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UukanoB A.H. MukpokonTtposuiepbl. Cpena nporpaMMUpOBaHusl U OTiIaaku. Me-
TOAMYECKHE YyKa3aHusi K JiabopartopHbiM pabotam. PocroB-Ha-llony: Cesepo-
Kaskazckuii punman MTYCH, 2019.- 55 c.

B nocoOun n3nokeHbl METOJUYECKHE pEKOMEHAAINN, COIepKaTeIbHbIE Ma-
TEpHUaibl U KOHTPOJBbHBIC 3aJaHUs I TPOBEACHHS JTaOOPATOPHBIX M MpaKTHYe-
CKUX 3aHITHA MO M3YYCHHUIO MPUEMOB M METOJIOB MPOTPaAaMMHUPOBAHUS MHUKPO-
KOHTPOJUIEPOB ceMelicTBa AVR, IPUHIMIIOB TPAaHCISIIMU U OTJIAJAKUA IPOTrPaMM-
HOro ofOecmieueHusi. B kadecTBe MHCTpyMEHTa HCIOIB30BaHA cpena pa3paboTKu
AVR Studio u cpena MomenupoBaHus IEKTPOHHBIX cxeM Proteus. [Tocobue co-
JIEPKUT HEOOXOAUMBIE CTIPAaBOYHBIE MaTEPHAIIBI.

MeTtoauueckne ykazaHus TpeIHA3HAYCHBI 7S CTYACHTOB, OOYYarOIIMXCS
no HamnpasieHusMm noarotosku 09.03.01 Mudopmatuka v BbIMHMCIUTETbHAS TEX-
Huka u 11.03.02 MHbHOKOMMYHUKAIIMOHHBIE TEXHOJOTUA M CUCTEMBI CBS3H, MPO-
¢uneli MHOrokaHaibHbIE TEJIEKOMMYHUKALIMOHHBIE CUCTeMbl, CeTH CBSI3U U CH-
CTeMbl KOMMYTAIIMH, 3alUIIEHHbIE CUCTEMbI U CETU CBsA3U, CUCTEMBI PaIHOCB3H
U paanoaocTyna, BeraucnurenbHble MallMHbI, KOMIUIEKCHI, CUCTEMBI U ceTH, [Ipo-
rpaMMHO€ 00€eCTIeYeHHE U MHTEIJIEKTYyaJIbHbIE CUCTEMBI.

[Tocobue mpenHasHa4yeHO HAJISi WCIIOJIb30BAHUS TPU H3YyYEHUW TUCIUTUINH
Crieruann3upoBaHHBIE MPOIIECCOPBI, MHUKPOMPOIIECCOPHBIE CUCTEMBI, Bhrumciu-
TebHAsI TEXHUKA U UH()OPMAIIMOHHBIE TEXHOJIOTHH, a TAK)KE€ MOXKET ObITh UCTIOJb-
30BaHO MPEIMOIaBaATEISIMHU U CTYICHTaMH TIPU U3YYEHUH POJACTBEHHBIX TUCIUTUINH
U B TIPOIIECCE CAMOCTOSTEIHHON paOOTHI.

YuebHoe nmocodue 06cyxkaeHO U 0100peHo Ha 3acenanuu kadeaps UBT.
[Tporokon Nel ot 26.08.2019 r.

Peuenzent 3aB. kadenpoit UBT a.1.H. npodeccop Coxonor C.B.
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1. ACCJIEJOBAHUE CPEJIbBI IPOI'PAMMMWPOBAHUSA
AVR Studio CIEHUAJIN3UPOBAHHOI'O KOHTPOJIJIEPA

geﬂb.‘

1. YrayOuTs 1 3aKkpenuTh TEOPETUUECKHE 3HAHUA TI0 MPUHLUIIAM MPOTpaM-
MHPOBAHMS U OTJIAJIKU B UHTETPUPOBAHHOM CPEE;

2. [IpnoOpecT MpakTUYECKUEe HABBIKK CAMOCTOSITEILHOTO U3YUYEHUSI COCTa-
Ba, BO3MOXKHOCTEH, pEKUMOB paboThl cpennl mporpammupoBanus AVR Studio,
OCBOEHHSI DJIEMEHTOB UHTEp(deiica;

3. CoBepIlIeHCTBOBATh HABBIKK aHANIM3a, 0000LIEHUSI U CUCTEeMAaTH3alluH T10-
JyYEHHBIX pe3yJbTaTOB, HABBIKU COCTABIICHUS U O(POPMIICHUSI OTYETHBIX MaTepHa-
JIOB, HaBBIKM TOYHOTO M JIAKOHUYHOI'O MPEACTABICHHS IOKIAJI0B Ha BOIPOCHI
TEXHUYECKOTO XapaKTepa.

Yueonwvie sonpocowi:

1.1. Haznauenue u ocHOBHbIC KOMITOHEHTHI cpeasl AVR Studio;
1.2. TekCcTOBBIN peIaKTOP UCXOTHBIX TEKCTOB MPOTPaMM;
1.3. Komnuinarop si3bika accemoiepa.

JJumepamypa 0,151 n0020MOEKU K 3AHAMUIO

1. Benos A.B. Pa3paboTka ycTpoilcTB Ha MUKpOKOHTposuiepax AVR: miara-
em ot "ygaiiHuka" go mpodu. - CII6.: Hayka u texnuka, 2013. -528 c.
(cTp.289-306).

2. Ectudeeer A.B. MukpokonTposiepsl AVR cemeiictBa Tiny. PykoBoa-
cTBO nonk3oBarensd. M.: M3garensckuii gom NeJlomaka-XXI", 2007, -432
C

3. WWW kit-e.ru Kommonents! u Textosioruu. AVR: nporpamMmmupoBaHue B
cpene AVR Studio/

Codepircanue omuema
1. Ha3Banue pa®oThI.
2. Ha3BaHme kaXa0ro yaeOHOTO BOMPOCa M KPATKHil KOHCIIEKT B 00BheMe Tpak-
TUYECKHUX 3aJJaHUI 10 BOIIPOCY.

Bonpocwt 013 nod2omogku K 3anHamuio

Ha3znauenue TpaHciaropa, KOMIWIATOPA, UHTEPIPETATOPA.

Texanka pabOThI KOMIIIIATOPA C SI3bIKA acceMoepa.

3. OTnuyme TeKCTOBBIX PEAAKTOPOB CHUCTEM MPOTPAMMHUPOBAHUS OT KilacCHUe-
CKHMX TEKCTOBBIX PEJIaKTOPOB.

4. Kakas cpena Ha3bIBAE€TCS UHTETPUPOBAHHOMN ?

A

AKmMyaivHocms 3aHAmMus
Pa3paboTka ycTpOMCTB Ha OCHOBE CIEHHAIM3UPOBAHHBIX KOHTPOJUICPOB
CBsI3aHa ¢ pa3pabOTKOM anmapaTHOW M MporpaMMHOM cocTaBiisironux. Kpome toro,




3TO CBSI3aHO C OCOOCHHOCTSIMU pa3pabOTKU CUCTEM peallbHOTO BpeMeHH. [loaTomy
BCE DJTalbl MPOEKTUPOBAHUS JOJDKHBI OBITh MaKCHUMAJIbHO aBTOMATHU3UPOBAHBI.
OtuMm TpeboBaHUAM B MOJHON Mepe oTBeuaeT cpena AVR Studio. OHa sBisiercs
MPU3HAHHBIM MPOAYKTOM U €€ OCBOCHHE MOXET CTaThb OCHOBOW JJIsI OCBOCHHS
JIPYTUX aHAJIOTUYHBIX CUCTEM.

3aoanue 1.1. Haznauenue u ocnognuvle komnonenmul cpeovt AVR Studio

Ilpaxmuueckue 3a0auu:

1. Boinoninumos 3anyck u HAcmpouKy cpeovl pazpabomku no npueeoeHHOMy
PYKOBOOCMEY,

2. Hayuumucsa omkpvieams 6ce 0OKHA U KIAOKU,

3. Kpamxo 3anucams cocmas umerowuxcs Menio, YACHUmy Ux Ha3HaveHue.

IDE AVR_Studio — 5310 wmHTerpupoBanHas cpena paspaborku (IDE —
Integrated Development Environment) npuiokeHudd uis  BCEX  THIIOB
MUKpOKOHTpoJuiepoB cemerictBa AVR (AT90S, ATmega, ATtiny). CBobOomHO
pacnpocTtpansemMsbiii TpoaykT Gupmel Atmel (Atmel.com). Cpena umeet npocToit u
WHTYUTUBHO-TIOHATHBIN uHTEpdeic (puc.1.1).
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DFEPO i ihBedw o
EEDW' pp——
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*JTAGICE mkll * AVRISP
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+ S EXTERANAL_INTERAUPT
4 & PORTA
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2 POnTe W10 DOOWO000
¥ ooRe ) (minin [waina
= P W10 DoDecooa
« 28 PORTC
+ 22 PORTD
¥ a5
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¥ ¢ WaloLooe

RIMALAIRE= gy N PP RNEGD R
-‘Y_“.."'.I"

wews T

out PORTE. tenp
sbis PIND 0x00

sbis_  PIND. 0x01

MpocMoTp perucIpoB
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i AVR Srrdstor Pisase wal wive condgurg sm > ;
AV Simudstor AT 9060515 Corfiguaed OF

Losded chmetie 0 AV Support \mB515_usrt'led'ind oby

Loaded chwctie 0 \AVR Suppo\mBS515_ustbed\ind oby

| Ve | e | Locaton |
Temp r'a Ragistor Ri6

PORTE VO Register Ox0018 ’."-']
PIND @gister Cx0010 NO)

MpocKo TP 3HAMEHHI
nepeMeHHbIX M CTPYKTYD
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LW\ weon

ATUOSHLS AVE Sevdetorn

Puc.1.1. Untepdeiic nnterpupoBanHoii cpebl pazpadbotku AVR Studio



IDE AVR Studio conepxur:

- CPENICTBA CO3AAHUS U YIIPABJIECHUSI IPOECKTOM;

- TEKCTOBBIM PEAKTOP UCXOJHBIX TEKCTOB IIPOrPAMM;

- TpaHcIATOp s3bika accembiepa (Atmel AVR macroassembler);

- otmaguuk (Debugger);

- cumyasarop (AVR Simulator);

- 3arpy34dMK MamuHHOrO koxa B maMmate MK ¢ mogaepxkoit
BHYTpPHCXEMHOTO mnporpammupoBanus (In-System  Programming, ISP) ¢
MCITOJIb30BAaHUEM CTAaHJAAPTHBIX OTIaJ04YHbIX cpencTB Atmel AVR;

- BCTPOCHHYIO cripaBounyto cuctemy (Help), cogepxaryro onucanue si3pika
accemOep u cucrembl koman1 MK cepun AVR u ap. KOMIOHEHTHI.

Otnamuunk AVR Studio noanep:xuBaeT Bce TUIIBI MUKPOKOHTpoOIJIEpoB AVR
U HUMEET JiBa peXuMa pabOThl: PEKUM MPOrPAMMHON CUMYJSIUU U PEKUM
yIpaBJICHUS Pa3IMYHBIMK THIIAMH BHYTpHCXeMHBIX 3myssatopoB (In-Circuit
Emulators) npousBoactBa gupmbr Atmel. B okHe oTtoOpaxkaercss Koj, KOTOPBIN
BBITIOJTHAETCS B OTJIaJ0YHOM OKPYKEHHUH B HACTOSIIHNI MOMEHT. BHYTpUCXEMHBIN
AMYJIATOP IO3BOJIIET NPOU3BOAUTH OTJIAJKY IPWIOKEHUS Ha PEabHOM LEIEBON
wiare. B pexxuMe peasbHOro BpeMEeHH 3MYJIATOP padOTaeT CyIIECTBEHHO OBICTpEE,
4yeM NporpaMMHblii cumynsitop. MuTepdelic monb3oBaTenss HE HU3MEHSETCS B
3aBUCUMOCTH OT BBIOPAHHOT'O PEXHMA OTIAIKU.

OtnamoyHas cpefa MOAAEPKUBAET BBINOJHEHUE MNPOrpaMM, KaKk B BHJIE
acceMOJIepHOTO TEKCTa, TaK W B BHJE HUCXoaHoro Ttekcra sizpika C/C++. B
MOCJIEHEM Cllydae 3arpykaeMblii MOJIyjib HPOTpamMMbl JOJDKEH COJEpKaThb HE
TOJBKO MAIIMHHBIA KOJl, HO M HMCXOJHBIA TEKCT MPOrpaMMbl, MPUBSI3aHHBIA K
MalIMHHOMY KOJTY.

[IporpammHas cpega paboTaeT C MPOEKTaMH. 3arpykeH OJIHOBPEMEHHO
MOKET OBITh TOJIBKO OAWH U3 HUX. Kaxaplii MPOEKT TOJDKEH UMETh Ha TUCKE CBOM
karamor. OH COJEPKUT BCIO MH(POPMALUIO O pa3padaThiBaeMOil TporpamMme u
NpUMEHSIEMOM  MHUKpOKOHTposuiepe. CoCTOMT TpoeKT u3 Habopa (DHaiiios.
OCHOBHBIC W3 HUX CIIETYIOIIHE:

- ¢aitn npoekTa (paciupeHue .apS) — COMCPKUT COJICPKUT MMEHa BCeEX
UCXOMHBIX (halJIOB, CBSA3AHHBIX C MPOCKTOM, a TaKXKE€ YCTAaHOBKM KOMIIMWJISIWU,
TPAHCISALMU U CBSI3bIBAHUS (DAMJIOB /IS TEHEpAIlMU BBIMOJHIEMOMN MPOTPAMMBbI.
D10 ocHOBHOM (haitn mpoekTa. OH co3maeTcs B mpoiiecce paboThl U TTOTOM BCE €ro
HACTPOWKH MCHOJb3yeTcs Mpu "oTKpbITUH" (paiiyia mpoekTa,

- OJTMH WUJIM HECKOJIBKO (hailJIOB UCXOTHOTO TEKCTa TPOrpaMMBbl (pacIIupeHue
.asm). OauH 13 HUX SIBJISICTCS TJIAaBHBIM, OCTaJbHbIE MOTYT BBI3BIBATHCS U3 HETO C
MIOMOIIIBIO orepaTopa moakiaodenus .include. ITo cBoeit cTpykType 3TO TEKCTOBBIC
(bhaisr;

- ¢aiin xomoB TpaHcasaiuu (pacmmpenue .heX). OH MosABASETCS TOCie
TPAHCISILIMM U COAEPKUT JABOMYHBIE KOJbl MAIIMHHBIX KOMAaHJ B TEKCTOBOM
dbopmare. DTOT (haiia UCTIOIB3YeTCs JIJISl POITUBKY MAMSITH MUKPOKOHTPOJIEPA,;



- (pailn CUMBOJBHBIX MMEH (paciidpeHue .map). DTo TEKCTOBBIA (aiin, B
KOTOPOM BCEM MMEHaM IPUBEEHBI B COOTBETCTBUE UX 3HAYECHUS;
- JMCTUHT TpaHCIAIUy (pacmupenue .Ist) u T..

B stom mocobun paccmatpuBaercs AVR Studio 4.19. Dto He nociemHss
Bepcus IaKeTa, HO OHA 3apeKOMeHI0Baa ce0s Kak cTabuibHast, Mao3aTpaTHas Mo
MAaIlIMHHBIM pecypcam, IpocTas U 10CTaTOYHO (GYHKIIMOHAIBHAS ITpOrpaMmMa.

B kauwectBe o0OBekTa mporpaMMHpoOBaHUS OyIeT paccMaTpuBaThHCA
MUKPOKOHTpoJuiep cemeiictBa Tiny - ATtiny 2313. OH sBusieTcsl CpeIHHM IO
CIIO)KHOCTH, ONU30K TO0 (YHKIMOHATBHBIM BO3MOXHOCTSIM K  MOIIHBIM
KOHTpoJulepaM cemeiictBa Mega, 04eHb XOpOILIO U IIUPOKO OMKCAaH B JTOCTYITHOM
JuTepaType.

_ Jis  3amycka TPOrpaMMBI  WCIONB3yeTcs  (haidm

. AVRStudio.exe. Ilocrme crangapTHONW  YCTaHOBKHM OH

'k‘ AVRStudiod  paxomnres B mamke  C:\Program  Files\Atmel\AVR

- Tools\AVR Studio4. B pesynpTate 3amycka MOSBUTCS
OCHOBHOE JIMAJIOTOBOE OKHO MPOTPaMMBbI, ToKa3zaHHOE Ha puc.l.2.

AVR Studio |- [=]x]
: Fle Project Buld View Tools Debug Help R
B A B R e B B B o e Y PR B R S WL ar @) b EL ) o SR LS e o E D 0 sd i o] ]
ok T o Om E g S

- lefE =

Name Value

Welcome to AVR Studio 4

[é New Projsct l ‘9 ]
Recent projects Modified
%3 C:AInterkIT_lab\GenericHID. aps 23Nov-2011 16:07:47
'8 CA\Test\Test.aps 28-Nov-2011 17:37:17
Name Address Value | Bits
Ver 418,684 [7] Show dialog at startup
Message S
Loaded plugin STKS00

< I | ]
Eleuild | @ Message ﬁ Find in Files | C@Breakpoints and Tracepaints

@ CAP NUM OVR

Puc.1.2. Oxno nporpammbl AVR Studio B Hayane paGoThl HaJ MPOEKTOM



B mosiBuBIIEMCsl OKHE Mpejyiaraetcst JUOO CO37aTh HOBBIM MPOEKT, KOO
OTKPBITh YXKE CYIIECCTBYIOIIUH.

ITpu ycranosiennom ¢uare Show this dialog on open (Iloka3eiBaTh 3TO
OKHO TIpH OTKPBITHH), PACIOJIO0XKCHHBIM B JIEBOM YIJIy, OKHO OyJIET MOSBIISTHCS
IpU KKIOM 3aIllycke mporpaMMmbl. Eciii B TEYCHHUH OJHOTO ceaHca HEoOXOIUMO
paboTaTh ¢ pa3HBIMU MPOCKTaMH, HICIKHYB Cancel MOYXHO 3aKpbITh 3TO OKHO, a
HOBBIH ITPOEKT MOXHO CO3/IaBaTh, MOJIL3ysach MeHI0O AVR Studio

JIyis co3maHus HOBOTO TpoekTa mienkHuTe kHornky New Project. ITosBurcs
OKHO, TTOKa3aHHoe Ha puc.1.3.

Create new project

Project type: Project name:
@ Atmel AVR Assembler l
“E3 AR GCC
Initial file:
[ .asm
Location:
ID:'\Program Files\atmel |

Yer 413528 ¥ Show dialog at startup

I Cancel Help

Puc.1.3. OkHO co31aHMsI HOBOTO MPOEKTA

B neBoii wactu okna (Project type) BeiOepute Tun mpoekra AtmelAVR
Assembler. B stom ciydyae AVR Studio wcmonb3yer mais KOMIWISIHMKA MTPOSKTa
nporpammy AccemOnep. Hukakux HOMOTHUTENBHBIX JEWCTBHM IOJIH30BATEIS
OombIlie HEe TOTPeOyeTCs.

B ciyuae Beibopa AVR GCC npenmonaraercs, 4To TEKCT IPOrpaMMBbl OyIeT

HanucaH Ha si3bike C. B Takom ciyuae cieyer JOMOoJMHUTEIbHO KOH(DUTYPUPOBATh
AVR Studio.

Beenute ums npoekra, Hanpumep, "Project 1" (o0s3arenbHO JTaTUHCKUMU
OykBamu Oe3 mpoOesioB) B CTpOKy BBoja Project name. Eciu yctaHoBIIeHa OMITUS
Create initial file, To aTo ums aBTomMatndecku kornupyercs B crpoky Initial file u



0 YMOJYaHUIO OyJeT MPUCBOCHO (ailny, KOTOPbIH OyneT coaepKaTh MporpamMmy
Ha acceMOiepe (project_l.asm).

XKemarenpbHO KaXIbIl TPOEKT CO37aBaTh B OTACIBHOM Mamnke IS yI00CTBa
JATBHEUIIIETO UCIOJIb30BaHUs BeeX (haiinoB mpoekra. [Ipu ycTaHOBIEHHOW ONMIIUN
Create folder (Co3narh marky) MOYHO 37€Ch JK€ OpPraHM30BaTh IAaIKy, B KOTOPOi
Oyzmer HaxOJUThCs MPOEKT. J[jst 3Toro meskHuTe KHOmKy Location u BeiOepuTe
MECTO TIOJIO)KEHUS MpoeKTa. PacmonaraTh ero Jrydine Kak MOXHO OJIMXKe K KOpHe-
BOMY Katayiory. B pe3ynbTaTe mosyyuTcs OKHO, MoKazaHHoe Ha puc.l.4.

J7is OTKPBITHUS YK€ CYIIECTBYIOIIET0 poekTa mocie 3amycka AVR Studio B
OKHe, TTOKa3aHHOM Ha puc.l.7 Beioepute ommuio Open File.

JIyis co3manust HOBOTO IpoekTa oTkpoiTe meHio Project/ New Project. Ha
sKpaHe mosBUTcs okHOo Create new project (cm. puc.1.3).

Welcome to AVRE Studic 4

Create new project

Project type: Project name:
W Amel AVE Azzembler Project_1
%% AVR GLC
Create initial file Create folder
Imitial file:
Project_1 =k

Lacatian:

D:\AVR_PROGECT

[ << Back ][ Meut »» ][ Finizh ] [ LCancel ] [ Help

Puc.1.4. Bknaaka AVR Studio ¢ BBeZIcHHBIMUA UMEHAMH TIPOEKTa, MECTa €0
pa3MeIIeHUs] © IMEHEM MCXOJIHOTO (paiiiia ¢ KOJI0M MpOoTrpaMMBbl

[Tocne BbIOOpa Beex onmuid menkHuTe kHonky Next. TlosiButcst okHo, oka-
3aHHOe Ha puc.l.5.
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Welcome to AVR Studic 4
Select debug platfarm and device
Debug platform: Device:
AWE Dragon AT g1 -
A0E OME! ATt 2
AWE Simulator ATtirg13
AR Simulatar 2 AT i 38,
ICE200 ATting15
ICE4D ATting167
ICESD ATlinZ2 —
JTAG ICE AThiny2313 L4
JTAGICE mkll AT ting2 31 38
AT iz 4
AT Lirurz s, -
Open platform options nest time debug mode iz entered

Mewt =» [ Finizh l l Cancel ] [ Help l

Puc.1.5. Bknaaka onpenenenus Tvna npoueccopa 1 miar@opMsl s OTJIaIKK

B neBoii yactu okHa BeiOepere AVR Simulator. Oto nporpammHasi BUPTY-
allbHas cpena. B mpaBoii yacTh OKHA BRIOEpPETE THIT MUKPOKOHTpOJIIepa (B JAHHOM
ciyuae ATtiny2313) u menkaure Finish. B pe3ysibrarte opranusyercs 0CHOBHOE
pabouee okHO cpenbl pazpadorurka AVR Studio (puc.l1.6).

T W R e — —
4 AVR Studio - E\AVR_PROGECT\Project_1\Project_1.as . - e=niEy X
. e ~ |
i File Project Build Edit View Tools Debug Window Help
: =y~ = 43 8 5 L B Y. GTEPI'EEJJ&'#‘;EE""“{}'-.
: | Trace Disabled RN A T e i oY [Eh
Project /O View v X
=-% Project 1 ﬁ - [&]]23| PoRTE i
-3 Source Files
I IT: Proi 1 Name Value =
I rqectf .asm 4 B EEPROM i
43 Included Files # S EXTERNAL_INTERRUPT
@ Labels 42 PORTA
-3 Qutput [ PORTB |
‘-3 Object File Port B Data Register
Port B Data Direction Register o
L] _‘ _ e
Name Address Value Bils
- . ¥ DDRB 0x17 (0x3... 1 o o o
< m s B E:\AVR_PROGECT\Project_1\Project_l.asm 4 b =2 PINB 016 (0x3... 0 o
Build - X = PORTB  0x18(0x3.. o o o
Build ‘ i ] Message ‘ Find in Files ‘EBreakpoints and Tracepoints
| ATtiny2313 AVR Simulator Auto ® nhicon CAP NUM OVR
——— E = v

Puc.1.6. OcHOBHOE OKHO cpefibl pa3paboTKH

Oxno Project (ITpoekT) cofepKuT MOTHYH0 HHPOPMAIIHIO O TEKYIIEM Ipo-
exkTe. BeTku mpeacTaBieHHOro AepeBa OMUCHIBAIOT BCE UCXOAHBIE U PE3YJIbTUPY-
fo1ue (Haniel, METKH, POTEAYPHI U IPUCOCTIUHIEMbIE (DalTbI.
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3arojioBOK mekcmoeozo okna B TiaBHOW oOnactm manean AVR Studio
MOJIMTMCAaH MMEHEM OCHOBHOTO (paiiyila MCXOMHOTO TEKCTa MPOrpaMMEI. 3/1eCh OT-
KPBIBACTCS OJTHO WJIM HECKOJBKO OKOH, COJEPIKAIIMX TEKCT MPOTPaMMBI Ha acCeM-
onepe. Kaxkmoe HOBOoe OKHO B ATOM 00JIACTH CO37a€T KOPEUIOK B HIDKHEH YacTH
OKHa, 0 KOTOPOMY OKHO MOKHO BBIBECTH Ha TICPEIHHN TUIaH. 3/1eCh K€ MOXKHO
OTKPBITh TEKCTHI JPYTHX MPOCKTOB HAa JAPYTHX S3BIKAX MpOTrpaMMHUpoBaHus. Bce
OKHa 3aTIOMHUHAIOTCS M aBTOMAaTHYECKU OTKPBIBAIOTCS TIPU OTKPHITHH MTPOSKTA.

TexcToBbIe OKHA UMEIOT TIO/ICBETKY. Omiepatopsl Accembiiepa 0TOOpaKaroT-
Csl TOJTyOBIM IIBETOM, KOMMEHTAPHUH - 3€JICHBIM, ITApaMeTPhl KOMaH/I, METKH, TIepe-
MEHHBIE M KOHCTAHTHI - 4YepHBIM. Takoe pelmieHrne TMO3BOJSIET KOHTPOJIUPOBATH
IIpoIIecC BBO/Ia 1 OOHAPYKMBAThH OIMMOKH HA JTAIe UX COBEPIIICHUSI.

OxHo npocMoTpa BBoga-BeiBosa 1/O View mokaspiBaeT Bce pecypchbl MUKPO-
koHtpoiuiepa: POH, noptsl, Talimepsl, ALIl, komnapaTopsl. Bee cioxHbie iie-
MEHTBI MOKHO Ha)KaTUEM KPECTHUKA PACKPBITh B HUKHEW YaCTH 3TOTO OKHA U YBHU-
JIETh COCTOSIHME BCEX PA3PsAA0B KOHKPETHOIO PETUCTPA PACKPBITOIO 3JIEMEHTA, €r0
azpec, Ha3BaHue. B mpoliecce 0TiIagkyu B 3TOM OKHE OTOOPA)KaeTcsl COAEPKUMOE
pecypcoB B pa3inyHbIX opMaTax, B TOM YUCIIE IPaPUUIECKOM ITyTeM 3aTEMHEHUS
TeX pa3psAaoB, KOTOpble MPUOOPETAIOT 3HAUEHHE eIUHUIBL. Vcronb3yrores 3ie-
MEHTBI YIIPABJICHUSA:

- IepeKITIoYaTeNbh peKUMa rmokasa - Taggle Presentation Mode;

- MOJyJIbHOE pa3jieicHHoe npeacTarinenue - Module Split View;

- Ttockuit B peructpos - Flat Register View;

- IPEBOBUIHOE TIpeicTaBicHue - Tree View;

- IOKa3aTh MaHellb perucTpoB - Show Registers Pane;

- MOKa3aTh nmaHesb Moayiel - Show Modules Pane.

Nmeetcst BO3SMOKHOCTh U3MEHEHHSI KOHKPETHBIX OUTOB JBOMHBIM MIETYKOM
MBIIITKH.

Oxno Tpancisaiuu Build (ctpouts, co3maBath) CIIyKUT Ui BBIBOAA COO0-
HIEHUH B mporuecce paboTel Haj npoekToM. [lo ymMonyaHMIO OHO MMEET YeThIpe
BKJIAJIKU:

- Briagka Build oroOpaxkaeT mporiecc TpaHCHAIUH, TMOKA3bIBas 3TaIlbl
TPAHCJISIIIMKU, COOOIIEHHUSI O CUHTAKCUYECKUX OIIMOKAaX MU paszjIMyHble Mpeaynpe-
xaenus (Warnings), cTaTUCTHYECKWE JaHHBIC TPU YCICIIHOM 3aBEPIICHUM
TPaHCIISIIINK, 3aTPAThl HaMSATH MUKPOKOHTPOJLIEPA;

- BKJIaJIKa CUCTEMHBIX cooOmieHnit Message mokasbiBaeT JaHHBIE O 3arpy3Ke
MOJyJIEH IPOrPaMMBl;

- BKJIaJka rmoucka B (aiinax Find in Files mo3Bossier BRIMOMHATH MOUCK 3a-
JTAHHOM TOCJIEeI0BAaTEILHOCTH CUMBOJIOB Cpa3y BO Bcex (paitmax mpoekra. Ilocne
MOKMCKA BO BKJIAJKE OTOOPaXKAIOTCSI BCE HAWJICHHBIE BXOXK/ICHUS C YKA3aHUEM MMe-
HU (haiiya ¥ CTPOKH, T/Ie HalIeHa UCKOMAas MTOCJIeI0BATEILHOCTD;

- BKJIaJIKa TOYEK OCTaHoBa U TpaccupoBku Breakpoints and Tracepoint mos-
BOJISIET TyOMUpOBaTh TOYKKM B TEKCTE MPOTPAMMBI M YMPABIATh UMHU TPU OCY-
IIECTBJICHUH OTJIAIKH.



12

JIroOyro U3 BKIIAJOK MOXKHO clieniaTh cKpbiToi (Hide), cBoboHO epemeria-
emotii (Floating) mnm 3akperiennoi (Docking), menkHyB nmpaBoil KHOIIKOH 110 3a-
T'OJIOBKY ¥ BBIOPAB IyHKT MEHIO.

OxHa MOTYT OBITh JIETKO W3MEHCHBI B pa3Mepax IMyTeM IepeTacKHUBAHHUS
TPaHMUI] C MOMOIIBIO MBIIIH. X MOKHO 3aKPbITh, HCIIOJIB3YsI KPECTHUK MO0 BHI3BAB
npaBoit kHonko# myHKT Hide Ha 3aronoBke okHa. OTKpbIBAHHE 3aKPBITHIX BKJIAJIOK
ocytiecTBisieTcs uepes meHio View/Toolbars.

Kak u Bcsikoe Windows-nipuiioxeHue cpeia pa3paboTKH HMEET CTPOKY Me-
HIO U TIAaHEJIU HHCTPYMEHTOB.

Menro ®aiin File (puc.1.7) siBisieTcst cTaHIApTHBIM U MTOSICHEHUH HE TpeOy-
eT.

Menro IlpoekToB Project (puc.1.8) obGecrnieunBaeT paboOTy ¢ MpPOEKTaMu Ha
pas3nuuHbIX 3Tanax. [eranuzauuu tpedyeT Toapko noaMeHto Hactpoiiku Accem-
onepa Assembler Options (puc.1.9).

Puc.1.7. Mento File Puc.1.8. Mento Project
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—
Assembler Options u
-E) - 3

'Y % 8 B TE W

Hex Output Format Output File l Set Default ]

| Intel intellec 8/MDS (Intel ~ | ' PR T

(") Entry file l Reset Settings ]
Create Map File (O user
[ create List File Project_1 .obj l Advanced Options ]
[ | wrap Relative Jumps
AVR Assembler Unsupported Instructions
(@) version 2 () warning
() Version 1 (@) Error

Additional include path

Additional (2]

| hep || ok || cancel

Puc.1.9. Hactpoiiku AaccemOnepa

Brinanaromiee okHo Boixoonou Hex-gpopmam (Hex Output Format) mos-
BOJISICT BbIOpaTh THN (aiina npommBku. Hanbomnee monymspen daiin pupmsr Intel.
Ero menecoobpasHo u BbIOpaTh. AJIBTEPHATUBOW WM SBISIIOTCA (aliabl OT
Motorola nim Generic.

Hactpoiika Cozdams aucmunz npoepammot (Create List File) mo3Bonser
copMHPOBATh TEKCTOBBIN (hailsl TUCTUHTA C paciupeHueM .|st.

[Tone Boixoonozo ¢haitna (Output File) maer BO3MOXXHOCTH BbIOpPAThH HMSI
0o0BeKTHOTO (aitna ¢ pacmupenueM .0bj. [Tokazannas Ha puc.1.9 Touka mo3BosseT
COXPAHHUTH 32 HUM UM MPOEKTa. DTy HACTPOUKY JIydIlle COXPAaHUTh MO yMOJI4a-
HUIO.

[Tonne Henoooeparcusaemvix xkomano (Unsupported Instructions) wmacrpau-
BaeT peakiuio AccemOjiepa Ha T€ KOMaHJbl, KOTOPbIE HE MOICPKUBAIOTCS MHUK-
pokonTpouiepoM. HeoOxoaumo BeiOpaTh "Quuéka' (Error). B ciaydae BeiOopa
"Ipedynpeicoenue” (\Warning) KpuTHYECKUX OMIHMOOK HE Oy/IeT, HO U BBIMOJHE-
HHUE KOMAHbI HE IPOU30UIET.

[Tone BoiOOpa THa Accemonepa (AVR Assembler) mossosisieT BoIOpaTh THIT
TpaHcisTopa. Bepcus 2 Goiiee coBepIiecHHAS.

Menro Tpancmsiuu Build HaznayaeT 0cOOEHHOCTH UCIONIB30BAHUS TPAHC-
asitopa (puc.1.10). Ecte Bo3MOXkHOCTH mpoBecTr TpaHcsaiuio - Build (F7) wuau
BBIIOJIHUTH TPAHCIISALUIO C TOCIEIYIONUM 3aIyCKOM IPOTrPaMMBbl Ha BBIITOJIHCHHE
B otnaauuke - Build and Run (Ctrl+F7).
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Mento PenaktupoBanus (Edit) B ocHoBHOM cranmaptHo (puc.1.11). Oco-
OCHHBIMH BKJIAIKAMH SIBJISIFOTCS TOJIBKO HEKOTOPBIE:

- PaccranoBka 3akianok (Toggle Bookmark) - pasmeniaeT 3aKiajgku B TEK-
cTe U1 o0ecrieueHus OBICTPOro Mepexo/ia. ITUM MOJIB3YOTCS MPU OOJBINNX 00b-
eMax TEKCTa, PacCTaBJIsIsl CIICIMaIbHbIC OBAJbHBIC METKH ClieBa OT TekcTa. KomaH-
namu Briepen (Next) u Hazax (Previous) mo HuM mnepemeriarorcs. Y TaJeHue 3a-
kinanku (Remove Bookmark) - BermosHsieT 00paTHYIO Omeparmro;

- OrobOpaxkenue 3HakoB mepemenicHus (Show Whitespace) - mo3Boiser
YBHUJICTh B OKHE CUMBOJIbI TAOYJISAIUK U TIPOOEIIOB;

- lpudt u user (Font and Color) -
HACTpauMBaeT pasMep mpudTa U MOACBET-
Ky CHHTAaKCHCAa. OTOW BO3MOXHOCTBIO
HEIb3sl 3JI0yMOTPeOIIsATh, T.K. IOJIb30Ba-
TEJIb PUBBIKACT K KOHKPETHOW MAUTPE.

Copy Cirl+C

& 3 Source Files | Paste Cir+V
& Project Ly g 1,00k Bookmark Cirisf2
3 Included File| & DR
& g | : Remove Bookmarks Ctri+Shift+F2
‘3 Output Find_.. CtrisF
@ AVR Studio - EAA S ObjectFile |1y Fin in Fies...

Build | Edit View Tools Debug Window Help
Build F7 B G 8
Build and Run

Replace.. Ciri+H

Next Error 4

=) 23 Source Files

Puc.1.10. Menro Build

Puc.1.11. Menro Edit

Menro Bua (View) no3BosisieT 0ToOpa3uTh Ha SKpaHe pa3jiMyHbIe OKHA M I1a-
HEJM MHCTPYMEHTOB (puc.1.12). UToOBl UX yIanuTh, HEOOXOIUMO WM HaXKaTh Ha
KPECTHK, WM TIEPETalluTh OKHO 3a TIPECNIbl TJIABHOTO OKHA TPOTPaMMBI, KU
yOpaTh rajlouKy B 3TOM MEHIO.

Oco0Obiit nHTEpec npeactasisieT okHo [Ipoekror (Project). OHo cTpyKTYypH-
pyeT Bce (ailyibl MpoeKTa M TMO3BOJIAECT YNPOCTUTH padoty (puc.l1.13). B okue
OTOOpaKaroTCs TAIKH:

- Ucxonubix (aitnor (Source File). 3neck comepxkarcs Bce acceMOJICpHBIC
TEKCTBI POCKTAa,

- Ilpucoenunennsix ¢aito (Included Files). D1o texcroBbie accemOiep-
Hble (halijIbl OMMCAHUS MUKPOKOHTPOJUIEPA, KOTOPBIC MPU TPAHCIISIUNA TPHCOCIH-
HAIOTCS K NCXOHBIM (haiiiam;

- Merok (Labels). B stoii manke coOpanbl Bce METKH MpoekTa. JIBOWHBIM
MISTYKOM 10 METKE MOKHO OBICTPO MEPEUTH K HEel B UCXOAHOM (paitie;

- Beixogusix ¢aitmo (Output). ITanka coxpansieT ¢aiiibl, KOTOpPbIE MOITY-
YarTCs MOCHe TPaHCHAUH. JT0 (aiapl npomuBku (NEX) U CUMBOJIBHBIX HMEH
(map);

- O6wexTHbIX Qaitnos (Object File). Otu daiinbr momyyaroTcst mocie TpaHc-
JISITIHH.
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Project v X
' =-% Project_1
; Toolbars #|| v | Standard Toolbar : .
‘ e L_? i =3 Source Files
Trace Disabled - bt - ]
T (] Debug - Project_1l.asm
= Project 1 | & waten ane1 N O%ug Windows -3 Included Files
&3 Source Files M TV hd R
N @ Project_1asm M::: . (| Assember {3 Labels
@ Included Files & L stxs00 23 Output
£3 Label lemory 3 | Sl ] ]
| &8 Output Register Anso (] TraceBar -3 Object File
24 Object File vl Aiss
'J | Processor
[ Do Ot Puc.1.13. OxHo Project
« »  Bewave proci o
v | B and Tracep
=

Puc.1.12. Menrwo View

Mento Unctpymentst (T0OIS) mo3Bomnsier HACTPOUTH Cpelly pa3pabOTKH U e
HaHeJIU MOJ] KOHKpeTHOTro nojbs3oBatens (puc.l.14). Bepxssis rpynna cTpok B Me-
HIO TI03BOJISIET OOHOBIISITH OTJIAJOYHbIE TUIATHl. HIKHSS - 9TO YTUIUTHI B OOHOB-
aerust AVR, KoTopble HIMPOKO HE pacrpocTpaHeHbl. YacTo UCIOIb3yeTcs CTPOKa
Hactporiku (Customize). C ee momomipio B 3akiaake Komanaer (Commands)
MO>KHO PEaKTUPOBAaTh KHONKH Ha MAHEJsIX UHCTPpyMeHTOB (puc.1.15) unm ynpas-
JSITh OTOOpaKCHUEM OKOH M TaHesel B 3akiajake Mucrpyments: (Toolbars). Tpu-
€MBbI pa0dOTHI C TIOJJOOHBIMI OKHAMHU OOIIIEU3BECTHEI.

4 AVR Studio - EAAVR_PROGECT\Project_1\Project_1.asm | Cu —@
| Fle Project Buld Edt View | Toois | Debug Window Help = y— — -~ = I
A AVR Prog.. _ LLeokas | Tonis | oyhonrd ] Megu| Optors |
ICESO Upgrade... 1 Categories: Commands:
i o
ICESO Sefftest... Oje m New File
JTAGICE mkll Upgrade... Build Open File.
QTE00 Upgrade.. \E,:l';v Close ’i
AVR ONE! Selftest... Tools Save ‘
Debug Save As.
AVR ONE! Upgrade... TRk
AVRISP midl Upgrade Help Save All I
New Menu 5
AVR Dragon Upgrade All Commands Print..
STKE00 Upgrade Print Setup. i |
. - Description:
Options...
Show Key Assignments
Plug-in Manager...
S ) [cose ]
FLIP3 Information \
AVR Wireless Studio
W AVR Battery Studio
4 o o L Puc.1.15. OKHO HACTPOEK MAHENH

() avizsue 5 HHCTPYMEHTOB
Puc.1.14. Menro Tools
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Crpoka CpotictBa (Options) copep>XUT OCHOBHBIC HACTPOWKHU CPelIbl pa3pa-
ootku (puc.1.16). B uactHoctn, okHo Filetabs mo3Bosser ompenenuTh cocTaB
uMeHH (aiiaa npu oToOpakeHnH B oKHe. Briouparor, 00braHo, Tonbko ums (File-
name only) moTomy, YTO MOJIHBIA MyTh 3aHUMAET CJIMIIKOM MHOTO MeCTa Ha
JKpaHe.

opions MAMMBLL BB B20. 0. =mw

General General

Ereakpoints
-
wWorkspace Hide Startup Wizard

Editor Save project automatically on exit
[ ] Auto apen last project

Show current sourcecode bl
Feset Desktop on restart

Step Overwhen Autostepping

[¥]Enable Splash Screen at Startup

[¥] Enter debug maode when opening ohjectile
Filetabs:

Filenarme anly - fl

MNurnber of COkM-ports to thy 4

E OK I l Cancel

Puc.1.16. ITapameTpsl cpeabl pa3paboTKu

Menro Oxon cpeast (Window) ympasisier HacTpoiikod okoH (puc.l.17).
BHU3Y cliicKa MEHIO ITOKA3bIBAIOTCS MMEHA OTKPBITHIX (hailyioB

49 AVR Studio - EAAVR_PROGECT\Project_1\Project_1.asm ]

Fle Project Buld Edit View Tools Debug | Window | Help

Jdu“u‘.nn(__géé | Workspace »
o Spit

Cascade
B e Horizontally
[ Tie Vertically

Arrange lcons
Windows...

i - 1 E\AVR_PROGECT\Project_1\Project Lasm |

Puc.1.17. Meunro Window

CTpoKy MEHIO TTO3BOJISIIOT:

- PacIOIOKUTh OKHA KacKaaoM - cTpoka Cascade;

- pa3MeCTUTh OKHA 110 TOPU30HTAIH - cTpoka Tile Horizontally;

- mo BepTukaiu - ctpoka Tile Vertically;

- pa3aenuTh 1MoJie OKHA Ha Yactu komaHoi "Pacmenuts" (Split). [Tpu sTom
B K@XXJOW YacTH dKpaHa TEKCT MEepEeMEIIaeTCs CaMOCTOSTENbHO. [ paHUIIbI MOKHO
CBOOOJIHO MepeMeniaTh, a Mpu HEOOXOUMOCTH YJAIUTh TPAHULBI - IPOCTO TMepe-
TAIIUTh 3a MPEACIbl IKPaHa WM IBAXKIBI MEIKHYTh Ha camoii rpanuie. OyHKus
MoJie3Ha MpH padboTe ¢ OONBITUMHU TEKCTaMH MPOTPaMM JIJIsi OTHOBPEMEHHOM pado-
THI B Pa3HBIX MECTaXx.
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B wmenro ITomomu (Help) MoxxHO HalTH MaTepuan MO pPa3IUMYHBIM CPEJI-
CTBaM W 3Tamam peanu3saiuu mpoekra (puc.1.18):

- IaThl oTiaaaku u nporpammupoBanns AVR (AVR Tools User Guide);

- PYKOBOJICTBO MOJIb30BaTels cpenl paspadorkn AVR Studio (AVR Studio
User Guide);

- mporpaMma MpoBepKH Haauuus HOBbIX oOHOBjIcHME (Check for Program
Upgrade);

- ¢paiin cnpaBku AVR Studio 4.19 (Release Noted and Known Issues);

- cripaBka 1o si3eIKy AccemoOiepa (Assembler Help);

- XapaKTepUCTHKH cpenl mporpammupoBanus (About AVR Studio).

¥ AVR Studio - Project_l.asm ' l

file Project Builld Edit View Tools Debug Window ;u.«pl
J k@ L 42D ‘444_}1‘ AVR Tools User Guide

Trace Disabled .| G _". A2 ok I u m .‘ AVR Studio User Guide
Check for Program Upgrade

Release Notes and Known Issues

‘ Assembler Help

About AVR Studio...

Puc.1.18. Menro Help

B omueme npeocmasumo:
1. [TocnenoBatenbHOCTH AEUCTBUH /I OTOOPAKEHHS OKOH
- pETUCTPOB OOIIIET0 HA3HAYCHUS;
- YCTPOMCTB BBOJIa-BbIBOIA;
- mapaMeTpoOB IPOIECCopPa;
- OTOOpaKEHUS PE3YIbTATOB TPAHCIISAIINY;
- CHCTEMHBIX COOOIICHUI;
- YCTaHOBOK TOYEK OCTaHOBA;
2. IlocienoBaTeIbHOCTH NEUCTBUM JIJIS BBIITOJTHEHUS:
- 3aIycKa KOMITWJISIIINY;
- 3aIlyCKa U OCTAHOBKHU BBITIOJIHEHUS] TPOTPAMMBbI;
- YCTaHOBKH THIIa Mpolieccopa U miaThopMbl I OTIAIKHU,
- YCTaHOBKH SI3bIKa MPOTPAMMHUPOBAHUS.

3aoanue 1.2. Texcmoeswlil pedakmop ucxoOHbIX MeKCH o8 nPozpamm

Ipakxmuueckue 3a0ayu 8bINOIHAIOMCA NOCE YCBOEHU Mamepuana u cgop-
MYAUposausl 6 Konye 3adanus 1.2.

TexcToBbIN pegakTop HCMONb3yeTcs A GOPMUPOBAHUS UCXOAHOTO TEKCTa
nporpammsl. [Iporpamma mist AVR Ha accembiiepe uMeeT onpeeieHHy0 CTPYK-

TYypy.
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[lepBbIM 37€MEHTOM MPOTpaMMbl TOJDKHO OBITH BKIIIOUeHUE (paiina omwuca-
HUH 11 MUKPOKOHTpoJIIepa. OCyIIecTBISIETCS 3TO JUPEKTUBOM accemoiepa

.include "tn2313def.inc"

Touka mepen nupekTuBOM 00s3aTenbHa. Ms daitna HOMKHO COOTBETCTBO-
BaTh TUITy Tporieccopa. B aTom (aitne HaxoadaTcss CUMBOJIMYECKHE UMEHA C MPH-
CBOCHHBIMHU UM YHCJIIOBBIMHU 3HAYCHUSIMU.

Cama mporpaMma MHIIETCS M0 O0ImUM MpaBuiiaM 0GopMIIeHUS acceMmoep-
HOT'O TEKCTa, BEIPABHUBAS 3aITHCH 10 KOJIOHKAM:

Mertka: | Muemokon | [TapameTpbl KOMaHbI ; KommenTapun

Ldi R16, 255 ' 3anucb KOHcmMaHmbI 8 R16

Pa3meTka Tekcra ocyiiecTBiseTcs TaOyssuen sl ObICTPOrO BhIpABHUBAS
MOJIEH 3aMKCH N0 BEPTUKAIN. TE€KCTOBBIA PEAAKTOP HEUYBCTBUTEIIEH K PETHUCTPY,
MOATOMY MO>KHO HCIIOJIB30BaTh Kak OOJbIINE, TAK U MaJeHbKUE OYyKBBI B JIIOOOM
KOMOMHAIUH.

B xaudectBe mpuMepa BbIIIE 3alIMCaHa KOMAaH/1a 3allMCA KOHCTAHTHI 255 B pe-
rucTp ¢ Homepom R16.

3anuch KOHCTaHThI MOKET OBITh C/iejaHa B pa3HbIX (hopMarax:

- B ICCSITHYHOM BHUJI€ KaK B IPUMEDPE;

- B mectHanuarepuyaoM popmare - OXFF nnu OXOFF. Hesnauamnuit vynb
3/1€Ch HE YUUTHIBAECTCS;

- B mrecTHaAnarepuanoM dopmare - $FF nwan $0FF (HaswiBaroT "mackaies-
CKHM" CTIOCOOOM 10 aHAJIOTHH C s3bIKOM Ilackans. 3mech Takke He3HaYalui HYJIb
He yuuThiBaeTcsi. Ho ecnu B miecTHaAmAaTepuyHBIX (opMarax B YUCIE CUMBOII
TOJIBKO OJIMH, TO HYJIb BIEPEIU LEIeCO00pa3HO IOMUCHIBATH JJIS TOBBIIICHUS
HarJISIAHOCTH M YTOUHEHUSI pa3Mepa PerucTpa;

- B nBomyHOM (opmare - 0011111111, 3pmech Takke U3 COOOpaXKEHHIA
HarJISAHOCTH 11eJeco00pa3Ho MucaTh BCE BOCEMb 3HAKOB, BKJIIOUAsi HE3HAYAIIIHE.

Bce 3anucu coBeplIEHHO 3KBUBAJIEHTHBI U PA3UYarOTCsA TOJBKO (DOPMOIA.
BriOop 3aBUCHT OT KOHTEKCTa W MPEANOUYTCHHI MPOrpaMMHUCTA. 3amUCh OJIHUX
uudp ¢ HyneMm Brnepeau (Hanpumep, 067) HeOMyCTUMA, TOTOMY YTO TPAHCISITOP
ATO BOCHPUHUMAET KaK BOCBMHPHUYHBINA (hOpMAT U B MaMSITU OKaKETCSl YUCIIO, CO-
OTBETCTBYIOIIIEE IECATUUHOM 1Tdpe 55.

KomMMeHTapuu B CTpOKE OTIENSIOTCS OT 3alMCH KOMaHJbl 3HaKoM ";" Win

"//". MHOrOCTpOYHBII KOMMEHTApUI HauuHaeTcs 3HakoMm "/*", a 3akaHUYMBaeTCs -
Il*/l'

Jliist pabOTHI B TEKCTOBOM pPEIAKTOPE MPUMEHSIOTCS THUIIOBBIC TOPSUYUE Kila-
BUILIN:

End - mepexo B KOHEI[ CTPOKHU;

Ctrl+End - mepexoa Ha Ha4aja0 TEKCTA;
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Home - nepexos B Ha4aJI0 CTPOKH;

Ctrl+Home - nepexo/1 B KOHEIl TEKCTA;

Ctrl+Shift+— - BeImeseHHE TEKCTa IMOCIOBHO OT MECTa YCTAaHOBKH KypCO-
pa. OOpatHas cTpenka pH TOH K€ KOMOWHAIINY - CHUMAET BBIJICIICHHE;

Shift+— - BeIeseHUE TeKCTa TOCUMBOJIBHO. CTpesika B OOpaTHYIO CTOPOHY
- CHUMAaeT BBIJICIICHHE;

Insert - BkIrouaeT/BBIKIIOYAET PEKUM 3aMeHBI (BCTaBKH). TEeKyIIUi pexxum
oToOpakaeTcs B CTpoke coctossHust abOpeuatypoit OVR. Ecnu ycranoBieH pe-
YKUM 3aMEHBI, TO CHMBOJIBI JIOJDKHBI OBITH O0Jiee TeMHBIMH. [Ipu OTCYyTCTBUU CTPO-
KM COCTOSTHUS Ha SKpaHe ee BBI3BIBAIOT BhINoIHeHHEeM View/Status Bar.

Peructp DDRB (aapec $17, peructp HampaBieHus: qaHHbIx nopta B - Data
Direction Register Port B) 3amaet HampaBiieHHe JaHHBIX 8-pas3psyiHOTO mopra B.
VYcTaHOBKa €IMHUI] B COOTBETCTBYIOIIME pa3psiibl 0OeCIeUuBaeT ISl BBIBOAOB
PEXHUM BbIJAUU JAHHBIX, @ 3aIIUCh HYJIS - B PEKUM BBOJA.

3amaHue pexuma Bblaud nopta B TpeOyer 3amucu BceX €IUHMI] BO BCE
paspsabl. OTO BBINOJHIETCS KOMAaHIOM BblJauu B MOpT. HampsiMyro KOHCTaHTY B
HOpT 3anucaTh Henb3d. [loaromy 3anuck ocymiecTsisiercs uepes peructp R16:

ouT DDRB,R16

Peructp PORTB (aapec $18, peructp manubix mopta B - Data Register Port
B) xpanuT nanusie nopta. [Ipu HacTpoiike mopra Ha Beixoj ganHbie B PORTB 0Oy-
IyT BbIIaBaThCs HA BBIXO. J{J1s BbIIauM BCeX €AMHMI] HEOOXOIUMO BBITIOTHUTH

ouT PORTB,R16

OTta COBOKYIIHOCTb KOMAaH/A BbIJAACT CAMHHUIIBI HA BBIXOH IIOPTaA B. Eciu co-

Opath cxemy, mpeacTaBieHHyt0 Ha puc.1.19, To ceetoanon HL1 nomken ropets, a
HL2 - ner.
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1 = 20] > +6v
PDO []2 19(] PB7
PD1 []3 18(] PB6
4 o 17[] PBS P
R2
s @ 1824 =
C;i 200.5100m >
PD2 |6 £ 15[ PB3
PD3 [|7 E 14[] PB2 -
PD4 [[8 13 - N
20057004
PD5 (|9 12[] PBO HL1
—{]10 11]] PD6

Puc.1.19. Cxema qy1st mporpaMMHpOBaHus MUKPOKOHTpPOJLIEpA

OpmHako a1 KOPPEKTHOCTH, YTOOBI MPOIIECCOp HE mepedupa Bce mociieny-
I0II[Me CBOOOHBIC SIYEUKHU MaMSITH, IPOrpaMMy HEOOXOUMO 3allUKIUTh. J1Jis 3TO-
r0 UCHOJIb3YIOT KOMaHy OTHOCUTEJILHOTO 0€3yCIOBHOTO Mepexoaa. MeTKy Mox-
HO B pacCMaTpuBaeMOM porpaMMe YCTaHOBUTH B CAMO€ HA4aJIo:

RIMP METKA

B takom Buze TekcT nporpammbl (puc.l.20) sBisercs 3aKOHYEHHBIM U €ro
MOXHO COXpaHHUThb. COXpaHEHNE MCXOJHOTO TEKCTa MPOrPAMMBI OCYIIECTBISAETCS
B nanke Source Files manku Project 1. Ero pacimmpeHne COOTBETCTBYET SI3BIKY
porpaMMupoBanus. B maHHOM ciryyae 3To .asm. JlanbHenmme npouecchl JOIKHbI
OBITH CBSI3aHBI C KOMITHJIAIIMEH TPOTPAMMBI.

Project_l.asm * = |n=] [Q]
—

.inelude "tnZ3l3def.inc” SAUpeEmMIBa hpucosguHSHUA

Metka: Ldi R16,255 ;Fanuck KoHcmamme B R16
<% BKBUB A MSHMHEE 2ANUCU KoMaHJH
ldi Rl&6,5FF
Ldl Rl6,0=zFF
1DI R16.,0b11111111
*
out DDRE.R16 ;zanuck & nopm DDRB wucaa uz R16
;amo nepefog pazpAgob nopma B Ha Boxzog

out PORTE.E16 ;eAUHUUH BHYaHH Ha Boe pazpAge nopma B
rjmp Metka|

(e &

Puc.1.20. Tekct nporpaMmsl yrpasiaeHus noptom B
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Ilpakmuueckue 3a0auu:

1. Habpath B pemakTope TEKCT MPOTrpaMMbl, MpeICTaBICHHBIN Ha puc.1.20;

2. 3anucaTh PerucTphl, YIpaBistoume NopToM B, Ux cuMBoIMYecKue NMEHA
Y YKCJIOBBIE a/Ipeca U UX Ha3HAUYCHHUE;

3. 3apucoBarh CXeMy MOJKIIOYEHUSI CBETOIUOIOB.

B omueme npeocmasumsu:
1.CxeMy MOAKIIOYEHUS CBETOAHOIOB.
2. Tekc nporpaMmsl.

3aoanue 1.3. Komnunamop sa3zvika accemonepa

Ipaxmuueckue 3a0ayu 8bINOIHAIOMCA NOCTE YCBOCHUS MAMepuana u cqop-
MYIUpo8amsl 8 kouye 3adanus 1.3.

JIns nanpHEHIeH paboThl ¢ CUMYJISTOPOM HEOOXOMMO MPOU3BECTH KOMITH-
JSIIMIO TIPOrpaMMbl, BeIOpaB u3 mexHio Build (cmpoumb) nyHkt Build (HyTeM

MPOIIMBKY B MAaIlIMHHBIX KOJIaX C PACIIUPCHUEM .hex 1 HEKOTOPBIC ApyTHE (aiibl,
UCITOJIB3yEeMbIC JIISI pA0OTHI C CUMYJISTOPOM.

B oxne mox nazBanuem Build, koTopoe HaxomuTcs B HHXKHEH 4acTH OKHA
Cpelbl pa3paboTunKa HY»KHO OTKPBIThH 3akiaaky Build. B cnydae ycnemnrHol kom-
NUJISIUY B HeW JOJDKHO ObITh cooOmienue: Assembly complete, errors 0, warnings
0 u uHOpManHg 0 pazMepe mporpamMmbl. B TaHHOM HpHUMeEpe HMEIOT MECTO JBE
CUHTAaKCUYECKHE OLIMOKHU, XOTSI TOUHEE HaI0 ObLIO OBl TOBOPUTH O JIBYX COOOIIIE-
HUsIX 00 ommOkax (puc.1.21).

AVERSM: LVE macro assembler 2.1.42 (build 1796 Sep 15 2009 10:43:36)
Copyright (C) 1995-2009% ATMEL Corporation

E:\AVE_PROGECT‘\Project_l\Project_l.asm(l): Including file 'C:\Program Files (x26)\Atmel\AVE Tools\AvrAssembler2\Appnotes\tn23lidef.inc'
] E:\AVE_PROGECT‘\Project_l\Project_l.asm(10): error: Undefined symbol: DDRB.Rl6
# E:\AVR_PFROGECT\Project 1\Project l.asm(10): error: Wrong number of operands

E:\AVR_PROGECT‘Project_l\Project_l.asm(14): No EEFRCM data, deleting E:\AVR_PROGECT\Project 1\Project_l.eep

RAssembly failed, 2 errors, 0 warnings

«| Il »

[ Build @ Find in Files EBreakpomts and Tracepoints

Puc.1.21. OxHO ¢ cooOleHreM 0 HeYJJa4HOM acCceMOJIMPOBaHUU

IlepBble 1BE CTpPOYKM B OKHE MH(OPMUPYIOT O BEpCHM accemOiepa, ¢ 1o-
MOILBbIO KOTOPOTO BBIIOJIHEHA KOMIWIISALINS.
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TpeTpsi cTpoka MOKa3bIBAaeT MyTh, MO KOTOPOMY HaiifeH ¢ain onucaHui
tn2313def.inc. OqHOBpPEMEHHO 3TO U OTOOpaKEHUE MMEHHU TOro (aiisia, KOTOPBIA
UCIIOJIb3yeTCsl B MpoekTe. MAaKTUUEeCKH OJUH U TOT K€ MCXOIHBIM TEKCT MOXKET
KOMITUJIUPOBATHCS C IPYTUM (pailyioM onmurcaHus AJis JPyroro MUKpOKOHTPOJLIEpa.

YerBepTasi CTpoKa ¢ KPaCHBIM KPY>KKOM CHMBOJIa OIIMOKUA COOOIIAET, 4TO B
ctpoke NelQ (3TO mokazaHO B ckOoOKax) MMEET MECTO CHHTAKCHYecKas OIIMOKa,
KoTopas uaeHTuuuIrpoBaHa kak " HeusBecTHbIN cumBoil: DDRB.R16". Oto npo-
U300 TIOTOMY, YTO TMpPH 3aMUCH KOMaHJABI B 3TOM CTpOKe Oblja yCTaHOBIJICHA
BMECTO 3aIsITON TOYKa, KOTOPOH B ’TOM MECTE OBITh HE MOKET.

Ecnu menkHyTh B 3TOM OKHE Ha cOOOIIEeHUH 00 OIIMOKE, TO CTPOKA, B KOTO-
poii oOHapy)eHa ommnoKa, OyIeT yKa3aHa MapKEpOM.

IIaras cTpoka ¢ ommoOkoil B ctpoke NelO cooOmiaer o "HenpaBUILHOM HO-
mepe omepannoB". Takoi BeiBOJ chopMmynupoBaH motomy, uto B komanae OUT
JOJKHO OBITh JIBa UMEHHM, Pa3/eleHHbIX 3amsTol. Takoro pasnenuTens KOMIWIS-
TOp HE CMOT" OOHAPYKUTb.

Jlerko BUETH, YTO 00a COOOIIEHUS MOJIYUYEHBI M3-32 OJHOW TOUKU MEXKIY
nByMmsi uMeHaMmu. T.e. ommOka osHa, a cooOuieHunit 1Ba. Takoe pa3MHOXKEHHE CO-
OOIIEHNUI MO NMPUYUHE HAIMYMSI OJTHOM CUHTAKCUYECKON OMIMOKU SIBISIETCS XapaK-
TEPHOH OCOOEHHOCTBHIO PabOThl KOMMUIATOPOB. [IpmunHa 3TOro 3akioyaercs: B
TOM, YTO KOMIWIATOP Ha Pa3HbIX ATAax CHHTAKCUYECKOTO M CEMaHTHYECKOIO
aHajau3a 1o Mepe 0OpaOOTKH BCETO TEKCTa OJAHO M TO K€ BUJIUT C PA3HBIX TOUEK
3peHus (aHATU3UPYET HECKOJIBKO pa3 Ha pa3HbIX dTamax Kommwianuu). [loatomy
BBIJIAET Pa3HbIC CMBICJIOBBIE COOOIICHUSI 00 OOHapyXeHHOH omroke. Y 310 00bek-
TUBHOE Pa3BUTHE Tpollecca KoMImsAnuu. [loaTtomy npu Hanmuuu OGOIBIIOTO KO-
JMYECTBa COOOILIEHUH CIIEyeT OLIEHUTh HauOoJiee MOHSATHBIE U3 HUX, YCTPAHUTH
WX TIPUYMHBI W BBITIOJHUATH TOBTOPHYIO KOMIMIISIIIMIO, YTO MPHU MPABHIBHBIX pe-
HICHUSX MPUBEAET K COKPAIICHUIO KOJUYecTBa cooluieHnid. M Tak moBTOpSATH 10
MOJIHOTO YCTPaHEHUS BCEX COOOIICHUH.

[Tocnenusist cTpoka ToBOpUT, 4To naHHble s namsiti EEPROM (cerment
.eSeQ) oTcyTCTBYIOT. DTO (haiin ¢ pacimmpenuem .eep. [TockoabKy ykasaHHi O Ta-
KHX JIaHHBIX B TEKCTE HET, TO U (ailil He COo3/1aBaJICs.

ITocne 3amMeHbl B UCXOJHOM TEKCTE TOYKHM Ha 3alSATYIO M BBIITOJIHEHHS KOM-
NUJISIUY OYIyT MOTYYEHO OKHO TPAHCISIMH, MOKa3aHHoe Ha puc.1.22.
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ATtiny2313 memory use summary [bytes]:
Segment Begin End Code Data Used Size T3e%

[.caeqg] 0x000000 O0x000008 i 0 i 2043 0.4%
[.dseg] 0x000060 O0x0000&0 a a a 128 0.0%
[.eseqg] O0x000000 O0x000000 0 0 0 128 0.0%

# Rasembly complete, 0 errora. 0 warnings

<« | i

E Build @ Find in Files EBreakpoints and Tracepoints

Puc.1.22. OxHo ¢ cooOlieHreM 00 yCIenHoM acceMOIMpOBaHUM

BepxHsisi ywacTh 3amuceli B ATOM OKHE COBIQJA€T C COOOIICHUSIMU Ha
puc.1.21, a HWKe B OKHE pa3MelleHa TabjivLa pacupenesieHus MaMsTH (CM.
puc.1.22). CTpoku 0TOOpaKarOT KOJIMYECTBO (PAKTUYECKOW M PEabHO HCIIOIb30-
BAaHHOW MaMATH MporpamMm (IMpeKTHBa .CSeg - Code Segment - cerMeHT KOJOB),
naMsITH JaHHBIX (qupektuBa .0dSeg - data segment - cerMeHT JaHHBIX) U MaAMSTH
TIOCTOSTHHOW JUIsl XpaHCHHS JIAaHHBIX (IMpEKTHBA .eSeg - erasable segment - mepe-
nporpammupyembiii cermeHT win EEPROM). JlBa mocnennux cerMeHTa B 3TOM
IpUMepe HE UCIIOJIb30BATUCH.

B Tabnuiie BugHO, 4TO mMporpaMma 3aHsiia 8§ OalT mamsiTé MporpamM, T.K.
HAMKMCaHO YEThIPe KOMaH/IbI MO JiBa OaiiTa Kakaas (kojsonka Code), HUKaKUX KOH-
CTaHT He oOpa3oBaHO (kojoHka Data), Bcero ucmnonp3oBano mamstu 8 O6alT (Ko-
nouka Used), oOmmii pasmep umeromeiics namsitu 2048 Oait (kosnoHka Size),
IPOIICHT MCIIOJIb30BaHHON MaMsTH - 4% (kononka Use%).

[Tocme KOMMUISAIMM B TMAamKe ¢ MPOEKTOM CO3[AETCsl HECKOJIBKO (ailyioB.
OnuH u3 HUX (ain npommBku ¢ pacmupeHueM .neX. OH SIBJISETCS TEKCTOBBIM
(baiioM KOJIOB MAIIMHHBIX KOJOB. [Ipy OTKpBITUM B MpOCTEWIIEM TEKCTOBOM pe-
JAKTOPE, HalpuMmep, B bIIOKHOTE, MOXKHO yBHUIETh KOABI B IIECTHAILATEPUIHOM
dbopmare (puc.1.23)

l: 020000020000FC ol
:080000000FEF07BB08BEFCCFAL
:00000001FF

|« [w] :

Puc.1.23. Conepxxumoe hex-daiisia mpommBKu
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[lepBas u mocneaHssi CTPOKU SIBISIOTCS Ciry)eOHbIMU. OHM 00€CTIeUYnBaIOT
HACTPOWKY Mporpammaropa. Bropas u xaxas nocieayroias CTpoka UMEIOT OJIH-
HAKOBYIO MMOOANTHYIO CTPYKTYPY:

08 - komuyecTBO OAlT KOJIOB KOMaH/ B CTPOKE;

0000 - anpec Hauana pa3MeIIeHUs JaHHBIX CTPOKH B TTAMSITH;

00 - cmyxeOHBIM OalT. JJIsT CTPOKM ¢ JaHHBIMU OH COOTBETCTBYeT koay 00,
nepBoi ctpoku - 02, mocnegneit - 01;

OFEF 07BB 08BB FCCF - 3T0 HemocpeaCcTBEHHO Te 3asBJICHHBIC B Hadaje
CTpokH 8 OalT KOJOB KOMAaH], KOTOPBIC SIBJISIOTCS MAIIMHHBIMA KOJaMHU TIPO-
TPaMMBIL;

AA - 370 mocieIHNN OalT CTPOKHU, SBIISIOIIMICS KOHTPOIHHOU CYMMOA.

Konpl mporpammel OyAayT pa3MelieHbl MpU MPOrpaMMUPOBAHUM B MaMSITH
MpOorpaMM B TIOCIJIEIOBATENIBHO PACMHOJIOKEHHBIX SYEHKaxX, HauuMHasg C ajpeca
$0000. 3aiiMmyT OHHU YeTBIpe sUCHKH MO JBa Oaiita Kakmas. Kpome Toro, ciemayer
y4ecTb, YTO JBYXOaWTHBIC JIaHHbIE B (pailiie pa3MeliarTcss B 0OpaTHOM MOPSIKE:
CHavasia MJIaJIui OalT, 3aTeM CTapuIuil. DTH MpaBuia BBITOJHIIOTCS I BCEX
MUKPOIPOLIECCOPHBIX YCTpoicTB. [TorTOMY B mamsiTh mporpamm OaiTel OyayT 3a-
MUCaHbI YK€ B MepeBepHyTOM Buje. Pazmenienue 0ailT mporpaMmbl B aMsITH MO-
Ka3aHo Ha puc.1.24.

[Mporpammuas namsite (FLASH)
FEDCBA98| 76543210
$0000 EF OF
$0001 BB 07
$0002 BB 08
$0003 CF FC
$0004 FF FF

Puc.1.24. Pazmemienue k010B MporpaMmMsl B MaMSTH IPOTPAMM

Hauwunas ¢ agpeca $0004, pacmomnararorcs "aucteie” stuciiku. B mamstu B
HUX OyayT 3amucansl Kojabl $FF, KoTopbIe mporieccopoM He HACHTUPHUIUPYIOTCS U
OH BBITIOJIHATH X HE OYJIET, XOTSI BpeMs Ha UX BHIOOPKY OyJIeT MOTpaveHo.

B sueiike ¢ aapecom $0000 HaxoauTCs KOJ, KOTOPBIAH COOTBETCTBYET IEp-
Boit komane nporpamMmbl: LDI R16,255. B sueiike $0001 - kox BTOpOii KOMaH/IbI
U T.J0. 3Hasg CTPYKTYpy KOMaHJ, MX MOXHO PEJaKTHPOBATh HEMOCPEICTBEHHO B
sTOM (aite.

Kpome daiina npomuBky, B mpoekT BHOCHUTCS (aiin onucanuii th2313def.inc
10 TOMY MYTH, KOTOPBIA MOKa3aH B OKHE TpaHcisauuu (cm.puc.l.21). Ero otcyr-
CTBHEC TIPUBEACT K MHOXKECTBEHHBIM OIIMOKAM, CBA3aHHBIM C HCHM3BECTHBIMH MME-
HaMH TICPEMCHHBIX M KOHCTaHT. MM ¢aiisia JOHKHO CTPOro COOTBETCTBOBATh TH-
ny MUKpOKOHTpoJuiepa. Jupektusa .include BkiaroyaeT B MCXOAHBIA TEKCT MPO-
TpaMMBbI COACPKUMOE BCEro 3TOro (haiiaa OMMCaHUA.
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ITo cBoeil CTpyKType 9TO TEKCTOBHIN (aiin. B HeM comepkaTcs TUPEKTUBBI
accemOJepa .equ (ot equivalent - skBuBaNeHTHBIH). AcceMOIep M0 HUM IPHUCBaH-
BaeT MPHU TPAHCIIALMHA KOHKPETHOE 3HAUCHHE 3aJaHHOMY CUMBOJIMYECKOMY UMEHHU.
®parmeHT 3TOoro (haiina mokazaH Ha puc.l.25. DTO MO3BOJIAET MOJIB30BATHCS CO-
JIEPKATENbHBIMU CUMBOJIMYECKUMU HWMEHAMH, TOBBINIAS YUTAOCIBHOCTh MPO-
rpammbl. Kpome Toro, mpu He0OXOAMMOCTH MCIIOJIb30BaHUS MPOTPAMMBI TS IPY-
roro KOHTpoJuiepa noTpedyercs JUllb 3aMEHUTh (ailyl onucaHui, 4To odecrneun-
BaeT MEPEeHOCUMOCTh nporpamm. Ha puc.1.25 BUIHO, 4TO MCHOJIB3YEMBIM B IIPO-
rpamMMe MMeHaM perucTpoB BBoAa-BbiBoa DDRB um PORTB comoctaBnsioTces
yuciosble aapeca 0x17 u 0x18 cooTBeTCTBEHHO.

Kpome 3HaueHmni CHMBOIMYECKUX UMEH B (haiiie ecTh HEKOTOpPhIe KOHCTAaH-
ThI, UMEIOIIME TAKKE 3ape3epBUPOBaHHbIE MMeHA. Hampumep, Ha puc.1.26 mpen-
CTaBJIEHBI MMapaMeTpbl OJIOKOB MAMITH MUKPOKOHTposuiepa. B wacTHocTr mocnen-
Hsid suelika mamsati nporpamMm umeet ajapec 0X03FF, o6vem O3V - 128 6aift T1.71..

r E tn2312definc — BAokHOT -:.Eh! :1 j{ tn2313def.inc — BaokHoT —vw b“ﬂu
— Oaiin [lpaska ©®opmar Bwa Cnpaeka
Qain [lpaska Qopmat Bwa Cnpaexa -
&qu EEDR =0x1d  ##% DATA MEMORY DECLARATIONS
£qu EECR =0x1c £equ FLASHEND =0x03ff ; Note: Word address
- E &qu IOEND = 0x003{
ETN - PORTS =0 equ  SRAMSTART = 0x0060
equ DDRA  =0x1a equ  SRAM_SIZE =128
equ PINA =0x19 equ RAMEND = 0x00df
_equ PORTB =0x18 £qu XRAMEND =0x0000
= equ E2END = 0x007f
equ  DDRB  =0xi7 equ  EEPROMEND = 0x007f
equ PINB  =0x16 equ  EEADRBITS =7
equ GPIOR2 =0x15 #pragma AVRPART MEMORY PROG_FLASH 2048
equ GPIOR1 = 0x14 #pragma AVRPART MEMORY EEPROM 128
_ #pragma AVRPART MEMORY INT_SRAM SIZE 128 .
qu GPIORO = 0x13 E #ﬁmgma AVRPART MEMORY INT_SRAM START ADDR 0x60 .
< [ | o «| i | D "
Puc.1.25. ®parmenT daiina Puc.1.26. ®parmenT daiina onvucanui ¢
OIIMUCAHUM C UMECHaAMU HNMCHAaMHU THUIIOBBIX KOHCTAaHT

CTaHJIAPTHBIX PETUCTPOB

Eme onnum mosie3HbIM (ailioM MOXKET ObITh JUCTUHT MPOTrpaMMbl. ITO
daitn ¢ pacmupenuem .Ist. UtoOsl oH (hopMupoBaics HEOOXOIUMO BBITOJHHUTD
Project/Assembler Options/Create List File (mmu Project/Configurationr Op-
tions/Generate List File). ITocie ouepennoit komnumsiiuu mosiutcst Project 1.1st.
B HeM pacmosnokeH MOJIHBIN TEKCT MPOTPaMMBI ¢ BKJIFOYEHHBIM (DailyioM omuca-
HUH, a TaKXKE KOJaMH BCEX KOMAaHJ C yKa3aHHUEM MX aJpecoB B MaMsTH, COOOIIIe-
HUSMH 00 ommOKax, 3aHsAToN naMatH (puc.1.27).
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EPTOJ‘ECLIJSI—EHOKHOT 1 e —|[@] ﬁ

®ain [Mpaska ®opmar Bua Cnpaska

£qu INT_VECTORS_SIZE =18 : size in words i

#endif /*_TN2313DEF_INC_*Y

; = END OF FILE

000000 efof  Metka: Ldi R16,255 :3aMnnch KOHCTaHTLI B R16
[* SKBMBANEHTHEIE 3aNKCK KOMaHAR!:

Idi R16,$FF
Ldl R16,0xFF
IDI R16,0011111111
X/
000001 bb07 out DDRB,R16 ;3anuck B nopt DDRB yucna u3 R16

;3T0 NEPEBOA pa3paaoB nopTa B Ha Bbixoa
000002 bb08 out PORTB,R16 ;ENWHULLI BbIAAHEI HA BCE pa3paakl nopta B
000003 cffc rjmp Metka

< | b

-

Puc.1.27. ®parMeHT TUCTUHTa IPOTPAMMBI

Ilpakmuueckue 3a0auu:
1. OTkoMIUIMpOBaTh UCXOHYIO ITporpammy (puc.1.20). Ilpu o6HapyxeHun

OLLIMOOK BBISICHUTH UX PUYUHY U YCTPAHUT.

2. Yoenutscs, uro ceeroanoa HL2 ne ropur, a HL1 ropwur.
3. dns cxemsr Ha puc.1.19 3amporpammupoBath mopT B Takum obpazowm,

4yT00BI cBeToanon HL2 3aropencs. B npensinymieit mporpamme PORTB HacTpoeH
Ha BBIXOJ W paBeH enunHuile, nodtomy HL2 ne ropur. Ilporpammy 3aHectu B OT-
yeT. OTKOMIIIUPOBATH IPOTPaMMy, JOOUTHCS YCTPAHEHHS OLTUOOK.

PO

B omueme npeocmasumo:

1. UcnipaBieHHyI0 MpOrpaMMy BKJIFOUEHHSI 00OMX CBETOMOIOB.
2. [1yTs K (haiimy onucaHuu.

3. [lyTh K (aitmy aucTHHTA.

Bonpocut u 3a0anus 0na camoKonmponsn

Kakum o0pa3om 3anmyckaercst u HacTpauBaetcs AVR Studio?

UYro takoe IDE?

Kakue napameTpbl MOKHO HACTPOUTH?

Kakue BO3MOXXHOCTH oOecmeunBaroTCs HHTErpupoBaHHOU cpemoit AVR
Studio?

Uem oTIIMYAOTCS PEKUMBI OTJIAJKH: MPOrPAMMHON CUMYJSILIMM U PEXKAM
yIpaBiIeHUS Pa3INnYHBIMU TUIIAMHA BHYTPUCXEMHBIX 3MYJIATOPOB?

UYTo sABIIETCS CBUAETEIBCTBOM KOPPEKTHON KOMIUIISILIUU?
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7. Urto conmepxxut (aiisl ucXogHOTO TeKcTa mporpaMmbl? Kakoe y Hero pacuiu-
penue?

8. Uro comepxut ¢aiin onucanuii? Kakoe y Hero pacumpenue?

9. UYro comepxut daiin npommsku? Kakoe y Hero pacuimpenue?

10.Yto conmepxut nucTuHTr nporpamMmmbl? Kakoe y Hero pacimpenue?

11. Kak 3agaTh HE0OXOIUMOCTb (POPMHUPOBAHUS JTUCTHUHTA ITPOTPaAMMBbI?

12. KakoB ¢opmart 3amucu acceMOJIEpHBIX ITPOrpaMm?

13. Kak yctaHoBuThH TpebyemMoe OKHO paboueil cpeabl?

14. Kakum 00pa3oM OCYIIECTBIIIETCS YIIPABIECHUE Pa3MELIEHUEM [TPOrpaMMBbl B
namsitu?

15. Yro nemaet mupektrBa accemOuepa .include?

16. Kak BeImoHSETCS JUPEKTHUBA acceMOrepa .equ?

17. CopmynupyiiTe HA3HAUEHUE BCEX MEHIO CPEIbl pa3padOTKU.

18. Uto comepxut ¢aiia ¢ pacimmpeHrem .obj?

19. YcranoButh okHO I/O View u mpoHyMepoBaTh pa3psasl perucrpa B.

20. Kak co3naTh aHaJIOTMYHYIO porpaMmy i apyroro tuna MKK?

21. Kak nHaiitu aiin onucanuii?

22. Uto Takoe "ABOMYHBIC KOJIbI MAIIMHHBIX KOMaHJ B TEKCTOBOM (opmarte”,
KOTOpBIC XpaHATcs B (aiijie ¢ pacmmpenuem .hex?

23.3anucaTth B IBOMYHOM, MIECTHAAIATEPUYHON, BOCBMEPUYHON U JECATUIHOM
dbopme uucio 27 Ha accemOepe.

24.TTouemy B wmcrosb3yemMoi mporpamme aapeca peructpo 0x17 (DDRB) u
0x18 (PORTB) He nmomagaiot B 00J1aCTh aJipeCOB PETUCTPOB OOIIETO Ha3Ha-
yeHust R23 u R24 ¢ ananornuynsiMu 1upoBbIMU 3HAYEHUSIMU ?
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2. ACCJEJJOBAHUE PABOTHI UHTETPUPOBAHHOM
CPEJbI AVR Studio B PEXKUE OTJAAKHA

ge./lb.'

1. YrinyOuTh U 3aKpenuTh TEOPETUUECKHUE 3HAHUS MO MPUHIIMIAM MPOTpaMm-

MHPOBAHHUS U OTJIAJKU B UHTETPUPOBAHHOU CPEJIE;

2. IIpnoOpecTH MpaKTUYECKUE HABBIKK CaAMOCTOSITEIIBHOIO U3YYEHHS COCTa-

Ba, BO3MOXKHOCTEH, peXuMOB paboThl cpensl otinaaku AVR Studio, ocBoenus
AJIIEMEHTOB HHTEp(eiica;

3. CoBepIIeHCTBOBAaTh HABBIKM aHAN3a, 0000IIEHUS U CHCTEMATH3aIlUH T10-

JIYYCHHBIX PE3YyJIbTATOB, HABBIKN COCTABJICHUS U O(l)OpMJ'IeHI/Iﬂ OTUYCTHBIX MaTCpHua-
JIOB, HABBIKHM TOYHOI'O U JIAKOHUYHOI'O IIPCACTABIICHUA AOKJIA10B HA BOIIPOCHI TCX-
HHYCCKOI'O XapaKTepa.

l.
2.

Yyeonwvie eonpocoi:

2.1. 3anyck u HacTpoiika otnaguuka AVR Studio;
2.2. Pabora oTnmamunka s S3bIKa acceMouepa.

Jlumepamypa 0151 n0020moeKuU K 3aHAMUIO

1. Benos A.B. Pa3paboTka ycTpoilcTB Ha MUKpOKOHTposuiepax AVR: miara-
em or "yaiiHuka" o mpodu. - CII0.: Hayka u texnuka, 2013. -528 c.
(ctp.289-306).

2. EBctudeer A.B. Mukpokontpomnepsl AVR cemeiicta Tiny. PykoBoa-
cTBO mosk3oBateid. M.: Usmarensckuii nom Jlomaka-XXI", 2007. -432
C

3. WWW kit-e.ru Kommonents! u Textosnoruu. AVR: nporpamMmmupoBaHue B
cpeae AVR Studio.

Cooepicanue omuema
HasBanue paboThl.
Ha3Banne kaxaoro yaeOHOro BOIpoca U KpaTKui KOHCIEKT B 00beMe Tpak-

THUYECKHUX 3aJIaHUU 110 BOIIPOCY.

W

Bonpocut 011 noozomoeKu K 3anamuio

Ha3znauenwue otiaaguuka.

Kakue mapameTpsl 1 00bEKTHI HEOOXOIUMO KOHTPOJIMPOBATH MIPH OTIaKe?
KaxkoBa 5oruka npoBeieHHs OTJIa KU PU OTCYTCTBUU OTJIa{uuKa?

Kakne 0coOeHHOCTH OT/IaJKU UMEIOT MECTO B CUCTEMaxX pPeajbHOIO BpeMe-
HU?

AKmyanibHoCHmb 3aHAMUSA
Pa3paboTka ycTpoWCTB Ha OCHOBE CIEIHMATU3UPOBAHHBIX KOHTPOJLIEPOB

CBsI3aHa C pa3pabOTKOM anmapaTHON M MPOrpaMMHOM cocTaBistomux. Kpome Toro,
3TO CBSI3aHO C OCOOCHHOCTSIMU pa3pabOTKU CUCTEM peallbHOTO BpeMeHH. [loaTomy

BCC

9TaIllbl MPOCKTHUPOBAHUA W  OTJIAAKK  OOJIZKHBI OBITh  MaKCHMAaJIbHO
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aBTOMATHU3UPOBAHBl U aJ€KBAaTHBl OOBEKTY. DTUM TpeOOBaHUSM B IOJHOW Mepe
orBeuaer cpena AVR Studio. Ona sBisieTcss npu3HaHHBIM MPOAYKTOM, U €€
M3YUYEHHE MOKET CTaTh OCHOBOU JIJI1 OCBOCHHUS APYTUX aHAJIOTUYHBIX CUCTEM.

3aoanue 2.1. 3anyck u hnacmpoika omnadouuxa AVR Studio

Ilpakmuueckue 3a0auu:

1.Boinonnums 3anyck omaad4uka, 8 omdeme ompa3ums 6bInoJHieMble one-
payuu,

2. Ocywecmeums HACMPOUKY OMAAOYUKA, 8 Omyeme Nepevuciums napa-
Mempbl HACMPOUKU U MEXHOTO02UI0 OOCMYNA K HUM.

IDE AVR_Studio — 3T0 MHTErprpoBaHHas cpea pa3paboTKH MPUIIOKEHUI
s MUKpokoHTpoiutepoB cemeiictBa AVR (IDE — Integrated Development
Environment), .cBOOOJHO  pacmpoCTpaHseMblii  HPOAYKT  (GupMbel  Atmel
(Atmel.com).

Otnamuuk AVR Studio noanep:xuBaeT Bce TUITBI MUKPOKOHTpOIIIEpoB AVR
U UMeeT JBa pekuMma paboThl: PEXKHUM MPOTPAMMHON CHUMYJSLIUA U PEXKUM
yIpaBJICHUSI PA3IMYHBIMH THIIAMH BHYTPUCXeMHBIX SMyisitopoB  (In-Circuit
Emulators) mpousBoxactBa ¢upmbel Atmel. BaxHo ormerutb, uto uHTEpderic
MOJI30BATENSI HE U3MEHSETCS B 3aBUCHMOCTH OT BHIOPAHHOIO PEXKUMA OTIAIKH.

OtnamoyHasi cpefa MOAAECPKUBAET BBINOJHEHUE MNPOrpaMM, KaKk B BHJIE
acceMOJIEpHOTO TEKCTa, TaK U B BHJIE HUCXOAHOro Tekcra sizpika C/C++. B
MOCJIETHEM Cllydae 3arpykaeMblii MOJIyJib HPOTrpamMMbl JODKEH COJEpKaTh HE
TOJIBKO MAIIMHHBIA KOJ, HO M HMCXOJHBIM TEKCT MPOTrpaMMbl, NPUBSA3AaHHBIA K
MalIMHHOMY KOJy.

[Ipu pa3paboTke U OTJIaJKe MPOrpamMM yJIOOHO HCIIOJIb30BATh BCTPOCHHBIE
cCpelcTBa mojaaepxkaHus npoekta. [loHstue "MpoekT”" B MHTErPUPOBAHHBIX Cpeaax
pa3paboOTKu BKJIIOYAET: NepeueHb (PailyioB, coepKaluX UCXOAHbIE MOAYIIH, IyTH
pa3MEIIEHNs] 3TUX W CO3JaBAaEMbIX B IIPOLIECCE TPAHCISIIMM W KOMIIOHOBKH
¢aitnoB, napaMeTpbl HACTPOMKH MPOLIECCOB CO3AAHUS U OTIAAKU MPOTpaMMbl U Jp.
Yno0cTBO 3akirovaercss B TOM, YTO OJHOKPATHO OCYIIECTBJIEHHAas HAacTpONKa
NPOCKTa, COXpaHsAeTCs B TOMMEHOBaHHOM (haie  (name.aps), a moTOM
UCIIOJIb3YETCs IPU OTKPBITHH (ailiia mpoeKTa.

B nporuecce cumynsiuu MOKHO HAOJIOJIaTh COCTOSTHUSI PETMCTPOB OOILETO
HazHaueHuss RO...R31, moproB BBOma/BeiBoga (I/0O), mpoueccopa, mamsatu mpo-
rpammbl (I13Y) u namsatu ganueix (O3Y).

Buvioop yempoiicmea u nacmpoiika omaiaouuka

Heobxoaumo mpOKOHTPOIUPOBATH, YTOOBI CUMYJISIIIUSL KOJA TPOBOIMIACH
WMEHHO I BBIOPAHHOTO THIA MUKPOKOHTPOJUIEpAa U OTJIAJIOYHON TJIAT(HOPMBI.
Oto ocymecTrisercs u3 MeHo Debug (Ommanka) myskr Select Platform and
Device (cm. puc.1.5). lna paccmarpuBaeMbix npumepoB 3to ATtiny2313 u AVR
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Sumulator. 3Ti HaCTPOIKHU BBIMOIHSAIOTCS, OOBIYHO, TIPU CO3/IaHUM TPOEKTA U I10-
BTOPHO 3T OIEPALMU IIPOBOAAT TOJIBKO PaJyd KOHTPOJISA WU IIPU CMEHE KOHTPOJI-
aepa.

CJICAYIOHIUM 3allyCKOM Ha BBIITOJIHCHHUC.

ED_1MED. 1.asm

3anyck omaaouuxa
3aIycK MOKHO OCYIIECTBUTh HECKOJIBKMMH CITIOCOOAMHU:
- BemnosauTh Debug/Start Debugging;

- omHOBpeMeHHO Haxkath Ctrl+Shift+Alt+F5;

- BEIOpATh Ha MMaHEeId HHCTPYMEHTOB KHOIIKY &
- BpinoiHUTH Build/Build and Run;
- Haxkarts Ctrl+F7;

g
- BBIOpaTh HA MMAHEIN UHCTPYMEHTOB KHOIIKY i1 4
[locnennue nBa crocoba MpeAnoiaararoT BBINOJHEHWE KOMIWIALMHA C TO-

O mepexosie B PEXUM CHUMYIISIIUU CBUICTEIHLCTBYET MOSBICHUE >KEITOU
CTPEJIKM yKa3aTelsl OTJIaJuMKa clieBa OT TEKCTa C KOJAOM KOMaH]l (OH yCTaHaBJIH-
BaeTcs M youpaercs npu Haxkatuu Ctrl+ F2, a mis moucka MapKUpOBaHHBIX KO-
MaHn - F2), ykaspiBarorield Ha HHCTPYKIIHIO, KOTOpasi OY/ICT BBIOJHATHCS HA Clie-
JYIOIIEM IIare B COOTBETCTBHHM C COACPKHUMBIM cueTunka koman PC (puc.2.3).

Buvioop cpeocme omooparcenus cocmoanus cucmemul

[Tocne 3amycka u3MeHsieTCss WMHTEp(EHC M YCTaHaBIMBACTCS Kypcop Ha
Hayajo MporpaMMbl B TJIABHOM OKHE. JIOTIOJHUTENIBHO OKHA MOYKHO OTKPBITh U 3a-
KpbITh B MeHIO View (cm. puc.1.12), n1u0o akTHBUPOBAB COOTBETCTBYIOILYIO KHOTI-

Wiews | Tools  Debug  Window  Help
| Toolbars 'l Standard Toolbar
Status Bar Edit
\@ Disassembler R
= Debug Windows
& watch Alk+1 .
1E Memary albra |2 MDI Tabs
0 = Memary 2 Assembler
0= Memory 3 SIS
0 %] Register Alk-+0 TraceBar
E sl v] o
.o
705 Tim Pracessor
TMHz ac|[v ] Buid output
Puc.2.1. BcmabiBarommue

Alt+5

CIIMCKH

naHeseil HHCTPYMEHTOB U BBI3bIBA-
E€MBIX OKOH JIJI1 OTOOpaKEHHUS CO-
CTOSTHUA MHUKPOKOHTPOJIIEpa B pe-
KUME CHUMYJISIUU-OTIAIKA TIPO-
rpaMMBbl

Ky MMaHeIu MHCTPYMEHTOB. B pexxume oT-
JaJKU JOMOJHUTEIBHO U3 OKHA MPOCMOT-
pPa MOKHO OTKpBITh (puc.2.1):

- okHo JluzaccemoOmepa (Disassem-
bler). TToka3biBaeT pe3ynbTaThl 0OPATHOTO
npeoOpa3oBaHusl MAIIMHHBIX KOJIOB B HC-
XOJIHBIN TeKCT. JTo "oToOpakeHwe Ma-
IIMHHBIX KOJIOB MPOIIECCOPOM": KaK OH UX
"moHumaeT" M Kak BbINOJHSAET. TouHOE
B3aMMHOE€ COOTBETCTBUE MEXKAY KOJaMH U
UCXOJHBIM TEKCTOM IMPOTPAMMBI B 3TOM
npolecce MOJy4YeHO MOXKET ObITh HE BCe-
r7a;

- okHO [IpocmoTtpa 3HaueHus nepe-
mennbix (Watch). B ato okno (puc.2.2)
MO>XHO 3aHOCUTH MHTEPECYIOILUE Bac pe-
TUCTPHl U TIEpEeMEHHBbIE (B TEKCTE MPO-
rpaMMbl HAa UMEHU HaXaTh MPABYIO KHOTI-

Ky u BeIOpaTh Add Watch), nabmonaTs WX coCTOSIHUE 110 X0y BBITIOJHEHUS MPO-
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IpaMMBbl, YAQJIUTh U3 OKHA (BBIOpaTh UMsI U MPaBOM KHOMKOM BeIOpaTh Remove Se-

lected Item);

Location
Rlg

Walue Tupe

TN

Mame

tmp

Register

5l

W4 M SWatch1 AWstch 2 A\Watch 3 4 Watch 4

Puc.2.2. OkHo mpocmoTtpa 3Ha-
YEHUW pETUCTPOB U IEPEMEH-
HBIX, OIIPEIEJICHHBIX B MPOTrpaM-
Me

- okuo Ilamsaru (Memory). B stom
OKHE MOKHO TMPOCMOTPETh BCE BHUJIbI TTAMSTH
MHUKPOKOHTpOJIIEpa, BBIOpaTh hopMaTt 0To0-
paXXeHUs JaHHBIX, J00aBUTh TaOJIUIly OTOO-
paxxenust 1aHHbIX B ASCII-komax;

- okHo PeructpoB oOmiero HazHadye-
Hus (Register). B Hem mokasansl Bce 32 pe-
TUCTpa 00ILEro Ha3HAYEHUS.

Oxno Ilporneccopa (Processor) oto6-
paskaeT camble Ba)KHBIE PETHCTPHI IPOIIEC-
copa W OTJAEIbHBIC IMapaMeTphbl Ipolecca
cumysaiuu (puc.2.3):

- COCTOSTHHE MPOrPaMMHOI0 CUYETYHKA
(Program Counter). Dto aapec ouepeaHoOn

BBIMOJIHAEMOW KOMaH/bl. Ero MOXXHO HW3MEHHTH
IPSIMO B OKHE U TIPOIIECC BBHITIOJHCHUS MPOTPAMMBI
Oy/ieT COOTBETCTBOBATH BBEACHHOMY aJIpecy;

- cocrosiHue ykasarens creka SPL (Stack
Pointer). B 3ToM OKHE €ro M3MEHUTH HEJb3s, HO
MOXHO M3MEHHUTh B okHEe Memory mo ero aapecy
$3D. Jlist sToro B okHe Memory BeiOmpaercst 3a-
kianka /O u BomchIBaeTCsS HY)KHOE 3HAUYCHUE,

- COCTOSIHHE IBYXOANTHBIX PETUCTPOB yKa3a-
teneit (point) X, Y, Z. [lepBbie 1Ba UCIOIB3YIOTCS
JUIs apecalliy MaMsATH JTaHHbBIX, TI03TOMY 0TOOpa-
XKaroTcs Kak 8-paspsanbie. Peructp Z anmpecyer
naMsaTh MporpamMM, MOITOMY OToOpaxkaeTcs 16-
pa3psIHbBIM;

- cuetuuk 1ukioB (Cycle Counter). TTokasbl-
BACT BBIMOJHCHHOE IMPOILIECCOPOM 00IIee Koauye-
CTBO MAIIMHHBIX IMKIOB. Kaxkmas KoMmaHga s
BBINIOJIHEHHUS TPEOyeT pasHOe KOJINYECTBO MAIlHH-
HBIX [IUKJIOB, HO YaIlle BCErO OJIUH;

- gacToTa paboThl MUKpOKOHTpoJuiepa (Fre-
quency). Ee MOXHO HacTpoWThb, BbIIOJHUB De-
bug/AVR Simulator Options. B oTkpbIBIIAMCS
okHe (puc.2.4) BeiOupaercs omus  Devise
Selection u ycraHaBimuBaeTcst HEOOX0aUMAasT TaKTO-
Bas 4acToTa.

- cuetuynk Bpemenu (Stop Watch). On moka-

Processor

- X

| Mame

| Yalue 2|

Frogram Counter

Stack Pointer

* pointer

' pointer

£ pointer

Cycle Counter

Freguency

Stop Watch

SREG

=] Reaqisters

Ro0
RO1
RO2
RO3
Ro4
RO5
ROE
RO7
RO8
RO9
R10
R11
Ri12
R13
R4
R15
R1E
R17
R18
R19
R20
R21
R22

<

Ox00000
001250

00000

00000

00000

30319011

4.0000 MHz
7EPOT5275 us

I i 1] o 4 o

w00
Ox00
w00
Ox00
w00
Ox00
w00
Ox00
w00
Ox00
w00
Ox00
w00
Ox00
w00 b
Ox00
OxdD
0w
0xF1
Ox00
w00
Ox00

M bt
| =]

Puc.2.3. Oxuo Processor

3bIBae€T BpeMmsl, Ipollejliee ¢ Hayaua paboTel npoueccopa. Cieayer MOHUMATh,
YTO 3TO BPEMsI HE peabHOE, a UMUTAMOHHOE, PACCUUTAHHOE 10 TAKTOBOM 4acTO-
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Te mporeccopa. CueTynK BPEMEHU M CUETYMK ITUKJIOB MOXHO OOHYJIHTH, HAXKaB
NpaByIO KHOIIKY M BBIOpaB KoMaHTy Reset;

- cocrosinue peructpa craryca (¢uaroB) SREG. BriGpaB oTaenbHbI OUT,
€r0 COCTOSTHHE MO’KHO U3MEHUTH Ha MPOTHUBOTIOI0KHOE BPYUHYIO;

- peructpbl ob1iero HazHaueHus Registers (Alt+0 nm

Simulator Options

Device selection Device selection

Stimuli and logging s
[~ Device

ATI0S8535

Flash Size: 8192 bytes
Eeprom Size: 512 bytes
Internal SRAM Size: 512 bytes
Frequency | IO Size: B4 bytes

8.00 v| MHz | |MaxSpeed: 8.00 MHz

=

Puc.2.4. Bei6op yactotsl padbotsrt MKK

Hacmpoiika okna 6600a-evieooa

OtkpeiTh  OkHO BBoma-seiBoma (1/O  View) MOXHO,  BBITIOJHUB
View/Toolbar/(1/0) niau naxxaB Alt+5. B okHe 0TOOpa3saTcs 3IeMEHThl apXUTEKTY-
pBI BEIOPAaHHOTO MUKPOKOHTpoJuIepa (puc.2.5). OkHO mo3BoJIsieT HaOMoaTh pado-
Ty J11000r0 nepudepuitHOro yCTpoicTna.

JIJist HACTPOIMKK OKHA UCHOJIb3YIOT KHONIKA B OCHOBHOM 3aroJjIOBKE WJIM Me-
HIO, BBI3BIBAEMOE MPABOM KHOMKOW Ha 3aroJIOBKE MaHEJH PErucTpOB U CaMUX pe-
THCTPOB.

Brinazgaromiee MEHIO OCHOBHOI'O 3arojlOBKa MOXET W3MEHUTh BUJ OTOOpa-
YKEHUsS OKHA:

- B Buje aepesa (Tree View);

- B BUjIe mmoJsiHOTO crircka Beex moptoB (Flat Register View);

- B Buje pasaenbHbix okoH (Module Split View). ITpu BeiOOpe ycTpoiicTBa
BO BTOPOM OKHE MOSBJISIIOTCSI PETUCTPBI, eMy MpuHaaiexamue (cM. puc.2.5). [lpu
ATOM IUTFOCUKOM PAaCKpPBIBAIOTCS HA3BAHMSI 3TUX PETUCTPOB U AJIEMEHTHI yNpaBIIe-
HUS, B KOTOPbIE MOKHO YCTaHOBUTH HE0OX0auMble 3HaueHHs. CocTaB BTOPOro OK-
Ha MO>KHO U3MEHHUTH B BHINAJAIOIIEM CIHUCKE TJIABHOIO MEHIO.

TemubIll KBagpaTUK pas3psiia peructpa coorsercrryer eaunuie ("1"), cBet-
aeiid - Hymo ("0"). B mponecce oTnaaky 3HaueHUs paspsgoB PErHCTPOB MOKHO
KOPPEKTUPOBATH BPYUHYI0. OHU MEHSIIOTCS IIETYKOM MbIlIU. PenaktupoBanue 1o-
CTYITHO TOJIBKO IMPH 3aMyIIEHHOM PEXUME OTIAIKH.
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|10 Wiew - X

Mame Walue

A ANALOG_COMPARATOR

4 CPU

4 B EEFROM

)| Q_ﬁ’;; EXTERMAL_INTERRUPT

2 PORTA

=22 PORTE
Port B Data Register w00
Part B D ata Direction Begizter 0«00
Part B [nput Pins 000

H 2 PORTC

4 22 PORTD

233 5PI

4+ 33 TIMER_COUNTER_O

+) TIMER_COUNTER_1

# B9 UaRT
A EWATCHDOG
Mame Address Walue | Bits
% DDRE o7 (037 k00 OOO0O0O0O00
2 PINB 016 (0:35)  0x00 OO0OO0O0O0O0

=8 PORTB o8 (033 0x00 OO0O0O0O000

Puc.2.5. OkHO yCTpOHCTB BBOJ1a/BBIBOJIA

C moMoIIpI0 YCTAHOBOK MOYKHO, HAXKaB MPABYIO KHOTIKY

- IPOHYMEPOBATh pa3psiibl perucTpos - Show Bitnumber;

- OTKPBITh HYXKHbBIE KOJIOHKH JaHHBIX TpU oToOpaxkerunu - Columns;

- COXpaHHUTh B TEKCTOBOM (paiizie BCe 3HAUCHHUsI PETUCTPOB BEIOPAHHOTO MO-
nyns - Export;

- YCTAaHOBUTH CHUCTEMY CUMCIICHUS JUIS TI0Ka3a COCTOSHUS PETUCTpPoB - Hex-
adecimal Display nnu Tombko A OJHOTO PETHCTpa, €CJIM MEHIO BBI3BIBATH Ha
HEM;

- BBIICIUTH/CIpsATaTh KOHTaKThI - Pin/Unpin Selected. Beigenser peructp
CHHUM IIBETOM H TTO3BOJISIET HE YOUPATh €ro U3 OKHA MPU JHOOBIX MEePEKITIOYCHHUIX
OkHa. Peructp Oyzer HOCTyIeH Ui MPOCMOTpPa U PEIaKTUPOBAHUS BCET/IA.

B omueme npeocmasumo:
1. TexHonOrHUIO 3aIMyCKa OTJIA/IYMKA;
2. [TapameTpbl HACTPOUKHU OTJIAAUYUKA U TEXHOJIOTHIO IOCTYIA K HUM.

3aoanue 2.2. Paboma omnaduuka 01a A3vlka accemonepa
IIpakmuueckue 3a0aqu 8bINOIHAIOMCS NOCTIE YCBOEHUS Mamepuaia u cgop-

MYIUPOBaHbL 8 KOHYe 3a0anus 2.2. B npoyecce uzyuenus mamepuana Heobxooumo
8bINOIHAMb ONUCAHHbIE ONePayUU NPAKMULECKU.
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[TonmHBIA TMEpeYeHb PEKUMOB PabOTHI CUMYJISATOpPA JOCTYNECH U3 (YHKIUH
riaBHoro Mexto Debug (puc.2.6). Hekoropbie hyHKIIMU MPO1yOIUpOBaHbI ITUKTO-
rpaMMaMi Ha MMaHeJ MHCTPYMEHTOB, KOTOPHIE MOXXHO BBHIBECTH HA dKpaH M3 Me-
uio View/Toolbars (cm. puc.2.1).

Tools | Debug | Window  Help
P Start Debugging Chrl+shift+alk+Fs H
Stop Debuggi Ckrl+Shift+FS @ i
op Debuggin tl+5hift-+
1B p 0ging
e+ J[EH Run F5
& 1Y EBreak Chrl+FS
Gl Reset Shift+FS
= stepInto Fil
= step Over F10
B%= Step Out shift+F11
Y Run ko Cursor Zhrl+F10
ALto Step AlE+FS
Mext Breakpoint Chrl+F2
EEICT MNew Breakpaoint L4
@ Toogle Ereakpoint Fa
Remaove all Breakpoints
Trace L4
Skack Manitar
5 | Shows Mext Statement Alt-Hhurm *
&d | Quickwatch Shift+F3
Select Platform and Device. ..
UpDownload Memary
AvR Simulator Options

Puc.2.6. UnctpymenTtst u ¢pyakiuun AVR Studio B pexume
OTJIaKU

[Tponecc oTiaAKK 3aKIOYAETCS B OTCICKUBAHUMU XOJ1a BBIMOJIHEHUS MPO-
rpaMMbl U YIPaBJICHUS TaHHBIMH B PETUCTPaxX C MOMOUIBI0O OKHA C TEKCTOM KOJa,
OKHa KOHCOJIM BBIBOJIa TEKYITUX coobmiennii (Message) u cieraibHbIX OKOH, TT0-
Ka3bIBAIOIINX COCTOSIHUS perucTpoB BBoaa/BbiBoaa (1/0O View), mo3Bosisroimumx Be-
CTH KOHTPOJIb 3HaueHui nepemeHHbix (\Watch), orciaexxuBaTh coCTOSTHUS MpoIIEC-
copa (Processor).

ODYHKIIUW OTJIATINKA, YIIPABIISIONINE XOA0M CHMYJISIIMNA KOJa POTrPaMMBI,
MpeCTaBJICHbI B TA0IUIIE

HaumeHnoBanue Hasnauenue Kom6unanus | ITukro- KommenTapuu
KJIQBUIII rpamMma
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Reset C6poc Shift+F5 Copoc MKK, Bce
ol HAYMHACTCS C HYJIS
Step Into [lepexon k cre- F11 B [lomaroBoe  BbI-
IYIOIICH  CTpOKE *= TIOJTHEHUE po-
KOJa rpaMmbl  0e3 mpo-
ITyCKOB
Step Over [lepexon  uepes F10 Brimonaenne 1moj-
MOJIITPOTPaMMYy L_E nporpamMmel  6e3
MOIIAarOBOTO  pe-
xKnuma  (OBICTPO).
PanmonansHo 1pu
OTJIQKECHHOW IOJI-
porpaMme
Step Out Beixoq wu3 mox- | Shift+F11 [To3BosIseT TIpHHY-
IPOrpaMMEI L= JUTENBLHO 0e3 II0-
= IIarOBOTO PEXHMMa
BBIUTH W3 IIMKJIA
WIH TOIpOTrpaM-
MBI
Runto cursor | Bemonnenue po| Ctrl+F10 Beimonuuts  ome-
Kypcopa 11 palmu  Kojga 1o
TOYKH, YKa3aHHOHN
TEKCTOBBIM KYpPCO-
pom
Autostep ABTOMAaTHYECKOE Alt+F5 Brimonnenune mpo-
MOIIAaroBO€  BEHI- - rpaMMBI TIO0 CTpO-
MOJIHEHUE  TIpO- KaM Koja B aBTO-
IpaMMBI MaTHYECKOM  pe-
KUME 10 HaKaTHSI
nay3bl
Break [MpunyaurensHas | Ctrl+F5 OcTaHOBKa BBITIOJI-
OCTaHOBKa (Tay- HEHUsl TMPOTPaMMBbI
3a) (may3a)
Toggle Haznauenue ToO- F9 [To3Bonsier mocra-
BreakPoint YyeK  OCTaHOBKH BUTb Ha MECTO,

ABTOMAaTHU4YCCKOI'O
BBITTOJIHCHU A

YKa3aHHOE KypcCo-
pOM TOYKY OpO-
rpaMMHOM  OCTa-
HOBKH  aBTOMAaTH-
YECKOI'0 BBITIOJIHE-
HUSA
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Remove All Vnanenue  Bcex Vansger Bce TOUKU

BreakPoint TOYEK OCTaHOBA _; OCTaHOBa aBTOMa-
o THYCCKOT'O BBINOJI-
HCHHMSI
Start Debugging | 3amyck otnamguu- | Ctrl+Sift+ [Tepexon k pexxumy
Ka Alt+F5 OTJIAJIKU-
CUMYJISLIAN
Stop Debugging | Berxox u3 otnan- Ctrl+ OcTaHOBKa CHMY-
qHKa Shift+F5 = JISIAH ¥ TIEPEXOJT B

PEXHUM PEIaKTOpa.
910 cbpoc MKK,
BCE PErucTpsl 00-

HYJISIFOTCS
Run 3anmyck mporpam- F5 Brimonnenne npo-
MBI Ha HEIPEPBIB- =l rpaMMbl C MAaKCH-
HOE BBITIOJTHEHUE MaJbHOH  CKOpO-

CThIO, HO OHa 3Ha-
YUTEIBHO MEHBIIIE
peaIbHOM, T.K. 3TO
PEXKUM CUMYJIALINU

Show Next [Tokazate cneny- | Alt+Num [pu OoJBIITUX
Statement IOLYI0O KOMaHIy a4 TEKCTax IMIpOorpaMm
IIOKAXKET Ty 4YacThb
TEKCTa, I'Ze paclo-
JIO)KEH  yKa3arellb
CYETYMKA KOMAaHJ
(>KeNTHhI Kypcop)

Toukn ocTaHOBa NPEAYCMATPUBAIOTCS JABYX THUIIOB: IIPOIPAMMHBIE U TOYKH
OCTAaHOBA IO JIaHHBIM. B COCTOSIHMM OCTaHOBKH MOKHO yJIO0OHO KOHTPOJUPOBATH,
KaKU€ M3MEHEHHUs IPOM3OLUIA C PETUCTPAMHU U MEPEMEHHBIMU B JAHHOM MECTE
nporpamMmsl. VCrosnbp3ys TOUKM OCTAHOBKH, MOXHO TaK)KE€ YCKOPHUTBH XOJ BBIIOJI-
HEHMS [IPOrPaMMBbI IPH OTJIAJIKE.

[IporpaMMHBIE TOYKH OCTAHOBA YKA3bIBAIOTCS TEKCTOBBIM KYpPCOPOM C TIO-
creayronmM BeimosiHeHneM T0ggle BreakPoint (mepekirodatenis TOUeK OCTaHOBA)
MOCJIe Ha)KaTus NpPaBOd KHOMKKM MbIIM. Heckonpko Ooliee MIMPOKUN BapuaHT
npexanonaraet BeimosHeHne Debug/New Breakpoint/Program Breakpoint. B Tek-
CTOBOM (paiisyie cjaeBa OT CTPOKH MOSBISETCS OOPAOBBIM 1Iap, 0 KOTOPOTO BBIMIOJ-
HseTcst nmporpamma. [IpogoymkeHre BBHINOTHEHUs! MPOTrpaMMbl HHUIIMUPYETCS TO-
BTOPHBIM 3aITyCKOM.

VYnanenue touku ocraHoBa BeimosHsieTcss Remove All BreakPoint (ecim
ynansrores Bce Touku) wim 10ggle BreakPoint (ecu ynansiercst BelOpaHHast Kyp-
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copom Touka). Kpome Toro, BemomauB View/Toolbars/Breakpoints and
Tracepoints, B okHe (puc.2.7) MOXXHO OTKJIIOYHTH/BKIOYHTH TOYKY OCTaHOBA
(yOpaB/mo0aBuB rajouky, 4To MPUBOJUT K OOECIBEUMBAHUIO/3aCBEUNBAHUIO OOP-
JIOBOTO IIIapa B MCXOJHOM TEKCTE) WM YAAIUTh TOYKY COBCeM (BbIOpaB B OKHE
TOYKY U BeIoIHUB Remove Selected).

BpeMeHHO OTKJIFOUNTH/BKIIOYMTH BHIOPAHHYIO TOYKY MOYKHO TaK)Ke B KOH-
TEKCTHOM MeHI0, BeinojnuB Disable/EnableBreakpoin.

Breakpoints and Tracepoints b4
B - Al * “ 4% S 4 Columns +
Description Hit Count

@ Break at line Project_1.. Break Always

r-';qD..ilnl |i‘§r;n.| fm Tilmm |.:'1-.D.-nnl.u-\nin-l— e Temmmm i dm
Puc.2.7. OKHO TOYEK OCTaHOBA U TPACCUPOBKHU

Touku ocTaHOBa IO JaHHBIM CPAOATHIBAIOT IPU BBIMIOJHEHUH HEKOTOPOIO
yciaoBus. JIJis yCTAaHOBKM TOYKHM OCTAHOBA IO JAHHBIM CIIEAYET BBITOJHUTH
Debug/New Breakpoint/Data Breakpoint. Tlpu 3TomM B NOSBHBIIEMCS OKHE
(puc.2.8):

- B CIIMCKe BBIOOpa ycioBuii octaHoBa (Break when) BeiOupaercst marema-
TUYecKast (POPMYJTHUPOBKA YCIOBUS OCTAHOBA;

- B okHe Location - aapec peructpa, B KOTOPOM 3TO YCJIOBUE OyAEeT KOHTPO-
JMPOBATHCH;

- B okHe Value - ynciaeHHOe 3HaYCHME BETMYMHBI BEIOPAHHOTO YCIIOBUS;

- B miojie Access type - pexxum paboThl perucTpa Jjis ocTaHOBa (UTCHUE, 3a-
IIUCh WM IIPOU3BOJIbHAS OIICPAITHS);

- B mosie Break execution after - xoim4ecTBO BBIMOJIHEHUH YCIIOBHUS JI0
OCTaHOBA IPOTrPAMMBI.

VYrpaBjieHne ¥ MPOCMOTP TOYEK OCTAHOBA MO JAHHBIM OCYIIECTBIIICTCS B
okne Breakpoints and Tracepoints (cm. puc.2.7).
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Add Data Breakpoint g u
a5 -
Properties

Break when: lLDcatiDn is accessed VI

Location: D

Arcess bype: ’ReadNVrite v] Elements: 1
@ MMSE () Any hyte
] Custom data type [C] custarn scope
Base type: |Nf]IA v| Start addr.: |Global ‘
Size: |D - | End addr.: |Nr"A ‘

Break execution after 1 hits. Currently hit 0 times.

Enabled [] Cartinug execution after the views have heen updated.

[ ok || cancel || nep |

([ I— _

Puc.2.8. OKHO yCTaHOBKHM TOYEK OCTaHOBA MO JaHHBIM

3anycTuB MpoOrpaMMy Ha UCIOJHEHUA, NPOCIECAUTE, KaK U3MEHSIETCS MOJIO-
YKEHHE yKa3aTessl X0Jia BBIOJIHIEMOMN ONepaliny, HaKUMasi HECKOJIBKO pa3 KJlaBu-
mm F11, F10, Shift+F11, Ctrl+F10, Alt+F5 u Ctrl+F5 wim BbIOpaB coOTBET-
CTBYIOIIYIO OMIIMIO U3 MUKTOTpaMM OoTiaaunka. OOpatute BHUMaHUE, YTO MPU U3-
MEHEHUU COCTOSIHUM PErucTpPOB MUKPOKOHTPOJIJIEpPA U €ro MOPTOB, MX I[BETA U3-
MEHSIIOTCSI C YEPHOT'O Ha KPacCHBII.

HaOnronaiite, kak yBeIUUYMBAETCs 3HAUEHUE JaHHBIX MopTa B u kak uzme-
HSIOTCS 3HAYCHUS JIaHHBIX B CUETYMKE KOMAaHJ, CUETUYMKE IIMKJIA, B pErucTpax
MpoIIeCCopa U B CJIOBE COCTOSTHUSI TTpoIeccopa.

H3menenue npozpammnozo Kooa

YroObl OTpeAaKTUPOBATh COOTBETCTBYIOIIMM OOpa3oM KOJ MPOrpaMMBbI,
OCTaHOBHUTE paboTy oTiaauuka. [lomecTure Kypcop B Hy)KHOE€ MECTO KOJAA U M3-
MeHuTe MHCTpykiuio. Ecnu tenepp Haxkath {F5}(Run), To nmosiBUTCS nHanoroBoe
OKHO, KOTOPO€ YKa3bIBAET, UYTO OJMH M3 UCXOJHBIX (PaillioB MpoeKTa ObLT U3MEHEH,
U TpeOyeTcsl HOBasi KOMIWIALIMS U NTEPEKOMITIOHOBKA TpoekTa. [lepekoMnumupyii-
T€ MPOEKT U BHOBB 3aIlyCTUTE OTIaAuuK. OOpaTUTe BHUMAHUE, YTO MPEabIAYLINE
HACTPOWKHU OKOH U MOJIOKEHUE TOUYEK OCTAHOBKU MPOTPaMMbl COXPAHSIETCS.

Coxpanenue npoekma

[Tepen okonuannem pabotel AVR Studio mpeanoxut coxpaHuTth Ball mpo-
exT. AVR Studio 3amoMHUT Bce OTKPBITHIC BAMH OKHA M UX HACTPOMKH M BOCHPO-
U3BEACT WX MPHU CIEAYIOMIEM OTKPHITHH TMpoekTa. CoxpaHEHHE TMPOEKTa OCy-
IIeCTBIIsIeTCs BeIOOpOM myHKTa Project/Save" (i Save As...).
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3azpy3ka npozpammot ¢ [13Y

[locne Toro kak mpuUKIaJHas MporpaMma OTJIaK€Ha Ha CHUMYJISATOpE, ee
MOKHO 3arpy3uTh B MaMsATh MHUKPOKOHTposuiepa. JlJis 3TOW LeNu CIy>KUT Tpo-
rpaMMa M yCTPOMCTBO: mporpammaTop. st 3arpy3ku MpeABapUTENIbHO JOJIKEH
ObITh chopMupoBaH ¢aiin npomusku (*.hex-daiin).

[Tepexon cpeast AVR Studio B pexxuM nporpaMMHpOBaHUS TMPOU3BOIAUTCS
aktuBu3anuend crpoku “AVR Prog...” mynkra mento "Tools". IIpu npaBuisHOM
COEIMHEHNH KOMIIBIOTEPA U IUIAThl KOHTPOJUIEpA HA SKpaHE MOSIBISETCS TUATIOTO-
BOE OKHO MPOTPaMMbI MPOLIHBKHU.

Jliis BBIXO/Ia M3 cUMYJISITOpa cienyet Beiopats Debug/Stop Debugging wim
Ha)KaTh KHOIKY I,

Ilpakmuueckoe 3a0anue:

1. lonoaHuTh mporpamMmy: Ha3Ha4YuTh BbIBOJABI NOpTOB D u A Ha BeIXOA H
BbIJATh HA OPT D GaliT U3 uepeayromuxcs HyJlel U elnHull, a Ha nopt A —"1" Ha
paspsan Nel u "0" na pa3psan Ne(. [Iporpammy nonucare B OTYET;

2. OTTpaHCAMPOBATH IPOrPaMMy M UCIIPABUTh BCE OLUIMOKU;

3. B pexume sMyILHMK POBEPUTH BCE U3MEHEHUS PETUCTPOB;

4. YCcTaHOBUTH TOUKY OCTAHOBA U NIPOBEPUTH padOTy MUKPOKOHTPOJLIEPA;

5. IIpocMoTpers B okHe Memory usMeHeHue sueek NaMsiTH, ONpPENeIUTh
azapeca M3MEHSIOMMXCA SYEEK M HMX COOTBETCTBUE HMMEHAM PEruMcTpam BBOJA-
BBIBOJIA;

6. OnpenenuTs KOJIMYECTBO MAIIMHHBIX TAKTOB B OJJHOM IEPHOJIE BHITOJIHE-
HUS NPOTPaMMBI, 3aTPAY€HHOE Ha 3TO BPEMsl, UIMTEIBHOCTh OJHOTO MAIIWHHOTO
TakTa. BBIMOIHUTE pacyeTsl, MOATBEPKAAOIINE MPABUIIBHOCTD MOJIYYEHHBIX 3Ha-
YEHUW dMYJISATOPOM;

7. I3MEHHATH TaKTOBYIO 4acTOTYy npoueccopa. OLEHNUTh pa3HOCTh BO BpeEMe-
HU BBINIOJHEHUS OJHOTO MAIIMHHOIO TaKTa MPHW HbIHEIIHEN M MPEKHEW TaKTOBOMN
4acToTe;

8. [IpoBepUTH MOBEACHUE IMYJIATOPA MIPU YCTAHOBIEHHOW TOYKE OCTAHOBA.

B omueme npeocmasump:

1. JlonoJIHEHHYIO TPOrpaMMmy I10 1.1 MpakTUYeCKOro 3a1aHusl.

2. PacueTsl IIMTENBHOCTH MAITMHHOTO TAaKTa, YMCIA ITUKIOB M JITTUTEIHHO-
CTH OJIHOTO TIEPHO/Ia BHIMIOJHEHHS TPOTPAMMBL.

Bonpocwt ona camokonmponn

Kakue pexxumbl OTJIaulKa CyIIeCTBYIOT?

Kak HacTpouts cpemy nmporpaMmmMupoBaHus Ha si3bike AccemOiepa unu C?
KakoBbI pr3HAKK CHHTAKCHYECKUX OMIMOOK MPU KOMIUJISIIUAN?

Kak 3amycTuTh oTiaquuk A padoTsl ¢ si3pikom C?

Kakne 00beKThl MOYKHO HAOII0JIaTh B PEKUME OTIATKH?

OO E



40

6. KakoBa mocnenoBaTeabsHOCTh OTIAAKN?

7. Kakue ommOKyM MOXHO BBISIBUTH C MOMOIIBIO OTJIaJ4MKa MOCIE YCIEIIHON
KOMITWJIALIUA?

8. Kakue onmuu HacTpanBaroTcs Jjisi KOMIOHOBKHU?

9. Kaxk u3mMeHuTh IpOrpaMMHBINA KOJ OTJIAXKUBAEMON MTPOrpamMMbl?

10.KakoB cocrtaB nmporpamMMmHubix cpeacts AVR Studio?

11. MOHO JI1 U3MEHSThH COICPKUMOE PETUCTPOB B MPOIIECCE OTIAIAKU?

12. 3ayeM KCIONIB3YIOT TOUKH OCTaHOBA?

13.Yem oTimuarotcs pexxumbl Autostep, Step Over, Step Into?

14.TTpoBecTn nu3acceMOJIMpOBaHUE UCCIEeMyeMoro koaa. OmpenenuTh CMBICT
komaH/ bl 1o aapecy 0000.

15.KakuM 00pa3oMm paccuuTaTh JUIMUTEILHOCTh MAITUHHOTO TaKTa, YUCJa ITUK-
JIOB ¥ ITTUTEIHHOCTH OHOTO IEPHO/Ia BHITOTHEHUS TPOTPaMMBbI?
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3. CUCTEMA CXEMOTEXHUYECKOI'O MOJAEJIUPOBAHUSI
Proteus

ge./lb.'

1. YrinyOouts U 3aKpenuTh TEOPETUUYECKUE 3HAHUSA IO MPUHLHUIAM PabOThI
AIIEKTPOHHBIX YCTPOUCTB;

2. IIpnoOpecTH MpaKTUYECKUE HABBIKK CaAMOCTOSITEIIBHOIO U3YYEHHS COCTa-
Ba, BOBMOXHOCTEH, PEKUMOB pabOThI Cpelbl MOAETUpOBaHuUs Proteus, ocBoeHus
AJIIEMEHTOB HHTEp(eiica;

3. CoBepIIeHCTBOBAaTh HABBIKM aHAN3a, 0000IIEHUS U CHCTEMATH3aIlUH T10-
JYYEHHBIX Pe3yIbTaTOB, HABBIKM COCTABIICHUS U O(OPMIICHHUS OTUETHBIX MaTepHa-
JIOB, HABBIKM TOYHOTO M JIAKOHUYHOT'O MPEJICTABIICHUS JOKJIAI0B Ha BOIIPOCHI TEX-
HUYECKOI0 XapakTepa.

Yyeonwvie eonpocoi:

3.1. 3amyck u HACTpoiika CUCTeMBbI MoJenupoBanus Proteus;
3.2. COopka >NMEeKTPOHHOUN CXEMBI;
3.3. MozaenupoBaHHue CXEMBbI U OTIAKa.

Jlumepamypa 0151 n0020moeKuU K 3aHAMUIO

1. Proteus mo-pyccku: Tematudeckuii 0030p meyaTd U UHTEPHET-PECYPCOB
Pagnoexeronnuk 2013 Beimyck 24;

2. www.rlocman.ru/radioyearbook - smexkrponHas Bepcus xypHayia Paauoe-
)kerogHuk 2013 Beinmyck 24;

3. http://cxem.net/comp/compl17.php - uka crareii o padote B Proteus;

4. http://kazus.ru/forums/forumdisplay.php?f=25 ¢opym mo obcyxaeHuio
BOITPOCOB 110 paboTe ¢ mporpaMmmoii Proteus.

Cooepircarnue omuema

1. Ha3Banue paboThI.

2. Ha3BaHue Kakqoro y4eOHOro BOIPOCa M KPATKUM KOHCIIEKT B 00BbeMe
MPAKTUYECKUX 3aJ]aHUM 110 BOIIPOCY.

Bonpocut 011 noozomoeKu K 3anamuio

1. Ha3znayeHue cUCTEM MOJACIMPOBAHUS AIEKTPOHHBIX CXEM.

2. Kakue mapamerpsl ITU(POBBIX MPOTPAMMHUPYEMBIX CXEM HEBO3MOXKHO
YBUJIETh B CUCTEMAaX OTIaIKU?

3. Kakue napaMeTpbsl MOXHO KOHTPOJIMPOBATH B CUCTEMAaX MOJCIUPOBAHUS
AIIEKTPOHHBIX CXEM?

4. Kakue JOMyIIEHUS WMEIOT CHUCTEMbl MOJICTUPOBAHUS DIIEKTPOHHBIX
cxem?

AKmyanbHoCmb 3aHAMUSA
Pa3paboTka ycCTpOHCTB Ha OCHOBE CIELUAIU3UPOBAHHBIX KOHTPOJLIEPOB
CBsA3aHAa C pa3pabOTKOM ammapaTHOM W MPOTPAMMHOW COCTaBISIIONIUX. OTH



www.rlocman.ru/radioyearbook
http://cxem.net/comp/comp117.php
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KOMITOHEHTHI JIOJDKHBI padoTaTh COBMECTHO M B peajibHOM BpeMeHu. [loaTomy
MPOILIECCY OTJIAAKH OTBOASAT OYEHb 3HAYUTEIBHOE BpeMs MW OPUAAIOT
NPUHLIHANHAIbHOE 3HaueHue. OBIaJeHue MHCTPYMEHTaMU NPOrpaMMHUPOBAHUS U
OTNAJKUA SIBIIAETCA O0O0s3aTEIbHBIM YCIOBHEM 3(PPEKTUBHOTO MPOEKTUPOBAHUS
YCTPOWCTB yIpaBJIEHUA HA MUKPOKOHTPOJLIEpAX.

3aoanue 3.1. 3anyck u nacmpoiika cucmemot mooeauposanus Proteus

Ilpakmuueckue 3a0auu:
1.BBIOJIHUTE 3aIyCK CUCTEMBI;
2. OCy1ecTBUTh HACTPOUKY CUCTEMBI.

Proteus - aTo cucrema MoJIeTUpOBAaHUS JIEKTPOHHBIX cxeM. OCHOBBIBAETCS
paboTa mporpaMMbl Ha MOJENSAX JJICKTPOHHBIX COCTABISIONIMX, MPUHSATHIX B
PSpice, oTcyTcTBYyIOIIME MOJEIA MOXXHO CO37aTh camocToATenbHO. Kpome Toro
peaan30BaHbl MOJIENIM MUKPOIIpoIiecCOpoB, MukpokoHnTposuiepos 8051, AVR, PIC,
HC11, MSP430, ARM7/LPC2000 u apyrue. Paboraer ¢ OOJBIIMHCTBOM KOMIIH-
asitopoM (B wactHoctu, CHU) u accemOGiepamu.

Proteus cocTouT U3 ABYX IJIaBHBIX MOIYJICH:

ISIS - (Intelligent Schematic Input System - wHTeIICKTyallbHAs CHCTEMa
CXEMaTHYECKOTO BBOJAa) —TIpadUUECKUd PETAKTOP NMPUHIMIHAIBHBIX CXEM, CITy-
JKUT JJI BBOJIa pa3pabOTaHHBIX MPOEKTOB C TOCICTYIOIIUM MOJCITUPOBAHUEM H
nepenavyen sl NpoeKTUpoBaHus rnevatHsix miaT B ARES;

ARES - rpaduuecknii peqakTop medaTHBIX IJIAT CO BCTPOCHHBIM MEHEKe-
pom Oubnunorek u aBtoTrpaccupoBiinkoM ELECTRA, aBromaTmyeckoil paccra-
HOBKOM KOMIIOHEHTOB Ha €YaTHOU ILIATE.

PROTEUS umeeTt yHUKaIbHbIE KOMIIOHEHTHI:

USBCONN - 3TOT UHCTPYMEHT AaeT BO3MOXXHOCTh BKJIFOUUTHCS K JCHCTBU-
tenbHOMY USB nopTy KOMIIbIOTEPA,;

COMPIM - maHHBIN KOMIIOHEHT Ja€T BO3MOXXHOCTh BUPTYaJIbBHOMY YCTPOH-
CTBY BKJII0UUTCA K pearbHomy COM-niopty Bamero T1K.

MUKpOKOHTPOJUIEP 3TO MPOrpaMMUPYEMbIH YHUBEPCATIbHBIN 1TU(POBOI MO-
nynb. Jis pazpaboTKu U OTIAJKA IPOrpaMMBbl JUIsl HETO UCTIONb3YIOT UHTErPUpPO-
BAHHBIE CUCTEMBI IPOTPAaMMHUPOBAHUSA U OTNIAAKU. OHU MO3BOJISIIOT HUCIOJIb30BaTh
MHOECTBO YJ0OHBIX U YP(HEKTUBHBIX MPOIETYP, OLICHUBAIOIINX JIOTHKY pa3pada-
ThIBAEMBIX mporpamM. OJHAKO TAaKME CUCTEMBI HE MPEIHA3HAYEHBI IJI JIEMOH-
CTpaluu pabOThl YCTPOMCTBA B peaibHOM BpeMeHH. J[JisT MUKPOKOHTPOJIEPOB 3TO
INPUHLIHANKAIBHO BaXXHO. Takyr0 BO3MOXHOCTb IIPEAOCTABIAIOT CUCTEMBI MOJIEIIH-
poBanus. [Ipodeccuonanphas Bepcust Proteus obGecrieunBaeT Takke TPEXMEpPHOE
U300pakKeHHE MOJTyYaroIerocss yCTpoMCTBa U TPACCUPOBKY NEUYATHBIX ILIAT.
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3anyck cumynamopa

3aHyCK MOKHO OCYHICCTBUTH HCCKOJIbKUMU CHOCO6aMI/Ii i !-3

- 3allyCTHUTDb IIPUIIOKCHUC C Pa60qero CTOJIa, BLI6paB SAPIIBIK]

- BBINOJIHKMB MOcCjenoBaTeibHo Bee mporpammel/Proteus 8
Demonstration/Proteus 8 Demonstration.exe.

Hacmpoiika napamempoe cucmemvl MOOEAUPOBAHUA

Jlanee nocnenoBaTeabHO BEIOPATH:

- NewProject;

- B CTapTOBOM OKHE Mactepa HoBoro mpoekta New Project Wizard: Start
3apuKCUpOBaTH UMS U MyTh K (ailny HoBoro mpoekrta. BeiOpats Next;

- B okHe 3ckn3a New Project Wizard: Schematic Design - coxpanuts - "Ilo
ymomuanuio” (DEFAULT), naxats Next;

- B OKHe MakeTa neuatHo# tuiatel New Project Wizard: PCB layout (PCB -
Printed Circuit Board) ycranoButh: He co3maBats MakeT nieuaTHo# iatel (DO not
creat a PCB layout). Beiopats Next;

- B OKHE BCTPOEHHOTO mporpammHoro obecrneuenus New Project Wizard:
Firmware BoiOpats "OTCYTCTBHE MPOEKTa BCTPOCHHOTO MPOIPaAaMMHOI0O obecrie-
yenus" (No Firmware Project). Ilpu pa6ore ¢ opuruHanbabiM [10 B 3TOM OKHE
BO3MOHO BbIOpaTh "Co31aTh MPOEKT BCTPOSHHOI'O MPOrpaMMHOr0 odecrieyeHus"
(Create Firmware Project). B atom cirydae HeoOX0IUMO BBIOPATh CEMEHCTBO MHK-
pokouTpouiepa (Family), Tun kontposiepa (Controller) u HauMeHOBaHHE KOMITH-
astopa (Compiller). DTo mo3BonsieT ocyuiecTBiIsITh pa3zpadorky [10 Hemocpen-
ctBeHHO B Proteus. [Ipu ucoap30BaHUM IEMOBEPCUU MOYKHO MTPOCMOTPETD JIOITY-
CTHMbIE€ BapMAHTBI ATUX COCTABISIOIINX, HO MCIOJIh30BaTh UX HeIomycTumo. I1o-
3TOMY 3arpy’kath B MOJIC/Ib HEOOXOIMMO YK€ TOTOBBIH OTKOMITUIIMPOBAHHBIA KO/,
Haxatp Next;

- B HTOrOBOM OKHe Mactepa HoBoro mpoekta New Project Wizard:
Summary nmpocMOTpeTh UTOTOBBIE CBOMCTBA MPOEKTa (CO3/IaHKE TOJIBKO CXEMBI),
yrouHuTh Aetanusanuio (Details) u maxarp "T'otoBo" (Finish). Ha skpane Oymet
NPE/ICTaBICHO OKHO C HTOTOBBIMH PE3yJIbTaTaMU HACTPOMKH.

B otuere npeacraButs:

1. CocTaB mapameTpoB, BBIOMpaeMbIX Mpu 3amycke Proteus.
3aoanue 3.2. CoOopKa I1eKMpPOHHOIL CXeMbl
Ilpaxkmuueckue 3a0auu:

1.CobpaTth cxemy, nmpencraBieHHyo Ha puc.1.19;
2. Ocy11ecTBUTh HACTPOUKY MapamMeTPOB JIEMEHTOB CXEMBI.
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Ocnoenvie 31emenmot unmepgpeiica Proteus

Ha puc.3.1 npencraBieHO OCHOBHOE OKHO MOJCIUPYIOIICH MporpaMMbl

EZ Timer Mode - ISIS Professional {Animating) EEE
File ‘iew Edit Tools Design Graph Source Debug Library  Template System Help —=il=—— [TaqTa BEPXHEro MeHH
[DEE@E &0 [P0+ +2aa Q[0 X nn TEHE| &>
RI2% BREREDEE <
W |l BepxHee MeHH KOMaHg W
HHCTPYMEHTOB
£ (D ey
+ [ | 4
e [— [~ OkHo
- =+ : npeanpocMoTpa
=\ T i -gf— OCHOBHO® OKHO ==
i ?315 \"\ OpHeHTaUpA R REASORS
:D: BATTERY P - "
= BUTTOM OUBIKTOE o U1
f="1 Cap Rz . E:3 + CLK
{= CAPACITOR L] LA = cE _
FREGREE . o LT RET
e LapPp  CenekTop .
MPN  aBwekToB e L
PMP L1
RES . 2
g~ RESISTOR * B & ™-* .E
‘ SIME -
LA @-l = L B
[‘ T imm
= INepoe MeHp .
7 pexnma 'T T OkHo
0 ceneKkTopy KoopaHHaT
KHonky
@ ynpaenEHusA B_GI'IHH_BNOI-I-IEE OKHOQ Tanmep cMMYyNALMH U
™ / S _./ Simulation Log MOHHUTOP $arpysKM
e f |
JI > [ 7] [ W [[@ 2Messagels) |J|AN|MAT|NG; 00:00:52. 750000 [CPU load 1%) *
Il +4100.0 0000 th

Puc.3.1. OcHOBHOE OKHO MOAEIUPYIOIIEH TPOrpaMMBbl

CocTaB MEHIO BEpXHEW JIEHThI B OCHOBHOM TuIOBOM. Tak mias mento File
0a30BBIMH BO3MOXKHOCTSIMH SIBJISIFOTCS (prc.3.2):

NewDesign — co31aTh HOBBIN MIPOEKT;

OpenDesign (Ctrl+O) — oTKpBITh CYIIECTBYIOIIHIA TPOCKT;

SaveDesign (Ctrl+5) — coxpanuTh U3MEHEHHS B TEKYILIEM IPOCKTE;

SaveDesignAs... — coXpaHUTb MPOCKT B JPYIHX BEPCHSAX MPOrPAMMBI
Proteus;

SaveDesignAsTemplate... — coxpaHuTh MPOEKT Kak oOpaselr;

WindowsExplorer... — oTkpoeTcst mamnka, riae XpaHUTCs MPOEKT;

ImportBitmap... BcraBka BHemHero pucyHka B oopmare BMP;

ImportSection... — BcraBka BHemHero (hparmMeHTa (IO3BOJISIET MEPEMEIATh
YaCTH CXEMBbI U3 OJTHOTO MTPOEKTA B APYTOM);

ExportSection... — mpeobpa3oBaHue BO BHEIIHUN (hparMeHT,;
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ExportGraphics — npeobpazoBanue cxembl B japyrue (Hopmartbl (PUCYHOK

BMP, ueprexx DXF u ap.);

MailTo... — oTripaBUTh O AJIEKTPOHHOM TOYTE;

Print...— neuaTh, HaCTpoO¥iKa IeYaTh.

File View Edit Tools Design @Graph Source Debug  Library

D [ew Design, ..
B Open Design. ..
E Save Design
Save Design As...
Save Design As Template, ..

Windows Explorer, ..

0
s

Menio "Bun" (View) mnpeaHasHaueHO
JUIS  3aJaHUAS  [apaMETPOB  MPEIICTABICHHS

BHEIIHETO  BHJA  CO3JaBacMOHl  CXEMBI
(puc.3.3):

Impaort Bitmap. ..
Import Section. ..
Expart Section...

Export Graphics
[ Mail To...

Redraw - mepepucoBats;

Grid - ycraHOBKa CETKH;

Origin - oTHOCHUTENIbHAs/a0COMOTHAS
crcTeMa KOOP/IUHAT;

{3 Print...

[ngﬂ Printer setup. ..
% Printer Information
Set Area

- pa3Mepnl ceTKu Shap (B TOYKax WU
JronMax);
Pan - nonopamupoBaHue;

newlclockimade!

tekyches

!
LEARNING aBTonEw
|
|

ol IBIZASPIYSRT
. AskefiLOCALS~11Temp)_tc\BEGGINING! !

Zoom In - yBenuuuTh MacuTao;
Zoom Out - yMEHBIIIUTh MacIITao;
Zoom All - nokasars Bce;

Zoom to Area - moka3aThb BBIJCICHHYIO

Puc.3.2. Menro File

View Edit Tools Design  Grapt

Redraw R
© i Grid G
H Crigin O
)ﬁ * Cursar 3
Snap 10th Chrl+F1
Snap 50th Fz
| SnapD.lin F3
Snap 0.5in F4
"ok Pan F&
Q Zoom In Fa
L Zoom Out  F7
Zaom Al Fa

12), Zoom to Area

Toolbars...

|

Puc.3.3. Menrw View

o6o3nauenuio (Find/Edit Component).

00JI1aCTB;
Toolbars - manenu HHCTPYMEHTOB.

Mento PenaktupoBanus (Edit) mo3Bossier:

- ormenuTh nocneaauii (Undo Changes) wiun
BOoccTaHOBUTH npenpiaymuit (Redo Changes) maru
pEIaKTUPOBAHHUS,

- BeIpe3ath (Cut to Clipboard), ckonupoBars
(Copy To Clipboard) BeiaeneHHOe H300paKeHHE B
Oydep, BcraButh u3 Oydepa (Paste From Clip-

board); |Edit Tools Design Graph  Source  Debug
- BBIEC- |5 s vz
JUTHh BCE OOBEK- - & feds e+

Tl cxeMbl (Se-
lect All Objects);
- HAUTU " %Cut ko clipboard

Find and Edit Component... E

OTpEAAKTHPO- _ =3 Copy to dipboard

BAThL  CBOMcCTBa I Paste from dipboard

00BbEKTa IO €ro | B send bo back il
HO3UIIHOHHOMY ] ﬂ Ering to Front CEEl+F

< Tidy

Puc.3.4. Menro Edit
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Buioop komnonenmog ynekmponnoi cxemul

BB160p KOMIIOHEHTOB OCYIIECTBIISICTCS U3 OMOIMOTEKH AieMeHToB. CaenaTh
3TO MOKHO JIBYMSI CTIOCOOaMHU:

- ocymiectBuB nepexon Library/Pick_part_from_Library;

- HakaB KHOMKY P B okHe ycraHoBieHHBbIX KoMroHeHToB DEVICES. Eciaun
OKHO B HACTOSIINI MOMEHT OTCYTCTBYET, TO €r0 MO’KHO BBI3BaTh, HAXKaB KHOIIKY

Komnonentos (Component Mode) Ha 1eBoii maHeIu HHCTPYMEHTOB ’3

B otkpeiBiemcs okae Beidopa ycrporicts (Pick Devices) mouck ocyIecTs-
asierest o kateropusiM (Category) u moakateropusim (Sub-category), tumy kopiry-
ca (Manufacturer). Ha puc.3.5 npeactaBieHO OKHO JUis BBIOOpa MHUKPOKOHTPOJI-
aepa AtTiny2313. Cnenyer ydecTb, YTO KOHTaKThl IleNed NUTaHUS MHUKPO-
KOHTPOJUUIEPOB B 3TOM CHUCTEME HE OTOOpa)kaloTcs: MUTAaHUE Ha HUX IMOJAHO IO
YMOJTYaHHUIO.

It Pick Devices l X

Keywords: Results (72): ATTINY2313 Preview:
Device Library Description o W5M DLL Model [8WR2DLL]
Match Whole Words? ] | ATMEGA3290P AVR2 32 KBytes Flash, 2272 Bytes SF
Show only pars with models? [ | | ATMEGA329P AVR2 32 KBytes Flash, 2272 Bytes SF
T ATMEGA32U4 AVR2 32 KBytes Flash, 2784 Bytes SF S 5
e vt Vet [
CMOS 4000 series L | | ATMEGA48 AVRZ 4 KBytes Flash, 736 Bytes SRA i et
Connectors ATMEGA48P  AVR2 4 KBytes Flash, 736 Bytas SRA TR ol T2
Zlenamm PRTLACRCLPTITT [
Data Co_n\rerters ATMEGAE4 AVR2 64 KBytes Flash, 4320 Bytes Sk EE;&M“?‘“
Bﬁ,‘;”ff‘”g Tools ATMEGAB40 AVR2 64 KBytes Flash, 8672 Bytes SF
ECL 10000 Series E ATMEGAB44  AVR2 64 KBytes Flash, 4320 Bytes SF
J Electromechanical ATMEGABHP AVRZ 64 KBytes Flash, 4320 Bytes SF
Inductars o ATMEGAB4:  AVRZ 64 KBytes Flash, 4320 Bytes SF
kﬂaepgﬁ;ﬁig'm“"’es ATMEGAB450 AVR2 64 KBytes Flash, 4320 Bytes SF

Mormory [Os ATMEGAG49 AVR2 64 KBytes Flash, 4320 Bytes SF | PCB Preview:
ATMEGAG490 AVR2 64 KBytes Flash. 4320 Bytes SF

Miscellaneous ATMEGAS  AVR2 8KBytes Flash. 1088 Bytes SR
Modelling Primitives ATMEGAS515 AVR2 8 KBytes Flash, 576 Bytes SRA
Operational Amplifiers

Oploclectonics ATMEGAS535 AVR2 8KBytes Flash, 576 Bytes SRA
PICAXF ~ | | ATMEGASS  AVRZ 8KBytes Flash, 1248 Bytes SR,
ATMEGASSP AVR2 B8KBytes Flash. 1248 Bytes SR/ =

ATTINY10 AVR AVR Microcontoller

Sub-category:

(All Sub-categories)

68000 Family = ATTINYTY AVR2 . 1KByte Flash, 64 Bytes SRAM
8051 Family = |ATTINY12 ~ AVR2 . 1KByte Flash, 64 Bytes SRAM
ARM Famil ATTINY13  AVR2 . 1KByte Flash, 128 Bytes SRA!

']

ATTINY1S AVR2 | 1KByte Flash, 64 Bytes SRAN

ATTINY2313 AVR2 2KBytes Flash, 192 Bytes SRA

ATTINY24 AVRZ 2 KBytes Flash, 192 Bytes SRA

BASI™ Stamn Madules

Manufacturer;

Ml Manufacirers) W DIL20 -
I ~ | |ATTINY25 ~ AVR2 2KBytes Flash, 192 Bytes SRA + [ l
(Unspecified)

Analog Devices - 4 1 » [ oK ] ’ Cancel ]

Puc.3.5. Oxno Pick Devices
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OO0JierynTh MOMCK MOXHO, 3amoJHMB OKHO KimtoueBoe cimoBo (Keywords).
[Ipu 5TOM 1O Mepe BBOJa KIIOYEBBIX CUMBOJIOB CHCTEMa OYET MOCIEeI0BATENHHO
aKTyaJIM3uPOBATh BCE OTOOpaKaeMbIe OKHA.

B okne Pick Devices B mossix mpeaBapUTeIbHOTO MPOCMOTPa OTOOpaXKaroT-
cs ycrmoBHoe rpadudeckoe obo3nauenrne kommoHeHTa (ATTINY2313 Preview) u
ero koHctpykruBHoe ucnonnenus (PCB Preview) mis nocneayrolieit pa3paboTku
NeYaTHOM IJIAThl U TPACCUPOBKH IIETIEH.

Ecnu Ha BBIOpaHHOM KOMIIOHEHTE JBAXK]IbI IIECJIKHYThH JIEBOM KHOIKOM, TO
aneMeHT nepemectutcs B okHo DEVICES. B nHero pamuoHanbHO TOcie MOUCKa
pa3MECTUTh BCE€ HEOOXOIUMBIE KOMIIOHEHTHI, YTO 3HAYUTEIHLHO YCKOPHT HaOOp
AJIEKTPOHHON CXEMbl. AHAJOTUYHBIC PE3yIbTaThl MOIYYAIOTCS TPU HAXKATUU
kHONIKA Ok. Y nanenue »ieMeHToB u3 crimcka DEVICES BeimosHseTcs BeIIEIECHN-
€M DJIEMEHTa B CITHUCKE, BBI3OBOM MPABOW KHOIKOW KOHTEKCTHOTO MEHIO M BBHIOO-
pom omuu Y nanuth (Delete).

Jlist Oynymiet cxeMbl OyayT MOJIE3Hbl HEKOTOPbIE KOHKPETHBIE BUIBI dJIe-
MEHTOB:

1. DnemenThl KOMMyTaIuu B Tpyiie [lepeximouarencit u pene (Switches &
Relays). 31eck MoskHO BeIOpaTh KHOMKH (BUTTON), rpynmoBeie nepexitoyaTesin
Ha pa3HOe KOJIMYEeCTBO coenuHeHni (Switch), a Taxke pese (Relays);

2. DneMeHThl HHAMKaKU B rpyme Ontoanekrponuku (Optoelectronics). B
noarpynmnax CeeronunonoB (LEDS), I'paduueckux cBETOAMOMHBIX WHIUKATOPOB
(Graphical LCDs), 3nakocunTesupyromux wuHaukatopoB (Segment Displays)
MOXHO M0/100paTh HEOOXOIUMBIN TTPUOOP;

CBeToamobl pa3nyaroTcs 1o 1sery (Hampumep, 3eieHbiii LEDS-GREEN)
U pexumMy mMojenupoBanus. B pexxume mudposom (Digital) ceeroanon e motpeo-
JSICT TOK, a B pexxume aHaimoroBoMm (Analog) morpebiieHne Toka OCYIIECTBISICTCS
110 OOIIMM IpaBHUIaM;

3. Pesuctopsl BeIOMparoTcst B rpymme Resistors. Ouu pa3nuvarorcs 1o pac-
CEMBAaEMOM MOIIHOCTH, KOHCTPYKIIMU, BEJIMYMHE COMPOTUBIEHUSA U T.1. Jns uc-
MOJIb30BAHUS TIEPEMEHHBIX PE3UCTOPOB Jyullie Beiopath Tunt POT-HG;

4. Konnencaropsl HaxoasTes B rpymne Capacitors;

5. Tpausuctopsl B rpyrre Transistors;

6. TepMmuHanbHbIE 37IEMEHTHI (KOHIIEBBIC, BBOJA U BBIBOJA, MOTPAHUYHBIC)

BbIOMparoTcsi KHomkor Terminals Mode S| B okHe PemakTopa cxem Schematic
Capture. B gactHocTH TaM MOHO BbIOpaTh 3neMeHT OOmuit moBog GROUND,
[Turanne POWER;

7. WsmeputensHbie mpubopsl BbeIOMpatoTcs B rpymmne INSTRUMENTS
'
ot

B okHe PemakTopa cxem Schematic Capture. 31ech MOXHO HalWTH, B 4acT-
HOCTH, ueTbipexkaHabHb ociumiorpad (OSCILLOSCOPE), BoabTMETpHI
(VOLTMETER) u amnepmerpsl (AMMETER) B peskuMe u3MepeHus OCTOSHHO-
ro (DC) u nepemennoro (AC) TOKoB;
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8. I'eneparopsl curHaioB BeiOMparoTcsi kHomkoi Generator Mode W B

okHe Pemakropa cxem Schematic Capture. JlocTymHBI Te€HEpaTOPBI MTOCTOSHHOTO
Hanpspkenus: DC, cunyconnansHoro SINE, umnynscaoro PULSE u T.x1.

Pasmemenue upeoakmupoeauue Jjiemernmoe

Pa3mereHre 3I€MEHTOB B OKHE PEAaKTOpa OCYIISCTBISETCS ITyTeM BBIfC-
JeHust Heooxoaumoro siaeMeHTa B okHe DEVICES, mienukom B okHe (JIeMEHT
0TOOpa)kaeTcss pO30BBIM I[BETOM) U €III¢ OJHUM IIETYKOM (DHKCAIlUU Ha BBHIOpAH-
HOM MECTE pa3MEIICHHS B OKHE (3JIEMEHT OTOOpaKaeTCs YSPHBIM IIBETOM).

Belnenenue aeMeHToB ocyiiecTBisiercs meirakoM JIKM B okHe penakropa.
Brinenenre rpynmbl 3JIEMEHTOB OCYIIIECCTBIISICTCSI HAKaTUEM W OOBOJIKOW TPYIIITHI
anemernToM JIKM. Bcee anemenTsl MOXHO BbLACTUTH Yepe3 meHro Edit/Select All
Objects. Omeparust conpoBokIaeTCs OTOOpaKCHUEM CTPEIKH OeJIoro Kypcopa.

MacmrabupoBaHrue N300paKeHHUsI OKHA OCYIIECTBIISICTCS BpallleHHEM KoJe-
CHKa IMPOKPYTKHA MBI B HY)KHOM HarpaBiieHud. st ymoOHOTO HaOJr0ACHHMS
HAaOpaHHBIX DJIEMEHTOB B pa00deM OKHE HCIOJL3YETCS (DOKYCHPYIOIIHH KOHTYP
3eJIeHOTo IBeTa B OKHe PemakTopa cxembl (Schematic Capture). Fim MOXHO BBI-
OpaTh Ty YacTh IOJISI, KOTOpas OyJeT OTOOpaXkaThCs B HACTOSIINNA MOMCHT B IICH-
Tpe pabouero okHa. PuKcarys OKHa BhINOJIHsCTCS HaxkatueM JIKM.

[TepeMelieHUE AJIEMEHTa Ha SKpPaHE OCYIICCTBISICTCS HaXKaTHEM M IIepeMe-
meHueM daementa JIKM. Ecii BeIIETIUTh KOHTYPOM TPYIITY 3JIEMEHTOB, TO TEpe-
MeIIeHUE OYIeT OCYIIECTBIIATHCS BCEH IPYIIIBI. ITO K€ MOYKHO BBITIOJIHUTH HaXKa-

THEM KHOIKM MaHenu MHCTpyMeHToB Ilepemectuts Oiok (Block Move) C
TaK)k€ BbIOpaB KOMaHAy M3 KOHTEKCTHOTO MEHI0, BbI3BaB ero [IKM.
Bpaiienue BBIIENEHHOTO 3JEMEHTA WIHA TPYNIBI 3JIEMEHTOB BBIITOJIHSAETCS

Ha)KaTHEM KHOTIKH MaHen MHCTpyMeHTOB Bpariars 010k (BlockRotate) ., WIH
BbIOPaB COOTBETCTBYIONIYIO KOMAaHIy M3 KOHTEKCTHOTO MCHIO, BBI3BIBAEMOTO
[TKM.

KonupoBaHue 31¢€MEHTOB Ha 3KpaHE BBIMOJHACTCS KHOIKOW TMAaHEIH HH-

crpymenToB Komuposats 6siok (Block Copy) £ WJIH, BEIOPAB COOTBETCTBYIOIIYIO
KOMaHAy U3 KOHTEKCTHOTO MEHIO, BbI3bIBaeMoro [IKM.
YaneHue 3JIEMEHTOB WM TPYIIIBl 3JIEMEHTOB C JKpPaHa BBIIOJHSIETCS

KHOIIKOW TaHeJIM WHCTpyMeHToB Y nayimTh 0ok (Block Delay) i WJIH, BHIOpaB
COOTBETCTBYIOIYIO KOMAaHAY U3 KOHTEKCTHOIO MEHI0, BbI3biBaeMoro [IKM. Kpome
TOT0, 3TO MOXKHO cziesath kiasuineii Delate.

CBsi3M CO3/1AalOTCS HA CXEMeE IPU HAJIMYMM Kypcopa B BHJIE KapaHjama Iy-
tem menuka JIKM Ha po30BOM KBapaTHOM MapKepe, KOTOPBIM MOSBIISIETCA B Me-
CTax, JOCTYIHBIX U1 cCOeNUHEHUA. JIMHUA MPOTATMBAETCS OT Hadajga A0 CIeaylo-
e TOuku coenuHeHus. JIMHUS MOXeT (PUKCHUPOBATHCS B MECTax HCKPUBIICHUS
HaxxatueM JIKM B mponecce npoknaaku. Y 1aJieHUE CBS3U MPEAIOIaraeT BblIele-
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Hue ee IIKM u BbIOOp B KOHTEKCTHOM MEHIO KOMAaH/bl YJIallUTh MPOBOJHUK
(Delate Wire). AnpTepHaTHBOM MOKET OBITh ABOMHOC HaxkaThe [TKM.
Hajnucu Ha cxeMe MOKHO BBITIOJHHUTD C IIOMOIIbIO KHOTIKK TEeKCTOBBIH pe-

uTR
-

xuMm Text Script Mode = *=° . Dro 3HAYMTEIHHO IOBBINIACT YUTAOCITHLHOCTD
CXEMBI.

Hacmpoiika ceoiicme KOMnoHeHmoag cxemol
Hanpspbkenue nutanus cxembl BeIOUpaeTcs: B okHe KoHdurypanuu muH, me-

peiins mo Design/Configure Power Rails. B oTkpsiBiieMcs: OkHe KOH(UTYpaIUH
(puc.3.6) ycranaBnuBaercs tun ucrounnka VCC/VDD u BenmnyuHa MHUTAOIIETO

e e — B x| HanpspKeHUsl. JTU TTapamMeTphl
PowerRa\lsw Net C\assl HOHyCTHMO I/I3MGHHTB HpH BBI-
Power Supplies KHIOLICHHOM pe)KI/IMe MOI[CJII/I-
Name: [VCC/VDD ~| Volage: 5 pOBaHUsA
Newr Bename Delete Class: POWER )
Unconnected power nets: Nets connected to VCC/VDD: | HapaMeTDBI 3J'ICMCHTOB

VCC

CXEMBI PEIAKTHUPYIOTCS B OKHE
pelakTUpoBaHUusT B  OOBEME
CBOHWCTB, XapaKTePHBIX IS
KOHKpETHOTO 3jeMeHTa. OKHO
CBOMCTB BBIBOJMTCS TIPH HaXKa-
tan [IKM u BeIOOpE KOMaH/IbI

Add >

=

< Bemove

Use default power rail connections?
Edit Properties uiau nBOWHBIM
meirukoM JIKM. B 310 ke 0KHO
Puc.3.6. OkHO KOHUTYpAITUU IITUH TUTAHHUS MO’KHO IEPEMECTHTHCS, 3a1aB

[MO3ULIMOHHOE 0003HaueHue
aneMenTa uepes Edit/(Find/Edit Component).

[IporpaMmupoBaHue MUKPOKOHTpOJUIepa B Proteus BO3MOKHO Kak CO3/aHU-
€M HCXOIHOT0 TEKCTa MPOrPaMMBI C MOCIEAYIOIIeH KOMIUISNKEH (B 1eMOBEPCHH
9Ta OIIUSA HEAOCTYITHA), TAK U 3arpy3K0il y:Ke OTKOMIIMINPOBaHHOIO (haiina. J{jst
3arpy3ku (aiiiza HeoOX0IUMO B OKHE PEIaKTHPOBAHUS CBOMCTB MUKPOKOHTpOJLIC-
pa Edit Component npomnucars myTh K BeiOupaemomy daitny (puc.3.7). [Jenaercs
sto B mose Ilporpammuoro daitna Program File. Beiopats MOXHO OOBEKTHBIM
daiin (pacmupenue .0bj ) wiu hex-daiin (pacmmpenue .hex). Otnnyne 3akmoya-
eTCcs B TOM, YTO B pEKMME OTJAJKH IMPH 3arpy3ke Qaiina ¢ pacmmpenuem .0bj B
OKHE HCXOJHOTO KOJa MOXKHO HaOM0JaTh MCXOAHBIA TEKCT IPOrpaMMbl
(Debug/AVR/Source Code).

B nonie Program File nyxHo yka3aTth popmarst:

.Ccof - eciti BBI XOTHTE BECTH OTIIAAKY [0 HCXOIHOMY TEKCTY MPOrpaMMbI Ha
s3pike Cu B komnmsitope CodeVisionAVR - CVAVR,;



http://avr123.nm.ru/05.htm
http://avr123.nm.ru/05.htm

elf - ecm BBI XO-
TUTE BECTH OTJIAJKYy IO
UCXOJTHOMY TEKCTy Ha
s3pike  CH TIpOrpaMMmbl
kommuigropa WIinAVR -
3TO OTJIMYHBIA KOMITHJIISI-
top, BECIUIATHBINA n
npohecCHOHANBHBINA, HO
HOBUYKAM HEMHOTO 3a-
TPYAHUTEIBHO €ro Hc-
MOJIb30BAaTh;

UBROF - ¢opmar
(aiinia ecnu BBl XOTHUTE
BECTH OTJIAAKy IO WUC-
XOJMHUKY Ha si3bike Cu
MpOTrpaMMbl, CO3JaHHOU
B kommwisitope [AR -
3TO  CaMbld  JIy4IllIWH
komnuiaTop g AVR,
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CKOUT (Clock output)

RSTDISEL (External reset disable)
WDTON (Watchdog Timer Always On
CKSEL Fuses:

SUT Fuses:

Advanced Properties:

l(1)Unprogrammed

v |[HideAl ]

l 1) Unprogrammed

v |[HideAl ]

v |[HideAl ]

(
(1) Unprogrammed
(0010) Int. RC Osc. 4 MHz

~|[HideAl  ~]

]

~|[HideAl  ~]

lCIock Frequency -

| (Defauty

Qther Properies:

|| Exclude from Simulation
["] Exclude from PCE Layout
Exclude from Current Variant

|| Attach hierarchy module
Hide common pins
[ Edit all properties as text

Hide All A

¥ Edit Component o X
PartBeference: ul Hidden: []
Part¥alue ATTINY2313 Hidden: []
Element: h Dlew __Data
PCB Package: DIL20 ~ |s4][HideAn  ~| | [ HiddenEins |
Program File: 'ROGECT\Project_1\Project_1.obj [] [Hide Al
CLKDIVE (Divide clock by 8) I(G)Programmed v”HideA” vl

o]

Puc.3.7. OkHO CBOWCTB MUKPOKOHTpOJLIEpA

HO HOBMYKaM OYEHD 3aTpyIHUTEIBHO €0 UCIIOIb30BaTh.
B okHe pemakTHpOBaHUSA CBOMCTB MOXXHO M3MEHUTH BCE OCTaJIbHBIE CBOM-
CTBa MUKPOKOHTPOJIJIEPA, B TOM YHCIIE YCTAHOBKHU ()bI03-OMTOB.

[locne BbIMONHEHMS BCeX Mpouenyp (GopMUPOBAHMS CXEMbl BHEIIHUI BUJ
paboyero okHa AOJKEH ObITh OJI0OHBIM TOMY, KOTOPBIN MTPEICTaBIIEH Ha pUC.3.8.

U1

PAD/XTAL1
PA1/XTAL2
PA2/RESET

PDO/RXD
PD1/TXD

PD3/INT1
PD4TO
PD3/T1/0C0B
PDE/ICP

FleFer FEH

PD2/INTO/XCK/ICKOUT  PBEMISO/DO/PCINTE

PBO/AINO/PCINTO

PBUAINT/PCINT1 i

Haanuce

14

PB2/OCOA/PCINT2
PB3/OC1A/PCINT3
PB4/OC1B/PCINT4

=
(]

=y =Y
el (*2]

PBS/MOSI/DI'SDAPCINTS

=1
{o=]

=
(s}

PBT/USCK/SCL/PCINT7T

ATTINY2313

v

D1

LED-BLUE.

D2
LED-GREEN

Puc.3.8. Cxema coeqMHEHUS MUKPOKOHTpOJLIIEpa

B omueme npeocmasumsu:
1. CocraB mapaMeTpoB MOJEIUPYEMBIX 3JIEMEHTOB: MHUKPOKOHTPOJIIEpA,
BOJIBTMETPA, PE3UCTOPA, CBETOANOAA, TEPMUHATOPOB;
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2. CriocoObI focTyna K OKHY CBOMCTB KOMITOHEHT. BBITIONTHsI€MbIE TEXHOIIO-

TUYECKHE MOCIE0BATEILHOCTH MOKHO MMOKa3aTh rpad)uuecku B BUJIE CXEMBI OIle-
paiuii, Kak 3TO clieJIaHo Ha puc.3.9.

——— NKM —— Edit Properties \

2XITKM OKHO CBOMCTB
— Edit —— Find/Edit Component —— U1 —| KOMMNOHeTa
E U1 -

Puc.3.9. Cxema onepanuii st 10CTyIa B OKHO
PenaktupoBaHue CBOMCTB KOMIIOHEHTA

3aoanue 3.3. Mooenuposanue cxemovl u OMaAA0Ka

Ilpakmuueckue 3a0auu:

1. 3anycTuTh cXeMy Ha MOJACITMPOBAHUE M OICHUTH NMPABUIBHOCTD €€ IMOBe-
ISEEH

2. OcCymiecTBUTh MOILIArOBOE BBHITOJHEHUE IpOrpaMMbl. Peann3oBars Bce
BAPUAHTHI PEKUMA OTIIAJKH.

3. IloaKIIOYNATH CBETOAMOIBI KO BCEM BBIXOJaM MOpTa. J{OMOJHUTH MpO-
rpaMMy Tak, 4YTOOBI B IMOIIArOBOM PE&XUME ObLJIO BUJIHO YIOPSIOUYCHHOE JBUXKE-
HHE CBETSIIUXCS] CBETOAMO/IOB.

Mooenupoeanue 31eKmpoOHHBIX CXEM
MogaenupoBaHue OCYHIECTBIIAECTCS IOJ YIPaBJIECHUEM KHOIIOK YNpPaBJICHUS

moaenupoBanueM (puc.3.10). [locnenoBarenbHO HA PUCYHKE Cl€Ba HAMpPaBO pas-
MEILICHBI:

- 3anyck (IPOJOJDKEHHE) MOACIUPOBAHUS

[ [ =] w cumyisuun (Run Simulation) F12;
dinyed| @@ B ” @ - momaroBoe MozenupoBanue (Step Into

Source Line) F11. OObr4HO, OXHOMY MIAry
COOTBETCTBYET OJ[Ha KOMaH/1a acceMoJiepa;

- may3a cumysisiuu (Pause);

- ocraHoBka cumyisinuu  (Stop  VSM

Puc.3.10. Knonku ympas-
JICHUS] MOJIEJIMPOBAHUEM

Debugging) Esc.

AHAJIOTUYHBIE PEKUMbI MOKHO MHUIIMUPOBATH, BBINOJIHUB MEPEXO]] U3 Me-
uio Debug.

B npouecce MozienupoBaHus BBIBOIbI 3JIEMEHTOB MOJCBEUMBAIOTCS KBaApa-
TUKaMHU Pa3HBIX [IBETOB:

- KpacHblil - jorudeckas "1" (BbICOKUI MOTEHIIAAN);

- cuHui - norudeckuit "0" (HU3KUIA TOTEHITUAN);
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- CEpBIi — HE OIpeIeNIeHO (BBICOKO-UMIIEIAHCHOE M Z- COCTOSIHUE);

|Del;ug Library Template Swstern  Help
H StartfRestart Debugging

ChrHF12
i “ Fause Animaticn Pause
B stop Animation Shift+Pause
5:* Execute Flz

Execute Without Breakpoinks  alk+F12

Execute For Specified Time

. Step Over F10

B ctepInta Fi1

B step out Chr+F11

H=r Sten To Chrl-F10
Anirnate AlE+F11
Feset Popup Windows

Reset Persistent Model Data
* Configure Diagnostics. ..
|7 Ilse Remote Debug Monitor

E Tile Horizonkally
DD Tile Yertically

1. Simulation Log
2, Wakch Window
3. AYR
4

. Terminal

— T
Puc.3.11. Menro Orinagunka

- OKENTHIA - KOH(JIUKT Ha JHHHUH.
Hampumep, Ha 3a3eMJIEHHBI MNPOBOAHUK
OCYUIECTBJISIETCS MOMBITKA MOJATh +5V.

[TomaroBasi OTaa/ika OCYIIECTBIISETCS
u3 mento Debug (puc.3.11). B atom pexume
Kaxaplii HOBbIM 3amyck (F11) mpuBomuT k
BBITIOJITHEHUIO TOJBKO OJIHOM KOMAaHIBI MPO-
rpaMmbl. OTKJIOHEHHS OT 3TOTO TIPaBHIIA
BO3MOYKHBI:

- Step Over Source Line (F10) - mos-
BOJISICT BBIMIOJHUTH TOAMPOTPaMMBI 0€3 TI0-
[IaroBOTO pekuMa. BapuaHT npu oTiaake
JOIYCTUM TIPU HAJUYHUH MTPOBEPEHHBIX U OT-
JTa)KEHHBIX TIOJIITPOTPaMM;

- Step Out from  Source Line
(Ctrl+F11) - mo3BosseT OBICTPO 3aKOHYHUTH
BBITIOJIHEHUE MOIPOrpaMMbl (BBINTH U3 HEE)
0€3 MoIIaroBOro pexuma.

Toukn ocraHOBa NO3BOJISAIOT OCTAHO-
BUTh TMPOLECC CHUMYJSLMM Ha BBIOPAHHOU
KoMaHnje. [y yCTaHOBKM TOYKH CIEAyET JBa
paza menkHyTh JIKM Ha BeIOpaHHOM onepa-
Tope (cTpoke) mnporpammsel. JlomkHa 1O-
SABUTHCSI 3aKpalleHHas TOuyKa. YJaJeHue
TOUKHM BBINIOJIHAETCS TaKUM K€ JIBOMHBIM

Hakxatuem. Ho Touka IIpKu 3TOM CTAHOBHUTCA HCAKTUBHOM U HE OCTaHABJIMBAECT IIpo-
OeCC CUMYJIALNN. I[J'I?I IMIOJIHOT'O YAAJICHUA TOYKHU HCO6XOI[I/IMO HaXXaTb €€ CIIC pas.
AHanoruuHeie Apyruc I[GﬁCTBHH C TOYKaMM MOKHO HMHHIHMHPOBATHL M3 KOH-
TCKCTHOI'O MCHIO, BbI3BIBACMOI'O Ha BBI6p3HHOfI TOYKC.

KOHTDO.HB COCTOAHHA MUKPOKOHTPOJJICpA OCYIICCTBUM B PCIKUMC OTJIAAKH.

[Tpu sTom m3 menro Debug\AVR MoxHO MOJIYYUTH TOCTYI K CJICIYIOIIMM OKHaM

otiaguuka (puc.3.12):

- OkHO mpocMoTpa

WindOW) B TOM OKHE (pI/IC'313) 09:00 R17:00 R25:00

(WatC h saw

1. Simulation Log

2. Watch Window

1. Source Code - U1

2. Variables - U1

3. CPU Registers - U1
4. Data Memory - Ul

OETO0T RIGTFF  RZFTO0

10:00 R18:00 R26:00
11:00 R19:00 RZ2Z7:00

MOXHO pa3MellaTh HUMEHA PETHCTPOB 12:08 Ra:00 R2s:oo

MKK wnmu agpeca maMsiTH U OTCIICKU-
BaTb WX COACP)KUMOE IO XOIy Ipo-
rpammbl.  Jlist  goOaBiieHHsT O0OBEKTa
HEOOXOJMMO B KOHTEKCTHOM MEHIO
(BetOupaercss I[IKM) BwiOpaTe 11100

13:00 RZ1:00 RZ29:00
14:00 RZZ:00 R30:00

15:00 R23:00 R31:00 2RO ey =

6. Program Memory - U1
1.1/O Registers - UL
8. SRAM - U1

":0000 Z:0000 5:00DF

DALICCH. MN.AN.AD DI04 N4

Puc.3.12. Ciucok OKOH OT/IaynKa
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oowekT (Add Item By Name) Alt+N mm6o
anpec namsatd (Add Item By Address)
Alt+A. Tlpu BBIOOpPE 1O HMMCHH BBIMAgaCT
BECh CIMCOK BO3MOXHBIX MMEH. C TMOMO-
b0 KBaJ[paTHKa TPU WMEHHU YK€ BHECEH-
HOTO B OKHO PETHUCTPAa MOYKHO Pa3BEPHYTH
peructp Ha Tpynnbl (QYHKIMOHAIBHO CBSI-
3aHHBIX OUTOB.

Watch Window

=]

Name Address

[Flacsr
[Hoore

0x0028
OX0037

value watch Expression
oxo0

OXFF

Puc.3.13.

OxkHo nmpocMoTpa

i5i= Watchpoint Condition 2=l
Global Break Conditio
<0\§T urn off [disable] watch points.
<\ Suzpend the simulation if ANY' expression is true.
<\ Stop the simulation only when ALL expressions are bue.
Item Ereak Expressio
ltem: JwoTCR =l
LEES INone j IDHDD
i [ =
Cotditiot I ane J
Wialue: I
LCancel I

Puc.3.14. OxHO napamMeTpoOB TOUKHU
OCTaHOBa

B okHe MOXHO HE TOJIbKO HaOJIIO-
JaTh MEPEMEHHbIC, HO U 3a/1aBaTh HEKO-
TOpBIE YCJIOBUSI M JEUCTBUS NPU JOCTHU-
JKEHUM STHUX YCJIOBHI - HampUMeEp, OCTa-
HOBUTH cuMyJisiiuio. [lo cytu 3T0 TOUKHU
OoCTaHOBAa. /[l 3TOro B KOHTEKCTHOM Meé-
HI0O BbIOMpaeTcsi OkHO COCTOSIHME KOH-
tponbHoO# Touku (WatchpointCondition).
B oxne (puc.3.14) MOXHO OTKIIIOUHTH
KOHTpPOJb 3aJJaHHOTO YCJIOBHUS, OCTaHO-
BUTh CHUMYJISIIUIO TIPU BBITTOJHEHUU O/I-
HOTO W3 YCIIOBUM WM TPU BBITOJHEHUU
BCEX YCJIOBUMU;

- Wcxonublii kon MukpokoHTpoiuiepa (Source Code). D1o okHo (puc.3.15)
JOCTYITHO TOJILKO TIPH 3arpy3ke TOTOBOro (aiijia KOHTpoJIepa ¢ PaCHIUpEHUEM
.0b] nam mpu cozmanum Qaiina B cpenae Proteus. Ilpu Hamuumu 3TOro okHa Ha
9KpaHe OYEPeTHON MIar mporeccopa OyAeT H3MEHSTh MOJIOKEHHE Kypcopa B OKHE.
Kypcop OyaeT yka3bpIBaTh Ha BBIMIOJHIEMYIO ceiiuac KOMaH/Iy;

AVR Source Code - U1

=]

D:AAVR_PROGECT \Project_LR1\LR1.asm

JF  ERED R

Ldnclude "tn2313def.inc™
metka: 1di R16G,255
& 0002 out

R.jmp metka

DDRE,R16
PORTE ,R16

s MPUCOSIMHEHWE ONMCAHWA
;38MMCh KOHCTaHTW B R16
; pEXMM EHAAYW BCEX B Rg B

;EbLAaTh ECe 1

Puc.3.15. OKHO HCXOZHOTO TEKCTa IIPOrpaMMBbI

- Ilepemennsie (Variable). Oxuo mo3BosieT OTCICANTH CIIUCOK UMEH IIepe-
MEHHBIX, 3asABJICHHBIX B MPOrpaMMe, KOHTPOJIHUPOBATh BCIO TUHAMHUKY U3MCHCHHUS

ux 3Hauenuii (Valie);
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- Peructper  mpomeccopa  (CPU
Registers). Oto okHo (puc.3.16) mokas3bIBacT
conepkanne POH (RO-R31), cuerumka ko-
mann (PC), miecTHaamaTepuyHbIi ¥ JIBOUY-
HBIN KOj peructpa craryca (¢maro) SREG,
Tak)K€ KOJHMYECTBO BBIMTOJIHEHHBIX ITUKIIOB
(Cycle Count), 3HaueHHMsS HWHIECKCHBIX PEIH-
ctpoB X, Y, Z;

AVR CPU Registers - U1

=

P
0004

SREG
oo

ROO:
RO1:
ROZ:
RO3:
RO4:
ROS5:
ROG:
RO7:

S8E2888838

0000

INSTRUCTION

ouT

ITHSVNZC CYCLE COUNT

£18,R16

oo0o00000 417505

RO&:
RO9:
R10:
R11:
R12:
R13:
R14:
AR15:

R16&:
R17:
R1E&:
R19:
R20:
RZ21:
R22:
R23:

T
Bl

S8E2888838
SE38888

é
:

=)

RZ4:
R25:
R2&:
R27:
RZ28:
RZ23:
R30:
R31:

88888888

%

Puc.3.16. OxHO peructpon
nporeccopa

- [Tamsate nannbix (Data Memory nin AVR Sram). B stom okne (puc.3.17)

otoOpaxkaercs coaepxkumoe O3V,

AVER SRAM - U1

o0 |00 OO0 00 OO|O0 OO0 OO0 00|00 00 00 00|00
i | FF OO OO0 OO |OQOO0 OO QO OO0 |00 00 00 00|00
Z0 |00 OO0 00 26|00 OO0 OO0 OO0|00 00 00 20|00
30 |00 OO0 OO0 OO |OO0 OO0 FF FF|FF 04 00 00|00
40 |00 OO0 00 00|00 OO0 O3 00|00 00 00 00|00
50 |00 40 OO0 OO |O2 OO0 QO OO0 |00 00 00 00|00
&0 |00 00 00 OO0 00 OO0 OO0 Q0|00 00 00 00|00
70 |00 OO0 OO0 OO |OO0 OO0 Q0 00|00 OO0 00 00|00
80 |00 OO0 OO0 OO|O0 OO0 Q0 00|00 OO0 00 00|00
S0 |00 OO0 00 OO0 |00 OO0 Q0 OO0 |00 00 00 00|00
AQ |00 OO OO0 OO|OQO0 OO0 OO0 00|00 OO0 00 00|00
BO |00 OO0 00 00|00 OO0 Q0 00|00 00 00 00|00
CO |00 OO0 OO0 OO|OQO0 OO0 OO0 00|00 OO0 00 00|00
oo |00 00 00 00|00 OO0 OO0 OO0 00 OO0 00 00|00

oo
oo
o0
oo
oo
DF
o0
aln]
oo
aln]
oa
oo
oo
o0

00 00
o0 00
00 00
oo 0o
o0 00
o0 0o
o0 00
o0 00
o0 00
o0 00
o0 00
o0 0o
o0 00
o0 0o

Puc.3.17. Oxuo [lamMsaTs TaHHBIX

- [Tocrostnnas mamsth Aanubix (EPROM Memory);

- [Tamste mporpamm (Program Memory);

- Peructpsl BBoga-BeiBosia (AVR 1/0 Registers). B okue (puc.3.18) orodpa-
JKAFOTCSI PETUCTPBI BBOA-BBIBO/IA, YIIPABIISIONINE BHEITHUMH YCTPOHCTBAMH KOH-

TpoJuiepa.

AVR IO Registers - Ul

20 |00 OO0 OO0 26|00 OO0 QO OO|O0O0 OO0 00 20|00
30 |00 OO0 OO0 OO |00 OO0 FF FF|FF 04 00 0OO|00
40 |00 OO0 00 00|00 OO0 O3 00|00 00 00 00|00
50 |00 40 OO0 OO |O2 OO0 QO OO0 |00 00 00 00|00

oo
oo
oo
DF

o0 00
o0 00
o0 00
o0 0o

Puc.3.18. Oxno peructpo PBB
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B omueme npeocmagumo:
1. Jopaborannyro nporpammy MKK;
2. JlommycTuMble ciocoObl M3MEHEHUST UCXOAHOTO TekcTa mporpammbl MKK.

Bonpocwt ona camokonumpons

Kakue pexxumbl paboTsl Proteus cyiiecTByroT?

Kakue napameTpbl IpoeKkTa BHIOUPAIOTCS IPU CTAPTE CUCTEMBI?

Kak ocymiecTBisieTcs: BHIOOp KOMIIOHEHTOB JIJIsl HAO0pa CXeMbl?

Ha3oBute npruemsl peJakTUPOBaHUS 3JIEMEHTOB CXEMBL.

Kak nu3MeHHUTh CBOMCTBA KOMIIOHEHTOB CXEMBI?

Jliig yero ucnonb3yercs HU(POBON M aHAJIOTOBBIA PEKUMBI pabOTHI CBETO-
nuoagoB? YUem oHM oTian4aroTCcsa?

Kakne 00beKThl MOKHO HA0II0JIaTh B PEKUME OTJIauuKa?

Kak n3MeHHnTHh IpOrpaMMHBIN KOJT OTJIaKUBAEMOU POrpaMMBbl?

C Kako¥ LEeNbI0 UCTIONB3YIOT TOUKH OcTaHoBa? Kak TOUKy mOCTaBUTh U yna-
muTh? Kak ynanuTe BpeMEHHO?

10. HazoBute pesxuMbl pabOTHI OTIa9nKa?

11. Kak MOXHO H3MEHHUTh UCXOHBIA TEKCT MporpaMMel B Proteus?

12. Yem otimuaeTcs cpefa oinaaku Proteus or AVR Studio?

13.HaiinuTe 3HaueHue perucrpa JAaHHBIX MopTa B B OKHE peructpoB BBOJA-

BbIBO/Ia M OxHe O3Y. CpaBHUTE 3HAYCHUE TAHHBIX.

14. VI3amepbTe HampspKeHHUE Ha BBIBOAAX MHUKPOKOHTPOJUIEpA B COCTOSIHUU JIO-

I'MYCCKOIro HyJiiI 1 CANHHAIIBI.



