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1 Henu, 3a7a4u ¥ IJIAHUPYeMble pe3yJabTaThbl 00y4eHHs M0 IMCUUILINHE

K OCHOBHBIM LI€JISIM OCBOEHHUS AMCHMILUIMHBI «OINepalOHHbIE CHCTEMBI
MUKPOKOHTPOJUIEPOB) CIIEyEeT OTHECTH:

(dopMupoBaHue y OOyyarolUXcsd CUCTEMHOIO TPEACTAaBIECHUS 00
OIepaloOHHBIX cuctemMax peanbHoro BpemeHnu (OCPB) kak ocHoBe
IOCTPOEHHUSI COBPEMEHHOI'O BCTPAUBAEMOT0 IIPOTPAMMHOT0 O0ECTIEUEHUS;
O3HAaKOMJIGHHME  OOydYarolMxcsi C  IPUHLUIIAMH  OpraHu3aluu,
(YHKIMOHUPOBAHUS M METOAAMM MOCTPOEHUS! ONEPALMOHHBIX CHUCTEM,
IPUMEHSAEMbIX HAa MUKPOKOHTPOJUIEPHBIX IIaTPOopMax ¢ OrpaHUYEHHBIMU
BBIYMCIIUTEIBHBIMU PECYPCAMU;

dbopMUpoOBaHUE HABBIKOB Pa3pabOTKH, KOH(GDUTYpUPOBaHUSA U OTIAIKU
MHOT'033/Ia4HOT0 MPOTPAMMHOI0 00€CIEeYeHUsT MUKPOKOHTPOJUIEPHBIX
YCTPOWCTB, B TOM YHUCJE YCTPOMCTB YMHBIX IPOCTPAHCTB U MHTEepHEeTa
BEIIEH.

K OCHOBHBIM 3ajadyaM OCBOEHHUS AMCHMIUIUHBI «OneparMoHHbIE CHUCTEMBbI
MUKPOKOHTPOJUIEPOB) CIIEyET OTHECTH:

aHaJIM3 COCTOSHUSA W TEHACHIMMI pa3BUTHUS ONEPALMOHHBIX CUCTEM IS
BCTPaMBAa€MbIX M MHKPOKOHTPOJUIEPHBIX IIaTPOpM, B TOM YHCIIE
OTEUYECTBEHHOI'O ITPOU3BO/ICTBA;

U3y4YEHHE  apXUTEKTypHbIX  OCOOCHHOCTEH  MHUKPOKOHTpPOJUIEPOB,
OTIpPEETAIOIMX TPeOOBaHUS K ONEPALMOHHON CHCTEME, U CpaBHEHHUE
rmoaxojoB bare-metal u OCPB;

U3YyYEHUE MEXaHU3MOB IUIAHMPOBAaHUA 337a4, CHHXPOHM3alUU U
MEX3a/JayHOr0 B3aMMOJICHCTBHS, YIpaBICHUS MaMATbIO, O00pabOTKH
npepeiBanui u BpeMenu B OCPB;

npUOOpETEHNE HABBIKOB MepeHoca (MOPTUPOBaHMUS), KOH(OUTYpUPOBAHUS
u HacTporikn OCPB Ha KOHKpeTHY0 annapaTtHyo miarhopmy;
NpUOOpPETEeHNE HABBIKOB OTJIAJKH, TPACCUPOBKU M MPOPUIMPOBAHUS
MHOT'03a/Ia4HbIX NPHWJIOKECHUM, OLIEHKH BPEMEHHBIX XAapaKTEPUCTHUK U
HEPronoTpeOIeHNs BCTPaUBaEMbIX CUCTEM.

OO6yuenue o qucruruinHe «OnepaMoHHbIE CHCTEMbBI MUKPOKOHTPOJIIEPOB
HaIpaBJIeHO Ha (GOPMHUPOBAHKE Y OOYUAIOIIMXCS CIACAYIOMNX KOMITETEHITUN:

Koa m HaumMeHOBaHue
" NHaukaTopbl JOCTHKEHUSA KOMIIETEHIMH
KOMIIeTeHIIU I

HNOIIK-5.1. 3HaeT OCHOBBI CUCTEMHOTO
OIIK-5. Cnocoben aAMUHHACTpUpOBaHus, anMuHuctpupoBanus CYB/,
WHCTAJUTMPOBATh COBPEMEHHBIC METOIbI HH()DOPMAIIMOHHOTO
MporpaMMHOE U B3aUMO/ICHCTBUS MH(POPMAITMOHHBIX 1
arrapaTtHoe aBTOMATU3UPOBAHHBIX CUCTEM..
oOecrieuenue s HNOIIK-5.2. YMeeT BBINOMHSITH MOAKIIOUYEHHUE,
UH()OPMAITMOHHBIX U YCTaHOBKY M MPOBEPKY amnmnapaTHbIX, MPOTPaMMHO-
ABTOMATHU3WPOBAHHBIX | allllapaTHBIX M TPOTPAMMHBIX
CUCTEM CPE/ICTB.MCIIOIb30BaHUs MPOTPAMMHOTO CPEACTBA

JUUIS PEIIICHUS 3a1a4H.




Koa u nHanmenoBanue
- NHaukaTopbl 10CTHKEHUST KOMIIETeHIHT
KOMIIeTeHIUii
NOIIK-5.3 Biaageer MmeTogaMu yCTaHOBKH
CHUCTEMHOTO M TIPUKJIATHOTO TIPOTPAMMHOTO
oOecrieueHus.
HNOIIK-9.1. 3HaeT METOIUKH HCIIOJIHL30BAHUS
MPOTPAMMHBIX CPEJICTB JIJISl PEIICHUS MPAKTHIECKIX
3a1ad4.
OIIK-9. Cnocoben HOIIK-9.2. YMmeeT aHanu3UpOBaTh TEXHUIECKYIO
OCBanBaTh METOIUKH JIOKYMEHTAITUIO 10 UCTIOJIb30BAHMIO IIPOTrPAMMHOTO
HCIIOJIb30BaHUS CpEICTBa, BHIOMPATh HEOOXOAUMBIE (DYHKITHH
IIPOrPAMMHBIX CPEJICTB | IPOTPAMMHBIX CPEJICTB IS PEIICHUS KOHKPETHOM
TUTSI peTeHUs 3aa4H..
IPAKTUICCKUX 3a1ad HNOIIK-9.3. Biageer cnocodaMu onmrcaHust
METO/IMKH UCIIOJIb30BaHUS TPOTrPAMMHOTO CPECTBA
JUISL pEIICHUsI KOHKPETHOM 3a/1aud B BUIC
JIOKYMECHTA HJIM BHJICOPOJIUKA.

2 MecTo TUCHHUILINHBI B CTPYKTYpPe 00pa3oBaTeibHOI MPOrpaMMbl

Jucuunnnna «OnepauuoHHbIe CUCTEMBI MUKPOKOHTPOJUIEPOBY OTHOCHUTCS K
yuciay npodecCuOHaNbHBIX YUEOHBIX AUCHUILIMH 0a3oBoro nukia (b1.1) ocHoBHOM
o0pa3oBaTenbHON MporpaMmbl OakajgaBpuaTa IO HAMpPaBICHUIO MOJATOTOBKH
09.03.01 «MupopmMatuka ¥  BBIYUCIHUTENbHAA  TEXHHUKa»,  NPOPUIb
«HpOpMALIMOHHBIE CUCTEMBI YMHBIX TPOCTPAHCTBY.

W3yuyeHne [OHUCHMIUIMHBI ONUPAETCS HAa 3HAHMWS, YMEHUS M HABBIKW,
npuoOpeTEeHHbIE B MPEALIECTBYIOMUX AUCHUIUIMHAX: «OCHOBBI MH()OPMAIIMOHHO-
KOMMYHUKAILIMOHHBIX TEXHOJOTHUI», «APXHUTEKTypa BBIYUCIUTEIBHBIX CHCTEMY,
«IIporpammupoBanue», «OnepainronHbsle cucteMbl Windows», «NeKTpOHHKA U
CXEMOTEXHUKAY.

JucuunnuHa oOecreynBaeT u3ydyeHue aucuuiuinH «lIpoexkTupoBanue
BCTpamBaeMbIX cuctem», «Texnonmoruun MuTepHera Bemien», «MHbopmarrionHbie
CUCTEMBbl YMHBIX MPOCTPAHCTB», @ TAKXKE BBINOJHEHUE KYpPCOBBIX paboOT H
BBIITYCKHOM KBAJIM(PUKATMOHHOW PabOTHI.

3 CTpyKTypa U coaepkaHue TUCHUIINHBI

OO6mast Tpy10eMKOCTh JUCHIUILUIMHBI COCTABIISICT 3 3aUCTHBIC CAMHUIIBI, T.C.
108 akageMuUyecKMX 4YacoB, U3 HUX ayJAUTOPHbIX — 54 yaca, camMOCTOSITENIbHAas
pabora oOyuaromuxcs — 54 gaca. @opma MpoMeXKyTOUHON aTTeCTAIIMH — DK3aMEH
B 5 cemecTpe.

3.1 Buasbl yueOHO# padoThI U TPYA0EMKOCTh

(no ounou ghopme o0byuenus)



Ne
n/n

Bun yueOHoii padoThl

KoanuectBo
4aCcoB

Cemectp 5

AyIUTOPHBIC 3aHATHS

54

54

B TtoMm uncie:

1.1

Jlexun

18

18

1.2

CeMHHaApCKHUE/TIPAKTHUECCKHIE 3aHATHS

1.3

JlaGopaTopHbIe 3aHIATHS

36

36

CamocrosTenbHas pa60Ta

54

54

[TpoMexxyTOUHas aTTecTaLUs

9K3aMCH

9K3aMCH

Hroro:

108

108

3.2 TemaTuueckui mjiaH H3YYCHUHA TUCHUIIIIHHBI

(no ounotl hopme 0OyueHus1)

Ne
n/
n

Pasznenanl/TeMbl
JTUCHUILTHHBI

Bcero
, Jac.

Jlekn
1 |

JlabopaTopHbI
e 3aHATHS

CamMmocToAATe/ILHA
s1 padora

Tewma 1.
BcerpanBaemslie
CUCTEMBI U
ONEPALIUOHHBIE
CUCTEMBI
MHUKPOKOHTPOJIIIEPOB
: OCHOBHBIE ITIOHATHSA

12

Tewma 2.
ApXuTEKTypa
MUKPOKOHTPOJUIEPOB
U MOJIeNN
OpraHu3aluu
BcTpanBaeMoro [10.

Bare-metal u OCPB

12

Tewma 3. 3amaun u

IIJJAHUPOBAHUE B
OCPB

12

Tema 4.
CunHxpoHU3anus u
MEK3a/IauHOe
B3aUMOJICHCTBUE

16

Tema 5. Ynpasienue
MaMSATBIO U
pecypcamu B OCPB

12

Tema 6.
[IpepbiBanus, BpeMs
Y IpaiBepbI

16




Ne

o/ Pa3nenbl/Tembl Bceero | Jlekuu | JIabopaTopHbl | CaMocTOSITE/IbHA

AUCHUIIINHBI , dac. H € 3aHATHUHA b | paﬁoTa

nepudepuitHbIX
ycrporictB B OCPB
Tema 7.
CoBpemeHHbIE

7 |omeparuoHHBIC 16 4 4 8
CUCTEMBI IS
MUKPOKOHTPOJIJIEPOB

Tema 8. OTnanka,
npodrmpoBaHue,
g | HAIeKHOCT M 12 9 4 6
sHeprodhdexTUBHOC
Th BCTPAauBaEMOI0
1O

Hroro 108 18 36 54

3.3 Conep:kanue JUCHUIINHBI
3.3.1 Conepkanue JIeKIIMOHHBIX 3aHATHH (18 yacoB)

Tema 1. BcerpauBaemble cHCTeMbl W ONEPALMOHHBIE  CHCTEMbI
MHUKPOKOHTPOJIJIEPOB: OCHOBHbIE MOHATHA (2 1)

OcCHOBHBIE  TOHSTUS U OMNpENENICHUs:  BCTpaWBaeMas  CUCTEMa,
kuOeppu3nuecKass CUCTEMa, MUKPOKOHTPOJUIEP, CHUCTEMA pPEaIbHOTO BPEMEHHU.
Knaccudukanuys BCTpauBaeMbIX CUCTEM U 00JIacTH WX NpuMmeHeHus. Cucrembl
JKECTKOTO, MATKOTO W TBEPJOr0o peajlbHOro BpeMeHHU. TpebOoBaHMS K
BCTPAaUBA€MOMY  TMPOTPAMMHOMY  OOECIICUEHUIO:  JIETEPMUHUPOBAHHOCTD,
HAJIE)KHOCTh, OTPAaHUYEHUS] IO TaMATH U SHepromnorpedneHuto. Hcrtopus u
TEHJICHIIUU PA3BUTHSI OMEPAIMOHHBIX CHCTEM JUIsi MUKPOKOHTpoJuiepoB. O0630p
peinka OCPB, B TOoM 4uciae ortedecTBeHHbIX pemeHnit. Mecto OC
MUKPOKOHTPOJIJIEPOB B apXHUTEKType cucreM HWHTepHeTa Bellell U YMHBIX
MPOCTPAHCTB.

Tema 2. ApXWTeKTypa MHMKPOKOHTPOJLIEPOB M MOJAeIM OPraHU3alHUU
BcrpanBaemoro I1O. Bare-metal u OCPB (2 4)

OO6o001mIeHHast CTPYKTypa MHUKPOKOHTPOJIJIEpA: AIpO, MaMATh MPOrpamMM H
JAHHBIX, IepU(epuiiHbIE yCTPONUCTBA, CUCTEMAa TAKTUPOBAHUA. ApXUTEKTyphl ARM
Cortex-M, RISC-V, AVR, ESP32: peructpoBasi Mojeib, PEKUMBI PaOOTHI
MPOLIECCOPA, TPUBUIICTUPOBAHHBIA U HENPUBUJIETMPOBAHHBIN PEKUMBI, OCHOBHOMN
Y MPOLIECCHBIN yKa3aTenu cTeka. Kapra mamsity, cTapTOBbIN KO, Ta0IMIIa BEKTOPOB
npepbiBaHuid. Mojenu opraHu3alid MPOrPaMMHOIO OOECHEUeHUs: CYHEpIUKII
(bare-metal), cynepumki ¢ NpepbIBAHUSAMH, KOOMEPATHUBHBIM IUIAHUPOBIIHK,
BoITecHstomass OCPB. Kputepuu Beioopa moaenu. Ctpykrypa siapa OCPB u ero



MUHHMaJIbHbIE (QYHKIUU. VHCTpYMEHTAIbHBIC CPEICTBA: KOMITHUIISATOPBI, CPEIbl
pa3paboTKH, CHCTeMbI COOpKH, oTiIanounbie naTepdeiicet SWD/JTAG.

Tema 3. 3agauu u nianuposanue B OCPB (2 4)

[Tonstue 3agaun (noroka) B OCPB. bnok ynpasneHus 3agadeil, CTEK 3a1a4u,
KOHTEeKCT. COCTOSTHUS 3a]]a4i U JUarpamma Mepexo/10B: BHIIOJIHEHNE, TOTOBHOCTD,
ONMOKUpOBKa,  MpHOCTaHOBKA. llepexitoueHne  KOHTEKCTa:  MporpamMMHas
peanuzanusa, oOpabotunkn PendSV um  SysTick. IlmanupoBmuk 3amau:
BBITECHAIONIEE, KOOIMEPAaTUBHOE M THOPUAHOE TIUIAHUPOBAaHUE. AJNTOPUTMBI
utaHupoBanus: ukIndeckuii (Round-Robin), ¢ pukcrupoBaHHBIMU IPUOPUTETAMH,
RMS, EDF. KBaHT BpeMeHU U CUCTEMHBIN THK. 3agada xonoctoro xoja (idle task)
U niepexBaTyuky. OLeHKa BpEMEHH OTKJIMKA U BPEMEHU NEPEKITIOYEHUS] KOHTEKCTA.
[TonsiTve NETEPMUHUPOBAHHOCTH IIJIAHUPOBILKKA.

Tema 4. CuHXpPOHU3AIUA U MEK3aJa4HO€E B3auMoaeicTBue (2 1)

[IpobGnema pa3znenseMblx pecypcoB, KPUTHYECKHME CEKIIMH, aTOMapHbIe
orepanuu. 3anpeT NpepbIBaHUN U KPUTUUECKHUE CEKIIUH si/ipa. JIBOMUHBIEC ¥ CUETHBIE
cemadopbl, MBIOTEKCHI, PEKYpCHUBHBbICE MBIOTEKCHl. HBepcusi MPUOPUTETOB,
HACJIEIOBAHUE U TMOTOJIOK mpuoputeTta. Ouepenu cooOIeHU, MOYTOBBIC SIIUKH,
Oydeprr morokoB u coobmieHuit. ['pynmel coObiTuii U dnaru coObiTuii. [Ipsimble
YBEJIOMIICHHS 3aJlay KaK OOJIETYEHHBIM MEXAaHW3M CHUHXpOHM3auuu. B3anmubie
onokupoBku (deadlock), nx mpuumHbl U cnocoObl npenorBpaiieHud. 11a0moHbI
MPOEKTUPOBAHUS MHOT033/IaUHbBIX MPUIIOKEHUN: TPOU3BOUTENH — MOTPEOUTED,
LIEHTPAJIBHBIN CEPBEP pecypca, KOHBEUEP.

Tema S. Yupasienue namsaTbeio u pecypcamu B OCPB (2 v)

Opranuzanusi naMaTH MUKPOKOHTpoOJUIepa: cekiuu .text, .data, .bss, kyda u
ctekd. CKpUIT KOMIOHOBIIKKA. CTaTHUECKOE U TUHAMUYECKOE BBIJIETICHUE MTAMSITH
B OCPB. CxewmslI pacnipenenenus kyuu (heap 1 — heap 5), pparmentanus namsaru
U criocoOb1 00peOBI ¢ Hel. [1ynbl 610k0B (hukcupoBaHHOTO pazmepa. CtaTuyeckoe
co3naHue OOBEKTOB sapa. KOHTpodb mepenosHEeHUs CTeKa, «CTOPOKEBBIE)
3HAuYeHHUs, OIIEHKa riyOuHbI creka. biok 3amutel namaru (MPU) u moctpoenue
3alUIICHHBIX NpuiIokeHU. OCOOEHHOCTH HCMONb30BaHUS KILI-NAMSATH U
KOTEPEHTHOCTh JaHHbIX Tpu pabore ¢ DMA. Vuer pecypcoB U MOHUTOPHUHT
3aHATOCTH MaMATU B IIpoLiecce pabOTHl.

Tema 6. IIpepbiBannsi, BpeMs U ApaiiBepsbl nepudepuiinpix ycrpoiicrs B OCPB
(2)

Cucrema npepblBaHU MUKpOKOHTpoIuiepa: kKouTposuiep NVIC, npuopurersl
U BIIOXEHHOCTh MpepbIBaHUN, MackupoBaHue. B3aunmopelictBue o0OpabOTUMKOB
npepbiBaHuid U 3ajad: Oe3omnacHble BbI30BbI APl w3 mpepbiBaHMid, OTIIOKEHHAs
o0Opabotka, 3anaun-oOpadboruuku (deferred interrupt processing). JlaTeHTHOCTB
NpEPBIBAaHUN U €€ OleHKa. OpraHu3anus BpEMEHU: CUCTEMHBIN THUK, IPOrPaMMHBIE
TaliMephbl, 33JEP>KKU U TalkM-ayThl, paboTa ¢ YacaMu peabHOro BpeMeHu. [Ipsamoit
noctyn k mamsatd (DMA) B MHOro3agayHbIx NpuiioXkeHusx. Mojenb npaiiepa
nepudepuitHoro ycrpoiictea B OCPB, ypoBuu abcrpakuuu amnmapatypsl (HAL).
PaspaboTtka apaiiepoB uatepdeiicoB UART, SPI, [2C, ADC. Ctexu npoTOKOJIOB U
cereBble noacucTeMbl B OC MUKPOKOHTPOJUIEPOB.



Tema 7. CoBpeMeHHBbIE ONepallHOHHBIE CHCTEMBI JII MUKPOKOHTPOJJIepoB (4
1)

O0630p W  cpaBHUTENBHBIM  aHanuM3  coBpeMeHHblx  OC  mis
MHKPOKOHTPOJIJIEPOB. FreeRTOS: apXUTEKTYPA, KoH(pHUTypHupoBaHUe
(FreeRTOSConfig.h), coctaB API, moptsl moa pa3nudHble apXUTEKTyphl. Zephyr
RTOS: wmonyneHas apxuTekTypa, cuctema cbopku, Kconfig u devicetree,
noacuctemsl U npaiiBepsl. RIOT OS u Contiki-NG kak oneparnoHHBIE CHCTEMBI
s Matepuera Bemedt. Crienudukanus CMSIS-RTOS kak yHUGUIIHMPOBAHHBIHN
nporpammubiii  uaTepdeiic. Kommepueckue OCPB: embOS, ThreadX, QNX
Neutrino (0030pH0). OTeduecTBEHHbIE ONEPAIUOHHBIE CUCTEMBI PEATbHOTO BPEMEHU
u TpeOoBaHus wummnoprozameimienus. Cranmaptel U ceptudukanus I[1O  mis
OTBETCTBEHHBIX MpuMeHeHui. Kputepun Bpidopa OC mins npoekta. [loptupoBanue
sanpa OCPB Ha HOBY10 anmapatHyto miathopmy.

Tema 8. Ornanka, npopuiupoBanue, HAIEXKHOCTh U IHEProdPPeKTHBHOCTH
BcrpauBaemoro IO (2 v)

MeTonbl OTNIaKi MHOT033JJa4HbIX MPUJIOKEHHUIM: BHYTPUCXEMHAs OTJIaJIKa,
TOYKM OCTAHOBA, OTJIAJIKa C YYETOM cOocTosiHUsA siapa. CpelncTtBa TPaCCHUPOBKHU H
BU3yaJIM3alliM BbINOJHEHUA 3anad. llpodumupoBanue: u3MepeHHE 3arpy3Ku
mpoleccopa, BPEMEHM BBINOJHEHUS 3a7ad, OLEHKA HauXyAIIero BpEeMEHU
BoinioTHEHU (WCET). TunoBbie omMOKKM MHOT03a/IauHbIX MPOTPaMM M CIIOCOOBI
ux oOHapy-xenus. CTopokeBoH TailiMep U BOCCTAHOBJIEHHE ITOcIie cO0eB, 00padoTKa
uckmoueHui otkasa (HardFault). TectupoBanue BctpauBaemoro 110, moaynbHOe
TECTUPOBAaHUE U OMYJISIMS anmnapaTypbl. YTpaBlIEHUE SHEPronoTpeOIeHUEM:
peXUMBI TOHM)KEHHOro TmoTpebnenus, pexum tickless idle, nuHammueckoe
ynpasienue TaktupoBanueMm. O0HoBiaeHue BcTpoeHHoTo [10 (OTA) u 3arpy34yuku.
TenaeHIMM pa3BUTHS OTIEPAIIMOHHBIX CUCTEM MUKPOKOHTPOJIJIEPOB.

3.3.2 Conepkanue JadopaTopHbix 3aHsaTuii (36 yacos)

JlaGoparopHas padora Ne 1. UHcTpyMeHTaJIbHBIE CpeCTBa Pa3padoTKu /i
MHKPOKOHTPOJLJ1epoB (6 1)

YcraHoBKa M HacTpoOWKa MHTETPUPOBAHHOM Cpe/ibl pa3pabOTKH U CUCTEMBbI
coopku. Co3naHue, KOMIWJISAIMA M 3arpy3ka MpoeKTa Ha OTJIAJO0YHYIO IUIaTy.
PabGota ¢ ormamumkom uepe3 wuHTepdeiic SWD: Touku ocTaHoBa, MPOCMOTP
pErucTpoB W mamATH. M3yueHue KapThl MaMsITH U CTAPTOBOTO KOJA IPOEKTA.
OdopmiieHne oT4eTa 0 CTPYKTYpE MPOEKTA.

JlaGopaTopnasi padora Ne 2. Opranu3anusi NpOrpaMMHOro odecrevyeHust 1o
cxeme bare-metal (6 1)

Peanuzanusi mpuiioxkeHus Mo cXeMe CYIMEpIUKIa C ONMpocoM mnepudepun.
Brenenue o06paboTUUKOB MIpEephIBAaHUN U pa3rpy3Ka OCHOBHOIO 1UKJa. PazpaboTka
MPOCTEHIIIEro KOOIMEpPaTHBHOIO TUIAHUPOBIINMKA Ha 0a3e CHUCTEMHOTO TanMmepa.
HccnenoBanre orpaHudeHuid bare-metal-moaxoma mnpu  yBENIMYCHHM YHCIIA
GbyHKLIMIA yCTpOKCTBA.

JlaGoparopHasi pabora Ne 3. Co3nanue 32124 M HCCJIeI0BAHUE MJIAHMPOBIIUKA
OCPB (6 u)



[Tonxmrouenue u koHpurypupopanue sjapa FreeRTOS B mpoekre. Co3nanue
¥ yAaJeHWe 3a7a4, Ha3HAYCHUE MPHUOPUTETOB, paboTa (QYHKIHMHA 3aqepiKKH.
CpaBHEHUE BBITECHSIONIETO M KOOMEPATUBHOIO PEXHUMOB IUIAHUPOBAHUS.
DKCIEpUMEHTAIbHOE M3MEPEHHUE BPEMEHM MEPEKIIOUCHUS] KOHTEKCTa U BPEMEHU
OTKJIMKA 3aJa4H.

JlaGopaTtopuass padora Ne 4. CunxpoHuM3amusi 3aJa4 H MeK3aJa4HOe
B3auMoaencreue (6 1)

Opranuzanusi 10CTyna K pasJefsseMOMY pecypcy ¢ MOMOIIbI0 MBIOTEKCA U
KPUTHYECKUX CceKuuid. [IpuMeHeHue JBOUYHBIX M CUETHBIX ceMadopoB s
cuHxpoHm3anuu. llepemada [OaHHBIX dYepe3 oOdYepear COOOIICHUM II0 CcXeme
«MPOU3BOAUTEIL — TOTpeduTtenby. Mcnonb3oBaHue TPyl COOBITHN W MPSIMBIX
yBEAOMJIEHUM 3a1a4. MoJenMpoBaHuE M yCTPAaHEHUE WHBEPCUU MPUOPUTETOB U
B3aMMHOU OJIOKUPOBKH.

JlaGopaTopHasi padora Ne 5. YnpagiieHue namMsiTbi0 B npuio:xenusix OCPB (6
)

CpaBHenue cxeMm pacmnpenenenus kyuud (heap 1 — heap 5) u omenka
dbparmentanuu. Cratuueckoe co3gaHue 00bEeKTOB sjpa. Hactpoiika pasmepos
CTEKOB 3a/1a4 U KOHTPOJIb MX MEpEenoiHeHus. MOHUTOPUHT CBOOOJIHON MaMATU B
npoiecce padoTbl NPWIOKEHUS. AHaIM3 KapThl HamsATH, CHOPMUPOBAHHOU
KOMITOHOBIIIKOM.

JlabopaTtopHasi padora Ne 6. IlpepbiBaHusi, nporpamMMHbie TaiMepbl H
apaiisepsbl nepudepun (6 4)

Hacrtpoiika npuopuTETOB MNpephIBaHUI U O€30MacHOE B3aMMOJCHCTBUE
o0pabotunkoB ¢ sapom OCPB. Peanu3zanus oTia0k€HHON 00pabOTKHU MpEpbIBAHUIMA
C MCMOJIb30BaHHEM cemadopa U 3aiaun-oopadorunka. [TppumeHeHne nporpaMMHbIX
taiimepoB. Pazpabotka apaiiBepa unrepdeiica UART (unu 12C) moepx OCPB ¢
Oydepuzarnueit nanupix. 3mepeHue 1aTeHTHOCTH MPEepPhIBAaHUM.

3.3.3 Coaepkanue caMOCTOATEIbLHOM padoThI o0yuaromuxcs (54 yaca)

CamocTtosiTenbHass padoTa OOyYArOUIUXCS BKIIIOYACT CICAYIOUIUE BUJIbI
NEeATeTLHOCTH:

* TpopaboTKa KOHCIEKTOB JICKIIUHA W HM3YYCHHE Pa3/ICIOB IHUCIUTLINHBI,
BBIHECEHHBIX HA CaMOCTOSATEIBHOEC HW3Yy4YeHHEe, MO PEKOMEHIOBAHHOU
JUTEpaType U SICKTPOHHBIM 00pa30BaTEIBHBIM pecypcam;

* W3Yy4YeHHUE TEXHUYECKOW JOKYMCHTAIlMM HAa MHUKPOKOHTPOJUICPHI M
OTIEpAIlMOHHBIE CHUCTEMBI pEaJbHOTO BPEMEHH, B TOM  YHCIIE
JIOKyMEHTAITUU Ha aHTJIUHCKOM SI3BIKE;

* TOATOTOBKA K BHITIOJIHCHUIO U 3aIIIUTE JTAOOPATOPHBIX padoT, opopmiieHHE
OTYETOB;

* BBHIMIOJIHCHWE WHAMBUAYAJIbHBIX JIOMAITHUX 3aJaHui 1o pa3paboTke
(dbparMeHTOB MHOT033/Ia49HbBIX MPUIIOKECHUIA;

* MoaroroBka o0030pa (pedepara) 1O OJHOH M3 COBPEMEHHBIX
OTIePAIIMOHHBIX CUCTEM ISl MUKPOKOHTPOJIJIEPOB;
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MOATOTOBKA K TECTUPOBAHUIO U K OK3aMCHY.

4 YuyeOHO-MeTOAMYeCKOe M HH(OPMALTMOHHOE o0ecredeHne

4.1 HopmaTuBHbie 10KyMeHTbI 1 ['OCTbI

1.

2.

®enepanbubiii 3akoH 0T 29.12.2012 No 273-®3 «O06 obpa3oBaHuu B
Poccuiickon denepanum.

[Tpuka3z Munoopuayku Poccun ot 19.09.2017 Ne 929 (pen. ot 08.02.2021)
«O0 yTBepxkaeHNH (heneparbHOro TOCyAapCTBEHHOTO 00pa30BaTeILHOTO
CTaHJapTa BhICIIEro OOpa3oBaHHMs — OakajgaBpuaT IO HaIPaBJICHUIO
nonroroBku 09.03.01 MudopmaThika U BBHIYMCITUTENIbHAS TEXHUKA»
(3apeructpupoBano B Munrocte Poccun 10 oxtsi0opst 2017 1. Ne 48489).
Axkanemuyeckuil yueOHblii mnadH. HampaBnenne moxaroroBku: 09.03.01
Nudopmatuka u BBIYHMCIIUTENbHAS TEXHUKA. [Tpodub:
NHpopMalilnoHHbIE CUCTEMBI YMHBIX HpPOCTpaHCTB. Popma oOyueHus:
OYHasl.

[TonoxkeHnne O NPOBENECHHHM TEKYIIEr0 KOHTPOJS YCIEBAEMOCTH U
IIPOMEKYTOUHON aTTeCTaluu o0y4aromuxcs (penepanbHOTrO
rOCy/IJapCTBEHHOI'O ~ aBTOHOMHOI'O  00pa30BaTENbHOIO  yUPEXKIEHUS
BbICIIEr0 00pa3oBaHusi «MOCKOBCKHI MOJUTEXHUYECKUI YHUBEPCUTET»
(yrBepxaeHo npukazoM MockoBckoro Ilommrexa ot 01.12.2022 Ne
13750[0).

I'OCT P HMCO/MBK 12207-2010. HNudopmarmoHHas TEXHOJIOTHS.
CucremHast ¥ nmporpaMMHas UHKeHepus. [Iporecchl )KM3HEHHOTO UK
IPOTrPAMMHBIX CPENICTB.

I'OCT 19.701-90 (MCO 5807-85). Enunas cuctema HOpOrpaMMHOM
nokymeHTauuu. CXeMbl alropuTMOB, MNPOrpPaMM, JAHHBIX M CHCTEM.
VYcnoBHbIe 0003HAUEHUS U PaBUJIa BBITTOJHEHUS.

4.2 OcHOBHAsl JIUTEpPATypAa

1.

2.

3.

4.

TanenOaym, 3. CoBpeMeHHbIE OnepaliioHHbie cucTeMbl / O. TaneHnOaywm,
X. boc. — 4-e uzn. — Canxkr-IletepOypr : [Tutep, 2015. — 1120 c.
Monganog, A. 0. CucremHoe nmporpaMmMHOe 00eCIIeUeHHE ;| YICOHUK TS
By30B / A. FO. MonuanoB. — Cankr-IletepOypr : [Tutep, 2010. — 400 c.
['ypos, B. B. Mukpornporeccopusie cuctems! : yueouuk / B. B. I'ypoB. —
Mocksa : UH®PA-M, 2018. — 336 c.

Marga, FO. C. MukpokonTpoiepsl cepunt ARM?7. IIporpammupoBanmne
Ha s3p1ke C : mpakTtryeckoe nmocodbwue / FO. C. Marma. — Mocksa : JIMK
Ipecc, 2010. — 232 C. — Pexxum JIOCTyTA:
https://e.lanbook.com/book/1288

4.3 lonoJiHUTEIbHAsI JIUTEPATypPa

1.

Jlxozed, 0. SAapo Cortex-M3 kommanuu ARM. [ToxHOE pykKoBOaCTBO /
1O. JIxxo3ed ; mep. ¢ anrin. — Mockaa : Jlogpka-XXI, 2012. — 552 c.
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Penbkun, II. II. Mukpokountrpomiepsr ARM7. Cewmeiicteo LPC2000.
O030p apxXUTEKTyphl W MpUMEpPHl TpuMeHeHus: : pykoBoacTro / I1. II.
Penpkun. — Mockaa : Jlogpka-XXI, 2007. — 640 c.
AsneeB, B. A. Oprammsanus OBM u nmepudepus ¢ meMoHCTpammei
UMUTAIMOHHBIX MoJiesei : yueOnoe nocodue / B. A. ABneeB. — Mocksa
JIMK TIlIpecc, 2014. — 708 c¢. — Pexum pocrymna:
https://e.lanbook.com/book/58704
Hosoxwuios, O. I1. Apxurektypa 9BM u cuctem : yueOHoe nocobue aiis
By30B / O. I1. HoBoxunoB. — Mocksa : FOpaiit, 2019. — 527 c.
Iensbyx, C. C. Cetu OBM u TenekoMMyHHKalMU. ApPXUTEKTypa U
opranu3zanus : yueoHoe nocodue / C. C. I'enb0yx. — Cankr-IlerepOypr :
JlaHb, 2019. — 208 C. — Pexum JIOCTyTIA:
https://e.lanbook.com/book/118646
Omudep, B. I'. CeTeBble onepallmOHHbIE CUCTEMBI : YYEOHUK ISl BY30B /
B. I'. Omudep, H. A. Onudep. — 2-e u3g. — Canxr-IlerepOypr : [Tutep,
2009. — 669 c.

4.4 DeKTPOHHbIE 00pa3oBaTeJbHbIE PECYPCHI

1.

N

o b

Kypc B JIMC MOCKOBCKOrO NOJHUTEXHHYECKOTO YHHBEPCUTETA. —
https://Ims.mospolytech.ru/

Odunmanpraas gokymenrtamus FreeRTOS. — https://www.freertos.org/
OdunmansHas JOKYMEHTALIMS Zephyr Project. —
https://docs.zephyrproject.org/

Odunmanbaerii cailT mpoekra RIOT OS. — https://www.riot-0s.org/
Odwurmanbrelii caiiT npoekta Contiki-NG. — https://www.contiki-ng.org/
JoxyMeHTanus ARM CMSIS U CMSIS-RTOS. —
https://www.arm.com/technologies/cmsis

7. Texuudeckas TOKyMeHTaIus U cpesicTBa pazpadotku STMicroelectronics.
— https://www.st.com/
8. DnexkTpoHHO-OMOIMOTEUHas cucteMa «Jlanby. — https://e.lanbook.com/
9. DnekTpoHHO-OMOMKOTEUHas cucteMa «FOpaii». — https://urait.ru/
4.5 JInueH3M0OHHOEe U CBOOOHO pacipocTpaHsieMoe MPOrpaMMHoOe
o0ecrieyenmne
1. Onepannonnas cucrema Windows 10 (um Beime) — Microsoft Open

2.

3.

License.

Oducubie npunoxenus: Microsoft Office 2016 (unu Boie) — Microsoft
Open License.

WuterpupoBanHas cpena paspadbotku STM32CubelDE — cBoGomHO
pacopoctpansemoe I10.

Anpo peanvHoro Bpemenn FreeRTOS — cBoOogHO pacmpocTpaHsieMoe
[1O (muuen3us MIT).

Oneparronnas cuctema Zephyr RTOS — cBoOoAHO pacnpocTpaHsemMoe
I1O (muuens3us Apache 2.0).
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6. Uuctpymenrtanshas miatdopma PlatformlO u pemakrop Visual Studio
Code — cBoboanO pacrpoctpansemoe I[10.

7. Kommmistop GNU Arm Embedded Toolchain (GCC) — cBoGomHO
pactpoctpansiemoe [10 (muuen3us GPL).

8. Cucrema xoHTpois Bepcuit Git — cBoOoaHO pacmpoctpansemoe [10
(yiunen3ust GPL).
9. CpenctBa otnaaku u tpaccupoBku OpenOCD, Renode — cBoGomHO

pacmpoctpansiemoe I10.

5 MarepuajibHO-TEXHHYECKOE O0ecleyeHue

Jlnst mpoBeAeHUsT BCEX BHUJOB 3aHATHI HEOOXOJUMMO MPE3EHTALMOHHOE
o0opynoBaHue (MyJIbTUMEIUNHBIA TPOEKTOP, KOMIBIOTED, FKpaH) — | KOMILIEKT.
Jlnst  mpoBenmeHuss — Ja0OpPATOPHBIX — 3aHATHA  HEOOXOAUMO  HAIWYUE
KOMITBIOTEPHOTO ~ KJlacca, OOOPYJIOBAaHHOTO COBPEMEHHOW BBIYMCIUTEIIBHON
TEXHUKOM M3 pacyera OJHO paboyee MECTO Ha OJHOTO OOy4YaromIerocs, a Takxke
CJIEAYIOIIETO JaO0paTOPHOTO 000PYAOBAHUSA:
* OTJaJ0YHbIC IUIAThl Ha 0a3e MUKPOKOHTPOJUIEpOB ¢ siapomM ARM Cortex-
M (STM32 Nucleo, STM32 Discovery) — u3 pacdera OJ1H KOMIUICKT Ha
OJIHO paboyee MeCTo;
* OTJIaJIOYHbIC MOy Ha 6aze MukpokoHTposuiepoB ESP32 u RISC-V (s
CPaBHUTEIBHOTO U3yUeHUS IIIATHOPM);
* [POrpaMMaTOPbI-OTIATUUKU ST-Link (v aHaJIOTMYHbIE),
COEIMHUTEIbHbIE Ka0emu;
* HaboOpbl JAaTYMKOB M HCIOIHUTENIBHBIX YCTPOMCTB C HHTepdeiicamu
UART, SPI, I2C, aHa10roBbIM BBIXOJIOM;
* uudpoBbie ocumiuiorpadbl U JOTHYECKUE aHAIU3ATOPHI JJISI KOHTPOJIS
BPEMEHHBIX XapaKTEPUCTUK — HE MEHEE OJIHOTO Ha J1Ba pab0YMX MECTa;
*  HU3MEpPUTENU NOTPEOIIEMOro TOKa (MyJIbTUMETPBI, CIIEHUATU3UPOBAHHBIE
HU3MEPUTEIbHBIE MOIYJIN) AJIsSl OLIEHKU SHEProdP(HEKTUBHOCTH.

6 MeTtoanueckne peKOMeH AU

6.1 MeToanueckue peKOMEeHAALMHU AJIA NPenoAaBaTeJis 10 OPraHu3aluuu
00y4eHuUs

[Ipy MOATOTOBKE K 3aHATHAM CIEAyeT IPEABAPUTEIHHO MpopadboTaTh
MaTepuas 3aHATHS, MPETyCMOTPEB €ro IMoJady TOYHO B OTBEICHHOE JJISI ATOTO
BpeMs 3aHstus. Creayer TMOATOTOBUTH  HEOOXOAMMBIE — MaTepHaibl —
TEOPETUUYECKHE CBEACHHS, TMPUMEPhl MPOTPAMMHOTO KOAa, 3aJaHusl s
JabopaTopHbIX pabOT, a Takke 3apaHee MPOBEPUTHh PAOOTOCTIOCOOHOCTH
OTJIAJI0YHOTO 000PYIOBAHUS U HMHCTPYMEHTAIBLHBIX CPECTB.

[Ipu mpoBegeHNU 3aHATHS CIIEIyeT KOHTPOJIMPOBATH MOJady MaTephaia u
perieHre 3aJaHuil C y4eTOM Y4YeOHOTO BpPEMEHH, OTBEIECHHOTO IS 3aHSTHS.
JlaGopatopHblie paboTHI 11e71ec000pa3HO BBICTPAUBATh MO MPUHITUITY TOCTENEHHOTO
YCIIO)KHEHHUs: OT bare-metal-npuaokeHuss K MHOr03aaqHOMYy TPHIOKEHHUIO 0]
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ynpasienueM OCPB, uro no3Bossier 00yyaroUMMcsl CaMOCTOSITENIBHO OCO3HATh
IIPUYMHBI TOSIBJICHUS OTIEPALIMOHHBIX CUCTEM PEAJIBHOTO BPEMEHH.

[Ipu mnpoBepke pabOT U OTYETOB CIEAYET YYUTHIBATH HE TOJBKO
NPaBUJIBHOCTD BBIMOJIHEHUS 33JJaHUl, HO U ONTUMAJIbHOCTh BBIOPAHHBIX METOOB
pelieHusi, KOPPEeKTHOCTh pPabOTHI MPOrpaMMbl B YCJIOBHUAX MHOT033Ja4HOCTH,
O00OCHOBAaHHOCTb  BBIOOpa  MEXaHM3MOB CHHXPOHM3AIlMM ¥  TMapaMeTpoOB
KOH(QUTYpalHy A1pa, a TAKXKe MPaBUIHLHOCTH BBIIIOJIHEHHUS BCEX 1IAroB PaOOTHI.

6.2 MeTozmquKne YKazanus Jist oﬁyqammnxcsl 10 OCBOCHHIO JUCIHHUIIJIMHDBI

W3yyeHne AUCHMIUIMHBI OCYUIECTBJISETCS B CTPOrOM COOTBETCTBUU C
LIEJIEBOl YCTAHOBKOM B TECHOM B3aMMOCBSA3M C Y4YEOHBbIM IUIAaHOM. (OCHOBOW
TEOPETUIECKON MOITOTOBKU 00YYaIOIMINXCS SBJISIOTCS JIEKIIUH.

B mnpouecce caMocTosTenbHOM paboOThl 00ydYaromIMecs 3aKpeIuisiioT U
yIayOsIstOT 3HaHMSI, TIOJyYEHHbIE BO BPEMs ayAUTOPHBIX 3aHATUH, J0pabaThIBAIOT
KOHCIIEKTBI JIEKIMI, MU3y4arOT TEXHUYECKYIO0 JTOKYMEHTAlMI0O Ha IMPUMEHSIEMBbIE
MUKPOKOHTPOJUIEPBI ¥ ONEPALMOHHBIE  CUCTEMBI, TOTOBATCA K  3allUTe
71a00paTOPHBIX pabOT U K 9K3aMEHY, a TAK)KE CAMOCTOSITENIbHO N3Y4atoT OT/AEIbHbIE
TeMBbl y4€OHOU MTPOrpaMMBI.

Oco0oe BHUMaHME MPU MOATOTOBKE CIAEAYET yIEIATh IPAKTUUECKOI paboTe
C KOJIOM: pa300opy NpUMEPOB, CAMOCTOSTEILHON MOAU(PHUKAIIMN YUEOHBIX TPOCKTOB
YW aHaJIM3y TMOBEACHMS MPOrpaMMbl MpPU MU3MEHEHHHM IPUOPHUTETOB 3ajad,
napamMeTpoOB IJIAHUPOBILKUKA U 00BbEMA BbIIEIAEMON aMSATH.

7 ®oH OLIECHOYHBIX CPEACTB

7.1 MeToabl KOHTPOJISI M OLICHUBAHUSA Pe3yJIbTATOB 00yYeHUSA

B mnpouecce o0yueHHs HMCHOJIB3YIOTCS CIEAYIOIIME OLIEHOYHBbIE (OPMBI
CaMOCTOSITEJIBHOM pa0OThl OOydarolMXxcs, OLEHOYHBIE CPEACTBA TEKYLIETO
KOHTPOJISI yCIIEBAEMOCTH M MPOMEXYTOYHON aTTeCTAlUU:

* TIOJATOTOBKA K PEIICHUIO MPHUKIAIHBIX 33724,

* BBINIOJIHEHHE U 3allliTa JabopaTOpHBIX paboT, 0popMIIEHHE OTYETOB;

* TOArOTOBKAa JOMAaIIHUX palboT U UX 3aIUTA;

* TOAroTOoBKa 0030pa (pedepaTra) MO COBPEMEHHBIM OMNEPALUMOHHBIM

CUCTEMaM MUKPOKOHTPOJIJIEPOB;

* TECT;

* DK3aMEH.

7.2 llIkajia U KpUTEPUHU OLICHUBAHMS Pe3yJIbTATOB 00y4YeHUSI

[Toka3areneM OILICHUBAHUS KOMIIETEHIIMM Ha pa3MYHBIX »JTamax ux
(bopMHUpOBaHUS SIBISETCS JOCTHKEHUE 00YUJaIOIUMHUCS TUTAHUPYEMBIX PE3yIbTaTOB
00y4YeHus 0 JUCHUILTUHE (MOAYJIIO).

OI1K-5 CniocoOeH HHCTAJUTHPOBATh MPOTPAMMHOE U amnmnapaTHoe oOecreueHne s
UH()OPMAITMOHHBIX ¥ aBTOMATU3UPOBAHHBIX CUCTEM.

OIIK-9. Cnocoben oceausams memoouKu UCNOoab308aHUsL NPOSPAMMHbBIX CPEeOCME
0J151 peuleHus NPAKmu4ecKux 3a0au.
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IToka3arenn 2 3 4 5
3HATh: IPUHIIHAIIHI
paboTHI
oTepaIuOHHBIX OOyuaromuiic
CUCTEM i
CaJILHOTO €MOHCTPHU .
P L2 pupy OOGyuaronuiic .
BpPEMECHH, OOyuJaronuii | €T HEMOJIHOE N OOyuaromuiic
MEXaHU3MBI cs COOTBETCTBUE i
IUTAHUPOBAHUSA IEMOHCTPH Ka3aHHBIX ACMOHCTPHPY IIEMOHCTPUPYE
p ’ TPp |y o €T YaCTUYHOE TPUpY
CUHXPOHHU3AIMK | YeT MOJIHOE | 3HAHUH, T IIOJIHOE
COOTBETCTBHUE
U yIpaBJICHUS OTCYTCTBHE | OCBEIlCHA COOTBETCTBUE
yKa3aHHBIX
namaTteio B OC 1503051 OCHOBHaA, AHAHH YKa3aHHBIX
MUKPOKOHTPOJIJIE | HEIOCTATOYH | HanboJiee ’ 3HAHHUM,
JOTYCKarOTCs
pOB, oe BAKHAA 9aCTh |5 3 ¢BOOOIHO
COBPEMCHHBIC COOTBETCTBH | MaTepuala, oTepupyer
IIPOrPaMMHBIE € YKa3aHHBIX | JOMYyIIeHa HCCYILCCTBCH |\ repuasom
porp ykasa y HBIE OIINOKHU p
CpeAcTBa 3HAHUI oJHa TUCHUILINHBI
1 HETOYHOCTH
pa3paboTku 3HAYUTEIbHAS
BCTPAMBAEMOTO omuOKa Uin
I1O, B TOM uncie HETOYHOCTH
OTE€YECTBEHHOTO
IIPOU3BOJCTBA
YMETh:
pa3zpabaThiBaTh, OO6yuaromuiic
KOoH(pUrypuponat i . | O0yuaromnuiic
(urypup OOyuaromuiic yHaarotm
b U OTJIaXKUBATh .. | IEeMOHCTpHUPY o
OO0yuaronuit s
MHOT03aJJa4yHO€E €T HEIIOJITHOE JIEMOHCTPUPYE
Csl HE yMeeT JTEMOHCTPUPY
IPOTPaMMHOE COOTBETCTBHE T IOJHOE
WA B €T YaCTUYHOE
oOecreueHue yKa3aHHBIX COOTBETCTBHE
HEIOCTATOYH < COOTBETCTBHE
MUKPOKOHTPOJIIC | .. YMEHHH, yKa3aHHBIX
Ol CTENEeHHU yKa3aHHBIX -
POB, BBIOHpATh HCIIBITBIBAET < YMEHUH,
yMeeT YMEHHH,
MEXAaHU3MBI 3HAYUTEIbHBIE YBEPECHHO
BBIIIOJIHATE JOTyCKaeT
CUHXPOHU3AINH 3aTpyAHCHUS MIPUMEHSIET UX
yKa3aHHbBIC HE3HAUYUTEIILH
U TIapaMeTphI o IpHU TIepeHoCce B
IeHCTBUA s bI€ OIINOKH U
sapa OCPB s YMEHHUM HA HECTaHIAPTHBI
HETOYHOCTH
peIIeHUS 3a1a4 HOBELIE X CUTYaIlAsX
npodeccronanbH CUTYaINH
OU JIeATEIbHOCTH
BJIAJIETh: . | O6yuaromuiic | OOy4arouiic .
A OOyuaromuit YHAIOM YHAIom OO6yuaromuiic
HaBBIKAMU sl BIIQJIEET sI YACTUYHO
o cs HE sI B IOJIHOM
HaCTPONKH H yKa3aHHBIMH | BJIaJIeeT
BJIaJI€ET WU o0bpeMe
HAJIAIKA 5 HaBBIKAMH, HO | yKa3aHHBIMH .
MIPOTPaMMHO- JIOTTYCKAIOTCSL | HABBIKAMH,
HEJIOCTAaTOYH yKa3aHHBIMH
anmapaTHBIX o 3HAYUTEIBHBIC | TOTYCKAIOTCS
Ol cTelneHu HaBBIKAMH,
KOMILJIEKCOB Ha OIIINOKH, HE3HAUYUTEIILH
BJIAJICET c¢BOOOTHO
Oase IPOSIBIISICTCST | bIE OITUOKHU U
yKa3aHHBIMH omepupyer
MHKPOKOHTPOJIJIE HEJI0OCTATOYHO | 3aTPyAHCHUS
HaBBbIKAMH puoOpETEHH
pPOB, METOAAMU CTh HaBBIKOB | IIpU
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Iloxka3arean 2 3 4 5

OTJAJIKH, o psmy AHAIUTUYECKH | BIMU
TECTUPOBAHUS U nokaszarejeil |X omepauusx |3HaAHUSIMU
npoGUIMPOBaAHUS
IporpaMMm MoJ
yIpaBlIeHUEM
OCPB

[[Ixanpl OLIEHUBAHUS PE3yIBTATOB IPOMEKYTOYHOM aTTECTALIMM U UX ONIMCAHMUE:
®opMa IPOMEKYTOYHOM aTTECTALUM: IK3AMEH.

[TpomexyTouHas aTTecTanus 00yJaromuxcs B GopMe IK3aMeHa MTPOBOAUTCS
[0 pe3yJibTaTaM BBHIMOJHEHHs] BCEX BHUJOB YUeOHON pabOThI, MPEAyCMOTPEHHBIX
y4eOHBIM IUJIAHOM IO JAHHOW JUCHUIUIMHE (MOMAYINIO), TPU ITOM YUHTHIBAIOTCS
pEe3yNbTaThl TEKYIIETO KOHTPOJIA YCHEBAEMOCTH B TedueHHE cemecTpa. OneHka
CTENEHU JOCTIXKEHUSI O0yYaroIMMUCS IJIAHUPYEMBIX PE3yJIbTaTOB OOYUYEHHs IO
JUCHUIUIMHE (MOJAYJI0) MPOBOAMUTCS IpernojaBaTesieM, BEAYIIUM 3aHATUSA IO
JUCHMIUIMHE  (MOAYJIO), METOAOM  JKCHepTHOM  oueHku. Ilo  wuroram
IIPOMEKYTOUYHOM aTTECTALMMU 110 AUCLUIUIMHE (MOAYJIXO) BBICTaBJISETCS OLICHKA
«OTIIMYHOY, «XOPOLIO», «YIOBIECTBOPUTEIBHO» WU «HEYIOBIECTBOPUTEIBLHO.

Ixajaa oneHuBaHuA Onucanue

BerlmonHeHbl Bce BUJIbI y4eOHOU padoThI,
pelyCMOTPEHHbIE YueOHbIM Mm1aHoM. O0yJarommiics
JEMOHCTPUPYET COOTBETCTBUE 3HAHNUW, YMEHHI,
HAaBBIKOB IPUBEICHHBIM B TaOJIMIIaX OKa3aTeNeH,
OTIIMYHO cBOOOIHO OTEpPUPYET MPUOOPETEHHBIMH 3HAHUSMH,
YMEHUSIMH U HaBbIKaMU, IPUMEHSET UX B CUTYyalLUsIX
MOBBIIIIEHHOM CI0KHOCTH. Bee nmaboparopHsbie
paOoTHI BHIMOJIHEHBI U 3aiuiieHsl. [IpucyTcTBoBan
0oJee yeM Ha ¥4 3aHATUN N0 TUCUUILIIMHE.

BrlmonHeHsl Bce BUJIbI yUeOHOU padoThI,
MIPEAYCMOTPECHHBIC YUCOHBIM T1aHOM. OOyUaronuics
JIEMOHCTPUPYET HEMOJIHOE, HO TTPaBUIILHOE
COOTBETCTBHE 3HAHUM, YMEHUM, HABBIKOB
MPUBEICHHBIM B TaOJIMIAX MOKa3aTene, 1u0o mpu
ATOM OBUIH JOMYIIEHBI 2—3 HECYIIECTBEHHBIC
omuOku. [TpucyrcTBoBa) OoJsice ueM Ha ¥4 3aHATUM
M0 JUCIUIIIIMHE.

XOpOIIIO

BrimonHeHs! Bce BUubl yueOHOM paboThI,
MIpeayCMOTPEHHBIE YUeOHBIM T1aHOM. O0yUaronuics
JIEMOHCTPHUPYET COOTBETCTBUE 3HAHUH, B KOTOPOM
OCBeIlleHa OCHOBHAs, HanboJiee BakKHAsI YacTh
MaTepuaia, HO PU 3TOM JOMyIleHa OfHa
3HAYUTENbHAs OIMOKA MJIK HETOYHOCTb.
[IpucytcTBOBai OoJiee 4Yem Ha 72 3aHATHIA 110
TUCITUTIIAHE.

YAOBJIETBOPUTEIIBHO
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[Ixana oneHnBaHuA Onucanue

HCYAOBJICTBOPUTCIIBHO | AOITYCKAIOTCA 3HAYUTCIIbHBIC OI_HI/I6KI/I, IMPOABIISICTCA

He BbInonHeH oguH muim 0oJiee BUAOB yueOHOM
paboThl, MPEyCMOTPEHHBIX YUEOHBIM TUIAHOM.
OOyyaromuiics JeMOHCTPUPYET HEMOTHOE
COOTBETCTBHE 3HAHUM, YMEHU, HABBIKOB
MPUBEJACHHBIM B TaOJIUIIAX IMOKa3aTENeH,

OTCYTCTBUE 3HAHUM, YMEHUN, HABBIKOB 110 PSIAY
nokasaresen, 00y4arouics UCIIBIThIBAET
3HAYMUTENBbHBIEC 3aTPYIHEHUS IIPU ONIEPUPOBAHUU
3HAHMSMU U YMEHMSIMU IIPU UX IIEPEHOCE HA HOBBIC
CUTYyalUU.

7.3 OueHo4yHbIe cpeacTBa

7.3.1 Ciiucok BOIPOCOB /ISl IK3aMeHa

1. BcrpamBaemble CUCTEMBI: OCHOBHBIE MOHATUS, KiIacCcUpUKalMs, 001acTu
PUMEHEHUS.

2. CucreMbl peanbHOTO BpeMeHH. JKecTKoe, MSITKOE U TBEpAOE peaabHOe
BpEMSI.

3. TpeOoBaHust K MPOrpaMMHOMY OOECHEUYECHHUI0O MHUKPOKOHTPOJIICPHBIX
YCTPOMCTB.

4. Vctopuss M TEHICHLUHUHM Ppa3BUTUSA ONEPALMOHHBIX CHUCTEM  JUIsS
MUKPOKOHTPOJUIEPOB.

5. O030p pbIHKA ONEPALMOHHBIX CUCTEM PEAIBHOIO BPEMEHH, B TOM UYHUCIIE
OTEYECTBEHHBIX.

6. OOoOmeHHas CTpykKTypa MHKpokoHTposuiepa. CocTaB M Ha3HauYCHHE
OCHOBHBIX Y3JIOB.

7. Apxutektypa simep ARM Cortex-M: peructpoBas Mojeib, pPEKUMBI
paboThI, yKa3aTenu CTeka.

8. Kapra mamsitu MukpokoHTposuiepa. CTapToBbIN KO U TabJIMIla BEKTOPOB
IIPEPBIBAaHUMN.

9. Opranuzanus NporpaMMHOT0 OOecTieueHus Mo cxeme cymnepuukia (bare-
metal).

10.KoomnepaTuBHbIHN MIaHUPOBITUK: TPUHIIUIIBI IOCTPOCHUS U OTPaHUYCHUSI.

11.CpaBuenne noaxonoB bare-metal u OCPB. Kpurepuu BbIOOpa Mojenu
opranuzanuu [10.

12.CtpykTypa sipa OMEpallMOHHON CHCTEMBI PEaTbHOTO BPEMEHU U €ro
OCHOBHBIE (DYHKIIUH.

13.lHcTpyMeHTalbHBIE  CpelncTBa  pa3paboTku  BcTtpamBaemoro  [10.
Otnanounsie uarepdericest SWD u JTAG.

14 .TToustue 3amaun B OCPB. brnok ynpaBneHus 3agayeii, CTEK U1 KOHTEKCT
3a/1ayu.

15.CocrosiHust 3a/1a4u ¥ NePEeX0ibl MEXAY HUMHU.
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16.Mexanu3M nepeksiroueHuss KoHtekcra. Ponb o6padotumkoB SysTick u
PendSV.

17.BeiTecHsAOMIEE, KOOTIEPATUBHOE M THOPUIHOE TUTAHUPOBAHHUE.

18.AnropuT™MBl  TIIAHUPOBAHUSA: IUIAHUPOBAHHE C  (DUKCHUPOBAHHBIMHU
IPUOPUTETAMHU.

19. Anroputmsl ianupoBanust RMS u EDF. YcnoBust mnanupyeMocTH.

20.CucTeMHBII TUK U KBAaHT BpEMEHH. 3aJaua X0JIOCTOro X0/1a.

21.011eHKa BpEMEHU OTKJIMKA 33]1a4l ¥ BPEMEHH MEePEKIIIOUeHUS] KOHTEKCTa.

22.I1pobnemMa paznensieMbIX pecypcoB. Kputudueckue CeKIuu U aTOMapHbIe
OTepallyu.

23.Cemadopsl: 1BOMYHBIC U cUeTHbIC. O0JIacTH MPUMEHEHUSI.

24 MpIOTEKCBI M PEKypCHBHBIE MbIOTEKCHl. OTIMYME MBIOTEKCA OT
JIBOMYHOTO cemadopa.

25.UuBepcus npuoputeToB. HacnemoBanue u MOTONIOK MPHOPHUTETA.

26.04epean cooOIIeHW W TOYTOBBIE SIMUKH. CXeMa «IpPOU3BOIUTEND —
NOTPEOUTENBY.

27.I'pynmbl coObiTuii U Quiaru coobiTuil. [IpsiMeie yBegoMIIeHHS 3a/1a4.

28.B3aumHble  OJOKHPOBKM: TPUYMHBI BO3HHUKHOBEHHS U  CIIOCOOBI
PEIOTBPAIICHHS.

29.0Opranu3zanus naMsiTd MUKPOKOHTposuiepa. CeKInuy mporpaMMbl U CKPUIIT
KOMIIOHOBLIHKA.

30.Craruyeckoe u AMHaMu4YecKoe pacnpenenenue namsata B OCPB.

31.Cxemnbl pacrnpenenenuss kyuu (heap 1 — heap 5). ®parmenrtarus
MaMSATH.

32.I1lynst  G10KkOB (uKcHpoBaHHOTO pa3zMmepa. CTaTHYECKOE CO3/IaHHE
00OBEKTOB sJIpa.

33.Creku 3a1a4: BRIOOp pazMepa, KOHTPOJIb MEPENOTHEHM S, OLIEHKA TTy OUHBI
UCTIOJTb30BaHUSI.

34.bnok 3ammtsl namsiti (MPU) u mocTpoeHre 3aiuieHHbIX TPII0KEHUH.

35.Cuctema mpepbiBaHMii  MHUKpOKOHTpoiuiepa. Kontpomtep NVIC,
MPUOPUTETHI U BIIOKEHHOCTb.

36.B3anmoneiicteue oOpaboTumkoB mpepbiBanuii ¢ sapom  OCPB.
OTtnoxeHHas 00paboTKa NpepbIBaHUM.

37.JlaTeHTHOCTH MPEPHIBAHUI 1 METOJIBI €€ OIICHKH.

38.1IporpaMmMHEbIe TaiiMepsbl, 3a7epKKu U TaiiM-ayTel B OCPB.

39.1Ipsmoit noctyn k namaru (DMA) B MHOTO3a/1auHbIX TPUIIOKEHUSIX.

40.Mopnens napaiiBepa nepudepuitHoro yctpoiictea B OCPB. VYposuu
abCTpaKIuy anmapaTypsl.

41.Pazpabotka npaiiBepoB uatepdeiicoB UART, SPI, 12C nox ynpasnenuem
OCPB.

42.FreeRTOS: apxurekrypa, KOHPUTYPUPOBAHHE, COCTAB MPOrPAMMHOIO
uHTepdeiica.

43.Zephyr RTOS: apxutekrypa, cucrema coopku, Kconfig u devicetree.

44 RIOT OS u Contiki-NG: 0COOEHHOCTH TOCTPOCHHS OIEpPallMOHHBIX
cucteM s HTEpHETA BELIEH.
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45.Cnerudpuranuss CMSIS-RTOS kak yHHU(PUIIMPOBAHHBIA MPOTPAMMHBII
uHTepdeiic.

46.KoMmMepueckre omepalioOHHbIE CHCTEMbI pealbHOro BpemeHu: embOS,
ThreadX, QNX Neutrino.

47.0TeuecTBEHHBIE  OINEpPALlMOHHBIE CHUCTEMbl  PEATBLHOTO  BPEMEHH.
Hmnopro3amemienue B o6nactu BerpanBaemoro [10.

48.Kpurtepun BbIOOpa OMepariiOHHON CUCTEMBI JJIsl POEKTa BCTpauBacMoOn
CUCTEMBI.

49 Tloptuposanue sapa OCPB Ha HOBYIO anmnapaTHyo miatdopmy.

50.Metoapl 0TJIaIKM MHOT033Ja4HbIX TpHiiokeHui. CpeacTBa TpacCUPOBKU
U BU3YaJIM3alliH.

S1.[lpodunupoBanre MNPUIOKEHUN: 3arpy3ka IMpoleccopa, OleHKa
Hauxyuero Bpemenu BoinosiHenus (WCET).

52. TunoBble OMMUOKA MHOTO33Ja4YHbIX MPOTPAMM H  CIOCOOBI  HX
OOHapyKEHHUS.

53.CtoposkeBoii Talimep 1 00paboTKa HCKITFOUCHHH 0TKa3a. BocctanoBieHme
nocJse cOoeB.

54.TectupoBaHue BCTpaMBAeMOro MPOTPAMMHOTO OOeCeUeHUs. DMYJISIIuUs
anmnaparypsbl.

55.Vnpasnenue sHepronorpedienneM. Pexum tickless idle u pexumbl
HOHMYKEHHOTO MOTPEOJICHUS.

56.00HOBIEHNE BCTPOCHHOTO mporpammHoro obecrneuenuss (OTA).

3arpy3uuKu.

57.CTekn  CETEeBBIX  MPOTOKOJOB B  OMNEPAIMOHHBIX  CHUCTEMax
MHUKPOKOHTPOJIIIEPOB.

58.TenmeHMMn U  TEPCIEKTUBBI  PA3BUTHUSI  OMEPALUOHHBIX  CHCTEM
MUKPOKOHTPOJUIEPOB.

7.3.2 IlpumepHbIe TeMbl HHAUBUAYAJIbHBIX 32IaHUI U 0030POB

* Cpapuutenbubii aHanu3 FreeRTOS u Zephyr RTOS nns 3amanHOro
KJIacca YCTPOMCTB.

* Peanuzanus MHOro3agadyHoro MNPHIOKEHHS cOOpa JaHHBIX C T'PYIIIbI
JaTYNKOB.

» Pazpabotka npaiiBepa nepudepuitHoro ycTpoiicTsa ¢ 0ydepusarueit moa
yrpasienuem OCPB.

* HccnenoBanue BIUSHUS MapaMeTPOB IUIAHUPOBILKKA HAa BPeMs OTKIIMKA
CUCTEMBI.

* OrmeHka »HEPromoTpPeOICHUs] YCTPOMCTBA TPH PA3IUUYHBIX PEKUMAX
paboTts! simpa OCPB.

* (O030p OTEYECTBEHHBIX OIEPAIMOHHBIX CHCTEM pPEaJbHOTO BPEMEHH U
00J1aCTH X TPUMEHEHUS.

» IlpuMeHeHne ONeparMoOHHBIX CHCTEM MUKPOKOHTPOJIJIEPOB B CHCTEMAax
YMHBIX TIPOCTPAHCTB.
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