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JlabopaTopHa podora Ne9
IIporpamyBaHHsi MikpokoHTpojaepiB AVR 3 BHKOpPHCTaHHSIM NPOIrPaMHOro
cumyasatopa AVR Simulator IDE

AVR Simulator IDE - 1e rpagiune cepeaoBuiie po3podku Ha 6a3i MIKpOKOHTposiepiB Atmel
s Windows 3 IHTErpOBaHUM CHUMYISTOPOM  (eMyasiTopoM), 0azoBuM  AVR-KOMOUIATOPOM,
aceMOsiepom, au3aceMOIepOM Ta HAJIaroHKyBaueM.

AVR Simulator IDE migTpumye BeIMKY KUIbKICTh S-pO3psAHUX MIKPOKOHTPOJEPIB Bif
Atmel, apxitektypHux npoaykriB AVR i noBHoro cimeiictBa 90S (BuOpani mozeni AT mega, ATtiny,
AT90S).

OcHoBHI Mo:xkauBocTi mporpamu AVR Simulator:
e OcHoBHUII iHTEepdEeiic MO/ICIIOBAHHS, IKUIl TOKa3ye BHYTPIIIHIO apXITEKTYPY MIKPOKOHTPOJIEPA;
e Penakrop nam'sti nporpam FLASH, penakrop nam'sti ganux EEPROM, penakrop npoctopy
SRAM;
e [IuTepdeiic 3'enHaHb MIKPOKOHTpOJEpa M MOJIENIOBaHHSA LU(PPOBUX BXOJIB/BUXOAIB Ta
AHAJIOTOBHUX BXOJIIB;
o 3MiHHA IIBUJKICTh MOJIE/IIOBAHHSI, MOJCIIIOBAHHS CTATHUCTUKH,
o [loTounuii MmeHemKep A KOAYBAaHHS 3 MIATPUMKOIO TOUOK 3YITMHKH;
e AcemOnep AVR, nucrieruep AVR;
o [loryxHuit AVR Basic-koMIuIgTop 3 iHTEIEKTyaJIbHUM OCHOBHHUM PEAAKTOPOM JKEPENa;
OcHOBHI MOXJIMBOCTI KoMmisiTopa AVR;
- TPU OCHOBHHUX I[i1i TUNM AaHuXx (1-OitHuii, 1 Oaiit, 2 OaiiTH);
- 4-0aiiToBuil (32-po3psAAHUIA) TOBrUi ULTIM TUI AaHUX 3 32-pO3PsAHOI0 apu(METHKOIO;
- 4-GaiitoBuit (32-po3psaHUl ) TN JaHUX 3 €IMHOI0 TOYHICTIO 3 IJIABAIOUOI0 TOYKOKO 3
OIMHUYHUMH TOYHICTIO MaTeMaTHYHUX (pyHKII1i1, MacuBiB;
- TUII PSIKIB JAHUX 3 BEJTMKKUM HAOOPOM IOB'SI3aHUX 3 PsIKAMU (DYHKITIN
- BCl CTaHJapTHi eleMeHTH 0a30BOi MOBH, MIATPUMKA CTPYKTYpOBaHOI MOBH (TIPOIEIypH Ta
¢dbyHKIIT), TATPUMKA MIITPUMKH KepyBaHHS iHTepdeticy Modbus master/slave;
Peanizaris kapr MMC/SD/SDSC/SDHC (3 mintpumkoro ¢aitnoBoi cuctemu FAT16 Ta miarpumkoro
¢aitnoBoi cucremn FAT32), migrpumka MOBICHHS Ha BHCOKOMY piBHI AJs BHUKOPUCTAHHSA
BHyTpilHbo1 mnam'sTi EEPROM, BuxopucranHs BHyTpimiHboro moxaynsi A/D  koHBepropa,
BUKOPUCTAHHSl NEpepHUBaHb, MOCTIIOBHMM 3B'SI30K 3a JONOMOIOI0 BHYTPIIIHBOIO 00JaJHaHHS
UART, nporpamue 3abesnedennss UART, 3130k 12C 3 3oBHimHIMU mpuctposmu [2C, 3B'sa30k
nociigoBHoro nepudepiinoro intepdetricy (SPI), inTepdeiicai cumBonbHi PK-aucmitei, B3aemonis
rpadiuanx PK-mucmneis 3 ToukoBoro Mmarpurieio 128x64, cepsompuBomoMm R/C, kepyBaHHSAM
KPOKOBUM JIBUTYHOM, IPUCTPOsiMHU |-mipoBigHOTO 3B'13KY, DS 18S20;
e Tepminan nocainoBHoro nopty 1K ams 3B'A3Ky 3 peanbHUMH MPUCTPOSIMU, MIIKITIOUSHUMH 10
MOCTIIOBHOTO TOPTY;
e InTepdetic monemoBanus PK-monyns ans nepconansaux PK-momynis;
e I'padiunmii iHTepdeiic moaemoranus XKK-moxyns st rpadrannx XKK-monynis 128x64;
e [HTepdeiic MonenoBaHHS CTyMEHEeBOi MOTOpHOI ¢a3u Ais Bizyaiizalii KepyBaHHS KPOKOBUM
JBUTYHOM;
e Moy monentoBanHst ajs1 30BHiHIX EEPROM I12C Bix cimeiicTa 24C;
e AmapatHe mozentoBaHHs iHTepdeiicy UART;
o [Iporpamuuii iHTepdeiic monemoBanHss UART s mporpamHoro 3abe3nedeHHs], 1110 BUKOHYE
UART npouenypy;
e Ociorpad (3 ¢pyHKLi€I0 MacITaOyBaHHS) Ta IHCTPYMEHTH /1711 MOJIEJIIOBaHHSI CUTHAIIIB,
® 7-CerMEHTHUWH CBITJIONIOHHI IHTEPEIC;
e DS18S20/DS18B20 undposuit TepMomMeTp, IHCTPYMEHT MOJIETIOBAHHS;
o [Ipucrpiit monemosanust Modbus (MaiicTep/miieriui);
o [linTpuMKa 30BHINIHIX MOIYIIIB MOJICTIOBAHHS.



AYR Simulator IDE - Registered Copy
File Simulation Rate Tools Options Help
Program Location
Microcontroller ATmega32 Clock Frequency 4.0MHz
Last Instruction Next Instruction
Program Counter Simulation Statistics
FC 000000 Instructions: 0 Real Time Duration
Clock Cycles: 0 0.00ps

General Purpose Working and 1/0 Registers Intemal Data SRAM

Hex Binary Value Hex Hex
Addiess andName Value 76543210 Addr. Value Addr Value
$000 RO 00 = $060 (00 [$070 (00 -
$001 R 00 $061 00 $071 |00
$002 R2 00 $062 00 | $072 | 00
$003 R3 00 $063 00 | $073 | 00
$004 R4 00 $064 00  $074 | 00
$005 RS 00 $065 00 | $075 | 00
$006 RE 00 $066 00 | $076 | 00
$007 R7 00 $067 00 | $077 |00
$008 RS 0o $068 00 $078 | 00
$003 R9 0o $069 00 $079 | 00
$00a R10 00 $064 00 | $074 | 00
$00B R11 00 $06B 00 | $07B | 00
$00C R12 0o $06C 00 | $07C | (00
$00D R13 00 $06D 00 1 $07D | 00
$00E R14 0o $06E 00 | $07E | 00
$00F R15 0o - $06F ' 00 |$07F |00 ~

Puc. 1 Burnsag ocHOBHOTO MOJIst CUMYNATOPA

(S AYR Simulator 1D , BB [Sssemb BIDIE:
Program Location 0001 ; Compiled with: AVR Simulator IDE v1.40 -
Microcontroller ATmega32 Clock Frequency 4.0 MHz 0002 |; Hicrocontroller model: ATmega3z
q . 0003 ; Clock frequency: 4.0 MHz
Last Instruction Next Instruction 0004 :
The address of 'addr' (word) (globa
. . - addr = 0xD
Program Counter Simulation Statistics The address of 'data' (byte) (globa
PC 000000 Instructions: 0 Feal Time Duration data = Ox1E
Clock Cycles: 0 0.00ps ; The address of 'sda' (bit) (global)
0010 The address of 'scl' (bit) (global)
General Purpose Working and I/0 Registers Internal Data SRAM E' ‘E‘ 1} ; Begin
Hex Binary Value Hex Hex E”:‘ lf LORC Dx000000
Address andName  Value 76543210 Addr. Value Addr. Value 0013 CLR R15
o0
$000 RO 0 < $080 (00 [$070 [00 - ‘ﬂ::i* ’63; ;;E;?‘s’ -
$001 R1 00 $061 |00 $071 | 00 o ’
$002 R2 00 $062 | 00 1 $072 | 00 . : . '_
$003 R3 00 $063 | 00 ' $073 ' 00 Lin1, Col 0 Num of lines: 531
$004 R4 00 $064 | 00 1 $074 | 0O — =
$005 RS 00 $065 | 00 4075 | 0O 0001
$006 RE 0o $066 | 00 | $076 @ 00
$007 R7 00 $067 | 00 1 $077 | 00
$008 R8 00 $068 | 00 | $078 @ 00
$009 RS 0o $069 | 00 $079 | 00 x
$004 R10 00 $064 | 00 $07A | OO0 ‘ ’
$00B R11 00 $06B | 00 $078 | OO0 Lin1, Col 0 Num of lines: 1
$00C R12 00 $06C | 00 $07C | 0O ‘6 Softw T Si . c =)@ )|
400D R13 00 $06D | 00 ($07D @00
$00E R14 00 $0BE | 00 ' $07E | 0O
$00F R15 00 = $06F 00 [$07F 00 - RX Line > PORTB, 2 TX Line --> PORTB, 1
_ | Baud Rate ---> 9600 Logic Levels > Standard
© -J[2](x)] .
UART Transmitter Output Clear Hex
T T -
T T
T T
T T
T T
il T
T T
T T
T v
- T {17 Line Status
¥ } UART Receiver Input
} } SendByte ([Dec)  Send Byte (Hex) Send Char
T T -
T 0C T | RXLine Status:
Always On Top AllAnalog  Info Always On Top

Puc. 2 Buniisin cumymsitopa 3 mojieM KomIiistopa Assembler, armapaTHUMH BUBOAAMH KOHTPOJIEpa,
II0JIEM MOCIITOBHOTO IHTEpdeicy



&), AVR Simulator IDE - Registered Copy - x| Assemb RIS
File Simulation Rate Tools Options Help
Program Location ; Compiled with: AVR Simulator IDE v1.40 =
Microcontroller ATmega32 Clock Frequency 4.0 MHz ; Microcontroller model: ATmega32
. . ; Clock frecquency: 4.0 MHz
Last Instruction Next Instruction
The address of 'addr' (word) (globa
. . - addr = 0OxD
Program Counter Simulation Statistics The address of 'data' (byte) (globa
PC 000000 Instructions: 0 Real Time Duration data = Ox1E
Clock Cycles: 0 0.00ps 0 H The address of 'sda' (bit) (global)
0010 ; The address of 'scl' (bit) (global)
General Purpose Working and |/0 Registers Interal Data SRAM 0011 ; Begin
Hex Binary Value Hex Hex ey - ORG oxoo0000
Addiess andName  Value 76543210 Addr. Value Addi Value 0013 CLR R15
$000 RO 00 < [so60 [00 [so70 (o0 | |07 R fecr s s
$001 R1 00 $061 | 00 1 $071 | 0O A ’
$002 R2 00 $062 | 00 | $072 | 00 - ) o
$003 R3 00 $063 | 00 |$073 | 00 Lin1,Col 0 Num of lines: 531
$004 R4 00 $064 | 00 9074 | 0O
$005 RS 00 $065 | 00 4075 | 00 ooo1 =
$006 RE 00 $066 | 00 1 $076 | 00
$007 R7 00 $067 | 00 $077 | 00
$008 R8 00 $068 | 00 1 $078 | 0O
$003 RS 00 $069 | 00 1 $079 | 00 b
$004 R10 00 $064 1 00 [ $07A | 00 ‘ ’
$00B R11 00 $06B | 00 1 $078 | 0O Lin1, Col 0 Num of lines: 1
$00C R12 00 $06C | 00 | $07C | 0O - : -
$00D R13 00 $06D | 00 407D | 00 = au
$00E R14 00 $0BE | 00 | $07E | 00 [SDA Line —> PORTC. 1 [SCL Line —> PORTC, 0 [ Address counter: | 50004
$00F R15 00 - $06F | 00 | $07F | 0O Status Line 1: Receiving Address word - O«
Status Line 2: Receiving byte - bit 5 received

[001 2 3456 7 89 ABCDE F

[~ Aways On Top Setup [ AwaysOnTop |EEPROMTYPE — 24C256 LoadHEX| Clear |[ Close

Puc. 3 Burnsaa cumynstopa 3 nonem xkomninstopa Assembler, LED- moxynem, 12C EEPROM

IIpusnayeHHs onuii inTepdeicy cumyasiTopa CMUMyJasiTopa

Y TroioBHOMY BIKHI TIpoTrpaMH  BIIOOpakaeTbCsl CTaH  BHYTPINIHIX  PETiCTpIB
MikpokoHTpoJiepiB AVR (pericTpiB 3arajpHOTO KOPHCTYBaHHS Ta PETICTPiB BBOAY/BUBOIY, SRAM
BHYTPIIIHIX JaHUX Ta JIYWIBHUKA Iporpam), MHEMOHIKAa OCTaHHBOI BUKOHYBaHOI I1HCTPYKIIII,
MHEMOHIKa HACTYNHOI IHCTPYKLIi, 0 OyZe BHUKOHYBAaTHCS, LUKIM Ta IHCTPYKLII JIYMIBHUKA 1
TPUBATICTh IMITAIlIi B PSKUMI pealIbHOTO Yacy.

Menw "®aiia" (File)

® OuUUCTUTH NaM'ATh

Ll xoMaH/Ia CKUHE CUMYISITOP JI0 IMOYAaTKOBOTO CTaHy Ta O4yHuIIae pododi Oydhepn mam'sTi
nporpamu FLASH ta nam'sti EEPROM.

e [Iporpama 3aBaHTaKE€HHS

s xomanma 3aBaHTaxye (Qaitn mporpamu y Oydep mam'sti mporpamu AVR Simulator
FLASH. ®aiin nporpamu mae Oytu y ¢opmari Intel HEX. Posmmmpenns 3a ymoBuanusim - HEX.
[Ticnst 3aBaHTakeHHs (ailyl TporpaMu MOKHA IIBUAKO TIEPE3aBaHTAKUTH, HATHCHYBIIM Ha HOTO
ToJIe pOo3TalllyBaHHS B OCHOBHOMY iHTep¢elici mporpamMu abo 3a OTIOMOTOI0 KOMOIHAIliT KIIaBill
SPACE.

e 30cperTy nam'sitb

3a 10mOMOTOO ITI€E] KOMaHAW MOYKHA 30epertu BMICT pobodoro Oydepa mam'sti mporpamMu
FLASH y daitn HEX.

Menio moaenwBanHs (Simulation)

e [Jouarok

AVR Simulator IDE BxomuTe B pexuM imiTaiii 1 MOYMHAEe BUKOHAHHA IHCTPYKIIIM,
TOYMHAIOUN 3 BEKTOPA CKUJIaHHS B TIaM'sITi IpOTpamH.

® Kpok



I{1 kOoMaH/Aa BMUKAEThCA, SKIO BUOpPAHO IIBHAKICTH MOJIC/IIOBAHHS 3a KpokoMm. HactymHa
THCTPYKIIis BUKOHYETHCS IPU KOKHOMY HaTUCKaHH1 knasimi F2.

o CTOII

AVR Simulator IDE BuxoauTb 3 pexuMmy CHUMYIAIIl Ta TpencTaBise iH(opmailiio mpo
3arajibHy KUTbKICTh BUKOHAHUX THCTPYKIIIH, TPUBATICTh IMITaLlli Ta 3arajibHy TPUBAIICTb CUMYIIALIT
B PEKUMI PEaTbHOTO Yacy B TAKTOBUX IIUKIJIAX Ta S Ha PiBHI MiKpoKoHTposiepa AVR.

® Buxonaru HactynHy BASIC xomanay

I[s xoMaHaa JnOCTymHa JJis [POrpaM, CTBOpeHMX iHTerpoBaHuM BASIC-koMnuisTopoM.
[Tounerbecsi MIBUIIKE MOJCTIOBAHHS, OKU He Oyae gocsruyro HacTynHoi BASIC-komanau, a notim
ABTOMATHYHO MEPEKIIOUNTHCS Ha PeXNM Kpok 3a kpokoM. KomOinartist knasim F4. SIkmio nocrymnna
MIBUJIKICTH MOJIETIOBaHHS 32 KPOKOM, TO ITl KOMaHa TaKoX BioOpakaTUMEThCS SIK HOBUH eIeMEeHT
TOJIOBHOTO MEHIO Ha iHTepdeiici mporpamu.

Memnro pexumiB podotu (Rate)

Lle mo3BOJIAE€ KOPUCTYBAUYEB1 3MIHUTH MIBUAKICTE MOJCIIOBaHH. BOHO Takoxk JOCTyINHE Mij
Yyac MOJETIOBaHHS.

e Kpok 3a kpokom

[HTEepBan MK MOCTITOBHUMHU IHCTPYKIIIIMU BU3HAYA€ThCS 3a OakaHHsIM KopucTyBada. Konu
CUMYJISITOP 3HAXOJIUTHCS B PEXKHUMI KPOK 32 KPOKOM, MOKHA 3MIHMTH 3HAu€HHs y BCIX pericTpax
3araJbHOTO KOPUCTYBAHHS Ta PETICTPl BBOAY-BUBOIY, JIYMIBHHMKA Tporpam Ta perictpa SRAM,
HATUCHYBIIIM BIJMOBiIHE T0JIe IMEH1 a00 3HaUeHHA y iHTepdelci mporpaMu. 3HaUCHHS B PETiCTpax
GPWR Ta BBO/Y-BHBO Ty MOKe OyTH 3MIHEHO aJIbTEPHATUBHO LIISXOM [EPEMHUKAHHS OKpEeMUX OITiB
rpadiyHOTO MpeACTaBIEHHS, 1 Ui (PYHKIIST MOKe OyTM BMKOPHUCTAHA TaKOX 3 IHIIMMH (YHKLIIMHU
MozemoBaHHsa. Komy BHOMpaeThcs 1eil pexkuM CUMYIALii, Ha 1HTepdeiicli mporpamMu 3'SBUTHCA
HOBHU €JIeMEeHT TosloBHOTO MeHIO «STEP». Ile n03BOIMTH JIeTKO OTpUMAary JOCTYN A0 KOMaHIN
«Kpox» y MeHI0 «CUMYIISAILIS.

e [loBinbHO

InTepBan cranoButh 1500 mcek.

e HopMmanbHuit

IaTepBan craHoBUTH 250 MCeEK.

o [IIBuako

InTepBan cranoBUTH 6M3bKO 50 MceK.

o Haa3BuualiHo mBUIKAN

[HTepBai xyxke KOPOTKHIA 1 JIIHIMHO 3aJI€KHUTh BiJl 3araJIbHOT MPOJTYKTUBHOCTI KOMIT'IOTEpA.

e OcratouyHun

[onmoBHE BIKHO TpEHaXXEpa HE TOCTIHHO OHOBIIOETHCS TMCHA KOXKHOI CHMYIbOBAaHOT
IHCTPYKUIi, 1110 3HAYHO MOKpAlly€e NPOAYKTUBHICTh MOJEIIOBAHHSA. [HTEpBal OHOBIIEHHS MOXHa
3MIHUTH, CKOPHUCTaBIIMCh KOMaHJ0K0 "3MIHUTH IHTEpBaJ OHOBIICHHsS IHTEpBaliB" y MEHIO
"[TapameTpn".

Menio "Incrpymentu'" (Tools)

o BASIC-xomminsitop

byne Bimkputo BikHO pemaktopa komnuiitopa BASIC. binem neranbHa iHGOpMaIltis
noctymnHa B goBinkoBoMy nocionuky BASIC Compiler. [locTyn 10 HROTO MO’KHA OTpUMAaTH B MEHIO
«/loBinka» roJoBHOTrO BiKHA Iporpamu a0bo y BikHi penaktopa BASIC.

® By MiKpoKOHTpoJiepa

Lls koManaa BiAKpHE BIKHO 3 BUOpaHuM TUIOM MikpokoHTposiepa AVR. Jloriuni ctanu Beix
JIHIA BBOAY-BHUBOAY BimoOpakaroThesl rpadidHo, 1 iX MOKHA BPYyYHY 3MIHMTH Ha BXITHUX JIHIAX,
HATUCHYBIIIM BIAMOBIIHI KHOINKH TepeMuKaHHs. JIjis Toro, mo0 BHKOPUCTOBYBATH JIHIIO SIK
aHAJIOTOBY, HA Hil MOTPIOHO KITAIHYTH MPAaBOIO KHOMKOI Mmuti. ITicis mporo moxxkHa Oynne 3MIHUTH
aHAJIOTOBE 3HAYEHHS, 3aCTOCOBAHE JI0 JIiH11, BUKOPUCTOBYIOUN aHATIOTOBUM ciaiaep. SKIo 11e BIKHO
Oyne BiTKpUTUM, HOTO Oyle OHOBJICHO i/l Yac MOJICTIOBAHHS.



® ANBTEepHATUBHUN MEpersaad pericTpiB

[{s koMaHa BiIKpUBAa€ abTEPHATUBHE BIKHO MEPETVISAY IS 3arallbHUX POOOYHX PEricTpiB 1
pericTpiB BBOIY-BHUBOY, Ki MOXYTh OyTH 3MIHEHI.

e [IporpamMoBaHMii peaakToOp Mam'sTi

Ile nmocrynm no penaktopa Oydepy mam'sti mporpamu AVR Simulator FLASH. MoxHa
BpPYYHY BBECTHM KOMaHIHHMH KOJ IHCTPYKIi, HATUCHYBIIM Ha JIHIO BIIOOpPaKCHHS LLILOBOTO
pO3TallyBaHHS.

® Peectp nam'sti EEPROM

Ile BinkpuBae B AVR Simulator 6ydepuuii penakrop mam'sti ganux EEPROM. fxmo ne
BIKHO Oyrie BiAKpHTO, Horo Oyzie OHOBIICHO i Yac MOJIE/IOBAHHS. 3HAYeHHS B KOHKPETHOMY MiCIli
nam'saTi TaHUX MOKHA 3MIHUTH, HATHCHYBIIIM Ha HHOTO.

e CrexoBwuii penaktop cucteM SRAM

[{s xomMaHIa BIIKPUE PENAKTOP YISl CTEKy oOnacTi BHYTpImHIX gaauXx SRAM. fkmio e
BIKHO Oye BIIKpHUTO, Horo OyJe OHOBIEHO il Yac MOJETOBaHHSA. BoHA Takok MOe 3MIHIOBATH
3HAYCHHSI MMOKaKYMKa CTeKa Ta 3HAYEHHS, IO 30epiraioTbcsa B 00JACTi CTEKY BHYTPILIHIX JaHUX
SRAM.

e Acembnep

[Is xomanaa 3amyckae iHTerpoBaHuii acemOnep. Buximui daitnu Assembler moxHa
penarysatu Ta 30upartu B ogHOMY rpadiuHomy cepenoBuii. Po3mmpenns 3a ymoByanHsM - ASM.
[Ticns ycminmrHOTO TIPOTIECY CKIAMaHHS CTBOPIOIOTHCS 1Ba HOBI Qaiimu. OmuH 13 pO3MUPEHHSIM
HEX, mo € daitmom mporpamu B dopmari Intel HEX, sixkuii MOXHA 3aBaHTQXHUTH B TaM'sITh
porpaMu MIKpOKOHTpOJIepa, a IHIuH - 3 po3mupeHHsM LST, 110 € aceMOnepHUM BUXOJIOM CITUCKY.
Le#t acemOnep € BIAMIHHMM DIMISHHSIM Ui CKJIaJaHHS BUXIIHUX ¢ainiB posmipom a0 20K. [lns
OutpIMx (paiimiB mpoiec 30ipKM MOXKE TpHUBATH NEBHUN dYac, ane y (alal He ICHYe >KOTHHX
obMeskeHb. IX 0OMexKye JuIe Te, IO MiATPUMYIOThCA aupekTopy acoptumenty ORG, .EQU, .DB,
.DW ta .END.

e J[uzacembuep

AVR Simulator IDE Mae BHyTpimHIA gu3acemMOnep, SIKUH 3alyCKa€eThCS IIE€0 KOMaHIOO.
[Iporec po30upaHHsT aBTOMATHYHO IHIIFOETHCS BIIKPUTTAM IhOTO BikHA. JlmcacemOnep 3aBxau
MOYMHAETHCA 3 MICIIS pO3TallyBaHHs BeKTOpa ckuaaHHs. [licas 3aBepinenHs omnepariii disassembler
nokaxke ¢aitn BuxigHoro cmoucky. CdopMmoBaHuil 3amuc Moxke OyTu 30epekeHuil Ha JUCKY.
KopucrtyBauesi Oyze 3arporioHOBAaHO BBECTH IM'sl BUXIAHOTO (paiimy. Po3mupenHs 3a yMOBYaHHSM -
LST.

e MeHemKep TOYOK 3YITHHKH

[1s xoMaH7a 3ammyckae iHTETpPOBAHUU HaaroKyBay, SIKHH MOXE BHKOPUCTOBYBAaTHCS TSI
HAJIaro/PKEHHs Ta MOHITOPUHTY BUKOHAHHS mporpamu. @aiin cnuckiB HalIaropKyBadiB mporpamu B
nam'aTi MOke OyTH CTBOPEHUM BHYTPINIHIM au3acemoOnepoM. MoskHa Bu3HauuTd 10 10 TOYOK
3YNUHKH, HAaTUCHYBIIM HA OKpEeMi PSAJIKA y CIHUCKY 3aBaHTAXXEHUX Mporpam. SKII0 cumynsilis
NOYNHAETHCA B PEKUMaxX OUIbIIOT IIBUIKOCTL, BIH aBTOMaTHYHO NMEPEMUKAEThCS B pexxuM «Kpox 3a
KPOKOMY», KOJIU BUXOJUTH OIWH 13 LUX TOYOK 3YMUHKHA. TOUKM 3YMUHKU MO3HAYEHI YEPBOHHMH
TOYKaMHU, a TOTo4YHe 3HadeHHs pericTpy [1K mo3HadeHO KOBTOKO CTPUIKOIO. ICHYE MOMIIHMBICTBH
30epertu BkaziBHUK [IK i 9ac MoaenroBaHHS.

e CrieniaigbH1 TOUKH 3yMUHKN

[le#t iHCTpYMEHT MOJAETIOBaHHA 3a0e3neuye QYHKIIIO AT BU3HAUYCHHS CHEIIaIbHUX TOYOK
3YMUHKH, SKI 3MIHATh HIBUJAKICT MOJCTIOBaHHS B pexuMi "Kpok 3a xpoxom", KoIHU 3HAYCHHS
MOMNEPEIHbO BU3HAUYCHOTO PETICTPY 3MIHUIIOCSA ab0 MOCSTHE 3a3JayieTib 3aJIaHOr0 3HAYCHHSI.
MoxHa BU3HAUUTH 10 5 cHellalIbHUX TOUOK 3yIHUHKH, K1 OJJTHOYACHO aKTUBHI.

® 8-pO3psIHUN CBITIOMIOIHUN PATOK

Le#t mpocTuit MOAYIh MOXKe OyTH BUKOPUCTAHUH YIS MPUETHAHHS JIO BOCBMHE CBITJIOIIOJIB
JI0O KOHTaKTIB MIKpokoHTposiepa. Koiip KOKHOTO CBITJIONIONA MOKHA 3MIHUTH, HATUCHYBIIU TI0JI€
KOJIOPIB CBITJIONIO/IB, a IPU3HAYEHHS MIKCEIIB MOXKHA 3MIHWTH, HATUCHYBIITU MITKY, 110 TTOKa3ye
TTOTOYHUHN BUOIP BUBOLY.



e Marpuls KnaBiarypu

[1e 1m1e oxuH MpocTHil MOIYITL MOJIETIOBAHHS /ISl MaTpulli KinaBiatypu 1o 4x4. [IpusHaueHHs
JHIA MOYKHA 3MIHUTH, HATUCHYBIIIH BiIMTOBITHI X MITKH.

o XXK-momynn

[{s xomanga 3amyckae iHTerpoBanuit cumynsatop KXK-momyns. [lepur HiX BiH Moxke OyTh
BUKOPUCTAHUHN NI MOZEIIOBaHHA, KOPHCTYBa4 MOBHHEH HAJAIITyBaTH MapaMeTpH iHTepdeiicy B
nianoroBomy BikH1 «HanamryBanHs».

o ['padiunuii XKK-momynp 128x64

[z komanga 3anyckae inTerpoBanuii rpadiunuii cumynsatop XK-momyns 128x64. Ilepur nixk
BIH MOXe OyTH BHKOPHCTaHUU IJII MOJICITIOBAHHS, KOPUCTYBa4 IMOBUHEH HAIAIITYBATH IapameTpu
iHTEepdeiicy B miaroroBoMy BikHI «HamamtyBanHs .

e MoentoBaHHs KPOKOBOTO JIBUTYHA

[le#t 1HCTpPYMEHT MOJECIIOBAHHS TIOKaXe CHpOIIEHY (2-TodtocHy) rpadiuHy mojagy
OJTHOTIONSIPHUX (a3 KPOKOBUX JIBUTYHIB SIK B aBTOMATHUHUX, TaK 1 B HaIlIBABTOMATUYHHUX PEKHUMaX.
[Tix yac imiTamiiiHoro nons Step Counter Oyzme BigoOpakaTHcsi MOTOYHA aOCONIOTHA MO3MLIS
poTOpa, BUMIPSIHA CTYIICHSMH BiJl IEPIIOTO BU3HAYCHOTO MOJIOKEHHSI pOTOpa.

e [2C EEPROM.

[{s koMaHga 3amycKae IHTETPOBaHUM CUMYISIIiITHUI Moaynb s 30BHIIIHIX EEPROM 12C 3
cimeiictBa 24C.

e Amapartue monemoBanHs iHTepdeiicy UART

L5 komana Binkpusae iHTepdeiic ans anapatHoro UART cumynstopa.

e Tepminain nociigopHoro nmopty 11K

Lle inTerpoBaHMWil IHCTPYMEHT, HE3aJIeKHUHN Bif cumynaropa. Llel TepmiHaim MigKIIOUeHUN
0 TIOCHIIOBHOTO TOPTY KOMITIOTEpa 1 MOXKEe OyTH BHUKOPUCTaHMM HJIsi 3BSI3KY 3 PEaJbHUM
MIKPOKOHTPOJIEPOM JUISI TECTYBaHHS MpPOLEAYp MOCTiIOBHOTO 3B's3Ky. Homep mopry koMaHT i
HIBUKICTH Iepe/iadl JaHUX MOKHA BCTAHOBUTH 32 JJOTIOMOTOIO BIIMOBITHIX KOMaH/ 3 MEHIO.

o [Iporpamue 3ab6e3ncuennss UART Simulation Interface

s xomanma BimkpuBae intepderic mis nporpamuoro UART cumynsaropa. Lle cepiitHuit
OPUCTPIH, KU MOKE B3aEMOIATH 13 3aIYyIIEHUM MPOrPAMHUM 3a0€3MEUEHHSIM MIKPOKOHTPOJIEPA,
mo peanizye npouenypu UART (BucnomoBanas SERIN, SERININV, SEROUT ta SEROUTINV),
BUKOPHUCTOBYIOUM TOCIIAOBHY KOMYHIKALIIl0O B PEXHUMI PEaJbHOTO 4acy, L0 MOAEIIOEThCA Ha
koHTakTax RX 1 TX.

e Ocmmorpad

[{e ny>xe KOPUCHUN IHTETPOBAaHUM IHCTPYMEHT IS BIICTEKEHHS PIBHA JIOTIKM Ha IITHJIBKaX
MIKpOKOHTpoOJIepa Tix dYac MojaemtoBaHHsA. lle doTupukananpHuil 1udpoBuil  ocuuiorpad.
KopuctyBau mMoke mpu3HadaTu MUTHOBI IITH(GTH HA KaHATU ocIuIorpada Ta 3MIHIOBAaTH JOBXKUHY
IHTEepBaNy BiIOOpaKeHHsI 3a JOMOMOIOK KOMaHI B MeHI0 «HamamrtyBaHHs». BXigHl Ta BuXimHi
KOHTAKTH po3dapOoBaHi PI3HUMH KOJIbOPaMH, SIKI BUOMPAIOTHCS KOPUCTYBaYeM. SIKIO /i KaHaTy
ocuunorpada BuOpano mapamerp Pull-up, mpu mepexoni Bix BUXIIHOTO CHUTHAIYy JO BXIiAHOTO
CUTHAIY, IIMIJIbKY Oy/le BCTAHOBJIIEHO BUCOKHI PIBEHB JIOTIKH 32 3aMOBUYBAHHSM.

e [‘eneparop curnaiis

3a JOMOMOTOI0 IIHOTO IHCTPYMEHTY MOJISNIOBAaHHS KOPHCTYBad MOJXKE BH3HAYUTH IO
YOTHUPHOX HE3aJIEKHUX T'eHEepaTopiB Oe3MepepBHUX IMIYIIBCIB 3 BUOPAaHUMH IIUITLOBUMHU HITH(PTaAMHU,
nepiogamM IMIOYNbCIB Ta pobounMy mWkiIaMu. BinmoBigHa aHiMmarlisi MOKaXe MOTOUHY Qa3y
KO>KHOTO TIOKOJIIHHSI IMITY/IbCIB.

® 7-CerMEHTHHUI CBITJIOMIOAHUN IUCIUIEH ITaHel

Llelt iHTerpoBaHuil IHCTPYMEHT MOJEIIOBAHHS JI03BOJISIE KOPUCTYBau€B1 BU3HAYATH 3B'SI30K 3
4OoTUpMa 7-CerMEHTHUMHU CBITIIOZIOAHUMH IHAMKaropaMu. Bu3HaueHHs 3'€qHaHHS BKIIOYAE
MPU3HAYEHHS TPU3HAYCHBb JUJIS BCIX CETMEHTIB BIJOOpaKCHHS Ta OJHY JIIHIIO BKJIIOUCHHS IS
KepyBaHHsS BHOOPOM JHCIUIES, KOJIH BHUKOPHCTOBYETHCS JEKUIbKa AHCIUICIB 3 TapalelbHUM
MITKJIIOYEHHSIM CEITMEHTIB - MYIBTHIUIEKCYBaHHS. AKTUBHI PIBHI JUIS BCIX JIiHIM 3'€IHaHHA MOJKHA
TepeBEPHYTH, 100 BIAMOBIAATA BUMOTaM 110 0OIamHaHHs. [CHye TakoK MOKIIMBICTD 3MIHUTH KOJIIP,



SIKHI1 BUKOPUCTOBYEThCS sl papOyBaHHS aKTMBHUX CBITIOMIONIB Ha Auciuiesx Ta omiii Keep Last
Display, mo6 imiryBarn moBiUTbHUN e(eKT BIATYKY OdYeil A mporpam, M0 BUKOPUCTOBYIOTh
MYIBTUIUIEKCYBaHHS IUCILICTB.

o J[MBUTHCH 3MIHHI

[Tin 4ac MoJenmoBaHHS MpOrpaMm, HaMKMCAHWX 3 BHUKOPUCTAHHSAM iHTerpoBaHoro Basic-
KOMIUIATOpaA, e IHCTPYMEHT MOKE BUKOPHCTOBYBAaTHCS JJIS MEPErIsly MOTOYHHUX 3HAUCHb BCIX
3MIHHUX, OTOJIOLICHUX B IMITOBaHii nporpami. Ll QyHKUiA KopuCHA AJ11 MOHITOPUHIY MaM'siTi JUis
MO/JIC/IFOBAaHHS IPOTPaMHUX (PaiiiIiB, sIKI HC KOMIIUIIOIOTHCS B 1HTErpoBaHoMy Basic- koMnuisaTopi.
3MiHHI, 10/1aHI KOPUCTYBaueM, OyayTh 3amam'sTOBYBaTUCh MDK CEaHCaMHU, SIKIIO TOM camuii Qaiin
IPOrpaMy 3aBAHTKEHUN y CUMYASATOP. 3MiHHI 31 CIIUCKY TOJWHHUKIB MOXKHA JIETKO BUIAIUTH 3a
nomomoroto komanmu Delete Variable, ToMy cnmcok Moke MICTUTH JIHINE 3MiHHI, IO MAalOTh
0CcOOTMBHI THTEpEC.

[HII11 KOMaHM Ta MapaMeTpu BKIFOUAIOTh:
- 3MIHUTH 3HaYEHHS 3MIHHOT (TaKoX MO)kKe OyTH 3amylieHUid OJHUM HATUCKAHHSAM KHOTIKM MUII Ha
3MIHHIH 31 CITUCKY),
- 3HaucHHA nokasiB HEX,
- MATBEP/UKCHHS BUIAJICHHSL.

o [{udposuii repmomerp DS1820

Lle iHCTpyMEHT [Isi MOJENIIOBAHHS TPOTpPaM, IO MIATPUMYIOTH 3B'S30K 3 MPUCTPOEM
DS18S20 a6o DS18B20 3a gommomoroto 1-mpoBigHOTO TIPOTOKOTY. BiH 1MOKa3ye BHYTPIIIHIO TIaM'STh
npuctporo ROM i SRAM, a takox ¢yHkiii ¢pyHkmioHansHoro reaepatopa CRC. Kopucrtysad Mmoxe
3MIHUTH THI TPUCTPOIO, BCTAHOBUTH |-TIPOBIMHUN pexuM iHTepdelicy, Temieparypy, ska Oyie
BUMIpPIOBAaTHCA TPUCTPOEM, PA30M 13 4YacoM TMEpPETBOPEHHS TeMIepaTypH, sAKui Oyne
BUKOPHCTOBYBAaTHCS Ul MOJENIOBaHHSA. MoIyiab He IMITye BCl JTOCTynHI koMaHau ROM Tta
Function. Ciicok IMITOBaHMX KOMaHJ] MOKHA NEPETITHYTH, HATUCHYBIIY KHOTIKY 1H(opMallii.

® Moyns MOJICTIOBaHHSI IPUCTPOIO

3a J0MOMOro IBOTO IHCTPYMCHTY MOJICIIOBAHHS KOPUCTYBad MOXKE BiJICIIJKOBYBaTH 1
BTpy4arucs B npommBKy Modbus, 1m0 mpaifoe B CHMYIATOPI, a TAKOXK CTBOPEHOTO IHTETPOBAHUM
komnuatropoM Basic. binem geranmbHa iH(opMariis goctynHa B J[OBIAHMKY IO OCHOBHOMY
KOMIUIATODPY.

® 30BHILIHI MOy

Ilefi 1iHCTpYMEHT NOBMHEH BUKOPHUCTOBYBATUCSA JJIsI BCTAHOBJIECHHS 1HTepdeicy
aBTOMAaTH3aIlll 3 MAaKCUMYyM M'SIThbMa 30BHIIIHIMHU KJIIEHTCHKUMH/CEpBEpHUMH MoayisiMu. [loTpidHO
BBECTM Ha3By KJIacy 30BHIINIHBOTO MpHCTpoio y (opmi ApplicationName.ObjectName, 100
BCTAHOBUTH 3 HHUM 3B'30K. 3OBHINIHI KII€EHTCHKI/CepBEepHi MporpaMu OymlyTh 3allyCKaTHCS Ta
3aBEPIIYIOTHCS aBTOMAaTU4HO 3a gonomororo IDE mis mporpamyBanas AVR Simulator. Jlogarkosa
iHpopmaris nocrtynHa B [1ociOHMKY 3 30BHIIIHIX MOAYiB. JIOCTYI 10 HBOrO MOKHa OTPHUMATH B
MeHHo "JloBifka'" roJIOBHOTO BiKHA MPOTPAMH.

Memnro onuiii (Options)

e Bulepirh MIKpOKOHTpOJLIEP

[[1 xoMaHIa BUKOPHCTOBYETHCS [UII 3MIHM MOJENIi MIKpDOKOHTpoJiepa, sKka Oyre
BukopuctoByBarucs B IDE. e npu3Bene 10 CKMAAHHS MPOTPaMU 10 MOYaTKOBOTO CTaHY.

® 3MiHa YaCTOTH TOJMHHHKA

Ils xomaHza JA03BOJIAE  KOPHUCTYBayeBl 3MIHIOBATH  [ApaMeTp  4acTOTH, KU
BUKOPHCTOBYETBCS Ul PO3PAXyHKY TPUBAIOCTI PEAIbHOIO yacy CUMYJALil. BBeneHe 3HaueHHs B
MI' 3anam'siToByeTbCs A1 MallOyTHIX ceaHcIB. Llel mapaMeTp TakoX BUKOPUCTOBYETbCs OaraTrbma
oneparopamu B KomOiHaropi BASIC, ski BUKOPUCTOBYIOTH JesKYy (OpMY IPOLEAyp CHHXPOHI3AIil
(WaitMs, WaitUs, Serin, Serout, ...). 3HaueHHA 3a 3aMOBYYBaHHSM CTaHOBUTH 4 MI'11.

e Kondirypartis naHeni spiukiB

[1s xomanma BHOOpY BIIKpPHBAE MPOCTHH y BHUKOPHMCTaHH1 IHTep(EHC A BMHUKAHHS Ta
HaJalITyBaHHA MaHeN1 3aTUITHUX KOMOIHAI[IM KIaBim y ronoBHoMy BikHI IDE nns nerkoro moctymy



JI0 HaWOUTBII YacTO BHKOPUCTOBYBAaHMX KOMaHJ MeHI0. [laHenh Moke MICTHTH JI0 TPHOX PSAJIKIB
SPIUKIB TyHKTY MEHIO. YCi OCHOBHi enemeHTH MeHio BikHa IDE moctymHi mis posmimeHHs Ha
MaHe.

e 30eperTu mo3uitii

3a 1oMoMOroo i€l OMIIii MO3UIII BIKOH Ha €KpaHi OylyTh 3amam'sTOBYBaTHCS.

e [Iepernik peecTpy BBOJY / BUBOAY CIIOUYATKY

Bubip niel omnuii mpusBene A0 IHBEPCHOIO MOPAAKY BiIOOpa)KEHHs CIIUCKY PEECTPIB
3araJlbHOrO NIPU3HAUYCHHS Ta BBOLY / BUBO/Y.

e 30epertu 3aBKau 3BEPXY

Slkmio BuOpaHoO 1€ mapamerp, Oyne 3aMiHeHHU mapamerp 3aBXKIU Bropi AJis BCIX BIKOH 13
1i€ero (pyHKITIETO.

® ABTOMaTHYHI TapaMeTpH 3amyCcKy

3a MOMOMOTro0 i€l YTHIIITH KOPUCTYBAul MOXKYTh BU3HAYATH [iii, sIKI Oy1yTh BUKOHYBATHCh
npu 3amycky nonaatka. Lli aii BkirodaroTh B cebe aBTOMaTHYHE BIIKPUTTS PI3HUX IHCTPYMEHTIB Ta
MOJICTIOIOUUX IHTeppeiciB 3 MeHI0 «IHCTpYMEHTH» Ta aBTOMAaTHYHE 3aBaHTAXCHHSA OCTaHHIX
BUKOPHCTAaHUX (ailliB y CUMYIIATOPI, acemoiepe Ta 6a30BOMY KOMIUIATOPI.

o CKMJIaHHsI CTaTUCTUKU MO/ICTIOBAHHS

[Is xomaHIa BCTAaHOBUTH HYIHOBHM TAKTOBHM IMKI, JIYUIBHUK IHCTPYKI[I Ta TPUBATICThH
iMmiTamii B pexumi peabHOro dacy. Lls komaHma Moske OyTHM BHKOpPHCTaHA IS BU3HAYCHHS
TPUBAIOCTI KOHKPETHOT YACTUHU CHMYJIbOBAHO1 MPOTPaMHU.

e 3MminuTH yac 3anmucy EEPROM

[{s xomMaHIa BUKOPHUCTOBYETHCS JJII 3MIHM KUIBKOCTI MIKPOCEKYHH, SKI OyIyTh
BUKOpHCTOBYBaTHCS i iHTepBany 3anucy EEPROM mig wac mopnenmtoBaHHS. 3HaueHHS 3a
3aMOBUYYBaHHAM CTaHOBHUTH 3400 MIKpOCEKYHI.

o 3MIHUTH yac KoHBepTauii A/D

[Is xoMaHIa BHKOPHCTOBYEThCS JUIsI 3MIHH KUIBKOCTI MIKPOCEKYHZ, SIKi OyayTh
BUKOPUCTOBYBATHCS I 4Yacy mnepeTrBopeHHs A / D mig 4vac moxenoBaHHsA. 3HAYCHHA 3a
3aMOBUYBAHHSM - 25 MIKPOCEKYH/I.

e 3MminuTH yac nepenadi/mpuiiomy UART

[{s xomMaHIa BUKOPHUCTOBYETHCS [UJIi 3MIHM KUIBKOCTI MIKPOCEKYHMA, SIKi OyIyTh
BUKOpUCTOBYBaTucs Uil vacy mnepemaul / mpuiiomy UART, 3a 1omomororo BHYTPIIIHBOIO
anapatHoro cumyinaropa UART. PeanbHe 3HaueHHS 3ajeXWUTh BiJ 3aJaHOI LIBUJKOCTI Ilepenaul.
3Ha4yeHHd 3a 3aMOBUYBaHHAM cTaHOBUTH 1000 MIKpOCeKyH]I.

e 3minnuTH HerporpamupoBane 3HadeHHsI FLASH / EEPROM

[{s xomMaHJa BUKOPHCTOBYETHCSA JJIs 3MIHH HECTaHJIAPTHUX OITOBUX 3HAYEHB U TaM'sITi
nporpamu FLASH Tta mam'sti EEPROM pamwx Bim 1 mo O ta HaBmakm Bim 0 mo 1. Sxmro
HENporpaMoBaHe 3HAYEHHsI OITOBOTO 3HAYEHHS CTAaHOBUTH 1, TO HEMpOrpamMOBaHE PO3TALIYBaHHS
FLASH 1 nenporpamoBane posramyBaHHs EEPROM wmictutume mricTHaAnsTkoBe 3HaueHHs FF.

Slkmio OitoBe 3Ha4YeHHs CTaHOBUTH (, TO BCA HENpPOrpamMOBaHa MaM'ATh 3alOBHIOETHCS
HYJISIMH.

o KomnakTHHI Tieperis] MiKpOKOHTPOJIEPiB

Sxmo el mapameTp yBIMKHeHO, BikHO Microcontroller View Oyne BigoOpaskaTucs y Ou1bII
KOMITaKkTHIN GopMmi.

® MoienmoBaHHS HECKIHUCHHUX ITUKITIB 3yTTUHKU

[lepeBipka 11i€l omIii 3MyCUTh CUMYJISATOP aBTOMATUYHO 3YMUHUTH CUMYJISILIIIO MPH 3yCTPidl
HECKIHYCHHOTO IUKITY.

e OcHOBHa Mporpama BIICTEKEHHS

B nanuii yac cumynboBaHa OCHOBHA 3asBa 3'SIBUTHCSI B OCHOBHOMY BiKHI KOMIIUISTOPA, KOJIU
el mapaMeTp yBIMKHEHO.

o [loka3aTu BiKHA MiATBEPHKCHHS

Sxmo ued mapaMmerp yBIMKHEHO, OyJe TOKa3aHO BIKHO TIITBEPIDKEHHS, IO IOKa3ye
pe3ynbTaTH oreparii, 1 6yae moTpiOGHO 3aKPUTH BiMOBIAL KOPUCTYBaYa.
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e 30epiraTi BXiJHI CTaHy Ha MOYATKYy MOJCIIOBAHHS

Slkmo meit mapameTp yBIMKHEHO, TO CTaHU HU(GPOBHX Ta AHANOTOBUX BXOIB y BIKHI
Heperiaay MiIKpOKOHTpolepa He OyAyTh CKUJAaTHUCS A0 BHMMKHEHOTO LH(POBOrO CTaHy Ta
HYJIHOBOTO aHAJIOTOBOTO 3HAUEHHS TP MOBTOPHOMY 3aITyCKy CUMYIIAIIIi.

® BuKopHCTOBYBAaTH HAIIPYTy IJIsl aHAJIOTOBHUX BXOJIIB

BukopucroByiite 110 om0, SKIO BU Xodere Oaunth 3HaueHHs Hampyru (0,00V-5,00 B)
3aMicTh BUXIAHOTrO aHajoroBoro 3HadeHHs (0-1023) mns aHanoroBux BXIAHMX CTaHIB y BIKHaX
Heperily MIKpOKOHTpoJIepa.

o [locriiiHmii aHaIOroBHii BBE/IEHHS TOB3YHKA OHOBIICHHS

SIkmio meil mapameTp YBIMKHEHO, TOJI 3HAu€HHS AaHAJOTOBOTO BBOAY OyAyTh MOCTIHHO
OHOBITIOBATHCS 3a JIOTIOMOI0I0 IIPOKPYTKH cliaifiepa aHaloroBoro BBOIY B BiKHI BiKHA MeperIsny
MIKpOKOHTpoJiepa. B iHIIOMy BHMIaiKy OHOBJIEHHS BiIOyAEThCS IIiCHS 3aKpPUTTS aHAIOTOBOTO
CIUTMBAIOYOTO Claiaepa.

®3MIHUTH IHTEPBaJ OHOBJIEHHA OCTaHHBOI CTABKH

[{# xomaHza H03BOJIAE€ KOPHCTYBaueBI 3MIHIOBATH IHTEPBaJ OHOBJICHHA (Y MUIICEKYyHIaX)
JUIsL OCHOBHOTO iHTepdeiicy cuMyIsLii, KoM CUMYJIALIS MpaLioe Ha KiHLEeBIM mBHAKocTi. OmHak
J0ro BapTICTh 3HAYHO HE BIUIMBAE HA IIPOAYKTUBHICTh MOJIC/IIOBAaHHS. 3HAUCHHS 32 3aMOBUYBAHHAM
- 500 mc.

o HamamryBanHs penakropa

3a MOTIOMOTOIO IIBOTO IHCTPYMEHTA HACTPOWKM MOJKHA 3MIHIOBATH Pi3HI BIIACTHBOCTI
OCHOBHHUX PEIAKTOPIB KOJIB 1 aceMOIepiB KOTy.

® 3MIHUTHU KOJIIPHY TEMY

L[ xoMaHIa BiIKPHE A1aJOTOBE BIKHO 13 HACMUEHUM CIHMCKOM JOCTYIHHUX KOJIbOPOBHX TEM,
3aBISKM YOMY KOPUCTYBa4d MOK€ 3MIHUTHU 30BHILIHIA BUIVISI IPOTPaMH.

Menio " JoBinka'" (Help)

e J[oBiIKOBI TEMHU

[ls xomanma Oyme BimoOpakaTtu noBimkoBi Temwu. Llei ¢aitn MOBIAKM MICTUTH 3arajibHY
1HdOpMaIIio PO IPOTrpamy 3 OMKMCOM BCIX €JIEMEHTIB MEHIO.

BikHO 10BiIKM Tieperisgiada MiCTUTh HaBiraliHy MaHelb, B SIKil TMTOKa3aH1 TEMH Ta MiATEMHU
BimoOpaxyBaHoro aiiny AoBiaku. KiamHiTe TpaBol0 KHOINKOIO MHUIN, HAa MaHeNl HaBiramii
3'SIBUTHCSI CIUIMBalO4e MEHIO 13 myHkToM Ilokazaru Bci migremu Ta [IprxoBatu BCl IiATENN.

OpHMM HaTHCKaHHSM Ha €JIEMEHT 3 MaHesl HaBiraiii Oyae nepemimeHo (Gokyc Ha maHeNlb
JMCILIES 10 BIAMOBIAHOT MO3HMIII.

JIBiui KJIAIHITh MO IpeaMeTy, skuii Oyne mokasaHo / cxoBaTu Horo migremu. Ha mucrei
BiI0OOpa)Ka€eThCs BMICT 3aBaHTaXCHOTO (aiiry moBinku. KiarnHiTe mpaBoro KHOMKOIO MHUIII, 10O
B1JI0Opa3UTH CIUIMBAIOUE MEHIO 13 PI3HUMH MapaMeTpaMU Ta KOMaHJAaMH, BKJIFOYAIOYH KOTIIFOBaHHSI,
komitoBanHs RTF, konitoBanus HTML, npyk, 30i1bieHHs mpudTy, 3SMEHIICHHS IIPUQTY, CKUIaHHS
mpu@TIB, 3aBXIM HA BEPIIHHI. BIKHO IOBIIKM Meperiaaada 3MIiHIOBaTH po3Mip 1 Oyzie mam'siTaTu K
Horo mo3uiito, Tak 1 po3mip. BeprukanpHuii cemapaTtop MK MaHEIsIMH HaBiramii Ta AUCIUICSIMH €
pyxomuM, 1 HOTo mo3ulis Takoxk Oyne 30epexena IMmicis Toro, K msaad Oyje 3aKpuTo.

o J[oBigKoBHI OCIOHUK JyIst 6a30BOT0 KOMIIUIATOPA

JloBinHUK 3 6230BOT0 KOMIUIATOpa MOXHa OyJie EperITHyTH Y Meperisaadi J0B1IKH.

® 30BHINIHI MOIY/1 BPYUHY

[TociOHUK 3 30BHIITHIX MOIY/IIB MOKHA Oy/ie MEePErasaHyTH y Mepersiaadi T0BIIKH.

® [lepeBipuTH HASIBHICTH OHOBJICHD

Lleii 1HCTPYMEHT JO3BOJUTb KOPUCTYBaueBi BCTAHOBUTH 3B'A30K 3 BeO-caliToM
OshonSoft.com, 100 nepeBipuTH HASBHICTP HOBOTO 3aBAHTAXKCHHS IMPOTPAMHOTO 3a0e3IedeHHS.
@ailn )xypHally Bepcii BijoOpakaTUMEThCS MICIsl OTPUMaHHS BIANOBI/I BiJ] B€O-CaTy.

o IuTepdeiic 3BiTY PO MOMUIIKY
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[leit iHTepdeiic cnig BHUKOPUCTOBYBATH JUIsl BIiNMPaBKU 3BITIB MPO MOKJIHBI IMOMHJIKH B
nporpamue 3abe3nedenHs Ha OshonSoft.com. KpimM Hanmcanoi gacTuHu KopHrcTyBaya MOBHUMN 3BIT
MICTHTb YaCTHHY, IKa CTBOPIOETHCS MPOTPaAMHUM 3a0€311eUeHHAM (CUCTEMHUH 3BIT).

e [Ipo...

L1 xomMaH1a MOKa)ke OCHOBHY 1H(OopMaIlito PO MaKeT MPOrpaMHOTo 3a0e3MeueHHs.

e [IeperanyTu iHPOPMALIiFO TPO JILIEH3110

L[s xomaHaa nokaxke iH(GpOPMaLio NPO BCTAHOBJCHY JIILCH31I0 HA NPOrpaMHE 3a0C3ICUCHHS.
Kuonka "Inpopmania" BigoOpaxarume iH(GOpMAIII0 PO MOIYII JOJATKOBOIO IIIKIHOYCHHS,
YBIMKHYTI JIIEH31€10.

Oco0auBi npuMiTKH

o [HcTpykiist SPM He MOJIETIOETHCS JaHUM CHUMYIISITOPOM

e CtoposkoBHii TaiiMep He MojientoeThbes (1HCTpyKLis WDR Bukonyetses sk NOP)

e PeXuUM BUMKHEHHS OJKMBIEHHA He MozemoeTbes (iHerpykuis SLEEP  3ynuauTh
CHUMYJISLLIIO).

Ilepenix nepugepiiHUX NPUCTPOIB, AKI MOAEIIOIOTHCH CUMYJIATOPOM
o [{udposwuii Bxix / BUXif

o [Jam'ate EEPROM manmx

o [lepepuBanus

o 3opHinrHi nepepuBands INTO, INTI

® MoJyIb repeTBoproBaya A/D

e Moyiib aHaJIOTOBOTO KOMITapaTopa

® Moxyns USART

e Monyins Taitmepa / CounterQ (3 PWM)

2. 3aBnaHHs HA Ja60paTOPHY POGOTY: 03HAHOMIICHHS 3 OCHOBHUMH OIIIISIMH TPOTPAMHOTO
CUMYJISITOpAa Ha TIPUKIANI BUKOHAHHS mporpamm «demo.hex”, sika 3aiiicHIOE TIpOorpaMyBaHHS Ta
BHBIJI TaHUX Yepe3 noptu Ta B 1aM ' iTb EEPROM nanux.

1. BuBunti nporpamuy mojienb AVR Simulator IDE.

2. BuBuutu KOoMaHOM apu(METUYHUX, JOTIYHHUX OIepauid, omepaumiii 3 mopraMu Ta
miumibHUKOM AVR — koHTpOJepa.

3. Hocniautu poOOTy mporpaM 3a BKa3iBKOIO BHKJIaJadya Ta BMICT PEricTpIB KOHTpoJiepa, AKi
BUKOPHMCTOBYIOTHCS TIPY BUKOHAHHI LI€T TPOTpaMHu.

4. 3anucary A KOMaH7 aceMOepa, BKa3aHUX BHUKIIaJadeM, KOMEHTap MI0/0 iX IpHU3HauYeHHS.

3. IlocainoBHicTh pO6OTH 3 CUMYJISITOPOM NMPU BUKOHAHHI MPorpam

Bukonaemo nporpamy BiAMOBIAHO 70 BKa3aHOTO BHKIanadeM 3aBaaHHs B AVR Simulator ID,
JUTSL 90TO HEOOXIIHO:

1. 3anyctutn AVR Simulator IDE;

2. Harucnytu Options | Select Microcontroller;

3. Bubparu mikpokoHTposep Atmega32 1 HATUCHYTH KHOTIKY Select;

4. B mamui «Program Files» Bamoro xomm’torepa 3Haiitn nmanky «AVR Simulator IDE» 3
THCTAJIAIIEI0 CUMYIISITOPA;

5. Binkputu daitn «demo.asmy 1 CKOMiroBaTH HOTo BMICT;

6. Hatucuyru Tools 1 y BikHI, IO pO3KpUEThCA, BUOpaTtu «Assembler». Binkpuerbcst BIKHO
KoMmmuiaTopa «Assembler» (puc. 2);

7. BcraButn cromniiioBanuid panimie ¢ain «demo.asm» y BIKHO «Assemblery;

8. Hatucuyru Tools 1 y BikHi, 110 po3KpueThcsi — Assemble. B HukHIN MOJOBHHI BIKHA
Assembler 3’SBUTBCSI JICTHHT BLIKOMIILTLOBaHOTO ¢aiiny (puc. 4). OgHouacHO Oyne CTBOPEHO
00’ exTHu Paitn «demo.hexy;

9. Bubparu File | Load Program 1 3aBaHTakutn cTBOpeHU# Qaiin «demo.hex»;
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10. Harucuytu Tools | LCD Module (Binkpuetses Bikao 3 LCD nucrieem);

11. Harucuytu Tools | 8XLED Board (BimkpmeTbcsi BIKHO 3 IHCIIIEEM, IO MICTHB BiCIM
CBITJIO/TIO/TIB);

12. Harucuytu Tools | Stepper Motor Phase Simulation (BigkpueTbcs BIKHO CUMYISITOPOM
YHIMOJISIPHOTO KPOKOBOTO JIBUTYHA) (pHC. 5);

= AVR Simulator IDE - Registered Copy ™ @ x |[S Assembler - demo.asm i

L)
File Simulation Rate Tools Options Help
Program Location | C:\Program Files\aWR Simulator IDEYdemo.hex ; Compiled with: AVR Simulator IDE v1.40 *
Microcontroller ATmegal2 Clock Frequency 4.0 MHz ¢ Microcontroller model: ATmega3Z
; Clock frequency: 4.0 MHz
Last Instruction Next Instruction ooo4
0005 ; The address of 'addr' (word) (global) is O:
) ) o 0006 .EQU addr = 0xD
Program Counter Simulation Statistics 0007 The address of 'data' (byte) (global) is 0
B 000000 Instructions: 0 Real Time Duration 0008 .EQU data = Ox1E
Clock Cycles: o 0.00ps ooos The address of 'sda' (bit) (global) is Ox3!
) ) 0010 : The address of 'scl' (bit) (global) is 0x3!
General Purpose Working and 1/0 Registers Intemnal Data SRAM 0011 ; Begin
. 001z .ORG 0x000000
Hex Binary Value Hex Hex B
Address and Name  Value 76543210 Addr. Value Addr Value 0013 CLR R15
o0 o - o | oo oo e o 0022 R
$001 R1 [a3] 061 (00 [$071 [ 00 o= ’
016 LDI R16,high RAMEND
$002 R2 00 [$062 |00 [$072 |00 e sl oy |
$003 R3 | 00  |$083 |00 [$073 |00 B Segin of progran .
$004 R4 Juli] | $064 | 00 | $074 | OO Do it =
:ggg 22 gg 1 :ggg gg :g;g gg Lin1,. ColD Num of lines: 531
$007 R7 [ oo I'$067 |00 [$077 | 00
$008 RE a0 | $068 | 00 |$078 | OO 0001 ————— g
$003 RS 0o |$069 | 00 [$073 | 00 0002 AVR ASSEMBLER LISTING
SQUA R10 0o ‘,*USA 0o ,$D7A 0o 0003 Line Address Opcode Instruction
$00B R11 oo I's068 [ 0o [$078 | 00 0004 |—————
'$00C R12 [a] I$06C | 00 |$07C | 00 0005 0001 000000 ; Compiled with: AVR Simule
$000 R13 0o | $06D 00 $07D a0 o0o0s 0002 000000 ; Microcontroller model: A7
$00E R14 (oo ! | $0BE | 00 | $07E | OO R —r— :
$00F R15 00 | | I$06F | 00 [$07F | 00 I/ }iin5 colo Num o nes: 537

Puc. 4 Bursag ekpany 3 mporpamoro

9. Skmo nporpama Oyne BUKOHYBAaTHCS B KPOKOBOMY PEXHMIi, TO B OCHOBHOMY BIKHI
cumynstopa HatucHyta Rate | Step By Step, a mami BuGparu omitiro Simulation 1 HaTucHyTH Start.
CumMynaTop rOTOBUN JI0 BUKOHAHHS TPOTPAMU B KPOKOBOMY peknMi. JIiisi BUKOHAHHS HACTYITHOL
KOMaH/Ii TIpOorpaMu NOTPiOHO HaTHCHYTH Ha 3aknanky STEP, sika 3’sBUTbcs cripaBa Bij 3aKIIaiKH
HELP Bropi ocHOBHOTO BiKHAa CUMYJISITOpa IiCJIT BHOOPY KPOKOBOTO PEKUMY HOTO poOOTH;

11. JIns BUKOHAHHA IPOrpaMU B aBTOMAaTUYHOMY pekuMi noTpiOHo BuOpatu Rate | Extremely
Fast simulation rate, a naii BuOparu onuito Simulation 1 HatucHyTH Start;

12. 1100 3ynmuHKUTH BUKOHAHHS MTpOTrpaMu, OTpiOHO HatucHyTH Simulation | Stop.

st Toro, mo6 MaTh 3MOTY KOHTPOJIOBATH BMICT PETICTPIB ITiCIs BUKOHAHHSA CUMYISITOPOM
KOXXHOT KOMaH/I1, IEPEHTH Ha BUKOHAHHS MMPOrPAMU B KPOKOBOMY pexuM1 poOoTu. s 1poro:

1. B ocHOBHOMY BikHI cumynaropa HatucHyTH Rate | Step By Step, a mani BuOparu omitito
Simulation i HatucHyTu Start. CUMYISITOp TOTOBHM 1O BUKOHAHHS MPOTPAaMH B KPOKOBOMY PEKUMI;

2. Jlyist BUKOHAHHS HACTYITHO1 KOMaHAM IpOorpamMu MOTpiOHO HaTucHyTH Ha 3akiaaky STEP,
sKa 3’sBUTHCS cnpasa Bin 3aknaaku HELP Bropi ocHOBHOro BikHa CHUMYISITOpa MICIS BUOOPY
KPOKOBOTO PEXUMY HOTO poOOTH.

BMicT pericTpiB KOHTposiepa, SIKi BHKOPHCTOBYIOTHCS TIpM BUKOHAaHHI KOMaHJ IMpOTpaMu,
3HAlTH B 00JACTI PEricTpiB 3arajbHOIO MPU3HAYCHHS Ta pericTpiB kepyBaHHs Adress and Name,
sKa pO3TalloBaHa B JIBid HMKHIM 4YaCTUHI OCHOBHOTO BIKHA CHMYJATOpa (BUAUICHI POXXCBUM
KOJIbOpOM). Bci perictpu BOCBMUPO3PSIAHI.

B nporieci BUKOHaHHS TIPOrpaMH IO 3MIHI KOJIBOPY KOMIPOK BHIIHO, BMICT SIKUX PETICTpPIB
3MIHIOETBCA. 3a0apBJICHHS KOMIPKM BIJIOBITHOTO PO3PSAY PETICTPY MOMapaHYeBHUM KOJIHOPOM
03HaYae HagBHICTD “1”, OutuM - “0”.
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B nipaBiii HIDKHIN YaCTHHI OCHOBHOTO BiKHA CHMYIIATOPA PO3TalloBaHa 00JacTh BHYTPIIIHBOT
mam’ari gaaux Internal Data SRAM.

;‘ imulator IDE-RegisteredCopy . B\ @A x I[(;) Assembler - demo.asm) e @@@]
File Simulation Rate Tools Options Help
| Program Location | C:\Program Files\&WR Simulator IDE\demo.hex 0001 ; Compiled with: AVR Simulator IDE v1.40 ﬂ
| Microcontrioller | ATmega32 | Clock Frequency | 4.0 MHz 000z ; Microcontroller model: ATmega3z
Last Instruction MNext Instruction gggi ; © e freneney: 8.0 M
[ 000s The address of 'addr' (word) (global) is O
. . o 0006 .EQU addr = 0xD
Program Counter Simulation Statistics 0007 : The address of 'data’ (byte] (global) is O
'PC | 000000 | Instructions: | 0 |Real Time Duration | |0008 .EQU  data = Ox1E
e |Clockl:ycles: ‘ il 0.00 ps oDog | The address of 'sda' (bit) (global) is 0x3!
o010 The address of 'scl' (bit) (global) is 0x3¢
General Pupose Working and 1/0 Registers Intemal Data SRAM 0011 :; Begin
Hex Binary Value Hex Hex Sl  ORC MBI
Addiess andName  Value 76543210 Addr Value Addr Value 0013 CLR R15
RO [0 Frrrrrrr [s060 (o0 [$070 [0 ﬂ 0014 LDI R16, low RAMEND
3001 A1 foo- r T $061 [ 00 [$071 |00 3212 Eg;— ii:lilsh RAMEND
$002 R2 ooy e $062 |00 [$072 [ 00 e peicfcnifci
$003 R3 00 EEEEEN $063 (00 [$073 | 00 . i d .
$004 R4 oo CCCCCCrr $064 | 00 [ $074 |00 SR .
= — — ]
$005 RS il Crrrer $065 |00 (3075 |00 ) ) !
SOOERRER 00 P rrrrrrr [$086 | 00 | $076 | 00 Lin1,.Col 0 Num of lines: 531
$007 R7 oor LT rrr $067 | 00 | 3077 | 00
$008 RS il O $068 [ 00 | $078 |00 0001 —-—- 2
$009 R oo [LTCCrrTT $069 | 00 3079 | 00 0002 AVR ASSEMBLER LISTING
$004 R10 00 **LFF*FF $064 | 00 4074 | 0O 0003 Line lddress Opcode Instruction
$00B R11 00 LI [ $068 | 00 [g07B | 0O 0004 ————
$00C R12 oo :*ZFZ*F‘; $06C oo $07C oo 0005 0001 000000 ; Compiled with: AVR Simuls
$00D0 R13 00 ”;F‘FTF $06D | 00 [$07D | 0O 0006 0002 000000 ; Microcontroller model: A7 e
$00E R14 oo 01 $06E | 00 | $07E | 0O e —— ,
$00F F15 oo CETCTT o) Teos [0 [so7F (00 =l s cai Nu ofnes: 537
|6 8 3 LED Boardl £ | =] @] Stepper Motor Phase Simulation KS LCD Module R, @@@]
. PORTE.0 M
‘ PORTE.1 M
— 5 C
. PoRTE, 2 M Rt _sew | |
D
. PoRTe.3 M PORTE, 3
. PORTB.4
Step Counter: 0
. PORTE.5 M Half-Step Mode |
A | E
“PORTE & v Always On Top
‘ PoRTe.6 I | PORTB.O [ PORTB.2 Close
. PORTE.7 M
[ Always On Top

Puc. 5 Bumisin cumynstopa 3 3aBaHTaXeHOI0 porpamoro, Biknom LCD Module, BikHOM 3
muciuieem 8XLED Board Ta BikaHOM Stepper Motor Phase Simulation

Bursin ctumynsitopa 3 BUBEACHHSM MMOTOYHOT iH(opMarlii Ha qucriei B Mporeci BAKOHAHHS
NporpaMu NokKas3aHo Ha puc. 6.

3aBaaHus
1. BwmicT pericTpiB, 3Ha4eHHS SIKUX 3MIHIOETBCS B IIPOIECI BHUKOHAHHA KOMaHH MpOrpamw,
3aMMCaTH B IICTHAAIATKOBOMY KOAi B Ta0I. 1.

Tabmms 1
Perictp PC Ri | TMRO| SREG SP ID EEAR EEDR EECR | PORTx | DDRx
SRAM
Komanza 1
Komanza 2
KomaHnza n
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&) AVR Simulator IDE - Registered Copy. B E x |[(Sjassembler - demo.asm. i OEE)

File Simulation Rate Tools Options Help
| Program Location | C:\Program Files\aVR Simulator IDE\demo.hex 0001 ; Compiled with: AVR Simulator IDE wv1.40 ;J
| Miciocontroller | ATmega32 | Clock Frequency | 4.0 MHz 0002 ; Microcontroller model: ATmegad2
0003 ; Clock frequency: 4.0 MHz
Last Instruction Next Instruction o004 " v
| BRNE -2 BRNE -2 Qooos The address of 'addr' (word) (global) is 0»
o o 0006 .EQU addr = 0OxD
AETENETALE Simulation Statistics 0007 ; The address of 'data' (byte) (global) is O
['PC | ooO10F | Instructions: | 40956 |Real Time Duration 0008 .EQU data = Ox1E
i s 111 [ClockCycles:\ 58358 14589.50 ps ooos The address of 'sda' (bit) (global) is O0x3!
o010 The address of 'scl' (bit) ({(global) is Ox3!
General Purpose Working and 1/0 Registers Intemnal Data SRAM 0011 ; Begin
Hex Binary Value Hex Hex ?Dl% #ORG 9x000060
Address and Name Value 76543210 Addr. Value Addr Value 0013 CLR R15
BRETESITT e 0014 LDI R16,1 RAMEND
$018 R24 [on rTTTrrT M =f [so60 [00 [$070 [00 = flo, o oUT SPL.R16
s019 AR5 (o0 [ LT '$081 [ 00 [$071 |00 0016 LDI Rls’high RAMEND
$MA R26 (XL) 4E $062 | 00 |$072 | 00 0017 ouT SPH,R16
$01B R27 (<H) 02 $063 | 00 |$073 | 00 6618 : Begin of prog;am =
$0MC R28(YL) | 35 $064 | 00 19074 |00 ‘
$01D R23(vH) [ 00 $065 |00 [$075 [ 00 (B l‘u‘ ] e . e
$01E R30[2L) 8 $066 | 00 [$076 |00 R el
$01F R31 [2H) 30 $067 | 00 13077 | 00
$020 TWER [0 '$068 |00 [$078 |00 0001 =
3021 TwWSR [ 00 3069 |00 [$079 | 00 0002 AVR ASSEMBLER LISTING
3022 TwAR 0o F $084 | 00 $074 | 00 0003 Line iddress Opcode Instruction
$023 TWDR 0o | $06B | 00 |$078 | 00 0004
$024 ADCL [T $0BC | 00 | $07C | 00 0005 0001 000000 ; Compiled with: AVR Simuls
$025 ADCH | 00 EEBE ‘WEE p& [$07D | 00 0006 0002 000000 ; Microcontroller model: A7 |
$026 ADCSRA 00 n $06E | 00 | $07E | 00 " =
$027 ADMUX oo CTTT =) | [s06F [o0 [$07F [ 00 =l Lin5, Col 0 NoetreaET
=), 8% LED Boatd M I3 Bstzuu:r Motor Phase Simulation R B@@J BLEUMuduJ: n EJ@@}
. PORTE.0 M ['PORTE. 1
B
. PORTE.1 M
. rFoRTE.2 M A i e |
(oA D
PoRTE.3 ' | TPoRTE.3
‘ PORTE.4 M
Step Counter: 0
‘ PORTE.5 M HaltStep Mode |
['PORTE. D | PORTE. 2 Close
‘ PORTE.7 M

[ Always On Top

Puc. 6 Burnsa cumynsaTopa 3 BUKOHYBaHOTO Tporpamoro, ctaHoM BikoH LCD Module,

mucmieto SXLED Board Ta eMynsaTopa yHIIOISApHOro KpokoBoro asuryHa Stepper Motor Phase

Simulation

3 BiKkHa 3 nporpamoro (puc. 4) BUOpaTu AecsITh KOMaH[ 1 3a Tabnuier koMaHj acemOnepa Ais
AVR - xouTponepa (tadn. 1) 3anucaru komeHTap MoA0 Ipu3HadyeHHs HuX komaua (quB. [pukiaz 2,
Jie HaBEJEHO TaKWM 3aIuC JIJIs OJTHIET KOMaHIN ).

1T.0.

MMpuxnanx 2
Komanna BukonyBana onepaiisi (KoMeHTap)
OUT SPL, R16 ; BUBeCTH BMICT perictpa R16 B Mmonoamumii 6aiiT BKa3ziBHUKa cTeKy SPL

1. KoHTpoO/IbHI 3anUTaHHSA

1. BynoBa koHTponepa Atmega3?2.

2. ITpu3HaueHHS PEricTpPiB 3arallbHOTO MPU3HAYEHHS MIKPOKOHTpOJIEpa.

3. @opmar Ta IpU3HAYEHHSI PETICTPIB KEPYBaHHS.

4. SIk mporpaMyroThcs JIHIT TOPTIB HA BBiJ Ta HAa BUBI?

5. ®opmar perictpa SREG.

6. [Ipu3HaueHHs Ta MO3HAYCHHS OCHOBHHUX €JIEMEHTIB IIPOrPaMHOI MOEI MIKPOKOHTpOJIEpa.
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Cucrema KoMaHa MikpokoHTpoJepis AVR

Cucrema komana AVR MIKpOKOHTpOIEPIE BKIIIOYAE KOMAHIHM apHPMETHYHHX 1 JOTTHHHUX
onepauii, KOMaHaH nepesadi JaHMX, KOMAHIH, 10 KEePYHTh NOCHJ0BHICTIO BHKOHAHHA NpO-
rpaMH 1 KOMaH/IH onepauii 3 Oitamu.

JUia 3py4HOCTI HanMCcaHHs i aHanily nporpaM BCIM OnepauisM i3 CHCTEMH KOMAaHJ KpiM
ABIIKOBOIO KOAY 31CTaBIeH] MHEMOKOAHM AccemOnepa (CHMBOIIMHI NO3HAYEHHS onepauiii), mwo
BHKOPHCTOBYIOTBCH [IPH CTEOPEHH] BUXITHOIO TEKCTY IPOrPaMH.

CneuianbHl NpOrpaMH-TPAHCIATOPH MNEPEBOJAATE NOTIM CHMBOIIYHI MO3JHAYEHHHA B
OBIHKOBI KOJIH.

Cneuiansia aupextuea accembnepa .device 3ade3nedye KOHTPOIL BUINOBLIHOCTI KOMAH]L,
BHKOPHCTOBYBAHHX Y TEKCT1 NPOrpaMH, THITY 3a3HAYEHOI0 NpoLecopa.

[lin yac BUKOHAHHA apUPMETHYHHX, NOITYHUX 4K onepauiil poboru 3 ditamu ALU dopmye
O3HAKH pe3ynbTaTy onepauii, TodTo BeTaHoBMIOE YK ckuae Oitn B perictpi crany SREG (Status
Register).

Perictp crarycy - SREG - posmimennii y npoctopi I/O 3a agpecowo $3F ($5F).

Tabmuusa 1 — Perictp cratycy - SREG

Bith ..Ir 6

3 2 I
$3F ($5F) T T ' '

5 4 0

H s v N z c | REG
Yurauna/ 3anmc R/W W B/W B/W BSW R/W RW R/W
IMouaTkosuii cran 0 0 0 0 0 0 0 0

Bit 7 - I: Global Interrupt Enable - [do3ssin rnobansuoro nepepusanna. bir nossony rno-
0anbHOrO NEpepHBaHHA IS J03BONY NEPEPHBAHHA NOBHHHMH OYTH BCTAHOBNEHMH y ctan 1.
KepyBanHa 103B0JI0OM KOHKPETHOTO NEPEPHBAHHA BHKOHYETECH PEriCTPAMH MACKH NEepepHBAHHA
GIMSK 1 TIMSK. fxmo 6ir ronoGanshoro nepepupanns ouumenni (y crani 0), To xoaHe 3
J03BOJIB KOHKPETHHX NepepHBaHb, BetaHoBnenux y pericrpax GIMSK 1 TIMSK, ue mie.

bir | anapatHo oqMIacTLCA MICHA NEPEPHBAHHA 1 BCTAHOBIKETLCH U1 HACTYIIHOIO 103-
BOJY rnodansHoro nepepueanns komauaow RETL

Bit 6 - T: Bit Copy Storage - bim 36epexcennn xonii. Komanan konitosanus 6ita BLD (Bit
Load) i BST (Bit STore) suxkopucropytore 01t T, sk Oir mxepeno 1 OiT npuiHAYEHHA NPH
onepauiax 3 6itamu. Komannow BST 6ir perictpa konitoersea 1o dity T, komannow BLD 6ir T
KOMIIOETLCA [0 PETICTPY.

Bit 5 - H: Half Carry Flag - Ipanop nanienepenocy. Ilpanop HanisnepeHocy BKaiye Ha
HANIBIEPEHOC Y pAal apudMeTHYHUX onepartii.

Bit 4 - §: Sign Bit, § = N V - Bim znaxy. Bir § 3aB#/11 3HAX0AUTLCH B CTaHl, 00YMOBIEHO-
My aoriusor dyukuio AbBO (OR) mix npanopom HeraTHBHOro 3HaqdeHHs N 1 JONOBHEHHAM /10
JABOX [Ipanopa nepenopHeHHs V.

Bit 3 - V: Two's Complement Overflow Flag. [Jonoenenna do deox npanopa nepenoeHeHHA.
Jlonosuenua 1o Asox npanopa V niarpuMye apudMETHKY NONOBHEHHA J10 JIBOX.

Bit 2 - N: Negative Flag — [Ipanop nezamuenozo 3navenna. Ilpanop HeraTHBHOIO 3Ha4YEH-
HA N BKa3ye Ha HEraTHMBHHIA Pe3yNbTAT paay apHQMETHUYHHX i TONYHHX Oneparii.

Bit I - Z: Zero Flag — Ipanop wyawoeoco znauenns. Ilpanop HynboBoro sHaueHus Z
BKA3YE HA HYILOBHH pesynbTaT paay apu@METHYHHX 1 TOTHHHX Onepaiiii.

Bit 00 - C: Carry Flag — Ipanop nepenocy. (3HakM pe3yasTaty onepauii Moxyrs OyTH
BHKOPHCTAHI B NPOIpaMi JUld BUKOHAHHA NOJANLIIKMX apHMETHYHO-IONYHHX Onepauii 4M Ko-
MaH1 YMOBHHX NEPEXoiB.
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Apudmernuni i Joriuni koHeTpyruii

Muesmonika || Onepanan Onme Onepauis Npanopn || Llnkna
ADD Rd.Rr [MizcymoryBanna Ge3 nepeHocy Rd =Rd + Rr LCNVHS 1
ADC Rd,Rr [liAcyMORYRAHHA 3 NEPEHOCOM Rd=Rd+ Rr+C LOCNVHS 1
sUB Rd.Rr Bupaxyeanna Hez nepenocy Rd=Rd-Rr ZCNVHS 1
SUBI Rd,K8 BupaxyBaHHA KOHCTAHTH Rd = Rd - K& Z,CNV.HS |
SBC Rd,Rr BupaxyBanng 3 nepenocomM Rd=Rd-Rr-C Z.CNVHS 1
SBCI Rd. K8 Bupaxysanna konctanT 3 nepenocom  |[Rd=Rd-KE-C Z,ONVHS 1
AND Rd,Rr Jloriane W Rd = Rd - Rr ZNV.S 1
ANDI Rd. K8 Joraue H ¢ koneranTom Rd=Rd- K& ZNV.5 1
OR Rd,Rr Joriune ABO Rd=Rd V Rr ZNV.5 1
ORI Rd, K8 Joriume ABQ 3 KoHCTaHTOID Rd=Rd ¥V K& ZNV.S 1
EOR Rd,Rr Jloriune wo sukmodae ABO Rd = Rd EOR Rr ZN V.8 1
COM Rd [NoGitea lnsepeis Rd = 5FF - Rd Z.CNV.5 1
NEG Rd 3umina anaxa ([lon. xon) Rd = 500 - Rd Z,C,N,V.H,S 1
SBR Rd, K8 YeramoruTn OiT (GiTi) vy pericTpi Rd=Rd ¥V K& Z,.CN V.S 1
CBR Rd, K8 CrunyTa 6iT (BiTH) ¥ pericTpi Rd = Rd - (5FF - K8) IZ,C. N V.5 1
INC Rd [HEpeMENTYRATH 3IHAMEHHA PEricTpa Rd=Rd+ 1 LN V.8 1
DEC Rd JlekpeMeHTYBATH 3HAYCHHA PEricTpa Rd=Rd -1 LM V.5 1
TST Rd [Neperipka na nynk abo sanepeunicte  |[Rd=Rd- Rd Z.CNV.S 1
CLR Rd Ouctira pericTp Rd=0 £,CN V.S 1
SER Rd Y CTAHORHTH PETICT Rd = $FF INone 1
ADIW Rdl.Ké& CRAACTH KOHCTAHTY 1 CIOBO Rdh:Rdl=Rdh:Rdl+ K6 |(Z,C.N.V.5 2
SBIW Rdl K& BH4HTATH KOHCTANTY 3 CIIOBA Rdh:Rdl=Rdh:Rdl - K & |[Z,C N V.S 2

[ncTpykuii posraaysenns

Muemonika||Onepanin Onwc H Onepaiis IMpanopn || lnenn

| RIMP || k ||Bi.uuncuni‘i nepexia ||PC =PC+k+l " MNone ” 2 |

| LIMP || Hemae ||Henp.1 Muii nepexia Ha (Z) ||PC =Z || Mone || 2 |
ELIMP Hemae ;P;;mupe:mﬁ HENPAMHIL Nepexia Ha ﬁzé{ik'l.; F-C;;&;C{ 15:0)=2, None 2

| MP ||k |Mepexia [PC =k | Nome | 3 |

| RCALL | k  |Bianocumii suxnmk nianporpasu  |[STACK=PC+1, PC=PC +k+ 1 | None || 3/4* |

| ICALL || Hemac |Henpsmmit sucminx (Z) |sTACK =PCt1.PC=2 [ Nome | 3= |

‘ EICALL H Hemae |Posmmpennii senpasuii srcnnk () ”]%E:fﬁ ; EE;JDK( LiRy=L H MNone H 4

| RET || Hemae ||1'lunl:le:HHx 3 MIANPOTrPaMy ||PC = STACK " MNone || 4/5* |

| RETI || Hemae |[lomepuenns 3 nepepusanns ||PC = sSTACK I I || 4r5* |

| CPSE || RdRr |[Mopiswsrs, nponycrurs skuo pisi [if (Rd==Rr)PC=PC2o0r3 | None || 1/2/3 |
| CPp || Rd.Rr ||I'll.1pim-mr|1 ||Rd -Rr Z,C,N,V,H,S” 1 |
| CPC || Rd.Rr ||1'lnpim-mm 3 NEPEHOCOM ||Rd -Rr-C [Z.C.N."-’.H.S” 1 |
| CPI || RAKS |[[opiusTh 3 koncTanTOW ||Rd - K ZCNVHS| 1 |
SBRC ‘ Reb Ef::ﬁ”i';“ mxmn Gor y poricTpl Hiﬂ R(b)==0) PC=PC+2or3 | None | 1/213
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SBRS Reb  [[IPOOYCTHTH Sk bIT y pericTpl  |igp 1) pPC=PC+20r3 | None | 1/2/3
BCTAHOBACHHH
[TponycTaTH Ko GIT ¥ nopTy ; —PC +
SBIC Pb [ i O P,by=0) PFC=PC + 2 or 3 MNone 1/2/3
[MponyeruTa AKmo GiT ¥ nopry I il
SBIS Pb Rl ifi F{O(P,by =11 PC=PC + 2 0or 3 MNone 1/2/3
[Nepeiimn skwo npanop y SREG i o o
BREBC s,k P if{SREG(s)==0) PC=PC+ k + | MNone 172
BRBS gk  [Miepelims sxmo apanop y SREA ifSREG(s)=1) PC=PC+k+ 1 |  None 12
VCTAHOBRICHHH
| BREQ || k |||'[epeﬁn| AKILO AOPIBHIE ||1'ﬂ[2=1} PC=PC+k+]1 " None ” 1/2 |
| BRNE || k ||I'Iv:peﬁ'rn HKILO HE JOPIBHIOE ||iﬁz=ﬂ]| PC=PC+k+1 " None || 1/2 |
‘ BRCS ” k ‘ Tepedimn Axmo nepeaos ifiC=1)PC=PC+k+1 “ None H 112 ‘
}'T.'THI'IDB.I'II:I'IHI‘I
| BRCC || k |||'Iepeﬁ'rn AKIND NEPEHOC DMHILLEHI ||if1C=ﬂ} PC=PC+k+1 || None || 112 |
| BRSH || k ”HE:peFrnl AKLIG JOPIBHIE 90 ﬁinu.ue”iﬂ’c=ﬂ} PC=PC+k+]1 “ None ” 172 |
| BRLO || &k  |[Mepeitn sxmo menme ific=1ypCc=PC+k+1 | Nome | 12 ]
| BRMI ||  k  ||[lepeiitn axmo uinyc iftN=1)PC=PC+k+1 | Nome | 172 |
| BRPL |k |[epeiittn scmo nmoc |[ifiN==0) PC = PC + k + 1 | Nome || 12 ]
BRGE 41 o s s ifiS==0) PC=PC+ k+ | None 1/2
NOPIBHE (31 3HAKOM )
| BELT || k ”]'[Epeﬁ'rn AKOID MEHINE (31 THAKOM ) ||iﬂf5= NPC=PC+k+1 || MNone ” 12 |
[lepeiitn Akuo npanop
BRHS k BHYTPILLHEOTD NEPEHOCY ifH=1)PC=PC+k+1 None 12
BCTAHOBICHHI
. [Nepeitmn axmo npanop o il
T k BHYTPILLHBOIO NEPEHOCY OMHILEHIIT e S Rl deani =
BRTS Ko [ ST O RO i{T=1) PC=PC+k +1 Nome || 172
BCTAHOBJICHHH
BRTC || k ||I lepeiiti akuo npanop T ounmieHni ||iﬂT--l}] PC=PC+k+1 || None || 112 |
[lepeiimn Ao npanop e il
BRVS k NEPENOBHEHHA BCTAHOBACHMT iRV=1) PC=PC+k+1 e 12
BRVC TR o g o A if(V=0) PC=PC + k + | None || 1/2
IIEPCI'IDEHCHI'DI OHHIICHHH
BRIE k [Flepeiie sxmo nepepusan ifil==1) PC=PC +k + | None 12
AO0IBOIICHL
BRID 311 s T if{1==0) PC=PC + k + | None || 172

Bukonyearu apudmernko-noriuHi onepauii H o onepauii yMtaHHa Oe3nocepeiHbO Haj
IMICTOM KOMIPOK naM'sati He MoxHa. He MokHa Tako®k 3anucaTi KOHCTAHTY YM OMHCTHTH BMICT
KOMIPKH NaMm'aTi.

Cucrema komann AVR nozponse nmine BHKOHYBaTH onepatii oOMiHY JaHHMH MDK oce-
peakamu SRAM 1 perictpamu 3aransHOro mMpH3HAYEHHA.

[lepeparamu cHCTEMH KOMAH] MOXHA BBAMATH PITHOMAHITHI PEXUMH ajpecauil KOMIPOK
nam'saTi.

Vel perictpr BBeAeHHA/BHBEICHHA MOKYTE JUHTYBATHCH 1 JANHCYBATHCH HEped PericTpH
IAralbHOrO NPHIHAYEHH: 34 JonoMoror komauna IN, OUT.

besnocepenHs yCTAHOBKA 1 CKHAAHHA OKPEMHX PO3pAIB LMX PEricTpis BUKOHYETBCH KO-
mangamu SBI 1 CBIL. Komanan yMOBHHX nepexoiis y SKOCTI CBOIX ONEpPaHIiB MOKYTh MATH AK
OITH-03HAKM PE3YNLTATY ONEpauil, Tak 1 OKpeMmi po3paau pericTpis BBeJeHHA/BHBEICHHS, 110
noGITHO aIpeCyHThCA.
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Inerpykuii nepenayi n1anux

Muemorika|(Onepanan Onue Onepanis  ||[Ipanopu||l e
MOV Rd.Rr CroniinBaTH pericTp Rd=Rr MNone 1
LDI Rd, K8 JaBaHTARHTH KOHCTAHTY Rd=K MNone |
LDS Rd.k [Mpane apaHTAREHHA Rd = (k) None 2"
LD Rd X Henpase 3apanTakeHnns Rd = (X) Mone 2%
LD Rd. X+  [|Henpame 3aBaHTameHHA 3 NOCT-IHKPEMCHTOM iﬂ;{fl}' MNone 2%
LD Rd,-X Henpase 3apanTasents 1 Ope-IekpeMeHToM X=X-1, Rd=(X) | None i
LD Rd.Y Henpame sapaHTameHHs Rd=(Y) Mone il
LD Rd Y+ Henpane apanTamenns 3 NOCT-IHKPEMERTOM Rd=(¥),¥Y=Y+1 | MNone 2
LD Rd.-Y Henpame sBanTameHHA 3 TPC-ICKPCMEHTOM =¥Y-1,Rd=(Y)| None o
LDD Rd,Y+q |[Henpame 3ananTamedsa 3 5aMilieHuam Rd = (Y+q) None -
LD Rd.Z Henpanme sapanTamenns Rd =(Z) Nong 2%
LD Rd.Z+ Henpsame 3nBaHTAKEHHA 3 NOCT-IHKPEMEHTOM Rd=(Z), Z=Z+1| None -
LD Rd.-Z£ Henpase sapanTameHHa & npe-1ekpeMeHToM F=7-1, Rd=(Z)| None o
LDD Rd.Z+q ||Henpame 3apanTameHHA 3 3aMillieHHAM Rd = (Z+g) None 2+
STS k,Rr [Ipame 1Gepexenna (k)=Rr None b i
8T X.Rr Henpame 3bepesentn (X)=Rr None 2n
8T X+, Rr Henpase sbepeseHHa 3 NOCT-IHEPEMEHTOM (XF=Rr, X=X+1| None 2
5T -3 Rr Henpase sbepexennn 3 npe-qeKpeMeTonM X=X-1,(X)=Rr | None an
8T Y, Rr Henpaue afepekenna (Y)=Rr MNone i
5T Y+Rr Henpame sbepekeHHs 3 NOCT-1HEPEMEHTOM (Y)=Rr, Y=Y+1 || None 2
8T =¥ Rr Henpane sfiepesenns 3 npe-IekpeMeaTonM Y=Y-1,(Y)=Rr| None 2
5T Y+q.Rr  [|Henpame sbepesenns 3 3aMimeHHaM (Y-+q)=FRr None 2
ST Z.Rr Henpsme sdepeserns (Z) = Rr None 2
5T Z+,Rr Henpane sbepesennn 3 nocT-IHEPEMEHTOM (£ Rr, Z=Z+1 | None 2
ST -Z.Re Henpame sbepesenta 3 Npe-IekpeMeHTom £=Z-1.(£)=Rr| None 2
5T Z+q,Rr  [[Henpame sbepexkenns 3 saMilleHHaM [(Z+g) = Rr None 2
LPM Her FaBaHTAACHHA 3 NpOrpaMHol nasm'sT RO =(Z) None 3
LM Rd.# JapaHTAREHHA 1 OPOTPAMAGT nam'aTi Rd=(Z£) None 3
LPM Rd.Z+ I3anamcmm 3 NporpaMHaoi naM'sTl 3 nocT- Rd=(Z), Z=Z+1 | None 3

IHEPEMEHTOM
SPM Her J0epesenna B MPOrPaMHiil nan'sTi (Z)=RI1:R0 None -
IN Rd,P Unranua nopry Rd=P None 1
ouT PRr Janmuc y mopt P=Rr None 1
PUSH Rr JaHccecHHA PErICTPa B CTEK STACK = Rr None 2
FOP Rd Butar perictpa 3i cTeka Rd =5TACK None 2
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IacTpykuii podorn 3 ditamu

Muemonika | Onepanan Onne Onepauis Npanopn  ||Lnenm
LSL Rd Jloriqunii 3cys Baiso Rd(n+1)=Rd(n),Rd{0)=0.C=Rd4(T) |Z,CNVHS 1
LSR Rd JlorisHe 3pyLICHEA BIPABO Rd(n)=Rd(n+1), Rd{7)=0, C=Rd(0) | Z.C.N,V.S 1
ROL Rd “Ii:;:- o PYHICHIRBARG  lIRd(0)=C, Rd(n+1)=Rd(n), C=Rd(7) [ZCN,VHS|| 1
ROR Rd ﬂp‘;{;‘ Ef*“ IPYUICHHA BAPABO b 4(7)=C, Rd(n}=Rd(n+1), C=Rd(0) || ZCN.V,S || 1
ASR Rd :f:;';:“m"““ A Rd(n)=Rd(n+1), n=0.....6 ZCNVS || 1
SWAP Rd [epecTanorka TeTpan Rd(3..0=Rd(7..4),Rd(7.4=Rd(3.0)f None 1
BSET 5 VYeranoeka npanopa SREG(s)=1 SREG(s) 1
BCLR s OuHIEHHS Npanopa SREG(s)=0 SREG(s) 1
SBI Pb YeranosuTH GIT ¥ nopry OP.b)=1 MNone 2
CBI Pb  |[[Ouncrars &iT ¥ nopry O(Pb)y=10 None 2
BST Br.b  |30epermu GiT3 perictpas T T = Rr(b) T 1
BLD Rdb |[3apasramums §ir3 T vy perictp (Rd(b)=T None 1
SEC Hi VeranosuTi npanop nepenocy |[C =1 C 1
CLC Hi OMECTHTH NPANOD NEPEHOCY C=0 C 1
SEN Hi VeTaHOBHTH Mpanop N = 1
HETATHEHOID YHCTA

CLN Hi (OYHCTHTH NPanop HErATHRAOTD N =0 N |
THETA

SEZ Hi BeranosuTi npanop myns Z=1 Z |

CLZ Hi OMHCTHTH Npanop Hyns Z=0 Z 1

= . BeranoeuTh npanop _
SEl Hi nepepHBans =1 | 1
CLI Hi OupcTiTi npanop nepepueant |I1=0 1 1
. . YCTaHOBUTH TPANOpP YHCaa 3 _

SES Hi il 5=1 5 1

CLN Hi OSHCTHTH Npanop MHena 3 S=0 S |
IHAKOM

SEV Hi VeTaHOBHTH mpanop V=1 v |
NEPENOBHEHHA

cLV Hi OMBCTHTH Npanop V=0 v 1
nepenoRHEHHA

SET Hi Yeranosuta npanop T T=1 T |

CLT Hi Oyucturi npanop T T=0 T 1

SEH Hi ch.umrm Npanop H=1 H 1
BHYTPIIHLOTO NEPEHOCY

CLH i | OmeTiTH npanop H=0 H 1
BHYTPILIHBOTD NEPEHOCY

NOP Hi Hemae onepauii Hi None 1

i Cnati (IMeHIHTH .
SLEEP Hi PR A —— IMBHTHCA OMHC THCTPYKLIT None |
; CKHAQHNA CTOPOXKOBOTO :
WDR Hi radiaega IHBHTHCA ONHC IHCTPYKLIT None 1

Acembniep He pospiznae perictp cumeonis. Onepann MOXKYTE OYTH TAKMX BHJIB:
- Rd: pesynsryrounii 1 BUxinHuii perictp;
- Rr: puxinuuii pericp:
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- b: xoHcTanTa (3 6iTH), MOXKe OyTH KOHCTAaHTHHI BHpas3;

- s: koHcTaHTa (3 6iTn), MOke OyTH KOHCTAaHTHHIA BUPA3;

- P: xoHcranTa (5-6 6it), MoXke OyTH KOHCTAaHTHHH BHPa3;

- K6: xoncranra (6 6it), Moke OyTH KOHCTaHTHHI BUPa3;

- K8: xoHcTaHTa (8 6iT), MOXKe OyTH KOHCTaHTHUH BUpa3;

- k: koHCTaHTa, MOKe OYyTH KOHCTaHTHHUI BUDa3;

- q: KoHcTaHTa (6 OIT), MOXKE OyTH KOHCTAaHTHUII BUpa3;

- Rdl: R24, R26, R28, R30 gusa inctpykuiin ADIW 1 SBIW;

- X,Y,Z: perictpu Henpsamoi aapecaiiii (X=R27:R26, Y=R29:R28, Z=R31:R30).
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