JlabopaTtopHas padota
«M3ydenne nmporpaMMbl CXEMOTEXHUUECKOTO MoaeaupoBannst Multisimy .

IIporpaMmma cxeMoTeXHHUYECKOT0 MoaeaupoBanus Multisim

Beeaeuue

[lepssie Bepcuu mporpammsbl uMmenu HasBanue Electronics Workbench u paspata-
THIBAJTUCH (PUPMOM C OJHOMMEHHBIM Ha3BaHHWEM. [IporpaMMa mMMena O4YeHb MPOCTOU M
WHTYWTUBHO TIOHATHBIM Tpaduueckmii wuHTEpdeiic. B Hacrosmee Bpemsa ¢upma
Electronics Workbench siBrmsercss mouepHel koMImaHueHd, KOTOPOW TOTHOCTHIO BIAJEET
¢upma National Instruments Corporation.

OcobeHHOCTRIO TIpOTpaMMBbl Multisim SBIA€TCA HAMYHE BUPTYATbHBIX H3MEPH-
TENBHBIX TPUOOPOB, UMUTHPYIOIIUX PealbHbie aHaaoru. B coctaB Multisim Bxomar 3¢-
(exTHBHBIE cpeAcTBa rpaduyueckoir 0OpadOTKH Pe3yNbTaTOB MOJeNUpOoBaHuA. [pyras
Ba)KHAS OCOOCHHOCTH TPOTPAMMBI 3aKIIOYAaeTCss B TOM,uTo Multisim moaaepKkuBaeT
B3auMoieHcTBHE ¢ Tpaduieckor cpeaor LabVIEW, mpenHasHaueHHOM Mt pa3padOTKH
MTPOTPaAaMMHO-AMITAPATHBIX CPEJICTB U3MEPEHUAN YIIPABIICHUA.

NI Multisim 10.0 mo3BonsIeT 00OBETUHUTD TPOILECCH Pa3padOTKH 3IEKTPOHHBIX
YCTPOMCTB M TECTUPOBAHHUSA HA OCHOBE TEXHOJOTMH BHPTYaTbHBIX MPUOOPOB I y4eO-
HBIX W TIpou3BoCcTBeHHBIX Tienen [lompasnenenne Electronics Workbench Group kom-
nmanuu National Instruments anoHcupoBamno Beimmyck Multisim 10.0 u Ultiboard 10.0, ca-
MBIX TIOCTIETHUX BEPCHH TMPOTPaMMHOTO oOecrieueHus ia uHTepaktuBHOro SPICE-
MOJIETMPOBAHHAA W aHANM3a SJCKTPHUYECKUX IIETIEH, HCTONB3yEMBIX B CXEMOTEXHHKE,
MPOEKTUPOBAHUH TICYATHBIX IIAT U KOMIUIEKCHOM TECTHPOBAaHWHU. JTa matdopma cBs-
3BIBACT MPOLIECCHl TECTUPOBAHUS U POSKTUPOBAHUS, IPEAOCTABIAS Pa3pabOTIHKY SIIEK-
TPOHHOTO O00OPYAOBAHUSA THOKHE BO3MOKHOCTH TEXHOJOTHH BHUPTYAIbHBIX TPHOOPOB.
CoBMECTHOE WCTIONIB30BAHUE MPOTPAMMHOTO OOECTIEYEHUS I MOJCTHPOBAHUSA SIIEK-
Tpudeckux nerner Multisim 10.0 kommanuun National Instruments co cpemoi pa3padoTKu
m3MeputTenbHbIx cucteM LabVIEW, mo3BossieT cpaBHUBATh TEOPETHYECKHE JAHHBIC C
peabHPIMHA HETIOCPEJACTBEHHO B TIPOIIECCECO3AAHMA CXeM OOBIYHBIX MEYATHBIX IUIAT, YTO
CHIDKAET KOJIMYECTBO MPOEKTHBIX MTEPALMHA, YUCIIO OMIMOOK B MPOTOTHIIAX W YCKOPSAET
BBIXO/I TIPOAYKIUH Ha PHIHOK.

MosxHo ucnonp3oBath Multisim 10.0 111 HHTEPAKTUBHOTO CO3/JIaHHS TPUHITUATIH-
AIBHBIX 3JEKTPUYECKUX CXEM M MOJECIUPOBAHHA MX PEKUMOB padoThl. «Multisim 10.0
COCTaBISIET OCHOBY IUTAT(OPMBI Ui OOYYEHHS SJEKTPOTEXHWKE Kommanmu National
Instruments, Brmouaromer B ceOs mportotun padoued cranmmm NI ELVIS m NI
LabVIEW.

Bbasza manaex koMmoueHTOB BKiFoyaeT 0osee 1200 SPICE-mopneneii 2i1eMeHTOB OT
BEIyIMHUX TPOW3BoauTeNeH, Takux kak Analog Devices, Linear Technology u Texas
Instruments, a taxke Oomee 100 HOBBIX MOAENIEH HMITYTbCHBIX UCTOYHHKOB TTHTAHHS.
[TomuMo 3TOTO, B HOBOHW BEPCHH MPOTPAMMHOTO OOECTIEYECHHS TOSBHIICS TOMOITHHK
Convergence Assistant, KOTOpbIH aBToMaTHyecku kKoppektupyet mapametpsl SPICE, uc-
mpasisii  ommOKkM  MojenmpoBaHus. JloOaBmeHa mommepixkka wmoxaenmed  MOII-
TpaH3ucTOpoB craHgapta BSIM4, a Taxke pacmupeHbl BO3MOKHOCTH OTOOPAKEHUS H
aHaM3a JAHHBIX, BKIIOYAs HOBBIM MPOOHMK JIA 3HAYCHUHA TOKA W OOHOBJICHHBIE CTATH-
YeCcKHe MPOOHUKH 1 T HepeHIHaTHHBIX H3MEPEHHH.



«l'opstune» KJIaBULIN
Ctrl+N Co3natp HOBBIN (aiin
Ctrl+O OtkpoITh daiin
Ctrl+S Coxpanutp TeKymui hain
Ctrl+P Ilevats rpadukos / Tekynmii daiin
Ctrl+Z Ormena nevicTBus
Ctrl+X Beripesats
Ctrl+C Kommuposats
Ctrl+V Bcrasuts
Ctrl+D OtxpeiBaet Circuit Description Box
Ctrl+F INonck
Delete Y nanute BBIIENEHHYTO TPYIITY
Ctrl+W Bs160op ycTpoiicTs
Ctrl+) BcraBka y3ma
Ctrl+Q J{ob6aBrnenue mpoBoaa
Ctrl+1 BeraBka koHHEKTOpA
Ctrl+B BcraBka moacxeMsbl
Ctrl+T BceraBka TekcTa
FS5 3anyck cxembl
F6 Ilay3a
Alt+Y 3epkanpHOe 0TOOpAsKEHHE IO BEPTHKAIH
Alt+X 3epkanpHO€ 0TOOpPaKEHHE IO TOPH3OHTAITA
Ctrl+R Iosopot Ha 90 BpaBo
Ctrl+Shift+R IToBopot Ha 90 BneBO
Knasumm kypcopa [lepemeniaer BbieIeHHOE yCTPOMCTBO BIIEBO, BIPABO, BBEPX,
BHU3
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O030p KOMIIOHEHTOB

B Multisim umerorcs 0a3bl JAHHBIX TPEX YPOBHEH:

1. 'maBHas 6asa manubix. M3 ['maBHO#M 0a3b1 qanubix (Master Database) MoxHO
TOJIFKO CUMTHIBATh WH(OPMAIIHIO, B HEH HAXOIATCS BCE KOMITOHECHTHI,

2. [Tomp3oBarenbckas 6a3a manHbx ( User Database) cooTBeTCTBYET TEKymeMy
MOJTF30BATENMO KOMIIbIOTEpa. OHA TIpeTHA3HAYEHA I XPAaHEHHUA KOMIIOHEHTOB, KOTOPBIE
HEXKETIATEITFHO MPEIOCTABIIATh B OOIIHN TOCTYII;

3. Kopniopatusnas 6a3a nannbix (Corporate Database). [Ipeanasnavena mis tex
KOMIIOHEHTOB, KOTOPBIE JOJDKHBI OBITh TOCTYITHBI APYTHUM TIOIB30BATEIAM TIO CETH.

CpencTsa ympaBieHHs 0a3aMH JAHHBIX TTO3BOJIAIOT IEPEMEIIATH KOMIIOHEHTHI,
OOBEIUHATH IBE 0a3bl B OJIHY U PEIAKTUPOBATH UX. Bee 0a3pl MaHHBIX pa3fenatoTcs Ha
TPYTIIBIL, a OHH, B CBOKO OYepeIb, Ha ceMencTBa. Korma momp3oBaTenns BRIOUPAET KOMITO-
HEHT | MIOMEINAET €T0 B CXEMY, CO3aeTCs HOBAAKOIMSA, Bce M3MeHEHH ¢ Hell HUKaK HE
3aTparuBaroT WH(OPMAIIHIO, XPAHINIIYIOCS B 0a3e JaHHBIX.

basa nanapix Master Database paznenena Ha rpynuisL:

1) Sources. Comep:kHUT BCe UCTOYHHUKH HATIPSKEHUS M TOKA, 3a3emMiieHus. Hampu-
MeEp, power sources (MICTOYHHKH TMTOCTOSHHOTO, IEPEMEHHOTO HANPSKCHHUSA, 3a3€MIICHHE,
oecripoBoanbie coenunenus - VCC, VDD, VSS, VEE), signal voltage sources (ucTounu-
KH TIPAMOYTOJIEHBIX UMITYJIbCOB, HCTOYHHK CHTHAJIA YePe3 ONPEACTICHHBIE TIPOMEKY TKH
BpeMeHH), signal current sourses (ITOCTOSHHBIC, IEPEMEHHBIE HCTOYHHKH TOKA, HCTOYHH-
KH TPSMOYTOJTBHBIX UMITYJTbCOB);

2) Basic. Coaep:KuT OCHOBHBIE 3JIEMEHTHI CXEMOTEXHHUKH: PE3UCTOPHI, HHIYyKTHB-
HBIE 3JIEMEHTHI, EMKOCTHBIE 3JIEMEHTHI, KITFOUH, TPAHC(HOPMATOPHI, pejie, KOHHEKTOPHI U
T.1.;

3) Diodes. Comepskut pa3audHbie BUABI AHOT0B: (poToamoabl, muoabl [IloTTky,
CBETOTUOIBI U T.11.;

4) Transistors. COIepKUT pa3auIHbIE BUIBI TPAH3UCTOPOB: pnp-,npn-
TpaH3UCTOPHI, OumonsapHsie Tpansucopel, MOII-tpansuctopsl, KMOII-Tpan3uctops! u
T.1.;

5) Analog. Comep:kuT BCe BHABI YCHITUTENEH: OTiepaioHbie, quddepeHIaib-
HBIE, HHBEPTHUPYIOIIHE H T.[I.;

6) TTL. CoaepKuT 31€MEHTHI TPAH3UCTOPHO-TPAH3UCTOPHOM JIOTHKH;

7) CMOS. Conepsxur snemeraTst KMOII-norukw;

8) MCU Module — ynpasnsromuii MOy Tb MHOTOTIYHKTOBOM CBSA3H (OT aHTI. mul-
tipoint control unit);

9) Advanced Peripherals. Comepxut mogkiro4aeMble BHEITHUE YCTPOicTBa (JHC-
TJIEH, TEPMUHAIBI, KIIABHITHBIE TIOJIA);

10) Misc Digital. Comepkut pa3nuuabie H(PPOBBIE YCTPOHUCTBA;

11) Mixed. ConmepuT KOMOMHHPOBAHHBIE KOMITOHECHTHI,

12) Indicators. ComepkuT u3MepUTENbHBIE PHOOPHI ( BOIBTMETPHL, AMIIEPMETPHI),
JAMITBI | T.7.

BupryasbHblie npu6opbl

MyabTumerp (multimeter) mpearasHaveH I U3MEPEHUSA IEPEMEHHOTO HITH T10-
CTOSTHHOTO TOKA WJTH HANMPSKEHHS, COMMPOTUBIICHUA WITH 3aTyXaHUSI MEKIY ABYMS y3IaMu
cxeMbl. Jluama3oH u3MepEeHHH My TbTHMETPA TTOIOUPAETCS aBTOMaTHIeCKd. Ero BHYT-
PEHHEE COTMPOTUBIICHUE U TOK OJIM3KH K HICATbHBIM 3HAYCHHUAM, HO UX MOKHO HU3Me-
HUTb.



I'enepaTop curnanos (function generator) — 3T0 HCTOYHUK HANPSKEHUS, KOTO-
PBIH MOXKET TEHEPUPOBATH CHHYCOHMIATbHBIE, THIIO00PA3HBIE HITPSIMOYTOIBHBIE HMITYJThb-
chl. MOKHO U3MEHHUTH (POPMY CHTHAIIA, €T0 YaCTOTY, aMIUTUTY Ay, K03 uimeHT 3anon-
HEHUS ¥ TIOCTOSHHBIN CABHT. /[Mama3oH reHeparopa J0CTATOYEH, YTOOBI BOCITPOU3BECTH
CUTHAJIBI C YACTOTAMHU OT HECKOJIBKUX TepLl A0 ayIM0 U paAuOYacTOTHBIX.

Function Generator-<...
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Ocuumnorpad (oscilloscope). B Multisim ecTh HECKOTBKO MOAH(PUKAIIAN OCIIHIT-
norpadoB, KOTOPHIMH MOKHO YIIPABJIATh KaK HaCTOSTIUMH. OHH IMO3BOJISIOT YCTaAHABIH-
BaTh MapaMeTPbl BPEMCHHOM Pa3BEPTKH U HAMPSIKECHUS, BHIOUPATh THIT M YPOBEHD 3aITyC-
Ka nu3Meperui. J{anHapie ocrmuiorpag)oB MOKHO TIOCMOTPETH TIOCIIE SMYIIALAN C TIOMO-
nipto camormctia (Grapher) u3 menro Bun\[Tnorrep (View/Grapher).

B Multisim ecTts cnemyroniue ocuuuiorpadbr:

- 2-X KaHAJTbHBIN

- 4-X KaHAJTbHBIN

- ocutorpad cMemaHHbIX curHajaos Agilent 54622D

- 4-x xaHanpHbIM 1 poBol ocummtorpad c 3amuceio Tektronix TDS 2024
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IMocTpouTens yacTtoTHbIX Xxapaktepuctuk (Bode Plotter). OtoT mpubop npen-
HA3HAYCH T IOCTPOSHHUS aMILTUTY/IHO-YaCTOTHBIX U (Pa304aCcTOTHBIX XapaKTCPUCTHK
JUHEHHBIX TIeTei. DTO 0COOCHHO yA00HO TP aHAIIN3€ CBOWCTB MOIOCOBBIX (PHITHTPOB.
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AHaau3aTop cnekTpoB (spectrum analyzer) cimy>kuT Ui aHaTH3a CIIEKTPOB TIie-
PHOIMYECKHAX HECHHYCOHUIAIbHBIX KOJICOaHU, H3MEPCHHS aMITUTY ] rapMOoHHK. C ero
MOMOIIIBIO MOKHO H3MEPUTh MOITHOCTh CHTHAJIA U YACTOTHBIX KOMIIOHCHT, OTIPEICIUTD

HaIU4IUC rapMOHHUK B CUTHAJIC.
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BatTmerp (wattmeter). [IpuOGop npeaHaszHaveH A1 U3MEPEHUS MOITHOCTH U KO-
3¢ PurmieHTa MONITHOCTH TIETIA CHHYCOUIATBHOTO TOKA.
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N3mepuTesnbHblil NpoOHUK. [10Ka3bIBaIOT MOCTOAHHBIE U IEPEMEHHBIEC HAIIPsKe-
HHA U TOKH HA YYACTKE LEMH, a TAKXKE YaCTOTY CHTHAJA.
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Wiy 720 phy

“Wided: -6.62 pW

I: -B81 uA

Ilp-pl: 312 ma

m il 1.83 mA n

Ide: -1.40 ma

Freq.: 60.0 Hz




PeskuMbl aHa U334

B Multisim mpexycMOTpeHO MHOKECTBO PEXKMMOB aHAIIN3a JAHHBIX SMYIIALHAH, OT
MPOCTBIX IO CAMBIX CIIO’KHBIX, B TOM YHCJIE€ U BIOJKEHHBIX.

OcCHOBHbBIE BU/IbI aHATU3A:

1) DC — ananm3 1enu Ha MOCTOSHHOM TOKE.

AHanu3 1ener Ha MOCTOSHHOM TOKE OCYIIECTBIIIETCS ISl PE3UCTUBHBIX CXEM.
3TO0 MpaBuUIIO CIEAYET HAMPIMYIO U3 TEOPUH 3NIEKTpUIecKuX 1enei. [lpu ananmmse Ha mo-
CTOSSHHOM TOKE KOHIEHCATOPHI 3aMEHSAIOT Pa3PhIBOM, KaTyIIKH HHAYKTHBHOCTH — KOPOT-
KHM 3aMbIKAaHUEM, HETMHEHHBIE KOMITOHEHTHI, TAKHE KaK THOIBI U TPAH3UCTOPHI, 3aMe-
HSIOT UX COTMIPOTHBIIEHHUEM TTOCTOSTHHOMY TOKY B pabodel Touke. AHAIH3 IIETH Ha TI0-
CTOSSHHOM TOKE BBIABIIIET Y3JIOBBIE TIOTECHIIHAIIBI UCCIIETYEMON CXEMBI

2) AC — aHanw3 1eny Ha IEPEMEHHOM TOKE.

AHanu3 1erel Ha IEPEMEHHOM TOKE 3aKIIFOYAETCs B TOCTPOEHHH YaCTOTHBIX Xa-
PAKTEPUCTHK.

3) Transient — aHAJTH3 TIEPEXOTHBIX TIPOIIECCOB.

AHaM3 MEPEXOAHBIX MPOIIECCOB B IETISIX MO3BONISAET OMPEACTUTH (POPMY BBIXO/I-
HOTO CHTHAJIA, TO €CTh IOCTPOUTH rpavK CHTHANIA KaK QyHKIMHA BpeMeHH. UYT0oOb! Ha-
4YaTh aHAIK3, BIOEpHUTE MyHKT MeHI0 Simulate\ Analyses u BeiOepuTe TpeOyembIii pe-
HKHUM.

Crmcok Beex ¢yHkimit Multisim mpuBeieH Ha pUCYHKE:

| Simulake Transfer Tools Reports  Options  Window  Help

[» Pun F5

Instrurments 3

Interactive Simulation Settings. ..

Digital Sirmulaktion Settings. ..

Dz Operating Paink, ..

Postprocessat. .. AR il

Simulation Error Logf Audit Trail VA A R T o

®Spice Command Line Interface Fourlsr Analysis...

Moise Analysis. ..

Load Simulation Settings. .. it e Sl

Save Simulation Settings. .. Bl e e o
Auto Eault Option. .. DC Sweep...

Sensikivity, ..

Parameker Sweep...

Crwnamic Probe Properties Temperature Sweep
e 3

Pole Zera...

Clear Instrument Data Transfer Funckion, ..

‘Warsk Casze,.,
Use Tolerances
- Monte Carlo. ..
Trace Width Analysis. ..
Batched Analysis, ..

User Defined Analysis. .




Kpome BcTpoeHHBIX PyHKIMI aHAaTH3a €CTh BO3MOKHOCTh OTIPE/IEHUTD
cBoto yHkmmto ¢ momompero komana SPICE.

[Ipu moATOTOBKE K aHAIM3Y HEOOXOIUMO HACTPOUTH €TO MAPAMETPHI, HATIPUMED,
IWAaITa30H YacToT AT aHamm3aropa nepemeHHoro Toka (AC analysis). HeoOxomaumo Tak-
K€ BBIOpPATh BBIXOIHBIC KaHAJHI (traces).

[Tnorrep (Grapher) — OCHOBHON HHCTPYMEHT POCMOTPA PE3YJIbTATOB IMYJIALIUH.
On otkpbiBaeTcs u3 MeHIO View/Grapher 1 aBTOMaTHYECKH TIPH PaOOTE SMYJISIIHH.

MHOXeCcTBO HACTPOEK IUTOTTEPA HAXOAATCA B OKHE CBOMCTB. Hampumep, MOKHO
HM3MEHATh MACIITAOBI, TUAIA30HbI, 3aT0JIOBKH, CTU/IN JTUHHH OCEH.

NofaeneqHue KaHana k NocnegHemy pesyneTaTy aMymALMY

DTOBPa¥EHHE KVPCOROE M QaHHEX
Gﬁcnin,u,aHanﬁ B Excel

OTDEFIEIXEHHE nerafae rpadiea CBD”CTBE e
Hﬁ @ Qe ﬁ | T @3 @ ia h
OTDEFIEDKEHHE e \l‘/ ViZMEHEHME LBeTa hona  YCTAHOBKA 23BMcMMOcTEl
HacTpoHkM MacuTafiMpoEaHuA SKCNOPT JaHHE B Mathcad

Postprocessor u Grapher — 310 nmporpammsr makeTa Multisim, KOTOpbIE TO3BO-
JSFOT OTOOPA3HUThH PE3YyIbTATH MOACTUPOBAHUS B Tpadudeckom Buae. JlanHas QyHKIms
TTO3BOJISIET CTPOUTH HEOOXOAMMBIE TPaUKH MOCTIe MPOBEACHHOTO aHamu3a. [t paboTs
¢ ¢pyrkumeit Postprocessor He0OX0AUMO 3HATH HA3BAHUA y3710B. TOIBKO TE TTApaMETPHI
(BXO/IHBIC M BBIXOIHBIC TICPEMEHHBIE), KOTOPHIC YKA3BIBAKOTCS MPH BBIMOJIHEHUH JTFOOOTO
Buja ananu3a(AC Sweep, DC Sweep, Transient Analysis u T.71.) oTOOpaxkaroTCs Ha
rpadukax pyrakmun Postprocessor u Grapher.

C momMommpro TaHHOHW (PYHKITMH MOXKHO CO37aTh HECKOIBKO TPa)uKOB, H3MEHSATH
nmapaMeTpsl rpaduka, yAaasITh 0OBEKTHI, MPOU3BOAUTH JTOTHIYECKHE U alreOpandecKue
orepanyy Haja rpadukaMu (CIIOKEHNE, YMHOKEHHE, BO3BEJICHHE B KBAaIpaT U T.11.).
Bob13oB pynkuumn:
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Select simulation results-nmo0aBmeHre JAHHBIX MPOBEACHHOTO aHATTH3A.
Variables-nepemeHHbIE, HEOOXOIUMBIE I TTOCTPOEHUS TpaduKa.
Functions-anreOpanueckue neHUCTBHA HAI TpaduKaMH.

Postprocessor Ed

Expression Graph l

FPages: Add |
‘ozt Proe
Post_Pro Delete |
Diagrans: Order | Marne Tupe Add
|
Delete
E wprezsions available E sprezsions selected

1

Help )

Calculate I

B okne Expressions available Beionpaem HeoOxomumble rpaduKe 1T IOCTPOSHUSI.

i

O0wme npaBuIa Moae/IMPOBaAHUS

[Ipu MmomenrpoBaHUH CXEM HEOOXOAMMO COOTFOIATh CIIEAYIONINE OOIITHE TTPABUIIA:

1) JIroOas cxema TOmKHA 00A3aTEIIHHO COAEPIKATh XOTS ObI OJHH CUMBOJT 333€M-
JICHHA.

2) JIroObie 1BA KOHIIA TIPOBOAHUKA JIHOO KOHTAKTA YCTPOUCTBA, BCTPEHAFOIIHMXCS B
TOYKE, BCETIAa CUYMTAIOTCS coequHeHHbIMU. [Ipu coenurennn Tpex koHuoB (T - coeaume-
HUE) HEOOXOAMMO HCTIOIB30BaTh CHMBOII coeanHeHus (y3ei). Te jke mpaBuiia mpuMeHs-
FOTCS TIPH COCTUHEHUH YEThIpEX U 00Jice KOHTAKTOB.

3) B cxemax JO/KHBI IPUCYTCTBOBATH HCTOYHHUKH CHTHAJIA (TOKA WITH HATIPSHKe-
HUS), 0OECTICYHBAIONITHE BXOJHOW CHTHAIL, U HE MEHEE OJHOH KOHTPOIHHOM TOYKH (3a
WCKJTFOYEHUEM aHATTN3a CXEM TIOCTOSTHHOTO TOKA).

TpeGoBaHus K TOMOJIOTHU CXeM

1) B cxeme He TOIDKHBI MPUCYTCTBOBATh KOHTYPHI U3 KATYIEK HHAYKTUBHOCTH U
HCTOYHUKOB HANPSKCHUS.



2) UcTOYHUKH TOKA HE TOJDKHBI COEAMHATHCS TIOCTIEIOBATEIEHO

3) He momkHO PUCYTCTBOBATH KOPOTKO3AMKHYTHIX KaTyIIIEK

4) UcTOYHUK HAPSKEHUA JOJDKEH COEAMHATHCA C KaTYIIKOH HHIYKTHBHOCTH H
TpaHC(OPMATOPOM Uepe3 MOCIEA0BATENFHO BKIIFOUEHHBIN pe3uctop. K koHaeHcaropy,
MOJKITIOYEHHOMY K HCTOYHHKY TOKa, 0043aTEIbHO JOJDKEH OBITh MapalIebHO MPHCOE-
JUHEH PE3HCTOP.

IIpumep moaeMpoBaHusI CXeMbl

B kavecTBe WILTIOCTPAIIUH PACCMOTPHM MOJAEIHPOBAHUE YCHIUTEIBHOTO KacKaa
Ha OunosipHoM Tpansuctope. [locTporm rpaduku 3aBUCUMOCTH BBIXOJHOTO H BXOJIHOTO
HANPSKEHUI OT BPEMEHH, MEPEAATOYHYIO XapAKTEPHCTHKY, AMILIHTY THO-4aCTOTHYIO U
(ha30-4aCTOTHYIO XapaKTEPUCTHKH.

1) CoGepem ucciaenyemyro cxemy B cpeae Multisim
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IIpumeyanmue:

-IBOMHOE HAKATHE JIEBOU KHOMKOM MBIIIY HA 3JIEMEHT MO3BOISIET H3MCHUTD
€ro mapaMeTpbl

-7 y1oOCTBA MPH padOTe MOKHO M3MEHATH I[BET IPOBOAOB (BBIICIAEM TTPOBOJT
MPaBOU KHOTIKOW MBITIH M B TIOSBUBIIEMCS KOHTEKCTHOM MeHI0 BeionpaeM Change
Color)

2) 3amyckaeM pexuM MOJIETUPOBAHUSA, OCITUILIOTPad) aBTOMATHYECKH CTPOUT Tpa-
(YKH 3aBUCUMOCTH BXOJHOTO M BBIXOJHOTO HAMPSKECHUH OT BPEMEHH (IS TOTO, YTOOBI
WX TIOCMOTPETh, JOCTATOYHO HAXKATH JIEBOM KHOIKOW MBIIIH HA ocIiuiorpade).

B aktuBHOM okHe Oscilloscope-XSC1 M0KHO yBeTUUMBATh U YMEHbBINATh Mac-
mTad, CABUTATH TPAPUKH TTO OCAM OPJIUHAT M a0CITUCC, ¢ TIOMOIIBIO Kypcopa CMOTPETh
MapaMeTpPsl B KAKIO0W TOUKe rpaduka ( 371eCh- 3HAUECHUE HATIPSKEHHUS ), ¢ TIOMOIIIBIO
KHOITKH Save MOXXHO COXPAHUTH JaHHBIE OCIIIorpada B BUE TAOIHIIHI B TEKCTOBOM
datine.
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3) IlocTpoenue aHanoruyHbIX rpadukos ¢ momomeio Transient Analysis. C mo-
MOIIBI0 KHOTIKH TUTOTTEPA OTOOPaKEHHE KypPCOPOB M TAHHBIX MOJKHO TIOCMOTPETH 3HA-
YeHHWE HANPSDKEHUW B 000 Touke. [Ipu ananmse rpadukn 1 yao0cTBa 0TOOPAXKAIOT-
Csl pa3HBIMH [BETAMH.

B okne Transient Analysis Ha Bkmaake Qutput BeIOHpaeM HEOOXOTUMBIE TS
aHaM3a BEJIMYWHBL, a Ha BKiIaake Analysis Parameters MO’KHO yCTaHOBUTBH HaYaIbHOE

Y KOHEYHOE BPEMS aHaIH3a (TaKue ke ACHUCTBHUS POU3BOIATCS B TFOOOM BHJIE AHAJH3A).
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4) [NocTpoeHune MepeAaTOUHON XapaKTEPUCTHKH (3aBUCUMOCTD BBIXOJHOTO Ha-
MPsDKEHHS OT BX01HOTO) ¢ momombio DC-Sweep Analysis. PaboTa B morTepe
(Grapher View) ¢ rpadukoM 0CYIIECTBIISETCA aHAIOTHYHO. -
Fie Bl View  Taouk - -
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5) octpoenne AUX n @UX (c momompro AC-Analysis).
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Ieap paboThl: 3HAKOMCTBO C IIPOrPaMMOM MOJICIHUPOBAHUS SIEKTPUUSCKUX
cxeM MultiSIM 11.0, ¢ OCHOBHBIMH H3MEPUTEIBHBIMU IIPUOOPAMU U
HEKOTOPBIMH IIPOCTEHINIMMU cpeJicTBaMU aHamu3a cxeM B MultiSIM.

Xona paGoThI:

1. Ilo  xpaTkoMy pPYKOBOJCTBY  O3HAKOMBTECh €  IIPOIpaMMOoit
MOJIETTUPOBAHUS 3JIeKTpryeckux cxeM MultiSIM

2. 3amycrure niporpammy MultiSIM 11.0

3. CoGepure Ha paboueM CTONIE CXEMY, IIPUBEJIEHHYIO HA PUCYHKE 1.

J1

2 u2
— .
Key=y 1.3
DC 1e-0090

<>+V1 - U1
9V R2 0.000 | DC 10MQ
- |:| 5.1k = A

Puc. 1. [IpuHiiurnmansHas cxeMa Hepa3BeTBIEHHON SIIEKTPUIECKO# e ¢
aMITIepMETPOM U BOIBFTMETPOM

IIpu BBIGOpE PE3UCTOPOB PYKOBOJCTBYHTECH CIEAYIONMM anropurmMom: Place
Basic—=RATED_VIRTUAL—RESISTOR RATED. Jins BriGopa HCTOUHHKA

UTaHUS peanuzyiite LETIOUKY JICACTBUIA: Place Source—
POWER _SOURCES—DC POWER. Jlis BbIOOpa CcHUMBOIA 3a3€MICHUS
peanuzyiite HETIOYKY JICHCTBUH Place Source—

POWER SOURCES—GROUND. AwmnepMeTp U BOIBTMETP MOKHO HAaiTH B
MeHIo B pasjiene Indicators, kmiou - B pazzaene Basic—SWITCH—SPST.
Tabmuma 1

Bapuant,| VI, RI1, R2, U, 1N Preop=U P,
N B KOM KOM B MA I, MBT MBT
1 6,3 2,2 5,1
2 8 1,3 4.3
3 9 1,5 3,9
4 12 3,3 15
5 4,5 2 8,2
6 5 1,8 6,8
7 10 2,7 10
8 3 3,6 6,8




YcranoBure mapaMeTpbl KOMIIOHEHTOB CXE€MBI B COOTBETCTBUH ¢ Barmum
HoMepoM BapuaHta (cM. Talmuiy 1). IlpoBepbre paboTy BBIKIIOYATEN,
VIIPaBISIEMOr 0 KiaBHInieil A. BKIIOUHMB MOJECTUPOBaHUE, 3aIIUIIUTE [TOKAa3aHHUS
BOIbTMETpa u  amuepmerpa. llomp3ysick 3akoHoM Owa, IIOATBEpAUTE
NIPaBAILHOCTD IIOKA3aHWM ITPUOOPOB PacyeTOM. BBIUMCIHMTE MOIIHOCTE Piegp,
BBLJIETISIFONIYIOCS. B pe3ucTope R2.

PesynpraThl SKCIIEpUMEHTa 3aHECUTE B TaOIHILY.

4. B cxeme, coOpaHHOH 110 pUc. 1, yBeTUUbTE HAIIPSKEHUE UCTOUHHKA JI0 100
B. Brinonnure Mo/ienupoBaHue U YOSAUTECh B BBIXOJIE U3 CTPOS PE3UCTOpa
R2. BoccranoBure cxemy, 1o ouepeiy BbLienure (JBOHHBIM KiukoM JIKM)
PE3UCTOPH U U3MEHUTE YKazaHHYIO MomHocTh (Maxsimum Rated Power)
Ha 10 Br. Brrrounre mMojenupoBaHue U yOeAUTECh, YTO cXeMa paboTaer
TITaTHO.

5. BoccraHoBUTE B cxeMe IIpekHee 3HaueHue Ul, MCKIIoUMTE BOINBTMETP U
aMItEepMeTp W IOJKIIOUUTE BaTTMETpP (€ro CHUMBOI MOKHO HalTHU cpejau
IMKTOI'PaMM M3MEPUTENbHBIX IIPUOOPOB cIpaBa 0T pabodyero Iojs)
COTJIaCHO CXeMe Ha puc. 2.

XWM1

R2
[ 5.1k

Qi

Puc. 2. [IpuHiiunuansHas cxeMa Hepa3BeTBIEHHOH SIEKTPUIECKOH e ¢
BaTTMETPOM

Bxirounre MoJieTMpoOBaHUE M U3MEPhTE MOIIHOCTH P, BBIIEISIONIYIOCS B
pesuctope R2. CpaBHHTE pe3yIbTaT ¢ pacieTOM U 3aHECUTE ero B TablIuIly.
6. CoOepure Ha paboUeM CTOJIE CXEMY, IIPUBEJICHHYIO Ha PUCYHKE 3.

U2
“ R1
27K
DC 1e-0090

£
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Puc. 3. Cxema ¢ ICTOUHHKOM TOKa
Bxmounte MojenwpoBaHue, 3allIIUTe IIOKA3aHUS aMIlepMeTpa U
BombTMeTpa. lloBTOpuTE »SKCIIEPUMEHT TIPH YBETHMUCHHOM BJBOE




3HAYESHUH COIIPOTUBIIEHUS pesucropa R2. Copmynupyiire u 3armimure
BbIBOJI. OOBICHUTE PE3yIIbTaT.

7. CoOpaThb cXeMy, IPUBEJICHHYIO Ha puc. 4. YCTaHOBUTH IlapaMeTphl
MPSIMOYTOIIBHOTO CHTHalla: amiuiuryjga — 8 B, uwacrora — F kI,
kond purtuent zamomaenus — k %.

B A%k
(S

—tai

8.

10.

Puc. 4. Cxema u1s1 HaOMOI€HUS IPIMOYTOJILHOTO UMITYJIbCa

Vxasanue. B 3aBucuMocTd OT HOMepa N Balllero BapuaHTa
BenmnuuHbl F U k IpesBapuTenbHO BBIUUCIUTH 110 (opMyraM:
F = 3N+6; k=8+2N.

Jlnst  ocnmmorpada  yCTAaHOBUTH PeXuM  OTKphIToro  Bxomga (DC),
cuHXpoHmM3aIwss Auto. YacToTy pa3BepTKM M UyBCTBHTEIBLHOCTH KaHalla
BHIOpaTh B COOTBETCTBHM C IapaMeTpaMM CHUTHala, UCXOJs U3 yjpobcTBa
HaOmoieHust. 1loyunTs OCIMIIIIOrpaMMy CHIHAlla B YCTaHOBUBINIEMCS
peXMMe U CKOIMpoBaTh €& Ui oTdera, ofpalias BHUMaHUE Ha
nHpopMaTUBHOCTh M300paKeHUs (HATUYME B II0JI€ 3DEHUS JIBYX-TPEX
TIEpPHOIOB CUTHANIA ¥ IIapaMeTPOB Pa3BepPTKU ocuuiuiorpada).
BeimorauTe HEOOGX0IMMbIE U3MEPEHUS U OLIPE/IEIIUTE TIEPUO/] CIIeI0BaHUS
HMITYJIBCOB, UX CKBaXXHOCTD, a TAKKe JIUTEIHHOCTH PPOHTA U cpe3a.
TTonb3ysick ormuedt Analysis, OIYyUUTE U CKOIUPYHUTE JUISL OTHETa CIIEKTP
Oypre curHana. He 3alyjapTe IpeiBapUTEIBHO YCTAHOBUTH OCHOBHYIO
YacTOTy B COOTBETCTBHM C JAHHBIMH Balllero BapuaHTa, a YHCIO
aHAIM3UPYEMBIX TAPMOHHUK TaKUM, UTOOHI CIIEKTporpaMMa cojiepikaia JBa-
Tpu Jneriectka. OOpaTuTe BHUMaHHE HA IIOCTOSHHYIO COCTABILSIONIYIO
(aMITUTYly HYJI€BOH TapMOHUKH).

Tabmuma 2
Homep UYacrora, Awmrouryja,
TapMOHUKHU Kl B
0
1
2
3

3aronHuTe M0 MPUBEJEHHOMY BBIIIe 00pasily TaOIUIly 2, OTpakarollyio
vHpOpMaIMIO O TapMOHHMKAx CHUTHala, OOpa3yIoIMX IIEPBBIH IIENecTOK
criekrpa Oypee.




11.

ColOpaTh cxeMy, IpuBeJeHHYRO Ha puc. 5. Ilomp3yscs tabmurei 3,
ycTaHOBUThL B cxeMe 3HaueHus R1 m Cl corimacHo HoMepy Bariero
BapuaHTa. PopMa cHrHalla — cuHycoujia, yacrora — F kI 11
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Puc. 5. llpuniuniuansHas cxema uccieopanus RC-rieroukn

Tabmuma 3
Bapuant, N | R1, xOm Cl, ad F,xl'ng K A@,°
1 1,2 430 1
2 22 680 1,5
3 1,6 720 2
4 3,3 240 3,9
5 2.7 300 6
6 1,8 330 2
7 2.4 390 4
8 1,1 560 3,3

12.

13.

14.

Bxirounre MojenupoBaHUe, IIONYYUTE OCIIJLIOIPAMMBI BXOJHOTO U
BBIXOJHOTO CHTHAJIOB M CKOIHMpyiTe uX I8 ordera. llonb3ysichk
OCIIIIOr paMMOoii, paccunraiire s RC-tienouku ko3 PUIMEHT iepefain
K u pazoseiit caur Ag. PesyipTar odpopMuTe B BUJE CTPOKHU TaOIHITEL.
ITomw3ysicy Bode Plotter, momyuuth 1 ckomupoBaTh ATl 0TYeTa B YAOOHOM
JUISL aHallu3a W JIMHEHHOM II0 ocH opjuHaT Macmrabe AUYX u OUX
IIPUBEJICHHON Ha pHC. 5 cxeMbl. [IpejBapUTebHO YCTAHOBUTH JHAIla30H
yacror 10 T'm...1MI'm wm 3amaTh o ocu abcmucc ITorapupMUUECKU
Macirad.

Ilo momyuennsiM B mpeapiaymieM 3agaHud AUX u OUX ompepenursb
3HAUEHUS YacTOT cpe3a U CPaBHUTh HMX Mexay coboil. Pesymprar
IIPOBEPUTH PACUETOM.

Cobepure cxeMy, IIPUBEJCHHYIO Ha pUC. 6. Y CTAHOBUTE ITAPAMETPHI CXEMBI
COTJIACHO JaHHBIM TaOIHIEI 4.
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Puc. 6. llpuniunuansHas cxema LR-11erm

Tabmuma 4
Bapuant, N F. I V1,B R1, xOm R2, xOm L1, M[H
1 600 24 1 2 800
2 800 20 22 3 650
3 1200 36 1,3 3,3 910
4 1000 12 3,9 5,1 820
5 900 40 2.7 2 720
6 700 30 1.8 3 680
7 450 24 24 3,3 1000
8 500 16 5,1 4.3 560

15.

Brirouute MOJISTHPOBaHIE U U3MEPhTE ¢ IIOMOIBIO BaTTMETpa aKTUBHYIO

MOIHOCTL ¥ KOA)UIMEHT MOIHOCTH CXeMBL. Pe3ynpTaT H3MepeHwmit

3aduKcupyiite.

WckimiouuTe w3 CxXeMbl BATTMETP U ITOJAKITIOUNTE OCIIUUIOrpad Tax, YToOhl

MOKHO ObLTO U3MEPUTH CABUT (a3 MKy TOKOM U HATIPSKEHHUEM.
3ameuanue. OOpaTHTe BHUMAHHE, YTO OSTOTO HENb3S JOCTUYD
MIPOCTOI 3aMeHOI BATTMETPa Ha OCITILTOrpad.

Tonmp3ysich JaHHBIMHA  OCITWLIOIpadUUECKUX U3MEPEHUM, OIpejieuTe

BeTMUMHY CHJIBI TOKa B IlenH. Paccuurtaiite KodQQUIIMEHT MOITHOCTH U

CPaBHHTE €ro 3HAUCHUE C PE3YIbTaTOM HU3MEPEHWS MO TIPeIbIAYIIEeMY

3a1aHuI0. [TocTpoliTe BEKTOPHYIO AUAarPaMMy HUCCIeOBAHHOM ITeTI.

KOHTpO.]'I])H])Ie BOIIPOCHI M 3a/TaHUSA:

1. TloueMy mpu BBIIOIHEHUH 3aJlaHUs 4 cropaeT UMEHHO pesucTop R2, a
R1 ocraercst nemsiM?

2. B uem omiMuMe UCTOYHHMKA TOKA OT UCTOUHHMKA HAIIPSHKEHUS?

3. Omummre ycTpoHCTBO U H3JIOXKHUTE IPUHIMII PabOTHl BIEKTPOHHOI'O
ocrorpada.

4. Tlosicaute npuHIMII paboThl u3Mepurens AUX.

5. UYro HazpIBaeTcs K03 pramueHTOM TIepe Aty e ?

6. IlosicHUTE CMBICI BBIPAKCHUS «CIICKTPATIBHBIN COCTAB CUI'HAIAY.



7.
8.

Kaxumu napaMerpamMu XapaKTepH3yeTcsl CHHYCOUIAIbHBIN CUrHAI?
Ilepeuncnure U3BECTHBIE BaM XapaKTEPUCTUKU IEPUOJUUECKOTO
HUMITYIBCHOT'O CUTHAJIA IIPSMOYT OJIbHOM HOPMBI.

Coaep:xkaHue oT4era 1no padore:

1.

2.
3.
4

Haspanue paGoTBL

Howmep BapuaHTa 1 pe3yIbTaThl pacuera BerdauH F u k.
[IpuHIMIIMAIBEHBIE CXEMBI, 10 UIEKAIIHE HCCIIEIOBAHHIO.

PesynpraTel  m3MepeHHM B TalbnMuHOM  dopMe M Kparko
c(hOpMYIUPOBAHHBIE BHIBO/IBI

IlomyueHHple B X0Jie BBIIONHEHUS paCoTHl  OCIIIUIOIDAMMBL U
CIIEKTPOIPaMMBI CHI'HAJIOB

Pe3ynpraThl U3MEpPEHHM W pPacueToB II0 KaxkJIOMy W3 3aJaHHil C
00s13aTeNbHOM 3aIHChI0 GOPMYT U X0/a BEIUMCIICHHE.

AYX u ®UX nerm, n300pakeHHOM Ha puC. 5.

BexkropHas nuarpamma 1iemnu, u300pakeHHOM Ha puc. 6.



