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Pabouas mporpamMma IUCHHUIUTMHBI «MHKpPOIPOLIECCOPHAS TEXHUKE B MEXaTPOHHUKE U
poboTtotexuuke» /coct. FO.B. bonros — Hanmbuuk: KBI'Y, 2023. - 35 c.

Pabouas mporpamma mnpeaHasHaueHa s NPENOJaBaHUs JUCLMILIMHBI BapUaTUBHOMN
yactu Onoka 1 crynmeHtam HampaieHus 15.03.06 MexarpoHuka ¥ poOOTOTEXHHMKA OYHOM
dbopMbl 00ydeHHs B 6 cemecTpe Ha 3 Kypce.

PabGouas mporpamma cocTaBieHa B COOTBETCTBHM C pabouuM y4eOHBIM IUIAHOM H
@DenepanbHbIM TOCYIAPCTBEHHBIM 00pa30BaTEIbHBIM CTAHAAPTOM BBICHIETO OOPa30BaHUS 110
HanpaBjieHuto noarorosku 15.03.06 «MexaTtpoHuka U pobOoroTexHHkKa» Ne 1046,
YTBEPXKACHHOI0 IpuKka3oM MuHucrepcTsa oOpazoBanus U Hayku P® «17» asrycra 2020 r.
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1 He.]'ll/l " 321244 OCBOCHHA NTUCHHUIIJIMHBI

Henp yueOHOW nmucHMIUIMHBI «MUKpPOIMPOIIECCOPHAs TEXHHKAa B MEXaTPOHUKE U
pOOOTOTEXHHUKE» - TMOJArOTOBKA CTYACHTOB K PELICHUIO 33/1a4 MPOCKTUPOBAHUSL YCTPOWCTB
VIIpaBJIE€HUS MEXaTPOHHBIMM CHCTEMaMH W KOMIUIEKCAMH, METO/I0OB MX CHHTE3a M pacyera;
dbopMUpOBaHHE  HABBIKOB  pa3pabOTKHM  MPUKIAAHOTO  IPOTPAMMHOTO  0OECIeYCHHS
MUKPOKOHTPOJUIEPOB; (POPMUPOBAHKE 3HAHUN U YMEHMH pa3pabOTKU U W3TOTOBJICHUS CTEHJIOB
JUIi  KOMIUIEKCHOM OTJAIKM W HUCHBITAHUMM INPOrpaMMHO-AINIAPATHBIX  YIPABJIIOLIUX
KOMILIIEKCOB.

Kypc «MukpornpoiieccopHasi TEXHUKA B MEXaTPOHHUKE U POOOTOTEXHUKE) CTABUT MEpPe]]
co0oii cneayroue 3a1a4u:

- ¥3y4YEHHE YCTPOWCTBA M MPUHLUIIOB pabOThI OHOKPUCTAILHBIX MUKPOKOHTPOJUIEPOB;

- HW3YyYEHHE NMPUHIUIIOB Pa3padOTKH U OTJIAIKU MPOrpaMM Ha si3bikax accembuep u Cu ans
OJIHOKPUCTAIIbHBIX MUKPOKOHTPOJIJIEPOB;

- o0ydeHMe MeTOJaM UM MPHUHIMIIAM HACTPOWKH YIPABISIOIIUX CPEICTB M KOMIUIEKCOB,
BKJTIOYas UX PETJIAMEHTHOE SKCIUTyaTallMOHHOE 00CITy)KHBaHUE;

- oOydeHHe NpPHUHLMIIAM U TEXHOJIOTUM HUCIOJB30BAaHUS MHUKPOIPOILIECCOPOB B CHUCTEMAax
YIpaBJICHUA TCXHUUICCKUMHU O6’b€KTaMI/I 1 TCXHOJIOTHYCCKUMU IIPOLCCCaAMU;

- U3YyYCHHE TMPHUHIMIIOB U METOJOB MPOCKTHPOBAHHUS CHCTEM yIpaBieHHs Ha 0a3e
MUKPOKOHTPOJLIIEPOB.

2 Mecro gucuuniaunsl B crpykrype OIIOII BO

HucuunnuHa «MukpomnpoleccopHas TEeXHHMKAa B MEXaTPOHUKE U POOOTOTEXHUKE)
OTHOCHUTCSI K BapMaTUBHOW yacTu Oyioka 1 y4yeOHOro mjiaHa MO HalpaBJIEHUIO HOJATOTOBKU
15.03.06 MexaTpoHuka 1 poOOTOTEXHHKA.

JlucuMIuimHa NpenojacTcs MOCPEACTBOM UTEHUS JIEKIIMHA U NIPOBEIEHUS IPAKTUYECKUX
1 JTA0OPATOPHBIX 3aHSTHIA.

JlucuyiuimHa  M3y4daeT  CTPYKTYpy,  IPUHLIMIBL  JEHCTBUSL ~ OCHOBHBIX  THUIIOB
MUKPOIPOLIECCOPHBIX ~ CUCTEM  YNpPABJICHUS MEXaTPOHHBIMU  YCTPOMCTBAMH, QJITOPUTMBI HUX
(YHKUMOHUMPOBAHUS, METO/bl pacyeTa W  MPOEKTHPOBAaHMSA, IPOrpaMMHOE OOecreueHue
MUKPOIPOLIECCOPHBIX CUCTEM YIPABJIEHUS, OTIAKy IIPOrpaMM M YCTPOMCTB B IieoM. Jucuuminza
sBJsieTcs 6a30i s U3y4EeHHUs TOCIEYIOUINX AUCHUIUINH NPO(EeCCHOHAIBHOTO ITUKIIA.

N3ydyenne npucuuimHbl Oazupyercd Ha (yHAAMEHTalIbHBIX 3HAHMUSIX B 00JacTH
MaTeMaTHKH, HWHQOPMATUKH, (GU3MKH, DJIEKTPOTEXHUKH U DJIEKTPOHUKH, TEOpUHU
ABTOMATUYECKOTO YIIPABJICHUS U JUCKPETHON MaTeMaTHKU.

IlonydyeHHbIE TpUM W3Y4EHWM JAaHHOM JMCLUUIUIMHBI 3HAaHUSA HCIOJIB3YIOTCA IIPH
u3ydeHun guctumiiuHel «lIpoextupoBanue pobGoroB m PTCy», a Takke B IUIJIOMHOM
IIPOEKTUPOBAHUH.

3 TpeGoBaHus K pe3yJabTaTaM OCBOEHHUS COEPKAHUS U CHUITUHBI

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

OIIK-12 CrocobeH yvacTBOBaTb B MOHTaXKe, HallajJKe, HACTpoilke M cladye B
AKCIUTyaTallMl0 ONBITHBIX O00pa3lloB MEXaTPOHHBIX U POOOTOTEXHUYECKHMX CHCTEM, HUX
MOJICUCTEM U OTAEIBHBIX MOIYJIEH.

OIIK-12.2 CnocolOeH ywacTBOBaTh B MOHTa)XKe, HaJlaJKe M MPOrpaMMHUPOBAHHUU
MHUKPOIPOIIECCOPHBIX YCTPOUCTB B MEXAaTPOHUKE H POOOTOTEXHHUKE.

B pe3ynbraTe 0cBOEHUS NUCHUIUIMHBI O0yYaOIIUICS TOJIKEH:
3HaTh:
~ TPUHIMIBI TOCTPOSHUS] MUKPOIIPOLIECCOPHBIX YCTPOMCTB M CUCTEM Ha MX 0a3ze, 0COOEHHOCTH
IIPOrpaMMUPYEMBIX MUKPOKOHTpoJu1epoB (31);



cpeAcTBa pa3pabOTKH MPOrPaMMHOT0 00ecrieueHUs] MUKPOKOHTPOJIIIEPOB, OCHOBHBIE 331a4H,

perraeMbie MUKPOIIPOIIECCOPHBIMU CpeIcTBaMHu aBTOMaTUKH (32);

APXUTEKTYpY, IPUHIUI PadOThl OHOKPUCTALHBIX MUKpOKOHTpoJuiepoB (MK) (33);

UCIIONIb30BaHuE A3BIKOB accemOiep u Cu a1 MPOrpaMMUPOBAHMS  OJHOKPHUCTAIBHBIX

MHUKPOKOHTPOJLIEPOB (34);

Ha3HAYCHHE U COCTaB MepuEepUIHBIX YCTPONUCTB MUKpOKOHTpoIuIepa (35);

CTaHJapTHBIE HHTEP(ENCHI, HCIIOIb3YeMbIe B MUKPOITpoIiecCOpHbIe TeXHUKH (36);

CPEICTBA, MOPSIIOK OTJIAJKU U UCTIBITAHUI MUKPOMIPOIIECCOPHBIX cucTeM yrpanienus (37).
Ymers:

MPOEKTUPOBATh MUKPOIPOIIECCOPHBIE CUCTEMBI HA OCHOBE MUKPOIIPOLIECCOPHBIX KOMILJIEKTOB

Y MUKPOKOHTpOosuiepoB (Y1);

MCIIOJIb30BaTh CTaHIAPTHBIEC TEPMUHOJIOTHUIO, OnlpeeneHus 1 06o3HaueHus (Y2);

pa3palaThIBaTh aaropuTMbl padoThl ogHoKpucTanbHbX MK (Y3);

nporpaMmmMupoBaTh Ha si3bike Accembiuep u Cu miss MK (V4);

IPOU3BOIUTH OTIAAKY Iporpamm Juisi MK ¢ ncnosnb30BaHHEM CTaHJAPTHBIX MPOTPaMMHBIX

cpencTB — cuMysiTopoB (Y5);

IPOEKTUPOBATh YCTPOICTBO CONPSDKEHUST € OOBEKTOM YIpaBi€HHs] i BBIOPAHHOIO

MHUKPOIPOLIECCOPHOTO KoMILIekTa (Y6);

Baagern:

pacripeiefieHHbIX cucTemax ynpasieHus (B1);

MUKpPOKOHTpoJuiepoB (B2).

4 Coaep:xaHue H CTPYKTYPA IMCUHUILIHHBI (MO1YJIs1)

4.1 Conepxanue IMCUUNINHbBI

pa3pabarbIBaTh IPOrpamMMBbl, peanu3yroiue Tpedyemble alnropuTmsl yrnpasieaus (Y7);
BECTH OTJIAJIKY M UCIBITAaHUS pa3pabOTaHHBIX MUKPOIPOLIECCOPHBIX cucTeM (Y 8).

MCTOAaMU IIPUMCHCHHA MHKPOIIPOLECCCOPHBIX YCTpOﬁCTB ABTOMATHKHN B JIOKAJIBHBIX H

OCHOBaMH IIpOrpaMMHUPOBAHUA MUKPOIIPOUCCCOPHBIX CPCIACTB HAa OCHOBEC OAHOKPHCTAJIbHBIX

Ne dopma
HaumenoBanue pazgena Coneprxanue pasnena
pasa. TEKYIEr0 KOHTPOJIS
1 2 3 4
1. | OcHOBBI apXUTEKTYpPBI OCHOBHBIE NOHATHA U ONPEACICHHUS.
MHUKPOHPOLIECCOPHBIX ApPXUTEKTypa LIEHTPaIbHOTO MPOLECCOpa.
YCTPOWUCTB. CoBpeMeHHbIE TEHICHIUH Pa3BUTHS
MHUKPOIPOLIECCOPHON TEXHUKH, MECTO Tectupopanue
MHKPOKOHTPOJIIEPOB B IIOACHCTEMAX Bonpocet Ha ssavene
IIpaxkTuyeckue 3aHsATUSA
MEXaTPOHHBIX U POOOTOTEXHUYECKUX
cucteMm. Opranuzanus naMmstTu
MHKPOKOHTpOIIepoB. OcoGeHHOCTH
APXUTEKTYPBl MUKPOKOHTPOJIJIEPOB
cemeiictea AVR.
2. | OyHKIMOHANbHAS OyHKIMOHAIbHAS CXeMa
opraHuzanus MUKpPOKOHTpoJuiepa. OpraHuzanus NaMsTi Tectuposarine
MUKPOIPOILECCOPHOI nporpamm. Opranuzanus NaMsATH JaHHBIX Bonpock fia dicsanierie
porporn p porp - P 1 A : IpakTHyeckue 3aHATUS
CUCTEMBL. O0630p cucremsl KomaH. CHHXpOHU3AIUS
IIpoleccopa ¥ MaIIMHHbIE UKL
3. | OcoGennocru AmnmnapaTHble CpeJCTBa IPOrPaMMUPOBAHUS
IIPOrPaMMUPOBAHUS MUKPOKOHTPOIEPOB cemeiictBa AVR.
MHUKPOKOHTPOJLIIEPOB CucTteMa BHYTPUCXEMHOIO Tectuposatine
HMHCTPYMEHTAJIbHBIMH MIPOrpaMMHPOBAHUS, TAPAJIICITEHBIN MaGopatopisie padoret
TPy porp . p » 1ap IIpaxkTuyeckue 3aHsATUSA
CpeacTBaMu pa3paboTKH 1 nHTepdeiic mporpaMMHUPOBAHHS. Kypcosas pabora
OTJIAJIKH. MHcTannauus 1 HacTporKa, MPUKIAJHOTO
MPOTPAMMHOTO 00ecTieueHns. bUThI




HACTPOUKH MUKPOKOHTPOJLIEPOB.

4. | Iopts! BBOAA/BEIBOSIA
MHUKPOKOHTPOJITIEPOB.

Opl"aHH?;aIIHﬂ IOpTOB BBO,Ha/BBIBO,Ha

HIOPTOB.

MHKPOKOHTpOJIIEpoB. OTIHCaHNE PETHCTPOB
HACTPOWKH U yIIPABICHHS PEKUMOM pabOThI

TectupoBanue
Bomnpocs! Ha 5K3ameHe
Kypcosast pabota
[pakTuyeckue 3aHATHS
JlabopaTopHsie paboThI

OmnucaHue mociea0BaTeNbHbIX
unrepdeiicos, USART, 12S, SPI.
Haznauenue nuTepdeiicoB, oprannsanus,
OIIHCaHNE PETUCTPOB HACTPOHKH
nHTEepQEiicoB 1 00MEeHa TAHHBIMU C
BHEITHHMH YCTPOHCTBAMH.

5. | IlocnemoBaTenbHEIC
uHTepdeice
MHUKPOKOHTPOJLJIEPOB.

TectupoBanue
Bomnpocs! Ha 5k3ameHe
Kypcosast pabota
[pakTuyeckue 3aHATHS

6. | AHanoro-unu¢poBse
npeobpaszoBarenu (ALIT)
MHKPOKOHTPOJUIEPOB.

punamun neiictus AL, ocobernoCcTH
peamuzanuu ALl MUKpOKOHTPOJLIEPOB,
peructpsl HacTpoiiku ALIIL

TectupoBanue
Bomnpocs! Ha 5k3ameHe
[pakTuyeckue 3aHATHS
JlaGopaTtopHble paboTBHI

7. | IIpyHLHMIIBI IOCTPOCHUS
pacnpesieNeHHbIX CUCTEM
yIpaBJeHus Ha Oa3e
MHUKPOKOHTPOJITIEPOB.

OGHII/IG MMPUHIHUIIBI TOCTPOCHU
pacnpeaCICHHBIX CUCTEM YIIPABJICHUA.

HECKOJIbKUX MUKPOKOHTPOJIIEPOB.

Opraﬂmaunﬂ B3aMMOJCUCTBHUS CUCTEMBI U3

[TonknroueHne MuKpokoHTposuiepos k [TK.

HpﬁKTI/I‘IeCKI/Ie 3aHATUA

8. | IlpaBuna HanucaHus
NPOrpaMM Ha S3BIKE
acceMOnepa u Cu.

CucreMa KOMaHa MUKPOKOHTPOJLIEpa.
[IpaBuia HamFicaHUS IPOTPAMM Ha S3BIKE
accemOuepa u Cu. MHCTAIIIAINS 1
HACTPOWKa MPUKIATHOTO IIPOTPAMMHOTO
obecIieueHusI.

Bomnpocs! Ha 3k3ameHe
IpakTHyecKue 3aHsThs
JlaGopaTopHbIe paboThI

4.2 CTPpyKTypa AMCUMILINHBI

OO6m1ast Tpy10€MKOCTh TUCHHUIUIUHBI COCTABIISIET 4 3aueTHbIe eAnHUIBI (144 yaca)

Bun pabotsl

OO0uiasi TPy10€eMKOCTh

AynuTopHas padora:

Jexyuu (J1)

Jlabopamopnvie 3anamus (JIP)

Ipaxmuueckue 3anamus (113)

CamocrosiTesibHasi pad0oTa, B TOM YHCJIe KOHTAKTHASA:
CamocTosTenbHOE U3YUEeHUE Pa3/IesioB

Kypcogas padota (KP)

CamomnoaroroBka (mpopaboTka M TMOBTOPEHHUE JIEKIIMOHHOTO
MaTepuaja ¥ MaTepuaja y4yeOHHKOB U Y4eOHBIX IOCOOMIA,
MOJATOTOBKA K JIA0OPAaTOPHBIM M TPAKTHUECKUM 3aHSATHSIM,
KOJIJIOKBHYMaM, pyOeXHOMY KOHTPOJIIO U T.1.),

KoHTpoJib (MOAT0TOBKA U ¢/1a4a IK3aMeHa)
Buja uToroBoro KOHTpoJIst (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
OK3aMeH, OK3aMeH,

Kyp. pa6 Kyp. pa6.




KonnuectBo wacos
Ne KonrakTHas Bre-
pas- HaumeHnoBanue 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 MTPOrPaMMHUPOBAHUS
3 | MHKPOKOHTPOILIEPOB 13 4 ’ ’ 5
MHCTPYMEHTAJILHBIMU CPEICTBAMU
pa3pabOTKU U OTIAJKH.
4 [TopTel BBOJA/BBIBOIA 16 ) 4 10
MUKPOKOHTPOJLIIEPOB.
5 [TocnenoBarenbHbIC HHTEP(EHCHI 20 4 6 10
MUKPOKOHTPOJLIEPOB.
6 Amnarnoro-1ugpoBble mpeodpazoBaTenu 16 ) 4 10
" | (ALIT) MUKPOKOHTPOJLIIEPOB.
[TpyHIMIIBI TOCTPOEHUS pacHpeIeICHHbBIX
7. | cuctem yrpaBiieHUs Ha 0aze 13 4 2 7
MUKPOKOHTPOJLIIEPOB.
[IpaBuna HanucaHus IPOrpaMMm 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
o0ecrneueHus, Co3/laHue M OTJIAJKU IPOrpaMM Jjisi MUKPOKOHTPOJIEPOB 1
AVR Ha s3p1ke C».
2. |Iloptel  BBOJA/BBIBOJAa  MHKpOKOHTpoiuiepa  AVR,  peammzanus 1
IPOrPaMMHOM 3aJIEPHKKH.
3. | 3yuenue TaiiMepoB MUKPOKOHTpPOJJIEPA U UX IPUMEHEHUE B
JMHAMUYECKOH MHIMKAINU, B pEKUME M0/IcYeTa BPEMEHHBIX HHTEPBAJIOB, 2
B HIMPOTHO-UMIYJIBCHONW MOJYJISLIUH.
4. | Uzyuenue npuHuuna paboThl )KUAKOKPUCTATUNINYECKOTO MHIUKATOPA U ’
Croc000B €ro NpPorpaMMHUPOBaHUSI.
S. | Ucnonb3oBaHre MaTpUUHOM KJIaBUATYPHI. 1
6. | BaemHue npepblBaHNs MUKPOKOHTPOJLIEPA. 2
7. | Ucnonp3oBanne aHajaoro-mugpoBoro mpeodpa3oBaTess ’
MHUKPOKOHTpPOJLIEPA.
8. | U3yueHue npuHIMIIOB MOCTPOESHUS IU(PPOBOI CUCTEMBI )
MHUKPOKOHTPOJUIEPHOTO YIIPABJICHUS IIArOBBIM JIEKTPOITPUBOIOM.
9. | U3yuyenue npuHIMIOB pabOThI U IOCTPOEHUE Pa3OMKHYTON 1IU(POBOI
CHCTEMBI yIpaBJIeHHs IIMPOTHO-UMIYJIbCHBIM ITpeoOpa3oBaTeem, 2

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




UTOI'O
15
4.4 llpakTHYeckne 3aHATHS
Ne Tema Kon. Yacos.
1 | M3yuyenue nporpaMMHOTo obecrieueHusi, CO3/laHue U OTIaIKa IpOorpaMm
JU11 MUKPOKOHTpOJIepoB AVR. OCHOBBI apXUTEKTYPhI 2
MUKPONPOLIECCOPHBIX YCTPOMCTB.
3 | IlocnenoBatenbHble HHTEP(PEHCH MUKPOKOHTPOILIEPOB. 3
5 | [IpuHIMOBI OCTPOCHUS paclpeIeICHHBIX CUCTEM yIIpaBJeHUs Ha Oa3e 5
MHUKPOKOHTPOJIJIEPOB.
6 | [IpaBuia HanucaHus mporpamm Ha si3bike accembiepa u Cu. 5
UTOI'O 15
4.5 KypcoBas paGora

Llenbto BBIMONHEHHST KypcOBOW paboThl mo TeMe «MUKpomporeccopHas TEXHUKa B
MEXaTPOHUKE U POOOTOTEXHUKE» SBISIETCS MPAKTUYECKOEe MPUMEHEHHE MOJNyUYeHHBIX
TEOPETUYECKUX 3HAHUN K CaMOCTOSITEIbHOMY ITPOEKTHUPOBAHUIO MUKPOIIPOLECCOPHONU CHUCTEMBI
yIpaBIeHUS MEXATPOHHBIM MOJTYJIEM.

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

O0bemM KypcoBOM palOOThI: pacyeTHO-TMOACHUTENbHAs 3amucka — 30-35 crpanwuil
MAIIMHOMUCHOTO TeKcTa. ['paduueckas 4acTh MPOEKTa MOJKHA COAEPKATh MPUHIMITHATILHYIO
AIIEKTPUYECKYI0O CXEMY CHCTEMbI, QIrOPUTM M ONUCAaHUE YIPABISIOMIEH IPOrpaMMBbl
MUKPOKOHTPOJILIEpa.

PacueTHO-nOACHUTENbHAS 3aIMCKA JI0JKHA COAEPKATh:

a) KpaTtkoe onucanue MEKpOKOHTPOJLIIEPA;

0) PUCYHKHM C TPUHIUIHAAIBGHON DJJIEKTPUUECKOW CXeMOM pa3pabOTaHHON CHCTEMBI
yIpaBIeHUS] MEXaTPOHHBIM MOIYJIEM;

B) ONHCaHUE, AITOPUTM, U JIUCTUHT YIPABISAIOLIEH MPOrpaMMbl MUKPOKOHTPOJLIEPA.

Kaxaplii CTyZeHT mMmollydaeT paclnucaHHOE Ha ClelualbHOM OllaHKe WHANBUAYaIbHOE
3a/laHle Ha mpoekThpoBaHue. CTyIEHT IEMOHCTPUPYET pabOTOCIOCOOHOCTH pa3padOoTaHHOM
CHUCTEeMBl. 3aKOHYEHHas KypcoBas paloTa NpoOBepseTcsl PYKOBOAWUTENEM U 3allUIIAETCS
CTYJEHTOM.

Tpynozarpatrsl Ha BEIIOTHEHHE KypCOBO paboThl cocTaBmsoT 20 4acoB.

4.6 CamocTosiTeIbHOE H3YUYeHHE Pa3/1eJI0B AU CUUIIIMHBI

Ne Kon-Bo
Bonpocel, BBIHOCHMBIE Ha CAMOCTOSITENIbHOE U3yUEHHE 4ACOB
1 2 3
[TocnenoBarensHble HHTEPDEickl MukpokoHTposiepa, USART,
1. 15
12S, SPL
2. | Hoaknrouenne MukpokonTposuiepos K ITK. 2
3. Hroro 17




S OuneHouyHble MaTepuajbl [JIA TeKYWIero KOHTPOJISI YCIEeBAEMOCTH H
NMPOMEKYTOYHOM aTTecTAlluU

51 OIIeHO‘lHLIe MaTepHuaJibl 1Jisl TEKYHIET0 KOHTPOJIA YCIIEBAEMOCTH

Tembl 101 pedepaToB:
3a moATrOTOBKY U 3aIIMTy pedepara CTYASHT MOXKET HaOpaTh 6 O6ayoB (1o 2 6ania 3a Tpu
KOHTPOJIbHBIE PEUTHHIOBBIE TOUYKH). [Ipr mOAroTOBKE pedepara CTyIEHT AOIKEH 03HAKOMHUTHCS
C OCHOBHOW U JIOTIOJHHUTEIBHOW JIUTEpaTypoOl, BKJIIOYas CHPAaBOYHbIC W3AaHUA, 3apyOeiKHBIC
MCTOYHHUKH, KOHCIIEKT OCHOBHBIX ITOJIOKEHHUI, TEPMUHOB, CBEJACHUH, TPEOYIOIINX ISl 3alIOMUHAHUS
U SBISIONIMXCS OCHOBOIOJAraroIlMMH B 3TOM TemMe. HeoOXoauMo COCTaBUTh aHHOTALUH K
NPOYUTAHHBIM JIUTEPATypHBIM HcTOuHMKaM. CTpykTypy pedepara CTYICHT OINpENeNseT CaM.
OneHuBaHNE MPOBOJUTCS C Y4YETOM KOJHMYECTBa OOPaOOTaHHBIX JHMTEPATYpPHBIX HCTOYHHUKOB,
KauecTBa oopmiieHus1 pedepara, OTBeTa Ha Bompockl 1o pedepary. Temy mias pedepara cTyneHT
MOJKET MPEJUIOKUTH caM, JTUO0 BBIOPATh U3 MPEITI0KEHHBIX.
1. OcobeHHOCTH apXUTEKTypbl MUKPOKOHTpoJuiepoB komnanun ATMEL.
2. Hcnonb3oBaHHWE MHUKPOKOHTPOJJIEPOB B CHCTEMax YHPAaBJICHHSA DICKTPONPUBOIOB
MEXATPOHHBIX YCTPOUCTB.
3. CranpaprHble HHTEp(eiicbl MUKPOKOHTPOJIIEPOB.
4. ConpshkeHHE  MHKPOKOHTpOJJIepa C  TEpPCOHAIBHBIM  KOMIIBIOTEPOM,  BAapUAHTHI
uHTEep(DHEercoB.
5. Hcnonb3oBaHHE  MHKPOKOHTPOJUIEPOB sl  OHM(POBKM  aHAJIOrOBOrO  CHTHaja,
BO3MOXXHOCTH ¥ OTPaHUYCHUSI.

TecTbI:

B pamkax OamnpHO-PEHTHHIOBBIX ~MEPOMNPUATUN  CTYACHT TPWKIBl MPOXOIUT
TECTUPOBAHUE HA KOMITbIOTEPE. B 3aBHCHMMOCTH OT IIPOLIEHTA NMPABUWIILHBIX OTBETOB KOMITHIOTED
BoIcTaBisieT oT 0 10 6 6amioB. [IpuMepsl TECTOBBIX 3a/1aHUMN, TPUBECHBI HUXKE.

I:

S: Apxutextypa MukpokonTposiepoB ATMEL sto ...

-: apxutekrypa Helimana

+: 'apBapackast apXuTeKTypa

-: kak ['apBapnckas, Tak u apxurekrypa Helimana

-1 3aKpbITask apXUTEKTypa

I:

S: 'apBapackast apXUTEKTypa UMEET CIEAYIOUIYI0 OPraHU3aLHUI0 aMSATH ...
-: O0IIYI0 TaMATh IPOTrPaMM M TaHHBIX

-: JHEprOHE3aBUCUMYIO ITAMSTh

-: IOMEXO0YCTONYUBYIO ITaMATh

+: mamATh IPOrpamMM U JaHHBIX pa3esieHa

I:

S: ApxutekTtypa HeliMaHa uMeeT caenyonIyro OpraHu3aluio NaMaITy ...
+: 0011yI0 TaMATh IPOTrPaMM U JTAHHBIX

. QHCPIrOHC3aBUCUMYIO TAMATH
. HOMeXoyCTOﬁQHByIO naMAThb

: MAaMATh IPOTPAMM M JIaHHBIX pa3J/iesieHa

I:

S: Jlnst popMupoBaHus CUTHAJIOB TaKTOBOI 4yacToThl B MUKpoKoHTpoiepax ATMEL ...
-1 HICTIOJIb3YyEeTCs TOJIBKO BCTPOECHHBIN T'€HEPATOp

-1 HCIIOJIb3YETCs TOJIBKO N'€HEPaTOp BHEIIHUX CUTHAJIOB



-1 MCTIOJIB3YETCSl TOJIBKO BHEIIHUHN KBAPIEBBIA pE30HATOP

+: MOXeT OBITh MCIIOJIB30BaH JI000i U3 MEePEYNCICHHBIX BapUAHTOB

L

S: Yucno peructpoB o0111ero Ha3HayeHus B MUKpOKOHTpoiepax ATmega. ..
+: 32 perucrpa

: 16 peructpon

: 4 peructpa

: 8 peructpon

I:

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

+: I03BOJISIET KOHTPOJIUPOBATH PE3YNIbTAaT PadOTHI IPOLECCOPA HA ATAIIE 3aBEPLICHUS KaX 101

KOMaH/bI

: CILy’KMT JUISl KOHTPOJISL HAIIPSDKEHUs IUTaHUs. MUKPOKOHTpOJLIEpa

. CIIYXKUT OJIA CO3aaHUA CTCKaA

: CIIY>KUT JIJISl XpaHEHUS TAaHHBIX
I:

S: Crex - 310...

-: (pparMeHT Ko/ BBITIOJIHIEMOM MPOTpaMMBbl
-: 00J1aCTh MaMSITH MIPOTrPaAMM

-: 00;1aCTh YHEPTrOHE3aBUCUMOM TTAMSATH

+: 00J1aCTh ONIEPATUBHON MAMSITH

3aganus K JadopaTopHbIM padoTam

[lpu  BbIMONHEHHH  Ja0OPATOPHBIX  PabdOT  HCIOJB3YETCS  KOMIUIEKT — Y4eOHOTo
o0opynoBanuss «MHUKpPOIPOILECCOPHBIE CUCTEMbI YIPAaBICHUS SJIEKTPOINPUBOJOBY. 3agaHUs K
nabopaTOpHBIM paboTaM TMPHUBENECHBI B METOAMYECKUX yKazaHusx: Komrekt ydeOHoro
o0opynoBaHusi «MUKpPOIIPOLIECCOPHBIE CHUCTEMBbI yIpaBlieHUs 3JiekTponpuBonoBy [101033
Mertoanueckue ykazaHus K BBIONHEHHIO JabopaTopHbix padot. OO0 T/ «IIpodhO6pazoBanue»
2015.

[Ipu BeIMONHEHNH 1a0OpPaTOpHO pabOTHI, CTYACHT H3y4aeT TEOPETUYECKYIO YacTh,
IPOBOJIUT COOPKY OAJIEKTPHUUYECKOW CXEMbl W 3alMChIBAeT YIPaBISAIOLIYI0 MpOrpaMMmy B
MUKpOKOHTpoJutep. CTYyAEeHT NpeACTaBIseT OTYET W JEMOHCTPUPYET paboTOCnocoOHOCTh
coOpaHHOMU cXeMBbl. 3a BBIIOJHEHHE U 3alUTY JJAOOPATOPHBIX pabOT CTYJEHT MOXKET HabpaTh 18
O6amioB (mo 3 Oamna B KaxAyl pPEeUTHHroByro Touky). [lepedeHp mnabopaTOpHBIX paboT
MPEJICTaBICH HUXKE.

Jlaboparopnass padora Nel «3HAaKOMCTBO C DJJIEMEHTaMH MOJYJS, H3y4EHHE
IPOrpPaMMHOTr0 OOecreueHus1, Co3/1aHnue U OTJIAJIKU IPOrpaMM JUIsi MUKpOKOHTposiepoB AVR Ha
a3bike Cuy.

Leab paGorbi: 03HAKOMUTHCS C DJIEMEHTAaMH MUKPOKOHTPOJUIEPHOTO CTEHA, U3YUYHTh
IpOTrpaMMHOE M armapaTHoe oOecreueHre, U3y4uTh OCHOBHBIE METOIBI MPOrPaMMUPOBAHUS U
OTJIQJKU TIPOTpaMM JIJIsi MUKPOKOHTpPOJLIEpA.

KoHnTpoJibHBIE BONIPOCHI:

1. Ilepeuncinute OCHOBHBIE NCIIOJHUTENBHBIE JIEMEHTHI, PACIIOJIOKEHHBIE B MOYJIE.

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

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

4. IlepeuncianTe OCHOBHBIE KOMAH/Ibl B CPEZl€ IPOIPaMMHUPOBAHMSI MUKPOKOHTPOJLIEPA.



JlaGopaTtopnas padora Ne2 «[lopTel BBOJa/BBIBOJIa MUKPOKOHTpoJuiepa atmega8535,
peanu3anus NporpaMMHO 3aEPKKU»

Hesn  paGorbl:  M3yunts  ocoOeHHOCTHM ~ pabOThl  MapayIeNIbHBIX  [OPTOB
MUKPOKOHTPOJUIEPA; O3HAKOMHUTHCS CO CIOCOOaMU MOJKIIIOUEHUS CBETOIUOJIOB U KHOIOK K
U(PPOBBIM MHKPOCXEMaM; HAyYUThCS YIPABIATH CBETOAMOAAMH TPU TOMOLIM IMPOTPAaMMBI;
HaAIUCaTh MPOrpaMMy «OEryIIui OTOHbY Ji CBETOIUOIOB.

KonTpoJibHbIe BOpoChI

1. KakoBO Ha3HaYeHHE MOPTOB MUKPOKOHTpoILIiepa?

2. Jlng gero ciyxat peructpsl DDRx?

3. Uto onpenenser peructp PORTx?

4. Kak ckoHpUTrypupoBaTh MUHBI KAKOTO-THO0 MMOpTa HA BXOJ WX Ha BBIXO?

5. MOXHO JIM HCIIOJIb30BaTh KHOIKY MOAKIIOYUB €€ K MUHY, CKOH(GUTYpHpOBAaHHOMY Ha
BEIXOJ?

JlaGoparopnasi paGora Ne3d «M3yuyenue TtaiimepoB MukpokoHTposuiepa AVR u wux
IPUMEHEHUE: B AUHAMMYECKON MHAMKAIMM, B PEKUME IOJCUETa BPEMEHHBIX MHTEPBAJIOB, B
HIUPOTHO-UMITYIHCHONW MOIYJISLIUM

Hean pabotbi: Ilo3HakoMuTbest ¢ Taiimepamu MHUKpoKoHTposuiepa ATmega8535;
HCCJIEIOBATh PEKUMBI PAOOTHI U CIIOCOOBI MPOTPAMMHON peanu3alui peXKUMOB JMHAMHYECKOM
WHAMKAIMK; PEaJu30BaTh IPOrpaMMBbl - CUYETUYMKA BXOIHBIX HMIYJIbCOB C OTOOpa)keHUEM
pe3ynbTaTa Ha CEMHCETMEHTHOM HHJMKATOpPE, MOACYET BPEMEHHBIX HHTEPBAIOB, LIMPOTHO-
UMIYJIbCHYIO MOIYJISLUIO.

KonTposbHbie BONPOCHI

1. [ToueMy NpUMEHSIOT AMHAMUYECKYIO UHIUKALIUIO?

2. Kak yacTo Ha/10 3acBeUHUBaTh OTJICIbHBIC pa3psIbl?

3. [Touemy cHUXKaeTCs APKOCTh HHAUKATOPA B JUHAMHUYECKOM pexume?

4. IloueMy UHIMKATOP HA3bIBAETCS CEMUCETMEHTHBIM, HO UMEET & BBIBOJIOB?

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

Hear padorbi: UM3yuuts ocoOeHHOCTHM  pabOTBI M CXeMy  MOJKIIOYECHHS
KHUIKOKpHcTamnueckoro unaukaropa (PKKM) k MUKpPOKOHTpoJuIepy: M3Yy4HTh OCOOCHHOCTH
NapajuleJIbHOM CHHXPOHHOW TNepeJaud JaHHBIX M Ipollecca HWHUIMAIW3alUW  JUCILIes,
paccMOTpeTh ero paboTy B pa3iIUuYHBIX peXHMMax; HamucaTh MPOTrpaMMy BbIBOJA Ha AMCIUICH
M0JIb30BATENBCKON HH(OPMALIUH.

KonTpoJsbHbIe BONPOCHI

1. YTo 03HayaeT TEPMHUH «3HAKOMECTO»?

2. Cxonpko BuaoB mamMatu ecth B JKK nucmnee?

3. J171s1 yero CiIy>kKUT CTpOOUPYIOIUI BBIBOA?

4. Yem onpenensercs BEIOOP pexXUMa 3auch/uTeHue?

5. Kak mepenath komaHAy Ha AUCTUICH?

JladopaTopnas padora NeS «Vcronp30BaHre MATPUYHOM KIIaBUATYPHI»

Heas pa6orbl: M3yunTh NpUHUMN pabOThl MAaTPUYHOW KIABHATyphl M CXEMBI
MOAKTIOYEHUST KHOTIOK U MAaTPUYHOHN KJIIABHATYPhl K MUKPOKOHTPOJIIIEPY; PACCMOTPETh CIIOCOOBI
OIpoca KHOIOK U MOoJIaBJIeHUe Ipede3ra KOHTaKTOB; HallucaTh MPOrpaMMy CUMTHIBAaHUS HAXKaTHUS
KJIABHIINA U OTOOpaXKaroIIei KO KIaBUIITN Ha CBETOIMOAAX WU MHIANKATOPE.

KoHnTpoJsbHBIE BOPOCHI

1. [ToueMy OOBIYHO KaXKIyI0 KHOIKY KJaBHATYphl HE MOJKIIOYAIOT HAMPSAMYIO K HOXKaM
MOPTOB MUKPOKOHTpoJIiepa’?

2. CKOJIBKO CTPOK U CTOJIOILIOB MOXET ObITh Y MATPUYHOMN KJIaBHATYPbI?



3. IlonBoaMTCS 1M MUTAaHUE K MAaTPUYHOMW KiIaBUaType?

4. Kak nomxHbl OBITh CKOHOUIYpHUPOBaHbI IHMHBI KOHTpOJJIepa JJs YIpPaBICHUSA
MaTpUYHON KJIaBUATYPOI1?
5. bbIBaeT 1u B MaTpU4YHOMN KJIaBUAType HEUETHOE KOJIMUYECTBO KHOIOK?

JlabopaTtopnass pabdora Ne6 «BHemHue mnpepbiBaHMs MUKpOKOHTposiepa AVR.
CrnenualbHbI PETUCTP COCTOSTHUS Sreg U CTEK»

Hear pabGorbi: M3yunTh NOpUHLOUIB HMCHOJB30BAaHUS BHEUIHUX IPEPHIBAHUM,
O3HAKOMHUTBCSI C OpraHM3alUeil BHEIIHMX WHULUATUBHBIX CUTHAJIOB MHUKPOKOHTpOJLIEpA
ATmega8535, Hanucatb mporpaMmy 0OpabOTKH BHEUTHETO IPEPHIBAHMS.

KonTposbHbIe BONPOChI

1. Kakue uerblpe BO3MOXKHBIX YCJIOBUS CYLIECTBYIOT JJIsi TEHEpPAallMd BHEIIHETO
npepbIBaHus?

2. Kakue cymecTBylOT OCOOCHHOCTU IpPHU HCHOIb30BAHUU IPEPBIBAHUSA HPOOYKICHUS
MUKPOKOHTPOJUIEPA U3 PEKUMA BBIKJIIOUEHUS?

3. KakoBo nHaznauenue peructpa GICR?
4. KakoBo Ha3HaueHnue peructpa MCUCR?
5. KakoBo naznauenue peructpa GIFR?

JlaGopaTopuas padora Ne7 «Vcmosnb30BaHNE aHAIOTOBO-IIU(POBOTO Mpeodpa3zoBaTes
MUKPOKOHTPOJUIEPA

Heaw padorbr: M3yunts npunuunel padotsl ALIl Mukpoxontposnepa ATmega8535,
O3HAKOMHUTBCSI C HA3HAYCHMEM YIPABIAIOLIMX PETUCTPOB M NpuHuMnamu ynpasiaeHus AL
MHUKPOKOHTPOJIIEPA, COCTaBUTh M OTIAAUThH mporpammy npumenenuss ALl ans mmudposoro
BOJIBTMETpA.

KonTpoJbHbIe Bonpockl

1. O6bsicuuTe Ha3HaYeHHue U npuHLUN padotsl ALIL.

2. Jlns yero ynoOHO MCHOJIB30BaTh BbipaBHMBaHME pe3ynbrara ALl mo neBomy wiam mo
paBoMy Kparo?

3. Uro Takoe MCTOYHMK OTOPHOTO HAMpPSKEHUS U JJIS Yero OH UCHOJb3yeTcs MpU padboTe
ALTI?

Jladoparopnasi padora Ne8 «/3yueHue mMpUHIUIIOB pabOThl U MOCTPOCHHUE IUDPOBOI
CUCTEMBI MUKPOKOHTPOJUIEPHOTO YIIPABJIEHMS IIArOBBIM 3JIEKTPOIIPHUBOIOM»

Hean padorbi: M3yunTh yCTPONCTBO M THUIBI MIATOBBIX JBUTATENCH; pealu30BaTh CXEMY
MOJIKJIFOUEHUS 11arOBOT0O JBUraTels; HAallMCaTh MPOrpaMMy IOBOPOTa OCH LIArOBOTO JBUTATENSA
Ha 3aJJaHHbIN yTOJI.

KonTpoJsbHBIE BONPOCHI

1. Onummre oOIMI NMPUHIUT paObOTHI IATOBOTO JIBUTATENIS.

3. Yto mpou30HJeT eciu KOMMYTHpPOBAaTh BBIBOJBI IIArOBOTO JBUTaTeist B OOpaTHOM
nopsike?

4. TloueMy B TMOJHOIIArOBOM pPEXHME IMPU HUCHOIB30BAHUU JBYX (ha3 MOMEHT BpalleHHs
CYIIIECTBEHHO OOJIBIIIE, YEM TIPH UCTIOIB30BAHUH OTHOM?

5. C 1noMOLIBI0 KaKoro JIOTIOJIHUTENBHOIO YCTPOWMCTBA, BBl OBl  MPEATIOKMIN
KOMMYTHUPOBaTh KOHTAKThl LIAaroBOrO JBUTATeNs, B clydyae eciu Obl IS YOpaBJIEHUS UM
noTpeOoBaINCh OBl OOJIBIINE TOKU U HANIPSKEHUS ?

6. Ha kakoil yrojq coBeplIaeT BpallleHUE IaHHBIM JBHUIaTellb, MPOXOJsS OJHWH IIar, W
CKOJIBKO IIar0B €My MoTpedyeTcs AJisi MOJIHOro obopoTa?



JlaGopaTopnas padora Ne9 «/I3ydyeHue NpUHLUIIOB pabOTh U MIOCTPOCHUE PA3OMKHYTOM
u(ppPOBON CUCTEMBI YIPaBIEHUS MIMPOTHO-UMIYJILCHBIM MpeoOpa3oBareneM, padoTaloIUM Ha
JIBUTaTEJIb TIOCTOSTHHOI'O TOKa

Hean pa6orbl: M3yunth npuHmum padotel U cnocoOwl ympasieHus LIWII; manucats
nporpamMmy, peanusyrwouyrw ynpasieHue NI mig pa3oMKHYTOH CHCTEMBI YIIPABJIECHUS
CKOPOCTBIO BpallleHUs ABUTaTeNsl IOCTOSHHOTO TOKA.

KoHnTpoJibHbBIE BONPOCHI

1. Knaccudukanus npeodpazoBateneil MOCTOSHHOTO HAIPSHKEHUS B IOCTOSIHHOE?

2. Ha3oBuTe OCHOBHBIE OCOOCHHOCTH CHMMETPUYHOTO M HECUMMETPUYHOTO YIPaBJICHUS
LIAIT?

3. B ueM 3akioydaroTcs NpPEUMYILIECTBA M HEAOCTATKM CUMMETPUYHOIO H
HecumMeTpuuHoro yrpasienus LLINTIT?

4. B yeM 0cOOEHHOCTh pealn30BaHHOH B TaOOpaTOPHOI paboTe CUCTEMBI yIIPaBICHUS?

IMosHbIH pUMep 0HOI U3 J1a00PATOPHBIX PadoT.

JIABOPATOPHAS PABOTA
«I3YYEHUE TAUMEPOB MUKPOKOHTPOJIJIEPA AVR U UX IIPUMEHEHUE:
B JUHAMUWYECKOM NMHJIUKALIUY. B PEXXUME ITOJICYETA BPEMEHHBIX
MHTEPBAJIOB B LIMPOTHO-UMITY JIbCHOM MO Y IS
Hean padorsi: [lo3HakOMUTBCS ¢ TaiiMepaMu MUKpPOKOHTpoJuiepa Atmego8535; uccienoBaTh
PEXUMBI PabOTHI M CIIOCOOBI MPOTPAMMHON peaTH3aliy PEKUMOB JTHHAMUYECKON HHIUKAIHH;
peanan30BaTh MPOrpaMMbl — CMETYMKA BXOJHBIX MMIIYJbCOB C OTOOpa)K€HHEM pe3ysbTaTa Ha
CEMHUCErMEHTHOM HHJMKATOpPE, IIOJCYET BPEMEHHBIX HWHTEPBAIOB, IIHPOTHO-UMIIYJIbCHYIO
MOZYJIALIHIO.
Teopernyeckas 4acTb
MukpokoHTpoiep Atrena8535 comepXuT Tpu TaliMepa oOIIero Ha3Ha4YeHHsI: JIBa 8-
paspsaanbix TaiiMepa TO u T2, onun 16-pa3psaubiii Taiimep T1.
Bce TaiiMepbl IMEIOT BO3MOXKHOCTb PA0OTHI B Pa3HBIX PEKUMAX:
® U3MEpEHHE IPOMEKYTKOB BPEMEHH;
e cyéT BHEWHUX coObITuil (kpome T2);
e npeoOpa3oBaHME BHIXOJHOI'O CUTHAJIA KOHTPOJIJIEpa B CUTHAM C IIMPOTHO-
umnyascHoi Moaynsuuent (LINUM);
® BO3MOXKHOCTh pabOTHI B KAUECTBE YaCOB PEATbLHOTO BPEMEHHU (aCHHXPOHHBIN
pexum paboTsl Taiimepa T2).
AJIbTepHATHBHBbIC (YHKIIUHM IOPTOB
JInsi MOAKITIOYEHMsT BXOOB-BBIXOZOB TAalMEPOB K BBIBOJIAM MHKPOCXEMBI KOHTpOJUIEpA
(T.e. U1 COEAMHEHUS TaiMEPOB C BHEIIHUMH YCTPOHCTBAMM), UCHOIB3YIOTCS aJIbTEpPHATHUBHbBIE
(GyHKIIMM TOPTOB BBOJA-BbIBOJA. Ilocne BKIIOUEHHUS anbTepHATUBHOW (DYHKUMU JaHHBIA OUT
HOPTa UCHOJB3YETCs TOJIBKO I BBOJIA MIIM BBIBOJA MH(OpPMAIMK B TaiiMep, UCIIOIb30BaTh 3TOT
ouT 11 1M pPOBOro BBOJA- BHIBO/IA HEBO3MOXKHO.
AnbrepHaTUBHBIE (DYHKIIMM MOPTOB Ui paboTHl ¢ TaliMepamMH HpuBeleHbl B Tabnuue 1.
[Tpu 3TOM 1S peanuzalvy pexuma cu€ra BHEIIHHUX COOBITMM BXOJ TailMepoB HEOOXOAUMO
HNOJKJIIOUYNTh K BBIBOJAM MHUKPOCXEMBI — K KOHKPETHOMY OHUTY mopTa BBOJa/BbIBoja. llpum
pabote TaiiMepa B pexxume LLIMM. Beixos TaliMepoB Takke MOJIKIIFOYAETCS] K KOHKPETHOMY OUTY
nopra.
Tabnuma 1 AnprepHaTuBHbIE GYHKIIMH IOPTOB, UCIOJIb3YyEMbIE TaliMepaMu

Taiimep O0o03HaueHNE Onucanue BriBoj1 opTa
To T0 Bremnwmii Bxon Taitmepa TO PB0
0CO Buemnuit Beixon Taitmepa TO PB3




T1 Buemnuii Bxon taiimepa T1 PB1
Tl OCI1A Buemnuii Beixoa A taiimepa T1 PD5
OC1B Buemnuii Beixoa B Taitmepa T1 PD4
TOSC1 Buemauii BeIBoa 1 UIST DOOKIIOYEHUS
[pe3oHaropa taiimepa T2 PC6
T2  TOSC2 BrHewuui BeIBO 2 IS IIOAKIIOUECHNS
[pe3oHaTopa 1 Taiimepa T2 PC7
0C2 Buemnuii Beixon taiimepa T2 1 pp7  [PD7

Jlnist MCTIONb30BaHMS AJIbTEPHATUBHBIX (DYHKIUN ITOPTOB, COOTBETCTBYIOIINE OUTHI TIOPTOB
IpelBapuUTeIbHO HEOO0XOAMMO CKOH(GUTYpHpOBaTh Ha BBOJA WU BBIBOJ, HAmpuMep, IpU
UCTONIb30BaHUM anbTepHaTHBHON ¢yHkunn OCO s BeiBona umHGopmauuu u3 taitmepa TO,
BBIBOJ MUKpocxeMbl PB3 noimken ObiTh ornpezenen kak Boixo 0ut DDRB3 posen 1.
IIpepbiBanus OT TaliMepoB

Paspemenne u 3ampemieHue paboThl NpPephIBAaHUNA OT TaMEpPOB MHUKPOKOHTpOJUIEpa
BEITIOTHsIETCS ¢ momoniwio peructpa TIMSK (Timers Interrupt Mask Register) — peructpa macku
npepeiBanuii oT TaiimepoB. butbl peructpa TIMSK mnpuBeaenst B Tabmuue 2. UHaukanus
MOCTYIUICHUSI TIPEPhIBAHUN OT TaiiMepoB BBINOJNHAETCS ¢ momormbio peructpa TIFR (Timers
Interrupt Flag Register) — peructpa ¢umaroB mpepsiBaHuii OT TaiiMmepoB. Dopmar permcrpa
npezcTaBieH B Tabnuue 3.

Tabnua 2 Peructp macku npepsiBanuil ot taiimepos TIMSK

Homep HammeHoBanmue
Outa Oura

Haznauenue

0 TOIEO |®nar pa3peuieHus npepbiBaHus 10 NepenoiHeHuto taiimepa TO
1 OCIEO |®nar pa3peunieHust npepblBaHus 10 coBNageHuto taiimepa TO
2 TOIE1 |®nar pazpenieHus npepblBaHus 0 nepenoaHenuto taimepa T1
3 OCIE1B |®nar pa3penienust npepbiBaHus 1o coBnaaeHuto B taiimepa T1
4 OCIE1A |®nar pa3penieHus npepbiBaHus 10 coBnaaeHuo A taitmepa T1
5 TICIE 1 |®nar pa3penienus npepbiBaHus M0 3axBaTy Taiimepa T1

TOIE2 |®nar pa3penieHus NpepbIBaHus 10 NEPENOTHEHNIO TaliMepa T2
7 OCIE2 |®nar pa3penieHus npepbIBaHus 0 COBNAACHUIO TaliMepa T2

Ta6nuua 3 Peructp ¢uaroB npepsiBanuii ot TaiimepoB TIFR

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

0 TOVO @ar npepbIBaHUS 110 TIMERO_OVF 10
nepenonHeHuio TaiiMepa TO

1 OCFO @dunar npepsIBaHUs 110 TIMERO_COMP | 20
coBnajieHuto Taiimepa TO

2 TOVI1 @dunar npepsIBaHUs 11O TIMERI1_OVF 9
nepenonHeHno taiiMepa T1

3 OCF1B @dunar npepsIBaHUs 11O TIMER1_COMPB | 8
coBnajieHuto B Taiimepa T1

4 OCFIA @unar nmpepsIBaHUs O TIMER1_COMPA | 7
coBnajeHuto A raiimepa T1

5 ICF1 @unar npepsIBaHUs 11O TIMERI1_CAPT 6




3axBary Taimepa T1

6 TOV2 @uar npepsIBaHus 110 TIMER2_OVF 5
NepenojHeHuo Taiimepa T2
7 OCF2 @uar npepbIBaHus 110 TIMER2_COMP | 4

COBITQJICHUIO TaiiMepa T2

[Ipu HacTyruieHnu coObITHS cOOTBETCTBYIOIIM (hiar B peructpe TIFR ycranaBnuBaercs B
eauHUYHOE coctosinue. [lpu 3amycke mporpamMmbl 00paOOTKM TpPEpBIBaHHS, OH aIlapaTHO
cOpaceiBaetcs B «0».

Bocbomupaspsaubiii Taiimep TO

Jns npumenHeHuss BocbMmupaspsiaiHoro Taiimepa TO B MukpokonTpoiuiepax AVR.
Hcnonp3yroTest Tpy CHEUalIbHBIX PETUCTPA:
e cuerHblil peructp TCNTO (Timer CouNTer Taitmepa TO):
e peructp cpaBHeHUs: OCRO (Output Compare Register Taitmepa T0):
e peructp ynpasiaeHuss TCCRO (Timer/Counter Control Register Taiimepa TO).
Taitmep TO paboTaet B TpEX pekuMax:
e (QopmupoBaTellb BpEMEHHBIX UHTEPBAJIOB;
e CUCTUYMK BHEIIHUX COOBITHIA;
® IIMPOTHO-UMIYJIbCHBIN MOIYJISTOP.
ITpu poboTe Taiimepa TO MOryT reHepupOBaTLCS JBA MPEPHIBAHUSA:
e 1pu nepenoyiHeHuu cuérHoro peructpa TCNTO;
e 1pu coBnajgeHun 3HaueHuil peructpa TCNTO u perucrpa cpaBHenuss OCRO.
@unaru npepeiBanui HaxoxasTcs B peructpe TIFR, paspemienye npepblBaHN BBIIOIHAETCS
¢ oMot peructpa macok TIMSK.

Cuétnplii peructp TCNTO

Peructp TCNTO npencrasnsier co60ii peBepCUBHBIN CUETUHK. B 3aBUCHMOCTH OT pekuma
paboThI TaliMepa, COIEPKUMOE CUETHOTO PErUCTPa MOXKET COPACchIBAThCS B HYJIEBOE COCTOSIHHE,
MHKPEMEHTUPOBATHCS (YBEIMUMBATHCS Ha 1) WM JeKpeMEeHTHpoBaThcs (YMeHbLIaThes Ha 1) 1o
KaX/IOMY BXOJIHOMY UMIYJbCYy. Peructp nocryneH B 11000 MOMEHT BpeMEHH Kak JJisi YTEHHUS,
TaK u s 3anucH. [Ipu mogave nuranus Ha KoHTposuiep B peructpe TCNTO HaxoguTcst HyleBoe
3HaueHue. Jlnana3oH W3MEHEHUs 3HaueHud cuérumka coctasiseT 0...255. Ilpu moctmxenuun
CYETYMKOM MaKCUMAJIbHOTO 3HaYeHUs 255 U mojiaye o4epeJHOro UMITYJIbCa, 3HaUYeHHE CUETUYHNKA
M3MEHSAETCS Ha HYJIEBOE, IIPU 3TOM TE€HEPHUPYETCs MPEPBIBAHUE IO NEPENOIHEHUIO CUETYMKA
TOVO B peructpe TIFR (Ta6u. 3). Pa3pemenne npepriBaHus OCYIIECTBISETCS YCTAHOBKOM B «1»
pazpsana TOIEO perucrpa T1MSK.

Perucrtp cpasuenuss OCRO

Peructp OCRO comepXuT BOCBMHUPA3PSIHOE IIEJI0€ YUCI0, KOTOPOE HENpEephIBHO (HA
KaX/IOM TaKTe KOHTpOJUIepa) CpaBHUBAeTCsA C colepXkUMbIM cuérHoro peructpa TCNTO. B
CIy4ae paBEHCTBA COJEPKHUMOTO ITHX PETrHUCTPOB ycTaHaBinuBaetcs diar npepeiBanus OCFO
peructpa TIFR (ecnu 3to mpepsiBanue paspemeHo B peructpe TIMSK). Kpome srtoro, npu
COBIMAJICHUHY 3HAYCHHUI PETUCTPOB MOXKET M3MEHHUTHCS cocTostHE OCO MUKPOKOHTpOILIEpa. ITO
MPOUCXOIUT, eciu Bbixon Taiimepa TO coeauuén ¢ BeiBogoM OCO (ompenensercs perucTpom
ynpasnenuss TCCRO) u BeiBog PB3 MukpokoHTpoiiepa CKoHGUTYpUPOBaH KaK BBIXOJ.

Peructp ynpasiaenuss TCCRO

Peructp TCCRO npennasHaueH /i ynpaieHus padotoit taitmepa T0. dopmat peructpa
npencTtanieH B Tabnuie 4. C MoMoIIbI0 3TOr0 perucrpa OCyIIecTBIsSETCs KOH(UTYpUpPOBaHUE
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TaiiMepa Ha OAWH W3 PEKUMOB pabOThL. Takke 37eCh MOXKHO TOIKIIOYUTH BBIBOIBI
MHUKPOKOHTpOJIJIEpa K TailMepy W BBIOpaTh 4YacTOTy, C KOTOpOH TaiimMep OyaeTr cuuTaTh
MMITYJIbCBI TEHEPATOPA YaCTOTHl MUKPOKOHTPOJLIEpA.

Tabnuna 4 Peructp ynpasnenust TCCRO

Homep |[HaummenoBanue |Ha3zHaueHue
oura Oourta

VrpaBiieHHE TPEICTUTEIICM.
SC02 SCO01 SCO00 Koaddumment npenaenurens

0 0 0  Talimep OTKJIIOYEH
0 0 1 Knen=1
0 1 0 Knen=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 [Toaxmtouen Bxon TO (oTpui. @poHT)

[Tonxmrouenue BriBoa Taitmepa OCO
COMO1 COMO0O Cocrostaue BeiBoga OCO

0 0 BriBog OCO oTkitoueH
0 1 3aBUCHUT OT pexumMa paboThI
3,6 COMO00:COMO1 | 0 BeiBog OCO ycranaBnuBaeTcs
B «0» MpH COBIAJICHUH
1 1 BriBog OCO ycranaBnuBaeTcst

B «I» IIpru COBIIaACHUN

WGMO01 WGMO00  Pexxum paboTsl

0 0 Normal
4,5 WGMO00:WGMO1L| 0 1 ®aszosbrii [IIUM
1 0 CTC (cbpoc mpu COBMaJCHUN)
1
[IpunyauTensHOe U3MeHeHne coctosiHus BeiBoga OCO
U FOCO (B pexxumax Normal u CTC)

IIporpammupoBanne 16-pa3psiiHoro taiimepa T1 MUKpPOKOHTpoOJIEpa
Monyne 16-paspsinHoro taiimepa T1 BxoguT B coctaB MuKkpokoHTposuiepa ATmego8535.
Taiimep/cuétunk T1 MOXET HCNONB30BAThCS JUIsl OTCUETa BPEMEHHBIX HMHTEPBAIOB U Kak
CY€TYMK BHEIIHUX CcoObITHH. KpoMe TOro OH MOXKET BBINOJHATH 3allOMUHAHUE CBOETO
COCTOSIHUS 110 BHEIIHeMY curHaiay. OH MoOeT 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 MCIONB3yeT OJUH WK OoJiee BHIBOJIOB MUKPOKOHTposuiepa. Kak
MPaBWJIO, 3TU BBIBOABI — JIMHUU TNOPTOB BBOJAA/BBIBOAA OOIIETO Ha3HA4Y€HHUsA, a (DYHKIINH,
peanr3yeMble STUMHU BBIBOJAAMHU IIPU PabOTE COBMECTHO € TaliMepaMu/CUETUMKAMHU, SBISIFOTCS UX
anbTepHaTUBHBIMU (pyHKIMsIMH. [l muxpokonTposiepa ATmega8535 Takumu BbIBOJaMuU
ABIISIOTCS:
e PBI (T1) — Bxox BHemHero curuasna taimepa T1.
e PD6 (ICP) — Bxon 3axBara Taiimepa T1.
e PD4 (OCIB), PD5 (OC1A) - Beixonsl cxem cpaBHeHusi A u B raiimepa T1.



[Ipu wucmonp30BaHUM aNbTEPHATUBHBIX (PYHKIMI HOPTOB BBOJA/BBIBOAA HEOOXOIUMO
CaMOCTOSITENIbHO CKOH(UTYPHUPOBaTh 3TH BBIBOJBI B COOTBETCTBUU C HMX (PYHKIIMOHATbHBIM
Ha3HAYEHUEM — Ha BXO/Jl WU BBIXOJ.

Cozsumt TOVn
I — . z
Clear (i Fag.)
T Control Logic - -
Dirgaction 2 alk, Clodk Select
Edge
'Y 4 ™ Dotecior [ L
TOPF | BOTFOM
iy Y )
-1y | From Prascalkar |
‘ TemanC-ounter ] L
TCNTn
L = | [ =0 |
A A A OCnA
1 fInt.Fag.}
I ®
- 1 Wavelorn
i 1 Gencration s i
|—— OCAné — - ; ;
|~
: o oG
o | TP {Int.Fiag.}
3 | Waluss Warrah
@ = L Pl - e 3| OCnE
| Gencmtion
E |
|
|— DCRnB — 1
. [ From Analog
: Comparaior Ouput |
| ICFm (ImAeg )
|
! Edge Moiza
S X Doloctor [ Carcelor
1 | ICPn
[ TccRea | | TCCRnE |

Puc. 3.1 Ctpyxrypa taiimepa T1.
[pengeaurenas TaiiMepa
B kadecTBe MCTOYHMKA TaKTOBBIX HMITYJIHCOB TaiiMepa T1 MOTyT HMCHOJB30BaThCS Kak
BHEITHHE UMITYNbCHI (¢ BxoAa T1), Tak v curHal ¢ BBIXOAa TAKTOBOTO Te€HEpaTopa. DTH CUTHAJIBI
MOCTYIAOT Ha BXOJ MpeAeauTeNisi, (GOpMUPYIONIETO TaKTOBbIe cUTHaiBI Taiimepa T1. s
YIPaBJIEHUS] COCTOSIHUEM NpeaenuTens ucnonb3yercs peructp SFIOR.

Perucrpsl Taiimepa T1
B cocras TaiiMepa/cuérunika T1 BXoasT cieayroue perucTpsl:
e 16-paspsannbiil cuétHbiii peructp TCNTI ;
e 16-paspsananblii peructp 3axsara ICR1;
e 1Ba 16-pa3panueix peructpa cpaBHeHus OCRI1A, OCRI1B;
e 1Ba 8-paspsaasbix peructpa ynpasienus TCCR1A, TCCRIB.

Kaxnpiii u3 16-pa3psHbIX perucTpoB (usnyecku pasmelaercs B JIBYX PErucrpax
BBO/1a/BBIBO/Ia, HA3BaHUS KOTOPHIX MOTYUYaIOTCs T00aBIECHUEM K Ha3BaHHIO peructpa OykBol «H»
(crapummii Gaiit) u «L» (Mmamgmuii Oaiit). CuétHblii peructp Taiimepa cuérumka TCNTI,
HarpumMmep, pasmemaercsa B peructpax TCNTIH : TCNTIL.

Cuérnblii peructp TCNT1 u peructpsl cpaBHenust OCR1A u OCR1B

Kak Tonmpko Taiimep T1 3amyckaercs, TO NpH NOCTYIUIEHUM OYEPEIHOTO HMITYJbCa C
UCTOYHUKA (MM SIBISIETCSI BBIXOJ MpPEAJeNUTeNsl, Ha BXOJ KOTOPOrO IOJAETCs CHUTHAI C
TaKTOBOI'O FeHepaTopa WM UMIYNbehl co Bxona T1), cogepkumoe cuétHoro peructpa TCNT1
YBEJIMYUBAETCS Ha eauHully. Tak OyneT MpoUCXOOUTh HENPEpPBIBHO 10 TeX IOp, MOKa He
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HACTYITUT TIEPETIOIHEHNE CUETUYMKA WU TPUHYIUTENbHOE ero oonynenue. [lpu nmepenomHeHnn
peructpa TCNT1 Bo3moxkna renepamnusi npepsiBanusgs TIMERI OVF no mnepenonHeHuro
taiimepa T). B peructpsl cpaBHernnss OCRIA u OCRIB 3anuchiBaroTcss HEOOXOIUMBIC
MOJIb30BaTENbCKUE 3HaYeHHs. [lpu coBmajeHUH 3HAUYEHUN CUYETHOTO PETUCTPAa U PErHCTPOB
OCRI1A nnu OCRI1B, nanpsokenust Ha Beixonax OClA i OC1B u3menstorcsi. 9TOT MOMEHT
MOYKHO HCIIOJIb30BaTh JIJIsi reHepupoBanus npepoiBanuil mo copnagenuro TIMER 1 COMPA u
TIMER1 COMPB.

Perucrtpsl ynpasiaennss TCCR1A n TCCR1B

Jlns  ynpaBiieHUs TaMepoM/CU€TUMKOM MCIIOJIb3YKOTCSl JIBa pPETUCTpa YIpPaBICHMS:
TCCRI1A, TCCR1B. ®opMaTsl 3TUX PETHCTPOB M Ha3HAUYEHHE OTICIIBHBIX OUTOB NPUBEICHHI B
Tabymue 2 ...5.

Tabnuna 5 Paszpsaasl peructpa TCCRI1A
bur  |HasBanue Onucanue
1,0 WGM11:WGMI10 Pexxum paboThl Taiimepa/cuérunka. COBMECTHO C paspsaaMu
WGM13:WGM12 peructpa TCCRI1B onpenenstor pexum
paboTsl Taiimepa/cuéTunka T1

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

5,4 |COMI1B1:COM1B0 [Pexxum paboTel O10KOB cpaBHeHHs A u B. DTu paspsusl

onpenessitor noseneHre BboiBogoB OCIA u OCIB npu

7,6 [COMIAIL :COMI1 AO |nacrynienun COOBITHS «CoBmajieHue. Brausiaue
COIEPKMMOTO THX Pa3psIoB HA COCTOSHUE BHIBOJA 3aBUCHUT
OT pexxnMa paboTHl TaiiMepa/cuéTurka

Tabnuua 6 ®opmar peructpa TCCR1B
bur 7 6 5 4 3 2 1 0
O6o3nauenue | ICNCI1 | ICES1 | - | WGMI13 | WGMI12 | CS12 | CS11 | CS10

butet WGM13... WGM10 ucnons3yroTcs B OCHOBHOM sl paboThl TaiiMepa B PeXUMax
I1M. Copepxkumoe 6utoB COMInl:COMIn0 nomkHo ObITH «0» TPU OTCYTCTBUH CBSI3U
taiimepa T1 ¢ BeiBomamu OCIx.

3nauenus pazpsagoB CS12...CS10 onpenenstoT KOd3PPUIMEHT eIeHUsT TAKTOBONH YaCTOTHI
Y MCTOYHUK TAKTOBBIX UMMYJbCOB Juisl TaiMepa T1. X BO3MOKHBIE 3HAYEHUS MPEICTABIEHBI B
Tabnure 7.

Tabnuua 7. Beibop koad¢unmenrta npeagenutens taimepa T1
butel TCCR1B

Koaddunnent npegnenurens taiimepa T1
CS12 | CS11| CS10

0 0 0  [Taiimep/cuéT4MK OCTaHOBJICH
0 0 1 clk

0 1 0 [lk/8

0 1 1 [clk/64

1 0 0 [clk/256

1 0 1 [clk/1024

BriBog TI, cuer ocymecTBisieTcs mo crnagaromeMy (QpoHTY
1 1 0 [MMILYJIbCOB




BriBog T1, cuer ocymiecTBisieTcss 0 HapacTaromeMy (QppoHTY
1 1 1 lumnynbcoB

Peructp 3axBara ICR1

Peructp 3axBata ICRI1 BXxoauT B cocTaB OjoOKa 3axBaTa, Ha3Hau€HUE KOTOPOIroO -
COXpaHEHHE B OINPEACICHHBI MOMEHT BPEMEHH COCTOSIHHS TalMepa/CuéTuhKa B PETUCTpE
3axBara ICR1. D10 neiicTBHE MOXKET MPOM3BOIUTHCS JTMOO MO aKTUBHOMY ()POHTY CHUTHaja Ha
BbiBojie ICP MukpokoHTposuiepa, JuMOO 10 CHUTHaly OT QHAJIOrOBOrO KOMIaparopa.
OnHOBpPEMEHHO C 3amuchio B peructp 3axBata yctaHaBiuBaercs ¢iar ICF1 perucrpa TIFR u
TeHepUpyeTCs 3alpoc Ha MpepbiBaHue. Paspelienue npepblBaHNs OCYIIECTBIISIETCS YCTaHOBKOM
paspsiga TICIED peructpa TIMSK. Jlns ympaBiieHHst CXE€MOM 3axBaTa HCIIOJB3YIOTCS JBa
pa3psga peructpa TCCRIB - ICNCI1 (6ur 7) u ICES1 (6ur 6). Paspsn ICNC1 ympassier
cxeMmoi mopjaBineHus nomex. Eciu 3ToT paspsg cOpomeH B «0», cxema MOAABICHUS MOMEX
BBIKJIFOUCHA M 3aXBaT NMPOU3BOAMTCS IO TIEPBOMY Ke akKTHBHOMY (ppoHTy. Eciu xe 3ToT paspsn
YCTaHOBJEH B «1», TO IpU MOSBICHUHN aKTUBHOTO (DPOHTA IPOU3BOAUTCS 4 BHIOOPKH C YaCTOTOM,
paBHOM TAaKTOBOM 4acTOTE MUKPOKOHTpoOJLIEpa. 3axBaT OyJeT BBINOJIHEH TOJIBKO B TOM Cllyyae,
€clii BCE BBIOOPKM HMEIOT YpPOBEHb, COOTBETCTBYIOIIMNA aKTUBHOMY (POHTY CHUTHala
(;mormueckast «1» mysi HapacTaromiero u Jiorudeckuid 0 ast crajnaromero). AKTUBHBIA (PPOHT
CUTHaja, T. €. POHT, MO KOTOPOMY OyJEeT BBHIMOJIHEHO COXpPAaHEHHE COICPKUMOTO CUETHOTO
perucTpa B perucTpe 3axmara, ompenaeinserca coctossaueM pazpsaa ICES1. Eciu atot paspsia
copoieH B «0», To akTUBHBIM sIBIIsIeTCS criafaromuii ¢ppout. Ecnu paspsg ycranosieH B«1», To
AKTHUBHBIM SIBJISICTCS HAPACTAIOMIUH (POHT.
Jns 3axBata mo curHany c BeiBojga ICP, 3TOT BBIBOA JOKEH OBITH CKOH(MUTYPUPOBAH Kak
BxoaHOU (paspsn peructpa DDRx, coorBercrByrommii BeiBoay ICP, gomxeH ObITh cOpoIleH B
«0»). Ecnu e oH Oyner ckoH(UTypUpOBaH KaK BBIXOIHOM, 3aXBaT MOXKHO OYyJIET OCYIIECTBISATh
IIPOrPaMMHO, YIpaBisisl COOTBETCTBYIOIIMM pa3psioM nopra. Ciaenyer NOHMMATh, YTO MEXIY
M3MEHEHHEM COCTOSIHUSI BXOJla 0JIOKa 3axBaTa M KONMUPOBAHUEM CUETHOTO PETUCTPA B PErHCTP
3axBaTa TaiiMepa/cu€Tymka MPOXOJUT HEKOTOpOoe BpeMs. OTy 3alep>KKy BHOCHT KacKaj,
COCTOSIIIMI U3 CHHXPOHHU3ATOpa U JAeTekTopa (ppoHTa. BennumHa 3anep:xku cocrapuset 2,5..3,5
MaIIUHHBIX [UKJIOB. [Ipy BKIIFOYEHUN CXEMBI TI0/IaBJICHUS TTOMEX 3aJePKKa YBEIMUYUBACTCS €IIe
Ha 4 MalIMHHBIX [IUKIIA.

Peructpsl pazpemenus u odopadorku npepsiBanuii TIMSK u T1FR

Jlna paspernieHus/3anpera MpepbBaHU OT TaiMEpOB/CYETUMKOB MpPEAHA3HAUYECH PErucTp
TIMSR (Timer/Counter Interrupt MaSK Register - peructp Macku mpepbIBaHUN OT
TaiimepoB/cueTunkoB). J{s Taiimepa T1 B 3TOM peructpe 3aJeiicTBOBAaHbI CIIEAYIONINE OUTHI.

e TICEl (6ut 5) - ¢not paspemieHus npepbiBaHUs MO COOBITHIO «3axBaT» TailiMepa

T1;

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

e OCIEIB (6ut 3) - ¢nar pa3pemienus npepbsiBaHusi mo coobiTuio «CoBranenue By
Taiimepa T1;

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

JUis MHIUKalIMY HACTYIUIEHHs IPEPBIBAHUKM OT TaliMepoB mpenHasHadyeH peructp TIFR
(Timer/Counter  Interrupt Rlag Register - peructp ¢maroB  mnpepblBaHUNA  OT
taiimepos/cuétunkoB). J[ist Taiimepa T1 B 3TOM perucrpe 3aJeiicTBOBaHbI CIeyIOIUE OUTHI:

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

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

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

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

[Ipn HacTymieHun Kakoro-nu0o coObITHS cooTBeTcTByroUi (mar peructpa TIFR
ycraHaBnuBaeTcs B «1». [lpu 3amycke moamporpamMMbl 00paOOTKH MpephIBaHUSA OH aIlapaTHO
copaceiBaercs B «0». JIto60ii prar MmoxkeTt ObITH cOpolieH B «0» BpydHYIO.



CemMucerMeHTHbIE HHIHUKATOPBI

B D5BM oro6paxkenre HWHPOpMAIMK TOJH30BATEII0 OOBIYHO OCYIIECTBISETCS Yepes3
MOHHTOP, HO JUIsi OOJBIIOrO 4YHCIA MHKPOIMPOIECCOPHBIX YCTPOWCTB, BBIMOTHSIOIINX
OTHOCHUTEJIHO MPOCThIe GYHKIIMH YIPABIEHUS, KOHTPOJIS UM U3MEPEHUsI ObIBACT JOCTATOYHBIM
oToOpaxeHne MH(pOpPMAIMKM WM PE3yJIbTaTOB M3MEPEHUN HA OCHOBE MPOCTEUIIUX YCTPOMCTB
uHAUKAU. OOGBIYHO AJISL 3TOrO UCMOIB3YIOT CEMUCEIMEHTHbIE HHAUKATOPhl. OAMH UHAUKATOP
UMEET BOCEMb CErMEHTOB (CeMb JIJIsl HAUePTaHUS YMCIa U OJUH CETMEHT - TOYKA) M OJWH 001N
KOHTaKT OOBIYHO MOJAKIIOYaeMbld K muTaHuto. [lo 3Toi mpuuuHe ISl YNpaBi€HUS OJHUM
WHAUKATOPOM TpeOyeTcss OJMH LENblid MOPT MHUKPOKOHTpoJuiepa. Eciu 4mcio WHINKAaTOpOB
Oosee IBYX, UTO OBIBAET CIOKHO MOJKIIOYUTH UX 110 TAKOMY MPUHLIHUITY.

JUis  yMEHBINIEHUS KOJHMYECTBA YIPABISIOMIUX JIMHUA CEMHUCETMEHTHBIC WHIAMKATOPBI
MOJIKJIIOYAIOT B IMHAMUYECKOM pexume. [ 3TOro oguHakoBble CErMEHTHI Tabl0 COSAUHSIOT
napauieIbHO U TMOAKIIOYAIOT K OAHOMY TOPTY MHUKPOKOHTPOJUIEpA, a TOK JK€ IMUTAOIIUI
MPOBOJ KaKJI0T0 UHAUKATOPA TOXKE MOAKIIOYAIOT K MUKPOKOHTposuiepy. Takum obpazom, Tabio
U3 4-X MHAUKATOPOB OY/ET MCIONb30BaTh 8+4=12 nuHMUII MUKPOKOHTpOIUIEpa, a He 8*4=32 kak
IPU KJIACCUYECKOM TMOJIKIIFOUEHUH.

Wtak, ¢ menpio COKpamIeHUs YHCIa BBIBOJAOB B MHOTOPA3pPSIHOM WHIUKATOpE BCE
OJIHOMMEHHBIE CErMEHTHI COCIUHEHBI BMECT€ M UMEIOT OJAMH o0mwuil BeiBoA (puc. 3.2). Jns
HyMEpaliil CETrMEHTOB HCIIOJIB3YIOTCS JATHHCKUE OykBbI OT a g0 h. UToOBl ympaBisTh
CBEUCHHEM Kakoh-1n00 mudpsl Kakaoe 3HakoMecTo (mudpa) uMeer o0 BBIBOJ, KOTOPBIH
MOJKET OBITh OOIIUM aHOJIOM HJIM OOIIUM KaTOJOM CBETOJMOJIOB-CETMEHTOB (3aBUCHUT OT THIIA
WHIUKATOPA).

=
J

Puc. 3.2 [IpunuunuansHas CXeMa COCIWHEHHS MacCHBa WHJIUKaTOPOB

Jnst obecrieueHust pabOTBI  MHOTOPA3PS/HBIX ~ WHIWKATOPOB WM HECKOJIBKUX
OJHOPA3PAIHBIX UHIMKATOPOB UCIIOIB3YIOT JUHAMUYECKYIO, TO €CTh HENPEPHIBHYIO MHIUKALIMIO
CyTh nUHAMHUYECKOW WHIWKAIIMHM 3aKJII0YAEeTCSl B TMOOYEPENHOM BKIIOYCHUH HHIAMKATOPOB C
MOMOIIBIO OOIIEro aHoAa WM OOIIEero KaToja ¢ OJHOBPEMEHHOW Mmojadel KoJa CHMBOJA M
JTAaHHOTO0, AaKTUBHOrO WHAMKAaTOpa. EcCiW MNEepeKkItoueHuss MEXKIYy HWHIMKATOpaMU CHENaTh
noctaTouHo ObIcTpeiMU (¢ yacToToi mopsinka 50..100 I') To Bce oHM OyayT paBHOMEPHO
CBETUTHCS HY’)KHBIMU CUMBOJIAMH.

[Tockomnbky, HanpuMep, B 4-pa3psiHOM TaOJI0 BpeMsi CBEUEHUSI OJTHOTO KaXJI0ro0 CerMeHTa
COCTaBISIeT UG 1/4 4acTh, TO SIPKOCTh CBEUEHUSI HHAUKATOPHOTO Ta0JI0 MOXET CYIIECTBEHHO
CHU3UThCA. Torma ans oOecrieuyeHUs: XOpOIIETO CBEUEHUS HWHIMKATOPOB MOXXHO YBEIUYHUTH
HaNpsDKEHUE, MPUKIIANbIBAEMOE K CerMEHTaM WHIUKATOpa, TaK YTOOBI YBENUYHICS M TOK,
NPOXOJAIIMIA B HMIIyJIbCE YEpe3 CEerMeHThl MHAUKaTropa. Takoil cmocod JUHaAMHUYECKOM
WHIWKAallUM  4YacTO IPUMEHSAETCS NpPU  YINPABICHUUM  YCTPOMCTBOM  HMHAUKAIMU  OT
MHKPOIIPOLIECCOPOB K MUKPOKOHTPOJIJIEPOB.

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

HIupoTHO-MMIYJIbCHASE MOAYJISIIIUS
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MMM — mupOoTHO-UMITYJIbCHAsE MOAYJIALUA. MI3BECTHO, YTO MYIbCUPYIOLLEE HAIPSKEHUE
B 3aBUCHUMOCTH OT 3aIlOJIHEHUS Meproja, OyleT 3KBUBAJICHTHO MTOCTOSSHHOMY HampsbkeHuto. T.e.
eciu 3a nepuo Hanpspkerne 50% BpeMeHu ObUTo BKIIOUYEHO, 50% BBIKIFOYEHO, TO YIKBUBAJICHT
MOCTOSTHHOTO HanpsbkeHus 0ynet paseH 50% ot HomuHanbHOrO. Hanpumep, npu nutanuu B 5B
MIOCTOSIHHOI'O HAIpPSDKEHHMS, MOJy4MB Ha BbIxoAe KoHTposuiepa [IIMM ¢ nonoBuHHBIM
3al0JHEHUEM, TO MOCIe crilakuBaHus noiayunM 2.5B. Ecnu 3anonHenue nmimynsca paBHo 75%.
TO SKBUBAJICHTHOE IMIOCTOSIHHOE HampshkeHue oynet 3.75B.

INM B coueTaHUM C aHAJIOTOBBIM (PUIBTPOM MOXET HCIOJB30BATHCS JUIsI TeHEepaluu
AQHAJIOTOBBIX BXOJHBIX CHTHAJIOB, T.€. B KadecTBe UG po-aHAIOroBoro npeodpaszosarens (LIAIT).
B kayecTBE OCHOBBI HCHOJB3YETCA IOCIEAOBATEIBHOCTD MPSMOYTOJbHBIX HMIIYJIBCOB C
MOCTOSTHHBIM TIEPUOIOM clenoBanus ((pukcupoBaHHas yacToTa ciemoBanus) st reneparumn
pa3IMYHBIX aHAJIOTOBBIX YPOBHEW pEryaupyeTcsl 3alojJHEHHE HUMITYJIbCOB U. TaKUM 00pazoMm
U3MEHSETCS JUIMTEILHOCTh HMMIYJIbCOB. Ecaum Heo0XoaumMo cPOpMHUPOBATH  BBICOKUI
AQHAJIOTOBBIM YPOBEHb, TO JUIUTEIBHOCTh UMIYJIbCA YBEIHMUMBAIOT U HA00OPOT.

B muxpokonTpomiepax AVR nns renepanuu; HIMM-curnanos ucnonb3yroTcs TaiMephbl-
cuetunku. Jlnsg m3menenuss Hecymieil yactorel LIIMM wm3meHnsercs yactoTta CHHXPOHM3ALUU
TaliMepa U BEpIIMHA CYETa, YACTOThl CHHXPOHU3AIIMU UM CHIXKCHUE BEPIIUHBI CUETa TPUBOIST
K IOBBIIICHUIO YaCTOThl NEPENOJHEHUs TailMepa W, Kak CJIEACTBUE, YBEIWYMBAETCS 4YacTOTa
[IIMM, MakcumanpHO#N pa3pemaromeid crnocoOHocTr (BepmmHa cueta 255) COOTBETCTBYET
MakcumanbHas yactora [IHMM 250 kl'u. [JanpHeiimee yBenuuenue yactotel [IIMIM Bo3moxHa
IyTEeM YMEHBUICHHS Pa3pelaronield ClioCOOHOCTH, HO B 3TOM CIIydae COKpAIIAeTCs] KOJTHMYECTBO
11aroB IPU yCTaHOBKE 3aIloJIHEHUs uMIyiabcoB oT 0 1o 100%.

N3menenue copepxumoro peructpa cpaBHenus (OCR) BiusieT Ha 3aM0JHEHUE UMITYJIBCOB.
VBenuuenue 3HaueHnss OCR yBennuuBaeT 3am0JIHEHUE UMITYJIbCOB. [0 JOCTUKEHUS CUETUMKOM
3HaueHus u3 peructpa OCR HIMM-BbIxoa HAXOJUTCS B BHICOKOM COCTOSIHUH, 3aT€M TEPEXOAUT
B HU3KO€ COCTOSIHHE 10 AOCTHXKEHHUsI BEpPUIMHBI CUETA, MOCIE YEro CYETUYHUK IEePEeXOJUT B
HYyJI€BOE COCTOSHME€ U LUKI 1oBTopsierca. Takoil cmoco® renepauuu y AVR-
MUKPOKOHTPOJUIEPOB MOITY4HI HazBaHue ovicTpoit [IIMM.

Puc. 3.4 3uauenue cuetunkos u [IIMM BeIxXOAg

[Ipu ucnonb3zoBanuu BbicOKOYacTOTHOW [IIMM myisi reHepanuy aHaJIOrOBBIX CUTHAJOB,
MIMPUHA aHAJIOTOBBIX YPOBHEH 3aBHCHUT OT paszpemtarouieii cnocodbnoctu IIMM. Yem Bbime
Hecyliasi 4acToTa, TeM Oojee MpOCTO e€e MOJaBUTh M TeM CaMblM MHHHMHM3UPOBATH YPOBEHb
nyibcanui. Takum o0pa3oM, HEOOXOAWMO OINTHMH3HPOBATh COOTHOLICHHE pa3peliaromeit
CIIOCOOHOCTH U HECYIIEH YacTOTHI.

PeKOMeHIIaIII/II/l K HAIIUCAHUIO ITPOrpaMMbl «I[]/IHaM]/l‘IeCKaH HHANKALUA»

OcHoBHO MNPUHIUIT YIIPABJIICHUA CCMUCCTMCHTHBIMU HWHIAUKATOPAaMH B IUHAMHYCCKOM
PEKUME - OTO IMOOYCpEAHAA IoAada IMUTAIOMICTO HAIPSOKCHUA Ha Ka)K)ILIﬁ N3 WHAUKATOPOB
TabJI0 U OIHOBPEMCHHAA 110Ja4a BTOPOTO IMOJIF0CAa K COOTBETCTBYHOIIIUM CETMCHTAM UHAHUKATOPA.
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Hampumep, mnst BeiBona uncna «123» nHa unaukaropax HGI-HG3 moxkHO mocienoBarenbHO
BBIBOAUTH ITU(MPHI HA MHAUKATOPHI: BHavane Ha uHaukatop HG1 mudpy «1», 3atem Ha BTOpOH
uaukarop HG2 uumdpy «2» m ganee na tperudd muaumkarop HG3 umdpy «3». Ecmu sty
OTIepaIUIo MOCIIEI0BaTENIBHOIO BBIBOIA BBIMOJIHATH C CYMMapHOU CKOpOCThIo Oonee 25 ' ans
KOKI0W U(PBI, TO MEpIAHUs CUMBOJIOB YEJIOBEUYECKOMY Tja3dy BUAHO He Oyzaer. To ecTh B
HaIlIeM CJTy4ae 4acToTa CMEHbI CHMBOJIOB JIOJDKHA OBITh HE MeHee 25x3=75 I'.

Pexomenayercs mepexoauTh OT TMOJCBETKHM OJHOTO HMHAMKATOpa K JAPYroMy Yepe3 paBHbIC
MPOMEXKYTKM BPEMEHH W 93TO YAOOHO peaau3oBaTh uYepe3 IMpepbIBaHUS BCTPOCHHOTO B
MUKPOKOHTpPOJIIIEP TaliMepa.

AJITOPUTM MPOrPaMMbl MOKET ObITh IPUMEPHO CIICAYIOLIUM:

o KoHpurypupyem Ha BBIXOJ MUHBI, K KOTOPHIM TOJKIIOYEHBI JIMHUUA CETMEHTOB
WHMKATOPOB, a TOK K€ U Ha BBIXOJ MUHBI K KOTOPHIM MOJKIIOYEHBI CTOJOIIBI.
[IpucBanBaemM COOTBETCTBYIONINE HAYATbHbIC 3HAYCHUSI.

e B 0CHOBHOM LMKIJIE TPOrpaMMBbl MOKHO PEAIM30BATh ONPOC KHOMKHU MPU HAKATUU
KOTOpOil MeHseTcss uHbopMaIus, BBIBOAUMAs HA JUCILICH.

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

[TapanmnensHo ¢ paboTO OCHOBHOM (DYHKIIMU HPOTPaAMMBbI MPOUCXOIAT MEPUOAUUECKUE
npepbiBanus TaiiMepa. B o0paboTke npepbiBaHus CIIEAYET MPOMKUCATh MOOYEPETHOE U3MEHEHNE
HOMEpa aKTUBHOTO MHJUKATOpa U 3alHCh HY)KHOTO 3HAYCHHs B MEPEMEHHYI0, 0TOOpakaeMyro
Ha TEKYIIEM UHANKATOPE.

JAvuHamMuuyeckasi MHAMKAIUS ¢ IPOrPAMMHOM 3a/1ePKKOM.

PaccmoTpum mpumep mporpaMMbl, KOTOpas peaM3yeT JaHHBIA ajlrOpUTM Ui BBIBOJA
yrcno «123». Yacrora BbIBOJA CHMBOJIOB OIpefensercs mnporpaMmHoi may3oi. Ilyctsb
CerMeHThl a...h TOAKIIOYEHBI COOTBETCTBEHHO K BhIBojaM mopta A: PAO-PA7, a aHomwl
unaukaropoB HG1-HG3 - coorBercTBeHHO K BhixojgaMm mnopta B: PBO-PB3. TecroBas
mporpaMma pacrosioxena 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 CETMEHTHI HE CBETATCS

DDRB =0x07: // MJIamme Tpu outa nmopta B - Ha BeIx0A

PORTB=0x00; // WHAUKATOPBI HE BRIOPAHBI

while (1) //  OGeckOHEYHBIN UK

{

/I Be1BON 1TGpH! "1" Ha uHAMKaTOp HG1

PORTA=0xF9; // cermentsl "b*“ u "c" B mopT A

PORTB=0x01: // BBIOOp MHAUKaTopa HG 1

_delay_ms(2); // mporpammMmHas nay3a 2 Mc

//BbIBOA 1M PpHI “2" Ha uHANKaTOp HG2

PORTA=0xA4; // cermentsl "a, b, d, e, g"

PORTB=0x02: // BBIOOp mHUKaTopa HG2

_delay_ms(2); // mporpammHas nay3a 2 mMc

// BeIBOA U (pHI “3" Ha naukarop HG3

PORTA=0xBO0; // cermentsl "a, b, c, d, g"

PORTB=0x04; // BBIOOp MHaUKaTopa HG3

_delay_ms(2): // IIporpaMMHasi naysa 2 Mc

// BeiBOX 1t (ppHI "4" Ha nHIUKaTOp HG4

PORT A=0x99: // cermMeHTsl “b, c, f, g"
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PORTB=0x08; // BbIOOp MHIUKaTopa HG4
_delay_ms(2); // nporpamMmmHa* maysa 2 Mc
}
}

Hcnons3oBaHue B JAaHHOW NPOrpaMM JUIsl MHIMKALIMM CHMBOJIOB IYCTBIX LUKJIOB IS
pealM3anud  TPOTPAMMHOW 3aJCPKKH  HE COBCeM yaA0O0HO u HedpekTuBHO. MOKHO
UCIIOJIb30BaTh ropaso Oosee 3¢ (HeKTUBHBIN MOAX0/I, KOT1a Heo0XouMasi BpeMeHHas 3a/1epKKa
MEXy CMEHOI CHMBOJIOB OyJIeT peaan3oBaHa C IIOMOLIBIO TailmMepa, a caMa CMEHa

MHIUIMPYEMOT0 CUMBOJIA OyJleT OpraHM30BaHHA B Mporpamme 00pabOTKH MpepbIBaHUU
OT TanuMepa.

JAunHamMmuyeckasi MHAMKAIUSA ¢ IPEePbIBAHUSIMHU OT TaiiMepa.

B nanHoM ciydae 1enecoo0pa3Ho 3a1aTh I100alIbHbIE IEPEMEHHBIE B KOTOPBIX HAXOIATCS
BBIBOJMMBIC HAa MHJMKAIMIO CUMBOJIBI B BUJE KOJOB, BBIAABAEMbIX Ha «CEIMEHTHBII» MOPT, U
TEKYIIUl HOMEp BBIBOAMMOTO HMHIHMKaTopa. B mporpamme oO0paOOTKH HpepbIBaHUNA MEHSETCS
3TOT HOMEp, U Ha «CErMEHTHBIM» MOPT BBIBOAUTCS COOTBETCTBYIOIIMI emy cumBoil. Huxke
IPUBEJIEH IPUMEP NPOTrpamMM JTMHAMUYECKONW MHAUKAUN 4Hciia «123», BBINOIHEHHON c
HCII0JIb30BaHUEM IpepbiBanus Taitmepa TO.

#include <avr/io/h>

#include <avr/interrupt.h>

unsigned char cl =! 0x06, //xon mudps “1”
c2=!0x5B, // ko udpsl 7

c3=10x4F; // kon uper "3"
unsigned char n; // HOMEp UHAMKATOpa
// O6paboTka npepsiBanus Taiimepa TO
#pragma intenupt_handler indic: 10

void indic (void)

{ PORTD&=0xFS8; //Beikmtogaem Bce naaukaTopel HG1-HG3
switch (n)

{

case 0:

PORTC =cl; // xom “1”

PORTD=0x01; // nanukarop HG1

break;

case 1:

PORTC= c2: //xon “2”

PORTD=0x02: // naguxarop HG2

break;

case 2:

PORTC=c3; //xox “3”

PORTD=0x04; // uaauxarop HG3

}

n++: // cMeHa HoMepa UHIUKaTopa
n%=3;

}

//[—— rnaBHasg 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 BEIOPAHbI

T IMSK = 0x01; // pa3pelnieHre mpepbIBaHUsI 110 TTEPEMOTHEHHUIO
sei(); // obiee pa3perieHne npepbIBaHuN

TCCRO0=0x04; // 00000100. koapduruent npenaeautens 256.

// wacrora npepbiBanuii oyzaer 8000000/256/256

// qactoTa oOHOBIeHUs ynciaa (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
3TOTrO CO3JaIUM MIPOrpaMMy MOCcUETa KoJM4YecTBa npepuiBanuii Taiimepa TO.

#include <avr/io.h>

#include <avr/interrupt.h>

int i=0; // oOBsABICHHE TII00ATHLHON TEPEMEHHOH 1

void port_init(void)

{

PORTD = 0x00;

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

}

void timer(Q_init(void) // nannmanmu3anus taiimepa TO

{

TCCRO = 0x00; //octaHoBKa c4éTunKa

TCNTO = 0x64; //3amanrie Ha4aabHOTO 3HAYEHUS B CUETHBIN PETUCTP

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

//SC02:SCO1 :SC00=101 — Kdel=1024

//COMO1 :COMO00=00 —» OCO oTkIt0UeH

/IWGMO1 :WGMO00= 00 —» pexxum padotsl Normal

}

#pragma interrupt_handler timer0_ovf_isr: 10

void timer() ovf isr(void) // PaGoTa cuéTuymka rnpu npepbIBaHUSX IO MEPETIOTHEHUIO

{

TCNTO = 0x64; //ycTaHOBKa HaYaIbHOTO 3HAYEHUS CUETUNKA

1++; //MHKpPEMEHT NIEPEMEHHO 1

}

void init devices(void)

{

cli();

port_init();

timerQ_init();

TIMSK = 0x01;

/ITIMSK=0x01 - pa3penieHo npepriBaHue 0 NepenoaHeHunto Taiimepa TO

sei();

}

void main(void)

{

init_devices();

while (1)

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

}

PaccMoTpum 0c00€HHOCTH POrpaMMbl:

a) BHayaJyie MporpaMMbl BBEICHA TII00aNbHas TIepeMeHHas 1, ¢ HadalbHbIM 3HaueHueM i=0:
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0) U3 BCeX MOPTOB MHUIMATIM3UPOBAH TOJBKO MOpT D, paboraromuii Ha BbIBOJ (HYHKIHS
port_init();

B) B (pyrkmmu timerQ_init() BBIONHAETCS BBOJ MapaMeTpoB padboTs! Taiimepa T0. Buauane
CUYETYMK OCTaHABJIMBAETCS, JIJIS1 STOTO B PETUCTP YIPABICHUS 3alMCHIBACTCS HYJIEBOE 3HAYCHHE:
TCCRO = 0x00;

3aTeM 3anuchiBaeTCAd HavyaibHOe 3HadeHue B Ccu€THbId peructp: TCNTO0=0x64; u
ycTaHaBiuBaroTcs Tpedyemble napamerpsl 1t npeaaenurens KDEL u pexuma padorsr: TCCRO
= 0x05: (TCRR0=00000101)

OTUM yCTaHaBIMBAIOTCSA KOA(D(UIIMEHT aeneHus npeanenurens, paBHeld 1024 u pexum
paboThl cuétunka Normal.

') CTPOKHU IIPOTPaMMBI:

#pragma interrupt_handler timer0O_ovf_isr: 10

void timerQ ovf isr(void) // mpepbIBaHuE 10 MEPETOTHEHUIO

{TCNTO = 0x64; // ycTaHOBKA Ha4aJbHOTO 3HAYCHUS CUETUMKA

1++; / WHKPEMEHT IepEeMEHHOH 1

}
co3zaercs 00pabOTUYMK IMpephiBaHUs 1Mo mnepenoyiHeHnio cuérunka T0, rae 10 Homep BekTopa
npepeiBaHusl Mo TepernonHeHuto, a ums timer0 ovf er() mpencraBiasier co0oil Ha3BaHUE
(GyHKIMU, KOTOpasi BBI3BIBACTCS NMPHU TOSABICHUM IpephiBaHusA. B Tene (QyHKIMHM TOJNBKO IBa
oreparopa; MepBbI YCTAaHABIMBAET HadallbHOE 3HaueHue cuérHoro perucrpa TCNTO = 0x64,
BTOPOIl HHKPEMEHTHUPYET TII00aTbHYIO TEPEeMEeHHYIO 1. TakuM 00pa3om, Py KaXKI0M TOSBICHUU
MpephIBaHMs, YBEIMYUBACTCS 3Hau€HUE MepeMeHHOW 1 Ha emuHuIily. C Kakod 4acToTOi 3TO
IPOMCXOIUT B MUKPOKOHTpoJuiepe? PaccunTtaeM 3Ty 4acToTy;

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

rae: fclk - yocToto kBapueBoro pesonaropa = 8 MI';

Kdel - koadpurnuent npennenurens KDEL =1024;

Eto - emkocthb cuérunka TO, Eto=255;

No - HagansHOE 3HaYeHue cuéTunka, No=0x64=100.

[ToncraBuM 3Ha4EeHUS B GOPMYILY M TTOTYUHM:

f= 8000000 / 1024 / (255 - 100) = 50.4 I'm1.

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

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

e) B ¢yHKuMM main() mHocie HMHULUAIU3ALUK BCEX YCTPOUCTB (BbI30Ba (DYHKIIMIA
MHUIMaIN3aluy noptoB U Taiimepa T0) 6eckoneuHo BbinoaHseTcs oneparop PORTD=i;

OTOoT omeparop BHIBOAUT B NOpT D Tekyiee 3HaueHHWEe NEPEMEHHOM 1, T.e. IpH
BO3HMKHOBEHUH KAXKIOTO TMPEpBIBaHUS 10 IepernoyiHeHno Taiimepa TO mpoucxoaut
oOHoBneHHEe coaepkumoro nopto D. IIpoananusupyiite, 4To MPOU30HAET, €CIU MBI 3aMEHUM
sTOT onepatop Ha cienytomuii PORTD=1/50 rne nepemenHas 1 1eJoro TUMa.

Pexomengaunu k Hanucanuio nporpammbl «lllupoTrHo-umMmnyjbcHAsE MOXYJASIIUSDY
#include <ovr/io.h>
#Include <avr/interrupt.h>
void port_init(void)

{

PORTA = OxFF;
DORA = 0x00; // mopt A KoHpUTYypUpyeM KaK BXOJHOU MOPT.
PORTB = OxFF;

DDRB = 0xFF; // nopt B xonpurypupyem Ha BbiBoJ - 1715 BeiBoga [1I1IMa na nun B3
}
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void timeiQ_init(void)

{

TCCRO = 0x00; //stop

TCNTO = 0x01; //set count

OCRO = OxFF; //set compare

TCCRO = 0x69: //start timer TCCR0=0110 1001

// Kdel=001 =1 - f=8 MI'u/1 /256 = 31.25k[ 11

/l rejimTO = 11 - 6sicTpsiit LIUM 26

// regimOCO = 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: OCR0=0x00; // ckBaxxHOCTH Y=0

break:
case 1: OCR0=0x40; // CKBakHOCTH y=0.25
break:
case 2: OCR0=0x80; // CKBaXHOCTH y=0,5
break;
cose 3: OCRO=0xFF; // ckBaxxHocth y=1

IN.

IIpakTHyeckas 4yacTb

1. Coequnnre anosl (1,2,3,4) CEMUCETMEHTHOTO JUCILICS ¢ KOHTAKTaMH KaKOTo- JIN0O
nopTa MUKpOKOHTposuiepa (Hanpumep ¢ nuHamu 0, 1, 2, 3 mopra B). CoequHuTE KOHTAKTHI
katoJoB (a,b,c.d.e,f,g.h) ¢ npyrum mopTom MukpokoHTposUiepa (Hanmpumep nuHb! 0-7 mopTa A)
KaK Ha pucyHke 3.5.

26



Puc. 3.5 IIpumepHas cxema MOJIKIFOUEHHS] CEMHUCETMEHTHOTO Ta0J10
2. Hanumure nporpammy ajisi MUKPOKOHTPOJLIEPA, UCTIOIb3YSl PEKOMEHIAINH,

IMPUBCACHHBLIC B TCOPCTUUCCKOM 070Ke.

3. OcyIecTBUTE MPOrpaMMHUPOBAHIE MUKPOKOHTPOJIIIEpA U TIOHAOIIO1aliTe

MOJTYYUBIIUICS pe3ynbTar.

KoHTtposbHbIE BOIIPOCHI

1. ITouemy NpUMEHSAIOT JUHAMUYECKYIO MHIUKAIIUIO?

2. Kak yacTo Haji0 3acBEUMBAaTh OTJEJIbHBIE pa3psbl?

3. ITouemy cHMXkaeTCs APKOCTh MHANKATOPA B JUHAMUYECKOM pEXUME?

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

6.2 OneHOYHBIE MATEPHUAJIBI /1 IPOMEKYTOUYHOMH aTTecTaluH

[IpomexyTouHas arrecTanusi MPOXOAUT B ¢GopMe 3alllUThl BBHIIOJIHEHHON KypCOBOM

pabotel U dKk3ameHa B 6 cemectpe O®PO. Dk3aMCHANMOHHBIA OWJIET BKIIOYAET TPHU
TEOpPETUYECKUX Bompoca. Ha sk3ameHe CTyAeHT MokeT HaOpaTh MakcumyMm 30 OamioB. [Ipu
3aIUTe KypCOBOM paboThI, CTYACHT MOXKET HabpaTh MakcuMyM 30 OalioB.

N —

AN L B~

Bonpocs k 3amuTe KypcoBoii padoTbl
. IlopTbl BBOJa/BBIBO/Ia MUKPOKOHTPOJIEPA, HA3HAYEHUE, PEXKUM PAOOTHI.
TaliMepbpl MUKPOKOHTpOJLIEPA, NX Ha3HAYCHHUE.

. Ucnonw3oBanue TaﬁMepOB AJISL TIOJTYYCHH S BBIXOHOI'O CUTHAJIA C H.IHpOTHO—HMHy.]IBCHOﬁ

MOAYJISLUEH.
. Nuatepdeiic USART mukpokoHTpoOILIEpa.
. Cucrema npepblBaHU MUKPOKOHTPOJLIEPA, IPUOPUTETHI IPEPHIBAHUMN.
. IIpepwiBanus TaliMEpOB MUKPOKOHTPOJLIEPA.

Kpurepun ounenku (3a4era) npm 3ammre KypcoBoii padoThbl.

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

MMpEaACTaBJIACT co00# OTBETHI Ha BOIIPOCHI.

NN AE W=

10.
11.
12.
13.

14.
15.
16.

3K33MeHaI[I/IOHHLIe BOIIPOCHI

ApXHTEKTypa HEHTPAIBHOTO MTPOLIECCOPA.

Oco0eHHOCTH apXUTEKTYpbl MUKPOKOHTPOJLIEpoB cemeilictBa AVR.
CoBpeMeHHbIE TEHEHIIUH Pa3BUTHS MUKPOIPOLIECCOPHON TEXHUKHU.
Opranu3zanys naMmsaTd MUKPOKOHTposiepoB cemeiictBa AVR.

Opranu3zanus namMmsaTH NporpaMM MUKpOKOHTposuiepa cemeiictBa AVR.
Opranu3zanys naMsaTH TaHHBIX MUKPOKOHTpoJuiepa cemeiictBa AVR.
Opranuzanus ¥ Ha3HAUYEHUE SHEPTOHE3aBUCUMOM NMaMATH JaHHBIX
MHKpPOKOHTpoJuiepa cemeiictea AVR.

CuHXpoHU3a1us IpoLeccopa U MalIMHHbIE [IUKJIbI.

[TopTel BBOJIA/BBIBO/Ia MUKPOKOHTPOJUIEPA, Ha3HAYEHHUE, PEXKUM PaOOTHI.
Ha3znauenue perucTpoB MopToB BBO/IA/BBIBOJIA.

[TocnenoBarenbHble HHTEP(DENHCH MUKPOKOHTPOJLIEpA.

TailiMepbl MUKpPOKOHTPOJIJIEPA, X Ha3HAYCHHUE.

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

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



17. Cucrema npepblBaHUN MUKPOKOHTPOJLIEPA, IPUOPUTETHI IPEPHIBAHUI.
18. Hnrepdeiic USART mukpokoHTposuIepa.
19. Hasnauenue peructpoB USART MukpokoHTpoIIiepa, pexxuMbl paboThl HHTEpdEiica.
20. HnaTtepdeiic I2C MuxpokoHTpOIIIepa, €ro Ha3HaYEHHE.
21.  Peructpsl uarepdeiica [2C MUKpOKOHTpOILIIEpA.

22.  Opranuzamnus oOMeHa qanHbIMu 1o uHTepdeiicy 12C.

23.  Hurepdeiic SPI MukpokoHTposuiepa, Ha3HAYCHUE, PEKUM PAOOTHI.

24. ATl MuUKpoKOHTpOJIIEpa, OpraHU3aIHs, PeKUM PabOTHI.
25.  Peructpst ALIL HacTpoiika pexuma pabOThI.

26. Peructp cocTOSIHMSI MUKPOKOHTPOJLIEPA, €ro Ha3HAUYCHHUE.
27.  OcoOeHHOCTH OpraHMU3aLUHU ONEPATUBHOMN MaMATH MUKPOKOHTPOJUIEPOB CEMENCTBA

AVR.

28. BHeuHue npepbiBaHUS MUKPOKOHTPOJIEPOB.
29. Peructpbl HACTPOMKH BHEIIHHUX ITPEPHIBAHUM.
30. Hnarepdeiic RS232, HaznaueHnue u 00J1acTh IPUMEHEHHUS.
31. MUurepdeiic RS485, nazHaueHnue n 06JacTh MIPUMEHEHUS.

32. HUcnonssopanue unrepdeiica USART MUKpPOKOHTposLIepa A noakodenus kK COM

nopry 11K.

33. AmnmapaTHbI€ CpeJCTBA MIPOTPaMMHUPOBAHUS MUKPOKOHTPOIIEpOB cemeiicTBa AVR.

34. Cucrtema BHYTPUCXEMHOI'O MPOTPaMMUPOBAHUS MUKPOKOHTposiepoB AVR.

35. IlapannensHblil HHTEPdENC TPOrpaMMUPOBAaHNS MUKPOKOHTPOJLIEPOB.

36. buThl HACTPOUKHU MUKPOKOHTPOJIEPOB.

37. 1llpuHUUIIBI IOCTPOEHMSI pacpPEENIEHHBIX CUCTEM YIpaBiIeHUs Ha 0aze
MHUKPOKOHTPOJLJIEPOB.

38. Ilepudepuiiapie ycTporicTBAa MUKPOKOHTPOJIIEPA.

39. IlpepsiBaHus TaiitMEpOB MUKPOKOHTPOJIEPA.

40. IlIpepwiBanus unrepdeiica USART mukpokoHTposuiepa.

41. Hurepdeiic SPI npu nmoakII0ueHUN HECKOIBKHUX BEIOMBIX YCTPOUCTB.

6 MeToauueckue MaTepualibl, ONPECACJTAIONINE IPOUHEAYPHbI OUCHUBAHUA 3HaHHﬁ,
yMeHHﬁ, HAaBBbIKOB H (I/I.TII/I) onbITa 1€ATCJABHOCTH

6.1 Pe3yabTaThl 0CBOCHHUSI Y4e0OHOM JMCIUILIHHBI, MOIEKAIIME TPOBEPKe

KouTponupyemslie PesyabTaTsl 00yueHus OcHoBHbIE NIOKa3aTeu OueHo4Hble CpeACTBa
KOMIIETCHIIUH (00beKTHI OLIEHUBAHMS) OLICHKH Pe3yJIbTAaTOB
(dacTtb

KOMITCTCHITHI)
CIIOCOOHOCTBIO 31 3HaHUE NPUHLUIIOB MIPaKTHYECKOE 3aHsTHE,
MPOU3BOJIUTH 3HaTh NPUHLMIIEI IOCTPOSHHST | MTOCTPOCHUS nmabopaTopHas paboTa,
pacueTsl 1 MHUKPOIPOIECCOPHBIX MHKPOIIPOIIECCOPHBIX TECTHPOBaHUE,
MIPOEKTUPOBAHUE YCTPOMICTB U CUCTEM HA UX YCTPOMCTB U CUCTEM C YUETOM | KypCOBOM IIPOEKT,
OTJCIBHBIX 0ase, 0cOOEHHOCTH 0CcoOeHHOCTEN JK3aMeH
YCTPOMICTB U IPOrPpaMMUPYEMBIX MukpokoHrposuiepos ATMEL
MOJICHCTEM MHUKPOKOHTPOJIEPOB
MEXaTPOHHBIX H 32 - 3HaHHE CPeNCTB pa3paboTKU | MPAaKTHYECKOE 3aHATHE,
POOOTOTEXHUUYECKUX | 3HATH CpeACTBA PAa3pPabOTKH MIPOTPaMMHOTO 0OecTieueHHs nabopaTopHas paboTa,

cucrem (IIK-11)

MnporpaMMHOTO obecreueHust
MUKPOKOHTPOJIJIEPOB,
OCHOBHBIC 3a1a4H, peliacMbIC
MUKPOIPOLCCCOPHBIMU
CpeACTBAMU daBTOMATUKU

MUKPOKOHTPOJIJIEPOB;

- 3HaHMe 3a/]1a4, pelIaeMbIX
MUKPOIPOILIECCOPHBIMHU
CpeICcTBaMH aBTOMATU3ALMH.

TCCTUPOBAHUEC, SK3aMEH

33
3HaTh APXUTEKTYPY, IPUHIIUI
paboThHI OTHOKPUCTATIHHBIX

3HaHUE apXUTEKTYPHI U
MIPUHITUIIA PAOOTHI
OJTHOKPUCTAIBHBIX

MPAaKTHIECKOE 3aHATHUE,
naboparopnas paboTa,
TECTUPOBaHHE, DK3aMEH
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MUKPOKOHTPOJLJIEPOB

MukpokoHTpomiepos ATMEL.

34
3Hath sa3b1KH acceMOiep u Cu
JUTSL TIPOIPAaMMHUPOBaHHS

3HaHUe NopsAaKa HAlTUCAHUE
MIPOrpamMM JJIst
MUKpOKOHTpoiepoB ATMEL

MPaKTHYCCKOE 3aHATHUE,
nabopaTopHbIe pabOTHI

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

3HaTh Ha3HAYEHHE U COCTAB

niepruepUHHBIX YCTPOHCTB

nabopaTopHas paboTa,

nepudepuitHbIX YCTPOHCTB MHKPOKOHTPOJIIEPA. TECTUPOBAHHE, SK3aMEH
MUKPOKOHTpOJIIEpa
36 3HaHUE Ha3HAYEHUsA MpPaKTUYECKOE 3aHATHUE,

3HaTh CTaH/apTHHIC
uHTEp(EHCHI, HCIIONB3yEMBbIE B
MHKPOIIPOLIECCOPHBIE
TEXHHKH.

CTaH/apTHBIX HHTEP(EHCOB.

nabopaTopHas paboTa,
TECTUPOBAHKE, DK3aMEH

37

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

Cpeacta, MOpsAOK OTIAIKU U
UCIBITAaHUHN
MHUKPONPOLIECCOPHBIX CUCTEM
YIIPABJICHUSI.

OpPaKTHYECKOE 3aHSTHE,
nabopaTopHas paboTa,
TECTUPOBAHHE, IK3aMEH

Y1

YMeTh MPOeKTUPOBATH
MHKPOIIPOIIECCOPHBIE CHCTEMBbI
Ha OCHOBE

YMeHHe IPOSKTUPOBATh
MUKPOIIPOLIECCOPHBIC CUCTEMBI
(pazpabaTbIBaTh
MIPUHIMIHATbEHBIE

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

MHUKpPOIPOIECCOPHBIX JNEKTPUUYECKUE CXEMBI U
KOMIUIEKTOB U YIpaBISIONUE TPOTPaMMBbI) Ha
MHKPOKOHTPOJLIEPOB. OCHOBE MUKPOIIPOLIECCOPHBIX
KOMIIJICKTOB U
MHUKPOKOHTPOJIJIEPOB.
y2 CBobozaHOe BiajicHHE [IPAKTUYECKOE 3aHATUE,

‘VMeTh HCIIOIB30BaTh
CTaHAAPTHBIC TCPMHUHOJIOTUIO,
OIIPCACIICHUS U 0003HAYCHUS.

MPUHATON TEPMUHOJIOTHUEH,
UCTIONIB30BAHNE TEXHUIECKON
JOKyMEHTAIUX Ha
MHKPOKOHTPOJUIEPHI.

nmabopaTopHas paboTa,
9K3aMeH

MPOU3BOIUTH
MHCTAJUIIHIO U
HaCTpOMKY
CHCTEMHOTO,
MPUKIIATHOTO U
HHCTPYMEHTAIBHOTO
MPOTPaAaMMHOTO
obecrieyeHus
MEXaTpPOHHBIX 1
POOOTOTEXHUYECKIX
CHCTEM U HX
MOACUCTEM

(IIK-31)

y3

YMmeTh pa3pabaTeiBaTh
ANTOPUTMBI PaOOTHI
OJTHOKpHCTaTbHBIX MK.

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

MPaKTHYECKOE 3aHATHE,
nabopatopHas paboTa

Y4

‘YMeTb nporpaMMUpOBaTh Ha
si3pike AccemOuep u Cu st
MK.

YMmenue pazpabarbsiBaTh
YIPaBJIAIOIIUE ITPOTPAMMEI €
HCTIOJIb30BAHUA PA3TIMYHBIX
A3BIKOB IPOTpaMMUPOBAHMA.

MPaKTUYECKOE 3aHATHUE,
naboparopnas paboTa,
JK3aMeH

Y5

YMeTb NPOU3BOANTH OTIAIKY
nporpamm it MK ¢
HCTIONIb30BaHUEM CTaHAAPTHBIX

YMeHue Ipou3BOJIUTE OTIAKY
nporpamm it MK ¢
HCTIONIb30BAaHUEM CTaHIAPTHBIX
MIPOTPaMMHBIX CPEICTB —

NPaKTHYECKOE 3aHSATHE,
nabopatopHas paboTa

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

YMeTh NIPOEKTHPOBATh
YCTPOMCTBO COMPSIAKEHUS C
00BEKTOM YIpaBICHUS IS

YCTPOMCTBO CONPSKEHUS C
00BEKTOM yHpaBJIeHHUs (C
HCIIOJIb30BaHHE PA3INYHBIX

nabopatopHas paboTa

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

YMets pa3pabaTeiBaTh
MPOTPaMMBI, peaT3yIoIIHe
TpebyeMble aarOpUTMbI
yIpaBIECHUSL.

IIPOrpaMMBl, peau3yoLye
TpeOyeMble aIrOpPUTMbI
yIIpaBJICHUS.

nabopaTopHas paboTa
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Y8

YMeTh BECTH OTJIAJIKY U
WCTIBITaHUS pa3paboTaHHBIX
MHKPOTIPOIIECCOPHBIX CHCTEM.

YMeHue BecTH OTIAIKy U
HCTBITAHUS Pa3pabOTaHHBIX
MHKPOIIPOIIECCOPHBIX CUCTEM.

MPaKTHYCCKOE 3aHATHUE,
naboparopHas paboTa

B1
Bnanets MeTomamu

IPUMEHEHHUS
MHUKPOIPOIIECCOPHBIX
YCTPOMCTB aBTOMATHKH B
JIOKAJIBHBIX U paclpeieICHHBIX
crcTeMax yIpaBJICHHS.

Bunagenue Mmeronamu
MIPUMEHECHUS
MHKPOIIPOIIECCOPHBIX
YCTPOMCTB aBTOMAaTHKU B
JIOKAJIbHBIX U paclpeieIeHHbIX
cucTeMax yIpaBIeHHUS.

MPaKTHYECKOEe 3aHATHE,
nabopatopHas paboTa

B2

Brianers ocHOBamu
MpOrpaMMUPOBAHUS
MHKPOIIPOLIECCOPHBIX CPEICTB
Ha OCHOBE OTHOKPHCTAIIbHBIX
MHUKPOKOHTPOJLIEPOB.

Bnanenue ocHoBamMu
MIPOrpaMMHPOBaHUS
MUKPOIPOIIECCOPHBIX CPEJICTB
Ha OCHOBE OJHOKPHCTAIbHBIX
MHKPOKOHTPOJIIIEPOB.

NPaKTHYECKOE 3aHATHE,
JabopaTopHas paboTa

6.2 IlIxkaja oueHMBAHMS IVIAHUPYEMBIX Pe3y/IbTATOB 00y4eHHs

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

70 GayioB
CemecTp [lIxana oueHnBaHuUs
0-35 6aynos 36-50 GamoB 51-60 6amnoB 61-70 6amnoB
6 Yactuunoe nocenienue | [lomHoe i | [TonHoe unu ITomnoE
AyJAUTOPHBIX 3aHATHH. | YACTUYHOE MOCEUICHUE | YaCTUYHOE MOCELIECHUE
HeynoBieTBopuTenbHOE | ayIUTOPHBIX 3aHATHN. | IOCELIEHUE ayJIUTOPHBIX
BBIIIOJIHEHUE Yactuunoe ayIUTOPHBIX 3aHATUH.
1ab0paTOPHBIX U | BBIIIOJIHEHUE U 3alIUTa | 3aHATHIL. [Tonnoe
MPaKTUYECKUX  paboT. | JabOpaTOPHBIX u | [Tonnoe BBIIIOJIHEHHE U
[Inoxas TOArOTOBKa K | MPAKTUYECKUX padoT. | BHIMOJIHEHHE U | 3allUTa
0aJUTbHO-PEUTHHTOBBIM | BhIToNTHEHME 3ammTa 1a00paTOPHBIX U
MEPOTIPUATHSIM. KOHTPOJBHBIX  paboT, | TabOpaTOPHBIX | MPAKTHUECKUX
Crynent HE | TECTOBBIX 3a/JIaHUN HA | U 3aHATHI.
JIOTTyCKaeTcst K | OILICHKH MpakTUYeCKUX | BeimonHeHue
MIPOMEKYTOUHOM «YIOBJICTBOPUTEIHHO». | paboT. KOHTPOJIbHBIX
aTTecTaluuu Bremmonnenue | paboT, TeCTOBBIX
KOHTPOJIBHBIX | 3aJJaHUU Ha
paoor, OLIEHKHU
TECTOBBIX COTIUIHOY.
3aJaHuH Ha
OLICHKHU
«XOPOUIOY.

B pamkax Tekymero m pyOeKHOrOo KOHTPOJsSI BBINOJHEHUS KypCOBOH paboThI
CTYAEHT MoxeT HaOpath 70 OannoB. Pacnipenenenue 6amioB npuBeieHo B Ta0nuIIe:

CemecTp

[IIxana oneHuBanus

0-35 6amoB

36-50 6amioB

51-60 6ayutoB

61-70 6ayutoB
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CTyneHT He mnocemal

KOHCYJIbTALIUU c
MIPEIoaBaTesIeM.
HeynosnersopurenbHoe
BBIITOJTHCHHE

COCTaBHBIX qacTel
KypCOBOM paboTHI.
Crynent HE

JIONyCKAETCsl K 3allluTe
KypCOBO#1 pabOThI

Yactuunoe [Tonnoe nnn
MOCEIICHNE YaCTUYHOE
KOHCYJbTAllMil  C | mOCeUIeHe
[IPENoAABATENIEM. | KOHCYJIbTallUN 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

JIOTYIIIEHbI JIOTTYIIIEHbI
OIIHUOKHU. HE3HAYUTEIIbHbIC
OTPEXHU.

ITonHoe
IMOCEIICHHE
KOHCYJbTAllUd  C
MPEMNo/IaBaTeIIeM.
Be3ommbounoe
perieHue BCEX
3a7a4,

MOCTABIICHHBIX B
KypcoBoil pabore
0e3 oTcTaBaHHs OT
rpaduxa.

6.2.2 IIpomexyTOUHAS ATTECTALMSA
OrneHka pe3yabTaTOB OCBOCHUS yUEOHOW TUCIUIUIMHBI B 6 ceMecTpe MPOBOIMTCS II0
TIKaJIe, UCII0JIh3yEeMOM Ha dK3aMEHE:

Cemectp [IIkana orleHUBaHUs

HeynoBnerBoputensHo | Y IOBIETBOPUTEIHHO Xoporro OT1imyHo

(36-60 GaoB) (61-80 6amnoB) (81-90 GanoB) (91-100

OaJIIoB)
6 Crynent umeer 36-60 | Ctynent umeer 36- | CTyqeHT UMeeT CryneHT umeer
OayutoB 1o  wroram | 50 0amIoB mo | 51-60 6amnoB o 61-70  OaiutoB
TEKYIIEeTO U | UTOTaM TEKYIIEr0 W | UTOTaM TEKYIIEro | 1o HATOTaM
PYOEIKHOTO KOHTPOJIS, | pyOeKHOTO U pyOeKHOTO TEKYIIEro 5

Ha DK3aMEHE HE JaJ | KOHTPOJIS, Ha | KOHTPOJIS, Ha pyOeKHOTO

MOJIHOTO OTBETa HHU Ha | dK3aMeHe Jajl | DK3aMeHe Jai KOHTPOJIS,  Ha

OJIMH BOIIPOC.
CryneHT umeer

36-45 OGamioB WO
UTOTaM TEKYIIEro H
pyOeXHOro KOHTpOJIS,
Ha  DJK3aMeHe  Jai
MMOJHBIA OTBET TONBKO
Ha OJIUH BOINPOC

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

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

pyOexxHOrO UTOTaM TEKYIIETro
KOHTPOJIS, Ha | U pyOeKHOTO
JK3aMeHe Jan | KOHTPOJIs, Ha

TOJIHBIM  OTBET Ha | DK3aMEHe Jall
OJMH BOIIPOC WJIM | TIOJHBIN OTBET HA
YaCTUYHO  OTBETWJI | OJIUH BOTIPOC H
Ha 00a Bompoca. YACTUIHO OTBETHUII
CryneHT uMeeT IO | Ha BTOPOM.
utoram Tekymero u | CTyneHT uMeer
pyOeKHOTO 66-70 6am1oB 1o
KOHTPOJIA 61-70 | uroram Texyiuero
0ayIoB Ha dK3aMeHE | U pyOeKHOTro

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

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

Ha 3amuTe KypcoBoii paboThI CTYACHT MOXxeT Habpath 30 6amos.
JUJ1sl OLIEHKHM 3alUThl KYPCOBBIX Pa0OT HCHOJIB3YETCs CICAYIONIas CXeMa!

OOBEKT OIEHKH Kpurepuun MakcumanbHbII
Oamn

Odopmrnenue COOTBETCTBYET MOJHOCTHIO TPEOOBAHUSIM 10
paboThl COOTBETCTBYET YaCTUYHO TPEOOBAHUSAM 5

He cooTBeTcTBYyeT TpeboBaHUSIM 0
OrneHka Ha Brnaneer marepuanom 20
3alIMUTe YacTryHO BiaJieeT MaTepruaiomM 10

He Bnageer matepuanom 0

IIkana cooTBeTCTBHUSI PEMTHHIOBBIX OII€HOK NATHOANIBLHBIM OLEHKAM /IJIS1 OLIeHUBAHUSA
KYPCOBO# padoThl

PeliTunrosas orenka (B Oamnax) OrneHka 1o nATuOAIILHON IIKae
91-100 «OTJIIMYHO»
81-90 «XOpOLLIO»
61-80 «YIOBJIETBOPUTEIBHO
MmeHee 61 «HEY/I0BJIETBOPUTEIBLHO

7 YueOHO-MeTOANYECKOe o0ecnieyeHne JUCUUILTHHBI (MOLYJIA)

7.1 OcHoBHasi IMTEPATypPa

Bonpeipuxun, O. B. I'apBapackas RISC-apxutektypa B MukpokoHTpoiiepax AVR. CpeactBa BBoJa-
BBIBO/Ia, XpaHEHUsI U 00pabOTKH LU(POBOI M aHAIOroBOW MH(pOPMALMK B MUKPOKOHTpoiepax AVR
JUI TIOCTPOECHUSI MHKPOIIPOIIECCOPHBIX CHCTEM YIPABJICHHSA [DNEKTPOHHBIA pecypc] : METOAWYEcKHe
yKasaHus K JabopaTopHoi pabore mo aucnuiuimHe "Mukpormponeccopaele cuctemsl" / O. B.
BonppipuxuH. — OIEKTpOH. TEKCTOBble HaHHble. — 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.

EBctudeer A.B. Mukpokontpomiepsl AVR cemeiicts Tiny u Mega ¢upmsl «Atmel» -M.:
M3naTensckuit qom «Jlomdka-XX1I», 2004. -560 c.

Pesnu 1O.B. IlpakTnueckoe mnporpaMMuUpOBaHHE MHUKpPOKOHTposuiepoB Atmel AVR Ha
s3pike accemoOnepa. —CI16.: BBX-IletepOypr, 2008. -384 c.

7.2 lomosiHUTEJIbHAS JIUTEpaTypa

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

Muxees B.I1., IlpocanneeB A.B. Jlatunku u nerexropsl: YueO. [Tocobue. —M.: MUDU,
2007. - 172 c.
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BopotaukoB C.A. VHpopMaioHHBIE YCTpOCTBa POOOTOTEXHUYECKUX CHCTEM: YueO.
nocobue. —M: NUzn-Bo 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 By3oB/ Mauynbckuii 1.1,
3ansToit B.I1., Maitopos FO.I1. u ap. M.: Tpancnopt 1999. 446 c.

Kyade ®. B3zaumoneiictBue pobdota ¢ BHemHel cpenoi: [lep. ¢ dpanmn. —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. Kommnekr yuebHOro 000pymoBaHus «MUKPOIPOIECCOPHBIE CHCTEMbI YIIPaBIICHUS
anextponpuBoioB» 1101033 MeTtonuueckne yka3aHHsl K BBITOJIHCHHIO JJaOOpPaTOPHBIX padoT.
000 T/ «IIpopOobpazoBanue» 2015.

7.4 UnTepHeT-pecypchl

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

7.5 IlporpamMHoe o0ecnieyeHHe COBpeMEHHbIX MH(POPMALIMOHHO-
KOMMYHUKAIIHOHHBIX TEXHOJIOT Uil

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

- ABBYY

FineReader 15 Business8§ MarepuajibHo-TeXHHYECKOE

o0ecneyeHne TUCHUILINHBI

TpeGoBaHMsI K YCIOBUSAM pEaTU3alUK TACIUTITUHBI:

Ne

Bun ayautopHoro

W ot TpeboBanus
JleiHonHas OcHailleHre CrienuaaTu3upoOBaHHON yueOHOM Me6einﬁo. OcHnarnienmne
1. S—— TEXHUYECKUMU CPEeICTBAMH 00yUeHHsI: HACTEHHBIN SKpaH ¢
JICTaHIIMOHHBIM YIIPaBJICHUEM, MYJIbTUMETUITHOE 000pyIOBaHHE.
OcHaleHue crnenruanu3upoBaHHoN yueOHoi Mebenbio. OcHalleHue
Kabuner mms TEXHUYECKUMU CPEICTBAMH OOYUEHHUS: TTOABIDKHASI MapKepHasi TOCKa,
2. | IpaKTUYECKUX CUHTBIBAIOLIEE YCTPOMCTBO AJIS Mepelaud HHPOPMALIUU B KOMITBIOTED;
3aHATHH HACTEHHBIN dKpaH C JUCTAHIIMOHHBIM YIIPaBJICHUEM, MYJIbTHMEIHIHOE
o0opynoBaHue.
OcHarleHre crienuaaIn3upoBaHHON yueOHoi Mebenbro. OcHaleHne
3 KomnbroTepHbie TEXHUYECKUMU cpeacTBaMu o0ydeHus: [1K ¢ Bo3MOXKHOCTBIO
" | kyaccel MTOAKJIIOYEHUS K JIOKaJIbHBIM ceTsM U MaTeprery. Hannune BT u3

pacycTa OANH IIK na ABa CTYJICHTA.

HepequL MaTCpUAIIBHO-TEXHUYCCKOT'O oOecreyeHus JAUCIHUIIIINHBI:

Ne | Bua v HauMeHOBaHUE o

Bun 3anstuit Kparkas xapakrepuctuka
n/n 000py0BaHUS
1. | IBM PC - [Tpaktrueckue | [Ipomeccop cepum He HUxe Pentium 1V.
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COBMECTUMBIE 3aHATHSL. OmnepaTuBHas MaMsITh HE MeHee 512 MOair.

MepCOHANIbHbBIC [K momxHBI OBITE 00BEAUHEHBI TIOKATBHON
KOMITBIOTEPBHI. CEThIO C BBIXOJIOM B MIHTEpHET.
MysbTHMe HitHbIC JleknmoHHbIE U Z[eMOHCTpauvI/I;I ¢ [IK a51eKkTpoHHBIX
2. cpecTBa. MPAKTUYECKUE | MPE3CHTAIHA, JOKYMEHTOB, JJICKTPOHHBIX
3aHATHSL. Tabnuil, rpadUIECKUX U300PAKECHUM.
Ne
pabo MarepuanbHoe obecrieuenue 1ab0paTOPHBIX 3aHATHIHA
T
1 2
1. Kommuiektr ydebHOro 0o0opynoBaHus «MHKpPOIPOLECCOPHBIE CHCTEMBI YIPABICHUS
3EKTPOIPUBOIOBY.

2. MukpokoHTpoiieps! pupmbl Atmel.

3. [IporpaMmarops! A1 MUKPOKOHTPOJUIEPOB.

4. MakeTtHas TaTa UIi MHKPOKOHTPOJUIEpA, NATYUKU PaA3IHYHBIX [ApaMeTpOB,
CpE/ICTBAa MH/MKALMH, IIarOBBIC AJIEKTPOJIBUTATENN M 3JICKTPOABHUIATENIN MOCTOSHHOTO
TOKA.

9 Ocobennoctu peaimzanud JUCHUIVIMHBI JJIA HHBAJUIAOB H JHI C
OIrpaHU4Y€¢HHBIMH BO3MOKHOCTAMMU 310POBbA

JUis CTYAEHTOB C OrpaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0pPOBbSl CO3[aHbl CII€LUAIbHbIE
yCIOBUA JUIs TOJIydeHHs o0pa3oBaHMsa. B  LensxX JOCTYMHOCTH IIOJIyY€HHs BBICIIErO
o0Opa3oBaHus 110 00pa3oBaTENIbHBIM IpPOrpaMMaM HHBAJIWJIAMH U JIMLIAMH C OIpPaHUYEHHBIMU
BO3MOHOCTSIMH 3/10pPOBbsI YHUBEPCUTETOM 00€CIIEUNBAETCS:

1. AnbprepHatuBHas BepcHus OQUIUaIbHOrO caiWta B cetn «MHTepHeT» IS
CIa00BUIAIINX

2. J11s MHBAIUIOB C HAPYLIEHUAMU 3peHus (cIaboBUISAIINE, CIIETIBIE)

- NPHUCYTCTBHE ACCHUCTEHTAa, OKa3bIBAIOIIEro oOyyarolmeMycs HEeOOXOAMMYIO MOMOIIb,
nyOnupoBaHUE BCIyX CIPABOYHON MH(OpMalMM O paclyUCaHUU Y4eOHBIX 3aHATHUI; HaIudue
CPeACTB JUIsl YCWIEHUS OCTAaTOYHOIO 3peHHs, OpaieBCKOW KOMIBIOTEPHOW TEXHHKH,
BUJICOYBEIMUUTENEH, MPOrpaMM HEBHU3YaJbHOTO JOCTyNna K HWH(OpMaluu, MpOrpaMM-
CHUHTE3aTOPOB PeYU U JPYruX TEXHUYECKHX CPEJCTB MpHeMa-niepeaayn yueOHol nHpopmanuu B
JOCTYIHBIX (popMax Jyis CTYJIEHTOB C HapYLICHUSIMH 3pPEHUS;

- 3a/1aHUs JUI BBINIOJHEHUS HA DK3aMEHE 3aUNUTBHIBAIOTCS] ACCUCTEHTOM;

- THMCHbMEHHbIE 33/IaHUs BBINOJHAIOTCA Ha Oymare, HaJWKTOBBIBAIOTCS ACCHUCTEHTY
o0y4armuMmces;

3.1n1 WHBAJIMIOB M JIMI C OrPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI IO CIIYXY
(cnabocaplmiamniye, Tayxue):

- Ha 3auyeTe/IK3aMeHe MPUCYTCTBYET aCCUCTEHT, OKA3bIBAIOIIUN CTYAEHTY HEOOXOIMMYIO
TEXHUYECKYI0 TOMOIIb C YYeTOM HHIUBUAYAJIbHBIX OCOOEHHOCTEH (OH IOMOraeTr 3aHATh
pabouee MeCTO, MepeABUTaThCSA, MPOUYNTATh U OPOPMUTDH 3a/laHUE, B TOM YHCJIE 3alMChIBask MO
JTUKTOBKY);

- 3a4eT/7K3aMeH NMPOBOJUTCS B MMCbMEHHOH (opMe;

4. JIns MHBAIMIOB M JIML C OTPAaHUYEHHBIMM BO3MOXHOCTSMHU 3/10pPOBbsl, MMEIOLINX
HapyIICHHUs OMOPHO-IBUTATEIBLHOTO ammapaTa, CO3[JaHbl MaTepHaIbHO-TEXHUYECKHUE YCIIOBUS
o0ecreynBaroIue BO3MOKHOCTh OECHpPEensITCTBEHHOIO JOCTyNa oOydJaroliuxcs B YydeOHbIE
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NOMEIICHUs, OOBEKTY MUTaHUs, TyaJCTHbIC M JPyrHe IMOMEIICHHWS YHHBEPCUTETa, a TaKXKe
npeOBIBaHUS B YKa3aHHBIX TOMENICHHUSX (HAJMYHE PACIIMPEHHBIX JABEPHBIX IPOEMOB, TOPYYHEH
U JIPYTUX TPUCTIOCOOICHHIA).

- NHCHMEHHbBIC 3aJaHUs BBINOJHSIOTCS HA KOMIIBIOTEPE CO CICHHATN3UPOBAHHBIM
HPOrpaMMHBIM 00€CIICUCHHEM HJIH HaIUKTOBBIBAIOTCS aCCUCTEHTY;

- TI0 JKEJIAHUIO CTYJICHTA YK3aMEH IIPOBOJIUTCS B YCTHOU (opme.

OOyyaromyecs: U3 YMCIIa JIMI] C OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 3JI0POBbSI 00€CIICUCHBI
JNIEKTPOHHBIMU 00pa30BaTEIbHBIMU pecypcaMu B (OopMax, aJanTHPOBAHHBIX K OIPaHUYCHUSIM
UX 370POBbSL.
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