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BBEAEHUE

Kamasth roj HakaHyHe Xa/UI0YHHA NOKA3LEAKT OYEPEAHON CleHANBHbI BRIYCK
H3IBECTHOID MyJbTcepHana «CHMNCORB® — HEYTO cReines Menay QiIbMoM YRacon
W nayaHodi dantacruroii. B ognom ua Moux mnlnMuEX snvzonos Mucrep Bephc, pyxo-
BOJHTEND ATOMHOI CTAHITNH, X04ET MOCTPOHTE podora, Yrolsl saMeHnTh HM CBOHX Je-
HHBKIX COTDYIHUEOR. EMHECTREHHAR BEITh, KOTOPOH OH HE VIUTHBAET B CROEM NPOEK-
T, ~ ITC VIPABRTAIIEE VCTPOICTR0, KoHTpomiep. CaMoe NpocToe PRINeHHE Jak0TaeTe
B TOM, 9T00H HCNOmbs3oBaTh Moar Fomepa Cumicona. Ho ToT uMeeT ceoe coficTBeHHOe
TpefcTaRIeH e 0 W3k | pabote. Pasovaposasimuck B csoem npoekte Hneansroro
Patornika, muctep Beprc punmsaet Mosr [oMepa #3 Mammme.

XOTH OMHCAHHEI 3MH30T KEKETCH He CAIITKOM NOANGIHA TIHM U CEphesHOro Bhe-
fieHus B TPOrPAMMHPOBAHHE KOHTPOLNEPOB A YNPaRiennd pofoTaMs, ol X0polo
WLTOCTPHPYET OMHH MOMEHT, KOTOPEI A YacTo Hadmonas, ofiasch ¢ HACTOAUIMIT
pa3paboTHHKAMH ABTOMATHYECKHXK YCTpoHcTs, MHOTHE 13 HEX 1 B CAMOM Je/te YA/~
0T HE COHITKOM MHOTO BHHMAHNA DAspafoTke KOHTPOLIED], & COCDEAOTAYMBAT CBOM
}"{:II."I'HH Hi NpOCRKTHPOEAHH MEXAHHYECKHX ‘iaﬂTEﬁ, JaTiHKOB H ﬂB]-lmTL‘..-‘]Uﬁ. Paﬁﬂ'ﬂlﬂ
Haf KHATOH, A 0DHAPY®NA, YTO MEOTHE NPEKPACcHEE TPOCKTE Tak W HE Hanuif NpimMe-
HeHHA M3-3a TOTO, 9T0 Mx paspaboTydkH He NpOAVMATH padoTy yHpaBIAmmero
YCTpOHCTDA HIH HEe 00eCTICHILIH BO3MOKHOCTD €10 MOJICPHH3AIHH.

[lens MOEH KHHTH, KaK 1 BCEX OCTANBHBIX KHHC cepHH <«OCcHOBE POdOTOTEXHHKI
( Robat DNA), saxmodaeTes B TOM, YT00H CHAGIHTH TPOEKTHORNIH KR NPAKTHYECKHMI
METOAHEAMH H HATIERANHM H!{C'FP}TLIEIITUH, ]'II.'.ITDPLI.-E CMOTYT Tﬂp-'l][THPQ'I'!E].TI:- pﬂﬁﬂ-
TOCTOCODHOCTE TPOSKTHPYEMOTO ARTOMATHYECKOTD yeTpolicTea M 0BARrEaT €10 MOTH-
dwrEAlHK 1 MogepHE3aMG, H cunTaw, 4To 610K ynpaBleHns (KOHTpOATeD ) ABTHET-
C5 BaskHOH 9acTRI0 JTIO0r0 ABFTOMATHYECKOTD VETPOICTEA — 1o KpaliHel Mepe, He MemHee
Ba#HOM, YeM Bce APYTHe erg NOJACHCTEeME, — H YTC MPOEKTHPOBIIME J00#MeR BCIOM-
HHThL O KOHTPOJLIEPE B CAMOM HAYATE CBOETD NPOEKTE, el 0 TOID, KiK TOT NPHMET
CEOH OKOHYATEIBHbIC '[J'IE'FIT-'].EII'L‘FI.

B JaHHOH KHHTE 4 I03HAKOMIK BAac ¢ TeM, KaK NPOTPAMMHPYIOTCH KOHTPO/LIEDED
15t YIPARTeHns TOABHKHMMH MexXanuasmany — poborasu. Ilpn atom Gyner pacesor-
pE‘llﬂ. COBMECTHAA Pﬂﬁﬂ'fa Boeil I'.[O,.';.I.C}’IL‘TEH: BEOIHLX JATIHKOE, BMXOTHRIX :_FCT'FI'EII'-‘EI:‘.TT!,
GI0K0B VIPABISHHA U epii(pePHIHOrD 0DODYAOBAHHA, CEA3VIONIHM 3HEHOM [KAK 1o-
BOPAT, WHmepbeficon) MeRIy KOTOPHMHE CIVERT MEKpoxoHTpoanep. [Toamakons-
ek © MYHKNNAMY, BHOOJIHACMEMY BCEMY ITHMA TONCHCTEMAMY, MEl BEIACHWN
HEOGXOAHMHEE ToAPOOHOCTH TEXHHKH MPOTPAMMHPOBANNA MHKPOKOHTPOLIEPOE, [103-
BOJIAIONINE CEA3ATE BCE OTH MYHKIHH BOEINHO H CO2MATH NPOTPAMMY BEICOKOIO YPOB-
HA LA ynpasieHHa poboToM.

Kotd G0AbIoe KoanYecTEo PoGoTOB YIPARISETCH ¢ NOMOIIEN KOMIOBITEPOS, CIIE-
ITHATEHLIX MHEDOTPOUECCODHBIX YCTDOHCTE, HeHDOHRRX ceTel HAH NpOCTHE CBETORRE
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JATYHEOE, B TaHNOH KHUTE YNOP JenacTes Ha NpuMenenne OIHoKPHCTANBHEX MHEPO-
ROHTpoNnepos. 3To He O3HAYALT, YTO MPHBEAEHHBIE 31eCh NPHMEPH HE MOIYT OLITH
Hepenecedtl HA JDYrHe alApATHEE IWIATHOPMES; 1POCTO MHe TOCTABIAET HCKPEHHED
VAOBOTRCTENE HONDALIOBATE BOE TPeHMYIIECTEA HMEHHO 9THY YCTpoiicTe, K mopazs-
TENEHOM (Y HKIHOTATEHOCTH B JETKOCTH IPHMEHERHA MHEPOKOHTROLIEPOE CIEAYET
A00ABUTL YANBMTEIBHYIO VeToYHBOCTE K ouinOkaM paspaloTinKoE, KOTopasA obecre-
- gupaetca cospemenanvMi KMOIT mukpocxemami. B sro tpyauo nosepurs, 1o Hoas-
HIMHCTBO CXeM, TPHBEACHHEY B KHHTE, ModKeT ObiTh cobpano # TpoBEPens BCEro 34
HECHONBKD MHHYT. .

IMoMuMO EBEIEHILT B HCKYCCTRO MPOrPaMMHPOBAHITA KOHTPOJLIEDOE ILUTA YIPARIE:
HEA pDﬁDTﬂ.M’II 6}",{[,3?']' ]TPE,C[CTH.B.-'IEI{I’;T M Hpﬂ}fﬁL‘IHJGTPH'pﬂBE.Hh]’ HA HECKOJABKH HFHM'G‘
pax MeToisl paspalorkH yerpolicts BBOZA-BEBOMA. DT NOMOKET paM pasobpaTsea
B TOM, KaK MOKHO ODECTIeY HTE CONPKeNe PaaHYHEX YCTPOHCTE ApyT ¢ apyTon, Mst
Gysem ofCyEIATE TPH PAsMHHEX THIa yeTPolicTE BBONA-BMBOLA yCTpolicTBa BBO/A
HRQopMaiy (1aTyMK, CeHcoPEl), yCTPOHCTEA BHEBOJA M YCTPOIICTBA YIIPaB/IeH A cep-
BOBHTaTE AMH. Bri vaHaeTe, Kak MOMHO NPOTPaMMHPORATE YCTPONCTER pasiIHIHDIO
tung, 9robsr ofiecneunTs Hapbolee rapMONHYHOE HX BIalMoIelicTRHE.

B GonnmuHeTBe cayiaes GyIer HCNOABIOBATECA MUKDOKOUTpoaaep PICIEFG2T
iupme Microchip. On nmeer 18 rgonos, naMsTs koMan obsemon 1 KO 1 ewe 68 aifr
714 XPAHEHNA MePeMeNHEX, A0 MecTHANIATH JUNHA BPOa-BHDoga {HexoToDspe HE
KOTOPHIX MOryT OMTE HCNONB30BAHLL B KAYECTBE KOMIAPATOPOE HanpAXeHHA), nBa
S-pazpagHex 1 oauk 16-paspannmil TaliMeps, NoCTenoBATeABREE TOPT, IPOCTYD
ONHOBEKTOPEYI0 CHCTEMY NpeprBaniil. [[aMATE 8TOTO MUKPOKOHTpOATIEpa BHTIoTHE-
ia no Flash-rexnonornu. 3ro canadaeT, yTo oH MoXeT GMTE MHOTOKPATHO IEpenpo-
TRAMMUPOBAH ¢ TOMOIIBID TPOCTEHIMEers VeTPoileTEa — ApozpaMMamopa, W 1A cTH-
paHuA TpeamIyulell nporpaMmwe He tpebyercs nerouHux yastpaduonerossx
ayueii. Ha caiite nspareapcrsa wwwdmb.ry, a Takke Ha MOeM I1epCOHATBHOM caii-
Té WWW.IYKe.COM MOKHO HAfiTH OMHCaHMe TPOCTOrO MpOTPAMMATOPA H NpOTPAMMHOS
ofiecnedenne, HeobrogHMOe A8 ero Henonhaosas s,

HecmoTps Ha ABHO CKPOMHEIE BOIMOKHOCTH.IHOKPHCTATEHBIX MUK POKOHTpoJE-
poi (mo cpaepsernio ¢ boapimyy BM), oHN DOMYYIIN YPe3REMANHO LHpOKDe TPH-
MeHEHHE, B ceTH ]nt{}l’!’lEf B CBDﬁDﬂHﬂ!‘.‘[ ,'._!,OCT'}"F_[E HMEPTCH ﬂI‘pD‘MHr_“IE KONMHMYECTRD PE'
EHPCI'JB Imo Hx I]'pLI.ME."I-'[EHI'IID H 11pnrpa.n{nmpoﬂa}mm; (4] MII’K_DDI{UHTPUJLJTED&K HalluCaHD
HE TaK ¥ MaTo KHHE, Kak mokaszano moe HeohHIHATEHOE HeCeT0BAHTE MHOTOYHE-
JEHHBIX THOOHTENLCKHE KOHCTPYKLHI, MukpoknsTpoxnep PIC16F627 1 ero npequle-
creennng PICI6CE4 panufiones monynApsel ¥ padiomobnreeil.

[IpHMEDET CXCM M NPOIPAMM, NPHBETEHHEIE B 3TOH KHUIe, BRINOIHEHH TAKHM ofpa-
30M, YTOOBL B MAKCHMaNLHOI cTemeHn 001er4HThL NEPEHOC PACCMOTPEHHBIX pemeHit Ha
IpyTHe MEKpokoHTpoaseper, Celiaac yixe HMeI0TeA COTHH, 3 MOMKET GEITE, M THICAYH pag- .
JAHYHBIX MHKPOKOHTPOJLIEDOR, KOTOPBIe IPATOOHE 18 yIpasieRns podoTami. TloaTo-
MY B IpOrpaMMax Ha g3bike C MEI OyIeM #30eTATE MAMIHHHEY KOMAHI M anfiaparHex
ocofeHHOCTell, CIELIMIIALX [IA8 MUKPOKOHTPOJLIEPOB KLRA0TO THIA, AKIEHTHPYACE
Ha ODIINE BOSMOMHOCTAX, KOTOPBIE TIDHCYIIE MHOTHM 13 HiX. XOTS B KHure OVieT pac-
CAMOTPEHEA KOHUETIIH oNepaTAaoHHoi cheTeMbl peaibioro spesern (RTOS — Real-Time
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Operating System), G0ABIIHHCTEG NPHMEDOR TPOTPAMM HCIOML3YET TONBKO ONH
eekrop npepoisannd. Kontponnep PIC16F627, kak u MEOrMe Ipyrie, He MowkeT obec-
neunTs paboty RTOS B nonsnoM o0meMe, HO CYLIECTEYET MHOKECTBO APYTHX METO-
0B NPOTPAMMHPOBAHHAA MHKPOKOHTPOJLIEPOE, I03BONAKNIHY 00MerSMTE TPV pas-
paboTurka. ITH MeToas! OY.IVT NPOMLTICTPHPOBAHE B KHHIE Ha MHOTOMHCIEHHELX
IIPHMEDE.X

PaspaGoTka nporpamyHoro ofecniedenis i MHKpokorTpoaiepos PIC eme Gonee
ynpomaeTca Omarogaps HHETErpHpoBaHHON cpese paspaborkn MPLAB IDE {In—
tegrated Development Environment) dinpyst Microchip, a raxse copMecTHMOMY ¢ 210l
cpenoit xommunaropy PICC Lite ana asmka C dwmpyer HI-TECH. Oba uncrpymen-
TaAbHEIX CPENCTBa pacnpocrpafiorced GecnIaTHO M AOCTYIHBEL Ha cafftax www,
microchip.com, wwwmicrochip.ru n wwwhtsoft.com. Heemorps Ha a0, onu ofecne-
YHBAT BO3MOKHOCTH, 33 KOTOPEE OPH HCNOABIOBAHHH ADVITHY KOHTDOJINEDOE OpH-
m10¢k (Bl 3ANNATHTE HE DIHY THICAYY I0LIAPOE.

[Ipi onucanny npomecca NporpaMMHPOBAHKA YIPAaBIAONHY yerpolicts poboros
MEl BBIJIEJNM TPH YPOBHA 3alad, KOTOPHE YCIOBHO GY/yT NMEHOBATLCH GUOI02HNEC-
Kutl, Mexanudecrkud v arexmponnnil’. JHAYSHNUA STHX TEPMITHOB IPOMILIIOCTPHPOBAHE
Ha pue. 1.

BHonorvHeckai yRoBaHs,

> 50 mc
MexaHwsecrn# YPOEEHE,
100 nmec — 100 MG
- h.
| | |
0000001 c 000001c 00001c 0,001 e 001 01c 10¢c
1 10 mEC 100 prc 1mc 10 e 1060 rac

Bpema peakumMm
Pwc. 1. Tpn kpyro 30aay, pewademsix poGorom

Buoaozuneckutl yposens ABIAETCA CAMEIM BEDXHHM — Ha HEM KOHTDOJLTED TOJTHES
NPHARMATE CTPATErHYeCKHe PeleH A, NOITOMY NPOTPaMMHPOBAHNE HA 9TOM YPOBNE
caMoe TPYAHOE H M0IpasyMeBaeT 00A3ATEIBHOE HONOIb30BaHHE METOAO0B HCKYCCTBEN-
HOTD HHTE/IEKTA. 3aT0 BEICOKOTO OHCTPOIeHcTENA aiech He TpedYeTCa: BpeMa Jatep-
FHKH PEAKITHA Ha BXOOHON CTHMYA ModkeT ZocTHTath 50 mc (1,20 cexynant), Bronors-
yeckuil yposens ofiecnedHBaeT PEAKLMH, CXOIHEIE ¢ TEMH, 34 KOTODHIE OTEEY&ET

I B opimiteate sBT0p MEMOTRSYET NEITYMAHHES N CAMITM Tephimint <biologics, smechalogics w selelogics. —
Hpun, nepea,
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HeHTpanbhan HepBRas cucTeMa weaosexa. [Ipn sTom opennonaraercs, 4To cnetmdH-
SecKHe (DYHKUHH, CHA3AHHBIE ¢ YIPABIeHHeM KOHKDETHLN ANNapaTHhIX CPEICTE M JH-
Tepeeiicon, GepyT Ha cebd apyrue moacuereMel. Hanplivep, B UeloBeveckoM Teae
 ¥IPABIEHHE MYyCKYIAMH OCYUECTBAAET Hephpepideckan HeppHad cucTeMa, ee divak-
Ui MEL OVIeM oTHOCHTE K OCTAIBHEIM JBYM YPOBHAM.

Komannsl mexauuwecko?o yposns obecneinpalnT VhpapieHle MexaHHIECKHMH
VCTPOHCTBAMM, BXOOAWKMH B COCTAB aBTOMATHYECKD! CHCTEMBL, HANPHMED 3MeKTpO-
AsHTATeIAMI TOCTOAHHOTO BITH NEPeMeHHoro Toka. BpeMa peasiin 316ck MOEET ne-
#ars B auanazone ot 100 Mkc mo 100 mc. IToT ypoBeHL ~ caMblii TIPOCTOil ¢ TOUKH
3peHHA NPOrPAaMMHDIE B anllaparHoil peammaainy, Jna ynpaeneHna MexaHHIecKHMH
thyHKIRAME ME o0saHD GYleM HCIOTE30BaThH CHCTEMY TIPephIBAHHII.

Faexmpotnsiti YPOBEHE CTBEYAET 3a BIAMMOIEIicTBIE APYT € APYTOM DAsTHUHEIX
JMEKTPOHIBIX YCTPOHCTE, BXOIANINX B COCTAR ABTOMATHYECKOI CHCTEMET, & TAlOKe pe-
aruayer HaTephedicr BBonA-BHBOIA. KoMANIE JanHoro yposHa TpelyIDT MAKCHMANTb-
HOTO HuCTpoaeHcTBIsA, 4TO0H CHH3NT BPpeMEHHBIE 3aTPaTH Ha Nepepady uudopma-
IIHH BHYTPH cHcTeMbl. OORYHO (QYHKINH 30eKTPORHOTO YPOBHA HE CIHITKOM TPYIHEL
1A MporpaMMHpOBAHA, HO Heo(XoarMO Y¥EASLEATh MX BRINONHEHWE ¢ APYTHMI MIPO-
LECCAMH, TPOHCKOTAIMMH & CHCTEME HA HEEX YPOBHAX.

B 310l KiHre MEI pacCMOTPHM JAKOHYEHHEE TPIMEPH ABTOMaTHYCCKHE YoTpOHCTE.
Xota B okyce nanero BHEMaHnA GyIyT KOHTROAJIEPEL HO KAK YKe TOBODILIOCH, BCE
noAcHeTEMB pofoTa IOIKHE! TPOEKTHROBATECH COBMECTHD, IOATOMY OTIHCAHHEIE 31eCh
HOAXO/IB] MOAKHO HCHOAB30BATS MM H3y4eHud apyrims kuur cepiy Robot DNA

BoamoiHo, BaC YIHBHT ToT hakT, 4TO NPOCTOH OIHOKPHCTATEHBH MHKPOKOHTDOM-
aep PIC16F627, kotopmii H no ceoell MpOM3poIHTEARHOCTH, H N0 60beMY NaMATH He
JOTATHEACTCA Jae A0 NepBOTe KOMIbHTepa Apple, MoxeT He Toabko MheKTHEHD
YIPER/IATE PASNHYERIMH e epHiHEME yerpoiicTeame podora, HO eme 1 oDecnedHEaTE
NpPUHATHE PElueHHI Ha pepxten ypobHe, Tem He MeHee YBEPAW Bac — ¢ 9THMI 3aTayani
MHKPOKGHTPOJLIEP CNPABIAETCA HAMHOID JYYIIE, 4eM Moard Tomepa Crmicoma,

ANl KOrO NPEAHAZHAYEHA 3TA KHMIA

Kak 1 B Apyrux xiurax cepim Robot DNA, sneck mu Gyaem npesnonaraTs, uro 4uTa-
TETh HMEET IMeMEHTAPHEIE HABKIKH MPOrPAMMHPOBAHES M 3HAKOM C 0CHOBAMH 37IeKT-
porues. Ecan BE MoseTe HanHcaTs TpocTeiillys nporPaMuyy, BEHEOIAILYI0 HA 3Kpan
npusercrene «Hello World!ls, i korma-nubyab cobupani npocThie aIeKTPOHHEbE cXe-
Mbl, COCTOAIE, MOET GBITh, BCETO H3 HECKOIBLKIX 2/eMEHTOR, TO aTa KHHTa He J0JT#-
Hi NOKASATHCA BAM CAMINKOM TPYAHON M moHAMANH.

Bee nporpaMMisl B KHHIe HalHcaln: Ha askixe C H cnpoexTHpoRaHE Tak, YTolw
0CcOBeHHOCTH ANTIAPaTyPhl HCMOMB3OBATHCE B MUHHMATEHOI CTENeHy, TOITOMY He-
CHOHHO MOAMPHIHPOBATE HX B CIVIAe TPHMEHEHIE IPYTOro MUKPOKORTPOLIEpE I
koMnuaaTopa. [Ipn smbope Apyroro koHTpoLTepa HeolXooiMo YHHTHBATE YTO OH J01-
HEH HMETE BORMORHOCTE 00paboTi Mpepelpang oT TallMepa H 1PH HaMeHeHH BXOl-
HOTO CHIHANA. 3T HeobBXOONMO 78 DEATHIAINE NOCTETOBATETRHOCTH BRIOAHEHNS
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pasmuuHsX GYHEINHA SIeKTPOHEHOTO M MeXanuyeckoro yposreil. Torga npunoxenne
BepxHero (GHOTOTHYECKOrD) YPOBHA cMoMKeT paboTaTs B OIHOSAIAYHOM PEXHME, HE
<3aAMEYAsS, YTO OHO NEPHOTHYECKH NPHOCTAHABIHBASTCH H3-3a IporpaMMsl o6paboT-
KN NPepHBAnHi, KoTOpad 00ECTIEUNEAET BRNONHENHE DYHKNHI OCTANEHEIX ABYX
ypoBHeil

Ecou sri #e anakoMel © gapikom C, copeTyio o0paTHTRCA K KHHre B. Kepaurana
# J1. Puran «fsem nporpavumposanns Cus L. Ona no npasy cunTaercd <6ufineiis aani-
ka C 1 IOMOKET BaM OCEOMTE B TOM YUCIE ONEPATOPE W anTOpMTMUMECKNE KOHCTRYE-
I[HH, KOTOPBIE HAXOMAT NPHMEHEHHE PR PaspaboTye NporpaMM [ KOHTPOJIEPOE ¢ [0-
mousio komminaropa PICC Lite.

HekoTopHEe CEJIOHHB CHHTATE A3MK C TPYAHBIM JUIA H3YUYEHHA 1 HCIOIL20BAHIA,
HO BPAT TH KAKOH ADYTOi 435K NPOTPAMMHDORAHIA MOMKET CPABHHTECS C HHM T10 CBOHM
BOSMGKHOCTAM MAHHITYIHPOBAHIA HHIKOYPOBHEBEIMH JaHHbIMY. PazynMeercd, azuk C
HE CAHIIKOM TpHCenocoliel s HaHCaHuA NporpaMM yupasiexus HasaMi Janfbix
WO IporpaMMupoBanud [nternet-nprioxennit, HO OH MPOCTO HieaneH 1A yIpasie-
HI ANNAPATHEIMH cpenctiamu. IIporpammuposanue ua C ynpomaeres Graronapa
TOMY, 9TO OH ABAAETCA CTPYKTYDHBIM M CTPOIO THIHIHPOBAHHEIM, 4 5TH CBOCTEA
xpaiiHe HeoOXOTHME! 1A NPOPAMMHPOBAHHA S7eKTPOHHBIN cXeM Booblle H pofoTos
B YACTHOCTH. '

B aspme C, 0mHAKD, CYLIECTEVET BOSMOMKHOCTD CYIIECTEEHHO YCIHRHNTE NOHHMa-
HHE TOTHEH pabors nporpaMMer. Hanmpumep, nocieoBaTelEHOCTE 0NEpaTopoR

A=Ak T

B=h 4

if (B == 16} {

MOeT OBTE 3AMHCAHA CITeIYIOMHM 00pazon:
if ((B = (+th « 4]} == 18} {

3neck alladenHe nepeMeHHON A YBeaMYHBACTCA Ha edNHHLIY, nepeMentoii B npn-
CEAHBAETCA 3HAYEHHE, B 4 pasa GOMblee HOBOTO 3HAYEHHA A, & 3ATEM CASAYET YCJIOB-
eI onepatop, Bunoanamimiica npu B = 16. B sToif kamre mMu Gynen naberaTs Taxmx
TPIOKOB, 4TO0B He 3anyTaTh THTATETA H YIPOCTHTE ePeRol NPOrPaMM Ha APYTHE A3k~
KH TIPOrpaMMHpOBas, nanpamep Basic.
Hpyraa ocobennocTs s36ka C 3aK1I09aeTCA B MCIO/IB30BAHNN YKasaTenei. B no-
cAgies PPEMA HAMETHNACH TEHICHIHA YXOO8 0T ABHOTO HCIONLIOBANNA YEAZATene
. B A3HEKAX OPOrPaMMHpPOBAHIA BHICOKOTO ¥poBus (B JacTHocTH, Java). Ho sawno no-
HHMATh, 9T0, HATPHMED, cTPOKA B A3pike C PeanHayeTcA B BHIE YKa3aTend Ha MacCHB
CHMBOJIOB. :
Yrobisi cobpark KOHCTPYKIHE, ONHCAHHBIE B KHHTE, TpeOyIOTCA 2aeMeHTAPHEIE
aHannA B obaacTi snexTponukH. OHH HYEHE X0TA OH 214 Toro, 9To05 NpH cayyae
BRI HAOLTH 3aMEHY }IEG&XDI’[HR‘IHH{ DJTE'I{TPD][IIHH. KOMIIOIEHTAM. E'I:J'.I'I-'I' BEI CJOLITIIATH

| Ha pyccrkos A3HEE KHHE (y0ARKOEAHS B Hagatenwerne « Hencknll nuanekrs (CII6, 20000, - Mo ped.
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0 sakodax Owma u Kapxroda i1 xoe-4To CMEICTRTE B TPAHIHCTOPAX M JOTHYECKHX 37e-
MEHTAY, TO AAA BAC HE COCTABHT THYIA PEATHIOPATh ONHCAHHBIE SACCH YCTDOHCTERA.

Yuenne cofipaTs SeKTPOIIYIO CXEMY Ha MaKeTHol IaTe ele BaykHee, 960 SHane
Teopry. Jag MHOrHN KoHCTDYKUMY, NPeICTABNSHHEIY B KHHIE, OYAYT NPHBEICHE PH-
CYHKH TeYaTHBX mrar. Ec/it BH 3aX0THTE HeIOME30BATE STH YoTPOHLTEA Jins YIIPas-
A PeanbHbME poboTAME, TO 118 NORBIIIEHITT HaqcHIocTH kX paboTs! Tpennoyry-
TEIBHE REYAMUbIT MONTIAN T MOHIMAN HEKDYITROL,

Jlna paspaboTky DporpaMM 1 HX 3aTpV3KA B MEKPOKOHTROLIED YA0OHO HCNOTb30-
BATD [EPCOHANBHEIT KOMABIOTED, H HACTOATENLHO PEKOMEHVIO ACPRATE TPOrPAMMbI,
OTHOCAIMECH K PAS/TIYHEM YCTPOCTRAM, B DadHBIX IANKaxX (AHpekTopnax). Jia pa-
DOTEL C HIKCOTMCAHHBIMHE TIPOTPAMMAME TPEfYeTCH IEeMeHTAPHAA <KOMITBIOTEPHAA
TPAMOTHOCTL#, & TAKKE YMEHUE HCNOBI0BATE 000 TeKCTOBLI PEAAKTOP,

Haxonem, Oyaer 04ens X0powmo, ecH ¥ Bac eCTh JoCTVI K cets [nternet. He Tonsxo

| ans Toro, 9TOOH 3ArASHYTH Ha CAilT ABTOPA M CKAMATH HOBLIE BEPCHH HPOTPaMM, & TaK-

®e TIONPABKH K TEKCTY 9ToH KNHIH, HO 1 4T06B Y3HATL XapaKTepHCTHKH PasIHynLx
| SAEKTPOHHEIX KOMIOHEHTOR H TOTOBHX YVerpoiicTs. PodoTaM MOCBANIEHO OrpOMHOE
| kommiecTro caiiToR, CepBEPOB PACCHLIOK i ApYrux Internet-pecypeos; sTa ZONOMHN-
| Teannast muOpMAINA TOMOKET Bam B paspaboTre cpoero coberpentoro pofioTa

i OCHOBHBIE OBOZIHAYEHHMA

| B s7oil Kihre NenobayeTcs pal CHedy Iy corTameHnii:
I}
| * Kypcusosm obo3HaueHsl GPATMEHTH, Ha KOTODHE CleayveT ofpaTuTh ocoboe BhRH-

MaHME, B YACTHOCTH TEDMBHL], BRIHECEHHBIE B l'JIJ‘EIL‘HIE'THl:-Iﬁ FRazaTe by
*+ aueMedTh HaTepdeiica M KIapnIIH O003HAYADTCH NOAYHKHPHM mprdToM, Ha-
npinep: Merwo File (@aiin), knasmina Fé;
J * COUETAHMNA KTABHII, KOTODEHE CICIYET HaHHMATE OOHOBPeMeNHO, 3aITHCHMBAKTCA
co aHaKoM + (naoc), nanprsep: Ctri+L;

* [IOCAETOBATCARHOCTE AeHCTBI, BRINOMTHASMBIX B MEHID, O0TMedAeTCH Cl‘pﬁ;‘lﬂ'"{ﬂﬁ,
manpumep: Debug = Simulator Stimulus =+ Asynchronous Stimulus (OTnanka =
Bxognpe BosfcicTEIA = AE}IHKPUHHHE CTH:\I::H!&I},‘

> (llparmewm MPOrpaMMEore Ko 1 HagiHcH Ha JHCIINEAX BRIMENHOTCA MOHOmR -
DHERM WoMdT oM, HADpmMep: 1f (Buttonfress == 0) . IIpn 3ToM MoEOIHDIME -
HEM KV DCHEBECOM OTMEIEHD []}'PEI]'MEI'H']JI KOZE, BMECTO KOTOPRX GIEIyeT IIOICTEBNTh
kaxoe-1i0o sHaYerne (Hanphsep, ¥ include "gain® = <daiTs, roe dafir — uMsi
thaiima, comep#iMoe KOTOROTO HYMHO BITIHHTE B TEKCT IPOTPaMMEL);

* [onqepKpsaniies oopMadsnTea apeca Web-caliTos,

Ha caitre nanarenserea <JAME ITpeces (wwwilmk ry) sr naiizete agexrponsoe
NPHLIOAEHTE K DAHHOH KHHIE, B KOTODOM COTEPHATCH BCE HCXOAHEBIE TEKCTH IIPOTDami
I oImcaHpe NPocTOlMD MPOrpaMMaTopd, 3 HA MEPCOHATEHOM cadre ABTOPA (H"n\”ﬂf’.
myke.com) — HoBBE BePCHUM NpOTPAMM M NONPARKH K SHCIHICKOMY W3TAHIH.

r
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B tafmn. 1 pacmmdpoBatel 0CHORHBE 0003HAMEHHA, HONOIBAVEMEIE B KHHTE.

TaGnuua 1. Ocqosree oBoadayeqma

OfoanavenHe Onueanne
0 (@7} Epabptip HIMEPENHS HNEETOHYECKDTD CONDOTHATEHMA, OM
il KO Kunoom, 1 X0 =107 O
A AT MO = maraowm, T MO =10 Om
Tig M@ .Eamm‘a HIMEPEHMA BMKOCTH, MERDOGIRaTT w
o e ﬂwmapn,.u::, Tl =120 = (0 s
5BCS c .Eumvfu{:l w&mpanml LS MM, Ce:yml'ﬂ'
SECE [ a".-'!lwn-rmca.wwm, Tac=THc
psecs e Muxpocexymge, | s = 10¢ ¢
S80S HE Haua-.‘ﬂx}-‘#s.ﬂ;,.l- He= IHF e
pEacs ne Muxocseysna, | o= 10 ¢ R
Hz My Eqpaiiipss HIMepEnMa YOCTOTH, My
ke iy Krorepng, | ely =107 My
MHz My Merarepu, | My =T0F My
Gz My Fprrar:p_n[._ Iy =10°ly
HEaw Jecarnarice yenae Moo
T — CTpHYaTENRHOS JECATHYHOS [ER0S YHCTID
OERFH £ LWecmogyarepryHoe genos HACI —i
ObO# & s ,Esam LSS YRR
e O Baumcrsnwyns TOCATHYHOE SHCT |’a FNCTIOHEHLHITEHOM Wmars,l
[ B xaq.ﬁp«:lmw CROENON YROIFBOKOTER HEOORIOTETLHAS
MPG\IE‘?]:‘
| Hsp‘.!mﬂrrbm YEDTD DONSARET OAETSOHOTHER [THTH COHO, i
Jpyroas]
i Jrenc MOUNEDKHABANHR 8 KOS CTOOKH Q3RIH08T NEDEHOC Mo
o, ARy CTOOKY e
_label Jrme MONYEDKHEOMHIT TEDE HOSEOHHEM CHIHENG PNOSLBRET HO
OTEHLETRMH YD MOMMEY [CATHEHRM CHMTIIETON HIRFKHE VDOSSHE
cHrHa)
Regisher, Bif Touxa oTaenaer cocaraveHne PEHCIED 0T HOMERD Serra
i Ppa3g, CIETM0WaR 30 JE0AHEM CEIEM, ADSICTARNAET COGRiA
KOMAMEHTO
& Nopasoannor onapas M
Beavog
A
2 @ 1)
0 o [t
i @ 0
1] !
& Nonwiackar onepauyHa i
| Nopa3panHos onepousa FUTH
B
At
¢ d [}
e i
E= I
| ! i




Beepenne 15

Tobnmua 1. OcHoslbe cBosHoueHks [okoHYaHHS)

OSo3HOwEHNE Orcaume
|l ar Monsecvas cnepass HITH
i Nosoapaonon onepogm MOCKTIOYALEE ML
Birpuqee Bipenn
A- B
a 0 {
[T i
Tkl /
il I o
XOR % Nemwecras onapausn MCKIMOHAIDLLEE WA
! i Mopaapaisos oTowuaRne {nuﬁ';wnaw.mueﬁcpmf
Bxog Buwog
0 1
I i
WNOT Sorevackoe crowyormke j
25 &oui»égmumna c.'laxama
& Api U aTHIBOROR BuEHTaRHE
e, YAk Om@pise : =
! Alznenne SR P 22 S o
& DIETOToE &F BEMSHIT GEHGTS SHoRS NG SEYeS
coft (Cqakr e HO YKOIOHHDE HHORG GospAlos
g Cnasr BENEOED MO PETS0OHROS YMEI0 DOAORGoE

SAPEFrMCTPHPOBAHHLIE TOPIrOBLIE MAPKH

Komnanua Microchip Asnserca snagesplied caefym0mng oXpanieMblx TOPrOBEX Ma-
pog: PIC, PICmicro, ICSPE, KEELOQ, MPLAB, PICSTART, PRO MATE & PIC-
MASTER. ©upme microEngineering Labs, Inc. npemaamexur Topropas mapka
PicBasic. PICC u PICC-Lite — Toprobuie mapkn Microchip, no aunessus ha sux npu-
maanexnt HI-TECH Software. HI-TECH C ~ toprosaa mapka HI-TECH Software.
Kopnopanma Microsoft Brageer Topronmmm sapramu Windows 95, Windows 98,
Windows NT, Windows 2000 i Visual Basic. Ocranpusie pe yrasaHHble 37ech OPOIYK-
THL H HA3BAHUA ABIAIOTCA COOCTBEHHOCTBIO HX Blafe/bles.

ENAFrOOAPHOCTH

Sra kuura (M BCA cepHd, B KOTOPYE) 0HA BXOJNT) He NOFBITACh (Bl Ha cBeT 623 sHTY-
amasma Crorra [puno (Scott Grillo) = moero penakropa B uanarenpcree MeGraw-
Hill. Boneme pcero 4 Gmarogapen eMy 3a TO BpeMs, 4T OH DOThaTHI Ha MOH KHHLH,
HOCBAUIEHHBE HCIOIh30BAHKIO M IPOrPAMMHPOBAHKIO MHKpoKoETpoLIepos PIC, naa
HEOIEHAMYTD [OMOLIb, KOTOPYIo OB oKasan mue u loprony MaxKomGy (Gordon
MeCaomb), manpanidas HamH AHCKYCCHH H IOMOTAR ONPENeHTE TEMATHEY KamIoH
wEnTH cepan «Robot DNAs.

Topaony MarKoMOy npreainesuT Nies Co3IaHMA BRHIIEHASEAHOH CEPIH, 1 A ue-
HID BHIABIIYE MHe BOIMOMHOCTE BHECTH CBoil Biial s 3To Zeno. Mal ofa npoBent
HEMAND HACOE 33 TelehOHHEIME PAar0BopaMu, 00CYAIAR HA3RaHWe H ColepKAHME
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Kasanil rtiasnl. [opaoH — YHHEATBHEH CHENHATHCT B 00AacTH poBOTOTEXHIKY, H 13
KaKI0T0 PasroBopa ¢ HHM A HIBJCKAT A1 cefs ¥To-HulyIb HOBOE,

Kak Breraa, HeOUeHHMEM HCTOYHHKOM HAEH A7d MeHs okasancs Ben Yups (Ben
Wirz), coaBTop ooHOIH H3 MOMX KHHT 1O MEKPOKOHTpOAIepan. 1 Bcerga Hacaasiaoeh
HAHMH THTETHEIMA GecefiaMH, KOTIA MBI B OUCPEIHOI Pas NEITAEMEA 1aTh ONpeae-
nenne moHaTHIo <CoBepmennsiil Podors, MoweT GbiTh, KOrma-HuOyIbL MEl HAKOHEL]
CO3AAINM HeuTo OIHAKDE K HEMY.

Tlpusenennse 5 KHUTe YCTPOHCTEA MOTVT BMTE paspaboTannl Ha ocnobe mMioboro
MHKPOKOHTPOIEPA, BEIIYCKAEMOTO B HACTOAIIEE BPEMS, HO MO BHGOP A Ha KOHTPOUI-
nepwt PICmicro 6aaroaps TeXHHMECKOH NOAIEDHEE H HECTDYMENTATILHBIM CPECTBAM
npoexThposanns,/ornagky ¢upy Microchip m HI-TECH Software. Bosmoxnoctn
HHTerpHpoBaHHC cpensl paspadoTks MPLAB IDE u HOMEHKJIATYDA BHEITYCKAEMILX
MHKDOKOHTPOLJIEPOE NPEBOCKONAT NPONYKTH IpyTHx hupM H, 623 coMHeHHS, NP
BRIGOPE TOCTABUHES MHKPOROHTPOAIEpOR Ana miobore npoekta Microchip moasua
PACCMATPHBATLCA B IEPBYI0 0YEPEID.

Zrra xuwra ve Obiia Ow HanmHcada Ges nosomn [pera Angepeona (Greg Anderson),
Daa Jlospiua (Al Lovrich) # Kunva Ban Xepra (Kim Van Herk) wa dupse Microchip.
% noMoliis H NOTIEPELKY, B IEI0M XapakTEpHYI0 44 coTpyaHikos Microchip, a soc-
MPIHHMAK KAk CTAHIADT, TI0 KOTOPOMY MOKHE OIEHIBATRCS OCTANBHBIE (DHDPMDL

A rawke Haarogapen BeeM noMorasumM mue corpyannkam HI-TECH Software,
ocodenno Kaaiiay Crabficy Cynty (Clyde Stubbs Smythe) 1 Mapky Tyrsmany (Mark
Luckman). Kagecteo kommuaatopa PICC Lite, a Takke noLlep#Ka B €r0 OCBOEHHH
[OCTHTAIOT TOI BHICOKOI MaanKkn, KoTopy yeranosiwna gupya Microchip.

Kak Bcerma, A momken noQaarofapurs BCeX noanvcdnkos Internet-paccsiaxm
PICList (okoao 2000 senosek), kotopue noMoran Microchip paspafiorats ommn u3
YR MHKPOKOHTPOAJEPOR, BEMYCKAEMEIX B HACTOMIEe Bpesa. B KHIMe He XBaTHT
C'I'_FIEJI'IEI]'_{, '-]'['L'hf}h[ NMEPEYHHEIHTE BLEX NOMOTARIIHXY MHE COBETOM HJIH JABIIHX OTRETH Ha
MHOTOMHCAEHHBIE BOTIPOCHL.

B Teuenne MOCJAETHEDMD IO A Elb[."l !II[.'IHDG].EJ.'E-'H KO BCEM 'P':U.I.UETFIM, BLITTTAKMITHM Ha
OO0 BAajeibla cofaki, Tak YTo BhPaskal CBOK IpPH3HaTelbHocTh Cyen (Susi) —
Hameit cudupckoil aaiixe, HIarolaps NPOrYJIKAM ¢ KOTOPOH 2 HME BO3MOKHOCTD OT-
BIACYLCA OT BCEX npDﬁ.."l’E?rI, CEASAHHEIX C KHHCOH TN NporpaMMHPOBARCM, lel3llﬂ'
KiCk, BO BpeMst Hawnx nporyiox 0o Jos-Muscy! 4 nay4al rpaektopuio Gay&ianmii
Cyou, IHTaACh OUeHATE aNTOPHTM, KOTOPEH 3acTaBl 06 podoTa IBHTATECA CXOIHEIM
obpasont.

Celtyac v Hac nosasiica medok Jlobo (Lobo), kotopsiil He Tonbko yKpemmger Mow
CepIeYHD-COCYINCTYIO CHCTEMY, HO TAKAE CUYANT eIlle (JIHUM HEHCCAKARMEBIM HCTOU-
HHEOM CaMblx 38MBICTIOBATBIX '!.'p;.lE-'K'l'ﬁPl’Ifi JLH MOHX PHEPH‘SUT{JK.

51 Guarogapes moeii aovepd Mapun (Marya) 2a ee BoOpochl, Npeqioesa 1 TOT
SHTY3HA3M, ¢ KOTOPEM OHA NPOBOIILIA TECTHPOBAHNE MOMX YCTPOHCTE (B DOMIBIINH-
CTBE CVHACE PA3pYILIHTenEHoe). 5 anaio He TaK YK MHOTO CEMHTETHHX aeTell, KoTophe

i [Jm:f_l-_fiﬁﬂ_-—_f't:-par[ B Kanane. — [pus. nepes.
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MEMTAIOT CTATH TEHETHKAMH M TEM HE MEHEE HAXOAAT BpeMs A4 poboToTeXHHYeCKHL
HanlckaHiil CROHY DoAHTETeH.

Kak pcerna, Geameprio Gnarogapen cpoeil Jele, Iue HMA Mo Tpany SBy<HT Kax Tep-
nenue (Patience). Cniacuo eii 3a To, 970 OHA TO3B0JANA MHE NPOBKIHTE GeCKOHEYHELE
YaChl 33 KOMIBOTEPOM H He 3abbBana HANOMHHATL B THH Yaca YTPa, 4TO oA HATH
CIIATE.

A myma, KaEIelil B3 HaC X0TA 6bI HEMHOTO HAMEHILT CHOH BILIH/IR Ha #3Hb 11 ceH-
ma6pa 2001 roma. d BHMpaskain AIAOAAPHOCTE BCEM, KTO MYTEMECTEYET 10 3TOMY MDY,
NBITAACH CHEAATD eTo Hones Ge3oNacHEM H CIIPABEIUTHEEM, Baiy IonLITEH He Hampac-
HEI, B f HCKPEHHE HALECE, YTO BCE Bhl (MIATONONYYHO BEPHETECH HOMOH.

Maiix Hpedin
Toponmo, Kanada



FMABA 1
MCNONb30BAHME
MWUKPOKOHTPOJJIEPOB
B ABTOMATUKE

Paborad Han sTol KHUTOH, CpEMH CBEIEHM, TOCTYOREX B ceTH Internet, # cofpan
uHopMaHg o Gonee yem 360 pazinyHE TPUMepaX NPHMEREHHS MHKDOKOHTPOIE-
DOB OpH paspadoTke ARTOMATHYECKHX YCTPOHCTE, 4To06k BRSCHHTE, KAK OHH YCTPOE-
HEl, KaK YODPABIAKTCH, Kakie nepHiepHHHEE YCTPOHCTEA MPH 3T0M HCAOIBIYIOTCH.
OxazpBaeTCA, TONARTAIMe: OOMBIITHACTED ABTOMATHYECKHX VCTPOHCTE YNpaRIgeTcs
¢ NOMOIIEK MEKPOKOHTPOLIEPOB, Mecaemys cxeMsl i JHCTHHIE NPOrpaM, A obHapy-
L, YTO MHOTHE NPOEKTE MOTIH OB GBITE CYIIECTRBEHHO VIVYNIEHE, eCIH OB HX pas-
PAGOTINEN © OKHBIM BHHMAKHEM OTHECTHCH K TPOEKTHPOBAHHIO H TIPOTPaMMHpO-
BN YIPakIAwIIero YerpolicTea,

Ho mpesxcae yeM ofcy#1aTs METOAR NIPOTPaMMHEPOBAHIA MEKDOKOHTROIEPOE 1717
}?IJPED;'IEHHH pﬂﬁnmn{n, XOTEM0CH ﬁH COEMATE HIAr HA3Aa H HEMHODD ]IUTDEUP-HT‘I: o ca-
MM MHHIJDI{UHT'PGJIJIEPEX H HX OCHOBHBIX IEPH.I{IEPHCTHKEDL, 'BICITL'IP]JIE HMEEIT FIEI.IIE.KF—
1{fe FHATCHUE NPH NPOEKTHPOBAHUH YIIPABASIOIINY VCTPOICTE.

B atoii rnawe npencTasneHsa Hazosas MEQOpMATHA 0 MEEDOKOHTPOLIERAY M PACCMOT-
PCHEL DCHOBHLIE KPHTEPHH, 10 KoTOPHIM CHeJYeT BROHDPATE MHKDOKOHTPOIIER TS
VIIPDABNEHHA aRTOMATHHECKHMI VeTPOMCTRAMI.

1.1. YNPABNEHUE POBOTOM

Jaragauye B mAoboll CIPAROYUHHE IO 2JEETPOHHBIM KOMIIOHEHTaM, Bel obnapymnTe
OIPOMHOE KOTHYECTEO pasIH4HBL yeTpoHcts (M He 0043aTeNbHO OIHOKPHCTAIBHEX ),
KOTOPEHE APOHIBOIMTETH HASHEAKT KOMMPOLIENAME HIH MUKDOKONMDOLIEDGMI
(ME). ITertasck BRARHTE 06ITHE YEPTHL, TPHCYVIIHE BCEM 3THM VCTPOItCTHAM, MOXKHO
JAMETHTS, 9T0 EAHHCTECHHLIN oOheANAAIINHA HX NpHanak — ofecnevenie npeolpa-
S0BAHNA BXOAHBIX CHIHANOE B BRIXOIHBIE COTACHD SaJANHOMY anropuTMy. Ber mome-
Te BO3PA3HTE, YT 3T CAHIIKOM LIHPOKOE ONpeJeaeHie — Tak H aMely MOKHO Ha3BaTh
F_':.’MH.HI:I[L’I_(:IM TOSILED I.'IDTUM__‘\".__ YTO OHA TOMWE MHTAETCA H Paﬁh{'[—]ﬁ?ﬁaﬂﬁﬂ; oo B MpHBE-
JAeHHOM OIpedeleHHE eCTh O HA TOHKCCTh, KOTOPYI0 CIeIyeT 0c03HABATE IPH DACCMOT-
peHNM 3afay YIPaBAeHHA NOABGKHEME ABTOMATHYECKUME YoTpoilcTRand. JTobml
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H3K
Neewsi [passii
tharagwan © o thrranuog
e
g Barapsfr " b

m >

Puc. 1.1. MpocTeiwas cxema ynpaenesks poforom

Mpaswi NabkiA
EWMATENE OEUrATENE

NPOINTTICTPHPOBATE STOT MOMEHT, PACCMOTPHM cXeMy pofoTa, B 3aiady KOTOPOrD
EXOANT MOHcK HeTouHkKa ceeta (puc. 1.1).

Jnech HENOMB3I0BAH HOPMAaTbHo samknymui xoumarm ( H3K) — muxponepexnioga-
Te/b, KOTOPEIT PasMBIKACT [eMb, CTH POGOT HATHIKAETCH Ha KaKoi-HUlyAbh npeaMer.
B Tarom cnyuae ofa apuratens seagawTes, Kaxasii us asyx GoToInoIoB npH
OCRENIEHHI FeHEDHPYET saekTpirdeciuil ok, KoTopsit mogaeTea Ha a3y coOTBETCTEY-
WIIETo N-p-N TPAHSHMCTOPA, YIPABIAA TOKOM, TEKVIIEM Yepes Jepsll H npasuil 1Kra-
reab. Jestiii doToIHOZ YIPAEASET NPaEEM AsHTaTeneM, H HaobopoT, YeM Goasmuil
TOK renepupyer aessiit doToamon, rem Gonbumil TOK NpoTekaeT yepes 06MOTKH Npa-
Boro jeratend. B peayabrate pofor nopopayneaer B Oojlee oCBELEHHOM HalpaBie-
HHH. 373 NPOCTAR CXEMA 0UeHE MOX0MA HA TE, YTO HCNOAB30BATHCE 118 YIpPaBAzHHs
CAMBIMH TIEPBHMH SKCTEPHMEHTANEHEME poBoTAMY.

Ecan ofa doToanoma ocbemeHE 0QHHAKOBO, TO 00a ABHraTens paboTanwT Ha ONHOM
H TOM JKe ToKe, H poDoT OyIeT ABNTATHCA N0 NPAMOH B HATPABTEHHH HCTOYHHKS CBeTa.
Koraa o HATKHETCA HA HCTOYHHE CRETA, MHEPOTEDERTI0YATElb BRETIDYHT oia ABuTa-
Tens, Yenm Hmmme po0OT HAXOEHTCA K MCTOMEMKY (M YeM sipe TOT CBETHT), TEM bha-
CTpee [BH#ETCHA poboT. 3T0 NPOUCKOAHT NOTOMY, 4TO IPH YESTHYEHUH APKOCTH BO3-
pacTaeT yncao (hoToHOB, BRAEIBAOINY NPOTEKAHHe TOKA 4epes (OTOAHOMEL — KAK
CREACTBHE, YBMUUHBASTCA TOK Gaskr ofioNy TPAHINCTOPOB H, COOTRETCTREHHO, TOK
SMUTTEP, K KOTOPOMY NOAKNOYeH Kakaplil guratens. CRopocTs poboTa B MOMEHT
CTONKHOBEHHA C HCTOVHHEOM MOMET 0KA3aThed CANMKOM O0IBII0H — TOFAA NPOH30IH-
LeT aBapHi.

OnHcagHas CXenMa MOKET CYHTATECA KOHTDONIEpoM PofoTa, MocKonsKy ofecned-
BAET 3apaHee ONpeneleHnsIl AITOpHTM ero IBixeHHA. OHa NOAX0AHT NOJ IPHEEIeH-
HOE BHIIE onpeaeneHne KOHTPOIIEPa: N0 COCTOARHID ABVX BXOIHEIX TATYHKOE (dhop-
MHUPYIOTCH ABa BLIXOMHEIK CHIHATA YITPABTEHHA ABHraTe avu. OnHako aTo VeTPOHCTED
HE MoKeT ORTh SIpOrpaMMHPOBAHD B IOIHOM CMBIGJIE TOTO CA0ES; HANPHMER, C EI0
HOMOIIBIO HEstb3s 0Oecne T NOCTOAHHYID CKOPOCTE ABMKeHNA podoTta, Yrobnl naMe-
HHTh ANTOPHTM YIPARISHI, HAO MEPSIeNaTh CAMY CXEMY.

robm cxeMa yIpapIeHns Obl1a npozpaMMupyemMot, OHa A0/LKHA YMET BHIIOAHATE
HEROTOPOE KONHYECTEO 3apAHEE ONpEedeIcHHEIX DIEPALNid, TPHIEM IT0APa3yMEBAETCH
BOSMOMKHOCTE € TOMDIIBD BXOAHBY CHTHAMOB H3MeHATh MOCASJOBATENRHOCTE HX
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BLITIOMTHEHIT, H{Jﬂ,ﬂﬁﬂﬁ TDM}" KiK € MOMOIIBHDY ﬂp{}zpa.-wuw ME 3RTaeM ITOC/IEI0EATENL-
HOCTE KOMaH], BRIMOAHASMBX MHKPONPOLECCOPOM MEPCONATEHOTD KOMIBITEDA,

Bot novemy nenoisaosanie KOMIBIOTED] 1714 YIPABASHHA HALIMM PobuTOM — HIe-
ansHoe pemenne npobIeMsl PETYIHPOBAHNA CROPOCTH Asiskenis, HanpuMep, MoxHO
H3MEPATH TOK (POTOIMOMIDE C IOMOIILIO arato0 - posnee npeotpasosamens ( AITIT),
KOTOPEI HYeT NpeodpasoBbBaTh HATIPSKEHNE HA PESHCTOPE, NOIKINMEHHOM K do-
TD.U.HE',E‘}?, B ]IM¢'PIGBO'E KO0, I[i]HS—]THbIﬁ KOMIBEOTERY. IIECJ'.I’EJ[DBHTEH'E:I'IO i MHHI}DI'[EI:IE'-
KINYaTsIenM C..."'IEﬂ}"ET BHIAKMHTL .EI.UI.'IG.J'[HHTUJIL!IHfI PrancTop, ‘Hﬂﬁ]’:l C(ilﬂpMHpﬂ'BﬂTL
SINE ONH BXOIHOM CHTHAT 1A KOMOLIOTepA. Koraa nepeknmnyaTens 2aMKHY T, Hanpa-
WEHHE Ha HeM DABHO HYJTI0 (CHIHAT HHAKOIO YPORHE), 4 [PH €10 pasMiIkaHiH O71aro-
IApA PESHCTOPY, MOAKIIOUEHHOMY K NOTOMHTEILHOH e HCTOMHIKA NHTaHRA, Gy-
JET cthOpMHpORAH CHTHAT BEICOKOT0 YpoRHA. MaMeHeHHad cxema IMokazana Ha puc. 1.2,

imw f N E

MeapiE MNpamwi NeEpi MNpasi
doTagwon  oToaMon DEWMETENE ABMIETENL

Pue. 1.2, KomneioTep B KovecTse yNpasniiclers Yerpoicrng

HDHBE.I'IEM KOO MPOrpaMMBl, KOTODAA DEATHIVET TOT JKE ANTOPHTM YIDABACHHA, HTO
H paHBIIE, HO NMPH 3T0M IMOUEDEHBACT MAKCHMAIBEHYID CROPOCTE ABHIKEHHA!

void main(void}d
while (Whisker !'= Collision) { A0 CTONKMOBENHE .
if {LeftliphtSensor »= WeximumSpesd)
RightHotor = MaximmSpesd;
alaa S/ ¥eeHHINTL CKOPOCTL BPALGHNR OEWTETENA.
FightHotor = LerftlightSensor;

if [RightLightSensor »= HaximmSpesd)
LeftHotar = MaximmSpeed;

glse £ YHEHEUNTE CKOPOCTE BRAuSHEA OEWTETENA,
Lerthotar = RightlightSensor;

l £ Kieey, unena,

FlghtHoter = 0;

LaftMotor = O /5 BukniuwTe ofa gewrarens.

b

ECHJI.TPEEr}"ETEH HEIMEHWTE ANTOPHTM YIPABJICHHA, HPHBE,I{EHHHI‘-] Ko HETPYAHG
MOAN(HIMPOBATE, ,

¥TBepokaenie, YT KOMIBLIOTED MIGKET YIIPABAATE pOOOTOM, HE CEAYET NOHHMATE
eanmxom Oykepatsno, od 3Toll 3amaul Mydie NoaxodaT cHelHaATRHEEe YCTpoiicTea,
KOTOpEE GYAYT PaccMOTPERE HHKE.
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1.2. OCHOBHBIE KOMMOHEHTbI YCTPOWHCTE YNPABNEHHA

g obdecmedenns paGoTel COBPEMEHHEX MHKPOIPONECCOPOE FLTH MEKPOKOHTPOLIE:
]]CIE I'[Eﬂﬁ){li]_ﬂ,lih'l'[} HEﬁL‘IJ’lhI!IDE HHCHO TOMOMTHHTENRHEIX AJEMEHTOR. K CUHACTRID), WX HE
CAMIIKOM MHOTO, TIO3TOMY IPH paspadoTke KOHTPO/IEPE MOFKHD He DeCTIORDHTECA O TOM,
YTO M3-33 HHX BO3PAcTyT radapHTHEE PASMEDE] BCETO YCTPORCTEA MM NoTpebidemasn
OT HCTOYHHKA THTAHHA MOMMHOCTR, OnHAKO CTeIyer NPHAAMATE B PacieT HECKOIbKO
BAKHBIX 00CTOATENBCTE,

Kax y:xe TOBOPHIOCH, HEOBXOAHMO € CAMOTO Ma4afia NPOIECca TPOEKTHPOBAMIA
chopMYIHPOEATE W VINTHBATE B AanbHelined patiore TpefosaHns K KOHTPOJLIEDY,
HHAYME BCE YCTPOHCTRO OKAMKETCA HETIOJATOBEUHEM, HIIH MUKPOKCHTPOJIIED He CMOMKET
ofecTeynTh 3aaHHb AMTOPHTM YIIPABJAEHHA, WK YCTPoCTBO YIpaBIeHHE MPOCTO
HE NOMECTHTCA BHYTPH podoTa.

MGI‘QT—]IIHEDM HHTAHHA A8 Beex JCHCTEM NOIBHAIIOI D FDE‘IHTEI. DﬁH‘-IHﬂ CILYAIIT
BCTpoenHad farapelina wi akkysynaTop. Muorpa menoaesyores GoToranseani-
YeCKNEe 2TEMEHTH, HO TOTAa 3HEPTHA JoIAHA JANACATECA B KOHIEHCATODAX MM ak-
KYMyIATOPAX, TPesKIe Yen I0JABATECS Ha 3MeKTPORHY 0 cxemy. B atom cayuae Mout-
HOCTH HCTDYHMEA NHTAHHS YacTD XBATAET BECETO HAa HECKOABKO CEKYRI, 33 KOTOPHE
pofioT ycIeBaeT COBEPNINTh HECKONLKD CYADPMKHBIX ABMMKenui. Takoe Nopelenne
OT HETO YacTo i oxugaercd. Hekotopste poboTsl HCNOALIVIOT JUTA ARMKEHIS benan-
HOBBIH ABHTATEND H HMEIOT HeOoasmoi resepaTop 114 BHpabaTelBaHA SNCKTRHYEC-
KOH JHepris, HeoOXoqnMoi gad paloTsl aaeKTPOHHBX MogcHeTesM. F coxHeuHbIe
Barapeu, n benaukosblli ABHraTeln NPRMEHADNTCA peke, YoM obHYHAA haTapeiika win
AKEYMYIAATOR.

Ilpn sHbOpE B7eMEHTA THTAHKA HeoDXOZHMO VHHTBIBATD, KAKYI0 MOMHOCTE 00-
TPeHAAIOT MBUTATENs POGOTA H APYTHe Tepudepuiinnie yerpoiictea, JacTo menoassy-
KT 282 HCTOMHHKA MATANKA: OTMH ANA ABHTATENSA, A APYTOH A1 3MEKTPOHHEIX CXeM.
70 NO3BONACT CHHIHTL NOMEXH M0 ENgM THTAHHS, KOTOPEE BOIHHEAINT B MOMEHNT
BRIOUEHN A,/ BHIKIIMERRA OBHraTensil. TeM #e Menee 8 NPeanoIHTaH HCIIoNb30EATh
ANA NHTANHA oAU KoMmaekT batapeil, Ecam xoherpykuna neboapinan, TakuM obpa-
30M MOZHO CHH3HTh CTOMMOCTE M pasMep pofora. Ha myTH yMEHBIIEHHA CTOMMOCTH
1 Beca KoHCTpYRINH paspaboTiika A IeT NPMATHHEA clopnpnz. YeM MeHbIIe Macea po-
fioTa, TeM MeHBIEd MoMeT GHTE MOUTHOCTE ABHTATET, i EMECTE C TEM £T0 CTOMMOCTS,
PasMep H MOIHOCTE, MOTPe0AAEMASR OT HCTOMHMEA IMTAaHNA. CleloBaTe/nsHo, 1 Hero
MOXET HCIIOAB30BATECT MEHEE MommEaz i Oooee gerkas Oarapeiika. A a10 eme Gosee
VASMIEBHT B KOHCTPYEIHND H MO3BOIHT NTPHMEHHTE 111 MEee MDI.L!.![E-I!:! IBHraTenk.
H tax gavee,

OmucaHAR ekt No3R0AAeT CO30aTh HENOPOTOry PodOTA ¢ MHHHMANEHO BO3-
MOMCHEIMHA PasMepaMil W Maccoil. ToMbko He cAMUIEOM YBAeRANTACE, HHAYe poloT He
CMOERET BbINOIHATE 3a1aHHBIE LIJ}?HKEI.HI—'[ H3-34 TN, 4MT0 ORARETCH CIHITEDM JETKHAN
H CHA00CHITEHEIM,

PaspadoTuik MOXeT HCNONB30BATEL MIET0UHEE, HHKeIb-KaTMUeEhe Wit KHCIoT-
Hbie aKKYMYiaTopeL [Tpy BrGope 31EMEHTA TUTAHUA CAEIYET YIHTHBATE:

* pasMep H Bec poboTa;
* TpefiyeMoe HANPEREHHE THTAHHS;
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* BpeMdA «KH3HH> poboTy;

» EKHP'UCTI: Erd JIBHEEHE,

* CTOMMOCTE;

* BPEMA 3ADAAKH AKKYMYIATOPA.

JNeMenTEl PA3IMHOTO THIA BHpPabaTHBAIT PasHEE HANPKEHHS: YITIIBHBE 3Me-
mMeHTE — okos0. 1,5 B, merounnie — 1,7 B i Gomee, HHEeIb-ia/IMHEBRIE aKKYMYTATOPS! —
1,2 B. Kar nmokasanoe na puc. 1.3, nanpaxenne axkyMynATOPOB 0 Mepe MX Paspiaga
NOYTH HE YMeHBIIAeTCA, B TO BPEMA Kak ¥ OIHOPASOBHX Datapeek OHo AnHeHHO yObI-
BAET CO BREMEeHEM.

, Hanpaxedwe, B

Tymveawi SnemesT ™

E \
201 \

_ lepg,
IHO

1 '5 I:_--x\—~-\\-__ ME\“EHT

NiCad,MiMH "
10+ rﬂ.l'.lE-Hba,ﬁ S'WE"-'!EHF:-
O

BpemA cnybs
Bl W 1 fe=—r
i 25% 50% 758 100%

Puc. 1.3. MamenenHe HONpRxXeHMT Mo Mepe paspaga Saroped

HeoOxomnmo noMHATE, 4TO BUKHLI napaMeTp mMobGoro HCTOMHHEA MHTAHUA — €ro
BHYTPEHHEE CONpoTHENeHMe. Hen oHO GOMBIIE, TeM MEHBIIE SHEDPTHH JOCTAETCA JBH-
raTes, NOToMY YT0 3HAYWTEIRHAA &€ YACTh DACKONYeTcA BHYTPH HcTouHMEa. ITpn
ATOM M3-33 HArpesa YXYIITAOTCA 670 XAPAKTePHCTHEN (HANPAKEHUE M eMKOCTE H, C0OT-
BETCTBEHHO cpok caymOsr). Kpome Toro, npy GoNbIIOM BHVTPEHHEM CONPOTHBIEHHH
HCTOUHHKA THTAHHA YBEIHUHEAIOTCA OPOCKH HANDSMEHHA TIDH BETKUEHHH, BRIKITIO-
4eHHH JBHTATENel, TOSTOMY HeoOX0IHMO NPHMEHATE BoNee CTOMARE CxeMbl GHALT-
PALIHH HaNpAKeHd,

BEITVET MHEHHE, YTO BEITDAHES MOKYMATE TEMeBsle YrombHbe Garapeiikn, 4em 6o-
JIgE JOPOTHE MIETOYHEE HAH HIKETL-KaIMHEBRIE, TOTOMY 4TO H NERPERIE, H MOCTETHHE
HMERT TPAKTHYSCKH ONHHAKOBYK eMEOCTh (TapaMerp, M3MepIeMelll B AMIIEP-4YACAX).
JTO TaK, HO He CTOWT 3MOVAOTPedIATE HCMONL0BAHMEM B YCTPOHCTRAN JelIEBRX
DAEMEHTOB: OHU OOBUHO MMEIOT MOBBIIEHHOE BHYTPEHNRE: CONPOTHENEHNE. 3aMouy,
YTO ITOT IlapEMt’,Tp BCeria }"KE:ISJ:]BE.ETCH B C]IPEBGLIHHX DAHHBLIX Ha Hwobste SAeMERTH
MHTAHHA.
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[lpobmema, cBA3aHHas ¢ BHYTPEHHNM COMPOTHEISHHEM, NPOMITIOCTPHPOBANA Ha
puc, 1.4, Kommiexr barapeil ABAA€TCH RCTOYHHKOM IHTAHHA LIA KOHTPOJLIEPA H ABH-
rate/s, BHYTpeHRe: CONPOTHBIEHNE Ka#I0ro 37exMenTa MOKHO YHECTh ¢ MOMOLLIO
PE3HCTORA, PRIIDYEHHOTO TOCAETOBATENEHD ¢ HETOMEHKOM. ET0 CONpOTHEICHNE paE-
HO CYMME BHYTPEHHUX COMPOTHBAEHHI BCEX 3EMeHTOB MHTAHMA, BRIKMEHHEIX 110-
CaelopaTeNbHO ApyT ¢ Apyros. Cornacno sakony Kupxroda, cymma Hanpswe i, na-
JAONINX HA SAEMeHTH 3aMKHYTOH HenH, PABHA IMEKTPOIBMAYIIEH cHie (npoule
POBOPS, HANPAKEHUI0) HCTOMHIKA nHTanHA. [loaToMy Hanpaxenne Ha Harpysxe (KoH-
TPOJLIEpE ¥ JIBUTATEIE) TEM MEHBIIE, YeM GOMbIIe HANPSKEHHE, NATADIEE HA PE3HC-
tope. Ho nocnentes npi GHKCHPOBAHHAOM TOKe HATPV3KH BO3PACTAET C YBENHUEHHEM
COMPOTHEMEHMA PRIHCTOPRR

MoeanuzmpoEaHHaR cramMa F'Eam.nan CREME ‘IHBHBANSHTHER CXAME
SNEMEHTEL TMTAHKEA, \
KOKTpoRNeg, B:heuemu NUTEHMA
ApfaTEL pofoTa campeﬁnm
CONPOTHEMSHARMM

Puc. 1.4, Moaxniousts HETOUNMKD THTONHSE

Canne HHZKOE BHYTPEHESe COMPOTHRAEHNE ¥ MIEADYANY Datapeek H HHKeIb-Kal-
MHEBEIX AKKYMYAATOPOB, CHEIHANLHO NPeIHAsHAYeHHbIX LA PadoThl MPH BHCOKHX
ToKax garpyssi. Hanpusep, 9,6-BOIbTOBNE HEKETb-KATMHEERE AKKYMYARTOPS, Hhi-
MYCKAEMELE LI AHCTAHIHOHHO VITPABIAEMBIX MOIeAel, HMeDT 0eHb HII3K0e BHYTPeH-
HEe CONPOTHEACHHE H MOTYT OBITE MPpHOOPETEHE BMECTE © 3apSANBIM YCTPOHCTEOM 10
YMEDEHHOH LeHe.

[Mocne Epbopa aneMeHToR METAHHA MOGKHO IPHCTYINTL K TPOSKTHPOBAHMID Dery-
AsTopa 1 cTabinusaTopa Hanpaxenna, OOBMHO L18 3TOTD HCMOABIVIOT MIKPOCKEMY
78(1.)05. Ecam mneerca TONBKD OJMH KOMIUIERT Darapell and nuTank#A Asurarens
U KOHTpPOLNEpE, T0 IPHXOANTCE HCNONB30BATE NPeobpadnBaTenh HATPAKEHNS, M0
CKOMBKY 3TH IBA YCTPOHCTEA TPeEYIOT CYMECTREHHD PAIHEIX HATTPAMERNIl MHTAHWS,
B nexortopux ciayaaay BooBme MOMHO OTKASATLCA OT PETYIATORA HANDAKEHMA, B3AE
HECKOJILKO SMEMPHTOR TTHTAHNA, BEIKNYEHHBX MOCIEN0BATeIBHO, YTOOH OORCIEYHTh
tpebyemoe nanpoxedne ot 2,5 1o 6,0 B.

B nmofom enyuse Heofixoaudo noaafoTHTReA o QHILTPANY HANPAAEHIS THTAHILT
§l TONETKYHTE MEKIY TOMOEHTETRHOH H OTPHIATENEHOH IMTHHAMH HCTOYHHES OBa
ROMIEHCATOPA: OMHH eMKOCTBIO 1o Epaiigeii mepe 10 mx® (on 6yrer obecneynsath
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(PHIBTPAIIMIG HU3KOYACTOTHRIX TOMEX) H BTOPOi eMkorThio okoo 1wt i mensn
(s mMARTPAHY BECOKOYACTOTHEIX MoMex). B HexoTOpLIX cayuasy He moMemac
KaTYIIKa HHIVETHEHOCTH, BKII0MeHHAA MOCACI0BATENBHO ¢ HCTOUHHMKOM THTAHHA.

_ llna chpeca MmukporkonTpoLIepa (Brpaforkn curuana RESET) ofisramo nenoomsay
HTCE TPOCTEHITHE Wens. YacTo JoCTaTouHo MOAKRII0MHTE BHEIIHI PesHCTOD MEekD
BX0A0M clOpoca H MOMOAKMTEILHOH IHHOH HCTOUHHEA MHTAHAA (Vec) HIH Macco
(GND). HegoTophie MHKPOKOHTPONTEDEL CaMH cOPACKIBAIOTCA B HCXONHOE COCTOSHH)
BCIH HANPAMEHHE THTAHNNE ONYCKACTCA HIDKE YCTAHOBIEHHOT0 npegena. JIpyrue uun
HMET ECTPOEHHYID CXEMY (hOpMHPOBAHHA cHrHATa cOpoca, cpalaThBaiinyo, Kol
HAMPAMKEHUE TTHTAHWA AOCTHIART 3AAHHOMO YposHs. [ame ecny HenonssyeMali M
POKOHTPOILIED 1 He TOANCPAUEAET TAKHX BuamMoxHorTell, B 1nbom cayuae Hecnoms
NOCTPOHTE CXeMY Ha HECKOMBEWX TPaH3HCTOpaX, KoTopad OVAeT EwpadaTEBATE CHl
Han1 copoca.

¥ MHOrHX MEKPOKOHTPOLICPOE BXOJ cOPOCa HCNONB3YETCA TAKAS 1 M1 Nporpan
MHDOBAHHA. N8 BEIIOUEHHSA DeXHMa NPOTPAMMIPOBAHNAA ODBIYHO HeoDXoITHMO TC
HATE HA BTOT BXO[ TOREIIEHHOe Hatpekerne. [Toatomy cxema hopMuUpoRaHus CHTHE
na cOpoca ADMAKHA NPOeKTHPOBATLCA TAK, YTOOH (OPMHDYEMOE €H) HATPHXEHH
HHKOT]a He NPeBRlcHI0 YPoBHel nuTanna Voo uian Vdd.

Coemyer yuuTHBEATh 0 NOBHINEHHER MEXAHIHUSCKHE HATPYIKY, KOTODEIE NOMHH
BLLACPHCHBATL CcxeMa }'HP&B.’IEHHJF[ PﬂﬁUTDM no C]_:IHEHEHH!O CO CXeMaMH, HAXOOAIIHM
NpHMEHeHIE B 00BYHEIY KOMIBIOTepax. [ToaToMy cienyeT 00paTHTE BHUMAHHE HA 0CO
BEHHOCTH TOCTPOEHHA TEHEPATOPA TAKTOBRIX HMITYTLCOE.

O6brH0 115 TAKTHPOBAHMA HCNOJIBIYETCA cXeMa, NOKalanHas Ka puc. 1.5 (penar
CAHOHHEL TeHepaTop). 3eck 1718 3aTePKKH CHIHAIA MEXIY HHBEPTODOM M CXeMO|
ynpagnedns npeaasHadeda RC-nenouka. [loxomas cxema yacTo BCTPOSHA B MUKDO
KOlI’l’IJ'DJlJICIJ = Turia He TPCE:\."_‘TCH HHEAKHX TONOMHHTCARHEYX BEHEIHHHX VIEMeHTO:
(B HEKOTOPBIX CAVYAAX HCIONEIVeTCH BHOIHIN peancTop, ABMAmica yacTen RO
el W 3aaDIHH JacTOTY reHepauin). Tlpenvymertea ONHCAHAOTO TAKTOROTD TEHE
paTopa — Aemesuana ¥ paborocnocobHocTs npn Kogebanmuax HANACHHA THTAHHS

Voo

Ha TarTvpyembg
CHEME! MWAKDOEOHTDOANS DR

Puc. 1.5. RC-reHepoTop TOKTOBRX HMTYMLCOR
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K HeaocTaTKaM CAEAYET OTHECTH YACTOTHYH HecTabuasHocTs. K Tonmy e ana perak-
CAMIOHACH CXEMEl YacTOTY TeHepalliy HeAbaA NPOTHOSHPORAaTh ToqHee, 9em £10%.
Dos14H0 HOIBMI0H TOYHOCTH H He TPEOYETCA, HO caH HeobX0ARMO O0eCIeYHTh ACHH-
| XpoHHAETT obMen HHEHopMAIHel Me#Iy ABYMA MeKTPOHHELIMI CXEMaMH, TO HMEHHOD
TOYHOCTD TAKTORBOTO TEHEPATOPa MOKET CTATh PEMIAITHM (PaKTOPON.

VHOraa B cXeMe TAKTORLIX TEHEPATOPOR HCNOALIYIOT KBADIEBLIE PE3OHATOPE, HO
OHH HE TAK YCTOIMHBR K MeXAHHYECKUM BOIEHICTRHAM W JOPOSKE, 9eM KeDaMHYECKHE
pesonatopt. Te i ApyTHe NOIKI0YanTeA K KOHTPOILIEDY cXoqHsmM obpasom (puc. 1.6).

Kapasiudeckui
PEACHETOR ; g
R OSc1
EOHOEHCATapOM
=i -
[ Ha Takrpyessne
G562 CXEMB] MHEPORCHTRONNEDa

Puc. 1.6, MNogemovenie kepamuyeckoro pesoraropa

MHOrMEe KEAPUEBHE PEIOHATOPE HMEINT BCTPOSHNYID £MKCGCTh, KOTOpas yIpoiiaeT
CXEMY,

Ipn noakToUeHEA KepaMHdecKoro PE3OHATOPAE K MHKPOKOHTDOJIEDY CISIVET
HENOB30EATS COCHHHEHHA MUHHMAIBHO BOSMORHOMN A1uHE, yTo0k mabeskarh HCoKa-
KEHI cMTHATA TIPH epefiave, 4 TAKKE HABOJOK OT COCEIHHX emei.

Creayer yUUTHEATE, YTO KBAPIERHE DEROHATOPH 0fecneyHBAIOT HAKDOIRIYID TOY-
HOCTE Mo TacToTe redepanuw — no 0,01%, B 7o BpeMa KaK KEpaMHIECKHE Pe30HATOPEL —
ot 0,5 1o 2,0%. O6GHYHO TOUHOCTH Tocaeannx GoJles yeM JOCTATOYHO 118 PeaTHIAIHE
MERTPOUSCCOPHEIX KOMMYHHEAITHH, HO B HEKOTOPHX AIEKTPOHHEIX Cxemax Tpefyerca
HCIIONE30EAHKE KBAPIA.

Hagonen, nocaeanni KOMIOHERT, KOTOPHIH IPeicToNT PaccMOTReTE, — BRIKIINYA-
ek mirranng. O He yacTo (H HesactyaerHo!) 3afRIBAIOT: TO I PazpaloTIHK TyMa-
T, UT0 NOAL3OBATENE OVIeT BLHIHIMATE GaTapeiikn Hs poboTa kKL pas, Korja 3axo-
UeT Erp BEETIONHTE, TO JIH CUHTAET, 4T0 YIPABIAIDIAA DPOTPAMMA HACTOLRD X0DOIia,
YTO CaMa BRIKTIOUACT THTAHKE ABHTATENER, MoKa poboT He Henonesyered. Cymecrsyer
EOpomnit cnocod BHEKINYEHNA THTAHHA poboTa — A HAaSHIBAID £T0 +00IBITAN KpacHan
krongas {BKK). Bez BEE monssosaTels MOKET 3200 Th, 4T0 po00T OCTAICA BEIIOUEH=
HBIM TIOCTIE TOTO, KAK OH HATOJKHETCH HA Kakoe-nuOyilb NPENATCTEME W H3-3a 3TOTD
nepecTaneT apnratees. He spfrpafime o usmogaTene, Mraue nam pofior MoseT BIDVE
HAYATH JBUMATECH B CAME HENOIxX0AALIE MOMeHT, 13-33 Bo3AelicTBus kakoil-HROVIE
CAYUATHON NOMEXH — U CIETHT ¢ TIDJKH.
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1.3. MAMSTbE H YC'I'POII':'I'IA IIGAA-!HIUM

Paspabarsipas KORTPONLIEp AnA poboTa, BB JOJAHL YETHO OCOZHABATL Bre Tpefona-
Hi#A, KOTODEE IPEIbABTACT KOHTPOLIED K CHCTEME TAMATH, 2 TAKKE MOHHMATE, KAk
CHOco00M TIPOTPAMMA 3ArPYRACTCA B BTY MaMATh. KTo-10 MoMer noLyMaTh, 110 Kol-
TPOJAED IMporpaMMHpPYETCa a3 M HABCErJa, HO 970 He Tak. Bo Bpena paspaoTki
W OTAATKY YIIPREIANIETD ANTOPHTMA NEReNPOrpaMMHEPORAHNE NPHEOANTCA TPOHSE0-
JIHTE IECATKH Pad; Kpobie TOTo, 0HO HeoBXOAIMO A7 ModepHiaanuy yorpolictea u/1uan
ANTOPHTMA VIPABIEHHA. :

MokHO BEITEMHTE ABA THIA 3aMOMHHARIEY YerpoicTs. TlaMATe NepRoro THia —
IHEPLOHEIABHCHMAA, HARIBAeMAs Tarxe nocmosdntod (II3Y — noctoanHoe sanomiiza-
wee yerpoiierso, ROM — Read Only Memory). B meli xpasutes nporpamma, ynpas-
NAWIAA POBOTOM, OHR He CTAPASTCH MPH BEIIICUEHNA NuTanna. Eciy pu sHAKOMbE
€ NepeOHATEHBIMM KOMIBIOTEPAMEL, BAC MOMKET VIHBNTE TOT dhaxT, 4To NporpaMma xpa-
ey 8 II3Y. Onaako se cnenyeT 3a0kBaTE, 4To ¥ poboTa HET IHCKOBOAR MM SHeCT-
KOI0 IHCKE I XPaHeHHA 1porpasy i JahHel. Kak mopko podoT BENROYACTCH, OH
A0EKEH HeMEAIEHHO HAUATH BHNOIHATE CEOW TPOIPamMmy.

B oTCYTCTEHH JHCKDB €CTh CBOA IOJICKHTENBHAA YEpTa: HeT HeOBXOIHMOCTH B JLHC-
KOEOH ONEpauloHHoi cHeTeme B HETepdeiice npuknatEux nporpass (API — Appli-
cation Programming Interface). Bipoues, TyT ecTb M IOABOX: MHOTHE HHIKOYPOBHE-
BhIE (JYRKLHM, BEINONHEHUEe KOTOPLY O0HYHO O0ECTEUHEACT ONepallioHHad CHCTEMA,
MPUXOAITCS MPOTPAMMHPOBATE caMocToATeNsHO, [ vaneepeansuerx IBM ato Goms-
WoH HEOCTATOK, HO ABTOHOMHBE POBOTH ¢ HECTAHIAPTHEIM AINaPATHEM HHTEp e
COM = ApYToe Jeno: Bedk WHpokkt Hatop q.}yHKLLHfL API B GOJIBIIHHCTBE CAVYAEE HE
HCITONE3YETCA B IOJHOHE Mepe.

[MaMsiTs AnA XPAHEHAA TPOTPAMMEL MOKET BLITE BCTPOSHHON B MHKPOKOHTPOIIED
i BHemHeil. B yeTpolicTax, ONHCAHHLIX B 9TOH Kiinre, DYIeT HCIOIb30BATRCA Mep-
Bl BApHAHT.

[Mepeuneany ocHoBHEE Bt TT3V:

» ymacoanoe [E3Y. [TaMaTe 2Toro BRA He MOFKET DRTE NEPENPOTRAMMUPOBARS, TID-
HTDM'}" HCTIOIEIVETCH TOJIRED [pH EEp-HﬁHﬂM ]TP'DHEBDB,I'_“TEE',

+ nporpammupyemoe [3Y (PROM — Programmable ROM) momer Gmte sanpo-
IpaMMHEPOBANO JTHITE OOHHE P35 IYTeM BhLEHTAHHA NepeMblyer BHYTDH KPHCTaL-
a3, TOSTOMY TaKad IIMATE B HACTOAINEE BPEMA YIKE OYTH HE HCNOThayeTCA;

* OaMsiTh ¢ npoHseIeHD BeiGoproi (RAM — Random Access Memaory, ona omicana
HIGKE ) ABIACTCA SHEPTOSABHCHMOI, TAK KAK TEDACT 3aMHCAHHYH) B HEe HHDOPMATIHID
(M BRIEIEFISHH TN, oaHaro coppemerate KMOTT suspockens: mnoTpedan-
0T HACTOIBKD MATEIH TOK (MHKPOaMIEpHI), 410 B KOMILIEKTE ¢ Oarapeiikof Muxpo-
cxema RAM MogeT B TedeHie T0JTaro BpeMeHy BEIOIHATE pos [[3Y,

* B DOABIIMHCTEE KOHTPOLIEPOE HCIOMLSYIOTCS NEPenporpaMMHPYEMEe MHKPO-
cremsl masaty ( EPROM — Erasable PROM). Mugopuauys, sanucantiag B #ux,
MOKET BbITh ¥aleHa ¢ HOMOMBM YasTpadHoIeToBbIX TyHeil (TaKie MHKPOCXEMbI
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HMEIOT Ha KOPIYCE KBADIEROE 0KOWEKD' = cu. puc. 1.7). HexoTophie MUEpOCKeMEL
ITOr0 THNA He HMET OKHA A1 CTHPAHHA W HASKIBAIOTCA 00HOKPAMHEG NpoZpaM-
muprremsinu (OTP - One-Time Programmable);

* COEpEMEHHBIE KOHTPOIIEPH HCNOALIVIOT Tak Hasmeaemyio Flash-namsts (EEP-
ROM - Electrically Erasable ROM), & koTopoii cTapas nadiopManua cTHpasTca
€ NOMOIIbID ANEKTPHYECKOr0 HATPA:XCHHA Hua HCNONL30BaHNA YabTpadnoneTo-
enix ay4eii. Ha puc. 1.8 noxasano, kak yerpoesa aueiika Flash-navami. [Tnasaio-
IIHH 3ATEOP NOJIEBOIC TRAHAMCTOPDA MOMET 3APMEATECA HAN PAADANKATECA C o=
MONILO YIpas1aomero slesTpota. Korda on sapasen, B KpeMHREBOI TOLT0KEKE
0B pazyVeTCs 30HA MPOBOIHMOCTH, KOTODAR NO3BOIAET AMEKTPHEECKOMY TOKY Npo-
TEKATh ME®IY BHIBONAMH CTOKA H HCTOKA,

/ Chgncn
]
Muspoczesa
KEgamMUHEcKHE Kopnye 3=

Puc. 1.7. Kepassyeckri kopnys EPROM ¢ oxrom gne cTrpang Huedopaaim

METAMAMYECEHE KOHTEKTE

T

ep ey
YNpagnsklpi .%;_:::‘E
ANSKTPOL, el :&;
[INEEAKILUARA A |
BATEOD
et
EpanpHueERa Nopnoska

T —— T e e

Puic. 1.8. Aueiiva Flash-nasisme

CymecTryeT HeboMEman pastnma vescny mukpocxesavi: EEPROM n Flash-nasvsren,
B nepnoM cayuae MOEHD AIpecopars mofvio aueiixy, a Bo BIOpoM — CTHPAHHE IPOHCXo-
JMT cpasy 1A heero 6ioxa, 06pas0BaHHOTD TPYIINGH COCEIHNX AYeek NaMATH. Baarofaps
TOMY YTO LETH CTHPAHNS He TVONHPYIOTCA JUTH KasIoi A9eiir, a ARIA0TCA 06ImmMM 1A
reero Gnoka, Flash-massrs oxasneaeTca veckoakko genresne, yem EEFROM.

T OfkIyT0e CTEKAD IANEPHIRET YIETpadHTETOROE HETeRTe. — [Tpuwae nepes.
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 Jna roro yrobu sanporpassipoBats Mukpocxesy EPROM, Flash sra EEPROM,
HEUﬁ}{Dﬂ}’IM[} Ha ©€ BXOABL MOUIATD DPOMPEaMMHIPYEMBIC JARHBIC, 4 TAKAKE I:H OnpeneICH-
HOH OCIE0BATEIbHOCTH) CHEHAIBHBE VIPAB/IAOIINE CHIHAIB COLTACHD @120DuUi-
MY APOZRAMMUPOSIHUA. .I[.ITH [.!Eﬁ."'[H"-IHHX MHKPOCKEM 3TOT AnlOpHTM DEIH"-.IHD pﬂall'hl]-r'!:.
Eﬂﬂ]jblf_‘.‘ MOTYT JANMCHEATRCA B MHKPOCKEMY IAMATH J'.I.I'I'ELT HME&D&ER’!&-‘IBHD {611'.[ dd
fmtom), b0 napatieisie (HeCKOIBKD Daspaaos oaHospeMerna). [Lua nporpammupo-
BAHHA m‘[ﬂlﬁ AMEHEN MOGKET 1?&5UBEII'I:CH BpemMs OT COTEH MHKPOCEKVHI 10 AeCATROB
MELUTHCERYHL, Boa MuKpOCKemMa nporjaMMiupyeTcHd, Takum o0pasoM, 5a HECKOJBEO MHHYT
HIH Ja#e HeCKOJIBKD CEEVHIL

Jna samnen japHx B mpkpocxemsl EPROM, Flash wom EEPROM srimyckaercs
MHOKECTBO [POTPAMMATOPOR; KPOME HHX CYNIECTRYET HEMANC PamHOr0dHTe bCKIX
woHeTpykumit. Ha caiite mamarensctsa wwwdmk.oru, a Takie Ha Moem caiite
Www,myke.com MoskHO HaliTi apaiibep u cxeMy paspaboTagHOTO MHOK MPOCTOTD MPO-
rpammaropa Flash-namary, koropas nenonsayerca » MukpoxonTponaepax PIC, Stor
NPOrPAMMATOP NOXOK HA ZECATKI JAPYTHX YerpoiicTs, KoTophie ol pYHO ONHCHBAKTCA
Ha PATHOMIOOUTENBCKUX cTpaHmyKax B ceth Internet. Kommepueckie paapaborkn or-
AHMAINTCS 0T JndHTenberknx Holee HMPoKHM HADOPOM NpOrpaMMHPYEMEX MHKPOD-
CXeM, A TAKHKE TeM, YT0 MOryT paboTaTh B ABTOHOMHOM peskHMe (063 HCIOALIOBAHNA
KOMIIBHITEPa WIH ApyTHX yeTpoiicTs). [ipn srfiope nporpasMaTopa Heobxammo yhe-
AHTBCA, 9TO OH pacnosHaeT dopaat (aiinos, KOTOPse reHePHPYeT HCNOTEIVEMad BAMH
cpena paspabotku nporpamym (IDE).

HaxoHen, naMATs ETOPOTD THIIA — 3T0 ViKe YIOMHHABIIAACA RAMAMD ¢ MPOUSE0AL-
notl guboprotl ( BAM, Hasusaeman Takose onepamuenod, 03V ). OHa UcnonbLayeTes 41
XpameHHs JAHHBY, KOTOPHMH MaHHNYIHpYeT nporpamya. H yTenne, 1 3amick 1as-
HE B 8TOM CITy4ae MPpOHexomaT oMHHAKOR) — HHKAKOTO NPOrpaMMATOPa He TpefyveTcd.
Oppaxo namate RAM Anasercs sueprosasucumoll, NO3TOMY TN BEIKMEOYEHNN NHTA-
HiA JIAKEe Ha KOPOTKOE EpeM:A BCH SallHCAHHAA B Hee HH(DOPMALHA TEPAETCA.

O6EMHO BRASTIOT IBa BHAA MEKpocxeM RAM - dunamuveckyno (DRAM) u cma-
muneckyio (SRAM). s xpasenns fannsy B G0NBUMHCTES MEPCOHATLHELE KOMITEIO-
repos Henoakzyercd DRAM, B nocieanee Bpema 370 oORYHO TAK HAIKIEAEMAR ClH-
xpornag DRAM (SDRAM), nospoaaomas yee Tyt OHCTPOIeHCcTENE KOMIBITEDA.

HMs-za Toro uro Aueiixu (S)DRAM Guictpo paspamanTed, HX NPHXOANTCA TEpHO-
AMYECKH perenepuposatns (00HOBNATL 3aNMCaHHYI0 B HHX HHhQopManno). 3a4acTyo
Ha 3T0 VXOMUT 10 5% Bcero BEPEMeHH paboThl KoMieioTepa. Tem He MeHee ITaMATH
(5)DRAM oueHs mupoko npHMeRAeTes 6aaroJapa ceoeit HH3KOH yASTBHONR CTONMD-
CTH (B pacuere HA Kaamelil OuT xpanumoll nadopaaiim).

Yro KacaeTed MEKPOEOHTDOANEPOER, B HEX MAlle NPHMEHAIT CammUNeciifi aMams
(SREAM). Kasnag aueiica SRAM cocTouT B3 YeTHpex-1MecTH TPAHIHCTOPOB, KAK NoKasa-
uo Ha puc. 1.9, Tpemaymecteo SRAM cocToHT B ToM, 4T0 B PEAMME XPAHEHHA TaHHEIX
oHa MoTpehIgeT oueHs MATEHBKNIT TOK B He TpedyeT HuKakoi perenepatun. Ho no
CROMM FIEIEME'PEM KAsEIAA AVl CTATHYECKDH IaMATH B HECKOIEKD pﬁ,ﬂ- EGJTEI.I.IE' JHHA-
MHUYECKDH.

[Tamats SEAM uacto cofepRETCA BHY TPH MEKDOKOHTROMIEDS, HO 0BHIHO 66 EM-
KOCTh HEBEJ’IHFI:EL — HHOTHA BCerd HECKOQIIBKD DeCATHOR BaitT. KP{}H’L‘ TOT0, BRI HE TOJTHE-
HE 320BIBATE, TTO CAMA IPOTPAMMA XpaHuTed B apyrosM mecte — B [13Y. Sro neobpno
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Ve

Fazpeiuense Paapeamstie

FANACH

i

FAMHCEIBEEMER
OaHHEE

CUHTRIEIEMBIE
OEHHLIZ

P

Puc. 1.9. Auyaiko craTHyeckod ROMATH

JUISE IIPOTPAMMUCTA, NPHBEBIKINErO PaloTaTh C NEPCOHAIEHEIME KOMIIBKITEDAMH, B KO-
TOPHX DEAMATH AROIpaMM 3 DaMATh JaHHEX ofnubo He pasiessiorcd. Mrobu He nc-
MOME30BATE CIMMWKoM MHOr0 Damatn RAM, coperyi, Bo-mepoerx, cHHENTE 0 MHHH-
MYMa KONHYECTEO H AAHHY TeKCTOBRIX CTDOK B Baillelt OPOrpaMae, 3 BO-BTODELX,
cTapaThCs Xpannth ux B [13Y eMecte ¢ nporpamyoil, Kak 661 TO HE GBLTO, HECMOTPS Ha
nebomsitoit ofbem RAM B MukpokonTpoaiepax, But 03 1pyaa cMo%eTe pazpabars-
BATh JOBOABHO CACHKHELR [IPOrPAMMBL VIIPABIeHHA POOOTOM.

1.4. NPEPLIBAHHA

A HePEAKO NOPAKAIOCH TOMY, KAK MHOTO AWILIOMHPOBAHHEX HHAEHEDOB H KOMITHIO-
TEPHEBIK CORHHATHCTOR OGLEH BoATeS HeNOIL30BATS TPEPHBANRA B CBOHY paspabor-
Kax, TIpHYHAY, BepOATHO, CASIYeT HCKAThL B HX MEPEHX, HE BCETAA VIAYHBIX ONbITaX
NPOrpaMMHPOBAHMA TPEPRIBARIN, 8 MOXKET, H B HEBEKECTEE Npenofasareneil. [lo mo-
BMY MHEHHIG, TPEPLBange — Hanbogee eoTetToen LN CHoeod peATHaAIINY TOBLAEHIES
pofioTa Ha BepxHeM (OHONOTHYECKOM) YPOBHE.

Henoassopanite npepaBaniil ysfagager paspaboTuira 0T OpOTPaMMHDOBRAHIA
MHOFOMHCACHHLIX IHEOE ONPOCA JaT4HKOB H ¥MEeHBIIAET BePOATHOCTE TOTD, 9T0 BXOI-
HEE TAHHBE OKAAYTCA NOTePAHEEIME, KpoMe Toro, AnaroIapa MpepeBaHas MOsHD
apone 1 Tounee obecreudTs TOUHVE CHHYXPOHHAATAN cOOKTHI, TPOHCXOTAUTHY
B CHMICTEME, ].-[DEITGIM:,' Lo BCEX IIPHME'FIH.}[, f[pHEE:[EHHbIK B namm-ﬁ KHHIE, H HCMOJIBIOBLI
o Kpaitieli Mepe 0OHO IpeprBAHEe — N0 TAHMEDY.

Ha puc. 1.10 nokasano, Kax nponexonnt obpaborka npepesannd. Mokno Bbije-
JHTE HIECTE 3TAMOR 3TOMD HPDHECCEZ

i. Ehlnummercg OCHOBHAA DPOTPAMME, NPEPEIBAHNA PA3PEILEHEL.

2. Hpuxognt 3arpoc Ha npepeipadie (Interrupt request) oT ARNMAPATY DAL

3. BrITONHeHHE OCHOBHOH MPOTpaMME IIPHOCTAHARTHEIETCH, COTEDHMEMOE DeriCTpOE
NPOLECCopd COXPAHAETCH B CIIBHATEHOM MecTe, Broupaeres Tax Hagrsaemeil qex-
mop MPpepbidaHid -~ a0pec TPOrPpaMyMbl, KOTORE:H JOJHHE ero fﬁpﬁf’ﬁmlﬂm‘h.

4. 3anycraerca nporpamya 00pabotn npepriBasyA (interrupt handler). B casmom
Hauvane ee BRIMOJIHEHIH I.'!ﬁ-h[‘-iilﬂ ﬂﬂPEI!IH.HJTCH BCE OpyVTHE NPEPRBAHIA.
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BumonseHwe
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OCHOBHOA BLIMONHEHHA
TNPOrpaMMel OCHOBHORA NEONRaMML
MomyHEH SEnpo
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Puc. 1.10, O6paborka npepusanma

5. OfipafoTra npepLlBanma 3apepIacTCA, 3Ha4eHHA PETICTPOE BOCCTAHABIMBAIOT-
A, paspeinaeTca ofpaloTEa APYTHX HpephBaHiH.

6. BanosHeH e NepeiaeTCA OCHOBROH OpOrpaMMe,

O6padoTEOl TPEPHBAHAE PYKOBOANT CHEIHATEHOE YCTPOACTBO BHYTPH MHKpPO-
KOHTpO/UIEpa — Kowmpotaep npepwaanud (interrupt controller). Ha pue. 1.11 nokasa-
HH BpeMeHHLie mmarpanMer paGoTsl KOHTpoONIepa NPEPHBAHNI B MUKPOCXEMaX
PICmicro. 3mechk OPHBEIEH TPHMEp Nepeiadi YIPAEACHHA Ha BerTop 0x0004.

CieftyeT MOMHEHTE, YT0 NpH 06paboTKe NPepHBAHHA HeoBX0AHMO cHPOCHTD CHIHAT
sanpoca, HEATe Noce ero obpaboTin sanpoc HyaeT NposOIKATh IefiCTEOBATE I BMECTO

TakToEES

MMmynEcE CLK

BanoniHABMbBEA Npar- MNepexom ka z BoaBpar ud Mpooooseag
KoL, j:(pamma )é 0x00004 |0x00004 GEpatOTIHKA FIPOT QAL

Janpos Ha
MPEQEBAHRE

hnar
aanpoca IRF
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BriNonHEHWE MpogonsaHne
FpOFEEMME] NCTHEH NONHEHHA ofpatomuka BLTICHTHE HMHE
FENPOC HE NPAEPGIBAHES | 3anpocs NPERb EAHER OEHOBHOA
MpOrPamMkb

Pue. 1.T1. O6poborka npepbisaii B mukpokorTpannepax PICmicra
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E0SBPAIICHAA K BHIOAHETHIG 0CHOBHOH NPOrpaMsbl MBI PHCKYEM BEPHYTRCT 06PaTHO
¥ obpaborke aToro sanpoca (cu. puc. 1.11). Ecnn cursan sanpoca IRF (Interrupt
Request Flag) roppenma e chpocuts B 0 10 Bosspallenis K ocHOBHOI NpoTpamse, To
KOHTPOJED MPeRMBARMI VBT, 410 duiar saanpoca IRF sce ente npogonsaer meii-
CTEOBATh, H ONATE NEPEIACT YIIPABAeHHE BeRTOpY 0x0004.

Teneps obcyaiM, KaK KOHTPOIIEP PARIMMAET, OTKYAA IPHLIES SaNpOC # KAKAS Tpo-
rpaMmMa AosrkHa ero obpabareeate. B muxpokontpoanepax PICmicro nenoasayerca
TOJLKO OJHH BEKTOP NPEpPHEAHRI, NOITOMY DOCTATOYHD DPOCTO ONMpelelnTh HoToY-
nHK 3anpoca. B Bonsunx MEKponponeccopax (nanpimep, & npoleccope i80x86, npu-
mergemMon B IBM PC), cymecrpyer MHOMECTBO BEKTOPOE NpepbIFanuil, 3anpock Ha
KOTDPEBIE MOTYT NOCTYIHTE ONHOBPEMEHHO.

B mukpoxontpoitepax PICmicre Hensag Bavats obpaboriy kaxoro-mmbo sanpoca
HA OpepHBaHNie, ec/IH clie He 3apepuriiiack obpaborka npemymem. B mepcomas-
HBIX KOMTEITERAX TAKOE BOIMOMKHD.

[TporpaMma obpaboTKH NPEPHIBARAA JOIKHA OHTE MAKCHMATLHO TpocToll U Bhi-
MONHATECA KaK MO/KHO OHCTpes, Beb Npu 00paloTKe Sanpoca MBL HE 3HAeM, KAK CKOPO
noApuTeA caeayomnii, UTo0p YMeHBIINTE BEPOATHOCTE TOMD, YTO KaKOMYy-1ubo 3a-
TPOCY TIPHIETCSA CIMITKOM T0/T0 K IaTh CRoeil 0fipadoTH, HAMHOTO Npolie oDECTIeTHT
GrcTpyo 06palbioTKy SanpocoB, YeM YCAOKHATL KOHTPOAAEP IpepLIBaiiii.

B mayane sToro pasgena YIOMHHATOCH O TOM, € KAKOi 0nackoii MHOrHe paspabor-
YHKH HCHOABIYIOT MPepEBAHHA B CBOHX MPOTPaMMAX, A TAKKE TOIHEPKABATOCE, Kik
BAKHO MOHHMATE OPrannsaiHio oOpadoTEH TPEPHBAHII TpH paspaboTke ABTOMATH-
yecknx yerpodicre, Hageock, Bee, 9T0 346ck CKA3AHO, He OTIIYTHET BAC OT HCIHOIB308a-
HHA NPEPMBAHII B BANNX KOHCTPYKIHAN; B KOHILE KOHIOR, TROTPaMMHPOBAHNE Tpe-
phIII-ﬂ.'ElHI"jI HA A3SHKE BLICOKOTD ¥YPOBHA — HE TAKAM }’]‘K CITOMCHANT 3800 A, .

10081 He ObITh FONOCI0EHBM, TpHEETY npocToil NpuMep nporpasMsl odpaboTrH Ipe-
PHIBAHNA, KOTOPaA OYAET HCNOIB30BATHCA BO MHOTIX NIPOEKTAX, ONHCAHHBLX B STCI KHHTe:

SF Mpouemypa obpafoTew npepueandi ot TadWepa THRO.
void interrupt tmrQ_int{void) {

if (TOIF] ¢ Af Ecnd 80Te MEpENOAHEHME CHETYwED TeAMEQE,
TOIF = A To clpecuTe Gnar 3anpoda Ha NPEDHEIHAE.
RTC++: FF BHEDEHEHT cHeT44Ea (o0rH "TeES TalWepa)d.

'

MomagukaTop interrupt B SaroIoske NOKAZEIBAST, 9T0 Jales CAeIyeT NpoieLy-
pa ofpaborsn npepmisania. Ona 6yaeT sanyckaThta HA BHNOAHCHHE KakIet pas,
KOrAa KOHTPOJLTED MOJYHYHT 3anpoc Ha oOpaboTKy IpephiBaHisA. 3aTeM OpoBepAeTcH
HETOMHME 3anpoca (yonosnei onepatop if). Eciu npepmeanie sanpolledo TaliMe-
pom TMRO, to necbxonumo cOpocute curaan-sanpoca (TOIF = () H YEeAHYHTEH Ha
eMHHITY CYeTYNK €THKOB# TaiMepa,

Pasymeerca, npHBeaeH B MPHMED CAETKA YIPOIIEH, Ho NpH JobaBieHHH K Hallu-
CAHHOMY KOAY HOBHX (yHKIHI obimas cTpyrrypa o0paloTyiKa npephiBaiiHil He Ha-
MEHSETCS, -

B rnape 4 Hynet noxazano, KaK HCTOIRAYIOTCA TPEPRIBARNS JUTA PeANH3a1i dyHKIT
MEXAHHYECKOTO H SIEKTPOHHONO YPOBHEN, KAk HPH 9TOM MOEHO HaOeKaTh NpHMeHeHNA
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HHIKOYVDOBHEBOTD E.CCEM&.‘TE]]H. d TAKAE — H ITO CaMOe BaAHOE — Kak HCIIWIB30BAHHE
NpepHEAHIH N0SEOAsSeT 00eCTeylTs pocToe i adpeKTHEHOE YIpaBieHie poloToM.

1.5. NEPHOEPHHHBIE YCTPOHCTBA
MUKPOKOHTPONNEPOR

BI:I BCoX }TI!KPEK(]]ITPGH;‘IGP&K CCTh TiEI{{]TﬂPGE EOAHYeCTBO BUTPGEII[IHX }rETPUﬁETB
pBofa-eeBona (¥ BB), K KOTOPBIM MOAKHO o0pamaTses npu paspatorke mporpavs. ¥ mpo-
CTEHTIHX MHEKPOKOHTPOIIEPOB HMEETCA TONBKD N0pPT LHDPOBOrO BBO/1a-BRIBO/A H Tali-
MCP, 'ﬁf_‘l.‘],f'_“ﬂ CAOMHEIE “THITED ﬂDMﬂp}]ﬂIDﬂIﬁT BOGROEHOCTE BEOO8 lfIJ."lII."I H BRIBOAE aHALIO-
rOECH HHODPMALHN,

Indpoesie nopTe nenonssyoTes ame seero, Ha pue. 1,12 npasenen nprvep mmd-
posoro ¥YBB, mmenmeroca s MukpokonTponnepax 8051 dupum Intel. 3xece Bribon
MHKPOKOHTPO/LIEpa pafioTaeT Kak BXOJ, CIH HHAHHI TpaH3HCcTOD 3aKpoLiT. Bepxumii
TPAH3HCTOP TPHOTEPHIT M MCTIOALIVETCA 1A <MOATAIMBAHNAS TIOTEHIHATA BXOTHOI
JHHHE A0 TOI0EHTEIRHOTO HANPAMKEHHA HOTOIHIKS THTAHHA, TOSTOMY Hi OTKLI0MEH-
HOM OT BHEIIHEX YCTPOHCTE BXomOe OeficTBYeT CHIrHaNl BRICOKOro yposua. Ecau sHem-
Hee YeTpoiicTRO MOAAET HA BXOA MHKPOKDHTPOIMIEDA CHIHAN HU3KOTO YPOEHA, TO OpH
STOM BXOI COERIHACTCHA C MﬂCL‘Oﬁ' MRH MOMOIITH HIL3KOOO .BJI:r'TPEHlIem GCIHPDTHBJICH"H
HCTOUHMES BXONHOTO CHTHAMA, KOTOPHI! NO3TOMY Nerko «mofemaaeTs He N0 KOHIA
OTEDHITHI BepiHuil TPAHIHCTOD W HE MELIAET YCTAHOBIOHHNK) HA BNOAE HATIDAHCHHA
HHIKOLTY ‘_\,"'_FH}BH.I'I. o
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Puec. 1.12. [Topannentiisid nopr sboga-eHsoa B MuEpokoHTpontepax 8057

Korma BEIBOA A0/IKEH PaBOTATE B KAYECTEE BRIXOAHOIO W HeolX0[HUMO YCTAHOBHTE
CHIHAT HHIKOTO VPOBHA, OTKPHEAETCH HIGKHWH Tpanancrop. OH BKIIDYEH 00 CXEME
& r:rmr-:pmmbm: CHIOKOM, HDDT{JM}’ HE MOEET CAMOCTOATENRHO UﬁL‘\E]’IE‘-II-ﬂ'b Ha BRIX(OE Ha-
NpAEEHHE BHICOKOTD VPOBHA. A8 3TOTO HCMONBIVETeS BePXHHI TPAHIHCTOP.

Bo MEOTHX MMKDPOKOHTPOIIEPAX, B TOM qHcie H B PICmicro, mopTH BEONA-BHEBONA
C][aﬁﬂ(t’,‘ll’lﬂ CHENHATEHBIM FETpDﬁCTIIOh:[, HMERUTHM TPH JOTHHCCKHY COCTOAHNA. EI'O
cxeMa npuBeneda Ha pic. 1.13. Brarogapa TOMY 9T0 BRIXOIHOH CHTHAT CHHMAETCH
¢ Gythbeproro anemenTta (M3oBpaKeH B BHAE TPEYTOABHHEA). A HE C BRIXOMA DETHCTDA,
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Puc. 1.13. Crpykrypron cxesa NopTa s80Ra-ssE080 B smkpokoHTpanrepax PICmicro

MHKPOKOHTPONMED TIPH YTEHHN N3 TIOPTA, B KOTOPHI TOJABKO YTO SaNHCAN JAHHERE,
BCETAA MOGKET 4Y3HATH, HE H3MEHMIO TH BHENIHEE YCTPOHCTED YPOREHE HATDEKeHHT
Ha TaHHOM BRIBQIE. :

Kak yike roBOPILIOCE, HEKOTOPHIE MEKPOKOHTPOJIIEPEL MOTYT BEONUTEL HITH BEBO-
THTh AHAMOTOBRBIE CHIHATH. 5Ta BO3MOKHOCTD HPE3RbHaiiHO T0JIE3HA, HATIPHMED, ECTH
pobOT AOMKEH KONTPOMHPORATE YPOBEHE FPOMEOCTH 3RYKA HIH APKOCTE HCTOUHMES -
CBETA. ]

Onnuako Npekae, 4eM el 3aiiMeTech TPOEKTHPOBAHHEM Po0O0TA, YIIPaBIAEMOro To-
AOCOM, TTOIBOILTE SAMETHTE, YTO 3aMAY3 3TA HE CTOML NPOCTA, KK MOEET MOKAATECH
HA MEPBEI B3LAN, H MEODOYHCIEHHEE KOMAHILL CIENUATHCTOR IOTPATHIN He OONH
MIJIIHOH JI0AIAPOR, THTAACE 88 PelnTs. BrpoueM, TocTpoHTE pofoTa, peardpyomue-
ro HA MpocTsle 3eyEd (BoJe XI0NKA B TAN0IIH ), He TAK VIK CII0MHO.

HMEorma NopTh BEOIA-BHBOIA HCMOIEIVIOT A TOTO, YTOOH PACUIHPHTE BOIMOM-
HOCTH MEEPOKOHTPOILIEDA, MOIKAIDYHE K €ro BHYTpeHHeil mmiHe prentme (.10k1 ROM
m/mnu RAM.

Kpoue Toroe, omuil MEKPOKOHTDOJLAED MOMET CIYAHTh BHeITHHM VCTPOHCTROM 11
Apyroro. B 3ToM cIy4ae, HAMPUMED, OHH KOHTPOJLIED BRNOIHAET (PYHKLMH MeXaHH-
gecKaro i SACKTPOHAOTO YPORHEH, a BTopoil ofecnedlBaeT YIpapiene Ha OHoNorH-
yeckos yposHe. ColpakenHe KOHTPOLIEpoE o0leriaeTca TeM, HTO MHOTHE MOTenH
HMEIOT BCTPOEHHBe HNTepdelick BROJA-BEEOAA, HAanpuMep uaTepdeiic *C (Inter-
Intercomputer Communications).

Bonwnoe apamenye s APTOMATHYECKHX YCTPOCTE HMeeT HATHYHE BHYTDLHENX
raiiMepor. C HX IOMONIBIO 0DECTIeYHBASTCA TPOTPAMMHPOBAHHE CIOKHBX NPOTOKOI0E
ofMeEHA HHGOPMATIHEH MENITY DARTHYHEIMA YCTPOICTEAMHE, A TAKHKE BEIIOJIHEHIE 3d-
ﬂa]IHﬂﬂ NoCaen0RATE I EHOCTH ,ﬂ.EfIEIBHﬁ C }IEﬂﬁXOEHMbIMH JAJePAEEAMH B B]’.‘IEMEHH.
OBRYHO CYETUHE TAHMEDA NOCTOAHHO PAbOTAeT, IEPHONHYECKH YEEIHTHBEAS CRO. 3HA~
YEHHE, IOKA HE TOCTHIHET MAKCHMANBHD ROSMOKHOrO; 3aTEM OH CHOBA cOpackBaeTcA
B HYIeRoe coctogme. B aTor MoMenT Moker GHThH BRpaloTaHO NPERLIBANHE HIIH Cre-
HEPHPOBAH CTENHATBHEN BRX0JHON cHrHaL [aa pacnmpernsa PyHKIMOHATBHEX
BOIMOAHOCTEN MHOTHX TaiiMEpPOR NPeIYCMOTPEHEL JDNOTHATENLHEE TeIMTEMN YacTo-
TH — TAK HASLIBASMEIE Apeckaieps v nocmeranepst ( prescaler u postsciler). ITpeckanep
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