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1. INTAHUPYEMBIE PE3YJIBTATBI OBYUEHUS 11O JUCIIUMIIJIMHE

Kareropus Kon u HaumeHoBaHue HanmeHnoBaHue nokaszarens
Kon n HaumenoBanue
(rpymma) P WHAWKATOPa JOCTI)KEHUS | OIICHWBAaHUS Pe3ylbTara O0ydeHHS
KOMITETeHITHN KOMIIETEHIINU 10 TUCIIUTIIINHE
[IKB-4. Bnagenue T1IKB-4.1. 3HaHusA
HaBBIKAMH 3HAaTh: METOABI
HCIIOJIB30BaHUA (bOpMa.JII)HBIX
OIIEPALMOHHBIX CHCTEM, CrierM(pUKaIMi ¥ CUCTEMBI
CETEBBIX TEXHOJIOTHH, yTipasyieHns 6a3amMu
CpeCTB pa3paboTKu JAHHBIX
MIPOTPaMMHOTO [IKB-4.2. VMeHus
uHTepdeiica, MpUMeHEHUS VMeTh: mpHMeHsTH
A3RIKOB M MCTOZIOR COBPEMEHHBIE CPE/ICTBA U
(hopMaTbEHBIX
. SI3BIKU
criermuKaumii, cictem | POTPAMMUDOBAHI
yIIpaBJeHus 6azamMu [IKB-4 3 Hasoen
JTAHHBIX e
Bnaners: HaBbIKaMH
HCIIOJIb30BAHUS

OIICPAIMOHHBIX CUCTCM

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE
OBPA3OBATEJIbHOU NPOI'PAMMBI

1. KOMHGTEHHI/IH IIKB-4. Bnagenne HaBbIKAMU HMCIOJIb30BAHUS ONEPALIMOHHBIX
CHCTEM, CETEBBIX TEXHOJIOI MM, CPEACTB D33D2160TKI/I IIporpaMMHOI'0 HHTGDd)GfICEl,

IOIPUMCHCHHNA A3BIKOB MW MCTOIAOB d)ODMa.TII)HBIX CHeHHd)HKaHHﬁ,

CHUCTCM

YIIpaBJICHUA 0azamu JaHHBIX

JlanHast komrieTeHus popMupyercs CaeayIUMI TUCIUILTHHAMU.

Cranus HanmMeHoBaHMS TUCIIUTUIMHBI
1. [IporpammupoBaHe MUKPOKOHTPOJLIEPOB
2. CucTtemMHBIN aHaM3 1 00padoTKa nHOpMaIUn
3. A MUHUCTpUpOBaHNE HHOOPMAITMOHHBIX CUCTEM
4. [Tpon3BoaCTBEHHAS PEAUTIOMHAS PAKTHKA




3. OFbEM JUCIUAIT/IMHBI
OO01mast TpyI0€MKOCTh JUCIIUILINHBI COCTABIISIET 4 3a4. equawmil, 144 vaca.
dopMa NpoMEeKYTOUHOM aTTeCTAIlMK DK3aMeH

Bun yuebHo# paboThl Bceero | Cemectp
4acoB Ne 6
OO6m1ast TpyI0EMKOCTh TUCIMILIMHEI, Yac 144 144
KonTakTHas padora (ayAuTOpHbIe 3aHATHA), B T.4.: 55 55
JIEKIIUU 17 17
nabopaTopHbIE 34 34
PaKTUICCKHE
IPYINIIOBBIE KOHCYJIBTAIIUU B TIEPHUO]] TEOPETHUECKOTO O0yUCHHS 4 4
U MIPOMEKYTOYHOH aTTeCTalluu
CamocTrosiTejibHAsi paboTa CTYA1€HTOB, BKJIIOYAs 53 53

HHAWBUAYAJbHBIC M TPYNIMOBbLIC KOHCYJ/JIbTAllMM, B TOM YHCJIC:

KypcoBoii npoekr

KypcoBas pabora

PacuetHo-rpadguueckoe 3aganue

WMHauBuyalbHOE TOMAIIHEE 3aaHUE

CamocTtosTenbpHas paboTa Ha MOATOTOBKY K ayAUTOPHBIM 53 53
3aHATHUSIM (JIEKLUH, IPAKTUUYECKUE 3aHATUSL, 1a00paTOpHbIE
3aHATHUSA)

DK3aMeH 36 36




4. COJIEPKAHUE TUCHUTIIVHBI

4.1 HaumeHoBaHMe TeM, HX CO/Iep:KaHNe H 00beM

Kypc3 Cemectp 6

/o

HaunmenoBanue pasnena
(kpaTkoe colepKaHue)

O0BeM HA TEMATHYECKUNA
paszzen 1o BuaaM yuyeOHon

Harpy3Ku, 4ac

Jlexmun

IIpakTuueckue
3aHATHS
JlaGoparopHbie
3aHATHS

CaMocTosTeNbHAs
paboTa Ha TIOArOTOBKY

K ayIMTOPHBIM

QﬂHﬂTI/IﬂMl

1. 8-mum pa3psaable MUKpOKOHTpoIepsl cemerictBa MCS-51

OTnuuuTenbHblE  OCOOCHHOCTH  MUKPOKOHTPOJLIEPOB
cemeiicTBa MCS-51. CrpykrypHas cxema
MUKpPOKOHTpoJiepoB cemerictea MCS-51. Ilporpammuas
MOJICNIb  MHUKPOKOHTpoJuiepoB  cemeiictBa  MCS-51.
Cucrema KOMaHJ MUKPOKOHTpOJLIEpOB cemeiictBa MCS-
51. Taiimepsl MmukpokoHTposuiepoB MCS-51. [IpepriBanus
MUKpoKoHTposiepoB MCS-51. TlocnenoBatenbHblid OPT
MUKpOKOHTpoJuiepoB MCS-51

[HEN
(o]

2. 8

-MH pa3psAHbIe MUKPOKOHTpPOJUIEpHI cemeiictBa AVR

O630p MukpokoHtpouiepoB AVR  Apxurektypa u
opranmzaius mamatd  cemeifictBa  Classic.  Cnoco0sl
aapecanuu.  SIApo  LEHTPaJbHOrO  MPOLECCOPHOrO
ycrpoiictBa AVR. CrucreMHasi CHHXpOHM3ALUA U TAKTOBBIE
UCTOYHUKU. YTIPaBIE€HUE FHEProNnoTPeOICHUEM U PEKUMBI
cHa. Cucrema komana. [Ipumepsl nporpaMMupoBaHus Ha
accembnepe AVR. IIpepriBanus. [lopTsl BBO#a-BbIBOIA.

AnbTepHaTuBHBIE (YHKINMU OPTA. BHelHNe npepbiBaHus.
AHaznorosbslii komnapatop. TaliMepsl MUKPOKOHTPOJIIIEPOB
ATmega 8-pa3p. taiimepsi-cuetunkn 0, 2 u 16-pasp.
TalMePBI-CUETUNKHU 1, 3. AHaznoroBo-1uppoBoi
npeoOpaszoBarenb. IlocnenoBarenbHbl  nepuepUHbIIT
untepdeiic — SPl. YHuBepcanbHbIi CHHXPOHHBIH U
ACMHXPOHHBIN MOCIEA0BaTENbHBIN MpHEMOIEpeIaTUHK.
JIByxnpoBoaHoi nocnenoBaTenbHblil HHTEpderic TWIL

10

18

3. 16-Tu pa3psaHbIe MUKPOKOHTpOJUIEpH! cemeiictBa MSP430

ITporpaMMHo-amnapaTHble CpeICcTBa
MUKPOKOHTPOJUIEPHBIX CUCTEM. AJIpECHOE MPOCTPAHCTBO.
Flash-mamste mporpamm. O3VY. Ilepudepuiinbie MOIyH.
Peructper crenumanpHOrO HazHadeHUs. 16-pa3psaHbIi
RISC OII. Pexumbr anpecanuu. Cucrema KOMaHI.
KonTpomnep DMA. O6pabotka npepsiBanuid. [IpuHIMIBI
MOCTPOCHUS YCTPOICTB ¢ HU3KUM SHEPronoTpeOIeHUuEM.
[Mudposble  BXoabl/BbIxoAbl.  Opranuzanus  oOMeHa
JaHHBIMU 4epe3 MapauleapHylo muHy. [loakmrodeHne
JKKMW, anroput™ MHHULIMATU3ALMH, ApailBep.

CoegvHeHHE C  BHEHNIHMMM  yCTPONMCTBAMHU  4e€pe3

10

19

L Vka3ats 00bEM YaCOB CAMOCTOSATEILHOM paGOTLI JJIsL HOATOTOBKH K JICKIIMOHHBIM, IPAKTUYCCKUM, HaGOpaTOpHLIM

3aHATHAM



MOCJIEA0BATEIbHbBIN uHTepderic USART.
[TpeoOpazoBarenu UART/USB/POL. CxeMbI
MOJIKJIFOUEHUSI 1 0COOEHHOCTH MCIOIB30BaHUS.

[TocnenoBarensbHass mmuHa [2C. Pacmmpenue mnopros

BBO/1a/BBIBO/IA. CtpykTypa PCA9538, cxeMa
MOJKJIFOYEHUS, IpANBED.
CoenuHenue embedded-cucrem c IP-ceTsimu.

Apxutektypa wMoxmyns  W3100 ans anmapartHoit
peanu3anus crteka nporokonoB TCP/IP. IlogkmroueHue
moaynst W3100 k mukpokoHtpoiuiepy MSP430. Pexum
IPsIMON U KOCBEHHOM IIMHBI, MOAKIIOUYEHUE MO MPOTOKOILY
12C.

[udpoBbie  nmatumkm  Temmeparypel  TMP275 wu
OCBELICHHOCTH TSL2561T. [TpuHIMD paboThl,
BHYTPEHHSII ~ OpraHu3alus, CXeMbl  IOAKIIOYEHUs,
IIPOTrpaMMHBIE IpaliBEPHI.

Amnanorosele nmatuuku. AlIlII12. Bwibop anamorosoro
nopra. ['‘eHepaTop oOHOpHOro HampsDKEHUSA. PexuMBbI
npeoOpaszoBanmii ALIIT12. Jlatuuk Toka INA139, naTumk
BnaxxHoct HIH4000. Ilpunuun paboTel, BHYTpEHHSIS
OpraHM3aiys, CXeMbl MOJKIIOUEHUS, MPOTrPaMMHBIE
JpaiBepBl.

Hcnonp3oBaHue KoMmapartopa U TaiMepa A paboThl C
PE3UCTUBHBIMU AaTuyukamMu. OYHKIIMOHUPOBAHHUE TailiMepa
A. BpibOp WUCTOYHMKA TaKTUPOBAaHMS. YIIpaBJICHUE
PEXKUMOM Taiimepa. brnoku 3axBaTa/CpaBHCHHUS.
DyHKIMOHMPOBaHUE Komnaparopa A.

BCEI'O

17

34

53




4.2. Conepxxanne NPaKTHYECKUX (CEMUHAPCKUX) 3aHATHIA
He npenycMoTpeHo y4eOHBIM IIaHOM

4.3. Copep:xanue J1a00paTOPHbIX 3aHATHIA

No HaunmenoBanue Tema mabopaTopHOTO 3aHATHS K-Bo CamocrosrensHas

n/n asjeiia JUCIHIIINHEI qacoB padora Ha
p H 1 H LI 1 HO,Z[FOTOBKyK

ayAUTOPHBIM
3aHITHSIM

cemectp Ne 6

1 8-Mu paspsiHbIe [TonkiroyeHre BHEIIHEN NAMSITH U €€ 2 2
MUKPOKOHTPOJUIEPHl | TECTUPOBAHHE

2 cemeiictea MCS-51 Opranu3anus 3aJJaHHbIX HHTEPBAJIOB 2 2
BPEMCHH

3 OCHOBBI OpraHu3aluu 2 2
MIOCJICAOBATEIHHOTO MTOPTa

4 OTtoOpakenue nHGOpMaIUHU B 2 2
cucteMmax ¢ MK-51

5) W3yueHre mpuHIUIIOB pabOThI U PO- 2 2
AHAJIOTOBBIX ITPeoOpa3oBarTeieii

6 W3ydyeHne npuHIUIIOB pabOThI 2 2
aHAJIOro-IIU(PPOBBIX MIPeOOpa3oBaTeICH

7 HccnenoBanue MUpOTHO-UMITYJILCHOM 2 2

MOJIYJISILIAY, PeaTi30BaHHOM
MUKpOKOHTposuiepoM MK-52

8 8-Mu paspsiHbIe W3ydeHue cuctemMbl KOMaHa U 2 2
MUKPOKOHTPOJUIEPHI | OCHOBHBIX TIPUHITUTIOB
cemeiictea AVR [IPOrpaMMHUPOBaHUS

MUKpoKoHTpoJuiepoB AVR Ha npumepe
paboThI ¢ HOPTaMHU BBOJ1a/BBIBOJIA

9 W3y4yeHre npuHIIUIIOB IPOIPaMMHOTO 2 2
yIpaBJIeHUs] BHELTHUMHU yCTPOICTBaMU
Ha MpUMepe BBIBOa HH(OpMAIH Ha
rpaduueckuii XKKI1

10 W3ydeHne npuHIUIIOB 00pabOTKU 2 2
IpepbIBaHUM Ha MpUMepe yIpaBiIeHUs
BCTPOCHHBIMU B MHUKPOKOHTPOJIIED
TaiiMepamMH-CUeTYMKaMHU

11 W3ydyeHre npUHIIMIIOB OPraHU3aluN 2 2
oOMeHa JaHHBIMHU O
10CJIEI0BATEIbHOMY HHTEpdency
MEXy MUKpOKOHTposuiepoM AVR
ATmega328 u [IDSBM

12 W3ydeHne npuHIUIIOB pabOTHI CO 2 2
BCTPOEHHBIM B MHKPOKOHTPOJLIEP
aHAJIOTOBO-IIM(PPOBBIM
npeoOpaszoBarenem

13 16-Tu pazpsinHbIC W3ydeHre npyUHIIUIIOB IPOIPaMMHOTO 2 2
MHUKPOKOHTPOJUIEPHI | YIPaBJICHUS BHEIIHUMH YCTPOHCTBAMH
cemerictBa MSP430 | Ha mpumepe BbIBOAa HHGOPMAITHU Ha
1M(POBOH MHAUKATOP

14 Opranu3zanus oOMeHa JaHHBIMHU 10 2 2
nocneaoBarenbHOMY uHTEepdeiicy USB
MEXK]1y MUKpPOKOHTposuiepoM MSP430




u [IDBM

15 W3y4yeHne NpUHLIUIIOB OpraHU3aluN 2
oOMeHa JaHHBIMHU IO
nocienoBarenbHoMy uHTEpdeiicy 12C
Ha [IpUMepe yrpaBieHus 0J0KOM
CBETOJIMOJIOB U IIPOrPaMMHOT0 OIIpoca
KJIaBHATYypBl

16 W3yueHne npuHIUIIOB 00pabOTKH 2
HpepbIBaHUM Ha IPUMeEpe YIPaBICHUS
BCTPOCHHBIMU B MHUKPOKOHTPOJIIIEP
TaliMepaMH-CUETYNKAMH U
KOMIIapaTOpOM

17 N3yuenne mpuHIUIIOB pabOThI CO 2
BCTPOEHHBIM B MUKPOKOHTpOJIIEep 12-
tn 6utHbIM ALIIT Ha mpuMepax
WU3MEpPEHUS OTHOCUTEITHLHON BIKHOCTH
Y U3MEpEeHHsI TOKa NOTpedIeHus

UTOIO: 34

BCEIO: 34

4.4, Conep:xkaHue KypCcoBOIo MpoeKTa/padoThl
He npexycMoTpeHo yueOHBIM IIJIaHOM

4.5. Conep:xxanue pacueTHO-rpa¢puuecKkoro 3aJanms,
HHIUBUAYAJIbHBIX JOMAIIHUX 3aJaHUI

He npemycMoTpeHo yueOHBIM IIJIaHOM



5. OHEHOYHBIE MATEPUAJIBI U151 IPOBEJEHUA TEKYILIETI'O
KOHTPOJISA, IPOMEXYTOYHOU ATTECTAIIUN

5.1. Peanu3zanus KoMmneTeHum
1 Komnerennmns I[1IKB-4. Biagenne HaBBIKAMHU MCIIOJIb30BAaHUSA ONEPAIIMOHHBIX

CHUCTCM, CCTCBBIX TGXHOHOFHﬁ, CpcACTB DaBDaGOTKH IIPOrpaMMHOI O HHTeDd)CP'IC&,

IIPUMCHCHU A3BIKOB M MCTOA0B d)OI)MaJ'IBHBIX CHeHHd)HKaHHﬁ, CHUCTCM VIIPDABJICHUSA

0a3aMu JIaHHBIX

HanmenoBanmne HHIWKATOpa JOCTH)KCHUA KOMIICTCHIINA I/ICHOJ'IB3yeMLIe CpE€acTBa OICHUBAaHUA

IIKB-4.1.

3HaTh: MeTOIBI (HYOPMAIBHBIX CIIEIUA(DUKAIINA 1 CHCTEMBI

YOpaBJICHUA Oazamu JaHHBIX

3ammuTa Jab0opaTopHOH paboThI

IIKB-4.2. 3aIuTa J1abopaTopHO paboThI

VMeTI): IMPUMCHATH COBPEMCHHEBIC CPEACTBA U A3BIKU

MIPOrpaMMHUPOBaHUS

IIKB-4.3. 3aIuTa J1abopaTopHOM paboThI, SK3aMeH

BJI&[[GTI)I HaBbIKaMH HCII0JIb30BAHHA OINICPAIHOHHBIX

CHUCTEM

5.2. TunoBble KOHTPOJIbHBIE 32IaHUA IJIS IPOMEKYTOYHOM ATTeCTAlMHU

5.2.1. IlepeyeHb KOHTPOJBbHBIX BONIPOCOB (TUIOBBIX 3aIaHU)

AJIA IK3aMEHa

No

/1

HaunmenoBaunue
paszena TUCIUIIINHBI

CopepxaHue BOIPOCOB (TUITOBBIX 3aJaHU)

.| 8-Mu paspsiaHbIC

MHUKPOKOHTPOJIIEPHI
cemeiictea MCS-51

Tunosbie BONPOCHI

OTnuuuTenbHble 0COOEHHOCTH KOHTpOIIIepoB cemerictBa MCS-51.
CrpyKTypHasi opraHusanusi MUKPOKOHTpoJuiepoB cemeiictBa MCS-
51.

Pacnpenenenne mamstu ganasix MCS-51.

Pacnpenenenne namsatu nporpamm MCS-51.

®naru MCS-51.CnoBo cocrosiHus npoueccopa MCS-51.

Cucrema komana MCS-51. Tunsl komaH.

Metonst agpecaruu MCS-51.

Komannpr nepecbuiku oomeHa u 3arpy3ku MCS-51.
Apudmernueckne komanasr MCS-51.

Jlormueckue koman et MCS-51.

Komanzpl, onepupyromue ¢ butamu, B cucreme komang MCS-51.
Komannp! ycnoBHbIX nepexoaoB MCS-51.

Komans! 6e3yciioBHbIX nepexooB MCS-51.

KomaHp1 ”HKpeMeHTa 1 IEKpPEMEHTA.

Pexxumsl padotsl 0 1 1 Taiimepos/cuetTunkoB MCS-51.

Pexumbl pabotsl 2 u 3 Talimepos/cuetTunkoB MCS-51.

Pexumbl npepsiBanunii.  MCS-51. IIporpammupoBaHue pEXKHMOB
IIPEPBIBAHUM.

ITpuopurers! npepsiBannit MCS-51.

Pexxumbl paboTel mocnenoBarensHoro mopra MCS-51.

CocTtaB U Ha3HAYCHHUE PETHCTPOB CrielUaNbHbIX GyHKIuit MCS-51.
MCS-51. U3mepenne mupuHbl KMIYJIHCOB C TOMOIIBIO Taiimepa 1.




Opranu3zanus npepsiBaHuN B MUKpOKOHTposuiepe MCS-51.
Pesxxumebl paboTsl MukpokoHTposuiepa MCS-51.

Tunossble 3agauu na azvike Accemonepa MCS-51

Paccuurate 3Hauenue ¢yHkiuu Y = 15x+10 ( X w3MeHseTcs B
untepBaie ot 5 10 20 ¢ marom 1). Pesynbrar pazmectuts B PIIJ] ¢
aapeca 40h (B MaccuB mocie10BaTeNIbHO 3aHECTH CHayvaza MIIAIINN,
a 3aTeM CTapIIuii OailT pe3ynbrara).

Paccunrare 3Hauenwe ¢ynkimu Y = 3X+15 ( x u3MeHsieTcs B
unrepsajue ot 10 qo 100 ¢ marom 10). Pesynbrar pasmectuts B PI1]]
¢ ampeca 30h (B MaccuB ToOCIeIOBaTENbHO 3aHECTH CHadaja
MJIQIIINAM, & 3aTeM CTapIIui OalT pe3ynbTaTa).

Paccuurare 3Hauenune ¢ynkumu Y = 5X - 50 ( x usMmeHsercs B
untepsane ot 0 go 20 c¢ marom 2). Pesynbrar pasmectuts B PIIJ] ¢
anpeca 30h.

CocTaBuTh NMporpaMmy BbIUUTAHUS YETHIPEXOaUTOBBIX 0€33HAKOBBIX
grcen. [lepBoe uncno Haxoaures B PIIJ] mo anpecy 30+33h, Bropoe
— mo azapecy 38+3Bh. Pe3ymbraT moMecTHTh Ha MECTO IIEPBOTO
orepaHja.

MaccuB uucen ObLI ApPXUBHUPOBAH U IIOMCHICH B HOBBIN MacCuB, B
KOTOPOM IPEAbIAYIIUN 3JIEMEHT YKa3bIBAET YMCIO, a MOCIEAYIOIIHMA
— KOJIMYECTBO HOBTOpeHI/If/'I 3TOI'0 4YucCjJa B HCXOJHOM MacCCHUBE. B
pPEe3YyIBTUPYIONIEM MacCHBE omucaHo 8 map uucen. Haiitu cymmy
YJICHOB UCXOAHOTO MaccuBa. Pe3ynbrar pazMecTuTh B peructpax R3,
R4, R5.

Paccuurare 16 3Hauenuit ¢yHxmuum  Y=250/X (maa X,
HauuHatomerocs ¢ 10 ¢ marom 8). Pe3ynbraTsl OKpyriIUTh A0 I€J0T0
3HaueHus u pazmectuTh B PI1]] c anpeca 40h.

[TepeBectT  OAHOOANWTOBBIN  IIECTHAAIATCPUYHBI  OMEpPaHI B
JIBOMYHO-/IECATUYHBIA ynakoBaHHBIA (opmar. VcxoaHblil onepany
HaxoauTcst B peructpe RS5. Pesynprar pasmectuth B perucrpax R4
(uucno coren) u R3 (mecatku, eqUHUILIBI).

Bapuant 8. B PII/l, Haunnas ¢ agpeca 30h Haxoaurcs maccus u3 20
aneMeHToB. [log-cumTaTh  KOJIMYECTBO  3JIEMEHTOB  MAacCHBa,
nonasmux B uHTepBas oT 50 go 100. Pesynprar 3amoMHuTH B
peructpe RS.

B PIIJI, naunnas ¢ aapeca 30H, maxomurcs maccuB u3 16 uucen.
Haiitnu MakcuMaibHBIM JJIEMEHT MacChBa M IIOMECTUTH B R2 ero
3Ha4yeHue, a B R3 ero aapec.

B peructpe RS HaxoauTcs JBOWYHO-IECATUYHBIA  ONEPAHI.
IlepeBecTu onepanj B MIECTHAALATEPUYHOE 3HAYEHHUE U IIOMECTUTD B
RS

B PII/I, naunnas c aapeca 20h, Haxoautcst MaccuB U3 16 37eMEHTOB.
ITon-cuntath M COXpaHUTh B peructpax: R2 — koiamdecTBo




3JIEMEHTOB MacCHBa, MeHbIINX 3HadeHus 128; R3 — komudecTBO
AJIEMEHTOB MaccuBa, paBHbIX 128; R4 — KOJIMYECTBO 3JIEMEHTOB
MaccuBa, oonpmux 128.

B PIIJ c aapeca 20h HaxomuTcs MaccuB, cOCTOSIIMK U3 16
anemMeHTOoB. CyMMHUpOBATh 3JE€MEHThI MaccuMBa /0 TeX IOp, MOKa
3HaYeHHuEe CyMMbl He npeBbicuT 512. Boimate B R3 HOMep snemMeHTa,
Ha KOTOPOM IIPOU3OILIO NepenoyineHue. Ecinu cymma 3j1eMeHTOB He
nocturia 3HadeHus 512, To BeigaTh B peructpe R3 3nauenue 0.

Hnsa  ¢ynkmun  Y=20X+45 Bbgath B R2 mepBoe 3HaucHUE
apryMeHTa, NIpu KOTOpPOM 3HadeHHWe (QyHKUUU mpeBbicUT 1024.
HauanbHoe 3nauenue aprymenra X=10.

B PIIJI ¢ angpeca 20h nHaxoautcs MaccuB u3 16 yucen. DiieMEHTaMHU
MaccuBa sABIAIOTCS umciaa 32, 64, 96 u 128. Iloacuurath u
COXpaHUTh B peructpax R4 + R7 KOIU4eCTBO MOBTOPEHUI KaXI0T0O
3JIEMCHTA.

B PIIJ] mo aapecam 20h+2Fh nmaxomutcs maccuB. C ampeca 30h
CO37aTh MAaccuB, B KOTOPBIM BXOIAT ajpeca SJIEMEHTOB IEPBOTO
MaccHBa, paBHbIX 128. B perucrpe R2 coxpaHuTh UnCIO 3JIEMEHTOB,
paBHbix 128. IlpepBaTh BBINIONHEHUE MNPOrPaMMBI, €clu OyaeT
HalJIeHO 5 JIEMEHTOB CcO 3HaueHueM 128.

B PITJ ¢ anpecos 20h u 30h HaxonsaTcs 2 MaccuBa, cocrosmye u3 16
9IIe-MEHTOB Kaxblid. [logcUuTaTh KOJIMYECTBO AIIEMEHTOB MEPBOTO
MaccuBa, KOTOpble MMEIOT paBHbIE 3HAuYE€HUS BO 2 MAacCHBE.
Pesynbrar 3anectu B peructp R2.

Mg  ¢ysxknum Y=40X+10 mnonayuuth mnepBoe  3HAYEHHUE,
npessimiaroniee 512, HaunHag ¢ X=1. 3HaueHne apryMeHTa 3anucarb
B R4, pynkuuu - B RS, R6.

Bapuanr 18. B BII/Il, naunnas ¢ agpeca 100h, Haxonurcs MaccuB U3
10 snementoB. [Tomyunts B peructpe R3 umcno sneMeHTOB, paBHBIX
55h. Cyer npepBaTh, €CIIM YUCIIO JIe-MEHTOB IIPEBBICUT 3.

Jns gynkuun 15X+85 HallTu mepBoe 3HAUEHHE apryMeHTa, MpHU
KOTOPOM MJIaauuii 6ait ¢pyHkuuu paseH 155.

B BIIJI ¢ angpeca 300h nHaxonutcs MaccuB u3 15 uncen. DneMeHTaMu
MmaccuBa sBigiorcs umcma 10, 20, 30 um 180. Ilomcumrars u
coXpaHMTh B perucrpax R4 - R7 xoin4yecTBO MOBTOPEHUHN Ka)10Tr0
dJIEMEHTA.

B mopter MukpokoHtposmepa PO-P3  mocrymaror  nBomMuHO-
JECTUYHbIE NaHHble. [lepeBecTH AaHHBIE B HIECTHAAUATEPUUHBIN
dopmar u pasmectuts B PI1/] mocnenoBatensHO ¢ aapeca 30h.

Brimate mocnepoBatensHo B mopThl P1 m P2 mukpokoHTposiepa
COACPKUMOC MJIIaAIINX 6aI>'IT CUCTYUKOB B ABOUMYHO-ACCATHYHOM
dopmare (B P1 — cotHu, B P2 — necaTku u e qMHUITBI).




B nopter PO+P3 nmocrynarT mecTHaauaTepuuHble JaHHbIE. 3aHECTH
B PI1JI, Haunnas c aapeca 40h KOMMYECTBO €AMHMUII, TOCTYMUBIINX B
Ka)K bl MOPT.

Hns kaxgoro u3z peructpoB RO, R3 u perucrpa-pacmmpurens B
MOCIIEOBATEIHHO BbIIaTh B TOPTHI MHGOPMAIUIO O COJIEPKUMOM
PETUCTPOB:

. PO - mpsimoe 3HaueHue Oaiita;
. P1 - uHBepcHOe 3HaUeHHE OaiTa;
. P2 - xomu4ecTBO HOJIEH B OaiiTe;

P3.0 - db;mar KOHTPOJIS HA YETHOCT.

B kaxnpiii w3 moproB PO+P2 mnocrynaroT maHHbIE OT JBYX
YeThIpEXPa3psIAHBIX JAaTuuKOB. Beimate B mopt P3 cymmy mectu
JIATYMKOB, TTOJAKIFOYCHHBIX K moptam PO+P2.

3anucate B peructpel R3, R7 wu perucrp-pacummpurens B
MPOU3BEJCHNUE X CTAPILICH U MIIAJIIIECH TETPaJbl COOTBETCTBEHHO.

Boigate B moptel PO+P2 kommuecTBO eaMHMI], COAEPKAIIMXCS B
peructpax RO,R7 u perucrpe-pacupurene B coorBeTCTBEHHO

TunoBble TECTOBHIE 3a1aHNSI
Ilpu evinonHenuu Kakou u3 HUdce NEPEeHUCTIEHHbIX KOMAHO 8
MUKpoxkoumpoanepe i8x51 ¢opmupyemes cmpob  3anucu 80
BHEWHIOI namMams 0anHbix WR#?

MOVX @dptr, A;

MOVC A, @A+dptr;

MOVX A, @dptr;

MOVC A, @A+PC;

C kakoti wacmomou U3MeHAemcs COCMOAHUE MAUMep-CUemyuKa y
i8x51 6 peaxcume matimepa?

FCR/24;

FCR/12;

FCR/2;

FCR;

HET MPaBUJIILHOTO OTBETA;

Kaxue peeucmpuvl  cneyuanvuvix  yukyuti  HeobOXooumvl 0/
ynpaeneHus maumep - cuemyuxamu y i8x517?

peructpsl T2CON u TCON;

peructpsl SP u PCON;

peructpsl TMOD u TCON;

peructpsl SBUF u DPH;

s kaxux onepayuii npeonasnavena komanoa INC @Ri?
MHKpPEMEHT cojepxxumoro sueiiku O3Y ¢ yuerom ¢rara
nepeHoca;
MHKpPEMEHT cofepxumoro sueiiku O3Y;
HHKpeMeHT coaepxkumoro POH ¢ yuetowm ¢uara nmepenoca;
nHKpeMeHT cogepxumoro POH;

Kakxou u3 npeonoswcennvix eapuanmos obecneyusaem nepeoayy




oannwix uz nopma P2 6 nopm P3?
koMmangoit MOV P2, P3;
komangoit MOV P3, P2;
nociaenoBarenbHocThI0 koMana PUSH P2 u POP P3;
nocaenoparenbHocThI0O KoMang PUSH P3 u POP P2;
IOCJICAOBATEbHOCTRIO KoMang MOV A, P2 u MOV P3, A;

Bvibepume npaeunvubili pesyibmam 6binoIHeHUss Komanovl RLA,
ecu akKymyasamope Haxooumcs onepano 83h:

A=T7h;

A=B4h;

A=07h;

A=4Bh;

Buvibepume npasunvhuiii pe3yromam evinonnenus komanovt ORL A,
R1 ons ucxoonwvix onepanooe A=13h, R1=13h:

A=00h;

A=03h;

A=13h;

A=10h;

Kaxoti mun adpecayuu ucnonv3yemcs npu 6bINOJHEHUU KOMAHObI
SUBB A, #d167?

[Ipsimas agpecarus 16-pa3psaHbIM aapecoMm;

HesiBHas agpecanusi;

Henocpencrsennas agpecanus;

KocBenno-perucrpoBas agpecanusi;

s weco npeonasnauen grae AC pecucmpa cocmosnusi npocpammol
PSW?

®dnar nepeHoca;

@uar nepeHoca MeXIy TeTpaJaMu;

®j1ar moJIbp30BaTEIs;

@ar BeIOOpa OaHKOB PETUCTPOB OOIIETO HA3HAUCHHUS,

Kakoii 6anuk pecucmpos evibupaemcs npu 3nauenusx ¢aaeos RSO=0
u RSI1=1 6 pecucmpe cocmosinus npoepammor PSW?

bank perucrpos 0;

bank perucrtpos 1;

bank peructpos 2;

bank perucrpos 3;

Kaxue onepanowvt ucnonvzyromes ¢ komanoe ymuoxcenuss MUL?
1IeJble IBOUYHBIC U IeCATUYHBIC OANTOBBIE;
1ensie 0e3 3HaKOBBIC JBOMYHBIC OATOBBIC,
1[eJble 3HAKOBbIE TBOMYHBIE OaliTOBEIE;
1eTbIe U TPOOHBIE TBOUYHBIE OANTOBHIE;

I'oe pacnonazaromcs  onepanovl  ucnonvyemvie 8 KOMAHOE
ymuooncenust MUL?

B JBYX NPSIMO aJpPECyeMbIX pPErucTpax, YKa3blBaeMbIX B
KOMaH/IE;

B JIBYX NOpsiMO aapecyeMbix siuerikax O3V, yka3blBaeMmbIX B
KOMaHJIE;




B 1ByXx POHax, yka3piBaeMbIX B KOMaH/IE;
B PErUCTpPEe aKKyMyJATOpe A U B peructpe pacuupurene B;

I'0e pacnonacaemcs pezyriomam ymuodicenus no komanoe MUL?

B aKKyMyJIsiTOpe A-cTapiiuii 0aiT pe3ynbrara, B peructpe B-
MIIaJIIITHI;

B aKKyMyJsiTope A- Miagmmi OalT pe3ysbrara, B PErHCTpe
B- crapmmii;

B 1ByX POHax, B yka3aHHOM MEpBbIM B KOMaHJie- MJIQIIIHI
OaliT pe3yabTaTa, a BO BTOPOM- CTapLIMii;

B JIBYX MPSIMO aIpECYEMBIX PETUCTPaxX, B YKa3aHHOM I1€PBbIM
B KOMaH/ie- MiIaAmuii 0aiiT pe3ynbprara, a BO BTOPOM- CTapILIUi;

B JBYX HpsMO ajpecyembix sueiikax O3Y, B yka3zaHHOM
epBoi B KOMaHjAe- MaAmui OalT pe3yiabTara, a BO BTOPOM-
CTapIIINni;

Kaxoe masnauenue axmuenoco cuenana na 6viode ALE (Address
Latch Enable) ¢ MCS-517?
Paspemaer ¢ukcamnuio Ha BHentHeM Oydepe miiamiero 6aita
azapeca c nuHuil nopra P2 npu oOpaiiieHuu K BHEIIHEN NaMsITH;
Paspemaer pukcanuio Ha BHemHeM Bydepe mianmniero Gaiita
aapeca c nuHuil nopra PO npu oOpallieHuu K BHEIIHEN [TaMsTH;
Pa3pemaer ¢ukcanuio Ha BHemHeM Oydepe crapiiero 6aiita
azapeca c nuHuil nopra P2 npu oOpaiiieHuu K BHEIIHEN NaMsITH;
Pa3pemaer ¢ukcanuio Ha BHemHeM Oydepe crapiiero 6aiita
anpeca ¢ nunui nopra PO mpu oOpaiiennn K BHEITHEH NaMsITH;

8-MU pa3psiiHble
MHUKPOKOHTPOJLIEPHI
cemeiictea AVR

Tunosbie BONPOCHI

Cucrema KomaH]J MUKpOKOHTposuiepoB AVR

ITocnenoBarenbHbII nepupepuiHbIi uHTepdeiic SPI
MUKpOKOHTposuiepoB AVR.

Apxutektypa MuKpokoHTposiepoB AVR cemeiictBa Classic.
Opranuzanys naMsaTé MUKpOKoHTposiepoB AVR.

Cucrema kKomaHJ MUKpOKOHTposuiepoB AVR

AVR. Taitmepsl/cuerunku. OO0IIME CBEACHUSI.

AVR. I[IpepbiBanus OoT TaliMEpOB-CUETUUKOB.

AVR.8-pa3p. taiimepbi-cueTunku 0 u 2.

AVR. Taiimepsi-cuetunku 0 u 2. HopmanbHbIN pexXxuM pabOTHI.
AVR. Taitmepsi-cuetunku 0 u 2. Pexum Obictpoii IIIUM (Normal).
AVR. Taiimepsi-cuetuniku 0 u 2. Pexxum cOpoca Taiimepa mpu
cosmagennn (CTC - Clear Timer on Compare Match).

AVR. Taiimepsi-cuetunku 0 u 2. Pexum UM c TouHo#l da3zoii
(Phase correct PWM).

AVR. Pexxum ObictpoaeiictByromuii IIIUM (Fast PWM)

AVR. AcunxponHnas pabota Taiimepa-cuetunka 0.

AVR. 16-pa3p. TaiiMmepbI-cayeTynku 1 u 3.

Tunosble 3aga4un

Pa3paboraTe mporpamMmy, BBITOJIHSIONIYI0 B OSCKOHEYHOM ITUKIIE
MMOCJIEI0OBATEILHOE BKIIOYEHUE/BBIKIIIOUEHHe 1-ro, 3-ro U 6-ro
CBETOJINO/I0B C MHTEPBAJIOM 2 C.

Pazpabotate mporpammy, (GpuUKCHpYIOIIyI0 HaxkaTus KiaBum 1, 6 u
12 mMaTpuyHOM KJIaBHATYphl BKJIIOYEHHEM CBETOAMOAOB 1, 2 u 3
COOTBETCTBEHHO. BBIX0J M3 IMKJIAa ONpoca OCYIIECTBISETCS INMPHU




Ha)xaThy kiasumu F1.

Pa3pa0otaTe mporpaMmy, BBIBOASIIYIO Ha 3KpaH OEryllyl CTPOKY
(Ha3BaHUE Ballled TPYIIIIbI) CHU3Y BBEPX.

Pa3paboTtats mporpaMmy, BEIBOISIIYIO HA 3KpaH CTPOKY MOOYKBEHHO
NPy HaXaTUW Ha KHONKY F1. mpu Haxkatuu Ha kHONIKY F2 mocneansis
OyKBa CTPOKM JIOJIKHA YAAIATHCS.

PazpabGoTtaTe mporpammy, BBIBOJSIIYI0 Ha 3KpaH HPSIMOYTOJbHUK.
[Tpu Haxatuu Ha F1 mpsMOYroiabHUK JOKEH YMEHbBIIATHCS, €CIU
pasMep MpsIMOYrOJIbHMKA CTaHOBHUTCS MeHbine dvem 10 x 10
nuKcese, To npu HaxkaTuu Ha F1 oH JoKeH yBelnnynuBaThCsl.

Pa3pabortate mporpammy, BBIBOASIIYIO Ha 3KpaH cekTop Kpyra 150
IpaJlyCoB M pajauyca 25 muKcenen.

PazpabGoTtaTe mporpamMmy, BBIMOJHSIONIYIO B OCCKOHEYHOM IIHKIIE
BKIJIIOUEHUE/BBIKIIOYEHHEe  |-TO  CBETOAMOAA:  YHPaBIAIOLIEe
npepeiBanre TIMER1 OVF vect, uactora cuera fpl = 43200 ['u.

PazpabGoTtaTe mporpamMmy, BBIMOJTHSIONIYIO B OCCKOHEYHOM IIHKIIE
BKJIIOUCHUE/BBIKIIOYEHHEe  2-TO  CBETOAMOJA:  YHPAaBIAIOLIEe
npepeiBanre TIMERO OVF vect, yactora cuera fpl = 10800 I'm.

Pa3zpaboraTe nporpamMmy, BBIIOJHSIONIIYI0 B OECKOHEYHOM IUKJIE
BKJIIOYCHUE/BBIKIIIOUEHHE ~ 3-TO  CBETOAMOZA:  YIpPaBIAIOLIEEe
npepeiBane  TIMER1 COMPA_vect, fpl = 43200 I,
OCR1A=40000.

Pa3pabortaTe mporpammy, BBHIOJHSIONIYI0O B OSCKOHEYHOM ITHKIIC
BKJIIOUEHHE/BBIKIIIOUeHHe 0-TO U 7—TO CBETOAMOMOB: YIpaBIsIoLIce
npepeiBanre TIMER1 COMPB _vect, fpl = 43200 I,
OCR1B=50000.

Pazpabortate mporpammy mnepegauud 100 umcen (ot 0 mo 99) us
mMukpokoHTpouiepa AVR ATmega 328 B IIDBM mno unTepdeiicy
RS232C B coorBerctBum ¢ mnporokosom: wmoxyiab USARTI,
cKkopocTh oOmeHa naHHeiMH 19200 Out/c, pexum oOMeHa
ACHUHXPOHHBIH, 8 OUTOB JaHHBIX 0€3 OUTa YUETHOCTH.

Pa3pabortate mporpammy mnepenauun 50 uucen (ot 20 mo 69) u3
mukpokoHTpoiuiepa AVR ATmega 328 B [I1DBM mo umHTepdeticy
RS232C B coorBercTtBUM ¢ mnporokosom: wmoayiab USARTI,
ckopocTh oOmeHa pnaHHeIMH 38400 Out/c, pexum oOMeHa
ACHUHXPOHHBIH, 8 OUTOB JaHHBIX 0€3 OUTa YUETHOCTH.

Pa3pabortate mporpammy mnepenaun 20 uucen (ot 10 mo 29) us
mukpokoHTpoiuiepa AVR ATmega 328 B [I1DBM mo umHTepdeticy
RS232C B cootBerctBUM ¢ mpoTokonoMm: Moayis USARTI,
CKOpocTh OOMeHa gnaHHbIMH 57600 Out/c, pexum oOMeHa
ACHHXPOHHBIH, 7 OUTOB JaHHBIX 0€3 OUTa YETHOCTH.

Pa3paboTtaTh nmporpaMmy, BBIOJHSIONIYI0 U3MEPEHUE TeMIEepaTyphl




B peXHUME OJMHOYHOIO NnpeoOpa3oBaHUs (AETUTENb YaCTOTHl paBeH
2) 1 (HOPMUPYIOILYIO CUTHAT MPEIYNPEXKACHUS C MOMOIIBIO OJ0Ka
CBETOJIMOJIOB, €CIIM 3HaYeHue TemnepaTypbl ipeBbicuT 30°C.

Pa3paboraTs mporpamMmy, BBHIIOJHSIONIYIO H3MEPEHHUE TEMIIEPaTyphl
B pEeXHME HENpPEepBIBHOTO mpeoOpa3oBaHus (ACTUTENb YaCTOTHI
paBeH 8) U (HOPMUPYIOIIYIO CUTHAI MPEAYNPEkKIACHHUS] C TTOMOIIbIO
0JI0Ka CBETOIMO/IOB, €CJIU 3HaUeHUEe TeMIiepaTypsl npesbicut 40°C.

Pa3paboraTe nporpaMmy, BBIIOJHSIOLIYIO U3MEPEHHUE TEMIIEPATYPHI
B PEXHMME OJMHOYHOI'O NMpeodpa3oBaHMs (JIEJIUTENb YacTOThl PABEH
64) u QopMHUPYIOIIYI0 CHUTHAJIBI TPEAYNPEXKIECHUS C TOMOIIBIO
OJI0Ka CBETOAMO/OB, €CIIM 3HAU€HHE TEMIIEPATyphl BBIXOJUT 3a
pamku nuanazona 25°C <T < 30°C.

Pa3pabotats mporpaMmy, BBIOIHSIONIYI0 U3MEPEHUE TeMIEPaTyphl
B PEXUME HENpephIBHOIO MpeoOpa3oBaHus (AEIUTEIb YaCTOTHI
paBeH 128) u QOpMHPYIOUIYI0O CHUTHAJIBl TMPEAYNPEKICHUS C
IOMOIIIbI0  OJIOKa CBETOAMOAOB, €CIM 3HAaYeHUE TeMIEepaTyphbl
BbIXOAMT 3a pamku auanaszona 30°C < T <40°C.
Tunosble TecTOBbIE 32/ 1AHUSA
Kakue u3 6vl0enenHbix Hudice 0COOeHHOCmeEU OMHOCAMCA K
muxpoxoumponrepam AVR Classic?

Flash-namsare nporpamm oobemom ot 1 mo 8 Ko6aiit (1000
IIMKJIOB CTUPAHUs / 3aIHCH);

RISC apxurektypa BbICOKOW IPOU3BOAUTEILHOCTH U Majoro
oTpeOIeHus;

HaIMYMEe Ha  KpUCTAJUIe Yy  HEKOTOpBIX  Mojelnei
MaTeMaTUYECKOT0 COMPOLIECCopa;

HaJIMYME y HEKOTOPBIX MOAETIeH BO3MOXHOCTH PacCUIMPSATh
maMsaThe 70 1MB;

BCTPOCHHOE YMHOXarolllee yCTPOICTBO, BBIMOJHSIONIEE
YMHO)KEHUE 32 2 MalllMHHBIX ITHKIIA;

Kaxyro onuny 6 baiimax umerom KOMAHObL 8 MUKPOKOHMPOJLIEPAX
AVR Classic?

Bce xomanp1 uMEIOT 1iMHY 4 OaiiTa;

Komannpl, B KOTOpBIX OJHUM W3 ONEpPaHIOB siBIsieTcs 16-
pasp.azapec - 4 Oaita;

Komanas! umerot anuny ot 1 10 4 6aifToB;

Bce komanap1 UMEIOT 1MHY 2 OaiiTa;

[IpakTdecku Bce KOMaHIbl UMEIOT AMUHY 2 OaiiTa;

Kakoe konuuecmeo nopmos cooepicumcs 6 MUKPOKOHMPOLIEPAX
AT90S2313?

4 nopra;

2 nopra;

5 opTOB;

3 nopra;

AVR Classic. I 0e naxooumcs pecucmposas namsams?
B CIELIMATBHOM aJJpeCHOM IPOCTPAHCTBE;
B aJipecHOM npoctpancTBe O3Y;
B OJIHOM M TOM JK€ aJpEeCHOM IpocTpaHcTBe, 4yTo U O3V, HO




JOCTYI K HUM pa3JIeJICH Ha JIOTHYECKOM YPOBHE;
HaXOJUTCS B aJpECHOM IPOCTPAHCTBE MaMSITH IPOTPAMM;

AVR Classic. I'0e pacnonrazaemcs mabauya 6eKmopos npepuleanuti?
c agpeca F END namsaru nporpamm;
c aapeca $001 mamsiTu mporpamm;
c agpeca $001 maMsATH JaHHBIX;
caapeca S_END namstu 1aHHBIX;

I'0e pacnonosicenvl uHOeKcHble pecucmpuvl yKazameau aopeca
navamu X, Y, Z 6 muxpoxonmpoinepax AVR?

X (R11:R10), Y (R13:R12), Z (R15:R14);

X (R27:R26), Y (R29:R28), Z (R31:R30);

X (R17:R16), Y (R19:R18), Z (R21:R20);

X (R1:R0), Y (R3:R2), Z (R5:R4);

AVR. Kakyro onepayuto gvinonnsiem komarnoa LD ?
KOCBEHHOE UTeHUE naMiITy JaHHEX B POH;
KOCBEHHOE OTHOCHUTEJIbHOE UTeHHE namsaTu AaHHbIX B POH;
3arpy3ka konctantsl B POH;
3arpyska u3 namstu gqaiHeix B POH;
3arpyska JJaHHbIX U3 namsaTu nporpamm B POH;
nepecouika u3 POHa B POH;

AVR. Kakou mun adpecayuu ucnoiv3yemcs Hpu 6blNOJHEeHUlU
xomanowl LD Rd, X/Y/Z ?

[Ipsimas anpecanust onnoro POHa;

[Ipsimas ampecanust peructpa BBOJ1a/BbIBOMIA;

[Ipsimas agpecarust O3V,

[Ipocras KocBeHHas aapecaius;

OTtHOCUTENBHAs KOCBEHHAS aJipecalius;

AVR. Io0e  Haxooumcs  pe3yiomam  UCNOJHEHUs  KOMAHO
YeNouUCIeHHO20 YMHOICEHUA?

B peructpax R1: RO;

B TEX K€ PETUCTPax, KOTOpblE MNPUHUMAIN YYacTHE B
YMHOKECHHH;

B PErHCTpOBOM mape, ompeznenseMoi omepanaom Rr (d, r
0...31);

B PErucTpoBoOi mape, ompenensemoi onepanaom Rd (d, r =
0...31);

B peructpax R31: R30;

AVR. Kax SPI unuyuupyem nepedauy 0anHuvix?
3anucero B peructp SPSR;
3anuchio B peructp SPDR;
nogaueit cuaxpocurnana SCK;
yCTaHOBKOH ¢uiara paspernienus nepenaun TE;

.| 16-TH pa3psinHBIC
MHUKPOKOHTPOJUIEPHI
cemerictea MSP430

Tumnosbie BONPOCHI

CucreMa TakTUpOBaHUSI MUKPOKOHTposuiepoB MSP430.

AnpecHoe MpOCTPaHCTBO MUKPOKOHTpoJiepoB MSP430.
CucremHsIi cOpoc n nHumanu3anus MSP430.

IIpeppiBannss  MSP430. Mackupyemble W HEMacKUpyeMble
IIpEpbIBaHMSL.




O6pabotka npeprsiBanuit MSP430. BekTops! mpepbIBaHUIA.

Pesxxumsbl pabotsr MSP430.

16-pazpssmroe RISC CPU MSP430.

Peructper HITY MSP430.

Pexxumebr agpecaniuu MSP430.

Cucrema komann MSP430. Komanasl C JBOWHBIM OIEpPaH]IOM.
Komanzpl ¢ oguHOYHBIM oniepanaoM. Komanael nepexona.
OcnoBHoIi Moyss TakTupoBanust MSP430. brok-cxema.
CyniepBuzop HamnpsioxeHust nutanus MSP430.

Kontpomnep IIIAIT MSP430. brok-cxema u (QyHKIMOHUpOBaHUE
koHTpoJsuiepa [TI1.

Pexxumbr  mepenoca IIJIII. Opunounsii mnepeHoc. biounbie
nepeHocsl. [lakeTHo-0104HbIE IEPEHOCHI.

[Tudpossie noptsl BBoAa/BeIBo1a MSP430.

Cropo:xeBoii Taitmep MSP430.

Taiimep A MSP430. CtpykTypa u pe>kuMbI pabOTEHI.

Taiimep A MSP430. Moaynb BbIBOAA.

Taiimep B MSP430. CtpykTypa u pexxumMbl paboThI.

[Tepudepuiinpiii unrepdpeiic USART MSP430 B pexume UART.
ACUHXpOHHBIC  KOMMYHHKAIMOHHbIC  (opmarel.  KoHTpoimep
ckopoctu nepenaun UART. IIpepsiBanus UART.

[Tepudepuiineiii unaTepdpeiic USART B pexume SPL. Pexumsl
Benyuiero/seqomoro  SPL. Vmpaenenue TtaktupoBanuem  SPL
ITpepriBanus SPI.

[lepudepuitnpiii  untepdeiic  USART B pexume  12C.
OyukiumonupoBanne [2C. Pexumsl  agpecanmun  12C.  Pexum
Benyuiero [2C. Pexum Benomoro 12C. IlpepsiBanus 12C.

Monayns ANII12. Crpyktypa u ¢yHKUMOHMpoBaHUEe. Bbibop
TaKTUPOBaHMs MpPeoOpa3oBaHMs, BHIOOP aAHAJIOTOBOTO  IOPTA,
TEHEpaToOp ONOPHOTO HAaNpsKEHUsA. PacllMpeHHBI M MMITYJIbCHBIN
pexxuM BbIOOpKU. [laMsTh peoOpa3oBaHU.

Pexxumbl mpeoOpazoBanuit AIII12. OnpHOKaHANbHBIM peXuUM ¢
OJIMHOYHBIM  mpeoOpazoBaHueM. Pexum  mocienoBaTelnbHOCTH
kaHanoB. [loBTopsrOIMIICS ONHOKAHANBHBIA peXUM. Pexum
MOBTOPSIOLICICS  TOCTEeN0BaTeIbHOCTH  KaHanoB. [IpepbiBaHus
AIIT12.

LHAIT12. Ctpyktypa u ¢yHknuonuposanue. SAnpo LIAII12. Beibop
nopra IIAIIl2. Hcrounuk omnopHoro HanpsbkeHus [LIAITL2.
KamubGpoBka  cmemeHuss  BeixogHoro — ycunmtens — [[AIT12.
ITpepriBanus u peructpsl LIAIT12

Tunosble 3aga4un

Pa3zpaboTaTte mporpamMmy miist MukpokoHnTposiepa MSP430, koTopas
BHIMIONHSAET BBIBOJ HWHpopMaimu (Damunus, UM U OTYECTBO
CTYyJICHTa, W TPYIIYy) Ha 3kpad mudposoro uaaukatopa WHI602A-
NGG-CT.

Pazpaborate mporpammy mnepenaun 100 umcen (ot 0 g0 99) c
mukpokoHtpoiuiepa MSP430F1611 k IIDBM uepes untepdeiic USB
B COOTBETCTBUU ¢ IpoTokosioMm: Moayinb USARTO, ckopocts oOMeHa
nanHbM 19200 6uT / ¢, peskuM 0OMeHa aCHHXPOHHBIHN, 8 OUT JaHHBIX
0e3 OMTa 4YeTHOCTH.

Pa3zpaborate mporpammy mnepemaun 50 umcen (ot 20 o 69) c




mukpokoHnTposiepa MSP430F1611 k [I9BM uepes uarepdeiic USB
B COOTBETCTBUU ¢ IpoTokosioMm: Moayinb USARTO, ckopocTs oOMeHa
nanHbM 38400 6uT / ¢, pexxuM 0OMEeHa aCHHXPOHHBIHN, 8 OUT JaHHBIX
0e3 OuTa YeTHOCTH.

Pa3zpaborate mporpammy nepegaun 20 uucen (ot 10 mo 29) ¢
mukpokoHnTpoiepa MSP430F1611 k [I9BM uepes unrepdeiic USB
B COOTBETCTBUHU ¢ MPOTOKOIOM: Moayinb USARTO, ckopocTh oOMeHa
nanHbiM 57600 O6ut / ¢, pekuM oOMEHa aCHMHXPOHHBIM, 7 OWUTOB
JIAHHBIX 0e3 OUTa YETHOCTH.

Pazpabotate nmporpamMmy, Kotopasi GUKCUPYET Ha)xaTus KiIaBuul 1, 2
W MaTpUYHOM KJIAaBHATypbl BKJIIOUYEHHEM CBETOAMONIOB 1, 2 u 3
COOTBETCTBEHHO. BBIX01 M3 IMKIAa ONpoca OCYIIECTBISAETCS IpU
HakaTuu KiaBuiy #. YacToTa TaKTOBBIX UMITYNIbCOB Ha IuHUU SCL
- 10 kI'g

Pazpabortats mporpamMmy, Kotopasi GUKCUPYET HaXaTus KJIABUII 5, 7
1 9 MaTpU4YHOM KIaBUATypbl BKIKOYEHHEM CBETOLUOINOB 5, 6 u 7
COOTBETCTBEHHO. BBIX0A M3 HHMKIa Onpoca OCYLIECTBISAETCS IPHU
Ha)KaTUM Ki1aBuIIM *. YacToTa TaKTOBBIX UMITYJIbCOB Ha JiuHUM SCL
-20 xI'm.

Pa3paborate nporpammy s MUKpokoHTposiepa MSP430, koTopas
o0ecrieynBaeT U3MEpEeHHE COIPOTHBIICHUS MEPEMEHHOIO pe3UCTOpa
Y BBIBOJUT paccunTaHHoe 3HayeHue Ha JKKU. [Jna pemenus 3agaun
HE0OXOIMMO HCIOJIb30BaTh BCTPOEHHBIM KOMIapaTop U Taiimep A B
peKMMeE 3axBaTa

Pazpaborath porpammy, BBITIOJIHAIOLIYIO U3MEPEHUE
OTHOCHUTEJIbHOM BIQXXHOCTH B PEKHUME OJMHOYHOTO MpeoOpa3zoBaHus
(tenuTeNp YacTOTHl pPaBeH 2) M OTOOpaXKalollylo pe3yibTaT
n3mepennit Ha JKKU.

Pazpaborats porpaMmy, BBITTOJTHSFOIITYIO M3MEepeHne
OTHOCHUTEJIBHOM  BJI@XHOCTH B PEXKUME  HEHPEPHIBHOIO
npeoOpa3oBaHusl (JIEIUTENIb YacCTOTHl paBeH §) U OTOOPaKAIOIIYIO
pesynbpraT uzmepenuil Ha JKKH.

Paspaborath [pOrpaMmy, BBINIOJIHAIOLIYIO U3MEpEHHE
OTHOCHUTEIBHOMN BJIQXKHOCTH B PEXKUME OIMHOYHOI'O
npeoOpa3oBaHus (JIETUTENh YaCTOTHI paBeH 4) U OTOOpaKaroIIyI0
pesyabrat uzmepenui Ha KKU.

Pazpaborars porpaMmmy, BBITIOJTHSTIOTITY O U3MepeHue
OTHOCUTEIIFHON  BJIXKHOCTHU B pEXHME  HEMPEpPHIBHOTO
npeoOpa3oBaHus (IETUTENb YaCTOTHI PaBeH 5) W OTOOpaKaroIIyIo
pe3ynbTaT u3mepenuit Ha JKKU.

Pazpabortath IporpamMmy, BBINOJIHSAIOLTYIO U3MepeHue
MOTpeOIIEMOTO TOKa B PEKHUME HEMPEPHIBHOTO MPEoOpa3OBaHUs
(menuTenp YacTOTHl paBeH 6) M OTOOpaXKaloIIyl0 pe3yibTaT
n3Mmepenuit Ha JKKU.




Pazpaborath IIpOrpamMMmy, BBINOJIHAIOLLYIO U3MepeHue
noTpedIsieMoro TOKa B PEXHUME OJUHOYHOTO IpeoOpa3oBaHUs
(enuTeNp YacTOTBl PaBeH 7) M OTOOpaXKaloIlyld pe3yibTaT
n3mepenuii Ha JKKH.

Pazpaboratp porpaMmy, BBITTOJTHSIOLITY IO U3MepeHue
noTpelisieMoro ToKa B PEKUME HENPEPBIBHOIO IpeoOpa3oBaHus
(menutenp 4acToThl paBeH 4) W OTOOpaXaroUlyl0 pe3yJbTaT
n3Mmepenuit Ha XKKU.

Pazpaborath IIpOrpammy, BBINOIHSOLIYIO U3MepeHue
NOTPEOIIEMOr0 TOKa B PEXKUME HENPEPHIBHOTO MpeoOpa3zoBaHUs
(menuTeNnp 4acTOThl paBeH 1) M OTOOpaXkarollyro pe3yibTaT
nsmepenuit Ha JKKH.

TumnoBbie TECTOBBIE 32/ IaHUS
Muxpokoumponnepvl cemeticmea MSP430 codepacam RISC
npoyeccop

64-pa3psaHbIi

8-pa3psaHbIii

32-pa3psaHbIii

16-pa3psaHbIii

Cmex —smo

0COOBI perucrp, OTBEYAIOUIMHM 3a MpUEeM JaHHBIH OT
BHEIIIHEr0 YCTPOMCTBA

0COOBI pEerucTp, OTBEHAIOLIUMN 3a TMepenady JaHHBIX
BHEIIIHEMY YCTPOICTBY

o0jacTh mamsTH, CIEUAIbHO BblAENsAeMas AJIsl IOCTOSIHHOTO
XPpaHEeHHUs1 JaHHBIX TPOrPaMMBbI

o0JjacTh MamsTH, CHELMAIbHO BblIEIseMas AJii BPEMEHHOTO
XpaHEeHHUs JaHHBIX TPOrPaMMBbI

Cemeticmeo ~ MSP430  obnaoaem  credyrowumu  KiiodesbiMu
0COOEHHOCMAMU:

apXHUTEKTypa c YJIBTPaHU3KUM notpebieHueM,
YBEJIMYHUBAIOLIAs BpeMsl paOOThI IIPU MUTAHUU OT OaTapeit

UMEEeT BCTPOCHHbIE MoOAynu 12-paspsgHoro wmm  10-
paspsigHoro AL

nMeeT ciBoeHHbIN 12-pa3psnnbiii LAIL

ONTHMU3UPOBAHO JMJII COBPEMEHHOIO BBICOKOYPOBHEBOTO
IIPOrPaMMHUPOBAHHUS

umeet 16-paspsausiit RISC npoueccop

HaboOp KOMaHJ COCTOUT U3 27 UHCTPYKIMMA, MOAIEPKUBACTCS
CEMb PEXKUMOB aJIpecaluu

paciIipeHHbIE BO3MOKHOCTH BEKTOPHBIX MPEpbIBaHUIN

KOMITaKTHOE PO MMEET MOHMKEHHOE YHEPronoTpediieHne u
CTOUMOCTb

apXUTEKTypa C BBICOKUM IHEPronoTpedieHneM

MOJIEP/KUBAET TOJIBKO HU3KOYPOBHEBOE IIPOrPaMMHUPOBAHNE

umeet 32-paspsansiii RISC nponeccop

nmeet 8-paspanuelii RISC nponeccop

Cucmema maxmuposanus MSP430




CUCTeMa TaKTUpPOBaHMs pa3paboTaHa CHEHUAIBHO JJIs
UCTIOJNBb30BaHUSI B NPWIOKEHUSAX C TMUTAaHHEM OT Oarapeil.
BcnomorarenbHas Hu3kodacToTHasi cuctema taktupoBanus (ACLK)
pabotaer ot 32 k['11 vacoBOro KBapIEBOro pe3oHaTopa

HU3KOYaCTOTHAsi BCIIOMOraTellbHas CHUCTEMa TaKTUPOBaHUS
obecrnieunBaeT pabOTy MUKPOKOHTpPOJIEPA B PEKUME YIBTPAHU3KOTO
noTpebIeHUsI MOITHOCTH

aKTUBM3AllMsI  OCHOBHOIO  BBICOKOCKOPOCTHOI'O  MOZYJIS
TaKTUPOBAHMS  MO3BOJSIET  BBIIOJIHUTH  OBICTPYIO  00pabOTKy
CUTHAJIOB

CHUCTeMa TAaKTHUpPOBaHUS pa3zpaboTaHa AJs KCIOJIb30BAHUS B
YCTPOMCTBAX C MUTAHUEM OT JIEKTPOCETH

aKTUBM3AlMsI ~ OCHOBHOTO  HHU3KOCKOPOCTHOTO  MOZYJS
TAKTUPOBAHMS IO3BOJISET BBINOJIHUTH MEAJICHHYIO 00paboOTKy
CUTHAJIOB

Opeanuzayus aopecrnozo npocmparncmea O3Y MSP430

O3Y naumnaercs ¢ anpeca 0200h

KoHeuHbIH anpec O3V 3aBUCHUT OT 0ObeMa MpeaAcTaBICHHOU
MaMSTH ¥ Pa3INIaeTCs IS KaXKI0T0 KOHKPETHOTO yCTPOKWCTBA

O3Y MoxeT UCHOIB30BaThCS Kak Ui MPOrPaMMHOTO KOJa,
TaK U JUII JaHHBIX

KOHeuHbIH agpec O3Y 0auMHaKOB 1Jis BCEX yCTPOMCTBA

HavyanpHbll  azpec O3V  pasnuuaercs Uil KaXIOro
KOHKPETHOT'O yCTPOWCTBA

O3Y MOXeT HuCHOJB30BaThCS TOJIBKO JUISi HPOrPaMMHOIO
Koza

O3Y MoKeT UCTIOTB30BaTHCS TOIBKO TSl TaHHBIX

Mooyno UART:

[lepemaer nmaHHBIE APYroMy YCTPOHCTBY B CHHXPOHHOM
pexume, a IPUHUMAET B ACHHXPOHHOM

[lepemaer nmaHHBIE APYroMy YCTPOHCTBY B ACHHXPOHHOM
pexuMe, a MPUHUMAET B CHHXPOHHOM

[lepenaer n mpuHUMAET JaHHBIE ACHHXPOHHO

[lepenaer n npUHUMaET JaHHbIE CHHXPOHHO

@petim  Oannvix npu nepedave no npomoxony USART umeem
cneoyrowutl popmam:

{CrapToBBIii OUT, ceMb OHUT MJaHHBIX, OWUT YETHOCTH,
CTOTIOBBII OUT}

{CrapToBbIii OUT, BOCEMBb OHUT [aHHBIX, OUT YETHOCTH,
CTOTIOBBIH OUT}

{CrapToBbIii OUT, cemMb OWUT JaHHBIX, OUT aapeca, OUT
YETHOCTH, CTOTIOBBIN OUT}

Bce ykazannbie popmatsl BEpHBI

Ilocne nepedayu adpeca/0anHvlx nepedamuyux nepekoHguypupyem
aunuro SDA u cuumvoieaem cueHan noOmeepiHcOeHus.

SDA HnactpauBaercsa Ha BBoa: 0 = ACK, 1 = NACK

SDA nactpauBaetcs Ha BeiBoA: 0 = ACK, 1 = NACK

SDA nactpauBaercs Ha BBoa: 1 = ACK, 0 = NACK

SDA nactpauBaercs Ha BeiBOJ: 1 = ACK, 0 = NACK




@nae USIIFG ycmanasnueaemcs 8 eOuHuyy Koeoa:
Cuerunk 6utoB nocuuteiBaeT 10 0xFF
Cueruynk 6uToB ymeHbImiIcs 10 0x00
CyeTuynK OUTOB HOCUUTHIBAET 10 0x80
Cuerunk 6uTOB HocyurthiBaeT 10 0x08

Ilpu obmene oannvimu no npomokoay 12C, oum noomeepicoenus
Gopmupyemcs npueMHUKOM nocie:
Kaxxnmoro 6aiita mo neBsitoMy UMIyIbCy Ha tuHUU SCL
Kaxxnoro 6ura no Bropomy umnysbcy Ha Jiuauu SCL
Kaxxnoro 6aiita mo BTopoMy UMITY/IbCy Ha TUHUU SC
Kaxxnoro 6uta no aessitoMmy umiynbcy Ha quHuu SCL

Ilepexoo 6 peoicum asmomamuuecko2o pAacnO3HABAHUS CKOPOCHU
nepeoavu OoCywecmeisiemcs u3 COCMOAHUA «IUHUL C80000HA», 8
KOMOpoe NpuemMHUK nepexooum nocie npuema:

OnuHHaauaTH Wik 0osiee HYNEBBIX HEMPEPbIBHBIX OMTOBBIX
WHTEpBAJIOB

YeTslpex WM MEHEEe HYJIEBbIX OUTOBBIX HHTEPBAIOB

BoceMu miin MeHee HyneBbIX OUTOBBIX HHTEPBAJIOB

Her npaBunsHOrO orBera

Asmomamuueckoe onpeoeineHue ckopocmu nepeoauu
ocywecmensgemcs — npu  noMowu  ¢hpeluma  CUHXPOHU3AYUU,
cooepoicaue20 8 nojie OAHHbIX 3HAYEHUE:

0x00

0x22

0x055

0x44

Cuenan cunxponuzayuu 6 pesxcume SPI npu MM = 1 ¢popmupyemcsi:
Mactepom Ha BeiBosie UCLK ot renepatopa MCLK
Mactepom Ha BbiBosie ACLK
Mactepom Ha BeIBoge UCLK ot reneparopa BITCLK

USART
Bceemu nepeuncieHHbIME cIIOCOOaMuU

bnox  aemomamuueckoco  pacnosmasanusi  owub0K  CcnocodeH
0emeKmuposams.:

Omunbxu Qpeiima, 4eTHOCTH, MEPETOJHEHHUs] NMPUEMHUKA U
pas3pbiBa JHHAN

Omunbxu peiima u 4eTHOCTH

OmmOKY reperoHeH s TPUEMHHUKA U Pa3pbiBa JTHHUN

Omunbxu Qpeiitma, 4eTHOCTH U IEPENOTHEHUS IPUEMHHKA

Mooyne USART ucnonvzyemcs
TonpKko 171 aCHHXPOHHOM TTepeiadr TaHHBIX
Tonbko A7 CHHXPOHHOM Mepenadn TaHHBIX
Jlyiss oOMeHa JaHHBIMU B TIapajuieIbHOM (hopMare
[Ipu mocnenoBaTensHOM OOMEHE TaHHBIMU

Cunxponnass  nepedaua  Oauuvix  medcoy  0eymsa  USART
YCmMpoUuCmeamu 0Cyujecmesiemcs:
C ucnonb3oBaHUEM 0OUIeH Ui NpUEMHHKA M NEepeaaTyrKa




JIMHUW CUHXPOHU3ALUH
be3 o0miero curnana CHHXpOHHU3AIUN

C HCIIO/Ib30BaHUEM HE3aBUCUMOTI'O TaKTUPOBAHUS
IIEPENATUYNKOB

C HCIIO/Ib30BaHUEM HE3aBUCUMOTIO TaKTUPOBAHUS
IIPUEMHUKOB

Acunxponnas  nepedaua  Oauuwblx — medxncoy  08ymsi  USART
YCmMpoUuCmeamu 0Cyujecmeisiemcsi:

C ucnonb3oBaHueM oOwIeH Ui NpUEMHHKA M NEepeaaTynKa
JIMHAW CHHXPOHH3AINN

C WCTOJIb30BaHUEM HE3aBHCHMOT'0 TaKTUPOBAHUS
NepeAaTIYNKOB U TIPUEMHHUKOB

C WCTOJIb30BaHUEM HE3aBHCHMOT0 TaKTUPOBAHUS
NepeaTINKOB

C WCTIOJIb30BaHUEM HE3aBHCHUMOTO TaKTUPOBAHHS
IPUEMHHUKOB
Mooyne  USART MSP430  nooodepoicusaem  credyrouue

KOMMYHUKAYUOHHbIE NPOMOKOIbL.
Her npaBuibHOro BapuaHTta
UART u 12C
SPIu I12C
UART u SPI

Ilpu oocmyne « flash-namsmu MSP430 6 pescume umenus, Koeoa
¢nae BUSY = I:

®nar ACCVIFG = 1 u cuntsiBaeMbie qanubie paBasl 03FFFh

@nar ACCVIFG = 0 a u cuuTbiBacMble JaHHBIE pPaBHbI
03FFFh

®nar ACCVIFG =1 u ¢pnar LOCK =1

Flash-namsmes MSP340 cocmum us3:
JByX cexuui
Tpex cexuuit
YeTbIpex cexuuit

Hauanvnwiti npuopumem xananos IJIT (DMAO - DMAL - DMA2).
Eciu 6um ROUNDROBIN copowen, mo nocie nepedauu OAHHbIX
kaunanom DMAQ, ycmanoeamcsa cnedyrowue npuopumemsi.

DMAZ2 - DMAO - DMAL1

DMAL - DMA2 - DMAO

DMAO - DMAL - DMA2

DMAL - DMAO - DMA2

Aopec npuemnuxa DMA nocne nepedauu npu DMADSTBYTE = 1 u
DMADSTINCRx = 3:

OcraHeTcsi HeU3MEHHBIM

VBenuuuTcs Ha 1Ba

YMeHbIINUTCS HA J1BA

VYBenuuuTcs Ha eAMHUILY

Hemackupyemoe npepvieanue NMI mosxcem ocmanoeumv DMA
KOHMPOJep eclu.:




ycta"oByieH ouT ENNMI
ycranoBieH out DMAEN
ycta”oByieH out GIE
ycranoBien out DMAIE

Kaxoe 3uauenue mneobxooumo 3zanucame 6 none INCHx mooyns
ADC12 0ns nooxknouerus 6HympeHHe20 0amuuKa memnepamypol.

INCHx = 12
INCHx =9
INCHx = 10
INCHx =7

Il ycmanosku nepuooa npepuvieanus om matimepa Timer A
paenozo 1 cekyHOe, KOMOpbuLU MAKMUpyemcs Om 6HYMpPEeHHe20
eenepamopa ACLK (32768 I'y) u pabomaem 6 pedicume cpagHeHus, 8
peeucmp TACCRO neobxooumo 3anucamo:

32768

32767

16384

65536

Ilpu TASSELx = 1, maimep (Timer A unu Timer B) maxmupyemcs
om:

SMCLK

ACLK

TACLK

INCLK

Jna eenepayuu LIHM-cuenana ¢ axkmuHblM BbICOKUM VPOBHEM
HeobX00UMO YCMAHOBUMb PEANCUM BbIBOOA:

Mode 6

Mode 7

Mode 3

Mode 2

Hna mozo, umobwer mavimep Timer A yuxiuvecku cuuman om 0x000
00 OxFFFF, neobxo0umo eblopams pexcum.

OctanoB (MCx = 0)

Brepx/Bau3 (MCx = 3)

Beepx (MCx =1)

HenpepriBabiit (MCx = 2)

Hna copoca Timer A, pabomaioweco 6 HeNpPepviGHOM pedcume
HeobXx0o0uUMo:

Ounctuts peructp TACCRO

Ycranosuts 6ut TACLR B peructpe TACTL

3anucate 3HaueHne OXxFFFF B peructp TAR

s exnouenus peoicuma 2eHepayuu NpepvleaHuli. No NepeoHemy
¢ponmy cuenana om nunuti nopma Port 2neobxooumo:

VYcranoButh cootBercTBytomue Outbl P2IE m P2DIR m
copocutsb 6ut P2IES

VYcranoButh cootBeTcTBYytomue outel P2DIR, P2IE u P2IES

YcranoButh coorBercTBytonie 6ut P2IE u cOpocuth OUTHI




P2DIR u P2IES

Kakoti uz ynpasnaowux pecucmpos nopma Port 3 nacmpausaem
NUHBL HA 616007

P3DIR

P3SEL

P3IN

P30OUT

Kaxoti uz ynpasnarowux pecucmpog nopma Port 2 nacmpausaem
NUHbL HA 86007

P20UT

P2SEL

P2DIR

P2IN

B muxpoxonmponnepax MSP430 ece nunuu 6600a/gvigooa:
N3meHsAI0T cBOE HampaBIeHUME C KAKIOM KOMaHAOU
POTPaMMBbI
CoxpaHAIOT  CBOE  HampaBICHUE  HEM3MEHHBIM  TIpU
BBITTOJIHEHUH [TPOTPAMMBbI
HacrtpauBarotcs Ha BBOJ IIPH 110/1a4€ AIIEKTPOITUTAHUS
HactpauBaroTcs Ha BBIBOJI IIPU TOJ[au€ SJICKTPOITUTAHHSI

na nacmpotiku nunuu nopma MSP430 na 6v1600:

CootBerctBytomuii  6ut peructpa PxIN momkeH ObITh
YCTaHOBIIEH B |

CootBerctBytomuit  O6ut peructpa PxOUT nomkeH ObITh
YCTaHOBIIEH B |

CootBerctBytomuit  6ut peructpa PxDIR nomkeH ObITh
coporex B 0

CootBerctBytomuit  6ut perucrtpa PxDIR nomkeH ObITh
YCTaHOBIIEH B |

CootBerctBytomuit  6ut peructpa PxSEL nomkeH ObITh
YCTaHOBIIEH B |

s nacmpotiku nopma MSP430 na 6b1600:
Peructp PxIN nomxkeH ObITh YCTaHOBIIEH
Peructp PxOUT nomxeH ObITh yCTaHOBJIEH
Peructp PxDIR nosmkeH ObITh yCTaHOBJIEH
Peructp PxSEL nomkeH ObITh yCTaHOBIIEH

s nacmpotiku aunuu nopma MSP430 na 6600:

Heo6xoauMo cOpocUTh COOTBETCTBYIOIIUI OUT perucrpa
HaTpaBJICHUS

Heo06XxoauMo ycTaHOBUTH COOTBETCBYIOUIMM OWUT perucrpa
PxIN

Peructp PxOUT nomxkeH ObITh HEAKTUBHBIM

Heo0OxonuMo ycTaHOBUTH COOTBETCTBYIOIIMM OUT peructpa
PXSEL

B MSP430 6um ynpaenenus cmopooicesvim mavimepom WDTTMSEL:
VYcranaBnuBaeTcs IS Iiepe3anycka Taiimepa
He BrusieT Ha paboTy Taiimepa




[Ipy ycTraHOBKE B €IUMHUILy 33/1a€T HWHTEPBAIbHBIA PEXUM
paboThI Taiimepa
[Ipu cOpoce B HOJIb OTKITIOYAET CTOPOKEBOM TaiiMep

IIpu oocmyne k 16-6bumogomy pe2ucmpy ynpasieHus cmopo*Cesbim
matimepom WDTCTL:

B crapmem Oaiite pomxeH ObITh kox goctyna 0x05A B
pexume urenus u3 (3anucu B) WDTCL

Bce OuthI cTapiero 6aiita paBHbI 1

B crapmiem Oaiite npu ureHuu cumtbiBaeTcs koxa 0x069, a
IIPH 3aIlMCH B cTapIieM 0aite 1oJpKeH ObITh Ko qoctymna 0x05A

Bce OuThl cTapuiero 6aiita paBHsl 0

Pescum pabomor muxkpoxonmponnepa MSP430 onpedensemcs:
CocrosinueM sipa npoueccopa CPU
YeTsIppMsi OUTaMU PETHCTpa cTaTyca
KonundecTBom nuHUi NOPTOB, HACTPOSHHBIX HA BBOJ

Ipepvisanus ynpasnaom yugdposvim npoyeccopom.
B 3aianHbIe MOMEHTHI BpEMEHU
B nipon3BoJIbHBIE WK CITy4aiiHbIE MOMEHTHI BPEMEHU
[TocTOAHHO B OIHU U TE K€ MOMEHTBI BPEMEHU
B npenonpeneneHable MOMEHTHI BpDEMEHU

K pecucmpam ynpaenenus cucmemori maxmuposanus MSP430
OMHOCAMCSL:

peructpsl R13, R14 u R15

peructpsl R7, R8 uR9

peructpsl R4, RS u R6

peructpsl BCSCTL1, BCSCTL2 u DCOCTL

Peotwcum pabomur muxpoxonmpoanepa MSP430 onpedensemcs:
CuetunkoMm komana (PC)
CocrosaueM siapa npoueccopa CPU
CocrosHueM 4eTbIpex OUTOB B peructpe craryca (SR)
Bce yrBepxkaeHNs BEpHBI

Cumeon &ADDR 6 xomanoe 3adaem peocum aopecayuu OJisl
UCMOYHUKA UNU NPUEMHUKA:

CHMBOJIBHBIN PEXHUM a/Ipecaliuu

PeructpoBslil pexxum aapecanuu

AOGCOIOTHBIN PEeXHUM ajpecaluu

HNHpaekcHbI pexum aapecanuu

Jna 08YXAOPECHbIX UHCMPYKYULL MUKPOKOHMPOJLILED
MSP430no0oepacusaem:

CeMb peXXMMOB aipecalliy JJIs HCTOUYHUKA U YETHIPE PeKUMa
aJipecalnu ISl IPUEMHUKA

[lecTh pexXMMOB ajpecaluy ISl UCTOYHHKA M TPU PEKUMa
aJipecalnu JijIsl IPUEMHUKA

CeMb pEXHUMOB ajpecalldyl JIsi UCTOYHHKA U TPU PEKHMA
aJipecaluu sl IPUEMHUKA

[llecth peXUMOB ajpecalii Ui HCTOYHHKA M YEThIpE
peKUMa ajpecalvy JJis IPUEMHUKA




3nauenue pecucmpa cmamyca SR = 0x0104 unouyupyem:

Uro mpou30UUIO  MEPEroJIHEHHWE  MPH  BBINOJIHEHUU
apuMEeTHUECKOH omeparuy Ha/l 3HAKOBBIMU YUCJIAMU U YCTAHOBIICH
¢aar nmepeHoca

Uro mpoM30nUI0  TEPENOJIHGHWE TPH  BBIMOJTHCHHUU
apuMeTHYeCcKOil onepaiy HaJl 3HAKOBBIMU YUCJIAMU U YCTaHOBJIEH
¢nar pazpelnieHre MaCKHPyEeMbIX MPEPHIBAHUN

Pesynbrar apudmernveckoil omepamyu OTPUIIATEIBHBIN U
YCTaHOBJIEH (iIar mepeHoca

Snpo mporeccopa OTKIOYEHO M YCTaHOBIEH  (iar
pa3pelieHne MaCKuPyeMbIX

Cuemuux komano (PC):

XpaHUT OWUTBHI COCTOSIHUS M OWTBI YIPABJICHHS PEKHUMOM
npoieccopa

VYka3bIBaeT Ha CICAYIOIIYI0 KOMaHIy, KOTOpasi JOJDKHA OBITh
3alMcaHa B IaMsTh

XpaHHT apec BO3Bparta U3 MPOLEAyphl WK MPEPhIBAHUS

VYka3plBaeT Ha CICIYIOUIYI0 HHCTPYKIHUIO, KOTOpas JO0JDKHA
OBbITh MPOYKMTAHA U3 MAMSTH U BBIMOJHEHA MPOIIECCOPOM

bnox AJ1Y mukpoxonmponnepa MSP430 cnocobro evinonusams:
Ornepanuu ClI0KEHUSI, BBIYMUTAHUS, YMHOXKECHHS U JIOTHYECKUE
onepanuu (AND, OR, XOR)
Ornepanuu ClI0XKEHUs, BHIYUTaHUS, YMHOXKEHUS U JCICHUS
Omneparuu CJI0KEHUsI, BBIYUTAHUS, CPABHEHUS U JIOTHYECKUE
onepaunu (AND, OR, XOR)
Omneparuu ClI0XKEHUs, BHIYUTaHUS, yMHOXEHUS U CPAaBHEHUS

AHopo muxkpokonmponnepa MSP430 codepocum:

16 pPErucTpoB (4 u3 KOTOPBIX BBITIOJIHSAIOT
npeAonpeeieHHble  (PYHKIIMK, a oOcTaBmuecss 12  sSBISIOTCS
perucTpamu o0IIero Ha3HAYCHUS )

14 pErucTpoB 2 u3 KOTOPBIX BBIITOJIHSIOT
npefonpeaeneHHble  (QyHKUMM, a ocraBmuecs 12 sBiswooTcs
perucTpaMu OOIIET0 Ha3HAYCHUS )

16 pPErucTpoB (6 u3 KOTOPBIX BBITIOJIHAIOT
npeaonpeeieHaple  (QyHKIMUA, a ocrapmmecss 10  sSBastoTCS
perucTpamu o0IIero Ha3HAYCHHUS )

18 pErucTpoB (4 u3 KOTOPBIX BBIIIOJIHSAIOT
npefonpeaeneHHple  QYHKUIUMH, a ocraBmmecs 14  sBiswooTcs
perucTpaMu OOIIeT0 Ha3HAYCHUS)

Aopo muxkpoxonmponnepa MSP430 noooepocusaem:
20 xomaHA a1pa U 14 sMyIMpyeMbIX KOMaH]
2’7 KoMaHn
27 xoMaHA a1pa U 24 sMyaupyeMble KOMaHIbI
24 xoMaHbI A11pa

Ha sizvixke Accembnepa mukpoxonmpoanepa MSP430 cumeon # nepeo
onepanoom o3Hauaem:

PeructpoBslil pexxum aapecanuu

HenocpencTBeHHbIN pexuM agpecan




AOCOJIFOTHBIN PEeXKUM aJpecarii
CHUMBOJIBHBIN PEXHUM aJipecaliuu

Ha ssvike Accembnepa muxpoxoumpoanepa MSP430 cumson .w
nocie KOMaHobl 03HaAYaem:

JlecATUYHYIO KOMaHy

[lecTHaaaTepUUHYIO KOMaH1y

[Tepexon Ha apyrou agpec

Uro B KOMaHE HUCHOJB3YIOTCS ONEpaHibl THUMA CIOBO (2
OaiiTa)

Ha ssevike Accembrepa muxpoxoumpoanepa MSP430 cumeon .b
nocie KOMaHobl 03HaAYaem:

UYrto B KOMaH i€ UCTIOJIB3YIOTCS 16-TH OUTHBIE OTIepaHIbI

Urto KxomMaH/1a SBISETCS YaCThIO MOAMPOrPAMMBI

UYro koMaHa Oy/IeT HCIIOJIb30BaHa B IPOTPaMMeE TI03Ke

UTto B KOMaHJE WCIIOJIB3YIOTCS 8-MH OHUTHBIE OIEPaH]IbI
(Mmanmme GalThI CIOB)

B oononmumenvhom koode edunuya 6 cmapuiem  paspsoe
omoopadicaem:

3HaueHue ¢uiara nepeHoca

YTo YHUCIIO SBISACTCS MOJIOKHUTEITHHBIM

UTo 4HuCIo SBISAETCS OTPULATEIEHBIM

YTo YHUCIIO SABISETCS KOMIUIEKCHBIM

MaxkcumanvHnoe 3nauenue, Komopoe modxcem Oblms NPeocmagneHo 8-
MU 6UMOB01 6e33HAK0BO NePeMeHHOL PABHO:

256

255

16

128

Ilpu 3naxoeom croowcenuu raz nepenoca ghopmupyemcs eciu:
Benuunna pesysnbTara MEHbIIE 3HAYEHHMS] HAaUMEHBILIETO W3
OIlepaH/I0B
YcranaBnuBaercs Miaaunil OUT pe3ynbTara
VYcranaBiauBaeTcs crapiuii OUT pesyiabTara
[Ipn cnoxkeHun JABYX OTPHUIATEIbHBIX YHCEN pe3ysbTar
MIOJIOKUTEIbHBIN

Kaxas u3 onepayuui 6e33naxko8o2o  cnodcenusi npugedem K
¢opmuposanuio ¢raea nepenoca:

0111 11112 + 0000 00102

1000 00002 + 1000 00002

0111 11112 + 1000 00002




5.3. TunoBble KOHTPOJIbHBIE 32IaHUA (MATEPHUAJIbI)
JJISl TEKYIIEro KOHTPOJIS B ceMecTpe

Texywyuii KOHmpoab OCYIIECTBISICTCS B TEUEHHE ceMecTpa B (OpME 3allUThI
n1abopaTopHBIX PaboT.

B Meroguueckux yKa3aHMSX K BBIIOJHEHHUIO JIAOOpaTOpHBIX pPabdoOT 1O
OUCLMIUIMHE TPEACTABIEH NEpeueHb Ja0OpaTOpHBIX pPabOT, 0OO3HAUEHBI LEIb U
3aJ1a4, [IPeICTaBICHbl MHANBHIyaJIbHbIE BAPUAHTHI 3aJaHUI U NIepeUYE€Hb KOHTPOJIbHBIX
BOIIPOCOB.

3amuTa 1a00paTOpHONM pabOThl MPOBOJIUTHCS B (POPME YCTHOTO ONPOCA CTYyACHTA
U HampaBJieHa HAa TPOBEPKY CTENEHM YCBOEHUS Marepuajla M I[OHMMAaHUs
TEOPETUYECKUX CBEACHUN, HCIIOJIb3YeMbIX B MPOLECCE BBIMONHEHUS pabOThI; s
3alIUTBl HEOOXOJMMO TPEJICTaBUTh B MEYATHOM (PyKONMUCHOHN) QopMe OTYeT o
nabopaTopHON paboTe, BBINOJHEHHBI CAMOCTOSATEBHO U B COOTBETCTBHHM CO BCEMU
TpeOOBaHUSIMHU, TPHUBEACHHBIMH B METOJAMYECKUX YKA3aHUAX K BBITIOJHEHUIO
naboparopubix pabot. [IpumepHbie mepedeHb KOHTPOIBHBIX BOMPOCOB MJIST 3aIUTHI
Ja00paTOPHBIX pabOT NPUBE/IEH B TAOIUIIE:

TemaTuka nabopaTopHOH KoHTpoJibHBIE BOITPOCHI
paboThl
Jlaboparopnas pabota Nel. | 1. Kakue QpyHKUIMU BBITOTHSIET pErUCTp-3allieKa Py MOJKIIOUEHUH K
ITonkimodyeHre BHEITHEN MK BHemHeH namMaT?

NaMsTH U €€ TeCTUpOBaHue | 2. Ha3zoBuTe aibTepHATUBHYIO (DYHKIUIO, BHIIOJHIEMYIO TopToM P2.
3. O0bsacuute HazHauenue curaana PSEN (37 BeiBogq MK-51).

4. TlosicHuTe, B yeM OTJIMYUS B paboTe mpolieccopa npu 00palieHnu K
BHEIIHEH MaMATH JaHHBIX [10 CPABHEHUIO C PE3UJIEHTHON?

5. KakoBo Ha3Hauenue BbiBosia EA/Vpp MK?

6. Kakum 006pa3oM MOKHO HCIIoNb30BaTh BHenTHee O3Y nis
oOpalleHns U K IJaHHBIM U K nporpamme?

7. Kak nmoacuuTeiBaeTcs KOHTPOJIbHASI CyMMa 33/1aHHOM o0actu
namMsTH?

8. O0wsacHuTe HazHaueHue BbIBOJOB CE (CS), OE mukpocxem naMmsru.
9. KakoBbl KOHCTPYKTUBHO-TEXHOJIOTMYECKHE OTINYHS OJHOKPATHO-
nporpamMmmupyemMbix Mukpocxem I13Y (PROM) no cpaBHeHu:o ¢
penporpammupyembiMu [13Y (EPROM — ¢ ynbTpaduoneToBsim
CTHpaHueM)?

10. [TosicuuTe oco6eHHOCTH TecTupoBaHus Mukpocxem O3V no
cpaBHeHuo ¢ [13VY.

Jlabopartopnast pabota No2. | 1. IlosicHuTe, Kakum oOpa3om B 6a30Boit Bepcuu MK-51 MoxHO
Opranu3zanus 3aJaHHbIX OpraHu30BaTh pabOTy TpeX HE3aBUCUMBIX TaltMepoB?

MHTEPBAJIOB BPEMEHU 2. Yem otnuyaercs padota taitmepa MK 51 ot paboTsl cuetunka?
3. IlosicauTe Ha3HaueHue pas3panoB perucrpa TMOD.

4. Kak opraHu3oBaTh BKJIIOUYCHHE TaliMEpPOB/CUETYMKOB, 3aBUCSILEE OT
MOSIBIICHUSI OTPE/IETICHHOT0 BHEIIIHETO COOBITHS?

5. Kakue 3HaueHus: CONPOTUBIIEHUS HATPY3KHU JIOJKHBI UMETh
U3MEpUTENIbHBIE IPUOOPHI (BOJIBTMETPHI, aMIIEPMETPHI), YTOOBI HE
MCKaXXaTh U3MEPSEMbIE BEIMYMHBI HAMIPSKEHUS U TOKa?

6. B ueM oTiimune mporpaMMHO-YIIPaBIIIEMOT0 pPeXUMa PabOTHI
TaliMepa OT pexxuMa pabOThI 1O TPEPHIBAHUSIM?

7. llosicaute HazHaueHune OuToB peructpa TCON.




8. [loscHuTe noHsTHE BeKTOpa nMpepbiBaHusd. Kakue BekTopa
npepoiBanus umeroT TCO u TC1?

9. Ilosicuute HazHauenue peructpa IE - Macku npepriBaHmil.

10. M0HO 11 U3MEHUTDH MPUOPUTET NMPEPHIBAHUS UCTOUHUKOB
3anpoca? Kakue npuoputets (1o ymonuanuto) umetror TCO u TC1?

Jlaboparopnas pabota Ne3.
OcCHOBBI OpraHu3aluu
MOCJICIOBATEIBHOTO ITOpTa

1. Yem oTiamvaeTcsi CAHXPOHHBIM MMPOTOKOJ PaOOTHI
MOCJIEA0BATEIHHOIO MOPTA OT ACHHXPOHHOTO (CTapT-CTOMHOI0)?

2. Moxet 51 nocienoBarenbubiit nopt MK-51 ognoBpemeHHO
nepeaBaTh U MpUHUMATh HaHHbie? OTBET 000CHOBATH.

3. Kakue nporpammupyemsie peructpsl B oonactu namsita SFR umeer
nocieaoBaTenbHbIA TopT? Pacckaxkute 00 X Ha3HAYEHUH U aJpecax.
4. KakoBo Ha3HavyeHue OuTa KOHTPOJIS, HCIIOIB3YEMOTO MPH
npueme/nepenaye uHpopmauu? B kakux pexumax paboTs
MIOCJIEI0BATEIBHOTO IOPTA OH UCHOJb3YyeTCs?

5. Kak nporpaMMHO OJy4uTh OUT KOHTPOJIS IIPH Mepeaaye
uH(popmanuu 11-6utHbIM Kagpom?

6. Kak mpoBepuTh MpaBUILHOCTH IIpUeMa CUMBOJIA 1 1-OMTHBIM
Kagpom?

7. B 4yem oTiinuue nporpaMMHO-yIpPaBIsieMOro pexxuma padoThl
MIOCJIEI0BATENBHOIO TOPTA OT PEKUMa MpepbIBaHUsA?

8. JlaiiTe moHsATue BekTopa npepriBanus. Kakoil BeKTOp npepbiBaHus
MMEET TOCJIeI0BATEIbHBIN MOPT?

9. [louemy npu npueme U nepegadye UCIoIb3yeTcs OAUH U TOT KeE
BEKTOp MpEpbIBAHUS?

10. Kakue cpencrea umeer MK st pa3penienus/3anpera npepbIBaHuN
OT UCTOYHUKOB U U3MEHEHUS NpuopureTa?

JlaGopatopHnas paborta Ne4.
OTtobpaxenue
uH(pOpMaIUU B CUCTEMAX C
MK-51

1. PacckakuTe 0 CXeMHBIX 0COOEHHOCTSIX UCIosb30BaHus nopra PO B
KaueCTBE BBIXOJIHOTO.

2. Kak nactpouts nopt MK na npuem undopmaru?

3. MoHO 71 OT/eNIbHbIE TUHUH TOPTa HACTPOUTH Ha BBOJ, a APyTUe Ha
BbIBOJ?

4. B yem otnuuue npu npejcTaBieHuu o6aira konom BCD no
CPAaBHEHHUIO C JBOMYHBIM KOJOM?

5. KakoBbI cxeMHbIe 0COOEHHOCTH perucTpa-3amienku nadopmanun’?
[ToxaxwuTte Ha npuMmepax, umeromuxcs B b/ Multisim.

6. Pacckaxxute 0 CXeMOTEXHUYECKUX OTJINYMSX, CBA3AHHBIX C
MCIOJIb30BaHUEM IIPOrPaMMHOTO0 NMPeoOpa3oBaHMsl IBOMYHOTO YHCIIa B
KOJI CEMHCEIrMEHTHOT'O MHAUKATOPA (AECITUYHOE YHCIIO), IO
CPaBHEHHIO C almnapaTHBIM IIPeoOpa30BaHUEM.

7. Kakue peructpsl MK 110 ymoJ4aHHIO HCHOJIB3YIOTCS JJISI OTIepaIuid
YMHO>KECHHUS U IeTIeHUA?

8. Kax npeoOpazoBaTh 0ailT B AecATHUHBIE IU(PHI, BEIBOAUMBIE Ha
CEMHUCETMEHTHBIE NHIUKATOPHI?

9. PacckaxuTe 0 CXeMHBIX OCOOEHHOCTSIX MCIOJIb30BAaHUS JIEMEHTOB C
OOLINM KOJIJIEKTOPOM.

Jlaboparopnas pabota NoS5.
W3yueHre mpUHITUIIOB
paboThI ITU(PO-aHATIOTOBBIX
npeoOpaszoBareneit

1. [IpuBenute npuMepsl peanu3zanuu nociuenoBareabubix [{AIL

2. HazoBute otnuuutensabie ocobennoctu L{AIT ¢ nBondHo-
B3BELIEHHBIMU conpoTuBiaeHusiMUA OT LIAIl Ha ocHOBe conpoTUBIEHUI
R-2R.

3. HazoBute gocrouncTBa u HepoctaTtku LIAII ¢ mocinenoBaTeabHBIM
uHTEepdercoM.

4. Ha3zosure nocronHctsa u Hepoctatku LIAII ¢ napamiensHbIM
uHTEepdeiicom.




5. IlpuBenute ocHoBHBIE napameTpsl LIAIL

6. Kakumu mapamerpamu omnpeessieTcsi TOYHOCTh MpeoOpa3oBaHms
LIAIT?

7. KakoBbI cCXeMHBIE OCOOCHHOCTH UCTIONIb30BaHus nopra PO mis
noakirodeHus LAIT?

8. Kak onpenensercst abcomoTHas pa3pematommas crmocoorocts [TATT
IIPU U3BECTHOM OIIOPHOM HANPSXKEHUU U Pa3pSIHOCTH?

9. Ilouemy BO3HUKAIOT NIEPEXOIHBIE Mpolecchl Ha Boixoae [IATI?

Jlaboparopuast pabota No6.
W3y4yeHune mpuHIMITOB
paboThI aHaNOTO-IKU(POBIX
npeobpazoBareeit

1. IlpuBenute npumepsl ucnosibzoBanus AL

2. JlaiTe onpeneneHue pazpemaronieit crocoonoctu ALIIL.

3. Kak onpenensiercs yacToTa JUCKPETU3aI[UM aHAIIOTOBOT'O CUrHaja’?
4. B kakux ciyyasix MCIIOJIb3yeTCs ABYIOJIIPHOE OIIOPHOE
HanpspkeHue?

5. Kak mpou3BoauTCsl KBAHTOBAaHUE aHAJIOTOBOT'O CUTHAJA MO YPOBHIO?
6. Kak onpenensiercs nuudponoit kog AL mpu u3BecTHOM BXOTHOM
AQHAJIOTOBOM CHUTHAJIE U 33JJaHHBIX ONOPHBIX HANPSKEHUSIX?

7. Yem otnmuaercs nmpuHnun padotsl ALl mocinemnoBarensHoro cuera
ot ALII nmocnenoBarenbHOro NpuOIMXeHus?

8. B uem oTninune npuHUUNOB paboTh! napamuiensHbeix AL ot
IIPUHLIMIIOB paboThI nocienoBareabHbix ALIT?

9. lns wero B ctpykrype ALIIT HeoOxo1MMO HCTIONB30BaTh YCTPOMCTBO
BBIOOPKU M XpaHEeHUs?

10. Kak onpezensercs OTHOCUTENbHAs TOYHOCTh IIPeoOpa3oBaHus
ALIT?

Jlaboparopnas pabota No7.
UccnenoBanue mmpoTHO-
UMITYTECHOW MOIYJISIIHH,
peann30BaHHOU
MUKpOKOHTpoIiepom MK-
52

1. Kakue ominunrenbHble 0COOEHHOCTH UMEET TaiiMep 2 10 CPAaBHEHUIO
¢ Taiimepamu MK517?

2. Kak 3amporpamMmmupoBaTh TaiiMep 2 Ha pPEXUM CHHXPOHHU3ALUU
MOCJIeI0BATENBHOIO MTOpTa 7S ipremMa?

3. Kak 3anporpamMmmupoBaTh TaiiMep 2 Ha PEKUM CHHXPOHHU3ALMHU
IIOCJIE0BATENBHOIO NTOPTA 7S Iepeaadn’?

4. Kak MOKHO HCIIONIb30BaTh TaliMep 2 B pexXUMe 3axBara’

5. B yem otiinumne HacTpolku TaiiMepa 1 oT Taiimepa 2 nipu
UCIIOJIb30BaHUY JUIS CHHXPOHU3AIMH I0CIEI0BATEIBHOTO 0OMeEHa?

6. B uem oTiinyme nporpaMMHO-YIPaBISIEMOr0 pexuMa paboThl
TaiimMepa oT pexxuma paboThl MO MpepbIBAaHUAM?

7. [losicaute Ha3zHauenune OuToB peructpa T2CON.

8. IloscHuTe noHATHE BeKkTOpa NpepriBanus. Kakue BekTopa
npepbiBanus umeer MK-527

9. Ilosicuure HazHaueHue peructpa [E - macku npeprpiBaHuii?

10. M0>HO 11 U3MEHUTH NIPUOPUTET NPEPHIBAHUS UCTOUHUKOB
3anpoca? Kakoit mpuopuret (110 yMOTYaHHIO) UMEET Taiimep 27

JlaGopatopnas paborta Ne§.
N3ydenue cucrembl KOMaH1
Y OCHOBHBIX IIPUHLIUIIOB
IPOrpaMMHUPOBAHUS
MUKpPOKOHTpoJuiepoB AVR
Ha IpuMepe paboThI ¢
MOopTaMHy BBOJ1a/BBIBOJA

1. ITosicHUTE OCHOBHBIE OCOOCHHOCTH apXUTEKTYPhl MUKPOKOHTPOJIIEPA
AVR ATmega 328.

2. IosicHUTE IPUHITUITBI PACTIPEICIICHUS aIPECHBIX TIPOCTPAHCTB
HaMsITH, PErUCTPOB O0IEro Ha3HAYeHUs U TIOPTOB BBOA/BBIBOJIA B
MukpokoHTposuiepe AVR ATmega 328.

3. KakoBo Ha3HaueHHe OTJENbHBIX OUTOB peructpa coctosuus SREG?
4. TlosicauTe peanm3anuio B MEKpokoHTposuiepe AVR ATmega 328
rapBapJCKON apXUTEKTYpPbl U IPUHIUIIA KOHBEHEepHOH 00paboTKH
KOMaH/I.

5. Kakum 00pa3om peanusyeTcst BEI30B ONIEPATOPOB s3bika Assembler
n3 C —nporpammsl? [IpuBenute npumepsl.




6. [laiiTe XapakKTEpUCTUKY OCHOBHBIM KOMaHJAaM MUKPOKOHTpOJLIEpa
AVR ATmega 328 nipu oOparieHuu K TaMATH | IOPTaM BBOIA/BBIBOJIA.
7. IlosicHuTE aNropuT™M MPOrPAMMHOTO OIIPOCa KIaBHATYPHI.

8. Bo3amosxHO 111 0OpaiieHue K mopTaM BBO/1a/BbIBOJIA KaK K siueiKam
namsaTi B MUKpokoHTposuiepe AVR ATmega?

9. B deM 3akiro4aroTCs MPEUMYIIECTBA U HEAOCTATKU PEeKUMa
IPOrPaMMHOTO OIPOca KJIaBUATYpPbI?

Jlaboparopuast pabota Ne9.
W3yueHre mpUHIUIIOB
IPOTPaAaMMHOTO YIIPABJICHUS
BHEIIHUMH YCTPOUCTBAMHU
Ha MpUMepe BBIBOJIA
nHpopMmanuu Ha
rpaduueckuit XKKU

1. Iosicante npuniun ¢yaxuonupoBanus KKHW nadoparopHoro
Makera.

2. llosicauTte anroput™ nporpaMMHoro ynpasienus JKKU.

3. Kakum 006pa3om MOKHO OCYIIECTBIIATEH BbIBOA nHpopManuu Ha JKKU
B (pMKCHpOBaHHbBIC TO3ULIMU?

4. IlosicHUTE MPUHLIMIIBI UCTIOJIb30BAaHM KOMaH/I yCTAHOBKU U cOpoca
OTJENbHBIX OUTOB; IPUBEIUTE IPUMEPHI.

Jlaboparopuas pabora
Nel10.

N3yueHne npuHIUIIOB
00paboOTKH pephIBaHUN Ha
pUMeEpe yIpaBIICHUS
BCTPOCHHBIMHU B
MUKPOKOHTPOJLIEP
TaliMepaMH-CUeTYMKAMHU

1. B uem npenmytiecTBa 0OMEHa 1O MPEPHIBAHUSIM 10 CPABHEHUIO C
JIPYTHMH

M3BECTHBIMH BaM crioco0amMu oOMeHa HH(popMarie ?

2. YUto BKiIIOYAET B C€Os MOHATHS CUCTEMBI PEPHIBAaHUH ?

3. [TosicHuTe MOHATHS BEKTOpA MPEPbIBAHUN U TaOIUIIBI BEKTOPOB
MpephIBaHUIA.

4. Kakue neiicTBUS BBITIOIHAET MUKPOKOHTPOJIIEP MPHU Mepexoie Ha
npoienypy oopadoTku npepbiBaHus ?

5. [osicuute mpuHLIUIIBI POPMHUPOBAHUS BPEMEHHBIX HHTEPBAJIOB C
MOMOIIBIO 8 Pa3psAHOTO TaliMepa-cueTYHKa.

6. [TosicauTe IPUHIATIE POPMHUPOBAHUS BPEMEHHBIX HHTEPBAIIOB C
nomouibio 16 pa3psgHoro Taitmepa-c4eTyMKa.

JlaGopatopHas pabota
Nell.

W3yueHne npUHIUIIOB
opraHu3aiui oOMeHa
JAHHBIMHU TIO
MOCJIeIOBATEIHLHOMY
uHTepdeiicy Mexay
MUKpOKOHTpoJiepoMm AVR
ATmega328 u [I9BM

1. TTosicuuTe MPUHIMIIBI ITepeadu HH(GOPMaIUH 10
MOCJIEeI0BATENbHBIM U MapaJlieIbHbIM HHTEpdeicam.

2. HazoBuTe coBpeMeHHbIE YHUBEpCAIbHbIE HHTEP(HENCH U IPUBEINTE
UX OCHOBHBIE XapaKTEPUCTUKH.

3. [Tosicuute mpuHLKIIBI 0OMEHa JaHHBIMU IO uHTepdeiicy RS232C.
4. Kakue perucTpsl HCIIOJIB3YIOTCA Ul HACTPOMKH [TapaMeTPOB
nepesayy JaHHBIX C TOMOIIBI0 BCTPOEHHOTO B MUKpOKOHTpoiep AVR
ATmegal28 61oka USART ?

5. Kakue curnaisl npepbiBaHUI MOT'YT T€HEPUPOBATHCS OJIOKOM
USART ?

6. [Tosicaure ¢opmar kajapa npu oOMeHe JaHHBIX 110 uHTep(eiicy RS-
232C.

JlaboparopHnast pabota
Nel?2.

N3yueHne npuHIMIIOB
paboThI CO BCTPOSHHBIM B
MHUKPOKOHTPOJLIEP
aHaJIOrOBO-LIU(POBBIM
npeoOpazoBareneMm

1. [Tosicuute mpuHIMI pabOTHl BCTPOEHHOTO B MUKPOKOHTposep 10-
paspsigHoro ALIIL

2. HazoBure ocHOBHBIE ynpasistonie peructpsl ALII, BctpoenHoro B
MHUKPOKOHTPOJIIEP, U MOSICHUTE UX PYHKITUH.

3. IlosicHATE MPUHIUIT U3MEPEHHUSI TEMIIEPATYPHI C TOMOILBIO
TEPMOJIATUHKA.

4. J1ys1 uero npUMeHsETCsl BBIpABHUBAHNE PE3yJIbTaTa 10 JIEBOM WIN
IIPaBOM I'paHUIE clIoBa?

5. IlosicHuTE BO3MOKHOCTH I€PEAAYN TaHHBIX O Temneparype B [I9BM.

JlabopartopHnast pabota
Nel3.

N3ydeHue npuHIMIIOB
MMporpaMMHOTO YITPABJIICHUA
BHEUTHUMH YCTPOICTBaMU

1. Tlosicaure mpuHOUT (QYHKIIMOHUPOBAHHS IH(PPOBOTO HWHIAMKATOPA,
MOJKIII0YaeMOro K J1a00paTOpHOMY MAaKeTy.

2. TlosicHWTE anrOPUTM HPOTPAMMHOTO YIPABICHHS KOHTPOJUIEPOM
U pPOBOTO MHAUKATOPA.

3. KakuM 00pa3oM MOXKHO OCYHIECTBIISITH BBIBOA HMH(OpMAIMK Ha




Ha ITpUMepe BBIBOJA
uHpopManuu Ha HUPPOBOH
WHTUKATOP

i poBoi HHANKATOP B PUKCUPOBAHHBIE TIO3UITAHN?

4. TlosicHUTE NPUHLMUIIBI UCTIONB30BAaHUA KOMaH/ YCTaHOBKM U cOpoca
OTJEJIbHBIX OUTOB; IPUBEAUTE IPUMEPHI.

5. IlpuBenure anropuT™M YHUBEPCAIBHON IIPOTrpaMMBbl YIIPaBJICHUS
U(PPOBBIM UHIUKATOPOM.

Jlaboparopnas pabota
Neld.

Opranuzanus oOMeHa
JTAHHBIMU TIO
MOCJIeIOBATEIIBHOMY
untepdeiicy USB mexny
MUKPOKOHTPOJLIEPOM
MSP430 u I[IBM

1. IlosicHuTE IPUHIMIIBI NIepelaud HHPOPMALIUU 110
I0CJIEI0BATENNbHBIM U NapaJlieIbHbIM HHTEpdericam.

2. HazoBuTe COBpeMEHHbIE YHUBEPCAIbHbBIE HHTEP(EICHI U TPUBEIUTE
UX OCHOBHBIE XapaKTEPUCTHKHU.

3. [osicauTe mpUHIKIIEI 0OOMeHa TaHHBIMU 110 uHTEpdeiicy USB.
4. Kakue peructpsl UCIIOJIb3YIOTCA U1 HACTPOHKHU IapaMeTpoB
nepeaayy JaHHBIX ¢ TTOMOIIbI0 BCTPOGHHOTO B MUKPOKOHTPOJLIEP
MSP430 6moxa USART?

5. Kakue cursasnsl npepbIBaHUNA MOT'YT F€éHEpUpPOBAaThCs OJIOKOM
USART?

6. [losicaure dopmar kajpa npu oOMEeHe JaHHBIMU B (popMaTax co
CBOOOJHOM JIMHUEN U aIpECHBIM OUTOM.

Jlaboparopuas pabora
Nel5.

V3yueHre mpUHIUIIOB
opraHu3aiu ooMeHa
JaHHBIMHU TI0
MOCTIEIOBATEIHHOMY
untepdeiicy 12C Ha
IpUMEpPE yIpaBICHUS
OJIOKOM CBETO/IMOJIOB U
MPOrpaMMHOTO OTIpoca
KJIaBUATYPBI

1. [IpuBenute anroputm uHUMamn3auuu Moayiass USART
mukpokoHtpoiuiepa MSP430F1611 nns pabots! B pesxxume 12C.

2. [MosicHuTe MPUHIMITEI OOMEHa TaHHBIMHU 110 uHTEpdeiicy [12C.

3. B kakoM peructpe XpaHuTCs aipec BEIOMOro?

4. Kakum oOpa3om pazpemiaeTcsi KOHQIUKTHAS CUTYyallus,
BO3HUKAIOIIas IPU OJHOBPEMEHHOM Niepeade AJaHHbIX 110 muHe [2C ot
HECKOJIbKUX BEeIylnX?

5. Kakue peructpbl HCHOIB3YIOTCS AJI1 HACTPOMKHU MapaMeTpoOB
nepesayy JaHHBIX C IOMOIIBI0 BCTPOEHHOTO B MUKPOKOHTPOJLIIED
MSP430F1611 6noxa USART, pabotatomiero B pexume [2C?

6. Kakue currasnsl npepbIBaHUNA MOT'YT F€éHEpUpOBaThCs OJIOKOM
USART B pexume 12C?

7. Ilosicaute ¢opmar kajpa npu oOMeHe JaHHbIX 110 uHTepdeiicy 12C.

JlaGopartopHnast pabota
Nel6.

N3yueHnne npuHIUIIOB
00paboTKM NpepbIBaHUN Ha
MIpUMeEpe yIpaBICHUS
BCTPOEHHBIMHU B
MUKPOKOHTPOJLIEP
TaliMepamMH-CUeTYMKAMU U
KOMIIapaTopoM

1. B yem npeumyiecTBa oOMeHa 10 NPEePbIBAHUAM IO CPABHEHUIO C
JIpYT'MMH U3BECTHBIMU BaM criocobaMu oOMeHa nHpopMaiuei?

2. Yro BKIIOYAET B c€0sl MOHATUS CUCTEMBI IPEPbIBAHUN?

3. IlosicHUTE MOHATHUS BEKTOPA MPEPBIBAHUM 1 TaOJINIBI BEKTOPOB
IIPEPBIBAHUA.

4. Kakue neiicTBUS BBIIOJHAET MUKPOKOHTPOJUIEP MPHU MEepexo/ie Ha
npoienypy o0paboTKu pephIBaHUsA?

5. IlosicHuTe NpUHIMIBI POPMUPOBAHUS BPEMEHHBIX HHTEPBAJIOB C
nomouipto 16-pa3psgHoro Taiimepa-c4eTunKa.

6. B yem ouinuus mexy taiimepamu A u B?

7. B 4eM cOCTOUT NPUHLUI U3MEPEHUSI COIIPOTUBIIEHNS PE3UCTUBHOTO
JlaT4MKa P OMOIIK Komnaparopa?

Jlaboparopnas pabota
Nel7.

N3yueHne npuHIUIIOB
paboThI CO BCTPOSHHBIM B
MUKPOKOHTpOJuIep 12-TH
outaeiM ALIIT Ha mpumepax
W3MEpPEHHS] OTHOCUTEIHLHON
BJIQ)KHOCTH M U3MEPEHUS
TOKa MOTpeOIeHUS

1. I[Tosicuute mpuHLIMI PpabOTHI BCTPOEHHOTO B MUKPOKOHTPOJLIIEP
MSP430 12-paszpsimaoro ALIIL.

2. Ilepeuncnure ocHOBHBIE ynpasisitomue peructpsl AL,
BCTPOEHHOT0 B MUKpOKOHTpoJuiep MSP430, u nosiciure ux GyHKIUH.
3. [losicHUTE MPUHLIUIT U3MEPEHHSI TEMITEPATYPbI C ITOMOILBIO
MHTETPUPOBAHHOTO JTaTYMKa TEMIIEPATypBhI.

4. Kakue TUIIBI JaTYMKOB BJIaKHOCTU BEI 3HaeTe?

5. Kakum 00pa3zoM OCyIIECTBIISETCS COTIacOBaHUE YPOBHEH
HaIpPsDKEHUS Ha BBIXOJIE 1aTYMKA BIaKHOCTH U Bxoae AIIII?

6. IIpuBennTe OCHOBHBIE XapaKTEpUCTUKH AaTynka Toka INA139.




7. 3anumuTe GOpMYITBl pacueTa 3HAYCHHH OTHOCUTEIIBHOM BIIAYKHOCTH
1 oTpedasieMoro Toka mo pesyiabratam ALl mpeobpazoBanmii.

Kpumepuu ouyenxu naéopamopnoit pabomwi: naboparopnas pabota CUUTAETCA
3AIMIIEHHON, €CIU CTYACHT BBIIOJHHWI 3aJaHuE K padOTe MOJHOCTBIO U BO BpPEMs
YCTHOTO oOmpoca Mo padoTe MNpaBWIbHO OTBETHJ Ha 3aJaHHbIC MPENoAaBaTesieM
JIOTIOJTHUTENIbHBIE BOIIPOCHI.

5.4. Onucanue KpUTEPUEB OIEHUBAHUS KOMIIETEHUMHA M IIKAJIbI OLleHUBAHMSI

[Tpu npomexyTOUHOM aTTecTalu B (hOpMe dK3aMeHa UCIOJIb3YETCsl CIAeAYIOast
IIKajga OIEHUBAHUS: 2 — HEYJOBJIETBOPUTEIBHO, 3 — yIOBIETBOPUTEIILHO, 4 — XOpOIIIO,

5 — ornuHoO.

Kpurepusimu onieHnBaHus JOCTUKEHNN ITOKA3ATEIIEH SBISIOTCS:

HaumeHnoBanue
oKa3aTelrst
OLICHUBaHUS
pe3ynbTaTa 00y4eHus
10 JUCLAIUINHE

Kpurepuii oniennBanus

3HaHusA 3HaHMe TEPMUHOB, ONPEAETICHNM, TOHATUI
3HaHWe Ha3HAuCHHWs W TPUHIMUIOB padoThl MHKpoKoHTpoiuiepoB (MK) wu
MUKpOKOHTposuiepHbIX cucteM (MKC)
O06beM 0OCBOEHHOTO MaTepHuala
ITonHOTa OTBETOB HA BOIIPOCHI
YeTKOCTh U3J10KEHUS U UHTEPIIPETALIMY 3HAHUMI

YmMenus YMeHue  ycTaHaBIMBaTh HEOOXOAWMOE IpOorpaMMHOe  oOecredeHue — JUis
nporpammupoBanuss MK u MKC; npuMeHSATs OCHOBHBIE METOJbI MPOECKTHPOBAHHS
CJIOKHBIX CUCTEM MPOTPAMMHOTO 00eCTIeYeHHUS
YMeHHne COCTaBNIATh aAITOPUTMBI U PEATM30BBIBATh MX B BUJE MPOTrpaMM YIIPaBICHHUS
MK n MKC; ocymecTBIATE ONTUMHU3ALUIO CO3JAAHHBIX JITOPUTMOB M IPOTpaMM;
YUUTBIBATh OCOOEHHOCTH peaii3alii CHEHaTU3UPOBAHHBIX MUKPOKOHTPOJIIEPHBIX
cucreMm; npoektupoBath MKC 1o 3amaHHBIM (QYHKIHMOHATBHBEIM TpPeOOBAHUSAM B
pa3NnUYHbIX 00JacTAX MPoPecCHOHAIBHON e TEIbHOCTH
Ymenne HactpauBath MKC m mopzepxuBate UX pabOTOCIOCOOHOCTb CHCTEM B
3aJJaHHBIX ~(YHKIHMOHAJIBHBIX XapaKTePHCTHKaX ¥ COOTBETCTBHH KPUTEPUSIM
KauecTBa

Hagbiku Brnagenne HaBbIKAMH TEOPETHYECKOTO U 3KCIIEPHUMEHTAIBHOIO HCCIEIOBaHUA

00BEKTOB MPO(ECCUOHATHHON EeATEHHOCTH

KauecTBO BBINOJIHEHUS UCCIICA0BAHUN 00bEKTOB POPECCUOHATLHOM IS TeIbHOCTH

CaMOCTOSITETIFHOCTh  BBITIONIHEHHSI HMCCIIEJ0OBAaHUH OOBEKTOB TPOdecCHOHATEHON
JeATEIbHOCTH

OueHka NpenoJaBaTEIEM  BBICTABIIETCS HMHTErPAJIBHO C  YYETOM  BCEX
[IOKA3aTeliel U KPUTEPUEB OLICHUBAHUS.




Onenka copMUPOBAHHOCTHA KOMIIETEHIIMM 110 TOKA3aTeNt0 3HAHMUS.

Kpurepuit YpoBeHb OCBOEHMSI U OLIEHKA
2 3 4 5
3HaHKHE TEPMUHOB, He 3Haer TepMuHOB 1 |3HAET TEPMUHBI U 3HaeT TEPMUHBI U 3HaeT TEpMUHBI U
ONpeICIICHNUI, oTIpeneTICHNH OTIpeIeICH S, HO OIpeAeIeHUs OTIpE/ICICHUsI, MOXKET
TOHATHH JOITYCKAeT HETOUHOCTH KOPPEKTHO
(bopMyITHPOBOK chopMyIHPOBATH UX
CaMOCTOSITEITHHO

3HaHME HAa3HAYCHUS U
MIPUHITAIIOB paObOTHI
MHKPOKOHTPOJUIEPOB
(MK) u
MHUKPOKOHTPOJUIEPHBI
x cucteM (MKC)

He 3Haer Ha3HaueHUe U
MPUHITUITEL PA0OTHI
MUKPOKOHTPOJJICPOB U
MHUKPOKOHTPOJUIEPHBIX
CHCTEM; HE 3HaeT
TPUHITUITEL 1
0COOEHHOCTH
nporpamMmmupoBanns MK
1 MKC; He 3HaeT sA3bIKH
nporpamMmmupoBanusg MK
u MKC

Wmeer npencrasieHne
0 Ha3HAYCHHH U
MIPUHIMUIAX PaOOTHI
MHKPOKOHTPOJIIEPOB; O
SI3BIKAX
MIPOTrPaMMHUPOBAHHS
MK u MKC

3HaeT Ha3HAUCHUE U
MPUHITUITEI PA0OTHI
MHUKPOKOHTPOJICPOB
u
MHUKPOKOHTPOJIICPHBI
X CHCTEM; SI3BIKU
MPOTrPaMMHUPOBAHHUS
MK u MKC

3HaeT Ha3HAYCHUE U
MPUHIIAIBL pabOTHI
MUKPOKOHTPOJUIEPOB U
MUKPOKOHTPOJUIEPHBIX
CUCTEM; IPUHIIMIIBI U
0COOCHHOCTH
nporpammupoBanusi MK
u MKC; s13b1k1
nporpammupoBanusi MK
n MKC; ocHOBHEIE
TIPUHIAIIE] YIIPABICHUSL
BHEIITHUMU
YCTpOICTBaMH €
riomonisro MK

O0BEM OCBOEHHOTO
Mmarepuaa

He 3HaeT 3HaunTeILHOM
4acTH MaTepuana
JMCIUTIIAHEI

3HaeT TOJIBKO
OCHOBHOH MaTepual
JUCIUIUIMHEI, HE
YCBOWII €T0 JIeTaleH

3HaeT MaTepuai
JUCUUIUIMHBI B
JOCTaTOYHOM
o0beme

O0anaet TBEpABIM H
ITOJIHBIM 3HAHHEM
MaTepHala TUCIUTUIIHEL,
BIIaJICET
JIOTOJTHUTETLHBIMI
3HAHUSMHA

IlomHOTa OTBETOB Ha
BOIIPOCHL

He nmaet oTBeTHI Ha
OOJIBIIMHCTBO BOIPOCOB

JlaeT HemoHBIC
OTBETHI Ha BCE

JlaeT oTBeTHI Ha
BOTIPOCHI, HO HE BCE -

JlaeT onHbIE,
pa3BepHYTHIC OTBETHI HA

YeTKOCTh U3I0KEHUSI
W WHTEpIIpeTaluu
3HAHUH

BOIIPOCHI TIOJIHBIE MOCTaBJIEHHBIE BOIIPOCHI
W3naraet 3HaHus 63 W3znaraer 3HaHusA C W3naraer 3Hanus 6e3  |M3naraer 3HaHMSA B
JIOTHYECKOU HapyLIEHUAMU B HapyIIEeHUH B JIOTHYECKOU
MOCNIEA0BATENLHOCTH JIOTHYECKOM JIOTHYECKOH MOCIIEJ0BATENBHOCTH,
MOCJIEIOBATEIBHOCTA  |IOCIEJOBATEIbHOCTH  |CAMOCTOATENBHO HX
HUHTEPIPETUPYS U
aHAIIU3UPYs
He wimocTtpupyer Beinonnser Brinonnser BrlinonHseT noscHAOLUE
U3JI0XKEHUE TOSICHSAIOIINE CXEMBI U | TIOSACHSIOLINE PHUCYHKH U CXEMBI TOUYHO
MOSCHAOIIUMHU PUCYHKU HGGpG)KHO nuc PUCYHKHU U CXEMBI " aKKYpaTHO, paCKpbIBas

CXEMaMH, PUCYHKaMU U
puMepaMu

OoIHOKaMH

KOPPEKTHO U
MTOHATHO

HOJ'IHOTy yCBOGHHLIX
3HAHUH

Hesepno nznaraer u
UHTEPIPETUPYET 3HAHUS

Jomyckaer
HETOYHOCTH B
H3JI0)KEHHUH U
HHTEPIIPETALUI
3HAHHUHI

I'pamoTHO 1 1O
CYIIECTBY M3J1araeT
3HaHUs

T PaMOTHO U TOYHO
n3J1araCTt 3HaHus, AC€IacT
CaMOCTOATCIIbHBIC
BBIBOIbI

Ornenka c(hOpMHUPOBAHHOCTH KOMIIETESHIIMH 110 ITOKA3aTeNII0 Y MCHHS.

Kpurepuit YpoBEeHb OCBOEHHUS U OLICHKA

2 3 4 5
VYMeHune He ymeer Moxer B|YMeeT ycTaHaBIMBAaTh|YMEET yCTaHABIUBATH U
yCTaHaBJIMBATh yCTAaHABIHBATH KOHCYJIbTATUBHOM HeoOXoIuMoe CaMOCTOSITEILHO
HeoOxoaumMoe HEOGXOIIMOE pexume MIPOrpaMMHOE KOH(HUTypHPOBATH
MIPOrpaMMHOE MporpaMMEoe YCTaHAaBJIMBATh oOecricucHue JUTs1 | ce LU aTn3UPOBaHHOE
obecrieueHue Juis HE00X0IuMoe MPOrpaMMUPOBAHUS  |IPOrPAMMHOE

obecrieueHne st
MIPOrpaMMHPOBaHUsA MIPOTPaMMHOE MK u MKGC;|obecnieuenue s
. MIPOTPaMMHUPOBAHHS

MK u MKC; obecrieueHne JUIS [IPUMEHATh OCHOBHBIE|IporpamMMupoBanus MK
MIPUMEHSTH OCHOBHEIC MK n MKC; MIPOTPAMMHPOBAHUS  |METOMBI n MKC; npumensars




METOJIBI npuMeHsTh ocHoBHBIe | MK MPOEKTUPOBAHUS OCHOBHBIE METOJIBI
MIPOEKTUPOBAHUS METOIbI cucTeM IIPOEKTUPOBAHUS
CJIOKHBIX CHCTEM NPOEKTUPOBAHUS MPOTrPaMMHOTO CJIOKHBIX CHCTEM
MIPOTrPaMMHOTO CITOKHBIX CHCTEM obecrieueHus MIPOTPaMMHOTO
obecrieueHus obecrieueHns
MPOTPaMMHOTO
obecrieueHust
YMeHHe COCTaBIIATh He ymeer cocraBiste | Moxer B VMeeT coCcTaBiATh | YMEET COCTaBIIATh
AIrOPUTMEL 1 aJITOPUTMBI U KOHCYJIETATHBHOM aJITOPUTMBI U JITOPUTMBI U
PCAM30BBIBATE HX B | neanu3oBBIBATE HX B PEKUME COCTABIATE | heqanu30BEIBATE HX B | PEANTH30BHIBATH UX B
BHJIC POrpaMM BUJIE TIPOTPaMM alrOpUTMBI 1 BUJIE IPOTPaMM BHJIE IPOTPaMM
ynpasnenns MK u ynpasiieHust MK u PCATH3OBRIBATE HX B ynpasienus MK u | ynpasnenns MK u MKC;
MKC; ocymecTBIATh MKC: oc BHJIE IPOTPaMM MEKC:
ONTUMM3ALUIO » OCYIUCCTBIATE ynpasiyieHuss MK ’ OCYIUCCTBILATE
CO3IAHHBIX ONITHMU3AIIHIO HCTIONIb30BATh ONTHUMU3ALHIO
AITOPUTMOB K CO3/1aHHBIX IpOrpaMMHOE CO3JIaHHBIX aJITOPUTMOB
HpOrpaMM; yUUThIBATh | JITOPHTMOB U obecrieueHne uIs H TIPOTpamMm;
0COOEHHOCTH porpamm; yIpaBiIeHUs HCIIOJIb30BaTh
peanuzanyu HCII0JIb30BaTh paboroit MKC B TIPOrPaMMHOE
CHCIMAJIN3UPOBAHHBIX | rporpaMMHOE pa3IMYHbIX cepax | oOecreueHUe st
MUKPOKOHTPOJUIEPHBIX | gGecrieuenne MK most JIEATENBHOCTH, 3 peKTHBHOTO
cHcTeM, 3¢ HEeKTUBHOTO MOJET yIIpaBIeHUs paboToH
npoekTuposath MKC ynpaBieHus paboToit OCYULIECTBIISATh MKC B pa3nuuHbIX
T10 33/1aHHBIM
(YHIITHOHATHHEIM MKC B pa3iauyHbIX IIPOEKTUPOBAHUE cdepax aesITeTbHOCTH;
TPEBOBAHMSM B cdepax IesTeNbHOCTH; MKC 1o 3a1aHHBIM | YyYHTHIBATH OCOOCHHOCTH
pasTHYHBIX O6nacTax | YUHTBIBATE (GYHKIMOHANBHBIM | peajn3alyu
PO eCcCHOHANBHOI 0COOCHHOCTH TpeboBaHUSIM B CTIeIMATN3UPOBAHHBIX
JICATCIbHOCTH peaim3anuu Ppa3JIMIHbIX MUKPOKOHTPOJIJICPHBIX
CTEUATN3NPOBAHHBIX obmactax CHCTEM; OCYIIIECTBIIATH
MHKPOKOHTPOJIEPHBIX npodeccronanbHo# | mpoektupoBanue MKC
CHCTEM; OCYIIECTBIISAT JIeSITEIIbHOCTH TI0 33/1aHHBIM
MIPOEKTHUPOBAHUE (YHKIMOHATIEHBIM
MKC no 3agaHHBEIM TpeOOBaHUIM B
(hyHKIIMOHATIBHBIM Pa3IMYHBIX 00JIACTIAX
TpeOOBaHUAM B npoecCHOHATBEHOM
Pa3NUYHBIX 00JIaCTIAX JIEATETbHOCTH
npodeccrnoHaIbHOM
JIeSITETIbHOCTH
Ywmenue HactpauBath |He ymeer HacTpauBaTh|Mosker B|MoxeTr HacTpauBaTh|YMeeT HACTPauBaTh
MKC u noanepxusate  MKC u monnep>xuBaTh|KOHCYJIBTATHBHOM MKC u/MKC u mnonnepxuBarh
ux paboTocmocoOHOCTh peXuMe  HACTpauBaTh|MOJAECPKUBATH paboTocnocoOHOCTD
paboTocnocoOHOCTh  |MHKpOKOHTpoJUIepHbIX |MKC Ha  3agaHHBIN|pabOTOCIOCOOHOCTh |MHKPOKOHTPOJLICPHBIX
CHCTEM B 33JIaHHBIX  [CHCTEM B  33/IaHHBIX|pPEXHM pabOTHI MHUKPOKOHTPOJUIEPHBI |[CHCTEM B 3aJaHHBIX
(YHKIIMOHAIBHBIX (YHKIIMOHATBHBIX X CHCTEM (YHKIIMOHAIBHBIX
XapaKTepUCTUKAX U XapaKTepUCTUKaX U B XapaKTepUCTUKaX "
COOTBETCTBUU COOTBETCTBUU COOTBETCTBUH KPUTEPUSIM
KPHUTEpHSIM Ka4eCTBa  |KPUTEPHUSIM KauecTBa Ka4yecTBa




OHGHKa C(I)OpMI/IpOBaHHOCTI/I KOMHCTCHHI/Iﬁ 110 noka3atenro HaBbIkw.

Kpurepnit YpoBeHb OCBOEHMSI U OLIEHKA
2 3 4 5
Bianenue naBeikamu| He Bnaneer He nocrarouno Bnaneer IIpodeccuonansHo
TEOPETUYECKOTO U HaBBIKAMHU XOPOILIO BajeeT HaBBIKAaMHU BJIa/Iee€T HABBIKAMU
SKCHEPUMEHTAIBHOT | TEOPETHYECKOTO U HaBBIKAMHU TEOPETUYECKOT0 U | TEOPETHUECKOTO U
0 WCCIIEIOBAHUSA SKCMIEPUMEHTAIBHOT | TEOPETHYECKOTO H | JKCIIEPUMEHTAIbH | SKCIIEPUMEHTAIHLHOTO
00BEKTOB 0 UCCIIeIOBaHUs IKCTICPUMEHTAIILHO | OTO HUCCIICAOBAHMUS | HCCIeOBaHUS
mpo(ecCUOHANbHON | OOBEKTOB T'O UCCIEAOBAHUS 00BEKTOB 00BEKTOB
JESATSILHOCTH po(heCCHOHANBHON | O0OBEKTOB po(heCCUOHANBHO | podecCHOHATEHON
JESITEIbHOCTH mpo(heCCHOHAIBHOM | 1 AeSITETFHOCTH JIeSITeIbHOCTH
JIESATEIILHOCTH
KauectBo He kauectBeHHO He nocrarouyno He nocrarouno KauectBenno
BEITIOJTHEHHS BBITIOJTHSICT KaueCTBEHHO KaueCTBCHHO BBITIOJTHSICT
WCCIIeIOBaHNH WCCIIEIOBAHUS BEITIOJTHSIET BEITIOTHSIET HCCIIeTOBAHMS
00BEKTOB 00BEKTOB UCCIICIOBaHUS UCCIIEIOBaHNUS 00BEKTOB
npodeccnoHanbHOl | MPO(ecCHOHaIbHON | 00BEKTOB 00BEKTOB npodeccrnonanbHON
JeSTeTbHOCTH JeSITeTBbHOCTH, npodeccuoHaNbHON |TpodecCHOHaNBHOM | AeATENLHOCTH
JIOITYCKAaeT TpyOble | NEeATSIBHOCTH, JIeSTEIIbHOCTH,
OLINOKHU JIOTTyCKaeT U JIOTTyCKaeT U
WCTIPaBIISET WCTIIPaBIISET
OIIINOKY C OIINOKHU
IIOCTOPOHHEN CaMOCTOSTENBHO
MTOMOTIIBIO
CamocrosTensHOCTS | He Mmoxer Bemonnser [Ipu BemonHennn | CaMOCTOSATENBHO
BBITTOJTHEHHUS CaMOCTOSTEITHHO UCCIICIOBaHUS WCCIIeTOBAaHHS BBITIOJTHSIET
HCCIIEeIOBaHNH BBITIOJTHSI T 00BEKTOB 00BEKTOB UCCIIeTOBaHUS
00BEKTOB WCCIIE/IOBAHUS npoeccuoHanbHOH |TpodecCHOHANBHON | 00BEKTOB
nmpoecCHOHaNbHON | OOBEKTOB JIESITETILHOCTH C JeSITeTbHOCTH npodecCHOHANTEHON
JESTEILHOCTH po(heCCHOHANBHON | MOCTOPOHHEH uHoTAa TpeOyercss | NMesTellbHOCTH
JeSITeTbHOCTH MOMOIILIO MOCTOPOHHSIS

IIOMOILb




6. MATEPUAJIBHO-TEXHUYECKOE
N YYEBHO-METOIUYECKOE OBECIIEYEHHUE

6.1. MaTepuaibHO-TEXHHYECKOE O0ecreyeHue

No HawnmenoBaHre cieiiaabHBIX TOMEIICHUMN U OcHaIlIeHHOCTh CHEUAIBLHBIX TOMEIICHUN U
MTOMENICHUH JJI CAMOCTOSITEIbHON pabOThI MTOMENICHUH JJI1 CaMOCTOSITEIIbHOM pabOThI
1. VYyeOHas ayIuTOpHS I TPOBEACHUS Crnenmanm3upoBaHHas MeOeIIb.
JIEKITMOHHBIX 3aHATHH MynpTUMeaniiHAsE YCTAaHOBKA, KpaH, JOCKA
2. VYyeOHas ayIuTOpHS IS TPOBEACHUS Crnenpanm3upoBaHHasi MeOeCIIb.
1a00paTOPHBIX 3aHATHHA KommnbroTeps! Ha 6a3e npoueccopos Intel niu
AMD, noaxtoueHnnsie k cetu HTEpHET.
JlabopaTopHbIie CTEHIBI AJI U3YICHUS
apXUTEKTYPbl U OCHOB IPOrPaMMUPOBAHUS
MHUKPOKOHTPOJUIEPOB
3. YuranbpHbli 3a71 OMOIUOTEKN TS CrnenmanM3upoBaHHas MeOeCIIb.

CaMOCTOSITEIBHOM paboThI

KOMHI)IOTepHaFI TEXHHUKA, IIOAKIIIOYCHHAA K
CETH MHTEPHET U MMEIOIIast JOCTYIT B
AIICKTPOHHO-00PA30BATEIBHYIO CPETY

6.2. JIM1eH3MOHHO€E U CBOOOTHO pacnpocrpansaeMoc nporpaMmmHoe odecreueHue

Ne [TepeueHsb JIMIIEH3MOHHOTO IMTPOTPAMMHOTO PexBu3HUTHI MOATBEPKAAKOMIETO TOKYMEHTA
obecrieyeHus.
1. Microsoft Windows 10 Kopriopatushas (Cornamenue Microsoft Open Value Subscription
V6328633 Cornamenue aeiictsurensHo ¢ 02.10.2017
mo 31.10.2020). JoroBop moctasku [10
0326100004117000038-0003147-01 ot 06.10.2017.
2. Microsoft Office Professional Plus 2016 (Cornamenne Microsoft Open Value Subscription
V6328633 Cornamenue aeiictsutessHo ¢ 02.10.2017
mo 31.10.2020). Joroop moctasku [10
0326100004117000038-0003147-01 ot 06.10.2017.
3. Kaspersky Endpoint Security «Cranmaptasiii Russian | Cybmumensuonnsiit gorosop Ne 102 ot 24.05.2018.
Edition». Cpoxk pevictBus naurenzuu 10 20.07.2019
4., WurerpupoBanHas cpena pazpadorku Microsoft JInneH3noHHbII 10r0BOP
Visual Studio 2013 Ne 63-14x 01 2.07.2014;
5. Cpensl nmporpammuposanust Arduino, Code Compose | CeoGoato pacipoctpansiemoe I1O coriiacHo yCinoBHsM

Studio, cumynstop Arduino UnoArduSim, on-line
cumysstop Tinkercad, on-line cucremsr pa3paGoTku u
HCIOJIb30BaHUS MOOMITBHBIX rpaduIecKux
unrepdeiicoB RemoteXY, Blynk

JIMIOCH3MOHHOI'O COrJlalliCHUsA




6.3. Ilepeyennb yueOHBIX U3IAHUH M Y4eOHO-METOAUYECKMX MATEPHAJIOB

. I'apuboB A.M. Opranuzanuss 9BM u cuctem. OCHOBBI MPOrpaMMHUPOBAHUS Ha
a3plke  AcceMOiep: METOIWYECKHE YKa3aHUS K BBIMIOJHEHHUIO J1a00paTOPHBIX
paboT ans cTyneHToB HampaBieHHi OakamaBpuata 230100 — Mudopmatuka u
BbIUMCIMTENbHAs  TexHuka, 231000 — IlporpammHas WHXEHEpUA U
CIEIUATIBHOCTH 090303 — Nudopmanmonnas 0€30MacHOCTh
aBTOMATU3UPOBaHHBIX cucteM / cocT.: A.W. 'apu6os, O.B. Ocunos. — benropox:
M3n-so BI'TY wum. B.UI. Illyxosa, 2014. — 35 c¢. Pexum pgocryna:
https://elib.bstu.ru/Reader/Book/ 2014122611392220100000655116.

. I'apu6o A.W. Opranuzanuss 9BM u cucrem. OCHOBBI MPOrpaMMHUPOBaHUS Ha
a3pike AcceMOuiep: yuel. mocobue NIl CTYJAEHTOB HamlpaBlIeHUH OakalaBpuaTa
230100, 231000 u cnermansaoctr 090303; coct.: A. U. I'apubos, O. B. Ocunos.
— bearopona: Uzn-o BI'TY um. B.I'. IllyxoBa, 2014. — 100 ¢. Pexxum nocryna:
https://elib.bstu.ru/Reader/Book/ 2014121616343072700000658203

. OcunoB O.B. Opranuzanuss 9BM 1 BBIYUCIUTENIBHBIX CHUCTEM: METOIUYECKUE
yKa3aHHs K BBITIOJTHEHUIO J1a0OpPaTOPHBIX palbOT ISl CTYAEHTOB CHEIUaIbHOCTH
090303.65 — MudopmarmorHas 0€30MaCHOCTh aBTOMATHU3HPOBAHHBIX CHCTEM /
coct.: O.B. Ocunos. — benropoa: U3n-so bI'TY, 2015. — 115 c. Pexum goctyna:
https://elib.bstu.ru/Reader /Book/2015120716123448600000655786

. JIbsikOB, N.A. MukpornpolieccopHbIe CUCTEMBI: apXUTEKTypa
MUKpOKOHTpoJuiepoB cemeiictBa MCS-51 / M.A. psaxoB ; TamOoBckuit
rOCyJapCTBEHHBIM TEXHUYECKHM yHHUBepcUTeT. — TamboB : TamOoBCKui
rocyaapcTBeHHbI Texunyeckuit yausepcuret (TI'TY), 2014. — 79 c. : win., Tadm.,
CXeM — Pexum JOCTyTIA: 1o MIOJIITUCKE. — URL:

https://biblioclub.ru/index.php?page=book&id=277684. — bubGmauorp.: c¢. 76. —
TEeKCT : 2IIEKTPOHHBIN.

. Makyxa, B. K. [Ilpumenenue wmukpokontpomiepos MCS-51  npu
MPOEKTUPOBAHUM JJIEKTPOHHBIX YCTPOUCTB : yueOHoe mocobue / B. K. Makyxa.
— HoBocubupck : HoBocuOMpckuil  rocyJapCTBEHHBI  TEXHUYECKUU
yauBepcutet, 2014. — 68 c. — ISBN 978-5-7782-2505-3. — Tekcr :
ANEKTPOHHBIN // DnekTpoHHO-OubmuoTeynast cuctema IPR BOOKS : [caifT]. —
URL: http://www.iprbookshop.ru/45140.html. — Pexum pmocryma: uis
ABTOPU3HUP. MOJIb30BATENECH

. leran, A.A. IlpumeHenue mporpaMMHOro KoMmIUiekca Multisim s
MIPOEKTUPOBAHUS YCTPONCTB HA MUKPOKOHTPOJIEpax: J1a00paTOPHBIN MPAKTUKYM
/ A.A. llleran ; nayu. pen. B.1. UeneB ; Ypansckuii GpenepanbHbIil yHUBEPCUTET

uM. mnepBoro Ilpesumenta Poccum b. H. Eneumna. — ExatepunOypr
M3patenscTtBO Ypanmbckoro ynuBepcutera, 2014. — 116 c. : un. — Pexum
JOCTyIIa: o MTOJIITHUCKE. — URL:

https://biblioclub.ru/index.php?page=book&id=276471.— bubauorp. B KH. —
ISBN 978-5-7996-1117-0. — TekcT : 31€KTPOHHBIN.

. MscuukoB, B.M. MukponpoueccopHble CHUCTEMBI: ydyeOHOe mocoOue 1o
KypcoBOMy TmpoektupoBanuio : [16+] / B.M. MscuukoB ; IloBomkckuii
rOCY/JapCTBEHHBIH  TEXHOJNOTMYECKHMil  yHHBepcuteT. — Momkap-Ona
[ToBOJKCKHIT TOCYTApCTBEHHBIN TEXHOJIOTHYECKUI yHUBEpcuTeT, 2019. — 202 ¢. :
cxem., Tabm., w1 — Pexum goctyma: mo mommucke. — URL:


https://biblioclub.ru/index.php?page=book&id=277684
http://www.iprbookshop.ru/45140.html
https://biblioclub.ru/index.php?page=book&id=276471

https://biblioclub.ru/index.php?page=book&id=562251. — bubauorp.: ¢.193-194,
— ISBN 978-5-8158-2077-7. — TeKCT : 2JIE€KTPOHHBII.

8. Marna 0. C. MukpokouTposuiepsl cepun 8051: nmpaktuueckuilt moaxon. — M.:
JMK IIpecc, 2008. —. 228 c. ISBN 5-94074-394-3

9. AmueB, M.T. Mukpomnponeccopbl ¥ MUKPOIIPOIIECCOPHBIE CUCTEMBI YIPABICHUS.
8-paspsiubie nporeccopsl cemeiictBa AVR: mabopatopusiii npaktukym / M.T.
Amues, T.C. bykanosa ; IIOBOIKCKHH TOCYZapCTBEHHBIA TEXHOIOIMYCCKHIL

yHuBepcuter. —  Homkap-Ona [ToBOJDKCKHIT ~ TOCYAapCTBEHHBIN
TexXHoJIoTHUecknii yHupepcurtet, 2016. — 64 c. : cxem., Tabn., uia. — Pexum
JOCTyTIA: o TTOJIITHACKE. — URL:

https://biblioclub.ru/index.php?page=book&id=459452. — bBubauorp. B KH. —
ISBN 978-5-8158-1775-3. — TeKcCT : 37€KTPOHHBIHA.

10.Tpammept B. AVR-RISC mukpoxontposiepst.: [lep. ¢ vem. — K.: « MK-IIpeccy,
2006. — 464c., wn.— ISBN: 966-8806-07-7

11. Tpamnept B. 3mepenue, ynpaBieHUe U pEryIUPOBAHUE C IOMOIIBIO
AVR mukpokonTpoiepos: Ilep. ¢ Hem. — K.: «MK-IIpeccy, 2007. — 208c., mn.—
ISBN: 966-8806-14-X

12.T'ony6uoB M.C., Kupnuuenkosa A.B. Mukpokontpoiepsl AVR: ot ipoctoro k
cinoxuomy. — M.: COJIOH-IIpecc, 2005. 304 c. - (Cepust «bubnuotexa
umkxerepay) [ISBN 5-98003-141-3

13.bokcemn JIx. Uzygaem Arduino. 65 npoektoB cBoumu pykamu. — CII6.: [Tutep,
2017. — 400 c.: 1. — (Cepus «Bo1 u Bamr pedeHok»). ISBN 978-5-496-02421-1

14.Caitmon Monk MeiikepctBo. Arduino u Raspberry Pi. Ynpasnenue nsuxxenuem,
ceetoM u 3ByKoM: Ilep. ¢ anri. — CII06.: BXB-Iletepoypr, 2017. — 336 c.: ui.
ISBN: 978-5-9775-3754-4

15.Caiimon Momuk [Iporpammupyem Arduino. [Ipodeccuonansnas padota co
cketgamu CII6.: [Tutep, 2017. — 272 c.: mir. ISBN 978-5-496-02385-6

16.1max FO.A. [Iporpammupoanue Ha si3bike C 1151t AVR u PIC
mukpokoHTposuiepoB.— CII6.: Kopona-Bek, 2016. — 640 c. ISBN 978-5-7931-
0842-3

17.CemenoB b.1O. MukpokonTposuiepsl MSP430: nepBoe 3HaKOMCTBO
[Dnextponnsiii pecype] / b.1O. Cemenos - M. : COJIOH-TIPECC, 2009. — Pexum
nocryma: http://www.studentlibrary.ru/book/ISBN5980032657.html ISBN 5-
98003-265-7

18.CewmeiicTBo MukpokoHTposiepoB MSP430x 1xx. PykoBoicTBO mosib30BaTeNs:
Ilep. ¢ anrn.—M.: Cepus «bubnamnoreka Kommana». 3A0 «Kommany, 2004.— 368c.
ISBN 5-98730-001-0

19.CewmeiicTBO MuKpokoHTposiepoB MSP430. PekoMeHanuuy no npuMeHEHHUIO:
Ilep. ¢ anrn.—M.: Cepus «bubnamnoreka Kommana». 3A0 «Kommany, 2005.— 544c.
ISBN 5-98730-002-9

20.CewmeticTBO MUKpOKOHTpOJuIepoB MSP430x4xx. PykoBoACTBO MOTB30BATES:
ITep. ¢ anrn.—M.: Cepus «bubmmoreka Kommamnay. 3A0 «Kommamy, 2005.— 416¢.
ISBN 5-98730-003-7

21.CewmeticTBO MUKpOKOHTpOsIepoB MSP430x2xx. ApxuTekTypa,
porpaMMHpOBaHKe, pa3paboTKa MpuiIokeHuii / ep. ¢ auri. EBctugeesa A. B.
— M.:omrkaXXI, 2010. — 544 c.: un. — (Cepust «MupoBasi JJIEKTPOHUKAY).
— ISBN 978-5-94120-221-8


https://biblioclub.ru/index.php?page=book&id=562251
https://biblioclub.ru/index.php?page=book&id=459452
http://www.studentlibrary.ru/book/ISBN5980032657.html

6.4. [lepeueHb HHTEPHET pPecypcoB, NPodeccHoHANbHBIX 023 JAHHBIX,
MH(OPMALMOHHO-CIIPABOYHBIX CHCTEM

. OnextpoHHas oubnauoreka (Ha 6aze DbC «bubmuoTex») — Pexum nocryna:
http://ntb.bstu.ru
. OnexkTpoHHO-OMOMMoTeunass cuctema [PRbooks —  Pexum  gocryna:

http://www.iprbookshop.ru

. DNEKTPOHHO-OMOINOTEUHAS cucrema «YHUBEPCUTETCKAS oubnmoreka
ONLINE» — Pexwum nocryma: http://www.biblioclub.ru/

. JlokyMeHTanus 1o MUKPOKOHTPOJUIEpaM Ha PycCKoM si3bike http://www.gaw.ru/

. On-line CUMYJISITOP Tinkercad — Pexum JOCTYTIA:
https://www.tinkercad.com/dashboard

. On-line cucrema pa3pabOTKM W HCIOIb30BAHUS MOOWIBHBIX TIpadUyecKux
uHTepdeiicoB RemoteXY — Pexxum goctyna: https://remotexy.com/ru/

On-line cucrema pa3paOOTKM W MCIHOJIB30BAHUS MOOWIBHBIX TpadUIeCcKHX
unTepdeiicoB Blynk — Pexum nocryna: https://blynk.io/


http://www.iprbookshop.ru/
http://www.biblioclub.ru/
http://www.gaw.ru/
https://www.tinkercad.com/dashboard
https://remotexy.com/ru/
https://blynk.io/

7. YTBEPKJIEHUE PABOYEN ITPOI'PAMMBI®

PaGouas mnporpamma yrtBepxkaeHa Ha 20 € /20 £/ yuebHBIA TOJ

6e3 M3MeHeHH i / ¢ I3MEHEHUSIMH, IOTIOTHEHUAMU

[Ipotoxoin Ne dy 3acelaHus KayeIpbl o) «A » Q4 20 0.

3aBenyromuii kadeapoi \J\ (ITonsixos B.M.)

nonnucs,\?I/lO
/ .

/onrmcs, DUO

JlupeKTop HHCTUTYTA ¢ (benoycos A.B.)

3 3anosHseTcs KaXablil yueOGHbIi ro/l Ha OTAENbHBIX JIMCTAX
* Hy)kHO€ MOI4epKHYTh



