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Pabouas mporpamMma IUCHHUILTMHBI «MHKpPONPOLIECCOPHAS TEXHUKE B MEXaTPOHHUKE U
poboTtotexuuke» /coct. FO.B. bonros — Hambuuk: KBI'Y, 2024. - 35 c.

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

PabGouas mporpamma cocTaBieHa B COOTBETCTBUM C pabouyuM ydeOHBIM IUIAHOM U
@DenepanbHbIM TOCYIAPCTBEHHBIM 00pa30BaTEIbHBIM CTaHAAPTOM BBICHIETO OOpa30BaHUS IO
HanpaBjieHuto noarorosku 15.03.06 «MexatpoHnka u pobOoroTexHuKa»y Ne 1046,
YTBEPXKACHHOIO IpuKazoM MuHucrepcTsa oOpazoBanus U Hayku P® «17» asrycra 2020 r.
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1 He.]'ll/l H 321a4YH1 OCBOCHHA NTUCHUIIJIMHBI

Lenp yuebHON aucuMIIUHBL «MUKpONpPOIIECCOPHAsE TEXHHKAa B MEXAaTPOHUKE U
pOOOTOTEXHUKE» - TIOArOTOBKA CTYAECHTOB K PpEILICHUIO 3aJad IPOEKTUPOBAHUS YCTPOWCTB
VIIpaBJI€HHsS MEXaTPOHHBIMU CHCTEMaMH W KOMIUIEKCAMH, METOIOB MX CHHTE3a M pacyera;
dopmMHupoBaHHE  HABBIKOB  pa3pabOTKM  NPUKIAJHOTO  MPOTPaMMHOIO  oOecredeHus
MUKPOKOHTPOJUIEPOB; (OPMUPOBAHKE 3HAHUN W YMEHMH pa3pabOTKU U W3TOTOBJICHHS CTEH]IOB
JUIsl  KOMIUIEKCHOW OTJaJKM UM  MCIBITAHUM IPOrpaMMHO-ANIMapaTHBIX  YIPABIISIOLINX
KOMILIEKCOB.

Kypc «MuxkpornpoueccopHas TEXHUKA B MEXaTPOHUKE U POOOTOTEXHUKE) CTaBUT HEPE]
co0oii cneayronye 3a1a4u:

- HM3y4YEHHE YCTPOWCTBA M MPHHLUIOB PabOThI OTHOKPUCTAILHBIX MUKPOKOHTPOJUIEPOB;

- UW3YYEHHE NMPUHIUIIOB Pa3padOTKH U OTJIAJKU MPOrpaMM Ha si3bikax accembuep u Cu ans
OJIHOKPUCTAJIHBIX MUKPOKOHTPOJUIEPOB;

- o0ydeHMe MeToJaM U MPHUHIMIIAM HACTPOWKH YHPABISAIOUIUX CPEICTB U KOMIUIEKCOB,
BKJTIOYAst X PETJIAMEHTHOE SKCIUTyaTallMOHHOE 00CTy)KHBaHUE;

- oOydeHHe NUpPHUHLMIIAM U TEXHOJIOTUM HUCIOJIB30BAaHUS MHUKPOIIPOIIECCOPOB B CHUCTEMax
yIpaBJIeHUS TEXHUYECKUMHU 00bEKTaMU U TEXHOJIOIMUYECKUMH IIPOLIECCaMU;

- U3YyYeHHE TMPHUHIMIIOB U METOJOB IPOCKTHPOBAHHS CHCTEM yIpaBieHHs Ha 0a3ze
MUKPOKOHTPOJIIIEPOB.

2 Mecro gucuuniaunsl B crpykrype OIIOII BO

Hucuunnuza «MukpomnpoleccopHas TEXHHMKAa B MEXaTPOHUKE U POOOTOTEXHUKE)
OTHOCHUTCSI K BapHaTUBHOW yacTu Oyioka 1 y4yeOHOro mjiaHa MO HalpaBJIEHUIO MOJATOTOBKU
15.03.06 MexaTpoHuka 1 poOOTOTEXHHKA.

JlucuMIuinHa MpenojacTcs MOCPEACTBOM UTEHUS JIEKIIMHA U NIPOBEIEHUS IPAKTUYECKHUX
1 JTA0OPATOPHBIX 3aHSATHIA.

JlucuyiuimHa  M3y4daeT  CTPYKTYpy,  IPUHLIMIBL  JEHCTBUSL ~ OCHOBHBIX  THUIIOB
MHKPOIPOLIECCOPHBIX ~ CUCTEM  YNpPABJICHUS MEXaTPOHHBIMU  YCTPOMCTBAMH, QJITOPUTMBI X
(YHKUMOHMPOBAHUS, METO/bl pacueTa W  TMPOEKTHPOBAaHMSA, IPOrpaMMHOE OOecreueHue
MUKPOIPOLIECCOPHBIX CHCTEM YIPABJIEHUS, OTIAKy IPOrpaMM M YCTPOMCTB B IieoM. Jucuuminna
ABIsieTCs 6a30M s U3yUYEeHUs TOCIEYIOUINX AUCHUIUIMH NPO(hecCHOHAIBHOTO ITUKIIA.

W3ydyenne npucuuimHbl Oazupyercd Ha (yHAAMEHTalIbHBIX 3HAHMSIX B 0O0JacTH
MaTeMaTHKH, HWHQOPMATUKU, (U3UKH, DJIEKTPOTEXHUKH U JIEKTPOHUKH, TEOpUHU
ABTOMATUYECKOTO YIPABJICHUS U JUCKPETHON MaTeMaTHKHU.

IlonydyeHHbIE NpUM W3Yy4EHMM JAaHHOM JMCLUIUIMHBI 3HAaHUSA HCIOJB3YIOTCA IIPU
u3ydeHun guctumiiuHel «lIpoextupoBanue pobGoroB m PTCy», a Takke B AUIJIOMHOM
IIPOEKTUPOBAHMH.

3 TpeGoBaHus K pe3yJabTaTaM OCBOEHUS CONEPKAHUS U CHUILTUHBI

[Iporiecc m3ydeHWs JAUCUUILUIMHBI HampaBieH Ha (QOpPMHUPOBAHUE 3JIEMEHTOB
CJIEYIOINX KOMIETEHIIUH M0 JaHHOMY HaIlpaBJIeHHIO O OTOBKHU:

OIIK-12 Crocoben ywacTBOBaTh B MOHTaXKe, HallajJKe, HAcTpolike M cradye B
HKCIUTYaTallMI0 ONBITHBIX O00pa3lloB MEXaTPOHHBIX U POOOTOTEXHUYECKHUX CHCTEM, HUX
MOJICUCTEM M OTAEIBHBIX MOIYJIEH.

OIIK-12.2 Cnoco0OeH ywacTBOBaThb B MOHTaXe, HaJlaKe M MPOrpaMMHPOBAHHUH
MHUKPOIPOIIECCOPHBIX YCTPONUCTB B MEXAaTPOHUKE H POOOTOTEXHHUKE.

B pe3ynbraTe 0cBOEHUS NUCHUIUIMHBI 00yYatOUIHICS TOJIKEH:
3HaTh:
~ TPUHIMIBI TOCTPOSHUSI MUKPOIIPOLIECCOPHBIX YCTPOMCTB M CUCTEM Ha MX 0a3ze, 0COOEHHOCTH
IIPOrpaMMUPYEMBIX MUKPOKOHTpoJu1epoB (31);



cpeacTBa pa3pabOTKH MPOrPaMMHOT0 o0ecreueH!s] MUKPOKOHTPOJIIIEPOB, OCHOBHBIE 331a4H,

perraeMbie MUKPOIIPOIIECCOPHBIMU CPeICTBaMH aBTOMATHKH (32);

APXUTEKTYpY, IPUHIUI PabOThl OHOKPUCTAIEHBIX MUKpOKOHTpoJuiepoB (MK) (33);

UCIIONIb30BaHuE A3BIKOB accemOiep u Cu I MPOrpaMMHUPOBAHUS OJHOKPHUCTAIBHBIX

MHUKPOKOHTPOJLIEPOB (34);

Ha3HAYCHHE U COCTaB MepuEepUHHBIX YCTPOHCTB MUKPOKOHTpoIuiepa (35);

CTaHJapTHBIE HHTEP(ENCHI, HCIIONIb3YeMble B MUKPOIIpoIieccoOpHbIie TeXHUKH (36);

CPEICTBA, MOPSIOK OTIAIKU U UCTIBITAHUI MUKPOIPOIIECCOPHBIX cucTeM yrpanienus (37).
Ymers:

MPOEKTUPOBATH MUKPOIPOIIECCOPHBIE CUCTEMBI HA OCHOBE MUKPOIIPOILIECCOPHBIX KOMITJIEKTOB

Y MUKPOKOHTposuiepoB (Y1);

MCIIOJIb30BaTh CTaH/IAPTHBIE TEPMUHOJIOTHUIO, OnpeeNieHus 1 06o3HaueHus (Y2);

pa3palaTeIBaTh aaropuTMbl padoThl ogHoKpucTanbHbX MK (Y3);

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

IPOU3BOIUTH OTIAAKY Iporpamm Juisi MK ¢ ncnosnb30BaHHEM CTaHIAPTHBIX MPOTPaMMHBIX

cpencTB — cumynsaTopos (Y5);

IPOCKTHPOBATH YCTPOHCTBO COMPSDKEHHSI C OOBEKTOM YIPaBICHUS ISl BBIOPAHHOTO

MUKPOTIPOIIECCOPHOTO KOoMILIEKTa (Y 6);

Baagern:

pacripeielieHHbIX cucTemax ynpasieHus (B1);

MUKpPOKOHTpoJuiepoB (B2).

4 Copepkanue U CTPYKTYPa AUCHHUIIMHBI (MOLYJI51)

4.1 Conepxxanue QM CUMILTHHBI

pa3pabarbIBaTh POrpamMMbl, peaiu3yroine Tpedyemble alropuTmsl yrnpasienus (Y7);
BECTH OTJIAJIKYy M UCIBITAaHUs pa3padOTaHHBIX MUKPONPOLIECCOPHBIX cucTeM (Y 8).

MCTOAaMU IIPUMCHCHHA MHKPOIIPOLECCCOPHBIX YCTpOﬁCTB AdBTOMAaTHUKHN B JIOKAJIBHBIX H

OCHOBaMH IIpOrpaMMHUPOBAHUA MUKPOIIPOLCCCOPHBIX CPCIACTB HAa OCHOBEC OAHOKPHCTAJIbHBIX

Ne ®dopma
HaunmenoBanue pazgena Coneprxanue pasnena
pasa. TEKYIEr0 KOHTPOJIS
1 2 3 4
1. | OcHOBBI apXUTEKTYpPBI OCHOBHBIE MOHATHSA U ONPEACICHHUS.
MHUKPOIPOLIECCOPHBIX ApXUTEKTypa LIEHTPaIbHOTO MIPOLECCOpA.
YCTPOMUCTB. CoBpeMeHHbIE TEHIECHIUH Pa3BUTHS
MHUKPOIPOILIECCOPHON TEXHUKH, MECTO Tectupopanue
MHKPOKOHTPOJIIEPOB B IIOACHCTEMAX Bonpoce! Ha savene
IIpakTuyeckue 3aHsATUSA
MEXaTPOHHBIX  POOOTOTEXHUYECKUX
cucteMm. Opranuzanus namstTu
MHUKPOKOHTpOIIepoB. OcoGeHHOCTH
APXHUTEKTYpPBI MUKPOKOHTPOJIJIEPOB
cemeiictea AVR.
2. | OyHKIMOHAIBHAS @DyHKIMOHAIbHASI CXeMa
opraHu3anus MUKpOKOHTpomepa. Opranusanys namstu Tectuposarme
. Bompocs! Ha 3k3ameHe
MUKPOIPOILECCOPHOI nporpamm. Opranuzanys naMsATH JaHHBIX. TpaxTuccxue sansmis
CUCTEMBIL. O0630p cucremsl KomaH. CHHXpOHU3AIHUS
IIpoleccopa U MallMHHbIE UKL
3. | OcoGennocru AmnmnapaTHble CpeJCTBa IPOrpaMMUPOBAHUS
IIPOrPaMMUPOBAHUS MUKPOKOHTPOIEPOB ceMeiictBa AVR.
MHUKPOKOHTPOILIIEPOB CucTteMa BHYTPUCXEMHOIO Tectuposanue
HMHCTPYMEHTAIbHBIMH MIPOrpaMMHPOBAHUS, TApAJIICITEHBIN MaGopatopisie padorst
TPy porp . p » 1ap IIpaxkTuyeckue 3aHsATUSA
CpeacTBaMu pa3paboTKH U HHTEpdeiic mporpaMMHUPOBAHHS. Kypcosas pabota
OTJIAJIKH. MHcTannauus 1 HacTpouKa, MPUKIAJHOTO
MIPOTPAMMHOTO 00ecrieueHns. bUThI




HACTPOUKH MUKPOKOHTPOJLIEPOB.

4. HOpTLI BBOL[a/BI)IBOI[a OpraHmauI/m IOpTOB BBO,Ha/BBIBO,Ha

MHKPOKOHTPOJIIIEPOB.

TIOPTOB.

MHKPOKOHTpOIIepoB. OTNHCaHNE PETHCTPOB
HACTPOWKH U yIIPABICHHS PEKUMOM pabOThI

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

OmnucaHue mociea0BaTeNbHbIX
unrepdeiicos, USART, 12S, SPI.
Haznauenue naTepdeiicoB, oprannsanus,
OIIMCaHNE PETUCTPOB HACTPOHKH
nHTEepdEiicoB 1 00MEeHa TAHHBIMU C
BHEITHHMH YCTPOHCTBAMH.

5. | IlocnemoBaTenbHEIC
uHTepdeice
MHUKPOKOHTPOJIJIEPOB.

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

puamun neiictus AL, ocobernocTn
peamuzanyuu ALl MUKpOKOHTPOJLIEPOB,
peructpsl HacTpoiiku ALIIL.

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

TectupoBanue
Bomnpocs! Ha 5k3ameHe
[pakTuyeckue 3aHATHS
JlabopaTtopHble paboTHI

OGHII/IG MMPUHIUIIBI TOCTPOCHU
pacnpeaCICHHbBIX CUCTEM YIIPABJICHUA.

7. | IIpyHLHMIIBI IOCTPOCHUS
pacIpeleIeHHbIX CUCTEM
ynpaBieHus Ha 6aze

MHKPOKOHTPOJIJIEPOB. HECKOJIbKUX MUKPOKOHTPOJUIEPOB.

Opraﬁmaunﬂ B3aHMOI[eI>IICTBPI)I CUCTCMBI U3

[TonkmroueHne MUKpokoHTposuiepos k [TK.

HpaKTI/I‘IeCKI/IB 3aHATUA

CucreMa KoOMaH1 MUKPOKOHTPOJLIEpa.
[IpaBuia HamvicaHUS IPOTPAMM Ha S3BIKE
accemOurepa u Cu. MHCTaIIIAIHS 1
HACTPOWKa MPUKIATHOTO IIPOTPAMMHOTO
obecIieueHusI.

8. | IlpaBuna HanucaHus
NPOrpaMM Ha SI3bIKe
acceMOnepa u Cu.

Bomnpocs! Ha 3k3amMeHe
IpakTHyecKne 3aHsThs
JlabopaTopHbIe paboThI

4.2 CTpyKTYypa AMCUMILINHBI

OO6m1ast Tpy10€MKOCTh TUCIMIUIUHBI COCTABIIACT 4 3aueTHble euHUIBI (144 daca)

Bun pabotsl

OO0u1asi TPy10€eMKOCTh

AynuTopHas padora:

Jexyuu (J1)

Jlabopamopnvie 3anamus (JIP)

Ipaxmuueckue 3anamus (113)

CamocrosiTesibHasi pad0oTa, B TOM YHCJIe KOHTAKTHASA:
CamocTosTenbHOE U3YUEHHE Pa3/IesioB

Kypcogas pabora (KP)

CamomnoaroroBka (mpopaboTka M TMOBTOPEHHUE JIEKIIMOHHOTO
Martepuaja ¥ MaTepuaja y4yeOHHKOB U Y4eOHBIX IOCOOMIA,
noAroToBKa K J'Ia60paTOpHI)IM U TMPAKTUYCCKUM 3aHATUAM,
KOJIJIOKBHYMaM, pPyOeKHOMY KOHTPOJIIO H T.1.),
KoHTpo.sb (MOAr0TOBKA M ca4ya IK3aMeHa)

Buja utoroBoro KoHTpoOJIs (3a4eT, IK3aMEH)

6 Bcero
ceMecTp
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 KonrakrHas Bue-
pas- HaumenoBaHue pasnenos PaGota ay.
Acna Beero PaGora
J JpP | 113 Cp
1 OCHOBBI apXUTEKTYPBI } 6 4 )
MHUKPOIPOLIECCOPHBIX YCTPOUCTB.
5 OyHKIMOHANbHAS OpraHu3aLis 7 4 3
MUKPOIIPOLIECCOPHOIN CHUCTEMBI.
OcobeHHOCTH TPOrPaMMHUPOBAHMUS
3 | MHKPOKOHTPOILIEPOB 13 4 ’ ’ 5
MHCTPYMEHTAJIbHBIMU CPEICTBAMU
pa3pabOTKH U OTJIAJKH.
n [TopTs! BBOJA/BBIBO/IA 16 ) 4 10
MHUKPOKOHTPOJLIIEPOB.
5 [TocnenoBarenbHbIC HHTEPQEHCHI 20 4 6 10
MHUKPOKOHTPOJLIIEPOB.
6 Amnainoro-uugpoBsle npeodpa3oBaTenn 16 ) 4 10
" | (ALIT) MUKPOKOHTPOJLIIEPOB.
[TprHIMIBI TOCTPOEHUS paclpeeIeHHbIX
7. | cucteM yrnpaBiieHUs Ha 0aze 13 4 2 7
MHUKPOKOHTPOJIJIEPOB.
[TpaBuiia HanMcaHusI IPOTPaMM Ha S3bIKE
8. 26 6 5 5 10
accembnepa u Cu.
Hroro: 117 30 15 15 57
4.3 JlaGopaTtopHblie padoThI
Ne
TeMsl 3aHATHI Kox. Yacos
1. | 3HakoMCTBO ¢ 3JE€MEHTaMM MOJYJs, H3yYye€HHE MPOrpaMMHOTO
o0ecrnieueHuns, Co3/1aHue M OTJIAJKU IPOrpaMM Jjisi MUKPOKOHTPOJIEPOB 1
AVR Ha s3p1ke Ci».
2. |Iloptel  BBOJA/BBIBOJA  MHKpOKOHTpoiuiepa  AVR,  peammzanus 1
ITPOrPaMMHOM 3a/1€PKKH.
3. | U3yuenue TaiiMepoB MUKPOKOHTPOJIJIEPA U UX IPUMEHEHUE B
JMHAMUYECKOI MHIMKAIUU, B pEXKUME M0/IcYeTa BPEMEHHBIX HHTEPBAJIOB, 2
B HIMPOTHO-UMIYJIBCHONW MOJYJISLIUH.
4. | U3yuenue npuHIuna padboThl *UIAKOKPHUCTAINYECKOTO HHAUKATOPA U ’
Croco00B €ro NporpaMMUpPOBaHUSL.
S. | Mcnonp30oBaHne MaTpUYHON KJIABUATYPBHI. 1
6. | BaemHue npepblBaHNs MUKPOKOHTPOJLIEPA. 2
7. | Ucnonp3oBanne aHajaoro-mudpoBoro mpeodpa3oBaTess ’
MHUKPOKOHTpPOJLIEPA.
8. | U3yueHue npuHIMIIOB MOCTPOECHUS IU(PPOBOI CUCTEMBI )
MUKPOKOHTPOJIJIEPHOT'O YIIPABJIEHUS IIArOBBIM JIEKTPOIPUBOJOM.
9. | U3yuyenue npuHIMIOB pabOThI U IOCTPOEHUE Pa3OMKHYTON 1IU(POBOI
CHCTEMBI YIpaBJIeHHsI LIMPOTHO-UMIYJIbCHBIM IIPeoOpa3oBaTeem, 2

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




UTOI'O
15
4.4 llpakTHYeckne 3aHATHS
Ne Tema Kon. Yacos.
1 | M3yuyenue nporpaMMHOT0 obecrieueHusi, CO3/IaHue U OTaIKa IpOrpaMM
JU11 MUKPOKOHTpOJIepoB AVR. OCHOBBI apXUTEKTYPhI 2
MHUKPONPOLIECCOPHBIX YCTPOMCTB.
3 | IlocnenoBatenbHble HHTEP(PENCH MUKPOKOHTPOILIEPOB. 3
5 | [IpuHIMOBI OCTPOCHUS paCIIpeIeTICHHBIX CUCTEM YIIpaBJIeHUs Ha 6a3e 5
MUKPOKOHTPOJIJIEPOB.
6 | [IpaBuia HanmucaHus mporpamm Ha si3bike accembiepa u Cu. 5
NTOI'O 15
4.5 KypcoBas paGora

Llenpio BBIMOJNIHEHHST KypcOBOW paboThl Mo TeMe «MUKpomporeccopHas TEXHHUKa B
MEXaTPOHUKE U POOOTOTEXHUKE» SBISIETCS MPAKTUYECKOEe MPUMEHEHHE MONyUYeHHBIX
TEOPETUYECKUX 3HAHUN K CaMOCTOSITEIbBHOMY ITPOEKTHUPOBAHUIO MHUKPOIIPOLECCOPHONU CHUCTEMBI
yIpaBIeHUS MEXaTPOHHBIM MOTYJIEM.

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

O0beM KypcoBOM pabOThI: pacyeTHO-TMOACHUTENbHAs 3amucka — 30-35 crTpaHwui
MAIIMHOMUCHOTO TeKcTa. ['paduueckas yacTh MpoeKTa MOJKHA COAEpKaTh MPUHIUIHAIBHYIO
AIIEKTPUYECKYIO CXEMY CHCTEMbI, QIrOPUTM M OINUCAHUE YIPABISIOMIEH I[POTrPaMMBbl
MHUKPOKOHTPOJLIEPA.

PacueTHO-nIOACHUTENbHAS 3aMMCKA JI0JKHA COAEPKATh:

a) KpaTtkoe onucanue MEKpOKOHTPOJLIIEPA;

0) PUCYHKHM C TPUHIMUIHAAIBGHON DJJIEKTPUUECKOW CXeMO pa3pabOTaHHON CHCTEMBI
yIpaBIeHUS] MEXaTPOHHBIM MOIYJIEM;

B) OINHCaHUE, AITOPUTM, U JIUCTUHT YIPABISAIOLIEH MPOrpaMMbl MUKPOKOHTPOJIIEPA.

Kaxaplii CTyZeHT MoilydaeT paclucaHHOE Ha CIleluaIbHOM OJlaHKe WHANBUAYaJIbHOE
3a/laHle Ha TpoekThpoBaHue. CTyIEHT IEMOHCTPUPYET pabOTOCIOCOOHOCTH pa3padOoTaHHOM
CHUCTEeMBl. 3aKOHYEHHas KypcoBas paloTa NpoBepseTcsl PYKOBOAWUTENEM U 3aIlMIIAETCS
CTYJEHTOM.

Tpynozarpatsl Ha BEITIOTHEHHE KypCOBOM paboThl cocTaBmsoT 20 4acoB.

4.6 CamocTosiTeIbHOE H3YUYeHH e Pa3/1eJI0B AU CUUILIMHBI

Ne Kon-Bo
Bonpockl, BBIHOCHMBIE Ha CAMOCTOSITENIbHOE U3yUEeHHE 4ACOB
1 2 3
[TocnenoBarensHble HHTEPDEickl MukpokoHTposiepa, USART,
1. 15
12S, SPL
2. | Hopknrouenne MukpokonTposuiepos K ITK. 2
3. Hroro 17




S OuneHouyHble MaTepuadbl [JIA TeKYLIero KOHTPOJISI YCHEeBAeMOCTH U
NMPOMEKYTOYHOM aTTecTaAluU

51 OIIeHO‘lHLIe MaTepHuaJibl 1Jisl TEKYHIET0 KOHTPOJIA YCII€EBAEMOCTH

Tembl 11 pedepaToB:
3a moATrOTOBKY U 3aIIMTy pedepara CTYIASHT MOXKET HabpaTh 6 OayioB (1o 2 6aa 3a Tpu
KOHTPOJIbHBIE PEUTHHIOBBIE TOUYKH). [Ipy OATrOTOBKE pedepara CTyAEHT AOIDKEH 03HAKOMHUTHCS
C OCHOBHOW W JIOTIOJHHUTEIBHOW JIMTEpAaTypoOl, BKJIIOYas CHPAaBOYHbIE W3AaHUA, 3apyOeKHbIC
MCTOYHUKH, KOHCIIEKT OCHOBHBIX ITOJIOKEHHI, TEPMUHOB, CBEJCHUH, TPEOYIOINX JJIsl 3alIOMUHAHUS
U SBISIONIMXCS OCHOBOIOJAraroIlMMU B 3TOM TemMe. HeoOXoaMMoO COCTaBUTh aHHOTALUHU K
NPOYUTAHHBIM JIMTEPATypHBIM HcTOuHHKaM. CTpykTypy pedepara CTYIACHT OIpeNeNseT CaM.
OneHuBaHNE MPOBOJUTCS C YYETOM KOJHMYECTBa OOPaOOTaHHBIX JHMTEPATYpPHBIX HCTOYHHUKOB,
KadecTBa oopmiieHUs1 pedepara, OTBeTa Ha Bompockl 1o pedepary. Temy mias pedepara cTyneHT
MOJKET MPEUIOKUTh caM, TU00 BBIOPATh U3 MPEITIOKEHHBIX.
1. OcobeHHOCTH apXUTEKTYpbl MUKpOKOHTposuiepoB koMnanuu ATMEL.
2. Hcnonb3oBaHHWE MHUKPOKOHTPOJJIEPOB B CHCTEMax YHpPABJIEHHS DICKTPONPUBOIOB
MEXATPOHHBIX YCTPOUCTB.
3. CranngaprtHble HHTEp(eiicbl MUKPOKOHTPOJUIEPOB.
4. ConpspkeHHE  MHUKPOKOHTpOJJIepa C  TEpPCOHAIBHBIM  KOMIIBIOTEPOM,  BAapUAHTHI
uHTEep(DHEercoB.
5. Hcnonb3oBaHME  MHKPOKOHTPOJUIEPOB sl  OUM(POBKM  aHAJOrOBOrO  CHrHaja,
BO3MOXXHOCTH ¥ OTPaHUYCHUSI.

TecTbI:

B pamkax OamnpHO-PEHTHHIOBBIX MEPOMNPUATUN  CTYACHT TPWKIBl MPOXOIUT
TECTUPOBAHUE HA KOMITbIOTEPE. B 3aBHCUMOCTH OT MPOLIEHTA NMPABWILHBIX OTBETOB KOMIIBIOTEP
BoIcTaBisieT oT 0 10 6 6amnoB. [IpuMepsl TECTOBBIX 3a/1aHUMN, TPUBECHBI HUXKE.

I:

S: Apxutextypa MukpokoHnTposiepoB ATMEL sTo ...

-: apxutekrypa Helimana

+: 'apBapackas apXUTeKTypa

-: kak ['apBapnckas, Tak U apxurekrypa Helimana

-1 3aKpbITasl apXUTEKTypa

I:

S: 'apBapackast apXUTEKTypa UMEET CIEAYIOLIYI0 OpraHU3alUIo MaMsATH ...
-: O0IIYIO TaMATh IPOTPaMM U TaHHBIX

-: DHEPrOHE3aBUCUMYIO ITAMSTh

-: IOMEXO0YCTONYUBYIO ITaMSATh

+: mamATh IPOrpamMM U JaHHBIX pa3esieHa

I:

S: Apxutektypa HeliMana uMeeT caeayronyo OpraHu3aluio NaMaTy ...
+: 0011yI0 TaMATh IPOTPaMM U JTAHHBIX

. QHCPrOoHEC3aBUCUMYIO TAMATH
. HOMeXoyCTOf/'I‘{HByIO naMAThb

: MaMATh IPOrPAMM M JIaHHBIX pa3/iesieHa

I:

S: Jlnst popMupoBaHus CUTHAJIOB TaKTOBOM 4acTOThl B MUKpoKoHTpoiiepax ATMEL ...
-: ICTIOJIb3YyEeTCs TOJIBKO BCTPOECHHBIN T'€HEPATOp

-: HCIIOJIb3YETCs TOJIBKO N'€HEpaTOp BHEIIHUX CUTHAJIOB



-1 MCTIOJIB3YETCS TOJIBKO BHEIIIHUN KBAPLEBBI pE30HATOP

+: MOET OBITh UCTIOJIBL30BaH JIFOOO0H 13 ePEUYHCICHHBIX BAPUAHTOB

L

S: Uucno peructpoB o0IIero Ha3HaYeHUs B MUKpOKOHTposuiepax ATmega. ..
+: 32 peructpa

: 16 peructpon

: 4 peructpa

: 8 peructpon

I:

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

+: IO3BOJISICT KOHTPOJIUPOBATH PE3YIIbTAT paObOTHI MPOLIECCOpa Ha 3TAIe 3aBEPIICHUS KON

KOMaH/bI

: CILy’KMT JUISl KOHTPOJISL HAIIPSDKEHUs IMTaHUs. MUKPOKOHTpOJLIEpa

. CJIYKUT JIA CO3JaHUS CTCKa

: CIIY’KUT JIJISl XpaHEHUS TAaHHBIX
I:

S: Crexk - 310...

-: (pparMeHT Ko/a BBITIOJIHAEMOH MPOTpaMMBbl
-: 00J1aCTh MaMSITH NIPOTPaAMM

-: 00;1aCTh YHEPTrOHE3aBUCUMOM TTAMSTH

+: 00J1aCTh ONEPATUBHON MAMSITH

3agaHus K JadopaTopHbIM padoTam

[lpy  BBIMONHEHWH  Ja0OPATOPHBIX  Pa0OT  WCIOJB3YEeTCS  KOMIUIEKT — y4eOHOTO
o0opynoBanust «MHKPOIPOIIECCOPHBIE CUCTEMBI YIPABIEHHS 3JIEKTPOIIPUBOAOBY». 3aJaHus K
nabopaTopHBIM paboTaM TMPHUBEIECHBI B METOAMYECKUX yKazaHusx: Komrekt ydeOHOro
o0opynoBaHusi «MUKpOIIPOLIECCOPHBIE CHUCTEMBI yIpaBlieHUs 3iekTponpuBonoB» [101033
Mertoanueckue ykazaHus K BbITOJIHEHHIO JabopaTopHbix padot. OO0 T/ «IIpodhO6pa3zoBanue»
2015.

[Ipu BeIMONHEHNH 1a0OpPaTOpHO pabOTHI, CTYACHT H3y4aeT TEOPETUYECKYIO YacTh,
OPOBOJIUT COOPKY AJIEKTPHUUECKOW CXE€Mbl W 3alMCHIBACT YIPABIAIOLIYI0 MpOrpaMmy B
MUKpOKOHTpoJuep. CTYyAEHT MpeACTaBIseT OT4YET U JIEMOHCTPUPYET paboTOCrnocoOHOCTh
coOpaHHOMU cXeMBbl. 3a BBIIOJHEHHE U 3alUTY JJAOOPATOPHBIX paboT CTYJEHT MOXKET HabpaTh 18
O6amioB (mo 3 Oamia B KaXAyH pPEUTHHroByro Touky). [lepedeHp mabopaToOpHBIX paboT
NpPECTaBJICH HIDKE.

JlabopaTtopnass paGora Nel «3HakKOMCTBO C DJJIEMEHTaMU MOJIYJsA, H3y4YEHHUE
MIPOrpaMMHOTO 00€CTIeUeHHUsI, CO3/TaHUE U OTJIAJIKH TIPOTPaMM I MUKPOKOHTposuiepoB AVR Ha
a3bike Cuy.

Leab padoTbl: 03HAKOMUTHCS C DJIEMEHTAMH MUKPOKOHTPOJUIEPHOTO CTEHNA, U3YUYHTh
IpOTrpaMMHOE M almapaTHoe oOecreueHne, U3y4UTh OCHOBHBIE METOABI MPOrPaMMUPOBAHUS U
OTJIQJKU TPOTrpaMM JIJIsi MUKPOKOHTpPOJLIEpA.

KoHnTpoJsbHbIC BOIPOCHI:

1. Ilepeuncinure OCHOBHBIE HCIIOJHUTENBHBIE JIEMEHTHI, PACIIOJIOKEHHBIE B MOAYIIE.

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

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

4. IlepeuncianTe OCHOBHBIE KOMAH/IbI B CPEZI€ IPOIPAMMHUPOBAHNSI MUKPOKOHTPOJLIEPA.
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JlaGopaTtopnas padora Ne2 «[lopTel BBOJa/BBIBOJIa MUKPOKOHTpoJUIepa atmega8535,
peanu3anus MporpaMMHOM 3aEPKKN»

Hesn  paGorbl:  M3yunts  ocoOeHHOCTHM  paOOThl  MapalIeIbHBIX  [OPTOB
MUKPOKOHTPOJUIEpPA; O3HAKOMHTBCS CO CIOCOOaMU MOJKIIIOUEHUS CBETOIMOJIOB U KHOIOK K
U(PPOBBIM MHKPOCXEMaM; HAayYUThCS YIPABIATH CBETOAMOAAMHU TIPU TIOMOLIM IMPOTPAaMMBI;
HaIUcaTh NPOrpaMMy «OeryIiuii OrOHbY 1Ji CBETOAUOI0B.

KonTpoJbHbIE BOpoChI

1. KakoBo Ha3HaYeHHE MOPTOB MUKPOKOHTpoILIepa?

2. Jlng gero ciyxar peructpel DDRx?

3. Uto onpenenser peructp PORTx?

4. Kak ckoHpHUTyprpoBaTh MUHBI KAKOTO-TKO0 MOpTa Ha BXOJ WM Ha BBIXO?

5. MOXHO 7M1 UCHOJB30BaTh KHOIKY MOJKIIOUUB €€ K MUHY, CKOH(QUTYpUPOBAHHOMY Ha
BEIXOJ?

Jladboparopnasi padora Ne3 «M3yuenue TaliMepoB MHUKpOKOHTpoiuiepa AVR u ux
IPUMEHEHUE: B JUHAMMYECKON MHAMKAIMM, B PEKUME IOJCUYETa BPEMEHHBIX MHTEPBAJIOB, B
HIUPOTHO-UMITYIHCHONW MOIYJISLIUM

Hean pabotbi: Ilo3HakoMuTbCst € TaiimMepamu MHUKpoKOHTposuiepa ATmega8535;
HCCJIEIOBATh PEKUMBI paOOTHI U CIIOCOOBI MPOTPAMMHON peanu3alui peXKUMOB JUHAMHYECKOM
UHAMKAIMM; PEaJu30BaTh IPOrpaMMbl - CUYETYMKA BXOJHBIX HMIIYJIbCOB C OTOOpakeHUEM
pe3ynbTaTa Ha CEMHCETMEHTHOM HHJMUKATOpE, MOACYET BPEMEHHBIX HHTEPBAJIOB, IIUPOTHO-
UMIYJIbCHYIO MOIYJISIUIO.

KonTposbHbie BONPOCHI

1. [ToueMy NpUMEHSIOT AMHAMUYECKYIO UHIUKALIUIO?

2. Kak yacTo Ha/10 3acBeUYUBaTh OT/ICIbHBIC pa3psibl?

3. [Touemy cHUXaeTcs APKOCTh MHAUKATOPA B JUHAMHUYECKOM pexume?

4. IloueMy UHIMKATOP HA3bIBAETCSl CEMHUCETMEHTHBIM, HO UMEET 8 BBIBOJOB?

Jladoparopnasi pa6ora Ned «3ydyeHue nmpuHIUIIOB pabOTHI C KUIAKOKPUCTATNIMUECKUM
UH/IMKaTOPOM U CIIOCOOOB €ro MpOrpaMMHPOBAHUS»

Hear padorbi:  UM3yuute ocoOeHHOCTHM  pabOTBI M CXeMY  HOJKIIOYCHHS
XKUIKoKpucTammnueckoro unaukaropa (PKKM) k MUKpPOKOHTpoOJUIEpY: M3Yy4HTh OCOOCHHOCTBH
NapajuleIbHOM CHHXPOHHOW TNepeJaud JaHHBIX M TIpollecca HWHUIMAIW3alUK  JUCILIes,
paccMOTpeTh ero paboTy B Pa3IUYHBIX PEXHMMax; HalucaTh IPOrpaMMy BBIBOJA HA JHCILIEH
M10JIb30BATEIBCKON HH(OPMALIUH.

KonTpoJsbHbBIE BONPOCHI

1. YTo 03HayaeT TEPMHUH «3HAKOMECTO»?

2. Cxonpko BuAoB mamMatu ecth B JKK nucmee?

3. J171s1 yero citykUT CTpOOUpPYIOIUii BBIBOA?

4. Yem onpenensercs BEIOOP pexXUMa 3anuch/uTeHue?

5. Kak nepegaTe KoMaHy Ha IUCTUIEH?

JladopaTopnasi padora NeS «/cronp30BaHne MATPUYHOM KIIaBUATYPhI»

Heas paGorbl: M3yunTh nNpuUHUMN pabOThl MAaTPUYHOW KIABHATYphl M CXEMBI
MOJAKIIOYEHUST KHOTIOK U MAaTPUYHOHN KIIABHATYpPhl K MUKPOKOHTPOJIIIEPY; PACCMOTPETh CIIOCOOBI
OIpoca KHOIOK U MOJIaBJIeHUe Jpebe3ra KOHTAKTOB; HallucaTh MPOrpaMMy CUMTHIBAaHHS HAXKaTUS
KJIaBUIIIN U 0T06pa>1<a}01ue171 KO KJIaBUIIIK HAa CBETOAMOAAaX UM UHAUKATOPEC.

KonTpoJsbHbBIe BOPOCHI

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

2. CKOJIBKO CTPOK U CTOJIOLIOB MOXKET ObITh Y MATPUYHOMN KJIaBHATYPbI?
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3. IlonBoaMTCS M MUTAHUE K MATPUYHOMW KiIaBUAType?

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

JlabopaTtopnass padora Ne6 «BHemHue mpepbiBaHMs MHUKpOKOHTposiepa AVR.
CrnenualibHbIM pETUCTP COCTOSTHUS Sreg U CTEK

Heas pabGorbi: M3yunTh NOpUHLOUOB HMCHOJB30BAHUS BHEUIHUX IPEPbIBAaHUM,
O3HAKOMUTBCSI C OpraHU3aluell BHENIHMX WHHULIMATUBHBIX CHUTHAJIOB MHUKDPOKOHTPOJLIEpPA
ATmega8535, Hanucarp mporpaMmy 0OpabOTKH BHEUTHETO MPEPHIBAHHS.

KonTposbHbie BONPoCchI

1. Kakue uerplpe BO3MOXHBIX YCJIOBUS CYLIECTBYIOT JJIsi TEHEpPAalMM BHELIHETO
npepbIBaHus?

2. Kakue cymecTBylOT OCOOCHHOCTH IPHU MCHOJIb30BAHUU IPEPBIBAHUSA HPOOYKICHUS
MUKPOKOHTPOJUIEPA U3 PEKUMA BBIKJIIOUEHUS?

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

JlaGopaTopuas padora Ne7 «Vcmoibp30BaHNE aHAIOTOBO-IIU(POBOTO Mpeodpa3zoBaTes
MUKPOKOHTPOJUIEPA

Heas padorbr: M3yunts npunuunel padotsl ALl Mukpoxontposnepa ATmega8535,
O3HAKOMUTBCSI C HA3HAYCHMEM YINPABIAIOLIMX PETUCTPOB M NpuHuMnamu ynpasiaeHus AL
MHUKPOKOHTPOJIIEPA, COCTaBUTh M OTIaAUTh mporpammy npumenenus ALl mans mmdposoro
BOJIETMETPA.

KonTpoJbHbIe Bonpockl

1. O6bsicuuTe Ha3HaYeHUe U npuHLIUI padotsl ALIL.

2. Jlns yero ynoOHO MCHONB30BaTh BbIpaBHMBaHME pe3ynbrara ALl mo neBomy uim mo
paBoMy Kparo?

3. Uro Takoe MCTOYHMK OMOPHOTO HAMPSKEHUS U JJIS Yero OH MCHOJIb3yeTcs MpH paboTe
AILII?

JlabopaTopnasi pa6ora Ne§ «3yueHne nmpuHUUIIOB pabOTHI U MOCTpOeHHE LUGPOBOMH
CHUCTEMbI MUKPOKOHTPOJUIEPHOTO YIPABJICHHS IIATOBBIM 3JIEKTPOIPUBOAOM)

Hean padorbi: M3yunTh yCTPOMCTBO M THIIBI MIATOBBIX JBUTATENCH; peain30BaTh CXEMY
MOAKIIOYEHUS IIarOBOTO JABUTATElls; HaMKCcaTh NPOrpaMMy OBOPOTA OCH ILArOBOTO JIBUraTess
Ha 3aJaHHbIN yTOJI.

KonTpoJsbHBIE BONPOCHI

1. Onumure 00U MPUHIUI paObOThI IIArOBOTO JIBUTATEIS.

3. Uro mpou3zoiiier eciau KOMMYTHUPOBATh BBIBOJBI IIIarOBOTO JBUTATENs B OOpaTHOM
nopsiake?

4. Tlouemy B TOJHOIIIATOBOM PEXKHUME MPHU HCIOJIB30BaHUU IBYX (a3 MOMEHT BpallleHUs
CYIIIECTBEHHO OOJIBINIE, YEM TIPH MCTIOIB30BAHUH OTHOM?

5. C 1noMOLIBI0 Kakoro JIOTOJIHUTENBHOIO YCTPOWMCTBA, BBl OBl MPEATIOKHIN
KOMMYTHPOBaTh KOHTaKThl LIAroBOTO [BUTATelNs, B cllydyae ecilu Obl JJs YIpPaBJICHUS UM
noTpeboBaINCh ObI OOJBIITNE TOKU U HAMPSHKEHUS?

6. Ha kakoil yroj coBepliaeT BpallleHUE AHHBIM JBHUIaTellb, MPOXOJsA OJWH IIar, U
CKOJIBKO IIarOB eMy MoTpedyeTcs Al MOJIHOro obopoTa?
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JlaGopaTopnas padora Ne9 «/I3ydyeHue NpUHLIUIIOB pabOThl U MIOCTPOCHUE PA3OMKHYTOM
U(pPOBON CUCTEMBI YNPaBICHUS MIMPOTHO-UMIYJILCHBIM MpeoOpa3oBareneM, padoTaloIUM Ha
JIBUTATEIIb TIOCTOSTHHOT'O TOKa»

Hean pa6orbl: M3yunth npuHmun pabotrel U cnocoOwl ympasieHus LIWII; manmucats
nporpammy, peanusyromyrw ynpasieHue NI mig pa3oMKHYTOM CHCTEMBI YIIPABIEHUSA
CKOPOCTBIO BpallleHUs ABUTATENsl OCTOSTHHOTO TOKA.

KonTpoJibHbIe BONPOCHI

1. Knaccudukanus npeodpazoBateneil MOCTOSHHOTO HAIPSKEHUSI B TIOCTOSIHHOE?

2. Ha3oBuTe OCHOBHBIE OCOOCHHOCTH CHMMETPUYHOTO M HECUMMETPUYHOTO YIPaBICHUS
LIAIT?

3. B ueM 3akimoydaroTcsl NPEUMYILIECTBA UM HEAOCTATKU CUMMETPUYHOIO H
HecuMMeTpuyuHoro yrpasienus LLINIT?

4. B yeM 0cOOEHHOCTh pealn30BaHHOM B TaOOPaTOPHOI paboTe CUCTEMBI yIIPaBICHUS ?

IMosHbIH NpUMep 0HOI U3 J1a00PATOPHBIX PadoT.

JIABOPATOPHAS PABOTA
«I3YYEHUE TAMMEPOB MUKPOKOHTPOJIJIEPA AVR U UX TIPUMEHEHUE:
B JUHAMUWYECKOM NMHJIUKALIUY. B PEXXMME ITOJICYETA BPEMEHHBIX
VHTEPBAJIOB B LIMPOTHO-UMITY JIbCHOM MO Y JISLI»
Hean padorsi: [lo3HakOMUTBCS ¢ TailMepaMu MUKPOKOHTpoJuiepa Atmego8535; uccienoBaTth
PEXUMBI PabOTHI M CIIOCOOBI MPOTPAMMHON peaTH3aliy PEKUMOB JTHHAMUYECKON HHIUKAIIHN;
peaan30BaTh MPOrpaMMbl — CMETYHMKA BXOJHBIX MMIIYJBCOB C OTOOpa)K€HHEM pe3ysbTaTa Ha
CEMHUCErMEHTHOM HHJUKATOpPE, IOJCYET BPEMEHHBIX WHTEPBAJIOB, IIHPOTHO-UMIIYJIbCHYIO
MOIYJIALIHIO.
Teopernyeckas 4acTb
MuxkpokoHTposiep ATrena8535 coaepKUT Tpu TaiiMepa o0I1ero Ha3HaueHus: J1Ba 8-
paspsanbix TaiiMepa TO u T2, onun 16-pa3psaubiii Taiimep T1.
Bce TaiiMepbl UIMEIOT BO3MOXKHOCTb Pa0OTHI B Pa3HBIX PEKUMAX:
® U3MEpEHHE IPOMEKYTKOB BPEMEHH;
e CcyéT BHEWHUX coObITUl (kpome T2);
e npeoOpa3oBaHME BHIXOJHOI'O CUTHAJIA KOHTPOJIJIEpa B CUTHA C IIMPOTHO-
umnyiascHol Moaynsauuen (HINUM);
® BO3MOXKHOCTh pabOTHI B KAU€CTBE YaCOB PEATLHOTO BPEMEHHU (aCHHXPOHHBIN
pexumM padboTsl Taiimepa T2).
AJIbTepHATHBHBbIC (YHKIIUHM IOPTOB
JInsi MOAKITFOYEHHsT BXOJOB-BBIXOZOB TalMEPOB K BBIBOJAM MHKPOCXEMBI KOHTpOJUIEpA
(T.e. U1 COEAMHEHUS TaiMEpPOB C BHEIIHUMH YCTPOHCTBAMM), UCIIOIB3YIOTCS JIbTEPHATUBHBIE
(GyHKIIMM TOPTOB BBOJA-BbIBOJA. Ilocne BKIIOUEHHUS anbTepHATUBHOW (DYHKUMU JaHHBIA OUT
MOPTa UCHOJIB3YETCs TOJIBKO JUIs BBOJIA WIIM BBIBOJA MH(OpMAIMK B TaiiMep, UCIIOIb30BaTh 3TOT
6uT 11 1M pPoBOro BBOJA- BHIBO/IA HEBO3MOXKHO.
AnbTepHaTUBHBIE (PYHKIIUM TOPTOB JUIs pabOTHl ¢ TaikMepaMu IMpHBeJIeHbl B Tabmuie 1.
[Tpu 3TOM 1S peanuzaluy pexuma cu€ra BHEIIHHUX COOBITHM BXOJ TailMepoB HEOOXOAUMO
HNOJKJIIOUYNTh K BBIBOJJAM MHUKPOCXEMBI — K KOHKPETHOMY OHMTY mopTa BBOJa/BbiBoja. Ilpum
pabote TaiiMepa B pexxume LLIMIM. Beixos TaliMepoB Takke MOJIKIIIOYAETCS] K KOHKPETHOMY OUTY
nopra.
Tabnuma 1 AnprepHatuBHbIE GYHKIIMH IOPTOB, UCIOIb3YyEMbIE TaliMEpaMu

Taiimep O0o03HaueHNE Onucanue BriBoj1 mopTa
To T0 Bremnwmii Bxon Taitmepa TO PB0
0CO Buemnuit Beixon Taitmepa TO PB3
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T1 Buemnuii Bxon taiimepa T1 PB1
Tl OCI1A Buemnuii Beixoa A taiimepa T1 PD5
OC1B Buemnwuii Beixoa B Taiimepa T1 PD4
TOSC1 Buerauii BeIBoa 1 JUIST DOOKIIOYEHUS
[pe3oHaropa taiimepa T2 PC6
T2 TosCa Bueninuii BBIBOJ 23:[11;1 MOAKITIOYEHUS
[pe3oHaTopa 1 Taiimepa T2 PC7
0C2 Buemnuii Beixon taiimepa T2 1 pp7  [PD7

Jlnist MCTIoNb30BaHMs aJIbTEPHATHBHBIX (DYHKIUN ITOPTOB, COOTBETCTBYIOLINE OUTHI TIOPTOB
IpeBapuUTeIbHO HEOO0XOAMMO CKOH(GUTYpHpOBaTh Ha BBOJA WU BBIBOJ, HAmpuMep, IpU
UCTONIBb30BaHUN anbTepHaTBHON ¢yHkuun OCO s BeiBojma uHopmauuu u3 taitmepa TO,
BBIBOJ MUKpocxeMbl PB3 noimken ObiTh onpezenen kak Boixon 6ut DDRB3 posen 1.
IIpepbiBanus OT TaliMepoOB

Paspemennie u 3ampemieHue pabOTHl NpPepbIBAHUNW OT TaMEpPOB MHUKPOKOHTpOILIEpa
BEITIONTHsIETCS ¢ Tomotiwio peructpa TIMSK (Timers Interrupt Mask Register) — peructpa macku
npepeiBanuii oT TaiimMepoB. butbl peructpa TIMSK mnpueaenst B Tabmuue 2. WHaukainus
NOCTYIUIEHUSI NpEepbIBaHUN OT TaliMepoB BhINONHsEeTca ¢ nomouibio perucrpa TIFR (Timers
Interrupt Flag Register) — peructpa ¢umaroB mpepsiBaHuii OT TaiiMmepoB. dopmaT perucrpa
npezcTaBieH B Tabnuue 3.

Tabnuna 2 Peructp macku npepsiBanuii ot taiimepos TIMSK

Homep HammeHoBanwue
Oura Oura

Haznauenue

0 TOIEO |®nar pa3peuieHus npepbiBaHus 10 MepenoiHeHuto taiimepa TO
1 OCIEO |®nar pa3peuieHust npepblBaHus 10 coBnageHuto taimepa TO
2 TOIE1 |®nar pa3penieHus npepbiBaHus 10 MEPENOIHEHNIO TaliMepa T1
3 OCIE1B |®nar pa3pernienust npepbiBaHus o coBnaaeHuto B taiimepa T1
4 OCIE1A |®nar pa3penieHus npepbiBaHus 10 coBnaaeHuIo A taitmepa T1
5 TICIE 1 |®nar pa3penienus npepbiBaHus M0 3axBaTy Taiimepa T1

TOIE2 |®nar pa3penieHus NpepblBaHus M0 NEPENOTHEHHIO TaliMepa T2
7 OCIE2 |®nar pa3penieHus npepblBaHus 0 COBNAACHUIO TaliMepa T2

Tabnuua 3 Peructp ¢unaros npepsiBanuii ot taiimepoB TIFR

Homep | HaumenoBanue | Ha3zHauenue O06o3HaueHme Howmep
outa outa BEKTOpa BEKTOpa
IIPEpPBIBAHMSI IIPEPBIBAHMUS

0 TOVO @dunar npepsIBaHUs O TIMERO_OVF 10
nepenoiaHeHuio TaiiMepa TO

1 OCFO0 @dunar npepsIBaHUs 1O TIMERO_COMP | 20
coBnajieHuto Taiimepa TO

2 TOV1 @dunar npepsIBaHUs O TIMERI1_OVF 9
nepenonaHeHuo taiiMepa T1

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

4 OCFIA @dunar npepsIBaHUs 1O TIMER1_COMPA | 7
coBnajieHuto A Taiimepa T1

5 ICF1 @dunar npepbIBaHUs 11O TIMERI1_CAPT 6

14



3axBary Tanmepa T1

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

COBITQJICHUIO TaiiMepa T2

[Ipu HacTyruieHnu coObITHSI cOOTBeTCTBYIOIIME (har B peructpe TIFR ycranaBnmuBaercs B
eAMHUYHOE coctosinue. [Ipu 3amycke mporpammbl 00OpabOTKM TpPEpBIBaHHS, OH aIlapaTHO
cOpaceiBaetcs B «0».

Bocbomupaspsaubiii Taiimep T0

Jns npumeneHuss BocbMmupaspsiaiHoro Taiimepa TO B MukpokoHTpoiuiepax AVR.
Hcnonp3yroTest Tpy CHEeUalIbHBIX PETUCTPA:
e cuetHblil peructp TCNTO (Timer CouNTer Taiimepa T0):
e peructp cpaBHeHus: OCRO (Output Compare Register Taitmepa T0):
e peructp ynpaieHuss TCCRO (Timer/Counter Control Register Taiimepa TO).
Taitmep TO paboTtaer B TpEX peKUMax:
e (QopmupoBaTeslb BpEMEHHBIX HHTEPBAJIOB;
e CUCTUYMK BHEITHUX COOBITHIA;
® [IUPOTHO-UMITYJIBCHBIH MOAYIISITOD.
ITpu pobote Taiimepa TO MOryT reHepupOBaTHCS B MPEPHIBAHUSA:
e 1pu nepenoyiHeHuu cuétHoro peructpa TCNTO;
e 1pu coBnajgeHuu 3HaueHuil peructpa TCNTO u perucrpa cpaBHenuss OCRO.
@unaru npepeiBanui HaxoxasTcs B peructpe TIFR, paspemienue npepblBaHNi BBIIOJIHAETCS
¢ nomo1pto peructpa macok TIMSK.

Cuérnblii peructp TCNTO

Peructp TCNTO npeacrasisier coboi peBEpCUBHBIN CUETUHMK. B 3aBUCHUMOCTH OT pekuma
paboThI TaliMepa, COIEPKUMOE CUETHOTO PErUCTPa MOXKET COPACHIBATHCS B HYJIEBOE COCTOSTHHE,
MHKPEMEHTHPOBATHCS (YBEIMUMBATHCS Ha 1) WM JeKpeMEHTUpOoBaThcs (YMEHbLIAThCs Ha 1) 1o
KaX/IOMY BXOJIHOMY UMIYJbCY. Peructp nocrymneH B 11000 MOMEHT BpeMEHH Kak Uil YTEHHUS,
TaK ¥ s 3anucH. [Ipu mogave nutanus Ha KoHTposuiep B peructpe TCNTO HaxoauTcst HylIeBoe
3HaueHue. Jluanma3oH W3MEHEHus 3HaueHui cu€rumka coctasiseT 0...255. Ilpu moctukenuun
CYETYMKOM MaKCUMAaJIbHOTO 3HaYeHUs 255 U 1mojaye ouepeJHOro UMITYJbCca, 3HaYeHUE CUETYNKA
M3MEHSAETCS Ha HYJIEBOE, IIPH 3TOM T'€HEPHUPYETCs MPEPBIBAHHUE 10 NEPENOIHEHUIO CUETYMKA
TOVO B peructpe TIFR (Taba. 3). Pa3penienue npepbiBaHUs OCYIIECTBISETCS YCTAHOBKOM B «1»
pazpsana TOIEO perucrpa T1MSK.

Peructp cpasuenuss OCRO

Peructp OCRO comepxuT BOCBMHUPA3psIHOE IIE]0€ YUCI0, KOTOPOE HENpEephIBHO (HA
KaKJOM TakKT€ KOHTpOJUIEpA) CpaBHUBAETCS C coaepkuMbIM cuérHoro peructpa TCNTO. B
CIy4ae paBEHCTBA COJEPKUMOTO ITHUX PETrHUCTpoB ycraHaBiuBaeTcs ¢iar npepbiBanus OCFO
peructpa TIFR (ecnu 3To mpepwiBanue paspemieHo B peructpe TIMSK). Kpome srtoro, npu
COBIIQJICHUY 3HAYEHUUN PETHUCTPOB MOKET U3MEHUTHCS cocTosiHe OCO MUKPOKOHTpoOJIIEpa. ITO
MPOUCXOIUT, eciu Bbixona Taiimepa TO coegunén ¢ BeiBogoMm OCO (ompenensiercs perucTpom
ynpasnenuss TCCRO) u BeiBog PB3 MukpokoHTposiepa CKOHPUTYpUPOBaH KaK BbIXOJI.

Peructp ynpasiaenuss TCCRO

Peructp TCCRO npennasHaueH /uis ynpaieHus padotoii taitmepa T0. @opmat peructpa
npencTtaBieH B Tabnuie 4. C MoMoIIbI0 3TOr0 perucTpa OCyIlecTBIsSETCS KOH(DUTYpHUPOBaHUE
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TaiiMepa Ha OAWH W3 PEKUMOB paboThl. Takke 37eCh MOXKHO TOIKIIOYUTH BBIBOJBI
MHUKPOKOHTpOJIJIEpa K TailMepy W BBIOpaTh 4YacTOTy, C KOTOpOH TaiimMep OyaeT cuuTaTh
MMITYJIbCBI TEHEPATOPA YaCTOThl MUKPOKOHTPOJLIEpA.

Tabnuna 4 Peructp ynpasnenust TCCRO

Homep [HaumenoBanue |Ha3zHauenue
oura oura

VrpaBiieHHE MPEIICTUTEIIEM.
SC02 SCO01 SCO00 Koaddumment npenaenurens

0 0 0  TaliMmep OTKJIIOYEH
0 0 1 Kmen=1
0 1 0 Knen=38
0...2 SC00...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 (oTpuir. @poHT)

[Tonxmrouenue BeiBoa Taitmepa OCO
COMO1 COMO0 Cocrostaue BeiBoga OCO

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

B «1» IIpxu COBIIaACHUHN

WGMO01 WGMO00  Pexxum paboTsl

0 0 Normal
4,5 WGMO00:WGMO1| 0 1 ®aszossrii UM
1 0 CTC (cOpoc npu coBHaIeHUH)
1
[IpunyauTensHOe U3MeHeHne coctosiHus BeiBoga OCO
U FOCO (B pexxumax Normal u CTC)

IIporpammupoBanme 16-pa3psiiHoro taiimepa T1 MUKpPOKOHTpOJLIEpa
Monyne 16-paspsinHoro taiimepa T1 BxoguT B coctaB MukpokoHTposuiepa ATmego8535.
Taimep/cu€tunk T1 MOXET HCMONB30BATHCS MJIsi OTCUYETa BPEMEHHBIX WHTEPBAJIOB M Kak
CY€TYMK BHEIIHUX coObITHH. KpoMe TOro OH MOXKET BBIOJHATH 3allOMUHAHUE CBOETO
COCTOSIHUS 110 BHEIIHeMY curHainy. OH MokeT paboTaTh TakkKe B KauyecTBE MHOTOKaHAJIbHOI'O
HIMPOTHO-UMITYJILCHOTO MOJYJISITOpa MepeMeHHON paspsaHocTu. CTpyKTypHasi cxema Taiimepa
T1 npusenena Ha puc.3.1.
Bxoabl/Bbixoabl Taiimepa T1
Kaxplii TaliMep/c4éTUNK MCTIOIB3YeT OJIMH WK 0oJiee BBIBOJIOB MUKPOKOHTposuiepa. Kak
MPaBWJIO, 3TU BBIBOJABI — JIMHUU TNOPTOB BBOJAA/BBIBOAA OOIIETO Ha3HA4Y€HHUsA, a (DYHKIHH,
peanr3yeMble STUMHU BBIBOJAAMHU IIPU PabOTE COBMECTHO € TaliMepaMu/CUETUMKAMHU, SBISIFOTCS UX
anbTepHaTUBHBIMU (pyHKUMsMH. [{ns mukpokonTpoiiepa ATmega8535 Takumu BbIBOJaMU
ABIISAIOTCA:
e PBI (T1) — Bxox BHemHero curuaia taimepa T1.
e PD6 (ICP) — Bxon 3axBara taiimepa T1.
e PD4 (OCIB), PD5 (OC1A) - Beixonsl cxem cpaBHeHusi A u B raiimepa T1.
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[Ipu wucronp30BaHUM albTEPHATUBHBIX (PYHKIMI TOPTOB BBOJA/BBIBOAA HEOOXOIUMO
CaMOCTOSITENIbHO CKOH(UTYPUPOBaTh 3TH BBIBOJBI B COOTBETCTBUU C MX (PYHKIIMOHATbHBIM
Ha3HAY€HUEM — Ha BXO/Jl WU BBIXOJ.

Caounit TOVn
I —
Cloar (it o )
Diraction | o o8| Clock Saloct
Edge -
' ' | Datecior [ T
TOP | BOTTOM
L. I - | From Prascalkar |
' TimarCountor J L
TCNTn | | | B |
A * A OCn&
L {Int.Fag.}
|
— 1 ‘Wavalonn
- I Genceation = QCnd
|—— OCRné — - ; ;
| [ Tosa OCnB
o | TOP [Int.Fag.}
1
% _ : —— | Wavslomn &l 0CnE
— | 7| Genceation =
% |
|
. OCAnE— - | ]
. [ From sinalog
: Comparaior Ougput |
| ICFm (ImAeg.)
|
! Edge MNoiza
ICAR X Dalgcior [ Canrcclor
o | ICPn
[ ToccRea ] | TCCRnE |

Puc. 3.1 Ctpyxrypa taiimepa T1.
[pengeaureas TaiiMepa
B kauyecTBe MCTOYHHMKA TAaKTOBBIX HMMITYJIbCOB TaiWMepa T1 MOryT MCHOIB30BAaThCA Kak
BHEIIHHE UMITYNbCHI (¢ BxoAa T1), Tak v curHal ¢ BBIXOAa TAKTOBOTO TeHepaTopa. DTH CUTHAJIBI
MOCTYIAOT Ha BXOJ MpeAeauTesisa, (GOpMUPYIONIET0 TaKTOBbIe cUTHaibl Tamepa T1. s
YIPaBJIEHUS COCTOSIHUEM NpeaenuTens ucnoib3yercs peructp SFIOR.

Perucrpsl Taiimepa T1
B cocras taiiMepa/cuérurika T1 BXoasaT cieayroue perucTpsl:
e 16-pa3psannbiil cuétHblid peructp TCNTI ;
e 16-pa3psannblii peructp 3axsara ICR1;
e 1Ba 16-pa3panneix peructpa cpasHeHus OCR1A, OCRIB;
e 1Ba 8-pa3psaasbix peructpa ynpasiaenus TCCR1A, TCCRIB.

Kaxnpiii u3 16-pa3psHbpIX perucTpoB (usnyecku pasMmelaercs B JIBYX PErucTpax
BBO/1a/BBIBO/Ia, HA3BaHMS KOTOPHIX MOJYUYaIOTCs JT00aBICHUEM K Ha3BaHHIO peructpa OykBbl «H»
(crapummii Gaiit) u «L» (Mmamgmuii Oaiit). CuétHblii peructp Taiimepa cuérumka TCNTI,
Hanpumep, pazMeniaercs B peructpax TCNTIH : TCNTI1L.

Cuérnblii peructp TCNT1 u peructpsl cpaBHenusi OCR1A u OCR1B

Kak Tonmpko Taiimep T1 3amyckaercsi, TO NpH NOCTYIUIEHUH OYEPENHOTO HMITYJbCa C
UCTOYHUKA (UM SIBISI€TCSI BBIXOJ MpEAJeNuTeNs, Ha BXOJ KOTOPOrO IOJAETCS CHUTHAl C
TAaKTOBOT'O FeHepaTopa WM UMMYNbehl co Bxona T1), cogepkumoe cuétHoro peructpa TCNT1
YBEJIMYUBAETCS Ha eauHully. Tak OyneT MpouCXOOUTh HENMPEephIBHO N0 TEX IOp, MOKa He
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HACTYNHUT IMEPENoHeHNE CUETUYMKA WM MPHHYAUTENbHOE ero oOHyseHue. [lpu nepenonHenun
peructpa TCNT1 Bo3moxkna renepamnusi npepsiBanusgs TIMERI OVF no mnepenonHenuro
taiimepa T). B peructpsl cpaBHenuss OCRIA u OCRIB 3amuchBaroTcss HE0OXOIUMBIC
MOJIb30BaTENbCKUE 3HaueHHs. [lpu coBmajeHUM 3HAUYEHUN CYETHOTO PETUCTPA U PErHCTPOB
OCRI1A nnmu OCRIB, nanpsokenust Ha Beixonax OClA i OC1B u3menstorcsi. 9TOT MOMEHT

MOYKHO HCIIOJIb30BaTh JIJIsi reHepupoBanus npepoiBanuil mo copnagenuro TIMER 1 COMPA u
TIMER1 COMPB.

Peructpsl ynpasiaennss TCCR1A n TCCR1B

Jis  ynpaBiieHUs TalMepoM/CUETUYMKOM HCIIOJIB3YIOTCSl JIBa PETUCTpa YIpaBICHUS:
TCCRI1A, TCCR1B. ®opMaTbl 3TUX PErHCTPOB M Ha3HAUYEHHUE OTICIBHBIX OUTOB IPUBEICHHI B
Tabymue 2 ...5.

Tabmuna 5 Pa3zpsaasl peructpa TCCRI1A
bur  [HasBanue Onucanue
1,0 WGM11:WGMI10 Pexxum paboThl Taiimepa/cuétunka. COBMECTHO C pa3psiamMu
WGM13:WGM12 peructpa TCCRI1B onpenenstor pexum
paboTsl Taiimepa/cuéTunka T1

3,2 FOCIA:FOCIB [IpunynurenbHOE H3MEHEHHE COCTOSIHUS BBEIBOJIOB
cooTBeTcTBeHHO OC1A 1 OC1B

54 |COM1B1:COM1B0  [Pexxum paboTel O50KOB cpaBHeHHs A u B. DTu paspsusl

onpeaensator noseaeHue BoiBOJoB OCIA m OCIB mpu

7,6 |COMI1AI1 :COMI1 AO |mactynnenun COOBITUS «CoBrnajieHue». Brusiaue
COIEPKUMOr0 STUX PA3PAN0B HAa COCTOSHHE BHIBOJA 3ABUCUT
OT peskMMa paboThl TaliMepa/cuéTunka

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

butet WGM13... WGM10 ucnons3ytoTcs B OCHOBHOM sl paboThl TaliMepa B pexUMax
M. Copepxkumoe 6utoB COMInl:COMIn0 nomkHo ObITh «0» TPU OTCYTCTBUHU CBSI3U
taiimepa T1 ¢ BeiBogamu OClx.

3nauenus pazpsagoB CS12...CS10 onpenenstoT KOOPPUIMEHT NeIeHUsT TAKTOBON YaCTOTHI
Y MCTOYHUK TAKTOBBIX UMMYJIbCOB 1 TaiMepa T1. X BO3MOKHBIE 3HAYEHUSI IPEICTABIEHBI B
Tabnure 7.

Tabnuua 7. Beibop koadduimenta npengenutens taiimepa T1
butel TCCR1B

Koaddununent npegnenurens taiimepa T1
CS12 | CS11| CS10

0 0 0  [Taiimep/cuéT4MK OCTaHOBIICH
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 ocymecTBisieTcss mo coagaromeMy (QpoHTY
1 1 0  [MMILYJIbCOB
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BriBog T1, cuer ocymiecTBiasieTcss O HapacTaromeMy (QpoHTY
1 1 1 lumnynbcoB

Peructp 3axBara ICR1

Peructp 3axBata ICR1 BXxoauT B coctaB OjioKa 3axBaTa, Ha3Hau€HUE KOTOPOrO -
COXpaHEHHE B ONPEACICHHBII MOMEHT BPEMEHH COCTOSIHHUS TalMepa/CuéTuMKa B PETUCTpE
3axBara ICR1. D10 neiicTBHE MOXKET MPOU3BOIUTHCS JTMOO MO aKTUBHOMY (DPOHTY CHTHAja Ha
BbiBojile ICP MukpokoHTposuiepa, JuMOO 10 CHUTHaly OT QHAJIOrOBOrO KOMIaparopa.
OxHOBpEMEHHO C 3amuCchio B peructp 3axBata ycraHaBiauBaercs diar ICF1 perucrpa TIFR u
TeHepUpyeTCs 3allpoc Ha MIpepbiBaHue. Paspelnienne npepblBaHus OCYIIECTBIISETCS YCTaHOBKOMN
paspsiga TICIED peructpa TIMSK. Jlns ympaBiieHHsi CXE€MOM 3axBaTa HCIOJIB3YIOTCS JBa
pa3psga peructpa TCCRIB - ICNCI1 (6ur 7) u ICES1 (6ur 6). Paspsn ICNC1 ympasisier
cxeMmol mopaBineHus nomex. Ecim 3ToT paspsg cOpomieH B «0», cxema MOAABICHUS MOMEX
BBIKJIFOUCHA M 3aXBaT MPOU3BOAMTCS IO TIEPBOMY K€ aKTHBHOMY (ppoHTy. Ecium sxe 3ToT paspsan
YCTaHOBJEH B «1», TO IpH MOSBICHUHN aKTUBHOTO (DPOHTA POU3BOIUTCS 4 BEIOOPKH C YaCTOTOM,
PaBHOM TaKTOBOH 4acTOTE€ MUKPOKOHTpOJUIepa. 3axBaT OyA€T BBIIOJIHEH TOJIBKO B TOM CiIydae,
€cli BCE BBIOOPKH HMEIOT YpPOBEHb, COOTBETCTBYIOIIWN aKTUBHOMY (POHTY CHUTHala
(;oruueckast «1» 1ysi HapacTaromero u Jiorudeckuid 0 nst cranaromero). AKTUBHBIA (PPOHT
CUTHaja, T. €. POHT, MO KOTOPOMY OyJEeT BBHIMOJHEHO COXpPAaHEHHE COICPKUMOTO CUETHOTO
perucTpa B perucTpe 3axmata, ompeaensercs coctossuueM pazpsga ICESI. Eciau stor paspsg
copoiteH B «0», To akTUBHBIM sBIIsIeTCS criafaronuii ¢ppout. Ecnu paspsn ycranosieH B«1», To
AKTHUBHBIM SIBJISICTCS HAPACTAIOIIUN (DPOHT.
Jns 3axBata mo curHamy c BbiBojga ICP, 3TOT BBIBOA JOMKEH OBITH CKOH(MUTYPHUpPOBAH Kak
BxoaHOU (paspsn peructpa DDRx, coorBerctByromuii BeiBoay ICP, momxeH ObITh cOpoIeH B
«0»). Ecnu e oH Oyner ckoH(QUTypUpOBaH KaK BBIXOIHOM, 3aXBaT MOXHO OyJIET OCYIIECTBISATh
IIPOrPaMMHO, YIpaBisisl COOTBETCTBYIOUIMM pa3psiaoM nopta. Ciaenyer MOHMMATh, YTO MEXAY
M3MEHEHHEM COCTOSHUSI BXoJla 0JIOKa 3axBaTa M KOMUPOBAHUEM CUETHOTO PETUCTPA B PETUCTP
3axBaTa TaiiMepa/cu€Tymka MPOXOJUT HEKOTOpOoe BpeMs. OTy 3alep)KKy BHOCHT KacKaj,
COCTOSIIIIMI U3 CHHXPOHHU3ATOpa U JAeTekTopa (ppoHTa. BennumHa 3anepxku cocrapuset 2,5..3,5
MaITUHHBIX [UKJIOB. [Ipy BKIIFOYEHUHN CXEMBI TI0/IaBJICHUS TTOMEX 3aJIepKKa YBEITUYUBACTCS €IIe
Ha 4 MalllMHHBIX IUKJIA.

Peructpsl pazpemenus n od6padorku npepsiBanuii TIMSK n T1FR

Jlna paspenieHus/3anpera MpepbBaHUN OT TaiMEpOB/CUETUMKOB MpEIHA3HAUYEH PErucTp
TIMSR (Timer/Counter Interrupt MaSK Register - peructp wmacku mnpepbIBaHUNA OT
TaiimepoB/cueTunkoB). J{ns Taiimepa T1 B 3TOM peructpe 3aeiicTBOBaHbI CIEAYIONINE OUTHI.

e TICEl (6ut 5) - ¢not paspemieHus npepbiBaHUS MO0 COOBITHIO «3axBaT» Taiimepa

T1;

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

e OCIEIB (6ut 3) - ¢dnar paspemenus npepsiBaHusi mo coobiTuio «CoBrnanenue By»
taiimepa T1;

e TOIE1 (6ut 2) - ¢uar pasperieHus npepblBaHUs M0 NepenoaHeHuto Taiimepa T1.

JUisi MHOUKanIMKY HACTYIUICHHs] IIPEPBIBAHUKM OT TaliMepoB mpenHasHadyeH peructp TIFR
(Timer/Counter  Interrupt Rlag Register - peructp ¢umaroB  mnpepblBaHUNA  OT
taiimepos/cuétunkoB). J{is Taiimepa T1 B 3TOM perucrpe 3aeiicTBOBaHbI CIeAyIOIue OUTHI:

ICF1 (6ut 5) - duar mpepreiBanust mo coObITHIO «3axBaT» Taiimepa T1;

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

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

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

[Ipn HacTymieHMH Kakoro-nu0o coObITHS cooTBeTcTByromui ¢aar peructpa TIFR
ycraHaBnuBaeTcst B «1». [lpu 3amycke moamporpamMMbl 00paOOTKH MpephIBaHUS OH aIllapaTHO
copaceiBaercs B «0». JIro60ii prar MmoxkeTt ObITH cOpolieH B «0» BpydHYIO.
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CemMucerMeHTHbIE HHIHUKATOPBI

B O5BM oro6paxkenne WHPOpMAIUM TOJH30BATENI0 OOBIYHO OCYIICCTBIISETCS Uepes
MOHUTOp, HO s OOJBIIOTO YHCIA MHUKPONPOIIECCOPHBIX YCTPOWCTB, BBIMOIHSIOLINX
OTHOCHUTEJIHO MPOCThIe GYHKIIMH YIPABIICHUS, KOHTPOJISI UM U3MEPEHHUsI ObIBACT JOCTATOYHBIM
oToOpaxeHne MH(pOpPMAIMKH WM PE3YJIbTaTOB M3MEPEHHI HAa OCHOBE MPOCTCHUINUX YCTPOHCTB
uHAUKAU. OOGBIYHO AJIS 3TOTO HCMOIB3YIOT CEMUCEIMEHTHbIE HHAUKATOPhl. OAMH UHAUKATOP
MUMEET BOCEMb CETMEHTOB (CeMb JUIsi HAaUepPTaHUS YMCIIa U OJJUH CEIMEHT - TOYKa) U OJMH OO
KOHTaKT OOBIYHO MOJAKIIOYaeMblii K muTaHuto. [lo 3Toi mpuuuHe sl yNpaBieHHUS OJHUM
UHINKATOPOM TpeOyeTcs OIUH LB MOPT MHUKPOKOHTposiepa. Eciu 4uciio MHAMKATOpOB
Oosee IBYX, UTO ObIBAET CIOKHO MOJKIIOYUTH UX 110 TAKOMY IMPUHLIHUITY.

JUis  yMEHbBIIIEHUST KOJMYECTBA YIPABISIOMIUX JIMHUA CEMHCETMEHTHBIC WHIAMKATOPBI
MOJIKJIIOYAIOT B IMHAMUYECKOM pexume. {5 3TOro oguHaKoBble CErMEHTHI TabJ0 COEAUHSIOT
napajyielb-HO M TOJKIIOYAI0T K OAHOMY IOPTY MHKPOKOHTpOJIJIEpa, a TOK JK€ IMUTArOIIUi
MIPOBOJ KAXKJI0TO MHAMKATOPA TOXKE MOAKIIOUAIOT K MUKPOKOHTposuiepy. Takum obpazom, Tabio
U3 4-X UHAUKATOPOB OY/ET UCHOIB30BaTh 8+4=12 IMHUI MUKPOKOHTpOIUIEpa, a He 8%4=32 kak
IPU KJIACCUYECKOM TMOJIKITFOUEHHUH.

Wtak, ¢ menbl0 COKpamleHWs 4YHCia BBIBOJAOB B MHOTOPA3pSAHOM HHIMKATOpE BCE
OJIHOMMEHHBIE CErMEHTHI COEIUHEHBl BMECT€ M UMEIOT OAMH o0mwuil BeiBoA (puc. 3.2). Jns
HYMEpaluu CErMEHTOB HCIIOJB3YIOTCS JIAaTUHCKUE OykBBI OT a 70 h. UroObl ympaBisiTh
CBEUCHHEM KakoH-M00 mudpsl Kakaoe 3HakoMecTo (mudpa) uMeeT oOIUi BBIBOJA, KOTOPBIH
MOYET OBITh OOIIMM aHOJOM WJIM OOILIMM KaTOJOM CBETOJMOJIOB-CErMEHTOB (3aBHCHUT OT THIIA
WHIUKATOPA).
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Puc. 3.2 [IpunuunuansHas CXeMa COEIWHEHHS MacCHBa WHJIUKaTOPOB

Jnst obecriedeHust pabOTBI  MHOTOPA3PSJIHBIX ~ WHIUKATOPOB WM  HECKOJIBKUX
OJHOPA3PAAHBIX UHIMKATOPOB UCIIOIB3YIOT JUHAMUYECKYIO, TO €CTh HENPEPHIBHYIO MHIUKALIUIO
CyTh QUHAMHUYECKOW WHIWKAIIMKM 3aKJII0YAEeTCS] B MOOYEPENHOM BKIIOYCHUH HHAMKATOPOB C
MOMOIIbIO OOIIEro aHoAa WM OOIIEero KaToja ¢ OJHOBPEMEHHOW mojaudel KoJa CHMBOJA JAJs
JJAaHHOTO, AaKTUBHOIO WHAMKATOpa. EcCiM MNEepeKkIoueHuss MEXAYy HWHIMKATOpaMU CHEJaTh
noctaTouHo ObIcTpeiMU (¢ yacToToi mopsinka 50..100 I'm) To Bce oHM OyayT paBHOMEPHO
CBETUTHCS HY’)KHBIMU CUMBOJIAMH.

[Tockonbky, HanpuMep, B 4-pa3psiHOM TaOJI0 BpeMs CBEUEHUSI OJTHOTO Ka)XJI0r0 CErMeHTa
COCTaBISIeT UG 1/4 4acTh, TO SIPKOCTh CBEUEHHUSI MHAUKATOPHOTO Ta0JIO MOXKET CYIIECTBEHHO
CHU3UThCA. Torma ans oOecriedyeHUss XOpOIIEeTO CBEUEHUS HWHIAMKATOPOB MOXXHO YBEIUYHTH
HaNpsDKEHUE, TMPHUKJIAAbIBAEMOE K CETMEHTaM HWHIUKATOpa, TaK YTOOBl YBETUYMIICS M TOK,
NPOXOJAIIMA B HMIIyJIbCE YEpe3 CEerMeHThl MHIUKaTopa. Takod crmocod JUHaAMHUYECKOMH
MHIAKAlUM  4YacTO IPUMEHSAETCS NpPU  YINPABICHUUM  YCTPOMCTBOM  HMHAUKAILMKU  OT
MHKPOTIIPOILIECCOPOB K MUKPOKOHTPOJIIIEPOB.

[IpenmymiecTBo crmoco0a IMHAMHYECKONW WHIMKAIUU OIIMYTHUMO MPH YHUCIE DPa3psioB
oompmie 2. CxeMa ¢ TMHAMUYECKOW WHIWKAIMEH MOTPeOseT MEHBIIUN TOK, UMEET MEHBIINE
rabapuThl U MEHBIIIYIO CTOUMOCTb.

HIupoTHO-MMIYJIbCHASE MOAYJISIIIUS
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MMM — mupOoTHO-UMITYJIbCHAsE MOAYJIALUA. MI3BECTHO, YTO MYyJIbCUPYIOLLEE HAIPSKEHUE
B 3aBUCHUMOCTH OT 3aIlOJIHEHUS Meproja, OyAeT 3KBUBAJICHTHO MTOCTOSSHHOMY HampsbkeHuto. T.e.
eciu 3a niepuo Hanpspkerue 50% BpeMeHu ObUTo BKIIOYEHO, 50% BBIKIIOYEHO, TO YIKBUBAJICHT
MOCTOSTHHOTO HanpsbkeHus 0ynet paseH 50% ot HomuHanbHOTrO. Hanpumep, npu nutanuu B 5B
MOCTOSIHHOTO HAIpPSDKEHMS, MOJy4MB Ha BbIxoAe KoHTposuiepa IIIMM ¢ 1nonoBuHHBIM
3a0JHEHUEM, TO MOCie criiakuBaHus noayunM 2.5B. Ecnu 3anonHenue nmiynbsca paBHo 75%.
TO SKBUBAJICHTHOE IMIOCTOSTHHOE HampspkeHue oynet 3.75B.

INM B coueTaHUM C aHAJIOTOBBIM (PHIBTPOM MOXET HCIOJB30BaTHCS ISl TeHEepaluu
AQHAJIOTOBBIX BXO/JHBIX CHTHAJIOB, T.€. B KadecTBe UG po-aHAIOroBoro npeodpaszosarens (LIATIL).
B kayecTBE OCHOBBI HCHOJB3YETCA IOCIEAOBATEIIBHOCTD MPSAMOYTOJbHBIX HMIIYJIBCOB C
MOCTOSIHHBIM TIEPHOJIOM CiieoBaHus ((DUKCHpOBAHHAS 4YacTOTa ciiefoBaHus) sl reHepanuu
pa3IMYHBIX aHAJIOTOBBIX YPOBHEW pEryaupyeTcsl 3alojJHEHHE HUMITYJIbCOB U. TaKUM 00pazoM
U3MEHSETCA JUIMTENBHOCTh UMNYNbCcOB. Ecam HEoOXoaumo chopMHpOBAaTh  BBICOKUN
AQHAJIOTOBBIM YPOBEHb, TO JUIUTEIBHOCTh UMITYJIbCA YBEIHMUMBAIOT U HA00OPOT.

B muxpokonTpomiepax AVR nns renepanuu; HIMM-curnanos Ucnonb3yroTcs TaiMephbl-
cuetuuku. Jlnsg m3menenuss Hecyumieil yactotel LIIMM u3meHnsiercs 4dactoTa CHHXpPOHM3ALUU
TaliMepa U BEpILIMHA CYETA, YACTOThl CUHXPOHU3ALMH WM CHUKEHUE BEPIIMHBI CUETA IPUBOJST
K IOBBIIICHUIO YaCTOThl NEPENOJHEHUsl TailMepa W, Kak CJEJCTBHE, YBEIMYMBAETCS 4YacTOTa
[IIMM, MakcumanbHO#N pa3pemaromeid crnocoOHocTr (BepmmHa cueta 255) COOTBETCTBYET
MakcumanbHas yactora MM 250 kl'u. JanbHeiimee yBenuuenue yactotel LM Bo3moxHa
IyTEM YMEHBIUICHHS Pa3pelaronieldl ClioCOOHOCTH, HO B 3TOM CIIydae COKpAIIAeTCs] KOJTHMYECTBO
L1aroB MPU yCTaHOBKE 3arloyIHeHns uMiyiascoB oT 0 1o 100%.

N3menenue copepxumoro peructpa cpasHenus (OCR) BiuseT Ha 3aM0JHEHUE UMITYJIBCOB.
VYBenunuenue 3HaueHuss OCR yBennunBaeT 3an0JHEHUE UMITYIbCOB. 10 TOCTHXKEHUS CUETYMKOM
s3HaueHus u3 peructpa OCR HIMM-BbIxoa HAXOJUTCS B BHICOKOM COCTOSIHUH, 3aT€M MEPEXOAUT
B HU3KOE COCTOSIHME 10 AOCTUKEHUsI BEpPUIMHBI CUETA, IOCJIE YEro CYETUYUK MEPEXOJUT B
HYyJI€BOE COCTOSHME€ W LUKI 1oBTopsiercd. Takoil cmoco® renepauuun y AVR-
MHUKPOKOHTPOJIIEPOB MOIy4ns1 Ha3zBaHue Opictpoit LIIMM.
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Puc. 3.4 3uauenue cuetunkos u [1IMM BeIxoxg

[Ipu ucnonb3zoBanuu BbicOKouacTOoTHOW MM myisi reHepanuyu aHaJIOrOBBIX CUTHAJIOB,
MIMPHHA aHAJIOTOBBIX YPOBHEH 3aBHCHUT OT paszpemtaromieii cnocoonoctu IIMM. Yem Bbime
Hecylias 4acTora, TeM OoJjee MpOCTO €€ MOJaBUTh M TeM CaMbIM MHUHHUMH3UPOBATh YPOBEHb
nyibcanui. Takum o0pa3oMm, HEOOXOAWMO OINTHMH3UPOBATh COOTHOLIEHHE pa3peliaromeit
CIIOCOOHOCTH U HECYIIEH YaCTOTHI.

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

OcHoBHOI MNPUHIUIT YIIPABJIICHUA CCMUCCTMCHTHBIMU HWHIAUKATOPaAaMH B IWHAMHYCCKOM
PEXKUME - 3TO MOOYUECPCAHAdA IMoJada IMUTAIOIICTO HAIIPSAKCHHA Ha Ka}K)IBIﬁ N3 WHAUKATOPOB
TabJI0 U OOIHOBPEMCHHAA 110JAa49a BTOPOT'O IMOJIF0OCAa K COOTBETCTBYIOIIIUM CCTMCHTAM MHAUKATOPA.
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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 BTOpOM
uaaukarop HG2 umdpy «2» m ganee Ha tperuid muamkarop HG3 uudpy «3». Ecmu sty
OTIepaIUIo MOCIEI0BATENBHOIO BBIBOIA BBIMOJIHATH C CYMMapHOU CKOpOCThIO Oonee 25 ' ans
KOKI0W U(PBI, TO MEpIAHUs CUMBOJIOB YEIIOBEUYECKOMY Tja3zy BUAHO He Oyzaer. To ecTh B
HaIlleM CJTy4ae 4acToTa CMEHbI CHMBOJIOB JIOJDKHA OBITh HE MeHee 25x3=75 .

Pexomenayercs mepexoauTh OT MOJCBETKHM OJHOTO HMHAMKATOpa K JAPYroMy Yepe3 paBHbIC
MPOMEXKYTKM BPEMEHH W 93TO YAOOHO peaau3oBaTh uepe3 IMpepbIBaHUS BCTPOCHHOTO B
MUKPOKOHTPOJLIIEP TaliMepa.

AJITOPUTM MPOrpPaMMbl MOKET ObITh IPUMEPHO CIICAYIOIIUM:

o KoHpurypupyem Ha BBIXOJ NMUHBI, K KOTOPHIM MOJKIIOYEHBI JIMHUA CETMEHTOB
WHMKATOPOB, @ TOK K€ U Ha BBIXOJ MUHBI K KOTOPHIM MOJKIIOYEHBI CTOJOIIBI.
[IpucBanBaem COOTBETCTBYIOIINE HAYATbHbIC 3HAYCHUSI.

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

e HeoOxomuMmo Tak sxe mpeoOpa3oBaHue HUQP, BHIBOAMMBIX Ha HWHIUKATOP B KO
KOPPEKTHBIN I HUHIUKATOPA.

[TapannensHo ¢ paboTO OCHOBHOM (DYHKIIMU HPOTPaMMbl MPOUCXOIAT MEPUOANUECKUE
npepbiBanus TaiiMepa. B o0paboTke npepbiBaHUs CIIEAYET MPOMUCATh MOOYEPETHOE U3MEHEHUE
HOMEpa aKTUBHOT'O MHJUKATOpa U 3alUCh HYKHOTO 3HAYCHHs B MEPEMEHHYI0, 0TOOpakaeMyro
Ha TEKYIIEM UHAUKATOPE.

JAnHamMuyeckasi MHAMKAIUSA € IPOrPaAMMHOM 3a/1€PsKKOM.

PaccmorpuMm mpumep mporpaMmbl, KOTOpas pealu3yeT JaHHBIA ajJrOpuTM Ui BBIBOJA
yrcno «123». Yacrora BbIBOJA CHMBOJIOB OIpefensercs mnporpamMmHoi may3oi. Ilyctsb
CerMeHThl a...h TOAKIIOYEHBI COOTBETCTBEHHO K BhIBojaM mopta A: PAO-PA7, a aHomwl
unaukaropoB HG1-HG3 - coorBercTBeHHO K BhIXOjgaM mnopta B: PBO-PB3. TecroBas
mporpaMma pacrosioxkerna B (aiine laboratomaja_3.c, a ee TeKCT IPUBEICH HUXKE.

#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 CBETATCA

DDRB =0x07: // MJaamue Tpu outa mopta B - Ha BeIxOA

PORTB=0x00; // MH/INKATOpbl HE BHIOPAHbI

while (1) //  OGeckOHEYHBIN UK

{

/I Be1BOZ 1tGpsl "1" Ha uHAMKaTOp HG1

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

PORTB=0x01: // BbIOOp MHAMKaTopa HG 1

_delay_ms(2); // mporpammHas nay3a 2 mMc

//BbIBOA 1M PpHI “2" Ha uHAUKaTOp HG2

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

PORTB=0x02: // BBIOOp mHUKaTopa HG2

_delay_ms(2); // mporpammHas nay3a 2 mMc

// BeIBOA LM(psl “3" Ha nHauKatop HG3

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

PORTB=0x04; // BbIOOp MHAMKaTopa HG3

_delay_ms(2): // IIporpaMMHasi naysa 2 Mc

// BeiBOX 1t (ppHI "4" Ha nHaUKaTOop 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 MHIMKALMM CHMBOJIOB ITYCTBIX LUKJIOB IS
pealM3aniud TPOTPAMMHON 3aJCPKKH HE COBCeM yaAoO0HO u HedpexkTuBHO. MOXKHO
UCIOJIb30BaTh ropasao 0osee 3¢ (HeKTUBHBIN MOAX0/I, KOT1a HeoOXouMasi BpeMeHHas 3a1epKKa
MEXy CMEHOI CHMBOJIOB OyJIeT peaan3oBaHa C IIOMOLIBIO TailmMepa, a caMa CMEHa

UHIUIMPYEMOT0 CUMBOJIa OyJleT OpraHU30BaHHA B Mporpamme 00pabOTKH MpepbIBaHUU
OT TanuMmepa.

JAuHamuyeckasi MHAMKAIUSA ¢ IPEePbIBAHUSIMHU OT TaiiMepa.

B nanHOM citydae 1ienecoodpa3Ho 3a/1aTh T7100AIbHBIE IEPEMEHHBIE B KOTOPBIX HAXOSATCS
BBIBOJMMBIC HAa MHJMKAILMIO CUMBOJIBI B BUJE KOJOB, BBIAABAEMbIX Ha «CEIMEHTHBII» MOPT, U
TEKYIIUl HOMEp BBIBOAMMOTO HMHIHMKAaTopa. B mporpamme o0paOOTKM HpepbIBaHUNA MEHSETCS
3TOT HOMEp, U Ha «CETMEHTHBI» MOPT BBIBOAUTCS COOTBETCTBYIOIIMI emy cumBoi. Huxe
IPUBEJIEH IPUMEP NPOTrpamMM JTMHAMUYECKONW MHAMKAUK 4Hciia «123%», BBINOIHEHHON c
HCII0JIb30BaHUEM IpepbiBaHus Taitmepa TO.

#include <avr/io/h>

#include <avr/interrupt.h>

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

c3=10x4F; // xox ucper "3"
unsigned char n; // HOMEp UHAMKATOpa
// O6paboTka npepriBanus Taiimepa TO
#pragma intenupt_handler indic: 10

void indic (void)

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

{

case O:

PORTC =cl; // xom “1”

PORTD=0x01; // nanukarop HG1

break;

case 1:

PORTC= c2: //xon “2”

PORTD=0x02: // naguxarop HG2

break;

case 2:

PORTC=c3; //xon “3”

PORTD=0x04; // uaauxarop HG3

}

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

}

//[—— rnaBHasg byHKIUS —

void main(void)

{

DDRC =0xFF; // Bce 6utsl mopta C - Ha BBIXOA
PORTC=0xFF; // cerMmeHTEI HE CBETATCS

DDRD =0x07; // mnagmue Tpu 6ura nopta D - Ha BbIX0OA
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PORTD=0x0; //muaaukaTtopsl HE BHIOPAHbI

T IMSK = 0x01; // pa3pelneHre mpepbIBaHUsI 110 TTEPEMOTHEHHUIO
sei(); // obiee pasperieHne npepbIBaHuN

TCCRO0=0x04; // 00000100. koapuruent npeameautens 256.

// wacrora npepbiBanuii 6yzaer 8000000/256/256

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

for(;;);

}

PexomMeHaauMu K HAMMCAHUIO MPOrpaMMbl «CYEeTUMK KOJUYECTBA NPePbIBAHUIN»

Uccnenyem taitmep TO B pexume paboTel popMupoBaTenss BpeMEHHBIX UHTEPBAIOB. Jliis
3TOr0 CO3JaIUM MPOrpaMMy MoCcuETa KoJIMyecTBa npepbiBanuii 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 paboTaer Ha BbIXOA

}

void timer(Q_init(void) // nantmanmu3anms taiimepa T0

{

TCCRO = 0x00; //octanoBKa cuéTunKa

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

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

//SC02:SCO1 :SC00=101 — Kdel=1024

//COMO1 :COMO00=00 —» OCO oTK:11H04YEH

/IWGMO1 :WGMO00= 00 —» pexum pabotsl Normal

}

#pragma interrupt_handler timerQ_ovf_isr: 10

void timer0 ovf isr(void) // PaGoTa cuéTuymka npu npepbIBaHUSIX IO MEPETIOTHEHUIO

{

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

1++; //MHKPEMEHT NIEPEMEHHO 1

}

void init devices(void)

{

cli();

port_init();

timerQ_init();

TIMSK = 0x01;

/ITIMSK=0x01 - pa3penieHo npepriBaHue 10 NepenoaHeHuto Taiimepa TO

sei();

}

void main(void)

{

init_devices();

while (1)

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

}

PaccMoTpum 0c00€HHOCTH POrpPaMMbI:

a) BHayaJyie MporpaMMbl BBEICHA TN100aNbHas IepeMeHHas 1, ¢ HadalbHbIM 3HaueHueM i=0:
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0) U3 BCeX MOPTOB MHUIMATIM3UPOBAH TOJBKO MOpT D, paboTratommii Ha BBIBOJ (HYHKIHS
port_init();

B) B (pynkmuu timerQ_init() BBIMONHAETCS BBOJ MapaMeTpoB padboTsl Taiimepa TO. Buauane
CUETYMK OCTaHABJIMBAETCS, JIJIS1 STOTO B PETUCTP YIPABICHUS 3alMCHIBAETCS HYJIEBOE 3HAYCHUE:
TCCRO = 0x00;

3aTeM 3anuchiBaeTCAd HadaibHOE 3HadeHue B Ccu€THbId peructp: TCNTO0=0x64; u
ycTaHaBIMBaIOTCs Tpedyemble nmapameTrpsl i npenaenurens KDEL u pexuma padorsr: TCCRO
= 0x05: (TCRR0=00000101)

OTUM yCTaHaBIMBAIOTCS KOI(DDUIIMEHT AeneHus npeanenurtens, 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 Ha4yaJIbHOTO 3HAYEHUS CUETUHKA

1++; / WHKPEMEHT IepeMEHHOH 1

}
co3zaercs 00pabOTUYHMK IMpepbiBaHUs 1Mo mnepenosHeHnio cuérunka T0, rae 10 Homep BekTopa
npepeiBaHusl Mo mepernonHeHuto, a ums timer0 ovf er() mpexncraBisier co0oil Ha3BaHUE
(GyHKIMU, KOTOpasi BBI3BIBACTCS TPHU TOSBICHHM TNpephiBaHusA. B Tene QyHKIMHM TONBKO IBa
oreparopa; MepBbI YCTaHABIMBAET HadallbHOE 3HaueHue cuérHoro perucrpa TCNTO = 0x64,
BTOPOI HHKPEMEHTHUPYET TII00aTbHYIO TEPEeMEHHYIO 1. TakuM 00pa3om, Py KaXI0M TOSBICHUU
MpephIBaHMsl, YBEIUYMBACTCS 3HaueHUE MepeMeHHOW 1 Ha enuHully. C Kakod 4YacTOTOH 3TO
IIPOMCXOJUT B MUKPOKOHTpoJuiepe? Paccuntaem 3Ty 4acTory;

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

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

Kdel - koadpunuent npennenurens KDEL =1024;

Eto - emkocthb cuérunka TO, Eto=255;

No - HaganpHOE 3HaueHUE cuéTunka, No=0x64=100.

[ToncraBuM 3HaYEHUS B GOPMYITY H TTOTYUHM:

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

cienoBarenbHo, mpuMepHo 50 pa3 B CeKyHIy BbINOJIHSAETCS MpepbiBaHue Taiimepa TO u
YBEJIMYMBAETCS 3HAYCHUE TIEPEMEHHOI 1.

n) crpoka TIMSK = 0x01 B ¢ynkuuu init devices() paspemaer mHpepbIBaHUE 10
nepenosnennto cuétunka TO. [eiictBurensHo B aBoumyHoMm Buzae TIMSK=00000001 wu,
cornacHo taou. 3, outr TO1EO=1;

€e) B (QyHkuuu main() MOcCie WHUIMAIM3AIMK BCEX YCTPOMCTB (BBI3OBAa (YHKIUI
MHUIMaIN3aluy noptos U Taiimepa T0) 6eckoneuHo BbinoaHseTcs oneparop PORTD=i;

OTOoT omeparop BBIBOAUT B HOpT D Tekyliee 3HaueHHWE NEPEMEHHOM 1, T.e. IpH
BO3HMKHOBEHUH KAXKAOTO TMPEpBIBaHUS 110 TIepernoyiHeHnio Taiimepa TO mpoucxoaut
oOHoBNeHHE coaepkumoro nopto D. IIpoananusupyiite, 4To MpOU30HAET, €CIU MBI 3aMEHUM
sTOT omepatop Ha cienyromuii PORTD=1/50 rne nepeMmeHHas 1 11eJ0ro TUMa.

Pexomengaunu k Hanucanu mnporpammbl «lllupoTHo-uMmyJibcHAsE MOXYJSIIUSDY
#include <ovr/io.h>
#Include <avr/interrupt.h>
void port_init(void)

{

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

DDRB = 0xFF; // nopt B xon¢urypupyem Ha BbiBoJ - 1715 BeiBoja [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

INE

IIpakTnyeckas 4yacTb

1. Coequnure anosl (1,2,3,4) CEMUCErMEHTHOTO JUCILICS ¢ KOHTAKTaMH KaKoTo- JIN0O
nopTa MUKpOKOHTposuiepa (Hanpumep ¢ nuHamu 0, 1, 2, 3 noprta B). CoennHuTE KOHTAKTHI
kaToJoB (a,b,c.d.e,f,g.h) ¢ npyrum mopTom MukpokoHTpoIiepa (HanmpuMep nuHbl 0-7 mopTa A)
KaK Ha pucyHke 3.5.
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Puc. 3.5 IlpumepHas cxema MOJIKIIFOYCHHS] CEMHUCETMEHTHOTO Ta0J10
2. Hanumwure nporpammy ajisi MUKPOKOHTPOJLIEPA, UCTIOIb3Ysl PEKOMEHIAINH,

IMPUBCACHHBLIC B TCOPCTUUCCKOM 070Ke.

3. OcyIecTBUTE MPOrpaMMHPOBAHIE MUKPOKOHTPOJIIIEpA U TIOHAOITIOTaliTe

MOJTYYUBIIUIICS pe3ynbTar.

KoHTtposbHbIE BOIIPOCHI

1. ITouemy OpUMEHSIOT TUHAMUYECKYIO MHIUKALIAIO?

2. Kak yacTo Haji0 3aCBEUMBAaTh OTJEJIbHbIE pa3psabl?

3. ITouemy cHMXKAETCS APKOCTh MHANKATOPA B JUHAMUYECKOM pexXUME?

4. IloueMy UHIMKATOP HA3bIBAETCSl CEMMCETMEHTHBIM, HO UMEET 8 BBIBOJOB?

6.2 OueHOYHBIE MATEPHUAJIBI /1 IPOMEKYTOUYHOMH aTTecTaluH

HpOMe)KYTO‘IHaH arTeCranusa IpoxXoduT B (1)opMe 3al[UTHl BBLITOJIHEHHOM KprOBOﬁ

pabotrsl U 9k3ameHa B 6 cemectpe ODO. Dx3amMeHAIMOHHBIA OWJIET BKIIOYACT TpU
TEOpPETUYECKUX Bompoca. Ha sk3ameHe CTyAeHT MokeT HaOpaTh MakcumyM 30 GamioB. [lpu
3aIIUTe KypCOBOM pabOTHI, CTYACHT MOXKET HaOpaTh MakcuMyM 30 OaJiioB.

N —

AN L

Bonpocs k 3amuTe KypcoBoii padoTbl
. IlopTbl BBOJa/BBIBO/Ia MUKPOKOHTPOJIIEPA, HA3HAYEHUE, PEXKUM PaOOTHI.
TaliMepbsl MUKPOKOHTpOJIIIEPA, UX Ha3HAYCHHUE.

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

MOAYJISALUEH.
. Nuarepdeiic USART mukpokoHTpOLIEpa.
. Cucrema npepblBaHU MUKPOKOHTPOJLIEPA, IPUOPUTETHI IPEPHIBAHUIA.
. IIpepriBanus TaliMEePOB MUKPOKOHTPOJLIEPA.

Kputepun onenkn (3a4era) npu 3ammre KypcoBoi padoThbl.

3ammTa KypcoBOW pabOThl MPOXOAUT B YyCTHOM QopMme (cobecenoBanue) u

MMpEaACTaBIIACT c000i1 OTBETHI Ha BOIIPOCHI.

N AE B =

10.
11.
12.
13.

14.
15.
16.

3K33MeHaI[I/IOHHLIe BOIIPOCHI

ApXHTEKTypa HEHTPAIBHOIO IIPOLIECCOpa.

Oco0eHHOoCTH apXUTEKTYpbl MUKPOKOHTPOJIIIEpOB cemeiictBa AVR.
CoBpeMeHHbIE TEHAEHIIUH Pa3BUTHS MUKPOIPOLIECCOPHON TEXHUKH.
Opranu3zanys naMsaTd MUKPOKOHTposiepoB cemeiictBa AVR.

Opranuzanus namMsaTH NporpaMM MUKpOKOHTposuiepa cemeiictBa AVR.
Opranu3zanys naMsaTH TaHHBIX MUKPOKOHTpoJiepa cemeiictBa AVR.
Opranuzanys ¥ Ha3HaAUYEHUE SHEPTOHE3aBUCUMOM MAMSATH JaHHBIX
MHKpPOKOHTpoJuiepa cemeiictea AVR.

CuHXpoHHU3a1uMs IpoLeccopa U MalIMHHbBIE [IUKIIbI.

[TopTel BBOJIA/BBIBO/Ia MUKPOKOHTPOJUIEPA, HA3HAYEHHUE, PEXKUM PaOOTHI.
Ha3nauenue perucTpoB MopToB BBO/IA/BBIBOJIA.

[TocnenoBarenbHble HHTEPDENHCH MUKPOKOHTPOILIEPA.

TailiMepbl MUKpPOKOHTPOJIJIEPA, X Ha3HAYECHHUE.

Hcnonb3oBanue TaitMepoB AJisl HOTYyYEHHUS BBIXOIHOTO CUTHAA C IIUPOTHO-
HMITYJIbCHOW MOJYJIALIUEH.

8-OUTHBIN TaliMep MUKPOKOHTPOJIIEPA, OTMIMCAHUE YIIPABIISIFOIINX PETUCTPOB.
16-OuTHBIH TaliMep MUKPOKOHTPOJIJIEPA, ONIMCAHUE YIIPABIISIONUX PETUCTPOB.
CroposkeBoii TaiMep MUKPOKOHTPOJIJIEPA, €ro Ha3HAUCHHE.



17.  Cucrema npepblBaHUN MUKPOKOHTpPOJUIEPA, IPUOPUTETHI IPEPHIBAHU.
18. HUnrepdeiic USART mukpokoHTposIIepa.
19. Haszuauenue peructpoB USART MukpokoHTpoIIiepa, pexxuMbl paboThl HHTEpdEiica.
20. Hnatepdeiic I2C MuxpokoHTpOIIEpa, €r0 Ha3HAYEHHE.
21.  Peructpsl uarepdeiica [2C MUKpOKOHTpOILIEpA.

22.  Opranuzamnus oOMeHa qanHbIMU 110 uHTepdeiicy 12C.

23.  Hurepdeiic SPI MmukpokoHTposuiepa, Ha3HAYCHUE, PEKUM PAOOTEHI.

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

26. Peructp cocTOSIHHSI MUKPOKOHTPOJIIEPA, €ro Ha3HAUYCHHUE.
27.  OcoOeHHOCTH OpraHHU3alUH ONEPATHBHOMN MaMATH MUKPOKOHTPOJIIIEPOB CEMENCTBA

AVR.

28. BHeuHue npepbiBaHUS MUKPOKOHTPOJIEPOB.
29. Peructpbl HACTPOMKH BHEIIHUX MTPEPHIBAHMIA.
30. Hnarepdeiic RS232, Haznauenue u 00J1acTh IPUMEHEHHUSI.
31. MHurepdeiic RS485, HazHaueHue u 00JacTh IPUMEHEHUS.

32. HUcnonssopanue unrepdeiica USART MUKpOKOHTposLIepa s noakmodenus kK COM

nopry 11K.

33. AnnapaTHble CpeICTBa IPOrpaMMUPOBAaHUS MUKPOKOHTPOJLIEpOB cemericTBa AVR.

34. Cucrema BHYTPUCXEMHOIO NPOrpaMMHUPOBaHUS MUKPOKOHTposuiepoB AVR.

35. TlapannenbHslil HHTEpQEIC TPOrPAaMMUPOBAHUS MUKPOKOHTPOJIJICPOB.

36. buUTbI HACTPOUKHN MUKPOKOHTPOJIEPOB.

37. 1llpuHUUIBI TOCTPOEHUSI paclpeeIEHHbIX CUCTEM YIIPaBJICHUs Ha Oa3e
MUKPOKOHTPOJIJIEPOB.

38. Ilepudepuiiabie ycTpolicTBa MUKPOKOHTPOJLIEPA.

39. IlpepsiBaHus TaiitMEpOB MUKPOKOHTPOJIEPA.

40. IlpepwiBanus unrepdeiica USART mukpokoHTposuiepa.

41. Hurepdeiic SPI npu noakIr0YeHUN HECKOJIBKUX BEJOMBIX YCTPOMCTB.

6 MeToauuecKkue MaTepualibl, ONPEACJTAIONINE IPOUHECAYPHbI OUCHUBAHUA 3Hal—llfll71,
yMeHHﬁ, HAaBBIKOB H (I/I.]'II/I) onbITa 1€ATCJIBHOCTH

6.1 Pe3yabTaThl 0CBOCHHUSI Y4eOHOM JMCIUILIHHBI, MOJIEKAIIME TPOBEPKe

KouTponupyemslie PesyabTaTsl 00yueHus OcHoBHbIE IOKa3aTeH OuneHo4Hble CpeACTBa
KOMIIETCHIIUH (00BbeKTHI OLIEHUBAHMS) OLICHKH Pe3yJIbTAaTOB
(dactb

KOMITCTCHITHI)
CIIOCOOHOCTBIO 31 3HaHUe MPHUHIUIOB MIPaKTHYECKOE 3aHsTHE,
MPOU3BOJIUTH 3HaTh NPUHLMIEI OCTPOCHHST | MTOCTPOCHUS nmabopaTopHas paboTa,
pacueTsl U MHUKPOIPOIIECCOPHBIX MHUKPOIIPOIIECCOPHBIX TECTHPOBaHUE,
IIPOCKTUPOBAHUE YCTPOMICTB U CUCTEM HA UX YCTPOMCTB U CUCTEM C YUETOM | KypCOBOM IIPOEKT,
OTAEIbHBIX 0ase, 0COOEHHOCTH ocoOeHHOCTEH JK3aMeEH
YCTPOMICTB U MIPOrPpaMMHUPYEMBIX MUKpOKOHTpoJuiepoB ATMEL
MOJICHCTEM MHUKPOKOHTPOJIEPOB
MEXaTPOHHBIX H 32 - 3HaHHE CPEeNCTB pa3paboTKH | MPAaKTUYECKOE 3aHATHE,
POOOTOTEXHUUYECKUX | 3HATH CpeACTBA PAa3pPabOTKH MIPOTPaMMHOTO 0OecTieueHHs nabopaTopHas paboTa,

cucrem (IIK-11)

MMporpaMMHOT0 obecreueHust
MUKPOKOHTPOJIJIEPOB,
OCHOBHBIC 3a1a4H, pelIacMbIC
MUKPOIPONCCCOPHBIMU
CpeACTBAMU daBTOMATUKU

MHUKPOKOHTPOJIIEPOB;

- 3HaHMe 3aj]1a4, pelIaeMbIX
MUKPOIPOLIECCOPHBIMHU
CpeJcTBaMU aBTOMATU3ALHH.

TCCTUPOBAHUC, SK3aMCH

33
3HaTh APXUTEKTYPY, IPUHIIUIT
paboThHI OTHOKPUCTATIHHBIX

3HaHUE ApXUTEKTYPHI U
MIPUHITUIIA PAOOTHI
OJTHOKPUCTAIBHBIX

MPaKTHIECKOE 3aHATHUE,
naboparopHas paboTa,
TECTUPOBaHHE, DK3aMEH
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MUKPOKOHTPOJLJIEPOB

MukpokoHTpomiepos ATMEL.

34
3HaTh A36IKH acceMOnep u Cu
IUIsL IPOTPaMMHPOBaHHS

3HaHUE NopsAIKa HATUCAHUE
MIPOTpamM IJIst
MUKpOoKOHTpoiepoB ATMEL

MIPaKTHYECKOE 3aHsTHE,
nabopaTopHBIE PabOTHI

OTHOKPHUCTAIBHBIX Ha s13bIKax accemOiep u Cu.
MHKPOKOHTPOJLIEPOB
35 3HaHME HA3HAYCHUS MPaKTHYECKOE 3aHATHE,

3HaTh Ha3HAYEHHE U COCTaB

niepuepUHHBIX YCTPOHUCTB

nabopaTopHas paboTa,

nepudepuitHbIX YCTPOHCTB MHKPOKOHTPOJIIEPA. TECTUPOBAHHE, SK3aMEH
MUKPOKOHTpOJIIepa
36 3HaHUE Ha3HAYEHUS MpPaKTUYECKOE 3aHATHUE,

3HaTh CTaH/apTHHIC
UHTEp(EHCHI, HCIIOIB3yEMBbIE B
MHKPOIIPOLIECCOPHBIE
TEXHHKH.

CTaH/apTHHIX HHTEP(EHCOB.

nabopaTopHas paboTa,
TECTUPOBAHUE, DK3aMEH

37

3HaTh CpesCTBa, HOPSI0K
OTJIAJIKH U UCTIBITAHUH
MHKPOIIPOLIECCOPHBIX CHCTEM
YIPABJICHUSL.

Cpeactsa, MOpsAIOK OTIAIKU U
UCHBITAaHUH
MHKPOIPOLIECCOPHBIX CUCTEM
yIpaBJIEHUsL.

OpPaKTHYECKOE 3aHSTHE,
nTabopaTopHas paboTa,
TECTUPOBAHHKE, IK3aMEH

Y1

YMeTh MPOeKTUPOBATH
MHKPOIIPOIIECCOPHBIE CHCTEMBbI
Ha OCHOBE

YMeHHe IPOSKTUPOBATh
MUKPOIIPOLIECCOPHBIE CUCTEMBI
(pazpabaTbIBaTh
NPUHLUITHAIBHBIE

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

MHUKpPOIPOIECCOPHBIX 3NEKTPUUYECKUE CXEMBI U
KOMIUIEKTOB U YHpaBISIONIUE IPOTPaMMBbI) Ha
MHKPOKOHTPOJLIEPOB. OCHOBE MUKPOIIPOLIECCOPHBIX
KOMIIJICKTOB U
MHKPOKOHTPOJLIEPOB.
y2 CBobozaHoOe BiaieHHEe [IPAKTUYECKOE 3aHATUE,

‘VMeTh HCIIOIB30BaTh
CTaHAAPTHBIC TCPMHUHOJIOTHUIO,
OIIPCACIICHUS U 0003HaYCHUS.

NIPUHATON TEPMUHOJIOTHUEH,
HCTIONIb30BaHNE TEXHUIECKON
JOKyMEHTAIUX Ha
MHKPOKOHTPOJUIEPHI.

nabopaTopHas paboTa,
9K3aMeH

MPOU3BOJIUTH
MHCTAJUIIHIO U
HaCTpOIKY
CHCTEMHOTO,
MPUKJIATHOTO U
HHCTPYMEHTAIBHOTO
MIPOTPaAaMMHOTO
obecrieyeHus
MEXaTpPOHHBIX 1
POOOTOTEXHUYECKIX
CHCTEM U HX
MOJCUCTEM

(IIK-31)

v3

YMmeTh pa3pabareiBaTh
ANTOPUTMBI PabOTHI
OJIHOKpHCTaTBHBIX MK.

YMeHue pazpabaTbIBaTh
AIITOPHUTMBI, OA0HPATh
MHKPOKOHTPOJUIEPHI C YIETOM
[IOCTaBJICHHOU 3a/1a4uy U
BO3MO>KHOCTH 000pY/IOBaHHsI.

MPaKTHYECKOE 3aHATHE,
nabopatopHas paboTa

Y4

‘YMeTb nporpaMMupoOBaTh Ha
si3pike AccemOep u Cu st
MK.

YMmenue pazpabarsiBaTh
YIPaBJIAIOIINE ITPOTPAMMEI €
HCTIOJIb30BaHUA PA3JIMYHBIX
A3BIKOB IMPOTpaMMUPOBAHNA.

MPaKTUYECKOE 3aHATHUE,
naboparopnas paboTa,
JK3aMeH

Y5

YMeTb NPOU3BOANTH OTIAIKY
nporpamm it MK ¢
MCTIONIb30BaHUEM CTaHAAPTHBIX

YMeHue Ipou3BOJIUTE OTIAKY
nporpamm 11t MK ¢
WCIIONIb30BAaHMEM CTaHIapTHBIX
MIPOTPaMMHBIX CPEICTB —

NPaKTHYECKOE 3aHSATHE,
nabopatopHas paboTa

MPOTPAMMHBIX CPEICTB — CHMYJISITOPOB.
CUMYJISTOPOB.
Y6 YMeHue npoekTUpoBaTh MPaKTUYECKOE 3aHATHE,

YMeTb NpoeKTUPOBAThH
YCTPOMCTBO COMPSIAKEHUS C
00BEKTOM YIpaBICHUS IS

YCTPOWCTBO COTIPSDKEHUS C
00BEKTOM yIpaBJIeHHUS (C
HCIIOIb30BaHHE PA3JINYHBIX

nabopaTopHas paboTa

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

YMets pa3pabaTeIBaTh
MPOTPaMMBI, peaT3yIoIHe
TpeOyeMble aarOpUTMbI
yIpaBJIECHUSL.

MIPOrpaMMBl, peaT3yoLye
TpeOyeMble aJIrOPUTMBI
yIIpaBJICHUSL.

nTabopaTopHas paboTa
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Y8

YMeThb BECTH OTJIAAKY U
WCTIBITaHUS pa3paboTaHHBIX
MHKPOIPOIIECCOPHBIX CHCTEM.

YMeHue BeCTH OTIaaKy U
UCTIBITAHHA Pa3padOTaHHBIX
MHKPOIIPOIIECCOPHBIX CHCTEM.

MIPaKTHYECKOE 3aHsTHE,
nabopatopHas paboTa

B1

Bnanets MmeTomamu
IPUMEHEHUS
MHUKPOIPOIIECCOPHBIX
YCTPOICTB aBTOMAaTUKHU B
JIOKAJIBHBIX U pacIpeleIeHHbIX
CUCTEeMax ympaBJIeHHUSI.

Bnagenue meronamu
MIPUMEHECHHUS
MHKPOIIPOIIECCOPHBIX
YCTPOMCTB aBTOMAaTHKU B
JIOKaJBbHBIX U paclpeesIeHHbIX
cucTeMax yIpaBlIeHHUS.

MPaKTHYECKOE 3aHATHE,
nabopatopHas paboTa

B2

Brianers ocHOBamu
NpOrpaMMUPOBAHUS
MHKPOIIPOLIECCOPHBIX CPEICTB
Ha OCHOBE OTHOKPHCTAIIbHBIX
MHUKPOKOHTPOJLIEPOB.

Bnanenue ocHoBamMu
MIPOrpaMMHPOBAHUS
MHUKPOIPOIIECCOPHBIX CPECTB
Ha OCHOBE OJHOKPHCTAJIbHBIX
MHKPOKOHTPOJIIIEPOB.

NPaKTHYECKOE 3aHATHE,
JabopaTopHas paboTa

6.2 IlIkasa oueHMBAHMS IVIAHUPYEMBIX Pe3y/IbTATOB 00y4YeHHusl

6.2.1 Texyumii 1 py0e:KHbIIi KOHTPOJIb
B pamkax Teky1ero u pyoexHOro KOHTPOJIs 10 AUCHUILIMHE CTYIASHT MOXET Habpathb 110

70 GamnoB
CemecTp [IIxana oueHuBaHus
0-35 6amioB 36-50 6amioB 51-60 6amioB 61-70 0anmoB
6 Yactuunoe mnocenieHue | IloaHoe nnu | Ilonmxnoe unu ITonnoe
AyAUTOPHBIX  3aHATHI. | YACTUYHOE MOCEUIEHUE | YaCTUYHOE MOCEIICHNE
HeynoBneTBopuTenbHOE | ayIUTOPHBIX 3aHATHN. | OCELIEHUE ayJIUTOPHBIX
BBIIIOJIHEHUE Yactuunoe ayIUTOPHBIX 3aHATUN.
1ab0paTOPHBIX Y | BBIIIOJIHCHHUE W 3allUTa | 3aHITUH. IlomHOC
MPaKTUYECKUX  paboT. | J1abOpaTOpPHBIX u | [TooHoe BBIIIOJIHCHHE H
[Inoxas TOArOTOBKa K | MPAKTUYECKUX padoT. | BHIMOJIHEHHUE U | 3allUTa
0aJUTbHO-PEUTHHTOBBIM | BhITIONTHEHME 3aIIuTa 1a00paTOPHBIX U
MEPOTIPUATHSIM. KOHTPOJBHBIX  paboT, | TabOpaTOPHBIX | MPAKTHUECKUX
HE | TSCTOBBIX 3aJaHUM Ha | U 3aHIATHI.
JIOTTyCKaeTcs K | OIICHKH MpaKkTUYeCKUX | BeimonHeHue
MIPOMEKYTOUHOMU «YIOBJIETBOPUTEIHLHO». | paboT. KOHTPOJIbHBIX
aTTecTaluu Bremmonnenue | paboT, TeCTOBBIX
KOHTPOJIBHBIX | 3aJJaHUU Ha
pabor, OIICHKHU
TECTOBBIX «OTITHIHOY.
3aJaHuH Ha
OIICHKH
«XOPOUIOY.

B pamkax Tekymero m pyO0eKHOTO KOHTPOJSI BBINOJHEHUS KypCOBOH paboThI

CTYAEHT MOoxeT HaOpathb 70 OannoB. Pacnipenenenue 6amioB npuBeieHO B Ta0IHIIE:

CemecTp

[IIxana oneHuBanus

0-35 6amoB

36-50 6amioB

51-60 6ayutoB

61-70 6ayutoB
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CTyneHT He mnocemal

KOHCYJIbTAIIUU c
MIpEIoaBaTesieM.
HeynosnersopurenbHoe
BBIITOJTHCHHE

COCTaBHBIX qacTen
KypCOBOM paboTHI.
Crynent HE

JIOIyCKAETCsl K 3allluTe
KypCOBO#1 pabOThI

Yactuunoe [Tonnoe nnn
MOCEIICHNE YaCTUYHOE
KOHCYJbTallMil  C | mOCeuIeHue
[IPENOAABATENIEM. | KOHCYJIbTALUN C
Boinmonnenue pernoaaBaTenem.
KypcoBoil pabotsl | CocTaBHbIE

C OTCTaBaHUEM OT | YAaCTH KypCOBOU
rpaduka. paboThI
CocTaBHbIE YacTU | BBIIIOJIHEHBI
KypcOBOH pabOTHI | MOTHOCTHIO, HO C
BBIIIOJTHEHBl ~ HE | OTCTaBaHUEM OT
MOJIHOCTBIO, 100 | Tpaduka, oo

JIOTTYIIIEHbI JIOTTYIIIEHbI
OIIH1OKHU. HE3HAYUTEIIbHbIC
OTPEXHU.

ITonHoe
IMOCCIICHHE
KOHCYJbTAIlUd  C
MIPEMNO/1aBaTeIIEM.
Be3ommbounoe
perieHue BCEX
3a1a4,

MOCTABIICHHBIX B
KypcoBoOil pabore
0e3 oTcTaBaHHs OT
rpaduxa.

6.2.2 IIpomexyTOUHAS ATTECTALMSA
OreHka pe3ysabTaTOB OCBOCHUS yUEOHOW TUCIUIUIMHBI B 6 ceMecTpe MPOBOIMTCS I10
HIKaJIe, UCII0JIb3YEeMOM Ha dK3aMEHE:

Cemectp [IIkana orieHUBaHUs

HeynoBnerBoputensHo | Y IOBIETBOPUTENHHO Xoporro Ot1imyHo

(36-60 GaioB) (61-80 GamnoB) (81-90 GamnoB) (91-100

OaJIIoB)
6 Crynent umeer 36-60 | Ctynent umeer 36- | CTyqeHT UMeeT CryneHt umeer
OayutoB  mo  wroram | 50 0amIoB mo | 51-60 6amioB o 61-70  OayutoB
TEKYIIETO U | UTOraM TEKYIIEr0 W | UTOTaM TEKYyIIEero | 1o ATOTaM
pyOEXKHOTO KOHTPOJS, | pyOEKHOTO U pyOEKHOTO TEKYIIETO u

Ha DK3aMEHE HE Jal | KOHTPOJIS, Ha | KOHTPOJIS, Ha pyOexKHOTO

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

OJIMH BOTIPOC.
CryneHT umeer

36-45 OGamioB 1o
UTOTaM TEKYIEro H
pyOE€XHOro KOHTpPOJI,
Ha  DJK3aMeHe  Jai
MMOJHBIA OTBET TOIBKO
Ha OJINH BOIMPOC

MOJHBIA OTBET Ha | MOJHBIA OTBET HA
OMH  BONPOC U | OJIUH BOIIPOC U
YaCTUYHO YaCTUYHO
(TOTHOCTHIO) (TIOTHOCTHIO)
OTBETUJI Ha BTOPOM. | OTBETUJ HA
CryneHt nmmeer 46- | BTOpOIL.

60  OammoB  mo | CryneHt umeer 61
UTOraM TEKyIero u | — 65 6amnoB mo

pyOexxHOrO UTOTaM TEKYIIETro
KOHTPOJI, Ha | U pyOeKHOTO
IK3aMeHe Jai | KOHTPOJIs, Ha

MOJIHBIM  OTBET Ha | DK3aMEHe Jall
OMH BOIIPOC WJIM | TIOJHBIN OTBET Ha
YaCTUYHO  OTBETWJI | OJIMH BOTIPOC H
Ha 00a Bompoca. YAaCTUYHO OTBETHUJI
CryneHT uMeeT IO | Ha BTOPOM.
utoram Tekymero u | CTyneHT uMeeT
pyOexKHOTO 66-70 6amioB 1o
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 OJIUH BOIMPOC
n YaCTUYHO
(momIHOCTHIO)
OTBETHUII Ha
BTOPOH.
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BOIPOC. TOJIHBIN OTBET
TOJIBKO HAa OJUH
BOIPOC.

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

OOBEKT OIEHKH Kpurepuu MakcumanbHbII
6amn

Odopmrnenne COOTBETCTBYET MOJHOCTHIO TPEOOBAHUSIM 10
paboThl COOTBETCTBYET YaCTHYHO TPEOOBAHUSIM 5

He cooTBeTcTBYyeT TpeboBaHUSIM 0

OrneHKa Ha Brnaneer marepuanom 20
3alIUTe YacTuyHO BIaJEET MaTepUAIOM 10

He Bnaneer maTepuaniom 0

IIkana cooTBeTCTBHUSI PEMTHHIOBBIX OII€HOK NATHOAIBLHBIM OLEHKAM /IJI1 OLleHUBAHUSA
KYPCOBO# padoThl

PeiitunaroBas onenka (B 6amiax) OreHKa 110 IATHOAJILHON IIIKaJIE
91-100 «OTJIMYHO)
81-90 «XOpOLLIO»
61-80 «YIOBJIETBOPUTEIBHO
MeHee 61 «HEY/I0BJIETBOPUTEILHO

7 Y4eOHO-MeTOAMYECKOE 0O0ecnedeHHe JUCHUILINHBI (MOLYJIs1)

7.1 OcHoBHasi IMTEPATypPA

Bongeipuxun, O. B. I'apBapackas RISC-apxutekTypa B MukpokoHTpoiwiepax AVR. CpeactBa BBoJa-
BBIBOJIa, XpaHeHHUs U 00paboTKu U(pPOBOM M aHAJIOroBOW MHGpOpMANKK B MUKpOKOHTposiepax AVR
JUI TIOCTPOEHUSI MHKPOIIPOIIECCOPHBIX CHCTEM YIPABJICHHS [DIEKTPOHHBIA pecypc] : METOAWYEcKHe
yKasaHus K JabopaTopHoi pabore mo aucnuiuinHe "Mukpormponeccopasle cuctemsr" / O. B.
BongpipuxuH. — DOIEKTPOH. TEKCTOBble naHHble. — Jlumenk : Jlumenkwii rocyaapCTBEHHBIN
TexHuyeckuit ynusepcurer, ObBC ACB, 2013. — 39 c. — 2227-8397. — Pexum pocryna:
http://www.iprbookshop.ru/22860.html

XaproB B.f. Mukpokonrpomnepel AVR. Ilpaktukym nns HaumHaromux. —M.: H3xp-Bo
MI'TY um. H.D. baymana, 2007, -240 c.

EBctudeer A.B. Mukpoxontpomiepsl AVR cemeiicts Tiny u Mega ¢upmbr «Atmel» -M.:
Nznparensckuit nom «Jlomka-XXI», 2004. -560 c.

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

7.2 lomosiHUTEJIbHAS JIUTEpaTypa

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

Muxees B.I1., IlpocanneeB A.B. Jlarunku u nerexkropsl: YueO. [locobue. —M.: MUDU,
2007. - 172 c.
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BopotaukoB C.A. MHpopMaioHHBIE YCTpOCTBa POOOTOTEXHUYECKUX CHCTEM: YueO.
nocobue. —M: Uzn-Bo MI'TY um. H.D. baymana, 2005. — 384 c.

KnanoB A.A. ABTOHOMHBIN UCKYCCTBeHHBIN HHTEUIeKT/ -M.: bunom. 2008. -359c.
PoGoTroTexHnueckue cuctemMsl 1 KoMIUieKchl: Yueb. [locooue mist By3o/ Mauynbckuii 1.1,
3ansToit B.I1., Maitopos FO.I1. u ap. M.: Tpancnopt 1999. 446 c.

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

285 c.

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

7.3 IlepedyeHb MeTOANYECKUX YKAZAHU I

1. Kommekr yueObHOTO 000pymoBaHus «MUKPOIPOIECCOPHBIE CHCTEMBI YIIPABIICHUS
anextponpuBoioB» 1101033 Metonuueckne yka3zaHHsl K BBITOJIHCHHIO JaOOpPaTOPHBIX padoT.
000 T/ «IIpopObpazoBanue» 2015.

7.4 UnTepHeT-pecypchl

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

7.5 IlporpamMHoe o0ecrieyeHHe COBpeMEHHbIX MH(POPMALIMOHHO-
KOMMYHUKAIIMOHHBIX 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

TpeGoBaHUsI K YCIOBUSAM peaTU3alUK TACIUTITUHBI:

Ne

Bun ayautopHoro

W ot TpeboBanus
| FT— OcHaileHre crienuaaIu3upoOBaHHON yueOHOM Me6ein>10. OcHarnienmne
1. S—— TEXHUYECKUMU CPEeICTBAMH 00yUeHHsI: HACTEHHBIN SKpaH ¢
JMICTaHIIMOHHBIM YIIPaBJICHUEM, MYJIbTUMETUITHOE 000pyIOBaHHE.
OcHaleHue crenruanu3upoBaHHoN yueOHoi Mebenbio. OcHalleHue
Kabuner ms TEXHUYECKUMU CPEJICTBAMH OOYUEHUS: TIOABIDKHASI MapKepHasl T0CKa,
2. | IpaKTUYECKUX CUMTBIBAIOLIEE YCTPOMUCTBO AJIs Mepeiaud HHPOPMALIUU B KOMITBIOTED;
3aHSATHHA HACTEHHBIN dKpaH C JUCTAaHIIMOHHBIM YIIPaBJICHUEM, MYJIbTHMEIHITHOE
o0opynoBaHue.
OcHarreHre crienuaaIn3upoBaHHON yueOHoi Mebenbro. OcHaleHne
3 KomnbsroTepHbie TEXHUYECKUMU cpeacTBaMu 00ydeHus: [TK ¢ BO3MOXKHOCTBIO
" | kyaccel MTOAKJIIOYEHUS K JIOKaJIbHBIM ceTsiM U MaTeprery. Hannune BT u3

pacycTa OANH IIK na ABa CTYJICHTA.

HepequL MaTCpHUAIIBHO-TEXHUYCCKOT'O oOecreyeHus JAUCIHUIIIINHBI:

Ne | Bua v HauMeHOBaHUE .

Bun 3anstuit Kparkas xapakrepuctuka
n/n 000pyI0BaHUS
1. | IBM PC - [Tpaxktrueckue | Ilporeccop cepun He HUxe Pentium V.
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http://ru.wikipedia.org/
http://www.atmel.com/

COBMECTUMBIE 3aHATHSL. OmnepaTuBHas MaMsITh He MeHee 512 MOair.

MepCOHAIIbHbBIE IK momxHBI OBITE 00BETUHEHBI TOKATBHON
KOMITBIOTEPBHI. CETBhIO C BBIXOJIOM B MIHTEpHET.
MysbTHMe HitHbIc JleknmoHHbIE U Z[eMOHCTpauVI/I}I ¢ [IK a5eKkTpoHHBIX
2. cpecTBa. MPAKTUYECKUE | MIPE3CHTAIHA, JOKYMEHTOB, JJICKTPOHHBIX
3aHATHS. Tabnuil, rpadUIECKUX U300PAKCHUM.
Ne
pabo MarepuanbHoe obecrieuenue 1ab0paTOPHBIX 3aHATHIHA
T
1 2
1. Kommuiekr ydebHOro o0OopynoBaHus «MHKpPOIPOLECCOPHBIE CHCTEMBl YIPABICHUS
3EKTPOIPUBOIOBY.

2. MuxkpokoHTposuieps! pupmbl Atmel.

3. IlporpaMmaTopsl JIsi MUKPOKOHTPOJLIEPOB.

4. MakerHas 1U1ata Uil MUKPOKOHTPOJUJIEpA, JATYMKU PA3JIMYHBIX [1apaMETPOB,
CpeACTBa MHIMKAIMM, LIaroBbIe AJIEKTPOABUIaTeIN U JIEKTPOJBUTaTENIM MOCTOSIHHOTO
TOKa.

9 Ocobennoctu peaimzanuu JUCHUIVIMHBI JIA HHBAJUIAOB H JHI C
OrpaHU4Y¢HHBIMHA BO3MOKHOCTAMMU 310POBbA

JUis CTYAEHTOB C OrpaHMYEHHBIMH BO3MOKHOCTSIMH 3JI0pPOBbSl CO3[aHbl CII€LMAIbHbIE
yCIOBUSA Ul TOJIydeHHs o0pa3oBaHMsa. B 1LensxX JOCTYMHOCTH TOJIy4€HHs BBICIIErO
o0Opa3oBaHus 10 00pa3oBaTENIbHBIM IMpPOrpaMMaM HHBAJIWJAMH U JIMLIAMH C OIpPaHUYEHHBIMU
BO3MOKHOCTSIMH 3/10pPOBbsI YHUBEPCUTETOM 00€CIeUNBAETCS:

1. AnbprepHatuBHas Bepcus oduuuanbHOro caita B cetu «MHTepHeT» mns
CIa00BUIAIINX

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

- MPHUCYTCTBHE ACCHUCTEHTAa, OKa3bIBAIOIIEro OOyyaromeMmycs HeOoOXOAMMYIO MOMOIIb,
nyOnupoBaHUE BCIyX CIPABOYHON HMH(OpMalMM O pacluCaHUU Y4eOHBIX 3aHATUI; Haaudue
CPeACTB JUIsl YCWIEHUS OCTATOYHOI'O 3peHUs, OpaijieBCKOW KOMIIBIOTEPHOW TEXHMKH,
BUJICOYBEIMUUTENEH, TMPOrpaMM HEBHU3YaJbHOTO JOCTyNna K HWH(OpMaluu, MpOrpaMM-
CHUHTE3aTOpPOB PeYM U JPYruX TEXHUYECKHX CPEJCTB IMpUeMa-niepeaayn yueOHol nHpopmanuu B
JOCTYITHBIX (OpPMaXx JUIS CTYJACHTOB C HAPYIICHUSIMH 3pEHHS,

- 3aJ1aHMsI JUIS BBITTOJIHEHHSI HA 3K3aMEHE 3aUUTHIBAIOTCS ACCUCTEHTOM;

- TNHCHbMEHHBIE 33/1aHUS BBINOJHAIOTCA Ha Oymare, HaJMKTOBBIBAIOTCA ACCHUCTEHTY
00y4JarmuMmcs;

3.1n1 WHBAJIMIOB M JIMIl C OrPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI IO CIIYXY
(cmabocnpIianue, TIyxue):

- Ha 3ayeTe/IK3aMeHe MPUCYTCTBYET aCCUCTEHT, OKAa3bIBAIOIINN CTYAEHTY HEOOXOAUMYIO
TEXHUYECKYIO0 TOMOIIb C YYETOM HHIUBUAYaJIbHBIX OCOOEHHOCTEH (OH IMOMOraer 3aHATh
pabouee MeCTO, MepeABUTaThCS, MPOUYUTATh U OPOPMUTH 3a/laHue, B TOM YHCIIE 3alUChIBas MO
JUKTOBKY);

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

4. Jlnsd MHBAJIUAOB U JIMI[ C OTPAaHMYCHHBIMH BO3MOKHOCTSIMH 370POBBS, MMEIOLINX
HapyIICHHUs OMOPHO-JBUraTEeNIbHOTO ammapaTa, CO3[aHbl MaTepHabHO-TEXHUYECKHE YCIIOBUS
o0ecreynBaroIe BO3MOKHOCTh OECHpensTCTBEHHOr0 J0CTyNna oOyd4aromuxcs B YydeOHbIE
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NOMEIICHUSI, O0OBEKTY MHUTaHUs, TyaJeTHbIC M JPyrHe IMOMEIICHHS YHHBEPCUTETa, a TaKXKe
npeOBIBaHUS B YKA3aHHBIX TOMELICHHUSX (HAJHMYHE PACIIMPEHHBIX JBEPHBIX IPOEMOB, TOPYYHEH
U JIPYTUX TIPUCTIOCOOICHHIA).

- TNHCHMEHHbBIC 3aJaHUs BBINOJHSAIOTCS Ha KOMIIBIOTEPE CO CICHHATN3UPOBAHHBIM
POrpaMMHBIM 00€CIICUCHHEM HJIH HaIMKTOBBIBAIOTCS ACCUCTEHTY;

- TI0 JKEJIAHUIO CTYJICHTA YK3aMEH ITPOBOJIUTCS B YCTHOU (opme.

OOyyaromyecs: U3 YMCIIa JIMI] C OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 3JI0POBbSI 00€CIICUCHBI
ANIEKTPOHHBIMU 00pa30BaTEILHBIMU pecypcaMul B (opMax, aaiTHPOBAHHBIX K OIPAHUYCHUSIM
UX 3710POBbSL.
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