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BBEJAEHUE

JIro6omy paarodEeKTPOHIIKMKY, PEIIUBIIEMY U3YUUTh U TIEPEUTH HA
MUKPOKOHTPOJUIEPHI, PAHO WJIK MO3THO MPUIETCS CTOJKHYTHCA € MPOOIEMOit
IPOrpaMMUPOBaHUS MUKPOKOHTposuiepoB! IIporpamMmarop - 3To Takoe yCTpOKCTBO,
KOTOpPOE MO3BOJISIET pa3pabOTUUKY MPOIIUTH (3aucaTh MAIIMHHBIN KOJ)
MUKpOKOHTpoJuiep. [Iporpammarop mo cyTu iena He TOJNbKO (PU3HUecKOoe YCTPOHCTBO, B
MOHSATUE MPOrPaMMaTOp BXOJUT €€ U MPOrpaMMHas 4acTh, KOTOpask yIpaBIiseT
anmapaTHOW 4acThIO MporpaMMaTopa 1 MOChIIaeT OUT 3a OUTOM B IPOrpaMMUPYEMBIi
MUKPOKOHTPOJLIEP.

Cy1iecTByeT OrpOMHOE KOJIMYECTBO MPOrPAMMATOPOB, MOKHO CKa3aTh JaXKe LEbIN
ACCOPTUMEHT MPOrpaMMaTopoB. TOJIIBKO CTOST OHU Kak MPABUIIO, HE AemeBo. HoBuuku
10 JTaHHOM cdepe OOBIYHO HE B COCTOSIHUM MO3BOJIUTH ceOe MpodhecCuoHaIbHbIE
YHUBEPCAIIbHBIE IPOTPAMMATOPBI, B IOMOILb UM IIPUXOAUT MHOTOJICTHSS IPAKTUKA
M3TOTOBJIEHUS PAJMOIICKTPOHHBIX YCTPOMUCTB U3 JUCKPETHBIX KOMIIOHEHTOB.

* PonyProg - nporpammarop

* IIpocrerimuii nporpammatop s PIC-koHTposiepoB

* Extra PIC - nporpammarop

* EZoFlash+. YHuBepcanbHblii MporpaMmMaTop MUKPOCXEM MaMsITH.



IIporpammaTopbl — npodJeMbl BbIOOpa

[IpounTaB Ha3BaHUE cTaThu KakuX-HUOYAb 10-15 net Hazas, Mbl ObI OUEHB
yIUBWIKCK: HaM Obl Bamu poosieMsl. PaboTas Ha «A1uKax», Mbl U IOHATHS HE UMEIH,
4TO B 3TOM BOIIPOCE OBIBAET KaKasi-TO HEOIPENEICHHOCTh. [lepeueHp pa3peleHHbIX K
MPUMEHEHUI0 MUKPOCXEM OB HACTOJBKO «ITUPOKY, UTO MPUXOAMIOCH BHIOUPAThH
IPAKTUYECKU U3 OJHOM MO3UIINH, 1a U BOIIPOC C IPOrpaMMaTopaMu 0OCTOSIT
AJIIEMEHTAPHO NPOCTO: TeOE HYKEH MpOorpaMMaTop — cjaeiai ero caM. Kaxxnas
nabopaTopus ¢ TOpIOCTHIO Jielialia CBOM, CaMblii JIYUIIIMI U HAJACKHBIN MporpaMmmMarTop.
Kakux ycTpoiicTB TaM TOJBKO HE ObLJIO: HAUMHAS OT MPOCTHIX, HO OUE€Hb HAJAEKHBIX
U3JIeTUi Ha TyMOJIepax, 10 OY€Hb CIOKHBIX, 3aHUMAaBIIMX MTOJOBHHY paboYyero croja u
MHOTAa paboTaBUIMX MOIIHBIX IporpaMmmaTopoB. VX pa3paboTuuku ¢ J11000BbIO
IPOrpaMMHUPOBAIIN KaXKIbIil OUT TE€X CII0KHBIX YCTPOMUCTB (0J1aro ycTpoiicTBa 3TH He
ObLITM OOpeMEHEHBI OOJIBIIMM KOJMYECTBOM HHPopManyn ). OOBIUHO MOJIb30BATHCS
TaKUM IPOrpaMMaTOPOM MOT TOJIBKO YEJIOBEK, JABIINI €My JKH3Hb, a BECh IIPOLIECC
POrPaMMHUPOBAHMS CO CTOPOHBI BOCIIPUHUMAJICS, KaK IaMaHCKUI TaHel] ¢ OyOHOM.

Tenepb MBI, K BCJIMKOMY COXKAJICHHIO, JIMIICHLI BCEH MMpCJICCTH TCX JICT.

C majeHneM kene3Horo 3aHaBeca BbISICHWIOCH, YTO TIEPEYEHb
IPOrpaMMHUPYEMBIX HHTETPAIBHBIX CXEM B MUPE IIPOCTO TUTAHTCKUA — 3TO
MHKPOCXEMBI MTAMSATH KaK C [TapaJuIesIbHbIM, TAK U C MTOCIEN0BATENBHBIM JOCTYIIOM
unpopmaruu (EPROM, EEPROM, FLASH); MUKpOKOHTpOJUIEpHI C BHYTPEHHEH
NaMAThIO0 KOMaH/ U JAHHBIX; MUKPOCXEMbI nmporpaMmmupyemoit joruku (PLD). [Ipuyem,
MEPEYEHb TAKUX U3JEIUN C KAXKIBIM F'OJI0OM CTPEMUTENBHO PACTET, UMES TEHJAECHIHIO K
YCIIO’KHEHHUIO U3JIETUI U K yBEIHUEHUI0 uX ruokoctu. C Apyroil CTOpOHBI, Kak OTBET Ha
NOTPEOHOCTh UCTOJIB30BAHUS ATUX MUKPOCXEM, PHIHOK HAMOJIHAETCS OOJIbIINM

KOJIMYECTBOM MporpamMMaTopoB. Kak He ommOuThCA U cienaTh NpaBUWIbHBIN BRIOOD MpHU



npuodperenuu nporpammaropa? B 3Toii cTathbe Mbl HONBITAEMCS JaTh MPEJCTABICHHE

00 yCTpONCTBE MPOrpaMMaTOpOB U OTBETUTH HA 3TOT BOMPOC.

AnmapaTHoe yCTpoicTBa MPOrpaMMaTopoB

B nepByro ouepenp KOCHEMCA TOW JA€Tanu MporpaMmMaTropa, ¢ Koropou Bam npuaercs
B3aMMOJIEUCTBOBATH OOJIBIIIE BCETO - 3TO KOJOJKA, KyAa MOMENIAeTCs porpaMMUpyemast
MHKpOCXeMa. JTa OJHA U3 CaMbIX BAXKHBIX JETAJEH MpOTrpaMmaTopa, OT KauecTBa U
HA/IC)KHOCTU KOTOPOI 3aBUCUT CITOCOOHOCTH MPOTPaMMAaTOPa BHITIOIHATH CBOM (DYHKITHH.
Kak mokasan Hai MHOTOJIETHHM OMBIT, JTH00OM POrpaMMaTop BHE 3aBUCUMOCTH OT €T0
CJIOKHOCTH, CTOUMOCTH U (DYHKIIMOHATBHBIX BO3MOXKHOCTEH 0053aT€NIbHO 10JKEH OBIThH
CHA0XXEH CIELHATBHOM TECTOBOWM KOJIOJKOW, oOOecrneunBaronieil MHOTOKpPAaTHBIN
HAJIC)KHBIM KOHTAKT € IIPOrpaMMHUPYEMONU MUKpOCXeMOil. DUPMBI, BBIITYCKAIOIIKUE TAKHE
COKETKH, FapaHTUPYIOT HAJICKHBIN KOHTAKT IPH AECATKAX ThICSYEHN ONEpaliuil yCTAaHOBKHU
B Hee MUKpocxeM. Hambosnee ynoOHBIMH ISl TIOJIB30BATEINS SIBISIOTCSA CIIELMAJIbHBIE
cokeTku c HyneBbiM ycunueM (ZIF socket). Ecnu mnporpammarop He cHaGxeH
CIEHUAIBHBIMA TECTOBBIMH COKETKAMH, NPEAHA3HAYECHHBIMU [UJII MHOTOKDPATHBIX
YCTAaHOBOK MHKPOCXEM, & BMECTO HHMX CTOAT JELIEBBIE OJHOPA30BBIE KOJIOAKH, TO
cuMTaiite, 4To BBl IPOCTO 3psi MOTPATHIIM CBOU JIEHBIU. BBl OBICTPO CMOXKETE B 3TOM
yoenutbes, Korma Oe3BO3BpATHO  HUCHOPTUTE MHKPOCXEMbl C  OJHOKPATHBIM
IIPOTPaMMHUPOBAHUEM M3-32 OTCYTCTBHsI KOHTAaKTa B KoJogke. B Hemoporux
nporpaMmaTopax OOBIYHO YCTaHABJIMBAIOTCS YHUBEpCAIbHbIE (PAacCUMTAHHBIE KaK Ha
y3KHi, Tak 1 Ha mupokuit Tun kopmyca) ZIF DIP cokerku. B 6onee goporux oOpasiax
MIPOrpaMMaTOPOB MOTYT YCTaHABJIMBATHCS OJHOBPEMEHHO HECKOJBKO BHUAOB ZIF
COKETOK, pacCUMTaHHBIX Ha pas3Hble Tuibl koprycoB mukpocxeM (LCC, QFP u T1.1.).
WNuorga mporpammaTopbl CHa0XXarOTCsl YHUBEPCAIbHBIMU CMEHHBIMU TOJIOBKAMHU O]
pa3NMyYHbIE THIBI KOPIyCOB. s mporpaMMHpOBAaHUS MHUKPOCXEM C KOPIyCAMH,
oriinuHbiIMU OT DIP u ¢ OOdBIIMM YKMCIOM BBIBOJIOB, MPOrpaMMATOphl CHAO0XKarOTCS
CIELMAJIBHBIMM aIAITEPAMM 0]l COOTBETCTBYIOIIMM TUIl KOpIyca. B ¢BA3M ¢ TeM, 4TO
Ha JTUX ajanTepax TaKke JOJDKHBI YCTAaHABIMBATHCA BBICOKOHAIEKHBIE TECTOBBIC
COKETKHM, CTOMMOCTb TaKMX a/IalITEPOB MOYKET OKa3aThCs JOBOJIBHO CYLIECTBEHHOM.
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3arnsiHeM BHYTPh MPOTPAMMATOPOB M B OOIIUX YePTaX MOMBITAEMCS TIOHSTH, YEM KE
OHM OTJIMYAIOTCA Jpyr OT Apyra. lIpuHUMNMANbHO CYIIECTBYET JABE KOHIICHIUU
NOCTpoeHusi mporpammaropoB. llepBasi, m HauOosee oueBHIIHAS, 3aKIIOYAETCS B
NOCTPOEHUU MPOrpaMMaToOpoB Ha 0aze MaccHBa YHUBEPCAJIbHBIX allapaTHBIX
JIpaliBepoB. YHHBEPCAIbHBIE JApaBEPhI MOABOIATCS K BBIBOJAM TECTOBOW COKETKH U
JOJDKHBI ~ YAOBJIETBOPATh PSAy CHEeUU(PUUECKUX amlmapaTHbIX TpeOOBaHUN 1O
IPOrpaMMHUPOBAHUIO MUKpOCcXeM. B mepeueHs Takux TpeOOBaHUIl BXOAST: CIIOCOOHOCTD
M0/1aBaTh U CYUTHIBATH JJIOTUYECKHUE YPOBHU, CIOCOOHOCTH MOJaBaTh CIOKHBIE TAKTOBHIE
MOCJIEIOBATEILHOCTH, CITOCOOHOCTh TOJBOJIUTH HampsikeHue B auanaszone 0..27 B ¢
ToyHOCThIO 0.1 B 1 T.4. 1 T.n. Y10BNETBOpEHHE BCEM 3TUM TPEOOBAHUSIM MPUBOJIUT K
KOJIOCCAJIbHBIM anmapaTHbIM 3aTpaTaM M H30BITOYHOCTH BCETO YCTPOMCTBA B IICJIOM.
KonuyecTBo npaliBepoB YHHBEPCAIBHOIO IMPOTpaMMaropa JIOJKHO COOTBETCTBOBATh
KOJIMYECTBY BBIBOJIOB TECTOBOM COKETKHU, Hampumep, 40 npaiiBepos it coketku DIP-40,
unu 84 npaitBepa st coketkn LCC-84. B pe3ynbrare, yCTpOMCTBO CTAHOBUTCSI OYEHb
CIIOHBIM U JOPOTOCTOSIIIMM, HO MNPU ATOM aOCONIOTHO yHHBepcaibHbIM. Mmes 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 (¢ unciom BeiBoaoOB 110 40) 6€3 JOMOJHUTEIBHBIX
agantepoB. HMMEHHO TI0 TakKol CXeMe CTpPOSTCA JOpPOTHE YHUBEpPCAIbHbIC

pOrpaMMaTopHI.

Btopasi konmenuus 3akiodaeTcs B TOM, UTO ammaparypa IporpaMmmaropa
ONTUMHU3HUPYETCS TMOJ MPEANOJaracéMblii MEPEUYEeHb MOIIEPKUBAEMBIX MHUKDPOCXEM.
[IporpammaTopbl 3TOro Kjacca, Kak MpaBUJIO, 3HAUUTEIHHO JCIIEBIE YHUBEPCATbHBIX
porpaMMaTopOB, HO TaKUe U3ACIHS B W3BECTHOW CTEMEHU TEPSIOT YHUBEPCAJIbHbBIC
cBoiicTBa. JoOaBiIeHNE HOBBIX THUIIOB MOJICPKUBAEMBIX MPOTPAMMATOPOM MUKPOCXEM
MOXET OBITh COMNPSDKEHO CO 3HAYUTEIBHBIMHU TPYAHOCTSIMHM, a 4YacTo MU C

HEBO3MOHOCTBIO PACIIUPEHHUSI CIIUCKA IPOrPAMMHUPYEMBIX YCTPOMCTB.

Hcrnionp3yro MHOTOJIETHUHN OTIBIT pPa3pabO0TKH U MPOU3BOICTBA MPOTPAMMATOPOB, HAMU

pa3paboTaHa U BHeApPEHA KOMIIPOMHUCCHAsI KOHUEMUHUS MOCTPOECHUS MPOTPaMMaTopoB -
6



YHHUBEpCaJbHBIA  JpaiiBep pa30uBaeTcss Ha JBa (YHKIMOHAIBHBIX  OJOKa:
YHUBEPCAIbHBIA JIOTUYECKUWA JpaliBEp M YCTPOHWCTBO KOMMYTaluu '"BBICOKOIO"
HanpspkeHus. Takas apXuTekTypa nporpaMmMaTopa no3BoJIMjIa B 3HAUUTEIbHON CTENIEHU
COXPaHUTh IPEUMYIIECTBA YHUBEPCAJIBHOTO JIpaliBepa M CYIIECTBEHHO COKPAaTHUTh
anmapaTHbIE 3aTpaThl U , KaK CJIEJCTBUE, YMEHBIINTh CEOECTOUMOCTD U 1IEHY KOHEUHBIX

U3JICIAN.

PaccmoTpum crocob moAKIIOYEHUS MPOrpaMMaTopoB K KommbioTepy. HaumbGonee

PaclIpOCTpaHCHHBIMHA criocobamMu IHOAKJIFOYCHU S ABJIAIOTCA .

MOAKIIFOUEHUE K PUHTEPHOMY IIOPTY,
IIOAKIIIOUECHUE K ITOCIIEA0BATEILHOMY IIOPTY,

YCTaHOBKaA CHGHI/IaJIBHOﬁ IIJIaThI B KOMIIBIOTCP.

Kaxnaplii w3 »TUX CHOCOOOB HMMEET CBOM TMPEUMYIIECTBA W  HEJAOCTATKHU.
Hcnonb30BaHue CHENHANBHBIX IJIAT, YCTAHABIMBAEMBIX B KOMIIBIOTED, 3HAUYUTEIIBHO
YOPOILIAET CXEMOTEXHUKY Mporpammaropa. B 3ToM ciyyae, Kak MNpaBWIoO, yIaeTcs
OTKa3aThbCid OT  CHEIHUAIbHOIO, JIOBOJBHO  MOIIHOIO  KMCTOYHHMKA  IHUTaHUS,
BOCIIOJIb30BABIIMCh WCTOYHUKOM TIIMTAHUS KOMIIBIOTEPA, a TaKXe HCIO0JIb30BaTh
LHEHTPAJIbHBIA MPOLECCOp KOMMBIOTEpAa B KAauyeCTBE YMPABIAIONIEr0 IMpoleccopa
nporpammatopa. llpu cnocoGe MOAKIIOUEHHUS TMporpaMmaTopa K KOMIIBIOTEPY
MOCPEACTBOM BCTPAMBAEMbIX B KOMIIBIOTEp IUIAT YAAETCS JOCTUTHYTH JOBOJIBHO
3HAYUTENIBbHBIX CKOPOCTEH OOMEHa MEXKIy KOMIBIOTEPOM W MPOrpaMMaTopoM 3a CUeT
HEMOCPEACTBEHHOIO yMpaBieHus nocieqHuM. Ho Takas peanuzanusi mporpammaropa
MMEET U CYIIECTBEHHBIE HENOCTATKU. BoO-TepBbIX, 3HAYUTEIBHO CHUXKAETCS
MOOMJIBHOCTh  MpOTpaMmaTopa, T.€. BO3MOXHOCTb  HCIOJB30BAaHUS  OJTHOTO
porpamMmaTopa Ha pa3HbIX KOMITbIOTEpax (HarpuMmep, B MpUAeIax OJHON TaO0paToOpun),
BO-BTOPBIX, HCMOJIb30BAHUE TAaKUX YCTPOMCTB C TOPTATUBHBIMU KOMIIbIOTEpaAMU
notebook compspkeHO ¢ HEOOXOAMMOCTHIO HCIOJIB30BAHMS  CICIMAIBHBIX  KapT

CONPSIKECHMUSL.



Jpyroii BapuaHT CONPSIKEHHS MTPOTPAMMATOPA C KOMITBIOTEPOM - MOCIEA0BATEIbHBIN
KaHaJl KOMIIbIOTEpAa. JTO BIIOJHE JOMYCTHUMBIM BapUAHT COMPSIAKEHUS, TOMYCKAIOUIUN
paboTy mporpaMmmMaropa ¢ KOMIbIOTEpaMu BceX TUMOB. K CylieCTBEeHHBIM HEJlOCTaTKaM
TAaKOTO BapHaHTa COMPSIKEHUS MOYKHO OTHECTH HEBBICOKYIO MPOITYCKHYIO CITOCOOHOCTh
KaHana. MakcuMallbHasi CKOPOCTh IMOCIENoBaTelbHOro KaHana RS-232 orpannuena
3HaueHueM 115 kboj, 4To CylecTBEHHO OrpaHMYUBAET OOMEH MEXIYy KOMIBIOTEPOM U

[IporpamMmaTopom, 1, CJICA0BATCIbHO, CHUXKACT ITPOU3BOAUTCIbHOCTD ITOCIICIHECTO.

[ToaxmroueHue mporpammaTopa K IPHUHTEPHOMY MOPTY KOMIIBIOTEpPA HaM BUIUTCS
HauboJiee MPEeANOUYTUTEIbHBIM BApUAHTOM. JTOT CIIOCOO COoUyeTaeT B ceOe JOCTaTOYHO
BBICOKYIO MPOIYCKHYIO CIHOCOOHOCTh KaHajla W HE TPeOYeT CEepbEe3HbIX ammapaTHbIX
3arpat. Ilpu ucnonp3oBaHue 3TOro crocoda yaaercs BOCIOIb30BAThCS LEHTPAIbHBIM

IPOIIECCOPOM KOMIIBIOTEpA B KQUECTBE YIPABJISIFOIIETO TPOIIeccopa MporpaMmmaropa.

Crioco6 0OHOBIIEHUS! BEPCUU - 3TO JOBOJIBHO CYIIECTBEHHBIN BOIIPOC SKCILTyaTalluu
nporpammaTopoB. HeoOXonuMocTe OOHOBIIEHUS BEPCUU MOXKET BO3HUKHYTBH IO PAIY
IPUYUH, BO-TIEPBBIX, IPH BBISBICHUE OIIUOKH pabOThI porpammaTopa (yBbl, TAKOE TOXKE
BCTPEYAETCsl, BCE MBI TPEUIHBI), JTUOO NpPH PACIIMPEHUE CIHMCKA MOIACPKUBAEMBIX
nporpammaTopoM MUKpocxeM. CriocoO 0OHOBJIEHUS! BEPCHH ITPOTrpaMMaTopa 3aBUCUT OT
€ro ammapaTHOro YCTPOWCTBA. B OOHMX HM3IENUSAX aarOpUTMbl IPOrPAMMHPOBAHHUS
JKECTKO "3ammuThl" B anmaparypy, B APYTUX - OHM SIBJSIIOTCA 3arpykaeMbIMu. B niepsom
ciydae il MoauduKanuu Bepcur TpeOyeTcs Moaudukanus caMoro YCTpOMcTBa
nporpammaTopa (Hampumep, nepenporpammuposanue [13Y camoro nporpammaropa), a
TO COMPSKEHO C PSAOM JOMOJHUTENbHBIX HEYAOOCTB MO JOCTABKE W3JEIUS
MIPOM3BOAUTEIII0 WA B PETMOHAIBHBIA CEPBUCHBIM LEeHTp. [pyroe naeno, ecnm
OOHOBJIEHME BEPCUU  OCYUIECTBISETCA TOJBKO OOHOBJIEHHMEM  IPOrPAMMHOTO
o0ecrniedyeHus nporpaMmmaropa. IMeHHO 1o Takoi cxeMe MOCTPOEHBI MPOrPaMMAaTOPHI €
3arpy’kaeMbIMU aJrOpUTMaMu IporpamMmupoBaHus. B Takumx nporpammartopax Bl
OOHOBJISIETE TOJBKO MPOTrpaMMHOE OOecredeHre U pabdoTaere yKe ¢ HOBOM BepcHeil.

Bropoii cnoco0 BunuTcs Ham HanOoJiee yI0OHBIM B 3KCIUTyaTallud, 1 UMEHHO MO TaKou



cXeMe CTpouTCcsS OOHOBJEHHME BEpCHil BCEX BbITyckaemblx (upmoit "Duton"

porpaMmMaTopoB

Teneps oOpaTM BHHUMaHHME Ha Takyro "Menoub", Kak COCOOHOCTH MporpammaTopa
OTIPENETATh MPABWIBHOCTh YCTAaHOBKA MHKPOCXEMBI B TECTOBYIO KOJOAKY. Ilpu
KaXXyIIeHcsl He3HAUUTEIBHOCTH 3TOM OMIIMHU, Mbl HAYMHAEM IMOHUMATh BCIO €€ BaXXHOCTh
TOJILKO TIOCTIE BBIXO/Ia M3 CTPOSI MUKPOCXEMEI IPU HEBEPHOU YCTAHOBKH €€ B KOJIOAKY (a
TaKOE paHO WMJIU MO3IHO ciiydaeTcsi). Ml BUHUTH B 3TOM clTydae HEKOTO - CaMU BUHOBATEHI.
NmMenHo uis TmpenoTBpallleHWs] TaKUX CHUTYallMil W CIYyXHT 3Ta ONIHs. 31ech
HEOOXOJMMO yKa3aTh, YTO MOJHOIICHHAS pealn3allysl TAKOW BO3MOXXHOCTH TpeOyeT OT
pa3paboTunka OOJIBIIMX YCWIMH M, MOPOM, m3o0perarenbHOCTU. Jleno B TOM, 4TO
HEOOXOJMMO NPOTECTUPOBATh MUKPOCXEMY B KOJIOAKE B CaMOM IIAQJSIEM JJs Hee

PEKHUMCE, IIPHU 3TOM HHU B KOCM CJIydac HC JOITYyCKas BbIXOAda MUKPOCXEMbI U3 CTPOAI.

N B 3axnroueHue oOCYX IACHUS anmmapaTHOTO YCTPOWCTBA MPOrpaMMaTopoB, HA HaIll
B3TJISAZ, HEOOXOAMMO YIIOMSHYTH O HACTOSTEIIBHOW HEOOXOJUMOCTH MPOBEACHUS
mporpaMmaTopaMyd  MpoOIEeAyphl  camorecTupoBaHus. OOBIMHO 93Ta  Mpoleaypa
MPOBOJIUTCS TOCJIE WHULMAIW3AlMKA amlmaparypsl nporpammaropa. lLleas srtou
MIPOIICTYPHI - BCTPOSHHBIMU CPEJCTBAMH IIPOBECTH IPOBEPKY pabOTOCIIOCOOHOCTH BCETO
000pyZ0BaHUS YCTPONCTBA U MPUHSTH PEIICHUE O BO3MOXKHOCTH MOJIHOIIEHHON pabOThI
nporpammaTtopa. K cokaleHHI0, BCTPOCHHBIMHM CpEACTBAaMH HE BCEIr/a yAaeTCs
OJIHO3HAYHO YOeIUTCSI B pabOTOCTIOCOOHOCTH BCEX Y3JI0B YCTPOMCTBA, HO TEM HE MEHEE
9Ta Ipoleaypa 0053aTeIbLHO T0DKHA MPOBOAUTCS C IETbI0 MUHUMH3AIIUNA BEPOSTHOCTH

HKCILTyaTaIi HepaboTOCIIOCOOHOTO 000PYI0OBAHUS.



IIporpammHoe odecriedyeHne MporpaMmmMarTopa

Jlagum oO1miee MpeACTaBICHUE O BO3MOXKHBIX CIIOCO0AX peau3alyy MPOrpaMMHOTO
obecneuenus (I10) nporpammatopa. IlepBoe, Ha 4TO HY>KHO OOpaTUTH BHUMAHUE, - 3TO
MO/ yNPAaBJIICHHEM KaKOH OIepallMOHHOM CHCTEMBbI paboTaeT IporpamMmmarop.
BOJIBIIMHCTBO MPOrpaMMHOTO OOCCICUYCHHS TIPOrpaMMaTOpPOB PEAIM30BAHO IO
ynpasieareM DOS u He TpenbsSBIAeT K KOMIBIOTEPY crienupuiecKkux TpeOOoBaHUH.
OOBIYHO, ATO TIPOrpaMMBbl, pa3paboTaHHBIE JOBOJIHLHO JIaBHO. B mocieaHne HeCKOIbKO
JIET CTaJIM MOSBIIATHCS ITPOTPAMMATOPhI, paboTaroIIKe IO YITPaBICHUEM OITePAITMOHHON
cuctemMbl Windows. DT0 COBpeMEHHbBIE MPOAYKTHI, KOTOPhIC, KaK MPABUIIO, BBITIISASAT
ropaszio 2JIeTaHTHee, UMEIOT OoJiee IPYKECTBEHHBIM HHTepdelic u 001aaat0T O0IBITUM

YHUCJIOM CCPBHCHBIX BO3MOKHOCTEH.

PaccMotpum apxuTekTypy mporpamMmmHoro odecredeHus nporpammatopos. Haunbomnee
pacnpoCTpaHEHHOM SIBIISIETCS apXUTEKTypa, B KOTOPOM B KauecTBe sApa mporpaMmmaTopa
BBICTYIIaeT MPOMEXKYTOUHbIH Oydep naHHBIX. Bce omepamum B mporpammarope
BBINIOJIHAIOTCSL C 3TUM OydepoM. JlJis mporpaMMupOBaHUs MUKPOCXEMbBI HEOOXOJIUMO
3arpy3uTh ¢ain B Oydep, 3amporpaMMupoBaTh AaHHbIE U3 Oydepa B MHUKPOCXEMY,
CPaBHUTBH COJIEP)KUMOE MHUKpOcxeMbl u Oydepa. [Ipu ureHnn maHHbIE U3 MHUKPOCXEMBI
3anuchiBatoTCsT B Oydep. Pasmep mnpomexyrodHoro Oydepa TaHHBIX, OOBIYHO,
KOppEeIMpOBaH C pPa3MEpPOM TEKYLIEro THIa MHUKPOCXEeMbl. MHOTOJIETHUN OIBIT
pa3paboTKu M TPOM3BOJACTBA MPOTPAMMATOPOB IO3BOIHI BhIPAOOTATh KOHIIETIIIHIO
OpUTHHAIBHOW  MHOroOydepHoit  apxutektypel  [IO  mporpammatopoB ¢
HEOTpaHUYEHHBIM KonmmdecTBOM OydepoB. Takas apxurekrypa mo3BoJIsIeT paboTaTh ¢
HEOTPaHUYEHHBIM KOJIMYECTBOM HE3aBUCHUMBIX HA0OPOB JIaHHBIX, IPOBOAUTH UX aHAIU3
u penaktupoBanue. Hanpumep, Bel MoxkeTe BOCmoib30BaThCsl ABYyMs Oydepamu is
CUMATHIBAHUS B HHUX JBYX Pa3HBIX MHKPOCXEM, MPOBEACHHUS aHaiIM3a 3TUX HaOOpOB

JAHHBIX ¥, HAa WX 0ase, CO3JaHMs HOBOTO MAacCHBa JaHHBIX B TpeTheM Oydepe s
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MNOoCJICAYIOmICTO IMPOrpaMMHUPOBAHHA €0 B MUKPOCXCMBI IIaMATH HJIM COXPAHCHHA HA

JTUCKE.

CrangapTHeiM HaOOpOoM (PYHKUIMN TPOrpaMMaTOpPOB OOBIYHO SIBISIOTCS CIEIYIOIINE
(GyHKIIUU: YTEHUE, 3alliCh, CPAaBHEHHUE, KOHTPOJIb Ha YHUCTOTY, CTUPAHUE (TOJIBKO IS
ANEKTPUYECKU  TEPErnporpaMMHUpPYEMbIX  YCTPOMCTB)  MuUKpocxeM.  Hekoropsie
IporpaMMaTOpbl UMEIOT (PYHKIIMIO aBTOMATHYECKOTO TPOrpaMMHUPOBaHUS. DTa QYHKITUS
MO3BOJIIET OCYIIECTBUTh YacTO HCHOJBb3yeMyH KOMOWHAIMIO JICUCTBUN IS
KOHKPETHOTO THUMNa MHKpPOCXeMbl. OOBIYHO, Takas KOMOWHAIUS COCTOUT M3 TaKOIo
Habopa: cTepeTb MUKPOCXEMY, MPOKOHTPOJIUPOBATH CTEPTOCTh, 3alPOrpaMMHPOBATH,
CpPaBHUTH 3alPOTrPaMMHPOBAHHBIC JAHHBIE C OPUTMHAJIOM, YCTAaHOBUTH 3allIUTY.
Y106cTBO 3TOM (DYHKIIMK 3aKIHOYaeTcss B TOM, YTO BeCh 'IDKEHTIIBMEHCKHI" Habop

AKTUBU3HUPYCTCA OJHUM HAXKATHUCM.

OTnenpbHO OCTAaHOBUMCSI Ha PEAAKTOPCKUX (pyHKUMAX mporpammartopoB. HambGonee
pacmipoCTpaHEHHBIM TMEPEYHEM PEIAKTOPCKUX (DYHKUIMN SBISIOTCSA: PEIaKTHPOBAHHE
JaHHBIX B LIECTHAaAUATEPUYHOM (popmare, BOZMOKHOCTh 3alOHEHUs Oydepa JaHHBIX
KOHCTAaHTOM W MOJACYET KOHTPOJIBHOW CyMMBI. DTOTO MPOCTOTO Ha0Opa peaaKTOPCKUX
GYHKIMI BIOJHE AOCTATOYHO ISl MPOCTHIX MpuioxeHui. s mpodeccrnonarbHOTO
UCIIOJIb30BaHUSl ~ IPOrpaMMaTOpPOB  HEOOXOJIMMBI  pacIIUpPEHHbIE  BO3MOXKHOCTHU
penaktupoBanus. K HUM MOXHO OTHECTH BO3MOXHOCTh PEIaKTUPOBAHUsS JaHHBIX HE
TOJILKO B ULIECTHAAUATEpUYHOM (opmare, HO U B JBOMYHOM, BOCBMEPHUUYHOM U
JIECITUYHOM TIPEACTABICHUH; 3allOJIHEHUE MAacCHBa CTPOKOW JAHHBIX; MOUCK U 3aMeHa
CTPOKH JaHHBIX; HHBEPTUPOBAHNE JaHHBIX; KOMMPOBAHNE MAacCHBA JIaHHBIX KaK BHYTpH
onHoro Oydepa, Tak U MEXKIy pa3HbIMH Oydepamu; MoACUYET KOHTPOJIHHOW CYMMBI;

KOHBCPTHUPOBAHUC IIIKH aApCcCa U NaHHbIX.

Eme onna ocobennocts I10 mporpamMmaTtopoB, Ha KOTOPOM CTOUT OCTAHOBUTCS
OTJIIETILHO, - 3TO MAKETHBIA pexuM padboThl. O4eHbh B HEMHOTHX MPOrpaMMaTopax TaKou
peXUM peanu3oBaH. A MPEUMYIIECTBO TaKOTO PEXHMa MPOCTO OUYEBUAHO - 3TO

aBTomMaTu3alus paboThl. Mcrmosb3ylo NakeTHbI peXuM paboThl, MOXKHO CO3JaBaTh
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clieHapuu paboThl € MPOrpaMMaToOpoM, aBTOMATHU3HPYs BCIO PYTHHHYIO paboTy.
Haubonee nuuTepecHbl yCTPOMCTBA, II€ MAKETHBIN PEKUM PaOOTHI MPAKTUYECKH HE IMEET
OTrpaHUYEHMI, B HEM JIOCTYIHBI BCE PECypCHl IIporpammaropa. B makeTHoMm pexnme
MOXKHO 3arpykaTb (Qailipl, 3amyckaTh MpPOTpaMMHUpPOBAaHUE, MAaHUITYJIUPOBATH
napaMeTpamu porpaMMHUPOBaHMsI, OKHAMH Ha SKpaHe, BEIBOJAUTH IpauuecKUe TaHHbIE
U T.J., U T.II. B KauecTBe WJUIIOCTPAIlMM HCIIOJIb30BAHUS MAKETHOTO peXuma padoThl
IIPOrpaMMaTopa MOXKHO NPHUBECTU 331ady IMPOrpaMMHUPOBAHUS NAPTUM MUKPOCXEM, B
KOKIOH M3 KOTOPBIX JOJDKEH OBITh 3alporpaMMHpOBaH cepuiiHbli Homep. Ha
CHEUATbHOM SI3BIKE CO3/A€TCs CLEHapuil paboThl MpOrpaMMaropa, KOTOPBIH
3aKJII0YACTCS B CIECAYIOLIEM: ONEPATOP YKa3blBa€T HAYaJIbHOE 3HAYECHHUE CEPUUHOIO
HOMEpa MapTUM MHUKPOCXEM U  3allyCKaeT Ipoleaypy IpOorpaMMHUPOBAHUI,
IIPOrpaMMaTop MPOTPAMMHUPYET MHMKPOCXEMY C TEKYLUIUM CEPUUHBIM HOMEPOM U
BBIYUCIIICT CEPUMHBIM HOMEP CIEAYIOUIEH MHMKPOCXEMBI, IOMelas €ero B
COOTBETCTBYIOILIMM pa3len IaMsaTH, Jajee Ipoleaypa LUKIUYECKU NOBTOpserca. B
NPUBEACHHOM NpPUMEpPE MAKETHBIA PEXUM pabOThl 3HAYUTEIBHO OOJerdaer padory

OIlepaTopa U UCKIIFOYAET CBOMCTBEHHBIE ONEPATOPY OMIUOKH.
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IIporpammatrop st AVR

Pemn cobpate nporpammatop aiis AVR. UTo MOkeT ObITh MPOoIIe CaMOIETbHOTO
nporpammatopa s AVR? He yramaere, mpomie MOXXET OBITh TOJBKO TMOKYITHON
nporpammaTop it AVR. EcTh MHOXECTBO THUIOB IPOrpaMMAaTOPOB: MapajuiesibHBIE,
BBICOKOBOJIBTHBIE, OUTOHT... JINUHO s MOMOIB30BAJICS Pa3HBIMU MPOTPAMMATOPAMH U
MIPULIEN K BBIBOJY, UTO IPOCTO MPOrPAMMATOP — ATO CKYYHO, HY>KHO J€1aTh MAJICHbKHI
KoMmIUIeKC 1o BocctanoBieHnio MK. [Ipaktuuecku e AMHCTBEHHOE, C YEM 51 CTAIIKABAJICS,
TaK 3TO C HEMPABWJIbHO BHICTABJICHHBIM MCTOYHUKOM TaKTHpPOBaHUS. S mpenmnoyuTaro
paborath ¢ MUKpoKoHTposuiepamu pupmbl Atmel. Ecu ObITh TOUHBIM, TO S paboTaro
tonbko ¢ ATMEGA16, ATMEGAS, ATTINY2313 u ATTINY13. Ckopo HauHy
skcniepuMenTbl ¢ ATMEGA128. OctansHoe 061510 0a10BCTBO, JIMOO HE MTPUBJIEKIIO MOETO
BHUMaHus. Cpeau BCero MHOTrooOpa3usi S OCTaHOBWJI CBOM B30p Ha JIBYX
nporpammatopax. Ha USBasp u AVR910. Ho AVRI910 Obin nuaepoM mo JIByM
npuyruHaM. Bo-mepBbIX, OH COBMECTUM C MpOrpaMMoM uAylier B komiuiekre ¢ AVR
Studio; BO-BTOpBIX, OH T€HEPHUPYET MEaHJP, YTO MO3BOJUJIO COKOHOMHUTH Ha OJHOMI

MHUKPOCXEMKE.
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Cxema USB nporpammartopa Ha Atmega8

(00 e

CHoucok HeOOXOIUMBIX OETAJICH:

*Atmega8 — 1 wr.

*KBapn 12MI't — 1 mir.

eJluox 1N4007 — 2 mir.

*CeeToauox — 3 1iT.

*Pesuctopsl: 68 OM — 2 ., 330 OM — 8 wit., 1,5 OM — 1 mt., 100 Om -1 mwt.,
1,5 kOwm -1 mT., 10 kOm -1 mt., 1 MOm -1 miT.

*Konpaencaropel: 0,1Mk — 3 mwit., 22mk x 10B — 1 ., 22p — 2 mwir.
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3akJ/II0YeHue.

PaccMoTpeHHass BbllllE NPAaKTUYECKas 3a4adya JacT 4YETKOE IPEACTaBICHUE O
3HaYUMOCTHU MPEACTABICHHOTO yCTpoiicTBa. TpyIHO MpencTaBuTh chepy COBpeMEHHOM
JEeSITEIbHOCTH YE€JI0BEKa, II€ HE MCII0JIb30BAIMCH OBl JaHHBIE yCTpoiicTBa. TenedoHsl,
TEJIEBU30DPBl, KUIKOKPUCTAJUIMYECKAE MOHHUTOPBI, KOHAWLMOHEPHI, XOJOAUIIBHUKH,
HOBOT'OJJHUE THPJSH/ABI, KOMIIBIOTEPHl M MHOTO€ Ipyroe He MOryT paboraTh 0e3
MHKPOKOHTPOJIJIEPOB. MUKPOKOHTPOJIIEPHI HaMHOTO Jy4Ie CBOMX
MIPEAUIECTBEHHUKOB: JIAMIT ¥ MOJyIPOBOJAHUKOB. OHM HAMHOI'O MEHBIINX Pa3MEPOB U
oOnanaroT OoJblIe MPOM3BOAUTENBHOCTHIO. [IpuMEHEeHHE MHMKPOKOHTPOJJIEPOB B
TEXHUKE OYEHb akKTyalbHO. Tak Kak OHHU CYIIECTBEHHO YCKOPSAIOT padoTry
IOCTABJICHHOW MM 3afaud. OTCro/la M Ba)XXHOCTh UX H3YYEHUS M IPUMEHEHHS B

YCTPOMCTBAX.
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