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1. HEJIN 1 3AJTJAYU OCBOEHUA JTUCITUITJIMHBI (MOAYJIA, IPAKTHKH).

B THUIT IMTPAKTUKW. CIT b 1 ®OPMA (®OPMbI EE ITPOBEJTEHUSA
Ilenpto M3ydeHNS TUCIUINIMHEI SBISCTCS (POPMHUPOBAHUE PEICTABICHIS O IPUHITUIIAX TOCTPOCHUS COBPEMEHHBIX
POOOTOTEXHUUECKHUX CHCTEM Ha 6a3e mepefadr COOOIIEHUH MexX Iy IPOIIECCAMHU U BBIYUCIHTENBHBIMHU YCTPOICTBAMH.

3anaq1/1 N3Yy4YCHUA JUCHUTIIINHBI:

- H3y4eHHEe COBPEMEHHBIX ITOJIX0/I0B K OpraHU3anni 00paboTKN TaHHBIX, TIOJTy9aeMbIX OT Pa3HBIX HHTEp(hEHcoB
MHKPOKOHTPOJLIEPA, pa3AeaeHus JOCTyIa K OOIIIM pecypcaM, CHHXPOHU3ALUH BEIYUCIUTEIBHBIX IIOTOKOB C
UCIIONB30BAHUEM CPEJICTB OIEPALIMOHHBIX CUCTEM PEaIbHOIO BPEMEHH;

- U3y4eHHe CIIOCO00B 0OOMEHA JaHHBIMHU MEX]y YACTSIMU POOOTOTEXHUYECKON CH-CTEMBI ITyTeM IEePECHUIKHA COOOIIeHuH, a
TaKKe COBPEMEHHBIX (PPEIIMBOPKOB, CIyXaIIUX ISl OOBEIMHEHUS PA3INYHBIX MUKPOIIPOLIECCOPHBIX YCTPOICTB B
POOOTOTEXHUUECKYIO CHCTEMY.

B PEIYIBTATC U3YUCHHUA JUCHUIIIIMHBI CTYACHT AOJIKCH!

- 3HATh [IPHUHIUIIBI paspa60TKH porpaMMHOTO obecrieyeHus JJIA BCTpanBacMbIX CUCTEM Ha Oase OIHOKPHUCTAJIBHBIX
MUKPOKOHTPOJIJIEPOB C TPUMCHCHUEM (1)yHKHI/IOHaJIBHOCTI/I OINCPAMMOHHBIX CUCTEM PCAJIBHOTO BPEMEHU, 3HATH IPUHITUIIBI
obmeHa JaHHBIMHA B MOACJIN «MU3aTCJIb-IIOANMUCYUK)» BHYTPHU p060TOTeXHH‘IeCKOﬁ CHUCTCMBI, conepn{ameﬁ PasHOPOAHBIC
IIporpaMMHpPyYEMBIC MOIYJIH, a TAKIKE MCKAY yCTpOﬁCTBaMH-KOMHOHCHTaMH I/IHTepHeTa Bemeﬁ C UCIIOJIB30BAHUEM CBA3H
110 IMMPOBOAHBIM H 6€CHpOB0)IHBIM KaHaliaM;

- YMCTb CO3JaBaTh IIPOTrpaMMHOC obecrnieueHue JJIs1 MUKPOKOHTPOJIJIEPOB, UCIIOJIb3Ys (l)yHKL[I/IOHaJ'ILHOCTL OnepaHHOHHOﬁ
CHUCTEMbI PpCAJIBHOT'O BpEMCHU JI1 obecrieueHus CHUHXPOHHU3aHuU MCKAY IIOTOKAMH, (I)OpMI/IPOBaHI/ISI BpCMeHHOﬁ 68.3])1,
pasrpaHNnvICHUA JOCTYIa OAHOBPEMCHHO BBIITOJIHAIOMINXCS ITOTOKOB K pECypcaM;

- BIIaJIeTh HAaBBIKAMU ITPOEKTHPOBAHUS IPOTPAMMHOTO 00ECTICeYEeHHS ISl BCTPAUBAEMBIX CHCTEM, HCIOIB3yeMBIX B
cocTaBe poOOTOTEXHUYECKUX IIaTGOPM U B KOMITIOHEHTax MIHTepHeTa BeleH, ¢ yaeToM OCOOCHHOCTEH anmapaTHOH
peanu3anyy TakuX CUCTEM.

2. MECTO JUCIIMITIJINHBI MO AYJIA, IPAKTHKH) B CTPYKTYPE OBPA3OBATEJIbHOU ITPOI'PAMMABbI

Hukn (paznen) OIT: | b1.B.JIB.02

2.1 | TpeGoBaHus K NpeABaPUTEILHOIl IOATOTOBKE 00y4al0IIerocs:

2.1.1 | MexnucuuniauHapHbIi KypcOBOH IIPOEKT

2.1.2 | Mukponpo1eccopHble CHCTEMbI

2.2 | AucuunianHbl (MOAY/ M) U NPAKTHKH, 1JIs1 KOTOPBIX OCBOEHHE JAHHOM JINCIHUIIUHBI (MOAYJIfA) HEOOXOTUMO KAK
npeiIecTBYIOIIee:

2.2.1 | BeIloHEHNE | 3alMTa BHIMYCKHON KBATM(MUKAIIMOHHON PabOThI

222 praBJ’IeHI/Ie QJICKTPOMEXAaHUYCCKUMHU U MEXAaTPOHHBIMU CUCTEMaMHU, CCHCOPUKaA

3. KOMIIETEHIIMH OB YYAIOIIETOCS1, ®OPMHUPYEMBIE B PE3YJILTATE OCBOEHUSI TUCIUILIMHBI
(MOJYJIsl, HIPAKTUKH)

OIIK-6: CnocodeH pa3padaTbiBaTh KOMIIOHEHThI IPOrPAMMHO-AaNNIAPATHBLIX KOMILIEKCOB 00padoTKH HH(pOpMaLuu U
aBTOMATH3HPOBAHHOIO NPOEKTHPOBAHNS;

OIIK-6.1: 3uamo: annapammuvie cpedcmaa u RAAM@popmvl UHGpPacmpyKkmypvl UHGOPMAYUOHHBIX MEXHOI02UT, 8UObL, HA3HAYEHUE,
apxumexmypy, Memoovl paspabomKy u AOMUHUCTIPUPOBAHUSL NPOSPAMMHO-ANNAPAMHBIX KOMNIEKCO8 00beKma npogheccuoHanbHol
oeamenbHOCmu.

PesynbraTs! 00ydeHus:

OIIK-6.2: Yuemuv: ananuzupogams mexuuueckoe 3a0anue, paspadoamuliéams u ONMUMUUPOBAmMs NPOSPAMMHbBILL KOO O/ peuleHus
3a0ay 06pabomKu UHGOPMAYUU U ABMOMAMUSUPOBAHHO20 NPOEKMUPOBAHUSL.

Pesynbrathl 00y4eHus:

OIIK-6.3: Bradembv: HagbiKamMu cOCMABNIeHUs MEeXHUUeCKol OOKYMEHMayuy no ucnoIb3068aHUI0 U HACMPOUKe KOMNOHEHMO8
nPOSPAMMHO-ANNAPAMHO20 KOMNJLEKCA.

PesyneraTel 00ydeHHs:

OIIK-7: Crioco0eH aganTupoBaTh 3apyde:KHbIe KOMILJIEKCHI 00padoTku MHGOPMALMY U ABTOMATU3UPOBAHHOTO
NPOCKTUPOBAHMSA K HYKaM 0Te4eCTBEHHbIX NPeINPHUATHIA;

OIIK-7.1: 3nams: ¢ynkyuonanvhvie mpebo8anus K NPUKIAOHOMY NPOZPAMMHOMY obecneyenulo 0ia peuenus akmyalbHulX 3a0a4
npeonpuAmull Ompaciu, HayuoHaIbHble CIMAaHOapmsl 06pabomKyU UHGOPMAYUYU U ABMOMAMUSUPOBAHHO20 NPOEKMUPOBAHU.

Pesynbrathl 00ydeHus:

OIIK-7.2: Ymemu: npusooums 3apybedichvie KOMNIEKCbl 00pabomxu unpopmayuy 6 COomseemcmaue ¢ HayuoHaIbHbIMU
cmanoapmami, UHMeZpuposams ¢ OMpaciegbiMu UHGHOPMAYUOHHBIMU CUCHIEMAMU.

PesyneraTel 00ydeHHs:

OIIK-7.3: Bradembo naguikamu: HACMpoUuKy unmepgeica, paspabomku nojib308ameibCKux wabionos, nooKuoweHus Oubiuomex,
0obasnenus HO8bIX BYHKYUIL.

PesynbraTs! 00y4eHus:




IIK-5: AiMMHHCTPHPOBaHHE NPOLECCa MOUCKA M JHATHOCTHKH OIIHOOK CeTeBbIX YCTPOICTB M IIPOrPaMMHOI0 O0ecIedeHHs

IIK-5.1: 3uaem: ocnogHbvle npunyunsl npoyecca noUcka U OUAeHOCMUKU OWUOOK CemegbiX YCmpoucme U nPpoSpamMmHO20
obecneuenusl.

PesyneraTel 00ydeHHS:

1IK-5.2: Ymeem: 6bis1615mb U OUASHOCMUPOBAMb OULUOKU CEeMesbiX YCMPOUCmE U NPOSPAMMHO20 00eCneyeHuUs.

Pesynbrathl 00y4eHus:

1IK-5.3: Bnaoeem Hagvikamu: npuMeHeHUs COBPEMEHHbIX UHCIPYMEHNO8 NOUCKA U OUASHOCTNUKY OUWUOOK Cemegblx YCmpolcme u
NPOSPAMMHO20 0becheyeHusl.

PesyneraTel 00ydeHHS:

IIK-6: UnTerpanus pa3paéoTaHHOr0 CHCTEMHOI0 IPOrPaMMHOI0 odecreyeHnst

IIK-6.1: 3naem: ocroswl npoyecca unmezpayuil, éepugpurayuu u 8aIUOAyUU paspabomanio20 CUCMEMHO20 NPO2PAMMHO20
obecneuenusi.

PesynbraTs! 00ydeHNs:

I1IK-6.2: Ymeem: peaiuzoesvleantb Mexanu3mbl unmezpayuu pa3pa60maHH020 CUCMEMHO20 NPOCPAMMHO20 obecneueHusl.

PesyneraTel 00ydeHws:

IIK-6.3: Bradeem nasvikamu. npuMeHenust COBPEMEHHbIX UHCMPYMEHMOos Henpepvlenol u becuiosnoti unmezpayuu (Continuous
Integration) u paszeepmulieanus npoepammnoco obecnevenus (DevOps).

Pesynbrats! 00ydeHus:

4. CTPYKTYPA U COAEPKAHUE JTUCIUIIJINHBI (MOAYJISA, IIPAKTUKHN)

Koxn HaumeHnoBanue pasesioB H TeM /BUJ 3aHATHS/ Cemectp | Yacos ®opma
3aHATHA / Kype KOHTPOJIA

1 Paznen 1. HABHAYEHUE, OBJIACTHU IPUMEHEHUNS],
OCOBEHHOCTHU OPTAHU3AIIMU OINEPAIIMOHHBIX CUCTEM
PEAJIBHOTI'O BPEMEHU. OCHOBHBIE KOMITIOHEHTBI OCPB
FreeRTOS

00630p cymecrByrouux OCPB, npuMeHUMBIX IS HCMIOJIb30BAHNUS B
cocTaBe MPOrpaMMHOIO0 o0ecredeH s 1Sl OTHOKPHCTATBHBIX
MHKPOKOHTpo.L1epoB. IIpenmymectBa ucnonab3opanust OCPB. Jxocucrema
FreeRTOS nis opranuzanuu padoThl BCTPAaUBaeMbIX CHCTEM Ha 0a3e
MMKPOKOHTPOJLIJIEPOB B COCTABE YCTPOIiCTB-3j1eMeHTOB HTepHeTa Belleii.
Buapl MHOr0o3a1a4HOCTH, IPUHIUNBI pA00THI IVIAHMPOBIIUKA 3aaHUMM.
Mousitue 3axayu (task) B OCPB FreeRTOS. IIpuopureTsl 32124, COCTOSIHMS
3aja4, mepexoabl 3aaa4 Mexay cocrosinusiMu. Opranuszanus kyuu (heap) u
CTeKa, peKOMEHIAINHU K BHIOOPY THIIA OPTAaHU3AIMH KY4H B 3aBHCHMOCTH
OT BHIYUCIUTEIbHBIX BO3MOKHOCTEH MUKPOKOHTPOJLIEPa, TPeOOBaHUIl K
00beMy M CKOPOCTH 00pad0TKHU AAHHBIX.

1.1 HASHAYEHME, OBJIACTU IIPUMEHEHN A, OCOBEHHOCTHU 3 0
OPT'AHM3AIIMU OINIEPAITMOHHBIX CUCTEM PEAJIBHOI'O BPEMEHH.
OCHOBHBIE KOMITOHEHTBI OCPB FreeRTOS /Tema/

1.1.1 HA3SHAYEHME, OBJIACTU IIPUMEHEHN A, OCOBEHHOCTU 3 2
OPTAHU3ALIMU OITEPALIMOHHBIX CUCTEM PEAJIbBHOI'O BPEMEHU.
OCHOBHBIE KOMITOHEHTbBI OCPB FreeRTOS /Tlp/

1.1.2 Cosnanue npoekra B cucreMe Keil uVision miist pa3paboTky mporpaMMHOTO 3 4
obecreueHns: OHOKPHUCTATBHBIX MUKPOKOHTpoiepoB STM32 mox
ynpasiexueM FreeRTOS /J1a6/

1.1.3 IToaroroBka K BBITTOJHEHUIO 3aJJaHHI 110 KOHTPOJIBHOM paboTe, MOArOTOBKA K 3 3
TEKyIeMy KOHTpOIo ycrieBaemocTa /Cp/

2 Pazgen 2. BBAUMOJEUCTBHUE OCPB C IEPUPEPUMHBIMUA
YCTPOMCTBAMM MUKPOKOHTPOJLJIEPOB STM32

Co0biTus 1 npepbiBaHusi. O0BEKTHI ONEPALMOHHOI CHCTEMBI (0Uepen,
ceMad)opbl, MbIOTEKCHI), THITHYHbBIE CIIEHAPHH HX HCI0JIb30BaHHA.
HeatomapHble onepanum yrenne/Moaupukanus/3anucb. MexaHu3Mbl
B32MMHOI0 MCKJIIOYEHHSI: KPUTHYECKUE CeKIINH, MbIOTEKChI, 321a4H-
croposka. ConporpamMmsbl U 3aa4d. BelnoJiHeHHe conporpaMm M ux
npuopuretsl. I[Iporpammubie TaliMepbl. CoOTHeceHHe CHCTEMbI
NPUOPHUTETOB 00PaGOTKH NpepbIBaHNii MUKPOKOHTpO1epa STM32 u
npuopurteroB oocayxuBanus 3aaa4 FreeRTOS. IlpuHuunst padoTs ¢
ouepensimu u cemagopamu FreeRTOS u3 00padoTunkoB npepbiBaHus
MHKPOKOHTpO/LIepoB STM32. CoBMecTHOE HCIIO/Ib30BAHUE BPEMEHHOM
6a3bl FreeRTOS u ynpapienusi 06padoTKoii JaHHBIX IPU NOMOIIH
annapaTHbIX TaiiMepOB-CYCTYHKOB.

2.1 B3AMMOJAENCTBHE OCPB C IIEPUGEPUMHBIMU YCTPOUCTBAMU 3 0
MUKPOKOHTPOJIJIEPOB STM32 /Tema/




2.1.1 B3AMMOJAEVCTBHE OCPB C IIEPUGEPUMHBIMU YCTPOUCTBAMU 3 2
MUKPOKOHTPOJIJIEPOB STM32 /TIp/

2.1.2 YnpasieHne 0OMEHOM JaHHBIMH, CHHXPOHH3aIUEH paboThl 331a4, pas- 3 4
rpaHUYeHUs JJOCTYIa K IepUPEPUITHBIM YCTPOMCTBAM IIPH MTOMOIIHU 00h-EKTOB
FreeRTOS (ouepenu, TBOUYHbIE U cueTHBIE ceMadopbl, MbloTEKCHI) /J1ab/

2.1.3 IMonroToBka K BHIIIOJHEHUIO 33aHUH 1O KOHTPOJIBHOM paboTe, MOArOTOBKA K 3 3
TEKyIIeMy KOHTpOoJIto ycreBaemoctu /Cp/

3 Paznea 3. DPEUMBOPK J1JI51 TIPOT'PAMMMWPOBAHUSA POBOTOB

ROS (Robot Operating System)

Ha3nauyenue, BO3MOKHOCTH, 00;1acTH npuMeHenusi ROS. Odecneuenue
pacnpeneeHHOI padoThl KOMIIOHEHTOB POOOTOTEXHHYECKOH CHCTeMbI HA
ocHoBe ROS. Bazosbie nousituss ROS. Mopesn o0MeHna coo01ieHusIMuU:
CHHXPOHHAsl O/IHOCTOPOHHAA nepegada/npuem coodwmennii (Topic),
CHHXPOHHOE ABYHANIPAaBJIeHHOe B3auMojeiicTBue (Service), aCHHXpOHHOe
JBYHANpaBJieHHOe B3aumojaeicreue (Action). Ilydiukanus coodmenuii.
IIpuem coodmennii. Crangaprel ROS. Ilakersl ROS. AqnMuHucTpHpOBanune

ROS.
3.1 OPEMMBOPK IJIA TIPOTPAMMUPOBAHMA POBOTOB ROS (Robot 3 0

Operating System) /Tema/

3.1.1 OPEMMBOPK IJIAA TIPOTPAMMUPOBAHN A POBOTOB ROS (Robot 3 2
Operating System) /ITp/

3.1.2 OpraHu3anus cucTeMbl 00pabOTKN TEKCTOBBIX COOOIICHUH Ha OCHOBE 3 4
OJTHOKPHUCTAIBHOT'O MUKPOKOHTpoJuIepa noj yrnpasieHueM FreeRTOS /J1a6/

313 IToaroroBka K BBIMTOJHEHUIO 3aJJaHHI 110 KOHTPOJIBHOHN paboTe, MOATrOTOBKA K 3 3

TEKyIeMy KOHTpOIto ycrieBaemocTa /Cp/

4 Paznea 4. IPMMEHEHUE OCPB FreeRTOS B COCTABE
IMPOI'’PAMMHOI'O OBECIIEYEHHUS POBOTOTEXHUYECKHNX
TIJAT®OPM U KOMIIOHEHTOB MHTEPHETA BEIIEA
Opranu3anusi CMCTeMbl YIPaBjieHUs MOOMJIBHBIM POOOTOM Ha OCHOBE
OJHOKPHCTAJILHOI0 MUKPOKOHTpOJL/Iepa:

- ynpasJ/ieHHe NpUBoAaMH (TaliMepbI-cueTYUKU: GOPMUPOBAHHE HINPOTHO-
MOJYJIMPOBAHHOIO CHTHAJIA, CY4UTHIBAHHME JAHHBIX € JHKO/IEPOB);

- cOop nHopManuy ¢ JATYMKOB (CTAHAAPTHBIE NepudepuiiHbIe
unrepdeiicel — UART, 12C, SPI, 1-wire, ananoro-uugposoii
npeodpa3oBarelib);

- B3aUMO/IeiicTBHE € CHCTEMOI KOMNBbIOTEPHOT0 3peHus Ha 0a3e
BCTPAMBAEMOI0 KOMIILIOTEPA, OCHAILICHHOI'0 KaMepoii — HACTPoiika o0MeHa
€OO00IIEHUSIMHU 10 NOCTeJ0BATEIbHOMY KaHAITY, CTAHIAPTH3ALHUS
€o001IeHUIi B COOTBETCTBHH C TPeOOBAHUSIMU ONEPALMOHHON CHCTEMBbI ISl
po6otoB ROS).

IIporoxon MQTT (message queuing telemetry transport) u ero
HCIO0Jb30BaHMe 1/ 00MeHa JAaHHBIMH Me:KAY YCTPOIi-CTBAMHU N0 NPHHLMITY
Msparenn-Iloanucynk mo NpoBOAHBIM H 0€CIPOBOAHBIM CETHM.

4.1 [NPUMEHEHUME OCPB FreeRTOS B COCTABE ITPOITPAMMHOI'O 3 0
OBECHEYEHUA POBOTOTEXHUYECKUX IIJIATOOPM 1
KOMIIOHEHTOB UHTEPHETA BEIIEN /Tema/

4.1.1 MMPUMEHEHMUE OCPB FreeRTOS B COCTABE ITPOTPAMMHOI'O 3 2
OBECHEYEHUA POBOTOTEXHUYECKUX IIJIATOOPM 1
KOMITOHEHTOB MHTEPHETA BEILEU /TIp/

412 Pa3paboTka cucTeMBI KOMaH[ M CTaTyCOB JJISI MHTETPUPOBAHMUS YCTPOIHCTBA, 3 4
YHPaBIIEMOr0 OHOKPUCTAIBHBIM MUKPOKOHTPOJUIEPOM, B COCTaB podoTa,
ucnoje3yromero ROS /J1a6/
413 IToaroToBKa K BBITOJHEHUIO 3aaHUH 1O KOHTPOJIBHOM pabOTe, MOJATOTOBKA K 3 3
TEKyIeMy KOHTpoIo ycrieBaemocTa /Cp/
5 Pazpen S. IlpomexyrouHnas arrecranust
5.1 Ox3amen /Tema/ 3 0
5.1.1 KonrakTHas padota c [TI1C /KoPa/ 3 0.35
512 IonroroBka k sK3aMeHy /OK3aMeH/ 3 35.65

[Mpnmeuanne. ©opmer koHTpOIIS: DK — 3k3aMeH, K- KoHTponbHas paboTa, Ko- koHTponmbHBI ompoc, C3- cemecTpoBoe 3ananue, 3-3adet, OIl-
OTYEeT 0 MPAKTHUKE.

5. ®OHJI OHEHOYHbBIX CPEJACTB

OIlCHOYHBIC CpENCTBAa IUIAHHPYEMBIX pE3YyJIbTaTOB OOy4YeHHsS IpeAcTaBIeHBl B BHAC (OHIOB oueHOYHBIX cpencte (DOC),




pa3pabOTaHHBIX B COOTBETCTBHM C JIOKAJBHBIM HOPMATHBHBIM akToM yHuBepcuTera. POC MoxeT OBITh TpeAcTaBlIeH B
[Tpunoxenuu K paboueit mporpamme.

6. YAEBHO-METOJNYECKOE U UH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJIMHBI (MOAYJIA,
INPAKTHUKH)

6.1. Pexomenayemasi iutreparypa

ABTOpBI, COCTaBUTENIN 3arnaBue WsparenscTBO, oI DNEeKTPOHHBIN ajpec
JI.L1 | Myxa lO.I1., ABnetok | KoHCcmekT nexiuii mo cucteMaM peabHOTo Bonrorpan:
0. A BpeMeHH: yued. mocodue BoarI TV, 1999
JI.2 | Bmxkman M. IIpoexTupoBaHue CUCTEM PEaIbHOIO BPEMEHH M.: Mup, 1977
JI.3 | ®unorenos K. I. ITporpaMMupoBaHHEe U3MEPUTEIBHBIX CUCTEM M.:
peasbHOro BpeMeH! DHeproaToMu3aar,
1990

6.2. Ilepeuenn pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKAUMOHHOI ceTn "UHTepHeT"

31 | Becnanos, /1. A. OnepalioHHBIE CHCTEMBI PEaTBHOTO BPEMEHH W TEXHOJIOTHH Pa3pabOTKH KPOCCINIaThOp-MEHHOTO
mporpamMMHoro obecredeHus. Yacts 1 : yaebHOE mocodue : B 1 gacTsax / . A. becnanmoB. — Po-croB-na-/lony : JODY,
2019 — Yacts | : OnepaninoHHBIE CHCTEMBI PEAIbHOTO BPEMEHU M TEXHOJIOTHH Pa3paboTKH KPOCCIIaTPOPMEHHOTO
nporpammuoro obecrnedenus. Yacts 1 — 2019. — 139 ¢. — ISBN 978-5-9275-3367-1. — TekcT : aneKTpoHHbI# // JIaHb :
ANIEKTPOHHO-0nbOMoTeuHast cucrema. — URL: https://e.lanbook.com/book/141131 (mata obpamenus: 08.10.2021). —
Pexum gocTyna: i aBTOpU3. OJIb30BaTENEH.

32 | becnanos, /. A. OnepalioHHbIE CUCTEMBI PEaTbHOTO BPEMEHU U TEXHOJIOTUH Pa3pabOTKU KPOCCIIaThOP-MEHHOTO
MPOrpaMMHOT0 obecriedeHus : yueoHoe nocobue : B 2 actsx / JI. A. becnanos. — Pocros-Ha-[lony : OOV, 2019 —
YacTs 2 : OnepaliiioHHbIe CHCTEMBI PEabHOTO BPEMEHH M TEXHOJIOTHH pa3pabOTKH KPOCCIDIAT(GOPMEHHOTO IIPOTPAMMHOTO
obecneuenns — 2019. — 168 c. — ISBN 978-5-9275-3368-8. — Tekcr : anekTpoHHSbIH // JIaHb : 311eKTpOHHO-
o6ubnuoreunas cucrema. — URL: https://e.lanbook.com/book/141132 (gata obpamenus: 08.10.2021). — Pexxum noctyna:
JUISL aBTOPH3. TTOJIB30BATEIICH.

93 | I'punenko, 0. b. Cuctemsl peanpHoro BpeMenu : yaeoHoe mocodue / 0. b. I'punenko. — Mocksa : TY-CVYP, 2017. —
253 c. — Texkcer : aneKTpoHHEIIH // JIaHb : AMeKTpoHHO-0nOMMoTeyHas cucrema. — URL:
https://e.lanbook.com/book/110216 (nata obpamenus: 08.10.2021). — Pexum goctymna: 1jst aBTOPH3. MOIB30BaTENEH.

94 | Mscuukos, B. U. OnepanuoHHble CHCTEMbI peaibHOTO BpeMEHU: 1a00paTOpHBIN NPaKTUKYM : yueOHoe no-codue / B. H.
MsicaukoB. — Momkap-Omna : TITTY, 2016. — 140 ¢. — ISBN 978-5-8158-1773-9. — TekcT : 31eKTpoHHBI // JIaHb :
ANIEKTPOHHO-OnbOIMoTeuHast cucrema. — URL: https://e.lanbook.com/book/92562 (nara oopamenus: 08.10.2021). —
PexuMm gocTyna: nist aBTOpU3. MOJIB30BATENEH.

35 | Bnacenko, A. }O. OnepanuoHssie cucteMsl : yaebnoe mocodue / A. 10. Bnacenko, C. H. Kapa6ues, T. C. Peiin. —
Kemepogo : KemI'Y, 2019. — 161 c. — ISBN 978-5-8353-2424-8. — Tekcr : aneKTpoHHbIH // JIaHb : SIEKTPOHHO-
6nbmoreunas cucrema. — URL: https://e.lanbook.com/book/121996 (nata obparme-aus: 08.10.2021). — Pexum

JOCTyMa: JJIsl aBTOPU3. IOJIB30BATEINCH.

36 | CrapoBepoBa, H. A. Onepanuonssie cuctems! : yaeOonuk / H. A. CtaposepoBa. — Cankr-IlerepOypr : Jlans, 2019. — 308
c. — ISBN 978-5-8114-4000-9. — Tekcr : 37eKTpoHHbIH // JIaHb : 3IeKTpOHHO-O0MOIHoTeuHas cucrema. — URL:
https://e.lanbook.com/book/125737 (nata obpamenus: 08.10.2021). — Pexum goctyma: jist aBTOPH3. MOIB30BATEINCH.

37 | Ky3smuy, P. . Onepannonnsie cucteMs! : yaebHoe niocodue / P. M. Kysemud, A. H. ITynxos, JI. H. Kop-naueBa. —
Kpacnosipck : COY, 2018. — 122 c. — ISBN 978-5-7638-3949-4. — Tekcr : anekTpoHHSbIH // JIaHb : 21eKTPOHHO-
o6ubnuoreunas cucrema. — URL: https://e.lanbook.com/book/157573 (nara obparie-aus: 08.10.2021). — Pexum
JOCTyMa: JJIsl aBTOPU3. ITOJIB30BATEICH.

D8 | UzmarenbcTBO «JIaHb»

39 | OdurnmansHsnii caliT dhpefimBopka ROS

210 | Odunmaneasiii cadt OCPB FreeRTOS

D11 |becruaTHas 6ubimoTeka oHnaiiH « EmMHOE OKHO K 00pa30BaTeIbHBIM pecypcamy

212 |eLIBRARY.RU - HaydHast 25eKTpoHHAs OMOIHOTEKA

6.3 Ilepeuens MPOrpaMMHOIO o0eceyeHust

6.4 Ilepeuenb HHPOPMANMOHHBIX CIIPABOYHBIX CHCTEM U JIEKTPOHHBIX OubnoTedHbIx cuctem (AbC)

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJIMHbBI (MO YJIA,
INPAKTUKH) /OBOPYTOBAHUE

8. METOAUYECKHUE YKA3AHUA VI OBYYAIOIIUXCSA IO OCBOEHUIO JUCHUIIJIMHBI (MO YJIA,
NPAKTHUKHN)

1) Co3nanue npoekra B cucreme Keil uVision ai1s pa3paboTky IporpaMMHOr0 0OecieYeH s OAHOKPUCTAIBHBIX
MUKpOKOHTposnepoB STM32 nog ynpasinerueM FreeRTOS

2) Yopasnernre 0OMEHOM JaHHBIMHU, CHHXPOHH3aILUel paboThI 3a/1a4, pa3srpaHUYEHUs JOCTyNa K Iepu(epuiHbIM yCTPOHCTBAM IIpU
oMoty 00bekToB FreeRTOS (ouepenu, ABOMUYHBIE U CYETHBIE ceMadOphl, MBIOTEKCHI)

3) OpraHu3anus CHCTEMBI 00Pa0OTKH TEKCTOBBIX COOOIIEHNH Ha OCHOBE OJJHOKPHCTAIBHOTO MUKPOKOHTPOJIIEpa MO yIpaBICHUEM




FreeRTOS
4) Pa3paboTka cucTeMbl KOMaH/ ¥ CTATYCOB Ul HHTCTPUPOBAHHS YCTPOWCTBA, YIIPABIIEMOT0 OTHOKPUCTAIEHBIM
MUKPOKOHTPOJIIEPOM, B COCTaB poOOTa, Hcob3yromero ROS




