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[ONns CcoBpeMeHHON 3/eKTPOHMKM XapakTepHa HeobXoAMMOCTb yMeTb pellaTb TUMOBble 3afayl, OTHOCHALMECA K pasnyHbIM
obnacTam, C LUMPOKUM MPUMEHEHNEM CPELCTB KOMMbIOTEPHOr0 MOLEIMPOBAHNS 1 MPOrpaMMUpoBaHUs.

Tak, coBpeMeHHas pajnoTexHuyeckas cuctema obbl4HO OLHOBPEMEHHO BKJ/IOYaeT B cebs HM3KO- Y BbICOKOYACTOTHbIE aHasIoroBble
3/1IeKTPOHHbIE  CXEeMbl, aHaJoroBo-uMdpoBble ©  LUdpPOo-aHasoroBble npeobpasoBaTenn, nNporpaMmMupyemMble  normyeckue
MHTerpanbHble cxembl (MJANC) wn/vwnn pgpyrve nporpaMmMupyeMble MUKPOCXeMbl (MUKPOKOHTPOSIEPDLI, LWUGMPOBbIE CUTHaNbHbIE
npoueccopsl), BCTpanBaemoe nporpammHoe obecneveHue (MO) n BHewHee MO ¢ rpadunyecknm nHTepdencom nosb3oBaTens ons
yAasleHHOro ynpas/ieHns YCTPONCTBOM.

Llenblo gaHHOro Kypca ABASETCA MNpakTU4eckoe 3HaKOMCTBO CTYAEHTOB C YacTo BCTPevaloWUMnUCs acnekTaMu npukiagHomn
3/1IeKTPOHNKN C WNCMOJIb30BaHNWEM pacrnpocTpaHeHHoro csobogHoOro nporpaMMHoro obecrneveHns. OcobeHHOCTbIO Kypca aBAseTCs
LUIMPOKWNIA OXBAT Pa3sinyHbIX TEM, BKJOYatoWMX B cebs:

- 3HAKOMCTBO C NMporpaMmMaMn MoAennpoBaHns 3NeKTPOHHbIX cxeM (Qucs, QucsStudio )

- @HaNN3 N CUHTE3 JINHENHbIX PUNLTPOB N ycunutenen (Qucs, QucsStudio)

- @aHanM3 HeAnHenHbIX cxeM (Qucs, QucsStudio)

- OCHOBHblEe 3agayn umdpposon 06paboTkM curHanoB (NpumeHeHue npeobpaszoBaHua Pypbe, NMHENHbIE U HENMHENHbIE LNgpPOoBbIe
GunbTpbl, 3n1eMeHTbl 06paboTkn nsobparkenunin)(Scilab, Octave, Lazarus)

- OCHOBbl pa3paboTku nporpamm C rpadpuyeckum wuHTepdencom nonb3oBaTena (GUI), ynpaBnsembix cobbiTusmMu (event
driven)(Lazarus) - pa3paboTka ne4aTHbix nnaT (KiCad)

- BBEZlEHME B NMPOrpaMMnUpyemble ornvyeckme nHTerpasabHbole cxemsl (MJANC)

- MporpaMmMmnpoBaHmne MUKPOKOHTpoepoB (stm32 discovery board, C++, os mbed)

Mony4yeHHble HaBblKW MOAENMPOBAHNA 3JIEKTPOHHbLIX cxeM B Qucs, QucsStudio 6yayT B [asibHellWweM WCMoJib30BaTbCA U B
npakTNYeCcKnx 3aHATMAX Mo Kypcy BY n CBY a1eKTpOHMKMN.
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Copep>xaHue Kypca
AHanoroBas u uucdpoBas cxeMOTexXHUKa

CTpyKTypa Kypca

Jlekuum | MpakTuka

Paspensi

o (ak.u.) (ak.u.)
1. CxeMoTexHUKa
1.1. OcHoBbl paboTbl B MporpaMMe MOAENMPOBaHNA 3IEKTPOHHbIX cxeM Qucs. JINHenHbIe Lenu.
AHasioroBble NaccuMBHblE PUbTPLI. BpeMeHHble N YaCTOTHbIE XapaKTePUCTUKN PUAbTPOB. AHaIN3 U CUHTe3 2 2
NaccuBHbIX PUNbTPOB.
1.2. Anoabl. CTaTn4eckme n AuHaMn4eckue xapakTepucTukn Anonos. AMAANTYAHbIN eTeKTop. YasonTens 2 2
Hanps>XeHus. Pa3HOBMAHOCTY AMOAOB N NX MPUMEHEHME.
1.3. TpaH3ucTopsl 1. buinonspHble TpaHsncTopsl (BJT), nonesble TpaH3ucTopsbl (FET), bunonspHeie
TPaH3UCTOPbI C U30MPOBaHHBLIM 3aTBOPOM (IGBT). TPaH3NCTOPHbIA K04, MoCTOBblE TPAH3UCTOPHbIE 2 2
cxeMmbl. LLinpoTHo-uMnynbcHas mogynauns LLUUM.
1.4. TpaH3ucTopsbl 2. Ycunutenm ¢ 03, OK n Ob. NeHepaTopbl. 2 2
1.5. OnepaumnoHHble ycunutenn (OY) 1. MHBEPTUPYIOLWNIA N HEMHBEPTUPYIOLWNIA ycunutenb. CKOpoCTb 2 2
HapacTaHua. OgHononapHoe nutaHue OY.
1.6. OnepaunoHHble ycunutenu (0Y) 2. HennHenHble cxembl Ha OY. AKTUBHbIE pubTpbl Ha OY. 5 5
[eHepaTOpbI.
1.7. HenuHenHble 3chekTbl 2 1 3 NMOpAAKa B I/IEKTPOHHBLIX CXEeMaXx U NX MoaennposaHue. CmecnTtenu. 2 2
2. Uudposasa obpaborka curHanos (LLOC)
2.1. OnckpeTunsaums. KBaHToBaHue. XapakTepuctuku ALUMN. OuckpeTHoe npeobpasoBaHue dypbe. 2 2
HononHeHne Hynsmmn. OkHa. KoMnnekcHble curHansl n npeobpasosaHue MnbbepTa.
2.2. Uucposble punbTpbl 1. ®UnbTpbl C KOHEYHOW MMMNYILCHOW XapakTepuctukon (KUX). dunbTpbl € 2 2
6ecKoHeYHON NMNYIbCHOWN XapakTepucTtukomn (BMX). AHann3 n cMHTe3 puabLTPOB.
2.3. Undposble punabTpbl 2. MegnaHHbIn PUALTP. 2-MepHble PUIbTPLI. 2 2
3. DneMeHTbl NPOrpaMMUpPOBaHUA
3.1. OcHoBbl pa3paboTkn NporpamMmm € rpacuyeckmM nHTepderncom Nosib3oBaTesns, yrpaBaseMbIxX 5 2
cobbiTuaMn (Lazarus)
3.2. 2nemMeHThl Lngposon obpaboTkn nsobpaxkeHnin (Lazarus, Octave) 2 2
4. MUKPOKOHTpONNEpbI
4.1. MukpokoHTposisiepbl 1. OnepaunoHHas cuctema Mbed. Mbed MHCTpyMeHTbI KOMaHAHON cTpokn (Mbed 5 5
CLI). NMoTokn, npepbiBaHUS.
4.2. MukpokoHTponnepsl 2. MHTepdencol SPI, 12C. NMocnenosatenbHbin nopT (UART). MporpaMmmupyemble 2 2
norunyeckune nHterpanbHble cxemsl (MJINC, FPGA).
5. PazpaboTka ne4aTHbIX nnart
5.1. PaspaboTka nevaTHbIXx niaT (KiCad). 2 2

PekoMmeHaoyeMbie pecypchbl

OcHOBHas nuTepaTypa:

1. TuTue Y. MonynpoBoAHNKOBas cxemoTexHuKa. (1980) [Djv-12.7M] CnpaBo4HOe pyKOBOACTBO. ABTOpPbI: Ybpux TuTtue,

Kpuctod LLeHk (U. Tietze, Ch. Schenk). MNepeBopa ¢ HemeLKkoro nof penakumnen A.l'. AnekCceHko.
http://publ.lib.ru/ARCHIVES/T/TITCE_Ul'rih/_Titce_U..html

2. ®onkeHbeppwn J1.M. MNpumeHeHUs onepaLyroHHbIX ycunutenen n nmHerHbix IC. (An introduction to operational amplifiers with
linear IC applications, 1982) [Djv-14.8M] [Pdf-28.1M] AsTop: Jlycuc M. ®onkeHbeppu (Luces M. Faulkenberry). Mepesopa c
aHrnuinckoro J1.M. Hamapka nop pepakuunen M.B. FanbnepuHa. Xy#oxHuk B.E. Kapnos. (MockBa: I3gaTensctBo «Mup»:

Pepakunsa nutepaTypbl N0 MHPOPMaATUKE U 3NeKTPoHMKe, 1985)
http://publ.lib.ru/ARCHIVES/F/FOLKENBERRI_Lusis_M/_Folkenberri_ L.M..html
http://www.radioscanner.ru/files/electronics/file5313/

3. Acees b.M. KonebaTenbHble uenn.1955, http://publ.lib.ru/ARCHIVES/A/ASEEV_Boris_Pavlovich/_Aseev_B.P..html



http://publ.lib.ru/ARCHIVES/T/TITCE_Ul'rih/_Titce_U..html
http://publ.lib.ru/ARCHIVES/F/FOLKENBERRI_Lusis_M/_Folkenberri_L.M..html
http://www.radioscanner.ru/files/electronics/file5313/
http://publ.lib.ru/ARCHIVES/A/ASEEV_Boris_Pavlovich/_Aseev_B.P..html

4. «UndpoBas cxeMoTexXHUKa N apxXUTeKTypa KoMnbioTepa» Oasnaa Xappuca n Capbl Xappuc
http://easyelectronics.ru/files/Book/digital-design-and-computer-architecture-russian-translation.pdf

[onosiHUTesNbHasA uTepaTypa No CXeMOTEeXHUKE!

1. MenToH A.[)x. AHanoroBas 3/IeKTPOHMKa Ha onepaunoHHbIx ycunutensx. (Analog Electronics with Op Amps. A Source Book of
Practical Circuits) [Djv- 9.6M] AsTopbl: A.[Ix. MNenToH, B. Bonw. Mepesos ¢ aHraninckoro B.J1. Fpuropbesa. PepgakTop
nepesona A.lN. MonogsaHy. Npon3BoACTBEHHO-TEXHUYeCcKoe n3naHue. (Mocksa: BUHOM, 1994)
http://publ.lib.ru/ARCHIVES/P/PEYTON_A._Dj/_Peyton_A.Dj..html

2. F'onono6os B.H., 9kckypcusa no anekTpoHuke. - Mocksa 2008.

OcHoBHasa nuTepaTypa no LLOC:

1. Pnyapa NanoHc. Undposas obpaboTka curHanos,
http://publ.lib.ru/ARCHIVES/L/LAYONS_Richard/Layons_R._Cifrovaya_obrabotka_signalov.(2006). [djv-
fax].zip, https://www.bsuir.by/m/12_100229_1 85526.pdf, http://www.radioscanner.ru/files/signals-analysis/file12662/

B YacTHOCTU Hennoxo obCcyXAaloTCs KOMMJIEKCHbIE/aHaIMTUYeCKMe curHansl u npeobpasoBaHue MunbbepTa.

2. loHcanec P., Byac P. Llncposasa obpaboTka nsobpaxeHun,
http://publ.lib.ru/ARCHIVES/G/GONSALES_Rafael' S/_Gonsales R.S..html, Scilab: PeweHune nH>XeHepHbIX 1 MaTeMaTUYeCKNX
3apad / Anekcees E.P.,. YecHokoBa O.B., Pya4deHko E.A. http://www.nsc.ru/interval/Programing/Scilab- manual.pdf,

Tak>Xe K N3y4YeHMto pekoMeHayTcs y4ebHukn no MatlLab.

JononHuTenbHaa nutepaTtypa no LLOC:

1. Digital Signal Processing By Steven W. Smith, Ph.D., http://www.dspguide.com/pdfbook.htm

2. Teopwus n npumeHeHne LndpoBo 0bpaboTkn cnurHanos. [Djv-12.9M] AsTopbl: Pabunep J1., Foyna b., MNepeBon € aHMIMIACKOro
3anuesa A.J1., HazapeHko 3.I., TeTekuHa H.H., (MockBa: N3paTenscTBo «Mup», 1978)
http://publ.lib.ru/ARCHIVES/R/RABINER_L._R/Teoriya_i_primenenie_cifrovoy_obrabotki_.(izd.1978).[djv-fax].zip

3. CeprueHko A.b. Undgposas obpaboTka curHanos. Mutep, 2003r. ISBN: 5-318-00666-3 Y4yebHuk onsi BY3o8.

4. «UndpoBas cxeMoTexHUKa N apxXnUTeKTypa KoMnbioTepa» Oasua Xappuc n Capa Xappuc, pasinyHble n3gaHus,
http://easyelectronics.ru/files/Book/digital-design-and-computer-architecture-russian-translation.pdf

MporpamMMmupoBaHue MUKpokKoHTponaepoB (MBED):

1. BeicTpbii cTapT ¢ ARM Mbed: pa3paboTka Ha COBPEMEHHbIX MUKPOKOHTPOJIIEpPax A5 HauYnHaowmx (0bcyxaeHne Tam Toxe
cTouT noumnTaTh) https://habr.com/ru/post/420435/

2. Introducing the Mbed Simulator
(HO B HEM HET MHOrOMOTOYHOCTU T.€. He Moafep>xMBaeTcs knacc thread https://os.mbed.com/docs/mbed-
os/v5.15/apis/thread.html)
https://os.mbed.com/blog/entry/introducing-mbed-simulator/
https://simulator.mbed.com/

3. Online kHura no mbed (in English Ho ¢ kKapTuHKamu)
Fast and Effective Embedded System Design: Applying the ARM mbed. Second Edition
http://www.embedded-knowhow.co.uk/Book_3_Ed2.htm

MporpammuposaHue GUI (Lazarus)

1. KpaTkoe BBeaeHume https://wiki.freepascal.org/Lazarus_Tutorial/ru
https://castle-engine.io/modern_pascal_introduction_russian.html
https://castle-engine.io/modern_pascal_introduction.html

2. KpaTkui kypc no a3biky Object Pascal
https://castle-engine.io/modern_pascal_introduction_russian.html
https://castle-engine.io/modern_pascal_introduction.html

3. CnpaBo4Hble maTepuanbl no Lazarus
KHura «39kcnpecc Kypc nporpaMmMmupoBaHus B Lazarus»
http://www.freepascal.ru/download/book/express_course_Lazarus_v105.pdf
http://www.lazarus-doc.h1ln.ru/

4. Arees E.HO. CnuMynaTop 3/1€KTPOHHbIX CXEM C OTKPbITbIM MCXOAHbIM KOAOM QUCS: OCHOBHbIE BO3MOXXHOCTM U OCHOBbI
mopenuposaHusa. KOMMNOHEHTbBI I TEXHOJTOT U Ne 3, 2015.
https://kit-e.ru/wp-content/uploads/164114.pdf

5. Arees E.lO. MogennpoBaHne aHanoroBbiX 3/1IEKTPOHHbLIX CXEM B MporpamMmMHon cpege «Qucs». — Tomck: N3paTenscTBo
TOMCKOro rocyflapCTBEHHOIro yHMBepcmuTeTa CMCTEM yrnpaBiaeHnsa v 3JIEKTPOHUKK, 2007.
https://electronix.ru/forum/applications/core/interface/file/attachment.php?id=106372
https://docplayer.ru/52292932-Modelirovanie-analogovyh-elektronnyh-shem-v-programmnoy-srede-qucs.html

6. Russian qucsstudio Tutorial part 1/2, English qucsstudio Tutorial part 1/2
http://www.gunthard-kraus.de/qucsstudio/qucsstudio_index_english.html
http://www.gunthard-kraus.de/qucsstudio/qs_tutorial_ru_p1.pdf
http://www.gunthard-kraus.de/qucsstudio/qs_tutorial_ru_p2.pdf

7. QuCS - NOYTY yHMBEPCAJIbHbIA CUMYISTOP 3JIEKTPUYECKNX Lienen
http://vgololobov.narod.ru/content/qucs_flowcode/qucs_flowcode.html
http://rha.bmstu.ru/event-14032011/Qucs_Flowcode.pdf

8. OHNalH cuMynsaTop € 60bLUMM KOIMYECTBOM FOTOBbIX CXEM
https://www.falstad.com/circuit/

TN CaMOCTOATEJNIbHbIX 3a4aHUN
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