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1 He.]'ll/l " 321244 OCBOCHHA TUCHHUIIJIMHBI

Hens yueOHOW nmucHMIUIMHBI «MUKpPOIPOIIECCOPHAs TEXHHKAa B MEXaTPOHUKE U
pOOOTOTEXHHUKE» - TMIOJArOTOBKA CTYACHTOB K PELICHUIO 33/1a4 MPOCKTUPOBAHUSI YCTPOWCTB
VIIpaBJIE€HHsS MEXaTPOHHbIMM CHCTEMaMH W KOMIUIEKCAMH, METOIOB MX CHHTE3a M pacyera;
dbopMUpOBaHHE  HABBIKOB  pa3pabOTKM  TPUKIATHOTO  IPOrPaMMHOTO  oOecreueHus
MUKPOKOHTPOJUIEPOB; (POPMUPOBAHNE 3HAHUN U YMEHMH pa3pabOTKU U U3TOTOBJICHHS CTEHJIOB
JUIi  KOMIUIEKCHOM OTJAIKM W HUCHBITAHUMM IMPOrpaMMHO-ANIAPATHBIX  YIIPABJIIIOLIUX
KOMILIEKCOB.

Kypc «MukpormnpoiieccopHasi TEXHUKA B MEXaTPOHHUKE U POOOTOTEXHUKE) CTAaBUT MEpPe/T
co0oii cneayroue 3a1a4u:

- W3y4YEHHE YCTPOWCTBA M MPUHLUIIOB pabOThI OHOKPUCTAILHBIX MUKPOKOHTPOJUIEPOB;

- HW3YYeHHE NMPUHIUIIOB Pa3padOTKH U OTJIAIKU MPOrpaMM Ha si3blkax accembuep u Cu ans
OJIHOKPUCTAIIbHBIX MUKPOKOHTPOJLIEPOB;

- o0ydeHHe MeToJaM U MPHUHIMIIAM HACTPOWKH YIPABISIOMIUX CPEICTB U KOMILJIEKCOB,
BKJTIOYAs UX PETJIaMEHTHOE SKCIUTyaTallMOHHOE 00CITy)KUBaHUE;

- oOydeHHe NpPHUHLMIIAM U TEXHOJIOTUM HCIOJIB30BAaHUS MHUKPOIIPOILIECCOPOB B CHUCTEMAax
YIpaBJICHUA TCXHUYICCKUMHU O6’b€KTaMI/I N TCXHOJIOTHYCCKHUMHU ITPOLECCAMMU,

- U3YyYeHHE TMPHUHIUIIOB U METOJOB IMPOCKTHPOBAHHUS CHCTEM yIpaBieHHs Ha 0a3ze
MUKPOKOHTPOJLIEPOB.

2 Mecro gucuuniaunsl B crpykrype OIIOII BO

Jucuunnuza «MukpomnpoleccopHas TEXHHMKAa B MEXaTPOHUKE U POOOTOTEXHUKE)
OTHOCHUTCSI K BapMaTUBHOW yacTu Oyioka 1 y4yeOHOro ImjiaHa MO HalpaBJIEHUIO OJATOTOBKU
15.03.06 MexaTpoHuka 1 poOOTOTEXHHKA.

JlMcuuIUIMHA MPEenoiaeTcs MOCPEICTBOM YTEHHUS JIEKUUH U MPOBEJCHUS MPAKTUYECKUX
1 JTA0OPATOPHBIX 3aHSTHIMA.

JlucumiiiHa ~ W3ydaeT — CTPYKTYpy,  IPHMHIMIBI  JIGMCTBUSI ~ OCHOBHBIX  THUIIOB
MUKPOIIPOLIECCOPHBIX ~ CUCTEM  YNpPABJIECHUS MEXaTPOHHbIMM  YCTPOMCTBAMH, QJITOPUTMBl HUX
(YHKUMOHUPOBAHUS, METO/bl pacyeTa W  IMPOEKTHPOBAaHMSA, IPOrpaMMHOE OOecreueHue
MUKPOIPOLIECCOPHBIX CHCTEM YIPABJIEHUS, OTIAKy IIPOrpaMM M YCTPOMCTB B IieoM. Jlucuuminza
ABJsieTCs 6a30i 71 U3yUYEeHUs TOCIEYIOUINX AUCHUIUIMH NPO(heCcCHOHAIBHOTO [TUKIIA.

W3ydyenne pucuumiauHbl Oazupyercd Ha (yHAAMEHTalIbHBIX 3HAHMSIX B 0OJAcTH
MaTeMaTHKH, HWHQOPMATUKH, (GU3UKH, DJIEKTPOTEXHUKH U DJIEKTPOHUKH, TEOpUHU
ABTOMATUYECKOTO YIPABJICHUS U JUCKPETHON MaTeMaTHKU.

[Tomy4yeHHble NpH H3Y4YEHUH JAaHHOW AMCUUIUIMHBI 3HAHHUS MCIONB3YIOTCA MpHU
u3ydeHun guctumuinHel «lIpoextupoBanue pobGoroB m PTCy», a Takke B AUIJIOMHOM
NPOEKTHUPOBAHUHU.

3 TpeGoBaHus K pe3yJabTaTaM OCBOEHUS COIEPKAHUS U CHUTTUHBI

[Iporiecc wm3yueHWs JAUCUUIUIMHBI HampaBieH Ha (OpPMHUPOBAaHHE 3JIEMEHTOB
CJIEYIOINX KOMIETEHIIUH 10 JaHHOMY HaIllpaBJI€HHIO TIOJITOTOBKU:

OIIK-12 CrocobeH ydacTBOBaTb B MOHTaXKe, HallajJKe, HACTpolike M cladye B
AKCIUTyaTallMI0 ONBITHBIX O00pa3lloB MEXaTPOHHBIX U POOOTOTEXHUYECKHMX CHCTEM, HX
MOJICUCTEM M OTAEIBHBIX MOIYJIEH.

OIIK-12.2 CnocobOeH ywacTBOBaTb B MOHTa)K€, HaJaJKe M MNPOrpaMMHPOBAHUU
MHUKPOIPOIIECCOPHBIX YCTPOUCTB B MEXAaTPOHUKE H POOOTOTEXHHUKE.

B pe3ynbraTe 0cBOCHUS NUCHUIUIMHBI 00yYaOIIUICs TOJIKEH:
3HaTh:
~ TMPUHIMIBI TOCTPOSHUS] MUKPOIIPOLIECCOPHBIX YCTPOMCTB M CUCTEM Ha MX 0a3ze, 0COOEHHOCTH
IIPOrpaMMUPYEMBIX MUKPOKOHTpoJuiepoB (31);



cpeacTBa pa3pabOTKH MPOrPaMMHOTO 0OecreueHUs] MUKPOKOHTPOJIIIEPOB, OCHOBHBIE 331a4H,

perraeMbie MUKPOIIPOIIECCOPHBIMU CPeICTBaMHU aBTOMAaTHKH (32);

ApXUTEKTYpY, IPUHIUI PadOThl OHOKPUCTAIEHBIX MUKpOKOHTpoJuiepoB (MK) (33);

UCIIONIb30BaHuE A3BIKOB accemOiep u Cu I MPOrpaMMHUPOBAHMSI OJHOKPHCTAIBHBIX

MHUKPOKOHTPOJLIEPOB (34);

Ha3HAYCHHE U COCTaB MepuEepUHBIX YCTPONUCTB MUKpOKOHTpoIuiepa (35);

CTaHJapTHBIE HHTEP(ENCHI, HCIIOIb3YeMble B MUKPOITIpoIiecCOpHbIe TeXHUKH (36);

CPEICTBA, MOPSIIOK OTJIAJAKU U UCTIBITAHUI MUKPOIPOIIECCOPHBIX cucTeM yripaBieHus (37).
Ymers:

MPOEKTUPOBATh MUKPOIPOIIECCOPHBIE CUCTEMBI HA OCHOBE MUKPOIIPOLIECCOPHBIX KOMITJIEKTOB

Y MUKPOKOHTpOosuiepoB (Y1);

UCIIOJIb30BaTh CTaHIAPTHHIE TEPMUHOJIOTHUIO, OTnlpeiesieHus 1 06o3HaueHus (Y2);

pa3padaTbIBaTh ATOPUTMBI paboThl ogHOKpHucTaNbHBIX MK (Y 3);

nporpaMmmMupoBaTth Ha si3bike Accemo6iep u Cu st MK (V4);

IPOU3BOIUTH OTIAAKY nporpamm Juisi MK ¢ ncnosib30BaHHEM CTaHJAPTHBIX MPOTPaMMHBIX

cpencTB — cuMysiTopoB (Y5);

IPOEKTUPOBATh YCTPONCTBO CONPSDKEHUS C OOBEKTOM YIpaBICHUS MJii BBIOPaHHOTO

MHUKPOIPOLIECCOPHOro KoMmIuiekTa (Y6);

Baagern:

pacripeiesieHHbIX cucTemax ynpasieHus (B1);

MUKpPOKOHTpoJuiepoB (B2).

4 Coaep:xaHue H CTPYKTYPA AMCUMILIAHBI (MO1YJIs1)

4.1 Conepxkanue TMCHUNINHbBI

pa3pabarbIBaTh POrpamMMbl, peanu3yroine Tpedyemble anropuTmsl yrnpasiaeaus (Y7);
BECTH OTJIAJIKY M UCIBITAaHUS pa3pabOTaHHBIX MUKPOIPOLIECCOPHBIX cucTeM (Y 8).

MCTOJaMU IIPUMCHCHHA MHKPOIIPOLECCCOPHBIX YCTpOﬁCTB ABTOMAaTHKHM B JIOKAJIbHBIX H

OCHOBaMH IIPpOIrpaMMHUPOBAHUA MUKPOIIPOLCCCOPHBIX CPCIACTB HAa OCHOBEC OAHOKPHCTAJIbHBIX

Ne dopma
HaumenoBanue pazgena Coneprxanue pasnena
pasa. TEKYIEr0 KOHTPOJIS
1 2 3 4
1. | OcHOBBI apXUTEKTYPbI OCHOBHBIE NOHATHSA U ONPEACICHHUS.
MHUKPOHPOLIECCOPHBIX ApPXUTEKTypa LIEHTPaIbHOTO MIPOLECCOpA.
YCTPOMUCTB. CoBpeMeHHbIE TEHICHIUH Pa3BUTHS
MHUKPOIPOLIECCOPHON TEXHUKH, MECTO Tectupopanue
MHKPOKOHTPOJIIEPOB B IOACHCTEMAX Bonpoce! Ha savene
IIpaxkTuyeckue 3aHsATUSA
MEXaTPOHHBIX U POOOTOTEXHUIECKHUX
cucteMm. Opranuzanus namstTu
MHKPOKOHTpOIIepoB. OcoGeHHOCTH
APXUTEKTYPBl MUKPOKOHTPOJIJIEPOB
cemeiictea AVR.
2. | dyHKUMOHATBHAS OyHKIMOHAIbHAS CXeMa
opraHuzanus MUKpPOKOHTpoJuiepa. OpraHuzanus HaMmsTH Tectuposarine
MUKPOIPOILIECCOPHOI I amm. OpraHu3anus NaMsaTH JaHHBIX Bonpock fia dicsanierie
pONPOLECCOPHO porp - P 3an A : IpakTHyeckue 3aHATUS
CUCTEMBIL. O0630p cucrems! komaH. CHHXpOHU3AIUS
IIpoleccopa ¥ MaIIMHHbIE UKL
3. | OcoGennocru AmnmnapaTHble CpeJCTBa IPOrpaMMUPOBAHHUS
IIPOrPaMMUPOBAHHUS MUKPOKOHTPOIIEPOB ceMeiictBa AVR.
MHUKPOKOHTPOJLIIEPOB CucTteMa BHYTPUCXEMHOIO Tectuposatue
HMHCTPYMEHTAIbHBIMH MIPOrpaMMHPOBAHUS, TApAJIICIEHBIN MaGopatopisie padorot
TPy - porp . p » HapaJiien IIpakTryeckue 3aHATHS
CpeacTBaMu pa3paboTKH U nHTEpdeEiic MpOTPaMMHPOBAHHS. Kypcosas pabora
OTJIAJIKH. WHcTannamus u HacTpoiika, MPUKIaJHOTO
MIPOTPAMMHOTO 00ecrieueHus. bUThI




HACTPOUKH MUKPOKOHTPOJLIEPOB.

4. | TlopTs! BBOIA/BBIBO/IA
MHKPOKOHTPOJIIIEPOB.

Opl"aHH?;aIIHﬂ opTOB BBO,Ha/BBIBO,Ha

HIOPTOB.

MHKPOKOHTpOJIIepoB. OTNHCaHNE PETHCTPOB
HACTPOWKH H yIIPABICHHS PEKUMOM pabOThI

TectupoBanue
Bomnpocs! Ha 5K3amMeHe
Kypcosast pabota
[pakTuyeckue 3aHATHS
JlabopaTopHbie paboThI

OmnucaHue mociea0BaTeNbHbIX
unrepdeiicos, USART, 128, SPI.
Haznauenue naTepdeiicoB, oprannsanus,
OIIMCaHNE PETUCTPOB HACTPOHKHI
nHTEepdEiicoB 1 00MEHa TAHHBIMU C
BHEITHHMH YCTPOHCTBAMH.

5. | IlocnenoBarenbHbBIE
uHTepdeiice
MHKPOKOHTPOJIIEPOB.

TectupoBanue
Bomnpocs! Ha 3k3ameHe
Kypcosast pabota
[pakTuyeckue 3aHATHS

6. | Amnamoro-mudpoBsie
npeobpaszoBarenu (ALIT)
MHKPOKOHTPOJUIEPOB.

puamun neiictus AL, ocoberrocTH
peamuzanuu ALIII MUKpOKOHTPOJLIEPOB,
peructpsl HacTpoiiku ALIIL

TectupoBanue
Bomnpocs! Ha 3k3ameHe
[pakTuyeckue 3aHATHS
JlabopaTtopHble paboTHI

7. | IIpUMHLIUIIBI TOCTPOCHUS
pacnpesieNeHHbIX CUCTEM
yIpaBJeHus Ha Oa3e
MHUKPOKOHTPOJITIEPOB.

OGHII/IC IMMPUHIHUIIBI TOCTPOCHUA
PpacnpeaACICHHbIX CUCTEM YIIPABJICHUA.

HECKOJIbKUX MUKPOKOHTPOJIIEPOB.

Opraﬂmaunﬂ B3aMMOJCUCTBHUS CUCTEMBI U3

[TonkroueHne MUKpoKoHTposuiepoB k [TK.

HpﬁKTI/I'{eCKI/Ie 3aHATUA

8. | IlpaBuia HamucaHus
NPOrpaMM Ha SI3BIKE
acceMOnepa u Cu.

CucreMa KOMaH MUKPOKOHTPOJLIEpa.
[IpaBuia HamvicaHUS IPOTPAMM Ha S3BIKE
acceMOurepa u Cu. MHCTaIIIAIHS 1
HACTPOWKa MPUKIATHOTO IPOTPAMMHOTO
obecIieueHusI.

Bomnpocs! Ha 3k3ameHe
IpakTHyecKne 3aHsThs
JlaGopaTopHbIe paboThI

4.2 CTpyKTYypa AMCUMILINHBI

OO6m1ast Tpy10€MKOCTh TUCIHUIUIMHBI COCTABIISIET 4 3aueTHbIe eAMHUIBI (144 yaca)

Bun pabotsl

OO0uiasi TPy10€eMKOCTh

AynuTopHas padora:

Jexyuu (J1)

Jlabopamopnwie 3anamus (JIP)

Ipaxmuueckue 3anamus (113)

CamocrosiTesibHasi pad0oTa, B TOM YHCJIe KOHTAKTHAsA:
CamocTosTenbHOE U3YUEHUE Pa3/IesioB

Kypcogas padota (KP)

CamomnoaroroBka (mpopaboTka M TMOBTOPEHHUE JIEKIIMOHHOTO
MmaTepuaja ¥ MaTepuaja y4yeOHHKOB M YYEOHBIX IOCOOMIA,
MOJATOTOBKA K JIA0OPAaTOPHBIM M TPAKTHUECKUM 3aHSATHSIM,
KOJIJIOKBHYMaM, pyOeXHOMY KOHTPOJIIO U T.1.),

KoHTpoJib (MOAT0TOBKA U ¢/1a4a IK3aMeHa)
Buja uToroBoro KOHTpoJIs (3a4eT, IK3aMeH)

6 Bcero
cemMecTp
144 144
60 60
30 30
15 15
15 15
57 57
17 17
20 20
20 20
27 27
DK3aMcH, DK3aMcH,

Kyp. pa6 Kyp. pa6.




KonnuectBo wacos
Ne KonrakTHas Bre-
pasz- HaumenoBanue pa3zaenon PaGoTa ay.
Acna Beero PaGora
J JpP | 113 CP
1 OCHOBBI apXUTEKTYpPHI } 6 4 )
MUKPOIIPOILIECCOPHBIX YCTPOMCTB.
5 QOyHKIMOHATbHAS OpraHu3aLis 7 4 3
MUKPOIIPOLIECCOPHOIN CHUCTEMBI.
Oco0eHHOCTH TPOrPaMMHUPOBAHUS
3 | MHKPOKOHTPOILIEPOB 13 4 ’ ’ 5
MHCTPYMEHTAJILHBIMU CPEICTBAMU
pa3pabOTKU U OTIAJKH.
4 [TopTel BBOJA/BBIBOA 16 5 4 10
MUKPOKOHTPOJUIEPOB.
3 [TocnenoBarenbHbIe HHTEP(EHCHI 20 4 6 10
MUKPOKOHTPOJLIIEPOB.
6 Amnarnoro-1ugpoBbie mpeodpa3zoBaTenu 16 ) 4 10
" | (ALIT) MUKPOKOHTPOJLIIEPOB.
[TpyHIMIIBI TOCTPOCHUS pacHpeIeICHHbBIX
7. | cucteMm yrpaBiieHUs Ha 0aze 13 4 2 7
MUKPOKOHTPOJLIIEPOB.
[IpaBuna HanucaHus MPOrpaMM Ha SI3bIKE
8. 26 6 5 5 10
accembnepa u Cu.
Uroro: 117 30 15 15 57
4.3 JIabopaTopHbie padoThl
Ne
TeMsl 3aHATHI Kox. Yacos
1. | 3HakoMCTBO ¢ D3JEMEHTaMM MOJYJs, H3y4yeHHEe MPOrpaMMHOTO
o0ecrnieueHuns, Co3/laHue M OTJIaJKU IPOrpaMM Jjisi MUKPOKOHTPOJIEPOB 1
AVR Ha s3p1ke C».
2. |Iloptel  BBOJA/BbIBOJa  MHKpOKOHTpojuiepa  AVR,  peammzanus 1
IPOrPaMMHOM 3aJIEPHKKH.
3. | 3yuenue TaiiMepoB MUKPOKOHTpPOJJIEPA U UX IPUMEHEHUE B
JMHAMUYECKOI MHIMKAIUU, B pEKUME M0/IcYeTa BPEMEHHBIX HHTEPBAJIOB, 2
B IIMPOTHO-UMIYJIBCHONW MOJYJISLIUH.
4. | Uzyuenue nmpuHLuna pabOThI )KUAKOKPUCTAIINIECKOTO HHIAUKATOPA U )
CrI0c000B €ro NpPorpaMMHUpPOBaHUSI.
S. | Ucnonb3oBaHne MaTpUUHOM KJIaBUATYPHI. 1
6. | BuemHue npepblBaHNs MUKPOKOHTPOJLIEPA. 2
7. | Ucnonp3oBanne aHajaoro-mu¢poBoro mpeodpa3oBaTess )
MHUKPOKOHTpPOJLIEPA.
8. | U3yuenue npuHIMIIOB MOCTPOCHUS LU(POBON CUCTEMBI 5
MUKPOKOHTPOJIJIEPHOTO YIIPABJIEHUS IIATOBBIM JIEKTPOIPUBOJOM.
9. | U3yuyenue npuHIMIOB pabOThl U IOCTPOEHUE Pa3OMKHYTON 1IU(POBOI
CHCTEMBI yIpaBJIeHHs IIMPOTHO-UMIYJIbCHBIM IIpeoOpa3oBaTeem, 2

pa60TaI-OIIII/IM Ha IBUTATCJIb ITIOCTOSIHHOT'O TOKA.




UTOI'O
15
4.4 llpakTHYeckne 3aHATHS
Ne Tema Kon. Yacos.
1 | M3yuyenue nporpaMMHOT0 obecrieueHusi, CO3/laHue U OTIaIKa IpOorpaMM
JU1s1 MUKPOKOHTpOoJiepoB AVR. OCHOBBI apXUTEKTYPhI 2
MUKPONPOLIECCOPHBIX YCTPOMCTB.
3 | IlocnenoBaTtenbHble HHTEP(EHCH MUKPOKOHTPOIICPOB. 3
5 | [IpuHIMIBI HOCTPOEHUS pacpe/ie]ICHHbIX CUCTEM YIIpaBJIeHUs Ha 0a3e 5
MHUKPOKOHTPOJIJIEPOB.
6 | IlpaBwia HamMcaHus TPOTPaMM Ha si3bIke acceMOepa u Cu. 5
UTOI'O 15
4.5 KypcoBas paGora

Llenbto BBIMONHEHHST KypcOBOW paboThl Mo TeMe «MUKpomporeccopHas TEXHUKa B
MEXaTPOHUKE U POOOTOTEXHUKE» SBISIETCA MPAKTUYECKOEe MPUMEHEHHE MOIyUYeHHBIX
TEOPETUYECKUX 3HAHUN K CaMOCTOSITEIbHOMY ITPOEKTUPOBAHUIO MUKPOIIPOLECCOPHONU CHUCTEMBI
yIpaBIeHUS MEXAaTPOHHBIM MOJIYJIEM.

[Ipy BBINOTHEHUM KypcOBOM pPabOTBI CTYAEHT MPOEKTHUPYET 3aJaHHYI0 CHCTEMY
ympaBieHus Ha 0a3e MUKPOKOHTpoJuiepa cemerictBa AVR.

O0beM KypcoBOM palOOTBHI: pacyeTHO-NMOACHUTENbHAs 3amucka — 30-35 crpanwui
MAIIMHOMUCHOTO TeKcTa. ['paduueckas yacTh MPOEKTa MOJKHA COAEPKATh MPUHIMITHATIBHYIO
AIIEKTPUYECKYIO CXEMY CHCTEMbI, QIrOPUTM M ONHUCAaHUE YIPABISIOMIEH I[POTrpPaMMBbI
MUKPOKOHTPOJLIEpA.

PacueTtHO-nOACHUTENbHAS 3AIIMCKA JI0JI)KHA COJIEPKATh!

a) KpaTtkoe onurcanue MEKpOKOHTPOJLIIEPA;

0) PHUCYHKHM C TPUHIUIIHAAIBGHON DJJIEKTPUUECKOW CXeMOl pa3pabOTaHHON CHCTEMBI
yIpaBIeHUS MEXaTPOHHBIM MOIYJIEM;

B) ONKMCAHUE, AITOPUTM, U JINCTUHT YIPABJISAIOLIEH MpOorpaMMbl MUKPOKOHTPOJLIEPA.

Kaxxaplii CTyZeHT MoilydaeT paclyCaHHOE Ha CIeNHaTbHOM OJIaHKe WHIMBUAYAIbHOE
3a/laHle Ha TpoekThpoBaHue. CTyIEHT IEMOHCTPUPYET pabOTOCIOCOOHOCTH pa3padOoTaHHOM
CHUCTEeMBbl. 3aKOHYEHHas KypcoBas paloTa NpoBepseTcsl PYKOBOAWUTENEM U 3allUIIAETCS
CTYJCHTOM.

Tpynozarpatrsl Ha BEIIOTHEHHE KypCOBOii paboThl cocTaBmsitoT 20 4acoB.

4.6 CamocTosiTeIbHOE H3YUYeHHE Pa3/1eJI0B AU CUUIIIMHBI

Ne Kon-Bo
Bonpocel, BBIHOCHMBIE Ha CAMOCTOSITENIbHOE U3yUEHHE 4ACOB
1 2 3
[TocnenoBarensHbie HHTEPDerickl MukpokoHTposiepa, USART,
1. 15
12S, SPIL.
2. | Hoaknrouenne MukpokonTposuiepos K ITK. o)
3. Hroro 17




S OuneHouyHble MaTepuajbl [JIA TeKYWIero KOHTPOJISL YCINEeBAEMOCTH H
NMPOMEKYTOYHOM aTTecTAluU

51 OIIeHO‘lHLIe MaTepHuaJibl 1Jisl TEKYHIET0 KOHTPOJIA YCIIEBAEMOCTH

Tembl 101 pedepaToB:
3a mOATrOTOBKY U 3alIMTy pedeparta CTYACHT MOXKeT Habpath 6 6amioB (mo 2 6amia 3a Tpu
KOHTPOJIbHBIE PEUTHHIOBBIE TOUKH). [Ipy mOAroTOBKE pedepara CTyIEeHT AOIKEH 03HAKOMHUTHCS
C OCHOBHOW U JIOTIOJHHUTEIBHOW JIUTEpaTypoOl, BKJIIOYas CHPAaBOYHbIC W3JaHUA, 3apyOeKHBbIC
MCTOYHHUKH, KOHCIIEKT OCHOBHBIX ITOJIOKEHH, TEPMUHOB, CBEICHUH, TPEOYIOIINX /7151 3alIOMUHAHUS
U SBISAIONIMXCS OCHOBONOJAraloOIMMU B 3TOM Teme. HeoOXoauMo COCTaBUTh aHHOTALUHU K
NPOYUTAHHBIM JIUTEPATypHBIM HcTOUHHKaM. CTpykTypy pedepara CTYICHT OIpENeNseT CaM.
OneHnBaHNE MPOBOJUTCS C YYETOM KOJHMYECTBa OOPaOOTaHHBIX JIMTEPATYPHBIX HCTOYHHKOB,
KadecTBa oopmiieHUs1 pedepara, OTBETa Ha BOMPOCH 1o pedepary. Temy mis pedepara CTyaeHT
MOJKET MPEUIOKUTD caM, TU00 BBIOPATh U3 MPEITIOKEHHBIX.
1. OcobeHHOCTH apXUTEKTypbl MUKPOKOHTpoJuiepoB komnanun ATMEL.
2. HWcnonb3oBaHWE MHUKPOKOHTPOJIEPOB B CHUCTEMax YIPABICHHUS 3JIEKTPOIPHBOIOB
MEXATPOHHBIX YCTPOUCTB.
3. CranpaprHble HHTEp(eiicbl MUKPOKOHTPOJUIEPOB.
4. ConpspkeHHE  MHKPOKOHTpOJJIepa C  HEpPCOHAIBHBIM  KOMIIBIOTEPOM,  BAapUAHTHI
uHTEep(DHErcoB.
5. Hcnonp3oBaHME€  MHKPOKOHTPOJUIEPOB sl  OUM(POBKM  aHAJIOrOBOIO  CHTHaja,
BO3MOXXHOCTH ¥ OTPaHUYCHUSI.

TecTbI:

B pamkax OamnpHO-PEHTHHIOBBIX MEpPONPUATUN  CTYACHT TPIKIBl  MPOXOIUT
TECTUPOBAHUE HA KOMITbIOTEPE. B 3aBHCHUMOCTH OT IIPOLIEHTA NMPABUWIILHBIX OTBETOB KOMITHIOTEP
BbIcTaBisieT oT 0 10 6 6amnoB. [IpuMepsl TECTOBBIX 3a/1aHUM, TPUBECHBI HUXKE.

I:

S: Apxutextypa MukpokonTposiepoB ATMEL sto ...

-: apxutekrypa Helimana

+: 'apBapackas apXUTeKTypa

-: kak ['apBapackas, Tak U apxurekrypa Helimana

-1 3aKpbITasl apXUTEKTypa

I:

S: 'apBapackast apXUTEKTypa UMEET CIEAYIOUIYI0 OPraHU3aLHUI0 aMSATH ...
-: OOIIYIO MaMATh IPOTrPaMM M TaHHBIX

-1 DHEPrOHE3aBUCUMYIO ITAMSTh

-: IOMEXO0YCTONYMBYIO ITaMATh

+: mamATh IPOrpamMM U JaHHBIX pa3zesieHa

I:

S: Apxutextypa HeliMaHa uMeeT caeayONIy0 OpraHu3aluIo NaMATH ...
+: 001IyI0 TaMATh IPOTrPaMM U JTAHHBIX

. QHCPrOHEC3aBUCUMYIO TAMATH
. HOMCXOyCTOﬁQHByIO naMAaAThb

: MaMSATh IPOTPAMM U JIaHHBIX pa3/ielieHa

I:

S: JInst popMupoBaHus CUTHAJIOB TAaKTOBOM 4acToThl B MUKpokoHTposiepax ATMEL ...
-: HICTIOJIb3YETCS TOJIBKO BCTPOECHHBIN T€HEPATOP

-: HCTIOJIb3YETCs TOJIBKO N'€HEpaTOp BHEIIHUX CUTHAJIOB



-1 MCTIOJIB3YETCs TOJIBKO BHEIIHUHN KBAPIEBBIA pe30HATOP

+: MOeT OBITh UCTIOJIL30BaH JIFOO0H 13 IEPEeUNCICHHBIX BAPHAHTOB

I:

S: Yucno peructpoB o0111ero Ha3HayeHUs B MUKpOKOoHTpoiepax ATmega. ..
+: 32 perucrpa

: 16 peructpon

: 4 peructpa

: 8 peructpon

I:

S: Peructp cocrosinus (craryca) — SREG...

+: IO3BOJISIET KOHTPOJIUPOBATH PE3YIIBTAT pabOTHI MPOLIECCOpa Ha 3TAIle 3aBEPIICHUS KK I0U

KOMaH/bI

: CILy’KMT JUISl KOHTPOJISL HAIIPSDKEHUs IUTaHUs. MUKPOKOHTpOJLIEpa

. CIIYXKUT OJIA CO3aaHUA CTCKaA

: CIIY’KUT JIJISl XpaHEHUS TAaHHBIX
I:

S: Crexk - 310...

-: (pparMeHT Ko/ BBITIOIHIEMOM MPOTPaMMBbI
-: 00J1aCTh MaMSITH [IPOrPaMM

-: 00;1aCTh YHEPTrOHE3aBUCUMOM TTAMSATH

+: 00J1aCTh OIIEPATHUBHON MAMSITH

3agaHus K JadopaTopHbIM padoTam

[lpu  BbBIMONHEHHH  Ja0OPATOPHBIX  PAabdOT  HCIOJB3YETCS  KOMIUIEKT — Yy4eOHOro
o0opynoBanuss «MHUKpPOIPOIECCOPHBIE CUCTEMbI YIPAaBICHUS SJIEKTPONPUBOJOBY. 3agaHUs K
nabopaTOpHbBIM paboTaM TMPHUBENECHBI B METOAMYECKUX yKazaHusx: Komrekt ydyeOHoro
o0opynoBaHusi «MUKpOIPOLECCOPHBIE CHUCTEMBI YIpaBleHUs 3iekTponpuBonoy [101033
Mertoanueckue ykazaHus K BBITONHEHHIO JabopaTopHbix padot. OO0 T/ «IIpodhO6pa3zoBanue»
2015.

[Ipu BBMONHEHWH 1a0OpaTOpHO pabOTHI, CTYACHT H3y4aeT TEOPETUYECKYIO YacTh,
OPOBOJIUT COOPKY AJIEKTPHUUECKOW CXEMBbl W 3alHChIBAEeT YIPABISAIOLIYI0 MpOrpaMMmy B
MUKpOKOHTposutep. CTyAEeHT MpeACTaBIseT OTYET W JEMOHCTPUPYET padoTOCrocoOHOCTh
coOpaHHOMU cXeMBbl. 3a BBIIIOJHEHHE U 3alUTY JJAOOPATOPHBIX paboT CTYJAEHT MOXKeT HabpaTh 18
O6amioB (mo 3 Oamna B KaxAyl0 peUTHHroByro Touky). [lepedeHp mnabopaTOpHBIX paboT
MPEJICTABICH HUXKE.

Jladboparopnass padora Nel «3HAKOMCTBO C DJJIEMEHTaMH MOJYJS, H3y4eHHE
IIPOrpPaMMHOT0 O0ecreueHus1, Co3/1aHnue U OTJIAJIKU TPOrpaMM JUIsi MUKpOKOHTposiepoB AVR Ha
a3pike Cuy.

Leab paGoTbl: 03HAKOMUTHCS C DJIEMEHTAMH MHUKPOKOHTPOJUIEPHOTO CTEHJA, U3Y4YHTh
IpOTrpaMMHOE M almapaTHoe oOecreueHrne, U3y4UTh OCHOBHBIE METOIBI MPOrPaMMUPOBAHUS U
OTJIQJKU TPOTpaMM JIJIsi MUKPOKOHTpPOJLIEpA.

KonTpoJbHBIE BONIPOCHI:

1. Ilepeuncnnure OCHOBHBIE NCIIOJHUTENBHBIE JIEMEHTBI, PACIIOJI0KEHHBIE B MOAYIIE.

2. Ilepeuncnure OCHOBHBIE YIPABIISAIOLIME 3JIEMEHTBI, PACIIOJIOKEHHBIE B MOAYJIE.

3. OOBsicHUTE MPUHLIHUITBI PAOOTHI OCHOBHBIX (DYHKIIMOHAJIBHBIX 3JIEMEHTOB CTEH/IA.

4. IlepeuncianTe OCHOBHBIE KOMAH/Ibl B CPEZl€ MPOIPaMMHUPOBAHNS MUKPOKOHTPOJLIEPA.
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JlaGopaTtopnas padora Ne2 «[lopTel BBOJa/BBIBOJIa MUKPOKOHTpoJuIepa atmega8535,
peanu3anus MporpaMMHO 3a1EPKKU»

Hesn  paGorbl:  M3yunts  ocoOeHHOCTHM ~ pabOThl  MapayIeNIbHBIX  [OPTOB
MUKpPOKOHTPOJUIEpA; O3HAKOMHUTBCSI CO CHOCOOAMU MOJAKIIIOUEHHUS CBETOIMOJOB M KHOMOK K
U(PPOBBIM MHKPOCXEMaM; HAyYUTHCS YIPABIATH CBETOAMOIAMU NPU HMOMOIIU MPOTPAMMBL;
HAIUCaTh MPOrpaMMy «OETyIIUi OTOHbY IJi CBETOIUOIOB.

KonTpoJibHbIe BOpochl

1. KakoBO Ha3HaYeHHE MOPTOB MUKPOKOHTpoIIiepa?

2. Jlng gero ciryxat peructpsl DDRx?

3. Uto onpenenser peructp PORTx?

4. Kak ckoHpUTrypupoBaTh MUHBI KAKOTO-TKO0 MMOpTa Ha BXOJ WX Ha BBHIXO?

5. MOXHO 7M1 UCTOJB30BaTh KHOMKY MOJKIIOUUB €€ K MUHY, CKOH(OUTYpUPOBAHHOMY Ha
BEIXOJ?

JlaGoparopnasi paGora Ne3d «M3yuyenue TtaiimepoB MukpokoHTposuiepa AVR u wux
IPUMEHEHUE: B AMHAMMYECKOM MHAMKAIMM, B PEKUME I0JCUETa BPEMEHHBIX HWHTEPBAJIOB, B
HIMPOTHO-UMITYJIbCHONW MO

Hean pabotbi: Ilo3HakoMuTbCsl € TaiimMepamu MHKpoKOHTposuiepa ATmega8535;
UCCIIEI0BAaTh PEXUMBI pabOThl U CIIOCOOBI IPOrPAMMHON pealu3alui peKUMOB JTUHAMUYECKON
UHAMKAIMKY; peaju30BaTh IPOrpaMMbl - CUYETUYMKA BXOAHBIX MMIIYJIBCOB C OTOOpa)keHHUEM
pe3yibTaTa Ha CEMUCETMEHTHOM HHJMKATOpe, IMOJCYET BPEMEHHBIX HHTEPBAJIOB, HIMPOTHO-
UMIYJIbCHYIO MOIYJISIUIO.

KonTposbHbie BONPOChI

1. [ToueMy NpUMEHSIOT AMHAMUYECKYIO UHIUKALIUIO?

2. Kak yacTo Haji0 3aCBEUMBAaTh OT/JEJIbHbBIE pa3psabl?

3. IloueMy cHuUKAETCs IPKOCTh MHAMKATOPA B TUHAMUYECKOM pexumMe?

4. IloueMy UHIMKATOP Ha3bIBAETCSI CEMUCETMEHTHBIM, HO UMEET & BBIBOJIOB?

Jladoparopnasi pa6ora Ned «3ydyeHue nmpuHUIUIIOB pabOTHI C KUAKOKPUCTATIINYECKUM
UH/IMKaTOPOM U CIIOCOOOB €ro MporpaMMHPOBAHUS»

Hear paborbi: UM3yuute ocoOeHHOCTHM  pabOTBI M CXeMy  HOJKIIOYEHHS
KUJIKOKpHcTamnueckoro uuaukaropa (PKKM) k MUKpPOKOHTpoJuiepy: M3y4HTh OCOOCHHOCTBH
NapajuleIbHOM CHHXPOHHOW TNepeJaud JaHHBIX M TIpollecca HWHUIMAIW3alUK  JUCILIes,
paccMOTpeTh ero paboTy B pasziIMuYHBIX peXHMMax; HamMCcaTh MPOrpaMMy BbIBOJA Ha JUCILICH
M10JIb30BATENbCKON MH(OPMALIUH.

KonTpoJsbHbBIE BONPOCHI

1. YTo 03HayaeT TEPMHUH «3HAKOMECTO»?

2. Cxonpko BuaoB mamMatu ecth B JKK nucmnee?

3. J171s1 yero ciIy’kUT CTpOOUPYIOIUi BBIBOA?

4. Yem onpenensercs BbIOOP peXUMa 3auCh/uTeHUE?

5. Kak mepenath komaHy Ha JUCTUICH?

JladopaTopnas padora NeS «Vcronp30BaHre MATPUYHOM KIIaBUATYPHI»

Heas paGorbl: M3yunTh NpUHUMN pabOThl MAaTPUYHOW KIABHATYphl M CXEMBI
MOJIKJIFOUEHUS] KHOIIOK Y MaTPUYHOMN KJIaBUATYphl K MUKPOKOHTPOJIJIEPY; PACCMOTPETH CIOCOObI
OIpoca KHOIOK M MOJIaBJIeHUE pede3ra KOHTAKTOB; HAIMCATh IPOrpaMMy CUUTHIBAHHS HaXaTUs
KJIABUIIN U OTOOpaXkaroliei Ko/ KJIaBUIIN Ha CBETOJUO/IaX UM UHIUKATOPE.

KonTpoJbHbBIe BOPOCHI

1. [Touemy OOBIYHO KaXIYyI0 KHOIKY KJIaBHATYphl HE MOJKIIOYAIOT HANPSAMYIO K HOXKKaM
MOPTOB MUKPOKOHTpoJIiepa’?

2. CKOJIBKO CTPOK U CTOJIOLIOB MOKET ObITh Y MATPUYHON KJIaBUATYPHI?
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3. IlonBoauTCS M MUTAaHUE K MAaTPUYHOMW KiIaBUAType?

4. Kak nomxHbl OBITh CKOHOUIYpUPOBaHbI IHMHBI KOHTpOJJIepa JJs YIpPaBICHUSA
MaTpUYHON KJIaBUATYpPOI1?
5. bbIBaeT 11 B MaTpU4YHON KJIaBUAType HEUETHOE KOJIMUYECTBO KHOIIOK?

JlabopaTtopnass pabdora Ne6 «BHemHue npepbiBaHMs MHUKpOKOHTposiepa AVR.
CrnenualibHbIM pETUCTP COCTOSTHUS Sreg U CTEK»

Hear pabGorbi: M3yunTh NOpUHLOUOB HMCHOJB30BAaHUS BHEUIHUX IPEPbIBAHUM,
O3HAKOMUTBCSI C OpraHU3aluedl BHEUIHMX MHULMATUBHBIX CUTHAJIOB MHUKPOKOHTpOJLIEpA
ATmega8535, Hanucarb mporpaMmy 0OpabOTKH BHEUTHETO IPEPHIBAHHMS.

KonTposbHbIe BOpPochl

1. Kakue uerblpe BO3MOXHBIX YCJIOBUS CYLIECTBYIOT JJIi TEHEpPAallMd BHEIIHETO
npepbIBaHus?

2. Kakue cymecTByl0OT OCOOCHHOCTM IpPHU HCHOJIb30BAHUU IPEPHIBAHMS MPOOYKAECHUS
MUKPOKOHTPOJUIEPA U3 PEKUMA BBIKIIIOUEHUS?

3. KakoBo nHaznauenue peructpa GICR?
4. KakoBo Ha3Hauenue peructpa MCUCR?
5. KakoBo naznauenue peructpa GIFR?

JlaGopaTopnasi padora Ne7 «Vcmosnb30BaHNE aHAIOTOBO-IIU(POBOTO Mpeodpa3zoBaTes
MUKPOKOHTPOJUIEpA

Heaw padorbr: M3yunts npunuunel padotsl ALl Mukpoxontposnepa ATmega8535,
O3HAKOMUTBCSI C HA3HAYCHMEM YIPABIAIOLIMX PETUCTPOB M NpuHUMnamu ynpasiaeHus AL
MHUKPOKOHTPOJIIEPA, COCTaBUTh M OTIAAWUThH mporpammy npumenenuss ALl ans mmudposoro
BOJIBTMETpA.

KonTpoJibHbIe Bonpockl

1. O6bsicuuTe Ha3HaYeHue U npuHuuI padotst AL

2. Jlns yero ynoOHO MCHOJIB30BaTh BbipaBHMBaHME pe3ynbrata ALl mo neBomy miam 1o
paBoMy Kparo?

3. Uro Takoe MCTOYHMK OTOPHOTO HAMpPSKEHUS U JJIS Yero OH MCHOJb3yeTcs IpU paboTe
ALII?

JlabopaTopnas pa6ora Ne8 «3yueHne mpuHUIMIOB pabOTHl M MOCTpoeHUEe LUGPOBOH
CHUCTEMbI MUKPOKOHTPOJUIEPHOTO YIIPABIICHUS IArOBBIM 3JIEKTPOIIPUBOIOM»

Hean padorbi: M3yunTh yCTPONCTBO M THUIBI MIATOBBIX JBUTATENCH; pealu30BaTh CXEMY
MOAKJIIOYEHUS IIaroBOrO JABUTaTelNlsl; HaMKcaTh NPOrpaMMy MOBOPOTa OCH LIArOBOrO JBUTATENs
Ha 3aJaHHbIN yTOJI.

KonTpoJsbHBIE BOIPOCHI

1. Onummre oOUMi NPUHIUT paObOTHI IATOBOTO JIBUTATES.

3. Uro mpou3zoiiieT eciau KOMMYTHUPOBATh BBIBOJBI IIIAarOBOTO JBUTATENsi B OOpaTHOM
nopsike?

4. Tlouemy B TIOJHOIIATOBOM PEXHMME MPHU HCIOIB30BaHUU JIBYX (a3 MOMEHT BpaICHHS
CYIIIECTBEHHO OOJIbIIIE, YEM TPU UCTIOTB30BAHUH OHOM?

5. C 1noMOWIBI0 Kakoro JIOTOJHUTENBHOIO YCTPOWCTBA, BBl OBl MPEATIOKHIN
KOMMYTHPOBAaTh KOHTAKThl LIAaroBOr0 JBUTATeNsl, B ciydyae eciu Obl IS YOpaBJIEHUS UM
noTpeboBaINCh ObI OOJNBIITNE TOKU U HAPSIKEHUS?

6. Ha kakoil yroia coBeplIaeT BpallleHWE TaHHBIM JBHUraTesib, MPOXOJd OJWH IIar, W
CKOJIBKO IIaroB eMy MoTpedyeTcs AJisi MOJIHOro obopoTa?
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JlaGopaTopnas padora Ne9 «/I3ydyeHue NpUHLIUIIOB pabOThl U MIOCTPOCHUE PA3OMKHYTOM
u(GpPOBON CUCTEMBI YIPABICHUS MIMPOTHO-UMIYJILCHBIM MpeoOpa3oBareseM, paboTaIOUUM Ha
JIBUTATEJIb TIOCTOSTHHOT'O TOKa»

Hean pa6orbl: M3yunth npuHmum padotel U cnocoOwl ympasieHus LIWII; wanucats
nporpamMmmy, peanusyrouyrw ynpasiaeHue NI mig pa3oMKHYTOH CHCTEMBI YIIPABJIECHUS
CKOPOCTBIO BpallICHUs ABUTATEIIS IOCTOSTHHOTO TOKA.

KounTtpoJbHbie Bonpochl

1. Knaccudukanus npeodpazoBareneil MOCTOSHHOTO HAMPSKEHUS B TOCTOSHHOE?

2. Ha3oBuTe OCHOBHBIE OCOOCHHOCTH CHMMETPUYHOTO M HECUMMETPUYHOTO YIPaBICHUS
LIAIT?

3. B ueM 3akimodaroTcs NpPEUMYILIECTBA W HEAOCTAaTKM CUMMETPUYHOIO U
HecuMMeTpruuHoro ynpasienus LIINATI?

4. B yeM 0c0OEHHOCTh pealn30BaHHON B 1a00paTOPHOI paboTe CUCTEMBI yIIPaBICHU?

IMosHbIH pUMep 0HOI U3 J1a00PATOPHBIX PadoT.

JIABOPATOPHASA PABOTA
«I3YYEHUE TAMUMEPOB MUKPOKOHTPOJIJIEPA AVR U UX IIPUMEHEHUE:
B JUHAMUWYECKOM UHJIUKALIN. B PEXXUME ITOJICYETA BPEMEHHBIX
WHTEPBAJIOB B LIMPOTHO-UMITY JIbCHOM MO Y JISL»
Hean padorei: [lo3HakOMUTBCS ¢ TaiiMepaMu MUKpPOKOHTpoJuiepa Atmego8535; uccienoBaTh
PEXUMBI pabOTHI M CITOCOOBI MPOTPAMMHON peaTH3alUN PEKUMOB JTHHAMUYECCKON HHIUKAIIM;
peanan30BaTh MPOrpaMMbl — CMETYMKA BXOJHBIX MMIIYJBCOB C OTOOpaKEHHWEM pe3ysibTaTa Ha
CEMHUCErMEHTHOM HHJMKATOpE, IIOACYET BPEMEHHBIX WHTEPBAJIOB, IIMPOTHO-UMIIYJIbCHYIO
MOZYJIALIHIO.
Teopernyeckas 4acTb
MukpokoHTposiep Atrena8535 comepXuT Tpu TaliMepa oOIIero Ha3HavYeHHsI: JIBa 8-
paspsaanbix TaiiMepa TO u T2, onun 16-pa3psausiii Taitmep T1.
Bce TaiiMepbl UMEIOT BO3MOXKHOCTb Pa0OThI B Pa3HBIX PEKUMAX:
® U3MEpPEHHE IPOMEKYTKOB BPEMEHH;
e cyéT BHEWHUX codbITuil (kpome T2);
e npeoOpa3oBaHME BHIXOJHOI'O CUTHAJIA KOHTPOJIJIEpa B CUTHAN C IIMPOTHO-
umnyascHo Moaynsuuent (LINUM);
® BO3MOXKHOCTh pabOTHI B KAUECTBE YACOB PEAIbHOTO BPEMEHHU (aCHHXPOHHBIN
pexum paboTsl Taiimepa T2).
AJIbTepHATHBHBbIC QYHKIIUHM IOPTOB
JInsi MOAKITFOYEHHsT BXOJOB-BBIXOZOB TAalMEPOB K BBIBOJAM MHKPOCXEMBI KOHTpOJUIEpA
(T.e. U1 COEAMHEHUS TaHMEPOB C BHEIIHUMH YCTPOHCTBAMM), UCIOIB3YIOTCS aJIbTEPHATHUBHBIE
(GyHKIIMM TIOPTOB BBOJA-BbIBOJA. Ilocime BKIIIOUEHUS anbTEpHATUBHOW (DYHKIMM JaHHBIA OUT
NOPTa UCHOJB3YETCs TOJIBKO I BBOJIA MIIM BbIBOJA MH(OpMAIMK B TaiiMep, UCIIOIb30BaTh 3TOT
ouT 11 1M poBOro BBOJA- BHIBO/IA HEBO3MOXKHO.
AnbTepHaTUBHBIE (DYHKIIMM MOPTOB Ui paboOTHl ¢ TalitMepaMH NpUBEJEHbI B Tadmuue 1.
[Tpu >TOM IS peanuzaluu pexuma cu4€Ta BHEIIHMX COOBITHI BXOJl TaiMEpOB HEOOXOAMMO
HNOJKJIIOUNTh K BBIBOJJAM MHUKPOCXEMBl — K KOHKPETHOMY OHUTY mHopTa BBOJa/BbIBoja. llpum
pabote TaiiMepa B pexxume LLIMM. Beixos TaliMepoB Takke MOJIKIIIOYAETCS] K KOHKPETHOMY OUTY
opra.
Tabnuma 1 AnprepHatuBHbIE GYHKIIMHM IOPTOB, UCIIOJIb3YeMbIE TaiiMepaMu

O06o3HaueHNE Onucanue BeiBos1 opra

T0 Bremnwmii Bxon Taitmepa TO PB0
0CO Buemnuiit Beixon Taitmepa TO PB3

Taiimep

TO
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T1 Buemnuii Bxon taiimepa T1 PB1
Tl OCI1A Buemnuii Beixoa A taiimepa T1 PD5
OC1B Buemnwuii Beixoa B Taitmepa T1 PD4
TOSC1 Buemaui BeIBoa 1 UIST HOOKIIOYEHUS
[pe3oHaropa taiimepa T2 PC6
T2 TOSC2 Buennuii BBIBOJ 23:[11;1 MOAKITIOYEHUS
[pe3oHaTopa 1A Taiimepa T2 PC7
0C2 Buemnuii Beixon taiimepa T2 1 pp7  [PD7

Jlnist MCTIONB30BaHMS AJIbTEPHATUBHBIX (DYHKIUI MOPTOB, COOTBETCTBYIOIINE OUTHI MTOPTOB
IpelBapuUTeIbHO HEOOXOAMMO CKOH(GUTYpHpPOBaTh Ha BBOJA WU BBIBOJ, HAmpuMep, IpU
UCTONIBb30BaHuM anbTepHaTHBHON ¢ynkunn OCO s BeiBojma mHGopmauuu u3 taitmepa TO,
BBIBOJ MUKpocxeMbl PB3 noimken ObITh onpezenen kak Beixos 0ut DDRB3 posen 1.
IIpepbiBanus OT TaliMepoB

Paspemennie u 3amnpemieHue paOOThl HpPEphIBaHUI OT TaMEpPOB MHUKPOKOHTPOILIEpa
BEITIOTHsIETCS ¢ Tomoniwio peructpa TIMSK (Timers Interrupt Mask Register) — peructpa macku
npepeiBanuii oT TaiimMepoB. butel peructpa TIMSK mnpueaenst B Tabmuue 2. Muauxamnus
MOCTYIUICHUSI TPEPBIBAHUN OT TaliMepoB BhIMONHsETCS ¢ momombio perucrtpa TIFR (Timers
Interrupt Flag Register) — peructpa ¢umaroB mpepsiBaHuii oT TaiiMmepoB. Dopmar permcrpa
npezcTaBieH B Tabnuue 3.

Tabnua 2 Peructp macku npepsiBanuii ot taiimepos TIMSK

Homep HammeHoBanue
Outa Oura

Haznauenue

0 TOIEO |®nar pa3penieHust pepbIBaHus 10 MepenonHeHuto taiimepa TO
1 OCIEO |®nar pa3peunieHust npepblBaHus 10 coBnageHuto taimepa TO
2 TOIE1 (@nar pa3penienus npepblBaHus 110 NepenojHeHuto Taiimepa T1
3 OCIE1B |®nar pa3pernienust npepbiBaHus 1o coBnajaeHuto B taiimepa T1
4 OCIE1A |®nar pa3penieHus npepbiBaHus 10 coBnaaeHuo A taiimepa T1
5 TICIE 1 |®nar pa3pernieHus npepbiBaHus 1Mo 3axBaTy Taiimepa T1

TOIE2 |®nar pa3perieHus NpepbIBaHUs 110 NEPENOIIHEHNIO Taiimepa T2
7 OCIE2 |@nar pa3penieHus NpepbIBaHus 110 COBIAACHUIO Talimepa T2

Tabnuua 3 Peructp ¢uaros npepsiBanuii ot TaiimepoB TIFR

Homep | Haumenosanue | HazHauenue O06o3HaueHue Howmep
outa outa BEKTOpa BEKTOpa
IIPEpPBIBAHMS IIPEPBIBAHMUS

0 TOVO @ar npepbIBaHUS 110 TIMERO OVF 10
nepenonHeHuio TaiiMepa TO

1 OCFO0 @dunar npepsIBaHUs 110 TIMERO COMP | 20
coBnajieHuto Taitmepa TO

2 TOVI @dunar npepsIBaHUs O TIMER1 OVF 9
nepenonHeHnto taiimepa T1

3 OCFIB @dunar npepsIBaHUs O TIMER1 COMPB | 8
coBnajieHuto B Taiimepa T1

4 OCFIA @dunar npepsIBaHUs 1O TIMER1 COMPA | 7
coBnajeHuto A Ttaitmepa T1

5 ICF1 @dunar npepsIBaHUs 11O TIMER1 CAPT 6
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3axBary Taiimepa T1

6 TOV2 @uar npepbIBaHus 110 TIMER2 OVF 5
MEePENnoJHEHUIO Taiimepa T2
7 OCF2 @uar npepsIBaHus 110 TIMER2 COMP |4

COBIIQJICHUIO Taitmepa T2

[Ipu HacTyruieHnu coObITHS cooTBeTCTBYIOIIME (hiar B peructpe TIFR ycranaBnmmuBaeTcs B
eAMHUYHOE cocTosiHue. [Ipu 3amycke mporpamMmbl 00paOOTKH MpEephIBAaHUS, OH AammapaTHO
cOpaceiBaetcs B «0».

Bocomupaspsaausiii Taiimep TO

Jns npumeHeHuss BocbMmupaspsiaHoro Taiimepa TO B MukpoxoHTpoiuiepax AVR.
Hcnonp3yroTest Tpy CeUalIbHbIX PETUCTPA:
e cuerHblid peructp TCNTO (Timer CouNTer Taitmepa T0):
e peructp cpaBHenuss OCRO (Output Compare Register Taiimepa T0):
e peructp ynpasienus TCCRO (Timer/Counter Control Register taiimepa TO0).
Taitmep TO paboTaet B TpEX pekuMax:
e (QopmupoBaTellb BpEMEHHBIX UHTEPBAJIOB;
e CYCTUYMK BHEIIHUX COOBITHIA,
® [IUPOTHO-UMITYJIBCHBIH MOIYIISITOD.
ITpu pobote Taiimepa TO MOryT reHepupOBaTHCS JBA MPEPHIBAHUSA:
e 1pu nepenoyiHeHuu cuétHoro peructpa TCNTO;
e 1pu coBnajgeHuu 3HaueHuil peructpa TCNTO u perucrpa cpaBHenuss OCRO.
@unaru npepeiBanui HaxoxasTcs B peructpe TIFR, paspemienne npepblBaHUN BBIIOJIHACTCS
¢ oMot peructpa macok TIMSK.

Cuétnplii peructp TCNTO

Peructp TCNTO npencrasisier co60ii peBepCHUBHBIN CYETUHK. B 3aBUCHMOCTH OT pekuma
paboThI TaiiMepa, COIEPKUMOE CUETHOTO PErUCTPa MOXKET COPAchIBAThCS B HYJIEBOE COCTOSTHHE,
MHKPEMEHTHPOBATHCS (YBEIMUMBATHCS Ha 1) WM JEeKpeMEHTHpOoBaThcs (yMEHbIIAThCS Ha 1) 1o
KaX/IOMY BXOJIHOMY UMIYJbCY. Peructp nocryneH B 11000 MOMEHT BpeMEHH Kak il YTeHHUS,
TaK u s 3anucH. [Ipu mogave nuranus Ha KoHTposuiep B peructpe TCNTO HaxoguTcst HyleBoe
3HaueHue. Jluamna3oH M3MEHEHMs 3HadeHMH cuérumka cocrasisier 0...255. Ilpu moctmxeHunn
CYETYMKOM MaKCUMAaJIbHOTO 3HaYeHHs 255 U 1mojaye oYepeJHOro UMITYJIbCa, 3HaUYeHHE CUETUHNKa
W3MEHSAETCS Ha HYJIEBOE, IIPU 3TOM TE€HEPHUPYETCs NPEPBIBAHUE 10 NEPENOIHEHUIO CUETYMKA
TOVO B peructpe TIFR (tabx. 3). Pa3pemienne npepbiBaHus OCYIIECTBISETCS] YCTAaHOBKOM B «1»
pazpsna TOIEO peructpa T1MSK.

Peructp cpasuenuss OCRO

Peructp OCRO comepXuT BOCBMHUPA3PSAIHOE IIEJI0€ YUCI0, KOTOPOE HENpEephIBHO (HA
KaX/IOM TaKTe KOHTpOJUIepa) CPaBHUBAETCA C ColIepKUMbIM cuéTHoro peructpa TCNTO. B
Clly4ae paBEHCTBA COJEPKHMOTO 3THX PETrUCTpOB ycraHaBinuBaercs ¢ar npepbiBanus OCFO
peructpa TIFR (ecnu 3to mpepwiBanue paspemieHo B peructpe TIMSK). Kpome srtoro, npu
COBIAJICHUY 3HAYCHHUI PETUCTPOB MOXKET U3MEHHUTHCS cocTostHue OCO MUKPOKOHTpOJUIepa. ITO
IPOUCXOAUT, ecin Bbixon Taiimepa TO coegunén ¢ BeiBogomM OCO (ompenensieTcss perucTpomM
ynpasnenus TCCRO) u BeiBog PB3 MukpokoHTpossiepa CKOHGUTYPUPOBaH KaK BBIXOJ.

Peructp ynpasiaenuss TCCRO

Peructp TCCRO npennasHaueH /uis ynpasieHus padotoit taitmepa T0. @opmat perucrpa
npencrtasieH B Tabnuie 4. C MOMOIIBIO 3TOr0 perucTpa OCyUIeCTBIAETCS KOH(PUTypupOBaHUE
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TaiiMepa Ha OAWH W3 PEKUMOB pabOThL. Takke 37eCh MOXKHO TOIKIIOYUTH BBIBOIBI
MHUKPOKOHTpOJIJIEpa K TaliMepy W BBIOpaTh 4YacTOTy, C KOTOpOH Taiimep OymeTr cuuTaTh
MMITYJIbCBI T€HEPATOPA YaCTOThI MUKPOKOHTPOJIIEPA.

Tabnuua 4 Peructp ynpasnenuss TCCRO

Homep [HaummenoBanue |Ha3zHauenue
oura Ooura

VrpaBiieHHE TPEIICTUTEIICM.
SC02 SCO01 SC00 KoaddunueHnt npeaaenuTens

0 0 0  Talimep OTKJIIOYEH
0 0 1 Knen=1
0 1 0 Kpgen=8
0...2 SCO00...SC02 0 1 1 Kren = 64
1 0 0 Knen=256
1 0 1 Knen = 1024
1 1 0 [Toaxmouen Bxox TO (moox. @poHT)
1 1 1 [Tonxitouen Bxox TO (oTpui. @poHT)

[Tonxmrouenue BeiBoA Taiimepa OCO
COMO1 COMO0 Cocrostaue BeiBoga OCO

0 0 BriBog OCO oTkiroueH
0 1 3aBUCHUT OT pexuMa paboThl
3,6 COMO00:COMO1 | 0 BeiBog OCO ycranaBnuBaeTcs
B «0» MpH COBIAJICHUH
1 1 BriBog OCO ycranaBnuBaeTcst

B «I» IIpyu COBIIaACHUHN

WGMO01 WGMO00  Pexxum paboTsl

0 0 Normal
4.5 WGMO00:WGMOL| 0 1 ®azosoni HIMM
1 0 CTC (cOpoc npu coBHaICHUH)
1
[IpunyauTensHOe U3MeHeHne coctosiHus BeiBoga OCO
U FOCO (B pexxumax Normal u CTC)

IIporpammupoBanme 16-pa3psiaHoro taiimepa T1 MUKpOKOHTpOJLIEpa
Monyne 16-paspsinHoro taiimepa T1 BxoguT B coctaB MukpokoHTposuiepa ATmego8535.
Taiimep/cuétunk T1 MOXET HCNONB30BAThCS JUIsl OTCUETa BPEMEHHBIX HMHTEPBAIOB U Kak
CYETYMK BHEIIHUX CcoObITHH. KpoMe TOro OH MOXET BBIIOJHATH 3allOMUHAHUE CBOETO
COCTOSIHUS 110 BHEIIHeMY curHainy. OH MOeT paboTaTh TakKe B KauyeCTBE MHOTOKaHAJIbHOTO
HIMPOTHO-UMITYJILCHOT'O MOJYJISITOpa MepeMeHHON paspsaHocTu. CTpyKTypHasl cxema TaiiMmepa
T1 npusenena Ha puc.3.1.
Bxoabl/Bbixoanl Taiimepa T1
Kaxplii TaliMep/c4éTUMK UCTIONB3yeT OJUH MM Oosiee BHIBOJIOB MUKPOKOHTposuiepa. Kak
MPaBWJIO, 3TU BBIBOJABI — JIMHUU TNOPTOB BBOJA/BBIBOAA OOIIETO0 Ha3HA4YeHHUs, a (DYHKIHH,
peanr3yeMble STUMHU BBIBOAAMHU IIPU PabOTE COBMECTHO € TaliMepaMu/CUETUMKAMHU, SBISIFOTCS UX
anbTepHaTUBHBIMU (pyHKUMAMU. Jlng muxpokoHTpossiepa ATmega8535 Takumu BbIBOJaMU
ABIISIOTCA:
e PBI (T1) — Bxox BHemHero curuana taimepa T1.
e PD6 (ICP) — Bxon 3axBata Taiimepa T1.
e PD4 (OCIB), PD5 (OC1A) - Beixonsl cxem cpaBHeHusi A u B raiimepa T1.
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[Ipu wucronp30BaHMM aNbTEPHATUBHBIX (PYHKIMI TOPTOB BBOAA/BBHIBOJIA HEOOXOAMMO
CaMOCTOSITENIbHO CKOH(UTYPUPOBAaTh 3TU BBIBOJBI B COOTBETCTBMM C UX (YHKIIMOHAIHHBIM
Ha3HAYEHUEM — Ha BXO/]l WJIH BBIXOJ.

Coosumt TOVn
I — . z
Clear (il Fag.)
T Control Logic - -
Dirgaction 2 alk, Clodk Selec
Edge
'Y 4 ™ Datecior [ L
TOPF | BOTFOM
iy Y o il
-1y | From Prascalkar |
‘ Teman T ounter ] L
TCNTn
L = | [ =0 |
A A A OCnA
1 fInt.Fag.}
I ®
- 1 Wavelorn
i 1 Goncration s i
|— OCAné — ; ;
|~
: o oG
i) | TP {Int.Fiag.}
3 | Waluss Warrah
@ = L B oonagin 3| OCnE
| Gencmtion
E |
|
|— OCRnB — 1
. [ From Analog
: Comparaior Ouput |
| ICFm (Im Aeg.)
|
! Edge Moiza
S X Doloctor [ Carcelor
1 | ICPn
[ TccRea | | TCCRnE |

Puc. 3.1 Ctpyxrypa taiimepa T1.
[penaeaureas TaiiMepa
B kaudecTBe MCTOYHHMKA TaKTOBBIX HMITYJIHCOB TaiiMepa T1 MOTYyT HMCIOIB30BAThCS Kak
BHEIIHHE UMITYNbCHI (¢ BxoAa T1), Tak v curHam ¢ BBIX0Ja TAKTOBOTO TeHEpaTopa. ITH CUTHAJIBI
MOCTYIAOT Ha BXOJ MpeNAeIuTeNsi, (GOPMUPYIONIETO TaKTOBbIe cUTHaibI Taiimepa T1. s
YIPaBJIEHUS COCTOSIHUEM NpeaenuTens ucnonb3yercs peructp SFIOR.

Perucrpsl Taiimepa T1
B cocras taiiMepa/cuérunka T1 BXoasT cieayrolue perucTpsl:
e 16-paspsaanbiil cuétHbii peructp TCNTI ;
e 16-paspsannblii peructp 3axsara ICR1;
e 1Ba 16-pa3panueix peructpa cpasHeHus OCRI1A, OCRI1B;
e 1Ba 8-paspsaasbix peructpa ynpasienus TCCR1A, TCCRIB.

Kaxnpiii u3 16-pa3psiHbIX perucTpoB (U3MYECKH pa3MellaeTcss B JIBYX PpErucTpax
BBO/1a/BBIBO/Ia, HA3BaHUS KOTOPHIX MOTYUYaIOTCs J00aBICHUEM K Ha3BaHHIO peructpa OykBol «H»
(crapumii Gaiit) u «L» (Mmamgmmii Oaiit). CuétHblii peructp Taiimepa cuérumka TCNTI,
HarpumMmep, pasmemaerca B peructpax TCNTI1H : TCNTI1L.

Cuétnblii peructp TCNT1 u peructpsi cpaBHeHusi OCR1A u OCR1B

Kak Tonmpko Taiimep T1 3amyckaercs, TO NpH NOCTYIUIEHUM OYEPEIHOTO HMITYJbCa C
UCTOYHUKA (MM SIBISIETCSI BBIXOJ MpPEAJeNUTeNs, Ha BXOJ KOTOPOrO IMOJAETCS CHUTHANI C
TaKTOBOI'O I€HEpaTopa WM UMIYJbehl co Bxona T1), conepxkumoe cuérnoro perucrtpa TCNT1
YBEJIMYMBAETCS Ha enuHuIly. Tak OyneT MpoUCXOOUTh HENMPEpPBIBHO 10 TEX IOp, MOKa He
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HACTYNHT IMEPENoHEHNE CUETUYMKA WM NMPUHYAUTENbHOE ero oOHynenue. Ilpu nepenoaHeHun
peructpa TCNT1 Bo3moxna reneparus npepsiBanus TIMERI OVF no mnepenonHenuro
taiimepa T). B peructpel cpaBHernuss OCRIA u OCRIB 3anuchiBaroTcs HEOOXOIMMbBIC
MOJIb30BaTeNbCKUE 3HaYeHHs. [lpu coBmajieHUH 3HAUYEHUN CYETHOTO PETUCTPAa U PErHCTPOB
OCRI1A nnmu OCRI1B, nanpsokenust Ha Beixogax OClA niu OC1B usmenstorcsi. 9TOT MOMEHT

MOYKHO HCIIOJIb30BaTh JJIsi reHepupoBanus npepsiBanuil mo copnajaenutio TIMER 1 COMPA u
TIMER1 COMPB.

Perucrpsl ynpasiaennss TCCR1A n TCCR1B

Jlis  ynpaBiieHUsl TaMepoM/CU€TUMKOM MCIIOJIB3YIOTCSI JIBa PETUCTpa YIPaBICHMS:
TCCRI1A, TCCR1B. ®opMmaTsl 3TUX PErHCTPOB M Ha3HAUCHHE OTICILHBIX OMTOB NMPHUBEICHBI B
Tabymue 2 ...5.

Tabnuna 5 Paszpsaasl peructpa TCCRIA
bur  |HasBanue Onucanue
1,0 WGM11:WGMI10 Pexxum paboThl Taiimepa/cuérunka. COBMECTHO C paspsaaMu
WGM13:WGM12 peructpa TCCRI1B onpenenstor pexuMm
paboTsl Taiimepa/cuéTunka T1

3,2 FOCIA:FOCIB [IpunynurenbHOE H3MCHEHHE COCTOSIHUS BBEIBOJIOB
cooTBeTcTBeHHO OC1A 1 OC1B

54 |COMIB1:COM1B0  [Pexxum paboTsl 610KOB cpaBHeHHst A u B. DTu paspsusl

onpenessitor noseneHue BboiBogoB OCIA u OCIB npu

7,6  (COMIAI :COMI1 AO macrynnenuu COOBITHS «CoBmajieHue. Bausiaue
COZIEPKMMOTO THX Pa3psI0B HA COCTOSIHHE BBIBOJA 3aBUCHT
OT pexxuMa paboThl TaiiMepa/cuéTunka

Tabnuna 6 ®opmart peructpa TCCR1B
bur 7 6 5 4 3 2 1 0
O6o3nauenne | ICNC1 | ICES1 | - | WGMI13 | WGM12 | CS12 |CS11 | CS10

butet WGMI13... WGM10 ucrons3yroTcss B OCHOBHOM JJisl pabOThl TaliMepa B pexHMax
I1M. Copepxkumoe 6utoB COMInl:COMIn0 nomkHo ObITE «0» TpPU OTCYTCTBUH CBSI3U
taiimepa T1 ¢ BeiBogamu OClx.

3nauenus pazpsagoB CS12...CS10 onpenenstor KO3PPUIMEHT IeIeHUs TAKTOBON YaCTOTHI
Y MCTOYHUK TAKTOBBIX MMMYJbCOB 1151 TaiMepa T1. IX BO3MOKHBIE 3HAUEHUS MTPEACTABIICHBI B
Tabnure 7.

Tabnuua 7. Bei6op koaddunmenrta npeagenutens taiimepa T1
butel TCCR1B

Koaddunument npegnenurens taiimepa T1
CS12 | CS11| CS10

0 0 0  [Taiimep/cuéT4MK OCTaHOBIICH
0 0 1 elk

0 1 0 [clk/8

0 1 1 [clk/64

1 0 0 [clk/256

1 0 1 |clk/1024

BriBog TI, cuer ocymectBisieTcss mo cnagaromeMy (QpoHTY
1 1 0 [MMILYJIbCOB
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BriBog T1, cuer ocymiecTBisieTcss 0 HapacTaromeMy (QpoHTY
1 1 1 lumnynbcoB

Peructp 3axBara ICR1

Peructp 3axBata ICR1 BxXxoauT B coctaB OJioKa 3axBaTa, Ha3Hau€HUE KOTOPOro -
COXpaHEHHE B ONPEACICHHBI MOMEHT BPEMEHH COCTOSIHUS TalMepa/CuéTuMKa B PETUCTpe
3axBara ICR1. D10 nelicTBHEe MOXKET MPOM3BOIUTHCS JTMOO MO aKTUBHOMY (DPOHTY CHUTHaja Ha
BbiBojile ICP MukpokoHTposuiepa, JHMOO 10 CHUTHaly OT QHAJIOrOBOrO KOMIaparopa.
OnHOBpPEMEHHO C 3amuchio B peructp 3axBarta yctaHaBiauBaercs duar ICF1 peructpa TIFR u
TeHepUpyeTCs 3alpoc Ha IpepbiBaHue. Paszpenienne npepbplBaHUs OCYLIECTBIISIETCS YCTaHOBKOM
paspsga TICIED peructpa TIMSK. Jlns ympaBiieHHsi CXE€MOM 3axBaTa HCIIOJB3YIOTCS JBa
pa3psga peructpa TCCRIB - ICNCI1 (6ur 7) u ICES1 (6ur 6). Paspsng ICNC1 ynpasnser
cxeMmol mojaBieHus nomex. Ecim 3TOT paspsan cOpomen B «0», cxeMa MOJAaBICHUS MOMEX
BBIKJIFOUCHA M 3aXBaT IMPOU3BOAMTCS IO TEPBOMY e akTHBHOMY (ppoHTy. Eciu ke 3ToT paspsn
YCTaHOBJEH B «1», TO IpH MOSBICHUHN aKTUBHOTO (DPOHTA IPOU3BOIUTCS 4 BHIOOPKH C YaCTOTOM,
paBHON TAaKTOBOM 4acTOTE MUKPOKOHTpoJLIepa. 3axBaT OyJIeT BBIIOJIHEH TOJBKO B TOM Cllyyae,
€clii BC€ BBIOOPKH HMEIOT YpPOBEHb, COOTBETCTBYIOIIMNA aKTUBHOMY (POHTY CHUTHala
(;mormueckast «1» 1ysi HapacTaromero u Jiorudeckuid 0 aist crajaromero). AKTUBHBIA (PPOHT
CUTHaja, T. €. POHT, MO KOTOPOMY OyJEeT BBHIMOJHEHO COXpPAaHEHHE COACPKUMOTO CUETHOTO
perucTpa B perucTpe 3axmara, ompenaeinserca coctossHueM pazpsiaa ICES1. Eciu atoTt paspsia
copoteH B «0», To akTUBHBIM sIBIIsIeTCS criafaromuii ¢ppout. Ecnu paspsg ycranosieH B«1», To
AKTHUBHBIM SIBJISICTCS HAPACTAIOMIUH (QPOHT.
Jns 3axBata mo curHany c BbiBojga ICP, 3TOT BBIBOA JOMKEH OBITH CKOH(UTYPHUpPOBAH Kak
BxoaHOU (paspsn peructpa DDRx, coorBerctByrommii BeiBoay ICP, gomxen ObITh cOpoIleH B
«0»). Ecnu e oH Oyner ckoH(UTypUpOBaH KaK BBIXOIHOM, 3aXBaT MOXHO OYJIET OCYIIECTBISATh
IIPOrPaMMHO, YIPaBisisl COOTBETCTBYIOIIMM pa3psiioM nopta. Cienyer NOHMMATh, YTO MEXIY
M3MEHEHHEM COCTOSHUSI BXoJla 0JIOKa 3axBaTa M KOMUPOBAHUEM CUETHOTO PETUCTPA B PErHCTP
3axBaTa TaiiMepa/cu€Tymka MPOXOJUT HEKOTOpOoe BpeMs. OTy 3alep)KKy BHOCHT KacKaj,
COCTOSIIIIMI U3 CHHXPOHHU3ATOpa U JAeTekTopa (GpoHTa. BennumHa 3anepxku cocrapiuset 2,5..3,5
MaIIUHHBIX [UKIOB. [Ipy BKIIFOYEHUN CXEMBI TI0/IaBJICHUS TTOMEX 3aJIePKKa YBEIUUYUBACTCS €IIe
Ha 4 MallIMHHBIX IUKJIA.

Peructpsol pazpemenus u od6padorku npepoiBanuii TIMSK u T1FR

Jlna paspenieHus/3anpera MpepbiBaHUN OT TaiMEpOB/CUETUMKOB MpPEAHA3HAUYEH PErucTp
TIMSR (Timer/Counter Interrupt MaSK Register - peructp Mackd TmpepbIBaHHN OT
TaiimepoB/cueTunkoB). J{s Taiimepa T1 B 3TOM peructpe 3a7eiicTBOBAHbI CIEAYIONINE OUTHI.

e TICEl (6ut 5) - dnot paspemieHus npepbiBaHUS MO0 COOBITHIO «3axBaT» TaiiMepa

T1;

e OCIEIA (6ur 4) - ¢nar paspeuieHus npepbiBaHus 1o coObiTuio «CoBnageHue Ax»
taiimepa T1;

e OCIEIB (6ut 3) - ¢nar pa3pemenus npepsiBaHusi mo coobiTuio «CoBranenue By
taiimepa T1;

e TOIE1 (6ut 2) - ¢guar pasperieHus npepbiBaHUs M0 NepenoaHeHuto Taiimepa T1.

JUis MHIUKAaIMKY HACTYIUICHHs IPEPbIBAHUNM OT TaliMepoB mpenHasHadyeH peructp TIFR
(Timer/Counter  Interrupt Rlag Register - peructp ¢uaroB  mnpepblBaHUNA  OT
taiimepos/cuétunkoB). J[is Taiimepa T1 B 3TOM perucrpe 3aJeiicTBOBaHbI CIeAyIOIUE OUTHI:

ICF1 (6ur 5) - dnar npepriBanus 10 COOBITHIO «3axBaT» Taitmepa T1;

OCFI1A (6ur 4)- ¢nar npepbiBanus no coosituto «Conanenue A» taiimepa T1:

OCFIB (6ut 3)- ¢uar mpepsiBanust mo coosiThi0 «CoBriagenne By taiimepa TI;

TOV1 {6ur 2) - ¢nar npepriBanus M0 NepenoiHeHuto Taiimepa T1.

[Ipn HacTymieHun Kakoro-nu0o coObITUS cooTBeTcTByromUi ¢iar peructpa TIFR
ycraHaBnuBaeTcs B «1». [lpu 3amycke moamporpamMMbl 0OpaOOTKU MpepbhIBaHUS OH aIllapaTHO
copaceiBaercs B «0». JIro60ii prar MmoxkeTt ObITH cOpolieH B «0» BpydHYIO.
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CemMucerMeHTHbIE HHIHKATOPBI

B D5BM oro6pakenre HWHPOPMAIMKM TOJIH30BATEII0 OOBIYHO OCYIIECTBISETCS depes3
MOHHTOP, HO JUIsi OOJBIIOrO YHCIA MHKPOIMPOIECCOPHBIX YCTPOWCTB, BBIMOTHSIOIIAX
OTHOCHUTEIIHO MPOCThIe GYHKIIMH YIPABICHUS, KOHTPOJIS UM U3MEPEHUSI ObIBAECT JOCTATOYHBIM
oToOpaxeHne MH(pOpPMAMKA WM PE3yJIbTaTOB M3MEPEHUN HA OCHOBE MPOCTEUIIUX YCTPOMCTB
uHAUKAU. OOGBIYHO AJISL 3TOrO HCMOIB3YIOT CEMUCEIMEHTHbIE HHAUKATOPhl. OAMH UHAUKATOP
UMEET BOCEMb CErMEHTOB (CeMb JIJIsl HAUePTaHUS YMCIa U OJUH CETMEHT - TOYKA) M OJWH 001N
KOHTaKT OOBIYHO MOJAKJIIOYaeMbld K muTaHuto. [lo 3Toi mpuuuHe [UIsl YNpaBi€HHUS OJHUM
WHAUKATOPOM TpeOyeTcss OJMH LENblid MOPT MHUKPOKOHTpoyuiepa. Eciu 4mMcio WHIMKaTOpOB
Oosee IByX, UTO ObIBAET CIOKHO MOJKIIOYUTH UX 110 TAKOMY MPUHLIHUITY.

JUis yMEHbBIIEHUS KOJHMYECTBA YIPABISIOMIUX JIMHUA CEMHUCETMEHTHBIC WHIAMKATOPBI
MOJKJIIOYAIOT B IMHAMUYECKOM pexume. [ 3TOro oguHaKoBble CErMEHTHI Tabl0 COSAUHSIOT
napajuieIbHO U TMOAKIIOYAIOT K OJHOMY TOPTY MHUKPOKOHTPOJUIEpPA, a TOK JK€ MHUTAOLIUI
MPOBOJ KaKJI0TO UHAUKATOPA TOXKE MOAKIIOYAIOT K MUKPOKOHTposuiepy. Takum obpazom, Tabio
U3 4-X MHAUKATOPOB OY/ET MCIONb30BaTh 8+4=12 nuHMUI MUKPOKOHTpOIUIEpa, a He 8*4=32 kak
IPU KJIACCUYECKOM MOJIKIIFOUEHUH.

Wtak, ¢ menpio COKpamIeHUs YHCIa BBIBOJAOB B MHOTOPA3pPSIHOM WHIUKATOpE BCE
OJIHOMMEHHBIE CEIrMEHTHI COCIUHEHBI BMECT€ M UMEIOT OAMH o0mwuil BeiBoA (puc. 3.2). Jns
HyMepalliil CErMEHTOB HCIIOJIB3YIOTCS JATHHCKUE OykBbI OT a g0 h. UToOBl ympaBisTh
CBEUCHHEM KakKoH-n00 mudpsl Kakaoe 3HakoMecTo (mudpa) uMeeT o0 BBIBOJ, KOTOPBIH
MOJKET OBITh OOIIUM aHOJIOM HJIM OOIIUM KaTOJOM CBETOJMOJIOB-CETMEHTOB (3aBUCUT OT THIIA
WHIUKATOPA).

([
J

Puc. 3.2 [IpunuunuaneHas CXeMa COCIWHEHHUS MacCHBa WHJIUKaTOPOB

Jnst obecrieueHust pabOTBI  MHOTOPA3PSJIHBIX ~ WHIUKATOPOB WM  HECKOJIBKUX
OJHOPA3PAIHBIX UHIMKATOPOB UCIIOIB3YIOT JUHAMUYECKYIO, TO €CTh HENPEPHIBHYIO MHIUKALIMIO
CyTh nUHAMHUYECKOW WHIWKAIIMKM 3aKJII0YACTCSl B TMOOYEPENHOM BKIIOYCHUH HHIAMKATOPOB C
MOMOIIBIO OOIIEro aHoAa WM OOIIEero KaToja ¢ OJHOBPEMEHHOW mojadel Koja CHMBOJA JAJs
JTAaHHOTO, AaKTUBHOIO WHAMKATOpa. EcCiM MNepekItoueHuss MEXKAYy HWHIUKATOpaMU CHIENaTh
noctaTouHo ObIcTpeiMU (¢ yacToToi mopsiaka 50..100 I'y) To Bce oHM OyayT paBHOMEPHO
CBETUTHCS HY’)KHBIMU CUMBOJIAMH.

[Tockomnbky, HanpuMep, B 4-pa3psiHOM TaOJI0 BpeMsi CBEUEHUSI OJTHOTO KaXJI0ro CErMeHTa
COCTaBISIeT JMUIIb 1/4 4acTh, TO SIPKOCTh CBEUEHUSI HHAUKATOPHOTO Ta0JI0 MOXET CYIIECTBEHHO
cHU3UThCA. Torma ans oOecriedyeHUss XOPOIIETO CBEUEHUS HWHIAMKATOPOB MOXKHO YBEIUYHUTH
HANpsDKEHUE, MPUKJIAAbIBAEMOE K CErMEHTaM HHIUKATOpa, TaK YTOOBI YBENUYHICS M TOK,
IPOXOJAIIMA B HMIIyJIbCE YEpe3 CEerMeHThl MHIUKaTopa. Takoil cmocod JUHaAMHYECKOM
WHIWKAllUM  4YacTO IPUMEHSAETCS NpPU  YINPABICHUUM  YCTPOMCTBOM  HMHAUKAILMU  OT
MHKPOIIPOILIECCOPOB K MUKPOKOHTPOJIJIEPOB.

[IpenmymecTBo crnoco0a AMHAMHYECKONH HWHIMKAIMU OIIMYTHUMO MPH YHCIE DPa3psioB
Oompmie 2. CxeMa ¢ TMHAMHYECKOW WHIWKAIMEH MOTPeOseT MEHBIIUN TOK, UMEET MEHBIINE
rabapuThl U MEHBIIIYIO CTOUMOCTb.

HIupoTHO-MMIYJIbCHASE MOAYJISIIIUS
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MMM — mupOoTHO-UMITYJIbCHAS. MOAYJIALUA. MI3BECTHO, YTO MYIBCUPYIOLLEE HAPSKEHUE
B 3aBUCHUMOCTH OT 3aIlOJIHEHUS Meproja, OyAeT 3KBUBAJICHTHO MTOCTOSSHHOMY HampsbkeHuto. T.e.
eciu 3a niepuo Hanpspkerne 50% BpeMeHu ObUTo BKIIOUYEHO, 50% BBIKIFOYEHO, TO YIKBUBAJICHT
MOCTOSTHHOTO HanpsbkeHus 0ynet paseH 50% ot HomuHanbHOrO. Hanpumep, npu nutanuu B 5B
MOCTOSIHHOTO HAIpPsDKEHMS, MOJy4MB Ha BbIxoAe KoHTposuiepa [IIMM ¢ nonoBuHHBIM
3a0JHEHUEM, TO MOCIe crilakuBaHus noiayuuM 2.5B. Ecnu 3anonHeHue nmmynbsca paBHo 75%.
TO SKBUBAJICHTHOE IIOCTOSIHHOE HampspkeHue oynet 3.75B.

IINM B coueTaHHHM C aHAJIOTOBBIM (PHIBTPOM MOXET HCIOJB30BATHCS JUIsl TeHEepaluu
AQHAJIOTOBBIX BXO/JHBIX CHTHAJIOB, T.€. B KadecTBe UG po-aHAIOroBOro mpeodpaszosarens (LIAIT).
B kayecTBE OCHOBBI HCHOJB3YETCA IOCIEAOBATEIBHOCTD IPSAMOYTOJbHBIX HMIIYJIBCOB C
MOCTOSTHHBIM TIEPUOJIOM crenoBanus ((pukcupoBaHHAs yacToTa ciemoBanus) st reneparumn
pa3IMYHBIX aHAJIOTOBBIX YPOBHEW pEryaupyeTcsl 3alojJHEHHE HUMITYJIbCOB U. TaKUM 00pazoMm
U3MEHSETCS JUTMTEILHOCTh HMMIYJIbcOB. Ecam Heo0Xoaumo cPOpMHUPOBATH  BBICOKUI
AQHAJIOTOBBIM YPOBEHb, TO JUIUTEIHHOCTh UMITYJIbCA YBEIMUMBAIOT U HA00OPOT.

B muxpokonTpomiepax AVR nns renepanuu; HIMM-curaaiaoB Mcnonb3yr0Tcst TaliMephl-
cuetunku. Jlnsg msmenenuss Hecymiel yactorel LIIMM wm3mensiercs yactoTta CHHXPOHM3ALUU
TaliMepa U BepIIMHA CYETa, YACTOThl CHHXPOHU3AIIMU UM CHIXKCHUE BEPIIUHBI CUETa TPUBOIST
K MOBBIIICHUIO YaCTOThl NEPENOJHEHUs TailMepa W, Kak CJIEACTBUE, YBEIMYMBAETCS 4acTOTa
[IIMM, MakcumanpHON paspemaromeid crnocoOHocT (BepmmHa cueta 255) COOTBETCTBYET
MakcumanbHas yactora [IHMM 250 kl'u. [JanpHeiimee yBenuuenue yactotel LIIMIM Bo3moxHa
IyTEeM YMEHBUICHHS Pa3peIlaronield ClioCOOHOCTH, HO B 3TOM CIIy4ae COKpAIIAeTCsl KOJTHMYECTBO
11aroB IPU yCTaHOBKE 3aIloJIHEHUs uMIyabcoB oT 0 1o 100%.

N3menenue copepxumoro peructpa cpaBHenus (OCR) BiusieT Ha 3aM0JHEHUE UMITYJIBCOB.
VBenunuenue 3HaueHuss OCR yBennuuBaeT 3am0JHEHUE UMITYJIbCOB. [0 JOCTUKEHUS CUETUUKOM
3HaueHus u3 perucrpa OCR HINMM-BbIxoa HaXOJUTCS B BHICOKOM COCTOSIHHH, 3aT€M MEPEXOAUT
B HU3KO€ COCTOSIHHME 10 AOCTHXKEHUSI BEpPUIMHBI CUETA, MOCIE YEro CYETUYHUK IEePEeXOJUT B
HyJI€BOE COCTOSHME€ U LUK 1oBTopsierca. Takoil cmoco® renepauuu y AVR-
MUKPOKOHTPOJUIEPOB MOITY4H HazBaHue onicTpoit [IIVM.

Puc. 3.4 3uauenue cuetunkos u [IIMM BeIXOA

[Ipu ucnonb3zoBanum BbicOKOoYacTOTHOW MM myisi reHepanuy aHaAJIOrOBBIX CUTHAJOB,
MIMPHHA aHAJIOTOBBIX YPOBHEH 3aBHCHUT OT paszpemtaromieii cnocodbnoctu IIMM. Yem Bbime
Hecylasi 4acTora, TeM Oojee MpOoCTO €€ MOJaBUTh M TeM CaMblM MHHHMHM3UPOBATH YPOBEHb
nyibcanui. Takum o0pa3oMm, HEOOXOAWMO OINTHMH3UPOBATh COOTHOLICHHE pa3peliaromeit
CIIOCOOHOCTH UM HECYIIEH YacCTOTHI.

PeKOMeHIIaIII/II/l K HAIIUCAHUIO ITPOrpaMmbl «I[]/IHaM]/l‘IeCKaH HHANKALIUA»

OcHoBHOI MNPUHIUIT YIIPABJIICHUA CCMUCCTMCHTHBIMU HWHIAWUKATOPAaMH B IWUHAMHYCCKOM
PEKUME - OTO IMOOYCpEAHAA IoAada IMUTAIOMICTO HAIPSKCHUA Ha Ka)K)ILIﬁ N3 WHAIUKATOPOB
TabJI0 U OOHOBPEMCHHAA 11o0JAa4a BTOPOT'O IMOJIF0CAa K COOTBETCTBYIOIIIUM CETMCHTAM MHAHUKATOPA.
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Hanpumep, mnst BeiBona uncna «123» nHa unnukaropax HGI-HG3 moxkHO mocienoBarenbHO
BBIBOAUTH ITU(MPHI HA MHAUKATOPHI: BHavane Ha uHaukatop HG1 mudpy «1», 3atem Ha BTOpOi
uaaukarop HG2 uumdpy «2» m ganee Ha tperudd muaumkarop HG3 uumdpy «3». Ecmu sty
OTIepaIUIo MOCIIEI0BATENIBHOIO BBIBOA BBIMOJIHATH C CYMMapHOU CKOpOCThIo Oonee 25 ' ans
KOKI0W IU(GPBI, TO MEpIaHUs CUMBOJIOB YEIIOBEUYECKOMY Tja3dy BUAHO He Oyaer. To ecTh B
HaIlIeM CJTy4ae 4acToTa CMEHbI CHMBOJIOB JIOJDKHA OBITh HE MeHee 25x3=75 1.

Pexomenayercs mepexoauTh OT TMOJCBETKHM OJHOTO HMHAMKATOpa K JAPYroMy Yepe3 paBHbIC
MPOMEXKYTKM BPEMEHH W 93TO YAOOHO peaau3oBaTh Yepe3 IMpepbIBaHUS BCTPOCHHOTO B
MUKPOKOHTpPOJIIIEP TaliMepa.

AJITOPUTM MPOTrPaMMbl MOKET ObITh IPUMEPHO CIICAYIOLIUM:

o KoHpurypupyem Ha BBIXOJ MUHBI, K KOTOPHIM MOJKIIOYEHBI JIMHUA CETMEHTOB
WHMKAaTOPOB, a TOK K€ U Ha BBIXOJ MUHBI K KOTOPHIM MOJKIIOYEHBI CTOJOIIBI.
[IpucBanBaemM COOTBETCTBYIONINE HAYATbHBIC 3HAYCHUSI.

e B 0CHOBHOM LMKJIE TPOrpaMMBbl MOKHO PEAIM30BATh ONPOC KHOMKHU MPU HAKATUU
KOTOpOil MeHseTcss nHGopMaIus, BBIBOAUMAs Ha JUCILICH.

e HeoOxonumo Tak sxe mpeoOpa3oBaHue IU(P, BHIBOAMMBIX HAa HWHIUKATOP B KO
KOPPEKTHBIN I UHIUKATOPA.

[TapamnensHo ¢ paboTOi OCHOBHOM (DYHKIIMU HPOTPaMMbl MPOUCXOIAT MEPUOAUUECKUE
npepbiBanus TaiiMepa. B o0paboTke npepbiBaHus CIEAYET MPOMUCATh MOOYEPETHOE U3MEHEHNE
HOMEpa aKTUBHOTO MHJUKATOpa U 3alHCh HY)KHOTO 3HAYCHHs B MEPEMEHHYI0, 0TOOpakaeMyro
Ha TEKYIIEM UHANKATOPE.

JAvnHamMuyeckasi MHAMKAIUS ¢ IPOrPAMMHOM 3a/1ePKKOMM.

Paccmorpum mpumep mporpaMmbl, KOTOpas pean3yeT NaHHBIA ajIrOpUTM Ui BBIBOJA
ycno «123». Yacrora BbIBOJA CHMBOJOB OIpefensercs mnporpaMmHon may3oi. Ilyctsb
CEerMeHThl a...h TOAKIIOYEHBI COOTBETCTBEHHO K BhIBojaM mopta A: PAO-PA7, a aHombi
unaukaropoB HG1-HG3 - coorBercTBeHHO K Bhixojgam mnopta B: PBO-PB3. TecroBas
mporpaMma pacrosioxxerna B (aiine laboratomaja_3.c, a ee TeKCT IPUBEICH HUKE.

#define F_CPU 8000000UL

#include <avr/io.h>

# include <ufil/delay.h>

int main(void)

{

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

PORTA=0OxFF;// BCE CETMCHTHI HE CBETATCS

DDRB =0x07: // MJaamme Tpu outa nmopta B - Ha BeIxOA

PORTB=0x00; // UH/INKAaTOPbl HE BHIOPaHbI
while (1) //  ©eckOHEYHBIN LUK

{

//Be1BOA 1Gpsl "1" Ha uHAMKaTOp HG1
PORTA=0xF9; // cerments! "b*“ u "c" B mopT A
PORTB=0x01: // BbIOOp MHAUKaTopa HG 1
_delay ms(2); // mporpammMmHas nay3a 2 Mc
//BbIBOA IMPpHI “2" Ha uHANKaTOp HG2
PORTA=0xA4; // cermentsl "a, b, d, e, g"
PORTB=0x02: // BBIOOp mHaMKaTopa HG2
_delay ms(2); // mporpammMmHas nay3a 2 mMc

// BeIBOA U (pHI “3" Ha uHaukarop HG3
PORTA=0xBO0; // cermentsl "a, b, c, d, g"
PORTB=0x04; // BBIOOp mHaUKatopa HG3
_delay ms(2): // porpaMMHas rnaysa 2 Mc
// BeIBOA M(pH "4" Ha unAMKaTop HG4

PORT A=0x99:// CerMeHTsI “b, ¢, f, g"
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PORTB=0x08; // BbIOOp MHaUKaTopa HG4
_delay ms(2); // nporpamMmmHa* maysa 2 Mc

h
b

Hcnonbs3oBaHue B JAHHOW NPOrpaMM JUIsl MHIMKALMM CHMBOJIOB ITYCTBIX LUKJIOB IS
pealM3aniii  TPOTPAMMHON 3aJCPKKH  HE COBCeM yaA0O0HO u HedpPekTuBHO. MOKHO
UCIIOJIb30BaTh ropaso 0osee 3¢ (eKTUBHBIN MOAX0/I, KOT1a Heo0X0uMasi BpeMeHHas 3a1epKKa
MEXy CMEHOI CHMBOJIOB OyJIeT peaan3oBaHa C IIOMOLIBIO TailmMepa, a caMa CMEHa

UHIUIMPYEMOT0 CUMBOJIa OyJleT OpraHM30BaHHA B Mporpamme o0pabOTKH MpepbIBaHUU
OT TanuMepa.

JAnHamMmuyeckasi MHAMKAIUSA ¢ IPEePbIBAHUSIMHU OT TaiiMepa.

B nanHoMm ciydae nenecoo0pa3Ho 3a/1aTh I100alIbHbIE IEPEMEHHBIE B KOTOPBIX HAXOIATCS
BBIBOJMMBIC HAa MHJMKAIMIO CUMBOJBI B BUJE KOJOB, BBIAABAEMbIX Ha «CEIMEHTHBII» MOPT, U
TEKYIIMl HOMEp BBIBOAMMOTO HMHIMKaTopa. B mporpamMme oO0paOOTKM HpepbIBaHWNA MEHSETCS
3TOT HOMEp, U Ha «CErMEHTHBIM» MOPT BBIBOAUTCS COOTBETCTBYIOIIMI emy cumBoi. Huxke
IPUBEJIEH IPUMEP NPOTrpamMM JTUHAMUYECKONW MHAUKAUN 4Hciia «123», BBINOIHEHHON c
HCII0JIb30BaHUEM IpepbiBanus Taitmepa TO.

#include <avr/io/h>

#include <avr/interrupt.h>

unsigned char cl =! 0x06, //xox uudpst “1”
c2=10x5B, // ko udpsl 7

c3=!0x4F; // ko ucper "3"

unsigned char n; // HOMEp UHAMKATOpa
// ObpaboTtka npepobiBanus Taiimepa TO
#pragma intenupt_handler indic: 10

void indic (void)

{ PORTD&=0xF8; //Beikmoyaem Bce nnaukaropsl HG1-HG3
switch (n)

{

case 0:

PORTC =cl; //xoxm “1”

PORTD=0x01; // unaukarop HG1

break;

case 1:

PORTC= c2: //xon “2”

PORTD=0x02: // unquxarop HG2

break;

case 2:

PORTC=c3; //xox “3”

PORTD=0x04; // unquxarop HG3

}

nt++:  // cMeHa HOMepa HHAUKATOpa
n%=3;

}

//[——  rnaBHas byHKIUS —
void main(void)

{

DDRC =0xFF; // Bce 6utsl nopta C - Ha BBIXOA
PORTC=0xFF; // cermeHTEI HE CBETATCS
DDRD =0x07; // mnagmue Tpu 6ura nopra D - Ha BbIX0OA
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PORTD=0x0; //muaaukaTtopsl HE BHIOPAHbI

T IMSK = 0x01; // pa3pelnieHre mpepbIBaHUsI 110 TTEPEMOTHEHHUIO
sei(); // ob1ee pa3pelieHre npepbIBaHHA

TCCRO0=0x04; //00000100. korddunuenT npeaaenurens 256.

// wacrora npepbiBanuii 6yzaer 8000000/256/256

// qactoTa oOHOBIeHUs yncia (3 mudps) 122/3 =40 I'n

for(;;);

}

PexomMeHaauMu K HAMUCAHUIO MPOrpaMMbl «CYeTUMK KOJNYECTBA NPePbIBAHUIN»

Uccnenyem taitmep TO B pexume paboTel popMupoBaTenss BpeMEHHBIX UHTEPBAIOB. Jliis
3TOrO CO3JaIUM MIPOrpaMMy MOCcUETa KoJIM4YecTBa npepuiBanuii raiimepa TO.

#include <avr/io.h>

#include <avr/interrupt.h>

int i=0; // oObaABIEHUE TTI00ALHON IEPEMEHHO 1

void port_init(void)

{

PORTD = 0x00;

DDRD = 0xFF; // mopt D paboTaet Ha BbIXOA

}

void timer(Q_init(void) // nantmanm3amus taiimepa TO
{

TCCRO = 0x00; //ocTanoBKa cuéTynKa

TCNTO = 0x64; //3apanre Ha4aaIbHOTO 3HAUYEHUS B CUETHBIN PETUCTP

TCCRO = 0x05; //3anyck Taiimepa ¢ mapamerpamu TCCR= 0000 0101

//'SC02:SCO1 :SC00=101 — Kdel=1024

//COMO1 :COMO00=00 —» OCO oTK;TIOYCH

/IWGMO1 :WGMO00= 00 —» pexxum padboTsl Normal

}

#pragma interrupt_handler timer0_ovf isr: 10

void timer( ovf isr(void) // PaGoTa cuérumka rnpu npepbIBaHUSIX O MEPETIOTHEHUIO

{

TCNTO = 0x64; //ycraHOBKa HAYAJILHOTO 3HAYCHUS CUETUMKA

i+t //MHKpEMEHT MepeMEHHOM 1
}

void init devices(void)

{

cli();

port_init();

timerQ_init();

TIMSK = 0x01;

//ITIMSK=0x01 - pa3pemieHo npepbiBaHue O NepenoaHeHuto TaiimMepa TO

sei();

void main(void)

init_devices();

while (1)

PORTD =1;  //3anuce B OpT 3HaU€HUS 1;

PaccmoTpum 0CO0€HHOCTH MPOTrPaMMBI:

a) BHaJaje MporpamMMbl BBe/IeHa I1100aIbHAas IepeMeHHas 1, C HayalbHbIM 3HaUYeHHeM 1=0:
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0) U3 BCeX MOPTOB MHUIMATIM3UPOBAH TOJBKO MOpT D, paboTratomuii Ha BbIBOJ (YHKIHS
port_init();

B) B (pynkmmu timerQ_init() BbIONHAETCS BBOJ MapaMeTpoB padboTs! Taiimepa T0. Buauane
CUETYMK OCTaHABIMBAETCS, [UI 3TOTO B PETHCTP YIPaBIICHUS 3alIMCHIBACTCS HYJIEBOE 3HAUEHUE:
TCCRO = 0x00;

3aTeM 3anuchiBaeTCAd HavyaibHOE 3HadeHue B Ccu€THbId peructp: TCNTO0=0x64; u
ycTaHaBIMBaloTCs Tpedyemble nmapametpsl 1t npeaaenurens KDEL u pexuma padotsr: TCCRO
= 0x05: (TCRR0=00000101)

OTUM yCTaHaBIMBAIOTCS KOI(DDUIIMEHT AeneHus npeanenutens, paBHeid 1024 u pexum
paboThl cuétunka Normal.

I') CTPOKH IIPOTPAMMBI:

#pragma interrupt_handler timer0 ovf isr: 10

void timer0_ovf isr(void) // mpepbIBaHHE 1O EPENOTHEHUIO

{TCNTO = 0x64; // ycTaHOBKA Ha4aJbHOTO 3HAYCHUS CUETUMKA
i++; // WHKPEMEHT IepeMEHHOH 1

co3zaeTcs 00pabOTUYMK IMpephiBaHUs MO mnepenoyHeHnio cuérunka TO, rae 10 Homep BekTopa
npepeiBaHusl 1o mepernonHeHuto, a ums timer0 ovf er() mpexncraBisier co0oil Ha3BaHUE
(GyHKIMHU, KOTOpasi BBI3BIBACTCS NPHU TOSABICHHM TpepbhiBaHusA. B Tene (QyHKIMHM TOJNBKO IBa
oreparopa; MepBbI YCTaHABIMBAET HadallbHOE 3HaueHue cuérHoro perucrpa TCNTO = 0x64,
BTOPOW MHKPEMEHTHPYET II100aIbHYI0 IepeMeHHYI0 1. TakuM 00pazom, pH Ka)KA0M IOSBICHUN
MpephIBaHMsl, YBEIUMYMBACTCS 3HAu€HUE MepeMeHHOW 1 Ha emuHuily. C Kakod 4acToToil 3TO
IIPOMCXOJUT B MUKPOKOHTpoJiepe? Paccunraem 3Ty 4acTory;

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

rae: fclk - ocToTo kBapieBoro pesonaropa = 8 MIm;

Kdel - koadpumuent npennenurens KDEL =1024;

Eto - emkocthb cuérunka TO, Eto=255;

No - HauanbHOE 3HaueHue cuérunka, No=0x64=100.

[ToncraBuM 3HaYEHUS B GOPMYILY M TTOTYUHM:

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

cienoBarenbHo, mpuMepHo 50 pa3 B CeKyHIy BBINOJIHAETCS IpepbiBaHue Tailmepa TO u
YBEJIMYMBACTCS 3HAYCHUE TIEPEMEHHOI 1.

n) crpoka TIMSK = 0x01 B ¢yukuuu init devices() paspemiaer mHpepbIBaHHE 110
nepenosHeHnto cuétunka TO. [eiictBurensHo B aBoumyHoMm Buzae TIMSK=00000001 wu,
cornacHo taou. 3, our TO1EO=1;

e) B ¢yHkuMM main() mHocie HMHULMAIU3AlUM BCeX YCTPOWCTB (BbI30Ba (DYHKIMIA
MHUIMaIN3aluy noptoB U Taiimepa T0) 6eckoneuHo BbinoaHseTcs oneparop PORTD=i;

OTOT omeparop BBIBOOAUT B NOpT D Tekylee 3HaueHHWEe NEPEMEHHOM 1, T.e. TpH
BO3HMKHOBEHUH KAXKAOTO TMPEpPBIBaHUS 110 TMepernoyiHeHno Taiimepa TO mpoucxoaut
oOHoBneHHE coaepkumoro nopto D. IIpoananusupyiite, 4To MPOU30HAET, €CIU MBI 3aMEHUM
sTOT onepatop Ha cienyromuii PORTD=1/50 rne nepemenHas 1 1eJoro TUMa.

Pexomennanunm Kk Hanucanuio nporpammbl «IlIupoTHO-MMNyJabCHAsE MOXYJISIIIHSD)
#include <ovr/io.h>
#Include <avr/interrupt.h>
void port_init(void)

{

PORTA = 0xFF;

DORA = 0x00; // mopt A KoHpUTYpHUpyeM KaK BXOJHOU MOPT.
PORTB = 0xFF;

DDRB = 0xFF; // nopt B xon¢urypupyem Ha BbiBoJ - 1715 BeiBoga [1I1Ma na nun B3
}
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void timei0_init(void)
{
TCCRO = 0x00; //stop
TCNTO = 0x01; //set count
OCRO = 0xFF; //set compare
TCCRO = 0x69: //start timer TCCR0=0110 1001
// Kdel=001 =1 - =8 MI't/1 /256 = 31.25kI'11
// rejimTO =11 - 6sicTpsiit LIUM 26
// tegimOCO = 10 - ycranoBka OCO B “0”
}
void init_devices(void)
{ port_init();
timerQ_init;

}
void matn(void)
{
init_devices();
while(1)
{
switch(PINA&3)
{ case 0: OCRO0=0x00; // ckBaxxnoctp y=0
break:
case 1: OCR0=0x40; // CKBaXHOCTH y=0.25
break:
case 2: OCR0=0x80; // CKBaXHOCTH y=0,5
break;
cose 3: OCRO=0OxFF; // ckBaxxnoctpb y=1
IS

IIpakTHyeckas 4yacTb

1. Coequnnre anos (1,2,3,4) CEMUCErMEHTHOTO JUCILICS ¢ KOHTAKTaMHU KaKOTo- JIN0O
nopTa MUKpOKOHTposuiepa (Hanpumep ¢ nuHamu 0, 1, 2, 3 nopra B). CoequHuTe KOHTAKTHI
katoJoB (a,b,c.d.e,f,g.h) ¢ npyrum mopTom MukpokoHTposIiepa (Hanmpumep nuHb! 0-7 mopTa A)
KaK Ha pucyHke 3.5.
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Puc. 3.5 IIpumepHas cxema MOJIKIFOYEHHS] CEMHUCETMEHTHOTO Ta0J10
2. Hanumure nporpammy ajisi MUKPOKOHTPOJLIEPA, UCTIOIb3YSl PEKOMEHIAINH,

IMPUBCACHHBLIC B TCOPECTUUCCKOM 070Ke.

3. OcyImecTBUTE MPOrpaMMHUPOBAHIE MUKPOKOHTPOJIIIEpA U TIOHAOIIIOTaliTe

MOJTYYUBIIUICS pe3ynbTar.

KoHTposbHbIE BOITPOCHI

1. Tlouemy NpUMEHSAIOT JUHAMUYECKYIO MHIUKAIIUIO?

2. Kak yacTo Haji0 3acBEUMBAaTh OTJEJIbHBIE pa3psabl?

3. ITouemy cHMXkaeTCs APKOCTh MHANKATOPA B JUHAMUYECKOM PEXUME?

4. IloueMy UHAUKATOP HA3bIBAETCSI CEMUCETMEHTHBIM, HO UMEET & BBIBOJIOB?

6.2 OneHOYHBIEe MATEPHUAJIBI /IS IPOMEKYTOUYHOMH aTTeCTAluH

[IpomexyTouHas arrectanusi MPOXOAUT B (GopMe 3alllUThl BBHINOJIHEHHON KypCOBOM

pabotel U 9Kk3ameHa B 6 cemectpe O®PO. Dk3aMCHANMOHHBIA OWJIET BKIIOYAET TPHU
TEOpPETUYECKUX Bompoca. Ha sk3ameHe CTyAeHT MokeT HaOpaTh MakcumyM 30 OamioB. [Ipu
3aIIUTe KypCOBOM paboTHI, CTYACHT MOXKeT HabpaTh MakcuMyM 30 OaiioB.

—

9]

Bonpocs k 3amuTe KypcoBoii padoTbl
. IlopTbl BBOJa/BBIBO/Ia MUKPOKOHTPOJIEPA, HA3HAYEHUE, PEXKUM PAaOOTHI.
TaliMepbpl MUKPOKOHTpOJUIEPA, X Ha3HAYCHHUE.

MOAYJISLUEH.
Wntepdeiic USART MuxkpokoHTpoIiepa.
. Cucrema npepblBaHU MUKPOKOHTPOJLIEPA, IPUOPUTETHI IPEPHIBAHUMN.
. IIpepriBanus TaliMEpOB MUKPOKOHTPOJLIEPA.

Kpurepun ouenku (3a4era) npm 3ammre KypcoBoii padboThbl.

3ammTa KypcoBOW pabOThl MPOXOAUT B yCTHOM Qopme (cobecenoBanue) u

MMpEaACTaBJIACT c000# OTBETHI Ha BOIIPOCHI.

Nk wbd =

10.
11.
12.
13.

14.
15.
16.

3K33MeHaI[I/IOHHLIe BOIIPOCHI

ApXHTEKTypa HEHTPAIBHOTO MIPOLIECCOPA.

Oco0eHHOCTH apXUTEKTYpbl MUKPOKOHTPOJLIEpoB cemeilictBa AVR.
CoBpeMeHHbIE TEHAEHIIUH Pa3BUTHS MUKPOIPOLIECCOPHON TEXHUKH.
Opranu3zanys naMsaTd MUKPOKOHTposiepoB cemeiictBa AVR.

Opranuzanus naMsaTH NporpaMM MUKpOKOHTposuiepa cemeiictea AVR.
Opranu3zanys naMsaTH TaHHBIX MUKPOKOHTpoJuiepa cemeiictBa AVR.
Opranuzanus ¥ Ha3HAUYEHUE SHEPTOHE3aBUCUMOM NMaMATH JaHHBIX
MUKpPOKOHTpoJuiepa cemeiictea AVR.

CuHXpoHHU3a1us IpoLeccopa U MalIMHHbBIE [IUKJIbI.

[TopTel BBOJIA/BBIBO/Ia MUKPOKOHTPOJLIEPA, HA3HAUEHUE, PEXKUM PAOOTHI.
Ha3nauenue perucTpoB MopToB BBO/A/BBIBOJIA.

[TocnenoBarenbHble HHTEP(DENCH MUKPOKOHTPOJLIEpA.

TailiMepbl MUKpOKOHTPOJIJIIEPA, X Ha3HAYECHHUE.

Hcnonb3oBanue TaitMepoB A5l OTYyYEHUS BBIXOIHOTO CUTHAJA C IIUPOTHO-
HMITYJIbCHOM MOJYJIALIUEH.

8-OUTHBIN TaliMep MUKPOKOHTPOJIIEPA, OTMIMCAHUE YITPABIISIFOIINX PETUCTPOB.
16-OuTHBII TaliMep MUKPOKOHTPOJIJIEPA, ONIMCAHUE YIIPABIISIONIUX PETUCTPOB.
CroposkeBoii TaiMep MUKPOKOHTPOJIJIIEPA, €ro Ha3HAUCHHE.

. Ucnonw3oBanue TaﬁMepOB AJISL TIOJTYYCHH S BBIXOJHOI'O CUTHAJIA C H.IPIpOTHO—PIMHy.]IBCHOﬁ



17.  Cucrema npepblBaHUN MUKPOKOHTPOJUIEPA, IPUOPUTETHI IPEPHIBAHUI.
18. Hnurepdeiic USART mukpoxoHTpOIIEpa.
19. Hasnauenue peructpoB USART MukpokoHTpoIIiepa, pexxuMbl paboThl HHTEpdEeiica.
20. Hnatepdeiic [2C MukpokoHTpOIIepa, €ro Ha3HAYEHHE.
21.  Peructpsl uarepdeiica [2C MUKpOKOHTpOILIIEpA.

22.  Opranuzamnus oOMeHa qanHbIMEU 110 uHTepdeiicy 12C.

23.  Hurepdeiic SPI MukpokoHTposuIiepa, Ha3HAYCHHUE, PEKUM PAOOTHI.

24. ATl MUKpOKOHTpOJIIEpa, OpraHU3aIKs, PeKUM PabOTHI.
25.  Peructpst ALIL HacTpoiika pexuma padOThI.

26. Peructp coCTOSIHMSI MUKPOKOHTPOJIJIEPA, €ro Ha3HAUYCHHUE.
27.  OcoOeHHOCTH OpraHHU3aLUHU ONEPATUBHOMN MaMsATH MUKPOKOHTPOJUIEPOB CEMEWCTBA

AVR.

28. BHeuHue npepbiBaHUS MUKPOKOHTPOJIEPOB.
29. Peructpbl HACTPOMKHU BHEIIHUX MPEPbIBAHUH.
30. Hnarepdeiic RS232, HazHaueHue u 00JIaCTh IPUMEHEHHUSI.
31. MHurepdeiic RS485, nazHaueHnue n 06JacTh MIPUMEHEHUS.

32. HUcnonssopanue unrepdeiica USART MUKpPOKOHTposLIepa A noakiodenus kK COM

nopry 11K.

33. AmnmapaTHbI€ CpeJCTBa MIPOTPaMMHUPOBAHUS MUKPOKOHTpOIIEpOB cemeiicTBa AVR.

34. Cucrtema BHYTPUCXEMHOI'O IPOTPaMMUPOBAHUS MUKPOKOHTposuiepoB AVR.

35. IlapannenbHblil HHTEPdENC IPOrpaMMUPOBAHNS MUKPOKOHTPOJLIEPOB.

36. buUThI HACTPOUKHU MUKPOKOHTPOJIEPOB.

37. llpuHUUIIBI IOCTPOEHMSI pacpPEENIEHHBIX CUCTEM yIpaBieHUs Ha 0aze
MUKPOKOHTPOJLJIEPOB.

38. Ilepudepuiiabie ycTpolicTBa MUKPOKOHTPOJIIEPA.

39. IlpepsiBaHus TaiiMepOB MUKPOKOHTPOJLIEpA.

40. IlIpepwiBanus unrepdeiica USART mMukpokoHTposuiepa.

41. Hurepdeiic SPI mpu nmoakII04eHUN HECKOIBKHUX BEAOMBIX YCTPOUCTB.

6 MeToauueckue MaTepualibl, ONPECACJTAIONINE IPOUHEAYPHbI OUCHUBAHUSA 3HaHHﬁ,
yMeHHﬁ, HAaBBIKOB H (I/I.TII/I) OonbITa 1€ATCJABbHOCTH

6.1 Pe3yabTaThl 0CBOCHHUSI Y4eOHOM JMCIUILIHHBI, MOIEKAIIHME TPOBEPKe

KouTponupyemsie PesyabTaTsl 00y4yeHus OcHoBHbIE IOKa3aTeu OueHo4Hble CpeACTBa
KOMIIETCHILIUH (00beKTHI OLIEHUBAHNS) OLICHKH Pe3yJIbTATOB
(dacTb

KOMITCTCHITHI)
CIIOCOOHOCTBIO 31 3HaHUE NPUHIUIIOB MIPaKTHYECKOE 3aHsTHE,
MPOU3BOJUTH 3HaTh NPUHLMIEI TOCTPOCHHST | MTOCTPOCHUS nmabopaTtopHast paboTa,
pacueTsl U MHUKPOIPOIECCOPHBIX MHKPOTIPOIIECCOPHBIX TECTHPOBAHHE,
MIPOEKTUPOBAHUE YCTPOMCTB U CUCTEM HA UX YCTPOMCTB U CUCTEM C YUETOM | KypCOBOM IIPOEKT,
OTJEIbHBIX 0ase, 0COOEHHOCTH 0coOeHHOCTEM JK3aMeH
YCTPOMICTB U IIPOrPpaMMHUPYEMBIX MHUKpoKoHTposiepos ATMEL
MOJICHCTEM MHUKPOKOHTPOJIEPOB
MEXaTPOHHBIX H 32 - 3HaHHE CPEeNCTB pa3paboTKU | MPAaKTHYECKOE 3aHATHE,
POOOTOTEXHUUYECKUX | 3HATH CPEeACTBA PAa3pPabOTKH MIPOTPaMMHOTO 0OecTieueHHs nabopaTopHas paboTa,

cucrem (IIK-11)

MMporpaMMHOT0 obecreueHust
MUKPOKOHTPOJIIIEPOB,
OCHOBHBIC 3a1a4H, pelIacMbIC
MUKPOIPOLECCCOPHBIMU
CpeACTBAMU daBTOMATUKU

MUKPOKOHTPOJIJIEPOB;

- 3HaHMe 3a/1a4, pelIaeMbIX
MHUKPOIPOILIECCOPHBIMU
CpeICTBaMH aBTOMATU3ALMH.

TCCTUPOBAHUC, SK3aMCH

33
3HaTh APXUTEKTYPY, IPUHIUI
paboThHI OTHOKPUCTAIHHBIX

3HaHUE apXUTEKTYPHI U
MIPUHITUIIA PAOOTHI
OJTHOKPUCTAIBHBIX

MPaKTHIECKOE 3aHATHUE,
naboparopnas paboTa,
TECTUPOBaHHE, DK3aMEH
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MUKPOKOHTPOJLJIEPOB

MukpokoHTpomiepos ATMEL.

34
3Hath s13b1KH acceMOiep u Cu
JUTSL TIPOIPAMMHUPOBaHHS

3HaHUe NOpsAIKa HATUCAHUE
MIPOrpamM JJIst
MUKpOKOHTpouiepoB ATMEL

MPaKTHICCKOE 3aHATHUE,
nabopaTopHbIe pabOTHI

OTHOKPHUCTAIBHBIX Ha s13bIKax accemOiep u Cu.
MHKPOKOHTPOJUICPOB
35 3HaHWE Ha3HAYCHHS MPaKTHYECKOE 3aHATHE,

3HaTh Ha3HAYEHHE U COCTAB

niepuepUHHBIX YCTPOHCTB

nabopaTopHas paboTa,

nepudepuitHbIX YCTPOHCTB MHKpPOKOHTPOJIIEPA. TECTHPOBAHHE, SK3aMEH
MUKPOKOHTpOJIIEpa
36 3HaHUE Ha3HAYEHUS MpPaKTUYECKOE 3aHATHUE,

3HaTh CTaH/apTHHIC
uHTEp(EHCHI, HCIIOIB3yEMBbIC B
MHKPOIIPOLIECCOPHBIE
TEXHHKH.

CTaH/apTHBIX HHTEP(EHCOB.

nabopaTopHas paboTa,
TECTUPOBAHKE, DK3aMEH

37

3HaTh CpelCTBa, HOPSIOK
OTJIAJIKH U UCTIBITAHUH
MHKPOIIPOLIECCOPHBIX CHCTEM
YIPaBJICHUSL.

Cpeacta, NOpsIOK OTIAIKU U
HUCIIBITAHUM
MHUKPOIPOLIECCOPHBIX CUCTEM
YIIPABJICHUSI.

OpPaKTHYECKOE 3aHSTHE,
nabopaTopHas paboTa,
TECTUPOBAHHE, IK3aMCH

Y1

YMeTh MPOeKTUPOBATH
MHKPOIIPOIIECCOPHBIE CHCTEMBbI
Ha OCHOBE

YMeHHe IPOSKTUPOBATh
MHKPOIIPOLIECCOPHBIEC CUCTEMBI
(pazpabaTrIBaTh
MIPUHIXIHATbEHBIE

MPaKTHYECKOE 3aHATHE,
nabopaTopHas paboTa,
KypcoBasi paboTa,
9K3aMeH

MHUKpPOIPOIECCOPHBIX JNEKTPUUYECKUE CXEMBI U
KOMIUIEKTOB U YHpaBISIONIUE TPOTPaMMBbI) Ha
MHKpPOKOHTPOJLIEPOB. OCHOBE MUKPOIIPOLIECCOPHBIX
KOMIIJICKTOB U
MHUKPOKOHTPOJIJIEPOB.
y2 CBoOoHOE BiaicHHE [IPAKTUYECKOE 3aHATUE,

‘VMeTh HCIIOIB30BaTh
CTaHAAPTHBIC TCPMHUHOJIOTUIO,
OIIPCACIICHUS U 0003HAYCHUS.

NPUHATON TEPMUHOJIOTHUEH,
UCTIONIb30BAHNE TEXHUIECKON
JOKyMEHTAIUX Ha
MHKPOKOHTPOJUIEPHI.

nabopaTopHas paboTa,
9K3aMeH

MPOU3BOIUTH
MHCTAJUIIHIO U
HaCTpOIKY
CHCTEMHOTO,
MPUKJIATHOTO U
HHCTPYMEHTAIBHOTO
MPOTPaAaMMHOTO
obecriedeHus
MEXaTpPOHHBIX 1
POOOTOTEXHUYECKHIX
CHCTEM U HX
MOACUCTEM

(IIK-31)

y3

YMmeTh pa3pabareiBaTh
ANTOPUTMBI PaOOTHI
OJTHOKpHCTaTBHBIX MK.

YMenue pazpabaTsiBaTh
JITOPUTMBI, TTOIONPATH
MHKPOKOHTPOJIIIEPHI C YIETOM
IIOCTaBJICHHOU 3a[1a4y U
BO3MOXHOCTH 000PY/IOBaHHUSI.

MPaKTHYECKOE 3aHATHE,
nabopatopHas paboTa

Y4

‘YMeTb nporpaMMUpOBaTh Ha
si3pike AccemOep u Cu st
MK.

YMmenue pazpabarbsiBaTh
YIPaBJIAIOIINE ITPOTPAMMEI €
HCTIOJIb30BAaHUA PA3TIMYHBIX
A3BIKOB IPOTpaMMUPOBAHMA.

MPaKTUYECKOE 3aHATHUE,
naboparopnas paboTa,
JK3aMeH

Y5

YMeTb NPOU3BOANTD OTIAIKY
nporpamm it MK ¢
HCTIONIb30BaHUEM CTaHAAPTHBIX

YMeHue Ipou3BOJIUTE OTIAKY
nporpamm 1yt MK ¢
HCTIONIb30BAaHUEM CTaHIAPTHBIX
MIPOTPaMMHBIX CPEACTB —

NPaKTHYECKOE 3aHSATHE,
nabopatopHas paboTa

MPOTPAMMHBIX CPEACTB — CHMYJISITOPOB.
CHMYJISITOPOB.
Yo YMeHHne NpoeKTHPOBaTh MIPaKTHYECKOE 3aHsTHE,

YMeTh NIPOEKTHPOBATh
YCTPOMUCTBO COMPSIAKEHUS C
00BEKTOM YIpaBICHUS IS

YCTPOICTBO CONPSKEHUS C
00BEKTOM yIpaBJIeHHUs (C
UCTIOIb30BAaHHE PA3JINYHBIX

nabopatopHas paboTa

BBIOpAaHHOTO CTaHIapPTHBIX HHTEPPEHCOB)
MHUKpPOIIPOLIECCOPHOTO JUTS BEIOpaHHOTO
KOMILJICKTA. MHUKPOIPOIIECCOPHOTO
KOMIIJICKTA.
Y7 YMeHnue pa3pabarpiBaTh MPaKTUYECKOE 3aHATHUE,

YMers pa3pabaTeiBaTh
MPOTPaMMBI, peaT3yIoIIHe
TpebyeMble aarOpUTMbI
yIpaBJIECHUSL.

MIPOrpaMMBl, peau3yoLye
TpeOyeMble aIrOPUTMBI
yIIpaBJICHUS.

nabopaTopHas paboTa
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Y8

YMeTh BECTH OTJIAJIKY U
WCTIBITaHUS pa3paboTaHHBIX
MHKPOTIPOIIECCOPHBIX CHCTEM.

YMeHue BecTH OTIAIKy U
HCTBITAHUS Pa3pabOTaHHBIX
MHKPOIIPOIIECCOPHBIX CUCTEM.

MPaKTHICCKOE 3aHATHUE,
naboparopHas paboTa

B1
Bnanets MmeTomamu

IPUMEHEHHUS
MHUKPOIPOIIECCOPHBIX
YCTPOMCTB aBTOMATHKH B
JIOKAJIBHBIX U paclpeieICHHbIX
crcTeMax yIpaBJICHHS.

Bnagenue Mmeronamu
MIPUMEHECHUS
MHKPOIIPOIIECCOPHBIX
YCTPOMCTB aBTOMAaTHKU B
JIOKAJIbHBIX U paclpeieIeHHbIX
cucTeMax YIpaBIeHHUS.

MPaKTHYECKOE 3aHATHE,
nabopatopHas paboTa

B2

Brianers ocHOBamu
pOrpaMMUPOBAHUS
MHKPOIIPOLIECCOPHBIX CPEICTB
Ha OCHOBE OTHOKPHCTAIIbHBIX
MHUKPOKOHTPOJLIEPOB.

Bnanenue ocHoBamMu
MIPOrpaMMHPOBaHUS
MUKPOIPOIIECCOPHBIX CPEJICTB
Ha OCHOBE OJHOKPHCTAIBHBIX
MHKPOKOHTPOJIIIEPOB.

NPaKTHYECKOE 3aHATHE,
nTabopaTopHas paboTa

6.2 IlIxkaja oueHMBAHMS IVIAHUPYEMbIX Pe3y/IbTATOB 00y4eHHs

6.2.1 Texyumii u py0e:KHbIIi KOHTPOJIb
B pamkax Teky1ero u pyoe:xHOro KOHTPOJIS 10 AUCLUILIMHE CTYACHT MOXeT Habpathb 10

70 GayioB
CemecTp [lIxana oueHnBaHus
0-35 6aynos 36-50 OamoB 51-60 GannoB 61-70 6amnoB
6 Yactuunoe nocemnienue | [lomHoe i | [TonHoe unu ITomaoE
AyJAUTOPHBIX 3aHATHH. | YACTUYHOE MOCEUICHUE | YaCTUYHOE MOCELICHUE
HeynoBiieTBopuTenbHOE | ayIUTOPHBIX 3aHATHN. | IOCELIEHUE ayJIUTOPHBIX
BBIIIOJIHEHUE Yactuunoe ayIUTOPHBIX 3aHATUH.
1ab0paTOPHBIX U | BBIIIOJIHEHUE U 3alIUTa | 3aHATHIL. [Tonnoe
MpPaKTUYECKUX  paboT. | JJabOpaTOPHBIX u | [Tonnoe BBIIIOJIHEHHE U
[Inoxas TOArOTOBKa K | MPAKTUYECKUX padoOT. | BHIMOJIHEHHUE U | 3allUTa
0aJUTbHO-PEUTHHTOBBIM | BhITIONTHEHME 3ammTa 1a00paTOPHBIX U
MEPOTIPUATHSIM. KOHTPOJBHBIX  paboT, | TabOpaTOPHBIX | MPAKTHUYECKUX
Crynent HE | TECTOBBIX 3aJIaHUN HA | U 3aHATHIA.
JIOTTyCKaeTCst K | OILICHKH MpaKkTUYeCKUX | BeimosnHeHue
MIPOMEKYTOUHOM «YZOBJICTBOPUTEIHHO». | paboT. KOHTPOJIbHBIX
aTTecTaluuu Bremmonnenue | paboT, TeCTOBBIX
KOHTPOJIBHBIX | 3aJJaHUU Ha
paoor, OLIEHKHU
TECTOBBIX COTIUIHOY.
3aJaHuU Ha
OLICHKHU
«XOPOUIOY.

B pamkax Tekymero m pyOeKHOrO0 KOHTPOJSI BBINOJHEHUS KypCOBOH paboThI
CTYAEHT MoxeT HaOpathb 70 OannoB. Pacnipenenenue 6amioB npuBeieHoO B Ta0IHIIe:

CemecTp

[IIxana oneHuBanus

0-35 6amioB

36-50 GamIoB

51-60 6asToB

61-70 6aIoB
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CTyneHT He mnocemal

KOHCYJIbTALIUU c
MIPEIoaBaTeIeM.
HeynosnersopurenbHoe
BBIITOJTHEHHE

COCTaBHBIX JacTel
KypCOBOM paboTHI.
Crynent HE

JIOIyCKAETCsl K 3allluTe
KypCOBO#1 pabOThI

Yactuunoe [Tonnoe nnn
MOCEIICHNE YaCTUYHOE
KOHCYJbTallMil  C | mOCeUIeHue
[IPENOAABATENIEM. | KOHCYJIbTALUN C
Boinonnenue IpernoaaBaTeeM.
KypcoBoil pabotsl | CocTaBHBIE

C OTCTaBaHUEM OT | YAaCTH KypCOBOU
rpaduka. paboThI
CocTaBHbIE YacTU | BBIIIOJIHEHBI
KypCcOBOH pabOTHI | MOTHOCTHIO, HO C
BBINIOJTHEHBl ~ HE | OTCTaBaHUEM OT
MOJIHOCTBIO, OO0 | Tpaduka, oo

JIOTYIII€HbI JIOTTYIIIEHbI
OILIUOKH. HE3HAYUTEIIbHbIC
OTpEXHU.

ITonHoe
IMOCEIICHHE
KOHCYJbTAllUd  C
MIPENO/IaBaTeIIeM.
Be3ommbounoe
perieHue BCEX
3a1a4,

MOCTABIICHHBIX B
KypcoBo#l pabore
0e3 oTcTaBaHUs OT
rpaduka.

6.2.2 IIpomexyTOUHAS ATTECTALMSA
OrneHka pe3yabTaTOB OCBOSHUS yUEOHOW TUCIUIUIMHBI B 6 ceMecTpe MPOBOAUTCS I10
IIKaJIe, UCII0JIh3yEeMOM Ha dK3aMEHE:

Cemectp [IIkana orieHUBaHUs

HeynoBnerBoputensHo | Y 1OBIETBOPUTEIHHO Xoporro OT1imyHo

(36-60 GaoB) (61-80 GayoB) (81-90 GaoB) (91-100

OaJIoB)
6 Crynent umeer 36-60 | Ctynent umeer 36- | CTyqeHT UMeeT CryneHT umeer
OayutoB 1mo  wroram | 50 0amIoB o | 51-60 6amwioB o 61-70  GamioB
TEKYIIEeTO U | UTOTaM TEKYIIEr0 W | UTOTaM TEKYIIEro | 1o ATOTaM
PYOEKHOTO KOHTPOJIS, | pyOeKHOTO U pyOeKHOTO TEKYIIEro 5

Ha DK3aMEHE HE JaJ | KOHTPOJIS, Ha | KOHTPOJIS, Ha pyOexKHOTO

IOJIHOTO OTBETa HHU Ha | dK3aMeHe JIajl | DK3aMeHe Jai KOHTPOJIS,  Ha

OJIMH BOIIPOC.

CryneHT umeer

36-45 OGamioB 1o
UTOTaM TEKYIIEro W
pyO€XHOro KOHTpPOJIS,
Ha  DJK3aMeHe  Jai
MMOJTHBIA OTBET TONBKO
Ha OJINH BOINPOC

MOJHBIA OTBET Ha | MOJHBIA OTBET HA
OIMH  BONPOC U | OJIUH BOIPOC U
4aCTUYHO YaCTUYHO
(TOTHOCTHIO) (TIOTHOCTHIO)
OTBETUJI Ha BTOPOM. | OTBETUJ HA
CryneHt nmeer 46- | BTOpPO.

60  OammoB  mo | CryneHT umeer 61
UTOraM TEKyIIero u | — 65 0amioB mo

pyOexxHOro UTOTaM TEKYIIETro
KOHTPOJIS, Ha | U pyOeKHOTO
IK3aMeHe Jan | KOHTPOJIs, Ha

TOJIHBIM  OTBET Ha | DK3aMEHe Jall
OMH BOIIPOC WJIM | TIOJHBIN OTBET Ha
YaCTUYHO OTBETWJI | OJIUH BOIIPOC H
Ha 00a Bompoca. YACTUIHO OTBETHUII
CryneHT uMeeT IO | Ha BTOPOM.
utoram Tekymero u | CTyneHT umeer
pyOeKHOTO 66-70 6annoB Mo
KOHTPOJIA 61-70 | uroram Texyiuero
0ayIoB Ha dK3aMeHe | U pyOeKHOTro

HE Jai TIIOJIHOTO | KOHTPOJIS, Ha
OTBETa HU HA OJUH | DK3aMeHe) Jai

9K3aMEHE  Jall
MOJHBIA  OTBET
Ha OJIMH BOIMPOC
n YaCTUYHO
(moIHOCTHIO)
OTBETHUII Ha
BTOPOH.
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BOIPOC. MOJIHBIN OTBET
TOJIBKO HA OJUH
BOIPOC.

Ha 3amuTe KypcoBoid paboThI CTYACHT MOXxeT Habpartb 30 6amos.
JUJ1sl OLIEHKHM 3alUThl KYPCOBBIX Pa0OT HCHOJIB3YETCs CICAYIONas CXeMa:

OOBEKT OIEHKH Kpurepuun MakcumanbHbII
Oamn

Odopmrnenue COOTBETCTBYET MOJHOCTHIO TPEOOBAHUSIM 10
paboThI CoOTBETCTBYET YaCTHUHO TPEOOBAHUSIM 5

He cooTBeTcTByeT TpeboBaHUSIM 0
OrneHKa Ha Brnaneer marepuanom 20
3alIMUTe YacTruHO BiaJieeT MaTepruaioM 10

He Bnageer matepuanom 0

IIkana cooTBeTCTBHSI PEMTHHIOBBIX OII€HOK NATHOANIBLHBIM OLEHKAM /IJIf1 OLleHUBAHUSA
KYPCOBO# padoThl

PeliTunrosas orenka (B Oamnax) OrneHka 1o nATuOAILHON IIKae
91-100 «OTJIIMYHO»
81-90 «XOpOLLIO»
61-80 «YIOBJIETBOPUTEIHHO
MmeHee 61 «HEY/I0BJIETBOPUTEIHLHO

7 YueOHO-MeTOANYECKOe o0ecnieyeHre JUCUUILTHHBI (MOLYJIA)

7.1 OcHoBHas IMTEPATypPA

Bongeipuxun, O. B. I'apBapackas RISC-apxutextypa B MukpokonTpoiiepax AVR. Cpenctsa BBOJa-
BBIBO/Ia, XpaHEHUsI U 00pabOTKH HU(POBOI M aHAIOroBOW MH(OPMALMK B MUKPOKOHTpoiuiepax AVR
JUISL TIOCTPOEHUSI MUKPOIIPOLIECCOPHBIX CHUCTEM YIIpaBJIEHUS [DJEKTPOHHBIM pecypc] : MeToAnYecKHue
yKasaHus K JabopaTopHoil pabore mo aucnuiumHe "Mukpomponeccopasle cuctemsl" / O. B.
BonppipuxuH. — OIEKTpOH. TEKCTOBbIe JHaHHble. — Jlumenk : Jlumenkwuili rocyaapCTBEHHBIN
TexHuyeckuit ynuepcurer, OBC ACB, 2013. — 39 c. — 2227-8397. — Pexum pocryna:
http://www.iprbookshop.ru/22860.html

XaproB B.f. Mukpokonrpomnepel AVR. Ilpaktukym nns HaumHaromux. —M.: H3np-Bo
MI'TY um. H.D. Baymana, 2007, -240 c.

Esctudeer A.B. Mukpokontpomnepsl AVR cemeiicts Tiny u Mega ¢upmsr «Atmel» -M.:
M3natensckuit mom «Jlomdka-XX1I», 2004. -560 c.

Pesuu 10.B. Ilpaktuueckoe mnporpaMMHpoOBaHHE MHMKpPOKOHTpoiiepoB Atmel AVR Ha
s3pike accemOnepa. —CI16.: BBX-IletepOypr, 2008. -384 c.

7.2 lonmoiHUTEJIbHAS JIUTEpATypa

Pacnono B.SI. Mukpomexanuueckue npubopsl: YueO. [Tocobue. —M.: MammHocTpoeHue,
2007. -400 c.

Muxee B.I1., IlpocanneeB A.B. Jlatunku u nerexropsl: YueO. [Tocobue. —M.: MUDU,
2007. - 172 c.
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BopotaukoB C.A. VHpopMaioHHBIE YCTpOCTBa POOOTOTEXHHYECKUX CHCTEM: YueO.
nocobue. —M: Uzn-sBo MI'TY um. H.O. baymana, 2005. — 384 c.

XKnanoB A.A. ABTOHOMHBIN UCKYCCTBeHHBIN HHTEUIeKT/ -M.: bunom. 2008. -359c.
PoGoroTexHnueckue cuctemMbl 1 KoMIUieKchl: Yueb. [locooue mist By3zoB/ Mauynbckuii 1.1,
3ansToit B.I1., Maitopos FO.I1. u ap. M.: Tpaucnopt 1999. 446 c.

Kyade ®. B3zaumoneiictBue pobdota ¢ BHemHel cpenoit: [lep. ¢ dpanm. —M.: Mup, 1985. -

285 c.

byrpos B.E., Bunorpanosa K.A. Onrosnexkrponnka csetoauonoB. Yued. [Tocooue. —CII0:
HNY UTMO, 2013. - 174 c.

7.3 IlepedyeHb MeTOANYECKUX YKAZAHU I

1. Kommiekt ydeOHOro 00opynoBaHusi «MHUKPOIPOIECCOPHBIE CHCTEMBI YIPaBJICHUS

anextponpuBoioB» 1101033 MeTtonuueckne yka3aHHsl K BBITOJHCHHIO JJaOOpPaTOPHBIX padoT.
000 T/ «IIpopOobpazoBanue» 2015.

7.4 UnTepHeT-pecypchl

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

7.5 IlporpamMHoe o0ecnieyeHHe COBPpeMEHHbIX MH(POPMALIMOHHO-
KOMMYHUKAIIHOHHBIX TeXHOJIOT Uil

— Kaspersky Endpoint Security ans 6usneca - Crangaptasiii Russian Edition.
—  MoiiO¢duc CrannapTHbIii
— Acrobat Pro DC for teams ALL Multiple Platforms Multi European Languages Level 1

- ABBYY

FineReader 15 Business§ MarepuajibHo-TeXHHYECKOE

o0ecneyeHne TUCHUILINHBI

TpeGoBaHMs K yCIOBUSAM peaTu3aliy TUCIUTUTAHBI:

Ne | Bun aynuropHoro TpeGopanms
n/n ¢donga
| FT— OcHailleHre crenuaaTu3upoBaHHON yueOHOM Me6ein>10. OcHarnienue
1. I — TEXHUYECKUMU CPEICTBAMH 00yUeHHsI: HACTEHHBIN SKpaH ¢
JUCTaHIIMOHHBIM YIIPaBJICHUEM, MYJIbTUMENITHOE 000pyI0BaHUE.
OcHaleHue crenruanu3upoBaHHON yueOHoi Mebenbio. OcHalleHue
KaOuner nns TEXHUUYECKUMHU CPEJICTBAMU OOyUYEHHS: TIOJIBUKHAsI MapKepHasi 10CKa,
2. | IpaKTUYECKUX CUMTBIBAIOLIEE YCTPOMCTBO AJIS Mepelaud HHPOPMALUU B KOMITBIOTED;
3aHATUN HACTEHHbIN 3KPaH C AUCTAaHIIMOHHBIM YIIPABJIEHUEM, MYIbTUMEIUNHOE
o0opyoBaHue.
OcHateHre crenuaaIn3upoBaHHON yueOHoM Mebenbro. OcHalleHne
3 KomnberotepHsie TEXHUYECKUMU cpeacTBamMu 00ydeHus: [1K ¢ Bo3MOXKHOCTBIO
" | K;accel MTOAKJIIOYEHUS K JIOKaJIbHBIM ceTsiM U MaTepHery. Hannune BT u3

pacycTa OANH IIK na ABa CTYJICHTA.

HepequL MaTCpUAIIBHO-TEXHUYCCKOT'O o0OecreyeHus JUCHTUITIINHBI:

Ne | Bwua v HauMeHOBaHUE o

Bun 3anstuit Kparkas xapakrepuctuka
n/n 000pyI0BaHUS
1. | IBM PC - [Tpaktrueckue | IIporeccop cepum He HUXKE Pentium 1V.
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http://ru.wikipedia.org/
http://www.atmel.com/

COBMECTUMBIE 3aHATHSL. OmnepaTuBHas MaMsITh HE MeHee 512 MOair.

MepCOHAIIbHbBIC K momxHBI OBITE 00BEAUHEHBI TIOKATBHON
KOMITBIOTEPBHI. CEThIO C BBIXOJIOM B MIHTEpHET.
o JIeKIInoHHBIE 1 emouctparus ¢ [IK 31ekTpoHHBIX
2. MynbTHMEAHAHEIC MIPAKTUICCKHE fpeseHTaIL)u/Iﬁ, I[OKYMCHTOB,pBJIeKTpOHHBIX
cpeAcTRa. 3aHATHS. Tabnuil, rpadUIECKUX U300PAKCHUM.
Ne
pabo MarepuanbpHoe obecrieueHue 1ab0paTOPHBIX 3aHATHIHA
T
1 2
1. Kommiekr ydebHOTO 000pymoBaHus «MUKpPOTPOIIECCOPHBIE CHUCTEMBI YIPABJICHUS
3EKTPOIPUBOIOBY.

2. MukpokoHTpoiieps! pupmbl Atmel.

3. [IporpaMmarops! A1 MUKPOKOHTPOJUIEPOB.

4. MakeTtHas TUIaTa UIE MHKPOKOHTPOJUIEpA, NATYUKU PaA3IHYHBIX IApaMeTpOB,
CpE/CTBAa MH/MKALUK, IIaroBbIe 3JIEKTPOABUTATENHN M 3JICKTPOABHUIATENN MOCTOSHHOTO
TOKA.

9 OcobeHnoctu peaimzanud JUCHUIVIMHBI JJIAI HHBAJUIAOB H JHI C
OrpaHH4Y¢HHBIMH BO3MOKHOCTAMMU 3/10POBbLS

JUis CTYAEHTOB C OrpaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0pPOBbSl CO3[aHbl CII€LUAIbHbIE
yCcIOBHUA Ul TOJydyeHHs oOpazoBaHus. B meisiX JOCTYHHOCTH IOJYYEHHUS BBICLIETO
o0Opa3oBaHus 110 00pa3oBaTENIbHBIM IPOrpaMMaM HHBAJIWJIAMHU U JIMLIAMH C OIPaHUYCHHBIMU
BO3MOKHOCTSIMH 3/10pPOBbsI YHUBEPCUTETOM 00ECIIEUMBAETCS:

1. AunbprepHatuBHas Bepcus oOQUIUaIbHOrO caiWta B cetu «MHTepHeT» IS
CIa00BUIAIINX

2. J11s MHBATUAOB C HAPYLIEHUSAMU 3peHUs (CIaboBUISAIINE, CIIETIBIE)

- NPHUCYTCTBHE ACCHUCTEHTAa, OKa3bIBAIOIIEro oOyyarolmeMycs HEeOOXOAMMYIO MOMOIIb,
nyOnupoBaHUE BCIyX CIPAaBOYHON MH(OpManMM O paclucaHUU Y4eOHBIX 3aHATHUI; Haaudue
CPeACTB JUIsl YCWJIEHUS OCTATOYHOTO 3peHus,, OpaieBCKOW KOMIIBIOTEPHOW TEXHHUKH,
BUJICOYBEIMUUTENEH, TMPOrpaMM HEBHU3YaJbHOTO JOCTyNna K HH(OpMaluu, MpOrpaMM-
CHHTE3aTOPOB PeYU U JPYruX TEXHUYECKHX CPEACTB IpHeMa-nepeaadn yueOHol nHpopmanuu B
JOCTYIHBIX popMax Jyis CTYJIEHTOB C HapYLICHUSIMH 3PEHUS;

- 3a/1aHUs JUI BBIIIOJHEHHS HA SK3aMEHE 3aUNUTBHIBAIOTCS] ACCUCTEHTOM;

- THMCHbMEHHbIE 33/1aHUs BBINOJHAIOTCA Ha Oymare, HaJWKTOBBIBAIOTCS ACCHUCTEHTY
00y4armumcs;

3.1n1 WHBAJIMJOB M JIMIl C OrPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3[0pOBBSI IO CIyXY
(cnabocaplmiamniye, Tayxue):

- Ha 3ayeTe/IK3aMeHEe NMPUCYTCTBYET aCCUCTEHT, OKAa3bIBAIOIINNA CTYAEHTY HEOOXOAUMYIO
TEXHUYECKYI0 TOMOIIb C YY€TOM HHIUBUAYAJIbHBIX OCOOEHHOCTEH (OH IOMOraeTr 3aHATh
pabouee MeCTO, MepeABUraThCs, MPOUYNTATh U OPOPMUTDH 3aJJaHUE, B TOM YHCJIE 3alMChIBas MO
JTUKTOBKY);

- 3a4eT/7K3aMeH MMPOBOJUTCS B MUCbMEHHOHN (opMe;

4. JIns MHBAIMIOB M JIMIL[ C OTPAaHUYEHHBIMM BO3MOXHOCTSMHU 3/I0pPOBbsl, MMEIOLINX
HapyIICHHUs OMOPHO-IBUTATEIBLHOIO ammapaTa, CO3JaHbl MaTepHATbHO-TEXHUYECKHUE YCIIOBUS
o0ecreynBaroIe BO3MOKHOCTh OECHpensTCTBEHHOIO JOCTyNa oOydJaromuxcs B ydeOHbIE
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NOMEIICHUsI, O0OBEKTY MUTaHUs, TyaJeTHbIC M JPyrHe IMOMEIICHHS YHHBEPCUTETa, a TaKXKe
npeOBbIBaHUS B YKa3aHHBIX TOMENICHHUSX (HaJH4YHe PACIIMPEHHBIX JABEPHBIX IPOEMOB, IOPYYHEH
U JIPYTUX TPUCTIOCOOICHHIA).

- NHCHMCHHbBIC 3aJaHUs BBINOJHSAIOTCS HA KOMIIBIOTEPE CO CICHHATN3UPOBAHHBIM
IPOrpaMMHBIM 00€CIICUCHHEM HJIH HaIUKTOBBIBAIOTCS aCCUCTEHTY;

- TI0 JKEJIAHUIO CTYJICHTA YK3aMEH [IPOBOJIUTCS B YCTHOU (opme.

OOyyaroryecs: U3 YMCIIa JIMI] C OTPAHUYCHHBIMUA BO3MOXKHOCTSIMU 3JI0POBbSI 00CCIICYCHBI
ANIEKTPOHHBIMU 00pa30BaTEIbHBIMU pecypcaMi B (OopMax, aJanTHPOBAHHBIX K OIPaHUYCHUSM
UX 370POBbSL.
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