MuHo6pHayKku Poccum
®EAEPA/IbHOE FOCYAAPCTBEHHOE BIOAXETHOE OBPA3OBATE/IbHOE YYPEXKOEHUE BbICLLEFO O6PA3SOBAHUA
«BOPOHEXCKWUA rOCYQAPCTBEHHbIA YHUBEPCUTET »
(Preoy BO «Bly»)
YTBEPXKOAIO
3aBeayoLwwmin Kadeapoi
Bopucos Amutpuin HUKonaesmy
Kadenpa nMHbOpMaLMOHHbIX CUCTEM
03.05.2023
PABOYAA NPOrPAMMA YYEEHOW OUCLUNIUHDI

51.B.08 NporpammmpoBaHME MUKPOKOHTPOINEPOB

1. Koa v HaumeHoBaHue HanpasneHuAa ﬂOArOTOBKM/CHeu,VIaanOCTM:

09.03.02 'HPopMaLMOHHbIE CUCTEMbI U TEXHONOTUMU

2. Npodunb noaroToeKM/cneunanmsauma:

BCTpaMBaEN\bIe BbIYUC/INTENIbHbIE CUCTEMbI U UHTEPHET BEU.LEVI, MHd)OpMaLI,MOHHbIe CUCTEMDI B TEIEKOMMYHUKaUMNAX

3. KBanndumKaums (cteneHb) BbiNyCKHUKA:

bakanaspwuat

4. dopma obyueHusn:

OuyHasA

5. Kadeppa, oTBeualowan 3a peanmsaumio GUCLUNANHDIL:

Kadegpa MHGOPMaLMOHHBIX CUCTEM

6. CocraButenu nporpammbi:

CaBuHKoB AHApel HOpbeBuy, A4.T.H., npodeccop

7. PekomeHpoBaHa:

pekomeHgoBaHa HMC ®KH 03.05.2023, npotokon Ne 7

8. YuebHbii roa;:

2025-2026

9.Uenu n 3agaum yuebHoOM AUCLUNAUHDI:

Lenb: dopmupoBaHMe HEOBXOAMMbIX KOMNETEHLUMI B NPeAMETHON 061aCTU MUKPOKOHTPO/IZIEPOB M TEXHONOTUI NX

nporpammmnpoBaHnA, B TOM Yncae C UCnoJsib3oBaHMeM onepaumnoHHbIX CUCTEM peasibHOIo BpemeHu

3agaum yyebHOM ANCUMNANHDI:

npeacTaBuUTb OCHOBbI APXUTEKTYPbl U OCHOBHbIE BO3MOXXHOCTU COBPEMEHHbIX MUKPOKOHTPONEPOB
paccMmoTpeTb 06LLmMe Noaxoabl K MporpaMmMmnpoBaHUI0 MUKPOKOHTPOINEPOB

paccmoTpeTb APl onepaumoHHoi cuctembl FreeRTOS

NMO3HAaKOMUTbLCA CO CTaHAAPTHbIMM BUBANOTEKAMU U MHTEFPUPOBAHHBIMM Cpefamm pa3paboTku ans Hanbonee
pacnpoCcTpaHeHHbIX MUKPOKOHTPON/IEPOB

paccMOTPEeTb METOAb! CHUMKEHWNA SHEPronoTpebeHNA MUKPOKOHTPONIEPOB

10. MecTo yuebHOM aucuMNAnHbI B CTPYKTYpe OON:

YuebHas AUCUMNAMHA OTHOCUTCA K YacTu 610Ka b1, dopmunpyemoit yuacTHMKamm 06pa3oBaTeNbHbIX OTHOLLEHWA



11. MnaHupyemble pe3ynbtaTbl 06yueHUsa No aucumnamHe/moaynio (3HaHUA, YMeHUsA, HaBblKU), COOTHECEHHbIEe C
nAaHUpyembiMU pe3ynbTaTaMu 0CBOeHUA 06pa3oBaTeibHOW Nporpammbl (KOMNETEHLUAMMU BbINMYCKHUKOB) U

UHAUKATOPaMUN UX OOCTUXKEHUA:

Kopa, v Ha3BaHMe KomneTeHuumn

Koa v Ha3BaHMe nHamKatopa
KOMNeTeHLUMn

3HaHWA, YMEHUA, HAaBbIKK

MK-4 CnocobeH npoBoanTb
aHaNM3 TpeboBaHUM K
nporpammHoMy obecrneyeHuto,
BbINONHATb PaboTbl N0
NPOEKTUPOBAHUIO
nporpamMmmMmHoro obecneyeHusn

MK-4.4 OnucbiBaeT TEXHO/IOTUM
06paboTKM AaHHbIX ANs
BO3MOXHOCTU NX
MCMO/1Ib30BaHMA B NPOrpaMMHOM
cpeze, BKAOYasA BONpochl
napannenbHoi obpaboTku

3HaeT coBpemMeHHOE COCTOSIHWE PA3BUTUA U
OCHOBHblEe CEMEeNCcTBA MUKPOKOHTPONIEPOB
YMeeT npasBu/ibHO OnpeaenuTb
TpeboBaHUA K NapameTpam
MWKPOKOHTPO//IEpa C y4eTOM TpeboBaHUi
K nporpammHomy obecrneyeHuto

MmeeT HaBbIKM pPa3paboTKu 1 OTAaaKK
nporpamm Aasa MUKPOKOHTPO//IEPOB, B TOM
yncne ¢ UCNob30BaHNEM ONEPaALMOHHbIX
cUCTeM peasibHOro BpemMeHM

MK-3 CnocobeH BbINOAHATDL
paboTbl NO CO34aHUI0
(moandukaumm) un
CONpPOBOXKAEHWUIO
MHOOPMALLMOHHbBIX CUCTEM

MK-3.4 PaspabaTtbiBaeT Kog,
KoMnoHeHToB UC 1 6a3 gaHHbIX
nc

3HaeT TeXHO/I0rMK pa3paboTKM BCTPOEHHOIo
nporpammMmHoro obecneyeHus u
nporpammMmHo-annapaTHble CPeacTBa OT/IaAKu
A1 MUKPOKOHTPO/INEPOB

YMeeT npaBuAbHO CKOHOUTYPUPOBATb
MWKPOKOHTPONIEP ANS PELLeHUs
nocTaBAeHHOM 3a4a4n

MmeeT HaBbIKM Pa3paboTKM 1M OTNaAKK
nporpamm 418 MUKPOKOHTPO/IZIEPOB, B TOM
yucae € UCNosib30BaHNEM ONepPaLMOHHbIX
CUCTEM PEasibHOTO BPEMEHMU

MK-1 CnocobeH npoBoanTb
nccnefoBaHMA Ha BCex aTanax
YKU3HEHHOrOo LMKANa
NPOrpaMmMmMHbIX CpeacTs

MK-1.3 MnaHnpyeT oTAeNbHbIE
CTaZMn UCCNeaoBaHNA NN
pa3paboTKM Npu HaMUYUK
NocTaBAEHHOM 3a4a4u,
BblIbMpaeT nam popmupyet
NporpammHyto cpeay Ans
KOMMbIOTEPHOTO
MOZENMPOBaHUA U NPOBeAEHUA
3KCMEePUMEHTOB

3HaeT coBpemeHHOe COCTOIHWE Pa3BUTUA U
OCHOBHble CEMENCTBA MUKPOKOHTPONEPOB,
TEXHONOMMM pPa3paboTKM BCTPOEHHOTO
nporpaMmmHoro obecrneyeHms aaa HUX 1
nporpaMmHo-annapaTHble CPEACTBA OTNaAKM
YMeeT oCyLIeCcTBAATb ONTUMabHbIN BbI6GOP
MWUKPOKOHTPO/Iepa, TEXHONOTUU
nporpaMmMmMpoBaHUsA U NPOrPaMMHO-
annapaTtHbIX CPeACTB OTNAAKM A/ PeLueHus
NocTaB/ieHHOM 3a4a4u

MmeeT HaBblKM pa3paboTKM 1 OTIaaKM
nporpamMmm A1 MUKPOKOHTPO/IIEPOB, B TOM
yucae C UCNoNb30BaHNEM OMepPaLMOHHbIX
CUCTeM peasibHOro BpemeHM

12. O6bem AUCUMNAMHDI B 3a4ETHbIX eauHULax/yac:

3/108

dopma NnpomeKyToUHO aTTecTauum:

3ayeT C ouUeHKoM, KoHTponbHan paboTa

13. TpyaoemKocCTb No BUAAM y4ebHOU paboTbl

Bua yyebHoM paboTbl CemecTp 6 Bcero
AyanTOpHbIE 3aHATUA 64 64
J1eKUMOHHble 3aHATUA 32 32
MpaKkTnyeckne 3aHATUA 16 16
JTabopaTtopHble 3aHATUA 16 16




CamocTonaTenbHan paboTa 44 44
KypcoBas paboTa 0 0
MpomexxyTouHasa aTTecTauma 0 0
Yacbl Ha KOHTPOAb 0
Bcero 108 108
13.1. Copep»KaHue JUCUUNIUHDI
n/n HanmeHoBaHue CofepkaHue pasgena Peanusauua pasgena AUCLUNANHBI C MOMOLLbIO
pasgena ANCUMNINHDI ANCUMNANHDI OHNavH-Kypca, SYMK
1. lekuun
1.1 ApXuTeKTypa OCHOBHbIE€ KOMMOHEHTbI https://edu.vsu.ru/course/view.php?id=17576
COBPEMEHHbIX cuctembl Ha Kpuctanne (CHK):
MWUKPOKOHTPO/INEPOB NpoLLeccopHoe AApo,

KOHTPO/IIEP NPepbIBaHUN,
TakToBbIN reHepaTop (RCC),
namatb, EEPROM un
nepudepuitHble ycTponcTea
(GPIO, ADC, Talimepbl, yachbl
peasbHOro BPEMEHH,
KOMMYHMKALMOHHblEe
MHTepdelichl,
CnewuMannsmpoBaHHble
BbIYNCANTENIbHBIE MOAY/H,
conpoueccopsl,
pagnoYyacToTHbIEe
npvemonepesaTinkmn 1 T.n.)

1.2 TaKTOBbIV reHepaTop McTouYHMKM TakToBOM YacToTbl, | https://edu.vsu.ru/course/view.php?id=17576
(RCC) PLL, TakTMpOBaHue
nepudepuinHoro

0bopyaoBaHMA Ha Npumepe
MpOLLeCCOPOB CEMENCTBA

STM32
1.3 KoHTponnep BeKTtop npepbiBaHuii, https://edu.vsu.ru/course/view.php?id=17576
npepbIBaHUi NpPUOPUTETLI MPEPbIBAHNUN,
WCTOUYHMKM NpepbiBaHUI B
MWKPOKOHTpOIIEpax
1.4 [VCcKpeTHble BXOAbI- HasHayeHne 1 BO3MOXKHOCTU https://edu.vsu.ru/course/view.php?id=17576
BbIXoAbl 06Lero GPIO, KoHUrypmnpoBaHue n
HasHauyeHus (GPIO) pexunmbl paboTbl GPIO Ha

npumepe NpoLeccopos
cemeiictea STM32

1.5 BctpoeHHble LIAM n HasHayeHune 1 BO3MOXKHOCTU https://edu.vsu.ru/course/view.php?id=17576
ALM LLAM n ALN
MWUKPOKOHTPO/INEPOB,

Kannbposka ALLM,
OAHOKPATHOE U HenpepbIBHOE
npeobpasosaHue,
KOHOUrypupoBaHue u
pexxunmbl paboTbl Ha Npumepe
MpOoLLeCcCOpOB CEMeiCTBa

STM32
1.6 NHTepdelicsl HasHaueHMe 1 BO3SMOXKHOCTH https://edu.vsu.ru/course/view.php?id=17576
UART/USART UART / USART,

KOHbUTypupoBaHue u
pexxunmbl paboTbl Ha Npumepe
npoLeccopoB cemencTea
STM32, nogaepka LIN n
RS485




n/n

HavmeHoBaHue
pasaena ANCUMNINHDI

Copep»kaHue pasgena
ANCLMUNAVHBI

Peanusauusa pasgena AUCLMNANHBI C MOMOLLbIO
OHNalH-Kypca, YMK

1.7

NHTepdericbl SPI n 12C

HasHaueHuWe 1 BO3MOXHOCTU
nHTepdericos SPI n 12C,
KoHOUrypupoBaHue u
pexumbl paboTbl Ha Npumepe
npoLLeccopoB ceMeicTBa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.8

Talimepsbl

dopmunpoBaHme 3a4aHHbIX
BPEMEHHbIX UHTEPBAsIOB,
dbopmupoBaHue curHana
WM (PWM), cuet
MMMNYNIbCOB, PEXUM
CPaBHEeHMWA, NoAAepPIKKa
9HKOAEPOB BbICOKOTO
paspelleHus,
KoHOUrypuposaHue u
pexumbl paboTbl Ha Npumepe
npoLLeccopoB ceMeicTsa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.9

NuTepderic USB

HasHaueHuWe 1 BO3MOXKHOCTU
nHTepdelica USB,
KOHdUTrypupoBaHue n
peKumbl paboTbl Ha Npumepe
npoLeccopoB cemeicTaa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.10

Yacbl peanbHoro
BpemeHu (RTC)

Ha3HayeHune 1 BO3MOXKHOCTU
4YaoB peasibHOro BpemeHwu,
pe3epBHOE 3NeKTPONUTaHNe
(backup domain),
backuppeructpbl Ha npumepe
npoL,eccopoB cemencTaa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.11

BcTpoeHHan
3HeproHesasncnumasn
namaTb
MUWKPOKOHTpOIIEPa

MpuHUMnbl paboTbl co
BCTPOEHHOM
SHEepProHe3aBUCMMON NAMATbIO
MWKPOKOHTpONNEPA,
BblpaBHWBaAHME AaHHbIX,
CTUPaHUE U 3anuchb,
TeXHOM0MMKN 06HOBAEHUA
BCTPOEHHOTO NPOrPamMMHOro
obecneyeHus
MWUKPOKOHTPOINEPOB

https://edu.vsu.ru/course/view.php?id=17576

1.12

OnepaunoHHas cuctema
FreeRTOS

API FreeRTOS: 3agauu (tasks),
nporpaMmmHble Taimepbl,
cpeacTsa U meToabl
CUHXPOHU3AUNH,
WMHCTPYMEHTbI YBEAOMIEHUA
0 cobbITUAX, OYepeam
cooblLeHnt n 0bmeH
AaHHbimK CtaHgapt CMSIS
(Common Microcontroller
Software Interface Standard)

https://edu.vsu.ru/course/view.php?id=17576

1.13

MeTogpbl CHUMKEHUA
3HepronoTpebaeHus

Pexkumbl aHepronoTpebieHms
MWUKPOKOHTpONEPa,
ynpasneHue
sHepronoTpebieHnem,
NpUeMbl CHUXKEHMUS
3HepronoTpebieHns

https://edu.vsu.ru/course/view.php?id=17576




n/n

HavmeHoBaHue
pasaena ANCUMNINHDI

Copep»kaHue pasgena
ANCLMUNAVHBI

Peanusauusa pasgena AUCLMNANHBI C MOMOLLbIO
OHNalH-Kypca, YMK

2. MNpaKtnueckune
3aHATUA

2.1

NHCcTpyMmeHTbI
pa3paboTKM 1 OTNAAKM
BCTpoeHHoro MO

MHCTpyMmeHTbl ana
MWKPOKOHTPO/INEPOB
cemeictea STM32
(STMicroelectronics):
reHepaTop NPOEKTOB
STM32CubeMx,
WMHTErpupoBaHHas cpesa
pa3paboTku STM32CubelDE
WNHCTpYyMeHTbl gna
MWKPOKOHTPO/INEPOB
cemeictea CC13xx (Texas
Instruments):
MHTErpupoBaHHas cpesa
pa3paboTkmn Code Composer
Studio, nporpamma SmartRF
Studio, nporpamma Sensor
Controller Studio

https://edu.vsu.ru/course/view.php?id=17576

2.2

Bbubnnoteka HAL ana
MWKPOKOHTPOINEPOB
cemeictea STM32

M3yyeHne oCHOBHbIX GyHKLMM
6ubnunoteku, pabota c
nepudepuiiHbim
obopyaoBaHuem
MWKPOKOHTPOINEPOB
cemericta STM32 ¢
ncnonb3osaHnem HAL

https://edu.vsu.ru/course/view.php?id=17576

2.3

Bubnunoteka Driver
Library gna
MWKPOKOHTPOIIEPOB
cemerictea CC13xx

MN3yyeHne oCHOBHbIX GYHKLNIA
6ubnunoteku, pabota c
nepudepuiiHbim
obopyaoBaHnem
MWKPOKOHTPONIEPOB
cemerictBa CC13xx ¢

ncnonb3oBaHuem Driver

https://edu.vsu.ru/course/view.php?id=17576

Library
3. labopaTtopHbie
pabotbi
3.1 3HaKOMCTBO C Wcnonb3osaHune https://edu.vsu.ru/course/view.php?id=17576
MUKPOKOHTPOI/IEPOM STM32CubeMX ansa cosgaHua
cemeicrea STM32 npoekTa, cbopKa NpoekTa u
3anucb ero B NamaATtb
MWKPOKOHTpONEpa
3.2 O6paboTka HacTtpoiika KoHTpoA/iepa https://edu.vsu.ru/course/view.php?id=17576
npepbiBaHUM Ha npepbIBaHWN, HAaCTPOWKa
MUKPOKOHTpOAepe GPIO B KauecTBe BxoAa
cemeictea STM32 3anpoca npepbiBaHUA
3.3 Pabota c ADC Ha HacTpoiika ADC, nonydeHue u https://edu.vsu.ru/course/view.php?id=17576
MUKPOKOHTpOAepe 06paboTKa AaHHbIX ADC
cemeicrea STM32
3.4 Pa6ota c nHTepdeincom HacTpoiika UART, nepegaya u https://edu.vsu.ru/course/view.php?id=17576

UART/USART Ha
MWKPOKOHTpOAEPE
cemeictea STM32

npuvem gaHHbix Yyepe3 UART




n/n HanmeHoBaHue CofepskaHue pasgena Peanusauusa pasgena AUCLMNANHBI C MOMOLLbIO
pasgena AUCLUNINHBI AVNCUMNANHDI OHNalH-Kypca, IYMK
3.5 PaspaboTka Peanusauma MHOronoTo4YHOro https://edu.vsu.ru/course/view.php?id=17576
BCTpoeHHoro MO ans NPUNOXKEHUA C
onepaLyoHHOM MCMNOIb30BaHNEM GYHKL NI
cuctembl FreeRTOS Ha FreeRTOS (cMHXpOHM3aLMA
MWKPOKOHTPO/INEPE 3a4a4, 06paboTKa cobbITUNA,
cemeiictea STM32 OBMeH AaHHbIMK,
NnporpamMmmHble Taimepbl) 1
BCTPOEHHOro nepudepuitHoro
obopygoBaHus
MUKpOKoHTponnepa (ADC,
Tanmepsl, backup peructpesl,
UART, USB, koHTponnep DMA
v ap.)
13.2. Tembl (pa3penbl) AUCUMNNNHDI U BUADI 3aHATUIA
Ne HanmeHoBaHue Tembl JleKuUnOoHHble MpaKkTnueckne JlabopaTtopHble CamocroAatenbHas Bcero
n/n | (paspena) 3aHATUA 3aHATUA 3aHATUA paboTa
1 ApxuTekTypa 2 1 3
COBpPEMEHHbIX
MUKPOKOHTPO/I1EPOB
2 TaKTOBbIV reHepaTop 1 1 2
(RCC)
3 KoHTponnep 2 1 3
npepbiBaHUM
4 [OncKpeTHble 1 1 2
BXOAbIBbIXOAbI 06LEero
Ha3HauyeHus (GPIO)
5 BcTpoeHHble LUATM 1 1 1 2
ALN
6 NHTepdelicbl 2 1 3
UART/USART
7 NHTepdeiicol SPIn 12C 3 1 4
8 Talimepbl 4 1 5
9 NHTepdeiic USB 2 1 3
10 Yacbl peanbHoro 2 1 3
BpemeHu (RTC)
11 BctpoeHHasn 2 1 3
SHeproHesaBMcumas
namaATb
MMKPOKOHTpOANEpa
12 OnepaunoHHaa cuctema | 8 4 12
FreeRTOS
13 MeToabl CHUXKeHNA 2 1 3
3HepronoTpebneHuna
14 NHCTpYMeEHTbI 8 8 16
pa3paboTKM 1 OTNaAKK
BCTpoeHHoro M0
15 Bubnuoteka HAL gns 4 4 8

MWKPOKOHTPO/1epPOoB
cemeiictea STM32




n/n

HanmeHoBaHMe Tembl
(pasaena)

J1eKuMOHHbIe
3aHATUA

[MpaKkTnyeckmne
3aHATUA

NabopaTtopHble
3aHATUA

CamocToAaTenbHas
pabota

Bcero

16

Bbubnnoteka Driver
Library gns
MWKPOKOHTPO/1EPOB
cemenicta CC13xx

4

4

17

3HaAaKOMCTBO C
MUKPOKOHTPO/I/IEPOM
cemeliictea STM32

18

ObpaboTka
npepbIBaHUI Ha
MUKPOKOHTpOINEPe
cemeicTea STM32

19

Pabota c ADC Ha
MWKPOKOHTpONIepe
cemeiictea STM32

20

PaboTa c nHtepoericom
UART/USART Ha
MWKPOKOHTpoOINEpe
cemelictBa STM32

21

PaspaboTka
BCcTpoeHHoro N0 agna
onepauyoHHOM
cmuctembl FreeRTOS Ha
MWKPOKOHTpoOINepe
cemerictea STM32

16

32

16

16

44

108

14. MetoguuecKkue yKasaHuA gna obyuyaloWwmxca No OCBOEHUIO AUCLMUMN/UHDI

OucumnnavHa TpebyeT paboTbl ¢ pailaMmn-NpeseHTaLUAMM KLU 1 COOTBETCTBYIOLLMMM ITaBaMM PEKOMEHA0BAHHOM
OCHOBHOMI NMTEPATYpPbIl, a TaKKe, 0653aTe/IbHOro BbINOAHEHWNA BCeX 1abopaTOPHbIX 3a[4aHMIN B KOMMbLIOTEPHOM K/acce.

CamocTonTenbHas paboTta NPOBOAUTCA B KOMMbIOTEPHbIX Knaccax PKH ¢ ncnonb3oBaHMem METOAMYECKMX MaTepranos
PaCMnoNOMKeHHbIX Ha y4ebHo-meToandeckom cepsepe PKH fs.cs.vsu.ru\library u Ha cepsepe Moodle BI'Y moodle.vsu.ru.

Bo Bpemsa camocTosTeNbHOM PpaboTbl CTYAEHTbI MCNOb3YIOT 3/1EKTPOHHOBUBANOTEYHbIE CUCTEMbI, AOCTYMHbIE Ha

noptane 3oHanbHOM brubnunotekn BIY no agpecy www.lib.vsu.ru. YacTb 3aaHu1it MOXKeET ObITb BbINOSIHEHA BHE
ayaAUTOPUI Ha AOMALLHEM KOMMbIOTEPE, MOC/Ie KOMMPOBAHUSA METOAMYECKUX YKa3aHni n Heobxogumoro MO ¢ yuebHo-
meToamnyeckoro cepsepa ®KH.

an MCNONb30BaHUN OUCTAHUNOHHDbIX 06pa3OBaTEI'IbeIX TEXHO/IOTUI U 3/IEKTPOHHOIO o6yqum-| BbIMO/IHATb BCe
YKa3aHuA npeno,a,aBaTeneﬁ, BOBpPEMA NOAKNHOYATbLCA K online 3aHATUAM, OTBETCTBEHHO NOAXOAUTb K 3a4aHUAM ONA

CamMoCToATENIbHOM PaboThbl.

15. MNepeyeHb OCHOBHOW M AONONHUTENbHOI NNTEPATYPbI, PECYPCOB UHTEPHET, HEOBGXOANUMBIX ANA OCBOEHUA
ANCLUNAWNHDI

a) OCHOBHasA MTepaTypa:

Ne n/n NCTOYHMK

1 Cepsep STM32 Education // URL:
https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-step-by-step.html

2 TI-RTOS 2.20 for CC13xx/CC26xx SimpleLink™ Wireless MCUs Getting Started Guide // URL:

https://www.ti.com/lit/pdf/spruhu7

6) AonosHUTeNbHAA AnTepaTypa:

Ne r/n NCTOUYHUK
1 OduumanbHbii cant FreeRTOS // URL: https://www.freertos.org/
2 Cnpaso4Huk no CMSIS-RTOS API // URL:




| https://www.keil.com/pack/doc/CMSIS/RTOS/html/group__ CMSIS__RTOS.html

B) MHOOPMALMOHHbIE 3/1EKTPOHHO-06pa3oBaTe/IbHbIE PeCcypCbl:

Ne n/n NCTOYHUK

1 Bubnnoteka BIY, http://www.lib.vsu.ru

2 Cepsep yuebHo-meTogmnueckmnx matepmnanos ®KH, \\fs.cs.vsu.ru\Library

3 O6pa3oBaTe/ibHbI MopTan "dNeKTPOoHHbIN yHuBepcuTeT BIY", http://edu.vsu.ru
16. MepeueHb yuebHO-MmeTOoAUUYECKOro obecneueHuns Ana CaMmoCToATeNbHOM PaboTbl

Ne n/n NCTOYHMK

1 Cepsep yuebHo-meToanueckmnx matepmanos PKH, \\fs.cs.vsu.ru\Library

2 O6pas3oBaTte/ibHblit MopTan "dneKTpoHHbIN yHUBepcuTeT BIY", http://edu.vsu.ru

17. O6pasoBaTesnbHble TEXHONOIMMU, UCNOJIb3yeMble NPU peanusaumum yuebHoi AMCUUNANHDI, BKAOYaA
AUNCTaHUMOHHbIe obpasoBaTtenbHble TexHonoruu (O0T), anekTpoHHoe 0b6yyeHue (30), cmewwnaHHOe 06yyeHue):

JNlekummn-Br3yanmsaLmm c AeMOHCTPALLMEN UANOCTPATUBHbBIX U FpadUyecKMx maTepranos, aHuMauumn, 6aok-cxem
aNropuTMOB M MPUMEPOB UCXOLHOIO KOAa, AEMOHCTPALIMEN BbIMONHEHWUA KOMAHL, ONEepPaLMOHHON CUCTEMON,
nabopaTtopHble paboTbl.

Mpu peannsaumm ANCLMUNAMHBI MOTYT UCMO/b30BaTbCA TEXHOOMMM 3/IEKTPOHHOTO 06yYeHMsA U AUCTAHLMOHHbIE
obpasoBaTesibHble TEXHONOMMM Ha 6a3e nopTana edu.vsu.ru, a TaKKe Apyrue AOCTYMHble Pecypcbl ceT UHTEpHET.

18. MartepuanbHo-TexHUYecKoe obecneyeHme AUCLUMNJIUHDI:
1 JleKumoHHana aygMTopusa, OCHaLLLEHHAs BUAEOMNPOEKTOPOM.

2 KomnbloTepHbIM KNacc Ana NpoBeaeHns 1abopaTopHbIX 3aHATUIA, OCHALLEHHbI BUAEOMPOEKTOPOM,
komnbtotepamm ¢ OC Windows ¢ ycTaHOB/IEHHbIMW MHCTPYMEHTaMM pPa3paboTKM AN MUKPOKOHTpoAiepoB STM32
M OTNaA0YHbIMKM NAaTamu Ha 6a3ze MCU STM32.

19. OueHouUHble cpeacTBa ANA NPOBEeAEeHUA TeKyLel U MPOMEXKYTOUHOM aTTecTaunii

MopsAoK OLLEHKM 0CBOEHMA 0byyatowmmmca yyebHOro maTepurana onpeaenseTcs cCoaepaHnem cneayowmx pasaenos
AUCUMUMIUHDI:

No Pasaenbl gucumnavHbl (moaynm) Kog, Kog, OueHo4Hble cpeacTsa
n/n KOmneTeHuum MHOWKaTopa ONA TeKyLLen
aTtTecTaumm
1 ApPXUTEKTYpa COBPEMEHHbIX MK-4 MNK-4.4 CobecenoBaHue
MUKPOKOHTPO/1/1IEPOB

OnepaunoHHasa cuctema FreeRTOS
MeTogapl CHUKeHNA aHepronoTpebneHns
3HAKOMCTBO C MUKPOKOHTPO/1IEPOM
cemeiictea STM32

PaspaboTka BcTpoeHHoro MO ana
onepaumnoHHom cuctembl FreeRTOS Ha
MWKPOKOHTpOINepe cemencTea STM32

2 TakTOBbIN reHepaTop (RCC) MK-3 MK-3.4 JlabopaTopHble paboTbl
KoHTponnep npepbiBaHuit

Talimepbl

JNCKpeTHble BXOAbI-BbIXOAblI 06LLEro
HasHauyeHuAa (GPIO)

AHanorosble Bxogpl (ADC)
NHTtepdeicsl UART/USART
WUHTepodeiicbl SPI u I°C

NHTepdeiic USB

Yacbl peanbHoro Bpemenu (RTC)

BCTpOEHHaﬂ 9HeproHesaBnCcMmana NamMmAaTb




n/n

Pasaenb! gucumnamHbl (moaynm)

Kopg,
KOMMeTeHLUN

Kog,
WMHAMKaTOopa

OueHo4Hble cpeacTsa
ONA TeRyLLen
aTTecTaumm

MWKPOKOHTpoOAepa

OnepaunoHHaa cuctema FreeRTOS
MeToap! CHUXeHUA
sHepronoTpebneHusn

NHCTpymeHTbl pa3paboTku U OThaKu
BCTpoeHHoro MO

3HAaKOMCTBO C MMKPOKOHTPO/IIEPOM
cemeiictea STM32

O6paboTka npepbiBaHUI Ha
MUKPOKOHTpoAnepe cemenctea STM32
Pabota c ADC Ha MUKPOKOHTpoOAnepe
cemenictea STM32

Pa6ota c nHtepdeiicom UART/USART Ha
MWKPOKOHTpoINepe cemencTea STM32
PaspaboTka BcTpoeHHoro MO ana
onepaumnoHHoi cuctembl FreeRTOS Ha
MWKPOKOHTponnepe cemelictea STM32

ApXUTEKTYpa COBPEMEHHbIX
MWKPOKOHTPO/1/1ep0oB

OnepauunoHHaa cuctema FreeRTOS
NHcTpymeHTbl pa3paboTku 1 0TnaKu
BCTpoeHHoro MO

Bubnnoteka HAL ana
MWKPOKOHTPOINEPOB cemelicTBa STM32
Bubnuoteka Driver Library ann
MWKPOKOHTponnepoB cemerictea CC13xx
PaspaboTka BcTpoeHHoro MO ana
onepaumnoHHom cuctembl FreeRTOS Ha
MWKPOKOHTpOINepe cemencTea STM32

MK-1

MK-1.3

KoHTponbHas paboTa

MpomerKyTouHaa aTTecTauma

dopma KOHTPOAA - 3a4eT ¢ oueHKoW, KoHTposibHasA paboTa

OueHoYHble cpeacrtea AnAa HpOMe)KYTOHHOVI aTrectaummn

1 CobecepoBaHue

2 KoHTponbHan paboTa

20

Tunosble oUeHOYHbIe cpeacTtsa U metoaguvyecKkue martepuansl, onpegenaoume npoueaypbl oueHnBaHuA

20.1 TeKywuMit KOHTPONb YCEBAaeMOCTH

TeKyLLMN KOHTPONb YCNEeBAaeMOCTU BbINOAHAETCA NO NabopaTopHbIM paboTam.

Mo KaxAaoM BbINONHEHHOW paboTe A0XKeH ObITb NPeaoCTaBAEH OTUYET, BKAOYAIOLLMA MCXOAHbIN KoA, pa3paboTaHHbIX

nporpamm u ornmcaHue Nosiy4eHHbIX pe3ynbTaTos. [1o oT4yeTy npenogasaTenb Brpase 3a4aTb AOMNONHUTENbHbIE

BOMPOCHI A4/19 YTOYHEHUA YPOBHA NOHMMaHWUA maTepuana. JlabopatopHana paboTa oueHMBaeTcs makcumym B8 100

6annos.

anBEAéHHbIe HWXXe 3a4aHNA peKoMmeHayeTcA NCNo1b30BaThb Npu npoBeaeHUN ANarHOCTUYECKUX pa60T ANA OLEeHKHU

OCTaTOYHbIX 3HAHWI MO ancumnianHe




KomneteHuus MK-4

3a[aH1A 3aKPbLITOro TMNa

1)

2)

3)

4)

B cocTaBe cOBpeMeHHOTo MUKPOKOHTPO/IIEPA MOXKET BbITb NPEACTAaBNEHO CaeaytoLee nepubepuitHoe
obopyaoBaHue

a) Moaynb BbluncneHma CRC

b) MuKkpodoH

¢) AHanoroBo-umdpoBoi npeobpasosaTesib

d) UHTepdeiic USB

e) ¥ecTkuii ancK

f) Paanomopem
MprMMeHeHMe onepaumoHHON cucTeMbl NPU pa3paboTKe BCTPOEHHOTO NPOrpammMHOro obecneyeHuns no3sonseT

a) NoBbICUTb NPON3BOAMUTENBHOCTb BbIUMCNEHUI

b) YBennunTb 06bem A0CTyNHOM NamaATK

c) Ynpoctutb paspabotky MO 3a cyeT noaaepKKM MHOro3agaqyHocTu

d) Ynpoctutb paspaboTky N0 3a cyeT NpUMeHeHM A A3blKa NPOrpaMmMMPOBaHMA BbICOKOTO YPOBHS
dHepronoTpebieHne yCTPOMCTBA HA OCHOBE MUKPOKOHTPO/IIEPA MOXKET ObITb CHUMEHO 3a CcYeT

a) CHMXKeHMA TaKTOBOW YacToTbl NpoLieccopa 1 nepudepum 4o MUMHUMabHO A0CTaTOYHOWN

b) MoBbIWeHNA TAKTOBOM YaCTOTbl NPOLLECCOPA A0 MAaKCUMA/IbHO BO3MOXKHOW

c) OTKasa OT NOCTOAHHOTO onpoca nepudepun B LUKIE 1 Nepexos K paboTe Mo NpepbiBaHUAM C BKAKOYEHUEM
CMALWEro pexmnma npoueccopa npu oTCyTCTBMM TEKYLLMX 3a4a4

d) MepekntoyeHna He3a4elCcTBOBAHHbIX IMHWNI GPIO B peXXmMm ¢ MMHMMAJIbHBIM 3HepronoTpebaeHnem (Hanpumep,
B PEXKMM aHaNOroBOro BXoAa A1 MUKPOKOHTponnepos STM32)

e) YmeHblueHUA pazmepa cTeKa 3a4au

Mporpamma STM32CubeMX nossonset
a) CKoHOUIypMpoBaTb BbIBOALI MUKPOKOHTPO/I/IEPA C aBTOMATUYECKMM OBHapy*KeHNneM KOHGIMKTOB
b) BKAtoUnTb M cCKOHOUIYpMpoBaTb Heobxoanmoe nepudepuninHoe obopyaoBaHNE MUKPOKOHTPOAEPA
c) HanucaTb Kog, 0bpaboTumnka npepbiBaHUM

d) CreHepupoBaTb C-Kog, MHMLMANN3ALUM MUKPOKOHTPONEPA

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OtserT (byKBa)
1 a,c,d,f

2 o

3 a,cd

4 a,b,d

3a4aHuA OTKPLITOro TMNa

1)

2)

Kakoe MmakcumanbHoe Konnyectso BbiBoAoB GPIO moxeT 6bITb OHOBPEMEHHO HAaCTPOEHO A1A paboTbl ¢
BHELUHUMM NPepbIBAaHUAMM B MUKPOKOHTPO/Iepax cemenctea STM32
KaKkoe MaKcMmasibHOe YMCN0 NPUOPUTETOB 33434 MOXKET BbITb CKOHOUTYPUPOBaHO B cucteme FreeRTOS



OTBeTbl Ha BON POChbI

Homep Bonpoca OTser
1 16
2 32

3a4aHusa C pa3BEPHYTbIM OTBETOM

1) Yem MUKPOKOHTPOANEP OTIMYAETCA OT MUKpOMpoLeccopa

OTBeTbl Ha BoON POChbI

Homep Bonpoca Kputepuun oueHnsaHuA

1 Obyyatowniica TOUHO 06BACHUA OTANYME MUKPOKOHTPO//IEPaA OT
MUKponpoLeccopa — 3 6anna

ObyyaroLmncs 06bACHUA OTIMYNE MUKPOKOHTPOAEPA OT
MMKponpoLeccopa. OTBET COAEPHKUT HE3HAUUTEbHbIE
HeTo4yHoCTU — 2 banna

Ob6yyvatowmiica He A0CTaTOYHO TOYHO 0BBACHWUA OTANUYNE
MUWKPOKOHTPOEPA OT MUKponpoueccopa. OTBET He COAEPHKUT
rpy6bix oWMBOK nan HeTouHocTen — 1 6ann

ObyyatoLnncs He 0BBACHUA OTANYME MUKPOKOHTPONIEpa OT
MUKponpoueccopa. OTBET COAEPHKUT rpybble OWNBKU K
HeToyHocTM — 0 6annos

KomneteHuyus MK-3

3a4aHu1s 3aKPbITOro TMna

1) MpeaBapuTenbHbI aenuTenb (prescaler) Talimepa nossonser
a) MOHM3UTb YaCcTOTy TAKTUPOBaAHMA Tanmepa
b) NoBbICUTb Pa3pPAAHOCTb CHETYMKA TaliMepa
c) Ucnonb3osatb Taimep BmecTto ALLM
2) OTMeTbTe BO3MOMKHblE QYHKLMM TaliMepa MUKPOKOHTpO/1epa
a) PopmnpoBaHMe 3a4aHHbIX BPEMEHHbIX MHTEPBA/IOB
b) ®opmuposaHue curHana LUNM
c) Nopaeprkka MHKPEMEHTa/IbHbIX SHKOAEPOB BbICOKOrO paspeLleHuns
d) TakTMpoBaHue nHTepdelica USB
3) WHTepdeiic i’s npeaHasHadveH
a) A HM3KOCKOPOCTHOM Nepegayn HeboNbLMX BIOKOB AaHHbIX MeXKAY UHTErpasibHbIMM CXEMaMM Ha OAHOM naaTte
b) Ana 6ecnpoBoOAHON CBA3U MeEXAY YCTPOMCTBAMU B CEHCOPHbIX CETAX
c) Ons nepefaym BMAEO BbICOKOTO paspeweHmnsa mexgy MCU n Bugeokamepon
d) Ans nepesaum oTCcYETOB 3BYKOBOIO CMrHana mexay MCU un 3ByKOBbIMUW KOgeKamMu
4) Wutepdeliic SPl npegHasHayeH
a) ina becnpoBoAHOM Nepeaayn AaHHbIX U Bbixoaa B MHTepHeT
b) Ona nepesayn BUAEO BbICOKOrO pa3peLleHus

c) Ana ceasm MCU ¢ gpyriMmm MHTErpanbHbIMU CXeMamMu, 0B6bIYHO PACNONOXKEHHbBIMM Ha TOM Xe naaTte (NamaTb,
paclmpuTenm NopToB U T.M.)

d) OnA nepefiaun BbICOKOKAYECTBEHHOIO 3BYKa
v .2
5) WHTepdeiic i‘c npeaHasHayeH gns

a) CBA3KN MeXAy UHTerpasbHbIMU CXEMaMU BHYTPM 3/IEKTPOHHbIX NPUBOPOB ANA COeAMHEHNA HU3KOCKOPOCTHbIX
nepudepninHbix KomnoHeHTos ¢ MCU



b) Mepepaun BbICOKOKAYECTBEHHOrO MHOFOKaHabHOMO 3ByKa mexay MCU 1 BHeLHUM ayaMoKoAeKom

c) Mepeaauv uMPPOBLIX AAHHbIX HA 3HAUNTENbHbIE PACCTOAHMA B CUCTEMAX NPOMBbILLIEHHOW aBTOMATUKM B
YCNOBUAX CUNbHbIX 3N1EKTPOMArHUTHbIX NOMeX

d) Mepeaaun BMAEO BbICOKOrO paspeLleHns B peaibHoM BpeMeHn mexay MCU v BHelwHel BuaeoKamepo
OTBeTbI Ha BOMPOCHI

Homep Bonpoca OtserT (byKBa)
1 a

2 a,b,c

3 d

4 C

5 a

3a43aHunA OTKPLITOro TMNa

1) MaKcmanbHblit KO3GPULMEHT AeneHns NnpeaBapuTenbHoro aeautens (precaler) B MUKpoKoHTponnepax STM32
2) Pa3pagHOCTb CYEeTYMKA TaliMepa B MUKPOKOHTpoanepax STM32

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OTser
1 65536
2 16

3a4aHu1sA C pa3BEPHYTbIM OTBETOM

1) OnuwwuTe npuHLUMN popmupoBaHma curHana LUMM c ucnonbsoBaHMem annapaTHOro TaMmepa B
MMKPOKOHTponnepax STM32

OTBeTbl Ha BON POChbI

Homep Bomnpoca KpuTepuun oueHmBaHuA

1 ObyyaroLMincs TOYHO 06 BACHUA MexaHM3M GOPMUPOBAHUS
curHana WKWM c ncnonb3oBaHnem pernctpa cpasHeHus — 3 6anna

Ob6yyvatowminca o6bACHUA MeXaHN3M GOPMUPOBAHMA CUTHANA
LM c ncnonbsosaHnem pernctpa cpasHeHua. OTBET COAEPKUT
He3HaunTeNbHble HETOYHOCTU — 2 Banna

Ob6yuvatowminca He 40CTaTOYHO TOYHO 06 BACHWUA MEXaHU3M
dopmmupoBaHua curHana LUMM. OTBeT He coaep»KuT rpybbix
OWnBOK Unn HeTouHocTen — 1 bann

ObyyaroLmincs He 06 BACHUA MexaHU3M GOPMUPOBAHNUS CUTHANA
LWKMM. OTBeT coaepKuT rpybblie olwnmbKM 1 HeTouyHoCcTM — 0 6annos

KomneteHuua MK-1

3a/.aHMA 3aKPbLITOro TMNa

1) BcTpoeHHbIN KoHTponnep npepbiBaHuit (NVIC) B sapax ARM cemelicta Cortex-M
a) He noaaep:mMBaeT NpuopuTeTbl NPepbiBaHNiA
b) NopnepkunBaeT GUKCUPOBAHHbIE MPUOPUTETBI NPEPbLIBAHMUIM
c) MopneprKMBaET HacTpanBaemble NPUOPUTETLI NPEPLIBAHUI

2) BbibepuTe NpaBUIbHOE YTBEPHKAEHUE

a) Kaxpoe annapatHoe npepbiBaHue B ARM Cortex-M Bbi3BaHO annapaTHbIM cobbiTuem (event)



b) Kaxkgoe annapatHoe cobbiTve B ARM Cortex-M Bbi3biBaeT npepbiBaHne
3) OnepaunoHHana cuctema FreeRTOS peannsyet noaaepky

a) BbiTecHawLWeNn MHOro3a4a4HOCTM HAa OCHOBE NPUOPUTETOB

b) KopnopaTreHOI MHOro3agayHocTm

c) He nopaeprkmMBaeT MHOro3a4a4yHocTb
4) OnepauunoHHas cuctema FreeRTOS npenocTaBasieT caeayroLlmne CpeacTsa CUHXPOHU3aLUMN 3a4au

a) PeKkypcmBHbI MblOTEKC

b) Cuntarowmii cemadop

c) BAOKMpPOBKa YMTaTeIb-NncaTesb

d) BuHapHbIl cemadop

e) bapbep cMHXpOHM3aUUn

OTBeTbl Ha BOMPOChHI

Homep Bonpoca Ortser (b6yKkBa)
1 o

2 a

3 a

4 a,b,d

334aHu1A OTKPbLITOro TMNa

1) Kakoe maKkcMmanbHOe YMCI0 NPUOPUTETOB NPEPbIBAHUI MOXKET NoAAepPKMBaTb KOHTPoOAep npepbiBaHuii NVIC B
munkponpoueccopax ARM Cortex-M

OTBeTbl Ha BOMPOChHI

Homep Bonpoca OTset

1 256

3aJaHu1sA C pa3BEPHYTbIM OTBETOM

1) OnuwuTe NpenMmyLecTBa 1 HeaO0CTaTKM UCMONb30BaHMA ONepaLnoHHo cuctemsl Tuna FreeRTOS npu peannsaymm
NPOoeKTa Ha MUKPOKOHTpOANEpPe

OTBeTbl Ha BONpPOCHI

Homep Bonpoca Kputepuun oyeHnsaHuA

1 ObyyaroLLMNCs PacKpPbI MPEUMYLLECTBA M HEALOCTATKM
MCMO/Ib30BaHMA onepaunoHHoM cuctembl Tuna FreeRTOS npwm
peanusaummn NpoeKTa Ha MMKPOKOHTpoepe — 3 banna

Obyyatowumiica B LLesIoM pacKkpbl MPenmyLLLecTBa U HeJoCTaTKU
MCNONb30BaHUA onepaLmMoHHON cuctembl TMNa FreeRTOS npwm
peanusaummn NpoeKTa Ha MMKPOKOHTponnepe. OTBET COAEPHKUT
He3HaunTeIbHble HETOYHOCTU — 2 Banna

Obyyatowuniics He AOCTAaTOYHO MOJHO PACKPbL NPEUMYLLECTBA U
HeZ0CTaTKM UCMOb30BaHMA OMepaLMOHHON CUCTEMbI TMNA
FreeRTOS npu peanvsaumm npoekTa Ha MMKPOKOHTpONEpe.
OTBET He coaepHKUT rpybbix OWMOOK A HeToYHocTen — 1 6ann

Obyyatowuiica He pacKkpbla NPEMMYLLECTBA U HEAOCTATKM
MCMO/Ib30BaHMA OnepaLuoHHON cuctembl Tvna FreeRTOS npu
peanusaumm NpoeKTa Ha MUKPOKOHTpoepe. OTBET COAEPKUT
rpybble oWwMbKKM 1 HeTouHoCTM — 0 6annos




20.2 TlpomexKyTouyHasa aTrecTraumsa
3apaHue gNa KOHTPONbHOM paboTbl

HanucaTb BCTpOEHHOE NpUAOXKeHUe AN MUKPOKOHTpoAiepa cemericTBa STM32, KoTopoe M3mepaeT ypoBeHb CUTHaNA
O4HOBPEMEHHO Ha 4 aHaNI0roBbIX BXxoAax ¢ YactoTol 48000 n3MepeHuin B CEKYHAY U BbluMCaAET
cpefHeKBafapaTUYecKoe 3HaYeHne CUrHana Mo KaXKAOMy KaHany c yCpeaHeHMe CKONb3ALWMM OKHOM 33 T MUANUCEKYHA,
(pekomeHAyeTcs MCNonb30BaTb SKCMOHEHLMANbHO B3BELLEHHOE CKob3fAlee cpegHee (EWMA)). Napametp T fonkKeH
ycTaHaBnMBaTbcA AT-KomaHzol Yepes nHTepderic UART. ®opmaT KomaHabl AT+T=<t_ms>. TekyLume 3HaYeHuA
M3MEPEHHbIX BE/IMUYMH O0/IXKHbI NepeaaBaTbes no 3anpocy yepes nHtepderic UART. dopmat 3anpoca AT+LEVEL<N>? rae
n - Homep KaHana [1-8]. ®opmat orBeTa +LEVEL<N>:<I> rge n - Homep KaHana, | - cpegHuii ypoBeHb CUTrHana

Bonpocbl K cobecegoBaHuio

OCHOBHble KOMMOHEHTbI COBPEMEHHOM CUCTEMbI Ha KPUCTaNe, peannsytoLlell MUKPOKOHTPOIEP
TakTOBbIN reHepaTop MUKPOKOoHTponnepa (RCC)

KoHTponnep npepbiBaHui

BcTpoeHHble TaliMepbl MUKPOKOHTPOEPA

WM (PWM)

CToporkeBoli Tanimep (watchdog)

[nckpeTHble BXoAbl-Bbixoapbl 06wero HasHavyeHuns (GPIO)

BcTpoeHHbIn ALLM MUKPOKOHTpOAIepa, KaiMbpoBKa 1 cnocobbl Noy4eHUs AaHHbIX
KOMMYHMKaLMOHHbIe NHTEPdENCbl MUKPOKOHTPO/IEpPa

LR NOU R WNRE

[EY
o

. Yacbl peanbHoro Bpemenu (RTC), pesepBHoe anekTponutaHue (backup domain), backup-pernctpoi
MWKPOKOHTpOANEpa

11. BcTpoeHHaa sHeproHe3aBUcMman NaMaTb MUKPOKOHTPOANEPA

12. OcHOBHble BO3MOXHOCTM OnepaLmMoHHON cnuctembl FreeRTOS

13. 3agaum FreeRTOS, co3gaHue n yoaneHvme, npMopuTeT 3a4a4m, CTEK 3aa4m

14. Cemadopbl FreeRTOS, 6uHapHbIe 1 cumTatowme cemadopbl

15. MbtoTeKcbl FreeRTOS, peKypcrBHbIE MbHOTEKCHI

16. Ouepeam coobuieHnit FreeRTOS

17. MexaHMU3Mbl OXKUAaHMA COBbITUIA U yBEAOMIEHUSA 33424 O HAacTynaeHuu cobbiTnii B FreeRTOS

18. Tailmepbl FreeRTOS

19. Crangapt CMSIS (Common Microcontroller Software Interface Standard)

20. MeToAbl CHUXKEHMA 3HepronoTpebaeHna MUKPOKOHTPONNEPOB

OnucaHue TEXHONOrMU NPOBeAEHUSA
KoHTposibHan paboTbl BbINONHAETCA HAa KOMMbIOTEPE U HAa MPOBEPKY NPELOCTAaBAAETCA NPOEKT

STM32CubelDE. BbinonHeHWe KOHTPOAbHOM PaboTbl oueHmBaeTca no 100 6anbHoM WwKane. Mpu owmnbKax B
BbIMNO/JIHEHWM 334aHUA, BbIOOpPE HEONTUMANBHOTO PELLEHUS UM MPU HE NONHOM BbINOIHEHUMN OLEHKA CHUMXKAETCS.

TPEGOBBHMH K BbINO/IHEHUIO 3ap,a|-mi71, WKaJbl U KpUTEPUU OLLEHUBAHUA

OugeHKa 3HaHWI, YMEHMUI U HAaBbIKOB, XapaKTepuaytoLan stanbl GOpMUPOBaAHMA KOMMNETEHLMI B pamKax U3ydeHus
ANCUMNAMHDI, OCYLLLECTBAETCA B XOAE TEKYLLEWN MU NPOMEXYTOUHOW aTTecTauuit. Mpu oueHWBaHUM pesynbLTaTos
NPOMEKYTOYHOM aTTECTALMM UCMOb3YETCA KONMYECTBEHHASA LWKaAa OLEeHOK. OLeHKM 3a nabopaTopHble paboTbl,
KOHTPOAbHYIO paboTy 1 cobecefoBaHNE CyMMUPYIOTCA U pe3ynbTaT HopmupyeTtca K 100 6asbHoM WKase. MonydyeHHoe
3HayeHve onpeaenseT ypoBeHb CHOPMMPOBAHHOCTM KOMMNETEHLMIA U UTOrOBYIO OLLEHKY (J0CTAaTOUHbIN —
YO,0BNETBOPUTENIbHO, XOPOLLO, OT/IMYHO UM HEAOCTATOUYHbIV — HEYA,0BNETBOPUTE/IBHO) COMACHO CNeAytoLLeN LIKane:

e  OLEHKa «OoT/IMYHoY» - 90..100 6annos

®  OUEHKa «xopowo» - 70...89 6annos

®  OUEHKa «yaoBnetTBoputenbHo» - 50..69 6annos
®  OLeHKa «HeyaosneTsopuTesbHO» - 0..49 6annos



