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VJIK 681.3.06 (076)
BEK 32.07

YukanoB A.H. MukpokoHTtposuiepsl. Cpena nporpaMMUpOBaHusl U OTiIagku. Me-
TOJAMYECKUE YKa3aHUs K JaOOpPAaTOPHBIM M MPAKTUYECKUM 3aHsATUAM. PocToB-Ha-
Hony: Ceepo-KaBkasckuii punman MTYCH, 2019.- 55 c.

B noco6uu n3noxeHbl METOJMYECKUE PEKOMEHIallUU, COAepKaTeIbHbIe Ma-
TEpHUabl U KOHTPOJbHBIC 3aJaHMsl JUIsl IPOBEACHUS JTAOOPATOPHBIX M MpaKTHUYe-
CKHMX 3aHATHH 10 U3yYEHHUIO MPUEMOB U METOJIOB IPOrPAMMHUPOBAHMS MUKPOKOH-
TpoJuIepoB cemencrBa AVR, MPUHINMIOB TPaHCIALIMU U OTJIAJKU HPOTrPaMMHOIO
oOecrnieueHus. B kadecTBe MHCTpyMEHTa HCIIOJIb30BaHA cpena pa3pabotku AVR
Studio u cpema momenupoBaHus IEKTPOHHBIX cxeM Proteus. [TocoOue comeput
HEOOXOMMbIE CIIPABOYHBIE MaTepUAIbI.

MeTtoauueckne ykazaHus MpeIHa3HA4YeHbl AJSl CTYACHTOB, OOYYarolIuXxcs
no HampasieHusMm noarotoBku 09.03.01 MudopmaTuka ¥ BRIUUCIUTEIIbHAS TEX-
Huka u 11.03.02 MHpOKOMMYHHKAIIMOHHBIE TEXHOJIOTMU U CUCTEMBI CBSI3H, IPO-
¢buneit MHOrOKaHaNIbHBIE TEIEKOMMYHUKAIIMOHHBIE CUCTEMBI, CeTH CBSI3U U CHUC-
TE€MbI KOMMYTAI[UH, 3alUIIEHHbIE CUCTEMBI U CETU CBsI3U, CHUCTEMBI PAANOCBSI3U U
paauoiocTyna, BeraucnurenbHble MallluHbI, KOMIUIEKCHI, CUCTEMBI U ceTH, [Ipo-
IrpaMMHOE 00€CIIeYeHUE U MHTEJUIEKTYaJIbHbIE CUCTEMBI.

[Tocobue mpenHa3HaYeHO MAJISi UCIIOJIB30BAHMUS NPU M3YyUYEHUH TUCIUILINH
Crienranm3upoOBaHHbIE MPOLIECCOPBl, MHKPOIPOLIECCOPHBIE CUCTEMBI, Bbrunciu-
TeJNbHAsI TEXHUKA U UH()OPMAIIMOHHBIE TEXHOJIOTHH, a TAK)KE MOXKET ObITh UCTIOJb-
30BaHO MPENOJABATENAMHU U CTYyIEHTAMH IPHU U3yYEHHH POACTBEHHBIX TUCLHILIAH
U B IIPOIIECCE CAMOCTOSATEIBHON pabOTHI.

YuebHoe mocobue o0cyxaeH0 U 0J100peHo Ha 3acenanuu kadenps UBT.
[Tporokois Nel ot 26.08.2019 r.

Penensent 3aB. kadenpoii UBT n.1.1H. mpodeccop Coxonos C.B.
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1. UCCJIEJOBAHHUE CPEJbI IPOITPAMMMUPOBAHUSA
AVR Studio CIIEHIUAJIUZUPOBAHHOI'O KOHTPOJIJIEPA

Llens:

1. YrayOuTs 1 3akpenuTh TEOPETUUECKHE 3HAHUA 10 MPUHIIUIIAM MPOTrpam-
MHUPOBAHMS U OTJIAJIKU B UHTETPUPOBAHHOW CPELIE;

2. [IpnoOpecTH NMpakTUUECKUE HABBIKM CAMOCTOSITEILHOTO U3YUYEHUSI COCTa-
Ba, BO3MOXKHOCTEU, PEeKUMOB palbOThl cpenbl nporpammupoBanusi AVR Studio,
OCBOEHHMS DJIEMEHTOB UHTEpdeica;

3. CoBepIlIeHCTBOBATh HABBIKK aHAIM3a, 0000IIEHNs U CUCTEeMAaTU3allu1 110-
JYYEHHBIX pe3yJbTaTOB, HABBIKM COCTABIICHUS U OPOPMIICHUSI OTUETHBIX MaTepHa-
JIOB, HaBBIKM TOYHOTO M JAKOHUYHOI'O IPEACTABJICHMS TOKJIaJ0B Ha BOMIPOCHI
TEXHUYECKOT0 XapaKTepa.

Yueonuvie eonpocol.

1. Ha3znauenue u ocHoBHBIE KOMITIOHEHTHI cpesibl AVR Studio;
2. TexkcToBBIi peakKTOp UCXOAHBIX TEKCTOB IIPOTPaMM;
3. Kommunsarop si3bika accemOiiepa.

JJumepamypa 0,11 n0020mMOEKU K 3AHAMUIO

1. benos A.B. PazpaboTka ycTpoicTB Ha MUKpOKOHTposuiepax AVR: miara-
eM oT "walHuka" no npodu. - CII6.: Hayka u texnuka, 2013. -528 c.
(cTp.289-306).

2. Ectudeeer A.B. Mukpokontposuiepsl AVR cemetictBa Tiny. PykoBo-
JncTBO moJib3oBareiss. M.: Mznarenbckuii jom NoJlomaka-XXI", 2007. -
432 c.

3. WWW kit-e.ru Komnonents! u texuonoruu. AVR: nmporpaMmMupoBanue B
cpene AVR Studio/

Cooepircanue omuema
1. HazBanue paboThI.
2. HazBanue kaxoro y4eOHOro BOIIPOCA U KPATKUM KOHCIIEKT B 00beMe Mpak-
THUYECKHUX 3aJIaHUH I10 BOIIPOCY.

Bonpocwt 0151 noozomosku K 3anamuio

Hasnauenue TpaHciaropa, KOMIWIATOPA, HHTEPIIpETaTopa.

TexHuka paboThl KOMITIIISITOPA C sI3bIKA accemouiepa.

3. OTiMuKe TeKCTOBBIX PEAAKTOPOB CUCTEM IPOTrpaMMHPOBAHUS OT KJIacCHYe-
CKHMX TEKCTOBBIX PEJIaKTOPOB.

4. Kaxas cpelia Ha3pIBa€TCsl UHTETPUPOBAHHOMN?

N —

Axmyanvhocme 3anamus
Pa3paboTka yCTpOICTB Ha OCHOBE CIELUATM3UPOBAHHBIX KOHTPOJIIEPOB
CBsI3aHA C Pa3pabOTKOI anmapaTHOM U MPOrpaMMHOI cocTaBistommx. Kpome Toro,




3TO CBSI3aHO C OCOOEHHOCTSAMU pa3pabOTKU CUCTEM peanbHOro BpeMeHu. [loaTomy
BCE OTalbl MPOCKTHUPOBAHUS JOJHKHBI OBITh MaKCHMAJIbHO aBTOMATHU3HPOBAHBI.
OtuMm TpeOoBaHUAM B MONHOU Mepe oTBeuaeT cpeaa AVR Studio. Ona siBnsiercs
NPU3HAHHBIM TPOAYKTOM U €€ OCBOCHHE MOXKET CTaTh OCHOBOHM ISl OCBOCHUS
JIPYTUX aHAIOTUYHBIX CHCTEM.

3aoanue 1.1. Haznauenue u ocnognvle komnonenmal cpeovt AVR Studio

Ipaxmuueckue 3a0ayu:

1. Bvinonnums 3anyck u HAcCmpouxKy cpeovl pazpabomku no npueeoeHHOMY
PYKOBOOCMBY;

2. Hayuumwcsi omxpwvleams 6ce OKHA U BKIAOKU,

3. Kpamko 3anucamo cocmas umerouwuxcst MeHio, YsCHUmMb ux Ha3HaueHue.

IDE AVR Studio — 310 uHTerpupoBanHas cpena paspaborku (IDE —
Integrated Development Environment) npuiIoXKeHMH JJIE BCEX  THUIIOB
MUKpOKOHTpoJuiepoB cemerictBa AVR (AT90S, ATmega, ATtiny). CBoOoaHO
pacrnpoctpansieMbiit TpoaykT ¢pupmbl Atmel (Atmel.com). Cpena umeer npoctoit u
WHTYUTUBHO-TIOHATHBIN uHTEpdeiic (puc.1.1).

AV ihadin - Dhnassembiler

Ble  Projet Edi s Jook (el e
ODFEH@S i hhBd o =f

Beol=

Paiinsl CNpaBkKK
*ICESD *ICE40
*ITAGICE mkll * AVRISF
*8TkAa00 *E8TkAal1
* 5TKA00 * Assembler

= FDRTA - 2 shis PIND. Ox(&
= EB FORTE amy Tan ke i 4 -
2= PORTE b OOCEO000 abis | CPIND. Onfe it (Bor]  in i o
¥ DORE Tl OoOEo000 wweap Temp then sw i1
= Fra it Dooeoooo fouw wait & while to maks LEJ @ 29 dec Delay
+ BB PORTC =t
+ 58 PORTD an ] DLy
as 5P ] Delay?
. é TIMER_COUMTER_D i dec I i
[ TIMER_COUNTER_), 33 boaa oLy
11 ) rimp LOGE
——— Ho Source --——————--————-':l
MpocHoTp PEric Ipoe 21 :
Anpa u nepudrepun OKHO MCXOOHOTD TeKcTa
" Hame s L Locatory
MHEPOKO HTponnepa 4 NPOrpatbI , IE IFg:TI I=T |

E 85 F Srmidslor Pie e sl st conbguaing s E
B Gmdsior AT 9050515 Conhigued OF

Losded checifie 0 WVF Suppo'alS15_usi'ed'ed oby ]

Lasded chywcifie 0 WWVF\ S WwlS15_ust'dedisd oby

O Pesgister DD R 0]
egister DwODND ]

MpocKoT) 3HaYeHHi

WA w B Messages P nFie B 4 | | L iy nepeMeHHLIX W CTPYETYD

Puc.1.1. Unrepdeiic unrerpupoBanHoi cpeasl pazpadbotku AVR Studio



IDE AVR Studio conepxur:

- CPE/CTBA CO3JaHMsI U YIPABICHUS POEKTOM;

- TEKCTOBBIM PETAKTOP UCXOIHBIX TEKCTOB IPOrpamm;

- TpaHCJIITOP sA3bIKa accemoiepa (Atmel AVR macroassembler);

- otnaquuk (Debugger);

- cumyssitop (AVR Simulator);

- 3arpy34dKk MallMHHOro kojga B mnamate MK ¢ noxanep:kkoi
BHyTpUCXeMHOro mnporpammupoBanus (In-System Programming, ISP) ¢
UCIOJIb30BaHUEM CTAHJIAPTHBIX OTIAA0UYHBIX cpeaAcTB Atmel AVR;

- BCTPOECHHYIO cripaBounyto cuctemy (Help), cogepxkaiyto onucanue si3pika
accemOJep u cucrembl koman MK cepun AVR u ap. KOMIOHEHTHI.

Otnamunk AVR Studio mognepxuBaeT Bce TUITBI MEKPOKOHTposuiepoB AVR
U HUMEeT JBa pexXuma paboThl: PEKUM MPOTPAMMHON CHUMYIISIIIUM U PEKUM
YOPABJICHUS PA3IUYHBIMU TUIAMU BHYTpUCXEMHBIX HMyJsaTopoB (In-Circuit
Emulators) npousBoactBa ¢upmbel Atmel. B okHe oToOpakaeTcsi KoJa, KOTOPBIN
BBITIOJIHSETCS B OTJIAJIOYHOM OKPY>KEHUH B HACTOSIUN MOMEHT. BHyTpUCXeMHbIN
AMYJIATOP IMO3BOJIIET MPOU3BOAUTH OTIAJKY MPUIOKEHUS HA PEAIbHOM IIeJIeBOU
iare. B pexxume peanbHOro BpeMeHU dMYJISITOp paboTaeT CylecTBEHHO ObICTpee,
4yeM MporpaMMHbiil cumynsTop. HMHtepdeiic monb3oBaTenss HE H3MEHSAETCS B
3aBHCHMOCTH OT BBIOPAHHOTO PEKHMMa OTIAIKH.

OTtnagounasi cpefa MOAACPAKUBACT BBINOJHEHHE MPOrpaMM, Kak B BHJE
acceMOJICpHOTO TEKCTa, TaK WM B BHJE HCXOAHOro Tekcrta s3bika C/C++. B
MOCJIEIHEM CIIydae 3arpy’aemMblii MOAYJIb HPOrpaMMbl JIOJDKEH COJAEP)KaTb HE
TOJBKO MAIIMHHBIA KOJ, HO M HMCXOJHBIA TEKCT NPOTrPaMMBbl, INPUBSI3AHHBIA K
MAIIMHHOMY KOJY.

[IporpammHas cpefa paboTaeT C MNPOEKTaMH. 3arpykeH OJIHOBPEMEHHO
MOKET ObITh TOJIBKO OAWH M3 HUX. Kaxaplil MpoeKT A0HKEH UMETh Ha JIUCKE CBOU
karamor. OH COJEPKHUT BCIO HHPOpMALMIO O pa3zpabaTbiBaeMOi Mporpamme U
npUMEHsIeMOM MUKpoKOHTposuiepe. CocTouT mpoekT u3 Habopa (ailnos.
OCHOBHBIE U3 HUX CIEAYIOIINE:

- (aitn mpoexTa (pacuIMpeHHe .aps) — COACPKUT COJEPKHUT MMEHa BCEX
UCXOAHBIX (DalIOB, CBSI3aHHBIX C MPOEKTOM, a TAKXK€ YCTAHOBKH KOMIWJISILIMH,
TPAHCISUUU U CBA3BIBAHUS (ailIOB JUIsl TEHEpAalMH BBIIOJHAEMON MPOrPaMMBI.
3710 0cHOBHOM (aitn npoekrta. OH co3maercs B mporecce padoThl U MOTOM BCE €TI0
HACTPOIKHU UCHOJIB3yeTCs P "OTKPBITUN" (haiiia MPOEKTa;

- OZINH WUJIM HECKOJIBKO (pailIoB UCXOAHOIO TEKCTa MPOTrpaMMbl (pacuIMpeHne
.asm). OANH U3 HUX SBJSETCS TJIABHBIM, OCTAJIbHBIE MOTYT BBI3BIBATHCS U3 HETO C
MOMOIIIBIO oneparopa nojkiaoueHus .include. ITo cBoeit cTpykType 3TO TEKCTOBBIE
Gbaiisr;

- ¢aiin komoB TpaHcuanuu (pacmmpenue .hex). OH mosBiIsSeTCsS MOCIe
TPAHCISIIIUM U COJEPKUT JBOMYHBIE KOJIbl MAIIMHHBIX KOMaHJ B TEKCTOBOM
dbopmare. ITOT (haiin ucnoib3yeTcs s MPOIIUBKY MaMSITH MUKPOKOHTPOJIIEPA;



- (pail CUMBOJBHBIX MUMEH (pacHIMpeHHe .map). IDTO TEKCTOBBIA (aiin, B
KOTOPOM BCEM MMEHAM MPUBEJCHBI B COOTBETCTBHE UX 3HAUCHUS;
- JIMCTUHT TPaHCIALMH (paciupenue .Ist) u T.1.

B srom nocobuun paccmarpuBaercsi AVR Studio 4.19. Oto He nmocnennss
BepcHs IaKeTa, HO OHA 3apeKoMeH10Bana ce0s Kak cTabuibHas, Mano3aTpaTHas Mo
MAaIllMHHBIM pecypcam, IpocTas U J0CTaTOYHO (YHKIMOHAIBHAS IIpOrpaMmMa.

B kawectBe o0OBeKkTa mporpaMMHpoOBaHUS OylIeT paccMaTpuBaThCA
MUKpOKOHTpoJuiep cemeiictBa Tiny - ATtiny 2313. On sBisercsa cpelHUM IO
CIIOKHOCTH, OJIM30K 1O (YHKIHMOHAIBHBIM BO3MOXHOCTSAM K  MOIIHBIM
KOHTpOJUIEpaM cemencTBa Mega, O4eHb XOpOIIO U MIUPOKO ONMCAH B JOCTYITHOU
JUTEepaType.

_ Jlns  3amycka mporpaMmbl  MCHOJIb3yeTcs  (ain

. AVRStudio.exe. [Ilocine crangapTHOW yCTaHOBKHM OH

'k‘ AVRStudied  paxomntes B mamke  C:\Program  Files\Atmel\AVR

- Tools\AVR Studio4. B pe3ynbraTe 3amycka NOSIBUTCS
OCHOBHOE JMaJIOrOBOE OKHO MPOTrpaMMbl, IOKa3aHHOE Ha puc.1.2.

. AVR Studio
© File Project Buld View Tools Debug  Help

ERRE= A = ERE R N TSR TEN W 05 S W WA R R e o 7 NERUSR I TR R 8 8T e B T RE R
* Trace Disabled <G A e TG O MRy Sp A0

C R N |

Mame Walue

Welcome to AVR Studio 4

(€5 e | D)

Recent projects Modifisd
G5 CAnterkIT _lab\GenericHID, aps Z3Nov 2011 160747
¥ CATestTest aps 28Nov 2011 173717

e }

Name Address Walue | Bits

Wer 418684 [¥] Show dialog at startup

<< Back st Firich

Message - X

Loaded plugin 5TKS00

o | &
Sleuld | @ressage | FFind in Fies | L@ Ereakpoints and Tracepoints

® CAP MUM YR

Puc.1.2. Oxno mporpammbel AVR Studio B Hauane paboThl HaJ MPOESKTOM



B nosBuBmIeMcs OkHE mpejiaraeTcss JuO0 cO34aTh HOBBIM IMPOEKT, JIMOO
OTKPBITh YK€ CYLIECTBYIOIIUH.

IIpu ycranosinenHom ¢iuare Show this dialog on open (Iloxa3siBaTh 3TO
OKHO TPU OTKPBITHH), PACIIOJOKEHHBIM B JIEBOM YTy, OKHO OYyJET MOSBISATHCA
IpU KKJIOM 3alycKe mporpammbl. Eciii B Te€4eHUMH OJHOrO ceaHca HeoOXOAMMO
paboTath C pa3HbIMU MPOEKTaMH, IIETKHYB Cancel MOXHO 3aKpBIThb 3TO OKHO, a
HOBBIY ITPOEKT MOXKHO CO3/1aBaTh, M0JIb3ysick MeHI0O AVR Studio

JUtst co3naHusl HOBOTO IPOEKTa IIEIIKHUTE KHONIKY New Project. 1losButcs
OKHO, ITOKa3aHHOE Ha puc.1.3.

i Create new project -

Project type: Froject name:
& Atmel AVR Azsembler ]
%3 AVR GCC
I Createinitialfle W Create folder
Imitial file:
I =E
Location:

|D:'xF'ru:ugram Filezhtmel

Wer 413528 W Show dialog at startup

| s | Cancel Help

Puc.1.3. OkHO co31aHusE HOBOTO IIPOEKTa

B nemoit wactu oxHa (Project type) BbiOeputTe TUn Tpoekta AtmelAVR
Assembler. B stom ciydae AVR Studio uicnonb3yeTr mjisi KOMIWISIIMU TTPOCKTa
nporpammy AccemOnep. Hukakux JOMOTHUTENbHBIX JAEUCTBUI MOJb30BATENA
OoJibllIe HE MOTpedyeTcs.

B cnyuae Beibopa AVR GCC nipeamnonaraercs, YTo TEKCT NporpaMMbl OyIeT

Hanucad Ha s3pike C. B Takom ciaydae ciaenyer JOMOJHUTEIHO KOHPHUTYPHPOBATh
AVR Studio.

Beenure ums npoexta, Hanpumep, "Project 1" (00s3aTenbHO JTATUHCKUMU
OykBamu 6e3 mpoOeoB) B CTPOKy BBoJa Project name. Ecnu ycTaHOBICHA OMITUS
Create initial file, T0 3T0 UMs1 aBTOMaTHYECKU KonUpyeTcsl B CTpoKy Initial file n



0 YMOJYaHUIO OyJeT MPUCBOCHO (aiiily, KOTOPbIN OyneT coaepKaTh Mporpammy
Ha accembuiepe (project 1.asm).

XKenaTenbHO KaKIbIii IPOEKT CO3/1aBaTh B OTIEIBHOM mamnke Jyuisi yao0cTBa
JalbHENIIero UCMob30BaHus Becex ¢ailioB npoekra. [Ipyu ycTaHOBIEHHON onuuu
Create folder (Co3naTth manky) MOKHO 3/I€Ch )K€ OPTaHM30BaTh IANKYy, B KOTOPOUH
OyZeT HaxoAuThCs MpoekT. Jljig 3Toro meiakHutre KHOnky Location w BbiOepuTe
MECTO MOJIOXKEeHUs mpoekTa. Pacnonarars ero jgyuiie Kak MOKHO OJIMXKE K KOpHe-
BOMY KaTajory. B pe3ynbTaTe nojgydnrtcs OKHO, IOKa3aHHOE Ha puc.l.4.

JJis OTKPBITHUS YK€ CYILIECTBYIOIIEro mpoekTa nocie 3amycka AVR Studio B
OKHE, TTOKa3aHHOM Ha puc.l.7 BeiOepute onmmio Open File.

JInst co3naHusi HOBOTO MPOEKTa OTKpoiite MeHto Project/ New Project. Ha
sKpaHe nosiBUTCs okHO Create new project (cM. puc.1.3).

Welcome to AVE Studio 4

Create new project

Praoject type: Praject name:
@ Atmel AVE Aszembler Project 1
%3 AVR GLC
Create initial file Create folder
[ritial file:
Project_1 azm

Laocation:

D:\AVR_PROGECT

[ << Back ][ Mest > ][ Finizh ] [ LCancel ] [ Help

Puc.1.4. Bknaaka AVR Studio ¢ BBeZilecHHBIMU UMEHAMHU TIPOEKTa, MECTa €Tro
pa3MeIeHnst © UMEHEM HCXOIHOTO (paiisia ¢ KOJOM MPOTpaMMBbI

[Tocne BrIOOpa Becex omniuid 1meKkHUTe KHOTIKY Next. [losiBUTCS OKHO, TTOKa-
3aHHOE Ha puc.l.5.
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Welcome to AVRE Studic 4

Select debug platfarm and device

Debug platform: Device:
AR Dragon ATkl -
AR OME! AThingl 2
AWE Simulator ATl 3
AWE Sinulatar 2 AT AT 38,
|CE200 AThing15
ICE40 AThing1 67
ICESBD ATlnp22 i
JTAG ICE AThnp2313 L
JTAGICE rakll ATHnp2 3134
AThinp24
AT HAp2da8, -

Open platform optionz nest time debug mode iz entered

ﬂe:-:t» [ Finizh ] [ LCancel ] [ Help ]

Puc.1.5. Bknaaka onpeaeneHus TUIIa rmpoieccopa u miathopMsel 1Jis OTIaAKU

B neBoit yactu oknHa BeioepeTe AVR Simulator. 510 nnporpammHasi BUPTY-
anbHas cpena. B mpaBoii yacTu oKHA BBIOEPETE TUIT MUKPOKOHTPOJIIEPA (B IaHHOM
cinyuae ATtiny2313) u menkuure Finish. B pesynabTaTre opraHuzyercsi OCHOBHOE
pabouee okHO cpefnl pazpadorunka AVR Studio (puc.1.6).

‘ = —— — T—— - = = ————— - _ o =
R st T e L . - == >
Fle Project Buld Edit View Tools Debug Window Help
i) B el @ SR -1 B -V 5 argd;p 4 =L u @ 5ELE s RO
: [Trace Disabled D = A e e
Project [ /O View v X
£ # Project 1 it i A 1] 155 Porms ]
=23 Source Files
FTJ Proi 1 _N_ame Value -
; rc)Jectf .asm # BIEEPROM I
/3 Included Files 4 S5 EXTERNAL_INTERRUPT
@ Labels 42 PORTA
-3 Output 4[R2 PORTB |
'3 Object File Port B Data Register
PortB Data Direction Register =
m——————————————————————
Name  Addess Vale Bis
. . ¢ DDRB Ox17 (0x3... OOEDEEEE
Pl @ > .E:\AVR_PROGECT\Pro,ecI_].\Pro;ed_]..asm 4 b =2 PINB 016 (03 DDEDEEEE |
Build 7 E2PORTB  Ox18(03. [ o
Build ‘0 Message | Find in Files ‘BreakpoTnts and Tracepoints
| ATtiny2313 AVR Simulator Auto ® uwnhico CAP NUM OVR
= T S S

Puc.1.6. OcHOBHOE OKHO cpefibl pa3paboTKu

Oxno Project (IIpoekT) coep>KUT MOJIHYIO MHOOPMALIMIO O TEKYIIEM Ipo-
exkTe. BeTku mpeacTaBIeHHOTO JepeBa OMHCHIBAIOT BCE MCXOAHBIC U PE3YNbTH-
pyromue (aitipl, METKH, TPOLIETYPHI U PUCOSTUHSIEMbIC (haiiIbl.
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3aroioBOK meKkcmoeozo okHa B TiiaBHOW oOmactu manenmu AVR Studio
MOJIMMCAaH UMEHEM OCHOBHOTO (paiifia MCXOJHOTO TEKCTa MPOrpaMMbl. 31eCh OT-
KPBIBACTCS OJHO WJIM HECKOJBKO OKOH, COJAEp)KAIIUX TEKCT MPOrpaMMbl Ha ac-
cembnepe. Kaxxmoe HOBoe OKHO B 3TO# 00J1aCTH CO3/1aeT KOPEIIOK B HIYKHEW 4acTh
OKHa, TI0 KOTOPOMY OKHO MOXKHO BBIBECTH Ha MEpEeIHUH IIaH. 37eCh K€ MOMKHO
OTKPBITh TEKCTHI JIPYTUX MPOEKTOB Ha JAPYTHUX S3bIKaxX MporpaMMmupoBaHus. Bcee
OKHa 3aIIOMHHAIOTCS ¥ aBTOMATHYECKU OTKPBIBAIOTCS TIPU OTKPHITUH MPOCKTA.

TexcroBbie 0OKHA UMEIOT TIO/ICBETKY. Omniepatopsl Accembiiepa 0TOOpaKaroT-
Cs1 TOJTyOBIM I[BETOM, KOMMEHTAPHH - 3€JICHBIM, ITapaMeTPhl KOMaH]I, METKH, Iepe-
MEHHBIC M KOHCTaHTBHI - YEPHBIM. Takoe pelIcHHE IMO3BOJIICT KOHTPOJUPOBATH
IIPOIIECC BBOJIA M OOHAPYKMBATh ONIMOKK Ha ATAIe WX COBEPIICHUS.

OxkHo npocmoTpa BBOJa-BbiBoJa I/0 View 1ioka3bIBaeT BCe peCypChbl MUKPO-
koHTpoJuiepa: POH, noptsl, Taitmepsr, ALILI, komnaparopel. Bece cioxxHbie aiie-
MEHTBI MOKHO Ha)KaTHEM KPECTHKA PACKPHITh B HIDKHEH YaCTH 3TOTO OKHA M YBH-
JIETh COCTOSIHHE BCEX Pa3psA0B KOHKPETHOTO PETUCTPa PACKPBITOTO dJIEMEHTA, €T0
azpec, Ha3BaHWe. B mporiecce OTIagku B ’TOM OKHE OTOOpa)KaeTCsi COACPKHMOE
PECYPCOB B pa3NuYHBIX (hopMarax, B TOM YUCiIe TpadhUIeCKOM MyTeM 3aTEMHEHHUSI
TEX paspsaoB, KOTOPbIE MPUOOPETAIOT 3HAYCHHE EIWHUIBL. VICMoNb3yloTCs dJie-
MEHTHI yIIPaBICHHUS:

- IepeKJIrYaTess pexuma rnokasa - Taggle Presentation Mode;

- MOAYJIbHOE pazzaeneHHoe npeacrasienue - Module Split View;

- IJI0CKUi BUI peructpos - Flat Register View;

- IPEBOBUIHOE TIpE/ICTaBIeHUE - Tree View;

- IOKa3aTh MaHenb peructpos - Show Registers Pane;

- IOKa3ath naxenb Mmoayieit - Show Modules Pane.

HmeeTcsi BO3SMOYKHOCTh U3MEHEHHUsI KOHKPETHBIX OUTOB JBOWHBIM IIETIKOM
MBIIITKH.

Oxno TpaHcisuuu Build (cTpouTth, cO3/1aBaTh) CIYXKHUT JJIsI BBIBOJA COO0-
HieHUi B mpouecce padboThl Haja MpoekToM. [lo ymMollyaHuI0O OHO MMEET YeThIpe
BKJIQJKHU:

- BkiIanka Build otoOpaxaer mpolecc TpaHCISIUHU, IMOKa3bIBas STallbl
TPAHCJISIIINH, COOOIICHNUSI O CUHTAKCUYECKUX OIMMOKAaX W Pa3IMYHbIC TPETYyIPEK-
nenust (Warnings), craTUCTUYECKHUE JaHHBIE NIPU YCIEUIHOM 3aBEPIICHUH TpaHC-
JISIUKM, 3aTPaThl NaMSATU MUKPOKOHTPOJLIEPA;

- BKJIQJIKa CUCTEMHBIX COOOIIeHN Message TOKa3bIBAET JaHHBIC O 3aTPy3Ke
MOJyJIEW POIPAMMBI;

- BKiIasika noucka B ¢ainax Find in Files 103BOJII€T BBIMOTHATH MOUCK 3a-
JTAHHOM TOCJeI0BaTeILHOCTH CUMBOJIOB Cpa3y BO Bcex (aitnax mpoekra. Ilocie
MOMCKAa BO BKJIAJIKE OTOOPaXKaIOTCsl BCE HAMIEHHbIE BXOXKICHUS C YKa3aHUEM HMe-
HU (haiiyia ¥ CTPOKH, T/I€ HalIeHa NCKOMasI ITOCJIe10BATENIbHOCTD;

- BKJIaJIKa TOYEK OCTAaHOBA U TpacCUpoBKkU Breakpoints and Tracepoint no-
3BOJIAET JyOJIUpPOBAaTh TOYKM B TEKCTE MPOTPaMMbl U YHPABISITh UMM MPHU OCYyIIIe-
CTBJICHHH OTJIAJKH.
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JroOyro u3 BKIAZAOK MOXHO caenath ckpbiToil (Hide), cB0O0OIHO mepemMe-
naeMoit (Floating) wnu 3akperuieHHon (Docking), MenKHYB MPaBOM KHOIKOM MO
3aroJIOBKYy U BbIOpaB IyHKT MEHIO.

OkHa MOryT OBITH JIETKO HM3MEHEHBbl B pa3Mepax IyTeM MepeTaCKUBAHUS
I'PaHUIl C TOMOIIBIO MBIIIH. MIX MOXHO 3aKpbITh, UCIOJIb3YS KPECTHK JTMOO BbI3BAB
npaBoil kHonkoi NyHKT Hide Ha 3aronoBke okHa. OTKphIBaHUE 3aKPBITHIX BKIJIAJIOK
ocymiecTBisieTcs uepe3 MmeHto View/Toolbars.

Kax u Bcaxoe Windows-npusoxkeHue cpeia pa3pabOTKH UMEET CTPOKY Me-
HIO Y TIAaHEJId WHCTPYMEHTOB.

Memnto @aiin File (puc.1.7) siBasieTcsi CTaHIapTHBIM U TTOSICHEHUN HE TpeOy-
eT.

Mento [IpoexktoB Project (puc.1.8) obecnieunBaetr paboTy ¢ MpPOEKTaMu Ha
pasnuuHbIX dTanax. Jleranusamuu Tpedyet Toabko moaMmento Hactpoiiku AccemO-
nepa Assembler Options (puc.1.9).

AVR Studio - EAAVR_f L \Project_L\Project_L.asm
File | Project Bulld Edit View Tools Debug Window Hel

Save Ctri+S

Print... Ctri+P

=
& Object File

Puc.1.7. Memto File Puc.1.8. Memnto Project
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— :
As: bler Opti
sem er-?uﬁ‘ u

'Y % 8 B TS W

Hex Qutput Format Output File l Set Default ]

|Intel intellec 8/MDS (Intel + | e

(") Entry file l Reset-Sellings ]
/| create Map File (T user
D Sreoie LEREL ;"-Prl.:uje-c-t_-i 7 .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 AaccemOiepa

Brinanatomiee okHO Bwixoonou Hex-¢popmam (Hex Qutput Format) no-
3BOJISIET BBIOpaTh THN (aitna npormmBku. Hanbonee nomynsapen ¢aitn ¢pupmsl Intel.
Ero nenecooOpa3no u BbIOpaTh. ANbTEpHATHBON UM SBJISIOTCS (haitnel o Motoro-
la unu Generic.

Hactpoiika Cozdams nucmunz npocpammot (Create List File) no3Bossier
c(hopMHUpPOBATH TEKCTOBBIN (DA TUCTUHTA C PaCIIUPEHUEM ISt

[Tone Bwvixoonozo ¢paiina (Output File) naet BO3MOXHOCTh BbIOpATh UMS
00bekTHOTO aiina ¢ pacmpenuem .obj. [lokazannas Ha puc.1.9 Touka mo3BoJseT
COXPAHUTh 32 HUM MMS MPOEKTa. DTy HACTPOMKY JIydllleé COXPAHUTh MO yMOJI4a-
HHUIO.

[Tone Henooodepicusaemvix komano (Unsupported Instructions) Hactpau-
BaeT peakiuio Accembiepa Ha T€ KOMaH/Abl, KOTOpPbIE HE MOJICPKUBAIOTCA MHUK-
pokonTposuiepom. Heooxoaumo BwiOpats "Quiuéoka' (Error). B ciydae BbiOOpa
"IIpedynpescoenue’ (Warning) KpuTU4eCKHX OIIMOOK HE OyAET, HO M BBIMOJIHE-
HHUE KOMAH/bI HE TPOU30MUIET.

[Tone BeIOOpa Tuia Accembnepa (AVR Assembler) no3BosIET BEIOPATH THI
TpaHcisiTopa. Bepcus 2 Goiiee coBepIieHHAs.

Mento Tpancnsauuu Build naznadyaer 0COOEHHOCTH MCHOJB30BAHUS TPaHC-
asitopa (puc.1.10). EcTh BO3MOXKHOCTH TIpoBecTU TpaHcisiuuio - Build (F7) win
BBINIOJIHUTD TPAHCIIALIMIO C TTOCJIEYIONIUM 3aITyCKOM MPOTPAMMBbI Ha BBITIOJIHEHUE
B oTnamuuke - Build and Run (Ctrl+F?7).
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Mento PenaxtupoBanusi (Edit) B ocHoBHOM ctanaaptHo (puc.l.11). Oco-
OCHHBIMU BKJIQIKAMU SIBJISIFOTCS TOJIBKO HEKOTOPBIE:

- PaccranoBka 3aknanok (Toggle Bookmark) - pazMeniaeT 3akjiajJku B TEK-
cTe I obecrnedeHus ObICTPOro nepexoia. ITUM MOJIB3YIOTCS MPU OOJIBIINX 00b-
eMax TeKCTa, pacCTaBJIsisl ClielMaIbHbIe OBAJIbHBIE METKH ClieBa OT TekcTa. KomaH-
namu Briepen (Next) u Hazan (Previous) no HUM IepeMelniaroTcs. Y gajeHue 3a-
kinanku (Remove Bookmark) - BeimosnHseT 00paTHYIO OTIEPAIIHIO;

- Orobpaxenue 3HakoB mepemernieHus (Show Whitespace) - 1o3BOISIET
YBUJIETh B OKHE CUMBOJIBI TAOYJISIIUHA U TPOOETIOB;

- HIpudt u uBeT (Font and Color) - s
¥ AVR Studio - E\AVR_PROGECT\Project_1\Project_Lasm
HACTPAMBACT PasMep HIPH(TA H IOMCBET- | o e RS ORS

| Fe Project Buld  Edrt ﬁ--T_ow Debug Window Help

Ky CHHTaKCHUCAa. OTOM BO3MOMXKHOCTBIO || 3 5 ud @ w4 oo
HEJB3S 3II0yIOTPEOIATh, T.K. IOJIb30BA- || Taceusbied | 5 o

TEJb MMPUBBIKACT K KOHKPETHOM MaTUTpeE. e 1 o

& 3 Source Files Paste CtrisV
D Project 1y g - cie Bookmark Ciri+F2
3 Included File Iz
53 Labets Remove Bookmarks Ctrl+Shaft +F2
‘3 Output | Find— Cirl+F
# AVR Studio - EAA) 3 Ovject File |1gy Fing in Files..
' File Project Build | Edit View Tools Debug Window Help v CirieH

=]

L) 2 b Build 7O Gy e

| Trace Disab Build and Run CtrisF7

= ® Project_1
=33 Source Files

Puc.1.10. Menro Build

Puc.1.11. Menro Edit

Mento Bun (View) mo3BomsieT 0ToO0pa3uTh Ha SKpaHe pa3IudYHbIC OKHA U Ta-
HeJM MHCTPYMEHTOB (puc.1.12). UToOsl X ynaiuTh, HEOOXOAUMO WJIM Ha)XaTh Ha
KPECTHK, WM TIEPETANTUTh OKHO 3a TPEJEIIbl TJIABHOTO OKHA MPOTPaMMBI, WU YO-
paTh rajJo4Ky B 3TOM MEHIO.

Oco0wrif mHTEpec npeactapiseT okHO [IpoekToB (Project). OHO CTPYKTYypH-
pyeT Bce (paitiibl MPOeKTa U MO3BOJIIET YIPOCTUTH padoTy (puc.1.13). B okHe oTo-
OpakaroTCsl TAIKH:

- Ucxomubix ¢aitnos (Source File). 3nech comepxaTcss Bce acCeMOJIEpHBIC
TEKCTHI TPOCKTA;

- IIpucoenunennsix ¢aitnoB (Included Files). 910 TekcToBbIe accemOiep-
HbIC (pailyIbl OMMMCAHKS MUKPOKOHTPOJUIEPA, KOTOPBIC MPU TPAHCISAIUNA TTPUCOEIN-
HSIFOTCS K UCXOHBIM (haiiiam;

- Meroxk (Labels). B stoii manke coOpaHbl Bce METKH TpoekTa. JIBOWHBIM
HIETYKOM 10 METKE MOYKHO OBICTPO MIEPEUTH K HEl B ICXOAHOM daiine;

- Beixogueix daitnos (Qutput). Ilanka coxpanseT (aitiabl, KOTOPbIE MOTY-
YaloTCs TMOCie TpaHCIuU. IOTo ¢aitibl npommBku (hex) U CUMBOJIBHBIX UMEH
(map);

- O0bexTHBIX (aitnoB (Object File). v daiiibl MOaydarOTCs MOCIE TPaHC-
TSI,
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Project v X

=-% Project_1
- | -
— =3 Source Files
(| Disassembler ;zl Debug PrOjECt_l.asm
il waich Aol |LY] Debug Windows -3 Included Files
%amﬁlﬁ Merr Adt+4 ='. MDI Tabs
O Recict Lo M:::z " =] 4 {3 Labels
g Included Files s v sTeso0 {3 Output
| gim; Register Anso i) Tracebar -3 Object File
.23 Object File v| 1o Alt+5
Processor
v | Build Output
- oy i Puc.1.13. OkHo Project
T Breakpoints and Tracepoints.
] o '

Puc.1.12. Menwo View

Mento UncTtpymenTsl (Tools) no3BOSIET HACTPOUTH CPEeAy pa3pabOTKU U ee
MaHen 10/ KOHKPETHOTO ToJib3oBartens (puc.l1.14). BepxHsis rpynmna cTpok B Me-
HIO TO3BOJIAET OOHOBIISITH OTIAJOUYHbIE TUIAThl. HUKHSSA - 9TO YTHIMTBHI U OOHOB-
nenusi AVR, KOTOpbIe MIMPOKO HE PaCHpOCTpaHEHbl. YacTO UCIOIB3YETCs CTPOKa
Hactpoiiku (Customize). C ee nomonipto B 3aknaake Komaunbl (Commands)
MO>KHO PEJJaKTUPOBATh KHOIKHM Ha MAaHEJIX HHCTPYMEHTOB (puc.l.15) wnm ynpas-
JSTH OTOOpaKEHWEM OKOH W maHenei B 3aknaake Wuctpymentol (Toolbars).
[Ipuembl paboTHI C MOAOOHBIMUA OKHAMH OOIIEU3BECTHBI.

| “# AVR Studio - EAAVR_PROGECT\Project_1\Project_l.asm

immmmmirmlmmm (

N 0 | AVRPros- . . . .

| o ategories: ommands:

I Trace Disabled -l 2 ICESD Upgrade.. — o -
ICESD Seffiesi... _ijeﬂ ew lf?

A JTAGICE midl Upgrade... Build OpenFile...
Edit

QT600 Upgrade... o Close ’:
AVR ONE! Selftest.. Tools Save

1 tisbug Save As.
AVR ONE! Upgrade... 0 s
AVRISP mill Upgrade Help Save All I

New Menu ; .
AVR Dragon Upgrade All Commands Print .
STKEOQ Upgrade Print Setup... o ||
Cusstom Description:
Options...
Show Key Assignments
Plug-in Manager...
Program AVR 3
FLIP3 Information
i AVR Wireless Studio
! AVR Battery Studio
J « [ '

L L Puc.1.15. OxkHO HacTpoek naHeaun
AVR22Studio

S — k HHCTPYMEHTOB

Puc.1.14. Menro Tools
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Crpoxka CBoiictBa (Options) cCOIEpKUT OCHOBHBIE HACTPOMKHU CpEeJbl pa3pa-
o6otku (puc.1.16). B yactHocTu, okHO Filetabs 10O3BOJsSIET ONPEACIUTh COCTaB
uMeHH (aitna npu oroOpakeHuu B okHe. Beioupatot, o0b1uHo, Tosnbko ums (File-
name only) OTOMY, YTO TOJIHBIM MyTh 3aHUMAET CJIMILIIKOM MHOTO MECTa Ha Kpa-
HE.

(opuons M AMMALL AR B28 i ==

General General

E\ziﬁ:‘ﬂ!{: Hide Startup Wizard
B K Sawe project automatically on exit
[T] Auto open last project

[] Show current sourcecade i
Reset Deskiop on restart

Step Cver when Autostepping

Enable Splash Screen at Startup

[#] Enter debug maode when opening ohjectile
Filetahs:

Filename only -

MNurnber of CO-pors totry 4

E OK l l Cancel

Puc.1.16. ITapameTtpsl cpenbl pa3zpaboTKu

Mento Oxon cpenwl (Window) ytpasisieT HacTpoiikoid okoH (puc.l.17).
BHu3y crimcka MEHIO TOKa3bIBAIOTCSI MMEHA OTKPBITHIX (hailioB

4 AVR Studio - E\AVR_PROGECT\Project_1\Project_1.asm '.
Fie Project Buld Edit View Tools Debug | Window | Help

BT YT Y YY iwomw ’
TraceDisabled  +| 3 2L ok T (M |
- Cascade

Tile Horizontally
Tile Vertically

| Arrange loons
Windows...

i B : e R PROGECT Project Project Lasm |

Puc.1.17. Menro Window

CTpoK# MEHIO MO3BOJISIIOT:

- pacIoyIoXKUTh OKHA KackaJioM - cTpoka Cascade;

- pa3MeCTUTh OKHa 1Mo ropuzoHTanu - crpoka Tile Horizontally;,

- 0 BepTUKaJu - ctpoka Tile Vertically;

- pa3nenuTh MoJie OKHA Ha yacTtu koMaHpou "Pacmenuts" (Splif). [1pu sToM
B KQXKJIOM YacTU HKpaHa TEKCT MepeMEeNIaeTcsl CaMOCTOATENbHO. [ paHUIbl MOKHO
CBOOOJIHO MepeMelaTh, a Mpyu HEOOXOAUMOCTH yIaUTh TPAHULIBI - TPOCTO Mepe-
TalIUTh 3a MPEAEIIbl SKpaHa WIHM ABAXIbI IIETKHYTh Ha caMoi rpanuiie. OyHKIus
MoJIe3Ha TIPH paboTe ¢ OONBIMUMH TEKCTAMHU MIPOTPaMM JIsl OJTHOBPEMEHHOM pabo-
ThI B Pa3HbIX MECTaX.
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B mento Tlomomu (Help) MoXHO HAalTU MaTepuas MO Pa3IMYHbIM CPEJCT-
BaM M dTamnaM peaiausamnuu mpoekra (puc.1.18):

- tuathl oTiIaAKu U nporpammupoBanust AVR (AVR Tools User Guide);

- PYKOBOJICTBO TOJIb30BaTes cpenbl pazpadborku AVR Studio (4AVR Studio
User Guide);

- IporpaMMa IpOBEPKU HaMuusi HOBbIX oOHOBieHUM (Check for Program
Upgrade);

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

- cripaBKa 110 361Ky Accembnepa (Assembler Help);

- XapaKTEepUCTUKH cpefbl TporpammupoBanus (About AVR Studio).

® AVR Studio - Project_1.asm !
! File Project Build Edit View Tools Debug Window ! Helpl
P e U oR A E HA A4 AVR Tools User Guide

:.Tracq- Disabled - i; i i ﬁ I m m " AVR Studio User Guide
Check for Program Upgrade E

Release Notes and Known [ssues

| ‘ Assembler Help

About AVR Studio..,

Puc.1.18. Mento Help

B omueme npeocmasumo:
1. IlocnenoBaTeIbHOCTH NIEUCTBUM JJ1s1 OTOOpAKEHUSI OKOH:
- pETUCTPOB OOIIETO HA3HAYCHUS,
- YCTPOWCTB BBOJIa-BbIBO/IA;
- mapaMeTpoB IPOIECCOPA;
- OTOOpaKEHUS PE3YIbTATOB TPAHCIISALINH;
- CUCTEMHBIX COOOIIIEHHI;
- YCTAaHOBOK TOYEK OCTAHOBA;
2. IlocnenoBaTeabHOCTH JE€HCTBUM JUIS BEIIIOJIHCHUS:
- 3aIyCKa KOMITWISILINAM;
- 3aIyCKa U OCTaHOBKH BBINIOJIHEHUSI IPOTPAMMBI;
- YCTAaHOBKHM THIIA TIPOIIECCOpa U TUIAT(HOPMBI JIJIs1 OTIAIKH;
- YCTAaHOBKH SI3bIKa MTPOTPaAaMMUPOBAHUS.

3aoanue 1.2. Texkcmoswlil pe0aKmop ucxo0HblX mMeKCmoe nPozpamm

IIpakmuueckue 3a0auu 8bINOIHAIOMCS NOC/IE YCBOEHUS MAmMepuana u cgop-
MYIUPOBAHbL 8 KOHYe 3a0aHus 1.2.

TexcToBbIN pegakTop UCHOIb3yeTCs Mg (POPMUPOBAHHS UCXOJHOTO TEKCTa
nporpammel. [Iporpamma m1st AVR Ha accemOrepe UMEET ONMpeeeHHYI0 CTPYK-

Typy.



18

[lepBbIM 371€MEHTOM MPOTpamMMbl JTOJDKHO OBITH BKIIIOUEHHUE (paitna omuca-
HUM 1151 MUKPOKOHTpoIIiepa. OCyIeCTBISETCS 3TO JUPEKTUBOM acceMOepa

.include "tn2313def.inc"

Touka nepen nupekTuBor oOs3aTenbHa. MMs (aitna J0KHO COOTBETCTBO-
BaTh TUITYy Tporieccopa. B aToM daiiie HaxoAsITCsS CUMBOJIMYECKUE MMEHA C MpPHU-
CBOCHHBIMH UM YHCJIOBLIMHU 3HAYCHUSIMU.

Cama mporpaMma MuIIeTcs 1o o0mmM npaBuiaM ohopMIIeHHUs acceMmOep-
HOT'O TEKCTa, BEIPABHUBASI 3AIIMCH 10 KOJIOHKAM:

Metka: | Muemokon | ITapameTpsl KOMaHIbI ; KommenTapuun

Ldi R16, 255 ; 3anucb KOHcmaHmbi 8 R16

Pa3meTka TekcTa ocyliecTBIsAeTCsS TaOysuen sl ObICTPOTO BbIpaBHUBAS
MOJIEN 3alMCHU MO BEPTUKAIH. TEKCTOBBIM PEJAKTOP HEUYBCTBUTEJEH K PETUCTPY,
MO03TOMY MOKHO HCITIOJIb30BaTh KaK OOJbIINME, TaK U MaJleHbKHE OYKBBHI B JIHOOOMH
KOMOWHAITHH.

B kayecTBe mpumepa BbIILIE 3aMcaHa KOMaH/a 3alliucu KOHCTaHThbI 255 B pe-
rucTp ¢ HomepoM R16.

3anuch KOHCTAHTHI MOXET OBIThH C/CIaHa B PA3HBIX (hopMaTax:

- B ICCATUYHOM BHJI€ KaK B IIPUMEPE;

- B mectHaanarepuunom gopmarte - OxFF win OxOFF. He3nauanuii HyJIb
3/1ECh HE YUUTBIBAETCS,

- B mectHaAmarepudHoM dopmate - $FF wim $OFF (Ha3wiBaroT "Mmackaies-
ckuM" criocoOOM 1o aHaIoruu ¢ si3bIkoM [lackainb. 37ech TakyKe He3HAYAlUK HYJIb
He yuuThiBaeTcs. Ho ecnu B miecTHaALIATEpUUYHBIX (opMaTax B YUCIE CUMBOJI
TOJIBKO OJMH, TO HYJIb BIEPEIU LEIeCO00pa3HO JOMUCHIBATH ISl MOBBIIICHUS Ha-
[JISIAHOCTH M YTOUHEHHUS pa3Mepa PErucTpa;

- B 1BoMYHOM (opmate - O0bI11111111. 3necy Takke U3 COOOpakeHUM Ha-
TJITHOCTH 1EJIecO00pa3HO MUCaTh BCE BOCEMb 3HAKOB, BKIIIOUAsl HE3HAYAIIUE.

Bce 3amucu coBepiiieHHO 3KBUBAJICHTHBI M PA3JIMYAIOTCS TOJBKO (POPMOIA.
Br10op 3aBHCHT OT KOHTEKCTa W MPEANOYTCHUN MPOrpaMMHCTa. 3amuCh OIHUX
mudp ¢ HyneM Brnepenu (Hanpumep, 067) HemomycTrMa, MOTOMY YTO TPAHCISTOP
ATO BOCHPUHUMAET KaK BOCBMUPUYHBIA (hOpMAT U B TAMSATH OKAXKETCS YUCIIO0, CO-
OTBETCTBYIOIIEE JECATUUHOU udpe 55.

KommeHTapuu B CTpOKE OTAEHSAIOTCS OT 3alKMCH KOMaHIbl 3HAKOM ;" Win
"//"'. MHOTOCTPOUHBIM KOMMEHTApHUIl HAYMHAETCS 3HaKOM '/*", a 3akaH4YuBaeTcs -
n */H .

Jlnst paboThl B TEKCTOBOM pPEAAKTOPE MPUMEHSIOTCS] TUIIOBBIE TOpsiune Kila-
BUIIIH:

End - nepexon B KOHEI[ CTPOKHU;

Ctrl+End - nepexos Ha Ha4ajIo TEKCTA,
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Home - nepexo]1 B Ha4aJIO CTPOKH;

Ctrl+Home - niepexop] B KOHEIl TEKCTa;

Ctrl+Shift+— - BblelIeHHE TEKCTa MOCIOBHO OT MECTa YCTAHOBKHU KYpPCO-
pa. OOpatHas cTpeska npu TOH ke KOMOMHAIIMY - CHUMAET BbIJCIICHHE;

Shift+— - BbIJIeNIeHHE TEKCTa MOCUMBOJIBHO. CTpesika B 00paTHYIO CTOPOHY
- CHUMAET BBbIJICJICHUE;

Insert - BKITIOYAET/BBIKIIIOUAET PEKUM 3aMeHbI (BCTaBKH). TeKyIIUi pexum
oToOpakaeTcst B CTpoke cocTostHusl ab0peBuatypoit OVR. Ecnu yctaHoBieH pe-
YKUM 3aMEHBI, TO CUMBOJIBI JIOJDKHBI OBITH O0Jiee TeMHBIMU. [Ipu oTcyTCTBUM CTpO-
KM COCTOSIHUSI HA DKpaHE €€ BbI3bIBAIOT BblNlOJIHEHUEM View/Status Bar.

Peructp DDRB (angpec $17, peructp HanpapneHus JaHHBIX opta B - Data
Direction Register Port B) 3amaer nanpaBneHnue maHHbIX 8-paspsgHoro mopTa B.
VYcraHoBKa €IMHHUII B COOTBETCTBYIOIIME pa3psi/ibl 0OECHeUMBAET JJisi BHIBOJIOB
PEXUM BbIIauu JaHHBIX, & 3aMUCh HYJIA - B PEKUM BBOJA.

3anaHue pexxuMa BblauM nopta B TpeOyeT 3amuicu BcexX €IUHUIL BO BCE
paspszibl. ITO BBINOJHAETCS KOMaHAOW BbIIayu B MopT. HampsiMyro KOHCTaHTY B
NopT 3anucaTh Helb3s. [loaToMy 3anuck ocyiecTBisiercs yepe3 peructp R16:

ouTt DDRB,R16

Peructp PORTB (ampec $18, peructp nannsix nopra B - Data Register Port
B) xpanut nannsie nopra. [Ipu Hactpoiike nopta Ha Beixox nanHsie B PORTB 0Oy-
IyT BbIIaBaThCs HA BbIXOJ. J{Jisl BbIIau BCeX €AMHULL HEOOXOIUMO BHITIOTHUTH

ouT PORTB,R16

DTa COBOKYMHOCTh KOMaH/ BbIJAET €IMHUIIbI HA BbIXoA nopta B. Ecmu co-
Opath cxemy, mpeacTaBiieHHyt0 Ha puc.1.19, To ceetoanon HL1 gomxen ropets, a
HL?2 - uer.



OpHako JUisi KOPPEKTHOCTH, YTOOBI Mpolieccop HE Iepedupan Bce moce-
Jyrole cBOOOJHBIE SYEHKH MaMsTH, NPOrpaMMy HEOOXOAMMO 3aluKIuTh. Jlis
ATOT0 MCHOJB3YIOT KOMaHAY OTHOCHTEJIBHOIO Oe3yCJIOBHOro mnepexoaa. MeTky
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[1 = 20] C> +5v
PDO [|2 19|] PB7
PD1 []3 18]] PB6
4 o« 17[] PBS P
R2
Is & 12— i
- 200..510 Om HL2
PD2[l6 £ 15[]] PB3
PD3 [|7 E 14[] PB2 -
PD4 [|8 13 - N
2005100 )
PD5 (|9 12[] PBO HL1
—]10 11]] PD6

Puc.1.19. Cxema 15t mporpaMMHUpOBaHUs MUKPOKOHTpPOJLIEpa

MO>KHO B pacCCMaTpPUBAaEMOM NPOrpaMMe YCTAHOBUTH B CAMOE HAa4aJIo:

B Takom Buze TekcT nporpammsl (puc.l.20) gBisieTcsi 3aKOHYEHHBIM U €T0
MOHO COXpaHUThb. COXpaHEHUE UCXOJHOTO TEKCTA MPOrPaMMBbI OCYLIECTBISETCS
B nanke Source Files manku Project 1. Ero pacmmpeHne cCOOTBETCTBYET SI3BIKY
IporpaMMUpoBaHus. B naHHOM ciyyae 370 .asm. JlajqpHelme npouecchl 10JKHbI

RJMP METKA

OBITH CBSI3aHBI C KOMITMJISILIUEH nporpaMmeail.

Project_l.asm *

*®

L

Jinclude

Metka:
<% BERUR A ASHNHEE 3ANUCU KOoMaHJH

SSgupeKmuba npucosguHsHUA

;zAnUCE EoHcmamme B OR1B

S

;zanuck B nopm DDRE wucaa uz Rl6
;amo nepefog pazpAgof nopma B Ha BHEog
;EAUHUUE BHgaHH HA Boe pazpAgh nopma B

"tn2313def.inc"
Ldi Rl&,255
1di Rl6,5FF
LdI Rl6,0=zFF
1DI El6,0Rh11111111
aut DDRE.R16A
out PORTE.E1A
rjmp Metka|

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

1. Habpath B penakTope TEKCT MPOrpaMMbl, MpeIcTaBiIeHHbIN Ha puc.1.20;

2. 3amnucarh perucTpsbl, YIpasisiomue noproM B, ux cumBosiinyeckue uMeHa
U YKCIIOBBIE a/Ipeca U UX Ha3HAUYCHMUE,

3. 3apucoBaTh CXeMy MOJIKJIFOUEHHS CBETOIUOOB.

B omueme npeocmagumyu:
1.CxeMy MOAKIIOYEHUS CBETOANOIOB.
2. Tekc nporpaMmsl.

3aoanue 1.3. Komnunamop sa3zvika accemonepa

IIpakmuueckue 3a0a4u 8bINOIHAIOMCS NOC/IE YCBOEHU MAmMepuana u cgop-
MYIUPOBAHbL 8 KOHYe 3a0aHus 1.3.

Jlnis nanpHeHel paboThl ¢ CUMYISTOPOM HEOOXOAMMO MPOU3BECTH KOMITH-
JSIIUIO TIPOTpaMMBbl, BeIOpaB u3 MeHto Build (cmpoums) niynkt Build (mytem Ha-

JKATHs TOpsAYEH KiIaBuIun F'7 WM KHOIIKU e ). IIpu 3TOoM co3maercs (aiin mpo-
IIMBKM B MAIIMHHBIX KOJaX C pacliMpeHueM .hex um HekoTopele Jpyrue (ausbl,
UCIIOJIb3yeMbI€ JJIsl pa0OThI C CUMYJISITOPOM.

B oxue non Hazanuem Build, koTopoe HaXOAUTCS B HUKHEH 4acCTU OKHA
cpenbl pa3paboTINKa HYKHO OTKPBIThH 3akianky Build. B ciydae ycrenrHoi Kom-
MUJISIIUU B HEW JTOJDKHO OBITH cooOmienue: Assembly complete, errors 0, warnings
0 v undopmanusa o pazmepe nporpamMmbl. B 1aHHOM mpumMepe UMEIOT MECTO JBE
CUHTAaKCHYECKHUE OIMIMOKHU, XOTSI TOYHEE Ha/l0 ObUIO OBl TOBOPHUTH O JIBYX COOOIIIE-
HUsAX 00 ommoOkax (puc.1.21).

AVEASM: AVR macro assembler 2.1.42 (build 1796 Sep 15 2009 10:48:36)
Copyright (C) 1995-2009 ATMEL Corporation

E:\AVE_PROGECT‘\Project_l\Project_l.asm(l): Including file 'C:\Program Files (x26)\Atmel\AVE Tools\Avrissembler2\Appnotes\tn23lidef.inc'
# E:\LAVR_PFROGECT\Project 1\Project l.asm(10): error: Undefined symbol: DDRB.R1G
# E:\MAVR_PROGECT\Project 1\Project l.asm{10): error: Wrong number of operands

E:\AVR_PROGECT‘\Project_1\Project l.asm(14): No EEFROM data, deleting E:\AVR_PROGECT\Project_l\Project_l.eep

RAssembly failed, 2 errors, 0 warnings

| Il r

[ Buid @ Find in Files EBreakpoints and Tracepoints

Puc.1.21. OkHo ¢ cooO1ieHreM 0 HEYJIauHOM acCeMOJIMPOBAHUHT

[lepBbie Be CTPOYKHU B OKHE MH(POPMUPYIOT O BEPCHM acceMmOiepa, C Io-
MOIIIbIO KOTOPOT'O BHIIIOJIHEHA KOMITHIISALIMS.



22

Tperbsi cTpoka MOKa3bIBAaeT MyTh, MO KOTOPOMY HaiifieH ¢ailn onucaHui
tn2313def.inc. OgqHOBPEMEHHO 3TO U OTOOpaKEHUE UMEHU TOTO (paiija, KOTOPHIH
UCIIOJIb3yeTCsl B MpoekTe. MaKTUUEeCKU OJMH U TOT K€ MCXOIHBIM TEKCT MOKET
KOMITUJIUPOBATHCS C IPYTUM (pailyioM onmurcaHus AJis JPyroro MUKpOKOHTPOJLIEpa.

YerBepTasi CTpoKa ¢ KPAaCHBIM KPYKKOM CHMMBOJIa OIIMOKH COOOIIAET, YTO B
ctpoke NelO (970 mOKa3aHO B CKOOKax) MMEeT MECTO CHMHTaKCHYecKas OIlInOKa,
KoTopasi uaeHTuduIMpoBana kak " HensBecTHbI cuMBoJl: DDRB.R16". D10 11po-
U30IJI0 TIOTOMY, YTO MpPH 3allMCH KOMaHJAbl B 3TOM CTpOKe Oblla yCTaHOBJICHA
BMECTO 3aIsITON TOYKa, KOTOPOW B ’TOM MECTE ObITh HE MOJKET.

Ecnu menkayTh B 3TOM OKHE Ha COOOIIeHNH 00 OmMOKe, TO CTPOKA, B KOTO-
poii oOHapy)eHa omunoKa, Oy/IeT yKazaHa MapKEPOM.

[IsTast ctpoka ¢ ommOkoi B ctpoke NelQ coobrmraer o "HempaBHMIBHOM HO-
mepe omepannoB". Takoii BeiBOJ chopmynupoBaH moromy, uro B komanae OUT
JIOJDKHO OBITh JIBa UMEHHM, Pa3eeHHbIX 3ansiTol. Takoro paznenuTens KOMIUIIS-
TOpP HE CMOT OOHAPYKUTh.

Jlerko BHIETH, 4TO 00a COOOIIEHHUS MOJYYEHbl M3-32 OJIHON TOUYKU MEXKIY
nByMsi nMeHaMmu. T.e. ommOka ojHa, a cooOIIeHuit 1Ba. Takoe pa3MHOXEHHUE CO-
0OIlIeHNH MO MPUYMHE HAIWYHUS OJJHOM CHMHTAKCHUYECKOM OIMUOKH SIBIIETCS Xapak-
TEPHOM OCOOEHHOCTHIO PabOTHI KOMIUIATOPOB. [IpuumHa 3TOrO 3aKirovyaeTcs B
TOM, YTO KOMIIMJISITOP HAa Pa3HBIX 3TanaxX CHUHTAKCUYECKOIO0 M CEMaHTUYECKOIO
aHanM3a Mo Mepe oOpabOTKHM BCEro TEKCTa OJTHO M TO YK€ BUAHWT C Pa3HBIX TOYCK
3peHus (aHaATU3UPYEeT HECKOIBKO pa3 Ha pa3HbIX dTamax Kommwisamun). [TosTomy
BBIZIACT Pa3HBIC CMBICIOBBIC COOOIIEHUsT 00 0OHapy)eHHOH ommnoke. U 3T0 00Bek-
TUBHOE pa3BUTHE Mporiecca KoMmuisinuu. [losTomy npu Hanmmuuu OONBIIOTO KO-
JMYECTBA COOOIIEHUN CIIeyeT OIICHUTh HAanOoJiee MOHATHBIE U3 HUX, YCTPAHUTH
WX TPUYMHBI ¥ BBITIOJIHUTH TOBTOPHYIO KOMIHWJISITUIO, YTO MPHU MPABWIBHBIX pPe-
HICHUSX MPUBEAET K COKPAIICHUIO KoJudecTBa cooOuieHuil. 1 tak moBTOpsTh 10
MOJIHOTO YCTPAHEHUSI BCEX COOOIIEHUH.

[Tocnenusst crpoka roBopuT, uTo naHHble s namsitd EEPROM (cermeHnT
.€Seg) OTCYTCTBYIOT. DTO (haiin ¢ pacumpeHueM .eep. [lockonabKy ykazanuii o Ta-
KHMX JaHHBIX B TEKCTE HET, TO U (hailsl He co3aaBacs.

[Tocne 3aMeHBI B HCXOAHOM TEKCTE TOYKU HA 3AIATYIO M BBIMOJIHEHUS KOM-
NWISIIUKA OYTyT MOJIy4€HO OKHO TPaHCIISIMY, TOKa3aHHOe Ha puc.1.22.
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ATtiny2313 memory use summary [bytes]:
Segment Begin End Code Data Used Size Uze%

[.cseg] 0x000000 0x000008 ] a & 2048 0.4%
[.daeg] 0x000060 Ox0000&0 a ] ] 128 0.0%
[.eaeg] O0x000000 Ox000000 a ] ] 128 0.0%

# Rasembly complete, 0 errora. 0 warnings

<« | i

@ Build @ Find in Files EBreakpuints and Tracepoints

Puc.1.22. OxHo ¢ coobiieHreM 00 yCIenHoM acceMOJIMpOBaHUU

Bepxnsisi yacTth 3amucedd B 3TOM OKHE COBMNAJAaeT C COOOIICHUSMHM Ha
puc.1.21, a HWXKe B OKHE pa3MmelieHa TalJjuIla pacrpeneseHus naMaTu (CM.
puc.1.22). CTpoku oTOOpakaroT KOJUYECTBO (PAaKTHUECKOW M PeaibHO HCIOIb30-
BaHHOW TaMSTH TPOrpaMM (IUpEeKTHBa .cseg - code segment - CETMEHT KOMOB),
naMsaTH JaHHBIX (qupekTuBa .dseg - data segment - CErMEHT JaHHBIX) U TAMSTH
MIOCTOSTHHOM JIJIsl XpaHEHHUs JTaHHBIX (IMPEKTHBaA .eseg - erasable segment - mepe-
nporpammupyemMbiii cermeHT win EEPROM). J[Ba mociieqHUX CErMeHTa B 3TOM
IPUMEPE HE UCIIOTH30BAIIHCH.

B Tabmuie BugHO, 4TO mMporpaMma 3aHsuia 8 OalT mamMsATH MPOTPaMM, T.K.
HaIKMCaHO YEThIpe KOMaH bl MO ABa OaiiTa kaxkaas (kosoHka Code), HUKaKUX KOH-
CTaHT He oOpa3zoBaHO (KojoHKa Data), Bcero McCrojb30BaHO MamsATH 8 OalT (Ko-
agouka Used), oOmuii pazmep umeronieiicss namsitu 2048 Oaiit (konoHka Size),
MPOLICHT MCIOIb30BaHHOM NamsTu - 4% (komonka Use%).

[Toce KOMNUISAMM B MANKE C MPOEKTOM CO3JIA€TCSl HECKOJIBKO (hailyioB.
Opun u3 HUX (Qailn npomMBKU ¢ pacmupeHueM .hex. OH sBISETCS TEKCTOBBIM
¢aitiioMm KO0J0B MAalIMHHBIX KOJOB. [Ipy OTKPBITHH B MPOCTEUIIIEM TEKCTOBOM pe-
JAKTOpe, HalpuMep, B BIIOKHOTE, MOKHO YBHAETh KOJbI B IIECTHAALATEPUYHOM
dbopmare (puc.1.23)

|:0z0000020000FC ol
: 080000000FEFO7BEOSEEFCCFAR
: 0000000 1FF

|« (] i

Puc.1.23. Comepxumoe hex-daitna npommBku




24

[lepBas u mocneaHssE CTPOKHU SIBISIOTCS CIy)eOHbIMH. OHU 00€CIIeUYnBaAIOT
HAaCTpPOMKY mporpammaropa. Bropas n kaxaas nocieayroniasi CTpoka UMEIT OJIH-
HAKOBYIO [MOOANTHYIO CTPYKTYPY:

08 - KoMuecTBO OANT KOJIOB KOMAH]T B CTPOKE;

0000 - agpec Havasia pa3MeNIEHUs] JaHHBIX CTPOKH B MMAMSITH;

00 - ciyxeOHbIN OaiT. JIJisi CTPOKM ¢ JaHHBIMU OH COOTBETCTBYeT koay 00,
nepBoi ctpoku - 02, mocneanei - 01;

OFEF 07BB 08BB FCCF - 370 HENOCpPEICTBEHHO TE 3asBJICHHbIE B Hayaje
CTpOKH 8 OalT KOJOB KOMaHJ, KOTOPBIE SIBISIOTCS MAIIMHHBIMU KOJAMH IIPO-
rpamMMBl;

AA - 3T0 mocieHui 6alT CTPOKH, SBISIONIMICS KOHTPOJIBHONW CYyMMOM.

Koawsr mporpamMmpl OyayT pa3MenieHbl MpU MPOTPAMMUPOBAHUU B MAMSITH
porpaMMm B TOCIEAOBATEIbHO PACHOJIOKEHHBIX suYelKax, HauuMHas C ajapeca
$0000. 3aiiMmyT OHM YeThIpe sUEHKHU 10 JBa OaiiTa Kaxkaas. Kpome Toro, ciemyer
y4ecTb, YTO JBYXOaWTHBIE JaHHbIC B (pailyie pa3MENIatoTcs B OOpaTHOM MOPSAKE:
CHayaJia Miaamui OaiT, 3aTeM cTaplivid. DTH MpaBUJia BBIMOIHSIIOTCS ISl BCEX
MUKPOIPOLIECCOPHBIX YCTpoicTB. [ToaTOMY B mamsTh mporpamm OailThl OyAyT 3a-
IMCaHbI YK€ B MepeBEepHYTOM Bujie. PazMelienne 0ailT mporpaMmel B IaMATH T0-
Ka3aHo Ha puc.1.24.

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

Puc.1.24. Pazmenienre KOJJOB IPOrpaMMbl B TAMSITH IPOTPaMM

Haumnast ¢ anpeca $0004, pacnonararorcs "ducteie" sueiiku. B mamsaTa B
HUX OyayT 3anucanbl KoJiel $FF, KoTophie mporieccopomM He UASHTUDUITUPYIOTCS U
OH BBITOJHATH UX HE OYyJIeT, XOTA BpeMs Ha UX BbIOOPKY OyAEeT MOTpavyeHo.

B saeiike ¢ aapecom $0000 HaxomuTcs KOJ, KOTOPBIM COOTBETCTBYET IIEp-
BO#1 komane nporpammsel: LDI R16,255. B suciike $0001 - ko BTOpOii KOMaH/IbI
U T.J. 3Hasg CTPYKTYpy KOMaH], UX MOXKHO PEIAKTUPOBATh HEMOCPEJICTBEHHO B
sTOM (haiise.

Kpowme ¢aiina npommBky, B IpoeKT BHOcUTCA (paiin onucanuii tn2313def.inc
110 TOMY IYTH, KOTOPBIA NIOKa3aH B OKHe TpaHcysuuu (cm.puc.1.21). Ero orcyrer-
BUE MPUBEJET K MHOYKECTBEHHBIM OLITMOKAaM, CBA3aHHBIM C HEM3BECTHBIMH UMEHA-
MU TIEPEMEHHBIX M KOHCTAaHT. MMms ailna JOKHO CTPOTO COOTBETCTBOBATH THUILY
MUKpPOKOHTpoJuiepa. Jlupektusa .include BKit04aeT B UCXOQHBIA TEKCT IPOrpam-
MBI COZIEPKMMOE BCETO 3TOrO (haiiia ONMCAHUM.
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[To cBoeil CTpyKType 3TO TEKCTOBBIN daiin. B HeM comepxkaTcs TUPEKTUBBI
acceMOnepa .equ (0T equivalent - SKBUBaJICHTHBII). AcceMOIep 110 HUM IPUCBaU-
BaeT MPHU TPAHCIIALIMK KOHKPETHOE 3HAYEHUE 33JJTaHHOMY CUMBOJIMYECKOMY MMEHHU.
@parmeHT 3TOrO0 (haiina mokaszaH Ha puc.l.25. DTO MO3BOJIAET MOJIB30BATHCS CO-
JIEPKATEbHBIMU CUMBOJIMYECKUMU HWMEHAMHU, TMOBBIIIAS YUTAOEIBHOCTh MPO-
rpammbl. KpoMe Toro, mpu He0OXOAMMOCTH UCIIOJIb30BAHUSI POTPAMMBI JIJIS JIPY-
roro KOHTpoJuiepa noTpedyercs JUIIb 3aMEHUTh (paiiil OMUCAaHUM, YTO oOecredu-
BaeT IEepEeHOCUMOCTh nporpamm. Ha puc.1.25 BUAHO, 4TO MCHOJIB3yEMBIM B IIPO-
rpaMmMe uMeHam peructpoB BBoAa-BeiBoga DDRB u PORTB conocrasisitorest yu-
ciosble anpeca 0x17 u 0x18 cooTBeTCTBEHHO.

Kpome 3HaueHmni CHMBOIMYECKUX UMEH B (haiiie eCTh HEKOTOpPbhIEe KOHCTaH-
ThI, UMEIOIIME TaKKe 3ape3epBUpOBaHHbIe MMeHa. Hanmpumep, Ha puc.1.26 npen-
CTaBJICHBI MapaMeTpbl OJIOKOB MaMsITH MUKPOKOHTpoJuiepa. B wactHocTu mocnen-
HsIs siueiika mamsity nporpamm umeet ajapec 0x03FF, o6bem O3Y - 128 6aiT T.1..

[ "] tn2313def.inc — BrokHoT m@u‘ | n2313definc — baokor =y b“ﬂu
— - Oaiin [lpaeka Qopmatr Bua Cnpaska
Qain [lpaska Qopmatr Bwua Cnpaeka i
£qu EEDR =0x1d (2] ; *r DATA MEMORY DECLARATIONS
&qu EECR =0x1c £qu FLASHEND = 0x03ff ; Note: Word address
= 3 equ  IOEND  =0x003f
ST s T | equ  SRAM_START = 0x0060
equ DDRA  =0x1a equ  SRAM SIZE =128
equ PINA =0x19 equ RAMEND = 0x00d
equ PORTB =0x18 equ  XRAMEND = 0x0000
= £qu E2END =0x007f
EIENE O 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
D #pragma AVRPART MEMORY INT_SRAM SIZE 128 E
41 GPIORO = 0x13 B #pragma AVRPART MEMORY INT_SRAM START ADDR 0x60
Pl | ITH | K [ < M | » "
Puc.1.25. ®parmenT Qaiina Puc.1.26. ®parmeHT daiina onucaHuii ¢
OIIMUCAaHUN C UMCHAMH HNMCHAMHU TUIIOBBIX KOHCTAHT

CTaHJAPTHBIX PETUCTPOB

Eme ogauMm momne3HbpiM (haiisioM MOXKET OBITh JIMCTHHT TPOTPaMMbBL. ITO
daitn ¢ pacmupenuem .Ist. UtoObl oH (hopmupoBasics HEOOXOAMMO BBITOJIHUTH
Project/Assembler Options/Create List File (win Project/Configurationr Op-
tions/Generate List File). Ilociie ouepennoi kommuiaamnuu nossutcs Project 1.1st.
B HeM pacnosioskeH MOJIHBIA TEKCT MPOrpaMMbl C BKIIOYEHHBIM (aiioM omuca-
HUH, a TaKkKe KOJaMH BCEX KOMaHJ C yKa3aHUEM UX aJIpEcOB B MaMsTH, COOOIIe-
HUSIMU 00 ommoOKax, 3aHsAToN naMsTu (puc.1.27).
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| Project_1.Ist — BaokHoT -! e 5] ﬂ‘
®aiin Mpaska ®opmar Bua Cnpaeka
£qu INT_VECTORS_SIZE =19 : size in words =
#endif * TN2313DEF_INC_ ¥
; ¥eeck END OF FILE
000000 efof  Metka: Ldi R16,255 ;3aMNMCk KOHCTaHTEI B R16
¥ OKBUBANEHTHLIE 3aMUCKH KOMAHZbI:
Idi R16,$FF
Ldl R16,0xFF
IDI R16,0b11111111
#f
000001 bb07 out DDRB,R16 ;3anuck B nopt DDRB wucna 3 R16
;3T0 NEpeBoA paapAaos nopTa B Ha Bbixos
000002 bb08 out PORTB,R16 ;ENHWLBI BLIAAHLI Ha BCE pa3paakl nopTa B =
000003 cffc rjimp Metka
< i | ()

Puc.1.27. ®parMeHT IMCTHHTA TPOTrPaMMBI

Ilpakmuueckue 3adauu:
1. OTkoMIUINPOBaTh UCXOAHYIO MTporpammy (puc.1.20). [Tpu o6HapyxeHun

OIIMOOK BBISICHUTB UX MPUUUHY U YCTPAHUTD.

2. Y6enutncs, uro ceeroanoa HL2 ne roput, a HL1 ropur.
3. Jlns cxembl Ha puc.1.19 3amporpammupoBaTh nmopt B Takum oGpazom,

yToOBbI cBeTouoa HL2 3aropencs. B npenpiaymeit nporpamme PORTB Hactpoen
Ha BBIXOJ W paBeH enunHuue, norromy HL2 ne ropur. IIporpammy 3anectu B OT-
yeT. OTKOMOMIMPOBATH IPOrpaMmy, JOOUTHCS YCTPAHEHUS OLIMOOK.

D=

B omueme npeocmagumyu:

1. UcnipaBneHHyto nporpammy BKIOYEHHUST 000UX CBETOIUOOB.
2. [lyTs Kk Qaitiry onucaHuii.

3. [lyTh Kk (aitmy aTuCTHHTA.

Bonpocwt u 3a0anusn 011 camokoHmpon

Kakum oOpasom 3amyckaercsi 1 HacTpauBaeTcss AVR Studio?

UYro takoe IDE?

Kakue nmapameTpsl MOKHO HAaCTPOUTH?

Kakue BO3MOXHOCTH 00€CIeunBarOTCs WHTErpupoBaHHOM cpenoii AVR
Studio?

UeM OTauyaroTcsi peXuUMbl OTIAJAKHA: IPOTPAMMHOW CUMYJISIUUHA U PEXKUM
yIpaBJIEHUS Pa3TUYHBIMU TUIIAMHA BHYTPUCXEMHBIX SMYJISITOPOB?

Urto siBnsieTCsl CBUAETEILCTBOM KOPPEKTHON KOMIWIISIIUA?
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7. Urto conmepkuT (ailn ucxoIHOTo Tekcta nporpammbl? Kakoe y Hero pacuiu-
penue?

8. Uto comepxut (aitn onucannii? Kakoe y Hero pacimuperue?

9. Uto conepxut aitn npomuBku? Kakoe y Hero pacuimpenue?

10.Yt10 comepkut IUCTUHT Tiporpammbl? Kakoe y Hero pacumpenue?

11. Kak 3a1ath HEOOX0AUMOCTh (POPMUPOBAHUS IUCTUHTA MPOTPAMMBI?

12. KakoB dopmart 3anucu acceMOJIepHbIX Mporpamm?

13. Kak ycranoBuTh TpebyemMoe OKHO pabodeit cpeni?

14. Kakum 06pa3om OCYIIECTBIISETCS YIPABICHUE pa3MEIICHIEM TPOrPaMMbI B
namsitu?

15. Yrto nemaet aupektuBa accembiepa .include?

16. Kax BeITIOJTHSIETCSI TUPEKTHBA accembiiepa .equ?

17. ChopmynupyiiTe Ha3HaYECHUE BCEX MEHIO CPEIbl Pa3pabOTKH.

18. Uto comepxkuT (haits ¢ pacimpeHueM .obj?

19. YcranoButh okHO I/O View u npoHymMepoBaTh pas3psiibl peructpa B.

20. Kak co3nath aHaJIOTMYHYIO nporpammy st Apyroro tuna MKK?

21. Kak Haitu (aitn onucanuii?

22. Yto Takoe "IBOMYHBIC KOJbl MAIIMHHBIX KOMaHJ B TEKCTOBOM ¢opmarte",
KOTOpbIE XpaHATcA B (paitiie ¢ pacmmpenueM .hex?

23.3anucaTh B JIBOMYHOM, IIECTHAALATEPUYHON, BOCBMEPUYHON U JIECATUUHOU
dbopme uuncio 27 Ha acceMOIepe.

24.1Touemy B ucnonb3dyemoi nporpamme azapeca peructpoB 0x17 (DDRB) u
0x18 (PORTB) ne momanatoT B 00;1aCTh aAPECOB PETUCTPOB OOIIEro Ha3HA-
yenust R23 u R24 ¢ ananornyasiMu upoBBIMU 3HAYCHUSMHA?
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2. ACCJEJOBAHUE PABOTHI MHTET'PUPOBAHHOM
CPEJIbI AVR Studio B PEXKUE OTJAIKHA

geﬂb.‘

1. YrayOuTh 1 3aKpenuTh TEOPETUIECCKUE 3HAHUS TI0 IPHUHIIUIIAM MIPOTpam-
MUPOBAHUS U OTIAJKUA B UHTETPUPOBAHHOM CPEIIE;

2. [IpnoOpecTn MpakTHUECKUE HABBIKM CAMOCTOSITEIHHOTO M3YUYEHUSI COCTa-
Ba, BO3MOXKHOCTEH, peKMMOB paboThl cpenbl otinaaku AVR Studio, ocBoenus
AJIEMEHTOB HHTEp(deiica;

3. CoBepIIeHCTBOBATh HABBIKM aHANIN3a, 0000IIEHNS U CUCTEMAaTH3aIlUH T10-
Jy4EHHBIX Pe3yJIbTaTOB, HABBIKA COCTABIICHUS M OPOPMIICHUSI OTYCTHBIX MaTepHa-
JIOB, HABBIKH TOYHOTO M JJAKOHUYHOTO TIPEJICTABICHUS JOKIAJ0B Ha BOMPOCHI TEX-
HUYECKOTO XapakTepa.

Yueonwie sonpocowi:

1. 3amyck u HacTpoiika otinagunka AVR Studio;
2. Pabota oTiiaguuka A si3plka accemOIepa.

Jumepamypa 0,151 R0020MOEKU K 3AHAMUIO

1. benos A.B. PazpabGoTka ycTpoicTB Ha MUKpOKOHTposuiepax AVR: miara-
eMm oT "waiiHuka" no mpodu. - CII6.: Hayka u texnuka, 2013. -528 c.
(ctp.289-306).

2. EBctudeeB A.B. Mukpokontpomnepsr AVR cemeiictBa Tiny. PykoBo-
JICcTBO Tmoab3oBatensd. M.: M3parensckuii mom  Jomska-XXI", 2007. -432
C.

3. WWW kit-e.ru Komnonents! u texuonoruu. AVR: nmporpaMmMupoBanue B
cpeae AVR Studio.

Cooepicanue omuema
1. HazBanue paboThl.
2. Ha3paHue Kax10T0 Y4eOHOTO BOMpPOCa U KPaTKUK KOHCIIEKT B 00beMe TIpaK-
TUYECKUX 3aJIJaHUI TI0 BOIIPOCY.

Bonpocot 015 noozomoséxku K 3anamuio

Ha3nauenue otnagumka.

Kakue mapameTpbl 1 00BEKTH HEOOXOIMMO KOHTPOJIUPOBATH MPHU OTIATKE?
KakoBa 5tioruka npoBe/ieHHs OTJIaJIKU IPU OTCYTCTBUU OTJIaunKa’?

Kakue 0coOeHHOCTH OTIaJKd UMEIOT MECTO B CHCTEMax PEaIbHOTO BpeMe-
HU?

=

AKmyanbvnocms 3aHAMUA

Pa3paboTka ycCTpOWCTB Ha OCHOBE CICHMAIM3UPOBAHHBIX KOHTPOJUIEPOB
CBsI3aHa C pa3pabOTKOI anmapaTHON U IporpaMMHON coctapJstomux. Kpome toro,
ATO CBSI3aHO C OCOOCHHOCTSIMH Pa3pabOTKU CUCTEM peabHOTO BpeMeHu. [loaTomy
BCE OJTallbl MPOSKTUPOBAHWUS W OTIAAKH JOJDKHBI OBITh MaKCHMAaJIbHO
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aBTOMATHU3UPOBAHBI U aJ€KBAaTHBl 00BEKTy. DTUM TpeOOBaHUSAM B MOJIHOM Mepe
orBevyaer cpega AVR Studio. Ona sBisieTcss mpU3HAHHBIM TPOJYKTOM, U €€
M3YUYEHHE MOKET CTaTh OCHOBOM I OCBOCHUS APYTUX aHAJIOTUYHBIX CUCTEM.

3aoanue 2.1. 3anyck u nacmpoiika omaaouuxa AVR Studio

Ilpakmuueckue 3a0auu:

1.Boinonnums 3anyck omaao4uka, 8 omueme Ompasums 6blnoaHIeMble One-
payuu,

2. Ocywecmeums HACMPOUKY OMIAOYUKA, 8 Omyeme Nnepeyuciums napa-
Mempbl HACMPOUKU U MEXHOT02UI0 OOCMYNA K HUM.

IDE AVR_Studio — 3T0 uHTEerpupoBaHHas cpejia pa3padOTKH MPUII0KEHUN
1 MukpokoHnTposuiepoB cemeirictea AVR (IDE — Integrated Development
Environment), .cBoOOgHO pacmpocTpaHseMmbli NpoAykT ¢upMbl  Atmel
(Atmel.com).

Otnagunk AVR Studio nopaep:kuBaeT Bce TUITBI MUKPOKOHTpoJIepoB AVR
U HUMEET JBa pexXuma paboOThl: PEKUM MPOTPAMMHON CUMYIISIIUM U PEXKUM
VOPABJICHHUS PA3UYHBIMA THUIAMHA BHYTPUCXEMHBIX HMyIaTopoB (In-Circuit
Emulators) mpousBoactBa ¢upmbl Atmel. BaxxHo oTMeTuTh, 4TO HHTEpeiic
TI0JIB30BATEISI HE U3MEHSETCS B 3aBUCUMOCTH OT BBIOPAHHOTO PEKUMA OTJIAIKH.

Otnamoynasi cpena MOIACPKUBAET BBHITIOJHEHHUE TPOTPaMM, KaKk B BHUJC
acceMOJICpHOTO TEKCTa, TaK WM B BHJE HCXOAHOro Tekcrta s3bika C/C++. B
MOCJICTHEM CITydae 3arpyaeMblii MOAYJIb MPOTPaMMBI JOJKEH COJEpPXKaTh HE
TOJIbKO MAIIMHHBIA KOJ, HO U MCXOAHBIA TEKCT MPOrpaMMmbl, MPHUBSI3aHHBIN K
MaIIUHHOMY KOJTY.

[Ipu pa3zpaboTke U OTIAJKE MPOrpaMM yA0OHO HCIOJIb30BAaTh BCTPOEHHBIE
cpencTBa nojjaepxkanus npoekta. [loHsTue "mpoekT" B MHTErpUPOBAHHBIX Cpeaax
pa3paboTKU BKJIIOYAET: NIEpeUeHb (DASIOB, COAEPIKAIIMX UCXOJAHbIE MOYJIH, ITyTH
pa3MellleHns] dTUX U CO3JaBa€MbIX B IPOILIECCE TPAHCISIIMU U KOMIIOHOBKH
(aiinoB, mapaMeTpbl HACTPOUKHU MPOLIECCOB CO3/IaHUS U OTJIAJIKU MPOTPAMMBI U JIp.
Y1006CcTBO 3aKitouaeTcss B TOM, YTO OJHOKPATHO OCYIIECTBICHHAs HACTpOMKa
POCKTa, COXpaHSIETCS B IMOMMEHOBAHHOM (haiiye (name.aps), a mTOTOM
UCITIOJIB3YETCsI IPU OTKPBITHH (paiiyia mpoeKTa.

B nportecce cumynsaimu MOKHO HaOJIOIaTh COCTOSTHUSI PETHCTPOB OOIIETO
HasHadenus RO...R31, moptoB BBOma/BeiBoma (I/O), mpormeccopa, mamsaTd IIpo-
rpammel (I13Y) u namsitu nannsix (O3Y).

Bwvioop ycmpoiicmea u nacmpoiika omaaouuxa

Heo06xoaumMo mpOKOHTPOJUPOBATh, YTOOBI CHUMYJISIUS KOJa MPOBOIUIIACH
MMEHHO IS BBIOPAHHOTO THIIA MUKPOKOHTPOJUIEpA U OTIATOYHOM TIaThOPMBI.
D10 ocymecTBisiercss U3 MeHo Debug (Otnanka) nyHkt Select Platform and
Device (cm. puc.1.5). Ins paccmatpuBaembix npumepoB 310 ATtiny2313 n AVR
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Sumulator. T HACTPONUKU BBITIOJHAIOTCS, OOBIYHO, MIPHU CO3/IaHUU MPOEKTA U T10-
BTOPHO 3TH OIEPALUU MPOBOJIAT TOIBKO Paf KOHTPOJS WM MIPU CMEHE KOHTPOJI-
aepa.

3anyck omnaouuka

3amycK MOKHO OCYIIECTBUTh HECKOJIBKUMH CIIOCOOAMMU:
- BBINIOJHUTL Debug/Start Debugging;

- 0JIHOBpeMeHHO HaxaTh Ctrl+Shift+Alt+F35,

- BBIOpATh Ha MaHEIU HUHCTPYMEHTOB KHOTIKY &,
- BeINOTHUTE Build/Build and Run;
- Haxxatb Ctrl+F7,

- BBIOpaTh Ha MaHeJId HHCTPYMEHTOB KHOMKY i L

[Tocnennue nBa cmocoba MPEANOIararoT BHIOJHEHUE KOMIWISIIIUU C TI0-
CJIEAYIOIIUM 3aIlyCKOM Ha BBIIIOJHEHHUE.

O mnepexone B PEeXUM CHUMYJALMU CBUACTEIBCTBYET MOSIBICHUE >KEITOU
CTpPEJIKM yKa3aTessl OTJIaJUiKa CJIeBa OT TEKCTa ¢ KOJAOM KOoMaH[ (OH yCTaHaBJIH-
BaeTca M youmpaercs npu Haxatuw Ctrl+ F2, a 15 1moucka MapKAPOBaHHBIX KO-
MaH] - F2), yka3pIBaroleil Ha MHCTPYKIIMIO, KOTOpasi Oy/IeT BBIMOJIHATHCA Ha Clie-
JYIOIIEM Il1are B COOTBETCTBUU C COJEPKUMbIM cueTurka koMan PC (puc.2.3).

Buwioop cpeocme omoopasicenun cocmoanus cucmemol

[Tocne 3amycka u3MeHseTcss MHTEpPEic U ycTaHaBIMBAETCA Kypcop Ha Ha-
4ajgo MporpaMMbl B IJIaBHOM OKHE. J[OMOTHUTENHbHO OKHA MOYKHO OTKpBITH U 3a-
KpBITh B MeHIO View (cM. puc.1.12), 1100 akTUBUPOBAB COOTBETCTBYIOIIYIO KHOTI-

Ky NAHEIM MHCTPYMEHTOB. B pesime o1-

viow | Tooks Dabug Window Help JaJIKK JIOTIOJIHUTEIPHO M3 OKHA TMPOCMOT-
[ Toolbars | [v] standard Tookbar pa MOXHO OTKpPBITH (puc.2.1):

B 7 Edit - okHO JluzaccemOnepa (Disassemb-
&g otessentier E:Ezz s ler). TlokasbIBaeT pe3yabTaThl OOPATHOIO
S_EI] ;“:;:tv 2::; MO Tabs npeoOpa3oBaHusl MAIIMHHBIX KOJIOB B HC-
8 &l memary 2 Assembler XOAHBIM TekcT. OTo "oToOpakeHHe Ma-
[ Merory 3 ?“‘5”8” IIMHHBIX KOJIOB MPOIeCCOpoM': KaK OH MX
42 Reter A'tfucs Hr:e . .| 'mommvaer" u xax BbinonHser. Tousoe
0 ‘ “ 2SI ] Processr B3aHMHOE COOTBETCTBHEC MEXKIYy KOJaMHU U
T MHa T i output MCXOJIHBIM TEKCTOM IPOrPaMMbl B 3TOM

Puc.2.1. BcrubiBaiomue crucku | IPOLECCE TOTYy4EHO MOXKET OBbITh HE BCE-
MaHeJled WHCTPYMEHTOB W BbI3bI- | T4,

BAaGMbIX OKOH [IJII OTOOpakKeHUs - okHO IIpocmoTpa 3HaUeHHUS TEpe-
COCTOSIHMI MHKpOKOHTpoiuiepa B~ MCHHBIX (Watch). B sto oxHo (puc.2.2)

TpaMMbl THCTPBl U IIEPEMEHHBIE (B TEKCTE IIPO-

rpaMMbl HA UMEHHU HaXaTh MPABYIO KHOI-
Ky U BblOpath Add Watch), nabnoaTh UX COCTOSSHUE MO X0y BBITIOJIHEHUS TPO-
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IpaMMbl, YAQJIUTh U3 OKHA (BbIOpaTh UM M MPABOI KHOMKOM BHIOpaTh Remove Se-

lected Item);

M arne Walle Type Location

tmp 77 M Register El6

5l

M4 M W Watch 1 Ahstch 2 A WWetch 34 Wvatch 4

Puc.2.2. OkHo mnpocMmoTpa 3Ha-
YEHUU pErucTpOB U IEPEMEH-
HBIX, OIIPEACIICHHBIX B IPOTrpaM-
Mme

- okHo Ilamsaru (Memory). B stom
OKHE MOYKHO MPOCMOTPETh BCE BUJIBI MAMSTH
MUKPOKOHTpOJUIepa, BbIOpaTh (opmar oto-
OpakeHUsl JTaHHBIX, TO00ABUTh TAOJMILy OTO-
opaxenus qanHbix B ASCII-xonax;

- okHO PeructpoB oOmiero HazHaue-
Hust (Register). B nHem nokaszansl Bce 32 pe-
rucTpa O0IIero Ha3HAYEHUS.

Oxno Ilpoueccopa (Processor) oto-
OpakaeT camble Ba)KHBIE PETUCTPHI MPOIIEC-
copa W OTHIETbHBIC TapaMeTphl TMpoliecca
cumyssinuu (puc.2.3):

- COCTOSIHHE MPOTPAMMHOTO CUYETYHKA
(Program Counter). IT0 agpec ouepeaHomn

BBINIOJIHAEMON KOMaH[bl. Ero MOXHO W3MEHHTH
IPsIMO B OKHE U MPOIECC BBITOJIHEHUS TPOTPaMMBI
OyJIeT COOTBETCTBOBATH BBEACHHOMY aJpeCy;

- cocrosHue Yykazarenst creka SPL (Stack
Pointer). B 5TOM OKHE €ro M3MEHHUTb HENb3s, HO
MOKHO U3MEHUTh B OKHE Memory 110 €ro aapecy
$3D. Iy storo B okHe Memory BbIOMpaeTcs 3a-
KJ1aJika 1/0 v BIUCHIBACTCSI HY>)KHOE 3HAYCHUE;

- COCTOSIHHE JBYXOaNWTHBIX PETUCTPOB yKa3a-
teneit (point) X, Y, Z. IlepBbie 1Ba UCHOJIB3YIOTCS
JUTSL aipecalluy NaMsTy JaHHBIX, T0O3TOMY OTOOpa-
kKaroTcs Kak 8-paspsaubie. Peructp Z aapecyet
naMAaTh IporpamMm, MO3TOMYy oOToOpaxkaercs 16-
pa3psIHbIM;

- cuetuyuk 1ukI0B (Cycle Counter). I1oka3bi-
Ba€T BBINOJIHEHHOE MPOLECCOPOM 00Ilee KoJinye-
CTBO MAIIMHHBIX IUKIOB. Kaxkmas xomanma s
BBITIOJIHEHUS TPEeOyeT pa3HOE KOJIMYECTBO MAITUH-
HBIX IIUKJIOB, HO YaIlle BCETO OJIVH;

- gactoTa paboThl MUKpOKOHTpoJuiepa (Fre-
quency). Ee MOXHO HAcCTpOWUTb, BBITIOJHUB De-
bug/AVR Simulator Options. B OTKpbIBIINMCS OK-
He (puc.2.4) BeiOupaercs onius Devise Selection u
yCTaHaBJIMBAETCA HEOOXOAMMAsi TAKTOBAsI YACTOTA.

- cueTuuk BpemeHu (Stop Watch). On noka-
3bIBAET BpEMsl, MPOILE/IIee ¢ Hayaga paboThl MPo-

Processor

- X

M arme

Y alue (]

L

Proaram Counter
Stack Pointer

* pointer

' pointer

Z pointer

Cycle Counter
Frequency

Stop Wwatch
SREG

=| Reqisterz

ROO
RO1
ROZ2
RO3
RO4
R05
ROB
RO7
RO3
R0O3
R10
R11
R12
R13
R14
R15
R16
R17
R18
R15
Rz20

Ra1
Ro?

DOHELRAET

0000003
0=0250
0=0000
(0=0000
0=0000
30318011
4.0000 MHz
TErA752.75 us

0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00
0=00 =
0=00

(L]

031

0=F1

0=00

0=00

0500
e =
|

Puc.2.3. Oxuo Processor
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neccopa. Cneayer moHMUMaTh, 4YTO 3TO BPEMs HE peaibHOE, & UMUTALlMOHHOE, pac-
CUMTAHHOE IO TaKTOBOH yacToTe mporeccopa. CueTUnK BPEMEHU U CUETYUK IIHK-
JIOB MO’KHO OOHYJINTh, HA)KAB MPaBYIO KHOIIKY U BRIOpaB KoMaHy Reset;

- cocrosinue peructpa craryca (¢uaroB) SREG. BriOpaB oTAe/IbHBIA OUT,
€r0 COCTOSTHHE MO’KHO U3MEHUTh Ha MMPOTHUBOTIOI0KHOE BPYUHYIO;

Lk

- peructpsl ob1ero HazHaueHus Registers (Alt+0 wnm ).
Simulator Options |z|

+ Device selection Device selection Sl st or

. §timuli and logging

- Device

ATA058535

Flash Size: 8192 bytes
Eepiom Size: 512 bytes
Intemal SRk Size: 512 bytes
hequesncy ) 1D Size B4 butes

8.00 | MHz | |MaxSpeed B.00MHz

I- Enabie esternal Memoy

Cancel I

Puc.2.4. Boi6op yactotsl padotst MKK

Hacmpoiika okna 6600a-6v1600a

OtkpeiTh OKHO BBoma-BeiBoma (/0 View) MOXHO, BBITIOJHUB
View/Toolbar/(I/0) unu naxaB Alt+5. B okHe 0TOOpa3sATCS AIEMEHTHI apXUTEKTY-
PbI BBIOpaHHOTO MUKpPOKOHTpouiepa (puc.2.5). OKHO MO3BOJISIET HAOII01aTh pado-
Ty JIFOOOTO TIepuPepuitHOTO yCTPOUCTRA.

JI1s1 HacTpOMKKU OKHA MCIOJIb3YIOT KHOIIKM B OCHOBHOM 3arojOBKE WJIA Me-
HIO, BBI3BIBAEMOE MIPABOM KHOIKOW HA 3aroJIOBKE MAaHEIH PErMCTPOB U CaMUX pe-
TUCTPOB.

Brinagaromiee MEHIO OCHOBHOTO 3arojIOBKa MOXET M3MEHHUTH BHUJ OTOOpa-
YKEHUSI OKHA!

- B BUjie nepena (Tree View);

- B BUJIE MOJHOTO criucka Bcex noptoB (Flat Register View);,

- B BUjie pa3nenabHbiX okoH (Module Split View). Ilpu BeiOOpe ycTpoiicTBa
BO BTOPOM OKHE MOSIBJISIIOTCS PETUCTPHI, eMy MpuHauiexkaiue (cM. puc.2.5). Ilpu
ATOM IUTFOCUKOM PACKpPBIBAIOTCS Ha3BAHMS 3TUX PETUCTPOB U 3JIEMEHTHI yIIpaBiie-
HUS, B KOTOPbIE MOKHO YCTaHOBUTH HEOOX0ArMbIe 3HaueHUs1. CocTaB BTOPOTO OK-
Ha MOKHO U3MEHHUTH B BBINAIAIOIIEM CIUCKE TJIABHOTO MEHIO.

TemHbIl KBagpaTHK pa3psia perucrpa coorsercrsyer eaunune ("1"), ceer-
el - Hymto ("0"). B mponecce oTiaaky 3HaAYEHUS Pa3psioB PECUCTPOB MOXKHO
KOPPEKTUPOBATh Bpy4YHYH0. OHM MEHSIIOTCS IIEJIYKOM MbIIHU. PenaktupoBaHue
JIOCTYITHO TOJIBKO ITPH 3aITYILEHHOM PEXUME OTIAIKU.
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|1j Wiew - x

Mame Yalue

AT ANALDG_COMPARATOR

# CPU

-+ B EEFROM

A qe}; EXTERMAL_INTERRUPT

# 22 PORTA

-1 =2 PORTE
Part B Data Register 0=00
Port B Data Direction Register 000
Part B Input Pins 0=00

# 22 PORTC

+ 22 PORTD

# 375PI

# =) TIMER_COUNTER_D

4] (=) TIMER_COUNTER_1

4 35UsRT
5 WATCHDOG
M ame Address Walue | Bitz
¥ DDRE 0017 [0x37]  ow00 JOOOOO0O0O
L FINE 1636 0x00 OOOOCOO0O0O

=2 PORTB 018038 o0 OO00O0O0CO0O0

Puc.2.5. OkHO ycTpOMCTB BBO/1a/BbIBO/IA

C noMouIp0 yCTaHOBOK MOYKHO, Ha)KaB IPABYI0 KHOIIKY:

- IPOHYMEPOBATH Pa3psiibl pETUCTPOB - Show Bitnumber;

- OTKPBITh HY’KHbIE KOJIOHKH JJaHHBIX NpU oToOpaxenuu - Columns;

- COXpaHHUTh B TEKCTOBOM (paiisie Bce 3HaYCHHsI PETUCTPOB BHIOPAHHOTO MO-
nyis - Export,

- YCTaHOBUTH CUCTEMY CUMCIICHHS Ul TIOKa3a COCTOSHUSA peructpoB - Hex-
adecimal Display vny TOJIBKO I OJHOTO PETUCTpPA, €CJIM MEHIO BbI3bIBAaTh Ha
HEM;

- BBIICTUTH/COpATaTh KOHTAKTHI - Pin/Unpin Selected. Buinenser peructp
CHUHHUM LIBETOM U IO3BOJIIET HE YOUPATh €r0 U3 OKHA IIPU JIFOOBIX MEPEKIIOUEHHIX
okHa. Peructp OyneT 1ocTyneH A IpocMOoTpa U peAakTUPOBAHUS BCETIa.

B omueme npeocmasumpu:
1. TexHOIOTHIO 3aITyCKa OTJIATINKA;
2. [TapaMeTpsl HACTPOWKHM OTJIATIMKA U TEXHOJOTHIO JIOCTYIIA K HAM.

3aoanue 2.2. Paboma omnaouuxa 011 A3vblKa accemonepa
Ipaxmuueckue 3a0auu 8bINOIHAIOMCA NOCTIE YCBOCHU Mamepuanid u cgop-

MYyauposanvl 8 Konye 3adanus 2.2. B npoyecce uzyuenuss mamepuana Heooxooumo
BLINOJIHAMb ONUCAHHBIE ONEPAYUU NPAKMUYECKU.
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[TonmHBI MEepedYeHbh PEKUMOB paObOTHI CHMYJISATOPA JOCTYIEH W3 (PyHKIHMH
riiaBHOTO MeHIO Debug (puc.2.6). HexoTopsie (hyHKIIMK PO yOIMPOBaHbI TUKTO-
rpaMMaMi Ha MMaHeJI MHCTPYMEHTOB, KOTOPBIE MOXXHO BBIBECTH HA SKpaH M3 Me-
Hto View/Toolbars (cMm. puc.2.1).

Tools | Debug | Window Help

B Start Debugging Ckrl+Shifk-+AlE+FS
Stop Debuggin Ctrl+3hift+FS
J E P qaing

g [+ J[EL Run F5
w Iy Ereak Chrl4+F3
Reset Shift+F5

Step Into F11

LA

(= Step Over F10
P2 Step Out Shift+F11
H} Runto Cursor Chrl+F10
Ak Shep Al+F5
Mext Breakpoint Chrl+F3
[IEEIC] T Brealpoink 4
@  Toggle Breakpaint F9
Remove all Breakpoints
Trace r
Stack Monikar
5#  Show Mext Staterment Alk+Nurn *

&d Cuickwatch shift+F3

Select Platfarm and Device...

Up/Download Memory
AVR Simulator Options

Puc.2.6. UnctpymenTtsl u ¢pyakiuu AVR Studio B pexume
OTIAJKU

[Iporecc oTianKM 3aKIFOYAaeTCS B OTCICKHBAHUHM XOJia BBITIOJTHEHHS MPO-
rpaMMBbI U YIIPaBJICHUS JAHHBIMU B PETUCTPAX C MOMOIIBI0 OKHA C TEKCTOM KOJa,
OKHa KOHCOJIM BBIBOJIa TEKYIINX coobmeHni (Message) v crieliiaabHBIX OKOH, TO-
Ka3bIBAIOIINX COCTOSHUSI PETUCTPOB BBOJA/BbIBOAA (I/0 View), MO3BOJISIONINX
BECTU KOHTPOJb 3HaUeHUU mepeMeHHbIX (Watch), oTcnexuBarh COCTOSHUS TIPO-
ueccopa (Processor).

OyHKINUH OTJIAJAYMKA, YIPABJISIOIIAE XOJIOM CUMYJIISILIMU KOJA IMPOTPAMMBI,
MIPE/ICTABIICHBI B TAOIHUIIE

HanmenoBanue Ha3snauenue Komb6unamus | Ilukro- KommenTapun
KJIaBUILI rpamma
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Reset Copoc Shift+F5 Copoc MKK, Bce
il HAYMHAETCA C HYJIS
Step Into Ilepexon Kk cie- Fl11 a IlomaroBoe  BBI-
AYIOIIEH  CTPOKE *E HIOJIHEHHE po-
KoJa rpaMMbel  ©6€3 Tpo-
MyCKOB
Step Over [Tepexon  uepes F10 Breimonnenue noa-
HOANPOTPaMMY L_E IPOrpaMMmbl 0e3
[OIIaroBOro  pe-
xuma  (OBICTPO).
PaunonansHo 1pu
OTJIAJKEHHOW I10J-
nporpamme
Step Out Beixon w3 mnon- | Shift+F11 [To3BomsgeT mpuHy-
IPOrpPaMMBI L AUTENbHO 0e3 To-
= 11aroBOr0  peKuMa
BBINTH W3 IHUKJIa
WIM  TOANPOTpaM-
MBI
Run to cursor | Bemonnenne po | Cerl+F10 Beimonnuts  ore-
Kypcopa 1 pauuM  Kojga  Jio
TOYKH, YKa3aHHOMN
TEKCTOBBIM KYpPCO-
pom
Autostep ABTOMaTHYECKOE Alt+F5 Belnonaenune 1mpo-
MOIIIAarOBO€  BBI- - rpaMMbl IO CTpPO-
MOJIHEHHE  Tpo- KaM KoJla B aBTO-
IpaMMbl MaTUYECKOM  pe-
KUME 10 HaxaTus
nay3bl
Break [IpunynurenbHas Ctrl+F5 OcraHOBKa BBITOJI-
OCTaHOBKa (Iay- HEHUs NPOrpaMMbl
3a) (mays3a)
Toggle Has3nauenue TO- F9 ITo3Bossier mocra-
BreakPoint YeK  OCTaHOBKH BUTb Ha MECTO,

ABTOMATHYCCKOI'O
BBITIOJTHCHHUA

yKa3aHHOE KypcCo-
pOM TOYKy MpO-
rpaMMHOM  OCTa-
HOBKM  aBTOMATH-
YECKOr0 BBIIOJIHE-
HUS
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Remove All Y nanenune BCEX VY nansetr Bce TOUKU

BreakPoint TOYEK OCTaHOBA "-:J OCTaHOBa aBTOMa-
i TUYECKOI'0 BBIIIOJI-
HEHUS
Start Debugging | 3annyck ortnanuu- | Ctrl+Sift+ ITepexona k pexxumy
Ka Alt+F5 OTJIAJIKHU-
CUMYJIALIUH
Stop Debugging | Beixon u3 omian- Ctrl+ OcraHoBKa cuUMYy-
qrKa Shift+F5 - JISIAY U TIEPEXO]T B

PEXUM  pelaKTopa.
910 cbpoc MKK,
BCE PErHCTphl 00-

HYJISIFOTCSA
Run 3anyck mporpam- F5 Brinonnenune mpo-
MBI Ha HEIPEephIB- =l rpaMMbl C MAaKCHU-
HOE BBIIIOJTHEHUE MaJbpHOM  CKOpO-

CThIO, HO OHa 3Ha-
YUTEJIbHO MEHBIIIE
peabHOM, T.K. 3TO
PEKHUM CUMYJISIIANA

Show Next Ilokazate  cne- | Alt+Num 3 [Tpu Gonbmux TEk-
Statement JYIOIyl0 KOMaH- - cTax IporpaMm
ny IOKaXXET Ty YacTh

TEKCTa, TJIe pacro-
JOKEH  yKa3aTelb
CUeTYMKa KOMAaH]
(>KeNTBINA Kypcop)

Toukn ocTaHoBa MpeaAyCMaTpruBarOTCA JABYX THIIOB: IIPOI'PaAaMMHBIC U TOYKHU
OCTaHOBaA 110 JaHHBIM. B cocTosiHMM OCTaHOBKM MOXKHO y,Z[O6HO KOHTPOJIMPOBATD,
KaKu€ M3MCHCHHUA IPOM3O0LIIN C PETUCTpaMUM W INCPEMCHHBIMU B JAHHOM MCECTC
IMporpaMMmail. I/ICHOJ'II)?)y}I TOYKH OCTAaHOBKH, MOXHO TAaKXXC YCKOPHTb XOI BBIIIOJI-
HCHM: IIpOrpaMMhbl IIpU OTJIAAKE.

[IporpaMMHBIE TOUKM OCTAaHOBA YKa3bIBAIOTCS TEKCTOBBIM KYypCOPOM C IIO-
cienytomuM BoiroHeHueM Toggle BreakPoint (nepekirovaresb TOYEK OCTaHOBA)
1ocjie HakaTus MpaBOM KHOMKU MbImK. Heckonbko Oojiee MIMPOKUI BapHaHT
npeanosnaraet BoinoaHenue Debug/New Breakpoint/Program Breakpoint. B Tek-
CTOBOM (paiisie cieBa OT CTPOKU MOSABIISAETCS OOPJOBBIN 1Iap, 10 KOTOPOTO BBIMOJ-
HseTcs nporpamma. [IpogoipkeHre BBINOJHEHUS MPOrpaMMbl MHUIIMUPYETCS TO-
BTOPHBIM 3aITyCKOM.

VYnanenue To4ku ocTaHoBa BeIMoJiHsIeTCS Remove All BreakPoint (ecnu
ynansaroTcs Bce Touku) unu Toggle BreakPoint (eciiu ynansiercs BblOpaHHas Kyp-
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copom Touka). Kpome Toro, BeinosnuB View/Toolbars/Breakpoints and Trace-
points, B okHe (puc.2.7) MOXHO OTKJIHOYUTH/BKIIOYUThL TOYKY oOcTaHoBa (yO-
paB/n00aBUB Traj0uyKy, YTO MPUBOAMUT K 0OECIIBEUMBAHHIO/3aCBEYMBAHUIO OOP/I0-
BOT'O IIapa B UCXOJHOM TEKCTE) WIH YIAIUTh TOUKY COBCEM (BBIOpAB B OKHE TOUKY
U BBITIOJTHUB Remove Selected).

BpeMeHHO OTKIIIOUNTE/BKIIOYUTH BHIOPAHHYIO TOYKY MOXHO Tak»Ke B KOH-
TEKCTHOM MEHI0, BbINIOJIHUB Disable/EnableBreakpoin.

Breakpoints and Tracepoints X
- * 1 4% w4 Columns =
Description Hit Count

@ Break at line Project_1... Break Always

rﬂl}..ilnl ”Er;.ﬂ.l em Filmm |.='1-Dunn|"-\nin-&— mmrd Temmmm b
Puc.2.7. OkHO TOYEK OCTaHOBA U TPACCUPOBKHU

Touku ocraHoBa MO JaHHBIM CPaOATHIBAIOT MPH BBIMOJHEHUH HEKOTOPOTO
ycioBusl. JlJis yCTaHOBKM TOYKM OCTAHOBA [0 JIaHHBIM CIIEYE€T BBINOJHUTH
Debug/New Breakpoint/Data Breakpoint. 1Ilpu 5TOM B MOSBHUBIIEMCSI OKHE
(puc.2.8):

- B CIIUCKE BBhIOOpa ycioBuil octaHoBa (Break when) BbiOupaercsa marema-
TUYecKast POpMYJIMPOBKA YCIOBHS OCTAHOBA;

- B okHe Location - aapec peructpa, B KOTOPOM 3TO YCI0OBUE OyJIeT KOHTPO-
JMPOBATHCS;

- B okHe Value - yucnenHoe 3HaueHre BEJIMUNHBI BHIOPAHHOTO YCIIOBUS;

- B moJie Access type - pexxum pabOThI perucTpa Jjisi OCTaHOBa (YTEHUE, 3a-
NUCH WM IPOU3BOJIbHAS ONIEpaLs);

- B none Break execution after - x0n1M4eCcTBO BBINOJHEHUN YCIOBUSA 10 OC-
TaHOBA MPOTPAMMBI.

VYnpaBieHue U MPOCMOTP TOYEK OCTAaHOBA IO JAHHBIM OCYILIECTBIISECTCSA B
okHe Breakpoints and Tracepoints (cMm. puc.2.7).
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Add Data Breakpoint nd u
B » =
Properties

Break when: [Location is accessed v]

Location: D

Access type: | Readfrite v] Elements: 1
@ MSB () Any ke
Custom datatype Custam scope
Base type: iN.I’A vi Start addr: ialabal |
Size: {0 - | End addr.: EN#'A |

Break execution after 1 hits. Currenthy hit 0 times.

Enahbled Continue execution after the views hawve been updated.

I [ ok ]| cancel || hep |

Puc.2.8. OKHO yCTaHOBKHM TOYEK OCTaHOBA MO JTaHHBIM

3amyCTUB NPOrpaMMy Ha MCIIOJIHEHMs, IPOCIIEANTE, KAK U3MEHSIETCS I10JI0-
JKEHHUE yKa3aTess X0Ja BBIIOJHAEMON Ollepalyy, HAKUMasi HECKOJIbKO pa3 KIIaBH-
um F11, F10, Shift+F11, Ctrl+F10, Alt+F5 u Ctrl+F5 wi BbIOpaB COOTBETCT-
BYIOIIYIO OILHMIO U3 NMUKTOIpaMM OTiaguuka. OOpatuTe BHUMaHUE, YTO NPU U3-
MEHEHUHU COCTOSHMM PErMCTPOB MHUKPOKOHTPOJIIEPA U €r0 MOPTOB, UX LBETA W3-
MEHSIIOTCSI C YEPHOI'O HA KPaCHBIM.

HabmonaiiTe, Kak yBeIMuMBaeTCA 3HAUCHUE JAaHHBIX MopTa B u kak m3me-
HSIOTCSl 3HAYEHMS JAHHBIX B CUETUYMKE KOMAaHJ, CUETYMKE LHMKIA, B PETUCTpAX
IIPOLIECCOPA U B CIIOBE COCTOSIHUSA IpoLEeccopa.

H3menenue npozpammnozo Kooa

Yto0OBl OTpEeNakKTUPOBATh COOTBETCTBYIOIUM 00pa3oM KO MPOTrpaMMBbl, OC-
TAaHOBHUTE paboTy oTiamunka. [lomecTuTe Kypcop B HY)KHOE€ MECTO KOJa U HU3Me-
HUTe MHCTpYKIMIO. Ecu tenepp HaxaTh {F5}(Run), To mosiBUTCS AMAIOroBOe OK-
HO, KOTOPOE yKa3bIBAET, YTO OJINH M3 UCXOMHBIX (PAiJIOB MPOEKTa ObLT U3MEHEH, U
TpeOyeTcss HOBasi KOMIMIIALIMS U TIEPEKOMIIOHOBKA MpoekTa. [lepekoMmunupyiite
MIPOEKT W BHOBH 3aIyCTHTE OTIaMduK. OOpaTuTe BHUMaHWE, YTO MPEAbLIyIIHE Ha-
CTPOUKH OKOH U TOJIOKEHNE TOUYEK OCTAHOBKH MPOTPAMMBI COXPaHSIETCS.

Coxpanenue npoekma

[lepen oxonuanuem pabotrel AVR Studio mpenigoxuT coXpaHuTh Ball MPo-
exT. AVR Studio 3amoMHUT BCe OTKPHIThIC BAaMU OKHA M UX HACTPOWKHU W BOCIIPO-
U3BEJIET UX MPHU CIEAYIOLEM OTKPHITUU NpoekTa. CoXpaHEeHHE MPOEKTa OCYIIECT-
BIIsIETCSI BEIOOpOM TTyHKTa Project/Save" (unv Save As...).
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3azpyska npocpammot 6 [13Y

[locne Toro kak mpHKJIaJHas MporpaMma OTJIaK€Ha Ha CHUMYJISATOpE, ee
MOXHO 3arpy3uTh B MamsiTh MHUKPOKOHTposuiepa. JlJist 3TOW 1eNH CIIyXHUT Mpo-
rpaMMa M yCTPOMCTBO: mporpammatop. st 3arpy3ku NpeaBapUTENbHO JTOJKEH
ObITH chopmupoBaH (aiisn npormuBku (*.hex-daiin).

[lepexon cpeast AVR Studio B pexxuM nporpaMMHpOBaHUS TPOU3BOAUTCS
aktuBu3anuen crpoku “AVR Prog...” mynkra meHwo "Tools". Ilpu npaBuibHOM
COEMHEHUH KOMIIBIOTEPA U TUIaThl KOHTPOJUIEpA HA YKPAHE MOSBIIAETCS AHAIOrO-
BO€ OKHO MPOTPaMMbI MPOILIUBKHU.

Jliis BeIXO/a M3 cCUMYJIsITOpa cienyeT Boiopats Debug/Stop Debugging wnu
HAKATh KHOIKY .

Ilpakmuueckoe 3a0anue:

1. lonoaHuTh mporpamMmy: Ha3Ha4YUTh BBIBOABI TOPTOB D M A Ha BBIXOA H
BbIIaTh HA OpT D OalT U3 uepenyromuxcs HyJel U eauHuL, a Ha nopT A —"1" Ha
pa3psn Nel u "0" na paspsan NeO. [Iporpammy n1onucaTte B OTUET;

2. OTTpaHcaupoBaTh NPOrpaMMy U UCIIPABUTH BCE OIIUOKU;

3. B pexume sMyJsILiMK IPOBEPUTH BCE U3MEHEHMS PETUCTPOB;

4. YCcTaHOBUTH TOUKY OCTAaHOBA U IPOBEPUTH pabOTY MUKPOKOHTPOJUIEPA;

5. IIpocmoTpers B OKHe Memory H3MEHEHHE SYEEK IaMATH, ONPEACIIUTH
azpeca M3MEHSIOIMXCA SYEEK M MX COOTBETCTBUE HMMEHAM DPETHCTpaM BBOJA-
BBIBOJIA;

6. OnpenenuTs KOJIUYECTBO MAIIMHHBIX TAKTOB B OJTHOM IIEPUOJE BBINOJIHE-
HUS NPOTPAaMMBI, 3aTPA4YEHHOE Ha ATO BPEMs, JIUTEIBHOCTh OJHOI0 MAIIMHHOIO
TaKTa. BBINOIHUTE pacyeTsl, MOATBEPKAAOIIME IPABWIBHOCTD MTOIYYEHHBIX 3Ha-
YEHUU dMYJISATOPOM;

7. I3MEHHUTH TaKTOBYIO 4acTOTy npoueccopa. OUEeHUTh pa3HOCTh BO BpeMe-
HU BBINIOJIHEHHs OJJHOI'O0 MAIIMHHOTO TaKTa IPYU HBIHEIIHEN U NPEKHEN TaKTOBOU
4acToTe;

8. IIpoBepuTh NMOBEAEHUE IMYJISATOPA IIPU YCTAHOBIEHHON TOYKE OCTAHOBA.

B omueme npeocmasumbu:

1. JlonoaHeHHYy0 TporpamMmy Mo 1.1 npakTu4ecKkoro 3aJaHusl.

2. PacueTbl AUMTEILHOCTH MAIIMHHOIO TaKTa, YUCJA LUKIOB U JUIMTEIbHO-
CTH OJIHOTO MEPHO/Ia BBITIOJIHEHUSI IPOTPAMMBI.

Bonpocwt ona camoxonmpons

Kakue pexxumbl 0TIa19MKa CyIECTBYIOT?

Kak HacTpouts cpeny nmporpaMMHupoBaHus Ha s3bike AccemOuepa uiu C?
KakoBbI IpH3HAKN CHHTAKCUYECKUX OITHOOK MPU KOMITUIISIIHH?

Kak 3anmyctuth oTinaguuk ass padoTsl ¢ si3pikoM C?

Kakune 00beKThl MOKHO HAOMIOAATh B PEKUME OTIAIKH?

DR WN -
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6. KakoBa nocnenoBaTeabHOCTb OTJIAIKU?

7. Kakue ommOKM MOXHO BBISIBUTH C MOMOIIBIO OTJIaJA4MKa MOCE YCHEIIHON
KOMITHJIAIIUH ?

8. Kakwue onmuu HacTpauBaroTCs 111 KOMIOHOBKH?

9. Kak n3mMeHuTh NporpaMMHbBINA KOJI OTJIAXKUBAEMON TPOrpaMmbi?

10.KakoB coctaB nporpammubIix cpencte AVR Studio?

11. M0>HO 71 UI3MEHSTh COJAEPKUMOE PETUCTPOB B MIPOLIECCE OTIIAJKH?

12. 3aueM HCHOIB3YIOT TOUKH OCTAHOBA?

13.YeMm oTnmuatrorcs pexkumbl Autostep, Step Over, Step Into?

14.I1poBectn au3acceMOIUpOBaHUE HCCIeAyeMOoro koaa. Onpenenutb CMBICIT
koMan bl 110 aapecy 0000.

15.Kakum o0Opa3om paccumTarh IIUTEIHLHOCTh MAIIMHHOTO TAKTa, YHCJIA ITHK-
JIOB ¥ JUIUTENBHOCTH OJTHOTO MEPHUO/Ia BHIMOIHEHUS IPOrPaMMBbI?
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3. CUCTEMA CXEMOTEXHHYECKOI'O MOJIEJINPOBAHMUA
Proteus

geﬂb.’

1. YrnyOouth U 3aKpenuTh TEOPETUUECKUE 3HAHUS IO MPUHIIUIIAM PAOOTHI
AIIEKTPOHHBIX YCTPOMCTB;

2. IlpuobpecTt MpakTUYECKHEe HABBIKM CAMOCTOATEILHOTO U3YUYEHHUs COCTa-
Ba, BO3MOXHOCTEH, PEXKUMOB pabOThl cpelbl MojaeanupoBanusi Proteus, ocBoeHus
2JIEMEHTOB HHTEp(deiica;

3. CoBepIleHCTBOBAaTh HABBIKM aHANIN3a, 0000IEHNS U CUCTEMAaTH3aIlUH T10-
Jy4EHHBIX pPe3yJIbTaTOB, HABBIKA COCTABIICHUS W OPOPMIICHUSI OTYCTHBIX MaTepHa-
JIOB, HABBIKM TOYHOTO U JIAKOHUYHOI'O MPEJICTABIICHUS JOKJIAI0B Ha BOIPOCHI TEX-
HUYECKOTO XapaKTepa.

Yueonwie sonpocowi:

3. 3amyck u HacTpoilka CUCTEMBI MOJIeIupoBanus Proteus;
4. COopka 3JIeKTPOHHOM CXEMBI;
5. MopgenupoBaHue CXeMbI U OTJIAJIKA.

Jumepamypa 0,151 n0020MOEKU K 3AHAMUIO

1. Proteus mo-pyccku: TemaTuyeckuii 0030p Me4aTu U UHTEPHET-PECYPCOB
Pangnoexerognuk 2013 Beimyck 24;

2. www.rlocman.ru/radioyearbook - snexkTpoHHas Bepcus xkypHaia Pamno-
exxeronuuk 2013 Beimyck 24;

3. http://cxem.net/comp/comp117.php - ks crateit mo pabote B Proteus;

4. http://kazus.ru/forums/forumdisplay.php?f=25 ¢opym mo obcyxaeHuto
BOTIPOCOB I10 paboTe ¢ mporpammoii Proteus.

Coodepicanue omuema

1. Hazpanue paboTHl.

2. Ha3Banme kaxmoro y4eOHOTrO BOMpOCa M KPaTKHil KOHCIIEKT B 0O0beMe
MPAKTHYECKHUX 3aJaHHI 110 BOIIPOCY.

Bonpocot 015 noocomosxku K 3anamuio

1. Ha3HaueHue cucTeM MOJEIUPOBAHUS IJIEKTPOHHBIX CXEM.

2. Kakue mapamerpsl mU(POBBIX MPOTPAMMHUPYEMBIX CXEM HEBO3MOXHO
YBUJIETh B CUCTEMAX OTIAAKU?

3. Kakue napaMeTpbl MOKHO KOHTPOJIMPOBATH B CUCTEMAX MOJCIUPOBAHUS
AIIEKTPOHHBIX CXeM?

4. Kakue J0MyIIeHHS HMEIOT CHUCTEMbl MOJCIUPOBAHUS JJICKTPOHHBIX
cxeMm?

AKmyaavbHocnb 3aHamMus
PazpaboTka ycCTpOMCTB Ha OCHOBE CICHHMAIM3UPOBAHHBIX KOHTPOJUIEPOB
CBsI3aHa C Pa3pa0OTKOM ammapaTHOM M MPOTPAMMHOM COCTABISIONIUX. OTHU
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KOMITOHEHTHI JIOJDKHBI paboTaTh COBMECTHO M B pealbHOM BpemeHH. [losTomy
IPOLIECCY OTIAaAKU OTBOASAT OYEHb 3HAYUTEIBHOE BpeMs U IPUAAIOT
NPUHLIHANHAIbHOE 3HaueHue. OBlaJeHue MHCTPYMEHTaMU NPOrpaMMUPOBAHUS U
OTJIAJIKU SABJISIETCSI 00S3aTE€NbHBIM YCIOBUEM 3(P(EKTUBHOTO MNPOEKTUPOBAHUSA
YCTPOWCTB yIpaBJEHU HAa MUKPOKOHTPOJIEpPAX.

3aoanue 3.1. 3anyck u nacmpoiika cucmemsl mooeauposanusn Proteus

Ilpakmuueckue 3a0auu:
1.BBIIOJIHUTE 3aITyCK CUCTEMBI;
2. OcynecTBUTh HACTPOUKY CHCTEMBI.

Proteus - 310 cucrema MOAENMPOBAHUS PIEKTPOHHBIX cXeM. OCHOBBIBAETCS
paboTta mporpaMMbl Ha MOJEISAX BJIEKTPOHHBIX COCTABJISIOIIUX, MPUHSATHIX B
PSpice, oTcyTcTBYIOIINME MOJEIM MOXHO CO3/1aTh caMOCTOsITelIbHO. Kpome Toro
peaIn30BaHbl MOJIEJIA MUKPOMIPOLIECCOpPOB, MUKpokoHTposuiepoB 8051, AVR, PIC,
HCI11, MSP430, ARM7/LPC2000 u npyrue. PabotaeT ¢ GOJBIIMHCTBOM KOMITH-
astopoM (B wactHocTH, CH) 1 accembiiepamu.

Proteus cocTouT u3 IByX INIABHBIX MOJIYJIEH:

ISIS - (Intelligent Schematic Input System - uHTeMIEKTyalbHAsE CHCTEMa
CXEMaTHYECKOTO BBOAA) —TIpaduuecKuil peJakTop MPUHIUITHATIBHBIX CXEM, CIIy-
XKUT JUIsI BBOJA pa3pabOTaHHBIX MPOEKTOB C MOCIEAYIOIMIMM MOJACITUPOBAHUEM H
nepeaayven Uil MpoeKTUpoBaHus neyaTHbIx wiat B ARES;

ARES - rpaduueckuii pefakTop Ne4aTHBIX MJIAT CO BCTPOCHHBIM MEHEKe-
pom Ombnmmorek u aBroTpaccupoBukoM ELECTRA, aBTomaruueckoil paccra-
HOBKOW KOMIIOHEHTOB Ha MEYATHOM IIATE.

PROTEUS uMeeT yHUKaIbHbIE KOMIIOHEHTHI:

USBCONN - 5TOT HHCTPYMEHT AA€T BO3MOKHOCTb BKJIIOUUTHCS K JICUCTBU-
tesibHOMY USB nopty KoMIbIoTEpA;

COMPIM - naHHBI KOMIOOHEHT JA€T BO3MOXKHOCTh BUPTYAJIbHOMY YCTPOM-
CTBY BKJIIOUUTCS K peasibHoMy COM-nopty Bamero I1K.

MUKpOKOHTPOJUIEP 3TO MPOTPaAMMHUPYEMbI YHUBEPCATBHBIN [UPPOBOI MO-
nynb. s pa3paOoTKu U OTIAAKU MPOTPaMMBbl JJIsi HETO HCIOJIb3YIOT HHTETPUPO-
BaHHBIE CUCTEMBI MIPOrPAMMHUPOBAHUS U OTIAAKU. OHU MO3BOJIAIOT KCIIOJIb30BAThH
MHO>KECTBO YJ0OHBIX U 3(()EKTUBHBIX MPOIEAYP, OLICHUBAIOIINX JOTUKY pa3pada-
ThIBaeMbIX mporpamm. OJHAKO TaKUE CHUCTEMbI HE MpeAHA3HAUEHBI JJIsl IE€MOHCT-
pau pabOThl YCTPONCTBA B peaibHOM BpeMeHH. [ljis MUKPOKOHTPOJUIEPOB 3TO
IPUHLMIINAIBHO BaXHO. Takyro BO3MOYXKHOCTb IIPEIOCTABIIAIOT CUCTEMBI MOJIEIIH-
poBanus. [IpodeccuonanbHas Bepcust Proteus oOecnieunBaeT TakkKe TPEXMEPHOE
N300paXKe€HME MOJIyYaroLErocss yCTpoMCTBa U TPACCUPOBKY NIEYATHBIX IUIAT.
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3anyck cumynsamopa

3amyck MOYKHO OCYIIECTBUTh HECKOJIBKHMH CIIOCOOAMMU:

- 3aIyCTHUTh NMpUJIokeHue ¢ Pabouero ctosa, BEIOpaB SPIIBIK;

- BBINOJHUB TIOCNIe0BaTebHO Bcee mporpammsl/Proteus 8
Demonstration/Proteus 8 Demonstration.exe.

Hacmpoiika napamempoe cucmemol MOOEAUPOSAHUA

Jlanee mocnenoBaTeNbHO BBIOPATh:

- NewProject;

- B CTapTOBOM OKHE MacTepa HOBoro mnpoekra New Project Wizard: Start
3apuKCUpOBaTH UM U MyTh K (ailiny HOBOro npoekrta. BeiOpaTts Next;

- B OKkHe ockusa New Project Wizard: Schematic Design - coxpanuts - "[lo
ymouanuio" (DEFAULT), naxats Next;

- B OKHE MakeTa nevyaTHou mnatel New Project Wizard: PCB layout (PCB -
Printed Circuit Board) ycranoBuTh: He co3naBath makeT neyatHol miathl (Do not
creat a PCB layout). BeiObpatb Next;

- B OKHE BCTPOEHHOro mnporpaMmmHoro otecneuenus New Project Wizard:
Firmware BoiOpath "OTCYTCTBHE MPOEKTa BCTPOCHHOTO MPOTrpaMMHOro obecre-
yenus" (No Firmware Project). Ilpu padote ¢ opuruHaibHbeiM [1O B 3TOM OKHE
BO3MOXKHO BbIOpaTh "Co31aTh MPOEKT BCTPOSHHOTO POrpaMMHOro obecredeHus"
(Create Firmware Project). B aTom cityqae Heo0X01MMO BBEIOpATh CEMEMCTBO MHUK-
poxontposuiepa (Family), Tun kontpomnepa (Controller) u HanmMeHOBaHUE KOMITH-
astopa (Compiller). 3To mo3BosieT oCymecTBIATh pa3padoTky [1O HemocpencT-
BeHHO B Proteus. IIpu ucnonp30BaHuU JEMOBEPCUU MOKHO IMPOCMOTPETH JOIYC-
TUMBIE BapUAHThI ATHX COCTABIISIOIINX, HO UCHOJb30BaTh WX Hepomyctumo. I[lo-
ATOMY 3arpy’katb B MOJEJIb HEOOXOJUMO YK€ TOTOBBIA OTKOMITUIIMPOBAHHBINA KO/I.
Haxxatp Next;

- B HWTOrNOBOM OKHE MacTepa HOBoro rnpoekta New Project Wizard:
Summary pocMOTPETh UTOTOBBIE CBOMCTBA MPOEKTa (CO3JaHUE TOJIBKO CXEMBbI),
yTouHHuTh aeranu3aiuio (Details) u Haxats "['otroBo" (Finish). Ha skpane Oynet
MPEICTABICEHO OKHO C UTOTOBBIMU PE3YJIbTATAMHU HACTPONKH.

B otuere npencraBuTh:

1. CoctaB mapaMeTpoB, BRIOMpaEMBbIX TIpH 3ammycke Proteus.
3aoanue 3.2. Coopka I1eKmpoOHHOU CXeMbl
Ilpakmuueckue 3a0auu:

1.Cobpathk cxemy, npeicTaBieHHyo Ha puc.1.19;
2. OcylIecTBUTh HACTPOUKY MAPaMETPOB DJIEMEHTOB CXEMBI.
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Ocnoenvie 3n1emenmot unmepgpeiica Proteus

Ha puc.3.1 npencraBieHO OCHOBHOE OKHO MOJIEIUPYIOUIEH TPOrpaMMbl

EZ Timer Made - ISIS Professional (Animating) EEE
File Wiew Edt Tools Design Graph Source Debug Library Template System Help ==l  [apta E2pXHero MeHr
DB @E AR ||[BH 4+ +28aQ | Xne EXHE| & %>
W AR
|7 | BepxHee MeHK KoMaHA U
) WHCTPYMEHTOB
+5
ng— ! b}
== [T~~~ OkHo
i hadh i npegnpocMoTpa
=% rF g “PRCES i —f— OCHOBHOE OKHO ==
s 555 | B penakTopa
:D: gngTEFIY B DPH sl =
= BUTTON AuheHIon B Y
=) CaP Rz & = [
FREQREE i gl
L] 1]
e LAMP  CenekTop .
MFN  afbekToBE S &
PP Li
RES . 2
g~ RESISTOR + it & S .E
‘ SIME -
La dl = =L i i
[‘ T 1mm
= INeBoe meHm =
7 pexuma 'T T OKHo
0 cenekTopd KoopAHWHaT
KHonky
o ypaefEHuA B_GHHH_BNOI-I-IEE OKHO Tanmep cMMYyNALMKA W
™ / cumyn*hueﬁ f-’ Simulation Log MOHMTOP $arpy3Ku
— ¥
JI I TN |ﬂ 2 Message]s] |J|AN|MAT|NG; 00:00:52 150000 [CFU load 1%
Il +4100.0 0000 th

Puc.3.1. OcHOBHOE OKHO MOJICIMPYIOIIEH MPOrPaMMBbI

CocTtaB MEHIO BEpXHEW JICHThHI B OCHOBHOM TuUIOBOW. Tak s meHto File
0a30BBIMU BO3MOXHOCTSIMH SIBJISIFOTCS (puc.3.2):

NewDesign — co31aTh HOBBIU ITPOEKT;

OpenDesign (Ctrl+0) — OTKpBITH CYLIECTBYIOIIUHN MTPOEKT;

SaveDesign (Ctrl+5) — coxpaHUTh U3BMEHEHUS B TEKYILEM IIPOEKTE;

SaveDesignAs... — COXpaHUTb MPOEKT B JPYTrUX BEpPCHUSX MNpPOrpaMMbl
Proteus;

SaveDesignAsTemplate... — COXpaHUTb TTPOCKT KaK 00Opa3elr;

WindowsExplorer... — OTKpoeTCS Manka, rae XpaHUTCs IPOEKT;

ImportBitmap... BctaBka BHenHero pucyHka B popmare BMP;

ImportSection... — BcTaBKa BHEIIHEro (parMeHTta (IO3BOJISET MepeMeniaTh
YaCTH CXEMBbI U3 OJTHOTO MPOEKTA B APYIoi);

ExportSection... — npeoObpa3zoBaHue BO BHEIIHUM (parMeHT;
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ExportGraphics — npeoOpa3oBaHue CXeMbl B Jipyrue (Gopmathbl (PHCYHOK

BMP, yeptexx DXF u np.);

MailTo... — 0TIIpaBUTH 1O DJIEKTPOHHOU MOYTE;

Print...— ieyaTh, HaCTpOMKA NEYATh.

File “iew Edit Tools Design Graph Source Debug  Library

D Mew Design...
ﬁ Qpen Design, ..
E Save Design
Save Design As...
Save Design As Template.,..

Windows Explorer,..

0
s

Mento "Bupn" (View) npennazHaueHo
VIS 3aJIaHUAS  TTapaMEeTPOB  MPEICTaBICHHUS
BHEIIHETO  BUJA  CO3J]aBaeMOM  CXEMBbI

(puc.3.3):

Irmpart Bitmap. ..
Impart Section...
Expart Section...

Expott Graphics
[=1 Mail To...

Redraw - nepepucoBaTh;

Grid - ycTaHOBKa CETKH;

Origin - OTHOCUTEIbHAs/a0COIOTHAS
CUCTEMa KOOPJINHAT;

0 Print...

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

- pa3Mepsl ceTku Snap (B TOYKaxX WU
TOMMax);
Pan - nonopamupoBaHue;

1 Cinewlclackimadsl
2 DLEARNING G Tolnew
a0 tekyches

\BIZ\SPIYSRT
4 T, iskef\LOCALS~1 1 Temp!_tc\BEGGINING! !

Zoom In - yBenuunTh Macurao;
Zoom QOut - yMeHbIINTH MacuITao;
Zoom All - noka3aThb Bce;

9 Exit

Zoom to Area - 10Ka3aTh BBIJCICHHYIO

Puc.3.2. Menro File

Vigw Edit Tools Design  Graph

Redraw R
© i grid G
- Origin )
)ﬁ & Cursor u
Snap 10th Chrl+F1
Snap S0th Fz
¥ SnapOtin F3
Snap 0.5in F4
b pan F&
@; £oom In Fi&
=, Zoomout  F7
Zoom Al F&

13, Zoom ko Area

Toolbars., ..

|

Puc.3.3. Menro View

o6o3nauenuto (Find/Edit Component).

00J1aCTh;
Toolbars - nanen UHCTPYMEHTOB.

Mento PenaktupoBanus (Edit) no3BomsieT:

- otMeHuthb nocnenuuit (Undo Changes) nin
BOCCTaHOBUTH npeapiaymuil (Redo Changes) maru
peaaKTUPOBAHUS;

- BeIpe3ath (Cut to Clipboard), ckonupoBaTh
(Copy To Clipboard) BuineneHHOE U300pakeHUE B
oydep, BctaButh u3z Oydepa (Paste From Clip-

board); | Edit Tools Design Graph Source Debug
- BbIJIC- , Y U Chrl+2 E

JINTh BCE OOBEK- : @ peds Chrl4y

Tl CXCMBI (Se- Find and Edit Component... E

lect All Objects); =
- HaAUTU U % Cut ko clipboard

OTPEIAKTUPO- | Copy to clipboard
BaTh CBOMCTBaA * @ Paste fronm clipboard
00BbEKTa IO €ro I % Send ko back, Ckrl+6
HO3UIUOHHOMY ] ﬂ Bring ko fronk Ckrl+F

< Tidy
Puc.3.4. Menro Edit
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Buioop komnonenmog yneKkmponnou cxemol

BBI60p KOMITIOHCHTOB OCYIICCTBIISICTCA U3 OMOJIMOTEKHU DJIEMCHTOB. C,Z[CJ'IaTI:
9TO MOXHO ABYM:1 criocodamu:

- ocyiectBuB niepexos Library/Pick part from_Library;

- Ha)KaB KHONIKY P B OKHE yCTaHOBJIEHHBIX KOMIIOHEHTOB DEVICES. Ecnu
OKHO B HACTOSIIIIMI MOMEHT OTCYTCTBYET, TO €r0 MOXHO BbI3BaTh, HAXaB KHOIKY

KommnonentoB (Component Mode) Ha neBoii naHeiau HHCTPYMEHTOB ’3

B otkpriBiiemcs okHe Bribopa yctpoiicTs (Pick Devices) mouck ocyuiecTB-
asietcs o kareropusim (Category) u noakateropusim (Sub-category), Tuity Kopy-
ca (Manufacturer). Ha puc.3.5 npeacraBieHo OKHO JUisi BBIOOpa MUKPOKOHTPOII-
aepa AtTiny2313. Crnenyer ydecTh, YTO KOHTAKThl II€TIEW MUTaHUS MUKPOKOH-
TPOJUIEPOB B 3TOM CHCTEME HE OTOOPAXKAIOTCS: MUTAHUE HA HUX TOJIAHO MO0 YMOJI-

YaHUIO.

-

t Pick Devices

7 - |

Keywords: Results (72): ATTINY2313 Preview:
Device Library Description - WSk DLL Model [aYR2.0LL]
Match Whole Words? "] | ATMEGA3290P AVR2 32 KBytes Flash, 2272 Bytes SF
Show only parts with models? [ | | ATMEGA329P AVR2 32 KBytes Flash, 2272 Bytes SF
s ATMEGA32U4 AVRZ 32 KBytes Flash, 2784 Bytes SF e -
I s PRIER (FCRT) [ 5
CMOS 4000 series _ | | ATMEGA48  AVR2 4KBytes Flash. 736 Bytes SRA = BN
Connectors ATMEGA48F  AVRZ 4 KBytes Flash, 736 Bytes SRA B e
Zlruimm PRk LPTITT [ £
Data Converters ATMEGAG4  AVRZ 64 KBytes Flash, 4320 Bytes SF £SO
322”9999'”9 Tools ATMEGAB40 AVR2 64 KBytes Flash, 8672 Bytes SF
| |Elsctomechanical ATMEGAG44P AVRZ 64 KBytes Flash, 4320 Bytes SF
Inductors | | ATMEGAB45  AVR2 64 KBytes Flash, 4320 Bytes SF
kﬂaepc'ﬁ;;g”mm"es ATMEGAB450 AVR2 64 KBytes Flash, 4320 Bytes SF
i ATMEGAB49 AVRZ 64 KBytes Flash, 4320 Bytes SF PCB Preview:
ATMEGA6490 AVR2 64 KBytes Flash, 4320 Bytes SF.
Miscellaneous ATMEGAS AVR2 8KBytes Flash. 1088 Bytes SR| |
“O“;gz:{:gﬁ;mtgﬁzm ATMEGAS8515 AVR2 8KBytes Flash, 576 Bytes SRA
i s ATMEGA8535 AVR2  8KBytes Flash, 576 Bytes SRA
PICAXF T | | ATMEGAS8  AVR2 8KBytesFlash. 1248 Bytes SR)
Siieshon: ATMEGAS8F AVRZ 8KBytes Flash, 1248 Bytes SR/ =
- ATTINY10 AVR AVR Microcontoller
(All Sub-categories) -
68000 Family = | ATTINYT1 AVR2 . 1KByte Flash, 64 Byles SRAN
8051 Family = ATTINY12 AVR2 . 1KByte Flash, 64 Bytes SRAN
ARM Famil ATTINY13 AVR2 . 1KByte Flash, 128 Bytes SRA| |
(TR - | | ATTINY1S AVR2 . 1KByte Flash, 64 Bytes SRAN
Manufaciurer ATTINY2313 AVR2 2KByles Flash. 192 Bytes SRA
S ATTINY24 AVRZ 2 KBytes Flash, 192 Bytes SRA
All Manufacturers o~ [D”—Eﬂ = l
: ATTINY25 AVR2 2 KBytes Flash, 192 Bytes SRA —
(Unspecified) o
Analog Devices - 4 | il } [ OK ] ’ Cancel ]

Puc.3.5. Oxno Pick Devices
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OO0sierynTh TMOUCK MOXHO, 3armoiHUB OKHO KirtoueBoe crioBo (Keywords).
[Tpu 5TOM MO Mepe BBOJIa KIIOYEBBIX CHMBOJIOB cHCTEMa OYyJIeT MOCIe0BATEIbHO
aKTyaJIU3uPOBaTh BCE OTOOpaKaeMbIe OKHa.

B oxue Pick Devices B noasiX MpeABAPUTEILHOIO IPOCMOTPA OTOOpakaroT-
cs yciioBHOe rpaduueckoe obo3HaueHue komrnoHeHTa (ATTINY2313 Preview) u
€ro KOHCTpyKTHBHOE ucnonHeHus (PCB Preview) niis nocieayroniei pa3padoTku
N€YaTHOM IJIAThl U TPACCUPOBKHU IIETIEH.

Eciu Ha BBIOpaHHOM KOMIIOHEHTE ABAXKIbl LICIKHYThH JIEBOM KHOIKOW, TO
aneMeHT nepeMectutcs B okHO DEVICES. B Hero paumoHanbHO IOCIE MTOMCKA
pa3MecTUTh BCE HEOOXOAMMBIE KOMIIOHEHTBI, YTO 3HAYUTEIBHO YCKOPUT HaOOp
AJIEKTPOHHOM CXEMbl. AHAJIIOTMYHbIE PE3yJbTaThl MOJYYalOTCSl TPU HaXKaTUU
kHonku Ok. Y nanenue >nemeHToB U3 cuucka DEVICES BbBIIONHSIETCS BBIACICHU-
€M DJIEMEHTa B CIHCKE, BBI30BOM IMPABOW KHOMKONH KOHTEKCTHOTO MEHIO M BBIOO-
pom omniuu Y nanuth (Delete).

Jlist Oynymieit cxeMbl OyAyT MOJIE3HbI HEKOTOPbIE KOHKPETHBIE BUJIbI dJie-
MEHTOB:

1. DnemenThl KoMMyTauu B rpynne Ilepexmtouareneit u pene (Switches &
Relays). 3necs MoxHO BbIOpaTh KHONIKM (BUTTON), rpynmnoBbie MepeKIoyaTen
Ha pa3HOEe KOJIMYECTBO coenuHeHuu (Switch), a tTaxxe peine (Relays);

2. DneMeHThl UHAMKAKUK B rpymne OnTosnekTpoHuku (Optoelectronics). B
nonrpynnax Ceeroaunonos (LEDs), I'paduyeckux CBETOIMOIHBIX HHIUKATOPOB
(Graphical LCDs), 3HakOCUHTE3UPYIOIIUX HHAUKATOPOB (Segment Displays)
MO>KHO TT0100paTh HEOOXOIUMBIN PUOOP;

CBeToanoapl pa3auvaroTcs Mo HBeTy (Harnpumep, 3eneHslii LEDs-GREEN)
U pexxuMy mMojenupoBanus. B pexxume mudposom (Digital) cBeTonnon He noTpeod-
JISIET TOK, a B PEKUME aHAIOTOBOM (Analog) moTpebiieHne TOKa OCYIIECTBIISICTCS
10 OOIIMM MpaBUIIAM;

3. Pesucropsl BeiOUpatotcs B rpynne Resistors. OHU pa3inuyaroTcs Mo pac-
CEMBAEMON MOIIHOCTH, KOHCTPYKIIMH, BEIMYMHE CONPOTHUBICHUS U T.A. st uc-
M0JIb30BaHUS IEPEMEHHBIX PE3UCTOPOB Jyulie BeiOpaTh TN POT-HG;

4. Konpaencaropsl HaxoasaTcs B rpynie Capacitors;

5. Tpanzuctopsl B rpynne Transistors,

6. TepMuHaIbHBIE 3JIEMEHTHI (KOHIIEBBIE, BBOJIA M BBIBOJA, IMOIPAHUYHBIC)

BbIOUpatoTcsi kHonkou Terminals Mode =| p oxne Penakropa cxem Schematic
Capture. B yacTHOCTH TaM MOXHO BbIOpath 3nemeHT O6muii noBox GROUND,
ITutanue POWER;

7. N3meputenvHbie mnpubopel BbeIOUparoTcss B rpynne INSTRUMENTS
)
¥

B okHe PenakTopa cxem Schematic Capture. 31eCb MOKHO HalTH, B 4acCT-
HOCTH, uYeTbIpexkaHalibHbId ociuuiorpad (OSCILLOSCOPE), BOJBTMETPHI
(VOLTMETER) n amnepmetpsl (AMMETER) B pexxume u3smepeHus mocTosSHHO-
ro (DC) u nepemenHoro (AC) TOKOB;
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o ™
8. I'enepaTopbl cuUrHajgoB BbIOMparOTCs KHONKOW Generator Mode B

okHe Penakrtopa cxem Schematic Capture. JIoCTyIIHBI TeHEpPaTOPbl TOCTOSHHOIO
Hanpspkenust DC, cunycounansHoro SINE, umnynscaoro PULSE w T.1.

Paamemeuue upedakmupoeauue dIeMennmoe

Pa3menienue 31eMEHTOB B OKHE pPEaKkTOpa OCYILIECTBISETCS MyTEM BblJle-
JeHust Heobxoaumoro sieMeHTa B okHe DEVICES, mienukoM B OKHE (DJIEMEHT
O0TOOpaXKaeTcsi pO30BBIM LIBETOM) U €IIE OJHUM IIETYKOM (DUKCAllMK Ha BHIOpaH-
HOM MECTE pa3MEIICHHs B OKHE (DJIEMEHT OTOOPAKAETCS YEPHBIM LIBETOM).

Broinenenue anemMeHToB ocyuiectsisiercs menukoM JIKM B okHe penakropa.
Brigenenue rpynmnsl 5JEMEHTOB OCYIIECTBISICTCS HaXKaTUEM W OOBOJIKOM TPYTIIBI
sanemenToM JIKM. Bce sneMeHThl MOXXKHO BbIIEIUTH uepe3 meHio Edit/Select All
Objects. Oneparyisi COMPOBOKIACTCA OTOOPAKEHUEM CTPEIKUA OEI0T0 Kypcopa.

MaciirabupoBanue U300pakeHUsl OKHA OCYIIECTBIISIETCS BpPAIICHUEM KOJIe-
CUKa MPOKPYTKH MBIIIN B HYKHOM HarpaBieHuu. [[ns yno6HOro HaOm0eHUS Ha-
OpaHHBIX 3JIEMEHTOB B paboueM OKHE MCHOJB3YyeTCs] (POKYCHUPYIOIIUNA KOHTYp 3€-
JeHoro 1sera B okHe Penakropa cxemsl (Schematic Capture). im M03xHO BBIOpATh
Ty 4acTh MOJIs, KOTopasi OyAeT 0ToOpakaTbCsi B HACTOSIIMIT MOMEHT B IIEHTpE pa-
0ouero oxkHa. @ukcanusa OKHa BBITOIHsIETCI HaxkaTueM JIKM.

[lepemelnieHne »IeMEeHTa Ha dKpaHe OCYLIECTBIISIETCS HaXXaTUEM U IepeMe-
nieHueM saementa JIKM. Eciiu BbIIeTUTh KOHTYPOM IPYIITY AJIEMEHTOB, TO TIEpe-
MelieHue OyJIeT OCYIIECTBIATHCS BCEH IPYIIIbI. ITO e MOKHO BBIITOJIHUTH HaXa-

THEM KHOIIKM MaHeau WHCTpyMeHTOB Ilepemectuth 00k (Block Move) i, a
Tak)Ke BRIOpaB KOMaH]ly U3 KOHTEKCTHOTO MEHIO, BbI3BaB ero [IKM.
Bpaienue BBIAEIEHHOTO 3JEMEHTA WIA TPYNIBl 3JIEMEHTOB BBIITOIHACTCA

Ha)KaTUEM KHOIKM MaHeIu MHCTpyMeHTOB Bpamats 010k (BlockRotate) ., WIH
BBIOpAaB COOTBETCTBYIONIYIO KOMAaHAY M3 KOHTEKCTHOI'O MEHIO, BBI3BIBAEMOIO
[TKM.

KOHI/IDOBaHI/IC 9JICMCHTOB Ha 3KpPaHC BBIIIOJHACTCA KHOIIKOM TaHEJINu UHCT-

pymentoB Konuposats 6510k (Block Copy) £ WIH, BBIOPAB COOTBETCTBYIOLIYIO
KOMAaH/]ly U3 KOHTEKCTHOTO MEHIO, BbI3biBaeMoro [1IKM.
YpaneHue 3JIEMEHTOB WM TPYIIBI 3JIEMEHTOB C JKpaHa BBITOJIHACTCS

KHOIIKOW TIaHEeJIM MHCTPYMEHTOB Y nanuth 010k (Block Delay) i WM, BBIOpaB
COOTBETCTBYIOLLYIO KOMAaHAy U3 KOHTEKCTHOTO MEHIO, BbI3biBaeMoro [IKM. Kpome
TOT0, 3TO MOKHO clienaTh kinasuwen Delate.

CBsI3U CO3/1al0TCS HA CXEME MPU HAIMYHUM Kypcopa B BUJE KapaHalla Iy-
teM 1eruka JIKM Ha po30BOM KBaJpaTHOM MAapKepe, KOTOPBIN MOSIBISETCA B MEC-
Tax, JOCTYIHBIX JJII COeANHEHUs. JIMHUSA MPOTATMBAETCA OT HAdayla J0 CIEAYIO-
el TOYKu coeArHEeHUs. JIMHUS MOXET (PUKCHUpPOBATHCA B MECTAX MCKPHUBIICHUSA
Haxxatuem JIKM B npouecce nmpoknagku. Y JqajaeHue CBA3U NPEANOJaracT BblaeIe-
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Hue ee [IKM u BBIOOp B KOHTEKCTHOM MEHIO KOMaH/ABl YIAIUTh TPOBOIHUK
(Delate Wire). AnbTepHaTUBOM MOXKET ObITh ABOMHOE HaxxaTtue [TKM.
Hannucu Ha cxeme MOKHO BBIMOJHUTB C TTIOMOIIBIO KHOIIKK TEKCTOBBIN pe-

T2
- -

xuMm Text Script Mode = =" . D10 3HAUUTEIHHO MOBBIIAET YUTAOETHHOCTD
CXEMBI.

Hacmpoiika ceoiicme KomMnoHenmoes cxemol
HanpspbkeHnue nutanusi cxembl BeIOMpaeTcsi B okHe KoHdurypamuuu muH, re-

petinsg no Design/Configure Power Rails. B oTKpbIBIIEMCS OKHE KOH(PUTYpaIIUH
(puc.3.6) ycranaBnuBaeTcs Tun uctounuka VCC/VDD v BenuuvHA MUTAIOIIETO

ﬁPowerRaiIConﬁguratlon m HaHpH}KeHI/IH 9TH HapaMeTpLI
vt Rl et Ciass | AOIIYCTUMO HU3MCHSATH IIPHU BbI-
Power Supplies KH}OquHOM pe)KI/IMe MOHeHI/I_
Name: (VCC/VDD ~| Voliage: & pOBaHusl.
T Eename Delete Class: POWER
Unconnected power nets Nets connected to VCC/VDD: L HapaMe'I'DbI BHCMCHTOB

vCeC

CXEMbI PEJaKTUPYIOTCS B OKHE
penaktupoBaHusi B oObeMe
CBOWCTB, XapaKTEpPHBIX JUJIA
KOHKPETHOTO 3jeMeHTa. OKHO
CBOWCTB BBIBOJMTCS IIPU HAXKa-
tun [TKM 1 BeIOOpE KOMaH/IbI

Addd >

E— 3

<-Bemove

Use default power rail connections?
Edit Properties wiii 1BONHBIM
meirukoM JIKM. B 310 ke oKkHO
Puc.3.6. OxHo KOH(I)I/IrypaHI/II/I IIWH NUTaHUA MOYKHO IIEpEMECTUTHCS, 3a]1aB

ITO3UIIHOHHOC 0003HaUeCHUE
anementa uepes Edit/(Find/Edit Component).

[IporpamMmmupoBaHue MUKPOKOHTpoJIIEpa B Proteus BO3MOXKHO Kak CO3JaHu-
€M MCXOJHOr0 TEKCTAa MPOrpamMMbl € MOCIEAYIOIIEH KOMIWIALKUEN (B 1€MOBEpCUN
3Ta OMIMS HEAOCTYIHA), TaK U 3arpy3Koil yKe OTKOMIUINpoBaHHOTO (haiina. Jlis
3arpy3ku (aiiaa HeoOXOAMMO B OKHE PEAAKTUPOBAHUS CBOMCTB MUKPOKOHTPOJLIE-
pa Edit Component niponiucath 1yTh K BeiOUpaemomy daitny (puc.3.7). [enaercs
sto B noje Ilporpammuoro daitna Program File. BeiOpaTh MOXXHO OOBEKTHBIN
daiin (pactmupenue .obj ) wim hex-daiin (pacmmpenue .hex). Otauuue 3akioya-
€TCsl B TOM, YTO B peXUME OTJIAJIKM IpH 3arpy3ke (aitna ¢ pacuimpeHuem .obj B
OKHE HCXOJHOIO0 KOJAa MOKHO HaOJII0JaTh HCXOJHBIM TEKCT MPOrpaMMbl
(Debug/AVR/Source Code).

B none Program File nyxHo yka3aTh (hOpMaTHI:

.COf - eclii Bbl XOTUTE BECTH OTJIAJKY [0 UCXOJHOMY TEKCTY IPOrpaMMbl Ha
s3pike Cu B kommuisitope CodeVisionAVR - CVAVR;




.elf - ecnu BBl XO-
TUTE BECTH OTJIAJKY IO
UCXOJTHOMY TEKCTy Ha
s3pike  CM TIpOrpamMmbl
komnuisitopa WinAVR -
ATO OTIMYHBIA KOMIIHUIIS-
top, BECIUIATHBIA u
npo(hecCHOHANBHBINA, HO
HOBUYKAM HEMHOIO 3a-
TPYAHUTEIBHO €ro Hc-
M0JIb30BaTh;

UBROF - dopmat
daiina ecim BBl XOTHUTE
BECTU OTIAAKYy IO HC-
XOMHUKY Ha s3bike Cu
pPOrpamMMbl, CO3JaHHOU
B kommwisitope [AR -
ATO  CaMbld  JIY4IlIUH
komnuigTop g AVR,
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CKOUT (Clock output) [(1) Unprogrammed

3 Edit Component X
PartRBeference Ui Hidden: I:\
PartMalue: ATTINY2313 Hidden: [
Hemett e
PCB Package: DIL20 v |88[Hide Al ~| | [ HiddenEins |
Horemii 'ROGEC T\Project_T\Project_1.obj |G [Hide Al ~
CLKDIVS (Divide clock by 8) [ Programmed v |[HideAl  ~|

~|[HideAl  ~|

RSTDISBL (External reset disable) [(1) Unprogrammed

~|[HideAl  ~|

WDTON (Watchdog Timer Always On) [(1) Unprogrammed

~|[HideAl  ~|

CKSEL Fuses: [10010) Int RC Osc 4 MHe

~|[HideAl  ~|

SUT Fuses [(10}

~|[HideAl  ~|

Advanced Properties

[Clock Frequency v] (Default)

Other Properties:

["] Exclude from Simulation
|:| Exclude from PCB Layout
Exclude from Current Variant

[] Attach hierarchy module
Hide common pins
["|Editall properties as text

Hide All z;

Puc.3.7. OkHO CBOMCTB MUKPOKOHTpOJLIEpa

HO HoBHMYKaM OUYEHD 3aTpyIHUTENBHO €ro NCHO0JIb30BaTh.
B okHe penakTupoBaHHS CBOMCTB MOXHO U3MEHUTH BCE OCTAJIBHBIE CBOMCT-
Ba MUKPOKOHTPOJIJIEPA, B TOM YHCIIC YCTAHOBKHU (hbIO3-OMTOB.

[Tocne BbIMONHEHUS BCeX MpoLEAyp (OPMHUPOBAHUS CXEMbl BHEIIHUI BH]
paboyuero okHa JAOKEH ObITh TOJJOOHBIM TOMY, KOTOPBIN Mpe/ICTaBiIeH Ha puc.3.8.

U1
—2— PAOIXTAL1 PBO/AIND/PCINTO % Tl
— Pat/xTAL2 PBU/AIN1PCINT1 [—12
L paxRESET PB2/OCOA/PCINT2 [—1=
5 PBI/OCTAIPCINT3 [—1>
2 ppoRXD PBA/OCTB/PCINT4 [—12
=2 po1mxD PBS/MOSI/DISDAPCINTS [tk
"9'—? PD2INTOXCKICKOUT ~PBEMISO/DO/PCINT6 [—1=
~—{ PoaiNT1 PB7/USCK/SCLIPCINTT |—L%
=2 pparo
-2 1 pps1/0coB
I ppsice
ATTINY2313 il
LED-BLUE.

D2
LED-GREEN

Puc.3.8. Cxema coeqMHEHUsI MUKPOKOHTpPOJLIEpa

B omueme npeocmasums:
1. CocraB mapaMeTpoB MOJEIMPYEMBIX 3JIEMEHTOB: MHKPOKOHTPOJUIEPA,
BOJIETMETpPA, PE3UCTOPA, CBETOIN0/1a, TEPMUHATOPOB;
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2. CriocoObI focTyna K OKHY CBOMCTB KOMITOHEHT. BBITIOTHSIEMBIE TEXHOJIO-
IMYECKUE MOCIE0BATEILHOCTA MOXKHO MOKa3aTh rpadMuecKy B BUJIE CXEMBI OIle-
paiui, Kak 3To c/ieJ1aHo Ha puc.3.9.

— KM —— Edit Properties \
2JTKM OkHo cBoiicTB
— Edit —— Find/Edit Component —— U1 ——| KOMMNOHeTa

E M —

Puc.3.9. Cxema onepauuii 1Jjist 10CcTyna B OKHO
PenaktrupoBanue CBOMCTB KOMIIOHEHTA

3aoanue 3.3. Mooeauposanue cxemovl u OmjiaoKa

Ilpakmuueckue 3a0auu:

1. 3anmycTuTh CXxeMy Ha MOJEIUPOBAHUE U OLIEHUTh MPABUILHOCTH €€ MOBE-
JICHUS;

2. OcyuiecTBUTh MOIIArOBOE BBIMOJHEHUE NporpaMmbl. PeanuzoBath Bce
BapUAHTHI PEKUMA OTIIAKH.

3. TloakiIo4uTh CBETOAMOJBI KO BCEM BbIXOAaM mopta. J[omosHuTh mpo-
rpaMMy Tak, YTOOBI B MOLIATOBOM pEXUME ObUIO BHIHO YHOPSIOYEHHOE JBHKE-
HUE CBETALLIUXCS CBETOAUOIOB.

Mooenupoeanue 31eKmpOHHBIX CXEM
MojenMpoBaHrue OCYLIECTBIISIETCA IO YIIPABJICHUEM KHOIOK YIPaBIICHUS

mozaenupoBanueM (puc.3.10). IlocienoBareibHO HA PUCYHKE CJ€Ba HAIpPaBoO pas-
MEIICHBI:

- 3amyck (MPOAOJIKEHUE) MOJECIUPOBAHUS

L [
el inimij wiu cumyisiuuu (Run Simulation) F12,
,ﬁn,‘,m| EE M ”a - TmomaroBoe mojenupoBanue (Step Into

Source Line) FI1I. OOGbyHO, OJHOMY IIary
COOTBETCTBYET OJIHA KOMaH/1a acceMOepa;

- may3a cumyJssiuuu (Pause);

- ocraHoBka cumymnsauuu (Stop VSM

Puc.3.10. Knonku ynpas-
JICHUS] MOJIEJINPOBAHUEM

Debugging) Esc.

AHAJIOTUYHBIE PEKUMBI MO)KHO MHHUIIMMPOBATH, BBIIIOJIHUB NEPEXO] U3 Me-
HI0 Debug.

B nporecce MoaenrpoBaHus BBIBOJbI 3JIEMEHTOB MOJCBEYMBAIOTCS KBaJIpa-
TUKaMH Pa3HbIX [[BETOB:

- KpacHbIi - jorndeckas 1" (BBICOKHI MOTEHIUAN);

- cuHUM - jormyeckuit "0" (HU3KUN MOTEHIHA);
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- CepbIil — HE ONPEENEHO (BBICOKO-UMIIEAHCHOE WU Z- COCTOSIHUE);

|Del;ug Library Template Swstem  Help
H SkarkfRestart Debugging Chrl+F1Z2

1 " Fause Animation Fause
B =top Animation shift+Pause
5:* Execute Flz

Execute Without Breakpoints  alk+F12

Execute for Specified Time

= step Over F10

B2 step Into Fi1

B step out Chr+F11

H=k Sten o Chrl+F10
Anirnate AlE+F11
Reset Fopup Windows

Heset Persistent Model Data
* Configure Diagnostics. .
|7 Use Remoke Debug Monitor

% Tile Harizonkally
DD Tile Yertically

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

. Terminal

-— T
Puc.3.11. Menro Otnagunka

- JKENThIN - KOH(MIUKT Ha juHUU. Ha-
IIpUMeEp, Ha 3a3€MJICHHBIA MPOBOJHUK OCY-
HIECTBIISAETCS NOMNBITKA MTOAATH +5v.

[lonraroBas oTJajka OCYIIECTBIISIETCS
u3 MeHwo Debug (puc.3.11). B atoMm pexume
KKl HOBbIM 3amyck (F11) npuBOIUT K
BBITIOJTHEHUIO TOJIBKO OJIHOM KOMaHbl MPO-
rpamMMbl. OTKJIOHEHUS OT 3TOTO MpaBuia
BO3MOKHBI:

- Step Over Source Line (F10) - no-
3BOJISICT BBIMIOJIHUTH TOANPOTPAMMBI  0e3
MOIIIAroBOr0 pexuMma. BapuaHT npu oTiajgke
JOMYCTUM TIPU HAJMYUU MPOBEPEHHBIX U OT-
JaXKEHHBIX TOJIPOrpamMM;

- Step Out from Source Line
(Ctrl+F11) - no3BoJiieT OBICTPO 3aKOHYHUTH
BBINIOJIHEHUE TTOJIIPOrpaMMbl (BBIATH U3 HEE)
0€e3 MoI11aroBoro pexxuMma.

Touku OcCTaHOBa MO3BOJISIOT OCTAHO-
BUTHh NPOLECC CHUMYJSILUA Ha BBIOPAHHOMU
KoMaHjie. JlJig yCTaHOBKH TOYKHU CIEAYET JBa
pa3za menkayTs JIKM Ha BeIOpaHHOM ormepa-
Tope (cTpoke) mporpammbl. JlospkHa mos-
BUTHCS 3aKPALICHHAs TOYKA. Y JAJIEHUE TOY-
KM BBINOJHACTCA TAKUM K€ JBOMHBIM HaKa-

tueM. Ho touka IMpHu 5TOM CTAHOBHUTCA HCAKTMBHOM M HE OCTAHABJIMBACT nponecc
CUMYJIALINN. I[J'I}I INOJIHOTO YHAJICHHA TOYKH HCO6XO,Z[I/IMO HaXaTb €€ CILIC pas.
AHanoruyHbie u APYyruce ,Z[CﬁCTBI’IH C TOYKaMHU MOKXHO MHUIOHUHUPOBATH M3 KOHTCK-
CTHOT'O MCHIO, BBI3BIBACMOI'O HA BLI6paHHOﬁ TOYKEC.

KOHTpOJIb COCTOSHUSI MUKPOKOHTPOJIJIEPA OCyICCTBUM B PCIKUMC OTJIAAKU.

[Ipu sToM u3 meHwo Debug\AVR MOXKHO NONTYYUTh JOCTYH K CIEIYIOIIUM OKHAM

oTnaauuka (puc.3.12):

- OkHO mpocMOTpa

(W(ltCh 3. AVR 1. Source Code - UL

1. Simulation Log

2. Watch Window

OETO0 RIGTFF  R2ZFT00 2. Variables - L1

Window). B sTom okHe (puc.3.13) MOK- s3is mizico masioo

HO pa3Mmemars umeHa peructpoB MKK
WM ajpeca MaMsTH U OTCIEKUBATH UX
COJIEPKUMOE MO X0y Mporpammbl. J1is
noOaBieHusa 00BEKTa HEOOXOIMMO B
KOHTEKCTHOM  MEHI0O  (BbIOMpaeTcs
[IKM) BbIOpaTh 1100 00beKT (Add Item

A10:00 R18:00 R26:00
11:00 R19:00 RZ7:00
12:00 RZ0:00 RZ8:00
A13:00 RZ1:00 RZ29:00
14:00 RZZ:00 R30:00
A5:00 R23:00 R31:00

;0000 Z:0000 S:00DF

DAIICCN. M.AN.N0 I N4

3. CPU Registers - U1

4. Data Memory - Ul

5. EPROM Memory - U1
6. Program Memory - Ul
1.1/0 Registers - U1

8. SRAM - U1

Puc.3.12. Coucok OKOH OTJIaayuKa
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By Name) Alt+N mu6o anpec namsitu (Add
Item By Address) Alt+A. Tlpu BeIOOpE 10
UMEHH BBIMAJAET BECh CIHCOK BO3MOXHBIX
uMeH. C MoMoIplo KBaapaTuka Mpyu UMEHHU
y’)K€ BHECEHHOTO B OKHO PETHCTpa MOYKHO
pa3BepHYTh PETUCTpP Ha TPYMIbl (QYHKIHO-

Watch Window @

Name Address value

[Hacsr
[Heore

watch Expression

Ox0028 Ox00
Ox0D037 OXFF

HaJIbHO CBSI3aHHBIX OUTOB.

i5i= Watchpoint Condition 2l
Global Break Conditio
<0\§Tum off [disable] watch points.:
<\ Suspend the simulation if AN expression is tue.
<\ Stop the simulation anly when ALL expressions are tiue.
Item Ereak Expressio
e |wDTCR =
ol ask: INDne j IUKUU
wore |1 =
Condition: I ane J
Walue: I
LCancel I

Puc.3.14. OxHO mapamMeTpoB TOUKHU
OCTaHOBa

Puc.3.13. OxHO npocmoTpa

B okHE MOXHO HE TOJIBKO HAOIIO-
JaTh TEpEMEHHbIC, HO W 3aJ1aBaTh HEKO-
TOpPBIC YCJIOBHUS U JCUCTBUS MPU JOCTH-
KEHUU ITHX YCIOBUU - HAMpPUMEpP, OCTa-
HOBUTH cUMYyJsnuio0. [1o cyTu 310 TOUKH
ocTaHoBa. /{711 3TOTO B KOHTEKCTHOM Me-
HI0O BbIOMpaeTcsi OokHO COCTOsIHME KOH-
TposibHOU TOuku (WatchpointCondition).
B oxne (puc.3.14) MOXHO OTKIIOYHUTH
KOHTPOJIb 3aJJaHHOTO YCJIOBUS, OCTaHO-
BUTb CHUMYJISILIMIO TPU BBITOJIHEHUH O/I-
HOTO W3 YCIIOBUW WJIM TMPHU BBITOJIHEHUH
BCEX YCIIOBUMU;

- Ucxoansiil koJ MUKpOKOHTpoJuiepa (Source Code). 310 okHo (puc.3.15)
JIOCTYITHO TOJIBKO TMPU 3arpy3ke TOTOBOro (paiiyia KOHTpOJIEpa ¢ pacIIupeHUEM
.obj v nipu co3ganuu Qaiina B cpene Proteus. [Ipu Hamuyuu 3TOr0 OKHA Ha Kpa-
HE OYepeAHOM MIar mpoueccopa OyneT M3MEHSTh IMOJIOKEHHE Kypcopa B OKHE.
Kypcop Oyner yka3piBaTh Ha BBIIOJIHIEMYIO ceiidyac KOMaHy;

AVR Source Code - U1

=]

D:AAVR_PROGECT \Project_LR1\LR1.asm

SEIEE S

.include "tn2313def.inc™
0000 metka: 1di R16,255
& 0002 out

00006 R.jmp metka

DDRE,R16
PORTE,R16

y NPUCOSAMHEHWE ONHWCaHKA
:3anWCh KOHCTaHTW E R1lé
; DEXWMM EBMOdYl BCEX B RQ =]
;EblpaTh ECe 1

Puc.3.15. OxHO UCXOZHOTO TEKCTa IMPOTPaMMBbI

- Ilepemennsie (Variable). OxHO MO3BOJISET OTCIEAUTh CIIMCOK UMEH Iepe-
MEHHBIX, 3asBJICHHBIX B MPOrpaMMe, KOHTPOJIUPOBATh BCIO TUHAMUKY W3MEHEHUS

ux 3Hauenuii (Valie);
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(cPU
Registers). 1o okHO (puc.3.16) mokasbiBaeT
coaepxkanne POH (RO-R31), cyeTumka Ko-
Manj (PC), mecTHaAATePUYHbIA W JBOWY-
HBbIN KOJ peructpa craryca (¢maaro) SREG,
TaK)K€ KOJIMYECTBO BBIMIOJIHEHHBIX I[UKIIOB
(Cycle Count), 3HaueHs UHJIEKCHBIX PETUCT-

poB X, Y, Z;

AVER CPU Registers - U1

=

PC

0004

SR
oo

RO0O:

RO
RO
RO
RO
RO
RO
RO

EG

1:
2:
3:
4:
5
["H
I

g8E2888838

X 0000

INSTRUCTION
OUT $18,R16

ITHSVNZC CYCLE COUNT
00000000 4175058
RO8:00 R1G6:FF R24:00
RO2:00 R17:00 R25:00
R10:00 R18:00 R26:00
R11:00 R19:00 R27:00
R12:00 R20:00 R28:00
R13:00 R21:00 R29:00
R14:00 R22:00 R30:00
R15:00 R23:00 R31:00
¥:0000 Z:0000 S:00DF

Puc.3.16. OxHO peructpon
npoiieccopa

- [Tamsate nanuwix (Data Memory niu AVR Sram). B atom okue (puc.3.17)

oToOpaxaercs coaepxkumoe O3V

AVR SRAM - U1

] o0 00 00 OQO0(0Q0 OO0 OO0 00|00 OO0 OO0 00|00 OO0 OO0 OO0
10 FF 00O OO0 OQO|0Q0 OO0 OO0 00|00 OO0 OO0 Q0|00 OO0 OO0 OO0
20 o0 00 00 26|00 OO0 OO OO|OQO0 OO0 OO0 20|00 OO0 OO0 OO
30 o0 00 00 QO|00 00 FF FF|FF 04 00 Q0|00 OO0 OO0 OO
40 o0 00 o0 Q0|00 00 O3F 00|00 00 00 00|00 00 OO0 OO
50 o0 40 00 0QO|02 OO0 OO0 00|00 OO0 OO0 Q0|00 DF OO0 OO
a0 o0 00 00 OO0|00 OO0 OO0 OO0 (00 OO0 OO0 Q0|00 OO0 OO0 OO
70 o0 00 00 OQO|0Q0 OO0 OO0 00|00 OO0 OO0 Q0|00 00 OO0 OO
B0 o0 00 00 OQO|(0Q0 OO0 OO0 00|00 OO0 OO0 00|00 OO0 00 OO0
S0 o0 00 00 OQO|0Q0 OO0 OO0 00|00 OO0 OO0 Q0|00 00 OO0 OO
AD o0 00 o0 OQO0|0Q0 OO0 OO0 00|00 OO0 00 00|00 00 OO0 OO0
(=11] o0 00 o0 OQO0|0Q0 OO0 OO0 00|00 OO0 OO0 00|00 OO0 OO0 OO0
co o0 00 00 OQO0|(0Q0 OO0 OO0 00|00 OO0 OO0 Q0|00 00 00 OO0
Do o0 00 OO0 OO0|0QQ0 OO0 00 00|00 00 00 00|00 00 OO0 00

Puc.3.17. Oxno IlamMaTh 1aHHBIX

- [locTostnnas namsate qaHHbIX (EPROM Memory);

- [lamsare nporpamm (Program Memory);

- Peructpel BBoga-BeiBogia (AVR I/0 Registers). B okne (puc.3.18) otobpa-
KAIOTCSl PETUCTPHI BBOJIa-BbIBOJIA, YIIPABIISIONINE BHEITHUMH YCTPOHCTBAMHU KOH-

TpoJuIepa.

AVRI/O Registers - U1

20
30
40
50

o0 00 00 26|00
o0 00 00 00|00
o0 00 00 00|00
00 40 00 00|02

o0
aln|
o0
o0

0o
FF
03
0o

00
FF
00
0o

0o
FF
0o
0o

(]
04
o0
o0

o0
aln|
o0
o0

20
oo
oo
o0

]
oo
oo
o0

aln]
oo
oo
DF

(]
]
o0
o0

oo
oo
oo
oo

Puc.3.18. OxHo peructpos PBB
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B omueme npeocmasumbu:
1. Jopaborannyto nporpammy MKK;
2. JlonycTuMbl€ cr1OCOOBl U3MEHEHUSI UCXOAHOTO TekcTa nporpammbl MKK.

Bonpocwt ona camokoumponsn

Kakue pexxumbl pabotsl Proteus cymectByror?

Kakue napameTpsl NpoekTa BBIOMPAIOTCS IPU CTAPTE CUCTEMBI?

Kak ocymiecTBisieTcst BBIOOp KOMIIOHEHTOB JIJIs1 HA00Opa CXeMbl?

HazoBuTe npuemMsl pe1akTUpOBaHUS 3JIEMEHTOB CXEMBI.

Kak u3mMeHuTh CBONCTBA KOMIIOHEHTOB CXEMBI?

Jlig yero ucnonb3yercs HU(POBOK U aHAJIOTOBBIM PEXUMBI pabOThI CBETO-
nuonoB? YUem onu oTiinuarorcs?

Kakne 00beKThl MOKHO HAa0II0AaTh B PEKUME OTIaauuKa?

Kak n3MeHUTh NpOrpaMMHBIN KOJ OTIaKHUBAEMOM MPOrpaMMbl?

C Kako# LEeNbI0 HCIOIb3YIOT TOUKK ocTaHOBa? Kak TOUKy MOCTaBUTh U ylia-
auTh? Kak ynanuts BpeMeHHO?

10. HazoBuTe pexumbl pabOTHI OTIaauuKa?

11. Kak MO>XHO M3MEHUTh UCXOAHBIM TEKCT MPOrpaMMbl B Proteus?

12. Uem otniuuaetcs cpeaa otnaaku Proteus or AVR Studio?

13.Haligute 3HaueHue perucTpa AaHHbIX MOpTa B B OKHE perucrpoB BBOJA-

BbIBOJIa M OkxHe O3Y. CpaBHUTE 3HAYEHUE TAHHBIX.

14. 3mepbTe HampsiKEeHUE Ha BBIBOJIAX MHUKPOKOHTPOJLJIEPA B COCTOSIHUU JIO-

IT'MYCCKOIo HYJId U CAWHHUIIBIL.



