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Pabouas nporpamma JUCLUIUTUHBI «IIporpammHoe o0ecrnieueHue
POOOTOTEXHUYECKUX CHUCTEM» COCTAaBJII€HA B COOTBETCTBUU C YYEOHBIMH ILJIAHAMH T10
HanpasieHuto  nonarotoBku  15.04.06  «MexatpoHuka U POOOTOTEXHUKaY,
HampaBleHHOCTh (mpodumib) — «CucTeMbl ympaBieHHs POOOTOTEXHUYECKUMHU
komIuiekcamm» A 2023 roga npuéma no ouHoi popme o0ydeHus.

CocraBHuTENb:
noueHT xadenpsl « DIEKTPONPUBOA W ABTOMATH3AIIHS TPOMBIIILIEHHEIX
YCTAHOBOKY,

K.T.H., JIOTIEHT /’%f JTarmonok A.B.
/Wich}

PaGouyas nporpamMma paccMoTpeHa W NMPHHATA Ha 3aceJaHuM Kadeapsl
«DNEKTPONPHBO/L H ABTOMATH3ALIMSA MPOMBIILIEHHBIX YCTAHOBOKY.

Mporokon ot « O7»  ©3  2023romaNe J .

3asenytowmmii kadeapoi @ Poskapsaka I[1.H.
(noanmcs) (®H0)

Pabouyas nporpamma opobpena y4ebHo-MeroaMYecKOH KOMHCCHEH
I'OYBIIO  «1OHHTY» 1o HanpasJIeHHIO MOJArOTOBKH 13.04.02
«INEKTPOIHEPreTHKA H HIEKTPOTEXHHKAY.

[Tpotokon ot « <2 » 03 2023rona Ne 3
[Ipeacenarens ~¥~ Txauyenko C.H.

(moAnHCE) (@.H.0.)
PaGouas mporpamma mpomjena s 20 roga npuéMa Ha 3acelaHUM

BbINyCKamomell kKadeapbl «DJIEKTPONPUBOJ U aBTOMATH3AlMSA MPOMBIIIICHHBIX
YCTaHOBOKY.
ITIpoTokois oT « » 20 roaa Ne

3aBenyrommii kadeapon

(moamucs) (®.1.0.)

PabGouass mporpamma mnpomjiena mus 20  roma mnpuéma Ha 3acelaHUU
BbINIyCKaweil kadeapbl «DJIEKTPONPHUBOJ W aBTOMATH3alUs IMPOMBIIUICHHBIX
YCTaHOBOKY.

[IpoTOoKOI OT « » 20 roma Ne

3aBemyrommii kadeapon

(moamuce) (®.1.0.)



1. OBBEKT, HEJIb U 3ATAYHU OCBOEHMU S TINCHUITIJINHBI

I[I/ICHI/IHJII/IHa paccMaTpuBacT BOIIPOCHI HpOFpaMMHOﬁ JacTu pcajimn3anunsa
MUKPOIIPOLECCOPHBIX CHUCTEM MCXAaTPOHHBIX CUCTEM 141 pO6OTOTCXHI/I‘{CCKI/IX
KOMIIJIICKCOB.

lenp guctumiuHel:  (GOpMHpOBaHHME y  CTYJACHTOB TEOPETUYECKOM U
IPAKTHUYECKON 0a3bl METOAOB U CIIOCOOOB MPOrPaMMHUPOBAHUS MHUKPOIPOLECCOPHBIX
CUCTEM, KOTOpasi MO3BOJIUT UM pelIaTh MPAKTUYECKUE 3a/1a4ll B UX MPO(ecCHOHAITBHOMN
NESTEIbHOCTH, CBSI3aHHOM C  MPOEKTUPOBAHMEM MHKPOIPOLECCOPHBIX CHUCTEM
yHpaBIEHUS TEXHOJIOTUYECKUM 000PYTI0BAaHUEM.

B pesynbrare ocBO€HUS AUCHIUTIINHBI CTYICHT JOJIKECH

3HATh:

- 0COOEHHOCTH TIPOTPaMMHUPOBAHUS COBPEMEHHBIX MUKPOTPOIIECCOPHBIX CHCTEM
yOpaBlieHUs BKIIOYas MPOTrPaMMHUPOBAHHME BHEIIHUX TepuEepUitHBIX MOIyIei
Pa3ITUYHBIMU METOJAMH,

YMETh:

- CTIOJIB30BaTh TMOJIYYCHHYIO B pe3ylbTaTe OOy4YeHHUS TEOPETHUECKYI0 U
NpakTHYeCKyto 0azy i pa3pabOTKH M TPOTPAaMMHUPOBAHUS MHKPOIPOIECCOPHBIX
CUCTEM Ha 0a3e OJJHOKPUCTAIHHBIX MUKPOKOHTPOJIIEPOB U Ha si3bike CH.

- pa3pabaTbIBaTh IPOrpaMMHOE oOecrieueHue COBPEMEHHBIX
MUKPOIIPOLIECCOPHBIX CHCTEM C HCIOJB30BAaHUEM OMNEPALMOHHBIX CHUCTEM PEabHOTO
BpPEMEHH;

- MCIIOJIB30BaTh TOJYYEHHBIC 3HAHUS MPH PEIICHUU MPAKTUYCCKUX 3a7ad IO
IPOrPaMMHUPOBAHUIO MUKPOTIPOIIECCOPHBIX CHCTEM YTPABJICHHS,

- OCYILIECTBJISITh IKCIUTyaTallMI0O U TEXHUYECKOE OOCITYyKHUBAHHUE MEXaTPOHHBIX U
POOOTOTEXHUYECKUX CUCTEM B COOTBETCTBHH C JACHCTBYIOIIMMU MPaBUIIAMU;

BJIQJICTh:

- HaBBIKAMU MPOBEJCHUS UCTIBITAaHUSI W PEMOHTa MEXaTPOHHBIX H
POOOTOTEXHUYECKUX CUCTEM;

- HaBBIKaMU pa3pabOTKH U MPOTPAMMHUPOBAHUS MUKPOIIPOIIECCOPHBIX CUCTEM Ha
0a3e OJHOKPUCTAIBHBIX MHKPOKOHTPOJUIEPOB M Ha s3blke CH TpH  pelICHUH
MPAKTHYECKUX 3a7a4 M0 pealn3aliy MPOrpaMMHOTO KOJIa CUCTEM YIIPaBIICHUSI.

[lepeuncnennple pe3yabTaThl 00yUEHUs ABISIOTCS OCHOBOW JUIsl (POPMUPOBAHUS
CIEAYIOIIUX KOMIIETCHIUM:

[1K-3: CnocoOHOCTh 3KCILTyaTUpPOBAaTh M NMPOBOJUTH PEMOHT MEXATPOHHBIX U
POOOTOTEXHUYECKUX CUCTEM M UX DIIEMEHTOB

2. MECTO JUCIUIIJINHBI B OCHOBHOM OBPA30BATEJILHON
IMPOI'PAMME

JucuuniauHa ~ OTHOCUTCS K 4acTH,  (opMHpyeMOM  y4aCTHHKaMH
o0Opa3oBaTeNbHbIX OTHOIIEHUWH Onoka guciuIuinH yuyebHoro 1uiana ['OYBIIO
"JloHEeUKUi1 HAlMOHAJIBHBIN TEXHUYECKUN YHHMBEPCUTET" MOATOTOBKH OakaliaBpa IO
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HampaBieHuto 15.04.06 «MexarpoHuka
(mpoduiib) «CUCTEMBI YIIpaBIeHUS POOOTOTEXHUYECKUMU KOMILIEKCAMMY.

basupyercst Ha 3HaHUAX U YMEHHSIX, KOTOPbIE CTYACHT MPUOOpPEN MpU OCBOSHUHU
NPEAIIECTBYOINX JUCHMIUIMH: «CrenualibHble pa3fesibl TEOPUUM ABTOMATHYECKOTO
ynpasieHus», «LluppoBoe peryinpoBaHue B 31EKTPOMEXAHUYECKUX CUCTEMAX.

3HaHMSA M yMEHHWs, NPUOOPETEHHbIE MpPH OCBOCHUU JAHHOW JHCHUIUIMHBI,
pean3yloTcs CTYJEHTOM IIPH BBINOJHEHWH HAyYHO-HCCIIEOBATEIbCKOW pPadOThl U

U POOOTOTEXHHKAY,

IMPOXOXKACHUU I‘OCY,Z[&pCTBCHHOfI HUTOIOBOU arTeCTalnu

3. CTPYKTYPA U COAEP KAHUE NJUCHUITJINHBI
3.1. Pacnpenesienne y4eOHBIX YaCOB 10 TeMaM AMCIHUIIMHBI M BUIAM 3aHATHI

HaIpaBJICHHOCTb

HanmenoBanue tem
(coneprkaTenbHbIX MOTYJIEH)

KonnuecTtBO yacoB
(ounas popma)

Bcero

B ToMm uucie

Jlexumm | Tlpakt. |JlabGop.
(CemuH.)

CPC

Tema 1. Bsoouwie nonoowcenus. Llenu u
3a0a4u Kypca

17

15

Tema 2. Ananuz u onmumuzayust
aneopummos ynpaeieHus
MUKPONPOYECCOPHBIMU CUCTIEMAMU

28

15

Tewma 3. Hasnauenue, ¢hynxyuu u
00.1acmb NpUMeHeHUsl ONepayUoHHbLe
cucmemvl peanbHO20 6PeMeHU
8CMPAUBAEMBIX CUCTIEM

28

15

Tewma 4. [Ipoepammnas peanuzayus
cucmem ynpasnenus na o6aze FreeRTOS
Mukpoxkoumpoiepog AVR

28

3 10

15

Tema 5. IIpoepammuposanue
MUKPOKOHmMpOanepoe cemeticmea ARM c
UCNONIb308AHUEM CINAHOAPTHBIX
oubuomex nepughepuu
Mukpokoumponnepos ARM cemeticmea
STM32.

28

15

Tema 6. Paboma ¢ FreeRTOS
Mukpokoumponnepos ARM cemeticmea
STM32

29

15

KonrakTHas paboTa (IOMOJHUTEIbHAS )

Kypcosas pabora (mmpoekr)

HToro mo BugaM 3aHATHIA

162

17 51

90

Konmponw

54

HTroro:

216




(I)opanOBaHne KOMIIETEeHIIUH B pe3yjabTaTe 0CBOCHUA TEM JUCHUIIIMHBI

Tembl JUCIHHMITIIMHBI, HAIICJICHHBIC Ha BBIpa6OTKy

Komnerennmn
KOMIIETEHIIN U

I1K-3 Tewmsil ,2,3,4,5,6

3.2. Jlekuun

Tema 1. BBoanblie nosioxkenusi. lleam u 3axaum kypca.

Conepxanue Temsl 1:

Brenenune. TpeGoBaHus Kk MporpaMMHOMY 00€CTICUEHHUIO BCTPAUBAEMbIX
MUKPOITPOLECCOPHBIX CUCTEM.

Tema 2. AHAJIU3 ¥ ONTUMHU3AIUA AJITOPUTMOB yIIPaBJIeHUs
MHKPONPOLECCOPHBIMM CUCTEMAMHU.

ConeprxkaHue TeMbl 2:

dopMupoBaHUE ONTUMAIBHBIX AJITOPUTMOB M TPOTPAMMHOTO OOECTICYCHUS
BCTPaWBaeMbIX MHKPOIPOIIECCOPHBIX CHCTEM C YYE€TOM OCOOCHHOCTH apXUTEKTYPHI
MHUKPOKOHTPOJIIEPOB. Pa3paboTka O€30MacHBIX aIrOPUTMOB H IPOTPaAMM.

Tema 3. Haznauenue, pyHKIUHN U 00J1aCTh IPUMEHEHNS ONlePAllMOHHbIE
CHCTEeMbI PeaJIbHOI0 BpeMEeHH BCTPANBAEMbIX CHCTEM.

ConepxxkaHue TeMsl 3:

HeoOxoammMocTh TpUMEHEHHUs OIMEpPallMOHHBIX CHUCTEM pPEAThbHOTO BPEMEHHU.
Kakue Buapl OInepalMOHHBIX CUCTEM peanbHOro BpemeHu. [lonsarue «3amayay u
«Comporpammay. DyHKIMM TUIAHUPOBINMKA 3a7ad. Buabsl MHOro3aJauHOCTH.
[IpuopuTeThI 33/1a4 ONMEPALMOHHBIX CUCTEM PEATTBHOTO BPEMEHH.

Tema 4. IIporpammuas peanu3anus cucTeM ynpanJienusi Ha 0ase FreeRTOS
MHK-POKOHTPOJLIepoB AVR.

ConepxkaHue TeMbl 4:

OcoOEHHOCTH yCTaHOBKM OMNEPAIMOHHONW CHUCTEMBl PEAIbHOIO0 BpPEMEHH
FreeRTOS nns muxpoxontposiepoB AVR. APl dynkuum FreeRTOS. Iloctpoenue
nporpamMm yIpaBjeHUs OOJBIIMM YHUCIOM OOBEKTOB aBTOMATH3AI[MU TMPU TTOMOIIU
FreeRTOS. Orpanuuenuss Ha wucnojb3oBaHue FreeRTOS s ynpaBnenus
TEXHOJIOTUYECKUMU MPOIECCAMMU.

Tema 5. IlporpaMMupoBaHre MUKPOKOHTPOJLIEPOB ceMeiicTBa ARM ¢
HCIO0JIb30BAHMEM CTAHAAPTHBIX OM0IMOTEK Nepuepu MUKPOKOHTPOJLIEPOB
ARM cemeiictBa STM32.

ConeprkaHue TeMBI 5:
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CrpykTypHas cxeMa MUKPOKOHTpPOJUIepoB ceMerictBa ARM, pacnpenenenue
naMsTH, PETUCTPBI OOIIETO Ha3HAUEHUS U PETUCTPhI BBOA/BbIBOIa. OCHOBHBIE
byHKIIMOHATBHBIE OJIOKU U niepedupHitHbIE MOTYJIM MUKPOKOHTposuiepoB STM32.

Tema 6. Padora ¢ FreeRTOS mukpokonTpoJuiepoB ARM cemeiictea STM32.

ConeprxaHue TeMBI 6:

Oco0EHHOCTH YCTAHOBKH OMEPALIMOHHON CUCTEMBbI PEAIbBHOTO BPEMEHHU
FreeRTOS nyist mukpokontposuiepoB STM32. API ¢pynkuuu FreeRTOS. [Toctpoenue
pOrpamMM yIpaBieHus: OOJBIIUM YUCIOM 00BEKTOB aBTOMATU3AI[MU TP MTOMOIIH
FreeRTOS.

3.3. [IpakTnyeckue (CeMUHAPCKUE)3AHATHSA

B cooTtBercTBUM ¢ y4eOHBIM IIaHOM IUCHUIUIMHBI «lIporpammHas peanusanus
MUKpPOIIPOLIECCOPHBIX ~ CHUCTEM»  NIpaKTHUYeCKHe  (CeMHUHApCKHUE)  3aHATUS  HE
PEeyCMOTPEHBI.

3.4. JIaGopaTopHbIie padoThI

Ne Tema paboThI Oo6wem, | Jlureparypa
n/n qac.
O4H/
3a04H/
OYH-
3a04H
1 AHanu3 ¥ ONTHMHU3AIMS AITOPUTMOB YIIPaBICHUS 10 6. 7]
MHUKPOIPOIIECCOPHBIMU CHCTEMAMU =
) Hasnauenue, GpyHKIuHM 1 00JaCTh IPUMEHEHHUS ONIEPAlliOHHBIC 10 6. 7]
CHCTEMBI PEaIbHOTO BPEMEHH BCTPAUBAEMBIX CHCTEM. =
3 [TporpammHas peanu3anys CUCTEM YIIpaBJIeHUs Ha Oa3e 10 6. 7]

FreeRTOS mukpokontposiepoB AVR

[IporpammupoBanrue MUKpPOKOHTpOJIEPOB cemeiicTBa ARM ¢
4 MCIOJIb30BAaHNUEM CTAaHJIAPTHBIX OMOIMOTEK mepudepun 10 [6, 7]
MHUKpOKOHTposiepoB ARM cemerictBa STM32

Pa6ora ¢ FreeRTOS muxpokonTpomiepoB ARM cemeiicTBa 11 [6, 7]
STM32. —

Hroro: 51
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3.5. CamocrosiTesibHasi padoTa cTyeHTa

Ne Bunel camocTosaTensHON pabOTHI CTYEHTA O6bewM,
n/m yac.
1 N3ydeHue JIEKIMOHHOTO MaTepualia 30
2 [ToaroToBKa K MPaKTUYECKUM 3aHATUSIM -
3 IToaroroBka K J1abOpaTOPHBIM paboTam 60
4 BrpinonHeHne KypcoBOro nmpoekTa -
5 BrimonHenne KypcoBoi paboTsl -
6 BrinosiHeHNE MHAMBUTYaJIbHOTO 3aJaHUs -
UTOI'O: 90

3.6. UnauBuayaibHOe 3a/1aHUe, KYPCOBOM MpoeKT (padora)

B cooTtBercTBUM ¢ yueOHBIM MmaHOM AuCUUIIINHBI «[IporpamMHoe obecnieueHue
POOOTOTEXHUYECKUX CHCTEM» WHANBUAYAIbHOTO 3aJaHUS M KypCOBOW IMPOEKT HE
IIPEAYCMOTPEHBI.

4. ®OHJI OLIEHOYHBIX CPEJICTB

4.1. Kputepum 1 mKAaJbI 1JI51 HHTETPUPOBAHHOM OLIEHKH YPOBHA
c¢pOopMHUPOBAHHOCTH KOMIIETCHIIUI
Cocmasenawowan komnemeHyuu — NOIHOMA 3HAHUU

HYJIEBOII YpPOBEHb: HEBEPHBIE, HE apryMEHTHUPOBAaHHBIE, C MHOKECTBOM TIpPyObIX
OLIMOOK OTBETHI HA BOMPOCHI. YPOBEHb 3HAHUI HUKE MUHUMAIIbHBIX TPEOOBAHUIA;
MUHHMMAaJIbHBI YPOBEHb: JAaHbl HE IIOJHBIE, HETOYHBIE M HEAPIyMEHTHUPOBAHHBIE
OTBETHI Ha BOMPOCHL. [lomymieHo MHOro rpyObIX OMMOOK. YPOBEHb 3HAHUN HUXKE
MUHUMAaJIbHBIX TPEOOBAHUM;

IIOPOTOBBIM yPOBEHB: JaHbl HEIOCTATOYHO ITOJIHBIEC, TOYHBIE U apIyMEHTHPOBAHHBIE
OTBETHI Ha BONPOCHL. 1[0X0 3HaeT TepMUHBI, ONPENCIECHNUS] U MOHATUSA;, OCHOBHBIE
3aKOHOMEPHOCTH, COOTHOIIEHUS, TPUHLHUIIBL. J[OIYIIIEHO MHOTO HErpyObIX OLIMOOK;

CPEHUH YPOBEHb: JaHbl JJOCTATOYHO IOJIHBIC, TOUYHBIE U APIYMEHTUPOBAHHBIE OTBETHI
Ha BONPOCBHL. B Ie€nOoM 3HAeT TEPMUHBI, ONPEICICHHS M IOHATHS; OCHOBHBIC
3aKOHOMEPHOCTH, COOTHOUIEHHUS, MPUHUMMBI. JIOMyIIeHO HECKOJIBKO HErpyobIX
OIINOOK;

IPOJBHUHYTBIM ypOBEHb: JaHbl IOJHBIC, TOYHbIE U aPIyMEHTHUPOBAHHBIE OTBETHI Ha
BOIIPOCHL. 3HAET TEPMUHBI, ONPEAEICHUS WU IOHSATHS, OCHOBHBIE 3aKOHOMEPHOCTH,
COOTHOIICHUS, MPUHLHUIIBL. J[OMYIIIEeHO HECKOIBKO HETPyOBbIX OIINOOK;

BBICOKMM YPOBEHb: JaHbl IIOJHBIE, TOYHBIE W APTYMEHTUPOBAHHBIE OTBETHI HA
BOIIPOCHI. 3HAE€T TEPMHUHBI, ONPEIEIEHUS U MOHATHUS; OCHOBHBIE 3aKOHOMEPHOCTH,
COOTHOILIECHMS, TPUHIMIIBL. J[OMyIIIEHO HECKOJIBKO HETOYHOCTEM.

COCI’I’IG@]Z}ZIOWG}Z KomnemeHyuu — yMeRUsl




HYJIEBOM YPOBEHB: IOJHOE OTCYTCTBUE ITIOHUMAHUS CYTH METOIMKHU PELICHUs 3a4a4H,

JIOITYIIIEHO MHOXECTBO IPyOeHIINX OMUOOK / 3a1aHuUs HE BBIMIOJIHEHBI BOOOIIIE;
MUHUMAaJbHBII yPOBEHb: cllaboe MOHMMAaHWE CYTH METOAMKH pELICHHS 3aayH,
JomyiieHsl TpyObie ommbOku. Pemenust He oOocHoBaHbl. He ymeeT ucmonb30BaTh
HOPMaTUBHO-TEXHUYECKYIO JTUTEPATYPY;

MOPOTOBBIM YpOBEHB: JIOCTATOYHOE TOHUMAHWE CYTH METOJUKH PELICHUs 3a1ayu,
nomyiieHsl  ommOku. Pemennss He Bcerma OOOCHOBaHBL YMEET HCIOJIB30BaTh
HOPMaTHBHO-TEXHUUYECKYIO JuTeparypy. Crnabo oOpueHTHUpyeTcs B CHEHUaIbHOM
Hay4HOH JIUTEpaType;

CpCI[HI/II‘/’I YPOBCHL: B LCJIIOM IIOHUMACT CYTb MCTOAHMKKU PCIICHUA 3aJdadi, JOITYIICHBI

omOku. Pemenuss He Bcerna OOOCHOBaHBL. YMEET HCIOJIB30BaTh HOPMATHBHO-
TEXHUYECKYIO U CIICHUAIbHYI0 HAYYHYIO JINTEPATYPY;

IIPOJIBUHYTBIM YpPOBEHb: B IEJIOM IIOHMMAET CYTb METOJUKM PELICHMs 3aladd,
Jonyiensl HeToyHocTH. CrocobeH O00O0CHOBaTh peIeHHA. YMEET HCIOIb30BaTh
HOPMAaTHBHO-TEXHUYECKYIO U CIIEHUAIBHYIO HAYYHYIO JINTEPATYPY;

BBICOKHI ypOBEHB: IOHUMAET CYyTh METOAMKH perieHus 3agadu. CnocoGeH 000CHOBATh

pelIeHns. YMEET UCIO0JIb30BaTh HOPMATUBHO-TEXHUYECKYIO U CIIEHUAIBHYIO HAYYHYIO
JIMTEPATYpy, NEPEIOBOU OIIBIT.

COCMCZ@]Z}HOI/L;CZ}Z Komnemernyuu — 81a0eHue Hasblkamu
HYHCBOﬁ YPOBCHL: HC JCMOHCTPUPYCT BJIAACHUC HABBIKAMHU  BBIIIOJHCHUS
HpO(bCCCI/IOHaJILHBIX 3ajJady. He MoeT BBIIIOJIHUTH 3aJaHusd,
MHUHUMAaJIbHBIN YPOBCHbL: HE ACMOHCTPHUPYET BJIAACHHUEC HABBIKAMHW BLIIIOJHCHUSA
HpO(bCCCI/IOHaJILHBIX 3aJga4. HcneiTeiBaeT CYIICCTBCHHBIC  TPYAHOCTH IIpu
BBITIOJTHEHHUHN OTACIIBHBIX BaHaHHﬁ;

HOpOFOBBIﬁ YPOBCHL: BJIaJICCT HABbIKAMUA BBLITIOJTHCHUSA HpO(bCCCI/IOHaJILHBIX 3aJa4d Ha

MOPOTOBOM YPOBHE. 3a/1aHUsl BBITIOJIHAET MEJIJIEHHO U HEKAYE€CTBEHHO;
CpPEeIHUI YPOBEHB: BIIAJICCT HABBIKAMU BBIMOJHEHUS NPOGECCHOHATBHBIX 3a]ad.
3aanusl BRIMOJTHSET HA CPETHEM YPOBHE 1O OBICTPOTE U KAUYECTBY;

NPOJBUHYTHI  YpOBEHb: BJAJEET YBEPEHHBIMU HABBIKAMH  BBIMOJHEHUS
npoecCHOHANBHBIX 3a/1ad. BBICTpO M KauyeCTBEHHO BBITIOJHSET 3aJaHUs, WHOTAA
JIOMyCKasi HE3HAUYUTENIbHbIE MOTPENTHOCTH;

BBICOKU  YPOBEHb: BJIaJICET  YBEPCHHBIMHW  HABBIKAMHM  BBINIOJHEHUS
npodeCCUOHANIBHBIX 3aJ1ady. BBICTpO W KauyeCTBEHHO BBITIOJHSACT 3aJaHus, IPU
HEO0OXOIMMOCTH JIEMOHCTPUPYST TBOPUYECKHUM MOIXO.

Obobwennas oyeHka cqhopmMupo8anHoCmu KoMnemeHyut

HYJIEBOW YPOBEHb: Ha HYJIEBOM ypOBHE C(POPMHUPOBAHBI: BCE COCTABIISIONIUE; OJIHA

WM JIBE U3 TPEX, OCTaJIbHbIE — HA 00JIee BHICOKOM YPOBHE;
MUHUMAJIbHBI  ypOBEHb: HAa MHUHHUMAJIBHOM YypPOBHE C(OPMHUPOBAHBI: BCE
COCTaBIISIIOIIME; OJTHA UITU JIBE U3 TPEX, OCTaIbHBIEC — HA 00JI€€ BHICOKOM YPOBHE;

MOPOTOBBI YPOBEHb: Ha MOPOrOBOM ypOBHE C(HOPMHPOBAHBI: BCE COCTABISIOLIKUE;

OJTHA WJTU JIBE U3 TPEX, OCTAIbHBIE — Ha 00JIee BEHICOKOM YPOBHE;

CpeIHUIl YpOBEHb: Ha CPEAHEM YpOBHE C(OPMHUPOBAHBI: BCE COCTABISIOLIUE; OTHA

WM JIBE U3 TPEX, OCTAIbHBIE — HA 00JIee BHICOKOM YPOBHE;



- TPOABUHYTHIA yPOBEHb: Ha TMPOJBHUHYTOM YypOBHE C(OpPMUpOBAHBI: BCE
COCTABJISIFOIIME; OJTHA WJIM ABE U3 TPEX, OCTAJIbHBIE — HA BBICOKOM YPOBHE;

- BBICOKMU YypOBEHb: HAa BBICOKOM YypOBHE C(HOPMUPOBAHBI BCE COCTABIISIONINE
KOMIIETCHITU.

4.2 Boripockl K 3K3aMeHY U PUMepP 3K3aMEeHAIMOHHOIr0 Ouiera

1. Tlosichute u3BecTHble Bam cmocoObl MOCTpOEHUs MporpamMm YNpaBieHUs
OOJIBIINM KOJI-BOM OOBEKTOB.

2. Tlosicuure 0COOEHHOCTH yIpaBJICHUS CUMBOJIBHBIMU
KUIKOKPUCTANIMYECKUMH JUcIiiessMd. KakoBbl 00si3aTelbHbIE ATambl MpU paboTe ¢
TaKUMH UHANKATOPaMHU.

3. TlosicHute HEOOXOIUMOCTh IPUMEHEHUS OTEPALUOHHBIX CUCTEM PEATBHOIO
BpeMeHUu. Kakue BHIbl ONEPallMOHHBIX CUCTEM PEATbHOIO BPEMEHU BaM U3BECTHBI?

4. KaxkoBel (yHKIHHM TUIAHUPOBIIMKA OMEPAIMOHHBIX CHUCTEM PEaIbHOTO
Bpemenu? [losicauTe anroput™ QyHKIIMOHUPOBAHMS TNIAHUPOBIIIMKA 3a]1a4.

5. Yto Takoe MpUOPHUTETHI 3a/1a4 ONEPALUOHHBIX CUCTEM PEAIBHOIO BPEMEHHU.
[TosicauTe n3BecTHbIE Bam BUIBI MHOTO33JaYHOCTH.

6. UYto Takoe CUCTEMHBII THUK ONEPAUUOHHOW CHUCTEMBI PEAaJbHOIO BpEMEHU?
Hc-xons U3 KakuX MNPUHIIMIIOB BBIOMPAETCS YacTOTa CJIEOBAHUS CUCTEMHBIX THKOB
ONEPALMOHHBIX CUCTEM PEATBHOTO BPEMEHU?

7. B uyem cocrout ortamume «3agaun» OT «ComporpaMMbl» ONEPALMOHHBIX
CHCTEM PEAIbHOTO BPEMEHHU ?

8.  Onummure BO3MOXKHBIE COCTOSIHUS «3aJauynm» OIEPAlMOHHOW CHUCTEMBI
peasibHOTO BpeMeHu FreeRTOS.

9. Uro takoe APl ¢yHKuMHM ynpaBieHus 3ajadamMu ONEPAIMOHHON CHCTEMBI
peansHOro BpemeHu FreeRTOS

10. Omnuiute mpoGieMbl OpraHU3alluy YIPaBIEHUS OJHUM O0BEKTOM pa3HbIMU
3agadamm». Kakwme cmocoObl pemeHusi 3tux npoonem B cpene FreeRTOS Bawm
W3BECTHBI?

11. Yro Takoe MBIOTEKC M KaK €ro Ucroiab3oBath? [IpuBeaure npumepsl.

12. Tloustue «ouepeneit» FreeRTOS. B kakux ciyuasx u nouemy B FreeRTOS
HE00XO0MMO UCIIOIB30BATh OUEPEH, a HE TII00aIbHbIE TEPEMEHHBIE?

13. Onumwure OTIMYUTEIbHBIE OCOOCHHOCTHM  apXUTEKTYpPHBIE  OTJIMYHUSA
nporieccopoB x86 (Habop komana CISC) u ARM (nabop komana RISC)

14. Kaxkue Buabl MUKPOKOHTpOJUiepoB cepun Cortex Bam uzBectHsl? KakoBo ux
Ha3HayeHue?

15. Onummre 0COOEHHOCTH IIMHHOW apXUTEKTYpbl MUKPOKOHTPOJIEPOB CEpUU
Cortex-M3

16. OnummTe Ha3HA4YeHWE W OCHOBHBIE BO3MOkHOcTH Taiimepa SysTick
MUKpPOKOHTpPOJUIEpoB cepun STM32.
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I'OYBIIO «/loHenkuii HAHMOHAJBLHBIN TEXHUYECKH YHHMBEPCUTET»

[Iporpamma: MarmcTparypa
(bakayiaBpHar, CrelUaINTET, MaruCTPaTypa)
Hanpasienue noaroToBku (CrennaibHOCTB): 15.04.06 «MexaTpoHnKa U poOOTOTEXHHKA
(xox, Ha3BaHUE)
Hampasnennocts (mpoduis): Cucrembl yrpaBieHHs pOOOTOTEXHUYSCKUMU
KOMILJICKCAMHU
(Ha3BaHUe)
Cemectp: 3
VYyeOHas AUCIUTUIMHA! IIporpammHasi peaiu3anusi MUKPOIPOLIECCOPHBIX CUCTEM
BUJIET Nel

1. KakoBbl (yHKIIMU IJIAHUPOBIIMKA OMEPALMOHHBIX cHUCTEM peajbHOro BpeMeHu? IloscHute

IrTOpUTM (PYHKIIMOHMPOBAHUS TJIAHUPOBIIMKA 3a1a4.
2. OnumuTe OTIMYUTENbHBIE OCOOCHHOCTH apXUTEKTYPHBIE OTIMYUS IpoIieccopoB x86 (Habop

koman CISC) u ARM (nabop komana RISC)

VYTBepkaeHO Ha 3aceaHuH Kadeapsl DIIEKTPONPUBOJ U aBTOMATHU3ALMS TPOMBIIIIIEHHBIX
YCTaHOBOK
(HanMeHoBaHUe KadeIpbl MIOJHOCTHIO)

[IpoTokon Ne  or . 20 r.
3aB. kadenpoit Poskapsika [1.1.

(IoAnHCH) (®.1.0.)
DK3aMeHaTop JlaBmoHokA.B.

(TOATHCH) (®.1.0.)

4.3 Kputepuu oueHMBaAHUA

CpencTBaMu OIIEHUBAHUS SABJISIFOTCS:
— BBITIOJTHEHUE JJa00paTOPHBIX PadoT;
— 3a1UTa OTYETOB MO JaOOPATOPHBIM padoTaMm;

HeoGxonumoe ycioBue 3aué€ra uisi CTyJAEHTOB O4yHON (opmbl oOyueHus (60
0aJJIOB): BBINMOJHEHHUE U 3alIMTa OTYETOB IO JIAOOPATOPHBIM paboTaMm.

BoHycHbIe OaJlIbl: IONMOJHUTENBHBIE OMPOCHI HA JTAOOPATOPHBIX padoTax — A0 2
OaJIoB 3a ompoc.

BrimonHeHnne Bcex JIaOOpaTOpHBIX  paboT, TPEIyCMOTPEHHBIX  y4eOHO-
METOUYECKON KapTOW JUCIMILTUHBI SBIISETCS 0053aTEeIbHBIM.
3ammTa 1ab0paTOPHBIX PadbOT, TPOBOIUTCS B BHUJIE COOECETIOBAHUS.

Tekymumii KOHTPOJIb 3HAaHWM CTYJEHTOB IPOM3BOAUTCA IO pe3yJbTaTaM
BBITIOJIHEHHSI  JIAaDOpATOpPHBIX ~ pabOT, HWHAUBUAYAJbHOTO 3a/JaHus, BO BpeMs
KOHTPOJIbHBIX OIIPOCOB B X0J1€ IPOBEICHUSI 3aHATUH.

[Ipumep Tekyiiero onpoca Ha 1abopaTopHbIX paboTax

Ha mpumepe temsl «lIporpammuasi peanusaiusi CUCTEM YyIpaBieHHUs Ha Oasze
FreeRTOS muxpokontposinepoB AVR»:

1. Onumure BO3MOXHBIE COCTOSHMS «3agadym» ONEPAlMOHHOW CHUCTEMBbI
peasibHOTO BpeMeHu FreeRTOS?

2. B yeMm cocrout ortanune «3amadm» oT «ComporpaMMbl» ONEPALMOHHBIX CH-
CTEM PEAIbHOIO BpEMEHU?

3. UTo Takoe CUCTEMHBIN TUK OTIEPAIMOHHON CUCTEMbI PEATLHOTO BpeMEHU .
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OTBeThl Ha BOMPOCHI BXOAHOTO KOHTPOJSI YUYHMTHIBAIOTCSA MperojaBaTesieM B
pe3ylbTaTax TeKyIIero KOHTPOJIs paboThl CTyI€HTA.

[Tomyuennass onenka mno 100-OayuibHOM 1IKane OMNpenensieT OLEHKY IO
rocyaapcTBeHHoM mkae u mkaine ECTS:

Cymma 6amioB Ouenka Ouenka
o 100-0anpHOI 1mIKaie no mkaie ECTS 110 TOCYJIapCTBEHHOM IIKAJIE
90-100 A OTIUYHO
80-89 B Xoporo
75-79 C
70-74 D y
60-69 E JIOBJIETBOPUTETHLHO
35-59 F He
0-34 = YAOBJIETBOPUTENHHO

* — ¢ 00s3aTeNIBLHBIM IMOBTOPHBIM M3YUYCHUEM AUCHUIIIINHBIL.

4.4 Ilpumep TeKyLIero onpoca Ha NPAKTHYECKUX (CEMUHAPCKMUX) 3aHATUSIX
U J1adDopaTopHBIX padoTax
VY4eOHBIM MIaHOM MPAKTUYECKHUE 3aHITHS HE 3allJIaHUPOBAHbBI

4.5 KypcoBoe npoeKkTupoBaHue
VY4eOHbIM MJIAHOM KYypCOBOE MPOEKTUPOBAHKE HE 3aINIAHUPOBAHO

S PEKOMEHAYEMAS JIMTEPATYPA

I OcHoBHast JuTeparypa

1. BopoBo3zoB A.M. MUKpPOKOHTpOIEPEl Uil CHCTEM  ABTOMATUKH
[DnexTpoHHBIN pecypc]: yuebHoe nocobue/ Bogoro3oB A.M.— DieKTpOH. TEKCTOBbIE
nanuble.— MockBa: Wudpa-Unwxkenepus, 2016.— 164 c— Pexum goctyna:
http://www.iprbookshop.ru/51727.html.— 9bC «IPRbooks» — Pexum goctyma: mis
aBTOPU3UP. MOJIb30BaATEIEH

2. OropognukoB M.H. MukponpoieccopHas texnuka. Beenenue B Cortex-M3
[OnexkTpoHHBIN pecypc]: yueOHoe mocodue/ OropognukoB W.H.— DnekTpoH.
TEKCTOBbIE NaHHble.— EkatepunOypr: Ypanbckuil denepanbublii yHUBepcuteT, IbC
ACB, 2015.— 116 c.— Pexum noctymna: http://www.iprbookshop.ru/68351.html.—
OBbC «IPRbooks» — Pexum goctymna: 11t aBTOPU3HP. TOJIb30BATENICH

3. beno A.B. MukpokoHntpoiiepsl AVR [OnekTpoHHBI pecypc]: OT a3oB
IPOrpaMMHUPOBAHUA IO CO3JaHMsI MPAKTUYECKUX yCTpoilcTB/ benoB A.B.— DnekTpoH.
TekcToBble manHbie.— CaHkT-IletepOypr: Hayka n Texnuka, 2016.— 544 c.— Pexum
nocrymna: http://www.iprbookshop.ru/60654.html.— 3BC «IPRbooksy» — Pexum
JOCTYyTIA: JJIsl aBTOPU3HP. MOJIb30BATENEH
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II lonosiHUTEIbHAA JIMTEPATypa

4. [IpakTnueckoe PYKOBOJICTBO 1o MIPOrPaMMHUPOBAHUIO STM-
MUKPOKOHTPOJIJIEPOB [DNEKTpOHHBIN pecypc]: yueOHoe mocobue/ C.H. TopraeB [u
Ip.].— OIJIEKTPOH. TEKCTOBbIE JAaHHble.— Tomck: TOMCKMI MNOJIMTEXHUYECKUM
YHUBEPCHUTET, 2015.— 111 c.— Pexum JOCTyIIA:

http://www.iprbookshop.ru/55205.html.— 3BC «IPRbooks». — Pexum nocryna: mis
aBTOPU3UP. MOJIb30BaTEIEH

5. Jlunaes B.B. HagexHocth u ¢yHKIHMOHATBHAS OE30MACHOCTh KOMILJIEKCOB
IporpamMM peabHOTO BpeMEHU (JIT MarucTpoB) [DnekTpoHHBI pecypc]/ Jlumaes
B.B.— DnekrpoH. TekcToBbie nannbie.— CapatoB: By3oBckoe oOpaszoBanme, 2015.—
207 c.— Pexum gocrtyna: http://www.iprbookshop.ru/27295.html.— 3BC «IPRbooks»
— PesxuM mocTyna: i aBTOPU3HP. MOJIb30BaTEICH

6 YYEBHO-METOJANYECKOE OBECIIEYEHHUE JJUCHUIIINHBI

Y4eOHo-MeTOAUYECKHE U3IaHNs, pa3padoTranHbie B [lonHTY:
6.  Metoauueckne ykazaHus K J1a00OpaTOpHbIM paboTamM MO JUCUUIUIMHE
"IIporpammuoe oOecneueHue poOortoTexHuyeckux cucreM" / JlaBmoHok A.B., -
Honenk, JlonHTY, 2017 — 10c. (nocTymn uepe3 TUYHbIN KaOUHET CTYICHTA).

7. Meroanueckue ykazaHus JUisl CaMOCTOATENbHON paboOThl CTYJIEHTOB IO
mucuumuinHe "TlporpammHoe obecriedeHre poOOTOTeXHUUECKUX cucteM" / JIaBIIOHOK
A.B., - Honenk, JIouHTYVY, 2017 — 12 ¢. (mocTyn uyepe3 JUYHbINA KaOWMHET CTy/ICHTA).

JIEKTPOHHO-UH(OPMALIMOHHBIE PeCypPChI

OBbC IOHHTY - http://donntu.org/library

7. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCIHUIIJIMHBI

1. JIeKIIMOHHBIE 3aHATHA:

VYuebnas nabopatopus Ne§.205a yueOHbIN Kopiyc 8 ISl MPOBEACHUS 3aHSATUN
JIEKIIMOHHOTO THUIA TPYMNIOBBIX M WHAWBUAYaTbHBIX KOHCYJIbTAIMH, TEKYIIEro KOH-
TPOJS U MPOMEKYTOUHOM aTTecTanuu (MyabTuMenuitHoe obopynosanue: 3,2Ghz/1Gb
(OC - Windows 7 (akamemmueckas moamucka DreamSparkPremium), LibreOffice
3.3.0.4 (6ecnmatnas Bepcus), Google Slides (GecrutatHast Bepcus), MyJIbTUMEIUHHBIN
MPOEKTOP, JKpaH; CIENHAIM3UPOBaHHAS MeOenb: JOCKa ayauTOpHAas, CTOJIBI ayIu-
TOPHBIC, CTYJIbS YICHUYECKHUE).

2. JlabopatopHbie padoOThbI:

CnenmanusupoBanHas jadopatopus Ne@104 yueOHBIN KOpryc 8 aJisi IPOBEACHUS
7ab0opaToOpHbIX pabOT, TPYNMNOBBIX M HHAUBUAYAJbHBIX KOHCYJbTAIMM, TEKYILIEro
KOHTPOJII W MPOMEXKYTOUYHOM arrectanuu. Crnenuanu3upoBaHHOE 000pyI0Ba-HUE:



13

IporpaMMHUpyeMbIil torudeckuii KoHTposiep Modicon Premium, nmporpammu-pyemsrit
ngormyeckuii  koHTposuiep Modicon Twido, ITY Altivar 71, ngBuratens 550 Br.
Kowmmerotepst P-4-3,0 iP4-3,0Ghz/O3Y512Mb/80Gb, (OC - Windows XP Professional
x86 m Windows 7 (akamemuueckass moxmucka DreamSparkPremium), LibreOffice
3.3.0.4 (6ec-mmatHas Bepcusi); mporpammuoe obecrieuenue: s padotsl ¢ [TY pupmer
Schneider Electric — SoMove (FDT Standalone) V2.8.3), ATV71 Communication
parameters manuals (OecriaTHas Bepcusi); CHEIMATU3UPO-BaHHAs MeOeNb: JI0CKa
ayJIUTOpHAs!, CTOJIbI ayJUTOPHBIE, CTYJIbS yue€HHUYEe-CKHE; JeMOHCTpa-IIMOHHbIE CTEH b
¥ TJTAKaThI.

3. CamocTosiTesibHAs1 padoTa:

[Tomenienust A caMOCTOSITENIbHOM paOOThl ¢ BO3MOXHOCTBHIO TOJAKIIOYEHHS K
ceru "HMHtepHer" u o0OecrieueHHEM JOCTyNa B OJJIEKTPOHHYIO HMH(POPMAIMOHHO-
o0Opa3oBaTeNbHyI0 Cpelly OpraHu3aluy: uuTanbHble 3anbl (KoMmbploTepHas TexHHUKa C
BO3MOXKHOCTBIO TOAKIIOYEHUST K cetn «WHTepHeT» M oOecnedeHneM JocTymna B
IEKTPOHHYI0 HWH(pOpMaIMoHHO-00pazoBarensuyo cpeny (OMOC JIOHHTY) wu
3neKTpoHHO-O0uboTeunyto cucreMy (OBC IPRbooks), a Takke BO3MOXKHOCTBIO
WHAMBHUAYAIbHOTO HEOorpaHuueHHoro noctyna oOydaomuxcs B OBC um OUOC
nocpeactBoM Wi-Fi ¢ mepcoHanbHbIXx MOOMIBHBIX ycTpoicTB. OC- Microsoft Windows
7, OpenOffice 2.0.3 — obmectBennas smreH3uss MPL 2.0/ Grub loader for ALT Linux -
munen3uss GNU LGPL v3/ Mozilla Firefox - munensus MPL2.0, Moodle (Modular
Object-Oriented Dynamic Learning Environment) - iunenszust GNU GPL).



