РУКОВОДСТВО

по моделированию электрических схем

в программной среде Мультисим 12.01
[image: image1.png]1. OBIUME CBEJIEHUA O ITPOI'PAMME Multisim

CucremMa CXEMOTEXHMYECKOTO MOJeNMpoBaHMs Multisim npenHasHaueHa
JUIs MOZIeIMPOBAHMS M AHAIM3a IEKTPHUYECKHX cXeM. PaGoTa B peanbHoii nabopa-
TopuM TpeGyer GONBLIUNX BPEMEHHBIX 3aTpaT HA IOArOTOBKY OJKCIEPHMEHTA.
Multisim- 31eKTpoHHas 1abopaTopusi, MO3BOJISIET CHeNaTh W3y4eHHe SIIeKTpHYe-
cKHX cxeM Gosee nocTymHbiM. OmmbKY KCIIEPUMEHTATOPa B pealbHOil Taboparo-
PHUH MOTYT IIPHBECTH K GOJIBbLINM MaTepHaIbHBIM IIOTEPSM, B TO BPeMsl Kak, pado-
Tas B Multisim, yuamuuiicst 3acTpaxoBaH OT CJIy4alHOIO NMOPaXKeHHs TOKOM, a IIpHU-
Gopb! He BBIIAYT U3 CTPOSi H3-32 HENPABUIILHO COOPAHHOI CXEMBI.
JUist Havana paboThl ¢ IPOIPAMMHBIM [1AKETOM HEOOXOMMO 3arpy3HTh CHCTE-
My ¥ 3aIlyCTHTh HCHOJIHsAEMbII (aiin &R multisim.exe HEIIOCPEICTBEHHO, MO0 3a-
MYCTHTb SIPJIBIK Ha paGodem crose, nudo B manenu I[Tyck>IIporpammbi>National

Instruments>Circuit Design Suite>Multisim.




[image: image2.png]1.1. CTpykTypa patouero oKHa IporpaMMbl

3HAKOMCTBO C NPOIPaMMOii ClIelyeT HayaTh C H3YYCHHUs! [JIABHOIO paboyero

okHa. Jyist 3TOro OTKpoiiTe B BaweMm KomibroTepe daiin ¢ nporpammoit Multisim

oGo3naueHHEli Tak S Multisim. Ha 3KpaHe MOHUTOPA I10SIBUTCs pabouee aualo-
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Puc. 1.1 T'naBHoe okHO nporpammbl Multisim HIO npozpammol:
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BUPTYanbHEIE BHANOFOBKIE KOMNOHEHTE!
BUADTYabHEIE NACCHBHEIE KOMMOHEHTS!
BupTyansHeie AMoas!

BupTyanshbie TparsACTopl

BIpTYanGHBIE MSMEDUTENBHBIE KOMNOHEHTBI
Tlposue BUpTyanbHBIE KOMOHENTS!
PeankHsie KomnoHenTs!

BUpTyansHeIE HCTOuHUKN

BUpTY2nbHBIE KOMIOMERTBI C OTPEHHUEHMNAMN
BUpTyanbHEIE MCTOUMIKM CHTHBNOE

. Brpryansiisie

<_Boinouarens mogenuposarin

Moaenupoeanne
7 Minufinne
Puc. 1.2 Beibop naneneii.

@aiin, Peoakmop, Buo, Becmasums, Mukpokon-
mpoanepul, Modenu-posanue, Tpancviyus, M-
cmpymenmaputi, Omuemvl, Yemanosku, OkHo,
Cnpaska.

BHH3y, pAaclONOXKeHbl [aHEIH HHCTPY-
menToB. Ilepen maneHeiimeii paboroii y6emu-
Tech, YTO BbIOpaHbI HyKHbIe nanemm. st sToro
HaBEIMTE Kypcop Ha 06JacTh M IUEIKHHTE IIpa-
Boit kiaBuieil. (Puc. 1.2). BbiGpaHbl 10IKHBI
ObITh crrenyrowme nanenn: Cmandapmuasi, Buo,
Bupmyanvnvie, Buikaowamens modeiuposanus,
TlpuGopeor.

Cmandapmmuasi NaHelb WHCTPYMEHTOB H




[image: image5.png]nanens 6ud (puc. 1.3). C MX MOMOLIBIO MOXKHO, HE 3aX0Jd B JIOIOIHHTEIbHOE Me-
HIO, YIIPaBJIATh MacLLl Tabom paﬁauem 110J151, OTMEHSTb [10CIICAHUE U3MECHCHUS, a TaK
7K€ COXPAHATH U OTKPBIBATH IIPOCKThI.

hgeLal ) aa8q

Puc. 1.3 CrannapTHas naHesib HHCTPYMEHTOB

L]
B npasom BepxHem yIily HaXOAATCS KHOIKH: MpeIHa3HaYeHHbIe

JUlsl OCTAHOBA, 3aIlyCKa M IIPHOCTAHOBKH NPOLIECCa PaBOThl MOJEIH 3JIEKTPUUECKOI1.
ITox 3ammyckoM paboTel MOJIEIM MOHMMAETCS BK/IFOUEHHE MCTOUHHMKOB CHIHAIOB M
KOHTPOJIbHO-U3MEPUTENbHBIX NPpUOopoB. KHOIKa Iay3sl CIY:KHMT IUIS BPEMEHHOIT

OCTAHOBKHM IpoLiecca padoThl MOJEIH JTEKTPHUECKOI CXeMBI.

B-E-6E-E-E- - E-EE-
1 2 3 4 5 6 7 & 39





[image: image6.png]Puc. 1.4 . Ctpoka naHesn KOMIOHEHTOB.

Ilon cmanoapmmuoil naHenb MHCTPYMEHTOB (IO YMOJYAHHMIO) PACIONOKEHA

naHenb Bupmyanbhvie (HHCTPYMEHTBI), KOTOpasi COLEPKHUT 9 KHONOK (B JaHHOIT




[image: image7.png]Bepcuu nporpammbl) (puc. 1.4). Kaxas KHOIKA IaHEIH KOMIIOHEHTOB NPEICTaB-
nsier  coboif  GMOIMOTEKY KOMIIOHEHTOB (JJIEMEHTOB) CXeM, KOHTPOJIBHO-
HM3MEPUTENbHBIX PUGOPOB, HHCTPYMEHTOB U T.JI.

Hasnauenue kiaBui (cieBa HalPaBo):
1) rpynna «4unanozoswvier; 2) rpynna «llaccusnvier; 3) rpymna «/Juoosi»; 4) rpymmna

«Ipansucmopuiy; 5) rpynna «Mzmepumensuvier; 6) rpynna «4Anaroeo-Lugposwviey;
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Puc. 1.5. OtoGpakeHie KOMIIOHEHTOB [TAHEIIN.

7) rpynna «HMcmounuxu
numanusiy; 8) rpynma «C
02PAHUYEHUAMU Y, 9)
pymmna «Hcmounuku
CUSHATIOBY .

JHessiTb paszenos
6ubIHOTeK MOTYT GbITh
BbI3BaHbl [100YEPEAHO C

MOMOWIBIO 3TUX KHOIOK

B BUJIE OT/EJIbHbBIX MaHe-




[image: image9.png]ieit. Jljist 3Toro HEOGXOAMMO MOABECTH KYPCOP K COOTBETCTBYIOLLUEH KHOIKE @
M LIEJIKHYTh JIeBOi KilaBHILeH Mblin. Ecim ke WeNKHYTh 0 CTPeIIKe PSAAoM |

C KHOIIKOI, NIOSIBIISICTCSL OKHO, B KOTOPOM H300paKeHbl YCIOBHbIC 0003HaUE- | ax

i

HIisl ONIPE/Ie/ICHHOMN IPYIIIBI JICKTPOHHBIX KOMIIOHEHTOB U YCTPOICTB B BUJE

cricka (puc 1.5).

CrpaBa (110 yMOIMMaHHIO) paciiojiokeHa nauens [lpudopwr (puc 1.6). E& :
KHOITKH [103BOJISIFOT BbI3bIBATh Ha paGO“leM 1ojne  MyJIbTHMETp, li)yHKLll/lO- -
HaJlbHBIH TeHepaTop, BaTTMETP, OCLUWLIOrpad, M3MepUTelb aMIUIUTYIHO— S
YaCTOTHBIX U ()a30—4aCTOTHBIX XapakTepuctuk (rorrep Boze), yacromerp, -

=

TeHEpaTop CJIOB, JIOTMYECKHIl aHAIM3aTOp, JOTHYECKHil npeoGpasosarelb, |
M3MEpUTENb HeJIMHEITHbIX MCKaKeHHil, MyibTuMeTp Agilent, u3meprenbHbie |+

npoGuuky, npubopsr LabView, npu6opsr NI ELVISmX 1 GecKOHTaKTHbIH | o~

MPOGHUK TOKA COOTBETCTBEHHO. Puc. 1.6

ITanens npuGopst




[image: image10.png]1.2. Coaepzxanue OCHOBHBIX NaHe/eil KOMIIOHEHTOB
1.2.1 Daementsl nanean Ananozossie (Puc. 1.7)
E‘ E‘ Krorku 3Toif IaHes M03BoJISIOT BbI3BaTh Ha pabodee
roJie Komraparop, 3x-BbiBoHOi OV u Stu-BeiBoHOI OV.
Puc. 1.7
1.2.2. Daementnl nanean Iaccuensie — ocHoHbIE S1eMEHMbl CXeM TIPHBE-

Jenbl Ha puc. 1.8. 31eck coGpaHbl Bee MACCHBHBIC KOMIOHEHTBI.

A B> & R OBL S T BF 32 & IE IE WEME o ST @

1 2 3 4
Puc. 1.8.

OcHOBHBIMI 311eMeHTaMu OubnnoTeku /laccusnble  SBISIOTCA:

. Konzencarop. EmkocTs KoHIeHcaTopa i3mepsiercs B Gapanax u 3axaercs

BeJIMUYMHAMY B 10/15X (apana (ot nukodapana [pF] xo papana [F]).




[image: image11.png]2. Karyumka uHIyKTHBHOCTH. VIHIyKTHBHOCTb KaTyIIKH (Ipoccels) H3Meps-
eTcs B FeHPH U 3a1aeTCsl BEMYMHAMU B JONSX reHpu (0T HaHoreHpu [nH] no mera-
reapu [MH]).

3. Pesucrop. ComporusieHue pesucropa uamepsiercs B OMax u 3amaercs
BeJIMYMHAMH B 10J1s1X oMa (0T Muuutnoma [mQ] 1o tepaoma [TQ]).

4. Tpancdopmarop, MOKeET ObITb BBIIIOJIHEH C OTBOIOM CPEIHEil TOUKH.

1.2.3 Dnements! nanean Juoowt (puc. 1.9)
311ech PEACTABIICHO TOIBKO 1Ba YEMEHTa: woF
1. BupryaibHblii 1401 — BCE €ro IapaMeTphl BHICTABICHBI 110
Puc. 1.9
YMOJIYAHHIO.

2. BupryanbHelii cTaGuIMTpOH — 00l1azaeT TaKUMH [apaMeTpamil, KaK Ha-

npsiKeHHe CTabHIM3ALMK, TOKH IPo00s U KO3QUUHEHT IMUCCHH.

1.2.4 Daementsl nanean Mamepumensusie (puc. 1.10).




[image: image12.png]Ilepsbie 1 nocien- BEU!”(*”BBH”

HHe 4 KHOIIKH — 3TO aM- N - AU - J

[EPMETPbl M BOJIBTMETPbI Amepue'lpu TIpobrmar Bomsmvetpst
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[image: image13.png]JIMYHBIMH [0JIOKEHUSAMH BBIBOJIOB KOHTAKTOB (FOPU30HTAIBHO/BEPTUKAIBHO) U HX
noxocos (+/-).

Hactpoiika napameTpoB BbINOJHAETCS MOC/IE ABOIHOIO IIETUKa JIeBOH Kia-
BULIEH MBILIH 110 KOMIIOHEHTY. OTKPBIBACTCS HATOrOBOE OKHO C HECKOIBKIMH 3a-
KITaJIKaMH, NPeIHAa3HAuYeHHOe JUlsl 3a[aHusl I1apaMeTpoB KOMIOHEHTOB (puc. 1.11).
Ha s1ux 3akiankax B crpoke Bxodwoe conpomuenenue HeOOGXOINMO YCTaHOBHTH
BHYTPEHHEE CONPOTHBIICHHE BOJIBTMETPA (IOKHO ObITh GOJIBLIMM) M aMIIepMeTpa
(moiwkHO ObITh MasbiM). B cTpoke Pejicin BbIOMpaeTCs THII H3MEPSEMOIrO Harps-
sKeHHs (ToKa):

— DC — nocrosiHHO® HarpsikeHue (TOK);

— AC — nepeMeHHOe HampsiKeHHe (TOK).
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Puc. 1.11. OkHo st HacTpoitkK BOJIbTMETPa (a) M amrepmerpa (6)




[image: image15.png]C nsT0if 110 AEBATYIO KHOIKH HPEICTaBJICHbl IPOOHUKH PA3IMUHBIX LBETOB.
Cniea Ha n1paBo: Gesiblii, CHHHMIA, 3e/IeHbIH, KPACHBIIl, KeJIThIil.
1.2.5 Daementsl nanean Memounuku numanus (puc. 1.12).

OCHOBHBIMH 3JIEMEHTAMH TIAHEIN UCIOYHUKY RUMAHUS SBIISFOTCSL:




[image: image16.png]1. HeTounuk 1muTaHus

FEEFETEGEERESE
12 3 —

ToKa (ycTaHaBIMBaercs - d(Qek- 4

I1€PEMEHHOI0  CHHYCOMIa/IbHOTO

TUBHOC 3HAYCHHUE HAIPSIKCHUS, Puc. 1.12
4acToTa, 3a1epiKKa, KO3 GULMEHT 3aTyxaHusl, (asa, OrPELIHOCTb U Ip.).

2. VICTOYHHK IOCTOSIHHOrO HalpsiKeHHs (YCTaHABIMBACTCS BEIMYMHA Ha-
npsixennst). DJIC UCTOYHHKA IIOCTOSIHHOTO HANPSIKEHHs WITH GaTapen u3MepsieTcst
B BOJIBTAX M 3aJ1aeTCs NPOM3BOIHBIMY BemtuuHamu (0T 1B 1o TB). Bupryanshas
Garapesi IMeeT BHYTPEHHEE CONPOTHBIICHHE, PABHOE HYIIIO, [I03TOMY, eClIi Heod-
XOJIMMO HCIIOJIb30BATh JIBE IAPaJLI/IbHO NOIKIIOUCHHBIE 6aTapeH, ClIeyeT BKIIo-
YMTh 10CIEI0BATEIPHO MEXIy HUMH HeGOlblIoe CONpOoTHBIeHHe (Hampumep, B 1

Om).




[image: image17.png]3. 3asemseHue — TOUKa, IOTEHLMAI KOTOPOil NpMHMMAeTCs 3a HOMb. bes
YCTAHOBKH 3eMII CXeMa He 3allyCTUTCS.

4. Vcrounnkn (pUKCHPOBAHHOTO HaIpsiKeHWs. IIpuMeHstoTCs B jlornye-
CKHX CXeMaXx.

1.2.5 Daements! nanenu Hemounuku cuznanos (puc.1.13).

PRTOPCOHTHRPOCORS
12 3

B Multisim umpoko npe/cTaBieHsl pasinuHbie curHaibl. Ho Ha nepsbix 3Ta-
T1ax pacCMOTPUM JIHLIb OCHOBHBIE!

1. MCcTouHUK 11epEMEHHOI0 CHHYCOMIAIBHOIO TOKA (yCTaHABJIMBACTCS -
3 dexTuBHOE 3HAUEHNE TOKA, YACTOTA, 3aepikKa, Kodhduument 3aryxanus, Gasa u

ap.). JeiicTBytoliee 3HaUYCHHE TOKA HCTOYHHKA H3MEPSETCs B aMIIepax M 3a1aeTcs




[image: image18.png]NPOM3BOIHBIMY BeMunHamu (0T A 10 TA).
2. McTOUHMK 1epeMEeHHOr0 CHHYCOMIAIBHOIO HAIpSUKEHHs (yCTaHABIIM-
Baercst - 3QQeKTUBHOE 3HAYCHHE HAIPSIKEHHUs, 4acToTa, 3a1ep:Ka, KoddduuueHt

3aTyXaHus, (asa, orpeLHocTs 1 Ip.).




[image: image19.png]3. VicTouHHK MOCTOSIHHOTO TOKa (TOK). TOK MCTOYHHKA IIOCTOSHHOTO TOKa
(direct current) u3mepseTcst B amiepax M 3al1aeTCs MPOM3BOIHBIMHU BeIHYMHAME (OT

nA 1o TA).

1.2.6. IManens Ipudopst — KOHTPOJILHO—H3MEPHTEIbHASI aNNApaTypa.

Pacemotpum Teneps Gortee noapo6HO AaHHyi naHels. [lepedens eé kommo-

HEHTOB Mbl Y€ JaBau panee (puc. 1.6).

B ommunn or Electronics Workbench orpanuueHuit Ha KOIM4eCTBO OIHO-

BPEMEHHO HCIIOJIb3Y FOLMXCsl IPHOOPOB OIHOTO BUA HET.




[image: image20.png]Tlpt OCTPOEHHH CXeM MKOHKA IIpH- MynsTmerp-XMML E
Gopa KypcopoMm IepeHOCHTCsi Ha pabouee
110J1€ ¥ [MOJAK/IOYACTCA IIPOBOJAHMKAMU K HC- _
ciexyemoii cxeme. JUtst npuBeneHus mpu6o- E] m @
pa B pabouee (pa3BepHYTOE) COCTOSIHHE He- =
00X0IMMO JBAKIbI WIEIKHYTH KypCOpPOM 110 .
€ro MKOHKE yKe pa3mellleHHoll Ha pabouem €

noze. IlosiBsiercst u3o0pakeHue nepenHeit

naxenu npuopa (Ha puc. 1.14 — nepensss Puc. 1.14. [lepentsis naxens

MaHelb MyJIbTHMETPA). MyJIbTUMETPA
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JI0KeH JUCIUIel [U1s 0TOOpaKeH!s Pe3y/IbTaToB H3MEPEHUs, KIeMMbI ( «—» U «+»)

Myavmumemp. Ha nepenueii nanenn mynstumerpa (puc. 1.14) pacro-

JUTSL HOJAKJTFOUEHHUS! K CXEME U KHOIKH YIIPaBJICHHs:

() @ (o)

CONPOTUBIICHHs U OC/1a0JIeHNs! (3aTyXaHH s );

BbIOOP M3MEPAEMOIl BEIMUMHBI - TOKA, HAIPSIKEHHS,

BBIOOP peKUMa H3MEPEHHs! IIePEMEHHOI0 HIIH IIOCTOSHHOTO
TOKa;
PEKUM YCTAHOBKHM I1apaMeTpoB MysibTHMeTpa. [locne Haxa-

THsl Ha 3TY KHOIIKY OTKpbIBAeTCs HAJIOr0Boe OKHO (puc. 1.15).




[image: image22.png]B HeM MOJKHO yCTaHAaBIMBaTh: BHYTPEHHee conpoTisieHne amepmerpa (R);
BXOJIHOE colpoTHRiIeHHe BojibTMeTpa (R); auarnason usmepsiemoro Toka (I); orHo-

cutelbHblil yposers dB (V)
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K[0B]=20-log(V'2/¥'1), rze V2 — HAIPSUKEHHE B KOHTPOIUPYEMOIl ToUKe.
Tak e MOKHO HACTPOMTb HHIAMKALMIO [IEPErPY3KH.

noE
i

Dynxyuonanvusiit 2enepamop. llepennss naHelb reHepaTopa Mokasa-

Ha Ha puc. 1.16. YipasieHue reHepaTopoM OCYLIECTBIISETCS CISAYIOLMMU Opra-
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Puc. 1.16. Ilepennsis nanens

TeHeparopa

HAaMH YIPaBJIeHHs:

3HAYCHHsS KHONOK HHTYHTHBHO IIOHSITHBI.
Briepsoii crpouke Mbl MOieM BbIOpath (opmy
BBIXOJHOTO CHTHAIIA.

Jlasiee iy napameTphl CaMoro CHrHaa —
YaCTOTa, JUMTENBHOCTb, AMILINTY 14, CMELICHHE.

+ Ofuwii
BBIXOJIHbBIE 3aXKHMBbI.

Ilpn 3asemuennn wiemmbl obwmii (COM) Ha
KJIEMMaX «—» H «+» roydaem rnapadasHelit

CUTHaIl.




[image: image25.png]Tpumevanue.

wmenbnocmp - ycraHoBka koddduumenTa 3anonHenus B %. Jlis um-
IyJIbCHBIX CHTHAIOB 3TO OTHOILUEHHE UM TEILHOCTH MMITY/IbCA K [IEPHOIY TIOBTOpE-
Hust (BEIMUMHA, OOPATHAs CKBAKHOCTH), LISl TPEYrOJIbHbIX CUIHAIOB — COOTHOLLE-
HHUe MEKIy JUIMTEIBHOCTMHU ePeIHEro U 3aaHero ppoHTa;

Cuewenue - NOCTOSIHHAS COCTABJISIIOLLAS BBIXOIHOTO CHIHAJI:

Ocyunnozpagp. Tlepennsis naxens ocuuLiorpada rnokasasa Ha puc. 1.17

Ocumnorpad uMeer 1Ba kaHaita A u B ¢ pa3ienbHOIl peryImpoBKoOil 4yBCT-
BHTEIBHOCTH B auamnasoHe oT 1 demroBonbra Ha nenenue (fV7Div) no 1000 tepa-
BOJILT Ha AeneHue (7V/Div) u peryIupoBKOil CMELUeHHs 110 BePTHKAIM (cMeujenue
Y), uTo 1103BOJISIET OIHOBPEMEHHO HalIII0/IaTh BPEMEHHbIE HarpaMMbl IBYX CHI'HA-
JI0B.

BeiGop pexuma 110 BXOly OCYIIECTBIISETCsS HAKATHEM KHOTIOK () ofgd.




[image: image26.png]Pexum AC npeanazHaueH Uist HAGJIFOIGHUS! TOJIbKO CUIHAIOB [IEDEMEHHOTO
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[image: image28.png]Puc. 1.17. Ilepennsis nanens ocuuiiorpada




[image: image29.png]TOKa (ero ele Ha3bIBAIOT PEKMMOM "3aKPBITOIO BX0OJa", [IOCKOJIbKY B 3TOM PeKHMe
Ha BXOJIE YCHIIMTeIIs BKIIOYACTCS Pa3leMTe/bHbIH KOHICHCATOP, HE HMPOIYCKAK-
LM TI0CTOSIHHYIO COCTAaBIIAIOLLYI0). B pexkiime () BXOIHOM 3aKHM 3aMbIKAeTCsl Ha
3emito. B pexxume DC (BKIIOUEH 110 YMOTYaHHIO) MOXKHO IIPOBOIHMTE OCLIHIIIOIPa-
(uueckie M3MEPEHHs KaK [OCTOSIHHOIO, TaK M IIEPEMEHHOI0 TOKA. DTOT PEXHM
ele Ha3bIBAIOT PEKUMOM "OTKPBITOro BX0/a", MOCKOJILKY BXOIHOM CHIHAJI HOCTY-
I1aeT Ha BXOJ BEPTHKAILHOIO YCHIIHTENs HerocpeacTeHHo. C 1pasoii CTopoHsl oT

kHOIKH DC PacroIoxKeH BXOIHOM 3aKiM.

PexuMbl pa3BepTKH BbIGHPAIOTCS KHOIIKAMH @ , IPH 9TOM:

— peskuM Y/T (0GbIUHBII peknM, BKIIFOUEH 110 YMOIYaHHIO) — 110 BEPTUKAIN

HHIULUPYETCs HAIIPSKEHHE CHIHAIA, 110 TOPU30HTAII — BPeMs;

— pexuM B/4 — 110 BepTUKAIN WHIMUMPYETCsS CUTHAI KaHana B, 1o ropusos-

Talli — CUTHAIl KaHaua A;




[image: image30.png]— peKiM A/B — 110 BePTHKAIN MHANLIPYETCs CHIHANI KaHala A, 110 TOPH30H-

Tajli — CUTHAIl KaHana B.

B pesxnme passeptku Y/7 1wKana pa3BepTKH MOKeT ObITh 3aaHa B IHAIa30-
He ot ldc/nen (fs/div) no 1000 Te/nen (Ts/div) ¢ BO3MOKHOCTBIO YCTAHOBKH CMe-

LIEHHs B TEX e eMHULAX 110 TOPU30HTAIN, T.e. 110 ock X (3adepoicka X).

PexUMBI CHHXPOHH3ALMH BbIGHPAIOTCS KHONIKAMU B COOTBETCTBYIOLIEM 6110~

Ke. 371eCk BO3MOKHO JIBa PEKMMA CHHXPOHU3ALIMH:

1. PexxuM BHYTpeHHell CHHXPOHM3ALUK NP PEryJIHpyeMOM YPOBHE 3allycKa
CHHXPOHM3ALMK, C 3alyCKoM pasBepTkH (3anyck) 1o nepeiHeMy HIHM 3aIHEMY
(POHTY 3aIyCKAKOLIEro CUIHAJIA, YTO BHIOHPAETCs HAXKATHEM KHOIIOK [ilw, nmeer
TPH peKUMa:

— pexxum AUTO —3aryck oT CHTrHala 110 KaHanam A uin B;

— pexMM A — 3a11ycK OT CHrHaja 110 KaHainy A;




[image: image31.png]— pexxuM B - 3amyck o cursana 1o kasainy B;




[image: image32.png]2. PexxuM BHeLIHell CHHXPOHM3ALMK BBIOUPACTCS HAXKATHEM KIIABHILK (Brew
OH ocyLiecTBIIsIeTCs OT BHELIHero ucrounnka (EXT), MOAKI0YaeMoro K 3aKHMY B

GIIOKe YIIPABJICHUS CUHXPOHUSAYUL.

Tak e CyIecTByeT BO3MOKHOCTb POKPYTKH H300PaKeHHsl 110 TOPH30HTAIIN
M ero CKaHUPOBAHHS C OMOLIBIO BEPTHKAIBHBIX BU3UPHBIX JIMHUIT (CHHEro M Kpac-
HOTO LIBETa), KOTOPbIE 32 TPEeYyroJbHble YIIKH (OHH 0603Ha4YeHbI Takke Ludpamu |
u 2) MOryT GbITh KypCOPOM YCTaHOBJICHBI B J1060€ MecTo 3kpaHa. [Ipu s3tom B HH-
JIMKATOPHBIX OKOLIKAX 0]l 3KPAHOM IOSIBATCS PE3yIbTaThl H3MEPEHHUs HaIpPsIKe-
HMs, BPEMEHHBIX MHTEPBAIOB M MX NPUPALICHUIT (MEKIY BU3HPHBIMU JHMHHAMI).
Kromnkoit «Jkpan» MOXKHO U3MEHUTH UBET (OHA — uepHblil 1 Genblii. M306paxe-
HIle MOJKHO 3arucarh B (ailsl HaxkaTieM KHOIIKH COXPaHHTh. Bo3Bpar k HCXOAHOMY

COCTOSIHMIO OCLIILIOrpad)a IPOMCXOMUT Npy Haxatuy kuonku REDUCE.

Hzmepumens AYX u @YX, Ilepennss nanens usmeputens AUX-OUX mo-




[image: image33.png]KasaHa puc. 1.18.

Ce )| %03.702mHz | 19.1070eg + +O B @ - 4@ Bx© -

Puc. 1.18. Tlepenuss nanens usmeputens AUX u ADX




[image: image34.png]M3mepurens npeiHasHaueH [Uls aHAIN3a AMIUINTYIHO-YaCTOTHbIX (IPH Ha-
JKaToil KHONKe Awniumyda, BKIIOYEHA 10 YMONYaHHIO) M (ha30-4acTOTHbIX (1pu
HaxaToil KHonke @a3ad) XapakTEPHCTHK INpH Jorapudmudeckoii (kHonka Log
BKJIFOYEHA 110 YMOIIYAHUIO) MM JIMHEHHON (kHONKa Jlun) wikane 1o ocsiMm Y (1o
seprukaan) 1 X (1o ropusonramu). Hacrpoiika u3MepuTenst 3aKirouaercs B Beidope

npeesoB u3MepeHHs KodQOULHEHTa IIepefaul U BapHaLMK YacTOThl C MOMOLIBIO




[image: image35.png]KHOIIOK B OKOLIKaxX F — MakCHMalbHOE U / — MHHMMA/IbHOE 3HaueHue. 3HaueHune
4acTOTBl M COOTBEICTBYOLIEE eif 3HaueHHe KOd(duLMeHTa neperaun win (assl
MHIULUPYETCs B OKOIIKAX [0 IpaduKOM.

Tonwiouerne npubopa K HCCleIyeMOl cXeMe OCYILIECTBIISETCs ¢ MOMOLIbIO
3akUMOB «Bx» (IN) 1 «Bobix» (OUT). JleBble KIIeMMbI 3aKHMOB ITOAKIHOYAIOTCS CO-
OTBETCTBEHHO K BXOJly U BBIXOIY HCCIIEyeMOro YCTPOIiCTBa, a npasbie — K ofueit
LIHHE.

Jlpyrue npubopsl GyAyT pacCMOTPEHb! IIPH HX HENOCPEACTBEHHOM HCIIONb-

30BaHNN B J1aGOPATOPHBIX padoTax.

1.3. MOJAEJIMPOBAHHUE PABOTbI CXEM
Multisim 1o3BosisieT CTPOUTH aHAIOTrOBbIE, LU(POBBIE U LH(PO-AHATOrOBbIE
CXEMbl paymuuaﬁ CTCIICHH CJIOKHOCTH.

Hcenenyemas cxema coGHpaercs Ha paboueM I110J1e IpH OJHOBPEMEHHOM HC-




[image: image36.png]1I0J1b30BAHMM MbILIKM W KJIaBHATypbl. lIpUMEHEHHE B padOTE TOJIbKO KilaBHaTypbl
HEBO3MOKHO. [loc/ie10BaTeIbHOCTb CO3MaHUsI CXEMBI CIIEIYOLIas.

e [lpexne yem co3naBaTh 4epTek IPUHLMITHAIBHON CXEMBI CPEICTBAMH IPO-
rpammbl Multisim, Heo6xoauMo Ha JcTe GyMar IOATOTOBHTE € 3CKH3 C IPHMep-
HBIM DACIIOIOKEHHEM KOMIIOHEHTOB H C y4eTOM BO3MOXKHOCTH O(OPMIICHHs OT-
JIeNbHBIX (DPArMeHTOB B BHIE II0JCXEM.

o Jlist ynoGeTBa pa3MelleH sl KOMIIOHEHTOB MOKHO ClelaTh BHIMMOI CeTKy
110 KOMaHJIe B CTPOKe MeHto rporpammsl Bun/Cerka.

o KOMIOHEHTBI 3MEKTPHYECKOIl CXeMbl, H3MEPUTENIbHbIE HPHOOPLI, HCTOY-
HUKH CUI'HAJIOB W IMTAHUs M3BJICKAKOTCA U3 COOTBETCTBYIOLIMX MEHKO IIpH Ha-
skaTuu seBoit kHonku Mbiwn (JIKM) u noroprom Haxaruu JIKM Ha pabouem
cToJIe BUPTYallbHOIT naGopatopun. IIpu 3ToM cuMBOI (GUKCHpyeTcst Ha pabouem
noxe. OGBEKT MOKHO I10BOPAYMBATL Ha yroi, KparHblit 90°. st 3Toro o&bekT

HYKHO [IPEIBAPUTEIbHO BbIICINTD, @ 3aTeM BbIOPATh LIEJIKHYTh 110 HEMY NPaBOii




[image: image37.png]KHOIKOHM Mbld (11IKM) ¥ 13 MOsABUBLIEIOCA MEHKO BbIOpaTb KOMaHAy: «llosep-
HyTb 110 4acoBoil Ha 90°» (Ctrl + R) win «IloBepHyTh npoTHB 4acoBoil Ha 90°»

(Ctrl + Shift+R). BonbT™MeTpsl U aMIiepMeTpbl PeKOMEHIyeTCs BbIOUPaTh HYKHOI




[image: image38.png]OpHMEHTALMH CPa3y W3 IaHeIN U3MEepHTelIbHbIe, YTOObI H300paKeHne Ha TabIo 13-
MEpHUTENIBHOTO IPpUOOpa He ObIIO IIepeBEPHYTHIM.

* VCTaHOBKA HY/KHOIO I1apaMeTpa JIeMEeHTa Wi TeXHHYCCKHX XapaKTepPHCTHK
npubopa NPOU3BOAMICA B IHAIOIOBOM OKHE, KOTOPOE OTKPHIBACTCS IBOIHBIM
LIE/TYKOM 10 3HAYKY KOMIIOHEHTA. B pacKphIBLIEMCsl OKHE yCTaHABINBAIOT Tpebye-
Mble [1apaMeTpbl (CONPOTHBIICHHE PE3NCTOPA, eMKOCTh KOHIGHCATOPa, 3¢ HCTOY-
HUKA, PeKUMBI paboThl npubopa u T.1.). BeiGop mapameTpa 3/eMeHTa HyX)HO 10J1-
TBepANTH HakaTieM knonkn OK, Haxozsielics 06bIYHO BHU3Y B 1HATIOTOBOM OKHE

e CoelMHEHHE 3]IEMEHTOB POM3BOAUTCS B ABTOMATHYECKOM PEKHUME: Kyp-
COp MOIBOIUTCS K BBIBOJY JIE€MEHTA, IOSBIACTCS TOUKA, 3aTEM, 110CJIe HAKATHs
JIKM k Kypcopy IpHBSA3bIBACTCS KOHEL PAMOINHEIHOM eI, KOTOPbIil MOXHO
OTKPEIHTh Ha BBIBOJA APYrOro 3JIEMEHTa WM HA y4acTOK APYIOil BETBH HAKaB

JIKM ewgé pa3. B npouecce npokiaasiBaHus IIPSMOJIMHEHHOM LeIi MOKHO Ha-




[image: image39.png]sxumath JIKM Ha mycrom paGouem norne, wis Gukcamuu Lenu B 31oif Touke. Ito
ObIBaeT HEOOXOMMMO, TaK KaK LEMb IIPOPUCOBLIBACTCS B OPTOrOHAIBHOM PeXH-
Me M COCTOUT M3 FOPH3OHTANIbHBIX H BEPTHKAIbHBIX OTPE3KOB, KOTOpbIE OrHba-
10T YCTAHOBJICHHBIC JIEMEHTBI CXEMbl, I HE BCErJa aBToMaTiyeckoe orubanue
ObIBAaET CAMBIM PALMOHAJIBHBIM.

e llenu MOXKHO PeJaKTHPOBATH CIIEAYIOIMM 06paszom:

* VuacTKH LeIH MOXHO IepemMecTuth. [lisi 3TOro Kypcop HOIBOIMTCS K
yuactky uenu. Haxumas wu ynepxusas JIKM, mnepememieHHeM MbIIIKH
HU3MEHSIEM [10JIOKEHHUE LCIIH. AHalornuHo NIepeMeLIaroTCs U Y3J1bl CXEMbI.

+ Bce npooannki B Multisim 1o yMOJI4aHHIO YEPHOTO WIH KPacHOTO LIBETa,
HO LBET NPOBOJIHMKA MOKHO M3MEHHTb. JI/Isi 3TOTO Lemb BbIAEISIETCS WETYKOM
ITKM, u 3aTeM B NOSBUBIIEMCS MEHIO BbIOHpaeTcs komaHaa «M3MeHUTh LBeT»

U B CHIEIYIOLIEM OKHE BBIOMpaeM W3 NaJNTphbl UBET NPOBOAHNMKA. PekomeHay-




[image: image40.png]eTCsi OKpallMBaTh B pa3sHble LBeTa LeNH, OABOAMMBIC K BXOJaM OCLHIUIOIpa-
a, Tak Kak rpadgukam, oToGpaxkaeMbIM Ha 3KpaHe ocuuiIorpada, npucBanBa-
©TCsl L[BET I0JICOCMHEHHBIX K €r0 BXOJaM Lemneif.

* Vianenue uenu. Yianasemas Lelb BbIIEIACTCS M HAXHMMAETCs Ha Kia-




[image: image41.png]puatype kinasumwa Del wmmm BeiGupaercs B koHTekctHoM MeHo (ITKM mo
o0bekTy) Komanaa «Y nanute» (Delete).

« Jlns co3aHus JIOTONHUTEIEHOIO y3/1a CXeMbl HAKMHTE COUYETAHHE KIIABHIL
CTRL+], a 3arem Hasxmute JIKM Ha Hy:)KHOM MecTe paGoyero mousi.

Tlocsie co3naHms cXeMbl CETKY MOXKHO OTKIOUMTb. CHCTeMa CXeMOTeXHHYe-
ckoro Mozenuposanus Multisim npencrasisier coGoii ynoGHOe ¥ IpaKTHUHOE
CPEIICTBO, M03BOJISIOIIEE MOIEIMPOBATH IEKTPHUECKHE CXEMbl M aHAIM3MPOBATh
ux pabory. Pe3ynbTaTsl MOIEIMPOBAHMS MOXKHO BBIBECTH HA IIPUHTEP WM HMIIOP-
THPOBATh B TEKCTOBbIH WM Ipaduueckuii pelakTop s UX NanbHeliweii o6paboT-
KH, YTO JI@eT BO3MOMKHOCTh 3HAUHTEJILHO IIOBBICHTh KAueCTBEHHBIH YPOBEHb I1PO-

BeJIeHHs! 1aG0PATOPHEIX I PAKTHYECKUX 3aHATHIL.




[image: image42.png]2. METOUKA BbIITOJIHEHUSA TABOPATOPHBIX PABOT
HA OCHOBE BUPTYAJIbHbIX UHCTPYMEHTOB Maultisim.

2.1. Mcce10Ban e Pe3nCTHBHOIO AeTHTEb HANPSKCHHS.

Ha puic. 2.1.a npeacrasiieHa npocTeiiluas cxema JAe/IUTels HANPSUKCHNs Ha IBYX
pesucropax R/ u R2. K uemnu IpUI0KeHO HAIpsUKEHHE MCTOUHHMKA IIOCTOSIHHOIO
ToKa E. Uepes pe3ncTopsl nporekaeT Tok / (I1ocie0BaTelIbHOS BKIIOUCHHE), Ha pe-
3ucrope R/ nanaer Hanpsixenue U, Ha pesuctope R2 — nanpsuxenne U2:

I= E/(RI + R2),
UI=IIRI=E R I/(RI+R2), ()]
U2=I1R2=E R 2/(RI+R2).

3ananue. Ilo dpopmysam (1) paccunTats najxeHne HANPsKEHUs HA pe3ucTopax R/

u R2 Juis TaHHBIX, IpUBEICHHBIX B Tabnuiy 2.1. Pe3yibTaThl pacyeToB 3aHECTH B

Tabnuuy 2.1





[image: image43.png]lopsinok sbinonxenns. CoGparh cXxemy AeluTeNls, NPEACTABICHHYKO HAa pHC.

2.16.
ut
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Puc. 2.1. Cxema sesmrelis HAPSKEHHs

2
DC 10MOh




[image: image44.png]IIpoBecTn 3KCIIEpUMEHTAIBHYIO IIPOBEPKY 110J1y4€HHbIX pe3yiabraTos. HM3me-
Hsisl B CX€ME 3HAYCHMs COllpOTl/lBJleHl/ll‘;l W HalpsIKEHUsI UCTOYHUKA [TMTaHU, 3aI10/1-

Hure Tabmumy 2.1.




[image: image45.png]Tabn.2.1.

_ | RI, [R2 Tox I (MA) Hanpsaenne UI(B) | Hanpamenne U2(B)
Om Owm | Pacuer | Oxcnepn- | Pacuer | Oxcnepn- | Pacuer | Dxcriepi-
wenT, | wenT, V1 MenT, V2

12 [ 100 50

100 100

100 200

50 100

200 100

300 100

6 | Tewe snauchnn

conpotnaneHmii

Ilo pesynpratam wu3MepeHMH IOCTPOMTH 3aBUCHMOCTH

R2=const u U2=f(R2) npu RI=const 1st AByX 3HaueHunit V.

UI=f(RI) upu




[image: image46.png]2.2. Mcesie0BaHie Pe3MCTHBHOIO AeTHTEIs TOKA
Ha puic.2.2.a npezcrasiieHa npocTeiiluas cxema i3 AByX IapauleibHO BKIIHO-
YEHHBIX CONPOTHBJICHHH R/ 1 R2. K HUM NPUIIOKEHO HANpsKeHHe MCTOYHUKA 110~
cTosiHHOTO ToKa E. Yepes pesucrop R/ nporekaer Tok //, yepes pesucrop R2 Tok
12. Yepes oba pesucropa NpoTeKaeT CyMMapHslit Tok: [ =11 +I2.
B cBoro ouepens: 11 =E/RI, 12=E/R2
I=E/RI+E/R2 = E (I/RI+1/R2) = E(RI + R2)/(RIR2)=E/R3x6  (2)
Roke = (RIR2)/(RI+R2).
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Puc.2.2. Cxema pe3HCTHBHOIO AeIHTENs TOKA.

3ananue. ITo dopmynam (2) paccunrtarh TOKH depe3 pesuctopsl R/ u R2 wst

JIaHHBIX, IPUBEJCHHBIX B Ta01.2.2. Pe3ynbTaTsl pacyeroB 3aHECTH B TaOIMLY.




[image: image48.png]Topsinok Beinmonuenus. Copare cxemy penutens (puc. 2.2.6).

JUst 3TOrO:

W3 rpynisl KOMIOHEHTOB «/cmoynuku cuzhanosy Beidopars «IcTOYHNK TOKa
DC» (em. puc. 1.13 [3]) 1 moMecTHTB ero Ha pabouHil CTOJI, PACIONOKHB, KaK 0Ka-
3aHo Ha puc. 2.1.6. LlenkuyTs asaxisl JIKM 110 a1eMeHTy U 3a1aTh B HOSBHBLIEM-
csl OKHE BEJIMYMHY TOKa (Kak yka3aHo Ha puc. 2.16). [IoBTOpHUTB 3Ty orepauuo st
BCEX KOMIIOHEHTOB.

W3 rpynmel komnoHeHToB «/laccusnbie» BbIGpaTh 2 pesncropa (CM. pHC.
1.8[3]) u nomectuTh MX Ha pabounii croi. [ToBepHyTh KOMaHIOi «IloBepHYTH 1O
vacoBoit Ha 90°» (Ctrl + R) ¥ pacIoNoKUTh, Kak 10Ka3aHo Ha puc. 2.16. C nomo-
LIBIO ONHMCAHHOII BBILIE MPOLENYPHI 3a1aTh BEIMUMHY CONPOTHBICHHI 1 MX 000-

3HAYEHMUs B COOTBETCTBHH C pHc. 2.16.

U3 rpyniisl KOMIOHEHTOB «/3MepumenbHbley BHIOPATh aMIIEPMETP U BOJIBT-




[image: image49.png]metp (em. puc. 1.10). [lomectuTh MX Ha pado4Ki CTOJI M PaACIIOJIOKHUTh, KK [10Ka3a-
HO Ha puc. 2.16. VX OpHeHTaLuIO BBIBOIOB ClIeIyeT BBIOMPATh HCXOIsS M3 HA3BAHHs
B IpyIIe, HAIpUMep, «AMIIEPMETp TFOPHU3OHTAIBHBIN» WIH «AMIIEPMETD BEpPTH-
KaJlbHbIii», 4TOOBI TabJI0 M3MEPHTEIBHOIO NPHOOPa HAXOIMIOCH B HYKHOM I0JIO-
sxenun. Llenkuys nsaxael JIKM o npuGopy, 3a1arhe BEIMYHHBI BHYTPEHHUX CO-
npoTuBieHHii  npudopos (odeHb GOIbLIOE CONPOTHBIEGHHE IS BOJIBTMETPA U
OUEHb MaJIeHbKOE CONPOTHBIEHHE VISl aMIIepPMETpa), BbIOPATh BUI M3MEPSEeMOro
Toka DC (nocrosiHHblif) 1 X 0603HaYeHHs B cooTBeTcTBHH ¢ pHc. 2.16. [Tocne 31o-
IO COCAMHNTL KOMIOHEHTBI IPOBOIHHKAMH.

TIpoBecTH 3KCIIEPHMEHTAILHYIO IIPOBEPKY MOJIYYCHHBIX Pe3yIbTaToB.

JUst 3TOrO:

3anycTuTh MOJEIMpPOBAHME KOMaHIOI Activate meuto Analysis (puc. 26) umm

(o]

kHonKoif «ITyck»




[image: image50.png]TosyuenHsle pe3ysbTaThl H3MEPEHHI Ha aMIIepMeTpax M BOJIbTMETPax 3aHe-
cru B Tabnuuy. M3meHsis B cXeMe 3HAaYCHHs! CONPOTUBIICHUI U HANPSIKEHUs MCTOY-

HHKA [IUTaHKsl, 3aI10JIHUTL Tab.2.2.




[image: image51.png]Tabsuua 2.2.

U, | R, |R2 Tox 11 (MA) Tox 12(vA) Hanpsaenne | Tox 1 | Roxs,
B | Om On akcnepivent | (MA) | Om
Pacuer | Oxcuepunent | Pacder | Oxenepusent | VI | V2
Al A2

10 | 100 50

100 100

100 200

100 400

50 100

200 100

400 100
5 | Te meanaseuns

conpotnaneniii

ITo pesyiabTaramM H3MepeHHUs: [OCTPOHTb 3aBUCHMOCTH [=f{R5Ke) st ABYX

3HaueHMit V.




[image: image52.png]3AJAHHE 2.3. U3mepeHne aKTHBHOI MOLIHOCTH 1IEIH.

Camblii mpocToii cnoco6 U3MepeHns aKTHBHOI MOLIHOCTH — 3TO BKIIOYEHHE B
LeMb CIeLHaIbHOrO NpHoopa — BATTMETPA.

BarTMeTp u3MepsieT akTMBHYHO MOLIHOCTb. Pe3y bTaT 0ToGpakaeTcs B BaTTax.
BarTMeTp TakKe MOKa3bBaeT KOI(OGHIMEHT MOUIHOCTH, BRIYHCIISEMBIH 110 CABHTY
MKy HANps/KEHHEM H TOKOM M MX mpousBeaesuio. Koadduuuent MouHocTH papen
KOCHHYCY (ha30BOTO yriia MeKIy HANPSKEHHEM H TOKOM.

YroObl MOMECTUTD BATTMETP Ha padouee 107Ie, ero HyKHO HATH B NaHe
«[pubopem=> Barrmetp. CooTBeTcTBYIOLIEE eMy H300pakeHue (puc. 2.3.1a) nossut-

sl 10 Pa3MELIEHUIO ero Ha paboueM mose.
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Puc. 2.3.1. Orobpaxenue Bartmerpa.





[image: image54.png]Kaxk 1 ¢ apyrumu npudopamu, 4To0bl OTKPBITH CBOIHCTBA KOMIIOHEHTA HYKHO
JBaKIbI WETKHYTH 1o Hemy JIKM (puc. 2.3.16)

YroGbl ONpenenTh MOLHOCTD Ha HAarpy3Ke HEOOXOIMMO MepBble Ba BBIXOAa
BaTTMETPA BKJIKOYMTH I1apallIe]IbHO Harpy3Kke, Ipyrue — ocle10BaTellbHo.

Paccmotpum npumep.

3ananue. OnpezennTs MOLIHOCTB, PacceMBaeMyro Ha pesnctope R2 B cxeme (puc.
2.3.2a).

CoGepure cxemy ykasauHyio Ha puc. 2.3.26. [Ipunsts R1=R3=1kQ. W3mensist
R2o0t1 10 Q 1o 10 kQ, HaiianTe 1 MOCTPOIiTe 3aBUCHMOCTb BBIIEIISIEMOI MOLLHOCTH
OT CONPOTHUBIICHHSL.

TTonb3ysick 3akoHamu Oma i Kupxroda, nosiyanTe aHaInTHIECKOE BbIPAKe-
HHE 3TOH 3aBUCHMOCTH.
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2.4. MceeoBaHne XapaKTePHCTHK GuiIbTPoB Ha npumepe OHY

HaromH#M, 4TO Cpeiu IepeaaToyHbIX apaMETPOB YeThIPEXIIOIFOCHHKOB 0C-
HOBHBIM SIBIISICTCSL KOMILICKCHBIH K03 duLneHT nepenaun 1o Hanpsxenno Ky(jo).

OH npezcTaBisieT coGoil OTHOLIEHHE KOMILIEKCHOTO BHIXOIHOTO HanpsikeHus Uz —




[image: image56.png]OTKIIMKA M KOMILIGKCHOIO BXOIHOrO HanpsxeHuss U} — BO3IeliCTBUS YeTBIPEXIO-
JIFOCHUKA

U2

KyGo)=

=Ky (0)-exp(jp(@)
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e K, =22 »
rae Ky(o)= U, ~ MOIyilb KOMILIEKCHOTO KOS(pHLIMEHTA Iepesatit 10 Hanpsi-
1

sxerno Ky(jo);




[image: image57.png]Up.,Uy — nelictByroline WIM aMIUIMTYIAHbIC 3HAYEHHsS! BBIXOIHOIO M BXOIHOIO
rapMOHMYECKMX HalpsKeHHIt;
o(®) = Qua(©®) — Qui(®) — apryMeHT KOMILIEKCHOIO KO3((ULHEeHTa Ieperadn
Ky(j®) paBHBlii pasHoCTH MekI1y HAaualbHBIMHE (pa3aMH BBIXOIHOIO M BXOIHOIO Ha-
NIPSIKEHHUIA;
©u2(®), Oui(®) — HavabHbIe (asbl BBIXOIHOTO U BXOIHOIO FaPMOHHYECKHX Ha-
NPSIKEHUH.
3aBucumocts  Momyns Ky(®) OT 4yacTOTl Ha3bIBaeTCA  aMAAUMYOHO-
wacmomHuotl xapakmepucmuroir (A4X) ueru.
3aBHCHMOCTb aprymMeHTa () KOMIUIEKCHOro Kod(QHLIeHTa Iepenadn oT
YaCTOTBI Ha3bIBACTCS haz0-uacmomuol xapakmepucmukot (PYX) ueru.
M3amepenne AUX u @YX BO3MOKHO OCYIIECTBHTE HECKOIBKMMHU CIIOCOOAMH.
Jlist nagana coGepem Ha pabouem crone Multisim cxemy mnpocteiiero
(uIbTpPa HIKHKX 4acTOT HepBOro nopsiaka (puc. 2.4.1a).
CpaBHuTe pe3y/IbTaThl TEOPHH
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[image: image59.png]Puc. 2.4.1. Cxema GuIbTPA HIZKHHX YACTOT MEPBOIO MOPsIAKA.

K BXomy cxembl HOIKIKOUHTH HCTOYHUK IIEPEMEHHOIO HAIpsKeHUs (MCTOU-
Huk Hanpsixernst AC. VcTaHOBHTB HanpsikeHue reseparopa U; = 1B (V) u wactory
f=200T'u (Hz).

‘VeraHoBuTb 3HaueHHst napamerpos R=10kQ u C=8200pF.




[image: image60.png]2.4.1. U3mepenne AYX ¢ noMouibio BOJIbTMETpA.

K BbixoaubiM norocam RC- wenu noakiounts BonsT™erp (puc 2.4.16)? ye-
TAHOBHB €r0 B PeKMMe IepeMeHHoro Toka (AC).

Ilpoussect M3MepeHHe BBIXOIAHOTO HanpsxeHus RC—uernm B auanasone
YACTOT fouin - frnax, HAUUHAS C YACTOTHI frp = 200 I'm. V3MepeHue npon3soantes
BKJIIOUEHHEM PeXHUMa MOJIEIMpPoBaHus KHomKoil “Ilyck”. BoibTmeTp nokaxer 3d-
(ekTHBHOE 3HAUCHHUE BLIXOIHOIO HapsukeHus Us, KOTOpOe Hallo 3aHecTH B madn. 3
U [IOCYMTATh SKCIIEPHMEHTAIbHOE 3HAYCHIEe KO QHLUMEHTa [IepeadH.

M3MeHsITh 4acTOTy IeHepaTopa MOXKHO Tak, 4TO0bl BBIXOAHOE HAIpsKEHHE
M3MEHMIIOCH IIPUMepHO Ha 8 + 12% oT mpeasiayuiero 3HaueHus. [Ipu Takom ware
M3MEHEHHs! YaCTOThI BXOJHOIO CHIHAJIa BCsl KpMBask pa3duBaetcst npuMepHo Ha ~10
ypoBHeii, 10 kotopeiM Oyzner nocrpoena AUX. 3HaueHHe 4acTOThI BCEIa MOXKHO
OTKOPPEKTHPOBaTh. Pe3yibTaTsl pacueToB U M3MepeHHii 3anectn B Tabauy 2.4.1

B tabmiue 2.4.1 npemiokeHel NPUMEPHbIC 3HAYCHMS YACTOT JUIS CHATHS
AYX HuzkouactotHoro RC-uibrpa.

Tabauua 2.4.1
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Ilo pesynbraram u3mMepeHHii MocTpouTs B uepHoBruke AUX 1

wwtorpada, KOTOPbIil Hy/KHO BKJIFOYHTB 110 cXeme (cM. puc. 2.4.1B).

2.4.2. Uzmepenne @YX ¢ noMOLIbIO ABYXKAHAIBLHOIO OCHMILIOrpada.
Mamepum ®UX Hu3kouacToTHOH RC-Lenu ¢ noMoLIbo ABYXKaHAIBHOIO OC-
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OTKpBITh TIEPENHION NaHelb ocumuiorpada. BelcTaBUTh napaMerpbl OCLMI-
norpada.

B 6noke «Passeptka» ycranosuTh wkary 500 us/Div u pexum Y/T,




[image: image63.png]B kananax «A» u «B» yCTaHOBUTH OIMHAKOBYIO YyBCTBHTEIbHOCTB 100 v/div
B pexknme nepemerHoro toka AC. B Groke «CHHXPOHM3ALMS» BKIOUHTE PEKHUM

Asmo.

Tlpou3BecTi M3MEPEHHE CHIHAIOB BKJIKOYCHHEM PEKHMA MOIEIHPOBAHUS
kHOIKOH “ITyck”. DTO Hy:XHO [eJ1aTh IIPU KaKIOM H3MEHEHHH [1apaMeTpoB CHIHalla

MITH LeIH.

IloaBecTn KpacHyr 1 CHHIOK BU3HPHBIE IMHUK B TOYKM MAKCHMAJIbHBIX 3HA-
YEHHIT COOTBETCTBEHHO BXOIHOIO M BBIXOJHOIO CHIHANoB (cM. puc.2.4.2). B npa-
BOM HHKHEM OKHe npounTars pasHocts (T, —T)), paBHYIO CMELUEHHEO CHTHAJIOB 110
ocu BpeMeHH. Pe3yibTaTsl H3MepeHHuii 3aHecTu B Tabimiy 4.

olf.)=—~-1,)- 1, -360°
Tabnnua 2.4.2.
PeSleb‘l‘a’l‘hl IKCII MMEHTaJIbHbIX n3mepeunﬁ
FASN 0.2 1.0 5.0 10.0 T 250.0

(T, =Ty

o)

IIponenars noxo6HbIE H3MEPEHHs [UIsl BCEX 3HAUCHHIT YaCTOT, 3alIMCAHHBIX B
Tabnuue. IIpn M3MEHeHHH YacTOThl CHIHAa HY/KHO MEHSTb CKOPOCTb Pa3sBEPTKH,





[image: image64.png]pa3Mep OKHa K 9YBCTBUTC/IbHOCTD KaHA/IOB TAK, YTOObI B [IPEJC/1aX 3KpaHa YKJalbl-
BAJICS IPUMEPHO OJIMH IIEPHOJ CHIHANA, KAK 110Ka3aHOo Ha puc.2.4.2. DTo yBenuuu-
BACT TOYHOCTb H3MEPEHIISL.

Toctpouts @YX 110 pesyiabraTam pacuera i H3MEpeHHit.

2.4.3. U3mepenne AYX u @YX ¢ nomombio [lnorTepa Boze.

Heobxoaumo coGpath cXxemy HcCIeI0BaHMs XapakTepucTuk (puc. 2.4.1r).

OTkpbITh TaHenb u3MepuTens s usmepenns AUX (kHonka Magnitude) u
HACTPOMTH €ro rnapamerphl Tak, Kak I10ka3aHo Ha puc. 2.4.3. Ilo BepTHKabHOI ocH
Y ycraHOBHTb JIMHElHBIIT MaciTab, MakcHMalbHoe yeuienue F = 1, MuHMMalbHOe
3navenue | = 0. [To ocu X — norapudmuuecknii macwra6, F = 100 GHz, [ = 1 Hz.
Ipu HeobGXommmocTi ckoppekTupoBarh 3HadeHust F u I no ocsim. AYX nomkHa
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[image: image66.png]BEPTUKAIbHOI OcH Y YCTAHOBHTH JIMHEIHbINH MacIuTab, MakcuManbHoe ycuieHue F
= 0°, musnmansroe 3uauenne | =—90°. [To ocu X — norapudmudeckuii Macurrad, F
=20 xI'u, I =100 I'u. IIpn HeoGXoaumocTH CKOppeKTHpOBaTh 3HaueHus F u I o

ocsM.

© | zouw

Puc.2.4.4

Hapucosars Tabmuuy 2.4.3 [wist 3anmcy pe3yabTaToB H3MEpPeHHit.
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IlposecTn M3MepeHHs XapaKTepUCTUK 110 ToukaM. [{i1s 3TOro yCTaHOBUThL BH-
3UPHYIO JIMHEIIKY Ha 4acTOTY, [OJIy4eHHYIO B pe3y/bTaTe SKCIepHMeHTa B Tabuie
2.4.2. 3anucare 3HaueHne Ky, . [lepesectu npuGop B pexxuM u3MepeHust (asbl 1 3a-
nucarhb pesynbTat @. M3meHnTh actory 1o tabuue 2.4.3 1 HOBTOPHTE H3MEPEHHUs
Kyu @ ut.a. 3anonsuts Tadnumy 2.4.3.

Ilo pe3sysnpTaram u3MepeHMii HOCTPOUTH XapPaKTEPHCTHKH 110 TOYKAM U CpaB-
HHTb C MX XapaKTePHCTHKAMH, [IOCTPOCHHbIE 110 3a1aHusiM 2.4.1 1 2.4.2.





Возможные обозначения приставок и множителей

	Приставка
	Обозначение русское
	Обозначение Multisim
	Множитель

	Тера
	Т
	Т
	1012

	Гига
	Г
	G
	109

	Мега
	М
	М
	106

	Кило
	к
	k
	103

	Милли
	м
	m
	10-3

	Микро
	мк
	μ
	10-6

	Нано
	н
	n
	10-9

	Пико
	п
	p
	10-12

	Фемто
	ф
	ff
	10-15


 
Горячие клавиши
	Ctrl+N
	Создать новый файл

	Ctrl+O
	Открыть файл

	Ctrl+S
	Сохранить текущий файл

	Ctrl+P
	Печать графиков / текущий файл

	Ctrl+Z
	Отмена действия

	Ctrl+X
	Вырезать

	Ctrl+C
	Копировать

	Ctrl+V
	Вставить

	Ctrl+D
	Открывает Circuit Description Box

	Ctrl+F
	Поиск

	Delete
	Удалить выделенную группу

	Ctrl+W
	Выбор устройств

	Ctrl+J
	Вставка узла

	Ctrl+Q
	Добавление провода

	Ctrl+I
	Вставка коннектора

	Ctrl+B
	Вставка подсхемы

	Ctrl+T
	Вставка текста

	F5
	Запуск схемы

	F6
	Пауза

	Alt+Y
	Зеркальное отображение по вертикали

	Alt+X
	Зеркальное отображение по горизонтали

	Ctrl+R
	Поворот на 90 вправо

	Ctrl+Shift+R
	Поворот на 90 влево

	Клавиши курсора
	Перемещает выделенное устройство влево, вправо, вверх, вниз


 

