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PABOYAS MPOrPAMMA YYEEHOW OUCLUMMNNUHDI

51.B.1B.02.01 MukpokoHTponnepbl B cUCTEMax ynpaBieHUs

1. Kog v HanmeHoBaHue HanpaBJiIeHUA NOAroTOBKU/cneunManbHOCTHU:
03.04.03 Paauvodusuka

2. Mpocdunb noarotoBkU: Mukpo3ieKmpoHUKa U rnoaynpo8odHUKo8kIe npubopsi

3. KBanudumkaums (cteneHb) BbINYCKHUKA: _Maaucmp

4. ®opma obpa3oBaHUA: OYHas

5. Kacheppa, oTBevarowas 3a peanmsaumio UCLUNIIUHBI:
bU3UKU _M01yNMPO8OOHUKO8 U MUKDOS/1EKMPOHUKU

6. CoctaBuTENnu nporpaMmmbi: bozamukoe EeszeHuti Bacunbesu4 :
KaHOuOam gbu3uKo-Mamemamu4ecKkux Hayk, 0oueHm

7. PekomeHpoBaHa: HMC cbusuyeckoao ghakynsmema rnpomokosi Ne6 om 26.06.2021

8. YuebHbIn roa: 2021-2022 CemecTp: 2

9. Llenu 1 3apa4v y4e6HOMN ANCLUNIUHDBI: LIENTbIO OCBOEHUS Y4eOHON ANCUMNANHBI SABMIS-
eTcsa hopMupoBaHMeE crieumarnbHbIX 3HaHUM 06 apXUTEKTYpPE 1 NpUemax nporpaMmmMmpoBaHns
MUKPOKOHTPONEPOB ANSA pa3paboTkn BCTPOEHHbIX CUCTEM.
3agaun yyebHOM aNCUUNINHLI:
- N3yYeHne apXMUTEKTYpPbl COBPEMEHHBIX CEMENCTB MUKPOKOHTPOMNEPOB U MPUHLMUMNOB
BblOOpa MoAeNn MUKPOKOHTPOMepa, COOTBETCTBYIOLLIEN peLlaeMon 3afave;
- U3y4YeHne NporpaMmMHbIX CPeacTB AN pa3paboTkn BCTpanBaeMbiX CUCTEM Ha 6ase MUK-
POKOHTPOSINEPOB;



- U3y4yeHne OCHOB MPOrpaMMUPOBaHNS MUKPOKOHTPOMMEPOB C NPUMEHEHNEM OnepaLn-
OHHbIX CUCTEM pearibHOro BPEMEHM.

10. MecTo y4yebHOM ancumnnuHbl B cTpykTtype OMOIM: gucunnnuHa OTHOCUTCA K YacTw,
dopMupyemon ydactTHMKamm obpasoBaTernbHbIX OTHOLWEHUIN (BapuaTuBHas) 6noka b1, auc-
LUUNAKUHBI Mo BbIGOpY.

11. NMnaHupyemMble pe3ynbTaTbl 06y4YeHMUA NoO AUcuUNnNuHe/Moaynto (3HaHUSA, YyMeHUs,
HaBblKW), COOTHECEHHbIe C NNaHMpyeMbIiMU pe3yribTaTaMU OCBOEHUs1 o6pa3oBaTesb-

HOM nNporpaMmmbl (KOMMNETEeHLUAMMU) N UHANKATOPaMN UX AOCTUXKEHUA:

KomneTeHuun Mugmkatopbl
MnaHnpyemble pesynbTaTbl 06y-
Kon HanmeHoBaHue Koa(b!) HavnmeHoBaHwue Yenus:
KOMNeTeHUUN nHankaTopa(os)
MK-1 | Cnoco6eH npunn- | TK-1.3 | NpoBoanTt aHanua | Bnadems:
MaTb yyacTue B N3BECTHbIX TEXHN- | - CcpeacTBaMn  MOAENMPOBaAHUS
paspaboTke n YECKUX peLLeHnit CXeM, UMEeIOLLMX B CBOEM COCTaBe
Hay4HbIX uMccne- oTaenbHbiX 6mo- MUWKPOKOHTPOMNEpHI;
AOBaHUAX cucTeM KOB CMCTEM CBA3N,
CBSA3UN N TENEKOM- TenekoMmyHuKa-
MYHUKaLM LM N pagnoHaBu-
raumm
MK-1.4 | MNnaHupyeT 1 Nnpo- | 3Hamsb:
BOOUT nabopartop- | - MHCTPYMEHTblI pa3paboTku npo-
HOe WNW KOMMblo- | rpaMMHoro  obecneyeHnss  Ons
TEepHoOe aKcnepu- BCTpamBaeMbIx cuctem (cpegpbl
MEeHTanbHOe 1C- pa3paboTkn, KOMNUNATOpbl, GuG-
crneposaHue oT- nnotekn, OCPB)
JernbHbIX ONOKoB Ymems:
CUCTEM CBS3U, Te- | - 000CHOBAHHO BbIGUpaTh MHCTPY-
NEKOMMYHUKaLMN | MeHTbI pa3paboTkun BCTpamBaemblX
N pagnoHaBura- CUCTEM.
Lmn Bnadems:
- cpegctBammn paspaboTku npo-
rpammMHoro obecneveHms ansa Muk-
POKOHTPOSNIEPOB;
- HaBblkaMV MPUMEHEeHWsi onepa-
LUMOHHBIX CUCTEM pearibHOro Bpe-
MeHW onsi pa3paboTku BCTpanBae-
MbIX CUCTEM.
12. O6bem gucuMnuHbI B 3a4eTHbIX eanHuyax/yacax — 3 / 108 .

CDopma npomemyTquoM artrTectaumnm — 3a4er.

13. Buabl yye6HOM paboThbl:

TpygoemkocTb (4achbl)
Bua yyebHon pabotbl Beero Mo cemecTpam
2 cem.
AyOuTOPHbIE 3aHATUS, 24 24
B TOM YuUCIe: niekummn 12 12




3

\ nabopaTopHble paboThl 12 12
CamocTosTenbHasa paborta 84 84
WToro: 108 108

13.1. CopepxaHue AUCLUUNTIUHDI:

Ne HanveHoBaHune CopepxaHne pasgena gUCUmUninHbI
n/n pasgena aAucunniuHbl
Jekuun

1.1 | BeegeHue B apxutekTypy | CTpykTypHas  Gnok-cxema  MUKPOKOHTPOMNEPOB  Cepuun
MUKPOKOHTponnepoB ce- | 1986BE9x. O6wasa opraHu3aumst namsitu. [lopTbl BBOOA-Bbl-
menctea ARM Cortex | Boga: pernctpbl KOHOUrypMpoBaHua MOpPTOB BBOAA-BbIBOAA,
M3 cXemoTexHu4yeckaa peanusaums pexumos push-pull n open

drain, Ha3Ha4yeHMe MOATArMBalOLWMNX PE3MCTOPOB, annapaTHoe
ycTpaHeHue gpebesra KOHTaKTOB C NPUMEHEHUEM BCTPOEHHOIO
Tpurrepa LmuTTa, HacTporka GeictpogencTausa nopta. Popmu-
poBaHWEe TaKTOBOW 4acToTbl: BCTPOeHHbIn RC-reHeparop,
BHeLLHMe reHepaTtopbl HSE u LSE, BCTpOEHHbIN B6N0oK yMHOXe-
HUA CUCTEMHOW TakTOBOW 4acToTbl. CUCTEMHBLIN Tanmep Sys-
Tick. Tanmepbl obuiero HazHavyeHus. CTPYKTypHasi cxema KOH-
Tponnepa AUI. Peructpbl koHdburypmposanuna ALIM. Mogynb
nopTa CUHXPOHHOW NocnegoBaTeNibHOM CBA3M.

1.2 | MNporpammMHbie cpeabl | O630p Bo3amoxHocTen Keil uVision. CosgaHne HOBOro npoekTa.
ana paboTtbl ¢ MuKpo- | Beibop MukpokoHTponnepa. Bblbop AOMOMHMTENBbHBLIX NPO-
KOHTponnepamm rPaMMHbIX KOMMOHEHTOB. HacTporka napameTpoB MUKPO-

KOHTponnepa. Hactporka komnunsumm n otnagku. Hactponka
3arpysku nporpammbl B namaTb MUKPOKOHTponnepa. Cpeacrtea
MOAENUPOBAHNSA CXEM C MUKPOKOHTpornepamu B Multisim un
Proteus.

1.3 | MNporpammunpoBaHue HasHauyeHne u obnactb npumeHeHns CMSIS. CornaweHune o
MMWKPOKOHTPONIEPOB TMNax AaHHbIX U MMeHax naeHtudukatopos B CMSIS. Komno-
ARM cpenctBammn 6u6G- | HeHTLI BUGNMoTekn CMSIS: API ans sgpa Cortex-M n nepude-
NNoTeK CMSIS n | pun (CMSIS-Core), o6wwme nHtepdencobl nepudepumnHblx apam-
SPL/HAL BepoB (CMSIS-Driver), doyHkummn obpabotku curHanos (CMSIS-

DSP), 6ubnuoteka aOna peanu3aumMmM HENPOHHbIX CETEN
(CMSIS-NN), otnago4Hbin mogynb (CMSIS-DAP), obwwuin API
ans cuctem peanbHoro BpemeHn (CMSIS-RTOS). HasHayeHue
n obnactb npumeHeHns 6nbnuotek SPL n HAL.

1.4 | BeegeHue B onepaunoH- | HasHaueHne OCPB B MuKpoKoHTponrepax. basoBble NOHATUS:
Hble CUCTEMbI pearnbHOro | KBaHT BPeEMEHM, 3a4adn, COCTOsSHMA 3adad, NPUopuUTETbI Bbl-
BpPEMEHMU NONIHEHUA 3a4ad, NNaHNPOBLUMK 3a4a4, OOMeH AaHHbIMU Mexay

3agadamn, odepegun, OWHapHble M CYeTHble cemadopbl,
MbIOTEKCbI, KPUTUYECKNE CEKUMW, TalMepbl, BbITECHSAIOWAA U
KoonepaTtmMBHas MHOro3aga4YyHocTb, paboTa ¢ npepbiBaHNAMMU.

1.5 | MNporpammunpoBaHne CornaweHne o Tvnax AaHHbIX U UMEHax MaeHTMdUKaTopoB B

MWKPOKOHTPOIIEPOB FreeRTOS. API-cbyHkuun ana paboTtbl ¢ 3agadamu: cosgaHue

ARM cpenctBamn  Fre-
eRTOS

3agayn, nepegada napameTpoB B 3agadvy Npu CO34aHMK, KOH-
TPOSfb BPEMEHM BbINOMHEHUS, peanu3aumsa 3agepXxek, AnHamu-
YecKoe W3MeHeHue npuoputeTa, YHUYTOXeHue 3apad. API-
dyHKUMM ana paboTbl C oYepeasMu: Co3daHue odvepeau, 3a-
NUCb 3NeMeHTa B o4Yepenb, OTCreXmBaHWE COCTOSHUS o4e-
peau, ucnonb3oBaHme odepeen B 0bpaboTumkax npepbiBaHUN.
API-dpyHKUMM ansa paboTbl ¢ cemadopamu: co3gaHne ABOUY-
Horo cemacpopa, 3axeaT cemadopa, Bblgadya cemadgopa m3 06-
paboTunka NpepbiBaHUS, co3gaHne cyeTHoro cemacdhopa, pa-
foTa C MblOTEKCAMW, PEKYPCUMBHbIE MbIOTEKCbI, WMHBEPCUS
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NpUOpUTETOB U B3auMHas GrokupoBka MpW MUCMONb30BaHUU
MbHOTEKCOB, 3agayn-ctopoxa. Peanusaums nporpamMmmHbIX Tai-
MEpOB.

JNlaGopaTopHble paboThbl

2.1 | BBegeHue B apxXUTEKTYpy
MUWKPOKOHTPONNEPOB ce-
menctea ARM Cortex
M3
2.2 | lNporpammHble cpeabl | llabopatopHas padota Ne1. HacTtporika cpeabl nporpaMmupo-
ansa paboTbl C MUKPO- | BaHUS
KOHTponnepamm
2.3 | MNporpammMmunpoBaHune JTabopaTopHas pabota Ne2. KoHdurypmpoBaHme nopTos
MWKPOKOHTPOJSINEPOB BBOJa-BbIBOAa cpeactBamm CMSIS
ARM cpegctBamn 6u6- | JlabopatopHasi pabota Ne3. KoHdurypmposaHue paboThl Tan-
nuotek CMSIS n SPL Mepa cpegcreamm CMSIS
JlabopaTopHas paboTta Ne4. Ncnonb3oBaHue 6ubnmotekn SPL
npu paboTe ¢ nopTaMmn BBoga-BbiBOAA
2.4 | BeegeHue B onepaumoH-
Hble CUCTEMbI peanbHOoro
BPEMEHMU
2.5 | lNporpammMmunpoBaHue JlabopaTopHasa pabota Ne5. Ncnonb3oBaHue FreeRTOS ans
MMWKPOKOHTPOSIIEPOB napansnenbHOro ynpaeneHns HECKOSIbKMMM NopTamu BBOAA-BbI-
ARM cpeaoctBamn Fre- | Boga
eRTOS JlTabopaTopHas pabota Ne 6. Ynpasnenue AL MUKPOKOHTpOn-
nepa cpegcreamm FreeRTOS
13.2. Tembl (pasaenbl) AUCLUNIIUHBI U BUAbI 3aHATUN:

Buapl 3aHaTUIN (HacoB)
Ne HanmeHoBaHve NaGopa- CamocTtos-
n/n pasgena aucumnsiivHbl Jlekuumn TenbHad Bcero
TOpPHbIE
paboTa
1 | BBegeHve B apxXuTEKTYpy MUKPOKOHTPOI- 4 i 20 24
nepos cemerictea ARM Cortex M3
2 | MporpammHble cpeabl Ans paboTbl C MUKPO- 5 5 16 20
KOHTponnepamm
3 | [porpaMmunpoBaHne MUKPOKOHTPOEPOB 5 6 16 o4
ARM cpeactBamm 6ubnmotek CMSIS n SPL
4 | BBegeHne B onepaumoHHble CUCTEMbI pe- 5 i 16 18
anbHOro BpeEMeHU
5 | MporpammnpoBaHne MUKPOKOHTPOMNEPOB 5 4 16 22
ARM cpegcrteamu FreeRTOS
Wtoro: 12 12 84 108
WMToro no kypcy 108

14. MeToguyeckue ykasaHusa Ans o6y4aroLwmxcsi N0 0CBOEHUIO AUCLUNIIUHDI:

HUIO AUCLUMUMIUHBI.

cTayun.

N3y4deHne gucumnnnmHbl « MUKPOKOHTPOMNEPLI B cUCTEMAX ynNpaBreHusi» npeaycmaTtpu-
BaeT OCYLLUECTBMEHNE y4eOHOM OeATENbHOCTU COCTOSILLEN U3 ABYX YacTen: obyvyeHns CTy-
AEHTOB NpenogasaTesieM N CaMOCTOATENTbHON Y4eOHOM AeATENbHOCTM CTYAEHTOB NO U3yye-

MeTop npenogaBsaHus — NpobreMHbln, bopma obyyeHus — rpynnosas, oopma obule-
HUA — nHTepakTnBHaa. Obs3aTenbHoe nocelleHne nabopaTopHbIX 3aHATUI U TEKYLLMX aTTe-




[MoaroToBka K NeKunsam sSBnseTcs OAHMM U3 BUAOB CaMOCTOATENbHOM paboTbl CTyAEH-
ToB. CTygeHTaMm, 4yTobbl Xopowo oBnageTb y4ebHbiM MaTepuanom, Heobxoanmo Bblpabo-
TaTb HaBbIKN NPaBUbHOM M NnaHomepHon paboTbl. [epen HaYyanom NEKUMOHHbBIX 3aHATUI
Hago NPOCMOTPETb BCE, YTO ObIIO cAenaHo B NnpeabiayLimm pas. To NO3BONNT COCPeAOTO-
YNTb BHUMaHME U BOCCTAHOBUTb B MaMSATU YXXe UMEIoLNECH 3HaHUSA NO AaHHOMY npeaMeTy.
Kpome TOro, Takom MeToa MOMOXET fydlle 3anoMHUTb Kak CTapoe, Tak U HOBOe, YrinyouT
NOHMMaHWe TOro U APYroro, Tak Kak npyv 9TOM yCTaHaBNMBAKTCHA CBA3M HOBOMO CO CTapbiM,
4YTO ABNSAETCA HE TONMbKO 06s3aTenbHbIM, HO U OCHOBHbIM yCroBMeM rrybokoro oBnageHuns
MaTepuanoM. Yem getanbHee nsyvyaemMoe accoummpyeTcs C U3BECTHbIM paHee, TeM NpovHee
COXpaHsieTcs B namaT 1 6biCTpee BCNOMHUTCS, Koraa TpebyeTcs.

CnefnyeT NOMHUTb, YTO Yepes NeKunIo nepefaeTca He TONbKO CUCTEMAaTU3MPOBAHHbIN
TeopeTn4ecKknin matepunar, HoO U NOCTUraeTcs MeToAMKa Hay4yHOro UCCregoBaHUA U yMeHne
CaMOCTOATENbHO paboTaTb, aHanM3npoBaTb PasfnMYHOro poaa ABMeHUs.

3anucbiBaTb Ha NekumMm Heob6XxoaAMMO rnaBHoOE, HE CTPeMSACh 3adoMKCMpoBaTh BCE CNOBO
B cnoBo. BbibpaTh e rmaBHoe 6e3 NoHnMaHus npeameTa HeBO3MOXHO. Hannune cobcTBeH-
HOro KOHCMEeKTa NeKunin No3BOMSIET eLe pa3 03HaKOMUTbLCA, NPpoAyMaThb, pa3obpaTbesi B HO-
BOM MaTepuarne, Tak kak He4OCTaTOYHO XOPOLLO MOHATbIE BO BPEMS NEKLUN MOMNOXEHUS MO-
ryT O6biTb BOCCTAHOBIIEHbI B NAMSITK, CONOCTaBMEHbI C APYrMMU, OAYMaHbI, LONOSTHEHBbI, YSiC-
HEeHbl U paclIMpeHbl C MOMOLLbIO y4ebHOoM nuTepaTypbl. 3annucu ABNSTCA Nocobusamu ans
NOBTOPEHUS, Aal0T BO3MOXHOCTb OXBATUTb COAEPXKaHME NEKLMM U BCEro Kypca B LLeSfIoM.

Mpu 3aTOM XOpOLIO OBMNaAeTb CoAepPKaHNEM NEKLMM — ITO:

- 3HaTb TEMY;

- MOHMMAaTb 3Ha4YeHWE N BaXXHOCTb ee B JaHHOM KypCe;

- YEeTKO NpeacTaBNATb NMaH;

- YMETb BblAEeNNTb OCHOBHOE, MMaBHOE;

- YCBOUTb 3HA4YeHne NPMMEPOB 1 UNNOCTPaLMN;

- CBA3aTb BHOBb NOJSTyYEHHbIE CBEAEHMSA O NpeaMeTe N SBNEHNN C yXXe UMELLMMACS;

- NpeAcTaBNATb BO3MOXHOCTb U HEOHXOAMMOCTb MPUMEHEHMWSI NOJTYYEHHbIX CBEAEHUN.

CyLecTByeT HECKONbKO 06LLMX NpaBmn paboTbl HAa NEKUNN:

- NIeKUUN No KaxkaoMy npeameTy 3anucbiBaTbh yaobHee B OTAENbHbIX TETpaasix, OCTaB-
NS5 WMPOKME nonst Anst NOMEeTOK;

- K NpOCnyLUMBAHMIO NEKUNA crefyeT roToBUTbCS, YTO NO3BOMUT B Mpouecce nekumm
OTAENUTb FMaBHOE OT BTOPOCTENEHHOrO;

- nekuun HeobxoanMMo 3anmcbiBaTb C CaMOro Havana, Tak Kak OHO 4acTo OblBaeT Knto-
4YOM KO BCEWN TEME;

- TaK Kak AOCIOBHO 3anvcaTtb NEeKLMI0 HEBO3MOXHO, TO HEO6X04MMO B KOHCMNEKTE OTpa-
XaTtb: opMynbl, oNpeaeneHns, CXembl, TPyaHble MecTa, MbICIN, NPUMepPBbI, pakTbl U Noso-
XXEHWS1 OT KOTOPbIX 3aBUCUT NOHUMaHMWE rMaBHOro, HOBOE Y HE3HAKOMOE, HEOMYBIMKOBaHHbIE
AaHHble, MaTtepuan OTCYyTCTBYHOLMNA B y4eOHMKaX 1 T.M.;

- 3anucbiBaTb HAO CXaTo;

- BO BPEMS NEKUMMN BaXKHO HEMPEPBLIBHO COXPaHATbL pabo4vyto YCTaHOBKY, YMCTBEHHYHO
aKTUBHOCTb.

CamocTosTenbHas pabota CTygeHTOB Hapsigy C ayauTOPHOW npeactaBnsieT OaHy M3
dopm y4ebHOro npouecca u sABMASETCA CyLWeCcTBEHHON ee vacTbio. CamocTtodaTenbHasa pa-
6oTa npeaHasHauyeHa Ansa GopMMPOBaAHUSA HAaBbIKOB CaMOCTOSATENbHON paboTbl Kak BoobLLE,
Tak n B ydebHoOn, Hay4yHon aedatenbHocTu. OHa obecnednBaeT OpMUPOBaAHME U pasBUTUE
CnocoBHOCTN NpuHMMaThL Ha cebs OTBETCTBEHHOCTb, CAMOCTOATENBHO pelwaTb Npobnemy,
Haxo4MTb KOHCTPYKTMBHbIE pPELLEHUNS, BbIXO N3 KPU3UCHOW CUTyauun u T.4.

CamocTtosTenbHasa pabota opMmMpyeT CaMOCTOATENbHOCTb HE TOMbKO Kak COBOKYM-
HOCTb YMEHUIA N HaBbIKOB, HO WU KaK YepTy XapakTepa, UrpatoLLyto CyLIEeCTBEHHYIO POfb B
CTPYKTYpP€E NMUYHOCTU COBPEMEHHOrO cneunanucta Bbicwen kBanudukaumn. OHa BOCNUTbI-
BaeT CaMOCTOATENbHOCTb Kak YepTy Xxapakrtepa. Hukakve 3HaHuA, NonyYyeHHble Ha YpOBHE



NMacCMBHOIO BOCMPUATUA, HE CTaBlUMe OObEKTOM COBCTBEHHON YMCTBEHHOW UMW MpaKTU4ye-
CKOWN paboTbl, HE MOTYT CYMTATbLCS NOAMMHHLIM AOCTOAHMEM YeroBeka.

[aBasi BO3MOXHOCTb paclUMpATb U oborawatb 3HaHUA, YMEHUS No NHAUBUAYASTbHBIM
HanpaBneHusIM, caMocTosiTenbHasa paboTa CTygeHTa no3BonsieT co3fartb Pa3HOCTOPOHHMX
cneumanucToB. B npouecce camoctosiTenbHOn paboThbl pas3BmBatoT TBOPYECKME BO3MOXHO-
CcTu obyvatoLLerocs, Nnpu 3TOM camocTosTenbHas paboTa 3aBepllaeT 3a4ayn BcexX BUMOOB
y4yebHon paboThbl.

CamocToaTenbHas pabota - 310 nnaHupyemasi pabota CTy4eHTOB, BbINONHAeMasi no
3aZlaHuIio U Npy MeToaNYECKOM PYKOBOACTBE npenogasartens, HO 6e3 ero HenocpeacTBeH-
Horo yyacTus. [penogasartenb, BeQyLMi 3aHATUS, OpraHM3yeT, HanpaBnseT cCamoCcToATeNb-
Hyto paboTy CTyAeHTOB M OKa3blBaeT MM Heobxoaumyto nomoulb. OgHaKo camMOCTOATENb-
HOCTb CTYAEHTOB A0JPKHA NpeBbIWAaTh 06beM paboTbl, KOHTPONMPYEMOWN NpenofaBaTeniem
paboTbl, U UMETb B CBOEN OCHOBE NMHAMBUAYAlbHYIO MOTMBaUUIO 0By4YatoLLerocs no nonyye-
HWUIO 3HAHWU, HEOBXOAMMBIX U AOCTaTOYHbIX AN 6yayuen npodeccmoHanbHON AeaTenbHO-
cTn B u3bpaHHon ccepe. MNpenogasatenb Npy HEOOXOAMMOCTM MOXET OKa3sblBaTb coaen-
CTBME B BblpaboTKe M KOppeKLuMM AaHHOWN MOTUBAaLMU, fexallen B OCHOBE NOCTPOEHUs ca-
MOCTOSATENTbHOW AeATENIbHOCTU CTyAEeHTa MO U3y4eHUo AUCLUNMANHBI, NONyYeHno Heobxoam-
MbIX 3HAHUN N HABbLIKOB.

OcHOBOWM caMoCTOATENbHOM paboTbl CRYXUT Hay4YHO-TEOPETUYECKUIA KYpPC, KOMMIEKC
NOJSTyYEHHbIX CTYAEeHTOM 3HaHUN. OCHOBHOWN, HaMbonee SKOHOMUYHON POPMON MONYYEHUS U
YCBOEHUS MHpopMauun, TeopeTU4ecKkUxX 3HaHUN B By3e SBNSETCHA NeKuMs, No3BonsioLas
BOCMPUHSATb 3HAYUTENbHYK CYMMY OCHOBHbIX 3HAHW U MOTOMY CMOCOOCTBYOLLASA NOBbLILLE-
HWIO NPOAYKTUBHOCTM BCEX ApYyrmx oopm y4ebHoro Tpyaa.

Pesynbtat oby4yeHna un camocTtoaTesribHOW paboTbl CTyAeHTa npegnonaraeT Hanuvme
crneayroLmnx COCTaBnASOWMNX: NOHUMaHNE MeTOA0ST0MMYECKNX OCHOB NOCTPOEHNSA U3yYaeMblX
3HaHWUN; BblAeneHne rmaBHbIX CTPYKTYp ydebHOro Kypca; hopmmnpoBaHme CpeacTB Bblipaxe-
HUS B JaHHOW 06nacTu; NOCTPOeHNe METOAMK peLLeHns 3agad u opueHTauumn B npobrnemax
(cutyauusax).

CamocToaTenbHas paboTta cTtyaeHTa npu nsyvyeHumn kypca « MUKpPOKOHTpOMnepbl B Cu-
cTeMax ynpaBrieHus» BKNoYaeT B cebsi: NOAroTOBKY M y4acTue B U3YyYEeHUN TEOPETUYECKOMN
YyacTu Kypca, NoAroToBKy K flabopaTopHbIM paboTtam, NOArOTOBKY K 3a4eTy.

CamocToaTenbHas paboTa cTyaeHTa Npu U3y4eHun ancumnimHbl « MUKPOKOHTpONNeps.!
B CMCTEeMax ynpaBneHusi» BKNoYaeT B cebsi:

N3y4YeHne TeopeTnYeCcKomn YacTu Kypca - 48 yacos;
nogrotoBka K ylabopaTopHbIM 3aHATUSM - 12 yacos;
NoAroToBKa K 3a4eTy - 24 yaca;

UToro - 84 yaca.

15. NMepeyeHb OCHOBHOM U AONOSIHUTENBLHOM NUTEpPaTypbl, pecypcoB UHTepHeT, He-
o6xo0ANMbIX ANs OCBOEHUA AUCLUMUNIUHbBI:

a) OCHOBHas nuTepartypa:

Ne n/n MCTOYHMK
Bacunbes A.E. MukpokoHTponnepsbl. PazpaboTka BCTpavBaeMbIX NPUIOXeHUN : [ydebHoe
nocobue ana cryg. sy3os] / A.E. Bacunbes .— CI16 : BXB-MeTepbypr, 2008 .— 298 c.

6) gononHUTENbHasA nUTepartypa:

| Ne n/n | MCTOYHMK




2 3binb C. H. OnepauunoHHas cuctema pearnbHoro Bpemenn QNX : oT Teopum K npakTuke /
C.H. 3binb.— 2-e n3g. — CI16. : BXB-MeTtepbypr, 2004 .— 191 c.

3 OnepaumnoHHas cuctema peansHoro BpemeHn QNX Neutrino 6.3. CuctemHasi apxutekTypa
: nep. ¢ aHrmn. — CI16. : BXB-lMeTepbypr, 2006 .— 316 c.

4 MpebHe B. B. MukpokoHTponnepbl cemenctsa AVR dunpmbl Atmel / B.B.'pebHeB .— M. :
Paagnocodr, 2002 .— 172 c.

5 Hoswukos 0. B. OCHOBbI MMKPONPOLIECCOPHON TEXHUKM : y4ebHoe nocobue / HO. B. HoBu-
koB, 1. K. Ckopo6oraTtoB .— 3-e uag., ucnp. — M. : UIHTepHeT-YHnBepcuteT NHdopm. Tex-
Honorun : buHom. Jlabopatopwusa 3HaHun, 2006 .— 357 c.

6 Benos A.B. KoHCTpynpoBaHme ycTponcTB Ha MukpokoHTponnepax / A.B. benos .— CI16 :

Hayka n TexHuka, 2005 .— 255 c.

B) MHCPOPMaLMOHHbIE 3NEKTPOHHO-00pa3oBaTeNlbHbIE PECYPCHI:

Ne n/n NCTOYHNMK
7 FreeRTOS Documentation <URL: https://www.freertos.org/Documenta-
tion/RTOS book.html| >
8 AO «[MKK MunaHgp», obpasoBaHue, yuebHble matepuanbl <URL: https://edu.milandr.ru/li-

brary/ >

16. YueOHO-MeTOAUYECKOE 0GecnevyeHme ans opraHn3auum caMmoCToATeNnbHON paboThl:

Ne
n/n

NcTouyHunK

1

LLlebaHoB A.H. BBegeHune B nporpammmpoBaHne MUKPOKOHTponnepoB cepun 1986BE9x Ha
6a3e agpa ARM Cortex-M3 : yuebHo-meToan4yeckoe nocobue / A.H. LLlebaHos, E.B. Boratu-
koB, K.3. AHrapura Jlonec. — BopoHex : MsgaTtenbckun gom BI'Y, 2019.

MporpammupoBaHme mukpokoHTponnepos K1986BE92QI B cpene Eclipse: yyebHo-meToam-
yeckoe nocobue / M.IN. Panonos. — BopoHex : N3gaTenbckui gom BI'Y, 2018.

MporpammmpoBaHue MUKPOKOHTPOSMIEPOB : NpakTukym Ans By3os. Y. 1/ A.lN. TpudoHoB [
ap.]. — BopoHex : UspaTtenbcko-nonurpaduyeckuin LeHTp BopoHeXcKoro rocynapCTtBeHHOro
yHuBepcuteta, 2013,

MpoekTnpoBaHue aNekTpoHHbIXx cxem B nakete CAMNP MULTISIM 10.1 : yyebHOoe nocobue
ansa sysos / B.W. Kntokuh, HO.K. Hukonaexkos , C.A. BbicTpuukun .— Boponex : UL BIY,
2012 .—43c.

17. UHbopMaLMOHHbIE TEXHONOIMU, UCNONb3yeMble ANnA peann3aumm y4ebHoOro npo-
Lecca no AUCLMUNInHe:

Ne n/n MCTOYHMK
1 http://www.lib.vsu.ru — 3HB BI'Y
2 https://edu.vsu.ru — O6pasoBaTenbHbI NopTan "OnekTPOHHbIN yHMBepcuTeT BITY"
3 PepepanbHbin noptan «Poccuiickoe obpasoBaHuey http://www.edu.ru

18. MaTepMa.ﬂbHO-TeXHM‘-IeCKOG obecneyeHne QUCLUNIIUHI:

JIEKUMOHHbIE 3aHATUA NPOBOAATCH B MyNbTUMeANNHOM kabuHeTte kadegpbl OrMNuM3,
OCHALLEHHbIM CTauUOHAPHBIM MyINbTUMEOMINHbIM NpoekTopom AcerX125H — 1 wr., HoyTOyK
emachines €510 — 1 WwT., 3KpaH, C NNLUEH3NOHHBLIM NporpaMmMHbiM obecnedeHmnem Microsoft
Windows 7, Windows 10 gorosop 3010-15/207-19 ot 30.04.2019; MO Kaspersky Endpoint
Security, gorosop 3010-07/04-20 ot 27.01.2020.



https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=7178&TERM=%D0%A8%D0%B5%D0%B1%D0%B0%D0%BD%D0%BE%D0%B2,%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/
https://edu.vsu.ru/
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[ns npoBeneHnsa nabopaTopHbIX paboT HEOOXOANUM KOMMbLIOTEPHBLIN KNacc C NULEH-
3MOHHbIM MPOrpaMmMHbIM obecnedeHnem - nabopaTopus BbIYUCIIUTENbHBIX CUCTEM U MaTe-
MaTM4YEeCKOro MOAENUPOBaHUS, OCHaLLeHHasa cepBepom Ha 6ase 2-x npoueccopoB Xeon E5-
2620 v3. — 1 wr., komnbtoTepbl HP ProDesk 400 G6 SFF — 9 wT., komnbtoTepsbl Pentium Dual
Core - 2 WT. , NOAKMNIOYEHHbIE K ceTn NHTepHeT ¢ obecnevyeHnem OOCTyna K 3fIEKTPOHHOM
nHpopmaumnoHHo-obpasoBaTensHon cpeae BIY n ¢ nMueH3MoHHbIM NnporpamMHbiM obecne-
yeHueMm: Microsoft Windows 7, Windows 10 gorosop 3010-15/207-19 ot 30.04.2019; npo-
rpaMmmHbIn komnneke ana IBM — MathWorks Total Academic Headcoun, YHuBepcuteTckas
nunueHsus, gorosop 3010-07/01-19 ot 09.01.19; MO Kaspersky Endpoint Security, norosop
3010-07/04-20 ot 27.01.2020.

AyouTtopusa ons camocTosTernbHOW paboTbl CTYAEHTOB OCHalleHa cepBepoM Ha 6ase
2-x npoueccopos Xeon E5-2620 v3. — 1 wrt., komnbtoTepbl HP ProDesk 400 G6 SFF — 9 wr.,
komnbtoTepbl Pentium Dual Core - 2 WT. , nogkntoYeHHble K ceTn MHTepHeT ¢ obecnedeHnem
AOCTyNa K 3NeKTPOHHOM MHGOpMaUMOHHO-06pa3oBaTenbHon cpeae BIY n nMUeH3MOHHbIM
nporpaMmmHbIM obecneveHmnem: Microsoft Windows 7, Windows 10, gorosop 3010-15/207-19
ot 30.04.2019; INO Kaspersky Endpoint Security, gorosop 3010-07/04-20 ot 27.01.2020.

Peanusauusa agncumnivHel ¢ NpUMEHEHUEM 3NEKTPOHHOIO 0BydeHnss 1 ANCTaHUNOH-
HbIX OOpasoBaTeNbHbIX TEXHOMOrMM OCYLLECTBNAETCA 4Yepe3 obpasoBaTenbHbI nopTan
"ONEeKTPOHHLIN YHMBepcuTeT BIY".

19. OueHo4HbIe cpeacTBa ANA NpoBeAeHUs TEKYLLEN U MPOMEXYTOYHOWN aTTecTauum

MopsifoK OLEHKN OCBOEHMS 0byyatoLwmMMmncst ydebHoro MaTepuana onpeaensieTcs co-
AepXXaHueM criefyrLmMx pa3aenos AUCUMNIHDI:

Ne HavumeHoBaHwue Komne- | VIHAMKATOPbI OueHOoYHble
OOCTUXEHNS
n/n pasgena gucumniuHbl TeHuuna KOMAETEHLIAM cpencTBea
1 | BBegeHue B apxuTekTypy MUKPOKOHTpOM- | [K-1 MK-1.4 MepeyeHb BONpocoB
nepos cemerictea ARM Cortex M3
2 MporpammHble cpeabl Ans padoTbl C MUK- MK-1 NnK-1.3 OT4eT 0 BbINONMHEHUU
POKOHTpoONnnepamm nabopaTtopHou pa-
00Tbl Nel
3 lMporpammMmpoBaHne MUKPOKOHTpOJSe- MK-1 MK-1.4 OT4eT 0 BbINONMHEHUU
poe ARM cpegctBamm  GuMbnmoTek nabopaTtopHou pa-
CMSIS n SPL 60Tbl Ne2,3,4
4 | BBegeHue B onepaunoHHbIe CUCTEMBI pe- | [K-1 MK-1.4 MepeyeHb BONPOCOB
anbHOro BPEMEHM
5 | NporpaMmmupoBaHne MUKPOKOHTposmsie- | [K-1 MK-1.4 OTyYeT 0 BbINOMHEHUN
poB ARM cpeacteamu FreeRTOS nabopaTopHom pa-
60Tkl N25,6
MpomexyToyHas aTTecTaums: doopmMa KOHTponsa — 3ayeT Bonpochl k 3a4eTty

20 TunoBble OLEHOYHbIE CpeAcTBa U MeToan4YecKue maTepuansl, onpeaensiowue npo-
LeAaypbl oLeHNBaHUA

20.1 TeKywWMN KOHTPOSNb yCNeBaeMoCcTH

TeKylWnn KOHTPOSb YyCNeBaemMocTM MO AUCLUMMIIMHE OCYLLECTBNAETCA C MOMOLLbH
OLEHKN OTYETOB O BbINONIHEHNN NabopaTopHbIX paborT.
MepeyeHb nabopaTopHbIX paboT



JlabopaTopHasa pabota Ne1. HacTtpoiika cpeabl nporpaMmMmmMpoBaHus

JTabopaTtopHas pabota Ne2. KoHdurypmnposaHue nopToB BBOAA-BbIBOAA cpeactBammn CMSIS
JTabopaTopHas pabota Ne3. KoHdurypmnposaHue paboThl Tamepa cpeactsamm CMSIS
JTabopaTtopHas pab6ota Ne4. Mcnonb3oBaHune 6Gubnmnotekn SPL npu paGoTe ¢ noprtamm
BBOAA-BbIBOAA

JTaBopatopHasa paboTta Ne5. Ucnonb3oBaHne FreeRTOS ans napannenbHOro ynpasneHus
HeCcKonbKUMK NopTamMu BBOL4A-BbIBOAA

JTabopaTopHas paboTta Ne 6. YnpaeneHnue AL mukpokoHTponnepa cpeactesamm FreeRTOS

MpuMepHLIN NepeyYeHb BONPOCOB Al TEKYLIEro KOHTPOSSA ycrneBaemMocTu

1. Mepeuncnute  peructpbl, OTBevawwmne 3a  KoHGurypupoBaHne GPIO B
MWKPOKOHTponniepax cepun 1986BEIX.

2. B yem 3akntovaetcs otTnnune mexay pexumamm pabotel GPIO push-pull n open-drain?
3. Kakon pexum paboTbl umMdpoBOro BbIXo4a NO3BOSISIET COrfacoBaTth fIOMMYECKNE YPOBHMU
UMGPOBLIX YCTPOMUCTB 1 Kaknm obpasom (n3obpasute cxemy NOAKNIYEeHUs)?

4. Kakon pexum paboTtbl unMgpoBoro Bbixoga He gonyckaeT paboThl HA 0OLLYyt0 HarpysKy U
noyemy?

5. WN306pasunte nepegaTtoyHyo XapakTepucTuky Tpurrepa Wmutra.

6. [Ons «kakux uenen wucnonb3ytwTca Tpurrepbl LWmntta B umdpoBbIX  BXogax
MUKPOKOHTPOSINEPOB?

7. WN306pasute cxemy annapaTHOro nogasneHnsa apebesra KOHTaKTOB.

8. Kakoe HasHayeHue nmeet napameTp MDR_PORTx->PWR?

9. UYro Takoe «JTAG»?

10. nsa 4yero npounssoguTcs Bbibop onuun Device-Startup B okHe Bbibopa AONONHUTENBHbIX
komnoHeHToB Keil uVision?

11. B yem 3aknoyaeTca NpenmyLLecTBO MCMOMb30BaHNS BHELUHEr0 UCTOYHMKA TaKTOBbIX
MMNYNbCOB Nepepn BHyTPEeHHUM RC-reHepaTopom?

12. Kakas nHgopmauma xpaHntcsa B HEX-canne?

13. Kakum o6pas3om BKIOYaeTCa TaKTUpOBaHWE MnopTa B MUKPOKOHTpOSiepax cepuu
1986BE9x?

14. B kakoM 3aronoBo4YHOM hanne CoOLepPXKUTCSA onmcaHmne CTPYKTYpbl U aapecoB perMctpos
MUKPOKOHTponnepa cepun 1986BEIX?

15. Kak npn nomowym nobmntoBbIX onepawui MHBEPTMPOBATh 3Ha4YeHne Tpebyemoro 6uta?
16. Kak npv nomoLim nobuToBbLIX Onepauumn yCTaHOBUTbL B «1» 3Ha4YeHne Tpebyemoro 6uta?
17. Kak npv nomoLum nobumToBbIX onepaunn copocutb B «0» 3HadYeHne Tpebyemoro 6uta?
18. Kakue pernctpbl MCNONb3YyHTCA N5 paboTbl C CUCTEMHBIM TaimepoM SysTick?

19. Kakas nHpopmaums cogepxutcsa B ganne MDR32F9Qx_port.h?

20. Kakon API-goyHKumen FreeRTOS 3anyckaeTtcs 3agaya?

B yem 3akntovaeTca aheKT HBEPCUM NPUOPUTETOB NPU UCMONb30BAHUU MbIOTEKCOB?

20.2 NMpomexyToyHasa aTrecTauus
lMpomexyToyHas aTtTectaumst No gucumnnmHe — 3ayem. OueHka 3a OCBOEHUEe OUCUUNIIVHDI
onpegenseTca BeayLwmmMm QUCUUNIIMHY npenofasaTeneM Kak SKCrepToM.

lNMepeyeHb BONPOCOB K 3a4eTy

1. O6was opraHnsaumnsa NnaMmsaTM MUKPOKOHTponnepos cepun 1986BEIX.
2.  KoHdgwurypupoBaHue noptos BBOAA-BbIBOAA MUKPOKOHTponepos cepun 1986BEOX.
3. ®dopmMmupoBaHue TakTOBOW YaCcTOTbl B MUKPOKOHTponnepax cepumn 1986BE9x.
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4. KoHgurypupoBaHue cucteMHoro Tanmepa SysTick B MUKPOKOHTpoOnepax cepum
1986BE9X.

5. CTpyKkTypHas cxema u KoHgurypmpoBaHue KoHTponnepa AL B MUKpOKOHTponnepax

cepumn 1986BE9Ix.

[MporpammHble cpeacTBa Asis NporpaMMmnMpoBaHns MUKPOKOHTPOMNEPOB

Bubnunoteka CMSIS: HasHayeHune n cocTas.

Bubnunoteka SPL: HasHayeHune n cocTas.

Bubnunoteka HAL: HasHa4YeHne n cocTas.

10. TloHsaTMe 3agayvn B onepaunoHHbIX CUCTEMAX peasribHOro BpEMEHW.

11. Tlepepayva faHHbIX MexXAy 3ajavamu C UCMOMb30BaHMEM oYepenent.

12. Cemadhopbl: Ha3Ha4yeHne, BUAbI, NPUMeEpPbl MPUMEHEHUS.

13. MexaH13M B3aMMHOIo UCKITOYEHNS Npu AOCTyne K obLwmm pecypcam.

14. WHBepcusa NpuopuTeToB U B3auMHas 6r1O0KMpOBKa Npu MCNONb30BaHUN MbEOTEKCOB.

15. Wcnonb3oBaHue 3agad-CTopoXen Ans peannsaumm MexaHnama B3aunMHOro UCKIo4ve-
HUS.

16. PaboTta c npepblBaHUSAMN B ONepaunOHHbIX CUCTEMAaX pearibHOro BpEMEHM.

[na Tekywero KOHTPONS ycrneBaeMoCTy UCMNONb3yeTCHa YCTHbIM ONpoC, OTYETbl O XoAe
BbINOSTHEHUSA NPAKTUYECKNX paboT.

Kaxxgomy obydatolemycs 3agaroTcs BONpockl N0 BCeEM pa3genam crneukypca.

OueHka ocBOeHUS KoMneTeHUM oby4varoLLmMMmncsa BO BpeEMS MPOXOXAEHNSA cneukypca
OCYyLLECTBNAETCS NOo CneayoLwmnM KpUTepusam:

- YPOBEHb NpodeCCUoHanbHON NOAroTOBKMY;

- OTBETbI HA KOHTPOJSIbHbIE BOMPOCHI.

YpoBeHb npodeccrnoHannama (npodeccnoHarnbHble 3HaHUS, YMEHNS, HAaBbIKN U KOM-
neTeHuumn) oLeHMBaeTCA No crneayowmm nokasaTensm:

- YMeHne hopmMynupoBaThb Lenn uccnegoBaHuu;

- ajekBaTHoOe npumMeHeHue (PU3nKo-mMmaTeMaTMYeCcKoro annaparta ans peweHus no-
CTaBlIEHHbIX 3a4ay;

- agekBaTHas pedriekCns BbIMOMHAEMON Hay4YHO-MPaKTUYECKON OeATENbHOCTN.

Ha ocHOBaHUK BbINONHEHUA 0By4atowMMcsa nporpaMmbl CreLKypca n ¢ y4eToM Kpu-
TEpUEB OLEHKN UTOrOB OCBOEHUS CMELIKYpCa BbICTaBMSAETCS: «3a4YmMeHO»/«He 3a4meHo».

Kputepun oueHkn paboTbl 06yyaroLUXCH, KOTOPblE COOTHOCATCS C YPOBHAMU CAOpP-
MWUPOBAHHOCTU KOMMETEHLNN:

- OLEHKa «3a4meHo» BbICTaBnseTCs Mpu MOSIHOM COOTBETCTBMU paboTbl oby4ato-
LMXCA BCEM BbllLeyKa3aHHbIM MokKasaTensiM: KoMneTeHuMn cqopMmUpoBaHbl MOMHOCTLIO,
NPOSIBRAIOTCA N UCNOMb3YOTCA CUCTEMATUYECKM M B NOSTHOM 06bEMe. [laHHbIN ypoBEHb 064-
3aTeneH ansa scex ocsamarowmx OOTT;

- OLleHKa «HEe 3a4YmeHO» BbICTaBNAETCA B Cllydae HECOOTBETCTBMSA paboTbl 0by4atoLerocs
BCEM TpebyembIM nokasaTensam, HeopraHn3oBaHHOCTU, 6€30TBETCTBEHHOCTU N HU3KOIO Ka-
YyecTBa paboTbl NP BbINOSTHEHUWN 3a4aHUIN, NPESYCMOTPEHHbBIX MPOrpaMmMon cneukypca.



