BolOpath npeaen U3MepeHus: ToKa M BKIIOUYUTH MPUOOP B pa3pblB BETBU C
U3MEPSEMBIM TOKOM (IIPU HEOOXOIMMOCTH U3MEHUTh IIPEJEN U3MEPEHUS).

4.3. I3MepeHue COpOTUBIICHUS

4.3.1. BoiOpate BUJ W3MEpseMOW BEJIUYHMHBI: COMPOTHBICHHE (HAXaTh KHOIKY
«kQy»). Ilpu um3MepeHUM KpacHbI MPOBOJ MPHUCOCIUHSIETCA K BBIBOIY
«VQy». YépHblil mpoBoa npucoeauuseTcs K BpiBoay «COM».

4.3.2. BoiOpate mpenen HW3MEPEeHHs] COMPOTHBICHHS M TIOJIKIIOYHATH IMPOBOJA
npubopa K CONPOTUBIICHUIO (MM Y9aCTKy TTACCUBHOM IIETHN) TSI U3MEPCHUS
aKTUBHOTO COMPOTHUBICHUS (MPpU HEOOXOAMMOCTH H3MEHUThH MPEEIbI
U3MEPEHNUS).



5. U3mepenusi ¢ noMoumbi0 ocuusuiorpagpa GDS-2062
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Pucynok 2 — M3o6paxenue ocrmniorpada u ycioBHO-Tpadudeckoe
MIPEJICTaBJICHHUE €ro JHUIIEBON MaHel!.



Brorouenne u BBIKITIOYEHHE OcUUuIorpada OCYIIECTBISETCS KHOMKOU
«BKJI/BBIKJI» — puc. 2. Ocummnorpad mo3BOISET U3MEPSATh OJIHOBPEMEHHO
JIB€ 3aBUCHMOCTH HaNpsKEHUS OT BPEMEHHM — HMMEET JBa KaHaja: NEepBbIi
MOJICBEUUBAETCS KEITHIM I[[BETOM, BTOPOIl — FOJIyObIM I[BETOM.

Bcro manens ympaBieHus ocmuiiorpada MOXXKHO pa30UTh Ha YEThHIpE
YCIOBHBIE  4YaCTW:  YINPABICHUE  BEPTUKAJIBHBIM UM  TOPHU3OHTAIBHBIM
OTKJIOHEHUSMHU, YIIPaBJICHUE CXEMOH 3aIlycKa U Mpoure QyHKIMH.

1. Pasmen BeprukanbHoe oTkiaoHeHne «BEPTHUK»  no3Bossier
HE3aBUCHUMO 11 000MX KaHAJIOB:

" 3a7aTh MacmTalbl o ocu opAuHAT — pydka « BOJIBT/AEJD»;
® BBICTaBUTH noJioxkeHue Hyis — pyuka «CMEIIEHUE Y»;

" YCTAaHOBUTh pPEXKUM KaHaloB ocuwuiorpada kuHomkamu  «KAH1»
(moncBeunBaercs xkenThiM 1BeToM), «KAH2» (moacBeunBaeTcss ToOayOBIM
setoM) U <K MATEM».

Haxxatne xnomox «KAH1» u «KAH2» mo3BonsgeT BKIIOYUTH WIU
BBIKJIFOUUTH COOTBETCTBYIOIIMN KaHAI (€CJIM KHOIKA MOJICBEUMBACTCS, TO KaHa
BKJIIOUeH). Ilpy BKIIOYEHHOM KaHalle AaKTUBUPYETCS MEHIO  KaHaja
(oToOpakaeTcs cripaBa Ha 3KpaHe). MeHI0 MO3BOJISIONIETO 33/1aTh:

— tun Bxoaa «CBsi3b BX»: OTKpBITBIM, 3aKpbhITBIA M 3eMiid (M3MEHSETCS
kHonkoi «F1y), Texyiee cocTosiHue 0TOOpakaeTcsl B HIDKHEN 4acTy dKpaHa

B BHUJIC 3HAYKOB: (3aKpBITHIN BXOJ/ OTKPBITBIA BXOH/

3a3eMJICH);

— BKJIIOYUTh WM BBIKIIOUUTH HHBEpcUi0 curHaia «HWHBepcus» (KHOIKA
«F2»);

— BKIIOYUTh WJIM BBIKIIOYUTH QuibTp Ha Bxoxe kaHama «Orp II/ID»
(OrpaHHYUTP TOJIOCY MPOMYyCKaHUsA) ¢ (UKCUPOBAHHOW YacToTOM cpeza 20
MTI'n (kHomika «F3»);

— BBIOOp KOd(pduIMeHTa AeyeHus, MPUMEHSIETCS TOJIbKO BMECTE C BHEIIHUM
nenurteneM (kHonka «F4y), nHade nomkeH ObITh paBeH 1.

Haxxarue KHOIIKHA «MATEM» BKJIIOYAET 50041 BBIKJTIOYAET
MaTEMaTUYECKYHO (hyHKITHIO (BBITIOTHAETCS HaJ U3MEPSEMBIMH
HanpspkeHusIMu ). Ecnu yHKIMs BKITIOUEHA, TO JOCTYITHO MEHIO:

— BBIOOp THHA (QyHKOMH: cioxkeHue, BbruuTanue, FFT — OwicTpoe
npeobpazoBanne Oypre (M3meHseTcs KHOMKOM «F1»);

— kHonkun «F4» wu «F5» ympaBisifoT TONOXEHHEM W MacIITaOHBIM
KO2(DPUIIMEHTOM peann3yeMoi (yHKIIMHU Ha YKPaHe;

— kHonku «F2» u «F3» 3T0ro MeHio akTuBHbBI TOJIbKO B pexxume FFT — 3amator
WCTOYHUK JAaHHBIX U TUII OKHA aHaJIN3a.



2. Paznen ropuzontasnibHoe oTkiIoHeHUEe «["OPU3OHT) no3posser (s

000MX KaHAJIOB OJJHOBPEMEHHO):

3a1aTh MaciTad o ocu Bpemenu pyukoit «BPEMSI/AEJDy;

OCYIIIECTBIIATh CABUT U3MEPSEMBIX HANPSKEHUN 110 BPEMEHHOW OCHU PYUKOM
«CMEINEHHUE X»;

yOpaBisATh Pa3BEPTKOM C TMOMOIIBID MEHIO, BBI3BIBAEMOTO KHOMKOMU
«MEHIO I'OPH3».

Conepxxanne «MEHIO I'OPHU3)» obecneunBaet cienyroumme GyHKIINN:

kHomka «F1» BKIIOYaeT OCHOBHYIO pa3BepPTKy (Ha DKpaHE OTOOpakaeTcs
3aBUCUMOCTh HANPSOKCHUS B KaHAIaX OT BPEMCHH ),

KHONKa «F2)» BKIIOYaeT peXUM BBIACICHUS OKHA, ITO3BOJIAS C IOMOILIBIO
pyukn «CMEIIEHHWE X» yCTaHOBUTH IOJIOKEHHE CEPEIMHBI OKHA Ha
BpeMeHHOH ocH, a pyukoil «BPEMSA/AEJI» 3a1aTh €ro mupuHy;

KHONKa «F3» BBINOJNHAET pacTsKKy MO BPEMEHHOW OCH y4yacTKa CUTHAaja,
BBIOPAHHOI'O C TOMOIIBIO OKHA (3aJaHHOTO € MTOMOILBIO KHONKH «F2»);

kHomka «F4) BKIIIOYaeT pe:KUM caMoIuclia (HE UCIIOIb3YeTCs);

kHomka «F5» Brimodaer pexxum XY (1Mo ocu aOCHHMCC OTKJIAJBIBACTCS
HaIPsDKSHUS KaHalla 1, o ocu opAuHAT — HaIpsKeHHe KaHasa 2).

3. Pazgen ympasienusa 3anyckoM «3AITYCK» mno3BossieT ycTaHOBUTh

YPOBEHb HAIPSXKEHUS] CpadaThlBaHUSA TPUITEPA CHHXPOHU3ALUUU PYUKOH
«YPOBEHDb» 1 ¢ noMOLIb0 MEHIO 33]1aTh PEXKUMBI CHHXPOHU3ALUH:

kHornka «F1» BbIOMpaeT OJAMH W3 BO3MOXHBIX THUIIOB 3alycka pa3BepTKH:
(GpOHTOM cUTHaNa, MO0 CUHXPOUMITYJIhCAM BHAECOCUTHAINA, MO JIUTEIbHOCTH
HMITYJIbCA U C 3aIEPIKKOM 3aImycKa M0 YCIOBUSIM.

Ha3HaueHue KHOMOK «F2» — «F5» wusMmeHnsercs B 3aBUCUMOCTH OT
BBIOpDAHHOTO THIIA 3aIlyCKa, HAMpUMeEp, JUIsl peXuMa 3amycka (pOHTOM
Ha3HAYEHUE ATUX KJIABUIII CIEAYIOIIEE:

* kHonka «F2y» BpIOMpaeT UCTOYHUK CUHXPOHU3ALMHU: MEPBBIA WIK BTOPOU
KaHaJjl, BHEIIHSS CUHXPOHU3ALNS UM CUHXPOHU3ALMSA 110 DJIEKTPOCETH;

= xHonka «KF3» omnpenenser pexuM CHHXPOHM3ALUMU: AaBTOMAaTUYECKHUN
(HenpephIBHBIN ), KAYLUIUN WK OAHOKPATHBIN 3aITyCK;

= kHomnka «F4» — He HCIIOJIB3YCTCA,

» kHonka «F5» axkTuBMpyeT DOAMEHIO YHOPABIAIOMIEE CBOMCTBAMH
CHHXPOHM3AIIMKU: BBIOOp MOJIIPHOCTU (poHTAa curHaia (HapacTarouui
WIM CHaJarounii), BEIOOP CBA3M CUHXPOHU3AIMHU (OTKPBITHIM, 3aKPBITHIHA
BX0J), BbIOOp Tuna (uibTpa mo BxoAy cuuxponuzauuu (HY, BU) u
BKJIFOUEHHE/BBIKIIOYEHUE IIIyMOBOTO (DUIIBTpA.



[Tpu BeIMOMHEHNHN TA0OPATOPHBIX PAOOT MapaMeTPhl ATOTO MEHIO JOKHBI OBITH
CIeNYIONMMHU: CHUHXPOHHM3AlMA MO MepeaHeMy (GpOHTYy curHaiza KaHama |1,
HEMPEPBIBHBIN 3aITyCK, 3aKPBITHIN BXO]] CHHXPOHHU3AIIUH.

4. K pasmeny mpoune GYHKIUA OTHOCATCS (DYHKIIMM HACTPOUKH
ocuusuiorpada u ynpouieHus padoThl ¢ aHATU3UPYEMbIM CUTHAJIOM, BHIOM €rO
OTOOpaKEHHUSI, HAIIPUMED:

— kHomka «KABTOYCT)» aBTomMatnuecku moaOupaeT MacmTadbl MO OCSIM IS
OTOOpaXEHUsS CHUTHAJIOB Ha »JKpaHe (IpU OTOM MPOUYUE HACTPOUKHU
cOpachIBAIOTCS B 3HAUEHUS 110 YMOJIYAHUIO);

— kHonka «Ilyck/CTom» TMO3BOJISIET BKIIOYHWTh WA BBIKIIIOYUTH CXEMY
CUHXPOHM3ALINH (T.€. pa3pellaeT Wi 3anpelilacT i3MEpEeHHe CUTHAJIOB);

— kHonka «lIloMomb» aKTUBHUPYET MEHIO IIOMOIIHA, KOTOPOE MO3BOJIAET
MOJIYYUTh WHOOPMAIMIO O HAa3HAYCHHHM KaXKIOW KJIABUIIM oOcImuiorpada
(IOBTOPHOE HAXKATHE KJIABUILIU MTO3BOJISIET BHIUTU U3 PEKUMA TOMOIIIN).

Cpenu ocTambHBIX KHOOK JIMIIEBOM MMaHEIN CTOUT 0OpaTUTh BHUMAaHHE
Ha KHONKY «Kypcopbsp» u kHonky «M3MepeHnsi», KOTOpbIE 00JIEr4aroT
U3MEpPEHUE MTapaMeTPOB UCCIIENYEMbIX CUTHAJIOB.

5.1 HoaroroBka ocumwiiorpaga Kk u3MepeHnusIM

1. Bxmrounts ocumiorpad. [Ipu BrirodeHnn ocumiuiorpada Ha €ro dKpaHe

HOSIBSITCSL:

— M300paxkeHusi CHUrHajaoB, MOJaBaeMbIXx M0 IMepBoMy KaHanmy «CHI1»
(moacBeTka >KENThIM LBETOM) U 10 BropoMy KaHany «CH2» (moacserka
roJIyObIM I[BETOM);

— HWudopmanus o Bugax BxoaHou cBsazu kaHaioB « CH1» u « CH2y;

— Macmrabel M0 BEepPTUKAIBHOM M TOPU3OHTAIBHOW OCAM. Macmrtad 1o
BEPTUKAJIbHON  OCH  yCTaHaBiuWBaeTcsi  (C  MOMOILIBIO  PYYKH
«BOJIBT/AEJI») B BoibTax — V WIM MWUIMBOJIBTAX — mV,
COOTBETCTBYIOIIMX OAHOMY JeleHut0. Bpamas pyuky macirada, ciemyer
YCTAHOBUTH ONTUMAaJbHbIE (KaK MOXHO JIyYllle HCIOIb3YIOIIUE TOJIe
9KpaHa, HO HE BBIXONAIIME 3a €r0 MPEIENbl) pa3Mepbl H300paKECHUS
CUTHAJIOB IO BEPTHUKAJIM HE3aBUCHUMO B IEPBOM U BTOPOM KaHajax.
Macirad 1no ropu3oHTaIBLHON OCH YCTaHABIMBAECTCS B MUJUIMCEKYHIAX
ms WIM MHUKPOCEKYHJaX us, HWIM HAHOCEKYHJax ns. l3meHeHue
MacmTada 1Mo ropu30HTAILHON OCH BBITIOJIHSAETCS C TTOMOUIBIO BpaleHUS
pyuku « BPEMSA/JAEJD»;

— DyHKIHOHATBFHOE MEHIO, PACIIOIOKEHHOE CIpaBa OT MACIITAOHOW CETKH
(0T 3KpaHHBIX ToANMCEH K COOTBEeTCTBYHOIIMM KHONKaM «F1+F5y).
OYHKIMOHAIBHOE MEHIO CIIYXKUT JUIS 3aJlaHusl PEKUMOB pabOThI
ocmuorpada u yrnpasieHUs ero PyHKITUIMHU.



Pyukamun « CMEIIEHUE Y» ycTaHOBUTH MOJIOKEHHE HYJIEBOTO YPOBHS B
o0oux KaHamax.

Pyukoii «CMELIEHHUE X)» ycTaHOBUTHh ONTUMAJIbHOE TOJIOKEHUE
M300paXeHUs CUTHAJIa 110 TOPU30HTAIBHOM OCH.

JInst ynydiieHus Ka4ecTBa U3MEPEHUN BBINIOJIHUTD YCPEIHEHNUE U3MEPSIEMBIX
CUTHAJIOB:

— Haxath KHONIKY « CBOP MH®», nosiBUTCSI MEHIO;

— HaxkatueM kHomku «F3» BeiOpaTh K03 dunnent ycpennenus: 4 nim 8.

5.2 U3mepenne aMIJIMTY/AbI ¢ MOMOIIbIO ocuLiorpaga

YcraHoBuTh ocuwiiorpad B peXHUM HM3MEpPEHUS HaXaTHEeM KHOIKHU
«M3MEPEHMUS» (BTOpas cieBa BO BTOpOM psny cBepxy). Ilpu sTom Ha
skpane noaButcs MeHo «KM3MEPEH».

Haxxarunem ognoit u3 kHomnok «F1+F5» BeiOpaTh 0kHO (001aCTh), B KOTOPOM
OyIyT TMpeacTaBiICHBbI pPe3yibTaThl W3MEpEeHHs] (OJHOBPEMEHHO MOKHO
0TOOpa3uTh HEe OoJIee 5 Pe3ynbTaTOB U3MEPEHUH).

C nomompto KHOMOK «F1» u «F2» yCTaHOBHUTH CJICAYIOUIUE COYCTAHMS
UCTOYHMKOB M KaHanoB: «Mcrounmk 1 — Kanan 1», «Mcrtounuk 2 — Kanan
2».

C nomompto kHONKU «F3» M3 mpeAacTaBieHHOr0O MEHIO BUAOB U3MEPEHUI:
«CGAMIUVINTY Abl», «BPEMEHA», <3AJIEPKKW» BeiOpath BuUI
n3mepeHus — «KAMIIJIMTY AbI».

C nomomipto kHOMKU «F4» U3 TpeACTaBIEHHOTO MEHIO BBIOMpaeM Wu3
crucka: «Vp-p», «Vmax», «Vminy», «Vamp» u apyrue BapuaHt «Vp-p»
(Voltage peak to peak) — nnsg CUHYCOMIAIBHOTO HAIPSOHKEHUS PaBHO
JIBOMHOW aMILTUTY/IE.

Haxarp knonky «U3MEPEHMS». Ilpu »ToM B BBHIOpaHHOM OKHE
(obmactu) B m. 5.2.2 TOSBATCA pPE3yNbTaThl M3MEPEHUS yIABOCHHOU
aAMIUTUTY/IBI IO 000MM KaHaJIaM.

5.3 U3mepeHne nepuoaa ¢ moMoubIo ocuusiorpaga

C nomomnero kHOTNOK «F1+F5» BbIOpath OKHO (00JaCTh), B KOTOPOM OYIyT
NIPEACTABIIEHBI PE3YJIbTAThl H3MEPEHHUS.

C nomomnipto kHONIKM «F3» u3 npeacraBieHHoro meHw: «KAMIIJIUTY IbI»,
«BPEMEHA», «3AIEPXKKW», BoOpatb BUJ  U3MEPECHUS  —
«BPEMEHA».

C nomomiprto kHOnKu «F4» u3 npencraBnenHoro cnucka: «HACTOTA»,
«(IIEPUOA», «BP HAPACT», «BP CIHAJA» wu T1.. BHIOpaTh
«IHEPHUO .

Haxarts knonky «M3MEPEHMWS». [Ipu 3ToM B BBIOpAaHHOM OKHE TMOSIBSTCS
pEe3yJbTaThl U3MEPEHUS.



5.4 U3mepenne ¢a3bl ¢ NOMOIIbLIO OcU/LIOTpada

1. VYcranoButh ocmmuiorpad B PEXUM KYypCOPHBIX H3MEPEHMH — HaKaTb
kHonky « KYPCOPBI» (nepBast kHOTKa BO BTOPOM psiy cBepxy). [Ipu sTtom
Ha skpane nospiusgercs MeHio «k KYPCOPBI»: «I'OPU30OHT», «BEPTHUK»

2. Hns uzmepeHus: $as3pl (M3MEPEHHS «BIOJIBY» OCU adCIUcc) KHOMKON «F2y
BBIOMPAIOTCSI TOPU3OHTANIbHBIE KypcOopbl. [IOBTOPHBIM Ha)kaTHEeM KHOIKU
«F2» xypcopam 3ama€rcsi akTMBHOE WJIM NacCUBHOE cocTtosHue. llpu
AKTHUBHOM COCTOSIHUM KYpPCOp MOXKET MEPEMEIIATbCs [0 NOPU30HTaIu (110
ocu abcrucc) ¢ nomornipio pyuku «YCTAHOBKA)» (nepBasi crnpaBa B
BEpPXHEM psay). [Ipyu macCuBHOM COCTOSIHUM KypcoOp 3a(pUMKCHPOBaH.

3. Jns usmepenus (aspl MeXIy ABYMS HaNpsOHKCHUSIMH CHHYCOUAAIBHOM
GopMBIl HEOOXOIMMO H3MEPUTH PACCTOSHUE MEXIy JBYMS OJIMHAKOBO
KOJEOMIOIMMHUCS TOYKaMH. {11 3TOro He0oOXOAMMO YCTaHOBUTH OJUH W3
IBYX KypCOpPOB, HAaxXOJSAIIMHCA B aKTUBHOM COCTOSIHUM B HYJIEBOM WIIH
MaKCUMaJIbHOM TIOJIOXKEHUU (TOYKE) CUTHaja, MOJaBaeMOro 1o MEpBOMY
kaHanmy. IloBropHbiM Haxarnem KHONKM «F2)» TMOMEHSATH COCTOSHHE
KypcopoB. Jlaiee BTOpPOil Kypcop, HaXOMSIIHMICA B aKTUBHOM COCTOSIHUH,
YCTaHOBUTH B HYJIEBOM WM MaKCHUMaJIbHOM IOJIOKEHUH (TOYKE) CHUTHAaJja,
NOJaBa€MOro IO BTOpPOMY KaHaiy. Pesynbratel usmepenms: 11, 712,
AT :‘T 1-T 2‘, MpeACTABIAOTCA B HkKHEW Tpetn okHa «KYPCOPDBI».

3arem BenuuuHy AT HEOOXOOUMO MepecyuTaTh B TPagychl — CABUT (a3
MEXy HaPSAKECHUSIMU:

Ap =360° x ATT, rae T — nepuoji CUTHAJOB;

Ap=360°xAT x f,rne f=T"' —4acToTa CUI'HAJIOB.

5.5. BeiBOA OCHWJLJIOTPAMMBI HA 3KPaH JUCILIES U
coxpaHeHue e¢ B Buje rpagpuueckoro paiia

[lepen coxpaHeHHeM OCHMIIOIPAaMM BIIEpBbIE HEOOXOIUMO CO3/IaTh CBOIO
nanky B pabGouem katamore: D:\Student\ (Hampumep: Ha3BaHUE TaANKd —
(damMunus ctyaeHTa). OTy Hamnky cleAyeT UCIOJIb30BaTh B TEUEHUE BCErO CPOKA
paboThI B 1abopaTopuu. 3anpeniaercs co3aaBaTh nanku Ha Pabouem crore.

Jlns  BbIBOJa »dKpaHa ocuwuiorpadga Ha dkpaH pabouero crosa

KOMITbIOTEPA HEOOXOAUMO:

e 3amyCcTUTh C paboyero cToyia KoMmbloTepa nporpammy FreeWare.

e B nmosBuBmIelics Ha »KpaHe QopMe NpOrpaMMbl HaXKaThb 3HA4YOK C
nzo0paxkenneMm ocmmwmiorpada. [Ipu 3ToM Ha dKpaHe OUCIIIES TOSBUTCS
HEAKTUBHOE OKHO, 0]l KOTOPBIM pacrojaraeTcsi rpymnmna KHOMOK yIpaBiIeHUs
AHAJIOTMYHBEIX 00bIuHOMY Iuieepy («play» >, «stop/pause» U, «recy ©,
«savey).



e Jlocne HaxkaThsg Ha MUKTOIPaMMy KHONKH «play» Ha MeCcTe€ HEaKTUBHOIO
OKHa MOSBUTCS KOMUS dKpaHa ocuuiuiorpada.

JInst  coXpaHeHHsI OCHWUIOTpaMMbl B BHIe Tpaduueckoro (aitia
HEO0OXOMMO Ha)kaTh MUKTOTPAMMYy KHOTIKH «save» (B BUJE TUCKETKH), BbI3BaB
CTaHJapPTHBIN (HailJIOBBIN TUATIOT:

— OTKpBITh Ha JUCKe D: CBOIO Marnky;

— B okHe «Mms daiina» HaOpaTh HauMeHOBaHME (Dailyia (HE JOJKHO OBIThH
pycckux OyKB M MPOOETIOB, IEPBBI CUMBOJI — JJATUHCKAsI OYKBa);

— HaxaTbh «CoxpaHuTh» (aii.

[Ipu coxpaHeHuH ocUWIIIOTpamMM B rpaduueckoM Qaiiie peKOMEHyeTcCs
BBINIOJIHATh HMHBEPCHUIO II[BETOB: BKIIOUHMTH MOJE «ink saver» Ha ¢dopme
POTrPaMMBl.



6. I'eneparop nanpsuxenust GFG-3015
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Pucynok 3 — M3o0paxeHue reHeparopa u yCiIoBHO-TpapUIECKOE MPeICTABIICHNE
€ro JMUIEBON NaHEeH.

BxiroueHne M BBIKIIFOYEHME TEHEPATOpPA OCYILECTBISIETCS KHOIKOM
«CETb» — puc. 3.

Jlns  BeIOOpa (QopMbl cUTHAJIa HEOOXOJUMO HaXXUMaTh KHOIKY
«®OPMA» — m1o3.l, DNOBTOpHOE Ha)kaTHe Ha KOTOPYK LHUKINYECKH
nepexiIoyaeT GopMy BBIXOJHOTO CUTHANIA: CUHYCOMAANIbHASA, TPEYroJbHAs WIH



npsiMoyrosibHas. Tekymias ¢opMa BBIXOJHOTO CHUTHajga OToOpaxkaeTcsi B
BEPXHEHW JIEBOM YacTH JKpaHa (COOTBETCTBYIOIIMM 3HAYKOM — (hparMeHTOM
CUHYCOUJAIbHOTO,  TPEYrOJIbHOTO  WJIH  MNPSAMOYIOJIBHOTO  CHTHAJIOB:
A L,

Jlist  v3MeHeHusT TapaMeTpoB CHUTHaJla BbIOpaHHOW (GOpMBI, T.€.
AMIUTUTYJbI, YacTOTHI W CMEHICHUS HyJs (IMIOCTOSTHHOW COCTaBIISIONICH),
HEOOXOMMO CHadajga HaxaTh Ha OJHY W3 COOTBETCTBYIOIIMX KHOIIOK

«AMILI», «HACTOTA» umu «CMEIl» — mno3.l, a 3arem yCTaHOBUTb
3HA4YCHHUE BBIOPAHHOTO MapaMeTpa.

B reneparope peanuzoBan nnTepdeiic, Mo3BONAIOMNN 3a/1aBaTh 3HAUYCHUE

100010 MapaMeTpa OJJHUM U3 JBYX CIIOCOOOB:

— ¢ MTOMOIIIBIO0 BCTPOCHHOM KJIaBUATYphl — 1103.4 (necatuynbie yucna ot 0 1o 9,
JeCSITUYHAsT TOYKa, KHONKA yAaJeHHs, a TakKe KHONKUA YIpaBICHUSI
Pa3MEpPHOCTHIO BBOJIUMOMN BETUYMHBI, KOTOPAsI BHIOIHIET (PYHKIINIO BBO/IA);

— OTHOCHUTEIIbHOE M3MEHCHHE BEJIUYHHBI MOCPEIACTBOM KoJieca TMPOKPYTKU H
KHOTIOK BBIOOpAa WM3MEHSEMOW JECATUYHOW TGPl 3HAYCHHS (KHOTKU
PacIoJIOKEHBI CJIeBa M CIIpaBa OT KHOMKH 3alpeTa/pa3peiieHns N3MECHCHUS
BenuuuHbl «Y AEPXK») — no3.3.

Takxe reHepaTop NO3BOJSIET 3aAaBaTh KOIPQPUUIHUEHT aCUMMETPUU
curnaia kHonko «ACUMM» (mo3.1) B npeaenax 20-80% (B 4yaCTHOCTH Jis
CUTHAJIa MPSMOYTOJIBHOM (POPMBI ITOT MapaMeTp YNpasisieT KodpuimeHTom
3aM0JHEHUSI UMITYJIbCA, T.€. CKBaXKHOCTBIO).

BoixonHo# curHain ¢ 3ajanHbIMU (DOpMOM M MapaMeTpamMu MOCTYIMAaeT Ha
Bbixo7 «OCHOBHOM» (BbixomHOe compoTusienne 50 OM), udpoBoii cHrHai
ypoBHs TTL ¢ 3amaHHOM 4YacTOTOM M CKBaXXHOCTBIO TMOCTYIAET Ha BBIXO]
«TTJD», curnan CMHXpPOHMU3aLUH BbIIAeTCs TeHepaTopoM Ha Bbeixoae « CUHXP».

VYerpoiicTBO MokeT paldoTaTh B peXUME TeHeparopa Kadarouencs
yacTtoThl (I'KH), mapameTpsl pexxrma 3aJatoTcs ¢ TOMOILBIO KHONOK 1103.2:
— «CTAPT)» 3anaeT HaUaJIbHYIO YacTOTY;

— «CTOII» 3aaeT KOHEUHYIO YaCTOTY (MPEABAPUTEIHHO HEOOXOUMO HAXKATh
KHOTIKY «I[ITPE®, nmeronyto cuHuM 11BET);

- ((MOIIFEH» 3a1aCT CKOPOCTb KAYCHHA YaCTOThI (HBMeHeHI/I}I OT HA4YaJIbHOT'O
JO0 KOHCYHOI'O 3HaquHﬁ);

— «JIMH T'KY» 3amaer cnoco0 HW3MEHEHWUS 4YaCTOTHl — JIMHEWHBIA WIIH
Jorapu(pMUYECKHIA;

«MO/JI BKJI» n03BOJIIET BKIIOUNUTH MJIN BBIKIIOUUTH pexxum [ KY.



I'eneparop mo3BoisieT (OpMUPOBATH MAYKU HMITYJIBCOB C IOMOIIBIO
TPYNIIBl KJIABUII «MakKeT» — no3. 5 u kiasumu «Moal'en», koTopas 1o CyTu
3a7aeT MEPUOJI MOBTOPEHHUS NTAYKHU:

— «ITaker BKJI» BKiItOYaeT WK BBIKIKOYAET PEKUM;

— «Ilaker OquH/MHOTr0» ynpasisieT pexKUMoM (GOPMHUPOBAHUS OJTHOTO MaKeTa
C IEPHOJIOM 3aJlaHHbIM KiaBuiend « Moal'en» v MHOTUX MaKETOB, UIYIIUX

JPYT 32 APYTroM;

— «Ilaker ®a3ay» onpenenseT HaualbHYIO (ha3y (BpEeMEHHOW CIBHI) CUTHAJIa B
MIAKETE.

CrneBa OT KHONOK YNPAaBIIEHHs PACHOJIOKEH 3KpaH, HA KOTOPOM BCerja
0TOOpakaroTCsl: YacTOTa CHUTHama; Qopma CHTHaja; TEKyIlee H3MEHSEeMOe
3Ha4YeHHE (aMIUIUTyJa, CMEUICHHE HyJsA, KO3()PHUIMEHT acUMMETpUu U T.IL.);
uH(pOopMaIHs 0 TEKYILEM PEXXUME T'eHepaTopa.

6.1 Ilopsinok padothl ¢ reHepaTopom GFG-3015

1. Brxmtounts reneparop. Brmrouenuwe ocymecTtBisgercs kHonko «CETDb»
(mepBasi KHOTIKA CJieBa B HUKHEM DALY ).
2. BeiOpatb (QopMy BBIXOAHOTO CHTHaja TE€HEpaTopa C MOMOIMIbIO KHOIKHU
«@®OPMA».
3. YCTaHOBUTH aMIUIMTYy BBIXOJHOI'O CUTHAJNA:
— Haxate kHonky « AMILJI» (BTOpast KHOIKa B BEPXHEM PSAY), PU ITOM
CJIOBO « AMILJD» Ha SKpaHE reHepaTopa HAYHET MUTATh;
— Habpatp TpeOyemoe 3HaueHne aMIUIUTYAbl CUTHANA,
— Haxarp kHOTIKY «Vpp» (HMXKHASI KHOTIKA B CTOJIOLIE CITpaBa OT LIU(PPOBBIX
KHOTIOK).
[Ipu >TOM Ha 5KpaHe reHepaTopa OyJeT MOKa3aHO 3aJaHHOE 3HAUYCHHE
aMIUTATYBI B BOJIBTaX (BTOpasi CTPOKA).
4. YCcTaHOBUTBH YaCTOTY BBIXOJIHOI'O CUTHAJIA:
— Haxatpe kHOnKy «HACTOTA» (mepBasi KHOIIKa BO BTOPOM pslly CIIpaBa
OT JKpaHa), mpu 3TOM clioBo «YacT» Ha dKpaHe reHepaTopa HavyHET
MUTaTh;
— Habpats Tpedyemoe nrdpoBoe 3HaUCHUE YaCTOTHI;
— Haxars kHONKy, coorBeTcTByROIIyIO pasMmepHoctu: I'm, kl'm, MI'n
(KHOIIKM pacToJIOkKEHBI B CTOJIOIE cripaBa OT IIU(POBHIX KHOIIOK).
[Ipu sTOM Ha SKpaHe reHepaTopa OyJeT MOKa3aHO 3aJaHHOE 3HAUYCHHE
4acTOTHI (1epBasi CTPOKa).
5. Ilpu HeoOXoAMMOCTH, NEUCTBYS IO aHAJIOTUH, YCTAHOBUTH IPOYUE
mapaMeTpbl CUTHaJia B 3aBUCUMOCTH OT pEXHUMa TreHepatopa, (Hopmsl
CUTHajia " T.M.



7. lIpumenenne nporpammel Design Lab 8.0 nasi
MOJEJIMPOBAHUSA IEKTPUIECKHUX Lenel

[Tpuknagnoit nporpamMmmubiii nakeT Design Lab 8.0 (ORCAD) npenHa3zHadyeH
JUISL  MaTeMaTHYeCKOro MOJEIUPOBAHUS BJEKTPUUYECKUX Ienell ¢  LeJblo
UCCIIEIOBAHUS UX XapaKTEPUCTHUK U MapaMeTPOB.

JIJisi BBITOJTHEHUSI pacueTra HEeOOXOAMMO BBECTH B IMPOrpamMMmy MOJIETb —
HapHUCOBAaTh BUPTYAIBHYIO CXEMY (COOTBETCTBYIOLILYIO peasibHOM). J{Jist aTuX 1enen
porpamMma COJEP>KUT HaOOPhI DJIEMEHTOB AIEKTPUUECKHUX Lenel, 00beIMHEHHBIX
B OuOMMOTEeKH (coaepkaT CBOMCTBA M CIHCKH IapaMETPOB AJIEMEHTOB).
[Iporpamma uMmeer mnpoctoi uHTepdeiic B BUIAE THUIOBOM CTPOKM MEHIO U
MUKTOTPAaMM JJISI YCKOPEHUS JACUCTBUM (KOTOPHIE MOKHO BBIMOJHUTH U YE€pe3
MEHIO WJIM TOCPEJACTBOM HAXaTHUsl «TOPSYMX KIIABHUII»), a OOJBIIYI0 YacTh OKHA
nporpaMMbl  3aHMMaeT pabodee Mojie, Ha KOTOPOM COOMpAaeTcs BHUpPTyallbHas
cxema. Jlyist pacuera 3feKTpUUECKOM e HEOOXOIUMO BBIMIOJHUTD 3TAIbI:

1) BBOI cxeMmbl (pa3MelIeHUEe 3JIEMEHTOB, UX COCIMHEHUE, 3aIaHNE HOMUHAIbHBIX
3HAYCHUH HJIEMEHTOB);

2) 3agaHue pexxuMa pacuera (B YaCTOTHOM WJIM BPEMEHHOW 00JIacTsX U JIp.);

3) BBINIOJIHEHHE pacyeTa U MOoIyYeHUe Pe3yJIbTaToB.

3amyck MporpaMMbl OCYIIECTBIISIETCSI ¢ paboyero crTojla KOMIbIOTEpa —
ApAbIK «Schematicsy» unu yepe3 meHro «Ilyck» cucrembl Windows.

7.1 Co3nanue BUPTYaJIbHOM CXEeMbI

COopxka 11000# BUPTYAJTIbHOM CXEMbl HAUUHACTCS C Pa3MEIICHUs JIEMEHTOB
uenu Ha padodem nosje. /s 3Toro He06X0AUMO BBIOpATh UX U3 COOTBETCTBYIOIIEH
OMOIMOTEKH dJIEeMEHTOB. I OTKpBITUS OMOJMOTEKH DJIEMEHTOB HaXKHUMaeM
couetanue knapuin «Ctrl+G» (wnu B meHio Draw BbeiOupaem ctpoky Get New

Part win Haxumaem JIKM® Ha DHKTOrpaMMe Iﬁ‘). B nosiBuBIIEMCS OKHE — puc. 4
HakxuMaeMm Ha kHomky Libraries, rie B crucke OMOIMOTEK BBHIOMpacM HYKHYIO
Analog.slb. ITocne BriOOpa BoO3BpalmiaeMcs B MpeablaAylee MEHIO — puc. 4, rae B
JICBOM YacTH PaACHoOJIOKEH al(aBUTHBI CHHCOK KOMIIOHEHTOB, BBIOOD
ocymectrisiercss JIKM, rpadudeckoe n3o0pakeHHe dJeMeHTa MPEACTABISIETCS TI0
LEHTPY OKHA.

Jlns pa3MmeneHusi BRIOpAaHHOTO 3JIEMEHTa Ha pabodyeM ToJie HeOOXOJIUMO
HaxaTh Ha kHOTIKY Place (eciiu B BhIOOpE 2JIeMEHTOB 00Jiee HET HEOOXOIUMOCTH,
TO MOXHO HaxaTb KHOIIKY Place&Close nin npocro Close st 3aKpeITUS 3TOTO
okHa). [lanee, mepemermias MbIlb MO padoueMy mnoiwo U HaxuMmas JIKM,
HE0OXO0MMO MOCTABUTh HY>KHOE KOJIMYECTBO 3JIEMEHTOB Kaxaoro tuna. Haxartue
[IKM BbIKJIIOYAET peXUM BBOJA dJeMeHTa. Haj pa3MeleHHbIMU 3JIEMEHTAMHU Ha
paboueM 1osie BO3MOKHBI ONepariui (3JIEMEHT HEOOXO0UMO BBIIETUTh — TIOJIBECTH
Kypcop Ha ero wuzoOpaxenue u Haxkath JIKM — wuzoOpaxkeHue »diaemMeHTa
BBIJICITUTCSL KPACHBIM IIBETOM):

e IIEpETACKMBaHUE — HAXXUMas U yaepxkusas JIKM, nepemerniaem Mpliib;

* JIKM — neast knonka Mpimu (IIKM — nmpaBast KHOIKA MbIIITH)



e TIOBOPOT AJIEMEHTA — HaXXKUMaeM codetanue kiaaBuil «Ctrl-Ry;

e ynajeHue — HakuMaeM KiaBuiry «Deletey;

e KONMHMPOBAaHUE/BCTaBKa — HaXUMaeM coueTaHus kiaaBull «Ctri-O»/«Ctrl-Vy»
(«Ctrl-X» — BbIpe3aTh) TMOO MCHOJB3YEM JUJISl ITUX ONEpaluu COOTBETCTBYIOIINE
MUKTOTPaMMBbI MEHIO.

Part Browser Advanced

Part Mame: Dezcription Search
R |
D escription:
Tegistor

|Ereate e Part List j

Search

Library

| C:\MSimE v_BAibAANALDG sl Close

R_war

Rk gk break =
RAMBKxBhreak Tace
Rbreak

readme Flace & Cloze
ROM32k=Bhreak R l?
Shreak -

SIM
SERT
STIMT

STIMI1E 1 k Libraries...
STIk4

STIka
S << Baszic

Sw tCloze W
Edit Symbal

Pucynok 4 — Beibop snemenTa u3 OubImoTex

Help

U

Full List

[TocnenoBaTenpbHO peann3ys ONEpalMM HAJX DJIEMEHTAMH, BBICTPAWBAIOT
«CKEJIET» BUPTYaJIbHOW CXEMBI B COOTBETCTBHMU C PACIOJIOKEHHUEM 3JIEMEHTOB B
cxeme nomiexamen pacuery. llocime pa3menieHus 3JIEMEHTOB  BBIOJHSIOT
COEIMHEHHE UX BBIBOJIOB, T.€. ((OPMHUPOBAHUE Y3JI0B. JTa OlNepalus BhIMOIHACTCS
UcaIbHBIMU MPOBOJAMU 1O Haxkaturo codetanusi «Ctri+W» unm B MeHio Draw

nyHKT Wire, W1 Ha)KaTUEM HAa MUKTOTPpaMMy El (TIpu TOM Kypcop NpruodpeTaeT
BU Kapanpaama). CoeauHseM BBIBOABI 3JIEMEHTOB: S
MOJBOJIUM «KapaHJal» K BBIBOAY OJHOIO 3JIEMEHTa U : C1
ménkaeMm JIKM, nepeqiBuraeM Mbllllb — PUCYeM TIPOBOX g —t—
JI0 BBIBOJA JAPYrOro DJJIEMEHTAa B COOTBETCTBUH CO E' - I
cxemoil u omsith wienkaeM JIKM — puc. 5. TIpekpamaem . -4y
pucoBanue HaxxatueM [IKM. JIBoiiHoi memndok [TKM —
BOCCTaHABJIMBAET PEKUM PUCOBAHUS.

ITocie BBIITOJIHEHUS HEOOXOIUMBIX COECIUHEHHUI BCEX DJIIEMEHTOB 3aJIal0T MX
HOMHHAJIbHBIC 3HaueHus. JUIs 3amgaHus WM W3MEHEHHS HOMHHAJIa DJIEMEHTa
HEO0OXOJMMO TIOJIBECTH KypCOp K MapaMeTpy dJeMeHTa U ABaxabl Haxarth JIKM

PucyHok 5



(wmm B MeHio Edit myHkt Attributes). B Bo3HuUKIlIEM OKHE BBOJST 3HAUCHUE
(Value) HommHama snmemeHta, moaTBepknaas kHomkod OK. Ecimm nHeoOxommmo
VU3MEHUTDH MTO3UIIMOHHBIN HOMEp 3JIEMEHTA, TO aHAJIOTMYHO U3MEHEHUI0 HOMUHAJIA
— MOJABOAMM KypcOp K HOMEpY dJeMeHTa, BOoWHOoe Haxartue JIKM, m3meHeHue
napamMerpa, noarsepxkacHue kHonkon OK.

7.2 3axanue pe;kxuMa pacyera

[To ymon4anuro nporpaMma BBIITOJIHSET PacyeT M0 NOCTOSSHHOMY TOKY. [{mns
W3MCHECHHS pPeXMMa pacdera HeoOXOIMMO BOWTH B MeHIO Analysis myHKT Setup

(W1 HaXKaTh HA TUKTOTPaMMYy g) —puc. 6.

Analysis Setup

Enabled Enabled
I AC Sweep... Options...
I Load Biaz Paint.... I Parametric...
u Save Bias Paint... u Senzitivity. .
I DC Sweep... I Temperature. .
I Monte CarloSwfarst Caze. .. [ Transfer Function...
v Biaz Paint Detail [ Tranzient...

Digital Setup...

Pucynox 6 — MeHnto Analysis myHKT Setup — BBIOOp pexrMa MOAETMPOBAHUS

Knonka «AC Sweep» (puc. 6) npennasnadeHa aisa aktuBanuu (Enabled) u
HACTPOMKHM peXuMa pacyeTa B YACTOTHOW 0OJacTH, B TOM YHCIE pacyer
KOMIUJIEKCHBIX 3HAUYEHHM HaIpsOKEHUW M TOKOB — pHUC. 7, T1e B (opMe 3ajaercs
Ha0Op YacTOT, HA KOTOPBIX MTPOU3BOAUTCS pacyerT.

AC Sweep and Moise Analysis §|

AC Sweep Type Sweep Parameters
inear Tatal Ptz 101 - 4KCII0 TOYEK pacueta (V)

Start Freq.: |1 1] - HayaJibHad yacToTa (Fl)
*" Decade End Freq.: [1.00K - KoHeuHas yactota (F)
MNoise Analysiz (*) Pacuer npousBoauTCA B 33JaHHOM
Output Yaltage: | JMara3oHe 4acToT ¢ marom: (F>-F)/(N-1)
[ Moize Enabled
| A |
Irtereal; |

] | Cancel |

Pucynok 7 — Mento knonku «AC Sweep»

Knomnka «Transient» (puc. 6) npeanaznadena aiusa aktuBauuu (Enabled) u
HACTPOMKHU peXMMa pacueTa BO BpPEMEHHOM 001acTH, B TOM YHUCII€ pacdyeT TOKOB U



HamnpsOKEHUN Kak (QYHKOMA BpeMeHH — puc. 8, rae B ¢dopMme 3anarTrcs
JUIMTEIIBHOCTD PAacueTa U €ro TOYHOCTD.

Transient

Faurier Analyzis

Tranzient Analyziz

Frint Step: lr
Einal Tirme: l'llili
Mo-Print D elay: li
Step Ceiling: li

[ Detailed Biaz Pt.

[ Skip initial trangient solution

[ Enable Fourier

LCenter Freguency:
Mumber af harmonics:

Output ' ars.: |

] | Cancel |

3

000k — JJIUTEIBHOCTh pacueTa (JOJIKHA 0XBaThIBATh

JUTUTEIIBHOCTD TPEOYEeMOro mpoIiecca)

— TOYHOCTB pacucTa (,Z[OJ'I)I(Ha OBITH MHOI'O MEHbIIIE
CaMoOro KOpOTKOTro nUjinu 6BICTpOFO npouecca)

Pucynok 8 — Mento kHonku «Transienty»

Knomnka «Parametric» (puc. 6) npennasnauena ais akruainuu (Enabled) u
HAaCTPOUWKHU PEeKUMa M3MEHEHHUS MEPEMEHHOU — puc. 9, rae 3ajaroTcs npeaeabl U
CIoco0 M3MEHEHHUsI IapaMeTpa MOJCIIH UM COOCTBEHHOM MepeMEeHHOM (KaK ITUKII:
JIMHEUHBIM, OKTaBHBIM MM ACKAAHBIA HJIM K€ KaK CIHMCOK BelnMuuH — «Value

List»).

Parametric

Sweep Type

" Dctave
" Decade
" Walue List

Sweptar. Type

" Yaoltage Source

" Temperature

" Current Source

" Model Parameter

{+ Global Parameter

Hame:

Start Y alue:
End W alue:

[nzrement;

|

] | Cancel |

T

- UM TJI00aNbHOM epeMeHHON

- HA4aJIbHOC 3HAYCHUC HepCMCHHOI\/'I
- KOHCYHOC 3HAYCHUC HepeMeHHOﬁ

- IIar U3MEHEHMS IEPEMEHHOU

Pucynok 9 — Mento kHonku «Parametric»



7.3 BolnoJiHeHHe pacyeTa M MOJIyYeHHne pe3yJabTara

[Tocne co3ganuss MoAeNr SIEKTPUUYECKON LIETIH U 3alUCH MPOEKTa Ha JAUCK B
pabounii karajor (meHio File myHkT Save As) MOXHO MPUCTYyNaTh K pacyeTy
Heny. 3amycK pacuera ocyiiecTBisieTca HaxarueMm kinaBumu F11 (wim Haxkatuem

JIKM Ha nukrorpamme win yepe3 MeHo Analysis nmyHkr Simulate). 1o
YMOJIYAHUIO pacyeT MPOU3BOAMUTCS MO MOCTOSHHOMY TOKY, PE3YJIbTaT MOKHO
oToOpa3uTh MnpsMo Ha cxeme — puc. 10 (A9 BKIIOYEHUS/BBIKIIOUCHUS
OTOOpaKEHUSI HANIPSHDKEHU M TOKOB CIIyaT MUKTOPAMMBI C U300pakeHHEeM OYKB
V u I COOTBETCTBEHHO).

ZJ_’DZ MY ﬁ-ﬁ

Pucynok 10 — Ilpumep cxemsl ¢ pe3yapTaTOM pacyeTa 110 IOCTOSIHHOMY TOKY

Kpome Toro, He3aBUCMMO OT pexuMma pacdera mnporpamMma (GOpMHUPYET
TEKCTOBBI (paili, B KOTOpPOM TMPEACTABJICHBI WCXOJHBIE JaHHBIE (cxema,
napaMmeTpbl, PSKUMBI U T.I.) U pe3yJbTaThl pacuera (B koHie daina). [lomyunts
JOCTYTI K (paitiry MokHO uepe3 meHio Analysis mynkt Examine Output.

Jlist monmydeHus 3aBUCUMOCTEH (TOCTpoeHUs! Tpaduka) HAPSHKCHUS WIIH
TOKa KaK (YHKIUHA YacTOThI (YACTOTHBIA aHANW3) WIM KaKk (yHKIUA BPEMEHU
(BpeMeHHOM aHanu3) ciryxaT Mapkepsl — MmeHo Markers.



7.4 Ilpumep pacyera B 4HaCTOTHOI 00J1aCcTH

PaccunTaeM nmoTeHIMaNbl y3J10B 1IeNH — rnocienoBareabHoro RLC KOHTypa —
puc. 11. Jlnsg co3panus BUpTyanbHOU cxembl n3 6ubanoreku «Analog.slb» (MeHro
Draw nyakt Get New Part) BoiOupaem u pasmemaem Ha paboyeM Tole
AJIEMEHTHI: HMHIYKTUBHOCTH (L), koHmeHcatop (C), pesuctop (R), HCTOYHHK
nepemeHHoro HanpspkeHuss (VAC) m Touky HyneBoro mnotreHuuana (AGND).
Pa3mecTuB 351eMEHTBI IO KOHTYPY, BBIIOJHIEM COEAUHEHUE MX BBIBOJOB (MEHIO
Draw nynkr Wire). [lanee ycTaHaBiIMBaeM HYKHbIE HOMUHAJIbHbIE 3HAYEHUS
aneMeHTOB (nBoiHBIM HaxkatueM JIKM Ha mx HOommHanax). Yacto ymoOHO math
Ha3BaHHUE y3JlaM — JBOMHOE Ha)kaTHE Ha JIOOOM MpoBOJie (MOIKIIOYEHHOM K
paccMaTpuBaeMoOMYy y371y) mo3BossieT gath eMmy ums (Label).

R=1 xOm

L=10 mI'm
Ur =20 ud

=15 xI'n

Pucynok 11 — IlocnenoBatensHas RLC nens.

Hanee 3amaem pexuM pacuera (MeHro Analysis TyHKT Setup) — Ha)KHUMaeM
Ha kHONKYy AC Sweep: yKa3pIBa€M 4acTOThI, HA KOTOPBIX OyZI€T BBIOJIHEH pacyer
110 IEPEMEHHOMY TOKY — pHucC. 12.

AC Sweep and Noise Analysis @

AL Sweep Type Sweep Parameters Yacrota no 3amanuto 15 xl'1, moaTomy:

* Linear Total Ptz mn - pacyeT OJHOW TOYKHU

" Octave Start Freq.: IT -yacroTa 15 xI'11

£ Decade End Freq.: ek - HE BOKHO KAKOE 3HAYEHHUE (JIOJIKHO OBITh

Moige Analysis Oompme 15 k')

Dutput oltage:
I~
Interyal:

k. | Cancel |

Pucynok 12 — Menro kHonkn AC Sweep (HacTpoiika aHalM3a B 4aCTOTHOM 00JIacTH)

[ MNoize Enabled

ITocne BBoma wactoT M 3akpeiTHs MeHIO (kKHomka Close) HeoOGxoauMo
yKa3aTh KaKhe MOTCHIUAIbI UJIU TOKH TOJIJICKAT pacyeTy:
— eclIi HeoOXO0JuMa YacTOTHAs 3aBUCHMOCTh, TO MPUMEHSIOT MapKepbl (MEHIO
Markers);
— €CJIM HeOOXO UMbl KOMIUJIEKCHBIC 3HAUCHUSI, TO MPUMEHSIOT 3JIEMEHTHI (OJI0KH)
VPRINT1 pns nanpsixkenuit 1 IPRINT myist TokoB (OJIOKH OCYIIECTBISIOT



neJath B BBIXOAHOM ailn, HocTynHbIN yepe3 MeHio Analysis mynkt Examine
Output).

Hacrpoiika 61okoB PRINT onHOTMIIHA — MMeEETCS CIHUCOK MapaMeTpoB,
BBIOOpP KOTOPBIX YKa3bIBA€T PACCUUTHIBAEMbIE BEJIMYMHBI — pHC. 13 (BKIIOUEH
pacdeT MOayJid U (pa3bl KOMIUIEKCHOTO HANPSKEHUS y371a):

e AC — BKJIIOYAET pacyeT Mo MEePEMEHHOMY TOKY;

MAG — paccuutath MOyJIb KOMIUIEKCHOTO 3HAYEHHUS HANPsHKEHUs (TOKA);
PHASE — paccuurtath (ha3zy KOMIIJIEKCHOTO 3HAUCHUS HANPSHKEHUS (TOKaA);
REAL — paccunrtath JeHCTBUTEIBHYIO YaCTh KOMIUIEKCA HANPSKEHUS (TOKA);
IMAG - paccunTaTh MHUMYIO YacTh KOMIUIEKCA HANTPSDKEHUS (TOKA).

PRINT3 PartMame: vprint1

Al=y

TRAN=
M&G=y 4
PHASE =y
REAL=
oK

[MaG= o

[ Include Mon-changeable Attributes
[ Include Systemn-defined Sttibutes

Pucynoxk 13 — ITapametpst 6;10ka VPRINT 1

Takum o0pa3oM, BUpTyallbHasi cxema coOpaHa M HacTpoeHa — puc. 14,
MOYKHO BBIINOJIHATh PAacUeT ey — HaxkaB kiasuiry F11.

B o Y S
pi [ p2 Y P
I

“:‘*”EI")_:::::::::::::::::[-]:w

Pucynok 14 — Bupryansnas cxema RLC KoHTypa

"

Ha puc. 15 mpencraBnen ¢parmeHT BbIXOAHOTO (aiiiga MOJIETUPOBAHMUS,
colepXKallluii pe3yJbTaThl pacuera (JOCTyNeH yepe3 MeHo Analysis IyHKT
Examine QOutput), B koHIe ¢aina sl KaKIO0TO MOTEHIMaNa (C BKIFOYCHHBIM
omokom VPRINT1) ¢opmupyercst pesynpTar pacdera B ¢opmare TaOTUIBI C
3aronioBkoM: yactota (FREQ), momyns (VM) u ¢aza (VP).



FREQ VM(p3) VP(p3) - KOMIUIEKCHOE 3HAaY€HUE MOTEeHIIMAaa p3

1.500E+04 9.246E-01 -2.239E+01 0.9246/ —22.39° B

FREQ VM(p2) VP(p2) - KOMIUJIEKCHOE 3HaYEHUE MOTEHIMaIa p2
1.500E+04 1.271E+00 2.091E+01 1.271£20.91° B

FREQ VM(pl) VP(pl) - KOMIIJIEKCHO€ 3HAYE€HHE IMOTEHIIMAaIa pl
1.500E+04 1.000E+00 0.000E+00 1.0£0°B

Pucynoxk 15 — Pe3ynbpraTel MosenupoBanus (pparMeHT BBIXOIHOTO (haiina)

JIns mOCTpOEHHs] 4YacTOTHOM 3aBUCHUMOCTH, HAIlPUMEDP, HANPSDOKEHUS Ha
pe3ucTope HeoOXOUMO B BUPTYAJIbHYIO CXeMy 100aBUTh MapKep HamnpsKEHUS —
puc. 16 n Hactpouts MeHI0 kKHOnkH AC Sweep — puc. 17, Hampumep: BBIIIOJIHHUTD
pacuet B yactotHOM auanazone ot 100 I'm qo 200 xI'1y (a1 moiaydeHus riiajikou
XapaKTepUCTUKU BHIYUCIUM 3HaUeHUs HanpsbkeHus B 1000 4acTOTHBIX TOYEK).

Pucynok 16 — Bupryanbnas cxema uist pacuera AUX

AC Sweep and Noise Analysis E|
AL Sweep Tupe Sweep Parameters
& Linear Total Pts. 1000

" Dctave Start Freq. 100
{" Decade ) Free 20k

Moize Analpsis

Oukput Waoltage:
[
Interval:

k. | Cancel |

Pucynok 17 — Hactpoiika 4acTOTHOTO 1narna3oHa

[ Muoize Enabled

ITo 3aBepmenuto pacuera (mocie Haxartusi kinapuimu F11) Oyner BbI3BaHa
nporpamMmma otoOpaxenus rpadpuueckord mHpopmanuu — puc. 18 (mpeacrasieHa
aMIUTATY THO-4aCTOTHAs Xapakrepuctuka RLC nenn).

MeH1o mporpaMMbl MPEICTaBICHO Ha pUC. 19, BO3MOKHOCTH MPOTPaMMBbI
TIO3BOJISIOT:

— W3MEHATH MacIITaOkI 110 0CiIM,



— HCIIOJIB30BAaThb KYPCOPLI MJIA IMOJYYCHUA YHUCICHHBIX 3HAUECHUU OTO6pa)KCHHBIX
dynxumi;

— COBMfCIIAaTh HECKOJIBKO 3aBUCUMOCTEH Ha OJIUH Fpa(i)I/IK;

— OCYHICCTBIIATH MATCMATHYCCKHUC OIICpAllN HAJd JaHHBIMMH.

A= AT mmmmm o mmmm—m - o m T oo mmm——o——— - P oo m—————————— - B
100Hz 1.0KHz 10KHz 100KHz 1.0MHz

o V(p3) Frequency

Pucynok 18 — Pe3ynbTat pacuera AUX

Eﬁile Edit Trace Plot View Tools wWindow Help

=|i|a] &= ala e milel S| k]| el el w2
®ynkumn MacmTaboB @OyHKIMU KypCOPHBIX U3MEPEHUH (0 OPSAKY):
oToOpakeHHs rpauKoB - BKJIFOYHTB/BBIKITIOUYUTH KYPCOPHI;

- HaliTU MaKCUMYM;

- HAUTH MUHUMYM;

- HaliTU TOUKY neperuoa;
U T.II.

Pucynok 19 — Mento nporpaMmbl 0TOOpaskeHHsI pe3yJIbTaToOB pacueTa

Memnto «Trace» u «Plot» mo3BOISIOT yIpaBiIsITh MacITabaMu M TOMUACIMHU
10 OCSIM, CO371aTh COOCTBEHHBIE TpacChl (IPaUKU) U BHIMIOIHATh MAaTEMaTHYECKUE
omnepaluy HaJ TOKaMH U HAPSKEHUSAMU LETH.

K mpumepy, misa noctpoenus @UX neodxoaumo B meHio Plot BbiOpaTh
ctpoky Add Y Axis, menknyB o Hedt JIKM. Tlocne yero Ha 3xpaHe MOSBISIETCS
BTOpasi BepTUKaibHas ochb (opauHata). lamee B meHio Trace BpiOMpaeM MyHKT
Add (no6aButh). B pe3ynbTare, Ha 3KpaH BBIBOAUTCA IMaHENb C JIBYMS OKHAMH —
puc. 20. U3 mpaBoii yactu Functions or Macros menukom JIKM BwiOupaercs
¢bynkuusa pacuera daszel: P( ). HazBanue stoil pyHkunu ayOonupyercss B HUKHEN
yacTh naHenu — B cTpoke Trace Expression. Dta cTpoka npenHazHadyeHa IJis
BBOJIJa MAaTE€MAaTHYECKOrO0 BBIPAKEHHUSA, KOTOpoe 3areM OyAeT paccuuTaHo, a
pe3ynbTaT mpelcTaBieH B Buae rpaduka. Jns ykazanus Toro, ¢aza Kakoro
HaIpsDKeHUS J0JDKHA ObITh BhIBeAeHa, mienkaeM JIKM mo crpoke V(p3) B neBoM
okHe Simulation Output Variables. B pesynsrare B crpoke Trace Expression
okaszpiBaeTcs chopmupoBanHort ¢dynkius P(V(p3)), nomyckaercs Habpath
KOMaHJy C KJIaBHAaTyphl. DTO COOTBETCTBYET BBIBOAY B BHIe Tpaduka ¢hasbl
HanpspkeHus (noreHuuana p3) V(p3). 3aBepimiaeM BBOA (PYHKUIMU Ha)KaTUEM Ha



kHonky OK. [Tocne yero Ha skpane nossinsercs rpadguxk @UX. OH coBmeraercs ¢
rpadpuxom AYX u npeacTasieH Ha puc. 21.

Add Traces

Simulation Output Y ariables Functions or M acros
]x J.-'-‘-.nalu:ug Operatorz and Functions ﬂ
:EE_” : W Analog 0 i
I[F1] I™ Diat +

1M1 =

Y W ‘“oltages ;

WIC1:1] (&

VIC1:2) [+ Curents ABS()

WiL1:1] ARCTAM[ ]

VIL1:2]  FEgiE ATAN( ]

= i ey AYG[

Y(p2) SVEE ]

W[p3) : COs()

WIRT1] W Alias Mames D[]

W12 [Eic : DE[]

VA : ENVMA] |

W ENWMINI . |

W1[C1] ExP[]

W1[L1] Gl]

YW1[R1] IMG[ ]

Y11 LOG[ ]

W2[C1) ; g LOGT0[ ]

W2IL1] 29 variables lizted ML ]

W2(R1] w P | w
Full List

Trace E:-:pressiu:un:] Ok | Cancel ‘ Help ‘

Pucynok 20 — ITanens Add Trace mento Trace

11.EU- 108d

58d
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au - -108d . ; :
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o U(R1:2} [Z] « PCU(p3})

FI‘EqUEI‘ICy

Pucynok 21 — AUYX (Tpacca 1 — momeuena kBagpatukamu) 1 @YX (Tpacca 2 —
MoMe4YeHa pOMOUKaMN)



[Io momyueHHBIM TpadukaM C TMOMOIIBIO KYPCOPOB MOXKHO OMNPEICIUTH
PE30HAHCHYIO U TPAHUYHBIC YACTOTHI. J[J1s1 ompeaeneHus rpaHuYHbIX YacToT fi U f>

mienykoM JIKM no nmukrorpamme ﬁl BKJIIOYAEM DJIEKTPOHHBIN KypCop, LIEIKaeM
JIKM 1o kpacHomy mnpsMOyrojibHUKy ¢ Haanucbio P(V(p3)). D10 cBs3bIBacT
ANIEKTPOHHBIN Kypcop ¢ rpadukom OUX. 3aTeM ycTaHABIMBAEM KypCOp MBIIIN Ha
rpadguk OUX, naxumaem JIKM u, nHe ornmyckas e€, mepeaBuraeM Kypcop MBIIIN
BIOJH Tpaduka A0 TeX MOp, MoKa 3Ha4deHHe ¢a3bl HE CTaHeT OMM3KkuM K 145°
(3HaueHus: 4acToThl W (a3pl oTOOpaxaeTcs B crnelualbHOM okouke «Probe
cursor»). OrnyctuB JIKM u onepupys KypCOpHbIMH KJIABHUILAMHU KJIaBUATYPHI,
noOvBaeMcsi yCTaHOBKM 3JIEKTPOHHOIO Kypcopa Ha Hambomee Onmszkoe k +45°
3HaueHue (as3pl. TOYHO TakkKe HAXOJUM PE30HAHCHYIO YacTOTY fy 10 3HAUYEHUIO
¢a3bl, 6mu3komy k 0° — puc. 22.

11.['IU- 2 188d

.......................................

____________________________________

58d

....................................

45 .2 deq)

__________________________________________________________________________________________________________________

11.259 KHz

8.5U od

-58d

>
Ay - -1088d : . ,
188Hz 1.8KHz 10KHz 188 KHz
o U(R1:2) [Z] o P{U(p3))

Frequency
Pucynok 22 — AYX n @YX nenu ¢ HaHECEHHBIMY I'PAHUYHBIMU U PE30HAHCHOU
gactotami: f1=5.79 xI'1; o,=21.9 xI'1; fo=11.259 xI'11



7.5 Tlpumep pacueTa BO BpeMeHHOI 00J1acTH

OnpenenuMm mnepexojiHyr0 xapaktepuctuky RLC xoHtypa — puc. 11.
[TockonbKy mepexoaHasi GyHKIUS 9TO peakius 1enu Ha pyHkiuo Xepucaiiaa npu
HYJIEBBIX HAYaJbHBIX YCJOBHS, TO JUIS pEHIeHUs 3aJadyd  HeoOXOIMMO B
BUPTYaJIbHOM cxeme puc. 16 3amenuM uctouyHuk Hanpsokenus (VAC) Ha HCTOYHHK
uMmiyascHoro HampsbkeHuss VPULSE co crnenyromuymu mapamerpamu (IBOMHON
meyok JIKM nmo u3oOpaxeHuto ucrtounuka) — puc. 23. Takum oOpazoMm, npu
3aJJaHHBIX TTapaMeTpax UCTOYHUKA MoJeTupyercs GyHKIHUS XeBHUCai1a, IpU 3TOM
HAJ0 y4€CTh, YTO JUIUTEIBHOCTh MOJICTMPOBAHUS LIENH HE JIOJKHA MPEBHIIATH
BennunHy PW=1 Mc (B MpOTUBHOM clly4yae MOSIBUTCS 3aIHUUM (POHT UMITyJIbCa U
HMCTOYHUK MEPEeCTaHET OBbITh MOJIENbI0 QYHKIIMU XeBUCaANa).

V2 PartMame: vpulse

Marme "Walue
|DE = | Save Aty
W1=0 P :
(R | Change Dizplay
TD=0
TR=1pz
TF=1psz
P=1mz
PER=10ms "

[ Include Mon-changeable Attibutes
[ Include System-defined Attibutes

damily.

Cancel

TD PER

Pucynok 23 — Hactpotiika ncrounnka VPULSE u cmbic ero napameTpos

Ha puc. 24 npencraBnena BUpTyalbHas cXeMa Ul pacdeTa NEepPEXOIHOIO
npouecca B RLC uenu. J[yig BeInonHEHUs pacyeTa B MeHIO Analysis myHKT Setup
HaxxuMmaeMm kHomky Transient, rne 3amaem Final Time: 150us (nmuTensHOCTH
pacuera), Step Ceiling: 0.lus (TouHocTh pacuera). Ilocne 3amycka pacuera
(xnaBumiert F11) nomyyum nepexoaHyro xapaktepuctuky RLC uenu — puc. 25.

YacTto BO3HHMKAeT 3aJada IIOCTPOUTh 3aBUCUMOCTh IMPU H3MEHECHHUH
HOMUHAJIa 3JIEMEHTa Lenu. s peanu3anuu pacuera Npu U3MEHEHNUH, K IPUMEDY,
HomuHaja pesuctopa R1: 1 kOm, 10 kOm HEOOXOAMMO:

— MpUIyMaTh NEPEMEHHYIO, HAIPUMED, «qV»;
— Ha CXEeM€ BMECTO HOMHUHAJIBHOTO 3HAYEeHMs] PE3UCTOpa BIHUCATH UMS
NepeMEHHON B UTYPHBIX CKOOKax: {qv};



— pa3MecTuTh Ha cxeme (B TMPOU3BOJILHOM MecTe) a3ieMeHT PARAM
(Parameters), B ero HacTpoiikax ykazaTb: Namel=qv u Valuel=1k
(IpUCBOUTH 3HAUYCHUE TIO YMOJTYAHUIO);

— B MeHIo Analysis myHkT Setup HakaTh Ha KHONKy Parametric (puc. 9), rue B
nossix 3a1ath Global Variable: «Name: qv», «Value List: 1k, 10k».

Jlanee, 3alyCTUTh pacyueT, pe3yabTaT MPEACTABICH Ha puc. 26.

B 5 S I B
P 1 P2 NV p3
20N 10mH”
R
Tk

Pucynok 24 — BupTyasibHast cxeMa Jijis pacuera nepexoaHoro npouecca

660ny - f\
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o U{p3)
Time

Pucynok 25 — IlepexonHast GyHKIMS LeTH

Bs 20us L4Bus 6dus g0us 188us 12 8us 148us
o % U(P3)

Time
Pucynok 26 — Ilepexoansie pyHkuuu npu usmenennu R1=1 kOm, 10 kOm
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