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IIpeaucioBue

Al pegko nNo pasHbIM MOBOAAM 3ar/iAa4blBal0 B CTAaTUCTUKY MOEro caiTa. Tam ecTb pasgenl MOUCKOBbIX
3anpocoB, MO KOTOPbIM CPean TbiCAY afpPecoB APYrMX CalToB MNOSBASETCA M MoW calT. O6bIYHO A He
06paLLalo BHUMAHMA Ha 3TOT paszes, NOCKONbKY BOMNPOCHI 3a4aHbl He MHe. Ho, YTobbl 1 oTBETUA, ecun
6b1 BONpOChl 6b1AM 3a4aHbI MHE?

OT6poCMB M3 CMMCKa 3amnpocbl, OTHOCALIMECA K MOMM KHMUram WAM MOUM NepeBoAam PYKOBOACTB, A
OCTaBW/ Te, KOTOPbIE MHE NOoJ, TeKYLLLEe HaCTPOEHUE NOKa3aNCb UHTEPECHbIMMU.

14. cxeMmbl KakK IIPOBEPUTDH TPAH3UCTOP IIPAMO B CXeEME

Buammo, peub MAET O NpoBepKe TpaH3MCTopa, BNasHHOro B naaty. MpoBepKa TpaH3UCTOpa Ha naaTte BO
MHOTOM 3aBUCUT M OT CXEMbI, M OT TMNa TpaH3ucTopa. s 6UNoNAPHOro TpaH3MCTOpa CaMblii NPOCTOM
cnocob, AOoCTynHbIA N06OMY, 3aK/Il4YaeTca B MPOBEPKE MepexoAoB C MOMOLLbIO MY/IbTUMETPA,
BK/IIOYEHHOTO B PeXXUM NPoBepKM Anoda. Ho, npexae yem nNpoAo/iUTb pacckas, A Xo4y NoKasaTb OAMH
BMPTYasibHbI SKCNEPUMEHT B nporpamme Qucs.
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Puc. 1.1. SkcnepumeHT B nporpamme Qucs

leHepaTop NepemMeHHOro HanpaxeHusa V1 c amnantyaon curdana 10 B u yactoTol 1 Ky, NOAKAIOYEH K
ABYM TPaH3MCTOpPaM PasHOro Tvna npoBoaMmocTu. K ux 6asam NoAKAloueH pesnctop, HanpsaxKeHue Ha
KOTOPOM OTO6paKaeT HUKHAA AMarpamma (BepXHAS NOKa3blBaeT CUrHaA reHepartopa).

B MTOre mbl Noay4mam obblYHbIV BbINPAMUTENb NEPEMEHHOTO HanpaXKeHmaA. YTobbl He BbIN0 COMHEHMIA,

NMOBTOPMM 3KCNEPUMEHT C 06bIYHbIM ANOOHbIM MOCTOM.
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Puc. 1.2. NoBTOpeHMe s3KCnepnmeHTa ¢ 4MOo4HbIM MOCTOM

TpaH3UCTOp MeEeT ABa Nepexona, Kaxabli N3 KOTOPbIX MOXHO B 3TOM C/ly4ae pacCMaTpMUBaTb KaK AMoa,
Bo3bmuTe 060N TPaH3UCTOP, MEPEKNOYMTE MYNbTUMETP B PEXMM MPOBEPKM AMOAOB M MOXKeTe
ybeamnTbcs, 4To NpU OAHOW MOJIAPHOCTM MOAKNKYEHMA LWYMNoB nepexodbl 6asa-Konnektop u 6asa-
3IMUTTEP MOKaXYyT conpoTussieHne nopsagka 500-600 Om, a npu obpaTHOM NOAAPHOCTU MYJILTUMETP
NMOKaXeT neperpysKy, CONpPOTUBAEHUE CAULIKOM BesiMKOo. O4YeHb 4acTo MpuU BbiIXxoAe TpaH3McTopa M3
CTpoA y Hero «npobuBaeTca» oAMH U3 nepexogos. B aTom cnyyae Bbl yBUAMTE COMNPOTUBAEHWUE OT
eANHUL, 00 AECATKOB OM.

KoHeuyHo, BMasHHbIA B MAaTy TPAH3UCTOP MOMET MMETb PEe3nCTOP MafieHbKOro COMPOTUBAEHWA,
BK/IOYEHHbI Mexay 6a3oi M amuTTepom, Hanpumep. B aTom ciaydae TpyaHo 6yaeT cKasaTb 4TO-TO
onpeaenéHHoe. Pe3nctop nydwe otnasTb. M NpoBepKy C NOMOLLbIO MyAbTUMETPA, HaNOMHI0, cleayeT
NPOBOAMTL NPW BbIKJOYEHHOM MUTAKOLWLEM HAMPAKEHUMN.

ConpoTvBAEHME COBPEMEHHOrO TPAH3UCTOPa MEKAY SMUTTEPOM M KONNEKTOPOM MpU MNpoBepKe
MYNbTUMETPOM B «AMOAHOM» PEXUME AOKHO 6ObiTb OYEHb Be/NMKO Npu 0BOMX BapuaHTax
noAKkaoueHna wynos. Ho B cxeme oHO 6yAeT, KOHEYHO, ropas3A0 MeHbLUEe, eCN He OTNaATb Pe3ncTop
mexay 6asoit M Konnektopom (mutaHuem). Mpu HEMCnpPaBHOCTM TPAH3MCTOpPaA 3TO COMPOTUBAEHME
MOXeT 6bITb NOPAAKA COTHM NN HECKOJIbKUX COTEH OM.

ECAn TpaH3UCTOP MCNO/b3YeTcA B CXEME YCUIEHUA, TO MOXKHO MPOBEPUTb ero paboTocnocobHOCTbL C
NoMOLLbIO reHepaTopa v ocumanorpada. Mpu BKAKOYEHHOM NUTAHMK, €C/IM C FTeHepaTopa NogaTb CUTrHan
HebOo/blIOM aMNAMTYAbl Yepe3 KOHAeHcaTop Ha 6a3y TpaH3ucTopa, To ocuuanorpadom Ha ero
KO/INEKTOPE MOXKHO HabtoaaTb, eC/IN CXeMa C O6LLMM IMUTTEPOM, YCUIEHHbIN CUTHA.

Mpu nobom cnocobe npoBepKku He creayeT 3abbiBaTb O TOM, YTO Ha pPaboTy TpaH3UCTOpa MOXKET
OKa3blBaTb BAVAHWE CNEAYIOLLMIA 33 HUM KacKad. Mo3TOMy 3HaTb CXeMY HYXKHO XOPOLO.
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16. rc nens B proteus 50. M0JIb30BaTHCA reHEepPaTOPOM B isis 67.
UHTerpupymwiasa genouka 119. audpdepenuupymwmue cBomcrBa rc Ir

nemnu
3TN 3anpochl A O6'be,£I,MHVIfI BMeCTe, NOCKOJIbKY OTYHACTUN UX HE MOHMMAlO0, @ OTY4aCTU OHN NOBTOPAKOTCA.

UTaK. Pe31cTop 1 KoHAeHCaTOP MOXHO COeAUHMUTD B Lienb NapanfienbHo 1 nocieaosartenbHo. Ho
HAYHEM C TOro, YTO AN NOCTOAHHOIO TOKa KOHZLeHCaTop NpeAcTaBaAseT 0bpbIB Lenu, Toraa Kak ana
nepemeHHOro ToKa HeKkoe conpoTtueaeHue. NMposepnm nocneaHee B NPOCTOM 3KCNEPUMEHTE.
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Puc. 2.1. lenntens n3 asyx pesnuctopoB 1 geanTtesb U3 KOHAeHCcaTopa U pesunctopa

Oenutens n3 AByx pe3ncTopoB AenuT HanpsaxKeHue reHepatopa (1B, 50 Mu) Ha ABa, TO ecTb Ha BbIXO4E
Mbl Hab/ilof4aem CUrHaa ¢ aMNAnTYZ0N BABOE MeHbLUE, YeM Ha BxoZe. Ho u aenntens U3 KoHZAeHcaTopa
N pesuncTopa TOXe AeNUT HanpAKeHWe B TOM YKe COOTHOLEHUU. TO ecTb, NepeMeHHOe HanpaXKeHue
KOHAEHCcaTop NponycKaeT n Be4ET ceba nogobHo 06bI4HOMY cONpoTUBAEHMIO. HO 06bluHOMY IN?

YBennynum 4actoTy reHepartopa.
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Puc. 2.2. MoBTOpeHMe aKCNepmMeHTa C YacToTol reHepatopa 100 Iy
5
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Ecan amnanTyda Ha BbixoAe Pe3UCTUBHOIO AenuTena ocTanacb HEeM3MeHHOW, TO Ha BbIXoAe BTOPOro
JenuTens oHa ysenuumnacb. TakMum o6pa3om, C POCTOM YacTOTbl COMPOTUBAEHME KOHAeHcaTopa
ymeHblumMnocb. ConpoTuBAEHWE KOHAEeHCaTopa W UHAYKTUBHOCTM MepemMeHHOMY TOKY HasblBaloT
PeaKTMBHbIM, OHO 3aBMCUT OT YaCTOTb!.

3T ABa 3KCNEpPMMEHTa 4aloT OTBET Ha ABa BOMPOCA U3 YeTbIPEX B 3aro/IOBKE — OTHOCUTE/IbHO rC Lenu B
proteus 1 reHepaTopa. bosblie 06 3TOM MOXKHO y3HATb B PYKOBOACTBE, NepeBo KOTOPOro eCTb Y MeHSs
Ha cauTe.

Tenepb obpatmmca K anddepeHUMpYIOWEN M MHTErpupylolwen rc uensm. Xapaktep noBegeHus
BbIXOAHOIO Hanps)KeHWa B AeAuTene U3 pesnucTopa M KoHAeHcaTopa byaeT npu M3MEHEHMM 4acToTbl
3aBWCETb OT NopAAKa coeAMHEeHUsa KoMNoHeHToB. CpaBHUM A,Ba BapuaHTa UX BKAOYEHUS.
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Puc. 2.3. PasHnua B BbIXOOHOM HanpAaXeHnn npu pasHom BKAKOYEHUN KOMMNOHEHTOB

OCLI,VII'II'IOFpaMMbI MNOKa3blBalOT, YTO pa3HULLA eCTb, ChenoBaTe/ibHO, 3TO pa3Hble Lenn No Xapaktepy ux
BINAHUNA Ha CUTHan.

BcnomHum, uto onepauua guddepeHUMpPOBAHUA MO3BOAAET MOAYYMTb M3 UCXOLHOW  YHKLUK
NPOu3BOAHYIO YHKLMIO, OTPAXKAOLWYO CKOPOCTb M3MEHEHMA MEPBOHAYaNbHOM PYHKUMU. BosbmuTe
OTHOLLEHWEe NPUpaLLEeHMA PYHKUUN K MasiOMy M3MEHEHUIO apryMeHTa, Bbl NONYYNTE MCKOMYIO CKOPOCTb
M3MeHeHMa QyHKUMKU. [ns  cUHycoMAanbHOM QYHKUMM CKOPOCTb M3MeHeHus OyaeT, BUAMMO,
MaKCMMasibHa, KOr4a CUMHYC NPOXOAMT Yepes HOJb, @ MUHMMaNbHA, Koraa ¢yHKUMA CMHYca AocTuraet
MaKCMMasIbHOTO 3HAYEHMUA.
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Puc. 2.4. CooTHOLWEHME CMrHaNa Ha BbIXOAE U BXOAe rc Lenu

CurHan c 6onblueit amnauMTyaoM — 3TO UCXOAHbIA CUTHaA, CUFHAN C MeHbllen amnauTygon — 3To
06paboTaHHbIA rc uenblo curHaa. MOMHO BUAETb, YTO B TOYKE A CKOPOCTb MCXOAHOrO CUrHana
MaKCMMasibHa, @ CUrHaN Ha BbIXOAE MMEET MaKCMMasibHOoe 3HayeHue (MM 6n3Koe K Makcumymy); B
TOYKe B CKOpOCTb M3MEHEHMA UCXOAHOrO CUrHana mMana, a 06paboTaHHbIA CUITHAN MMEEeT 3HayeHue
6113Koe K Hynto. Takum obpasom, 3Ta rc Lenb, Noxoxe, AnddepeHumnpytowasn.

OnddepeHumpylowas Uenb pearMpyer Ha CKOPOCTb M3MEHEHMA cuUrHana. MOXKHO MpPOBEpPUTb 3TO,
3aMeHMB CUHYCOUAANbHbIN CUTHAN UMMYAbCHBIM.
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Puc. 2.5. Peakums rc uenu Ha NPAMOYro/bHbIA MMNYNbC

HWHWIA rpadmK — 3TO BbIXOAHOE HAMNpPAMEHMWE; BUAHO, YTO BbIXOAHOE HAMpPAXKEHWEe MAKCMMAJbHO,
KOra BXOAHOE Hanpsa)KeHMe MeHAeTCA OT HyAA K 3HadyeHuto 1 B, 3aTem BbIxogHOE HanpAXKeHue cnagaet
[0 HyNna, Korga MMMy/bC He MEHAETCA, BEIMYMHA HanpAXKeHMA ocTaétcA pasHa 1 B. To, yto BbiIxogHoe
Hanps)XeHWe He PaBHO HY/I0 CPasy, KaK TONbKO BXOAHOW MMMY/bC NepecTan MeHATbCA, 0b6bACHAEeTCA
pa3pagom KoHaeHcaTtopa Cl yepes pesnctop R3 ¢ noctoaHHoM BpemeHn R1C3.
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Onepauua MHTerpupoBaHus obpaTHa onepaunn auddepeHumpoBaHus. CnenoBaTeslbHO, MOMEHAB
MeCcTaMn KOHZEHCATop M PesncTop, Mbl BNpasBe OXuaaTb 0OpaTHOM peaKkuuu, CKaKem, Ha BXOAHOM
UMMYNbC NPAMOYToNbHOM GOpPMbI.

Hebonblwoe 3ameyaHune. Ha Bbixoge Mbl Hablogaem HanpsaxKeHMe, KOTopoe GOPMUPYETCH TOKOM Yepes

pe3sucrtop R3.
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Puc. 2.6. Peakuua rc uenum, korga PE3nNCTOP N KOHAEHCATOP MOMEHANTNCbL MEeCTaMMU

BbicTpoe nsmeHeHne GPOHTa UMNYIbCa MeANEHHO U3MEHSAET HanpAXKeHWe Ha BbIXOAE, YTO U CNesfoBano
0XKMAATb OT MHTErPUpPYIOLLEN Lenu.

ConpoTuBNeHNe WMHOYKTUBHOCTM MepemMeHHOMY TOKY TOXKe HOCWUT peaKTUBHbIN Xapaktep. To ecTb,
MOXHO 0XKAaTb, uto rl uenb nonyuntca M andbdepeHUMpyloLLen, U MHTerpupytowei. MNposepbTe 3TO
CaMOCTOATE/IbHO, YYWUTbIBAA, YTO COMPOTUB/EHNE WHAYKTUBHOCTM MHAye 3aBUCUT OT 4acToTbl M 4YTO
WMHAYKTUBHOCTb MPOMYCKaeT NOCTOAHHbIN TOK, a CONPOTUB/IEHNE UHAYKTUBHOCTU MNOCTOSHHOMY TOKY, Kak

npasuio, Mmano.
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Puc. 2.7. Peakums rl uenen Ha MMNyAbC NPAMOYTobHOM GOpPMblI
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37. u3MepeHHEe aMIUIUTYAbI M MOJIAPHOCTHA BXOAHOTO CUTHAJIA IPH
MOMOIIIY avr

MouncKoBbIN 3anpoc, KOHEYHO, O4YeHb 0bLLEero BuAa, NO3TOMY PeLleHUn MOXKET BblTb MHOTO, BCE 3aBUCUT
OT KOHKPETHbIX TPpebOoBaHUI K YCTPONCTBY. MUKPOKOHTPOANEP, UMEIOLWMA BCTPOEHHbIN moayab ALLM,
Mo3BO/ISIET, Yallle BCEro, M3MepsTb MOJIOKUTE/IbHOe HanpsaKeHue B npegenax, Hanpumep, 0-5 B.
O6paboTKa AaHHbIX, MOAYYEHHbIX OT MOAyNA, U OToOpaxeHue pesynbTata Ha WMHAMKaTope — 3TO
npegmMmeT OTAENbHOro Pa3roBopa, KacatoWmiics NporpammMmmpoBaHMa KOHTPOepa.

Mockonbky mogynb AL M3mepseT NONOKUTe/NbHOE Hanps)KeHue, ANA PaboTbl C Pa3HOMNOASAPHLIM
curHanom TpebyeTca npeaBapuTenbHas o6paboTKa nepemeHHOro HanpsaxeHus. Mocne o06paboTku
MOXHO MocC/iefoBaTe/IbHO M3MepATb 3HaYeHWe CUrHana, OTbICKMBAaA, Hanpumep, MaKCMMasibHoe
3HauyeHue.

Ecnn npeactounT M3MepATb aMMIMTYAy 3aBeJOMO CUMMETPUYHOIO CUrHana, TO MOXKHO MPUMEHMUTb
cneaylollee pelieHue.
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Puc. 3.1. U3amepeHne amnanTyabl CUMMETPUYHOIO CUTHaNa

Mocne M3MepeHMA MaKCMMasbHOMO M MMHUMAJIbHOTO 3HaYeHW CUrHaNa, MOXHO Pacy&THbIM MyTEM
onpeaenntb amnautyay. B gaHHom npumepe: (2,21 — 0,566)/2 = 0,822 (B). C yuétom KoadouumeHTa
yCUieHus TpaH3ncTopa (0K010 8) MOXHO A0CTaTOMHO XOPOLIO CyAUTb 06 aMMNAUTYAe CUrHana.

B Ttom C/lydae, Korga 3apaHee HeT MHd)OpMaLI,VIM O CUrHane, MOXXHO npenBapuTesibHO BbINPAMUTb
CUrHan, a 3atem UaMmepuTb amnantTyay NoI0XKUTEIbHOM noNyBOJIHbI N OTpVILl,aTe}'IbHOl‘/JI.
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Puc. 3.2. l3mepeHne amnanTya HECUMMETPUYHOIO CUrHana

Y1o6bl pasniMuatb MNOMIOKMUTENbHYIO M OTPULLATENbHYIO MO/YBOJIHY, NOTPebyeTcA WHAMKATOP, 4TO
YCNOXHAET cxemMy, Ho 6e3 Hero He 060M1TUCh.
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Puc. 3.3. lobaBneHne MHAMKATOPA NOASAPHOCTU HAMNPAXKEHNUS

10
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C nomolLbio MHANKATOPA MOXKHO ONpeaenuTb NoASPHOCTb NOCAE U3MEPEHUA aMNAUTYAbl (MNK nepep,
N3MepPeHMEM aMNANUTYabl).
EWE oaMH BapuaHT M3MEPEHUA aMMaUTyAbl CUrHafa — 3TO 3apAf KOHAeHcaTopa A0 aMMMTYyAHOro

3Ha4YeHuA.
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Puc. 3.4. EWwé oanH BapuaHT UsamepeHusn

B 3TOM pelweHnn ecTb ABa HeraTUBHbIX MOMeHTa. Bo-nepBbix, HanpAXeHWe Ha KOHAeHCcaTope MeHblue
aMnNINTYQHOro Ha BE/IMYUHY NadeHUA HanpAXeHuAa Ha guopae (HanpﬂmeHme OTKpPbIBaHMA, YTO nUmeet

MecTo M B Npeablaylimx CAydasx). ITO 3HauyeHWe MOXKHO A06aBUTb MporpamMmHo. Bo-BTOpbIX, AnA

namepeHna amnantygbl OTpVILl,aTEI'IbHOﬁ NOoNyBOJIHbI I'IOTpE6VETCF| WHBEPTUPOBATbL 3HA4YeHUE,

Hanpumep, C NOMOLLbIO onepaunoOHHOro ycnantena.

Ecau Tpe6yeTcs=| 6onee ToyHoE namepeHne amnantyabl, TO MOXHO UCNONb30BaATb 3J'IeKTp0HHbI[;1 KoM
BMeCTO agnoaa, YTo, HECOMHEHHO, YC/IOXKHUT CXemy. yl'lpaBl'IFITb K/IIO4YOM MOXHO, Hanpumep, ¢ NOMOLLUbIO
CXEeMbl aHANOIMYHOM MHAMKATOPY NOAAPHOCTU, MOKa3aHHOMY paHee. A MOXXHO pPaccCMOTpeTb CXembl

BbII'IpFIMMTe}'IEﬁ, AONO/THEHHbIX ONepPaUNOHHbIM YCUTUTENEM.

11
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R3 -
R=10k D_1N4148_1
1 { ¥
R4
£V1  R=10k |
u=1v
- = J,D-1N4148.2
OP1
G=1e6 = Pr1
+ -
| B | I
R2 R1
=  R=10k R=10k Rout =
R=2k

0 2004 4204 6204 8e-04 1e-03
fime

Puc. 3.5. BoinpAamneHune ¢ nomoubio OY

Hanuune penutena R3R4 obycnosneHo Ttem, 4To KO3dduumeHT ycuneHua paseH 2 (1+R1/R2).
NHBEPTUPYIOLLMIA YCUAUTENb HE NOTpebyeT aenuTens.

Ona  u3mepeHWa amnauTyabl BTOPOW MNOJIYBOAHbI AOCTaTOMHO nepeBepHyTb Auogbl D1D2 u
WMHBEPTUPOBATb BbIXOAHOM CUrHanN.

D_1N4148_1
N

RS
R=10k

D_1N4148_2
N

R6G
R=10k

1+ R=10k

Privt
(==
&

2e:04 4204 6e-04 8e 04 1e-03
time

Puc. 3.6. BbinpsmaeHune oTpuL,aTesibHOM NOAYBOHbI

12
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Mpy Takom BbINPAMAEHUN Mbl MONYTHO onpeaensem NoAAPHOCTb CUrHana. Ecam y Bac XxopoLlnit onbIT
CpaBHEHUs Pe3y/bTaToB NPOrPamMMHOro MOZENMPOBAHNA U MAaKETUPOBAHUSA, Bbl MOMKETE OrPaHUUYUTLCA
BbINO/IHEHMEM BCEW CXeMbl B MpPOrpamme MoAeNMPOBaHUA, B MPOTUBHOM C/lyyae Bam Aydylle nocne
paboTbl C NpOrpaMmoi NpPoBepuTb BCE HA MAKETHOM naarte.

A1 cuMTalo, YTO MOME3HO M UHTEPECHO CAaMOCTOSTE/IbHO HaXxo4MTb PELUEHMA, HO 3TO HE OTMEHAET U
MOMCKa roToBOro pelleHusa. MHoraa 6biBaloT o4eHb NPOCTbIE U OCTPOYMHbIE pelleHUs. 3HaTb UX ToXKe
nosesHo.

54. InporpaMmma AJifd HaAllTUCAHUA MMPOrpaMMbl MUKPOKOHTPOJIJIEPA U

NPOBEPKM paboOTHI yCTPOMCTBA

Bce npoun3soauTEN MUKPOKOHTPOIEPOB CTapatoTcA BbINyCTUTL becnnaTtHble Bepcuun cpeq, pa3paboTku
nporpamm M NpPoBepku pesynbTata. Kak npaBuao, xoTa cerofHA MoryT OblTb MCKAOYEHMUA, 3TN cpeabl
pa3paboTKM OpMeHTUPOBaHbI Ha pPaboTy ¢ accembaepom. Tak npounssoautenb PIC-koHTponnepos AaBHO
BbinyckaeT nporpammy MPLAB. MocneaHsa Bepcma MPLABX nossonset paboTaTb He TO/bKO €
accembnepom 1 KOMMUAATOPOM ANA A3bIKA BbICOKOTo ypoBHA CM NPOM3BOACTBA TPETbEN CTOPOHbI, HO U
nocTaB/feT NPorpammy ¢ cobcTBEHHbIM KOMMUAATOPOM.

® New Project | x|

Steps Select Compiler

Choose Praoject

1
2
3. Select Header =-HI-TECH PICC

‘;- Select Tool { o HI-TECH PICC {v9.82) [C:\Program Files\HI-TECH Software\PICC\9.82\bin]
6.

7

i‘ﬂf;d“"gﬂi;i?if B m:—j—-;:mHI—TECH PICC (v8.65) [C:\Program Files\HI-TECH Software\PICC\PRO\S. 65'bin]

Select Project Name and :
Folder i -2 mpasm (v5.57) [C:\Program Files\Microchip\MPLABX \mpasmix]

£-KCB
O ¥C8 {v1.32) [C:\Program Files\Microchipixcsiv 1. 32'bin]
i XCB (w1, 10) [C:\Program Files\Micrachiplxcsy 1. 10%bin]

@ Please select a compiler

< Back Mext = Einish Cancel Help

Puc. 4.1. Bbibop s3blKa nporpammupoBaHuns 8 MPLABX
Kak n ntobas gpyras cpena pas3paboTku nporpammsl, MPLABX umeeT oTAaguuK.

Ona HaumHatowmx pabotatb C sf3blkom CU 44A NPOrpamMMMUPOBAHUA MUKPOKOHTPO/IIEPOB MOXKHO
NMOCOBETOBaTb MOJIb30BaTbCA cpenoit paspaboTkm miroC PRO. becnnatHaa Bepcua Nporpammbl Mmeet

13
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OrpaHWYeHus, HO MMeeT U pPAL, NPEMMYLECTB — XOPowyto 6MBAMOTEKY M XOPOLYH MNOACKA3Ky C

npumepamm Koda un cxemom noAKNHYEHNUA.

— =
e & & B
Crperms Hasan Mevaw  mikroE Support miknoE Forum

< | Vicassrens | lonas | UsBpanos| c SPI Lcd Libra
BEeMTE KIIoYEBOE GNOBO AN MOWGKE
|| ‘ HW Connection ~
[ e
~ o
- —fleeso  arar[}2
- —leper  ceas[}2
: B leesa  ceas[}2
i £ ‘Tlorms  oemef]
2 oflerss [P
foddne e
iF eme  aear [
else 2 lorer  cemof]2 "
| Hendf Q 20 —
& O——| voo INTA | ——
o i QR o
Hfndef el e oacaama v oo [
nclude Restal] SEK L' l 1 Mwﬁi o -c|?|
et Reant A -]
I = w0 O
58 rer =
3 Ros
() !» RCS RC4 ﬂ
/
i~
u
/=
> Contrast
il Adjustment
[\
', (backslash) escape sequences
i
I
I
=
-
-
+=
<
« v

Puc. 4.2. NMpumep n3 noackasku microC

M, HaKOHeL, Bbl MOXKeTe UCNONb30BaTb rpadrMyeCcKnin A3blK NPOrpaMmmMpoBaHus B nporpamme Flowcode.

®aiin [paske Bua [lawens VNet Makpe Debug Yan Owwo  Crpaska
iNar XFEE Qc B >0 E R E N e
3 OfbekTnl - ‘ OBbiYHEIE = *B}mnm - #Bbﬂ(ogu - ﬂ K - ((I)) Becn| - B . il - AM!}H‘I{!QI—MKB - ﬁDSP ~ OE+ MIAC Module + i]’. PazHoe +

Main x| INTERRUPT_TMRO Il

| — -
..... Using Analogue inputs = _l

BEGIN

ADL]
ADC_Valie=vrare rak Gair()

BENOODeS T el

rh

ADC()
ADC_Valig1=Hurate kak Gai()|

DIGIT3 = ADC Value 7 T00
ADC_Value = ADC_Value MO
DIGIT2 = ADC_Value / 10
ADC_Value = ADC_Value MO...
DIGITT = ADC_Value

IGITE = ADC_Valuel /100
BeiuneeHIe G

Ana cNpasku HaxmuTe F1 TekyWMA MacwTas = 75% CAP NUM SCRL

Puc. 4.3. Bug Koz nporpaMmmbl B cpeae pa3paboTku Flowcode
14
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XoTAa Bce cpedbl pa3paboTKM MMENT BCTPOEHHblE OTAALYMKW, MPU HAAUYMU  AOMNOJHUTENbHbIX
3/1eMEHTOB YCTPOMCTB yA0BHO A/1a OTAagKM UCNosib30BaTb nporpammy Proteus (ISIS). Ceabmas Bepcus
nporpammbl paboTtaet n 8 Windows, 1 B Linux B cpeae Wine.

<3 DS18B20 - Proteus 8 Professional - Schematic Capture = B
File Edit View Tool Design Graph Debug Library Template System Help
ODEEHA AREd@ER- | @ [+ 488869 oh B E | EEEE &R, G RA BRI R
Schematic Capture x owe Source Code 2
h C bt r@ )
P 9|0 Temperature meter with DS18B20
- | D . x
* v ‘5 This design cemansiretes 2 DE1EE20 based tmperature sensar wsing an AR AlmegatE. o D e
LE[ You can aher the Input temperatune wist e simulation ks running.
o+ iz
1 DEVICES 2 2
1N4143
FEEG MPH2Ca = =
TALE4T
ATHEGATE
BUTTON il
CAP T T
CRYSTALHZ §e—‘
05136820 L u gt
LED-GREEN Fouee s el
FES reae e P
RESPACK-7 Fourmoo | = =he
Foson [ o
Posrosey [ as

5
s

=——0 Dz Lo mRED =
——O ot 0| REl o
= 1
+ aEaT

;
]

§
Rl

3
#
e
]

il
H:B

+M>8Y@EN\ |HS ®0E v 0= i

o o om

I ah:enter/\/\ /\ wwwy.labcenter,cam Temperature meter with DS18B20 JATIMmEL

Elactronics

’ I} " "l !, BMessagels) - Temperature meter with DS18820

-5300.0 -3400.0 th

Puc. 4.4. Bug, cxembl Ha 6ase MUKPOKOHTponepa B ISIS

Bce amctpubyTtusbl (MM noutn Bce) Linux mmeloT cobcTBeHHble cpedbl pa3paboTku ans Hambonee
nonynspHbIX MUKpoKoHTpoanepos PIC n AVR. K cnosy, nporpamma Flowcode nmeet Bepcumn gnsa stnx
MWKPOKOHTPOIIEPOB, @ NPU OAMHAKOBbIX BO3MOXKHOCTAX MOAENEN eCTb MEXAHU3M UMMOPTA NPOrPaMm,
HanuCcaHHbIX A41A 0AHOW moaenu, ckaxkem PIC-KoHTposnnepa, B cpedy pa3paboTkM gpyroi mogenu, To
ectb, AVR-KoHTponnepa. MNocnegHmne nmetotT cobctBeHHble cpeabl pa3paboTkuM, Takue Kak AVRStudio,
WinAVR n 1.4,

M Henb3sA He yNOMAHYTb eLLé 06 0gHOM NPOEKTe, KOTOPbIN YA06eH ANA U3yYeHUs MUKPOKOHTPO/IEPOB.
3710 npoekT Arduino. Moaynb, KOTOPbI MOXHO KynuTb, KOTOPbIA CTOUT HEZopOoro, NMoAKAYaeTca K
KomnbtoTepy Yyepes nopt USB, uto yaobHo npu pabote ¢ HoyToyKom. Moayb He TONbKO NpegHasHaveH
K 0Oy4YeHW0, HO MOXKET CTaTb CEepALLeM BeCbMa CNOXHbIX YCTPOWCTB Ha 6ase MMKPOKOHTpoAsepa.
MporpammumpoBaHMe, TO eCTb, HaNUCaHME KoAa NPOrpaMmbl, NpoucxoanTt B cpeae Arduino, a moaynb
NPOrpamMmMmupyeTca U3 3TOM NPorpammsl, MMmetoLen boratyro 6UBAMOTEKY NPUMEPOB.

HDOEKT Arduino aKTuBHO noggepxuneaetca MHOrMmm ﬂI-O6VITeﬂFlMVI, Nno3TOMY MOXKHO HaWTK roToBble
peweHwunAa, o6cy>Kp,eHme NPOEKTOB, MPUMEpPBDI, KOTOPble He BOLU/IM B MAKET YCTaHOBKKU nporpammsl. bonee
TOro, eCtb pAa4 nNnporpamm, CBA3aHHbIX C MPOEKTOM U NOMOTrakoLWmnx pa6OTaTb Cc moaynem Arduino. Ecnu
BaC 3anHTEpPECOBA/l NPOEKT Arduino, nouynTainTe KHUIN, NOCBALWEHHbIE emy, uaun 3aﬁ,ﬂ,VlTe Ha CaVITbI,

CBA3aHHbIE C MPOEKTOM.
15
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ArduinolSP | Arduino 1.0.5 = B

(Qaiin Mpaska Ckety Cepeuc Cnpaska

Arduinol 3P

/ ArduinoISF wersion 04u3
/4 Copyright (c) Z005-2Z011 Randall Bohn

/¢ If you require a license, see

£ http: //wm. opensource. org/licenses/bad-license. php

/¢ This sketch turns the Arduino into a AVRISP
ff using the following arduino pins:

A4 pin name: not-mea: mega (1280 and 2560)
£ slawe reset: 10: 53
A4 MDET: 11: 51
A4 MIs0: 12z &0
A# BCH: 13: 52

#4 Put an LED (with resistor) on the following pins:
## 91 Heartheat - shows the programmer is rumning
## 81 Error - Lights up if something goes wrong (use red if
#4 71 Programming - In communication with the slave

Puc. 4.5. Cpepa paspaboTtkm Arduino

144. Kak cjeJsiaTh U3 NOCTOSHHOT'O TOKA epeMEHHbIH C TOMOILIbIO
KOHJeHcaTopa 221. reHepaTop NpPsAMOYroJibHbIX UMIYJIbCOB ne555

multisim

BbiBanble paanontobuTenn obbl4HO NPOTUB NPOrPaMmM MOAENMPOBaHUA. C UX OMbITHON TOYKWU 3pEeHUs
HauMHalOWMIA AOMKEH BbibpaTb rOTOBYH CXemMy M MocTapaTbcA eé cobpaTb. fl He cornaceH ¢ Takum
noaxogom. lpexae, Yyem 6paTbCA 3a NasANbHUK, cneayeT BHMMATENbHO Pa3obpaTbCA CO CXEMOM,
MoCTapaTbCA MOHATb PaboTy Bcex QYHKLMOHA/bHbBIX Y3/10B CXEMbl, OAXKe €C/M CXemMa O4YeHb MpocTa.
MHauye pagmontobutenb NA0OX0 NOHUMAET OCHOBbI PaboTbl 3/1EKTPUYECKON CXembl, A4a 1 nNpubopbl ann
paboTbl ¢ N1t06OIN cxemoit He Bcerga ecTb B pacnopsi:KeHuu paguontobutens.

OTBeT Ha I'IEpBbIl71 BOMpoOC, 3aAaHHbIV1 NMOUCKOBUKY, BbIrNAAUT TaK (XOTFI TPYAHO CKa3aTb, YTO MMENOCb B
BMAYy):

1 Te-04+

5e-051

const.Vt
o
o
Prilt

0 001 002 003 004 0 001 002 003 004
time time

Puc. 5.1. Tok yepes KoHaeHcaTop
16
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B KayecTBe MCTOYHMKA MOCTOAHHOrMO ToKa V1 MCNO/b30BaH MCTOYHWMK NONOMKUTENbHOMO MMMYAbCa, HO
caenaHo 3to Ana yaobctea moaenvposaHua. MMpu GusMYeckol peanusauun ero MOMKeT 3aMeHUTb
baTapeika M BblKAtoYaTeb. [locne BKAOYEHUA NMUTAHMA Yepes KoHAeHcaTop npoTeKaeT Tok. Mo mepe
3apAga KoHAeHcaTopa TOK yMmeHbluaeTcA. A nepemeHHbld TOK — 3TO TOK, KOTOPbIA MeHAeTca Mo
BE/INYMHE WIN HANpPaB/IEHWUIO, AU M MO BENMYMHE, M NO HanpaBaeHUIo. B Halem ciyyae TOK meHseTca

no BeJsintdynHe.

KaKk npaBuno, Nos UCTOYHMKOM NepemeHHOro HanpsKeHua (MM TOKa) noppasymeBaeTca reHepartop,
GOPMUPYIOLWMIA CUTHAN YaLle CUHYCOMAANbHON AWM UMNYyAbCcHOW dopmbl. Camblii MPOCTONM reHepaTop
MMMNYNbCOB NPAMOYFO/ibHON GOpPMbl MOXKHO cobpaTb Ha MUKpocxeme Talimepa 555. O6 aTom 1 BTOpO#

BOMpOC.
el gens5S - Multisim - [gen555 %] = @
B Eile Edit View Place MCU Simulate Transfer Tools Reports Options Window Help =2x

N &M@ & 6B ) BEEERE- B o R in-Use List — v aw- ® 9 E
oo g RO yEES=mE W | =T KD ®aagE
Design Toolbox 1=l ‘ | ' ‘ s | N | . | . . | .
! 3 1 5 5 E
O o & —
=[] gens35 e
i.[B1 gen3ss =
' [
R1 [ -
100kQ u1
vee i
R2 RST oUT vi e
. —12v -
DIS =
100kQ - 1 -
TRI Oscilloscope-XSC1
con
C‘ GND
==0.01pF c2 L
T1 0000pF
<
Hierarchy | Visibility | Project view gen355* = 5
x| T1 Time Charnel_A Channel_B Reverce
Mults - 25 2014, 14:11:36 180,005 ms 12,000 V
4 shem e T2 € mooosms 120007 :
T2T1 0.000s 0,000V ave
Searching for "555" - 23 asrycra 2014 r,, 14:21:27 Ext. trigger
=z 0 eccurrence(s) were found Timebase Channel A Channel B Trigger
= ' Scale: | 2ms/Div Scale: | 5 V/Div Scale: | 5 V/Div Edge: T B | /Ext
= Completed: Time: 0:00.02 el =3 cale lge [a]'e | Ext
2 % pos.(Div): | 0 ¥ pos.(Div): | O ¥ pos.(Div): | O Level: |p W
% A [BfA|| AR | [AG) |30 ® |[ac]0 E Single | Normal [ Auto
i
& Results | Simulation
For Help, press F1

Puc. 5.2. MogennpoBaHue reHepaTopa MMMY/IbCOB HA MUKpOCXeMe Taimepa 555

B0O3MOKHO, BOMPOLLAIOLLEro CMYTUIO TO, YTO B nporpamme Multisim HeT mukpocxembl NE555. OgHako
ecTb MUKpocxema LM555, uto B gaHHOM ciydae He urpaet poaun. PasHble NponsBoamTen MUKPOCXeMbl
0Al0T el pasHble Ha3BaHWA. He MCKAOYato, YTO ecTb pasHMLUA B KAKMX-TO MapameTpax, HO B AaHHOM
CNnyyae 3TO HeBaXKHo.

223. aMop 3eHepa, 4YTo 3TO
B moém 6sore 3toT 3anpoc noAsnAeTcAa ocobeHHO 4acTo. Fp,e—To, BUOAMMO, A npusoaun npumep
Mcnonb3oBaHUA Anoaa 3eHepa.

17
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[eno B TOM, YTO BCe NPOrpaMmbl MOAENIMPOBAHMA AMOA0M 3eHepa Ha3blBatoT CTabUANTPOH.

Mpn 0bpaTHOM NONAPHOCTM HAMNPAXKEHUA AMOAbI UMEIOT TaKoM NapameTp, Kak npegenbHo A0onycTMmoe
HanpsaskeHWe. ECAM  Hanpa)eHMe nMpeBblWaeT 3TO 3HayeHWe, TO TOK Yepes AMo4 HauyuHaer
NaBMHOO6pPa3HO BO3pacTaTb, YTO MPUBOAMT K BbIXxody AModa M3 cTpos. BepoaTHo, wccnegys aToT
3abpeKT, y4yéHble NPULIM K MbICAM WCMOAb30BaTb €ro gaa crtabunamsaumu Hanps»KeHusa. Bratoyas
nociaeaoBaTeNbHO C AMOAOM PE3MCTOP, Mbl NOJYYaeM Ha AMOAEe MOYTU MOCTOAHHOE HamnpsXeHue,
KOTOpPOE COXPaHSAeTca NpW M3MEHEHWUM BXOLHOTO HAMPAMKEHWA U BEJWYMHbLI HArpy3KM B HEKOTOPbIX
npegenax.

prp 60

40+
) =
in X :
/LD 1 I I % 20+
I
R1 Pr1
+ V1 N i
U1=0V R=500 Ohm D1 04

iy

Tl

- uUz2=50V — 0002 0004 OOOG 0008 0.01
— T1=0 time
= T2=10ms

0.1
005/
O_

0002 0004 0006 0008 0.01
time

10/

OJ

0002 0004 0006 0008 0.01

fime

Prilt

Pravt
ik

Puc. 6.1. UcchepoBaHue anoaa 3eHepa B nporpamme Qucs

Ha BepxHei gmMarpamme MOKa3aHO NMHEWHO HapacTalolee HanpaxeHue, reHepupyemoe UCTOYHMKOM
V1. Hu»Ke nokasaHo, YTO Npu AOCTUXNEHUW HanpAXKeHuAa ucTodyHuka 10 B TOk uyepes auop HaumHaer
pactu. lMocKkonbKy HanpsaKeHue napbl R1D1 B cymme coCTaBaAaeT BeNUYUHY HanNpAXKeHUA UCTOYHMKA, C
POCTOM TOKa 4yepes3 AMOof HauyMHaAeT pacTu NajeHue HanpaXeHua Ha pesuctope. B utore HanpaxkeHue
(HURHAA Anarpamma) Ha CTabUAUTPOHE OCTAETCA PaBHbIM HaNPAXKEHUIO CTabuansaunm.

CTaﬁMﬂMTPOHbI NMPUMEHAIKOTCA U CaMOCTOATE/IbHO B KayecCTBe CTa6l/I}'Il/I3aTOpOB HanpAaXxeHua, U cnyxat
BCNOMOraTe/ibHbiIMMN 3N1E€MEHTAMU  OPYTUX CXEM CT36VII'II/I33TOpOB, a TaKXe CnyxXat UCTOYHUKamMU
OMNOPHOro HanpAXeHUnA B paae cxem. BoT, uTo Takoe aAnog, 3eHepa.
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225. 2n2222a Kackaj, yCUWInuTe s

Al He 0YeHb NOHMMAlD, YeM OTIMYAETCA KacKag yCuaeHua Ha TpaH3uctope 2N2222a OT aHAaAOrMYHOro ¢
ApYyro mogenblo TpaHaucTopa. KoHeYHo, Kakue-To napameTpbl Kackaga ycuneHus byayt pasnmyaTbcs,
3TO TaK, HO M KacKkagpbl MOTyT ObITb pasHble: Kackag yCUNeHUA ¢ OBLWLMM IMUTTEPOM, KAacKag YCUNEHUA C
06LWUM KONNEKTOPOM, KaCKOAHbIW YCUNUTENDb U T.4,

BmecTe C Tem, A HaxoXy NojsesHbIM B Nt060lM Nporpamme CUMyAAUMM cobpaTb MPOCTEMILMIA KacKag,
YCUNEHUS Ha TPaAH3UCTOPE C OBWMM IMUTTEPOM (4acTO BCTPEYAtOWEEecAs BK/OYEHWME TPaH3MCTOpa) U
pasobpaTbcA C Tem, KaK paccyMTaTb COMPOTUB/EHUA PE3UCTOPOB, KaK BAMAET Ha YacTOTHble
XapaKTEePMCTUKM KacKada 3ameHa 04HON MOoAenn TpaH3UCTopa Ha Apyryto.

R2
R1 —
:I R=680k I:I R=2.2k

1

1
1
=
Tl
oy
<

|: Q2N2222A_1

Puc. 7.1. MpocTenwnii Kackag yCuneHusa Ha TpaH3UCTope

Ons CMMMETPUYHOro BXOLHOrO CUrHana PacyéT NofobHOro ycunuTena HecioXKeH. 3afaémca TOKOM
KonneKTopa, Hanpumep, 1 MA. MageHne HanpsXKeHUs Ha TpaH3ucTope (HanpaKeHue Ha KossekTope)
OO0MKHO B6bITb PABHO MOJIOBUHE HAMPAXKEHUA NUTAHUA, TO ecTb, 2,5 B. Takum obpa3om, conpoTnBaeHUE
B LLeNW KOM/JEeKTopa Bbibupaem 2,2 KOm (M3 paga 3HaYeHWit conpoTuBaeHWi). 3Has CTaTUYECKUit
KO3bOULMEHT yCUAEHUA TPaH3MUCTOPa, onpeaenmm 6a3oBblili TOK. [ageHMe HanpsaXKeHMsa Ha pesncTope B
uenwn 6asbl 6yaetr Ha 0,5 B meHblue Hanps:KeHMA nuTaHuA. HanpsxeHue Ha R1 u ToK yepe3 Hero
OLHO3HAYHO f[aAyT 3HayeHMe conpoTuBAeHUA pesuctopa. OcTanocb BblIOpaTb 3HAYeHWEe U3 psaa
3Ha4YeHW, cobpaTb CXemy B MporpaMmme CUMYAALMUM W NPOBEPUTb, OyAET AW HanpsAKeHue Ha
KonnekTope 6,1M3K0 K TpebyemMomy 3HaUYeHMI0.

19



B.H. T'osi010608B [ToyTH OTBETHI HA BOMIPOCHI

R2
R1 - Pri
:I R=680k [] R=2.2K

1

s

| Q2N2222A_1 r—y

number | Pr1.V
1 266

Puc. 7.2. lpoBepKa nosyyeHHbIX pac4€ToB B nporpamme Qucs

Mpwn HEO6XOAMMOCTM MOXHO YTOYHUTbL nNageHwmne HanpAaxXeHwuA 6aBa-3MMTTep npun 3agaHHOM TOKe
KO/ZINEeKTOopa 1 mA. ina atoro Mcnoab3yem reHepatop NNHEenHOo HapacTalowero HanpAa>xeHuA.
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Puc. 7.3. MpoBepkKa HanpaxeHUsa Ha base TpaH3UCTopa

MOXHO nerko cpaBHUTb aAMMAUTYAHO-YACTOTHble XapaKTEPUCTUKM ITOr0 Kackaga YyCuaeHua npu
MCNONb30BaHUKN Pa3HbIX MOAGI‘IEVI TPaAH3UCTOpPOB.
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Puc. 7.4. AMNAUTYAHO-4ACTOTHbIE XapPaKTEPUCTUKM PasHbIX MOAe/1eil TPaH3UCTOPOB

227. CUMYJIATOP 3JIEKTPUYECKUX aHAJIOTOBBIX Leneu 230.
onepanMoOHHbIe YCUAUTEN B multisim 247. Kak noJ1iy4uTh rpapukKu

HanpspKeHUU B MyJibTUCUM 400. MOCTOBOM ycuiiuTe b Ha Im358
CBoM pacckasbl A WAMIOCTPUPYIO C MOMOLLbBIO PasHbIX nporpamm mogdennposaHusa. CobCcTBEHHO, U
paccKasbl-To 6onbLle 06 3TUX NPOrPaMMaXx, 0 CUMYIATOPAX S/IEKTPUYECKMX Lenen.

OfZHOM M3 NepBbiX NPOrpamm, C KOTOPOW A No3HakomuAaca, 6bina nporpamma EWB512. A1 He cobupanca
MOHayYany 3aHMMaTbCA NPOBEPKOM PaboTbl CXEM, MHE HY}KHO 6blJI0 HAPMCOBaTb CUHYCOMAY, a PUCYIO A
NN0X0, U NPOrPamma No3BOANAA MHe BbICTPO HapucoBaTb rpaduK. MonyTHO [ 0BHAPYXKMUA, YTO MOXKHO
6bICTPO M IETKO HAPMCOBATb CXEMY HEC/IOXKHOTIO YCTPOMCTBA. M He TO/IbKO, KaK OKa3anocb, HapUCoBaTh.

CerogHs 3Ta nporpamma cyliectsyeT nog umeHem Multisim. U, obpawasncb Ko BTopomy BoMpocy,
nporpamma MMeeT MHOro MoAenell OnepaumoHHbIX ycuauTenei. [ocTaToyHO B OCHOBHOM MEHH0
06paTuTbea K pasgeny Place->Component, utobbl OTKPbITb BbiNagatowmin cnmcok Group, rae B pasgene
aHaN0roBbIX YCTPOMCTB LO/KHbI 6bITb M ONEepPaLMOHHbIE YCUAUTENN.
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Puc. 8.1. MeHegkep anemeHTOB nporpammbl Multisim

CnucoK moaenen onepaunoHHbIX yCUnTenemn, B YEM MOXKHO ybeanTbes Bbibpas OPAMP, oueHb BeUK.
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Puc. 8.2. YacTb cnncka mogeneli onepaumMoHHbIX yeuautenei 8 Multisim
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A1 BbIbpan moaenb LM358, nocKosbKy K 3TOM mMoAenu oTHOCUTCS oguH U3 Bonpocos. MNocne Bbibopa
HY}XHOW MOoZenn A0CTaTOYHO MCMNoJb30BaTbh KHOMKY OK, ytobbl nonactb B paboyee none cumynAtopa,
raoe v BCTaBUTb rpadunyeckoe n3obparkeHne onepaumMoHHOro yeuamtens. Ecnm nobasutb ewwé HeCKoNbKO
KOMMNOHEHTOB, TO MOXXHO NPUBAN3NUTBLCA K OTBETY HA NOCAEAHUI BONPOC O MOCTOBOM YCUAUTENE.
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Puc. 8.3. MocToBo# ycunutenb Ha Mnkpocxeme LM358

PUCyHOK cxembl He camblii yAadHbli. HO ero MOMKHO nepepucoBaTb, WCMOAb3ya rpadpuyeckme
BO3MOXHOCTM Nporpammbl. Ho Hac celiyac MHTepecyeT ApPYroii BOMPOC — KaK NOAyYUTb TpaduKu
Hanps:keHUn. [obaBum K cxeme ocumanorpad, 3anycTum CUMynaumio. [BOWHbIM LWEAYKOM MO
n3obpaxkeHuto ocumanorpada OTKPoOEM ero BMA, U NoAy4YMM rpaduk HanpsaxKeHus Ha Bbixoge OY.
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Puc. 8.4. BbixoaHoe HanpsaKeHue Ha aKpaHe ocuuanorpada
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Echn Ham ypobHee paboTaTb c rpadMKom, TO MOXKHO BOCNO/Nb30BaTbcA pasgenom View->Grapher
OCHOBHOro MeHio. Mbl nonyuynum umsobpaxkeHne B BuAe rpaduKa, ¢ KOTOPbIM (ecanm ero HacTpowuTb)
ropasao yaobHee paboTaTb.
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Puc. 8.5. 'padumK HanparKeHWs, 3aPUKCUPOBAHHbIN C MOMOLLbIO ocumanorpada

EcTb Hebosbwan npobnema, KOTOPYIO A He 3HAKO, KaK MOMHO 060MTU. HanpsxeHue Ha 3KpaHe
ocumnnorpada — 3TO HanpaxeHue Ha Bbixoge U2B oTHocuTenbHo obliero nposoga. A Harpyska R2
BK/IHOYEHA MeX Ay BbIXOAaMM ABYX ONepaLMOHHbIX yCuauTenei.

Mpu3HaTbCA, MHE He Bceraa yaaértca pasobpatbes ¢ NoAobHbIMM Npobaemamu, YMTas PYKOBOACTBO K
nporpamme. B 3Tom cnydae A yacto npuberaro K MomoLwm Apyroi nporpammbl. Hanpumep, A yacto
ncnonb3yto nporpammy Qucs. OHa xopolwo paboTaeT U ¢ aHaNI0roBbIMM, U UMPPOBLIMM 31EKTPUYECKUMMI
uensmu. Tem 6osnee, YTO MepBbli BONPOC MNOAPA3yMeBa/s HEYTO MNOXOXKee Ha 0630p HECKO/IbKUX
nporpamm CUMyNALMK,

[Ona pacckasa obo Bcex nNporpammax MoAennpoBaHUA paboTbl 3/MEKTPUYECKUX Lienein, ¢ KOTopbIMU A
HEeMHOro 3Hakom, notpebyeTcA mecta 6osblie, YeM A NAAHUPYIO ANA 3TOM uctopuu. Ho Bce KHUr,
HanMcaHHble MHOM, 3TO paccKasbl 0 NoAo6HbIx nporpammax. Ecnm Bac uHTepecyeT, obpaTuTech K
KHUram, Hanpumep, y B. BonoamHa xopowuit pacckas o nporpamme SwCAD, y AMeNUHbIX pacckas o
nporpamme Micro-Cap.
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Puc. 8.6. Cumynaumna moctoBoro ycunmtena B nporpamme Qucs

B aTOM nporpamme Ans OTOOpa)KeHWA HanpsaKeHus Ha Harpyske R4 ucnosib3yerca M3MepUTesb
HaNPAXKeHUA, a NpU co3gaHnu rpadmKa HanNPAXKEHNA MOXKHO 3aKa3aTb HANPAXKEHNE, U3MEPSAEMOE 3TUM
npmubopom. Pucya cxemy, s noctapanca NnpuaaTb e Bua, KOTOPbIA OHAa A0/1KHA UMETb M B NpeablayLiem
cnyyae. A pesynbTaT U3MepeHMA NOKa3biBAaeT TO NPEeMMyLLecTBO MOCTOBOrO YCUANTENA, paan KOTOPOro
€cTb CMbicn cobupaTb NOAO6HYIO cxemy. AMNAMTYAa HanpsXKeHUs B Harpyske BABOE Bbllle, YEM Mbl
NOAYYMAIM C MOMOLLBIO ocunnnorpada paHee.

A1 He Npu3bIBato BAaC K HECKOHEYHOM CMeHe Nporpamm c NnoBoAom nan 6es Hero. bonee Toro, A cOBeTytO
No/1b30BaTbCA OZHOM NPOrpaMmOi, CPaBHMBasA MOJIyYEHHbIe pe3y/bTaTbl C TEMU, YTO AAET paboTa Ha
MakeTHol nnate. Co BpemeHem Bbl MOMMETE, B KaKOM Mepe Bbl MOMKEeTe [AOBEPATb pesynbTaTam
MoZennpoBaHuA. MNpbiras oT NPOrpammbl K MPOrpamMmme 3TOro He Noy4ULlb.

ECTb MHOro ApyrMx nporpamm, 4acTb M3 HUX A YNOMMUHAA, oTBeYyasa Ha Apyrve Bonpocbl. O yactu
nporpamMmm fi pacckasbiBaa B ApPYyrux uctopusx. Jllobas nporpamma MoAe/IMpOBaHMA CTaHET XOPOLUMM
WMHCTPYMEHTOM M BEPHbIM MOMOLLHMKOM, €CAM Bbl MOTPATUTE HEKOTOPOE BPEMA Ha OCBOEHME
nporpaMmbl M Ha COOTHECEHME MOJIYYEHHbIX PEe3y/bTaToB C MaKeTupoBaHuem. OcobeHHO, Koraa
pe3ynbTaTbl Pa3HATCA. BblIACHEHWE NPUUYNH OYEHb YacTO AAET HOBbIe 3HAHUA O NpeaMeTe UM yKasbiBaeT
Ha OLWMBKM, KOTOPbIe OCTA/IMCb HE3aMEUYEHHbIMM.
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3ak/iroueHue

MpoBogs CBOWM MUccnefoOBaHWA, JANEKO He BCe N0b6UTenu umeroT B fabopatopum Bce Heobxoanmble
npubopbl. Mexay Tem y MHOIMMX eCcTb KOMMNbTepbl. A Mporpammbl MOAENVMPOBAHUA, NYCTb U He
nocneAHUX BEPCUIN, HEMJIOXON UHCTPYMEHT A8 MPOBEPKM CBOUX WAEN U paspelleHns BO3HMKaOLWMX

pr,D,HOCTel;'I. He Bcerpa y,ﬂ,aéTCﬂ nony4nTb MC‘-IepI'IbIBaPOLLI,Mﬁ OTBET, HO YeM MeHbLUe OCTaéTcA BOMpPOCOB,
Tem NaogoTBopHee TBOPYECTBO.
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