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PROTEUS

OCHOBBI NIPUMEHEHUS

HamnpaBneHue noJiroToBKu:
09.03.01 Hudbopmarrka U BEIYUCIUTEIbHAS TEXHUKA
11.03.02 HMudokoMMyHUKAITMOHHBIE TEXHOJIOTMH U CUCTEMbI CBSI3H

PocroB-na-/lony
2019



VJIK 681.3.06 (076)
BEK 32.07

YukanoB A.H. Proteus. OcHoBBI IpuMeHeHUs1. MeToiuueckue ykazanus K jabopa-

TOPHBIM U TIpaKTH4YEeCKUM 3aHsATHsIM. PoctoB-Ha-JloHy: CeBepo-KaBkazckuii ¢u-
main MTYCH, 2019.-17 c.

B noco6uu u3noxeHbl METOJIMYECKUE PEKOMEHAAIMH IO TPUMEHEHUIO MPO-
TPaMMBbI JIEKTPOHHOTO MOJEIUPOBaHUsS Proteus mpu BBITOTHEHUH JTa0OPATOPHBIX
Y TIPAKTUYECKUX 3aHSITHH MO MUCHUILIMHAM ydeOHoro raHa. [Iporpamma moxer
OBITH WCITOJIP30BAHA TIPH U3YyUYEHUU OCHOB aHAJIOTOBOW U ITUGPOBOMA CXEMOTEXHHU-
KM, MHUKPOIPOUECCOPHBIX YCTPOMCTB U MHUKPOKOHTPOJUIEPOB, MOJEIUPOBAHUU
aHAJIOTOBBIX M NMU(DPOBBIX YCTPONCTB M paznuyHbIX cucteM. [locobue comepkut
HEO0OXOMMBIC CITPABOYHBIC MATEPHAITHI.

Meroanueckne ykazaHUs TPEIHA3HAYCHBI JJII CTYICHTOB, OOYYArOIIMXCS
no HampasieHusMm noarotoBku 09.03.01 MudopmaTuka ¥ BRIUUCIUTEIIbHAS TEX-
Huka u 11.03.02 MHpOKOMMYHHKAIIMOHHBIE TEXHOJIOTMU U CHUCTEMBI CBSI3H, IPO-
¢buneit MHOrOKaHaNIbHBIE TEJIEKOMMYHUKAIIMOHHBIE CUCTEMBI, CETH CBSI3U U CHUC-
TE€MbI KOMMYTAI[UH, 3alUIIEHHbIE CUCTEMBI U CETU CBsI3U, CHUCTEMBI PAANOCBSI3U U
paauoocTyna, BeraucinurenbHble MallluHbI, KOMIUIEKCHI, CUCTEMBI U ceTH, [Ipo-
IrpaMMHOE 00€CIIeYeHUE U MHTEJUIEKTYaJIbHbIE CUCTEMBI.

[TocoOue mpemHa3HAYECHO MJIs MCIOJB30BAHUS MPU M3YYCHUH TUCITUTUINH
y4eOHOTO TUTaHa, a TaKKEe MOXET OBITh HCIIOJIH30BAHO MPEMOAABATEISIMU U CTY-
J€HTaMH B Hay4HOH paboTe U B MPOIIECCE CAMOCTOSTEIbHON pabOoTHI.

YuebHoe mocobue o0cyxaeHO U 0/100peHo Ha 3acenanun kadeapsr UBT
[Tporokois Nel ot 26.08.2019

Penenzent 3aB. kadgeaport UBT a.1.H. npodeccop Cokomnor C.B.



3. CUCTEMA CXEMOTEXHHYECKOI'O MOJIEJINPOBAHMUA
Proteus

geﬂb.'

1. YriyOouth U 3aKpenuTh TEOPETUUECKUE 3HAHUS IO MPUHIIUIIAM PaOOTHI
DIIEKTPOHHBIX YCTPOMCTB;

2. IlpuobpecTty MpakTUYECKHEe HABBIKM CAMOCTOATEILHOTO U3YUYEHHUs COCTa-
Ba, BO3MOXHOCTEH, PEKUMOB pabOThl cpelbl MojaenrupoBanusi Proteus, ocBoeHus
AJIEMEHTOB HHTEp(eiica;

3. CoBepIeHCTBOBAaTh HABBIKM aHANIN3a, 0000IIEHNS U CUCTEMAaTH3aIllUH T10-
Jy4EHHBIX Pe3yJIbTaTOB, HABBIKA COCTABIICHUS W OPOPMIICHUSI OTYETHBIX MaTepHa-
JIOB, HABBIKM TOYHOTO U JIAKOHUYHOTO MPEJICTABIICHUS JOKJIAI0B Ha BOIPOCHI TEX-
HUYECKOTO XapaKTepa.

Yueonvie gonpocowi:

1. 3amyck m HacTpoiKa cCUCTEMBbI MOAEINpOBaHus Proteus;
2. COopka 37IeKTPOHHOM CXEMBI;

3. MouenupoBaHue CXeMbl U OTIa/IKA.

Jumepamypa 0,151 R0020mMOEKU K 3AHAMUIO

1. Proteus mo-pyccku: TemaTmyeckuii 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.

Coodepircanue omuema

1. Hazpanue paboTHl.

2. Ha3Banme kaxmoro y4eOHOTrO BOMNpOCa M KPaTKHil KOHCIIEKT B 0O0beMe
MPAKTHYECKHUX 3aJaHHI 11O BOIIPOCY.

Bonpocwt 015 noozomosxku K 3anamuio

1. Ha3naueHue cucteM MOJEIUPOBAHUS IIEKTPOHHBIX CXEM.

2. Kakwue mapamerpsl mU(PPOBBIX MPOTPAMMHUPYEMBIX CXEM HEBO3MOXKHO
YBUJIETh B CUCTEMAX OTIAAAKU?

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

4. Kakue J0MyIIeHHS HMEIOT CHUCTEMbl MOJICIUPOBAHUS JJICKTPOHHBIX
cxeMm?




AKmyanbHoCcmy 3aHAmMuA

Pa3paboTka ycTpOHCTB Ha OCHOBE CIELHATU3UPOBAHHBIX KOHTPOJUIEPOB
CBA3aHa C pa3pabOTKOM anmapaTHOM M NPOrpaMMHOM COCTABISIONIUX. IOTH
KOMITOHEHTBI JIOJDKHBI paboTaTh COBMECTHO M B peajbHOM BpemeHHu. [losTomy
npoleccy OTJIaAKd OTBOJAAT OYEHb 3HAYMTENIbHOE BpeMsi U MPUIAIOT
OpUHIMIHAIbHOE 3HaueHue. OBlaJieHue WHCTPYMEHTaMHu MPOrpaMMHUPOBAHUS U
OTJIAJIKU SABJISIETCSI 00S3aTE€NbHBIM YCIOBUEM 3(P(EKTUBHOTO MNPOEKTUPOBAHUSA
YCTPOMCTB yIpaBi€HUs] HA MUKPOKOHTPOJIEPAX.

3aoanue 3.1. 3anyck u nacmpoiika cucmemsl mooeauposanusn Proteus

Ilpaxmuueckue 3a0auu:
1 .BBIMOTHUTH 3aITyCK CUCTEMBI;
2. OCyl1eCTBUTh HACTPOUKY CUCTEMBI.

Proteus - 310 cuctema MOAENMPOBaHUS IEKTPOHHBIX cXeM. OCHOBBIBAETCS
paboTta mporpaMMbl Ha MOJEISAX BJIEKTPOHHBIX COCTABJISIOIUX, MPUHSATHIX B
PSpice, orcyTcTBYIOIIIME MOAEIN MOXKHO CO3JaTh caMocTosiTelibHO. Kpome Toro
peaIn30BaHbl MOJIEJIA MUKPOMIPOLIECCOpOB, MUKpokoHTposuiepoB 8051, AVR, PIC,
HC11, MSP430, ARM7/LPC2000 u npyrue. PaboTaeT ¢ GOJBITUHCTBOM KOMITH-
asitopoM (B wactHoctu, CHU) u accembnepamu.

Proteus cocTouT U3 IBYX IIABHBIX MOJYJIEH:

ISIS - (Intelligent Schematic Input System - uHTeMIEKTyalbHAs CHUCTEMa
CXEMaTHYECKOTO BBOAA) —TIpadUuecKuil peakTop MPUHIUITHATIBHBIX CXEM, CIIy-
KUT JJI BBOJia pa3pabOTaHHBIX MPOEKTOB C MOCIEIYIOIIUM MOJCITUPOBAHUEM H
nepenaveit Ajisi IpoeKTUPOBaHUs nevaTHbiX miat B ARES;

ARES - rpaduueckuii pegakrop neyaTHbIX IJIaT CO BCTPOCHHBIM MEHEKe-
pom Oubmmorexk u aprorpaccupoBimrkoM ELECTRA, aBTomatuueckoil paccra-
HOBKOW KOMIIOHEHTOB Ha MEYATHOM IIATE.

PROTEUS uMeeT yHUKaIbHbIE KOMIIOHEHTHI:

USBCONN - 3TOT UHCTPYMEHT AA€T BO3MOKHOCTb BKJIIOUUTHCS K JICUCTBU-
tesibHOMY USB nopTty KoMIbIoTEpa;

COMPIM - naHHbBI KOMIOHEHT AA€T BO3MOXKHOCTh BUPTYaJIbHOMY YCTPOIi-
CTBY BKJItounTcd K peansHomy COM-nopty Bamero I1K.

MUKpOKOHTPOJUIEP 3TO MPOTPaAMMHUPYEMbI YHUBEPCATBHBIN [UPPOBOI MO-
nynb. s pa3paOoTKu U OTIAAKU MPOTPaMMBbl JJis HETO HCIOJIb3YIOT HHTETPUPO-
BaHHbBIE CHCTEMbI IPOIPAMMUPOBaHUA U OTIaAKU. OHU MO3BOJIAIOT UCIIOIb30BAThH
MHOKECTBO YJOOHBIX U 3(()EKTUBHBIX MPOLIENYP, OLICHUBAIOIIMX JOIMKY pa3pada-
ThIBa€MbIX NporpamMM. OJHAKO TaKHe CUCTEMBbI HE NpPEAHA3HAYEHBI IS JEMOHCT-
pauuu paboThl YCTPOHCTBA B peaJlbHOM BpEMEHU. /{151 MUKPOKOHTPOJIJIEPOB 3TO
IIPUHIUIINAIBHO BAXKHO. Takyr BO3MOXHOCTb MPEAOCTABIISIIOT CUCTEMBI MOJEIH-
poBanus. [IpodeccuonanbHas Bepcust Proteus oOecnieunBaeT TakkKe TPEXMEPHOE
N300pakeHME MMOJIyYarolIErocss ycTpoMCTBa U TPACCUPOBKY NIEYATHBIX IUIAT.



3anyck cumynamopa

3amyck MOYKHO OCYIIECTBUTh HECKOJIBKHMH CIIOCOOaMMU:

- 3aIyCTHUTh NMpUJIokeHne ¢ Pabouero ctosa, BEIOpaB SPIIBIK; _,3

- BBINOJHUB TOCienoOBaTeabHO Bcee mporpammer\Proteus 8 m"?:m%

Demonstration\ Proteus & Demonstration.exe.
Hacmpoiika napamempog cucmemuvl MOOEAUPOCAHUA

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 OKHe 3ckusza New Project Wizard: Schematic Design - coxpanuts - "[lo
ymouanuio" (DEFAULT), naxats Next;

- B OKHE MakeTa ne4yaTHou mnatel New Project Wizard: PCB layout (PCB -
Printed Circuit Board) ycranoBuTh: He co3naBath makeT neyatHol miatel (Do not
creat a PCB layout). BeiObpatb Next;

- B OKHE BCTPOEHHOro mnporpamMMmHoro obecneuenus New Project Wizard:
Firmware BoriOpath "OTCYTCTBHE MPOEKTa BCTPOCHHOTO MPOTrPpaMMHOro obecre-
yenust" (No Firmware Project). Ilpu padote ¢ opurunanbubiM [1O B 3TOM OKkHE
BO3MOXKHO BbIOpaTh "Co31aTh MPOEKT BCTPOSHHOTO POrpaMMHOTo oOecriedeHus"
(Create Firmware Project). B aTom cityqae HeoOX01MMO BEIOpATh CEMEMCTBO MHUK-
poxontposuiepa (Family), Tun kontponnepa (Controller) u HanmMeHOBaHUE KOMITH-
astopa (Compiller). 3To mo3BossieT ocymecTBIATh pa3padoTky [10 HemocpeacT-
BeHHO B Proteus. IIpu ucnosib30BaHUM JEMOBEPCUM MOKHO IPOCMOTPETH JOIYC-
TUMBbIE BapUaHTBHI 3TUX COCTABJISIOLIMX, HO MCIOJb30BaTh UX HeaomycTtumo. Ilo-
ATOMY 3arpy’katb B MOJEJIb HEOOXOJUMO YK€ TOTOBBIA OTKOMITUIIMPOBAHHBINA KO/I.
Haxxatp Next;

- B HWTONOBOM OKHE MacTepa HOBoro rnpoekta New Project Wizard:
Summary npocMOTPETh UTOTOBBIE CBOMCTBA MPOEKTa (CO3JaHUE TOJIBKO CXEMBbI),
yTouHHuTh neranu3aruio (Details) u Haxats "['otroBo" (Finish). Ha skpane Oynet
MPEICTABICHO OKHO C UTOTOBBIMU PE3YJIbTATAMHU HACTPONKH.

B otuere npencraBuTh:

1. CoctaB mapaMeTpoB, BRIOMpAEMBIX TIpH 3amycke Proteus.
3aoanue 3.2. Coopka I1eKmpoOHHOU CXemMbl
Ilpakmuueckue 3a0auu:

1.Cobpathk cxemy, npeicTaBieHHyo Ha puc.1.19;
2. OcylIecTBUTh HACTPOUKY IMAPaMETPOB IJIEMEHTOB CXEMBI.



Ocnoenvie 3n1emenmot unmepgpeiica Proteus

Ha puc.3.1 npencraBieHO OCHOBHOE OKHO MOJIEIUPYIOUIEH TPOrpaMMbl
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Puc.3.1. OcHOBHOE OKHO MOJICIUPYIOIIEH MPOTrPaMMBbI

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 CYIIECTBYIOIIUMN 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;



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 - nanenu 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




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 MUKPOKOHTPOJI-
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 e edmem
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



OO0sierynTh TMOUCK MOXHO, 3anmoiHUB OKHO KirtoueBoe ciioBo (Keywords).
[Tpu 5TOM MO Mepe BBOJIa KIIOYEBBIX CHMBOJIOB cHCTEMa OYyJIeT MOCIe0BATEIbHO
aKTyaJIU3UPOBaTh BCE OTOOpaKaeMble 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 NPU HaXKaTUU
kHonku Ok. Y nanenue >nemeHToB U3 cuucka DEVICES BbBIIONHSIETCS BBIACICHU-
€M DJIEMEHTa B CIHCKE, BBI30BOM IMPAaBOW KHOMKONH KOHTEKCTHOTO MEHIO M BBIOO-
pom omniuu Y nanuth (Delete).

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

1. DnemenTthl KoMMyTanuu 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 mMojaenupoBanus. 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. Konaencaropsl HaxoasTcs B rpynine 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, uYeTbIpexkaHalbHbId 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 OJHHUM IIETYKOM (DUKCAlMU Ha BHIOpaH-
HOM MECTE pa3MEIICHHs B OKHE (DJIEMEHT OTOOPAKAETCS YEPHBIM LIBETOM).

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

MaciirabupoBanue U300pakeHUsl OKHA OCYIIECTBIISIETCS BpPAIICHUEM KOJIe-
CUKa MIPOKPYTKH MBIIIN B HYKHOM HarpaBieHuu. /[ yno6HOro HaOI0eHUS 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-
MelleHue OyJIeT OCYIIECTBIATHCS BCEH IPYIIIbI. ITO e MOKHO BBIITOJIHUTH HaXKa-

THEM KHOIIKM MaHeau WHCTpyMeHTOB Ilepemectuth Os0k (Block Move) E, a
Tak)Ke BRIOpaB KOMaH]ly U3 KOHTEKCTHOTO MEHIO, BbI3BaB ero [IKM.
Bpaienue BBIAEIEHHOTO 3JEMEHTA WIA TPYNIBl 3JIEMEHTOB BBIITOIHACTCA

Ha)KaTUEM KHOIKM IMaHeau UHCTpyMeHTOB Bpamats 0nok (BlockRotate) ., WIH
BBIOpAaB COOTBETCTBYIONIYIO KOMAaHAY M3 KOHTEKCTHOI'O MEHIO, BBI3BIBAEMOIO
[TKM.

KOHI/IDOBaHI/IC 9JICMCHTOB Ha 3KpPaHC BBIIIOJIHACTCA KHOIIKOM TNaHEJINu 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.

CBsI3M CO3/1aI0TCS HA CXEME MPU HAIMYHUM Kypcopa B BUJAE KapaHJalla 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-

xuM Text Script Mode = ==° . D10 3HAUUTEIHHO MOBBIIAET YUTAOETBHOCTD
CXEMBI.

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

peiins no Design\Configure Power Rails. B oTKpbIBIIEMCS OKHE KOH(PUTYpaIIUH
(puc.3.6) ycranaBnuBaeTcss Tun uctounuka VCC/VDD v BenuvvHA MUTAIOIIETO

2 Power Rail Configuration 2 - HaIIpsKCHU . OTH napaMeTphbl
Bovier eS| et Cass | AOIIYCTUMO HU3MCHSATH IIPHU BbI-
Pawer Supplies KIIFOUCHHOM PCKHUMC MOJCIIN-
Name: (VCC/VDD ~| Voliage: & pOBaHusl.
New Rename Delete Class:  POWER
Unconnected power nets Nets cannected to VCC/VDD: L HaDaMeTDBI 3JIEMEHTOB

vCeC

CXEMBbI PEIaKTUPYIOTCS B OKHE
penaktupoBaHusi B oObeMe
CBOWCTB, XapaKTEpPHBIX JUJIA
KOHKpeTHOro anemeHTta. OKHO
CBOMCTB BBIBOJMTCS IIPU HaXKa-
tun [TKM 1 BeIOOpE KOMaH/IbI
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

[MO3UIIMOHHOE 0003HaUYeHUE

Addd >

E— 3

<-Bemove

Use default power rail connections?

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). denaercs
sto B noje Ilporpammuoro daitna Program File. BeiOpaTh MOXXHO OOBEKTHBIN
daiin (pactmupenue .0bj ) 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 KOMIIHIISI-
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,

12

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 penakTupoBaHKS CBOMCTB MOXHO U3MEHUTH BCE OCTAJIBHBIE CBOMCT-
Ba MUKPOKOHTPOJIJIEPA, B TOM YHCIIC YCTAHOBKHU (hbIO3-OMTOB.

[Tocne BbIMONHEHUS BCeX MpoLEAyp (OPMHUPOBAHUS CXEMbl BHEIIHUI BH]
pabouero okHa JAO0JKEH ObITh TOJOOHBIM TOMY, KOTOPBIN MpeICTaBiIeH 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 ortuere npencraBuTh:
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-
paiuii, Kak 3To c/ieJlaHo 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
MojieiMpoBaHre OCYLIECTBIISIETCA IO YIIPABICHUEM KHOIOK YHPaBIICHUS

mozaenupoBanueM (puc.3.10). IlocienoBarenbHO HA PUCYHKE CJI€Ba HAIpaBoO 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 MOKHO 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 KOMaHAbl MPO-
rpamMMbl. OTKJIOHEHUS OT 3TOTO MpaBuia
BO3MOKHBI:

- Step Over Source Line (F10) - no-
3BOJISICT BBIMIOJIHUTH TOANPOTPAMMBI  0e3
MOIIIAroBOT0 pexxuMa. BapuaHT npu oTiajgke
JOMYCTUM TIPU HAJMYUU MPOBEPEHHBIX U OT-
JaXKEHHBIX TOJIPOrpamMM;

- Step Out from Source Line
(Ctrl+F11) - no3BoJiieT OBICTPO 3aKOHYHUTH
BBINIOJIHEHUE TTOIIPOrpaMMbl (BBIWTH 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 IMOJIHOTO YHAJICHHA TOYKH HCO6XO,Z[I/IMO HaXaTb €€ CLIC 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 BO3MOMHBIX
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 YCIIOBUM;

- Ucxonnsiil ko MUKpOKOHTpoJuiepa (Source Code). 310 okHo (puc.3.15)
JIOCTYITHO TOJIBKO TMPU 3arpy3Ke TOTOBOro (paiiyia KOHTpOJJIEpa C PacIIUpEeHUEM
.obj v nipu co3zganuu Paiina 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 IMPOTrpPaMMBbI

- Ilepemennsie (Variable). OxHO MO3BOJISET OTCICAUTH CIIUCOK UMEH Iepe-
MEHHBIX, 3asBJCHHBIX B MPOrpaMMe, KOHTPOJIUPOBATh BCIO TUHAMUKY W3MEHEHUS

ux 3Hauenuii (Valie);
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Peructpsel

nporeccopa

16

(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€ KOJHMYECTBO BBIMTOJHEHHBIX ITUKJIOB

(Cycle Count), 3naueHs 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
00000000 417505

RO&:
RO9:
RL10O:
R11:
R12:
R13:
R14:
R15:

R1&:
R17:
R1E:
R19:
R20:
RZ21:
R22:
R23:

Bl
Bl

g8E2888838
SE38888

Y0000

%
%

COUNT
B

RZ4:
R25:
R2&:
R27:
R28:
RZ23:
R30:
R31:

gE2888838

Puc.3.16. OxHO peructpon

npoiieccopa

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

oToOpaxaercs coaepxkumoe O3Y;

- [locTostnnas namsate qaHHbIX (EPROM Memory);

- [lamsars nporpamm (Program Memory);

AVR SRAM - U1 =
o0 o0 OO0 00 Q0|00 00 OO0 QOO0 OO0 00 OO(00 O0 00 00 | @i assnnssnmmnns
10 FF 0O OO0 QO|0Q0 OO0 O0 OO0 Q0 OO0 00 0000 OO0 00 DD | &.iecenasanmmnns
20 o0 00 Q00 26|00 OO0 OO0 QO |OQO OO0 QO 20(00 OO0 OO0 0O ooldoooooon
30 o0 OO0 OO0 QO|00 OO0 FF FF|/FF 04 00 QO[O0 OO0 00 DD | .&.ciecenasanmmnns
40 o0 OO0 Q00 Q0|00 00 OF Q00|00 OO0 OO0 OO0(00 00 00 OO0 | &..iassnassnmmnns
50 o0 40 00 QO| 02 OO0 OO0 OO0 |00 OO0 OO 00|00 DF OO0 DO R
&0 o0 o0 Q00 OO|0Q0 OO0 OO0 Q00 (00 OO0 OO0 OO(00 OO0 00 00 | &e e easesannmmnns
70 o0 OO0 OO0 Q0|00 00 OO0 Q0| Q0 OO0 OO0 OO(00 OO0 00 DD | &.cieeenasonmmnns
50 o0 OO0 00 QO|00 00 O0 Q0|00 OO0 00 0000 O0 00 00 | .&.ciecenanceonmmnns
90 o0 OO0 OO0 Q0|00 00 OO0 Q0| Q0 OO0 OO0 OO(00 OO0 00 DD | &.cieeenasonmmnns
AD o0 OO0 OO0 Q0|00 00 OO0 Q0|00 00 00 0000 OO0 00 DD | & . e eenacoannanns
BOD o0 OO0 OO0 Q0|00 00 OO0 QOO0 OO0 00 OO(00 OO0 00 DD | i eassnassnmmnns
co o0 OO0 OO0 Q0|00 00 OO0 Q0|00 OO0 00 0000 OO0 00 DD | &.cieeennsonmmnns
Do o0 OO0 Q0 QOQ|0QQ 00 OO0 Q0| Q0 OO0 QOO0 OO0(00 OO0 00 00 | &.ciassssssnmmnns

Puc.3.17. Oxuo IlamMsaTs 1aHHBIX

- Peructpel BBoga-BeiBogia (AVR 1I/0 Registers). B okne (puc.3.18) otobpa-
KAIOTCSl PETUCTPHI BBOJIa-BbIBOJIA, YIIPABIISIONINE BHEITHUMH YCTPOHCTBAMHU KOH-

TpoJuIepa.

AVR IO Registers - Ul

20
30
40
50

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

o0
o0
o0
oo

00
FF
03
0o

o0
FF
00
00

00
FF
0o
0o

o0
04
o]
]

o0
o0
o0
oo

20
oo
oo
oo

o0
oo
]
oo

oo
oo
oo
DF

o0
]
o]
]

o0
oo
o0
oo

Puc.3.18. OxHo peructpos PBB
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B oTuere nmpeacTaBuTh:
1. Jopaborannyto nporpammy MKK;
2. lommycTrMble CIOcOObI I3MEHEHHSI HCXOTHOTO TekcTa mporpamMmmbl MKK.

Bonpocwt ona camoxonmpons

Kakue pexxumbl pabotsl Proteus cymiectByror?

Kakue nmapameTpsl IpoeKTa BEIOMPAIOTCS MIPHU CTAPTE CUCTEMBI?

Kak ocymecTBisieTcst BBIOOP KOMIIOHEHTOB 71l HA0Opa CXEMBbI?

Ha3oBute npruemsl pelakTUPOBAHUS 3JIEMEHTOB CXEMBI.

Kak n3MeHUTh CBONCTBA KOMIIOHEHTOB CXEMBbI?

Jliia yero ucnonb3yercs HM(pPOBON U aHAJIOTOBBIM PEXXUMBI pabOThI CBETO-

nuonoB? YUem onu oTiinuarorcs?

Kakue 00beKThl MOKHO HAOI0AAaTh B PEKUME OTJIaIuuKa?

8. Kak u3MeHuTh MpOrpaMMHBIN KOJ OTIAXKUBAEMON TPOrpaMMbl?

9. C Kakoy LeNbI0 UCHOJB3YIOT TOUKH ocTaHoBa? Kak TOUKy mocTaBuUTh U yna-
auTh? Kak ynanuts BpeMeHHO?

10. HazoBuTe pesxxuMbl pabOThI OTIaTIMKA?

11. Kak MOXHO U3MEHUTh UCXOAHBIN TEKCT MporpamMmbl B Proteus?

12. Yem otnmuaercs cpena otianku Proteus or AVR Studio?

13.Haiinure 3HaueHHE PErUCTpa JAaHHBIX MOpTa B B OKHE perucTpoB BBOJA-
BbIBoa U OkxHe O3Y. CpaBHUTE 3HAYEHUE JAHHBIX.

14. 3mepbTe HampsKEHUE Ha BBIBOJAX MHUKPOKOHTPOJLIEPA B COCTOSIHUU JIO-

TUYECKOT0 HYJIS U €JUHULIBI.

A

=



