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1. OBIIASI XAPAKTEPUCTHUKA PABOYEN ITPOT'PAMMBI
MMPO®ECCHUOHAJIBHOI'O MOAYJIAA

«[IM.04 IIporpaMMHPOBAHNE BCTPAUBAEMBIX CHCTEM C MCI0JIb30BAHNEM HHTEIPUPOBAHHBIX
cpea pa3padoTKu»

1.1. Heab 1 muianupyembie pe3yJbTaThl 0CBOeHHS NMPOdecCHOHAIBLHOT0 MOTYJIS

B pesynbrate m3yueHHss NpodecCHOHATBLHOIO MOIYJS OOYYaIOUIMXCS JOJDKEH OCBOUTH
OCHOBHOI BHUJ| JAEATEIbHOCTH - BBINOJHEHHE COOPKH, MOHTa)Xa M JEMOHTaXa 3JEKTPOHHBIX
YCTPOMCTB U CHUCTEM B COOTBETCTBUU C TEXHUYECKOW JTOKYMEHTAllUEH M COOTBETCTBYIOLIUE EMY
o0111e KOMIIETEHIIUU U MPO(EeCCUOHAIBHBIE KOMITIETEHIIUU:
[lepedenn 00X KOMIIETEHITUI

Koo HaumeHnoBaHue 001X KOMIIETEHLIUNI

OK 01 Bribupath ciocoOsI penienus 3aaad npo(ecCHOHAIBHON JesITeIbHOCTH
MMPUMCHHUTCIILHO K pa3JIMYHbIM KOHTCKCTaM

OK 02 Hcnonp30BaTh COBpEMEHHBIE CPEJICTBA MIOMCKA, aHAJIN3a U UHTEPIIPETaIlUU
uHpOpMann, 1 THPOPMALMOHHBIE TEXHOJIOTHH ISl BBITTOJHEHHS 33124
npodeccuoHaIbHOMN e TeIbHOCTH

OK 03 [TnanupoBaTh U peann30BbIBaTh COOCTBEHHOE MPOPECCHOHATBHOE U JINYHOCTHOE
pa3BUTHE, IPEANPUHUMATENBCKYIO JESITEIbHOCTD B PO ECCHOHATILHOMI chepe,
UCIOJIb30BaTh 3HAHMS MO IPABOBOW U (PMHAHCOBOM I'PAMOTHOCTH B Pa3IMUHBIX
YKU3HEHHBIX CUTYalUsIX

OK 04 O} dexTuBHO B3aUMOICHCTBOBATh U PabOTAaTh B KOJUIEKTHBE U KOMaH/IE

OK 05 OcCy1ecTBIATh YCTHYIO U IUCBbMEHHYI0 KOMMYHHMKAIUIO HA TOCYAapCTBEHHOM
s3bike Poccuiickoit denepanyy ¢ y4eToM 0COOEHHOCTEH COLMAIbHOTO U
KYJIbTYPHOI'O KOHTEKCTa

OK 06 [TposABIATE Tpak1aHCKO-TIATPUOTUYECKYIO MO3HUIINIO, IEMOHCTPUPOBATh
OCO3HAHHOE IOBEJICHUE Ha OCHOBE TPAJULIMOHHBIX POCCUNCKUX JTYXOBHO-
HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCJIE C YU€TOM rapMOHU3ALNUN
MEKHAIIMOHAIBHBIX U MEXPEIUTHO3HBIX OTHOIIEHUH, IPUMEHSITH CTaHIAPThI
AHTUKOPPYILHOHHOTO MOBEIEHUS

OK 07 ConelicTBOBAaTh COXPAHEHHIO OKPYXKAIOIIEH CPEIbl, PECypcocOepexeHHIO,
IMPUMCHATH 3HAHUA 00 U3MeHeH N KJIIMMaTa, MpUuHIOUIIbL 6epe>1<JmBoro
MIPOU3BOJICTBA, 3()(PEKTUBHO JEHCTBOBATH B YPE3BBIYANHBIX CUTYALIUSIX

OK 08 Hcnonp30Bath cpeacTBa GU3NUECKON KYIbTYPBI AJI1 COXPAHEHUSI U YKPETIIICHUS
3JI0pOBBS B IIpolecce MPOPecCUOHANBHON AESITEIbHOCTH U MO ACPKAHUS
HEO0OXOAMMOTO YPOBHS (PU3NUECKON TTOATOTOBICHHOCTH
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OK 09 [Tonb30Batbest MpodeccHOHATBHON TOKYMEHTAMEH Ha TOCYAapCTBEHHOM H

HHOCTPAHHOM A3bIKax

1.1.2. ITepeyens nmpodecCHOHATBHBIX KOMIIECTCHITUI

Koo HanmenoBanue BUIOB 1€ATEIBHOCTH U TPO(ECCHOHATBHBIX KOMIIETSHITUI

B,ZI 4 HpOFpaMMI/IPOBaHI/IC BCTpauBac€MbIX CUCTEM C UCIIOJIb30BAHUEM MHTCTPHUPOBAHHBIX

cpen pa3paboTKH

IIK 4.1. CocCTaBIATh aATOPUTMBI U CTPYKTYPBI POTPAMMHOIO KOJa TS

MHUKPOIIPOICCCOPHBIX CUCTEM

IIK 4.2. [IpoekTupoBaTh U MPOrpPaMMUPOBATH BCTpaNBaeMble CUCTEMbI M UHTEP(EICHI

O60py,Z[OBaHI/IH C UCIIOJIb30BAHHEM A3BIKOB IIPOIrpaMMHUPOBAHUA

1.1.3. B pe3ynbTare 0cBo€HUS MPO(ecCHOHAIBHOTO MOYJIS 00yUYaIOUIUIICs TOJKEH:

HMeTp npakTu4ecKui
OIIBIT

- (opmanmzanus 1 aNrOpPUTMHU3AIMS TOCTABIICHHBIX 3a71a4;

- HaIMCaHUE MPOrPaMMHOT0 KOJIa C UCTIOIb30BAHUEM SI3BIKOB
MIPOrPaMMHUPOBAHHUSI, OTIPEACIICHUS U MAHHUITYTHPOBAHUS
JTAHHBIMU;

- ohopMJICHHE MPOTPAMMHOTO KOJ[a B COOTBETCTBUU C
YCTaHOBJICHHBIMU TPEOOBAHUSIMH;

- MPOBEPKA M OTIAJIKa MPOTPAMMHOTO KOJa;

- pa3zpaboTKa nporeayp npoBepku paboToCOCOOHOCTH 1
M3MEpPEHUS XapaKTEPUCTHK MMPOTPAMMHOTO O0SCTICUCHUS;

- pa3paboTKa TECTOBBIX HAOOPOB TaHHBIX;

- MpoBepKa paboTOCIIOCOOHOCTH TPOTPAMMHOTO O0ECTICUEHUS;
- pedaKkTOPUHT ¥ ONTUMH3AIUS TPOTPAMMHOTO KOJIa,;

- UcnpaBiieHne 1e(HeKToB, 3ahUKCUPOBAHHBIX B 0a3e JaHHBIX
neEeKTOB.

VYmMmern

- COCTaBJIATDH [TPOrPaMMBbI Ha A3bIKE MPOTrPaAMMHUPOBAHUS JIJIS
BCTPaMBAEMbIX CUCTEM;

- IPUMEHSATH CTaHJAPTHBIE AITOPUTMbI U KOHCTPYKIIUU SI3bIKa
MpOrpaMMHUPOBAHUS;

- BBIOMPATh MUKPOKOHTPOJIIEP JIJIs1 KOHKPETHOM 3a/1a4u
BCTPanBacMON CUCTEMBI;

- BBINIOJIHATH TPEOOBaHUS TEXHUUECKOTO 3aJJaHUs 110
IIPOrpaMMHUPOBAHUIO BCTPAUBAEMBIX CUCTEM;

- cO3/1aBaTh M OTJIAKUBATh IPOrPaMMBbl pEalIbHOTO BPEMEHU
CpelCcTBaMU MPOrPAMMHOM SMYIISIIIUU U Ha anlapaTHBIX MakeTax;
- HaXOJIUTh OLIMOKHU B MPOTPaMMHOM KOJ€ JUIsl BCTpauBaeMoi
CHCTEMBI M OLIEHUBATh CTENIEHb X KPUTUYHOCTH;

- IPOU3BOJIUTH TECTUPOBAHKE U OTIAAKY BCTPAUBAEMbIX CHCTEM
Ha 0a3e MUKPOKOHTPOJIIEPOB;

- BBISIBJISITH IPUYUHBI HEUCTTPABHOCTEH Mepu(EpHITHBIX MOTYJICH
BCTPaNBAEMbIX CHCTEM.
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3HaThL - 6a3oBas GyHKIMOHAJIBHAS CXEMa MUKPOIIPOLIECCOPHOM
CHCTEMBI,

- Ha3HAYEHUE U PHUHIIUI IeUCTBHSA cocTaBHBIX 0J10koB MIIC;

- pexxumsl padbotsl MIIC;

- croco0Ob! opranuzaruu cBs3u MIIC ¢ BHemHe# cpenoi
(MCIIONHUTEIBHBIMU YCTPOWCTBAMU);

- CTPYKTYpa TUIIOBOW CUCTEMBI YIIpaBiaeHUs (MUKPOKOHTPOJLIED);
- OpraHu3alus MUKPOKOHTPOJUIEPHBIX CUCTEM;

- COCTaB MHUKPOKOHTpOJIIEpa, Ha3HAYEHUE €ro ()YHKIIMOHAIBHBIX
OJIOKOB;

- CHHTaKCHUC U OCHOBHBIE KOHCTPYKIIUU SI3bIKA
MIPOTPaMMHUPOBAHUS JIsI BCTPAUBAEMOM CUCTEMBI,

- CTPYKTYpa TUIIOBOM BCTpanBacMoOl CUCTEMBI Ha Oa3e
MUKPOKOHTPOJIIEpA U OPTaHU3AIMU TAKHX CUCTEM;

- 0COOCHHOCTH MPOTPAMMUPOBAHHUS BCTPAUBACMBIX CHCTEM
pearbHOTO BPEMEHHU;

- METO/IbI MPOTPAMMHOMN peaanu3aluy TUIOBBIX (PyHKINN
yIpPaBJICHHUS;

- KaccuduKaiys, oOIue MPUHIUIII TIOCTPOSHUS U (pr3ndecKue
OCHOB Pa0OTHI IepU(DEPUITHBIX MOAYJICH BCTPAMBACMBIX CHCTEM;
- CIOCOOBI MOAKIIOUEHHUS CTAHIAPTHBIX M HECTaHAAPTHBIX
MIPOrpaMMHBIX OMOIMOTEK MPU pa3padOTKe MPOrPaMMHOTO KOJa;
- 0azoBas (YHKIIMOHANFHAS CXeMa BCTPAUBAEMbIX CHCTEM Ha 0aze
MUKPOKOHTPOJLIEPA;

- BUJIbI U Ha3HAYEHUE MPOTPAMMHOI0 00eCTICUeHUS JISI
pa3pabOTKH MPOrpaMMHOTO oOecTieueHus ISl BCTPauBaeMbIX
CUCTEM — MHTETpUPOBaHHbIX cpea pa3zpadoTku (IDE);

- METOJIbI TECTUPOBAHUS U CIIOCOOBI OTIAJAKN BCTPAUBAEMBIX
CHCTEM;

- IPUYMHBI HEUCTIPABHOCTEH U BO3MOXKHBIX COOEB IPOrPaMMHOTO
KOJa;

- croco0bl MH(HOPMALIMOHHOTO B3aUMOJICHCTBHS PA3TUIHBIX
YCTPOWCTB BCTPAUBAEMBIX CUCTEM Y€Pe3 MIPOBOIHBIE U
OecrpoBOIHBIEC KaHAJBI CBSA3H, B TOM YHUCIIE U CeTh VIHTEepHET;

- o01m1ee cocTosTHUE TTPOU3BOICTBA U TEHACHITUN MCTIOJIb30BAHUS
BCTPAWBAEMbBIX CHUCTEM.

1.2. KosimuecTBO 4aCcOB, 0TBOAUMOE HA OCBOEHME NPO(eCCHOHATBHOI0 MOAYJIS
Bcero uacos 257
B TOM yHclie B (hopMe IPAKTUUECKON MOJArOTOBKHU 72 yaca
N3 Hux Ha ocBoenne MJIK 173 vaca
B TOM YHCJIE CAMOCTOSITeNIbHAs paboTa 4 yaca
IIPAKTHKH, B TOM YHCJIE:
yueOHas mpakTuka 36 yacoB
IIPOU3BOJCTBEHHAs MTPAaKTHKa 36 4acoB
[Tpomesxyrounas arrecranus 12 yacos
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2. CTPYKTYPA U COAEPKAHUE TPO®PECCHUOHAJIBHOI'O MOAYJIA
2.1. CrpykTypa npoecCHOHAJIBLHOI0 MOLYJIsI

O0BeM npodhecCHOHATFHOTO MOJIYJIS, aK. Yac.
2 O6yuenne no MJIK Mpaxrxi
Koapl s g 2 Beer B ToMm yucie
npo¢heCCHOHANBHBI HaunmenoBanus pa3aenos Beero. yac. -i" o g o a6 )
X 00mumx po(hecCHOHATBHOTO MOIYILSA ’ = E = a00paTOPHBIX U KypcoBbix E =
KOMIICTCHIIMH £ 88 MPAKTITICCIIX. pabot CamocTosTenbHas | 5, E VucGuas | |POH3BOACTB
m = 3aHATHHU ¥ O CHHasAa
(TIpOEKTOR) paboTa 8¢
E% s
1 2 3 4 5 6 7 9 10 11
MK 4.1 MHEKpOKOHTPOJLIEPHI U 129 36 93 39 - - 36 -
OK01-0OK 09 | BcTpauBaeMble CUCTEMBI
K 4.2 Pazpabotka nporpaMMHOro 116 36 80 26 - 2 - - 36
OK01-O0OK09 | obecrieyeHust st BCTpAaUBAEMBIX
cUCTEM
ATTecTanus o MOJIyJIto 12 -
Bcezo: 257 72 173 65 - 4 | 36 36
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2.2. TemaTnuyeckuii IIaH U coiep:kaHue npodeccuonanbHoro moay.s (IIM)

HaumeHoBaHue pa3ieioB
U TeM NpPo(deccHoHATIBLHOT0

Oo0bem, akaa. u
/ B TOM 4HcCJie B

moayJas (ITM), Coaepixanue yueOHOro MaTepuaJa, (popme
MK CIUILTHHAPHBIX JladopaTopHble padoThl U MPAKTHYECKUE 3aAHATHS, CAMOCTOSITE/IbHAsA y4eOHas1 padoTa NpaKTHYeCKOi
Kypcos (MJK) o0yyaromuxcs, KypcoBoi MPoeKT TO/ITOTOBKH,
akaza. Y.
1 2 3
Pa3nes 1. MUKpPOKOHTpOJ/LJIEPBI U BCTPanBaeMble CHCTEMbI 129
M/IK. 04.01 MuKpoKOHTpOJLIEPBI H BCTPauBaeMble CHCTEMbI 93
Tema 1.1. O6mue Conep:kanue 20
CBe/leHHs 0
MHKPONPOIECCOPHBIX HcTopus pazsutus mukponpoueccopon (MII), coBpeMeHHbIN YPOBEHb U TEHACHLIUN PA3BUTHS
cucremMax mukponpoueccopHsix cucreM (MIIC). MI1, knaccuduxauust MIL. Ctpykrypa npocreitmeit MIIC.
Hasnauenue u ocobennoctu paznnynbix TunoB MIIC. IIpuHcToHCKas U rapBapacKasi apXUTEKTYpbl
MIIC.
Crpykrypa npocteitmero MI1. ®ynkiun MIT.
YerpoiicTBa yIpaBiIeHUs C )KECTKOM JIOTUKOW. Y CTPOUCTBA YIIPABICHUS ¢ IPOrpaMMUPYEMON
JIOTUKOI. MUKponporpaMMHOE yIripaBJeHHE. 20

Cucrema xkomang MII. Pabounii nuxkn MIT.

Pexumbl pabotsr MIIC. IIporpammusiit oOMeH. Cuctema npepbiBanuii MI1. Mexanusm o6meHa 1o
npepbiBanusiM. O6meH B pesxume TT/I11.

Knaccugukanus u pynkuun namstu MIIC. Knaccudukanus O3V, tunst u Buast O3Y. KO
namath. Kmaccudukanms [13Y, tuner u Buast [13Y. Crioco6s1 aapecanuu B MIIC.

Opranuzanus cea3u MIIC ¢ BHemHeil cpenoii. yHK1IMM ycTpoiicTB BBOAA-BbIBOAA. [IprHIMIIBI
IIOCTPOEHUS TOPTOB BBOJIA-BBIBOJIA.
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Tema 1.2. BcrpanBaemble | Coaep:kaHue 12
CHCTEeMbI HA OCHOBE
MHKPOKOHTPOJLIEPOB 00630p coBpemenHbIx MUKpoKoHTposuiepoB (MK). Knaccuduxanus MK. MonynbHast opraHu3arust
MK.
Crpyktypa npoueccoproro siapa MK. Cucrema komana MK. ITamsite MK.
ITopTel BBOJA-BBIBO/A, TaiMEpBI, MOAYJIb NpepbiBaHui MK
Munumuizanus suepronorpedsnenus B cucremax ¢ MK. TakroBele reneparopsl MK. 12
AnnapatHble cpeicTBa obecriedeHus HaJexxHou pabotsl MK.
Jononaurensasie Monyan MK: nocinenoBaTenbHOro BBOJa-BbIBOJA, aHAJIOTOBOI'O BBOIA-BBIBOJIA.
AnnaparHble ¥ IPOrpaMMHBIE CPEACTBa JUIsl pa3paboTKu npuiiokeHui Ha 6aze MK.
OyHKIMOHATBHBIE 0JIOKH MUKpOKOHTposuiepa. Kondurypuposanue MK.
Tema 1.3. CTtpykTypa Copnepxanue 59
NPOrpaMmMbl M OCHOBHbIE
KOHCTPYKIMH s13bIKa CH BBoanbie nonstus si3pika C. CtpykTypa nporpammsl Ha C.
Tuner nanssix B C. [lepemennsie B C. Koncrantsi B C.
ApudmeTnueckne 1 Jornyeckue onepartopsl s3bika C.
Oneparops! BeTBiieHus B C.
[{uknmudeckune koHCTpyKImH B C. 20
VYkaszatenu u anpeca nepeMeHHbIX B C.
Pabora ¢ pynkiusamu B C. OcO6EHHOCTH Nepeaadn JaHHBIX IpH oOpanieHny K GpyHkuuu B C.
Crpyxkrypsl B C. Ykazarenu u agpeca nepeMeHHbIxX B C.
Maccussl u ctpoku B C.
CranpaptHble pyHKIMK BBoAa/BeiBoza B C.
B TOM uHc/Ie IPAKTHYECKUX 3aHATHI U J1a00opaTOPHBIX padoT 39

OcHOBHBIC XapPaKTCPUCTUKU U 0COOEHHOCTHU APXUTCKTYPhL MK.

BrinonHeHne 1OruuecKux u apI/I(I)MCTI/I‘{CCKI/IX KOMaH.

BremoaHaeHME IMUKINYECKHUX KOHCprKIH/Iﬁ " OnIcpaTopoOB BETBIICHUA.

PaGoTa ¢ nu¢poBsIMU TOpTaMH BBOIa-BBIBO/IA.

o | O (N B~
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OpFaHI/I3aHI/IH IUKJIIOB U BPEMCHHBIX 3aJICPIKCK.

Opranu3zanys noArnporpaMm.

Pabora ¢ makpocamu.

OO6paboTka npepbIBaHUM.

LN LR

IIpumepHas TeMaTHKA CAMOCTOSATEIbLHON Y4eOHOI padoThl NpH U3y4YeHHHu pasjea 1

1. [TogroroBka ycTHOTO A0KiIana Ha TeMy «McTopust pa3BUTHSI MUKPOKOHTPOJIEPOBY.

2. Pazpabotka SWOT-ananu3a no teme «OCHOBHBIC CEMEMCTBA, 0COOCHHOCTH M XapaKTEPUCTUKHA MUKPOKOHTPOJLIEPOB (prpM
Atmel, Texas Instruments, Microchip, STMicroelectronicsy.

3. CoBpemeHHbBIC HHTEP(DEHChI K X PUMEHEHHE B MUKPOKOHTPOJIJICPHBIX CUCTEMAX.

4. BolnoyiHeHUE KOJIJIEKTUBHOTO MpoeKTa 1o Teme: «lIpoekTupoBanre MUKPOKOHTPOJIEPHOU CUCTEMBI YIIPaBICHUS «Y MHBIN JOM.

5. HOI[60p MHKPOKOHTPOJUICPA I10 YCIIOBUAM TCXHUYCCKOT'O 3aIaHU.

YuyeOHas npakTuka pasaeaa 1

Bujabl paéot (M3yueHrne MHKPOKOHTPOJLJIEPA 10 BLIOOPY 00pa30BaTe/IbHON OpraHu3aium)

. Pabota ¢ perucrpamu MUKpoKOHTposuiepa. bubianoTtexu i pa3paboTduka..

. YpaBiieHue nopTamMu BBOJa-BbIBOJA.

. KonBepTpoBaHue npoekra Juisi MUKpOKOHTposuiepa Ha s3bike C B mpoext C++.

. O6paboTKa BXOAHBIX JUCKPETHBIX CUTHAJIOB. Y CTpaHEHUE Apede3ra KOHTAaKTOB, 00pb0a C UMITYJIbCHBIMU IIOMEXaMH.
. Pazpabotka u ucnonszoBanue kiaaccoB B C++. Co3nanue kimacca 00padOTKU AUCKPETHBIX CUTHAJIOB.

. Co3nanue 1 CNoab30BaHNE OMOINOTEK AJIT MUKPOKOHTpPOJLIEpA.

. [TapannensHble nporecchl. BeimonHeHune 3aau B JOHOBOM peXUMeE P IIOMOIIH ITPephIBaHUS OT Taiimepa.

. Pa3paboTka nporpamMm, COCTOSIIIMUX U3 HECKOJIBKUX UCXOAHBIX (paiinoB. Onpenenenre u o0ObsABICHUE IEPEMEHHBIX, 00aCTh
BUJUMOCTHU. PEXXKMMBI KOMIWIIALIUN.

10. YcranoBka KOH(MUTYpaIUH TaHMEPOB ¢ TIOMOIIBI0 OnOmoTek. JIornka paboThl IpephIBaHMs TaliMepa.

11. Unrepdeiic UART B MmukpokonTposuiepe. Mcnonb3oBanue npepreianust UART.

O©COoO~NOOUTA~ Wk~

. YcranoBka nporpamMmHoro obecriedeHusi. KonduryprupoBanue MUKpOKOHTPOJIIIEPA, CO3/IaHUE MPOESKTA, KOMITUJISIINS, TTPOIIIKBKA.
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12. Pabora ¢ ALII

Pa3znen 2 PazpaboTka nporpaMMHOro odecnevyeHusi 1Jisi BCTpauBaeMbIX CHCTEM

116

MJK. 04.02 PazpadoTka nporpaMMHOro ooecrnedeHus 1Jisi BCTpauBaeMbIX CHCTEM

80

Tema 2.1. Conep:xkanue
HHcTpyMeHTAIBHBIE

26

cpeacTsa paspaboTku CoBpeMeHHbI YpOBEHb U TEHJICHIIMU PA3BUTUS HHCTPYMEHTAIbHBIX cpefl pazpadorku (IDE) mis
NpPOrpaMMHOI0 BCTPAaNBAEMBIX CHCTEM.

o0ecneyeHus oJis KJ'IaCCI/I(bI/IKaI_[I/IH CpCaACTB pa3pa60TKH. AnnapaTHHe H IIPpOrpaMMHBIC CPCJICTBA.

BCTPauBaeMbIX CHCTEM Oco06eHHOCTH MPUMEHEHHUSI SI3BIKOB BHICOKOTO YPOBHS B pa3pabOTKe MPUIOKEHUHN MTOJIb30BATES.

OcoOeHHOCTH pa3pabOTKH NPUIOKEHUI pabOThl B CUCTEME PEAIbHOI'O BPEMEHH.

bubnuorexu BcTpoeHHBIX GyHKIMIA B coctase IDE.

IIporpammaTops! ¥ OTIa4YHUKH.

Komnusitops! si3bika C.

26

Tema 2.2. TecrupoBanune n | Coaep:kanue

52

OTJIa/IKa pa3padOTaHHOIO
NPOrpaMMHOI0 Kojaa Enunas cucrema nporpaMMHOM ToKkymMeHTaunu. Haznauenue, BUIbl JOKYMEHTOB.

[TousTue IMPpOrpaMMHOTO TECCTUPOBAHUS. Buas! TectoB.

CocraBieHue IIJIaHa TCCTUPOBAHM.

Pa3paboTka Motynieil TecTupoBaHusi. MoienMpoBaHUE CUTYAIHH.

CO3HaHI/Ie M UCITIOJIb30BAHUC p33H006pa3HLIX BXOJHBIX JTaHHBIX.

ITorck BeposTHBIX OMMOOK M cO0eB B pyHKIMoHupoBanuu [10.

HaxoxieHre HecooTBETCTBHS HHTepdeiica MporpaMMbl TEXHUYECKOMY OMHUCAHUIO.

[Torck ommboK B JOrMKe pabOThl MPOrpaMMbl U B IOKYMEHTALIMK HA IPOTpamMmy.

PedakropuHr nporpaMMHOro obecreyeHus..

KoHTpoJIb Bepcuii mporpamMmmel.

O(I)OpMJICHI/IC PE3YJIBbTATOB TCCTUPOBAHUA U OTIIAAKU IIPOTrPAMMHOI0 obOecrnieyeHUs.

26

B ToM unciie NpakTHYeCKUX 3aHATHI M J1Aa00pPaTOPHbIX padoT

26

ITogxmrodyeHue K MHUKPOKOHTPOJUJICPY CEMUCCTMCHTHOI'O CBCTOAUOAHOTO NMHAUKATOPA.

ITogxmrodyeHue K MHUKPOKOHTPOJJICPY CBETOIUOHOM MaTpUlbl.
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[Toaxmouenne k MUKpokoHTposuiepy RGB-cBeTonnona. 2
[TogxiroueHne K MUKPOKOHTPOJUIEPY CBETOAMOIHOTO NIKAJILHOTO MHAWKATOPA. 2
IToakiaroueHne K MUKpPOKOHTPOJUIEPY aHAJIOrOBOr0 JaTUYMKA TEMIIEPATYPHI. 2
[ToaxiroueHue K MUKPOKOHTPOJUIEPY SHKOZEpa. 2
ITocTpoeHue nporpaMMupyemMoro cueTuynuka-TaiiMepa Ha MUKpOKOHTpOJLIEpeE. 2
IToaxnroueHne Kk MUKpOKOHTPOJLIEPY MOAYJIS 3HaKOCUHTe3upyromiero JKKI. 2
[TogxiroueHue K MUKpOKOHTpoJuIepy Moayist rpadudeckoro KK ¢ ceHCOpHBIM DKPaHOM. 2
ITonkaroueHne K MUKpOKOHTPOJLIIEPY CEPBOJIBUTATENsL. 2
[TogxiroueHue K MUKPOKOHTPOJUIEPY IIaroBOTO TBUTATEIIS. 2
[TonkitoueHue K MUKPOKOHTPOJUIEPY AaTyuKka o uudposomy unrepdeiicy SPI. 2
[TonkioueHue K MUKPOKOHTPOJLIEPY AaTyuka no uudposomy unrepdeiicy 12C. 2

IIpuMepHasi TeMaTHKA CAMOCTOSITeIbLHOM Y4eOHO padoThI NP U3yYeHH U pa3jesa Ne 2

1. O630p cpencts paspadorku I10 11 BcTpanuBaeMbIX CUCTEM.

2. Ilonck ommrOOK B MPOTrpaMMHOM KOJIE€ M OTITUMHU3AIHS aJITOPUTMa MPEUI0KEHHON TIPOTPAMMBI.

3. Pa3paborka SWOT-ananu3a no teme «BHyTprucxeMHble SMynaTOpsbl, SMynaTopsl [13Y, MOHUTOPBI OTIAAKI» 2

4. Pa3paboTKa aropuT™Ma JijIsl OJIb30BaTeIbCKOM (QYHKIIMH paboThI C IU(PPOBBIM JaTYMKOM 10 HHTepdeiicy 1-Wire.

5. Pa3zpaboTka anropurMa Jiisl oJib30BaTeNIbCKOM (QyHKIIMK paboThl ¢ IU(POBBIM JaTyrKoM o uHTepdeiicy SPI.

6. Pa3zpaboTka anroputMma JUIst OJIb30BaTENBCKON (DYHKIIMU pabOThI ¢ IU(POBBIM AaTYHKOM 1o HHTEpdeiicy 12C.

IIpousBoacTBeHHAs] MPaKTHKa pa3iesa Ne 2

Buabl pador

1. YcraHOBKa HHCTPYMEHTAILHOU Cpebl pa3pabOTKH MPOTPAMMHOTO 00eCTieueHH s U BCTPanBAaEMbIX MUKPOKOHTPOJUIEPHBIX

CHCTEM.

2. Hactpoiika unTtepdeiica moap30BaTes U MapaMeTpoB Cpesibl. Y CTaHOBKA U HACTPOWKA KOMITUIISTOPA. 36

3. AHanu3 TEXHUYECKOT0O 33JaHus Ha pa3paboTKy MPOrpaMMHOI0 00EeCTIEUEeHHUSI.

4. Pa3paboTka anropur™a mporpaMMsl Jjisi BCTpauBaeMO MUKPOKOHTPOJIJIEPHON CHUCTEMBI.

5. Hanmcanue nmporpaMMbl Ha CIIEUAIN3UPOBAHHOM SI3bIKE JUISl BCTPAaUBAEMOW MUKPOKOHTPOJIJIEPHOW CUCTEMBI.

6. [Ton6op crangapTHRIX OMOTUOTEK IS pealn3aluy POEKTa.

7. IlporpaMmMupoBaHue BCTPAaUBAEMOIl MUKPOKOHTPOJIJIEPHON CHCTEMBI.

8. IlpoBeieHne OTIaAKN IPOrPaMMHOT0 00ecTIedeHs] MUKPOITPOIECCOPHBIX CHCTEM C MOMOIIBIO aNMapaTHO-NPOrpaMMHBIX
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CPENCTB.

9. IIpoBepka (HyHKIIMOHATILHOCTH MTPOTPAMMHOTO O0ECTICUEHUSI.
10. CocTaBiieHre€ OTYETHOM MPOrpaMMHOM TOKYMEHTALIUH.

Bcero
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3. MeToagnueckue yKa3aHus 10 MPOBEACHUIO NPAKTHYECKUX 3aHATHI, 3aHATHIl B
(opMe npakTHYECKOH MOATOTOBKU_M CAMOCTOSITEJILHOM padoTe
B pamkax ocBoeHus: mpoeCCHOHAIBLHOTO MOJIYJSl PEaTH3yIOTCS CIEAYIONUE BUAbI 3aHATHIA:
JICKOMOHHBIC 3aHATUSA, IMPAKTUYCCKHUC 3aHATHA, B TOM YHUCIIC B (1)opMe HpaKTquCKOﬁ
IOATrOTOBKH.

3.1. TemaTuka u cofepKaHue MPAKTHYECKUX 3aAHATHH
Tema 1.3. CTpykTypa NporpaMMsbl 1 OCHOBHbI€ KOHCTPYKIUM si3bika Cu

Copepxanue: Ilpaktuueckoe 3aHsTHeNel OCHOBHBIE XapaKTEPUCTUKU M OCOOCHHOCTHU
apxurekTypsl MK.

Conepxkanue: Ilpaktnueckoe 3ansaTreNe2 BrINMONHEHHE JIOTHYECKUX M apU(PMETHICCKUX
KOMaH/I.

Copnepxanue: [Ipaktuueckoe 3aHaTHeNe3 BpInoiaHEHHE HUKIMYECKMX KOHCTPYKIMH U
OIIEpaTOPOB BETBIICHUS.

Copnepxanue: [Ipaktuueckoe 3anstueNe4 Pabota ¢ nudpoBbsiMu HopTamMu BBOJa-BbIBOIA.
Conepxanue: [Ipaktuueckoe 3ansitueNeS Opranuzanusi LUKIJIOB U BPEMEHHBIX 3aJIEpKEK.
Conepxanue: [Ipaktnueckoe 3ansTueNe6 Opranusanus NoANPOrpamMM.

Copnepxanue: [Ipaktnueckoe 3anstreNe7 PaboTa ¢ Makpocamu.

Conepxanue: [Ipaktnueckoe 3ansaTeNe8 O6paboTka mpepbIBaHUIA.

Tema 2.2. TecTrupoBanue 1 0TJIaKa pa3padOTAHHOI0 NPOrpaMMHOI0 KOJ1a

Copnepxanue: Ilpaktuueckoe 3anarueNel IlogkmroueHne K~ MHUKPOKOHTPOJLIEPY
CEMUCCTMEHTHOI'O CBETOAUOJHOI'O HHAUKATOPA.

Copnepxanue: Ilpaktuueckoe 3anarueNe2 IlogkimioyeHne K MHUKPOKOHTPOJLIEPY
CBETOAMOIHON MaTPUIBI.

Conepxanue: Ilpaktudeckoe 3anatueNe3 IlonkmroueHue k MHUKpokoHTposuiepy RGB-
CBETOAMO/A.

Copnepxanue: Ilpaktnueckoe 3aHatneNe4d IlogkmroueHnMe K MHUKPOKOHTPOJLIEPY
CBETOJIMO/IHOTO IIKAJILHOTO MHAUKATOPA.

Copnepxanue: IIpaktnueckoe 3aHatneNe5S IlogkimroueHne K MHUKPOKOHTPOJLIEPY
AQHAJIOTOBOTO J1aTYMKA TEMIIEPATYPBHI.

CO,Z[Cp)KaHI/ICZ HpaKTI/ILIeCKOC 3aHITHENCO IlogkmroueHue K MHKPOKOHTPOJUICPY SHKOALCPA.
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Conepxanue: Ilpaktuueckoe 3anstueNe7 IloctpoeHue nporpaMMHUpyeMOro CHeTYMKa-
TaliMepa Ha MUKPOKOHTPOJLIIEpE.

Conepxxanue: Ilpaktnueckoe 3ansatueNe§ IloakimtoueHre K MUKPOKOHTPOJUIEPY MOAYJIA
3HakocuHTe3upyromero KKH.

Conepxxanue: Ilpaktndeckoe 3aHsatueNe9 IloakimtoueHre K MUKPOKOHTPOJUIEPY MOAYJIA
rpadudeckoro XKKU ¢ ceHCOpHBIM 3KpaHOM.

Conepxanue: Ilpaktnueckoe 3ansatueNel() IloakmroueHne K  MUKPOKOHTPOJUIEPY
CEpBOJBUTATEIS.

Copnepxanue: Ilpaktuueckoe 3anstueNell IlonkimroueHne K  MHUKPOKOHTPOJLIEPY
I1arOBOT'0 JBUTATEIs.

Copepxanue: [Ipaktuueckoe 3ansaTreNel2 [loaxiroueHne K MUKpPOKOHTPOJUIEPY aTUMKa
no udpoBomy untTepdeiicy SPI.

Copnepxanue: [Ipaktuueckoe 3ansTrueNel3 [loaknroueHne Kk MUKpPOKOHTPOJUIEPY JaTUMKa
no udpoBomy untepdeiicy 12C.

3.2. TemaTHka U coJepaKaAHNE CAMOCTOATEILHON PadoThI
CamocrosrenbHas padoTa ABISETCA HEOTbEMIIEMOH 4acTbi0 00pa30BaTENBLHOIO MpoLEcca,
CBSI3aHHOT'O ¢ (JOPMUPOBAHNEM KOMIETEHIIMH 00y4aroIInXCsl.

[lenb 1 3a7aun caMoOCTOSITENbHOM paboThl oOyuatomerocsi: (OpMHUPOBAHUE U BOCIIUTAHUE
MHOFOFpaHHOfI, TBOp‘ICCKOﬁ JIMYHOCTH, CO CIIOKMBUHIMMHCA TIPHOPHUTECTAMU, IIpaBUIIaMU
IIOBEACHUS, C CHUCTEMOH HCHHOCTeﬁ N BCPHBIMU IMPEACTABICHUAMU O MUPC B LCJIOM.

[lenpro camocTosATENHLHON (BHEAYAUTOPHOM) pabOThl OO0ydYalOMUXCs SIBISETCS O0y4deHue
HaBblKaM  pabOTBl C  HAY4YHO-TEOPETUYECKOHM, MNEepUOAMYECKOH, Hay4YHO-TEXHUYECKOU
JUTEPATypoll M TEXHUYECKOW NOKyMEHTalMed, HEOOXOAUMBIMU JUIsl YIiyOJE€HHOTO HM3y4YeHUS
JUCLUUIUIMHBL, a TaKKe Pa3BUTHE y HHUX YCTOMYMBBIX CIIOCOOHOCTEH K CaMOCTOSATEIbHOMY
U3YUYEHHIO U U3JI0KEHUIO TIOJIYy4eHHOW HH(pOopMaLnu.

CamocTtosTenbHass paboTa BbIIONHSAETCS B (opMe MpopabOTKH KOHCHEKTOB 3aHATHUH,
y4yeOHOIl M crenuanbHOM TEXHHYECKOM JMTeparyphl (IO BompocaMm K maparpadam, riaBam
y4eOHBIX TOCOOUH, COCTaBICHHBIM MpernojaBaTeieM) U MOArOTOBKY K MPAKTUYECKUM paboTaM ¢
UCITOJIb30BAaHUEM METOJMYECKUX PEKOMEeHJaluil mpenojaBaress; opopMieHne MpaKTHYECKHX
paboT; OTYETOB U MOJATOTOBKA K UX 3alUTE.

TeMaTHuka M coaepKaHue

Pa3nes 1. MUKPOKOHTPOJLJIEPBI H BCTPaMBaeMble CHCTEMbI

Conepxanune: CamocrositenbHas padora 1. IloaroroBka yctHoro aokiaga Ha Temy «Mcropus
Pa3BUTHUS MEKPOKOHTPOJLIEPOB.



DENEPAJIBHOE TOCYOAPCTBEHHOE BIOJI>)KETHOE OBPA3OBATEJIbBHOE CMK
_ Y“IPE)Iﬁ(}:[EHV[E BBICIIIET'O OBPA3QBAHM51 PIyTUC
«POCCUNCKUN TOCYOAPCTBEHHBIVI YHUBEPCUTET
TYPU3MA "1 CEPBUCA»
PryTUC Dunman ®I'bOY BO «PTYTUC» B 1. Ilogoabcke Aucm 15

Conepxxanne: CamoctositensHas padora 2. Paspaborka SWOT-ananmm3a mo temMe «OCHOBHBIC
CeMelCTBa, OCOOEHHOCTH M XapaKTEPUCTHKH MHUKPOKOHTpoiuiepoB ¢upM Atmel, Texas Instruments,
Microchip, STMicroelectronicsy.

Conepxanne: CamocroarensHas pabota 3. CoBpeMeHHbIE HHTEpQEHCh M HX NPUMEHEHHE B
MHUKPOKOHTPOJUIEPHBIX CHCTEMAaX.

Conepxanne: CamoctosTenbHas pabota 4. BpillolHeHHE KOJUIEKTUBHOTO TPOEKTa MO TeMe:
«IpoexTrpoBaHNE MUKPOKOHTPOJIJIEPHOM CUCTEMBI YIPABICHUS «Y MHBII TOM».

Conepxanne: CamoctostenbHas pabora 5. Ilogbop MHKpPOKOHTpoJiepa MO  YCIOBUSM
TEXHUYECKOTO 3aJaHusl.

Pa3znen 2 PazpaboTka nporpaMMHOro odecneveHusi 1Jisi BCTPAUBaeMbIX CHCTEM

Copepxxanne: CamocrositensHast pabora 1. O630p cpenctB pazpabotku [10 mns BcTpamBaeMBbIX
CHCTEM.

Copepxxanne: CamocrostensHas padora 2. [louck ommOOK B TpOrpaMMHOM KOJIE U ONITHMH3AIIHS
ITOpUTMa MPEUIOKEHHOH TPOTpaMMBl.

Copmepxxanme:  CamocrostensHass pabora 3. Paszpaborka SWOT-ananmza 1o  Teme
«BHYTpUCXEMHBIE SMYISITOPBL, AIMYJATOPHI I13Y, MOHUTOPEI OTIAAKID)

Copmepxxanne: CamocrostenpHas padora 4. Pa3paboTka amropuTma ISl TOJIB30BATEIBCKOM
GyHKIMU paboThI ¢ IM(POBBIM AaTYUKOM 110 UHTEpdeiicy 1-Wire.

Conepxanne: CamocrosarensHast pabora 5. PaspaGorka anropurma sl MHOJIb30BATENBCKON
¢byHKkIMK paboTel ¢ UPOBBIM TaTduKOM 1o HHTEpdeiicy SPL.

Conepxanne: CamocrostensHass pabora 6. PaspaGoTka anropurMa aisi MOJNb30BaTEIbCKON
¢byHKIMM paboThl ¢ MPOBBIM IaTuuKoM 1o uHTepdeiicy 12C.

4.M0oH OLIEHOYHBIX CPEICTB MPO(ecCHOHATIBLHOT0 MOYJIsI
4.1. ®opmbl aTTECTALMH 110 NPO(PECCHOHAIBLHOMY MOIYJTI0

DJ1eMeHT MOAYJIst ®opmMa KOHTPOJISI U OLIEHUBAHUS
IIpomexyToyHas aTTeCTALUA Tekyuuii KOHTPOJIb
MJIK.04.01 MukpoKOHTpPOJIIEPBI Jlpyrue GpopMbl KOHTPOJIS OLICHKA MPAKTHYECKHUX PaboT,
Y BCTPaUBAEMBIE CHCTEMBI (KontponbHas paboTta) OIICHKA CAMOCTOSATEIHLHOU PaboTHI,
YCTHBIH orpoc
MJIK.04.02 Pa3paboTka Jlpyrue GpopMbl KOHTPOJIS OlIEHKA ITPAKTUYECKHUX paboT,
IPOrPaMMHOIO 00ECIIEYEHHS IS (KonTpospHas pabota) OIIEHKa CAMOCTOSITETILHOM paboTHI,
BCTPaUBAEMBbIX CUCTEM YCTHBIH ompoc
VI1.04.01 YuebHas npakTHKa JuddepernrpoBaHHbIil 3aueT BrImonneHnne HHANBUAYAIEHOTO
3aJJaHusl
[11.04.01 ITpom3BoaCTBEHHAs JuddepernrpoBaHHbIil 3aueT BrlnosiHEHUE MHIMBUYaIbHOTO
MpaKTHKa 3aJJaHusl

4.2. Pe3yabTaThbl 0CBOCHUS NPO(PECCHOHAIBLHOTIO MOYJIsI
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IIpodeccnonanbHbie, 00IME KOMIIETEHINH, TUHYHOCTHbIE Pe3YJbTAThI

B pesynbrare KOHTpOJIE U OIEHKH IO MPO(EecCHOHATIBHOMY MOJAYIIO OCYIIECTBISETCS
KOMIUIEKCHAsI MPOBEpPKa CIAEAYIOUINX MPo(ecCnOHANbHBIX U OOIIMX KOMIETEHIIUMI:

IIpodeccuonaibHbIe KOMIIETEHIIUH Iloka3aTe/u OLlEHKH pe3yJibTaTa
IIK 4.1. CocTaBisTh adropuT™Mbl U - IPAaBWJILHOCTh HAITMCAHUS IIPOrpaMMHOI0 KoJa ¢
CTPYKTYPBI IPOTPaMMHOT'0 KOJa ISt HCTIOJIb30BAHUEM S3BIKOB IIPOrpaMMUPOBAaHUS;
MUKPOIIPOLIECCOPHBIX CUCTEM - IPaBMIIBHOCTH O()OPMIIEHHUS IIPOTPAMMHOTO KOJIa B

COOTBETCTBHH C YCTaHOBJICHHBIMHU TPEOOBAHUSIMI;

- BEpHOE OCYILIECTBICHNE MIPOBEPKHU U OTIAJKH
MIPOrpaMMHOTO KOAQ;

- BEpHOE COCTaBJICHHE IPOTpaMMBbl Ha A3bIKE
MPOrpaMMHUPOBAHUS JUIsl BCTpaUBAEMbIX CUCTEM;

- IPaBHJIBHOCTH TPUMEHEHHS CTAaHAAPTHBIX aITOPUTMOB U
KOHCTPYKIM A3bIKa TPOrpaMMHUPOBAHMS;

- IPaBUJIBHOCTH BHIOOPa MHUKPOKOHTPOJIIEPA JIIST
KOHKPETHOH 3a7]a4ll BCTPAUBa€MON CUCTEMBI;

- IPaBUJIbHOCTH BBIIIOJIHEHHE TPEOOBAHHS TEXHUUECKOTO
3aJjaHusl 110 MPOTrPAMMHUPOBAHUIO BCTPAUBAEMBIX CHCTEM;
- IPaBWJIBHOCTD OTIpeeNIeHHsI Ha3HAaYeHHsI U IPUHIUIA
neicTBust cocTaBHBIX 0510k0B MIIC 1 X pexuMoB;

- BEPHOE OIIPEJIEJIEHHE COCTaBa MUKPOKOHTPOJLIEPA,
Ha3HAuCHHS eT0 (PYHKIIMOHAIBHBIX OJIOKOB;

- IPaBMJIBHOCTH UCIIOJIb30BAHMS CHHTAKCUCA U OCHOBHBIX
KOHCTPYKIH A3bIKa TPOrpaMMHUPOBAHUS IS
BCTPANBa€MOU CHUCTEMBI;

- IPaBMJIBHOCTb MTOHUMAaHUS CTPYKTYPbI TUITOBOU
BCTpaBaeMOU CUCTEMBI Ha 6a3e MUKPOKOHTPOJUIEPA U
OpraHMu3alfM TaKuX CHCTEM;

- IPaBUJIBHOCTH BBIOOPA METO/Ia MPOTPAMMHON pealin3aliu
TUNOBBIX (PYHKIMI yIpaBIeHUS;

- IPaBUJIBHOCTH BBIOOPA CI10c00a OAKIIOYEHUS
CTaHJAPTHBIX ¥ HECTAHJAAPTHBIX IPOTPAMMHBIX OHOIHOTEK
pu pa3paboTKe NPOrpaMMHOI0 KOAa.

[IK 4.2. [IpoekTupoBath u - IPaBUIILHOCTD Pa3pabOTKU MPOIEAYpP MPOBEPKU

MIPOrpaMMHUPOBATh BCTpanuBaeMble paboTOCIIOCOOHOCTH TPOTPAMMHOI0 00ECTICUEHHS;

CUCTEMBI U HHTEeP(EWChl 000PYIOBaHUS C | - MPAaBUIBHOCTH pa3pabOTKH TECTOBBIX HAOOPOB TAHHBIX

MCIIOJIb30BaHNUEM SI3BIKOB JUTSL IPOTPaMMBI;

POTrpaMMHUPOBaHHUS - IPaBUJIBHOCTH MPOBEACHUS MIPOLETyPbl TECTUPOBAHUS U
OTJIQJIKU BCTPAMBAEeMBIX CHCTEM Ha 6aze
MHUKPOKOHTPOJLIEPOB;

- IPaBUJIBHOCTh OCYIIECTBICHUS pepakTopuHra u
ONTHMH3AILUY TIPOTPAMMHOTO KOJIa TI0J] TPeOOBaHMS
BCTPauBaEMOM CUCTEMBI;

- IPaBUJIBHOCTH HAXO0X/ICHHUS OLTMOOK B IPOrPaMMHOM
KOJIe /U BCTPanBaeMOM CHCTEMBI;

- BEpHOE OIIEHWBAaHUE CTENIEHN KPUTUIHOCTH OINOOK B
KO/I€ IPOTPaMMBbI;

- IPaBUJIBHOCTh ONPEAETICHUS BUIA U Ha3HAYCHHUS
MpOrpaMMHOr0 o0ecriedeHus Ij1sl pa3paboTKu
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MPOrpaMMHOTO 00eCTIedeHus 7151 BCTPAaUBAEMBIX CHCTEM;
- IPaBIJIBHOCTH MTPUMEHEHHS METOIOB TECTUPOBAHUS H
CIOCO0OB OTJIAJIKH BCTPAUBACMBIX CHCTEM;

- BEpHOE OTpEICICHUE MIPUYUH HEUCIIPABHOCTEH U
BO3MOJKHBIX COOEB IIPOTPaMMHOTO KOJIa

O0mue KOMNEeTeHIUH

IMoka3aTenan oeHKH pe3yabTaTa

OK 1. Bribupatb criocoObl pereHus
3ama4 nmpodeccnoHaNbHOM AeATETbHOCTH
NPUMEHHUTEIIFHO K PA3IIMYHBIM
KOHTEKCTaM

- 000CHOBaHHOCTH ITOCTAHOBKH I1I€JIH, BEIOOpA U
NPUMEHEHUS] METOJIOB M CIIOCOOO0B PEIIeHHs
podeCCHOHANILHBIX 33]1aY;

- aJIeKBaTHasl OIIEHKa M caMOolieHKa () (HEKTHBHOCTH
Ka4yecTBa BBHITIOJHEHHsI MPO)eCCHOHANBHBIX 3a1au.

OK 02. Hcnons30BaTh COBPEMEHHbBIE
CpeCTBa MOKNCKA, aHATIU3a U
UHTEpIpeTaui HHPOPMAIIH, 1
MH(QOPMALIMOHHBIE TEXHOJIOTUHU IS
BBINOJTHEHHUS 33124 [Tpo¢ecCHOHAIBHON
JIeSITeIbHOCTH

- ACIIOJIb30BaHUE PA3INYHBIX HCTOYHUKOB, BKIIOYAs
JIEKTPOHHBIE PECYPCHI, MEANAPECYPCHI, IHTEpHET-
pecypchl, IepUOANUECKUe U3AaHUS IO CIIEIUATbHOCTH IS
pewenns npodeccuoHaIbHbIX 33134

OK 03. IInanupoBaTh U peaIr30BbIBATh
co0cTBeHHOE POeCCHOHATEHOE U
JMYHOCTHOE Pa3BHUTHE,
MpeANTPpUHUMATCIILCKYIO JCATCIIBHOCTL B
npoheccuoHaNbHOM cepe, UCIOTB30BaTh
3HAHUSA 10 TTPABOBOI 1 (PHMHAHCOBOM
rpaMOTHOCTHU B PA3JIMYHBIX JKU3HCHHBIX
CUTyalusax

- AEMOHCTpalurd OTBETCTBCHHOCTH 3a IPUHATHIC PCHICHUA
- 000CHOBaHHOCTh CaMOAHAIN3a U KOPPEKINS PE3yIIbTaTOB
coOCTBEHHOU PabOTHI;

OK 04. D¢pdexTrBHO B3aMMOEHCTBOBATD
U paboTaTh B KOJUIEKTHBE M KOMaH/Ie

- B3aMMOJICCTBYE C O0YJArOIIUMUCS, TIPETIOAABATEISAMH U
MacTepaMu B X0Jie 00yUYEeHUsI, C PYKOBOTUTEISIMU YIeOHO
Y IIPOU3BOJICTBEHHOM IIPAKTHK;

- 000CHOBaHHOCTP aHAJIN3a PAOOTHI YICHOB KOMAH/IbI

(IO TIMHEHHBIX )

OK 05. Ocy1iecTBiasTh YCTHYIO U
MUCHMEHHYIO0 KOMMYHUKAITUIO Ha
roCyJapCTBEHHOM si3blke Poccuiickoit
Odenepanyu ¢ y4eToM 0coOeHHOCTEH
COLIMAJIFHOTO M KYJIBTYPHOTO KOHTEKCTA

-rPpaMOTHOCTb YCTHOM M MCbMEHHOU peuH,
- ICHOCTH (DOPMYITMPOBAHUSI U M3JIOKEHHS MBICIICH

OK 06. IIpostBIATH TpakIaHCKO-
NaTPUOTUYECKYIO MTO3HIHIO,
JIEMOHCTPHPOBATh OCO3HAHHOE TTOBEJICHUE
Ha OCHOBE TPAJMIIMOHHBIX POCCHICKUX
JIyXOBHO-HPaBCTBEHHBIX LIEHHOCTEH, B
TOM YHCJIE C YYE€TOM rapMOHHU3AINN
MEXKHAIIMOHATIBHBIX ¥ MEXKPETUTHO3HBIX
OTHOIIECHUH, TPUMEHSTH CTaHAAPTHI
AHTUKOPPYIIMOHHOTO [TOBECHHUS

- coOJII0IeHre HOPM TIOBE/ICHHSI BO BpeMst yueOHBIX 3aHSATHH
Y MIPOXOXKJICHHUS y4eOHON ¥ MPOU3BOACTBEHHOH MPAKTHUK,

OK 07. ConeicTBOBaTh COXpaHEHHIO
OKpY>Karollleu cpeipl,
pecypcocOepeKeHHI0, TPUMEHSTh 3HAHUS
00 U3MEHEHUH KIMMaTa, IPUHLIUIIBI
OepeKITMBOTO MPOU3BOJICTBA, d(D(HEKTHBHO
JIeHCTBOBATH B YPE3BbIUANHBIX CUTYaLUIX

- 3)eKTHBHOCTH BBITIOJHEHHSI MTPABUIJI TEXHUKH
0e30MmacHOCTH ¥ OXpaHbl TPY/la BO BpEMS YIEOHBIX 3aHATHIA,
NPY IPOXOXKIEHUH YIeOHOH U POU3BOACTBEHHOH MTPAKTHUK;
- 3HAaHHE U UCIIOJIb30BaHUE PECypcocOeperaroimx
TEXHOJIOTHH B 00J1aCTH NIEKTPOHUKN U MPUOOPOCTPOCHHUS
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OK 08. Mcmons30Bath cpencTa - 3(ppeKTHBHOCTH UCIIOJIL30BAHMS HH(POPMAITHOHHO-
(bU3NYECKON KyIbTYPHI JJIs1 COXPAHEHHSI U | KOMMYHUKAIIMOHHBIX TEXHOJIOTH B IpodeccHoHATLHON
YKpPEIUICHUS 3I0pOBbA B TIpoLiecce JIESATEIILHOCTU COTJIACHO (DOPMHUPYEMBIM YMEHUSAM U
npodecCHOHANBHON AEATENLHOCTH U MOJTy4aeMOMY MPAKTUYCCKOMY OTIBITY;

MoIIepKaHHs HEOOXOAMMOTO YPOBHS
(hU3UYIECKOI TTOTOTOBICHHOCTH

OK 9. ITonb3oBatbest npoheCCHOHATBHON | - 3 PEKTUBHOCTH MCIIOIB30BaHUS B TPOPECCHOHATBHON
JOKyMEHTAIMei Ha TOCY1apCTBEHHOM U JeATeLHOCTH HEOOX0ANMOI TeXHHIECKO! IOKYMEHTAIHH,
MHOCTPAaHHOM SI3BIKaX. B TOM 4YHCJIC HA HHOCTPAHHOM SI3BIKE.

4.3. TpedoBanusi K nopr¢oJimo
Tun noprdonmno: cmewannsiii mun

- Jlokmagpl W COOOMIEHWST TO OTHIENBHBIM TeMaM MEXAMCHUIUIMHAPHOTO Kypca
Ipo(hecCHOHATBHOTO MOAYJIS, IPEAYCMOTPEHHBIE TPOIPAMMOIA.

- Oruersl TO TPAKTUYECKHUM  pabdoTaM,  BBHIMOJHEHHBIM TPH  H3YYCHUHU
MEXIUCHUIUTMHAPHOTO Kypca MpoPeCCUOHAIBHOIO MOTYJIS.

I[OHOJIHI/ITGJII)HBIC MaTepualbl:

1. ['pamoThI, TUTIIOMBI

2. Ceprudukarsl 3a yyactue B MEPOIIPUATHUAX KoJuleka 1 MOCKOBCKOM 001acTu.
3. [Tpuka3bl 0 HOOIIPEHUSX.

TpeGoBanus:

TpeboBaHMs K MPE3EHTALUH U 3aIUTE MOPT(HOINO: - HE IPEAYCMOTPEHO
TpeboBaHMs K CTPYKTYpe U 0POPMIIEHHIO TOPTPOIHO: - HE MIPETyCMOTPEHO

O0s13aTeNnbHO HAIMYKME BCETO MEPEUHs, BXOAIIET0 B COCTAB 00513aTENbHON YacTH MOPT(HOIHO.
CriennanbHbIX TpeOOBaHUHM K O()OPMIIEHHUIO HET.

IToka3zaTenu oeHKH l'lOpT(l)O.]'II/IO Ha aTTeCTalluM 110 MOAYJIIO:

Koawbt Ouenka
IToxa3aTenu oLEeHKH pe3y/abTaTa

NpoBepsieMbIX (na / Her)

KOMIIeTeHIM i

WM UX

COYCTAHUM

OK1-0OK?9; Hannuue xapakTepUCTUKHU C MECTa MIPAKTUKH. Ha/uer

IIK 4.1-T1K 4.2

OK1-0OK?9; Hannuue aTrecTalilMOHHOTO JIMCTA Ja/mer

IIK 4.1-T1K 4.2

OK1-0K?9; Hamuune u kadecTBEHHOE BBHIMOJIHEHHE OTYETOB IO NMpakThKam, | Jla/HeT

IIK 4.1-TIK 4.2 COJZIep’KaHUE KOTOPBIX COOTBETCTBYET BBITAHHOMY 33aHHUIO.

OK1-0K?9; Odopmiienne  oTueToB 1o  mpakTukam  [lomoxkenws 06 | [a/Her

TIK 4.1-TIK 4.2 0(OPMIICHUH TEKCTOBBIX JIOKYMEHTOB.

OK1-OK9; 3amyra OTYETOB O MPOXOKIECHUH MPAKTHKH. Ha/uer

IIK 4.1-T1K 4.2
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4.4. OueHka OCBOECHUS TEOPETHUECKOr0 Kypca npogeccuonanbuoro moayias — M/K:
4.4.1 TunosBble 3agaHus s oueHKHA ocBoeHuss MJIK.04.01 MUKpPOKOHTPOJLIePbI 1
BCTpanBaeMble CHCTEMbI
IIpuMepHBbIH epevyeHb BOMPOCOB /1Jis1 ((OPMHUPOBAHUS 32aHUH TEKYLIEro KOHTPOJIs:

CoNoO~WNE

P
= O

[EEN
N

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24,

25.
26.

27.

28.
29.

Yro Takoe MUKPOKOHTPOJUIEPBI, MUKPOIIPOLIECCOPHI M CUTHAJIBHBIE IPOLIECCOPHI
O6uacTi NpUMEHEHUsI MUKPOKOHTPOJIIEPOB

[lenouncieHHbIE ABOUYHBIEC KOBI

3anuch TEKCTOB AIBOUYHBIM KOJOM

3anuch JECTUYHBIX YHCEN IBOMYHBIM KOIOM

[IpencraBienue ynucesn B TIBOMYHOM KOJE C TJIABAOLIEH 3alsTON

Macounsie 113V, III13VY, PII3Y

EEPROM u flash namsth

BayTpeHnnee ycrpoiicTBo cratuyeckoro O3Y

. Koman el Mmukpormnponeccopa
. CucremHas mMHa MUKPOIpOLECcCopa
. IIpuHIUITBI TOCTPOEHMS NapAIIEIBHOrO nopTa. [loaKiItoueHne BHEIIHUX YCTPOMCTB K

MHUKPOIPOLIECCOPY
[TpuHLMIIBI TOCTPOEHUS MOCIEI0BATENbHBIX MOPTOB. BHbI OCIE10BaTENbHBIX IOPTOB
[TpuHIMIBI TOCTPOEHUS CXEM TaliMEPOB MUKPOIIPOLIECCOPOB

Apxurektypa MUKpOKOHTpoJuiepoB MCS-51

Cucrema KomMaH1 MUKpOKOHTpoJuiepoB MCS-51

Bunae! anpecanuun

WNHcTpykunu MUKpoKoHTposiepoB MCS-51

Oco0eHHOCTH TOCTPOEHHUS MapajlIeNIbHbIX TOPTOB MUKPOKOHTpoiepoB MCS-51
Oco0eHHOCTH OCTPOECHUS TaMSITH MUKPOKOHTpOIIepoB cemeiictBa MCS-51
BuyTtpeHnHue Taiimepbl MUKPOKOHTPOJIIEPA, OCOOCHHOCTH UX MPUMEHEHUS
VYcTpoiicTBO M 0COOEHHOCTH MTPUMEHEHHS ITOCIIeI0BATEIbHOIO TOpTa
MUKpPOKOHTpoJuiepoB cemericta MCS-51

Oco0eHHOCTH MPOEKTUPOBAHUS CXEM Ha MUKPOKOHTpOJIIEpax

Oco0eHHOCTH TPOEKTUPOBAHUS CUCTEMBI MUTAHUS JJIsl yCTPOUCTB Ha
MHUKPOKOHTPOJIEPAX

S3bIKK IpOrpaMMUPOBaHUs 1J11 MUKPOKOHTPOJLIEPOB

[TpuMeHeHne noAmporpaMm MpH nporpamMmmupoBanuu. [ToHsTHE TOATPOrpaMMBI
IPOIIETyPHI ¥ TIOATIPOTPaMMBI (PYHKIIUH

Hanucanue nporpamm juist MUKporporeccopos. [IoHsTHE TporpaMMbI-MOHUTOPA U
OTIEpPAI[MOHHOIN CHUCTEMBI PEaIbHOTO BPEMEHU

[TonsiTHE CTPYKTYpHOTO NporpaMmupoBanus. [IpuMeHeHne KoMMeHTapueB
[TonsiTue MHOTO(ANIOBOrO 1 MHOIOMO/IYJIbHOTO POTPaMMHUPOBaHUS

HanmeHoBaHMe IPOBepsieMON KOMIIETEHIIMH
OK01-OK09, I1IK 4.1. CocTaBjsiTh aJITOPUTMBI H CTPYKTYPbI IPOrPAMMHOI0 K012

AJISA MUKPOIIPOIIECCOPHBIX CUCTEM

Yacms 1: Bonpocwl ¢ 6bibopom omeema
1. YT0 Takoe MUKPOKOHTpOJLIEP?
o a) YcTpoicTBO ISl yIpaBlieHUsI KOMIIBIOTEPOM
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o b) MunuaTrOpHBIN KOMIIBIOTEP HA OHOM KPUCTAJLIC, BKIFOYAOIIHIA TPOIECCOP,
namsTh U nepudepuro
o ¢) YcTpoicTBO 1Sl YCUIIEHHSI CUTHAJIOB
o d) I[Iporpamma st pazpadotku [1O
2. Kakwue u3 nepeuncieHHbIX KOMIIOHEHTOB OOBIYHO BXOJSAT B COCTAB
MUKPOKOHTpoOJIepa?

o a) CPU, O3Y, 13V, Taiimepsi, GPIO
b) GPU, xecTKuii TUCK, MOHUTOP
¢) Cerp Wi-Fi, Bluetooth, quramuxu
d) KimaBuaTypa, MbIliib, TPUHTED
Uro Takoe GP1O B MukpokoHTpoILiepe?
a) ['padmueckuii mporeccop
b) [IporpamMmHOe oOecrieueHune st yIpaBICHUS
¢) [TopTsl BBOMIa-BBIBOIA OOIIIETO HAZHAYCHHUSI
d) YcTpoiicTBO Ui XpaHEHUS JaHHBIX
Kakast apxuTekTypa yaiie BCero UCIob3yeTcsi B MUKPOKOHTpOJLIepax?
a) x86
b) ARM
¢) RISC-V
d) MIPS
Uro Takoe BcTpamBaemas cucreMa’?
a) KommproTep 001ero Ha3HaueHUS
o b) CneunanusupoBanHas cuctema, IpeAHa3HAYCHHAS JIJIS1 BBITOJHCHHUS
KOHKPETHBIX 3a/1a4
o c¢) CepBep miist XpaHEHUS JaHHBIX
o d) UrpoBas koHCOIb

O_O'IOOOO;POOOO_OOOOO

3aoanue 1: Coomnecume KOMnOHEeHM MUKPOKOHMPOJIEPA C €20 ONUCAHUEM
Komnonenr Onucanue

1. CPU a) [laMaATh, KOTOpask XpaHUT JaHHBIE TOJIBKO /ISl UTEHUS (HallpuMep, IPOIIKBKY)
2.03Y b) [lamsTh /U1 BpeMEHHOTO XpaHEeHHUs JAHHBIX BO BPEMS BHIIIOJTHEHUS
(RAM) IPOTrpaMMBI
3. 113y . .
(ROM) c¢) LlenTpanpHblii po1iecCOp, BBIMOIHAIOUNN HHCTPYKIIMK TPOTPaMMBI
4 GPIO d) YcrpoiicTBO 17151 M3MEpPEHUs aHAJIOTOBBIX CUTHAJIOB M IIPE00pa30BaHus UX B
U poBkIe
5. AIIT e) [TopTbl BBO@-BBIBOIA OOILEr0 HA3HAYCHUS ISl TIOJKITFOUEHHS BHEIITHUX
(ADC) YCTPOHCTB
3aoanue 2: Coomnecume mepmun ¢ e2o onpeoeneHuem
Tepmun Onpenenenune
a) YCTpOHCTBO 1JIs yIIpaBlieHHs] BDEMEHHBIMU UHTEPBAJIaMH U

1. IIpepeiBanue
pep COOBITUSAMU

b) Curnan, KOTOpBIif BpEMEHHO IPUOCTAaHABIUBAET BHIMOJIHEHHE
MpOTrpaMMBbI J1Jisi 00pabOTKH COOBITHS

¢) Meron ynpaBieHMs aHaJIOTOBBIMU YCTPOWCTBAMHU € TIOMOIIIBIO
U(POBBIX CUTHAJIOB

2. Taitmep

3. LLIUM (PWM)
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TepMmun Onpenenenue
4 UART d) I/IHTep(beﬁc JUTSL TIOCIIEZIOBATEILHON Mepelayn JAaHHBIX MEXKITY
yCTpOiicTBaMU
5. BcrpauBaemas ¢) Cenmanu3upoBaHHAs CUCTEMA, MTPEeIHA3HAUCHHAS JIJISl BBIMOJTHCHUS
cucrema KOHKPETHBIX 3a7a4
3aoanue 3: Coomnecume MUKpOKOHmMpPOIIEp ¢ €20 0COOEHHOCMAMU
MuxkpokouTpoJiep Oco0eHHOCTH
1. Arduino Uno a) OcriOBaH Ha apxutektype ARM, yacto ucnonssyercs B 1oT-
yCcTpoicTBax
2 STM32 b) [MonynspHbIiT MUKPOKOHTPOJIEP ISl HAUMHAIOIINX, OCHOBAH Ha
' ATmega328P
3. ESP32 ¢) Umeet Bcrpoennsiii Wi-Fi u Bluetooth, moaxoaut miis loT-npoexktos

4. Raspberry Pi Pico d) OcuoBan Ha RP2040, moxaepsxuaet MicroPython u C/C++

5 PIC16F877A e) MukpokxonTposiep ot Microchip, 4acTo HCTIONB3yeTCs B
MIPOMBILIUIEHHOCTH

3aoanue 4: Coomnecume mun namamu c e2o0 XapaxKmepucmuKou

Tun mamsatu  XapakTepucTHKa

1. O3Y (RAM) a) DHeproneszaBucUMas MaMsATh, UCTIOIB3YETCS IS XPAHEHUS TPOIIUBKU

b) bricTpas maMATh /Ui BpEMEHHOTO XPaHEHHUS JaHHBIX BO BpeMs paOOThI

2. I13Y (ROM)

MIPOrPaMMBI
3. EEPROM ¢) ITamsats, koTOpas MoKeT ObITh Mepe3amnucana, Ho MenjieHaee, uem O3Y
4. Flash- d) DHeprone3aBrucuMas TaMsTh, UCTIONB3YETCS I XpaHEHUS TaHHBIX U
aMsTh POrpaMMm

5. Komr-mamate
JTAHHBIM

e) BBICTpa}I MaMATb, UCIIOJIb3yeMas MpPOoUCcCCOPOM i1 YCKOPCHUSA JOCTYIIA K

3aoanue 5: Coomnecume unmepdgheiic ¢ e2o HazHaueHuem
HNurepgeiic Haznayenune

a) MaTepdeiic 11 NoaKIIOUEHHS JaTYUKOB U YCTPOHCTB € UCIIOJIb30BaHUEM JBYX

1.12C
MIPOBOJIOB

2. SPI b) UuTepdeiic 1151 BBICOKOCKOPOCTHOM Mepeaun JaHHBIX MEXAY yCTPOHCTBaMuU

3 UART c) I/IHTvep(beﬁc U1 TIOCJIEIOBATENBbHOM Mepejauu TaHHBIX MEXy IBYMs
YCTPOHCTBAMH

4 CAN d) UnTtepdeiic mas oOMeHa TaHHBIMU B aBTOMOOMIIBHBIX M IIPOMBIIIIIEHHBIX
cucremMax

5.USB e) UnTrepdeiic 1t moaxioueHus nepupepuiHbIX yCTPOUCTB K KOMITBIOTEPY

3aoaua 1: Ochosbt MUKPOKOHMPOJLTIEPOE

Bonpoc: Uto 13 nepeuncieHHoro siBiasieTcsi OCHOBHOM (PYHKITUEH MUKPOKOHTpOJuIepa’?
a) Ympasnenue rpadpudeckuM HHTEp(HEHcoM Moabp30BaTeNs

b) BeimosHeHNE crieMAIM3UPOBAHHBIX 337124 C UCIIOIb30BAHHEM BCTPOCHHBIX MEPUPEPUITHBIX

YCTPOMCTB
C) XpaHenue O0ONbIIMX 00bEMOB JTAHHBIX
d) [Tonknrouenue x uaTepHeTy Uepe3 Wi-Fi
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3aoaua 2: Apxumexkmypa MUKpOKOHmMpPO.11epos

Bonpoc: Kakas apxuTtekTypa yalie BCero UCIoib3yeTcsi B COBPEMEHHBIX MUKPOKOHTpOILIepax?
a) x86

b) ARM

c) PowerPC

d) SPARC

3aoaua 3: llamamob MUKpoKonmpo.iepos

Bomnpoc: Kakas namsaTe B MUKPOKOHTPOJUIEPE UCTIONB3YETCS ISl XpaHEHHUS IPOrPaMMBbI
(mpouuBKm)?

a) O3Y (RAM)

b) [13Y (ROM)

¢) Kem-mamsate

d) Peructpsr nporeccopa

3aoaua 4: llepugpepun mukpokonmponepos
Bonpoc: Uto takoe GPIO B MukpokoHTpoIIiepe?
a) ['padmueckumii mporeccop

b) ITopTel BBOA-BHIBOAA OOIIIETO HA3HAUCHUS

C) YcTpoicTBO 1Sl XpaHEHUsT TaHHBIX

d) Uurepdeiic aast MOAKIIOUCHHS TUCTIICS

3aoaua 5: Ilpepvisanus

Bomnpoc: Jlns yero nucnosnp3yrorces IpepbiBaHUs B MUKPOKOHTPOJLIEPAx?

a) [lnst yBenuueHus: TaKTOBOM 4acTOTHI IIpoLieccopa

b) I BpeMEHHOTO PHOCTAHOBICHUSI OCHOBHOI POrpaMMbl 1 00pa0OTKH BHELIHUX COOBITHI
C) Jlnst XpaHEeHHs TaHHBIX B YHEPTOHE3aBUCUMOM MaMsITH

d) [nst mOAKITFOUCHHUS] K HHTEPHETY

3aoaua 6: AI{Il (Ananozo-uyughposoii npeoopazosameis)

Bonpoc: Kakoe ycTpoiicTBO HCTIONIB3yeTCs 7151 TpeoOpa30BaHus aHAJIOTOBOTO CHTHAJIA B
udpoBoi?

a) LIAIT (DAC)

b) ALIIT (ADC)

c) Taiimep

d) 1M (PWM)

3aoaua 7: HHHUM (PWM)

Bonpoc: Yto Takoe 1LIM (PWM) B MukpokoHTposiepe?

a) Meton ynpaBieHus! aHaJOrOBBIMU YCTPOHCTBAMU C MOMOIIIBIO IU(POBBIX CUTHATIOB
b) YerpoiicTBo st XpaHeHus JaHHBIX
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¢) UnTepdeiic i NOIKIFOUCHUS TUCTLIES
d) Meron mmdpoBaHUs JaHHBIX

3aoaua 8: Bcmpausaemwie cucmemut

Bonpoc: UTo u3 nepeyncieHHOro SBIsSIeTCs IPUMEPOM BCTPAUBAEMOM CHCTEMBI?
a) HoytOyk

b) Cmaptdon

¢) CtupanbHasi MallliHA C MUKPOKOHTPOJLJIEPOM

d) Cepsep

3aoaua 9: Hnmepdpeiicol céazu

Bonpoc: Kakoit uaTepdeiic ncnosap3yercs Uit MOAKIIOYCHUS JATYMKOB C HCIIOJIb30BAaHHEM
JIBYX MPOBOJOB?

a) SPI

b) 12C

c) UART

d) USB

3aoaua 10: A3viku npozpammuposanus

Bonpoc: Kakoii 361k mporpaMMHpOBaHUSI Yallle BCEro UCIONb3yeTcs 11 pa3padotku [10 mis
MUKPOKOHTPOJIIIEPOB?

a) Python

b) Java

c) C/C++

d) JavaScript

3aoaua 11: Taiimepot

Bonpoc: /{5 yero ucnonb3yroTcs TaitMepbl B MUKPOKOHTpOJLIEpax?
a) s XpaHeHus JaHHBIX

b) s u3mMepeHust BpeMEHHBIX HHTEPBAJIOB U T'eHEPAILlUH CUTHAJIOB
C) s MOAKITIOUEHHSI K UHTEPHETY

d) [lns ynpasienus rpapuueckuM uHTepdeiicom

3aoaua 12: Inepzonompeodnenue

Bonpoc: Kakast 0coO€HHOCTh MUKPOKOHTPOJUIEPOB A€TaeT UX MOIXOASIIMMHU ISt
MCIIOJIb30BaHUs B yCTPOUCTBAX ¢ OaTapeiHbIM MUTAaHUEM?

a) Bricokas TakTOBas yacTOTa

b) Huskoe snepromnorpebdacHue

) bonbmioit 00beM maMs T

d) [Monnepxka Wi-Fi
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3aoaua 13: Flash-namamo

Bonpoc: /{1 uero ucnonb3yercs Flash-namsite B MukpokoHTposuiepax?
a) [nst BpeMeHHOTro XpaHeHUs JaHHbBIX

b) s xpaneHus mporpamMmmsl (IIPOIIUBKH)

C) Jlns yBenMYEeHHS TAKTOBOM YaCTOTHI

d) [yt moAKITIOYEHMS K UHTEPHETY

3aoaua 14: UART

Bomnpoc: Uto takoe UART?

a) MuTepdeiic 11 nocienoBaTeNbHOM Mepeaayu JaHHbIX MEXY IByMsl yCTPOWCTBaMU
b) VerpoiictBo miist ynpasienus rpagudeckuM HHTEpdeiicom

C) Meron mudpoBaHus JaHHBIX

d) Unrtepdeiic s MOIKITIOYCHHS K HHTEPHETY

3aoaua 15: CAN

Bomnpoc: ['ne game Bcero ucnons3yercs nuarepgeiic CAN?
a) B aBTOMOOMIIBHBIX cHCTEMax

b) B cmaptdonax

C) B urpoBbIx KOHCOJIAX

d) B HoyTOyKax

IIpumep 3a1aHusA HA IPaKTHYECKOE 3aHATHE:
OcHOBHbBIE XapaKTEePUCTUKH U 0cO0eHHOCTH apxuTeKTypbl MK.

1 Hean padoTbl

[lenbto paboThl siBisgercs nzydenue apxutekrypel MK ATmegal 6 u npuobperenue 6a30BbIX
HAaBBIKOB 10 CO3/IaHUIO MTPOEKTOB, KOMIWIALIUY U HACTPOWKH NMPOrpamMM B UHTETPUPOBAHHOMN
cpene paspabotku Atmel Studio

2 OcHOBHBIC MOJI0KCHUS

2.1 O6mas xapakrepuctuka MK cemeiictBa Mega komnanun Atmel

[TpencraBurenu cemeiictBa Mega siisitotres 8-po3psanbiMu MK, npeiHazHaueHHBIMU JUTS
BCTpOEHHBIX A00aBneHuil. Onu noosiBaeTcs CMOP-TexHonornel ¢ HU3KUM UCIOJIb30BaHUEM
SHEpPruM, KoTopas B cuMonose ¢ ycosepuieHcTBoBaHHON RISC-apxurekrypoit nmo3sosser
JIOCTUYb HAMJTY4YIIETO COOTHOIIEHUSI ObICTPOICHCTBHS/IHEPrONOTPEOICHNUS.

MK nannoro cemeiicTBa siBisitoTcs Oosiee pa3BuThiMu npenactaButesnsMu MK AVR komnanun
Atmel

Ocobennoctu MK AVR cemeiictBa Mega:

— FLASH-namsit nporpamm o6beMom 8 ... 128 Kbaiit (4ncio MUKIOB CTUpaHUs/3aMnucy He
menbIire 1000);

— omepaTuBHas MaMATh o0bemMoM 1 ... 4 KGauT;

—namaTth nanHbiX Ha ocHoBe ECIITI3IT (EEPROM) o6semom 512 Gair ... 4K06ait (ducio
IUKJIOB cTUpaHusi/3anucu He MeHbIe 100000);

— BO3MO’KHOCTb 3aIIUTHI OT CYUTHIBAHUS U MOAU(UKAIIMY MTaMSATH IPOTPaMM U TaHHBIX;
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— BO3MOKHOCTb IIPOrPaAMMMPOBAHMS HETIOCPEACTBEHHO B CUCTEME YEPE3 MOCIIEI0BATEIbHBIN
unrepdetic SPI11JTAG;

— BO3MOKHOCTb CaMOIIPOIpaMMHUPOBaHUS;

— BO3MOKHOCTbh BHYTPUCXEMHON HAacTporku oTHocuTenbHO K cTanaapty IEEE 1149.1 (JTAG);
— pa3Hble COCOOBbI CHHXPOHHU3AMU: BCTpoeHHbIH RC-reneparop ¢ BHyTpeHHe 1100 BHEIIHEH
RC-1enpto nim ¢ BHEUTHUM PE30HATOPOM;

— HaJIMYME HECKOJIBKUX PEKUMOB ITOHUKEHHOT'O SHEPronoTpeOIeHus;

— HaJM4HKe IETEKTOpa CHIKEHUS HanpsokeHus nutanus (brown-out detector, BOD);

— BO3MOKHOCTb IIPOrPAMMHOI'0 TOHMYKEHUS 4aCTOTBI TAKTOBOI'O F'e€HEpaTopa.

OcHoBHble xapakrepuctuku npoueccopa MK cemeiictBa Mega aBisAroTcst Taku ke kak 1 MK
npyrux cemeiict — Classic i Tiny:

— IIOJTHOCTBIO CTaTUYECKasi apXUTEKTYPa; MUHUMAaJIbHAs TAKTOBAsl YACTOTA MOYKET PaBHATHCSA
HYJIIO;

— AJTY noJKIIF04eHO HEMOCPEACTBEHHO K PETUCTPaM OOIIET0 Ha3HAYCHUS,

— OOJIBIIIMHCTBO KOMAaH/{ BHIIOJIHSIOTCS 32 OJIUH MAIIMHHBINA ITUKII;

Taxxe npoueccop MK cemelictBa Mega UMeeT HU3KUE XapaKTEPUCTUKH, IIPUCYILIUE UMEHHO
9TOMY CEMEUCTBY:

— HauOOJIbIIICE YMCIIO HCTOYHMKOB MTPEPhIBaHUH (10 27 HCTOYHUKOB)

— HaJINYME NPOrpaMMHOI0 CTEKA BO BCEX MOJIEISIX CEMENCTBA,

— HaJINYME arnapaTHOro YMHOXKHUTEJIS.

Bce xapakrepuctuku noacucrems! BBojaa/BeiBoga MK cemelictBa Mega Takue, kak u' y MK
JIPYIUX CEMEWCTB:

— IpOrpaMMHO€E KOH(UTYpHUPOBAaHUE U BHIOOP MOPTOB BBOJIa/BHIBO/IA;

— BBIBOJIbI MOT'YT OBITh 3allPOrPaMMHUPOBAHbI KaK BXOJHbIE WIIM KaK BBIXOJIHbIE HE3aBUCUMO JIPYT
OT JpyTa;

— BXo/iHbIe Oydepsl ¢ Tpurrepom LlIMuaTa Ha Bcex BbIXO/aX;

— BO3MOKHOCTb ITOAKJIFOUEHHUSI KO BCEM BXOZaM BHYTPEHHUX PE3UCTOPOB MOATATUBAHUS
(compoTuBieHNE pe3UCTOPOB cocTaBisieT 35 ... 120 kOm).

MK cemeiictBa Mega umerot Hanbosee 6orarbiii Habop nepudepuiinbix ycrpoiicts (I1I1). ITpu
3TOM B O60JbIIMHCTBE Mojienel ecTh Bee I, koTopbie BooO1e BcTpeuatoTcst B coctaBe MK
AVR. Dtumu yctpoiicTBaMu SIBISIOTCSA:

— 8-paspsnble Taiimepsl/cueTunk (TaliMepsl TO u T2). YV HeKoTOpBIX Mojenel 3Tu
TaiiMepbl/CYETYNKHN MOTYT pabOTaTh KaK Yachl peaJbHOTO BPEMEHH (B ACHHXPOHHOM PEXHUME);
— 16-pa3psianblie Taitmepsl/cueTunku (Taiimepst T1 u T3);

— cropoxeBoit Taitmep WDT;

— reHepatopsl currana ¢ MM paspsaHocThio 8 OUT (0HMH M3 peKUMOB paboTHI 8-pa3psTHbIX
taiimepoB/cueTunkoB TO u T2);

— OJIHO-, IBYX - U TPEXKaHaJbHbIe reHepaTopbl curHana ¢ IHIMM perynupyeMoit pa3psaHOCTbIO
(omuH U3 pexumoB padoTsl 16-pa3psaaubix TaiimepoB T1 u T3). Pazpemenne IHMM-curnana st
pa3HbIX Mojenel coctapisieT § ... 10 out umm 1 ... 16 Our;

— aHAJIOTOBBIA KOMIIapaTop;
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— MHorokaHaiabHbIi 10-pazpsaneiii ALII kak ¢ HECUMMETPUYHBIMU, TaK U C
nuddepeHIaATbHBIMUA BXOIaMH;

- IOJIHOAYIUIEKCHBIN YHUBEpcalIbHbIN acuHXpoHHbINA pueMHUK (UART);

— MOJTHOAYIUICKCHBIN YHUBEPCAIbHBI CHHXPOHHBIH/acuHXpoHHbIN npueMHuk (USART);

— MOCJIe0BATENIbHBIA CHHXPOHHBIN nHTepdeiic SPI;

— TOCJIeI0BaTeNbHBIN ABYXITpoBOAHBIN uHTEepdeiic TWI (ananor unrepdetica 12C).

Snpo MK AVR cemetictBa Mega, kak u siapo MK cemeiict Classic u Tiny, BBIITOJTHEHO 1O
ycopepmeHctBoBaHHOM RISC-apxutektype (enhanced RISC). AJIII, 4To BBITIOIHSIET BCe
BBIUHUCIICHHS], €CTh MOJIKIIFOUYEH HANPsAMYIO 10 32-X pabo4ux perucTpoB, KOTOpbIE 0ObEANHEHBI B
PETHCTPOBBIN (aii.

bnaronapst atomy AJIII BeIMOIHSET OAHY Ollepaluio (YTEHHE COAEPKUMOI0 PETUCTPOB,
BBITTOJIHEHHUE OTIEPAIMHU H 3aIUCh pe3yJbTaTa 00paTHO B PETHCTPOBBIN (haiiin) 3a O uH
MaIMHHBIN HUKIL. [IpakTruecku kaxkaas U3 KoMaH[ (3a UCKJIIOUEHHEM KOMaH I, y KOTOPBIX
OJIHHUM U3 ONEpPaHOB sABIseTCS 16-pa3psaaHbIi aapec) 3aHUMAET OJIHY SIYEHUKY

IaMATH IIPOrpamMM.
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Pucynok 1.1 — CtpykrypHas cxema MK ATmega 16

B MK AVR peannsosana ['apBapickas apXUTEKTypa, KOTOpas XapaKTepU3YETCsl pa3/eibHOU
NaMsTHIO MPOTPaMM M JIaHHBIX, KaXKAas U3 KOTOPBIX UMEET COOCTBEHHBIE IIIMHBI I0CTYIa K HUM.
Takast opraHu3anys NO3BOJISIET OJHOBPEMEHHO padOTaTh Kak C MAMATHIO IPOTpPaMM, Tak U C
NaMATBIO JAHHBIX. PasferieHme mIMH JOCTyna MO3BOJSET MCIONb30BaTh I KaKIOTO THIIA
IIMHBl NaMITH Pa3IMYHON Pa3psiAHOCTH, MPUUYEM CHOCOOBI aJpecalluu U AOCTyNa K KaXIOMy
THUITY TaMATH TaKXKE Pa3JIUYHBIL.

Eme omgHuM pemieHueM, HalpaBlICHHBIM Ha TIOBBIIIEHHE OBICTPOJIEHCTBUS, SBISETCS
MCIIOJIb30BaHNE TEXHOJIOTMHM KOHBeWepu3auuu. KoHBelepusanus 3akiroyaeTcs B TOM, 4YTO BO
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BpEMsl BBIINOJTHEHUSI TEKYIIeH KOMaH bl POBOJUTCS BHIOOPKA M3 MaMATU U AemundpoBaHue Kojaa
CJEeIYIOLIEH KOMAH/IBI.
[Ipuuem, mockonbKy maIuTenbHOCTh MammHHOro nukia MK AVR cocraBnsier Bcero ojuH
NEpUOJ TAKTOBOTO I'€HEPATOpPa, OHU MOTI'YT 00ECIEUYUBATh TAKyHO K€ IPOU3BOJUTENIBHOCTD, YTO
u RISC-MK npyrux ¢upm, HO 1o 60s1ee HU3KOM TAKTOBOM YaCTOTHI.
Hanee Oynem paccmarpuBath Toabko MK ATmegal6, cTpykTypHas cxema KOTOPOTro IOKa3aHa
Ha puc. 1.1.
DTO TUNIMYHBIN NpeacTaBUTeNb cemelicTBa Mega. 2.2 Apxurekrtypa MK ATmegal6
Mukpocxema u3roraBiuBaeTcs B kopnycax ¢popmarta PDIP u TFQP. Pacnonoxxenue u
o0o3HavyeHue BbIBOIOB MUKpocxembl ATmegal6 B PDIP-kopnyce moka3ano Ha puc. 1.2.

L S
(XCK/TO) PBO ] 1 40 [0 PAD (ADCO)
(T1) PB1 [ 2 39 O PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AINT) PB3 ] 4 37 [0 PA3 (ADC3)
(SS) PB4 ] 5 36 [0 PA4 (ADC4)
(MOSI) PB5 ] 6 35 O PA5 (ADC5)
(MISO) PB6 (] 7 34 11 PA6 (ADCS)
(SCK) PB7 ] 8 33 [0 PA7 (ADC7)
RESET ] 9 32 0 AREF
vCC ] 10 31 O GND
GND [ 11 30 O AvCC
XTAL2 ] 12 29 (1 PC7 (TOSC2)
XTAL1 ] 13 28 [J PC6 (TOSC1)
(RXD) PDO ] 14 27 O PC5 (TDI)
(TXD) PD1 ] 15 26 O PC4 (TDO)
(INTO) PD2 ] 16 25 O PC3 (TMS)
(INT1) PD3 ] 17 24 [ PC2 (TCK)
(OC1B) PD4 ] 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 O PCO (SCL)
(ICP1) PD6 ] 20 21 O PD7 (OC2)

Pucynok 1.2 — BeiBogs! Mukpocxemsl ATmega 16 B kopriyce PDIP
2.3 Padora B cpeae nporpammupoBanusi Atmel Studio

Atmel Studio IDE (Integrated Development Environment — naTerpupoBanHas cpeia pa3padoTKu
— npodecCUOHaIbHBIA TPOrpaMMHBINA MPOAYKT OT Kommanuu AVR).

Ho Bepcun 5 HazweBasics AVR Studio. Pacmpoctpansiercs OecrutatHo. Cpena MO3BOJSIET
CcO3/1aBaTh MpOTpaMMbl Uil  pa3auyHbIX Mozened  8-paspsaubix MK  AVR  s3bik
Assembler/C/C++, a Taxke OCYHIECTBIATh MX KOMIWIALMUIO, CUMYIALMIO M HaJla)XKUBaHUE.
Hanee paccmarpuBaercs Bepcust Atmel Studio. [lanmpHeifmee omnucanue paboTsl B cpene
NPaKTUYECKH HE OTJIMYAETCS OT MpeAbLAyIuX Bepcuid. Mrak, ans Havana paboThl HEOOXOIUMO
co3/1aTh HOBBIM MpOeKT. IIpOEKT COCTOMT M3 OAHOTO WM HECKOJNbKHX (aillloB ¢ KOJOM C
BO3MOKHOCTBIO TOJKITIOueHne O0nbnnoTek. Beioupaem mynkr menio File > New > Project. B
CIIeMyIONeM OKHE BBIOMpaeM s3bIK Assembler m 3amaeM Ha3BaHWE W PACIOJIOKECHHUE IANKH B
COOTBETCTBUHM C YKa3aHWSMHU TIpenojaBareis. B ciemyromeM oOxkHe HEOOXOIMMO BHIOpATh
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mozaenb MK. Bo Bcex nmanpHeimux padortax Oyaem ucnoisib3oBaTh Mojeinb ATmegal6. HoBblit
MPOEKT umeeT Bua puc 1.3.

ABTOMaTHYECKH co3/1aeTcs (haiia — main.asm ¢ MUHUMAaJIbHBIM MAOJIOHOM acCeMOJIEPHOTO KOJ1a
it MK, KOTOpBIii pecTaBiIseT OO0 BEUHBIN ITHKIL:

start: // KOMMEHTapHH:

inc r16 // r16=r16+1

rjmp start // mepexoj Kk MeTke start

E AszemblerApplhication2 - AtmelStudio (Admintstrator) Y k Launch (Ct P o B x
Fe Edit View VAssistX ASF  Project Budd Debug  Tools Window Help

-4 -2 @P X Qb Ml Debug » ' Dubug Browser M
™ » ‘o He | @~ - - I R ) - @ ATmegals T NoTool -
manasm & X Solution Explorer * 83X
il v D o-F@| p =
"‘ :;a'e: & Solution ‘AssemblerApplication’ (1 progect)
s 4 AssemblerApphication?
4 Dependencies
4 Labeis
Replace w " plica de 4 Output Files
start: B mainasn
inc rl16
rjmp start
LLW SRS Solution Explores
Properties :
mainasm File Properties -
ol B | #
Build Action Compile a
Custom Tool
Custom Tool Namesp v
Custom Tool Namespace
+ | The namespace into which the cutput of the
100% - custem tool 15 placed,
Output v 3 x
Show output frome  PercepioTrace - 1]

Error List RelRIN
Fead

Pucynok 1.3 — Hossrit mpoekT Atmel Studio
B npaBoii yactu mpoekra cienyer oTMETUTh OKHO Solution Explorer, koTopoe coaepKuT CIMCOK
¢aitioB mMpoekTa, U rie BO3MOXXHO MOAKII0YATh BHEIIHUE OUOIHOTEKN (QYHKIUH, OnpeeieHruit
u T. . Korjga Tekct mporpaMmsbl TOTOB, MOKHO Ha4MHATH cOopka mpoekTa (Build), cocrosimiero
u3 nByx oramoB: — kommwranus (Compiling) — mporecc mepeBoia TEKCTa MPOTPaMMBbl,
HAITUCAaHHOM SI3BIKOM TPOTPAaMMHUpPOBaHHUs, B OOBEKTHBIM MOIYyJb, KOTOPBIH COJAEPIKUT
MalIuHHBIE KOMaHBI TIpoiieccopa; - komnoHoBka (Linking) - c6opka BBITIOJIHSIEMOTO MOYJIS C
OJIHOTO WJIM HECKOJIbKMX OOBEKTHBIX MOJyJIEH.
ColOupanue mpoekTa 3amyckaercs HakarueM kinaBumu F7 win kHonku Build solution Ha manenn
UHCTpyMeHTOB. OTyeT o mporecce cOopa BHIBOAUTCS BHMKHEM okHe Output. B nanHHOM ciyuae,
MOCJI€ YCTIEITHOM COOPKH TOSIBUTCS COOOIIEHUE:
Build succeeded.
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o * 3 x
=& | Fiter: - |

Name Value
# B AD_CONVERTER
¥ e ANALOG_COMPARATOR
£ BOOT_LOAD

@ EEPROM
# L4 EXTERNAL INTERRUPT
B nmac
WO PORTA
49 PORTB
8 PORTC
W9 PORTD
+ @ spl
¢ @ TIMER_COUNTER 0
# @ TIMER_COUNTER 1
# @ TIMER_COUNTER 2
= @™wm
# @ UsarT
# @ WATCHDOG

Name Address Value Bits
# BSFIOR 0«50 00 a0oa
¢ B OSCCAL 0x51 00 00000000
#BMCUCSR 03¢ 001 (O O0o0e
FRMILIER 055 00 O0OO0000O0D0
Bsp 050 00000 oooo0O0D Cocoooon

raa—m-:nn:rn—

Pucynoxk 1.4 — Oxkwno 1/0
OtoOpaxeHue okHa ¢ conepxumMbiM peructpoB R0-R31: mento Debug >>Windows> Registers
(Alt +5).
B ToM e meHto MOXHO BeIOpaTh OKHO Processor status (puc.1.5), rae moka3zaHo Tekyiiee

COCTOSIHME PETUCTPOB MPOIECCOPA, €r0 TEKYIIasi TAKTOBAs YaCTOTAa U CKOJIbKO BPEMEHH MPOIILIO
ot 3amycka MK 1o mocneanei Touku octaHosa (Stop).

Processor Status *OXx
Name Value
-
Stack Pointer 0x0000
X Register 00000
Y Register 00000
Z Register 00000

Status Register DDEAVNRO
Cycle Counter 24

Frequency 1,000 MHz
Stop Watch 24,00 ps
(= Registers
ROO 0:00
RO1 000
RO2 0«00
RO3 000
RO4 0:00 o

Pucynok 1.5 — OxnHo Processor Status
Taxke nocTynmHO OKHO Memory, rae oToOpaxkaloTcsi s4YeMKd BbIOPAaHHOTO THUIIA HaMSTH C
BO3MOXXHOCTBIO H3MEHEHUS UX CO/IEPKUMOTO BPYUHYIO.
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Okno nmu3acemOnepa (Alt + 8) moka3piBaeT 0OpaTHYIO TPAHCIALMIO CKOMITMIMPOBAHHBIX
POrpaMMbl U3 MAIIMHHBIX KOJ0B B AccemOrep.

TakuM 00pa3oM MOKHO OIIEHUTH PabOTy KOMITUJISATOpPA MPHU HAMKMCAHWUU MPOTPAMMEI Ha SI3BIKE
C/C++.

Janee mnomaroBoe BBIMOJHEHUE KaXKJIOM KOMaHIbl MPOUCXOJIUT IMPU MOBTOPHOM Ha)KaTUU
knasumy F11. Beimonnenne nepBoit koman sl «inc r16» yBennuuT 3HadeHue peructpa R16 na
eaununy. [IpoBeputb pesynbrar ee pabOThl MOKHO B OKHax Registers mnu Processor status.
Crnenyromas komMaHaa «rjmp start» OCylecTBUT BO3BpaT Ha MeTKy start. [Ipu 3Tom m3MeHuTcs
sHadeHnue peructpa PC (okHO Processor status).

3 KoHTpo/ibHbIE BONPOCHI

3.1. HazoBure ocHoBHBIE xapakrepuctiuku MK AVR.

3.2. Kakoe npaktuueckoe 3HaueHue 1octouHcTB ['apBapackoit RISC-apxutextypsl B MK AVR?

3.3. HazoBure Habop nepudepuitapix ycrpoiicte MK cemelictBa Mega.

3.4. Kak noctpoena cucrema nmamsatu MK cemeiictea Mega?

3.5. OnummTe perucTpsl o0MIero Ha3HAUCHUSI.

3.6. OnummTe perucTpsl BBO1a/BHIBOIA.

3.7. Onummte O6uthl peructpa cocrosinusi SREG.

3.8. Ha3zoBuTE OCHOBHBIC BO3MOKHOCTH OTJIaJIKK B cpene Atmel Studio.

4.4.2 TunoBble 3a1aHus AJ1s1 oeHKH ocBoeHuss MIK.04.02 Pa3paboTka mporpaMMHOro
o0ecrneyeHus /151 BCTPAUBAEMbIX CHCTEM

IIpuMepHBIi nepedyeHb BONPOCOB i (popMHUPOBaHMS 32IaHUI TEKYyLIEro
KOHTPOJIS:
1. Crpateruu pa3pabOTKH MPOTrPAMMHBIX CPE/ICTB U CUCTEM.
2. Cucrema peanbHOro BpeMeHH. [IpuHiunuanbHoe oTInyue 0ObIYHBIX HHPOPMAIIMOHHBIX
cucTteM oT cucteM peanbHoro Bpemenu (CPB). Cuctema Msrkoro peaabHoro BpeMenu. Cuctema
JKECTKOT'0 pEaJIbHOIO BPEMEHH.
3. Uadopmarnmonno-ymnpasistomas cuctema (MY C). Oranuune CPB ot UYC.
4. BapuanTtsl noctpoenus MY C. Cocras UYC.
5. Berpoennas (nnu BetpauBaemast) cucrema (BC). Kateropuu BC. IIpumMeps! BcTpanBaeMbIx
CUCTEM.
6. PactipenienieHHast BCTpOEHHAsI CUCTEMA.
7. DnemeHnTHast 6a3a MUKPOTIPOIIECCOPHONU TEXHUKH JIJIs1 BCTPAMBAEMbIX IPUMEHECHHIA.
[Iponeccop. Knaccuduxarus mporeccopoB. MUKpOMpOIIecCop 1 MUKPOKOHTPOJLIED.
Knaccugukaius MUKpOKOHTPOJIJIEPOB.
8. MoaynpHbIN puHLIKI opraHu3anuu npoueccopa BBC. Tunosas ctpykTypa npoueccopa Juist
BCTpauBaeMbIX cucteM. [IponeccopHoe sapo.
9. Opranu3zanus npepelBaHUN B yIpaBJIsAOUIMX Mpoueccopax. Moaynu namstu. [lopTel BBoa-
BBIBO/JIA.
10. CereBsie untepdeiicst BC.
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11. Ocobennoctu opranuzanuu 1 ucrnois3oBanuss BBC. Biusaue ocobeHHOCTEH anmapaTHoro
obecnieuenuss BBC na opranuzanuto I10.

12. OcoGeHHOCTH KOHTPOJUIEPOB. AHAIN3 0JIOKOB MUKPOKOHTPOJIJIEPOB C TOUYKH 3PEHUS
IIPOrpaMMUPOBaHU (LIEHTPAJIbHBIN MPOLIECCOP, CUCTEMA KOHTPOJIS MUTAHUS, IOIKIIOUEHHUE
BHEIITHEH MMaMATH U T.1.).

13. Bapuantsl opranuzauuu [10 BBC.

14. Ctune mporpaMMUpOBaHUs, MOJIEITb BEIYMCIICHHH, IaTdhopma. Knaccudukarus cTuei
nporpammupoBanusi. CTUIb, METO/I, METOAOJIOTUsl, METOAMKA.

15. Pa3zpaboTka BCTPOEHHBIX CUCTEM C HCIIOIb30BAHUEM MOJIEIU BBIYUCICHUN.

16. OcobeHHOCTH peanu3aliy anmnaparHo-3asucumoro [10.

17. lanHbIe, TOTOK AaHHBIX, HHPOpMaIus, porecc. [loTokoBas MoJeNns BRIYUCICHHA.
Jnarpamma noTokoB ynpasiieHus. [[puMeHeHne noTokoBbIx Moenell Ha npaktuke. [Ipobiembl
peanu3aiuu MoTOKOBBIX MOJENEH.

18. Peanuzauus notokoBoil mojenu B OnepannoHHol cucteme peaibHoro spemenu (OC PB).
19. O606mennas moaenbs OC PB. Knaccudukamnus OC PB. OcHoBonosnararonue KOMIIOHEHTBI
OC PB.

20. KoMnuiATopsl A3bIKOB BBICOKOTO YpOBHs. KoMIuisTop u TpaHciarop. SA3bik
nporpammupoBanusi Cu. Kommepueckre KOMOUISATOPHI.

HaumeHoBaHue npoBepsieMoii KOMIeTeHIIUH

OK01-OK09, IIK 4.2. IIpoexkTHpoBaTh U NPOrPaMMHUPOBATh BCTPauBaeMble
cucTeMbl 1 HHTepdeiicbl 000PYA0BAHMSA C HCIOJIB30BAHMEM A3BIKOB IPOrPAMMHUPOBAHHSA

Omkpuvimute 6onpocol

1. Onummre 0CHOBHBIE 3TANBbI Pa3pad0TKH NPOrPAMMHOI0 00ecredeHus NJIst
BCTPAHBAaeMbIX CHCTEM.

2. Kakue THIIBI IAMATH HCIOJIB3YIOTCS B BCTPaHBaeMbIX cucremMax? Onummunre
UX Ha3HAYeHHe.

3. Yro Takoe npeppiBaHus B BcTpauBaeMbIX cucremMax? Kak onun
UCcnoJb3yrres?

4. Ha3oBuTe HECKO0JbKO NIPUMEPOB BCTPAUBAEMbBIX CHCTEM, ¢ KOTOPBIMH BbI
CTAJKHBAJIUCH B NOBCEJHEBHOM KM3HU.

S. Kakue si3pIkn IporpaMMHpOBaHUS Yalle BCEro HCIOIb3YIOTCH 1JIs1

paspa6orku 1O nnsa BcrpauBaembix cuctem? Iouemy?
3aoanue 1: Conocmasvme 3man pazpadomxu 110 c ezo onucanuem

9Tan
Onucanue
pa3padoTKu
1. Aganus
o a) Hammncanue xo/1a Ha BRIOPAHHOM SI3bIKE TIPOTPAMMHUPOBAHUS
TpeboBaHMit

b) Onpeneneaue KIMOHAJLHBIX U HE KOUOHAJILHBIX TPEOOBAHUH K
2. IlpoexktupoBanue ) Onpen bymz pymx p

CHCTEME
3. Peanmusanus ¢) Co3nanne apXUTEKTypPhl CHCTEMBI U BHIOOP KOMITOHEHTOB
4. TectupoBanue d) [TpoBepka KOppeKTHOCTH PabOTHI MPOTPAMMBI U YCTPAHEHHE OIIHOOK

5. Baenpenue €) YcTaHOBKa M HacTpoOWKa MporpaMMbl Ha LIEJIEBOM YCTPOICTBE
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3aoanue 2: Conocmagbme uHcCmpymeHm pa3padomKu ¢ e2o Ha3HayeHuem

HNucTpymMeHT Ha3znauenmue

1. Kommumsitop a) OTnazKa nporpamMmbl, IIOUCK ¥ UCTIPABICHUE OMIMOOK

2. Otnaguuk b) I[IpeoOpazoBanme NCXOTHOTO KOJIA B MAIIMHHBINA KOJT

3. Cumynsarop ¢) OMyssus paboThl IPOTrPaMMBI Ha LIEJIEBOM YCTPOICTBE

4. TIpoduupoBIK d) AHanu3 MpoU3BOJUTEIHPHOCTH TPOTPAMMBI U

ONITUMU3ALHSA

5. Cucrema €) YnpaBlieHHe U3MEHEHUSMH B UICXOAHOM KOJIE€ U

KOHTPOJISI BEPCHIA COBMeECTHas pabora

3aoanue 3: Conocmagvme A3blK NPOZPAMMUPOBAHUSA C €20 0COOEHHOCHMbIO
SA3bIK
NMPOrpaMMHUPOBAHUS

1.C

Oco0eHHOCTD

a) BricokoypoBHeBbI# s13bIK ¢ ogaepxkkoit OOIL, ucnons3yercs B
CJIOHBIX CHUCTEMax

2. C++ b) HuzkoypoBHEBBII S3bIK, TOIXOAUT Ui pabOTHI C anmapaTypoin
¢) MaTepnpeTrpyeMslii S3bIK, HCIIOJIB3YETCS IS IIPOTOTHITUPOBAHUS

3. Python
Y CKPHUIITOB
d) SI3BIK HU3KOTO YPOBHS, UCIIONIB3YETCS JIJIsl ONTUMU3ALIUN
4. Assembler ) b ’ Y s .
KPUTUYECKUX YYaCTKOB
5 Rust ¢) CoBpeMEHHBIH S3bIK ¢ aKIIEHTOM Ha 0€30MacCHOCTh U

IIPpOU3BOJUTCIIBHOCTD

3aoanue 4: Conocmagbme memoo mecmupo8anus ¢ €20 ORUCAHUEM

MeToa TecTUPOBAHUS Onucanue

1. MoaynwsHoe TecTupoBanue a) [IpoBepka B3anMoIeHCTBHS MEXITY KOMITOHEHTAMU CUCTEMBI
2. aTerpauuoHHoe b) [IpoBepka KOPPEKTHOCTH pabOTHI OTAECTBHBIX MOTYyEH
TECTUPOBAaHUE IpOrpamMMBbI

3. Cuctemnoe tectupoBanue c¢) [IpoBepka pabOThI CUCTEMBI B 1IETIOM

4. PerpeccuonHoe d) [TpoBepka, 4TO HOBbIE U3MEHEHHMSI HE HAPYILIUIU
TECTUPOBAHUE CYIIIECTBYIOIIYIO (PYHKIITMOHATHHOCTh

5. FOuur-TecrupoBanue e) [IpoBepka paboThl OTIENBbHBIX (PYHKUINN UM METOJIOB

3aoanue 5: Conocmagome KOHUenuuro pa3pa60m1<u C ee onucanuem

Konuennus Onucanue
1. PeakTuBHOE a) [Iporpamma pearupyer Ha BHEIIHHUE COOBITHS B PealbHOM
[IPOrpaMMUPOBAHUE BPEMEHU

2. 00T (0OTI) b) Ucnonb3oBanue KI1acCoB U 0OBEKTOB I MOICTUPOBAHUS
CUCTCMBI

¢) OnepanroHHas cucTeMa, 00eCTieUrBAaONIasl BHITTOJIHEHHE 337129
B peallbHOM BpEMEHU

4. ArperatHoe d) [Iporpamma pa3OuBaeTcsi Ha HE3aBUCHUMbBIE MOTYJTH, KOTOPHIE
MpOrpaMMHUPOBaHUE B3aMMO/ICHCTBYIOT Yepe3 UHTepQEiCh

¢) Moiens TIOBEIeHUST CUCTEMBI, OCHOBAaHHAS HA COCTOSTHUSIX 1
nepexoaax

3. RTOS (Real-Time OS)

5. KoHeuHsii aBTOMaT
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3aoanue 6: Conocmasome mun namamu ¢ €20 UChoib3oeanuem 6 papavomke 110

Tun
Hcnoap3oBanue
NaMATH
a) XpaHeHue JaHHBIX, KOTOPBIE TOJHKHBI COXPAHATHCSA [OCIIE BBIKIFOUYEHUS
1. 03y (RAM) &) XP AGHHEIX, KOTOpEIE 1 P

YCTpOMCTBA

2. I13Y (ROM) b) Bpemennoe xpaneHre JaHHBIX BO BPEMs BBITIOJIHCHHSI IIPOTPaMMBbI

3. Flash-

AMSITE ¢) XpaHeHue porpaMmsbl (MIPOLIMBKH) U JAHHBIX, KOTOPBIE PEIKO U3MEHSIOTCS
4, EEPROM d) XpaHeHne HaCTpOEK U JaHHBIX, KOTOPHIE MOTYT U3MEHSThCS

5. Ksmr-namsth e) yCKOpeHI/Ie A0CTYyIIa K 4aCTO UCII0JIb3YEMbIM JAHHBIM

3aoanue 1: Paspabomka anzopumma 01 ynpasieHus c6emoouo0om
e YcioBue:
Hanummre anropuT™ v mporpaMMHBII KOJI JJ11 MUKPOKOHTPOJUIEpA, KOTOPBII yIpaBiiseT
CBETOJIMOJIOM (BKJTFOUCHHE/BBIKITIOUCHUE C MHTEPBAJIOM | CEKyH[IA).
e AJropurm:
1. Hactpoiika mopta BBoga/BeiBoaa (GP1O) Ha BbIXO/I.
2. beckoHEUHBIH LUKIIL:
*  YCTaHOBWTH BBICOKUI YPOBEHb Ha BHIXOJIC (BKIIOYUTH CBETOIAMO.).
» 3agepxkka | cekyHna.
*  YCTaHOBWTH HU3KUH YPOBEHb Ha BHIXOJIC (BBIKIIFOUUTEH CBETOIUON).
» 3agepxka | cekyHna.
o TIlpumep koaa (ua C nis AVR):

Copy

#include <avr/io.h>
#include <util/delay.h>

int main(void) {

DDRB |= (1 << PB0);

while (1) {
PORTB |= (1 << PBO0);
_delay_ms(1000);
PORTB &= ~(1 << PBO0);
_delay_ms(1000);

}

}

3aoanue 2: Ynpaenenue osuzamenem ¢ nomouvro LLIUM (PWM)
e YcioBue:
PazpaboraiiTe anropuT™ U MPOrpaMMHBIN KOJI AJIsl YIIPaBICHUS CKOPOCTHIO IBUTATETIS C
ucnonps3oanuem [HIUM (PWM).
e AJropur™m:
1. Hacrpoiika Taiimepa ans renepanuu LLHIMM-curnana.
2. YcranoBka kod(pduinenra 3anoarenus (duty cycle) ams perynmupoBku CKOpoCTH.
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3. beckoHeuHBIN UK U1 TOJAEpKaHUS pabOTHI.

e IIpumep xona (na C nasa AVR):

Copy

#include <avr/io.h>

int main(void) {

DDRD |= (1 << PD6);

TCCROA |= (1 << COMO0A1) | (1 << WGMO01) | (1 << WGMO00);
TCCROB |= (1 << CS01);

OCROA = 128;

while (1) {

}

3aoanue

3: Obpabomka npepvleanuii om KHONKU

e YciaoBue:
HanwmuTe anroput™ 1 mporpaMMHBIN KOJ 17151 00paOOTKH MpephIBaHus OT KHONKU. [1pn
Ha)KaTUU HA KHOIIKY COCTOSIHME CBETOIMOA I0JKHO U3MEHSATHCA.

e AJITOPUTM:

1. Hactpoiika nmopra A KHONKHU (BXOM) U CBETOAUO/A (BBIXO).

2. Hacrpoiika nmpepbiBaHus 110 PPOHTY (HANIpUMeEp, MO0 HAXKATUIO KHOTIKH).

3. B obOpabotunke npepriBaHNs U3MEHHTH COCTOSIHUE CBETOIMOIA.

o Ilpumep xona (na C nas AVR):

Copy

#include <avr/io.h>
#include <avr/interrupt.h>

ISR(INTO_vect) {

¥

PORTB "= (1 << PBO0);

int main(void) {

DDRB |= (1 << PB0);
DDRD &= ~(1 << PD2);
EICRA |= (1 << I1SC01);
EIMSK |= (1 << INTO);
sei();

while (1) {

¥
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3aoanue 4: Muzanue céemoouooom
e YcioBue:
Hanumure nporpamMmy 1j1s1 MUKPOKOHTPOJIIEPA, KOTOPasi MUTAaeT CBETOIMOJIOM C
unTepsainom 500 mc.
e Pemennue:
Ucnonesyiite GPIO mst ynpasiieHust CBETOMOIOM U TaliMep TSI 3aICPIKKH.
o Ilpumep xona (AVR):

Copy

#include <avr/io.h>
#include <util/delay.h>

int main(void) {
DDRB |= (1 << PB0);
while (1) {
PORTB "= (1 << PBO0);
_delay_ms(500);
}

}

3adanue5: Ynpaenenue KHONKoOI
e YciaoBue:
Hamummte nmporpaMMy, KOTOpasi BKJIFOUAET CBETOANO] P HAKATHU KHOIKH U BBIKITFOYAET €ro
[IPH OTITYCKAHHUHU.
e Pemenne:
Ucnonwzyitre GPIO mist uTennst cOCTOSHUS KHOIIKH U YIIPABICHHS CBETOINOIOM.
e IIpumep xoxa (AVR):

Copy

#include <avr/io.h>

int main(void) {
DDRB |= (1 << PBO);

DDRD &= ~(1 << PD2);
while (1) {
if (PIND & (1 << PD2)) {
PORTB |= (1 << PBO0);

}else {
PORTB &= ~(1 << PB0);

3aoanue 6: I'enepayusa ILITUM-cuznana
e YciaoBue:
Hamummre nporpammy miist reHepanuu [IIMM-curnana ¢ koadpuiimeHTom 3armoTHeHUs
75% Ha BBIBOJIE MUKPOKOHTPOJLIEPA.
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e Pemenne:
Hcnonw3yitTe Taitmep u pexum Fast PWM.
e Ilpumep koxa (AVR):

(@e])

#include <avr/io.h>

int main(void) {

DDRD |- (1 << PDB):

TCCROA |= (1 << COMOAL) | (1 << WGMO1) | (1 << WGMO0):
TCCROB |= (1 << CS01);

OCROA = 192;

while (1) {

¥

3aoanue

7: Obpabdomka npepvieanuii

e YcioBue:

Hanumure [nporpamMmmy, KOTopass USMCHACT COCTOAHUEC CBCTOAUOAA ITPU KAXKIAOM

Ha)XaTUU KHOIIKH, HCIIOJIb3Ys IIPEPHIBAHMS.
o Pemennue:

HacTtpoiite npepbiBanue no (ppoHTy CUTHANIA OT KHOIKH.
o IIpumep xkoxa (AVR):

Copy

#include <avr/io.h>
#include <avr/interrupt.h>

ISR(INTO_vect) {

¥

PORTB "= (1 << PBO0);

int main(void) {

DDRB |= (1 << PB0);
DDRD &= ~(1 << PD2);
EICRA |= (1 << I1SC01);
EIMSK |= (1 << INTO);
sei();

while (1) {

¥




GENEPAJIBHOE TOCYJAPCTBEHHOE BIOJIXETHOE OBPA30OBATEJIbHOE CMK
_ Y‘-IPE)}(}:LEHVIE BBICIIIET'O OBPA3QBAHMH PIyTUC
«POCCUNCKNN TOCYOAPCTBEHHBIVI YHUBEPCUTET
TYPU3MA 1 CEPBUCA»
PrYTUC Dymman PIbOY BO «PI'YTUC» B r. [Togosibcke Aucm 38

3aoanue 8: Ynpaenenue cepeonpusooom

Ycaosue:

Hanummre nporpamMmmy 1Jist yrpaBlieHUsI CEpBONPUBOIOM ¢ ToMolbto [HTMM. Yron
IIOBOPOTA CEPBOIIPUBO/IA JOJKEH U3MeHAThes oT 0° no 180°.

Pemenue:

Hcnonp3yiite TaiiMep u1s redepaunu LIIMM-curnana ¢ JuiMTeabHOCTBIO UMITYJIbCA OT |
Mc (0°) mo 2 mc (180°).

Ipumep kona (AVR):

Copy

#include <avr/io.h>
#include <util/delay.h>

void setServoAngle(uint8_t angle) {
uintl6_t pulseWidth = 1000 + (angle * 1000 / 180);
OCRI1A = pulseWidth;

¥

int main(void) {
DDRB |= (1 << PB1);
TCCRI1A |= (1 << COM1A1)
TCCRI1B |= (1 << WGM12) |
ICR1 = 19999;

| (1 << WGM11);
(1 <<WGM13) | (1 << CS11);

while (1) {
for (uint8_t angle = 0; angle <= 180; angle += 10) {
setServoAngle(angle);
_delay_ms(500);

3aoanue9: Paooma c ALII (ananozo-yughposwvim npeodpazoeamenem)

Ycaosue:

Hanummre nporpaMMy, KOTopasi CYMTHIBAET 3HAUE€HUE C MoTeHIoMeTpa uepes3 AL n
BBIBOJUT €T0 Ha CBETOJIMOHYIO KAy (HArpuMep, 8 CBETOIMOIOB).

Pemenue:

Ucnonwzyitte ALII muist utenus ananorosoro curtana u GPIO qnst ynpasnenus
CBETOJINO/IAMH.

IIpumep kona (AVR):

Copy

#include <avr/io.h>
#include <util/delay.h>

void initADC() {
ADMUX |= (1 << REFS0);
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ADCSRA |= (1 << ADEN) | (1 << ADPS2) | (1 << ADPS1) | (1 << ADPS0);

¥

uint16_t readADC(uint8_t channel) {
ADMUX = (ADMUX & 0xFO0) | (channel & 0x0F);
ADCSRA |= (1 << ADSC);
while (ADCSRA & (1 << ADSC));
return ADC;

}

int main(void) {
DDRB = OxFF;
initADC();

while (1) {
uintl6_t adcValue = readADC(0);
PORTB = adcValue >> 2;
_delay_ms(100);

¥

}

HpnMep 3aIaHUA HA IPAKTUYIECCKOC 3aHATHUEC
HOIIKJIIO‘-IGHI/IG K MUKPOKOHTPOJIJICPY CCMUCCTMECHTHOI'O CBETOAMOAHOT'O MHANKATOPA.

CemucerMeHTHbIe MHIAMKATOPBI IIUPOKO MPUMEHSIOTCS B LU(GPOBOM TEXHUKE: B OBITOBBIX
npulopax, HM3MEpPUTENbHON TEXHUKE, B IPOMBILIUIEHHBIX ycTpoicTtBax. Ilo cpaBHeHHIO ¢
KHUJIKOKPUCTAIIIMYECKUMH HWHAMKATOPAaMH CBETOJUOJHBIE HMMEIOT CBOM IPEHMYILECTBA, 3TO
KOHTPACTHOCTh OTOOpakeHus] WHpOpMaIuu, Majoe norpedsenue sHeprur. CeMHCcerMeHTHBIN
UH/IMKATOp NpeAcTaBiIseT coO0OW MaTpUIly W3 CEMH CBETOAMOJOB, PAa3MEIICHHBIX TaKUM
o0pa3oM, YTOOBI 3@XHras UX B Pa3HbIX COYETAHUSIX, MOXKHO OBbLJIO Obl OTOOpa3uTh JHOOYIO
JEeCATHUUHYIO LIU(Dpy, a TakkKe clieluanbHble CUMBOJIBL. Kpome 3TOro MHAMKATOp JOMONHSETCS
ellle OJJHUM CErMEHTOM, KOTOPBIN MpeAHa3HauYeH AJIs OTOOpaXeHUs AeCATUIHON TOUKH.

Ha pucynke 1 u300pakeH BHEIIHUH BUA WHIUKATOpa. [IpUHATO KaKAblii CErMEHT MHAMKATOPa
0003HauaTh JATUHCKOM OYKBOW: @, b, C, d, e, f, . Touka o6o3HauaeTcs OykBOii h.

|

LJ:

@h

ITo cxeme BKIIIOUCHHMS CEMHCETMECHTHBIC HUHAUKATOPBI TOAPA3ACIAOTCA HAa HHAWUKATOPEI C
06H_II/IM KaToaoM u C O6IJ_II/IM AaHOOM. CXeMBI BKITFOUCHHS MMPUBCACHLI HA PUCYHKC 2.
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Cxema wHgukaTopa ¢ obwwMm aHogom

)

S AT AT AT AT AT AT AT,
b d f g n

d c e

Cxema wHgukaTopa ¢ oBwMmM KaTogom

[TogxarouuTh OAMH CEMHUCETMEHTHBI WHIMKATOp MW  YIOPABIATH MM C  TIOMOIIBIO
MHKpPOKOHTpOJIIepa Tpoleaypa HeciokHas. [lJis 3TOro J0CTaTOYHO CErMEHTHl HHIMKAaTOpa
HOJKJIIOUUTH K MOPTY MUKPOKOHTPOJIJIEpA YEPe3 TOKOOTPaHUUUTEIbHBIE pe3ucTophl o 150 Om.
OOmmii BBIBO/ MOJAKIIOYUTH K JIMHUM JIPYroro MmopTa MUKPOKOHTpouiepa. B 3aBucumoctu ot
TOTO Kakyio Hu(py HaZ0 BBIBECTH, B IMOPT BBHIBOJUM JBOMYHBIA KOJ 3TOW HU(DPHI, CChIIAsICh HA
THUI MOJKIIOYEHHOT0 MHAMKaTopa (C 0OLIMM aHOJOM HJIM KaTOAOM) Ha OOLIUI MPOBOJ MojaeM
wioc Wik MuHyc. Jlns ynoOcTBa MOXKHO clienaTh TaOiWily KOJOB JUIsi MHAUKATopa. Ecmu
noakiarouenue takoe: PD7-h, PD6-g, PD5-f, PD4-e, PD3-d, PD2-c, PD1-b, PD0-a, to mis
orobpaxenust udpsi 1 B mopt D HykHO BhIBecTH Tako# nBondnbiid koa: 0000000110.

Jns oroOpaxkeHHs UMQPPOBBIX JaHHBIX OJHOTO CEMHCETMEHTHOTO WMHJMKATOpa OOBIYHO
HEJOCTaTOYHO. B Takumx ciydasgXx K MHKPOKOHTPOJUIEPY MOAKIOYAIOT Cpa3y HECKOJIbKO
uHAuKaTopoB. OpaHako, H3-3a OTCYTCTBUSL  JIOCTATOYHOIO  KOJMYECTBA  BBIBOJOB Y
MUKpPOKOHTpOJUIEpAa NPHUMEHSIOT CHEHUalbHble MeToAbl. OOUH M3 TaKMX METOAOB 3TO
JUHAMHU4YecKass  MHAMKanus. PexuMm  AMHAMUYECKOM  MHAMKAUMM  OPUMEHSIOT s
IIOCTPOCHHS MHOTOPAa3PAAHBIX HWHAMKATOPOB. [Ipm Takom pexume paspsibl HHIMKATOPA
paboTaroT HE OJIHOBPEMEHHO, a 1o ovepeau. [lepexitouenne pa3psaoB NPOUCXOAUT ¢ OOJIbLION
ckopocThio (50 I'm), U3-3a ITOrO YEIOBEUECKUH IJ1a3 HE 3aMeydaeT , YTO MHIUKATOPhI paboTaroT
no ovyepeau. Tak Kak y CBETOAMOAOB OYEHb Majash MHEPLUUOHHOCTb, CMEHSIOIIUECS pa3psaibl
CIIMBAIOTS B OJJHO M300pakeHne. B 3ToM pexxrMe B KaKJbplii MOMEHT BpeMEHHU paboTaeT TOIbKO
OJIMH pa3ps]l, BKIIOYAIOTCA IO OYEPEIN HauMHas C NIEPBOrO 3aKaHUMBas MOCIEAHHUM, 3aTEM BCE
HAauMHAETCs cCHayaja.
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Q-0 OT

4 3 2 1

Cnenaem mpoctoil cexkynmomep. OTcueT ceKkyHA OyaeT MPOU3BOIUTCS Ha UYEThIpEXpas3psaHOM
uHarKaTope (¢ obmum anoxoMm) ot 0 1o 9999. B Hamieit mporpaMMme HCIIONB3yeM MPOIECaypy
IpephIBaHMs MO TaliMepy, T.e. CMEHa pa3psAaa MHAMKATOpa OyAeT MPOUCXOIUTh KaXKABIA pa3
Korna TaiiMep  gocuutaer A0  koHma(mo  255). Hcnosmb3dyeM — BOChMHUpa3psiAHBIN
taiimep/cuetunk T2, on Oyner pabotaTh B HOpMaldbHOM pekuMe. Ho oObIuHO I peanu3anuu
JUHAMAYECKON WHAMKAnMu ucnoib3yoT pexkuM CTC (cOpoc mpH COBNAACHUHU), 3TO PEKUM,
Ipy KOTOPOM 4YacTOTa BO3HUKHOBEHHUS IMPEPhIBAaHUI 1O COBIAJCHHUIO 3HAYCHHM CUeT4YHKa
taiimepa u peructpa OCR2 onpenensercs coxepxumbiM OCR2 u mpengenureneM TaKTOBOM
4yacToThl TaiiMepa. [Ipu Takom pexume pabOThl TaliMepa MOXKHO JIETKO H3MEHSTh YacTOTY
OOHOBJICHHSI Pa3psANIOB, 3amuchiBas B peructp cpaBHeHus OCR2 HeoOxomuMoe 3HAYCHHE,
MpeIBapUTEeNbHO pacyuTaHHOEe. YacToTy OOHOBIIEHHUS pa3psaoB nenaiT o0brdHO S0HZ mn
Oonpire, Tak Kak y Hac 4 paszpsna, dactora oOHoBieHUs Oymer paBHa 200Hz. Ilomacumraem
4acTOTy OOHOBJIGHHUS AJiS HAIIEro MpUMepa: TakToBas 4acTtoTa paBHa S8MHz, mpennenurens
cnemaem Ha 8. Ha Bxop Taiimepa OynyT mocTymnath uMnyibebl yactotoir |MHz. Torga Taitmep
OyIeT yBelIWYUBaTh 3HAUYEHUE KaXKJble | MUKPOCEKYHIY, MEpEenoNHATHCA OH OyAeT Kaxble
255*0,000001 =255 mkc. Yacrora ooHOBICHUS OyeT paBHa 1/255mkc = 3921Hz.

HLA1 CamncarMedTHaIA MHaWKaEToR A
4
ooo o
—U pesiresen PCOMOCO) % 2 -l l-l
22 PCIADCT) [o— _ .
—5;] 2en PC2(ADC2) |oo— 1]
— arerF PC3ADCI [S2— =
ﬂ ANCE POAA AR 0N %
o PCSADCSSCL F—
| PReTAtTesEn 2 R1 Rz [R3 R4 [R5 [R6 [R7 | RE
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Kaxpiii pa3 o nmpepbIBaHHIO Mbl JOKHBI B 00pa0OTYMKE CHayasia MoracuTh BCe MHINKATOPBL,
3aTeM BBIOpATh U3 3apaHee MOATOTOBICHHOTO MaCCHBA BHIBOAMMBIX CHMBOJIOB OU€pEIHOM
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CHMBOJI, BbIBeCcTH ero B opT D, a motom ycranoButs jor. | Ha nuHHIO mopta B, KoTopas
COOTBETCTBYET CJIEAYIOIIEMY HHIUKATOpy. Takum 00pa3oM MbI CMOXKEM OOHOBIISITH HOOYEPETHO
UHOPMALIMIO Ha HHAMKATOPAX, YTO co3AacT 3(PpeKT nx HempepbIBHOTO CBeUeHHs. BBIBOAUTD
JBOMYHBIN Ko7 B IopT D Oyznem cormmacHo Tabnuie, NpuBeICHHON HIXKE.

Undpa PD7 | PD6 | PD5 | PD4 | PD3 | PD2 | PD1 | PDO | yex
H) |G| F | E|DO]C]|B|A
0 0 0 1 1 1 1 1 1 Ox3F
1 0 0 0 0 0 1 1 0 | 0x06
2 0 1 0 1 1 0 1 1 0x5B
3 0 1 0 0 1 1 1 1 Ox4F
4 0 1 1 0 0 1 1 0 | 0x66
5 0 1 1 0 1 1 0 1 |O0x6D
6 0 1 1 1 1 1 0 1 |0x7D
7 0 0 0 0 0 1 1 1 0x07
8 0 1 1 1 1 1 1 1 Ox7F
9 0 1 1 0 1 1 1 1 Ox6F
h 1 0 0 0 0 0 0 0 | 0x80
Maccus ¢ kogamu nugp NOIy4UuTCs TAKOM:
unsigned char SEGMENTE[ ] = {0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D,

1 0x07, 0x7F, Ox6F};

0x7D,

B o6paboTurke npepbIBaHUI MBI HCIIOIB3yeM oreparop SWitch, aTot onepaTtop no3Bossier
3aMEHUTH CIOXKHYIO QyHKIUIO U3 onepaTopos if. B o0riiem Buie OH BBITJISIUT TAK:

1 switch ( BrpaxeHue )
{

2 case 3HaueHuel :

3 break;

case 3HaueHUe? :
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5 ...
default:

6 e

JlaHHBII omepaTop MPOU3BOIUT BHIOOP IO BRIPAKEHHUIO, 00BIYHO 3TO yuciio. Eciu BeipakeHue
NPUCYTCTBYET B 3HAUCHHH CASE, TO BBIMOJIHIIOTCSA KOMaH b Tociie case o break, nnaue
BhINIOJHsIETCsT Ko nociie default.

Huoxe npuBeeH MoHbIN TEKCT MPOrpaMMBbI:

OCoOoONOOULL B WN B

W W WWWWwWwWwWwwWwWwWwWNNNDNNNNNNNRRRPRERPRRPRRRERPRPR
OCooONOOTUDWNRERPRPOOUONOTUP,WNPROOOONOULEDA, WNEO

// TomkJjoyeHre CEeMMCEeI'MEeHTHHX MHIMKATOPOB kK AVR. [rHaMMuecKas MHIOUKALNMS
#include <avr/io.h>

#include <avr/interrupt.h>

#include <util/delay.h>

unsigned char SEGMENTE [ ]
0x07, 0x7F, 0x6F};

{0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D,

unsigned char segcounter 0;

unsigned int display = 0;

// OBpaboTumMkK MNpPEepHIBAHMA [10 [EPEelOoJIHEeHMI TakMepa 2
ISR(TIMER2 OVF vect)

{

PORTD = OxFF; // TacuMm BCE pPas3pAmel

PORTB (1 << segcounter); // BelOupaeMm clenyouuii paspsn

switch (segcounter)

{

case 0:

PORTD = ~ (SEGMENTE [display
paspame

break;

case 1:

PORTD = ~ (SEGMENTE [display
break;

case 2:

PORTD = ~ (SEGMENTE [display
break;

case 3:

PORTD = ~ (SEGMENTE [display
break;

}

if (segcounter++ > 2) segcounter = 0;
}

// TnaeHad QYHKLUSA

int main (void)

{

DDRB = OxFF; // lopT B - BHXOX
PORTB = 0x00;

DDRD = OxFF; // IHopTt D - BHXOXI
PORTD = 0x00;

o\

10000 / 10001); // PackyamuBaeM UMCIIO Ha

o\

1000 / 1001);

o°

100 / 101);

oe

101)
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// PaspelumeHue NpPEepHBAHMUA IO TavMepy 2

40 TCCR2 |= (1 << CS21); // Npenpmenuress Ha 8
41 TIMSK |= (1 << TOIE2);

42 .

43 sei(); // TiooBanbHO paspellaeM IPEPHBaHUS
44 while (1)

45 {

46  display++;
47 if (display > 9999) display = 0;
_delay ms(10); // 3Bamepxxa
}
}

// YBemmuupaeMm cueT oT 0 mo 9999

4.5. Ouenka no yuye0Hoii u (1) MPOU3BOICTBEHHOM MPAKTHKE

4.5.1 Buasl padot yuyeOHOIi MpaKTHKM M NMpoBepsieMble Pe3yJbTaTbl 00y4eHHs IO

npogeccHoHAIBLHOMY MOAYJIIO:

Tabauua 6

Bunet pabot

(1K,
po(heCCUOHATILHBIN OMBIT, YMEHHS)

[IpoBepsiembie  pe3ysbTaThI OK,

1. YcraHoBKa IpOrpaMMHOI0 oOecredyeHusl.
KondurypupoBanne MEKpOKOHTPOJLIEPA,
CO3JIaHUM MTPOEKTa, KOMIMISALUH, IPOIINBKA.
2. Paborta ¢ peructpaMu MUKPOKOHTpPOJLIEPA.
bubnuoreku ans pazpaboTymka.

3. Cucrema TakKTUpOBaHUS
MHUKPOKOHTpPOJLIEPA.

4. IlopThl BBOJIa-BBIBOJ]a MUKPOKOHTpPOJLIIEPA.
5. YnpaneHue nopraMy BBOJAa-BbIBOJA YEPE3
PEruCTpBHI.

6. YnpasieHue nopraMy BBOJa-BbIBOJA YEPE3
GyHKIIMM OMOINOTEKH.

7. Tunel maHHbBIX 9361ka C md
MUKPOKOHTpPOJLIEpA.

8. KonBepTupoBaHnue npoexkra ajs

MUKpPOKOHTpoJuiepa Ha s3bike C B poekT C++.

9. O0paboTKa BXOJHBIX JUCKPETHBIX
CUTHAJIOB. Y cTpaHeHue Apedesra KOHTAKTOB,
00prOa ¢ UMIYIHCHBIMU TTOMEXAMHU.

10. Pa3paboTka 1 UCIoIb30BaHNE KJIACCOB B
C++. Co3nanue kinacca 00pabOTKH
JUCKPETHBIX CUTHAJIOB.

11. Co3ganue 1 UCTIOIB30BaHUE OUOIUOTEK
JUISI MUKPOKOHTPOJIIEpA.

12. TlapannenbHble poIiecchl. BrimonHenne
3a/1a4 B (()OHOBOM PEKHUME MPU TTOMOIIN
MpepBIBaHMs OT TaiiMepa.

13. TaiitMmepsl MEKPOKOHTpOJIJIEPA B PEKHIME

- (opmanuzanus u aNropUTMHU3ALUS
NOCTaBJICHHBIX 33]1a4;

- HallMcaHue MPOTrpaMMHOI0 Koja ¢
WCTIOJIH30BAHNEM SI3BIKOB TIPOTPAMMHUPOBAHHS,
OTIpeJIeNIeHUs] 1 MAaHUITYJINPOBAHUS JIaHHBIMH;
- ohopmiIeHHE TPOTPAMMHOTO KOJa B
COOTBETCTBUH C YCTAaHOBJIECHHBIMU
TpeOOBAHUSIMU;

- IPOBEpKa U OTJaJIKa IPOrPaMMHOTO KO/a;

- pa3paboTKa Mmpoieayp NpoBepKu
paboTOCTIOCOOHOCTH U U3MEPEHHUS
XapaKTEPUCTHK MPOTPaMMHOT0 00eCTIeYeHN S,
- pa3paboTKa TECTOBBIX HAOOPOB JTaHHBIX;

- MpoBepKa paboTOCIIOCOOHOCTH
IPOTrpaMMHOT0 00eCTIeUeHHUS;

- peaKTOPHUHT U ONITUMH3AIIHS TPOTPAMMHOTO
KOJa;

- HCIIpaBJIeHHE JePEeKTOB, 3aUKCUPOBAHHBIX B
6a3e JaHHBIX 1e()EeKTOB.

- COCTaBJISITh IPOTPAMMEI Ha SI3bIKE
MIPOTPAMMHUPOBAHMUSI JIJIsI BCTPAUBAEMBIX
CHCTEM;

- IPUMEHSTH CTAHIAPTHBIE aJITOPUTMBI U
KOHCTPYKIIUH SI3bIKA TPOTPaMMHUPOBAHUS;

- BBIOMPATh MUKPOKOHTPOJLIEP IS
KOHKPETHOM 3a7]Ja4i BCTPAUBAEMOW CHUCTEMBI;
- BBIMOJIHATH TPEOOBAaHUS TEXHUYECKOTO
3aJJaHusl IO MTPOTPAMMHUPOBAHHUIO
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CYETYMKOB. | eHepanus MUKIMYECKIX
MpepPhIBAHUI OT TaAlIMEPOB.

14. PazpaboTka nporpamm, COCTOSAIIUX U3
HECKOJIbKUX UCXOJHBIX (aiinoB. Onpexnenenue
U 00BbSBICHHE IEPEMEHHBIX, 00JIACTh
BUJMMOCTHU. PeXUMBI KOMITUJISLUU.

15. Cucrema npepsiBaHUN MUKPOKOHTPOJLIEPA.

Opranu3anys 1 ynpaBieHUe NPepbIBAHUAMU.
16. YcTaHnoBka KOHPUTypaluy TaliMEpOB C
nomoInbio 6nbdanoTek. Jloruka padboThl
IIPEPBIBAHMS TaMeEPA.

17. Uuarepdeiic UART B MUKPOKOHTpOJLIIEPE.
Hcnonws3zoBanue npepoiBanus UART.

18. Pa6ora ¢ UART uepe3 6uba1oTEKYy.
Wunmanusanus uaTepdeiica u nepeaada
JAaHHBIX B OJ0KUpYyrolieM pexxume. OTinaaka
nporpamm ¢ nomouipo UART. Oynkums
sprintf.

19. Pabota ¢ UART uyepe3 Oubinotexy.
[Tprem naHHBIX B OJIIOKUPYIOILEM pEXUME.
20. Paborta c UART uepe3 Oubnuotexy ¢
UCIIOJIb30BaHUEM ITPEPBHIBAHUI.

21. Opranuszanusi KOpOTKUX BPEMEHHBIX
3a/lepiKeK.

22. ALIT muxpokonTposuiepa. O0mue
CBEICHMS, PE)KUMBI. Y CTAaHOBKA
KOH(UTypaluu 4yepe3 perucTpol.

23. Pabora ¢ ALIII uepe3 peructpsi.
OcCHOBHBIE PEKUMBI TPEOOPA3OBAHMUS.

24. Pabora ¢ ALIII B pa3nuyHbIX pexUMax.
3amyck oT TaliMepa, YTeHHUE pe3yibTaTa ¢
MCII0JIb30BAaHUEM TIPEPBIBAHUN.

25. Pabota ALIII B pexxruMe OKOHHOTO
KoMIaparopa. BHyTpennue narumk
temriepatypbl 1 MOH. OcHoBHBIE
IIEKTPUYECKUE U METPOJIOTMYECKHE
xapakrepuctuku ALIL

26. Pabora ¢ ALIIT yepe3 ¢pyHkumn
OMOIUOTEKH.

27. IIpssMo#1 1OCTyN K NaMSTH B

MuKpokoHTposuiepe. Kontpomnep DMA.

BCTPAUBAEMBIX CHUCTEM;

- CO3/1aBaTh U OTJAXUBATh IPOTPAMMBI
peaIbHOr0 BPEMEHU CPEICTBAMHU
IPOrpaMMHOM 3MYJISILIMY U Ha alllapaTHbIX
MAaKeTax;

- HaXOJIUTh OLIMOKH B MPOTPAMMHOM KOJI€ IS
BCTPAMBAEMOU CUCTEMBI U OLICHUBATh CTEIIEHD
UX KPUTUYHOCTH;

- IPOU3BOJIUTh TECTUPOBAHUE U OTIIAJKY
BCTPaMBaEeMbIX CUCTEM Ha 0aze
MUKPOKOHTPOJIJIEPOB;

- BBISIBJISITh IPUYHMHBI HEUCITPABHOCTEMN
nepudepuiiHBIX MOTYJICH BCTPAUBAEMBIX
CUCTEM.

OK.01-OK.09, I1IK 4.1

4.5.2. Buabl padoT NpPOM3BOJCTBEHHOH NPAKTHKUH M TpOBepsieMble pe3yJbTaThl

00y4yeHus 10 NMPodecCHOHATBHOMY MOAYJIIO:
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Buasr pabot

[Tposepsiembie pesynbTaThl (11K, OK,
po(hecCHOHANTLHBIN OMBIT, YMEHUS)

1. YcTanoBKa MHCTPYMEHTAIbHOMN CPEe/Ibl
pa3paboTKu IPOrpaMMHOT0 0OeCTIeYeHHs IS

BCTpauBaCMbIX MUKPOKOHTPOJJICPHBIX CUCTCM.

2. Hacrtpoiika narepdeiica monp3oBareis U
[IapaMeTpoB Cpenibl. Y CTaHOBKA U HACTPOMKa
KOMITWJISITOPA.

3. AHanu3 TEXHUYECKOIO 3a/IaHKs Ha
pa3paboTKy MPOrpaMMHOT0 00eCreYeHHUS.

4. Pa3paboTka anropurma mporpaMmsl Jist
BCTPanBaeMON MUKPOKOHTPOJLIEPHON
CHUCTEMBI.

5. Hanmcanme nporpaMmel Ha
CIIELUATTU3UPOBAHHOM SI3BIKE JIJIS
BCTPanBaeMON MUKPOKOHTPOJUIEPHON
CHUCTEMBI.

6. [Tog6op cranmapTHBIX OMOIHOTEK JIJIst
peanu3aiuu npoeKTa.

7. IIporpaMMUpOBaHUE BCTPAUBAEMOM
MHUKPOKOHTPOJIJIEPHOU CHCTEMBI.

8. IIpoBeeHue OTIAAKU IPOrPAMMHOTO
obecreueHnst MUKPOTIPOIIECCOPHBIX CHCTEM C
MOMOILBIO allapaTHO-MIPOTPAMMHBIX CPE/ICTB.
9. [IpoBepka HyHKIIMOHATILHOCTH
MPOrPaMMHOTO OOECTIeueHUSI.

10. CoctaBneHue OT4YETHON NPOTrpaMMHON

JAOKYMCHTAaIUH.

- opmanuzanms U aNrOPUTMHU3ALIUS
MOCTaBJICHHBIX 3a7a4;

- HaIllUCaHUe NPOTrpaMMHOI0 Kojia ¢
UCIOJIb30BaHUEM SI3BIKOB MPOTPaMMHUPOBAHUS,
oTpesieNIiCHUs] U MAHUITYJIMPOBAHUS TAaHHBIMH;
- oopMIIEHHE TPOTPAMMHOT0 KOJa B
COOTBETCTBHUH C YCTAaHOBJICHHBIMU
TpeOOBAHUAMU;

- IPOBEPKA U OTJaJ1Ka MPOrpaMMHOI0 KOJa;

- pa3zpaboTKa nporeayp NpoBepKu
paboTOCIIOCOOHOCTH U U3MEPEHUS
XapaKTePUCTHK IPOrpaMMHOTO 00eCIIeYeHHUS,
- pa3paboTKa TECTOBBIX HAOOPOB JAHHBIX;

- MpoBepKa paboTOCIIOCOOHOCTH
IPOrpaMMHOTO 00eCIIeUeHN;

- pedaKkTOpPUHT 1 ONTUMH3AIUS IPOrPAMMHOTO
KOJa;

- HCIIpaBJIeHUE AePEeKTOB, 3a)UKCUPOBAHHBIX B
0a3e 1aHHBIX JEPEKTOB.

- COCTaBJIATDH MTPOTPAMMBI Ha A3BIKE
MIPOrpPaMMHPOBAHUS JIJIsl BCTPAUBAEMBIX
CHUCTEM;

- MPUMEHSThH CTAHJIAPTHBIC aJITOPUTMBI H
KOHCTPYKIIUU SI3bIKa IPOTPaMMHUPOBAHUS;

- BBIOMpPATh MUKPOKOHTPOJIIEP [
KOHKPETHOH 3a7]aui BCTPAUBAEMOM CHCTEMBI;
- BBITIOJIHATH TPEOOBAHUS TEXHUIECKOTO
3a/laHus 10 MIPOTrPAMMHUPOBAHHIO
BCTPAaWBAEMBIX CUCTEM;

- CO3/1aBaTh M OTJIAKMUBATH MTPOTPAMMBI
peaJIbHOTO BPEMEHHU CPeICTBaMU
IPOrpaMMHOM SMYIISAIIMY U Ha alllapaTHBIX
MaKeTax;

- HaXOJIUTh OIIMOKH B MPOTPAMMHOM KOJI€ IS
BCTPanBaeMOMN CHCTEMBI U OIICHUBAThH CTETICHb
WX KPUTUYHOCTH;

- IPOU3BOIUTH TECTUPOBAHUE U OTIIAJIKY
BCTpaMBaeMbIX CHCTEM Ha 0aze
MHUKPOKOHTPOJIJIEPOB;

- BBISIBIISITH IPUYUHBI HEUCTIPABHOCTEM
nepudepuiiHbIX MOyJIel BCTPANBAEMBIX
CHCTEM.

OK.01-OK.09, TIK .4.2
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5. ®@oHa OIEHOYHBIX CPEIACTB I  aTTecTallMd 1m0  MoayJaw  (Ixzamen
(keanugpukayuonuwlii):

ITACIIOPT

Ha3nauenune:
®OC npegHazHayeH JyIsi KOHTPOJIS U OLEHKHU PE3YJIbTaTOB OCBOCHUS

npoeccuoHaTbHOTO MOIYJIS

ITAKET DK3AMEHATOPA

IIpuMepHBbIH epeYyeHb BOMPOCOB /Jis1 ((OPMHUPOBAHUSA 32]aHUIA M CHLMEHHOI
IK3aMEHAIMOHHOW padoThI.

5.1 Bonpochl 3K3aMeHy KBAJIM(PUKALMOHHOMY

O©CoOoONO OIS~ WN B

13
14
15
16
17
18
19
20
21
22

23
24
25
26

27

Yo Takoe MUKPOKOHTPOJUIEPHI, MUKPOIIPOLIECCOPBI U CUTHAJIbHBIE IPOLIECCOPHI
O6siacTi NpUMEHEHUs! MUKPOKOHTPOJJIEPOB

[lenounciieHHbIE IBOMUHBIE KOJIbI

3anmch TEKCTOB IBOMYHBIM KOJIOM

3amnuch 1eCATUYHBIX YMCET JBOUYHBIM KOJOM

[IpencraBienue ynucesn B IBOMYHOM KOJE C TJIABAIOLIEH 3ansTON

Macounsie I13V, III1I3Y, PII3Y

EEPROM u flash mamsth

BayTpeHnHee ycTpoiicTBo cratndyeckoro O3V

Komanael mukpomnponeccopa

CucremHas MHA MUKPOIIPOLIECCOPa

[TpUHIUITBI TOCTPOCHUS TTapauIeTLHOTO TopTa. [loAKIII0OYeHHe BHEITHUX YCTPOMCTB K
MHUKpPOIIPOLIECCOPY

[TpUHIUITBI TTOCTPOCHUS TTOCIIEAOBATENFHBIX MTOPTOB. BUIBI MOCIIE0BATENEHBIX TIOPTOB
[TprHIMITBI TOCTPOECHUS CXEM TaMEPOB MUKPOIIPOLIECCOPOB

ApxuTekTypa MUKpoKOHTposiepoB MCS-51

Cucrema KkomaH1 MUKpOKOHTpoJuiepoB MCS-51

Bunp! anpecaruu

WucTpykuun MukpokoHnTposiepos MCS-51

Oco0eHHOCTH TOCTPOECHHUS TapaJIeNIbHBIX TOPTOB MUKPOKOHTpoJuiepoB MCS-51
Oco0eHHOCTH MOCTPOCHHUS MTaMATH MUKPOKOHTpOJIepoB cemeiictBa MCS-51
BuyTpenHue TaiiMepbl MUKPOKOHTpOJIIEpa, OCOOEHHOCTH MX MPUMEHEHUS

YcTpoiicTBO M 0COOEHHOCTH MTPUMEHEHHS MTOCTIEIOBATEIBHOTO MOPTa MUKPOKOHTPOJIJIEPOB
cemerictBa MCS-51

OCOOCHHOCTH TIPOSKTHPOBAHUS CXEM Ha MUKPOKOHTPOJLIEpaxX

Oco0eHHOCTH POEKTUPOBAHUS CUCTEMBI IIUTAHUS [T YCTPOHUCTB HA MUKPOKOHTPOJIIEpax
SI3BIKH TPOTPaMMHPOBAHUS /IS MUKPOKOHTPOJIIIEPOB

[TpuMeHeHne noAIporpaMmM MpH nporpaMmupoBanui. [ToHsTHE TOATPOrpaMMBbI IPOLIETYPHI
U TIOATIPOTPaMMBI (PYHKIIUH

Hanucanue nporpamm juist MukporporeccopoB. [IoHsTHE TporpaMMbI-MOHUTOpA
OTIEPAIIMOHHON CUCTEMBI PEaTbHOTO BPEMEHH
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28
29

30
31

32
33
34

35

36

37

38

39
40

41

42

43

44
45
46

47
48

49

[TonsiTve CTPYKTypHOTO porpaMmmupoBanus. IlpuMeHenne koMMeHTapueB
[Tonsite MHOTO(ANIOBOrO 1 MHOIOMOIYJILHOTO MPOTPaMMHUPOBAHUS

Crpareruun pa3paboTKH MPOrPaMMHBIX CPEICTB U CHCTEM.

Cucrema peanbHoro Bpemenu. [IpuHiunuansuoe oTInyie 0OBIYHBIX HH(POPMALIMOHHBIX
cucrteM oT cucteM peanbHoro Bpemenu (CPB). Cucrema MATrkoro peajibHOTO BPEMEHHU.
Cucrema 5KeCTKOTr0 peajJbHOTO BPEMEHHU.

HNudopmannonno-ynpasistomas cucrema (MYC). Ornuune CPB or UYC.
BapuanTel noctpoenuss UYC. CocraB UYC.

Berpoennas (win BerpanBaemast) cuctema (BC). Kareropuu BC. [Ipumeps! BctpauBaeMbIx
CHCTEM.

Pacnpez:eneHHas[ BCTpPOCHHAA CUCTCMaA.

DOnemeHTHast 0a3a MUKPOIPOIIECCOPHON TEXHUKHU I BCTPAUBAEMbIX IIPUMEHEHUI.
[Tponeccop. Kimaccuduxarnms mporeccopoB. MHKPOIIPOIIECCOP M MEKPOKOHTPOJLIED.
Knaccudukaius MUKPOKOHTPOJIIEPOB.

MopayneHbIi TpuUHIMI opranu3anuu rnpoieccopa BBC. Tumnosas ctpykTypa mnpoiieccopa ajis
BCTpanBaeMbIX cucteM. [Iporieccoproe sapo.

Opranu3zanys npepelBaHUi B yIpaBisAoLuX npoueccopax. Moaynu namstu. IlopTtsl BBoaa-
BBIBOJIA.

Ceressie narepdeticer BC.

OcobenHocTu opranu3zaiuu u ucnonaszoBanus BBC. BnusHue ocobenHocTei annmapaTHOro
obecneuenus BBC na opranuzanuto I10.

Oco0eHHOCTH KOHTPOJIIEPOB. AHAJIN3 OJIOKOB MUKPOKOHTPOJUIEPOB C TOUKH 3pEHUS
IPOrpaMMUPOBaHUS (LIEHTPAIbHBIN MPOIIECCOP, CUCTEMA KOHTPOJIS MUTAHUS, TOIKIIOUEHHUE
BHEIIIHEH MaMsATH U T.J.).

BapuanTts! opranuszanuu 110 BBC.

Crunp nporpaMMHpOBaHUs, MOJIENb BhIUUCIIEHHH, iaTdopma. Knaccupukarus crunei
nporpamMmmupoBanus. CTuiab, METO/I, METOJOJIOTUSI, METOAMKA.

Pa3paboTka BCTPOGHHBIX CHCTEM C UCTIOJIB30BAHUEM MOJEIN BbIUMCICHHH.
OcobeHHOCTH peanu3aluu anmnapatHo-3asucumoro [10.

JlaHHbIe, TOTOK JaHHBIX, HH(OpMarus, mporecc. [loTokoBas MoieNb BEIYUCICHHA.
Jwnarpamma notokoB ynpasieHus. [ [puMeHeHne NOTOKOBBIX MOJIETIEN HA IPAKTUKE.
[TpobGnembl peanu3aiiui MOTOKOBBIX MOJIETIEH.

Peanuzamus morokoBoi mojaenu B OnepannonHoi cucteme peanbHoro Bpemenu (OC PB).

0O606mennas monens OC PB. Knaccuduxkarus OC PB. OcHoBononararomnme KOMIOHEHTHI
OC PB.

KoMnunaropsl a361K0B BEICOKOTO YpoBHs. KoMnuisatop u TpancasTop. A3bik
nporpammupoBanusi Cu. Kommepueckre KOMIUISTOPHI.

5.2 3aganue 1J151 KOHTPOJIS MPAKTHYECKUX HABBIKOB
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IIpumep NpaKkTHYECKOTO 32/IaHUS K IK3aMEeHAIIMOHHOMY OHJIeTy.

Pa3paboTka npuiiokeHust KOHTpOJUIepa JOMaIlHEeH OroJHONW CTaHINH

Kparkas Teopuss Mereoctanius mnpenHa3HaueHa Juisi HAOMIOJIEHUS 3a TOr0JI0H,
IPOCMOTPOM TEKYIIEH TeMIepaTyphl, BIAKHOCTH U aTMochepHOro namBieHus. MuHUMAaIbHO

HEOOX0uMBIH HaOOp (QYHKIMI JOMAIIHEH MOTOJAHOM CTaHIMU: — M3MEPEHHE TEMIIEPaTyphl
OKPYXXAIOLIET0 BO3/1yXa; — M3MEPEHHE BIAKHOCTH OKPYXKAIOUIETO BO3AyXa; — H3MEpEHHUE
atMoc(epHOro aaBieHus; — (OpMHpPOBaHME MPOTHO3a IOTOJABl HAa Pa3JIMYHBIC TEPHOJIBI Ha

OCHOBE U3MEPEHHBIX JIAHHBIX.
[Topsanox BeIONMHEHUS PaOOTHI:
1. JIns mocTpoeHusi CXEMbl, MOAKIIOYUTE KOHTAKThl JAaTYMKOB, TPOMKOTOBOPHUTENS U

LCD nucruiest K BBIOpaHHBIM KOHTAaKTaM Ha OTJIaJI0YHOM IIaTe.

2. B cpene paspaborku Arduino IDE nHabepute mporpammy, BBEITIOTHSIONIYIO CIICAYIOIINE
(GYHKIMU: — M3MEPCHHUE TEMIIEPaTypbl M BIQXKHOCTU OKPYXAIOIIEro BO3JyXa, — HM3MEPCHUE
aTMOC(EpHOTO JaBIICHHSI, MCXOAS W3 TOJYYCHHBIX JaHHBIX, — WHAMUKALHUSA TOJIY4EHHOTO
NpoTHO3a peanu3oBana ¢ momouipio LCD aucrutes.

MeTeocTaHuus

LCD1502

DHT11

BMP85

DS18B820

YCJIOBUA

K »sk3ameny kBann(puKallMOHHOMY JONYCKAalOTCS O0Oydaroliuecs, OCBOMBIIHE BCE
COCTaBJISIOLINE MPOPECCUOHATBHOIO MOTYJIS:

MJIK.04.01 MUKpOKOHTPOJUIEPEI X BCTPAHBAEMbIE CUCTEMBI
MJK.04.02 PazpaboTka nporpaMMHOT0 00ecTieYeHu sl 1JIsl BCTPauBaeMbIX CHCTEM

VI1.04.01 Yuebnast npakTuka
[1I1.04.01 ITpou3BoACTBEHHAs TPAKTUKA
Mecto mpoBeieHUS SK3aMeHa KBAJU(HUKALMOHHOTO ONpeAessieTcs paclucaHhueM

3aHATUN.

I[J'IH IMPpOBCACHUA  SK3aMCHa KBaJ'II/I(bI/IKaI_II/IOHHOI‘ 0 Cco3Ma€Tcsa HAK3aMeHallMOHHAas
KOMUCCHA, COCTOAIIass Hu3 3 uyenoBek. B coctaB 9K3aMEHAIIMOHHONH KOMHCCHM BXOJSAT:
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npeacraButenb paboromarens, pykoBoautesnb OITOIT CITO TITICC3 u Benymue npemnojaBaTenn
CHEUAILHOCTH.

Dk3aMeH KBaTU(UKAMOHHBIA IPOBOAUTCS B BUJIE IEMOHCTPAIIMOHHOTO K3aMeHa B COCTaB,
KOTOPOTO BXOJAT TPU TeopeTuyeckux Bompoca u3 kypca MJIK.04.01 MuKpoKOHTpOLIEpHI U
BcTpanBaemble cucteMbl 1 MJIK.04.02 Pa3zpaboTka nmporpaMMHOI0 00€CTICUCHHS JIJIsI
BCTPAMBAEMBIX CUCTEM, a TAKKE MPAKTUYECKOE 3a]JaHNE U3 IEPEYHS BBIMOJIHIEMBbIX padoT Ha
y4ueOHOM U (WJIM) TPOU3BOACTBEHHOMN MPAKTUKE.

Ha BbInosiHeHue npakTu4ecKkoi 4acTu gaercs 2 yaca.

[TonroroBky Ounera 45 MUHYT.
Ha otBer orBOAMTCS 10 7 MUHYT.

KPUTEPUUM OLUEHKU

1) Xoxa BbINOJTHEHHUS 32 IaHUS
[Tpu mpoBeeHNN dK3aMeHa KBATU(UKAIMOHHOTO 3HAHKS M1 YMEHUS KKJOTO CIIYIIATEIIS

OLICHUBAIOTCS 3a:
a) Ka4eCTBO JI0KJIaa (10 CYIIECTBY pacCMaTpUBAEMbIX BOTIPOCOB);
0) NpaBUIIBHOCTH OTBETOB Ha JIOTIOJIHUTEIILHBIC BOIIPOCHI;
B) KQ4E€CTBO BBIMOJIHEHUSI IPOSKTHOTO 3aJaHUSI.

Wrorosast orieHka 3a sk3aMeH KBATU(PUKAIIMOHHBIN OMpPeesIeTCs:

L4 «OTJIIMYHO» — €CJIM BBIITOJIHCHUC MPOCKTHOI'O 3alaHUA OLCHCHO HA «OTJIIMYHO», a
OCTAJIBHBIC ITOKA3aTCJIN 110 CPEAHEMY 6anny OLICHCHBI HC HUIKEC «XOPOILIO»;
L4 «XOopouro» — €CJIM BBIINOJHCHHUE MPOCKTHOI0 3aJaHHd OLNCHCHO HE HMXKC

«XOpOoto», a OCTAJBbHBIC IIOKAa3aTCjini IO CPCAHCMY 6anny OIICHCHBI HEC  HHXC
«KYHAOBJICTBOPHUTCIIBHO»,

L4 «KYHOOBJICTBOPUTCIBHO» — €CJIM BBIIIOJHCHHUEC IHPOCKTHOI'O 3aJaHHdA OLCHCHO Ha
«YHAOBJICTBOPUTCIIBHO», A OCTAJIbBHBIC IIOKA3aTCINW I10 CPECOAHCMY 6aJ'IJ'Iy OICHCHBI HC HHXKC
«KYAOBJICTBOPHUTCILHO»,

L4 CHCYHOBJICTBOPUTCIBHO» — CCJIM HC BBIIIOJIHCHBI YCJIOBHA  IMOJIYYCHUA
MOJIOKUTEILHON OLIEHKU.

O6CY)KI[CHI/IG PE3YJIbTATOB JK3aMCHa KBaJ'II/I(I)I/IKaI_[I/IOHHOFO CTYACHTAa MPOU3BOAUTCA
Cpa3dy moCJi€ OTBCTOB Ha IOCTAaBJICHHLBIC €MY BOIIPOCHI. Pemenue 00 OIICHKEC II0 KaXAOMY

06y‘{aIOH_ICMYC$I MMPUHUMACTCHA KOMHCCHEH Ha 3aKPBITOM 3aCCAaHUU OOJIBIIIMHCTBOM T'OJIOCOB.

B ciydae monydeHMs — CTYy[JE€HTOM  IOJOXHUTEJIBHOM  OLIEHKM 3a  DK3aMEH
KBaupuKannoHHbli  Monyns [IM.04  IIporpammupoBaHHe BCTpaMBaeMBIX CHCTEM C
UCIIOJIb30BAaHUEM HHTETPUPOBAHHBIX CpeJl pa3pabOTKH CHUTACTCH OCBOEHHBIM.

Koanbl Onenka

IMoka3aTeu OLIEHKH pe3yJibTaTa




DENEPAJIBHOE TOCYOAPCTBEHHOE BIOJI>)KETHOE OBPA3OBATEJIbBHOE CMK
_ y‘—[PE)Iﬁ(HEHV[E BBICIIIET'O OBPA3QBAHVI$I PIyTUC
«POCCUMNCKUN TOCYOAPCTBEHHBIVI YHUBEPCUTET
TYPU3SMA 1 CEPBUCA»
PryTUC Dunman ®I'bOY BO «PTYTUC» B 1. Ilogoabcke Aucm 51
npoBepsieMbl (1a / Her)
X
KOMIICTCHIIN
H MM uX
coYeTaHU
/
OK1-OK9 ITonHOTa M IPaBUIBHOCTH TMCBMEHHOI'O OTBETA HA BOIPOCHI Hla/uer
9K3aMEHAIlMOHHOTO OuieTa
/
[IK 4.1-IIK | IlpuMeHeHue B IPOLIECCE BBIIIOJIHEHUS IPOEKTHOTO 3a1aHUS Hla/uer
4.2 TEXHUYECKON JOKYMEHTAINH
/
[IK 4.1-I1K | IlpuMeHeHue B IpOLECCE BBIIIOJIHEHUS IPOEKTHOTO 3a1aHUS Hla/uer
4.2 MHTETPUPOBAHHBIX CPE]] MPOTPaMMHUPOBAHUSI.
/
OK1-OK9 KauectBo nokmnaaa (1o cymiecTBy BOIPOCOB SK3aMEHAIIMOHHOTO Ha/uer
ouiera)
OKI1-OK9 [IpaBuILHOCTH OTBETOB Ha JOMOJHUTEIBHBIE BOIIPOCHI; Jla/wer
[IK 4.1-I1K | KayecTBO BBIIOJIHEHUS IPOEKTHOTO 3a/1aHuUs Ha/ner
4.2

6. YCJ0OBUSA PEAJIU3ALINU TPOT'PAMMBI
IMPO®ECCHUOHAJIBHOI'O MOAYJIA

6.1. lns1 peanu3anuy NporpaMmMsl Npo¢ecCHOHAIBHOI0 MOAYJIS J0/KHBI ObITh
NpeayCMOTPEHBI CJIeAYI0IHe CllelHATIbHbIC IOMEIICHUS
YueOHas aynuropus, 000py10BaHHAN:

VYyeOHast Mmebenb, 10CKa, MyJIbTUMEIUHHOE IPE3EHTAI[MOHHOE 000pYAOBaHNUE.
Jlaboparopus « MHUKpOIIPOLIECCOPHON TEXHUKH U BCTPAUBAEMbIX YCTPOICTBY, 000py10BaHHAS:
YyebHast Mebenb
[1K-14

MynbTUMeANHHOE TPE3EHTAMOHHOE 000PYA0BaHUE,

MapmpyTtuzarop
Jlocka
JlaGopaTopHble CTEH/IbI IO BHIYUCIUTEIBHON TEXHUKE
VYcranoBka yue6Hast PTL[YJI-10K
O6pasisr orat Arduino Mega, Uno, Nano

7. UndopmannoHHoe odecniedeHue peaju3alii NporpaMmbl

Jns peanu3anuu mporpammbl  OMOIMOTEUHBIH (OHJI 00pa3oBaTelNbHON OpraHu3aluu
JOJIKEH UMETh Ne4aTHbIE W/WIN 3JIeKTPOHHBIE 00pa3oBaTeIbHble U UHPOPMAIIMOHHBIE PECYPCHI,
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JUTSL KCTIOJIb30BaHMs B 0Opa3oBaTenbHOM mporecce. [Ipu dopmupoBanuu 6ubdianorednoro Goxaa
o0pa3oBaTeNbHOIl OpraHu3aluy BbIOMpAaeTCs HE MEHEee OJHOr0 H3/IaHus U3 MEePEeUUCIICHHBIX
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