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BBEJAEHUE
AKTyallbHOCTh HccenoBaHus: MUKpOKOHTposuiepsl cemeiictBa AVR  ¢dupmbl
Atmel monb3yr0TCS 3aCTyKEHHOU MOMYJISPHOCTBIO KaK CPeu paguoIoOuTeNel, TaKk 1
npo(hecCHOHANIOB: BBITOJIHOE COOTHOIIEHWE IIEHBI M KauecTBa BIMSIET Ha BHIOOD
cnenuanucTtoB. [IporpammaTop MHUKpokOoHTposuiepoB AtMS8 sBisiercss Haunbosee
MPOCTHIM B HU3TOTOBJICHUHM W HCHOJB30BAHHUM, a TAKKE OJHUM U3 CaMbIX OIOHKETHBIX
nporpamMmmatopoB st Atmel. Bce BbllleckazaHHOe ompenensieT aKTyalbHOCTb
BBIOPAHHOMN TEMBI.
Lens uccnenoBanus: Pa3zpaboTka mporpamMmmaropa MHKPOKOHTPOJIEpOB AtMSE
JJ1s1 MUKPOKOHTpoJuiepoB AVR.
3a/1auu UCCIIEI0OBAHNUS:
1. W3yuuTh mpouecc 3amucyd W CUYUTHIBAHUS HHPOPMALMH B TOCTOSHHBIE
3alIOMHMHAIOLINE YCTPOUCTBA.
2. Onucate m0OpuHUOUI  pabdOTBl W XapaKTEPUCTUKH  MporpaMmaropa
MHKPOKOHTpPOJIIEPOB AtMS .
3. CrpoeKTHpOBATH YCTPOMCTBO.
4. Onucatsb nporecc pa3paboTKu MporpaMmMaTopa MUKpPOKOHTpoJuiepoB AtMS.
5. [Ipoananm3upoBath Ka4yeCTBO pa3paboTaHHOTO YCTpOMCTBa

OKCIICPUMCHTAJIbHBIM ITYTCM.



1. IIporpammaTopsl — npodJieMbl BbIOOpa

[IpounTaB Ha3zBaHue cTtarbu Kakux-HUOyAb 10-15 nmet Hazanm, Mbl OBl OYEHD
YAMBWINCH: HaM OblI Balu npodsieMbl. PaboTas Ha «suKax», Mbl U IOHSTUSL HE UMETTH,
YTO B 9TOM BOINpPOCE ObIBACT KakKas-TO HEOMpPEIeIeHHOCTh. [lepedeHp pa3perieHHbIX K
MPUMEHEHUI0O MHKPOCXEM ObLT HACTOJIBKO «IIUPOK», YTO MPUXOJIUIOCH BBIOMPAThH
MPaKTUYECKU U3 OJHOW TO3UIMH, Jla W BOMNPOC C MporpaMMaTopaMu OOCTOSII
AJIEMEHTapHO TMPOCTO: Tebe HYKEeH mporpammarop — caenail ero cam. Kaxmas
nabopaTopus ¢ TOPJIOCTHIO Jesaia CBOM, CaMblil JTy4IlIUi M HaJIEKHBIN MPOTpaMMaTop.
Kakux ycTpoHCTB TaMm TOJIBKO HE ObUIO: HAYMHAs OT IMPOCTHIX, HO OYEHb HAIECKHBIX
U3JIeTUi Ha TymOJiepax, 10 OY€Hb CII0KHBIX, 3aHUMABIINX MOJOBUHY padoyero croia u
MHOTJa padoTaBIIMX MOUIHBIX IporpammaTopoB. Mx pa3paboTuuku c J11000BBIO
POrpaMMUPOBAIIA KKl OUT TEX CIOXHBIX YCTPOMCTB (0yaro ycTpoicTBa 3TH HE
ObLTM OOpeMeHEeHbl OOJIBIIMM KOJU4YecTBOM HH(popManuu). OOBIYHO MOJIH30BATHCS
TaKUM IPOrpaMMaTOpOM MOT TOJBKO YEJIOBEK, JABIIMM €My W3Hb, a BECh IPOLECC
IPOrPaMMHUPOBAHMS CO CTOPOHBI BOCHPUHUMAJICA, KAK IIAMAHCKUW TaHel ¢ OyOHOM.
Teneps Mbl, K BEJINKOMY COKaJICHUIO, JTUIIEHBI BCEW MTPENECTH TEX JIET.

C nmageHueM Kejle3HOro 3aHaBeCca BBISICHWIIOCH, UTO NEPEeYeHb MPOrPaMMHUPYEMBIX
UHTErPAIBHBIX CXEM B MHUPE IPOCTO TMTAHTCKUM — 3TO MHMKPOCXEMBI IMAMATH KakK C
napajulelIbHbIM, TaK W C TIOcieaoBaTelbHbIM gocTyrnoM uH(popMmanuu (EPROM,
EEPROM, FLASH); MUKpOKOHTpOJUJIEPHI ¢ BHYTPEHHEN MaMsThbIO KOMAHJI U JIaHHBIX;
MUKpOCXeMbI nporpammupyemoit joruku (PLD). [Ipudem, nepedeHs Takux u3Ieauil C
KQKJIM TOJIOM CTPEMUTEIBHO PACTET, UMESl TEHACHIUIO K YCIOKHEHUIO U3JENHA U K
yBelnuueHu0 ux THOkocth. C JApyrod CTOPOHBI, Kak OTBET Ha MOTPEOHOCTh
UCIIOJIb30BAaHUSl 3THUX MMKPOCXEM, PBIHOK HAIOJHAETCS OOJBIIMM KOJIWYECTBOM
nporpammaTopoB. Kak He OlImOUThCS U clienaTh MPaBUIIbHBIN BEIOOP MPU TPUOOPETEHUN
nporpammatopa? B 9Toi#l cTaThe MBI IOTIBITAEMCSI J1aTh MPEACTaBICHUE 00 YCTPOMCTBE

MIPOrpaMMaTOPOB U OTBETUThH HA 3TOT BOIPOC.



2. AnmapaTHoe yCTpPOicTBa NPOrpaMMaTopoB

B mepByro ouepenp KOCHEMCsS TOW AE€Talyd Iporpammaropa, ¢ kKortopou Bam
NpUAETCS B3aWMOJICHCTBOBATH OOJIbIIE BCEro - A3TO KOJOJAKA, KyJa IOMENAeTCs
porpaMmMupyemMas MUKpOocxXema. Ta 0JHa U3 CAMbIX BaXHBIX JI€TaJIeH pOorpaMMaropa,
OT Ka4ecTBa U HAJE)KHOCTU KOTOPOU 3aBUCUT CITIOCOOHOCTH MPOrpaMMaTOpa BBITTOIHSTh
cBou (yHkiuu. Kak mokazan Hail MHOTOJIETHHM ONBIT, JIO0OH IMporpamMMmMaTop BHE
3aBHCHUMOCTH OT €r0 CJOXKHOCTH, CTOMMOCTH M (YHKIIMOHATIBHBIX BO3MOXKHOCTEU
00s3aTENIbHO  JIOJDKEH  OBITh  CHAa0XEH  CHelHaJbHOM  TECTOBOM  KOJIOAKOM,
o0ecrieunBaOIIed MHOTOKPATHBIA  HAAEKHBIMH KOHTAKT C MPOTpaMMHUpPYEMOi
MHKpOcXeMOU. DUpPMBI, BBIMYCKAIOIMNE TAKUE COKETKH, TapaHTUPYIOT HaJIEKHBIN
KOHTAaKT IpU JEeCATKaxX ThICSYEH omepauuil yCTaHOBKM B Hee MuKpocxeM. Hambonee
YIOOHBIMH JIJISl MOJIB30BATENS SBIISIOTCS CIIELMAIBHBIE COKETKU C HYJIEBBIM YCUIUEM
(ZIF socket). Ecnu nporpammaTop He CHaO»XeH CHelMalbHBIMU TECTOBBIMU COKETKAMH,
IIpeHAa3HAYECHHBIMU U1 MHOTOKPATHBIX YCTAHOBOK MHUKPOCXEM, @ BMECTO HUX CTOST
JICIEBbIE OJTHOPA30BBIE KOJIOAKH, TO CUMTAUTE, 4TO BBI MpOCTO 3ps MOTPATHIM CBOH
neHbru. Bbl ObICTPO cMOXKeTe B 3TOM yOeauThCs, Korja Oe3BO3BPaTHO HCIOPTHUTE
MHKPOCXEMBI C OJHOKPATHBIM HPOTrPaMMHUPOBAHMEM H3-32 OTCYTCTBUS KOHTAKTa B
Kosoake. B Hepoporux mporpaMMaropax OOBIYHO YCTAHABIIMBAIOTCS YHUBEPCAJIbHBIC
(paccunTaHHBIC KaK Ha Y3KWW, Tak ¥ Ha mupokuil Tun kopmyca) ZIF DIP cokerku. B
Oosnee goporux oOpasuax MPOrpaMMaToOpPOB MOTYT YCTAaHABIMBATHCS OJHOBPEMEHHO
HECKOJIbKO BUJIOB ZIF COKETOK, paCCUMTAHHBIX HA Pa3HbIEC THUIIbI KOPITYCOB MUKPOCXEM
(LCC, QFP u T.1.). MHOrDa nporpaMMaTopbl CHA0XKarOTCS YHUBEPCAIbHBIMU CMEHHBIMU
rOJIOBKAMH TOJI Pa3lMYHbIE TUIBI KOPIYCOB. [l MpOrpaMMHUpOBaHUS MHUKPOCXEM C
Kopnycamu, OTIHYHbIMU OT DIP u ¢ GonblmiuM dYHCIOM BBIBOAOB, MPOTPaMMATOPbI
CHA0KAIOTCS CIIEMAIbHBIMU a/IaliTepaMu O]l COOTBETCTBYIOLIMI THII KOopryca. B cBsi3u
C TEM, YTO HA JTUX aJaNTepax TAKKE INOJDKHBI YCTAHABIMBATBHCSA BBICOKOHAJIECIKHBIC
TECTOBBIE COKETKHM, CTOMMOCTb TaKUX aJanTepoB MOXKET OKa3aTbCs JOBOJIBHO
CYLIECTBEHHOM.

3arisiHeM BHYTPbh IPOrPaMMaTOpOB U B OOIIKX YepTaxX MOMBITAEMCS TOHATh, YeEM

K€ OHHM OTJIMYAKOTCA APYyr OT Apyra. HpI/IHHI/IHI/IaJ'IBHO CYmCCTBYCT JABC KOHICIIIHUH
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NOCTpOeHUsl mporpammaropoB. IlepBas, um Haubosnee oueBHAHAsA, 3aKIIOYAETCS B
NOCTPOCHUU TMPOTrpaMMaTopoB Ha 0a3e MaccuBa YHHMBEpPCAJbHBIX —alllapaTHBIX
JIpaliBepoOB. YHHBEPCAIbHBIE JpaBEPhl MOJABOIATCS K BBIBOJAM TECTOBOW COKETKH U
JOJKHBI  YZIOBIIETBOPATH sy  CleUM(UUYECKUX — allapaTHbIX TpeOOBaHUN IO
POrpaMMHUPOBAHHUIO MUKpOCXeM. B nepedeHp Takux TpeOOBaHUI BXOJAT: CTIOCOOHOCTh
M0/1aBaTh U CYUTHIBATH JJIOTUYECKHUE YPOBHU, CIOCOOHOCTH MOJaBaTh CIOKHBIE TAKTOBBIE
MOCIIEI0BATEIBHOCTH, CIIOCOOHOCTh MOABOJAUTH HampspkeHue B auanazone 0..27 B ¢
TouHOCThIO 0.1 B 1 T.1. ¥ T.. Y10BIETBOpEHHE BCEM TUM TPEOOBAHUSIM MPUBOJIUT K
KOJIOCCAJIbHBIM afmapaTHbIM 3aTpaTaM M M30BITOYHOCTH BCETO YCTPOMCTBAa B IIEJIOM.
KonnuecTBo npaliBEPOB YHMBEPCAJIBHOIO MNpOrpamMmaropa JOJDKHO COOTBETCTBOBATH
KOJIMYECTBY BBIBOJIOB TECTOBOM COKETKHU, Hampumep, 40 npaiiBepos it coketku DIP-40,
nnu 84 npaiiBepa s coketku LCC-84. B pesynbprare, yCTpOWCTBO CTAHOBUTCS OYE€HB
CJIOHBIM U JOPOTOCTOSIIIMM, HO TPU ATOM aOCONIOTHO yHUBepcaibHbIM. Wmes 40
YHUBEPCAIBHBIX JPAaBEPOB U YHUBEPCAIbHYIO TECTOBYIO COKETKy DIP-40 MOHO C
YBEPEHHOCTBIO CKa3aTh, YTO YAACTCS NOAJEPKATh BCE CYIIECTBYIOIINE, a TAKXKE JIFOObIE
HOBBIE, MUKpocxembl B kopiryce DIP (c uuciaom BbiBogoB 710 40) 6€3 JOMOTHUTEIBHBIX
aganTepoB. VMEHHO 10 TakOW CXeME€ CTpPOSATCA JOpPOTHE  YHUBEPCAIBHBIC
pOrpaMMaTopHI.

Bropass koHuenmusi 3akio4aeTcs B TOM, YTO allaparypa Mporpammaropa
ONTUMM3UPYETCA TOJ TNpPEANoiaraéMblii IMepedeHb MOAACPHKUBAEMBIX MHUKPOCXEM.
[IporpamMmmaTopbl 3TOro Kjacca, Kak IpaBUJI0, 3HAYUTENIBHO ACIIEBIE YHUBEPCAIbHBIX
pOrpaMMaTOpOB, HO TaKUE HM3JIE€NUs B M3BECTHOM CTENEHU TEPSAIOT YHHBEPCAJIbHbBIE
cBoiicTBa. JloOaBiaeHNE HOBBIX THIIOB MOAEPKUBAEMBIX MPOTPAMMATOPOM MUKPOCXEM
MOXXET OBITh COMPSHKEHO CO 3HAYUTENbHBIMA TPYAHOCTSMU, a YacT0 U C
HEBO3MOKHOCTBIO PaCIIMPEHHUs CIIUCKA MPOrPaMMHUPYEMBIX YCTPOHCTB.

Hcronp3yto MHOTOJIETHUHN OMBIT Pa3padOTKH M MPOU3BOJICTBA MPOTPAMMAaTOPOB,
HaMy  pa3paboTaHa W BHEApPEHAa KOMIPOMHUCCHAS  KOHICMIUS  TOCTPOCHUS
pOrpaMMaTOpOB - YHUBEpCAJIbHBIA JApaiiBep pa3OuBaeTcsi Ha JBa (PYHKIHMOHAIbHBIX
0JI0Ka: YHUBEpCAJIbHBIN JIOTHUECKUI JApaliBep U YCTPOUCTBO KOMMYTAIIUU '"BBICOKOTO"

HanpspbkeHus. Takas apXUTEKTypa IporpaMmaTopa Mno3Bojuia B 3HAYUTEIBHON CTEIEHH
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COXPAaHUTh MPEUMYLIECTBA YHUBEPCAJIBHOIO JApPANBEpPA M CYIIECTBEHHO COKPATHUTh
anmapaTHbIC 3aTPAThl U , KaK CJIEICTBHE, YMEHBIIIUTh CE0€CTOMMOCTD U IIEHY KOHEYHBIX
U3JICINN.

PaccmoTpum cnioco6 MoaKIIOUEeHHs MPOTpaMMaTopoB K KommbioTepy. Hambomee

PaciIpOCTpaHCHHBIMHA criocobamMu IHOAKIIOYCHU S ABJIAIOTCA .

. MOJKJIIOYEHHE K IPUHTEPHOMY TOPTY,
. MOAKIIOYEHUE K MOCIIEI0BATENBHOMY HOPTY,
. YCTaHOBKA CIIELMAIBLHOM IaThl B KOMITBIOTED.

Kaxnaplii u3 3TUX CcHnocoOOB HWMEET CBOM MPEUMYIIECTBA M HEJOCTATKH.
Hcnonb3oBaHue crenuaibHbIX IUIAT, YCTAHABIMBAEMBIX B KOMIIBIOTED, 3HAUUTEIIBHO
YIOPOLIAET CXEMOTEXHUKY IMporpaMmaropa. B 3ToM ciydae, Kak IpaBWiIO, YAAETCS
OTKa3aTbCsl OT  CHEUUAJbHOrO, JIOBOJIBHO  MOIIHOTO  HMCTOYHUKA  IHUTaHHS,
BOCITIOJIB30BABIIMCh HCTOYHUKOM IIMTAaHUS KOMIBIOTEPA, & TaKXe HCIOJIb30BaTh
LEHTPAJIBHBIA IPOLECCOP KOMIBIOTEPA B KAadyeCTBE YNPABILIOIIETO Ipoleccopa
nporpammatopa. Ilpu cnoco0e mNOAKIOUEHHsS MporpammaTopa K KOMIIBIOTEPY
IIOCPEJICTBOM BCTPAaMBAaEMbIX B KOMIIBIOTEP ILIAT YJIAETCA JOCTUTHYTh JOBOJBHO
3HAYUTEIBHBIX CKOPOCTEH OOMEHa MEXIy KOMIIBIOTEPOM M MPOTrpaMMaTopoM 3a CYET
HEIOCPEICTBEHHOIO yIpaBieHusl nocieqiuM. Ho Takas peanusanusi nmporpaMmaropa
UMEET M CYIIECTBEHHBIE HEJOCTATKU. BoO-NEpBbIX, 3HAYUTEIBHO CHUKACTCS
MOOMJIBHOCTh ~ IIpOrpamMmaTropa, T.€. BO3MOXHOCTb  MCIOJB30BAHMS  OJHOTO
IporpaMMaTopa Ha pa3HbIX KOMIIbIOTEpax (HalpuMep, B puaeaax oAHoM 1adbopatopun),
BO-BTOPBIX, HCIOJIb30BAHUE TAKUX YCTPOMCTB C NOPTATUBHBIMU KOMIBIOTEPAMU
notebook compsbkeHO ¢ HEOOXOAMMOCTBIO HCMOJB30BAHMS CIELHUABHBIX KapT
COMPSKEHUS.

JIpyroi  BapuaHT CONPSDKEHUS  IIporpaMMaropa ¢  KOMIIBIOTEpOM -
NOCJIEIOBATEIbHBIM  KaHaJl KOMIIBIOTEpAa. OTO BIOJHE JOMYCTUMBIA BapUaHT
COIPSKEHUSI, AOIMyCKaIOUINi paboTy mporpaMMaTopa ¢ KOMIIbloTepaMu Bcex THIoB. K
CYLIECTBEHHBIM HEJIOCTaTKaM TaKOr0 BapuaHTa COMNPSDKEHHUS MOXKHO OTHECTH
HEBBICOKYIO  TNPOMYCKHYIO  CIIOCOOHOCTh  KaHada. MakcumanbHas  CKOPOCTb

nocneaoBareapHoro kaHanma RS-232  orpanmuena 3nadenuem 115 kbox, d4ro
7



CYLIECTBEHHO OTPaHUYMBACT OOMEH MEXIy KOMIIBIOTEpOM W MPOrpamMmaTopoM, H,
CJIEI0BATEIbHO, CHUKAET IPOU3BOJAUTEIBLHOCTh OCIEIHETO.

[ToaxmroueHue nporpaMMaropa K IpUHTEPHOMY MOPTY KOMITbIOTEPA HAM BUIUTCS
Haubosiee MPEeANOYTUTEIHHBIM BapHAHTOM. JTOT CIIOCOO coueTaeT B cebe JOCTaTOYHO
BBICOKYIO MPOIYCKHYIO CIHOCOOHOCTh KaHajla W HE TPeOYyeT CEepbe3HBbIX ammapaTHbIX
3arpat. [Ipu ucnosb3zoBaHuEe 3TOro Crocoda yAaeTcs BOCIOJIb30BAThCS IIEHTPATbHBIM
IPOLIECCOPOM KOMIIBIOTEPA B KAYECTBE YIPABIISIIOLIET0 IPOLIECCOPA MPOrPpaMMaTopa.

Cnoco®6 OOHOBJIEHUSI BEpCUM - 3TO JIOBOJIBHO CYIIECTBEHHBIM BOIPOC
SKCIUTyaTallil  IporpammaTopoB. HeoO0XoauMocTs OOHOBJIEHHMS BEPCUA MOXKET
BO3HHKHYTh MO PSAAy HPUYUH, BO-TIEPBBIX, IPU BBISBIECHUE OIIMOKH pPadOThHI
nporpamMmmaropa (yBbl, TaKO€ TOXE BCTpPEYaeTcs, BCE Mbl TpEIIHbI), JUOO TNpu
pacHIMpeHrue CIUCKa MOJICPKUBAEMBIX MPOrpaMMaTopoM MuKpocxeM. (Crocod
OOHOBJICHUS BEPCUHU MPOTrpaMMaTopa 3aBUCUT OT €ro alnapaTHOro ycrpoicta. B oqHux
U3JICTUSX AJITOPUTMBI TPOrPAMMUPOBAHMS )KECTKO "3aIIUTHI" B amapaTypy, B IPYyTHUX -
OHH SIBJISIFOTCA 3arpy’kaeMbIMu. B nmepBoM ciyuae ajig Moaudukanuu Bepcuu TpedyeTcst
Mo U (pUKaus caMoro YCTPOMCTBA porpaMmmaropa (Hanpumep,
nepenporpammupoBanue I[13Y camoro mporpammaropa), a 3TO CONPSIKEHO C PAIOM
JIOTIOJIHUTEIBHBIX ~HEYJOOCTB MO JIOCTaBKE W3JEIUs MNPOU3BOJUTENIO WJIM B
pErMOHANBHBIN  CEepBUCHBIM TieHTp. Jlpyroe neno, eciu OOHOBJIEHHE BEpPCUU
OCYUIECTBIISIETCSI TOJIBKO OOHOBJIEHUEM MPOrPAMMHOI0 0O€CleyeHus IporpamMmaropa.
VIMEeHHO MO TakoM CXeM€ IOCTPOEHBI MPOrpaMMaTOphl C 3arpyKaeMbIMHA aIrOpUTMaMU
nporpammupoBanus. B Takux nporpammaropax Bbl 00HOBIIIETE€ TOJBKO MPOTPaMMHOE
obOecnieueHue u paboTtaere y»ke ¢ HoBoM Bepcueil. Bropoii cnoco0 BuauTCs HaM HanoboJiee
YIOOHBIM B 3KCIUTyaTallud, U UMEHHO IO TaKOW CXeMe CTPOUTCS OOHOBIIEHHE BEPCHil
BCEX BbIMycKkaeMbIX (pupMoii "duton" nporpamMmMaropos

Tenepr o00paTiM BHHMaHHE Ha TakKyl0 'MeloYhb', KaK CIIOCOOHOCTH
IporpaMmaTopa ONPEIEsATh NPABUIBHOCTh YCTAHOBKM MHMKPOCXEMBI B TECTOBYIO
KoJonKy. Ilpu kaxymieiicss He3HAYMTEIBHOCTH 3TOM OIIIMKM, Mbl HAYMHAEM OHUMATh
BCIO €€ BAXXHOCTh TOJIBKO IIOCJIE BBIXOJA M3 CTPOSI MUKDPOCXEMBI IIPU HEBEPHOMN

YCTaHOBKH €€ B KOJIOJIKY (@ TaKO€ paHO WJIU MTO3HO ciryyaeTcsi). Ml BUHUTB B 3TOM ciiydae
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HEKOTO - CaMi BUHOBATHI. IMEHHO NIJ1s1 TPEIOTBPAICHUS TAKUX CUTYAIIUH U CITY>)KHUT dTa
ommws. 37eCh HEOOXOUMO YKa3aTh, UTO MOJTHOIICHHAS peaTu3alys TAKOW BO3MOKHOCTH
TpeOyeT OT pa3paboTYnKa OOJBIINX YCUIUH H, TTOPOH, H300peTaTeIbHOCTH. Jle]Io B TOM,
YTO HEOOXOIUMO TPOTECTUPOBATH MUKPOCXEMY B KOJIOJKE B CAMOM IAJISIIIEM TSl Hee
peXuMe, TIPU TOM HH B KOEM CJIy4ae HE JIOMyCcKasl BBIX0Ja MUKPOCXEMBI U3 CTPOS.

U B 3akr0ucHUE 00CYXKACHUS allllapaTHOTO yCTPOMCTBA MPOrpaMMaTOpPOB, Ha HaIII
B3TJISAZ, HEOOXOAMMO YIOMSHYTh O HACTOSITEIIBHOW HEOOXOJUMOCTH MPOBEACHUS
mporpaMmaTopaMyd  MPOIEAYphl  camoTrecTHpoBaHusA. OOBIYHO 3Ta  MpoIeaypa
MPOBOJIUTCS MOCJIE WHULMAIW3AlWKA amlmaparypsl nporpammaropa. Lleas srtou
MIPOIICTYPHI - BCTPOSHHBIMHU CPECTBAMH IIPOBECTH IIPOBEPKY pabOTOCIIOCOOHOCTH BCETO
000OpyZ0BaHUS YCTPONCTBA U MPUHSTH PEIICHUE O BO3MOXKHOCTH MOJHOIEHHOM pabOThI
nporpammaTtopa. K cokaleHHI0, BCTPOCHHBIMHM CpEACTBAMH HE BCEr/a yAaeTCs
OJIHO3HAYHO YOeIUTCSI B pabOTOCTIOCOOHOCTH BCEX Y3JI0B YCTPOMCTBA, HO TEM HE MEHEe
3Ta Ipoleaypa 0053aTeIbHO T0KHA MPOBOAUTCS C IEIbI0 MUHUMH3AIIMK BEPOSTHOCTH

AKCILTyaTalli HEPabOTOCIIOCOOHOTO 000PYI0BAHUS.



3. IIporpamMHoe obecrieyeHHe MPOrpaMMaTopa

Hanum  oOmiee TpeacTaBiIeHHE O BO3MOXHBIX —CIOCOOaxX — pealv3aluu
nporpammuoro odecrnieuenus (I10) mporpammaropa. [lepBoe, Ha 4TO HY>KHO OOpaTUTh
BHUMaHUE, - OTO TMOJ YIPaBICHUEM KaKOil OINepalMoOHHOW CHUCTEMBbI paboTaer
nporpaMmaTop.  BoNBIIMHCTBO  MpOrpaMMHOrO  OOecrHedeHHs MporpamMmaTopoB
peanu3oBaHo 1o ynpasienruem DOS u He npeabsaBiIseT K KOMIbIOTEPY CHeuDUIecKux
TpeboBanuil. OGBIYHO, ITO IPOrPaMMBI, pa3pabOTaHHbIE TOBOJILHO JaBHO. B mocneanue
HECKOJIBKO JIET CTaju MOSBISATHCA MPOrpaMMAaTOphl, padOTaIOIIME TOJI YIpaBiICHUEM
oneparnoHHo cuctemMbl Windows. DTO COBpPEMEHHBIE MPOIYKTBI, KOTOPbHIE, Kak
MIPABUJIO, BRITIISIAST TOpa3io dJEeTaHTHee, UMEIOT Oosee APy KeCTBEHHBIN UHTepdeiic u
001a1at0T OOJIBIINM YUCIIOM CEPBUCHBIX BO3MOKHOCTEH.

PaccMoTpuM  apXWTeKTypy MpOTpaMMHOTO OOECHEeYeHHs MpoTrpaMMaTOpOB.
Haubonee pacnpocTpaHEHHOU SBISIETCS apXUTEKTypa, B KOTOPOM B KadecTBE sJpa
nporpaMMaTopa BBICTYNAeT HPOMEXYTOUHbI Oydep manHbiX. Bce omnepanuu B
IpOrpaMMaTope BBITIOJIHAIOTCS ¢ 3TUM OydepoM. /[t mporpaMMuUpoBaHHsSI MUKPOCXEMBI
HeoOxoauMo 3arpy3uTh (aitn B Oydep, 3amporpamMmupoBaTh AaHHbIE U3 Oydepa B
MHUKPOCXEMY, CPaBHHUTH COJEPKUMOE MHUKpOcXeMbl u Oydepa. [Ipu ureHnn nanubie u3
MHUKpPOCXEMBbI 3amuchiBaloTcsi B Oydep. Pazmep mpomexyrounoro Oydepa mAaHHBIX,
OOBIYHO, KOPPEIUPOBAH C Pa3MEPOM TEKYIIETO THUIIA MUKPOCXeMbl. MHOTOJIETHHUI OIBIT
pa3paboTKu M TPOM3BOJACTBA MPOTPAMMATOPOB IO3BOIHI BhIPAOOTATh KOHIIETIIIHIO
OpUTHHAIBHOW  MHOroOydepHoit  apxutektypel  [IO  mporpammatopoB ¢
HEOTpaHUYEHHBIM KonmdecTBOM OydepoB. Takas apxutekTrypa Mo3BOJIsIeT paboTaTh C
HEOTPAaHUYEHHBIM KOJIMYECTBOM HE3aBUCHMBIX HA0OPOB JIaHHBIX, TIPOBOAUTDH WX aHAIU3
u penaktupoBanue. Hanpumep, Bel MoxkeTe BOCHOib30BaThCs ABYMs Oydepamu is
CUMTHIBAHUS B HHUX JBYX Pa3HBIX MHUKPOCXEM, MPOBEACHHUS aHaiIM3a 3TUX HaOOpOB
JAHHBIX ¥, HA WX 0ase, CO3JaHMs HOBOTO MAacCHBa JaHHBIX B TpeTheM Oydepe s
MOCJIEAYIOLIET0 MPOTPaMMHUPOBAHUSI €r0 B MUKPOCXEMBI NMaMATH WJIA COXPAHEHUs Ha
TTUCKE.

CranmapTHeiM  HaO0OpoM (QYHKIMI MpPOrpaMMaToOpoB OOBIYHO  SIBJISIFOTCS

cileayromme (bYHKLH/II/II YTCHUC, 3aIlMCbhb, CPABHCHUC, KOHTPOJIb Ha YHUCTOTY, CTUPAHUC
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(TOTBKO I DJIEKTPUYECKH IEPENpOrpaMMUPYEMBIX — YCTPOWCTB) MHKPOCXEM.
HekoTtopsie mporpaMmMaTopsl UMEIOT (QYHKIIUIO aBTOMATUYECKOTO MPOTPAMMHUPOBAHHUSL.
Ota QyHKIUS MO3BOJSET OCYIIECTBUTH YacTO MCIOJIB3YEMYI0 KOMOMHAIIMIO JTEHCTBUN
JUISE KOHKPETHOTO THIMa MUKpOCXeMbl. OOBIYHO, Takasi KOMOMHAIIMSI COCTOUT M3 TaKOTrO
Habopa: cTepeTb MHUKPOCXEMY, MPOKOHTPOJIMPOBATH CTEPTOCTh, 3alpPOrpPaMMHUPOBATH,
CPaBHUTH 3alpPOrPaMMHPOBAHHBIE JAHHBIE C OPUTMHAJIOM, YCTAaHOBUTH 3AILUTY.
Y100cTBO 3TON (PYHKIIMU 3aKIIOYaeTCS B TOM, YTO BECh 'KEHTIBMEHCKHI" HaOoOp
AKTUBU3UPYETCS] OJTHUM HaKATUEM.

OTnenpHO OCTAaHOBUMCSI Ha PEJAKTOPCKUX (QPYHKIMSIX MPOTPaMMaTOPOB.
Haubonee pacnpocTpaHEHHBIM TIEPEUYHEM PEOAKTOPCKUX (YHKLUHMA  SBISIOTCA:
PEAAKTUPOBAHUE JTAHHBIX B IIECTHAALIATEPUYHOM (PopMaTe, BOZMOKHOCTh 3al0JIHEHUS
Oy(epa TaHHBIX KOHCTAHTOW M MOJICYET KOHTPOJIBbHON CYMMBI. DTOT0 MPOCTOro Habopa
penakTopcKkux (QYHKIUI BIIOJIHE JOCTaTOYHO Ul MPOCTHIX MpUIoXKeHWH. Jlis
po(heCCHOHATIBHOTO HCIIONb30BaHUs MPOrpaMMaTOpOB HEOOXOIMMBI PaCUIMpPEHHBIC
BO3MOYKHOCTH peJakTUpoBaHusA. K HUIM MOKHO OTHECTH BO3MOYKHOCTb PEIaKTUPOBAHHUS
JaHHBIX HE TOJBKO B IMIECTHAAATEPUYHOM (popMarTe, HO U B ABOUYHOM, BOCBMEPUUHOM
U JECATUYHOM ITPEACTABICHUH; 3aII0JJHEHHE MACCUBA CTPOKOW JAHHBIX; TOMCK U 3aMEHa
CTPOKHM JIaHHBIX; UHBEPTUPOBAHKE JTAHHBIX; KOIMPOBAHUE MACCUBA JIAHHBIX KaK BHYTpHU
onHoro Oydepa, Tak U MEXKIy pa3HbIMH Oydepamu; MOACUYET KOHTPOJIHHOW CYMMBI;
KOHBEPTUPOBAHUE IIMH aJpeca U JaHHBIX.

Eme ogna ocobennocts 10 mporpamMmaropoB, Ha KOTOPOH CTOUT OCTAHOBHUTCS
OTJIIEJBHO, - 3TO MAKETHBIA pexuM padboThl. O4eHb B HEMHOTUX MPOrpaMMaTopax TaKou
PEXUM pPEANU30BAH. A MPEUMYIIECTBO TAaKOTO pPEXKHMMa MPOCTO OUYEBHUAHO - ITO
aBTOMaTu3alnus paboThl. Vcronb3yro MakeTHBIM pexuM padoThl, MOKHO CO3/1aBaTh
cueHapuu paboThl C MpOrpaMmMaToOpoM, aBTOMATU3HPYS BCIO PYTHUHHYIO padoTy.
HaunGonee nunTepecHbI yCTPOMCTBA, TI€ MAKETHBIN PEKUM PAOOTHI TPAKTUIECKU HE UMEET
OrpaHUYEHMI, B HEM JOCTYIHBI BCE PECYpChl Iporpammaropa. B makeTHOM pexume
MOXHO 3arpykatb (ailnbl, 3amyckarb HOpOrpaMMUPOBaHUE, MaHUIYJIUPOBATh
napaMeTpamu porpaMMHUPOBAaHMsI, OKHAMHU Ha SKpaHe, BHIBOAUTH IpaduiuecKue TaHHbIe

nrTAg., 1 T.II. B kaugectBe HWIUTIOCTpalli HUCIIOJIB30BAHUA IMAKCTHOI'O pEKHUMa pa6OTBI
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IIPOrpaMMaTopa MOXHO MPHUBECTU 33a1a4y IPOrpaMMHMPOBAHUSA NAPTUU MUKPOCXEM, B
KOKIOW M3 KOTOPBIX JOJDKEH OBITh 3amporpaMMHpOBaH cepuiiHbli Homep. Ha
CHELIMAJIBHOM  SI3bIKE CO3/aeTcsi CLeHapuid paboThl IMPOrpaMMaropa, KOTOPBIH
3aKJII0YACTCS B CIECAYIOLIEM: OIEPATOP YKa3bIBa€T HAYaJbHOE 3HAYEHUE CEPUIHOIO
HOMEpA NapTMM MHKPOCXEM H  3allyCKaeT NpoUeaypy IporpaMMHUpOBaHUS,
IIPOrpamMMaTop IPOrpaMMHUPYET MHUKPOCXEMY C TEKYIIMM CEpUWHBIM HOMEPOM U
BBIUMCIISICT CEPUMHBIM HOMED CIEAYIOUIEM MHMKPOCXEMBI, IMOMENas €ro B
COOTBETCTBYIOIIMNA paszen NaMATH, Jajee Npoueaypa HUKIMYECKH MOoBTOpsercsa. B
NPUBEICHHOM TpUMEpe MaKeTHBIA PEeXHM pabdOThl 3HAYUTENHHO O0JierdaeT padoTy

OIlepaTopa U UCKIIFOYAET CBOMCTBEHHBIE ONEPATOPY OMIUOKH.
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4. Ilporpammarop misa AVR

Pemmn cobpate mporpammatop 11t AVR. UTo MokeT ObITh TpOIIe CaMOASIHHOTO
nporpammatopa maigs AVR? He yragaere, mpoille MOXET OBITh TOJIBKO TOKYITHOMN
nporpammatop Juisi AVR. EcTh MHOXECTBO THUIOB MPOrpaMMAaTOpOB: MapajuiesibHbIC,
BBICOKOBOJIBTHBIE, OUTOZHT ... JINUHO s MOMOJIB30BAJICS Pa3HBIMU MPOTPAMMATOPAMH U
MIPULIEN K BBIBOZY, UTO IPOCTO MPOrPAMMATOP — 3TO CKYYHO, HY>KHO J€1aTh MAJICHbKUA
KoMmIUIeKC 1o BocctaHoBieHnio MK. [Ipaktnueckn e AMHCTBEHHOE, C YEM 51 CTAIIKABAJICS,
TaK 3TO C HENPABWJIBHO BBICTABJICHHBIM MCTOYHUKOM TAaKTHPOBAaHUSA. S mpenmnoymraro
paboTaTth ¢ MUKpOKOHTposuiepamu GupMbl Atmel. Eciiu ObITh TOUHBIM, TO I paboTaio
tonbko ¢ ATMEGA16, ATMEGAS, ATTINY2313 u ATTINY13. Ckopo HauHy
skcniepuMenTbl ¢ ATMEGA128. OctansHoe 06110 0a10BCTBO, JIMOO HE MTPUBJIEKIIO MOETO
BHUMaHus. Cpenu Bcero MHoOroo0Opasus s OCTaHOBWJI CBOM B30p Ha JBYX
nporpammatopax. Ha USBasp u AVR910. Ho AVR910 Obun1 numepoM mo ABYM
npuyruHaM. Bo-mepBbIX, OH COBMECTUM C IporpaMMoi uayuier B koMmiuiekre ¢ AVR
Studio; BO-BTOpBIX, OH T€HEPUPYET MEAHJIpP, YTO MO3BOJMIO CIKOHOMUTH HAa OJHOU

MHUKPOCXCMKC.
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5. Cxema USB nporpammaropa Ha Atmega8

(T

Coucok HeOOXOIUMBIX OETAJIEH:

*Atmega8 — | mr.

*KBapn 12MI'q — 1 mir.

eJluox 1N4007 — 2 mir.

*CeeToauox — 3 1iT.

*Pesucroper: 68 Om — 2 mir., 330 Om — 8 mwir., 1,5 OM — 1 wr., 100 Om -1 .,
1,5 kOm -1 mr., 10 kOwm -1 mrr., 1 MOwm -1 1T,

*Konpnencaropel: 0,1Mk — 3 mwit., 22mk x 10B — 1 ., 22p — 2 mwir.
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3akJroueHue.

PaccmoTpeHHast Bbllle NpakTUYeCcKas 3a7ada J1aeT YETKOE IPEACTABICHHE O
3HAYUMOCTH MIPEICTABIIEHHOTO YCTPOMCTRA.

N3yuena npeameTHas 001acTh, ONMUCAHBI MUKPOKOHTPOJIIEPHI U MX BUABL, AVR
Kopmyca.

PaccmoTpeHo  Ha3zHaueHuWE  MPOTPaMMAToOpoB, HMX  KilaccUpUKaUs U
OCOOEHHOCTH.

Ha ocnoBe u3ydyenHoro martepuaina Oblin BbIOpaHbl AVR MUKpOKOHTpOIIIEPHI,
KaK OCHOBA YCTPOKMCTBA.

PaccMmoTpeHsl paznuyHble MPUHIUITMAIBHBIE CXEMbI POIPaMMAaTOPOB, a TAKXKe
PacCMOTpPEHBI UX ILTIOCHI U MUHYCBI, B pe3yJibTaTe yero Obuia BeiOpana cxema USBASP
nporpammaTopa AVR Ha mukpokoHTposuiepe Atmega 8-p. [IpenocraBineno onucanue

nporpammaTopa AVR USBASP u ero xapakTepucTuk.
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