MuHob6pHaykun Poccum
SEAEPA/IbHOE FOCYAAPCTBEHHOE BIOAXETHOE OBPA3OBATE/IbHOE YYPEXAEHUE BbICLLEFO OGPA3OBAHUA
«BOPOHEXCKWUI rOCYAAPCTBEHHbINA YHUBEPCUTET»
(®re0Y BO «BrY»)
YTBEPXAAIO
3aBeayrowmin kKadbeapon
Bopucos Amutpuin HUKonaesmny
Kadeapa nHdopmaLMOHHbIX CUCTEM
10.04.2024
PABOYAA MPOTPAMMA YYEEHOW AUCLUMN/IUHDI

51.B.[1B.03.02 NpumeHeHne MUKPOKOHTPOANEPOB B TEXHO/IOTUU UHTEPHET BeLLen

1. Koa 1 HaumeHOBaHUWe HanpaB/ieHUA NOAroTOBKM/cneymManbHOCTH:
09.04.02 "HpopMaLMOHHbIE CUCTEMbBI U TEXHONOTUM

2. MNpodwunb nogrotosku/cneunanmnsaumsa:

NHpopMaLMOHHbIE TEXHOIOTUU Y KOMMbIOTEPHbIE HAYKW ANA UMBPOBON SKOHOMMKM
3. KeannduKauua (creneHb) BbINyCKHUKA:

MarucTpaTtypa

4. ®opma obyueHus:

OyHan

5. Kadeppa, otBeualowan 3a peannsauuio gUCLUNIUHDI:

Kadeapa MHGOPMaLMOHHbBIX CUCTEM

6. CocraButenu nporpammbi:

CaBunHKoB AHApein FOpbesuy, 4.T.H., npodeccop

7. PeKomeHAaoOBaHa:

pekomeHgoBaHa HMC ®KH 05.03.2024, npotokon Ne 5

8. YuebHbiii roa;:

2025-2026

9.Lllenn 1 3agaum yuebHOM AUCLUMNINHDI:

Llenb: dopmmupoBaHmne HeobxoaMMbIX KOMNETeHUMI ana 3GPEKTUBHOrO MCNOAb30BaHNA
MWUKPOKOHTPO/IZIEPOB B TEXHO/IOTUAX MHTEPHETA Bellel

3afaum yyebHOM ANCUMUNANHDI:

®  PaAcCMOTPETb BO3MOXHOCTU COBPEMEHHbIX MUKPOKOHTPO/IIEPOB B TEXHONOMMAX MHTEPHETA Belleit

®  paccCMOTPEeTb MeToAbl NoNyYeHUn M 06paboTKM M3MepPeHUn GU3NYECKUX BEIMUMH C UCMOb30BaHUEM
MWUKPOKOHTPOIEPOB

®  paccMOTPeTb MOAX0Abl K peanmsaumm KOMMYHUKaLMOHHbIX MPOTOKO/I0B MHTEPHETA BELEl C UCNOo/b30BaHUEM
MWUKPOKOHTPOIEPOB

®  paccMOTPeTb MOAX0Abl K PeLleHuIo 3a4a4 aBTOMaTUYECKOrO PeryiMpoBaHuUs C UCMO/b30BaHUEM
MWUKPOKOHTPONIEPOB

10. MecTo yue6HOM gucuunNInHbI B CTPYKType OON:

YyebHaa AncumnanHa oTHOCUTCS K YacTu 6s1oKa b1, dopmmnpyemont yyacTHMKamMM 06pa3oBaTe/ibHbIX OTHOLWEHUIA



11. NnaHupyembie pe3ynbTaTtbl 06yueHUa no gucunnamHe/moaynio (3HaHUA, YyMEHUA, HABbIKKM), COOTHECEHHbIE C

naaHUpyembiMmu pe3ysibTaTaMu 0CBOEHUA o6pa303a‘reanoﬁ nporpammbl (KOMI‘IETeHLI,MﬂMM BblﬂyCKHMKOB) ]

UHAUKATOPaMU UX AO0CTUXKEHUA:

Kopa v Ha3BaHue

Kog v Ha3BaHWe UHAMKaTopa

3HaHWA, YMEHUA, HaBbIKK

KOMMNeTeHLUMn KOMNeTeHLMn
MK-1 CnocobeH MNK-1.1 Obnagaet 3HaeT BO3MOXHOCTU COBPEMEHHbIX
LEMOHCTPMPOBATb dyHOAMEHTaNbHbIMMK MWKPOKOHTPO/I/IEPOB B YCTPOMCTBAX MHTEPHETA

dyHOAMEHTaIbHble 3HAHUA
MaTEMaTUYECKMX U
eCTeCTBEHHbIX HayK,
NPorpaMmmMmnpPoBaHUS U
MHOOPMALLMOHHbIX
TEXHOJIOTUNA.

3HAHUAMM, NONYYEHHbIMU B
06/1aCTV MaTEMATUYECKUX U
(nnun) ectecTBEHHbIX HAYK,
NpPOrpamMmmMmMpoBaHua n
NHPOPMALLMOHHbIX
TEXHONOMNI

Bellei, OCHOBHbIE KOMMYHWKALMOHHbIE
NPOTOKO/Ibl MHTEPHETA BELLE U MeToAbl UX
peannsaumm c UCnosb3oBaHMEM
MWKPOKOHTPO/1/1IEePOB, OCHOBHbIE aIFTOPUTMbl
cucTeM ynpas/ieHUa M aBTOMaTUYECKOro
peryanpoBaHma U MeTobl UX peanmsaumm c
MCMOo/Ib30BaHWEM MUKPOKOHTPONNEPOB

MK-1 CnocobeH
[EeMOHCTPUPOBATb
dyHOAMEHTalbHble 3HAHWA
MaTeMaTUYECKUX U
€CTeCTBEHHbIX HayK,
NPOrpaMmmMmnMpPoBaHUA U1
MHGOPMALLMOHHbIX
TEXHOMOTUN.

MK-1.2 YmeeT HaxoauTb,
dopmynmpoBaTh 1 pewaTb
CTaHAAPTHblE 3343a4M B
CO6CTBEHHOM Hay4HO-
nccneaoBaTeIbCKoM
AeAatenbHoCcTN B 061acTn
NPOrpamMmmMmMpoBaHuUsA
MHPOPMALLMOHHbIX
TEXHOI0MUN

YmeeT HaxoguTb 3G dHeKTUBHOE NPUMEHEHNE
MWUKPOKOHTPO/IZIEPOB B NPOrpaMMHO-annapaTHbIx
pelweHnax 418 MHTepHeTa BeLen

MK-2 CnocobeH co3aaBathb 1
nccnesoBaTtb HOBblE
MaTemaTuyeckme Moaenu B
eCcTecTBeHHbIX HayKax,
NPOMbILWIEHHOCTUN 1 BU3Hece,
C Yy4€TOM BO3MOXKHOCTEN
COBPEMEHHBbIX
NHPOPMALLUOHHbIX
TEXHO/IOTUN,
NpPOrpamMmmMmnpoBaHmUs
KOMMbIOTEPHOM TEXHUKM

MK-2.1 3HaeT OCHOBHble
MeTObl MPOEKTUPOBAHNA U
npou13BoACTBa
NPOrpamMHOro npoayKTa,
MPMHUMMbI NOCTPOEHUS,
CTPYKTYpPbI U NpUeMbl paboTbl
C UHCTPYMEHTaIbHbIMM
cpeacTeamu,
NoAAePKMBaOLLUMM
co3gaHue NporpaMmHbIX
NPOAYKTOB M NPOrpaMmMHbIX
KOMMNEKCOB, UX
COMPOBOXKAEHUSA,
aAMUHUCTPUPOBAHUA U
pa3BuUTKA (3BOSIIOLLMN)

3HaeT OCHOBHbIE BO3MOMXKHOCTHU
WMHCTPYMEHTa/IbHbIX CPEACTB A1 Pa3paboTKu
BCTPOEHHOrO NporpammHoro obecneyeHuns
MWKPOKOHTPONNEPOB

MK-2 CnocobeH co3aaBathb 1
nccnenoBaTth HOBblE
MaTeMaTuyeckne mogenu B
eCTeCTBEHHbIX HayKax,
NPOMbILLIIEHHOCTU U BU3Hece,
C yYETOM BO3MOKHOCTEN
COBPEMEHHDbIX
MHPOPMALMOHHbIX
TEXHOJIOTUN,
NpPorpaMmmMmnpoBaHUA U1
KOMMbIOTEPHOM TEXHUKM

MK-2.2 YmeeT ncnonb3osatb
METO/bl MPOEKTUPOBAHMUA U
npou3BOACTBA
NPOrpamMmMHOro NPoAyKTa,
NPUHLMMbI NOCTPOEHUS,
CTPYKTYPbI U NpUembl paboTbl
C MHCTPYMEHTA/IbHbIMM
cpeacTBamu,
noAnepPHUBaOLLMMM
CO34aHMe NPorpammHoro
npoAyKTa

YMeeT Ucnonb3oBaTb MHCTPYMEHTa/IbHbIE
CPeAcTBa U U3MepuTesibHble NPMBopbI A8
pa3paboTKM U1 OTNAZLKN BCTPOEHHOTO
nporpammHoro obecnevyeHus
MUKPOKOHTPO/NEPOB




Koa v Ha3BaHue
KOmMeTeHummn

Ko, v HasBaHWe nHaMKaTopa
KomneTeHuun

3HaHWA, yMEHUsA, HaBbIKM

MK-2 CnocobeH co3aaBathb 1
nccnesoBaTtb HOBblE
MaTeMaTUYEeCKME MOAENN B
eCTeCTBEHHbIX HayKax,
NPOMbILLIIEHHOCTU U BU3Hece,
C y4eTOM BO3MOXKHOCTEMN
COBPEMEHHbIX
MHPOPMALMOHHBIX
TEXHO/IOTUN,
NPorpaMmmMmnpPoBaHUS U
KOMMbIOTEPHOMN TEXHUKM

MK-2.3 imeeT npakTU4ecKkmin
ONbIT NPUMEHEHMA
YKa3aHHbIX Bbille METOA,0B U
TEXHOIOTUN

MMmeeT NpaKkTUYeCcKuit onbIT pa3paboTku u
OTNaZKM BCTPOEHHOIO NPOrpaMmMHOro

obecneyeHns MUKPOKOHTPON/IEPOB ANs

nPorpamMmmMmHO-annapaTHbIX peweHnA B obnactn

MHTEpPHETa BeLLel

12. O6bem gUCUMNAUHDI B 3a4ETHbIX eguHuuax/yac:

3/108

dopma NpomeXKyTOYHOI aTTecTauuu:

3ay4eT Cc oUeHKoMn

13. TpyaoemKocTb no BuAam yuebHoit paboTbl

Bug, yuebHoli paboTbl Cemectp 4 Bcero
AyauTOpHbIE 3aHATUA 36 36
JIeKUMOHHbIe 3aHATUA 12 12
MpakTnyeckmne 3aHATUA 0 0
JTabopaTtopHble 3aHATUA 24 24
CamocToaTenbHas pabota 72 72
KypcoBas pabota 0 0
MpomekyTouyHaA aTTecTayma 0
Yacbl Ha KOHTPO/b
Bcero 108 108
13.1. CopeprkaHue AUCLUNIUHDI
n/n HanmeHoBaHue pasgena CopaeprrkaHue pasgena Peanusauua pasgena gucumnanHbl ¢ NOMOLLbHO
OUNCUMNANHDI ONCUMNANHDBI OHNalH-Kypca, 3YMK
1. lekuum
1.1 Bo3morKHOCTH BbluMcanTenbHoe aapo https://edu.vsu.ru/course/view.php?id=17571

COBPEMEHHbIX
MWKPOKOHTPO/1I1EPOB B
YCTPOWCTBAX MHTEPHETA
Belen

MWKPOKOHTPO/1/1IEPOB,
BCTPOEHHOE
nepudepuiiHoe
obopyaoBaHue
COBPEMEHHbIX
MUKPOKOHTPO/1/1epPOB,
BCTPOEHHbIE MEXaHU3MblI
CHUNKEHUA
sHepronotpebnexus,
TUMWYHbIE 3a43a4K,
peliaemble
MUKPOKOHTPO/1/Iepamm B
cucTemax MHTepeHTa
BeLemn




n/n

HaumeHoBaHue pasgena

CopneprkaHune pasgena

Peanusauns pasgena AUCUMNAnHbLI C NOMOLLbIO

ONCUUNINHDBI ONCUUMNUHDI OHANaMH-Kypca, IYMK
1.2 Peanusauua Modbus, LIN, CAN, 1- https://edu.vsu.ru/course/view.php?id=17571
KOMMYHMKALMOHHbIX Wire, 6ecnpoBoaHas
MPOTOKO/I0B UHTEPHETA nepegava faHHbIX
Belen
1.3 Cuctembl aBToMatnyeckoro | MonydeHune n obpabotka | https://edu.vsu.ru/course/view.php?id=17571

perysmpoBaHus ¢
MCMO/Ib30BaHNEM
MMKPOKOHTPO/IEPOB

n3mepeHnin GUsnYecKmx
BE/IMYNH, MeANaHHbIN
dunbTp, cKONb3ALLEE
cpegHee (SMA, WMA,
EMA), dunbtp Kanmaxa,
NUAa-perynatop

2. NpaKtuyeckue
3aHATUA

3.
NabopaTtopHble
pabotbi

3.1

PaboTa c npoTtokonom 1-
Wire

NHnumanusauma un
nepuoanyeckoe
nosy4yeHue AaHHbIX
n3mepeHua
TemnepaTypbl C
undpoBOro gatymKka
Tvna DS18B20

https://edu.vsu.ru/course/view.php?id=17571

3.2

Peanusauua npotokona
Modbus RTU Ha
MUKPOKOHTpOAIEpe
cemeicrea STM32

Peanunsauua
0606uieHHOM
NoALepPKKN GYHKLUMIA:
1 - yTeHue 3HaYEHNI 13
HECKOJ/IbKMX PErncTpoB
¢dnaros (Read Coil
Status)

2 - YyTeHMe 3HaYEeHu U3
HECKOJIbKUX
[AMCKPETHbIX BXOA0B
(Read Discrete Inputs)
3 - YyTeHMWe 3HaYeHUI 13
HECKOJ/IbKMX PEerncTpoB
XpaHeHua (Read Holding
Registers)

4 - yTeHWe 3Ha4YeHul 13
HECKOJ/IbKMX PEerMcTpoB
BBoaa (Read Input
Registers)

https://edu.vsu.ru/course/view.php?id=17571

3.3

Peanunsauua NUA-
perynatopa Ha
MUKPOKOHTpONIepe
cemelictBa STM32

MNopaep»kaHue
33aHHOrO 3HAYeHUA
TemnepaTypbl 3a cyeT
ynpasneHnua LLNM

https://edu.vsu.ru/course/view.php?id=17571

3.4

Peannsauma KOMNAEKCHOTO
YCTPOWCTBA ANS UHTEPHETA
Bellen Ha
MWKPOKOHTpOAEpe
cemeictea STM32

Peanunsaymna
YHMBEpPCasIbHOrO
yCTpoOKCTBa ANA
WHTepHeTa BeLen ¢
NoAAepKKoW NpPoToKoNa
Modbus,

https://edu.vsu.ru/course/view.php?id=17571



https://edu.vsu.ru/course/view.php?id=17571

n/n

HaumeHoBaHue pasgena
ONCUMNANHBI

CopneprkaHune pasgena
OUCUMNANHBI

Peanusauusa pasgena gUCLUNANHBI C MOMOLLbIO
OHANaMH-Kypca, IYMK

OCYLLLECTBAAOLLErO
MHOTFOKaHanbHbIN
KOHTPO/Ib MapameTposB U
MHOrOKaHanbHoe
ynpasaeHue
UCNONHUTENIbHBIMM
ycTpoicTBamm
Pa3ANYHOrO TUMNa, B TOM
yucne ¢ peanunsaumen
ABTOMATUYECKUX
dYHKUMI ynpaBaeHuns

13.2. Tembl (pa3gennl) AUCUUNANHDBI U BUADbI 3aHATUI

Ne HavmeHoBaHuMe Tembl (pa3gena) JleKunoHHble | lMpaKTtuyeckune JlabopaTtopHble CamocroatenbHas Bcero
n/n 3aHATMA 3aHATMA 3aHATMA paboTa
1 BO3MOXHOCTN COBPEMEHHbIX 2 4 6
MWKPOKOHTPO/1/1ePOB B
YCTPOMCTBAaX MHTEPHETA BeLen
2 Peannsauma KOMMYHUKALMOHHbIX 18 24
NPOTOKON0B MHTEPHETA BelLlei
3 Cnctembl aBTOMATUYECKOTO 8 12
perynMpoBaHuA C UCMOb30BaHUEM
MWKPOKOHTPO/1/1€POB
4 PaboTa c npotokonom 1-Wire 4 6 10
5 Peanusauus npotokona Modbus 6 12 18
RTU Ha mUKpOKOHTponnepe
cemeiicrta STM32
6 Peanunsaumua NU-perynatopa Ha 6 10 16
MUKPOKOHTPO/I/1Iepe cemeiicTaa
STM32
7 Peanunsauma komnaekcHoro 8 14 22
YCTPOMCTBA A4/1A MHTEPHETA BeLen
Ha MMKPOKOHTpO/IZIepe ceMeincTaa
STM32
0 24 72 108

14. MeTtoguueckue yKasaH1aA ana obyyalowmxca no 0OCBOEHUIO AUCLUNAWNHDI

OvicumnavHa TpebyeT paboTbl ¢ patnamm-npeseHTaunAMMN NeKLMUA U COOTBETCTBYHOLMMM 1aBaMU PEKOMEH0BAHHOM

OCHOBHOW INTEPATYpPbI, @ TaKXKe, 0653aTeNbHOrO BbINOJHEHWS BCEX na6opaToprlx 3a,ﬂ,aHVIﬁ B KOMMNMbKOTEPHOM Knacce.

CamocTtoaTtenbHas pa60Ta npoBOAUNTCA B KOMMbKOTEPHbIX KNacCax ®KH c ucnonbsoBaHnem MeToaAnYeCKMX matepurasios

pPacnosioXeHHbIX Ha yuebHo-meToandeckom cepsepe OKH fs.cs.vsu.ru\library n Ha cepsepe Moodle Br'Y moodle.vsu.ru.

Bo Bpemsa camocTonATeNIbHOM pa6OTbI CTy4EeHTbl MCNONTb3YIOT BI'IEKTpOHHO6M6I'IMOTE‘-IHbIe CUCTEMDI, AOCTYMHbIE Ha

noptane 3oHanbHoM bubnnotekn BryY no agpecy www.lib.vsu.ru. Yactb 3agaHnit MOXKeT ObITb BbINOSIHEHA BHE
ayaMTOPUIA Ha AOMALLHEM KOMMblOTepe, MOC/e KONMPOBaHMUA METOAUYECKMX YKa3aHUI u Heobxoammoro MO ¢ yuebHo-

meTogmyeckoro cepsepa ®KH.

Mpn ncnonb3oBaHMKU ANCTAHLUOHHbBIX O6paSOBaTeI’IbeIX TEXHONOTUI U 3/1EKTPOHHOTO 06yLIeHVIFI BbINMOJIHATL BCE

YKa3aHuA npeno,u,aBaTeneﬁ, BOBpeMA NOAKNKYATbCA K online 3aHATUAM, OTBETCTBEHHO NOAXOAUTb K 3a4aHNAM ON1A

camocToaTeNnbHOM paboTbl.




15. MepeuyeHb OCHOBHOI U A0MNONHUTE/NIBHOW NUTEPATYpPbl, PECYPCOB UHTEPHET, HE0O6X0ANUMbIX 419 OCBOEHUSA
ANCUUNAUNHDI

a) OCHOBHaA nnTepaTypa:

No MCTOYHMK

n/n

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

6) AonoNHUTeNbHan NUTepaTypa:

Ne MCTOYHMK

n/n

1 OdunumanbHbiii caitT 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) MHPOPMaLIMOHHbIE 31IEKTPOHHO-06pa3oBaTeIbHble pecypcbl:

Ne n/n NCTOYHUK

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

2 CepBsep yuebHo-meToamnYecknx matepunanos ®KH, \\fs.cs.vsu.ru\Library

3 O6pasoBaTesibHbli NopTan "INEKTPOHHbIN yHMBepcuTeT BIY", http://edu.vsu.ru

16. NepeueHb yuebHO-meTOaMUECKOTrO o6ecneyeHna 418 CaMOCTOATENbHOM paboTbl

Ne n/n NCTOYHUK

1 Cepsep yuyebHo-memooduyeckux mamepuanos ®KH, \\fs.cs.vsu.ru\Library

2 ObpazosamernsbHsbili mopman "InekmpoHHsili yHusepcumem BIY", http://edu.vsu.ru

17. O6pasoBaTtenbHble TEXHONOrUU, UCNOJIb3YeMble NPU peannsaumum yuebHoi AMCUUNANHDI, BKAOYasA
BUCTaHUMOHHble obpa3oBaTesnbHble TexHonoruu (40T), aneKTpoHHoe o6yueHune (30), cmewaHHoe 0byuyeHue):

JNlekunn-Br3yanusaLmm ¢ 4eMOHCTpaLmelt MANOCTPATUBHBIX U FpadUYecKkux maTepuanos, aHMmaLumn, 610K-cxem
aNropuTMOB M NPUMEPOB UCXOAHOMO KOAA, LEMOHCTPALLMEN BbINOAHEHWSA KOMaHA, ONepaLLMOHHON CUCTEMON,
nabopatopHble paboTol.

Mpu peannsaumm ANUCLUMUNAUHBbI MOTYT UCMNO/b30BaTbCA TEXHOIOMMU INEKTPOHHOTO 0BYyYeHUA U AUCTaHLMOHHbIE
obpasoBaTe/bHble TEXHOI0rMM Ha 6ase nopTana edu.vsu.ru, a Takxe gpyrve 4OCTynHble pecypcbl ceTn MHTepHeT.

18. MatepuanbHoO-TEXHMYECKOe obecneyeHne AUCLUNUHDI:

1 JleKUMoHHas ayauTopms, OCHaLLLEHHAA BUAEOMPOEKTOPOM.

2 KomnbloTepHbI Knacc ANs NpoBeAeHUs 1abopaTopHbIX 3aHATUIA, OCHALLEHHbIM BUAEOMNPOEKTOPOM,
KomnbtoTepamm ¢ OC Windows ¢ ycTaHOBAEHHbIMU UHCTPYMEHTaMM Pa3paboTKu A8 MUKPOKOHTPoA1epoB STM32
M 0TNafA04YHbIMM NaaTammn Ha 6aze MCU STM32.

19. OueHouHblE CpeAacTBa A4A NPOBEAEHUA TEKYLLEN U NPOMEKYTOYHOM aTTecTaumii

MopsALOK OLLEHKN OCBOEHMA 0ByYatoLLmMMMC y4ebHOro maTepuana onpeaenseTca CogepKaHuem cneayoLwmx pasaenos
ONCUMNAUHDI:

No Pasgenbl aucumnanHbl (Moaynm) Kopg, Kog, OueHoYHble cpeacTBa

n/n KOMMeTeHuMmn MHOMKaTopa ONA TeKkyLen
aTTecTtaumm

1 BO3MOXHOCTN COBpPEMEHHbIX MK-1 MK-1.1 CobecepoBaHue

MUKPOKOHTPO/IJIEPOB B YCTPOMCTBAX
MHTEpPHEeTa BeLLel

Peannsauma KOMMYHUKALMOHHbIX
MPOTOKO/IOB MHTEPHETA BeLLEei
CucTembl aBTOMATUYECKOTO




Neo Pasgenbl aucumnanHbl (Moaynm) Kopg, Kog, OueHoYHble cpeacTBa
n/n KOMMeTeHummn MHOMKaTopa ONA TeKyLen
aTTecTtaumm

peryanpoBaHma C UCNOb30BaHUEM
MUKPOKOHTPO/1/1EPOB

2 PaboTa c npotokonom 1-Wire MK-1 MK-1.2 NabopaTopHas paboTa
Peanunsauma npotokona Modbus RTU Ha
MUKPOKOHTpoAnepe cemelictea STM32
Peanuzauma NUA-perynatopa Ha
MUKPOKOHTpoAnepe cemelictea STM32

3 PaboTta c npoTokonom 1-Wire MK-2 MNK-2.1 CobecepoBaHue
Peannsaums npotokona Modbus RTU Ha
MWKPOKOHTpoNepe cemenctea STM32
Peanusaumna MUA-perynatopa Ha
MWKPOKOHTpoNepe cemencTea STM32
Peanusauma KOMNIEKCHOro yCTponcTBa
AN UHTepHeTa Bellen Ha
MWKPOKOHTpoNepe cemencTea STM32

4 PaboTta c npoTokonom 1-Wire MK-2 MK-2.2 JNabopaTtopHas paboTa
Peanunsauma npotokona Modbus RTU Ha
MWKPOKOHTpOANepe cemencTtsa STM32
Peanuzaumna MUA-perynatopa Ha
MWKPOKOHTpOANepe cemenctsa STM32
Peanusauma KOMMNIEKCHOro yCTPOMCTBa
ONA MHTepHeTa Bellen Ha
MWKPOKOHTpoIepe cemeincTea STM32

5 Peanunsauma KOMNIEKCHOro yCTPOMCTBA MK-2 MK-2.3 NabopaTtopHas paboTa
0N UHTepHeTa Bellen Ha

MWKPOKOHTpoONIepe cemeincTea STM32

MpomexkyTouHana aTTecTauma

dopma KOHTPOA - 3a4eT C OLLEeHKOM

OugeHoYHble cpeacTBa AN NPOMEXKYTOYHOM aTTecTaumnm

CobecepnoBaHue

20 TunoBble oLEeHO4YHbIE CPeACcTBa U MeToAUYeCKue maTtepuasnbl, onpeaensatowme npoueaypbl oLeHUBaHUA
20.1 TeKywWMi1 KOHTPONIb YCNEBAEMOCTHU

TeKyLWwmii KOHTPOIb YCNeBaeMOCTU BbIMOJIHAETCA No NabopaTopHbIM paboTam.

Mo Kax oM BbINONHEHHOM paboTe A0/KeH OblTb NPeAoCTaB/lEH OTYET, BKAOYAIOLLMN MCXOAHbIV KOg, pa3paboTaHHbIX
Nnporpamm 1 onucaHue NoJly4YeHHbIX pe3yabTaTos. o oTyeTy npenogaBaTesb BNpase 3a4aTb AOMNOJHUTENbHbIE
BOMPOCHI A4/17 YTOYHEHMA YPOBHA NOHUMAHWUA maTepuana. JlabopaTopHasa paboTa oueHMBaeTca makcumym B 100
6annos.

MpuBeAEHHbIE HUXKE 334aHUA PEKOMEHAYETCA MCNO/Ib30BaTb NPU NPOBEAEHUN ANATHOCTUYECKUX PAabOT A/15 OLLEHKM
OCTATOYHbIX 3HAHWUI MO AUCLUNINHE
KomneteHuusa MK-1

3a[.aH1A 3aKPbLITOro TMNa

1) B cucTemax MHTepHeTa Belleil MUKPOKOHTPO//Iepbl MOTYT MCMO/Ib30BaThCA AR




a) ViamepeHuns napameTpoB aHa/I0rOBbIX CUTHAJIOB C UCMOJIb30BaHMEM BCTPOeHHbIX ALLM 1 o6paboTka
pe3ynbTaToB U3MEPEHUI
b) ®opmunposaHusa curHanos UMM c 3agaHHbIMKM NapameTpamm
c) NonyyeHusa n 06paboTKM AaHHbIX C LMPOBbIX 4AaTYMKOB Yepes passinyHble UHTepdelicol (1-wire, i’c, SPI
Ap.)
d) YnpaBneHua ncnosHUTENbHbIMM yCTpocTBamm Yepes uuopposbie nHtepdericol (CAN, SPI, UART u ap.)
e) Bbicokonpon3BoanTeNbHbIX pacnpeaeneHHbIX BbIYUCAEHUI B peasibHOM BpeMEHU
f) XpaHeHMA BO BCTPOEHHOW 3HEProHe3aBMCUMONM NaMATM 60/bLINX 06bEMOB AAHHbIX
2) WHTepdelic i’c npeaHasHavyeH ans
a) CBA3KN MeXK Y MHTErpasbHbIMU CXEMAMM BHYTPU 31IEKTPOHHbIX NPUBOPOB AN COeAMHEeHUR
HWU3KOCKOPOCTHbIX NepudepuinHbix KomnoHeHTos ¢ MCU
b) Nepenaun LMdpPOBbIX AaHHbIX HA 3HAYUTENbHbIE PACCTOAHUSA B YC/IOBUAX CU/IbHbBIX MOMEX
¢) MallnH-MaLWMHHOIo B3aUMOAENCTBUA MEXKAY NOABUNKHbIMU 06bEKTaMM B CUCTEMAX MHTEPHETA Bellei
3) Mo nnHum 1-Wire K MMKPOKOHTPO/IIEPY MOYKHO NMOAKAOUNTb

a) [latumk Temnepatypbl

b) DneKTpoHHbIN KAtoy Ans ayTeHTUdMKaLmMm cybbekTa AocTyna

¢) JaTumnk BNa*KHOCTU BO3A4yXa

d) Agantep Ana NOAKNHOYEHMA MPOMbILWIEHHOTO AaT4MKa ¢ UHTepdencom 4-20mA

4) MNpoTokon 1-Wire ucnonbsyetcs gns

a) OpraHusaumm aByHanpaBAeHHOW WWHbI 419 HU3KOCKOPOCTHOM nepeaayn HebonblinxX 06beMOB AaHHbIX
MeXay yCTPoCTBamMM
b) lns nepeaauv BMAEONOTOKA B cMCTEMaX BuaeoHabA0AEHMSA
c) na yaaneHHoOro ynpas/ieHUa C HU3KOM 3aAepiKKo nepeaadn AaHHbIX
d) Ana nepegauu aHeprum no ogHoOMy nposoay
5) OTmeTbTe, Kakne U3 NepeynCcieHHbIX HUXKE peLleHnii MoryT 6biTb UCNOb30BaHbl ANA CHUMKEHUS
aHepronoTpebAeHUs Npu peannsaumm ycTponcTBa MHTEPHETA BELLEN Ha MUKPOKOHTpOEpe

a) OTKNtoYeHne He 3a4eMCTBOBaHHOM Nepnudepmum MUKPOKOHTpOINEpa
b) AnHamunuyeckoe cHUM¥KEHME TaKTOBOM YacCTOTbl MpoL,Eeccopa 40 MUHUMAIbHO BO3MOXHOM B 3aBUCMMOCTH OT
TeKyLen 3a4a4n
¢) OTKNOUYEHME TAaKTUPOBAHKUSA NpoLeccopa (Nepexos B CNAWMI pexnm) ¢ Npoby:KaeHnem No npepbiBaHUAM
d) OTKAloUYeHWE NpepbIiBaHMA TaBHOMO TaliMepa onepaLnuoHHOM CUCTEMbBI B PEXKMME MPOCTOs, Koraa HeT
aKTUBHbIX 3a4au (tickless mode)
e) MoBbileHWe TaKTOBOW YacToTbl MHTEPdENCOB A1A COKPaLLEHMA BpeMeHn obmeHa
f) OTka3 oT cemacdopoB 1 MCNONb30BaHME TObKO SPIN-6/I0KMPOBOK 418 CUHXPOHM3ALMN 3a4au

6) OTmeTbTe NpPeMMyLLLECTBA, KOTOPblE AAeT UCMO/1b30BaHME ONepaLMOHHOM cucTeMbl Npu paspaboTtke MO ana

MWKPOKOHTpPO/1/Iepa

a) NogaepKa MHOr03a4a4HoCTH
b) HCTpYMEHTbI 419 CUHXPOHM3aLMM 33434 U Nepesaum AaHHbIX MeXay HUMM
c) MporpammHble Talimepbl
d) OkoHOMA NamaTn
e) MoBbllWeHne NPoN3BOAUTENIbHOCTM BbIUMUCIEHUIA
7) OTMeTbTe OCHOBHbIE HeAOCTaTKM NpoTokona Modbus

a) He npegycmotpeHa ayTeHTUdMKaLMA YCTPOWCTB U WMbpPOBaHNE AAHHbIX
b) Begomoe ycTpoNCTBO HE MOXKET MHULMMPOBATL HAauyano nepesaum
c) OrpaHuyeHHbI Habop TMNOB 1 GOPMaTOB AAHHbIX

d) CnoxkHocTb peanunsaumm



8) Kakue npevmylectsa MoryT 6biTb NoJlyYeHbl B aBBTOHOMHOM YCTPOMCTBE MHTEPHETA BELLEN C MMTaHMeM OT
baTapeun Npu UCNoNb30BaHUN MUKPOKOHTpoaepa TI CC1310

a) CHUXKEHMe CIOXKHOCTU U rabapuTOoB YCTPOMCTBA 3@ CYET BCTPOEHHOIO pagnuomoaema

b) CywiectBeHHOE CHUXeHWe 3HepronoTpebaeHnA yCTPOMCTBa 3a CHeT UCMO0/b30BaHMA conpoLeccopa SCE

c) MNoBblWeHMe TOYHOCTU U3MEPEHUI 3a CUYET BbICOKOW paspaaHocTy ALLM

d) YckopeHue BbluMCEHMI C NAaBatoLLelt TOYKOM 3@ CHET UCMOJIb30BAHWUA BCTPOEHHOTrO conpoLieccopa FPE
OTBeTbl Ha BONPOCHI

Homep Bonpoca OrtseT (b6yKkBa)

a,b,cd

a

a,b,cd

a

a,b,c

a,b

1
2
3
4
5 a,b,cd
6
7
8

a, b

3a4aHnA OTKPBLITOro TMMa

1) Kakaa makcMmanbHan paspsagHocTb AL B MMKpPOKOHTpoOiepax cemeictea STM32
2) Yemy paBHa cTaHAapTHas YacToTa TakTupoBaHua (CLK) uHTepdelica i’c? OtBet BblpasuTe B KIy,

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OTseTt
1 12
2 100

3aJaHu1sA C pa3BEPHYTbIM OTBETOM

1) OnuwuTe oCHOBHbIE NPUHUMMbLI NpoTokona Modbus RTU
2) OnuWKTE OCHOBHbIE METOAbI CHUMEHWUS 3HEPronoTPebeHNsa YCTPOMCTBA MHTEPHETA BELLEN NMPU UCMOJIb30BaHUK
pagnoKaHana

OTBeTbl Ha BON POCbI

Homep Bonpoca OrtseT (byKBa)

1 Mpotokon Modbus RTU npeaHasHauyeH 414 nepenayn AaHHbIX Mexay

3NEKTPOHHBIMW MOAYNAMU B CUCTEMAX MPOMbILUNEHHOM aBTOMATUKM, YMHOIO ,OMa
W MHTepHeTa BeLlei. PaboTaeT no npuHLMNY BeayLLMi-BeLOMbIN, NPU 3TOM K JIMHUM
Modbus RTU moryT nogKnto4aTbCs HECKOIbKO BEAOMbIX YCTPOMCTB, Pa3/iMyaemblx no
aapecam. Begomoe ycTpoicTBO NpeAcTaBieHO Kak Habop afpecyembix perncTpos,
KOTOpble MOXET YMTaTb M 3aNMnCbiBaTb BeAyllee yCTPONCTBO. Pa3amepHOCTb permcrpa
16 61T Mnn 1 61T, B 3aBMCMMOCTM OT TMMA PerucTpa. B oagHom 3anpoce MOXKHO
3anmncaTtb UAW NPOYUTATb HECKO/IbKO PErncTPOoB, HO BECb 06beM nepeaBaemblx
[aHHbIX JO/KEH pacnonaratbCa B OAHOM MakeTe pa3mepom He H6osee 256 OKTeTOB,
BKAtOYaA agpeca v gpyrue cny>ebHble nona. Bcero B agpecHom npocTpaHCcTBe
BEA0OMOrO YCTPOMCTBA MOXET BbITb A0 216 pernctpos Kaxaoro Tuna. Nocpeactsom
YTEHMA U 3aNnUCK PErMCTPOB MOMKHO MOYYaTb AaHHbIE U YNPABAATb BEAOMbIMU
YCTPOMCTBAMMU.

KpuTepun oueHnBaHmMA LLIkana oueHok (B 6annax) ‘




KpuTepuun oueHmBaHuA LLIkana oueHok (B 6annax)

O6yualoLWmiica NPaBUIbLHO OMMCaN HasHaYeHUe M OCHOBbI OpraHn3aLum 3 6anna
npoTtokosna Modbus RTU.

O6y4atoLwmiica NPaBUAbHO OMMCan HazHaYeHNe M OCHOBbI OpraHM3aLun 2 6anna
npotokona Modbus RTU. OTBeT coaepUT He3HaUNTE/IbHbIE HETOYHOCTHU

Ob6yualowmiica He TOYHO OnmMcas HasHauYeHMe U OCHOBbI OpraHn3aLum 1 6ann
npotokona Modbus RTU. OTBeT He coaepKUT rpybbiX oLMBOK Uaun

HeTOYHOCTEN

Ob6yyvatowminca He TOYHO onmncaa HasHayeHMe U OCHOBbI OpraHM3aLun 0 6annos

npotokona Modbus RTU. OTBeT coaepKuT rpybble owmnbKM N HETOYHOCTH

Homep Bonpoca OtserT (byKBa)

2 1. MMHMMM3aLMA NCNONb30BAHMA NepesaTymKa.

Mepenatunk ABnseTca Hanbosee MOLLHbIM NOTPEBUTENEM SHEPTUM B PAAMOMOLEME,
No3TOMY €ro UCnob30BaHWE AOMKHO 6bITb CBEAEHO K MUHUMYMY. MPOTOKO CBA3M
[O/IKEH BK/HOYaTh NepesaTymKk Ha MMHUMaIbHOE BPeMs TOJ/IbKO Npu
HeobXoAMMOCTM Nepesayn HOBbIX AaHHbIX (MHOTOKpaTHOW Nepesaayn ogHUX 1 Tex
e AaHHbIX cneayeT usberatb).

2. Ucnonb3oBaHue gexkypHoro npuema (WOR).

B pexknme perKypHoro npuema paboTaer To/IbKO cucTemMa OBHapyKeHUa npeamby bl
Co0bLLEeHNA, OCTaslbHble CUCTEMbI MTPUEMHMKA (CNexeHne 3a YacToToM,
LeMofynaTop, AeKoep U T.M.) OTK/OYEHbIl, HO OHW aBTOMATUYECKU BKIOYAOTCA MpU
obHapyXeHUn npeambynbl.

3. icnonb3oBaHue npuema no pacnmcaHuio.

MPUEMHMK NONHOCTLIO OTKIFOYEH W BK/THOYAETCA B PEXMUME AEXKYPHOro Nnpuema
TOJ/IbKO BO BPeMA AEMCTBUA OKHa npruema (MpoMerKyTKa BpeMeHM, B TeYeHme
KOTOPOro BO3MOXHa nepesaya AaHHbix). TpebyeTcs CMHXPOHM3aLUMa YacoB BCexX
B3aMMOAENCTBYIOLLMX YCTPOMUCTB.

KpuTtepumn oueHmBaHuA LLIkana oueHok (B 6annax)

O6yyatoWwmiica NPaBUAbHO yKa3an OCHOBHbIE METOAbl CHUMNKEHUA 3 6anna
3HepronoTpebeHns Npu UCMONb30BaHWUM PaZiMOKaHana.

O6yyatowmiica NPaBUAbHO yKa3an OCHOBHbIE METOAbl CHUMKEHUA 2 6anna
3HepronoTpebeHns Npu UCMOIb30BaHWUM paauoKaHana. OTeer
COAEPXUT HE3HAUYUTEIbHbIE HETOYHOCTH.

Obyyatowmiica OTMETU TO/IbKO OTAENbHbIE METOAbI CHUMXKEHUA 1 6ann
sHepronoTpebaeHns Npu UCNoNb30BaHUKM pasMoKaHana. OTeeT He
COAEPHKUT rpybbIX OLUIMOOK U HETOYHOCTEN.

O6yualoWMiica OTMETUA TONbKO OTAE/bHbIE METOAbI CHUMKEHUA 0 6annos
sHepronoTpebaeHna Npu UCNONb30BaHUM padnoKkaHana. OTeeT
COAEPHMT rpybble OWMBKM UAN HETOYHOCTM.

KomneteHuus MK-2

3a4aHunA 3aKPbLITOro TMNa

1) OTmeTbTe BepHble YTBEPXKAEHNA OTHOCUTENIbHO MUKPOKOHTPO/IIEPOB cemelicTBa STM32L

a) MocTpoeHbl Ha OCHOBE NpoLeccopHbIX aaep cemeictsa ARM Cortex-M
b) UmetoT BCTpoEHHbIe annapaTHblie TaliMepbl C WMPOKUM Habopom BO3MOXKHOCTelN (reHepaumsa LUNMM,
noaaeprkka sSHKOAEepPoB U Ap.)



2)

3)

4)

5)

6)

7)

8)

c) He umetor MMU 1 He noaaep1BatoT BUPTYaAbHYO NamATb
d) OpreHTMpOoBaHbl Ha MMHUMa/IbHOE 3HepronoTpebaeHne
e) IMeloT BCTPOEHHbIM pagmMoMoaem
f) OpreHTMpoBaHbl Ha MaKCMMabHYHO MPOU3BOANUTENIbHOCTb
B cuctemax MHTepHeTa Bellel annapaTHbIi TalkMep MUKPOKOHTPOI/1IEPA MOXKET ObITb MCNO/Ib30BaH 415

a) PopmupoBaHus curHana LLUMM ¢ nporpammupyembiMum napameTpamu

b) UamepeHusa neprosa 1 CKBaXKHOCTM NOCAEA0BATENBHOCTM MMMNY/bCOB

c) opmupoBaHMA CUrHANOB A/1A YNPABAEHMUSA LWArOBbIMW ABUTaTENAMU

d) ®opmmrpoBaHMA OANHOYHBIX MMMYIbCOB 3a4aHHON A/IUTENbHOCTU
B HEKOTOpPbIX MUKPOKOHTpoNNepax cemenctea STM32 nntepdeinc UART MOXKET MMETb annapaTHYO NoAAePKKY
CcnenyoLwmx BO3MOXKHOCTEN

a) Paborta B pexxkume LIN-WnHBI
b) YnpasneHne npuemonepegatymkom RS-485
c) Paborta B pexknume CAN-LINHBbI
d) Paborta B pexxume USB
OTmeTbTe BepHble YTBEPKAEHMA OTHOCUTENbHO MUKPOKOHTpoanepa Tl CC1310

a) MocTpoeH Ha ocHoBe npoteccopHoro agpa ARM Cortex-M3
b) MocTpoeH Ha ocHoBe npoueccopHoro agpa ARM Cortex-M7
c) CoLep’K1T BCTPOEHHbI PagMoMOLeEM
d) CoaepK1T BCTPOEHHbIN MasionoTpebaoLWwmii conpoleccop ana paboTbl ¢ gatynkamm (Sensor Controller
Engine)
e) CofepKUT BCTPOEHHbIV CONPOLECCOP A8 BbIYUCAEHMI C N1aBaAOLLLEN TOYKOM
f) CozepK1T BCTPOEHHbIE Yacbl peasibHOro BpeEMeHMU
TexHonorua LBT B pagnokaHane nossonaet

a) JoxkaaTbcs 0CBOOOXKAEHUA pafMOKaHana nepes Hayaom nepeaaym, Ytobbl He co3aaBaTb NOMEX APYrvm
yCTpOMCTBaM
b) JoxkaaTbca ocBObOXKAEHUA pagMOKaHaNa Nepes HayaloM nepeaadn, 4ytobbl M3bekaTb MOMEX CO CTOPOHbI
APYTUX YCTPOMCTB
) YCcTaHOBUTb CTPOryto o4epeHOCTb Nepeaadn AaHHbIX YyCTPoMCcTBaMM
d) NoBbICUTb YyBCTBUTE/ILHOCTb NPUEMHMKA

TexHonorna WOR B pagMoKaHasie MHTEPHETa BeLLel Nno3sBonseT

a) CoKkpaTtuTb aHepronoTpebieHMe YCTPOCTBA 3a CHET BK/IOUYEHUS NPUEMHMKA TOJIbKO MPU 0OHapYyKeHUN
pagauocurHana
b) MoBbICUTb YYBCTBUTENBHOCTU NMPUEMHMKA
c) MoBbICUTb CKOPOCTU Mepesayn AaHHbIX
d) CHU3UTbL YPOBHA NOMEX ANA APYTUX YCTPOMCTB
Mporpamma STM32CubeMX nossonset

a) CKoHdUrypmpoBaTh BbIBOAbl MUKPOKOHTPO/I/IEpa cemeicTBa STM32c aBTOMaTUYECKMM 0BHapyKeHnem
KOHPNMKTOB
b) CKoHdpurypupoBaTb BbIBOAbI MUKPOKOHTpPOIepa cemelicTBa TI CC131x ¢ aBTOMaTUUYECKMM OBHapyKeHnem
KOH}IMKTOB
C) BKOUMTb M CKOHPUTYpMpPOBaTb HeobxoamMmoe nepudepuiiHoe obopyaoBaHMe MUKPOKOHTPO/IEpPa
cemelictea STM32
d) OTnaguTb paboTy 0bpaboTumKa NpepbiBaHUIA Talimepa
e) CreHepupoBaTb Ko, a1a SCE MukpoKoHTpoanepa Tl CC1310

SmartRF Studio no3sonser



a) CKoHOUTYpMpPOBaTb BCTPOEHHbIV paguoMoaeM MUKPOKOHTpoanepa TI CC1310

b) OnTumunsuposatb paboty moayns Wi-Fi B HoyTbyKe

c) PaccumntaTb AanbHOCTb Nepeaayn AaHHbIX B pagnoKaHane

d) CkoHdurypuposaTb Sensor Controller Engine mnkpokoHTponnepa Tl CC1310

e) CkoHdurypmposaTb moaynb Bluetooth mobunbHoro TenedoHa

OTBeTbl Ha BONpPOCHI

Homep Bonpoca

OtserT (byKBa)

a,b,cd

a,b,cd

a, b

a,cd,f

a, b

1
2
3
4
5
6
7
8

3a4aHu1s OTKPbLITOro TMna

1) Kakas paspsgHocTtb y ALM B coctaBe SCE muKpokoHTpoanepa TI CC1310

2) C nomoLbio BCTPOEHHOIO TaliMepa MMKPOKOHTpO/Iepa HeobxoamMmo peannsosats LLUMM ana ynpasneHus

APKOCTbIO Namnbl. TpebyeTcs obecneunTb He meHee 100 ypoBHEN SPKOCTU OT HY1€BOM (BbIK/IIOYEHO) 40

MaKCMMaibHOM NpK YacToTe mepuaHmnini He Huxke 400 'y, Kakas MUHMMa/IbHaA YacToTa TaKTUPOBAHMA Tanmepa

00N1Ha 6bITb MCNONb30BaHa? OTBET BbIPa3nTb B Kuaorepuax (Kru).

OTBeTbl Ha BON POCbI

Homep Bonpoca OTseTt
1 12
2 40

3a4aHus C Pa3BEPHYTbIM OTBETOM

1) OnuwuTe noaxoabl K peannsaumm NporpaMmHONM 3aLmUTbl OT Apebe3ra KOHTAKTOB MPY NOAK/IOUYEHUN K

MUKPOKOHTPOAN/IEPY KHOMOK N KOHTAKTHbLIX 4aTYNKOB

2) OnuwuTe TUNOBYI MOAENb MCNOb30BaHMUA conpoleccopa Sensor Controller Engine (SCE) mnkpokoHTposinepa Tl

CC1310 anAa cHUKeHUA aHepronoTpebaeHus

OTBeTbl Ha BoN POCbI

Homep Bonpoca

OrtseT (byKBa)

1

[pebesr — HEKOHTPOIMPYEMOE Cly4aliHOe MHOFOKPaTHOE 3aMblKaHKe-pasMbiKaHne
KOHTAKTOB MPu U3MEHEHMM COCTOAHNE MEXaHMYeCKoro nepekatovatens. pebesr
KOHTAKTOB Hab/l04aeTcs y noAasnatowero 601blWLNHCTBA MeXaHNYECKMX
nepeknoyaTenen, Kpome pPTyTHbIX U HEKOTOPbIX TUMOB NepekYaTeneii co
CABMXKHbBIMM KOHTaKTaMu, HanpuMep, rasieTHbIX nepexatodatenei. 1aMTenbHoCTb
Apebesra KOHTAKTOB 3aBMCUT OT KOHCTPYKL MU M rabapuToB nepektoyatens u ans
TUMWUYHBIX NMEePeKAoYaTe1ei B yCTPOMCTBaX MHTEPHETA Bellel COCTaBAAET HECKO/IbKO
MUAAUCERYHA,. MPY MOAKNHOUYEHMM KOHTAaKTHOMO AAaTYMKa, KHOMKM UK
nepeknoyaTensa K BXO4Yy MUKPOKOHTPO/Iepa, U3-3a Apebesra npu Kaxaom
cpabaTblBaHUM AATUMKA UAN KHOMKKM ByaeT GUKCUMPOBATLCA MHOMECTBEHHOE
nepeKknoYeHme, YTo NPUBEAET K HEKOPPEKTHOM paboTe yCcTpoicTBea.

Mpn ncnonb30BaHUM MUKPOKOHTPOA/IEPA 3aLLUnUTa OT ,u,pe6e3ra KOHTAKTOB MOXeT




Apebesra KOHTAKTOB:
1) oTN0XKeHHasA NPoBepKa COCTOAHMUA KOHTAKTa;

npouecca (apebesra).

OKpYy)KatoLLen cpeabl.

6bITb peasiM3oBaHa NPoOrpammHo, 6e3 yCI0XKHEHMS annapaTHOM YacTu YCTPOMCTBa.
CylecTByeT ABa OCHOBHbIX MOAX0Aa K peannsaumm nporpaMmmMmHON 3almTbl OT

2) Hel'lpeprBHbIVI MOHUTOPUHT COCTOAHUA KOHTAKTa A0 3aBepLlieHnA nepexogHoro

B 060ux cnyyanx cocTosiHME KOHTaKTe onpeaensercsa B Nporpamme A0Mn0/IHUTEIbHOM
Oy/IeBCKOM NepemMeHHOM BMEeCTO NPsaMOro YTeHus ¢ permctpa ssoga GPIO.

Ha Bxoge GPIO, K KOTOpOMY MOAK/OYEH KOHTAKTHbIN AATUMK, HACTPaAMBAETCA PEKMUM
3anpoca BHELHWX NpepbIBaHUi Mo Nl060MY U3MEHEHWNIO YPOBHA CUrHana.

Mpu nepsom nogxoae npu BO3HUKHOBEHUM npepbiBaHnA EXTI no kaHany
NOAKAOYEHNA NepeKIoYaTeNA 3anyCcKaeTca OAHOKPATHbIN TalkMep C TalMayTom
O/IMTENbHOCTBIO HECKO/IbKO MUJIJIUCEKYHA, HO 3aBe40MO NPEeBOCXOAALLMM
ANNTEeNbHOCTb Apebesra KOHTAKTOB UCMOAb3yeMOoro nepekatoyaTtens. Ha spems
BblAEPXKKM Taimepa npepbiBaHue EXTI no KaHany nepekntoyaTens MackmpyeTcs.
Mocne cpabaTbiBaHUA TaliMepa HOBOE 3HAYEHME NePEMEHHOMN COCTOAHMA KOHTaKTa
yCTaHaB/IMBaETCA MO COCTOAHMIO perncTpa Beoga GPIO, dnar 3anpoca npepbiBaHUA
ouunLLaeTcs (CKopee Bcero, oH bbia ycTaHOB/EH U3-3a Apebesra) 1 npepbliBaHUA
CHOBA pa3peLatoTca. Tak Kak BblAepKKa Talimepa M3MepaeTca MUAIUCEKYHAAMM,
uenecoobpasHo MCNONb30BaTb MPOrPaMMHbIA Talmep.

Mpu BTOPpOM Noaxoae Npu BO3HUKHOBEHUW nNpepbiBaHMA EXTI no KaHany
NOAKNIOYEHNA MEePEKIYATENA 3aMNYyCKAETCA NePUOAMYECKUI TaliMep C NepUOLOM
nopagka 10-100 mKc, Tak 4Tobbl AnuTeNbHOCTL Apebesra coctaBnana 6ol nopagka 10
nepuoaoB Tanmepa. MpepbiBaHus EXTI no KaHany NOAKNOYEHUA AATYMKA
MmackupyroTca. Mpu Kaxkaom cpabaTtbiBaHMM Taimepa 13 pernctpa seoga GPIO
CYMTLIBAETCA COCTOAHME NEepPeKNoYaTeNA U CPAaBHMBAETCA C NpeablAyLLnm
COCTOSIHMEM, Ha MPOLLIOM nepuoae Taimepa. Eciv nonyyeHHOe COCTOAHUE Takoe
e, KaKk 1 bbl110 Ha Npeablaylliem nepuose, To NPoBePKa nonaraeTca ycnewHon. Mpu
3TOM MOACYUTLIBAETCA YNCO YCMeLHbIX NPOBEPOK. ECM coCToOAHNE KOHTAKTa
M3MEHMNOCh, TO CHETUYMK YCMELUHbIX MPOBEPOK oumLlaeTca. Ecam cyeTumnK yenewHbix
NPOBEPOK A0CTUT MOPOroBOro 3Ha4YeHus, obbluHO 3-7, TO TaliMep OCTaHaB/IMBaeTCA,
¢dnar 3anpoca npepbiBaHUA ounLLaeTcA (CKopee BCEro, OH bbln yCTaHOBNAEH U3-3a
Apebesra) v npepbiBaHUA CHOBa paspeLlatoTca. [lepemMeHHas COCTOAHUA KOHTAKTa
yCTaHaB/IMBAETCA MO pe3y/bTaTy Noc/ieAHeln NpoBepku. MoCKoAbKY nepuog Taimepa
B 3TOM crnocobe coctaBnfeT meHee 1 mc, TpebyeTca 3a4elicTBOBATb annapaTHbIN
Taimep, YTO MOXHO OTHECTU K HeJ0CTaTKaM aHHOro NoAX0Aa, MOCKObKY YMCAO0
annapaTHbIX TaliMepoB MUKPOKOHTPO/Iepa orpaHuyeHo. C Apyroi CTOPOHbI AaHHbIN
aNIroPUTM MMEET MEHbLLYIO 1aTEHTHOCTb U aBTOMAaTUYECKM nNpucnocabansaeTcs K
N3MEHEHMIO NMPOAOIKUTENIbHOCTU Apebesra, Hanpumep, 13-03a USMeHeHUs YCI0BUIA

Kputepun oueHnBaHmMs

LLIkana oueHokK (B Bannax)

Obyyatowmiics TOYHO M A0CTaTOYHO MOJIHO ONMCan BO3MOKHbIe peweHna | 3 6anna
peanusaumm NpPorpaMmMmHoONM 3aWmThl OT Apebesra KOHTaKToB
Obyuatowmiics fOCTaTOYHO NOJIHO OMNMCAN BO3MOMKHbIE peLleHuns 2 6anna
peanusaumm NporpaMmmHom 3awuTbl oT Apebesra KoHTakToB. OTBET
COLEPKUT HE3HAUUTE IbHbIE HETOYHOCTU.
Obyualowmiica B LLeJIOM OMNMCan BO3MOMKHbIE PeLleHns peannsaumm 1 6ann
nporpaMmHoM 3aWwmThl OT Apebesra KOHTaKTOB. OTBET HE COAEPKUT
rpybbIX OWMBOK U HETOYHOCTEN.

0 6annos

Obyuatowmiica He onucan BO3MOKHbIE peLleHna peanmsanmum
nporpaMmHoOMN 3aWmThl OT Apebesra KOHTaKToB. OTBET COAEPXKUT rpybble
OLLNBKN MU HETOUHOCTMU.




Homep Bonpoca OtserT (byKBa)

1 Sensor Controller Engine (SCE) — 3TO cBEpX3KOHOMMYHbIIA CONPOLLECCOP B COCTaBE
MWKPOKOHTpoanepa. OH UMeeT JOCTyn K YacTu nepudepuiiHbix yctpoicts (GPIO,
ADC), TaKXKe MMeeT BCTPOEHHbIN Talimep.

Npaes ncnonbsoBaHua SCE gns CHUXKeHUs aHepronoTpebieHma cCoOCTOUT B TOM, UTOObI
OCTaHOBWTb (MEepeBecTu B CMALLMIN PEXKMM) OCHOBHOW NMPOLLECCOP M NEPUOLUYECKN
KOHTPO/IMPOBaTb COCTOAHME BXOA0B MUKPOKOHTPO/I/Iepa bl nomous SCT. Ecan
CUTMHa/Ibl HA BXOZAaX MUKPOKOHTPO/I/IEPA BbIXOAAT 3@ YCTAHOB/IEHHbIE NPeaesibl Unu
obHapyKuBaeTca cpabaTbiBaHMeE KaKoro-1nbo BHelHero gatumnka, SCE aktmusmpyet
OCHOBHOW npoueccop ans 06paboTkM cobbITUSA.

Kputepuum oueHnBaHuA LlIkana oueHoK (B 6annax)

O6yyvatoLminca TOYHO M AOCTAaTOUHO MOJIHO ONKCcaa TUNOBYO MOAENb 3 6anna
ncnonb3oBaHua SCE TI CC1310 ana cHUKeHUA sHepronoTpebieHus.

Obyyvatowminca A,O0CTaTOYHO MOAHO ONUcan TUNOBYIO MOAENb 2 6anna
ncnonb3oBaHua SCE TI CC1310 ana cHUKeHUA sHepronoTpebieHus.
OTBeT COAEPKNT HE3HAUUTEIbHbIE HETOUYHOCTY.

O6y4aloLWMiAca HeA0CTaTOYHO TOYHO M MOJTHO OMMCaN TUMOBYIO MOAENb 1 6ann
ncnonbzosaHua SCE TI CC1310 ana cHMXKeHMA aHepronoTpebneHuns.
OTBET He CoAepPKUT rpybbix OLMBOK UM HETOYHOCTEN.

0 6annos

ObyuyatoLmincs He onmcan TMNOBY Mogenb ncnosibzosaHms SCE Tl
CC1310 anAa cHuKeHuA sHepronoTpebneHna. OTBET COAEPKUT rpybble
OLUMBKM N HETOYHOCTM.

20.2 T[pome:xkyTouyHasa aTrecTaumsa

BOI'IpOCbI K COGECEAOBBHMIO

1  BO3MOXHOCTM COBPEMEHHBIX MMKPOKOHTPO/1/IEPOB B YCTPOMCTBAX MHTEPHETA Bellei

2 BctpoeHHoe nepudepuitHoe obopyaoBaHMe COBPEeMEHHbIX MUKPOKOHTPONEPOB

3 BcTpoeHHble Talimepbl MUKPOKOHTPO/1/IEpa

4  WUM (PWM)

5 CroposkeBoi Taimep (watchdog)

6  [AuckpeTHble BXoApbl-BbixoAbl 0b6Lero HasHavyeHus (GPIO)

7  BcTpoeHHbI ALN MUKPOKOHTPOAIEPa, KaIMBPOBKa 1 CNOCODBLI NONYYEHMA AAHHbIX

8  KOMMyHMKaUMOHHbIe MHTepderCbl MUKPOKOHTPOIEPa

9 MpoTtokon Modbus

10 Mpotokon 1-Wire

11 bBa3oBble TEXHUYECKUE peLleHUa ANA peanv3aLmm paMoKaHana B CUCTEMax MHTepHeTa Bellel
12 OcHOBHble BO3MOX¥HOCTM OnepaLMoHHON cuctembl FreeRTOS

13 3apaum FreeRTOS, co3paHune n yaaneHue, npuopuTeT 3a4a4m, CTEK 3a4a4m

14 Cemadopbl FreeRTOS, 61MHapHble 1 cunTatowme cemadopbl

15 MbioTekcebl FreeRTOS, pekypcuBHbIE MbIOTEKCHI

16 Ouepean coobuieHnit FreeRTOS

17 MexaHu3Mbl OXXKAaHUA COBLITUI U YBeAOMNEHNS 3a[a4 O HacTyneHun cobbiTnii B FreeRTOS
18 Tavimepbl FreeRTOS

19 CraHgapT CMSIS (Common Microcontroller Software Interface Standard)

20 MeToabl CHUMKEHMSA 3HepPronoTpebaeHNs MUKPOKOHTPOINEPOB

TpeGOBaHMﬂ K BbINOJIHEHUIO 3ap,a|-mﬁ, WKaJibl U KpUuTEpMUn oueHnBaHUA




OugeHKa 3HaHWI, YMEHWUI U HaBbIKOB, XapaKTepu3sytoLLas sTanbl GOPMMPOBAHUA KOMMETEHLMI B paMKax U3y4yeHuA
OUCLMMNNHDBI, OCYLLECTBAETCA B XO4E TEKYLLEN N MPOMEKYTOUYHON aTTecTaumii. Npu oueHNBaHUM Pe3ybTaToB
NMPOMEKYTOYHOW aTTecTaLMm UCNONb3YEeTCA KOIMYECTBEHHASA LWKana oLeHoK. OueHKM 3a 1abopaTopHble paboTbl U
cobecenoBaHNE CYMMMPYIOTCA U pe3yabTaT HopMmupyeTcs K 100 6anbHoM WKane. MonyyeHHoe 3Ha4YeHWe onpegenaet
ypoBeHb CPOPMUPOBAHHOCTM KOMMETEHUMIN M UTOTOBYIO OLLEHKY (A0CTaTOYHbIN — y40BNETBOPUTE/IBHO, XOPOLIO,
OT/INYHO WU HEAOCTATOUHbIN — HEY/LOBNIETBOPUTEIbHO) COMIACHO CeAyOLLEN WKane:

e  OUEHKa «oT/IM4Ho» —90...100 6annos

e oueHKa «xopowo» — 70...89 6annos

e  OLeHKa «yagoBnetTBoputesbHo» — 50...69 6annos

®  OUEHKa «HeyaosneTsoputenbHo» —0...49 6annos



