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Pabouas mporpamma mnpeaHasHaueHa s MPENOJABaHUS AMCLMIIMHBI BapUaTHBHOMN
yactu Onoka 1 crynentam Hampamienus 15.03.06 MexaTtpoHuka U poOOTOTEXHHKA OYHOMN
dbopmbl 00yueHus B 6 cemecTpe Ha 3 Kypce.

PaGouast mnporpamMma coctaBieHa ¢ ydyeroM @DeaepanbHOr0 TIOCYJapCTBEHHOTO
00pa30BaTEeIILHOTO CTAHJIAPTA BBICHICTO OOpa30BaHMS IO HampapiieHUIO moaroroBku 15.03.06
«MexaTpoHuKa U POOOTOTEXHUKA», YTBEPKAEHHOIO MpHKa3oM MuHHUCTEpCTBa 00pa3oBaHus U
Hayku Poccuiickoit denepaunu ot «12» mapta 2015 r. Ne 206



O b owpN -

oo

Conepxanue

Llenu ¥ 321291 OCBOCHHS JHCTIATITHHBL. . .. e\ et etteteeeneeneeteeteneeneeneaaeeeneanens
Mecto gucuuniaussl B cTpyKType OITOIT BO.......oooooiii s
TpeboBaHus K pe3yJIbTaTaM OCBOCHHUS COJCPKAHUS JUCITUTUTUHBL. ......cvveenveeeenenne.
ConeprkaHue U CTPYKTYPA AUCIUILTMHBI (MOILYIIS).eeuvvneeneeneaneeeneenenneneenanenns
OneHouHble  MaTepHaibl Ui TEKYIIETO0 KOHTPOJIAI  YCIEBAaEMOCTH H
MPOMEIKYTOUHOM ATTECTALIM . ......venveeneerereneenteentenieenteeneesseenseensesmeenseesesssenseensennne
Metoandeckre Matepuaibl, ONpEACISIOINe MPOIEAyPhl ONCHUBAHHS 3HAHHM,
YMEHUH, HaBBIKOB U (MJIM) OMBITA IEATEIBHOCTH .............

VY4eOHo-MeTo1nYeCKOe 00ecTieYeHIE TUCIUTLINHBI (Monym)
MarepHuanbHO-TEXHUYECKOE 00ECTIEYCHUE JUCHUTUTHHBI ... enveneeneneneenennnene
OcoOeHHocTH — peanu3aly  JUCHUIUIMHBL Ui MHBAIMAOB U JIML C
OrPaHUYEHHBIMU BO3MOKHOCTSMU 37I0POBbS



1 Ilestn 1 3a72a4M OCBOEHMSI TUCHUILIHHBI

Ilenp ydeOHON AMCHUIUIMHBI «MUKpOMPOIIECCOPHAs TEXHHKA B MEXaTPOHUKE U
pOOOTOTEXHHMKE» - TOArOTOBKA CTYJEHTOB K pEIICHHIO 3a/lau IPOEKTUPOBAHMS YCTPOMCTB
yIpaBJIeHUsT MEXaTPOHHBIMU CHCTEMaMH M KOMIUIEKCAMH, METOI0OB HMX CHHTE3a U pacuera
dbopMHpOBaHHE  HABBIKOB  Pa3pabOTKM  NPHUKIAJAHOTO  MPOTPAaMMHOTO  oOecreyeHus
MUKPOKOHTPOJUIEPOB; (POPMUPOBAHUE 3HAHUNA U YMEHHUH pa3paOOTKU U U3TOTOBIEHUS CTCHIIOB
Ui KOMIUICKCHOM OTJAQAKU W HUCIHBITAaHUN  MPOrpaMMHO-aIIApaTHBIX  yIPABISTIONIUX
KOMILJIEKCOB.

Kypc «Muxkpomnporieccoprasi TEXHHKa B MEXaTPOHUKE B POOOTOTEXHUKE) CTABUT TEPET
co0oii cneayrolue 3a1a4u:

- M3y4YEHHE YCTPOMNCTBA U MPUHIIUIIOB PAOOTHI OJHOKPUCTAIBHBIX MUKPOKOHTPOJIEPOB;

- UW3y4YCHHE MPUHIUIOB pa3pabdOTKH U OTIAJKU MPOrpaMM Ha s3bIkax accemOnep u Cu ans
OJTHOKPUCTAIIbHBIX MUKPOKOHTPOJLJIEPOB;

- o0ydeHre MeTOJaM W MpPHUHIMIIAM HACTPOWKH YIPABIAIOIMIUX CPEJICTB U KOMIUIEKCOB,
BKJIIOYAsl UX PErJaMEeHTHOE 3KCIUTyaTalluOHHOE 00CTyKUBAHUE;

- oOydeHue NUPUHLHUIIAM U TEXHOJOTUU HUCIOJIb30BAaHUS MHUKPOIPOILIECCOPOB B CHUCTEMax
yIpaBJICHUS TEXHUUECKUMU 00BbEKTaMU U TEXHOJIOTHIECKUMH MPOIECCaAMU;

- UW3yYeHHE TMPHUHIUIOB U METOJOB MPOCKTHPOBAHUS CHCTEM yIpaBlIeHUS Ha 0aze
MHUKPOKOHTPOJIJIEPOB.

2 Mecrto qucuumimHel B crpykrype OIIOII BO

Juctumnuna «MuKponpoleccopHasi TEXHHKAa B MEXaTPOHUKE U POOOTOTEXHUKE»
OTHOCUTCSI K BapMaTUBHOW YacTu Oyoka 1 yueOHOro mjaHa MO HalpaBJIEHUIO HOJATOTOBKU
15.03.06 MexarpoHuka 1 poOOOTOTEXHHUKA.

JucuuminHa npenojaeTcs NoCpeACTBOM YTEHHUS JIEKIUM U MPOBEACHUS IPAKTUUYECKUX
1 1a00paTOPHBIX 3aHATHH.

JuciMiuinHa  M3ydaeT — CTPYKTYpY,  HPHHLMIIBI  JIEMCTBUS ~ OCHOBHBIX  THIIOB
MUKPOIIPOLIECCOPHBIX ~CHCTEM  YIPABJICHUs MEXATPOHHBIMHM  YCTPOMCTBAMH, aITOPUTMBI HX
(YHKIMOHUPOBaHUS, METO/bl pacyeTa W  IMPOEKTHPOBAHMSA, IPOrpaMMHOE OOecTieueHue
MUKPOIPOLIECCOPHBIX CUCTEM YIIPABIICHHUS, OTJIAKy IIPOrpaMM M YCTPOMCTB B LIEJIOM. J(ucnuIuinHa
ABJsieTcs 6a30M A U3ydeHHUs OCIEeYOIUX AUCHUIUINH NPO(eCcCHOHANIBHOTO LUKJIA.

W3ydenne AUCHUIUTMHBI Oasupyercs Ha (QyHAaMEHTATbHBIX 3HAHUAX B OO0JIACTH
MaTeMaTUKH, HMHQOPMATUKH, (GU3MKH, JIEKTPOTEXHUKM U IJIEKTPOHUKH,  TEOPHUHU
ABTOMAaTUYECKOI0 YIIPABJICHUS U TUCKPETHOW MaTEMATHUKHU.

IlosyyeHHBIE NpU W3Y4EHMHM JAHHOW JUCUUIUIMHBI 3HAHUS HUCIHOJB3YIOTCA IIPU
u3ydeHnn JucuuiuiHel «lIpoektupoBanue poboroB m PTC», a Takke B AUIDIOMHOM
IIPOEKTUPOBAHUH.

3 TpeGoBaHusi K pe3yJibTaTaM OCBOEHHSI COMAEPKAHUA TN CIATNIIUHbBI

[Iporiecc m3ydeHUs JAUCUUIUIMHBI HampaBieH Ha (QOpPMHUPOBAHUE SJIEMEHTOB
cienyrommx kommereHiii B coorBerctBun ¢ OI'OC BO u OIIOII BO mno naHHOMY
HalpaBJIEHUIO TOATOTOBKU:

- CHocOOHOCTBIO TIPOM3BOJUTH pACYEThl W TMPOEKTUPOBAHHE OTICIBHBIX YCTPOWUCTB H
MOJICUCTEM MEXaTPOHHBIX U POOOTOTEXHUYECKUX CUCTEM C HCIOJIb30BAHMEM CTaHAAPTHBIX
VCIIOJHUTENIbHBIX U YIPaBISIOMIUX YCTPOMCTB, CpPEACTB aBTOMATHKH, M3MEPUTEIBHOU U
BBIYHCITUTENILHOIM TEXHUKHU B COOTBETCTBUH ¢ TexHHYecKuM 3ananuem (I1K-11);

- TOTOBHOCTBIO IPOU3BOJAUTH HHCTAISIIUI0O M HACTPOMKY CHUCTEMHOIO, MPHUKIAJHOTO U
MHCTPYMEHTAJIBHOTO IPOrPaMMHOI0 O0ECIEYEeHUsI MEXATPOHHBIX U POOOTOTEXHHUYECKUX
cucteM U ux nojcuctem (I1K-31).

B pesysbprare OCBOCHUS NUCIUILTUHBI 00YYarOIIUICS TOIDKEH:
3HaTh:



MPUHIAITB TOCTPOSHHUS MUKPOIIPOIIECCOPHBIX YCTPONCTB M CHCTEM Ha MX 0a3e, 0COOCHHOCTH
IIPOrPaMMHUPYEMBIX MUKPOKOHTpOJUI1epoB (31);
CpeacTBa pa3pabOTKU MPOrpaMMHOr0 00ecredeHHs MUKPOKOHTPOJIJIEPOB, OCHOBHbBIE 3aJauH,
pelaeMbie MUKPOTIPOIIECCOPHBIMU CPEACTBAMHU aBTOMaTHKH (32);
ApXUTEKTYPY, IPUHIUI PabOThl OHOKPUCTAIBHBIX MUKpOKOHTposuiepoB (MK) (33);
UCIOJIb30BaHUE S3bIKOB acceMOnep W Cu 11 HPOrpaMMHUPOBAHUS OJHOKPHCTAIbHBIX
MHUKPOKOHTPOJLIEpOB (34);
Ha3HAYCHUE U COCTaB Nepu(epuitHbIX YCTPOUCTB MUKpOKOHTpoiuiepa (35);
CTaHJapTHBIC HHTEPQEHCHI, HCIIOIb3YEMbIC B MHUKPOIIPOIIECCOpHbIC TeXHUKH (36);
Cpe/CTBa, NOPSJOK OTIAJKH U HCIIBITAHUN MUKPOIPOLIECCOPHBIX crcTeM yrpasieHus (37).
Ymers:
IPOEKTHUPOBATH MUKPOIPOLIECCOPHBIE CUCTEMBI HA OCHOBE MUKPOITPOLIECCOPHBIX KOMILJIEKTOB
U MUKpoKoHTposutepoB (Y1);
UCIIOJIb30BATh CTaHJaPTHBIC TEPMHHOJIOTHIO, ONpeeeHus u o0o3HaueHus (Y2);
pa3pabaThIBaTh AITOPUTMBI Pab0OThI OHOKpUCTaNEHBIX MK (V3);
nporpaMMHpOBaTh Ha si3bike Accembiuep u Cu s MK (V4);
MPOM3BOIUTH OTHANKY mporpamm s MK ¢ mcronp30BaHHEM CTaHAAPTHBIX MPOTPaMMHBIX
cpenctB — cumysatopos (Y5);
IIPOEKTUPOBATh YCTPOMCTBO CONPSDKEHHUS C OOBEKTOM yIpaBlIeHUs Ui BBIOPAHHOTO
MHKpoIporieccopHoro komruiekra (Y6);
pa3pabaThIBaTh MPOrpaMMBbI, pealiu3yoiiue Tpedyembie aaroputMbl yipasienus (Y7);
BECTHU OTJIAJIKY M UCIIBITAaHHS Pa3pabOTaHHBIX MUKPONIPOIecCOpHBIX cucteM (Y 8).
Baagern:
METOJAaMU TPUMEHEHUS MHKPOIPOLIECCOPHBIX YCTPOHCTB aBTOMATUKU B JIOKAJIBHBIX U
pachpeiesieHHbIX cucTeMax ynpasienus (Bl);
OCHOBaMHM MPOrPaMMHPOBAHUS MUKPOIPOIIECCOPHBIX CPEJICTB HA OCHOBE OJHOKPUCTAIBHBIX
MHUKpPOKOHTpOJIepoB (B2).

4 Conep:kaHue ¥ CTPYKTYpPa AMCUUIJIMHBI (MOIYJIs1)

4.1 Conepxxanue IMCUUNINHBI

dopmup
yemast
KOMITETE
Ne HanmenoBanne Popma
Conep:xaHue paszaena HIMS
pasz. pasnena TEKYIIET0 KOHTPOJIS
(qacTp
KOMITETE
HITUH)
1 2 3 4
1. OCHOBBEI OCHOBHBIC TIOHATHS U ONIPECTICHHS. TIK-11
APXHUTEKTYPBI ApXHUTEKTypa LEHTPAJIBHOTO MPOIECCopa.
MHKPOTPOLIECCOPHEI CoBpeMeHHbIe TCH/ICHINN Pa3sBHTHS Tecruposane
X YCTPOMCTB. MUKPOIPOIIECCOPHON TEXHUKH, MECTO Bonpock! Ha sK3aMeHe
MUKPOKOHTPOJIJICPOB B MOJICUCTEMAX [pakTiaeckue 3aHATAA
MEXaTPOHHBIX U POOOTOTEXHHUYECKUX CHCTEM.
Opranuzanus namMsTé MUKpOKOHTPOJIJIEPOB.
OcoOeHHOCTH apXUTEKTYPHI
MHKpPOKOHTpOJuIiepoB cemeiictBa AVR.
2. | dyHKOMOHATIBHAS OyHKIUOHAIBHAS CXeMa MUKPOKOHTPOJLIEpA. [K-11
opraHu3auus Opraan3anus MaMsTH MPOTPaMM. Tecruposatue
OIIDOIIECCODHO Opranmsa a a 0630 Bompocsl Ha 5k3aMeHe
MHKPOIIPOLIECCOPHON praHu3anyst MaMATH JaHHBIX. P TlpaTieckye sansTA
CHCTEMBI. cuctembl Komana. CHHXpOHU3anusI
MIPOLIECCOPa M MALTHHHBIE [TUKIIBL.
3. | Ocobennocru ArnmapaTHbIC CPEICTBa IPOrPAMMHUPOBAHHUS TIK-31 TecrupoBanue
NpPOrpaMMMPOBaHUS | MUKPOKOHTPOJLIEPOB cemeiictBa AVR. JlaGopatopuste paGoTst
HpaKTI/I'{eCKHe 3aHATHS




MHUKpPOKOHTpOIUIepoB | Cucrema BHYTPHCXEMHOTO Kypcosas paGora

HWHCTPYMEHTAIBHBIMH | IIPOTPaMMHUPOBAaHUS, TapaJUICIIbHBIN

CpencTBaMHu uHTepdeiic NporpaMMHUPOBAHHSL.

pa3paboTku u MHcramsanus 1 HacTpolKa, IPUKIAJIHOTO

OTJIAKH. IIpOrpaMMHOro obecneyeHus. buTel
HACTPOMKH MHUKPOKOHTPOJLIEPOB.

[TopTs! BBOMA/BRIBOAA | OpraHu3aius IOPTOB BBOIa/BBIBOIA [IK-11 Tecruposanue

MHKPOKOHTPOJIIEPOB. | MUKPOKOHTPOJIEPOB. ONHCaHne PETMCTPOB B Oﬁpozz; :;‘: 3';%?;;“
HACTPOMKH U yNPABICHUS PEXUMOM pabOThI npa,ffmem‘g SaHSTHS
IIOPTOB. JlaGopaTopHble paboTh

IlocimenoBarensHbIE OmnwcaHue mociaea0BaTeIbHbIX HHTEP(EHCOoB, [IK-11 Tectupopanue

nHTepdeice USART, 125, SPI. Ha3nauenue nnTepdeiicos, Bonpocs! Ha ax3amene

MHUKPOKOHTPOJIJIEPOB. | OpraHHU3aIys, ONHCAHUE PETUCTPOB prgf;f;fﬂiaif:mﬂ
HacTpoiku uHTepeiicoB 1 0OMEHa TaHHBIMU JlaGopaTopHbIe paboTEI
C BHEIIHUMH YCTPOWCTBAMH.

Amnanoro-uupoBkie Hpuanun neiictus AL ocobeHHOCTH TIK-31 Tecruposanue

npeoOpa3oBaTen peammzanuu ALl MEUKpOKOHTPOILIEPOB, g};’;&?:i;i;?:&iﬁ

(ALLIT) perucTpb! HacTpoiiki ALIL JlaGopatopHble paGoThI

MHKPOKOHTPOJLIEPOB.

[puHIIUTBI OO01m11ie TPHUHIHIIBI TOCTPOSHHUS MK-31

MOCTPOCHUS pacrupenereHHbIX CHCTEM yIPaBICHUS.

pacrpeeneHHbIX OpraHu3anys B3auMOIeHCTBUS CUCTEMBI U3 gsgg;z:g;’;f;?;ggg

CHUCTEM YIPABJICHUsI | HECKOIBKHUX MUKPOKOHTPOJIEPOB.

Ha 0Oaze [onkmroueHue MUKpoKOHTposutepoB K T1K.

MHUKPOKOHTPOJUIEPOB.

IIpaBuna Hanucanuss | CucremMa KOMaHJ MUKPOKOHTpOJLIEpA. IK-31 Tectupoparue

nporpamm Ha s3eike | [IpaBuiia HarMCAHKs POTPAMM Ha SI3BIKE HB OIPOCHI Ha SK3AMEHE

accemOnepa u Cu. accemOnepa u Cu. MiHcTamianus u HacTpoika napgggfs;ﬁfe?fggfﬁ
MIPUKJIAJHOTO IPOIPAaMMHOTO 00eCTIeYeHUsL.

4.2 CTpyKTYypa IMCHUIINHBI

OO01mas TpyA0€MKOCTh TUCIMIUIMHBI COCTABISIET 4 3aueTHble equHUIBI (144 qaca)

Bun paGotsr

O011as Tpy10eMKOCTh

AyauTopHasi padora:

JHexyuu (JI)

Jlabopamopuvie 3auamus (J/IP)

Ipaxmuueckue sanamus (I13)

CamocTosiTesibHasi pad0oTa, B TOM YHCJIe KOHTAKTHAA:
CaMocCTOsATeIbHOE U3YYCHUE Pa3/IeioB

Kypcosas pa6ora (KP)

CamomoaroroBka (mpopaboTKa ¥ IMOBTOPEHUE JICKITMOHHOTO
MaTepuaga W Marepuaiia Y4eOHHKOB M Yy4YeOHBIX IOCOOMIA,
MOJrOTOBKA K JIA0OPaTOPHBIM M TPAKTHUYECKUM 3aHATHSIM,
KOJJIOKBHYMaM, pyO€KHOMY KOHTPOJIIO  T.1.),

KonTpous (MOAroToBKA M ¢1a4a IK3aMeHa)

Buja uToroBoro KOHTpoOJIs (3a4eT, IK3aAMEH)

6

ceMecTp
144
102
34
34
34
15
5

27

DK3aMeH,
Kyp. pab

Bcero

144
102
34
34
34
15
5

27

DK3aMeH,
Kyp. pao0.




KonnuecTBo vacos
Ne KonTakTHas Bue-
pas- HaumenoBanwue pasnenon a6oTa ayL.
Acna Beero PaGora
J JP | II3 CP
1 OCHOBBI apXUTEKTYPBI } 5 4 5
MHUKPOIIPOIIECCOPHBIX YCTPOUCTB.
5 OyHKIMOHATBHAS Oprasusanus 7 4 2 1
MHUKPOIIPOLIECCOPHOM CUCTEMBI.
Oco0eHHOCTH TPOrPaMMHUPOBAHUS
3 | MUKPOKOHTPOITEPOB 14 4 4 4 5
WHCTPYMEHTAILHBIMU CPEICTBAMHU
pa3pabOTKU M OTJIAAKH.
n [TopTe! BBOIA/BBIBO/IA 12 9 4 4 2
MHUKPOKOHTPOJLIEPOB.
5 [TocnenoBarenbHbIe HHTEPQEHCHI 18 4 6 6 2
MHUKPOKOHTPOJLIEPOB.
6 Amnanoro-mudpoBbie mpeodpazoBaTenu 12 9 4 4 2
" | (ALLIT) MUKPOKOHTPOJLICPOB.
[IpuHIMIIBI TOCTPOEHUS pacpeeIeHHBIX
7. | cucrteMm ympaiieHus Ha 0ase 14 4 4 4 2
MUKPOKOHTPOJLIEPOB.
8. [IpaBuna HanmMcaHUs IPOTPaMM Ha SI3bIKE 34 10 12 10 2
accemOuiepa u Cu.
Hroro: 117 34 34 34 15
4.3 JlaGopaTtopHblie padoThI
Ne
Temsl 3aHATHI Kon. Yacos
1. | 3HaKkOMCTBO € »3JeMeHTaMu MOAyJs «MUKpPOMPOIECCOPHBIE CHUCTEMBI
yIpaBJICHUS SJIEKTPONPUBOJIOBY, H3yYSHHE MPOTPAMMHOTO 00ecIieueHus, 2
CO3/IaHHE U OTJaJIKa MPOrpaMM sl MUKpOKOHTpoIiepoB AVR.
2. |Ilopter  BBOma/BeIBOma  MHKpokoHTpoiuiepa  AVR,  peammszanums 5
IPOrpPaMMHOM 3a/IEPKKH.
3. | M3yuenne TaiiMmepoB MUKPOKOHTPOJIIEPA U X IIPUMEHEHHUE B
JMHAMUYECKON MHIMKAIUY, B pEXKHUME MOICUETa BpEMEHHBIX HHTEPBAJIOB, 4
B IIMPOTHO-UMITYJIbCHOW MOTYJISIIHH.
4. | Mcionp30BaHUE MAaTPUYHOM KJIABUATYPBHI. 2
5. | M3yueHne npuHIMIA PabOTHI KUIKOKPHCTALTHUECKOTO HHANKATOPA U 4
Croco00B €ro NPOorpaMMHUPOBAHMSL.
6. | BHemnue npeprIBaHUs MUKPOKOHTPOJUIEPA. 4
7. | Uzyuyenne ananoro-mudpoBoro npeodpazoBaTessi MUKPOKOHTPOJLIEPA. 2
8. | 3yueHue npuHIMIIOB MOCTPOCHHS IU(PPOBOI CUCTEMBI 5
MHUKPOKOHTPOJUIEPHOTO YIPABJICHHS IIATOBBIM JIEKTPOIBUTATEIIEM.
9. | Uzyuenne UART unTepdeiica MUKpOKOHTPOILIEPA, U MOAKIIOYESHUS 4
pa3MYHBIX HHPOPMAIIMOHHBIX YCTPOMCTB.
10. | 3y4yenue npuHIMIIOB pabOTHI M MOCTPOSHHUE PA30MKHYTOH HU(POBOIA
CUCTEMBI YNIPaBJICHUS IIUPOTHO-UMIYJILCHBIM IIPe00pa3oBaTesem, 4
paboTaOUIMM Ha IBUraTesb MOCTOSHHOTO TOKA.




11. | ITocTpoenue 3aMKHYTOM TIO CKOPOCTH IU(POBOIT CHCTEMBI YIIPaBICHHUS
IIMPOTHO-UMITYJIbCHBIM IIpeoOpa3oBaTesieM, paboTaloLUMM Ha IBUraTelb 4
ITIOCTOSIHHOT'O TOKa.

UTOTO
34

4.4 llpakTUYecKkHne 3aHATHS

Ne Tema Koi. Yacos.

1 | 3y4yenue nporpaMMHOro o0ecreyeHus, Co3JaHle U OTJIajKa porpaMm
JU1st MUKpOKOHTpOJI1epoB AVR. OCHOBBI apXUTEKTYPBI 6
MHUKPOIIPOLIECCOPHBIX YCTPOMCTB.

2 | Opranum3zaius opToB BBOAa/BbIBOJIA

3 | [locnemoBaTenbHbIe HHTEPPEHCH MUKPOKOHTPOJLICPOB.

4 | Ananoro-mudpossie npeodpaszoBatenu (ALIT) MUKpOKOHTpOILIEPOB. 6

5 | IlpuHIMIIBI TOCTPOEHUS paclpeieICHHBIX CUCTEM yIpaBJICHUS Ha Oa3e 5

MHKPOKOHTPOJIJIEPOB.

6 | IlpaBuia HanmMcaHMsl IPOrpaMM Ha si3blke accembiepa u Cu. 8

HUTOI'O 34
4.5 KypcoBas padora

Llenpto BBIMONHEHUS KypcOBOM paboThl Mo TeMme «MHKpPOMpoLeccopHass TEXHUKa B
MCXAaTpOHUKE U pO6OTOT€XHI/IK€» SABJIICTCA  MPAKTUYCCKOC TIPUMCHCHUC IMOJIYUCHHBIX
TEOPETUUECKUX 3HAHUN K CaMOCTOSITEIbHOMY MPOEKTUPOBAHUIO MUKPOIPOILECCOPHON CHUCTEMBI
YIIpABICHUSA MEXATPOHHBIM MOIYJIEM.

[Ipn BBIMOTHEHHH KypCcOBOM pabOTBl CTYAEHT TMPOEKTHPYET 3aJaHHYI0 CHUCTEMY
yrpaBieHus: Ha 6a3e MUKpOKOHTpoJuiepa cemeiicta AVR.

O6beM KypcoBoil pabOTBI: pacyeTHO-TOACHUTENbHAss 3amucka — 30-35 cTpanulg
MAaIIMHOIIMCHOI'O TCKCTA. FpaqmquKasI 4aCTb IMPOCKTa AOJIKHA COACPKATh NPUHOUIIUAJIBHYIO
JNEKTPUYECKYI0 CXEMy CHUCTEMbl, QJIrOpPUTM U OINHCAaHUE YMPABJISAIONIEH MporpaMMmsl
MHUKPOKOHTpPOJLIEPA.

PacueTHO-TIOSICHUTENbHAS 3aMMCKA JIOJDKHA COJEPKATh:

a) Kpartkoe onncanue MUKpOKOHTPOJLIEPA;

0) pHUCYHKH C TPUHIUIHAIBHON SJIEKTPUUECKON cXeMoil pa3paboTaHHON CHCTEMBI
YIIpaBICHUSA MEXATPOHHBIM MOLYJIEM;

B) OINHCAaHUE, AITOPUTM, U JIUCTUHT YIPaBISAIONIEH TPOrpaMMbl MUKPOKOHTPOJLIEPA.

Kaxnprit cTyleHT moyiy4aeT pacluCaHHOE Ha CHEIUalbHOM OJaHKEe WHJIMBHIYyaIbHOE
3aJjJaHUe Ha MPOEKTHPOBaHME. 3aKOHYEHHAsl KypcoBas paboTa MpOBEpseTCs PyKOBOJIWUTEIEM WU
3alllMIIaeTCs CTYIEHTOM.

Tpynozatparsl Ha BBITIOJIHEHUE KyPCOBOM pabOThI COCTABISIOT 5 YacoB.

4.6 CamocTosiTe/IbHOE U3yUEeHUE PA3/1eJ0B IUCIUIIIHHbI

No Komn-Bo
Bonpockl, BEIHOCUMBIE Ha CAMOCTOSTEIIEHOE U3yUCHHE 4ACOB
1 2 3
1 [TocnenoBarenbubie HHTEPPEHCH MUKpoKOHTposuiepa, USART, 3
" | 12S, SPI.




2. | lloaxnroueHne MUKpOKOHTpOsuIepoB K [IK. 2

3. Hroro 5

5 OueHoYHbIle MaTepHabl S TeKyllero KOHTPOJISA YyCIeBaeMOCTH M
NMPOMEKYTOYHOM aTTeCTAIUN

5.1 OneHoYHbIe MATEPHAJIBI VISl TEKYLIEr0 KOHTPOJISI yCIIeBaeMOCTH

Tembl 1151 pepepaToB:
3a mMoATrOTOBKY M 3aIMUTy pedepara cTyJaeHT MOKeT HaOpath 6 6amioB (mo 2 Gaa 3a Tpu
KOHTPOJIbHBIE peUTHHTOBBIC TOUKH). [Ipu moaroroBke pedepara CTYASHT JOKEH O3HAKOMUTHCS
C OCHOBHOW H JIOTIOJHHUTEIBHON JIUTEPAaTypol, BKIIOYAs CIPABOYHBIC W3JaHHS, 3apyOCKHBIC
UCTOYHUKH, KOHCIIEKT OCHOBHBIX ITOJIOKEHHH, TEPMUHOB, CBEJCHUH, TPEOYIOIINX JJIs1 3alIOMUHAHHUS
U SIBJISIFOIIUXCS. OCHOBOMOJAraroIUMU B 3TOM TeMe. HeoOXoaumMo COCTaBHTh aHHOTALUU K
NPOYUTAHHBIM JIUTEPATypHBIM HUcTOUHUKAM. CTpyKTypy pedepara CTYICHT ONPEACISICT CaM.
OneHnBaHle MPOBOJUTCS C YYETOM KOJIMYECTBA OOpaOOTaHHBIX JIUTEPATYPHBIX HCTOYHUKOB,
KadecTBa odopmieHus pedepara, oTBeTa Ha BONpPOCH Mo pedepary. Temy mns pedepara cTyacHT
MOXET NPCIJIOKHUTL CaM, oo BI)I6paTI> H3 NPCAJTOKCHHBIX.
1. OcobeHHOCTH apXUTEKTYypbl MUKPOKOHTpOIIepoB komnanuu ATMEL.
2. Hcnomnp3oBaHWEe MHUKPOKOHTPOJUIEPOB B CHUCTEMax YIPABICHUS 3JICKTPOIPHBOJIOB
MEXaTPOHHBIX YCTPONCTB.
3. CrarmaptHbie HHTEP(]EHCH MEKPOKOHTPOJIICPOB.
4. ComnpspkeHHE  MHKPOKOHTpOJUIEpa C  TEPCOHAIBHBIM  KOMIIBIOTEPOM,  BapUaHTHI
UHTEpQEICOoB.
5. Hcnonb3oBaHHE  MHKPOKOHTPOJUIEPOB  JUIsi  ONM(POBKM  aHAJIOrOBOTO  CHrHaJa,
BO3MOXXHOCTHU U OT'PpaHUYCHUS.

TecThl:

B pamkax OauIbHO-PEUTHHTOBBIX MEPONPHUATHA CTYACHT TPIDKABI  MPOXOIHT
TECTUPOBAaHUE HA KOMIIBIOTEPE. B 3aBUCHMOCTH OT MPOLIEHTA IPABWIIBHBIX OTBETOB KOMIIBIOTED
BbIcTaBisAeT oT 0 10 6 6amnoB. [IpuMepsl TECTOBBIX 3a/1aHUi, IPUBEEHBI HUXKE.

ApXHUTEeKTYypa MUKpPOKoOHTpoJuiepoB ATMEL?

- apxurektypa Helimana;

+ I'apBapickas apXuTeKTypa,

- kak ['apBapackas, Tak u apxuTekrypa Helimana.

HNutepdeiic USART muxkpoxontposaiepos ATMEL?

- paboTaeT TOJbKO B CHHXPOHHOM peXUMe oOMeHa MH(pOpMaLIHii;
- paboTaeT TOJbKO B aCHHXPOHHOM peKuMe oOMeHa nH(opMaLui;
+ MOKeT paboTaTh Kak B CHHXPOHHOM, TaK U B aCHHXPOHHOM peknMe oOMeHa MH(OpMaIni.
AIII mukpoxoutpossiepoB ATMEL?

- 8-u pa3psiIHbIN,

+ 10-u pa3psiHbIi;

- 16-u pa3psaHbIiL.

B rapBapackoii apxuTeKkType MUKPOKOHTPOJLIEPOB?

- 0011as mamMsTh NPOrpaMM M JaHHBIX;

+ mamATh POrpaMM U JAHHBIX pa3jesieHa.

Pazpsianocts AJIY mukpokontTposiiepoB ATMEL?

- 4 pa3psina,

+ 8 pa3psa0B;

- 16 pa3psizios;

- 64 pa3psina.

ALIT muxpoxkonTposiepoB ATMEL?



- mapasutenbubiin ALIT;

+ mocnemoBarenbHBIA AL,

- MOKeT padoTaTh KaK B MapajljIelIbHOM, TaK U B MIOCJIEI0BATEILHOM PEXUME.
KosmmyecTBOo mopToB BBOa/BbIBO/Ia MUKPOKOHTpOLIEpoB ATMEL?

- TOJIbKO 2 TOPTAa,

- TOJIbKO 4 TOpTa,;

- TOJIBKO 8 MOPTOB;

+ 3aBUCHUT OT MOJIEJT! MUKPOKOHTPOJLIEPA.

J1s1 popMUpPOBaHHUSI CHTHAJIOB TAKTOBOI 4YaCTOThI B MUKPOKOHTpoJiepax ATMEL?
- HCIIOJIb3YETCs TOJIBKO BCTPOEHHBIN IT'eHepaTop;

- HCIIOJIB3YETCSI TOJIBKO F'€HEPATOP BHEIIHUX CUTHAJIOB;

- UCITOJIB3YETCA TOJIBKO BHENTHUN KBAPLEBBIN pE30HATOD;

+ MOKeT OBbITh MCII0JI30BAH JIFO00H U3 MEePEeUUCICHHbIX BAPUAHTOB.

JIsi popMupOBaHUS CUTHAJIOB TAKTOBOI YaCTOTHI B MUKPOKOHTPOJLIepax?
- UCIIOJIb3YETCs TOJILKO BCTPOEHHBIN TeHepaTop;

3ananus K J1a00paTOpHBIM padoTam

[Ipu  BemonHEeHHH  Ja0OpPATOPHBIX  PAa0OT  MCIONB3YeTCS  KOMIUIEKT — y4eOHOTro
o0opyaoBaHus «MHKPOIPOLECCOPHbIE CUCTEMBI YNPABICHUS 3JICKTPOINPHUBOJOBY. 3agaHUs K
nabopaTopHbIM paboTaM TpPUBEACHBI B METOAMYECKMX YKa3aHusax: KoMriuiekr yueOHOTro
obopynoBanus «MUKPOIPOIIECCOPHBIE CHCTEMBI YyMpaBJICHHUs 3jeKkTpornpuBoaoB» 1101033
Meronudeckue yka3zaHus K BBIMOTHEHHIO JJabopaTopHbIX padot. OO0 T/ «IIpodObpazoBanue»
2015.

[Ipu BeIMONHEHNM 1a0OPATOPHOM pPabOTHI, CTYJCHT H3y4YaeT TEOPETUYECKYIO YacTh,
MPOBOAUT COOPKY DIJIGKTPUUECKOW CXEeMbl W 3allMChIBAeT YIPABIAIOIIYI0 MpOrpamMmy B
MUKpOKOHTpoJuiep. CTYyAeHT NpeACTaBIsSeT OTYET U JIEMOHCTPUPYET pabOTOCIOCOOHOCTH
coOpaHHOM cXeMbl. 3a BBIMIOJIHEHUE U 3aIIUTY JTaOOPaTOPHBIX paboT CTYAEHT MOXKeT HaOpaTh 18
OamoB (mo 3 Oamia B KaxAyl pPEUTHHIOBYI0 TouKy). OOpasen nabopaTopHoil paOoThI
MIPEJICTaBJICH HUXKE.

JIABOPATOPHASA PABOTA
«I3YYEHUE TAMMEPOB MUKPOKOHTPOJIJIEPA AVR U X IIPUMEHEHUE:
B IMHAMWYECKOM MHJIUKALIMU. B PEXXUME ITOJICYUETA BPEMEHHBIX
MHTEPBAJIOB B IIMPOTHO-UMITYJIbCHOU MO YIS
Heab padorsi: [Io3HAaKOMUTECS ¢ TaliMepaMH MUKpPOKOHTposuiepa Atmego8535; uccienoBars
pPEeXUMBI PabOTHl U CHIOCOOBI MPOrPAaMMHON peaTn3aluy PEXKUMOB JMHAMUYECKON MHIUKAINN;
peain30BaTh MPOTrpaMMbl — CMETUMKA BXOIHBIX MMIIYJIbCOB C OTOOpaK€HHEM pe3yibTaTa Ha
CEMHUCETMEHTHOM WHJUKATOPE, IOJCYET BPEMEHHBIX HHTEPBAJIOB, IIWPOTHO-UMITYJIbCHYIO
MOYJISILIMIO.
TeopeTnyeckas 4acThb
MuxkpoxonTtposuiep Atrena8535 conepkut Tpu Taiimepa oOIero Ha3HauYeHus: JBa 8-
pa3psasbix Taiimepa TO u T2, onun 16-pa3zpsanstii Taiimep T1.
Bce Taiimepbl IMEIOT BO3MOXHOCTh Pa0OTHI B Pa3HBIX peXKUMaX:
® H3MEpPEHHE IPOMEXKYTKOB BPEMEHY;
e culT BHEIMHUX coObITHI (kpome T2);
e 1peoOpa3oBaHUE BHIXOAHOTO CUT'HAJIA KOHTPOJUIEpa B CUTHAN C IIUPOTHO-
umnyJjabcHoi Moayssiuent (LIUM);
® BO3MOYKHOCTh paOOTHI B KAUECTBE YaCOB PEATbHOTO BPEMEHU (ACUHXPOHHBIN
pexuM paboThl Taiimepa T2).
AJbTepHAaTHBHBIC QYHKIMHU IOPTOB
JUig MOJKIIIOUEHUS! BXOJOB-BBIXOZOB TallMEPOB K BBIBOJAM MHUKPOCXEMBI KOHTPOJLIEPA
(T.e. IS coeMHEHHs TaliMEPOB C BHELIIHUMH YCTPOHCTBAMH), UCIIONB3YIOTCS aJbTePHATHBHBIC
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¢yHKIMM TIOPTOB BBOJA-BhIBOAA. [locie BKIIOUEHHS ambTEpHATHBHOW (DYHKIIMHM NAaHHBIA OWUT
HOPTA UCHOJIB3YETCS TOIBKO JJIs BBOJIA MIIM BbIBOJa MH(OpPMAIMK B TaiiMep, UCII0JIb30BaTh 3TOT
ouT U1t 1M poBOro BBOJA- BHIBOAA HEBO3ZMOXKHO.

AnbrepHaTHBHBIE (DYHKIIMM TOPTOB [UId pabOThl ¢ TaliMepaMu INpHBeJeHbl B Tabnuue 1.
[Tpu sTOM Ul peanu3anuy pekuMa cuéTa BHEIIHUX COOBITHH BXOJ TaMEpOB HEOOXOIUMO
HOJKJIIOYUTh K BBIBOJJAM MMKPOCXEMbl — K KOHKpETHOMY OuTy mopTa BBojJa/BbiBoja. Ilpu
pabore Taiimepa B pexume 1LIMM. Boixon TaiiMepoB Takke MOJKIIIOUAETCS K KOHKPETHOMY OUTY
nopra.

Tabauna 1 AnprepHaTuBHble (YHKIMU OPTOB, UCIOJIb3yEMbIE TallMepaMu

Taiimep O0o03HaueHNE Omnucanue Brisos opTa
TO TO Buemnawmii Bxox Taiimepa TO PBO
0CO Bremnnii Beixox taiimepa TO PB3
T1 Buemnuii Bxop taiimepa T1 PB1
Tl |OCIA Buemnuii Beixog A Taiimepa T1 PD5
OCI1B Buemnwmii Beixoa B Taitmepa T1 PDA4
TOSC1 Brenruuii BeiBoa 1 i1 MOAKIIOUEHUS
e30HaTopa Taiimepa T2 PC6
T2 Hosc? Buemnanii BLIBOX 2v)1n$1 HOJKJIIOUYECHUS
[pe3oHaropa [uis TaiiMepa T2 PC7
0C2 Buewmnuii Beixon Taiimepa T2 1 pp7  PD7Y

JlJi MCOIb30BaHUS allbTEPHATUBHBIX (YHKIMI MOPTOB, COOTBETCTBYIOIINE OUTHI IOPTOB
NpeBapUTEIbHO HEOO0XOAUMO CKOH(UIYpUPOBAaTh Ha BBOJA WIM BBIBOJ, HAIpUMEp, IpH
ucrosb30BaHuu anbrepHatuBHOW ¢yHKkumun OCO mis BeiBoga mHpopmanuu u3 taiimepa TO,
BBIBOJT MUKpocxeMbl PB3 nomken ObITh onpeeneH kak Berxoa 6ut DDRB3 posen 1.

IIpepbiBanus OT TaliMepoOB

Paspemenne u 3amnpemeHune paOoOThl NPEpPBIBAHMA OT TaiMEpPOB MHKPOKOHTPOJLIEPA
BhINOHsETCs ¢ momotrsio peructpa TIMSK (Timers Interrupt Mask Register) — peructpa macku
npepbiBaHuii oT TaiiMepoB. butel peructpa TIMSK mnpusenensr B Tabmune 2. Wuaukanus
MOCTYIUICHUST TIPEPBIBAHUA OT TaliMepOB BBIMOJHSAETCS C momoribio peructpa TIFR (Timers
Interrupt Flag Register) — peructpa ¢uaroB mpepbiBanuii oT TaiimepoB. dopmar peructpa
npeJcTaBieH B Tabnuie 3.

Ta6mmia 2 Peructp Macku npepbiBanuid oT TaiimepoB TIMSK

Homep HaummenoBanue

6uta Gura Hasnauenue
0 TOIEQ (@®nar pa3penieHus npepbIBaHUS 110 TIEPETOTHEHNIO TaiiMepa TO
1 OCIEO |®nar pa3penieHus mpepbsIBaHus 10 coBNaaeHuto Taiimepa TO
2 TOIE1l |®nar pa3penieHus npepbIBaHusI 10 MepenoiHeHnto Taitmepa T1
3 OCIE1B (@nar pa3pernieHus mpepbIBaHus 1o coBmagennto B taiimepa T1
4 OCIE1A |®nar paspemeHus nmpepblBaHus 1o coBnaaeHuio A taitmepa T1
5 TICIE 1 |®nar paspernieHust mpepbIBaHusI 1O 3axBaty Taiimepa T1

TOIE2 |®mnar pa3penieHust IpepbIBaHMS 0 MEPETIOTHEHHIO Taiimepa T2

7 OCIE2 |®nar pa3pemieHust MpepbIBaHUs 110 COBMAICHUIO Talimepa T2

Tabmuna 3 Peructp ¢uaros npepriBanuii ot TaiimepoB TIFR

Howmep
oura

HanmenoBaunue
onra

Hasnauenue

O0o3HaueHue
BEKTOpa

Homep
BEKTOpa
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TpepHIBAHUS MIpepBIBaHUS

0 TOVO @nar npepeIBaHUs 0 TIMERO_OVF 10
nepenojgHeHuto Taiimepa T0

1 OCFO @nar npepeIBaHUs 0 TIMERO_COMP | 20
coBmaJieHuIo Taiimepa T0

2 TOV1 @uiar npepbIBaHUs 110 TIMER1_OVF 9
MepenoJIHeHNIO Taiimepa T1

3 OCF1B ®nar npepbIBaHUS 110 TIMER1_COMPB | 8
coBnazieHuto B raiimepa T1

4 OCF1A @uiar npepbIBaHUs 110 TIMER1_COMPA | 7
coBnazeHuto A tarimepa T1

5 ICF1 @ar npepbIBaHUs 110 TIMER1_CAPT 6
3axBaty Taiimepa T1

6 TOV2 @iar npepbIBaHUs 10 TIMER2_OVF )
NepenoJHeHUIo Taiimepa T2

7 OCF2 @iar npepbIBaHUs 10 TIMER2_COMP | 4
COBIIAJICHUIO Taiimepa T2

[Tpu HacTyruieHun coObITHA cooTBeTCTBYIOMMM (haar B peructpe TIFR ycranaBiuBaercs B
eauHu4YHOe cocTosiHue. Ilpu 3amycke mporpammbl 00paOOTKM MpepbIBaHMs, OH ammapaTHO
cOpacbiBaercs B «0».

Bocsmupaspsianelii Taiimep TO

JUia npumeHeHus BocbMupaspsaHoro Ttanmepa TO0 B mukpokoHTposuiepax AVR.
Hcnonp3ytoTes TpU CrieUAIbHBIX PETUCTPA:
e cuernsiii perrctp TCNTO (Timer CouNTer Taiimepa TO):
e peructp cpaHenus OCRO (Output Compare Register taiimepa TO):
e peructp ynpasienus TCCRO (Timer/Counter Control Register Taiimepa TO).
Taiimep TO paboTaeT B TpEX pekuMax:
e (opmupoBaTeslb BpEMEHHBIX HHTEPBAJIOB;
e CYETYMK BHELIHMX COOBITHIA;
® [IMPOTHO-UMITYJIbCHBIH MOJYJISATOD.
ITpu pob6ote Taiimepa TO MOryT reHepupOBaThCs ABA MPEPHIBAHUS:
e 1pu nepenosHeHuu cuérHoro perucrtpa TCNTO;
e 1npu coBnaaeHnu 3HaueHuil peructpa TCNTO u peructpa cpasaenuss OCRO.
®naru npepreiBanuil HaxoasATcs B peructpe TIFR, paspemnenue npepbiBaHUNA BBITTOTHAETCS
¢ moMo1bko perucrpa macok TIMSK.

Cuérnbiii peructp TCNTO

Peructp TCNTO npeacraBisieT co00i peBEPCUBHBIN CUETYMK. B 3aBHCHMOCTH OT pexuma
paboTHl TaiiMepa, COIEP)KUMOE CYETHOTO PETUCTPA MOKET COpAChIBATHCS B HYJIEBOE COCTOSIHUE,
MHKPEMEHTHPOBATHCS (YBETUUMBATHCS Ha 1) MM JEKPEMEHTHPOBAThCS (YMEHbIIAThCS Ha 1) mo
KaKJIOMYy BXOJIHOMY UMIIYJIbCY. Peructp AocTyneH B J1000i MOMEHT BPEMEHHU Kak JJIsl UTEHUS,
Tak ¥ U1 3anucu. [Ipu nogaye nutanus Ha KoHTposuiep B peructpe TCNTO HaxonuTcst HysieBoe
3HaueHue. Jluamna3oH u3MeHeHMs] 3HadeHHi cuérumka coctasisger 0...255. [Ipu pocTmxeHun
CYETYMKOM MAKCHUMAaJIbHOIO 3HAa4eHUs 255 U nmojaye o4epeIHoro UMIyJIbca, 3HaYeHUe CUETIHKA
U3MEHSETCS Ha HYJIEBOE, IIPU 3TOM T'€HEPUPYETCs] NPEPHIBAHME MO MEPENOTHEHUIO CUETUMKA
TOVO B peructpe TIFR (Tadm. 3). Paspemienue npepbiBaHus OCYIIECTBISETCS YCTAHOBKOM B «1»
paspsna TOIEO peructpa TIMSK.

12



Perucrp cpasaenuss OCRO

Peructp OCRO cozmepXuT BOCBMUPA3PAIHOE IIEJI0€ YHUCIO, KOTOPOE HEMpEephIBHO (Ha
KQKJOM TakKTe KOHTPOJUIEpa) CpaBHUBAETCS C coaepkuMbIM cuérHoro perucrpa TCNTO. B
cllydyae paBEHCTBAa COJEPKUMOI0 ITHX PErucTpoB ycTaHaBinuBaeTcsa (iar npepsiBanus OCFO
peructpa TIFR (ecnu 310 mpepriBanue paspemeno B peructpe TIMSK). Kpome storo, npu
COBIAJICHUU 3HAYEHUIN PErUCTPOB MOXKET U3MEHHUThCs cocTostHue OCO MUKPOKOHTpoiepa. 3To
IpOUCXOAUT, eciu Bbixoa Taiimepa TO coenunén ¢ BeiBogoMm OCO (ompenensieTcss perucTpoM
ynpasinenuss TCCRO) u BeiBos1 PB3 MuUKpOKOHTpoIIIepa CKOHGUTYpUPOBaH KaK BBIXOJ.

Peructp ynpasiaenus TCCRO

Peructp TCCRO npeanaznauen aiis ynpasiieHusi padoroit taiimepa T0. @opmar peructpa
npezctasieH B Tabnuue 4. C NOMOIIBIO 3TOrO PErucTpa OCYILECTBIISETCS KOH(PHUTYypUpOBaHHE
TaliMepa Ha OJUH M3 pPEKUMOB palboThl. Takke 30eCh MOXKHO MOJKIIOYUTH BBIBOIBI
MHUKPOKOHTpOJIEpa K TaiiMepy W BbIOpaTh YacToTy, C KOTOpPOH TaiiMep OyaeT cuHuTaTth
MMITYJIbChl FEHEPATOPa YaCTOThl MUKPOKOHTpPOJLIEpA.

Tabnuua 4 Peructp ynpasnenust TCCRO

Homep |HaumenoBanne |Ha3zHaueHue
outa outa

YrpaBiieHHe TpeIeITUTEIIEM.
SC02 SCO1 SCO0 Koaddumuent npeameautens

0 0 0  Taiimep OTKITIOUYEH
0 0 1 Knen=1
0 1 0 Knen =8
0...2  [SCO00...SC02 0 1 1 Kuen=64
1 0 0  Knen =256
1 0 1 Knex = 1024
1 1 0  Toaxmouen Bxoxa TO (monox. @poHT)
1 1 1 [Toaxmouen Bxox TO (oTpui. @poHT)

[Tonknrouenue BeiBoaa Taitmepa OCO
COMO01 COMO00 Cocrosuue BeiBoa OCO

0 0 Bremsoag OCO orkiroueH
0 1 3aBHCHUT OT peXrMa pabOTHI
3,6 COM00:COMO1 | 1 0 BriBog OCO ycranaBiuBaeTcs
B «0» mIpu coBMaIcHUMN
1 1 BriBog OCO ycranaBiuBaeTcs

B «1» mpu coBnageHun

WGMO01 WGMO00  Pexum paboTsl

0 0 Normal
4,5 WGMO00:WGMOI| O 1 @asoserii MM
1 0 CTC (cObpoc mpu cOBIAIECHIH )

1
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[IpunyauTensHOE U3MEHeHHe cocTosiHus BeiBoga OCO
U FOCO (B pexxumax Normal u CTC)

IIporpammupoBanue 16-pa3psignoro taiimepa T1 MUKpoOKoOHTpOJLIEpa
Monayns 16-paspsanoro taiimepa T1 BxoauT B coctaB MUKpokoHTpoJuiepa ATmego8535.
Taiimep/cuétunk T1 MOXET HCIONB30BATHCS ISl OTCYETA BPEMEHHBIX HMHTEPBAJIOB M KAk
CY€TYMK BHEIIHUX CcoObITHH. KpomMe TOro OH MOXET BBINOJHATH 3allOMUHAHUE CBOETO
COCTOSIHUS 110 BHEIIHEMY curHainy. OH MOKeT paboTaTh TakKe B KadyeCTBE MHOTOKaHAJIHHOTO
HIMPOTHO-UMITYJIbCHOI'O MOJYJISATOpa MNEPEMEHHON paspsaHocTh. CTpyKTypHas cxema TanMepa
T1 npusexnena Ha puc.3.1.
Bxoawl/Bbixoasbl Taiimepa T1
Kaxxnpiii TaliMep/CYEéTYNK UCIIONIB3YET OJHMH WM 00Jiee BRIBOJIOB MUKPOKOHTpouiepa. Kak
MPaBUJIO, 3TU BBIBOABI — JIMHUU TNOPTOB BBOJA/BBIBOAA OOIIETO Ha3HA4YeHUsA, a (PyHKIUH,
peanmn3yeMble 3TUMHU BBIBOJIaMU TIpU pabOTEe COBMECTHO ¢ TaliMepaMu/CUETINKAMH, SIBIISIOTCS UX
ajgbTepHATUBHBIMU (yHKIUAMU. [ MukpokoHTposiepa ATmega8535 Takumu BbIBOJAMU
SIBJISIFOTCSL:
e PBI (T1) — Bxox BHemHero curuaia taiimepa T1.
e PD6 (ICP) — Bxox 3axBara Taiimepa T1.
e PD4 (OCIB), PD5 (OC1A) - Beixonsl cxem cpaBHeHust A u B raiimepa T1.
[Ipn ucnonp30BaHWM aNbTEPHATUBHBIX (YHKIMH MOPTOB BBOJA/BBIBOJA HEOOXOIMMO
CaMOCTOSITEIbBHO CKOH(UTYpUPOBATh 3THU BBIBOJBI B COOTBETCTBUU C WX (DYHKIIMOHAIBHBIM
Ha3HAYE€HHEM — Ha BXO/]{ WJIH BBIXOJI.

Count TOVn
"
Cloar {irt.Feg.]
Diroction | "0 % | Clock Salact
Edge _
' & 7 Daotecior [ T
TOP | BOTTOM
Y Yy " | From Prascakar |
'y TimanCounber A
TCHTR
L =1 [=0]
A A ' TCnk
1 (Int. Fag. )
|
1 ‘Wavalomn
|$ 1 | Gensention b

S— T, — i:[\
e

: Dmd OCnE
o | TOP {Ink. R, )
= | | Walues -
& _ L _| 'Wavalomm ol oonE
— 1 7| Genseation -
E [
|
|—— OCRnE —— 1 ]
- [ From Analog
: Comparaior Ouget |
| ICFm [Imi Ao}
|
! Edge Naisa
ICAn | Dalecior | Carcelar
I | ICPn
| Tcchnd || TCCRnE |

f-
Puc. 3.1 Crpykrypa Taitmepa T1.
[Mpennenurennb Taiimepa
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B kadecTBe MCTOYHHMKA TAKTOBBIX WMIYJIbCOB TaiiMepa T1 MOTYyT MCHONB30BATHCS KaK
BHEIIIHUE UMITYJIbCHI (C BXoza T1), Tak U CUTHAI ¢ BbIX0Jla TAKTOBOI'O FeHepaTopa. ITH CUTHAJIbI
NOCTYNAalOT Ha BXOJ MNpeAaenauTens, (GOpMHUPYIOLIEro TakToBble curHanbel Taiimepa T1. Jlns
yOpaBlIEeHUs] COCTOSIHUEM MpeanenuTens ucnonn3yercs peructp SFIOR.

Peructpsl Taiimepa T1
B cocras taiimepa/cuérunka T1 BXoasT ciieyromue perucTpsl:
o 16-paspsansiii cu€tHbiii peructp TCNTL ;
e 16-paspsansiii peructp 3axsara ICR1,
e 1Ba 16-paspanueix peructpa cpasHeHus OCRI1A, OCRI1B;
e 1Ba 8-paspsaasbix peructpa ynpasienuss TCCR1A, TCCR1B.

Kaxnpiii u3 16-pa3psaHbIX perucTpoB (U3WYECKH pa3MENIaeTcs B JIByX PErucTpax
BB0/1a/BbIBO/Ia, HA3BaHUS KOTOPBIX MOJIy4arOTCs 100aBICHUEM K Ha3BaHUIO peructpa OykBbl «H»
(crapmmii Gaiit) u «L» (mmammuii Oaiit). CuérHblii peructp Taiimepa cuérumka TCNTI,
Harpumep, pasmenraercs B peructpax TCNTIH : TCNTLL.

Cuétnbiii peructp TCNT1 u peructpol cpaBHenust OCR1A u OCR1B

Kak Tonmpko Taiimep T1 3amyckaercsi, TO NpH NOCTYIUIEHUU OUYEPENHOTO HMIIYJbCa C
UCTOYHUKA (MM SBISETCS BBIXOJ MpPEJAEIUTENs, Ha BXOJA KOTOPOrO IOJAETCs CUTHAT C
TaKTOBOI'O M'€HEPATOpa WM UMITYJbehl co Bxoaa T1), comepxkumoe cuérnoro peructpa TCNT1
yBEJIIMYMBAETCS Ha eAMHUIy. Tak OyJeT NpOMCXOAMTh HENpPEPBIBHO 10 TeX IOp, MOKa He
HACTYNHT MEPENOTHEHNE CUETUMKA WM NMPUHYAUTENbHOE ero oOnyneHue. [Ipu nepenomHenun
peructpa TCNT1 Bo3moxna reneparus npepsiBanus TIMERI OVF no mnepenonHeHuro
taitmepa T). B peructpel cpaBaeanss OCRIA u OCRIB 3amnucheiBaroTcss HEOOXOIUMBIC
II0JIb30BaTENNbCKUE 3HadeHUs. lIpu coBmajgeHMM 3HAYEHHMH CYETHOIO PETHCTPA M PETUCTPOB
OCRI1A nnmu OCRIB, nanpsikenust Ha Beixogax OClA i OC1B u3menstorcsi. 9TOT MOMEHT

MO>HO HCIIOJIBb30BaTh ISl TeHepupoBaHus npepsiBanuil no coBnagenuo TIMER 1 COMPA u
TIMER1 COMPB.

Peructpni ynpasiaenuss TCCR1A u TCCR1B

Jis  ynpaBieHUs TalMepoM/CUETUYMKOM HCIOJIB3YIOTCSl JIBa PErucTpa YIpaBlIeHUS:
TCCR1A, TCCR1B. ®opMmaTsl 3TUX PErHCTPOB M Ha3HAUEHHE OTIEIbHBIX OMTOB NMPUBEICHBI B
Tabymue 2 ...5.

Tabmuua 5 Pazpsinet peructpa TCCR1A
bur  [Ha3Banue Onucanue
1,0 WGM11:WGM10 Pexxum pabotbl Taiimepa/cuéturka. COBMECTHO C pa3psliaMyl
WGM13:WGMI12 peructpa TCCRI1B omnpenenstor pexum
paboThl Taiimepa/cuéTunka T1

3,2 FOCIA:FOCIB [ [puHynuTENBEHOE WU3MEHEHUE COCTOSTHUS BBIBOJIOB
coorBeTcTBeHHO OCI1A 1 OC1B

5,4 COM1B1:COM1B0O |Pexxum paboThl 0JIOKOB cpaBHeHHS A U B. DT paspsmab
onpenenstor noeaeHue BboBOJoB OCIA m O C1B npm

76 ICOMIA1 :COM1 AO HACTYIUIEHHM COOBITHUS «CoBmaieHue». Bnusaue
COZEPKMMOTO ITUX Pa3psIoB HA COCTOSTHUE BBIBOJIA 3aBUCHT
0T pexurMa paboThl TaiiMepa/cuéTunka

Tabnuma 6 ®opmar peructpa TCCR1B
but 7 6 5 4 3 2 1 0
O6o3nauenne | ICNC1 | ICES1 | - | WGM13 | WGM12 | CS12 | CS11|CS10
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butet WGM13.. WGM10 ucrons3yroTcsi B OCHOBHOM JJisi pabOThl TaliMepa B pexUMax
IUM. Cogpepxumoe 6utoB COMInl:COMIN0 momxHO OBITE «0» MPH OTCYTCTBHH CBSI3U
taiimepa T1 ¢ BeiBogamu OCI1x.

3navyenus paspsaoB CS12...CS10 onpenensitor Ko3pPUIMUEHT JeNeHHs] TAKTOBOM 4acTOThI
Y MCTOYHUK TaKTOBBIX MMITYJIbCOB JUIs Taimepa T1. MIX BO3MOKHBIE 3Ha4€HMS NIPEICTaBICHBI B
tabmure 7.

Tabnuua 7. Beibop kosddunmenta npepaenutens taiimepa T1
butel TCCR1B

Koaddunuent npeanenurens taiimepa T1
CS12 | CS11| CS10

0 0 0  [TaiiMep/cYETYHMK OCTAHOBIICH
0 0 o |

0 1 0 [lk/8

0 1 1 [clk/64

1 0 0  [clk/256

1 0 1 clk/1024

Beisox Tl, cder ocymecTBisieTcss MO cHagaromeMy (QpoHTY
1 1 0  |[MMIIyJbCOB

BeiBog T1, cuer ocymecTBisieTcs MO HapacTaroleMy (QpoHTY
1 1 1 (luMmynbcoB

Peructp 3axBara ICR1

Peructp 3axBata ICR1 BxXxoaur B coctaB OlloKa 3axBaTa, Ha3Hau€HUE KOTOPOrO -
COXpaHEHHE B OIPE/ICICHHBII MOMEHT BPEMEHH COCTOSIHUS TalMepa/CuéTynKka B PETUCTpE
3axBara ICR1. D10 neficTBHEe MOXXET MPOU3BOIUTHCS MO0 MO aKTUBHOMY (DPOHTY CHTHAJa Ha
BbiBojie ICP MukpokoHTposuiepa, JMOO 10O CHTHaly OT aHaJOroBOrO KOMIIaparopa.
OmHOBpPEMEHHO C 3amuCchio B peructp 3axpaTta ycraHaBinuBaercs ¢iar ICF1 peructpa TIFR u
TeHepupyeTcs 3allpoc Ha MpepbiBaHue. Pa3penienne npepbrlBaHus OCYLIECTBIISIETCS YCTAaHOBKOM
paspsga TICIEl perucrpa TIMSK. Jlns ynpaBiieHuss CXeMOM 3axBaTa HCIOJB3YIOTCS JiBa
paszpsaa peructpa TCCRI1B - ICNC1 (6ur 7) u ICES1 (6ut 6). Paspsan ICNCI1 ynpasaser
cxeMoi mopgaBineHus nomex. Ecnm 3TOT paspsg cOpomieH B «0», cxeMa MOJaBICHHUS MOMEX
BBIKJIFOYCHA M 3aXBaT IMPOU3BOAUTCS IO TIEPBOMY K€ aKTHBHOMY (QpoHTY. Ecim jxe 3ToT paspsn
YCTaHOBJIEH B «1», TO PH MOSBICHUH aKTUBHOTO (DPOHTA IPOU3BOIAUTCS 4 BHIOOPKH C YaCTOTOM,
PaBHOM TAKTOBOM 4acTOTE MUKPOKOHTpOJUIEpa. 3axBaT OyJeT BHIIOJIHEH TOJIBKO B TOM Ciydae,
€ClIM BC€ BBIOOPKM HUMEIOT YPOBEHb, COOTBETCTBYIOIIMNA AaKTUBHOMY (POHTY CHUTHala
(mormueckast «1» juig Hapacraromero u jormdyeckuid 0 mist cragaromero). AKTUBHBIA (DPOHT
CUTHaja, T. €. POHT, MO KOTOPOMY OyJAeT BBIIOJHEHO COXpPAaHEHUE COJEPKUMOI0 CYETHOTO
perucTpa B perucTpe 3axmara, ompenenserca cocrossHueMm paspsaa ICES1. Eciam stor paspsan
copoieH B «0», TO aKTUBHBIM sBIIeTCs criagatouinii ¢ppont. Eciu paspsa ycranoBieH B«1», To
AKTUBHBIM SIBJISIETCS HapacTAOIMUN (GPOHT.
Jns 3axBata mo curHainy c BbiBoja ICP, 3TOT BBIBOJA JOKEH OBITH CKOH(UIYPHUPOBAaH Kak
BXOJHOU (pa3psa peructpa DDRx, cootBeTcTByromuii BeiBoay ICP, momxen ObITh cOpolieH B
«0»). Ecin ke oH OyneT cKOH(GUTYPUPOBaH KaK BBIXOJHOM, 3aXBaT MOXKHO OYJIET OCYIIECTBIISATh
MpPOrpaMMHO, YIPaBIsisi COOTBETCTBYIOIIUM pa3psaoM mnopta. CienyeT MOHUMATh, YTO MEXKAY
M3MEHEHHEM COCTOSIHUS BXoJla 0JIOKa 3axXBaTa M KOMUPOBAHHWEM CUYETHOT'O PETUCTPA B PETHCTP
3axBara TaiiMepa/CYETUMKa MPOXOJUT HEKOTOpPOe BpeMs. DTy 3aIep:KKy BHOCHT KacKas,
COCTOSIIIIUNA U3 CHHXPOHU3AaTOpa U JeTekTopa pponTa. Bennmunna 3amepxku coctasiseT 2,5..3,5
MAIIMHHBIX [UKJIOB. [Tpy BKIIIOUEHUH CXEMBbI T0JIaBJICHUS TOMEX 3aJI€PKKa YBEIUUUBACTCS €Il
Ha 4 MallMHHBIX [UKJIA.
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Perucrpsol paspemienus u o6padorku npeposiBannii TIMSK u T1FR
JIns pasperieHus/3anpera NpepblBaHUi OT TaiMEpOB/CUETYMKOB MpEAHA3HAUEH PETUCTP
TIMSR (Timer/Counter Interrupt MaSK Register - peructp Macku MpepbIBaHHA OT
TaiiMepoB/cueTdnkoB). J{ist Taiimepa T1 B 3TOM perucrtpe 3a/1eiicTBOBaHBI CIIETyIONIHE OUTHI.
e TICE1 (Gut 5) - ¢not pasperieHus: mpepbIBaHuUs MO COOBITHIO «3axBaTy» TaliMepa

T1;

e OCIElA (Our 4) - dbnar paspemieHus npepbiBaHus 10 coObITHIO «CoBnageHUuE Ay
taiimepa T1;

e OCIE1B (6ourt 3) - ¢umar paspemicaus npepbiBanus 1mo coobituio «CopmaaeHue By
Taitmepa T1;

e TOIEI1 (Out 2) - ¢uar pasperieHus npepbiBaHus M0 NepenoaHeHuto Taiimepa T1.

JUid MHIUMKalUWMK HAcTYIUIEHUS IpepbIBaHUM OT TaliMepoB mpeaHazHaueH peructp TIFR
(Timer/Counter  Interrupt Rlag Register - peructp ¢uaroB  mnpepbiBaHuii  OT
taiimepos/cuétunkos). J{ist taitmepa T1 B 3TOM perucrpe 3aaeiicTBOBaHbI CIEAYIOMINE OUTHI:

ICF1 (6ur 5) - ¢rar npepbIBaHus 110 COOBITHIO «3axBaT» Talimepa T1;

OCFI1A (6ur 4)- ¢pnar npepsiBanus o cooOsituio «CoBnaaenue Ay taiimepa T1:

OCFIB (6ut 3)- ¢dnar npepsiBanus o coobiThio «CoBnaaenue By» taiimepa T1;

TOV1 {6ur 2) - ¢nar npepriBaHus M0 HNepenoaHeHuto Taiimepa T1.

[Ipn HacTymaeHUHM Kakoro-immoo coObITus cooTBeTcTBYyrOmMA ¢Gaar perucrpa TIFR
ycranaBiuBaercst B «1». Ilpu 3amycke moamporpamMmbsl 00paOOTKH MpEephIBAHUS OH ammapaTHO
copaceiBaercs B «0». JIro0oi dar MoxeT ObITh cOpoliieH B «0» BpyUHYIO.

CemucerMeHTHbIE HHIHKATOPBI

B 5BM oto0pakeHre HHPOPMAIMK IOJIH30BATEII0 OOBIYHO OCYIIECTBISETCS dYepe3
MOHUTOP, HO JJsi OOJBIIOTO YHCIA MHUKPONPOIECCOPHBIX YCTPOMCTB, BBIMOIHSIONINX
OTHOCHUTEJILHO MPOCThIe GYHKIIUHU YIIPABICHUS, KOHTPOJISI WJIM U3MEPEHHs ObIBAET TOCTATOYHBIM
oToOpakeHre MHGOPMAIMU WIH PE3yJIbTaTOB U3MEPEHUM Ha OCHOBE MPOCTEUINX YCTPOMNCTB
uHAUKAH. OOBIYHO AJIS 3TOTO MCHOIB3YIOT CEMUCEIMEHTHbIE HHIUKATOPbl. OIUH WHIMKATOP
UMeeT BOCEMb CETMEHTOB (CeMb JUIsl HauepTaHUs YMCIIa U OJJMH CEIrMEHT - TOYKa) M OJAMH OO
KOHTaKT OOBIYHO MOJKIIIOYaeMbli K muTaHuio. [lo 3Toi mpuumHe [UIsl ympaBlieHUS OJHUM
UH/INKAaTOPOM TpeOyeTcs OIWH LEeJbI MOPT MHUKPOKOHTpoyuiepa. Ecim dYucino MHIMKATOpoB
OoJsee IBYX, 4TO OBIBAET CIOKHO MOAKIIOYUTD UX 110 TAKOMY MPUHIUITY.

Jlnst yMEHbBIIEHHUSI KOJIMYECTBAa YIPABISIOUIMX JUHUA CEMHCEIMEHTHBIE WHIMKATOPHI
MOJIKIIIOYAIOT B IMHAMUYECKOM pexume. J[s 3TOro oguMHaKoBbIE CErMEHTHI Tabl0 COETUHSIOT
napajielbHO M TOAKIIOYAIOT K OAHOMY IOPTY MHKPOKOHTpOJJIEpa, a TOK JK€ IMUTAIOIIUN
MIPOBOJ KaXKJIOTO MHAUKATOPA TOKE MOAKIIOYAIOT K MUKPOKOHTposuiepy. Takum oOpa3om, Tabio
U3 4-X WHAMKATOPOB OyAET UCIOIB30BaTh 8+4=12 nuHUI MUKPOKOHTpOJIEpa, a He 8*4=32 kak
MIPU KJIACCUYECKOM TMOAKIIOUEHUH.

Wtak, ¢ 1enpl0 COKpalleHWs 4YHcia BBIBOJOB B MHOTOPa3psIHOM HHIUKATOpPE BCeE
OJIHOMMEHHBIE CErMEHTHI COEIMHEHBl BMECTe M UMEIOT OAMH o0muii BeIBOA (puc. 3.2). s
HYMEpallMd CErMEHTOB HCIIOJIB3YIOTCS JIaTWUHCKHWE OYKBBI OT a 10 h. YUToOBI ympaBisTh
CBEUCHHEM KakKOH-IM00 mudpsl Kaxkaoe 3HakoMecTo (mudpa) uMeeT oOIUi BBIBOJ, KOTOPBIH
MOET OBITH OOIIMM aHOJOM WJIM OOLIMM KaTOJOM CBETOJIMOJIOB-CETMEHTOB (3aBHCHUT OT THIIA
WHUKATOPA).
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Puc. 3.2 [IpyunuunuaneHas  cxema COEAUMHEHUS MaccuBa WHJIUKATOPOB

Hns  oOecmeyeHus  pa®OTbI  MHOTOPA3PSAHBIX — MHIMKATOPOB WM HECKOJBKUX
OJIHOPa3psAHBIX UHJIUKATOPOB UCIIOJIb3YIOT JUHAMHUYECKYIO, TO €CTh HENPEPBIBHYIO NHINUKALUIO
CyTp IMHaAMUYECKOM MHAMKALMHU 3aKI0YaeTcsd B MOOYEPENHOM BKIIIOUEHUM HHIUKATOPOB C
MOMOIIBIO O0IIEro aHoAa WM OOIIEro KaToja ¢ OJHOBPEMEHHOW Mojadeld KojJa CUMBOJIA AJIs
JAHHOT'O, AKTUBHOTO MHJMKaTOpa. Ecium NepexiIodeHus MeXIy HWHAMKAaTOpamMHM CHENaTh
noctatouyHo OblcTpeiMU (¢ yacToToi mopsnka 50..100 I'm) To Bce oHM OyayT paBHOMEPHO
CBETUTBCS HYKHBIMU CUMBOJIAMHU.

[Tockonbky, Hampumep, B 4-pa3psiIHOM Ta0JI0 BpeMsl CBEUEHUS OJHOTO KaKJI0TO CerMeHTa
COCTaBJIAET JUIlb 1/4 4acTh, TO APKOCTh CBEUECHUSI MHIUKATOPHOTO TAaOJIO MOXKET CYIIECTBEHHO
cHU3UThCA. Torga s oOecrieueHus: XOpOIIEro CBEUEHUS MHIUKATOPOB MOXKHO YBEIMYUTH
HanpsDKeHUE, MPUKIAJbIBAEMOE K CerMEHTaM HMHIUKATOpa, Tak 4TOObl YBEIMYWICA M TOK,
OPOXOJAIIMA B HMIIYJIbCE YEpe3 CErMEeHThl MHJUKaTopa. Takoi cmoco0 JuHaAMUYeCcKOn
UHAMKAIMM  4acTO IPUMEHsSETCd I[pU  YOPABIEHUM  YCTPOMCTBOM  MHJIMKALUUA  OT
MHUKPOITPOLIECCOPOB U MUKPOKOHTPOJIIEPOB.

[IpeumymiecTBo crnoco0a AMHAMUYECKOM HMHIMKAIMKM OIIYTHUMO IPU YHCIE pa3psioB
Oospiie 2. CxemMa ¢ TMHAMHYECKOW WHIWKAIMEH MOTPeOseT MEHBITUN TOK, UMEET MEHBIINE
rabapuThl U MEHBIIYIO CTOUMOCTb.

IupoTHO-UMITYJILCHASI MOAYJISILIUAS

[INM — mupoTHO-UMITYJIbCHASE MOAYJIALMS. MI3BECTHO, YTO MyJIbCUPYIOIIEE HAIIPSHKEHNE
B 3aBUCHUMOCTH OT 3aIlOJIHEHUS MeproJia, OyeT SKBUBAJIECHTHO MMOCTOSHHOMY HampshkeHuto. T.e.
ecnu 3a nepuoj HanpsbkeHnue 50% BpeMeHu ObUI0 BKIIIOUEHO, 50% BBIKIIOYEHO, TO SKBUBAJICHT
MOCTOSTHHOTO HanpsbkeHus: 0ynet paseH 50% ot HomuHanbHOTO. Hanpumep, npu nuranuu B 5B
IIOCTOSIHHOTO HAIpsDKEHUs, IOJIy4MB Ha BbIxoAe KoHTposuiepa MM ¢ nonoBUHHBIM
3aMoJHEHUEM, TO MOCHe CrlakuBaHus nmoayunMm 2.5B. Ecnu 3anmonHenue nmiysbsca paBHO 75%.
TO SKBUBAJICHTHOE IMOCTOSTHHOE HampsikeHue Oynet 3.75B.

IINM B coueTaHHM C aHAJIOTOBBIM (PHIBTPOM MOXET HCIOJB30BaThCS ISl Te€HEepaluu
aHaJIOTOBBIX BXOJIHBIX CUTHAJIOB, T.€. B KaueCTBe IU(po-aHanorosoro mnpeodpazosarens (LIAIT).
B kauecTBe OCHOBBI HCHOJIB3YETCS IOCIEAOBATENIBHOCTh MNPSAMOYTOJIBHBIX HMILYJBCOB C
MIOCTOSIHHBIM TIEpHOJIOM cienoBaHus ((pukcupoBaHHass yactora cienoBaHus) [l reHepaiuu
pPa3IUYHBIX AHAJIOTOBBIX YPOBHEHW peryiupyercs 3alojIHEHHE HUMITYJIbCOB M. TaKUM OOpa3oM
U3MEHSeTCS  JUIMTENIbHOCTh UMIYJbcOB. Ecanm  HeoOxoaumo  chopMHpOBaTh  BBICOKHUN
QHAJIOTOBBII YPOBEHb, TO JUIUTEIBHOCTh UMITYJIbCa YBEIUUHUBAIOT U HA00OPOT.

B muxpokonTpomepax AVR nns renepanun; IHMM-cursanos ucnonb3yroTcs: TaiMepsbl-
cuetyuku. [Ins w3MmeHenus Hecymed dactorsl IIMM wu3MeHsieTcss 4acToTa CHUHXPOHHU3ALHUH
TaliMepa ¥ BEPILINHA CYETA, YACTOTHl CUHXPOHU3ALMH WIN CHUKEHHE BEPIINHBI CUETa IPUBOJIAT
K IOBBIIICHUIO YaCTOThl NEPENOJHEHUs TalMepa M, KaK CIEACTBUE, YBEINYMBAETCS 4acTOTa
HINM, MakcumanbHOR paspemiamoneil cnocoOHocTn (BepiminHa cuera 255) COOTBETCTBYET
MakcumanbHasg yactora [IIMM 250 kl'1. [anpHeiimee yBenuuenue yactoTel [IIMM Bo3moxHa
IyTEeM YMEHBIICHHS Pa3pellaronieil CioCOOHOCTH, HO B 3TOM CIIy4ae COKPAIAeTCsi KOJUYECTBO
11aroB MPU YCTAHOBKE 3aM0IHEHUs1 UMITYJ1bCOB 0T 0 10 100%.
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N3menenune copepxkumoro peructpa cpaBueHus (OCR) BiuseT Ha 3aNI0JIHEHUE UMITYJILCOB.
VBenuuenue 3HaueHnss OCR yBennuuBaeT 3an0JIHEHUE UMITYJIbCOB. J{0 JOCTUKEHUS CUETUUKOM
3HaueHus u3 peructpa OCR HIMM-BbIxo1 HAXOAUTCS B BBICOKOM COCTOSIHHH, 3aT€M TEPEXOAUT
B HHU3KOE COCTOSIHME 1O JOCTHKEHHSI BEpPUIMHBI CYETa, IOCJIE YEro CYETYHK MEPEXOJUT B
HYJIEBOE COCTOSIHUE W LUK 1moBTopserca. Takoil cmoco0 reHepamuun y AVR-
MHUKPOKOHTPOJIEPOB MOIy4ri Ha3BaHue OpicTpoil LIIMM.

e 0 A

Puc. 3.4 3nauenue cuetunkos u [1IMM BeIxXox
[Ipn ucnosnp3oBanun BbicOKOYAcTOTHOM MM nns reHepanyuy aHAIOTOBBIX CUTHAJIOB,
IIMPHHA aHAJOIOBBIX YPOBHEH 3aBHCHUT OT paspewaromieil cnocoonoctu HIMM. Yem Bblie
HeCylllas 4acToTa, TeM 0ojee MpPOCTO €€ MOJAaBUTh U TEM CaMbIM MUHUMHU3HUPOBATh YPOBEHb
nyiabcauuid. Takum oOpa3oM, HEOOXOAWMO ONTHUMH3HPOBATH COOTHOLICHHE pa3pellaromien
CIIOCOOHOCTH U HECYILIEH 4aCTOTHI.

PexoMenaanum K HANMCAaHUIO POrpaMMbl «/{HHAMUYeCKasi HHANKALMSD)

OCHOBHOM NpPUHLMII YIPABJIECHUS CEMUCEIMEHTHBIMM HMHJIMKATOPAMHU B JMHAMHYECKOM
peXUME - 3TO MoodepeqHas Mojaya MHUTAIONIEr0 HaNpsHKEHUS Ha KaXKIbIH M3 HHIWKATOPOB
TabJI0 U OHOBPEMEHHAsI [10/1a4a BTOPOTO MOJOCA K COOTBETCTBYIOIIMM CETMEHTAaM HHIMKATOpa.
Hanpumep, s BeiBoja uucna «123» na ungukatopax HGI-HG3 moxHO mocnemoBarenbHO
BBIBOAMTH IU(PI HA MHIUKATOPHI: BHauane Ha unaukarop HG1 mudpy «1», 3arem Ha BTOpoi
uaaukarop HG2 mudpy «2» m manee na tpetuidt mnmukatop HG3 mudpy «3». Ecim sty
OTIEpalMIO TIOCIIEJOBATEILHOTO BBIBOJIA BBHIMOIHATE C CYMMapHO#l ckopocTbio 6onee 25 ' s
KaKI0U udphl, TO MEpLAHUS CUMBOJIOB YeJIOBEYECKOMY TIJlazy BUIHO He Oyner. To ecth B
HallleM clly4yae 4acTOTa CMEHbI CHMBOJIOB JJOJDKHA ObITh HE MeHee 25x3=75 I'.

PekoMenayercss mepexoAuTh OT MOACBETKHM OJHOIO HMHIMKATOpAa K JIPYroMy 4Yepe3 paBHbIE
OPOMEXYTKM BPEMEHHM U J3TO YAOOHO peanu3oBaTh uepe3 NpepbIBaHUS BCTPOCHHOTO B
MUKPOKOHTPOJIJIEP TaliMepa.

AJITOPUTM MPOTrPaMMBbI MOXKET OBITh IPUMEPHO CJICTYIOLIHM:

e KoHpurypupyem Ha BBIXOJl NMHUHBL, K KOTOPHIM TOAKIIOYEHBI JIMHUUA CETMEHTOB
MHIMKATOPOB, a TOK K€ M HA BBIXOJ MUHBI K KOTOPHIM MOJKIIOYEHBI CTOJOIBI.
IIpucBanBaeM COOTBETCTBYIOIUE HAYAIbHBIE 3HAUCHHUS.

e B 0CHOBHOM IMKIJIE TPOrpaMMbl MO’KHO PEaIM30BaTh ONPOC KHONKU IPU HaKaTUU
KOTOpO MeHsieTcss nHGOopMallus, BEIBOJUMAs Ha TUCIUIEH.

e HeoOxonumo Tak jxe mpeoOpa3oBaHue LUQpP, BBIBOAUMBIX HAa HHAMKATOP B KOJ
KOPPEKTHBIN Ui UHIUKATOPA.

[TapannensHo ¢ paboOTOW OCHOBHOM (DYHKIIMM TIPOTPAMMBI MPOUCXOJAT MEPUOTHUECKUE
npepbiBaHus TaiiMepa. B 00paboTke mpepbIiBaHUs ClEAyeT MPONUCaTh MOOYepeHOE U3MEHEHHE
HOMEpa aKTHBHOI'O MHIUKATOPA M 3alMCh HY)KHOTO 3HAYCHMS B MEPEMEHHYI0, OTOOpaXkaeMyto
Ha TEKYILEM HHJUKATOPE.
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JAuHaMn4YecKass HHAMKALMS ¢ POrPAMMHOM 3a/1ePKKOM.

PaccmoTpuM mpumep mnporpammbl, KOTOpas peaqu3yeT AAaHHBIA alropuTM JUIsl BBIBOJA
yncino «123». Yacrota BbIBOJA CHUMBOJIOB OIpeleiseTcs NporpaMMHOM mnays3oil. Ilycts
CerMeHTHl a..h MOJIKIIOYEeHbl COOTBETCTBEHHO K BbIBojaM mopTta A: PAO-PA7, a aHonwl
uaaukatopoB HG1-HG3 - coorBercTtBeHHO K BBIXOMaM mopra B: PBO-PB3. Tecrosas
nporpaMma pacrnojoxena B ¢aiine laboratomaja_3.c, a ee TeKCT NpUBEIEH HUXKE.

#define F_CPU 8000000UL

#include <avr/io.h>

# include <ufil/delay.h>

int main(void)

{

DDRA =0xFF; // mopt A - Ha BBIXOJ

PORTA=0XFF;// BCE CETMEHTHI HE CBETATCS

DDRB =0x07: // MIajmue Tpu 6ura nopta B - Ha BeIx0[

PORTB=0x00; // WH/INKAaTOPBI HE BEIOPAHBI
while (1) //  GeckoHe4HBII UK

{

/I BeiBON Mdpsr "'1" Ha HIUKaTOp HGI
PORTA=0xF9; // cermentsl "b*“ 1 "¢" B mopt A
PORTB=0x01: // BbIOOp nHAMKaTopa HG 1
_delay_ms(2); // nporpammHuas maysa 2 Mc
//Bb1BOA 1TIppBI “2" Ha mHIUKaTOp HG2
PORTA=0xA4; /| cermenTs "a, b, d, e, g"
PORTB=0x02: // BbIOOp nHauKaTopa HG2
_delay_ms(2); // nporpammHuas may3a 2 Mc

// BeIBOJ i psl “3" Ha nuauKaTop HG3
PORTA=0xBO; // cermenTs "a, b, c, d, g"
PORTB=0x04; // BbIOOp MHaHKaTopa HG3
_delay_ms(2): // nporpaMMHas rnaysa 2 Mc
// BeiBOX 1t (ppHI "4" Ha nHaUKaTOop HG4

PORT A=0x99: // cermenTsl “b, ¢, f, g"
PORTB=0x08; // BeIOOp MHaHKaTopa HG4
_delay_ms(2); /I nporpamMMmHa* maysa 2 Mc

¥
k

Hcnonp3oBaHne B JaHHOM MPOrpaMM AJis MHAUKALMK CHMBOJIOB IYCTBIX LIHKIJIOB IS
pealiM3allud TMPOTPaAaMMHON 33/Iep)KKU  HE COBCeM YyAOOHO u HedpeKkTuBHO. MOXKHO
UCTIOJIB30BaTh Topasao Oosnee 3(hHeKTUBHBIN MOIX0M, KOT/1a HeoOXouMasi BpeMeHHas 3a/IepiKKa

MeX1y CMEHON CUMBOJIOB OyI€T pealn3oBaHa C TMOMOIIBI0 TaiiMepa, a camMa CMeHa
WHIWIAPYEMOTO CUMBOJIA Oy/IeT OopraHHu30BaHHA B Mporpamme oOpabOTKH MpephIBAaHUH
OT TaliMepa.

JAnnamMmuyeckasi MHAMKAIMS ¢ IPEPLIBAHUSIMHU OT TaiiMepa.

B nanHom ciydae 1ienecoo0pa3Ho 3a1aTh ri100albHbIE IEPEMEHHbBIE B KOTOPBIX HAXOMATCS
BBIBOJIMMbIE Ha MHAMKAIMIO CHMBOJIBI B BUJE KOJOB, BBIJABAEMBIX Ha «CEIMEHTHBIN» MOPT, U
TEKYIIHi HOMEpP BBIBOAMMOIO MHAMKaTOpa. B mporpamme oOpaboTKu mpephIBaHUM MEHSETCS
TOT HOMEp, U Ha «CETMEHTHBIN» IMOPT BBIBOAMTCA COOTBETCTBYIOIIMM eMy cumBoj. Hrioke
MPUBEJEH IPUMEP MPOTPaMM JUHAMUYECKOW MHAUKALMK 4ucia «123», BBIOJIHEHHOU c
UCIIOJIb30BaHuEM NpepbiBanus Taiimepa TO.

#include <avr/io/h>
#include <avr/interrupt.h>
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unsigned char cl =! 0x06, //xox tudpsr <17

c2=10x5B, Il xon tudper 7

c3=!0x4F; Il xon tudpsr 3"

unsigned char n; Il HOMep uHAKMKaTOpa

[/ O6paboTtka npepsiBanus Taiimepa TO

#pragma intenupt_handler indic: 10

void indic (void)

{ PORTD&=0xFS8; /I BeIKITIOUaeM Bee uHauKaTopel HG1-HG3
switch (n)

{

case O:

PORTC =cl; [/l xonm “1”

PORTD=0x01; // uaguxatop HG1

break;

case 1.

PORTC=c2: //xopn “2”

PORTD=0x02: // unaukarop HG2

break;

case 2:

PORTC=c3; //xon “3”

PORTD=0x04; // uagukatop HG3

}

n++: /I cMeHa HoMepa WHIUKaTopa

n%=3;

}

[[——  rnaBHas byHKIUSA —

void main(void)

{

DDRC =0xFF; // Bce 6utsi mopra C - Ha BBIXO]]
PORTC=0xFF; // cerMeHTEI HE CBETATCI

DDRD =0x07; // mnammue Tpu 6uta mopta D - Ha BeIXOA
PORTD=0x0; //maaukaTtopsl HE BEIOpAHbI

T IMSK = 0x01; // pa3pelieHue mpepbIBaHUs IO MTEPETIOTHEHHIO
sei(); // obree paspelieHue MpepsIBaHUi

TCCRO0=0x04; //00000100. ko3 dumment npenaenutens 256.
// vacroTa npepwiBanuii 0yet 8000000/256/256

// vactoTa oOHOBIeHUs yncna (3 uudper) 122/3 =40 I'n
for(;;);

}

PexomMeHanMu K HAMMCAHUIO IPOrpaMMbl «CHeTUYMK KOJMYECTBA NPePbIBAHUINN
Hccnenyem taiimep TO B pexxume paboThl hopMHUpoBaTesiss BpeMEHHBIX MHTEpBaIOB. [
3TOrO CO3AaJMUM IpOorpaMMy Mojcuéra KoJndecTna rnpepbiBanuil Taiimepa TO.
#include <avr/io.h>
#include <avr/interrupt.h>
int i=0; // oObsBIEHNE II00ATBHON TEPEMEHHOM 1
void port_init(void)

PORTD = 0x00;
DDRD = 0xFF; // mopt D paboTaet Ha BbIXO.
}

void timer0_init(void) // uauimanu3zanus taitmepa TO
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{

TCCRO = 0x00; //octaHOoBKa CUETUHKA

TCNTO = 0x64; //3amanre HauaIbHOTO 3HAYCHHS B CUETHBIN PETUCTP
TCCRO = 0x05; //3amyck Taitmepa ¢ napametpamu TCCR= 0000 0101
//SC02:SC01 :SC00=101 — Kdel=1024

//COMO01 :COMO00=00 —» OCO0 oTkiaroueH

[I'WGMO01 :WGMO00= 00 —» pexxum pabotsl Normal

}

#pragma interrupt_handler timer0_ovf _isr : 10

void timer0_ovf isr(void) // PaboTa cu€Tunka npu npepbiBaHUSAX MO IEPETIOJHEHUIO
{

TCNTO = 0x64; //ycTaHOBKa Ha4aJIbHOTO 3HAYEHUS CUETUHKA

i++; //MHKpEMEHT TIepeMEeHHO |

¥

void init devices(void)

{

cli();

port_init();

timer0_init();

TIMSK = 0x01;

[ITIMSK=0x01 - pa3periieHo npepbiBaHuE 110 TepEHoTHEeHUIO Talimepa TO

sei();

}

void main(void)

{

init_devices();

while (1)

PORTD =i; // 3anuch B MOPT 3HAYEHUS 1;
}

PaccmoTpuM 0CO0eHHOCTH MPOTrpPaMMbI:

a) BHaJaJje MporpamMMbl BBeJIeHa II100aIbHast IEpeMeHHas 1, ¢ HayaJIbHBIM 3HaYeHHEM i=0:

0) U3 Bcex MOPTOB MHUIMAIM3UPOBAH TOJIbKO mopT D, paboTaromuii Ha BIBO (YHKIUS
port_init();

B) B ¢pyHkimu timer(_init() BeimonHseTCsA BBOJ MapameTpoB padoTsl Taiimepa TO. Buauane
CYETYMK OCTAaHABJIMBAETCS, /ISl 3TOTO B PETHCTP YIPABIEHUS 3alMChIBAETCS HYJIEBOE 3HAUCHUE!
TCCRO = 0x00;

3areM 3amMchIBaeTCsl HayanbHOe 3HaueHWe B cu€rHbii peructp: TCNTO0=0x64; u
ycTaHaBIMBaKOTCS TpeOyembie mapametpsl s npeanenurens KDEL u pexxuma padotsr: TCCRO
= 0x05: (TCRR0=00000101)

OTUM yCTaHaBIMBAOTCA KOA(DPHUITUEHT AeNeHus NpeaenuTens, paBHbid 1024 u pexxum
paboter cuérunka Normal.

) CTPOKH MPOTPaMMBI:

#pragma interrupt_handler timerQ_ovf_isr: 10

void timerQ_ovf_isr(void) // mpepeiBaHue 10 MEPENOTHEHUIO

{TCNTO = 0x64; // ycTaHOBKA Ha4aJIbHOTO 3HAYCHHSI CUETINKA
i++; Il HHKPEMEHT ITEPEMEHHOM 1

cozgaercss 00pabOTUUK IMpepbIBaHus 1Mo nepernonHennto cuérunka TO, roe 10 Homep BekTopa
npepbiBaHus 10 mepenoiaHeHuto, a wums timerQ ovf er() npeacrasiaser coOoit Ha3BaHHE
(GyHKIMH, KOTOpasi BBI3BIBACTCS IMPU MOSBICHUM INpEphbIBaHHUA. B Tenme (QyHKIMHM TOJBKO IBa
orepaTopa; MepBbl yCTaHABIMBAeT HadajdbHOE 3HaueHue cuétHoro perucrpa TCNTO = 0x64,
BTOPOI HHKPEMEHTUPYET III00ANBHYI0 IepeMEeHHYI0 1. TakiuM 00pa3oM, TP Ka)kKI0M MOSIBJICHUH
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IpepbIBaHMsl, YBEJIMYUBACTCS 3HAUYE€HHUE NEepeMeHHOM 1 Ha enuHuiy. C Kakoil 4acTOTOM 3TO
IIPOMCXOIUT B MUKPOKOHTpoJIiepe? PaccunraeM 3Ty 4acToTy;

f=fclk / Kdel / (Eto - No).

rae: fclk - vocroro kBapueBoro pesonaropa = 8 MI'i;

Kdel - koadpdurment npennenurens KDEL =1024;

Eto - emxocth cuétunka TO, Eto=255;

No - mauansHOe 3HaueHne cuéturka, No=0x64=100.

[ToncTaBuM 3HaUYeHUS B POPMYILY U HOTYUHM:

f= 8000000 / 1024 / (255 - 100) = 50.4 I'ny.

clieZioBaTeNbHO, MpuMepHO 50 pa3 B CeKyHAy BBINOJHsETCS mpepbiBaHue Taiimepa TO u
YBEJIMYUBACTCS 3HAYCHUE IEPEMEHHOH |.

n) ctpoka TIMSK = 0x01 B ¢yukuuu init devices() paspemiaer mHpepbIBaHUE 10
nepernioaeHnto cuérunka T0. JlefictButensHo B jaBomddoM Bujae T1MSK=00000001 wu,
coritacHo ta6i. 3, outr TO1EO=1;

e) B (QyHkumu mMain() Tmociie WHUIMATM3ALUN BCEX YCTPOWCTB (BbI30Ba (QYHKIUI
UMHHULIMAIU3aluu nopToB U Taiimepa TO) 6eckoHeuHo BeinonHsAeTcs oneparop PORTD=i;

OToT omeparop BBIBOOUT B mopT D Tekyiiee 3HayeHHE NEpEeMEHHOM 1, T.e. MpH
BO3HUKHOBEHUHM KaXJ0r0 IPEpbhIBaHMUsA 10 IepenojHeHuto Taiimepa TO mnpoucxonut
oOHoBiieHHE conepkumoro nopto D. Ilpoananusupyiite, 4To MpoU30HUIET, €CIU Mbl 3aMEHUM
3TOT onepaTop Ha cineaytomuil PORTD=1/50 rae nepemeHHas 1 1eJ10ro0 THIIA.

PeKOMeH)IaIII/II/I K HaIlMCAaHUI0 IIPpOrpamMmabl «H_II/IpOTHO-]/IMl'lyJIbCHaﬂ MOAYJIAI US>
#include <ovr/io.h>
#Include <avr/interrupt.h>
void port_init(void)

{

PORTA = OxFF;

DORA = 0x00; // mopt A KOHPUTYpUPYEM KaK BXOAHOU MOPT.

PORTB = OxFF,

DDRB = OxFF; // mopt B xoHburypupyem Ha BeIBOJ - 1jis BeiBoAa [1IMIMa na nmun B3
}

void timeiO_init(void)

{

TCCRO = 0x00; //stop

TCNTO = 0x01; //set count

OCRO0 = 0xFF; //set compare

TCCRO = 0x69: //start timer TCCR0=0110 1001
// Kdel=001 =1 - f=8 MI'u/1 /256 = 31.25xI i1
I/ rejimTO = 11 - GsicTporit LLIUM 26

// regimOCO = 10 - ycranoka OCO B “0”

void init_devices(void)

{ port_init();
timer0_init;

void matn(void)

init_devices();
while(1)
{
switch(PINA&S3)
{ case 0: OCRO0=0x00; // ckBaxuocts y=0
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break:

case 1: OCR0O=0x40; // ckBaxxHocTh Y=0.25
break:

case 2: OCR0=0x80; // CKBa)KHOCTH y=0,5
break;

cose 3: OCRO=0OxFF; // ckBaxxnoctp y=1

38

IIpakTHYeckas 4acTb

1. Coenunnre anopsr (1,2,3,4) CEMHUCErMEHTHOTO JAMCILICS ¢ KOHTAKTaMHU KaKOTro- JIN0O
nopTa MUKpPOKOHTpoJuiepa (Hanmpumep ¢ muHamu 0, 1, 2, 3 mopta B). CoequHUTE KOHTAKThI
KaToJ0B (a,b,c.d.e,f,g.h) ¢ apyrum nmoprom mukpokoHTposiepa (Hapumep nuHsl 0-7 nopta A)
KaK Ha pucyHke 3.5.

ll, ﬁ . - - & = 5B B 1

Puc. 3.5 [IpumepHas cxema MOAKIIOUEHUSI CEMUCETMEHTHOTO TabJio

2. Hamummwre nporpammy i MUKPOKOHTPOJIIEPA, HCIIONB3Ys pEKOMEHIAIINH,
IPUBE/ICHHBIE B TEOPETUUECKOM OJIOKE.

3. OcymiecTBUTE MPOTPaMMHUPOBAHNE MUKPOKOHTPOJIIEpa U TOHAOI0IaiTe
MIOJTyYMBIIUICS pe3ynbTar.

KoHTpoibHBIE BOITPOCHI

1. TToueMy MpUMEHSIOT TMHAMHYECKYIO HHAUKALUIO?

2. Kak gacTo Ha/i0 3aCBEYMBATh OT/JEIIbHBIC Pa3psiab?

3. [louemy cHMXkaeTcs IPKOCTh MHAMKATOPA B TUHAMHUYECKOM pexume?

4. [loueMy MHJIUKATOP HA3bIBAETCS] CEMHCETMEHTHBIM, HO UMEET 8 BHIBOJOB?

6.2 OneHo4Hble MaTEPHAJIBI IJIS1 IPOMEKYTOYHOM aTTecTaluu

[TpomexyTouHasi aTTecTalys MPOXOJUT B (hOpMe 3aAIIUTHI BHIIOJTHEHHOW KypCOBOM
paboTel W 9Kk3amMeHa B 6 cemectpe O®DO. Dk3aMEHAIMOHHBIA OWJIET BKIIOYAET TPH
TEOpeTHYecKnX Bompoca. Ha sk3ameHe CTyIeHT MokeT HaOpaTh MakcumyM 30 Gamnos. [Ipu
3aIUTe KYPCOBOM pabOTHI, CTYICHT MOKET HabpaTh MakcumMyMm 30 OaioB.

Bonpocsl k 3amuTe KypcoBoi padoTbl
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[TopTsl BBOMIA/BRIBOA MUKPOKOHTPOJUIEPA, HA3HAUCHHE, PEKUM PaOOTHI.
TaiiMepbl MUKpPOKOHTpOJIJIEpa, UX Ha3HAYECHHUE.

. Ucnonp3oBanue TaﬁMepOB AJIg MMOJTYYCHHA BBIXOJHOT'O CUTHAJIa C HIHpOTHO-HMHy.]'ILCHOfI

MOZYJISILUEH.

. NaTepdeitc USART MHKpOKOHTpOILIEPA.

Cucrema npepblBaHUN MUKPOKOHTPOJUIEPA, IPUOPUTETHI IIPEPHIBAHUM.

. IIpepsiBanMs TalilMEPOB MUKPOKOHTPOJLIEPA.

Kpurepun onenku (3a4era) npu 3ammre KypcoBoi padoThbl.
3amuTa KypcoBoil pabOTBl MPOXOAMT B YyCTHOM Qopme (cobecenoBanue) u

IpeCTaBiseT cO00M OTBETHI HA BOIIPOCHI.

NoakowhE

© ®

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.

33.
34.
35.

3K33MGH3HI/IOHHBIe BOIIPOCHI

ApXUTEKTYpa LEHTPAIBHOTO MPOLIECCOpa.

Oco0eHHOCTH apXUTEKTYpbl MUKPOKOHTpOJLIEpOB cemericTBa AVR.

CoBpeMeHHbIE TeHIEHIIUN Pa3BUTHSI MUKPOIPOLECCOPHON TEXHUKH.

Opranuzanus namMmsTd MUKPOKOHTpOJIepoB cemeiicTBa AVR.

Opranu3zanys namMsTéd IporpaMm MUKpOKOHTposuiepa cemerictea AVR.
Opranuzanus namMsTH JaHHBIX MUKPOKOHTpoJuiepa cemeiictBa AVR.

Opranuzaiys ¥ Ha3HaAUYE€HUE YHEPrOHE3aBUCUMOM MaMITH JaHHBIX
MHUKpPOKOHTpoJiepa cemerictBa AVR.

CuHXpoHU3aLMs TPOLECCOopa U MAITUHHBIE IIUKJIBL.

[TopTb! BBOJA/BBIBOIA MUKPOKOHTPOJUIEPA, HA3HAUEHHE, PEXKUM PAOOTHI.
HaznaueHue peructpoB opToB BBOAA/BBIBO/IA.

[TocnenoBarenbHble HHTEPHEHCH MUKPOKOHTPOJLIEPA.

TaliMepsl MUKPOKOHTpOJIIIEPA, NX Ha3HAYCHHUE.

Hcnonb30Banue TaliMepoB [yl MOTYYEHHs BBIXOJHOI'O CUTHAJIA C IIMPOTHO-
HMITYJIbCHOM MOYJISILIUEH.

8-OuTHBIN TaliMep MUKPOKOHTPOJUIEPA, ONMCAHHUE YIIPABJISIOLUINX PETHCTPOB.
16-6uTHBII TaliMep MUKPOKOHTPOJUIEPA, OTIMCAHHUE YTIPABJISIONUINX PETHCTPOB.
CropoxeBoii TaliMep MUKPOKOHTPOJUIEPA, €ro Ha3HaYeHHUE.

Cucrema npepbIBaHII MUKPOKOHTPOJUIEPA, IPUOPUTETHI TPEPHIBAHUIA.

HNutepdetic USART MukpokoHTpoILiepa.

Haznauenue peructpoB USART MUKpPOKOHTpOIIEpa, PEKUMBI pabOThI HHTEpdeEiica.
NuTepdetic 12C MUKpOKOHTpOJIIEpA, €r0 Ha3HAUCHHE.

Peructpsel unrepdeiica 12C MukpokoHTpoiepa.

Opranu3zanus oOMeHa JaHHBIMHE 110 nHTepdeticy 12C.

Wntepdeiic SPl MukpokoHTpoiepa, Ha3HAYCHNE, PEXKUM PaOOTHI.

AIIIT MUKpOKOHTpOJIIEpa, OpPraHN3aLUs, PEXKUM PaOOTHI.

Peructper AIIII, HacTpoiika pexxumMa padoTEHI.

Peructp cocTosiHUsS MUKPOKOHTPOJIIEPA, €T0 Ha3HAUYEHHUE.

Oco0OeHHOCTH OpraHU3ali ONIEPATUBHOMN NaMITH MUKPOKOHTPOJIJIEPOB CEMEICTBA
AVR.

Breuinue npepbiBaHNs MUKPOKOHTPOJLIEPOB.

Peructpbl HacTpONMKHU BHEIIHUX MPEPHIBAHUH.

Wntepdeiic RS232, naznauenue u 0061acTb NPUMEHEHHUS.

Untepdeiic RS485, Haznauenue u 001acTh MPUMEHEHHUS.

Ncnons3oBanue untepdeiica USART mukpokorTposuiepa ais noakitoueHus k COM
nopty I1K.

ArnmnaparHble cpecTBa IPOrpaMMHUPOBaHUSI MUKPOKOHTpoiepoB cemeiictBa AVR.
Cucrtema BHyTPUCXEMHOT'O IPOrpaMMHUPOBaHUs MUKPOKOHTposuiepoB AVR.
[TapannenbHblil HHTEPPENC MPOrpaMMUPOBAHNSI MUKPOKOHTPOJIIIEPOB.
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36.  buthel HaCTPOWKH MUKPOKOHTPOJLIEPOB.

37.  IIpuHUMIOBI HOCTPOECHUS PACHpPEIeICHHBIX CUCTEM YIIpaBiIeHHs Ha 0aze
MHKPOKOHTPOJIJIEPOB.

38. Ilepudepuiinbie ycTpoiicTBa MUKPOKOHTPOJLIEPA.

39. [IpepsiBanus TalilMEepOB MHUKPOKOHTPOJLIEPA.

40. IIpepsiBanus unrepdeiica USART MUKpOKOHTpoOILIEpA.

41. Unrepodeiic SPI npu moaKIIOUeHIH HECKOIBKUX BEIOMBIX YCTPOUCTB.

6 MeToauueckue MaTepHaJibl, ONpeesiiOIINe NMPoueaypbl OLEHWBAHUS 3HAHUM,
YMEeHHii, HABBIKOB M (MJIH) ONBITA AeATEJIHLHOCTH

6.1 Pe3ysbTaThl 0CBOCHMS Y4eOHOM JMCHUILNIMHBI, O/VIeKAlIE TPOBEpPKe

Konrtponupyembie Pe3yabTaTsl 00yuenust OcHOBHBbIE IOKA3aTeJIH OueHo4HbIe cpecTBa
KOMITETEHIIH (00BbEKTHI OLIeHUBAHUSA) OLICHKH pe3y/IbTATOB
(dacTpb
KOMITETEHITHI )
CIIOCOOHOCTBIO 31 3HaHWe IPUHIUIIOB MIPAaKTHYECKOE 3aHATHE,
MPOHU3BOIUTH 3HaTh NPUHLUIBI TOCTPOCHHUSA | MOCTPOCHUS naboparopHas pabora,
pacdeTs 1 MHKPOTIPOIIECCOPHBIX MHKPOIIPOIIECCOPHBIX TECTUPOBAHUE,
IIPOEKTUPOBAHUE YCTPOMCTB U CUCTEM Ha UX YCTPOMCTB ¥ CUCTEM C YYETOM | KypCOBOH MIPOEKT,
OTIENbHBIX 0ase, 0cOOEHHOCTH ocobeHHOCTER SK3aMEH
YCTPOMICTB U IIPOrpPaMMHUPYEMBIX MuKpokoHTposuepoB ATMEL
MOJICUCTEM MHKPOKOHTPOJUIEPOB
MEXaTPOHHBIX U 32 - 3HaHUE CPEeNCTB pa3paboTKU | MPAaKTUYECKOE 3aHATHE,
POOOTOTEXHUUECKUX | 3HATH CPeNCTBA Pa3pabOTKH MIPOrpaMMHOT0 0OecreueHHs nabopaTtopHas pabora,
cuctem (I1K-11) IIPOrPaMMHOTO 00eCIICUeHUs MHUKPOKOHTPOJIIEPOB; TECTUPOBaHHE, SK3aMEH
MHUKPOKOHTPOJIIIEPOB, - 3HaHMe 3a/1a4, pelraeMbIX
OCHOBHBIE 33]]a4l, PeIlaeMble | MUKPOIPOLIECCOPHBIMU
MHKPOIIPOIIECCOPHBIMHU CpeACTBaMU aBTOMAaTH3AIHH.
CpE/ICTBAMHU aBTOMAaTHKH
33 3HaHUE APXUTEKTYPHI U NIPaKTUYECKOE 3aHATHE,

3HaTh apXUTEKTYPY, IPHHIIHIT
paboThI OMHOKPUCTAIBHBIX
MHKPOKOHTPOJIJIEPOB

TIPUHITUTIA PAOOTHI
OJHOKPHCTAIBHBIX

MukpokoHTposiepoB ATMEL.

nabopaTopHas paboTa,
TECTHPOBAHHE, YK3aMEeH

34
3HaTh s1361ku accembiep u Cu
JUTS IPOTPaMMHUPOBAHHS

3HaHUE MOpAIKa HAITNCAHNE
NIpOTrpaMM It
MuKpokoHTpostepoB ATMEL

MPaKTHYECKOE 3aHSITHE,
nabopaTopHbIe pabOThI

OJTHOKPUCTAIBHBIX Ha s3bIKax acceMOuep u Cu.
MHUKPOKOHTPOJIJIEPOB
35 3HaHUE Ha3HAYECHUS MPaKTUYECKOE 3aHSTHE,

3HaTh HAa3HAYEHHE U COCTaB

nepuQepuiHbIX YCTPOHCTB

nabopaTtopHas pabora,

niepuepUiHBIX YCTPOUCTB MUKPOKOHTpOJLIEpA. TECTUPOBaHUE, IK3aMeH
MHKPOKOHTpOJIIEpa
36 3HaHHe Ha3HAUCHUSA TIPaKTUYECKOE 3aHATHE,

3HaTh CTaHAAPTHBIE
nHTEpdEHCHI, UCTIOIB3YEMbIC B
MHKPOTIPOIIECCOPHBIE
TEXHHUKH.

CTaHAAPTHBIX MHTEP(EHCOB.

naboparopHas pabora,
TECTUPOBAHHE, SK3aAMEH

37

3HaTh CpeACTBa, MOPSIOK
OTJIAJIKK ¥ UCIIBITAHHUI
MHKPOITPOIIECCOPHBIX CHCTEM
YIpaBJIEHHUS.

CpencTsa, TOPSAOK OTIAIKA H
HUCIIBITAHUM
MHKPOTIPOIIECCOPHBIX CUCTEM
YIIPaBJICHHUS.

MPaKTHYECKOE 3aHSITHE,
nabopaTtopHas pabora,
TECTUPOBaHHE, IK3aAMEH
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Y1

YMeTh NpoeKTUPOBATH
MHUKPOITPOIIECCOPHBIE CHCTEMBI
Ha OCHOBE

YMeHue npoeKTUpoBaTh
MHKPOIPOIIECCOPHBIE CHCTEMBI
(pa3pabatbiBaTh
MPUHIUITUATIBHBIC

MPaKTHYECKOE 3aHSITHE,
nabopaTtopHas pabora,
KypcoBas padora,
9K3aMeH

MHKPOITPOLIECCOPHBIX AIIEKTPUYECKHE CXEMBI U
KOMIUIEKTOB U YHIPaBIISIONIME MPOTPaAaMMbl) Ha
MHUKPOKOHTPOJIIIEPOB. OCHOBE MHKPOIPOLIECCOPHBIX
KOMILIEKTOB U
MHUKPOKOHTPOJUIEPOB.
Y2 CBoOojHOe BiazieHue MIPAKTUYECKOE 3aHATHE,

YMeTh HCHONIB30BaTh
CTaHJapPTHBIC TEPMUHOJIOTHIO,
oTpesieIeHus 1 0003HAYCHHUSI.

MPUHATON TEPMUHOJIOTHEH,
UCTIONIF30BAHNE TEXHUIECKON
JIOKyMEHTALlUH Ha
MHKPOKOHTPOJUIEPHI.

nabopaTopHas paboTa,
9K3aMeH

MPOU3BOIUTH
MHCTAIUIALAIO 1
HAaCTPOUKY
CHUCTEMHOTO,
MPUKIIATHOTO U
HMHCTPYMEHTAILHOTO
MPOrpPaMMHOTO
obecrneueHus
MEXaTPOHHBIX U
POOOTOTEXHUUECKHIX
CHUCTEM U UX

IO CUCTEM

(IIK-31)

Y3

YmeTs pa3pabaTeiBaTh
QJITOPUTMBI PAOOTEHI
OHOKpHUCTANBHBIX MK.

Ymenue pa3pabaTeIBaTh
aNTOPUTMBIL, TOAOUPATH
MHUKPOKOHTPOJIIEPHI C YIETOM
IIOCTABJICHHOM 3a1auu U
BO3MOXKHOCTH 000Dy IOBaHHS.

MIPaKTHYECKOE 3aHATHE,
nmabopaTopHas padora

Y4

YMeTs nporpaMMHpOBaTh Ha
si3pIKe Accembiep u Cu st
MK.

YMmeHnue pazpabarbiBaTh
YIPaBIISIOIIIE TPOTPAMMEI C
UCIIONIb30BAHUS PA3THYHBIX
SI36IKOB IIPOIPaMMHUPOBAHHUSL.

NPaKTHYECKOE 3aHSATHE,
naboparopHas pabora,
9K3aMeH

Y5

YMeTh NPON3BOANTH OTIAIKY
nporpamm 11t MK ¢
WCIIOJIb30BAHMEM CTaHIaPTHBIX

YMeHue npou3BOJUTh OTIAKY
nporpamm uist MK ¢
UCIIONIb30BAaHNEM CTaHJAPTHBIX
MIPOTPaMMHBIX CPEICTB —

MIPaKTHYECKOE 3aHATHE,
nabopaTopHas paboTa

MIPOTPAMMHBIX CPEICTB — CHUMYJISITOPOB.
CHMYJISITOPOB.
Yo YMeHne IpoeKTHPOBaTh NIPaKTUYECKOE 3AHSTHE,

YMeTh NpOeKTUPOBATH
YCTPOMCTBO COMPSIKEHUS C
00BEKTOM YIpaBICHUS IS

YCTPONCTBO CONPSIKEHUS C
00bEKTOM yrpaBiieHHs (¢
HCIOJIb30BaHUE PA3IUIHBIX

nmabopaTopHas padora

BBIOpaHHOT'O CTaHAAPTHBIX UHTEP(EHCOB)
MHKPOIIPOIIECCOPHOTO JUIsl BBIOPaHHOTO
KOMIUIEKTA. MHKPOIIPOLIECCOPHOTO
KOMILJIEKTA.
Y7 YMenue pazpabaTeiBaTh NIPaKTUYECKOE 3aHATHE,

YMets pa3pabaTeIBaTh
MIPOrpaMMBI, PEATH3YIOIIHe

MPOTPaMMBI, PEaTU3YIOIINE
TpeOyeMbIe aNTOPUTMBI

naboparopHas pabora

TpeOyeMbIe anrOpUTMBI YIpaBIICHUSI.
yTIpaBICHUS.
Y8 ‘YMeHne BeCTH OTIaaKy H MPaKTUYECKOE 3AHSTHE,

YMeTb BECTH OTIIAJKY U
UCTIBITaHUS pa3pabOTaHHBIX
MHKPOIPOIIECCOPHBIX CHCTEM.

UCTIBITaHMs Pa3pabdOTaHHBIX
MHUKPOIPOLECCOPHBIX CUCTEM.

nabopaTtopHas pabora

B1

Bnanets MmeTomamu
MPUMCHCHHUS
MHUKPOITPOIECCOPHBIX
YCTPOWCTB aBTOMATHUKH B
JIOKAJBHBIX U PacIPeICICHHBIX
CHCTeMaXx YIpaBJICHHS.

Bnagenune metonamu
MIPUMEHEHHUSI
MUKPOTPOIECCOPHBIX
YCTPOMCTB aBTOMAaTUKHU B
JIOKAJNbHBIX U pacTpeaeCHHbIX
cHUCTEMax yIpaBJeHUsI.

NPAKTHYECKOE 3aHATHE,
nabopaTtopHas padora

B2

Bnanets ocHOBaMu
MPOTPAMMHPOBAHUS
MHKPOTIPOIIECCOPHBIX CPEACTB
Ha OCHOBE OJTHOKPHUCTAIBHBIX
MHUKPOKOHTPOJUIEPOB.

Bnagenne ocHoBamu
MIPOrpaMMHPOBAHUS
MHUKPOTIPOIIECCOPHBIX CPEICTB
Ha OCHOBE OJTHOKPHCTAIBHBIX
MHUKPOKOHTPOJIIIEPOB.

MPAKTHYECKOE 3aHATHE,
nabopaTopHas paboTa
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6.2.1 Texkymmii U pyde:KHbIi KOHTPOJIb

6.2 lIkana oneHUBaHUS MJIAHUPYEMBbIX Pe3yJIbTATOB 00yYeHHs

B paMKax TCKYHIETO U pY6C)KHOI‘O KOHTPOJIA IO JUCHUTIIIMHE CTYACHT MOKECT Ha6paTB a0

70 GasioB
Cemectp [lkana oneHuBaHUsS
0-35 Gamnos 36-50 GammoB 51-60 6ammoB 61-70 6amioB
6 Yactuunoe nocewenue | [lomHoe ninu | [TonHoe nnm [Tonnoe
ayAUTOPHBIX 3aHATHUN. | YACTUYHOE MOCEIICHUE | YACTUYHOE MOCEIICHUE
HeynoBnerBoputenbHoe | ayIUTOPHBIX 3aHATHUN. | OCELEHUE ayJIUTOPHBIX
BBIIIOJIHEHUE Yactuunoe ayAUTOPHBIX 3aHATHUH.
1abopaToOpHBIX U | BBIIIOJHEHUE U 3alIUTa | 3aHITHIL. [Tonnoe
MPaKTUYECKUX  paboT. | 1abopaTOPHBIX u | [Tonnoe BBIIIOJIHEHHE U
[Inoxas NOArOTOBKA K | MPAKTUYECKUX padOT. | BHIMOJIHEHHUE U | 3al[UTa
OQJITbHO-PEUTUHTOBBIM | BrimonmHenue 3ammra Ja00paTOPHBIX U
MEPOIPHUSITHUSIM. KOHTPOJIBHBIX ~ paboT, | 1Ta00OpaTOPHBIX | MPAKTUYECKUX
Crynent HE | TECTOBBIX 3aJIaHUU HA | U 3aHATHIA.
JIOITy CKaeTCs K | OLICHKH MpakTUYecKux | BeimosineHue
MIPOMEKYTOUHOMN «YJIOBJICTBOPUTEILHO». | paboT. KOHTPOJIbHBIX
aTTecTaluu Breimonnenue | paboT, TECTOBBIX
KOHTPOJIBHBIX | 3aJJaHUM Ha
pabor, OLICHKU
TECTOBBIX COTIUYHOY.
3aJaHUA Ha
OLICHKH
«XOPOLIOY.

B pamkax Tekymero m pyOeKHOro KOHTPOJS BBINOJHEHHS KypCOBOH pabOThI
CTyJIeHT MOoXxeT Habpath 70 6anoB. Pacnipenenenue 6anioB npuBeeHO B TaOIUIE:

CemecTp [[Ixana oneHUBaHUS
0-35 Gamos 36-50 6amtoB 51-60 GammoB 61-70 G6amtoB
6 Crynent He mnoceman | YactuuHoe ITonxoe umm ITonnoe

KOHCYJIbTallu! C | moceuieHue 4acTUYHOE MoCeIeHue
MIPENO/IaBaTeNIEM. KOHCYJIbTallu  C | MOCEIIEHUE KOHCYJbTallUl ¢
HeynoBierBopurenbHoe | mpenojiaBaTteieM. | KOHCYJIbTAllUil ¢ | MpernojaBaTesieM.
BBITIOJIHEHHE Brinonnenue npernojasatenem. | besommbounoe
COCTaBHBIX yactel | KypcoBoil pabotsl | CocTaBHBIE pelieHue BCEX
KypcoBOI paboThL. | C OTCTaBaHHWEM OT | YacTH KypCcOBOM | 3ajad,
CryneHnt He | rpaduka. paboThI MOCTaBJICHHBIX B
nonyckaercss K 3amute | CocTaBHbIE YacTH | BBIOJTHEHBI KypcoBoil paboTe
KypCOBOI1 pabOThI KypCOBOM paboThI | HOJHOCTHIO, HO ¢ | 6€3 OTCTaBaHUS OT

BBITIOJIHEHBI HE | OTCTaBaHuWeM OT | rpaduka.

MOJTHOCThIO, OO | rpaduka, 1ubo

JOMYILEHbI JOMYILEHbI

OLIMOKHU. HE3HA4YUTEJbHbIE

OT'PEXHU.
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6.2.2 TIlpoMe:XyTOUHASI aTTECTAIUS
OreHka pe3yJbTaTOB OCBOCHUS YY€OHOM IUCIMIIIMHBI B 6 ceMecTpe MPOBOAMUTCS IO
HIKaJe, MCIO0JIb3YEMON Ha DK3aMEHe:

Cemectp

IITkana oneHUBaHUA

HeynosnerBopurenbHO
(36-60 GamoB)

Y 10BIETBOPUTEIBLHO
(61-80 GaoB)

Xopomro
(81-90 GamoB)

OTiIn4yHO
(91-100
OaIOB)

6 Crynent umeer 36-60
0amaoB IO  UTOram
TEKYIIETOo u
pyOEKHOTO KOHTPOIIS,
Ha DJK3aMEHE HE Jai
IIOJIHOI'O0 OTBETA HU Ha
OJIMH BOTIPOC.

CryneHt umeer 36-
50 0aJIoB 1o
WUTOTaM TEKYIIETo M

pyOexHOro
KOHTPOJIS, Ha
IK3aMEHE aan

MOJHBEIA OTBET Ha

CTyneHT umeet
51-60 6aoB 110
WUTOTaM TEKYIIIETO
U pyOeXHOTO
KOHTpOJISA, Ha
SK3aMCHE Jai
ITOJIHEIN OTBET Ha

CTyneHT umeer
61-70 OGamioB
o HATOraM
TEKYIIEeTO u
pyOexHOTO
KOHTPOJIA,
JK3aMeHe

Ha
an

CryneHt umeet OIMH  BONPOC ¥ | OJUH BOIPOC U MOJTHBIA  OTBET
36-45 Oa/UI0B 110 | YaCTUYHO YACTHYHO Ha OJIMH BOIIPOC
UTOTaM TEKyIIero Hu | (IOJHOCTHIO) (OTHOCTBIO) " YaCTUYHO
pyOeXKHOr0 KOHTpPOJS, | OTBETUJ Ha BTOPOH. | OTBETWII Ha (TMIOJTHOCTBIO)
Ha  9k3ameHe  jan | CtyneHT umeer 46- | BTOpOH. OTBETHUII Ha
MOJIHBIA OTBET TOJBKO | 60 OaytoB o | CtyaeHt umeet 61 | BTOPOIA.
Ha OJIUH BOIIPOC uToraM TeKyulero u | — 65 6amioB no
pyOexHOro UTOTaM TEKYIIETO
KOHTPOJIS, Ha | U pyOeKHOTO
JK3aMeHe Janl | KOHTPOJIs, Ha
MOJHBIA OTBET Ha | 3K3aMEHE Jai
OJIMH BOIPOC WJIU | TIOJHBINA OTBET Ha
YaCTHYHO  OTBETHJI | OJIUH BOTIPOC H
Ha o0a Borpoca. YaCTUYHO OTBETHII
CtyneHT uMeeT 1o | Ha BTOpOM.
utoram Tekymiero u | CTyeHT umeeT
pyOexHOTrOo 66-70 GaioB 1Mo
KOHTPOJIS 61-70 | uToram TeKyIero
0ayuIOB Ha dK3aMeHe | U pyOeKHOTO
HE Jal TMOJIHOTO | KOHTPOJIS, Ha
OTBETAa HU Ha OJIMH | DK3aMeHe) Jal
BOIPOC. MOJIHBIM OTBET
TOJIKO Ha OJTUH
BOIPOC.
Ha 3amure KypcoBoii paboThl cTyA€HT MoeT HaOpaTh 30 Oamos.
JIJ1st O1IeHKH 3alIUThl KyPCOBBIX pabOT MCIOJIB3YETCS CIEAYIONIAsl CXeMa:
OOBEKT OIIEHKU Kpurepun MakcumanbHbIi
Oann
Odopmnenue COOTBETCTBYET MOJTHOCTHIO TPEOOBAHHSIM 10
paboTsI COOTBETCTBYET YACTHYHO TPEOOBAHUSIM 5
He cooTBeTcTBYeT TpeOOBaHUSIM 0
OreHka Ha Bnaneer Mmarepuanom 20
3amuTe YacTU4HO BIIaJICET MaTEPHATIOM 10
He Biageer marepuanom 0
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IIIkajia cCOOTBETCTBHUS PEHTHHIOBBIX OLIEHOK MATHOANIbHBIM OLIEHKAM /11l OLleHUBAHUA
KYPCOBO# padoThl

PeliTunrosas onenka (B Oanax) OneHka 1o nATuOAILHON IIKaJe
91-100 «OTITUIHON
81-90 «XOPOIIO»
61-80 «YJOBJIETBOPUTEIILHOY»
meHee 61 «HEYJIOBJIETBOPUTEIHHO

7 YueOHO-MeToAu4YeCcKoe ofecreyeHue JUCHUILIMHBI (MOTYJI51)

7.1 OcHoBHas IMTEpPaTypa

1. bongeipuxun, O. B. TapBapackas RISC-apxurekrypa B MukpokoHTpoimiepax AVR.
CpencTBa BBO/Ia-BbIBO/A, XpaHEHUs U 00paboTKH LU(POBOM M aHAIOrOBOM MH(OpMAIK B
MUKpOKOHTpoJuiepax AVR 111 MOCTpoeHHs] MHUKPOIPOLECCOPHBIX CHUCTEM YIIPaBJICHUS
[DneKkTpoHHBIH pecypc] : MeTOaUUECKUe yKa3aHUs K JIabopaTopHOH padoTe Mo AUCIUILIMHE
"Muxkponpoueccopubie cucteMbl" / O. B. bonaplpuxu. — DJIeKTpOH. TEKCTOBbIE JaHHbBIE.
— Jlunenx : JIuneuxuil rocyrapcTBeHHbI TexHudeckuil yausepcurer, ObC ACB, 2013. —
39 ¢. — 2227-8397. — Pexxum noctyna: http://www.iprbookshop.ru/22860.html

2. Xapro B.SJ. Mukpoxontpomnepsl AVR. Ilpaktukym mns HaumHatoumx. —M.: H3a-Bo
MI'TY um. H.D. baymana, 2007, -240 c.

3. EBcrudeer A.B. Muxkpoxontpomiepsl AVR cemeiicts Tiny u Mega ¢upmbr «Atmel» -M.:
Hznarensckuii mom «Jlomaka-XXly», 2004. -560 c.

4. Peuu 10.B. Ilpaktuueckoe mnporpammupoBanue MukpokoHTpoiuiepoB Atmel AVR Ha
s3pike accemOnepa. —CI16.: BBX-IletepOypr, 2008. -384 c.

7.2 JlonoTHMTeIbHAS JIUTEPATypa

1. PacmonoB B.S. Mukpomexannueckue nmpudopsl: Yued. [Tocobue. —M.: MamuHocTpoeHue,
2007. -400 c.

2. MuxeeB B.IL, IIpocanaee A.B. [atuuku u nerekropel: Yueb. [Tocobue. —M.: MUDU,
2007. - 172 c.

3. BopotaukoB C.A. MHpopmanmoHHBIE YCTpOHCTBa POOOTOTEXHUYECKHX CHCTEM: Yueod.
nocobue. —M: Uzn-Bo MI'TY um. H.D. baymana, 2005. — 384 c.

4. YXnmanoB A.A. ABTOHOMHBII NCKYCCTBEHHBIN HHTEIIEKT/ -M.: burowm. 2008. -359c.

5. PobGoroTexHuveckne cuctemMbl M KoMIuiekcehl: Yueb. [locooue mis By3oB/ Mauynbckuii 1.1,
3ansToit B.I1., Maitopos FO.I1. u ap. M.: Tpancnopt 1999. 446 c.

6. Kyade ®@. BzaumogeiictBue pobota ¢ BHemnHew cpenoit: Ilep. ¢ ¢ppanm. —M.: Mup, 1985. -
285 c.

1. Bbyrpor B.E., Bunorpagosa K.A. Onroanektponuka cBetoanonoB. Yueb. [Tocooue. —CII6:
HUY UTMO, 2013. - 174 c.

7.3 IlepeyeHb METOAMYECKUX YKAZAHU M
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1. Komrutekt ydeOHOTO 000pyHoBaHUS «MHKpPOIPOLECCOPHBIE CHUCTEMBI YIPABICHHS
anektpornpuBoaoB» [101033 Meronuvecknue yka3aHHs K BBITOJIHEHUIO JIAOOPATOPHBIX padoT.
000 T/1 «IIpopOobpazoBanme» 2015.

7.4 UnTepHeT-pecypchl

1. Wikipedia — ceobonnas saiuknoneaus. - http://ru.wikipedia.org/.
2. http://www.atmel.com.
3. http://www.iprbookshop.ru

7.5 IIporpamMHoe oGecrniedeHre COBpeMeHHbIX MH(OPMAIHOHHO-
KOMMYHHMKAIIMOHHBIX TeXHOJIOT Ui

1. Microsoft Windows 7 - 10.
2. [Taxet Microsoft Office.
3. [Taker Atmel Studio.
4. Microsoft Visual Studio 2010.
8 MaTepuajbHO-TEXHUYECKOe ofecrieyeHHe JUCIUTITHHBI
TpeboBaHMs K yCIOBHUSIM peaau3aly AUCHUIUINHBL
Ne | Bupg ayauropHoro TpeGopamms
/1 dbonma
| — OcHarnieHue creralIn3upoBaHHON yueOHOH MG6€iIBIO. OcHamieHnue
1. S——— TEXHUYECKUMU CPEACTBAMH 00y4EHUS: HACTCHHBIHM 3KpaH ¢
JUCTAHIIMOHHBIM YIPABICHUEM, MYJIbTUMENITHOE 000py10BAaHUE.
OcHaleHue crenranu3upoBaHHoN yueOHoi Mebenbio. OcHaleHne
KaOuner nns TEXHUUYECKUMHU CPeJICTBaMU 00yUeHUs: MOJIBU)KHAS MapKepHas J0CKa,
2. | IpPaKTUYECKUX CUMTBIBAIOLIEE YCTPOUCTBO AJIS Mepeiaud HHPOPMALIUU B KOMITBIOTED;
3aHATUN HACTEHHBIN 3KpaH C AUCTAaHIMOHHBIM YIIpaBJI€HUEM, MYJIbTUMEIUNHOE
00opyIoBaHKE.
OcHareHre crenruaaIu3upoBaHHON yueOHoM Mebenbro. OcHaleHne
3 KomnerorepHsie TEXHUYECKUMU cpeacTBaMu o0yuenus: [1K ¢ BO3MOKHOCTBIO
" | KJaccel MOJAKITIOYEHUS K JIOKaJIbHBIM ceTsaM U MuTeprery. Hannune BT u3
pacuera onuH I1K Ha 11Ba cTyieHTa.
[lepeyenp MaTepHaTbHO-TEXHUUECKOTO 00ECTIeUeHHs! TUCIIUTUIUHBIL:
Ne | Bupg v HaumeHOBaHUE .
Bun 3anaruit Kpartkas xapakTepucTuka
/11 000pyTIOBaHUS
IBM PC - [Mpomeccop cepuu He HIke Pentium V.
1 | coBMECTHMBIC [Ipaktuyeckne | OnepaTuBHas namsATh He MeHee 512 MOauT.
" | mepcoHaIbHBIC 3aHATHS. [TK momxHbI OBITh 00BETMHEHBI JTOKATHHOU
KOMIIBIOTEPBL. CETBIO C BbIXOJOM B MIHTEpHET.
Hemonctpanus ¢ [1K 3nekTpoHHbIX
. JlexunoHHBIE U .
5 MynbTUMeAUHHBIE mpakmdeckie | TPE3CHTALMH, IOKyMEHTOB Word,
CpencTBa. p AJEKTPOHHBIX TaONHUI, TpadhuIeCcKuX
3aHSTHS. .
1300payKeHHH.
Ne
pabo MarepuanbHoe obecrieueHue 1a60paTOPHBIX 3aHATHI
T
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http://ru.wikipedia.org/
http://www.atmel.com/

1 2

1. Kommuiekr yyeGHOTO 000pymoBaHus «MHKPOIPOIIECCOPHBIE CHUCTEMbI YNPaBIICHUS
AIIEKTPONPUBOIOBY.

2. MukpokoHTposuieps! pupMel Atmel.

3. IIporpaMmmaTopsbl 4151 MUKPOKOHTPOJIIIEPOB.

4. MaketHas 1U1aTa JUId MUKPOKOHTPOJUIEpPA, JAaTYMKU Pa3JIMYHBIX I1apaMeETPOB,
CpeICTBa MHIMKAIUY, [IarOBbIe JEKTPOJABUTATEIN U 3JICKTPOABUTATEIN MOCTOSHHOTO
TOKa.

9 OcoOenHocTH peaju3alid JUCHMIUVIMHBI JUIS HWHBAJIWAOB MW JHI C
OrpaHMYEeHHBIMU BO3MOKHOCTAMHM 310POBbS

Ui CTYJCHTOB ¢ OrpaHUYCHHBIMH BO3MOXHOCTSIMHU 3J0POBbSI CO3/IaHbI CHEIHALHBIC
YCIOBHSL JUIS TOJIydeHHs] OO0pa3oBaHMsA. B [emsX JAOCTYMHOCTH TIIOJyYEHUS BBICIIECTO
oOpa3oBaHus MO 00pa30BaTEIBHBIM MPOrpaMMaM HHBAIMIAMHU U JIMIAMU C OTPAaHUYCHHBIMU
BO3MOYKHOCTSIMH 3JI0POBbsI YHUBEPCHUTETOM 00ECIICUNBACTCS:

1. AnprepHatuBHas Bepcus oduUIUANBHOTO caiita B cetu «MHTepHETY ANA
CJ1a00BUIAIINX;

2. J1yist ”HBAaUIOB C HAPYIICHUSMHU 3peHUS (CIa00BUISAIINE, CIICTIBIC)

- MPHUCYTCTBUE ACCHCTEHTA, OKAa3bIBAIOIIETO OOydYaromeMycsi HEOOXOIMMYIO MOMOIIIb,
nyOIvpoBaHUE BCIyX CIPABOYHON HMH(OpPMAIMUA O PACIHCAHUU YYCOHBIX 3aHSATHI; HaIU4ue
CPeICTB JJIsl YCWJICHHS OCTaTOYHOTO 3pEHHs, OpaijIeBCKOW KOMITBIOTEPHOW TEXHHKH,
BUJICOYBEIMUUTENICH, MPOrpaMM HEBU3YallbHOTO JOCTyma K HWHGOpPMAIUU, MPOrpaMM-
CHUHTE3aTOPOB PEYH U JPYTrUX TEXHUYECKHUX CPEACTB MpHEeMa-Tiepeau yaeOHOW HHPOpMAIIUU B
JOCTYIHBIX (pOopMax I CTYIEHTOB C HAPYIICHUSIMH 3PCHUS;

- 3aJJaHMS JJ1s1 BBIITOJTHEHHS Ha YK3aMEHE 3aYHUTHIBAIOTCSI ACCUCTEHTOM;

- TNHACHMEHHBIC 3aJIaHUsl BBIMIOJHSIOTCS Ha Oymare, HAJUKTOBBIBAIOTCS ACCHCTECHTY
o0yyJaronmmcs;

3. MHBAIMIOB W JIMII C OTPAHUYCHHBIMHU BO3MOXKHOCTSIMU 3JIOPOBBS IO CIIYXY
(cmaGocpIanue, TIyxue):

- Ha 3a4eTe/’K3aMeHe MPUCYTCTBYET ACCUCTEHT, OKA3bIBAIOIINN CTYACHTY HEOOXOTUMYIO
TEXHUYECKYI0 IOMOIIb C YYETOM HHIUBUIYaJIbHBIX OCOOCHHOCTEH (OH IMOMOraeT 3aHsTh
pabodee MeCTo, epeIBUTATHCS, IPOYUTATH U OPOPMUTH 33/IaHNE, B TOM YHUCJIC 3aMUCHIBASI TTOJT
JTUKTOBKY );

- 3aUeT/7PK3aMEH MTPOBOUTCS B MUCEMEHHOU (opme;

4. Jlnsg WMHBAJIWAOB W JIMI] C OTPAaHMYCHHBIMH BO3MOXKHOCTSIMHU 3J0POBBS, MMEOIIHX
HApYIICHHUS] OMOPHO-/BUTATEIILHOTO ammapaTa, CO3JaHbl MaTepPHATbHO-TEXHUYECKHE YCIIOBUS
o0eCTieunBaroIIie BO3MOXKHOCTh OECHpPENsITCTBEHHOIO JOCTyna OOydYarommxcsi B y4yeOHBIC
MOMEIIEHUs, OOBEKTy THUTAHUS, TyaJeTHbIE W JIPYTrUe TMOMEIICHUS YHUBEPCHTETa, a TaKkKe
npeObIBaHUS B YKa3aHHBIX MMOMEIICHHUX (HAJTMUNE PACHIIMPEHHBIX JBEPHBIX IPOSMOB, IOPYYHEH
U IpYTUX NPUCTIOCOOTIEHHUI).

- TNMCHMCHHBIC 3aJ]aHWs BBITIOJHSIOTCS HAa KOMITBIOTEPE CO CIEIMaTH3UPOBAHHBIM
MPOrPaMMHBIM 00ECTICUeHUEM HITH HAIUKTOBBIBAIOTCS ACCUCTEHTY;

- 110 KEJIAaHWIO CTYJICHTa YK3aMeH MPOBOJIUTCS B YCTHOH (hopme.

OOyuaronuecs U3 YrCIIa JIUI] ¢ OTPAHUICHHBIMU BO3MOKHOCTSIMU 3JI0POBBST 00€CIICUCHBI
AJIEKTPOHHBIMU 00pa30BaTEIBHBIMH pecypcamMu B (hopMax, aJanTUPOBAHHBIX K OrpaHHUYCHHSIM
UX 3JI0POBBSI.
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