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NPEANCJIOBUE

IMpumute Mou moznapasienusi! Pa3z Bbl ynMTaeTe 3Ty KHUTY,
3HAYUT, BAC 3aMHTEPECOBAIO OJHO U3 HauboJiee MPOU3BOAUTEb-
HBIX M YHUBEPCATbHBIX CEMEUCTB 8-OUTHBIX MUKPOKOHTPOJIJIEPOB
B Mupe — cemeiicTBo AVR. [1pounTtaB KHUTY, BBl MTOJIy4UTe OOIIIEe
npencrapjieHue 060 BceX MUKPOKOHTPOJUIEpaX CEMENCTBA U y3-
HaeTe, KaKMM 00pa3oM ¢ MX ITOMOIIbI0O MOXHO YITPOCTUTh pa3pa-
0OTKY CBOMX YCTPOMCTB, a TAaKXKe CO3/IaBaTh 0ojiee CIIOXKHBIE 13-
JIENUSL.

MuxkpokoHTpoiepsl AVR, Kak 1 Bce apyrue, 03BOJISIOT CO-
3MaBaTh HECTAHAAPTHBIE Y BMECTE C TEM JIOCTaTOYHO T'MOKUe pe-
meHus. OnHako MUKPOKOHTpoJiepbl AVR ABISIIOTCS MpU 3TOM
53¢ GEeKTUBHBIMU, OBICTPOACHCTBYIOIIUMU U MPOCTHIMU B UCTIOJIb-
30BaHUM, Oarofapsi YeMy UaeabHO TOIXOMAT ISl pa3paboTyu-
KOB 3JIEKTPOHHBIX ycTpoiicTB. CHavyasa Mbl TO3HAKOMUMCSI C OC-
HOBHBIMY TIPUHLIMIIAMY TTPOTPAMMUPOBAHUS MUKPOKOHTPOJLIE-
poOB (B YaCTHOCTM, C Pa3IMYHBIMU CUCTEMaMHU CUYWCIEHUS) U
MOAPOOHO PACCMOTPUM OCHOBHBIE 3TAllbl CO3JAHMSI TIPOTPaMM.
ITocyie 3TOro BBl MPUCTYNMUTE K M3y4YEHUIO COOCTBEHHO MUKPO-
KOoHTposiepoB AVR, mpuyem Bce paccMaTpuBaeMble BOIPOCHI
OyIoyT COMPOBOXKIATLCS IMpUMEpaMU B BUE peajlbHO paboTaro-
X mporpamM. Cpeay 3TUX TPOrpaMM, B YaCTHOCTH, UMMUTATOP
cBetodopa, My3bIKaJIbHBI aBTOMAT, YaCTOTOMEDP U Aaxe poOoT,
yIpaBJsieMblil IEPCOHATbHBIM KOMITHIOTEPOM.

Ha nepBbIx Mmopax Mbl B OCHOBHOM OylieM paccMaTpUBaTh ro-
TOBbIe y4eOHbIe TporpaMMbl. OHAKO MO Mepe MPOUYTeHUsT KHUTH
00BEM K012, CAMOCTOSITEJIbHO HAMTMCAHHOTO BaMU MPU BBIMTOJIHE-
HUM YIIPaXXHEHUM, OyIeT MOCTOSIHHO YBEJIMYMBAThCI. DTU YII-
paXkHEeHUsI BCTPEUYaloTCs Ha MPOTSKEHUU BCel KHUTHU, a OTBETHI K
HUM TIpMBENEHBI B CAMOM KOHIIE. B npuioxkeHusix cobpaHbl oc-
HOBHBIC JaHHBIE, OTHOCSIIMECSI K HauboJjiee MOIMyJIIPHbIM MUK-
pokoHTpoyuiepaM AVR, 4To 1Mo3BoJISIET OBICTPO HAUTU HYXHYIO
nHboOpMaLIo, He TepepbiBast Ky4y JOKYMEHTAlLIUM.

Kopoue roBopsi, B 3Toi1 KHUTE UCTIOIb3YeTCs aKTUBHASI METO-
KA O0y4eHUsT MPOrpaMMUPOBAHUIO0 MUKPOKOHTpOIepoB AVR.
Kpome Toro, kHura OyaeT 1mojae3HbIM UCTOYHUKOM MHMOpMaIIKu
IIJIST BCEX TMPOrpaMMUCTOB, pabOTAIOIIMX ¢ 3TUMU MUKPOKOHT-
poJiiepaMu.

Iicon Mopmon
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I'nasa 1. BBEAEHUNE

MukpokoHTpoiiepel AVR — 3T0 ogHM M3 caMbIX OBICTPOHACHCTBYIOIINX
MUKPOKOHTPOJJIEPOB B MUpE. JINUHO s peIcTaBIsIio cebe MUKPOKOHTPOJLIEP B
BUJie OECMOIe3HOro Kycka KpeMHUsI, 001alalollero TeM He MeHee OTPOMHBIM
noteHuuagoM. [loka B HeM HeT MporpaMMbl, OH HUYETo He Oy/eT JesaTh, OaHa-
KO TIPY €€ HAJIUYMU OH CMOXET BBIMOJHSITh MPAKTUUYECKU JIIoOble (DYHKINMU.
HocTaTtouyHo 6oJibllas MPUHIMMMATbHAS CXeMa B BallIMX pyKax MOXeT MpeBpa-
TUTHCSA B OOBIYHYIO ITPOTPaMMy, YMEHBIIIMB TAKUM 00pa3oM IIeJI0e YCTPOUWCTBO
JI0 OMHOW E€IWHCTBEHHON MUKpPOCXeMbl. MUKPOKOHTPOJUIEPHI JIMKBUIUPYIOT
pa3pbIB MEXIY alllapaTHBIM M IPOTPAaMMHBIM 00eCIIeYeHMEM — OHM BBITIOJTHSI-
10T TPOrpaMMy KaK OOBIYHBIN KOMITBIOTED, SIBJISISICH B TO K€ BpEeMsI TUCKPETHbI -
MU 2JIEMEHTAMU, KOTOPbIE MOTYT B3aMMOJIECTBOBATh C APYTMMU KOMITOHEHTA-
MM CXeMBbI. 3a HECKOJIBKO JIET MUKPOKOHTPOJIJIEPHI CTAIM HEOTheMJIEMOI yac-
THIO MHCTPYMEHTAPHS pAIMOMHKEHEPOB M OTPOMHOTO YKMCJIa PaaUOIIO0UTENeiH,
MOCKOJIbKY OHU BEJIMKOJICITHO MOJIXOAST ISl 9KCTIEPUMEHTUPOBaHUSI, MEJIKOCe-
PUITHOTO TIPOM3BOJCTBA M peau3aliui MPOEKTOB, TPEOYIOIINX OMpeaeIeHHOI
TMOKOCTU BBITTOTHSIEMbIX (DYHKIIUIA.

OTanbl pa3pabOTKU MPOrpaMMHOI0 00ecreyeHus] MUKPOKOHTPOJIEPOB
AVR npuenens! Ha Puc. 1.1.

Cpeay MUKpPOKOHTpOJUIepoB AVR nMeeTcs orpoMHOE KOJTMYECTBO pas3iiny-
HBIX MOJIeJIeli, HAYMHas OT HeOOJIBIINX YCTPOMCTB B 8-BBIBOAHBIX KOpITycax (ce-
MeiictBo Tiny) u 3akaHuMBasi MUKpocxeMamy B 40-BBIBOIHBIX KopItycax (ce-
MeiicTBo Mega) V. OmHako camoe moTpscalolee 3aK/TI04aeTcsl B TOM, YTO MOX-
HO CIIOKOIHO MucaTh Mporpammy il OAHON MOIENU, a 3aTeM Mepeaymarb 1
nepenenarb 3Ty MPOrpaMMmy MOJ APYTYI0 MOAeIb MUKPOKOHTpOJIEpa, BHECS
BCEro JINIIb He3HAUUTEIbHBIC N3MeHeHMs. bosee Toro, n3ydass OmuH U3 MUKPO-
KOHTpoyiepoB AVR, Bbl HayunTech padoTaTh CO BCEMU MOJEISIMU CEMENCTRA.
PazymeeTtcs, kaxaplii 13 MUKPOKOHTPOJIJIEPOB UMEET CBOUM OCOOEHHOCTH, O[I-
HaKO B OCHOBE BCEX MOJIeJiell IEXKUT obl1ee siIpo.

" B HacTosmee BpeMst Hanbosee pa3BUThIE MUKPOKOHTpPOILTEphI AVR BBINTyCKaIOT-
cs1 B 64-BBIBOIHBIX KOpIrycax. — [Ipumeu. nep.



I'maBa 1. Beenenne

1. YucToii AVR Huuero He penaet 2. Mvwem nporpammy 3. Mporpammupyem
Ha KOMMbloTEpe BUPTYasbHbIN
AVR B KOMMbIOTEPE
j : ]
6. MpoBepsiem NporpaMmy 5. Mporpammupyem 4. MposepsieM NporpaMmy
B peanibHOM YCTPOWCTBE peanbHbili AVR Ha KOMMbloTepe

Puc. 1.1. Dtansl pa3pabOTKM MPOrpaMMHOI0 00ecCIieueHUsI MUKPOKOHTpouiepoB AVR

Boo0611ie roBopsi, mporpaMMupoBaHre MUKPOKOHTposuiepoB AVR 3akitoua-
€TCSl B pa3IMYHbIX MaHUNYISALUMSIX yuciaaMu. COOTBETCTBEHHO, 3agadya Mpo-
TPaMMUPOBAHUS COCTOUT B TOM, YTOOBI 3aCTABUTh MUKPOKOHTPOJIJIED BHITIOJ-
HSITh TTOCTaBJIEHHYIO 3a7a4y MyTeM TMPOCTHIX MepeMeleHUId YUces U OCYIIECTB-
JieHus omepauuii Hanm HUMU. CyllecTByeT OrpaHMYeHHBI HaOOp omepauuit,
KOTOPbIE MOXKHO BBITIOJIHSITh Hall YMCIaMU, — 3TU ONepalliv Ha3bIBAIOTCS KO-
mandamu. B mporpamMmax MCIOJIBb3YIOTCSI KaK MPOCTbie KOMaHAbl (001Iero Ha-
3HA4YeHUsI), TaK U 00JIee CIOXHBIE, BBIIIOIHSIONIE pa3InyHble cielnpUuIecKre
¢yHKIIMK. MUKpPOKOHTpOJUIep OyIeT IIoCIeooBaTe/lIbHO IlepedupaTh 3TU KO-
MaH/Ibl, BBITIOJHSISI MUJUIMOHBI UX KXYl CeKyHAY (3TO 3aBUCUT OT 4acCTOTHI
MOIKJIIOYEHHOTO K HEMY TreHepaTopa), U, TAKUM 00pa3oM, BBITIOJIHSATH ITOCTaB-
JIeHHy10 3a1a4y. B MukpokoHTposiepax AVR uuncia MoxHO:

1. IIpuauMaTh C BX00B (HampuMep, UCTOJIb3Ysl BXOAHOM «ITOPT»).

2. CoxpaHsTh B OIIpeIeIEHHBIX TUeiiKaX MUKPOCXEMBI.

3. OopadaTeiBaTh (HapuMep, CKJIaAbIBaTh, BEIUMTATh, YMHOXATh U T.I1.).
4. IepenaBaTh Yepe3 BbIXOMbI (HATIPUMED, UCTIOJb3YsI BBIXOJHOM «IIOPT» ).

Bort, B nmpuHLIMIIE, M BCe, UTO KacaeTcs MMPOrpaMMUPOBaHUsI — BBI, HaBEp-
Hoe, yxe mymaeTte: «Kmacc!» K cuactbio, B MukpokonTposuiepax AVR numeercst
MHOTO APYTUX MOJIE3HBIX (PYHKIIMI, KOTOPbIE CHJIBHO OOJIEr4aloT HaM XKU3Hb.
Cioa OTHOCSITCSI pa3IMYHbIC MOJYJIM, TAKUE KaK BCTPOSHHBIC TalIMEpPBI, TIOCIe-
JOBaTeJIbHBIC MHTEP(EiChl, aHAOTOBBIC KOMITAPATOPhI, a TAKXKE Kyda TaK Ha-



Kpartkoe 3ameuanue 115 nosib3oBaresneit PIC

3bIBaeMbIX «h1aroB», 6arogapst KOTOPbIM Mbl MOXKEM ONPEAEIUTh, TPOU3OIILIO
JIN Kakoe-J0o onpeeIeHHOEe COObITUE UJIU HET.

Mp#bI HauHeM 00y4YeHHe C PACCMOTPEHMST OCHOBHBIX KOHUEITIINI, OOIITNX JIST
BCEX MUKPOKOHTPOJIIEPOB, M Cpasy XKe IOCJIe 3TOrO MPUCTYITUM K U3YYCHUIO
HECKOJIbKUX Y4eOHbBIX MTPOEKTOB HA MUKpOKOHTposutepax AT90S1200 (KoTopblie
Oyaem mis KpaTkocT HasbiBaTh 1200) 1 Tiny. 3aTeM MBI MO3HaKOMUMCS ¢ OoJiee
CJIOXKHBIMU OTIEPALIMSIMM, BOCTIOJB30BABIIKCH AJISI 3TOTO 00Jiee pa3BUTHIMU MO-
nensmu (takumu, Kak AT90S2313). B 3akimtoueHue Mbl U3ydyrMM HaunboJiee mpo-
JIBUHYTBbIE BO3MOXHOCTH MUKPOKOHTPOJUIEPOB AVR U BBHITIOJHUM 3aKITIOUM-
TeJIbHBIN MTPOEKT Ha 6a3e MUKpOoKoHTposiepa 2313. BoablIMHCTBO paccMaTpu-
BaeMBIX HAMU TTPOEKTOB MOXKHO JIETKO aIallTUPOBAaTh IO JIo0yIo Moneib AVR,
MO3TOMY BaM COBEpILIEHHO He TpebyeTcsi 6exaTh B Mara3uH U cKynaTb Bce UMe-
o1Mecsl TaM MUKPOKOHTPOJLIEPHI.

KpaTkoe 3ameuanue ajis1 moJsb3oBaredeit PIC

Sl monarato, 4YTO MHOTME YMUTATEIU YXKE 3HAKOMBI C TOMYJISIPHBIMU MUKPO-
koHTposiepamu PIC ¢pupmsl Microchip. [ToaTomy s BKpatiie YIIOMSIHY O TIpe-
UMYIIECTBaX MUKPOKOHTpoJuiepoB AVR 1o cpaBHeHuio ¢ PIC. Tem, k10 He
nMeeT o MUKpokoHTpoiiepax PIC Hukakoro moHsTusi, He CTOUT 0co00 Gecro-
KOUTBCS, €CJIM YTO-TO OKAXKETCST HETTOHSITHBIM, — YYTh ITO3XKe BbI BCe ToiiMeTe!

IIpexne Bcero, MukpokoHTposuiepsl AVR nmeroT 6oJiee coBepilieHHYIO ap-
XUTEKTYPY W MOTYT BBITTOJIHATh KOMaHIbl B Kaxa10M TakTe (B otanuue ot PIC,
KOTODPBIM ISl BHIMIOJTHEHUSI KOMaHAbl TpebyeTcsl yeThipe TakTa). [loatoMy nmpu
TOM Xe TaKTOBOI 4acToTe MUKPOKOHTpoJsuiepbl AVR paboTtaioT B 4 pasza ObICT-
pee. KpoMme Toro, onu ummeror 32 paboumx perucrpa (B OTJIMYME OT OITHOIO
enuHcTBeHHOrO, nMetolerocs B PIC) u mouytu B 3 pa3a Oosbine komaHa. bia-
roaapsi aToMy nporpammel 1uist AVR npaktudecku Becerna OyayT Kopodye aHajio-
ruyHbIx nporpamMm st PIC. OgHako, HECMOTpSI Ha TO YTO B TOKYMEHTAllUMU
ykasbiBaeTcs oT 90 o 120 KoMaH[ (B 3aBUCMMOCTU OT MOJIEIN), MHOTHUE U3 HUX
IyOJIUPYIOT APYT Apyra, U, IO MOUM IOJcYeTaM, U3 BCeX KOMaH[ NelCTBUTEb-
HO YHMKaJbHBIMU SIBJIsIeTCs He 6oee 50.

A BOT K TaK Ha3bIBaéMbIM PETUCTPAM CIELUATbHBIX (DYHKIIMH MMUKPOKOHT-
poiinepoB PIC (kotopsie B AVR HazbIBatoTcs peructpaMu BBojia/BbIBOIA) pa3pe-
IIEH TIPSIMOi 0CTyN (MOXKHO MUCATh HEMOCPEICTBEHHO B TTOPTHI), YTO B MUKPO-
KoHTpoJuiepax AVR He nomyckaercsi. OgHaKo 3TO He TaKO# yX O0JbILIOI Helo-
CTaTOK, U B LieJioM TporpamMsl it AVR siBnsiorcst 6oiee s dexkruBHbIMU. Bee
mukpokoHTpoyiepel AVR umeior FLASH-naMmsaTe nporpaMm, 4To IO3BOJISIET
OCYILIECTBIISITh X MHOTOKpaTHOE TiepernporpaMmMupoBaHne. M HakoHell, B CBSI3U
C TeM, YTO paslnyHble MOJeIU MUKPOKOHTpoJiepoB PIC pa3spabaTbiBasiuch Ha
MPOTSKEHUM MHOTHUX JIET, Y HUX UMEETCs PsiIl JOCATHBIX TTPo0JIeM ¢ COBMECTH-
MOCTbIO, KOTOPbIX B MUKPOKOHTpoJuiepax AVR 10 cux nop yaaBanoch u3berath.
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I'maBa 1. Beenenne

CucremblI cUMcIeHUs

Terepb MPUIIO BpeMsT TO3HAKOMUTLCST C Pa3TUIHBIMU CUCTEMAaMHM CUKCITEe-
HUSI, UCMOJIb3yeMbIMU TIPU IPOrpaMMUPOBAHUU MUKPOKOHTpoJuiepoB AVR:
JIBOMYHOM, OECITUYHOM U IleCTHaaLaTepuyHOl. JIBOMUHBIE Yuc/ia SIBISIOTCS
YUCIaMU C ocHoganuem 2 (T.e. Kaxnas 1udppa MOXeET IIPUHUMATh TOJIbKO IBa
3HaueHust: 0 uau 1) B oTIMuYMe OT AECATUYHBIX YHCEJ, UMEIOIIUX ocHogaHue 10,
¢ necsThio paznnyHbiMu 1dpaMu (ot 0 10 9). CooTBETCTBEHHO, YMca B 1IeCT-
HaOLaTePUIHOM CUCTEME UMEIOT ocHosanue 16 Vi ipeAcTaBieHbl 16 pa3IuaHbI-
mu uudpamu (0, 1,2,3,4,5,6,7,8,9, A, B,C, D, Eu F). BTaoa. 1.1 npuseneH
MpUMEp CUeTa B Pa3IMYHbBIX CUCTEMAaX CUMCIICHUS.

Tabauya 1. 1. IIpumep cueTa B pa3jMYHbIX CUCTEMAX CUMC/ICHUS

JIBomyHas JlecaTnyHas IlecTHanuaTepuuHas
(8 pa3psinos) (3 pa3psana) (2 pa3psna)
00000000 000 00
00000001 001 01
00000010 002 02
00000011 003 03
00000100 004 04
00000101 005 05
00000110 006 06
00000111 007 07
00001000 008 08
00001001 009 09
00001010 010 0A
00001011 011 0B
00001100 012 0C
00001101 013 0D
00001110 014 0E
00001111 015 OF
00010000 016 10
00010001 017 11
U T.I.

JIBoWYHBI pa3psia (Miu 6um), pacriojOXKEeHHBIN ClpaBa, Ha3bIBaeTCs MJIaf-
UM 3HavaimuMm paspsaoM (M3P) wnu muammuM 3Havammum outom (Least
Significant Bit — LSB), a rakke 6utoM 0 (mouemy HyMepalust HaunHaetcs ¢ 0, a
He ¢ 1, cTaHeT ICHO HeMHOro no3xe). HyneBoit OMT moKa3bIBaeT KOJIUYECTBO
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CHCTEMBI CYMCIICHHUS

«eIMHUL» B yncie. Ennania pasHa 2°. But, pacronoxeHHblil JeBee (6GuT 1),
IMOKAa3bIBAET KOJIMYECTBO «IBOEK», CIACAYIOLINI OUT (OUT 2) MOKa3bIBaeT KO-
YeCTBO «4eTBEPOK» 1 T.1. OTMeTnM, uto 2 = 2!, a 4 = 2%, T.e. HOMep 6uTa COOT-
BETCTBYET CTENEHU ABOKU, MpeACTaBsieMoil 3TUM O0uToM. [ToMHUTE, YTO HY-
Mepalusi OUTOB BeJeTCs crpaBa HajieBO (00 3TOM ouyeHb yacTo 3abbiBatoT!). Co-
BOKYIHOCTb 8 OUTOB HasbiBaeTcsi OaiiTom. CaMblii CTapuiuii OUT JBOMYHOTO
clioBa (Hampumep, 7-i OUT GaifTa) Ha3bIBae€TCs CTApLIMM 3HAYalllUM Pa3psaoM
(C3P) wnu crapuium 3HavaiuM outom (Most Significant Bit — MSB).

Takum 06pa3oM, 4TOOKI MPeoOpPa30BaTh AECATUIHOE YHCIIO B IBOUYHOE, HE-
00X0AMMO HATU HAaMOOJIBILYIO CTENEHb ABOMKM, KOTOpasi OyIeT MEHbILIE 3TOTO
YHCJia, BBIYECTh U MHOTOKPATHO TTOBTOPUTD YKa3aHHbBIC BHIYMCIICHMSI.

Iz[ TIPUMEP 1.1. HaiineM IBOMYHBIN SKBUBAJIEHT AECATUYHOTO Yncaa 83.

HawuGosbiiag crerneHb ABOWKY, MeHbIIIE 83, paBHa 64 = 26 Bur 6 = 1.

Pasnoctb 83 — 64 = 19. 32>19, moaromMy o6ur 5 =0,
16 < 19, noaromy our 4 = 1.

Pasnoctb 19 — 16 = 3. 8>3, rmoaromMy our 3 =0,
4> 3, moaromMy our 2 =0,

2<3, moatomMy our 1 = 1.

Paznocth 3 —2=1. 1=1, rnmoaromy o6ur 0 = 1.

TakuM 06pa3oM, TBOMYHBIN 9KBUBaIeHT paBeH 1010011.

B To Xe BpeMs cyiiecTByeT Apyroi (1 6osiee U3SIIHBII) METOI, KOTOPHI,
BEPOSITHO, TIOKaXeTCsl BaM 0oJiee JIeTKUM. Bo3bMuUTE 4MCII0, KOTOPOE BBl XOTUTE
npeo0Opa3oBaTb, W Da3leauTe €ro Ha ABa. Eciii OCTaToK paBeH eAVHULIE
(T.€. YUCI0 OBUIO HEYETHBIM), 3aMUIINTE EAUMHUILY. 3aTeM CHOBA pa3JeIuTe pe-
3yJIBTAT Ha JIBa U TaK Jajiee, 3aluchbiBasi OCTATOK c.1e68a OT MPEAbIAYIIEero 3Haue-
HMS, 10 TeX 0P, MoKa AeJMMOoe (M OCTaTOK) He CTaHET PaBHbBIM eMHMUIIE.

ITPUMEP 1.2. HaiineM IBOMYHBIN SKBUBAJEHT JeCATUYHOTO Yrciia 83.

Jemum 83 Ha 2. YactHoe 41, ocraTox 1.
Henvum 41 Ha 2. YacrHoe 20, ocrarok 1.
Henum 20 Ha 2. YacrHoe 10, ocrarok 0.
Henvum 10 Ha 2. YacrtHoe 5, ocratok 0.
JemuMm 5 Ha 2. YactHoe 2, octaToK 1.
JenuM 2 Ha 2. YactHoe 1, octaTok 0.
JemnuM 1 Ha 2. YacrtHoe 0, ocrarox 1.

Takum o6pazoM, IBOUYHBII 9KBHBaeHT paBeH 1010011.
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I'maBa 1. Beenenne

g VYIIPAXKHEHUE 1.1. Haiinute OBOMYHBLIA 3KBUBAJIEHT AECATUYHOIO
yucia 199.

g YIIPAXKHEHUWE 1.2. Haiinute OBOMYHBIA 3KBUBAJIEHT IAECATUYHOIO
yucia 170.

AHAJIOTUYHO ABOUYHBIM YKMCIaM paspsin () mecTHaaaTepuIHOro Yrca 1mo-
KasbiBaeT KommaecTBo equHui (16° = 1), paspsiz | — konmdectso uucen 16
(16' = 16) u T.1. UTO6HI TPeo6pa30BaTh TECATUYHOE YHCIO B IIECTHAILATEPITI-
Hoe (BMECTO 3TOTrO CJIOBa YacTO MCIOJb3YIOT cokpallleHue «hex»), cieayer om-
PENeNTUTh, CKOJTBKO B YHMCIIC COMCPKUTCS SIUHMUII M CKOJTBKO yucen 16.

|Z[ ITPUMEP 1.3. [IpeobpasyeM necaTuuHoe yuciao 59 B IeCTHAILIATEPUY-

Hoe. B uucie 59 comepxutcs Tpu umcia 16, mostoMy 1-it paspsim

paBeH 3. PazHocTb 59 — 48 = 11; uncnio 11 coOTBETCTBYET IlIeCTHAIIATE-

puaHomy B, mostomy 0-i1 pa3psin paBeH B. CiemoBarenbHO, HCKOMOE
yuciio paBHo 3B.

g VYIIPAZKHEHME 1.3. Haiinure miecTHaaAllaTepUYHbIA 3KBUBAJICHT Je-
csITUYHOTrO uyncia 199.

/@5 VIIPAZKHEHME 1.4. Haiinure mecTHaaAlaTepUYHbIA 3KBUBAJICHT Je-
csaTuaHoro uucia 170.

OnHoli U3 TMOJIE3HBIX 0COOEHHOCTE 1IeCTHAALIATepPUYHON CUCTEMBI, KOTO-
DPYIO Bbl MOIJIM 3aMETUTh MPU BBIMOJHEHUU YTIpaxXHeHus 1.4, siBisieTcsl O4eHb
npocToe Nnpeodpa3oBaHue NIBOUYHbBIX YKMCeN B LIeCcTHaALaTepuyHblie. Eciu pas-
OUTH IBOMYHOE YMCJIO Ha 4-OUTHBIEC IPYMIIbl (HAa3bIBaeMble noaybaiimamu, VI
mempadamu), TO KaxKaash Takas rpymnia OylaeT COOTBETCTBOBATh OMHOMY IIECT-
HaaATepUIHOMY pa3psimy.

|z[ IMTPUMEP 1.4. IIpeo6paszyem umucio 01101001 B mecTHamaTepuuHyIo

cuctemy cumcieHus. Jdenum uyucio Ha monyoaitel: 0110 u 1001. He-

TPYyIHO 3aMeTuTh, 4To 0110 cootBeTcTBYeT 4 + 2 = 6, a 1001 cooTBeT-

ctByeT 8 + 1 = 9. Takum 06pa3oM, yKazaHHOE 8-OMTHOE YUCIIO paBHO 69

B ILlIeCTHaALIATepUYHO cuctemMe. OUeBUIHO, YTO 3TO Mpeodpa3oBaHUE

BBITIOJTHUTB TOPA3/10 TMPOIIe, YeM B CiIyyae NeCATUUHBIX YUCEIT, TO3TOMY

NPy MPOTPaMMHUPOBAHUM IIECTHAALIATCPUUHBIE YHUCIIA MCTIOIb3YIOTCS
HaMHOTO yare.

/@5 VIIPAZKHEHME 1.5. IIpeo6pa3zyitite 11100111 B miecTHagmarepudyHoe
YUCJIO.
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CokeHne B JBOUYHO CHCTEME

CioskeHne B IBOMYHOI cUICTEMeE

CroxeHue TBOUYHBIX YMCEN BBHIMIOJHSIETCS aOCOJMIOTHO 1O TEM Xe IIpaBu-
JlaM, YTO U OCCATUYHBIX. HOCMOTpI/IM pas3IM4YHbIC KOMOWHALWY OUTOB.

0+0=0  Her mepeHoca

1+0=1 HET IepeHoca

1+1=0 mnepenoc 1
1+0+0=1 HET MepeHoca
1+1+0=0  mepeHoc |
1+1+1=1 nepeHoc 1

ITPUMEP 1.5.4+7=11

1

1100

(U8

1011 = 11 B mecaTUUHOI CUCTEME

+

g YIIPAZJKHEHUE 1.6. Boruucaure 01011010 + 00001111, ucrons3ys
JBOMYHOE CIIOXKEHHE.

OrpunareabHbIe Y11CJIA

MpbI pazobpaiuch ¢ BaMU, Kak Mpeodpa3oBbIBaTh MOJOXUTEIbHbIE TeCATUY-
HbIE YMCIa B JBOMYHBIE, HO KaK C/IeJaTh TO JXe caMoe ¢ oTpuuateabHbiMu? [pe-
JKIe BCEro, He0OXO0AMMO BBIIEIUTh OMWH OUT IJIsT XpaHeHUs 3HaKa, B pe3yJIsTaTe
4yero 4-0UTHOE YKMCJIO CMOXET NMPUHUMATh 3HayeHus1 oT —7 g0 +8. BooOiie ro-
BOpsI, UMEETCSI HECKOJILKO CITOCOOOB TIPEACTABICHUS] OTPULIATEIbHBIX UMCEIl,
OITHAKO HauboJiee pacrpoOCTPaHEHHBIM SIBJISIETCS] TTPECTaBIEHUE OTpULIATEb-
HBIX Yuce] B donoaHumenvHom Kode (two’s complement). YToObI U3 MOIOXKMU-
TEJBHOTO YMCJIA TTOJyYUTh OTPUIIATEbHOE YMCIIO B JOTIOJHUTEILHOM KOJie, He-
00X0IMMO MHBEPTUPOBATHb BCe OMTBHI UCXOMHOTO YMCJIa, a 3aTeM MPUOaBUTh K
TTOJTYYUBIIEMYCS YUCITY €IMHUILLY.

Iz[ INPUMEP 1.6. 0111 =7

HMuseptupyem Bce 6uthl: 1000
IIpubasiasem equnuiry: 1001
1001 =-7

Iz[ ITPUMEP 1.7. 1000 = 8

HMuseptupyem: 0111
IMpubasnsiem equnuiry: 1000
1000 = -8 = +8 HEOJIHO3HAYHOCTDBD!



I'maBa 1. Beenenne

W3 IIpumepa 1.7 BUOHO, YTO MbI HE MOXEM HCIIOJIb30BaTh UUCIIO —8, IOC-
KOJIbKY €r0 IBOMYHOE TPEJCTaBIeHUE COBMANAeT C MpeAcTaBleHreM urcia +8.
DTa acCUMMeTpHsI SIBJISIETCST TPUCKOPOHBIM HEIOCTATKOM TPENCTaBICHUS YMCET
B JIOTIOJIHUTEJILHOM KOJIe, OJTHAKO C HUM IPUXOIUTCS MHUPHUTHCS, MOCKOIbKY
3TOT HEJOCTATOK SIBJISIETCS HAMMEHBIIIMM TT0 CPAaBHEHMIO C HEIOCTaTKaMM JIpy-
I'MX CIIOCOOOB MPEACTaBICHUST IBOMYHBIX ynce. [laBaiiTe monpobyeM CIOXUTh
—2u+7.

ITPUMEP 1.8. 2 = 0010, coorBeTcTBeHHO —2 = 1110

1110 = -2
tol11=7
0101 =5 Yo 1 oxxumaaocs!

’g YITPAZJKHEHHME 1.7. Tlpenctassre uncio —40 B 8-OUTHOM TOTMOJHM-
TEJILHOM KOJI€ M TIOKAXXUTE, YTO pe3ysbraT onepauuu —40 + 50 cooTBeT-
cTByeT oxxugaemomy (—10).

Bnarogapsi TakoMy npeacTaBieHUIoO Yricea HaM JOCTaTOYHO MPOCTO MPOBe-
puTh cTapimii 3Havamuii out (MSB), 4TOOEI onpeneanTh, OTPULIATEIBHOE TIe-
pen HaMU Y1CJI0 WU TIOJIOXKHUTEIbHOe. EquHMIa B cTapiieM GUTe COOTBETCTBY-
€T OTPULIATEIbHOMY YUCILY, HYJIb — MOJOXUTETbHOMY. OIHAKO MPUMEHUTEIBHO
K pe3yJibTaTaM CJIOXEHUS] WU BbIYUMTaHUS OOJbIIMX TOJOXUTEIbHbBIX UJIX OT-
PULIATENIBHBIX YUCEJT 3TO YTBEPXKIEHUE MOXET ObITh HEBEPHBIM.

ITPUMEP 1.9. 69 + 120 = ...

1

11000101 = +69
01111000 =+120
10111101 = +189 wmm —67

dpyrumu cioBamu, MpU MCIOIb30BAHUM YUCEN B JOMOJHUTEIHHOM KOJIE
MBI TOJIKHBI MHTEPIIPETUPOBATh Pe3y/bTaT Kak OTpULIATebHbIN (MMeloluii 1 B
crapiieM 6ure). IloaToMy cyliecTByeT mMpoBepKa Ha IeperoIHEHUE TOMOJTHM-
TEJIBHOTO KOJa, KOTOPYIO MbI MOXKEM MCITOJIb30BaTh JIJIST OTIPEACIICHUS deliceu-
meabHo2o 3HaKa pesyabrarta. [lepenosaHeHre JOMOJHUTEIbHOTO KoJa MPOUCX0-
ITAT, KOTJa:

o MSB o6oux cnaraembix paBHbl 0, a MSB pesynbrara paseH 1.
¢ MSB o6oux ciaraembix paBHbI 1, a MSB pesynbraTta paBeH 0.

COOTBETCTBEHHO, IEMCTBUTEIBHBIN 3HAK YMCIIA OTIPECIISIETCS PE3yTETaTOM
MPOBEPKM Ha TeperoHeHEe IOMOJHUTEIEHOIO Koma U 3HaueHrneM MSB pe-
3ynbrara onepaunu (cM. Taoa. 1.2).
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8-outHblii RISC FLASH-mukpokonTposiep?

Tabauya 1.2. OnpenelieHne AeiiCTBUTEIBHOTO 3HAKA Pe3yJbTaTa

ITepenoHenue J0NOJHUTEIBHOTO KOJA MSB pe3yasrata 3Hak
Her 0 +
Her 1 -
Ectb 0 +
Ectp 1 -

ITpu cnoxenun uncen B [Ipumepe 1.10 npou3solio nepenosHeHUe A0MOJI-
HUTENbHOTO Kona, a MSB pesynbrata paBeH 1, MO3TOMY pe3yjabTaT MOJIOXKU-
TeJbHbIN (+189), Kak 1 oxupanock. [lymalo, Bel OyaeTe paabl y3HaTh, UTO OOJIb-
IIMHCTBO ONMCAHHBIX ACUCTBUI MOJIEPXKUBAETCS MUKPOKOHTpoJiepaMu AVR
aBTOMAaTUYECKU.

Jpyrum crmocoboM MmpeacTaBieHUs] OTPUIIATSTbHBIX YMCE SABISICTCS 00pam-
Hblll K00 yucaa (one’s complement), KOTOPBIN MOIYIaETCS B pPe3yIbraTe IPOCTO-
IO MTHBEPTUPOBAHUS BCEX €T0 OMTOB 1 3aHECEHUST eIMHULIBI B 3HAKOBBIM OUT.

8-outnsbIii RISC FLASH-MukpokonTpoJsiep?

Mpzr HazbiBaeM AVR 8-6umubim mukpoxonmpoanepom. DT0 03HAYAET, YTO OH
oriepupyeT 8-OMTHbIMU yuciaaMu. JIBonuHoe umuciao 11111111 saBnsiercs Hau-
00JBIIUM 8-OUTHBIM YMCJIOM U PABHO IECATUUHOMY 255 U 1lIeCTHaAaTepUUHO-
My FF (mpoBepsre!). [ yKazaHUsI KOHKPETHOM CUCTEMbI CUMCIICHUS B MPO-
rpaMMax MCTIOJb3YIOTCS Pa3IMUHbIE CITOCOOBI 3aMUCH (BeIb NECATUYHOE YHCIIO
11111111 oyeHb cuIbHO OTAMYAETCS OT ABOMYHOTO yncia 11111111!). JIBonu-
Hble yncia 3anuckiBatores B Bume 0b00101000 (t.e. 0b...). decstuuHas cucrema
CUYMCJIEHUST UCITOIb3YEeTCS TI0 YMOYAHMIO, a IIeCTHAALIATEPUIHbIC YMC/Ia HaYu -
HatoTcst ¢ cuMBoJioB 0x miu 3Haka gojutapa (0x3A, wim $3A). CienoBaresibHO,

0b00101011 paBHO 43, KoTOpoe paBHO 0x2B.

[Ipu pabote ¢ BXogaMu 1 BEIXOJAMU MUKPOKOHTPOJUIepoB AVR 00BIYHO MC-
MOJIb3YIOT TBOUYHYIO CUCTEMY CUMCIIEHMSI, TIPU 3TOM KaXKIbIii BXOIHOM WJIN BbI-
XOIHOU KOHTAKT COOTBETCTBYeT KOHKpETHOMY OUTY. BUT, ycTaHOBIeHHBIN B 1,
COOTBETCTBYET COCTOSIHUIO, HA3bIBAEMOMY J102uteckas eounuya. DT0 O3HAYaeT,
YTO HaMpsKeHNEe Ha BbIBOJE MUKPOKOHTPOJUIEpA pABHO HAIPSIKEHUIO MUTAHUS
(HanmpumMep, +5 B). but, copoiieHHblii B 0, COOTBETCTBYET COCTOSIHUIO 102UUeC-
k020 Hyssa, v 0 B. JIJIss BXOAHBIX CUTHAJIOB MOPOTOM MEXIY COCTOSTHUSIMU
Jjornyeckoro () v JJorudeckoit 1 siBiisseTCs MOJIOBMHA HATIPSIKEHUS TTUTaHMS (Ha-
npumep, +2.5 B).

Taxkke Bbl He pa3 yCABIIUTE, YTO MMKPOKOHTpoJuiepbl AVR Ha3sbiBaloT
RISC-mukpokonmponsepamu. DTO 03HAYAET, UTO OHU MPUHAIIEKAT K KJIacCy
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I'maBa 1. Beenenne

MUKPOKOHTPOJUIEPOB C coKpallleHHbIM HabopoMm KoMaHa (Reduced Instruction
Set Computer). Takasi apXuTeKTypa HEMHOT'O YCJIOXHSET XXU3Hb MTPOrpaMMUC-
TaM (HaM ¢ BaMU), OMHAKO MUKpOCXeMa IPpY 3TOM TToJTydaeTcs 6oJiee MpoCTOl 1
0oJiee OBICTPONIECTBYIOIICH.

Hnorna mukpoxkoHTposiepsl AVR HazbiBatoT FLAS H-muxpoxonmpoinepamu
(unTaetcs Kak «bJsl»). DTo Ha3BaHKE OTpaxkaeT TOT (hakT, UYTO HalKrcaHHasl Ba-
MU niporpaMmma xpaHurcs B FLASH-namsamu — namMsTi, KOTOPYIO MOXHO Tepe-
3aMMChIBaTh CHOBA U cHOBa. COOTBETCTBEHHO, BB CMOXETE MHOTOKPATHO TTPO-
rpaMMUpPOBaTh OOWH U TOT Xe KpucTayut AVR — 111 paguostoouTesieii 3To o3Ha-
YaeT BO3MOXHOCTb JUTUTEIbHOTO UCITOJIb30BAHMS OJJHOM U TOM K€ MUKPOCXEMBI.

IlepBbie maru

ITporecc pa3pabOTKM MTPOrPaMM COCTOUT U3 TISITU OCHOBHBIX 3TAIOB:

1. BbiOOp KOHKPETHOTO MHKPOKOHTpOJUIEpAa M COCTaBJIeHHUE OJIOK-CXEMBbI
MpOTrpaMMBI.

2. Hanucauue nporpammbl (¢ momoiibio biiokHota, AVR Studio unu no6oit
JIPYroii NOAXOASIIENH TPOrpaMMBbl).

3. AcceMOuupoBaHMe TIporpaMMbl (IpeoOpa3yeT HaNMUCAHHBIA BaMU TEKCT B
(GopMy, HOHSITHYIO MUKPOKOHTPOJLIEPY).

4. Cumyasmus Wi  DMynssoMs TIPOTpaMMbI, YTOOBI yOEmUTbC B ee
PaboTOCIIOCOOHOCTH (MIM HEPAOOTOCIIOCOOHOCTH).

5. IIporpamvupoBanue AVR. Ha sTOM 3Tare HammcaHHOe BaMM 3aHOCUTCS B
peaibHblil MUKPOKOHTPOJLIED.
A Terepb paCCMOTPUM HEKOTOPbIE U3 3TUX 3TANoB 0oJiee MOJAPOOHO.

Br160op Mmomesin

ITockonbky B cemeiicTBO AVR BXOIUT 00JIbIIIOE YKUCTO PA3TMUYHBIX MOjes el
MUKPOKOHTPOJUIEPOB, HEOOXOJAMMO XOPOIIEHbKO MOAyMaTh O TOM, Kakas U3
HMX JIydllle BCEro MoAOMmeT ajisl Baliero ycrpoiictBa. HekoTtopyo nHdopma-
LIMIO 0 MUKPOKOHTPOJIJIEPE MOXKHO TTOJIyYUTh U3 €r0 0003HAUYCHUSI:

AT90S1200—— Kop o6bema 03Y; 0 — 03Y orcyrcTayer
L Ne mogenu LINY — 0
Kop o6bema EEPROM; 2 — 64 6avita
1 K6airT FLASH-namsatv nporpamm

Konpl o0beMa naMsTu:

Koap: o 1 2 3 4 5 6 7 8 9 A B
Oompem [6aiiT] 0 32 64 128 256 512 1K 2K 4K 8K 16K 32K
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