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1 BBEJJEHUE

BaxHy!0o dYacThb TeOpeTHYecKOH © TPO(PEecCHOHANbHOW MPAKTUIECKOM TMOATOTOBKHA CTYAEHTOB COCTABIIIOT
MIPaKTHYECKHE U TAOOPATOPHBIE 3aHITHS.

CoctaB ® colepkaHHE IPAKTHYECKUX M JaOOPAaTOPHBIX pabOT HampaBleHBl HAa pPEATU3ANUI0 JCHCTBYIOLIETO
(enepaIbHOTO TOCYAapCTBEHHOTO 00pa30BaTEIBHOTO CTaHAAPTA CPEIHETO MPO(ECCHOHATFHOTO 00pa30BaHHUS.

Benymeld nMOaKTHYECKOH WENbI0 TPAKTHUSCKUX 3aHATHH sABIAeTCS (OPMHPOBAHHE NPAKTHICCKUX YMEHHH -
npodeccHOHANBHBIX (YMCHHMH BBINOJHATH ONPENEJICHHBIE NEHWCTBHSA, OICpallMd, HEOOXOJWMBIE B MOCIEAYIOIIEM B
npodecCHOHANBHON /EATEIBHOCTH), HEOOXOJMMBIX B IOCHERyloUmeld Yy4eOHOH IesITeNbHOCTH MO NpodecCHOHAIBHBIM
MOJYJISIM.

Benymielt quaakTHUecKol LENbI0 JTa0OPAaTOPHBIX Pa0OT SABISIETCS HKCIEPUMEHTAIBLHOE MOJTBEPKACHHE U MPOBEpKa
CYIIECTBEHHBIX TEOPETUUECKHX IOJ0KEHUH (3aKOHOB, 3aBUCUMOCTEH).

B cootBerctBuM ¢ paboueit [IM.02 «IIpumMeHeHHE MHKPONPOLECCOPHBIX CHCTEM, YCTaHOBKAa M HAacTpOMKa
nepugepuiinoro odopynosaansi», M/JIK.02.01 «MHUKpOIpOLIECCOPHBIE CHCTEMBD) MPEILyCMOTPEHO MIPOBEACHUE Ta00PATOPHBIX
paboT ¥ MPaKTUIECKUX 3aHATHH.

B pesynbraTe UX BEITIONHEHUS, 00yIarOIUICs JOIDKEH:

ymems:

- COCTaBIJIAITh IPOTPaMMBbI Ha A3bIKE acceMOepa Uit MEKPOIIPOLIECCOPHBIX CHCTEM;
- IPOU3BOJUTH TecTUpOBaHue U oTaanky MIIC;
- BBIOMpaTh MUKPOKOHTPOJUIEP/MHKPOIPOLIECCOP ISl KOHKPETHOM CHCTEMBI yIIPaBICHUS

ConeprkaHue 1ab0paTOPHBIX PadOT OPHECHTHPOBAHO Ha (POPMHUPOBAHUE OOIIMX KOMITCTCHIIUI 1O MPOHECCHOHATLHOMY MO/TYJIIO
OCHOBHOH Mpo(heCCHOHATBHOM 00pa30BaTENNbHOI MPOrPpaMMBI IO CTIEUATIEHOCTH:
OK 1. [ToHuMaTh CYIIIHOCTD U COIMATIBHYIO 3HAUUMOCTh CBOCH OyayIiel mpoQeccuu, MposBIATh K HeW yCTOWYMBBIN HHTEPEC
OK 2. Opranu3oBbIBaTh COOCTBEHHYIO AESATEIBHOCTD, ONPEACISTH METOABI U CIIOCOOBI BBITIOJIHEHUS ITPO(ECCHOHATBHBIX
3aj1a4, OLEHNUBATh MX d(P(PEKTUBHOCTD U KAYECTBO
OK 3. [IpuHuMaTh peleHns B CTAaHAAPTHBIX U HECTAHIAPTHBIX CUTYalUsAX M HECTH 32 HUX OTBETCTBEHHOCTh
OK 4. OcymecTBIsTh MOUCK M UCTIONB30BaHUE HH(POPMAINH, HEOOX0AMMOH 1A 3(p(HEKTHBHOTO BBHITIOIHEHNS
podeCcCHOHANBHBIX 33/1a4, TPO(ECCHOHATBHOTO ¥ TMYHOCTHOTO Pa3BUTHS
OK 5. Ucnionp3oBaTh nHPOpMAINOHHO-KOMMYHHUKAIIHOHHBIE TEXHOJIOTHHU B MPO(ECCHOHATBEHOMN ESTENEHOCTH
OK 6. PaboTaTh B KOJIIEKTHBE U KOMaH/E, 3()(HEKTHBHO 0OIIATHCS ¢ KOJUIETaMHt, PYKOBOICTBOM, IOTPEOUTEIIMHI
OK 7. Bpatb Ha ce0s OTBETCTBEHHOCTH 3a pabOTy WIEHOB KOMAH/BI (TIOJYNHEHHBIX ), PE3YJIbTAT BBIMOJHECHUS 3aaHUH
OK 8. CaMOCTOSATENILHO OMPENENATh 3a1a49u MPOGECCHOHATBHOIO U TMYHOCTHOTO Pa3BUTHSI, 3aHUMATLCS CaMOOOpa30BaHUEM,
OCO3HAaHHO IJIAaHUPOBATh MMOBBLINICHUE KBaJ'II/I(bI/IKaI_[I/II/I
OK 9. OpueHTHPOBAThCS B YCIOBUAX YaCTOW CMEHBI TEXHOJIOTHI B MPO(HECCHOHATIBHOMN AEATSILHOCTH

U oBasieHuro mpodecCHOHATEHBIMU KOMITCTCHITHSMHU:

IIK 2.1. Co3naBaTh mporpamMmbl Ha SI3bIKE acceMOJiepa JJisi MUKPOIIPOIIECCOPHBIX CUCTEM.
1K 2.2. [Ipon3BoANTb TECTUPOBAHKE, ONIPEAEICHUE TAPaMETPOB | OTIIA/IKY MUKPOIIPOLIECCOPHBIX CHCTEM.

BrimonHenue crynenTaMu aabopatopHslx padot mo [IM.02 «[IpumeHeHre MUKPOTIPOIIECCOPHBIX CHCTEM, YCTAaHOBKA U
HacTpoiika nepudepuitaoro obopynoBaamss», MIK.02.01 «MukpornporeccopHbie CHCTEMbD» HATIPABICHO HA!

- 0000IeHne, CUCTEMAaTH3aNunIo, yIiTyOIeHe, 3aKpeIieHne, pa3BUTHE M JCTAIM3ALHUIO MTOJTYYEeHHBIX TEOPETHUECKHX
3HAHMH 110 KOHKPETHBIM T€MaM MEXIHCIUITMHAPHBIX KypCOB;

- (hopMHpOBaHHE YMEHHH ITPUMEHATH MOJTYYCHHbIC 3HAHUS Ha MPAKTHKE, PEaTN3alfio eIMHCTBA HHTEIUIEKTYAIbHON 1
HpaKTH‘-IeCKOfI JACATCIBbHOCTHU,

- (opmupoBanve W pa3BUTHE yMEHHIl: HAOJIONATh, CPABHHBATh, COIMOCTABIATH, AHAIU3UPOBATH, IEJIAaTh BBIBOIBI U
0000IIeHHUsI, CaMOCTOSITENIBHO BECTH HCCIIEIOBAaHMs, MOJIb30BAaThCS PA3IMYHBIMM IPUEMaMH HM3MEpeHHH, 0(OpMILITH
pe3ynbTaThl B BUJIE TaOIUII, cXeM, rpaduKoB;

- IpHOOpeTeHNe HaBBIKOB PabOTHI ¢ Pa3IMYHBIMU MPHOOpPaMH, ammapaTypoil, ycTaHOBKaMHU M JPYTUMH TEXHUYECKUMU
CpeaAcCTBaMu JIsd MPOBEACHUS OIBITOB;

- pa3BUTHE MHTEUICKTYaJbHBIX YMEHHMH Yy OyAymMX CIENHAINCTOB: AHAIUTHYECKUX, IPOCKTHPOBOYHBIX,
KOHCTPYKTHBHBIX H JIp.;

- BBIpa0OTKY TIpH PpEIICHWH IIOCTAaBICHHBIX 3a3/4a4 NPO(PECcCCHOHAIBPHO 3HAYMMBIX KauecTB, TaKHUX Kak
CaMOCTOSATENLHOCTh, OTBETCTBEHHOCTh, TOYHOCTH, TBOPYECKAs! HHUIIUATHBA.

[pakTnueckne u naboOpaTopHBbIE 3aHATHS HPOBOAATCS IOCIE COOTBETCTBYIOLIEH TEMbI, KOTOpas OOECIeYHMBAeT HAIMUME
3HAHUI, HEOOXOAMMBIX JIJIS1 €€ BBIITOJIHEHMS.

[IpogomKUTETHPHOCTD BBITIOJIHEHHS TPAKTHIECKON MM JTabopaTOpHON pabOTHI COCTABISIET HE MEHEE JIBYX aKaIeMHUYECKIX
4acoB (0T 2 10 6) ¥ POBOAMTCS TIOCIIE COOTBETCTBYIOIIETO 3aHSTHsI, KOTOPOE 0OCCIIEUMBAET HAMYNE 3HAHHH, HEOOXOAMMBIX IS €¢
BBITIOJIHCHUA.



2 METOJMYECKHE YKA3AHHUSA

OIINCAHHE JIABOPATOPHOI'O CTEHJA U TOPAAOK BbIIIOJIHEHUS PABOT
JlabopaTopHbIe pabOTHI BEIMONHAIOTCS Ha JJAOOPATOPHOM CTEHJIE - MOAYJIb MHKPOKOHTpoJUIepa. BHenmHunit Bux Moymns
MIPUBEJEH Ha puc. 1.

o o

Puc. 1. Breumui suil Moy s « MUKpOXONTROIISHS

Moayns «MHUKPOKOHTPOJUIEp» TMpeIHa3HAYEH Ui MPOrPaMMHUPOBaHHS U U3y4YCeHUs] (YHKIHH MHUKPOKOHTPOIUIEpA
ATmega8535 cemeiictBa AVR, Bointyckaemoro gupmoii Atmel.

Ha nuiieBoii maHen MOAYJIsl paciooKeHbI:

-nepekmodarens «CeTh» €O CBETOAMOJOM HWHIMKALIWK HAIMYUS HANpsDKeHHs. llepekiiouaTesb OCYIIECTBISET
KOMMYTAIHIO HAMPSKECHUsI, TI0aBaeMOT0 Ha MOJIYJIb;

- MHEMOCXEMY MHKPOKOHTPOJUIEpA C KIIEMMaMH, CBSI3aHHBIMH C IIOPTaMH BBOJ1a/BBIBOJJA MUKPOKOHTPOJLIEPA;

-nepeximodarenu S1-S8 ¢ BBIXOHBIMU KJIIEMMaMH ISl [T0Jau¥ JJOTUYECKUX CUTHAIOB HA MUKPOKOHTPOJLIED;

-kHomkd S9, S10 ¢ BRIXOAHBIMY KJICMMAaMH IS [TOJA4H JIOTHYECKAX CUTHAJIOB MUKPOKOHTPOJLIED;

-noteHuuomeTp RP1 ¢ BHIXOHO# KJIEMMOH JUIs TI0/1a41 aHAJIOTOBOTO HAIIPSKEHUsI HA MUKPOKOHTPOJLIED;

- MHEMOCXeMa IreHepaTopa HU3KOYaCTOTHOT'O MIpsMOYyroJibHOro curiana 50 ' 1 kieMma BbIXojia reHepaTopa;

-ceetommonpl VD1 - VD8 ¢ wiemMamu s MX IOAKIIOYEHHS K HCTOYHHMKY HamlpsDKeHHs (HAmpumep, K
MHUKPOKOHTPOJIIIEPY);

JIEKTPOJBUTATEIb MTOCTOSHHOTO ToKa M ¢ ycminTeneM MOIIHOCTH M KJIEMMOW JUIAIIOJadd Ha HEro YMpPaBIISIONIETO
HaIpsDKSHUS,

- CEMHCETMEHTHBINYETHIPEXCUMBOJIBHBII CBETOMUOAHBIA HHAUKATOP C KIIEMMAaMH MOJa4YH HAMPSHKSHUS] HA CETMEHTHI A,
B,C, D, E, F, G, H, a Takxe Ha 00IIyIO TOYKY Ka)KIOTO CETMEHTa HHINKATOPA;

- nBa GUIbTpa HU3KOM YacToThl Ut Gunbrpanuu [IIMM-cUrHanoB Ha BBIX0O/I€ MUKPOKOHTPOJLIEPA.

OCHOBHBIE XapaKTEPUCTHKH U3y4aeMOro MUKpokoHTposuiepa ATmega8535- npuBeneHs! B Tadi. 1.

Tabnuna 1. Kpatkas xapakrepuctiuka MUKpokoHTposuiepa ATmega8535

Ne |[Tapametp 3HadyeHue
1 |O6bem namstu nporpamm (Flash-namsite) 8 kb

2 |O6beM 3HeproHe3aBUCHMOi maMsaTH (IIaMsTh 512 b

3 |06mem O3Y 512

4 KoauyecTBO MPOrpaMMHPYEMBbIX BXOJIOB/BBIXOI0B 32

5 |8-0utHbIe TaiiMepsl/cuerunku ¢ IITMM 2 miT.

6 |16-0uTHbIi TaliMep/cuetunk ¢ IIIMM 1 .

7 |[Komnuectso xanamos AL 8

8 |PaspsmHocTh AIITT 10

9 |AHaJIOroBBIA KOMIIAPATOP €CTh

10 [McTOYHUKM BHEIIHUX MPEPLIBAHUI 3 .
11 |[VuuBepcanbsblii npueMonepeaaruuk USART ecTh

12 [TWI - unaTepdeiic ecTh
13 |SPI - untepdeiic €CTh
14 JTAG - unrepdeiic HET

15 [HanpsbkeHue 3JIeKTPOIUTAHUS 27-55B
16 |/Inama3oH 4acTOT KBapIIEBOIO pe30HATOPA 0... 16 MI't
17 [YacroTra yCTaHOBJIEHHOTO KBapIEBOrO Pe30HATOPA 8 MI't




MNOPAAOK BbIIIOJITHEHUS JIABOPATOPHBIX PABOT

Ipu moaroroBke K 1a60paTopHOi paboTe HEOOXOAUMO:

- O3HAKOMHUTBCA C €€ COIepXKAaHHEM U, MOJB3YsACh PEKOMEHIOBAHHOW JHMTEPaTypod M JIEKIUAMH, H3yIHTb
TEOpETHYECKIE TIOJ0KEHNS, Ha KOTOPHIX 0a3zupyercs paboTa;

- B COOTBETCBHHM CO CBOMM BapHaHTOM 33/IaHUS HAITUCATh JINCTHHT IIPOTPAMMBI;

- BBHINTOJIHUTE MPOBEPKY paboCIocoGHOCTH TporpamMMel Ha cumyisitope AV R- studio;

- OTBETHTH Ha KOHTPOJBHEIE BONPOCHI K JTabopaTopHOii paborte.

INepen BhINONHEHNEM J1A00PATOPHOH PabOTHI HEOOXOIMMO:

- MPE/ICTaBUTh OTYET 110 NMpeAbIayIIei padoTe;

- NPE/ICTaBUTh JIMCTUHI NPOTPaMMBbl U HEOOXOJMMBIE pacdeT 10 CBOEMY BapHaHTy 3aJlaHusl K BBINOJHAEMOI
nabopaTopHOii padore;

- OTBETUTH Ha BOTIPOCHI, 3371aBaEMbIe IIPETIOIaBATEIIEM.

[Ipu BeINOIHEHUY Ta00paTOPHOU paboThl HEOOXOIMMO:

- BBECTH TIPOTPaMMy B KOMITBIOTEP U ITOKA3aTh ee paboToCocoOHOCTRIpenoaBareiio Ha AVR-studio;

- TIPOM3BECTH COOPKY CXEMEI,

- MONbKO _NOoCie _paspewienyss TPEeTogaBaTeNs BKIIOYUTh IHTAaHHE M HPHCTYNUTh K MPOTPaMMHPOBAHHUIO
MHKPOKOHTpOJUIEpa U MPOBEPKH €ro paboThl;

- IPEeICTaBUTh IPOrpaMMy Ha MUKPOKOHTPOJIIEpE Ha IPOBEPKY IPENOAaBaTEIIIO;

- 10 OKOHYaHWUH pabOThI IPHBECTHU B OPSIOK padoyee MecTo.

OPOPMJIEHUE OTYETOB 11O TIABOPATOPHBIM PABOTAM

Bce or4eTsl J0MKHBI OBITH BBIMOJHEHBI M CHIAHBI Ha MPOBEPKY KaXKIBIM CTYJIEHTOM unougudyanvho. Pabora cuuraercs
C/IaHHOI, €CJIM OHa MPOBEPEHA, HE COJICPIKUT OLIMOOK M PUHSATA MIPENoAaBaTeIeM.

OT4yer MOMUMO MPaBWILHO O(QOPMIIEHHOTO THUTYJIBHOTO JIMCTa C YKa3aHHEM HoMepa Ja0opaTopHoW paboThl, ee
Ha3BaHUS, (aMWIMM M WHHULIWAJIOB CTYJCHTA BBIIOJHUBIIETO padOTy, HOMepa Tpymmbsl W (aMHIMM W WHHUIHAIOB
MIPEToAaBaTeNs JOJDKEH CONePKaTh (TIOPSATOK OPOPMIICHHS IIYHKTOB TaK)Ke IOJDKEH COOTI0IaThC):

1. Henp paboTHL.

2. @OyHKIMOHABHAS CXEMa yCTPOMCTBA. YKa3bIBAIOTCS BCE MCIIOIBb3YEMBIC BXOJIBI/BBIXOIBI MHKPOKOHTPOILIEPA,
nepudepuitHbie 3IeMEHTH! (TyMOJIepsl WINM HMOTEHIMOMETPHI ISl TOJa4M AWCKPETHBIX M aHAJOTOBBIX BXOAHBIX CHUTHAJIOB,
PE3UCTOPBI, CBETOAMOJBI, CEMUCETMEHTHBIE WHIUKATOPHI W T.I. BBIBOAUMBIX JAHHBIX, MOAKIIOUEHHE MHTaHUA
MUKPOKOHTPOJLIEPA, MOAKIIOYEHUE KBAPLEBOIO T€HEPATOpa.

3. [IpenBaputenbHbIe pacueThl (eciu oHU TPpeOyroTcs). OOBIYHO 3TH pacyeThl BKIIOYAIOT AaHHbBIE, TpeOyeMble JUIs
BBITOJIHEHHSI TPOTPaMMBI:

- BBIOOP HEOOXOANUMBIX JUIS PEIICHHs 331a4u Tepu(EpUIHBIX YCTPOKUCTB, TaliMepoB, npepbiBanuii, AL u T.1.;

- pacyersl TpeOyeMBbIX XapaKTepUCTUK paboThl mnepudepuiHbIX ycTpoicTB (IepuoioB padoThl TaiiMepoB,
paspsanocta AL u T.1.);

- HacTpPOWKa perucTpoOB BBOJIA/BBIBOJIA IS 3a/JaHUS TPeOYeMOTo pexnma padoThneprdepuitHbIX YCTPOHCTB.

4. JluctuHr mporpaMmsel. JIMCTHHT HEOOXOAMMO IPHBOIUTH 00SA3aTEIBHO C KOMMEHTapUSIMH IO OCHOBHBIM
3JIEMEHTaM IIPOTPaMMBI: MOSICHEHHS 110 epeMEHHbBIM, Ha3HAUYCHNE TPYNITEI HHCTPYKIUH B IporpaMme (CTeK, MHUIHATIU3ans
NopTOB, MHUIManu3anus taiiMepa TO u T.1.).

5. Hucaccem6uiep nporpammsl. J{ncaccemOiep K0JKeH IPUBOANTHCS TIOJIHOCTBIO JUIS BCEH MTPOTrpaMMBbl, BKIFOUast
TaOIUIy BEKTOPOB IpEphIBAaHAIN 1 MaMATh JaHHEIX BOFLASH-o6macTn.

6. Crek (ecnu oH ucnoibdyercs). MHdopmanuio o creky Bo BpeMst HCIIOIHEHUs! IPOrPaMMbl C YKa3aHHEM: BEpIIMHbBI
cTeka, MHPOPMAaLH, KOTOpas 3allUChIBAeTCA B CTEK U HEOOXOJUMBIMH MOSICHECHUSAMU.

7. Jlpyrue HeoOXoAMMBbIE TyHKTHI B COOTBETCTBUH C TpeOOBaHUAMH K TabopaTopHOil padorTe.

8. BrIBoaKI 11O pabore.

Ilpumeyanue: TIpu COCTABICHUHM OTYETa HEOOXOJUMO BBINOJHATH TpeboBanus ECK/I: ucmonb30BaTh MyHKTYalHMIO,
3aIMCHIBATh HA3BAHUE BBITIOJTHAEMOTO MTyHKTA, CXEMbI U TaOJIHIBI JOJDKHBI OBITh IPOHYMEPOBAHbI M aKKYPaTHO IIOCTPOEHHI.



Tema 1.8 IIporpaMmMupoBanre MEKPOKOHTPOJLIEPOB
IIpakTuyeckas padora Ne 7
H3yuenue accembaepa MK AVR
®opMupyemble KOMIIETEHIIMH:
IIK 2.1. Co3gaBaTs IporpaMMBI Ha sI3BIKE accemMbiepa Uit MUKPOIPOIIECCOPHBIX CHCTEM.

Hens padoThi: H3yInTH OCHOBHBEIEC IOHATHS accemOiepa MK AVR

BoinosinuB padory, Bel 6ynere:

ymems:

- COCTaBJIATH MPOTPaMMBI Ha SI3bIKE acceMbiepa sl MUKPOIIPOLIECCOPHBIX CHCTEM

MatepuanbHoe o0ecnieyeHne:

He TpeOyercs

Teopernueckue cBeeHUs!

OCHOBHbBIE TIOHSTHUS

AccemOiep - 3TO MHCTPYMEHT, C IIOMOIIBI0 KOTOPOTO CO3AaéTcs MporpaMma A MUKPOKOHTpoiuiepa. Accembiep
TPaHCIUPYET aCCEMOIMPYEMbIH HCXOAHBIA KOJ IPOTPaMMbI B OOBEKTHBIN KOJ, KOTOPBIH MOXET MHCIOJIB30BATHCS B
cumyistopax win amynaropax AVR. Taxke accemOiiep reHepupyeT KoJl, KOTOPBI MOKET OBITh HE IOCPEICTBCHHO BBEACH
B IIPOTPaMMHYIO IAMSITh MUKPOKOHTPOJIIEPA.

I[Ipu pabore c¢ accemMOIepoM HET HHUKAKOW HEOOXOOMMOCTH B  HEMOCPEICTBEHHOM COCIUHEHHH C
MHUKPOKOHTPOJIIIEPOM.

SI3bIK accemOiepa - 3TO CHMBOJHMYECKOE MPEJCTAaBICHHE MAIIMHHOTO s3bIKa. Bce mpolecchl B MalllMHE HA CaMOM
HHU3KOM, allapaTHOM YPOBHE NPHUBOIATCA B JeiiCTBHE TOJIBKO KOMaHIaMH (MHCTPYKIMSMM) MalIMHHOTO si3blka. OTcrona
MOHSATHO, YTO, HECMOTPS Ha o0llee Ha3BaHUE, SA3bIK acceMOuepa Il KaKI0TO THIIA KOMITBIOTEpa CBOM.

IIporpamma Ha acceMOiiepe mpeacTaBiseT coO00 COBOKYMHOCTh OJOKOB MaMSITH, HA3bIBACMBIX CETMCHTAMH MaMSITH.
HporpaMMa MOXCT COCTOATH H3 OJHOI'O HJIM HCCKOJIBKHUX TaKHX 6HOKOB-C€FM€HTOB. Ka>1<)11>1171 CCTMCHT COACPKHUT
COBOKYITHOCTH NPEJIOKEHUH S3bIKa, KaX10€ U3 KOTOPBIX 3aHUMAeT OTAEIbHYIO CTPOKY KOJIa TPOTrPaMMBI.

[Ipennoxenus accemOnepa ObIBAIOT YETHIPEX THUIIOB:

1) xoMaHABI WM UHCTPYKUHMH, MPEACTABIIAIONINE COOON CHMBOINYECKHE aHAJIOTH MallMHHBIX KoMaH[. B mporecce
TPaHCISIIMU HHCTPYKIMN acceMOiiepa mpeodpa3yloTcst B COOTBETCTBYIOIINE KOMaH bl CHCTEMBI KOMaH]I MUKPOIIPOIIECCOPa;

2) MaKpOKOMaHHBI - oopMIIIEMbIe ONpPEICICHHBIM 00pa3oM NPEIUIOKEHHs TEKCTa MPOrpaMMBI, 3aMellaeMble BO
BpEMsI TPAHCISILAY JIPYTUMH TIPEUIOKCHUSIMH;

3) IMpeKTHBBI, SBIAIOIIMECS YKa3aHUEM TPAHCIATOPY acceMOiepa Ha BBINOJIHCHUE HEKOTOPBIX NEHCTBHHA. Y
JUPEKTUB HET aHAJIOTOB B MAIMHHOM IPCACTaBJICHUU,

4) CcTpOKH KOMMEHTAPHEB, COICPIKAIIHE JTFOOBIC CHMBOJIBI, B TOM YHCIe U OYKBBI pycckoro andpaputa. KoMMeHTapuu
UTHOPHPYIOTCS TPAHCIISITOPOM.

[MpeanoxeHus, COCTABISIONIME MPOTPaMMy, MOTYT TMpPEICTaBIsATh COOOW CHHTAKCHMYECKYI0 KOHCTPYKIIUIO,
COOTBETCTBYIOIIYIO KOMaHIe, MaKpOKOMaH/I¢, TUPEKTHBE MM KOMMEHTaputo. [t TOro 4To0bl TpaHCsITOp acceMobliepa MOT
pacIo3HaTh MX, OHHM JOJDKHBI (DOPMHPOBATHCS IO OINpPEIEICHHBIM CHHTAKCHYECKUM TpaBmiiaM. JlJIsi 3TOro Jydile BCEero
UCTIONb30BaTh (POPMAIBHOE ONHMCAaHUE CHHTAKCHCA S3bIKA HANOA00Ne MTPaBUII TPAMMATHKH.

Hcxonusnii gaiin, ¢ KOTopsIM paboTaeT acceMoiiep, JOMKEH COlepKaTh MHEMOHUKH, AUPEKTUBBI 1 METKH.

MHeMOHHKa — 3TO KpaTkoe OyKBEHHOE 0003HaUeHHE KOMAH/IBI:

CJIOXXEHUE—ADDITION—ADD

Ilepen kaxol CTPOKOH MPOTPaMMBbI MOXHO CTaBHTh METKY, KOTOpas sBiIfeTcs ai(aBUTHO-IU(PPOBOH CTPOKOH,
3aKaHYMBAIOLICHCS JIBOETOUMEM. METKH HCIOJIB3YIOTCS KaKyKa3aHus IJisi Oe3yCIIOBHOTO Nepexoia M KOMaHJ YCIOBHOTO
nepexoja.

Ctpoka nporpaMMbl MOXKET OBITh B OJTHOW M3 4eTHIPEX hopMm:

[ Metka:] nupextuBa [onepannasl| [KommenTtapuii]
[ Metka:] xomanaa [onepanasi| [KomMmmenTapwmii]
Kommenrapuit

IIycras crpoka

CuMBOJIBI KBa/IpaTHOM CKOOKH [...] 03HAYAIOT, YTO MCIIOIb30BaHNE JIEMEHTa HE00A3aTEIIbHO.

[MpakTHyeckn Kakaoe NPEIUIOKEHHWE COJICPXKUT ONMCaHue O0beKTa, HaJ, KOTOPhIM WJIM NPH MOMOLIM KOTOPOTO
BBITIOJHSAETCS. HEKOTOPOE JEHCTBHE. DTH OOBEKTHI HAa3bIBAIOTCS Onepanodamu - 3T0 0ObEKThl (HEKOTOpPBIC 3HAUEHHSI, PETHCTPHI
WIN SIYEHKH MaMATH), Ha KOTOpBIE JIEHCTBYIOT WHCTPYKIMH WM JAUPEKTHBBI, JTUO0 3TO 00BEKTHI, KOTOPHIE ONpPENEISIIOT HIIN
YTOUHSIOT A€MCTBUE HHCTPYKLIMN WM JUPEKTUB.

KoMMeHTapuii nMeeT creayrony Gopmy:

; [Texer]

Takum obpa3zoMm 7000 TEKCT mocje cCHMBONa
OJIb30BATES.

OmnepaH/IBI MOXKHO 33aBaTh B Pa3IMYHBIX (hopMaTax:
JIECATHYHBIN: 10,255
HIeCTHAALATEPUYHBIN (1Ba criocoba): Ox1la wim $1a
nsomynsblii: 0000001010,0b11111111
BocbMepHuHblii: 010, 077

CuMBOJIBI 513BIKA acceMbiiepa

’

UTHOPHPYETCS] acCeMOJIEpOM M MUMEET 3HAUYEHHE TOJBKO IS




JlomyCTUMBIME CUMBOJIAMH TIPY HAITUCAHUU TEKCTa MPOrPaMM SIBIISIOTCS:
1) Bce natuHcKue OYKBBI: A-Z, a-z. [Ipu 5TOM 3ariaBHbIEe U CTPOUYHBIE OYKBBI CUMTAIOTCS SKBUBAICHTHBIMU;
2) mudpsr ot 0 10 9;
3)3naku ?, @, $, , &;
4) pazgenurenu, . [ | ()< {}+/*¥%!"'" ?7=#"
Ipennoxenus accembuepa (GOPMUPYIOTCS U3 JIEKCEM, MPECTABISIOMIMX COOOH CHHTAKCHYECKH Hepas/eliuMble
MOCJIEI0BATENILHOCTH IOMYCTHMBIX CHMBOJIOB 513bIK&, IMEIOIIHE CMBICI JJISl TPAHCISITOpA.
JMpexTHBHI acceMbiiepa
AcceMOnep TOJIEPKUBACT MHOXKECTBO TUPCKTUB. JIMPEKTHBBI HE TPAHCIUPYIOTCS HEMOCPEICTBCHHO B KOIBI
oneparnuy. HanpoTHB, OHU HCIIOTB3YIOTCS, YTOOBI KOPPEKTUPOBATH MECTOIMOJIOKCHUE MPOTPAMMEI B TIAMSTH, OMPEICIISATh
MaKpOKOMAaH/Ibl, HHUIIMATIM3UPOBATh MaMsITh U TakK Janee. To ecTh 3TO yKa3aHHsS caMoOMy accemOiepy, a He KOMaHJbI

MHUKPOKOHTpOJLIIEpA.
Bce nmupexTuBbl accemOiepa npuBeaeHs! B Tab. 1.
Tabmmna 1. TupextuBsl acceMOnepa

JupextuBa Onucanne
BYTE 3ape3epBupoBaTh OalT MO/ IEPEMEHHYIO
CSEG CerMeHT K0OI0B
DB 3aark nocTossHHBIM(¥) OaiiT(bl) B TaMSATH
DEF 3anaTh CUMBOJIMYECKOE UMS PETUCTPY
DEVICE 3aaath AJ19 KaKOro TUIAa MUKPOKOHTPOJUIEpa KOMIIUIUPOBAThH
DSEG CerMeHT TaHHBIX
DW 3amate mocTossHHOE(BIC) CIIOBO(A) B TAMATH
EQU YcTaHOBHTE CUMBOJI PABHBIN BBIPAXKEHUIO
ESEG Cermentr EEPROM
EXIT Brrxon u3 gaitna
INCLUDE BrurounTh UCXOMHBIN KO U3 Apyroro Qaiina
LIST Brurtounts renepanuio .1st - daiina
NOLIST BrrxmrounTs rerepanuio (1st - daiina
ORG HavanpHEI agpec mporpaMMbl
SET YcTaHOBUTE CUMBOJI PABHBII BBIPAKCHUIO

CHHTaKCHC BCEX AUPEKTUB CIETYIOIIHNA:
. <IUpPCKTUBA>
To ecTb nepen TMPEKTHBOM AOJDKHA CTOSTH TOUKA. IHaue acceMOiiep BOCIIPHHIMAET 3TO KaK METKY.
[Nosicaum Hambonee BaskHbIE IUPEKTUBHI acceMoiiepa.
1. CSEG- Codesegment - yka3piBaeT Ha Ha4aja0 CETMEHTA KOJOB. AcCeMOIHpyeMblil Gaili MOKET UMETh HECKOIBKO
KOJIOBBIX CETMEHTOB, KOTOpPbIE OyyT 0OBEeIMHEHBI B OJIMH IIPH aCCEMOINPOBaHNH.

CHUHTaKCHC:

* CSEG

Ilpumep:

.DSEG ; Hawvano cerMmeHTa nNaHHLIX

vartab: .BYTE 4 ; PesepBupyerca 4 Ganra B CO3Y

.CSEG ; Hauvano cerMeHTa KOIOB

const : .DOW 2 ; 3ammncare 0x0002 B nporpaMMHo¥i naMaTH

mov rl,r0 ; YTo-T0 nenarts

2. DSEG — DataSegment - yka3piBaeT Ha Hayajg0 CETMCHTa JaHHBIX. AcceMOJMpyemblii (aia MOXKeT

COJIep)KaTh HECKOJILKO CErMEHTOB JIaHHBIX, KOTOpBIE IMOTOM OyIyT cOOpaHbIB OIUH NpH acceMOnupoBaHuu. OOBIYHO
CEerMEHT JaHHBIX COCTOUT JIMIIb U3 AupeKTuBbIBY TEN MeToK.

CuHTaKcuc:
* DSEG
Ipumep:
.DSEG ; Hauano cermMeHTa AaHHHIX
varl: .BYTE 1 ; PesepBupoBaTe 1 6GaiT non NEepeMeHHY
table: .BYTE tab_size ; PesepBuporaTs tab_size GalToBs.
CSEG
ldi r30,1low(varl)
lddl r31,high(varl)
ld rl,2
3. ESEG -EEPROMSegment - ykassiBaeT Ha Hadamo cermeHra EEPROMunamstu AccemOaupyemsiid daiin

MOXeT cojepxaTbh Heckoibko EEPROMcermenToB, KoToppi OyayT cOOpaHbl B OJMH CEIMEHT MpPU acCeMOIMPOBAHUU.
Oo0biuno cerment EEPRON cocroutr n3 DBu DWaupektuB (u merok). Cermenr EEPROMmnamsitu mmeer cBoit



cooctBeHHbll cueTunk. JlupektnBa ORGMoXxer ucmonb3oBaThes Il pa3MeleHa IEPEeMEHHBIX B HYKHOH o0iacTu
EEPROM.

CHHTaKCHC:
* ESEG
Ipumep:
.DSEG ; Hauano cermeHTa OaHHEIX
varl: .BYTE 1 ; PesepBupoBaTh 1 GaiT nNoa nNepeMeHHYW
table: .BYTE tab_size ; 3BapesepsupoBaTs tab_size Banir.
JESEG
sevarl: .DW Oxffff ; 3anucares 1 cnoeo B EEPROM
4, ORG - ycmanosumv adpec Hauara npozcpammbsl -TIPUCBAUBACT 3HAYCHHUSA JIOKABHBIM CUETYHKAM.
Hcnone3yercs Tompko coBMmecTHO ¢ mupektuBamu .CSEG, .DSEG, .ESEG.
CuHTaKcuc:
* ORG<agpec>
Ilpumep:
DEEG ; Havano cerMeHTa HaHHBIX
JORG 0x37 ; YcranoBuTe anpec CO3Y Ha 37h

variable: .BYTE 1 ; 3apes3epsupoBaTh Gadir CO3Y no aapecy 37h
.CSEG

.ORG 0Ox10 YCTaHOBMTE CUYETUMK KOMaHn Ha azpec 10h
mov r0,rl ; Yero-nubyns nenatTe
5. DB - onpedenums 6aum(b1) 6 npoepammnou navamu uiu 6 EEPROM- pesepBupyeT pecypchl maMsTH B
nporpamMHoi mamsatu win B EEPROM. IupextuBe nmomkHa mpenamectBoBath MeTka. DB3amaer crmcox
BEIpOKCHUH, U JOJDKHA COAEPKaTh IO KpallHe#d Mepe OIHO BBIpaKeHHE. Pa3MemaTs TUPEKTHUBY CIECIyeT B
cermenTte koxoB win B EEPROMcermenTte. Criucok BEIpakeHUI MpencTaBisieT co00i Mocien0BaTeIbHOCTD
BBIpOKCHUH, pa3felICHHBIX 3alsThiIMU. Kakmoe BBIpakeHHE JOJDKHO OBITh BENWIMHOW Mexnay -128 um 255.
Ecnu nupekTHBa yKa3bIBacTCsS B CEIMEHTE KOJIOB U CIIMCOK BBIPAKCHHM COACPIKUT 00Jiee IBYX BEIUYMH, TO
BBIP@XKEHUS OYAyT 3alKMCaHbl .TaK, uTo 2 Oaiita Oy ayT pa3MernaThes B KaxaoM ciiose Flash-mamsitu.

~

CuHrakcuc:
LABEL: .DB< ciucox BbIpaXeHUI>
Ilpumep:
.CSEG
consts: .DB 0, 255, 0b01010101, -128, Oxaa
.ESEG
const2: DB 1, 2, 3
6. DW — onpedenums crnoso 6 npoecpammmuon namamu uiu ¢ EEPROM - IupextuBa DWpesepsupyet

pecypcel maMATd B mporpamMMHOi mamsaTa wid B EEPROM. [lupekTtnBe momKHAa NpeAmIecTBOBAaTh METKa.
DW3anaer cnmcok BblpakeHMH, . M JOJDKHA COAEpKaTh MO KpaiHeH Mepe ofHO BbIpakeHHe. Pasmernatsh
JTUPEKTUBY clenyeT B cerMeHTe kKojoB i B EEPROMcermente. Crimcok BBIpaskeHHH TPENCTAaBISAET cOOO0I
MIOCJIC/IOBATENILHOCTD BBIPQKEHUH, pa3/IelICHHBIX 3aIlThIMU. Kaxoe BbIpakeHHE JOJDKHO OBITH BEIHMYMHON
Mexy -32768 u 65535.
CuHrakcuc:
LABEL: .DB< ciucox BBIpaXeHUI™>
Ilpumep:

.CSEG

varlist: .DW 0, Oxffff, 0b1001110001010101, -32768, 65535

.ESEG

esvarlst: .DW 0,0xffff,10

7. DEF — npuceoums ums pecucmpy- mo3BOIsSeT NPUCBOUTH CHMBOJIMIECKOE UMSI PETHCTPY. Peructp MoxeT UMETh

HECKOJIbKO CUMBOJIMYECKUX UMEH.
CuHTaKcuc:

.DEF< Ums>-<Peructp>
Ilpumep:

.DEF temp=R16

.DEF ior=R0O

CSEG

ld) temp, Ox£f0 ; 3arpysuTek Oxf0 B perucTp temp
in lor,0x3f ; NlpounraTe SREG B perucTp ior
sor temp, ior ; BunonsuTbL onepaump

8. EQU — npuceoumsv umsa ewvipasicenuro- TUPEKTUBA TPHCBANBAET 3HAYCHHUE METKE. JTa METKa MOXET OBITh
UCIIOJIb30BaHA B IPYTUX BBIPAKEHHUSX. 3HAUCHNE ITOM METKH HEJb3si U3MEHUTD WIIH [IEPEONPEICIIUTb.



CuHTakcuc:
.EQU< merka>=<BbIpaxeHune>

Ilpumep:

BOQU lo offset = 0x23

,EQU porta = jo_offset + 2

L8EG ; Hauwano cermeHra Komos
olr x2 ;i OumcT™uTe perucrp r2
out porta, r2 ; 3anucaTe B no»T A

9. INCLUDE - scmasums Opyzoii ¢hatin - DTUPEKTHBa TOBOPHUT AcceMOiepy HadaTh YHTaTh W3 JAPYroro (aiin.

AccemMbiep OyneT acceMONMUpoOBaTh STOT (aiin 1o KoHMa (aiina mmm xo nupektussl EXIT. Brirogaemsrit daiin MoxkeT cam
Bkirouars aupextuBbl INCLUDE.

CHHTaKcHc:

INCLUDE"<ums ¢aiina>"

Illpumep:
EQU sreg = Ox3f ; PerucTp craryca
yBQU aphigh = Ox3e ; Crapumii GalT ykasaTensa crexa.
EQU splow = 0Ox3d ; Mnanuui Gailr ykasaTensa crexa.
| Ancdemo.asm

INCLUDE “lodefs.asm”; Bxnouurs dahn «iodefs.asm»
in r0,8req ; TlpounTar™s perucrp craryca

10. EXIT — switimu u3 ¢aiina — 1MpeKTHBA MO3BOJSET acceMOJIepy OCTAHOBHTH acCEeMOIMPOBaHHE TEKYIIEro ¢aiina.
OO0b14HO accembiiep paboraeT mo koHia ¢aitna. Ecau on BeTperut mupektuBy EXIT, Tompomomkur accemOnupoBath CO
cTpokw, ciexytomieii 3a nupektuBoit INCLUDE.

CHHTaKcHc:
EXIT
Ipumep:
EXIT ; BBIMTH U3 3TOTO (haiina
11. DEVICE - ykazamb 0151 Kako20 MUKpOKOHMPOIEPA accemOiuposams - TAPSKTHBA MO3BOJISCT MOJIH30BATEIIO
CO00IUTE acceMOJIepy, Ui KaKOro THIA YCTPONUCTBA MHIIETCS mporpamma. Eciu acceMOiep BCTPETUT KOMaHIY, KOTOpast
HE MOICPKUBACTCS YKa3aHHBIM THIIOM MUKPOKOHTPOJIIEPa, TO OyIeT BhIIaHO cooOdIeHue. Takxke COOOIICHNE MOSBUTCS B

ciydae, eciid pa3Mep MpPOrpaMMbl MPEBBICUT 00HEM UMEIOIIEHCS B ’TOM YCTPOUCTBE MaMSTH.
CHHTaKCHC:

.DEVICE AT90S1200 |AT90S2313 | AT3052323 | AT90S2333 | AT90S2343 |
AT90S4414 | AT9054433 | AT90S4434 | AT90S8515 | AT90S8534 |

AT90SB535 | ATtinyll | ATtinyl2 | ATtiny22 | ATmegab03 |
ATmegal03| AtmegaB535

Ilpumep:
.DEVICE ATmega8535 ;ucnonsszosarTe ATmegaB8535
.CSEG
.ORG 0000
jmp labell ;Ipyn acceMOMMpoOBaHUM MNOABUMTLCH CoobueHue,” YTo
iATmegaB535 He noanepxuBaeT xoMaHOy Jmp
3aganue

PaCCMOTpI/ITe npumMep HpPIBC,E[eHHOﬁ nporpaMmMhbl Ha acceM6nepe, OIPEACINTEC OCHOBHBIC UCIIOJIb30BAHHBIC JTUPCKTUBBI.

B Terpaan onummTe UX Ha3HAYCHUE, IPUBEIUTE IIPUMEPEl KOMMEHTapHeB U onepannos.[IpuBennTe npuMepsl CTPOK U3
MIPOTPaMMBI, KOTOPBIE COOTBETCTBYIOT (hopMam:

[ MeTtka:] nupextuBa [onepanasl| [Kommenrapuii],
[ Metka:] komanga [onepanasl] [Kommenrapuii].
0O003Ha4YbTe BCE IEMEHTHI ( METKH, IMPEKTUBBI, KOMaH/1bl (MHEMOHHKA), OTIePaH/Ibl, KOMMEHTAPHN).

Tporpamma, HamucaHHass Ha accemOlepe, MODKHA HMETh ONpEIENeHHYI0 CTPYKTYpy. llpeiaraercs ciedyromuit
mabon (s Atmega 8535):



‘--.-----—-- ----------------------------------------

| MARRANME BPOXPAMMAL, ;

| KpATKOR onMOaNMe, HeOoOXonuMble NOACHEMHA }

‘~~-0-.----— —————————————————————————————————————————
NOAKADNAOMNEe fononnuTens ue Gafin

.lmﬂ\ldo "mAs35det , dnc” ; ®afin onmcanua ATmegaB8535

CAnoluds Yeumn_galinal .pacumpeHme>” ; BRAGMEHME NONONMATEN L HBIX

CANelude S<uMn_dalnaz . pacumpenve>” ; dainon

] PHOBANNNNE KONCTANTH

Ll SMMAL> = <kOHCTAHTAL>

U CHMAZS = <xOMCTAHTA2>

[} PHOBARLNNG POINCTPOBNE NepeMeHHse

(tnt ML e <percTpl>

et SHMAZ = <perMCTp2>

! COrMaNT NanHux

(aeg

By <alpec» | Allpec nepeoro sapesepeEvpoBaHHoro Gafira
Iabwlls  n¥TE 1 j pesepeupoBaTs 1 GaiT noa nepeMeHnyi labell
Label2y . DYTE m j pesspsupoBaTe m OaiiT non nepexennyx label2

| cersens EEPROM (3CNNSY)

.25eg
.org <anpec> ; Anpec NEPAOry IapPeSepBMpPOBaHHOrND OaRlra
.db supaxexmel, supaxenwa?, . ; 3Sanucarts cnmcox Dakros 5 EEPROM
.dw Bupaxenmel, BNpaxenme, . ; 3IanMcaTh CNUCOX cnos B EEPROM
i CEeIruMeNT Komon
.cseg
.org $0000 i BInPEeC HAYANA NpOrpaMMu 3 NPOrPaMMHOl NaMaT™H
3 BOKTOPE HPEPNBANWA (SCAM ONM MCOOALIYLTCR)
rimp reset inpepusande no ctpocy
.org $0002
rjmp INTO joOpatoTumx npepusamms INTO
.org 50004
rimp INT1 ; o0paltoTunk npepusasdns INTI
+0rg adrINTx janpec cnenynuero oGpadboTuMka npepusanni
cymp INTx i O0pAtOTUME NPEPNBAHNMA X
siala jHanee pacnonarapTca oOpaboTuMEy O0CTANLHNX
; npepunanui
; Havano ocHoaHOR nporpasosd
main: <KOMAHAA> XXXX

; nogoporpama 1
subrl: <KOMAMIA> XXXX

ret

: nognporpamsa 2
subr2: <gosMasma> xXxXxx

ret
i - Oporpasmu OCPACOTYNKOR NPEPRn IR & —
- INTO: <xoMamma> xxxx

— —— - Pa— -

reti

H KOHELU nporpamsl HMXax He o0oSHavaerca

KonTpoabHubie Bonpocsl

Accem0Onep — 370. ..

Jupektusa — 370...

MHeMOHHKA — 3TO...

B kakux ¢opmarax MOXKHO 33/1aBaTh OnepaHpl B accemoiepe?
KakoBo HazHaueHHEe KOMMEHTAPUEB B IporpamMme?
KakoBo HazHaueHue qupektnBsl CSEG?

KakoBo HazHaueHue qupekTuBsl DB?

KakoBo HazHaueHue qupekTuBsl DW?

KakoBo HazHaueHue nupektuBsl EXIT?

10 KakoBo HazHauenue qupexktussl DEVICE?

©CoOoNoGA~WDNE

®opma npeacTaBIeHAs pPe3yabTaTa:
OTueT 10IKEH COAEPIKaTh:

1. Lenb paboTHL

2. OCHOBHBIE MTOHATHS U OIPEACICHUS
3. BeimonHeHHOE 3a/1aH1e

4. OTBeTHI Ha KOHTPOJBHEIC BOIPOCKHI
5. BemBog o pabore



IIpakTuyeckas padora Ne 8
H3yuenne cucrembl komang MK AVR

®opMupyemble KOMIIETEHIMH:
IIK 2.1. Co3gaBaTs IporpaMMBI Ha sI3BIKE accemMbiepa Uit MUKPOIPOIIECCOPHBIX CHCTEM.

Heas paéoThl: H3yIUTH OCHOBHBIE KOMaHBI acceMOnepa MK AVR

Bsinosinus padory, Bel 6ynere:

ymems:
- COCTaBIATH MPOTPAMMBI Ha SI3BIKE acceMOiepa sl MUKPOIIPOIIECCOPHBIX CHCTEM

MatepuanbHoe o0ecnieyeHune:

He TpeOyercs

Teopernueckue cBeeHUs!

Cucrema komana MukpokontposiepoB ATMELcemeiictBa AVRouens Gosbiiast u B Toxxe Bpemst a¢dextuBHast. OqHoM
U3 OTJIMYHUTENBHBIX OCOOEHHOCTEH MHKpPOKOHTpoiutepoB AVRSBIsSETCS TO, YTO MOYTH BCE KOMAaHIBI BBIMOJHSIOTCS 3a 1
TaKTOBBIHIMKI. VICKIIIOUCHHWE COCTAaBISIOT KOMaHIBl IEpexona. OTO CYNIECTBEHHO YBEIMYMBAET IPOM3BOAUTEIHHOCTH
MHUKPOKOHTPOJIIEPA AaKe TIPH OTHOCUTEJIFHO HEBBICOKOH TAKTOBOI! YacTOTe.

Bce xoMaHIBI MOKHO KJIaCCH(PHUIINPOBATh HA 5 THIIOB:
Apudmernyeckre KOMaHIbI.
Jlornueckue KOMaHIbL.
Komanner nepexona.
KOMaHHLI nepeaayn JaHHbIX.
[To6uToBEIE KOMAH/IBI 1 KOMAH/IbI TECTHPOBAHUS OUTOB.

CI/ICTeMa koManz npuseaeHa IPUJIOKEHUMA 1.

HexkoTopbie 0cOOEHHOCTH NPOrpaMMHUPOBAHHS

[lamaTh NAHHBIX TIOYTH IOJHOCTBIO JOCTYyIIHA INPOTpaMMe IO0Jb30BaTedss M OONBUIMHCTBO KOMaHJ acceMbiepa
IpeAHa3Ha4YeHO Al OOMEHa JaHHBIMU ¢ Hell. KoMaH /bl IepeChIIKY JaHHBIX MPEJOCTABISIFOT BO3M0’KHOCTD HETIOCPECTBEHHON
n KocBeHHOH anpecanmu staeek CO3Y, HENOCPEACTBEHHON aApecallii PErHcTPOB BBOAA/BBIBOJIA M PETHCTPOB 0OIIETO
Ha3Ha4YeHHUs. Tak Kak KaKJAOMY PETHUCTPY COIOCTaBJICHa SYeHKa MaMATH, TO 0OpaIaThCsl K HIM MOXHO HE TOJIBKO KOMaHJaMHU
aJpecaluy perucTpoB, HO U KoMaHaamu ajapecauuu sueek CO3Y.

Ilpumep, KoMaHna:
MOV R10,R1S  ; o

ISAIE A o

erncTp R10 nenaer
KOMEHAA
LDS R10,50015 ;

TP apae susion.,

To >xe caMoe OTHOCHTCS M K PErUCTpaM BBOAA/BBIBOJA. JIJIsl HUX MIPEAYCMOTPEHBI CIICIIAIBEHBIC KOMAH/IbL:
IIpu ncmonb30BaHUM STHX KOMaHJ HOMEp MopTa ykasbiBaeTcs B auamna3zoHe 0<P<63. IIpu ucnoip30BaHUU KOMaHA

IN Rd,P

OUT P,Rd

ajZipecaluyl sYeeK MamsTH Al paboThl C pPEerncTpaMy BBOJA/BBIBO/IA YKa3bIBAETCA aJpec PerucTpa B MaMsATH JaHHBIX
$0020-$005F.
Ipumep npuMeHEeHHS Pa3HBIX KOMaH:
LDI R16,SFF

QuUT §12,R16 ; Sanucars 8 PORTD wmeno 255

STS S0032,R16 ; 3anMCarTh Henoc pencreenHso s avenky $0032

Anpec peructpa BBoza/BeiBoga B CO3Y monyyaercst mpudaBieHuEeM K HOMepy noprta yucia $20.

[MamsaTtero mporpamm siBisercs [13Y u u3MeHsieTCst TOJNIBKO NPH MTPOTPaMMHUPOBaHMN  KpHCTaUIa. KOHCTaHTBI MOXHO
pacrioiararh B HaMsATH IPOTpaMM B BHJIE CJIOB.

TIpumep: .dw$033f,$676d,$7653,$237¢,$777f

Jin paboTel ¢ JaHHBIMH, PAaCIOJIOKEHHBIMH B MaMATH Nporpamm, mnpenycMoTpeHa koMmanmalPM- sarpysuts Oaiit
MaMsTH NPOrpaMM, Ha KOTOPbIH ykasbiBaeT peructp ZB peructpRO.

Anpec 6aliTa KOHCTAHTBI OTMIPeAeIsIeTCs COAePKUMBIM peructpa Z. Ctapuiue 15 GUTOB onpeaensroT ciioBo aapeca (ot 0
10 4K) cocTostHME MIIaaIIero 6ura onpezaenseT Beidop miaamiero 6aira (0) wim crapmero Gaifra (1).

I[Ipu pabote c mopTaMu BBOJA/BBIBOJIA CIENYET YYHWTHIBATH CJICAYIOIIYI0 OCOOCHHOCTH: €CIHM BBIBOA IIOPTa
CKOH(UTYPHPOBaH KaK BBIXOJ, TO €ro TEPEKNIIoUeHHe Mpou3BoAuTCs uepe3 peructp namueix (PORTA, PORTB, PORTC,
PORTD), eciu BBIBOJ CKOH(DUTYPHPOBAH KaK BXOI, TO €0 OMPOC CIEAYET IMPOU3BOIUTE Yepe3 PETHCTP BBIBOJOB BXO/1a MOPTa
(PINA, PINB, PINC, PIND).

OCOOCHHOCTBIO HCIIONIB30BAHMS apU(PMETHUECKUX W JIOTUIECKHX KOMAaHJ SBIAETCS TO, YTO HEKOTOpPhle M3 HHX
paboTaroT TONbKO ¢ peructpamu R16-R31.

IIpumep:

CPIRd, k — cpaBuuth peructp Rdc koncranroit K, 16<d<31.

Komangaer CBlu SBlpaboTarot TopKO ¢ MiaaaimmMu 32-Ms pericTpaMu BBOIa/BBIBO/IA.

[Tpu ucionb30BaHIH MOAIPOTPAMM HYKHO 0043aTENBHO ONpeAemsaTh cTek! [l 3Toro Hy)XHO 3aHECTH 3HAYCHHS
ajipeca BEpILIHHBI cTeka B peructpsl SPHu SPL.

3amanme

PaccmoTtpuTe npuMep npuBeAEeHHOH IporpaMMbl Ha acceMOuiepe, OINpeaeInTe OCHOBHBIE UCIIOIb30BaHHbIE TUPEKTHUBBI
n KoMmaHnael. B Terpamm onmmmre nx HazHadenue (ucnonedyiire ITPMJIOXKEHUE 1). IlpuBeante mpuMepsl CTpPOK U3



HPOTPaMMBI, KOTOPBIC COOTBETCTBYIOT hopmam:

[ MeTtka:] nupextuBa [onepanasi| [Kommenrtapuii],

[ Metka:] xomanna [onepannbi] [KommenTapwmii].

O0603HaYbTE BCE IIEMEHTHI ( METKH, TUPEKTUBBI, KOMAaHIb! (MHEMOHHUKA), OTIEPAHIbI, KOMMEHTAPHN).

[Ipocreiimas nporpaMmma AEMOHCTPUPYET UCIIOJIB30BaHNE IUPEKTUB acceMmOnepa. Ilporpamma BeUUTAET U3
yrcia 5 uucno 3. Ecnu moman curnan paspemenus: («1» Ha Bxon PA4), To Ha WHAMKAUIO (CETMEHTHI - OWTHI
PCO0...PC7, unpukarop - O6ut PB3) BbimaTh pe3ynbTaT BhUUTaHUSA. Ecnm HeT paspemieHus, TO Ha WHAWKAIUIO
BeIBecTH LuGpy HOoib. Ha puc. 1 npuBeaeH anropuT™ OporpaMmsl
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Pre. 1. Aropss nporpaMssl

JIucTuHr mporpaMMsel
; INporpamma k1
.include "mB8535def.inc" ;BramounTs Qaitn — onucanue ana ATmegaB535

.dseg ;CEIMeHT NaHHBIX
.egu cod0=564 ;jNpucBoeHne uMeH s4erikam SRAM
.equ codl=565
.equ cod2=566
.equ cod3=567
.equ cod4=$68
.equ cod5=569
.equ codé=$6a
.eau cod7=56b
.agu cod8=§6c
Legu cod9%9=56d
Joneg
org 0
I jmp reset
Jorg  $30 ; HayvaJso Nporpammsl
renet:
ldi 16,500 ;jonpeneneHve crexka c BepumHoi no aanpecy S00ff
out sph, rl6
ldd  rl6, Sf£f

aut apl.rl6



ldai z1,564 ;3anaHue anpeca Hayalla 3ape3epBMPOBAHHEIX Sueex
ldi zh,$00

1di rl6,S$ff jHacTpouTs nopT C Ha BHXOA

out ddrc,rlé

1di rl16,00 ; HACTPOUTHL NOPT A Ha BXon

out ddra,rlé

ldi rl6, $c 7 HACTPOMT: NOPT B: OMTH 2 M 3 Ha BWXOMN, OCTaNLHLE Ha BXON
out ddrb,rlé6

1di rl6,S$f0 7 HAaCTPOUTL NOPT D: OuTe 0...4 HA BXOM, OCTANLHWE Ha BHXOA

out ddrd,rlé

sbi portB,3 ;BaOaTs 1 Ha paspsa 3 nopra B
ldi r17,$3f ;3anjaHye CeMMCeIMEeHTHHX KOOOB
sts cod0,r17
1di rl17,$%06
sts codl,rl?7
1di rl17,$5b
sts cod2,rl7
1di r17,%4f
sts cod3,rl7
ldi rl17,$66
sts cod4,rl7
1di rl17,%6d
sts cod5,rl7
ldi r17,$7d
sts cod6,rl?
ldi r17,$07
sts cod7,rl7
1di r17,87f
sts cod8,rl7
ldi rl17,$6f
sts cod9,rl7

ldi r17,5 ;j3anaHve yMeHbllaeMoro

ldi r18,3 ;3ajaHMe BHUMTAEMOTO

ml: sbis pina,4 ;€CIM BrIOYeH TyMmOGnep SAl, To NponycTUThH
r jmp m2 jcCnenyouyi KoMaHnay

mov r20,rl7 ; B r20 noMecTuTh yMeHbWwaeMmoe

sub r20,rl8 ; BHUECTb BHYMTAEMOe

rjmp vV

m2: 1ldi 1r20,0

vv: push zl ; COXpaHuTh 2zl B cTexe

add zl,r20 ;jCnoxnTe z1 C pe3ynbTaToMm

1d r0, 2z ; CeMMCETMEHTHE KO pesysbTaTa nepecnars B r20
pop zl jM3Bneus z1 u3 crexa

out portc,r0 ; BHAThE PE3YNbTaT Ha MHAMKAUMD

rjmp ml

KonTpoabHubie Bonpocsl
[TpuBenure npuMepsl KoMaH I (eciiu HeT B mporpamme, To u3 [IPUJIOKEHUSA 1):
1. Apudmernyeckue KOMaH/IBI.
2. Jlormueckue KOMaH[bl.
3. Komanns mepexona.
4. Komanzsl nepegady JaHHbBIX.
5. IloGurtoBbIe KOMaH/BI U KOMAH/IBl TECTUPOBAHUS OUTOB.
®opma npeacTaBIeHUs pe3yJbTaTa:
OT4eT JOMKEeH COIePIKATh:
1. Ilens paGoTHI.
2. OCHOBHBIC TTOHSTHS U OTIPECIICHUS
3. BrimmostHEHHOE 3aMaHKe
4. OTBeTHI Ha KOHTPOJBHBIE BOTIPOCHI
5. BriBog 1o pabote

IIpakTuyeckas padora Ne 9
H3yuenue padorsl AVRStudio
®opmupyemMble KOMIETeHIINN:
IIK 2.1. Co3aaBarh mporpaMMBbI Ha sI3bIKE acceMOJIepa isi MUKPOIPOIIECCOPHBIX CHCTEM.



ILleab padoThI: HM3yuUTh OCHOBHBIC (DYHKLMH O CO3J@HHUIO IIPOTpaMM Ha acceMOiiepe B Cpeie NpOorpaMMHUPOBAHUS U
omnankuAVRStudio.

Bsinosinus padory, Bel 6ynere:

ymems:

- COCTaBJATH MPOTPAMMBI Ha SI3BIKE acceMOiepa Al MUKPOIIPOIIECCOPHBIX CHCTEM

MarepuanbHoe o0ecrieyeHue:

1K ¢ ycTaHOBJIEHHOM cpeoii mporpaMMupoBanus 1 oTnankuAVRStudio

TeopeTruyeckue cBeeHus

T.x. wmukpokoHTpoiuiep ATmega8535 sBnsercss mnporpaMMHpPYeMbIM, —IOJB30BATENbJOKEH OCBOUTH  €T0
NPOrpaMMHPOBAHUE B PA3IMYHBIX MPOTPAMMHBIX Cpe/iaX ¥ B Pa3JIMYHBIX S3bIKaX BHICOKOI'O M HU3KOTO YPOBHSI.

Cpenu Hanbosee NOMYISIPHBIX METO/IOB HAITMCAHUSI IPOTPAMM MOKHO BBIJICIUTS:

-HalMCaHue MPOrpaMM Ha MaIIMHHOM KOJIe MUKPOKOHTpoJriepa. [IporpaMMbl HallMCaHHBIE TAKUM CIIOCOOOM, SBIISIFOTCS
HanOosee ObICTPOJIEHCTBYIOIIMMH, OJTHAKO ISl X HamucaHus TpeOyeTcs BbICOKas KBaNM(HUKALMs IPOrpaMMHUCTa U TIIyOoKoe
3HaHME APXUTEKTYPHI MIPOLECccopa;

-HalMCaHWEe TIPOrpaMMbl Ha accemOiepe. Hammcanwe mporpaMM Ha acceMmOiepe CyNIECTBEHHO IIpOIIE, YeM Ha
MAaIIMHHOM KOJIe, OZJHAKO TAaKXKe TPeOyeT BBICOKOM KBalU(UKALMK mporpaMmucra. CiexyeT oTMETUTD, UTO SI3BIK accemoOuiepa
OOBITHOXKECTKO TMPUBSA3aH K KOHKPETHOMY THITy MHKpOINPOIIECCOPa M MOXKET CYIIECTBEHHOOTJIMYATHCSA ST Pa3HbBIX
MHKPOIIPOIIECCOPOB OJHOTO ITPOM3BOANTEILS;

-HalMCaHNWe TPOrpaMMBl Ha SI3bIKE BBICOKOTO ypoBHs (Hanmpumep, Cn). Takme mporpamMMbl OOBIYHO SIBIISIFOTCSI KpOcCC-
IaTGOPMEHHBIMH, TO €CTh MNPAKTHYECKW HE OTIMYAIOTCS 110 CHHTAKCUCY JUIS MHKpOIPOLECCOPOB pa3HBIX THIIOB.
[Tonp30Barens MUIIET NPOTPaMMY Ha SI3bIKE BHICOKOTO YPOBHS, @ KOMIIWIIITOP Mpeo0pasyeT ee B acceMOJiep U MaIlIMHHBIA KOJT
KOHKPETHOTO MHKpormpoueccopa. OHAKO 0OBIYHO HCIIOJIB30BaHHUE SI3bIKA BBHICOKOTO YPOBHSI IIPH HAIMCAHUW HPOTPaMM JUIs
MHUKPOKOHTPOJIIEPOB MOKET CYIIECTBEHHO OTPaHUYHTh UX OBICTpOIeiiCTBHE.

Cospanue mpoekra B cpene AVRStudio

Jlnst HanMcaHus MPOrpaMM, HEOOXO0IMMO CO3/1aTh IPOEKT.

C nabopaTtopHbIM KOMIUIEKCOM TocTaBisiercst mporpamma AVRStudiover. 4. JleficTBust 1o CO3JaHUIO ITPOEKTa U paboTe ¢
nporpaMmoii B pasHbIX Bepcusx AVRStudiOMOryT HECKOIBKO OTIMYAThCS, OJJHAKO OONBIIMHCTBO ACHCTBHI COOTBETCTBYIOT
W3JI0’KCHHBIM JlaJIee ITyHKTaM.

1. 3amycrtuts nporpammy AVRStudio. Spibik ajs 3amycka mporpaMMbl HAXOAUTCS HA pabodyeM CTOJE WIH B MEHIO
«[Tyck» Windows. B mosiBuBLIEMCS OKHE IPUBETCTBHS POrPaMMbI OyeT NPEUIOKEHO CO3AaTh HOBBIA MPOCKT HIIH OTKPHITH
cymecTBytomui (puc. 1).

2. ITpu BbIOOpE HOBOTO IMPOEKTa MOSBISAETCS OKHO, B KOTOPOM IpEIUIaraeTcsi BBIOPATh SI3BIK HPOrpaMMBI
Atmel AvrAssemblerumu AvrGCC.3nech He06X01MO BeIOpath AtmelAvrAssembler, ykazats uMst IPOEKTa U UMsI HHUIHATH3AMHOHHOTO
¢aiina ¢ pacmmpenueM *.asm. PexoMeHyeTcs, 9To0b IMEHA POEKTa ¥ MHUIAIN3aHOHHOTO (aiiia coBIagaim.

OueHb BXKHO: HE JIONYCKaTh B UMEHH (haiiia, IpOeKTa WK MyTH CUMBOJIOB KUPWLIHLBL. [locie 3Toro ciienyer Haxarh
kHOKY «Next» (Hanee).
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Puc. 1, Oxno npueercrans AVR Studio Puc. 2. BuGop s3uka nporpavsms
3. [ocne BrIOOpa sI3bIKa MPOrpaMMbl 1 UMEHHU MIPOEKTA MOSBISCTCS OKHO BhiOOpa miatdopmel (Debugplatform) u

yerpoiictBa (Device). 3xecy HeoOxomummo BeiOpaTbAVRSiImulatorn mpoueccop ATmega8535, KoTopblil HCMOIB3yeTcs B
naboparopaom crejie. [locie atoro cieayer Haxath KHONKY «Finishy (puc. 3).

4. IMpu HaxkaTnu Ha KHOTNIKY «Finishy B mporpamme oTkpbiBaeTcst pabouee OKHO IporpaMMupoBanus (puc.4)

Pabodee 0OKHO COEPIKUT HECKOJIBKO 00IacTe:

- okHO mpoekta «Project». 3mech oToOpakaeTcsi CTPYKTypa IMPOEKTa, KOTOpas COJAEPKUT €ro MM U CIIUCOK
MTOJIKITFOUEHHBIX (aittoB n 6ubimorex (puc.4 okHo 1);

- LeHTpanbHas pabodas 001acTh, B KOTOPOH OCYIIECTBIISIETCSI HETOCPEICTBEHHO HA0OP MPOTPaMMBbI (OKHO «2»);

- OKHO TeKyIIuX coolmienuit «builty mporpammer (0KHO «3»);

- OKHO PErucTpoB MHKpOKOHTpoiutepa «I/O Viewy (0kHO «4»),
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3ananue.

Hanucats mporpammy, ocymectsisitonryto BoiBoj uncia 01010101 mwim 10101010 nra PORTCmukpokoHTposuiepa, B
3aBUCHMOCTH OT COCTOsIHMA curHaia Ha Bxone PORTBO.

[ocne HAGOpa mporpaMMbl HEOOXOAUMO MPOU3BECTH €€ aCCEeMOIMPOBAaHUE, TO €CTh COOPKY, IIPU KOTOPOH acceMOuep
NPOU3BOAUT NMPOBEPKY CHHTAKCHCA HAIMCAaHHOW NMPOTrpaMMBI M NMPU OTCYTCTBHU OIIMOOK IHpeoOpasyeT koj accemOnepa B
MAaIIMHHEBIA KO MHKporpomeccopa. [Ipu atom ¢opmupyeTcs daitn ¢ pacmmpenneM *.hex, KoTopbliifanee 3amuChBACTCS B
MHKPOKOHTPOJLIEP.

Jlnst acceMOMMpOBaHMS HAMMCAHHOM MPOrpaMMbl HEOOXOOMMO Hakarh KHOTKY F7 «Assemble». Tlpu orcyrcTBHH
ommboK B OKHE TeKymux coobmenuii «builty AVRStudiooTobpakaercs coobIeHne 06 YCIENTHOM 3aBEPIICHHH OTIEPAIliHy, a
MIPY HAJIMYMU OIIMOOK BBIBOJIUTCS MX CIIMCOK U MOJIOXKEHHE B TEKCTE IPOTPAMMBI.

JlucTHHT IporpaMMEI

;MpoBGxas nporpauMa afs MMKDOKOHTpOMEpa ATMEGAB535
;Bxonu: PORTBO . = C
; Buaxonu: PORTCO...PORTCT

.include "m8535def.inc" ;noanxnoyesne OUOMMOTEXM XOHTPOANEpA

.cseg ;Ha4Yano cersexTa Xona
.org 0
reset:
1di rl1é,0xFF
out DDRC,rlé ;HasHayenue PORTC Ha suBon
clr rlé
out DDRB,rlé ;HasxHadexne PORTB Ha BBOR
main:
sbis PINB, 0 ;ecmn Ha PINBO=0, 7o
rjmp PIRBO_is_0 ;nepexonm #a "PINBO_is_0O"
1di rl6,0xAA ;vMHave BmBOR Ha PORTC umcna OxAA (1010 1010)
out PORTC, rié
rimp main ;danse - B03BpaT Ha main
PINBO_ is_O: ; PINRO=0
1di rls,0x55 ;BuBOA #a PORTC umcaa 0x55 (0101 0101)
out PCRTC,rlé
rjmp main ;Ranee - BO3BPAaT Ha main

KonTpoabHnbie Bonpocsl
1. Kakwue qupeKTHBbl UCTIOIH30BAIHCH B IIporpaMme?
2. KakoBo ux Ha3HaueHue?
3. Kakue KOMaH/IbI HCIOIB30BAIKCH B IIporpamme?
4., K xakuMm TUIIaM KOMaHJ{ OHU OTHOCSATCS?
5. TlpuBemute mpUMEpPHI ONEPAHIOB, UCIIOIB30BAHHBIX B IPOTPaMME.
®opma npeacTaBIeHUs pe3ybTaTa:
OT4er JOJKEeH COePKATh:
1. Lenb paboTHL
2. OCHOBHBIC TIOHATHS U ONPEICICHHS
3. BoinosiHeHHOE 3a1aHNe
4. OTBETHI HA KOHTPOJIEHBIC BOTIPOCHI
5. BeiBog o pabote

JladopaTopHasi pa6ora Ne 7
PaGora B cpeae nporpammupoBanus u otaaakuAVRStudio.
@opmupyemblie KOMIETEHIIUN:
IIK 2.1. Co3naBaTh mporpamMMbI Ha SI3bIKE acceMOIiepa JJisi MUKPOTIPOIIECCOPHBIX CUCTEM.
Heas pa6oThl: H3y4nTh NPOLIECC CO3AHMUS U OTJIAAKU MporpaMM Ha accembnepe B cpene AVRStudio.
Beinonnus padory, Bel 6ynere:



ymemby:

- COCTaBIIATh IIPOrPaMMBI Ha SI3bIKE acceMOiiepa 11l MUKPOIIPOLIECCOPHBIX CUCTEM

MarepuajbHoe ofecrnieyeHue:

Crenn «MukpokoHTpoIutep», [1K ¢ ycraHoBieHHO# cpenoit mporpammupoBanus u oTiaaaku AVRStudio

Teopernueckue cBegeHUs

B mporpammuoe o6ecniederre AVRStudioBcTpoeH cHMYIISTOp MHKPOKOHTPOJIUIEPOB, C TTOMOIIBI KOTOPOTO MOYKHO
OTJIAIUTh NPOTPaMMy, HAiTH BHEl OIIMOKM M HMCIPAaBUTH HETOYHOCTH B AITOPUTME, HE OCYIUECTBIIAS HENOCPEICTBEHHO
NPOrPaMMHPOBAaHHS MHUKPOCXEMBI KOHTpoulepa. Takke CHMyJATOp MOXeT OBITh IIOJIe3eH NpU HAIHMCAHMH IIPOrpaMM B
JIOMAITHHUX YCIOBUSIX.

Cumymsarop AVRStudioocyiiecTBiseT CUMyISIIAI0 MEUKPOKOHTPOJLIEpa, eronoptoB, Taitmepos, AL, npepbiBanuii u
1.1 [TockonmbKy cumymsitop padoraet ¢ hexdaitnom mpoekTa, TO IS 3aMycKa 3MYJIATOpa HEOOXOJUMO HAIKCATH MPOrPaMMy
HCKIIFOYHTH U3 Hee sIBHbIC OIMOKHU, C KOTOPBIMHU co3anue hexX-tdaiina HeBO3MOXKHO.

Jl1st oTNaAKd TpPOrpaMMbl B CHMYJSTOpPE HEOOXOAMMO MOCIe €¢ HAMHMCaHWsSHaXaTh codeTaHue knasuin Ctrl+F7
«AssembleandRuny, mocie gero G6yeT Mpou3BeICHO acCeMOIMPOBAHKE TPOTPAMMBI U 3aITYCK SMYJISTOPA.

[Mocne ycnemrHOW KOMIIUIAIIE HAYalo IPOTpaMMBI OyIeT OTMEUEHO JKEeNTOH cTpenkoil. s ynpaBieHns nporeccaMu
OTJIAJIKA TIporpaMMbl B cTpoke Merro AVRStudiopacrionaraercs merro «debug», a takke manens GyHKIIMOHAIBHBIX KHOTIOK
YIIPaBJICHUS CUMYJIATOPOM, Ha3HAUCHUE KOTOPBIX IIPUBEACHO B TAOI. 1.

Tabnmma 1. HasHadeHne KHOMIOK yIpaBICHUS SMYISITOPOM
Coueranue

HasBanue Hasznauenue
KJIaBHIII

Start Debugging

+Shift+Alt+
(HauaT OTAAIKY) Ctrl+Shift+Alt+F5 | Hauats mporiecc 0T1aKu MPOrPaMMBIB SMYIIATOPE.

Stop Debuggin . OcCTaHOBUTH MPOLECC OTIAAKH IPOTPAMMBI H
b Jeblioging Ctrl+Shift+F5 por K TIpOTP
(OCTaHOBHTH OTIAIKY) AMYIISTOPE.
RUN OMyISTOp 3aIllyCKaeTCsl U LUKIMYSCKH POU3BOAUT
F5 SMYJISIIAIO TPOTPAMMEI 03 0TOOpaKEHHUS TeKYIIHX

(3aIycK SMYIIAIIN) o
U3MEHEHHI PErHCTPOB KOHTPOJUIEpa Ha dKpaHe.

Break ClrI+E5 KomaH1a BpeMEHHO MPUOCTAHABIUBAI IMYIIATOP 03
(IPHOCTAHOBHTH HMYIISLHIO) MOTEPH JIAHHBIX.
Reset Shift+F5 KomaHnza moHOCThI0 OCTaHABIMBAET SMYJIATOP C
(OCTaHOBUTH IMYJISIIUIO) MOTepeil TaHHBIX IMYJISIIUH.
. KomaHa u3BnekaeT TOJIbKO OHY HHCTPYKIIHIO.
Stepinto A Ay Py

Fit [Nocne ee 3aBepieHns Bec paboure 3KpaHbl

(CHGJ’I&TL O/HH fHar Bnepe;[) OMYJIATOpa OOHOBIIIIOTCS

Komanja BEIIOTHAET SMYJISAIHUIO IPOrPaMMBI B
Auto Step Alt+F5 [OIIarOBOM aBTOMATUYECKOM PEXUME C

(ABTOBBITIOJIHEHUE) OTepaTUBHBIM OOHOBJICHUEM HH(GOPMAIIMK HA

9KpaHaX IMYIATOPA IMOCIE KaKOTo IIara.

Komanna no6asmnsier uiam youpaeT 1mojbp30BaTeIbCKyo
F9 TOYKY OCTAHOBKH, IIPH JIOCTH>KEHUH KOTOPOH
nporpamma OyJ1eT IpHOCTaHOBJICHA.

Toggle breakpoint
(ToukaocTaHOBKH)

[Tpu cuMyISIIMU IPOTPaMMbl PEKOMEH TYETCsI BBITIOJIHSTh MOLIATOBOE BHIMOJIHEHHE MHCTPYKIHUH, HOJIB3YsICh KOMaHI0i
Stepinto(ta6n. 1). IIpi 3ToM HEOOXOAUMO KOHTPOIHUPOBATH COMCPIKHUMOE PETHCTPOB MHKPOKOHTPOJUIEPA, a TaKKe IMOPTOB
BBOJIa/BBIBO/IA.

KOHTpOnb COCTOSTHUSI PETUCTPOB U OTACIBHBIX YCTPOWCTB MUKPOKOHTPOJUIEPA OCYIIECTBISETCS B OKHE «4» (puc. 4).
Kaxknoe ycTpoicTBO MOXKHO pa3BEepHYTh U YBUIIETh COAEPKHMOE €T0 PErHCTPOB YIpaBJICHHsI M KOHTPOJIs (puc. 5).

3amuch MporpaMMBbl B KOHTPOJIIEP U MPOBEpKa ee paboTocrnocoOHOCTH

[Mocne ycnemHoW OTIAAKH MPOrpaMMbl HEOOXOANMO «IIPOLIMTE)» €€ B MUKPOKOHTpOILIEp (T.€. 3alicaTh ee B IaMsTh
MHUKPOKOHTPOJUIEPA) U MPOBEPUTH PaboTy.

JU1st «IpOIIMBKKY» IPOrPaMMBI HCIIONIB3yeTcs Ta ke nmporpamma AVRStudio.

3amanme

Hcnonb3yss TeopeTmueckue cBeAeHUs M (aiimpl ¢ TekcToM mpoOHoi mporpammbl (IIpaktuyeckass pabora Ne9)
BBITIOJHUATD OTIAJIKY IPOrPaMMbl U 3aIMCATh €€ B MUKPOKOHTPOJLIEP.

IMocnemoBaTebHOCTD AeHCTBHI ¢ ncnons3oBanneM AVRStudiocnenyromast:

-BKIIIOUHUTD Nepekitodatesib «CeTh» Moayiisi « MUKPOKOHTPOJLIEP» AJIsl [OJauy HA HEro HaIPSKEHHsI TUTaHKS;

-B MeHI0 «T00ls» AVRStudiossiopars myHKT «ProgramAVRy, B KOTOpoM yka3aTh criocob coenunerns «AutoConnecty.
[Tpn npaBHUIEHOM MTOJIKITIOYEHUH IEPCOHATBHOMY KOMITBIOTEPY MOJYJIb MUKPOKOHTpoJuIepa nHunuanmsupyercs Ha USBCOM-
nopt. Heobxonumo, uto661 HOMep 3Toro moprta O0bu1 He 6onee COM9 npoTMBHOM ciydae HEOOXOIMMO HAWTH 3TOT HOPT B
nucreryepe obopynosanus Windowsu nepeHa3zHaYUTh HOMEp TOPTa;

-eciu Homep USBCOM-mopra  COOTBETCTBYET — yKa3aHHBIM — TpPeOOBaHMSAM, TONPOUCXOAWUT  IOJKIIOYECHHE
MHKpOKOHTpoJuiepa K cpeae AVR-Studion mosBiseTcss 1 OKHO NPOrpaMMHUpPOBaHKs KOHTpoJLiepa (puc. 6);




-B OKHE TNPOrpaMMHUPOBAHHs HEOOXOAMMO BBHIOpPAaTh BKJIAAKY MAiN, B KOTOPO# HEOOXOAMMO BBHIOPATH THI
HCIOJIb3yEMOT0 KOHTPOJIIEpa, MOCie Yero nepeiitu BoBkiIaaky «Programy, B kotopoit BeiOpath rpady «Flash». B aroii rpade
TpebyeTcst yKaszaTh MyTh K *.heXdaiiiny mpoekra, mociie 4ero MPOM3BECTH 3alUCh MPOTPAMMBI B MEKPOKOHTPOJIIEP HAKATHEM
KHOTIKH «Programy.

[To 3aBepiIieHUH 3aMUCH MPOTPAMMbI HEOOXOAMMO MPOBEPUTH €€ KOPPEKTHYIO paboTy Ha MHKPOKOHTpOIUIEpE U
MOKa3aTh PE3yJIbTAT MPEHOAABATEIO.
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Puc. 6. OkHo il xpoxom'pomlcpa

Puc. 5. KoHTpoNL COCTOAHMS PErHCTPOB
MHKPOKOHTPO/UIEPA NPH CUMYJISLIAH

KoHnTpoabHbIe Bonpockl
1. Kakoso nHazunauenue AVR Studio?
2. Kaxkoii mopT ncrnosb3yercs AJisl IPOrpaMMHUPOBaHUSI MUKPOKOHTpoJLIepa?
3. Kakue nopTbl MUKPOKOHTPOJIIEPA UCIIOIb30BAIUCH B IIPOrPaMMe M JIIS 4ero?
4. ®aiin ¢ KaKMM pacUIMPEHUEM 3aTHCHIBACTCSI B MUKPOKOHTpOJLIEP?
5. B xakom koze 3anmcsiBasnch yncia 01010101 1 10101010 B mporpamme?
®opMa npeacTABICHUS Pe3yJbTaTa:
OT4eT T0IKEH COAEPIKaTh:
1. Llens paboTsI.
2. BEINOJIHEHHOE 3a7]aHUE
3. OTBeTHI Ha KOHTPOJILHBIE BOIIPOCHI
4. BeiBoj 110 paboTte

IMpakTuyeckas pa6ora Ne 10
H3yuenue ycrpoiicTBa napauieabHbix noproB MK Atmega8535.

dopmupyemblie KOMIETEHIIUN:

[IK 2.1. Co3gaBath mporpaMMBbI Ha sI3BIKE acceMOiepa Uit MUKPOIPOIIECCOPHBIX CHCTEM.

Ilean padoThI: N3y4UTH NPUHIMIT pabOTHI apaIeNbHEIX MopToB MK.

Beinotnus padory, Bel 6ynere:

ymemy:

- COCTaBIIITh IIPOrPaMMBI Ha SI3bIKE acceMOiiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM

MatepuanbHoe o0ecnieyeHne:

1K ¢ ycTaHOBJIEHHOH cpemoil mporpaMMupoBanus u otiagkd AVRStudio

TeopeTuueckue cBeeHH

ITopThl BBO/Ia/BBIBO/Ia.MUKPOKOHTPOJLIEpA MIPEAHA3HAYCHBI /I Tlepead U npueMa MHGOPMAaMK U TOCIeIYIOMIeH ee
00paboTku. MHUKPOKOHTPOJIEPHl  PAa3IMYHBIX  THIIOB-COJEPXKAT  Pa3MYHOE KOJIMYECTBO IIOPTOB  BBOJA/BBIBOJA.
Muxkpokountposiep Atmega8535 comepxut 4 mopra BBOAA/BBIBOAA, KaXKIBIH M3 KOTOPBIX coaepkuT 8 paspsmos: PORTA,
PORTB, PORTC, PORTD.

[TopThl BBO/A/BBIBOJJA HENOCPEACTBEHHO CBSI3aHBI C BBIBOJAMH MHKPOCXEMbl MHKPOKOHTPOJUIEPA, TIPH STOM KaXKIbIH
KOHKPETHBIH BBIBOJI MHKDPOKOHTPOJUIEpA JKECTKO «IPHUBA3aH» K KOHKPETHOMY pa3psay Iopra BBoaa/BeiBoja. Ha puc. 1



NIPE/ICTABIICHO PACIIOJIOKEHNE BHIBOJOB MUKpOKOHTpouiepa Atmega8535, BrimonnenHoro B DIP-kopmyce.

[To ymonyaHWIO BBIBOABI MHKPOCXEMBI KOHTpOJIEpAa HNpeAHA3HA4YeHBbl JUIS BBINOJHEHMS (QYHKIMH BBOJA/BBIBOJA
nHPOPMALINK B COOTBETCTBHH C HACTPOMKAMH PETHCTPOB MOPTOB BBOAA/BBIBoMA. OmHAKO (YHKIHUU OOJBITMHCTBA BHIBOIOB
MHKPOCXEMBI MOTYT OBITH IIPOrPaMMHO H3MEHEHBI. IIpH 3TOM K BBIBOJAM MHKPOCXEMBI MOTYT OBITh IPHCOSIUHCHBI BHIXOMIbI
TaiiMepoB, IPHEMOIICPEIaTINKOB, BXOBI aHAJIOTOBO-LIH(POBOTro Mpeodpa3oBaTels, KOHTPOJIepa BHEITHUX IIPEPHIBAHHUIL.

AIbTepHaTHBHBIC (QYHKIIMH BBIBOIOB MUKPOKOHTpOJLIEpA TIPECTaBIeHBI Ha puc. 1 (BCKoOKax).
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Puc. 1. Pacnionoxenune BoiBoNoB Muknocxembl  Puc. 2. CTpykTypa peand3aluy BsIBOAA
koHTpos/iepa ATmega8535 (DIP40) NOPTOB MUKPOKOHTPOJIIEpa
Kamnmﬁ IOPT COCTOUT U3 TPEX PErucTpOB, € MOMOIIBIO KOTOPBIX OCYIICCTBIIACTCA YCTAHOBKA HAIIPABJICHUS pa60TLI

mopTa u Belgaya/coop mHbopMarmu (Tadm. 1).
Tabmmma 1. Peructpsl mopToB BBOJa/BRIBO/IA

Peructpnr
HaumenoBanue
Peructp Peructp Peructp
fiopta HaIpaBJICHUS JTAHHBIX COCTOSTHUS

TlopT A DDRA PORTA PINA
ITopt B DDRB PORTB PINB
ITopt C DDRC PORTC PINC
[lopt D DDRC PORTD PIND

Pecucmper nanpasnenusi ONPENeNsIOT peKUM pabOThI MMOPTOB BBOJA/BhIBOAA. Ecii B KakoM-nmnbo paspsizie perucrpa
yCTaHOBJIEHA JIOTHYecKas «1», M COOTBETCTBYIOUIMH BBIBOJ MHKPOCXEMBI KOHTpoiuiepa (puc. 1) paboTaeT Ha BBIBOA
nH(popMann N3 MUKPOKOHTpPOJUIEpa. B IpOTHBHOM Cilydae COOTBETCTBYIOIIMIT BEIBOJ MHUKPOCXeMBI (puc. 1) paboTaeT Ha BBOJ
nH(popManuy B MUKPOKOHTPOJLIED.

Pecucmper 0annvix ipeHa3HAYCHB JUIS NIEpeladn JaHHBIX HABBIBOJIA MUKPOCXEMBbI KOHTpoutepa. Eciam B kakoM-1n6o
paspsizie perucTpa yCTaHOBJIECHA JIOTHUECKas «1», a COOTBETCTBYIOIIMH BBIBOJ MUKPOCXEMBI CKOH(UIYPHPOBAH Ha BBIXOJ C
MTOMOIIBIO PETUCTPa HAIMIPABICHUS, TO HA BBIBOJ MUKPOCXEMbI KOHTPOJIJIepa MOAAeTCsl CUTHAJ, COOTBETCTBYIOIIMH JTOTHYECKON
«1». B mpoTHBHOM Cilyyae Ha BBIBOJI MUKPOCXEMbI KOHTpOJUIEpa Mo1aeTcsi CUrHai jJjorundeckoro «0». Perucrpeiucnonsiyrorest
JUIsl BBIBOJIa MH(OPMALIUK U3 MUKPOKOHTPOJLIEpa.

Pezucmpbl cocmosinus NpelHa3HAUYEHBbI JJIs1 OTOOPaKECHMsSI TEKYIIEro COCTOSIHUSI CUTHAJIOB HA BBIBOJIAX MHUKPOCXEMBI
KoHTpoulepa. Tak, ecnm Ha BBIBOJE MHKPOCXEMBI HAXOAWTCS CHUTHAJI JIOTHYECKOW «1», TO COOTBETCTBYIOIIMI paspsin
perucTpHANpaBIeHNs] HAaXOJUTCS B COCTOSHHMM JIOTHYECKOH «1». Permctpsl ucmonb3yrorcst it BBoAa HH(oOpManuu B
MHUKPOKOHTPOJLIEP.

HMuanuuanu3anusi NnopTa Ha BBOA U HA BbIBOA MH(opMamn

Jnst Toro, 4yToOBl OCBOWTH NPHMHIMIIBI YCTAHOBKM IIOpTa Ha BBOJ WJIM BBIBOJ HMH(pOPMAIMH, HEOOXOJUMO HMETh
MpeCTaBIEHNE O Pealn3aluu ero CTpyKTypbl. Kaskaplil BEIBOJ MOpTa BHIIOIHEH IO CXEME, IPEJCTaBICHHON Ha pHC. 2.

[lpn wHUNWanNM3anMyd MOPTa HAa BBOA HHGOPMAIHMKA MHUKPOKOHTPOJUIED NPHHUMACT CHTHAJBI, TOCTYHAIOIIHE OT
BHEIIIHETO 00BEKTA. DTH CUTHAIBI TOAI0TCS HA BBIBOIBI MUKpPOCXeMBI (puc. 2, BeiBoz PIN).

Juonst VD1 1 VD2 BHIMONHSIOT (GYHKIMIO 3alIUTHl MUKPOIIPOIIECCOPa OT CHTHAJIOB, BEIMYMHA KOTOPHIX HAXOAUTCS 32
npenenamu auamazoHa 0..5B. Tak, ecnm HampsokeHHE Ha BXOJI€ MHKPOKOHTpOJUIEpa TpeBbImaeT +5B, To OTKpwIBaeTcs
monVD1, a ecnu HanpsbkeHue okasbiBaetcst MeHbiie 0B, To otkpeiBaetest nuox VD2 (puc. 2). Konmerncarop C1 BbImosHSET
3aIIUTy MUKPOKOHTPOJUIEPA OT MMITYJIECHBIX TOMEX

IMockonbKy MHKpPOIPOLECCOP HUMEET BBICOKOE BXOJHOE CONPOTHBIEHHE, €r0 BXOJ SBISETCA BOCIPHUMMYMBBIM K
Bo3zeiicTBUIO moMeX. [lo 3Toif mpuumHE BakKHO, YTOOBI CHTHAJ, MOJABAaEMbIA Ha MHUKpPOIPOLECCOP, MMEJ OJHO3HAYHOE
3HaueHue Jsormdeckoro «0» wmm jormueckol «l». s 3TOro B MHMKPOKOHTpOJUIEpE IPHUCYTCTBYIOT TaK Ha3bIBaeMble
noaTsruBaronue pesucrops (Pullup).

[MoaTrsarusaromuii pe3sucTop UMEET BEICOKOE CONPOTUBIEHUE, U3MepseMoe fecaTkaMu KOM, U He OKa3bIBaCTBIMSIHUS Ha
MOJIKITIOYaeMble K KOHTposuiepy curHaisl. Uepes pesuctop R1 x mopTy BBOAa/BBIBOJIA MOIKITIOUACTCS HANPSDKEHUE ITUTAHUS C



nomoipto Tpanzucropa VT1. Eciu npu 5TOM K BBIBOJy MUKPOCXEMbI KOHTPOJUIEpA HE MOIKIIIOYEHA BHEUIHSS LIENb M BBIBOJ
«BHCHT B BO3JlyXe», TO Ha MHKpOIpOLEccop yepe3 moArsruBarommii pesucrop R1 monaercst curnan sorumdeckoit «1». OT1o
HaJIe)KHO 3alIHINAET BEIBOJ MUKPOKOHTPOJUIEPA OT BO3/ACHCTBUS BHEITHUX ITOMEX.

JU1s MHUIUATU3a0MM IOPTA HA BBOJA HH(OPMAMH U ITOJKIFOYCHHS ITOATATHBAOLINX PE3UCTOPOB HEOOXOIUMO:

- 3agath B peructpe HampasieHunss DDRpabGoty mopra Ha BBOJ WH(OPMALIWH YCTaHOBKOW HYJIEBBIX 3HAYCHHH B €O
paspsinax;

- BKJIIOYHUTH IOITATHBAIOLINE PE3HCTOPHI IIOPTa BBOAA/BBHIBOAA YCTAHOBKOH CHTHAJOB JIOTMYECKOW «1» B paspspax
peructpa PORTX.

CunThIBaHNE JAHHBIX C [IOPTA B JAHHOM PEKUME OCYIIECTBIIIETCS ITyTeM ompoca peructpa cocrosius PIN.

Tpumep unuyuanusayuu nopma A Ha «6600 OAHHBIXY!

ldy rl6, 0x00 in POH rlé6 sanmcusaercsa yucnoe 0000 0000

out DDRA,xl6 ; KOMaAMIOR out aHavenme rlb nocwnaercesa n DDRA

ldl rl6,0xFF ;8 POH samucuBaerTca uvcno 1111 1111

out PORTA, rl6 ; xomMaHno# out 3HaueHme rlé nocunaercn B PORTA
in xl6, PINA ; KOMAHONoA in BBOAMTCA aMavenme PINA B POH rlé

Ilpn unHUOManM3anuM TOpTa Ha BBIBOA HMHGOPMAIMM KOJA, BBIJABAEMBIH MHKpPOINPOIECCOPOM, IOCTYHAeT
HEMOCPECTBEHHO Ha BBIBOJI MHKPOCXEMbI KOHTpoJutepa. [lonTarusatomiye pe3sucTopbl IpU 5TOM JIOJDKHBI OBITh OTKITFOUCHBI.

Jlnst MHMIIMAJU3a0UH TOPTA HA BHIBOJ NH(OPMAMH HEOOXOMMO:

- 3a1aTh B peructpe Hanpasienus DDRpaboTy nopra Ha BbIBOJ HH(GOPMALMKM YCTAHOBKOW €ro paspsiioB BIOTHYECKYIO

«1»;

- BBIBECTH HEOOXOIUMYIO HH(POPMAIIMIO Ha ITOPT 3aMUChio B peructp AaHHBIXPORTHE00X0JMMBIX 3HAUCHHH.

Ipumep unuyuaruzayuu nopma A Ha «8b1600 OAHHBIXY.

1di rl6, OxFF ;B POH rl6 sanucuBaeTcsa umcno 1111 1111

out DDRA,xrlé6 ; KOMaHnoi out 3HaueHue rl6 nocsuaerca B DDRA

1di rl6,0x35 ;B rl6 sanucuBaeTcsa noboe uucino, Hanpumep, OxIN

out PORTA,rl6 ;xomaHnoi out sHauenme rlé6 nocunaercs B PORTA
3ananue

CocTtaBbTe NPOrpaMMBI:

1. HWaunnmanusamus nopra B (C, D) Ha BBOJ JaHHBIX
2. Wuuumanusanus nopta B (C, D) Ha BBIBOJ JaHHBIX
KoHTpoabHbIe BONPOCHI

Ckomnbko 1 kakux moptoB nmeer MK Atmega8535?
KakoBo HazHaueHHE PErHCTpa HAPABICHUS?
KakoBo Ha3zHaueHHE PErHCTpa JaHHBIX?

KakoBo Ha3HAUYEHUE PErUCcTpa COCTOSHUA?

. KakoBo Ha3HaueHHE MOATATHBAIOIINX PE3UCTOPOB?
®opMa npeacTaBIeHus pe3yabTaTa:

OTueT JOKEH COAEPIKaTh:

1. lens paboTHI.

2. BEINoJHEHHOE 3aJaHNe

3. OTBeThI HA KOHTPOJILHBIE BOTIPOCHI

4. BeiBop 1o pabote

arwbdE

JlaGopaTopHuas paGora Ne 8
Opranu3zanus BBOJa-BbIBO/Ia HH(popManun Yepe3 mapauieasnsie moprel MK Atmega 8535.
dopMupyemMble KOMIIETEHIIHH:
IIK 2.1. Co3naBaTh mporpamMMbl Ha SI3bIKE acceMOiepa il MUKPOTIPOIIECCOPHBIX CUCTEM.
Lean padoTsi: u3y4uTh npoiecc odMeHa nHGpopMalueil yepes mopTel BBoga/Bbioga MK.
BoinosiHuB padoty, Bel Oyaere:
ymems:
- COCTaBIITH IIPOrPaMMBI Ha SI3bIKE acceMOiiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM
MatepuanbHoe o0ecnieyeHne:
Crenn «MukpokoHTpoiuiepy, [1K ¢ ycraHoBneHHO# cpenoit mporpammupoBanus u oTiaaaku AVRStudio
TeopeTnueckue cBegeHUs
Ipumep 1 (texct nporpammsl cm. [TPMIJIOXEHUE).
Hammcats nporpaMmy, OCyIIeCTBIISIIONIYIO CIIOKEHUE JIBYX MIIIINX U IBYX cTapiuux Out nopra Cc BBIBOJOM
pe3ynbrara Ha mopt D.



;TNiporpaMMa 1A CJIOXeHMA NBYX NBYXOUTHHX uucen A (O6utTw PC7:PCE) W "
(6uTm PC1:PCO) c nocnenyouyM BHBEONOM pesysibTaTa Ha PORTD

; Bxomw: PINC7:PINC6 u PINC1:PINCO

; Buxonu: PORTD

.include "mB535def.inc" ;MNoaknouenue GubGauorexym ATmegaB8535

.cseg ; Hauano cermenTa xona

.org 0

reset: ;MHMuManusaumMsa NOpTOB BBOAA/BHBONA
1di r16, OxFF ;YcraHoBka PORTD Ha BHBOA MHpopMaumu: rl6e~OxFF
out DDRD,rl6 ; PORTD¢r16
clr rlé ;Ycranoeka PORTC Ha BBOA mMHQopMauuu: rlée0
out DDRC,rlé ; PORTD¢rl6

main:
in rl6,PINC ; BBOA HaHHEX M3 nopra C B perucTp: rl6¢PINC
mov rl7,rl6 ; KonupoBsanue pesynsTarTa rl7¢rlé

andi r16,0x03 ;HanoxeHue Mackyu: oOHyJsieHue BCex OuT, Kpome 0wl
andi rl17,0xC0 ;Hanoxeuue Mmacku: OOGHyNneHue BCex OMUT, KpoMe 6nl
1sr rl7 ;Jloruyeckuit casur rl7 Bnpaso Ha 6 OuUT

1sr rl7

lsr rl7

1sr rl7

1sr rl7

1sr rl7

add rl6,rl7 ;Cnoxenme rl6 m rl17: rl6erlé+rl?

out PORTD,rl6 ;Bumon pesyjeTaTa B nopT D: PORTDé¢rlé

rjmp main ;BO3BpaT Ha main

PaccmoTtpum nporpammy 6osee oapoOHo.

1. [MonxrodueHue cTaHIAPTHON OMOIMOTEKN KOHTPOIIIepa.

Crpoka .include "m8535def.inc”noakmouaer OGubnmoTeky KoHTpoiuiepa Atmega8535, koTopas COAEPKHUTBCIO
HEOOX0oANMyI0 WMH(OpPManWI0 O KOHTPOJJIEPE, a MMEHHO CHHCOK PETUCTPOB C HX aJpecaM, OOBEMbI IaMsTH, CIIMCOK
nepuQepuiHbIX YCTPOICTB U APYrHe OCOOCHHOCTH.

2.BB1060p cerMeHTa Kojia ¥ aipeca Hadaya HalHCAHHS IIPOrPaMMBI.

Crpoku. cseg wu .0rg OycraHaBimMBaeTCs Ha4ajao CerMeHTa KOJia Ha HyJIEeBOU ajpec.

3.MHunupmanu3anys mopToB BBO/Ia/BBIBOJIA.

PaccMoTtpum cienyronye CTpoOKU MPOrpaMMBbl:

Idirl6,0xFF

out DDRD,rl6

clrrl6

out DDRC,rl6

OTH KOMaH[bl WHULIHATM3UPYIOT 1mopT C Ha BBOA AaHHBIX, a nmopT D- Ha BeIBOA. [lockombky moptr Dueobxomumo
MHHIUATU3UPOBATh Ha BbIBOJ, B peructp DDRDTpebyercs 3anucats OXFF(1111 1111 B aBonuHOoM Koje). J{ist 3Toro cHavana
B peructp oOmero HazHadeHus rl6 sammceiBaercs yucio OXFF(uncTpykuus «ldi»), a 3ateM comepXMMoe 3TOro perucrpa
nepernucbiBaetcs B peructp DDRD(uHCTpYKIHS «OUD»). AHaOTHYHAS Oniepalys Mpou3BoIUTcs ¢ moptom C.

4.BBoj MaHHBIX U 3aIMCh B PETHCTPHI OOIIero Ha3HA4YeHUS. B riaBHOI mporpamme COTJIacHO 3aJaHUI0 HEOOXOIUMO,
onpocuth cocrosiuue peructpa PINCu BbinesnnTh [Ba uucia: B IEPBOM XpaHITCS ABa MIIALIMX OWTa, BO BTOPOM - JBa
crapimx 6urta. st 5TOro BHaYase BBIMONHIETCS BBOJ, Beero peructpa PINCpeructpst r16 u r17,(MHCTpYKIHE «iN»H «MOV»).
Jlanee 11t KOPPEKTHOT'O CUMTHIBAHUSI YHCEIHEOOXOAMMO HAJIOKHTh, TAK Ha3bIBaEMble, MAaCK/ Ha 00a 4KCIIa: B TIEPBOM YHCIIE
OOHYJIUTH BCe OMTHI KPOME JIByX MIIJLIMX, BO BTOPOM - BCe OMTBI KPOME JIBYX CTapIIUX. DTO OCYLIECTBIISETCS C MOMOIIBIO
KOMAaHJIbl «II0OHUTOBOE yMHOKeHHe» (MHCTpYKIms «andi»): comepskumoe peructpa rl6 mepemuoxaercsi ¢ koHcrantoit 0X03
(0000 0011), a peructpa r17 — ¢ xorcranroit 0xCO (1100 0000). DTr omepaIuy BEIIOIHSIIOTCS CTPOKAMHU:

inrl6,PINC

movrl7, rl6

andi rl6, 0x03

andirl7,0xCO

5. [IpuBeneHne nepeMeHHBIX K OAHOMY BecoBoMy Koddduimenty. IlomyueHHble 3HAa4eHUs] NMEPEMEHHBIX B
peructpax 16 u rl7 umeoT pasHble BecoBble Kod(pduuuentsl. Heobxommmo npeoOpasoBate umciao XXO00 0000,
conepxamieecs B 17, B uncino Buma 0000 00XX. g sToro B mporpaMMe HCHOJIB3yeTcsl 6 pa3 OfHA U Ta K€ HMHCTPYKITH
JIOTHYECKOTO CBUTA BIpaBo «ISrcomepxkumoro peructpa 17 ua 1 Gur.

6.ITocite BBIMOJHEHHS OTIEPALIUHN CABUTA I'17 MOXKHO ITPOU3BECTH CIIOKEHHUE r16 v r17 v BBIBOJ pe3yJibTaTa CJIOKCHHS Ha
PORTD:

add rl6,r17

out PORTD,rl6

7.B KOHIe NpOrpaMMbl ee HEOOXOOUMO <BalMKINTB», T.C. BEPHYThCS HA METKY «Mainy i ee MOBTOPHOrO
BBITTOJTHEHUS:

rjmpmain

IIpumep 2 (texct nporpammel cMm. ITPMIJIOXEHUE).

Peanu3oBaTh Ha MUKPOKOHTPOJUIEPE pPacyeT JIOTHYECKOTO YPABHEHHMS !



D=As(ADB+C)

raeA, B, C mornueckue CUTHAIBI, TOCTYHAIONINE HA BXOAbIHanpumep, PAO (0 6ur nopra A), PA1 (1 6ur nopra A), PA2 (2 6ur
nopta A), a Dpe3ynbTaT penieHus JOrH4ecKoro ypaBHEeH!sI, KOTOpBIi BeiBoAuTCs Ha 0 6uT mopta D.

;[lporpamMMa ANA peuweHus JIOTMYECKOrO YpaBHeHMA D=A* (NA® B+C)

; BXonmui: A=PINAOQ
; B=PINA1l
; C=PINAZ
; Baixon: D=PORTDO
.include "mB8535def.inc" ;lonknpueHue GuGnuoTexku AtmegaB8535
.def A=r20 ; OObABNIEHME MEepeMEeHHBIX M NPUCBOEHME HX HMN)
.def B=r2l ;perucrpaM obmero HasHauenusa r20..r23
.def C=r22
.def D=r23
.cseqg ; HayaJlo cerMeHTa kona
.org 0
reset: ; MUHMUMAaNM3auus NOpPTOB BBoOAAa/BHEBONA
1di rl6,0x01
out DDRD, rlé ;PORTD0 - Ha BaEOA MHOOpPMauum
clr rlé
out DDRA, rlé ;PINAOD ..PINA2 - Ha BBOO MHOOpPMALMM
main:
in r16,PINA ;BBon 3Hauenus PINA B POH rl6
mov A,rlé ; Konmporanuue rlé B perucTpu A, B, C

mov B, rlé
mov C,rlé6

andi A, 0x01 ; Bunenexne 0 OuTa umucna A
andi B,0x02 ; Bunenenue 1 OuTa umcna B
andi C,0x04 ; Bunenenue 2 OGura uucna C
l1sr B ;Casur B Bnpaso Ha 1 Gur
l1sr C

1sr C ;Casur C enpaBo Ha 2 OGura
mov rl6,A ; Konupomanue A B POH rlé
com rlé ; UHBepcua conepxuMoro rlé
andi rl6,0x01 ; dopmmpoBaHue uucna NA
eor rlé6,B ;Pacuer r16=NA®B

or rl6,C ; Pacuer rl6=rl16+C

and rl6,A ; Pacuer rlé=rl6*A

out PORTD,rl6 ; Buson pesynsTara Ha PORTDO
rjmp main ;BosBpaT Ha main

PaccmoTtpum nporpammy Gosee mopoOHo.

1. MHnnuanm3anys KOHTpoJuIepa U IIepeMeHHBIX. BHawase BRIMONHAIOT HHUINAIN3aUs MUKPOKOHTPOIIEpa U
npucBoenue umen A, B, C, Dperucrpam obtiero nazunadenus r20 ... r23. Jlus atoro ucnons3yercs aupekruBa«defA=r20y»

.include "'m8535def.inc"

.def A=r20

.def B=r21

.def C=r22

.defD=r23

.cseg.org0

2. Vaunumanusanysi NOpTOB BBOJAA/BBIBOJA. B aHHO# mporpamme MPOHM3BOAMTCS aHAJOTMYHO MPEIBIAYIIEMY
MpUMEpPY C CICAYIOUMMH OTIMYUAMH: NMOpT DuHMIMann3upoBaH Ha BBIBOJA TOJNBKO 1 Mmmammero OuTa, mopT A -
MIOJTHOCTHIO HA BBOJI IAHHBIX.

3.BBoa nanHbIX. B OCHOBHOW mporpamme cHadana B peructp 16 BBOAWTCS 3Ha4YeHHE MOpTa A, 3aTeM 3TO
3HAUEHME TepenuchiBaeTcs B periucTpel A, B u C, n nanee «HaJOXEHHE» MACKU HA 3TH PETHCTPBI: B 3THX PETHCTPax
BBIMOJIHSCTCS BBIACIEHHE TOJIBKO OTAEIBHBIX OMTOB: B A - 0 6ut, B - 1 6urt, C - 2 Our:

in rl6,PINA

mov A,rl6

movB,rl6

movC,rl6

andi A,0x01

andi B,0x02

andi C, 0x04

4 BrIipaBHHBaHHE BECOBBIX K03 duimeHToB mepeMeHHBIX. butel B permctpax A, B, C uMmeroT pa3HBIE BECOBBIE
KOX(QQUINEHTHI, UII WX BBIPABHUBAHUS BBIIOJHIETCS CMENICHWE 3HaueHuil peructpoB B m C BmpaBo Ha 1 m 2 Oura
COOTBETCBEHHO.

5. ®dopMupoBaHUE MHBEPCHOTO 3HAUYEHHs mepeMeHHOW. [yt (opMHpOBaHMS MHBEPCHOTO 3HAYCHUS perHcTpa A 3TO

3HAUEHHE KOMUPYETCSl B PEructp r16, nanee OHO MHBEPTUPYETCS (MHCTPYKIHS «COM») U OMSATh BBIAEISETCS TOIBKO MITAIIIHIA
our:

movrl6,A
comrl6



andir16,0x01

6. BelunciaeHue JIOru4ecKoro BbIpA’)KCHUA W BbIBOJ JaHHBIX. Jlornueckue OIiepalliy BbIMOJHAIOTCA COIJIaCHO

ypaBHeHHIO D=A*(A*B + C), manee pe3ynbTaT BRIBOAUTCS Ha MHAUKAIHIO B opT Du mporpaMma 3armkimuBaeTcs:
andrl6,B

orrl6,C

andrl6,A

OutPORTD,r16

rjmpmain

3axaHue HA BBINOJHEHHE

1. Ha 6a3e npumepa Nel coctaBUTh IPOTpaMMy JUIsl BBIYHUCIICHHS:

a) CYMMBI IBYX 3-pa3psiIHBIX YUCEI;

0) CyMMBI IBYX 8-pa3psaHbIX YUCE;

B) PAa3HOCTH IABYX 2-pa3psIHbIX YHCEI;

T) Ppa3HOCTH IBYX 4-pa3psIHBIX YUCEI.

2. Pa3paboTaTh JIOTHYECKYIO CHCTEMY aBTOMATH3ALUH - COCTABHTH IPOrPaMMy IJIsi CBOETO BapHaHTa IO pealn3annuiu
3aJJaHHOTO JIOTHYECKOT0 yPaBHEHHS, BBECTH IIporpamMmy B MK u IpoBEpHTE €€ paboTOCIIOCOOHOCTh HA KOHTPOILIEPE.

1. PC3=(PAO+PA1) PA3 11. PDS=PA14PA2 & PDO
2. PD4=PB1@® PB24PB3-PB4 | 12, PD3=PB7+PB6.PB5
3. PDO=PA1+(PA2® PA3.PA4) | 13. PC3=(PAO+PBO)+PD7
4. PD7=PATOPAG PAS 14, PCO=PD7® PD1+PD2
5. PCO=(PA3. PA4)+PAS 15. PAO=PCO®PC1-PA7
6, PCT=PD2@PD3+PD4 16. PC1=PC2+PC3: PCA
7. PD1=(PCO-PC1)@(PBO-PB1) | 17. PAO=PCO-PC1+PDOGPD1
8. PC1=PB2+PB3.PB4 18. PD7=PA0-PB1®PC2
9. PA1=PCO®PCI+PC6GPCT | 19. PCI=PAD-PAI+PA3
10. PD7=PDOPD 14PD2 20. PA7=PBO@PB2 -PB1+PB3
3. CocTaBUTh HPOrpaMMy H IPOBEPUTH €€  PpaboTOCHOCOOHOCTH B MUKPOKOHTPOILIEPE, B KOTOPOH YHCIIO
HaOpaHHOE B MOPT A M3MeHseTCsl (MCI0Jb3ysl OUTOBBIE ONepaliy) U BEIBOAUTCS B OpT C:
a) YBEJMYUBACTCS B 2 pasa;
0) YMEHbIIaeTcs B 4 pasza;
B) BBIBOJUTCS B 0OPaTHOM KOJIE;
F) BBIBOJIMTCSA B JOIIOJIHUTCIIBHOM KOIC.
4. CocTaBUTh NporpaMMy U TPOBEpUTH €€ paboTOCIIOCOOHOCTE B  MHUKPOKOHTpOJUIEpPE, B KOTODPOIt

BBOJMTCS JBa dYerhbipexpassimubix unciaaA(6ur PAO..PA3 u B (6urst PBO0..PB3), pesymbrar BoBomutcst B mopt C u
BBINOJHAETCS CIIEAYIOLIas ONepanus;

a) apudMeTHIecKast CyMMa 4HCeT;

0) NOpa3psAHas JIOTHIECKas CyMMa;

B) apudMeTHIeCKOe POU3BEICHUE YUCEIT;
r) NOPa3psAAHOE JOTHYESCKOE IPOU3BEICHUE;
1) apupMeTHIeCcKast pa3HOCTh

KoHTpoabHbIe BONpPOCHI

1. Ckojbko mOpTOB MMeeT MUKpoKoHTpoutep ATmega8535?

2. Kaxkue peructpsl onpenenstoT pexxuM padotel nopra? [losicHuTe nx Ha3HauUeHHE

3. Ompenenute peructpsl padotel nopra C eciii U3BECTHO, YTO 2 OUTa MopTa paboTarT Ha BBOJ| JAHHBIX, OCTAIbHbIE Ha
BBIBO/I.

4. Jlns KakWx Lelel ucmoib3yeTcs aupextussl <. def, <.cseg’, <.org’?

5. Kakue HHCTPYKIIMH 10 BBITIOJHEHHIO JIOTHUECKHUX OTEpaliii Bbl 3HaeTe?

6. Kak HaOXXUTb MacKy Ha CYMTHIBAEMOE 3HAYCHUE PETUCTPA COCTOSHHUS?

®dopma npeacTaBIeHNs pe3yJbTaTa:

OTuer 0JKEH CoJIepIKaTh:

1. Llens paboTsI.

2. BrinosniHeHHOE 3a/1aHue

3. OTBeTHI Ha KOHTPOJILHBIE BOTIPOCHI

4. BeiBog o pabote

IIpakTnyeckas padora Ne 11
N3yuenne padorsl perucrpa cocrosinuii SREG MK Atmega8535.
®opMupyeMblie KOMITETEHIINH:



[1K 2.1. Co3naBarb nporpaMMsbl Ha si3bIKE acceMOiiepa JUisi MUKPOIIPOLIECCOPHBIX CUCTEM.

Lean padorsi: n3yuntspabdory perucrpa cocrosiunii SREG MK.

Bsinosinus padory, Bel 6ynere:

ymems:

- COCTaBIITH IIPOTPaMMBI Ha SI3BIKE acceMOiiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM

MarepuanbHoe o0ecrieyeHue:

1K ¢ ycTaHOBJIEHHOH cpeoil mporpaMMHupoBanus 1 oTiiangkd AVRStudio

Teopernueckue cBegeHUs

B mukpokoHTposiepax Gupmbl AtmelnpucyrcTByet Tak Ha3biBaeMbiil peructpcoctosinust SREG (StatusREGister).

Peructp cocrosiHMA conepkUT uWHOpMaLWIO O pe3yiabTaTax Haubojee 4YaCTOM3BIEKAEMBIX apH()METHUYECKUX
oreparysix. OTa HHGOPMAIMs MOXKET OBITh HCIIOJIb30BaHA NPH HAIKMCAHWU MPOTPAMMBbI ISl CO3JIaHUS MEPEXO0JIOB, IIHKIIOB
CpaBHEHUSI YHCEI U T.1.
Paspsiaet peructpa SREGHasbiBarotest uiaramu. Beero atux (haroB BoceMs:
NeGura 7 6 5 4 3 2 1 0

Diar | T H S \Y N z C

Hasnauenue paspsinos perucrpa SREG:

bur 0: C - ¢paar nepenoca.drnar nepeHoca HHAUIMPYET MOSBICHHE IEPEHOCA TIPH BHINOJHEHUH apU(PMETHYECKUX UIN
JIOTHYECKUX oreparuii. Gmar nepeHoca He3aMEHUM TIPH COBEPIICHUH OTIepannii ¢ N-0alfTHRIMK YHCIIaMHU.

IIpumep 1. IIpubasuts k uncay OXFEnponssonsHOE 8-paspsaHoc uncno. Pe3ymbTat - miecTHaaaTHpa3psaHOE YUCIO.

~rry 2 18R
rpa rl8

clr rl8 jouNMCTXA perM

ldi rle, OxXFE ;j3anuck B rl6 avavenus OxFE

1dy r17,0x05 j3anuces Ipforo yuena a
r20,rl6 jxonuponanme rlé » r2
;jcnoxenme r20 » rl7v
adec r2l1,rl8 jecam nNpM 3ITOM BOSNMXKALT ™ B rd)
;npubaansercs O0x01 pPeSYNLTAY

;Qopupyercs B r2l:r20

bur 1: Z- daar wyaa. D71oT ¢Giar UHIUIUPYET HYJICBOW pe3yJabTaT NPHUBBIIOIHCHUH apUMETHYCCKUX WM
JIOTHYCCKUX OTepaIiuii. ITOT ¢uiar MOKET OBITh TOJIE3CH IPU BBHITIOJHEHUHU TaKO# OTepaliu, Kak CpaBHCHHUE.

Ipumep 2. OcyliecTBUTh CPaBHEHHE IBYX 4Hcel, 3ajaBaeMbix Ha mopTax A u C. [Ipu ux paBeHCTBE BbIJATh CHIHAI
soruyeckoii «1» va PORTDO

main:
in r16,PINA ; BBOO NEepBOI'oc 4ucna
in r17,PINC ; BBOIl BTOPOIO 4YMcna
cp rle,rl7 # CPABHMBAOTCA 3HAYEHUA PEermMcTpoB rlé u rl7
i (MpoBenexHueM onepaumMyu BUYMTAHMSA r16-rl17). Mpyu ux
/ PABRHCTBEe yCTaHaBJMBaeTca B ‘1’ dnar 2 y
bréq ml ;Npn Z=1 ocyuwecrsnsercs nepexon Ha merTxky ml
cbi PORTD,O ;vHade OuT PORTDO oummaercs -
: rjmp main ;¥ MOeT BO3BpPAT Ha main
miz
s?i PORTD,O +Npu nepexonme Ha ml ycraHaBnuBaeTcs Gur PORTDO
rjmp main ;¥ MOEeT BO3IBPAT Ha main

Bur 2: N- ¢uar oTpumateJb-HOro 3HaYeHHs. OTOT (iar WHAWIUPYET HAIMYHAE OTPHIATEIHFHOTO YHCIa Kak
pe3ynbTaTa BBITONHCHHS apH()METHUSCKUX WIH JIOTHYSCKHX oIepanuii. B MHKpOKOHTpoiUIepax OTpHIATEIFHOE YHCIO
MOJy9YaeTCsl U3 TOJIOKUTEIFHOTO IyTEM TIePEeBOa B JOIMOIHUTENBHEIA KOJ. J{JIs1 3TOro Bee pa3psasl Yiciia HHBEPTUPYIOTCA, a
ITOTOM K YHUCITy MPUOABIIACTCS SIUHMIIA MIIAIICTO pa3psaa. Tak, eciau 8-pa3psaHoe YKcio +1 3anuceiBacTCst B JBOMYHOM KOJIE
kak 0000 0001, To orpumarenpHoe yucio -1 3ammchiBaetcst kak 1111 1111. Tlpu stom crapmmii paspsin (Out 7) umcna
OTpeeseT ero 3Hak.

dyar OTPULATEIHLHOTO 3HAYCHHUSI MOXKET OBITh ITOJIE3EH MPU COBEPIICHUHN OTICPAIlUK CPABHEHHS IBYX YHCEII.

Ilpumep 3. OcyniecTBUTh cpaBHeHHME OByX umcen A u B, 3amaBaembix Ha mopraxAu C. Ecmu umcino A>B, 1o Ha
PORTDOmomaercs nornueckas «1». Maaue va PORTDOmnomaercs nornyecknii «0».

————— R W SRWTRER R NS

in rl6,PINA JRBONn uncna A

in rl17,PINC JBBON YMcaa B

cp.rlé, rcld iCpasnende yucen A 1 B nuumrTarues A-RB

brmi ml Jecnu P 3TOM yCTaHoBneM &nar N T
Lk ¢ TO

7 OCyue BAAGTCA nepexon xa ml

sbi PORTD, O ; MHANE YCTAMABNIMBASR

yoT

rimp main IM MOEeT BOZBPAT HA T

o1 PORTD, ( ino marxe ml

main "

bur 3: V - ¢uar nepenosiHeHusi. DTOT OUT yCTAaHABIMBAETCS MPHU MEPENOJHEHUH PErHCTpa BO BPEMs COBEPILICHUS
orepanuii Haj yuciaamu. Tak, ecnu B peructpe Obuto 3anucano yucio 1111 1111 n x Hemy npubaBuiau +2, TO TPOUCXOIUT
nepernosHeHue. PesynpratoM Takoil onepannu oyzaer yuciao 0000 0001 u ycraHOBNeHHSBIH duiar V.

Heob6xoanmo paznuyats ¢uiar nepenosiHeHust V u duiar nepeHoca C. ®nar nepernoyHeHUs NpeJHa3HaueH, B MEPBYIO



ouepenb, JIg pabOThl C JONOJHHUTENBHBIM KoJIoM. Kak ObUIO CKa3aHO BBIIIE, B JOMOJHHUTEIEHOM KOJE CTapIIMH paspsi
orpeJiesIsieT 3HaK Ynciia, a 3HaYeHHE Yhciia OTpaHUYUBaAeTCsl 7 paspsaaMu.

Eciu npu ciio)keHun IBYX IOJO0XKUTEIIBHBIX YHCET B JOIOJHHTEIBHOM KOJIe IPOUCXOIUT U3MEHEHHE CTapIIero Oura, To
9TO O3HAYaeT, YTO MPOU3OILIO MEPETONHEHNE YHCa, XOTA nepeHoca He npoucxoaut (diar C e mensercs) Hanpumep, npu
CJIOXKEHHU YHCEIL:

0110 0010
+ 0110 1111
- 1101 0001

(1aru ycTaHABIMBAIOTCS CIETYIOIAM 00pa3oM:

-[IOCKOJIbKY TIPOU30IILI0 H3MEHEHHE CTAPIIEro pa3psiaa, To ¢uiar nepernoiHenus V ycranasiusaercs: V=I;

- TaK KaK He IPOM30IIUIO IIePEIOIHEHHE Pa3psiIOB PerucTpa, To ¢Jar nepeHoca He BosHukaetr: C=0.

Ecin npu cnnoskeHUy JBYX OTPHLATENILHBIX YHCEN B JOIOJIHUTEIEHOM KOJIE IPOUCXOINT H3MEHEHHE CTapIlero OuTa, To
3TO O3HAYaeT, YTO TaKKe MPOM3OLLIO INEePEroJHEHUE YUCTa, IIPU ITOM MOXKET BO3HHKHYTh M (uiar mepeHoca. Hampumep,
TIPUCIIOKEHUH YUCET:

1001 1110
' 1001 0001
- 1 0010 1111

MEHSIOTCS KaK CTapIIui pa3psijl, TaK U MOSBISICTCS OUT IEePETIOTHEHHIS:

-[IOCKOJIBKY TIPOU30III0 U3MEHEHHE CTapIlero paspsiia, yCTaHaBIUBaeTcs (iar nepernoyHeHus V;

-[IOCKOJIBKY TIPOM30IIIO TIEPETIONHEHHE Pa3psIoB PErucTpa, ycraHaBiuBaeM 1 ¢uar nepeHoca C.

Ipumep 4.Wcnonb3ys uHCTpYKIMiO «addy, CIOXKHTH ABa MOJOKUTEIBHBIXUKCIA B JOMOJHHUTEILHOM Koje. Ecim
MIPOUCXOUT TIEPETIOIHEHUE PE3YNIbTaTa, TO PE3yIbTaT HEOOXOAUMO OTPAHUUUTH MAKCUMAJIbHBIM WA MUHUMAIBbHBIM YHCIIOM.
Pesynbrar BeiBOgMTCS HAa PORTD.

main:

in rl6,PINA jBBON neproro wuucna A
in r17,PINC ;BBOA BTOPOTO yMcna B
add rl6,rx17 jcnoxeHme A 1 B
brve ml jecnu HeT nepenonHeHua (Pnar V=0), 7o
JOCYMECTBNAGTCA nepexon Ha ml
brcs m2 jMHave npomsepxa ¢nara nepedoca. Ecam ¢nar O=l,
JT0 OCYMECTBNIAETCA nNepexon Ha m2
1di rl6,0x7F jACIM nepeHoca HeT, TO pesynnTar -
jMakcumansHoe uucano +127 (0111 1111)
rimp ml jnanee - nepexon Ha ml
mz:
1di rl16,0x80 jecnyu Qnar nepedoca C=1, TO peaynesrar -
JMUMMMANIbMOe umcno ~128 (1000 0000).
ml:
out PORTD, rlé jno MerTke ml BHBOM pesynsTara ma PORTD

rimp main i M BOSBpPAT Ha main

bur 4:S- ¢aar 3naka. DToT OUT Beera SIBIISIETCSl PE3yJIbTATOM COBEPILEHHUs onepanuu uckirovaromero NN mexny
¢narom orpunarensHoro uucia Nu duarom nepenonuenuss V. Tak, eciu npu COBEpIIEHHH OIEPALUH HE MPOMCXOIUT
nepenondenust (puar V=0), to 3nak onpenensercs ¢aarom N. Ecmu xe npoucxomu nepenonnenue (V=I), to ¢uar 3uaka
NIPUHUMAET MHBEPTHPOBaHHOE 3HaueHue (iara N.

bur 5:H - ¢uaar monoBuHHOro mnepenoca. [10JOBHHHBIM IIEPEHOCOM Ha3bIBAETCSl MPOIECC MEPEHOCA M3 MEPBOM
NIOJIOBHMHEI Oaifta Bo BTOpyro. Tak, ecnu B Oaiite Obita komOuHanmst 0000 1111 u x Hemy npuGaBuiau +1, TO MPOMCXOAUT
TIOJIOBHHHBIH nepenoc, a umenHo 0001 0000, npu stom popmupyercst daar H.

Ipumep 5.0OprannzoBats Oeryimuii orons B MitaanieM noiryoaiite PORTC.

1di rl6, OxFF ;b rl6 sanucumaeTcA aMavenme OxFF
out DDRC, rié6 ;00pT C MHMUMaAnNM3INDYeTCH Ha BHBOR HHQOPMaEWH
idi rl6,0x01 ;8 rl6 SAamMICHBASTCH enMMMUA Mianmero paspAna
ain: ’
ut ;SHavenne rlé swsoamTcHa Ha PORTC
sl ;T1l6 camMraeTca aneno Ha oaMM pa3pan
brhe main ;ecan @gnar H cHAT, TO nepexon Ha main
1di rl6,0x01 jmHave B rl6 sanmcusaerca 0x01
rjmp main ;M OCYWRECTRIRETCH NEPEeXOoR Ha main

bur 6: T - xpanenne 6ura undopmamnn. VHcTpykimy konupoBanus O0ut ucnonesyrotr out T peructpa SREG. Ilpu
KOIIMPOBAaHUM OMTa M3 Kakoro-immbo perucrpa oH coxpansiercst B oure T perucrpa SREG, a 3atem m3Bnekaercs u3 Hero npu
KOIIMPOBAHUU B KaAKOH-TMOO IPYTOIl peructp.



Ilpumep 6:CxonupoBatb U3 perucrpa r16s peructp r19nsTelii OUT, HE N3MEHsS colepKUMOe peructpa rle.

Be3 ncnons3opanns dnara T: /

in rl6,PINA" ;3ammcs B rl6 Jsiwdoro uucna

mov rl7,rlé6 {Konnposanne rlé B noGoi- ceobonHuds POH (rl7)
andi rl7,0x20 °;Bunenesve 5-ro BGura B rl7

or rl9,rl7 ;normueckoe WM rl9 m rl?7

C ucnonszopanneM gnara T:

in rl6,PINA j3ammcek 8 rl6 noboro uucna
bst rl6,5 ;j konuposanue 5-ro OGura B SREG
bld r19,5 j KonupoBaHue coaepixmmoro ¢nara T B 5-% Our rl9

bur 7: 1 - o0mee paspemenne npepbiBanuii. Haznauenue storo ¢uiara Oynet nosicHeHO B pab0Tax CHCIOJIb30BaHUEM
NpepbIBaHUN TaliMEPOB.

KonrtposabHbie Bonpochl

1. s gero nmpenHa3HaueH PETUCTP COCTOSHUSA?

2. Tlepeumcnute OUTHI pETHCTPa COCTOSIHUS M UX Ha3HAUCHUE.

3. Ilpwu BEIIONHEHNH KaKHUX OTeparuii u3Mensiercs sl (hiara Hyisi? Omar oTpunaTensHOTO 3HadeHus? dar 3Haka?

4. Ilpu CyMMHPOBaHUM IBYX 4-X paspsIHBIX YHCEN KaKue OMTHI PETHCTPA COCTOSHHUS MOTYT H3MEHUThH CBOE 3HaYeHHE?
JIByX BOCEMHPA3PsAHBIX?

5. Kakoif OUT perucTpa COCTOSHHS OTBEYAET 3a paspelieHre padoThl BCEX MPEpPHIBAHMMN?

6. Kak cBsi3anbl Apyr ¢ Apyrom ¢iaru: 3HaK, OTpULATENIbHOE 3HAYEHHE TIeperoHeHHe?

7. Jlnsg kakux nened ucrnosbdyercs out T?

®dopma npeacTaBiIeHns pe3yJbTarTa:

OT4eT T0IKEH COAEPIKaTh:

1. Lenb paboTHL

2. [IporpaMMHbIe IpUMEPBI PabOTHI ¢ (IraraMmu

3. OTBeTHI Ha KOHTPOJIBHBIE BOTIPOCHI

4. BeiBop o pabote

JlaGopaTopHnas paGora Ne 9
HccnenoBanue padorsl perucrpa coctossauii SREG MK Atmega8535.

®opmMupyemble KOMIIETEHIHH:

IIK 2.1. Co3aaBath mporpaMMBbI Ha sI3bIKE acceMOIepa it MUKPOIPOIIECCOPHBIX CHCTEM.

Lean padoThI: HAYYUTHCS IPUMEHATH OUTHI PETUCTPA COCTOSHHUS IIPH HATMCAHUH IPOTPAMM.

BoinosiHuB padory, Bl Oyaere:

ymems:

- COCTaBJIATh IPOTPAMMBI Ha SI3BIKE acceMOiiepa sl MUKPOIIPOILIECCOPHBIX CUCTEM

MarepuanbHoe ofecnieuenme:

Crenn «MuxkpokoHTpouiepy, [IK ¢ ycranoBnenHol cpeoit nmporpammupoBanus u omiaaku AVRStudio

TeopeTnueckue cBegeHUs

PaccMoTpuM IpakTHYeCcKOe HMCIIOIb30BaHKE (hIaroB PErHcTpa COCTOSHHS Ha IPHMEpPE NMPOTpaMMbl BBIUMTAHHS IBYX
YHCeI:IEPBOE YHCIIO 3aJaeTCs MIIQALINM MTOJy0aiToOM mmopTa A U MMeeT GopMmar:
but 7 6 5 4 3 2 1 0
A= 0 0 0 0 | PA3 | PA2 | PAl | PAO

BTOPOE YHCIIO 33a€TCs CTAPIINM MOIy0aiToM mopra A u umeer Gopmar:
bur 7 6 5 4 3
B= | PA7 | PA6 | PA5 | PA4 0 0 0

N
-

o|o

PesynbraT 10IKEH BRIBOAUTHCS B CIEIYIOIIEM BHE:
- wragmue 4 paspsina mopra C - Moxayib pasHocTH (A-B);
- crapumii 6ut nopra C - 3HaK pe3yJbTaTa.



.include "mB8535def.inc" ;nonksmoueHnue OubaMoTexy ATmegaB535

.cseq ;Hauvano cermeHTra kxona
.org 0
ldi rl6, OxFF ;WuManMIaumMa nopToB BBOXAa/BWBOAA
out PORTA,rlé6 ;jnopT A - Ha BBOn MHdOpMauuK
out DDRC,rlé6 ;nopT C - Ha BuBOA MHbOpMauum
main:
in rl6,PINA ;BBOA HnaHHeX PINA B POH rlé
mov rl7,rl6 ; konupoeaHue rlé B rl7
andi rl6, Ox0OF i Bhnenexdme uucna A
andi rl17, 0xFO0 ; BanenexHue uucna B
clr rl8 ;joumcTxa POH rl8
ml:
lsr rl? ;caur rl7 Ha 4 paspsana Bnpaso
inc rl8
cpi rl8,0x04
brne ml
sub rl6,rl7 ; BENOJHeHue BuuuTanua rlé-rl17 (A-B)
brmi m2 ;ecnay B pesynsTarTe ycraHoByeH ¢nar N, 90
;OCymecTBAAETCH Nepexoj Ha MeTKy m2
rijmp m3 jMHaue - nepexon Ha MeTky m3
m2: ; BRnenieHue MoOynsa pesyiibTaTa
com rlé ;MHBEpCUA pesynsTaTa
inc rlé6 ;yBenuueHue pesynsTaTa Ha +1
ori rlé6,0x80 ;jnpubassieHue K pesynbTaTy CUTHaZla «SHAKM
m3: ;
out PORTC, rlé6 ;BRBEON pesynkTarTa Ha PORTC
rjmp main ;¥ BO3BpaT Ha main
e B i e e e e e e e e e e e e e e e e R e -
PaccmoTtpum nporpammy 6oitee TogpoOHO.
1. Muannmanuzanus nopTos BBOJIa/BLIBO/IA: mnopTt A - Ha BBOJ, mnopTt C-mna BLIBOILI/IHQ)OpMaHI/H/I:
Idi r16,0xFF
out PORTAr16
out DDRC,r16
2. B Hauaye ocHOBHOTO LUKJIAa Npou3BoauTcs onpoc peructpa PINAmnpuseaenue uncen K 0HOMy BUJY:

- pesynbrat 3anocutest B peructp 16 (inrl6, PINA)u r17 (movrl?, rl6);

- 3aTeM B perucTpe 17 ocymecTBisieTcs CIBUT YKcIa Ha 4 pas3psiia BIPaBO AJSI TOTO, YTOOBI IpeoOpa3oBaTh €ro
n3 yucia Buga « XXXX0000» B ynciao «0000 XXXXx»:
main:

in rl6,PINA

mov rl7,rl6

andi rl6,0x0F

andi rl7,0xF0

clrri8
ml:

Isr rl7

inc rl8

cpi r18,0x04

brne ml

3. Omnepanust BBIYMTAHUS, IIOCJIE BBINOJNHEHHS KoTopoil ¢uarn B peructpe SREGBbICTaBsTCS ONpeneneHHBIM
oOpazomM:

subrl6, rl7

4. Jlnst 00paboTKH pe3yIbTaTOB BEIYUTAHIS HEOOXOAUMO MPOBEPUTH (prar oTpunaTenbHoro 3HaueHus N:

- €CII OH OTCYTCTBYET, TO PE3YJIBTAT - HOJIOKUTEIBHOE YUCIIO U €r0 Cpa3y MOXKHO BBIBOJIUTH Ha MHAMKAIHIO;

- ecim ke (aar NycTaHoBIeH, TO pe3ybTaT - OTPUIATEIHHOE YHCIIO, M Mepe]] BEIBOJOM Ha WHAMKAIHIO-HEOOXOIUMO
BBIJICIIUTH €T0 MOJTYJIb:

brmim2

rjimpm3 .

Komanga brmim2 ocymectsisier nposepky ¢uara N. Eciu oH ycTaHOBIIEH, OCYLIECTBIIAETCS HEPEXO]] HA METKY m2,
IpU TIEpexojieé Ha KOTOPYIO OCYIIECTBISIETCSl BblIeJIeHHE Moayis uucia. Ecnm duiar NHe ycTaHOBIIEH, BBINOJHSETCS
crenyromas 3a KoMaHaoW aupektuBa [jmpm3. Ilo 3Toif KOMaHAE BBINOJHSACTCS MEPEXOA Ha METKy m3,[0 KOTOpou
OCYIIECTBIISICTCS BHIBOJ PE3YJIbTAaTa HA WHIMKALIHUIO.

5. ITpn mepexone Ha MeTKy m2 pe3yibTaT cHayajla MHBepTHUpyeTcs (comrl6), a 3atem k Hemy mpubasisiercs +1
(incr 16). Takum 006pa3oM, OCYLIECTBISACTCS BbIJCICHHE U3 TOMOIHUTEIBHOTO KOJIA MOLYJIS Pe3yibTaTa BEIYUTAHHS:
m2:

comrl6

incrl6

orir16,0x80
m3:



out PORTC, rl6

rjmpmain

Komanmoii orirl6, 0x80 ocyiecTBisieTcsl yCTaHOBKA CHTHANIA «3HAK» B CTApIeM paspsize perrctpa 16, KoTopelii 3aTeM
BbIaeTcs Ha nHANKanuio Ha PORTCOUtPORTC,r16. ITocie 3Toro 0CHOBHOM ITHKII IPOTPAMMBI 3aMBIKACTCSI.

3aganue (0QHO HA BBIGOP)

1. Hcnionp3ys ormyeckre onepanuy U OUTHI PETUCTpa COCTOSHNS PEalli30BaTh HA MUKPOKOHTPOJUIEPE CXEMY:
- MOJTyCyMMAaTopa;
- MIOJTHOTO OHOPA3PSAAHOTO CyMMaTOopa.
2.  Vcnonw3ys OUTHI pericTpa COCTOSHUS BEIYUCINTD MOYJb PA3HOCTH JIBYX 5-TH pa3psAHBIX YHCEIL.
3. Hcnonp3ys OMTBI perucTpa COCTOSHHSI peajH30BaTh KOMIIApaTop: CPAaBHMBAIOTCA ABa 4-X pa3psOHbIX ducia
(mopTh! A 1 B): ecnit paBHBI — BKitoyaercs 0 6ut nopta D, eciiu nepBoe umcino 6onpuie — 1 6uT, ecii BTopoe — 2 OHT.
4. Wcnonp3ys 6ut XxpaneHUs HHOOPMAIIH PETHCTPA COCTOSHUS pealn30BaTh
- RS-tpurrep;
- D-tpurrep;
- T-tpurrep

®dopma npeacTaBIeHNs pe3yJbTaTa:

OTueT JOMKeH COAePIKATh:

1. Lemnb paGoTHL

2. BrIonHeHHOE 331aHKe ¢ KOMMEHTapHAMH (paboTOCIIOCOOHOCTD IPOrPaMMbl IEMOHCTPHPYETCS HA CTCH/IE)
3. BemBog o pabore (yka3aTh Kakue (ard ObIIH UCTIONB30BaHBI M TOYEMY)

IpakTuyeckas padora Ne 12
N3yuenne padors creka MK Atmega8535.

®opmupyemMbie KOMIIETEHIIUH:

IIK 2.1. Co3aaBath mporpaMMBbI Ha sI3bIKE acceMOIepa it MUKPOIPOIIECCOPHBIX CHCTEM.

Heab padoThl: U3YYUTHOPTaHU3ALNIO U TpUHIIUI paboThicTeka MK.

BoinosiHuB padory, Bl Oyaere:

ymems:

- COCTaBIIITh IPOrPaMMBI Ha SI3BIKE acceMOiiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM

MarepuanbHoe o0ecnieueHme:

K ¢ ycTaHOBICHHO# cpe/ioii mporpammupoBanus u omiaaku AVRStudio

Teopernueckue cBegeHUs

[Ipn BBIMOMHEHUH NPOTPaMMBI U3BJICYEHHE W BBINOJIHEHHWE TUPEKTHB (KOMAaHM) BEIETCS MOCIIeA0OBaTeNbHO. To ecTh
CHaJaja UCTIOJHSACTCS IepBast B CIUCKE KOMaH/a, TOTOM - BTOPasi, TPEThs  T.II.

Bce MUKPOKOHTPOJIIEPHI M MUKPOIIPOIIECCOPHI MMEIOT TaK HasbiBaeMblil cueTduk komanjg (ProgramCounter). B uem
XpaHHUTCS ajJpec TeKylled BBIMOIHSIEeMON KoMmanapl. Ilpu 3amycke mnporpaMMbl cueTdyuk KoMmMaHna paBeH 0, 3areM OH
HHKPEMEHTHPYETCs 10 Mepe BBHINOJHEHNU KOMaH Ha | miM Ha 2, B 3aBUCUMOCTH OT AnuHBI KoMaHas! (IIpunoxenne A). Ecnu
M0 KaKoH-T100 NMPUYHMHE B MPOrpaMMe OCYIIECTBIISIETCS TIEPEX0/ B JPYroe MECTo NporpamMMsbl (O€3yCIIOBHBINA MIIM YCIIOBHBIN
Mepexo), TO COAEPKUMOE CUSTUNKA KOMaH I CKauKOM M3MEHseTCs, yKa3blBasi Ha HOBBIH aJpec BHI3BAaHHON KOMaHbI.

Ecnu npu BBINOJTHEHUH POTpaMMbl BO3HUKAET HEOOXOANMOCTD OCYIIECTBHUTH IEPEX0]] Ha KaKyl0-I1n0o0 MoIporpaMmy,
BBINIOJTHATH €€, a 3aTeM BEPHYTHCS Ha CTAPO€ MECTO W IPOJOJDKUTH BBIMOJIHEHHE MPOTPAMMBbI, CTAHOBUTCS HEOOXOAMMBIM
3allOMHHATh a/Ipec Bo3Bpara. [y 3Toro u npeHa3Ha4eH yKa3aTenb CTeKa.

Ykasamenv cmexa - 3TO cleNUaNIbHBIA PETHCTP, NMPEACTABIMIOMNI co00il Oydep, B KOTOPOM peann3oBaH MPUHIAI
«LastIn- FirstOut» LIFO(mocneanum mpuiien - NepBbIM yiiienb). ITOT NPUHIKMIT 03HAYAET, YTO aJpec mepexoja, KOTOPhIi
ObLI 3aIMCaH B CTEK CaMbIM MTOCIIEAHNM, Oy/I€T CUMTaH CaMbIM MEpBbIM. TakuM 00pa3oM, eciy B IPOrpaMMe IocJIeI0BaATELHO
BBITTOJIHAIOTCSL HECKOJIBKO IIEPEXO0JI0B BIOAIPOTPAMMBI, HHUKOTAAa HE BO3HHUKHET IIyTaHHUIBI C TIOPAIKOM BO3BpaTta o
MOIIPOTpaMM 0OpPaTHO.

B mukpokontposuiepe Atmega8535 crek peanmmzoBaH B aBYyX 8-paspsimubl peructpax SPH, SPL, koTtopbeie BMmecTe
obpasytot 16-pa3psiansiit peructp SPH, SPL. IIpunitun paboThl cTeka MOsICHIETCsI Ha puc. 1.

[Ipu pabote mporpamMmbl Kaxjaas ee KOMaHJa MMeEeT ajpec, MPHCBaWBaeMblii cueTdnkoM kKomasj (puc. 1). Ecnu mpu
BBITTOJTHEHNH TPOTPaMMBI BO3HHMKIJIA HEOOXOIMMOCTh CAENATh MEepexo]l Ha KaKylo-THOO MOJIpOrpaMMy, pacHoIOKEHHYI0 U
KakoMy-JI10o azipecy, HalpuMmep, Kak IoKa3aHo Ha puc. 1, mo agpecy 243, HeoOX0qUMO UMETh HH(OPMALUIO, Ha KaKOH aspec
HEOOX0MMO BEPHYTHCS IOCIIE BBIIOJIHEHHS OAporpaMmsl. [losTroMy npu nepexojie, Hanpumep, ¢ aapeca 006 Ha aapec 243
yKasareJsb CTeKa 3aIlichIBaeTcs ajipec Bo3Bpara, To ecTb 007.

IIpu BBI3OBE cleayroliell MOJNPOTrpaMMBI, PAcIONIOKEHHON mo aapecy 120, yka3aTenb CTeKa 3alUCBIBACTCA TaKKe
azpec Bo3Bpara. B nannom ciygae - 052.

Afpec BO3BpaTa 3alChIBACTCS B BEPIINHY CTEKa.

Bepwunoii cmeka nazpiBaetcs aapec O3Y mporeccopa, B KOTOPYIO BEAETCS 3aMKCh aapeca BO3BpaTa.

Anpec BepIIMHBI CTEKa IPOTPAMMHUCT 0053aH yKa3aTh CaMOCTOSITENBHO, IIPX ATOM OOLIETIPHUHSTO, YTO BEPIIMHA CTEKa
Haxoautcs B koHie O3V mporeccopa. DTomenaercs Uisl TOTO, YTOOBI 00JACTh MPOTPaMMBI CIYYaiiHO HE TEPEeKphUIach C
00JaCTBIO CTEKA, TaK KaK €CJIM ATO MPOU30HUIET, TO aJipec BO3BPATa, 3aAIMCAHHBIA B 00JIACTh CTeKa, OyJeT MOTEepSH.

Bo3morkeH ciaydaif, KOTr/1a Ipy BEITOJTHEHUH TOATPOTPaMMBbl IPOUCXOANT 3aIPOC Ha CIEAYIOMNIN Iepexo/] Ha JPYTYIO
nozarnporpammy (puc. 2).
Koraa npoucxomur nepexoj U3 OCHOBHOM ITPOrpaMMbl B IMOJIPOrpaMMy 1, B BEpLIMHY CTEKa 3aIlHCHIBACTCS a/Ipec




BO3Bpara 007. Ecin Jajiee U3 noArnporpaMmbl 1 OPOUCXOAUT NEPEX0o] B NOANPOrpaMmy 2, TO B CTCK 3allMCBIBACTCA aApeC

245 Bo3Bpata B noanporpammy 1.

Ocnounau nporpauua

OcHoBHAN NPOrpaMMa

Aapo: ] Kommu ,,,,,
000 idi 116 0xFF [ Anpec | Komanpa | .
| 001 oWt DDAD,E T 000 | WITi60xFF
T 002 | Whrieoxot 001 |outDDRD,16
| 003 | wWiri7oss 002 | Wdiri6,0x01
—o0da 1 Moanporpamma 1 | 003 W 17 0%55
005 | Aapec | Komawpa [___004 I L aae = nonllggr:ab—um !
[ oo | ~ w243 Toe | 005 X [Anpec | Kowawna flognporpaume 2
007 | =~ |« 244 o |__006 b 243 | - Anpec | Komanna
[ ooa_i =) |_007 | - 4 | 244 > 120
009 250 L 008 l 245 e = 121
010 B T i
on | 010 | 1250 { AR s e
| o1 | e
7 — Noanporpamma 2 !" TS
050 [ Aapec | Komanga | - o
051 » 120 | 050 |oplri6ui7
05 121 |_o051 2
- | = {052
-1 H m {053 =
| : -~
—o99 | -~ | 1 [P
100 | 099 |
101 | - | [ 100 J
Puc. 1. Npwsmn paboTtal yxasarens crexn Puc. 2, Tipuaiun sanosenns crexa

[Tpn oxOHYaHMM HOANIPOTPAMMBI 2 MEPBEIM OyIeT MpOUYHMTaH aapec 245, a 3aTeM NpH OKOHYaHWH MOJIPOrpaMMsl 1 -
agpec 007. Takum obpaszom, 6maromapst npuHnuny LIFOmonHOCTRIO HCKITIOUAeTCsl HENPaBHIBHBIA IEPEX0a B HEIIPaBIIIbHOE
MECTO NPOTPaMMBL.

B mukpokontposuiepe Atmega8535 ykazaresnb cTeka COCTOMT U3 ABYX 8- paspsaHbix peructpoB SPHu SPL, xoropsie
BMeCTe cocTaBistoT 16-paspsinubiii peructp SPH:SPL.IIpuMmenenue 16-pa3psiHOTO perucTpa 0OBsICHICTCS 00bEMOM MaMsITU
porpaMM MHKPOKOHTpoJuiepa - oH coctabisieT 8Kb (4096 cioB mamsaTé nporpamm) M Juis oOpaiieHus K KOHKPETHOU sueike
MaMsTH HeOOX0AMMO yKa3zaHus 2 OaliT anpeca.

Ipu HanHMCaHWUK MPOTPAMM BBI30OB TOIIPOrpaMM OOBIYHO OCYIIECTBISIC KoMaHo#t rcall, a Bo3BpaT M3 moanporpaMmel
OCYIIECTBIISICTCS 110 JUPEKTUBE ret.

Ipu Be3oBe aupektuBsbl rcalls peructp SPH:SPL3anuceiBaeTcst ajpec sdeiiku mamsTH, B KOTOPYIO OyJIeT COXpaHEH
aJpec BO3BpaTa M3 MOJNPOrpaMMBI, W aapec BO3BpaTa aBTOMATHYECKH 3alMCBIBACTCSI B CTEK, a IIPH BbI30BE
JUPEKTUBBI e LIIPONCXOIUT YTCHUE U3 CTEKa 110 YKazaHHOMY B peructpe SPH:SPLaxnpecy.

KoHTpoabHbIe BONPOCHI
Uro Takoe cTex?

Uro Takoe BepIIMHA CTeKa?

Uro Takoe yka3aTelnb cTeka?

Yro o3nauaet trepmun LIFO?

UYro npencrasiset coboi crexk B MK Atmega8535?
(I)opMa TIpe/ICTaBJIEHUs pe3ybTaTa:

OTuer 10KEH CONepPIKaTh:

1. Lenb paGoTHL

2. OTBeTHI Ha KOHTPOJILHBIE BOTIPOCHI

3. BeiBog o pabote

abrwdE

JlaGopaTopHuas paGora Ne 10
Pa3paboTka nmporpaMMsl VISl OPraHU3alMU NPOrPAMMHOI 3a/1eP:KKH (€ HCMOJIb30BAHHEM CTeKa)

®opmMupyemMble KOMITETEHI[UH:

IIK 2.1. Co3gaBaTh mporpamMMBbI Ha SI3bIKE acceMOIiepa JJisi MUKPOTIPOIIECCOPHBIX CUCTEM.

Lenb padoThI: HAYIUTHCS IPUMEHITH CTEK IIPH OPTaHU3AINH TPOTPAMMHOM 3aePKKH.

BoinosiHuB padoty, Bel Oyaere:

ymems:

- COCTaBIITH IIPOrPaMMBI Ha SI3bIKE acceMOiiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM

MatepuanbHoe o0ecnieyeHne:

Crenn «MukpokoHTpoiuiepy, [1K ¢ ycraHoBneHHO# cpenoit mporpammupoBanus u oTiaaaku AVRStudio

TeopeTuueckue cBeeHust

IIporpammHas 3aepKka

OmgarM U3 Hambojee HArSIIHBIX TNPUMEHEHWH yKas3aTelsl CTeKa SBIIETCS peanu3alus INPOrpaMMHON 3alepiKKH
BpPEMEHU.

B mukpokonTposepe ATmega8535 npucyTcTBYIOT TpU TaiiMepa, ¢ MOMOIIbI0 KOTOPBIX MOXHO JIOCTATOYHO HPOCTO
peanmu3oBaTh JIO0YI0 BpEMEHHYIO 3aAepXKy. OJHAaKO TNPOCTEHIIyI0 NPOTPaMMHYIO 3aJepKKy HEOOXOOMMO yMeTb
peaT30BBIBAThH O3 HCIIOIB30BaHMS JOIOTHUTENBHBIX allllapaTHBIX CPEACTB MUKPOKOHTPOJIIEPA.




CyTh nporpaMMHOHM 3a/IepXKKH COCTOUT B TOM, YTOOBI 3aCTaBHUTb INPOLECC BBINONHATH LUKIMYECKH OIHO M TO KE
JieiicTBre, HapuMep, MHKPEMEHT KaKOro-To 4uciaa OT HyJs A0 MakCUMyMa, C JajdbHEHIINM MepexoAoM HpU OKOHYAHHUU
BBITTOJTHEHHS 3TOTO AEHCTBUS K AANbHEHIIIEMY BBIIOIHEHHIO IIPOTPaMMBI.

BBuay TOro, 4TO MpOoIECCOP MPOU3BOIAMT ONEPAINH ¢ OOIBIION CKOPOCTHIO,UIICKOIBKO-HUOY b OLTYTUMOHN 3aJEP>KKA
MIPUXOIUTCS TPOM3BOANTH ONEPALMH OOIBIINMHI YUCIAMHU.

ITycTp HaM 3aaH HEKOTOPBIM 3JIEMEHT MPOrpaMMBbl. PaccunraeM NpHIMEpHOEBPEMS HCIONHEHMSI 3TOTO 3JIE€MEHTa (B
KOMMEHTapUsIX MPOIUCAHO KOJMYECTBO TAKTOB IIPOLECCOPA JULSl BHIOIHEHUS JaHHON HHCTPYKIIUM):

TAXT Npoueccopa

ml ; HEe BHNONHSETCR, HET SanepEKH
inc rilé ; 1 TaxT npoueccopa
cpi ris, 0x20 ; 1 TaxT npoueccopa
brne met_1 ; 2 TaxTa npoueccopa, EeciM YCNOoBKe BLNONHAETCH
{

X merxe ml) # 1
OBME HEe BHNONHRETCS

TaxT NPOUECCTOPa,
(BEXOn #u3 UMKNAS)

B nporpamme 3Hauenue peructpa POH r16 yBenmuusaercs Ha 1, moka 3HaueHue B 16 He pocturHer 3HaueHus: 0x20
(mecsitnuHoe yrcno 32). IIpu 3TOM MOCTOSHHO HAET BO3BpAT Ha METKY MI, ¥ TONBKO MOCIe TOro, Kak 3Ha4YCHHE, 3aHCaHHOE B
ri6nocturaer 3HayeHus: 0X20, paspemaercst BBIIOIHEHHE TOCIETYIOMIMX KOMaHAIIporpaMMbl. Takum oOpa3om, B mporpaMme
peann3oBaH LUKJI IO NEPEeMEHHOH 16, BpeMsi MCIIONHEHHS KOTOPOTO OHAa «HHYEro HE JeNlacT», T.e. Kak OBl «3aBHCACT»
HEKOTOPOE BpeMsl. DTO MPOILECC U HA3BIBACTCSA HPOSPAMMHOU 3A0EPIHCKOU.

3Has BpeMs BBIIOJHEHHS KoMaH (Tpwi. 1) MOXXKHO paccuuTaTbh BPEMSIHCHONHEHHS JII0O0OM 4YacTH MPOrpaMMBI.
PaccunraeM Bpemst HCTIOTHEHUSI PACCMOTPEHHOH YaCTH MPOTPaMMEL.

[Tpn nonamanny B IUKIJI CYMMapHOE KOJIMYECTBO TaKTOB Iporeccopa oyaer N,To ecTh mpu moxcueTe yucen ot 1 go 32
CyMMapHO€ KOJHMYECTBO TAaKTOB OyzaeT paBHsAThcs N=4-32=128. [locie 3TOro HEOOXOJUMO BBIYECTH OJUH LHUKJ, KOTOPBIH
OCTaJICsl HEYYTCHHBIM IMPU BBIMOIHEHUH JIOKHOTO ycimoBus brnemet | kowme moxacuera r16 m mpubaBUTh OJAWH TakT Ha
BbINONTHEHHE KoMaH b! ClIr16. MiToro, cyMmMapHOe KOMHYECTBO TAKTOB paBHO:N=4+32-1+1=128.

Ecnu yMHOXUTH TOJIyY€HHOE YMCIIO Ha BpeMs BBIIIOJHEHMS OJHOTO TakKTa Mpoleccopa, KOTOpoe OoOpaTHO dacToTe
konebanuii KBapieBoro pesonatopa fosc(B Hamem ciydae - 8 MI'r), To MOKHO HalTH BpeMs 3aaepixkn Tx:

T3 =N * =12

8x ———
fosc 8 x 106
Jinspeani3anuu OoJiee CYIECTBEHHBIX BPEMEHHBIX 3a/IePKEK NPHXOAUTCS MMETh JAENO C OOJIBIIMMH YHCIAMU WIIH
BJIOXKCHHBIMH LIUKJIaMH. [Ipumep nporpaMMHOIT 3a/1ep>KKU ¢ IPUMEHEHHEM BIIOKSHHBIX LIMKIOB IPHBE/ICH Jajee.
Hpumep. Hamucatrs nporpammy Oerymiero oras Ha PORTC. IIpu 3ToM BpeMs 3aIep>KKH MEXAY MEePEKIIOYCHUIMA
Pa3psIoB MOPTa 331a€TCA C HOMOILBIO IPOrPaMMHOI 3a1ePIKKH.

= 16 MKcC
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PaccMmoTpuM mporpamMmy 6osiee o apoOHoO.
1. B Hauvaie nmporpaMMbl BepIIMHA CTEKa ITOMEIIAETCs 10 afpecy nocneaHei sueiikun O3Y:
Idi rl6,$5F



Idi rl7,$02

out spl,rl6

out sph,rl7

2. Wunmmanmsupyercst mopt BBoga/BeiBoma C, a perumcrpy (16 mpucsamBatorT 3HadueHuel16=0x01 (HagampHas
O3HUNHs OETryIIero OrHs):

Idi rl6, OXFF

out DDRC,r16

Idi rl6,0x01

3. B riaBHO#1 nmporpamMme 3HaueHue perucrpa 16 BeBoautcs Ha uHaukanuio PORTC, nmocne vero BbI3bIBaeTCS
noanporpamma 3agepxku (rcalldelay),monpomectun  kotopo#t 3HaueHuwe 16 caBuraeTcs Ha OAWH paspsa  BOPABO
(rolrl6)./lanee mporpamMma 3aMBIKAETCS:
main:

out PORTC,rl6

inrl7,SREG

rcall delay

out SREG,rl7

rol rl6

rjmp main

31ech HEOOXOIMMO OTMETHTh, YTO MEPEA BBI30BOM IOAINIPOrpaMMEBI 3aJepKKu 3HaueHue perucrpa SREGHeoOxoanmo
COXpaHUTh, TaK KaK MHAYE B Pe3yJIbTaTe BBIIOJHEHHUS MMOJIPOrPAaMMBI 3TOT PETHCTP MOXET U3MEHHUTh cBoe 3HaueHue. [Tocne
BO3BpaTa nojanporpammsl 3HaueHne SREGBoccranaBnmBaeTcs.

4. [MoamporpaMma 3aJIep>KKH pean30BaHa o MPUHIHUITY, PACCMOTPEHHOMY BBILIE. B moanporpaMme pean3oBaHbl
BJIOYKCHHBIE IIUKJIBL:
delayl:

clrri8

metl:

rcall delay?2

inc rl8

cpi rl8,0x10

brnemetl

ret
delay2:

clrrl9

met2:

rcall delay3

inc rl9

cpi rl9,0xFA

brne met2

ret
delay3:

clrr20

met3:

inc r20

cpi r20, OXFA

brne met3

ret

Tak, IpH BXOJie B IIEPBBIN LIUKJI, OTPaHWYCHHBIA MeTKoi metlu ycnoBuem brnemetl, mepen mnkpementom perucrpa r18
NPOUCXOMUT BBI3OB moAmporpamMmbl delay2, B KOTOpod maHHas onepauus MOBTOPSETCS (BBIMONHIETCS BTOPOM LIHKII,
BJIOXXCHHBI B TEPBBIA) M OCYIISCTBISETCS Nepexo] Ha mnoanporpammy delay3, B KOTOpOH BBINOJHSAECTCS TPETHH LMK,
BJIOXXCHHBIA BO BTOpoil.TakuM 00pa3oM, CHayaja MPOUCXOAWT BBHINOJHEHWE LWKIA B moamporpamme delay3 (MHKpeMeHT
peructpa 20 mo metke Met3), motom - nukma B moanporpamme delay2 (uukpement r19 mo merke met2), mocie YerocHoBa
ocymectBisieTcs mepexon Ha delayl(uakpement r18 mo metke metl )u T.1..

JucacceMOnupoBaHNe MPOTPAMMEL

[Ipu odopmieHun ordera MO MPOAETAHHOW paboTe HEOOXOAMMO MPOM3BECTH IHUCACCEMOIMPOBAHME HAIHCAHHON
nporpammel. JlucaccemGiupoBanne mpeactapisier coboit mactpyment AVRStudio, Gmaromaps KOTOpOMY MOKHO YBHIEThH
paboTy mporpaMMsl, BKJIIOUas yKa3aTesb CTeKa U CYETYHK KOMaHI.

JucacceMbiupoBaHue MporpaMMbl BhlmodHseTcsi Boibopom B MeHio View AVR StudiomynkraDisassembler.B stom
cllyyae Ha SKpaHe IOSIBIISIETCS NMporpaMMa, B KOTOPOH yKa3bIBaeTCs ajpec KaxJIoW KOMaHIBl M HEOOXoIuMas ciykeOHas
nHpopmanus.

OIHOBPEMEHHO Ha 9KpaH HEOOXOIMMO BBIBECTM OKHO KOHTPOINS COAepXuMoro mamsatu Togglememorywindow(ams
BbI30Ba HaOpath komOuHauuto Alt+0), B koTopom HeoOxomumo BeIOpaTh mamsaTth HaHHbIX (Data).B xonue obiactu stoi
naMsTH Oy/IeT pacronaraTbCs ykazaTesb CTeKa.

B oTuere no paboTe HEOOXOMMO MPUBECTH TAOJNHUILY AUcacceMOliepa CO 3HAUSHUSIMH, 3alICAHHBIMU B CTEKE BO BpEMs
HCTIOTHEHUS IPOTpaMMEI (€€ TIepBoro npoxosa). B Tabmuie Heo6XoauMo yKas3aTh:




- BCE MHCTPYKLHH ¥ METKH IIPOTPaMMBI;
- aJpec MamsTH BCeX MHCTPYKILUM;
- TeKyllee 3HaUCHHE yKa3aTeJsl CTeKa BO BPeMsl HCIIOIHEHUS IPOrPaMMBbI;
- 3HaueHHs Bcex sueek O3V, B KOTOpBIE 3aMUCHIBACTCS CTEK, BO BPeMsI HCIIOJTHEHHUS IPOTPaMMEI (IIEPBOTO IIPOXOAA).
[Ipumep Takoii TaOIHIEI TpUBEICH B Ta0MI. 1.
Tabnmma 1: [{ucacceM0iiep mporpaMMbI €O CTEKOK

Anpec Vkasarenb Crex (srueiiku O3Y)
Hggf;‘;;M Kowanza / meia SpryispL |025A:025B|025C:025D | 025E:025F
+00000000 Idi rl6,$5F 0000 FF: FF FF: FF FF: FF
+00000001 Idirl7, $02 0000 FF: FF FF: FF FF: FF
+00000002 out spl,rl6 00 5F FF: FF FF: FF FF: FF
+00000003 out sph,rl7 02 5F FF: FF FF: FF FF: FF
+00000004 Idi r16,0xFF 02 5F FF: FF FF: FF FF: FF
+00000005 | out DDRC,rl6 02 5F FF: FF FF: FF FF: FF
+00000006 Idi r16,0x01 02 5F FF: FF FF: FF FF: FF

main:
+00000007 | out PORTC,rl6 02 5F FF: FF FF :FF FF: FF
+00000008 in rl7,SREG 02 5F FF: FF FF: FF FF: FF
+00000009 rcalldelayl 02 5D FF: FF FF: FF 00:0A
+0000000A | out SREG, r17 02 5F 00:15 00: OF 00: 0A
+0000000B rol rl6 02 5F 00:15 00: OF 00: 0A
+0000000C rjmp main 02 5F 00:15 00: OF 00: 0A
delayl:
+0000000D clrrli8 025D FF :FF FF: FF 00: 0A
metl:
+0000000E rcall delay?2 02 5B FF.FF 00: OF 00: 0A
+0000000F incri8 02 5D 00:15 00: OF 00: 0A
+00000010 cpi rl8,0x10 025D 00:15 00: OF 00: 0A
+00000011 brnemetl 025D 00:15 00: OF 00: 0A
+00000012 Ret 02 5F 00:15 00 : OF 00:0A
delay2:
+00000013 clrrl9 02 5B FF.FF 00: OF 00: 0A
+00000014 rcawgtezlaﬁ 02 59 00:15 00: OF 00: 0A
+00000015 incrl9 02 5B 00:15 00: OF 00: 0A
+00000016 | cpi rl9,0xFA 02 5B 00:15 00: OF 00:0A
+00000017 brne met2 02 5B 00:15 00: OF 00: 0A
+00000018 Ret 025D 00:15 00: OF 00: 0A
delay3:
+00000019 clrr20 02 59 00:15 00: OF 00: 0A
+0000001A inc r20 02 59 00:15 00: OF 00: 0A
+0000001B | cpi r20,0xFA 02 59 00:15 00: OF 00: 0A
+0000001C brne met3 02 59 00:15 00: OF 00: 0A
+0000001D ret 02 5B 00:15 00: OF 00: 0A

3agaHue Ha BBHINOJTHEHHE

1. PaspaboTate mporpamMmy «Oerymmuii OrOHB)» C 3aJaHHOM IO BapHMaHTaM IMPOTPAMMHOM 3alepiKKOW, KOTopas
U3MEHSETCA B 3aBUCUMOCTH OT COCTOSIHUS BXOJOB.

BapuaHTs! iporpaMMBI «OeryIInii OroHbY MPeICTaBIEHEI B TaOJIHUIIE.



Ne sap. 1 TaxT 2 TaKT | 3 vaxT 4 TaxT
1 PDO,PD1-2¢ PDI,PD2-1¢c PD2,PD305¢c -
2 PAD..PA3-0,1c PA4. . PAT-02¢ | PCD...PC3-03¢c PC4.. PC7-04c
3 PCO-0DS5¢c PC2-05¢ |PC4-~15¢ PC6-15¢c
4 PBO-1¢ Her-05¢ IPBlI-1c¢c Her-05¢
5 PC7-5¢ PC6,PC7-S5¢c PC5...PC7-5¢ PC4.. PC7-5¢c
6 PAO-2¢ PAl -4c¢ - —
7 PCD...PC3-10c PC]...PC4-10c PC2...PC5-10c -
8 PD7,PC7-05¢ Her-2c¢ PDO, PCD-05¢ Her-2¢
9 PCD-02c¢ PC1-02¢c PC2-02c Her-1c
10 PAD. .PA3-0,1c |Her-02c PA4...PA7T-01c |Her-02c
H IMoprD-5¢ Hex-1c¢c [MoprC-5¢ -
12 PA3-2c Her-4c¢ - -
13 PC7-1c Her-S5c PC6-1c Her-5¢
14 PAD..PA3-2¢ Her-1c¢ PDO...PD3-2c¢
15 PCD..PC3-0,1c |PCL...PC3-0,1c PC2..PC3-0,1c |PC3-05c
16 - |ToptD-2¢ foprA-2c Her-4¢ e :
17 PCD...PC2-2¢ PCI1...PC3-2c¢ PC2...PC4-2c Her-5c
18 HoprA-O1lc Her -1c¢ Topr C-0,1 ¢ Her-1¢c
19 PCO-0,1c PC1-0,1c PC2-0lc Her-05¢
20 PBO-5¢ PB1-25¢c PB2-125¢ Her-5c
21 PD7-1c PD6-1c PD0...5-5¢ -
22 PA6-1c PA7-4c¢ - s o
23 PCO,PC3-2¢ PC1,PC4-2¢ Her-5¢ -
24 PD4..PD7-25¢c |Her-5¢ PD0..PD3-25¢" | Her=5c
25 Her-15¢ IMoprC-05¢ Her-15¢ TMoprA-15¢
26 PBO-5¢ Her-10c - - -
27 PC6,7-2c¢ PC4,PC5-2¢ PC2..PC3-2¢ PCO...PCl-4c
28 PAD..PA3-2c PA4 . PAT-2¢ PAD..PAT-2¢ Her-6¢c
29 PDO.PD2,PD4-5c | PD1, PD3PD5-5¢c |Her-10¢c -
30 PCO-15¢c PCl-3¢c PC2-45¢ -

Ipumeyanue: cNMBOI«-»0003HAYALT YTO TAKT OTCYTCTBYET, HAIIPUMEp, B /BapHAHTETIPOrpaMMa BBIIOJIHSICTCS TOJIBKO

3a 3 TakTa.

KoHTpoabHbIe BONPOCHI

1. TloscHHMTEe Ha3HAaYEHHE CTEKA.
2. B xakmx ciry4asx B IporpamMMe He0OXOMMO BBITIOTHATh HHULUATH3ALUIO CTeKa?
3. UYro npousoiieT ¢ nporpaMMou, eciii ONpPenEIUTh CIEAYIOLUE 3HAaUCHUSs yKa3aTelsl cTeKa:

a) SPH=0, SPL=0

©0) SPH=0, SPL=0x5F

B) SPH=0x02, SPL=0
4. KakuM 00pa3oM 1ocyuTaTh BpeMsl UCTIOJHEHUsI HHCTPYKIMU? YacTh nmporpaMmsi?
®opma npeacTaBIeHAA pe3yJibTaTa:
OT4eT T0IKEH COAEPIKaTh:

1. Llens paboTsI.

2. BeImosHeHHOE 33/1aHME C KOMMEHTapUsIMH (paboTOCTIOCOOHOCTH MPOTPaMMBbI IEMOHCTPHPYETCS HA CTEH/IE):

- JIMCTUHI IPOTPAMMBI;

- au3acceMOJIMPOBaHHYIO IIPOTPaMMY;

- AJITOPUTM;

- IPpE€ACTaBUTH paCuCT BPEMEHU 3aJCPIKKHU 10 KOJIUYECTBY KOMAH/;

- NpEeACTaBUTh TAONHMIy 3HAYCHUIT CTeKa BO BPEMsI CTIOIHEHUsI IPOTrPaMMBbI.

3. BeiBoj 1o pabote

@®opmupyeMble KOMIETEHIIUM:
IIK 2.1. Co3xaBats mporpaMMBbI Ha sI3BIKE acceMOiepa Uit MUKPOIPOIIECCOPHBIX CHCTEM.

Hean padorsi: n3yuntbpadoryraiivepoB MK B pexume LLIVIM u B pexxnme co3/iaHusi BDeMEHHBIX HHTEPBAJIOB.

BoinosinuB padory, Bol Oyere:

ymemb:

IMpakTuyeckas pa6ora Ne 13

H3yuyenue paéorsl TaiiMepoB B pa3imuHbIx pe:xkumax MK Atmega8535.

- COCTaBJISAITh IPOTPAMMEI Ha SI3BIKE acceMOIepa JIIsl MUKPOIIPOIIECCOPHBIX CUCTEM
MatepuanbHoe o0ecnieyeHne:
1K ¢ ycTaHOBJIEHHOH cpeoil mporpaMMupoBanus u otiangkd AVRStudio
TeopeTuueckue cBeeHH
HIuporHo-umnyjabcHas moayasuus (IHTUM)

[Ipu wmcmosp30BaHNM MHUKPOKOHTPOJIJIEPOB OUYEHb YacTO TpeOyeTcs pemaTh 3agaddl CO3MaHUS TOYHBIX BPEMEHHBIX
3aJIepKEK CUTHAJIOB, OI[CHUBATh [UTUTEIBHOCT MMITYJIECOB KaKOTO-JIM00 BHEITHETO CHTHAJIA, 3HATh €T0 YaCTOTy U CKBa)KHOCTb.

Bcee st 3aJa4u pelIatoTCs € MOMOIIbBIO NCIIOJIb30BaHUA TaﬁMepOB/C‘ICT‘II/IKOB.

Ilo CyTH, TaﬁMepH NpeACTaBIIAIOT coboit CYCTUYUKH, KOTOPBIC BEAYT IMOACUCT UMITYJIbLCOB 100 OT BHEIIHETO CHUI'HaJia,
1mmbo oT BHYTPCHHEI'O I'€HEpaTopa. KpOMe 9TOI0 TaﬁMepLI/C‘IeT‘IHKPI HUMCIOT BO3MOXXHOCTH pa6OTaTI> B PCXKUME HIUPOTHO-




nmiyascHoi Moayisituu (LLIMM).
Llupommuo-umnynvcrHoti MoOyrsayuell Ha3bIBaeTCs (GOPMUPOBAHUE CPEJHETO 3HAUCHUS CUTHAJNA C IOMOLIbIO CHTHAJIOB

sormaeckoro «0» u mormdecko «1» 3a mepuon Mmoxysiun T (puc. 1).
A
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Puc. 1. lpunusn mmpoTHO-EMITY ILCHOH MONYASIMA CHrHANS

IMM naeT BO3MOXKHOCTH C ITOMOIIBIO JIOTHYECKUX CHI'HAJIOB I10JIy4aTh Ha BBIXOJE MHKPOKOHTPOJUIEPA aHAJIOTOBBIN
CHTHAJI, CpellHee 3HAYCHUE KOTOPOro 3a MEepHo] MOXKHO IDIaBHO M3MeHATh oT 0 1o 1, Toynee oT 0 10 HANpsDKCHUS MUTAHUA.
3HaYeHre 3TOT0 CUTHAIA MOXHO PAaCCUUTATH TI0 CIeAyIomei Gpopmyie:

rze t;- BpeMsl BKIIFOUCHHOTO COCTOSIHUS (JIOTHYECKOH €IMHHIIBI);

t;- BpeMs BBIKJIFOUEHHOTO COCTOSTHUS (JIOTHYECKOTO HYJIA);

T- nepuop BBIXOJHOI'O CUTHAJIA.

Muxkpokontpoiutep ATmega8535 comepkut TpH TaiiMepa o0Iero Ha3Ha4eHHs J1Ba BOCHMUpPa3psnHbIX TaiimMepa TO n
T2, ommn mecTHaauarupaspsiaubiii TaiiMep T1. Bocbmupaspsanbie Taiimepst TO u T2 onpepenstorcss u paboTaror
MPaKTHYECKUUICHTUYHO ApYT Apyry. Padora Taiimepa T1 umeeT cyiiecTBeHHbIe OTiaN4Ms. B naHHOM paboTte u3ydaercs paboTa
Tosbko TaiimepoB TO u T2.

Hus ynpaBnenus pabdoroit TaiiMmepa TO mcmons3ytoTest 3 peructpa BBOAa/BRIBOA!

- cuetHbI peructp TCNTO;

- peructp cpaBHernss OCRO;

- peructp ympasnerus TCCRO.

CootBetcTByrOmue peructpsl Taiimepa T2 raseBatorcss TCNT2, OCR2, TCCR2.

Jlnst IOKIIFOYEeHUsT BXOJIOB/BBIXOIOB TaliMEpOB K BBIBOJAM MHUKPOCXEMBI KOHTpoJuIepa (T.€. COCOUHEHHUsI TaliMepoB ¢
BHEITHUM MHUPOM) HCIIOJB3YIOTCS ajlbTepPHATHBHBbIE (YHKLMH MOPTOB BBOJA/BbIBOAA. [locie BKIIIOYEHHS albTEPHATHBHOM
(YHKIMY TaHHBIA OHUT IMOPTA UCTIONB3YETCs TOJNBKO JUIs BBOJA HHpoOpMaluu B TaiiMep (Harnpumep, Bxox T0/PBO0), unu BeiBozia
nHpopmanum ¢ Beixona taiimepa (Harmpumep BoiBog OCO/PB3). AnbrepHaTBHBIE (YHKIMH MOPTOB JUI PadOTHI ¢ TailMepaMu
NpUBEICHbI B Ta0II. 1.

Tabnuua 1. AnprepHaTuBHBIC GYHKIMH IIOPTOB, UCIIOJIB3yEMbIE TaiiMepam)

Taiimep |OG03HauEeHUE Onucanue BriBOJI
TO TO Buennuii Bxo TaiiMepa TO PBO
0Co Buemnuii Beixon Tarimepa TO PB3
T1 Buemnwuii Bxoa tarimepa T1 PB1
Tl OCIA  |Buemnwuii Berxon A taiimepa T1 PD5
OC1B Buemnuii Beixoq B taiimepa T1 PD4
TOSC1 |Buewnwuii BbIBOJ | JuIsi IOJKIIFOUEHUS] pe3oHaTopa Taiimepa T2 PC6
T2 TOSC2  |Buewinwuii BBIBOJ 2 JUIsl TIOAKJIFOUSHHUS pe3oHaropa Jyis Taiimepa T2 PC7
0C2 BremrHui BeIxox Taiimepa T2 PD7

Paccmotpum paboty Taiimepa mnpu ero paboTe OT MCTOYHHMKA TAKTOBOTO CHUTHAJIA MPOIECcopa, B KauecTBE KOTOPOTo B
1a00paTOPHOM CTEHJIE BBRICTYIIACT KBAPIIEBEI PE30HATOP C TAKTOBOM yacToToi 8 MI'm.

Ilpumeuanue. 018 UCNONBL30BAHUA ANLMEPHAMUGHBIX —(DYHKYUU NOPMOE COOmMEemcmeylowue Oumsl NOPMOoG
npeosapumenbHo HeobX00UMo CKOMpuUIypuposams Ha 6600 uiu 6b1800. Hanpumep, npu ucnonv3oeanuu anbmepHamusHoOU
@yuxyuu OCO 0ns gvi800a ungopmayuu uz maimepa T0 6v1600 muxpocxemoi PB3 0onoicen b6vims onpedenen Kax 6blxo0: oum
DDB3 pasen 1

Peructpsl Taiimepa TO

Cuer UMITYJILCOB HCTOYHHKA YaCTOTHI BeJleTCs B 8-paspsiaHoM cuetHoM peructpe taiimepa TCNTO (TimerCouNTerTO).
IMepen TeM, KakK MOMacTh B CXEMY CUETa MMITYJIbCOB, TAKTOBBI CHTHAJ IOCTYIIAET HA CXEMY JIEJIEHHs YacTOThI, KOTOpasi, B
COOTBETCTBUM C MapamMeTpaMH, YCTAaHOBJICHHBIMU MPU MHHUIMANW3AIMK TaiiMepa, MPOM3BOAUT JEJICHUE YaCTOThl TAKTOBOTO
curHanafc kB creayromemM cOOTHOIICHHUH:

- 0e3 jienmuTernst 9aCcTOTH TAKTOBOTO curHama fo k,

- C JeIUTENIEM 9aCcTOTHI TaKTOBOrO curHanafc «/8;

- C JICNIUTENIeM YacTOThI TAKTOBOTrO curHanafe «/ 64;

- C JIeNIUTENEM YacTOTHI TAKTOBOTO curnana fo «/256;

- ¢ JIeNIMTENEM YacTOTHI TaKTOBOTO curHana fo «/1024.

Kaxkaplit uMITysbC ¢ MpeAsiesIUTeNst 4acTOThl CUMTAeTCs M MHKPEMEHTHPYET 3HA4eHHE, COJAEpIKalleecss B CUYETHOM
peructpe TCNTO.

Kaxnpiit Taiimep comepxut peructp cpaBHenusi. Taiimep TO comepxur 8- paspsaueiii peructp OCRO




(OutputCompareRegister). B 3To peructp 3ammchlBaeTCsi yCTaBKa, TO €cTh 4uciao oT 0 1o 255, mpu AOCTHKEHHH KOTOPOTO
cuetHbM peructpom TCNTObopmupyercs ¢uar npepsiBanus o copnaaenuto Taiimepa OCFO (OutputCompareFlag).

B muxpoxonTpomepe Atmega8535 ratimepsr TO u T2 paboTaroT B ABYX pekKMMaX IMHPOTHO-UMITYTECHON MOTYJISIIHH:
osicTprrit LM u dazoBo-koppexTabrii HINM.

B pexume 6Ovicmpoco IITUM cuetnbiii peructp TCNTO(2) raiimepa mpousBoauT (GOpMHpOBaHHME MHIOOOPA3HOI
pa3BepTKH (puC. 2, a), ”THKPEMEHTHPYS CBOE 3HAUEHHE N0 KayKAOMY HUMITYJIbCY C MPEASIUTENS, KOTOPBI yCTaHABIMBACTCS B
peructpe ympasierus TCCRO(2) taitmepa TO(T2). IIpu ZOCTMKEHHH CUCTHBIM PETHCTPOM 3HAYEHHS 255 MPOUCXOMUT €ro
aBTOMaTHYECKOe OOHYJICHUE.

B peructpax cpaBaerus OCRO(2) taitmepos TO u T2 mMosxer GbITh 3anucaHo 1r06oe ynciao oT 0 1o 255. C 3tuM ynciom
cpaBHHBaeTCs 3HauyeHue cueTHoro peructpa TCNTO(2) u mpu ux paBeHCTBE MPOMCXOMUT MEPEKIIOYCHHE BHIBOJA TaiiMepa
OCO wiu OC2 B cOOTBETCTBHH ¢ HacTpoiikamu peructpa ympasienus TCCRO(2) rafimepa. Bemyuae, ecnu npu COBIaACHHA
TCNTO(2)=0OCRO0(2) Beion OCO(2) Taitmepa o6nyseTcs, To ILIMM monydaetcst HeHHBEPTUPYIOIIUM (pHc. 2, 0), a ecau npu
COBIIA/ICHHH BBIBOJ YCTAHABIMBAETCS B COCTOSHME JOTHYECKOH «1», To IIIUM nuBeprupyroumii (puc2. ).
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Pue. 2 TTomnen sefora reiheecos TO # T2 » nexonee «Bernuft HTHM»
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B peocume ghazosoco IIHUM cuernbiit peructp TCNTO(2) dopmupyer nuaooOpasHblii CUTHal pa3BEPTKU C
HapacTaroliM U cragaronmM Gpontamu. CHavdaa perucTp HHKPEMEHTHPYET cBoe 3HadeHue ot 0 1o 255, a 3aTeM poucXoanT
erogekpeMeT ot 255 mo 0 (puc. 3, a).

Ecnu npu mpeBbIICHUH 3HaYeHus, coaepxamiumcsi B cuetHoMm peructpe | CNTO(2), 3naueHus, comepikaierocs B
peructpe cpaBuenuss OCRO(2) npoucxoaut obuynenue BoiBoga OCO(2) rtaiimepa, To IIIUM siBisieTcss HEMHBEPTUPYIOLIMM
(puc.3, 0). B nmpotuBHOM ciydae ILIVIM - nnBepTupyromumii (puc. 3, B).

Hecmotps Ha 10, uTO B peskume ¢azoporo MM uactora IIIMM-curHana MeHslie, 4eM B pexume Obictporo 1INUM,
MEepBBI peXuM oOsianaeT OoNbLIeH pa3peniaoneil CIIOCOOHOCTBIO M HCIOJIB3YeTCS Ul JOCTHXKEHHs OOJbLIeH TOYHOCTH
MOJTYJISILIUH.

Perucrpsl taiimepa TO B pexume [TNUM

PexxuM MmpOTHO-MMITYJIECHON MOJYISIIIMH, KaK M BCE OCTaJbHBIC PEXHUMBI paboThl TaiiMepa T0, nHNIMANIN3UpYyeTCs B
peructpe ynpasiernus TCCRO (tabm. 2).

Tabnuma 2. Peructp ynpasiernuss TCCRO taiimepa

but 7 6 5 4 3 2 1 0
Hasganne | FOCO |WGMO00 | COMOI ICOMOO|WGMO01| CS02 | CS01 |[CSC

3a ycTaHOBKY peknma paboTsl TaiiMepa otBeuyaroT outet WGMO1:WGMOO. TIpu ycranoske WGMO01=0, WGM00=1
akTuBHpyercs pexxuM ¢azosoro LIIMM, npu ycranoske WGMO01=1, WGMO00=1 aktusupyercsi pexxum opictporo LLIVM.

[Tpu akTUBaLMK peXrUMa MUPOTHO-UMITYJIbCHOW Moayisinu 6utel COMO1 u COMOQomnpenenstoT noBeieHre BbIBOAA
taiimepa TO, B kauecTBe KOTOpPOro BhICTynaeT BoiBoJ PB3 MukpokoHtpoiepa. [loBenenue BbiBojja B COOTBETCTBUU C STHMHU
OuTaMu npezacTaBlieHo B Tabu. 3 u Tabi. 4.

Tabnnna 3. Brenrauii Beixoq OCO Taiimepa TO B pexxume 6pictporo LIMM

COMO1| COMO Onucanue
0 0 HopwmaineHast dyHKIws mopTa, BeiBog OCO oTKiIr0ueH
0 1 KomOuHaius Out 3ape3epBupoBaHa
1 0 Ouncrka OCO npu cosnanennu. Hemaseprupytronuii IIIMM
1 1 Ycranoska OCO mpu conagennu. MuaBeptupytomuii MM
Tabnmna 4. Brenrawii Berxoq OCO Taiimepa TO B pexxume ¢azosoro IHNMM
COMO1| COMO Onucanue
0 0 Hopwmanbhas Gyukiwst mopta, BeiBog OCO oTKIr0UeH
0 1 KomOuHaiust OMT 3ape3epBUpPOBaHA
1 0 Ounctka OCO npu coBnaieHny npu cuere BBepx. Hemuseptupyrommii [HNM
1 1 Yeranoska OCO npu coBnazieHuu npu cuere Beepx. Museprupyromuit MM

Yacrora HIMM-curnana ycranasiuaetcs ouramu CS02...CS00. Dtu OUTHI OnpeenItoT UCTOYHUK 3aJaHUs YaCTOTH H
koadunneHT nenutens (Tadm. 5).
Tabnuua 5. YcraHOBKa HCTOYHHUKA 3aJaHusl 4acTOThI Taiimepa TO

| CS02 | CS01 | CS00 | Ormcanne |




0 0 0 TaiiMep ocTaHOBJICH

0 0 1 fT():fCLK /1

0 1 0 fro=fcik / 8

0 1 1 1=Tek

1 0 0 fT():fCLK / 256

1 0 1 fT(J:fCLK /1024

1 1 0 Buemnuii curnan Ha Bxoae TO. Cnamarommii ppoHT cUrHATIA.

1 1 1 Bremnnii curaan Ha Bxoge TO. Hapacraronmii GppoHT curHaia.

B cootBetcTBUM ¢ Tabm. 5, yactorta [IIMM paccuuThIBacTCs CICAYIOMIMM 00pa3oM:

- st pexxuma osictporo IIUM: f =f¢ i / 256;

-uist peskuma ¢azosoro HIUM: f =f¢ « /512.

Perucrpsl Taiimepa T2 B pexxume INUM

PexuM mMMpOTHO-UMITYIIECHOM MOIYJISIINH, KaK W BCE OCTAbHBIE PEKUMBI paboTH TaiiMepa T2, HHUIHAIN3UPYETCS B
peructpe ynpasiernus: TCCR2 (tabm. 6).

Tabnmma 6. Peructp ynpasnenuss TCCR2 taiimepa

but 7 6 5 4 3 2 1 0

Hasganue | FOC2 |WGMZ20|COM21 |COM20 |[WGM21| CS22 | CS21 |CS2I

OnmcaHne W HazHaueHHe ymnpasistromux Out peructpa TCCR2 rtaiimepa aHaNOTWYHBI OMUCAaHHBIM OWTaM pETUCTpa
TCCRO raiimepa TO, moatomy otaensHO KomMeHTHpYIOTCS. Yacrora IIIMM-curHana ycranaBmuBaercs ouramu CS22...CS;
Otr OUTHI OMPEICIAIOT HCTOYHHK 3aJaHMs YaCTOTH U Kod(p durueHT genure (tadi. 7).
Tabnmma 7. YcraHoBKa MCTOYHHUKA 3aJaHHSI YaCTOTHI Taiimepa ’
CS22| CS21| CS20 Onucanue

0 0 Talimep OCTaHOBJIEH

fro=fex /1
fro=fcix /8
fro=fcik / 32
fro=fcix / 64
fTOZfCLK /128
fTOZfCLK / 256
1 fTOZfCLK/ 1024
HeobOxoaumo otmeruth, 4to B pexkume HIMM HeoOs3aTenbHO yCTaHaBIMBATH MAacKd M paspeliaTbh HpepbIBaHHS 110
COBITIAJICHNIO U TiepenoiHennio Taiimepa TO u T2. DT mpepsiBaHUA ClleAyeT aKTHMBHUPOBATH TOJBKO MPU HEOOXOIMMOCTH
UCTIONIb30BAHMS B TIPOTpaMMe.
Hus 3amycka pesknma [HIMM Ha taiimepe TO wm T2 HE0OX01uMO:
- OCTaHOBHTH TaiiMep oOHyseHHeM peructpa ynpasnerus TCCRO(2);
- obuynuts peructp cpauenuss OCRO(2) u cuetnsiii peructp TCNTO(2);
- - ycraHoBuTh B peructpe ynpasienus TCCRO(2) pexxum IIMM u BbIOpaTh 4acTOTY €ro paboThI.
- B mpomecce pabotsr [IIMM B m060if MOMEHT MOXHO HM3MEHSATH colepkuMoe peructpa cpasuenust OCRO(2)
TaliMepoB, pu 3ToM cpeanee 3HaueHue [IINMM-curnana sa BeiBoge OCO u OC2 MUKPOKOHTpOIIIEpa OyIeT MPOMOPIUOHATBEHO
HU3MEHSIThCA.
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PaGora cuerunka T0 B pexxnme «OQuucmka npu coenadenuu)

Kaxnpiit Taiimep conmepxut peructp cpaBHeHus. Taiimep TO coxmepxur 8- paspsanbiii peructp OCRO
(OutputCompareregister). B aTo peructp 3amuchiBaeTcs yCTaBKa, TO €CTh 4uciio OoT 0 10 255, mpu AOCTHXKEHHH KOTOPOTO
cuetHbiM peructpoM TCNTO dhopmupyercst diar npepsiBanus o comnajenuto taiimepa OCFO (OutputCompareFlag).

Korna 3nauenue, 3anucannoe B peructpe TCNTO, mepenosHseT MakCUMalIbHOE 3HAYCHHE, KOTOPOE MOXKHO 3amucaTh B
8-paspsmmbrii  peructp cpasaHeHus OCRO, d¢opmupyercs ¢uar mnpepsiBaHHS 10 TepenoyHeHHo Taiimepa TOVO
(TimerOverflowFlag) (puc. 2).
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Hacrpoiiku Taiimepa onpeaester peructp TCCRO (Timer/CounterControlregister).



Tab6u. 1. Yopasnsrommii peructp TCCRO Taiimepa TO
bur 7 6 5 4 3 2 1 0
Haspanue | FOCO |WGMO00|COMO1 | COMO0 |[WGMO1| CS2 | CS1 | CSO

bur 7 —-FOCO- Out npuHyIUTENEHON YCTAHOBKY B €IMHUYHOE 3HAUEHHE BBIXOJHOTO CHTHAJIa TaliMepa B PEKUME
IINM (B maHHO#M paboTe HE pacCMaTPUBACTCS).

bur 6 u 6ur 3 ~-WGMO00:WGMOL1 - Outsl yrnpaBieHHs PEKAMOM paOOTHI TaiiMepa. DTH OUTHI ONPEACTISIOT PEXKUM
pabotel Taiimepa: HOopManbHBIHA, [IIMM- pexumbel wnm cOpoc mpu coBmaaeHuu (oOpatuTe BHUMaHHEe 6 OWUT perucrpa
yCTaHABJIMBAET MIIAIIINHN pa3psAl penuMa paboTsl, 3 OWUT - cTapmuii paspsa). Buasl pesxxuMoB pabOTHI MIPEICTABICHEI B Ta0I.
2.

Tabn. 2. Pexxumer pabotsl TaiiMepa/Cuetanka TO

WGMO01 WGMO00 Pexum
0 0 HopwmansHbli
0 1 ®dazoserii HIMM
1 0 QOuucTKa IPY COBIAAEHUN
1 1 Brictpsrit HIUM

B HopMmamsHOM pekume paboTel cuetHbI peructp TCNTO m3mensercs ot 0 mo 255 m manmee mpomommkaer cuer. B
peXKHME «oUUCHKA npU cognadenuuy 3HaUYeHUe ycTaBku 3amuckiBaetcs B peructp OCRO. Korna 3HaYeHHe CUSTHOTO perncTpa
TCNTO moxomut mo yctaBknOCRO, pernctp TCNTO aBTOMaTHYECKHN OYHIIAETCA, a TalMep - MEpe3aryCcKaeTcs. ITOT PekuM
OYeHb yI00CH IIPH HEOOXOAUMOCTH IIEPUOANIECKOr0 BBITOJIHEHUS KaKuX - THOO0 onepanuii (puc. 3).
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Puc. 3. Pexxum pabotel CTC (clear to compare-ouHCTKa NpH coBnanenny) taitmepa TO

Butbl 5 1 4 - COM01:COMOO - 6utsl ynpasnenus BeiBogoM OCO. Taiimep TO MokeT BEIBOJUTH CUTHAT Ha BHEITHHE
KOHTaKThl MHKPOCXEMBI, 3TOT BbIBOA oOo3Hauaercst OCO u ompenenseTcs Kak ajgbTepHaTuBHas GyHKIMs BeiBoga PB3 mopra
BBOJa/BEIBOJA B. Ympaenenne BeiBogom OCO Brimomnasercs komOuranueit 6ut COMO1:COMOO0 (tabir. 3) U 3aBHCHT TaKkKe OT
pexumMa pabotsl Taitmepa (6utet WGMO01:WGMO00).

Tabn. 3. Oynxmym BeiBoga OCO taiimepa TO B HOpMaIEHOM peXHME PadOTHI

COMO1| COMO Onucanne
0 0 HopMmanbshas @yskius nopra, BeiBog OCO oTKIIIOUEH
0 1 Wsmenenne OCO Ha npoTuBonoaoxHoe mnpu copnagenn OCFO
1 0] Ouncrka OCO npu cosnagennn OCFO
1 1 Ycranoka OCO npu cosnagennn OCFO

Bute1 3...0 - CS02...CS00 —6uth npeneanuTens TaiiMepa 1 UICTOYHUKA 3a/IaHUS YaCTOTHI TaiiMepa (Tabmuma 4.)
Tabn. 4. Oynxmum 6ut CS02, CS01, CSO0 taitmepa TO

CS02| CS01] Cs00 Onucanue
0 0 0 Taiimep ocTaHOBIIEH
0 0 1 fT():fCLK/ 1
0 1 0 fT():fCLK /8
0 1 1 fT0=fCLK / 64
1 0 0 fT()=fCLK / 256
1 0 1 fTOZfCLK /1024
1 1 0 Buemnuii curnan Ha sxoae TO. Cnagaromuii ppoHT CHrHAIIA.
1 1 1 Bremnuii curran Ha sxoge TO. Hapacraromuit GppoHT curaana.

IMomumo ympasmsitomero peructpa TCCRO, cuernoro peructpa TCNTO wu perucrpa cpasmennss OCRO, B
MHUKPOKOHTPOJIIEPE COAEPIKATCSI PETUCTP MAcoK mpepbiBaHuid TaiiMepoB TIMSKu peructp ¢uaros npepbeiBaHuii TaiMepoB U
TIFR. Peructpsl mo3BOJIAIOT OTCICKUBATH TO WM MHOE COOBITHE (COBMAJCHHE, MEPEIOIHECHUE, 3aXBaT), MPOUCXOAIIEe BO
BCeX TaiiMepax MHUKPOKOHTpPOJLIEPA.

Peructpel TIMSKu TIFRoGImume a1 Bcex TaiiMepoB, MO3TOMY OHH COIEPIKAT YCTAaHOBKH it Beex Taiimepos (TO, T1
u T2) MUKpoKOHTpOJIIEpA.

Peructp macku npepsiBanuii TaiiMepoB TIMSK(tabm. 5) paspemiaer TO WM WHOE NpepbIBaHHE TOTO WM HWHOTO
Taiimepa. Tak, Hanpumep:

- 0 paspsax TOIEOperucrpa ycTaHOBJICH B €IUHHILY, 3TO O3HAYAET, YTO paspemraercs npepeiBanue «l[lepenomHenne



taiimepa TO»;
- 1 paspsin OCIEQ perucrpa ycTaHOBIEH B eIMHHMILY, 3TO O3HA4aeT, YTO paspernaercsi npepbiBannue «CoBnajeHue
taitmepa TO» u T.11.

Tabx. 5. Peructp Macok npepsisannii Taiimepos TIMSK

bur 7 6 5 4 3 2 1 0
| Haspanmue OCIE2 | TOIE2 | TICIE] | OCIEIA | OCIEIB | TOIE1 OCIEO | TOIED
Haumenopanne | & £ % - &8s 2= 20| g | 3B

ouTa 5es | 28| 5= | 55 5 8 z g 25 | 8
d8|cg| 85| 33| 52 | 55| 38| 5§

paspemenns | E 2 §,§ 8 % EBF| 82 82| | 83
npepbiBanusa | S 8 ) ?) ’g 5 < 5 E é‘ ;i 5 ’é % )§
v E o

Peructp ¢hnaros npepriBanwmii TaiiMepoB TIFR(Tabi. 6) moka3siBaeT Kakoe IpephIBAHNE IIPOM3OILIO.
Hanpumep, misa taiimepa TO B peructpe TIFRucnons3yrores asa oura:

- 6ut 1 —OCFO- ¢uar npepsIBaHHs IO COBIAICHHIO TaliMepa;

6ut 0 —TOVO- ¢nar npepriBaHHS IO NEPEIOITHEHUIO TaliMepa.

I'abn. 6. Pernctp duraros npeprisanmit Taimepos TIFR

Bar 7 6 5 4 S 2 1 T 0 l
|__Hassanne | OCF2 | TOV2 | ICF1 | OCFIA | OCFIB | TOV1 | OCF0 | TOVO
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3HaveHHe 3TUX PErucTpoB cieayouiee. Korna Bo3HUKaeT nepenoiHeHne uin copnaneHue taiimepa T0, aBTomaruuecku
¢dopmupyercst ¢aar npepsiBanus 10OVOuium OCFO B perucrpe TIFR. Eciam B peructpe Macok mpepbiBaHuil TaiiMepoB
TIMSKHa cooTBeTCTBYyIOIIEe NpephIBaHKE HAJIOXKEHA MacKa, TO BBI3BIBAETCS Npoleaypa o0paboTku npepbiBaHus. Eciu ke
MacKa MpepbIBaHUS He HAJIO)KeHa, TO IIPU COBMAJCHUH WM NEePEroTHEHUH TaiiMepa HUYero He IPOUCXOIHUT.

8-paspaouvrii mativep/cuemuux T2

[MpuHnmn u pexumsl padoTHl TaliMepa T2 NMpakTHYECKW HE OTIMYAIOTCS OT PacCMOTpPEeHHOro paHee taiimepa TO, 3a
HCKJIIOUYEHHUEM CIIEYIOIIETO:

a) M3MEHEHbI K03()(QUIIMEHTHI IpeIeNTENS U HICTOYHHUK 3a/JaHNs YaCTOTHI;

0) B Taiimepe T2 mpeaycMOTpeH M acCHMHXPOHHBIH pPeXMM paboThL. DTOT PEXUM 3aKIIOYAeTCsl B TOM, YTO €CIH
taiiMep TO mojyyaeT TaKTOBBIA CHTHAN JUOO OT HCTOYHUKA YaCTOTHI MHKPOKOHTpoJUiepa fq k, 1100 OT BHENIHEro HCTOYHUKA
TaKTUPYIOIIEro CUrHaa, nmoaatomierocs Ha BeiBoa T0 (PBO), To Taiimep T2 mMoxkeT paboTaTh B aCHHXPOHHOM peXHMe PaboTHI,
Oy/lyud 3allMTAaHHBIM OT OTHEJILHOIO WCTOYHHKA YaCTOThl (ACHHXPOHHBIH pexuM). B 3TOM pexume TaKTOBBIH CHrHai
nocrynaer Ha BbBogbl 1OSC1l, TOSCOMukpokoHTposuiepa. ACHHXPOHHBIM pexuMm Ttaiimepa T2 mnpu mnpoBeneHHn
71a00paTOPHBIX PabdOT HE MCHOJIB3YETCs, TEOPETUUECKHE ACIEKThl €ro HCIIOJIb30BaHHUsI MOIYT OBITh W3Y4eHBI CTYJCHTaMH
CaMOCTOSATEIBHO.

Taiimep T2, kak u Taiimep TO, comepxut 8-paspsinblii ynpasistoumid peructp TCCR2, peructp cuera TCNT2 u
peructp cpaBueHuss TCNT2. HazHaueHue 3TUX PerncTpoB NOA00HO Ha3HAUSHHIO COOTBETCTBYIOIUX peructpoB taitmepa TO.
Tab6un. 7. Yupasnsiroumii peructp TCCR2
but 7 6 5 4 3 2 1 0

Haspanue FOC2 (WGM20 (COM21 |COM20 WGM21 |CS22 [CS21 |CS20

bur 7 - FOC2- 6ur pexxnma NpuHyIUTEIbHON YCTaHOBKH BBIXOJJHOTO CUrHasa TaiiMepa B pexume LLIVM.
Bur 6 u 6ur 3 -WGM20:WGM?21-6uts! peskuma padboTsl Taiimepa T2 (Tad:1.8).

Taba. 8. Pexxumsl paboTs! TariMepa T2
WGM2 WGM2 Pexnm
0 0 HopwmansHbIH
0 1 ®dazoseii LIMM
1 0 QOuucTKa IPH COBIIAICHUHI
1 1 Brictpeiit HIMM

Burer 5 1 4 - COM21:COM20 - pexum noaxmoueHus BeiBoga OC2 taiimepa T2 B kadecTBe albTEpPHATUBHON
¢ynkimn BeiBoga PD7 nopra BBona/BeiBoga D. Taiimep T2 MoxkeT ynmpaBisTh TUM BBIBOJOM B COOTBETCTBHH C BHIOPaHHBIM
pexxumoM paboter, ompenensemMbiM Outamun WGM21:WGM20, a Ttakke B COOTBETCTBHM C KOMOHWHAIUCH pa3psiIoB
COM21:COM20 (tabm. 9)



Ta6u. 9. ®dynknuu BeiBoga OC2 taiiMepa T2 B HOpMaJIBHOM pexXUMe pabOThI
C C [Mosicuenne
Brisox OC2 oTKIIIOUYEH
Wzmenerne OC2 Ha npoTuBononoxuoe npu copnageanu OCF2

QOunctka OC2 npu cosnanennn OCF2
Vceranoska OC2 nou cosnagenuu OCF2

[l ol {en ) [an]
RO IO

Burhl 3...0 - CS22...CS20- onpenessroT MCTOYHUK 3a[aHUs 9aCTOTHI TaliMepa 12 u npeanenuTens Taiimepa (tabdmn. 10).
Tabn. 10. ®ynknun our CS22, CS21, CS20 taiimepa T2
Cc C C [Mosicuenue
TatliMep ocTaHOBJICH
fro=fer /1
fro=fcix /8
fTOZfCLK /32
fT():fCLK / 64
fTOZfCLK /128
fT():fCLK / 256
fT():fCLK/ 1024
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HcrouHrk TakTOBOTO cUrHai Beibupaercs B peructpe ASSR (AsinchronousStatusRegister).
Tab6u. 11. Peructp acHHXpOHHOTO pexuma Taiimepa T2
Bur 7 6 5 4 3 2 1 0
Haspanune | - - - - AS2 |TCN2UB|OCR2UB |TCR2UB

Bur 3 - AS2onpenensier, B kakoMm pexxume padotaer Taiimep. Ecmu 6ut AS2=0, To TaliMep paboTaeT B CHHXPOHHOM
pEKHMe, UCTIONB3Ys B Ka4ECTBE TAKTOBOTO CHTHAJAa MCTOYHMK YacTOTHI MHUKpompoueccopa. B cimydae, korma AS2=1, Taiimep
MOJTydYaeT TaKTOBBIH CHTHaJl OT BHENIHErO KBapLEBOrO pPE30HATOpa, MOAKIIOUEHHOro K BbeBogaMm 1OSCI,
TOSCOMuKpOKOHTpOILIEpPA.

bursi 2, 1, 0 - ucronb3yroTcs B aCHHXPOHHOM pEeXKMME U B TaHHOW paboTe He paccMaTpHUBaIoTCs.

B perucrpe ¢uaros taiimepor TIFR(tabmn. 5) taiimep T2 umeer apa outa: 6ur 7 OCF2 (¢uar npepblBaHus CpAaBHCHHUS
taiimepa T2); 6ut 6 TOV2 (dpnar npepbiBaHus M0 TepenoIHeHuto Talimepa T2).

B peructpe macok mpepbiBanuii TaiiMmepoB TIMSK(tabm. 6) rtaiimep T2 umeer nBa Oura: our 7 OCIE2 (macka
npepbiBaHus cpaBHeHus Taiimepa T2); 6ur 6 TOIE2 (macka mpepbiBanust o nepernoiHeHuto Taiimepa T2).

KoHTposabHbIe BONpoChI
CKOJIBKO TaliMEpOB COACPKUT MUKpOKOoHTposutep ATmega8535?

Kakue u3 Hux §-Mu paspsiansie, 16-Tu paspsaHbie?

Kakue peructps! onpenessiotr padory taitmepa T0?

[MosicHuTe Ha3HAYEHHE PEerucTpa yrnpasieHus B 11eoM?

Kakue 6uThl H3MEHSIIOT pesxxuM paboThl TaiiMepa TO? Pexxum paboThl BeiBOAA?

Kak ycranoBuTh K03¢ ¢uimeHT npennenurens taitmepa TO paBHbIif 2567

OObsicuute HazHaueHue peructpos TIMSKu T1FR.

Kakue ¢pyHKIMH B IpOrpaMMe MOTYT BBINIOJIHATH TalMepbI?

. [Tepeunciaure perucTpsl BBOJA/BBIBO/IA, yIIpaBisioniue padboroii Taitmepa TO?
10. B kakux pexxumax ¢ IIIMM moryT paboTath TaiiMmepbl MUKpokoHTpouiepa ATmega8535?
11. Kaxk nactpouts Taiimepst TO/T2 ni1s paboTsl B pesxkxume obictporo HINMM?

®opma npeacTaBIeHns pe3yJbTaTa:

Ot4er 0IKEeH CoIepIKaTh:

1. Lenb paGoTHL

2. OTBeTHI Ha KOHTPOJIBHBIE BOTIPOCHI

3. BeiBog o pabore

CoNoR~WNE

JladopaTopHasi padora Ne 11

Opranusanus padotsl 8-mMu pa3psigHoro Taiimepa B pe:xxume UM
®opmupyemMbie KOMIICTEHIIUH:
I1K 2.1. Co3naBarb nporpaMMBblI Ha sI3bIKE acceMmOiiepa Uit MUKPOIIPOLIECCOPHBIX CUCTEM.
Hean padoThl: HayuUTHCA NPUMEHSTH TaiiMepsl B pexxume LITNM.
Beinotnus padory, Bel Oynere:
yMemy:
- COCTaBIIITh IIPOrPaMMBI Ha SI3bIKE acceMOiiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM
MaTtepuanbHoe o0ecnieyeHue:
Crenn «MukpokoHTpouiepy, [1K ¢ ycranoBieHHO# cpenoit mporpammupoBanus u oTiaaaku AVRStudio
TeopeTnueckue cBeleHUA
PaccmoTpuMm mpuMeHeHHe TaliMepa Ha IpUMepe MporpaMMsbl, B KoTopoi Taiimep TO paboTaer B pexxume ObICTPOTrO



IMM. B 3aBHCUMOCTH OT COCTOSIHUSI OUTOB IOPTa A pEryaupyeTcsi SpKOCTh CBETOAMOJIA, TOAKIIOUEHHOro K Beixony HIMM
taiimepa TO. Jlornueckum curnasiom ¢ 0 6ura nopra DIIIVIM n3meHsieTcsi ¢ ”HBEPTUPYIOLIETO Ha HEMHBEPTUPYIOLIUH

;MM Ha raimepe TO

i BXOMBI:

H PORTAOD...PORTA7 - 3anaHMe ycTaBky TaliMepa

; PORTDO ~ uHBepTMpylouMit (1) /HeuHBepTupyoumi (0) MM
; BEIXOZIHI:

7 PORTB3 - IMM na ralimepe TO

.include"m8535def.inc" ;onkYeHMue CTaHnapTHON OuOIAMOTEekN

,Ccseqg jHauaJyio cermeHTa kxoja

.org$0 ;no agpecy 0

rimp reset ;¥ nepexon Ha reset

‘reset: ——
. ddi rl6,0x01 ; MHMUMaNIM3auMa NOPTOE BBONA BHBOMAA. . & ;
~ out PORTD, rlé6 ;PORTDO — Ha BBOA MHbDOPMaumm S =

clr rilé

out DDRD,rl6

1di rl6,0xFF

out PORTA; rlé ; PORTA - Ha BBOA uMHbpOpMauum - ]
clr rlé

out DDRA,rlé

out PORTB, rlé6

1di rl6,0x08

out DDRB,rlé6 ;PORTB3 - Ha BuBsoa mHpopmauum
clr rlé
out TCCRO,rl6 ;cObpoc perMcTpa ynpasneHus Tadimepa TO
out OCRO,rlé6 ;cOpoc perucTpa cpaBHeHus Taiimepa TO
out TCNTO, rl6 ;jcbpoc perucTpa cuera Taimepa TO
ldi rlé6, 0x69 ;YCTaHOBKa pexmMa BhCTPOTO HEeMHBEpTUPYKWEero
out TCCRO,rl6 ;IMM raimepa TO
main: ; HAYaJIO OCHOBHOW NPOTIPaMMhl
in rl6,PINA ; CUMTHBAHME 3HaueHuit nopra BEoma/BuBomna PORTA
out OCRO,rlé ;M ero oTnpaBka B peruMcTp CpaBHeHuMa TaliMepa TO
in rl6,PIND ; CuMTHBaHMe 3HaueHuii nopra BBoxa/sBuBoma PORTD
andi rl6,0x01 ;¥ BraeneHue OGuTa PORTDO
cpi rl6,0x01 ; Ecnum PORTDO=1
breqg metl ; TO nepexon Ha MeTky metl
ldi rl17,0x69 ;MHave 3anuck B rl7 3Hauewus nns HeuHeepr. IMM
rjmp met2 ;YU nepexon Ha MeTky met2
metl: ;Mo MeTke metl
1di r17,0x79 ;3anucek B rl7 sHadeHMA A MHBepTUpyouwero LM
met2: ;Mo MeTke met2
out TCCRO, rl7 ;YCTaHOBKa 3allaHHOTO pexuma pabors Taiimepa TO
rijmp main ;U BO3BpaT Ha main

PaccmoTtpum nporpammy Gosee mopoOHo.

1. WHunmanu3anuy NopToB BBOJA/BBIBO/IA B COOTBETCTBUH C IIOCTABIICHHBIM 3a/[aHUEM:
1dir16,0x01

out PORTD,r16

clrrlé

out DDRD,rl6

Idi rl6,0xFF

out PORTA, rl6

clrrlé

out DDRArl6

out PORTB,rl6

Idi rl6,0x08

out DDRB,rl6

2. WNuumanusaiyst taiimepa TOHa 3aJaHHBINA PEKUM PaOOTHI:

clrrlé

out TCCRO, rl6

out OCRO,rl6

out TCNTO,rl6

Idirl 6, 0x69

out TCCRO,rl6

Crauvanaouninarorcssceperucrpoiraiivepa(clr r16; out TCCRO, rl6; out OCRO, rl6; out TCNTO, rl6). ITocne sToro B
peructp ynpasnenusi TCCRO, B coorBeTcTBHM ¢ Tabi. 1 3ammchIBarOTCS HEOOXOAMMbIE KOMOWHAIMM YIIPABISIONNX OWT.
VYcranoskoit WGMO01=1, WGMO00=1 Bsibupaercst pexum Obictporo IINM; ycranoskoit COMO1=1, COMO00=0
BbIOMpaeTcss pekuMm  HemHseptupytomiero IIHMM; o6urter CS02:CS01:CS00=001 ompenenstor padboTy TaiimMepa 0e3



npenlenauTens yactots mpoueccopa Clk/1.

3. B Havae myKia IPOMCXOJUT CYMThIBAHKE JAHHBIX C MOPTa A M MX 3alUCh B PErUCTp cpaBHeHus Taiimepa T0:
main:

in rl6,PINA

out OCRO,rl6

4. [Nocne aToro nmpon3BoanTCs ONpoC nopta Dy BBIIENCHIE MITaIIIero 3Hayamero oura:

inrl6,PIND

andir16,0x01

5. Cpasaenne PORTDOc noruueckumu yposasimu O u 1:

cpirl6,0x01

breqmetl

Idirl7,0x69

rjimpmet2
metl:

Idirl7,0x79

Eciu B pesynsrate cpaBuenms (Cpiri6,0x0i) PORTDO=1, to mpoucxomuT mepexoa Ha MeTky metl, mo koropoit B
peructp rl7 3ammchiBaeTcs 3HA4YEHHE, KOTOpoe Heobxommmo 3ammcaTh B peructp ympasienus |CCROraiimepa TO mis
peanmsarnu  wHBeptHpyfomero UM  (Idir17,0x79). Wuaue B r17 mpoumsBomurcs 3amuck 3HaueHus 1CCROmis
neunsepTupytomero UM (IdiT17, 0x69).

6. Ilpm nepexome Ha MeTKy Met2 NPOMCXOAUT 3amKCh IOJYYEHHOTO B T'l7 3Ha4YEHHS B PEruCTp YNpPaBICHHS
TCCROraiimepa TO u 3a1MKIMBaHKE IPOTPAMMBI:
met2:

out TCCRO,r7

rjmp main

[MoxpobHOE paccMOTpPEHKE MPOrPaMMBI TIOKA3bIBACT, UTO MPHU UCIOJIB30BaHUM B TaiiMepe pexxuma [IIMM nosp3oBates
MOXKET HE HCIIOJIb30BATh MPEPHIBAHUS [0 COBIAJCHHIO U IEPEIOIHEHHIO TaiiMepa, Tak Kak B pexume IIMM Bce nelicTBus
TaiiMep JenaeT aBTOMaTHYECKH. DTO CYLIECTBEHHO 00JieryaeT OpraHu3aliio IPOrpaMMbl H YMEHBIIACT ee pa3Mep.

3ajaHue HA BBINOJHEHHE

CocTaBHUTh IPOTpaMMy ULl CBOETO BapHaHTa, KOTOpas peanusyeT BbiBoA curHana ¢ LM ¢ m3MeHeHHeM CKBaKHOCTH
IUIS 33TaHHBIX TaliMEPOB 110 KOLY BXOJHBIX CUTHAIOB (OUTHI 3aJaHUS).
BapwuanTs! 3aganans (YcnoBHble 0003HaueHus: b - 6picTprrit UM, @ - dhazossriii WM, 11 - npsmoit LM, 1 - nHBEpCHBII)

Ne | Taitmep Pexum |[lnana3oH 4acTtoT Bxons! (6uThI) BUTHI 33[aHAS, KOMHYECTBO
Bap | (bI), KaHAT MM JMCKPETHBIX 3HAYEHNH, JUANa30H
(b1) W3MEHEHUs CKBAXKHOCTHU
1 T2 b/IIul1 | [1000, 10000] | PA7-mepexitoyaer MeXIy
Iul1 PC5...PC7, 8 nonoxenuit, 0...0,5
TOuT2 /M [1000, 10000] | PAO- Bkmouaer Tanumep
TO umu T2 PA4...PA7,16 nonoxenuii, 0,1.. .0,9
3 TO 51 [100,1000] PCS5 - mensier yactoty
MM ITopt A, 256 nonosxxenuii, 0... 1
4| TOuT2 |®/TTuld [200,1000] | OmHOBpEMEHHO PaGOTAOT
2 xaHaia PCO0...PC3, 16 nmonoxenwuii, 0...0,75
<
°| T2 bud/ 200 PAO-Bu® PA7 -ITuM | PCO...PC4, 32 nonosenus, 0,2...0,8
6 TO uT2 Bb/1 >10000 PAO - Bxit TO PALI - Bkn
T2 PBO0...PB2, 8 nonoxenwnii, 0...1
7 TO o/ >10000 PCO-Bkn/oTkn PAO...PA3, 16 nonoxenui, 0...1
8 TO dub/1 <200 PA4 - mepexmouaer mexny|  Ilopt C, 256 nonoxkenwuit, 0...1
®ub
9 T2 b/ [1000, 10000] | PCI - u3mensiet yactoty | PA2...PA3, 4 nonoxenus, 0...0.5
1M
10 TOu T2 | ®/MuM | [1000, 10000] | PC7 - Beibupaer TO wim PCO...PC5, 64 nonoxenus, 0.:.1
T2
11 TOu T2 b/ [200, 1000] PAO-0, PA1-TO, PA2- PC4...PC7, 16 nonoxenus, 0... 1
T2,PA3-TO u T2
120 TO O/ [30, 35000] PC0...PC2 - 6 gactor IMopt A, 256. nonoxenus, 0...0.5
1M
13 T2 B/TIul1 <200 PAO - Bri6op [Tuld PA2...PAS, 16 nonoxenui, 0...1
14 TOu T2 D/11 >10000 PA0=0-TO u T2 BBIKI PC3...PC5, 8 monoxenui, 0... 0.75
PAO=1-TO u T2 Bk




15 TO b/n >10000 PC7- BHIKA/BKII PBO...PB3, 16 nomoxenuit, 0...0.8
16| TOu T2 | ®/1Iul <200 PAO- mensiet pexum PA3...PA7,32 * nonoxenus, 0;..1
cllmal TO u T2
OJTHOBPEMEHHO
17 T2 b/ [1000, 10000] PB3 - BKII/BBIKJI BBIXOJI PBO0...PB2,'8 monoxenui. 0...1
Talimepa
18| TOuT2 ®dub/ [1000, 10000] PA7- ®ub PA6- ITull PAO...PA3, 16 momoxenuii, 0...0.5
TMTuld
19| TOu T2 B/T1 [200, 1000] PA4-TO PC1...PC3,? nonoxenwit, 0,1.. .6.9
PA5-T2
20 TO dub/M [200, 1000] |PAO - Bxi/Beikia TO PA1 -| PA4...PA7,16 nonoxenuii, 0,25... 1
bud
21 T2 B/TIul1 <200 PCO-ITuld PBO0...PB4,32 nonoxenuii, 0... 1
22| TOwuT2 | O/IIuAd >10000 PA3-Bxa TO wim T2 PA3...PA7,32 ' monoxenui, 0...0.8
23 TO B/1 >10000 PAO- gactora HIUM PC, 256 nonoxenuii, 0...1
24| TOuT2 d/TIuld <200 PAO - Beibop TO win T2, | PAS...PA7,8 momoxenntt, 0,2...0,9
PALI - Be16op IT o U
25 TOuT2 dub/ [1000, 10000] |PC6 - BeiGOp @ mnu B, PC7| PBO...PB2, 8 nonoxenuii, 0...0.75
Muld - Be10op I1 mmm U

®opma npeacTaBIeHUs pe3ybTaTa:

OTueT NOIKEH COAEPIKaTh:

1. Lenb paboTHL

2. BeInosHEeHHOE 33/1aHHEe C KOMMEHTapUsIMH (paboTOCIIOCOOHOCTh MPOTrPaMMbI IEMOHCTPHPYETCS HA CTEH/IC):
- HCXOJHOE 3aJ]aHue;

- (D)yHKIOHAJIBHYIO CXEMY;

- IPEJICTaBUTh pacyeT CKBaKHOCTH, HACTPOIKY TaliMepa

- 3amKCh JaHHBIX (CkBakHOCTH) B O3Y mu [13Y;

- JIMCTUHT TPOTPAMMBIL;

- IN3aCCEMOIMPOBAHHYIO IPOTPaAMMY;

- aIrOpUTM;

- MIPECTaBUTh TaOJMIy 3HAUCHUH CTEKa BO BPEMsI HCIIOITHEHUS TIPOTPAMMBIL.
3. BeiBog o pabore

JlaGopaTopHas pagora Ne 12
Opranusanus padoThl 8-Mu pa3psiAHOro TaiiMepa B pe:kMMe CO3AaHMS BpeMEHHbIX HHTEPBAJIOB

®opmupyemble KOMIIETEeHIIUH:

IIK 2.1. Co3naBaTh mporpamMMbl Ha SI3bIKE acceMOiepa i MUKPOTIPOIIECCOPHBIX CUCTEM.

Ilean padoThI: HAYIUTHCS IPUMEHATH TaliMEPhI B PEXXUME CO3/JaHNsI BDEMEHHBIX HHTEPBAJIOB.

BoinosiHuB padory, Bel Oyaere:

ymems:

- COCTaBIIITh IIPOrPaMMBI Ha SI3bIKE acceMOiiepa I MUKPOIIPOLIECCOPHBIX CHCTEM

MarepuanbHoe ofecnieuenme:

Crenn «MuxkpokoHTpouiepy, [IK ¢ ycranoBnenHol cpeoit mporpammupoBanus u omiaaku AVRStudio

Teopernueckue cBeeHUs!

PaccmoTpuM nmpuMeHeHHe TaiiMepa Ha IpUMepe MPOrpaMMBl, OCYIIECTBIISIONIEH HHKPEMEHT KaKoro-Iu0o perucTpa 1o
3HA4YEHUs, 3aJJaHHOTO Ha BXoje nopta D, mpu 3ToM comepkumoe peructpa BeiBoanuTcs ¢ nHTepBasioM 500 mc B mopt C.



;Niporpamsa sunona a PORTC ¢ nepuozom 500 sc YEENHUMNAOGEIOCR SHAVGHMA
FABROMYHOIO XOOa A0 ISHEYEMMSE, 3a4aHNOro Ma sxonax PIND.

i Bxonam:

iPDOPDT - sananme MAXCHMANLHODO SHAYESHMA YMCHa i
$PCO.PCT ~ mnunukaums pesynsrara

.include*mB535def. inc” inonencyenne OuOaMOTe XM :ourpo:uaepa

.C8eg. FHANAND CEeTMEMTA XOHA - . . 4 ..
.org 30 ;no anpecy 0 g
rimp reset JNEPEXOR HMA METRY resel >
.org $13 janpec oOpaboTiM NPepNBAHMA MO CoBRnafewmu TO
,-....;jup T0_compare #M Nepexon no ITOMY anpacy.s. cayvae . .
s e . } BOSHMKHOBEHMA npepun»&t.-i-'—”‘év\-—“: .
4 4%“’ i MHMUMANM3AUMA CTexa o Lo

resat:

’,di 16, low (RAMEND) 3ANMCL B yKasaTens crTexa anpeca xoxua
-‘
t 1dl £17,high (RAMEND) ;namaT® naHHux

~ . out =pl,rlé
out sph, r1? >
i MHMUMANMIAUMA DOPTOER
1di r16, OxFF P MHMUMAAMIAUMA NOPTOE NBOLA/BMBONA:
out PORTD,rl6 nopr D - Ma mssoa
out DORC,rl6 inopr C - ka emsoOn
clr rlé

out DDRD, rlé6
out PORTC, rlé
¢ MHMUMAIM3AUMS W 3anycxk Tafimepa TO

1di r16,0x00 iobnyneune perucrpon vafiveps TO:
out TCCRO,rlé iperncrpa ynpamnenms TCCRO
out TCNTO,rlé6 jperncrpa cuera TCNTO
1di rl6,0x4E ;3anncs B pervcTp cpassemua OCRO uwcena Ox4E
out OCRO,rlé s COOTEETCTEYNWE PO yoranxe 10 smc
1di x16,0x05 j3anycx Tajimepa TO c npeasenwrensm clk/1024
out TCCRO,rlé I8 HOPMANTBHOM pexuMe PaAOOTM
i pPaspeuenne paloTM NpepEEaAHNA
1di 16, 0x02 FjANA patoTH NpepsBsaHnd no coenaneMun TO
out TIMSK,rl1é i HAKTAaINBAETCA Macxa OCIED s permcrpe TIMSK
clr rlé ;HeoOxoaumele B nporpaMMe perucTphbl
clr =17 ;NpPenBapuTesIbHO OYUMAKTCA
clr rl8
sei ;jrnobGanbHoe pas3peumeHue nNpepuBsaHui
main: ;i OCHOBHAas 4acThk NpPOTrpamMsl
rjmp main iNYCTOW uukn
; OOpaboTuMK NpepLBaHus
T0_compare: ;NPpM COBepuWeHuM nNpepuBaHus no cosnaneHuo TO
cli ; PnobansHuil 3anpeT npepuBaHUuRi
in r24, SREG ;j CoxpaHenue peructTpa SREG
clr rlé ; obHynenue cuerTHoro perucrpa TCNTO
out TCNTO, rlé6
inc rl?7 juHxpeMmeHT POH rl7
cpi rl7,0x32 jcpaBHenue rl1l7 c ycraBkoit 0x32 (50)
brne quit jecnm rl7 He paBeH YycTapke, TO epexon Ha
quit
clr rl7 ;jvMHaye ouucrTka rl7
in rl6,PIND ;BBON HaHHHEX, conepxammxca Ha PIND
cp rl6,r18 ;¥ cpasHenHue POH rl6 c perucrTpoMm cuera rl8
brpl met_1 ;jecim rlé6>rl8, To nepexoa Ha met_1
clr rl8 jMHauye OuYMCTKa perucTpa cueTa rlg
met_1: i
out PORTC, rl8 jnanee - BHBOA Ha MHAMKaumo rl8
inc rig ;¥ MHKPEMEeHT perucrpa cuera
quit: SR b
out SREG,:Zd jBOCCTaHoBNeHue perucrTpa SREG L2
| - sei = 9w F ;rnobansHoe paspeueHue npepusaHuii ,:.m
reti 7" BHXO; M3 NOANPOTPaMME NpepHBaHMi -

| prsameeme . R

PaccMOTpHM 0COOEHHOCTH MPOTPaMMBI.

1. CrpokamMu IporpaMMBl

.0rg$13

rjmp TO_compare

BBINIOJIHSACTCS MHUIMANIN3AIMS  aJjpeca MaMsTH, 110 KOTOPOMY HadMHAETCSMOoAnporpaMma o0paboTKu MpephIBaHUS 110
copmagenuto taiimepa TO. Anpeca moamporpaMM 00pabOTKU MPEPBHIBAHUIA TS KAKIOT0 MUKPOKOHTpPOJIIEpa 3a/IaHbI )KECTKO U
N3MEHEHHIO He mojiexar. Tabnuia azpecoB NpUBEICHA B ITPUIIOKEHHH.

2. B mporpamme wucmonb3yercs CTEK. OTO CBSI3aHO C HCIOJIb30BAaHMEM B IPOrpaMMe MpPEpHIBaHUS H
HEOOXOIMMOCTH COXpAaHEHHs B CTEKE aJpeca BO3BpaTa U3 MpephIBaHUs B OCHOBHYIO porpammy. [MosTomy
BHayaje MIPOTPaMMBIMHUIMAIU3UPYIOTCS PETHCTPHI yKazaTens creka SPH:SPL.



3. Jns uncnons3oBanus Taiivepa TO BHavane HEOOXOJMMO BBINNOJHWTH €ro HHUIManu3anmioo. [ns 3Toro
BBITIOTHSIOTCS:

- obnynenne cuetHoro peructpa TCNTO u perucrpa ynpasnerus TCCRO;

- yCTaHaBJIMBaeTCsS 3HaUCHUE YCTaBKH B peructp cpasaeHuss OCRO.

BrinmonHum pacyer ycraBku. B ciydae naHHON mporpamMmbl HOay4duTh ycTaBKyS00 McC Ha TailMepe He MOJydaeTcs, Tak
Kak gaxe mpu npeanenureneclk/1024 MakcumanbHas yctaBka TaiiMepa paBHsIETCS:

8000000\ "
= | ——— « 256 = 32
YeT ( 1024 ) 256 = 32,768 mc.

Kak peanuzoBats Ha Taiimepe TO ycTaBky Ooublnyro 3HaueHUs 32,768 mc? OnuH U3 BapHAHTOB CUUTATHh KOJIAYECCTBO
npepbiBaHuil Taitmepa. Hanpumep, mis nonyyenus yctaBku 500 MC MOKHO 3allporpaMMHpOBaTh Taiimep Ha ycTaBky 10 Mc u
MPOU3BOJIUTH MOJCYET CpabaThiBaHU TaiiMepa — Kaxkaoe 50-¢ cpabareiBaHue TaiiMepa OYyJET COOTBETCTBOBATH BPEMEHU

Tycr= 50*10mc= 500mc. Paccunraem 3HaueHHe ycTaBKH Taiimepa B 10 Mc mpu npemnenureneclk/1024:

8080000
OCR0=10-10"3-———— = 78,125,
1024 s

Takum oOpa3omM, OKpyTIICHHOE 3HaUCHHE, 3anuckiBaeMoe B peructp cpaBueHuss OCRO, paBro 78 (0x4E).

- 3amyck TaiiMepa. BrimonHseTcs ycTaHOBKOH koadduuueHTa npenaenurens pasuoro 1024, mocie 3Toro taimep
3aIycKaeTcsl B paboTy B HOPMaJIbHOM pEeKHME.

4. Pa3pemenue paboThI MpepbIBaHus 1o coBnaaeHuto taiimepa T0. [{is atoro:

- B peTHCTpe Macok npepsiBaHuil TaiimepoB TIMSKycTaBnuBaercs B enuHUYIHOE 3HaYeHUE | OWT AJST pa3perieHus
MIPEPBIBAHMS IO COBIAZICHUIO TaiiMepa;

- pasperaercss paboTa BceX HpepblBaHUN (MHCTPYKIHMSA SEi) MyTeM 3amucd JIOTHYecKod «1» B crapmmii Out
peructpa SREG.

Ocnognas npocpamma

5. OCHOBHOIT IIUKIT MAINITYCTO#, T.K. HE COAEPIKUT HUKAKHUX OMEPaTOPOB.

6.  BrimomHenue oOpaboTumka npepbiBaHMs. [Ipy HACTYIUICHHH NpepbiBaHMs 1Mo coBmaaeHuto TO ocymiecTBisieTcs
nepexon u3 Jrb0oro MecTa OCHOBHOM MporpamMMbl (B JaHHOM ciydae TOJBKO M3 CTPOKH fjmpmain) mo aapecy o6paboTKu
npephIBaHus, YKa3aHHOMY B CTpOKe rjmprto_compare. ITocne storo:

- 3amnpernaroTces Bee npepriBanus (Cli); KoTopsie paspeinaroTcest TOJBKO 0 OKOHUYAHHH 00pabOTKH MTPpEephIBAHUS,

- coxpamsiercss 3Hauenume peructpa SREG (inr24, SREG), KOTOpHIi MpH BBIXOAC U3 MHOANPOrPAMMEI
BoccraHaBiuBaetcs (OULSREG, R24); ¢

- 0OHyJICHHE CUETHOTO peructpa taitmepa TO;

- CUeT KoJIn4ecTBa cpabaThIBaHMI NpepbIBaHus TaiiMepa. Peructp 17 mocTosSHHO MHKPEMEHTHPYETCS U €CIH €To
3HaueHHE He coBmagaetr ¢ ycraBko0x32 (mecsatuuHoe 3HaueHue paBHO 50) (MHCTpYKIWst CPirl17,0x32) npouCXOIUT BBIXO] U3
noJnporpamMmbl 06pabotku mpepsiBanus (brnequit);

- TIPY COBITAJICHUH 3HAYCHUS peructparl’ ¢ ycraBkoit0x32, T.e. kaxmeie 500 Mc cyeT4drKa mpephIBaHUi OOHYISIETCS
(clrr17), caureiBatotcs manubie ¢ mopta D (inrl6, PiIND), BeimonHsieTcs cpaBHeHHe ¢ peructpom cuera 18 (cp r 16, r 18).

- ecnu ycTaBka, 3ajanHas Ha PIND, menbmie, uem Ttekymiee 3HaueHue rl8, Tto r18 obuymsercsa. Ilocnme storo
sunauenwue 18 BeiBogutest Ha PORTC (OutPORTC,r18) u 3HadeHre STOT0 PerrucTpa HHKPEMEHTHPYETCS;

- B KOHIIE MOJMPOTPaMMbl BHOBb pa3pelIaloTCs MpepbiBaHus (MHCTPYKIUS S€i) W 3aBepmraercss 00paboTka
npephIBaHus (MHCTPYKIHS Feti) 1 BBITOTHASTCS.

3ajaHue HA BHINOJHEHHE

1. C wucnomezoBanueM TaiiMepa TO cocTaBUTh mporpammy «Oerymuii OTOHBY» IO BapHaHTaM C BKIIOUCHHEM
3aJ]aHHBIX BBIXOJIOB IIOPTOB, IEPUOJAMHU UX BKIFOUCHUS U U3MEHEHHUSMH B TaKTax pabOTHI.

BapuanTs! porpaMMBbI «OeryImuii OroHb»

Ilpumeyanue: cuMBOJI «-» 0003HAYaeT YTO TAKT OTCYTCTBYET, HalpuMep, B 1 BapumaHTe MpOrpamMMa BBIIOJHSIETCS
TOJIBKO 3a 3 TakTa.



Ne wap. | 1 TakT 2 TakT 3 TakT 4 TaKT
| PDO, PD1 -2¢ PD1,PD2-1c¢ PD2,PD3-0,5¢ -
2 | PAO...PA3-0.1c PA4...PA7-02c PCO...PC3-03 ¢ PC4...PC7-04c
3 PCO-0,5¢ PC2-0,5¢ PC4-15¢ PC6—-15c
4 PBO- ¢ Her-0,5¢ PBl -1lc¢c Her-05c¢
5 PC7-5c¢ PC6, PC7-5¢ PCS...PC7-5¢ PC4...PC7-5¢c
6 PAO-2c¢ PAl-4c B -
7 PCO...PC3-10¢ PC1...PC4-10¢ PC2...PC5-10c¢ -
B PD7,PC7-05¢ Her-2c¢ PDO, PCO-0,5¢ Her-2c
9 PCO-02c¢ PC1-02c¢ PC2-02¢ Her-1c¢
10 PAO...PA3-0,1c |Her-02c PA4...PA7-0,1c |Her-02c
1 HoprD-5¢ Her-1c¢ IoprC-5¢ -
12 |PA3-2c Her—4c - -
1) PC7~1c Her-5c¢ PC6-1c Her-5¢
14 PAO...PA3-2c Her—-1c PDO...PD3-2c
15 PCO.,.PC3-0,1¢c | PCI...PC3-0,1¢ PC2...PC3-0,1c |PC3-05¢
16 [lloprD-2c¢ IloprA-2c Her-4¢
17 PCO... PC2-2c¢ PC1...PC3-2¢ PC2...PC4-2¢c Her-5c¢
L] HoprA -0l ¢ Her —1¢c ToprC-0,1 ¢ Her-1c
19 PCO-01c¢ PC1-0,1c PC2-0,1c¢c Her-0,5¢
20 PBO~5¢ PB1-25¢c PB2-125¢ Her-5¢
2 PD7 - 1c PD6-1c¢ PDO...5-5¢ -

22 |PA6-1c PAT—4c = -
21 | PCO,PC3-2¢ PCI,PC4—2¢ Her-5¢ -
24 PD4..PD7~25¢c |Her-5c PDO...PD3-25¢c |Her-5¢c
25 Her-15¢ TloptrC-0,5¢ Her-15¢ ToprA-15¢c
26 | PBO-5c Her—10¢ - -
27 PC6,7-2c¢c PC4,PC5-2¢ PC2..PC3-2c¢c PCO...PCl-4c¢c
28 PAQ...PA3-2¢ PA4...PA7-2c PAD...PA7-2¢c Her-6¢c
29 PDO,PD2,PD4 ~5¢ | PD1,PD3,PD5-5¢c |Her-10c -
10 PCO-15¢ PCl-3c¢ PC2-45¢ -

@dopMma npeacTaBIeHUs Pe3yJibTaTa:
OT4eT TOIHKEH COAePIKATh:

1. Lenb paGoTHL

2. BeimoHeHHOE 3a/1aHIE ¢ KOMMEHTapUsAMH (pab0TOCIOCOOHOCTH IPOTPaMMBI IEMOHCTPUPYETCS Ha CTCHIE):

- UICXOJHOC 3aJIaHUC,

- ()yHKIIMOHAJIBHYIO CXEMY;

- TUCTUHT IPOTPAMMBI; U3aCCEMOIMPOBAHHYIO IIPOTPaMMY;

- OJIOK-CXEMY aJIrOPUTMa;
- PEJICTABUTH HACTPOMKY TaiiMepa M pacueT BPEMEHH 3aJIeP)KKH PEATM30BAaHHOM Ha TaliMepe;
- IpCACTaBUTH Ta6n1/1uy 3HAYEHHUH CTEKa BO BpPEMs UCIIOJTHCHHUA IPOrpaMMBbI.

3. BemBog o pabote

®opmupyemMbie KOMIICTCHIIUH:
I1K 2.1. Co3naBatb mporpaMMBbI Ha sI3bIKE acceMOiiepa Uil MUKPOTIPOLIECCOPHBIX CHCTEM.

Lean padorsi: n3yuntbpadory 10-tu paspsanoroALIT MK.

BoinosiHuB padoty, Bel Oyaere:

ymems:

IIpakTuyeckas padora Ne 14
H3yuenne padorsr ALIII MK Atmega8535.

- COCTaBIISITH MPOTPAMMBI Ha sI3bIKE acceMOuiepa sk MUKPOITPOIIECCOPHBIX CHCTEM
MarepuajbHoe ofecrneyeHne:
1K ¢ ycTaHOBJIEHHOH cpeoil mporpaMMupoBanus u otankd AVRStudio
TeopeTuyeckue cBeeHus

[Ipu wucmoNB30BaHUM MHUKPOKOHTPOJUIEpAa B KAadeCTBE YCTPOWCTBA VYIPABICHUS KAaKAM-IHOO IIPOLECCOM YaCTO
BO3HUKACT HEOOXOJAMMOCTh OIICHUBATh BEIMYMHBI HAJIIOTOBBIX CHUTHAJOB, B KA4eCTBE KOTOPBIX MOTYT BBHICTYIATh CHUTHAIIBI C
3aJIal0IIMX OTEHIIOMETPOB, JaTYMKOB OOpATHBIX CBSI3€H, TEpMomap | ap.

OpHaKo, TMOCKOJIBKY MHMKPOKOHTPOJUIED SBIISIETCS HU(POBBIM YCTPOWCTBOM, HENOCPEICTBEHHO OLEHHUTH BEINYHHY
aHaJIOrOBOT'O CUTHaJIa ITyTeM OIIPpOoca HOKKM MUKPOKOHTPOJUIEpa, K KOTOPOIl OH MOAKIIIOUEH, HE TIPECTABISETCS BO3MOXKHBIM.

Jna mpeoOpa3oBaHUs aHAIOTOBOIO CHTHajla B IHU(POBOIM € IENBI0 €ro MOCHeAykomed o0paboTKH IpeaHa3HAuYeH
ananoro-iudposoit  mpeobpazoarenn(Allll), BcTpoeHHBIE B MHKpoKOHTposuiep Atmega8535 u apyrue KOHTPOJLIEPHI
cemeiictBa AVRpupmer Atmel.

AIIT MEKpOKOHTpOJIIEPA BBITIONIHEH 10-pa3psaHbIM, TO €CTh aHAJIOTOBBI CUTHAJI, MTOCTYMAIONIUN Ha €ro BXOJ, MOXET
OBITH pa3loXKeH Ha 21°=1024 nuckpetsl. Takum obpasom, daktudecku, paspsaaHocts ALIT oTBedaeT 3a ero pa3penamonryo
CITOCOOHOCTD, MJIM YyBCTBUTEIHHOCTH TIPEOOPA30BATEIS.

Pazpemaromas crmocodnocts I - 3To MHHMManbHAs pa3HUIA aHAJIOrOBOTO CHUTHAJIA TPH JBYX H3MEPEHUSX,
KOTOpYIO ellle pa3nyaeT npeodpazoBarellb.

s mpaBuiibHOTO (hyHKIMOHMpoBauus ALl emy HEOOXOAMM HEKHIl «3TaJOH», TO €CTh HaNpsDKEHHE, KoTopoe Oyner
NIPUHUMATECS 32 0a3y, OTHOCHTEJILHO KOTOPOH OyneT u3MepsaThes nogasaembiil Ha AL aHanoroBelil curnai. OTo 3TaqoHHOE



HalpspKeHWE TIPUHATO Ha3blBaTh OMOPHBIM  HampsKeHHeM. B KkadecTBe HCTOYHHMKA OIIOPHOTO HANpPSKCHUS B
MHUKpOKOHTpoJutepax Atmega8535 Mosker BbICTYNaTh HaNpsDKEHWE MUTAaHHMS KOHTPOJUIEpa, BHYTPEHHUH CTaOMIM3UPOBAHHBIN
HCTOYHUK 2,56B mim BHEITHUH CUTHAI, TTIOAKITIOYaeMblii K BEIBOAy AREFMuKpocxemsl KOHTpoIutepa.

MunnMansHOe Hanpspkenne, kotopoe AL cMokeT pacio3HaTh, MOKHO PacCYHUTaTh 1Mo (popmyie:

] 1
Umin = o Uref

HpI/I HCIOJIb30BAHUM B KAY€CTBE UCTOYHUKA OTIOPHOI'O0 HAIPSPKEHU S ITUTAaHUA MUKPOKOHTPOJJIEpa 5B:

1
Uminzﬁ-5=4,88B

BBuny Toro, uro B kauectBe ALl B wmukpokontpoiuiepax AVRucnons3yercs ALl mocnenoBaTeabHOTO
NpUOJMKEHUsI, Tpoliece NpeoOpa3oBaHMsl AaHAJIOTOBOIO CHIHANA B IPONOPLHOHAIBHBIH €My HU(POBOW KOJ 3aHUMAaeT
HekoTopoe Bpems. YnpouieHHas crpykrypa ALIIT nocnenoBarensHoro npubnmkenus npejacrasieHa vy puc. 1 AT cocrout
U3 KOMIIapaTopa, perucrpa I0CIeJOBaTeNbHOrO NMPHONMKEHH H IM(po-aHaioroBoro npeoodpaszoBarens. Padoraer AILII
crepylomyM obpazoM. B Hawane npeoOpa3oBaHMS BCE BBIXOJABl PETUCTPa  IOCIEIOBATEILHOTO  MPHOJIMKEHHS
YCTaHABIIMBAIOTCS B COCTOSIHHE Jorrnueckoro «0», 3a uckmodenueM crapiiero paspsaa: 10 0000 0000. IIpu sTom Ha BeIXoze
BHYTpPEHHETo 1i(po-aHanoroBoro npeodpazosareins GOpMHUPYETCsi aHAJIOTOBBIN CHTHAJ, paBHbIA MosoBUHE nuanaszoHa AL
(puc. 2, unrepsan t0..tl). Kommaparop mpu 3TOM H3MepsieT pasHUIly MEXAY BXOAHBIM CHTHATIOM U CHUTHAJIOM C BBIXO[a
HAILEcnu wHampspkenue Ha Bxome AIlIIl okaseiBaeTcst Oouibllie, 4eM ycTaHOBIeHHOe HaBbixome I[AIIl, To peructp
MOCJIE/IOBATENILHOTO TIPUOJIM)KEHHST COXpaHseT INpHHATOe H3HadanbHO coctosiHue 10 0000 0000. Ecnu xe usmepsiemoe
HaTpsKCHUE OKa3bIBacTCs MeHblie mojaBaemoro ¢ IIAIl, peructp ycranaBmuBaetrcs B coctosaue 01 00000000 (puc. 2,
unrepsan tl-t2).Ecmu mpunstoe cocrosuue 01 0000 0000 oka3bIBacTCsl MEHbINC HW3MEPSIEMOro CHrHama, 8-if GHT Koma
3aKperusieTcss U 7-i OUT KoJa perucrpa MocieoBaTeNbHOIO MPUOJIKSHUS yCTaHABIMBACTCS B eAMHHMYHOE cocTosiHue: 01
1000 0000 (puc. 2, urepant2-t3). [TockoabKy U Mpu NpuOaBIeHUH 3TOro OMTa curHan Ha Bbixoze LIAIT okasancs MeHblie
BXOJHOTO (pHC. 2), 7-i OUT 3aKperuiaeTcs, a K Koy npudasisiercst 6-i 6ut: 01 1100 0000 (puc. 2, unrepsan t3-t4).

B astom ciyqae BbixonmHo# curHan I[AIl okasbiBaeTcsi Oojbliie CHTHaja Ha BXOJE, NMOJTOMY 6-if OMT MpHHUMaeTCs
paBHbIM «0», a K Komy mpubasisercs 5-i 6ur: 01 1010 0000 (puc. 2, untepsan t4-t5). Jlamee mporecc MOBTOpPSETCS 10
YCTaHOBKH MOCJIEJHETO MII/IIEro OUTa KOJa PErucTpa Nocie10BaTeIbHOTO MPUOIHKEHUS.

ITo okoHuYaHUM Npoliecca MPeoOpa3oBaHusl pe3yNbTAaT MepeaaeTcs B 1Ba §-pa3psansix peructpa ADCHu ADCL.

B wmukpokontpomiepax AVRBpemss mnpeoOpazoBanust ALl MoxxHO perynupoBaTh, Jii STOTO B CTPYKTYpY
nmpeoOpa3oBatelisi BCTPOCH MPENCIUTENb, MOMO0HBIH TOMY, KOTOpBIA BcTpoeH B TaiiMepbl T0.. T2 MUKpOKOHTposuiepa.
Heo0xoauMoO OTMETUTB, YTO yMEHBLIEHHEM BPEMEHU IPeoOpa30BaHMSl YMEHBIIACTCS TOYHOCTH IMOJY4aeMOro pe3yJbTaTa.
Pexomenayemas yactora pabotel ALl Haxomurcs B mpenenax 0...200 k. [Ipu pabote mpeoOpa3oBatelis B 3TOM JUAIa30He
obecrieunBaeTcsi MUHUMaJIbHas IIOTPELIHOCTD MPH MOJYYEHUH Pe3yIbTaTa.
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npeoctpalosarens

BAXOOMOM KOO POrvcTRa NOCM OO0SATEN LNOTD (’l;)”ﬁllbf‘lﬂ“ll
Puc. 1. Crpystypa ALUT nocnesosarenuioro npuiamsenns Puc. 2. Hpyumun paborst ALUT nocacgosareasioro nontmnscns

Jnst Toro, 4ToObl NMpaBWIBHO paccuuTaTh BpeMs npeodOpazoBanus ALIl, HeoOXOOMMO NOMHHUTH, YTO TMpolEcC
npeoOpa3oBanus 3aHuMaeT 13 TakroB ALII mpu ero HempepbIBHOM paboTe W 25 IUKIIOB MPH €ro IMEePBOM 3aIrycke. AHaJIOro-
mudpoBoil  mpeodpazoBares MHKpPOKOHTposuiepaAtmega8535 conmepkuT8 BXOJOB, MOJKIIOYEHHBIX K BBIBOAAM IIOPTA
BBOJa/BhIBOAAa A. Ilockonbky mpeoOpa3oBarens OJHOBPEMEHHO MOXET paboTaTh TOJNBKO C OJHUM BXOJOM, OHH
KOMMYTHPYIOTCSI CIICIIMAIBHBIM KOMMYTAaTOpPOM (MYJBTHIUIEKCOPOM), YHPABISIEMbIM IIPOTPaMMHO C IMOMOUIBIO PErucTpa
ADMUX(ta6u. 1).

Ta6mn. 1 Peructp ynpasnenust mynstumiekcopom ALIIT ADMUX

but 7 6 5 4 3 2 1 0
HasBanne | REFS1| REFSO |[ADLAR | MUX4| MUX3| MUX2| MUX1 MUX0

Butel 6u 7 - REFS1, REFS0. C moMoImpio 3TUX OUT ONpeaeseTcss MHCTOYHUK YyIOpHOro Hanpspkenus AL (Tabu.
2).



Taba. 2.3aganue HCTOYHUKA ONOpHOTo HanpspkeHuss AL

REFSI |REFSO VcTouHUK ONOPHOTO HANPSKEHUS
0 0 BremnrHuit HCTOYHUK, MTOIKIIOYEHHBIH K BEIBoTy AREF.
0 1 Hanpspxenne muranus AL, momaBaemoe Ha BeiBox AVCC. K
BbIBOAY AREF momkeH OBITH TOAKITIOYCH KOHIEHCATOP.
1 0 KoMOHHAIMSHEHCIONB3YETCSL.
1 1 Brytpennnii crabmIn3npoBaHHbI HCTOUYHUK 2,56 B. K BEIBOIY

AREF nomxeH OBITh MMOIKIIOYEH KOHICHCATOP.

bur 5 - ADLAR. 3OrtoT OHT OTBeYaeT 3a «JIE€BOE» BBHIPAaBHMBAHHE pe3ynbrara. llockombKy ans xpaHenms 10-
paspsimHOTO pesynsrara npeobpazoBanust ALl mmome3yrorest nBa 8-paspsanusix peructpa ADCHu ADCL, HexoTopsie OUTHI
peructpa ADCHocrarorces mencnionszyembimu. Ecim ADLAR=1, To pesymprar nmpeodpasoBanus ALIL coxpaHSeTCs «JICBBIM»
BeIpaBHUBaHHEeM 10 peructpy ADCH. D10 ocobeHHO ymoOHO, ecii MoIh30BaTEN0 HEe HYKHBI IBa MIIAANINX ONTa pe3yibTara
npeobpaszoBanus AL (tabm. 3).

Tabn. 3. [IlpencraBnenume pesynabrata mpeoOpasoBanuss ALl B 3aBucEMOCTH
otympasisiomero outa ADLAR

ADLAR=0

ADCH - - - - ADC9 ADCS8

ADCL | ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 ADCO
ADLAR=1

ADCH | ADC9 | ADC8 | ADC7 | ADC6 | ADC5 | ADC4 ADC3 ADC2

ADCL| ADC1| ADCO - - - -

Butbr 4.0 - MUX4..MUXO0.C nomompio 3TuX OHT ompepensercs, kakoi m3BxomoB AIlll momkimroueH
mpeoOpa3oBatelto. 31ech pa3IyaioT 1Ba pexknMa padboTsl BxoaoB AL - oguHOUHEIH 1 quddepernnansHeIi (Ta0I. 4).

[Ipu penieHny TUMOBBIX 337124 OOBIYHO HCIIOJNB3YETCs OAMHOYHOE BKIIOYEHHE XOAOB (Tabil. 4), OHAKO B HEKOTOPBIX
cinydasx (Hampumep, Uil UCKJIIOYEeHMS W (AEHCTBUSL Ha BXOAbl MHKPOKOHTpOJUIEpA CHIHANA IOMEXH) BO3HHKAaeT
HEOOXOAMMOCTb UCIIOJIb30BaHMs AuddepeHraibHbiX BXonoB.B atom ciiyyae ALIIT (Mepsier curHan He MeXIy KOHKPETHBIM
anasnorobiM BxojgioM ADCO...ADC7 u o01iei TOUKOi, a MEXIy HOJIOKHUTEIBHBIM U OTPULIATENbHBIM AN hepeHIInaIbHBIMU
BXoJIaMu Tab. 4).

B HekoTopbIX cily4asix, KOrjia He0OOXOJUMO BBUIOBHTH Pa3HMIly B OU€Hb OJM3KHX CHUTHANaX, MOJIE3HO MEepesi aHaIoro-
1 pOBEIM MIPe0OPa3OBAHUEM 3TH CUTHAJIBI YCHIIUTh.

C a10i1 nenpio nepen nogadeit Ha AT MUKPOKOHTPOIIIEp MOKET YCHIUTE Tu(epeHratbabi curaan B 1... 10.. .200
pa3 (tabm. 4).

Jlst kKanOpOBKY MPeoOpa3oBaTelisi MOKHO TaKXKe KO BCEM BXOJaM MOKI0UNTh Hanpsokenus 1,22B(MUX4...0=11110)
WA OOIIYIO TOYKY

Hacrpoiika ananoro-mdpoBoro mnpeoOpasoBaTens W YHpaBICHHE MM OCYLIECTBIISICTCS C IIOMOIIBIO pETHCTpa
ynpasienust ALIIT ADCSRA(tab:. 5).

bur 7 - ADEN. Otot Out paspemaer ucrnonb3oBanue ALIl. 3ammceio normueckoro «0» B ADENAIII 6yzmer
HEMEJICHHO BBIKIIIOYEHO.

Bur 6 - ADSC. 3amuchk ioruueckoi «1» B 3TOT 6uT pasperraet npeodpazosanue AIIIl. HeoOxomumo 3anuceiBaTh B
ADCSnornyeckyto «1» i Hauana Kaxzaoro npeobpaszoBanus. [lo okoHuaHuu npeoOpazoBaHusi OUT OyAeT aBTOMaTHYECKH
COpOIIEH COCTOSTHHE JIOTHYEeCKOTO «0».

bur 5 - ADATE. 3anucsio soruueckoii «1» B 3T0T OMT paspemaercs aBromatudeckuii 3amyck ALl mo coGsrrnio.
CoOsITHe BeIOMpaeTcst komOnHanueir ontoB ADTSB peructpe SFIORMukpokonTposepa.

Bbur 4 - ADIF. Dror 6ut - duar roroBHOCTH pe3ynbTrara npeodpasosanust AL[Il.YcraHaBinuBaeTcss aBTOMaTHUECKH 110
OKOHYaHMH TIpoliecca IpeoOdpa3oBaHHsI.

But 3 - ADIE.Dtot 6uT - MacKka IpepbIBaHHsl TOTOBHOCTH pesyiibrara mpeodpazopanus AL Eciu ADIE=I, To npu
nosiBJieHnH (hyara ToToBHOCTH pe3ynbTata ADIFOyneT crenepupoBaHo pephIBaHKE.

Burer 2...0 - ADPS2...ADPS0. KomOuHaImst 3THX OUT YCTaHABJIMBACT JCIUTEIb aKTOBOM YaCTOTHI MpOIECccopa s
taktupoBanust ALII (Tabu. 6).



Tab6xa. 4. Oupeneneuue aoruku padbotel Bxoaos ALII B coorBercTuu ¢ butamu MUX4...MUXO0

MUX4...MUXO [OxnHOYHBIC TonoxuTenbupld |  OTpunarensHbii | Kodpduunme
BXompl | AupdepeHnuanbubli | nuddepeHunanbHbIi
BXO[ BXOJ YCUJICHUSA

00000 ADCO
00001 ADCI1
00010 ADCZ
00011 ADC3
00100 ADC4 -
00101 ADCS
00110 ADCo
00111 ADC7/
01000 ADCO ADCO 10
01001 ADCI1 ADCU1 10
01010 ADCO ADCO 200
01011 ADC1 ADCO 200
01100 ADCZ ADC?Z 10
01101 ADC3 ADC?Z 10

01110 ADCZ ADC?Z 200
01111 ADC3 ADC?Z 200
10000 ADCO ADCI1 1
10001 ADCI ADCI1 1
10010 ADCZ ADCI1 1
10011 ADC3 ADCI1 1
10100 ADC4 ADCI1 1
10101 ADCS ADCI1 1
101710 ADCo ADCI1 1
10111 ADC7/ ADCI1 1
11000 ADCO ADC?Z 1
11001 ADCI ADC?Z 1
11010 ADCZ ADC?Z 1
11011 ADC3 ADC?Z 1
11100 ADC4 ADC?Z 1
11101 ADCS ADC?Z 1
11110 1,22 B
11111 0B -

Tabn. 5 Peructp ynpasnenus ALII ADCSRA L
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Ta6u. 6 Ipeanenurens ALITT MI/IKpOKOHTpOJIHepa Atmega 8535
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B peructpe crienmaibHBIX (byHKL[HI/I 6utamu ADTS2...ADTS0 3aaerTcst HCTOUHK aBro3amycka AL npu akTuBanmu
stoit pynkimu B peructpe ADCSRA.
Tabx. 7. Peructp cnenuanbHbix Gyaknmi koaTposuiepa SFIOR
bur 7 6 5 4 3 2 1 0

Hassauue |ADTS2| ADTS1 |ADTSO| - - - - -

Tab6u. 8. McTouHHK aBTO3amyCcKa AL[H (outer ADTS2...ADTSO0)

ADTSZ ] ADTS [ ADTSO IcTouHMKaBTO3aIyCKa
0 HenpeprsiBHOEnpeoOpa3zoBanue AT

AHa0roBbIIKOMIIAPATOP
BremneenpepsiBanue INTO
IIpepeiBanue 0 coBnageHuto Talimepa TO

IIpepbiBaHue N0 nepenoyHeHur0 Taumepa TO

IIpepriBaHue 110 cOBNaicHUIO KaHayla B Tarimepa T1
IIpepbiBaHuE 10 NIEPENOJIIHEHUIO TalmMepa 11
IIpepsiBaHuE 110 3aXBaTy CUrHAJlA TakiMepa 11

===
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KoHTpoabHBIE BONPOCHI

Yro takoe ALIIT?

Kakoro tTuna ALII ucnons3yercst B MuUKpokoHTposiepe Atmega 8535?
Ckonbko paszpsaos umeet ALIIT MK?

Yro Takoe ONOpHOE HanpsbKkeHue?

Yro Takoe paspemratommas cnocodHocts ALIT?

. Kak paccuurats pazpemaromyto cnocoonocts ALl (MuHMMaNbHOE HanpsDKeHKE)?
®dopma npeacTaBIeHNns pe3yJbTaTa:

OTueT JOmKeH COAePIKaTh:

1. Lenb paGoTHL

2. OTBeTHI Ha KOHTPOJIEHBIE BOTIPOCHI

3. BemBog o pabote

o~ wNE

JlaGopaTopnas pa6ora Ne 13

Opranmszanus padorsr AIIII MK Atmega 8535
®opmupyemMbie KOMIIETEHIIUH:
I1K 2.1. Co3naBarb nporpaMMsbl Ha si3bIKe acceMoiiepa JUisi MUKPOIIPOLIECCOPHBIX CUCTEM.
Hean padotel: HayunThes npuMeHaTs ALIT MK.
BoinosiHuB padory, Bel Oynere:
ymemn:
- COCTaBIITh IPOrPaMMBI Ha SI3bIKE acceMOiepa 11l MUKPOTIPOIIECCOPHBIX CHCTEM
MarepuanbHoe o0ecnieueHme:
Crenn «MuxkpokoHTposiepy, [1IK ¢ yctanoBineHHO#H cpesoit mporpammupoBanus u otiaaku AVRStudio
Teopernueckue cBegeHUs
Paccmorpum npumenenne ALIII Ha npumepe nporpamm.
Hpumep 1. Iloxats aHamoroBeiii curHan Ha Bxom ADC2 AIIl u BeiBecTH 8-paspsaHbIii pe3yibTaT Ha MOPT

BBOJa/BbIBOAA C. He ncmons30Bath mpepbIBaHNe TOTOBHOCTH pe3ynbTarta npeodpazoanust AL

Paccmotpum nporpammy 6osee oapoOHo.
1. CHayana npoMCXOIUT IOJKIIOYCHUE CTaHJapTHOW OuOimoreku koHTposuiepa Atmega8535, ykaswiBaercs



azipec Hadaia CerMEHTa KOJa U BBIIIOIHACTCS MHULMAIN3ALHs CTEKa, BEPIIMHA KOTOPOro PACIoNaracTcsi B KOHIE MaMsITh
JAHHBIX:
include"m8535def.inc"
cseg
org$0

Idi r16,low(RAMEND)

Idirl7, high (RAMEND)

out spl,rl6

out sph,rl7

2. IlpowsBoAWTCSI MHULMAIM3ALUS [IOPTOB BBOJAA/BBIBOJA. B mporpamMMe MCronb3yloTcs MOPTHI BBOJA/BBIBOAA
A u C. Ilpu 3TOM HEOOXOIUMO 3alIOMHUTH, 4TO, MOCKOIBbKY ALl mcmonp3yeT adpTepHATUBHBIE (PYHKIIUH MTOpTa A, TO
BBIBOJIBI 1TOPTA, Mcnoib3yeMble AL, nHAIMann3npoBaTe He HyKHO. OCTalIbHBIC BBIBOJBI PEKOMEHIYETCS (IIPUTSHYTH)
K ypoBHIO jJormdeckoro «0» mmm «1» Bo-m3bexaHneHaBeAeHUs Ha HUX nomeXx. [Topt C MHMIMAIM3UPYETCs] Ha BBIBOX
nHpopmanuu:

Idirl6,0xFB

out PORTArl6

clrrié

out DDRA,r16

out PORTC,rl6

ser rl6

out DDRC,rl6

3. Janee Bomonnsercs mauimanmzanus ALl ycraHOBKOH HEOOXOAMMBIX YNpPAaBIAIOMIMX OWUT B perHcTpax
ADMUXu ADCSRA:

Idir16, 0x62

out ADMUX,rl6

Idi r16,0xC7

OutADCSRA 116

BkadecTBe MCTOYHHMKA CHTHajla OTMIOPHOTO HANpPSDKEHHsl BHIOMpAeTCs HANpsDKEHHE 3JIEKTPOIMTAHUS MPOLEccopa,
noganHoe Ha BeiBoAg AVCC. Takke BbIOMpaeTcs «iIeBoe» BhIpaBHMBaHHE pe3ynbTata mnpeobpaszoBanus ADLAR.
Beibupaercst Bropoit kaman ALII(Idi r 16, 0x62; outADMUX,r16).B peructpeADCSRAycCTaHABIHBAIOTCS OHTHI
ADEN(exmouenne AIIIT), ADSC(3amyck mpeobpaszosanus ALIIT), a taxke BeiOupaercs npepmenutensClk/128 ms
TIOBBIIIEHUSI TOYHOCTH ITPE0OPa30BaHMS.

4. B oCHOBHOM IIMKJE BeleTcsi onpoc ¢uara okoHuaHus npeodpazoBanust AL, pacnonoxeHHOro B perucrpe
ADCSRA:
main:

in rl6, ADCSRA

SBRC rl6,4

rcallADC_ready

rjimpmain

Cuauana cuntsiBanue 3Hauenue periuctpa ADCSRABPOHTI6 (inrl6,ADCSRA)Tocie aToro onparmBaeTcs 4-i
6ut 3TOTO0 peructpa, coorsercrayronmii Giary ADIF(SBRCR1 6 ,4). Eciit OUT 4HCT, TO MPOIMyCKAETCs CAEAYIOMIas 3a
JMPEKTHBON SBRCuHCTpYyKIust. MHade mpoucxoaut mepexon Ha metky ADC_ready(rcallADC_ready).

5. TTo metke ADC_readymporcxoaut 06paboTka pesynabprara npeodpaszoBannu ALLIT:

ADC_ready:

in rl6,SREG

Idi rl7,0x97

out ADCSRA,r17

inrl7,ADCH

OUutPORTC,r17

Idi rl7,0xC7

out ADCSRA,rl7

out SREG,rl6

ret

IIpu nepexone no merke ADC_readycnayana BPOHr16 Heo6xoammo coxpaHuTh 3HauyeHue peructpa SREG
(inr16,SREG).Ilocne 3Toro HeoOX0aUMMO BPYUHYIO COpOCHTH (yiar roToBHOCTH mpeoOpazoBanus AL 3amuchio B
wero Jormyeckoit «l»  (ldirl7,0x97; OUtADCSRA,R17).Heo6x0omuMo 3almOMHHTb, YTO Bce (aarm B
MUKpokoHTpoiutepax AVRcOpackiBatoTest 3anmucbio B HuX jorndeckoi «1».Jlanee BPOHr17 cunteiBanne pesyiabraT
npeobOpasoBanusi AIIl, xpansmmiica B ADCH(inrl7, ADCH)./lpa mmammux Owura, xpansumuecs B ADCL,
otOpaceiBatoTes. Coneprkumoe 17 nepenaercs B mopt BBoaa/BeiBoga C(OUtPORTC, rl7), ocyluecTBisieTcs nepe3anyck
AIIII, Boccranosienue peructpa SREG (OUtSREG, rl6) m BBIXO W3 MOANPOrpPaMMBI Ha ajpec, 3alMCaHHbIM B CTEKE
(ret).

IIpumep 2. 3amaga moBTopsieT mpuMmep |, HO HCHONB3YeTCs HPEPHIBAHHE IO TOTOBHOCTH pE3yJbTaTa
npeo6pazoBanus AL, He ucronb30Bath «IeBoe» BEIpaBHUBAHUE PE3YIIbTATA.
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¢ Brxopnt
H PCO..PC7 MHIMKAUMA XOAa pesaysikTaTa npeotpasoBadun,
JAnclude"mB535def ., inc" Nonknouenye CTaHUAPTHOR OUOIMOTE KU
cseg :Hauano cermenrta xona
org$0 ;Mo anpecy S0
jmp reset 7 OCYWECTBNIAETCA NEpexon Ha reset
org$o0E - ;Tlpu nepexonme no ampecy SOE
jmp ADC_ready 7 OCYWECTBNACTCA BH30B QyHKUUM obpaboTku
+NPEPHIBAHMA TPOTOBHOCTM ALI.
eset:
cli i3anpeT BCeX NpepuBaHui.
1di r16, low (RAMEND) i MHUUMAIMSUPYETCA CTek
1di r17, high (RAMEND) . x
out spl,rlé .
out sph,rl?7
1ldi r16, OxFB iTipoussoaMTCA MHMUMaIM3aums nopTos
out PORTA,rl6 ;BBOna/BuBONA '
clr rlé6

out DDRA,rlé
out PORTC, rlé6
ser rlé6

out DDRC,rlé6
1di r16,0x42
out ADMUX, rlé ;MHMumanmszauus Al
1ldi r16, OxCF
out ADCSRA, rl6

sei iTnobansHoe paspeuenue npepusaHun -
ain; ;T'naBHull UMK NporpaMMsl .
rimp main 7 BHMNOJIHEH NYyCThHM
DC_ready: iflo mMeTke ADC_ready: o )
cli ;Ocyuecrenaerca rnobansHuid SanpeT npepuBaHuit
in r16, SREG ;i CoxpaHsercsa perucTp SREG
in rl17,ADCL ;CuMTuBaTCa 8 Mnagumx Gur pesyneTaTa us ADCL
in rl8,ADCH in 2 crapumx 6ura us ADCH
1sr r17 iABa mnanumx OuTa pesynbTara orbpacueanTca
lsr r17
clr rl19
etl:
1sl ri18 illsa crapumx GMTa pesaynbrara s POH ri8
inc r19 ;CMeManTCA Ha 6 nosuuuit BreBo.
cpi r19,0x06
brne metl
or rl7,rl8 i MpoucxommT normueckoe cnoxenme rl7 u rig
out PORTC,r17 ;PesynbTaT BNBOmMTCA Ha PORTC.
1di r17,0xcCF
out ADCSRA, rl17 ;llpoucxonmT nepesanycx Alll
out SREG,rlé6 ;Boccranasnmsaercs perncTd SREG
sei ;TnobaneHoe pazpewexme npepuBaHmi
reti ; Baxon us nonnporpamua o6patoTku npepasanus

PaccmoTtpum nporpammy Gosee o poOHO, OKa3aB OTIMYHS OT IPOrPaMMBI,pacCMOTPEHHOH B pumepe 1.
OJIMOTEKH KOHTpOJLIepa

1. B nHavane nporpaMMsl, IOMUMO TTOJKIIOYEHHUS OH :

Atmega8535 ykaswBatoTCs aapeca mHpephlBaHMi: reset- HyneBoe mpepbiBaHue 1o anapecy 0, mpepbiBaHHe
TOTOBHOCTH pe3ynbrara npeodpazosanus AL mo anpecy $OE:

.include"m8535def.inc"

. CSeg

.org$0

rjmp reset

.0rg$0E

rjmpADC_ready

l_J[pI/I MONaJaHUU Ha 3TH BEKTOPBI IPOUCXOAUT IEPEXO Ha COOTBETCTBYIOLUE METKU resetu ADC_realdyi N

2 ITopTel BBOJA/BBIBOAA M yKazaTelb CTEKa WHHULMAIM3UPYIOTCA Tak ke, Kak W B npumepe 1. On

nnunuanuzanus AL npousBoauTcs mo-apyromy:
reset:

cli

Idir16, low(RAMEND)

Idi r17,high(RAMEND)

out spl,rl6

out sph,rl7



Idi rl6,0xFB

out PORTAr16

clrrié

out DDRAr16

out PORTC,rl6

ser rl6

out DDRC,rl6

Idi rl6,0x42

out ADMUXrl6

Idi rl6,0xCF

out ADCSRAr16

sei

B peructpe ympasnerus mynstaimiekcopom ADMUXy0upaercst OUT «I1€BOT0» BEIpaBHHUBAHHA pe3yibTraTa. JTO
HE CBS3aHO C KCIIOJb30BaHUEM IpepbiBaHus 1o rotoBHoctH AL, a coemaHo 1y AeMOHCTpauuu pabOThl C JBYMs
peructpamu xpanenus pesynaprara AIIl: ADCHu ADCL.B perucrpe ympaenenus AIIIl ADCSRAcTaButTcs Macka
ADIEna mnpepsiBanne rotoBHoctd ALl mns ero akrtuBanuu. [locie Bcex YCTaHOBOK HEOOXOAMMO OCYIIECTBUTH
rnobanpHOE paspelieHre npepsiBanuii (Sei).

3. B ornmuue ot npumMepa 1, OCHOBHOM IIMKJI POTPaMMBI BBITTOJHEH ITyCTHIM:
main:

rjimpmain

DTo chenaHo MO NPUYMHE TOTO, YTO HPH HCIIOIb30BAHMU HET HEOOXOIMMOCTH 3aHUMATb MPOLECCOP MOCTOSHHOM
npoBepkoi ¢uara npepwiBanus rotoBHocTr ALIIL. Ipu mosiBieHun (iara mpepbiBaHUsS OCHOBHOM MK MainOymet
aBTOMATHYECKH MIPEPBaH, afpec BO3BpaTa COXPaHEH B CTEKe, a mporpamma nepeidaet no metke ADC_ready, ykazaHHO# B
BekTope $OE.

4. Ipu nepexone nmo merke ADC_readyocymiectBisiercs 00paboTka npepbiBanus mo rotoBHoctu ALIIT:
ADC_ready:

cli

in rl6,SREG

inrl7, ADCL

in rl8,ADCH

Isr rl7

Isr rl7

clrrl9
stl:

Isl r18

inc rl9

cpi rl9,0x06

brnemetl

orrl7,r18

out PORTC,rl7

Idirl7, OXCF

out ADCSRA, rl7

out SREG, rl6

sei

reti .

Ilpu BXOAe B MHOANPOrpaMMy CHayaja MPOM3BOJMTCSA TIJ0OANBHBIN 3ampeT Bcex mnpepbiBanuii (Cli). Ilpu
UCIIONIb30BAHUH OJTHOTO IIPEPHIBAHUS 3TOTO MOXKHO HE JeJaTh, OJHAKO MPABWIILHO IIPH BXOJIE B JIOOYIO IOJIPOrpaMMy
00paboTKM IpephIBaHUH CTalIbHbIE — 3aIPeIlaTh.

IMocne srtoro mpousBoautcs coxpaneHue peructpa SREGB POH rl16. OOnysienue ¢ara mnpepbiBaHHs He
MIPOM3BOJIUTCS, TAK KAaK IPU MCIIOJIb30BAHNY [IPEPHIBAHUS ATO JIEJIACTCAABTOMATHYECKH. .

Pesynbrar mnpeoOpazoBanusi cumthiBaercst u3 peructpoB ADCH(crapmmit) u ADCL(mnaammit). TTockonbKy
pesynbrar npeobpasosanust AL - 10-paspsiaroe cinoBo, B peructpe ADCH(r18) GyayT HCONb30BaHbI 1BA MIIAIIINX
6ura: 0000 00XXa peructpe ADCL(rl7) - Bce 6ursr: XXXX XXXX.

Jnst MCoJIb30BaHUsI BOCBMH CTapIInX OWTOB pe3yibTaTa HE0OXoAMMO cMecTHTh Criorepei0 u 1 OuToB peructp
rl17, npusesst ero k Bumy: 00XXXXXX(Isrrl7; Isr r17), cmectuth aBa Miammux 6uta peructpa 18 Ha 6 mo3unuii BieBo,
npuBeas ero k Buay: XX00 0000.
metl

Isrrl8

inc r19

cpi rl9, 0x06

brnemetl

IMocne storo peructpsl 7 u rl8 ckmanpiBarorcs (0rrl7, rl18),a pesymsrar BeiBogutcs B nopt C. damee AIIII
nepesamyckaercs, peructp SREGBoccranasimuBaercs (oUtSREG, R16),mpousBomutcst Ii100aibHOE paspelieHne BCEX
npepbiBaHmii (S€i), a TOM - BBIXOJ U3 TOANPOrpaMMbl 00paboTKu npepbiBanus (reti).

®dopma npeacTaBIeHHs pe3yJbTaTa:



OT4eT J0KEeH CONePHKaTh:

1. ITens paGoTHI.

2. BeimosHenHoe 3aaanue (Ha BeIOop mpumep 1 uiu 2) - paboToCcnoCOOHOCTh MPOrpaMMbI JIEMOHCTPHPYETCS Ha
CTeHe:

- JIUCTHHT TPOTPAMMBI;

- KOMMCHTapUH.

3. BriBog 110 padote

IIpakTuyeckas pa6ora Ne 15
H3yuenue padorsl cermenTHOro u KK unguxaropos noa ynpasiaenuem MK Atmega8535.
®opmMupyemMble KOMIIETEHIMM:
[IK 2.1. Co3gaBats mporpaMMBI Ha A3BIKE acceMOiiepa st MUKPOIIPOIIECCOPHBIX CHCTEM.

Heabp paGoThl: M3y4IUTHPAOOTY CEMHUCEIMEHTHOTO M JKHAKOKPHUCTAJUINYECKOTO MHIMKATOPOB IPH pabdoTe Mmoj
ynpasieHuem MK,

BoinosinuB padory, Bol Oyere:

ymemy:

- COCTaBJIATh MPOTPAMMBI Ha SI3BIKE acceMOJiepa sl MEKPOIIPOIIECCOPHBIX CUCTEM
MaTtepuanbHoe o0ecnieyeHne:

He tpeGyercs

Teopernueckue cBeeHUs

B Hacrosmee BpeMs TOJABISIONICE YUCIO MTPOMBIIIICHHBIX MPHUOOPOB OCHAIMAIOTCS U(POBBIMUA HHINKATOPAMHU
UL OTOOpaKCHHS Pa3IMYHBIX BenW4WH. [IpocTeHmmii ceMHCerMeHTHbBIM WHIuKaTop (puc. 1) mpeacraBmser Habop
OTIENBFHBIX CETMEHTOB (CBETOAHMONOB), TMPH 3aXWTaHWH KOTOPBIX B ONPEACICHHOM MOCIeIOBATEIFHOCTH MOXKHO
MTOIYYUTh Habop mudp U onpeeeHHBIX CHMBOJIOB.

Kaxiplif cerMeHT HHOUKATOpa UMeeT YHU(PUIIMPOBaHHOE OYKBEHHOE 0003HAUYCHHE B COOTBETCTBHU C JIATHHCKUM
anpaBuToM. BepXHUIT TOPU30HTATIBHEI CETMEHT MMeeT 0003HaueHHE «A», BCE MOCISAYIOIIAE CETMEHTHI 10 YacOBOH
cTpenke UMeroT 0003HaueHus «By, «C», «D», «E», «F», «G», «H» (puc. 1).

A

Pre. 1. BRCmmHA a1t o CTPYXTYPa CEMHCErMEHTHONO HIITKATOPS

Jis Toro, 4roOBl 3a)kKeub CErMEHT WHAWKATOpa, HEOOXOIMMO MOAATh HANpPSIKEHHE Ha COOTBETCTBYIOIIMI
ceeroauon A ... H. CemucerMeHTHbIE HHAUKATOPHI BRIITYCKAIOTCA JBYX THIIOB - C OOIIMM aHOJAOM (pHC. 2, @) ¥ C 00LIUM
karosioM (puc. 2, 6). OTo Aenmaercs AN YHPOIIEHHUs pabOThl ¢ MHAWKATOPOM M YMEHBIICHHS KOJMYECTBA BBIBOJIOB €r0
MHKpOCXeMBI. JleHCTBUTENIHHO, IPH UCTIOIB30BAHUH CXEMBI C OOLIMM aHOJOM aHOJBI BCEX CBETOIMOAOB OOBEANHSIIOTCS,
Ha HUX [T0JIaeTCs MOJOXKHUTEIbHOE HapsKEHNUE.
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Puc, 2. CemncersecHTHAIC NN IRSCLTOpW € ODIM AHOIOM N I)V)ll.ll)l KATOAOM

Jlyist Toro, 4To0BI 3aKedb, HAMPUMEpP, cerMeHT «C», HEOOXOIMMO KaTOZ COOTBETCTBYIOIIEIO CBETOAMOAA Yepe3
TOKOOTPAHUYHMBAOIIHIA PE3UCTOP MPUCOCAUHUTH K 00IIIEMY ITPOBOY.

[pu ucronb30BaHUN WHAWKATOPOB C OOIIMM KaTOJOM Ha HETrO MOJIKIF0YACTCS IIUHA C HYJICBBIM HOTCHIIMAIOM, a
Ha aHOJIbI CBETOJIMO/IOB Yepe3 TOKOOTPAHNIMBAIOIIHE JIEMEHTHI TIOIKITFOUACTCS HAPSHKCHUE MU TAHMUS.

Takum 00pa3om, st TOTO, YTOOBI 3aXeUb, HApUMep, PPy 3, HEOOXOAUMO OCYIIECTBUTH MOJaYy HAIPSIKCHUS
Ha ceetoauonsl A, B, C, D, G.

Ha mpaktuke mis ymnpomeHHs pa0OTBl C HHIUKATOPaMH IPUMEHSIOT CXEMBl MPOMEXKYTOYHOTO YCHIICHUS,

MIpeHa3HAYCHHBIC U YCHJICHHUS CUTHAIOB YIIPABICHHS WHAWKATOPAMH W yIOOHOTO YIIPaBICHUS UX CETMEHTAMHU.
ITpumep Takoit cxeMbI IPUBEACH Ha pUC. 3.
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Puc. 3. Cxema 115 ynpaBneHH HHAHKATOPOM

Ha oOmwme aHOZBI CerMeHTOB moAaeTcss HampspkeHHe osiekTpormTtanns U, Kartogsl cermeHToB depes
TOKOOTPAHWYHMBAIONINA PE3UCTOP W TPAH3UCTOP MOAKIIOYAOTCA K o0med muHe. OUYeBHUAHO, YTO IS 3a)KUTAHUS
cerMeHTa HeoOXOJMMO BKIFOUNTh TPAH3UCTOP (U1 cerMeHTa A - Tpansuctop VT1).

Bxumrouenne tpanzucropa VT1 ocymiecTBisieTcs mojadeil Ha ero 06a3y TOKa yNpaBiIeHHs, KOTOPBIH MOSBISETCS
npu Tojadye HamnpsbkeHus ynpasneHus Uy, Ha Tokoorpanuduparomuii pesucrop R1. Takum obpasom, mpu mojade oT
MHUKPOKOHTpOJIIepa CUrHana joruueckoi «1» tpansuctop VT1 otkpeiBaercs u cBeroanon VD1 HaumHaer cBeTHTHCS.
[IpuMeHeHHE PacCMOTPEHHOM CXEMBI MO3BOJSAET BKIIOUATh CETMEHTHI CHUTHAJIAMH JIOTHMUEcKOH «1», a He JOrM4ecKoro
«O».

JAunaMuyeckass HHANKALUS CHMBOJIOB

Yacro TpebyeTcs OCyIIECTBIATh WHAWKALNNIO OONBIIMX YHCEN, T.e. 00pamaThcs HE K OJHOMY HHIMKATOPY, aK
HECKOJIBKUM.

PaccmoTrpuM BapmaHTHI HHAMKANWK dncia 1234 Ha 4eThIpex CeMHCETMEHTHBIX WHAMKAaTOopaxX. B mpumepe Oymet
HCTIOB30BaH HHINKATOP ¢ 00IUM aHOIOM (pHC. 2, a).

B npocreiitem ciaydae Kk o0IIKM aHOJaM pa3psiIoB HHAMKATOPa HEOOXO0ANMO MOJKIIIOUYHUTh HANPSDKEHHUE TTUTaHus,
a Ha BBIBOJBI A...H Kakmoro paspsiia mojaan COOTBETCTBYIOIIYIO KOMOBYIO KoMmOuHalwio (puc. 4).B cioyuae momoOHOU
peanu3ali MHOTOPa3pAJHOrO HHIMKAaTOpa BO3HUKAeT CYIIECTBEHHAas Ipo0ieMa - MpH MCHOJIB30BAHUU UYETBIPEX
Pa3psI0B KOJIMYECTBO BBIBOJIOB MUKPOKOHTPOJUIEPA, UCTIONIB3YEMbIX JJI HHIUKAIIUM, COCTABIACT 32 MIT, IPH 3TOM BCETO
paboumx BBIBOJIOB y MHUKpokoHTposuiepa Atmega8535 - 32, To ecThb pecypcbl KOHTpoiuiepa OyIyT HCIOJIb30BaHbBI
MIOJTHOCTBIO.

Jins Toro, 9To0B MUHIMH3HPOBATE PECYPCOEMKOCTh TpOoIiecca MHIUKAINH, MPeIaraeTcsi UCTIONb30BaTh METOT
JUHAMUYECKON WHAWKAIMU. DTOT METOJ OCHOBAH Ha CBOHCTBE MHEPIIMH YEJIOBEYECCKOTO 3PEHUS, IIPH KOTOPOM TJia3 He
BOCTIPHHHMAECT Pa3HUIY MEXIy OBICTPO CMECHSFOIIUMICS KApTHHKAMH, €CIIH OHA MEHSIOTCS C YaCTOTOH, MPEeBbIIIAIOIeH
25 I'u. Cxema 1MHAMUYECKOW MHAMKALMY MPEACTABIEHA HA pUC. 5.
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Puc. 5. Cxema neanuaanum MHHAMHAYECKOH HHIHKAIIMH CHMBOJIOR

[Tpn muHAMHYECKOH MHIUKAIWK COOTBETCTBYIOIINE KAaTOJbl BCEX WHIMKATOPOB OOBEIUHSIOTCS, TO €CTh KaTOJIbI
cermeHTa A nHaukatopoB HG1..HG4 oOwvenunsiorcs B my A, Katoipl cerMeHTa B oObenuustorcest B muHy B 1 1.1.
O6mue anoap! naankatopos HG1.. .HG2, Hao6opoT, pazbpeauHsroTCs.

Ecnmu wHoukatop peasm3oBaH MNOAOOHBIM 00pa3oM, TO IIOCIENOBATENBHOCTh JMHAMHYECKOH WHIMKALMH
cleyronas:

- MHUKPOKOHTpOJIIEP BbIJAeT KOJ 4ucia 4 Ha KaToAbl BCEX HMHAMKATOPOB, NMPU 3TOM HANpsOHKEHHE NHUTaHMS
mogaetcst Tobpko Ha paspsg HG4. B pesysbrate nndpa 4 cBeTHTCS TONbKO Ha nHankarope HG4,

-cmycTst Bpemsi, He Oombiiee 1/100 cexyHpI, Ha BCE CETMEHTHI BBIIAETCS KOJI YMcCia 3, MPU dTOM HampsDKEHUE
MUTaHKs HoaeTcst ToNbko Ha paspsin HG3. B pesynbrare nndpa 3 cBetutcs Tonbko Ha nHaukarope HG3;

— Ha CJEIYIOIEeM HMHTEpBaje BPEMEHH Ha BCE WHIMKATOPHI BBIAAETCS KOJ YMCHa 2, MPU 3TOM HAampsKEeHHEe
MUTaHMs ToaeTcst ToNbKko Ha paspsin HG2. B pesynbrare nudpa 2 cBeTUTCs TONBKO Ha nHankarope HG2;

- B KOHIE IMKJIAa HA WHIUKATOPHI MOJAETCsS KOJ 4Mcia 1, a HampshkeHue nutaHus - Ha uHaukarop HG1. B
pesynbrare nudpa 1 ceerurcs Toibko Ha paspsa HG1. lanee nporecc moBTopsieTcst.

[TockonbKy Kaskablid pa3psii MHAWKATOpa OOHOBISIETCS C YaCTOTOM Kak MUHUMYM 25 I'11, denoBedeckuii ria3 He
3aMeyaeT MEpUaHMs MHAMKAaTOpa W Ipouecc oToOpaxeHHs uucia 1234 kakeTcs MOCTOSHHBIM, XOTS B OAWH MOMEHT

BpPEMCHH BCCrja CBETUTCSA TOJBLKO OJAWH pa3psad WHAUKATOPA. C YBCIIMYCHUEM YaCTOThI OOHOBIICHHUS III/I(I)p Ka4yeCTBO
WHAWKAIUN yJIy4liacTCs.

KoHTpoabHbIE BONPOCHI
1. KakoBo Ha3HauYe€HHE CEMHUCETMEHTHOTO HHANKATOpa?
2. Kak KOHCTPYKTHBHO MOKHO PEaIM30BaTh CEMUCCTMCHTHBIN HHANKATOP?



3. B u4em cMbICI JMHAMUYECKON MHAMKALIAA?
4. C xakod 9acToTOH HEOOXOOMMO IIOAaBaTh CHTHANBl YIPABICHUS HAa WHIUKATOP TIPH pealHu3aliu

JUHAMUYECKON MHAUKAIMU?
®dopma npeacTaBIeHNs pe3yJbTaTa:
OT4eT T0JKEH COAEPIKaTh:
1. Lenb paboTHL
2. OTBeTHI Ha KOHTPOJIBHBIE BOTIPOCHI
3. BriBog 110 pabote

JlaGopaTopnas pagora Ne 14
Pa3paboTka nporpaMMsl yNpaB/ieHHUsl CerMeHTHbIM HHANKATOPOM
®opMupyemble KOMIIETEHIUH:
[IK 2.1. Co3gaBats mporpaMMBI Ha SI3BIKE accemMOiepa Uit MUKPOIPOIIECCOPHBIX CHCTEM.
Iesab padoThI: HAYIUTHCS COCTABIATH IIPOTPaMMBbI IJIsl BBIBOJA MH(OpManny Ha CEMHUCEITMEHTHBIC HWHIUKATOPHI
noj ynpasienuem MK.
BoinosinuB padory, Bol Oyere:
ymems:
- COCTaBJIITh IIPOrPaMMBI Ha sI3bIKE acceMOiiepa 11l MUKPOIIPOLIECCOPHBIX CUCTEM
MaTtepuanbHoe o0ecnieyeHune:
Crenn «MukpokoHTpoIuiep», [1K ¢ ycTaHOBIEHHOM cpeoii mporpammupoBanust u otnaaku AVRStudio
TeopeTuyeckue cBeeHust
PaccMoTpuM ynpaBieHue HHAUMKATOPAaMU Ha IPUMEPE IIPOIPAMM.
IIpumep 1. Hanmcate mnporpaMmy, OCYIIECTBISIOIIYIO BBIBOJL Ha HHAWKatop- uucina or 0 go Fs
IIECTHAIUATEPHYHOM KOJIE B COOTBETCTBUM ¢ KOMOMHAIIMEN CHI'HAJIOB HA BXOJIE NOPTa BBOJA/BbIBOIA A

) f - i

;AporpasMda sunoaa wucen o Ha oMM paspan EMMCETMENTHOIO MHIORXATOPA

S
PA3.PAD - szanayme xona uxcna

FEuNxXoaN:

; PDO - ynpaanenue NOJARNEA HANDAXENMA Ma MHAMX ATOf

f PCo ynpann IMEHTAMHA AHOMKATOPS

include®mB535def.inc” i Homemovesne OuOauoTexn Atmegafhis

eqg {dYaNn0 cCerMenTa xXOona
rgs x
n
et eset yule A

idi rl6, low (RAMEND| ; UHMUMANMIALUMA CTeEa. } CTexa - B <
idi rl17,high (RAMEND) ; kOHUE NAMATH DI3HHMY
ur ¢
ut
- M3allMn NOPTOR BhOoAa/BHBONA
out PORTC,rlé Ha BuBoOa
out PORTD, rl6 - Ma BusoOn
ser rlé6
out DDRC,rlb
out DDRD,rlé6
ldi rl6, OxOF
out PORTA,:rl6 imnanune 4 Cura nopra A Ha BaoR
cir rl6
out DDRA,rl6
ldi rle, 0x01 jYoranomnka smnagmero Gura nopra D © uemo
out PORTD, rlb i NonauM HanpRxedma Ha ofuxe AHOAW MMIMXaTORA

i llo MeTxe main
: N

IPOMCXQIMT CUMTHBANWE NaHHWX C nopTa A

M bunenenme OuT PAI_PAO,
; POopsMpOaanne anpeca flash ncxons w»
U TaHME HAaMHNX

Fanneye

MMIIRATOPRAE )

M BEBON MX HS R
jmp maln JNASpPaxXon Ha malin M 3alMxnMueamms 1IDOTPaMMN
K ’ 1 ¢
db 3 xC DX F, X /L ) i TalumMua
s ) g, I%6F, x P % 2 ) Ox71] nos MMBOION




PaccMoTpuM mporpamMmy 6ostee o ipoOHoO.

1. CnHavanma MpOM3BOIUTCS MOAKIIOUEHUE OMOJMOTEKH HCIOJb3yeMoro KoHTpoyiepa Atmega8535. Tlocne
9TOro 00BSBIAETCS aipec Hadana cerMeHTa Koja.

2. Tlo wmetke resetcHavansa MPOMCXOIAWT HHUIUANU3AIMS CTCKa, 3aTEM - WHHUIMAIHM3ANUS Tepu(epritHbIX
YCTPOWCTB MHKPOKOHTpoJuiepa. B naHHOM ciydae u3 mepuEepUHHBIX YCTPOHCTB HCHOIB3YIOTCS TOJBKO MOPTHI
BBOJIa/BBIBO/IA.
set:

Idi r16,low(RAMEND)

Idi r17,high(RAMEND)

out spl,rl6

out sph,rl7

clrrl6

out PORTC,rl6

out PORTD,rl6

ser rl6

out DDRC,rl6

out DDRD,rl6

Idi rl6,0x0F

out PORTAr16

clrrlé ,

out DDRArl6

Idi r16,0x01

OutPORTD,rl6

BperucrpykaszatensicTeKa3anuchiBacTCsIapeCBEPUIMHBICTEKAKOTOPBIHOTBeTCTBYeTKOHIy amsitunaHubIx (1dirl6,
low(RAMEND);Idirl7, high.(RAMEND) ; outspl,rl6;outsph, rl7). DTo HeoOx0oaUMO AJISI IPABHIBHOM pabOTHI IPOrPaMMBbI
NIPY KCIIOJBb30BaHUU TIOANPOTpaMM U mepexonoB, mopT C B mporpaMme OyJeT HOAKIIOUEH K KaToJaM WHIUKATopa,
MO3TOMY OH WHHMIMAIU3MPYETCs Ha BBIBOJ, Miaimuid OuT mopra Dmo 3amaHuio ynpamiseT nopadeidl HampsHKeHUs
NUTaHWs Ha OOIIMe aHOIbl WMHAMKATOpA, MOATOMY IOPT WHUIMaiIu3upyercss . BbeiBon, Outhl PA3..PAO mnoprta
BBOJIa/BBIBOJIa A HHULIMAM3UPYIOTCS Ha BBOJ HH(POPMAIIHH.

3.B oCHOBHOM IIMKJIE€ TIPOrpaMMBbI CHavasa IPOUCXOAUT ONPOC NMOPTa BBOJA/BbIBOAA A:
in:

in rl6,PINA

andirl6,0x0F

IMpousBoautcs ompoc Beero mopta (inrl6,PiNA),mocne yero myrem moGUTOBOrO CIOXKEHHS PE3yJIbTaTa HA YUCIIO
OxFF(andirl6,0x0F)npoucxoauT BhlIeIeHHE M IIINX 3HAYAIIUX OUT mopTa A.

4.Tlo pe3ynbTary, CYMTAHHOMY C TopTta A, mpousBogutcsi hopmupoBanue aapeca Flash-mamsitu, o xotopomy
XPaHUTCS COOTBETCTBYIOIIMI cuMBOIIL. [Tockonbky Bo Flashmamsti nanueie xpanstcs cioBamu (2 6aiira), To 1uist 10CTyIa
K OT/IeJIbHOMY OaiiTy yka3biBaeTcs IBOMHOM ampec. ITockonbky aapec Hadana mMaccuBa ganubsix 0X100 (agpec B cioBax),
TO ajpec nepporo Oaiita - 0X200 (B Oaiitax).

Hnst utenus mamubix w3 Flashe Z-permctpe (r31:r30) ykaspiBaeTcst aapec HaMsITH, a 3aTeM KOMaHIOi
1pMOporCXOaUT CUNTHIBAHUE TAHHBIX:

mov r30,rl6

Idir31,0x02

Ipm rl6,Z2

5. Tlocie cuutsiBanue aaHHbIX U3 Flashonu BeiBogsTest Ha mopt C, COGMHEHHBIN C HHMKATOPOM:

out PORTC,rl6

rjmpmain
Masnee nporpamma 3aiukiuBaetcs (Fjmpmain)ais DoCTOSIHHOTO Onpoca MopTa BBOJIa/BbIBO/IA A.

1. Tlo ampecy Flash-mamsitu 3amuceiBaetcst TabnIa KOJIOB CHMBOJIOB:

.org$100 ;ITo agpecy 100

.db 0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D, 0x07 ;Tabmuma

.db Ox7F, Ox6F, 0x77, 0x7C, 0x39, OX5E, 0x79, 0x71 ;K010B CHMBOJIOB

Tabnwma K0I0B CHMBOJIOB BKIIFOYAET 16 KOJOBBIX KOMOMHANINH, KaXKAast N3 KOTOPBIX COOTBETCTBYET BBIBOJANMOMY
Ha MHIMKATOpP CUMBOJY B IIecTHaANATepuIHOM Koje. Tabmmna nudp ot 0 no Fipusenena B taodm. 1.

Tab6mn. 1. CooTBercTBHE HUPPHI U €r0 MIECTHAALATEPUIHOTO M ABOMYHOTO KOJIOB

udpa | JAsowunsiii kog | IllecTHannarepudHsii
0 0b00111111 Ox3F
1 0b00000110 0x06
2 0b01011011 0x5B
3 0b01001111 Ox4F
4 0b01100110 0x66
5 0b01101101 0x6D




6 0b01111101 0x7D
7 0b00000111 0x07 rcs anpec umcaa 4 B Flash
8 0b01111111 Ox7F matd
9 0b01101111 OX6F
A 0b01110111 Ox77 TCR ampec umcaa 3 e Flash
b 0b01111100 0x7C y metl
C 0b00111001 0x39 rca anpec umcna 2 B Flash
d 0b01011110 OX5E ) - ;
E 0b01111001 0x79 e : :
F 0b01110001 0x71 Tca agpec umcna 1 B Flash
D o =R Li f 22 i v metl g
x ¥ ;o meTxe metl
IIpHB‘ lpm rl6,2 ;43 Flash no yxa3aHHOMY anpecy CUMTHBARTCA AaHHHE
ep 2. out” PORTC,rlé ;w smBomaTcs Ha PORIC RS "
Hanucats clr:ris ” ; OCYymecTEASeTCA NPOTPaMMH3d S3AEPKKa BpeMein
t2: :
7 ine ri6 2 :
4 cpi rl§, OxFF
. brne met2 . . . . PN s
: el1s)ox17 -, ; 3Hayesme rl17 casuraeTca ua.onnx'pasgnn;dnesof

)

YRR TR

mai

" cpi x17,0x%10
““brne met3
1di rl7,0x01
t3:
clr rlé
~ out’ PORTC,r16
out: PORTD, 17

~rimp-main
>

~ig$100 ;Tlo anpecy 100 2
b Ox3F, 0Ox06, O0x5B, Ox4F, 0x66, 0x6D, 0x7D, 0x07 ; MaccuMB HZHHHX
b Ox7F, Ox6F, 0x77, 0x7C, 0x39, O0x5E, 0x73, O0x71 ; XOROB CHMMBOJIOB

ocut sph,rl’7

clr rils i MmmmanusKpYOTCHE NOPTH BBORAa/swBOAa

out PORIC,rl6

out PORTD,rli6

ser ri6

out DDRC,rl6 ;PORTC - Ha BHBOA MHJPODMALMM

out DDRD,rl€ ;PORTD — Ha BHBOHA MHGOpMaUMKM

1di rl17,0x01 ;BxnmuasTcs saagmmi paspaz PORTD

out PORTD,rl7 ;Ins nomaum HanpAxeHMs Ha HCG1
n: ;Tlo MeTXe main

cpi ri17,0x01 ; NPOMSBOAMTCA ONpPOC, Kako#k paspAn HG pabGoraer

breq HG1 ;ecnu nepsui, TO nNepexon Ha meTky HG1

cpi r17,0x02 ;ecnm BTOpOA,

breq HBG2 ; TC Nepexon Ha Mmerxy HG2

cpi rl7,0x04 ;ecnu TpeTu#,

breqg HG3 ; TO mepexosn Ha MeTky HG3

cpi rl7,0x08 ; ecin YeTBepTHHA,

breqg HGA ; TO Nepexoll Ha MeTxy HG4

HG1:

;Bcmm r17=0x10, TO

;8 r17 zanmcm=aerca 0x01

; obuynsescs PORIC
; oBHynserca PORTD

; OCYmeCTENASeTCA Nepexon Ha maiy | S

;o merxe HG1

MPOTpaMMy
WHIUKAIUNA Ha
YeThIpeXpa3psiIHOM
CEMHUCErMEHTHOM
WHAWKATOpE YhCIia
1234 ¢
HCI0JIb30BaHUEM
JTUHAMHYECKON
unaukanuu. Koxg
YKCIIa BBIAACTCS Ha
nopt C, ynpasiieHue
paspsaaamu
OCYIIECTBIISIETCS C
nopra D.



PaccMoTpuM miporpamMmy Goliee oapoOHO.
1. CHayayia mpoOU3BOJUTCS MOAKIIOUYEHNE OMOIMOTEKH UCTIONB3yeMoro KoHTpouiepa Atmega8535. Tlocne aToro

00BABIsSETCS aZipeC Havaljla CCrMCHTA Koaa:

include"m8535def.inc”
seg
rg$0

2. Tlo wmetke resetocymecrBisercs KOHQUIypHpOBaHHE IepUPEPUIHBIX YCTPOMCTB KOHTpoJuiepa H

MHUIHAIN3alus yKa3aTeid CTCKa:

set:

Idi rl6,low(RAMEND)
Idi r17,high(RAMEND)
out spl,rl6

out sph,rl7

clrrl6

out PORTC,r16

out PORTD,rl6

ser rl6

out DDRC,rl6

out DDRD,rl6

Idi r17,0x01
outPORTD,rl7

IMocne wHUOMANH3aLUK YCTPOUCTB B peructp 17 3amuceiBaetcs uuciao 0x01 (ldirl7,0x01),mocne wero

COJICPIKUMOE PETUCTPa BBIBOAMUTCS HA MOPT YIpaBICHUsS paspsgamu nHaukaropa (OUtPORTD,r17).[lanee B r17 Oymer
HaXOJUTHCS 3HAUCHUE, COOTBETCTBYIOIIEE BKIFOUeHHOMY cocTossHuio PORTD.

main:

3. Tlo meTke MaincHayaia mpou3BOAUTCS OMpPoC BKIoYeHHOro coctosiHus PORTDnyrem onpoca perucrtpa rl7:

cpi rl7,0x01

breq HG1

cpi rl7,0x02

breq HG2

cpi rl7,0x04

breq HG3

cpi rl7,0x08

breqHG4

B 3aBucumoctu ot cocrostHus 17 mpousBoautcs nepexon Ha Metku HGL..HG4. Tak ecnu B JaHHBIE MOMEHT

paboraer pa3psg HG1 (cpiri7,0x0i),To ocymectBisiercst nepexos Ha metky HG1 (breqHGI).

4, Jlanee, B 3aBHCUMOCTH OT METKH, [TPOM3BOAUTCS 3aMUCh B Z-pervcTp 3HaueHws aapeca Hash-mamsita, mo

KOTOPOMY HaxXOJUTCA KOJ HYKHOT'O CUMBOJIA!

HG1:

HG2:

HG3:

HG4:

metl:

Idir31,0x02
Idir30,0x04
rimpmetl

Idi r31,0x02
Idi r30,0x03
rjimpmetl

Idi r31,0x02
Idir30,0x02
rimpmetl

Idi r30,0x01
rimpmetl

Ipm rl6,Z2
OutPORTC,rl6
TTocne 3anucu aJipeca CUMBOJIa OCYHICCTBJIACTCA NIEPEXOA HAa METKY metl, 10 KOTOpOﬁ MMPOUCXOAUT CUHUTBLIBAHUC

nansbix u3 Flash-mamstu BPOHrI6 (Ipmrl6,z) u BeiBon ux Ha PORTC(0UtPORTC,r16).

5.B moment nepenaun naHaeix Ha PORTCHa oqHOM M3 pa3psaoB MHIMKATOpAa 3a)KMIaeTcs HY)KHBIH CHMBOJI,

ocyIe YeTo HeOOXOIMMO CIeNaTh HeOOIBIIYIO 3aJepKKY BPEeMEHH:

met2:

clrrl6

inc rl6
cpi rl6,0xFF
brnemet?2



Jlnst peanmzanmu 3anepkku cHadana cogepxkumoe POH r16 ob6uymsercs (clrrl6),mocie 4ero mpouUCXOMUT €ro
uakpement (incrl6)c mocnenyromumM cpaBaenneM ¢ ycraBkoit(Cpirl6, OXFF).IIpu 3HaueHuu 16, MEHbBIIEM YCTaBKH,
MPOUCXOIUT BO3BpaT Ha MeTKy Met2 (brnemet2).I1pu JOCTHKEHUH YCTaBKH IIPOrpaMMa CIIeAyeT Aablie.

6. 10 OKOHYAHHH BBIACPKKH BPEMECHH HEOOXOAMMO BBIKIIOYUTH MHAUKATOD M MEPEKIIOUYMTHCS HA MHAUKAILIUIO
JPYroro paspsima:

Islr17

cpirl7,0x10

brne met3

Idi rl7,0x01
met3:

clrrlé

out PORTC,rl6

out PORTD,r7

rimpmain

C aroit nensto comepxkumoe rl7 mocnenoBatenpHO caBuraercss Ha ofaHM paspsa BieBo (ISlrl7),mocne uero
MPOU3BOAUTCS Bbigava ero cojepxkumoro Ha PORTD(0UtPORTD, r17).Oanako mpu goctivkeHud 17 3unadenus 0x10
(cpirl7,0x10)8 mero neoOxomumo 3amucath 3Hauenume 0X01 (1dirl7,0x01)mns Ttoro, uto6sr paspsmst PDO...PD3
BKJIIOYQJIUCh LMKIMYHO, a HE INPOUCXOAWIO BKiItoueHue paspsiioB PD4...PD7 mopra D. Bo-uzbexxanue i0xHOTO
oTtoOpaxeHuss HHPOPMAIMU Mepel] CMEHOM BKIIOYEHHOTO paspsiia HHAUKATOPA MPOMCXOHUT BBHIKIIOYCHHE CETMEHTOB
uaaukaropa (clrrl6; outPORTC,r16).Ilocme aToro nmporpamMma 3arkiInBaeTes (rjmpmain).

7. Anpec Flash-tiamsity, 10 KOTOPOMY 3aIUCHIBAETCS TAOIHUIIA KOIOB CHMBOJIOB:

.0rg$100

.db 0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D, 0x07

.db Ox7F, Ox6F, 0x77, 0x7C, 0x39, Ox5E, 0x79, 0x71

3agaHue HA BLINOJHEHHE

CocTaBUTh MPOTpaMMy peanu3allid JUHAMHYCCKOW HMHAMKAMKM JUIA  3aJaHHOil  vacTtoThl. JlaHHBIC
npenBaputebHo 3amicath B O3V, BBIBOMUTH X HA HHIUKAIHIO 110 IPECy 3aIHCH.

BapuaHThl HHAWBHIYAIbHBIX 3a/IaHUH

e ] Yactora Taibacp Eama PINAD u PINAT
rap | IDEERMHNCCROR 00 ol 10 11
e 'a !
e 1000 T0 Jlzta JewmPoasen | ToaPowaciom - = .
Lo
5 L 200 T1 M FopPoanesses - -
3 | 500 T2 | <Adds Lii» «Clrs «pi=
B 4000 TO Howmepl pynnsa ToaflocTy - -
5 200 TI «ITycxs «Croms - . . -
G 3000 T2 | Bex Ton(2noca Lbsppu) = =
7 250 TO JamaPoxnciees JlemPoxnerom ToaPoxnzioes
8 5000 T 12 1232 ccremes ¢ 12 i6cmcremcce | 12 = B cucrems
o4
9 900 T2 «Abcs «BCd» - -
10 300 TO Kox-so cryn s | Howcplpymms Tom nocTymncss Ton oxomanem
rpymne
11 | 600 T «Ab» «bee wcd> - «dEs
12 450 T2 123 456 789 000
13 1500 T Hanl P2 - -~
14 | 150 T1 e Py MecauP TonPoxncmes :
| IS 330 T2 1 12 123 * 1234
|16 10000 T0 «in» w0ut» «call»
I 333 Tl Jlata powncroas Mecam p o pomassoes “.w
| 18 700 pr Jara lesnPoxaen | FoaPoxasios - -
e
L1 3500 TO Ton posaemes «Toa» : - ~
{20 1200 Ti 15 158 2ofcacrome | 153 I6clicncreme | ISn8-off
- CHHCE. CuMCI. CRCTEME CHHCA
21 4200 T2 jan fed apr Jum
] 560 TO 74 a6 66 Can
| 780 T1 pyd euro dol -
| 24 2200 T2 cos sin La Lg
2 350 O |32 64 128 256
3 125 T1 Tlesn poxacie Mecam poxnerms | T'oa posozsuss Ton
| TOCTyTnCHeE
27 20 T2 10 & 2-of cracTeMe 10 = 3-od cucTeme ] 10 » 4-ofi cicTeNee 10 » 8-off
CcNMC CHRCL cuncn CHCTTME CHMCA
28 4% | To 31.28 31.30 13130 3131
29 B30 A 2009 2010 | 2011 2012
30 3300 | T2 [abe def | hi -

®opMa npeacTaBleHUs pe3yabTaTa:

OT4eT T0IHKEH COAEPIKATh:

1. Lemnb paGoTHL

2. BeimonHeHHOE 3a/1aHNE ¢ KOMMEHTapUsAMH (paboTOCIIOCOOHOCTH MPOTPaMMBI IEMOHCTPUPYETCS Ha CTCHIE):
- HCXOJHOE 3aJIaHUE;

- (yHKUMOHANBHYIO CXEMY;

- TIPEACTaBUTH PACUET YACTOTHI JUHAMMYECKOH MHIUKALMH ¥ KOJIOB JaHHbIX;



JIMCTHHT TTPOTPAMMET;
JIM3aCCEeMOTMPOBAHHYIO TIPOTPAMMY;
AITOPUTM;
-MPEeJICTaBUTh TAOJHIly 3HAUEHHUI CTEKAa BO BPEMS HCIIOIHEHHUS TPOTPAMMEI.
. BerBog o pabote



NPUJIOXEHME 1
Pacnosioxkenue BoiBoaoB MK Atmega8535

(XcKmoyPB0 o 1 40 = PAD(ADCOD)}
ayeer o 2 38 | PA1(ADCY)
(INT2AIND)PB2 3 38 | PA2(ADC2)
OCOAINT) PB3 O 4 37 = PA3(ADC3)
{'SS)PB4 5 S 36 |= PAS(ADCY)
(MosyPBs = 6 35 & PAS(ADCS)
MISO)PBE O3 7 34 & PAS (ADCE)
(SCK)P87 5 B 33 | PA7(ADC7)
/RESET o 9 32 [ AREF
vec o 10 31 | GND
GND I 11 30 & AvCC
XTAL2 o 12 28 |2 PC7(TOSC2)
XTALY 3§ 13 28 P PCs (TOSC1)
(RXD)PDD = 14 27 B PCS
(TXD)PDI O3 15 26 P PCs
(INTO)PD2 3 16 25 B PC3
(INT1)PD3 o 17 2¢ B PC2
(OC1B)PD4 3 18 23 B PC1(SDA)
(ociA) PDS I 19 22 B PCO(SDL)
(ICP)PD6 —§ 20 21 B PD7(0C2)

Hasnavenue exeodos:
RESET — c6poc MukpokorTpo/iepa
VCC - nanpskeHne NTHTaHAS
GND - obumit nposog
XTALI, XTAL2 — noaxmoveHne KEapLUEBOTO Pe30iaTopa
AVCC - ananorosoe nutanue s AL
AREF — pemnnii HCTOYHHK ONOPHOTO HanpshkeHns s AL
PAD.. PA7 — Buisoas nopta A
PB0..PB7 — Beisogs nopra B
PCO...PCT7 — Baozm nopra C
PDO...PD7 — Busonu nopra D

Anvmepnamuensie @yrxyuu 66160006:
XCK - pnemmui TakToBHii BX04 HHTepdeiica USART
T, T1 — Bxoast Tadimepos TO, T1
0C0, OCIA, OCIB, OC2 - saixoast Taiimepos TO, T1, T2
ICP — Bxon 3axsara Takimepa T1
INTO, INT1, INT2 — BXOAS BHEIITHHX NPEPHIBAHHAH
AINO, AIN1 — BX015l 2HATOTOBOTE KOMIIZPATOpa
88 - ceresoii pexaM no HuTepdeiicy SPI
MOSI - seixon uuTepdeiica SPI
MISO — sxon muTepdetica SPI
SCK - raxTossiii Bxon mutepdeiica SPI
RXD, TXD — sxon u ssixon USART
SDA, SDL — nuaHH nocnegoBaTensHON NepeAads JaHHLX H TAKTOBLIX HMIYILCOB N0
e I'C
TOSC2, TOSC1 — BRIBOAKN NOAKIIOYEHAE YacOBOTY pesonaTopa 32768 '
ADCO.. ADC7 — xananst AL



MMPUJIOKEHHUE 2

Peructpsl BBoaa-BbiBoga MK Atmega8535
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MMPUJIOKEHHUE 2




Tabauua BekropoB npepsiBanuii MK Atmega8535

MMPUJIOKEHHUE 3

;;‘:::n Axpec Herounnx DO,
| [ W0 [RESET | i i, Pover.on Reetans Wachint R
s s001 | INTO m‘.;mm npepieaya 0 (External Interrupt
3 $002 | INTI i’& l;cu-m npepusanis | (External Interrupt
4 $003 | TIMER2 COMP g.m&mmHQNmmz
5 $004 | TIMER2 OVF "Wmmm?nwm
6 $005 | TIMER1CAPT (31‘_“““““!’]"%"‘;:@
? soos | TMER! Cosnaesi A NpH CPASHEHIM TAAMCPA/CHCTHIND |
COMPA (Timer/Contr] Compare Math A)
v [ [ | o Gempeay
9 $008 | TIMERI OVE mm‘;‘m’
10 $009 | TIMERO OVF ("MM?W
N i i (ST Sexl Tt Compici
12 $00B | USART, RX m'?rf"k': m ‘;SART
13 $00C | USART, UDRE :‘;Jm ﬂnﬁm«
14 S0D |USART.TX | e m )USAFT
el (ADC omersion Compiewy
16 $00F | EE_RDY m llf:;ou
17 $010 | ANA_COMP Cmnm: w :
18 so1 | TWI mmnmn MHTepdehc
o [wn[m e
20 $013 | TIMERO COMP mnmmdmm
21 $014 | SPM_RDY ToTosHOCTS:

Store Program. Memory Reacy




JupexTunbl accembaepa MK Atmega8535

MMPUJIOKEHUE 4

JinpexTHBA Onrcanne
BYTE 3ape3epBHpoBaTH DaHT NOJ NEpEMEHHYIO
CSEG CerMenT ko108
DB 3anats noctrosHHbM(i) GalT(H) B NaMATH
DEF 3anaTh CHMBOJIHHECKOE HMsi PETHCTPY
DEVICE 3anaTh JUIS KaKOro THNA MHKPIKOHTPOJUIEPA OMITHJIHPOBATh
DSEG CerMeHT AaHHBIX
DW 3anats nocrosnHoe(sie) ciosc(a) B NaMATH
EQU Y CTaHOBHTE CHMBOJI PABHEIN EBIPAKEHHIO
ESEG Cerment EEPROM

- EXIT Beixon u3 daiina
INCLUDE BKJIIOYHTH HCXOAHBIH KO M3 Jpyroro daiina
LIST BiumounTs redepaumio WIst - daiina
NOLIST BrikmounTs resepaunuio (st - aiina
ORG HauansHetit anpec mporpaMMu
SET YcTanoBHTE CHMBOJI PaBHBIN EbIPAXKEHHIO
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