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BCTYII

Mertoro BUKOHAHHS 1a00paTOpHUX POOIT € 3aKPITICHHS Ha TIPAKTHUIT
TEOPETUIHOTO MaTepiany 3 TUCIUILTIHA «EJIEeKTPOHHI Ta MIKpOTIPOIIECOPHi
npucTpoi Ta cucteMu». s AOCHiIKEHHS IUX CHCTEM BUKOPHUCTOBYETHCS
NaKeTH CEPeAOBHI  NpPOTpaMyBaHHsS, TPAaHCIATOPIB, CHUMYJSITOPIB
MIPOMHCIIOBHUX KOHTPOJIEPIB Ta MIKPOKOHTPOJIEPIB.

MeTtoandHi BKa3iBKH MICTATh OmMHC 5 jgabopaTopHUX podiT 3a
TeMaM{ TPOrpaMyBaHHS MPOMHUCIOBHX KOHTpoJiepiB MoBowo LD, mnar
Apnyino wmoBoro C, B3aemomii mikpokoHTponepy I8051 3 06’exkTom
VOpaBIiHHSI Ta OMNEpaTopoM, B3aeMoOAil MikpokoHTporepy AVR i3
00’extoM ynpapiinHs. [lpu po3poOiii 1abopaTopHUX POOIT BUKOPUCTaHI
Mmarepianu pooit [8-11, 18].

CryzmeHt 3000B’s3aHMI BUBYMTH TeopeTnuHuii Marepian [1-20],
BUKOHATH MPAKTU4YHI 3aBIaHHS Ta 3pOOWTH 3BIT 3 JIaOOPaTOPHOI POOOTH,
SKuil Oylle MaTH OCHOBHI PO3/IiIN:

- Ha3Ba JabopaTopHOi poOOTH;

- i1 MeTa;

- CXEMH eKCIIEPUMEHTIB, Tabmui, rpadiku, po3paxyHKH, BHCHOBKH,,
OJIOK — CXeMH aJrOpuUTMIB, TEKCTH MpOrpaM Ha BIAMOBITHUX MOBax
IporpaMyBaHHS.

3Bit Mae Oyt odopmueHuit y BignosigHocti mo CTIT 1596 i
3aXMILEHUN.
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JIABOPATOPHA POBOTA Ne 1
IIporpamyBaHHs Joriyuux pyHkuim mosorw LD
Mera: HapuuTHch mporpaMyBaTH CHCTEMH YIIpaBIiHHA Ha 0as3i

MIPOMHCIIOBHUX KOHTPOJICPIiB

KopoTtki TeopeTnuni naui:

[lpomucnoBUiI  KOHTpOJEpP L€  MIKPOKOHTPOJEPHHH  yCTpii
Opi€eHTOBaHWN Ha ympaBiiHHA oOjamHaHHAM. BiH ckiagaerscs 3
MPOIECOPY, MOIYJIB BBEICHHS, BUBEIACHHA Ta MEPEKHHX MOIYJIB.
Crangapt IEC 61131-3 BcTaHOBIIOE MOBU MPOrpaMyBaHHS NPOMHUCIOBUX
koHTposepiB. Ladder diagram (LD) — me moBa npabuWHHUX miarpam.
[IporpaMyBaHHS BHBYAETHCS HA MPHUKIAIl MPOTPAMOBAHHUX MPOMUCIOBHX
koHTpoiepiB (PLC) amepukancrkoi kommanii Rockwell Automation.

PekomennoBana miteparypa [1,12], caiit BUpOoOHMKA KOHTPOJICPIB
www.ab.com [15].

Xin pobotu

Excnepumenr 1

1.3anyctutn maketu RSLogix500, RSLinx, RSEmulate 500.

2.CrBoputu y makeri RSLogix500 mpoexTt anst mpouecopa 1747-
L542B Byzna 1, gmpaiisepa EMULS500. ¥V posamini /O Configuration
MEHeKepa MPOEKTY TOJATH A0 CKIIaAy KOHTPOJEepy MPOESKTY OAMH MOAYJb
BBEJICHHS Ta OJIH MOJYJIb BUBEICHHSI.

3.BuBunTH 32 nonmomororo noBiaku y meHto HELP inctpykuii XIC Ta
OTE.

4.Po3poOuTH Ta 3aBaHTAKUTH Y EMYJISTOP KOHTpOJIEepa mporpamMy, sika
mictuth iHCTpyKUii XIC ta OTE. IpornsnyTtu 3Mict QaiiniB gaHux, sKi
BUKOPHCTOBYIOTBCS Y ITPOTpami.

5.BukoHaTu 3aBaHTaXEHY B EMYJIATOP MPOTpaMy JJisl KUTBKOX 3HAYCHb
JaHuX. 3amucaty 3100yTi pe3ylbTaTy.

6.30epertu po3poOieHuil MPOEKT Ha JUCKY KOMIT FOTEpa.

ExcniepuMeHT 2. BuBueHHs iHCTPYKIIiii MOBH mporpamyBanHs LD

1.V cepenopumii nporpamyBaHHs RSLogix500 BHKOPHUCTOBYIOYH
BOynoBany nomomory (¢dynkmionansHe Mento/Help/Instruction List)
BUBUYHMTHU CKJIaJl, YMOBHI TrpadivHi MMO3HAYCHHS, NPU3HAYCHHS, ITapaMeTpu
Ta TPHUKIAAI BUKOPHCTOBYBaHHS OITOBHX IHCTPYKLIH, 1HCTpYKUil
TaiiMepiB, JTIYMIILHHUKIB Ta TIOPIBHSHHSL.
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2.Po3poOuTH Ta 3aBaHTaXHUTH B EMYJSTOP KOHTPOJIEPY Mporpamy, IIo
peaiizye noriuny Qyukmipo y=f(x1,x2,x3) , xe x1, x2, x3 — BXiaHi 3MiHHI,
010 HagXOIATh [0 KOHTpOJepa dYepe3 BXOIW JOUCKPETHOTO MOAYJIS
BBEJICHHS; Y — BUXiJHA 3MiHHA, 3HAUYEHHS SKOT OPMY€ETHCSI KOHTPOIEPOM
Ha BUXO[I AUCKPETHOI'O MOAYJIs BUBEACHHS. BukoHaTH mporpamy st ycix
KOMOiHami BXiAHWX 3MIHHAX. 3a pe3ylbTaTaMH BUKOHAHHS CKIIACTH
Tabmumio  ictuHHOCTI  JoriuHoi  ¢yHkuii. Po3pobutu  Oiok-cxemy
aNTOPUTMY TIPOTPaMH, IO peati3ye JIOTidHy (HYHKILIO.

3.Bukonarn momepenmHiii MyHKT 1I0A0 (QYHKIII, sKa 3aJaHa
BUKJIaJIa4ueM.
KonTposabHi 3anuTanHs
1. [lpu3HauenHss Ta QyHKIiOHANBHI MOXJHBOCTI makeTiB RSLogix,
RSLinx, RSEmulate.
2. OcHOBHI eTanu CTBOpPeHHs MpoekTy y naketi RSLogix.
3. SIk BUKOHATU KOH(IrypyBaHHS CUCTEMH 3B’ 53Ky 3 KOHTPOJIEPOM.
4. EneMeHTH MEHEIKepa MPOEKTY.
5. SIk BUKOHATH KOH(ITYpyBaHHS CKJIaAy KOHTpoJepa.
6. Ha3BiTh OCHOBHI MPUHIMIK BBEACHHS Y MPOTpaMy IHCTPYKIiH, TLIOK Ta
paHriB.
7. Ilpuznauenns komanna XIC ta OTE.

JJABOPATOPHA POBOTA Ne 2
MporpamyBanus naat Apayino mosow C

Meta: HaBuuTHCh mporpamyBaTé MiKPOKOHTPOJEPHI CHCTEMH Ha
6a3i mrat Apayino (Arduino) mosoro C/C++.

Kopotki Teopermuni mami: [Tnatm ApayiHo e NomMpeHuid,
JIOCTYITHAN MIKPOKOHTPOJIEPHUI 3aci0 JUTST YIpaBIiHHSL
eJICKTPOMEXaHIYHUM  OOjafHaHHAM. BOHM MICTATh KOHTaKTH IS
mij’ € HaHHs JaBa4yiB Ta(ab00) BHKOHABYMX MEXaHI3MIiB. Y MPOCTIIIOMY
BapiaHTi 1e cBiTIIomioAw, BuMHKadi, [li Ta iHIII enexTpuyHi Ta pasmio
KOMITOHEHTH MOHTYIOTh Ha CIeLialbHUX IuaTax. 3B'130K miatid Arduino i3
CHCTEMOI0 TPOTpPaMyBaHHS BHKOHYETBCs 3a jomnomororo USB kabens.
[Mporpamue 3a0e3rnedeHHs! Uil MPOrpaMyBaHHS MiKpOIPOIECOPIB ILIaT
Arduino moBoro C € y BinbHOMY JOCTyHi B Mepexi [HTepHeT.

PexomennoBana mitepatypa [1,12], caiit po3pobuumka trat [19],
JIOBijIKa Ipo MOBY miporpamyBannsi [20].
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Jst MIKpOKOHTPOJIEPIB IMIMPOKOTO TIPH3HAYEHHS iICHYIOTh TIPOTpaMHi
CepeIOBUINA, 0 3IHCHIOIOTh MPOrpaMyBaHHsI, HATArO/PKEHHST TPOrpaMH,
MPOEKTYBAHHSI arlapaTHAX KOMIIOHEHT TOILIO.

Tak, Hanpukimanm, il T[porpamyBaHHS —KOHTpoJyiepiB  Arduino
BHUKOPHCTOBYETHCSI CepeloBHINlE Po3poOkm Arduino, sika CKIIAHaeThCs 3
Oe3komToBHOI mporpaMuoil obononky (IDE) mist HarmicaHHs Tporpam, ix
KOMIIUIALIIT Ta MPOrpaMyBaHHS araparypu.

MoBa mporpamyBanHs Arduino € cragmaptanM CH+ 3
0COONMBOCTSIMH,  SIKI ~ TIOJISTTIIYIOTH  HEIITOTOBIEHMM  KOPHCTyBadam
HaIMCaHHS MPALFOI0Y0] IPOrpaMHu.

Iporpamu mis Arduino HasuBaroTh ckerdi (Bim anri. Sketch), sxi
CKJIaJalOThsI B TEKCTOBOMY pemakTopi. llicas xommimsmii mporpama
30epiraeThcst B (haiiyiax 3 po3mupeHHsM ino. [lepen koMmisiiero i gaiiu
00poOIsIFOTECSL  TIperporiecopoM  Arduino, y XOAi 4Oro  3IiMCHIOETHCS
BUSIBJICHHSI TIOMIJIOK Y Pa3i HasIBHOCTI.

Tako iCHye MOXJIHBICTh CTBOPIOBATH 1 TIAKIFOYATH IO TPOEKTY
crangaptHi ¢aiimu C+. O60B's3KOBY B CH+ (pyHKIIiF0 main () mpenporiecop
Arduino cTBOprO€ cam, BCTaBIISTIOUH Ty HEOOXiHI [il.

[Tporpamict moBuHEH HamwicaTH 1B 000B'SBKOBI st Arduino (yHKIii
setup () 1 loop (). Ilepia BHKIIMKAEThCS OHOPA30BO TIPU CTapTi, Apyra
BHUKOHYETHCSI B HECKIHUCHHOMY ITMKIIL. B TekcTi CBO€I mporpamu (CKeTdy)
TIPOTPaMICT MOKE BUKOPHCTOBYBATH CTaHAAPTHI Ol0TiOTEKH.

Menemxkep mpoekty Arduino IDE mae HecTraHmapTHHN MexaHi3M
JonaBaHHs  OiomioTek. bBiOmioTekn y BUDISAAI  BHXIIHMX TEKCTIB Ha
crannapTHoMy CH+ JOMAIOTECS B CHCIIATBGHY TAKy B pOOOYOMY KaTaiosi
IDE. Ilpu mpoMy Ha3zBa 0iOmioTeku Oyzae MOJaHO N0 CIMCKY OiOmioTeK B
menro IDE. IporpamicT 3a3Hauae noTpiOHI Oi0IIOTEKH i BOHU BHOCSATHCS JI0
CIMCKY KOMITLISILIIT.

Arduino IDE He mnpomoHye HISKMX HalAMITyBaHb KOMITUIITOpa i
MIHIMI3y€ 1HII HACTPOWKH, IO CIIPOIILYE IMOYaTOK POOOTH JJisi HOBAUKIB i
3MEHIIIY€ PU3HK BUHUKHEHHSI TIOMHUJIOK.

Haiinpocrima Arduino-niporpama cKiaaeThes 3 ABOX (PyHKLIH:

- setup (): QYHKIA BHKIMKAEThCS OJHOPA30BO IIPH  CTAPTi
MIKPOKOHTPOJIEPA.

- loop (): PpyHKIist BUKIMKaeThCs Micis setup () B HECKIHYEHHOMY TTUKITL
BECh 4ac pOOOTH MIKPOKOHTpOJIEpa.

Hikye HaBe[eHO MOBHMH TEKCT OJHIET 3 HAWMPOCTIIIMX IIpOrpam
(ckeT4uy) MHTOTIHHS CBITJIOJIIONIOM, TTJIKITFOYEHOTO JI0 Buxony 13 Arduino, 3
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mepiomom 1 cekyHmM, nOe UL YOpaBIiHHA ITU(PPOBAM  BHUXOIOM
BUKOpPHUCTOBY€EThCs (pyHKIs digital Write (). Lt ¢yHKItist Mae aBa apryMeHTH:
HOMEp BHUXOAY, Ha SIKAM BHUBOJMTBHCS AWCKPETHUM CHTHAT, 1 3HAYCHHS
curtaniB HIGH (Bucokwii piBens) a6o LOW (Hu3bKHI PIBEHB).

void setup () {
pinMode (13, OUTPUT); // Busnauenns BuBoa 13 sik BuXin

}
void loop () {

digitalWrite (13, HIGH); // Bmowyenns _BuBoaa 13, mapamerp HIGH
/I - BHCOKOTO MPU3HAK BUCOKOT'O JIONYHOTO PIiBHSI

delay (1000); // Lpk 3atpumiu Ha 1000 mMc — 1 cexyHaa

digitalWrite (13, LOW); // Bukirouenns BuBoaa 13, mapamerp LOW
delay (1000); // Llukn 3atpumku Ha 1000 Mc — 1 cexyHaa }

Bci BukopuctoByBaHi B TIpukiami (QyHKIii € OiOmioreuHumu. Y
komiuiekTi Arduino IDE € Besvka KUTbKICTh IPUKJIAIIB POrPaM.

Xin poboru

3agaua 1. Ckrnactu mporpaMmy [Uisli KEpyBaHHS IIBHAKOCTI
JIBUTYHA TIOCTIHHOTO CTPYMY 3a JOMOMOT OO TIOTEHIIIOMETpa.

3apgaya 2. Cxiactu mporpamy Ajisi KepyBaHHS ITOCIIJJOBHICTIO
NEepeMIllIeHb CEpPBONPHUBOAA 3 BCTAHOBJIEHHSIM TaKUX KYTIB
noBopoty: 0°, 40°, 60°, 100°, 120°, 100°, 60°, 40°, 0°, 3 3aTPUMKOIO
MK OKPEMUMU NEPEMIIIEHHSIMHU 2 C.

3agaya 3. Ckuactu mnporpamy BHMIPIOBaHHS BIJICTaHI 3a
JIOTIOMOTOr0 ~ yabTpa3BykoBoro gatuynka HCSR04 3 Takum
niaxmoyeHHaM: Trig - min 2, Echo - min 3. YnbTpa3ykoBuil jaTumk
Kepye MEepeMIlIeHHSIM Bi3Ka. Bi3ok inze mpsMo 3 MaKCHUMaJbHOIO
HIBUKICTIO, SIKIIO BIACTaHb A0 nepemkoan oinbiie 40 cM. Bizok ine
npsMo 3 mBHAKICTIO 0,5 Bi MaKCHMalbHOl, SKIIO BIJICTaHb [0
nepemkoau Oinbire 20 cMm. SIKIIO BiACTaHb 10 MEPEHIKOIN MEHIe
HIX 20 cM, Bi30K 3ynuHs€Tbca. [Ipu 3HUKHEHHI MEPEelKoAu Pyx
IPOJIOBXKYEThCA. JIBUTYH MiIKIIFOUEHUH 10 BUXOAY 5.



KouTpoabhi muTtaHus

CucteMHi XapaKTepUCTHKHU Tutat Arduino.

IaTepdeiic cepenoBuima nporpamMmyBanHs miaT Arduino.
CTpyKTypa nporpaMu ynpaBiiHHS.

Sk 3anporpamMyBaTH JiHiIO IOPTa K BXiJ a00 BUXi.
o Take IIIM.

agbrwdE

JJABOPATOPHA POBOTA Ne 3
IIporpamyBanHs B3aeMoaii MikpokonTpoaepy 18051 3
00’€KTOM YyNnpaBJiHHA

Mera Hapuutucs mnporpamyBaTH MOBOKO aceMOyiep 3aBJaHHS
B3aeMoii MikpokoHTposepy 18051 3 06'ekToMm yrpaBiiHHS

Kopotki Teopernuni naui: /s mporpamyBaHHS HEOOXiTHO 3HATH
CTPYKTYpPY MIKPOKOHTpOJIepa, INPU3HAYCHHS WHOr0 3O0BHIIIHIX BHBOJIIB,
CHUCTeMy IHCTPYKIii, MOBy acemOuep, iHTepdeiic cepegoBHIIa
nporpamMmyBaHHs Ta METOIM MOOymoBH mporpam B3aemomii [ 2-11, 13,16-
18].

Xin pobotu

1.BuByeHnsi koporkoro mocionnka n0 “PROVIEW” Bin Franklin
Software Inc. (32-6itHa Bepcis 3.3 mms Windows):

1.1.Ckauaru nporpamy 3 WWW.FSINC.COM

1.2 Bigkputun mnporpamHoro 3a0e3neueHHs 3 weHio CTAPT —
ITPOI'PAMM - Franklin Software - PROVIEW 32.

1.3.3amycTiuT HOBM MPOEKT: Ha TaHeNi 3aBJaHb y BEPXHIH YacTUHI
ekpana HatucHiTh kHOonKy PROJECT, noBigomTe mporpami iM'st Ta KaTauor
Bamoro Hooro npoekry. Y BikHi NAME Ta Bubip 6yne TYPE “8051”. ¥
HIDKHIN yacTuHI ekpana Biakpuerhes BikHo PROJECT.

1.4 onatu daiin nmpoexty. Bubepite ASSEMBLER FILES ans tumy
BUOOpy (aiiny. (He 3a0ynbTe 30epertu Ta Ha3BaTH HOBUIT (haiin).

1.5.Harucuite File, a morim New, mo6 moyatu [04aBaHHS HOBOI'O
¢aiy. BBeniTe mpukiaz Kooy MO NEPEMHUKAaE 3 TEBHOIO YacCTOTOIO
Buxoau nopta P1 mikpokontponepa 8051 3a nonomororo koHctanT S5H &
AAH
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ORGO
BACK: MOV A, #55H ;load A with 55h
MOV P1A ;send 55H to port 1

LCALL DELAY ;time delay subroutine
MOV A, #0AAH ;load A with AA (hex)
MOV P1A ;send AAH to port 1
LCALL DELAY

SIMP BACK ;keep toggling P1

ORG 300H ;put time delay at address 300h
DELAY: MOV R5, #200; R5=200, the counter
HERE: MOV R3,#250
AGAIN: DINZ R3, AGAIN ;stay here until R3 becomes 0
DJNZ R5,HERE
RET
END

1.6. Cximagannas mporpamu: Skmo Bam norpiben HEX-daitn (mus
3anucy B ROM), To BcTaHOBITH aceMOiiep it CTBOpeHHs ¢aiiny hex, sk
MOKa3aHO B HACTYIHUX TPHOX KpoKax. [HaKkiie nmepeiaiTe 10 Kpoky 4.

1. TIlo-nepme, natucuite OPTIONS - PROJECT. (nepexonaiirecs,
IO JIBI MITKH NIPOEKTY HE 3arIyTaHi)

2. 1lo06 BCTaHOBHTH aceMOliep Ui CTBOPEHHS IIICTHAALSTKOBOTO
(haiimy, nBiui wmamHiTe L51, mortim Linker. Ilicis 1mporo BigkpHIOTHCS
HaamTyBaHHs 1 BU 3Moxete BuOpatu "INTEL HEX" y po3aini Misc :.

3. Harucuite OK, 106 30epertu HanamTyBaHHS.

4. Tlicns BCTAaHOBJEHHS MPAaBWIBHUX HAJAINITYBaHb HATHCHIThH
PROJECT ta MAKE a6o "F9", mo0 3ibpatu ta ctBoputu cBiii HEX-
(haiin. (mpumitka: Bamr ¢aitn hex Oyae po3MillleHO B TOMY K Kartauosi, B
SKOMY iCHY€E Balll IPOEKT 1 (aiii)

5. Takox 3ayBaxkTe, IO SKIIO y BalIOMy KOJIi iCHYIOTb OyIb-fKi
“TIOMUJIKN”, acemOnep MOMITUTh MOMWJIKH B iHIIOMY [iaJloOrOBOMY
BiKHI BHH3Y Baioi po6o4oi obnacri.

1.7 HanaromkeHHs Ta BiACTeXEeHHS 310paHOl Mporpamu:

1. TIlicns 30upaHHA Ta CTBOpPEeHHS BCiXx (ailyliB B  MOXeTe
ckopucraTucs «BipTyalbHUM — BiaagudkoM» i imiTarii  Bamioi
pOTpaMHu.
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2. Jlns uporo HatucHITH kKHONKY DEBUG, a motim START. BubepiTsh
myHKT Bipryansna wmamwmHa (Simulator) i mpomecop (8051) mix
MiKpOKOHTposnepoM. [IpuMiTka: mepexoHailTecs, IO Ball Kypcop
3HAaXOAMTHCS y BEPXHIM YacTHHI KOAY, TOMY IO, KOJIM BU HAJIarO/XKYETE
porpamy, iHOJi BOHa OYHETHCS 3 TOUKH, 1€ 3HAXOAUTHCS Kypcop.

3. 3'IBUTHCA BIKHO 3 yCiMa pericTpaMu Ta MOPTaMH.

4. Temep nmns BiACTe:KEHHA KOAY BUKOpUCTOBYyHTe KiaBimy F7. Lle
OyZe ogHUM KPOKOM Yepe3 mporpamy, JO3BOJISIOYN BaM BUBYHTH 1 3MIHUTH
pericTpu.

1.8.3akpurtss PROJECT Ta 36epeskeHHs 3 CynpoBiAHUME (haiimamMu

1. V To#f wac sk mpoekT 1 Bci moB's3aHi 3 HUM (ailmu BiAKPHTI,
HaTucHiITh KHOTKY FILE, a motim SAVE ALL. lle 306epexe mpoekT i Bci
(haiinu B paMKax MpoeKTy.

2. Hami nvartucHith PROJECT, a motim CLOSE, 11100 3akpuTH TIPOCSKT
1 BCi ¢aiinm, mo CTOCYIOTHCS MPOEKTY.

3. Bu 3Haere, mo roToBi "3amucaTu" CBil MIICTHAAUSATKOBUN (aiin y
nam'sTh mpo 8051.

4. llicTHaAusATKOBHA (haiii, K 3a3HAYCHO paHiime, Oyae MICTUTHCS B
KaTaso3i, B SKOMY B PO3MICTHIIA CBOIO pOOOTY.

2.Po3po6uTn Ta BimsiaguTu nporpamy [9] BinmoBigHo BapianTy

1. Po3pobutu nporpamy mipaxyHKy MO3UTHBHHUX YUCEN y MAaCUBI

2. Po3po0utu mporpamy miJipaxyHKy HETaTHBHUX YHCEN Y MacuBi

3. Pozpobutu mporpamy miipaxyHKy KiIBKOCTI HYJbOBUX €IEMEHTIB
y MacuBi

4. PozpoOutHu mporpamy MipaxyHKy KUTBKOCTI €JEMEHTIB MAacHBY,
BIIMIHHUX BiJ| HYJISI

5. Po3pobutu nporpamy miJipaxyHKy HapHUX YUCEN Y MacUBi

6. Po3pobutu mporpamy mipaxyHKy HEMIAPHUX YUCEN y MaCUBI

7. Po3pobutu mporpamy mMigpaxyHKy HYJIbOBUX OITiB y Oaiitax
MacHBY

8. Pospobutn mporpamy migpaxyHKy OAMHHYHUX OITiB y Oaiitax
MacHBY

9. Po3pobutu mporpamy TNONIYKY KiJBKOCTI €JEMEHTIB y MacHBI,
PIBHUX NEPIIOMY €IEMEHTY

10. Po3pobutu nporpamy cOpTyBaHHSI 32 3pOCTaHHSIM MAacHBY

11. Po3pobutu mporpamy cOpTyBaHHS 3a YOyBaHHSM MacHUBY
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12. Pozpobutu  mporpaMmy  3alOBHEHHS MAacHWBYy  4YHCJIaMU B
apudMeTHuHi# porpecii

13. Po3pobutu nporpamy 3armoBHEHHS! MACUBY HYJISIMU

14. Pozpobutu nporpamy, o peanizye CyMy BCiX €IEMEHTiB MacUBY

15. Po3pobutn mporpamy, IO peani3y€e pI3HHIIO BCIX €JIEeMEHTIB
MacHuBY

16. Po3pobutu nporpamy momyky HaiOiIbIIOTO YHCIa B MACUB1

17. Po3pobuty mporpamy HOITYKYy HAWMEHIIIOTO YHCIIa B MaCHBI

18. Po3pobutu mporpamy OOYHCIECHHS CEpPEeHHOTO ApUPMETUIHOTO
MacHBY (KiJIbKiCTb €JIEMEHTIB IPUHHATH PIBHOIO &)

19. Po3pobutu mporpaMmy JOJaBaHHS EJIEMEHTIB 2-X MAacCHBIB.
Pesynprar 3atartu y 1-it MmacuB

20. Po3pobutu mporpamy mnepeminieHHsi 010Ky mam'ati Ha 16 Oailt
ynepen

21. Po3pobutu mporpaMy TIOpPIBHSHHS [JBOX MAacHUBIB. BumimuTu
3MIHHY U1 pe3yinbTaTy ¥ JOpiBHATH ii 40 1, SIKIIO MacWBH OJTHAKOBI,
iHaKmIe BoHa fopiBHIOBaTUMeMO 0

22. Po3pobutu mporpaMmy JIOTIYHOTO 3pYHIEHHS BCiX OITIB y MacwBi
BIIiBO

23. Po3pobutu mporpamy JOTIYHOTO 3pyIIEHHS BCiX OiTiB y MacwBi
BIIPaBO

24. Po3pobutu mporpaMmy OOYHCIEHHS CyMH OKPEMO TO3UTHUBHUX i
HETaTHBHUX EJIEMEHTIB MacHBY

25. Po3pobutu mporpamMy OOYHCIICHHS CYMH OKPEMO MapHHX 1
HETIapHHUX €JIEMEHTIB MAaCHUBY

26. Po3pobutu mporpaMy mepeTBOPEHHS YUCIIA i3 IBIMKOBOT (hopMHU Ha
JIBIHKOBO-JICCATKOBY

27. Po3poOuTn mporpamy 3allOBHEHHsSI €JIEMEHTIB MacuBy 3a
3pOCTaHHAM

28. Po3pobutn mporpamy 3allOBHEHHsSI €JIEMEHTIB MacuBY 3a
yOyBaHHSIM

29. Po3pobutn mporpaMy 3HaxO/DKEHHS CyMH HaiOinbLIoro
HaMEHIIIOTO eJIEMEHTIB MacHuBY

30. Po3pobutu mporpaMy 3HaXOIKCHHs pI3HHUIII HaHOLIbIIOro
HaMEHIIIOro eJIEMEHTIB MacuBYy

=i

KoHTposibHI NUTaHHS
1. Cxmag mikpokoHtponepy 18051.
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2. TlpusnaueHHs Ta KOH(pITYBaHHS 30BHINIHIX BXOJMiB Ta
BUXOMIIB.

3. TI'pynwm iHcTpykuiii mixkpoxontponepy 18051.

4. CTpyKTypa cTpOKH aceMOyepHOi mporpamu.

5. Enementu cepemoBuma nporpamyBanHsa “PROVIEW” Big
Franklin Software Inc.

JJABOPATOPHA POBOTA Ne 4
IIporpamyBanusa B3aemoaii MikpokouTpoJepy 18051 3
onmepaTtopom

Mera: mocmiauTH METOMW NPOTpPaMyBaHHS 3aBIaHb B3aiMOIi.
MikpokoHTposepy 18051 3 onmepatopom

Kopotki TeopeTuyni naHi:

VY cydacHilf eNeKTPOHHIN TeXHilli HaHOINbII TOMMpPEHi TaKi THIH
inaukaropiB:  cBitinomiomni (LED — light emission diode) i
pinkokpucramiuni  ingukatopu (LCD - liquid crystal display).
[Hommpenicte LCD o0yMoBIeHa B TOpPIBHSAHHI 3 IHIOIMMH THIIAMHA
IHIMKATOPIB Maike iIeabHUMH €JICKTPUIHUMH XapakTepucTUKaMu [2-11,
13,16-18].

CeiTiomionHI 1HOMKATOpPM MAalOThb HHU3bKY HAIpyry >KHUBJICHHS
(1,5...3,5 B), mo 3py4HO, IpoTe IX CIIOKUBAHUI CTPYM JOCHUTH BEIHKHI (2
- 20 MA), 1 11e MPaKTUYHO "CTaBUTH XpecT" Ha iX BUKOPHCTaHHI B CyYacHii
MIKpOMIOTYXHil pajioenekTpoHHii anaparypi. LCD nipu poboudiii Hampy3i
3-5 B cnoxwuBaioTe Maji cTpyMmu - gomi Mmikpoammepa. Kepysanus LCD
3JIIACHIOETHCSI 3MIHHOIO HAIPYIol0, ajie IS Cy4acHOi TEXHIKM 1€ — He
npobiema. Ha BiaMiHy BiJ] pellITH iHAMKATOPiB BOHU MPAKTHYHO HEUYTIIUBI
0 EeJEeKTPUYHHX TIepeBaHTaxeHb. | me ogHa ocoOmuBicte: LED-
1HAMKAaTOPH BUIIPOMIHIOIOTE CBiTJI0, a LCD — mornuHaroTs.

LED-inmukaTtopu  HaOynM  TOIIUPEHHsST 3aBASKH  3PYYHOCTI,
HAOYHOCTI 1 HeBucOKil BaptocTi. Lludposi i 3HakoBi LED-iHaukaropu €
BIIOPSIKOBAHUM HA0OPOM OKPEMHX CBITIIONIOMNIB (CETMEHTIB iHAMKATOPA),
PO3MIIIICHUX B OJIHOMY KOPITYCi i, 3a3BHYaii, CIIOJIyY€HHX MK CO0O0 B
MIEBHY €JICKTpUUHY cxemy (puc. 4.1).
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Pucynok 4.1 - bynosa cemucermentanx LED-inmukaTopis

3alekKHO BiJl CXEMH BKJIFOYEHHS CBITJIOMIONIB B 1HIWUKATOPI
PO3PI3HSIOTH IHAWKATOPH i3 3arajdbHUM KatomoM (puc. 4.1,a) i 3araibHUM
aHOJIOM. 3a CIOCOOOM BKIIFOUEHHS IHIAMKATOPIB B EIEKTPUYHY CXEMY
MOJKHA BUAUTUTH JIBA PEKUMH: CTATHYHA 1 TUHAMIYHA 1HIMKAIIisl.

LCD-inaukaTopu KOHCTPYKTHBHO BHUKOHYIOThCS SIK CETMEHTHI,
Hanpuknang (MOXKKI[1-4/14), abo wmatpuuni. OcTaHHI BHACIIJOK
HEOOXiAHOCTI pOOOTHM Ha 3MIHHOMY CTpyMi, 3a3BHYail BUKOHYIOTHCS Y
BUTJIAJI TOTOBOIO MOJYJIA Ha JPYKOBaHIM IulaTi i3 CHeHiaJbHUM
KoHTposiepoM (Hanpuknag HD44780 nns 3sHakocuuTesyrounx i S6B0108
JUTSL MAaTPUYHUX ).

s 3abe3nedyeHHs POOOTH 0araTopo3psiIHUX IHIAMKATOPIB abo
JIEKITbKOX OJHOPO3PSIIHUX 1HIWKATOPIB BHKOPUCTOBYHOTH JWHAMIYHY
IHIMKAITiI0, CYTh SIKOT MOJISTae B TOMY, IO PO3PSIN 1HINKATOPA MPAIOIOTh
HE OJIHOYACHO, a 10 uep3i. SKII0 nepeMHUKaHHS 1HIUKATOPIB 3MIHCHIOETHCS
3 BEJMKOIO IIBUAKICTIO, TO JIFOJMHA HE TIOMIiYa€ MEPEXTIHHS, 1 KapTHHKA
BUTIIAJAE SIK CTaTW4HA. [HAMKaTOpH MigKIOYaloTh 3 yacToToro 50+70 I'm,
110 JOCTATHBO JUIsl TOTO, 00 HE TOMiYaTH MEPEXTIHHS 1HIUKATOPIB.

3araibHy CTPYKTYpPHY CXeMy JIUHAMIYHOI 1HJUKAllii HaBeJleHO Ha
puc. 4.2.
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Pucynok 4.2 - CtpykTypHa cxema 0J0Ky AWHAMIvHOI iHAnKaIii Ha 4
3HAKH

Iadopmaris moctymnae He Ha JEKUIbKa IEPETBOPIOBAYIB, & Ha OJIUH,
3aralibHUM Ui Beix, aje mopiisimu. Lleil mepeTrBoproBad Koly cBOIMH
BUXOJAMH TIJKIIOYEHUH JI0 BCIX €IIeMEHTIB Bigpasy. Y CHCTeMi
JUHAMIYHOT 1HAMKaIli MOB OM IpalfO€ MIBUIAKOMIIOYNN OE3KOHTAKTHUH
nepeMuKad Ha 0araTo MOJIOKEHb. Y OJHOMY 3 MOTO TOJI0XKEHb BCi BUBOJIN
(cerMeHTH) OIHOTO 3 PO3PSAIB TMiAKIIOYEHI 10 BiAMOBITHUX BUXOIIB
nemudparopa. [ B 1eil e MOMEHT yepe3 TPaH3UCTOPHI KIIFOYi MOCTyMae
CUTHAJ YIPAaBIiHHSI 3aCBIUYECHHSIM €JEMEHTIB TOTO 3HAKOMICI, SIKe
BIJNOBiZa€ IbOMY PO3PSAY.

3aBaaHHs 10 J1a00paTOPHOI podoTH
1 Po3poOuTH NPUHIMIIOBY CXEMY 1 aJrOPUTM, Ta HAMUCATU TPOrpamy
JUTSL IPUCTPOIO Ha MikpokoHTposepi 80C51, saxa 6 go3Bossina:
- FeHepyBaTH 3aJaHy MOC/II0BHICTh IMITYJIbCIB 3a/1aHO1 CKBAITHOCTI
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S =(20 + Nvar x 2)%

- 3MIHIOBaTH y 3aJaHUX MEXaX CKBAXHICTh IIPU HATHCHEHHI Ha
wiasimn S == (10 + Nvar )%

- BiJoOpakaTH 3MiHIOBaHUH MapaMeTp Ha CEMUCETMEHTHHX TUCTLICSIX.

Po3pobuTH NMPHUHIMIOBY CXEMy 1 alropuTM, Ta HAaNHCaTH HpOrpamy
U1 TIpUCTpoto Ha MikpokoHTponepi 80C51, ska O mo3Boisima 3a
JOMOMOTO0 IMHAMIYHOI iHAMKanii BinoOpaxaru nary. CtyaeHT Oepe aatTy
CBOTO HapOKEHHSL.

2 IIpoBecTu MoJeTIOBaHHS POOOTH MIPUIIAJTY.

3 Odopmurtu 3BiT 32 BUMOTaMH. 3BIiT IOBUHEH MiCTUTH:

- TUTYJIBHY CTOPiHKY, TEMY 1 METy poOoTH;

- HeOoOX1THAY TEOPETUIHHIA MaTepia,

- PO3paxyHKH 1 MOSCHEHHSI,

- eJIEKTPUYHI IPUHIMIIOBI cxeMu BKimoueHHss MIIC;.

- OJIOK-CXEMy aJTOpUTMy POOOTH TPOTPAMH;

- JTICTHHT TPOTpaMH Ha aceMOIIepi i3 MOsSCHEHHIM,

- pe3y/IbTaTH MOJICTIOBAaHHS: Print SCreen ekpany y nmotrpiOHi MOMEHTH
qacy;

- BUCHOBKH TI0 pO0OOTI;

- BIJIMIOBI/Ii HA KOHTPOJIbHI 3alIUTaHHS.

Ipuknan BUKOHAHHS 3aBAAHHSA
1 CTBOpUTH MPOEKT SIK B MPUKJIAJl Ta BAKOPUCTOBYIOUH iIHCTPYMEHTH

nporpaMu y BKiam Shematic Capture 3ioparu cxemy sik Ha puc.4.3:
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Pucynok 4.3 — Cxema miJKIFOUEHHS MIKPO KOHTpoJIepa

JlicTuHr npuknagy nporpamu s 1 3aBgaHHS:

#include "i08051.h" ; Include register definition file
ASEGN CODE_SEG02:CODE,0
jmp Start

ASEGN CODE_SEG02:CODE,0x0B
Jjmp timer( ;BexTop 00poOku nepeppuBanHs Taiimepa 0
ASEGN CODE_SEG02:CODE,0x03
jmp InterruptO ;Bexkrop 06poOKH 30BHINIHBEOTO
;mepepuBanHs 0
ASEGN CODE_SEG02:CODE,0x1B
jmp timerl ;Bexrop 00poOku nepepruBanHs Taiimepa 1
ASEGN CODE_SEG02:CODE,0x13
jmp Interrupt1 ;Bekrop 00poOKH 30BHIIIIHEOTO
; mepepuBaHHs 0

RSEG CODE_SEG:CODE ; Switch to this code segment.
;Register bank 0 by default




Start:
loop:

init:
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;MITKa, 1[0 BKa3y€ MOYaTOK MPOrpamMu
call init

Jmp loop ;HecKiHYCHHMIA IIUKIT

MOV TLO, 0x00 ;3amanHs miepioxy

MOV THO, 0x00 ;immynbei

MOV ACC, #255 ;3mina

SUBB A, R7 ;ckBaxxHOCTI

MOV B, 0xAO0 ;immynsciB 3a

MOV TL1, B ;romomororo

MOV TH1, ACC ;koeddinienta

clr TMOD.0 ;16-6iTHuit TaiiMep/TiYIbHIK,

setb TMOD.1 ;TLO ta THO BBiMKHEHi TIOCIIiTOBHO

clr TMOD.2 ;raiimMep mparitoe Bii BHYTPIIIHBOTO DKEpesia
;CHTHAITIB CHHXPOHI3aIlii

clr TMOD.3 ;po6oTa Talimepa J03BOJISETHCS SKIIO
;BcTanoBieHnt kepyrouuit 6it TCON_TRO

clr TMOD.4 ;16-6iTHuit TalimMep/TiYAITbHUK,

setb TMOD.5 ;TL1 ta TH1 BBiMKHEH] IIOCIIiJOBHO

clr TMOD.6 ;taiimMep mparitoe Bii BHYTPIIIHBOTO DKepea

;CUTHAITIB CHHXPOHI3aIii

clr TMOD.7 ;po6oTa Taiimepa J103BOJISETHCS SKIIO

;BcraHoBleHuH kepyrounii 6ir TCON_TRI1

setb TCON_TRO ;3amyck Taiimepa 0

setb TCON_TRI ;3amyck Taiimepa 1

setb IE_ETO ;n03Bin nepepuanHs 1o taiimepy 0

setb [E_ET1 ;103Bin nepepuBanHs mo taimepy 1

setb TCON.O ;nepenaz curnany 1-0

setb IE_EXO ;103Bi) iepepuBaHHs 110 30BHIMITHBOMY
;BuBoAy 0

setb TCON.2 ;nepenax curnany 1-0

setb IE_EX1 ;103Bis iepeprBaHHs 110 30BHIITHHOMY
;BUBOTY 1

setb IE_EA ;rio0anbHuii 103Bi] TPENHBaHb
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mov R7, #95

call print

ret

timer0;

timer1;:

InterruptO:

INOrel00:

Interruptl:

IN1rel00:

print:

MOV TLO, 0x00 ;3amanus nepioxy
MOV THO, 0x00 ;immynbci

MOV ACC, #255 ;3miHa

SUBB A, R7 ;ckBaxxHOCTI

MOV B, 0xAO0 ;immynsciB 3a
MOV TL1, B ;romomororo

MOV TH1, ACC ;koeddinienta
setb P3.4 ;mouatok iMmynbCy

reti

clr P3.4 ;ckuaanust iMITysIbCy

reti

;301IbIIIEHHS 3HAYeHHA B R7 Ha oQMHUIIIO

mov a, R7 ;mepeBipka
SUBB a, #199 ;na

JZ INOrel00 ;Buxin
inc R7 ;3 inTepBany

call print ;oHoBIECHHS

reti

;3BMCHIICHHS 3HAYCHHS B R7 Ha OJHWHHIIIO

mov a, R7 ;nepeBipka
SUBB a, #0 ;ua

JZ IN1rel00 ;Buxin
dec R7 ;3 inTepBany

call print ;oHOBIEHHS

reti

MOV a, R7 ;Buiimanns 3HaueHHs 3 R7

call DA_corr ;ABifiKOBO-IECATKOBA KOPEKITis

mov dptr, #code ;moKasHKUK Ha KOAYIOUY TAOJIHINIO
MOV a, RO ;koxyBaHHs i
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movc a, @a+dptr ;BimobpaskeHHs 3-TO
MOV PO, a ;po3psay
MOV a, R1 ;komyBaHHS i
movc a, @a+dptr ;BizoOpaskeHHs 2-T0
MOV P2, a ;po3psay
MOV a, R2 ;xomyBaHHS i
movc a, @a+dptr ;BizoOpakenHs 1-ro
MOV P1, a ;po3psay
ret
DA _corr:
MOV RO, #0 ;ouniieHHs periTcpiB
MOV R1, #0 ;s 30epexxeHHs
MOV R2, #0 ;pesynbrary
DA _rel00:
clr C ;ounmiennst 6iTy nepeHocy
MOV R5, a
SUBB a, #100
JC DA rel01
inc RO
jmp DA_rel00
DA rel01:
MOV a, R5
DA rel02:
clr C ;ounmienns 6ity neperocy
MOV R5, a
SUBB a, #10
JC DA _rel03
inc R1
jmp DA _rel02
DA rel03:
MOV a, R5
MOV R2, a
ret

éode: db Ox3F, 0x06, 0x5B, Ox4F, 0x66, 0x6D, 0x7D, 0x07, OX7F,
0x6F, 0x00

END
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KoHTpoabHi 3anuTaHHs

1 Crpykrypa craTuyHOi IHAMKAIi, OCOOJMBOCTI, TmepeBaru i
HEIOJIKH.

2 CrpykTypa AWHaAMIYHOI iHOWKAIii, OCOOJHMBOCTI, NepeBaru i
HEIOTIKH.

3 Skoro Mae OyTH YaCTOTa OHOBJICHHS JUUIsl TUHAMIYHOT i1HIUKAITi1?

4 EdexT OpsI3KOTY KOHTaKTiB, CHOCOOM HOTO yCYHEHHS.

5 Opranxizaris iHIAKaIi BOCBMHPO3PSTHOTO 1HANKATOpa

JABOPATOPHA POBOTA Ne 5
IIporpamyBanHs B3aeMoaii MikpokoHnTpoJaepy AVR i3
00’€KTOM ynpaBJiHHA

Mera poGoTu: BHUBYATH KOMaHIu acemOnepy, HaBUHUTHCA
OpraHi30ByBaTH LHWKIW 3aTPUMKHA TpU BUBOJI iHGOpMAIll Ha TIOPTH Ta
Bi3yali3yBaTu OTpUMaHi pe3yibTaTH Ha CBITIIOAIONax y mporpami Proteus
VSM.

Kopotki TeopeTuyni naHi:

AVR Studio — me interpoBane cepemoBuiie po3podku (IDE,
Integrated Development Environment), ske mxyke 3pydHe JUIs
BijytarojpkeHass AVR-gogatkiB B omepariiiinux cucremax Windows
9x/Me/NT/2000/XP. 1le cepenopuiiie npornoHye iHTEpdEiCc MPOorpaMHOTo
iMiTaTOpy Ta BHYTPILIHBO-CXEMHOT'O EMYJISATOPY U BOCBMHUPO3PSIHUX
mikpokontposepiB AVR RISC. Okpim Toro, AVR Studio migrpumye Habip
po3pobruka STK500, sxuii mosBossie mporpamyBatn AVR-mpucrtpoi, a
Tako)k HOBUM BOymoBammii emynstop JTAG. IlaketAVRStudio
0E3KOIITOBHO PO3MOBCIOIKYETHCS ipMoro Atmel.

IMporpama AVRStudio mo3Bonsie mucatu mnporpaMd Ha MOBI
aceMOnep, imemHyBaTh 30BHIMMHIA  Kommimarop st  wmoBu  C,
BIJUIarO/KyBaTH  TEKCT  HAMUCAHOI  MpPOTpaMH,  BUKOPHUCTOBYIOYH
BOY/ZIOBaHHH TPOTPAMHUI CTHUMYISATOP a00 MiT€IHYBATH BHYTPIIIHBO-
CXEMHHH EMYIATOP.

B cepemoBumi AVRStudio kopuctyBay Mae  MOKIMBICTb
KOHTPOJIIOBATH CTaH KOXXHOTO €JIEMEHTY 3a JIOTIOMOT'O0 HACTYITHHX BIKOH
Bizyaumizariii (puc. 5.1):
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— Watch window — BigoOpaxkae 3HAYCHHs Ta aJpPECH BH3HAYCHUX
3MIHHHX;

— Register Window - BimoOpaxkae cTaH pericTpiB 3arajibHOTrO
NPU3HAYCHHS;

Memory window — BigoOpakae 3MicT mam'siTi mporpam, mam'sti
JIAHUX, PETICTPIB BBOMY/BHBOJY Ta 3MICT CHEPrOHE3aJCHKHOI Mam'aTi
EEPROM.

— 1/O window — BimoOpaxae 3MICT pericTpy craHy, TalMepiB,
EEPROM perictpiB, HOPTiB BBOY/BUBOY 1 T. 1.

— Processor window — BigoOpakae BakIHBY iH(OpMAIlIO PO
BUKOHAHHS TMpOrpaMH, B TOMY 4YHCHi JiYymiapHUK komaHna (Program
Counter), mokaxuuk creky (Stack Pointer), mpamopu perictpy crany
(Flags), miunnbpauk mukotis (Cycle Counter) i . i.
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Puc. 5.1. AVR Studio B mporeci BijyIlaJkd BHXITHOTO KOy
nporpamMmu

Ilin  Bimiagkor  (BIAJIArOJKEHHSIM)  PO3YMIIOTh  IOKPOKOBE
BUKOHAHHS 3 KOHTPOJIEM BMICTY PEricTpiB MiKpOKOHTpojepy (mepeBipka
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Ha HU3BKOMY piBHI) Ta 3MiHHHX (TIepeBipKa Ha MporpaMHOMY piBHI). s
Iepexony B PEXHUM BiITaJKHd BUKOPUCTOBYIOTh HACTYIIHI KOMaHIH MEHIO
Debug:

— Run, Auto Step — mepexix B peXHM BiIJIaAKK BHUKOHYETHCS,
AKILO 3yCTPIYa€ThCs TOUKA IEPEPUBAHHS.

— Step Into (xmaBima <F11>) — BUKOHYE TOTOYHY KOMaHIY 3
3aXO0JPKEHHSIM B MiAIpOrpamMu (BCi BiKHA BiTHOBITIOIOTHCS).

2.1.Step Over (kiaBima <F10>) — BUKOHye MOTOYHY KOMaHIy 3
BHXOJIOM 3 ITIAITPOrpaMu (BCi BIKHA BiTHOBITIOIOTHCS ).

— Step Out (komb6inanis knasim <Shift+F11>) — 3anmyckae nporpamy
Ta BUKOHYE Ii O THX Mip, IOKH HE 3yCTPiHEThCS 3aKiHYEHHS MMOTOYHOI
MiAIpOTpaMu; SKIIO XiJl BUKOHAHHS 3HAXOAWTHCS B 0OJACTI OCHOBHOL
nporpaMu, TO mporpama OyJae BHKOHYBaTHCh /IO THUX Mip, TIOKKM He Oyxae
3ylMHEHa KOPHCTYBaueM 3a JONOMOrorw komaumu Break a6o 3ycrpine
TOYKY NepepUBaHHS.

— Run To Cursor (xomOinarmis kmaBim <Ctrl+F10>) — 3amyckae
nporpaMy, sika BUKOHYETBCS 10 TUX Mip, MOKH HE 3yCTPiHEThCS Kypcop Y
BiKHI BUXIJTHOTO KOJy; SIKIIIO 3yCTPIiYa€ThCA TOUKA 3yIMMHKH, TO BUKOHAHHS
OpOorpaMu HE 3YNUHSETHCS; SIKIIO TMO3MLIS Kypcopy HE JOCSITaeThbCs
HIKOJIM, TO MpOorpamMa BUKOHYETHCA A0 TUX Tip, MOKH He Oyje 3yNmUHEHa
komanoto Break.

Proteus VSM — 1ie mporpaMa-cUMYJISITOp PaliOTEXHIYHUX CXEM Ta
MIKPOKOHTPOJIEPHUX TPHUCTPOIB, MO MIATPUMYE MikpokoHTpoJdepu PIC,
8051, AVR, HC11, ARM7/LPC2000 Ta ixmi [21].

Proteus VSM cknamaerbes 3 IBOX OCHOBHHX MOJTYJIIB:

— ISIS — rpadiunuit pemakTop NPUHIUIIOBHUX CXEM, SIKUH
BUKOPUCTOBYETBCSL IS BBOJY PO3POOJIEHHMX NPOCKTIB 3 TMOAAIBIION
iMiTami€ero 1 mepeaayero A po3podku npykoanux miat B ARES. Ilicis
HaJIarOJKCHHSI IPUCTPOI0 MOXKHA BiJpa3y pO3BECTH JAPYKOBaHy IUIaTy B
ARES, sixuii migTpuMye aBTO pO3MIIIEHHS 1 TPACyBaHHS 32 BXKE iCHYIOUYOIO
CXEMOIO.

— ARES - rpa¢iunuii perakTop ApyKOBaHHX IJIaT 3 BOYIOBaHUM
MeHepKepoM 0i0miorek 1 aBToTpacyBanbHuka ELECTRA, aBromaTnyHOIO
PO3CTaHOBKOKO KOMIIOHEHTIB Ha JIPYKOBaHIH TUIATI.

s incransnii Proteus VSM HeoOximHO:

1. 3anycTuTy iHCTANALIHHAN (aii.

2. Y BiZKpUTOMY BiKHI BHOpaTH KOMIIOHEHTH, SIKi HEOOXiIHO
IHCTaJFOBATH.
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3. BukonaTtu HacTpOikH, HEOOXIAHI I 1HCTAIIAIII].
OcnoBui nynktu MmeHio Proteus ISIS: File, View, Edit, Library,
Tools, Design, Graph, Source, Debug, Template, System, Help.

Xin po6oTu
CrtBopenns npoexty AVR Studio:

1. 3amyctutu AVR Studio.

2. B menmo Project oOpatn komanay New. Y BikHI CTBOPSHHSI HOBOTO
MPOEKTy HEOoOXiAHO BKa3aThm Ha3By mpoekTy (Project name) i1 #oro
po3mimenns (Location). HoBuii mpoekT 3py4HO CTBOPIOBATH B HOBIH
namni. 3BEpHiTh yBary, IO Ha3Ba NPOEKTy Ta HOro po3MillleHHS He
MTOBWHHI MaTH KUPHUIMYHI CHMBOJIH.

3. Hani obupaetses Tum npoekty: — AVR Assembler. BukopucroBye
BOynoBanuii Makpoacem6Oiiep AVR Studio. — AVR GCC. BukopucroBye
30BHIimHIHN koMminsaTop C, mo Mae iHTepderic KOMaHTHOI CTPOKH.

4. O6paru Tun AVR Assembler. ITicas mporo y mento Debug
Platform Bubpatu AVR Simulator, y wmenio Device — ATmegal6.
Hartuctytn xaomky Finish.

5. YV BiKkHI, IO BigKpWIOCh, HAOpaTH (parMeHT Mporpamu,
HaBeJICHUN HIKUE.

include "ml6def.inc"  ;ITligkmrounty daitn onmcy iMeH pericTpin
;BBOJTY/BUBOJLY
;Imimiasmizanis
Idi 31, LOW(RAMEND ;lnimiamizarisi mokaxauky
;CTeKa, sKa
out spl, r31 ;TIOTpiOHA 711 BUKOPUCTAHHS
; MIporpam
Idi r31, HIGH(RAMEND)
out sph, r31
1di 131, Oxff ;IIporpamyBanus nopty B Ha BUBix
out ddrb, r31
;Be3kineuHni UK

Loop: 1di r16,0xff ;3ammcaTH y perictp r16 Bci oquHUII
;TOOTO 3alaJIUTH BCl CBITIIOAIOAN
out portb, r16 ;BUBECTH 3MicT r16 B mopT B
rcall wait ;BUKJIMK TiAMPOTPaMH 3aTPUMKH

Idi r16,0x00 ;3ammcaTH y perictp r16 Bei Hymi
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;TOOTO 3aracuTH BCI CBITIOLIOAN
out portb, r16  ;BuBecTH 3MicT r16 B mopT B

rcall wait ;BUKJIMK TiIIPOTrpaMu 3aTPUMKH
rjmp Loop ;TIOBEpHEHHS Ha MITKY Loop
;TiATIporpaMa 3aTpUMKH wait:
Idi r19,5 ;30BHIIITHIN KT BUKOHYETHCS 5 pa3
label: Idi r17, 25 ;TIEPIIUI BHYTPILIHIA UK
;BUKOHYETBCS 255 pa3
labell: Idi r18, 255 ;IPYTHIA BHYTPILITHIN [IAKIT
BUKOHY€TBhCA 255 pa3
label2: dec rl8 ;3MEHINUTH 18 Ha OAMHUIIIO
brne label2 ;TIoKH 118 He Oy/ae T0piBHIOBATH HYITIO
decrl7 ;3MEHIIUTH 'l7 HA OOUHHULIIO
brne labell ;nioku 117 He OyJie TOPiBHIOBATH HYJIIO
decr19 ;3MEHIIUTHU 19 Ha OAUHHIIIO
brne label ;rioku 119 He Oyze MOpiBHIOBATH HYITIO

;IiIporpaMa 3a0e3rneuye 3aTPUMKY
;0IM3HO Ha 5%X255%255 TakTiB
;KOHTpOIIEpy
ret ;TIOBEPHEHHS 3 MiAIpOrpamMu

6. Jlami HeoOXiTHO BIATPAHCIIOBATH MPOTpaMy, TOOTO TepeBipUTH Il
Ha MpaBWibHE HamucaHHA. J[ns nporo motpiOHO BuOpaTu myHKT Build B
MeHro Build. Y HIXHBOMY BiKkHI, 3'IBUTBCS 1HPOpMAILTis TIPO KIIBKICTh CIIiB
KOy Ta JJaHWX, PO HASBHICTh TOMHUJIOK 1 T. 1.

CtBopenns npoexTty Proteus ISIS:

1. 3anyctutu Proteus ISIS. HaiiOinpiumii mpocTip BiJIBEACHO IIij
BikHO penaryBanHs EDIT WINDOW. B Heomy BiZiOyBaroThCs BCi OCHOBHI
NPOIIECH CTBOPEHHS, pelaryBaHHS Ta HAJIATOJDKCHHS CXEMH MPUCTPOIO.
3miBa Bropi 3HaXOOUTHCS BIKHO momnepenHboro mneperysiyry Overview
Window 3a 1omoMOror SIKOro MO)XKHa —II€PEMIIyBaTUCh 10  BIKHY
penaryBanHs. Ilin BiKHOM mornepeaHbOro neperysiay 3Haxoautbes Object
Selector — crimcok 06paHMX B JaHMX MOMEHT KOMIIOHEHTIB, CHMBOJIB Ta
iHIKX eneMeHTiB. Bupminenuit B cnucky o0'eKT BimoOpaxaeTbcs y BikHI
NOIEPEAHBOr0 Meperyisaay. Bci MoxInBI (yHKUii Ta iHCTpyMeHTH Proteus
ISIS nmocTynHi uepe3 MeEHIO, pPO3TAlllOBaHE Bropi OCHOBHOI'O BiKHA
NpOrpaMu, Yepe3 MKTOrpaMu, IO 3HAXOJSATHCS TiJl MEHIO 1 B JTIBOMY KYTi
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OCHOBHOTO BiKHa Ta d4epe3 'rapsui kiaBimmi". BHM3Y TOJOBHOTO BiKHA
pO3TAaIlIOBaHi: TaHETh YIPABIIHHA IHTEPAKTHBHOIO CHMYIAIIEID (KHOIKH
MMYCK-IIOKPOKOBUM PEXKUM-TIAY3A-CTOII), psmok crarycy (y
HBOMY BiIOOpa)KalOTbCs MOMMIIKHM, MiAKa3KH, MOTOYHUI CTaH MpoLecy
CUMYJIAIIT 1 T. 1.) 1 KOOPAWHATH KypCopy, IO Bi0OpakaroThCsS B TIOMMaXx.
Jns wmanimymoBaHHA 00'€KTaMH X MOTPIOHO BHIUIATH 3a ITOTIOMOTOIO
npaBoi kHomnku Muii. /s BunpineHHs rpynu MoxkHa yrpumyroun CTRL
MOCITIZIOBHO HATHUCKATH TMpPaBy KHOIIKY Ha BCiX 00'€kTax ab0 yTPUMYIOUH
MpaBy KHOMKY MPOTATHYTH 00JacTh BUAJICHHS 1O HEOOXiTHUM OO0'€KTaMm.
[loBTOpHE HATHCKAaHHS NPaBOi KHOMKMA MHIII IO BHIIICHOMY OO'€KTY
BUAasie Horo (BUAANUTH OO0'€KTH MOXKHA 1€ HATHCHYBUIM Ha KHOIKY
DELETE).

2. Bigkpuiite 0i0Ji0TeKy KOMIIOHEHTIB. JIJis IOr0 HATHCHITH
kHONIKY P Ha kiaBiaTypi, mo mikrorpami Pick Devices, BuOpartu eixemeHT
Pick Devices B mento Library a6o nBivi HaTUCHYBIIH JIiBY KHOIIKY Y TTOJI
Bubopy komnonentis Object Selector. Kommonents MmoxkaHa BUOUpaTu 3a
kareropismu Category, migkateropissmu Sub-categories, 3a BUpoOHHUKOM
Manufacturer a6o > mrykatd 3a Kio4oBHMH cioBamu Keywords. Jlis
MiATBEPIKEHHS BHOOPY KOMIIOHEHTa HATHUCHITH JIIBOIO KHOTIKOIO TI0 PSAKY
3 Ha3BOIO KoMIloHeHTa. HatucHiTe kHONKY OK 1 MOMicTiTh KOMIIOHEHT Ha
CXeMY HATHUCHYBIIIH /IBa Pa3H JIiBy KHOTIKY.

3. 36epiTh cxemy, 110 300pakeHa Ha puc. 5.2.

3'eqHyiTE KOMIIOHEHTH 3a JOTIOMOTOKO JIiBOT KHOIKK MHIii. SIKIIo
HEOOX1IHO PO3rOPHITH X 3a JIOMIOMOTOK0 MPaBOi KHOMKK MuIli. EneMeHTH
tuny "3emust" BuOmpatotecs B pexxumi INTER SHEET TERMINAL B
TiBil 4acTUHI eKpaHa.

4. Jonmatu hex-¢aiin 3 nporpaMor0 B NpoekT. 1Jis 1bOr0 HATUCHITH
NpaBoOIO KHOMKOI MHUIIKK Ha KOHTpoJepi. O0epite myHkT Edit Properties.
VY mento Program File BuGepits daiin 3 po3umpernsm *.hex y mami, sika
cTBOproBaniack st mpoekty B AVR Studio. V psaaxky PROCESSOR
CLOCK FREQUENCY BucTaBUTH TaKTOBY YacTOTy IMpolecopa.
30epertu mpoexT.

5. Harucuyrm knomky IIYCK Ha maHemi  ynpaBiiHHA
IHTEPaKTUBHOIO CUMYJISIIIi€r0. [lomuBUTECS Ha pe3yabTaT POOOTH CXEMHU.
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Puc. 5.2. [Ipuxian ctBopeHHs cxeMu y porpami Proteus VSM

6 Ckiactu mporpaMmy, ska i3 BHUKOPUCTAHHSIM IIHKIY 3aTPUMKH,
HaBEJACHOTO B TMYHKTI 5, 3a0e3nedye TepeMUKaHHS CBITIOMIO/IB
BIJIIOBIZIHO 3 aJrOpuTMOM Ha TMOPT IO BKasaHi y Ttabmmmi 5.1. Ta
3aTPUMKOIO 3 YaCOM 3aTPUMKH Ky BU3HAYEHO BUKJIaaueM,

Tabmuis 5.1 Bapiantu 3aBnanb

Bapiaat | Anroputm [opt

1 ITocmiToBHO, TOYMHAIOYHN 3 B
MOJIOJIIIOTO PO3PSTY

2 [ocninoBHO, 3 KpaiB 10 C
cepeInHU

3 [TocninoBHO, 3 CEpeIMHU 10 D
KpaiB

4 [ocninoBHo, napHi po3psan D
MOpTY
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5 [Mocninosuo, HenapHi pospsinn | C
MOPTY

6 ITocmimoswo, 1,2, 3,6, 7, 8 B
po3psia

7 IocnimosHo, 1,4, 5,6, 7, 8 A
PO3psI

8 IocninoBHo, 2, 3, 6, 7 po3psan | A

9 [ocninosHo, 1,2, 7, 8 po3psn | B

10 IlocninoHo, 1,4, 5, 8 pospsan | C

11 ITocnigosHo, 1+2, 3+4, 5+6, D
7+8 po3psig

12 ITocnimosHo, 2+3+4, 5+6+7 D
po3psia

13 [locnigoBro, 1+4, 5+8 pospsig | C

14 [locmigoBHo, 148, 4+5 po3psim | B

KouTpoabHi nuTaHHs
1. OcobnuBocTi iHTErpoBaHoro cepemonuiia po3pooku AVR Studio.
2. OcHosHi myHkTd MeHI0 AVR Studio.
3. CrBopennst npoekty B AVR Studio.
4. CtBopenHs npoekty B Proteus ISIS.
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