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

«I[IM.04 IIporpaMMHpOBaHHE BCTPANBAEMBIX CHCTEM C HCI0Jb30BAHHEM HHTETPHPOBAHHDBIX
cpea pa3padoTKu»

1.1. Hean 1 njiaHupyeMblie pe3yJbTaThbl 0CBOEHHS NMPO(PecCHOHATBLHOI0 MOTYJIs

B pesyapTate m3ydyeHHs NPo(EecCHOHATBLHOTO MOAYNS OOYYaIOIIUXCS JOJKCH OCBOWTH
OCHOBHOU BHJ| JEATEIHLHOCTH - BBINIOJHEHUE COOPKH, MOHTa)Xa W JCMOHTaXa 3JEKTPOHHBIX
YCTPOMCTB M CHUCTEM B COOTBETCTBHUU C TEXHHYECKOH JOKYMCHTAIIMEH M COOTBETCTBYIOIIHE €MY
00I1IMe KOMITIETEHITUU B MPO(PECCHOHAIBHBIE KOMITETCHITUH:
ITepeyeHp OOIMX KOMIETEHIHIA

Koo HaumMmeHoBaHue 00X KOMIIETEHIINNA

OK 01 Br1bupath ciocoOsI penenus 3aaad npo(ecCHOHAIBHON JesITeIbHOCTH
NPUMEHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM

OK 02 Hcnonp30BaTh COBpEMEHHBIE CPEICTBA MIOMCKA, aHAJIN3a U UHTEPIIPETAIIUU
uHpOpMaLKU, U THPOPMALIMOHHBIE TEXHOJOTHH JUIsl BBITOJHEHMS 3a1a4
npodeccuoHaIbHOMN e TeIbHOCTH

OK 03 [TnanupoBaTh U peaqn30BbIBaTh COOCTBEHHOE MPOGECCHOHATBHOE U JINYHOCTHOE
pa3BUTHE, PEANPHUHUMATEIBCKYIO IESITEILHOCTD B TPOGECCHOHATILHOU cdepe,
MCIONIb30BaTh 3HAHUS N0 (PMHAHCOBOM IPaMOTHOCTH B Pa3TUYHBIX KU3HEHHBIX

CUTYaIUAX
OK 04 O} dexTuBHO B3aUMOIEHCTBOBATh U PabOTAaTh B KOJUIEKTHBE U KOMaH/E
OK 05 OcCyIIecTBIATh YCTHYIO U TUCBMEHHYI0O KOMMYHHKAIUIO HA TOCYAapCTBEHHOM

s3bike Poccuiickoit denepanyy ¢ yueToM 0COOEHHOCTEH COLIMAIbHOTO U
KYJIbTYPHOTIO KOHTEKCTa

OK 06 [TposABIATE Tpak1aHCKO-TIATPUOTUYECKYIO MO3HUIINIO, IEMOHCTPUPOBATh
OCO3HaHHOE MOBE/IEHUE HAa OCHOBE TPAJAMIIMOHHBIX 00IEYeTOBEYECKUX [IEHHOCTEH,
B TOM YHCJIE C YYETOM T'ApMOHM3AIMH MEKHAIIMOHAIBHBIX U MEKPEIUTHO3HBIX
OTHOUICHU, IPUMEHATH CTaHAaPThl aHTUKOPPYIIIMOHHOTO TOBEICHHUS

OK 07 CopnelicTBOBaTh COXPaHEHUIO OKPYXKAIOIIEH Cpeibl, pecypcocOepeKeHuIo,
IMPUMCHATH 3HAHUA 00 U3MEHEHUN KJIIMMaTa, MpUuHIOUIIbL 6epe)KJ'II/IBOFO
MIPOU3BOJICTBA, 3P (PEKTUBHO JEHCTBOBATH B YPE3BBIYANHBIX CUTYALIUSIX

OK 08 Hcnonp30Bath cpeacTBa GU3NYECKON KYIbTYpPBI JAJIl COXPAHEHUSI U YKPETIIICHUS
3JI0pOBbs B IIpoIiecce NPo(ecCHOHANBHOM NeATEIbHOCTH U MOAEPKaAHUS
HE00XO0IUMOT0 YpOBHS (PHU3HUECKOMN MOATOTOBIEHHOCTH

1
B nanHOM nojpaszene yKka3blBaloTCs TOJIBKO T€ KOMIICTEHIIMHU, KOMOpbie QOPMUPVIOMCS 8 PAMKAX OAHHO20 MOOYIA U
pe3yibmamyl KOMopwix 6YOym OYeHUBAMbCI 8 PAMKAX OYEHOUHBIX NPOYeOYp HO MOOYIIO.
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OK 09 [Tonp30BaTbest MPOQPECCHOHANBHON JOKYMEHTAMEH Ha TOCY1apCTBEHHOM U

HHOCTPAHHOM A3bIKax

1.1.2. Tlepeyenn mpodeccHOHATBHBIX KOMITETEHITUH

Koo HanmenoBanmne BUO0B ACATCIBHOCTU U HpO(bCCCI/IOHaJ'IBHBIX KOMH@TCHHI/Iﬁ

B4 [IporpaMMupoBaHue BCTpaBaeMbIX CUCTEM C HCITIOIb30BAaHUEM HHTEIPUPOBAHHBIX
cpen pa3paboTKH

IIK 4.1. CocTaBiATh aIrOPUTMBI U CTPYKTYPbI IPOrPAMMHOI0 KOJA JUIst
MHUKPONPOLIECCOPHBIX CUCTEM

IIK 4.2. [IpoexTHpoBaTh U MPOTrPaMMHUPOBATH BCTPAUBAEMbBIE CUCTEMBI 1 HHTEP(EICHI
000pYZOBaHUS C UCTIOIH30BAHUEM SI3BIKOB TIPOTPAMMHUPOBAHHS

1.1.3. B pe3ynbTaTe 0CBOCHHSI MPO(PECCHOHATHHOTO MOl 00 yJaIONTUICS TOJDKEH:

HNmets HpaKTI/I‘ICCKI/Iﬁ - (I)OpMaJ'II/ISaI_[I/IH H AJITOPUTMU3AIUS IIOCTABJICHHBIX 3a1a4;

OIIBIT - HalTMCaHUC TPOTrpaMMHOI'0 KOAa C UCITI0JIb30BAHHUEM A3bIKOB
IporpaMMHUpPOBaHUs, OIIPECACIICHUA U MAHUITYJIMPOBAHUS
JaHHBIMHU,

- oopMIIEHHE MPOTPAMMHOT0 KOZIa B COOTBETCTBUU C
YCTaHOBJIEHHBIMU TPEOOBaHUSIMU;

- IPOBEpKa U OTIJIKa MPOTPAMMHOT0 KOJIa;

- pa3paboTKa mporeayp MpoBepKku paboTOCIIOCOOHOCTH 1
M3MEpEHUs XapaKTEPUCTUK MTPOTPAMMHOTO O0ECTIeUeHUs;

- pa3paboTKa TECTOBBIX HAOOPOB JAaHHBIX;

- MpoBepKa paboTOCIOCOOHOCTH MPOTPAMMHOTO OOeCTIeUeHUS,
- pebakTOpUHT U OMTHUMH3ALIUS IPOTPAMMHOTO KOJIa;

- HCTIpaBJieHHE AePEeKTOB, 3aUKCUPOBAHHBIX B 0a3e TaHHBIX
ne(eKTOB.

YMerb - COCTaBIIATH IIPOTPaMMBI Ha S3bIKE IIPOTPAMMUPOBAHUS IS
BCTPAaNBAEMBIX CUCTEM;

- IPUMEHATH CTaHAAPTHBIE AITOPUTMBI U KOHCTPYKIIMH SI3bIKA
MIPOTPaMMHUPOBAHNS;

- BEIOMpATh MUKPOKOHTPOJIIEP AJIsi KOHKPETHOH 3a/1a4n
BCTPAMBAEMOU CUCTEMBI;

- BBIMOJIHATH TPEOOBAaHUS TEXHUYECKOTO 331aHUs 110
MIPOrPaMMHUPOBAHUIO BCTPANBAEMBIX CUCTEM;

- CO3/1aBaTh U OTJIAXUBATh IIPOrPaMMBbI PEaJIbHOTO BPEMEHU
CpeICTBaMU IPOrPAMMHON SMYJISILIUU U HA allapaTHBIX MaKeTax;
- HaXOAUTh OUIMOKU B POTPAMMHOM KOJI€ JJIsl BCTpAaUBaeMOit
CUCTEMBI U OLIEHUBATh CTENIEHb X KPUTHUYHOCTH;

- IPOU3BOJUTH TECTUPOBAHUE U OTIAJKY BCTPAUBAEMBIX CUCTEM
Ha 06a3e MUKPOKOHTPOJIJIEPOB;

- BBISIBJIATH IIPUYMHBI HEUCTIPABHOCTEH nepuepuiHbIX MOAyIIEH
BCTPaMBACMbIX CHCTEM.
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3HaThb - 0a3oBas GyHKIMOHAJIBHAS CXEMa MUKPOIIPOLIECCOPHOM

CHCTEMEI;
- Ha3HAYEHUE U MPHUHIIUI IeUCTBHSA cocTaBHBIX 0J10koB MIIC;
- pexxumbl padbotsl MIIC;

- crocoOb! opranuzaruu cBsa3u MIIC ¢ BHemIHeH cpeoi
(MCIIONHUTEIBHBIMU YCTPOWCTBAMN);

- CTPYKTYpa TUIIOBOI CUCTEMBI yIpaBieHUs! (MUKPOKOHTPOJLIED);
- OpraHM3alrs MUKPOKOHTPOJIEPHBIX CUCTEM;

- COCTaB MUKPOKOHTpPOJIIEpa, Ha3HaYeHUE ero (PyHKIMOHAIBHBIX
OJIOKOB;

- CHHTAKCHC U OCHOBHBIE KOHCTPYKLIUH SI3bIKA
MPOrpaMMHUPOBAHUS JIJIsl BCTPAUBAEMON CHCTEMBI;

- CTPYKTYpa TUIIOBOI BcTpanBaeMo crcTeMbl Ha 0a3e
MHUKPOKOHTPOJUIEPA U OPTaHU3AIMH TAKUX CHCTEM;

- 0COOEHHOCTHU IPOrPAMMHUPOBAHMSI BCTPAUBAEMBIX CUCTEM
peaJIbHOTO BPEMEHH;

- METO/Ibl MPOTrPAMMHOMN peanu3alnu TUIIOBBIX (QYyHKIHIA
yIpaBJICHMUS;

- KJ1accuukanys, ooIue NPUHLIUIIBI HOCTPOSHUS U (PU3NUECKUe
OCHOB pa0boTHI epu(EepUITHBIX MOYJICH BCTPAaUBAEMBIX CUCTEM;
- CI0COOBI MOJKIIIOYEHUS CTAaHAAPTHBIX U HECTAHIAPTHBIX
MIPOrpaMMHBIX OMOJIMOTEK MPH pa3pabOTKe MPOTrPaMMHOTO KOJIa;
- 6a30Bas (PyHKIIMOHAJIbHAS CXeMa BCTPAaUBAEMbIX CUCTEM Ha 0aze
MUKPOKOHTPOJIJIEPA;

- BUJIbl M Ha3HAYEHUE MPOrPaMMHOI0 00ecTiedeHus s
pa3paboTKu MPOrpaMMHOr0 oOecreueHus A5l BCTPanBaeMbIX
CHCTEM — MHTErpUpOBaHHbIX cpefl pazpadotku (IDE);

- METOJIbl TECTUPOBAHHMSI U CIIOCOOBI OTIAIKN BCTPAUBACMBIX
CHCTEM;

- IPUYUHBI HEUCIIPABHOCTEH M BO3MOXKHBIX COOEB IPOTPAMMHOTO
KOJa;

- c1oco0bl MHPOPMAITMOHHOTO B3aUMOICUCTBUS PA3TUIHBIX
YCTPOMICTB BCTPaUBAaEMBbIX CUCTEM Yepe3 MPOBOJHbBIE U
OecrpoBOTHBIC KaHAJIBI CBS3H, B TOM YHCIIE U CETh VIHTepHET;

- o011ee COCTOSIHUE TPOU3BOJCTBA U TEHICHIIMU MCIIOJIb30BaHUS
BCTPAaNBAEMBIX CHCTEM.

1.2. KosimuecTBO 4aCcOB, 0TBOAUMOE HA OCBOEHME NPO(PEeCCHOHATBHOI0 MOAY IS
Bcero uacos 257
B TOM 4Hclie B (hopMe IPAKTUUECKON MOArOTOBKU 72 yaca
N3 Hux Ha ocBoenne MJIK 173 vaca
B TOM YHCJIe CAMOCTOsITeNIbHAs paboTa 4 yaca
IIPAKTHKH, B TOM YHCJIE:
yueOHas nmpakTuka 36 yacos
IIPOM3BOJICTBEHHAs IPAKTUKA (110 MPO(UITIO CrieaIbHOCTH) 36 yacoB
[Tpomexxyrounas arrecranus 12 vacos
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2. CTPYKTYPA U COAEPKAHUE TPO®PECCHUOHAJIBHOI'O MOAYJIA
2.1. CrpykTypa npodecCHOHAJIBLHOI0 MORYJISI

O6weM npoheccHoHaTFHOTO MOIYJIA, aK. Jac.

0 O6yuenne no MJIK
=3 5 IIpakTikn
Koapl s g 2 Beer B ToMm yucie
npodeccroHanbHbI HaumenoBanust pasnenos Beero. 4ac S22 0 3
X 061X Po(heCCHOHANEHOTO MOJTYJIs e : E 2 JlabopaTopHbIX 1 Kypcosbix E =
KOMIIETEHIH €8 g TIPARTHHCCHMX. pabor CamoctositensHast| £ 5 | VueGuas HpomseoACTs
m E 3aHATHH 2 3 5 €HHas
(IPOEKTOB) pabora g2
g =
=
1 2 3 4 5 6 7 9 10 11
K 4.1 MHUKpPOKOHTPOJUIEPHI U 129 36 93 39 - - 36 -
OK01-0OK 09 | BcTpauBaeMble CHCTEMBI
K 4.2 PazpaboTka nporpamMmMHOro 116 36 80 26 - 2 - - 36
OK 01 -0OK 09 oOecrniedeHus ISl BCTPauBaeMBbIX
cUCTEM
[TpomMexyTouHas aTTecTarys 12 -
Bcezo: 257 72 173 65 - 4 36 36

2 Jlannas konouxa yKazvieaemcs moavko ons cneyuanviocmeti CII10.
3 Camocmosmensras paboma é pamkax 06paz08amensHOl NPOPAMMbL NIAHUPYEMCs 06PA308aMeNsHOl opeanusayueli 8 coomeemcmeuu ¢ mpebosanuamu ®IOC CIIO & npedenax
00veMa npogeccuoHaIbHO20 MOOYISA 8 KOIUYECMBe YAC08, HeODXOOUMOM O BbINOIHEHUS 3A0AHUL CAMOCMOAMENLHOU pabombl 00Y4aOWUXcsl, NPedyCMOMPEHHBIX MeMaAmuUYecKum
NIAHOM U COOEPICAHUEM MENCOUCYUNTUHAPHO2O KVPCA.




PIYTUC

DEJEPAJIBHOE TOCYOAPCTBEHHOE BHO/I’)KETHOE OBPA3OBATEJIbHOE CMK
R YLIPE%()IEHVIE BBICIIIETO OBPA3QBAHV[H PITYTUC
«POCCUNCKNN TOCYOJAPCTBEHHBIVI YHUBEPCUTET
TYPU3SMA 1 CEPBUCA»
Auem 7

2.2. TemaTnuyeckuii IVIaH U coiep:kaHue npodeccuonanbHoro moay.s (IIM)

HaumeHoBaHue pa3jie/ioB
U TeM npodeccuoHAIBLHOr0

O0beM, akaj. 4
/ B TOM 4HCJIEe B

moayJs (ITM), Conep:xaHue y4eOHOro MaTepuaJa, (popme
MeKIHCIMILTHHAPHBIX JJabopaTopHbie padoThbl M NPAKTHYECKHE 3aHATHS, CAMOCTOATeIbHAA yueOHas padoTa NpaKTHYeCKOoii
kypcos (MJIK) o0y4aromuxcs, KypcoBO# MPOEKT 0T OTOBKH,
akaza. Y.
1 2 3
Pazngen 1. MUKPOKOHTPOJJIEPHI H BCTPAUBAEMble CHCTEMbI 129
MJK. 04.01 MuKpOKOHTPOJLIepbl 1 BCTPauBaeMble CUCTEMbI 93
Tema 1.1. O6mue Conep:kanue 20
CBe/leHHs 0
MHKPONPOIECCOPHBIX HcTopus pazsutus mukponpoueccopos (MII), coBpeMeHHbII YpOBEHb U TEHIECHIIUU Pa3BUTH
cucremMax mukponpoueccopHbix cucreM (MIIC). MI1, knaccuduxauus MII. Ctpykrypa npocreitmeit MIIC.
Hasnauenue u ocobennoctu paznnynbix TunoB MIIC. IIpuHcToHCKas U rapBapacKas apXUTEKTYpbl
MIIC.
Crpykrypa npocreitmiero MI1. ®ynkimu MIT.
VYerpoiicTBa yIpaBiIeHUs € )KECTKON JJOTUKOW. Y CTPOKUCTBA YIIPABJIEHUS C IPOrpaMMUPyEMON
JO0ruKoi. MUKponporpaMMHOE yIipaBJICHHE. 20

Cucrema xomaan MII. Pabounii muxin MIT.

Pexumer padotsr MIIC. Ilporpammusiii oomen. Cuctema npepsiBanuit MI1. Mexanuszm o6mMeHa 1o
npepbiBanusiM. O6meH B pexume TT/II1.

Knaccugukanus u pyakuun namstu MIIC. Knaccudukanus O3V, tunst u Buast O3Y. KO
namath. Kmaccudukanus [13Y, tuner u Buast [13Y. Crioco6s1 aapecaniuu B MIIC.

Opranuzanus cea3u MIIC ¢ BHemHel cpenoit. @yHKIMN ycTpolicTB BBOAA-BbIBOAA. [[prHIIMIIBI
IIOCTPOEHUS TOPTOB BBOJIA-BBIBOJIA.
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PryTUC Aucm 8
Tema 1.2. BcrpanBaemblie | Coaep:kaHue 12
CHCTeMbI Ha OCHOBE
MHUKPOKOHTPOJLIICPOB 00630p coBpemeHHbIX MUKpokoHTpoiuiepoB (MK). Kiaccudukammss MK. MoaynpHas opranu3anus
MK.
Crpyktypa npoueccoproro siapa MK. Cucrema komanag MK. [Tamsite MK.
ITopTsl BBOJA-BBIBO/IA, TaiMEPhI, MOAYJIb NpepbiBaHnil MK
Mununmusanus saepromnorpebdnenus B cucremax ¢ MK. TakroBsie renepatopst MK. 12
AnmnapatHsle cpeicTBa obecriedeHus HaaexxHou pabotsl MK.
JononxurensHbie monyan MK: nociie1oBaTenbHOro BBOAA-BbIBO/IA, aHAJIOTOBOTO BBOJA-BBIBOJA.
AnmnaparHble ¥ IPOTrpaMMHBIE CPEACTBA JUIsl pa3paboTKu mpuiokeHui Ha 6aze MK.
OyHKIMOHATBHBIE 0JIOKH MUKpOKOHTposuiepa. Kondurypuposanue MK.
Tema 1.3. CTtpykTypa Copnepxanue 59
NPorpaMMbl 1 OCHOBHbIE
KOHCprKIII/IPI A3bIKAa Cp[ BBOI[HBIG IIOHATHUA A3bIKA C CprKTypa IIporpaMmebl Ha C
Tuner nanssix B C. [lepemennsie B C. Koncrantsi B C.
ApudmeTnueckne 1 Jornyeckue onepartopsl s3bika C.
Onepatops! BeTBieHus B C.
[{uknmudeckune koHCTpyKImH B C. 20
VYkazarenu u aapeca nepemeHHbIxX B C.
Pab6ota ¢ pynkuusmu B C. OcoOeHHOCTH nepeaayyl JaHHbIX Ipu oOpatieHnu K pyHkuuu B C.
Crpykrypsl B C. Ykazarenu u agpeca nepeMeHHbIX B C.
Maccussl u ctpoku B C.
CranpaptHble pyHKIMM BBoAa/BeiBoza B C.
B ToM 4nciie NPaKTHYECKUX 3aHATHI M J1a00pPaTOPHBIX padoT 39

OcHOBHBIC XapPaKTCPUCTUKU U 0COOEHHOCTHU APXUTCKTYPhL MK.

BrimosHEeHME TOTHYECKUX U apI/I(l)MCTI/I‘-IeCKI/IX KOMaH..

BrinonHeHne MUKINIESCKUX I(OHCTPYKI_II/Iﬁ " OnIepaTopoOB BETBJICHUA.

Pabora ¢ nudpoBsIMU MOpTaMH BBOJA-BbIBOJIA.

ol o |~ &~
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OpFaHI/I?)aI_[I/IH IHUKJIIOB U BPEMCHHBIX 3aICPIKCK.

Opranuzanys NoAnporpaMm.

Pabora ¢ makpocamu.

O6paboTka mpepbIBaHUiA.

e S

IIpumepHas TeMaTHKAa CAMOCTOSATEILHON Y4eOHOI padoThl NpH U3y4YeHHHu pasjena 1

1. ITonroToBka ycTHOTO HOKIaAa Ha TeMy «/cTOpHs pa3sBUTHSI MUKPOKOHTPOJIEPOB.
2. Pa3zpaborka SWOT-ananu3a no reme «OCHOBHBIE CEMEHCTBA, 0COOCHHOCTH M XapaKTEPUCTHKH MUKPOKOHTPOJUIEPOB (hUPM

Atmel, Texas Instruments, Microchip, STMicroelectronicsy.

3. CoBpemennble HHTEP(HEHCH U X MPUMEHEHHE B MUKPOKOHTPOJUIEPHBIX CHCTEMAX.
4. BpinonHeHue KOJIEKTUBHOIO IpoekTa 1o teme: «IIpoekTupoBaHre MUKPOKOHTPOJUIEPHON CUCTEMBI YIPABICHUS «Y MHBIH 1I0M».

5. Ilogbop MUKPOKOHTPOIIEPA TIO YCIOBUSAM TEXHHUECKOTO 33 JaHHUS.

Y4eOHas npakTuka pasaena 1

Buabl padoT (M3y4eHrne MUKPOKOHTPOJLIEPA 110 BbIOOPY 00pa30BaTe/IbHOM OPraHU3AIUH)

O 0 1N DN K~ W —

11. Co3nanue 1 UCTIOIB30BaHUE OMOIMOTEK NIt MUKPOKOHTPOJIIEpA.

12. HapaJ'I.HCJ'IBHBIe IMPONLCCCHI. Brinonnenue 3agad B (pOHOBOM PCKUME ITPHU NTOMOIIU NPCPBIBAHUA OT TaﬁMepa.

. YcranoBka nporpammHoro oodecnedenus. KonpurypupoBanue MUKpOKOHTPOJIEPA, CO3AAHUN ITPOEKTA, KOMIIMIIALNH, POILIKBKA.
. Pabora ¢ peructpamu MUKpOKOHTposuiepa. bubnuoreku s pazpaboTuuka.

. Cucrema TaKTUPOBAHUS MUKPOKOHTPOJLIIEpA.

. IllopThl BBOIa-BBIBOJA MUKPOKOHTPOJLIEPA.

. YrpasieHue nopTaMu BBOJa-BbIBOJIa YEPE3 PETUCTPHI.

. YopaBrieHue nopTamMu BBOJIa-BbIBOJIa uepe3 GyHKIIUN OUOINOTEKH.

. Tunel naHHbIX A3b1ka C 111 MUKPOKOHTPOJLIEPA.

. KonBeptupoBaHue npoexra Ajis MUKpOKOHTposuiepa Ha si3bike C B mpoekT C++.
. O6paboTKa BXOAHBIX JUCKPETHBIX CUTHAJIOB. Y CTpaHEeHUE Apede3ra KOHTaKTOB, 00pb0a C UMITYJIbCHBIMU IIOMEXaMH.
10. Pa3paboTka u ucnonb3oBanue kinaccoB B C++. Cozmanue kinacca 00pabOTKH JUCKPETHBIX CUTHAIOB.
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13. Taiimepbl MUKPOKOHTPOJUIEPA B PEKUME CUETUYMKOB. [ 'eHepalus HIMKINYECKUX PEepbIBaHUN OT TAHMEPOB.

14. Pa3paboTka nporpamm, COCTOSIIIUX U3 HECKOJIBKUX UCXOMHBIX (paiinoB. Onpenenenue u 00bsIBICHUE TEPEMEHHBIX, 001aCTh
BUJUMOCTHU. PeXXMMBI KOMIUIISALIUY.

15. Cuctema npepbiBaHUI MUKPOKOHTposuiepa. Opranuzanus 1 yrpaBJIeHUE IPEPhIBAHUSIMH.

16. YcraHoBka KOH(PUTYpaIlUy TaAHMEPOB C MIOMOIIIBI0 OnOMoTeK. JIornka paboThl MpephIBaHUS Taiimepa.

17. UnTepdeiic UART B mukpoxonTposepe. Mcnons3zoBanne npepoiBanus UART.

18. Pabota ¢ UART uyepe3 6ubnuorexy. Mannunanuzanus natepdeiica u nepenada JaHHbIX B OJ0KHUpyomeM pexkume. Otnaaka
nporpamm ¢ momonibio UART. @ynkuus sprintf.

19. Pabota ¢ UART uyepe3 6ubnuoteky. [Ipuem gaHHBIX B OJOKHPYIOIIEM PEXKUME.

20. Pabora c UART uepe3 OMOIMOTEKY C HUCIIOIB30BAHUEM TPEPHIBAHUN.

21. Opranu3zanust KOpOTKUX BPEMEHHBIX 3a/1€PHKEK.

22. ALIT mukpokoHTposuiepa. O0mue CBeACHUS, PSKUMBI. Y CTAHOBKA KOH(PUTYPALIUN YePe3 PETUCTPHI.

23. Pabota ¢ ALIII uepe3 peructpsl. OCHOBHBIE PEXXUMBI IPe0Opa3OBaHUSI.

24. Pabora ¢ ALl B pa3nuuHbIX pexxumax. 3alyck OT TaiiMepa, YTeHHE pe3ysIbTaTa ¢ UCIIOJIb30BaHUEM IPEPHIBAHUM.

25. Pabora AIIII B pexxrMe okOHHOTO Komnaparopa. Buyrpennue naruuk remmneparypsl 1 MOH. OcHOBHBIE 25IeKTpUYecKre U
MeTposiornueckue xapakrepuctuku ALTL.

26. Pabora ¢ ALIIT uepe3 ¢pyHKIIMHU OUOINOTEKH.

27. Ilpsimoit mocTyn K maMatu B MEKpokoHTposuiepe. Kontpomiep DMA.

Pa3nen 2 Pa3paborka nporpaMMHOro odecredyeHus /Jisi BCTPaMBaeMbIX CHCTEM 116
MJIK. 04.02 Pa3pa6oTka nporpaMMHOro ooecnedyeHus 1Jis BCTPAaMBaeMbIX CHCTEM 80
Tema 2.1. Conep:xanue 26
HNHcTpyMeHTAIBHBIE
cpeacTBa pa3padoTKu CoBpeMeHHbIN YPOBEHb U TEHACHIINY Pa3BUTHUSI MHCTPYMEHTaIbHBIX cpel pa3padbotku (IDE) ans
NPOrpaMMHOro BCTPAaUBAEMbIX CUCTEM.
obecnieyeHus 1Jis1 Knaccugukanus cpenct pa3paboTki. AnnapaTHble U IPOrpaMMHBIE CPEJICTBA.
BCTPaMBaeMbIX CHCTEM OCoOCHHOCTH IPUMEHEHHS SI36IKOB BEICOKOTO YPOBHSI B pa3pabOTKe MPUIIOKEHUH MOJTb30BaTEIsI. 26
OcobeHHOCTH pa3pabOTKH MPHIIOKEHHH pabOThl B CHCTEME PEAIbHOTO BPEMEHH.
bubnuorexu BcTpoeHHBIX QyHKIMIA B coctase IDE.
[TporpaMMaTops! U OTJIAUUKH.
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Komnumnstopsr si3bika C.

Tema 2.2. TecrupoBanue u
OTJI1aJKa pa3pabéoTaHHOI O
NPOrpaMMHOIo0 KoJaa

Conep:xanue

52

Enunas cucrema nporpaMmHoi fokyMeHTauuu. Hasnadenue, BUAbl JOKyMEHTOB.

ITousrue IIPOrpaMMHOI'0O TECTUPOBAHUS. BI/II[BI TECTOB.

CocrapicHuE IIJIaHa TCCTUPOBAHM.

Pa3spaboTrka Moayneli TectupoBaHusi. MogenupoBaHue CUTyaIuil.

Co3zllanue 1 UCIOJIb30BAHUE Pa3HOOOPA3HBIX BXOJHBIX JAHHBIX.

[Touck BeposTHBIX oMOOK U c6oeB B dhyHkimonuposanuu [10.

Haxoxaenue HeCOOTBETCTBUSI HHTep(I)CP'ICB. IIporpaMMbl TEXHUYCCKOMY OIIMCAHHUIO.

[Torck ommOOK B JIOTHKE pabOTHI MPOTPAMMBI U B IOKYMEHTALIMU HA TPOTPAMMY.

Pedakropunr nporpamMmmHoro obecrneyeHusl.

KoHTpoJIb Bepcuii IporpaMMel.

O(bOpMJ'IeHI/Ie PE3YJIBTATOB TCCTUPOBAHUA U OTIIAAKU IIPOTPAMMHOI'0 obecrieyeHus.

26

B Tom unciie npakTHYECKUX 3aHATHI U J1Ia00pPaTOPHBIX padoT

N
(o]

HOI[KJ'II—O‘-IGHI/IG K MUKPOKOHTPOJIJIEPY CCMUCECTMECHTHOI'O CBETOAMOAHOT'O MHANKATOPA.

[TogxmrodyeHue K MHKPOKOHTPOJUICPY CBETOJIMOIHOMN MaTpUulbl.

[Tonkmouenue Kk MUKpokoHTposutepy RGB-cBeroamona.

[TogxmrodyeHue K MUKPOKOHTPOJUICPY CBETOANOAHOTO MIKAJIBHOI'O HHAUKATOPA.

[TogxmrodyeHue K MUKPOKOHTPOJUICPY aHAJIOTOBOI'0 JATYNKa TECMIICPATYPHI.

[TonkitoueHue K MUKPOKOHTPOJIIEPY SHKOIEpa.

HOCTpOeHI/Ie MporpaMmMupyemMoro quTQHKa'TaﬁMepa Ha MUKPOKOHTPOJUJICPE.

[TogkiroueHre K MUKPOKOHTPOJIIEPY MOIYJIsl 3HaKocuHTe3upyromiero KKH.

[Tonkiarouenne K MUKpOKOHTpoJuiepy Moayds rpadudeckoro KK ¢ ceHCOpHBIM SKPaHOM.

[ToaxmroueHne K MUKPOKOHTPOJIIEPY CEPBOIBUTATEIIA.

HO}IKJ’II—O'—IGHI/I@ K MUKPOKOHTPOJIJICPY ITaroBOro ABUraTcis.

[ToakiroueHne K MUKpOKOHTPOJUIEPY JAaT4yMKa 1o uuppoBomy unrepdeiicy SPI.

[TonkmoueHne K MUKPOKOHTPOJUIEPY JaTduka 1o nudposomy uatepdeiicy 12C.

IIpumepHas TeMaTHKA CAMOCTOSITEIbHON y4eOHOMH padoThI pH U3y4YeHuH pasaesaa Ne 2
1. O630p cpenct pazpadotku [1O my1st BCTpanBaeMbIX CUCTEM.

N INNNININNINININNINDININ
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2. Ilouck omuOOK B MPOrpaMMHOM KOJIE€ H OIITUMHU3AIHS aJITOPUTMA MTPEUI0KEHHON IPOTPaMMBI.

3. Pa3paborka SWOT-ananu3a no teme «BHyTprUCXeMHBIE SMYIATOPBL, IMYIATOPHI [13Y, MOHUTOPHI OTIIAAKI

4. Pa3paboTKa ajqropuT™a s MOJIb30BaTeIbCKOM (QYHKIMH paboThI ¢ IU(POBBIM JaTYUKOM 10 uHTEp(eiicy 1-Wire.
5. Pa3paboTka anropurMma JUIs MoJIb30BaTeIbCKON (GYHKIUHU paboTHl ¢ HU(POBBIM AaTYUKOM 10 HHTEpdeiicy SPI.

6. Pa3zpaboTka anropuTMma AJis MMOJIb30BaTENbCKON (DYHKIIMH pabOThI ¢ TM(DPOBLIM HaTYUKOM 110 uHTEpdeticy 12C.

IIpousBoacTBeHHAs NpaKkTHKA pa3gesaa Ne 2

Buabl pador

1. YcraHOBKa HHCTPYMEHTAJIbHON Cpeibl pa3pabOTKKU IPOrpaMMHOr0 00ecreueH st Uil BCTPauBaeMbIX MUKPOKOHTPOJUIEPHBIX
CUCTEM.

2. Hacrpoiika uHTepdeiica monb3oBatelis U apaMeTpoB cpe/ibl. Y CTAHOBKA M HACTPOMKa KOMIMIIATOPA.

3. AHanM3 TEXHUYECKOTO 33aHus Ha pa3padoTKy MPOrpaMMHOTI0 0OECTICYCHHSI.

4. Pazpa0oTka anropuTMa nporpaMMmsl /Ui BCTpauBaeMON MUKPOKOHTPOJIJIEPHON CHCTEMBI.

5. Hanmcanue nporpaMMsl Ha CHELUAIM3UPOBAHHOM SI3BIKE JUISl BCTPAMBAEMON MUKPOKOHTPOJUIEPHON CUCTEMBI.

6. ITogOop cranaapTHBIX OMOIMOTEK I peaau3aluy IPOeKTa.

7. IlporpamMmmupoBaHre BCTpauBa€MON MUKPOKOHTPOJJIEPHON CUCTEMBI.

8. [IpoBenieHre OTIIa KN IPOrPAMMHOTO 00ECTIEYeHHUSI MUKPOIIPOLIECCOPHBIX CUCTEM C IIOMOLIBIO aNapaTHO-MPOrPaMMHBIX
CPEICTB.

9. IlpoBepka (HyHKIIMOHATILHOCTH ITPOrPAMMHOI0 0OecIIeueHusl.

10. CocTaBneHue OTYETHON NPOrpaMMHON JOKYMEHTAIUH.
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Ilo kascoomy pazdeny yKazvleaomcsi MeHCOUCYUNTUHAPHBIE KYPCbl U coomeemcmeyioujue memol. 1lo xadxcooil meme onucvigaemcs cooepicanue y4ebHO2o0
mamepuana (6 OUOAKMUYECKUX eOUHUYAX), HAUMEHOBAHUS HEODX0OUMBIX 1ADOPAMOPHLIX pabom, NPAKMUYecKux u uxblx 3ansmutl. Temamuxa camocmosmenbHol
pabomvl Modxcem NPUSOOUMbCs NO  8blOOPY pa3pabomuukos no paszoeny uiu no meme, NpPu YCIOSUU HEOOXOOUMOCMU 6blOCICHUS. 4aCmu HA2pY3KU 0.5
CAMOCMOAMENbHO20 0CBOEHUS, eCU maKue uobl pabom He AGNAIOMC 00A3AMENbHLIMU, CAMOCIOAmMeNbHble pabombl He yKkazvigaromcs. [1o0podHo nepeyuciaromes
8UO0bL pabom yueOHOU U (Unu) npou3Bo0CmEenHoOU npakmukuy. Eciu no npogeccuonanbHomy mMooyio npedycmMompensl Kypcosvle NpoeKkmul (pabomol), nPusoOsSmcs ux

membul, yKa3vleaemcsi COO@prCCIHZ/le 00s13amebHbIX y1l€6Hle B3AHAMULL U CAMOCMOSIMETbHOU pa60mbl o6yqa}0muxc;i.
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3. MeTtoanueckue yKazaHus 10 NMPOBeJIEHUIO MPAKTHYECKUX 3aHATHI, 3aHATHI B
(opMe NpaKkTUIECKON MOATOTOBKH_H CAMOCTOATEIbHOM padoTe
B paMKax OCBOCHUSA HpO(I)CCCI/IOHaJILHOFO MOoAyJd PCAIUIYIOTCA CICAYIONIUE BHUABL 3aHSITHI:
JICKOIUOHHBIC 3aHATHSA, IPAKTHYCCKHUE 3aHATHA, B TOM YHCJIC B (bopMe HpaKTH‘ICCKOﬁ IIOATIOTOBKH.

3.1. TemaTuka H coJep:KaHHe MPAKTHYECKHUX 3aHATHI/Ia0OpPATOPHBIX padoT/
CeMHHApPOB

Tema 1.3. CTpykTypa nporpaMMbl 1 OCHOBHbIE¢ KOHCTPYKIUH A3bIka CH

Copnepxanue: Ilpaktuueckoe 3ansaTHeNel OCHOBHbBIE XapaKTEPUCTHKH M OCOOEHHOCTH
apxurekTypsl MK.

Conepkanue: Ilpaktnueckoe 3ansaTreNe2 BrIMONTHEHHE JIOTHYECKUX M apU(PMETHICCKUX
KOMaH/I.

COI[ep)KaHI/ICZ HpaKTqucxoe 3agsaTueNe3 BrimoigHeHNe OUKINYCCKUX KOHCTPYKL[I/Iﬁ n
OIICPAaTOpPOB BCTBJICHUA.

Copnepxanue: [Ipaktuueckoe 3ansTeNe4 Pabota ¢ @ poBbIMU TOPTaMH BBOA-BBIBOAA.
Conepxanue: [Ipaktuueckoe 3ansiTueNeS Opranuzanusi LUKIOB U BPEMEHHBIX 3aJIEpKeEK.
Conepxanue: [Ipaktuueckoe 3ansTueNe6 Opranuzanust moAnporpamMmm.

Copnepxanue: [Ipaktnueckoe 3ansTreNe7 PaboTa ¢ Makpocamu.

Conepxanue: [Ipaktuueckoe 3ansTeNe8 O6paboTka mpepbIBaHUIA.

Tema 2.2. TecrupoBanue u 0T/1aJKa pa3padoTAHHOI0 IPOrPAMMHOI0 KOJa

Conepxkanne: Ilpaktuueckoe 3anstueNel IloaknrodeHMe K  MHKPOKOHTPOJUIEPY
CEMUCCTMEHTHOI'O CBETOAUOJHOT'O MHAUKATOPA.

Copnepxanue: Ilpaktuueckoe 3anarueNe2 IlogkimroueHne K MHUKPOKOHTPOILIEPY
CBETOAMOIHON MaTPUIBI.

Conepxanme: [lpaktndyeckoe 3amatueNe3 I[lomkmroueHne k MuKpokoHTposuiepy RGB-
CBETOAMO/A.

Conepxanne: IIpaktnueckoe 3aHsaTueNed [loxknrodeHMe K  MHKPOKOHTPOJUIEPY
CBCTOJUOJHOI'0 IKAJIBHOTO HHAXKATOPA.

Copnepxanue: Ilpaktnueckoe 3aHatueNe5S IlogkmroueHne K MHUKPOKOHTPOJLIEPY
AQHAJIOTOBOTO JIaTYMKa TEMIIEpaTypBhl.

CO,Z[Cp)KaHI/ICZ HpaKTI/ILIeCKOC 3aHITHENCO IlogkmroueHue K MHKPOKOHTPOJUICPY SHKOALCPA.
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Copnepxanue: Ilpaktuueckoe 3anstueNe7 IlocTpoeHue nporpaMMHpyeMOro CueTYMKa-
TaiiMepa Ha MUKPOKOHTPOJLIEPE.

Conepxxanue: Ilpaktndeckoe 3ansatueNe§ IloakimtoueHre K MUKPOKOHTPOJUIEPY MOAYJIA
3HaKocuHTesupyromero JKKH.

Conepxxanue: Ilpaktndeckoe 3aHsatueNe9 IloakimtoueHre K MUKPOKOHTPOJUIEPY MOAYJIA
rpagpuueckoro KKH ¢ ceHCOpHBIM 3KpaHOM.

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

Copepxanne: Ilpaktuueckoe 3anstueNell TlonmkmioueHne K  MHUKPOKOHTPOILIEPY
[IarOBOTO JIBUTATEIIS.

Copepxanue: [Ipaktuueckoe 3ansaTreNel2 [loakiroueHrne K MUKPOKOHTPOIUIEPY JTaTUHKa
no uudposomy unrepdeiicy SPI.

Copepxanue: [Ipaktuueckoe 3ansaTreNel3 [loaxioueHne K MUKPOKOHTPOIUJIEPY JaTYHKa
no uudposomy unrepoeiicy 12C.

3.2. TemaTnka u cojiepKaHue CaMOCTOSITETbHOW PadOThI
CamocrosTenpHass pabdoTa SBISETCS HEOTHEMJIEMOW YACThIO 00pa30BATENBHOrO TMpoIiecca,
CBSI3aHHOTO ¢ (DOPMHUPOBAHUEM KOMIIETEHIUI 00yJatOUXCS.

Llenp u 3amaum caMOCTOSTENBHON paboThl oOyuaromerocs:: (GOpMHpPOBaHHME U BOCIHMTAHUE
MHOTOTPAHHOM, TBOPYECKOW JIMYHOCTH, CO CIIOKMBLIMMHCA NMPHOPUTETAMH, MPAaBUIAMU TOBEACHUS, C
CHCTEMOH IIEHHOCTEH U BEPHBIMH IPEACTABICHUSIMU O MUPE B LIEJIOM.

Llenpio caMOCTOATENbHON (BHEAYAUTOPHOM) pabOThl 00YYatOLIUXCsl ABJSIETCS 0OyueHHE HaBbIKaM
paboThl ¢ HAYYHO-TEOPETHUUECKON, IEPHOANIECKOM, HAYUHO-TEXHUUECKON JIUTEPaTypOd U TEXHHUYECKON
JOKyMEHTaIieH, He0OOXOAUMBIMH IS YIITyOJICHHOTO W3YyUeHHS JUCHIUILTUHBI, a TAK)Ke Pa3BUTHE Y HHUX
YCTOMYMBBIX CHOCOOHOCTEH K CaMOCTOATEILHOMY M3YyUEHHIO U M3JIOKEHHUIO TOIy4YeHHOH nHpOpMaLnu.

CamocrosiTenbHasi padoTa BbIIONHSAETCS B (hopMe NMpOpabOTKU KOHCIEKTOB 3aHSTHUM,
yueOHOW M CHelHaJbHOM TEXHUYECKOW JuTeparypbl (IO BolpocaM K Maparpadam, IjiaBaM
y4eOHBIX TOCOOHI, COCTABIIEHHBIM MPEINOIaBaTeIeM) U MOATOTOBKH K MPAKTUUYECKUM paboTaM ¢
MCIIOJIb30BaHUEM METOJIMYECKUX PEKOMEHJAIMi mpenoaaBarens; o(GopMieHHE MPAKTHYECKUX
paboT; OTYETOB U MOJATOTOBKA K UX 3alUTE.

TeMaTHuka M coepKaHue

Pazgean 1. MUKPOKOHTPOJJIEPHI U BCTPAUBaeMble CHCTEMbI

Conepxanne: CamocrositenbHas padora 1. IloaroroBka yctHoro jgokiaza Ha temy «lMcropus
Pa3BUTHUST MEKPOKOHTPOJLIEPOBY.
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Conepxxanue: CamoctosrenbHas pabora 2. Paspaborka SWOT-anamuza mo teme «OCHOBHEIC
ceMelcTBa, OCOOCHHOCTH M XapaKTEPHUCTUKH MHUKpPOKOHTpoimiepoB ¢upm Atmel, Texas Instruments,
Microchip, STMicroelectronicsy.

Conepxxanne: CamocrosTenbHas padora 3. CoBpeMeHHbIe WHTEp(EHCH M WX NPUMEHEHHE B
MUKPOKOHTPOJUICPHBIX CUCTEMAaX.

Conepxxaane: CamocTosTensHas pabora 4. BrIToNHEHHE KOJJIEKTHMBHOTO TIPOEKTa IO TEMe:
«IIpoekTrpoBaHre MUKPOKOHTPOJLJICPHOW CUCTEMBI YIIPABIICHUS «Y MHBIH TOM.

Copmepxxanne: CamoctoarenpHas pabora 5. Ilombop MHUKpPOKOHTpOJUIEpa IO  YCIOBHUSIM
TEXHHYECKOTO 3aJIaHusl.

Pa3nen 2 Pazpaborka nporpaMMHOro odecredyeHus J1Jisi BCTPAaMBaeMbIX CHCTEM

Conepxxanne: CamocrositenbHas padora 1. O030p cpencts pazpabotku [1O mns BCTpauBaeMBbIX
CHCTEM.

Conepxanne: CamocrositenbHas padora 2. [Touck omubOOK B MPOrpaMMHOM KOJIE U OIITUMH3AIINS
IITOPUTMA MPEI0KEHHON TIPOTPAMMBI.

Conepxxanne: CamocrostenbHass pabora 3. Paspaborka SWOT-ananmza 1o  Teme
«BHYTpUCXEMHBIE SMYISITOPBL, AMYJATOPHI 113V, MOHUTOPEI OTIAAKID)

Conepxxanne: CamocrostenbHas pabora 4. Pa3paboTka ajropuTma Ui IOJb30BaTEIIbCKOMN
byHKIMH paboThI ¢ IU(POBBIM JaTYUKOM 110 UHTepdeiicy 1-Wire.

Conepxxanne: CamocrostenbHas pabora 5. Pa3paboTka ajnropurma JUisl IOJIb30BATEILCKOM
¢byHKIuM padoThl ¢ HU(POBBIM JaTYMKOM 1O MHTEpdeiicy SPL.

Conepxxanne: CamocrostenbHas pabora 6. Pa3paboTka ajropuTma sl IOJb30BaTEIIbCKON
¢byHKIuM padoThl ¢ HU(POBBIM TaTYUKOM o uHTepdeiicy 12C.

4.D0HJ OLEHOYHBIX CPEICTB MPO(PeCcCHOHATBLHOT0 MOAYJIsI

4.1. ®opmbl aTTECTALMH N0 NPO(PECCHOHAIBLHOMY MOIYJII0

DJIeMEeHT MOy ®opMa KOHTPOJISI U OLICHHBAHUSA
IIpomMeskyTOUHas aTTeCTalMA Tekymuii KOHTPOJIb
MJK.04.01 MukpOKOHTpOJLIEPHI Hpyrue GopMbl KOHTPOJISL OLIEHKA IIPAKTUYECKHUX paboT,
¥ BCTPAMBAEMBIE CUCTEMBI (KouTposbHas paboTa) OIICHKA CAMOCTOSTEIHHOMN paboTEHI,
YCTHBIH oIpoc
MJIK.04.02 Pa3paboTka Jlpyrue GopMBbI KOHTPOJIS OLIEHKA IIPAKTUYECKHX paboT,
IPOrPaMMHOI0 00eCreYeH s [Is (KouTposkHas paboTa) OIICHKA CAMOCTOSTEIHHOMN paboTEHI,
BCTPauBaEMbIX CUCTEM YCTHBIi onpoc
VI1.04.01 YuebHas npakTHKa JuddepernrpoBaHHbIil 3aueT BrImonnenne nHANBUAYAIEHOTO
3a1aHus
[1I1.04.01 ITpousBoacTBEHHAs JuddepenunpoBanHblii 3aueT BrinonHeHne HHANBUAYAIBHOTO
MPaKTHKA 0 MPOQHITIO 3a7aHus
CHEUaTbHOCTH
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4.2. Pe3yabTaThl 0CBOEHHS MPO(PecCHOHATIBLHOTO MOYJISA
IIpodeccuonanbubie, 001IME KOMIIETEHIIUH, TUYHOCTHbIE Pe3yJIbTATHI
B pesynbrare KOHTpOJIE U OIEHKH IO MPO(ecCHOHATIBHOMY MOMAYNIO OCYIIECTBISETCS
KOMIUICKCHAs MPOBEPKA CIASAYIONINX MPO(heCcCHOHANBHBIX U OOMIMX KOMIICTCHIIUN:

HpO(l)eCCl/IOHaJILHLIe KOMIICTCHIIUMH Iloxa3zaTenn OLICHKH pe3dyjabTaTra
TIK 4.1. CocTaBiATh aqrOPUTMBI U - IPaBUJIILHOCTh HAMMCAHUA MPOTPAMMHOTO KoJia ¢
CTPYKTYpPBI IPOTPaMMHOTO KOJIa AJIs KCIIOJIb30BAHUEM SI3BIKOB MTPOTPAMMUPOBAHUS,
MUKPOIPOLIECCOPHBIX CUCTEM - IPaBUJILHOCTH O(POPMIICHUS IPOTPAMMHOTO KOJIa B

COOTBETCTBHHM C YCTAaHOBJICHHBIMU TPEOOBAHUSIMU;

- BEPHOE OCYILECTBIICHHUE IPOBEPKH U OTJIAAKH
MPOTrPaMMHOTO KOJIa;

- BEPHOE COCTaBJICHHE MPOTrPaMMBbl Ha SI3bIKE
MPOrpaMMHUPOBAHUS ISl BCTPAUBAEMBIX CUCTEM;

- IPaBUJIBHOCTb NPUMCEHCHHUA CTAHAAPTHBIX aJITOPUTMOB U
KOHCTPYKLUH S3bIKa IIPOrPAMMUPOBAHNS;

- IPaBUJIBHOCTH BBIOOPA MUKPOKOHTPOJIIEPA IS
KOHKPETHOH 3a7]a4ll BCTPAaUBa€MON CUCTEMBI;

- [IPaBUJIBHOCTDH BBINIOJIHECHUEC TpC6OBaHI/I$[ TEXHHUYECCKOI'O
3aJaHMs 10 IPOTPaMMHUPOBAHUIO BCTPANBAEMbIX CHCTEM;
- IPaBUJIBHOCTh ONPEAEICHUS Ha3HAYCHUS U IPUHLIMIIA
nercTBus cocTaBHBIX 010k0B MIIC 1 uX peKUMOB;

- BEPHOE OTpeJIelIeHHE COCTaBa MUKPOKOHTPOJLIEPA,
Ha3HAYECHUS ero PYHKIIHMOHATBHBIX OJOKOB;

- IPaBUJIBHOCTH UCIIOJIB30BaAHUA CUHTAKCHCAa U OCHOBHBIX
KOHCTPYKLUH S3bIKa IPOrPAMMUPOBAHUS 11
BCTPaUBacMOU CUCTEMBI;

- IPaBUJIbHOCTh IIOHUMAHUS CTPYKTYPBI TUIIOBOM
BCTpaUBaeMOW CUCTEMBI Ha 6a3e MUKPOKOHTpOJIIEpa 1
OpraHU3alM{ TAKUX CUCTEM;

- IPaBUJILHOCTH BBIOOPA METOIa TPOrPAMMHON peasin3aliu
TUTIOBBIX (PYHKIMH YIIpaBJICHUS;

- IPaBUJILHOCTD BBIOOPA CHIOCO0a TOKITFOUCHHUS
CTaHJAPTHBIX U HECTAHAAPTHBIX IPOrPaMMHBIX OMOIHOTEK
npu pa3paboTKe NPOrpaMMHOTO KOJIa.

I1K 4.2. TIpoexktupoBats u - IPaBUJIBHOCTH Pa3pabOTKH MPOLERYp MPOBEPKH

IPOrpaMMHUPOBATh BCTPanBaeMble paboTOCTIOCOOHOCTH MTPOrPAMMHOI0 O0ECIICUEHHMS;

CHCTEMBI U HHTEP(ENCHl 000PYAOBaHUA C | - NPABMIBHOCTH Pa3pabOTKU TECTOBBIX HAOOPOB JaHHBIX

MCIIOJIb30BaHUEM SI3BIKOB JUTSI TIPOTPaMMBI;

MPOrpaMMHUPOBAHUS - IPaBUJIBHOCTD MTPOBEJCHUS MPOIEAYPHI TECTUPOBAHUS U
OTJIaJIK1 BCTPanBaeMbIX CUCTEM Ha Oaze
MHUKPOKOHTPOJLIEPOB;

- IPaBUJIBHOCTH OCYIIECTRIICHUSI pepakTopuHra u
ONTUMM3ALUH IPOrPAMMHOTO KOJIa IO TPeOOBaHMs
BCTPANBAEMOI CUCTEMBI;

- IPaBMJIBHOCTD HAXOXKIEHHSI OIIMOOK B MPOTPAMMHOM
KOJIe /U BCTPanBaeMOM CHCTEMBI;

- BEPHOE OLICHUBAHUE CTEIICHN KPUTHYHOCTH OIIMOOK B
KOZI€ TPOTPaMMBI;

- IPaBUJIBHOCTD OTIPE/IETICHHS BUA ¥ HA3HAYCHUS
MPOrpaMMHOT0 obecrieueHus 15l pa3padoTKu
IPOrpaMMHOr0 obecrieueHus AJ1sl BCTPauBaEMbIX CHCTEM;
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- MPAaBUIBLHOCTH MPUMEHEHHS METOI0B TECTUPOBAHUS U
Croco00B OTIAIKH BCTPANBAEMBIX CHCTEM;

- BEpHOE OTIpe/ieTIeHne MPUINH HEUCIIPAaBHOCTEN U
BO3MOJXKHBIX COOCB IIPOrPaMMHOTO KOJia

O0mmue KoMNeTeHINH

Iloka3zaTeu oeHKH pesyJabTartra

OK 1. Beibupats criocoOBI pemIeHwmst
3a7a4 MpoeCCUOHATIBHOMN AEATENbHOCTH
MPUMEHHUTEIIBHO K Pa3IUYHbIM
KOHTEKCTaM

- 000CHOBAaHHOCTH TIOCTAHOBKH IICJTH, BRIOOpA 1
MPUMEHEHUS] METOJIOB U CIIOCOOOB PEIICHUS
po(heCCUOHANBHBIX 33j1aY;

- aJleKBaTHAs OIIEHKA M caMOOIIeHKa 3 (DEKTUBHOCTH H
Ka4yecTBa BBHITIOJHEHHSI MPO(PECCHOHANBHBIX 33]1a4.

OK 02. VMcrionb30BaTh COBPEMEHHBIE
CpeZIcTBa TOMCKa, aHaIH3a U
UHTEpIpeTaui HHPOPMAIIH, 1
WHQOPMAIMOHHBIE TEXHOJIOTHHU JIJIsI
BBITIOJTHEHHUS 33/1a4 MPO(ECCHOHATBHON
JICSITETIBHOCTH

- MCTIOJIb30BaHUE PA3INUHBIX HCTOUHUKOB, BKITIOYas
3JIEKTPOHHBIE pecypchl, Mearapecypcesl, IHTepHeT-
peCypchl, IEPUOANYECKNE U3AAHNS IO CIEUATBHOCTH IS
peenus npodeccHoHambHbIX 3a/1a4

OK 03. IInaHupoBaTh U pean30BbIBATH
co0CTBEHHOE NPOPECCHOHATILHOE U
JIMYHOCTHOC PAa3BUTHUC,
NPEANPUHUMATEIBCKYIO IEATSILHOCTD B
npohecCHOHANBHON cepe, UCIOIb30BaTh
3HaHUS 110 (PMHAHCOBOM IPaMOTHOCTH B
Pa3INYHBIX JKU3HEHHBIX CUTYAIHIX

- IEMOHCTpALMSI OTBETCTBEHHOCTH 32 MIPUHSTHIC PEIICHUSI
- 000CHOBaHHOCTb CAMOAHAIIN3a 1 KOPPEKIHS PE3yJIbTATOB
cOOCTBEHHOH paboThI,

OK 04. D¢ dexTHBHO B3aMMOIEHCTBOBATD
1 paboTaTh B KOJJICKTHBE M KOMaH/Ie

- B3aUMOJIeHCTBUE ¢ 00YHaIOLIMMUCS, IPENOJaBaTeIIIMU U
MacTepaMu B X07ie 00yUYCHHSsI, C PyKOBOJUTENSIMH yueOHOM
Y IIPOU3BOJICTBEHHOM IIPAKTHK;

- 000CHOBAaHHOCTH aHAJIN3a PaOOTHI WIEHOB KOMaHbI

(IO TIMHEHHBIX )

OK 05. OcymiecTBiasITh YCTHYIO U
MUCHMEHHYIO0 KOMMYHUKAITHIO Ha
roCyJapCTBEHHOM si3bIke Poccuiickoit
®denepanyu ¢ y4eToM 0COOCHHOCTEH
COLIMAJIFHOTO M KYJIBTYPHOTO KOHTEKCTA

-rPpaMOTHOCTb YCTHOM M MMCbMEHHOU peuH,
- ICHOCTH (DOPMYITHPOBAHUSI U M3JIOKEHHS MBICIICH

OK 06. IIposiBiIATE IpakJaHCKO-
NaTPUOTHYECKYIO O3UIIHIO,
JE€MOHCTPUPOBATh OCO3HAHHOE IIOBEJICHUE
Ha OCHOBE TPaJIMITHOHHBIX
00111e4eTI0BEYECKUX ICHHOCTEH, B TOM
YHUCIIE C YI€TOM TapMOHHU3AINH
MEXHAIMOHATBHBIX 1 MEXPEIUTHO3HBIX
OTHOIIIEHUH, TPUMEHSTH CTaH1aPThI
AHTUKOPPYNIIMOHHOTO MOBEIEHUS

- coOJII0IeHNEe HOPM HOBEIEHUSI BO BpeMsl yueOHBIX 3aHATHHA
U MIPOXOXKJICHHUS y4eOHON ¥ MPOU3BOACTBEHHOM MPAKTHUK,

OK 07. ConeiicTBOBaTh COXpaHEHHIO
OKpY>Karollleu cpeipl,
pecypcocOepesKeHHI0, TPUMEHSITh 3HAHUS
00 M3MEHEHNH KJIMMaTa, IMPpUHIUIIbLI
OepeITMBOTO MPOU3BOJICTBA, 3D (HEKTUBHO
JIeHCTBOBATH B YPE3BbIUANHBIX CUTYaLUIX

- 3)PEKTHBHOCTH BBITIOJHEHHSI MTPABUII TEXHUKH
0e30MmacHOCTH ¥ OXpaHbI TPY/la BO BpEMS YIEOHBIX 3aHATHIA,
NIPY IPOXOXKIEHUH Y4eOHOH U POU3BOACTBEHHOH MTPAKTHUK;
- 3HaHME U UCII0JIb30BaHUE PECYPCOCOEpEraroIx
TEXHOJIOTHH B 00J1aCTH ANEKTPOHUKHN U MPUOOPOCTPOCHNUS
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OK 08. VMcnonb30Bathk cpeacTBa - 3)eKTUBHOCTH UCIIOIB30BaHUS HH(POPMALIMOHHO-
(bu3HIecKOi KyIbTYpPHI A1l COXpAaHEHHS M | KOMMYHHKAIIHOHHBIX TEXHOJIOTHH B IIPpodeccrnoHaIbHOMI
YKPETIJIEHUsI 37J0POBbS B ITpOIIecce JeATeTLHOCTH COTTIACHO (POPMHUPYEMBIM YMEHUSAM U
npodecCHOHANBHON AEATENLHOCTH U MOJYy4aeMOMY MPAaKTUYECKOMY OIIBITY;

HOAJeP)KaHHUS HEOOXOIMMOTO YPOBHS

(HU3UIEeCKON TTOArOTOBICHHOCTH

OK 9. ITonb3oBatbest mpoecCHOHANBHON | - 3 (EKTUBHOCTD UCIIONB30BaHUS B MTPOPECCHOHATBHON
JOKyMEHTaIeH Ha TOCYAapCTBEHHOM U JeSTeIbHOCTH HeOOXOANMON TEXHHYECKOH TOKYMEHTAIIHH,
MHOCTPAaHHOM SI3BIKaX. B TOM 4YHCJIC HA HHOCTPAHHOM SI3BIKE.

4.3. TpebGoBanus k noptdosno
Tun noprdonuno: cmewarnwviti mun

- Joxmaael

u COO6HICHI/I$[ II0 OTACIbHBIM TEMaM MCKIUCHUIIIIMHAPHOTO KypcCa

po(hecCHOHANBFHOTO MOAYJIS, MPEAYCMOTPEHHBIE TPOrPAMMOIA.

- Ort4yersl

10 MPAKTUYICCKUM pa60TaM, BBIITOJIHECHHBIM npu HN3YUCHUU

MCKIAUCHUILTIMHAPHOTO KypcCa Hpoq)eCCHOHaHLHOFO MOAYJIA.

Z[OIIOJIHI/ITEJII)HLIQ MaTepuajbl:

['pamMOTBI, TUTLIIOMBI
CepTuduKatsl 32 y9acTue B MEPONPUATHIX KOJIIeIKa 1 MOCKOBCKOM 00JIacTy.
[Tprka3bl 0 TOOIIPEHUSIX.

TpeboBanus:

TpeOGoBaHus K MPE3EHTAINH U 3aIUTE TOPTQOINO: - HE IPETYCMOTPEHO

TpeboBaHMs K CTPYKTYpe U 0POPMIIEHHIO OPTPOIHO: - HE MIPETYCMOTPEHO

O0s13aTeNnbHO HAJIMYKME BCETO MEPEUHs, BXOSIIETO B COCTaB 00513aTEIbHON 4acTU HOPTQOIIHO.
CriernanbHbIX TpeOOBaHUHM K O()OPMIIEHUIO HET.

IToxa3aTenn oneHKH NOPTGOINO0 HA IK3aMeHe (KBATH(PUKAIIMOHHOM):

Koawbt Ounenka
IToka3aTenu olleHKH pe3yJibTaTa
NpoBepsieMbIX (na / Her)
KOMIIeTeHIIU I
WM UX
COYETAHUMI
Hannune xapakTepucTHKH C MECTa MPAKTUKH. a/Her
OK1-OKY; pairep P a
IIK 4.1-T1K 4.2
Hanmdme atrecTaliioHHOTO JTHCTA a/Her
OK1-OKY; u a
IIK 4.1-T1K 4.2
OK1-OK9- Hanuure w kavecTBEHHOE BBHINOJIHEHWE OTYETOB 1O TpakThkam, | Jla/Her
’ coJiep>kaHue KOTOPBIX COOTBETCTBYET BBIIaHHOMY 33JaHUIO.
IIK 4.1-T1K 4.2
OK1-OK9- Odopmienne oTaeToB 1o npakTrkaM [lonoxkenust 06 ohopmiiennn | Jla/Her
’ TEKCTOBBIX JIOKYMEHTOB.
K 4.1-T1K 4.2
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OKI 'OKQ, 3aHII/ITa OTUYCTOB O NPOXOKACHUU MMPAKTUKH. I[a/HCT
I[IK 4.1-T1K 4.2

4.4. OneHKa 0CBOEHUSI TEOPETHYECKOr0 Kypca npodeccnonanabuoro moxyuas — MIK:
4.4.1 Tunosble 3a1anus AJs1 oueHkH ocBoeHusi M/IK.04.01 MUKpPOKOHTPOJLIEPHI U
BCTpauBaeMble CHCTEMbI
IIpumepHbIii NepevyeHb BONPOCOB /il (JOpMHUPOBAHUSA 32IaHUH TEKYIIero KOHTPOJIS:

CoNoOA~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 MUKPOKOHTPOJUIEPOB

[{enouncieHHbIE ABOUYHBIE KOBI

3anuch TEKCTOB JABOUYHBIM KOJOM

3anuch JECATUYHBIX YHCEN JIBOMYHBIM KOJIOM

[IpencraBienue ynucesn B TIBOMYHOM KOJE C TJIABAOLIEH 3alsTON

Macounsie I13V, I1I13VY, PII3Y

EEPROM u flash namsth

BayTpeHnnee ycTpoiicTtBo cratuyeckoro O3Y

. Koman el Mmukpormnponeccopa
. CucremHas mKrHa MUKPOIpOLEccopa
. IIpuHIUITBI TOCTPOEHUS NapAIIEIBHOTO nopTa. [loaKiIIoueHne BHEIIHUX YCTPOMCTB K

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

ApxuTekTypa MUKpOKOHTpoJuiepoB MCS-51

Cucrema KoMaHJ MUKpOKOHTpoiepoB MCS-51

Bunsr agpecanyn

WNHcTpykunu MUKpoKoHTposiepoB MCS-51

Oco0eHHOCTH TOCTPOEHHUS MapajlIeNIbHbIX TOPTOB MUKPOKOHTpoiepoB MCS-51
Oco0eHHOCTH OCTPOECHUS TAMITH MUKPOKOHTpOIIepoB cemeiictBa MCS-51
BuyTtpeHnHue Taiimepbl MUKPOKOHTPOJIIEPA, OCOOCHHOCTH UX MPUMEHEHUS
YcTpoiicTBO U 0COOEHHOCTH MTPUMEHEHHS ITOCIIEI0BATEIbHOIO TOpTa
MUKpPOKOHTpoJuiepoB cemericta MCS-51

Oco0eHHOCTH NPOEKTUPOBAHUS CXEM Ha MUKPOKOHTpOJIIEpax

Oco0eHHOCTH TPOEKTUPOBAHUSI CUCTEMBI MUTAHUS JJIs1 yCTPOUCTB Ha
MHUKPOKOHTPOJIEPAX

S3bIKK IpOrpaMMUPOBaHUS 1J11 MUKPOKOHTPOJLIEPOB

[TpuMeHeHue noAmporpaMm MpH nporpamMmmupoBanuu. [ToHsTHE TOATPOrpaMMBI
IPOIIETyPHI U TOATIPOTPaMMBI (PYHKIIUH

Hanucanue nporpamm [uist MUKporporeccopos. [IoHsTHE TporpaMMbI-MOHUTOPA U
OTIEpPAI[MOHHON CHCTEMBI pEaIbHOTO BPEMEHU

[TonsiTHE CTPYKTYpHOTO NporpamMmupoBanus. [IpumMeHeHne koMMeHTapueB
[TonsiTue MHOTO(ANIOBOrO 1 MHOIOMO/IYJIbHOTO MPOTpaMMHUPOBaHUS

IIpumep 3a1aHMA HA IPAKTHYECKOE 3aHATHE:
OcCHOBHBIC XapaKTEePUCTHKH U 0cO0eHHOCTH apxuTeKTypbl MK.

1 deab padoTsbl
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Llenbio paboTh siBIsieTcst u3ydeHue apxutekrypsl MK ATmegal 6 u npruoOperenne 6a30BbIxX
HABBIKOB I10 CO3/IaHUIO ITPOEKTOB, KOMIWIALIUN U HACTPOUKH IPOrpaMM B UHTEIPUPOBAHHOMN
cpene paspadborku Atmel Studio

2 OcHOBHBIE MOJ10KEHUS

2.1 Oomasn xapakrepuctuka MK cemeiictBa Mega komnanuu Atmel

IIpencraButenu cemeiictBa Mega siBnstoTcs 8-po3psaaubiMu MK, npeiHazHauyeHHBIMU IS
BCTPOCHHBIX fAo0aBieHuid. Ouu noo6eiBaercs CMOP-TexHOIOTHEH ¢ HU3KUM HCTIOJIb30BAaHHEM
SHEPIHuH, KoTopas B cuMOno3e ¢ ycoBepiieHCTBOBaHHOM RISC-apXuTekTypoii mo3BoJsieT
JOCTHYb HAMJTYYIIIErO COOTHOIIEHHS OBICTPOICHCTBHSA/9HEPTONOTPEOICHNUS.

MK nannHoro cemeicTBa sSBISAIOTCS O0see pa3BuThiMu npeactasutessimu MK AVR komnanun
Atmel

Ocodoennoctu MK AVR cemeiictBa Mega:

— FLASH-nmamsaTe nmporpamm o6beMoM § ... 128 KOalT (4nciio MUKIOB CTHPAHUSI/3aIIUCH HE
menbie 1000);

— omepaTUBHAs MaMATh o0beMoM 1 ... 4 KOalT;

— namsTh naHHbix Ha ocHoBe ECIIII3IT (EEPROM) o6bemom 512 6aiit ... 4K6aitT (yucimo
UKJIOB cTUpanwusi/3anucu He MeHbIine 100000);

— BO3MOJKHOCTb 3aIIIUTHI OT CYUTHIBAHUS U MOJAU(DHUKAINY ITAMITH IPOTPaMM U JTAHHBIX;

— BO3MO’KHOCTb IIPOrPaMMHPOBAHUS HETIOCPEICTBEHHO B CUCTEME YEpPE3 MOCIIE10BATENbHBIH
unrepdeiic SP11JTAG;

— BO3MOKHOCTh CaMOIPOIpaMMHUPOBaHUS;

— BO3MOYKHOCTh BHYTPHCXEMHOW HAacTpoiiku oTHOcHTeNNbHO K cranaapty IEEE 1149.1 JTAG);
— pa3Hble COoco0bl CHHXPOHU3AIMU: BCTpoeHHBIH RC-reneparop ¢ BHyTpeHHel 1100 BHEIIHEH
RC-1ienbio nin ¢ BHEITHUM PE30HATOPOM;

— HaJIMYMe HECKOJIBKUX PEKUMOB IMOHMKEHHOTO SHEPronoTpeOIeHus;

— HaJIM4Me IETeKTOopa CHIDKEHUs HanpshkeHus nuTtanus (brown-out detector, BOD);

— BO3MOKHOCTb IIPOTPAaMMHOI'0 TOHWYKEHUS YaCTOTHI TAKTOBOI'O T€HEpaTopa.

OcHoBHbIe XapakTepuctuku npoueccopa MK cemeiictBa Mega siBisifoTcst Taku ke kKak 1 MK
npyrux cemeiicts — Classic 1 Tiny:

— MOJIHOCTBIO CTATHYECKAsl apXUTEKTYpa; MUHUMAJIbHASI TAKTOBAs 4YaCTOTa MOKET PABHATHCS
HYJIIO;

— AJIY noakit04eHo HEeMOCPEICTBEHHO K PETUCTpaM O0IEero Ha3HaYeHUs;

— OOJBIIMHCTBO KOMAaH/ BBITTOHSIFOTCS 3a OJJUH MAITUHHBINA ITUKI;

Taxxe nmpoueccop MK cemeiictBa Mega nMeeT HU3KHE XapaKTepUCTUKH, TPUCYIIE UMEHHO
TOMY CEMENCTBY:

— HauOOJIbIIIee YHCIIO UCTOYHUKOB MPEPhIBaHU#l (10 27 HCTOYHUKOB)

— HaJINYMe MPOrpaMMHOI0 CTEKa BO BCEX MOJIENISIX CEMEHCTBA;

— HaJIM4Ke anmnapaTHoro yMHOKUTETIS.

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

— IporpaMMHO€ KOH(UTYPHUPOBAHUE U BBIOOP TTOPTOB BBOJIa/BHIBO/IA;
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— BBIBOJIBI MOT'YT OBITh 3aIIPOTrPaMMHUPOBAHBI KaK BXOJHBIE WIIM KaK BBIXOJIHBIC HE3aBUCHMO JIPYT
OT Jpyra;

— BXoaHbIe Oydepsl ¢ Tpurrepom LlIMuara Ha Bcex BBIX0/aX;

— BO3MOJKHOCTb ITOAKJIFOUYEHHUS KO BCEM BXOJaM BHYTPEHHUX PE3UCTOPOB MOATATUBAHUS
(compoTuBiIeHUE pe3UCTOPOB cocTaBisieT 35 ... 120 kOm).

MK cemeiictBa Mega nmerot Hanbosiee 6orateiii Habop nepudepuitapix ycrpoiicts (I1I1). [pu
9TOM B OOJIBITMHCTBE MojIee ecTh Bee [111, koTopeie BooOIe BcTpeuaroTcs B coctae MK
AVR. DTumMu ycTpoiicTBaMu SBISIIOTCS:

— 8-paspsinuble TaliMepsl/cueTunku (Taiimepsl TO u T2). Y HEKOTOPBIX MOJIEIEH 3TH
TaliMepBI/CYETYMKHI MOTYT PadOTaTh KaK 4achl peaJbHOTO BPEMEHH (B ACHHXPOHHOM PEXHIME);
— 16-pa3psianblie Taitmepsl/cueTynku (Taiimepst T1 u T3);

— cropoxeBoit Taitmep WDT;

— renepatopsl curtaina ¢ HIMM paspsgHocTbio 8 6UT (0AMH U3 PeXKUMOB paboThI 8-pa3psaHbIX
tariMepoB/cueTurkoB TO u T2);

— OJIHO-, IBYX - M TPEXKaHaJIbHble TeHepaTopsl curHana ¢ [IIHMM perynupyemoit pa3psaHOCTbIO
(omuH 13 pexxuMoB paboTel 16-paspsanubix TaiimepoB T1 u T3). Pazpemenne [IIMM-curnana mis
pasHbIx Mojenei coctasisieT 8 ... 10 out unu 1 ... 16 Our;

— QHAJIOTOBBIM KOMIIAPATOD;

— MHorokaHaybHbIM 10-pa3psanbiii AL kak ¢ HECUMMETPUYHBIMH, TaK U C

i depeHIMATEHBIMEA BXOIAMU;

- IOJIHOAYIUIEKCHBIN YHUBEpcalIbHbIN acuHXpoHHbIA mprueMHUK (UART);

— MOJHOIYIICKCHBII YHUBEPCAIbHBIH CHHXPOHHBIN/acHHXpoHHBIN nprueMHUK (USART);

— MOCJIeI0BaTeNIbHBI CHHXPOHHBIN nHTepdeiic SPI;

— MocJieI0BaTeNbHbIN ABYXITpoBOAHBINA uHTEepdeiic TWI (ananor unrepdeiica 12C).

Anpo MK AVR cemeiictBa Mega, kak u siipo MK cemeticts Classic u Tiny, BBIIIOJHEHO 110
ycoBepiieHcTBoBaHHOM RISC-apxutextype (enhanced RISC). AJIIL, uro BINONHSET BCe
BBIUMCJIEHMS, €CTh MOJKIIIOYEH HAMPSAMYIO 10 32-X pabouux perucTpoB, KOTOpble OOBEIMHEHBI B
perucTpoBbIi (aii.

bnaronaps atomy AJIII BeIMOIHSET OAHY Ollepaluio (YTEHHE COAEPKUMOT0 PETUCTPOB,
BBINOJIHEHHE ONepaluy 1 3alUCh pe3ysibTaTa 00paTHO B PETUCTPOBBIH (hailin) 3a ouH
MaIIMHHBIN HUKI. [IpakTuuecku Kaxkaas u3 KOMaH[ (3a HCKII0UEHHEM KOMaH/l, Y KOTOPBIX
OJITHUM U3 ONepaHJIoB sBIseTcs 16-pa3psaHblil agpec) 3aHUMAeT OJHY SUYEHKY

NaMATH IPOTrpamM.
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Pucynok 1.1 — CtpykrypHas cxema MK ATmega 16

B MK AVR peanuzoBana ['apBapiackasi apXuTeKTypa, KOTOpash XapaKTEPHU3YeTCs pa3iaeibHOM
NaMSATBIO MPOTPAMM M JIaHHBIX, KaXKasi U3 KOTOPBIX UMEET COOCTBEHHbIE IIMHBI JOCTYNA K HUM.
Takast opraHu3zaiusi MO3BOJSET OJHOBPEMEHHO pabOTaTh Kak C MaMATHIO MPOTpPaMM, Tak U C
NaMAThIO JTaHHBIX. PazneneHue MIMH JOCTyNa MO3BOJISIET HCIOJB30BATh JUISl Ka)XJO0ro TUMA
HIMHBI TaMITH Pa3IMYHON pPa3psAHOCTH, MPHYEM CHOCOOBI aJpecallii U JOCTyNa K KaXJIOMY
THUITYy IaMSATH TaKXK€e pa3IudHBbI.

Eme omgHuM pemieHueM, HampaBiCHHBIM Ha TOBBILIEHHE OBICTPONEHCTBHS, SBISETCA
UCIIOJIb30BAaHUE TEXHOJIOTMUM KOHBeWepu3anuu. KoHBelepuzanus 3aKiar04aeTcs B TOM, YTO BO
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BpEMsI BBIIOTHEHHSI TEKYIIEH KOMaH bl POBOUTCS BBIOOPKA M3 IMAMATH U Aemn(poBaHKE KOJa
CIEAYIOLIEH KOMaH/IbI.
[Ipuyem, mockonbky miutenbHOCTh, MamuHHOro nukia MK AVR cocraBnsier Bcero oauH
NEepUOJI TAKTOBOTO T€HEPAaTOpa, OHU MOTYT O0ECIeYrBaTh TaKylo K€ MPOU3BOIUTEILHOCTh, YTO
u RISC-MK npyrux ¢upm, HO 110 60j1€€ HU3KOW TAKTOBOM YacTOTHI.
Hanee 6ynem paccmatpuBaTh Toibko MK ATmegal6, cTpykTypHas cxeMa KOTOpOro Moka3aHa
Ha puc. 1.1.
DTO TUNIMYHBIN NpeAcTaBUTeNb cemericTa Mega. 2.2 Apxurekrtypa MK ATmegal6
Muxkpocxema u3rorasnuBaercs B kopnycax ¢popmara PDIP u TFQP. Pacnonoxenue u
obo3HaueHne BIBOAOB MUKpocxeMbl ATmegal6 B PDIP-kopnyce moxa3aHo Ha puc. 1.2.

/
(XCK/TO) PBO ] 1 40 O PAO (ADCO)
(T1) PB1 ] 2 39 [0 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 O3 PA3 (ADC3)
(SS) PB4 ] 5 36 [0 PA4 (ADC4)
(MOSI) PB5 ] 6 35 O PA5 (ADC5)
(MISO) PB6 (] 7 34 [ PA6 (ADCS)
(SCK) PB7 ] 8 33 [0 PA7 (ADC7)
RESET ] 9 32 [0 AREF
vCC ] 10 31 O GND
GND [ 11 30 [0 AvVCC
XTAL2 ] 12 29 [0 PC7 (TOSC2)
XTAL1 ] 13 28 [J PC6 (TOSC1)
(RXD) PDO ] 14 27 3 PC5 (TDI)
(TXD) PD1 ] 15 26 [0 PC4 (TDO)
(INTO) PD2 ] 16 25 (1 PC3 (TMS)
(INT1) PD3 ] 17 24 1 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 — uaTerpupoBanHas cpeia pa3padoTKu
— npodecCUOHANBHBIN IPOTPaMMHBIN TPOAYKT OT KoMmnaHuu AVR).

Jo Bepcun 5 HazpBancss AVR Studio. Pacnpoctpansiercss Gecrmatno. Cpena mo3BoJIseT
co3daBaTh MporpamMMmbl JUIsl  pasiuuHbIXx Mmogened  8-paspsagHeix MK AVR - s3Ik
Assembler/C/C++, a Taxke OCYHIECTBIATh MX KOMIWIALMUIO, CUMYIALMIO M HaJla)XKUBaHUE.
Hanee paccmarpuBaercs Bepcust Atmel Studio. [lanmpneiimee omnucanue paboTel B cpefe
MPAKTUYECKH HE OTIMYAETCs OT MpeAblaynux Bepcuil. Utak, s Hadana paboThl HEOOXOAMMO
co31aTh HOBBbIM MpoekT. [IpoekT cocTOMT M3 OAHOrO MM HECKOJIBKHX (DalijioB C KOAOM C
BO3MOKHOCTBIO TOJKITIOUeHne OnbnuoTek. Beioupaem mynkr menio File > New > Project. B
CIIeMyIONIeM OKHE BBIOMpaeM si3bIK Assembler m 3amaeM Ha3BaHWE W PACIOJIOKCHHUE IANKH B
COOTBETCTBUHM C YKazaHUSAMH TpenojaBareis. B ciexyromem oxHe HEOOXOJMMO BBIOpaTh
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monenr MK. Bo Bcex mampHeimux pabdorax OymeM ucnonb3oBath Moaenb ATmegal6. HoBbrit
poeKT uMeeT Buj puc 1.3.

ABTOMAaTHYECKHU cO3/1aeTcsl ailyl — main.asm ¢ MUHUMAaJIbHBIM [Ia0JIOHOM acCeMOJIEPHOTO KO/
it MK, KOTOpBIii ipecTaBiIseT OO0 BEUHBIN ITHKIL:

start: // KOMMEHTapHUu:

inc r16 // r16=r16+1

rjmp start // mepexoj Kk MeTke start

EY Assemblestppiication? - AtmelStudic (Administratos) Y k Launch (C1 £ = B X
Fe Edit View VAssistX ASF  Project Budd Debug  Tools Window Help
G- -2 RP X0 « e LR b o Debug - Dabug Browser * b
" > ] He R @~ - -+ [ R s @ ATmegals T NoTool -
manasm £ X Ml Solution Explorer * 3 X

Assemblerdpplicaticnl.asm -

. D b-2@| p-=
tion er (Ct P -
& Solution ‘AssemblesApplication2’ (1 progect)
4 AssemblerApphcation?
4 Dependencies
# Labeis
4 Output Files
start: B mainasn
inc rl16
rjmp start

earch
} Created: 18.12.2015 23:52:57

} Author Acer

; Replace with your application code

LLN ISR Solution Explores
Properies
mainasm File Properties -
o B4

Build Action Compile a

Custom Tool
Custom Tool Namesp v
Custom Tool Namespace

« §| The namespace into which the cutput of the
custem tool is placed,

100% =«
Output v 3 x
Show output frome  PercepioTrace - "

Error List QelRIUN
Feady

Pucynok 1.3 — Hosslit npoekt Atmel Studio

B npaBoit yacTu npoekTa cieayer oTMETUTh OKHO Solution Explorer, koTopoe colep T Crucok
¢aitoB mMpoekTa, U rie BO3MOXXHO MOJKII0YATh BHEIIHUE OUOIHOTEKN QYHKIUH, OnpeeeHnit
u T. . Korja tekct mporpaMmmsbl TOTOB, MOKHO Ha4MHATH cOopka mpoekTa (Build), cocTosiero
u3 nByx ortanoB: — kommwianug (Compiling) —mponecc mnepeBoja TEKCTa MPOTpamMMBbl,
HAITUCAaHHOW S3BIKOM TIPOTPAaMMHUPOBAHUs, B OOBEKTHBIH MOIYJIb, KOTOPBIH COJCPIKUT
MalIuHHBIE KOMaHBI TIpoiieccopa; - komnoHoBka (Linking) - c6opka BBITIOJIHSIEMOTO MOJYJIS C
OJTHOTO WJIN HECKOJIBKIX OOBEKTHBIX MOIYIICH.

Cobupanue poekTa 3amyckaeTcst HakatueM kinasuimu F7 win kaonku Build solution Ha manenu
UHCTpYMEHTOB. OTueT 0 mpoluiecce cOopa BEIBOAUTCS BHIKHEM okHe Output. B nanHOM cityuae,
10CJI€ YCIIEHIHOM COOPKU MOSBUTCS COOOILIEHHE:

Build succeeded.
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o
3 ; Filter:

Name
# @ AD_CONVERTER
# Bl ANALOG_COMPARATOR
& BOOT_LOAD

@ EEPROM
# L4 EXTERNAL_INTERRUPT
B mac
WO PORTA
W0 PORTB
U8 PORTC
¥9 PORTD
+ @ spl
¢ @ TIMER_COUNTER 0
# @ TIMER_COUNTER 1
# @ TIMER_COUNTER 2
#=@wm
# @ USART
# @ WATCHDOG

Name Address Value
# BISFIOR 050  0:00
¢ B OSCCAL 0x51  0:00
# B MCUCSR 0x54 001
# BMCUCR 055  0:00

@Bse 05D 0x0000 oooO0OOS CecoCoon
FB,_ZW_

-]l
Value

Bits
000
0000000a
0O 0O0o0O.
00000ano

Pucynox 1.4 — Oxkwno 1/0

OtoOpaxxeHue okHa ¢ conepxumMbiM peructpoB R0-R31: mento Debug >>Windows> Registers
(Alt +5).

B ToMm xe MeHI0 MOKHO BBIOpaTh OKHO Processor status (puc.1.5), riae nmokasaHo Tekyiiee

COCTOSIHME PETUCTPOB MPOIECCOPA, €r0 TEKYIIasi TAKTOBAs YaCTOTA U CKOJIBKO BPEMEHH MPOIILIO
ot 3amycka MK 1o mocneanei Touku octaHoBa (Stop).

Processor Status *OaXx
Name Value
-
Stack Pointer 0x0000
X Register 00000
Y Register 00000
Z Register (0000
Status Register DOEAVERQ
Cycle Counter 24
Frequency 1,000 MHz
Stop Watch 24,00 ps
(= Registers
ROO 000
RO1 0x00
RO2 0«00
RO3 0«00
RO4 0:00 -

Pucynok 1.5 — OxnHo Processor Status

Takxke JOCTYyMHO OKHO Memory, TIJie OTOOpakaroTCs SYCHKH BBIOPAHHOTO THIIA TMaMSATH C
BO3MOXXHOCTBIO U3MEHEHUS UX COJEP)KUMOI0 BPYUHYIO.
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Oxno mmzacembnepa (Alt + 8) mokaspiBaeT OOpaTHYIO TPAHCISALHMIO CKOMITMIMPOBAHHBIX
pOTpaMMBbl U3 MAIIMHHBIX KOJIOB B AcceMOuiep.

Takum 00pa3oM MOXKHO OLIEHUTH pabOTy KOMIWJISATOPA MPHU HAMCAHWUU MPOTPAMMBbI Ha S3BIKE
C/C++.

Janee momiaroBoe BBIMOJTHEHHE KaKJOW KOMaHIbl MPOUCXOAUT IMPU TOBTOPHOM HAXKATHUU
kinapumu F11. BeimonHenue nepBoit koMaHabl «inc 1r16» yBenuuuT 3HaueHue peructpa R16 Ha
eaununy. [IpoBeputb pesynbrar ee paboThl MOKHO B OKHax Registers minu Processor status.
Crnenyromas komMaHaa «rjmp start» OCylecTBUT BO3BpaT Ha MeTKy start. [Ipu 3Tom m3aMeHuTcs
3HaueHue peructpa PC (okHo Processor status).

3 KoHTpoJIbHbIE BONPOCHI

3.1. HazoBure ocHoBHBIE xapakTepuctiuku MK AVR.

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

3.3. HazoBure Habop nepudepuiinpix ycrpoiicts MK cemeiictBa Mega.

3.4. Kak nocrpoena cucrema namsatu MK cemeiictBa Mega?

3.5. OnummTe perucTpsl 00MIero Ha3HAUCHUSI.

3.6. OnummTe perucTpsl BBO1a/BHIBOIA.

3.7. Onumute 6uthl peructpa cocrosiaus SREG.

3.8. HazoBHTE OCHOBHBIC BOBMOXHOCTH OTIaJKH B cpene Atmel Studio.

4.4.2 TunoBble 3a1aHus AJ151 OeHKH ocBoeHuss MIK.04.02 Pa3zpaboTka mporpaMMHOro
o0ecrneyeHus 1J151 BCTPAUBAEMbIX CHCTEM

IIpuMepHBIi nepedyeHb BONPOCOB s (popMHUpPOBaHMS 32IaHUI TEKYyLIEro
KOHTPOJIA:
1. Ctpareruu pa3pabOTKH IPOrpaMMHBIX CPEACTB U CUCTEM.
2. Cuctema peanbHOro BpeMeHu. [IpuHimnuanbHoe oTandre OObIYHBIX HHPOPMALIMOHHBIX
cucTeM OT cucteM peanbHoro Bpemenu (CPB). Cuctema msrkoro peansHoro BpemeHu. Crucrema
JKECTKOT'0 pEaJIbHOIO BPEMEHH.
3. Uadopmarnmonno-ynpasistomas cuctema (MY C). Oranuune CPB ot UYC.
4. BapuanTtsl noctpoenust UYC. Cocra UYC.
5. Berpoennas (unu BctpanBaeMasi) cucrema (BC). Kareropuu BC. IlpumMeps! BcTpanBaeMbIx
CUCTEM.
6. PactipenienieHHast BCTpOEHHAsI CUCTEMA.
7. DneMeHTHast 6a3a MUKPOIPOLIECCOPHON TEXHUKH JUIsl BCTPAUBAEMBIX TPUMEHEHHI.
[Tponeccop. Knaccuduxanus nporeccopoB. MUKponpoueccop 1 MUKPOKOHTPOJLIEP.
Knaccugukaius MUKpOKOHTPOJIJIEPOB.
8. MoaynpHbIN puHLIKI opraHu3anuu npoueccopa BBC. Tunosas ctpykTypa npoueccopa Juist
BCTpamBaeMbIX cucteM. [Iponeccoproe sapo.
9. Opranm3zanus npepbIBaHUN B YIIPABJISIOMKX Mporeccopax. Moaynu namstu. [TopTel BBOa-
BBIBO/JIA.
10. CereBsie untepdeiicst BC.
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11. OcoGennocTu opranu3anuu 1 ucrnonb3oBanust BBC. Biusaue ocoOeHHOCTEH anmapaTHoro
obecneuenus BBC Ha opranuzanuto 110.

12. OcoGeHHOCTH KOHTPOJUIEPOB. AHAIN3 0JIOKOB MUKPOKOHTPOJIJIEPOB C TOUYKH 3PEHUS
IIPOrpaMMUPOBaHUs (LIEHTPAIbHBIN MPOLIECCOP, CUCTEMA KOHTPOJIS MUTAHUS, IOJIKIIOUEHHUE
BHEIIHEH MaMATU U T.1I.).

13. Bapuants! opranuzanuu [10 BBC.

14. Ctune mporpaMMUpOBaHUs, MOJICTTb BEIYMCIICHHH, IaTdhopma. Kinaccudukarus cTuei
nporpamMmmupoBanus. CTuib, METO/I, METOOJIOTHS, METOAHKA.

15. Pa3paboTka BCTPOEHHBIX CUCTEM C UCIIOJIb30BAHUEM MOJICIIA BHIYMCICHUH.

16. OcobenHocT peanu3aluu anmnaparHo-3asucumoro I10.

17. lanHbIe, TOTOK aHHBIX, HH(POpMaIus, mporecc. [loTokoBas MOAETs BRIYHCICHHN.
Jnarpamma notokoB ynpasiieHus. [[puMeHeHne noTokoBbIx Moenel Ha npaktuke. [Ipobiembl
peann3ainuy MOTOKOBBIX MOJIEIEH.

18. Peanuzanus moTokoBoit Moaenu B OnepannoHHoi cucteme peanbHoro Bpemenu (OC PB).
19. O606mennas moaenb OC PB. Knaccudukamnus OC PB. OcHoBonosnararoniue KOMIIOHEHTBI
OC PB.

20. KoMnuiisTopsl sI3bIKOB BBICOKOTO YpoBHS. KoMnmiiaTop u TpanciasaTop. A3bik
nporpammupoBanusa Cu. Kommepueckre KOMIUISITOPBI.

HpnMep 3a/IaHUA HA IPAKTUYIECCKOC 3aHATHE
[TogxmroyeHue K MUKPOKOHTPOJUICPY CEMUCETMCHTHOTO CBETOAUOJHOI'O MHAUKATOPA.

CemucerMeHTHbIe MHIMKATOPbI IIUPOKO MPUMEHSIOTCS B LU(PPOBOM TEXHUKE: B OBITOBBIX
npulopax, HW3MEpPUTENbHON TEXHUKE, B MPOMBIIUIEHHBIX ycTpoicTBax. [lo cpaBHeHuio ¢
KUAKOKPUCTAUINYECKUMH HWHIUKATOPAMH CBETOJIMOJHBIE MMEIOT CBOM IPEUMYILECTBA, 3TO
KOHTPACTHOCTh OTOOpakeHUs] MHPOpMaINU, Manoe norpedienne sHepruu. CeMHCerMeHTHBIN
UH/INKATOp NpeACTaBiIseT coO0OW MaTpuIly W3 CEeMH CBETOAMOJIOB, Pa3MEIIEHHBIX TaKUM
o0pa3oM, 4YTOOBI 3aKurasi UX B Pa3HbIX COYETAHUSAX, MOKHO ObUIO ObI OTOOPA3UTH JHOOYIO
NECATUYHYIO LU(pY, a TaKXkKe ClelualbHble CUMBOJIBL. Kpome 3TOro MHAMKATOp JOMOIHSETCS
eI1e OJIHUM CErMEHTOM, KOTOPbIH MpeHa3HAuYEH JJI1 OTOOpaXKEHUS 1€CATUYHON TOUKH.

Ha pucynke 1 nsoOpakeH BHEUIHUM BUA MHAMKATOpa. [IpMHATO KaKablii CErMEHT MHIMKATOpa
0003HaYaTh JaTHHCKOH OyKBOii: &, b, C, d, e, f, g. Touka o603Havaercst 6ykBoii h.

a
fb
E‘C

@h

ITo cxeMe BKIIFOUEHUSI CEMUCETMEHTHBIE MHANKATOPBI OAPA3AEIAIOTCSA Ha MHIUKATOPHI C
00IIIMM KaTOJIOM U ¢ 00ImM aHo1oM. CXeMbl BKITIOUEHHUS TPUBEICHBI HA PUCYHKE 2.
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Cxema wigukaTtopa ¢ obwwum asogom

)

AT AT AT AT ST AT AT AT,
b d f g h

d c =

Cxema wHguKkaTopa ¢ oBLWMmM KaTogom

[logxkiIOYUTh ONUH CEMHUCETMEHTHBIM HWHIUKATOp M YOPaBIATH UM C  [OMOUIBIO
MHUKPOKOHTPOJUIEpA TpOLEAypa HecHoXHas. JlJii 3TOro IOCTaTOYHO CErMEHTHl HMHIUKATOpa
HOJKJIIOYUTH K OPTY MUKPOKOHTPOJUIEPA Yepe3 TOKOOTPaHUIUTENbHbBIE pe3ucTopsl 1o 150 Om.
OOmwmii BBIBOA MOJKIIOUUTH K JIMHUM JIPYrOro MopTa MUKPOKOHTpoJuiepa. B 3aBucumMocTH OT
TOTO KaKylo HU(PY HAJ0 BBIBECTH, B IOPT BHIBOJUM ABOMYHBIN KOJ 3TOW HUQPHL, CCHUIASACH HA
THUT TIOAKIIOYEHHOTO MHANKATOpa (C OOIIMM aHOJIOM WJIM KaTOJIOM) Ha OOIIMI MpPOBOJ MOaeM
wioc Wi MuHyc. Jlns ynoOGcTBa MOXKHO clienarh TaOiaMily KOJAOB JUIsl MHIuKaTopa. Ecnm
noakarouenue takoe: PD7-h, PD6-g, PD5-f, PD4-e, PD3-d, PD2-c, PD1-b, PD0-a, to mis
otobpaxenust udpsl 1 B mopt D Hy)HO BhIBecTH Takoit aBomunbiii koa: 0000000110.

Jns oroOpaxeHus UUQPPOBBIX JaHHBIX OJHOTO CEMHCETMEHTHOI'O HHAMKATOpa OOBIYHO
HEJOCTaTOYHO. B Takumx ciydasgXx K MHKPOKOHTPOJUIEPY MOAKIOYAIOT Cpa3y HECKOJIbKO
uHAuKaTopoB. OpaHako, M3-3a OTCYTCTBUSL  JIOCTATOYHOIO  KOJIMYECTBA  BBIBOJOB Y
MUKPOKOHTpOJUIEpAa HPHUMEHSIOT CHEHUalbHble MeToAbl. OOUH U3 TaKMX METOAOB 3TO
JUHAMHUYEcKass  MHAMKanus. PexuMm  AMHAMUYECKOM  MHAMKAIMM  OPUMEHSIOT  AJs
IIOCTPOCHHS MHOTOPAa3PAAHBIX HHAMKATOPOB. [Ipm TakoMm pexnMe paspsaapl HHIUKATOpa
paboTaroT HE OJIHOBPEMEHHO, a 1o ovepeau. [lepexitouenne pa3psaoB NPOUCXOAUT ¢ OOJIbLION
ckopocThio (50 I'm), U3-3a ITOro YENIOBEUECKUH IJ1a3 HE 3aMevaeT , YTO MHJIUKATOPhl paboTaroT
no ovepeau. Tak Kak y CBETOAMOAOB OYEHb Majias MHEPLHUOHHOCTh, CMEHSIOIIMECS pa3psiibl
CJIMBAIOTA B OJJHO M300paskeHue. B aToM pexxume B KaXKablii MOMEHT BpeMEHH pabOTaeT TOJIbKO
OJIMH pa3psll, BKIIOYAIOTCA MO0 OYeper HaunWHas C MEepPBOro 3aKaH4YMBasl MOCIETHUM, 3aT€M BCe
HA4YMHAETCS cHaJdajia.
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Q-0 OT W

4 3 2 1

Crnenaem mpoctoil cexkynmomep. Otcuer cexkyHa OyneT MPOU3BOIUTCS HA YEThIpEXpa3psaHOM
uHarKaTope (¢ obmum anoxoMm) ot 0 mo 9999. B Hamieit mporpaMMme HCIIONIB3yeM MPOIECAypy
IpephIBaHus MO TaliMepy, T.e. CMEHa pa3pslia MHAUKaTopa OYyIeT MPOMCXOAUTh KAXKIBIA pa3
Korza TaiiMep  Jgocuutaer A0  KoHuma(mo  255).  Ucmosnb3dyeM  BochbMHpaspsAHbIN
taiimep/cuetunk T2, on Oyner pabotaTh B HOpMadbHOM pekuMe. Ho oObIuHO I peanu3anuu
TUHAMUAYECKON WHAMKanuu ucnoib3yoT pexuM CTC (cOpoc mpu COBMAICHHM), 3TO PEXKUM,
Ipy KOTOPOM 4YacTOTa BO3HUKHOBEHHUS IMPEPbIBAaHUII 1O COBIAJCHHIO 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 OOHOBIEHUS pa3psaoB nenaoT o0bgHO S0HZ mm
Oonpire, Tak Kak y Hac 4 paspsna, dactora oOHoBieHUs Oymer paBHa 200Hz. Ilompcumraem
4acTOTy OOHOBJIGHHWS AJiS HAIlEro MpuMepa: TakToBas dacToTa paBHa S8MHz, mpennenurens
cnemaem Ha 8. Ha Bxop Taiimepa OynyT mocTymnath uMIyiabchl yactoTot 1MHz. Torga Taitmep
OyIeT yBelIWYUBaTh 3HAUYEHUE KaXJble | MUKPOCEKYHIY, MEpEenoNHATHCA OH OyAeT Kaxble
255*0,000001 =255 mkc. Yacrora ooHOBICHUS OyneT paBHa 1/255mkc = 3921Hz.

HLA1 CemucermedTHeIR uHaWKaToR DA
4
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CHUMBOJI, BbIBECTH €ro B opT D, a moTom ycranoBuTs jor. 1 Ha nuHMIO nopta B, koTopas
COOTBETCTBYET CIIEAYIOIIEMY HHANKATOPY. Takum 006pa3oM Mbl CMOKEM OOHOBIISATH IIOOYEPETHO
MH(POPMALIMIO Ha UHAMKATOPaX, 4TO co34acT 3(p(eKT ux HenpepbIBHOIO cBeueHusl. BeiBoauTh
IBOWYHBIN Ko/ B opT D Gynem cornacHo Tabmwuie, mpuBeIeHHON HIDKE.

Lndpa | PD7 | PD6 | PD5 | PD4 | PD3 | PD2 | PD1 | PDO |y
H | © | @ |©|0|©|6|®
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 QP MOTYUUTCS TAKOM:
] = {0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D,

1 unsigned char SEGMENTE [

0x7D, 0x07,

B 00paboTturke npepbIBaHUI MBI UCTIONB3YeEM orieparop SWitch, sToT omeparop mo3Bossier
3aMEHHUTH CIIOKHYIO (QYHKIHIO U3 ornepaTopos if. B o01iem Bujie OH BBITJISAUT TakK:

b

switch ( BepaxeHume

case 3HaueHuel :

2

break;

case 3HaueHUe? :

)

0x7F,
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5 default:
6 }

JIaHHBI# OIIepaToOp MPOU3BOAUT BHIOOD IO BBIPAKEHHUIO, OOBIYHO 3TO YUCI0. ECiu BhpakeHme
NPUCYTCTBYET B 3HaUCHHH CASE, TO BBIMOJIHIOTCS KOMaHIbI mociie case po break, nnaue
BeINONIHAETCS Ko ntocie default.

Hwu>xe npuBeieH NoJHbINA TEKCT IPOTPaMMBI:

OO ~NOOULL B WN K

// TloOkJIOUeHMEe CEeMUCETMEHTHHX MHIMKATOPOB K AVR. JIuMHamMmueckas
MHIMKALWS

#include <avr/io.h>

#include <avr/interrupt.h>

#include <util/delay.h>

[/ e 0-—--- 1-——-- 2—=—=== 3————= 4————= 5-———- 6-——-
=]=——— 8—————= 9
unsigned char SEGMENTE[] = {0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D,

0x07, O0x7F, Ox6F};

unsigned char segcounter 0;

unsigned int display = 0;

// 06paBoTuMK NpepHBaHMA MO MNEePeNoJIHeHMD TalMepa 2
ISR(TIMERZ_OVF_VeCt)

{

PORTD = OxFF; // TacuMm BCE pPas3pAIe

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

switch (segcounter)

{

case 0:

PORTD = ~ (SEGMENTE [display
pas3psane

break;

case 1:

PORTD = ~ (SEGMENTE [display
break;

case 2:

PORTD = ~ (SEGMENTE [display
break;

case 3:

PORTD = ~ (SEGMENTE [display
break;

}

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

// TmaBHasg QyHKLUUSA

int main (void)

{

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

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

o\

10000 / 10001); // PackyameiBaeM UMCJIO Ha

o\

1000 / 1001);

o°

100 / 101);

oe

101)
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40
41 TCCR2 |= (1 << CS21); // lpenmenuresnb Ha 8
42 TIMSK |= (1 << TOIE2); // PaspelleHMe INPEPEIBAHUS IO TanMepy 2
43
a4 sei(); // TI'noBaibHO paspemaeM NPEepPHBaHUA
45 while (1)
46 {

47 display++;
if (display > 9999)
_delay ms (10);
}

}

display = 0;
// 3Banmepxxa

// YeemmuupaeMm cueT oT 0 mo 9999

4.5. Ouenka no y4yeOHoil u (WJIM) NPOU3BOACTBEHHOH (MO0 MPOPUII0 CHEeNNATBLHOCTH)

NMpPaKTUKe

4.5.1 Buabl padot yuyeOHOH NMPaKTHKHM M NpoBepsieMble pe3yJbTaTbl 00y4eHHs IO

leO(l)eCCHOHaJII)HOMy MOAYJII0:

Tabauua 6

Bunpr pabot

[IpoBepsiembie  pesymbTatel  (IIK,  OK,

po(heCCUOHATILHBIN OMBIT, YMEHHS)

1. YcranoBka nporpaMMHOT0 00ecriedeHusl.
KongurypupoBanue MUKpOKOHTPOILIEPA,
CO3/IaHUU MTPOEKTa, KOMIMIALNH, TIPOIINBKA.
2. Paborta ¢ peructpaMu MHKPOKOHTpPOJLIIEPA.
bubnuoTexu st pa3paboTunKa.

3. Cucrema TaKTUpOBaHUS
MUKPOKOHTpPOJLIEpA.

4. TTopTh! BBOIa-BBIBOJJA MUKPOKOHTPOJLIIEPA.
5. YnopasieHue nopraMu BBOJa-BbIBOJIA YEPE3
PETUCTPBI.

6. YrpapneHue nopTraMu BBOJa-BbIBOJA YEPE3
byHKIMU ONOIHOTEKH.

7. Tunbl faHHbIX s3b1Kka C 1i1s
MHUKPOKOHTPOJLIEPA.

8. KonBeptupoBaHue nmpoekra asis

MUKpPOKOHTpoJuiepa Ha A3blke C B mpoekT C++.

9. O6paboTKa BXOTHBIX JUCKPETHBIX
CUTHAJIOB. Y CTpaHeHue Apede3ra KOHTAKTOB,
60pbrOa ¢ UMIYIBCHBIMU TOMEXaMHU.

10. Pa3paboTka 1 HCIIOJIb30BaHKE KIIACCOB B
C++. Cozmanme knacca 00paboTKH
JTUCKPETHBIX CUTHAJIOB.

11. Co3nanue u UCIOIb30BaHUE OMOIHOTEK
JUTSE MUKPOKOHTPOJLIIEPA.

12. ITapannenpHble Tpoiecchl. BoimomHenue
3a/1a4 B JOHOBOM PEXHUME MPHU MOMOIIN

- (hopmanzanms 1 aNropUTMU3ALUS
MOCTaBJICHHBIX 3a]a4;

- HalMCaHue MPOTrPaMMHOTO KOJIa C
UCIIOJIb30BaHUEM SI3bIKOB ITPOIPAMMHPOBAHUS,
OTIpeIeIICHUs] 1 MAaHUITYJINPOBAHUS TAHHBIMH;
- oopmIIeHHE TPOrPaMMHOTI0 KOJIa B
COOTBETCTBHUH C YCTAaHOBJICHHBIMU
TpeOOBaHUSIMU;

- IPOBEpKa U OTIaIKa IPOTPAMMHOTO KOJIa;

- pa3paboTKa IpoLueayp NPOBEPKU
paboTOCTIOCOOHOCTH U U3MEPEHUS
XapaKTePUCTHK MPOrPaMMHOI0 o0ecredyeHus,
- pa3paboTKa TECTOBBIX HAOOPOB JAaHHBIX;

- IpoBepKa paboTOCIIOCOOHOCTH
MPOTPAMMHOTO 00€CTICUCHHST,

- peaKTOPUHT U ONITUMH3ALIHS TPOTPAMMHOTO
KOZa;

- cnpasJieHue 1e(eKToB, 3apUKCUPOBAHHBIX B
0a3e 1aHHBIX JEPEKTOB.

- COCTaBJIATh IPOTPaMMBbI Ha SI3bIKE
MPOrPaMMHPOBAHUS JIJISI BCTPANBAEMBIX
CHCTEM;

- IPAMEHSTh CTaHJAAPTHBIC ATOPUTMEI U
KOHCTPYKIIMU SI3bIKa TPOrpaMMHUPOBAHUS;

- BBIOMPATh MUKPOKOHTPOJIIEP JIJIS
KOHKPETHOM 3a]auil BCTPauBaEeMON CUCTEMBI;
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IpephIBaHus OT TaiimMepa.

13. TaiiMepbl MUKPOKOHTpPOJUIEPA B PEXKUME
CUETYMKOB. | eHepalus MUKINYECKUX
IIPEPBIBAHMN OT TAHMEPOB.

14. Pa3paboTka mporpamm, COCTOSIITUX U3
HECKOJIbKUX UCXOAHBIX (paiinoB. OnpenencHue
U 00BSIBJICHHE [TIEPEMEHHBIX, 00J1aCTh
BUJIUMOCTHU. PeXUMBI KOMIUISAIUY.

15. Cucrema npepblBaHU MUKPOKOHTPOJIIEPA.

Opranu3zanys u ynpaBjieHUE IPEPhIBAHUSIMH.
16. YcranoBka KOH(GUTYpalluu TakMEPOB C
nomouibo 6ubnuorek. Jlornka padoTsl
IIpepbIBaHMsl TaliMepa.

17. Untepderic UART B MUKPOKOHTpOJIIIEPE.
Hcnons3zoBanue npepsiBanust UART.

18. Pabota ¢ UART uyepe3 6ubimotexy.
WNunnuanu3zanus uHaTepdeiica u nepegaya
JaHHBIX B OJ0oKUpytomeM pexxume. OTiiaaka
nporpamm ¢ nomouipto UART. @yHkus
sprintf.

19. Pa6ora ¢ UART uepe3 6uOa1OTEKY.
[TprieMm naHHBIX B OJOKUPYIOIIEM PEXUME.
20. Pab6ora c UART uepe3 6ubanoTexy ¢
HCITOJIb30BAHNUEM IIPEPBIBAHUM.

21. Opranu3zanusi KOpOTKUX BPEMEHHBIX
3a/IepiKeK.

22. ALIT muxkpoxoHTposiepa. O6mue
CBEJICHMS, PS)KUMBI. Y CTaHOBKA
KOH(UTypaluy 4epe3 perucTpsl.

23. Pabora ¢ ALIII yepe3 perucrpsi.
OCHOBHBIE peXHUMBI TPE0OpPa30BaHHUS.

24. Pabota ¢ ALl B pa3nu4HbBIX peKUMaXx.
3aryck oT TaliMepa, YTEHHUE pe3yiIbTaTa ¢
HCITOJIb30BAHNUEM IIPEPBIBAHUM.

25. Pabora AIIII B pexxrMe OKOHHOTO
KoMITapaTopa. BHyTpeHHue natauk
temnepatypbl 1 MOH. OcHOBHBIE
IIEKTPUYECKUE U METPOJIOTMUECKHE
xapakrepuctuku ALIL

26. Pabora ¢ ALl yepe3 ¢pyHkumn
OMOIMOTEKH.

27. IIpssMo#1 1OCTYyN K NaMSTH B

MukpokoHTpoiuiepe. Konrpomnep DMA.

- BBIIOJIHATH TPEOOBAHUS TEXHUYECKOTO
3aJaHus 110 IPOrPAMMUPOBAHUIO
BCTPAaUBAEMBIX CUCTEM;

- CO3/1aBaTh M OTJIAXKHBATH MPOTPAMMBI
pEaILHOTO BPEMEHH CPEICTBAMH
MPOrPAMMHOM 3MYJISILUM U Ha alllapaTHBIX
MaKeTax;

- HAaXOJUTb OIIIMOKH B IIporpaMMHOM KOAC IJIsA
BCTPaUBAaEMOil CHCTEMBI M OLICHUBATH CTCIICHb
HUX KPUTUIHOCTH,

- IPOU3BO/IUTh TECTUPOBAHUE U OTIAIKY
BCTpaMBaeMbIX CHCTEM Ha Oa3e
MHKPOKOHTPOJLIIEPOB,;

- BBIABJIATH ITPUYKUHBL HeI/ICHpaBHOCTGf/'I
nepuepHtHBIX MOYJICH BCTPAHBACMBIX
CHCTEM.

OK.01-OK.09, 11K .4.1
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4.5.2. Buapl pa6boT npou3BoACTBEHHOI (10 MPO(UIII0 CIeNHATbHOCTH) MPAKTHKH H
npoBepsieMble pe3yJabTaThl 00yUeHusi 10 NMPo¢ecCHOHATBLHOMY MOIYJIIO:

Buapr pabot

[Tposepsiembie pesyabTaThl (ITK, OK,
poeCCHOHAIBHBIN OTIBIT, YMECHHS)

1. YcTanoBKa MHCTpYMEHTaIbHON
cpelbl pa3paboTKU TPOrpaMMHOTO
oOecrnieyeHus Ui BCTpauBaeMbIX
MUKPOKOHTPOJUIEPHBIX CHCTEM.

2. Hactpoiika unartepdeiica
MOJIb30BATENs U [TaPaMETPOB CPE/IbI.
YcraHOBKa M HACTpOMKa
KOMIUJISITOPA.

3. AHanu3 TEXHUYECKOTO 3a/IaHUs Ha
pa3paboTKy MPOrpaMMHOTO
oOecrieyeHus.

4. Pa3zpaboTka anropuTma mporpaMMbl
JUISL BCTPAauBaEMOM
MUKPOKOHTPOJIIIEPHOM CUCTEMBI.

5. Hanmcanue nporpaMMsl Ha
CHEIUAIN3UPOBAHHOM SI3bIKE IS
BCTPauBaeMON MUKPOKOHTPOJIJICPHON
CHCTEMBI.

6. [Tog6op cranmapTHBIX OUOIHOTEK
JUTS pealii3aliy MPOoeKTa.

7. IlporpaMMHupOBaHUE BCTPANBAEMOM
MHUKPOKOHTPOJUIEPHOI CUCTEMBI.

8. [IpoBenenue oTIaaKu
IPOTrpaMMHOT0 oOecrieueHust
MHUKPOIPOIIECCOPHBIX CUCTEM C
MOMOIIIBIO anmapaTHO-MPOrPaMMHBIX
CpPEICTB.

9. IlpoBepka GyHKIIMOHATHLHOCTH
MIPOrpaMMHOTO 00eCIIeueHUs.

10. CoctaBneHue OT4E€THOM

IIPOTrPaMMHOM TOKYMEHTAaIIUH.

- (hopmanuzanus U aNTOPUTMHU3AIUS TTOCTABICHHBIX
3ajady;

- HaIllMCaHUe MPOTPAMMHOT0 KOJa ¢ UCTIOJIb30BAHUEM
A3BIKOB [TPOTrPAMMHUPOBAHMUSL, OTIPECIICHUS U
MaHUTTYJIUPOBAHUS JTAHHBIMU;

- oopMJICHHE TPOTPAMMHOI0 KO/Ia B COOTBETCTBUU C
YCTaHOBJICHHBIMU TPEOOBAHUSIMH;

- IPOBEpKa U OTJa/IKa MPOTrPaMMHOT0 KOJa;

- pa3paboTKa Iporeayp MPOBEPKH pabOTOCIIOCOOHOCTH
U U3MEPEHHUSI XapaKTEPUCTHK IPOrPaMMHOTO
o0ecrieueHusi;

- pa3paboTKa TECTOBBIX HAOOPOB JaHHBIX;

- IpoBepKa paboTOCTIOCOOHOCTH MTPOrPAMMHOTO
obecreueHud;

- peaKTOPUHT ¥ ONTHUMH3AIHS TIPOTPAMMHOTO KO/,

- HcTIpaBlieHHuE J1e(hEeKTOB, 3a(DUKCHPOBAHHBIX B 0a3e
JTAaHHBIX J1€()EKTOB.

- COCTaBIISATh MIPOTPAMMBI Ha SI3bIKE MTPOTPAMMHUPOBAHUS
JUTSL BCTPAaUBAEMBIX CHCTEM;

- IPUMEHSTH CTaHJAPTHBIC ATOPUTMBI U KOHCTPYKIIUU
SI3BIKA MPOTPAMMHPOBAHUS;

- BBIOMPATh MUKPOKOHTPOJIIEP JIJIsl KOHKPETHOM 3a/1aun
BCTPANBAEMOW CUCTEMBI;

- BBITIOJTHSATH TPEOOBAHUS TEXHHUECKOTO 3aaHMUsI 110
IPOTPaMMHUPOBAHUIO BCTPAUBAEMBIX CHCTEM;

- CO371aBaTh U OTJIAXKUBAThH MPOTPaAMMbI PEaTLHOTO
BPEMEHH CPEJICTBAMHU MTPOTPAMMHOM IMYIISIIHH U Ha
anmapaTHbIX MaKeTax;

- HaXOJIUTh OITMOKH B IIPOTPAMMHOM KOJIE JUIS
BCTPaMBAeMON CUCTEMBI U OIIEHUBATh CTETICHb UX
KPUTHYHOCTH,

- MPOU3BOJIUTH TECTHPOBAHKE U OTJIAJIKy BCTPAHMBACMBIX
CUCTEM Ha 0a3e MUKPOKOHTPOJIIEPOB;

- BBISIBJISITH IPUYMHBI HEUCIIPABHOCTEH MTepH(EPHIAHBIX
MOJ1yJiell BCTPAUBAEMbIX CHCTEM.

OK.01-OK.09, T1K 4.2

5. ®oHI ONIEHOYHBLIX CPeICTB JUIA  aTTecTalMM Mo  MOAYJI0  (IK3amen
(keanugpukayuonnslii):
ITACIIOPT

Ha3nauenue:
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@®OC npenHazHayeH JUIsl KOHTPOJIS U OLEHKU PE3yJIbTaTOB OCBOCHUS

npodeccnoHanTbHOTO MOIYJIS

ITAKET DK3AMEHATOPA

IIpuMepHBbIi NepeyeHb BONPOCOB /1Jis1 ((OPMHUPOBAHUSA 32]aHUI M CHLMEHHOI
IK3aMEHAIMOHHOW padoThI.

5.1 Bonpochl 3K3aMeHy KBAJIM(PUKALMOHHOMY

18
19
20
21
22
23
24
25
26
27

28
29
30
31

32

33
34
35

36

Yrto Takoe MUKPOKOHTPOJUIEPBI, MUKPOIIPOLIECCOPHI M CUTHAJIBHBIE IPOLIECCOPHI
O6sacTi NpUMEHEHUs! MUKPOKOHTPOJJIEPOB

[lenouncieHHbIE JBOUYHBIE KOBI

3anuch TEKCTOB JAIBOUYHBIM KOJOM

3anuch JECATUYHBIX YUCEN IBOMYHBIM KOJIOM

[IpencraBieHue ynucesn B IBOMYHOM KOJE C TUIABAIOLIEH 3alsTON

Macounsie I13V, III13VY, PII3Y

EEPROM u flash mamsiTh

BayTpenHnee ycrpoiicTBo cratudeckoro O3Y

Komanaer Mmukpomnponeccopa

CucreMHas MMHA MUKPOIIPOLIECCOPA

[TpuHLIMIIBI TOCTpOEHUS MapaienbHoro nopra. [loakntoueHrne BHEMIHUX YCTPONCTB K
MUKPOIIPOLIECCOPY

[TpuHIMIIBI TOCTPOEHUS MOCIeI0BaTENbHBIX MOPTOB. BHbI OCIE0BaTENBHBIX TOPTOB
[TpyHIMIIBI TOCTPOEHUS CXEM TaliMEPOB MUKPOIIPOLIECCOPOB

ApxurekTypa MUKpOKOHTpoJuiepoB MCS-51

Cucrema KoMaHJ MUKpOKOHTpoiepoB MCS-51

Bunage! anpecanuun

WNHcTpykunu MUKpoKoHTposiepoB MCS-51

Oco0eHHOCTH TOCTPOEHHUS MapalIeIbHbIX TOPTOB MUKPOKOHTposiepoB MCS-51
Oco0eHHOCTH OCTPOECHHUS TaMITH MUKPOKOHTpOIIEpoB cemeiictBa MCS-51
BuyTtpeHnHue TaitMepbl MUKPOKOHTPOJIIEPA, OCOOEHHOCTH UX MPUMEHEHUS

YcTpoiicTBO 1 0COOEHHOCTH MPUMEHEHHS MTOCTIeI0BATEIBHOTO OPTa MUKPOKOHTPOJIJIEPOB
cemeiictea MCS-51

Oco0eHHOCTH MPOEKTUPOBAHUS CXEM Ha MUKPOKOHTpOJIIepax

Oco0eHHOCTH TPOEKTUPOBAHUS CUCTEMBI TUTAHUS JIJIs1 YCTPOMCTB HA MUKPOKOHTpOJIEpax
S3bIKK IpOrpaMMUPOBaHUs )11 MUKPOKOHTPOJIEPOB

[TpumeHeHne noAporpaMM pu rnporpaMMmupoBanuu. [IoHsITHE MOAIPOrpaMMBI POIIETYPhI
U TIOANIPOrpaMMbl (PYHKLIUU

Hanucanue nporpamm juist MukpomnporieccopoB. [Tonsitue mporpaMMbI-MOHUTOpA U
OIIEPALMOHHOMN CHUCTEMBI PEAIBHOIO BPEMEHU

[TonsiTve cTpyKTypHOTO IporpamMmmupoBanus. [IlpuMeHenne KoMMeHTapueB

[TonsiTHe MHOTO(ANIOBOr0 U MHOTOMOYIBHOTO IPOTPAMMHUPOBAHUS

Crpareruu pa3paboTKu MPOTPAMMHBIX CPEJICTB U CUCTEM.

Cucrema peanbHOro BpeMeHH. [IpuHInuanbHoe OTIn4re OOBIYHBIX HHPOPMAIIMOHHBIX
cucTeMm oT cucteM peanbHoro BpeMeHu (CPB). Cuctema MATrkoro peajgbHOT0 BpeMEHH.
CucreMa 5KeCTKOrO peaJbHOIO BPEMEHHU.
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37
38
39

40

41

42

43

44
45

46

47

48

49
50
51

52
53

54

Nudopmanmonno-ynpasistomas cucrema (MYC). Otnuuune CPB ot UYC.
BapuanTts! noctpoenus UYC. Cocras UYC.

Bcerpoennas (wm BctpauBaemast) cuctema (BC). Kareropuu BC. IIpumMepst BcTpanBaeMbIix
CHUCTEM.

Pacnpe/:[eﬂeHHa;{ BCTpOCHHAaA CUCTEMA.

DnemMeHTHast 0a3a MUKPOIIPOIIECCOPHON TEXHUKHU JJII BCTPAMBACMBIX IPUMEHEHHH.
[Mporneccop. Knaccudurkamnus nporeccopoB. MUKpONporieccop © MUKPOKOHTPOJILIEP.
Knaccudukaius MUKpPOKOHTPOJUIEPOB.

MonyneHbIH npuHIMI opranu3anuu nporeccopa BBC. Tunosas cTpykrypa mnpoiieccopa amis
BCTpauBaeMbIxX cucreM. [Iponieccopnoe sapo.

Opranu3zanus npepeIBaHui B yIpaBIsSioluX npoueccopax. Moaynu namsartu. [TopTel BBoJa-
BBIBOJIA.

Ceresbie unrepdeiicst BC.

OcoOenHocTy opranu3anuu 1 ucnoiyibzopanus BBC. BiusHue ocoOeHHOCTElN anmnapaTHOro
obecnieuenuss BBC na opranuzanmro I10.

Oco0eHHOCTH KOHTPOJIEPOB. AHa/IN3 0JI0KOB MUKPOKOHTPOJIIEPOB C TOUKH 3PEHUS
pOrpaMMHPOBaHHUs (LIEHTPAIBHBIA MPOLECCOp, CUCTEMa KOHTPOJIS MUTaHHS, TIOIKII0YCHHE
BHEIIIHEW MaMsTH U T.11.).

Bapuants! opranuzauuu [10 BBC.

Crunb mporpaMMHpOBaHUs, MOJIENb BEIUMCIIEHUH, TiaTdopma. Knaccupukarus crunei
nporpamMmmupoBanus. CTuiab, METO/I, METOJOJIOT U, METOAMKA.

Pa3paboTka BCTPOGHHBIX CUCTEM C UCTIOJIb30BAHUEM MOJIECIIN BBIUMCICHHM.
OcobeHHOCTH peanu3aluu arnmnapaTHo-3asucumoro [10.

JlanHble, MOTOK AaHHBIX, HHpOpMaIus, npouecc. [lorokoBas Moaenb BEIYUCICHUI.
JwnarpamMmma notokoB ynpasieHus. [[puMeHeHne moTOKOBBIX MOJIETIEH Ha MPAKTHUKE.
[Tpo6rieMbl peanu3aiiy MOTOKOBBIX MOJETEH.

Peanuzanus notokoBoit Mogenu B OnepaniionHou cucteme peasibHoro Bpemenn (OC PB).

0O606mennas moaens OC PB. Knaccudukanus OC PB. OcHoBomnonararomme KOMIOHEHTBI
OC PB.

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

5.2 3ajanue 1Jis1 KOHTPOJIS MPAKTUYECKUX HABBIKOB

IIpumep NpaKTH4YECKOTr0 3aJaHUS K IK3aMEHALIMOHHOMY OHJIeTY.

Pa3zpaboTka npuoxxeHusi KOHTpOJUIEpa JOMAITHEH MTOTOTHON CTaHITUN
Kparkas Teopusi MeTeocTaHIus MpeaHa3HaueHa [Uisi HAONIONEHUS 3a TOTOJOM,

IIPOCMOTPOM TEKYIIEH TeMIepaTyphl, BIAKHOCTH U aTMochepHOro namieHus. MUHUMAaIbHO
HE0O0X0uMBIH HaOOp (QYHKIMI JOMAIIHEH MOTrOJAHOM CTaHLMU: — M3MEpPEHHE TEeMIIepaTyphl
OKpYXKAloIIero BO3AyXa; — M3MEpPEHHE BIAXHOCTH OKPYXAIOIIEro BO31yXa; — H3MEpEHHe
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aTMOC(bepHOFO OAaBJICHUS, — (bOpMI/IpOBaHI/Ie IIPOTHO3a IOTOoAbl Ha Pa3JIMYHBIC IIEPHOOABI Ha

OCHOBE U3MEPCHHBIX JIAHHBIX.

[Topsi1oK BBIMOTHEHUS PAOOTHI:

1. yig 1mOCTPOCHHS CXEMBI, MOJKIIOYUTE KOHTAKThI JATYUKOB, T'POMKOTOBOPHUTEIS H
LCD mucrutes k BRIOpaHHBIM KOHTAKTaM Ha OTJIIOYHON TIaTe.

2. B cpene pazpadotku Arduino IDE HaGepute nmporpammy, BBITOTHSIONIYIO CIEAYIOIINE
GYHKIUU: — W3MEPEHUE TeMIIepaTyphl W BIAKHOCTH OKPYXKAIOMIETO BO3/AyXa; — H3MEpPEHUE
aTMoc(epHOro JaBJCHHS; HMCXOAS W3 MOJYYCHHBIX JAHHBIX; — HWHIAMKAIUSA TOJYYCHHOTO
MpOrHO3a peanu3oBana ¢ momompbio LCD gucres.

MeTeocTaHuus

LCD1502

DHT11

BMP85

DS18820

YCJIOBUA

K »sx3ameHy kBanu(uKallMOHHOMY JOIYCKalOTCid OO0yd4aroniyecs, OCBOMBIIME BCE
COCTaBJISIOLINE MPOPECCUOHATBHOIO MOTYJIA:

MJIK.04.01 MuKpOKOHTPOIIIEPHl K BCTPAHBAEMbIE CUCTEMBI
MJIK.04.02 Pa3paboTka mporpaMMHOTO 0OeCTIeueH sl I BCTPAUBAEMbIX CUCTEM
VI1.04.01 YuebHas npakTuka
[111.04.01 ITpousBoacTBeHHast mpakTUKa (10 NPO(UIIO CEHATBHOCTH)
Mecto mnpoBefeHHs SK3aMeHa KBaJIM(DUKAIIMOHHOTO OMNPENENIeTcs paclnucaHueM

3aHIATHUH.

Hns  mpoBenmeHuss JK3aMeHa KBaTU(UKAIMOHHOTO CO3/aéTcs  DK3aMEHAIMOHHAs
KOMHCCHsI, cocTosimasi w3 3 denoBeK. B cocTraB 9SK3aMEHAIIMOHHOW KOMHMCCHH BXOJST:
npenctaButenb padoronarens, pykoBoautens OIIOIT CITO ITICC3 u Beayime npenoaaBaTenu
CIELHATBLHOCTH.

DK3aMeH KBaTU(UKALUOHHBINA IPOBOJUTCS B BUJIE IEMOHCTPAIIMOHHOTO K3aMeHa B COCTaB,
KOTOpOT'0 BXOJAT TpU TeopeTudeckux Bonpoca u3 kypca MJIK.04.01 MukpokoHTposuiepsl u
BcTpauBaemblie cuctembl 1 MJIK.04.02 Pa3zpaboTka mporpaMMHOro o0ecrieyeHus s
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BCTPAMBAEMBbIX CUCTEM, a TAK)KE IPAKTUUECKOE 3aJaHUE U3 [IEPEUHS BBINOIHIEMBIX padOT Ha
y4ueOHOM U (WJIM) TPOU3BOACTBEHHOMN MPAKTUKE.
Ha BbInosiHeHue npakTu4eckoi 4acTu gaercs 2 yaca.

[TonroroBky Ounera 45 MUHYT.
Ha otBeT oTBOAMTCS 10 7 MUHYT.

KPUTEPUUM OLNEHKU

1) Xoxa BbINOJTHEHHUS 32 IaHUSsI
[Ipu mpoBeaeHNN YK3aMeHa KBATH(GUKAIIMOHHOTO 3HAHUS U YMEHUSI KaXKJI0TO CIyIIaTeNs

OLICHUBAIOTCS 3a:
a) Ka4eCTBO JI0KJIaa (10 CYIIECTBY pacCMaTPUBAEMbIX BOTIPOCOB);
0) NpaBUIIBHOCTH OTBETOB Ha JIOTIOJIHUTEIILHBIC BOIIPOCHI;
B) KQUECTBO BBIMTOJHEHHS TPOSKTHOTO 33/ 1aHUSI.

Wrorosas orieHka 3a sK3aMeH KBATU(PUKAIIMOHHBIN ONpeAesieTCs:

L4 «OTIIMYHO» — €CJIK BBIIMOJHCHUC IMPOCKTHOI'O 3aJlaHHA OLCHCHO Ha «OTJIMYHO», a
OCTAJIbHBIC ITOKA34aTCJIN 110 CPEAHEMY 6anny OLOCHCHBI HC HUKE «XOPOILIO»,
L4 «XOopouro» — €CJIM BBIINOJHCHHUE MPOCKTHOI0 3adaHHsd OLNCHCHO HE HMHXKC

«XOpOIIO», a OCTajJbHbIE TIOKa3aTeJIM 10 CpeaHeMy Oauly OIlEHEHbl HE HIKe
«YJOBJIETBOPUTEIBHO;

° «YZOBJICTBOPUTEIHHO» — €CJIM BBIMIOJHEHUE MPOEKTHOTO 3aJIaHMsl OLIEHEHO Ha
«YIOBIIETBOPUTENHHO», a OCTaJbHbIC MOKA3aTeNH IO CpeAHeMy Oallly OIICHEHbI HE HIDKE
«YZIOBJIETBOPUTEIHLHOY,

° «HEYJOBJICTBOPUTETLHO» — €©CJIM HE BBINIOJHEHBl YCJIOBHUS  IOJyYEHUS
MTOJIOKUTEIHLHON OLIEHKH.

OO6cyxneHne pe3ynbTaTOB 5JK3aMeHa KBaTM(UKAIIMOHHOTO CTYACHTa MPOU3BOIUTCS
Cpa3y IOCJie€ OTBETOB Ha IOCTABIEHHBIE €MY BOIPOCHL. PemieHne 00 OlLlEHKE MO KakIOMY

06yqa10meMyc5{ MMPUHUMACTCA KOMMCCHEH Ha 3aKpPbITOM 34CCHAaHUU OOJIBIIIMHCTBOM T'OJIOCOB.

B cnyyae nonydyeHussT — CTYAEHTOM  IIOJIOKUTEIBHOM  OLEHKM 32  JK3aMEH
kBaTM(pUKaMOHHBINH Mo ys [IM.04 TIporpamMmMmupoBaHne BCTPAUBAEMBIX CHCTEM C MCIIOJIB30BAHHEM
MHTETPUPOBAHHBIX Cpel] pa3padoTKU CYUTAETCH OCBOCHHBIM.

Koanbl Onenka

IMoka3aTe/u OlIEHKHU pe3yabTaTa
NMpoBepsieMbl

X (na / Her)

KOMIIETEeHIIH
W WM UX
couyeTaHui
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a/Her
OKI1-OK9 [TonHOTa ¥ MPaBUIILHOCTH MUCHbMEHHOT'O OTBETA HA BOIPOCHI A
9K3aMEHAIIMOHHOTO OMiieTa
K 4.1-TTK [Ipumenenue B npouecce BBIIIOJIHEHUS IIPOEKTHOIO 3aJaHuUs Ha/uer
4 2 TeXHUYECKOMN JOKYMCHTalN
[IK 4 1-TIK | [IpuMeHenne B npouecce BBIIOIHEHUS IPOCKTHOIO 3a/[aHHs Ha/ner
4.2 WHTETPUPOBAHHBIX CPEJ MPOrpaMMHUPOBAHHUS.
OK1-OK9 KauectBo mokiaga (Mo CyIIecTBY BOMPOCOB 3K3aMeHanuoHHOro | Jla/Her
Onera)
OK1-OK9 IIpaBUIBHOCTH OTBETOB Ha JOIIOJIHUTEIbHBIE BOIIPOCHI; Ha/uer
TIK 4.1-TIK KauecTBo BbINOIHEHUSI TPOSKTHOTO 33 IaHUS Ha/uer
4.2

6. YCJ0OBUSA PEAIM3ALIUU TPOT'PAMMBI
MHNPO®ECCHUOHAJIBHOI'O MOAYJIA

6.1. [lJ1s1 peau3anuu NporpaMmsl NpodeccHOHAIBLHOT0 MOIYJIsl 10/KHBI ObITh
NpexyCMOTPEHbI CeAYyIHe CTelHAJIbHbIE TOMEIeHNS:

YueOHas ayniuTopus, 000py10BaHHAA:

VYuebHas mebenb, J0CKa, MyJIbTUMEIMIHHOE PE3eHTallMOHHOE 000pYyJOBaHUE.
Jlaboparopusu «MHUKpOIIPOLIECCOPHON TEXHUKH U BCTPAaUBAEMbIX YCTPOICTBY», 000pYyJOBaHHAS:
YyebHast Mmebenb
[1K-13

MynbTUMeANHHOE TPE3EHTAMOHHOE 000PYA0BaHUE,

Mapupyrtuzarop
Jlocka
JlaGopaTopHble CTEH/IbI IO BHIYMCIUTEIBHON TEXHUKE
VYcranoBka yue6Hast PTL[VJI-10K
O06pa3ue! iat Arduino Mega, Uno, Nano

7. UndopmanmoHHoe odecrieyeHne peajan3anuu NporpaMmmbl

Jns peanu3anuu mporpamMmbl OMOIMOTEYHBIH (QOHA 00pa3oBaTENbHON OpraHU3aLUU
JIOJDKEH MMETD TeYaTHbIe U/ 3JIEKTPOHHbIE 00pa3oBaTeIbHble M MHPOPMAIIMOHHBIE PECYPCHI,
JUIS UCTIOJIb30BaHUs B 0Opa3oBaresnbHOM npouecce. [Ipu popmupoBanuu 6ubimorednoro ¢poxaa
00pa3oBaTeNbHONW OpraHU3allM BHIOMPAETCS HE MEHee OJHOTO M3/aHUs U3 IMEePEeYHCICHHBIX
HUKE TEeYaTHBIX M3JaHUM M (WJIM) 3JIEKTPOHHBIX W3/IaHUN B KaueCTBE OCHOBHOIO, MPH 3TOM
CIIUCOK MOXET OBbITh JOTIOJIHEH HOBBIMU M3/IAaHUSIMHU.
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7.1. OcHOBHBIE TEYATHbIC U3TAHUA

OcHOBBI paboTHI C aHATOTOBO-LM(POBEIM ITpeodpa3zoBaTeneM MUKPOKOHTpouiepoB AVR
Atmega : ydeOHoe mocobme / J[.O. Bapmamo, C.M. 3yes, I0.M. IlImatkoB, A.A.
JlaBpuxoB, A.A. Tumomenko. — Mocksa : UH®PA-M, 2020. — 53 c. — (Bricuee
obpasoBanue: bakamaBpmar). - ISBN 978-5-16-109360-3. - TekcT : 3JE€KTpOHHBIN. -
URL: https://znanium.com/catalog/product/1232295

BonoBo30B, A. M. MUKpPOKOHTPOJUIEPHI IJIsI CHCTEM aBTOMATHUKH : yueOHOe mocooue / A.
M. BoioB030B. - 2-¢ u3., ucnp. u joi. - Mocksa ; Bomorna : Uadpa-Unxenepus, 2022.
- 168 c. - ISBN 978-5-9729-1071-7. - Tekcr : onekrponHbii. - URL:
https://znanium.com/catalog/product/1903136

Arduino®. [Tonuerif yueGHbINH Kypc. OT UTPHI K UHKEHEPHOMY MPOEKTY : MPAKTHUYECKOE
nocooue / A. A. Camaxosa, O. A. ®eokrucroBa, H. A. Anekcanaposa, M. B. Xpamosa. -
Mockaa : JIabopatopus 3nanuii, 2020. - 178 c. - (POBOOUIIKN). - ISBN 978-5-00101-
886-5. - Tekcr : anextponusiid. - URL: https://znanium.com/catalog/product/1203933
CanaxoBa, A. A. Konctpyupyem po6otoB Ha Arduino®. DIeKTpOHHBIM JOMAaITHHMA
nuToMmerl : ydeOHo-mpakTuueckoe mocoome / A. A. CamaxoBa. - 2-¢ u3a. - Mocksa :
Jlaboparopus 3uanuii, 2022. - 68 c. - (POBODUILIKN). - ISBN 978-5-00101-968-8. -
Tekcer : anexrponnsiid. - URL: https://znanium.com/catalog/product/1906359

Kaddxa, T. Lego u snextponuka. Raspberry Pi, Arduino, garuyuku, 1Burateam u MHOTOe
Ipyroe s MPUMEHEHHs U IpOrpaMMHUpPOBaHUsl : MpakThuyeckoe pykoBoactBo / T.
Kaddxa ; mep. ¢ vem. E. A. Jlemaukosoii. - Mocksa : JIMK IIpecc, 2020. - 300 c. - ISBN
978-5-97060-685-8. - Teker : AJICKTPOHHBIH. - URL:
https://znanium.com/catalog/product/1840447

Beperexuna, C. B. Mogenu, MeToapl, alropuTMbl U MPOTPaAMMHBIC PEIICHUS
BBIYHMCIIUTEIbHBIX MAIllMH, KOMILUIEKCOB U cucteM : yueOHuk / C.B. Beperexuna, B.JL.
Cumonon, O.JI. Mnanakaasa. — MockBa : UTHOPA-M, 2020. — 306 c. : mi1. —
(Beiciiee  obOpazoBanme: bakamaBpmar). - ISBN 978-5-16-016656-8. - Tekcr
anekTponubiid. - URL: https://znanium.com/catalog/product/1210403

7.2. JlonoTHUTEJIbHbI€ HCTOYHHUKH

Bunnnnkuii, 0. A. Koncrpyupyem poboroB Ha ScratchDuino®. [epBbie maru : nmpaktunieckoe
pykoBozactso / FO. A. Bunnnukuii, K. O. Ilonsakos. - 3-e nza. - Mocksa : JlaGoparopus 3HaHUH,
2020. - 119 ¢c. - (POBODUIIIKN). - ISBN 978-5-00101-901-5. - Tekct : anexkrponHbiid. - URL:
https://znanium.com/catalog/product/1203943 (mata oopamienns: 09.03.2023). — Pexxum moctyma:
IO MOAITHMCKE.

BI/IHOFpa,Z[OB, B. M. TexHonornueckue mponeCChbl aBTOMATU3UPOBAHHBIX IPOU3BOACTB : y‘le6HI/IK
JUIL CTYyJICHTOB BBICHIMX Y4eOHbIX 3aBeneHuit / B.M. Bunorpagos, A.A. UYepenaxun, B.B.
Knenuko. — Mockga : KYPC : UIHOPA-M, 2023. — 272 ¢. — (bakanaspuat). - ISBN 978-5-
906818-69-0. - Tekcr : anekrponHsiid. - URL: https://znanium.com/catalog/product/1941738

["anbnepun, M. B. Dnextponnas TexHuka : yuebnuk / M.B. Tanbnepun. — 2-¢ u3f., ucHp. u
nor. — Mockga : UTHOPA-M, 2020. — 352 ¢. — (Cpennee npodeccronansHoe o0pa3oBaHue). -
ISBN 978-5-16-015415-2. - Tekcr : JNEKTPOHHBIH. - URL:

https://znanium.com/catalog/product/1031599.
Komesas, 1. I1. Metponorus, cranaaptusamus, cepruduranus : yaeonuk / W.I1. Komesas, A A.
Kanke. — MockBa : U] «POPYM» : HMHOPA-M, 2020. — 415 c. — (Cpennee
npodeccuonanbHoe odpasoBanue). - ISBN 978-5-8199-0744-3. - Tekcr : anekrponnsiii. - URL:
https://znanium.com/catalog/product/1074480
IonsikoB, B. A. OCHOBBI TEXHHYECKOW IHArHOCTUKK : yueO. mocodue / B.A. IlonskoB. —
MockBa : HMH®PA-M, 2019.— 118 c.— (Beicmiee o6pa3oBanue: bakanaspuar). —
www.dx.doi.org/10.12737/1676. - ISBN 978-5-16-005711-8. - Tekcrt : snekrponnsiii. - URL:
https://znanium.com/catalog/product/1012415
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Huxudopos, .M. YcriokoB. — Mocksa : KYPC : UHOPA-M, 2022. — 352 ¢. — (Cpensnee
npodeccruonanpHoe obpazoBanme). - ISBN 978-5-906818-59-1. - Tekcr : anekrponnsiid. - URL:
https://znanium.com/catalog/product/1495622

11. Cuctema aBTOMaTH3MPOBAHHOTO HpoekTHpoBanus Altium Designer. IIpaktukym : yue0. mocooue
/ A. H. Suyk, FO. C. Ceruépa. - Munck : PUIIO, 2018. - 142 c. - ISBN 978-985-503-781-2. -
Texcr : anexTporHbId. - URL: https://znanium.com/catalog/product/1018892 (mara obOpameHus:
08.03.2023). — Pesxxum focTyma: mo moAImUcKe.

12. KoHctpynpoBaHnue OJI0KOB pagHOdIEKTPOHHBIX CpelCcTB : yueOHoe mocobue mis CIIO / [1. 1O.
Mypowmues, O. A. benoycos, 1. B. Tropun, P. 0. Kyprocos. — Cankr-IlerepOypr : Jlans, 2020.
—288 c. — ISBN 978-5-8114-6501-9.

7.3 UnTepHeT pecypchl

1. «PammuoJlonmany: Caur. [OnexTpoHHbIN pecypc]. URL:
www.rlocman.com.ru/indexs.htm

2. RadioRadar - osmextponnsnii mopram: Datasheets, service manuals, cxemsl,
anekTpoHuka,  kommnoHeHTel,  CAIIP,CAD. [Onextponnblii  pecypc]. —  URL:

https://www.radioradar.net/about_project/index.html/
3. TasnpHuk: caiit. [Dnexrponubiii pecype]. — URL: http://cxem.net



		2024-06-17T12:15:21+0300
	Новикова Наталия Геннадьевна




