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«BOPOHEXCKWIA rOCYQAPCTBEHHbIA YHUBEPCUTET »
(®rBOY BO «Bry»)

PEAEPANbHOE FOCYAAPCTBEHHOE BIOAXETHOE OBPA3OBATE/IbHOE YYPEXXAEHUE BbICLLEIO OGPA3SOBAHUA

YTBEPXOAIO

3aBeayoLwwmin Kadeapoi

Bopucos Amutpuin Hukonaesmy
Kadenpa nHbopmMaLMOHHbIX CUCTEM

05.03.2025

PABOYAA NPOrPAMMA YYEEHOW OUCLUNIUHDI

51.B.[B.04.02 NporpaMmmnpoBaHUE MUKPOKOHTPOANEPOB

1. Koa v HammeHoBaHuMe HanpaBAeHUA NOATOTOBKM:
09.03.02 'HPopMaLMOHHbIE CUCTEMbI U TEXHONOTUMU
2. Mpodunb NOAroToBKU:

NHkeHepra MHOOPMALMOHHBIX CUCTEM U TEXHOIOTUI
3. KeanndumKauma (cteneHb) BbiNyCKHUKA:

bakanasp

4. dopma obyueHus:

OuyHasA

5. Kadeppa, oTBeualowan 3a peanmsaumio GUCLUNANHDIL:

Kadegpa MHGOPMaLMOHHBIX CUCTEM

6. Cocrasutenu nporpammbi:

CaBuHKoB AHApel KOpbeBuy, 4.T.H., npodeccop
7. PekomeHpoBaHa:

HMC ®KH, npotokon Ne 5 ot 05.03.2025

8. YuebHbil roa;:

2027-2028

9.Uenu n 3agaum yuebHoOM AUCLUNAUHDI:

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

nporpammmnpoBaHnaA, B TOm Yucse C UCNoJsib3oBaHMEM ONepPaUNOHHbIX CUCTEM pea/ibHOIO BpeEMeEHM

3agaum yyebHOM ANCUMNANHDI:

° npeacTtaBUTb OCHOBbI apPXUTEKTYPbl U OCHOBHblIE BO3MOXHOCTU COBPEMEHHbIX MUKPOKOHTPO/1/1ep0oB

®  paccMoTpeTb 06LMe NoAXoAbl K NPOrpaMMmnpPOBaHMI0 MUKPOKOHTPOINEPOB

e paccmoTpeTb APl onepaumoHHoM cucteMbl FreeRTOS

L NMO3HAKOMUTbLCA CO CTAaHAAPTHbIMMU 6ubanoTeKamm u WUHTETPUPOBAHHbIMU CpeaaMin pa3pa60TK|/| Aana Hanbonee

pacnpocTpaHeHHbIX MMKPOKOHTPOINEPOB

L PaCcCMOTPETb MeTOAbl CHNXKEHUA 3Hep|’OI'IOTp66ﬂ6HI/Iﬂ MUKPOKOHTPO/1I1EPOB

10. MecTo yuebHOM aucuMNAnHbI B CTPYKType OOM:

YuebHas AUCUMNAMHA OTHOCUTCA K YacTu 610Ka b1, dopmmnpyemoit yuacTH1Kamm ob6pa3oBaTesibHbIX OTHOLLIEHM



11. NnaHupyemble pe3ynbTaTtbl 06yueHUa no gucumnanHe/moaynio (3HaHUA, YyMEHUA, HABbIKKU), COOTHECEHHbIE C

nAaHUpyembIMU pe3ynbTaTamu 0CBOeHUA 06pa3oBaTenbHOM NPOrpamMmmbl (KOMNETEHLMAMM BbIMYCKHUKOB) U
MHAUKATOPAMMU UX AOCTUNKEHUA:

Kopg, v HasBaHWe KomneTeHuumn

Koa v Ha3BaHMe nHamKatopa
KOMMNeTeHLnmn

3HaHWA, YMEHUA, HAaBbIKK

MK-2 Pa3paboTka TpeboBaHMi
M NPOEKTUpOBaHMe
nporpamMmmMmHoro obecneyeHusn

MK-2.3 MpoBepKa 1 oT/1aaKa
NPOrpaMmMHOro Koga

3HaeT coBpemeHHOoe COCTOAAHWE Pa3BUTUA U
OCHOBHblE CEMENCTBA MUKPOKOHTPONEPOB,
TeXHONOrMM pa3paboTKM BCTPOEHHOIO
nporpaMmHoro obecneyeHus gas HUX 1
nporpaMmHo-annapaTHble CpeacTBa OTAaAKu
YMeeT NpaBuibHO CKOHPUTYpPUpPOBaTb
MWUKPOKOHTPO/IEP AN PeLleHns
NocTaB/NeHHOM 3a4a4u

MimeeT HaBbIKM pa3paboTKM U OTNa4KU
nporpamm Aas MUKPOKOHTPO/IJIEPOB, B TOM
Yyucae C UCNONb30BaHNEM OMEePaLMOHHbIX
CUCTeM peasibHOro BpemeHM

12. O6bem AUCUMNAUHDI B 3aYETHbIX eguHuuax/yac:

3/108

dopma NpomerKyTOUHOM aTTecTauunm:

3a4eT Cc oUEeHKOoM

13. TpyaoemKocCTb No BMAaM yuyebHoU paboTbl

Bupa, yuyebHoi paboTbl CemecTtp 6 Bcero
AyanTOpHbIE 3aHATUA 64 64
J1IeKUMOHHble 3aHATUA 32 32
lMpaKTMyecKme 3aHATUA 16 16
NabopaTopHble 3aHATUSA 16 16
CamocTonaTenbHan paboTa 44 44
KypcoBas paboTa 0
MpomexKyTo4Has aTrecTaumna 0
Yacbl Ha KOHTPOb 0
Bcero 108 108




13.1. CopeprKaHue gUCLUNINHDI

n/n

HavmeHoBaHue
pasaena ANCUMNINHDI

CofepkaHue pasgena
AVNCUMNANHDI

Peanusauua pasgena AUCLUNANHBI C MOMOLLbIO
OHNalH-Kypca, YMK

1. lekuun

11

ApxuTeKkTypa
COBPEMEHHbIX
MWKPOKOHTPOI1EPOB

OCHOBHble KOMMNOHEHTbI
cuctembl Ha Kpuctanne (CHK):
npoLeccopHoe AApo,
KOHTPO/IIEP NpepbIBaHNU,
TakToBbIN reHepaTtop (RCC),
namaTtb, EEPROM un
nepudepuitHble ycTpomncTaa
(GPI1O, ADC, Talimepbl, yachbl
peanbHOro BpemMeHu,
KOMMYHUKaLMOHHblEe
nHTepdelicsbl,
cneunannsMpoBaHHble
BbIYNCANTENIbHBIE MOAY/H,
conpoueccopsl,
pPagMoYyacToTHbIEe
npvemonepesaTinKkmn u T.n.),
afipecHoe NpoCTPaHCTBO
namaTu.

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

1.2

TaKTOBbIV reHepaTop
(RCC)

MCTOYHWMKM TaKTOBOW 4acTOThl,
PLL, TakTUpOBaHUe
nepudepuinHoro
0bopyaoBaHMA Ha Npumepe
npoLeccopoB cemencTaa
STM32

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

1.3

[UNCKpeTHble BXobl-
BbIXxoAbl 06LLero
HasHaueHua (GPIO)

HasHauyeHue 1 BO3MOXKHOCTH
GPIO, KoHdUTypnpoBaHue 1
pexumbl paboTbl GPIO Ha
npumepe NpoLLeccopos
cemericta STM32

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

1.4

KoHTponnep
npepbiBaHNN

BekTop npepbiBaHUiA,
NpPUOPUTETLI MPEPbIBAHUN,
WCTOYHWUKM MpepblBaHNiA B
MMKPOKOHTPOIEpaX

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

1.5

AnnapatHble Talimepbl

dopmurpoBaHme 3a4aHHbIX
BPEMEeHHbIX MHTEPBasIoB,
dbopmupoBaHue curHana
LWNM (PWM), cuet
MMMYNbCOB, PEXUM
CpaBHEeHUA, NoAAepPKKa
9HKOAEPOB BbICOKOTO
paspelueHus,
KoHbUrypupoBaHue u
pexunmbl paboTbl Ha Npumepe
npoLLeccopos ceMeicTBa
STM32

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

1.6

BcTpoeHHble LAM n
ALN

HasHaueHue 1 BO3MOXKHOCTH
LA v ALN
MWKPOKOHTPO/INEPOB,
Kannbposka ALLM,
OAHOKPATHOE U HenpepbIBHOE
npeobpasosaHue,
KOHOUrypupoBaHue u
pexxnmbl paboTbl Ha Npumepe
MpOoLLeCCOpOB CEMECTBA
STM32

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

1.7

WHTepdelichbl
UART/USART

Ha3sHaueHne 1 BO3MOXKHOCTH
UART / USART,
KOHOUTYpUpOBaHME U
peKumbl paboTbl Ha Npumepe
npoLLeccopos ceMeicTea
STM32, nogaepka LIN n
RS485

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

1.8

NHTepdericbl SPI un I°c

Ha3HayeHune 1 BO3MOXKHOCTU
nHTepdericos SPI n I’c,
KOHOUTYpUpOBaHUE U
pexnmbl paboTbl Ha Npumepe
NpoL,EeccopoB ceMeincTea
STM32

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

1.9

NHTepderic USB

HasHaueHWe 1 BO3MOXKHOCTU
nHTepdelica USB,
KoHOUrypuposaHue u
pexumbl paboTbl Ha Npumepe
NpoLLeccopoB CeMeiicTBa
STM32

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

1.10

Yacbl peanbHoro
BpemeHu (RTC)

Ha3HayeHune 1 BO3MOXKHOCTU
4acoB peasbHOro BpeMeHHu,
pesepBHOE 3/1eKTPONMUTaHNe
(backup domain), backup
perucTpbl Ha npumepe
NpOLLecCcopoB CEMENCTBA
STM32

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

1.11

BcTpoeHHana
3HeproHesaBncnMmasn
namaATb
MWKPOKOHTpONEpa

MpuHLMNbl paboTbl co
BCTPOEHHOW
SHEeproHe3aBUCUMOM NaMATbIO
MWKPOKOHTPONNEPA,
BblpaBHWBaAHWE AaHHbIX,
CTUpaHUE N 3anuch,
TEXHONOTUU OBHOBNEHUSA
BCTPOEHHOTO NPOrPamMMHOro
obecneyeHusn
MWKPOKOHTPONNEPOB

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

1.12

OnepaunoHHas cuctema
FreeRTOS

API FreeRTOS: 3agaum (tasks),
nporpaMmmubie Taimepbl,
cpeacTsa U meToabl
CUHXPOHU3ALUUH,
WMHCTPYMEHTbI YBEAOMIEHUA
0 cobbITUAX, ouepeam
coobueHunit 1 0bmeH
AaHHbiMK CtaHgapT CMSIS
(Common Microcontroller
Software Interface Standard)

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

1.13

MeToabl CHUMXeHUA
3HepronoTpebnexHus

PexXvmbl aHepronoTpebaeHus
MUKPOKOHTPO/IEPA,
ynpasneHue
sHepronotpebnexuem,
NpUembl CHUKEHWSA
sHepronotpebaeHun

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 ann
MWKPOKOHTPOINEPOB
cemeictea STM32

M3yyeHne oCHOBHbIX GyHKLMM
6ubnnoteku, 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
cemerictBa CC13xx

MN3yyeHne oCHOBHbIX GYHKLNIA
6ubnunoteku, pabota c
nepudepuiiHbim
obopyaoBaHuem
MWKPOKOHTPO/INEPOB
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 ana cosgaHua
cemeicrea STM32 npoekTa, cbopKa NpoekTa u
3anucb ero B NamaATb
MWKPOKOHTpONEpa
3.2 O6paboTka HacTtpoiika KoHTpoA/iepa https://edu.vsu.ru/course/view.php?id=17576
npepbiBaHUM Ha npepbIBaHWN, HAaCTPOWKa
MUKPOKOHTpOANepe GPIO B KauecTBe BX0Aa
cemeicrea STM32 3anpoca npepbiBaHuA
3.3 Pa6ota c ADC Ha Hacrtpoiika ADC, nonyyeHue 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 HavmeHoBaHue Copep»kaHue pasgena Peanusauus pasgena AUCLUNANHDI C MOMOLLbIO
paszena AUCUMNINHBI ANCLMUNAVHBI OHnaiiH-Kypca, 3YMK
3.5 PaspaboTka Peanusauma MHOronoTo4YHOro https://edu.vsu.ru/course/view.php?id=17576
BcTpoeHHoro MO ana NPUNOXKEHUA C
onepaLyoHHOM MCMNOIb30BaHNEM GYHKL NI
cuctembl FreeRTOS Ha FreeRTOS (cMHXpOHM3aLMA
MWKPOKOHTPO/INEPE 3a4a4, 06paboTKa cobbITUN,
cemeiictea STM32 OBMeH faHHbIMK,
NnporpamMmmHble Taimepbl) 1
BCTPOEHHOro nepudepuitHoro
obopygoBaHus
MUKpOKoHTponnepa (ADC,
Tanmepsl, backup peructpebl,
UART, USB, koHTponnep DMA
v ap.)
13.2. Tembl (pa3genbl) AUCUUNANHDI U BUAbI 3aHATUIA
Ne HanmeHoBaHue Tembl JleKunoHHble MpakTnueckne JlabopaTtopHble CamocTtoATenbHas Bcero
n/n (pasaena) 3aHATUA 3aHATUA 3aHATUA paboTa
1 ApxuTekTypa 2 1 3
COBpPEMEHHbIX
MUKPOKOHTPO/I1EPOB
2 TaKTOBbIV reHepaTop 1 1 2
(RCC)
3 [ncKpeTHble BXoAabl- 1 1 2
BbIXOAbl 06Lero
Ha3HaueHus (GPIO)
4 KoHTponnep 2 1 3
npepbIiBaHUi
5 Talimepbl 4 1 5
6 BctpoeHHble LUATM 1 1 1 2
Aln
7 NHTepdelicbl 2 1 3
UART/USART
8 NHTepdeicol SPI n 12C 3 1 4
9 NHTepderic USB 2 1 3
10 Yacbl peanbHoro 2 1 3
BpemeHu (RTC)
11 BcTpoeHHas 2 1 3
SHeproHesaBucumas
namaATb
MUKPOKOHTpOAepa
12 OnepaumoHHaa cuctema | 8 4 12
FreeRTOS
13 MeToabl CHUXKeHuA 2 1 3
sHepronoTtpebneHuns
14 NHCTpYyMeHTbI 8 8 16
pa3paboTKM 1 OTAAAKM
BCTpoeHHoro MO
15 Bubnuoteka HAL gns 4 4 8

MUWKPOKOHTPO/INEPOB
cemeliictea STM32




n/n

HanmeHoBaHMe Tembl
(pasaena)

J1eKUMOHHbIe
3aHATUA

[MpaKkTnyeckmne
3aHATUA

NabopaTtopHble
3aHATUA

CamocToAaTenbHas
pabota

Bcero

16

Bubnnoteka 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 ¢ nHtepdericom
UART/USART Ha
MWKPOKOHTpOIEPE
cemeictea STM32

21

PaspaboTka
BCcTpoeHHoro N0 agna
onepauyoHHOM
cmuctembl FreeRTOS Ha
MWKPOKOHTpoOINepe
cemerictea STM32

16

32

16

16

44

108

14. MetoguuecKkue yKasaHuA gnAa obyuyaloLmMXca No 0OCBOEHUIO AUCLUMNMUHDI

OucumnavHa TpebyeT paboTbl ¢ pailaMmn-NpeseHTaLUAMMN NEKLUIA U COOTBETCTBYIOLLMMM I1aBaMn PEKOMEHA0BAHHOM
OCHOBHOI NMTEPaTYpPbIl, a TaKKe, 0653aTe/IbHOro BbINOAHEHWUA BCeX 1abopaTOPHbIX 3a[4aHMIN B KOMMNbLIOTEPHOM K/acce.

CamocTonTenbHasa paboTta NPoBOAUTCA B KOMMbIOTEPHbIX Knaccax PKH ¢ ncnonb3oBaHWem MeTOAMYECKMX MaTepranos
PaCMnoNoMKeHHbIX Ha y4ebHo-meToandeckom cepsepe PKH fs.cs.vsu.ru\library u Ha cepsepe Moodle BI'Y moodle.vsu.ru.

Bo Bpema camocTonTeNnbHON PpaboTbl CTYAEHTbI UCNOb3YIOT 3N1EKTPOHHOBUBANOTEYHbIE 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 KONMMPOBAHUSA METOANYECKUX YKa3aHuni n Heobxogumoro MO ¢ yuebHo-
meToanyeckoro cepsepa ®KH.

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

CamMoCToATENIbHOM PaboThbl.

15. MNepeyeHb OCHOBHOW M AONONHUTENbHOI NNTEPATYPbI, PECYPCOB UHTEPHET, HEOB6XOANMBIX ANA OCBOEHUA
ANCLUNAUHDI

a) OCHOBHasA nTepaTypa:

Ne n/n

MCTOYHUMK

1

un..; ISBN 978-5-97060-098-6.

MaTiowuH A. O. MporpammupoBaHMe MUKPOKOHTPOJI/IEPOB : CTpaTersa 1 Taktuka / A. O. MaTiolmnH. —
Mocksa : MK Mpecc, 2017. — 355 ¢c. :

6) AonosHUTeNbHAA NTepaTypa:

Ne n/n MNcTouHmK

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




3 OdunumanbHbii caiT FreeRTOS // URL: https://www.freertos.org/

4 CnpaBoyHuk no CMSIS-RTOS API // URL:
https://www.keil.com/pack/doc/CMSIS/RTOS/html/group__ CMSIS__RTOS.html

B) MHPOPMaLMOHHbIE 31eKTPOHHO-06pa3oBaTebHbIe PeCcypChbl:

Ne n/n NCTOYHUK

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

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

3 O6paszoBaTe/ibHbIi MopTan "dNeKTPoHHbIN yHuBepcuTeT BIY", http://edu.vsu.ru
16. MepeueHb yuebHO-MmeTOAUUYECKOro obecneueHuns Ana CamoCcToATeNbHOM 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. O6pasoBatenbHble TEXHONOIMMU, UCNOJIb3yeMble NPU peanusaumum yuebHoi ANCUUNINHDI, BKAOYaA
AUCTAaHUMOHHbIe obpasoBaTtenbHble TexHonoruu (O0T), snekTpoHHOe 06yueHue (30), cmewwaHHoe obyueHue

JNeKummn-sr3yanmsaLmm c AeMOHCTPALLMEN MANOCTPATUBHbBIX U FpadUyecKmMx maTepranos, aHumaLmm, 6aok-cxem
aNropuMTMOB M MPUMEPOB UCXOLHOIO KOAa, AEMOHCTPALMEN BbIMONHEHWUA KOMAHZ ONepaLLMOHHON CUCTEMON,
nabopaTtopHble paboTbl.

I'Ile peannsaunn ANCUNNINHbI MOTYT MCMNON1b30BaTbCA TEXHO/TOTUN S/IEKTPOHHOIO o6yl-|eva N ANCTaHUMOHHDbIE
o6pa303aTeanble TEXHO/I0rMM Ha base nopTtana edu.vsu.ru, a TaKXXe Apyrne goCTtynHblie pecypcbl CeTHU MHTepHET.

18. MartepuanbHo-TexHUYecKoe obecneyeHme AUCLUMNIUHDI:
1 JleKumoHHana aygMTopus, OCHaLLLEHHAs BUAEOMNPOEKTOPOM.

2 KomnbloTepHbI Kaacc gaa nposeaeHua 1abopaTopHbIX 3aHATUM, OCHALLLEHHbIV BUAEONPOEKTOPOM,
komnbtoTepammu ¢ OC Windows ¢ yCTaHOBNEHHbIMW MHCTPYMEHTaMM Pa3paboTKu 418 MUKPOKOHTpoAiepos STM32
M OTNaA0YHbIMKM NAaTamu Ha 6a3ze MCU STM32.

19. OueHouUHble cpeacTBa ANA NPOBeAEHUA TeKyLel U MPOMEXKYTOUHOM aTTecTaunii

MopsAoK OLLEHKM 0CBOEHMA 0byyatowmmmca y4ebHOro maTepurana onpeaenseTcs coaepaHnem cneayowmx pasgenos
OUCLUMMIUHDI:

Ne Pasgenbl gucumnavHbl (Moaynm) Kog, Kog, OueHOoYHble cpeacTBa
n/n KOoMMeTeHLMn WMHAMKaTOopa ONA TekyLuen
aTTecTaumm
1 ApPXUTEKTYpa COBPEMEHHbIX MK-2 MNK-2.3 CobecenoBaHue
MWKPOKOHTPO/1/1ep0oB

TakTOBbIN reHepaTop (RCC)

LVCcKpeTHble BXoAbl-BbIXOAbl 06LLEero
HasHauyeHuA (GPIO)

KoHTponnep npepbiBaHui

AnnapaTtHble Talimepbl

BctpoeHHble LAM n AUTM

NuTepdericbl UART/USART

NHTepdelicol SPI un 12C

NHTepodeic USB

Yacbl peanbHoro Bpemenn (RTC)
BcTpoeHHas sHeproHesaBucMMan NamATb
MWKPOKOHTpoOAepa

OnepauunoHHasa cuctema FreeRTOS
MeTozabl CHUXKeHMA aHepronoTpebaeHns
NHCTpYMeHTbI pa3paboTKu U OTNaaKu
BCTpoeHHoro MO




Neo Pasaenb! gucumnamHbl (moaynm) Kopg, Kog, OueHo4YHble cpeacTBa
n/n KOmneTeHuum MHOUKaTopa ONA TeKyLen
aTTecTauumm

Bubnunoteka HAL ana
MUKPOKOHTpO/I/IepoB cemelictBa STM32
Bubnuoteka Driver Library anna
MUKPOKOHTponnepoB cemenctea CC13xx

2 3HAaKOMCTBO C MUKPOKOHTPON/1IEPOM MK-2 MK-2.3 JNabopaTopHble paboTbl
cemenictea STM32

O6paboTka npepbiBaHUI Ha
MWKPOKOHTpONepe cemenctea STM32
Pabota c ADC Ha MUKpPOKOHTpoAnepe
cemeiictea STM32

Paborta c uHTepdericom UART/USART Ha
MWKPOKOHTpONepe cemenctea STM32
PaspaboTka BcTpoeHHoro MO ana
onepaumnoHHoi cuctembl FreeRTOS Ha
MWKPOKOHTponnepe cemelictea STM32

MpomeKyTouHan aTTecTauma

dopma KOHTPONA - 3a4eT C OLLEHKOM

OueHoYHble cpeacTBa A1 NPOMEKYTOUYHOW aTTecTaumm

CobecenoBaHue

20 TunoBble OLEHOYHbIE CPeACTBA U METOAMYECKME MaTepUuaibl, onpeaenstolme npoueaypbl OLLeHMBAHUA
20.1 TeKywuMit KOHTPONb YCIEBAEMOCTH

TeKyLLMi KOHTPO/Ib YCNEBAEMOCTU BbINOAHAETCA NO 1abopaTopHbIM paboTam.

Tembl N1abopaTopHbIX paboT

1. 3HaAKOMCTBO C MUMKPOKOHTPONEPOM cemeicTBa STM32

ObpaboTKa NpepbiBaHUI Ha MUKPOKOHTpoAepe cemelictea STM32

Pabota c ADC Ha MUKpPOKOHTponnepe cemeiictea STM32

Pa6ota c nHtepdeiricom UART/USART Ha MUKPOKOHTpOA/iepe cemelictea STM32

Pa3spaboTka BcTpoeHHoro MO ana onepaunoHHol cuctembl FreeRTOS Ha MUKPOKOHTPO/IIepe cemelicTa
STM32

vk W

Mo Kaxaol BbINONHEHHOW paboTe A0/XKeEH ObITb MPeAoCTaBAEH OTUYET, BKOYAIOLWMN UCXOAHbIN KoA, pa3paboTaHHbIX
Nnporpamm 1 onucaHue NoayYeHHbIX pe3ynbTaTos. o oTYeTy NpenogasaTesb BNpase 3a4aTb AOMNOAHUTE/IbHbIE
BOMPOCHI A1 YTOYHEHMA YPOBHA MOHMMaHUA MaTepuana. JlTabopaTopHasa paboTta oLeHMBaeTca Makcumym B 100
6annos.

anBEAéHHbIe HWXXe 3aaHNA peKoMeHOYyeTCA NCNoNb30BaTh NpU nposeaeHNN ANATHOCTUYECKUX pa60T ANA OUeHKN
OCTaTOYHbIX 3HAHWI MO ancumnanHe

KomneteHuua MNK-2

3a4aHunA 3aKPbLITOro TMNa

1) B cocTaBe COBPEMEHHOrO MUKPOKOHTPO/IZIEPa MOKET BbiTb NpeAcTaB/eHo c/ieaytoliee nepudepuitHoe
obopyaoBaHue

a) Mogaynb BbluncneHma CRC
b) MukpodoH
c) AHanoroso-undpoBoii NnpeobpasosaTtenb

d) UHTepdeiic USB




2)

3)

4)

5)

6)

7)

8)

e) ¥ecTkuii ancK

f) Pagnomopem
MNpuMeHeHMe onepauoHHOM CUCTEMbI NPK pa3paboTKe BCTPOEHHOro NporpammHoro obecneyeHns nNo3BonseT

a) MNoBbICUTb NPOM3BOANTENBHOCTb BbIYNCIEHUI

b) YBennunTtb 06bem AOCTYNHOM NamsATH

) Ynpoctutb paspabotky MO 3a cyeT noanepKKM MHOro3aga4yHocTu

d) YnpoctuTb paspabotky MO 3a cyeT NnprmeHeHMA A3biKa MPOrpaMmmMMPOBaAHNSA BbICOKOTO YPOBHSA
SHepronoTpebieHne ycTponcTBa Ha OCHOBE MUKPOKOHTPO/IIEPA MOXKET ObITb CHUMEHO 3a cYeT

a) CHUXKEHMA TAaKTOBOW YacTOTbl NpoLeccopa 1 nepudepmnn 40 MUHUMAIbHO AOCTAaTOYHOM

b) MoBbiWeHWA TAKTOBOM YaCTOTbl NPOLLECCOPA A0 MAaKCUMA/IbHO BO3MOXKHOW

c) OTKasa OT NOCTOSHHOTO onpoca nepudepun B LUKIE 1 Nepexos K paboTe Mo NpepbIBaHUAM C BKAKOYEHUEM
CMNALLEro pexuma npoueccopa npu oTCYTCTBMM TEKYLLMX 33434

d) NepekntoyeHnn He3aLeNCcTBOBAHHbIX IMHUI GPIO B pemMm ¢ MUHMMaNbHbIM 3HepronoTpebieHnem (Hanpumep,
B PEXKMM aHANIOrOBOrO BXOAA A1 MUKPOKOHTponaepos STM32)

e) YMeHbleHMsa pasmepa CTeKa 3aay
Mporpamma STM32CubeMX nossonset
a) CKoHOUIrypMpoBaTb BbIBOAbI MUKPOKOHTPO/I/IEPA C aBTOMATUYECKMM OBHapy»KeHnem KOHGANKTOB
b) BKAtounTb M CKOHOUIYpMpOoBaTb Heobxoanmoe nepudepuninHoe obopyaoBaHNE MUKPOKOHTPOAIEPA
c) HanucaTb Kog, 0bpaboTumnKa npepbiBaHU
d) CreHepupoBaTtb C-Koa, UHULMANU3aLUM MUKPOKOHTPO/IIEPA
MNpeaBapuTenbHbin aenuTens (prescaler) Tanmepa nossonseT
a) MoHU3UTb YACTOTy TAKTMPOBaAHMA Talimepa
b) MoBbIicUTb pa3psAAHOCTb CHETYMKA TallMepa
c) Ucnonb3osatb Tarimep Bmecto ALM
OTmeTbTe BO3MOXKHble GYHKLMU TaliMepa MUKPOKOHTPOIEPA
a) PopmmpoBaHmMe 3aaHHbIX BPEMEHHbIX MHTEPBAJIOB
b) ®opmuposaHme curHana LM
c) NoaaeprKKa MHKPEMEHTaIbHbIX SHKOAEPOB BbICOKOIO paspelleHus
d) TakTMpoBaHue uHTepdeiica USB
NHTepdelic i’s npegHasHavyeH
a) N HU3KOCKOPOCTHOW Nepenayun HebonblmMx BNOKOB AaHHbIX MeXAY UHTErPabHbIMW CXeMaMM Ha OAHOW naaTe
b) Ons 6ecnpoBoAHONM CBA3N MEXK Y YCTPOUCTBAMM B CEHCOPHbIX CETAX
c) Ons nepefayn BUAEO BbICOKOrO paspelueHuns mexay MCU 1 Buaeokamepoi
d) Ans nepefaum oTcHETOB 3BYKOBOIO cMrHana mexay MCU u 3ByKOBbIMW KogeKaMu
NHTepodeiic SPI npegHasHaveH
a) [ina becnpoBoAHOM Nepeaaym AaHHbIX U Bbixoga B MHTepHeT
b) Onn nepesayn BMAEO BbICOKOrO paspelleHns

c) Ana ceasm MCU ¢ gpyrMmm MHTerpanbHbIMK cxemamm, 06bl4HO PACMOIOKEHHbIMM Ha TOM e naaTte (NamaTb,
pacLiMpUTENU NOPTOB U T.M.)

d) Ona nepenayun BbICOKOKaYeCTBEHHOIO 3BYKa



9) WHTepdeiic i’c npegHasHaveH ana

a) CBA3M MexAy UHTErpasibHbIMU CXEMaMM BHYTPU 3/1EKTPOHHbIX MPUOOPOB A1A COeAUHEHUA HU3KOCKOPOCTHbIX
nepundepmninHbix KomnoHeHTos ¢ MCU

b) Mepenaun BbICOKOKAYECTBEHHOMO MHOIOKaHaAbHOTO 3BYKa Mexay MCU 1 BHeLWHMM ayaAnOoKo4EeKoM

C) MNepenauun LI,M(prBbIX AAHHbIX Ha 3Ha4YUTE/IbHbIE PACCTOAHNA B CUCTEMAX I'IpOMbILLII'IEHHOﬁ AdBTOMATUKM B YCNOBUAX
CUNBbHbIX 2/TEKTPOMATHUTHbBIX MOMeEX

d) Nepenaun BUAEO BbICOKOTO paspeLleHus B peasibHOM BpemeHu mexay MCU v BHelLHeln BUaeoKamepoi
10) BcTpoeHHbI KoHTponnep npepbiBaHuii (NVIC) B agpax ARM cemeiictea Cortex-M

a) He noaaep»mMBaeT NpuopuTeTbl NpepbiBaHNi

b) MNopnepxkunBaeT GUKCUPOBAHHbIE MPUOPUTETbI NPEPbLIBAHMUIN

c) NopaeprKkMBaeT HacTpanBaemble NPUOPUTETbI NPePbIBaHUMN
11) BbibepuTte NnpaBuIbHOE YTBEPKAEHUE

a) Kaxkpoe annapatHoe npepbiBaHue B ARM Cortex-M BbI3BaHO annapaTHbIM cobbiTuem (event)

b) Kaxkgoe annapatHoe cobbiTve B ARM Cortex-M Bbi3bIBaeT npepbiBaHne
12) OnepaymoHHas cuctema FreeRTOS peanunsyeT noaaepKy

a) BbITecHaoLLEN MHOM03a4a4HOCTU Ha OCHOBE NPUOPUTETOB
b) KopnopaTneHoit MHOr03a4a4HOCTM Ha OCHOBE MPUOPUTETOB

c) He noafep»*u1BaeT MHOr03aAa4HoCTb

OTBeTbl Ha BOMPOChHI

Homep Bonpoca OtserT (byKBa)

a,c,d,f

C

a,cd

a,b,d

a

a,b,c

d

C
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3a4aHuA OTKPLITOro TMNa

1) Kakoe makcvmasibHoe Kom4ecTso BbiBofoB GPIO moeT BbITb 04HOBPEMEHHO HAaCTPOEHO A/1A paboTbl ¢
BHELUHVMMM NPepbIBAaHUAMM B MUKPOKOHTPO/Iepax cemenctea STM32

2) Kakoe maKcMmasbHOe YMCN0 NPUOPUTETOB 33434 MOXKET BbiTb CKOHOUIYpUpoBaHo B cucteme FreeRTOS npu
MCNONb30BAaHUN ONTUMMU3NPOBAHHOIO NAHMPOBLLMKA B 32-OUTHOM MUKPOKOHTpoAnepe STM32

3) KakoW maKkcMmasbHbIN KOIPULIMEHT AeNeHUA MOXKeT BbiTb ycTaHOBNEH A/1A 16-6UTHOro NnpeasapuTenbHOro
aenntens (precaler) B MMKpoKoHTpoanepax STM32



OTBeTbl Ha BOMPOChHI

Homep Bonpoca OTser
1 16
2 32
3 65536

3a4aHus ¢ pa3BEPHYTbIM OTBETOM

1) Yem MUKPOKOHTPOANEP OTIMYAETCA OT MMKpONpoLieccopa

2) Onuwwute npuHUMN GopMmnpoBaHus curHana UMM ¢ ncnonb3oBaHMem annapaTHOro Talimepa B
MUKpPOKOHTponnepax STM32

3) OnuwwuTe NPenMyLLEeCTBa U HEAOCTAaTKU UCMO/Ib30BaHWA ONEePaLMOHHON CUCTEMbI A1 MPOEKTa Ha OCHOBE
MWKPOKOHTpOANEepa

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OrtseT (byKkBa)

1 MWKPOKOHTPOIEP COYETAET B OAHOM KpucTanine mukponpoueccop (MPU), namaTb
(RAM 1 ROM), nntepodeiicol (GPIO, UART, ...), apyrue nepudepuitHbie ycTporictea 1
npeacTaBnaeT coboi yHMBepPCaibHbIM CAMOAOCTATOYHbIN OAHOKPUCTANbHbIN

MMKPOKOMMbIOTEP

KpuTepun oueHvnBaHua LLIkana oueHoK (B 6annax)
O6yyatoLwmiica TOYHO OMMCaN OTANYNE MUKPOKOHTPOIEPa OT 3 6anna
MMKponpoLeccopa

O6yyatoLwmiica TOYHO OMMCaN OTANUYNE MUKPOKOHTPOIepa OT 2 6anna

MUKponpoueccopa. OTset COOEPHKUT HE3HAYUTENNbHbIE HETOYHOCTU

ObyyatloLmincs HegOCTaTOYHO TOYHO OMNKUCan OTANYME 1 6ann
MWKPOKOHTPO/1/Iepa OT MUKponpoueccopa. OTBET He COAEPKUT rpybbIx
OWMBOK UM HETOYHOCTEN

ObyyatloLmincs HegOCTaTOYHO TOYHO OMNKUCan OTANYME 0 6annos
MUWKPOKOHTPOIEPA OT MUKponpoueccopa. OTBET cOAepPKMUT rpybble
OLWNBKM U HETOYHOCTHU

Homep Bonpoca OtserT (byKBa)

2 AnnapaTtHble Talimepbl MOryT popmmnposaTtb curHan LLUIMM 3a cyeT cpaBHeHUsA
TEKYLLLEero 3HayeHus perncrpa cyetymka (CNT) ¢ uncnom, 3anncaHHbIM B pernctpe
cpaBHeHus (CCR). Mpu AOCTUKEHUM CHETYMKOM 3HAYEHUA B PETUCTPE CPABHEHMA,
ypOBeHb curHana Ha sbixoae UMM nameHaetca. YposeHb cMrHana Ha sbixoae LLUIMM
onpefenseTca HaCTpoMKamu, ANnA onpeaeseHHOCTU byaem npeanonaratb, 4To
YpOBeHb curHana Ha sbixoge LUMM yctaHasamsaeTca B 0 Npu BbINOJHEHUW YCNOBUA
CNT >= CCR. 3HaueHue cyeTyMKa byaeT MHKPEeMeHTMPOBATLCA Ha KaXKA0M UMNYibce
TAKTOBOrO CMTHana Taimepa A0 AOCTUNKEHUA 3HAYEHUSA, 3aNNCAaHHOTO B PErnucTp
aBTOMaTMyeckow nepesarpysku (ARR), mocie yero cyeTumK cbpacbiBaeTcs, ypoBEHb
curHana Ha sbixoge WM yctaHaBnvBaetca B 1 v LmMKn GopmupoBaHMa MMNyIbca
LM HaumHaeTcs 3aHOBO. Takum o0bpasom, 3HauyeHue B pernctpe ARR onpeaensaet
nepuog UMM, a 3HaveHue B pernctpe CCR — 3anonHeHume. 3anonHenune LUNMM B




npoLeHTax MOXKHO onpeaennTb no popmyne CCR/ARR*100, npu 3ToM 3anosHeHue
LLINM He moxkeT npesbicnTb 100%, naxke ecnm CCR > ARR

KpuTepun oueHnBaHMsA

LLIkana oueHok (B 6annax)

Ob6yuvatoLminca TO4HO onuncan NPUHLKUNGLI opmuposaHma curHana LUIMM
C MCNOJ/Ib30BaHMEM annapaTHOro Tanmepa

3 6anna

Obyyatowmiics TO4HO onmcan NpPUHLMNbI GOpMUPOBaHUA curHana LUNMM
C UCNo/b30BaHMeM annapaTHoro Taimepa. OTBET CoAepPsKUT
He3HaunTeIbHble HETOYHOCTH

2 6anna

Ob6yyvatowminca HegoCTaTOYHO TOYHO onmncan NPUHLMMILI GOPMUPOBAHMUA
curHana LWMM c ucnonb3oBaHnem annapaTtHoro Taimepa. OTBeT He
COAEPHKUT rpybbIX OLUIMOOK UNN HETOYHOCTEN

1 6ann

Obyyatowmiics HefoCTaTOYHO TOYHO ONMcan NPUHLMUMILI GOPMUPOBaHUA
curHana WKWM c ncnonbsosaHnem annapatHoro Talimepa. OtseT
COAEPHKUT rpybble OLWMOKN U HETOYHOCTH

0 6annos

Homep Bonpoca OrtseT (bykBa)

3 Mcnonb3oBaHWe onepaumMoHHON CUCTEMbI, MPEXKAE BCEro, YNPOLLAeT peasn3aumio

nepnoan4ecKoro Bbi3oBa npoueayp.

6onee BECOMbIMMU.

napannenbHbiXx MOTOKOB yNpaBAeHWs B MporpammHom obecneyeHunn. NMoaaepikka
napannenbHbIX MOTOKOB MO3BO/IAET MPOBECTU AEKOMMO3ULMIO 06LLei GyHKLUK
ynpaBeHu1s Ha NPoCTble MpoLeaypbl, 33 CYET Yero A0CTUraeTcsa yCKopeHue
HanucaHusa Koga, yNpoLeHne OTNaAKMN U CYLLLECTBEHHO CHUMKAETCA PUCK COXPaHEHUs
B Mporpamme HeobHapyKeHHbIX OLIMBOK. Tak}Ke onepaumoHHas cucTema peanunsyet
bYHKUMKM yBEAOMIEHUA MOTOKOB O COBLITUAX, CUHXPOHU3ALMIO MOTOKOB U 06MeH
AaHHBIMU MeXAY HMUMK, obecrnednBaeT NoaaePKKY KPUTUUECKMX CEKLMIA.
OnepaunoHHas cMcTema peannsyeTt NPorpammHble Takmepbl 418 OTI0KEHHOTO UK

B KauyecTBe He0CTaTKa MCMO/b30BaHNA ONEPALMOHHON CUCTEMbI MOMKHO OTMETUTD
Hebo/blIoe A0N0NHUTENIbHOE NoTpebieHne NaMATU U BbIYMCIUTEIBHOTO pecypca,
HO 0B6bIYHO NPEMMYLLLECTBA MCMNO/b30BAHMA OMepPaLMOHHON CUCTEMbI OKa3blBalOTCA

Kputepun oueHnsaHms

LLIkana oueHokK (B Bannax)

O6yvatoLwmiica TOYHO ONMMCaN NMPEUMYLLECTBA U HEA0CTaTKK
MCMO/Ib30BaHUA ONEePaLMOHHON CUCTEMbI A/l TPOEKTa HAa OCHOBE
MMKPOKOHTPOA/IEPa.

3 banna

O6yqa+0|.u,m71c;| TOYHO onncan npenmyuecrtsa U He4OCTAaTKU
MCNO1b30BaHUA OI'IepaLl,VIOHHOﬁ CUCTEMDbI ANA NPOEeKTa Ha OCHOoBe
MUKPOKOHTpoAnepa. OTBET COAEPKMUT He3HAUNTE IbHble HETOYHOCTHU

2 banna

Ob6yyvatowminca HegoCTaTOYHO TOYHO OMNKUCaa NPEMMYLLECTBA U
HeA0CTaTKM UCMO/1b30BaHMA ONepPaLUOHHOM CUCTEMbI A5 MPOEKTa Ha
OCHOBE MUKPOKOHTponnepa. OTBET He cOAePKUT rpybbix OLMBOK nan
HeTo4YHoCTeM

1 6ann

O6y4atoLWwmiica HeAO0CTaTOMHO TOYHO OMKMCas NMPEUMYLLECTBA U
HeA,0CTaTKM UCMO/Ib30BAaHUA OMNepPaLLMOHHOMN CUCTEMBI 415 MPOEKTA Ha
OCHOBE MUKPOKOHTpO/Iepa. OTBET COAEPXUT rpybble OLWMBKN U1

0 6annos




HETOYHOCTH

20.2 TllpomeXKyTouHas aTrecTraumsa
Bonpocbl K cobecegoBaHuio

OCHOBHble KOMMOHEHTbI COBPEMEHHOM CUCTEMbBI Ha KPUCTANNe, peannsytoLLell MUKPOKOHTPOEP
TaKTOBbIN reHepaTop MUKPOKoHTponnepa (RCC)

KoHTponnep npepbiBaHUi

BcTpoeHHble TaliMepbl MMKPOKOHTPO//1Epa

LM (PWM)

CtoporkeBoli Tanimep (watchdog)

[ncKpeTHble BXOAbI-BbIXOAbl 06LWwero HasHaveHus (GPIO)

BcTpoeHHbIvi ALLM MUKPOKOHTpoAepa, KanMbpoBKa U cnocobbl MONyYeHUA AaHHbIX

LN A WDNRE

KOMMYHMKaLMOHHbIe NHTEPdENCbl MUKPOKOHTPON/IEpa

[EY
o

. Yacbl peanbHoro Bpemenu (RTC), pesepsHoe anekTponuTaHue (backup domain), backup-pernctpol
MWKPOKOHTpOEpa

11. BcTpoeHHaa sHeproHe3aBUcMman NAaMATb MUKPOKOHTPONEpPA

12. OCHOBHble BO3MOXHOCTM OnepaLmMoHHON cuctembl FreeRTOS

13. 3agaum FreeRTOS, co3gaHue n yoaneHme, NnpuopuTeT 3a4a4m, CTEK 3a4a4n

14. Cemadopbl FreeRTOS, 6uHapHbIe 1 cumTatowme cemadopbl

15. MbtoTekcbl FreeRTOS, peKypcrBHbIE MbHOTEKCHI

16. Ouepean coobueHnit FreeRTOS

17. MexaHuU3Mbl OXUAaHMA COBbITUIA U yBeAOMIEHNS 33424 O HAacTynaeHumn cobbiTnii B FreeRTOS

18. Taiimepbl FreeRTOS

19. CrangapT CMSIS (Common Microcontroller Software Interface Standard)

20. MeToAabl CHUXKEHMA 3HepronoTpebaeHNa MUKPOKOHTPONNEPOB

OnucaHue TeXHONOrumn npoeseaeHuA

CobecenoBaHue npon3soamTca B GOpMe YCTHOTO OTBETa Ha 3aAaHHbIN Bonpoc. Mpu HeobXxoaAMMOCTH NpenoaasaTesib
MOMKET 3aaBaTb yTOUHAOLWMe Bonpockl. OTBeT oueHmBaeTca no 100 6asbHOI WKane.

Mpumepbl KUM ana ak3ameHa

KOHTpONbHO-U3MepUTeNbHbI MaTepuan Ne 1

1. OCHOBHble KOMMOHEHTbI COBPEMEHHOM CUCTEMbI HA KPUCTAJI/IE, PEaNN3YIOLLEN MUKPOKOHTPOED.
2. MeToabl CHUXKEHUA aHepronoTpebieHUA MUKPOKOHTPON/IEPOB.

KOHTpONbHO-U3MepUTENbHbIM MaTepuan Ne 2

1. CtoporkeBoit Talimep (watchdog).

2. MbtoTteKcbl FreeRTOS, peKkypCuBHbIE MbIOTEKCbI.

KoHTpONbHO-U3MepUTENbHbIM MaTepuan Ne 3

1. Yacol peanbHoro Bpemenu (RTC), pesepsHoe anekTponutaHue (backup domain), backup-perncrpsi
MMKPOKOHTpO/INEpa.

2. Taimepbl FreeRTOS.

KoHTponbHO-M3MepuTenbHblii matepuan Ne 4

1. OCHOBHble BO3MOXHOCTWN onepaunoHHon cuctemol FreeRTOS.

2. KoHTponnep npepbiBaHUMN.

Tpe6oBaHMA K BbINOAHEHUIO 3a4aHUN, LWKAJIbl U KPUTEPUU OLLEHUBAHUA

OugeHKa 3HaHWI, YMEHMWI1 U HAaBbIKOB, XapaKTepu3ytoLwan sTanbl GOpPMUPOBaAHMA KOMMETEHLMI B pamKax U3ydeHun
AVCUMNAMHDI, OCYLLECTBAETCA B XOAE TEKYLLEW 1 NPOMEXYTOUHOM aTTecTaluit. Mpu oueHWBaHMM pe3ynsLTaTos



NPOMEKYTOUHOMN aTTeCTaLLMM UCNO/b3YEeTCA KOMYECTBEHHAA WKana oueHoK. OueHKK 3a 1abopaTopHble paboTbl 1
cobecegoBaHMe CyMMUPYIOTCA U pe3ynbraT HopmupyeTcs K 100 6anbHoi WwKane. MonyyeHHoe 3HaYyeHue onpeaenset
ypoBeHb CHOPMUPOBAHHOCTU KOMMNETEHLIMIA U UTOTOBYIO OLLEHKY (40CTaTOUHbIN — YA0BNETBOPUTE/IbHO, XOPOLLIO,
OT/INYHO UM HEAOCTATOYHbIA — HEYA0BNETBOPUTE/IbHO) COMMACHO CeaytoLeit WKane:

®  OUEHKa «oTIn4YHO» - 90..100 6annos

e  OUeHKa «xopowo» - 70...89 6annos

®  OUEeHKa «yaoBnetTBoputenbHo» - 50..69 6annos
®  OLEeHKa «HeyaosneTBopuTesibHO» - 0..49 6annos



