HauvanbHbIn kypc nporpammmpoBanmna MK ATMEL AVR.

Llenb kypca:

AaTb HavanbHble NOHATUS O LMGPOBOM TEXHUKE M HaBbIKM NPOrPamMMUPOBAHNA Ha CW.
MaTepuan paccumTaH Ha TeX, KTO He UMeeT HU MarneunLwero NoOHATUS o
nporpamMmmMmmnpoBaHnn, Lngposon norvke. Bce npeacraBneHo n onucaHo NPOCTbIM A3bIKOM
N NpeanoXeHNsIMN.

[nsa oceoeHns MK Heo6xoamMmo BpeMsi OT 2X YacoB eXeHEeBHO, TeprneHne 1 nopsiaka
300m6 mecTa Ha aucke. MNokynate MK He Hy>XHO, HO enaTtenbHo. Mo Havany Baw Kofg,
6yaet 6onbLion. 310 TpebyeT HonbLoro o6bema nporpaMmMHOM NamMsaTK. [ns aToro
ny4yule Bcero noaxoauTt coBpeMeHHbIn atmega16, kKoTopbin MMeeT 16K namMAaTu noa sawly
nporpaMmmy, Y4TO Ha Ha4YanbHOM 3Tane AOSMKHO XBaTUTb C ronoBo. LleHa ero ao 5 6akcos.

TpeboBaHus

Hatawut , Cumynsitop AVR Studio 4 ,

CumynaTop ¢ BusyanbHbiMyn kKomnoHeHTamn PROTEUS Paboyas Bepcus 6.7 cn3
(MpokpyTUTE CTpaHULy BHU3, HaxxmuTe free, nogoXxanTe oKoNo MUHYTLI, BBEAUTE
nossmBLUMECH OykBbl B none psagom. lNaponb Ha apxuB www.sonsivri.com)
KomnunaTop, oTnagyuk, pegaktop koga, nporpammatop WINAVR
Mporpammartop (4Yeptexu B popmate eagle 4.13 npunaratotcs)

Kanbkynatop 3HauYeHun ans permcTpoB , [1poaBuHyThiv Kanbkynatop Hexelon
Kanbkynatop ana paboTbl € 1OrM4ecknmun onepaumnsamm

Cpena pa3paboTkun npunoxeHun ana obblivHOro komnbroTepa Dev c++

Opansep sapa ans goctyna k nopty LPT DLPorlO

HQOFQaMMbI and Qa6OTbI C 3TUM NMOPTOM

Jlornyeckne aHanusaTopbl 4NA 3TOro nopta U cooTBeTCcTBYOWMM codpt1,2,3
Onsa sepcun [JOC HyXeH OTAENbHbIN KOMMbOTEP € BbiCTpbiM Npoueccopom (0T 400mMruy) n
camMum JOCOM.

KpaTko o cemenctee AVR

BbicokonpounssoantensHble RISC mukpokoHTponnepsl cemencrea AVR

B otnnume ot MICROCHIP, komnannsa ATMEL Corp. — oanH n3 MMpOBbIX NIMAEPOB B
NPON3BOACTBE LLUMPOKOro CNeKTpa MUKPOCXEM 3HeproHesasncumon namsatu, FLASH-
MUKPOKOHTPOSEPOB U MUKPOCXEM NPOrpaMMMpPyEMON NOrNKK, B3sinia CTapT no
paspaboTke RISC-mukpokoHTponnepos B cepeanHe 90-x rogos, UCMONb3ys BCE CBOU
TEXHUYECKME peLLIEeHNs], HAaKOMSEHHbIE K 3TOMY BPEMEHMN.

KoHuenunsa HOBbIX CKOPOCTHBLIX MUKPOKOHTPONNepoB Gbina paspaboTaHa rpynnon
pa3spaboTumnkoB uccregoBartenbckoro LeHtpa ATMEL B Hopernn, nHnumansl KOTOpbIX
3atem cchopmuposanu mapky AVR. MNepeble mukpokoHTponnepsl AVR AT90S1200
noaBunucek B cepeaunHe 1997 r.n 6bICTPO CHUCKANM pacnonoXxeHne notpedbutenen.

AVR-apxuTtektypa, Ha OCHOBE KOTOPOW NOCTPOEHbI MUKPOKOHTPOSSIEpPbl CEMENCTBa
AT90S, obbegmHsaeT MowHbIN rapBapackmi RISC-npoueccop ¢ pasgenbHbIM OCTYNOM K
namMaTK NPOrpaMm M AaHHbIX, 32 pernctpa obLuero Ha3Ha4YeHUs, KaxKabli U3 KOTOPbIX
MOXET paboTaTb Kak perncTp- akkyMynatop, 1 pasBuTyto CUCTEMY KOMaHA
domkcmpoBaHHoOM 16-6UT AnnHbI. BONbLWNHCTBO KOMaHA BbINOMHAKTCS 32 OAUH MALLUMHHbIN
TakT C O4HOBPEMEHHbIM UCMOSTHEHMEM TEKYLLEeN 1 BbIOOPKON creayowen KomaHapbl, YTo
obecneunBaeTt nponsBoanTenbHoCTb A0 1 MIPS Ha kaxabin Ml TakTOBOM 4acToThI.


http://atmel.com/dyn/resources/prod_documents/doc2466.pdf
http://www.hw.cz/Navrhy-vyvojare/Teorie-a-praxe/ART102-Softwareovy-logicky-analyzator-Logan.html
http://www.volny.cz/d72/pgvcz.html
http://www.hw.cz/Produkty/ART849-LPT-LOG-GEN---Logicky-analyzator-a-generator-pro-paralelni-port.html
http://valery-us4leh.narod.ru/main.html
http://www.driverlinx.com/DownLoad/DlPortIO.htm
http://www.bloodshed.net/
http://www.avtlab.ru/calc.htm
http://www.hexelon.com/kalkulator/
http://www.electronics-lab.com/downloads/cnt/fclick.php?fid=22
http://www.lancos.com/e2p/avrisp-siprog.gif
http://sourceforge.net/project/showfiles.php?group_id=68108
http://rapidshare.de/files/2331904/PP_FINAL.rar.html
http://www.labcenter.co.uk/products/avr.htm
http://atmel.com/dyn/products/tools_card.asp?tool_id=2725

32 pernctpa obLiero HasHayeHnsa obpasytoT perncTpoBbIn dann GeICTporo JocTyna, rae
Kaxkabl perncTp Hanpsmyto cessaH ¢ AJTY. 3a oanH TakT n3 permctposoro canna
BblOMpatloTcs ABa onepaHaa, BbINOSTHAETCA onepauus, U pe3ynbTaT Bo3BpallaeTcs B
perncTtpoBbir hann. AITY nogaepxmBaeT apupmeTndeckme n normdeckme onepauum ¢
pernctpamm, Mexay permcTpomM M KOHCTAHTOW UM HENOCPEACTBEHHO C PErMCTPOM.

PernctpoBbiv hbann Takke AOCTYNEH Kak YacTb NaMATU JaHHbIX. 6 N3 32-X perncTpoB
MOTYT UCMOMb30BaTbCs Kak Tpu 16-pa3psagHbiX pernctpa-ykasarens gns KOCBEHHOW
agpecaumn. Ctaplume MukpokoHTponnepbl cemenctesa AVR umetot B coctase AJTY
annapaTHbI YMHOXUTENb.

basosbIn Habop komaHg AVR cogepxut 120 nHCTpykumin. MHCTpyKumMn BUTOBBLIX
onepauuin BKMOYAKT UHCTPYKLMM YCTAHOBKU, OYUCTKU U TECTUPOBAHUSA BUTOB.

Bce mukpokoHTponnepbl AVR nmetoT BcTpoeHHyto FLASH ROM ¢ BO3MOXXHOCTbIO
BHYTPUCXEMHOr0 NporpaMMMpPOBaHNS Yepes nocrneaoBaTenbHbIv 4-NPOBOAHOM
NHTEpenc.

Mepudepua MK AVR BkntovaeT: TalMepbl-CHETYMKM, LUMPOTHO-UMNYIbCHbIE
MOAYNATOPbI, NOAOEPXKKY BHELLIHUX NpepbiBaHU, aHanorosble komnapaTops!, 10-
pa3psaHbin 8-kaHanbHbI AL, napanneneHblie nopThl (0T 3 Ao 48 nuHWMin BBOAA U
BbIBOAA), MHTepencel UART n SPI, cTopoxxeBon Tanmep 1 ycTponctaso cbpoca no
BKINIOYEHMIO NUTaHnA. Bce aTn kayecTBa npespalatoT AVR-MUKPOKOHTpONeps! B
MOLLHbIA MHCTPYMEHT N9 NOCTPOEHUSI COBPEMEHHbIX, BbICOKONPON3BOAUTENBHbIX U
9KOHOMWYHbIX KOHTPOSSIEPOB PasfnMYHOro Ha3HavYeHUs.

OTnuuunTenbHble 0COOEHHOCTU:

® §8-paspsaHbIv BbICOKONPOM3BOAUTESNbHLIM AVR MUKPOKOHTPOIEp ¢ Masbim
notpebnexHnem

MporpeccuHasa RISC apxuTtekTypa

130 BbICOKOMPOM3BOAUTESbHBIX KOMaHZ, 6ONbLLUMHCTBO KOMaHL, BbINOSHSAETCS 3a
OJWH TaKTOBbIW LMKI

32 8-paspsagHbIx paboumnx permctpa obuero HazHa4yeHus

lMonHocTblo cTaTu4eckasn paboTta

MponssoguTenbHOCTb Npubnmxkaetcsa Kk 16 MIPS (npu TaktoBon yactote 16 MIy)
BCTpOEHHbIN 2-LUMKNOBbLIN NEPEMHOXUTESb

OHeproHesaBucMmas naMsTb NPOrpamMm 1 AaHHbIX

16 K6anTt BHyTpMCcucTEMHO nporpammupyemon Flash namaTtu

O6ecneunaet 1000 umMknoB cTupaHus/3anmucu

[ oNONHNTENBHLIN CEKTOP 3arpy304HbIX KOAOB C HE3aBUCUMbIMK BUTaMu
©NOKNpPOBKM

BHyTpucmnctemHoe nporpammmpoBaHne BCTPOEHHOW NPOrpamMMOoMn 3arpy3ku
ObecneyeH pexum ogHoBpeMeHHoro YteHus/3anncu (Read-While-Write)

512 6ant EEPROM

O6ecneunaeTt 100000 uMKIOB CTMpPaHUSA/3anucn

1 K6anT BcTpoeHHon SRAM

Mporpammupyemas 6nokmpoBka, obecneymBaioLlasa 3awmTy NporpaMMHbIX CpeacTB
nonb3oBaTens



BcTtpoeHHas nepudepusn:

1. [Ba 8-paspsiaHbix Tarimepa/cyeTymka ¢ oTaeNbHbIM NpeaBapuUTenbHbIM
aenutenem, OauH C PEXUMOM CPaBHEHMS

OpavH 16-paspsgHbii TauMep/CHETUYMK C OTAENbHBIM NpeaBapUTENbHbIM
aenuTenemM n pexvMmamm 3axsaTa U CpaBHEHUS

CyeTumKk peanbHOro BpeMeHU ¢ oTAerNbHbIM reHepaTopoM

YeTbipe kaHana PWM

8-kaHanbHbIN 10-paspagHbIn aHanoro-ungposon npeobpasoBaTenb

8 HeCMMMETPUYHBIX KaHasoB

7 oudbdbepeHumnanbHbIX kKaHanos (Tonbko B kopnyce TQFP)

2 pndbdbepeHumarnbHbIX KaHana ¢ nporpammMmmpyembim ycunenmem B 1, 10 unmn 200
Kpat (Tonbko B Kopnyce TQFP)

9. banTt-opneHTMpoBaHHbIN 2-NMPOBOAHLIN NocnenoBaTenbHbI MHTEPENC
10.Mporpammunpyemsbin nocnegosaTernbHbin USART

11.MocnepoBatenbHbIn NHTEpdenc SPI (segyLumin/segoMbii)
12.T1lporpammMmpyembIint CTOPOXKEBOW TaMep C OTAENbHbIM BCTPOEHHLIM reHepaTopoM
13.BcTpoeHHbI aHanoroBbIn KoMnapaTtop

N

©ONO O AW

CneuunanbHble MUKPOKOHTpOINepHble PYyHKLUMU:

e CO6poc no nogade NUTaHMA U NPOrpaMmMmUpyemMbli AETEKTOP KPAaTKOBPEMEHHOMO
CHWXXEHUST HAaNPSHXKEHNS NMUTaHUA

® BcTpoeHHbI kannbpoBaHHbIN RC-reHepaTop

® BHyTpeHHME 1 BHELLHME UCTOYHUKM NpepbiBaHWIA

e lllecTb pexxumoB NoHWxeHHoro notpebnenus: ldle, Power-save, Power-down,
Standby, Extended Standby n cHumxeHus wymos ADC

BbiBoabl I/O n kopnyca
32 nporpamMmmMupyemMble NMHUK BBoAa/BbIBOAA
40-BbiBOgHON KOopnyc PDIP n 44-sbiBogHOM kopnyc TQFP

Pa6bo4as yacrtota
0-8Mly (ATmegal6L)
0-16 MI'y (ATmega16)

PDIP
(XCK/TO) PEO O 4 ~ 40 [ PAD (ADCO)
iT1) PB1 O 2 9 O P41 (ADCT)
(INT2/AIND) PE2 O] & A8 [ PAZ (ADCZ)
(OCOBIMNT PE3 O] 4 3T O pA3 (ADC3)
SR PB4 B 38 [ Pad (ADCH)
(MOSI PEBS ] & 36 [0 Pa5 (ADCS)
(MISD) PBGE ] 7 34 [ PAG (ADCH)
(3CK) PET O] & 33 [0 PAT (ADCT)
RESET O ¢ 32 O AREF
Voo O 10 3 O GND
GND O 14 M O ACC
HTALZ2 O 12 29 O PCT (TOSC2)
XTAL1 O 13 28 O PCE (TOSC1)
(RXDY PDO O] 14 27 O PCS (TDN
(TXD) PD1 O] 18 28 b PC4 (TDO)
{INTO} PDZ ] 18 25 O PC3 (TMS)
{INT1) PD3 ] 17 24 O PC2 (TCK)
(OC1B) PD4 o 18 23 [0 PC1 (SDA)
(OC14) PDS O 19 22 O PCO (SCL)
{ICP) PDE O] 20 21 O POD7 (DC2)
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Kak n 4yto genatb

[ns Hayana He Hago ByaeT HMYero u3 annapaTHbIX KOMMOHEHTOB. [10TOM, Korga Bbl yxe
cMoXeTe nucaTb HebonbLuMe NporpaMmebl, NOMne3HbiM ByaeT NoaKNIYNTE YTO-NMBO K NNT
NOpPTY M NOCMOTPETb, Kak OHO ByaeT pabotatb. ATOT NOPT MMEET 8 BbIXOAOB, KaK 1
00bI4HbIN MK. BO n3bexxaHnm noBpexaeHnsa BbIXOAOB, XXenaTenbHO caenaTtb HebGonbLIon
ApanBep Ha kakmx-nmbo mc tuna 74244. JlInbo MoXxHO ncnonb3oBaTth cTapbie ISA nnaTthbi.
Wcnonb3oBaTb nepexogHnk USB — LPT HexenaTtenbHo. OcobeHHO Ansi nporpaMmmMaTopoB.

B kayecTBe nogknoyaemoro xenesa Ham Hago 6yaet oguH nHamkaTop LCD, ogmH cemu
CermMeHTHbIN, 8 cBeTOoaAMOa0B U pe3ncTopbl Mo 2000M K HAM, 5 KHOMOK.

[lna BbINOSTHEHUA yNpaXXHEHUW MO Nepeaade ¢ nocnenoBaTernbHbIM MHTEPdENCOM
noHagobutca ewe mukpocxema 40094 (mc14094) — perncTp ¢ nocnegoBaTenbHON
3arpysKkomu.

[na nogknioveHns MK U KOMNbIOTEPY Yepe3 nocrneaoBaTerbHbIi NOPT, NoTpebyeTcs
npeobpasoBaTenb ypoBHen rs232-TTL - max232 unu aHanorndHasa (LWHyp ot TenedoHa).
[ns oTnagku nporpaMmm xenaTternbHO UMeTb ocuunnorpad. Ewe nyywe umdgpposom ¢
NamMATbHO.

T.K. nporpaMma Ansi MK O4eHb NoXoXa Ha Nporpammy Ansi KOMNbTepa, HAYHEM C
HanucaHus Ansi nocriegHero. B aTom cnyyae Bam He Hago ByaeT aepaTb eLle OTKPbITbIN
CUMYNATOP U TeM Bornee NPoLLMBaTh KaXXabl pa3 MK.

[1na Havana cTonT 03HAKOMUTLCA C LMAPOBON TEXHUKOM BOOOLLE: Kakne Bnoku 0bbI4HO
€CTb B TaKMX YCTPONCTBaX, Kak OHM paboTaloT 1 MOXHO N1 X 3aMeHUTb Ha apyrue. A Tak
Xe CMCTeMbl NpeACcTaBneHnst AaHHbIX. OTO 0COB0 BaXKHO, T.K. B AanbHeNLWeM 3T0 byaeT
BCTPEYaTbCA Ha KXXAOM Luary.

[ns Hayana nogongeT kanbkynatop hexelon, a noTom Bbl JOMKHbI ByaeTe ymeTb
npeacTaBnATb ABONYHbLIE YMCNA U KOHBEPTUPOBATbL UX B AECATUYHbBIE UMK
LuecTHaguaTepuydHble. XoTs, MOXHO ux ByaeT 3anucbiBaTb M B 4BOMYHOM cbopmaTe. Ho
16-6uTHOE umcno byaet cogepxaTb 16 3HaKoB, BMECTO 4X B LUECTHAALATEPUYHOM.

Becb koa B ypokax 100% pabounii n Tectnpyetcs. HekoTopble ypoku cogepxaT dann
NpoeKTa Ansi COOTBETCTBYIOLLLErO KOMNUASATOPA, BCe Heobxoammble dpannbl C KOOOM

N UCMIONHAEMbIN .exe unu .hex dannei.

lMepen Tem Kak caenatb N3MEHEHUs B 3TUX dpannax, CoBeTy caenaTb NOSTHYK KOMuio
BCEX YPOKOB.



Cuctembl cuncnenms. OcHoBbl LMGPOBON TEXHUKN.

B camom Havane KoMNbITEPHOM 3pbl CYLLECTBOBANM aHAOroBble BbIYUCIIUTESNbHbIE
YCTPOMCTBA: MEXaHUYeCKUe, INEKTPUYECKME U INEKTPOHHbIE.

MocnegHue 6a3npoBanncb Ha ONEPaLMOHHbBIX YCUINUTENAX N MX CBOWCTBAX CKaabiBaTh U
Bbl4MTaTb aMnnnTyabl curHanoB. OgHako, Takas TeXHWKa nmena oguH HeoCTaToK -
HETOYHOCTb Pe3ynbTaToB, a TaK Xe YCTPONCTB MHAUKALUKN - CTPENOYHbIX
MukpoamnepmeTpoB. Kakmm 6bl TOYHbIM HU Bbin OY, y Hero Bcerga 6yaeT npoueHT
MOrpeLLIHOCTM.

CoBpeMeHHbIN e Kanbkynatop 3a 10 6akcos Ha 10 pa3psaoB cnocobeH n3Bneyb KOpeHb
N BO3BECTU 3TO Xe Yncno B kBagpaT ¢ TodHocTbio B 100% B npegenax 10 3HaAKOB.

[na gocTuxeHus Takoro pesynbstata cuctemMa BBoAa AaHHbIX 6bina ynpouteHa. HyxHo
nnwb Bcero 2 coctosiHna cuctembl: 1 n 0. Jlamnodka nn6o roput, nmbo He ropuT. [opeThb B
BrorHakana oHa He MOXeT Hukak. Owmnbka BBOAa CBeAEHA K HYHO.

OcTtanocb Tenepb Hay4YnTbCS NPeacTaBnsaTb OObIYHbIE A4S HAC Y1cna B BUAe
nocnefoBaTenNbHOCTU Hyrnen n eamHuL. [Ing aToro ecTb cneynanbHble MatemaTnyeckme
CXeMbil.

Camas npocTas U3 HUX - NnepeBo 13 ABOMYHOWN B AECATUYHYIO.

B umdpoBoi TeXHUKE onepaumm Npon3BoaaTcs Hag T.H. 8, 16, 32, 64 n 1.4. GUTHLIMK
yucrnamu.

BuT - MMHUManbHaA eguHULA NpeacTaBneHnsa MHopmaumn.
OpauH 6T MoxeT ObITL NU60 nornveckasa 1 nm6o nornyeckum 0.

EcTb elle TpeTbe cocTosHUe Z, Korga BbIBOA Kak Obl HAKyAA HEe MOAKMYEH U HE BNNAET
Ha cxemy. Tak cgenaHo B nporpaMmmarope, NpeanioXeHHbIM Ha NepBON CTpaHuLe.

B pexume, korga He Hago NporpaMmMmupoBaTh, €ro BbiXxoAbl HAX0AATCA B Z COCTOSIHUM U He
BNUsAIOT Ha paboty MK.

3a normyeckyto egmHuLy 0bbl4HO NpMHUMatOT HanpsbkeHne B 5B gna TTL nnbo oHo paBHO
HanpsbkeHuto nutaHna B CMOS TexHuke. Jlormdeckum Honb MoxeT ObiTb go 0.7B.

[na npeacraBneHns ymcna Ham HYyXXHO Kak MUHUMYM BOCEMb OGUT.

Hanpumep, obblvHas undpa 0 B gecatnyHon cucteme dyget Boirnsgets Tak: 0000 0000.
Kak e y3HaTb, CKOMbKO KOMBUHALUN MOXHO NpeacTaBuTb U3 8 6ut?

[na atoro ectb hopmyna:

27420427 42 42742242 4 2= 128+ 64+32+16+8+4+2+1=256

NToro 256 kombuHauun. nu xxe uncna ot 0 oo 255. bonbLie Yncno npeacTtaBuTb OAHUM
6anTomM Henb3A. [1na aToro Ham HyXXHO Jo6aBuTb elle oauH 6anT. Takoe Yncno yxe byaet
coaepxaTtb 16 6UT. MakcumanbHbIX KOMBGUHALMIA U3 Hyneil 1 eamHuy Byaget: 2'°=65536

Undopa 2 - 3710 MakcumanbHoe Yncno coctosHun 6uta. Lindpa B ctenerHn onpegensaet
NopsiAKoBbI HOMep Buta B BanTe 1 npugaem emy Bec. Yem 6onbLue vncno, Tem bonee
BbICOKMI Bec nmeet 6ut. EcTb cTtapwmmn 6ut MSB n mnagwmn . B panbHenwem B
AatawmTax Bbl byaete BcTpeyaTbCsa ¢ HUMKU. O4HM KOMMOHEHTLI NPU UX MHULManu3auum
TpebytoT nepenasatb ¢ MSB (cnesa HanpaBo), apyrue e HaobopoT.



[MepeBoa 13 ABONYHOWM CUCTEMbI B ECATUYHYIO

Bo3bmem Hawe yucno 10101001 v pacnmwem ero nobutHo B Tabnuue.

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 1 0 1 0 0 1
26 23 24 23 22 2! 20
128 32 8 1
169

Tam, rge B 4BOMYHON cucteme ctouT 0, 3TOT pa3psia BbikMAbIBAEM, €ro "nonesHocTb"
paBHa Hyrto.

Tawm, rge ctonT eamHmua, 6epem 3T AeCATUYHbIE 3HAYEHUS N CKNnagbliBaem pyr C
apyrom. Nony4eHHoe 4ncrno n 6yaeT NCKOMoe 3Ha4YeHme.

Opyrnmun cnosamu: ans Hac vmcrno 169, a onga kKoMnbloTepa aTO NOCreaoBaTeslbHOCTb
10101001, nprnyem YnTaeT OH ee cnpasa HaneBo: CHa4vana , a notom MSB.

He Bce npoueccopbl paboTaloT B Takon nocnenoBaTenbHOCTU. Hanpumep motoponna
YnTaeT uX crieBa Hanpaeo.

Bce coBpeMeHHbIe KOMNUATOPbLI UMEIT PYHKLUMN Npeobpa3oBaHns U3 OQHON CUCTEMbI B
ApYryto 1 BaM He Hago 3abotutca ob aTtom. [1ns pyyHOM KOHBEpTaLUM UCNONb3ynTe
hexelon.

BCD koa

OTOT Ko NO3BOMSET NPeAcTaBUTb AeCATUYHOE YMCTIO. 2| 153K43
OH nosiBnseTcs Ha BbiXoae noboro ABOUYHO- oo
AECATUYHOro cyeTymka. Ecnum Bbl nocmoTpuTe Ha

CMUCKN KOMIMOHEHTOB B NporpamMmmMax g pucoBaHus
cxem, To Tam BygeT cTtoaTb Heyto Tmna 4 Bit BCD 2y

Counter. M ag

Takon c4eTuYnKk nepeBoaguT NocrneaoBaTeNbHOCTU % a2
MMMNYNbCOB TAaKTOBOrO reHepartopa B yuucna. MHave  — ™

roBop4 - cumtaet ux. B MK Tak ke ecTb cHeTumkm 8 u i
16 6uT. OHM OTMEPSIOT BPEMS, YEPES KOTOPOE 1 13
[OIKHO YTO-NNBO MPOM30IATU: ONPOCUTL NOPT, 3axedb* 1 " 15
CBETOAMOA, BbIMNOSHWUTL Npeobpa3oBaHune U T.4. o
[aBanTe NOCMOTPUM, KaK UMMNYrbCbl

Npeobpas3oBbIBAIOTCA B MOHATHbIE HAM LMAPbI. +58 KE141401
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MopsakoBbIn BCD kog | 16 puuHbIN KOA
HOMep
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

TyT npeactaBneH 4x OUTHBIN KOA CYETYMKA, KOTOpbIN cunTaeT Ao 15 n cbpackiBaeTcs B
Hynb. Yncna 6onble 9 npefcrasneHsl B Buae dyks. B MK cuetyunku cumtatot go 255 n go
65535, XOTA MOXHO 3afaTb YNCNO, OT KOTOPOro Ha4yHeTcAa oTcyeT. [Npu gocTmkeHnn
KOHeYHoro yucna, cdetumk B MK reHepupyeT npepbiBaHue, a 06bl4HbIA ANCKPETHBIN -
NMMYNbC NepeHoca, KOTOPbIN CAYXUT TaKTOBLIM MMMYNbCOM OS5l CHETYMKA CneayoLwero
paspsga. B komnunsatopax ecte oyHKUMA npeobpasoBaHus Ynucna B BCD ko, uto
NO3BONUT BaM MOAKMNIOYNTL K YeTblipeM BbiBogam MK cneumanbHyt0 MUKPOCXEMY-AEKOAEP.
EcTb 2 TMna Taknx Aekogepos - B KOA AN CEMU CErMEHTHOro MHAMKaTopa Unm xe B Buae
00bIYHbIX BbIBOAOB 1-16 4NA ynpaBneHust pene unm naMmnoykamu.



Twunbl gaHHbIX

[ns npaBMnbHOro BblENEHUs CTONb AeULMTHON NaMATU B MK, KOMAUNATOPY Hago
yKasaTb, KaKou Xe OJMHbl TBOU JaHHbIE.

Cambir nonNynsApHbIA TUN SaHHbIX - LLESIOMUCNEHHbIN 6e3 3HaKoBbIN BanT. NOeCTb ObbIYHbIE
yucna ot 0 go 255.

3anucbiBaeTcs 3To Tak: unsigned char <umsi nepemMeHHon>;

Hanpumep Mbl XOTUM XpaHUTb B NEePEMEHHON 3HaYeHne TemnepaTtypbl. [na aToro Ham
Hago CHavana NPUKNHYTb, B KAKOM Anana3oHe MOXeT ObiTb Halla Temnepatypa. Boobwye
OHa MOXeT ObITb OTpMUaTenbHON U NonoxuTenbHon. OBbIMHO BCe A4aTUYnKM C LMAPOBLIM
BbIXOAOM NpeacTaBnAlT Temnepartypy B Buae uncna 0...255. Ho aT1o He 3HauuT, 4to 0
OyaeT paBHO Hynto rpagycos, a 255 - 255 rpagycos Llenbcus.

[ns Toro, 4ToObl CKOHBEPTUPOBATL 3TO YNCMO B HOpMaribHYyt0 TeMmnepaTtypy, Hago
CMOTPEeTb JaTalunT Ha KOHKPETHbIN Aatynk. Tam BygeT TouHas metoamka unu gopmMyna.
A ecnn Ham Hago XpaHuUTb YacToTy npuemMHunka? [ns YKB aT1o 5 gecatnyHbix paspsgos,
4yTO Ha 2 pa3psaga 6onblue, Y4eM MoXeT nomecTuTcs B unsigned char.

3Ha4nT HaM Hago yxe Ans nepemeHHon "yactorta" 6patb 16 6uT. Takon TN Ha3bIBaeTCA
unsigned int.

TyT Hago caenaTb Hebonbloe oTcTynneHre. B gaHHOM NpyMmepe YyactoTa npeacraBneHa
Kak uernoe yucno. Hanpumep 104.50MI"y 6yaet kak 10450. 370 NpaBUbHO C TOYKK
3peHNs NPOrpaMMMUPOBaHNS U CaMOro CMHTEe3aTopa 4YacToThl, T.K. OH HE MOHUMaeT
ApOobHble Yncna n Toraa Bce paBHO NpuaeTcs nepen nocbifIkon NX B HEr0 KOHBEPTUPOBATb
B uenoe. [ina otobpaxeHnsa Ha XK nHankatope 4ocTatoyHO 6yaeT nogenntb 3TO YMCHO
Ha 100 u nepepaTb pe3ynbTaT B YHKUMIO, FAe e yKasaTb, YTO nepeaaBaemMoe Y1CIo -
aecsatnyHoe. A anst otobpakeHmst Ha CBETOAMOAHOM MHAMKATOPE - 3TO YMCNo BooOLe
npuaeTcs packnagbiBatb Ha uMdpsbl.

Twun char npoucxoanT oT character - ogHa 6ykBa. TO eCTb ANa NpeacTaBneHnst Bcex OyKB,
LMdp 1 3HaKOB NATUHCKOro andasnTa Ham XBaTUT C ronoson 256 kombuHauun. Croga
Aaxe BnesyT elle n 6yksbl M3 gpyrnx andasnToB. Ha ocHoBe 3aToro un 6bina cosgaHa
ASCII Tabnuua. Korga TekcT BBOAUTCA B KOMMNbIOTEP, BBOAATCA HE OyKBbI, @ KOAbl U3 3TON
Tabnuubl. A nporpaMmma y>xe CMOTpUT B Tabnumuy KOANMPOBOK U NOKa3bliBaeT TOT CUMBOS,
KO KOTOPOro yKasaH B 3Ton Tabnuue.

B KMTanckom n SsNOHCKOM fA3blkax CMMBOSIOB BonbLue, YeM 256, noaTomy bbina
paspaboTaHa HoBad Tabnuua yHMBepcarnbHbIX KOAOB, IAe KaXabld CUMBON NpeacTaBneH
yxxe asymsi 6antamu, a aga 6anta MoryT npeacTaBnaTb yxxe 65536 cumBonos. 3Toro
XBaTUT Ha BCE A3bIKN NNAHETbl U JaXe Ha BCe CTapble A3bIKN.

Uncno 65535 B WecTHaguaTepnyHom cncteme 3anucbiBaeTtcs tak: FF FF, a onsa toro
4TOObI KOMMUASATOP NOHSAM, YTO 3TO LWecTHagUuaTepmyHasa cuctema, gobasnsercs ewe
npedukc - OXFFFF. na 0ecatuyHbIX YNCES OH HE HYXXEH.

Ewe ecTtb 3HakoBble Lenble 1 ApobHble Yncna. Hanpumep -2754 nnu 3.3453434.

Ecnun BHa4ane mbl nucanu unsigned, To AN XxpaHeHUst OTpyLaTeSibHbIX YNCEN HYXXHO
nucatb signed char unu signed int.

Tunbl char n int MoryT 6b1Tb TONLKO LenbIMKU. [poBHbIE Yncna XpaHuTb B HUX Henb3s. [Mpu
KOMMUAMPOBAHUK Bbl Cpa3y noslyuymTe OwmMbKy 0 HECOOTBETCTBUMN TUNAM AaHHbIX.

[ns xpaHeHus Yncen ¢ nnasatowlen 3anarton ectsb float. OToT TMN Tak xe MmoxeT ObITb
oTpuUaTeNbHbIM.

Ecnu Bbl BbiBMpaeTe Co 3HaKOM, TO MakCMMarnbHOEe NOSIOXKUTENbHOE YMCno byaerT:

TUN OaHHbIX / 2, @ oTpyuaTenbHoe - TN AaHHbIX / 2 - 1.

Hanpumep ecnu Bbl Bbibpanu signed char, koTopbii MOXET UMeTb 256 kombuHaumn,



TO 256 / 2 = 128. [Ins makcMmanbHOro oTpuuatenbHoro yicna: 256 /2 - 1 = 127.
OanH BUT TYT yXXe pe3epBupyeTcs nog 3Hak.
Bonee nogpobHyto MHOPMaLMIO Bbl HAAETE B MaHyare K KOHKPETHOMY KOMMUASTOPY.

Onepauunn ¢ Yncnamm
N Kakue TUMNbl AaHHbIX HAOO0 pe3epBMpoBaTh ANs pesynbTara.

OuyeHb BaXKHO Ha aTane NporpamMmmMuMpoBaHnNS NPeayCMOTPETb NEPEMEHHbIE U UX TUM ANS
TOro, YTobbl XpaHUTb B HUX pe3yrnbTaT OT MaTeMaTUYECKUX (eCTb eLle Niormdeckme)
OenCTBUMN.

[leno B TOM, YTO ecnn y Bac ABe nepemMeHHble Tuna char (B ganbHenwem npocTo char
o3HavaeT 6e3 3HakoBbIN TUn 0-255), B kaxkgon Mbl XpaHum umdpbl 5 1 2. Ecim Mbl nx
CNOXWUM 1 pe3yrnbTaT COXpaHUM B TPETbIO NepeMeHHyto char, To aTo byaeT 7.

7 MeHbLUe 255 1 He oTpuuaTenbHOE YMCNO, 3HAYUT OHO NOAXOAUT nod Tun char.

Ecnu mbl yMHOXMM 2 Ha 5, Mbl nonydum 10. Pe3dynbTaT BCe elle B npeaenax
A0nyCTUMOro.

CTonT Ham TONbKO U3 2 BbIYECTb 5, Kak NpoM3onaeT HenpeaBuaeHHoe: pesynbTaTt byaet
0. Nnn xe koMmnunaTop BblaacT owmnbky. Ecnu mbl nogenum 5 Ha 2, To 6yget 3.5. 3710 -
y>xe apobHoe Yncno n onatb 6yaeTt owmnbka, unum xxe pesynbTaTt NPOCTO OKPYrAnTCa 4o
uenoro 3.

Takve ownbKn o4eHb TPyAHO OTNOBUTL. [109TOMY HA40 B CaMOM Hayarne BCe YeTKO
3annaHnpoBaTb.

Ewe ectb peaknn Tun gaHHbix - bit. OH moxeT 6bITb NMM60 1 Nb6o 0. He pekomeHayeTcs K
MCNOMb30BaHUIO, T.K. elle 7 6uT ByayT NpoCTO He 3a4eNCTBOBaHbI.

Maccustbl (arrays)

OTO - TOXEe TUN AaHHbIX OQHOTUAHOIO TMNa AaHHbIX(!). OpyruMu crioBamum - 3TO ALWUYEK, B
KOTOPOM MOTYT fnexaTb TONbKO KyOuK/M onpeaeneHHoro pasmepa, KoTopble 3anonHA0T
Awmnyek 6e3 octatka. Lapukn, KOHEYHO, TOXe Tyaa BNesyT, HO He Tak 3¢ eKTUBHO, Kak
KyOuKMm.

YUtobbl NOMECTUTb LLIapuKK, HaA0 BMECTO SALLIMYKA B3ATb LUAp.

MpoLe roBops, ecnv maccms Tuna char v AnMHHON B 5 31EMEHTOB, TO B HETO BIe3yT
ToNnbKo NATb Yncen ot 0 go 255. 3anuxHyTb Tyda 6 yicen n3 aToro gnanasoHa, unm xe 5
yncen 6onbwe 255 nnn gpobHble - HE yaacTcs - KOMMNUASATOP BblAacT OLWKNOKY.
3anucbiBaeTcs 3TO Tak:

unsigned char chans[5]; // cioga BnesyT Tonbko 5 yncen 0-255 (bygem xpaHuTtb TyT
KaHarnbl)
unsigned int freq[20]; // ctoga Bne3yT 20 3Ha4YeHnn 0-65535 (a TyT YacToThl)

Ha aaHHbIN MOMEHT Mbl 3ape3epBUpPOBani TONbKo NamsaTb. [laBanTe nocunTaem, CKosbKO
Xe namsTtu ywno? Utak 5 pas no ogHomy 6anty, n 20 pas no 2 6anra - 45 6anTt.

B Bepcusax komnunatopos ana MK 3HayeHust Bcex nepeMeHHbIX NPOoCTaBnaTCcA
(nepemeHHas nHnumanuanpyetcs) pasHo 0. Komnunstopbl ana PC HuYero He genator.
[MoaTomy npm 3anycke nporpammbl TaMm ByayT HAXOAUTCA CriyvarHble Yucna u3 namaTu
(ecnu aTa obnacTb NaMsTK eLe He Ucnosib3oBanack, To TaM dyayT Hynn).

MoaTomy nydiie cpasy nHMLManu3npoBaTb MaccuB 1 3anucatb Tyga 0. beiBatoT criyyaum,
Korga Hago B3siTb 3Ha4YeHue v npmbaBnuTb K HEMY 3HaYeHue U3 Apyrou NnepemMeHHon u
pe3ynbTaT NONoXNUTb B NEPBYIO NepeMeHHyo. Ecnv nepsasa nepemeHHasi He Gbina



MHUUManNu3npoBaHa 1 TaM okasaricsi Mycop, TO 3TOT MyCOp CIOXUTCSH CO 3Ha4YeHNeM
BTOPOW NEPEMEHHON N TOSbKO NOTOM COXpPaHUTCS BMECTO Mycopa. A Bbl byaete gymaTb,
noyemMy pesynbTaT npu KaXaoMm 3anycke pasHbin. Vinu xe Balwua nporpamma cpasy nocrie
BKITIOMEHNA KOMMbloTepa paboTaeT HOpMarnbHO, a CNyCTA Kakoe-TO BpeMsi HaunHaeT
BbldaBaTb HEBEPHbIE YMcna.

MHnumanmnsaums maccmBa BbINOMHAETCS Tak:

unsigned char chans[5] = {0};
unsigned int freq[20] = {0};

He 3abbiBanTe TOYKy ¢ 3anaToun!

Mo Havany 0b6bl4HO NyTalT AMMHY MaccuBa C HOMEPOM MEPBOro 3fIEMEHTA.

Tak BoT 5 1 20 - aTo AnuHa. B kaxxgom maccuse nexut 5 n 20 anemMeHToB.

MepBbii anemeHT HaunHaeTcs ¢ 0, Homep nocnegHero xe 6yaet 4 n 19 COOTBETCTBEHHO.

Tenepb 3anuem 4acToTbl U HOMEpPa KaHanos.

unsigned char chans[5] = {1,3,45,255,102};
unsigned int freq[20] = {8750,8800,8930,10100,10150,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};//187,50 - 101,50mI"L

3ameTbTe, 4To 5 KaHanoB 1 20 YacTOT HUKAK HE CBA3aHbl MeXay COOOMN.

K TOMy e 4yacToTbl 6- BOOOLLE HEN3BECTHbI, HO UX MOXHO U3MEHUTL BO BpeMSA paboThl
nporpammel. lNMpaBaa, nocne BbIKMIOYEHNA NMUTAHUSA - OHU ByayT noTepsiHbl. Ho npwu
MOBTOPHOM BKJHOMEHMM BCe ByaeT Tak, Kak HanMcaHo BO BTOPOMW CTPOYKE.

Kctatnm nameHnTb 4acToTbl MOXHO BCE, a He TONbKO Te, KoTopble 0.

Homepa kaHanoB ToXe MOXHO U3MEHUTb.

A ecnn MHe He Hago MEHATb YacTOTbl COBCEM, HO S XOMY MMETb M KaHarnbl 1 YacToTbI?
Torga 3TK NnepeMeHHble MOXHO caenaTb HEM3MEHAEMbIMU. 3TO HEMHOIO ONTUMU3NPYET
nporpamMmMy B nraHe BblaeneHus onepaTtMBHOM NaMsaTU. TO eCTb 4SS HEU3MEHSAEMbIX
NepeMeHHbIX onepaTuBHas NamMsTb He BblaensieTcs. 3HavyeHns 6epyTca HanNpsamyto n3
FLASH, Ho He 3arpyxatotca B SRAM.

[lna aToro Hago nepeq unsigned gonucaTthb ewe const

const unsigned char chans[5] = {1,3,45,255,102};
const unsigned int freq[20] = {8750,8800,8930,10100,10150,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

A ecnu 9 xo4y NnpocTo Hymepaumto kaHanos ¢ 1 no 20, Ha KOTOpble 1 caM X04y NOBECUTb
HY>XHbl€ MHEe 4YacTOTbl M MOTOM 3anucaTtb BCe B NaMsATb?
Torga nporpamma ynpotuaeTtcs!

unsigned int freq[20];

Tenepb, 4TOOLI 3anuncaTb B onpeAeneHHbl KaHan Hy)XXHYH0 4acToTy, HaM Hafo BbibpaTb
3TOT KaHar.

9710 penaetca npolue, Yem ecnm Bbl Mbl UMENK 2 pasHbIX MaccuBea - 4SS KaHanoB 1 Ans
4acToT.



Tak, HaMm Hago 3anucaTtb B NepBbIn KaHan Yyactoty 100mIy,.
unsigned char freq[0] = 10000;

B 201 kanan 98,8MIy,

unsigned char freq[19] = 9880;

Bce paccMoTpeHHbIe Bblillie MaccuBbl SBNANUCL OAHOMEPHbIMU. ECTb elle MHOromepHble,
Korga B OHOM 3NeMeHTe HaxOAUTCA He AaHHble,a eLle OAMH MacCuB.

char mysuperarray[2] [3] = { {123,123,123}, {123,123,123} };

B naHHOM cny4yae 2 maccuBa, KaXabl N3 KOTOPbIX COAEPXKUT MO 3 ariemeHTa. Takon
MaccuB MOXET coaepxaTtb Ao 255 ogHOBaNTHBIX MacCMBOB.

KomnunsaTtopebl

C aTOro mecrta HauMHaeTCsa NpakTU4ecKne ynpaxxHeHus1, Ana KOTOPbIX BaM YyxXe
notpebyeTtcsa komnunatop anst oboivHoro K.

MouTn BO BCEX Kypcax MO NporpaMMMpPOBaHUIO NPOLECCY KOMNUNALNN YAENSeTCA MHOMo
BHMMaHUS. A cunTato, YTo 3TO HE TaK BaXXHO, HO OCHOBbI HY>XHO 3HaTb 06s13aTenbHO,
4yTOObI NOHATL, HA KaKon cTagumn cOopku NpomnsoLuna ownbka.

[Mpouecc KOMNUAALUN COCTOUT U3 HECKOSbKUX LLAroB.

CHauana nponcxoguT aHanua CMHTakcuca - He oneyaTtancs nv rae nporpaMmMncT, He
3a6bIn nn rge ckobKy 3aKpbITh UM MOCTaBUTb TOYKY C 3aNATON.

HekoTopble cpeabl pa3paboTkn uMetoT Takyro yHKUuio. JInbo e Bbl BCe paBHO yBUaUTE
owmnbKy syntax error Ha ctagum komnunaumn. [loctaTouHO 2 pasa KNUKHYTb Mo ownbke, n
Bbl NonageTe Ha Ty caMyto CTpouKy. CMOTpuTE TMN OWNBKN. DTO MOXET ObITb
nponyLieHHas To4ka C 3anAaTon UNn HesakpbiTad ckobka unm xe oneyaTka B OYHKLUN UK
oneparope.

MoTtom npenpoueccop obpabaTtbiBaeT anpektnsbl Tuna #define, #include - 3ameHsieT
KOHCTaHTbI Ha Yncrna 1 NoAKNYaeT rotoBble GUOGNNOTEKN NN YacTK KOL4a U3 HUX K BaLLEN
nporpamme. Tak ke OH yonpaeT KOMMEHTapum 1 NycTble CTPOKMU.

Ecnun owmnbok HeT, TO ganblie ngeT aHanua koga Ha NnpeamMeT COOTBETCTBUS TUNam
AaHHbIX.

[Mocne aTOro CULLHbBIN KOA4 NePeBOAMTCS B acceMbBnepHbIn 1 NogaeTcs KOMNUNATOPY Ans
3TOro s3blka. [NepeBo CULLHOMo KoAa B acM KO - HENPOCTas 3ajada, U Kaxabln
KOMNUNATOP AaeT cBow acMm kof. KTo-To nydwe, KTo-To xyxe. [10aToMy Kputmnyeckue Ko
BPEMEHW YacTu NporpamMm MULLYTCH Ha acM U BCTaBNSAOTCA B CU KOA.

Ecnu Bawa nporpamma cOCTOUT U3 HECKOSbKNX YacTen-qpannos, TO KaXKabln dpann
KOMMUANPYETCHA B OTAESbHbIN NPOMEXYTOYHbIN OO BbEKTHBIN KOL U MOTOM JIMHKYETCS
NIMHKEPOM B OAWH (hann 1 NepeBoOANTCS B ABOMYHbIN MCNONHAEMbI hann. 3To No3BonseT
He KOMNUAMpoBaTh Kaxabln pa3 Bce ¢hannbl, a TONbKO TOT, B KOTOPbIA Bbl BHECIU
n3meHeHus. Npouecc KOMNUNALUKN 3aHNMaeT MHOMO BPEMEHW, N TakuM 06pa3oM Bbl
akoHomuTe 90%.

[ns Toro, 4ToObl yKa3aTb kak cobupaTb Bawwm dannbl, ectb makefile - dbann ¢ komangamm
Ans nporpaMmmbl make, KoTopas y)ke 3anycKaeT HYXXHbI KOMNUIIATOP M yKasbiBaeT emy
Hy>XHble conarn onTuMmmsauum n npoyee. Takon makefile cooepxut B cebe MeTku, KOTOpbIE
ABMATCA yKa3aTenamMm Ha YacTb MHCTPYKLMUNA.



Hanpumep TNnYHbIe MHCTPYKL MK
make build

make clean

make programm

3anyckad make C 3TMMW MeTKamu, Bbl FOBOPUTE TEM CaMbIM, YTO HYXXHO caenaTb C
BaLLUMMK hanniamun: CKOMNUIMPOBATb, OYUCTUTb OT BUHAPHBLIX U MPOMEXYTOUHbLIX hanioB
nnu xe s3awmntb B MK.

EcTecTBeHHO 4Nng 3TUX METOK Heobxoamm cooTBeTCcTBYOWMI koA B makefile. Takon chann
cam reHepupyeTcsa cpefov paspaboTku, nnbo nporpammont MFile [WinAVR] n3
komnunaropa WIinAVR. bbiBalOT KOMOUAATOPSI, rAe Takux pansioB HET M BECb NMpoLece
cOOpKM CKPbIT OT NOMb30BaTeNs, NpeaocTaBnas eMy yaobHble MeHI0 Ans KoHUrypaumm.

[ns oTnagku nporpaMmm CyLEeCTBYHOT cneunanbHble Npunoxenus - aedarrepol (debugger).
UTtobbl OH Mor paboTaTb - Hao ykasaTb B MPOeKTe, YTOObI Mpy KOMNUNsUMnM B Baw dhamn
BKIO4anacbh otTnagoyHas nHopmauus. Toraa Bawl ncnonHaemblin ann 6yaert saHnmMaTb
MHoro 6onblue mecta Ha gucke. Korga e Bbl 0oTnagute nporpammy, To Hago
NEPEKNIYNTBLCA B PEXMM release B Balwlen cpene paspaboTke unm nHbiM NyTeEM yKasaTb,
4YTOObI OTNAag0YHas MHPOPMaUMA He reHepupoBanacs.

[Ona MK otnagoyHas nHopmaumsa coaepXxmnTcs B oTAeNbHbIX hannax

¢ pacwupeHuem .cof. IMeHHO aTn (hansibl HYXKHO YKa3sblBaTb CUMYyNSiTOpaM B Ka4yecTse
OvHapHbIX, a He .hex.

CTpyKTypa nporpamm

Mporpammebl Ha cun ansa MK n MK HemHoro pasnuyaroTcs, HO OBLLMIA MPUHLMN Y HUX OOWH.
Mporpamma Ha [NMK BbinonHAeTCA B 6E@CKOHEYHOM LMKMNE UMK XKXe BbINOSTHAET
nocnegoBaTenbHOCTb onepaunin n 3asepluaeTcs. KOHeYHo e nporpamma B 6€CKOHEYHOM
LIMKIIE MMEET YCIOBME BbIXOAaA U3 HErO Npu HaXkaTun onpeaeneHHon KHonku. Unum xe ee
MOXHO HacunbHO npepBatb CTRL+C.

Mporpamma ans MK BbinonHAeTcsa B 6€CKOHeYHOM LmKkne 6e3 kakoro-nmbo Bbixoga mn3s
Hero. Ho n TyT eCcTb CBON 0COBEHHbIN BbIXOA - NpepbiBaHns. OHM NpepbiBaOT OCHOBHYHO
nporpaMmmy 1 NPONCXoaUT nepexon B nognporpammy - o06paboTymk npepbiBaHUS.

lMocne 3aBeplueHns aencTeui B 06paboTymnke, OCHOBHasA NporpaMmma CHoBa NpogoskaeT
paboTaTb C TOW TOYKW, rae oHa Gblna ocTaHOBMEHA.

Bonee nogpo6bHO 0 NpepbiBaHNAX ByaeT paccka3aHo No3xe.

lMpocTasa nporpaMmma COCTOUT M3 HECKONbKNX YacTen:
WHKITOA0B, rMaBHOM (PYHKLMK main, Nofb30BaTENbCKUX PYHKLMA N KOHCTAHT.
Camas npocTas nporpamma:

#include <stdio.h>

void main (void){
printf("the simple prog");
}



Pa3bepem ee no yactam.

AunpektnBa npenpoueccopa #include roBopuT, 4TO HaAO NOAKMNOYUTL BUBIMOTEKY
standard input/output, roe onpegenena craHgapTHas YHKUMA BbIBOAA Ha akpaH printf.
TpeyronbHble cKOOKK roBopsAT, YTO dhann stdio.h - aBnseTca yacTblo KOMNUNIsATopa u
nexuT B nanke include. Bbl MOXeTe camu onpenensatb CBOW MHKMIOAbI, B KOTOPbIX OyayT
onucaHbl NPOTOTUMbI BalLMX PYHKLMIA N KOHCTaHTbI. [Jnsa 3Toro Baw dann AomKeH 6biTb B
OZHOW Nanke ¢ pannom .c (rae Kkog Ballen nporpaMmmel).

Tonbko Tenepb BMECTO CKODOK - ABOMHbIE KaBblvkn " ".

#include "myinclude.h"

Void - nyctoTa. [lepBbln pa3 OHO rOBOPUT, YTO OYHKLUMS main He Bo3BpaLLaeT
napameTpoB. Bo BTOpow pa3 OHO roBOPUT, YTO B rMaBHYIO PyHKLMIO main He nepeaatoTcs
napameTpbl. Cama pyHKumMs main() sBnseTca rmaBHon 1 o6a3aTenbHOn AN BCEX CH
nporpaMmm. B durypHbix ckobkax, COGCTBEHHO, CaMU UHCTPYKLMM BaLLEn NporpaMmbi.

B HekoTOopbIX criydasix rnaBHas OyHKUNSA MOXET MMETb Kak BXOAHble NapameTpbl, Tak 1
BbIXO4QHOM pe3ynbTaT. OTo AencTByeT Tonbko Ans MK, Ho B AaHHOM criyvyae Ham He
HY>XHO.

®dyHKums printf - o3HavaeT nevataTb ¢ popmaTnpoBaHnem. B gaHHOM criydae y Hac HeT
HUKakoro popmaTtmpoBaHusi, HO B Byayuiem oHo byaeT ob6ssaTtensHo. MNpumepamn
dopmaTUpoBaHUA MOXET BObITb pe3epBUpPOBaHNE 3HAKOMECT Mo YMcna ¢ nepeMeHHOM
ANNHOW - YacToTbl 88.5 unun xxe 105.5Mry - pasHon ASIMHbBI U eCInu HE pe3epBUpoBaTh
3apaHee 5 3HaKOMeCT, TO CTpOKa Ha uHaukaTope byaeT npbiraTb.

PaboTta c nepeMeHHbIMA

Hebonbloe BBeAeHNE B NepeMeHHbIe ObINo y)Xe B caMOM Hayane. Tenepb
nepenaem B 60nee KOHKPETHbIM AENCTBUSM.

MTak, 4To Xe MOXHO AenaTtb C NepeMeHHbIMN?

OkasbiBaeTcs C HUMMU MOXHO AenaTb He TONbKO apudMeTUdeckme enCTBUs, HO U
nornyeckme. CHavana paccmMoTpum apumeTmnyeckme.

Bo3bMmem aBe nepeMeHHble LienoyYncneHHble 6e3 3Haka.

char a,b;

Tenepb NPUCBOUM UM HEKOTOPbIE 3HAYEHMS

7

5
2,

a
b
3Ha4YeHns1 MOXXHO NPUCBOUTL UM U B CAMOM Havane

char a=5, b=2;

UIn XXe, eCcnu ABe NepeMeHHbIe UMEOT OANHAKOBOE 3HAYEHNE, TO 3annChiBAaEM Tak

char a=b=2;



Tenepb Mbl XOTUM CIOXUTb UX. [1n1s1 3TOro Ham Hago NMbo elle O4HY NEePEMEHHY!HO,
nnbo pesynbTaT MOXHO COXPaHWUTb B OAHOM M3 HUX. COOTBETCTBEHHO paHee
3anvcaHHoe TyAda 3HaYyeHune nponager.

a=a+b;

B aTom cnyyae cHayana 6yayT npousBeneHbl 4eNCTBUS CnpaBa OT 3HaKa =, a
NMOTOM pe3ynbTaT COXPaHUTLCS B NEPEMEHHYHO a.

Ecnu e Ham 1 B AanbHeNLWeM Hy>Hbl OyayT opuUriHanbHble 3Ha4YeHus
nepeMeHHbIX, TO ANs pe3ynbTaTa cneayeT 3ape3epBuMpoBaTh eLle oaHy
NepeMeHHYIo C.

char c;
c=a+b;

MmeHa nepeMeHHbIX He JOSTXHbI ObITb KNHOYEBLIMU ClIOBaMU A3blka U HE MOTYT
Ha4YnHaTbCA € uMdp. EANMHCTBEHHBIM pa3peLleHHbI 3HaK B UMEHU - 3TO CUMBOIJ
npobena _ .

Mpumep: some_long_variable123 .

[encTena c nepemMeHHbIMU:

CNoOXeHue +

BblYMTaHUE -

penedue /

aerneHue c octatkom %

yMHOXeHue *

Tak e MOXHO 1cnornb3oBaTb BO3BeAeHME B CTEMEHb NpU NoMOoLLM OyHKLMM pow(),
n3BriekaTb KopeHb sqr() 1 NPoYMe CUHYCbl U KOCUHYCbI. [1Na 3TOro HY»XHO
nogkno4nTb Gubnunoteky math.h .

MomHuUTe, YTO NpU AeneHnm uenbixX Yncen obpasyroTcs ApobHbIe, a npu
BblYUTaHUMN - oTpUuuaTtenbHble. He 3a6biBanTe 0 TUNax NnepemMeHHbIX Ans
XpaHeHUs pe3ynbTaToB.



buTtoBble onepaumn

OuyeHb BaxHbIM Mpu nporpammmnpoBaHnn MK aBnsoTca onepaunm ¢ oTAeNbHbIMK BuTamu.
[Mpn noOMOLLM HMX Bbl CMOXeETE yNpaBnsTb OTAENbHbIMU BuTamm, He 3aTparMBas Bce
ocTanbHble. Hanpumep y Bac Ha 0gHOM M3 NOPTOB BUCUT 4 cBeToanoada u 4 kHonku. Kak
onpenenuTb, Kakon CBETOANOA HAZO0 3aXe4b M Kakas U3 KHOMOK HaxaTta?

BoT TyT-TO M NOHagob6aTcs onepauun casura n nornyeckme U, I n npoume.

Pasbepem cHavyana norudeckoe M (AND).

MpencraBmm, 4TO 3TK ABa BblKoYaTens - 2 6uta. Kak y>ke roBopunoch paHblue - out
MMeeT 2 COCTOSHUA: Nnamnoydka nmbo roput, MMbo He ropuT.

#1
J1 J2
o /c
Wy = & ey =B 12%

1
i

12
BbikntoyaTtenu pa3omMkHyTbl, 3Ha4mMT oba 6uta umetot nor. 0.

3amMblkaeM OaNH U3 HUX.

1 1
1 J2 J1 J2
0’/0 L
ey = &, Hey =B 12% Key = & Key =B 12%
W1 W1
i i
1] 1]
12 12

Ecnn xots 6b1 oguH n3 6utos 0, To pesynbTat 6yaet 0.

Al
A1 J2
Hey =4 bey =B 12Y
W1
1]
12

3anucbiBaeTcs 310 Tak 1&0 = 0 unn 0&1 = 0. HeTpygHo noHsATb, 4to 0&0 = 0.

Ecnu xe oba 6ura nor. 1, To 1&1 = 1 - namnoyka ropur.

Ho kak y3HaTb, kakon n3 BocbMu 6utoB umeet nor.1 unum nor. 0?

[na aToro Hago NPUMEHUTL onepaTop CABUra >> UNn xe <<.

He 3abbiBaem, 4TO 0ObIYHO OTCYET MAET CnpaBa HaneBo.

WTtak, Ham Hago onpefenuTb, HaxaTa N KHOoMKa Ha NepBoM BbIBOAE. JTO - HyrieBon 6uT.
ButoB y Hac 8. Torga Ham Hago caBuHyTL Ha 0 U npuMeHnTb &1,
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CpaBur Ha 0 He HyXeH, T.K. HUKaKoro casura He byaeT. Ho cHavana pa3bepem cxemy.
[1Ba BbIBOAA NOAKMIOYEHbI Yepe3 pe3ncTopbl K NACcoBOMY NpoBoay. Ecnu kHomnka He
Ha)kaTa, TO Ha Bxogax byaet nor 1. Ecnn HaxaTa - To HanpskeHne ynageTt 4o Hyns.

MpenctaBnm Hawm BoceMb OUT B BUAE NOCNEeA0BaATENbHOCTU HYNen 1 eaUHNLL:

128 64 32 16 8 4 2 1
0x80 0x40 0x20 0x10 0x08 0x04 0x02 0x01
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

0 0 0 0 0 0 1 1

Ha cxeme pic16f84 noptbl nmetoT mapkuposky RB, Ho Bce AVR MK BmecTto R nmetot P.
NTak, Mmbl BUOUM, 4TO ABa nocrnegHux 6uta 6narogaps pesvcropam nmetot nor 1. Takas
cxema BblbnpaeTca NOTOMY, YTO BXOAHbIE NMUHbI HE AOSMKHbI BUCETb B BO3ayxe: nNMbo
NOATSAHYThI K NSItoCy, NnMbo K 3emne.
Tenepb camoe rnaBHoOE - NPOBEPUTL, Kakon ypoBeHb nmeeT PBO.
[lna aToro genaem Tak:
if (1(PINB & (1<<0))) {

... KHOMKa Haxara
} else {

... KHOMKa He HaxaTa
}

Mponyctnm noka if ... else n nocmoTpum BHMMaTenbHen. PINB - aTo uma peructpa, Ha
KOTOpPbIN NPUXOAUT MHAOPMALMSA U3 BHELLHEro mupa. C Hero Tonbko MOXHO YnTaThb.

1<<0 - 0 B gaHHOM cny4ae 310 - PBO unn Homep 6uta. Takoe BhipaxeHne BepHeT 1. Ecnu
noactaesuTtb 2, To 6yaet 2. Ho ecnn nogctasuTtb 3, TO pe3ynbTaT yxe 0yaerT 4.
MonpobyniTte 3anyctuTb "uncrta kanekynatop" n Hadbpatb 1 slh(0). Undpa B ckobkax wu
eCTb Homep buTa.

Ecnu nocmoTpeTb BHUMATENbHO Ha Tabnuuy, TO Mbl YBUAMM FOTOBbIE 3HAYEHUSA 1
onepauus coBura Ham He HyxkHa. [103ToMy Mbl MOXEM 3anucaThb:

if (! (PINB & 0x01)) // nepBas kHonka
if (! (PINB & 0x02)) // BTOpas

if (! (PINB & 0x04)) // TpeTbs

if (! (PINB & 0x20)) // wecTasn

~— ~—

Mexay ckobkamm 3aTecancs BOCKNUUAaTEnNbHbIA 3HaK. OTO TOXe ogHa 13 GUToBbIX
onepauun - UHBEPTUPOBAHME.



(PINB & [ntoboe yncno, He HorMb]) BepHET HaMm fiormyeckoe 1.
T.K. nHO 1 NMH1 NOATAHYTLI pe3ncTopamMm K NACy NUTaHUSA, TO OHK ByayT 1.
HaknagbiBaem macu 0x01 nnu 0x02. 3710 BbIrMAAUT TakK:

Haw nopt 00000011
Hawa macka gna 0x01 00000001
Mony4nm 00000001 - Hekoe yucno, borblue HynA

Oneparop if (ecnn) npoeepsieT ycnosme. Ecnn oHo He paBHO HySHO, TO OHO BepHO. B
HalleM criydyae OHO He paBHO HYM. HO HaM HyXXHa peakumsi Ha HaXKaTyto KHOMKY, MO3TOMY
9TO BbIpa)XeHNe MOXXHO MHBEPTMPOBATb, T.€. caenaTb U3 Hero normdeckuin 0.

Else MOXHO onyCTUTb, Cnn NP HE HaXXaTOW KHOMKe HM4Yero ocoboro genaTb He HaAO.
KoHeuHO, cnepBa CMOTPUTCA HEMHOIO 3anyTaHHbIM. Torga 3TO MOXHO yNpoCTUTb, HO 3TO
He coBCEM NpaBuUIbHbIN NYTb.

If (PINB & 0x01) == 0){
... KHOMKa HaXaTta
}

TyT Mbl CpaBHMBaEM C HyfneM, XOTs cam onepartop if yxe npegycmatpusaeT no
yMOn4aHuto: Bce, 4To He 0 - ecTb 1. O6paTnTe BHMMaHWEe Ha ABOMHOW 3HAK paBEHCTBA.
OT0 3HaK cpaBHeHUS. Tak xe Yyactasa owmnbka.

lMoka 4YTO Mbl onpeaensany HaxkaTme KHOMOK. A Kak e 3aeub CBeToamuon Ha ApYyrom
nopTy?
W TyT Ham noHapobsTca onepauum casura, Ho yxxe He norndeckoe U, a nornyeckoe UJA.

0/0=0 110=1
1] 1|1}
0[1=1 111=1

Rl S

Kak BngHo, onepaumsa AN npoTnBononoXXHOCTb M: namnoyka roput npm Tpex pasHblx
KombuHauusx, korga npyu Y oHa ropena tonbko ecriv 1 n 1.



OTtctloga cnepyert, 4To ecnu Mbl Npu onepauun U octaBum eanHuLy, TO HY>XHbIA HaMm
out yctaHoBuTcA B 1, a ecnun Tam 6bina yxe nor 1, TO HAYEro NOXOro He Cry4nTCs.
CeeToguoabl y Hac BUCAT Ha nopTy C. 3HayanbHO OHM He FOPAT U 3TO BbIMMSANT Tak:

PA7 PA6 PAS PA4 PA3 PA2 PA1 PAO
0 0 0 0 0 0 0 0

CpaBHMBaTb HaM TYT y>Xe HUYEro He HaJo, a HaZo 3anncaTb HOBOE COCTOSIHME B NOPT.
[lenaeTtcsa aTo TakK Xe nerko, kKak U NPUCBOEHME 3HAYEHNSA NEPEMEHHOMN.

CnepBa Mbl XOTUM 3aXkeub NepBbIN CBETOANOA, KOTOPLIA BUCUT Ha 6UTO.

PORTA = PORTA | 1;

MosicHeHune: BepeTcs cHavana 3HadeHne (HEKOTOpPOe YMCOo, B @aHHOM crnyyae oHo byaet
0 B gecaTu4HoM 1 B WwectHaguatepmyHom 0x00), capuraTtb Ha HOMb BUT HaM He Hago T.K.
3TO N eCTb HyneBon 6uUT n npumeHsiem onepaumto UM,

MoTom pesynbTaT 3anucbiBaeM obpaTHO B NOPT. Tenepb COCTOAHNE N3MEHUIOCH:

PA7 PA6 PAS PA4 PA3 PA2 PA1 PAO
0 0 0 0 0 0 0 1

M oHo Tak n octaHeTca ganblle, noka cHoBa 6ut0 He ByaeT yctaHoeneH B 0. YyTb nosxe
Mbl PACCMOTPUM, KaK 3TO caenaTb Npu NOMOLLM APYron normyeckon onepauun. A cenvac
HaM Hago BKMNIOYUTb M BTOPOW CBETOAMOA,.

PORTA = (PORTA << 1) | 1;

HoBoe cocTosiHMe:

PA7 PA6 PAS5 PA4 PA3 PA2 PA1 PAO
0 0 0 0 0 0 1 1

CKopeW Bcero y Bac y>ke BO3HUK BOMPOC, a kKak cpasy 3axeyb 2 ceetoanona? KoHe4vHo,
MO>HO BbIMOMHUTb ABE KOMaHAbl MO 04epean, HO 3TO 3aNMET MHOIo BpeMeHU. Ho n Tyt
€CTb BbIX0O[.

9710 paboTta ¢ mackamu nnun macklpoBaHue.

[asanTte pasbepemcsa nogpobHen n ¢ ncnonb3oBaHMem Tabnuu,.

M3HavyanbHO Hawun cBeToaNOAbl HE TOPST.

PA7 PA6 PAS PA4 PA3 PA2 PA1 PAO
0 0 0 0 0 0 0 0

Ham Hago uameHuTb B pernuctpe cpasdy asa buta. [1sa nameHsiembix 6uta v wwectb
HemM3MeHseMbIX - aTO yxe 4ucno. Ecnn HabpaTb 3TO YNCNO B ABONYHOM peXnme u
NepeKIToYnTLCA B AECATUYHbIN (Kanbkynatop hexelon), To mbl yBuaum umdpy 3. BoT ee-
TO HaM W HaAo 3anucaTtb B NOPT C y4ETOM COCTOSAHWUS ApYrux GUTOB.

310 Hawa macka 0x03
0 0 0 0 0 0

PORTA = PORTA | 0x03;




Mpowe MoxHOo Bbino 6bl 3anucaTte U Tak PORTA = 0x03;

Ho Toraa Bbl 3anuiwieTe He TonNbko 2 6uta B nor 1, HO U WecTb ocTtanbHbIX B fior 0.

OTO YHUYTOXNUT COAEPKMMOE ITUX WecTn BuTos. B Hawem criydae Tam nexat Hynm u
NO3TOMY HUYEro CTPALUHOro TYT HEe npomn3onaeT, A ecnu 6ol Tam Obinn gpyrue
cBeToamonbl, KOTOpbIE HAM COBCEM He Haao ObIno TporaTtbh?

MoaToMy Hago 6bITb OCTOPOXHBIM U MOMHUTL, YTO NPSAIMas 3anucb B NOPT - 3TO HE
MacKkupoBaHue, a UMEHHO npsimasi 3anncb B NOpT YMcna.

A MacknpoBaHue - 3TO U3MEHEHME (TaK e CpaBHEHNE N UHBEPTUPOBAHNE) KOHKPETHBLIX
OuTOB NO Macke.

Tenepb, Korga Mbl 3HaKOMbI C NEPEMEHHbIMU, OnepauusiMm C HUMN U CO CTPYKTYPOW
nporpaMmmbl, Mbl HANMLLEM MPOCTY0 NporpaMmmy Ans muraHna ceetognogamm ans MK m
ansa K.

[ns atoro Bam notpebytoTcs:

PROTEUS

dlportio

KomnunaTtop winavr

Komnunatop dev c++

Pasbem DB25 n kabenb ana nnt nopta ¢ 8 ceeToagnogaMm u pes3mcrtopamMmm Ha
2000om

aRWON=

3anyckaem dev c++, co3gaem HOBbIN NPOEKT Ipt n coxpaHsem cann npoekta Ipt.dev B
HOBYtO narky Ipt.
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3axogum B NPOEKT -> napamMeTpbl NPOeKTa, BblOMpaeM Hy>XHYHO BKNaAKy M ykasbiBaem
nyTb Ao 6ubnumotekn "C:/Program Files/DLPortlO/API/DLPORTIO.lib"

MNapaMeTpbl NPOEKTA

Odwwme | Fafne | Komnun... Fapne.. | Eamnon... | Make-$... | Bepcua |
JonoiHKUTENEHEIE NAPAETRE KOMAHIHON CTROKM;
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B nanke C:\Program Files\DLPortlO\API ecTb ewe oanH cpann Dlportio.h, koTopbin
Konupyem B nanky Ipt n ewle B nanke lesson1 ectb dpann fakeio.c, kKOTopbIn TOXE

Konupyem B nanky Ipt.
[anee nobaensiem fakeio.c k npoekTy.

Cam fakeio.c - npocTo AaeT HaM KOPOTKME NMEHA
dyHKUMIN 1 ocobo 3aTparmBaTth ero He ByaeT, XoTs Bce
oynet pabotaTb n 6e3 Hero. CoxpaHuTe Bce cannsbl,
npv 3TOM BaM NpeanoXxart COXpaHUTb U main.c -
rmaBHbI dpann Hawen nporpammel. Yganure

B pefakTtope Bce CTPOKU - Mbl Byaem nucaTb Bce C
HYnS.

B danne fakeio.c yxe ectb #include "DLPORTIO.h",
KOTOpPbIN rOBOPUT, YTO HAJ0 UCNOSb30BaTb (PYHKLNN N3
6ubnmotekn DLPORTIO.lib, KOTOpyO Mbl eLLie B camoM
Hayvane ykasanu KOMnunaTopy.

Kak yxe 6bino ckasaHo Bbllwe, fakeio.c 6yget
CKOMMUIMPOBaH OAMH pa3 U NOTOM MPUSIMHKOBAH K
ncnonHsemomy canny. Ha aTom Mol ero 3aboiBaem
COBCEM.

¥ Dev-C++ 4.9.9.2 - [Ipt ] - Ipt.dey

Marn Mpagka Mowck  Bra  MpoekT  Beino.

& |

B =R3=

| #v o

MpoekT | Knan::ctbll |:|TJ'IE|.|:I.KE|| P, & |

C034aTeE hakn
A0REEHTE K NPOEKTY

¥ AANKTE M3 MpOBKTS

#i

1

AoBaEHTE Nanky

MapameTpel NpoekTa  AlL+P

ovs

]

=

et



Hawa nporpamMmmMa Ha4vnmHaeTCd C yKa3aHnUA KOMMUIAToOpPY, YTO Mbl XOTUM UCMNOJ1Ib30BaTb
CTaHﬂ,apTHbIVI BBO-BbIBO Ha 3KpaH. OTO TaK »Ke ONNCbIBaNocCh BbiLLE.

#include <stdio.h>
[anee Ham HyXHa rnaBHasi PyHKUKMA main 6e3 napameTpoB 1 6e3 Bo3BpaTa pesynbrara.
void main(void){

}

BHyTpu churypHbix ckobok n 6ygeT Haw kog. Cnepsa Mbl BbiIBEAEM Ha 9KpaH NPOCTO
CTPOKY.

printf("the small prog");

Kmem "ckomnunmpoBaTtb 1 BbiNoNHUTE" F9. Yepes HeKOTOpoe BpeMs Bbl yBUAUTE, KaK Ha
AONN CeKyHAbl MENbKHET KOHCONbHOE OKHO M 3aKpoeTcs. Mnu xxe KoMnunaTop BblaacTt
owmnbkun. NocmoTpuTe, TOYHO NK Bbl Ykasanu 6nbnnoTeky B CBOMCTBax NpoeKkTa, eCTb N B
npoekTte cann fakeio.c, HET N1 oneyaTok?

YT0ObI OKHO HE 3aKpblBarocb camo, MOXHO B KOHLE (HO B npeaenax urypHbIX ckobok!)
no06aBUTb CTPOUKY

system ("pause");

E:"-.,DEv—l:pp"-.,E:-:ampIes"-.,lpl:"-.,lpl:.e:-:e
the small progPressz any key to continue . . .

UTo6bl NEPEHOCUTL CTPOKU, HY>KHO B KOHLIE 3TOM CTPOKM CTaBUTb \N. OTO crneunarnbHbIi
3aKk nepeHoca Ha HOBYHO CTpoKy. OBpaTHbINA CneL roBoOpuUT KOMMUNATOPY, YTO 3TO HE
npocTo ByKkBa n, a HEKNN KOA NN escape sequense.



ASCIl Name Description C Escape

Sequence
nul null byte \0
bel bell character \a
bs backspace \b
ht horizontal tab \t
np formfeed \f
nl newline \n
o e v

MonpobynTe HanucaTb eLle oAHy CTPOYKy printf ¢ gpyrMmmn cnoBamu 1 nogcTaBbTE BMECTO
\n gpyrue koapl, Hanpumep \t.

Tenepb camoe rnaBHoOE B 3TOM YPOKe - 3axeudb cBeToamoabl. [1ns Hayana camoe npocrtoe
- NOTYLUMM BC€, T.K. OHN U3HA4YanbHO BCE rOpAT.

Bocemb cBeToanonos - ato Bocemb Hysen unm 00000000, nnu B xekce 0x00.

B dhanne fakeio.c y Hac ecTb dpyHKUMA 3anmcy B nopT outportb(), koTopasa TpebyeT 2
aprymeHra:

agpec nopTta 1 JaHHble.

HemHoro 06 agpecax. Y kaxgoro nopta kak B 1K, Tak n B MK ectb cBon agpec. [1ns
yno6cTtea paboTbl ¢ HUMK B MK um 6b1nv npucBoeHbl bykBeHHble MeHa Tuna PORTA,
PORTB.

B K Takoro HeT n cneayeT obpaluatbcst K HUM NO onpegeneHHomMy agpecy. Agpec nnt
nopTa y Hac 06bI4HO 0x378. 3TO Bbl MOXETE NOCMOTPETL B Buoce.

WTtak, 3anvwem B NnT nopT no agpecy 0x378 yucno 0x00.

outportb(0x378, 0x00);

CeeToguoabl noracHyT. Tenepb 3axrem Bce cpaady. [ns 3Toro Hago 3anucaTb BOCEMb
eanHny, unn ymcno OxFF. 3anyctute kanbkynsatop hexelon, HaxxmuTe KHOMKy bin,
Habepute 11111111, wenkHUTE BBEPXY cnpaBa Ha hex.

outportb(0x378, OxFF);
OT10 BTOpas cTpoyka. [epByto cTMpaTb HE Haao.

Tenepb nopaboTaem co caBurom 6anTos.

OcTaBum nepByto CTPOUKy 6e3 nameHeHnin. A BO BTOPOWN NOMNbITAaEMCH 3aXKedb OOUH
CBETOAMOA.

lMoka npocTo 6e3 macku (6e3 yyeTa COCTOSAHUS OCTanbHbIX GUTOB).

3HaunT Ham Hago cHoea nocnatb BoceMb 6uT 00000001. Bocnonb3yntech
KanbKynsiTopom, 4Tobbl nepeBecTy 3To Yncno B xekc. MNMonyuntes 01 nnu ¢ npedmkcom
0x01.

Tenepb NnpeactaBbTe, YTO Mbl HE 3HAEM, FOPUT NN NEPBLIN CBETOANO, U HET, HO HaM
Hado 3aXeyb U BTOPOW. [N 3TOro 3aKOMMEHTUPYIMTE NEPBYIO CTPOUKY, FAE Mbl racumnm
BCe CBeTOAMOab!.

Moka y Hac AomKeH ropeTb TONbKO NEPBbIN.

Tenepb nosABNsAeTCA elle oaHa PYHKUMSA YTeHUs cocTosHMS u3 nopta. OHa Bo3BpallaeT
Hekoe yucro. B gaHHoM cnyyae oHa Bo3BpaTuT 0x01, T.K. y HAc Noka roput nepsbi
cBeToaMoL.



3Hasi COCTOsIHME NopTa, Mbl MOXEM U3MEHUTb €r0 Ha HOBOE, HO COXPaHUTb COCTOsIHUE
OVTOB, KOTOPbIE HAM HE HYXHblI.

dyHKUKMA HasbiBaeTcs inportb() n B KayecTBe aprymeHTa TpebyeT ToMbKo agpec nopTa.
WNTak, y Bac gomkHa 6bITb TONbKO O4HA CTPOKa BO BCEW Nporpamme.

outportb(0x378, inportb(0x378) << 1| 1);

lMocne BbINOMHEHUS, ¥ Bac AOMMKHO ropeTh ABa cBeTOoAMO4a Nnoapsaa.
MonpobynTte Tenepb BMeCTO << 1 NoAcTaBUTb Apyrne undpsbl. Tak e nonpodynte
NOMEHATb HanpaBfeHns caBura.

Mpuwna nopa NO3HaKOMMUTCS BNSIOTHYHO C MK M MEPEHECTU Hally NporpamMMy Ha Hero u
NOCMOTPETb, YEM OHa OTNMYaeTCsa OT nNporpaMmmbl An4 NK. [ns aToro Bam noHagobutcs
nakeT winavr n proteus, a Tak Xxe ypok lesson2.

Cosgagnm HoByto nanky gnga npoekrta. 3anyckaem Programmers Notepad [WinAVR],
co3aeM HOBbIN NPOEKT N YKasblBaeM, KyZa coxpaHAaTb hann npoekta. [NoTom cosgaem
HOBbIV (hann n coxpaHsieM ero Kak led.c. Tak xe aToT dann Hago AobaBuTb K MPOEKTY, Kak
3To genanu B dev c++. [lobaBneHne ¢annoB B NPOEKT NO3BONUT BbICTPO MX OTKPbLIBATD,
OZIHAKO 3TO He BNMsieT Ha npouecc komnunauun. [nga cosgaHna makefile ncnonbayetcsa
cneymansHas ytunuta MFile [WinAVR], ¢ koTopor Mbl 03HakoMmMmMmca YyTb nosxe. [Nepepq
TeM, KaK Ha4yaTb NucaTtb nporpammy Ang MK, BaMm Heob6xoanMO O3HAKOMUTCS C
HEKOTOPbIMU OCOBEHHOCTSMN.

JTrobon MK cogepxut B cebe kak MUHUMYM OANH 8-BUTHBLIN NOPT, BbIBOAbLI KOTOPOro MOryT
ObITb BXOA4AMW UIK BbIXO4AMU, MPUYEM KaXKabI MUH MOXET ObITb CKOHUTypUpOBaH
oTAenbHO. Tak e B npouecce paboTbl NporpamMmmbl, MMHbI MOXXHO NEPEKYaTh C BXoaa
Ha BbIXOL UK e NOAKNoYaTh K HAM BHYTPEHHIOW nepudyeputo. MNpu NoaknioYeHnn Takon
nepudpepun, NOpT aBTOMaTUYECKN KOHPUTYPUPYETCA Ha BXoA4 Unu Bbixod. Hanpumep,
moaynb UART gns csasm ¢ nk umeeT 2 nnHa RX 1 TX, ana npuema nnu nepegayn.
Mo>xHO 3agencTBoBaTb TOMLKO NMPUEM UK TONMBKO nepeaady, unm xe oba cpasy. Ecnu xe
Bbl BKItoumTe AL, TO Ha Takon BbIBOA yXe HeNb3da 6yaeT NnogkoynTb CBETOANOS U
KHOMKY.

[ns Toro, 4ToObl CKOH(UrypMpoBaTh MK, HaAo 3anucatb 1 unn 0 B COOTBETCTBYHOLLME
pPErncTpbl 1 COOTBETCTBYIOLLIME MECTA STUX PETUCTPOB.

[MosicHIO: He BCe BUTLI perncTpoB MOryT BbITb AOCTYMHbI HA 3aNUCb U AaXe Ha YTeHue.
HekoTopble 6uTbl 3ape3epBUPOBaHbI U X HEBO3MOXHO UCMNONb3oBaTb. bonee nogpobHo
CMOTPUTE AaTallMT Ha KOHKPETHbIN MK.

Ho B AaHHOM crny4yae Ham Hago ykasaTb, YTo Bce nuHbl PORTD 6yayT Boixogamu. [ns
3TOro ectb cneunansHbin pernctp DDR - data direction register. Ero pasmep 8 6ur.
Kaxabin 6uT oTBEYaeT 3a oauH NuH. Ecnn 6ut yctaHoBneH B 1, To 3TOT BbIBOA OyaeT
BbIxogoM. NoapobHee B gatawmnte Ha cTp. 50 Tabnuua 20.

[ns nopta D pernctp 6yaet nmetb HasBaHne DDRD. Mbl xoTum Bce 8 nnMHOB
3a4encTBoBaThb Kak Bbixoabl. CnegoBaTenbHO, HA40 3anucaTh B 3TOT MNOPT YNCNO
11111111 unn OxFF.

Ho nepepn aTMM Mbl JOMKHbI YKa3aTb KOMNUASATOPY, 4TO ByaemM Ncnonb3oBaTb aTU
pernctpbl. [Ina 3Toro HaMm Hago nogkntynTh darn avr/io.h. He nogkntovante iom16.h, oH
cam OygeT Mcnosnb3oBaH, ecnm Hago.



NTak:
#include <avr/io.h>

[anblwe Mbl 4OMKHbI CKOHUIypMpOBaThL HanpaeneHne NopTa Ha BbixoAd. Bce ocTtanbHoe -
yXKe SBSEeTCA YacTblo CU-NPOrpaMmbl U OSMKHO HAXO4UTCA BHYTPU rMaBHOW (PyHKLMMK
main.

viod main(void){
DDRD = OxFF;

}

Mo ymonyaHuio cBeToanoabl A0MKHbI ObiTh NoraweHbl. Kak Bam yxe n3BeCcTHO, A 3TOro
HaM Hago yCTaHOBWUTb BCe BUTLI B HOMb Ha nopTy D. [Ans atoro ectb pernctp PORT.
PORTD = 0x00;

Y Bac JOMKHO NOSyYnThbCs criegylee:

#include <avr/io.h>
void main(void){

DDRD = OxFF,;
PORTD = 0x00;

}

OcTtanocb CKOMNUIInMpoBaTb 3TO U NMPOTECTUTL B NpOTEyCe.

Komnunaumna n makefile

PaHee yxe ynomuHanocb o makefile. HanomHio, 4To aTOT (hann Hy>keH Ansa nporpaMmmbl
make, 1 npeacrasnseT cobon CKPUNT C UHCTPYKLMUSMU, KaK KOMAUNATOP U NINHKEP
AOMmKHbI 0bpaboTaTb U cobpaTb GUHAPHbLIN dhann 13 pasHbix annoB ¢ UCXOAHbIMU
kogamu. [ins obneryeHnsa HanucaHua aToro pavina ectb ytunuta MFile [WinAVR].
Onuwem HeKkoTopble U3 ero YacTemn.

Code generation
main file name - nmsa KoHe4Horo panna-npowmnskn. Haszosem ero led.

MCU type - TN MK, B camoM TekcTe HanauTe 4yTb Hxke F_CPU = 8000000. 3T1o YacTtoTa
kBapua B repuax. ObbivHO ncnonb3ytoT 4000000 unum 4MITu. He 3abyabTte ykasaTb 3Ty Xe
yacTtoTy 1 B npoteyce. OT Hee 3aBUCAT N BpeMeHHble 3aaepkn, KoTopble Mbl byaeT
Nno3aHee UCnonb3oBaTh.

Octasum ee 8000000.

output format - ihex cTaHgapTHbLIM dpopmaT OT UHTenNa.

optimization level - ypoBeHb onTumuanumnmn. CTaHgapTHO S - ONTUMU3MPYET NO pasmepy
npowwmsku. OcTaBUM CTaHO4aPTHO.

debug format - reHepupyeT dann ¢ oTNago4YHON MHGOPMAaUMEN, KOTOPbIN UCNOSb3YeTCA
cumynatopammn AVR Studio un gpyrumun. Noka octaBUM Kak eCTb.



c standard level - gnu99

C/C++ source files - ecnn y Bac oauH .c dhain, KOTopbIn Bbl yKasanu B ANPEKTUBE

main file, To Tenepb ero ykasbiBaTb He Hago. Ecnu e Bawa nporpamma CocTouT u3
HecKonbkux annos, TO X HA4O NepevncnuTb Yepes npoben. YkasbiBaTb NOMHbIA NYTb
He HaJo, eCrniv Xe OHU NexaT B 04HOW nanke. Mnu ke NosnHbIn NyTb HEe AOSMKEH NMEeTb
npob6enoB B Ha3BaHuM hannoB K Nanok. Bceraa HasbiBanTe Bawwm nanku n dannsl 6e3
npo6enos.

B Helwm cniyyae 370 BbIrNAAUT Tak:

# Target file name (without extension).

TARGET = led

# List C source files here. (C dependencies are automatically generated.)
SRC = $(TARGET).c

assembler source files - CxogHWKM Ha acm

printf, scanf - pyHkummn, Tpebytowme mHoro namaTn. MoXxHO BKIHOYMTL ONTUMMU3ALMIO,
€Cnn Bbl HE UCNOJb3yeTe HEKOTOPLIE BO3MOXHOCTU. Hanpumep, He paboTaeTte ¢ umcnamm
C nnaearwowen 3anaton. Torga octaBsTe cTaHAapTHO. MMHUManNbHLIM BapuaHT UCKITo4aeT
BOOOLLE Kakoe-nMbo hopmaTnpoBaHme.

AVR dude

programmer - Ball annapaTHbIM NporpamMmmMaTtop. PeEKOMeHLOBaHHbLIM B Havane
nporpammaTop TyT HasbiBaeTcsa pony-stk200

port - Ipt1

lMocnegHun NyHKT - pa3peLlaeT peaakTupoBaHmne yxxe oTkpbiToro makefile.

[MpoOHbIN Nyck
BepHemcs B pegakTop koga. B meHto tools Bbibepute make all.
Ecnu Bce BepHO, TO Bbl yBUAUTE criegyLuee:

> "make.exe" all

———————— begin --------

avr-gcc (GCC) 3.4.5

Copyright (C) 2004 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE.

Linking: led.elf

avr-gcc -mmcu=atmega16 -I. -gdwarf-2 -DF _CPU=8000000UL -Os -funsigned-char
-funsigned-bitfields -fpack-struct -fshort-enums -Wall -Wstrict-prototypes -Wa,-
adhlns=led.o -std=gnu99 -MD -MP -MF .dep/led.elf.d led.o --output led.elf -WI,-
Map=led.map,--cref -Im

Creating load file for Flash: led.hex
avr-objcopy -O ihex -R .eeprom led.elf led.hex



Creating load file for EEPROM: led.eep
avr-objcopy -j .eeprom --set-section-flags .eeprom=alloc,load \
--change-section-Ima .eeprom=0 -O ihex led.elf led.eep

Creating Extended Listing: led.Iss
avr-objdump -h -S led.elf > led.Iss

Creating Symbol Table: led.sym
avr-nm -n led.elf > led.sym

Size after:
AVR Memory Usage

Device: atmega16

Program: 162 bytes (1.0% Full)
(.text + .data + .bootloader)

Data: 0 bytes (0.0% Full)
(.data + .bss + .noinit)

end

> Process Exit Code: 0
> Time Taken: 00:01

O6paTtuTe BHMMaHWE Ha BblAeNEeHHbIN XXUPHbIM TEKCT. Hawa nporpamma 3aHsana
162 6anTa n3 16 kmunobant.

BTopoe - nokasbiBaeT hann EEPROM, otaenbHble gaHHble, HAanpumep pasnuyHas
NHopMaums, 3anncaHHas B npouecce paboTtbl MK (HaCTponkn 4acToTbl, KaHanbl,
POMKOCTb 1 T.A4.)

Tenepb oTkpouTe hann led.dsn co cxemomn, npoBepbTE NPaBUIbLHOCTb NYTU K .hex hanny.
[1ns1 3TOro wernkHMTe Ha YepHOW CTperke B fIeBOM YacTu akpaHa, notom Ha MK, B none
program file ykaxute nytb. He 3abyabTe BbicTaBUTb YactoTy 8Mru,.

BHUW3y ecTb KHOMKa, NOX0Xasi Ha KHOMKY BOCnpoun3BeaeHus. [Npu Haxxatnm Ha Hee JOoMmKHa
3anyctutca cumynsuma 6e3 owmnbok. Bel yBuante, 4to PORTA BCe BbIBOAbI C KPACHbBIMMA
kBagpatukamu, a PORTD - cuHue. Tak n 4OmMKHO BbIThb.

Hawa nporpamma oTtpaboTtana v 3aBeplunnacbk. B Hen HeT 6GeckoHeyvHoro unkna while(1).
Tenepb caenaem Tak, YTO 3aXreM NpoCTO CBETOAMNO U 3aBEPLUMM NporpamMmy.

MpeacTtaBym CHOBa NUHEWNKY U3 GUTOB, rae nepsBbi 6UT - cnpaBa. Ero-to Mbl 1 BbICTaBUM
B 1.
PORTD = 0x01;

A 4To ByaeT, ecnn Mbl caenaem 6ecKoHeuYHbIM LMKN? A ecrnv NOCTOAHHO Byaem
BbINOSTHATb OAHY W Ty e KomaHay?
[laBanTte nocMoTpUM.



while(1){
PORTD = 0x01;
}

C Bnagy HN4Yero He N3MEHUNOCH - cBeToaMo roput Tak xe. OgHako Tenepb MK BbinonHaeT
HECKONbKO AENCTBUN, Noka He ByaeT copolleH. YTo OH Tam AenaeT - Ha AaHHbI MOMEHT
HE Ba)XHO.

CyTb B TOM, YTO MHMUMANM3aUnsa NOPTOB 1 APYyron nepudepun ormkHa NnpoucxoanTb 4o
Bbl3oBa while(), HO BHyTpu rmaBHOM OYHKLMM main.

Tenepb HaM OCTanoCb TONMbLKO caenaTb Tak, YTOObl CBETOAMOA MUran Yepes HyXXHble Ham
NpoMeXyTKKU. [1Nna aToro Ham ero Hago 3axkedb 1 noracutb. Kak aTo caenathb - yxxe 6bino
onucaHo. Ho ecTb ewe napa onepaunin, NU3MEHSOLLNX COCTOsIHME BUTOB.

Tak ke HaM Hy)XHa Kakas-To yHKUMA 3agepxku. CHavyana Mbl ee Harngem B MOMOLLM No
komnunaTopy avr-libc Manual [WinAVR].

Haxogutcsa a1o Ha ¢Tp.113

5.22 <util/delay.h>: Busy-waitdelayloops

#define F_CPU 1000000UL // 1 MHz
/[#define F_CPU 14.7456E6
#include <util/delay.h>

Note:

As an alternative method, it is possible to pass the F_CPU macro down to the com-
piler from the Makefile. Obviously, in that case, no #define statement should
beused.

T.k. Mbl yxe B makefile 3aganu yactoTy, 3agaBatb NOBTOPHO ee He Hago. OcTtaBum
TOJNTbKO UHKNIOA,
[MpoynTaem BHUMATENBHO O BCEX (PYHKLUMSX...

Hac nHtepecyeT Tonbko

5.22.2.3 void _delay_ms (double__ms)

Perform a delay of __ms milliseconds, using_delay_loop_2().

The macro F_CPU is supposed to be defined to a constant defining the CPU clock
frequency(in Hertz).

The maximal possible delay is 262.14ms/F_CPU in MHz.

OTtciloga cneayeT, 4To MakcuManbHaga 3agepxka npy 8MIy 6ygeT He Bonee 32mc.
3HaunT HamM Hago CHM3UTbL YacToTy KBapua B makefile n B nporeyce.

B koHe4yHOM nTOre Y BaC OOJIXHO MOJTYYNUTbCA:

while(1)
PORTD = 0x00;
_delay_ms(260);
PORTD = 0x01;

_delay_ms(260);
}

Tenepb BepHeMCA K onepaunam C outamm n onTuMmnanpyem nporpamMmmy.

PORTD = PORTD A 1;
_delay_ms(260);



Onepauna * XOR - nueseptupyeT 6uThl. He nytatb c .

3agepxkn, nogobHble 3TON, - eCTb 0ObIYHbIE TUKM NpoLeccopa. Bo BpeMs BbINONIHEHNSA NX
GonblUe HMYero Henb3s genartb napannenbHo. [Mo3ToMy NCNoNb30BaTb 3TU PYHKLNN
Hado Tam, rae TpebyloTcsa KOPOTKNE 3a4epXKKK, a ANA ASIMHHbIX - HaA0 UCMNONb30BaTb
annapartHble TaNMepbl-CHETUNKMN.

W noa koHey ewle 2 ypoka, nokasblaloLwme casur BUToB 1 paboTy cyeTymka.

MpeacTtaBum cebe, 4TO y HaC Bce BUTLI NnopTa cobpolueHs! (nor 0). Yto ByaeT, ecnuv Mol
Oyaoem npubaensaTb NO eanHULE K NOPTY 3a Kax4bli NOBTOPHbIN NPOX04 uuknia?

To ectb PORTD = 0x00;, a notom PORTD = PORTD + 1;?

[laBante nocMOTpUM...

Okasanocb, BONPEKN OXXMAAHNSAM, YTO CBETOANOAbLI HE 3aropatoTcs NooYepenHo Unu apyr
3a gpyrom, a kak 6ol "HakannmsatoTcs" u racHyT. BcnomHute npo BCD kog. Tak paboTaet
nobor annapaTtHbIi CHETUMK. DTK 8 CBETOOMOAOB BCErO MOryT UMeTb 256 KOMBUHaLUMNA.
[MoTom npoucxoanT nepenosiHeHne cyeTymka. B gaHHOM cryyae oH cbpacbiBaeTcs B HOMb
N CBETOAMOAbI FACHYT, APYrNe e CHETUMKU-TaNMeEpPbl FEHEPUPYIOT NPEPLIBAEHNE UIN XKe
TaKTOBbIN MMMYIbC OS5 CneayLuwiero cyeTyuka.

B npoTeyce ectb owmbka: 6 n 7 ceetoamoanbl Ha nopTy C He ropaT. Tak xxe HeKoTopble
KOMMOHEHTbI B Bepcun 6.7 cn3 nmetroT owmnbkun. Ha nopty D BCce paboTaer.

Ha nocnefnok caenaem 6eryuime orHu.

#include <avr/io.h>
#include <util/delay.h>

int main(void){
unsigned char i;

DDRD = OxFF;
PORTD = 0x00;
while(1){
i=0;
while(i<8)
PORTD = 1<<i;
_delay_ms(260);
i++;
}

}I koHew while(1)

M/ koHel main()



