MiHICTepCTBO OCBITH 1 HAyKH YKpaiHU
MiXHapOHUI TyMaHITapHUN YHIBEPCUTET
Kadenpa komn’toTepHUX HayK

Pycy O.II.

CXEMOTEXHIKA TA IPUCTPOI HA
MIKPOKOHTPOJIEPAX

Koucnekr nekiii
1S 3700yBayviB BUIIOI OCBITH,

Oneca 2025



3arBepmkeHo Buenoro Paymoro Mi>kHapoHOTO T'yMaHITapHOTO YHIBEPCUTETY.
[Tporokon Ne 5 Bix 20 ciuns 2025 p.

Pycy O.Il. CxemoTexHika Ta NPHUCTPOi Ha MIKpOKOHTposiepax. KoHCHekT mnexmiil s
3n100yBayiB BuIOI ocBiTH [Enextponne Buaanus]. Kadenpa kommn’rorepHux HayK MiKHapOIHOTO
rymasiTapHoro yHiBepcuretry. Oneca, 2025. 166 c.

Hucnumnina «CxeMOTexXHiKa Ta MPUCTPOI Ha MIKPOKOHTposiepax» (opmye y 3100yBadiB
0a30Bi 3HAHHS PO CXEMOTEXHIKY BY3JIiB Ta HPUCTPOIB 3aCTOCYHKIB Ha MIKPOKOHTpPOJIEPAX.
CchopmoBani 3HaHHA Ta YMIHHS JalOTh 3MOTY Kpamle pO3yMITH amapatHy OCHOBY
iH(OKOMYHIKAIIfHOTO OONaJHaHHS, a TakKoX 3a0e3NeuyyloTh TOTOBHICTh /O MPOEKTYBAHHS,
TEXHIYHOTO CYNPOBOIY i MOJEpHi3allii eJIeKTPOHHUX BY3JiB, MOAYIIB 1 MPUCTPOIB 1HHOBAIIHHUX
3aCTOCYHKIB, L0 BUKOPHCTOBYIOTh 1H(OKOMYHIKalliiiHI TEXHOJOTii, 30KkpemMa cucteM I[HTepHeTy
peueit, SMART-pimens Ta poO0TH30BaHOTO 008 IHAHHS



3MICT

TEMA 1. OCHOBU EJIEKTPOHIKI .......cciiiiiiiiiieiiiiesieeieee et 4
OCHOBH apXiTEKTypH KOMIT FOTEPIB Ta HUPPOBOT TEXHIKH ....vverveerririeeiieerinieesieessessnesseesseassesneesnens 4
dopmaTy MOAAHHS JAHUX Ta YACIOBI CUCTEMH B IIAPPOBUX CHCTEMAX ...envverreeveernreesieeaseeesineanes 6
Jloriuni onepairii Ta OysieBa are0pa B MAPPOBHX CHCTEMAX ..vvvevrrrriureesssressssressssnessssessssseessseeesnns 9

TEMA 2. EJEMEHTHA FA3A IHOOKOMYHIKAIIIMHOI'O OBJIAJJTHAHHS ...............o...... 12
[udposa cxeMOTEeXHIKA: IPUHLIUIHU, €TIEMEHTH T CHHTE3 CXEM.....vrererrrreerieesreesseesneesnnesneessneas 12
Tumnogi By3n# Ta GyHKIIOHATBHI OJTOKU IHPPOBHX CHCTEM. .....eiveerriisriieeresiresieessesnesseesnesnenness 13
AnapaTHi KOMIOHEHTH Ta IHTEPHEHCH HUDPOBUX CHCTEM .....vvvviveenrianririeesieesresieesseesnesiee e enne s 15
CTPYKTYpa MEPCOHATTBHOTO KOMIT FOTEPA .. vveuvesresseesuesseessesssesseesseessesssessesssessnssseessesssessesssesssessens 18
Amnapatna apxitektypa [1IK Ta 11 posib y po3po0Ii II3 .....ccviiiiiiiiiieee e 21
AmnapaTHi 32001 JTFOTTHO-MAIITUHHOTO THTEPPEHICY ..vevvivieriieiiisiiestieiesee sttt 23
AmnapaTHi iHTep()EHCH TEPCOHATTBHIX KOMIT FOTEPIB ..vvvveveerreasresieesseasresieesseessesseesseasnesseesneenesnes 26

TEMA 3. CXEMOTEXHIKA 3ACTOCYHKIB HA MIKPOKOHTPOJIEPAX ........ccovvvviiiiininns 30
Opranizalis Ta yIpaBiIiHHS JaHUMHU Y JIOKATBHUX 1 TTIO0ATBHUX MEPEIKAX +.nvveerreerirearreesineeeens 30
Cyu4acHi TeHeH1I1{ PO3BUTKY KOMIT IOTEPHOI TEXHIKH T4 CEPBEPHUX CHCTEM ...cvvvererearreerineaneesnss 32
KoMmm'roTepHi 3aC00M IS [HTEPHETY PEUCH ....c.vvivviiieiiiiiiiieesie ettt 36

TEMA 4. TIPOTPAMYBAHHS MIKPOKOHTPOUJIEPIB..........cooiiiiiiiiieiieee e 38
A o0 0]y o T0 ) (o) ST TP PP PR PPN 38
ITporpama «BITAI0, CBITE! ....ciiiiiiiiiiiiiiiiii it 52
TTIATIPOTPAME TA BATPHMEH . .....vveuviieriitietissrestee st asse st e asessbesse bt s b e b s sn e b e e b e e et e e b e e e seeenbe e e 72

TEMA 5. KEPYBAHHSI ATTAPATHUMU BY3JIAMHU EJIEKTPOHHOI TEXHIKMH .................. 87
KEPYBAHHS HACOM ...ttt ettt s e et e nn et e n e e nnn e e neennne s 87
BN 200 (S0 B keI (5] 157 o) 021 0 TR 108
VMOBHT OTT@PALIIT. ettt et ettt et e sttt ettt et e she e et e e s e et e e e he e e bt e ehe e e bt e ebe e e bt e nmn e e beeaneeeneennneenns 126
IIporpaMyBaHHS IPUCTPOIB [HTEPHETY PEUCH .....eevivviiiiiiiie i 144

PEKOMEHIOBAHA JIITEPATYPA ..ottt 165



TEMA 1. OCHOBH EJIEKTPOHIKHA

OcHOBH apXiTeKTypH KOMII'IOTepiB Ta HM(PPOBOI TeXHIKH

KoM’ roTepHa cXeMOTEXHIKa Ta apXiTeKTypa KOMIT FOTEPiB (OPMYIOTh 0a30BUM TEXHIUYHUN
(GbyHIaMEHT MiATOTOBKM 1HXXEHEpa MPOrPaMHOr0 3a0e3MeUeHHs, OCKIJIBKH CaMe BOHH OIHUCYIOTh
peanbHi MexaHi3MH, 3a JIOTIOMOTOI0 SIKMX OYyAb-SKHI MPOrpaMHHA KOJ] TIEPETBOPIOETHCS Ha (i3u4HI
orepauii B o0uncmoBanbHiil cuctemi. Po3yMiHHS npuHIMIIIB (QYHKIIOHYBaHHS IU(PPOBOI TEXHIKH
Jla€ 3MOTY YCBIIOMIIIOBATH, SIK JIOT1YHI €leMEeHTH, KOMOiHaMiiHI i MOCHIIOBHI CXeMHU Peati3yloTh
apudMETHYHI, JIOTIYHI Ta KEpPyBaJIbHI CTPYKTYpPH, SKIi B TpPOrpaMyBaHHI IOJAIOTHCA Yepe3
orneparopy, GyHKIII, TUIM JaHUX 1 CTPYKTYpH yNpaBiliHHA. [HkeHep, KUl BOJIO/Ii€ 3HAHHAMU IIPO
crocoOu mogaHHsA iHGopMarllii B KOMIT IOTEpi, 30KpeMa JBIMKOBI koau, (opmaTH ducen i3
(IKCOBaHOIO Ta IUIABAlOYOI0 KOMOKO, CXEMHM KOJYBaHHS CHMBOJIB 1 JIaHUX, MOK€ TOYHIIIE
MIPOTHO3YBAaTH TOBEIIHKY MpOrpam IMpu poOOTi 3 PI3HUMHU THIIAMH JAaHUX, YHUKATH TOMHIIOK
MIEPENOBHEHHS Ta BTPATH TOYHOCTi, KOPEKTHO MPOEKTYBATH OOYMCIIIOBAJIBbHI QJITOPUTMHU 1 MOJIEINI
00pOoOKH TaHWUX.

['muboke po3yMiHHS apXITEKTYpH MIKPOIIPOLECOPIB Ta MIKPOKOHTPOJIEPIB JI03BOJISIE
aHaJIi3yBaTH, K IporpaMa B3aeMojli€ 3 0araTOpiBHEBOK CHUCTEMOIO IaM’ATi, K MPAlOI0Th Kelll-
MeXaHi3MH, KOHBEEPHU3allisd, TPOTHO3yBAHHS MEPEXO/iB, IEPEPUBAHHS Ta CUCTEMHI BUKIIUKY, 1 K 11
IpOLECH BIJIMBAIOTh HA 3arajbHy HPOAYKTHBHICTH IPOrpaMHOrO 3abe3MeyeHHs. 3HaHHS
MPUHIIMIIB Opranizaiii 30epiraHHs JaHUX 1 THUIIB HaM’sTi JONOMAara€e iHXeHepy ONTHUMAalIbHO
CTPYKTYpPYBaTH JOCTYI A0 PECYPCIB, 3MEHIITYBATH 3aTPUMKH Ta YHUKATH KOHQIIIKTIB Ipu poOOTi 3
OTIEPAaTUBHOIO TaM’SATTIO, nepudepicto ado 30BHIMIHIMU HOCIAMHU. ApXiTeKTypa iHTepdeiiciB, K
muppoBUX, TaK 1 aHAIOTOBUX, (OpPMye pPO3yMiHHA TOTO, SK MpOrpaMHe 3a0e3Ne4YeHHS MOXKe
B3a€EMOJISATH 13 30BHIIIHIMU MPUCTPOSIMHM, SKI BUMOTH HaKJIalalOTbcsd Ha (QopMaTH CUTHAIIB,
MIPOIYCKHY 3/1aTHICTh, YaCOB1 XapaKTEPUCTUKH Ta IPOTOKOIN OOMIHY.

Y KOHTEKCTI BHCOKOPIBHEBOTO IPOTpPaMyBaHHS IHXEHEp, SAKUH po3ymie amapaTHi
OOMEXeHHsI 1 cxeMy MOOYJOBM KOMIT'IOTEPHUX CHCTEM, 3IAaTHUI TNPOEKTYBATH AITOPUTMHU 3
ypaxyBaHHSM peajlbHOI BapTOCTI oOMepaliid, MPaBUIbHO OIHIOBATH CKJAJHICTh OOYMCIIEHb,
PO3YMITH TpPHUPOJY 3aTPUMOK Yy CHCTEMaxX BBEJCHHS-BUBEJCHHS Ta IPOTHO3YBaTH MOBEIIHKY
rporpam y napajieJbHUX 1 PO3IMOAUICHUX CepeoBUIaX. Y MPUKIAJIHUX 1 CHCTEMHHUX Tally3sX TaKi
3HAaHHS € KPUTUYHUMHU il e(eKTUBHOI poOOTH 3 JpaliBepaMu, OINEpaliiHUMH CHCTEMaMH,
3acobamy  BOYIOBaHOTO TIPOTPAMYBAHHS, MEpPEKEBUMH TPOTOKOJIIAaMH Ta iHTepdeiicamu
MIKpOKOHTpOJIepiB. TakuM YMHOM, KOMII'IOTEpHAa CXEMOTEXHIKa Ta apXIiTeKTypa KOMII I0TepiB
3a0e3neuyroTh 1HKeHepa He0OX1IHUM TEXHIYHUM KOHTEKCTOM, 0€3 SKOr0 HEMOXKIIMBO CTBOPIOBATU
nporpamMHe 3a0e3NeueHHs, 110 BiAMOBIIa€ CydacCHUM BHMOTaM JI0 MPOJYKTUBHOCTI, HAIITHOCTI Ta
1HTerpalii 3 anapaTHUMU 1IaTGopMamu.

Ictopiss po3BUTKY 1H(POBOI OOYHMCIIOBANBHOI TEXHIKM pO3BHBAJIACS BIJ MEPIIMX
€JIEKTPOMEXaHIYHUX 1 JIAMIOBUX CHUCTEM JO Cy4YaCHHUX BHCOKOMPOAYKTUBHUX MIKPOIPOLECOPIB 1
BOymoBaHUX TIaTGOPM, TPH [BOMY KIFOYOBHM TPEHIOM CTaja IMOCTYNOBa 3aMiHa aHAJIIOTOBHX
MeTOJIIB 00poOku curHaniB Ha nudposi. Ilepmri oOuyuciIIOBaNbHI MAallMHU BHUKOPHCTOBYBAIH
peneitHi Ta JIaMIIOBI  €JIEMEHTH, TPAIOBaId 3 HU3BKOI IMIBWAKICTIO, MaJlH 3HAYHY
EHEproCHOKUBAHHA Ta OYIM OpICHTOBaHi Ha BHKOHAHHA OOMeXeHOro Habopy omepamiif. Ixms
(GYHKIIOHANBHICTh BHU3HAYaJach PiBHEM PO3BUTKY CXEMOTEXHIKM Ta MOXIUBOCTSAMH IOOYIOBU
HaJIHUX JOriuHUX By3diB. Ilepexin MO TPaH3UCTOPHOI Ta IHTErpaJbHOI TEXHOJIOTIi CHpHUSB
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MIIBUIIICHHIO MIBHUAKOIi, 3MEHIIIEHHIO PO3MIpPIB €JIEMEHTHOI 0a3u Ta (OPMYBaHHIO apXiTEKTYpH,
IO CTaja OCHOBOK cy4yacHUX LHppoBux cucrem. [lomanpina eBomolis NpuBesia A0 IOSBU
MIKpOITPOIIECOPIB, SKI IHTETpyBAIM HA OJHOMY KPHUCTaJli OOUMCITIOBANIBHI sipa, MOIYMI Mam’sTi,
iHTepdeiicu Ta JOriKy KepyBaHHS, J03BOJISIOYM CTBOPIOBATH KOMIAKTHI, €HEProeeKTHBHI I
yHiBepcalibHi  oOumcmioBanbHI  mpucTtpoi. lLle 3abe3meumsio  (opMyBaHHS — IMEPCOHATBHUX
KOMIT F0T€piB, MOOUTPHUX CHUCTEM, BUCOKOIIBHJIKICHUX CEpBEpIB Ta CHELiai30BaHUX BOYHIOBAHHX
pIlIEHB.

AHasoroBa TeXHIKa IPYHTYETbCS Ha Oe3nepepBHUX (i3WYHUX Tpolecax, ne iHdopmarlis
MOJIA€ThCS y BUIVIAJI HENEPEPBHUX 3MIH IapaMeTpiB CUTHALY, TAaKUX SIK Hampyra uu cTpyM. Taki
CHUCTEMH YYTJIHBI JO IIyMiB, MalTh OOMEXKEHY TOYHICTH 1 TMOTPEOYIOTh CKJIQJHMX METO/IIB
crabinizamnii, mpoTe BOHU A0OpE MIXOAATH Ui 0OpOOKM peanbHUX (PI3UYHUX BEITUYUH y PEKUMI
peanbHoro yacy. LludpoBa TexHika omepye AMCKPETHUMHU JIOTIYHUMH PIBHAMH, IIO JO03BOJISIE
OJTHO3HAYHO KOJIyBaTH 1H(OPMAaLit0, BUKOPUCTOBYBATH (hOpMasIbHI METOJIM aHaNi3y, 3a0e31meuyBaTi
BHCOKY CTIHKICTB /10 3aBaJ 1 MacITabOBaHICTh apxiTeKTypu. LIudpoBi cxemu cTamu 1OMiHYIOUUMHA
3aBJIIKM MOJJIMBOCTI IHTETPYBaTH MUIbSIpAM TPAH3UCTOPIB HA OJHOMY KpHUCTaJli, 3aCTOCOBYBATHU
ONTHUMI3alil HAa PIBHI AJITOPUTMIB, MIKPOApXITEKTypu Ta iHTep(eiciB, a TakoXK 3abe3nedyBaTh
yHi]iKallilo MpoIeciB MPOEKTyBaHHA. B3aemofis aHanoroBoi Ta IUGPOBOI TEXHIKH ChOTOIHI
peanizyeTbcsi dYepe3 3MilllaHi CUCTEMH, Y SKHX aHaioro-uuppoBi Ta uudpo-aHaIorosi
MEPEeTBOPIOBAYl BHKOHYIOTH PpOJIb MOCTY MDK (I3MYHUMHU CUTHaJaMu Ta IUGPOBUMU
o0UHCITIOBAILHUMH spaMu. Lle 103Bosisie CTBOPIOBATH yHIBEpCalbHI MIATPOPMH, SIKI TOEAHYIOTH
BHCOKY TOYHICTh MHU(PPOBOI 0OPOOKH 3 MONKIIHMBICTIO OE3MOCEPEIHBOI B3a€EMOJII 3 HABKOJMIITHIM
CepeIOBUILIEM.

@i3uuHi OCHOBH pPOOOTH UU(GPOBUX MPHUCTPOIB TIPYHTYIOTBCA HAa BIACTUBOCTAX
HaMIBIOPOBIIHUKOBUX MaTepialiB, Yy SKHMX KepyBaHHS IIOTOKAaMM HOCIIB 3apsiy Jae 3MOry
pealizyBaTy JIOTi4HI omeparii Ta 30epirants iHdopMarlii. ba3oBuM ereMeHTOM € TpaH3UCTOP, IO
MpaLoe SIK €NEKTPOHHMN KIH0Y 1 3a0e3rneuye mepexill MK JBOMa CTaOUIbHUMHM CTaHaMH, SKi
IHTepHPETYIOThCS K JIOT4YHI piBHI «0» 1 «1». Ctanu GopmMyeTbes 32 paxyHOK 3MiHH MPOBIJHOCTI
HaMIBIPOBIIHUKOBOIO MEPEXOAy MijJ BIUIMBOM MPHUKIAJIEHOI HAPYTH, 110 JTO3BOJISIE CTBOPIOBATU
KOMOIHAII1iTH1 Ta MOCIIA0BHI CXEMH, SIKI BUKOHYIOTh OO4MCIIEHHS Ta KepyBaHHs. Pobora nunudposux
MIPUCTPOIB TAKOX CIHMPAETHCSI HA €JIEKTPO(I3UYHI MPOIECH MNEepPEeMUKaHHs, 1€ 4ac 3aTPUMKH,
€MHICTb 3’€HaHb 1 BHYTpIIIHI [apa3WTHI [apamMeTpud BHU3HAYaIOTh IMIBUJIKOAIIO Ta
€HEeProCl0oKUBaHHS JIOTIYHUX €JIEMEHTIB.

CrabinpHICTh JIOTIYHMX pIBHIB 3a0e3NedyeTbcs JOMYCTMMHUMH BIKHAMM HANpyr, IO
JI03BOJISIE KOMITEHCYBAaTH BIUIMB INYMIB 1 3O0BHILIHIX 3aBajl, 3aBIJKA 4YOMYy IU(POBI CXeMHU
30epiratoTb KOPEKTHICTh POOOTH HAaBiTh Y CKJIaJHUX yMOBaxX. TakToBa CHHXPOHI3allis KOOPAUHYE
poOOTy MOCHIIOBHUX BY3JiB, (POPMYIOUM 4YacOBY CTPYKTYpy OOpOOKM JaHUX Ta 3abe3mneuyrouu
Y3roJUKEHICTh MDK eranamMu oOuucieHb. [lam’sath mu@poBuX NpUCTPOIB, SK JUHAMIYHA, TaK 1
CTaTUYHA, PEATI3yEThCS HA OCHOBI TPAH3UCTOPHHUX KOMIPOK, 37JaTHUX YTPUMYBATH 3aps ad0 CTaH
TPaH3UCTOPIB, WLIO0 BH3HAuae 30epiraHHg OITiB 1HQOpMAIil y BHU3HAYEHHH NPOMDKOK Hacy.
CykynHICTh IIUX (I3UYHHX MPOLIECIB 3a0e3neuye HaAiiHICTh, BIATBOPIOBAHICTh 1 MacIITaOOBaHICTh
U(GPOBUX CUCTEM, IO € (PYHIAMEHTOM JUI CY4YaCHUX OOUMCIIIOBATIBHUX IIaT(HOopM.

Enementna ©6a3a 1M(pOBOi TEXHIKM OXOIUIIOE CYKYIHICTh  HamiBIIPOBITHUKOBHUX
KOMIIOHEHTIB, Ha OCHOBI SIKMX peaJli3yIOThCs JIOTI4HI omeparii, 30epiraHHs JaHUX Ta KepyBaHHS
CUTHAJIaMH B OOYHCITIOBANIBHUX cucTeMaX. OCHOBOIO CydacHHUX IU(PPOBUX MPUCTPOIB € IHTETpasbH1
MIKPOCXEMH, TMOOyIOBaHI Ha TPAH3UCTOPHUX CTPYKTypax, IO JO3BOJSIOTh (OPMYBaTH
KOMOIHAI[II{HI Ta MOCIIJOBHI JOTI4YHI BY3JIM pPi3HOI CKJIaaHOCTI. PO3BUTOK eneMeHTHOI 0a3u
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MPOMIIIOB MIJISAX BiJl TUCKPETHUX TPAH3UCTOPIB 1 JIOTIYHUX MOIYJIB HU3BKOTO CTYIEHS 1HTErparii
1o BucokoaeHcuTHUX BIC 1 HagBenukux IC, ski 37aTHI MICTUTH MUTBSIPJIA TPAH3UCTOPIB HA OJTHOMY
Kpuctaigi. B ocHOBy ix poOOTHM TMOKIAaJeHO KepyBaHHS MPOBIIHICTIO HAMIBIPOBITHUKOBUX
CTPYKTYp, 110 3a0e3mnedye MmBUIKE i HaliiHE IEPEMUKAHHS MIX JIOTIYHUMHU CTAaHAMHU.

Tunu 7noriku KiIacuikyloThCsl 3a EIEKTPUYHUMH XapaKTepUCTUKaMU M IapaMeTpaMu
KOMIIOHEHTIB, AKi GopMyroTh Joriuni QyHkuii. Halinmomupenimummu € norika TTL, mo 6a3zyerscs
Ha OIMOJSIpHUX  TpaH3UCTOpax 1 3abe3medye BHCOKY IIBHUIKOIIIO TPH  IOMIpHOMY
eHeprocrnokuBanHi, Ta Jjorika CMOS, ska BHKOPUCTOBYE KomruieMeHTapHi napu MOH-
TPAH3UCTOPIB 1 XapaKTePU3Ye€TbCS MIHIMAIBHUMU CTAaTUYHUMH BTpaTaMHU €Heprii Ta BHCOKOIO
IITBHICTIO 1HTETpalii. ICHyIOTh TakoX criemiaiizoBaHi TUIHK JIOTiKH, Taki sk ECL i3 HagBHCOKOIO
MIBUJIKICTIO TIEPEeMUKAHHs, aje MiJBULICHHM eHeprocrnokuBaHusM, abo BiCMOS, mio moennye
MIBUJIKOAII0 OIMOJSIPHUX TPAaH3UCTOPIB 13 HU3bKUM crnoxuBaHHAM CMOS. Koxen Tun Joriku
BH3HAYa€ OMYCTUMI PiBHI CUTHANIB, HABAHTAKyBaJIbHY 3/1aTHICTh, YaCOBI MApaMeTPU Ta CTIHKICTh
0 3aBaj, IO BIUIMBa€ Ha 3arajibHi XapakTepucTUku udpoBux cxem. DopMyBaHHS
OOYHCITIOBAILHUX CHUCTEM Ha OCHOBI pI3HUX JIOTIYHUX CTaHAApPTIB Ja€ 3MOry JOCSraTh
ONTUMAJBHOTO OajaHcy MK HIBHUAKOJIEIO, E€HEPreTHYHOI e()EeKTHBHICTIO Ta TEXHOJOTTYHOIO
CKJIQJIHICTIO, IIO € KITIOYOBUM (haKTOPOM Y IPOEKTYBAHHI CYy4acHOT IIU(PPOBOT TEXHIKH.

(I)OpMaTI/I NoJaHHA JAHUX Ta YHCJI0Bi CHCTEMH B IIH(l)pOBHX CHUCTEMAX

®opmatu nonaHHs iH(opmanii B mUPPOBUX CHCTEMax BHU3HAUYAIOTh CIOCIO KOAYBaHHS
JTaHUX JUIa 30epiranHs, oOpoOKM Ta mepeaadi MK amapaTHUMH KOMIIOHEHTaMu. HaimeHIioro
ONMHUIICIO 1H(OpMaIli € OiT, sKuii MOXe HaO0yBaTW OJHOTO 3 JIBOX JIOTIYHUX CTaHIB, IO
TpamuliifHO mo3Ha4yaroTh K «0» abo «l». I'pymyBanns OiTiB y cTaHmapTHi OJIOKH I0O3BOJISIE
eeKTHBHIIIE OPTaHi30BYyBATH IaM’SITh 1 IIMHA OOMiHY; OCHOBHOIO OJJMHHIICIO TAKOTO I'PYITyBaHHS
€ OalT, 110 CKJIAJaeThcs 3a3BUYail 3 BOCbMHU OITIB 1 ciyrye 6a3oBoro Miporo 00’emy iHpopmarii y
OUIBIIOCTI KOMIT FOTEPHUX CUCTEM. baliTh BUKOPHCTOBYIOTHCS /1J1s1 KOAYBAaHHS OKPEMHX CUMBOJIIB Y
TEKCTi, MpeJCTaBICHHs YHCIOBHX 3HAuYeHb Ta ajpecallii mamM’sTi, M0 J03BOJIsE YHI(iKyBaTH
CIOCOOM JIOCTYIY 10 JJAHUX Ha PI3HUX PIBHAX CUCTEMHU.

MamHHe coBo sBJsie 0000 0JI0K OITiB, SIKUIT 00pPOOIIAETHCS LEHTPAIBHUM MPOLIECOPOM
SK €IMHa OJMHHUIIS, BU3HAYAIOUH PO3PAIHICTh OOUUCIIOBATBHOT CUCTEMH 1 IIMPUHY PETICTPIB, IMIUH
TaHuX Ta ajapec. Po3Mip MammHHOTO ciioBa 0€3MOCEpeIHbO BIUIMBAE HA OOCIT OOYMCITIOBAHUX
qycelsl, TOYHICTh apU(PMETHUUHUX OIepaliid, MakCUMalbHY aJpecHy Ham’sThb Ta €(EeKTHBHICTb
pobotu mporecopa 3 gaHuMu. OpraHizailisi JaHUX Yy CJIOBaX JO03BOJISIE MPOILIECOPY BUKOHYBATH
omepanii Haa MOUIMMH OjJoKaMu OITIB OJIHOYACHO, OMTHUMI3YIOUM OOYMCIIOBAIBHI IUKINA Ta
3a0e3Meuyroun CyMICHICTh MK pI3HUMH anapaTHUMHU MoJylsiMU. B3aemonis mix Oitamu, OaiitamMu
Ta MAallUHHUMU CJIOBaMHU (POpPMYye OCHOBY JJIsl MOJAIBLIONO MPEACTABICHHS CKJIAIHIMINX THUIIIB
JaHWUX, TaKUX SK LIl YMCla, YUCia 3 IUIaBAal0YOI0 KOMOIO, CUMBOJIBHI Ta JIOTIYHI MacWBH, IO
703BoJIsie  3a0e3nednTH  yHI(IKOBaHY 1 CTPYKTypoBaHy oOpoOky iHdopMmanii B 1uppOBUX
O00YHCITIOBAJIbHUX CHCTEMAX.

Cucremu dncCiIeHHS € (OPMATBHOI METOAMKOIO TPEJICTABICHHS YHUCIOBHX 3HAYCHb Y
BHTJISIZII TTOCTIZOBHOCTI CUMBOJIIB MEBHOTO ajidapiTy, /e MO3UIIHHE 3HAYCHHS CUMBOJIY BU3HAYAE
MOro BHECOK Yy 3arajibHy BeIMUMHY 4ncia. Y MU(GPOBUX CHCTEMaX HAWMOMIMUPEHIIIUMH € JIBIMKOBA,
BICIMKOBA, JIECATKOBA Ta LIICTHAALUATKOBA CUCTEMH YHCIICHHS, IPUYOMY JBIHKOBa CHUCTEMA JIC)KUTh
B OCHOBI poOOTH KOMII'IOT€pa, OCKUIBKH ii JiBa CTAaHU BIANOBIAAIOTH JOTTYHUM PiBHAM «0» 1 «1»,
K1 MOXKYTh peaji3oByBaTHCs (Di3MUHO Yepe3 MPOBiIHICTh HAaNiBOPOBiAHUKIB. [lepeBenenns uncen
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MDK CHUCTEMaMH YMCJICHHS BHUKOHYETbCA 3a JOMOMOIOI apU(PMETHUHUX HpOLEeaAyp, 30Kpema
IUIEHHS Ta MHOXEHHS 3 YpaxyBaHHSAM OCHOBU CHCTEMH, ab0 3a JIOMOMOIOK TaOJIMYHOIO
CHMIBCTaBJICHHA pPO3pAAIB, L0 3a0e3medye KOPEKTHE BiOOPaKCHHS YHCIOBHX 3HA4YE€Hb NpU
B3a€MO/IIi IPOTPAMHOTO 3a0€3MeYeHHs 3 anapaTHUMH KOMIOHEHTAMHU Ta MPH TPAHCIAMIl JaHUX
MK PI3HUMH ITPOrPAMHUMHU MOJYJISIMH.

il yucna B nudpoBUX CHCTEMaX TPATUIIAHO MOJAIOTHCSA Y JIBIMKOBOMY KOMi, IPUUOMY
JUIS  3pY4YHOCTI OOYMCIEHb 3 BIJ €MHHMH YHCIaMU 3aCTOCOBYEThCSA JIOJATKOBHHA Koia. VY
JI0OJIATKOBOMY KOJI1 BiJI’€MHI 4nciia GOPMYIOThCS IUIIXOM 1HBEPCii BCiX OITiB MO3UTHUBHOTO YKCia 3
MOAAIBIIIUM JO0JIaBaHHIM OJMHHUII, 10 J03BOJISIE YHI(DIKYBATH ONEparlii 101aBaHHs Ta BiTHIMAHHS,
CIIPOCTUTH JIOTIKY apru(METUYHUX MPHUCTPOIB 1 3a0€3MeUUTH KOPEKTHY 00pOOKY mepernoBHEeHb. Jliis
IpoOOBUX YHCENl BUKOPUCTOBYETHCS MOJAHHS y GopmaTi 3 PikcoBaHOW ab0 IUTABAIOYOI0 KOMOIO.
®opmar 3 (HiKCOBaHOIO KOMOIO BH3HAUA€ PO3TAIIyBaHHS JIPOOOBOI Ta IIJIOI YACTHHH B 3adaHiil
KUTbKOCTI OiTiB, TOMi sIK (hopMar 3 TuiaBarouor koMoro peanizye cranmapt IEEE i mo3Boisie
MPEJCTaBUTH HIMPOKHMU [iama3oH 4YHCed 3a JOMOMOTOI0 MAaHTHCH Ta MOPSAKY, 3a0e3neuyrouu
OaJlaHC MK TOYHICTIO 1 MacmTaboM oOumcieHb. OOuaBa MiAX0AU JO MOJAaHHS APOOOBUX YUCEN €
KPUTUYHUMHU JUIsI KOPEKTHOI POOOTH apu(PMETHYHUX MOIYIIB, AITOPUTMIB OOpOOKH CHUTHAIIB,
HAayKOBHX PO3paxyHKIB 1 OOpOOKM [JaHUX 13 3MIHHOIO TOYHICTIO B Cy4YacHMX UU(POBHUX
O0YHCITIOBAIbHUX CHCTEMAaX.

KonyBanus cumBonbHOI iH(opmarii B mudpoBux cucreMax 3ale3reuye MepeTBOPEHHS
TEKCTOBHX JIaHUX Y TOCHIJOBHOCTI OITiB AJisi 30epiranHs, oOpoOKu Ta mepeaadi MixK anapaTHUMU
KOMIIOHEHTaMHU Ta MPOrpaMHUMHU MoAyisiMud. OnHuM 13 HadmommpeHimmx cranaaptiB € ASCII,
KU BUKOPUCTOBYE 7 ab0o 8 OiTiB HA CHMBOJI 1 JTO3BOJISiE KOJYBATH aHTIIHCHKI JIiTepH, UGPH,
cITy>k00Bi cUMBOJIM Ta 0a3oBuil HaOip 3HakiB myHKTyamii. ASCII 3a6e3neuye mpocTy i KOMIIAKTHY
pENpe3eHTallil0 TEKCTy, aje OOMEKEHUH MOMIMBICTIO TMOJAHHS JHUIIe OOMEXEHOro Habopy
CHUMBOIIIB, 110 YCKIAJHIOE POOOTY 3 MIKHAPOJHUMHU MOBaMHU. {7l pO3MIMPEHHS MOMXJIMBOCTEH
KOAyBaHHs 3acTocoBYyeThesi cTaHAapT Unicode, sikuit 103BoJIsiE€ BiIOOpa)kaT CUMBOJIHU NMPAKTHYHO
BCIX MOB CBITY, @ TaKOX CIleliaJibHi rpadiuHi Ta KOHTPOJIBbHI cuMBoiH. Unicode peani3yeTbes yepes
pisHi cxemu komyBaHHs, 30kpema UTF-8, UTF-16 ta UTF-32, ne UTF-8 3abe3neuye 3MiHHY
JOBXHUHY OaifTiB Ha cuMBOJ, 30epiraroun cymicHicth 13 ASCIL, a UTF-16 i1 UTF-32
BUKOPHUCTOBYIOTh (pikcoBaHy ab0 HamiB(QiKCOBaHY JIOBXHHY JUIsl YHI1(DIKOBAHOTO MpEICTABICHHS
CHUMBOIJIIB.

Apudmernuni onepanii y JABIMKOBIH cHUCTeMI IPYHTYIOTbCS Ha TIpaBWJIaX BUKOHAHHS
JI0JlaBaHHs, BIJIHIMAHHS, MHOXKEHHsI Ta JIUIGHHS 3 BUKOPHCTAaHHAM JBilKoBUX IMpp. [lonaBaHHs
peaizyeThes uepes MociiioBHE CyMyBaHHs OiTiB 13 BpaxyBaHHSIM MEPEHOCY, 110 (POpMy€e OCHOBHUMI
JITOPUTM POOOTH apU(PMETHKO-IOTIYHUX MPHUCTPOIB. BigHiMaHHS 3a3BHMYail BUKOHYETHCS 4epes3
J0JJaBaHHS YKclia B JOJATKOBOMY KOJI, IO JI03BOJISIE BUKOPHUCTOBYBATH YHI(IKOBaHYy anapaTHy
JIOTIKY 1 CIIPOIITY€E cXeMy OOpOOKH HEraTUBHUX 3Ha4Y€Hb. MHOXKEHHS 31MCHIOETHCS SIK TTOCITIIOBHE
J0JlaBaHHS 3CyBIB a00 dyepe3 crieliaiai3oBaHl KOMIPKH, a JAUICHHS peali3yeThCsl aJfOPUTMIYHO
IUISXOM TOCTIOBHOTO BIJIHIMAHHSA Ta 3CYBY pe3y/ibTaTiB. BUKOpHCTaHHS [BIMKOBOi CHCTEMHU
3a0e3medye OJHO3HAYHE BIMOOpaXEHHsI OMepalii y JOTIYHHUX CXEeMax TMpoIecopa, JT03BOJISE
JOCSATaTH BUCOKOI IIBUJAKOIII Ta TOYHOCTI OOYHMCIEHb 1 (hOpMye OCHOBY JUIs peaiizamii BCiX
apu(METHYHUX Ta JOTTUYHUX QYHKLINH y HUPPOBUX O0UHUCITIOBAIILHUX CHCTEMaX.

AHaii3 mepenoBHEHHS B LU(QPOBUX CHCTEMAaX € KPUTUYHUM €TalloM IpU BUKOHAHHI
apu(pMETHYHUX Omeparliil, OCKUIbKH 0OMeXeHa pO3PSIHICTh MAIIMHHOTO CJI0BAa MOXKE MPU3BOAUTH
0 BTpaTH 3HadyymMx OITIB 1 (OpMyBaHHS HEKOPEKTHOro pe3ynbrary. [lepenoBHeHHS
B1/I0OYBAa€ThCSA, KOJMM pe3yibTaT omepanii BUXOAUTh 3a MeXl JIOMYCTUMOro Jiana3oHy
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IIPEJCTABICHHS YHUCIa, 110 OCOOIMBO BaXIIUBO IS IUIOYUCENIBHUX OOYMCIEHb Y JOAATKOBOMY
KO/II, JIe 3HaK Yhcia 1 HOro BEJIMYMHA KOAYIOTHCS y (ikcoBaHOMY HabOpi OiTiB. AHaI3 BKIIIOYAE
BUSIBJICHHSI CUTYalliil IEPEIIOBHEHHS UIIXOM KOHTPOJIIO TIEPEHOCY crapiioro 0ita, 3HakoBoro 0ita
Ta MEPEBIPKU KOPEKTHOCTI OOYMCICHHS, IO J03BOJISIE PO3POONIATH HAAiHI adrOpUTMU OOPOOKH
JaHuX 1 3a0e3meduyBaTd CTAOUIBHICTH POOOTH MPOrpaMHOrO 3abe3nedeHHs Npu O0OMEKEHUX
armapaTHUX pecypcax.

HecranpapTHi cuctemMu 4uciieHHs Ta Oararo3HayHa JIOTIKa 3aCTOCOBYIOTbCA B
CHeIiagi30BaHUX OOYMCITIOBAIBHMX CHUCTEMax 1 MPUCTPOSX, JI€ JBIMKOBa JIOTiKa HE 3a0e3reuye
He0oOX11HOi e(eKTUBHOCTI a00 KOMMIAKTHOCTI. Jlo Takux HalexaTh TPIHKOBa, YETBEpPHYHA abO0
MO3MINIIHI CHCTEMH 3 OCHOBOIO, BIJIMIHHOKO BiJ JIBIIKOBOi, a Tako)k OaraTo3HayHa JIOTiKa, y SIKIH
CHUTHAJIM MOXYTh HaOyBaTH OiJbII HIDX JBOX IUCKpEeTHUX cTaHiB. Lli migxomw 103BOJISIOTH
3MEHIIUTH KUIBKICTb €JIEMEHTIB Yy CXeMi, MIABUIIUTH LIUIBHICTh 1HTErpamii i CKOPOTHTH
€HEePrOCI0KUBAHHS, MTPOTE MOTPEOYIOTH CHENiaTi30BaHUX CXEM YIPABIiHHS Ta MEPETBOPEHHS IS
CYMICHOCTI 3 TpaJAULIHHIMU TU(PPOBUMH CUCTEMAMH.

BukopuctanHs cucTeMHM 4YHCIEHHS Y HpOrpaMyBaHHI Ta KOMII'IOTEpPHIH TeXHILl €
(dbyHIaMeHTaIbHUM, OCKUIbKU (GopMye 0a3y [ TPEICTaBICHHS [aHUX, OpraHizaiii mam’sri,
aapecariii Ta oOuucieHb. JBilikoBa cUCTeMa 3aCTOCOBYETbCA Y BCIX JIOTIYHHUX 1 apU(pMETHUHUX
MOJYJISX Ipoliecopa, MIMHAX JaHUX 1 KOMYHIKAlIMHUX MPOTOKoIaxX. BiciMkoBa Ta HIiCTHAIIATKOBA
CHCTEMH YHCJIEHHS YacTO BUKOPHUCTOBYIOTBCSI MpOrpaMiCTaMH Ui KOMIIAKTHOIO TOJAaHHS
IBIMKOBMX 3HAa4YeHb, 3py4YHOI HOTAalii MAacoOK, pETicTpiB 1 agpec y BiaAmi Ta po3pooii
HU3bKOPIBHEBOTO KOJy. BHKOpHCTaHHS YMCIOBUX CHUCTEM 3a0e3redye KOPEKTHY IHTEepIpeTariiio
JaHUX MDK anaparyporo Ta MPOTpaMHUM 3a0e3MEeUeHHSM, J103BOJISE (OPMali30BAaHO ONHCYBATH
QITOPUTMH, OINTHUMI3YBaTH PECYpPCH OOYHCIIOBAIILHOT CHUCTEeMH 1 3a0e3ledye TOYHICTh Ta
e(pEeKTHBHICTb BHMKOHAHHsS MPOTrPaMHUX 3aBJaHb Yy CyYacCHUMX LHU(QPOBUX OOUUCIIIOBATIBHUX
cepe/1oBUILAX.

Po3psaHicTh mporecopa BU3HAYa€ MIMPUHY MAIIMHHOTO CJIOBA, PO3MIpP PETICTPiB, MIUPUHY
IIMH JIaHUX Ta aJpPECcHYy 3/aTHICTb CUCTEMH, 10 Oe3MocepeHbO BIUIMBAE Ha OOCAT aapecoBaHOl
nam’saTi. YuM Oulblia po3psaHICTh, TUM MIMPIIUHN J1alla30H YUCENl MOXKe O0poOJsATH Mpolecop i
TUM OLbIIE ajpec MOXe OyTH c(OpMOBAHO AJIs JOCTYMY JI0 ONEPATUBHOI MaM’sTi Ta IPUCTPOIB
BBE/ICHHS-BUBENIeHHs. Hanmpukian, 32-po3psaauii mporecop 3ade3nedye MOXIUBICTh aapecallii 10
4 riraGaiiT mam’saTi 0e3 AOJATKOBMX MEXaHI3MIB PO3LIMPEHHS, TOMAl K 64-po3psaHi apXiTeKTypH
JI03BOJISIFOTH a/IpeCyBaTH 3HAYHO OUIBINI OOCSTH Mam’sTi, 10 KPUTUYHO Ul CYy4aCHUX CEpBEpIB,
0a3 1aHuX 1 PecypcOMICTKUX OOuYHMCleHb. PO3psAAHICT BU3HAYA€E TAKOXK TOYHICTh apU(PMETUUYHHUX
orepalii, Jiarna3oH JOMYCTUMHUX 3Ha4eHb 1 00CAT OOUMCIIIOBAHUX JAHUX 3a OJIMH TakT Mpolecopa,
1110 BIUIMBAE HA MPOJYKTUBHICTh MPOTPAMHUX AJITOPUTMIB 1 ONITUMI3AL[il0 BUKOPUCTAHHS PECYPCIB.

AmapatHi OOMeXeHHST UHU(PPOBUX CHUCTEM, 30KpeMa 3aTPUMKHU JIOTIYHUX EJIEMEHTIB,
MPOIMYCKHA 3JaTHICTh IIMH, €MHOCTI PEriCTpiB, IIBUIKOAIS Tam’iTi Ta EHEeProCHOKWBaHHS
KOMITOHEHTIB, (OpMYIOTh Oe3locepe/iHi BUMOTH 0 MporpamMHoro 3abesmneueHHs. [HxkeHepy
HEOOXIZJHO BPaxOBYBAaTH IIi OOMEXEHHS NpHU po3poOlll alropuTMmiB, BHOOPI CTPYKTYp HaHHX,
onTHUMI3alil IUKIIB 00poOKK Ta ympaBiiHHI pecypcamu cuctemu. Hampuknaa, odmexxenuit o0csr
OIEepaTUBHOI MaM’sITI BUMarae eKOHOMHOTO BUKOpPHCTaHHS Oy(epiB 1 KelliB, 3aTPUMKHU B IIWHAX
JaHUX HAKJIAJal0Th BUMOTH JI0 TapajelbHOCTI Ta CHUHXpOHI3alii OOYHCIeHb, a EeHepPreTHuHi
oOMeKeHHsI MOOUTbHUX MIATPOPM JUKTYIOTh €(EKTUBHICTh IPOrPAMHUX IIHKIIIB Ta BUKOPHUCTAHHS
PEKUMIB 3HI)KEHOTO E€HEpProClOXHMBAaHHSA. Y KOMIUIEKCI PO3pSAIHICTh Ipollecopa Ta amapaTHi
OOMEKEHHS BH3HAUYAIOTh paMKH, Yy MeXax SKUX TMporpamMHe 3a0e3leueHHs ITOBHHHO
(G yHKI[IOHYBaTH, 3a0€3MeUyr0Yl KOPEKTHICTh, MPOAYKTUBHICTD 1 HAAIHHICTh HU(PPOBUX CHCTEM.



Jloriuni onepauii Ta 0yJjeBa ajnredopa B ungpoBHX CHCTEMAX

Jloriuni omepaii I, ABO, HE, XOR, NAND ta NOR € 6a3oBumu ¢yHKuissMu 1udpoBoi
Joriku 1 (OpMyIOTH OCHOBY MOOYZOBM KOMOIHAIIIfHMX Ta TOCHIJOBHUX CXeM Y IH(PPOBHUX
cucremax. Oneparist | (AND) peani3ye KOH IOHKIIiIO, TIPH SIKIH Pe3yJIbTaTOM € JIOTiYHA OJWHUII
JIUIIIE TOJIi, KOJIA BCI BXiJJHI CHTHAJIM MaloTh cTaH «1», iHakmie Buxin popiBHioe «0». Oneparis ABO
(OR) 3abe3meuye au3’IOHKIIIIO: BUXIJ TOPIBHIOE «1», SKIIO X04a 6 OJUH BXig Mae cTaH «1», 1 «0»,
KOJIM BCi BX0 U AopiBHIOWOTH HYIt0. Onepaitiss HE (NOT) € yHapHOI0 1 BUKOHYE 1HBEPCiIO BX1JTHOTO
curHaiy, rneperBoproroun «0» Ha «1» ta «1» Ha «0». XOR, a6o Bukimtoune ABO, dhopmye soriuny
OJIMHMIII0 HA BHUXO[l, SKIIO KUIBKICTh OJWHUYHUX BXIJHUX CHUTHAJIB HEMapHa, IO IIUPOKO
3aCTOCOBYETHCS Y CXEMax CyMaTopiB, MEPEBIPKH MAPHOCTI Ta KOAYBaHHI JaHHX.

NAND i NOR € yHiBepcanTbHUMU €IEMEHTaMHU, 1110 TIOEAHYIOTh 0a30Bi oreparlii 3 iHBEpPCIiEr0
Buxinnoro curHairy. NAND e inBepciero oneparii I, Bugaroun «0» numie Tomi, KOJIM BCl BXOAU
nopiBHIOIOTH «1», a NOR € inBepcieto onepartii ABO, ¢popmyroun «1» nuiie Tozi, KOJIu BCl BXOIU
piBHI Hym0. 3aBasku yHiBepcanbHOCTI NAND 1 NOR MoxiuBe nodyayBaHHs Oy/ib-IKUX JIOTTYHUX
GyHKIIH 3 iX BHUKOPUCTAaHHSM, IO CIpPOIIyE e€JIeMEeHTHYy 0a3y Ta iHTerpamiro cxem. Bci
nepepaxoBaHi omeparii peani3yloTbCsi amapaTHO 4Yepe3 TPAH3UCTOpPHI K04l abo JIOoTiyHi
MIKPOCXEMH, BU3HAYAIOUU CTPYKTYPY LM(PPOBHUX BY3IiB, IX IIBUAKOIII0, €HEPrOCIOKUBAHHS Ta
HaJIHICTh pOOOTH OOYUCIIOBAILHUX CHCTEM, 1 € (DYHIaMEHTOM JUIsl CHHTE3Y CKJIAJHUX JIOTIYHHX
CXEM Ta IPOTrpaMOBaHMX U(PPOBHUX MPHUCTPOIB.

MaremaTiuHi OCHOBH OyieBOoi anreOpu BH3HAUYAIOTh (POpManbHI MpaBUiIa ONEPYBAaHHS
JOTIYHUMH BEITMYMHAMHM, SKi HaOyBarOTh JHIIE JBOX 3HaueHb — «0» Ta «l», i 3a0e3meuyroTh
METOJIOJIOTIF0 aHaii3y Ta cuHTe3y nudpoBux cxeM. byneBa anreOpa Q03BOJISE€ TPEICTABISATH
noriydi GyHKHIT y BUMIsLAL Gopmyn, cxeM abo TabmuIp iCTUHHOCTI, 11O JAa€ 3MOry (opMaibHO
BHU3HA4YaTU B3a€MO3B 30K MK BXIJJHUMU CHUTHAJaMM Ta OYIKyBaHMMHU BHXoJamH. B nudposii
TeXHILl I MNPUHUUOM 3aCTOCOBYIOTbCA JUIs ONTHMi3alii JIOTIYHHMX BY3JiB, CTBOPEHHS
KOMOIHAIlIHUX CXeM, CyMaTopiB, MYJIbTUILIEKCOPIB, JAeMU(pPaTOpiB 1 PEricTpiB, a TaKOX s
3MEHILEHHS Yucia eJIEMEHTIB Yy CXeMi NpHU 30epexeHH] KOPEKTHOCTI BUKOHAHHS (QyHKLINA. byneBa
anrebpa € oOCHOBOW (hopmaiizaiii TpoIeciB MPOCKTYBaHHS arapaTHOTO 3a0e3MedyeHHs Ta
aBTOMAaTH3allli CHHTE3Y HU(PPOBUX MPUCTPOIB.

3akoHu OyneBoi anreOpu (opMyIOTh CHCTEMY MpaBUi JJIsl NEPETBOPEHHS Ta CHPOILEHHS
JoriuHux BHpa3ziB. Cepell OCHOBHUX 3aKOHIB BHIUISIOTH 3aKOHU 1JEHTUYHOCTI, HYJS Ta OJUHMIIL,
KOMYTaTHBHOCTI, acOL[IaTUBHOCTI Ta AMCTPUOYTUBHOCTI, SKI BU3HAYAIOTh MOPSJIOK 1 BIACTUBOCTI
BukoHaHHA onepailiil I, ABO ta HE. 3akoH nornuHaHHs 103BOJIsI€ CHPOILYBATH CKJIa/HI BUPA3H 3a
JIONIOMOTOI0 BHJIAJIEHHS ITOBTOPIOBAHUX TEPMIB, a 3aKOH MOJBINHOI 1HBEpCii rapaHTye NOBEPHEHHS
MOYaTKOBOTO 3HAYEHHS Iicis JABopazoBoro 3acrtocyBanHs omeparnii HE. 3axonu [le Moprana
MEePETBOPIOIOTh KOMOIHAIlT omepariii 3 1HBEpCi€0, IO OCOOJWBO BAXKIWBO TMPH peaizaiii
uudpoBUX cxeM Ha yHiBepcalbHUX JoriyHux enemeHTax NAND Ta NOR. BukopucranHs mux
3aKOHIB JIO3BOJISI€ 1HXKEHEpPY aHali3yBaTH (YHKI[IOHAJIbHI 3aJIe)KHOCTI, MIHIMI3yBaTH arapaTHy
peaitizaliito, MiJBUIIYBATH LIBUAKOMAII0 CXEM, 3MEHIIYBaTH €HEpProClOKUBAaHHS 1 3a0e3nevyyBaTu
Ha/1iiHYy poOOTY UPPOBUX NPUCTPOIB Y pealbHUX yMOBaX.

[TepeTBOpeHHS JOTTYHUX BUPa3iB € KJIOYOBUM €TAllOM aHAJIi3y Ta CUHTE3y IU(POBUX CXeM,
IO JO3BOJIIE€ CHpOINYBaTh (yHKII, ONTHUMI3yBaTH BUKOPUCTAHHS JIOTIYHUX €JEMEHTIB 1
MiABUIYBAaTH €(PEeKTHBHICTh amapaTtHoi peanizamii. JloriyHi BHpasu, L0 OMUCYIOTh 3aJIEXKHICTh
BUXIJHUX CUTHAJIB BiJ] HA00pY BXIJHUX, MOXKYTh OyTH HpPEJCTaBJIEHI y pI3HUX (opMax, TaKUX SIK
KOHIOHKTHBHa a00 Ju3’IOHKTMBHAa HOpMajibHa (opma, Ta MiAJAIOTBCA —anreOpaiuHuM
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MEPETBOPEHHSIM 13 3aCTOCYBAaHHSIM 3aKOHIB OyineBoi anreOpu. IlepeTBopeHHs BKIIOUYae
YHOOPSIKYBaHHS TEPMiB, 3acTocyBaHHS 3akoHiB Jle Moprana, o00’eqHaHHS Ta BUIAICHHS
MOBTOPIOBAHUX a00 MOTJIMHAIOYMX WIEHIB, IO JO3BOJISE 3MEHIIUTH CKIAIHICTh CXEMH, KUIbKICTh
€JIEMEHTIB Ta 3MEHIIUTH 4aC 3aTPUMKH CUTHAJIIB y JOT1YHUX JIAHIIOTaX.

Tabmuui icTuHHOCTI € (OpPMAIBHUM METOAOM IMPEACTABICHHS JIOTIYHOI (DYHKIII, IO
MoKa3ye BCi MOXJIMBI KOMOiHaMii BXiAHUX CHTHAJIB Ta BiAMOBIAHI 3HAYEHHS BHXIAHOTO CHTHAIY.
KoxxeH psmox Tabmuili BIANMOBITAE KOHKPETHIM KoH]irypamii BXOAIB 1 JEMOHCTPYE pPE3yJbTaT
obuncnenns ¢yHkuii s miei koHdiryparii. TaOmuili 1CTHHHOCTI BUKOPUCTOBYIOTBCS IS
MepPEBIPKM KOPEKTHOCTI JIOTIYHUX BHUPa3iB, MOOYJAOBH KOMOIHAIIIHHUX CXEM, aBTOMAaTH30BAHOTO
CUHTE3Y JIOTIKM Ta CHpolieHHs (yHKIIH. BoHn 3a0e3neuyioTh HAaO4HE YSBJIECHHS PO MOBEIIHKY
1M(POBOro BY3JA, JO3BOJSIOTH BHSIBIISITH HAJUIMINKOBI TepMH ab0 CYMEpPEedHOCTI y BHpaszax 1 €
OCHOBOIO JIJIsl AITOPUTMIYHUX METOJIB MiHiMi3awii JIOTiYHUX (YHKIIH, Takux sk kaptu Kapuo abo
METOAM MporpamMHOi onTuMizamii cxeM. TakuM YHHOM, MEPETBOPEHHS JIOTIYHUX BHUpPA3iB Yy
MO€HAHHI 3 TAOMUISIMM ICTUHHOCTI 3a0e3neuye CTpyKTypoBaHe i opmainizoBaHe MPOEKTYBAHHS
U (POBUX CUCTEM 13 TAPAHTOBAHOIO (PYHKIIIOHATIHHOIO KOPEKTHICTIO.

Minimizanist noriyHux ¢yHKIH 3a monomororo kapt KapHo € edexktuBHUM rpadiuHuM
METOZOM CIIPOIICHHS KOMOIHAIIMHUX CXE€M, IO JO03BOJSE 3MEHIIUTH KUIBKICTh JIOTTYHUX
€JIEMEHTIB 1 ONTUMI3yBaTH iX amapatHy peaiizauito. Kapra Kapno sBise coboro Tabnuirto, e Bci
MOJKJTUBI KOMOiHAIlil BXIIHMX 3MIHHUX PO3TallIOBaHI Y BUTJIAI JBOBUMIPHOI a00 GaratoBUMipHOI
CITKM 3 ypaxyBaHHSM TIOCTIIOBHOCTI ['pes, mo 3abe3medye 3MiHY JHIIEe OAHOro Oita Mix
CyMiKHMMH KoMmipkamu. KokHa KOMipka KapTH MICTHTh 3HAY€HHsS JIOTIYHOT (QYHKIi s
BIJIMTOBIAHOI KOMOiHAII{ BXiJHUX CHTHATIB, IO JO3BOJISIE HAOYHO BUSBJISITH TPYIH OJUHHUIL a00
HYJIB, IKi MOXXYTh OyTH 00’ €IHaHI JJIsi CIIPOLICHHS BUPA3Yy.

[Tpouec MiHIMI3alii BKIIOYAE€ MOMIYK HAWOUIBIIMX CYMDKHUX OJOKIB OJMHHUIG (AJis
KOH IOHKTHBHOI HOpManbHOI (hopMu) abo HYTIB (IIsl AM3’IOHKTUBHOI HOpMajibHOI (hOpMHU), IO
JI03BOJISIE  CKOPOTMTH YMCJIO TEPMIB Ta 3MIHHUX Yy KOXXHOMY TepMi. OO’€JHaHHA CyMIKHHX
eJIEMEHTIB 3a0e3nedye BUAAJICHHS HAJJIUIIKOBUX 3MIHHUX, 30€peXeHHs €KBIBAJIEHTHOCTI (QYHKIIT
Ta OTPUMaHHS ONTHUMAJILHOTO JIOT1YHOTO BUpa3y. Bukopucrtanus kapt KapHo oco6inBo edekTuBHe
Uit QYHKIIN 13 Y4OTUpMa—IIicTbMa 3MIHHUMH, JO03BOJISIE IIBUAKO BHUSBJISTH 3aKOHOMIPHOCTI,
3MEHIIYye HMOBIPHICT TIOMMJIOK TIIpM PpPYYHOMY CHpOIIEHHI Ta (opMye OCHOBY s
aBTOMATHU30BAHUX AJTOPUTMIB onTUMizauii HuppoBux cxeM. MiHiMizamis QyHKIII 3a 1OMOMOTo0
BOTO MeTOoAy 3ale3nedye MiJBUINEHHS I[IBUAKOIl, 3MEHIIEHHS EHEpProcloXKMBaHHI Ta
KOMIIAaKTHOCTI anapaTHOI peaizauii [u(ppoBUX MPUCTPOIB.

VHiBepcanbHi Joriydi eneMeHTd NAND 1 NOR BigirparooTh KJIIOYOBY poiib y MOOYyIOBi
UGPOBUX CXEM 3aBISKH CBOIM 34aTHOCTI peayi3oByBaTH OyAb-gKy JIOTIUHY ¢yHKUit0. EnemeHt
NAND e inBepcieto omnepartii I, popmyroun JoriyHUN HYNIb JIHIIE TOJI, KOJW BCl BXIJHI CUTHAIIU
JOpiBHIOIOTH oauHMI, a edemMeHT NOR e inBepciero onepariii ABO, Bumaw0un JIOT1YHY OJUHUITIO
TUIBKA TIPH  HYJbOBUX 3HAUEHHSAX YCIX BXOJMIB. 3aBASKM LHUM BIIACTUBOCTAM OyAb-sKy
KOMOiHaIiiiHy a00 MOCTIAOBHY JIOTIYHY (YHKIII0O MOKHA peali3yBaTd, BUKOPUCTOBYIOUM JIMILE
€JIEMEHTH OJIHOTO THWILY, IO CIPOIIYy€E amapaTHy peaii3aiiio, yHi(pIKye TEXHOJIOT1YHI HpPOLECcH
BUPOOHMIITBA Ta JO3BOJISIE ONTUMI3yBaTH €HEPrOCMOXKHMBAHHA 1 IIUIBHICTH 1HTErpauii HuppoBUX
IIPUCTPOIB.

VY mpaktuuHii cxemorexHiui BukopucTaHHI NAND 1 NOR 3abe3neuye KOMMakTHICTBH 1
CTaHJApTH3allil0  MOJYJIIB,  JO3BOJIAIOYM  KOHCTPYIOBaTH  CyMaTopu,  Jemudparopw,
MYJIbTUIUIEKCOPH Ta TPUTepH Ha 0a3l MOBTOPIOBAHMX YHIBEpCAIbHHUX BY31iB. MiHiMI3allis JOTTYHUX
GyHKIIN, 0 peani3yloThbCs 4epe3 LI €JIEeMEHTH, J103BOJISIE 3MEHIUUTH KUIBKICTh TPaH3UCTOPIB,
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CKOPOTUTH 3aTPUMKH TIEPEMHUKAHHS 1 MJABUIIUTH IIBUIAKOAII0 cxemu. KpiM Toro, yHiBepcaabHI
€JIEMEHTH CIIPOINYIOTh aBTOMATH30BaHE IPOEKTYBAaHHS IH(POBHX TMPHUCTPOIB y CEPEIOBHUIIAX
MOJICTIIOBAHHS T4 CHHTE3Y JIOTIKH, OCKUTLKH OJTHAKOBHUI 0a30BHii €IEMEHT MOXE 3aMiHIOBATH OYIb-
AKY CKJIaqHy KoMmOiHarito soriyaux onepariii. Bukopucranast NAND i NOR sk ¢pyHmamMeHTanpHIX
OyniBenbHUX OJIOKIB HU(POBUX cXeM 3a0e3nedyye THYUYKICTh IMPOEKTYBAaHHS, MaclITa0OBaHICTh
cucteM i e(h)eKTUBHE BUKOPUCTAHHSI OOMEKEHUX PECYPCIB Cy4acHOI €JIeMEHTHOT 0a3H.
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TEMA 2. EJJEMEHTHA BA3A IHOOKOMYHIKAIIMHOI'O OBJIA THAHHS

HudpoBa cxemoTexHiKa: MPUHIIAIIH, €JIEMEHTH TA CHHTE3 CXeM

[luppoBa cxeMOTEXHIKa € pO3ALIOM E€JIEKTPOHIKM, IO 3alMaeTbCsl IMPOEKTYBAHHSM,
aHaJIi30M Ta peamizaliero IU(POBUX MPUCTPOIB HA OCHOBI JIOTIYHUX elleMeHTIB. OCHOBHUM
3aBJaHHIM IU(PPOBOI CXEMOTEXHIKH € 3a0e3MeUeHHS KOPEKTHOI OOpPOOKM TUCKPETHUX CHTHAIIB,
MPEJICTABICHUX y BHIJISIAI JIOTIYHHX PiBHIB «0» 1 «l», mumsixom moOyqoBH KOMOIHAIIWHUX Ta
MOCTIIOBHUX CXEM, SIKi BUKOHYIOTh apu(MeTHuHi, JoriuHi Ta KepyBayibHi QyHKLIi. [IpoekTyBanHs
nudpoBUX cxeM mependadae BU3HAYCHHS CTPYKTYPH JIOTIYHUX BY3JiB, BUOIP THITIB €JIEMEHTIB,
pPO3MOALT TAaKTOBUX CHTHAJIB Ta OpraHi3alilo B3a€MOii MDK IiJICHCTEMaMH, 10 3a0e3reuye
HaJIHICTh, IIBUJIKOIIIO Ta EHEPTeTHYHY €(EKTHBHICTh IU(PPOBOTO MPUCTPOIO.

®Di3U4HI TPUHIUIN POOOTH TPAH3UCTOPIB Y MUMPOBUX JOTIYHUX EIEMEHTaX IPYHTYIOThCS
Ha KepyBaHHI MPOBIIHICTIO HAIIBIPOBIIHUKOBUX MEPEXOMiB IUIIXOM MPHUKIAJAHHS EIEKTPHIHOTO
MOTeHIany. TpaH3UCTOp BHUCTYHAE SIK KIIOY, SKAH MOXKe mepeOyBaTH y BiIKpuTOMy abo
3aKpUTOMY CTaHi, IO BiAMOBiAA€ JOTIYHUM PiBHAM «1» 1 «0». Y GINOJSAPHUX TPaH3UCTOPAX 3MiHA
0a30BOT0 CTPyMy KOHTPOJIIOE€ TIPOTIKAHHS KOJEKTOPHOTO CTPyMYy, TOIi SK Yy TOJbOBHX
TpaH3MCTOpaxX HaIpyra Ha 3aTBOpPI BU3HA4Ya€ MPOBIAHICTH KaHaiy. Lli BIacTMBOCTI J03BOJISIOTH
dbopMyBaTH JOTi4YHI BY37H, ¢ KOMOiHaIll TpaH3ucTopiB peanizytoTs omepauii I, ABO, HE Ta ix
noxigai. ®dizuyHa peaizallis TPAH3UCTOPHUX KOMOIHAIM BH3HAYA€ IIBUIKOIIIO EJIIEMCHTIB,
3aTPUMKM II€PEMUKAHHS, CHEpPrOCIOXXMBAHHA Ta HaIIHHICTh poOOTH HUPPOBUX CXEeM, L0 €
KPUTHYHHM JIs1 TOOYZ0BY BUCOKOIIBHIKICHUX MPOIIECOPiB, TaM’ T Ta IepudepiiHIX MOTYIIB.

KMOH (CMOS) ta TTJI (TTL) norika € 6a30BUMH TEXHOJIOTiSIMH peatizailii mudpoBux
CXEM 1 BH3HAYAIOTh EJIEKTPUYHI XapaKTEPUCTUKH, MIBHIKOAII0 Ta €HEProCHOKUBAHHS JIOTTYHHX
eneMeHTiB. TTL-norika TrpyHTyeTbcsl Ha OIMOJSPHUX TpaH3UCTOpax 1 3abe3neuye BHCOKY
LIBUAKOJIII0 NPU TOPIBHSHO MOMIPHOMY CIIOKMBAHHI €HEprii, XapaKTepU3YeTbCsl CTaOUIbHUMU
PIBHSAMHM CHTHAJIB 1 BIIHOCHO MPOCTOI0 CXEMOTEXHIKOIO JJISi HU3BKOPO3PSIHUX IHTErpabHUX
MikpocxeM. Bona no0pe mizxoauTe A peanmizanii KOMOIHALIMHMX Ta TOCIIJOBHUX CXEM, Jie
KPUTUYHUMU € INBHUJKICTh NEpPEeMHMKaHHA Ta HaJIIHHICTh pOOOTHM NpU CTAHJAPTHUX PIBHIX
KUBIICHHS.

CMOS-norika 6a3yeTbcsi HA BAKOPHCTAHHI KOMILIEMEHTApHUX T1ap TOJIBOBUX TPAH3UCTOPIB
1 XapakTepu3yeTbCsl AyXKe HHU3BKUM CTATUYHUM EHEpPrOCIOXHBAHHSAM, BHCOKOK IIIIBHICTIO
iHTerpamii Ta cridkictio g0 myMiB. Y CMOS-eneMeHTax CHOKHBAaHHS €HEprii BiOYBa€eThCs
MEepPEeBaXHO IIJ Yac NEpEeMUKaHHsS CTaHIB, IO JO03BOJIIE CTBOPIOBAaTH €HEpProe(eKTHBHI Ta
KOMIIaKTHI IU(POBI NPHUCTPOi 3 BEIUKOI KUIBKICTIO JIOTIYHMX BY3JIB Ha OJHOMY KpHCTai.
ITopiBusiHO 3 TTL, CMOS-cxemu 3a0e3neuyioTh MUPIINKA Aiana3oH HaNpyrd XKUBICHHS, MEHIILY
TEIJIOBY Jerpajaiilo Ta OUIbIIY THYYKICTh MPH MPOEKTYBAHHI BEIMKHX IHTETPAIbHUX CXEM,
BKJIIOYAIOUM TPOLIECOpH, MaM’siTh Ta BOyaoBaHi KoHTposnepu. Bubip mix TTL ta CMOS
BH3HAYAETHCSI BAMOTAMU JI0 IIIBUIKO/I11, €eHEPTOCIIOKUBAHHSI, IIJIBHOCTI 1HTETpaIlii Ta cenugikoro
3aCTOCYBaHHA HU(POBOI CUCTEMH.

Texnomorii TTL Ta CMOS wMaiooTh TPHUHIMIOB] BIAMIHHOCTI, IO BIUIMBAIOTH Ha
MIBUJIKOJIII0, €HEePTOCIIOKMBAHHS, IIUIBHICTh IHTETpallii Ta YMOBH €KCIUTyaTaiii mu(ppPOBUX CXEM.
TTL-enementu, moOyaoBaHi Ha OIMOJNSIPHUX TPaH3UCTOpax, 3a0€3MeUyl0Th BHCOKY HIBHJIKICTh
NepEeMUKaHHs Ta HAJIMHICTh MPU CTAHAAPTHUX HANpyrax >KUBJICHHS, ajleé MalOTh BiIHOCHO BHCOKE
CTaTUYHE CIIOKMBAHHS eHeprii Ta oOMexxkeHy LIIbHICTh iHTerpanii. CMOS-TexHonoris, 3acHOBaHa
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Ha KOMIUIEMEHTapHUX IMOJIbOBUX  TPAH3UCTOpAX, BIAPIHSIETbCA  HU3BKUM  CTaTUYHUM
€HEPTOCIOKMBAHHSM, BUCOKOIO IITUTHHICTIO IHTETpaIlii Ta CTIUKICTIO 10 IIyMIB, MPOTE ii MBUIKO IS
HID)KYa TP HU3BKHUX HANpyrax >KUBJICHHSA, a 4ac 3aTPUMKH IEPEeMHUKAaHHS 3aJIe)KUTh BiJl €EMHOCTI
HaBaHTaXeHHs. [IOpIBHIHHS X TEXHOJIOT1H mokasye, mo TTL miaxoauTs 1 BHCOKOIIBHUIKICHIX
cXeM 13 HeBenWkow iHTerpamiero, Tomi sk CMOS ontumanbHa i KOMIIAKTHUX,
€HEeProe(PeKTUBHUX Ta BUCOKOPO3PSITHUX CHCTEM.

Cepen iHTErpadbHUX MIKpocxeM IU(poBOI TexHIKH momupeHumMu € cepii CDxx ta 74xX.
Cepis 74xx, mo Oa3yerbcs Ha TTL, BKiIOYae JOTiYHI €JIEMEHTH CTaHAAPTHOI IIBHUAKOMII Ta
M1JBUIICHOI TeMIIepaTypHOi CTIMKOCTI, XapaKTepU3YyeThCsl HANPYTOIO >KUBJIEHHS 5 B, mBuakicTio
MEepeMUKaHHsI B MeKax JECSITKIB HAHOCEKYHJ 1 CHOKMBAHHSM OJUHHUII TMOTY>KHOCTI KiJIbKa
mimiBart. Cepis CDxx, Bukonana Ha CMOS-texHoorii, 3a0e3neuye MUPOKUI iama3oH Hapyr
KUBJICHHS BT 3 10 15 B, myke HU3bKE CTaTUYHE CIIOKUBAHHS (HAHOBATH a00 MIKpPOBATH ), BHCOKUI
Omip BXOIB 1 OUIbIIY LIUIBHICTH iHTErpalii, IpPOTe Yac 3aTPUMKH IEPEeMHUKAHHS 3aJIC)KHUTh BiJ
HABaHTAXCHHS Ta MOXXE JIOCSITaTH COTEHb HAHOCEKYHJ. XapaKTEpUCTHKH X Cepiii BU3HAYAIOTh
BUOIp MIKpocxeM i KOHKpeTHuX 3aaa4: TTL BUKOPUCTOBYETHCS TaM, A€ KPUTHYHA IIBUAKOIA, a
CMOS — nmns eHeproedeKTUBHUX CHCTEM 3 BEIHMKOIO KUIBKICTIO JIOTIYHHUX BY3JIB, THYYKOIO
HAMpPYTOIO KUBJICHHS 1 MiHIMAJTbHUM TETLTOBUALICHHSIM.

OcHOBHI mapaMeTpu JIOTIYHHX €JEMEHTIB BH3HAYAIOTh IXHIO (PYHKIIOHAIbHICTD,
IIBUAKOMII0 Ta HAAIMHICTD y HUPPOBUX CXEeMax 1 BKIIOYAIOTh TaKi XapaKTEPUCTUKH, SIK 4ac
3aTPUMKH TI€PEMUKAHHS, PIBHI JIOTIYHMX CHTHAJiB, HABaHTA)XyBaJbHa 3/IaTHICTb, CIOXXHBaHA
MOTYXKHICTh Ta TEMIIEpaTypHUH Aiama3oH poOoTu. Yac 3aTpMMKH BHU3HAYA€ MIBHIKICTB, 3 SKOIO
BUXI1Jl €eIEMEHTa pearye Ha 3MiHy BXO/IB, 1 0e3M0CepeHbO BILUTMBAE HA MPOAYKTHBHICTH U (POBOT
cucreMu. PiBHI JIOTIYHUX CHTHAIIB, BKIIFOYHO 3 MOporamMu po3mizHaBaHHs «0» 1 «1», 3a0e3neuyroTh
KOPEKTHY B3a€EMO/III0 CYMDKHUX €JIEMEHTIB Ta CTIMKICTh M0 IrymiB. HaBaHTax<yBanbHa 3/1aTHICTh
OIMHCY€E KUIbKICTh BXOJIB 1HIIMX €JIEMEHTIB, SKi MOKHA MiJKIIOYUTH 10 BUXOAY Oe3 merpamarii
curHaily. CroknBaHa TOTYXHICTh Ta TEMIeEpaTypHUN Jiala3oH BHU3HAYAIOTh EHEPreTUYHY
e(EeKTUBHICTb 1 HAJIIHHICTh POOOTH B PI3HUX YMOBaX €KCIUTyaTallii, 10 KpUTUYHO JJIs TOPTaTUBHUX
1 BUCOKOIIIBUIKICHUX CHCTEM.

CuHTe3 cXeM Ha JIOTIUHUX eJleMeHTax Inependadae NepeTBOPEHHs PyHKIIIOHATbHUX BUMOT y
KOHKPETHY arapaTHy peati3alliio 3a J0IOMOTow 0a30BUX a00 yHIBEpPCAIbHUX €JIEMEHTIB, TAKUX 5K
AND, OR, NOT, NAND ta NOR. Ilponec cuHTe3y BKJIIOYa€e aHali3 JOTIYHUX BUPA31B, MOOYIOBY
TaOJIUIb ICTUHHOCTI Ta 3aCTOCYBAaHHs METOJIIB MiHiMi3allii, 30KkpeMa kapT KapHo abo anrebpaidynux
MIePETBOPEHD, /ISl 3MEHIIEHHS KIUTBKOCTI €JIeMEeHTIB 1 onTumizanii mBuakoaii. [licna cnpormenHs
BUpa3iB BHU3HAUYAIOTHCS KOHQIrypamii MiJKIIOYEHHS JIOTIYHUX €JEeMEHTIB Ui MOo0YyAoBU
KOMOIHaIIHUX a00 MOCTIIOBHHUX CX€M, 110 3a0e3Meuye peasizalilo HeoOXiTHUX apu(PMETUUHHX,
JOT1YHUX a00 KepyBanbHUX (PyHKIIN. [IpaBuiIbHUI CHHTE3 CXEM JI03BOJISIE JOCATATH OalaHCy MIX
HIBUAKO/II€I0, EHEPTOCTIOKUBAHHIM 1 IIUIBHICTIO 1HTErpaii, 3a0e3nevuyoun HaliiHy 1 epeKTUBHY
po6oTy UG POBUX MPUCTPOIB Y MEXKaxX 3aJaHUX almapaTHUX OOMEKEHb.

Tunosi By3.1u Ta pyHKuioHaIbHI 0710KH IH(POBHUX cHCTeM

Tunosi By3nu 11 poBOT TEXHIKH MPEACTABIAIOTH COO0I0 CTaHIAPTHI PYHKIIIOHATIBHI OJIOKH,
10 BHKOPHCTOBYIOTHCS JUIsI MOOYJOBM KOMOIHAIIMHMX Ta MOCTIIOBHUX CXeM Yy IH(PPOBUX
o0umcIoBaIbHUX cucTeMax. Jlo Takux By3miB Hanexarh joriuni enxemeHtd (AND, OR, NOT,
NAND, NOR, XOR), sxi BUKOHYIOTH 0a30Bi JIOTi4HI omeparii, Ta iX KOMOIHAIil y BUIJISAII

13



cymatopiB, Aemm@paTopiB, MYJIbBTHIUIEKCOPIB 1 JAEMYJIbTUIUIEKCOPIB Il  OOpOOKHM  Ta
MapmpyTtuzamii  iHpopmartii. By3nm mam’sTi, Taki SK TpUTEepPH, PETICTPH Ta JIYWIbHUKH,
3a0e3neuyroTh 30epeXeHHs CTaHiB 1 CHHXPOHI3ALII0 TaHUX Y Yaci, pealli3ylouu MOCIiJOBHY JIOTIKY
Ta YHpaBIiHHA 00YHCIIOBAIBHUMH MPOLIECAMH.

Kpim TOro, TMIoBMMHM By3JaMH € IIMHU JaHUX 1 ajapec, Mo (HOpMYIOTh KaHaIH OOMiHY
iHpOpMali€l0 MK MiACUCTEMaMH, a TaKoX iHTep(heHCcHI MOy, AKi 3a0e3MeuyloTh B3a€EMOJII0 3
nepudepliHUMH TPUCTPOSIMA Ta 3OBHIIIHIMM CHUCTEMaMd. Taki BY3JIM CTaHAApTHU30BaHi, MIO0
03BOJIsIE  YHI(IKYBAaTH TPOEKTYBaHHS HHU(PPOBUX CXEM, 3MEHIIUTH CKJIAIHICTh PO3POOKH Ta
CIPOCTUTH MaclTaOyBaHHs cucteM. KoxeH By301 XapakTepu3yeThcsi HAOOpOM (YHKIIOHATIBHUX
napameTpiB, IIBUIKOIEI0, CHEPrOCIIOKUBAHHAM Ta HaBAaHTAXKYBAJIbHOIO 3/IaTHICTIO, 1110 BU3HAYAE
HOro 3acTOCyBaHHS B KOHKPETHHX YacTHHAX HU(PPOBOi apXiTeKTypH. BHKOpPHCTaHHS THIIOBHX
BY3JIiB JI03BOJI€ 1HXKEHEPY €(PEeKTUBHO CHHTE3YBaTH CKJaIHI HU(POBI MPUCTPOi, 3a0e3meuyroun ix
HaAIHHICTh, TPOTHO30BaHy MOBEAIHKY Ta ONTHUMAaJbHE CIiBBIIHOMIEHHS MPOAYKTUBHOCTI 1 pecypciB
amapatHoi miaTGpopMH.

Cymaropu, KOMIIapaTOpH, MYJBTUIUIEKCOPH Ta JEMYJIbTUIUIEKCOPU € OCHOBHUMH
(GYHKIIIOHATBHUMU By371aMH IUGPOBOI TEXHIKH, sKi 3a0e3meuyroTh OOpOOKy, MOPIBHSHHS Ta
Mapuipytusauiio iHdopmanii y nudpoBux cucremax. CymaTopu pealizyloTh oreparlii J0JaBaHHS
IBIHKOBUX 4YHCENl 1 MOXYTb OYTH OIHOPO3PATHUMHU ab0 OaraTOpo3psIHUMH, 3a0€3MeUyrouu
(opMyBaHHS pe3ysbTaTy Ta MEPEHOCY MK po3psJaMM; BOHM € 0a30BUMHU OjoKaMH apu(MeTHKo-
JIOTIYHUX MPHUCTPOIB Ta MPOIECOPHUX MOAYIiB. KoMmapaTopu MopiBHIOIOTH J1Ba Ykcia abo JIOTivHi
curHayim i (OpMyrOTh BUXITHI CHTHAJIH, IO BKAa3YIOTh Ha BiJHOIIEHHS «OULIBIIE», «MEHIIE» abo
«IOPIBHIOE, IO BUKOPUCTOBYETHCS ISl KEPYBAaHHS IPOTPAMHUMH MOTOKaMH Ta BHOOPY omnepariit
y MpoLecopax 1 KOHTpOoJIepax.

MynbTUILIEKCOPH A03BOJISIOTH BUOUPATH OJMH 13 0ararboxX BXiJHUX CHTHANTIB 1 epe1aBaTu
HOro Ha BHXiJ BIAMOBIAHO A0 KEePYBaJbHUX CUTHAJIB, TUM CaMUM DPEai3yl04d MapIIpyTHU3AIi0
JAHUX 1 ONTUMI3Alli0 HH 00MiHY. /leMynbTUIUIEKCOPU BUKOHYIOTh MPOTUIICKHY (YHKIIIIO: OJUH
BXIIHUH CHUTHaJl PO3MOJUISAETHCS HA JEKiIbKa BUXOJIB 3a aJPECHUMH CHTHAJIaMH, L0 J03BOJISIE
e(eKTUBHO TiepeaaBaTu 1HQOpPMAIII0 O MOTPIOHOTO MiJCHCTEMHOTO By3i1a. BUKOpUCTaHHS IHX
TUTIOBUX BY3MIB y HU(PPOBUX cxeMax 3abe3nedye MOIYJBHICTh, CTAaHAAPTHU3AII0 Ta CIPOIILYE
CUHTE3 CKJIAJHUX KOMOIHAIIMHUX 1 MOCTIJOBHUX CXEM, MIABUIIYIOYH IIBUIKOII0, HATIMHICTh Ta
e(eKTUBHICTh HU(POBUX OOUHCITIOBAILHUX CUCTEM.

Tpurepu, perictpu Ta JIYWIBHUKKA € 0a30BUMH €JIE€MEHTAaMHU IOCIIJJOBHOI JIOTIKH B
nuGpoBiil TexHill, MO 3a0e3MeuyloTh 30€peXeHHsl CTaHy, CHUHXpOHi3aliio Ta Ji40y Hu(poBHX
cUrHaiiB. TpuUrepu € HAUIMPOCTIIIUMH eJIeMEHTaMH 30epiranHs oxHoro OiTa iHpopMalii, 31aTHUMHU
HiATPUMYBATH CBil CTaH JI0 3MIHU KE€PYBAJIBHOIO CUTHATY. BOHU MOXYyTh OyTH aCHHXpOHHUMH 200
CHHXPDOHHHMH, OJHOTAKTHUMH a00 JIBOTAKTHUMH, 1 3aCTOCOBYIOThCS sl (OpMyBaHHS
3amaM’ITOBYIOUMX €JIEMEHTIB, IMIIYJIbCHUX T'€HEpPaTOpiB Ta KepyBaHHS MOCIIIOBHICTIO Oomepanii y
U (POBUX CXEMaX.

Perictpu ckiagaroThCsl 3 MOCHIIOBHOCTI TPUTEPIB 1 BUKOPHUCTOBYIOTHCS AJIs 30€peKEeHHA
6araTo0ITOBUX JaHHUX, IX THMYACOBOTO HAKOMHMUYEHHS Ta Mepeaadl MiX MicucTeMamMu HU(PpPOBOToO
npuctporo. BoHu 3abe3neuyroTh napaneabHuil abo MOCHiIOBHHUM JOCTYI 70 iH(popMallii, a TaKox
dopmytoTe Oydepu mpu OoOMiHI JAHUMH MK PI3HUMH TakTOBHUMHU JoMeHaMmH. JIUMIbHUKH €
CHeLiaTi30BaHUMHU PEricTpaMH, sIKi peayi3yloTh aBTOMAaTHYHE 30UIbLICHHS a00 3MEHIIEHHS CBOTO
3HAYEHHS y BIJMOBiAb HA TAKTOBI CHUTHANH, 3a0€3MEUyI0YM BIAJIK IMITYJbCIB, T€HEpAIiI0 aJpec,
(hopMyBaHHS 4aCOBUX IHTEPBAIIB Ta KEPYBAHHS LIUKJIITYHUMU MPOIIECAMH.
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BuxopuctanHas Tpurepis, pericTpiB Ta JIYUIHLHUKIB J03BOJISIE OyIyBaTH CHHXPOHHI ITU(GPOBI
CHUCTEMH 3 TPOTHO30BAHOIO MOBEIAIHKOI0, 3a0e3Meuye KOPEKTHY Iepeaady Ta 30epirands JaHuX, a
TaKO>X CTBOPIOE OCHOBY JJIsl peaizamii CKJIQAHUX apu(pMETUKO-JIOTIYHUX MPUCTPOIB, MPOLECOPIB,
mam’ATi Ta CUCTEM KepyBaHHs Y HIU(POBUX OOUNCITIOBATBHUX CUCTEMAX.

Amnanoro-um¢posi neperBoproBaui (ALII) Ta undpo-ananorosi nepersoproBaui (LIAII) e
KIIFOUOBUMH KOMITOHEHTaMH IU(POBHUX CHCTEM, IO 3a0€3MeUy0Th B3a€MOJII0 MK IH(PPOBOIO
00poOkoro iH(popMalli Ta aHAJIONOBMMH CHUTHaJIaMH 30BHIIIHBOTO cBIiTy. AIIIl meperBoproe
HETIepEPBHUI aHAJOTOBUM CHUTHAN y JTUCKpeTHY HudpoBy (opmy, sika Moxe OyTh oOpoOiieHa
nporecopoM abo 3amnucana y nam’stb. [Iporec neperBopeHHs BKItoYae BUOIp MOMEHTIB Yacy s
JUCKpeTH3allii CUrHady, KBaHTYBAaHHSA aMIUTITYyIX 3 BIJAMOBIIHOI PO3PATHICTIO Ta KOJYBAaHHS Y
nsiiikoBuii  ¢opmar. OcHoBHI Xxapaktepuctuku ALl BKIIOYAIOTH PO3PSAHICTH, IIBUAKICTH
MEPETBOPEHHS, TOYHICTh 1 BITHOCHY MOXMOKY, III0 BU3HAYAIOTH SKICTh BIATBOPEHHS aHAJIIOTOBOTO
curHaiy B mudpoBiit popmi Ta eheKTUBHICTH pOOOTH CHCTEMH B peabHOMY Yaci.

LIAIl BuKOHYE 3BOPOTHY OI€palilo, MEPEeTBOPIOIOYM LHU(POBUN KOJ y HENEpepBHUIA
AQHAJIOTOBUH CUTHAN, WO [IO3BOJISIE KEpyBaTH aAHAJIOTOBUMU BHKOHABUYMMHU MEXaHI3MaMU,
(dbopMyBaTH 3BYKOBI a00 BiJICOCUTHANIM Ta BIATBOPIOBATH JaHi y (izuuHOMY cepenoBuiii. [Ipunnumn
pobotu LAII rpyHTyeThCS Ha reHepallii MPONnopLiHHOTO BUX1IHOTO HANPYXEHHS abo cTpyMmy Ams
KOXXHOTO 3Hau€HHS IU(PPOBOTO KONy, a HOr0 XapaKTePUCTUKU BKIIOYAIOTh PO3PSAIHICTH, TOUHICTh
BIJITBOPEHHS, MIBUIKOIIO Ta JNiHiiHICTh. Bukopuctanus ALII i LHAII € kputuuaum amnst nodyaoBu
BOYJOBaHMX CHCTEM, CHCTEM KEpyBaHHsS, BUMIPIOBAJIBbHOI amapaTypd Ta MYJIbTUMEIIHHIX
INPUCTPOIB, OCKUIBKM BOHU 3a0€3MeUylOTh KOPEKTHHH OOMIH JaHUMH MK IH(QpPOBUMHU
MPOIIeCOpaMU Ta AHAIOTOBHM CEPEIOBUIICM, BH3HAYAIOYH TOYHICTH, IIBUIKOMIIO Ta HaJIHHICTH
poboTH upPOBOi TEXHIKU B pEATBHIX YMOBaX.

TunoBi kopmycu iHTerpanbHux MikpocxeM (IMC) BusnHauatote ¢i3uuny Qopmy,
PO3MIIIEHHS BUBO/IIB Ta CIIOCIO MOHTaXKy Ha IUIaTi, [0 BILUTUBAE Ha MPOCTOTY 1HTETpallii, TeMIOBHIA
PEKUM 1 CYMICHICTH 13 1HIIMMHM KoMmmnoHeHTamu. Hailtmommpenimumu kopnycamu € DIP (Dual
Inline Package) 3 nBOMa mapanenbHUMH psilaMd BUBOJAIB JJIi MOHTaXy 4epe3 OTBOPHM Ha IUIaTi,
SOIC Ta SOP — ToHKI MOBEpXHEBI KOPIYCH Ui MOHTaxy Ha nosepxHio miuata, TQFP ta QFP 3
BHUBOJIaMH 110 BCbOMY NIEPUMETPY JUIsl BUCOKOIIUIBHOI iHTerpanii, a Takoxx BGA (Ball Grid Array) 3
KOHTaKTHUMHU KyJIbKaMHU IiJI KOpPIycoM, IO 3abe3nedye MaKCUMalbHY MIIJIbHICTH BHUBOJIB Ta
epexTuBHUN TermnooOMiH. KoxkeH Tun koprycy BU3Ha4a€e 10MyCTUMI rabapuTH, JOBKHUHY BUBO/IB,
METO/]I TaiiKy Ta MEXaHIYHY HaAiiHICTh MPH eKCILTyaTallii.

MapkyBaHHs IHTETpaJbHUX MIKPOCXEM MICTUTh 1H(OpMallilo Mpo cepito, (yHKIIOHATbHE
MIPU3HAYEHHS, TEXHOJIOT'1I0 BUTOTOBIIEHHS, JaTy BUITYCKY Ta BUpoOHUKa. Hanpukinan, y cepisix 74xx
a06o CDxx mepiui CUMBOJIM TO3HA4Yal0Th TEXHOJIOTIIO Ta JOTIUHY cepito, HUPpPU — KOHKPETHUH THII
MIKPOCXEMH, a I0JATKOBI JITEPU MOXKYTh BKAa3yBaTH Ha MIBUJIKICHI XapaKTEPUCTUKH, TEMIIEPATYPY
ekcrutyatarii abo mokpamieHi mapamerpu. CTaHIapTH30BaHE MapKyBaHHS JIO3BOJISE 1HXEHEPY
HIBUAKO 11IeHTU(IKYBaTH KOMIIOHEHT, Mili0paTh CyMICHMM €JIeMEHT NpHU 3aMiHi Ta 3a0e3MeYuTH
npaBwibHe BHKOpUCTaHHS IMC y cXeMOTEXHIYHHUX NPOEKTaX, JOTPUMYIOUMCH PEKOMEHJAIii
BUPOOHHKA MO0 SNEKTPUIHUX XaPAKTEPUCTHK Ta MOHTAXY.

AnapaTHi KOMIIOHEHTH Ta iHTepdeicu HHGPOBUX CUCTEM

[TporpamoBani Joriuni inTerpansHi cxemu (IUUIIC) € yHiBepcambHUMH 1IH(DPOBUMHU
MIKpOCXEMaMH, CTPYKTypa SKHX Moke OyTH 3MiHEHa IIiCisi BHUIOTOBJICHHS 3a JIOTIOMOIOIO
crieniaibHOrO KoH(irypauiinoro koxy. Ha Bigminy Bif ¢ikcoBaHux iHTerpambHux cxem, [IJIIC
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MICTSTh MaTPHIIO JIOTIYHUX OJIOKIB, IpOrpamMoBaHi MDK3 €THaHHS Ta MPOrPaMOBaHI €JIEMEHTH
BBOJIY-BUBOJly, IO JO3BOJISIE CTBOPIOBAaTH JIOBIIbHI KOMOIHAIIHI Ta TIOCHITOBHI CXEMH,
aJlanTyBaTH apXiTeKTypy IiJl KOHKPETHI 3a7ayi Ta onepaTMBHO MOJAU(IKyBaTH (HYHKIIOHAIBHICTH
6e3 3minu anapatHoi minardopmu. Kondirypamis ITJIIC BuKOHYeTbCS depe3 amapaTHi OIMHCOBI
MoBH, Taki sk VHDL abGo Verilog, 3a monoMororo sKux iHXXEHEpP BH3HAYa€ JIOTIKYy poOOTH
MPUCTPOIO, a CHUHTE3aTOp IMEPETBOPIOE IIi OMUCH HA CTPYKTYpy JIOTIYHUX pECypciB Ta
MapHIpyTH3aIlii BCepearHI MIKPOCXEMH.

Cdepu Bukopuctanus IIJIIC oxommoroTh o0sacTi, e MNOTpiOHA BHUCOKA HIBHIAKOIS,
napasenabHa 00poOKa Ta MOKJIMBICTh IIBUKOI ajjanTalii anapaTHOi JOrikd. BoHH 3acTOCOBYIOTHCS
y TEJIEKOMYHIKallIMHUX CHUCTEMax I peani3aiii BUCOKOMIBHAKICHUX MPOTOKOMIB, y HU(POBIi
00poOui curHamiB Uit TapayenbHUX (UIBTPIB Ta MEPETBOPEHb, y CUCTEMax KepyBaHHS Ta
BOYJIOBaHUX KOHTpOJIEpAaX Il CTBOPEHHs CIIeliani3oBaHUX oOuucmoBanbHUX Moxaymis. [IJIIC
IIMPOKO BUKOPUCTOBYIOTH Y NMPOTOTUITYBAHHI MIKpOIpOIEcOpiB Ta cnenianizoBanux IC, ocKimbku
BOHM JalI0Th 3MOTY NEpEBIPATH amapaTHi apxXiTeKTypu O0e3 HeoOXiTHOCTI BHTOTOBIIEHHSI HOBHX
KPEMHI€BUX KPHUCTAIIB. 3aBISKH MacIITa0OBaHOCTI JIOTIYHUX PECypciB, THYUKiil KoH(iryparii Ta
BUcokoMy piBHIO mnapanenizmy IIIIC 3a0e3nedyroTh MOXJIIMBICT CTBOPEHHS —alapaTHUX
00YHCITIOBAJIBHUX CUCTEM, SIKI OE€IHYIOTh BUCOKY IPOAYKTUBHICTD 13 KOPOTKMM LIUKIIOM PO3pOOKU
Ta HU3BKOIO BapTICTIO MOIU]iKaIlii.

[udpoBi MIKpOCXEMH ILIUPOKO 3aCTOCOBYIOTHCS B MOOYTOBUX Ta MPOMUCIOBUX HPUCTPOSIX,
3a0e3neuyroun aBTOMATH3allilo, KepyBaHHA, OOpoOKy iHdopMmarmii Ta peamizamilo CKIaJIHUX
(GyHKIIA HAa OCHOBI JMCKPETHOI JIOTIKM W BOYZOBAaHMX aIrOPUTMIB. Y MOOYTOBHX MPUCTPOSIX
muppoi IMC  QopmMyrOTh OCHOBY pOOOTH TEJICBI30piB, CMAapTQPOHIB, TNPATHHUX MAIIHH,
XOJIOIMJIBHHKIB, CHUCTEM KOHJMIIIFOBAaHHS Ta TOOYyTOBUX poOOTiB. BoHW BiIMOBIZarOTH 32
KEepyBaHHS  JIBUTYHaMH, iHTepdeiicamu KOpHUCTYBaya, CEHCOPHUMU eJIeMEeHTaMH,
E€HEProCIOKMBAaHHSAM 1 B3aEMOJIIEI0 3 Mepekero. ba3oBi nu@poBi KOMIOHEHTH, TakKi SIK
MIKPOKOHTPOJIEpH, 1aM’sTh, JIOTIYHI ApaiiBepu, TaiimMepu Ta iHTepdelcHI Moayli, 3a0e3NnedyoTh
IIBUJIKY PpEakIil0 CHUCTEMH, TOYHICTh BHKOHAHHS aITOPUTMIB Ta MOXJIMBICTb T'HYYKOIO
HaJalTyBaHH (YHKIIH y pI3HUX peKuMax poOOTH.

Y npoMHCITIOBUX TMPHUCTPOSX IUGPOBI MIKPOCXEMH 3aCTOCOBYIOTHCS JUIsl aBTOMAaTH3aIlii
BUPOOHMYMX TMPOLECIB, MOOYJOBH CHUCTEM KEpPYBAaHHS, OOpOOKM TEXHOJIOTIYHHUX CHUTHAJIB Ta
KOMYHIKaIii MDK €JIeMEHTaMu IpPOMHCIOBUX Mepex. [IporpamoBaHi KoHTponepH, IHU(POBI
JaTYUKH, MOAYINI 300py AaHUX, IPOMHUCIOBI KOMIT IOTEpU Ta Cleliani3oBaHi Hu(POBI Mpolecopu
3a0e3neuyioTh HaJiliHy poOoTy oOjajaHaHHS B yMOBax MiJBHUINEHOI TeMmepaTypH, BiOparii,
€JIEKTPOMArHiTHUX 3aBaJl 1 MEXaHIYHOTo HaBaHTakeHHs. L{upposi MikpocxeMu GOpMyIOTh JIOTIKY
KepyBaHHS pOOOTH30BAaHMMM KOMIUIEKCAMM, CHCTEMaMM E€HEpPropo3nojily, aBTOMAaTH30BaHUMU
JIHISIMU BUPOOHUIITBA Ta JIarHOCTUYHUMHU MIPUCTPOSIMU, 3a0€3MEeUyI0UYH JETEPMIHOBAHY POOOTY Ta
BHCOKY CTIMKICTh 40 300iB. 3aBASKH BHCOKIM 1HTErpailii, HU3bKOMY €HEPrOCIOXUBAaHHIO Ta
THYYKOCT1 KOH(piryparii nudppoBi MiKpOCXEMHU CTAJIN KIIFOUOBUM €JIEMEHTOM Cy4aCHUX MOOYTOBHX 1
MIPOMHUCJIOBHUX CHCTEM, BU3HAYAIOUH TXHIO (DYHKIIOHAJBHICTh, HAIIWHICTh 1 €(PEKTUBHICTb.

Mikponporiecopu Ta MIKPOKOHTPOJIEPH € IEHTPATbHUMH KOMIIOHEHTAMH CyYacHHX
OOYMCITIOBAJILHUX Ta KEPyBaJbHUX CHCTEM, ajié BOHM BIAPI3HAIOTBECA 33 CTPYKTYPOIO,
NpU3HAYeHHAM 1 cdeporo 3acTocyBaHHsA. Mikpompouecop sABisie €000  YHIBepCalbHUI
00YHCITIOBAJILHUI OJIOK, OCHOBOIO SIKOTO € apu(METHKO-JIOTTYHUM MPUCTPii, pericTtpoBa cucrema
Ta 0JIOK KepyBaHHs. BiH npu3HaueHUi JUIsi BUKOHAHHS 3aralbHOro Habopy 1HCTpYKLii 1 moTpedye
30BHIIIHIX KOMIIOHEHTIB — ONEPaTUBHOI MaM’sTi, HOCTIHHOT MaM’sTi, IHTepPEeHCHUX KOHTPOJIEPIB 1
nepudepiinux  MoxyniB. Taka MOAYJBHICTH JI03BOJISIE  MIKpompolecopam  (opmyBatu
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BUCOKOIIPOAYKTHBHI CHCTEMHM, BKIIOYHO 3 MEPCOHAIbHUMHU KOMII IOTEpaMH, CepBepamMH Ta
O0OYHCTIOBAIBHUMH TUIATGOPMaMHK, /1€ BAaXJIMBUMHU € IIBHAKOJIS, IMIMPOKI MOXKIHUBOCTI 0OpOOKH
JaHUX 1 THYYKICTh KOH(Iryparii.

MikpoKOHTpoOJIep, Ha BIIMiIHY BiJ MIKpOIpoIecopa, € IHTErPOBAHOI0 CUCTEMOIO Ha OJTHOMY
KpHUCTaJdi, sKa MICTUTh NPOLIECOPHE SIPO, ONEPaTUBHY IaMm’ ATh, MOCTIHY HaMm sTh, TalMepH,
MOPTH BBOAY-BHBOAY, aHAJIOTO-UM(POBI NepeTBOproBadi Ta iHIN nepudepiiini moxym. Bin
IpU3HAYEHUH JUIsI BUKOHAHHS CIELlaJli30BaHMX MPHUKJIAAHMX 33Jad y peaJbHOMYy Yaci Ta
3a0e31eYeHHs aBTOHOMHOT'O KepyBaHHS (DI3MYHUMU TIpoliecaMu 0e3 MoTpeOu y BEIUKIN KUTbKOCTI
30BHIIIHIX ~ KOMIIOHEHTIB. 3aBJJKM IHTEIPOBAHOCTI Ta HU3BKOMY E€HEPIrOCIOXXHBAHHIO
MIKPOKOHTPOJIEPU 3aCTOCOBYIOTbCSI Y BOYJOBAHUX CHUCTEMaX, IOOYTOBUX NPHUCTPOSX, CEHCOPHHUX
Mepekax, IPOMHCIOBHX KOHTpoJiepaXx 1 pPOOOTOTEXHilll, /e KIOYOBUMH € HaIHHICTD,
MOBTOPIOBAHICTh AJITOPUTMIB Ta AETEPMIHOBaHA PEAKIIis HA MOI].

[TonaTTss Mikpomporecopa i MIKPOKOHTposiepa BijoOpakae maBa pi3HI MIXOAM 10
opraHizanii OOYMCIIIOBAIBHUX CHUCTEM: YHIBEpCaJIbHUN OOUYMCIIOBAJIBHUNA MOAYNb 13 IIUPOKUMU
MOJKJIMBOCTSIMU PO3IIMPEHHS Ta KOMIIAKTHUI I1HTEpOBAaHUN KOHTPOJIEpP, ONTUMI30BaHUU JUIs
KOHKPETHUX NPUKJIaJHUX 3aBAaHb. OOuaBa TUNM NPUCTPOIB € (pyHIAaMEHTAIbHUMU E€JIEMEHTaMHU
1M (poBOi TEXHIKH Ta (POPMYIOTH OCHOBY CY4aCHUX OOUMCITIOBATILHUX 1 KEPYBAIBHUX apXITEKTYD.

CrpyKTypa MIKPOKOHTpPOJIEPIB 1 MIKPOIIPOLECOPHUX CUCTEM BH3HAYAETHCS B3a€MOJIIEI0
MPOLIECOPHOTO  ANpa, Ham’aTi Ta mnepudepiiHuX MOIYNiB, M0 3a0e3Me4YyloTh BHUKOHAHHS
THCTpYKIiH, 30epeKeHHS TaHUX 1 KEpyBaHHS 30BHIIIHIMU NPUCTPOSIMU. LIeHTpabHUM eIEMEHTOM €
MPOIIECOPHE S/IPO, SIK€ MICTUTh apU(METHKO-JIOTIYHMNA TPUCTPiH, pericTpoBuil ¢aitn i Oiok
KepyBaHHS, BIANOBIJAIGHUI 3a JEKOJyBaHHS Ta BHKOHAaHHS 1HCTpyKHii. HaBkomo sapa
dbopMy€eThbCcS CHCTEMHA INMHA, sKa 3a0e3nedye OOMIH JaHMMH MDK yciMa KOMIIOHCHTaMHU,
BKJIFOYAIOYW T1aM’SITh 1 30BHIIIHI iHTepdehcu. Y MIKpOKOHTpOJEpax Il €JIeMEHTH 1HTErpOBaHI B
MEXax OJHOr0 KpHCTaly, TOAl SIK y MIKPOIPOLIECOPHUX CHCTEMax BOHHM pealli3ylThCs 3
BUKOPHUCTaHHSAM OKPEMHUX MIKPOCXEM.

Tunu maM’sTi BKIIOYAIOTh OMNEpaTHBHY IaMm sATh, MOCTIHHY Nam’aTh Ta CIeliali3oBaHi
O0y¢epHni obmnacri. OneparuHa nam’ st (RAM) BUKOpHUCTOBY€EThCS 11 30€piraHHsi poO0UYMX JaHUX
Ta TPOMDKHHUX pE3yJdbTaTiB MiJ Yac BHMKOHAHHA MpPOTrpaM 1 XapaKTEpU3YEThCS BHCOKOIO
MIBUJKOIEI0 Ta eHepro3anexHicTio. [locrtiitna mam’ste (ROM, Flash, EEPROM) cnyrye mns
30epiraHHsl MPOrPaMHOr0 KOy 1 KOH(DIrypamiiiHUX mapameTpiB, € eHeproHe3aaexHow 1 30epirae
JlaHl Micasl BAMKHEHHS KUBJIEHHS. J[0laTKOBI THUIM maM’sTi — Kelll MaMm’sITh y MIKpompolecopax,
Oydepu BBOAY-BUBOJLY Ta pericTpu mnepudepiiHux MoIaynaiB — 3a0e3nedyroTh IiJABHUIIEHHS
MPOAYKTUBHOCTI Ta ONTUMI3allil0 OOMIHY JaHUMH MIX IiJICHCTEMaMH.

OcHoBHI nepudepiitHi Moxyni 3a0e3neuyroThb B3a€EMOII  MIKPOKOHTpojepa abo
MIKpOIpOoIecopa 3 30BHIIIHIMU NMPUCTPOSIMU Ta CEHCOpaMHU. [0 Takux MOJIyJiB HalleXaTh TalMepu
Ta JIYWIBHUKH, SIK1 BIATMOBIIAIOTH 32 (JOPMYBaHHS YAaCOBHUX 1HTEPBAIIB 1 CHHXPOHI3AIIIO MPOIIECIB;
MOPTU BBOJLY-BUBOY JJ1sl poOoTH 3 mudpoBumu curtanamu; inrepgeiicu UART, 12C, SPI ra USB
JUIS KOMYHIKAlii 3 IHIUMH UUQPOBUMH MPUCTPOSIMU; aHAIOTO-IU(pPOoBI Ta LU(PO-aHATIOTOBI
MepeTBOPIOBaYil Juisi pOOOTH 3 aHAJIOTOBUMHU CUTHaiaMu; Moaysii PWM miist kepyBaHHSI IBUTYHaMU
I BUKOHAaBUMMH MEXaHi3MaMH; a TaKOX KOHTPOJIEpH IepepuBaHb, 110 3a0e3Meuyl0Th peakiio Ha
acMHXpOHHI noJii. CyKynHICTb ITUX €JIEeMEHTIB BH3HAua€ (PyHKI[IOHAIbHI MOMJIMBOCTI CUCTEMH, il
NPOAYKTHBHICTb, THYYKICTh Ta 3JaTHICTh A0 iHTerpauii y ckiagHi nudposi i BOymoBaHi
KOMILIEKCH.

MikpocxemMu y3roJkeHHs 1HTepQeiciB 3a0e3MeuyloTh KOPEKTHY B3a€EMOJII0  MIXK
1M (POBUMHU MPUCTPOSIMHU, K1 MPALOIOTH 3 PI3HUMHU PIBHSAMU HaNpyr, TUIIAMU CUTHAJIIB, JIOTTYHUMU
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CTaHJapTaMH a00 EJICKTPUYHUMHU XapaKTepUCTUKaMU. BOHM BUKOHYIOTH (DYHKIIT TIepeTBOpPEHHS
piBHIB Hampyru, Oydepusaliii CUTHAJIB, 3aXUCTy BiJl MEPEBAHTAKECHb Ta 3a0e3MeUeHHs MOTPiOHOT
HABaHTAXYBaJIbHOI 3JaTHOCTI JUIA KEpPyBaHHS KUIbKOMa NPUCTPOSIMH OAHOYAcHO. Jlo Takmx
MIKpOCXEM HaJIe)XaTh JpaiiBepd IIUH, MOBTOpPIOBayl curHaiiB, meperBoproBadi TTL-CMOS,
mudepentiaibai  npuiiMadi-epeaBadi Ta JIOTiYHI Oy(epu 3 TphOMa CTaHAMH BHXOAY. IXHe
3aCTOCYBaHHS € HEOOXIHUM y CKJIaJHUX HU(PPOBUX CHUCTEMax, A€ Pi3HI MiJCUCTEMU MOXKYTh
MpaioBaT 3a PI3HUMHU CTaHJApTaMyd Hanmpyrd abo MaTu BiAMIHHI BHMOTH 10 IIBHJIKOAII,
IMITEITaHCY Ta eJIEeKTPOMAarHiTHOI cyMicHOCTI. IIpaBuibHe y3roJKeHHs IHTep(dEHCIB MiaBUILYE
HaJIAHICTh TIEpPeIaBaHHs JAaHWUX, 3MCHIIYE HWMOBIPHICTh CIOTBOPEHb Ta 3a0e3nedye CTaOUIbHY
pOOOTY CHCTEMH B yMOBaX BHCOKOIIIBHIKICHOT KOMYHIKaIIii.

[ToOymoBa Ta aHami3 MUGPOBOTO By3JIa HA OCHOBI JUCKPETHOI JIOTIKM BKIItOUae GopmaibHe
BU3HAYCHHS (DYHKI[IOHAIBHOTO TPU3HAYEHHS BY3Ja, BUOIp HEOOXIIHUX JIOTIYHHMX EJIIEMEHTIB 1
noOyOBY €NeKTPUYHOI CXEeMH, fKa peajizye 3amaHy JoridyHy ¢yskuiroo. [Iporec mounHaerscs 3
(dbopMyBaHHS JIOTIYHOTO BHpazy abo TaOMUINl ICTHHHOCTI, IO OMUCY€E 3aJeKHICTh BUXOJIB BiJ
Habopy BxoniB. Ilicis 1bOro BUKOHYETHCS MiHIMI3allig JOTIYHOT (YHKIIT 711 CKOPOYEHHS
KUJIBKOCTI €NIeMEHTIB Ta onTuMizalii cTpykTypu. Ha ocHOBI onTumi3zoBaHOi (yHKIT 0OUparOThCS
KOHKpPETHI JIOTIYHI MIKPOCXeMH TMOTpiOHOTO CTaHAApTy, BPaxXxOBYIOUHM iXHIO 3aTPHUMKY,
HABaHTa)XXyBaJbHY 3/JaTHICTh, PIBHI CUTHAJIB Ta CIOXXHMBAHY MOTYXHICTb. Jlani BUKOHY€EThCS
noOy0Ba CXEMHU 3 ypaxyBaHHSM (I3WYHHUX IMapaMeTpiB 3’€HAHb, YACOBUX XaAPAKTCPUCTHUK Ta
MOJJIMBHX TIEPEXOJiB CHUTHATIB MK TaKTOBMMH JOMEHaMH. AHalli3 TOTOBOTO BY3Jia BKIIOYA€
MEePEBIPKY JIOTTYHOI KOPEKTHOCTI, MOJICITFOBAHHS MTOBEIIHKY MIPH PI3HUX BXITHUX CHTHAJIAX, OLIHKY
YacOBMX 3aTPUMOK, 3aracy 3aBaJOCTIMKOCTI Ta TEMJIOBOTO pexuMy. Takuwil MiAXia J03BOJISIE
CTBOPIOBATH Ha/ilHI i MpeTUKTUBHI H(POBI BY3JH, CYMICHI 3 IHITUMH KOMIIOHEHTAMHU CHCTEMH Ta
OIITUMI30BaHI 32 allapaTHUMU i EHEPreTUYHUMU ITapaMeTPaMHu.

CTpyKTypa NepCcoHAILHOT0 KOMIT I0Tepa

CrpykTypa MEpCOHAJIbHOIO KOMIT'IOTepa BH3HA4Ya€ B3AaEMOII0 HOro amapaTHHX
KOMIIOHEHTIB, 1110 3a0e3Meuyl0Th BUKOHAHHS OOYHMCIIEHb, 30epiraHHs JaHUX, BBEJICHHSI-BUBEICHHS
Ta KepyBaHHs mnepudepiero. LleHTpanbHUM €JIeMEHTOM € Mpolecop, SKUH BUKOHYE I1HCTPYKIT
MPOrpaMHOTO 3a0e3MneueHHs, 3A1MCHIOE apru(METUYHI Ta JIOTI4HI omeparlii Ta KOOpAHUHYE POOOTY
iHmMx mnigcucreM. [Ipouecop B3aemojie 3 ONEpPaTUBHOKO MaM ATTIO, IO BUKOPUCTOBYETHCS IS
THMYacoBOTIo 30epiraHHs JaHUX 1 KOMaH[, HEOOX1THUX Y Ipoleci BUKOHAHHS mporpaM. OOMiH Mix
MIPOLIECOPOM Ta IHIIMMHU KOMIIOHEHTaMH 3a0€3MeUyeThCs CHCTEMHOI0 IIMHOK abo HabopoMm
BHYTPIIIHIX IIWH, IO BKJIIOYAIOTh IITUHU JaHUX, aJpec 1 KepyBaHHS.

@yHKIIT JOBroTpUBajioro 30epiranHs iHdopmalii BUKOHYIOTh HaKOMMYyBadi, Taki gk SSD
ab0 OPCTKI JUCKH, IO MICTAThH ONepalliifHy CUCTeMy, IPUKIaJHE NMporpaMHe 3a0e3neueHHs Ta
poboui ¢aitn kopuctyBaya. I'padiyna migcucrema, npeacTaBieHa iIHTErPOBAHUM a00 JTUCKPETHUM
rpagiyHUM ajantepoM, BIANOBiZae 3a (OpMyBaHHS 300paXEHHS Ta amapaTHe NPUCKOPEHHS
rpadiuHuX omepaniii; i1 NPOAYKTUBHICTb BH3HAYa€E MOMKJIMBOCTI CHUCTEMHM Yy Bizyamizauii,
MOJICJIFOBaHHI Ta 00poOIll MynbTuUMemiitHOro KOHTeHTy. Ilepudepis mix’eqHyeTbest Uepes
inTepdeiicu USB, HDMI, PCI Express Ta iHIII CTaHIapTH30BaH1 MPOTOKOJH, LIO J03BOJSIOTh
MIJKII0YaTH  30BHIMIHI MPUCTPOi — KiIaBlaTypu, MHIII, TMPUHTEPH, MEpEexeBl aJanTepu,
HAKOMHUYyBayi Ta 1HII MOIYIII.

MarepuHchKa miaTa € 6a30BOI0 KOHCTPYKTUBHOIO TU1aT(GOpPMOI0, 110 00’ €IHYye BCl anaparHi
KOMIIOHEHTH, 3abe3nedye iX eNeKTpUYHe XUBJICHHS, (Di3MYHE Y3TO/KEHHS Ta MapIIpyTH3aLilo
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curHaimiB. biok xuBneHHs Gpopmye crabinmizoBaHi Hanmpyru st Beix komroHeHTiB [IK, a cucrema
OXOJIOJKEHHS TIATPUMYE TETIOBUH PEXXHUM Mpoliecopa, rpadiqHOro ajanrepa Ta iHIITHUX €JIEMEHTIB,
3aroliraroun meperpiBy. Bzaemoxis mux miacucteM QopMmye LUTICHY amapaTHY apXiTeKTypy
MEPCOHAIBHOTO KOMII'IOTEPa, Y fAKiM BiJ] y3TOJKEHOCTI Ta XapaKTEPUCTHK KOKHOTO KOMIIOHEHTa
3aJISKUTh 3arajibHa MPOIYKTUBHICTh, HAAIMHICTh 1 MOXKJIMBICTD MacIITaOyBaHHS CUCTEMHU.

KommoHeHTH cuCTeMHOro OJIOKY MEpCOHATBHOIO KOMII'IOT€pa CTAaHOBJISATH OCHOBHY
anapatHy miatdopmy, ska 3ade3nedye BUKOHAHHS OOYHCIICHB, 30€piraHHs JaHWX Ta B3aEMOJIIO 3
nepudepifHuMU TpUCTPOsIMU. LIeHTpanbHUM eleMEHTOM € MaTepHHCbKa IUIaTa, fKa IHTErpye
MpOIIeCOp, ONEPATHBHY IIaM’SiTh, KOHTPOJICPHM IIUHU Ta 1HTepdeicHI Momysi, 3abe3nedyroun
eNeKTPUYHE W JIOTIYHE 3’€IHaHHS BCiX KOMITOHEHTIB. [Ipolmecop BHKOHYe OOUYMCITIOBAJIbHI Ta
JIOTI4HI omeparlii, Kepye HiicucTeMaM Ta 00po0JIsie IHCTPYKIii MpOorpaMHOro 3a0e3nedyeHHs, TOi
K omepatuBHa mam’siTh (RAM) CIyXHUTh JJIT TUMYacOBOTO 30epiraHHs JaHWUX 1 KOMaHJ IiJ 4ac
BUKOHAHHS IPOTPaM.

Jns  nmosrorpuBasioro 30epiranHs iH(oOpMaIlii BHKOPHCTOBYIOTHCS KOPCTKI JHMCKH,
TBEPAOTLUIbHI HAKONMWYyBadli Ta KOMOIHOBAaHI CXOBHIA, IO MICTATh OMNEpaLiiiHy CUCTEMY,
MPHUKJIAaIHI MpOorpamMu Ta KOpUCTYBalbKi naHi. ['padiyna migcucrema, npeacTaBieHa IHTETPOBAHUM
abo nucKpeTHUM rpadiuHUM aJanTepoM, BIAMOBiIae 3a (GOpPMYyBaHHS BiJICOCUTHAIly Ta armapaTHE
MIPUCKOpPEHHSI 00poOKu 300pakeHb, BiZeOo Ta TPUBUMIPHOI rpadiku. biok kuBieHHs 3abe3medye
cTalOinpbHI HANpPYTHU JUIS BCIX KOMIIOHEHTIB CHCTEMHOTO OJOKY, HIATPUMYIOUM iX HOpPMaJIbHY
poboTy, a cucTeMa OXOJIO/DKEHHS — BEHTHISATOpPaMU a0o0 PIIMHHUMU KOHTYypaMH — MIATPUMYE
JOMYCTHMHM TETUIOBHIA PEKUM TIpoIiecopa, rpadiqHoro ajantepa Ta iHIIMX eJIEMEHTIB.

JlonaTkoBUMU KOMIIOHEHTaMH € KOHTPOJEPH BBOAY-BHBOIY, MEPEKEBI KapTH, 3BYKOBI
IaTd Ta iHO nepudepiiHi MOAYIMi, MO0 MiAKIIOYAIOTHCA 0 BIANOBITHUX IIMH 1 iHTepdenciB
MaTEepUHCHKOI MIaTh. Yl 11l eleMeHTH (POPMYIOTh KOMILJIEKCHY apXiTEKTYpy CUCTEMHOI0 OJIOKY, B
AKIM B3a€EMOJISI Ta XapaKTePUCTHKA KOXKHOTO KOMIIOHEHTa BU3HAUa€ MPOAYKTUBHICTh, HAIHHICTh
Ta MOXKJIUBICTh MOJIEPHI3allii IEPCOHAIBHOI0 KOMIT I0Tepa.

MarepuHcbka MjaTa € LEHTPAJIbHUM KOMIIOHEHTOM I€PCOHAIBHOTO KOMII IOTEpa, IO
3a0e3neuye pi3uyHe Ta eIEKTPUYHE 3’ €IHAHHS BCIX alapaTHUX MOJYJIB CUCTEMHU Ta KOOPAMWHALIIIO
iXxHBO1 poOOTH. BOHA MICTUTH MPOIIECOPHUI PO3’€M AJIi BCTAHOBJIEHHS LIEHTPAIBHOIO IpoIecopa,
CIIOTH OIlepaTHBHOI mam’sTi Ajig MoayniB RAM, a Tako)k KOHTpOJEpU LIMHU Ta 1HTepQENCiB, 110
3a0e3neuyoTh OOMIH JaHUMHU MDK MijicuctemMamu. Ha T1uiati po3TamioBYIOThCS YINCETH, SKi
HNOJUISIIOTbCA HAa MIBHIYHUM MICT, 11O BIJINOBIJAE 3a B3aEMOJII0 IpolLecopa 3 MaM’SITTIO Ta
rpadiyHUM ajanTepoM, Ta MiBACHHUH MICT, 10 Kepye nepudepitHUMHU NPUCTPOSIMU Ta IIMHAMU
BBO/1y-BHBO/LY.

MarepuHcbka MiaTa BKIIOYAa€ PO3’€MH Ta CJIOTH A BCTaHOBJEHHS JOJATKOBHUX KapT
PO3IIMPEHHS, TAKUX K BIACOKAPTH, MEPEXKEB] a/1allTePH, 3BYKOBI IJIATH Ta KOHTPOJIEPH 30epiraHHs
naHuX. [HTErpoBaHi MOAYJ, HAMPUKIAA ay/aio- Ta MEPEKEBl KOHTPOJIEpH, 3a0e3MeuyioTh 0a30By
(GyHKIIOHANBHICTh 0€3 MOoTpeOu y 30BHINIHIX KapTkax. JloJaTKOBI €JIeMEHTH IUIaTH BKJIIOYAIOTh
CXEMHU KHUBJICHHs JUIsd cTabuli3alii Hampyrd Impolecopa Ta IHIIUX KPUTUYHUX KOMIIOHEHTIB, a
TaKOX CHUCTEMH HIAKIIOUYEHHS BEHTWIALINHNX a00 pIIMHHUX OXOJIOIKYBAIBHUX KOHTYPIB.

MapuipyTuzaniiss CUTHAJIIB 1 OpraHizamisi IIMH Ha MAaTEpUHCBHKIA TIJIaTi BU3HAYAIOTh
IIBUJIKO/II0O Ta CYMICHICTH KOMIIOHEHTIB, a cTaHAapTH QopmMm-pakropy — Qi3uuHi po3mipH,
pO3TalIyBaHHs po3’€MIB Ta MOHTaXHI OTBOPHU. TakMM UYMHOM, MaT€pHHCHKA IJIaTa BUKOHYE POJIb
KOMYHIKaI[iIHHOIO Ta €HEepPreTMYHOro xpeOTa CUCTeMH, 3a0e3Meuyloud IHTerpaiiio mpolecopa,
nam’siTi, nepudepii Ta pO3MUPIOBATBHUX MOAYIIB Y €JMHY anapaTHy apXiTEKTypy NEpCOHAIBHOIO
KOMIT 10Tepa.
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[Ipomiecop € HEHTpaIbHUM OOYUCITIOBATHHUM OJIOKOM TIEPCOHAIBLHOTO KOMIT I0Tepa abo
MIKPOKOHTPOJIEPHOT CUCTEMH, SIKUH BUKOHYE apu(METHYHI, JOT14Hi, KEpyBaIbHI Ta BX1IHO-BUXI1IHI
omeparii BiJNOBiHO 10 KOMAHJ IIPOrpaMHOro 3abe3reueHHs. MOro OCHOBHHMH CKJIAJOBHMH €
apumeTnxo-noriyauii npuctpiit (AJIII), perictpoBuii daiin Ta 610k kepyBannsa. AJIII 3abe3neuye
BHUKOHAHHS OTIepaIliii 10/aBaHHs, BiTHIMAHHS, MHOXCHHS, IJICHHS, a TAaKOXX JIOTIYHHUX OIEparliil i
3cyBiB. Perictpu mpusHaueHi Al THMYACOBOTO 30€piraHHs NaHHUX, aJpec MaM STl Ta MPOMIKHUX
pe3yiabTaTiB 00YMCIIEHb, IO JO3BOJISE IMJABUIIMTH IIBHIKOMIID CHCTEMH IIJISAXOM MiHIMI3Zaril
JOCTYITY JIO 30BHIIIHBOI ITaM’SITi.

biox kepyBaHHsS OpraHi3oBYeE IOCTIJOBHICTh BHKOHAHHS I1HCTPYKIIH, KEpye MOTOKaMHU
naHux MK perictpamu, AJIIl Ta nam’saTTiO, a TakoXX (OpMye CUTHAIM YIPaBIIHHA Ui
nepudepiitnux Moxymis. [Iporecop B3aeMoiie 3 OnepaTUBHOIO IMaM’ STTIO Ta KeLI-TIaM STTIO Yepes
IIMHA JTaHUX, aJpec Ta KepyBaHHA, M0 3a0e3nedyye MBUAKWNA OOMiH iH()OPMAIE€0 Ta 3MEHIIy€e
3aTPUMKH i1 4aC BUKOHAHHS KOMaH/. J[0laTKOBUMH eleMEHTaMH Cy4aCHHX IMPOLECOPIB € OJIO0KU
nepeadavyBaHOTO BHKOHAHHS 1HCTPYKIINA, KOHBEEpHA OpraHizaiis oOpoOKH, MOIyJi KepyBaHHS
KelleM 1 CrHeliali3oBaHi MPUCKOPIOBaYi, M0 MiABUIIYIOTh MPOAYKTUBHICTE MpU 00poOii
00YHCITIOBAJIEHO IHTEHCUBHUX 3aJ1au.

[TpoayKTHBHICT IpoOLECOpPa BHU3HAYAETHCA TAKTOBOIO YacTOTOIO, PO3PSAHICTIO IIMHU
JaHHUX, 00’€MOM Ta LIBUJKICTIO KelI-TaM’sTi, a TaKOXK apXiTeKTyporo sjpa. Bona Ge3nocepe Hbo
BIIMBA€ Ha IIBHUJKICT BUKOHAaHHS HporpaMm, OOpoOKYy MYIbTHUMEIIHHUX JaHUX, pOOOTY
orepaniiHoi cucTeMH Ta e(QEeKTHBHICTh B3aeMoii 3 mnepudepiiHUMH TPUCTPOSMH. 3aBISKU
MOEHAHHIO 00YHCITIOBABHUX MOXKJIMBOCTEH, KEPYBaHHS IOTOKAMH JaHUX 1 B3a€EMOIIT 3 1aMm’SITTIO,
MPOIIECOp € OCHOBHMUM KOMITOHEHTOM arapaTHOi apXiTEeKTypH IEPCOHAIBHOTO KOMIT IOTepa Ta
BH3HAYa€ Oro 0OYUCITIOBAIIbHY 31aTHICTD 1 (DYHKI[IOHAIbHI MOKIIUBOCTI.

OnepatuBHa nam’sTh (RAM) € KpUTMUYHOIO MiJICUCTEMOIO IMEPCOHAIBHOIO KOMII H0Tepa,
IPU3HAYEHOIO JUIsI TUMYacoBOro 30epiraHHs JaHUX 1 KOMaHJ, 110 BUKOPUCTOBYIOTHCS Mij dYac
BUKOHaHHA IporpaM. BoHa 3a0e3nedye BHCOKOMIBUIKICHUM TOCTYI A0 iHpopMalii, 10 J03BOJIsIE
nporecopy e(heKTUBHO 00poONsATH OO4YMCIIOBaNbHI Ta JIOTiYHI omeparii 6e3 HeoOXiTHOCTI
3BEpHEHHsl 10 OLIbII MOBUIBHUX HakomuuyyBauiB. RAM XapakTepusyeTbCsi €HEpro3aje’kHiCTIo,
TOOTO MPH BIIKJIIOYECHH1 )KUBJICHHS 1i BMICT BTPA4a€ThCs, a TAKOXK MIBUIKOIIEI0, 00’ €MOM Ta TUTIOM
opranizamii (muHamiuaa DRAM a6o cratnuna SRAM), ki BU3BHAYAIOTh MPOIYKTUBHICTh CUCTEMH.
JlocTyn 10 onepaTUBHOI Ham’sTi 31HCHIOETHCS Y€pe3 CUCTEMHY LIMHY JaHUX 1 aJpec, a CydacHi
MPOIIECOPU BUKOPHCTOBYIOThH KEUI-TIaM’sITh JUIsl MiHIMi3allii 3aTpUMOK 1 MiABUIIIEHHS e(peKTUBHOCTI
00poOkH iH(popMarlii.

HakonuuyBaui  gaHMx  3a0e3leuyloTh  JOBroTpuBane  30epiraHHd  HPOTPaMHOrO
3a0e3neueHHsl, onepaliifHol CUCTEMH Ta KOPUCTYBAIbKUX JaHUX. [0 HUX HajeXaTb KOPCTKI AUCKU
(HDD), TtBepnoTinbHi HakonuyyBayi (SSD), onTuyHi HOCIi Ta KOMOIHALI{ PI3HUX THUMIB HaMm’sTi y
ckJIagHuX cucreMax 360epiranHs. HDD BUKOpPHCTOBYIOTH MarHiTHI IUTAaCTUHU JJsi 30epiraHHs
JAaHUX, XapaKTEPU3YIOTHCS BEITUKOI0 €MHICTIO Ta BITHOCHO HU3BKOIO MIBHJIKICTIO JOCTYIY, TOJI 5K
SSD 3acHoBaHi Ha (rem-nam’sTi, 3a0€3Meuy0Th BUCOKY IIBHJIKICTh YUTAHHS 1 3alUCy, OUIbIITY
CTIMKICTh O MEXaHIYHUX BIUIMBIB Ta HU3bKUH Yac 3aTpUMKH. Bubip Tunmy HakonuyyBaua BU3HAUa€e
MPOAYKTHUBHICTh CUCTEMH INPH 3aBaHTAXXEHHI Iporpam, oOpoO1li BETMKUX MAaCHBIB JaHUX Ta poOOTi
3 MyJbTUMEIITHUM KOHTEHTOM.

CyKyIHICTb ONEPaTUBHOI IaM’sTi Ta HAKOMUYYyBaviB (opMye iepapxito 30epiraHHs JaHUX Y
MEPCOHATBHOMY KOMIIT IOTepi, 1€ ONepaTUBHA NaM sATh 3a0e3Meuye MBUAKUN JOCTYN 11 00poOKH,
a HakomuyyBaul — HaJiliHe TpuBaje 30epiranHs iHQopmalii, BHU3HaAYaOuu OajaHC MIXK
HIBUAKO/II€0, 0OCSATOM 1 BapTICTIO allapaTHOi CUCTEMH.
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[Tnati po3MIMpEeHHs € TOJATKOBHUMHU alapaTHUMH MOIYJISIMH NEPCOHATBHOTO KOMIT I0Tepa,
SKI TMAKITIOYAI0TBECA 10 MATEPUHCHKOI IJIaTH dYepe3 CHeIiaai3oBaHl CIOTH PO3MIMPEHHS Ta
PO3MIHPIOIOTH (DYHKITIOHATHHI MOKIIMBOCTI CHCTeMHU. BoHU 3a0e3meuyroTh A0JaTKOBI iHTepdeiicu
BBO/Iy-BHBOJY, anapaTHEe NPUCKOPEHHS OOpOOKHM AaHWX, MiIKIIOYEHHS nepudepiiiHux mpucTpoiB
Ta peamizamilo crneuupidyHuX OOYMCITIOBANBbHUX 3aBAaHb. OCHOBHI THUNHU IUIAT PO3MIMPEHHS
BKJIIOYAIOTh TpadiuHi ajgantepu aas oOpoOKM 1 BHBEOCHHsS Bifeo- Ta rpadivunoi iHdopmarii,
3BYKOBI TUTaTH 17151 (GOpPMYyBaHHS ayliOCHTHAITY Ta MOKPAIICHHS SIKOCTI 3BYKY, MEPEKEBI KapTH IS
MIIKITIOYSHHST IO JIOKAJBHHUX Ta IIO0ATBHUX MEPEkK, KOHTPOJIEPH HAKOIMYYBadiB JIJIsl OpraHizarii
JIOJIATKOBUX JMCKOBUX MACHBIB, a TAKOX CICIiaJIi30BaH1 MJIATH I OOPOOKH CUTHATIB, KEPYBaHHS
MPOMHUCIOBUMH 200 BOYIOBAHUMHU CHCTEMaMHU.

KOHCTpYKTMBHO TmIaTH pO3IIMPEHHS BIANOBITAIOTH CTaHAapTam  Qopm-pakropy i
CYMICHOCTI cl0TiB MaTepuHchKoi tuiaty, Takux sik PCI, PCI Express, AGP a6o ISA, mo Bu3zHauae
MIBUJIKICTh TI€penavi JaHWX, MIMPUHY LIMHU Ta €JIEKTPUYHI XapaKTepUCTUKU 3’€THAHHA. BoHu
MICTSTh BJIacHI KOHTpoJepu, Oydepu Ta, y ACSIKUX BHIIAJKaX, JOKAJIbHI OJIOKM mam’ATi, IO
3MCHIIIYE HABAHTA)XCHHS HA IICHTPaJIbHHUW MPOLECOP 1 MiJBUIIYE NPOAYKTHBHICTH CHCTEMH.
BukopucTtanHs 1maT po3UIMPEeHHs! T03BOJISIE MOAYJIBHO 301IbIIYBATH MOMJIMBOCTI MEPCOHAIBLHOTO
KOMIT'foTepa 0e3 HeoOXiHOCTI 3aMiHM OCHOBHHMX KOMIIOHEHTIB, 3a0e3MeuyloYd THYYKICTh
KoH(irypariii, afanTaifito 0 HOBUX CTaHAAPTIB Ta ONTUMIi3alli0 poOOTH mija crenudiyHi MPUKIaIHI
3aBlaHHA, Taki K IrPOBI CHCTEMH, MyIJbTHMeEZia, OOYHMCIIOBAlIbHI KjiacTepu abo MpPOMHCIIOBI
KOMILIEKCH KEPYBaHHS.

Anaparna apxirekrypa IIK Ta ii poas y po3pooui I13

MarepuHcbka IulaTa € [EHTPAJIBHOIO  amapaTHoK  IIaTGOpMO0  MEPCOHAIBHOTO
KOMIT FOTepa, 110 3a0e3neuye IHTEerpaliio Mpolecopa, mnam aTi, nepudepiiHuxX MOIYyJiB 1 TuIat
pO3IIMpEHHs] B €IWHY amnapaTtHy cucteMy. BoHa BHKOHYe (QyHKIII KOMYHIKalllifHOrO Ta
€HEepreTMYHOro xpeodra, Hajaw4u (i3UYHI PO3’€MH, CIOTH Ta IIMHM AT OOMIHY JaHUMH MIXK
KOMIIOHEHTaMHU. BHYTpIlIHI IIMHU MaTepUHCHKOI IUIATH MOAUIAIOTHCS HA IIMHM JIAHMX, aJpec 1
KEepyBaHHS Ta BH3HAUYalOTh IIBUJKICTb, LIMPUHY 1 CcrociO mepenadi iHGoOpMaLii MiX MPOLECOPOM,
ONEPAaTUBHOIO NaM ATTIO Ta NepuepiiHUMHU MiAcUCTEMaMu. ApPXITEKTYypa MaTE€pPUHCHKOI IUIaTH
BKJIIOYAE IIEHTPAJIbHUM YINCET, M0 KOOPAMHYE pPOOOTYy MpoIecopa Ta OINEpPaTUBHOI Iam’sTi,
KOHTPOJIEpU BBO/Y-BHBOJY, IHTEIPOBaHI MPHUCTPOT Ta CJIOTH JJIS TUIAT PO3IMIUPEHHS, a TAKOXK CXEMHU
YKUBJICHHS Ta OXOJIOJKEHHsI, HEOOX1TH1 /ISl CTaOUTEHOT POOOTH BCIX KOMIIOHEHTIB.

dopm-pakTop MATEPUHCHKOI IIJIaTH BU3HAYAE i (PI3UYHI PO3MIpHU, pO3TAIIyBaHHS PO3’€MIB,
MOHTa)XHHX OTBOpPIB Ta CYMICHICTb 13 KOpPIycCOM KOMIT'loTeépa 1 OJOKOM >KHUBJICHHS.
Haitnommpenimmvu € ¢opm-pakropu ATX, microATX 1 Mini-ITX. ATX xapakrepusyerbcs
BEJIMKOIO TUIONIEI0 Ta HAsSBHICTIO BEUKOI KUIBKOCTI CIOTIB PO3LIMPEHHS 1 MOAYMIB Mam’ATi, 110
3a0e3mneuye rHY4KIiCTh 1 BUCOKY MPOJIYKTUBHICTh cucTeMu. MicroATX mMae KOMIakTHIIT PO3MIpH 3
MEHIIMM YHUCJIOM CJIOTIB PO3IIUPEHHS, 110 JI03BOJISIE 3MEHIIUTH TabapUTH CUCTEMHOrO OJIOKY 0e3
1ICTOTHOTO 3HIKEHHS QyHKIIOHATBHOCTI. Mini-ITX € HaliMeHIIMM CTaHAAPTOM cepel 3a3HAYCHUX 1
MpU3HAYCHUN A TOOYJOBH MajorabapuTHUX 1 eHeproe(eKTHUBHHX CHCTEM, 3 OOMEKEHOIO
KUIBKICTIO PO3MIMPIOBAJILHUX CJIOTIB, ajie 3 TOBHOIO MIATPUMKOIO CY4acCHHMX MPOIECOPIB 1 MOAYIMIB
nam’ati. Bubip dopMm-dpakTopy BH3HAUaEe MOKIMBOCTI MOJEpHi3allii, CyMICHICTh KOMIIOHEHTIB 1
KOH(}ITypalito CHCTEMHOTO OJIOKY, a TaKOXX BIUIMBAE Ha €(DEKTHBHICTh BEHTWJIALIT Ta OpraHizaliito
BHYTPIIIHIX [IHH.
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Yincer MaTepUHCHKOI IUIATH € KJIOYOBUM €JIEMEHTOM apXITEeKTypH, L0 KOOPAUHYE
B3a€EMO/IIIO MPOIIECOpa, ONEPATUBHOI IMaM AT, TIaT PO3MIMPEHHS Ta nepudepiiHuX MpUCTpoiB. Bin
3a3BHYail MOAUISIETHCS HA MIBHIYHUNA MICT, SIKHH 3a0e3meuye 3B’S30K MpoIecopa 3 ONEepaTHBHOIO
nam’ITTI0 Ta TpadidyHUM afanTepoM, 1 MBJACHHUNA MICT, IO BiAMOBIIA€E 32 KEPyBaHHS 30BHINIHIMU
iHTepdeiicamu, HakonmuyyBayamu Ta nepudepiero. [uan ganux i kepyBaHHS (OPMYIOTH OCHOBY
oOMiHy iH(oOpMali€l0 MiX KOMIIOHEHTAMH, BH3HAYAaIOUW MIBHJKICTh, NMPOIYCKHY 3HAaTHICTH 1
TOYHICTh CHHXPOHI3allli CHUTHAJIB, IO OCOOJMBO KPUTUYHO Ui OOUMCIIOBAIBHO IHTEHCHUBHUX
orepalliii Ta BUCOKOIIBHUIKICHOT B3aEMO/IIT Mi>K ITPOIIECOPOM 1 Iam’ SITTIO.

BIOS a6o cyuacuuii UEFI 3a0e3meuyroTh moyaTKoBe 3aBaHTaXEHHS CUCTEMH, 1HIIiaTi3a1liio
amapaTHUX KOMITOHEHTIB, KOH(Irypallio IIxH, Mporecopa, rnaM ATi Ta nepudepiiHux mpucTpois, a
TAaKOXX HAJAIOTh iHTepQEHC s yrnpaBiaiHHS 0a30BUMHU MapaMeTpaMH CUCTEMH IO 3aBaHTAKCHHS
omepariiiinoi cucremu. VRM (Voltage Regulator Module) BiamoBinae 3a crabinizaiiro Hampyru, 1o
MOJIAETCSA Ha MPOLECOp Ta IHII KPUTHYHI KOMIIOHEHTH, 3a0e3meuyroud HaliiiHy poOoTy mpu
3MIHHOMY €HEproCHOXXHBaHHI Ta PI3HUX peXMMax HaBaHTakeHHs. KommiekcHa pobota wircery,
BHyTpimHiX muH, BIOS/UEFI Tta VRM BH3Hauae mOpOAYKTHBHICTb, CTaOUIBHICTH Ta
€HEeproeeKTUBHICTh MEPCOHAIBHOIO KOMII I0Tepa, 3a0e3Meuyloud Y3rOoJKeHY B3a€MOJII0 BCIX
arnapaTHUX I1JCUCTEM.

B3aemofisi KOMIIOHEHTIB IMEPCOHAJIBHOTO KOMIT'IOTEpAa BU3HAYAETHCS —aAPXITEKTYPOIO
MaTepUHCHKOI IUIaTH, YINCETOM, BHYTPIIIHIMU IIMHAMU Ta KOHTPOJIEpaMH BBOAY-BUBOIY, LIO
3a0e3neuyoTh CHHXPOHHY Ta  Y3TO/DKEHYy pOOOTy TMpolecopa, OINEpaTUBHOI  IaM ATi,
HaKOMMYYyBaviB, rpaiqyHOro ajantepa Ta IuiaT po3mmpeHHs. Ilpomecop depe3 mMHM AaHUX 1
KepyBaHHS OOMIHIOETHCSI KOMaH/IaMH Ta JaHUMH 3 MaM’ATTIO Ta epuepiiHUMI MOIYJISIMH, TOJ1
SIK 9ITICET PEryJIr0e MapIIPyTU3AIiI0 CUTHAJIIB, IPIOPUTE3AII0 TOCTYITY JIO PECYPCIB i B3aEMOIIIO 3
3oBHimHIMU mpuctposimu. BIOS a6o UEFI BiamoBimaioTh 3a MepBUHHY iHILIai3alliio BCiX
KOMITOHEHTIB, MEPEeBIpKYy Mpane3gaTHOCTI Ta KOHQIrypalmiro CHCTeMHUX pecypciB, a VRM
3abe3neuye cTalOlIbHE JKUBJICHHS MpOIecOopa Ta IHIIMX KPUTHYHUX BY3JIIB HpPU 3MIHHOMY
HaBaHTaXXEHHI, MIATPUMYIOUN CTaOUIBHICTD 1 HAAIHHICTH pOOOTH CUCTEMH.

TexHIuHl XapaKTepUCTUKU MEPCOHAIBHUX KOMII IOTE€PIB BU3HAYAIOTh iX HMPOIAYKTHUBHICTD,
eHeproe(PeKTUBHICT, 1 MOXJIUBOCTI MojepHizauii. Cepel OCHOBHUX NapaMeTpiB BUIUISIOTH
TaKTOBY YacTOTy Ta PO3PSAIAHICTH Ipolecopa, oOCAr 1 THUIl ONEpaTHBHOI Mam’ATi, IBUIKOMAIIO 1
MICTKICTh HAaKOMHM4YyBauiB, MPOMYCKHY 3/aTHICTh BHYTPIIIHIX IIMH Ta MOJIMBOCTI HIAKIIOUYEHHS
IUIaT PO3IIMPEHHs, MIITPUMKY CydacHMX IHTepdeiciB 1 mepudepiitHux wmoxaymis. ['padiuna
MiJICUCTEMA OLIHIOETHCSA 32 MIBUAKICTIO 00poOKH Bifeo- Ta 3D-ganux, 06’eMoM JIOKaIbHOI maM’sTi
1 amapaTHUM TpucKOopeHHsM. KoMIlekcHa B3aeMOAis KOMIIOHEHTIB, perjaMeHTOBaHa
apXiTeKTypOI0 MAaTEepPUHCBKOI IUIATH Ta XapaKTepUCTHKAMHU OKPEMHUX €JIEeMEHTIB, BU3HAYae
e(eKTUBHICTh 00YHCIIEHb, CTAOUIBHICTH POOOTH, MacIITa0OBaHICTh CHCTEMH Ta BiJIMOBIIHICTD
BAMOTaM IPHUKJIAIHOTO MPOTPaMHOT0 3a0€3TICUCHHS.

ArmapaTHi XapaKTepUCTUKH KOMIT IOTEPHOI CHUCTEeMH Oe3locepeHbO BIUIMBAIOTH Ha
dbopmyBaHHS (YHKIIOHATBFHUX Ta HEPYHKIIOHAIBPHUX BHUMOT JIO TPOrPAaMHOTO 3a0e3IMeUeHHs,
BH3HAYAIOUN MEXI MOXJIMBOCTEH BUKOHAHHS OOUYMCIIEHB 1 OpraHi3ailii B3aeMOJIii 3 KOPUCTyBaueM
Ta nepudepiero. DYHKIIOHATbHI BUMOIH, Taki SK 0OCSAT 0OpOONIOBaHMX MJAaHUX, LIBUJAKICTH
BUKOHAHHSA aJlropuTMiB a00 MiATpUMKa 0araTOMOTOYHOCTI, 3aJie)KaTh B TAaKTOBOI YacTOTH
nporecopa, KUIBKOCTI siiep, PO3PSIHOCTI IIWHU JIaHUX, O0CATY KeHI-IaM’siTi Ta MPOIYyCKHOI
3IaTHOCT1 omepaTuBHOI mam’ari. HakonuuyBaui JaHUX 1 TUOM HIMHUA BHU3HAYalOTh MOKJIMBICTH
poOoTH 3 BeIMKUMU oOcsiraMu 1HPOpMaIlii, IBHUIKICTh TOCTYIy 110 ¢ailiiB 1 6a3 gaHUX, a rpadiyHa
M1JICUCTEMA — arapaTHe MPUCKOPEHHS Bi3yani3alii Ta 00poOKH MyIbTUMEIIHHOTO KOHTEHTY.
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HedynkiionaibHl BUMOTH, TakKi sIK MPOJYKTUBHICTH, HAJIMHICTh, CHEProeEKTUBHICTh Ta
MacImTabOBaHICTh, TaKOXX (OPMYIOTBCS TIiJ BIUIMBOM amapatHoi KoHgirypamii. Hampukman,
O0OMEKEHHSI MTPOIYCKHOI 3IaTHOCT] MIMHU a00 MOBUIBHHUNA JOCTYII 0 MaM’SITi MOXKYTh MPU3BOJAUTH
70 HEOOXITHOCTI ONTHUMIi3alii AITOPUTMIB Ta CTPYKTYp HAHHMX JJs MiJBUINEHHS e()EeKTHBHOCTI
mporpaMHOro 3abe3nedeHHs. CucTeMa OXOJODKCHHS, EHEPrOCIOXHBAHHS 1 CTaOUIBHICTh
KUBIICHHS, SKI BU3HAYAIOTh TEIJIOBI Ta EJEKTPHYHI XapaKTEPUCTUKU arapaTHUX KOMIIOHEHTIB,
BIUIMBAIOTh HA JIOBFOTPUBAJY HAAIHHICTh BUKOHAHHS MpOrpaM Ta BUOIp pexumMiB poOoTH. Takum
YUHOM, 3HAHHS anapaTHUX XapaKTEPUCTUK KOMIT IOTEPHOI CHUCTEMU € KPUTUYHOKO CKJIaJ0BOIO
eTary MPOEeKTYBaHHS MPOrPaMHOro 3a0e3MeUYeHHs], OCKUIBKU TO3BOJIAE aJanTyBaTh (yHKI[IOHATIbHI
Ta He(YHKI[IOHAJIbHI BUMOTH JO0 pEalbHUX OOMEXKEHb CHCTEMH, 3a0€3MEeUyr0Yd CYMICHICTb,
CTaOUIbHICTh Ta €PEKTHUBHICTH OOUHCIICHb.

Bubip amapatHoi miatgopmMu I pO3pOOKH IMPOrpaMHOrO 3a0e3MedYeHHsT BU3HAYAE
e(EeKTUBHICTh MPOIIECY CTBOPEHHS, TECTYBAaHHs Ta ONTUMI3allil MPOrpaMHUX MPOAYKTIB, OCKIIBKH
armaparHi XapaKTepUCTUKU Oe3MocepeIHbO BIUIMBAIOTh HA MPOAYKTHBHICTD KOMITUISAIIT, IIBUIKICT
eMyJslii Ta peanbHy IMOBEIIHKY Mporpamu mig uac BukoHaHHS. [lpu BuOopi mmatdopmu
BpPaxOBYIOTHCSl TAKTOBI YaCTOTH Ta KUIBKICTH SiAep IpoIecopa, 0OCsr 1 TUIl OMEepaTUBHOI MaM AT,
MIBUAKICTG 1 €MHICTh HAKOMHYYBadiB, MPOAYKTUBHICTH TIpadiuHOrO MiACUCTEMH, MIATPUMKA
Cy4acHHX IIWH 1 iHTepdeiiciB, a TakoX HAAIMHICTh >KUBIEHHS 1 CHUCTeMa OXOJOJKeHHs. J{is
PO3pOOKHK MPOTrpamMHOro 3a0e3MeUeHHs, 110 MOTpedye BHUCOKOI MPOAYKTUBHOCTI a00 mMmapalienbHOi
00poOKH JaHuX, MepeBary HaAalTh IIATPOpPMH 3 OaraTOsACPHHUMH IPOLECOPAMU Ta BEITUKOIO
MPOITYCKHOK 3JIaTHICTIO TaMm’aTi, TOHi SIK Ui BOymOBaHWX a0o0 CIHEMmialli30BaHUX CHCTEM
KPUTHYHOIO € CYMICHICTh 13 IIJIbOBHMH alapaTHUMH KOMIIOHEHTAMH Ta EHEPreTHYHHMU
OOMEKCHHSIMH.

KpiM mpoaykTuBHOCTI, mpu BHOOpI amapaTHOi MIaTGOpPMU BPaxoBYIOTh CTaHIAPTU
CyMiCHOCTi, (popM-(pakTOp MaTepUHCHKOI MJIATH Ta HASBHICTh HEOOXIAHUX iHTEepQeHciB 1 ruiart
PO3LIUPEHHS, L0 J03BOJsE€ e(pEeKTUBHO MiAKIIOYaTH mNepudepiro, HanaroKyBaJlbHI MOIYJl Ta
eMynsTopu. Tako OIIHIOIOTHCS MOKIMBOCTI MacIITaOyBaHHS Ta MOJEPHi3allii CUCTEMH, OCKIITbKU
JIOBrOCTPOKOBA MIATPUMKA PO3POOKH Tependadae aganTalliio 10 3pOCTaHHS BHUMOT IPOrPAMHOTO
3a0e3neueHHs. BpaxyBanHs 1ux (akTopiB J03BOJISE CTBOPIOBATH MpPOrpaMHI TMPOIYKTH, IO
BIJIOBIAAIOTh BHMOTaM IPOJYKTHUBHOCTI, HaAIMHOCTI Ta CTaOLIBHOCTI, 3abe3medye TO4YHE
TECTYBaHHsI Ta MPOQUIIOBAHHS KOAY 1 MIHIMI3y€ PU3UKH, [OB’5I3aH1 3 alapaTHUMH OOMEXEHHAMU
IIPU PO3TOPTaHHI MPOTrPaMHOIO 3a0e3MeUeHHsI Ha IIJTbOBUX CUCTEMaX.

AnapartHi 3ac00H JHIMHO-MAIMHHOIO iHTepdeiicy

AmnapaTtHi 3aco0u mroAMHO-MamMHHOTO iHTepdeiicy (JIMI) 3abe3neuyrors ¢izuuHy
B3a€MOJIII0 KOPUCTyBaua 3 KOMIT IOTEPHOIO CHCTEMOIO, J03BOJIIIOYM BBOJMTU JaHi, KepyBaTH
BUKOHAHHSAM IIpOrpaM Ta OTPUMYBaTH iHGOpPMALi0 Yy 3py4Hid g cropuidHATTS ¢opmi. o
OCHOBHHX TIPHCTPOIB BBEICHHS HAJEKaTh KIaBiaTypu, MUIII, TPEKIMaJH, HKOWCTHKH, CEHCOPHI
eKpaHH, rpaQiyHi IUIaHIIETH Ta CIeliali30oBaHl JaTYMKU MOJIOKEeHHA abo pyxy. Lli mpuctpoi
MepeTBOPIOIOTh  (Pi3MuHI  J1i  KOpHCTyBaya Ha €JIEKTPUYHI CUTHAM, SKI 0OpOOISIOTHCS
KOHTpOJIEpaMH BBOJAY Ta HAJCWIAIOTHCS B OOYHMCITIOBAIBHY CHCTEMY 4epe3 CTaHIapTH30BaHi
iHTepdeiicu, nHanpuxiag USB, PS/2, Bluetooth abo inmIi npoTokoiu.

[Tpuctpoi BHUBENEHHS HAJalOTh KOPUCTYBady pe3yibTaT oOpoOkH iH(popMmalii y BUIISAAL
TEKCTY, rpadiku, ayniocurHany abo komOiHauid nmx ¢opm. Jlo HHUX HaJeXaTb MOHITOPH,
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MPUHTEPH, TUHAMIKH, CBITIOMIONHI 1HIUKATOPH, a TAKOX OUIBII CKJIATHI CHCTEMHU BIpTyalbHOI Ta
JOTIOBHEHO1 peayibHOCTI. KimtouoBMMHU XapakTtepucTukamu amapatHux 3aco0iB JIMI e mBuakomis,
TOYHICTh, PpO3AUTPHA 3JIaTHICTb, Yac BIATYKY, CYMICHICTh 3 IHIIMMH KOMIIOHEHTaMH Ta
€pPrOHOMIYHICTb ISl KOPUCTYBayva.

CyKymHICTh IMX TPUCTPOIB (GopMye ePEeKTHBHMHA KaHaI KOMYHIKamii MiDX JIOJAWHOIO i
KOMIT I0TE€pOM, 3a0e3Meuyloud 3pyyHe BBEJCHHS KOMaHJ, KOHTPOJIb 32 MPOLIECAaMH Ta CBOE€YACHE
OTpUMaHHS pe3yibTaTiB. AnapartHi 3aco6u JIMI BH3HAuYarOTh SKICTH KOPUCTYBALLKOI'O JIOCBILY,
BIUIMBAIOTh HAa MPOJAYKTHUBHICTH POOOTH Ta O€3MEeKy B3a€MOJii, a TaKOX CIYTylOTh 0a3010 IS
peamizamii cydacHuX iHTepQeiCiB ympaBliHHSI B NMEPCOHAIBHHUX 1 BOYJIOBAaHMX KOMIT FOTEPHUX
cucreMax.

[Tepudepiiini MPUCTPOi MEPCOHATHLHOTO KOMIT IOTEpa PO3MIUPIOIOTh WOTO (PYHKIIOHAIBHI
MO>KJIMBOCTI, 3a0€3MeUy0ur BBEJICHHS, 00pOOKY Ta BUBEIEHHS 1H(OpMALlii, a TAKOXK TOBrOTpHBAJIe
30epiranHs JaHux. [IpucTpoi BBeICHHS JO3BOJISAIOTH KOPUCTYBAUy MepeaaBaTH KOMaH/AM Ta JaHi 10
CUCTEeMH, TIepeTBOPIOOYH (Di3W4HI Aii HA €NEeKTPUYHI CUTHAIM; IO HUX BIJIHOCSATHCS KIIaBiaTypw,
MHUIll, CKaHEpH, CEHCOPHI €KpaHW Ta CIEeLiali30BaHl JaTYMKM, HaNpHUKIag s KepyBaHHs
IIPOMUCIOBUMHU 200 BOYZ0BaHUMH cucTeMaMu. IIpucTpoi BuBeieHHs 3a0€31e4yIoTh BiJOOpaXKeHHs
pe3ynbratiB 00poOku iHdopmarlii B 3py4Hiil Gopmi: MOHITOPU (HOPMYIOTH rpadidHe Ta TEKCTOBE
300pak€HHs, IPUHTEPH Ta IUIOTTEPU BUBOJATH JaHI Ha ManepoBi HOCII, AMHAMIKK 1 3BYKOBI
CUCTEMH — Y BUIJIS1 ayAl0CUTHAIY.

MOoHITOpH XapaKTepU3yIOThCS PO3AUILHOIO 3JIaTHICTIO, YacTOTOK) OHOBJICHHS, THUIIOM
MaTpUIll Ta TEXHOJOTI€I0 TMiJACBIYyBaHHSA, IO BH3HAYA€ SKICTh BiOOpaKEHHS, TOYHICTD
KoJboporepenadyi Ta KoM(popT KOpUCTyBada Imif dYac podoTtn. HakomwmuyBaui maHuX, 0 SIKMX
BigHOCATHCS XOpcTki aucku (HDD), TBepmorinpHi HakommuyBadi (SSD) Ta onmTWyni mpUBOAH,
BUKOHYIOTh (DYHKIIIO JOBrorpuBaioro 30epiraHHs iHdopmaiii, 3abe3nedyrodyr HaAiMHICTD,
HIBUJIKICT JOCTynmy Ta o0car nam’saTi. CyyacHi CHCTEMH YacTO KOMOIHYIOTh pIi3HI THUIH
HAKOMUYYBaviB JUIsl OMTUMI3allii MPOAYKTUBHOCTI, Hanpukiaa SSD ans cucremuux ¢ainis i HDD
JUIsl apX1BHUX JIaHUX.

3aranbHa opradizamis nepudepiiHuX NPUCTPOIB mepeadavae iX MIIKIIOYEHHS 4Yepes
CTaH/IapTU30BaH1 iHTep(EeCH Ta KOHTPOJIEPU BBOAY-BUBOAY, 1110 J1I03BOJISIE CHHXPOHI3YBaTH poOOTY
3 LEHTPAJIBHOIO CUCTEMOIO Ta 3a0e3Meuye CyMICHICTh 13 MpOrpaMHuUM 3a0e3nedeHHsM. EdexTuBHa
B3a€EMOJIS BCIX NepudepiiiHuX MOAYJIIB BU3HAYa€ 3pY4HICTh KOPUCTYBaHHS, MIBUAKICTH 0OpOOKU
iH(popMallii Ta HaAIHHICTh CUCTEMH, III0 0COOIMBO BAXKIUBO 7151 KOMIUIEKCHUX OOYHCIIOBAIbHUX Ta
MYJIbTUMEIIMHUX 3aCTOCYBaHb.

[Tpuntepu Ta OaratodynkuioHansHi mnpuctpoi (B®PII) € nepudepiiiHuMu MoxyIIMH
MEPCOHAIBHOIO KOMIT I0Tepa, NMpU3HAUYEHUMM JUIs BUBEACHHs iHpopmauii Ha ¢i3uyHi HoOcii Ta
BUKOHAHHSI KOMIUIEKCHUX odicHux ¢yHkuiid. [IpuHTepu peanizyroTe Oe3mnocepenHe APyKyBaHHS
TEKCTy, rpadiku Ta 300pa)xkeHb Ha marepi ado 1HIIMX HOCISIX, BUKOPUCTOBYIOUH PI3HI TEXHOJIOTI],
Taki sK Jla3epHa, CTpyMEHeBa, MaTpu4yHa abo TepMoApyK. KIFouoBMMH XapaKTepHUCTHKaMU
MIPUHTEPIB € PO3JLIbHA 3JaTHICTb, IIBUAKICTH APYKY, 00CSIr 0OpoOIIOBaHHMX CTOPIHOK Ta THUII
MIATPUMYBaHUX HOCIIB.

BararodynkuioHanpHi TpUCTPOi MOEAHYIOTH (YHKIII MPUHTEPaA, CKaHepa, KOomipa Ta 1HO/l
dakcy B OJHOMY KopImyci, 3a0e3meuyroud €KOHOMiI0 MPOCTOPY Ta IHTETpOBaHYy poOOTy 3
JOKyMeHTaMu. BoHu migkimouaroTees A0 KoMmm'roTepa depe3 USB, mepexesi iHTepdeiicu abo
0€31pOTOBI MPOTOKOJIM, a BHYTPIIIHI KOHTPOJIEPH KOOPAMHYIOTH OOpPOOKY CHTHalliB BBEICHHS-
BUBEJICHHS Ta 3a0€3Meuyl0Th CYMICHICTh 13 PI3HUMH OIEpaliiiHUMH CHCTEMaMH Ta MPOrpaMHUM
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3abe3nedeHHsIM. BOII yacto MicTsaTh BOynoBaHy mamM’siTh 1 Oydep oOpoOKU 3aBIaHb, IO J03BOJISIE
ONTUMI3YBATH YEPry APYKY Ta NPUCKOPIOBATH BUKOHAHHSA CKJIAJHUX OIEpalliil.

EdexTuBHIiCTh MpUHTEPIB 1 O6araToQpyHKIIOHATBHUX MPHUCTPOIB 3AIEKHUTH BiJ 1HTErpamii 3
arapaTHOI IIATGOPMOI0 Ta MPOrpaMHUM 3a0e3MeueHHsIM, CyMICHOCTI JpaiBepiB, CTAOUIBHOCTI
EJIEKTPOXKUBIICHHS Ta 00’€My OOpOOIIOBAHMX JAHHX. IX BUKOPHCTaHHS 3a0e3Meuye MOBHOLIHHE
YIIpaBIIiHHS JTOKyMEHTaMHM, HiJABUIIYE MPOAYKTUBHICTh O(QICHUX 1 BUPOOHUYMX MPOLECIB, a TAKOXK
JI03BOJISIE LIEHTPAJi30BaHO BHPIIIYBaTH 3aBJaHHs KOIIIOBaHHs, CKaHyBaHHSI Ta JpyKy Oe3
JOJATKOBOTO MIJKIIOUEHHSI OKPEMUX ITPUCTPOIB.

[Ipunnunu poOOTH mNpUHTEpiB Ta OaraTodyHKIIOHATLHUX TNPUCTPOIB 0a3yrOThCS Ha
nepeTBOpeHH1 UpoBoi iHGoOpMaIlii, 10 HATXOIUTh BiJl KOMIT IOTEpa, y (i3UYHE BIATBOPECHHS HA
Hocii a00 B aHAJOrOBHW CHTHAN JUIsi CKaHyBaHHS 4M KomitoBaHHsA. s ApykKy muQpoBi naHi
(bopMyIOTECS y pacTpoBHiA 00pa3 CTOPIHKH, SKHH MEpeJaeTbesi 0 MEXaHi3My JPYKY, JI€ Ja3epHi,
CTpyMeHeBi a00 MaTpuyHi cHCTeMH (POPMYIOTH TOYKOBE 300pa’keHHsI Ha Iamnepi 3 BUKOPUCTAHHSIM
TOHEpa, YOpHWIA ab0 TepMOUYYTIMBHUX MaTepiamiB. CkaHepu Ta KOMIpH KOHBEPTYIOTH ONTHUYHE
BiI0OpakeHHd 00’€kTa y HU(POBUI CHTHAN 3a JIOMOMOIOI0 CEHCOPHUX EJIEMEHTIB, IO MOTIM
00pOoOJIIETECS KOHTPOJIEPOM MPUCTPOIO TA TIEPEIAETHCSA HA KOMIT 10Tep a00 30epiracThCsl B aM’ STl
BOIT.

[TigkaroyeHHsT TpUHTEpIB 1 OaraToPyHKIIOHANBHUX TPUCTPOIB 3HIMCHIOETHCS 4Yepes
ctannaptu3oBani intepdeiicu, Brmouaroun USB, Ethernet, Wi-Fi a6o Bluetooth, mo 3a6e3neuye
CYMICHICTh 3 pI3HUMH ONEpaliiHIMU CHUCTEMaMH Ta IpPOTrpaMHUM 3abe3neyeHHsM. KoHTposiepu
MPUCTPOIB KOOPAWHYIOTH OOMIH JaHWMH, TepeTBOpeHHs (opmartiB, Oydepusaiito Ta 00poOKy
4eprd 3aBlaHb, MIATPUMYIOYH OJHOYACHY pOOOTY KIUIBKOX KOPHCTYBAa4iB y MEPEKEBOMY
cepenoBuili. EdexkTnBHE MiAKIIOUEHHS TMependadae HalIANTyBAaHHS JpaiiBepiB, IMapaMeTpiB
00poOKH 300pakeHb Ta PO3AUIBHOI 3MaTHOCTI, IO BIUIMBA€ HA MIBUAKICTH JAPYKY, TOYHICTh
BIATBOPEHHSA Ta SAKICTb CKaHyBaHHS. JloTpuMaHHS LMX MNpUHLUUIOIB 3a0e3nedye HafiiHy Ta
NPOAYKTHUBHY B3a€EMOJII0 amapaTHUX Ta MPOTrPaMHUX KOMIIOHEHTIB CHUCTEMH IpH poOoTi 3
JOKyMEHTaMH, rpadiyHUMHU Ta MyJIbTUMEIIMHUMU MaTepiaJaMu.

HakonuuyBaui nanux HDD (kopctki nucku) ta SSD (TBepHOTUIbHI HaKOMMYyBaui) €
OCHOBHUMHU MPUCTPOSIMU JOBFOTPUBAJIOro 30epiranHs iHpopMallii B IEpCOHAIBHUX KOMIT I0TEPaXx 1
O0YMCITIOBAJIBHUX CUCTEMaX, aje BIAPI3HAIOTHCA NMPUHIMIAMH POOOTH, HIBUAKOJIEI0, HATINHICTIO
Ta eHeprocrnokuBaHHsM. HDD  BHUKOPUCTOBYIOTH MarHiTHI IUIACTUHH Ta MEXaHIYHHUM
3YUTYBAJIIbHUI/3aIMCYBAIbHUN TOJOBKU JUIs 30€peXeHHs Ta JOCTyny J10 AaHuX. Yac noctymy Ta
mBHIKICTE mepenadi iHopmanii y HDD oOMexyroTbcs MEXaHIYHUMM 3aTpUMKaMU  pU
NepeMilIeHH] TOJI0OBOK 1 00epTaHHI IUCKIB, 110 BU3HAYA€ OUIBIILY JIATEHTHICTh y MOPIBHAHHI 3 SSD.
OcnoBuumu nepesaramu HDD € Benukwuii o6car mam’siTi 3a BITHOCHO HU3bKY BapTiCTh, 1110 POOUTH
iX ONTUMaIBHUMM JUIsl apX1BHOT'O 30€piraHHs BEJIMKUX MAaCUBIB JIaHUX.

SSD BUKOpHUCTOBYIOTH (piieHI-TIaM STk, 1110 HE MAa€ PyXOMUX YaCTHH, 1 3a0€3Me4yl0Th 3HAYHO
BUIIY IIBHJKICTh YUTAHHS 1 3aIMCY, HU3BKUN Yac TOCTYMNY, CTIMKICTh 10 MEXaHIYHUX BIUIMBIB 1
MEHIIIe €HEeprocloXUBaHHs. BIICYTHICTP MEXaHIYHUX €JIEeMEHTIB MiJBuIlye HaaiiHicTs SSD npu
eKcIUTyaTalii y TOopTaTMBHUX ab0o BOyJAOBaHUX CHUCTEMax, JI€ BaXJIWBI yIapOCTIHKICTh Ta
TpUBAJICTh pPOOOTH Bijx OartapeiiHoro >xuBieHHA. IlepeBaru SSD ocoGuuBO MOMITHI Tpu
3aBaHTa)KEHHI OMepaliifHol CuCTeMH, BUKOHAHHI NPOTrpaM 3 BHCOKMMH BHUMOTAaMH JO IIBHUKOCTI
noctymy Ao ¢aiiis Ta podoTi 3 6a3amMu JaHUX a00 MYJIBTUMEIIHHUM KOHTEHTOM.

Bubip mixk HDD 1 SSD 3anexuth Bii KOHKpeTHHX BUMOT cuctemu: HDD mouinbHi s
30epiraHHs BETUKHUX oOcATIB iH(popMallii 3 oOMexeHuM OroKeToM, Toal Ak SSD 3abe3nedyroTh
BHUCOKY MPOAYKTUBHICTh Ta HaAIMHICTh IpU poOOTI 3 aKTUBHO BUKOPUCTOBYBAaHUMH JaHUMH, 1110
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poOHTH iX KIIOUYOBMMH IJisi CYYaCHUX TIEPCOHATBLHUX KOMIT IOTEpPIB, CEPBEPIB Ta MOOILIBHUX
MPUCTPOIB.

AmnapartHi inTep@eiicn nepcoHaIbLHUX KOMII'KOTEPIB

Inrepdelicn mepcoHAIBHUX KOMII'IOTEPIB 3a0€3MeUyI0Th CTaHAAPTH30BaHYy B3a€MOJIII0 MiX
arapaTHUMU KOMITOHEHTaMHM, NepUQPEepiiHIMH TPUCTPOSIMH Ta OOYHCIIOBAIBHOI CHCTEMOIO,
pearizyroun nepegady AaHUX, CUTHAJIB KepyBaHHS Ta €JIEKTPOXHUBIICHHS. BOHM MOAisAIOTHCA Ha
BHYTPIIIHI, IO 3 €IHYIOTh KOMIIOHEHTH BCEPEIMHI CUCTEMHOTO OJIOKY, Ta 30BHIIIHI, IpU3HAYEHI
UL MAKIIoYeHHs nepudepii, Hampukiag KiaBiaTyp, MHIICH, TPHHTEPIB, HAKOMHYyBadiB abo
MEpeKEBUX afanTepiB. BHyTpimHI iHTEpdEicH BKIIOYAIOTh IIIMHU JaHUX, aapec 1 KepyBaHHS, SKi
3a0e3MeuyloTh B3a€EMOJII0 MpoIlecopa, OMepaTUBHOI MaM’sTi Ta IUIAT PO3MIMPEHHS, TOMAl SK
30BHIIIHI 1HTep(decH cTaHaapTH3YIOTh (GI3UYHI PO3’€MH, MPOTOKOJIUW OOMIHY Ta IIBHUAKICTH
nepeaayi JaHuX MiXK KOMIT FOT€POM 1 30BHIIIHIMU TPUCTPOSIMH.

CyuacHl mepcoHalbHI KOMII'IOTEPH BHKOPHCTOBYIOTH pi3HOMaHITHI iHTepdeiicu: USB,
HDMLI, DisplayPort, Ethernet, SATA, PCI Express Ta inmi. KoxkeH i3 HuX BH3Hauae crienugiky
€JIEKTPUYHUX CHTHAJIIB, TPOTOKOJIM OOMiHY, MaKCUMAaJbHY MPOIYCKHY 3/aTHICTB 1 CYyMICHICTBH 3
arapaTHUMU Ta MPOTpaMHUMH KOoMIoHeHTaMu. [IpaBuibHUIl BUOIp Ta HajamTyBaHHs iHTEpQEiiciB
3a0e3neuye eeKTUBHY B3aEMOJIIIO BCIX CKIIAJOBUX CUCTEMHU, MiBUIINYE MPOIYKTHUBHICTH Mepenadi
JaHUX, CTa0UIBHICTh POOOTH Ta MIATPUMKY Cy4aCHUX MepUQEpiiHUX 1 MEPEKEBUX MPUCTPOIB, 110
0CO0JIMBO BXKJIMBO MPU NOOYT0BI KOMIUIEKCHUX OOYHCIIOBAILHUX 200 MyJIbTUMEIIHHUX CUCTEM.

KaGenbHi Ta 6e31p0TOBI iHTEpdEeiicH ePCOHATLHUX KOMIT FOTEpIB 3a0e3MedyoTh (Qi3uyHe i
JoriuHe 3’€HAHHS MDK amapaTHUMH KOMIIOHEHTaMH Ta Tepu(epiiHuMU MPHCTPOSMH,
BH3HAYAIOUM IIBUAKICTH Mepeiadi JaHuX, MPOTOKOJIM OOMiHY 1 cyMicHicTh. KabenbHi iHTepdeiicu,
taki ssk USB, HDMI, Ethernet, DisplayPort, RS-232 ta PS/2, BUKOpHCTOBYIOTH IIPOBIJIHI 3’ €AHAHHS
Ut iepenayi mu@poBux ab0 aHATOTOBMX CUTHATIB 3 BHCOKOIO CTaOLIBHICTIO Ta MIHIMaJbHUMHU
3arpuMkamMu. USB 3a0e3neuye yHiBepcaibHE MiAKIIOYEHHS MIMPOKOTO CIEKTPY MPHUCTPOIB
BBEJICHHSA-BUBE/ICHHS Ta HAKOMMYYyBayiB 3 MIATPUMKOIO >KUBJICHHA 4epe3 Toi ke kabenb. HDMI i
DisplayPort mpu3HaueHi [y mepenadi ayAio- Ta BiJIGOCUTHA]IB BHCOKOi uiTKocTi, Ethernet
3a0e3neuye cTabiibHE MiIKIIOYEHHS 70 JIOKAIBHUX 1 MI00aNbHUX Mepex, Toni sk RS-232 i PS/2
3aCTOCOBYIOTBCSI JIIi KEpYBaHHS TMPUCTPOSIMHU 1 Mepenadi JaHWX y CIEIiali30BaHUX CHUCTEMaX,
4acTo 31 30epe’KeHHSAM CYMICHOCTI 31 CTapIIIMMHU PIILICHHSIMH.

be3aporoni inTepdeiicu, Taki sk Wi-Fi 1 Bluetooth, peanizytors mepemady naHux uepes
paaiocurHaiy, 3a0e3neuyroud MOOLITBHICTD 1 3pYYHICTh MiAKIIOYeHHs 0e3 ¢iznunux kabemis. Wi-Fi
BUKOPUCTOBYETHCS JJIsl JOCTYNY 1O Mepex 1 IHTepHeTy 3 BHCOKOIO MPOIYCKHOK 3/IaTHICTIO Ta
BiJIHOCHO HHM3BKOIO 3aTpUMKOI0, a Bluetooth 3abe3neuye koMyHiKaIlit0 Ha HEBENUKIM BiJCTaHI MiX
KOMIT'I0TEepOM 1 nepudepiero, HapUKIaJ MUIIAMH, KilaBiaTypamMu abo aymionpuctpossmu. Bubip
UMy iHTepdeiicy 3aeKuTh BiJ BUMOT A0 IIBHIKOCTI Mepeaayi NaHuX, CTabiIbHOCTI 3’ €IHAHHS,
BIJICTaH1 MK IPUCTPOSIMU Ta CIIEUU(]IKK anmapaTHOrO 1 MporpaMHOro 3a0e3neyeHHs, 1110 J103BOJIsIE
ONTHUMI3YBAaTH MPOAYKTUBHICTh, 3PYYHICTb KOPHUCTYBaHHS Ta HAJIHHICTh pOOOTH KOMIT IOTEPHOT
CHCTEMH.

[TpuHIMNH TIepeaBaHHs TaHUX Yy TEPCOHATBHUX KOMIT IOTEPHUX CHCTeMax 0a3yIOThCS Ha
BU3HAYEHHI CIIOCOOY KOJyBaHHS, MapUIpyTU3allii Ta CHHXPOHI3allil CUTHAJIIB MK KOMIIOHEHTaMU
Ta nepudepiitnumu npuctposmu. Ilepenadya moxe 31iHCHIOBATHCA MOCTIIOBHO a00 MapajieiabHO:
IpU TOCIIJOBHOMY crocoOi OiTH JaHMX TepefaloThCs OJMH 3a OJHUM uepe3 OJUH KaHall, II0
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CIPOIIYE KOHCTPYKIIIO KaOelo Ta 3MEHIIYE EJIEKTPOMArHiTHI MEpPenIkoau, TOJI SK MapajeinbHa
nepeaada 3abe3nedye ogHOYACHY Tepenavy KiTbKOX OITiB, MiJBUINYIOYH MPOIYCKHY 3/1aTHICTh HA
KOPOTKHX BIJICTAaHSIX, ajie 30UIbIIYIOYM CKJIAQIHICTh CHHXPOHI3allii Ta PU3MK KOTEPEHTHHUX
CIIOTBOPEHb CUTHAIY.

Jani MOXyTh TiepelaBaTUCS CHHXpOHHO abo acuHxpoHHO. CHHXpOHHA Iepenadya
BUKOPUCTOBYE CHUIBHUN TaKTOBUIM CHTHAJ JJIsi y3TOJUKCHHS NPUHOMY Ta BiIpaBieHHsS OiTiB, 110
3a0e3medye BHCOKY IIBUIKICTH 1 TOYHICTh, TOMI SK aCHMHXpOHHA Tmepenada (OpMY€e CHUTHAIH
CaMOCTIfHO 3 BHUKOPHCTaHHSM CTapTOBHX 1 CTONOBHUX OITiB, IO JO3BOJIAE€ TpaIioBaTH 0e3
30BHIIIHBOrO TOJAMHHHUKA, MPOTE 3 MEHILIOI IPOIYCKHOI 3[aTHICTIO. Y KabelnbHHUX iHTepdeiicax
JIaH1 TIEPETBOPIOIOTHCS B CJICKTPHYHI a00 ONTHYHI CUTHAJIH, a Y OE3aPOTOBUX — Y PaaiovacTOTHI
IMIyJIbCH, SIKI KOJIYIOTHCS BIJIOBITHO IO MPOTOKONY 3B’S3KYy Ui 3a0e3MedeHHs] HaIiiHOCTI Ta
miicHoCTI iH(pOopMAIIii.

Kontponepu inrepdeiiciB peanizytoTs Oydepu3zarito, KOpeKIio MOMUIOK 1 MapIIPyTH3AIIIIO
MAKeTiB JaHUX, 3a0e3Medylodd Yy3ro/KeHy poOOTy amapaTHUX Ta MPOTPaMHUX KOMIIOHEHTIB.
BukopucranHs npaBWIbHOTO MPUHLIMITY epelaBaHHs JaHUX BU3Ha4yae e(heKTUBHICTh KOMYHIKaIIi,
MiHIMI3y€e 3aTpUMKWA Ta BTpaTd iHQOpMAIii, MiJBUILYE MBUAKOAII0 Ta HAIIHHICTE POOOTH
KOMIT'FOTEPHOT CUCTEMH B IIJIOMY, HE3aJI€5KHO BiJ] TUITY IIAK/IIOUEHHs Ta CepelOBUIIA ITepeayi.

AmapatHi acnektn 3abe3nedeHHs iHGopMarliiiHol Oe3NeKH NEePCOHAIBHUX KOMII I0TEPIB
CHOpSMOBaHI Ha 3aXWUCT JAaHUX BiJ HECAHKIIOHOBAHOTO JOCTymy, Moaudikamii abo BTpaTw,
MMOYMHAIOYH BiJ{ (PI3MYHOTO JOCTYIY O iHTEp]EHCiB 1 3aKIHUYIOUH peaTi3alliero Creriaai30BaHnx
3axuCHUX MOAymiB. KoHTposb (i3muHOro MOCTymy BKIIOYAa€ BUKOPUCTAHHS KOPIYCIB 3 3aMKaMH,
3aXHIIEHUX CIOTIB JJIS IJIAT PO3LIMPEHHS, PO3’€MIB 1 MOPTIB, a TAKOXK OOMEKEHHS AOCTYIY IO
BHYTPIIIHIX ITUH Ta OJIOKIB MaM’sTi, M0 YHEMOXKIIUBIIIOE MPsIME BTPYYaHHS y POOOTY amapaTHUX
KOMITOHEHTIB 0€3 aBTOpH3allii.

AnapaTHi MeTOIM 3aXUCTy JAHUX BKJIIOYAIOTh BUKOPUCTaHHSA KpHUNTOrpadiuHUX
nporecopis, anapaTHux Mony’iiB mu¢pysanHs, TPM (Trusted Platform Module) Ta amapatHux
TOKEHIB Ui 30epiraHHs KiouiB 1 cepTudikariB. Taki pillleHHS JO03BOJIAIOTH 3J1HCHIOBATH
mUppyBaHHS AMCKIB, KOHTPOJb IUIICHOCTI CUCTEMHUX (ailyliB, aBTeHTU(IKAIII0 KOPUCTYBAUIB 1
3aXUCT BiJ 3TOBMUCHUX MOAMQiKaIliil mporpaMHOro 3a0e3rneueHHs Ha piBHI anapaTtypu. [lonatkoBo
3aCTOCOBYIOTHCSI TEXHOJIOTIT O€3MEeYHOr0 3aBaHTAXKEHHS, arapaTHa MIATPUMKA 1301011 mam’gTi Ta
MeXaHi13MHU OJIOKYBaHHS 30BHILIHIX MOPTIB Ui 3a1100iraHHs] HECAaHKI[IOHOBAHOMY KOITIIOBaHHIO 200
BUTOKY JIaHUX.

BripoBajkeHHsT anmapaTHUX METOIB 3aXHMCTy JO3BOJISIE IMiJBUIIUTH HAAIHHICTh CHUCTEMH,
3MEHIIUTH PHU3UK KoMIlpoMeTauii KoH(iaeHIiiHOT iHdopmalii Ta 3a0e3MeyuTH BiJMOBIIHICTH
BUMOTaM CTaH/AapTiB Oe3MeKH y KOPIOPATUBHUX, AEP)KaBHUX 1 IMPOMHUCIOBHUX CEpEIOBHILAX.
CyMmicHa poboTa amapaTHHX 1 TMpOorpaMHUX 3aco0iB 3abe3reuye OaraTOpIBHEBUN 3aXHCT
1H(popMallii, MiHIMI3y€e BPa3IMBOCTI Ta JO3BOJIsi€ €EKTUBHO pearyBaTy Ha 3arpo3u, 1[0 BUHUKAIOTh
y MpoIieci eKcIuTyaTalii KOMIT I0TepHOi CUCTEMH.

V3romkeHHs: iHTepdelCciB y TEPCOHATILHUX KOMIT' IOTEpax Tepeadadae CyMICHICTh
€JIEKTPUYHUX CHUTHAJIB, MPOTOKOJIB OOMIHY Ta MEXaHIYHUX pO3’€MIB MIK amapaTHUMHU
KOMIIOHEHTaMHU 1 nepudepiiHuMU NPHUCTPOSMH, IO J03BOJISE€ 3a0€3MEeUUTH KOPEKTHY poOOoTy
cucteMu 0e3 BTpaT JaHUX Ta MEpEeBaHTAKEHb IIMH. Y3TOJUKEHHS Iependayae CTaHIapTH3ALII0
PIBHIB Hampyru, HIBHJIKOCTI Nepeadi, MOCTIIOBHOCTI CUTHAJIB KepyBaHHsS Ta (opMary IaKeTiB
JaHWX, a TaKOXX MIATPUMKY 3BOPOTHOI CYMICHOCTI MDK pPI3HUMH IOKOJIIHHSAMH TPHCTPOIB 1
KoHTposepiB. L{g mpaktuka kputuuna it USB, ockinbku mupokuil cnekTp nepudepii Ta Bepciit
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CTaHJApTy BUMAarae y3roJpKEeHHS il 3a0e3nedeHHs cTa0lIbHOT poOO0TH, HE3aJIeKHO BiJl TTOKOJIIHHS
MIPUCTPOIO YU XOCTA.

Iarepdeiic USB (Universal Serial Bus) wmae nekinbka Bepcidd, IO BIIPi3HSIOTHCS
MPOMYCKHOIO 3/IaTHICTIO, MEXaHIYHUMH XapaKTEPUCTUKAMHU Ta €JIEKTpUYHUMHU napamerpamu. USB
1.1 3abe3neuye mBuUIKICTh A0 12 MO6it/c, miarpumye kiacuuni nepudepiiini npuctpoi, USB 2.0
3011bIIye MPOMYCKHY 3AaTHICTH 10 480 MOit/c, 30epiratoun CyMiCHICTh 3 MONEPETHBOIO BEPCIEIO.
USB 3.0 Ta 3.1 3a0e3neuyroTh nepeaady aanux a0 5S—10 ['6i1/c, maATpUMYyOTh TOBHOAYIIJICKCHHI
peXUM, ONTUMI3OBaHI JUIsl CyYaCHMX HAKONHMYYyBayiB 1 BHCOKOIIBHIKICHUX TepupepiiHuX
npuctpoiB. USB 3.2 i USB4 migBumyroTs npornyckHy 3aatHicTe 10 20—40 I'6iT/c, iHTErpyoTh
ninrpumky Thunderbolt Ta 3a6e3neuyroTs Okl €(heKTUBHE JKUBJICHHS ITiIKIIOUEHUX MPHUCTPOIB.
Koxna Bepcis USB mae crneuum¢iyni TeXHIUYHI XapaKTEpUCTHUKH, IIO0 BHU3HAYAIOTh CYMIiCHICTH,
MIBUJIKO/IIO 1 €HEPTrOCIIOKMBAaHHS, a MpaBWIbHE Y3TO/UKEHHs iHTep(deiicy 3abe3nedye HamiiHUN
OOMiH JaHUMH, ONTHMI3aLil0 podoTu nepudepii Ta cTabiIbHICTh POOOTH KOMIT IOTEPHOI CHCTEMH B
iomy.

Bukopuctanus komm’iorepa i KepyBaHHS 30BHIIIHIMU TPUCTPOSMHU Iepeadadae
oprasizaiito oOMiHy KOMaHJaMH Ta JaHUMHU MDK HEHTPaJbHOI CHCTEMOIO Ta mepudepiero uepes
arnapaTHi iHTepdeiich Ta KOHTPOJIepH BBOAY-BUBOAY. KoM’ 1oTep reHepye curHaiu KepyBaHHS, 1110
MEePEeTBOPIOIOThCA Yy (i3M4YHI Jii Ha TPHUCTPOSIX, TAaKUX SK MPOMHUCIOBI KOHTPOJEPH, POOOTH,
JaTYUKH, akTyaTopu abo moOyroBa enekTpoHika. [lepenaya komaHa 1 JaHUX 3I1HCHIOETHCS Yepe3
CTaHIapTH30BaHI KabenbHI abo Oe3apoToBi iHTepdeiicu, Hampukinan USB, Ethernet, RS-232,
Bluetooth abo Wi-Fi, i3 3acTocyBaHHSM BiANOBIAHUX MPOTOKOJIB OOMiHY Ta CHHXPOHI3amii 1yis
3a0e3neueHHs TOYHOCTI Ta HaliHHOCTI KepyBaHHS.

AmapaTHi KOHTpOJIEpH Ta ajanTepu IiHTepQeiciB BUKOHYIOTh IEPETBOPEHHS CHTHAIIIB,
Oydepusallito, KOpPEKIiI0 MOMIIOK Ta 3a0€3Me4yl0Th EJIEKTPUYHY CYMICHICTh, IO JO3BOJISE
KOMIT IOTEPY KOOPJIMHYBATH POOOTY PI3HOPITHUX MPUCTPOIB HE3AJIEKHO BiJ 1X (I3MUHOI MPUPOJIH.
Buxopuctanus  cmemiami3oBaHMX IUIAaT  PO3UIMPEHHS ab0  MIKPOKOHTPOJNEPIB  JT03BOJISIE
peanizoByBaTH BHCOKOIIBMJKICHI Ta TOYHI Kepyloul CHCTEMH, 3a0e3Meuyloud B3aEMOIII0 3
MPOMHCIIOBUMH IIIMHAMH, CEHCOPHUMH Mepexamu abo BOymoBaHMMH TpUCTposiMH. EdextuBHe
arapaTHe KepyBaHHS 3a0e3leuye CHHXPOHHICTH Jiii, MIHIMI3y€e 3aTPUMKH Ta IMiJBUIILYE TOYHICTh
BUKOHAHHSA QJITOPUTMIB, IO KPUTHYHO U AaBTOMAaTH30BaHUX CHCTEM, pPOOOTOTEXHIUHUX
KOMIUJIEKCIB Ta IHTETPOBAHMX OOYHMCITIOBAILHUX CEPEIOBHII, JI€ BiJ allapaTHOI B3a€EMOJIIT 3aJI€KHUTh
MPOAYKTHUBHICTb Ta HaJ1MHICTh pOOOTH BCi€l CUCTEMU.

Mertoau migkiIOueHHs OOJNAHAHHSA 1O KOMII'IOTEPHOI CHUCTEMH BH3HAYAIOTh CHOCOOM
(G13MYHOTO Ta JIOTIYHOTO 3’€JHAHHSA IMPHUCTPOIB, 110 3a0e3MeuyloTh €(pEeKTUBHUI OOMIH TaHMMHU,
KEepyBaHHS Ta CHHXPOHI3allil0. Y TNPOMHUCIOBUX Ta BOYAOBAaHMX CHUCTEMax Ul IiJIKIIOYESHHS
BUKOPHUCTOBYIOThCSI CTaHIapTU30BaHi1 1HTepdeiicu, Taki sk RS-485 1 CAN, ski XxapakTepu3yroTbcs
BHCOKOIO HAIINHICTIO, MOXJIHBICTIO pOOOTH Ha BEJIMKWAX BIJICTAHAX Ta CTIWKICTIO [0
€JIEKTpOMAarHiTHUX mnepemkos. RS-485 3abesneuye nudepeHuiiiny nepenayy JaHUX IO JBOX
MPOBITHUKAX, JO3BOJISIIOYM TT1IKITIOYATH KUTbKA MPUCTPOIB y 0araTOTOYKOBY IIMHY, 110 OCOOJIHBO
BAXJIMBO JUIsI IPOMUCIIOBUX KOHTpoJiepiB Ta ceHcopHux mepexk. CAN (Controller Area Network)
peartizye KOMYHIKAIli0 32 JIOTIOMOT'OI0 MPOTOKOJY 3 MPIOpPUTETaMHU MOBIAOMIIEHb, KOHTPOJIBHUMU
CyMaMH Ta MEXaHI3MaMHU BUSBJIECHHS MOMMJIOK, 10 JO3BOJISIE OPraHi30BYBaTH HAJIIHY Mepexy A
KepyBaHHS TPAHCIIOPTHUMHU, BAPOOHUYHUMU Ta POOOTOTEXHIYHUMHU CUCTEMAMHU.

[TeperBoproBadi iHTepdEiCiB BHUKOPUCTOBYIOTHCS MJIsi 3a0€3MEUYeHHS CYMICHOCTI MIXK
pPI3HUMHU CTaHJapTaMu, Hampukiaj KoHBeprauis RS-232 y RS-485 ab6o USB y Ethernet, i
JI03BOJIIIOTH IHTErpyBaTH PI3HOPINHI NPUCTPOi B €IMHY KEpoBaHy cucteMy. BoHu peanizyroTh
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MIEPETBOPECHHS CUTHATIB, Oy(depu3aliito Ta CHHXPOHI3AIlII0 JaHHUX, 3a0€3MeUy0ud KOPEKTHY POOOTY
MPUCTPOIB 13 PI3HUMH PIBHAMH HANpyrd, MPOTOKOJAaMHU 1 MIBUAKICTIO TNepenadi. BuxkopuctaHHs
MPOMHCIOBUX IHTEp(EiCiB Ta NEepeTBOPIOBAYIB JI03BOJIIE KOMII IOTEPY €(PEKTUBHO KepyBaTH
30BHIIIHIM O0JaJHaHHAM, 3a0e3neuye HafAiiHiCTh Ta Oe3neky OOMiHy JaHUMH B YMOBAax
1HAYCTpiaJIbHUX €JIEKTPOMArHITHUX MEPEIIKO 1 BHCOKMX HaBaHTAXEHb, a TAKOXK CTBOPIOE OCHOBY
JUI MacIITa0OBAHUX 1 THYYKHX aBTOMAaTU30BaHUX CHCTEM YIPaBIIiHHS.

Texnomorist PoE (Power over Ethernet) no3Bosisie mepenaBatu €IeKTPOKUBICHHS Pa3oM 13
JaHUMH TI0 CTaHJApPTHOMY MepekeBoMy kabenro Ethernet, mo 3abe3nedye crpoleHe miIKIiYeHHs
nepudepiiHuX MPUCTPOiB 0e3 MoTpedu y J0JATKOBHX JDKepenax KuBjIeHHS. BoHa peaizyeTbes 3a
pPaxyHOK 1H’€KIlii TOCTIHOI HAMpyTu Ha WK Kademro, cymicHoro 31 ctangapramu IEEE 802.3af,
802.3at i 802.3bt, sKi BHM3HAYAIOTh MAaKCHMAJIbHY IOTY)XHICTh, II0 MOXXE IEpeaaBaTUCs, Ta
MeXaHi3M BHU3HAueHHs CcyMicHUX mpucTpoiB. Crangapté PoE miaTpumyioTe aBTOMaTH4HE
pO3Mi3HABaHHS CYMICHOTO OOJIaJfHaHHs, 3a0€3MeUyloud I0Ja4y HANpyrd TUIBKH Ha MPUCTPOI,
31aTHi ii mpuiiMaTy, 10 3arnodirae MOLUIKOHKEHHIO MepeXeBol iHPpacTpyKTypu Ta nepudepii.

PoE mmpoko 3acTOCOBYETHCS ISl JKHUBJICHHS MEPEXKEBHUX Kamep, TO4Yok moctyny Wi-Fi,
VoIP-tenedoHiB, ceHCOpiB Ta IHIIUX MPUCTPOIB, IO IHTETPYIOTHCS Y JIOKAIbHI MEpPExKI.
Bukopucranuss PoE chporrye MoHTaxx Ta TeXHIYHE OOCIYyroByBaHHS, 3MEHIIYE KIIbKICTh
HeoOXimHMX KabenmiB 1 [03BOJISE IIEHTPANII30BAHO KEPYBAaTH EHEPrOCIOKUBAHHAM IPUCTPOIB.
AmnapatHi komrnoHeHTH PoOE BKIIIOYarOTh 1HXKEKTOPH 1 CIUIITTEpH, sKI 3a0e3MedyroTh mojady i
peryoBaHHS HANpPYTH, & TAKOXK 3aXHCT BiJl IEPEBAaHTAXXEHb 1 KOPOTKUX 3aMHuKaHb. [HTErparis PoE
y MepexeBy I1HQPACTPYKTYpy IMiJIBUINYE THYYKICTh PO3TOPTaHHS TNepUPEpiiHUX MPHUCTPOIB,
JI03BOJISIE pealli3yBaTH aBTOHOMHI CHCTEMH 3 MiHIMAJbHOIO amapaTHOIO CKIAJHICTIO Ta TapaHTye
cTabimbHy POoOOTY O0JIaTHAHHS HABITH Y IPOMUCIIOBUX 1 BIITAJICHUX CEPEIOBHIIAX.
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TEMA 3. CXEMOTEXHIKA 3ACTOCYHKIB HA MIKPOKOHTPOJIEPAX

Opranizanis Ta ynpaspjiHHS JTaHUMH Y JOKAJIbHHX i 1J100aJIbHUX Mepexax

MepexeBa KOMIT FOTEpHA TeXHiKa 3a0e3medye opraHizallito, ypaBiIiHHs Ta nepeaady JaHux
MK OOYHMCIIOBAIBHUMHU CHCTEMAMU Yy JIOKQIbHUX, PETIOHAIBHUX Ta TJIOOAJbHUX MeEpekax,
dopmytoun iH(ppacTPyKTypy Aisi oOMiHy iH(pOpMAIli€0, JOCTYNy A0 PEecypciB Ta KepyBaHHS
nepudepiiHuMU MPUCTPOsIMU. BoHa BKIIIOUaEe amapaTHi KOMIIOHEHTH, TaKi SK MEPEKEeBI KapTH,
MapuIpyTU3aTOpH, KOMYTaToOpH, TOYKU JOCTYIy, KOHIEHTPATOpU Ta MEpexeBi Kabemni, a Takox
MIPOMHUCIIOBI 1 CHEIiaai3oBaHi MOyl Ui Mepenadi JaHUX Ha BEJIUKI BiJACTaHI a0o0 y CKIIATHUX
yMOBax ekciuryaTanii. MepexeBi NpUCTpoi peatizyroTh epeady NakeTiB JaHUX, MapLIpyTU3aLilo,
KOMYTAIlit0, KOHTPOJIb IUIICHOCTI Ta mpiopute3ariito Tpadiky, 3a0e3neuyrodn HaAiiHICTh, BUCOKY
IIBUJIKICTH 1 6€31eky 0OMiHy iH(popMaIIi€ro.

B cydacHux cuctemax mepexeBe oOnamaHaHHs miarpumye crannaptu Ethernet, Wi-Fi, POE
Ta 1HIII MPOMUCIIOBI MPOTOKOJH, JO3BOJSIOYM IHTETPYBaTH IMPOBOJIOBI Ta OE3APOTOBI CETMEHTH
Mepexi B €IuHy KepoBaHy iH(pacTpykTypy. TexHosorii komyrarii i MapmpyTu3aiii, amaparHa
migtpumka QoS (Quality of Service) ta Oesmekn, BukopuctanHsi VLAN i VPN no3BomisioTh
ONTHUMI3yBaTH MPOIYCKHY 3/IaTHICTh, 130Ji0BaTH Tpadik Ta 3a0e3MedyuTd 3aXUcCT 1H(opMarlii.
AnapatHi pilIeHHs JUIsl MEPEXKEBOi KOMIT IOTEPHOI TEXHIKM BPAaXOBYIOTh BIJICTAHI MIX BY3JIaMU,
€JIGKTPOMArHiTHI TEpelIKO/M, EHEproCHOXKUBAHHA Ta YMOBH €KcIUIyaTaulii, 3abe3nedyrouu
CTaOIBHICT, POOOTH 1 CYMICHICTB 13 PI3HUMHU KOMIT IOTEPHUMHU CHCTEMaMH Ta mnepudepiiHuMu
npuctposivu. EdexTrBHa opraHizaiis MepeXeBoi iHPPAaCTPYKTYpHU € KPUTHYHOKO U peajrizarii
KOPIIOPAaTHBHUX, MPOMHUCIOBHX Ta BOYJOBaHWUX OOYHMCIIOBAIBHUX CHUCTEM, /i€ HPOAYKTHBHICTD,
HaJIHICTh 1 Oe3meka mepenadi JaHWX BH3HAYAIOTh 3arajibHy €(QEKTUBHICTH POOOTH BCHOTO
CepeIoBHIIA.

Komyraropu, mapmpyTu3atopu Ta MOAEMH € KIIOYOBUMH arapaTHAUMH KOMIIOHEHTaMH
MEpekKeBOi KOMIT IOTEpHOI TEXHIKH, 110 3a0e3MeuyioTh e(eKTUBHY OpraHi3alliio rnepejadi JaHUX,
MapuIpyTU3aLlilo MaKeTiB 1 MAKIOYEHHs J0 30BHIMIHIX Mepex. KomyraTopu (switch) BUKOHYIOTh
¢GyHKIIII0 KOMYTaIlil TaKeTiB BCepelnHi JIOKaIbHOI Mepexi, aHaiizytoun aapecu MAC i1 nepenaroun
JaHl TUIBKK JO BIANOBITHOIO MOPTY, IO MiJABUIIYE HPOIYCKHY 3/JaTHICTh Ta 3MEHUIYE KOJi3ii.
Mapupytuzaropu (router) 3a0e3nedyroTb OOMIH JaHUMH MK PI3SHUMH MepeXaMH, BHU3HA4alouu
ONTHMAaJIbHI MapHIpyTH Iepeladi MakeTiB Ha ocHOBI [P-ampec, TaOmuupe Mmapmipytusamii Ta
IIPOTOKOJIIB IMHAMIYHOTO MapIIpyTU3yBaHHS, a TakoX BUKOHYIOTH QyHKIIT NAT, 6panamayepa i
QoS myg ynpasiiHHS TpadikoM Ta MiIBUIIEHHS 0€3MeKH.

Moaemu (modulator-demodulator) BUKOHYIOTH MEpETBOPEHHS IU(PPOBUX CUTHAJIB
KOMIT'I0T€pa B aHAJOrOBI JJIs mepeaayi mo Teine@oHHUX abo KaOelnbHMX JiHISAX Ta HaBMAaKH,
3a0e3neuyoun JOCTYH A0 IIMPOKOCMYTOBUX a00 By3bKOCMYroBux Mepex. CyudacHi MoaeMu
IHTErpyIoTh (QYHKLII MapmpyTusanii, 6e3ApoToOBOro AOCTYNy Ta HIATPUMKY HpoTokomiB DSL,
KaOeIbHOrO IHTEPHETY a00 ONTHUYHOTO IMiJKJIIOYECHHS, IO J03BOJISIE CTBOPIOBATH KOMILUICKCHI
MepeskeBl IHPPACTPYKTYpH Ul TOMAIHIX, KOPHOPAaTUBHUX Ta MPOMHUCIOBUX CHCTEM. Y3rOKeHa
poboTa KOMYTaTOpPiB, MAPIIPYTU3ATOPIB 1 MOAEMIB 3a0e3Meuye ONTUMATBHY MPOMYCKHY 3/aTHICTB,
MIHIMI3aII0 3aTPUMOK, MIABUINEHY HAMIMHICTH 1 O€3MeKy mepenadl JaHuxX y JIOKaJbHUX Ta
r100aIbHUX MEpexax.

CTpyKTypHI CXE€MH MEpPEeXEBHX MPUCTPOIB BiJOOpaXKaroThb B3AEMOII0 amapaTHUX
KOMIIOHEHTIB 1 JIOTiKy O0OpoOKM Ta MapuipyTu3anii JaHuX, 3a0e3Meuyroud HAaoyHe pPO3yMIHHS
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MPUHITUITIB X pOOOTH. Y KOMYTAaTOPi CTPYKTYpHA CXEMa BKIIFOYAE MMOPTH BBOAY-BUBOY, BHYTPIIIHI
mmHU, Tabaui MAC-anpec ta mexanizmu Oydepu3saii maketiB. [lakeTn, 1o HaaXOAATh HA MOPT,
aHANI3YIOTbCS KOHTPOJIEPOM, BH3HAUAETHCS IX ajpecar, Micias 4YOoro JaHi IepelarThCs JI0
BIJIMOBIAHOTO TOPTY O€3 3aiiBOi TpaH3WUTHOI Mepenadi, Mo MiABUILYE €(PEKTUBHICTh JIOKATHLHOL
Mepexi Ta 3MEHIITY€e KOJi3ii.

Y Mapuipytuszaropax CTPYKTYPHI CXE€MHU BKJIIOYAIOTH MPOIECOp MapIipyTH3allii, Tabmuii
MapmipyTu3saiii, Oydepu Ta iHTepdelicu 30BHINIHIX Mepex. MapuipyTu3aTop mpUiiMae NMakeTH 3
onHiel Mepexi, aHanizye IP-agpecy npusHadeHHs, BU3HAya€ ONTUMAJIbHUI MapuipyT Ta Iepeaae
MakeT BiAMOBiAHOMY iHTepdelcy, Mpu 1bOMY 3acTocoByroun MexaHi3sMu NAT, KOHTpoib depr i
npiopuresarito Tpadiky.

Mogemu BKIIOYalOTH OJOKM MOAYIALIT Ta JEeMOAYJSLii CHrHaB, IE€pPEeTBOPIOBaYi
aHaJIOTOBUX 1 MU(POBUX CHUTHAIIB, iHTEpdeiicHI KoHTpoiepu Ta Oydepu obminy. Lludposi nani
KOMIT'I0T€pa TEePETBOPIOIOTHCS Yy (opMy, PUAATHY AJIS Mepenadi KaHaioM 3B’S3Ky, a MPHHHATI
CUTHAJIU BiHOBIIIOIOTHCA y UPPOBUil popmaT 111t 0OpOOKH CHCTEMOIO.

Po3yMmiHHS CTPYKTYpHHX CX€M 1 NPUHIUMIB poOOTH KOMYTAaTOpiB, MapHIpyTH3aTOPiB Ta
MOJIEMIB JI03BOJISIE IPOEKTYBATH HaJliliHI Ta €(EeKTUBHI MEpekeBi IHPPACTPYKTypH, ONTUMIZYBaTH
MapuIpyTU3allilo, MiABUINYBATH POIYKTUBHICTh Mepeiadi JaHuX Ta 3a0e3MedyBaTu CTaOlIbHICTD 1
0e3neKy (pyHKIIIOHYBaHHS KOMIT FOTEPHUX CUCTEM Y JIOKAJIbHUX 1 TTOOATBHUX MEPExKax.

AHaJli3 CTPYKTYpHOI CXEMH MEpEKHOI0 KOMYyTaTopa J03BOJISE€ OLIHUTH BHYTPILIHIO
OpraHizalilo TPUCTPOIO Ta HOro 3JaTHICTH 3a0e3rnedyBaTH €(EKTUBHY KOMYTALII0 MaKeTIB Yy
JOKaNmbHIM Mepexxi. OCHOBHMMHU OJIOKaMH KOMYTAaTopa € IMOPTH BBEJICHHS-BHBEICHHS, BHYTPIIIHI
IIMHU Tiepeaadi panux, Oydepu, kontponepu nakeriB i Tabmuui MAC-aapec. [loptu npuiimarots
Ethernet-kazapu Bia miIKIIOYSHUX MPHUCTPOIB 1 MEpPEeNarOTh 1X Ha BHYTPIIIHIN KOHTpOJEp, KU
aHali3ye ajapecy MPU3HAYCHHs 1 BU3HA4Ya€ BUXIAHUN TMOPT Ui Hepenadi Kaapy, 10 MiHIMiZye
HaBaHTKCHHS Ha 1HIIN CETMEHTH MEPEXi Ta 3amobirae Komizism.

bydpepun TtHMuacoBo 30epiraroTb MakeTH, 3a0€3MeUyloud KOPEKTHY OOpoOKy mpu
OJTHOYACHOMY HAJXO/KEHHI BEJIMKOrO0 MOTOKY JAaHUX abo miag 4ac oOpoOKHM TMakeTiB Pi3HUX
LIBUAKOCTEN, a KOHTPOJIEpH 3a0€3MeuyloTh y3roA)KEHHs CUTHAIIB, YIIPaBIIHHS YepraMu rnepeaadi i
nepeBipky muticHocTi maHux. Tabmuii MAC-aapec MmicTaTh iHQopMamio mpo (i3uyHi agpecu
MIJKITI0YEHUX IPUCTPOIB Ta BIAMOBIAHI MOPTU KOMYTATOpa, 110 J103BOJISIE €(DEKTUBHO HANPABIIATU
MAaKeTU TUIBKH J10 MOTPiOHOr0 Mpuitmaya.

AHaJli3 CTPYKTYPHOI CXeMHM KOMYTAaTropa J103BOJISIE€ OLIIHUTU MPOJYKTUBHICTH IMPHUCTPOIO,
foro 31aTHICTh 00pPOOIIATH BeNUKI 00cATH Tpadiky, 3a0e3neuyBaTu MiHIMalIbHI 3aTPUMKHU Nepeayi
Ta MIATPUMYBaTH MEXaHI3MH HpiopuTes3alii 1 cerMeHranii MepexeBoro Ttpadiky. Po3yminHs
BHYTpIIIHBOI OpraHizamii KOMyTaTopa € KPUTUYHO BaXJIUBUM Ui TNPOEKTYBAaHHS HaIIMHMX 1
MacIITabOBaHUX JIOKAJbHUX MEpPEeXk, ONTUMI3allii MPOMYCKHOI 34aTHOCTI Ta 3a0e3NeueHHs Oe3neKn
TaHUX.

MepexeBi KoMyTaTopu KJIacU(IKYIOTbCA 3a NMPU3HAYEHHSIM, IIBUIKICTIO OOpOOKH JTaHUX,
piBHEM YIpaBiiHHS Ta (YHKI[IOHAJbHUMH MOXIJIMBOCTSIMH, IO J03BOJISIE ONTHUMAJIbHO BUOMpATH
NpUCTPI  JI1  KOHKpeTHOi MepexkeBoi  iHpacTpykTypu. OCHOBHI THNM  BKIIOYAIOTh
HeoOcnmyroByBaHi (unmanaged) KomyTraTopH, KepoBaHi (managed) komyTaropu Ta CMapT-
komytaTtopu (smart/managed-lite).

HeoGcnyrosyBani komyTaTopu 3a0e3meuyroTh 0a30By KOMYTAIil0 TAKETiB MK opTamu 6e3
MOKJIMBOCTI KOH(]irypaiiii, aBTOMaTMYHO BH3HAUYAIOTh MIBHJKICTh Ta JYIUIEKCHUH pEXUM
MIJKITIOYEHUX MPUCTPOIB 1 MIATPUMYIOTh CTaHAapTHI (QyHKuii, Takl sk HaBuaHHd MAC-aapec i1
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nepeaada kanapis. BoHu mpocTi B eKcIuTyartailii Ta ONTUMaIbHI 1J1s MauX o(icHUX a00 TOMaIIHIX
MepEeK, /e He TOTPiOeH KOHTPOJIb TpadiKy Ta PO3IIUPEHE aIMIHICTPYBaHHS.

KepoBani koMyTaTopu HaJalOTh PO3MIUPEHI MOXJIMBOCTI KOH(}Irypamii Ta MOHITOPHUHTY,
Biiouatoun VLAN, QoS, SNMP, ynpapninHs depramu nepeaadi, KOHTPOJIb JTOCTYITy, arperarito
KaHaiB Ta MPOTOKOJM pEe3epBYBaHHS, IO O3BOJSE ONTUMI3yBaTH MPOIYCKHY 3/aTHICTD,
MiABUIIUTH HAJIMHICTE 1 3a0e3meunTu Oe3mneky Mepexi. BoHH 3acTOCOBYIOThCS Y KOPIIOPATUBHHUX 1
MIPOMHUCJIOBUX CEpEelOBHUIIAX, [JI€ KPUTUYHO BaXKJIMBAa KOHTPOJIbOBAHA MapuUIpyTH3allis Ta
cerMeHTarlis Tpadiky.

CMapT-KOMYTaTOpH MOEIHYIOTh MPOCTOTY HEOOCIYyroBYBaHMX MOJeENeld 3 OOMEKEHUMU
MOXIMBOCTSIMH YIIpaBJIiHHS, Hanpukiaan HamamTyBaHHd VLAN 1 0a30Buii MOHITOPUHT Tpadiky,
0 pOOHUTH iX MPOMDKHUM pilIEHHSAM s cepenHix odicHux mepex. Kpim Toro, komyraropu
MOXYTh BiApi3HATHCS 3a mBHAKicTI0 opTiB (Fast Ethernet, Gigabit Ethernet, 10/25/40/100 GbE),
KUTBKICTIO TOPTiB, MiaATpuMKOI0 PoE Ta amapatHuMu 0coOJIMBOCTAMH, TAaKUMH SIK CTEKYBaHHSA a00
pe3epByBaHHS OKUBJIEHHS. BuOip Tumy Kkomyratopa BH3Ha4dae eQEKTHUBHICTb KOMYTaIlii,
MIPOIYKTUBHICTh MEPEX1 Ta MOKJIMBICTh MacIITabyBaHHs 1HQPACTPYKTYPH.

MapipyTiu3zaTopu B KOMIT IOTEPHUX MeEpeKaX BHUKOHYIOTh (YHKIIIO 3’€IHAHHS Pi3HUX
Mepek 1 BU3HAYCHHS ONTUMAIbHUX MapUIpyTiB Iepefadi MakeTiB JaHuX Ha ocHOBi [P-ampec ta
MIPOTOKOJIIB MapIIpyTu3allii. BoHu aHanmi3yloTh 3arojioBKU MakeTiB, GOpMYyIOTh TaOIUII MapIIPyTiB
1 31IACHIOIOTH YIIPABIIIHHA YepramMu, npiopuresaiio Tpadiky Ta KOHTPOIb AOCTYITY, 3a0€3MeUy0un
epeKTHBHY POOOTY SIK JIOKAJBHHUX, TaK 1 TI00aJbHUX Mepex. MapuipyTH3aTopd MOKYTbh MaTh
iHTerpoBani GpyHKIiT 6e3mekn, Taki sk ¢inprpanis nakeris, NAT, VPN i 6panamayep, 1m0 103BoJIsIE
M ABUIIUTH 3aXHUIIEHICTh MEPEXeBOT IHPPACTPYKTYpH 1 CTaOUTBHICTD Mepeaadi JaHux.

CepBepHe 00nagHaHHSA BIAPI3HAETHCS BiJl MEPCOHATBHUX KOMIT IOTEPIB apXiTEKTypHHMH,
amapaTHUMHU Ta (YHKLIOHAJBHUMM XapakTepucTukamu. CepBepu po3paxoBaHi Ha Oe3nepepBHY
poboty B pexumi 24/7, MiATPUMKY BEIHKOI KiUTHKOCTI OJHOYACHHUX MiAKIIIOUYEHBb, BUCOKI 00CsTH
OTIEepaTUBHOI MaM’sTi, GaraTosfepHi MPOIecOpr Ta PO3MIMPIOBAHI MiACUCTEMU 30€piraHHs JaHUuX.
BoHu dacTo oOcCHamylOTbCs —CHELiali30BaHUMHM CHCTEMAaMU JKUBJICHHS 3 PE3epBYBAHHSM,
KoHTposiepamu RAID, anapaTHuUMU MOZIYyJsIMH YOpPaBJIIHHA 1 MOHITOPUHTY, IO IiJIBUIIYE
HaJIAHICTh Ta BIIMOBOCTIWKICTh. Ha BiaMiIHY BiJ MEpCOHAIBLHUX KOMII IOTEPIB, CEPBEPH MAIOTh
oOMexxeHui 1HTepdelc uisi TOpsSIMOro KOPUCTYBAaLlbKOIO BBEAEGHHS 1 OpIEHTOBaHI Ha
00CITyrOBYBaHHSI MEPEKEBOTr0 a00 MPUKIAJIHOTO TMPOTPAaMHOTO 3a0E3MEeUeHHS Ul BEJIHKOl
KUJTBKOCTI KOPHCTYBayiB, 10 POOUTH X KIFOUOBOIO CKJIQJOBOIO KOPIOPATUBHUX Ta MPOMHUCIOBUX
iHpOpMaLIHHUX CUCTEM.

Cy4acHi TeHeHIil pO3BUTKY KOMII’IOTEPHOI TeXHIKH Ta CepBePHUX CHCTEM

CyuacHi TeHJAEHIIT PpO3BUTKY KOMII'IOTEPHOI TEXHIKM XapaKTepPHU3YIOThCS IOCTIHHUM
MiABUILEHHSIM MPOAYKTUBHOCTI OOUYMCIIOBAIbBHUX CHCTEM, 3MEHIIEHHSM EHEProClOKMBaHHS Ta
30UIBIIEHHSAM 1HTErparii amapaTHUX KOMIIOHEHTiB. OCHOBHUMH HalpsiMaMd € MiHiaTIOpU3aLis
€JIEKTPOHHUX €JIEMEHTIB, MIABUIIECHHS IIIJIFHOCTI IHTETPAJBHUX CXEM 1 PO3BUTOK OaraTosiepHUX
MPOIIECOPiB, IO [O3BOJSE OJIHOYACHO BHKOHYBATH TapajiejbHI OOYMCIIOBAIBHI 3amadl Ta
MIJIBUINYE 3araibHy €(PeKTHBHICTH cucTeMHu. KpiM TOro, akTHBHO PO3BHBAIOTHCS CIIEIliali30BaHi
oOuncmoBasibHI  MIat@opmu, Biimrovaroun rpadiuni  nponecopu (GPU), Heipomepexesi
MIPUCKOPIOBAYi Ta anapaTHi pilleHHs 11 00pOOKH BETMKUX AAHUX 1 MITYYHOTO 1HTENEKTY.

CyuacHa KOMIT'IOTepHa TEXHIKa TaKOXK OPIEHTOBaHA Ha IHTETPallilo 3 XMapHUMHU CepBicaMu,
MepexeBUMU TexHoJorisimu Ta IntepHetrom peueir (IoT), mo 1o03BoJsie oOpraHi3oByBaTH
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PO3MOAICH] 00YHCITIOBAIBHI CEPEIOBUIIA Ta MiBUINYBATH THYUYKICTh 1 MAacIITAOOBAHICTh CHCTEM.
[TapanenbHO BeOETbCA PO3BUTOK EHEProOCPEKTHBHMX TEXHOJIOTIH, BKIHOYAaOYM BUKOPUCTAHHS
TBEPJAOTUIPHUX HAKOMMYYBauiB, CHUCTEM VIPABIIHHSA OKUBJICHHSAM Ta amapaTHUX MOJIYJIB
onTuMi3zalii poOOTH KOMIIOHEHTIB y Pi3HUX peXKUMaX HaBAaHTAKCHHS.

[HIIMMHM TEHACHLISMU € TIABUIICHHSA HAIIMHOCTI 1 Oe3neku amapaTHOi iH(pacTpyKTypH,
MNiATPUMKA CTAaHAAPTH30BAaHUX 1HTEP(EHCIB 1 MPOTOKOINIB JUIA CYyMICHOCTI 3 mepudepiitHuMu
IPUCTPOSIMH Ta HOBUMH IPOTPAMHUMM DILICHHAMH, a TaKOX PO3BUTOK TEXHOJIOTIH MOOUIBHOCTI,
KOMIIAKTHOCTI Ta 0€31poToBOro 3B’sA3Ky. Lli HampsiMM BU3HAYaIOTh CYYaCHUH KypC PO3BUTKY
KOMIT'IOTEPHOT ~ TE€XHIKM K CKJIQJHOI I1HTErpoBaHOi CUCTeMHM, 37aTHOi 3abe3nedyBaTu
BHCOKOIIPOAYKTHBHY, HaJIiHY Ta Oe3meuHy 00poOKy JaHuX y pi3HUX cdepax, Bi NEPCOHAIBHUX 1
KOPIIOPATHBHHUX CUCTEM JI0 IPOMHCIIOBUX 1 BOYJOBaHUX O0UYHCIIOBAIBHUX CEPEIOBUIIL.

BararosiiepHi cucteMu MpPECTaBISAIOTh COOOI0 OOUMCIIOBANIBHI TUIATGOPMH, Y SKHX OJWH
MPOIIECOPHUI KPHUCTAI MICTUTH JBa 1 OlibIIe sAep, KOKHE 3 SKHX 3[aTHE BUKOHYBAaTH OKpeMi
MOTOKH 1HCTPYKIiH He3anexxHo. Taka apXiTeKTypa A03BOJILE€ OJHOYACHO OOpOOIIATH KiIbKa 3ajad,
MiJBUIIYIOYH 3arajbHy MPOIYKTHUBHICTH CHCTEMH O€3 MpOMOPIIHHOro 301bIIEHHS TaKTOBOI
YacTOTH, IO 3MEHILIYe EHEproCHoXHBaHHA Ta TemjaoBUAUIeHHS. KoxHe sapo OararosiepHOro
mpolecopa Mae BIacHUW OJok kemi-mam’siti piBHSA L1, a mis migBuiieHHs eeKTUBHOCTI OOMiHY
JaHUMH Spa MOXYTh BUKOPHCTOBYBaTH CHiIbHI kemri piBHs L2 abo L3, mo mgo3Bosse
ONTUMI3yBAaTU JIOCTYIl A0 ONEPAaTHUBHOI MaM’STI Ta 3MEHUIYBAaTH 3aTPUMKH IPU MIKIPOLIECOPHIH
B3a€EMOII.

baratosinepHi CHUCTEeMH aKTUBHO BHKOPUCTOBYIOTHCS JUIS  MapaliebHOI  00poOKH
OOYMCITIOBAJIFHO CKJIaJHUX 3334, TaKUX SK CHMYJIALii, oOpoOKka BEIMKHX MacHUBIB JaHUX,
peHnepuHr rpadiku, MOJEIIOBaHHS (DI3MYHUX NPOIECIB Ta BUKOHAHHS CEPBEPHUX 3aBAaHb. BoHM
JI03BOJISIFOTH peaii3yBaTH 0araTOIOTOKOBI MTPOrpaMH, Jie KOXKEH IOTIK KePYEThCS OKPEMUM SIIPOM,
0 MiABMILYe eQEeKTHUBHICTb BHMKOPHUCTaHHs amapaTHuUX pecypciB. Po3pobka mporpamHoOro
3a0be3neueHHss JUis OararosiiepHUX CHUCTEM BHMAara€ BpaxyBaHHS acCHEKTIB CHHXPOHI3allii,
KOHKYpeHIIi 3a pecypcu Ta OajaHCyBaHHsS HABAaHTAXKEHHS MIX SIPAMU, OCKIJIbBKM HEKOPEKTHE
IUIaHYBaHHS MOTOKIB MOK€ 3HM)KYBaTH MPOAYKTHBHICTH 1 CTBOPIOBATH BY3bKI MICIs B 00poO1i
TaHUX.

Takum dYnHOM, OaraTosepHi CHUCTEMH € KIIOYOBUM HampsMOM pO3BUTKY CYYacHOI
KOMIT IOTEPHOI TE€XHIKH, MOEAHYIOUH BUCOKY OOYMCIIOBAJIbHY MOTYKHICTh, €HEProe(peKTUBHICTD 1
3aTHICT J0 MaclITabOBaHOTO MapajieIbHOr0 BHMKOHAHHS 3aB/aHb, L0 POOUTH iX OCHOBOIO
CY4YaCHUX MEPCOHATIBHUX, CEPBEPHUX 1 BOYIOBAaHUX MIAT(HOPM.

BOynoBani komm’totepri cucremu (BKC) mnpeacrapnsitorb co0ow — cremnianizoBaHi
o0uuCIIOBaJIbHI TIATGOPMH, I1HTETPOBaHI B CKJIAJOBI YAaCTMHM TEXHIYHUX MPUCTPOIB IS
BUKOHAHHSI KOHKPETHMX (YHKI[H yrpaBiiHHs, 00poOku JaHuX abo MoHITOpHHTY. Ha BigmiHy BiJ
3arajbHOrO MpHU3HAUYEHHS MepcoHanbHUX Kowmi 'totepiB, BKC opieHTOBaHI Ha BHUKOHaHHS
BY3bKOCIIEI1a1130BaHUX 3aBJIaHb y PEXHUMI PEAbHOIO 4acy, MalOTh ONTHUMI30BaHy apXiTEKTypy,
oOMexxeHH Hablp pecypciB 1 MIABUIIEHY HalIHHICTh POOOTH y crieln(IYHUX YMOBAX eKCIUTyaTallii.
BKC cknagatotbes 3 mporecopa ab0 MIKPOKOHTpOJIEpa, OMEPATHBHOI Ta TOCTIMHOI mam’sTi,
nepudepifHuX MOJYIIB 1 cleliali3oBaHUX 1HTEp(HENCIB Ui B3a€EMO/II 3 CEHCOpaMHU, aKTyaTopaMu
Ta IHIIMMH €JIeKTPOHHUMH KOMIIOHEHTAMHU.

Cdepu 3acrocyBaHHs BOYJOBAHHUX CHUCTEM OXOIUIIOIOTH IMPOMHUCIOBY aBTOMAaTH3AIliIo,
aBTOMOOUIbHY ~ €JEeKTPOHIKY, MeJUYHe OOJaJHaHHS, pOOOTOTEXHIKYy, IOOYTOBY TEXHIKY,
TEeNIEKOMYHIKAIIiHI Ta MepexeBl mnpuctpoi, a Takoxk cucremu IHTepHery peuerr (IoT). V
npomucioBocTi BKC 3a6e3neuyioTh KOHTPOJIb TEXHOJOTIYHUX MPOILIECIB, 301p Ta 0OpOOKY JaHHX 3
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JATYMKIB 1 KEPYBaHHS aKTyaTOpaMH, TOJAl K B aBTOMOOUIbHIM €IEKTPOHIIll BOHU BiAMOBIAAIOTH 3a
poboty cuctem ABS, KOHTPOJIIO ABUTYHA, CUCTEM OE3IEKH Ta MYJIbTUMEIIMHUX KOMILIEKCIB. Y
MEIUYHOMY 00JIaJiHaHHI BOYZOBaHI CHCTEMH Peali3yloTh KOHTPOJIb MapaMeTpiB KUTTEIISUIBHOCTI
nalienTa, TOYHy J1arHOCTHKY Ta aBTOMATH3AIliI0 IPOLIEYD.

3aBISKM KOMITAKTHOCTi, €HEProe(eKTHBHOCTI Ta 3AAaTHOCTI TPAIIOBAaTH B PEXUMI
peasibHOTO 4Yacy, BKC 3abe3mneuyroTh IHTErpaiifo CKJIAJAHUX (QYHKIIIOHATHHUX MOKIHUBOCTECH Yy
TeXHIYHI TPHUCTPOi, MIABUIIYIOTh iX HAAIMHICTG 1 MPOMYKTHUBHICTh, a TaKOX JI03BOJISIOTH
CTBOPIOBATH MacIITaOOBaHI Ta THYYKI CHUCTEMH YIPABIIHHS Ta MOHITOPHHTY, IO aaanTOBaHI 0
KOHKPETHUX 3aBJjaHb 1 YMOB €KCILITyaTallii.

Ponp mporpamHoro 3abe3nedeHHs y B3aeMOAll 3 amapaTyporo HoJsIrae y 3abe3nedeHH1
KOPEKTHOTO YIIPABJIiHHS anapaTHUMU KOMIIOHEHTaMH, KOOpIWHAIil ix poboTu Ta peamizarii
(GYHKIIOHATBHUX MOXMJIMBOCTEH KOMIT IOTepHOi cucteMu. IIporpamne 3a0e3neueHHs] BHCTYIAE
OPOMDKHUM pIBHEM MDK KOPUCTYBadeM a00 MNPHUKIATHUMHU TMpOrpaMaMH Ta anapaTHUMHU
MOIyJsIMH, 3a0e3nedyroun adcTpakmito ¢i3WYHuX iHTEepdeiciB, AOCTyn a0 mnepudepiiHux
IPUCTPOIB Ta KOHTPOJIb 33 CUHXPOHI3aLl€l0 1 nepeaayero JaHux. Bono ¢popmye xkoMaHaHI TOTOKU
JUI1 Tpoliecopa, BHU3HAYae TOPSIOK OOpOOKM CHTHaliB, Kepye JOCTYIIOM JO Ham sTi Ta
nepudepiiHuX MOJYIIB, peaidye MPOTOKOIN OOMIHY JaHUMU 1 3a0e3meuye 3aXHCT BiJ KOH(IIIKTIB
Ta MOMUJIOK y pOOOTI anaparypu.

[TpuxnanHi Ta CUCTEMHI HpPOrpaMu BHUKOPUCTOBYIOTH IpaiiBepu, 0i0Ii0TekH 1 amapatHi
abcTpakuii Uit JOCTYIy 70 Pi3HUX KOMIIOHEHTIB KOMIT I0Tepa — MPOIECOpa, ONIEPaTUBHOI ITaM AT,
HAKONMYYyBaviB, MEPEKEBUX IHTEp(]ENCciB, CEHCOPIB Ta aKTyaTopiB y BOYJOBaHHX CHCTEMax.
JlpaiiBepy TIEpETBOPIOIOTH BHUCOKOPIBHEBI KOMAaHIW y CHEHNH(IYHI CHTHAIMA JUISl amapaTHUX
MPUCTPOIB, KOHTPOJIOIOTH OOMIH JaHUMH Ta 3a0e3nedyloTh iX HajiiHicTh. OmnepauiifHi cuctemu
KOOP/AMHYIOTh POOOTY 0ararb0X NPHUCTPOIB OJHOYACHO, PO3NOAUISAIOTH PECYPCH Ta pealli3yloTh
0araTo3asayHiCTh, 110 JO3BOJISIE amapaTypl eeKTUBHO BHKOHYBATH CKJIaJHI omeparilii 06e3 BTpaT
MPOAYKTHUBHOCTI.

Takum 4MHOM, IpOrpamMHe 3a0e3NeueHHs] BU3HAYa€ MOXJIMBOCTI BUKOPUCTaHHS anapaTHUX
pecypciB, ONTUMI3YE iX MPOIYKTHUBHICTh, MiJIBUILIYE HAIIAHICTh 1 Oe3neKy poOOTH CHUCTEMH Ta
JI03BOJISIE IHTETPYBATH amapaTHl PIIMIEHHS Y KOMIUIEKCHI OOYHCITIOBAIbHI CEPEIOBHUINA, BiJ
MEPCOHAIBHUX 1 CEpBEPHUX IIAT(HOPM 10 BOYIOBAHKX 1 TPOMHUCIOBUX CUCTEM YIIPABIIIHHS.

BuOip amapaTHOi apXiT€KTypHu 3aji€)KHO BIJ THUIy MPOTPaMHOI CHCTEMHU BU3HAYAETHCA
BUMOTaMHU JI0 MPOJYKTUBHOCTI, MAacIITa0OBAaHOCTI, €HEPrOCIIOKUBAHHS, HAIIHOCTI Ta cienu(iku
00poOku naHux. /s o0urcaoBanbHO IHTEHCUBHUX CHCTEM, TaKUX SIK cepBepH 0a3 JaHUX, 00podka
BEJIMKHX MAacuBiB iHpopmalii abo MTY4YHUH IHTENEKT, MPIOPUTETOM € OaraTosiAepHi MPOLECOPH,
BeIMKa OOCAr ONepaTHMBHOI Mam’ATi Ta BHMCOKOLIBUJKICHI MiJICUCTeMH 30epiraHHs JaHUX, L0
3a0e3meuyloTh TapajiebHy O0OpoOKy TMOTOKIB 1 MiHiIMI3alilo 3aTpuMmok. Jlims BOymoBaHUX 1
peapbHOTO Yacy NPOrpaMHUX CHCTEM BAXKIUBUMH € €HEProe(eKTUBHICTh, KOMIAKTHICTB,
HaJIMHICTh 1 MIATPUMKA CIEHiani3oBaHUX NepuepiiiHuX MOIYJIB [ YHPaBIiHHS CEHCOPAMU,
aKTyaTopaMy Ta KOMYHIKallltHUMHU 1HTepdeiicamu.

TumnoBi nmepcoHabHI CUCTEMU JIJIs1 KOPUCTYBAIILKUX MPOTPaM OPIEHTOBaHI Ha 30alaHCOBaHY
MPOAYKTHBHICTh Tpollecopa, IpadidHOrO IMPHCKOPIOBaYa, OMEpaTHBHOI MaM’STi Ta JTUCKOBOT
micucTeMy, 1o 3abes3nedye KOMGOPTHY pOOOTY i3 MPHUKIAIHUM MPOTpaMHHUM 3a0€3MEUCHHSM,
MYyJIbTUMEIIMHUMU JOJAaTKaMU Ta MepeXeBUMHU cepBicamu. [IpomucioBi Ta KOpHOpaTHUBHI
w1aThOopMH MiAOMPAIOTHCS 3 YpaXyBaHHIM HaJIHHOCTI )KUBJICHHS, CTIMKOCTI 0 €J1eKTPOMAarHiTHUX
MepeLKo/, MATPUMKH pe3epBYBaHHs Ta IHTErpallii y MEpekeBl cepeloBUIIIA.
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TakuM uyuMHOM, apXiTEKTypa amapaTHOi CUCTEMU (POPMYETHCS BHUXOASYM 3 KOHKPETHHX
GyHKIIOHATBHUX 1 HE(QYHKIIOHATBHUX BHMOT IPOTPAMHOTO 3a0e3leueHHs, Io 3abe3reuye
ONTUMAJIbHE CHIiBBIJHOIICHHS MPOJIYKTUBHOCTI, HAIIMHOCTI Ta €HEProeQeKTHUBHOCTI, J03BOJISIE
pearizoByBaTH CKJIAJHI QITOPUTMHU 1 rapaHTye CTabUIbHY poOOTY MPOrpaMHHUX CHCTEM Y Pi3HUX
YMOBaX eKCIUTyaTarii.

AmnaparHi 3aco0M MiIBHUINEHHS HAMIMHOCTI Ta 3aXWCTy JaHUX Y CEPBEPHUX CHUCTEMax
3a0e3meuyloTh O0e3lepepBHY pOOOTY OOYHMCIIOBAIBLHUX IUIaTGopM Ta 30epekeHHs IIITICHOCTI
iHopmariii HaBiTH Yy pa3i BiIMOB OKPEMHX KOMIOHEHTIB. [l0 KIIIOUOBUX pIlICHh HaJIECKATh
pe3epBYBaHHS KUBJICHHS 4epe3 Osoku Oe3mnepeObiiinoro xupiieHHs (UPS) 1 moaBiitH1 cuiioBi iHii,
amapaTHl MOJyJIi KOHTPOJIFO 1 YIpaBiIiHHSA POOOTOIO CEpBEpiB, a TAKOXK CHUCTEMH MOHITOPUHTY
TEMIIEpATypH, HANPYTU Ta CTaHy BEHTWISATOPIB. s MiABUINCHHS HAAIMHOCTI 30epiraHHs JaHUX
BUKOPUCTOBYIOTbCS ~ KOHTposiepn RAID, 1o [103BOJSIOTH  OpPraHi3oByBaTH MacHBH 3
HAJJIMIITKOBICTIO 1H(OpMAaIiil i 3a0e3rmeuyBaT! BiJIHOBJICHHS JAHHUX Y pa3i BUXOAY 3 Jaay OJHOTO
a00 KUIbKOX HAaKOIMYyBaYiB.

Cepgepui cuctemu 3actocoBytoTb ECC-nam’sth (Error-Correcting Code), sika aBTOMaTu4HO
BUSBIIAE T4 KOPUTYE OJWHOYHI Ta 0aratoOITOBI MOMMWJIKHM, IO BHHHMKAIOThH MiJ Yac 3amucy abo
YUTaHHS, 3MEHIIYIOYU pU3UK 3001B 1 BTpaTu naHux. Kpim Toro, amapartHi 3acoOu BKIIOYAIOTh
CHelialli30BaHl KOHTPOJIEPH AOCTYIY, KpunrorpadidyHi MOAyIi Ta anapaTHi QUIBTPU IS 3aXUCTY
iHdopMalii Bil HECAHKI[IOHOBAHOTO JOCTyImy. BukopucTranHs amapaTHoOi BipTyamizamii Ta
pe3epByBaHHS KOMIIOHEHTIB JIO3BOJISIE OpPTraHi30BYBaTH Oe3lepepBHE OOCITYyroBYBaHHS CHUCTEM 1
MIATPUMKY BHCOKOTO PIBHS JIOCTYIIHOCTI CEpBICIB, IO KPUTHYHO JUIS KOPIOPATUBHUX 1
MIPOMUCIIOBHX 1H(pOPMAIITHIX CepeTOBHIL.

3aBnsky iHTErpamii OUX pillleHb CepBepHI IIaTGOPMHU JOCITAIOTh BUCOKOI HaMIHHOCTI,
cTabimpHOCTI Ta Oe3reKku poOOTH, TO3BOJSIIOUM OOpOOISTH BEIMKI OOCSATH AAHMX, MIATPUMYBATH
KpUTUYHI Oi3Hec-mporec Ta 3a0e3ledyBaTd CTIHKICTh CHUCTEM 10 amapaTHUX 1 MPOTrpamMHHX
BiJIMOB, 1110 pOOUTH X 0A30BUM KOMIIOHEHTOM Cy4acHOI 00UHCITIOBaIbHOT IHPPACTPYKTYypH.

Cucremu 30epiranns ganumx NAS (Network Attached Storage) ta RAID-macuBu €
KJIFOUOBHUMH amapaTHUMU KOMIIOHEHTaMH JUIsl OpraHi3alii HaJliiHOro 1 e(peKTUBHOTO 30epe’KeHHS
iHopMaLlli B CcepBEpHMX 1 KOpHOpaTWUBHMX cepenoBuiiax. NAS mpencraBise  co0oro
CHellaJIi30BaHUNA TPUCTPINA, MIJKIIOYEHUH Oe3nocepeHbo 10 JIOKaNIbHOI ab0 KOpPIOpaTHBHOL
Mepexki, 110 3abe3rneuye IeHTpali30BaHe CXOBUIIE JAHUX 13 MIATPUMKOIO MPOTOKOIIB (haidIoBOro
noctyny, Takux sk SMB/CIFS a6o NFS. ILle n03Bonise€ KiIbKOM KOpPHCTyBayaM Ta CHUCTEMaM
OJTHOYACHO OTPUMYBATU JOCTYI 10 (paiiIiB, OpraHizoByBaTH pe3epBHE KOMIIOBaHHS, 0OMEXYBaTH
JOCTYN Ta 3[iMCHIOBAaTH MOHITOPHHI BHKOPHCTaHHS pecypciB 0e3 HeoOXiTHOCTI MpsSMOro
H1KITIOYEHHS IO CEePBEPIB.

RAID-macuBu (Redundant Array of Independent/Inexpensive Disks) 3acTocoByroThCS ISt
MIIBUINICHHS] HAJIWHOCTI Ta MPOJAYKTHBHOCTI MIJCUCTEMHU 30€piraHHs JaHUX IUIIXOM 00’ €THAHHS
NEeK1IbKOX JKOPCTKUX AUCKIB abo SSD y enuuuit noriunuii macus. IcHyroTh pi3Hi piBHI RAID (0, 1,
5, 6, 10), mo 3a0e3neuyroTh pi3HI KOMOiHAaIlIT YepryBaHHs, HAJUTUIIIKOBOCTI Ta BIIHOBJICHHS JaHUX.
Buxopuctanus RAID no3Bosnisie 3amo0irti BTpaTi iHGopMalii Ipyu BiIMOBI OJHOTO a00 JIEKUIBKOX
HAKOMUYYBayiB, MIABUINUTHA IIBUAKICTh 3alMCy Ta YWTAaHHSA JaHUX, a TaKOoX 3a0e3MeuuTH
6e3nepepBHY pOOOTY KPUTUYHHX JIOJIATKIB.

Inrerpanist NAS i3 RAID-macuBamu 3a6e3neuye HailiHy, MacITabOBaHy 1 LIEHTPaTi30BaHy
cucreMy 30epiraHts JaHHX, sIKa J103BOJIsIE€ €PEeKTHUBHO YIPABIATH BETUKUMH oOcsaramu iH(opMmarii,
3MIACHIOBAaTH  pe3epBHE  KOIIIOBAaHHS 1  BIJHOBJIGHHS, MIJBUIIYBAaTH  IPOJYKTHUBHICTh
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00UYHCITIOBAIBHOI 1HPPACTPYKTYypH Ta 3a0e3leuyBaTH BUCOKHUM PIBEHb JOCTYITHOCTI Ta Oe3meKd
TaHUX U KOPITOPATHBHUX, TPOMHUCIIOBHX 1 BOYTOBAHUX CHCTEM.

Komn'torepHni 3acoou nis InTepHeTy pedeit

Iatepuer peueir (Internet of Things, [oT) € cydacHor KoOHIENIIED TTOOYIOBH
iHpopMaLiiHUX cHUCTeM, y SKUX (i3U4HI 00 ’€KTH OCHAIIYIOTHCS EIEKTPOHHUMH IPUCTPOSMH,
CeHCcOopaMH, 3acobamMu 0OpOOKM TaHUX Ta MEPEKEBUMU iHTepdeiicamMu i B3aEMOJIT Mk cO00k0 Ta
3 iHpopmamiitHuMu cucteMaMu. OCHOBOIO peaini3alii TaKuX CHUCTEM € KOMIT IOTEpHI 3aco0H, 10
3abe3neuyoTh 30ip, OOpoOKy, mepemadyy Ta 30epiraHHsS JaHWX. Y MeXax JUCIUILTIHA
«Komn’roTepHa CcXeMOTEXHIKa Ta apxXiTeKTypa KOMII'IOTepiB» 0coOiMBa yBara IpHIUISETHCS
arapaTHUM KOMIIOHEHTaM Ta apXiTeKTYpHUM NPUHLUIAM [100YI0BH TAKUX CUCTEM.

Komm’rotepni 3acobu IHTepHeTy pedel sIBISIOTH COOOK CHeIianizoBaHi BOYIOBaHI
OOYHCITIOBAJIBHI CHUCTEMH, SIKI IHTETPYIOThCSA Yy PI3HOMAaHITHI TEXHIUHI O0’€KTH Ta BUKOHYIOTH
¢byHkuii BUMIpIOBaHHS, KepyBaHHS a0o oOMiHy naHumu. Ha BiaMiHy Big TpagumiiftHHX
KOMIT'IOTEPHHX CHCTEM, TaKi TIPUCTPOi MalOTh OOMEXKEHI pecypcu IaM siTi, HEBUCOKY
O0YHCITIOBANIbHY TIOTYXKHICTD Ta YacTO MPAIIOIOTh Y PEKUMAaX 3HIKEHOTO eHeprocrnokuBaHHs. Lle
3YMOBJIIOE CTIelU(i4HI BUMOTH /0 1X apXIiTEKTypH, CXEMOTEXHIUHOi peaii3allii Ta MmporpaMHOro
3a0e3neueHHs.

OcHoBy OunbmIocTi HOpUCTpoiB  IHTEepHETY pedel CTAHOBIATH  MIKPOKOHTPOJIEPH.
MIiKpOKOHTpOJIEp € IHTErpajbHOI CXEMOI0, SKa MICTUTh LEHTPAaJbHHUH HpPOIEcOop, ONEpaTHUBHY
1am’ Tk, IOCTIMHY aM’sITh IPOrpam, a TaKoXk nepudepiiiHi MOAyIi BBEICHH-BUBEICHH. 3aBIsSKU
Takid iHTerpamii MiKpOKOHTPOJEPH NAIOTh 3MOTY CTBOPIOBATH KOMIIAKTHI Ta €HEproe(eKTHBHI
O0YMCITIOBAJIbHI  TPUCTPOi. APpXITEKTypa MIKpPOKOHTPOJEpIB 3a3BHYail ONTHMi30BaHA IS
BUKOHAHHS KEPYIOUHX MPOrpaM Ta 00pOOKH CUTHAIB BiJl CEHCOPIB.

Y cucremax IHTepHeTy peueill HIMPOKO 3aCTOCOBYIOTHCS MIKPOKOHTPOJEPU PI3HUX
apxitextyp. OnHiero 3 HalinomupeHimux € apxitekrypa ARM Cortex-M, sika BUKOPUCTOBY€ETbCS Y
BEJIMKIM KUIBKOCTI CcydacHMX BOYAOBAaHMX CHCTeM. Taki MIKpDOKOHTPOJIEPH MAalOTh JIOCTATHIO
O0YHCITIOBAJIbHY MOTYXHICTb JUIsl BUKOHAHHS aJrOPUTMIB OOPOOKHM JaHUX, MIATPUMYIOTH pOOOTY 3
nepudepifHUMU TPUCTPOSIMU Ta MOXXYTh BHUKOPHCTOBYBAaTH pi3HI KOMYyHIKaliiiHi iHTepdeiicu.
[Hmor0 mommupeHor apXiTekTyporo € AVR, sika BUKOPUCTOBYEThCS y 0ararb0X HaBUAJIbHUX 1
MPUKIIATHUX CHCTeMaX, a TaKoX y riaTdopmax Ha 3pa3ok Arduino.

BaxxnuBuM KOMIOHEHTOM KOMIT IOTEpHUX 3ac00iB IHTepHeTy pedeit € cencopu. CeHcop
SBJIE€ COOOIO MPUCTPI, IKUH NEePETBOPIOE (HI3UUHY BEJIMYUHY Y €IEKTPUYHUM curHai. Y cucremax
[oT BUKOPHCTOBYIOTHCSI PI3HOMAaHITHI CEHCOPH: TEMIIEpaTypH, BOJOIOCTI, OCBITIEHOCTI, THUCKY,
pyXy, rasiB 1a iHmi. OTpUMaHi BiJl CEHCOPIB CUTHAIM OOPOOJIAIOTHCA MIKPOKOHTPOJIEPOM, MICIHs
YOro MOXXYTh IEpeAaBaTUCS Yy Mepexy a00 BUKOPHUCTOBYBATHUCS ISl KEPYBaHHS BHKOHABUMMU
MPUCTPOSIMH.

OxpiM ceHcopiB, y cucTemMax [HTepHETy peueil 3acTOCOBYIOThCS BUKOHaBYI MpUCTpoi. o
HUX HaJeXaTh €JIEKTPOJBUTYHH, pelie, CBITJIOAIOAH] 1HAUKATOPU, HArPiBaJIbHI €JIEMEHTH Ta 1HIII
KOMITOHEHTH, IO JAl0Th 3MOTY 3MIHIOBaTH CTaH (i3udHOro 00’e€kTa. MIKpOKOHTPOJEP Kepye
TaKMMH TPUCTPOSMHU uyepe3 CrelianbHl BUXiIHI 1HTepdelcH, BUKOPUCTOBYIOUYH IIU(POBI CUTHAIN
a00 MHUPOTHO-IMITYJIBCHY MOJYJISLIIO.

Jns  B3aemonii MDK MpHCTpossMH [HTepHeTy pedell BaxJIMBY pOJIb  BiAIrpaloTh
KOMYHIKalliiHi iHTepdelicu. Y Mexax OJHOTO MPHUCTPOI0 BUKOPUCTOBYIOTHCS BHYTPILIHI
iHTepdeiicu i miakimodyeHHs nepudepitnux moaynis. Halinommpenimmmu cepen nux € SPIL, 12C
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ta UART. Iarepdeiic SPI 3abe3neduye mBuakuii OOMIH NaHUMH MDK MIKPOKOHTPOJEPOM 1
nepudepliHUMH MOIYJISIMU, HAMPUKIAM, mam’ aTTio abo aucruiesmu. [atepdeiic [12C mgae 3mory
MiAKIIOYaTH KUTbKa TPUCTPOIB MO OJHi€l IIMHM, BUKOPUCTOBYIOUM JIUINE JIBI CHUTHAJbHI JIiHII.
Iarepdeiic UART BUKOPUCTOBYETHCS Ul TIOCHIJOBHOI Mepeaadi JaHUX MK IPUCTPOsiMH abo0 1ist
B32€EMO/IIT 3 KOMIT FOTEPOM.

Oxpim JokanbHuX iHTEpdeiciB, cucremu [HTEpHETY peueit moTpedyroTh 3ac00iB MepeKeBOi
B3aemomii. i1 1mbOro BUKOPUCTOBYIOTHCA Pi3HI O€3JApOTOBI Ta JIPOTOBI TEXHOJOTIT 3B’S3KY.
Haiinommpenimoro texuosoriero € Wi-Fi, ska 3a0e3neuye mpsMe MiIKIOYEHHS PUCTPOIB 10
JIOKaJabHOT Mepexi abo [HTepHeTy. [HIor0 monynspHoro TexHosorieto € Bluetooth Low Energy, mo
BUKOPUCTOBYETbCS JJII CTBOPEHHS €HEproe()eKTUBHUX OE€3IPOTOBUX MEpPEX 3 HEBEJIUKOIO
JAITBHICTIO 3B’ SI3KY.

Y npoMuciIOBUX Ta MAaCIITa0HMX CHCTeMax IHTepHETy pedell 3aCTOCOBYIOTHCS
creniaiizoBaHi TexHONOrii 3B’s3Ky, Taki Ak ZigBee, LoRa abo NB-IoT. Texunonoris ZigBee
NpU3HAYeHa JUIS CTBOPEHHS MEpeX 13 BEIMKOi KUIBKOCTI TPUCTPOIB 3  HU3BKUM
eHeprocrnoxupanHsaM. TexHosoriss LoRa BHKOpPHCTOBYeTbCS A Iepeladi JaHUX Ha BEJHKI
BiJICTaHi 3 MiHIMAJILHUM criokuBaHHsIM eHeprii. Texnomoria NB-IoT 6a3yetbcs Ha iHppacTpyKTypi
MOOUTBHHUX MEpEeX Ta 3a0e3Meuye MiIKII0YeHHs IPUCTPOIB 10 INI00ATbHUX MEPEXK 3B S3KY.

OxpiM MIKPOKOHTpOJIEPIB, y cucTeMax IHTepHeTy peueil MOXKyTh BUKOPHUCTOBYBATHUCS
OJTHOTIIIATHI KOMIT'toTepu. Taki mpUCTpoi MaroTh OUIBIITY OOYHCIIOBAIbHY MOTYXHICTh Ta 3[1aTHI
BUKOHYBAaTH CKJIaIHINI mporpamHi 3afadi. OJHOIUIaTHI KOMI FOTEPH 3a3BHYAil MICTITH MPOIIECOP,
ONEpaTUBHY MaM’ATh, MepexeBi iHTepdelcH Ta po3’eMu Ui MIJKIIOYEHHS TepudepiiHux
npucTpoiB. BOHN MOXYTh MpaIfoBaTy MiJl KEPYBaHHAM OIEpPAlifHAX CUCTEM, TaKuX K Linux, mo
PO3IIUPIOE MOMKIIMBOCTI IX BUKOPUCTAHHSI.

OpHomIaTHI KOMIT'FOTEPH BHKOPHCTOBYIOTBCS y BHIIAJKaX, KOJM HPUCTPI HOBHHEH
BUKOHYBaTH CKJIaJHy OOpOOKYy [daHWX, MpalioBaTd 3 MYJIbTUMEAlHO iH(opMaliero abo
3a0e3neuyBaT B3a€MOJII0 3 KOpHCTyBaueM depe3 rpadiuyHuil iHTepdeiic. Y Takux cucremax
MIKPOKOHTpOJIEp MOK€ BUKOHYBaTH (YHKIII 300py AaHUX, TOMAI SK OJHOIUIATHUN KOMII IOTEp
3M1MCHIOE 1X MOJANBITy 0OpOOKY Ta mepeaauy y Mepexy.

ApxiTekTypa cucteMm IHTepHETy pedeil 3a3Buvaii mae OaraTopiBHEBY CTpykKTypy. Ha
HUKHBOMY PIBHI pO3TallOBaHI MPHUCTPOI 300py JaHUX — CEHCOpPM Ta BHMKOHaBul Moaym. Ha
CepeHbOMY PpIBHI 3HAXOJAThCS OOYMCIIOBAJIbHI BY3JM, LI0 31MCHIOIOTH NEPBUHHY OOPOOKY
iHpopmanii. BepxHiii piBeHb yTBOpIOIOTH cepBepH abo xMmapHi miuardopmu, ski 3a0e3nedyroTh
30epiranHs, aHalli3 Ta Bi3yami3aliio JaHHX.

BaxnuBoro 0COOMUBICTIO KOMIT'IOTEpHUX 3aco0iB IHTepHeTy peueil € HEOOXiAHICTh
3abe3neueHHsl eHeproedekTUBHOCTI. barato mnpuCTpoOiB NpaIlOOTh BiJ aBTOHOMHHUX JDKepell
KUBIICHHSI, HAaNIpHUKIJIa Oarapedt abo akymymsaTopiB. ToMy y Takux cHcTeMaxX BHKOPHCTOBYIOTBHCS
CHeliaJIbHI peKUMH €Hepro30epekeHHs, 3a SKUX MIKPOKOHTPOJIEP NEPEXOUTh Y CIUITUUM PEexUM 1
aKTUBYETbHCA JIMILE y pa3l HeoOXiAHOCTI 00poOKy mofii abo nepegayl JaHUX.

[Ile ogHUM Ba)KJIMBUM aclekToM € Oe3mneka cucteMm IHTepHeTy pedeld. OCKUIBKH TPUCTPOI
[oT wacto migkimrO4YeHi A0 MIOOATBHUX MEpPEX, BOHM MOXYTh OyTH 00’€KTOM pPi3HOMaHITHHX
kiOepatak. Tomy KOMIT'IOTEpHI 3acO0M TaKMX CHUCTEM MOBHHHI MIATPUMYBaTH MeXaHI3MHU
aBTeHTU(QIKalli, mHUdpyBaHHS Ta 3aXMCTy MEpelaHUX TaHMX. Y CY4aCHHUX MIKPOKOHTpOJIEpax
4acTo peali3yloThCsl araparHi MOyl KPUNTOrpadiqyHOro 3aXUCTy, 110 3a0e3MeUyloTh BUKOHAHHS
aJITOPUTMIB MIU(PYBaHHS 3 MiHIMAJIBHUMU BUTpATaMU OOUHCITIOBAIBHUX PECYPCIB.

3HauyHy poib Yy (YHKIIOHYBaHHI cucTeM IHTepHeTy pedeil BiJirpae MporpamHe
3abe3nedeHHs. BoHO 3a0e3meuye KepyBaHHS allapaTHUMU pecypcamu, 00poOKy JaHUX, B3aEMOJIIIO 3
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MEpEe’Ker0 Ta BUKOHAHHS MPUKIAJHUX 3a7a4d. Y MPOCTUX MPHUCTPOSIX BUKOPUCTOBYETHCS BOYIOBaHE
nporpamMHe 3a0e3MeueHHs, sSKe Mpaloe 0e3 onepariiiHoi CUCTeMH. Y OUIbII CKIAAHUX CHUCTEMax
3aCTOCOBYIOTHCSl CIELiajli30BaHI ONEpalliifHi CHUCTEeMHM peajbHOro dacy, sKi JalTh 3MOTY
OpraHizyBaTu NapajeibHe BUKOHAHHS KIJBKOX 3aJad Ta 3a0e3NnedyloTh nependavyyBaHUi yac
peaxiiii CHCTeMH.

3 NpPaKTUYHOI TOUKH 30pYy CUCTEMM IHTEpHETY peueil 3HaXOIATh 3aCTOCYBaHHS y OaraTbox
chepax. OpHiero 3 HAHOUIBII TOIIMPEHHX € KOHIICTIIS «PO3YMHOTO JIOMY», Yy MeXax SKOi
KOMIT FOTEPHI IPUCTPOT KOHTPOJIOIOTH OCBITIACHHS, KJIIIMAaTHYHI CHCTEMH, CHCTEMH O€3IeKH Ta 1HIII
eneMeHTH OymiBii. [HIIOW BaXIMBOWO CPEpord € MPOMHUCTOBICTh, aAe¢ TexHonorii IoT
BHKOPHUCTOBYIOTBCSI JIJI1 MOHITOPUHTY CTaHy OOJIaJlHaHHS, ONTHMI3aIlii BUPOOHUYMX IPOIIECIB Ta
MiIBUIICHHS €(DEKTUBHOCTI BUKOPUCTAHHS PECYPCIB.

VY TpaHCHOPTHUX CUCTEMaX [HTEpHET pedyer 3aCTOCOBYETHCS Il KOHTPOJIO TPAHCIIOPTHHUX
MOTOKiB, MOHITOPHHTY TEXHIYHOTO CTaHy TPAHCIOPTHHUX 3acO0IB Ta opraHizaiii cucTeM HaBiraiii.
VY cdepi 0XOpOHU 370pOB’ST BUKOPUCTOBYIOTHCS MEAMYHI CEHCOpPHI MPUCTPOi, IO AA0Th 3MOTY
KOHTPOIIOBATH (i310JI0T1UHI TapaMeTpH MAalli€HTIB y peallbHOMY Yaci.

TakuM 4YMHOM, KOMIT'IOTE€pHI 3aco0u ansi [HTepHeTy peyeil € BaxJIMBUM HaIlpsMOM
PO3BUTKY CY4YacCHOi KOMIT'IOTEPHOi TEeXHIKM. BOHHM MOEAHYIOTH y €001 JIOCSATHEHHS
MIKPOEJIEKTPOHIKH, CXEMOTEXHIKH, KOMII IOTEPHOi apXiTeKTypH Ta TeIeKOMYHIKaIliHIX
TEXHOJIOTii. PO3BUTOK TaKUX CHCTEM CHpHUSE CTBOPEHHIO HOBUX TEXHOJIOTIYHUX PIIICHb Y PI3HUX
ray3sx JisIbHOCTI JIOAWHH Ta (OPMYE OCHOBY ISl TOJANBIIOTO PO3BUTKY ITH(PPOBOTO
CYCITiJTLCTBA.

TEMA 4. IPOTPAMYBAHHSA MIKPOKOHTPOJIEPIB

MikpokoHTpoJiepn

CporosHi MM MOYMHAEMO BHUBYATU HOBY JMCLUIUIIHY, sika Ha3uBaeThecs «lIporpamyBaHHS
MIKpPOKOHTpOJIEPIB Ta MpPHUCTPOiB 1HTEpHET peuel». [luTaHHs, moB’sA3aHI Oe3mocepeHbO 3
InTepHeroM peueil, MM PO3IISIHEMO HANPUKIHLI KypCcy, TOMY IO OUIBLIICTH HPUCTPOIB, IO
BIJIHOCUTBCS 0 111€1 KaTeropii — 1e 3aCTOCYHKH Ha MIKPOKOHTpPOJIEpax, 3 MEBHUMH CHEUPIYHUMU
0cO0IMBOCTSIMH. TOMY OCHOBHY YAacTHHY KypCy MU MpPHCBATUMO O€3M0CcepeIHbO BHBUCHHIO
MIKPOKOHTPOJIEPIB Ta 0COOIMBOCTEN IX MPOrpaMyBaHHSI.

Hacammnepen BapTro 3’sCcyBaTH, IO Take MIKPOKOHTpoJjep. MiKpoKoHTpojep — 1€
KOMIT'IOTEp, pEeaJi30BaHUN Yy BUINIAAl IHTErpajdbHOi MikpocxeMu. Bin mnoniGHuii 10
MIKpOIIpOLIECOpa, SKUH TaKoXK € MIKPOCXeMOI. AJjie MIKPOKOHTPOJIEp Ma€ OJHY IMPHHLHUIIOBY
BIJIMIHHICTD — MIKpOIIpOLleCOpy HEOOXiJHI i pOOOTH 3OBHILIHIA TaKTOBUN TIeHEparTop,
olepaTUBHA Ta MOCTIHHA MaM sATh, IHTEpQercH s 3B 3Ky 3 IHIIUMH KOMIIOHEHTaMM CUCTEMHOI
IJIaTH, a TaKOXK TEBHA KIJIbKICTh JIOAATKOBUX BY3JiB. A B MIKPOKOHTpOJIEP] LI €IE€MEHTH BXKE
iHTerpoBaHi. ToOTO MIKPOKOHTpPOJIEP € CaMOCTIHHUM NPHUCTPOEM, SIKUI HE MOTpedye T0JaTKOBUX
30BHIIIHIX BY3J1B AJIs1 pOOOTH.

TumoBuii  MIKPOKOHTpOJIEP MICTUTh: S/APO, CHEPrOHE3AICKHY IMaM SATh MPOrpam,
olepaTHUBHY NaM’sThb 1 LIOHAaMEHIIEe OJWH TeHEepaTop TAKTOBMX CHTHaNIB. AJie TOJOBHOIO
BIIMIHHICTIO MIKpPOKOHTpOJIEpa BiJ] MIKpPOIpOLECOpa € HasBHICTh PI3HOMAaHITHUX BOYIOBaHHX
nepu@epiiHuX MOJYIIB, SIKI Ha >KaproHi po3poOHUKIB E€NEeKTPOHIKM Ha3WBalOThCS IPOCTO
«uepudpepiero». Ilin mepudepiiiHumMu By3TamMu pO3yMIIOTH amapaTHi By3/Id, MpHU3HAYEHI IS
BUKOHAHHSI KOHKPETHUX (DYHKIIHN, sIK1 O€3MocepeIHbO MIATPUMYIOTh poOOTY 3 pi3HUMH 00’ €KTaMu
yn iHTepdelicamu. Came HasiBHICTh TaKUX MOJYJIB B MIKpDOKOHTPOJIEPI 1 BU3HAYa€ HOro OCHOBHE
MPU3HAYCHHS — KepYBaHHS 00’ €KTaMH a00 CHCTEMaMH.
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MiKpOKOHTpONEp

MikpokoHTponep (Microcontroller) —
OOHOKPUCTANbHUIM MiKpoKomnN'toTep,
BUKOHAHUM Y BUTNAAI MiIKpOCXeEMU

CKnag MiKpoKoHTponepa

* Mikponpouecop

* [lam’aTb nporpam (eHeproHesanexkHa)
* OnepaTtuBHa Nam’aTb (eHeprosanerkHa)
* [eHepaTopyu TaKTOBUX CUTHaJIB

* lepudepinHi npuctpoi

[Tpuxnamom crneuudiunoro mnepudepiiHoro Moaynas MIKPOKOHTpoliepa € JipaiiBep
piakokpucTaniuHoro iHaukaropa. OcoOIMBICTIO PIAKOKPUCTATIYHUX IHAWKATOPIB € HEOOXITHICTH
Mo/iayil Ha eJEeKTPUYHI BUBOJIU HOr0 CErMEHTIB HAPYTU 3MIHHOI MOJSPHOCTI 3 YACTOTOIO OJM3BKO
100 I'r — inakmIe cermMmeHTH OyAyTh JeTpaayBaT 1 iIHIUKATOP MepecTaHe MpamoBaTu. Taky Hapyry
MOKHa C(OpMYyBaTH NPOTPaAMHUM LUIIXOM — I 3a/aya He € ckianHor. OnHak BHUpIMICHHS ii
MIPOTPaMHUM IIISIXOM MOTPeOye MeBHOI KITBKOCTI MPOIIECOPHOTO Yacy — PeCypcCy, SIKOTO 3aBK/I1 HE
BHUCTavae. Ajie SKIIO B MIKPOKOHTpOJIEp] € crenianizoBaHuil nepudepiiinuii Moayns — apaiiBep
PIAKOKPHUCTATIYHOTO 1HAWKATOPA, TO MPOTPaMICTy MOTPIOHO JIHIE OAWH pa3 HOTo HAJIAMITYBATH, a
MOTIM TUTHKU CBOEYACHO OHOBIIOBATH 1H(OpMAIIO, AKYy HEOOXiTHO BioOpa)kaTH Ha ekpaHi. Yci
HEOOXiHI eJIeKTPUYHI CUTHAIN Y I[bOMY BHIIAAKY Terep OyayTh (opMyBaTUCs arapaTHo 0e3 ydacTi
MIPOIIECOPHOTO S/Pa.

MPMHUMN KepyBaHHA PiAKOKPUCTANIYHUM

.
CermenT nposopui Aerpapauin cermenTa
Hanpyza na 6ueodi A Hanpyza Ka eusodi A
A A
Yac Yac
Hanpyza na eueodi 8 Hanpyza wa eusodi B
g l:]—:l—:]—~— Yac ] Yac
Hanpyza na ceauenmi (4 - B) Hanpyaa na ceauenmi (A - B)
Yac Yac
CermenT Henpo3opui Derpapauin cermexTa
Hanpyza na 6ueodi A Hanpyaa na eusodi A
A A
Yac YHac
Hanpyza na eueodi B Hanpyea na eusodi 8
. O | ) - — 8
Yac Yac
Hanpyea i costisieni (A - 5) Hanpyaa wa cezuenmi (A - B)
bt bt B e

TunoBumu nepudepifHUMU MOAYISAMH MIKPOKOHTpOJIEpa € TOPTU BBEIECHHS-BUBEICHHS
3arajbHOrO MpPHU3HAUYEHHS — BOHM € B KOXHOMY MIKPOKOHTPOJIEpl, OCKUIBKH uepe3 HHUX
MIKPOKOHTPOJIEp 3’€IHYETHCS 3 IHIIMMHU YaCTHHAMM eJleKTpuuHoi cxemu. Kpim Toro, mo ckimamy
nepudepiiHuX MOIYJIB BXOJIATh PI3HOMAaHITHI TaliMepH, 3a JIOMOMOTOI0 SKMX MOXKHa (hopMyBaTu
CUTHQJIM B TIEBHOI TPUBAIOCTI Ta (YHKLIOHYBAaTH y peaibHOMY uaci. J[is poOoTH 3 aHATIOrOBUMHU
CUTHQJIM BUKOPUCTOBYIOTH OTIEpPAIiiiHI MiJACHIIIOBAYi, KOMITAPATOpH, aHAJIoro-1udpoBi Ta nudpo-
aHaJIOroBi neperBoproBayi. KpiM 11p0ro, MiKpOKOHTPOJIEpU MOXYTh MICTUTH T'OTOBI MpUHMAaIbHO-
nepeaBaibHi BY3JIH JUTSl MOMIMPEHUX iHTepdeiciB nepenadi qanux, cepen skux UART, SPI, I2C,
CAN, 1-Wire, IrDA, USB, Bluetooth, Wi-Fi Ta ©0araro inmmmx. ¥Yce 1€ CBiZ4uTh, IO
MIKPOKOHTpOJIEp OPIEHTOBaHUI HacaMIepe] Ha KepyBaHHS (iI3MYHUMH 00’€KTaMU Ta TEXHIYHUMHU
By3JIaMH Ha BiJIMIHY MIKpOIIpOLleCOpa, SIKUM MOXKE€ BHUKOHYBAaTH JIHILIE apHU(PMETUKO-JIOTIUHI
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omepauii. Biache, came Bif LbOro MoxXoauTh WOTo Haspa: «controller» y mepexnazi 3 aHrmiHCHKOT
O3HAYa€e «KepyBaTH.

MikpokoHTponep STM8S003F3

¢ 16-po3pagHuUi Talimep 3 po3WnpeHnMn GyHKUiaMM (4 KaHanm
NOpPiBHAHHA, 3 KaHa/IM 3 KOMMNJIEMEHTapPHUMU BUXOAaMM, Talimep

‘% “\«\;\‘ «MEepTBOro» Yyacy, NiATPMMKa 30BHiLIHbOT CUHXPOHM3ALT)
I\ S iy
e 16-po3pafHNit TalMep 3ara/ibHOro NPUSHaYeHHs (3 kananu
T NOPiBHAHHSA)

> *  8-po3psaHuMiA TaliMep 3ara/ibHOro NPU3Ha4YeHHs
* Talimep aBTOMaTUYHOTO NPOBYAKEHHA
% ¢ CTopoKoBuitTaiimep

et ¢ Mogynb nocnigosHux iHTepdeiicis (UART, SmartCard, IrDA, LIN)
¢ Mogaynb iHTepdeiicy SPI (o 8 M6it/c)
Mogaynb iHTepdeticy I2C (go 400 k6it/c)
10-po3pAaaHnit 5-KaHaNbHUI aHanoro-undpoBuit NnepeTsopoBay
UEQEENLD * [o 28 kaHaniB NOpTiB BBEAEHHA-BUBEAEHHA 3ara/ibHOMo NPU3HaYeHHA

3x3 mm

Bapto 3BepHyTH yBary Ha NpaBWJIbHHM HArojaoc y ciioBi «MikpokoHTpOuep». HacTo MOXHa
MOYYTH TOMHJIKOBE HAroJIOIIYBaHHS —«MIKPOKOHTPOJEpPY, M0 (aKTHYHO 3MIHIOE 3MICT CIIOBA.
«MikpokoHTponEp» — 1le «MajeHbKa JII0AKNHA, 10 TepeBipse NpaBHIbHICTh MOOYI0BU OyIMHOYKA
UL JISIBOK», TOJMI SIK Y HAmiil TUCHMIUIIHI WAEThCA caMe MPO MIKpOCXeMmy, NMpH3HAuYeHy st
KEpYBaHHS €IEKTPOHHUMH IPUCTPOSIMH. TOMy IpaBHILHUN HArojoc y bOMy CJIOBi Oyae came Ha
apyry aitepy «O» — «MikpokoHTpOep».

MpaBUAbHUIN HAronoc

MikpokoTtponEp MikpokoHTpOnep

[IpakTHyHa 4YacTHMHA HAIIOTO KYypCy pO3paxoBaHa Ha BUKOPUCTAHHS MIKPOKOHTpOJIEpa
PIC16F84, Ttomy 3 HuUM BapTo MO3HalOMHMTHUCA OUIBII JeTanbHO. OpHriHajgbHA Bepcis L€l
MIKPOCXEMH BXKe HE BUITYCKA€ThCs, HATOMICTh ICHYE 1 JOCTYITHA ii OLIbII TOCKOHANa MOIU(iKaIis 3
cyikcoM «A». Pi3HUIIO MK LIMMHU JIBOMa MIKPOCXEMaMM 3HA€ JIMIIE BUPOOHUK, MH K HaAaml
Oynemo BBaxkaTH, 1m0 Mikpocxemu PIC16F84 ta PIC16F84A noBHICTIO TOTOXHI.

Mikpokontponep PIC16F84 Hanexutrb 10 cepeagHbOro ciMelcTBa  8-po3psIIHUX
MikpokonTponepis xommanii Microchip Technology. Moro TakroBa uwacToTa MOXKE aOCSTaTH
20 MI', xo4a OiUTBIIICTE MIKPOCXEM, IO € HAa PHHKY, pO3paxoBaHa HAa POOOTY 3 TaKTOBHMH
gactoramu 10 4 MI'u. OO6csar eHepronesanexxHoi mam’sti mporpam  (Program  Memory),
peanizoBaHoi 3a TexHosoriero Flash, mopiBaroe 1024 xomanmam. OmepatuBHa mam’ste (Random
Access Memory, RAM) mae nyxe ckpoMHHiA 00csT — auiie 68 OaiT, ae BUSBIAETHCS, IO IIHOTO
IIIJIKOM JIOCTATHBO JUIsS 0arathoX 3acTOCYHKIB. KpiMm Toro eit MikpokoHTposep mae 64 Oaith
eHeproHe3auexxHoi nam’sti 3 enektpudHuM ctupanisMm (Electrically Erasable Programmable Read-
Only Memory EEPROM), siky MOXKHa BHKOPHUCTOBYBATH, HANPHKJAJ, BHKOPHCTOBYETHCS IS
30epeKeHHs HaJlallTyBaHb.
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Habip nepudepiiinnx moaynis y PIC16F84 miniManbHU — 01MH BOCBMUPO3PSIIHUI Taiimep
3 MIHIMQJIBHOIO KITBKICTIO (YHKIIOHAJLHUX MOXJIMBOCTEH 1 13 KaHamB TOPTIB BBEACHHS-
BUBEJICHHS, 3arajJbHOrO Mpu3HavYeHHs. Jliama3oH poOo4oi HAMpyru CTaHOBHTH Bim 2 10 5,5 B, a
BUITYCKAETHCSI MIKPOCXEMa B TPHhOX THITaX KOPITYCiB.

LikaBoro € i miHoBa xapakrepuctuka. Bapricte PIC16F84 cranoBuia 6mu3pko 6 momapi
CIIA, mo anst HaCTUIBKH TPOCTOTO MIKPOKOHTpOJIEpa € JOCUTh BUCOKOIO I[iHOK. HuHI 3a Taky x
BapTIiCTh MOKHA NpUAOATH 3HAYHO MPOMYKTHUBHIIII MOJENI 3 PO3MIMPEHUMHU MOJIMBOCTSIMH Ta
OutpIMM HabopoM nepudepii. OqHaK i MIKPOKOHTPOJIEPH 1€ BUITYCKAIOTHCS 1 TPOIAI0THCS.

PIC16F84A

* PospsagHictb — 8 6iT

* TakroBauactota — a0 20 MTly,

e [lam’atb nporpam— 1024 iHCTPYKLiM

* OnepatusHanam’ate (RAM) — 68 6aut

* EHeproHesanexHa nam’atb (EEPROM) — 64 6ait

* KinbKictb noptie BBOAY-BMBOAY — 13

*  [lepudepiitHi By3nu: 8-po3psaaHuin Taimep

e [lopaTKoBi GyHKLII: CTOPOXKOBUI Talimep, Talimep
3aTPMMKU BUKOHAHHSA Nporpamu, 4 TUNu TaKTOBUX
reHepaTopis, 4 gyKepena nepepuBaHb

* [Jliana3oH pobouyoiHanpyrn—2...5,5B
* Kopnyc: DIP18, SOIC-18, SOIC-20
* Baprictb = 6USD

[Tpuuuna, YoMy s HaBuaHHS Oysno oOpaHo came MmikpokoHtpoiep PIC16F84, nmonsrae y
foro icropuuHoMy 3HaueHHI. Bin 3’sBuBcst y 1990-x pokax i craB CHpaBXHIM IPOPHBOM Yy Tally3i
eslekTpoHiku. Ha Tolf 9ac meil MIKpOKOHTpOJep, MOPIBHAHO 3 IHIIUMHM MOJEISIMH, BUSBUCS
MIPOCTHM, JICHIEBUM Ta MPOCTHM B OCBOEHHI, IO 3pOOMII0 HOT0 HA/I3BHYAIHO TOMYJISIPHUM SIK CEepell
amaTopiB, K1 HapeITI OTPUMAIU MOXKIIMBICTh CTBOPIOBATH 3aCTOCYHKH Ha MIKPOKOHTpoOJepax 0e3
HEOOXITHOCTI 3aJydeHHS JOpOroro OOJNaAHAaHHS, Tak 1 cepen mNpodeciiHuX iHXEeHepiB 1
PO3POOHHKIB €IEKTPOHIKH.

3 Toro vacy mia PIC16F84 Oyno cTtBopeHO BeNUKy KUIBKICTh MPOrPaMHOTO KOJY, BKIFOUHO
3 LIKaBUMH MPUKIIAZaMHU 3acTocyBaHb. [lonpu nmosBy cydacHImMX Mozenei, el MiKpoKOHTpoJep 1
Jocl  BHUIYCKaeTbcsi KoMmmaHieto Microchip. IlpudyoMy icHy:OTH HOBI 1 OUIbII  JI€HIEBI
MIKpOKOHTpOJIEpH, SKI MO)KHa BcTaHoBmoBaTH 3amicTe PICI16F84 HaBiTh 06€3 Kopekuii
MIPOrpaMHOTo 3a0e3MedYeHHs. 3a CIOBaMU MPEJICTaBHUKIB KOMIaHii, 1151 MOJENb cTaja JIETeH 010 1
NEeBHUM OpEHJIOM, BiJl SIKOTO BaXKO BigMmoBuUTHCsS. Came ToMmy ii # J0CI BUKOPHUCTOBYIOTH ISt
HaBYaHHSI.

PIC16F84 — nereHaa cepen, amaTopiB

Microcontrolador
PIC16F84
Desarrolie de proyectss

DESIGNING EMBEDDED
SYSTEMS WITH

PIC* MICROCONTROLLERS
Principies and Applications
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CrpyKkTypHa cXxeMa MIKPOKOHTpOJiepa JOCHTb NHpocTa: apu(METHKO-JOTIYHUN MPHCTPIid,
oTiepaThBHA MaM’ STk 1 KUTbKa nepudepiiHux Moy iB. He3Bakaroun Ha HEBUCOKY MPOAYKTHUBHICTD
3a Cy4yaCHMMH MipKaMHd, BiH NPUAATHUA JUIs 3aCTOCYBaHHA Yy MPOCTHX PaaioaMaTOPChKHX
KOHCTPYKITISX — BiJl STTMHKOBHX TIPJISTHA 0 €JIEMEHTIB aBToMaTuku. OqHaK HOTo TOJIOBHA I[IHHICTD
cporonHi moisirae B ocBiTHboMy acmnekTi: PIC16F84 ineanbHO MiIXoauTh Uisi 3HAWOMCTBA 3
MPUHITATIAMHA POOOTH MIKPOKOHTPOJIEPIB.

3actocyBaHHA PIC16F84A

EEPROM Dats Memory

¢ PapioamaTtopcbki
| KOHCTPYKL,iT
%&Ti *  AnuvHKoOBI ripnaHau
» " » ABTOMaTU CBITNI0BMX
=== [] edekTis
G === 7577« 3acobu asTomaTu3alyji
: | = * 3HailomcTBO 3
nporpamysaHHAM

B s MiKpPOKOHTpoOnepiB
B e (piBeHb 0)

[Tpu poGoTi 3 MikpoKOHTpoJiepamMu TpeOa 3BepTaTH yBary Ha JeKijbKa peueil. Y mepiry
4epry HeoOXximHO Matu 0a30Bi 3HAHHS 3 CEINEKTPOHIKH, 30KpeMa pO3YMITH, SK OYHIYIOThCS
HAWUMPOCTIII E€JIEKTPOHHI CXEMHU Ta SK MIAKII0YaTH MIKPOKOHTPOJEp 10 Pi3HUX BY3IiB. Takoxk
noTpiOHO 3HATH OCHOBH MpOrpamMyBaHHS, apke s poOOTH 3  MIKPOKOHTPOJIEPOM
BUKOPHUCTOBYIOTBHCS T1 3K cami alTOPUTMIuHI KOHCTPYKIIi: UKIIN, O€3yMOBHI Ta yMOBHI IIEpeX0u
Ta MiAMPOrpamMH.

[Ipote y peabHOMY HPOEKTI HEOCTATHHO JIMILE HAMMCAaTH IporpaMHe 3a0e3ledyeHHs —
HOro moTpiOHO 1€ MEePEeBIPUTH Ta BIAJAIITYBAaTH. A OCKUIBKM MIKPOKOHTpPOJIEp IMpAalIO€ TUIBKH Y
PEeKUMI peabHOro 4acy 1 Kepye peaJlbHUMH eJEeKTPOHHUMM MPUCTPOSIMHU, TO JAYK€ 4acTo s
MEpPEBIPKH  MPalE3JaTHOCTI  MPOTrpaMHOro  3a0e3leueHHs  JOBOJUTHCS  KOPUCTYBATHUCSA
PI3HOMaHITHUMH BUMIPIOBAJbHUMHU TMPUIAJJAMU: MYJIbTHUMETpaMH, JIOTIYHUMM aHalli3aTopamH,
octmiorpadgamu TOIIIO.

Kpim toro, tpeba 3HaTH OCOOIMBOCTI MPOEKTYBAHHS JPYKOBaHMX IUIAT, HA SIKUX OyAyTb
MpaIoBaTH MIKPOKOHTPOJIEpH, 00 OyBarOTh BHITQJIKM KOJU CXeMa 1 MpOrpaMHE 3a0e3MeueHHS
CIPOEKTOBaHI MPaBUWIBHO, alle Yyepe3 HeBJalle PO3TallyBaHHs KOMIIOHEHTIB Ha JPYKOBaHIM IuiaTi
MPUCTPIM Mpalioe HecTabUIbHO a0o B3arajal HENpaBWIbHO. [HOMI ApiOHI 3MIHHM, HaNpPHUKIAJ
MepeMilleHHs KOMIIOHEHTa Ha KiJIbKa MUTIMETpPiB, MOJOBXKEHHS 3’ €IHYBAIbHHUX MPOBIIHHUKIB a00
3MiHa iX reoMeTpii, MOXYTh CTaTH NMPUYMHOIO MOSIBU HemependaueHoi 3aBaau, sgKa MpU3BEIKe 10
HEecTabUIbHOI pOOOTH MIKPOKOHTpOJIEpA.

I ocranniii BaxJIMBUA MOMEHT, MpO SKUA HE MOXKHa 3a0yBaTH TIpH pPoOOOTI 3
MIKPOKOHTpPOJIEpaMU — DPO3YMIHHSA TpPOLECY BHPOOHHUITBA €NeKTpOHIKH. CliJl po3yMiTH, IO
porpamMHe 3a0e3neueHHs MUIIEThCS OJIMH pa3, a eNIEKTPOHHI KOMITOHEHTH BCTaHOBITIOIOTH B KOXKEH
npuctpid. Tomy sKmo € xo4ya O HaliMEHIIa MOJIMBICTH 3MEHIICHHS KIJTBKOCTI €JIEKTPOHHUX
KOMITOHEHTIB, HaBITh 32 PaXyHOK 1CTOTHOT'O YCKJIaIHEHHS IPOrpaMHOro 3a0e3MneueHHs, TO IHBECTOp
3aBAM o0epe OCTaHHIM BapiaHT — OJMH pa3 HamMcaTH CKJIAJHE MporpaMHe 3a0e3NeyeHHs, HiK
MOTIM BHTpAayaTH KOINTH HA BCTAHOBJICHHS €JIEKTPOHHMX KOMIIOHEHTIB, 0€3 SIKUX MOXxHa Oyio O
OOIUTHCE.
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Ocoba1BOCTI p06OTU 3 MIKPOKOHTPONEPAMMU

* MoTpibHO 3HAT OCHOBM
€NeKTPOHIKMN

* [oTpibHO 3HATM NpOrpamyBaHHSA

* MoTpibHO BMIiTK NpaLtoBaTU 3
BUMIPIOBAZIbHUMK NpUNALaMMU

* MNoTpibHO PO3YyMITU NPUHLMUMNK
NPOEKTYBaHHA APYKOBAHMX NaaT

* [loTpibHO po3ymiTn npouec
BMPOOHMLTBA €1eKTPOHIKMK

MiKpOKOHTPOJIEPU ChOTOJIHI 3aCTOCOBYIOTHCS MPAKTHYHO Y BCiX cepax enekTpoHiku. Bonu
3YCTPIYAIOTBCSA y JMTAYUX Irpamikax, moOyToOBid TEXHili, MPOMHUCIOBOMY OOJIaqHaHHI, 3aco0ax
aBTOMATH3aIlii, TEJICKOMYHIKAIIMHUX CUCTEMax, JpOHaX, po0oTax, KBaJPOKOINTEPaxX, CHCTEMax
«pO3YyMHHI OyaMHOK» Ta TNpHCTposix InTepHery peueir. Konpuiionepw, miTu Ta MOHITOPH
KEpYIOThCSl MIKPOKOHTpoJepaMu. ABTOMOOITbHA Ta aBialiifHa TexHiKa, KOCMi4HI Kopalii,
CYNyTHUKHA — BCIOAM MOXXHAa 3HAaWTH MIKPOKOHTPOJIEPU, IO BUKOHYIOTh KOHTPOJIIOBAIBHI Ta
kepyBasibHI  (pyHKIii. CbOrogHi NPOCTIlIE 3HAWTH 3aCTOCYHKH, 1€ MIKPOKOHTPOJEpU HE
BUKOPHCTOBYIOTBCS, HIK IEpeniuyBaTu cepu iX MpaKTHIHOTO BUKOPHUCTAHHS.

3aCTOCYBaHHA MIKPOKOHTpO1EpiB

* [lpomucnosa TexHika

* T[lobyToBa Ta odicHa TexHiKa

* 3acobu aBTomaTtum3aui

*  TenekomyHiKauilHi cuctemmn

* AsTomobini

* EnektpoTpaHcropT

¢ [lpoHun, KBagpokonTepu

* Pobotu

*  Cuctemu «PosymHuI1 ByamMHOK»
* Mpuctpoi IHTepHeTy peyeit

Keagpokontep Morokoneco

CmaptdoH Pobor

MIiKpOKOHTpOJIEpH BUPOOJISAIOTH JOCTaTHHO BEJMKA KUIBKICTh KOMIIaHIN, IO 3aliMaroThCs
pPO3pOOKOI0  €JIeKTPOHHUX KOMIOHEHTiB. KoXHa KOMIaHisi MPONOHYe BIIACHI pIlLIEHHS,
ONTHMI30BaHl JUJIsl NEBHUX cdep 3actocyBaHHA. Ha puHKY mocTiiiHO B1AOyBarOThCS 3MIHM: OJHI
KOMIaHii 3HUKAIOTh, 1HII 3’SBIAIOTBCA ab0 00’enHyroThea. Hampukian, kommanis Atmel cBoro
yacy KOHKypyBaya 3 Microchip, ane 3romom Microchip mpuabana Atmel, 1 KOHKypeHIlist M)XK HUMH
3Hukia. Lle BinOynocs uepes nosBy komnanii STMicroelectronics, sika 3arponoHyBaja JeneBli Ta
3pYUHILI MIKPOKOHTPOJIEPH, 1110 3MIHUIIO PO3CTAHOBKY CHJI HA PUHKY.

Komnanis Texas Instruments 3aiimae ocobmuBe Miclie B raiy3i eneKTpOHIKH, BUPOOISIIOUN
IIUPOKHIA CHEKTP KOMIIOHEHTIB, BKJIIOYHO 3 MIKpOKOHTpoJiepaMu. BoHa po3poliisie pimieHHs
3aralbHOTO 3aCTOCYBAaHHsS Ta CIELiali3oBaHi JIHINKK, HaOpUKIaA i aBTOMOOUIHHOI
MIPOMHUCIIOBOCTI, JI€ 3aCTOCOBYIOTHCS MIKPOKOHTPOJIEPH iIBUINIEHOT HAIHHOCTI, III0 KOHTPOTIOIOTh
pOOOTY CHUCTEM OCBITJICHHS, FAJIbM Ta MOIYIIOK O€3MEeKH.
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BMpObOHMKM MIKPOKOHTPONEPIB

*  Altera *  MaximIntegrated *  Silicon Motion

+  AnalogDevices *  Microchip Technology +  Sony

« ARM * National Semiconductor *  Spansion

*  Atmel * NEC *  STMicroelectronics
*  Cypress Semiconductor *  NordicSemiconductor *  Synopsys

*  ELAN Microelectronics Corp. *  NXP Semiconductors * Texas Instruments
*  EPSON Semiconductor *  Nuvoton Technology *  Toshiba

*  Espressif Systems *  Panasonic *  Ubicom

*  Freescale Semiconductor +  Parallax *  WCH

*+  Fujitsu *  RabbitSemiconductor +  Western Design

+  Holtek *  RaspberryPi Foundation Center

*  Hyperstone *  Renesas Electronics ¢ Xemics

e Infineon *  RedpineSignals ¢ Xilinx

+  Intel *  Rockwell *  XMOS

e Lattice Semiconductor *  Silicon Laboratories *  ZiLOG

Skmo BM Oyzmere MpauloBaTH 3 MIKPOKOHTPOJIEpPAMU Ha MPOMUCIOBOMY pIBHI, TO BHU
000B’SI3KOBO TMMO3HAOMUTECH 3 MpOo(deciiHNMU pPIIICHHAMHU. A 3apa3 — KOJM BU 3HAXOJHUTECh Ha
caMOMy IIOYaTKOBOMY piBHI — BaM MOTPiOHO JHIlEe MO3HAMOMUTHCS 13 HAWMOUIMPEHIIIUMU
JiHIKaMH MIKPOKOHTPOJIEPIB 3arajbHOTO MPHU3HAYCHHS, SKI MOXKHA NpUI0AaTH y OyAb-IKOMY
MarasuHi, 110 TOPIye eJIeKTPOHHUMH KOMIIOHEHTaMU.

Jlo HalimommpeHimmx JiHIHOK, M0 MpornoHye KommaHis Microchip BiTHOCATBHCS JiHIHKA
PIC10, PIC16, PIC24 i1 PIC32. Mikpokoutposnep PIC16F84 nanexuts no miniiiku PIC16, sky
KommaHigs Microchip mo3uIiOHYIO0 SK 8-pO3pAgHI MIKPOKOHTPOJIEPH CEPEeIHBOTO CiMEHCTBA.
Jliniiiku 32-po3psAHUX MIKPOKOHTPOJIEPIB 1i€i KoMIaHii 0cOOIUBOT0 MOLIMPEHHS HE HAOyIIH.

[Ile HemoOMaBHO OCHOBHUM KOHKYpEeHTOM MikpokoHTpoiepam PIC Oymu mikpocxemu AVR,
cTBopeHi Kommaniero Atmel. OpHak micias Toro, sk kommanis Microchip mpupbana KoMmnaHiro
Atmel nomanpmmii po3BUTOK JiHiH0Kk AVR Maiike mpunuHUBCS.

3BepHiTh yBary Ha kommanito STMicroelectronics, mikpokontponepu STMS8 ta STM32 skoi
CTalOTh BCE€ OUIBII MONYJISPHUMH 3 KOXHMMU pokoM. LI Hemopori MIKpocXxeMu MaroTh
HaJ3BUYAITHO BUCOKE CITiBBIIHOIICHHS IiHA/TIPOJYKTUBHICTD, IO POOUTH iX JyKe MPUBAOIUBUMU
JUIS Bce OUIBLI IIMPOKOTO KoJja sIK Npo¢eciiHUX pOo3pOOHHUKIB, TAK 1 aMaTOPIB-II0YATKIBIIB.

Bubip mopaeni MiKpoKOHTpoJjepa 3aleXUTh ad0 BiJl KOHKPETHOTO TEXHIYHOIO 3aBAaHHS, /1€
MO’K€ BKa3yBaTHUCh KOHKpETHa MiKpocxema alo JiHiiika, abo BiJ AOCBILY po3poOHUKA. 3a3BUuait
PO3pOOHUKH €IEKTPOHIKH HAJal0Th MepeBary TUM MIKPOKOHTpOJIEpaM, 3 IKUMHU BOHH BK€ KOJIHCh
MpaloBaId 1 MalOTh NMO3UTUBHUN JOCBIJ iX BUKOpPUCTaHHS. TOMy BUPOOHHKU MIKPOKOHTPOJIEPIB
3a0e3neuyioTh yceOiuHy MIATPUMKY PO3pOOHMKIB, HaJalOud iM pI3HOMAaHITHI 1HCTPYMEHTH, IO
J03BOJISITH CKOPOTUTH Yac Ha BUPINICHHS KOHKPETHOI 3a1adi.

Hanbinbw nonynapHi BUPOOHMKH

RS\ MicrocHIP ‘ ¥ Texas
, l INSTRUMENTS
Microchip Technology
* PIC10 (8 6iT) STMicroelectronics + TMS1000 (4 6iT)
- PIC16 (8 6iT) . STMB8 (8 6i7) « TMS370 (8 6i1)
+ PIC24 (16 6iT) -« STM32 (32 6i1) « MSP430 (16 6iT)
* PIC32 (32 6iT) (Cortex-MO, + MSP432 (32 6i1)
Cortex-MO+, * Stellaris (32 6iT)
AtmeL Cortex-M3, (ARM Cortex-M3)
. . Cortex-M4, e Hercules (TMS570)
Aty o S tetve?
’ Cortex-R4

« AVR32 (32 6iT)
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OT mpo 1i IHCTPYMEHTH MU 1 MOTOBOPUMO Yy JAPYTiil YacTHHI JIeKuii. A MOKH IO JaBaiiTe
3’sICYyEMO, a 110 K HaM MOTPIOHO JIJIst TOTO, 00 CTBOPUTH 3aCTOCYHOK Ha OCHOBI MIKpPOKOHTpOJIEpa.
[TporpamyBaHHsI MIKPOKOHTPOJIEPIB ICTOTHO BiJpPi3HSETHCS BiJ NMPOrpaMyBaHHS Ha 3BHYAHOMY
koM 'toTepi. Ha komm’toTepi mporpaMy MOXKHa HamucaTéd Ta OJpa3y HepeBipuTH. Y BUMAIKY
MIKpOKOHTpOJIEpa BCE CKJAJHIIIE, OCKUIBKM BIiH NPU3HAYEHUH JUIsI KEpyBaHHS KOHKPETHHUMHU
CNEeKTPOHHUMHU cXeMaMu. Tomy, mepiie, o HOTPIOHO HaM Il HEpeBIpKU Ipare3gaTHOCTI
MPOrpaMHOTO 3a0e3MeueHHsT Ha MIKPOKOHTPOJEpl — IIe eJICKTPOHHA CXeMa, KO Oyje KepyBaTu
MIiKpPOKOHTpOJIEP.

LLlo HeobxiaHO ana poboTu 3
MIKPOKOHTPONEPOM

060B’A3KOBI KOMMOHEHTH

* [puctpiit, y aKomy 6yae BUKOPUCTOBYBATUCA MiIKPOKOHTpoOEp
*  MikpokoHTponep

* [lporpamaTtop

¢ CepepoBulle ANA CTBOPEHHA NporpamHoro 3abesneyeHHs

[JonomixHi enemeHTn

* [natv ana po3pobku
* [lnaTtv Ana ouiHKK

*  OnopHiNpoeKTH

¢ Cumynatopu

¢ 3acobu ona BHYTPiLUHbOCXEMHOTMO HaNalTyBaHHA

MikpoKoHTposiep— e Mikpocxema. BoHa He
MoOXKe npaytosatu cama no cobi. BoHa €
YacTUHOK KOHKpeTHoro npunagy!

[I{o6 nporpamy, sIKy BU CTBOPHJIH, 3alIUCATH B MIKPOKOHTPOJEp, MOTPiOEH MporpaMaTop —
CreliaIbHUN TPUCTPIN, STKUH 3aBaHTAXKye KOJA Y MIKPOCXEMy IO CHeliaJbHOMY iHTepdericy. A
caMe HporpamMHe 3a0e3leUeHHs CTBOPIOETHCS Yy CIELiAIbHOMY CEpEeNOBMILI s CTBOPEHHS
IPOrpaMHOro 3a0e3MeueHHs, AKe Ha3MBAEThCS IHTErpOBaHe cepeoBuiie st po3pooku (Integrated
Development Environment, IDE).

OTxe, y 3arajJbHOMY BHUIIAAKY MPOTpaMicCT, L0 IMpalioe 3 MIKPOKOHTPOJIEpaMHU, OCHOBHY
YaCTUHY Yacy MHILIE KOJ| B CIeliaTi30BaHOMY IporpaMHoMy 3abe3mnedeHHi. [1oTiM, 3a JomomMororo
IporpaMaTopa 3aBaHTa)Xye€ CKOMIUIbOBAHMH KOJ B MIKPOKOHTpOJep, JAali MNIAKIYae
MIKPOKOHTPOJIEp [0 €JIEKTPOHHOI CXeMH 1 mepeBipse poOoTH. SIKIIO yce Mpaiioe, TO MOXHa
pyxaTHCh Jlali, a SKIIO Hi — TO Tpeda IIyKaTH MOMUJIKY.

[Tepmri mikpokoHTposepu, cepen skux i1 PIC16F84, mamu noBoii crenudiuni iHTepdeiicu
MpOrpaMyBaHHs, 110 MOTpeOyBajgo (I3UYHOrO BIAKIIOUEHHS MIKPOKOHTpoOJIepa BiJ CXEMH Ta
HiAKITIOYeHHs 10 mporpamaTtopa. Tomy mikpokoHTposiep PIC16F84 nns 3aBaHTa)keHHS Iporpamu
BCTaBJISIETbCSl y CHEIlaJIbHy MNaHenbKy B mporpamaropi. IloTiM Mikpocxemy mnoTpiOHO Oyno
BUIMATH 3 IporpamMaropa Ta BCTABIATH Y TaKy K caMy IaHEJIbHY Ha CXeMi.
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Knacmnynuit cnoci6 poboTn i3
MiIKPOKOHTpPONEepamMm Nig, 4ac po3pobKu
1. Crsoproemo nporpamHe 3abesneyeHHs y

cneuianizoBaHOMy cepeoBULLi

2. BcTaHOBAOEMO MiIKPOKOHTpONEP B
nporpamaTop

3. 3aBaHTa)XXyYEMO nporpamy y
MiKPOKOHTpoO/iep

4. BCTaHOBjHOEMO MIiKPOKOHTpoO/Ep y
npucTpin

5. BMMKaeEMO KMBEHHA NPUCTPOIO

6. Papiemo, gusyemoca abo nnauemo

7. Tlepexogumo o nyHKTy 1

(TaKkoK Ha naHenbui)

Lle Oymno gy»e HE3PYYHO, OCOOIMBO IpU CepiitHOMY BUpOOHHIITBI. ToMy 3 yacoM Maiixe yci
BUPOOHHMKH MIKPOKOHTPOJIEPIB OTMAHYBAJIU TEXHOJOT1l BHYTPIIIHBOCXEMHOT'O IIPOTPaMyBaHHS, SKE
J03BOJISUIO  3aBAaHTAXXyBaTH Ta BIUIaroJDKyBaTW IporpaMHe 3a0e3nedeHHs Oe3  (i3udHOro
BIJIKJTFOUEHHSI MIKPOKOHTpOJIEpA BiJ €NEKTPUYHOI CXeMH, B SIKid BiH BcTaHOBIIEHHH. OcoOIMBO
aKTyaJlbHO 1€ JUISI MIKPOKOHTPOJIEPIB B KOMIAKTHUX KOpIycax, sKi iHKOJU MPOCTO (PI3UYHO HE
MOJKHA BCTAaBUTH B IIPOTPaMarop.

BHYTPilLHbOCXEMHE NPOrpamyBaHHA

Po3s'em nporpamaropa

i

MikpokoHTponep

Po3s'em ans nigknioyeHHs
nporpamaropa

BHyTpiwHboCcxemHe nporpamysaHHsa (In-System Programming, ISP a6o In-Circuit
Programming, ICP) — TexHo0rif, WO A03BONAE NPOrpaMyBaT eNeKTPOHHI KOMMNOHEHTH
(M1IC, miKpOKOHTPONEPU TOLLO), BCTAaHOB/EHI B NpUcTpoi abo cuctemu

CporogHi y OUIBIIOCTI MPHUCTPOIB, II0 BHUKOPUCTOBYIOTH MIKPOKOHTPOJIEPH, Ha IUIATI
nepeadayeHa MOXKIJIMBICTh MIAKIIOYEHHS Mporpamaropa. Lle MoxyTh OyTH pi3HOMaHITHI PO3’€MH,
KOHTakTu a0o Mie SKIHCh 1HII 3aco0M, 3a JIONOMOIOK0 SIKMX MOYXHA OHOBHUTH IPOrpaMHe
3a0e3neueHHs] MIKpOKOHTpoJiepa 6e3 (pi3MuHOro BiJKIFOUEHHS HOT0 BiJl CXEMH.

Tenep posrisiHeMo iHIIEe nuTaHHS. [IpunycTuMo y Bac BUHMKJIO HeoOOpHE Oa)kaHHS CTaTu
MPOrpamMicTOM MIKPOKOHTpOJIEpiB. AJie BU HIKOJHM paHillle HE TPUMAIM MasibHUKA B pyKax 1 He
30upalii eJNeKTPOHHI cXeMH. SIKII0 BU cpoOyeTe CTBOPUTH MPOEKT «3 HYJsA», TOOTO mpuadatu
€JIEKTPOHHI KOMIIOHEHTH, 3’€HAaTH iX MK CO0O0, MiJKIOYHUTH MPOrpamMarop Ta 3aBaHTAXHUTU
IporpaMy, To CKOpIlI 3a BCe Y BaC HIYHOTO HE BHiiie.

MikpoKkoHTpoJiep caM 1o co0i He MpaIioe: OKpiM BOYAOBAaHMX BY3JiB, HOMY MOTpiOHa
MiHIMaJbHa 30BHIIIHSA 00B’s13ka. OO0B’A3K0BO NMOTPIOHI GJIOKYBaIbHI KOHIAEHCATOPU, X04a O OAHMH
M0 >KMBJICHHIO, a TaKOX KBapLEBHH pe3oHATop, 0e3 SIKOro MIKPOKOHTPOJEp HE 3allyCTUTHCS
(manpuknan PIC16F84, ne nemae BOynmoBanoro RC-reHeparopa, TomMy aisi HOro TaKTOBOTO
reseparopa 000B’SI3KOBO MOTPIOHI 30BHIIIHI €IEKTPOHHI KOMIOHEHTH). By/b-sika HETOUHICTD MpU
300p11i eIeKTPUYHOI cXeMH abo HesiKiCHa Maika 30BHILIHIX eIEKTPOHHUX KOMIIOHEHTIB MPU3BEAYTh
710 TOTO0, 110 MIKPOKOHTpOJIep HEe OyJe MOoAaBaT «O3HAK >KUTTS» — HaBITh Iporpama Tyau He Oyne
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3aBaHTa)xXyBaTucs. | BH, y TakoMy pasi, MOXKETE HaJOBro 3arpy3HyTH y IOUIYKax arapaTHUX
po0JieM, OB’ sI3aHMUX, y OUIBIIIOCTI BUMA/IKIB, 13 OaHATEHUM «IIOACHKUM (PaKTOPOMY.

[lo6 mBuame mMOIONATH I eTan HEBU3HAYEHOCTi, BHUPOOHUKM MIKPOKOHTPOJIEPIB
MPOTIOHYIOTh amapartHi 3acobu — miatu s po3podku (Development Board). Ha Takmx mmatax
MIKPOKOHTpOJIEp B)XE€ BCTAHOBJICHHH pPa30M 13 MIHIMAJIBHOI HEOOXiJHMMHU Uil Horo pobotu
€JICKTPOHHUM KOMITOHEHTaMH («0OB’s3k0r0»). HaBiTh Ha caMiii TpOCTIH TUIATI AJIT PO3POOKHU €
po3’e€M AN MIAKIIOYEHHS TMporpamaropa, M0 J03BOJISE O/pa3y 3aBaHTAXUTU Mporpamy i
MEPEeBIPUTH TMpaIe3IaTHICTh MIKpOCXeMH. TOMY BUKOPUCTAHHS IUIAT I PO3POOKH € KIACHYHUM
MiAXOIOM TMpH CTBOPEHHI JOCHIIHUX 3pa3KiB — TMPHUCTPOIB, WIO JO3BOJIAIOTH MEPEBIPUTH
Mpale3JaTHICTh TEPBUHHOI i1el, 10 € MepIIuM eTaroM po3poO0KH Oylb-IKOTro amnapaTHOTro
3aCTOCYHKY Ha OCHOBI MiKPOKOHTPOJIEPIB.

lMnara gna pospobku (Development Board) — gpyKosaHa naaTa 3 y)Ke BCTaHOB/IEHUM
MiKPOKOHTpONEpOMTa MiHiManbHO HeobXiagHUMU ana PpobOTU KOMNOHEHTamu. Jo
iHLWOT cXxeMu Ta NporpamaTtopa naaTa NigKA4aEeTbCsA 3a AOMOMOTOH0 cneLiaibHUX
po3z’emis (3a3BMyaii i3 Kpokom 2,54 mm). [lo3sonse wWeuAKo nouaru pobory i3
MIKPOKOHTpO/IepoMm

OpHak mo0 mBUAKO 310paTh eNeKTPUYHY CXeMY OJHIET TUIaTh Ui po3pOOKH HEOCTAaTHBO,
TOMY LI0 BOHa MICTUThH JHILIE KOMIIOHEHTH, HEOOXiJHI IJIsi poOOoTHM MikpokoHTpoinepa. s
IIBUJIKOTO CTBOPEHHS ENEKTPUYHHUX CXEM 3apa3 aKTHMBHO BUKOPUCTOBYIOTHCS CIIELiaibHI 3aco0w,
SK1 Ha3UBAlOThCSI MakeTHUMH IutatamMu. ChOrojH1 ICHYIOTh [Ba BUAM MAaKETHHUX IUIAT: IS
MalikoBOro Ta Oe3nailkoBoro 3’€qHaHHS KOMITOHEHTIB. KoxeH po3poOHMK o0upae TOH BHI
MakKeTyBaHHS, sIKuil ilomy Ounbiie 10 BrogoOu. IloyarkiBui 3a3Bu4ail BUKOPUCTOBYIOTh O€3MalKOBI
MaKeTHI IJIaTH, SIK1 J1I03BOJISIFOTH 310paTH €JIEKTPUYHY CXEMY 3a JIlU€Hl XBUIMHU. buibil 1ocBiAueH1
pO3pOOHUKHK HANalOTh TepeBary 3 €JHAHHIO 3a JOMOMOTOI0 TalKH, sika 3abe3nedye OuIbIry
Ha/AIHHICTh €JIeKTPUYHUX 3’ €JHaHb, [0 OCOOIMBO BAXKJIMBO Y BEIMKHX MPOEKTAX, 110 MOTPEOYIOTh
3HaYHHUX YAaCOBUX BHUTPAT.

MakeTHa naaTa

BesnaliKoBa MmaKeTHa naaTta MakeTHa nnaTta ANA MOHTaXXy meToaom namku

MakertHa nnata (Breadboard) — yHiBepcanbHa nnata 418 cknagaHHa | MogentoBaHHA

nporomniB €/IeEKTPOHHUX ﬂpMCTpO’I‘B. BMKOPMCTEHHR MaKeTHUX nnart 403BOJIAE WBUAKO

CTBOPUTU CXeMy A8 Toro, wob nepesiputu ii npayesgaTHict

Ha natu st po3poOku nyske cxoxi riatu Juist ouninku (Evaluation Board). Ha Biaminy Bin

IIaT A po3poOKH, MPU3HAYSHUX JJIsl MPUILBUIIICHHS CTBOPEHHS KIHIIEBOTO 3aCTOCYHKY, IUIaTH
JUTSL OI[IHKH MPU3HAYEH]1 JJI BCEOTYHOTO JAOCTIHKEHHSI KOHKPETHOTO €JIEKTPOHHOTO KOMITOHEHTa. Y
SKOCT1 JOCJIITHOTO KOMIOHEHTA, MOKY OyTH TPaH3UCTOp, MIKPOKOHTpOJIEp, 30ipKa, MepeTBOproBay
iHTepdeiiciB abo Oy/b SKa 1HIIA clieliaai3oBaHa MIKpocxema.
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OcoONMBICTIO IIIAT IJIA OLIHKK € HAsBHICTh JOIMOMDKHHUX KOMIIOHEHTIB, IIIO JO3BOJISIOTDH
MIBUJIKO 11 KOH(DIrypyBaTH Aji1 poOOTH B PI3HUX PEKUMaX Ta IMAKIIOYATH BUMIPIOBAIBHI MPUIAIH.
[Tnatu Ui OIIHKM CHpOIIYIOTH MEPEeBIpKY POOOTH KOMIIOHEHTIB 1 YCYBalOTh PH3HKH MOMUIIOK
(bi3MYHOTO MaKETyBaHHS, TAKKMX K HEMPaBHIIbHE NassHHS a00 HEKOPEKTHE PO3BEIICHHS JOPIKOK Ha
JIpyKOBaHi# 1u1aTi. BoHU 103BOMSIOTE MOOAYHTH, IK KOMIIOHCHT MPAIIOE B HAWKPAIIUX — 3 TOYKH
30py BHpOOHMKAa — yMoBaX. Pa3zom i3 miaramu st po3poOKH, TUIATH JUISL OINHKH IIHPOKO
3aCTOCOBYIOTBCS Y CTapTamax i IPOTOTHUITYBaHHI JUIsl IIBUKOI MEPEBIPKU TEXHIYHUX PIillICHb.

[Mnata ANA OuiHKK

Mnara gna ouyiuku (Evaluation Board)— npusHayeHa A48 OLiHKM MOXAUBOCTEN NEBHOTO
€/1IeKTPOHHOro KOMMNOHeHTa. MicTUTb roTOBY A/19 BUKOPUCTAHHA €/1IEKTPOHHY CXeMMU
(4acTo i3 MOXAMBICTIO 3MiHU KOHIrypalLii), a TaKoK po3’emu 418 NiAKNOYEHHA
KOHTPOJ/IbHO-BMMiptoBaibHOI anapaTypu. [lnatu Ans ouiHKu A03BONAI0TH LWBUAKO
[opatv y npunag rotoBuii Byson

OcraHHs KaTeropis IUIaT, MPO SIKi ChOTOJHI TAaKOXX MOTPIOHO OOOB’SI3KOBO 3rajaTH,
HaszuBaeTbes «omopHi npoekTn» (Reference Design). OmopHuii MpoeKT — 1€ MOBHICTIO TOTOBHIMA
MPUCTPIH, SIKUI Ha/Jla€ BUPOOHHUK PO3POOHUKY €JIEKTPOHHOTO 00saHaHHS. B omopHOMY MpOEKTI €
JpyKOBaHa IUIaTa 3 MIKPOKOHTPOJIEPOM, Ha IUIaTi BCTAHOBIEHI yci HEOOXiIHI eJIeKTPOHHI
KOMIIOHEHTH, a B MIKPOKOHTPOJIEP 3aBaHTAXECHO MPOrpamMHe 3a0e3MeYeHHS 3 BIIKPUTUM BHUX1THUM
KOJIOM.

Bupo06nuk 3a3Bu4aii 3a00poHs€ BUKOPUCTOBYBATH TaKi IJIATH VI CEPIHHOTO BUPOOHUIITBA,
ajie JUIsl MPOTOTHUITYBaHHS Ta TECTYBaHHsS iX MOKHa BHUKOPHUCTOBYBaTH 0e3 oOMexeHb. OmnopHi
MIPOEKTH JO03BOJISIIOTH PO3POOISATH BIACHI MPUCTPOI HAa 0a3l TOTOBUX pIlIEHb, HE TMOYMHAIOYM «3
Hys». Hampukian, MoxHa B3ATH TOTOBUH 1HTamATop 1 MoAM(IKyBaTH HOro A CHEliaJbHOTro
MPUMIIIEHHS, 3MIHIOIOUU (DOPCYHKY, MaTepiaau abo mporpamHe 3a0e3NMedeHHs A JTOCSITHEHHS
HEOOX1THOTO pe3yJbTary.

BuxopuctaHHs OMNOpHHUX TPOEKTIB JO3BOJIAE IIBUAKO cTBOproBaTH MVP-mpoextu
(Minimum Viable Product — miHiMalTbHO KUTTE3AaTHI TPOIYKTH) 3 MiHIMAIbHUMH BUTPATaMH 4acy
Ta pecypciB. ONOpHI NPOEKTH 3HAYHO MPHUCKOPIOIOTH PO3pOOKY HOBUX MPHUCTPOIB 1 JaKOTh
MO>KJIMBICTh 30CEPEIUTUCS HA YHIKAIbHUX (YHKIIAX, HE BUTPAyalOuy yac Ha 0a30BYy peasizalio Ta
IHTErpalio MIKpOKOHTpOJIEPA.
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OnopHUN NPOEKT

CoHAYHMI MiKpOiHBEPTOP i

IHranaTop

OnopHuii npoekt (Reference Design) — MOBHICTIO rOTOBUI 40 BUKOPUCTAHHA MPUCTPIlA,
AKWIA MOXKHA 3MiHIOBATM Ta NiANALLTOBYBATM Nig KOHKPETHE TeXHiYHe 3aBAaHHS.
BMKOpPUCTaHHA ONOPHUX NMPOEKTIB A03BONIAE LWBUAKO NEPEBIPUTU K/TFOUOBI MOMEHTHU
KoHuUenuyii 6e3 3HauHMUX BUTPAT Yacy Ha CTBOPEHHA NMpoTOTUNY

51 meBeH, B BXKE 3pO3YMUIH, IO Cy4YacHI €JIEKTPOHHI MPUCTPOi (PAKTUYHO CKIAJAIOTHCA i3
CTaH/JapTHUX BY3JiB, SIKi MOXXHa NMpuUAOaTH Ha TOTOBHX IUIATax Ta 3’€IHATH Yy €IUHY CHCTEMY
BIIPOZIOBXK KUTBKOX XBWJIMH HE YiNarmouu MasibHUK. lle HememeBo, ajge MIBUAKO — a B Hall 4ac
HIBUAKICTB — 1€ OJIUH 13 TOJIOBHUX MMOKA3HHUKIB OY/b-SKOTO IIPOEKTY.

Tenep moroBopumo mpo mporpamatopu. [Iporpamaropum — me mpuCTpoi, MpU3HAYEH] IS
3anmcy iHdopMarii B Mikpocxemu. BoHM MOXyYTh IpaloBaTH He JIUILIE 3 MIKPOKOHTPOJIEpaMH, a i
3 MIKpOCXeMaMH Mam’ATi, MPOrpaMOBAaHUMH JIOTIYHHUMH IHTETPAIbHUMH CXEMaMH Ta IHIIMMHU
KOMITOHEHTaMH. [0 mporpamaTtopa 3a3BHYail TOJAETHCS CIelialibHa IporpaMa 3 JApaiBepoM, sKa
(dbopMye cUTHAIH, 3pO3YMLII MIKPOCXeMi, KyI1 BiIOYBAETHCS 3aITHC.

[lporpamatop

Mporpamartop — NPUCTPil NPU3HAYEHUI 4N 3anucy
iHbopMaLiily 3anam'aToByO4MIA NPUCTPIi
Mikpocxemu nam'ati (EPROM, EEPROM, FLASH, SRAM,

FRAM Touw0)

MiKpoKoHTpo/iepu (BHYTpiWHA nam'aTb TMNis EPROM
abo FLASH)

MporpamoBaHinoriuHi (aHanorosi) iHTerpanbHi cxemu
(nAIC, NNAC)

Mporpamarop Ta nporpamHe 3abesneyeHHs, WO 3 HUM

BUKOPUCTOBYETLCA, MOBUHHI NiATPUMYyBaTH iHTepdeiic

nNporpamyBaHHSA TUX MIKPOCXEM, 3 AKUMM MJIaHYETLCA
npawuosaTu

OcHoBHa (QyHKIIS NMEpHIMX MMPOrpaMaropiB Hojsraiga y 3anucy iHdopmaiii B MIKpOoCXemy
Ta/abo yntaHHs iHpopmanii 3 Hel. Jlo uux ¢yHKUiN qogaBanacs GyHKIIS NepeBIpKH MPaBUIBHOCTI
3amucy, sKa TojArajga y 34YMTYBaHHI 3amucaHoi 1 Mikpocxemy iHdopmarii 3 TMOIaIbIIo
MIEPEBIPKOIO.

Opnak mepenmik (QyHKIIM Cy4acHMX @porpamMaTopiB 3HA4yHO po3LIMpUBCA. Temnep
pOrpamMaTopu HiATPUMYIOTh BHYTPIIIHBOCXEMHE MPOTrPaMyBaHHS Ta BIAJIATO/KEHHS IMPOrpamH,
10 J03BOJISIE€ 3YMIMHUTU POOOTY MIKpPOKOHTpOJIepa Ta BUSHAYUTH MOro BHYTPIIIHIM cTaH y NEBHIN
Touli (TOYLI 3yMMMHKH) IporpaMHoro 3abde3nedeHHs. KpiM Toro, oHi€r0 13 CTaHAapTHHUX 3334, SIKY
Tpeba peanizyBaTH B Cy4acHHMX 3aCTOCYHKax, € OOMiH 1H(opmali€ro MK MIKPOKOHTPOJEPOM Ta
KoMIT'toTepoM. ToMy cydacHi mporpaMaTopy MOXXKYTb MaTH OJAMH a0o0 JeKijbKa iH(pOpMaliiHUX
KaHaJIB, KOXEH 3 SIKHX MICTUTh NEPEeTBOPIOBAUl MPOCTUX 1HTEP(EHCIB, 10 BUKOPUCTOBYIOTHCSA B

49



mikpokonTporepanx cucremax (UART, SPI, I°C, tomo), B ckmammi intepdeiicu, mo
BHUKOPHCTOBYIOThCS B KOoMIT toTepax (Hanpukian, USB).

OCHOBHI GYHKL,iT nporpamaTopa

lfonosHi

3anuc iHbopmauii y nam’atb mikpocxemu
34nTyBaHHA iHPpopMaLLii i3 nam’aTi Mikpocxemu
MepeBipKa NpaBUAbHOCTI 3anuncaHoi iHbopmalii

[ onomizkHi

Jonomora y CTBOpeHHi NporpamHoro 3abe3neyeHHn
(nepesipka Ta moaudiKaL,ia 3MiHHUX, 3a6e3ne4YeHHn
TOYOK 3YMUHKM Nporpamu ToLo)

CTBOpEHHA 04HOro abo KiNIbKOX KaHaniB g4na obmiHy
OAHUMMU MiXK MIKPOCXEMOIO Ta KOMN'OTEPOM

[Tporpamue 3a0e3neveHHs Ui MIKPOKOHTPOJIEPIB 3a3BUYAll CTBOPIOETHCS B IHTETPOBAHOMY
cepenoBuini po3pobku (Integrated Development Environment, IDE). Tumose IDE wictuth
pelaKkTop KOay, KOMIIUIATOP, Ta 3acO0M ONTHMi3alii cTBOpeHoro koay. lyxke yacto 10 CKIamy
TaKOTO CEPEJOBHINA BXOISATh CHMYJIATOPH, IO JTO3BOJISIFOTH IMPOTECTYBATH POOOTY IMPOTPaAMHOTO
3a0e3neyeHHsT 03 3aBaHTaXEHHsA HOro B MikpokoHTposnep. Kpim Toro, Oinmbmiicts IDE
MIATPUMYIOTh IHCTPYMEHTH Ui 3aBAaHTAXKCHHS TNPOTPAMHOTO0 KOAY B MIKPOKOHTPOJIEp 3
BUKOPUCTAHHSM TOIIMPEHHUX IPOTPaMaTopiB.

lHTerpoBaHe cepeaoBuLLE PO3POOKM

IHTerpoBaHe cepegosulle pospobku (Integrated Development Environment,
IDE) — KOMMJIEKCHE NpOorpamHe pillieHHA Ans po3po6KU MporpamHOro

3abe3neyeHHs

* PepakTtopu Koay

* Komninatopwu

* 3acobu ontumisauii
*  Cumynatopu

* T[ligTpMMmKa nporpamaTopis

* [ligTpMMKa BHYTPiLLHbOCXEMHOIO HaNaroAXeHHs
* 3acobu KepyBaHHA MPOEKTaMM

* MMiATPMMKA XMapHUX TEXHONOTI

Cyuacni IDE MoOXyTh IHTErpyBaTH XMapHi CepBicH, IO JI03BOJsiE 30epiratu IMPOEKTH
OHJIaliH, BUKOHYBaTHM KOMIUISILIIO Ha cepBepl ad0 BUKOPUCTOBYBATHU BIIJJAIIEHI CHUMYJSATODPH.
Knacuunwii inTepdeiic BkItouae MeHeKep MPOEKTIB, CIUCOK (haiiiniB, pelakTop KOAy Ta BIKHO ISt
BiI0OpakeHHs pe3yabTaTiB Kommumamii. Jlng ¢axiBuiB 3 i1HGOpMalidHUX TEXHOJOTIM Takuit
iHTepdeiic Bxke BUIUIAA€ 3HAHOMO, /K€ BiH IMOBTOPIOE JIOTIKY poOOTH 3 MPOrpaMHUM
3a0e3MeueHHM TS 3BHYAfHUX KOMIT FOTEPHHX 3aCTOCYHKIB.
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IHTErpoBaHe cepenosBuLLe PoO3pPobKU

3 MPLAB X 1DE v 40 - afec_potled_mode : st IS I S * — e = -
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
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Outpat % a
16 Contiguration Loading Exror n | afec_polled_mode (Bold, Load)
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TakuM 4MHOM, TPOTPaMyBaHHS MIKPOKOHTPOJIEPIB ChOTOJIHI € aKTyaJIbHUM HAIPSMKOM Yy
chepi iHGOpPMAIIHHUX TEXHOJIOTIH, SKUH BIAKPUBAE MIUPOKI MOXKIMUBOCTI JJIs TOJATBIIOTO
MpaleBlalTyBaHHs Ta 3a0e3neuye KOHKYPEHTHY 3apoOiTHY IUIaTy, 30Kpema i B YKpaiHi, B sKii
BUKOPHUCTaHHS MIKPOKOHTPOJIEPIB, IO € OCHOBHOIO UIS JPOHIB Ta iHIIKX OE3MIOTHHUX 3ac00iB, €
OJTHUM 13 caMuX 3aTpe0yBaHUX cdep MmpaleBIalTyBaHHS.

CporosiHi BU JII3HAIKCSA, IO IS IOYATKY poOOTH 3 MIKPOKOHTPOJIEPAMH MOTPIOHO MaTh TpU
OCHOBHI pedi, sIKi YTBOPIOIOTh TaK 3BaHUN «CTapTOBUH HaOip»: MaTy I pO3pOOKHU, IporpaMaTop
Ta IHTErPOBAaHE CEpPEIOBHILE ISl CTBOPEHHS MporpaMHoro 3abesnedeHHs. Lleit Habip mo3Bossie HE
JIMIIE TTUCATH Ta KOMITUTIOBATH MPOTPaMHU, a i 3aBaHTaXYBaTH iX y MIKPOKOHTpOJIEP Ta MEPEBipATH
Mpale3JaTHICTh y pealbHOMY 4Yaci. BUKOpUCTaHHS CTapTOBOTO HAOOPY 3HAYHO CIIPOLIYE IEPIi
KpPOKH B IIPOrpaMyBaHHi Ta po3po0Ili eIeKTPOHHUX MPUCTPOIB, MiHIMI3YIOUH PU3UK IIOMUJIOK Yyepe3
HEeMPaBWIbHE MiAKITIOYCHHS KOMIIOHCHTIB 200 HEITOBHY CXEMY.

BucHoBKuU

* [lporpamyBaHHA MiIKPOKOHTPO/IEPIB € aKTyanbHUM IT-HanpaAmMKom 3
MOXX/INBICTIO NOAA/IbLIONO MpaLeBaallTyBaHHA i3 BUCOKOO
3apobiTHoto naatHeto (y Tomy umcni i B YKpaiHi)

* [na noyatky poboTu 3 MiKpOKOHTponepamu HeobxigHO maTu
«cTapToBui Habip»: naaTa gns po3pobku, nporpamartop,
iHTerposaHe cepefoBuLLe 4158 PO3POBKM NPOrpamHOro
3abe3sneyeHHs

*  BUPOBHUKM MiIKPOKOHTpO/epiB 3abe3nevytoTb KOMMNIEKCHY
NiATPUMKY, PO3POBHUKIB, LLLO BUKOPUCTOBYIOTb iX MPOAYKTU

I He cnix 3a0yBaTu mpo Te, 10 BUPOOHUKH MIKPOKOHTPOJIEPIB 3a0€3Meuy0Th KOMIUIEKCHY
MIATPUMKY pO3POOHMKIB, 110 BHUKOPUCTOBYIOTh iX MPOAYKIIIO, HaJalOYud HE JIMIIe cami
MIKPOCXEMH, a i IUPOKUI CIIEKTP JOMOMIDKHHMX 3ac00iB Ta MPOrpaMHUX iHCTpyMeHTIB. [lo 11boro
HajexaTh IMIaTGOpMU JJIs OLIHKM Ta pO3pOOKH, CTapToBI HaOOpU 3 YCIE0 HEOOX1IHOIO
nepugepiero, IHTETpoOBaHi cepeloBHILA PO3POOKH 3 KOMIUIATOPAMU Ta CUMYJISATOPaMHM, MPUKIAAN
TOTOBHX MpOTrpaM Ta OIOpPHI TMPOEKTH 3 BIIKPUTHMH BHXIJHAMH KOJaMH. Take KOMIUIEKCHE
3a0e3neueHHs 103BOJIsI€ IBUKO MEPEBIPATH Mpae3qaTHICTh KOMIIOHEHTIB, TECTYBAaTH AITOPUTMH,
HaBYaTHCS €(PEKTUBHOMY BHKOPUCTAaHHIO MIKPOKOHTPOJIEPIB 1 TPHUCKOPIOE PO3POOKY HOBHX
MPUCTPOIB 6€3 MOTPeOu MOUYNHATH MPOEKTYBAHHS «3 HYJIISI».

OT:xe chbOroJiHI MU 3 BaMU 3pOOMIIN TIJIBKU MEPIINNA KPOK y CBIT MIKPOKOHTpOJIEpIB. A naii
MU Oyz1eMo y IIei CBIT MOTPOXY 3aHyproBaTucs. | 1e BiOy1eThCst 30BCIM CKOPO — BXKE Ha MEPIIOMY
MPAaKTUYHOMY 3aHSTTI BaM JIOBENEThCS BCTAHOBUTH CEPENOBHINE I PO3POOKH IPOTPaMHOTO
3a0e3MeueHHs] HamMcaTd Ta MEpeBIpUTH MEepuly MporpaMmy, sKa Ha KaproHi po3poOHUKIB
€JIEKTPOHIKY Ha3WBaeThes «BiTaro, cBiTe!».
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IIporpama «Biraro, cBite!»

Ha munynoMmy THXHI BU MO3HAHOMMIIUCS 3 MIKPOKOHTpPOJIEPAMH, BCTAHOBUJIM IHTETPOBaHE
cepeoBuIle Il po3poOKu mporpamuoro 3adesneuenns MPLAB, nanucanu nepury nporpamy s
MmikpokoHTposepa PIC16F84, a takoxx mepeBipwiu ii mpane3gaTHICTh y BipTyasibHii Jlaboparopii
PIC_Lab. Skmio Bu 1p0ro Ime # A0cCi He 3pOOHIM, TO MOTPIOHO Iie 3pOOUTH SKHAWUIIBHIIIE, 0O
1HaKIIe IPOCTO HE OyneTe po3yMITH pedl, po sKi Oyze HTH MOBa HAa HACTYITHUX 3aHATTSX.

[Ile pa3 Haramgyro, moO MOBY acemOiepy MOTPiOHO ONMAHOBYBATH IOKPOKOBO, MOCTYIIOBO
MiABHUIYIOYH PiBEHb CKJIQJAHOCTI MUTaHb. Ha MUHYIOMY TH)XKHI MU 3pOOWIIM MiArOTOBYI onepamii —
BCTAaHOBHJIM YCi HEOOXiIHI IHCTPYMEHTH JJI1 poOOTH Ta MEepeBIpUIIM iX Mpare3naTHicTb. HactaB yac
pyXaTuch Aaji i 3p03yMiTH, SIK MPALIOE IPOTrpama, Ky MU CTBOPHIH. ToMy ChOTOJHI MU JOKJIaIHO
po30epeMo KOXKEH pSAAOK Ta KOXKHY JITepy Yy HAalMCaHOMY BaMM BHXIJIHOMY KOHi, a BXE Ha
HACTYMHOMY NPaKTUYHOMY 3aBIaHHI BU HAIMIIETE Bally HEpIIy CaMOCTIHHY Iporpamy, ska Oynae
BHIIITYBaTH Ballle TIEpIe TEXHIYHE 3aBJIaHHS — aBTOMAT CBITJIOBUX €(EKTIB.

[Mporpama «Bitato, Cite!»

rqg DD1
PIC16F84
bst A
moviw b'11111110' L__J
movwi
bef

18
RA2 RAT =~
7

3 C122
RA3 RAQ |— H
16
RA4  OSCt 7Q1
) 15 c 4Mru
MCLR OSC2
14
vSS VDD _L_—"l—_|—0+58 H
13

C222

+5B

incfsz
goto
incfsz
goto

@—l_ui Lo I |~

RB7 p—
12
RB6 =~

1
RBS p—

10
RB4 p—

bet

incfsz
goto
incfsz
goto

goto

Ta mepen THM sIK TIepeTH 10 po30opy Oe3nocepeHLO TPOrPAMHOTO 3a0€3MEUEHHSI CIIEPIITY
NOTPiIOHO MO3HAHOMHUTHCH 3 JOKYMEHTOM, SIKUM BU OyAeTe aKTUBHO KOPHUCTYBATHUCS BIIPOJOBXK
yceoro kypcy. lleit pokymeHt odimiitHo Ha3uBaeTbcs «TexHIYHA JOKyMEHTarliss Ha
MmikpokoHTposiep PIC16F84», a Ha >aproHi po3poOHUKIB €JIEKTPOHIKM Ta MpPOTrpaMicTiB
MIKPOKOHTPOJIEPIB IIeH JTOKYMEHT Ha3WBaeThes ckopoueHo «Datasheety. Texuiuna qoKyMeHTAIlis
Ha OyIb-gKi €JEeKTPOHHI KOMIIOHEHTH, 30KpeMa 1 Ha MIKPOKOHTPOJIEPH, PpO3POOTIOETHCS
BUPOOHUKAMHU €JIEKTPOHHUX KOMIIOHEHTIB, Kl HaWKpalle 3a BCIX 3HAIOTh SIK BOHU MPALIOIOTh.
Tomy KoM y Bac BUHMKAIOTh Oy/b-sIKl MUTaHHS, 110 poOOTI MIKPOKOHTPOJIEPA, TO MEpIIE JKEPEO,
Jie TOTPiOHO IIyKaTH BiAMOBIII — 1e TexHiyHa nqokymeHTaitisi. He ChatGPT, ue caiitu B IHTepHerTi,
HE KHIDKKH, HE CTaTTi, HE JIpy31 UM OJHOTPYIHUKH, a TIIBKU TEXHIYHA JOKYMEHTAIlisl HOBUHHA OyTH
BallIMM IEPIINM JKepesoM iH(opMallii MPH CTBOPEHHI IPOTPAMHOI0 3a0€3MEeUEeHHS.

Mixkpokontponep PIC16F84 mae HeTunoBmii Ckjiaag TEXHIYHOT JOKYMEHTAIl — JUIs I[bOTO
MIKpOKOHTpoJiepa yci iHdopMalis, HeoOXiaHa g poOoTH, 310paHa B OJHOMY JOKYMEHTI, SIKUN
MICTUTh Yychoro 88 cropiHOK. [l CydacHMX MIKpPOKOHTpOJIEpIB Iie Ayke Maino. Tumosa
JOKYMEHTAIlil Ha Cy4yacHI MIKPOKOHTPOJIEpH 3aiiMae THCS4Yl CTOPIHOK, B SIKHX PO3POOHUKY
IIPOrpamMHOro 3a0e3nedyeHHs Tpeba BMITH IIBUAKO OPIEHTYBATHUCS.
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TexHiYHa AOKyMeHTaLiA @
(DataSheet) MICROCHIP

Table of Contents PIC16F84A
1.0 Device Overview :

2:0: Memory:Organization’..; . nimiumnninasmsnmmmasnane AT Data Sheet
3.0 Data EEPROM Memory

4.0 /O Ports .

50 Timer0 Module ... . ) ) . 18‘pln Enhanced FLASH/EEPROM
6.0 Special Features of the CPU . 5

7.0 Instruction Set Summary 8-bit Microcontroller
8.0 Development Support........ R L L e i eeeesesees L s ]

9.0 Electrical Characteristics 49
10.0 DCI/AC Characteristic Graphs BURp y : . 61
11.0 Packaging Information_................_. X T s e T 4548 55 AR RPNRY i
Appendix A: Revision History 75
Appendix B: Conversion Considerations 76
Appendix C: Migration from Baseline to Mid-Range Devices ............ - R R S 78
Index 79
On-Line Support 83
Reader Response ... B S S s e S N s S 04
PIC16F84A Product Identification System 85

CamuM BelnMKMM 3a OOCSATOM JOKYMEHTOM, SKHM BXOAWUTh 1O MEPENiKy TEeXHIYHOI
JOKyMEHTAIIi1, 3a3BHYaii, € onuc JiHiiKku abo cimelicTBa MikpokoHTpoJepiB (Reference Manual). ¥
bOMY JOKYMEHTI JOKJIAJHO PO3IKCaHi ycl B3 Ta nepudepiiHi MOaylli MIKPOKOHTPOJIEPIB, SKi
BXOJATh N0 ckiamy 1€l rpynu. s MOTY)KHUX PpO3BHHEHHUX CIMEHCTB MIKPOKOHTPOJIEPIB
JOKYMEHT, L0 ONHMCYE yCl iX MOXJIMBOCTI, MOK€ 3aliMaTH KijJbKa TUCSY cTopiHOK. IIporte, Ha
BIIMIHY BiJ JITepaTypHUX TBOPIB, SKi MOTPIOHO YMTATH BiA TMOYATKY A0 KIHIS, TEXHIUHY
JOKYMEHTAI[II0 He OTPIOHO YUTaTH MOBHICTIO. BU 3BepTaeTech 10 TEXHIYHOT JOKYMEHTAII11, KOJU Y
BaC € MEBHE KOHKPETHE MHUTaHHS, Hanmpukiaa, «B skomy perictpi BigOyBaeThCs HalaIITyBaHHS
nepepuBanb?». Y 1[bOMY BUIIAJKY BHU IIyKaeTe B JOKyMeHTaIlil po3ain «Ilepepusants» (Interrupts),
Jie 1 3HaXOJWTE BUYEPIIHY BIAMOBIIb HA Ballleé MUTAaHHA. SIKIO pO3pOOHUKH BBAXKAIOTH, IO JJIS
Kpaloro po3yMiHHS BaM TNOTPIOHO MPOYMTATH IHII PO3JUIM, TO TaMm OyayTh BiJIMOBIJIHI
MOCUJIAaHHS, 3 SIKHMH, Ha JYMKY pO3pOOHHUKIB MIKPOKOHTpOJIEpa, BaM TaKOX OakaHO, aie
HEOOOB’I3KOBO, 03HAHOMHUTHCE.

Omxe, Reference Manual mictuTh iH(OpMaIlitO PO BCi BY3IH, SIKi MOXKYTh OyTH B TpyIii
OJTHOTUITHMX MIKPOKOHTPOJIEPiB. AJle B KOHKPETHIM MOJenl MIKpPOKOHTpOJIEpa MOXYTh OYyTH
MPUCYTHIMHU J1aJleKO HE BCl BY3J1H, L0 € JiHIHmI. Tomy A0 mepesniky oOOB’SI3KOBOI TEXHIYHOI
JTOKYMEHTAIlil BXOJMUTh LI€ OJMH JOKYMEHT, sIkMii HasuBaeTbesi «Datasheety. ¥V npomy mokymeHTi
HaBEJICHO TEpeJiK BY3JIIB Ta mnepuepiiHUX MOIYNIB, IMIO BXOMATH 1O CKJIaTy KOHKPETHOL
MIKPOCXEMH, B TAKOX Y yci ii yHIKaJdbHI OCOOJMBOCTI, HANpHKIAJ, peajllbHa KUIbKICTh KaHAJIB
BBE/ICHHS-BUBEICHHS, peaibHa KibKICTh KaHamiB ALl ta inma indopmarris.

Kpim Reference Manual ta Datasheet po3poOHuKy Takok 0axaHO O3HAHOMHUTHCH i3
JIOKYMEHTOM, SIKHH MICTUTB B1IOM1 MOMIJIKH Yy pOOOTI KOHKPETHOI MIKPOCXEMH, SIKUHA HA3UBAETHCS
«Errata». Tyt He Tpeba TUBYBATHUCh — MIKPOKOHTPOJEPH TaKOXX CTBOPIOIOTH JIIOAM, SIKI TaKOX
MOXYTb IIOCh HE BpaxyBaTH Ha €Talll MiIT0OTOBKHU J0 CEPIHHOTO BUPOOHUIITBA MIKpocxeM. SIKIIo i
NOMUJIKM HaBeneHi B Errata, To 1me o3Havae, 110 BOHM CTalM BIJOMHUMH B)K€ IMICHIS TOTO, 5K
BUT'OTOBJIEHO MUIBHOHU MIKPOCXEM, K1 pO3IHIIUIUCH MO BCbOMY CBITY. Y 1IbOMY BHUITaJIKy BUPOOHHK
B Errata Bu3Hauae, mo Ta 4yM iHImMA (QYHKIIA y i MIKpOCXEMI Ipalloe€ HE TaK, K OMUCAHO B
TeXHIYHIA JOKYMEHTallli, 1 HABOJWUTHh PEKOMEHJAIlli MO YHUKHEHHIO HENMpaBWIbHOI poOOTH
MIPOrPaMHOT0 3a0e3MeUYeHHs.
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MNepenik TeXHIYHOT AOKYMEeHTau,l, Wo
BUKOPUCTOBYETHCA NPU PODOOTI 3 MIKPOKOHTPOIEPaMM

57 —  weewea ° Reference Manual — TexHiuHa
e s s AOKYMEHTaLif Ta NiHinKy (cimencTso)
MiKpoKoHTponepis (ao 10 000
CTOPiHOK)

* DataSheet — TexHiYHa AOKYMeEHTaL,iA
Ha KOHKpPEeTHY Mikpocxemy (go 300
CTOpPIHOK)

* Errata — gOKYMEHT, WO MiCTUTb BigoMmi
NOMMUAKM B pOBOTI MIKPOKOHTpONEpPaA

* |HWIi AOKYMeHTU

Oxpim 1ux Tpbox ocHOBHHX JokymeHTiB: Reference Manual, Datasheet ta Errata, moxyth
3HAIOOUTHCA 1 1HII JOKYMEHTH, HANpUKIAJ PEKOMEHJAIlll M0 BUKOPUCTAHHIO TOTO YM 1HIIOTO
nepudepiiHoro Moayisi. AJie KOKEH PO3POOHHK, IO MPAIIOE€ 3 MIKPOKOHTPOJIEpaMH, MOBHHCH
3aBXKIM MaTH IIiJl PYKOK TPU OCHOBHHUX JIOKYMEHTA, 100 HE TasTH 4Yac Ha IOIIYK BIAMOBIACH Ha
MUTAHHS, SIKi TIOCTIHO BUHUKAIOTh BIPOJIOBX PO3POOKU MPOTPaMHOTO 3a0e3eUeHHS.

TexHiuHYy JOKYMEHTAI[il0 Ha MIKpOKOHTpoJiep moTpiOHO Opatu 3 caiiTy BupoOHuKka. Ilpu
[BOMY CIIiJ] CIIJKyBaTH 3a BepcisiMH (aiiiliB i BHKOPHUCTOBYBATH B pOOOTI JMINEe HAWHOBIII
aKTyanbHi Bepcii. TexHiuyHa JOKyMEHTAIlisi Ha MIKPOKOHTPOJIEPH 3arajibHOIO IPU3HAYCHHS
3a3BHYail 3HAXOIUTHCS y BUIBHOMY JAOCTYIII 1 TOCTyIHA pO3pOOHUKAM Ha O€30IUIaTHIH OCHOBI.

TexHi4YHa AOKYMEHTaLif Ha canTi BUPOOHMKA

Data Sheet PIC16CREL/FEL/CREVFES Datasheet 2 Contact Us

Overview Documentation Tools And Software Similar Devices Purchase

Title & Document Category DS Number &

CRALFBL/CREVFES Datasheet o Data Sheet

Tenep, KoMy BU 3HAETE Je OpaTh TEXHIUHY JOKYMEHTAI[II0 HA MIKPOKOHTpPOJEp, JaBaiiTe
po30epemMocs 3 eNEeKTPUYHOI0 CXeMOr0. BimkpuBaemo Hamr 1abopaTOpHHIT MakeT 1 HaMaraemMoch
3po3yMmiTH, MmO MU OaynmMmo, 1 K yce Il Mpaioe. 3BepTal0 yBary, 1o 0Oararo MUTaHb 3
(YHKIIIOHYBaHHSI €JIEKTPUYHOT YACTUHHU CXE€M Ha OCHOBI MIKPOKOHTPOJIEPIB MU 3 BaMHU BHBYAIHU B
Kypci «EJeKTpoTexHika Ta elIeKTPOHIKa», TOMY, MOKJIMBO, BaM JOBEIETHCS 3HOBY BIIKPUTH Liei
KypC Ta 3rajlaTu JesKi TUTaHHS.
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EnekTpuyHa cxema

DD1
PIC16F84

L

18
RA2 RA1 =

1
2 17
— RA3 RAQ f=— H
ras osct} [ |
4 15 g 23]
+5B O—{MCLR 0sC2 4 My
5 14
|—— vss  vDD}—O +5B H
6 13 C222

RBO RB7 =
12
RB1 RB6 =
1"
RB2 RBS5 p=—
10
RB3 RB4 p=—

C122

['0JIOBHMM €IEeMEHTOM CXEMH € MIKPOKOHTpOJIep, IO Mae yHikaibHuii Homep DDI1. Bu
mam’ATa€ere, M0 Ha EJNEKTPUYHHX CXEMaxX KOXXEH EJIEKTPOHHUI KOMIIOHEHT JUIsl OJHO3HAYHOI
igeHTudikamii TOBUHEH MaTH YHIKAJIbHUNA HOMEp, SIKUM CKJIAaIa€eThCs 3 OYKB, IO BU3HAYAIOTH THUII
SJICKTPOHHOTO KOMIIOHEHTa (IM(PPOBI MIKPOCXEMH, 30KpeMa MiKPOKOHTPOJIECPH, TO3HAYAIOTHCS
aitepamu «DDy») Ta mudp.

Ha nHamiit cxemi yMOBHE 300pa)XeHHS MIKPOKOHTPOJIEpa € MPSIMOKYTHUKOM, SIKUH TIOBTOPIOE
30BHIIIHIN BUTIISA HAHOUIBII MONMyAspHOTrO Kopiycy Mikpocxemu — DIP18, mo mae 18 koHTakTiB,
PO3TaIIOBaHUX 31 CTAaHAAPTHUM KPOKOM 2,54 MM 1o oOujBa OOKM MPSMOKYTHOTO IJIACTUKOBOTO
Koprnycy. biisg nmpsMOKyTHHKa pO3TAlIOBYETHCS YHIKaIbHUN 1AeHTU(]IKATOP MIKPOKOHTpOJEpa
(DD1) ta mozens (PIC16F84 abo PIC16F84A).

Ha onHilt 13 KOPOTKUX CTOpPIH KOPIYCY PO3TAILIOBAaHUHN KIIIOY, 110 Mae (opMy TOYKH abo
BuimMKkH. [lelt k104 mo3Havae Miciie, Je pO3TAIlOBaHUM MEPITNil BUBI MIKPOCXeMHU (1€ MPaBUIIO
CTOCYETbCS YCIX MIKPOCXEM — HE€ TUIbKM MIKpPOCXeM MiKpOKOHTposepiB). Hymepaiis BUBOJIIB
MIKpOCXeM W€ MPOTH TOJUHHHUKOBOI CTPUIKH, SIKIIO JWBUTHCH Ha MiKpocxemy 3Bepxy. Ha
SJIEKTPUYHUX CXEeMax pO3TalllyBaHHS BHMBOJIB Maibke 3aBXIU HE BIANOBIAae iX (i3UYHOMY
pO3TalIyBaHHIO Ha KOPIYCi, TOMY IOpPYY i3 BHBOJOM 3aBXKIW IO3HAYAIOTH HOTO HOMEp, SKHU
BKa3YIOTh 330BHI NIPSMOKYTHHKA Oe310cepeHbO 01151 BUBOY.

YMOBHE NO3HAYEeHHA MiIKPOKOHTpOEepa

/VHiKaanmZ iAeHTUdIKaTop Ha CXemi

Mopgenb
DD1
PIC16F84 ¥ Kniou
(micue postawysaHHs Busoga 1)

DyHKUIOHaNbHE NpU3Ha4YeHHa BUBOAY /

Busig Ne1

Beepenuni yMOBHOTrO mo3HaueHHsSI MIKPOKOHTpPOJIEpA sl TOJIETIIEHHS CIPUHHATTS CXeMHU
BKa3ylOTh (PYHKIIIIO BiIOBITHOTO BUBOAY. B MiKpOKOHTpoJiepax A0 KOXKHOI'O 3 BUBOJIIB MOXKE OyTH
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MOiAKIIOYEHO  JAeKiibka  nepudepiiHuX  BY37iB, TOMy  OUIbIIICT 3  BHUBOAIB €
OararodyHKIIOHATbHUMHA.  Hampukinaa,  BIZMOBIZHO O  TEXHIYHOI  JOKYMEHTarii, B
MmikpokoHTposiepax PIC16F84 no TpeTrhoro BMBOIY MIKPOCXEMH MiJIKIIOUYEHUH YETBEPTHH KaHal
nopty BBeneHHs-BuBeeHHS A (RA4) ta taktoBuii BXia taiimepy TMRO (TOCKI). Ha enextpuaHux
cxeMax depe3 Opak MicIs 3a3BUYail BKa3yrOTh JIUIIE OJHY HAHOUIBII MOMUPEeHy QYHKIIII0. AJe AJis
MPOTPaMICTIB Ta €JIEKTPOHHUKIB HABITh IS CTHCHA Il iH(QOpMaIlis € BKpail BaXKJIMBOK, OCKIJIBKH
BOHA 3B’SI3y€ amaparHy Ta MPOrpaMHy YAaCTHHU IMPOEKTY Ta O3BOJISE IIBUIKO 30PIEHTYBATUCS Y
cxemi.

[Mpn3Ha4YeHHA AeAKNX BUBOAIB
MIKPOKPOKOHTposiepa PIC16F84

TABLE 1-1: ___PIC16F84A PINOUT DESCRIPTION

DD1 PIC16F84A OIC | SSOP | llO/P Buffer Description
1 ] 18 0. No. Type Type
—2 RA2 RA1 47 OSC1/CLKIN 18 I |sT/cMOs®|Oscillator crystal input/external clock source input.
S RAO — OSC2/CLKOUT | 15 19 o - Oscillator crystal output. Connects to crystal or
3 16 Lesgnatorin Coustal Qscillator mode. In RC mode,
— OSC1 —— " UT, which has 1/4 the
ot 1 Homepa BuBoAiB denotes the instruction
1 — N ana MiKpOKOHTpOI’lepa -
MCLR 4 4 4 % ut/programming voltage
y Kopnyci PDIP18 e low RESET to the device.
epEawewwent| |/O port.
RAO 17 17 19 110 TTL
RA1 18 18 20 l[e} TTL
RA2 1 1 1 1/0 TTL
3 2 2 l[e] TTL
l /0 ST Can also be selected to be the clock input to the
TMRO timer/counter. Output is open drain type.

¥Yci BUBOAM MIKPOKOHTpOJEpa YMOBHO MOJUISIOTHCA Ha Bl KaTeropii: 3arajibHOro Ta
CTeNiaTbHOTO MpPHU3HAYCHHA. BHBOAM 3arajbHOrO NMPHU3HAYCHHS HE MAIOTh SIKOTOCH 3a3ajieTilb
BIIOMOr0 (DYHKI[IOHAJBHOIO TPU3HAYEHHS 1 BU3HAYAIOTHCS 3aCTOCYHKOM, B SKOMY Lei
MIKPOKOHTpoOJIep Oy/e BUKOPUCTOBYBATHCS. BHBOAM CHemiaabHOTO NPHU3HAUYEHHS MAlOTh ITEBHE
(GyHKILIOHAbHE MPU3HAYEHHS, SK€ 3a3BHYail € MPUHLUMIOBO HEOOXITHMM Ul Ipale3laTHOCTI
MIKPOKOHTpOJIEpa, TOMY BOHU MaiKe 3aBKIU MIJKIIOYAIOThCS 10 NMEBHUX AUISHOK a00 BY3JIiB
€JIEKTPUYHOI CXEMH.

B mikpokonTponepax PIC16F84 no BuBoaiB crieniaabHOr0 MPU3HAYEHHS BITHOCATHCS:

— BuBiA VSS, npu3HadeHuit Ui NiAKIIOYEHHS 10 CHUIBHOTO MPOBOY CXEMH, IHKOJIU HOoro
no3HauarTh 5Kk GND — ckopoueHHs Bij aHriicbkoro cioBa «Groundy (3emis);

— BuBix VDD, npusHayeHud A 1Mojadi KUBJIEHHS Ha MIKPOKOHTpOJEp, KU I1HKOIN
no3HavaroTh sk VCC,

— BuBix MCLR (Master Clear), npu3HadyeHHH 11 amapaTHOrO Ie€pe3aBaHTAXKEHHS
MIKPOKOHTpOJIepa, KM TakoX 4acTo mo3HayaroTh sk RST, abo NRST, mo € ckopodeHHsM BiJ
aHrmiicpbkoro cinopa «Resety (mepe3aBaHTaXeHHs);

— BuBoau OSCI1, OSC2, 3B’a3aHi 3 BOyJOBaHUM TAaKTOBHM TE€HEpaTopoM — abpesiaTypa
BHBOJIIB € CKOPOUEHHSM BiJ] aHTTichbKOro cnoBa «Oscillatory (reneparop).

Vi iami BuBoau (RAO — RA4, RBO — RB7) € BuBogaMu 3arajabHOTO TpU3HAYeHHS, QyHKITis
SKHX BU3HAYAETHCA KOHKPETHUM 3aCTOCYHKOM.
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[lp3HaYeHHA BMBOAIB MIKPOKOHTpOEpPA

BuBogu cneyiasibHOro NpusHayeHHs:

?D’ PICTOES4A s «  VSS — nigKAto4eHHA [0 CMibHOTO NMPOBOAY CXEMM
= RA2 RA1 R * VDD — niaknto4YeHHA 40 gxKepena )usneHHa (+2...5,5 B)
—5|”43 RAO ¢ MCLR (Master Clear) — BuBig anapaTHoro

nepesaBaHTaXXeHHA MiKpOKOHTpoepa (aKTUBHUIA
piBeHb — piBEHb 1OTYHOTO Hy/IA)

* 0SC1, 0OSC2 —BuBOAM, 3B’A3aHI 3 TAKTOBUM

RA4

6 ] . 4 reHepaTopom
— RBO RB7 —

7 12
— RB1 RB6 — B

8 11 .

- fE MBOAM 3arajibHOro an3HE,NeHH.ﬂ

9 10 * RAO - RA4 —BuBOoaM, 38’A3aHi 3 NOPTOM BBEAEHHSA-

— RB3 PB4 —— .
BusegeHHa PORTA (5 kaHanis)

Bugodu cneuiansHo20 NpusHavyeHHs e RBO — RB7 —BuBOAM, 3B’A3aHi 3 NnopTOM BBEAEHHA-
BusBeneHHAa PORTB (8 kaHanis)

I Tenep crae 3po3yMUIUM MiAKIIOYEHHS MEBHUX JIJISHOK HAIIOl €IeKTPUYHOI CXEMH: BUBIJ
VSS, npusHadeHud I MIAKIIOYEHHS 0 CIUIBHOTO MPOBOAY, MIAKIIOUEHHH 0 CIUIBHOTO
npoBoAy, BuBia VDD, npusHaueHuit 715 mojadi )KUBJICHHS, MIIKIIOYSHHH 10 Kepesa >KUBICHHS 3
Hanpyroto +5B, BuBix MCLR, mnpuszHaueHuWdi A  amapaTHOrO  Iepe3aBaHTAKCHHS
MIKpOKOHTpOJIepa y Halllii cXeMi He BHUKOPHCTOBYETHCS, TOMY BiH HIAKIIOYEHHUN OO0 IKepelna
JKUBJICHHS, 110 BIJTIOBiJIa€ MMOAadi Ha [eW BUBIJl CHTHATY 3 piBHEM JIOTI4HOI oxuHUI (+5 B), a mo
BuBoAiB OSC1 Ta OSC2, BiAMOBIZHO 10 TEXHIYHOI AOKYMEHTAIlil, MiAKIIOUYEHUN 30BHIIIHIM
KkBaproBuii pesoHarop ZQ1 3 pesonancHoro yactororo 4 MI'1| Ta 6iokyBanbpHi kKonaencatopu Cl ta
Cl1, mo mMarTh eMHICTh 22 1D.

MigKntoYeHHA BUBOAIB CNeLiaZibHOro nNpmM3HayYeHHA

DD1

PIC16F84A * VSS — po cninbHoOro nposoay
1 L]
— ] RA2 RA1 * VDD — po gxepena
— R RAO YKusneHHs (+5 B)
] Qs¢1 * MCLR — He BUKOPUCTOBYETbCA
S . G- (nogaHo curHan, 3 pisHem
}—6 vss voD JIoriYHOI oguHuULi +5 B)
— RBO RB7

* 0OSC1, OSC2 — nigKknto4veHi go
KBapLoBoro pesoHatopa ZQ1l
3 Pe30HaHCHOI YacTOTO
4 MTu, signosigHo go
BN\ TeXHI4YHOT AOKYyMeHTaLii
KsapuoBuii pesoHaTop ZQl/

— RB1 RB6
—— RB2 RB5
— RB3 PB4

Taka cxema BKIIIOYeHHsI MiKpokoHTposepa PIC16F84 € TumoBoro i MOBHICTIO BiAINOBigae
TeXHIYHINA nokyMeHTalii. [{s gactuna cxemu Oyne maibke OJTHAKOBOIO Y BCIX MPOEKTaxX. €auHe mo
MOJK€ BIAPIZHATHCS — TaK 1€ YacTOTa Ta TUI PE30HATOPA, sika Oy/ie BU3HAYATH 3 SIKOKO MIBUAKICTIO
Hall MIKpOKOHTposiep Oyzne mpaitoBatu. lLleit mapamerp MU MOXeMO OOUpaTH CaMOCTIIHO,
BIJIMOBIAHO 7O HAIMIOTO TEXHIYHOTO 3aBaaHHsA. Yacrime 3a Bce MikpokoHTponepu PIC16F84
npairoroTh Ha vactotax 20 MI'm, 4 MI'nm abo 32768 ', mpoTe dactoTa MOXe OyTH 1 1HIIOM.
€MHicTh O70KyBanbHUX KoHAeHcaTopiB C1 Ta C2 3a/IeKUTh BiJl YaCTOTH pE30HATOPA 1 OOMPAETHCS
BIJIMOBI/THO JI0 TEXHIYHOI IOKYMEHTAaIlli Ha MIKPOCXEMY.
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PekomeHaauii no Bubopy 610KyBasNbHUX
KoHAaeHcaTopis C1 ta C2

TABLE 6-2: CAPACITOR SELECTION

TA -1:  CAPACITOR TION FOR

FIGURE 64: CRYSTAL/CERAMIC BLE 6 CAPACTH RESSEOLNE:TORS FOR CRYSTAL OSCILLATOR

RESONATOR OPERATION Mode Freq 0sci/c1 | osc2ic2

g‘:ﬁ,ﬂ;g::;::,c Ranges Tested: P 32KkHz | 68- 100 pF | 68- 100 pF

Mode Freq osc1/c1 | oscaic2 200kHz | 15-33pF | 15-33pF

ci 0SsC1 T~ Fa A55KkHz |47 100 pF | 47100 F XT | 100kHz |[100-150 pF | 100 - 150 pF

) L'«/m 20MHz | 15-33pF | 15-33pF 2MHz | 15-33pF | 15-33pF

ity Intemal 4.0MHz | 15-33pF | 15-33pF AMHz . |_49-33pF _15-33pF

EXTAL FSIREO ] Cogke HS 8OMHz | 15-33pF | 15-33pF HS 4MHz | 15-33pF | 15-33pF

= osc2| f+ SLEEP 10.0MHz | 15-33pF | 15-33pF AMhz | 15=35pF+ | 45=30pP
Note: Recommended values of C1 and C2 are Note:  Higher capacitance increases the stability
c2M PIC16FXX identical to the ranges tested in this table of the oscillator, but also increases the

start-up time. These values are for design

High: ital i the stabili
Ighes capacktarice icreasas e skoly guidance only. Rs may be required in HS

Note 1: See Table 6-1 for recommended values of the oscillator, but also increases the

of C1and C2. start-up time. These values are for design mode, as well as XT mode, to avoid over-
2: A series resistor (Rs) may be required guidance only. Since each resonator has driving crystals with low drive level specifi-
for AT strip cut crystals. its own characteristics, the user should cation. Since each crystal has its own
consult the resonator manufacturer for the characterislics, the user should consult the

appropriate values of external compo- crystal  manufacturer ~ for appropriate

values of external components.
For Voo > 4.5V, C1 = C2 = 30 pF is recom-
mended.

nents.

Tenep mepeieM0O 10 YHIKaJIbHOI YaCTUHH CJIEKTPUYHOI CXEMH, SKa € JIHIIE Y I[bOMY
NPOEKTI. A BOHA CKJIAQJAETHCS JHIIE 3 JIBOX EJIEKTPOHHUX KOMITOHEHTIB: 1HAWKAaTOPHOTO
ceitiogiona VDI, sxuii BUOPOMIHIOE CBITJIO MpPH TMPOTIKAHHI EJIEKTPUYHOTO CTPyMy, Ta
cTpymMooOMexxyBaibHOTO pe3uctopa R1 3 omopom 470 Owm, sikuii 0OMexXye HOro CTpyM.

Tenep HactaB Yac po3iOpatucs 3 poboTo. A 118 UBOr0 HaMm MOTPIOHO crepury
MO3HAWOMHUTHUCS 3 HAWMOMMPEHIMMMH TepudepifHUMH MOIYISAMH, SKIi € B KOXHOMY
MikpokoHTposepi. Li nepudepiiini MoayIi Ha3UBAIOTHCS «TIOPTU BBEICHHSI-BUBEICHHSI.

YHiKa/IbHa YaCTUHA NPOEKTY

o Pl * VD1 - iHaAnKaTopHUM cBiTioAioA
— RA2 RAT— o
] s (T * R1 - cTpymoobmerkyBasibHUM

3 16
1 O I pesuctop 3 onopom 470 Om
—z VSS VDD %

RBO RB7 —
7 12
w 8| BB _
—1Re RBS [~ X ) T
oo T ]| (i

lHauKaTopHI cBiTNIOAioaAU

IToptn BBeneHHs-BUBENEHHs 3aranbHoro npusHaueHHs (General Purpose Input-Output,
GPIO) € malinommmpeHimuMH nepupepifHUMU  MOAYJISAMHU CYYaCHUX MIKPOKOHTPOJIEPIB.
Mikpokontpoiuep PIC16F84 mae nBa moptu BBeneHHs-BuBeneHHS: A Ta B. KoxeHn mopTt noBuHex
MaTH IIOHAaWMEHIIIE OJIMH KaHaJl BBEJCHHSA-BUBEICHHS, IKHI €JIEKTPUYHO 3B’ A3aHUN 3 KOHKPETHUM
BHBOJIOM MiKpoKoHTposepa. ¥ mikpokoHTposepi PIC16F84 nmopr A mae 5 xanaiis, a mopt B — 8
kaHaniB. Kananu nmopTy MoOXyTh OyTH OJIHAaKOBI, ajieé 3a3BMYail yci KaHajdu pi3Hi, TOMy Tpeba
YBa)KHO BUBYATH TEXHIUYHY JOKYMEHTAIil0 KOHKPETHOI MOJIeNli MIKpPOKOHTpoJjepa, o0 YiTko coOi
YSBJISITH OCOOJIMBOCTI Ta OOMEKEHHS KOYKHOTO 3 KaHaJIB.

KoxeHn xaHanm mopTi BBEIEHHS-BUBEJCHHS MOXeE IPAIIOBaTH B JBOX OCHOBHUX PEKUMaX:
BBEJICHHS Ta BUBEJEHHS. Y PEKMMI BBEJIEHHS arnapaTHa yacTHHA KaHATy MOPTY aHali3ye Hampyry
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Ha BUBOJII Ta nepezae ii B IporpaMHy 4acTHHY. B pexkumi BUBEIEHHS yce BiIOyBa€ThCSl HABIAKU —
amapaTHa 4YacThHa (popMye Hampyry Ha BHBOJI MIKPOKOHTpOJIEpa, BIAMOBIIHO A0 iH(opMaIii,
BCTaHOBJICHOT MPOIPaMHUM 3a0€3MCUCHHSM.

Kawan 0 (RAO) H— Bueid Ne17

[opT BBeAeHHA-BUBEAEHHA

E Kanan 1 (RA1) H— Busid Ne18
% Kawan 2 (RA2) H— Busio Net * GPIO (General Purpose Input-Output) — nopt
B var o (a9 [ susio 2 BBE€HHA-BUBEAEHHS 3aralbHOro NPU3HadYeHHn
Kanan 4 (RA4) H— Busid Ne3 o
*  KOeH NopT Mae WoHaiMeHLIEe OAWH KaHan BBEeAEHHA-
BUBEAEHHA
K RB0) H— Busi
anan0(RBO) I~ Bueio N6 4 KoyeH KaHan MOKE NPaLIOBaTH B BOX OCHOBHMX
Kaan 1 (RB1) H— Busio Ne7 peXXMMax: BBEAeHHA Ta BUBEAEHHS
Kenani2 (R82) B Bikiio eg KoxeH KaHan 38’A3aHuii 3 KOHKPETHUM BUBOAOM

mi KPOKOHTpO/1epa
Kawnan 3 (RB3) — Busid Ne9

Kanan 4 (RB4) [[—Busio Ne10. «  Peyxyum BBefeHHA — anapaTHa YaCcTMHa aHaisye
Kanan 5 (RB5) H— Bueid Ne11 Hanpyry Ha BMBOAj Ta nepeae ii B NPOrpamHy YacTuHY
*  PeXXum BUBegeHHA —anapaTHa YacTMHa GOpPMYE Ha

BMBOZAI Hanpyry, BiAnNoBiAHO A0 AaHUX, HafaHUX
Karan 7 (RB7) H— Bueio Ne13 nporpamHum 3abesneyeHHAM

PORTB

Kanan 6 (RB6) H— Bueid Ne12

3a OfHY JEKII0 5 MPOCTO (PI3UYHO HE 3MOXKY MOSICHUTU YCi 0COOIMBOCTI POOOTH TOPTIB
BBEJICHHI-BUBEJICHHS B PI3HUX PEKMMax, TOMY JaBaiiTe 3apa3 MpocTo MPOaHai3yeMO HaIly CXeMY 1
3YNUHUMOCS Ha TOSICHCHHI JIMIIEC TUX MMUTaHb, SKi HaM MOTPIOHO 3’ICyBaTH TYT 1 3apa3. A aHami3
€JIIEKTPUYHOI CXEMH HAIIOT0 MEPIIOTo MPOEKTY Aa€ HAM HACTYIHI pe3ybTaTu.

1. Inmukaropuuii citmonion VD1 migxmrodenuit o kanany 0 mopry B (RB0), Tomy Hamami
Hac Oyne IIKaBUTH JMIIEe Ied KaHal. Yci 1HINI KaHajdd MOPTIB BBEJICHHS-BUBEICHHSI Yy LIbOMY
MIPOEKTI HE BUKOPUCTOBYIOTHCSI.

2. HammmMm cBiTIIOAi010M TTOTPiOHO KepyBaTu. [[iist 1boro HeoOXigHO GopMyBaTH HA BHBO/II
RBO sikice Hanpyru. e 3HaunTh, mo kanaa RBO nmoBuHeH mpaiutoBatu B pexumi BuBeaeHHs. Lle
rOJIOBHE, 1110 HaM 3apa3 noTpiOHo 3HaTH. Tenep naBaiiTe po3doupaTUCH, SIK HAM L€ 3pOOUTH.

AHani3 eNIeKTPUYHOI CXemu

° . . . “
R Csitnogion VD1 nigkntoyeHun go

p T kaHany 0 nopty PORTB (RBO)
— RA2 RAT[—
2 17
—3 RA3 RAO 7
— R oscrp— * CsiToaiogom noTpibHO KepyBaTH, TOMy
—,|MOLR  0sc2—— kKaHan RBO noBuHeH npautosatn B
—vss VoD = peXKuMi BUBEAEHHA
RBO RB7 —
7 12
R1 — RB1 RB6 — 3 .
o 8l ., res - * [naToro, wob ceimioaioa VD1
" —2 res pBa 3acBiTuBCA, HeobxigHO chopmyBaTH Ha

susoai RBO Hanpyry 3 piBHem siorivyHoT
oauHuui (+5 B)

[IpoananizyemMo crpoleHy elIeKTpUUHYy cXeMa KaHalliB MopTy B, sika HaBeJeHa B TEXHIUHIN
JOKyMEHTaIlli Ha MiKpokoHTpoJsiep. KokeH kaHam MOXKHa yMOBHO TOJUIATH HAa Bl YaCTHUHU:
YacTUHY, IO BIANOBiAA€ 3a aHali3 HANpyrd Ha BHUBOJAI MIKPOKOHTpoJiepa, TOOTO 3a poOOTy B
peXuMi BBEIEHHS, 1 YacTUHy, [0 BiANOBiAae 3a (GOpPMyBaHHS HANpyrd Ha BHUBOJI
MIKpOKOHTpOJIEpa, TOOTO 32 pOOOTY B peKUMi BUBEICHHSI.
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Hac nikaButh po0oTa B pekMMi BUBEACHHS. B 1IbOMY peXHMi TOJIOBHHUMH €JIEMEHTAMH €
JIBa TMOTY>KHI TOJBOBI TPAH3UCTOPH, IKi MOXKYTh 3’€IHATH BUBIiA MikpokoHTpoiepa (BuBig RBO)
a6o 3 mmHoto xuBieHHs (BuBiA VDD), abo 31 cninbHuM nipoBoaoM (Buia VSS). Tpanszucropamu
Kepye cIelliajibHa anapaTHa 4YacTHHA sKa Ha3MBA€ThCs «apaiBep». JpaiiBep (opmye Hanpyru
KEepYBaHHS AKi MOXYTh IEPEBECTU KOXKEH TPAaH3UCTOP ab0 B CTaH 3 BUCOKUM, a00 B CTaH 3 MaJUM
BHYTPIIIHIM OTIOPOM.

MopT BBeAEHHA-BUBAEHHSA

FIGURE 4-4: BLOCK DIAGRAM OF FIGURE 4-3: BLOCK DIAGRAM OF
PINS RB3:RBO - PINS RB7:RB4 -
) T oo, lMonsosi mpansucmopu T
Data Bus D B Data Lateh AN
e Kanan
R Port o 8eedeHHs- i -
=T 8ueedeHHs 3 2 ZS
‘o o} J ég%
7 So2
WR TRIS XL /T )3( @
= | 2 358 o
< 3
- £35 j 2
RIS L
i sl ¢ 3] Vi
I ‘ [ So S | Ly
EN |- T T
I S % 0:.)
Q3 2 “4
= :Q‘o Ananizamop cuzHany
3 (kaHan eeedeHHs)
EN 4
D PO 3 0 o
Tl axucHi diodu
e L 3P & O in the OPTION_REG rege O VSS

2: VO pins have diode profection to Voo and Vss

TakuMm 4MHOM, Hallla cXeMa MOXe€ 3HAaXOAMUTHUCS y TPbOX MOXJIMBHUX craHax. Komu kaHan
RBO0 3Hax01uThCS y CTaHi BBEJCHHS, OOM/IBA BHUXIIHI TPAaH3UCTOPH KaHATy 3HAXOJSATHCSA y CTaHI 3
BUCOKMM BHYTPIIIHIM OmopoM. Y IIbOMY CTaHI Hampyra Ha BHBOJII MIKPOKOHTpoJiepa He
BHU3HAYAETHCS NMPOTPAMHUM 3a0€3ME€UEHHAM — BOHA LIJIKOM 1 MOBHICTIO BU3HAYAETHCS 30BHIIIHBOIO
eJIEKTPUYHOI0 CXEMOI0. Y IboMYy cTaHi kojo BuBoAY RBO posimkHeHe, Tomy cBiTionion VDI
CBITUTH HE Oy/Ie.

Hanamryemo kanan RBO s poOoTu y pekuMm BHBEIEHHS 1 MepeBeleMo HOro B cTaH
(hopMyBaHHS Ha BUBOJI CUTHAIly 3 piBHEM JioriyHoro Hyud. Lle npusBene 1o Toro, mo HUXHIN (3a
CXEMOI0) TPAH3UCTOP Mepeiiie y CTaH 3 MaJIUM, a BEpXHIi — y CTaH 3 BEJMKUM BHYTPIIIHIM OITOPOM.
3a Takoi KOMyTalli HWXKHIM TpPaH3UCTOp MIAKIIOUUTH BUBIJ MIKPOKOHTpOJEpa A0 CHUIBHOTO
npoBony (3’eqnae mik coboro BuBomu RBO ta VSS). V npomy BHNAagKy yTBOPUTHCS 3aMKHEHE
eJIEKTPUYHE KOJIO, ajJie B HbOMY He OyJie JpKepen eNeKTpHYHOi eHeprii. ToMy y mboMy cTaHi CTpym
yepe3 cBitinoaion VD1 nporikatu He Oyze, 1 cBiTIa BUIIPOMiIHIOBAaTH BiH He Oy[e.

Hanamryemo xanan RBO nns poOoTu y pekuM BUBEIEHHS 1 IEpeBeleMO HOro B CTaH
(dbopMyBaHHS Ha BUBOJII CUTHAITY 3 piBHEM JIOT1uHO1 oguHuUIl. [le mpusBene 10 Toro, 1o HIKHIH (32
CXEMOI0) TPAH3UCTOp NEPEIe Y CTaH 3 BETUKHUM, a BEpXHIN — y CTaH 3 MaJIUM BHYTPIIIHIM OTIOPOM.
3a Takoi KoMyTallil BepXHiil TpaH3UCTOP MiIKIIOUYUTH BUB1JI MIKPOKOHTpOJIEpA /IO IIUHH >KUBJICHHS
(3’ennae Mix coboro BuBoau RBO ta VDD). V npomy BUMaaKy yTBOPUTHCS 3aMKHEHE €JIEKTPUYHE
KOJIO, YaCTHHOIO SKOTo Oyzie JKepeso eleKTPUUHOI )KUBJICHHS MiKpoKOHTposepa. Lle npussezne 1o
TOTO, 110 uepe3 cBimioAio VD1 modne mpoTikatu cTpyM, 1o Oyae ooMexxyBaTHch pesuctopom R1,
1 BiH 1MOYHE BUNPOMIHIOBAaTH CBITJIO.
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[TpnMHUUN KepyBaHHA CBITN04I040M

Pexum egedeHHs Pexum susedeHHs (Ha suxodi "0") Pexum eusedeHHs (Ha euxodi "1")
i +58B Z +58B Z +58
vDD VDD | VDD
S . _
§,9 ; _| S PigeHb cuznany §‘9 § _l [ ZS Pigexb noziyHoz2o §-E % '4 Z PigeHb noziyHoi
°82 ’1 HegusHayeHul 288 Hyns (0 B) 282 0duHuLi (+5 B)
SEQ SEQ SEQ
43 < °s¢ o ] o
53 ) 3
2 | R1 $3c R1 2= R1
388 N 470 388 /N 470 388 7 470
Sl &erk St
e Ay Ay
VD1 VD1 VD1
iVSS iVSS j)_VSS
LWnsx npomixkanHa cmpymMy ceimnodioda

OTxe Ternep MH MOXKEMO YiTKO c(hOpMyIIFOBATH, aJITOPUTM IPOTPAMHOTO 3a0€3MeUCHHSI, SIKE
Ha TOTPIOHO po3pobutu. CrioyaTKy HaM MOTPiIOHO mepeBecTr kaHal RBO B pekuM BHBEICHHS.
[Totim 3acBiTuTH Ham cBiTiogion VD1, chopmyBaBmu Ha BuBoAi RBO curnan 3 piBHeM JOTi4HOT
omuuuti (+5 B). ITicist mporo motpi6HO 3auekaru 0,2...0,5 ¢, a motim 3aracutu cBiTiiomion VDI,
chopmyBaBiu Ha BuBoAi RBO curnan 3 piBHem soriunoro Hynds (0 B). Ilicia uporo morpioHo
3HOBY 3auekaru 0,2...0,5 ¢, a moTimM mepeiTn A0 mMyHKTY 2. Bauurte, mo Ham aaropuT™M HE Mae
kinms. Ceitnoaion VD1 Tenep Oyae 6aumaTH JOMOKHA MIKPOKOHTPOJIEp MiIKIIOUEHUN 0 JKeperna
JKUBJICHHS.

Tenep, HapeIlTi, MA 3aKIHUKJIM 3 PO3IJISIZIOM alapaTHOl YaCTHHM 1 MOXKEMO MEPEXOIUTH JI0
camoi 1[IKaBOi YaCTMHU HAIIOI0 Kypcy — pO3pOOKH MPOrpaMHOro 3a0e3rneyeHHs .

Hanpyea
Ha eugodi RBO

+58

D i
1. [llepesectn KaHasn RBO B pexxum

-3) BUBEAEHHA

2. CdopmyBaTtu Ha BuBoai RBO curHan 3
‘ piBHEM NoriyHoi oauHULi (+5 B)
3avekat 0,2...0,5 ¢

4. Cdopmysatn Ha BuBogi RBO curHan 3

16 piBHem soriyHoro Hyna (0 B)
5. 3aveka™ 0,2...0,5¢c

i . ' 6. MepeliTv A0 NYHKTY 2

ANropuTM NporpamHoro 3abesneyeHHn

4

®
6

N

2

Yy Yac

A K mporpamicTaM KepyBaTH anapaTHOI0 YaCTHHOIO MIKpOKOHTpoisiepa? Bu Bxke maere
MEBHUH JOCBiA MpOrpaMyBaHHsS Ha MOBaxX BHCOKOIO PiBHS 1 J0Ope 3HAaeTe 10 Take 3MiHHI. XTO
3a0yB, a0o 111€ ¥ J0CI HE 3HA€, TO HAraIyro, 110 3MiHHA — II€ OJIHa a00 KUJIbKa KOMIPOK ONepaTHBHOT
nam’ATi, B SKMX MO)XHa 30epiraté iHdopmariito. 3a3Buyail B KOMII'IOTepax OINepaTHUBHA Mam’ ATh
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BUKOPUCTOBYEThCS AJisi 30epiraHHs JOBUIBHOI iH(oOpMaIlii, aje B MIKpOKOHTpojepax BOyJOBaHA
OIIEpaTHBHA I1aM’ATh BUKOPUCTOBYETHCS JICIIO iHAKIIIE.

B MiKkpoKOHTposiepax KOMIPKH OIEPAaTUBHOI MaMm’ATi MOIUISIOTbCS Ha JBI YacTUHU:
KOMIPKH CIENiaTbHOTO MPU3HAYCHHS, Ta KOMIPKHM 3arajbHOTO Mpu3HadyeHHA. Komipku 3aranbHOTrO
MPU3HAYCHHS BUKOPUCTOBYIOTHCS SIK TPAAMLIIHHA ONEepaTUBHA MaM Th — JUIA 30epiraHHst TOBUIbHOT
iH(dopmarrii, ToMy BOHU 3MIHIOIOTHCSI BUKJITFOYHO MTPOTPAMHUM HUISIXOM.

Kowmipku creniaabHOTO IPU3HAYECHHS, 3 TOYKH 30py MPOTpaMicTa, HiYMM HE BiAPI3HAIOTHCS
BiJl KOMIPOK 3arajbpHOro mpusHadeHHs. [Iporpamict mMoke mpamoBaTH 3 HUMHU TakK camo, 5K 1 3
KOMIpKaMHy 3arajbHOro npu3HadeHHs. OfHaK Ha BiAMIHY BiJ KOMIpOK 3arajbHOTO NMpPU3HAYCHHS,
KOMIPKH CIEIiaJbHOTO MPU3HAYCHHS MAIOTh 3B’S30K 3 allapaTHUMHU BY3JIaMH MiKpOKOHTpOJIEpa:
aapoM Ta nepudepiiiaumu moxynsmu. Tomy iHdopMmariss B HUX MOXE 3MIHIOBATUCS SK
MpOTrpaMHUM, TaK 1 almapaTHUM MUIAXOM. binele Toro, mporpamaa 3miHa iHdopmarllii B KoMipkax
CHEIIIbHOTO TIPU3HAYEHHS TPU3BOIUTH JI0 3MIHU pOOOTH amapaTHOI YaCTMHHU MIKPOKOHTPOJIEpa.

TakuM YHHOM, 3 TOYKM 30py TIporpamicra, KEpyBaHHS BY3JaMH MIiKpPOKOHTpoJepa
3BOAMTHCSA 10 MaHimymsauii 3 iHQopmali€ro, po3TallOBaHOId B KOMIpKax —CHEIiaJbHOrO
npusHaueHHA. ToOTO MporpaMicT mpamroe 3 arnapaTHOK YAaCTHHOIO SK 31 3BUYAaHMMHU 3MiHHHUMH,
SK1 MO’KHA YMTATH Ta 3aUCyBaTU. €IMHA BIIMIHHICTD MOJIATA€ Y TOMY, IO IIi 3MiHHI TOBUHHI MaTu
(hikcoBaH1 agpecw B OMEPATHUBHIN mam’sTi, aje sl OCOOJIMBICTH KOJHUM YHHOM HE BILJIMBAE Ha
MIBUJIKICTh HAITUCAHHS TPOTPAMHOTO KOTTY.

MpUHUMN KepyBaHHA anapaTHOK YaCTUHOK
MIKPOKOHTpOEpa

z PericTpu (KOmipku) onepaTusHOI Nam’aTi cnewiaibHOro
Onepamuena SI9p0 MikpOKOHmPONe|
nam'ames " pe npu3HayeHHA MikpokoHTponepa PIC16F84

l . TMRO — pericTp Tarimepy
. OPTION_REG — pi3Hi HanawTyBaHHA cUCTEMU
Apuch 0-noeiunut npucmpid l . PCL — nporpamuuit NiYnabHUK (Mmonogwnii 6ainT)
. PCLATH — nporpamHuit niunnbHuk (cTapumm 6amT)
Kowmponep nepepueatie } . STATUS — npanopu apudme TUKO-NOTIYHMUX OnepaLin
Pezicmpu — - . FSR — pericTp Henpamoi agpecauii
et CrIEUIANBHOZ0 Mepuchepidni modyni . PORTA — craH nopty A
PRI IMopm esedennn-eusedeHHa ] . TRISA — pexum poboTtu nopty A
. PORTB — ctaH nopty B

‘ . TRISB — pexxum poboTtu nopty B
. EEDATA — aaHi nam’ati EEPROM
. EEADR —agpeca aKkTMBHOI KOMipKkM nam’aTi EEPROM
Bk . EECON1 — HanawTysaHHA nam’ati EEPROM
lebm  sszansnozo . EECON2 — HanawTysaHHA nam’ati EEPROM
NPUIHAYEHHS . INTCON — HanawTyBaHHA NepepusaHb

Taxmosud 2enepamop

= i e Ik

.

Tadmep

Mpozpamse 3a603MeYeHHS

Ananozo-yughposud nepemeoposay

3 yCchOro MepemiKy pericTpiB CHEIlaJbHOTO MPU3HAYCHHS MIKPOKOHTpOJIepa Hac 3apa3
LIKaBIATh JMIIE Ti, sKi MoB’s3aHi 13 moptoM B. B mikpokontponepi PIC16F84 ocHoBHa
iHpopMaris, MoB’s13aHa 3 UM MOPTOM, 30epiraeTscs B 1Box perictpax: TRISB ta PORTB. Koxen
3 IIUX PETICTPIB € §-pO3pSAHUM, TOOTO KOXKeH perictp mae 8 6it. Koxken 01T perictpy 3B’si3aHMI 3
MIEBHUM KaHAJIOM MOPTY: HYJbOBUI OIT OB’ A3aHU 3 HYJIbOBUM KaHAJIOM, MEPUIN OIT — 3 MepIIUM
KaHaJloM, Jpyruid OIT — 3 JPYyrdM KaHaJIOM 1, BPELITI-pelIT, CbOMHH OIT 3B’A3aHUN CHOMUM
KaHaJIOM.

Perictp TRISB Binmosinae 3a pexxumMu poOOTH KaHamiB. SKimo OiT BCTaHOBJIEHUH B
OJIMHHMIIIO, TO IEH KaHal MopTy OyJe MpamoBaTd B PEKUMI BBEACHHS, a SKIIO B HYJIb — TO IIeH
KaHas Oyzie PaLioBaTH B PEKUMI BUBEICHHS.

Perictp PORTB BignoBigae 3a cran kaHaiy. SIKIo KaHai MpaIfoe B PEKUMI BUBEIEHHS, TO
IporpaMHe BCTAHOBJIEHHS LbOro OiTy B 3HaueHHA «0» mnpusBereHe A0 (GOpMyBaHHS Ha
BIJIMOBIJHOMY BHBO/I1 MIKPOKOHTpPOJIEpa HAMPYTH 3 PIBHEM, L0 BIAMOBIJIA€ PIBHIO JOTIYHOIO HYJIA,
a SIKIIo B 1Iei OiT 3amucaTtH «1», To Ha BUX0Ji Oyne copMOBaHHM CUTHAT 3 PIBHEM, 1110 BiAMOBIIAE
PIBHIO JIOT1YHOI OJTUHULL.
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B pexxumi BBeneHHs, KoM BiANOBiIHUHA OiT y perictpi TRISB BcTaHOBiIeHUH B OJUHHLIIO,
ctaH Oity B perictpi PORTB Bu3HauaeTbCsl Hanmpyrow Ha BUBOI MIKpOKOHTpoJiepa. Ko piBeHb
HaNpyrd IHTEPIPETYEThCS anapaTHOIO YAaCTHHOIO SK PIBEHb JIOTIYHOTO HYJs, TO Iei Oit Oyme
arapaTHO OYMIICHUH, TOOTO BCTAHOBICHUH B 3Ha4eHHS «0». A SKIIO Hampyra Ha BUBOJI Oyae MaTu
3HA4YEeHHs JOCTATHE JJIs IHTEPIIpeTalii CUTHAITY, SIK CUTHAJIY 3 PIBHEM JIOT1YHOI OJMHUIIL, TO L€l OiT
OyIie arapaTHO BCTAHOBJICHUH B 3HAYEHHS « 1.

Perictpu, wo Kepytotb noptom PORTB
TRISB

6im 7 bim 6 bim 5 bim 4 bim 3 bim 2 bim 1 bim 0
Pexum Pexum Pexum Pexum Pexum Pexum Pexum Pexum
pobomu pobomu pobomu pobomu pobomu pobomu pobomu pobomu
KaHany KaHany KaHany KaHany KaHany KaHany KaHany KaHany
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
bim 7 bim 6 bim 5 bim 4 bim 3 bim 2 bim 1 bim 0
CmaH CmaH CmaH CmaH CmaH CmaH CmaH CmaH
KaHany KaHany KaHany KaHany KaHany KaHany KaHany KaHany
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

Ceitnonion VD1 migkmoyennii g0 kaHany RBO, ToMy Hac mikaBisTh JIHIIEe HAWMOIOIIII
Hynp0Bi OiTi B perictpax TRISB ta PORTB. OcoGnuBictio perictpy TRISB, sk 1 ycix iHmmx
pericTpiB, MO BIiAMOBIZAIOTH 32 PEKHMH POOOTH TOPTIB BBEACHHSI-BUBEICHHS, € T€, IO IMICIs
nepe3zaBaHTaxxeHHs: MikpokoHTposiepa Y CI kananmu YCIX nopTiB BBeACHHS-BUBEACHHS IIPUMYCOBO
HAQJIAIITOBYIOTHCS B PEKUM BBEACHHS. TakUM YMHOM, MiCIs Mepe3aBaHTaXeHHs MIKPOKOHTpoJepa
oit 0 y perictpi TRISB Oyne BcraHoBieHHi B 3HaueHHs «1». Y IbOMY peXHMi HaIl CBITIOIION
HiKOJIM He OyJie CBITUTH, TOMY HaM MOTPiIOHO NMEPEBECTH Liel KaHall MOPTY B PeXHUM BUBeIeHHs. Lle
— IepIIUK KPOK HAILIOTO aITOPUTMY.

[Ticns uporo, mu 3acBiuyemo cBiTiogion VDI, Bcranousmm 6it 0 y perictpi PORTB
piBHUM «1». IIpu 11bOMy BHB1A MIKPOKOHTpPOJIEpA, 3B S3aHOTO 3 IUM KaHaJoM, OyJie MIJKI0YEHO
70 UIMHM XUBJICHHS, HA HbOMY 3’ ABHUTbCS Hampyra +5 B, mig miero sikoi uepe3 cBiTiomion VD1
CTaHe MPOTIKaTH CTPYM 1 BiH IOYHE BUIPOMIHIOBATH CBITJIO.

[Ticns uporo tpeda neskuit yac (0,2...0,5 cexyHn) 3auekatu — 1100 Halle OKO BCTHIJIO
M0OaYUTH CBITIIO.

[Torim mu 3amucyemo y 6itr 0 perictpy PORTB 3naduenns «0», 1o mHpu3BOIUTH 10
BIJIKJIFOUEHHS! BUBOJy MIKPOKOHTpOJIEpa BiJ] IIMHM KUBJIEHHS 1 MIJKIIOYEHHS HOro 10 CHUIBHOTO
poBOJTy. 3a Takoi KOMYTAIlil Hallpyra Ha BUBOJ1 MIKpOKOHTpoJiepa cTane piHoio 0 B, ctpym uepes
ceimiomion VDI nmepecrane mpoTikarty, 1 BiH 3racHe.

[Ticns poro mu 3HOBY yekaemo nesikuii yac (0,2...0,5 cexyHn) — mo0 Haiie OKO BCTHUTIIO
aJIanTyBaTHCS, a MOTIM 3alMKITIOEMO HAIll aJITOPUTM IUIIXOM MIEPEX0ay 10 MyHKTY 2.

OTxe Tenep MU po3yMieMO 3arajibHe MPU3HAYEHH YCi JIOTIYHUX OJIOKIB HAILIOTO BUXiJAHOTO
koxy. o Bonu poOnsTh 1 HaBiO BOHU MOTpiOHI. HacTaB yac po3ibpartucs akumu 3acodbamMu BOHU
Oynu peani3oBaHi.

63



org 0x0000

MpuHUMN poboTU Nporpamm

5 S, RPO Pexum egedeHHs Pexum sueedenHn (Ha euxodi "0") Pexum susedenHs (Ha euxodi "1”)
; +58 +58 +58
B . . g %LDD %uﬂo |%;@p
bsf B k
— < = é ? % _’ Pieens cuznany é o g _i Preans noammnozo § ® % “l PieeHb NOSINNOI
3aye s 3 ¢ EA NeeuIHaveNU] g 2 nyna (0 B) § ? odumuni (+5 B)
= = 3
i5 1 is
incfsz g83s 25@ 33
¢ £35 i £55 R L Rt
goto 383 H 470 383 H 470 383 H )
incfsz S . g°& L i
goto ” 2, ‘'
vo1 Vo1 vt

‘{uss _{vss }-vss //'

/

UWinnx npOmxanns cripymy cemnodioda

5 sawexami 0,2.0,5 ¢ TRISB TRISB TRISB
e XIXIXIXXIX[X[1 ] [XIXIXXIX[XIX[o]  [XIX[XIX]XIX]X[O]
inctss PORTB PORTB PORTB

goto

IXIXIXIXIXIXIX]X] IXIXIXIXIXX[X[O ] [XIX[XIX]X[X[X] 1]

goto

Jist moYaTKy 3ayBa)KUMO, IO SIKIIO BU 3a0yeTe SK MUIIEThCs, a00 SK MPAIIOe Ta UM 1HIIA
aceMOJiepHa KOMaH/ia, TO HiYOT0 CTPAIIHOTO HE CTAHEThCS — y BaC IiJ] PYKOIO 3aBXKIU € TEXHIYHA
JOKYMEHTAIlii Ha MIKPOKOHTpOIIEp, A€ MOKJIaaHO omucaHi yci 35 aceMOnepHUX KOMaHH, SKi
peaiizoBani B MikpokoHTposepi PIC16F84. 11i komanau Mu OyaeMo BUBYATH TIOCTYIIOBO, TOMY HE
Tpeba CUIITH 1 IPUMYCOBO iX BUMTH. 3 4acOM BHU iX yci 3amam’sTaeTe i Oyaere BUKOPUCTOBYBATU
HaBITh HE YCBIIOMJIIOFOYH, IO B iX 3HAETE.

TABLE 7-2: PIC16CXXX INSTRUCTION SET

Mnemonic, acie 14-Bit Opcode Status
Operands Description Cycles Affected Notes
MSb LSb
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d Add W and f 1 00 £f£: £ c,DC,z 1,2
ANDWF f,d AND W with f 1 00 ££ £ Z 1,2
CLRF f Clear f 1 00 L £ Z 2
CLRW - Clear W 1 00 XX XXXX Z
COMF f,d Complement f 1 00 £t ffff Y4 12
DECF f,d Decrement f 1 00 ff Z 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 fff £ 1.2.3
INCF f,d Increment f 1 00 fff £fff Z 1,2
INCFSZ f.d Increment f, Skip if 0 1(2) 00 fff ffff 1,23
IORWF f,d Inclusive OR W with f 1 00 fff ffff z 1,2
MOVF f.d Move f 1 00 1000 dfff ffff Z 1,2
MOVWF f Move W to f 1 00 0000 1fff f£ff
NOP - No Operation 1 00 0000 Oxx0 00
RLF f.d Rotate Left f through Carry 1 00 1101 d £ff C 1.2
RRF f.d Rotate Right f through Carry 1 00 00 df ffff C 1,2
SUBWF f.d Subtract W from f 1 00 1 d f£ff| CDCZ 1,2
SWAPF f.d Swap nibbles in f 1 00 i ffff 1,2
XORWF f.d Exclusive OR W with f 1 00 ffff Z 1,2

A mepimioro aceMOJIepHOI0 KOMAaHJIOK, 3 KO BHM TO3HAOMHUTECh, Oyae komanma goto.
Komanna goto € xoMaHm010 G€3yMOBHOIO MEPEXOay IO KOMaHAM, LI0 Ma€ B IaM’sTi Mporpam
azpecy, BKa3zaHy B I[il KOMaH/I].

JlaBaiiTe MOAMBHMOCH, SIK KOMIUIATOP PO3MICTHB Bally IMporpamy B Iam’ATi IpOTpam.
[lepury acemOiepHy KOMaHIy, SIKY BU HalMCaid, KOMIIUIATOP PO3MICTHUB y MaM’sTi Iporpam 3a
aapecoro 0x0000. Sk BiH me 3pobuB? A BU caMi BKa3aid KOMMUIATOPY MOYaTKOBY ajpecy
JTUPEKTUBOIO «Org». Ll nupekTuBa npsMo BKa3ye KOMIUIATOPY, B SIKIM YacTHHI mam’aTi Mporpam
NOTPiOHO PO3MIIIYBATH HACTYITHI KOMAH/IH.
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Komipka mam’sati mporpam, mo wmae agpecy 0x0000 e ocobmuBoro komipkoro. Bona
Ha3uBaeThes «Bekrop mepesaBanTaxkeHHs» (Reset Vector). Komn MikpoKOHTpoJiep BHXOAWTH 13
CTaHy Iepe3aBaHTaKEHHs, TO MEPIIOI KOMaHJIO0, SIKY BiH BUKOHA€, Oy/ie KOMaH/Aa, pO3TalloBaHa
B KoMmipiri mam’sTi mporpam 3 aapecoro 0x0000.

VY HOpManbHOMY pEXHMI POOOTH SIIPO MIKPOKOHTpOJIEpa BUKOHYE KOMAHIHM IO 4ep3i.
ToOTo crmoyaTky BHKOHAEThCS KomaHzAa 3a aapecoro 0x0000, motim 0x0001, motim 0x0002 i Tak
JIOTIOKH Ha 3aKiHYMTHCS MaM’ siTh mporpaM. Mikpokontposuep PIC16F84 mae 1024 xomipku nam’sTi
mporpam, TaKUM YMHOM OCTaHHsS KoMmipka Oyme matu azapecy 0x03FF. Ilicmst miei komipku sapo
3HOBY IIOYHE BUKOHYBAaTM KOMaHIU cnouaTtky, To0To 3 azapecu 0x0000. Ane tak Oyzae nuie B
HOPMaJbHOMY PEXKHUMI.

Cepen neperniky KOMaH[ € KOMaH I, IKi MOPYIIYIOTh el mopsa. OnHiero 3 HUX 1 € KoOMaHaa
goto. Skmo y koMipii mam’ati Oyne xkomanjaa QoOt0, TO HACTYHMHOIO KOMAaHJOI0, SIKy BHUKOHA€
MIKpOKOHTpoJiep Oyae He KOMaHJa, [0 pO3TalloBaHAa B HACTYNHIM Kowmipii, a KOMaHja,
po3TalioBaHa B KOMIplli, aipeca 1Koi BKkazaHa B KomaH i goto.

3BEpHITH yBary, 1o komanaa goto mpariroe 3 GpisuaHIMH agpecaMu mam’sTi Iporpam, To0To
3 yuciaamMu. A HaM BU3HAUUTH 11 aapecu? CyTo TE€OpETUYHO, aapecy KOMIPKU mam AT, Kyau Tpeba
MEePEeUTH, MOKHA PO3paxyBaTH, 1 B KOMaHai JOI0 BKa3aTH KOHKPETHE YUCIO. AJle TaKk HE POOJIATH
HaBITh HaW3yxBauilli (haHaTu MporpaMyBaHHS Ha MoBax acemOiuepy. Piu y tomy, mo Oyab-ska
Momudikalis TporpaMHOro 3a0e3ledyeHHs, HANPHUKIAL, TOJaBaHHSA JOJATKOBOI KOMaHAM Ha
MoYaTKy poOOTH Mporpamu, MpU3BeAe A0 HEOOXIIHOCTI Mepeo0UMCIeHHS YCiX ajpec, 10 € B
porpami.

KomaHga 6e3ymoBHOro nepexoay

Adpeca Mimka Komarda Komanda
org 0x0000 [y, 7,000 bsf STATUS, RPO | bsf 0x03, 5
0x0001 moviw b'11111110" | moviw OxFE
0x0002 movwf TRISB movwf 0x86
GOTO Unconditional Branch 0x0003 bef STATUS, RPO | bef 0x03, 5
Syntax: [label] GOTO k 0x0004 | MainLoop: | bsf PORTB, RBO bsf 0x06, 0 -
Operands: 0 <k < 2047 0x0005 | Loop1: |incfsz 0xOC, f incfsz 0x0C, 1 E]
Operation: k — PC<10:0> 0x0006 goto Loop1 goto 0x005
PCLATH<4:3> — PC<12:11> 0x0005 incfsz 0x0D, f incfsz 0x0D, 1
Status Affected: None 0x0006 goto Loop1 goto 0x005
Description: GOTO is an unconditional branch. 0x0007 bef PORTB, RBO bef 0x06, 0
E;Z:(Ije:tg-lgi(t;i:}?;iiigfg:a‘:}:\eeis 0x0008 Loop2: incfsz 0x0C, f incfsz 0x0C, 1 :]
upper bits of PC are loaded from 0x0009 goto Loop2 goto 0x0008
PCLATH<4:3>. GOTO is a two- 0x000A incfsz 0x0D, f incfsz 0x0D, f
cycle instruction. 0x000B goto Loop2 goto 0x0008
0x000C goto MainLoop goto 0x0004

Jlns BupimeHHs i€l npo0ieMu B MOBaxX MPOTrpaMyBaHHS BUKOPHCTOBYIOTh MITKH. MiTka —
1le YHIKaJbHUI HaOlp CHMBOIIB, SIKHM PO3TAIIOBYEThCS HA CAMOMY IOYATKy PAIKY. XOpPOIIUM
3pa3koM MPOTpaMyBaHHS € 3aKiHUEHHS MIiTKH JBOKPAIKOIO, MO TOKAa3ye, IO 1€ caMe MiTKa, a He
BUMNAJKOBUH Habip cuMBOJNiB. Uepe3 HEOOXiIHICTH BUKOPUCTAHHS MITOK, OIEpaTtopu, TOOTO
KOMaH/H, y KOJIl MUIIYTh HE 3 MOYaTKYy psJIKa, a Ha JIeKiM BlAcTaHl — 3a3BUYail 8 CUMBOJIIB.

VY Hamiif mporpami € TpM KOMaHH, 110 MaloTh MITKU. Came Ha 111 KOMaHJ1 1 TOCHJIAIOTHCS
komanau goto. [Ipu cTBOpeHHI MporpamMu KOMMIUIATOP CaMOCTIHHO BH3HAYa€ 3a SIKUMH aJpecaMu
OyIyTh pO3TallIOBaHI MiYeHI KOMaH/H, a TIOTIM, TAKOK CaMOCTIHHO, 3aMIHIOE€ MITKH KOHKPETHUMH
azipecaMu.

VYci Hami 0e3yMOBHI Nepexoau MoKa3aHi Ha PUCYHKY CTpiIKamMH. MU Moku He Oyaemo
pO30HpaTH SIK MPAIIOOTh MEPEX0au Ha KoMaHu 3 MiTkamu Loopl ta Loop2. 3apa3 nuBUMOCS Ha
rno0anbHUN mepexis, KU BUKOHYE OCTaHHA KOoMaHAa (JotO, IO MOCHIIAEThCS Ha KOMAaHAOKO 3
miTkoro MainLoop. Le rnobanpHuii HECKIHYEHHHI [IMKIT HAIIOT TPOTPaMH.
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Tenep mu O6aunmo, 1110 y HaIIIK Mporpami 3adistHi Jumie 12 KoMipok rmam’sITi mporpam, i o
3aBSKH HASBHOCTI OCTAaHHBOTO OE3yMOBHOTO MEPEXOJy KOMaHJH, IO PO3TAIIOBaHI B KOMIpKax 3
anpecamu Oinbiumu 3a 0x000C, HIKOIM BUKOHYBATHCS Ha OyIyTh.

bsf
movlw
movwi
bef

1.

incfsz
goto
incfsz
goto

w

pericr

bet

incfsz 0x0C, f
goto

» 5.
;2::51 ';:5:-:‘,‘:: f ‘ 6'

goto

ANropnTm nporpamHoro 3abesneyeHHn

Nepesectn KaHan RBO B pexxum
BUBEAEHHA

CdopmyBatn Ha BmuBoai RBO curHan
3 piBHeMm noriyHoi oanHuui (+5 B)
3a4yekatn 0,2...0,5 ¢

CdopmyBaTn Ha BmBoai RBO curHan
3 piBHem noriyHoro Hyna (0 B)

3ayekat™ 0,2...0,5 ¢
MepeiiTn 4o NnyHKTY 2

Omxe Mmu posibpamucs sk mnpamroe Ilynkr 6 Hamoro amroputmy. Temep maBaiite
MOJMBUMOCH SIK pealli3oBaHi NyHKTH 2 Ta 4. SIK BM BXKE HAlEeBHO 3/0Tafajucs, BOHHU

Peali30BYIOTHCS MalKe 1IEHTUYHO.

KomaHgu ana pobotu 3 6itamum B perictpax
onepaTtUBHOI Nam’ATi

BCF Bit Clear f
Syntax: [labe BCF  fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit'b' in register 'f' is cleared.
BSF Bit Set f
Syntax: [fabell BSF fb
Operands: 0<f<127
0<bs<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit 'b' in register ' is set.

Adpeca Mimka Komarda Komarda
0x0000 bsf STATUS, RPO | bsf0x03, 5
0x0001 moviw b'11111110" | moviw OxFE
0x0002 movwf TRISB movwf 0x86
0x0003 bef STATUS, RPO | bef 0x03, 5
0x0004 | MainLoop: | bsf PORTB, RBO bsf 0x06, 0
0x0005 Loop1: incfsz 0x0C, f incfsz 0x0C, 1
0x0006 goto Loop1 goto 0x005
0x0005 incfsz 0x0D, f incfsz 0x0D, 1
0x0006 goto Loop1 goto 0x005
0x0007 bef PORTB, RBO bef 0x06, 0
0x0008 Loop2: incfsz 0x0C, f incfsz 0x0C, 1
0x0009 goto Loop2 goto 0x0008
0x000A incfsz 0x0D, f incfsz 0x0D, f
0x0008B goto Loop2 goto 0x0008
0x000C goto MainLoop goto 0x0004

3MIHUTH TEeBHUH OIT B NMEBHOMY pEricTpi OnepaTHMBHOI MaM’sATI MOXKHa 3a JOMOMOTOIO
komans bef ta bsf. Komanma bef Becranosimoe 6iT y 3Hauenus «0», komanga bsf — y 3nauenns «1».
[Ipu BUKOpHCTaHHI TUX KOMaH] MOTPiOHO BKa3aTu ajipecy KOMIPKHU ONEpaTUBHOI am ATi, sika Oyjae
MoaudikoBaHa, Ta HoMep Oita — Bix 0 10 7.

AJie 3BepHITH yBary, Ii0 B HAalIOMY KOJli MM HE BKa3y€EMO pealbHy aJpecy, i He BKa3yeMO
peasibHUN HOMep OiTa, XOo4ya TaK TaKOXX MOKHa POOUTH. 3aMiCTh LIbOIO MU BKa3yeMO iX Ha3BU:
Ha3By perictpa creuiaibHoro npusHaueHHs (PORTB) ta Ha3By OiTy HOro HyjiIbOBOrO KaHaly
(RBO). Ane sik kommiisitop po3ymie, mo Take PORTB Ta RB0?
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B == FIGURE 2-2: REGISTER FILE MAP -
KapTa onepaTusHoi PIC16F84A
nam’aTi PIC16F84 File Address File Address

00h Indirect addr. (" | Indirect addr.(" 80h

01h TMRO OPTION_REG 81h
\ 02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h = = 87h

08h EEDATA EECON1 88h
09h EEADR eecon2™ 89h

3aronoBkoBwuit 0Ah PCLATH PCLATH 8Ah
¢,a wn pic16f84a.inc 0Bh INTCON INTCON 8Bh
och 8Ch
= ] 68
#include <p16F84A.inc> General Mapped

Purpose (accesses)
Registers in Bank 0
(SRAM)

A 1110 1H(pOpMAIIIFO KOMITUISITOP OTPUMYE 3 3ar0JIOBKOBOTO (haiiny «picl6f84a.incy, skuit mu
MIAKITIOYWIN Y TIEPIIOMY PSIKY HAIIOT MPOrpamMu 3a JIOIOMOTO0 TUPEKTUBHU «#include». Y mpomy
Gaiini 3HAXOMATHCS HAWOLIBII MOIIMPEHI KOHCTAHTH, 30KpeMa 1 Ha3BU PETICTPIB CIELiaTbHOTO
MPU3HAYCHHA 3 BKa3aHHsIM iX (i3nuHux agpec. i Ha3BU y3romkeHi 3 TEXHIYHOIO JIOKYMEHTAIIIEI0,
[0 JTO3BOJISIE HAM KpAIlle PO3YMITH, 0 MU podumo. Komu KoMIiIsTOp 3ycTpidae 3aMicTh YUCIIA
SKyCh Ha3By, TO BiH meperysgae ¢aitn picl6f84a.inc, i migcraBise 3aMicTh HEl YHCIIO, IO T
Bignosigae. HasBHICTh MOAIOHMX (aiiIiB HE TUTBKH MPUCKOPIOE HAMCAHHS KOy, a IIe W CIIpoILye
MIrpanilo  Koay MiX pPI3HUMH MOJEISIMH  MIKpOKOHTpoinepiB. Hampukinan, B oxHOMY
MikpokoHTposepi perictp PORTB mae aapecy 0x06, a B inmomy — 0x07. Y 1mpoMy BHUNAIKY
JOCTaTHHO 3aMIHUTH 3arOJIOBKOBHH (aill «XXX.INC» Ta MEPEeKOMITLIIOBATH POEKT, i Terep Baria
nporpama Oyze MpaloBaTy Ha IHIIIH anapaTHii OCHOBI.

pirieny ass’ ANropuTM NporpamHoro 3abesneyeHHs

ber  smaus, R 1. MepeBectn KaHan RBO B pexxum
wcamu 1 y Gis BUBEAEHHA

+2. Coopmysatu Ha BuBogi RBO curHan
e 3 piBHem noriyHoi oguHuui (+5 B)
3. 3ayekat™ 0,2...0,5c¢

bet " pors, & + 4. Cdopmysatu Ha Busoai RBO curHan
e 3 piBHem noriyHoro HynA (0 B)

inctez 0x0, 5. 3ayeka™ 0,2..0,5¢

5. tepern ey +6. MepeitiTn go nyHKTy 2

incfsz 0x0C, f

incfsz 0x0C, f
goto

OTKe MU PO3ibpanucs 3 MOTOBHHOIO MYHKTIB HAIIOT0 anropuT™y. Maemo nanmi.

JlaBaiiTe Temep MOJMBUMOCH SIK MM HanamrtoByemMo kaHanm RBO g poGotu B pexumi
BuBeneHHA. [ 1boro Ham moTpiOHO BeraHoBuTH OiT 0 (BiH HasuBaeThess TRISBO) B perictpi
TRISB y 3nauennst «0». J{i1st {bOro MO>KHA CKOPUCTATHCS BKe BijioMoro HaMm KoMaHoro bef. [pore
Kpailie 1e 3p00UTH 1HIIKUM CII0COO0M.

Piu y Tomy, 110 Ha erani HajdamTyBaHHs NepuepiiHuX MOAYINIB MIKPOKOHTpOJepa, Kpalie
HaJIAlITOBYBATU BeCch nepudepiiiHuii Moaynp, HXK Horo yactTuHy. ToMy MM y LI 4acTHHI KOAY
HAJIAIITOBYEMO 0jipa3y yci kaHainu nopty TRISB. HynboBuii kanan Mu HanamroByemo it poOoTu
B PEKMMI BUBEJIEHHS, a YC1 1HIII — B PEKUM BBEICHHS.

Ile poOuThCcs 3a JOMOMOIOK JBOX aceMOyiepHUX Komana: moviw ta movwf. Ilepmia
koman1a (MovIw) 3aBaHTakye YUCIIOBY KOHCTAHTY Y CIICI[ialIbHUN PETICTP SIIPa, SIKHii HA3UBAETHCS

67



aKyMyJISTOPOM (QHAJOT HAIIIBUAKOI KelI-MamM’sTi B Cy4acHHX Ipolecopax). A apyra KOMiloe
iH(pOopMaIrito 3 akyMyJIaTopa B KOMIPKY OTIEepaTUBHOI mam’sITi, aipeca sSKOi BKa3aHa B KOMaH/I].

VY namomy npoekti MU 3anucyemo B perictp TRISB 3nauenns b'11111110' — ne ymcno
3arucane y ABiiikoBoMy (Gopmari, po Mo CBiquuTh npedikc «b» Ha MoYaTKy 3amucy (CKOPOYECHHS
Bix «binary»). JIBiiikoBuii opmar 103BOJISIE HAM HAOYHO MOOAYUTH CTaH KOXKHOTO OITy, IO JyKe
3pYy4HO MpHu poOOTI 3 pericTpamu, o € 6iToBUMH Manamu (OiToBa Mara — 4ucyo, JIe KOXKEH po3psi
Ma€ YyHIKanbHE mpu3HadeHHs). Temep Mu Jo0pe OaumMmo, IO HYJIbOBUH KaHanm nopty B
HAJIAIITOBYETHCS B PEXKUM BUBEICHHS, a yCl 1HII — B PEKUM BBEJICHHS.

HanawTyBaHHA pericTpy TRISB

MOVLW Move Literal to W Adpeca Mimxa Komanda Komanda
Syniax Tlabel] MOVIW & 0x0000 bsf STA'TUS, RPO‘ bsf 0x03, 5
Operands: 0<k< 255 0x0001 moviw b'11111110° | moviw OxFE
gro 0x0002 movwf TRISB movwf 0x86
Operation: k— (W)
StEhis Aflected:. ‘Noie 0x0003 bef STATUS, RPO | bef 0x03, 5
Description: The eight-bit literal 'K is loaded 0x0004 | MainLoop: | bsfPORTS, RBO _ | bsf0x06, 0
into W register. The don't cares 0x0005 Loop1: incfsz 0x0C, f incfsz 0x0C, 1
will assemble as 0's. 0x0006 goto Loop1 goto 0x005
0x0005 incfsz 0x0D, f incfsz 0x0D, 1
MOVWF Move W to f 0x0006 goto Loop1 goto 0x005
Syntax: [/abel] MOVWF f 0x0007 bef PORTB, RBO bef 0x06, 0
Operands: 0<f<127 0x0008 Loop2: | incfsz 0x0C, f incfsz 0x0C, 1
Operation: W)= () 0x0009 goto Loop2 goto 0x0008
Status Affected:  None 0x000A incfsz 0x0D, f incfsz 0x0D, f
Description: Move data from W register to 0x0008 ofo Loop2 oto 0x0008
register 'f. g P g
0x000C goto MainLoop goto 0x0004

Ane mepen UMH KoMaHAaMu € ofHa HezposyMina komanaa «bsf STATUS, RPO». Mu Bxe
3HAEMO, 110 KOMaHja bSf mpusHaveHa Ui BCTAHOBJICHHS OITY y KOMIpIll ONEpaTHBHOI maM’sTi y
3HaueHHs «1». ToO6To mepen ThM sk 3anucatu 3HayeHHs y perictp TRISB nHam womyck 3akoprinio
BcraHoBUTH OIT RPO y perictpi STATUS y 3Hauenns «1». HaBimo?

Tyt € onHa ocobnuBicTh MikpokoHTposepiB PIC cepennboro (i He TIIBKM) CiMEHCTBa, /10
SIKOTO BiTHOCHUTHCS 1 MikpokoHTpoJep PIC16F84. dopmat 30epiraHHs KOMaH] y 1aM’STi TIporpam
LIUX MIKPOKOHTPOJIEPIB JJ03BOJISIE€ 3amucaTy juuie 7 OiTiB ajpecu onepaTuBHOI mam’sti. s Toro
o0 He 0OMeXyBaTH MAaKCUMaJbHO MOXJIMBMM 00car omepatuBHoi mam’sti 128 Oaiframu,
PO3pOOHUKY MIILIM HACTYNMHUM HuIsAxoM. [Ipu 3BepHeHHI 10 onepaTuBHOI maM’ ATl (i3uyHa ajapeca
KOMIPKH YTBOPIOETHCS HACTYIHUM IIISXOM: MOJOAII 7 O1TiB OepyThCsl 3 KOAY KOMaHIM, a CTapiil
— 3 perictpy STATUS.

B mikpokonTponepi PIC16F84 crapmmii BochMumii OiT agpecy onepaTuBHOI maM’sITi — 1e 01T
RPO y perictpi STATUS. Takum uyuHOM, 00 NPOYMTATH UM 3alUCaTH IOCh Y KOMIPKY
omnepatuBHOi mam’sTi, mo Mae aapecy 0x00 — O0x7F, morpi6Ho crouarky BcrtaHoButu 0iT RPO
piBauM 0, a mpu 3BepHeHi 1o perictpiB 3 aapecamu 0x80 — OxFF — piBaum 1. Ilicas
nepe3aBaHTakeHHs MiKkpokoHTpojepa 0iT RPO y perictpi STATUS anapatHo BCTaHOBIIOETHCA Y
3Ha4eHHs «0», a KOMIpKH CHeliaJbHOTO MPU3HAYECHHS B OMEPaTUBHIN MaM’sTi MIKpOKOHTpoJjepa
po3TalloBaHi TaKMM YHHOM, IO KOMIPKM, /O SIKHX 4YacTillleé 3a BCE 3BEPTAETHCS IMPOrpamMHe
3abe3neueHHs, MatoTh aapecu 0x00 — 0x7F. Yce ue 3po6iieHo A1 TOro, 10 3MEHIIUTH KiTbKICTh
nepemukanb 01Ty RPO. Kpim Toro, cami BaxkiuBi perictpu cneuiaabHoro npusHauenus (STATUS,
PCL, FSR Tomo) maroTe ABiI agpec, IO BIAPI3HIIOTHCS CTAPIIMM BOCBMUM OiTOM, HaNpUKIA,
perictp STATUS mae agpecu: 0x03 (b’00000011”) ta 0x83 (b’10000011°). Tob6TO cami BUPOOHHUKH
100pe po3yMiloTh, 110 Taka cucTeMa (popMyBaHHS aJpecH € HEJOCKOHAJIO, OJJHAK HANeBHO, KOJIU
PO3po0IIIOBaBCS MIKPOKOHTPOJIEP 1HIIOTO BUXO/ly B HUX HE OyJ0.
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REGISTER 2-1:

STATUS REGISTER (ADDRESS 03h, 83h)

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 | RPO TO [ PD Z DC C
bit 7 bit 0
bit 7-6 Unimplemented: Maintain as ‘0’
bit 5 RPO: Register Bank Select bits (used for direct addressing)
01 = Bank 1 (80h - FFh)
00= X
4 = Sank0 (bon=7rh) FIGURE 2-2: REGISTER FILE MAP -
1= Aﬁer power-up, CLRWDT instruction, or ¢
0= AWDT time-out occurred File Address File Address
00h | Indirect addr.(") | Indirect addr.(" | 80h
bit RPO y perictpi STATUS BcTaHOB/0OE 01h TMRO OPTION_REG | 81h
aKTUBHY CTOpPiHKY onepaTtuBHoi nam’aTi. LLlo6 = e PeL a
3BepTaTUCA [10 PETiCTPIB, L0 MaloTb agpecy 0dh SIATLS SIAIVS oan
; i 04h FSR FSR 84h
0x00 — 0x7F, notpi6Ho, wob ueii 6it 6ys
o : 05h PORTA TRISA 85h
BcTaHoBNeHUiA B 0, a npu 3BepHEHi 4o
06h PORTB TRISB 86h

pericTpis 3 agpecamu 0x80 — OxFF — piBHum 1

Omxe mepen THUM K 3amucatv 3HaueHHs y perictp TRISB, mo mae amgpecy 0x86, mu
cioyatky BcraHoBiIroemo 0iT RPO y perictpi STATUS piBauM «1», moTiM 3amucyeMo noTpiOHE
3HaueHHs y perictp TRISB, a motim oapasy noBepraemo 6it RPO y perictpi STATUS y nouatkose
3Ha4eHHs «0», 00 YHMKHYTH IOAAJbIIO IUTyTAaHWHHU. SIKIIO IIbOTO HE 3pOOWTH, TO 3aMicTh
perictpy TRISB, mo mae ampecy 0x86 (b’10000110”) indopmariist 3anuiierscst y perictp PORTB,

o mae aapecy 0x06 (b’00000110).

HanawTtyBaHHA pericTpy TRISB

* BctaHosuTu 6iT RPO y pericTpi
STATUS y 3HayeHHA 1

* 3anucaTtu B akyMynaTop
KOHCTaHTy b'11111110°

* CkonitoBaTtu 3micT
akymynatopa 8 perictp TRISB

* [losepHyTn 6iT RPO y pericTpi
STATUS y noyaTKkoBe 3Ha4YeHHA

Lle € ocobnusicTio MikpokoHTposepis PIC.

Adpeca Mimka KomaHda Komanoa
0x0000 bsf STATUS, RPO | bsf 0x03, 5
0x0001 moviw b'11111110" | moviw OxFE
0x0002 movwf TRISB movwf 0x86
0x0003 bef STATUS, RPO | bef 0x03, 5
0x0004 | MainLoop: | bsf PORTB, RBO bsf 0x06, 0
0x0005 Loop1: incfsz 0x0C, f incfsz 0x0C, 1
0x0006 goto Loop1 goto 0x005
0x0005 incfsz 0x0D, f incfsz 0x0D, 1
0x0006 goto Loop1 goto 0x005
0x0007 bef PORTB, RBO bef 0x06, 0
0x0008 Loop2: incfsz 0x0C, f incfsz 0x0C, 1
0x0009 goto Loop2 goto 0x0008
0x000A incfsz 0x0D, f incfsz 0x0D, f
0x0008 goto Loop2 goto 0x0008
0x000C goto MainLoop goto 0x0004

[i moTpi6HO TpOCTO 3HATH i BpaxoByBaTH IIpH

HamMcaHH1 MPOrpaMHOTo Koy, 00 1HaKIIe Hallla mporpama npauoBaTi npocto He Oyzae. Tenep mu
po3iOpanucs e 3 OJHUM IMYHKTOM HAIIOr0 aJrOPUTMY 1 3IMLIMIIOCSA TIIBKU 3pO3YMITH SIK HaM
pobutu 3arpumky. Halinpocrtimum cnocoboM (opMmyBaHHS 3aTpUMKHM Yy 4Yaci € 3aBaHTaXEHHS
MIKPOKOHTpOJIEpa MOPOKHBOI0 POOOTO0. Y TaHOMY BHUIAJIKY MU MOKEMO BUKOPUCTOBYBATU OJHY
3 IBOX IliKaBUX koMaHI: INCfsz abo decfsz. ¥ mammomy mpoekTi Oysa BUKOpUCTaHa KoMaHa incfsz.

JlaBaiiTe mOAMBUMOCH, SIK 1I€ TIPALIOE.
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ANropuT™M nporpamHoro 3abesneyeHHs

+ 1. MNepesectn KaHan RBO B pexxum
BUBEAEHHA

+2. Coopmysatu Ha BuBoai RBO curHan
o A 3 piBHem noriyHoi oguHuu,i (+5 B)

i 3. 3avekat 0,2..0,5c

+4. Coopmysatu Ha BuBoai RBO curHan
3 piBHem noriyHoro Hyna (0 B)

5. 3ayekat™ 0,2...0,5c¢
< 6. Mepeiitn Ao nyHKTy 2

incfsz 0x0C, f

incfsz
goto
incfsz
goto

goto

Cnovyatky My 30UIbLIYEMO Ha OJUHUINO KOMipKy mam’ari 3 azapecoro 0x0C. Lle wiero
aJIpecor0 3HaXOJIUTHCS KOMIpKa 3arajJbHOr0 MPU3HAYEHHS 1 B HI MU MO)keMo 30epiratu Oyab-iKy
NOBUIbHY 1H(opMarito. Jlami sapo MIKpOKOHTpoJepa MepeBipse pe3yiabTaT I[bOTO 30UIBIICHHS.
SIkmo y pe3ynbpTari 30UIBIICHHS YHCI0 B KOMIpI Biapi3HAeThC Bif 0, TO BUKOHYETHCSI HACTYITHA
KoMaHza. SIKio Hi, 3aMICTh HACTYIHOI KOMaHAM BUKOHYEThCS KOMaHJa nop (Hemae omeparii),
TOOTO HACTymHAa KOMaHJa (GaKTHYHO MpPOIyCKaeTbes. HacrymHoro komanmoro micis incfsz e
KOMaH1a 6€3yMOBHOI0O Mepexo1y goto, sika MOCHUITAEThCS Ha Ty K camy Komanay incfsz. To6To mu,
(aKTUYHO 3AIMKIIOEMOCS Y Il YacTHHI KOIy JOTMOKH B PEe3yJbTaTi 30UIBIICHHS HA OJWHUIIIO
gucio B perictpi 0x0C He cTaHe pIBHUM HYIIIO.

[Ticns uporo Mu poOMMO aHAJOTIYHI MaHIMYIALI] aje BXKe 3 iHIIOK KOMIPKOI, HI0 Mae
aapecy 0x0D. Ii Ma Tak camo Oynemo 30i7bIIyBaTH i Ha OJMHUIIIO JOMOKU B pPe3yabTaTi
30UIBIICHHS BOHA HE CTaHE PIBHOIO HYNIO. TiIBKM MICHS IBOTO MU MEPEeHAeMO A0 HACTYIHHX
KOMaHJ| Halloro ajiroputMy. Yci mi 30UIbIIeHHs Ta MepeXxou MOoTpeOyroTh MEBHOTO 4acy, IO 1
(dbopMye HaM HEOOX1/IHY 3aTPUMKY.

dopmyBaHHSA 3aTPUMKM

1. 36iNbLINTM HA OAMHULIO KOMIPKY Nam’sTi 3 Adpeca | Mimra Komanda Komanoa
agpecoto 0x0C 0x0000 bsf STATUS, RPO | bsf 0x03, 5
2. AKLLO y pe3ynbTaTi 36iNblIeHHA YUCIO B 0x0001 moviv b'11111110' | moviw OxFE
Komipui 0xOC BigpisHsaeTbea Big 0, To 0x0002 movw TRISB movv/ 0x86
BUHBHHTA SEETy iy ROmE R L R | e
HMGCAO AOpIBHIOE 0' TC.) HaCTy.l.-lHa KoMaHAa 0x0005 Loop1: incfsz 0x0C, f incfsz 0x0C, 1
He BUKOHYETbCA (3amicTb Hel BMKOHYETbCA ST0006 o e G
KOmaH/Aa nop — Hemae OnepaLl,ll) 0x0005 incfsz 0x0D, f incfsz 0x0D, 1
3. 36inbWKUTU Ha OQUHULLIO KOMIPKY Nam’saTi 3 0x0006 goto Loop? goto 0x005
agpecoto 0xOD 0x0007 bcf PORTB, RBO | bef 0x06, 0
4. ﬂK I.U‘O y pesyanaTi 36il’|bLUEHHR 4YUC/O B 0x0008 Loop2: incfsz 0x0C, f incfsz 0x0C, 1
KomipLji 0xOD BigpisHsaeTbes Big 0, TO 0x0009 golo Loop2 golo 0x0008
BMKOHATM HaCTyMHY KOMaHAay (goto ), AKLLO 0x000A incfsz 0x0D, f incfsz 0x0D, f
a 0x0008 goto Loop2 goto 0x0008
yncno gopiBHe 0, TO HAaCTyNHa KOMaHaa e o M OARO006

He BUKOHYETbCA (3amicTb Hel BUKOHYETbCA
KOMaH/a nop — Hemae onepatiii)

Heﬁ AJITOPUTM € I_IiJ'IKOM npane3gaTHiuM, IpoTe y MCHC, OCO6I/ICTO, BHUHHUKAE OAHEC IMHUTAHHA:
SAKHM YWMHOM PE3YJIbTaT 301IbIIEHHS Ha OJHWHMUIIIO AOAATHOT'O YK CJIa MOXKE CTaTH plBHI/IM Hy.J'IIO?
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Popmpaasia2aaypMKU

1. 36inbWKNTN HA OAUHULIO KO

Mimka Komanda Komanda

agpecoto 0x0C bsf STATUS, RPO | bsf 0x03, 5
2. fKwo y pesyabtati 36inbLue moviw b'11111110° | moviw OXFE
movwf TRISB movwf 0x86

Komipui OxOC BigpisHAeTbCY
BUKOHATWU HACTYMNHY KOMaH
yucno gopisHioe 0, To HacT

bef STATUS, RPO | bef 0x03, 5
MainLoop: | bsf PORTB, RBO bsf 0x06, 0

£ Loop1: | incfsz 0x0C, f incfsz 0x0C, 1
He BUKOHYETbCA (3aMICTb H
goto Loop1 goto 0x005
KOMaH4da Nop — HeMaE€E orne cizaon L incfsz Ox0D, 1

3. 36inb goto 0x005

anpecd FIKMM YMHOM pe3ynbTaT 36iNbIWEHHA | Toooss
incfsz 0x0C, 1

4. fkwoy  nOAATHOrO YMC/A HA OAUHULLIO MOXKE | oo oo

g(l:'rcl);:l . ., l ' incfsz 0x0D, f
6yTu piBHMM Hyno?!! 9010 0:0008
AUEN9 T ¥ FoSEwemRwepmm | golo 0x0004

He BMKOHYETbCA (3amicTb Hel BUKOHYETbCA
KOMaHAZa nop — Hemae onepaldlji)

JlackaBo mpOCHMO Yy CBIT IIpOrpaMyBaHHs, JIe HE 3aBXIU IPAIIOI0Th 3aKOHU MaTeMaTHKH.
Kowmipka onepaTuBHOI am’sATi € 8-po3psaHoro. KoxkeH po3psia Moke MpHiiMaTH JIMIIE 2 3HAYESHHS:
0 a6o 1. Lle o3Hayae, 1110 KOMIpKa y HIIOMY MOKE MaTH JIMIIE 28 = 256 KoMGiHariii 3HAYEHD, SKi y
HAaHUTIPOCTIIIIOMY BHUNAJAKY IHTEPIPETYIOThCS K AonaTHi umcna Bix 0 mo 255. Takum 4guHOM,
MaKCUMaJIbHE JI0JIaTHE YUCIIO0, IKe MOJKe 30epiratucs y 1ii Komipii nam’sTi gopiBHIoe 255. 1 saxiio
3a JJONOMOT0K0 KOMaH 1 INCFSZ 301MbIIMTH HAa OJAMHUIO YKCIIO 255 TO BiIOYAEThCS MEPEHOBHEHHS
KOMIpKH, 1 yMcio B Hii crane piBHUM 0. Tak camo, sKIIO cripoOyBaTH 3MEHLIMTH HAa OJUHMIIIO
KOMIpPKY, 10 MIiCTUTh 4rciio 0, TO 3aMicTh BiJ’eéMHOTrO uncia —1 y 1iii koMipiii Oyzae 30epexeHo
JoJaTHe uucio 255.

VY il wacTuHI JeKWii s 3aBKIM MPOUIY CTYACHTIB 3 TEIUIOTOI0 3araJaTH YCiX Ballux
BUMTEJIB MaTeMaTHKHU. AJie y CBITI IporpaMmyBaHHs apU(pMETUUHI Oomepallii iHKOJIM BUKOHYIOTbCS
IO 1HILIUM IPaBUJIAM.

JlackaBO NPOCKMMO Y CBIT NporpamyBaHHA!
255+1=0
0-1=255

8-pospsagHa Komipka nam’aTi
MoKe 36epiratu nuwe 22 = 256
pisHMX sHa4eHb (0...255)

I Ha wid ONMTUMICTMYHIA HOTI MH 1 3aBEpIIYEMO HaIly JEKIio. Mu Maixke MOBHICTIO
po3iOpanu yBech KOJ Hamoi mepmoi mporpaMu. A TNUTaHHA, SKI 3IMIIMINCS 11032 MeXaMu
CBOTOIHINIHBOT JIEKIli, MU OOOB’A3KOBO pO3IJIITHEMO HAWOIMKYMM dYacoMm, KOJIU Oyaemo
BUpIIIYBAaTH HACTYIIHI MPAaKTU4HI 3aja4yi. A Ha cbOroHi Bce. JlsaKyro 3a yBary!
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Hignporpamu Ta 3aTpUMKH

ChOroaHi MU MPOJIOBKYEMO BUBYATH AUCHUILTIHY «lIporpamyBaHHsS MIKpPOKOHTPOJEPIB Ta
MPUCTPOIB IHTEPHET pedeii». Ha miif aexii Mu Ai3HaeMocs, 1110 TaKke MiANPOrpaMH i 3aTPUMKH Ta SIK
X BUKOPHUCTOBYBATH.

Ha munyniii nexuii Mu Ji3Hanucs, sIK HalucaTH CBOIO Teplry nporpamy «Bitato, cBite!», Ha
MPUHIIMIT SKOi, MOYKHa MPOTPaMyBaTH BEJIOCHUIICIHI JIXTapUKH, CBITIOPOpHU, IO OIMMAIOThH
OJTHIEIO JIAMIIOYKOI0, TOWIO. TakoX BUKOHAIM poOOTYy «ABTOMAT CBITJIOBUX €(EeKTiB» — Iie
SUTMHKOBI T1PJISTHIU, CBITIO-MY3HKaIbHI YCTAHOBKH, TOIIO.

Hawwi ycnixu

Bitato, Cgite! ABTOMaT CBiTN10BUX eDEKTIB

CporogHi MH Ji3Ha€EMOCS, SIK BUKOHATH MPakTUYHY poboTy «CBiTiodop» — mporpamy Ais
KepyBaHHS JIOPOXKHIM pyXOM. 3aBJaHHS: 3alporpaMmyBaTd CBITIO(Op Tak, MO0 BiH BiATBOPIOBaB
pealibHi CBITJIOBI curHanu. st po3yMiHHS poOOTH pPEKOMEHAYETHCS MOCHIOCTEPIraTé 3a pealbHUM
cBiTII0(hOpOM ab0 MPOYHUTATH TIPABHIIA JIOPOKHBOTO PYXY.

Jns movatky poOOTH, MOAMBHMOCH Ha TMPHHIMIIOBY CXEMY, Ha SIKiH 300pake€HO IIiCTh
KaHAJIB TiJCHIIOBAYIB: JBI YEPBOHI JIaMIH, J[BI KOBTIi, JBI 3¢JieHi. JIaMIIOYKU MpaIioOTh BiJl
230 B, tomy migkirodaTH iX HampsMy /0 MIKPOKOHTposiepa He MoxHa. J[iIs KepyBaHHS
BUKOPHUCTOBYIOTHCSL MIJICHJIIOBadi Ha TIOJBOBUX TPAaH3UCTOPAxX, SKi JIO3BOJIIIOTH KEpyBaTH
MOTYXHUM HaBaHTAXCHHIM MaJIOTIOTY>KHUMU CHUTHATAMH.

ni,EI,K}'I FOYEHHA NMNOTYXKHOINO HaBaHTaXXEHHA

Akmuerull pisexs “1" (minbku Push-Pull) AkmusHull piseHb "0" (Push-Pull abo Open Drain)
T#‘Z B 0+12B

MoTyxHe MotyxHe
HABAHTAXEHHA HasakTaxeHKA
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Jns mouaTky poOOTHM AaBaidiTe yBIMKHEMO Xoda 0 omHy jammouky. Ilo6 me 3pobutu
HeOoOXI1IHO IOJaTh Ha BIAIIOBIIHWNA KaHAJI BBEICHHSI-BUBEICHHS CUTHAJ JIOTIYHOI OXMHMUIN. SIKIO
Ha KaHaJl BCTAHOBJICHWH HYJb, JJAMIIOYKA HE CBITUTHCA. SIKMI came KaHaln Kepye KOHKPETHOIO
JAMIOYKOI0, HEOOXITHO BU3HAYUTH EKCIIEPUMEHTaJbHO. Y KOXXHOTO BapiaHTa JabopaTopHOi
poOOTH CBOsI cXeMa, TOMY OJIMH 1 TOW caMHMi KaHaJI y PI3HUX BapiaHTaX MOXE KepyBaTd Pi3HUMHU
JamMIiamMu abo B3arajii He OyTH MiIKIIOYCHHUM.

CxeMu MiAKIIOYEHHST HE HAJIAI0ThCS, TOMY BU3HAYCHHS KaHAJIIB BUKOHYETHCS EMITIPHYHUM
MeroaoM. [loTpiOHO MOCHIAOBHO TMOJaBAaTH CHUTHAJ JIOTIYHOI OAWHMII Ha PI3HI KaHaIM Ta
CIIOCTEpIraTH, sIKa JIAMITOYKA 3aCBITUTHCSI.

O1xe, anropuT™ poOOTH Oy/Ie TaKWM:

1. BuzHauuTH, SKi MOPTH Ta KaHAIH ITiJKIF0UYEH] 10 KOKHOT JIAMITOYKH,

2. HanamryBatu 3Haii/IeH1 HIOPTH B PEKUM BUBEICHHS;

3. ®opMyBaTH CUTHAIM HYJIS T4 OJMHHMIIL 3T1THO 3 aTOPUTMOM, SIKUW OMUCAHUNA Y METOTUIHHIX
Marepianax;

4. lomati 4YacoBi 3aTPUMKH MDK NEpPEeMHUKAaHHSIMH, 1100 CBITJIIOBI CHTHAJIM BiINOBIJaN
peanbHiii poOoTi cBiTIO(OpA.

[pakTnyHa poboTta «CeiTnopop»

* Ulo6 3acBiTUTM namny noTpibHO chopmyBaTU Ha BUXOAj NOPTY CUTHAAN 3
piBHEM NOriYHOT O4UHULL

* fAKa namna o AKOro NopTy NigKAto4eHa NoTpibHO BU3HAUUTH
eKcnepumeHTasibHO

ANroputm nporpamm
1.  HanawTtyBaTu HeobXxigHi nopTn AnA poboTH B peXKUMi BUBEAEHHS

2. CdopmyBaTtv aNiroOpUTM NEPEeMUKAHHA 1AM BiANOBIAHO TEXHIYHOMY
3aBAaHHIO

3. Mix nepemMMKaHHAMKM namn chopmMyBaTU HEObXiAHI YacoBi 3aTPUMKM

3 TO4YKM 30py Nporpamicra, nporpamysaHHA cBiThodpopa 6arato B Homy
Haragye aBTOMarT CBiTN0BUX epeKTiB

VY nonepenHiil npakTU4YHINA poOOTI B METOJUYHHUX pEKOMEHAALISIX OyB HaBeIEHUN MPUKIIAJ
KOAy, KM moTpiOHO Oys0 peanizyBaTH. Y BCiX BapiaHTaxX KoJ Mailke OJJHAKOBHH, BIAPI3HAETbCA
JUIIe KOMaHJaMu «movlwy, ne 3amicTh CBITJIIOBOTO e(eKTy MOTpiOHO Oysio BCTaBUTH BIACHHM
BapianT. HeoOximHo Oyno peanizyBaTh OJIMH CBITJIOBHH €(EKT, IO CKIAJAEThCA 3 BOCBMH (a3,
TOOTO BOCbMH KOMOIHAI[I!l CUTHAIIIB, SIKI BUBOJIATHCS Ha MOPT B.

ITicnst KOXKHOT 3MIHM CUTHANIB Ha MOpTy B BukoHyeThes 3arpumMka. [Ipu TakToBiil yacToTi 4
MI'11 i TpuBamicte craHoBuTh npubmu3no Big 0,15 mo 0,3 cexkynmu. 3atpumka (opMmyeThCs
IIJITXOM BUKOHAHHS BEJIMKOI KIJIBKOCTI MPOCTUX Omeparliii: 301JIbIIeHHs] BMICTY KOMIpKU Mam’ATi,
MOBTOPEHHS LIHOTO UKy 256 pa3iB, a MOTIM MOBTOPEHHS BChOro OJIOKY 11e 256 pa3iB. 3aranom 1e
6mu3pko 64 000 MOBTOPIB IUTIOC Yac, BATPAUYEHUI Ha IepeXoan MK KOMaHJaMH.

CryneHnru, siki nicanu nporpamy Ha 90 GaiiB, 1e Takux OJIOKIB 3HAYHO Oinblile, BiJ3HAYaIIN
CKJIaJHICTh y X KOIilOBaHHI Ta KopuryBaHHi. [Ipu Benukiil KidbKOCTi €(eKTiB, L€ CTae Iyxe
HE3pYYHUM. BujineHi IUISHKH KOIy € Maike OJHAKOBHMH, 3a BHHITKOM TOTO, IO BOHHU
MOCUJIAIOTHCS Ha Pi3H1 MITKH, SKI HOTPiOHO 3MiHIOBAaTH BPYYHY.
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CsiThoBUM edeKT « BOrHUK, Lo BiXKUTbY

arg 0x000 Loop2: ; =SaTpMMra (naysa) ; Qasa 5 Loop?: ; =aTpmmka (mays=a)
- incfsz movlw b'00010000" incfsz O0Ox0C
i HaJlalTyBa B goto ke
bst STA RPO incfsz incfsz
movlw b'0 0000" goto ; BaTpMMKa (naysa) goto
movwE TR incfsz 0x0C
bef STATUS, RPO ¢asa 3 goto L ; dasa §
moeviw »H'00000100" incfsz 0 movlw
MainLoop: - goto Loop5
; Gasa 1 ) —
moviw b' 00000001 " 7 saTrpumka (naysa) ; @asa b 7 SATPHMK:
movwf PORTRE incfsz movlw h'00100000" incfsz
goto L —— goto
incfsz 07 incfsz
Loopl: ; saTpMMra (maysa) goto Loop3 Loopé&: ; =aTpumxka (maysa) goto
incfsz 0x0C incfsz 2 _
goto Loopl i faza 4 goto Loops goto MainIc
incfsz 0x0D movlw H'00001000' incfsz 0x0D
goto Loopl movwf PORTE goto Loopé D
; Gasa 2 Loop4 saTpUMKa i ‘—i'ﬂd jb' T
i @asa 2 : movlw ' 01000000
movlw b'00000010" incfsz il
movwE PORTB goto movwi PORTE
incfsz
goto

Jlist cripoiiieHHs BUKOPUCTAHHS TaKUX 3aTPUMOK, MOKHa BHUKOPUCTOBYBATH «lan(pxak»: y
HEBENMKUX (parMeHTax koay (mo 10 komaH[), MOKHAa BHKOPHCTOBYBAaTH CHMBOJ «$», 3aMicTh
MiToK. Jlonap nmo3Hauae agpecy MOTOYHOI KOMaHIH, 1 KOMIILISATOP i 4ac KOMIUISIII aBTOMaTHYHO
mifcrasisie 1o aapecy. Hanpukian, go to $-1 mepexoauTh Ha momepenHo KoMaHay, go to $-3 —

Ha KOMaH]y, 110 3HaXOJAUTHCS HA TP MO3UIIIT BUILIE.

Kox i3 miTkamMu Ta KOJ 3 BUKOPHCTaHHSM $ MpalOOTh OJHAKOBO. Pi3HUI monsrae y
BIZTHOCHIN anpecarii, 1 3cyBH JOBOJUTHCS paxyBaTH BpPY4YHY, TOMY IeH Jal(hXxak 3aCTOCOBYIOTh
JIMIIE B HEBEIMKHX JUITHKAX KOy ISl 3pYYHOCTI Ta YHUKHEHHS TOMUJIOK.

BUKOPUCTaHHA CUMBOJTY «S»

Loopl: ; saTpuMka (naysa)
incfsz 0x0C
goto Loopl ‘
incfsz 0x0D
goto Loopl

; saTpuMka (naysa)
incfsz 0x0C
goto Si = &
incfsz O0x0D

goto 5 -3

S — aapeca KOMipKu nam’aTi nporpam, B AKii1 po3mileHa NoTo4YHa KoMaHaa

Mig Yac KomninAuii KOMNINATOP CAMOCTINHO BU3HAYAE aapecu i NiACTaBNAAE B NPOLUNBKY

HeobxigHi uncha

S — 1 —Bif NOTOYHOI aapecu BigHIMaeTbea 1 (Ha eTani KomninALyi)
S — 3 — Big, NnoToyHOI agpecu BiaHimaeTbes 3 (Ha eTani Komninauii)

goto $ — 3aumKneHHsa (3aBucaHHa) nporpamm

TakuM 4MHOM MM OTPUMYEMO 8 OJIHAKOBUX OJIOKIB KOy, III0 3HaYHO CHPOIIYE HAMKUCAHHS
KOAYy Ta MOro KOPUTYBaHHS. AJie UM € 1€ TapHUM pPILICHHSM Uil MPOTrpaMHM Taka KiUIbKICTh

OJIHAKOBUX €JIEMEHTIB?
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CBiTn0BUM ePeKT «BOrHuK, Lo BiXKUTbY»

rq 0%000 "-RT]"H\A'—."-. (naysa) AT PUMKA a
incfsz 0x0¢ incfsz
HaNAMT) opTy B gato goto > : -
bst S RDO inciay x0D incfsz 0x=0D
movlw ;:.I 0t |’l‘,‘"d‘;; goto §= 3 i sarpuMka (naysa) goto 5 3
movwE SRS incfsz
bef 7S, RPO i da=a 3 §°t° ¥ = : pas=a
movliw h'oC000100" incfsz x0D noviw 110000000"
ir goto
Maink
movlw  b'00000001" 2 SaTpmMia. naysa) Jrgamarn ‘
BOTE DORTB incfsz 0x0cC movlw b'D010000( iacPex
goto 1 . goto § -1
incfsz 0x0D incfsz 0x0D
pAMEa. (naysa) goto 5 3 ; sarTpamea (nay=a) goto c.— 3
; =arpaMxa  (naysa) 4 >
incfsz 0X0C incfsz 0x0C
goto i 3 ; Gasa 4 goto 1 goto MainLcop
inefsz 0x0D movlw b'00001000" incfsz 0x0D
goto 3 JELo)h END
B A . inefsz  0x0C movlw  b'01000000"
movliw b'00000010" s
e ¥ goto 1 movwi PCRTB
incfsz 0x0D

goto

3BicHO X, Hi. Takuii KoJ € Hee()eKTUBHUM, OCOOJIMBO SIKIIO TOTPIOHO peaizyBaTH BETHKUI
ob0csar komanna. I[o6 yHuUKHYyTH nyONIOBaHHS, MPOTPaMICTU BHKOPUCTOBYIOTH MiJIIPOTPAMHU.
[TigTpuMKa migmporpaM peanxizoBaHa Ha allapaTHOMY PiBHI MIKPOKOHTPOJIEPIB i MiKPOITPOIECOPIB.

Jns poGotu 3 migmporpamMamMu Ha acemOiepi iCHyIOTh Tpu KoMauau. Ilimmporpamy
CTBOPIOIOTH 13 BIACHOIO MITKOIO, Hampukian «Pause». MiTka 000B’3K0Ba, OCKIIBKH MiIporpaMa
MOBMHHA MaTH BU3HAYEHE MICIE MOYaTKY, a TAKOXX HaJla€ CMUCJIOBE 3HA4YeHHsS Koay. Bcepemuni
HiANMpOrpaMu MOKHA BUKOHYBATH OyAb-AKi oneparlii, HampuKiaa naysy.

Buxnuk mignporpamMu  3AiMCHIOETbCS KoMaHmoro call, aprymenToMm sKoi € MiTka
nianporpamu. [linmporpama moBMHHA 3aBEpIIyBaTHC KOMaHI00 return ado retlw. Komanna return
MOBEpTa€ BUKOHAHHS 10 1HCTPYKINT micist Toukd BUKINKY. Komanaa retlw mpairoe tak camo, ane
J0JIATKOBO 3aBaHTAXYE B aKyMYJISITOp yKa3aHe KOHCTAaHTHE 3HAYEHHS, IO 3py4YHO, KOJH MOTPiOHO
MOBEPHYTH PE3yNbTaT 3 MANpPOrpamMu. Aje y TUIIOBOMY BHIIAJKy 3aCTOCOBYIOTb JIUIIE CTAHAAPTHY
3B’s13Ky call — return, TOMy 3ynmMHUMOCH came Ha Hil.

CBiThoBUM edpeKT « BOrHmK, Wo 6iXKNTLY»

org 0x000

7 HaJamTyBaHHA NopTy B

bst STATUS, RPO

movlw b'00000000" ; Gasa 4 i R

movwf movlw b'00001000"  fasa b

bef STATUS, RPO movwf  PORTB movlw

call Pause movwt
MainLoop: call s

* 3 GaEag 5 WaSE 5 _‘ 7
movlw b'00000001" movlw b'00010000" goto MainLoop
movwf PORTE movwf PORTE

call Pause call Pause Pause: ; saTpuMmkKa (maysa)

—_— B ] incfsz

¢ Gasa 2 : Qasa 6 goto

movlw  b'00000010" movlw  b'00100000°" incfsz

movwf PORTD movwf PORTD goto

call Pause call Pause return

— LS e

;7 Gasa 3 ; Gasa 7

movlw b'00000100" moviw b'01000000" END

movwf movwf PORTB

call call Pause
R e DS,

Jli1 IOBHOTO PO3YMIHHSI TOTO, SIK MPAIIO€ Ta, YU 1HIIA KOMaHIa, MOXHA 3BEPHYTHCS 10
TEXHIYHOT JIOKyMEHTallii B SIKi} 1eTadbHO OMHMCAaHO POOOTY KOXKHOI 3 HUX.
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KomaHau ana poboTu 3 nignporpamamm

CALL Call Subroutine RETURN Return from Subroutine RETLW Return with Literal in W
Syntax: [label] CALL k Syntax: [label] RETURN Syntax: [fabel] RETLW k
Operands: 0<k<2047 Operands: None Operands: 0<k <255
Operation: (PC)+ 1= TOS, Operation: TOS - PC Operation: k — (W);

ka&?[;Lg%’) n— Status Affected:  None TOS —PC

o2) = - e

¢ Description: Return from subroutine. The stack Status Affected:  None
Status Affected: ~ None is POPed and the top of the stack Description The W register is loaded with the
Description Call Subroutine. First, retum (TOS) is loaded into the program eight-bit literal 'k". The program

address (PC+1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALLis
a two-cycle instruction.

counter. This is a two-cycle
instruction.

Mignporpama NoYMHAE BUKOHYBATUCA Micna KomaHam call

counter is loaded from the top of
the stack (the return address)
This is a two-cycle instruction.

3aBepleHHA BUKOHaHHA nignporpamu BiabyBaeTbeca nicna KomaHa, return abo retlw

Tox, maBaiite po3bepeMo, sIK BUKOPUCTOBYBATH Mianporpamy Pause, Ha mpukiaai Hamoi
nepuIoi MpakTU4YHOi podoTH «BiTaro, ceite!». [Iporpama HaBeaena aiist Toro, Mmoo gani 0yso yerme
po3rasgaTi poOOTY MeXaHi3My BUKIWKY MIANPOrpaM Ha amapatHomy piBHI. Yum mpocTtimumii Ko,

THUM JIETTIIE 3p03yMITH IPUHIIUIIH.

VY mpukiaai € OCHOBHUM IUKJ: YBIMKHEHHS CBITJIOJi0/la, BUKIHUK MiJIpOrpaMu Mays3H,
BUMKHCHHSI CBITJIOZI0/1a, TIOBTOPHHUI BUKJIHMK Iay3W Ta MOBEPHEHHS B MOYaTOK IUKIY. [Iporpama
eJeMEeHTapHa, aje J00pe MiAXOAUTh I JEMOHCTpaIlii poOOTH MiAIporpam.

Ha wmoBax BHCOKOro piBHA MIiANPOrpaMH BHKOPHCTOBYIOTHCS TOCTIHHO: Yy BHIJIAII
610miorek, ¢peiimMBopkiB, BiracHuX (¢yHKIiH. [IpoTe Gararo HU3BKOPIBHEBHX JeTaleld TaMm He
pO3rIAaOThCA. Y MIKPOKOHTpPOJIEpaX YHUKHYTH LUX JleTajleld HEMOXKJIMBO — MOTPIOHO PO3YMITH,

K CaMC Ipalro€e MEXaHi3M BUKJIUKY Ta ITIOBECPHCHHA 3 Hi,[[HpOFpaMI/I.

[lporpama «BiTtato, cBite!»

Mpv BUKOHaHHI KoMaHAaM call mikpoKkoHTponep

3anam’aToBYyE agpecy, B AKi BOHa

poO3TalloBaHa

HactynHot KomaHaoto, o byae BUKOHaHa

incfsz
goto
incfsz
goto
return

END

nicna komaHau call, byae komaHaa, agpeca AKoi
BKa3aHa B Ui KomaHai (y npuKknaai — kKomaHaa,
LLLO MAE MITKY «Pause»)

HactynHoto KomaHAaoto, Wwo byae BUKOHaHa
nicna komaHau return (retlw), 6yae komaHaa,
po3TalwoBaHa nicna komaHau call

Ochb sK mepmia mporpaMa po3TallOBYEThCS B MaM'saTi mporpaMm. Psankum 3 azapecamu Ta

MITKaMH — 1€ Te, L0 BU OayuTe B PENAKTOpPl KONy, a KOMIIUISTOP y KIHIEBOMY pe3yJbTaTi
MIEPETBOPIOE BCE HA YMCIIOBI 3HAUEHHS: aJipecu, HoMepu OiTiB Ta iHI napamerpu. Konu Bu numere
MIAIporpamMmy 3 MITKOIO 1 BUKJIMKA€ETE ii KOMaH/010 call, KoMIuIATop 3HaXOAUTh IHCTPYKIIIIO 3 ILIEI0
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MITKOIO 1 TijcTaBisge i peanbHy aapecy. Y NpHUKIAAl MIANpPOrpamMa po3TalloBaHa 3a aJpecolo
0x0009, 1 came 1151 aapeca MiACTABISETHCS 3aMICTh MITKH.

VY 3BUYalfHOMY pEXHUMi SIpO MIKPOKOHTpOJIEpa BHUKOHYE KOMAaHIH IOCIIJIOBHO: TepIla,
apyra, TpeTs 1 Tak Aaji. BUHATKOM € komaHau mepexony, 3okpema goto. Komanpaa call mpairioe
aHAJIOT1YHO: BUKOHAHHS MEPEXOANUTh Ha ajpecy mignporpamu. [licias BUKIMKY MM ONHUHSAEMOCH Ha
aapeci 0x0009, BUKOHYeMO I1HCTPYKII MiAIporpamMu, a KOJM 3yCTpidyaeThcs KOMaHaa return,
BUKOHAHHS MOBEPTAETHCS IO IHCTPYKIIIi, 110 ¥1e micis Tiel, ne OyB Bukimkanuii call.

[Ipu MOBTOPHOMY BUKIIMKY ITIAMPOTPaMH MEePEeXij] 3HOBY 3MIHCHIOETHC Ha aapecy 0x0009, a
MOBEPHEHHA — JO HACTYNHOI KOMaHAM micis apyroro Bukiuky call. Yce ne BinOyBaerbcs
ABTOMATUYHO: MIKPOKOHTPOJIEp CaMOCTIMHO 30epirae aapecy MOBEPHEHHS Ta BiJHOBIIOE ii mpH
BHUKOHAHHI return.

[Tinnporpama MoXe MaTH KibKa TOYOK BUXOAY, SIKIIO B HiM € po3raimyKeHHsS Ta JIeKibKa
KOMaHJ return. Yci BOHM KOPEKTHO HOBEPTAIOTh BHUKOHAHHS IO BiJNOBITHOI TOYKU BUKJIHKY.
[Tignporpamu 3aB>KAu pO3TAIIOBYIOTHCS 11032 MEXKaMH OCHOBHOT'O IIUKITY ITPOTPAMHU.

[MpUHUKMN BUKOPUCTAHHA Nignporpam

Adpeca Mimka Komanoa KomaHoa . H a KO)KHy KOMa HAy ca | |

0x0000 bsf STATUS, RPO | bsf 0x03, 5 NnoBMHHA 6YTM KOMaHAaa

0x0001 moviw b'11111110" | moviw OxFE return (retlw)

0x0002 movwf TRISB movwf 0x86

0x0003 bef STATUS, RPO | bef 0x03, 5

0x0004 | MainlLoop: | bsf PORTB, RBO | bsf 0x06, 0 * Mign porpama moxe maTtu

[000s | JostPause  Joshxoons | | Kinbka KomaHg return

0x0006 bef PORTB, RBO | bcf0x06,0 [ (retlw) ( Pi3HI TOYKKM BUXOAY

[ RN ol Pause icllilioiticd 3 pi3HUMK pe3ynbTaTamum)
= 0x0008 goto MainLoop goto 0x0004

0x0009 Pause: incfsz 0x0C, f incfsz 0x0C, 1

0x000A goto Pause goto 0x0009 e |,C|,|'| porpamu

0x0008 incfsz 0x0D, f incfsz 0x0D, f PO3TallOBYHOTbCA NO3a

0x000C goto Pause goto 0x0009 MeXXaMmu OCHOBHOTIO umn Kny

0x000D retum retum

TumoBa CTpyKTypa MpOrpaMHOro 3a0e3NeueHHs A7 MIKPOKOHTpoJiepa CKJIAJaeTbCs 3
KUIBKOX JIOTTYHUX OyoKiB. [lepunii — nepezaBaHTaXeHHs, MICIsI HBOTO OJMH Pa3 BUKOHYETHCS KOJI
iHiIiamizanii, y SKOMY HaJalITOBYETbCS MIKPOKOHTpoOJep Ui HoJanbiioi poOoTH, jaani
TTOYMHAETHCSI HECKIHYCHHUH OCHOBHUI LIUKJI, Y SIKOMY BUKOHYETHCSI OCHOBHA JIOT1Ka IPOTPaMHU.
[TianporpaMu MOXyTb OyTH pO3TalllOBaHI K MICJIS OCHOBHOI'O IIMKIY, TaK 1 Mepea HUM, aie
BAXJIMBO 3pOOMTH Tak, 1100 BOHM He BUKOHYyBanucsi 0e3 Bukiuky call. Hanmpuknax, micns
iHiIami3anii MO)KHa BHMKOHATH KOMaHay goto main loop, mo0 mnepeckoyuTH dYepe3 o001acTh
nam’siTi, y sIKiii po3TaloBaHi MipoOrpaMu, 1 MepeiTH oApa3y B OCHOBHUMN UK.

TakuM YUHOM, KOJ MOXHa CTPYKTYpPHO TMOJITUTH Ha iHIIiali3allilo, OCHOBHUN LUKI Ta
nignporpaMu. Y mam’sTi MporpaM Iii YaCTHHHU pO3TallloBaHI OKPEMUMH OJIOKaMH, 1 BaXJIMBO, 11100
HiANPOrpaMu He BUKOHYBAJIMCS aBTOMATUYHO, a 3aIlyCKaJIMCS JIUILE yepe3 BUKIUK call.
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TMNOBUM aNropuUTM NPOrpPamHoro
3abe3nevyeHHA MiKPOKOHTpoONEepa

Y nam’saTi nporpam nignporpamu po3TalloByOTbCA

Adpeca Mimka Komawnda Kowmanda
= [ | ox0000 bsfSTATUS, RPO | bsf 0x03, 5 C INepesaganmaxenHs )
g Ox0001 moviw b'11111110° | moviw OxFE
5| [[ox0002 movai TRISE movwf 0x86 v
X| [[ox0003 bef STATUS, RPO | bef 0x03, 5 | Kod iniuianizauii |
s [ [ 0x000¢ | MainLoop: | bsfPORTE, RBO | bsf 0x06, 0
§ 0x0005 call Pause1 call 0x0009 ( OcHoeHU( UK \
% 0x0006 bef PORTB, RBO bef 0x06, 0 (HeckiHYeHHU)
2 0x0007 call Pause2 call 0xGO0E
S| [Tox0008 goto Mainl.oop golo 0x0004 | R Ao it R
- I Skutics kod |
& [ [ ox0008 | Pauser: |incfsz 0x0C. 1 incfsz 0x0C, 1 L ; ————— I
g’.\a 0x000A qgoto Pause1 goto 0x0009
$2| | orooos incfsz 0x0D, T incfsz Ox0D, f k Kisleus 0CHO8HO20 UKITY )
s 0x000C goto Pause goto 0x0009
= | [[o<00on retum retum
§ % [ 0x000E Pause2: | Incfsz 0x0C, f Incfsz 0x0C, 1
'g“ § 0x000F goto Pause2 goto 0x000E
;é | | ox0010 retum retum

lidnpoepamu

Midnpozpama 1

C lMovamok nidnpozpamu )

C Kireys nidnpozpamu )

no3a meXxXamum OCHOBHOTO UunkKny

JlaBaiiTe po3riisiHEMO MPHKIIA] i3 TBOMA BapiaHTaMu Koay. Kop miBopyd mpairoe KOpeKTHO,
TOA1 SK MpaBUN BapiaHT Ha I[bOMY MIKPOKOHTPOJIEPI MpaloBaTu He Oyae. Y mepiiomMy BapiaHTi €
cim mignporpam. Ilinmporpama SUBO1 Bukmukae SUB02, SUB02 Bukinkae SUBO03 i Tak nami.
Bukiuku mignporpam ycepeauHi iHIIMX MiIporpaM € 1onycTuMuMu. KoxHa 3 HUX 3aBepIIyeThCs
KOMaHIOI0 return, i Taka CTPYKTypa Mparoe ctadiuibHO. BockMa miamporpama Tako Mae KoJ i
3aBepIIYEThCS return.

Y npyromy mnpukiaai KoJ BHIVISIIA€ TMOAIOHO, aje BCEpeIuHI BOCBMOI IAPOTrpaMu
BUKIIMKaeThes AeB’ara (SUB0Y), 1 moBepHeHHS BinOyBaeTbes Bxe 3 JeB’ATOI mignmporpamu. Takuit
KOA /s JaHOTO MIKPOKOHTpOJiepa KOPEKTHO mpaioBatd He Oyzae. [luraHHs: dyomy Ta e
MIKPOKOHTPOJIEp 3araM’sITOBYE aapecH, KyIu MoBepTaTucs? AJDKE KOJIU BUKOHYETHCS KOMaHIA
call, mpouiecop MycuThb 3amam’ATaTu TOUKY, 3 SIKOI 110 MiAMporpaMy Oysi0 BUKIUKAHO.

OcobnnBoCTi BUKOPUCTAHHA Nignporpam

call
return

; ARMHCH
call
return

i KMACH
call
return

! AKMACH
call
return

¢ EKVMHCB
call
return

0o

u

sue

KO
suptd

suk

VHCH K¢
Su

1:C2

b

call
return

; AKMIACH KOZ

call
return

AKMICE KO

call
return

return

} AKUACL KO

f AKMMUCH KOOI

Lle# Kop npauloBaTtu

He byae

SubUl:
i ; EKMICE
H 1 ’M'-('
call
Sub0?
f:ttxn e return
Sukc02:
} AKWACE KOX H ;Irrr; KO
call Sub0 ca
return return
ubt
; AKMUCE KOI ; BKVIECE KON
return call
return
Suk04:
} NKvVCL
call
return
Lie# kop byae 5ub05: i
; AKVICBH KOA
npauytosaru Gty
return

Taka oOmacTe mam’ATi Ha3UBA€THCS CTEK. BiH € B OyAb-IKOMY MIKpOIpOILIECOpl UM

MIKPOKOHTPOJIEPI, X0Ua HOro peasizailis MOKe CYTTEBO BiJIPI3HATUCS 3aJI€XKHO BiJ ciMeiicTBa.
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VY Bunanky Hamioro MikpokonTposepa PIC1684F, sk BUAHO 3 TEXHIYHOI TOKYMEHTAallii, CTeK
npairoe  noBoii crenudiuno. [IporpamicTy BiH TOBHICTIO HEJOCTYITHUM: HOTO HEMOMJIMBO
MPOYUTATH, 3MIHUTH YHM HAaBiTh JI3HATUCS, CKUIBKM 3HAYCHb TaM 3apa3 3HAXOIUThCS. CIAMHUN
croci® BIUTMBATH HA HHOTO — 1€ BUKOHYBATH 1HCTPYKIIii, sIKi 3MIHIOIOTh CTEK aBTOMAaTUYHO.

Takumu iHCTpYKIisSMU € call, return, retlw, a takox retfie, MO BUKOPHUCTOBYETHCS MpPHU
MOBEPHEHHI 3 NepepuBaHHs. KpiM TOro, CTEK OHOBIIIOETHCS KOXHOTO pa3y, KOJIM BHHHKAE CaMe
TepeprUBaHHS.

I'omoBHA 0COONMBICTE — OOMEXEHHS TVIMOMHHM CTeKa. Y MIKPOKOHTpOJIEpaX CEepeaHbOTO
ciMeiCTBa Ha KIITANT HAIIOTO BiH MOXE 30€perTu JIMIIE BiciM ajpec moBepHEeHHs. SIKiIo rimOuHa
BKJIQJICHUX BUKJIHMKIB MEPEBHUIIYE IO MEXKY, CTEK IEPEMOBHIOETHCS, 1 TTOBEPHEHHS 3 MiAIpOrpamM
MOYMHAE TPAIIOBATH HEKOpeKTHO. CaMe TOMY KOJ, y SIKOMY JIeB’siTa MiAIporpamMa BUKIUKAETHCS
BCEpeIMHI BOCKMOI ITICTISl BXKE CEMH TOTIEPEIHIX PiBHIB, IIEPECTAE MPAILFOBATH MTPABUIIBHO.

CteK

FIGURE 2-1- PROGRAMMEMORYMAP ° CTek—cneuianbHa obnactb nam’aTi, ge
AND STACK - PIC16F84A 368piraIOTbCFI apecu KomaHa 3 nam’aTi nporpam

; (iHdbopmauin npo Te, Kyan nosepTaTUcA)
ztosn ff___13 \ *  CTeK 3Haxo[uTbCA N03a MeXXaMu afpecHoro

— NPOCTOPY, TOMY BiH HEAOCTYNMHUI NPOrpPamicTy

: *  3MICT CTEeKY 3MIHIOETbCA NPU BUKOHAHHI KOMaHA,
Stack Level 8 call, return, retlw, retfie Ta Nnp¥ BUHUKHEHHI
RESET voctor 0000h nepepusaHb

Peripheral Interrupt Vector | 0004h

* Crek mae 8 KOMipoK nam’aTi, Tomy moxxe
= 3anam’aTatm amwe 8 agpec

User Memory
Space

* [lpu nepenoOBHEHHI CTeKY He BUHUKAE KOAHUX
NOMM/IOK B pob0Ti anapaTHOI 4acTUHU

Tenep naBaiite pozbepemocs, 10 BiOYBAa€TbCS BCEPEIUHI MPOrpaMu 3 YpaxyBaHHAM
poboTH CcTeKy. Y TOJOBHOMY ITUKJII BUKOHYETHCS 3BHYAHUN KON, a caM CTEK Ha 1€l MOMEHT
MOPO’KHIH: BIH Ma€ BiciM KOMIPOK, 1 X04a TaM MOK€ 3aJIMIIATUCS SKICh 1aHl 3 ONepeIHbOI POOOTH,
BOHU HE MAalOTh JKOJHOIO 3HAYEHHs Uil MOTOYHOI'O BUKOHAHHSA. SIK TUIBKM IpoLecop 3ycTpidae
komaHJy call, BiH ofpa3y  3amucye y cTek ajpecy moBepHeHHs. g agpeca — ue aapeca camoi
koMaHau call, 3011blIeHa Ha OJIMHUILIO, aJKe MICIS MOBEPHEHHS Mporpami MOTPiOHO MPOJOBKUTH
BUKOHAHHSA BXKe 3 HacTynHOI iHCTpyKuii. Hanpukian, sikio komanaa call po3ramoBana 3a aapecoro
0x0006, To y epury KoMipky cteky 3anucyerbest 0x0007.

[Ticnst 1bOro BUKOHAHHS MEPEXOAUTh 0 MITKM Hianporpamu, Hampukiag 1o SUBO1. Koau
BecepennHi SUBO1 3HOBY 3ycTpivaeThCsl BUKIIMK HIANPOrpaMu, BiIOYBA€TbCA TOW CaMM IpOIIEC.
Anpeca MOBEpHEHHS 3alUCYETHCS Y BEpX CTEKY, a MOIEPEHE 3HAYCHHS 3CYyBA€THCS Jajli BHU3 —
11e poOUTH caM MIKPOKOHTpOJEp, IPOrpaMicT A0 LOTO HE Ma€ >KOJHOTO AOCTYymy. TakumM 4MHOM
CTEK IOCTYIOBO 3allOBHIOETHCS, a KOXKeH HOBMH call 3cyBae momepenni JaHi Ta 3aliMae BEPXHIO
KOMIDKY.

Tak mponec TpuBae JNOTH, AOKM BHKJIMKatoThes mignmporpamu SUB02, SUBO03 i tak gaii.
KosxHoro pasy HOBa ajipeca MOBEpPHEHHS ONMUHAETHCA Y TEPIIiii KOMIpIll CTEKY, a BCE, 10 OyJIO TaM
paHile, 3MIIIyeTbcS BHU3. Y MOMEHT, KOJM Mporpama JOXOJUThb J0 BOCBMOTO BKJIQJIEHOTO
BUKIIMKY 1 BuKOHye call SUBO08, y crek 3amucyeTbcs Bke BOCbMa ajpeca MOBEPHEHHS —
Hanpukian 5D 3amicts 5C, 30unbleHa Ha OAMHUIO. OCKUTBKH CTEK MHUKIIYHO 3MIIIYETHCS BHU3,
BCl TIONEpe/Hl 3HA4YeHHsS TaKOXX NepeMIlIaloThCs, 1 MM 0aunMo, SK BMICT CTE€KY HOCTIHHO
«PYXAETHCS 11O KOTY».
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[Ticna nepexony no SUBOS8 BUKOHYIOTBCS ii KOMaH/IHM, SKi HE BIUIMBAIOTh HA CTEK, MIOKU HE
3’SIBUTHCS 1HCTPYKINiS return. Y 1€l MOMEHT MIKpOKOHTpoJiep Oepe mepiry aapecy 31 CTeKy
NEPeXOAUTh caMe 10 Tiel IHCTPYKIi, sIka MOBHMHHA BHKOHYBaTucs micns BUKIMKY SUBOS.
@daxkTU4HO return poOUTH T€ caMme, 110 i KOMaHa goto Ha ajipecy, Ky IPOLECOp BUTATHYB 31 CTEKY.
[Ticns moOBepHEHHSI CTEK 3CYBA€ThCS Yy 3BOPOTHOMY HANpPSMKY, 1 TOH 3amuc, sIKuil paHimie OyB
JIPYTUM, CTA€ MEPILIUM.

TakuM YMHOM Iporpama IMOBEpPTAEThCSA 10 MiCl, Je Kojuch Oyna Bukiankana SUBO7,
MPOJIOB)KYE BUKOHAHHSI 3 HACTYITHOI 1HCTPYKIIIT 1, KOJIU Jikije A0 ii return, CTeK 3HOBY MiTIHMA€EThCS
Ha OJWH piBeHb Bropy. Llel mporec Oyae MOBTOPIOBATHCS, JOKH BCI BIiCIM BKJIQJICHUX MMiIPOrpaM
HE 3aBepIIaThCs, IOBEPTAIOUM BUKOHAHHS OJIHA 33 OJHOIO, 8 MOKH CTEK IMOBHICTIO HE BIIKOTUTHCS
JI0 TIOYaTKOBOT'O CTaHy ¥ mporpamMa He MOBEPHEThCs 0 1HCTPYKIIi 3 agpecoro 0x0007 — Tiei camof,
10 ¥ MICJIS MEePIIOTO BUKIIUKY.

Cmex Cmex Cmex Cmex Cmex Cmek Cmek Cmex Cmex
o0x0007 | [[0x0021 0x0038 | [ 0x0041 | [0x0049
[ ox0007 0x0021 | | 0x0035 | |oxo038| | 0x0041 0x0049
o0x0007 | |0x0021 | [Gxooss| [oxoosm| |0x0041 | |[0x0049
0x0007 0x0021 F 0x0038 0x0041
0x0007 0x0027 | | 0x0035| |0x0038
0x0007 0021 | [0x0035 |
lMam'amb npozpam | | ] ‘ oxo007 | [0x0021
0x0007

0x0005 AKack komarnda
0x0006 call Sub01
0x0007 AKacs Komarda

Adpeca Mimxa Komanda ' J T i 7} 3

0x0020 | Subot: | call Sub02 |
I refurmn ]
|

0x0034 | Subo2: call Sub03
| 0x0 refurm I—
0x003A | Sub03: | call Supo4 |
0x0038 | [ returm |
050040 | Sub04. [ calt Sub0s |
0x0041 | [ retum |
0x0048 | Sub05: | call Sub06 ]
0x0049 | [ retum |
1

0x004D | Sub06: call Sub07

0¢005C | Subo7. | calt Subos
0x005D | | retum

|
|
0x006E | Subos: | retum |
Tenep auBuMoOch, K OyJe mpaiioBaTv NpaBUil BapiaHT Koay. Bin Oyne moBoauTbhes
HOPMAJIbHO JIMILE JOTH, MOKH BUKJIMKU MIANPOrpaM He JO0XOAATh A0 AeB’sToro piBHsA. Ha npomy
eTarni MIKpOKOHTPOJIEp 3HOBY 3alMCy€ aJApecy MOBEPHEHHS y HYJIbOBY KOMIPKY CTEKY, 3CYBalO4Uu
Bcl momnepeaHi naHi BHU3. Came TyT mepma aapeca — 0x0007, sika BiAmoBigana Halmepuiomy
BUKJIMKY MIJIPOrpaMy — 3HUKA€E OCTaTO4YHO. Lle 1 € mepenoBHEHHs CTEKYy: MOBEPHYTHCS 3a I[IEI0
aJpecoro OLIbIIIE HEMOKITUBO.
30BHI BCe 1€ 3/1a€ThC4, 1110 Nporpama npaioe kopektHo. SUB09 BUKOHYeTbCs, TOBEPHEHHS
3 TOMEpeaHIX MIANPOrpaM TaKOX BiJOYBarOThCS, ajie (PAKTUYHO OJHA ajpeca TOBEPHEHHS
BTpayeHa. Jlani Bce TpUMAa€eThCS JIMIIE Ha TOMY, L0 i 9ac pyXy Ha3aJ 10 BKJIAJEeHHUX return My I11e
MaeMo KopekTHy aapecy 0x0021 y mepmiii KOMIpIl CTeKy — caMe Ty Nporpama MOBEPHEThCS
icIs BiJMOBIHOTO return.
AJte micis bOTO TMOBEPHEHHSI CTEK CIOPOXKHIE. | HacTymHa KoOMaHa, Ky MIKPOKOHTPOJIEp
3ycTpivae, 3HOBY € return. BuHUKae MUTaHHS: KyAH MOBEPTATUCS, SKIIO CTEK MOPOXKHINA?
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Crmex Crmex Crnex Crmex
| 0x0007 0x0049
0x0007 0x0041
0x0007
IMam'amb npoepam
| Adpeca Mmwa Komanda T T T
0x0005 T
0x0006 call Subo1
Ox0007 RKECH KOMBNOE
"o. Sub01 call Sub02 nepenOBHeHHﬁ
L CTEeKy Npu3Beno
’ ‘ AO BTPaTH
fmao.u Sub03 :Z:‘,uwl aApec”
710040 | Subd%___| coll Sub0s } NOBEPHEHHA
[ ox0041 | [ retum | o
060048 | Swb05 | call Sub06 ] 3 neplUOI
| o009 | | retum |

nignporpamm

0x004D | Sub0s coll Sub07 |
> 0:005C | Subo7 call 5ub08 .
2 I T
(oo Toroon )
S 4., S

{ v0072 [ Sww09 | retum ]

[I1o6 3HalTH BiAMOBIIb HA 11 MUTAHHS TpeOa 3aHYPIOBATUCS B MNIMOWHY 1 po30UpaTucs, siK
arapaTHo Mpaltoe KOHKPETHO Ball cTeK. SIKI0 y Bac O1IbIll PO3BUHEHUN MIKPOKOHTPOJIEp 1 BiH Mae
Cy4acHe s/Ipo, TpU TEpPEroOBHEHHI CTEKy BHHHMKA€ CHCTEMHE repepuBaHHs. [Iporpamict moixke
HanucaTd oOpOOHUK TAKOro MEepepuBaHH 1 BU3HAYUTH, Jie caMe BUHHMKIIA MOMUIKA. Lle ctocyeThes
PO3BHHEHUX MIKPOKOHTpOJIEpiB, ane He PIC16F84.

Y PIC16F84 npu BHKOHaHHI KOMaHIU return 3a IMOPOXKHBOTO CTEKY MIKPOKOHTPOJIEp
Mepe3aBaHTAKYEThCS, OCKITBKA HACTYITHOK KOMAHJIOK CTa€ mepexin Ha aapecy 0, 1o BiAmoBimae
pecrapTy mporpamu. Y pe3ysbTaTi Iporpama MOXKE 3aBUCHYTHM Ta BHKOHYBAaTHCh y 3aMKHEHIH
TUISHII KOy, HE TIOBEPTAIOUNCH Y HOPMaJIbHY YaCTHHY.

Taki  TOBEAIHKOBI  OCOONMBOCTI €  HEJOKYMEHTOBAaHMMH  Ta  BHSBISAIOTHCS
eKCIIepUMeHTaIbHO. HaBiTh y Mexax OIHOro ciMeicTBa pi3HI MOJENI MOXKYTh MOBOJHUTHCS TIO-
pizHoMmy. IlepernoBHEHHS CTEKy MOXIMBE 1 B MOBaX BHCOKOIO PIBHS, OCKIJIBKH CTEK
BUKOPHUCTOBYEThCS JIUIsl  30€peXeHHS aapec 1 Tepemadi 3MIHHMX Yy Mignporpamu. Y
MIKPOKOHTpOJIEpax 13 MajlUM CTEKOM, J0 SKOI0 HEMa€ JOCTYNy, TaKUi MeXaHi3M 3acToCyBaTu
HEMOXITUBO.

[Ipu BUKOpHCTaHHI MiANPOrpaM MOTPiOGHO BpaXxOBYBATH, 1110 BKJIa/I€HI BUKIMKH, XapaKTEpHI
st MoB Bucokoro piBHsA Ta OOII, y MIKpOKOHTpoJIepax 3 0OMEXEHUM CTEKOM MOXYTh MPH3BECTH
710 TIEpENOBHEHHsI, 0COOJIMBO NPU PEKypcii, KOJIM MiNporpaMa BUKIMKA€E caMmy cebe.

Kyou nosepmamucs?
= Adpeca 0x0007 empavena

Cmex nopoxid

lMam'smb npozpam
Adpoca | thows | Kowamde
00005

oo
F o

BapiaHT noBeAiHKM MiKpPOKOHTpONepa

» T[lepexia Ha agpecy 0x0000 (nepe3aBaHTaXKeHHs)

* T[lepexia Ha agpecy OxO06F (3aBucaHHA Nporpamu)
* [lepexig Ha agpecy 0x0021 (3aBucaHHA Nporpamm)

t N *  BWHMKHEHHA CUCTEMHOrO NEpepuUBaHHA (PO3BUHEHI
[ T T ;
) I — moaeni)

0x006E | Subos: coll Sub09 I ‘

T
woors [ s [
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Takuii MmiIBOAHMI KaMiHb BHHHKAE, SKIIO HE KOHTPONIOBATH cTaH creky. lLle myxke

MIJICTYMTHI TIOMIJIKH, SIKI BaXXKO BiACTeXUTH. OCOOIMBO CKJIATHO, KOJU BHUKOPHUCTOBYIOTHCS

MepepuBaHHs, OCKUIBKH B HUX TaKOK MOXKYTh BUKOHYBATHCS MiAMPOTPAMH.
Moske cTaTucs, 10 MporpaMa Ipaioe KOPEKTHO B OUTBIIOCTI BUITAJIKIB, ajieé OJUH pa3 i3

TUCSYl BUHUKAE TEPENoBHEHHA cTeKy. lle o3Havae, mo Oyna gomymieHa cuTyallis 3 OUTbII HiX

BicbMOMa BKJIaJCHHUMHU BUKJIIMKaAMHU, 1 cucrema nepEXOAUTE Yy HCKOpCKTHI/Iﬁ PEXUM BUKOHaHHA.

OcobnnBOCTIi BUKOPUCTAHHA Nianporpam

; AKUNACE KOX
call
return

Sub04:

; AKMICH KOZX
call
return

Sub05:

; AKUNCE KOXI

call Sub0é

return

Sub04

Sub06:

; AKUICE KOXI
call Sub07
return

Sub07:

; AKMICH KOX
call Sub0¢
return

Sub08:

; AKUMACHE KOX
return

Sub03:

Sub04:

Uei

npawoBaTu

Kog 6Gyae

Sub05:

; AKMICE KOX
call Sub02
return

; AKMMCB KOI

call Sub03
return
i AKMICH KOX
call Sub04
return

; AKMIACE KOI
call Sub05
return

} AKMICE KOX
call Sub06
return

Sub0é6:

Sub07:

Sub08:

Sub09:

; AKMACH KOI
call Sub07
return

; AKMIACH KOX
call Sub08
return

; AKWMIACH KOX
call Sub09
return

; AKWIACHE KOI
return

Len

Koa

npayloBaTtM He

6yae

TaKkoX iCHye NpuiioM, SKMH J03BOJNAE 3MEHIIMTH HABAHTAXKEHHA HA CTeK. Moro cyTs
MoJIsirae B TOMY, IO 3aMicTh BUKOpHCTaHHS komaHmu call 3actocoByerbes goto. [lpm Takomy
migxomi 3 Koay mnpuOuparoTbes Komanau return. akTUYHO MiANporpaMa HE Ma€ SBHOTO
3aBEpILEHHS, a 3aMiCTh BUKJIIMKY HACTYITHOI ITiITPOTPaMH BUKOHYEThCS 3BUYAHUIN TIepexif 10 Hel.

; EXMACHL KO
call Sub0
return

; ERUACE
call
return

; sxMiich
call
return

; FEXOOACH
call
return

¢ RIVVIU
call
return

call vs. goto

return

i AKMHCL KOXL
call Sub(¢
return

; SIKMICL KOK
call Sub09
return

; AKMACL KOR

return

Sub03:

Sub05:

HenpauesgaTtHuii

Sublé:

Kom BHUKOPUCTOBYETHCA BKIIAJCHHA

goto

goto Sub03

AKMACH KOI

; AKMIACE KON

return

Llei Kop, 6yae
npayoBaTm

MiIporpaM, mepexia BiIOYBae€ThCs MOCHTIIOBHO Bif
OJIHI€T MiIPOrpaMu 10 1HIIOI 32 AOMOMOTOK KOMaHJ Mepexoy, ax 10 ocTaHHboi. [loBepHEeHHS
BUKOHYETbHCS JIMIIIE OJUH pa3, OCKUIbKU B CTelll 30epiraeTbcs ajpeca Nepuoro BUKINKY KOMaHIU
call, 1 1bOrO AOCTATHHO JIs1 MOBEPHEHHS KEPYBAHHS.
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VY kmacMyHOMY BapiaHTi KOJKEH BUKJIMK HiANporpamu 30epirae ajpecy nNoBepHEHHS B CTelll,
TOMY TpU TIUOOKOMY BKJIQJCHHI HAKOMUYYETHCS BEIWKA KUIBKICTh 3amuciB. [licist BUKOHaHHS
OCTaHHBOI MIAMPOrpamMH BiJOYBA€THCS TOCHIJOBHE MOBEPHEHHS 4epe3 BCi BKIAJCHI BUKIUKU. Y
3ampoIIOHOBAHOMY IIIJIXOJII MOXHA BUKJIMKATH OYb-siKy IMiANporpaMy OJIHI€I0 KomaHaow call,
MICJI YOr0 BUKOHATU MEPEXOIU 0 HACTYIMHUX MIiANPOrpam, a HANPUKIHII MMOBEPHYTHUCS OJIHIEIO
KOMaHI00 return.

Takuii migxig A03BOJISE 3MEHIIUTH KUIBKICTH KOMaHJ return y mOporpami, CKOPOTHUTH
BUKOPHUCTAHHS IaM’sITi MpOrpaM 1 MPOIECOPHOTO 4acy, a TaKOX MiHIMi3yBaTH BUKOPUCTAHHS
cteky. [IpuifoM 3acTOCOBYEThCS B aceMOJepi 1 Mpalroe HE JIMINE Ha MIKPOKOHTpoOJiepax, a W Ha
Oy/b-SKMX MIKPOIIPOIECOpax.

call vs. goto

Cmex [ Cmex | . ’ ]
B ws * EKOHOMIA nam’aTi
— nporpam (MeHLwe
— KOmaHAa)
lNam'ame npoepam lNam’ampb npoepam |
Adpeca|  Mimea Kowanda ¥ Adpeca| Mimwa Kowanca T
00005 wach Komanda 0008 | AKaCH rouanda H
s s tame T — * EKoHOMmiIs
—a Ox0007 AKACH KOMAHO 0x0000 AKACH KOMAMHOE n 0 ec O H O rO q a C
0x0020 | Sub01.__ | goto Sub02 ] [0x0020 [ subot:_ ] goto Sub0z | p u p y
G T (ot s g ] (wBMALwe BUKOHYETLCA)
0x003A | Sub03: [ goto Sub04 ] [0x003A | Subo3 [ goto Subo4 ]
0:0040 | Sub04-__| golo Sub05 ] [[0x0040 [ subos: [ goto Sub0s ]
0x0048 | Sub05: to Sub0s [ox ul i i
—— ‘ o T e - * MiHimanbHi BUTpaTH
0x004D | Sub06. | goto Sub0? ] 0x004D | Sub06 | goto Sub0? ]
0:005C [ Sub07: | goto Subos | 0:005C | Sub07._| goto Sub08 ] cTe Ky
0x006E [ Sub08. | goto Sub09 ] [: 0x006E | Sub08: [ goto subos |
0:0072 | Sub0s.__| retum ] 0:0072 | Sub09.__ | retum ]

€1He 3ayBa)XEHHS MOJISTae B TOMY, 1[0 Ha MOBaX BUCOKOTO PiBHS BUKOPUCTAHHS KOMaHI!
0E€3yMOBHOTO TIEpeX0oay He pekomeHayeThes. ko mporpamict y moBax C, Pascal abo Python
BUKOPHUCTOBYE TaKi MEPEXO/H, 1€ CBIAYUTH NMPO HEMPABUIbHY NMOOYI0BY aIrOpPUTMY Ta HEBMIHHS
KOPEKTHO CTPYKTYPYBaTH IPOrpamy.

OO0’ €eKTHO-OpIEHTOBAHE IMpPOrpaMyBaHHsS B3araji CyHmepeduTb TAaKOMY IMIIXOAY, OCKIIbKH
Horo mapagurma 0a3yeThCsl Ha pO3JIUIEHHI MPOrpaMu Ha OKpeMi 00’ €KTH. Y 1IbOMY BUITAJIKy OJIUH 1
TON caMuil Ko Moke OyTH Oe3rocepeIHbOI0 YaCTHHOIO PI3HUX 00 €KTIB, @ HE MPOCTO BKIIAJICHUM
(¢parMeHTOM, TOMY pealli3yBaTH MOAIOHI Mepexoau B Mexax 00 €KTHO-OpIEHTOBAHOI MOJeENi
HEMOXITUBO.

Ha moBax BHCOKOTro piBHS Taki nepexoan (GopMaibHO MOXKIIUBI, ajie 3a00pOHSIOTHCS a00 He
PEKOMEHIYIOTHCSl B HaBYANIbHIN 1 IPaKTU4HIN JiTepaTypi. HaTomicTs acemObnep HOpMalbHO pearye
Ha BUKOPUCTAHHS O€3yMOBHHUX IEpPEX0/IiB, 1 0€3 KOMaHM goto HAaIMCaHH NporpaM Ha aceMbiiepi €
HEMOXITUBUM.

[IporpamyBanHs Ha acemOiepi mnependadae pydyHe IMPOAYMYBAHHS Ta peaji3alliio
onTUMIi3amiii 0e3 MOKJIaJaHHd Ha aBTOMAaTUYHI OMNTHUMI3aTOpH, SKI HE 3/JaTHI 3a0e3MeunuTH
MakCUMalibHy eQeKkTHBHicTh. Jlume Ha acemOiiepi MOXKHAa CTBOPUTH KOMIIAKTHHUH KOJ, IO
BUKOHYETbCS MaKcMMalbHO mIBHJIKO. Came TOMy JpaiiBepu Ta HHU3bKOPIBHEBI (QYHKII YacTo
MICTATh aceMOJiepHI BCTaBKH, OCOOJMBO B THUX YaCTHHAX, sSKi BUKOHYIOTbCS Y€ YacTo 1
MoTpeOyIOTh 3HAYHUX OOUMCITIOBAIBHIX BUTpPAT.

MoBH BHCOKOTO piBHS € OLJbII BUTPATHUMHU 3 TOYKU 30py BUKOPUCTAHHS MPOLIECOPHOTO
yacy Ta IMMBUAKOMIl, TOMY JUIsi KPUTHYHHX JUITHOK KOAY aceMOJjep 3alHIIacThCs €IHHUM
epeKTUBHUM BapiaHTOM. s IIbOro HEOOXiAHO A00pe po3yMiTH poOOTYy CTEKy Ta MeXaHI3MHU
nepexonis call 1 goto.
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BUKOPUCTAaHHA KOMaHAU goto

06’eKTHO-OpiEHTOBaHE
nporpamyBaHHA

MoBM BUCOKOrO piBHA

MoBu acembnepy

@@

[ToBepraemocs o cBiTiodopa. 3riHO 3 TEXHIYHUM 3aBAAHHAM OYIyTh Pi3HI 3aTPUMKHU:
YEepBOHE CBITJIO MOXKE TOPITH JIOBTO, )KOBTE — MEHIIIE, 3eJieHe MOKe He ropitu adbo Ommmaru. s
LIOTO PEKOMEHAYETbCs 3poOuTH 1BI miAnporpamu. Ilepma dopmye 6a30By 3aTpUMKY, OCHOBHY
ornopy, Hanpukian ekBiBaneHTHy 0,1 cexynni; e mignporpama basedelay.

VY 06a3oBiii 3aTpuMIll BUKOPUCTOBYIOThCS NBI Komipku mam’sti OXOC i OxOD. Panime ix
301LTBITyBaH, aJie TYT JOIUIBHIINIE 3MEHIIYBaTH Ha OJUHMIO; MIPUHLIUI TOH CaMUil: KOJH 3 HYIS
3MEHIIUTH Ha OJMHUIIO, OTpUMyeMoO 255. ¥V npoMy npukiaai inc i dec mpaiioTh OAHAKOBO 3a
edeKToM LUKy, BIJIPI3HAETHCSA IUIIE HampsiM 3MiHH: inc 30inmbirye, dec 3menmrye. Ilepen
BUKOHAHHSAM LUKy Il KOMIPKM MOTPIOHO iHINiali3yBaTH, 3allMCaBUIM TYyAM 3HAUEHHS, 1HAKIIE
nepiia 3aTpuMKa Oyzie BiIpi3HATHUCSA BiJ HAacTynHUX. Lle mposBisieThes SIK Te, 110 nepiie OJIMMaHHsA
CBITJIOZIO/Ia 332 YacOM BiJpi3HAEThCS Bif ycix iHmmMX, 60 Ha crapti B 0XOC 1 OX OD wmictsTbes
JIOBIJIbHI 3HAYEHHS, a MPH [IePe3aBaHTaXKEHH1 MIKPOKOHTpOJIepa KOMIPKU HE CKUIAIOTHCS B HYJIb.

[Ticns 3ammcy mMOYaTKOBHX 3HAUY€Hb BHUKOHYETHCS IHMKII, SIKAM MOBTOPIOETHCS JIOTH, JOKU
3Ha4eHHS B IMX KOMIpKax He CTaHe PIBHUM HYJIO, HICIs YOro BiJIOYBA€TbCs IOBEPHEHHS 3
nignporpamu. Ilpm BuOOpPI MOYATKOBHUX YHCEN MOTPIOHO BpPaxOBYBaTH TAaKTOBY YACTOTYy: Y
CBITJIOQOpPI BOHA MEHINIA, TOMY Ti caMi 3HAYEHH JaAyTh 3HAYHO OLIbINY 3aTpUMKY. SKI0 pobuty,
K paHille, 0araTopa3oBUH MpOXiA 13 3alOBHEHHSAM 10 256, 3aTpuMKa MOXXE BUHTH OJIM3BKO
MiBXBWJIMHHM caMe 4epe3 MEHIIY TaKTOBY 4acTOTy, TOMY JOLUIbHIIIE 3aMHCYBaTH HE MaKCHMAaJbHI
3HAYEHHS, a MEHIIIl, HAITPUKJIa] Ha KTant 128, xoua 1 11e Moke OyTu 3abararo.

Jlpyra mianporpama 3ajae KOpUCTYBallbKy 3aTPHMKY K KpaTHy 6a3oBiil. Ii izes B Tomy, 1m0
BBOJIUTHCS III€ OJIHA 3MiHHA 32 OKPEMOIO aJpecor0, KyAW 3aBaHTAXYETHCS UYUCIO, SKE TOKa3Ye,
CKUTBKHM Pa3iB MOTPiOHO BUKIMKATH 0a30By 3aTpUMKy. Lle yMciio 3aBaHTaKyeThCsl B aKyMYJISTOD
nepesl BUKIMKOM, Jajli 3 aKyMyisTopa 3amucyetrbess B KoMmipky OXOE, micis 9oro BHKIMKAETHCS
delay, motim 3HaueHHs1 B OXOE 3MeHIIyeThCS Ha OAMHUINIO 1 BUKOHYETHCS MEPeXia Ha3aja y LMKII,
JIOKHM He cTaHe HyjeM. J{is nporo nmorpioHa MiTKa mepej MOBTOPHUM BHKJIMKOM; Y (pparMeHTi ii He
BUCTAya€, TOMY ii CIiJ MOCTAaBUTH Mepel BUKIUKOM abo 3aMiHUTH Ha BiJIHOCHHMH mepexi] Ha
KILITAJIT MOTOYHOI aJpecu MiHyC JBa. Tak ¢opMmyeTbcs MOTpiOHA 3aTpUMKa SIK 3a/aHa KiJIbKICThb
MOBTOPiB 0a30BO1 MiAIPOrpamMu.
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"call  BaseDelay

decfsz Ox0E, f
goto E I

return

movwf 0x0cC

decfsz
goto

decfsz b '
goto DelayLooy

return

- dopmyBaHHA AOBINbHOT 3aTPUMKM

Nignporpama BaseDelay ¢popmye 6a30By 3aTpUMKY
(Hanpuknapg 0,1 c), TPMBaANiCTb AKOI BU3HAYAETLCA
4YUCNIOM, WO 3aBaHTaXKY ETbCA B KOMIPKY Nam’aTi 3
appecoto 0xOD nepes nepexonom B OCHOBHUIA LKA
3aTpumkm (DelayLoop)

Nignporpama UserDelay ¢popmye 0oBiNbHY 3aTPUMKY,
AKa BU3HAYAETbCA YNCIOM B aKYMYAATOPI, AKe
3bepiraeTbca B KoMipui nam’aTi 3 agpecoto OxOE Ta
BU3HA4aE€ CKiNbKK pasis byae BUKAMKaHaA Nignporpama
BaseDelay

Nignporpama UserDelay ¢pakTnuHo € nignporpamoto 3

napametpamu (Ha moBi acembnepy mikpoKkoHTponepis PIC

cepeaHboro cimeiicTBa TaKUM YMHOM MOXKHA nepeaaTu
TiAbKKU OAUH NnapameTp)

Posrnsinemo Bukopuctanss. Skmio norpidHa iume 6a30Ba 3aTpUMKa, BUKOHYETHCS TIPSIMUI
Bukiuk call basedelay, micns 4oro BigOyBaeThCsi MIOBEPHEHHS 1 Mporpama Mpo0BKYE BUKOHAHHS.

Sxmo norpiOHa KpaTHa 3aTpPUMKa, CIOYATKy B aKyMYJATOpP 3allUCYEThCS KUIBKICTB
MOBTOPIB, MiCIs YOTO BUKIMKAEThCs mianporpama userdelay. Bona ¢opmye 3aTpuMKy HIISIXOM
0araTopazoBOro BUKOHAaHHS 0a30BOi 3aTpUMKHU. 3HAYCHHS B aKyMYJSTOP1 BU3HAYA€, CKUIBKH Pa3iB

Oyne BukoHaHo basedelay.

MaxkcumanbHa KUTBKICTh TOBTOPIB CTAHOBUTH 256 pa3iB. Lle mocsraetbest mpu 3amuci Hys,
OCKUJIBKH MaKCUMaJIbHE 3HAU€HHs JIIYMIIbHUKA JOPIBHIOE 255, a HyJIb BIANOBIJA€ IOBHOMY LIUKITY 3
256 mpoxomiB. Skimo, Hampukiaa, 0a3oBa 3aTpUMKa JIOPIBHIOE OAHIA CEKYHHl, TO MaKCUMalTbHA
copMOBaHa 3aTpUMKa CTAaHOBUTUME 25,6 CEKyH/IH.

SAxmo notpibHa mie Oulbla 3aTpUMKa, Mignporpamy userdelay BHKIMKarOTh KUIbKa pa3iB

MOCJIIOBHO.

UserDela

moviw

call Bas

decfsz
goto

return

decfsz
goto

decfsz
goto elayLoog

return

dopmyBaHHA
3aTPUMOK

3a gonomorolo nignporpam
BaseDelay ta UserDelay moxxHa
chopmyBaTH 3aTPUMKY

1 * BaseDelay ... 256 * BaseDelay

.« Bom
LR

movliw
call

movliw
call
movlw
call
movliw
call UserDelay

movlw d'15
call UserDelay

VY migcyMKy IOCTae MUTAaHHA, K YCI KOMaHIU TMEpexoiB 1 3aTPUMKU MNpPUB’SA3aTH 10
peasibHOro 4yacy. lle murtaHHs motpedye po3yMiHHS pOOOTH TAaKTOBHX T'€HEpaTopiB, sike Oyxe
PO3IIISIHYTE Ha HACTYMHIM JeKuii, OoCKUIbKM 00cAr iHdopMarlii s OJHOTO 3aHATTS 3aHAJATO

BEJIUKUN.
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Ha nipomMy erani HE0OXiAHO PO3yMITH, 110 BC1 KOMaHAU acemOiepa BUKOHYIOThCS 3a TIEBHUM
npoMikok yacy. KoxkHa KOomaHaa BiAMOBiJAa€ BHU3HAYCHIM KUIBKOCTI TaKTOBHX IMITYJIBCIB, TOMY
IIBUJIKICTh BUKOHAHHS MPOrpaMy 0e310cepeIHbO 3aI€KUTh BiJl YaCTOTH TAKTOBOT'O T€HEpaTOpa.

Jlo bOro MOMEHTY BHKOpPHCTOBYBajlacs TakToBa yactora 4 MI'm, toxi sik y cBiTiodopi
3aCTOCOBYEThCA YacToTa 32768 I'n, Tak 3BaHMi yacoBuil kBapi. Came pi3HHIS YacTOT BHU3HAYae
3MiHY 4acy BUKOHAHHS TUX CaMUX MPOTPaMHHUX KOHCTPYKIIiH.

YacTora BUKOHAHHS 3aJIeKUTh HE JIMINIE BiJ TAKTOBOIO T€HEpATopa, a W BiA apXiTeKTypu
MIKpOKOHTpoJiepa. B pi3HUX MIKpOKOHTpoJIepax OJHA i Ta caMa KOMaHJa MOKE BUKOHYBATHUCS 32
pi3ny kinmpkicTe TakTiB. Hampuknan, y PIC16F84 cranmaprHa KomMaHJa BHKOHYETHCS 32 YOTHUPHU
TaKTH, B 1HIIMX MIKPOKOHTpOJIEpax — 3a OAuH ab0 3a IMIICTHAIIATh TakTiB. ToMmy cama mo coOi
TAKTOBA YaCTOTA HE MOBHICTIO BU3HAYAE IIBHUJIKICTh BUKOHAHHS aCEMOJIEPHOTO KOJY.

MpunB’A3Ka 40 peanbHOro Yacy

LLlo BnanBae Ha vac

DelayLoop:
; SMEHIyeMO uMCiia B KOMipKax BMKOHAHHA NPOrpamHoOro koay
; 3 ampecamy NIOTOKYM BOHM ° AnapaTHa OCHOBaAa (FIKMVI
; He CTaHyTb pieHuMm 0 -
decfsz 0x0C, £ Came MleOKOHTpOﬂep)
i e * YacroTa pob0oTH TakTOBOrO
decfsz 0x0D, f
goto DelayLoop I'EHepaTopa

* [lpM3HaYeHHA KOMaHAM, AKa
BUKOHYETbCA (pi3Hi

CKinbKM yacy
= 5 KOMaHAW noTpebytoTb
BUKOHYETLCA LLEU KOA! Pi3HOrO Yacy BUKOHAHHSA

Pi3Hi koMaHAM MOXYTb NOTpeOyBaTH pi3HOI KUIBKOCTI TaKTiB JAJs BUKOHAHHA, 1 LeE
Oe3mocepelHbO BIUIMBAE HA Yac podotu mporpamu. [loku mo 11i 9acoBi mapaMeTpu MPOMOHYETHCS
BH3HA4YaTU €KCIEPHUMEHTAIBHO JI0 HACTYMHOI MPAaKTUYHOI poOoTH. Jlaii MU JeTallbHO PO3TIIIHEMO
poOOTY TaKTOBUX I€HEPAaTOPiB, BHYTPIIIHE BUKOHAHHS KOMaHJ, MPUYUHU PI3HOI KUJIBKOCTI TaKTIB
Ta CrocoOM iX HalalTyBaHHS B IIPOrpami.

BUcHOBKU

*  BWKOPUCTaHHA NigNpPOrpam 3mMeHLIY€E BUTPATU Nam’aTi nporpam

* [lpy BUKOPUCTAHHI Nignporpam BUKOPUCTOBYETbCA CTEK, AKUN €
cnabknum micuem byab-AKOro NporpamHoro 3abesneyeHHs

* [lpu nepenoBHEeHHi CTEKy NporpamHe 3abesnevyeHHs Beae cebe
HeneabayyBaHO

* Ha moBax acembnepy iCHyIOTb MeTOAM NPOrpamyBaHHA, WO
[03BO/AOTbL A0AATKOBO 3MEHLUMTU BUTPATU Nam’aTi nporpam,
onepaTMBHOI Nam’ATi Ta CTeKy, ane ix He peKOMeHAYETbCA
BMKOPUCTOBYBATU HA MOBAX BUCOKOTO PiBHA, | HE MOXKHa
BMKOPUCTOBYBATU NPU 06’ EKTHO-OPIEHTOBAHOMY NPOrpamyBaHHi
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TEMA 5. KEPYBAHHSI AITAPATHUMU BY3JIAMHU EJEKTPOHHOI TEXHIKH

KepyBanusi yacom

Cporo/iHi MU TIPOJIOBXKYEMO BHUBYCHHS TUCIMIUTIHA MPOrpaMyBaHHS MIKPOKOHTPOJIEPIB Ta
npuctpoiB Intepuery. Jlekuis NpUCBAYEHA 3aBEPUICHHIO BEJIMKOI TEMH, IO CTOCYETHCS
(dbopMyBaHHS YacOBHX IHTEpBaJiB. PoO3risimaeTbcs MNPHB’S3Ka BIPTYaIbHOTO dYacy, y SKOMY
¢GyHKLIOHYE TporpaMHe 3a0e3ledeHHs, J0 PeaJbHOro acTPOHOMIYHOTO 4Yacy, B MeXaX SKOIro
MPAIIOI0Th 3aCTOCYHKH, CTBOPEHI Ha 0a3i MiKpokOHTpojepa. OCHOBHUN akIEHT POOMTHCS HaA
3B’3yBaHHI NMPOTPaMHOIO CEpelOBHUINA 3 peaJbHUM (Di3MYHHM CBITOM, y SKOMY 0€3MOCEpeaHbO
(YHKIIIOHYE MIKPOKOHTPOJIED.

[Tounemo moctymoBo posz0uparucs. OcTaHHS MpakTHYHa poOora Oylna NpUCBSYCHA
nporpamMyBaHHIO cBiTJIoopa. Y TeXHIYHOMY 3aBjJaHHI OyiM 3a7aHi KOHKPETHI 4acOBi MapaMeTpu:
TPUBAJICTH CBITIHHS YE€PBOHOTO, )KOBTOTO Ta iHIIMX CUTHAIIB.

Ha mpaktumi 111 3Ha4eHHS TIAOMPATUCA €MITIPUYHO, TOOTO «METOJOM HAyKOBOTO THKY).
Kon 3miHIOBaNM, mepeBipsuid pe3ysibTar, OI[IHIOBATN MIBUAKICTH POOOTH, MICIS YOTO KOPUTYBAIU
3aTPUMKH, poOJsiuM ix OUTbIIMMH a00 MEHIIMMH, JOKH poboTa cBiTIodopa HE 31aBayacs
IPUHHATHOXO.

Ha nmomepennii nekumii  po3misganucs —mianporpaMu  Ta  OyB  3allpONOHOBAHHMA
PEKOMEHIOBaHUH KO i (hOpMyBaHHS 3aTPUMOK. Bylio HaBeIeHO JBa BapiaHTH peaizallii, siKi 3
TOYKH 30y KIHIICBOTO 3aCTOCYBaHHS € eKBiBaJICHTHUMHU. OJIUH BapiaHT MPOCTILINIA ISl PO3YMIHHS,
aJle BUKOPUCTOBYE OUIbINIE PECypCiB, IHIIUH CKIQJHININN, TPOTE MAE MEHIIY KUTbKICTh KOMaH] i
KOPOTILU# 32 BUKOHAHHSIM.

Bubip xonkpetHOI peamizamii He € mpuHIUNOBUM. KokeH mporpamict ¢opmye BIacHUi
CTHJIb IIPOTPaMyBaHHSI, SIKHI 3 4aCOM CTa€ BITI3HABAHUM 1 YHIKQJIbHUM.

BopHouac 3anmummiiocs TOJOBHE NMHUTaHHS, HA sKE€ HEe OyJ0 OTPHMMAHO BIAIOBIAL M 4Yac
BUKOHAHHS TONEPEIHIX poOiT. ¥ BCIX 3aCTOCYHKaX BUKOPUCTOBYBABCS KOJ, IO MPAIOE Maike B
pealbHOMY dYaci, ajie He aHaJi3yBaJocs, CKITbKH caMe 4acy 3aiiMae MOoro BHKOHaHHA. Temep
HEOOX1JHO NepeiTH A0 MOIIYKY KOHKPETHUX BIJMOBIJIeH 11070 Yacy BUKOHAHHS IPOTPaM.

‘call

decfsz
goto

Nignporpama
BaseDelay

return

Pelay

CKinbKu yacy byae BUKOHYBaTUCb
ueu Koa?

]
Nignporpama BaseDelay

movlw i'0" © _u S_ S UUUCKA BOHA
movwf 0x0C 8 [+7] = 7 He ( pisdaumm 0

c Q ‘T decfsz £

A p: (=8 o

; [T} = goto 0

% 5 decfsz
NS o C goto =
decfsz
goto decfsz
decfsz goto
goto

return
return b
=

[lepmr 3a Bce HEOOXIAHO 3’sICYyBaTH pOJIb TAaKTOBOTO TeHepaTopa. MIKpOKOHTpOIIEp,
MiKkporiporecop i Oyap-sika KOMI'IoTepHa abo 1udpoBa TEXHIKA MICTATh BY30JI, SIKUI HA3UBAEThCS
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TaKTOBUM TeHepaTopoM. CaMe BiH € JDKepeslioM poOOTH BCi€l CUCTEMH: SIKIIO TAKTOBUI reHepaTop
HE TIpaIfioe, cucTeMa He (PYHKITIOHYE.

VY cyuacHii 1udpoBiii TexHini, MoOyqoBaHIH Ha JOTIYHHUX €JIEMEHTax, yci NpoLecH
BiIOYBarOThCS JIMIIE B MOMEHTH 3MiHM CUTHAJIy Ha BUXOJlI TAaKTOBOIO TeHepatopa. TakTOBHU
TeHepaTop He Ma€ BXOJIB 1 CAMOCTIHHO (OpPMYE MOCIIAOBHICTh HYJIIB 1 OAUHUII 3 IEBHUM YaCOBUM
iHTepBaioM. 3a3BUYail KOe(iliEHT 3alIOBHEHHS IMITYJIbCIB CUTHAIIY CTAHOBUTH 0sin3bK0 50%, TOOTO
TPUBAJIICTD JIOTTYHOTO HYJISI IPUOIU3HO TOPIBHIOE TPUBAIOCTI JIOTTYHOI OJUHHMIIL.

Koy curHan TakTOBOTO TeHEpaTopa HE 3MIHIOEThCS 1 TepedyBa€e B CTaHl HyJIs a00 OJIMHUIII,
yceperHI MIKPOKOHTpOJIEpa Y1 MIKPOTpOIlecopa HE BiIOYBAa€ThCs MKOJHUX TMpolieciB. BHyTpimHi
BY3JIM TIPH I[OMY ITPAKTHYHO HE CIIOKUBAIOThH eHeprito. CTpyM MOKe IPOTIKATH JIMIIE B 30BHINTHIX
KOJIaX, HalpuKIaJ Ha TOPTAaxX BBEACHHSA-BUBEACHHS, MIIKIIOYEHUX 10 (i3uuHoi cxemwu, ane
BHYTPIIIHI MPOIECH 3YITHHEHI.

SIKIIO po3riIAgaTH CIOKUBAaHHS CTPYMY MIKPOKOHTPOJIEPOM Yy Yaci, BOHO Ma€ BUIJISI
KOPOTKHX IMITYJIbCIB, SIKi BAHUKAIOTh CaM€ B MOMEHTH 3MiHU TaKTOBOTO CHTHAITY. SIKIO 3yNMHHHUTH
TaKTOBUW TEHEpaTop, CHCTeMa IOBHICTIO 3aBMHUpae 1 mepecrae pearyBaTd. [Ipu BigHOBJIEHHI
po0OTH TeHepaTopa HaBiTh Yepe3 TPHBAJIMI Yac CHCTEMa MPOJOBKUTh BUKOHAHHS 3 TOTO CaMOT0
CTaHy, B IKOMY OyIla 3yluHeHa.

IMITyNibCcH CTpyMy MaroTh Pi3HY aMIUTTYAy, OCKUIbKA KOKHA 3MiHAa TaKTOBOTO CHTHAITY
MPU3BOAUTH JI0 TEPEMHUKAaHHS PI3HOT KUIBKOCTI TPaH3HCTOPIB YCEpEeIuHI MIKpOMIpoIecopa.
BenuunHa cTpymy 3alIeKUTh BiJl TOTO, CKUIBKHM €JIEMEHTIB 3MIHWJIM CBIM CTaH MiJl 4ac Mepexoay
curHary. Komm Ha BHXOII TaKTOBOrO TeHeparopa CTa0UIbHUH Hynb abo  OIMHHMIM,
€HEeprocrioKUBaHHs MiHIMAaJIbHE.

Ile BaxJIMBO BpaxoBYBaTH SIK MPH PO3POOI amapaTHOI YAaCTHHHU, TaK 1 MPH HANHMCaHHI
MPOrPaMHOTO 3a0E3MEUCHHS, OCKUIBKH SIKICTh MPOTPaMHOI0 KOAY O€3MOCepe/HhO BIUIMBAE Ha
€HEePTOCIIOKUBAHHS CHCTEMH.

TakTtoBuIM reHepatop (Oscillator)

Cuznan na suxodi
mMakmoso20 2eNepamaopa

y
Y ! / \
\ :
Takmosuli \ , o AN A oo
FAAVAN i : i
eeHepamop — Hi+4020 ne 810bysacmieca ! ! ! Ulock eidbyeacmuca
CHCP2IA HC CNOKUSACMILCA : : ; COXUBAEMULCA CHCPEIR
H 1 [
(Oscillator) i i
C”'[)yM, WO CIIOXUBAEMBCA | [}
MIKPOKOHITIPONEPOM | |
i
b
i
i
i
i
:

—
—

\ i} n

Yci npouecu B MiKpoKOHTponepi BigbyBaloTbcs Npu 3MiHi CUTHaNyY Ha BUXOA
TAKTOBOrO reHeparopa

OCKUTbKM  BXKE€ PpO3IJIAETbCA  poOOTa TAaKTOBOTO TeHEpaTopa, MJOLUIBHO OKPEMO
3YMUHATHUCS HA THUTAaHHI €HEPrOCHOXHBAHHS MIKPOKOHTpOJIepa. SIKIO po3rismaTH MpOIecH Ha
IMOIIOMY PiBHI, HUXKYE PIBHS €JIEKTPOHIKM, Ha PiBHI (i3MKM BUTOTOBJICHHS €JIEMEHTIB, Oa30BUM
€JIEMEHTOM YCIX IHU(POBUX CXEM € MOIbOBUN TpaH3ucTOp. BiH dopMyeThbes B KpuCTalli IIISTXOM
XIMIYHOTO TPaBIEHHS IUISHOK 3 Pi3HUMH (DI3MYHMMM BIACTUBOCTSMHU Ta HAaHECEHHS €JNEKTPOIIB 1
JEJIEKTPUKIB Y MEXaX BU3HAYEHOTO TEXHOJIOTTYHOTO MPOIIECy.

TpaH3ucTop Mae MEBHI T€OMETPUYHI pO3MipH, a HOro BHUBOJIU, XO4a W EIEKTPUUYHO
130J1b0BaHI, YTBOPIOIOTH Mapa3uTHI eleKTpUUHI eMHOCTI. L{i éMHOCTI € HEeBiJ'€MHOIO BIACTUBICTIO
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CTpYKTypu U He MOXyTh OyTu ycyHyri. Came Ha mepe3apsy IHMX Hapa3uTHUX €MHOCTEH
BUTPAYa€eThCSl OCHOBHA YaCTHHA €HEprii MiKpOKOHTposiepa. EHeprocrnoxuBaHHS siipa HE MOB’s3aHE
0e3mocepelHbO 3 BHUKOHAHHAM apH(PMETHUKO-JIOTIYHUX OIepaliif, a BH3HAYAETHCSA MPOLECAMU
repe3apsy BHyTPIITHIX EMHOCTEH.

BennuuHa eHEprocroXMBaHHS 3QJIEKHTh BiJ PO3MIpPIB  TpaH3WCTOpiB. YUuM MeHIIi
TPAH3UCTOPH, THUM MEHIII Tapa3uTHI €MHOCTI 1, BIAMOBIJHO, MEHIIE E€HEPTrOCHOXHBAHHS IPH
BUKOHAHHI Ti€l camoi 3amaui. ToMy €HEprocrnoXKMBaHHS MiKPOKOHTPOJIEPIB 1 KOMIT IOTEPHHUX
cucTeM 0e3Nocepe/lHbO IOB’S3aHE 3 PO3MIPOM TEXHOJOTIYHOTO TPOIECY Ta MOXKIUBOCTIMHU
BUTOTOBJICHHSI MAJIUX €JIEMEHTIB.

[Ile omHUM BaXJIMBHM IIAPAMETPOM € HANpyra >KUBJICHHs. Jlsi 3apsipkaHHS Mapa3uTHOL
€MHOCTI HeOOXilHa EeHepris, fKa 3aJeKUTh BiA KBaapary Hampyru. [lpu 3MeHIIeHHI Hampyru
JKWBIICHHSI BJIBiUl €HEPrOCIOXHMBAHHS 3MEHIIYEThCS NPUOJM3HO B YOTHPH pa3d 3a YMOBHU
BUKOHAHHSA Ti€l camoi mporpamu. Tako €HeprocroXUBaHHS 3aJI€KUTh BiJ 4aCTOTH poOOTH, TOOTO
BiJI 9YaCTOTH TAKTOBOTO I'eHeparopa. YuM BHUINA YaCcTOTa, TUM OLIbIIE NMEPEMUKAHb 1 THM OijbIle
CTOXKMBAHHS CHEPTIi.

Came TOMy B Cy4acHHUX MIKPOKOHTpOJIEpPAaX, OCOOJMBO THX, IO TMPAIOIOTh BiJl Oarapew,
OCHOBHHMMH TEHJICHIISIMU € 3MEHIICHHS! HAIIPYTH YKUBJICHHS, 3MEHIIIEHHS PO3MIPY TEXHOJIOTIYHOTO
MpoLIeCy Ta 3HUKEHHS poO0Y0i 4acTOTH. Y TEXHIYHINH JOKYMEHTAIlil €HeprocroXHBaHHSI YacTo
MOJIA€THCS Y BIIHOCHUX BEIMYMHAX, HANIPUKIA Y MUTiaMmriepax Ha merarepil. e o3Hauae, o mpu
301BIIEHH] TAKTOBOI YaCTOTH MPOMOPIIITHO 3pOCTa€ CIIOKUBAHUIN CTPYM.

OxpemMo citifi BpaxoByBaTH BIUTUB IPOTpaMHOro Kony. HeonmTumanbHHiA KOJ 13 3aliBUMHU
ONEpalissMd  TPHU3BOJAUTH IO JIOJATKOBHX TNEPEMHKaHb 1, BIAMOBIAHO, JIO 3POCTAHHS
€HEepProCIoXuBaHHs. TOMY IPH CTBOPEHHI 3aCTOCYHKIB JUISI MIKPOKOHTPOJIEPIB BaXKIIMBO PO3YMITH,
10 HaBITh 32 YMOBHU POOOTH JIMIIE 3 MPOrpaMHUM 3a0e3MeueHHsIM BiJ SIKOCTI Ta ONTUMAaIbHOCTI
KOy 0€3mocepe/IHbO 3aJICKUTh PIBEHh CHEPTOCIIOKUBAHHS CUCTEMH.

LLlo BnaiMBa€e Ha eHeprocnoXXmBaHHA
MIKPOKOHTpO/1epa

o e Po3mip (po3ginbHa 3aaTHICTD)

I} TEXHONOrYHOro Npouecy — YMM MeHLW|
3aveop (gate) PO3Mipy OKPEMUX TPAH3UCTOPIB, TUM MEH LU
iX NapasuTHi EMHOCTI

BuTIK (source| Crik (drain)

Mapa3uTHa emHiCTL
Mapa3rTHa eEMHICTL

) * Hanpyra }XuBneHHs — eHepria, HeobxigHa
e ANA 3apaay na Pa3nUTHOI EMHOCTI
AN pOB K DV nponopuinHa KBaapaTy Hanpyru XXmBNeHHA
Srecer A cana | *  Yacrora po60oT¥ —umum Bisblue nepemmuKaHb
Migkaagxa (bulk) TPaH3UCTOPIB, TUM BiNblUi BUTPATH eHeprii

* [paBuAbHICTb HANUCAHHA NPOrPamMHOro
Koy — UMM MeHLWe apuPpMeTUKO-N0rYHUX
onepaLit BUKOHYETbCA ANA JOCATHEHHA
NoCTaB/IEHOT 3a4a4i, TUM MeHLUi BUTPATH
eHeprii

Tenep, naBaiiTe MOAUBUMOCH, SIK BUIIIAJAIOTh KPUCTAIN MIKpOCXeM. 30BHI BOHH O/IHAKOBI,
HE3aJIe)KHO BiJl TOTO, YM 1€ MIKPOKOHTPOJIEPH, UM 1HIII 1HTEerpalibHi cxeMu. [Iporec BUrOTOBIEHHS
MOJISiTa€ HE B CTBOPEHHI OKPEMHUX TPAaH3UCTOPIB ab0 OKpeMuX MIKpOKOHTpousiepiB. beperbcs
MJIACTHHA KPUCTAJTy, Ha SIKIH OJJHOYACHO BUTOTOBJISIFOTHCS JIECATKH, COTHI a00 THUCSYl MIKPOCXEM.
[Ticna 3aBeplIeHHs TEXHOJOTIYHOIO MPOLECY IJIACTHHA PO3PI3A€ThCS HA OKpeMi KpUCTalH, SKi
PO3MILIYIOTHCS B KOPITYCaX, MICHS YOTO 10 HUX M1 €AHYIOTHCS BUBOM.

P03BUTOK TEXHOJOTIYHUX MPOIIECIB XapaKTEPU3Y€ETHCS 3MEHIICHHAM PO3A1JIbHOI 34aTHOCTI.
[Tounnatoun npubauzHo 3 1971 poky, KOIAM 3 SBUIUCS TMEpIIl MIKPOCXEMH, MiHIMalIbHHUNA
TEXHOJIOTIYHUN KpOoK cTaHOBUB Oim3bko 10 MkM. Lle He OesmocepenHiit po3mip TpaH3UCTOpa, a
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MiHIMaJIbHA BIJICTaHb, 3 SIKOI0 MOXYTh (POPMYBATHCS €IEMEHTH, IPHU IIbOMY CaM TPAH3UCTOP Ma€
JIeI0 ORI PO3MIpPH.

3 WacoM po3Mipu eleMeHTiB cyTTeBo 3MeHmmmcsa. [lo 2029-ro poky kommanis Intel,
IJIaHY€E Tepexis A0 TEeXHOJIOTTYHMX HOPM TOopsAaky 1,4 HM, TOOTO 3MEHIIEHHS po3MipiB Oyje
NPUOJIU3HO Y JECATh TUCSY Pa3iB MOPIBHAHO 3 MOYATKOBUMHU 3HAUCHHSIMH.

Boanodac He Bci KOMITaHil 37aTHI OCBOITH HalCy4YacHIII TEXHOJIOTTYHI MPOIECH, OCKUIbKH
CTBOpPEHHSI OOJIaTHAHHS 3 TAaKOK TOYHICTIO € HAI3BHYAWHO CKIAIHUM. 3a TaKUX MaciTabiB
TEXHOJIOTIT HAOJMXKAIOTBCS 10 PO3MIpPIB OKPEMHUX aToOMiB. IMOBIPHO, III€ MPOTATOM KIJTBKOX
JIECATKIB POKIB PO3BUTOK BiI0OyBATUMETHCSA B IbOMY HANpPSIMKY, IIiCIS YOO IMOAAJBINE 3MEHIICHHS
PO3MipiB TPAH3UCTOPIB CTaHE (PIZUUHO HEMOKIIUBUM.

Po3ginbHa 34aTHICTb TEXHONOTIYHUX NPOLECiB
BUIOTOBJIEHHA HAaNIBNPOBIAHUKOBUX MIKpOCXem

* 10 mkm — Intel 4004 (1971 pik)

* 3 mkm —Zilog Z80 (1975 pik), Intel 8086 (1979 pik)

. 1 mkm — Intel 80386 (1985 pik)

* 0,6 mkm — Intel Pentium (1994 pik)

¢ 0,13 mkm — AMD Athlon XP, Intel Pentium Ill (nouaTok

2000-x pokis)

* 45 um—Intel Core 2 Quad, Fujitsu SPARC64 VIIIfx (2007
piK)

. 14 um — Celeron N3000, N3050, N315, Apple A10 (2015
piK)

* 10 Hm-—Apple Al1l, Snapdragon 845 (2017 pik)

*  7Hm-— Apple A12, Kirin 980, Snapdragon 855, Intel Ice
Lake (2019 pik)

* 3 Hm-— Cadence Design Systems (nepwi gocnigHi
3pasku) (2018 pik), Samsung (nnaHyeTbea y 2021 poui)

¢ 1,4 um-Intel (nnanyetbea y 2029 poui)

Posrnsinemo enekrponny yactuny. CTpyM, sIKuit cioxkuBae Oyzb-sika [U(poBa MiKpocxema,
HE JIMIIe MIKPOKOHTPOJEp, a i MIKpONpPOLECOpPH Ta 1HII LHU(POBI MPUCTPOI, MAE IMITYJIbCHUN
XapakTep Yy BHUIVIAAI KOpPOTKUX MiKiB. JKoxHe kepeno >KMBICHHS He 3[aTHE Oe3loceperHbo
3a0€3MeYnTH TaKl IMITYJIbCH CTPYMY, OCKUIBKM BOHO pO3TalllOBaHE HA BIJCTaHI BiJ MIKPOCXEMHU 1
3’€/IHaHE 3 HEIO IPOBIAHUKAMHU, K1 MalOTh MApa3UTHY 1HAYKTUBHICTb.

Slkmo He BXKMBATH JNOJAATKOBUX 3aXOJIB 1 MIJKIIOYUTH MIKPOCXEMY HampsiMy J0 JpKepena
KUBIICHHS, BOHAa MOXXE TpaIfoBaTH HEKOPEKTHO ab0 B3arajxi He MpaioBaTH. SK TpUKIaZ,
PO3IIISIIaBCsl BUMAJOK 13 JIIYWIBHUKOM Ha JBOX HM(POBHUX MiKpocxemax 0e3 MiIKpOKOHTpoJjepa,
SKUI MaB B1J1oOpakaTtu ymcia o Koy Bif 0 10 9. ®akTUYHO JIYMIBHUK IT0Ka3yBaB MOCIIIOBHICTb
0,1,3,5,6,7,9, To6TO N1Ba 3HaUEHHS BUMaganu. HamamTyBanb cxeMa He Maia, 3aMiHa MIKpPOCXEM
HE Jaja pe3yibTary, 1 NMPUYMHA HECHPABHOCTI TpUBAaIUN uyac Oyna He3poszyminoro. IIpoGiema
3HUKJIA JIMILIE MICs BCTAHOBJEHHS KOHJEHCAaTopa MapajieilbHO /0 YKUBJIEHHS MIKPOCXEMH, MICIs
4Oro cxema Iodajsa MnpamoBaTi KOPEKTHO.

[IprumHa Takoi NOBEIIHKH MOJIATa€ B HEMOXKJIMBOCTI HMIBHJIKO MEpeJaTH IMIYJIbCHI CTPYMHU
4yepe3 1HAYKTHUBHICTD MPOBITHUKIB KUBJICHHS. [[1s1 kommneHcarii 1boro e(eKkTy B KojaxX >KUBIICHHS
3aCTOCOBYIOTHCS JIOKAJIbH1 HAKOMTUYYBayi €Heprii.

VY komi XuBJeHHS OyIb-KOrO0 MIKpPOKOHTpoJiepa OOOB’S3KOBO Ma€ OyTH BCTaHOBJIEHUI
MaJIi KepaMivyHHI KOHAEHcATOp eMHIicTo nmpubau3Ho Bix 10 HO 1o 1 MKD, MOXKIUBI TPOMIKHI
3HaueHHs, Hampukiaang 47 HO. lleli KoHIEHCATOp MIAKIIOYAETHCA TapajelbHO 10 BHBOIB
KHMBIJICHHS] MIKPOCXEMH 1 3a0e31euye JTOKaIbHU 3arac eHeprii s iMITyJIbCHUX CTPYMIB.

KoHneHncarop TOBMHEH pO3TAlIOBYBAaTHCS Oe3mocepeaHb0 OISl BHUBOJIB KUBJICHHS
MIKpOCXeMHU 1 He MoOke OyTH BUHeceHu# aaneko Ha miari. CamMe TOMy B MIKPOKOHTpOJIEpax i
MIKpOMpOoIecOpax BUBOJM KUBJICHHS 3a3BHUYall pO3MIILIYIOTh TapaMy 1 MaKCUMaJIbHO OJIM3bKO OJIUH
710 OZIHOTO, 11100 MK HUMHU OyJI0 3pY4HO BCTAaHOBUTH HeBenukuih SMD kepamiuHuil KOHAEHCATOD.
HaBiTh fKIIO MIKPOKOHTpOJEp Ma€ KidbKa Map BUBOJIB KUBJICHHS, BOHU 3aBXJU BHUKOHYIOTHCS
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MapHAMH 1 PO3TAIIOBYIOTHCSI TAaKUM YHHOM, [I00 3a0€3MEeYUTH MOKJIMBICTH BCTAHOBJICHHS
KOHJIeHcaTopa 0e3nocepeIHb0 OUTs X BUBO/IIB.

BUKopUMCTaHHA BNOKYyBabHUX KOHAEHCATOPIB

Cmpyra 1 Cmpym
¥ Yac
4
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[nsa ctabinbHoi poboTn mikpocxem KMOH-norikn HeobxigHo BCTaHOBAOBATK B Ko1ax ii
YKMBNEHHA KepaMiYHU KoHAeHcaTop eMHIcTO 0,047...1,0 mK®P, AKMI ycyBa€E KONMBAHHSA
Hanpyrv B KOIax XUBNEHHA, CNPUYMHEHWUI IMNY/IbCHUM XapaKTePOM CMOXUBAHOTO CTPYMY

KoHaeHcaTop NOBUHEH PO3TalLOBYBaTUCh Ha nnati 6e3nocepeaHbo 6ina mikpocxemm

Lle € KpUTUYHO BaXJIMBUH MOMEHT. SIKIIIO HUM 3HEXTYBAaTH, BUHHKAE CHUTYaIlisl, KOJU 0e3
KOHJ/IEHCATOpa MpOSBISAIOTHCS Napa3uTHI HapaMeTpu NPOBIAHUKIB JKMBJICHHS 1 IMOYMHAIOTHCA
KOJIMBAJIbHI TIpoIecH. Y pe3yibTaTi HAIpyra MOXKE BHXOIUTH 32 MEXI 30HH CTaOLIbHOI poOoTH
MikpocxeMu. lle Moke MpU3BECTH O MOPYLIEHHS POOOTH ONEepaTHBHOI MaM’sTi, MOLIKOJKEHHS
a00 croTBOpEHHS 11 BMICTY Ta IHIIMX HEKOPEKTHHUX €(PEKTiB.

V Takiil cutyaunii MOMWIKY 4aCTO HaMararThCs 3HANTH B IPOrpaMHOMY KOJIi, X0ua peaibHa
MPUYMHA TOJISITAE JIMIIE Y BIICYTHOCTI KOHAEGHCATOPA B KOJI JKUBJICHHS. Y HaWTIpIIOMY BUIAIKY
MO’KJIMBE (i3UYHE MOLIKOKEHHS MIKPOCXEMHU, X04a 1€ TparisieTbes pijako. Haltuactime npoGiema
MPOSIBIISIETHCS Y HECTaOLIBHIN POOOTI.

Came TOMy HaBiTh Ha CTApUX IUIaTaX KOHIAECHCATOPH YacTO MPHIAIOBAIN O€3M0CcCepeHbO /10
BUBO/JIIB J)KUBJICHHS MIKpOCcXeM. X04a BUBOH KHUBJICHHS MOXYTh OyTH 3arapaiesneHi, Oi1s KOXKHOT
MIKPOCXEMH BCTaHOBJIOETHCS BJIACHUI KOHJIEHCATOp, SAKHHA 3a0e3neudye cTalOlIbHY poOOTY
HPUCTPOIO.

BUKOpUCTaHHS BN10KYBaNbHUX KOHAEHCATOpIB

bes koHdeHcamopa 3 koHOeHcamopom
Hanpyea i A
AUSHEHHA, TNowKodxeHHs
3ona cmabinbHol BoHa cmabinsHoi
pobomu pobomu
~ v/
__________ :— — — —— — — — — —
. - 36id
i .y - -
Cmpym i Yac i Yac
KUBNEHHA !
" Yac Hac

EnexTpoHHy 4dacTHHY pO3IISHYNIM, TeHep TEpexXoAuMO [0 NPUHIHMIIB pOOOTH
MIKpOKOHTpoJIepa. Yci mpoliecd B HbOMY BIJOYBarOThCS MiJ Yac 3MiHM TaKTOBOI'O CHTHAIY.
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BuHukae nuTaHHs, CKUTBKM TaKTOBHX IMITYJIBCIB HEOOXIAHO JJIsl BUKOHAHHS OJIHIET KOMaHAH, 1 1€
3HAYCHHS 3aJICKHUTh BiJ] KOHKPETHOTO MIKPOKOHTpPOJIEPA.

V¥ wmikpokoHTponepax PIC cepenHporo cimelicTBa BUKOHAHHS OJIHIET KOMAaHIM TOTpeOye
BOCBMH TaKTOBHUX IMITyJIbCIB. BHYTpIMIHBO 1€l Mpomec YMOBHO NOJUISAETHCS HA JIBI YaCTUHH.
[lepmri 4oTHpPW TakTH BIABOIAATHCS Ha MIATOTOBKY: KOMaHAA 34YMTYETHCS 3 TaM ST Mporpam,
3aBAHTAXYEThCS y BHYTPIIIHI PETICTPH, MOXKYTh MiABAHTAXXyBaTHCS JIaHI 3 OMEPATUBHOI IaM STi.
Ha npoMy etami cTan MiKpOKOHTpoJiepa He 3MiHIOEThes. [Ipyri yotupu TakTn — e 6e3mnocepeHe
BUKOHAHHS KOMaH[H, SIK€ B)K€ 3MIHIOE CTaH MIKpOKOHTpoisiepa. Lli 4oTupH TakTH Ha3MBaIOTHCA
MalIMHHAM [UKIIOM.

TakuM yuHOM, poOOTa MIKPOKOHTpOJEepa MOAUISAETHCS HAa MAIIMHHI IUKIN, KOXKEH 3 SKHX
TPHUBA€E YOTUPH TAKTOBI iMIynbcu. OHA KOMaHAa BUKOHYETHCS 32 JBa MAllMHHI [UKIIM, TOOTO 32
BiCIM TaKTiB.

Jis migBUINEHHS INBUIKOIT PO3POOHHMKH peai3yBald KOHBEEpHE BUKOHAHHS KOMAaH]I.
KonBeep o3Hauae, mo ABI KOMaHId OOpOOJIAIOTHCSA OJHOYACHO 31 3cyBoM y yaci. Iloku omHa
KOMaHJ[a BHUKOHYETHCS, BiAOYBAETHCS MIArOTOBKA 10 BHKOHAHHS HACTYMHOI. MiKpOKOHTpOJIEp
ABTOMATUYHO 34YUTY€E HACTYNHY KOMaHAY 3 IaM’ STl IporpaM 1 rotye ii 10 BUKOHAHHS MapaielbHo 3
BUKOHAHHSM [OTOYHOI.

3aBASKM KOHBEEPY CTBOPIOETHCS €(PEKT, M0 KOMAHIM BUKOHYIOTbCA BIBIYl MIBUAIIE. Y
pe3yNbTaTi 3Ma€ThCsA, IO HA BUKOHAHHS OJIHIET KOMAHIU BHTPAYA€ThCS HE BICIM TaKTOBUX
IMIYIBCIB 1 HE JBa MAIIMHHI IUKJIM, & OJUH MAlIUHHUHN LUKI, TOOTO YOTHPU TAKTOBI MEPiou.
Came 11e 3HaUCHHSI BUKOPUCTOBYETHCS SIK 0a30BE MPHU MOJAIBIIMX PO3PAXyHKAX Yacy BHKOHAHHS
porpam.

MpuHUMN pobOTM KOHBEEPA

1 MmaWKMHHUA UUKA = 4 TaKTU reHepaTopa

CuzHan Ha euxodi
makmoeoz0 2eHepamopa

Hac

1 MaWuHHUG Yukn 1 MawuHHUG UK 1 MawuHHUG YUK 1 MaWuHHUG YUK
[lidzomoska ” BukoHaHHs Komanoa 1
‘ Midezomoska “ BukoHaHHA | Komanoa 2
OpaHa KOMaHOa BUKOHYETbLCA ‘ rlidzomoska “ BuxoHaHHsa ‘ Komanoa 3

BMPOAOBX 2 MALUMHHUX |

i i Midzomoska ’ Komarda 4
LMKAiB (8 TaKTiB reHepaTopa)

3aBAAKM KOHBEEPY OA4Ha KOMaHAa BUKOHYETLCA 3a 1 MaluMHHUI UMKA (4 TakTH)

OpnHak y Habopi IHCTPYKLIM € KOMaHIu, SKi MOPYIIyIOThb poOOTYy KoHBeepa. Jlo HHX
HajeXaTh KOMAaHIU, U0 3MIHIOIOTh MPHUPOJHUMN TOCHIIOBHUN MOPSIOK BHUKOHAHHS KOMaHH Y
nam’ATi nporpam, 30kpema goto, call, return, a Takox KOMaHU poOOTH 3 IEpPEPUBAHHIMH.

[Tig yac BUKOHAHHS, HAPUKJIIAA, KOMaHIM goto HACTYITHOK MAa€ BUKOHYBATHCS HE KOMaH/a,
gka Oynma 3a3/aneriip MiArOTOBJIEHAa KOHBEEPOM, a KOMaHJa 3a aJpecolo, BKAa3aHOI B MiH
IHCTPYKINi. Y 11ed MOMEHT MiIrOTOBKAa HACTYITHOI TOCIIJOBHOT KOMAaHIHM CTa€ HEKOPEKTHOIO, 1
poboTa KOHBeepa 30MBA€ETHCS.

VYceepeanni MIKpOKOHTpPOJIEPA 1€ BUPIIITYETHCS TaK: 3aMiCTh BUKOHAHHS BXKE M1ATOTOBIEHOT
KOMaHJIM BHKOHYeThbcsl Komanna NOP, ska He BHKOHYe >KOJHOI omepauii 1 ciayrye ans
BUPIBHIOBaHHS poOOTH KOHBeepa. TakuM YMHOM BiJOYBA€THCS BTpaTa OJHOTO MAIIUHHOTO LIHKITY.
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VY pe3ynbTari KOMaHAH, IO MOPYIIYIOTH poOOTYy KOHBeepa, Taki sk goto, call, return i
KOMaH/IU OOpOOKHM TepepruBaHb, BUKOHYIOTHCS 3a JIBa MAIIMHHI ITUKIIH, OCKIIBKH 1X BHKOHAHHS
notpelye BiAHOBJICHHS KOPEKTHOI pOOOTH KOHBE€EpA.

[MopyLweHHA poboTN KOHBEEPY

CuzHar Ha euxo0i
makmosoz0 2eHepamopa

YHac

1 MaWUuHHUL YUk 1 MawuHHUG YUK 1 MawurHul Yyukn 1 MawuHHUGT Yyukn
Tidzomoska || BuxkoHnanHs Komandu goto, call, retumn, retlvs, retfie
| ridzomoeka ” BukoHaHHs koMaHOu nop | Komanda 2
| rlidzomoska " BukoHaHHs ‘ Komarda 3

KomaHpaum, wo nopylyiotb poboty
KOHBEEPY BUKOHYIOTbCA 33 |
2 MALIUHHUX LUKAU

Midzomoeka ‘ Komarda 4

TakuM YMHOM, iICHYIOTh aceMOJIepHI KOMaH/IU, SIKi BAKOHYIOTBCS 32 OJJUH MAITMHHUN [UKJI,
1 KOMaH/I1, BUKOHAHHS SIKUX IMOTPeOye ABOX MAIIMHHUX ITHKIIB.

Komannga NOP HaBenena sik mpukiiaj. BoHa He BUKOHYe KOJHUX [ifi 1 HE 3MIHIOE CTaH
MIKpOKOHTpOJIEpa, SBIISAIOYH COO0I0 TOpOoXHIO omeparito. [lonpu me, iHkomun xomanga NOP
BUKOPHUCTOBYETHCS B IIPOTPAMHOMY KOJIi, 1 Jajii Oy/ie MOKa3aHo MPHKIIa i 3aCTOCYBaHHSI.

KomaHaa nop

* KomaHpga nop (No Operation) He
3MIHIOE CTaH MIKPOKOHTpO/iepa

NOP No Operation K

* KomaHza nop BUKOHYETHLCA
Syntax: [ label] NOP A P Y
s - aBTOMaTMYHO Y BMNaAKax

P = NOpPYLUEHHA KOHBEEPY 3aMiCTb

Oporation: Noopets o KOMaHAM, AKY MiIKPOKOHTpoOnep
SEus At Noris NiAroTyBas AN1A BUKOHAHHA
Description: No operation.

* KomaHay nop BUKOPUCTOBYIOTb 3a
HeobXxigHOCTI popmyBaHHA
NOTPIGHUX 3aTPUMOK Y Haci

Posrnsinemo po0oTy Komy 3aTpUMKH, B SIKOMY 3MIHIOIOTHCS KOMIPKH MaM’sTi 3 aJpecaMu
0x0C i 0x OD. IIpoanaiizyeMo IOCITiJOBHICTF BAKOHAHHS KOMaH/I yCepeIuHI MiKpOKOHTpPOJIEpa.

Komu B komipui mam’ari 3 agpecoro 0OX OC 30epiraeTbCsi 3Hau€HHs, L0 HE JIOPIBHIOE
OJIMHMII, CIIOYaTKy BHKOHYEThCS KOMaHIa JdeKpeMeHTy. IlapamenbHo 3 11 BHUKOHAHHSIM
BiIOyBa€ThCs MIJrOTOBKa JO BHUKOHAaHHSA KoMmaHau mepexony goto Loopl. OnnouacHo
MIKPOKOHTPOJIEp TOTYETHCS 10 BHUKOHAHHS KOMAaHIU JEKPEMEHTY IHIOI KOMIPKH Iam’sTi.
OCKiINbKM MICHs JIEKPEMEHTY pe3ylbTaT He [JOpIBHIOE HYIIO, KOMaHJa Iepexoly IOBHHHA
BUKOHYBAaTHCs, aje uYepe3 IMOpYLIeHHA pOOOTHM KOHBEEpa IMiJrOTOBJIEHA HACTyIIHA KOMaHJa
aHymtoeTbesl 1 3aMicTh Hei BukoHyeTbcsi NOP. Ilicns mporo BiOyBaeThcsl mepexisi Haszaa 0
nexpemeHTy koMipku 0C. Takum YUHOM, BHYTPILIHIHN [IUKJI y IbOMY BHUIIQJKy 3aiiMa€e TpH MallIMHHI
IIUKJTH.

Komu x y xomipui mam’sti 3 azapecoto 0C 30epiraeTbCst OJUHMLS, MICHISA JEKPEMEHTY
YTBOPIOETHCS HYJb. Ha amapatHoMy piBHI Ile O3Haudae, M0 HACTYNMHY KOMaHAY BHUKOHYBaTH HE
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MO’KHa, TOMY KOMaHJla goto He BUKOHYETHCS. 3aMiCTh Hel BIAMOBIAHWUN MAIIMHHHUNA LUK 3aiiMae
NOP. ITapanensHo BiIOyBa€ThCS MiATOTOBKA JO BUKOHAHHS JEKPEMEHTY KOMIpKH 3 aapecoro 0D,
KU BUKOHYETbCS aHAJIOT1YHO.

Sxkmo B 060x komipkax 0XOC 1 OXOD micTuThCs OauHUIIA, TO B 000X BHITAIKaX KOMaHIH
MePEexX0/Iy aHYIIOIOThCS 1 3aMiHIOIThC BUKOHaHHSIM NOP. Ilicnms 1poro BimOyBaeThCcs BUXIA i3
3aMKHYTOTO IIHKITY.

TakuM YHMHOM, HaBITh MPOCTUN HA BUTJISA] KOJ 3aTPUMKH BCEPEIUHI MIKPOKOHTPOJIEpa
BUKOHYEThCS 3 ypaxyBaHHSIM POOOTH KOHBEEpa, YMOBHUX IEPEXOiB 1 aHYJIIOBAaHHS KOMaH]I, IO
0e3nocepeIHbO BIUTHBAE HA (PaKTUYHHI YaC BUKOHAHHS.

Akwo 0x0C <> 1

[MOCNIAOBHICTb [ ] oo

Ilidzomoexka | BuxoHanHs goto Loop1

3 MawuHHUX
yukn

B M KO H a H H ﬂ Midzomoska nop decfsz 0x0D, f
Midzomoexa | Buxananus doecfsz 0x0C, f
KON‘a HA SAkuwo 0x0C = 1 ma 0x0D <> 1
| Midzomoaka | BukoHaHHs decfsz 0x0C. f
[Midzomoeka nop goto i.oop1
lidzomoska | BuKOHaHHA decfsz Ox0D, f
Loopl: Midzomoeka | BuKoHanHa golo Loop!

" decfsz oxoc, £ Midzomoaxa | AP | Hacimyma kowanda
gOtO I :'C‘pl Midzomoeka | Bukowawss | decfsz OxOC, 1
decfsz 0D, £ Axwo 0x0C = 1 ma 0x0D = 1
gOtO op 1 Midzomoexa | Bukxowawns | decfsz 0xOC, f

Midzormoexa nop golo LoopT

Mideomoska | Bukowamna | decfsz Ox0D, {

(liGzomoeka nop goto Loop1

nié I H: Kowanda

KinpKicTh MallMHHUX LUKJIIB, 32 SIKI BUKOHYETbCS KOHKpETHA KOMaHJa, MOXKHA 3HAlTH B
TEeXHIYHIA JTOKyMEHTAaIlli, aji¢ IIi 3HAYCHHS HE € aOCONIOTHUMH. ICHYIOTh KOMaHIH, IS SIKUX
(akTUYHUIN yac BUKOHAHHS 3aJISKUTh Bl KOHTEKCTY.

Hanpukmnan, y noxkymenrtamii juisi komanau ADDWFEF Bkazano BHKOHaHHS 3a OJUH
MalMHHUHA UK. OnHaK KO SK ajapecy NMPU3HAYEHHS BUKOPUCTATH NMPOTPAMHUMN JIYMIIBHUK,
TOOTO (PaKTUYHO peaizyBaTH TeEpexil, eKBIBAJICHTHUN goto, poOOTa KOHBEEpA MOPYIIYEThCSI. Y
IIbOMY BUIAJKy KOMaH/1a BAKOHY€ETHCS BXKE 32 JIBa MAIIMHHI LIUKJIIH.

Vesa ug jorika peanizyeTbCsl Ha amapaTHOMY piBHI MIKPOKOHTpojepa. Y TeXHIUHIN
JOKyMeHTaIl 171 KoMaH[ icHye croBmuuk Cycles, skuit mokasye KUTbKICTh MAIlIMHHUX LUKJIIB IS
CTaHJIapTHOT'O BUIAJKy BUKOHAHHS IHCTPYKIII].

Takox BUIHO, 1110, HAITPUKJIAJ, KOMaH/a IEKPEMEHTY MOKe 3aiiMaTH OJJMH MAIIMHHUIN LUK
3 NEepexoJOoM J0 HACTyNHOI KOMaHAu abo JBa MAallMHHI LWKIW, 1€ APYTUd LUKI (PaKTUYHO
Bianosigae BukoHaHHI0O NOP y pa3i copartoBanHss yMoBHU. Lle HEOOXiAHO pO3yMIiTH IpU aHami3l
9acy BUKOHAHHS ITPOTPaM.
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TpuBanicTb BUKOHAHHA KOMaHAM

TABLE 7-2: PIC16CXXX INSTRUCTION SET

14-Bit Opcode Status

Mnemonic, _—
Operands Description Cycles ;- — Affected Notes

BYTE-ORIENTED FILE REGBTER OPERATIONS

ADDWF f,d Add W and ( 1 cpbcz 12

ANDWF f.d AND W with f 1 z 12

CLRF f Clear { 1 z 2

CLRW Clear W 1

COMF f.d Complement f 1 b4 12

DECF fd Decrement f 1 F333 Z 1

DECFSZ f.d Decrement f, Skip if 0 1(2) 0 : 52
INCF f.d |incrementf 1 0 TpuBanictb BUKOHAHHA KOXHOI
INCFSZ f,d Increment f, Skip if 0 1(2) 0

IORWF d  |inclusive OR W with f KOMaHAM (B MalMHHUX LMKNaX)
MOVF f.d Move f

HaBeAeHO B TeXHiuHin
OKYMeHTaLii Ha MIKpOKOHTpONep

4 4 T < 1.2
f copcz 12

MOVWF f Move W to f

NOP . No Operation

RLF 1,d Rotate Lett t through Carry

RRF t,d Rotate Right f through Carry

SUBWF 1,d Subtract W from {
f,d
fd

SWAPF Swap nibbles in {
XORWF Exclusive OR W with f

o b

£ f
f g
f /4 12

Tenep MoxHa nepeiiTu 10 MiApaxyHKy TPUBAIOCTI BUKOHAHHS Koxy. Iloku 1m0 po3paxyHKu
BUKOHYIOTHCSI YMOBHO, Y MAallIMHHUX ITUKJIAX, OCKUIBKH 1HIIOT iH(pOpMALlii Ha JTAHOMY eTaIli HeMae.

Posrasimaerscst ¢parMeHT Koy, B SIKOMY BHKOPHCTOBYETHCS OJHA KOMIpKa I1aM’sATi.
Komanmu movlw i movwf BUKOHYIOTBCS IO OJTHOMY MAalIMHHOMY MKy KoxkHa. [lami 255 pasi
BUKOHYETbCS 3B’f3Ka 3 KOMaHAM JEKPEMEHTY Ta KOMaHIu goto. Y Wil mapi JeKpeMeHT 3aiimae
OJIMH MAIIMHHUHN IUKII, a goto — /1Ba MAIIMHHI 1UKIK. [Ticns 3aBepiieHHs UKy BUKOHYETHCS 1€
OJIUH JIEKPEMEHT, IICJIs SKOT0 3aMiCTh IIepexoy BUKOHYeThCsl koManaa NOP.

[Ticns migpaxyHKy 3arajbHOI KUTBKOCTI MAIIMHHUX IMKIIIB OTPUMYETHCS 3HA4YeHHS 769.
Came cTUIBKM MalIMHHUX LUKJIIB 3aiiMae BUKOHAHHS LIbOTO (pparMeHTa Koay.

TpMBaIIiCTb BUKOHAHHA KOAY

movliw a" ;1 umea

movwf 0x0C ;1 UMK
Loopl:

decfsz 0x0C, £ ; 1 (2) uukn

goto Loopl 7 2 LMK

movlw + movwf + 255 * (decfsz + goto) + (decfsz + nop)

1+1+255*(1+2)+(1+1)=769 umnknis

Posrnsiemo iHmmi npukian. Y npoMy BUNaaky B KoMipky nam’ati 0C 3anucyerbest Hyib, a
nepes UM Yy BIJIOBIAHY KOMIPKY 3alMCYEThCSI OAMHUIIS. 3@ TAKMX YMOB KOJI BUKOHY€ETHCS JIMIIE 32
YOTHPU MAITUHHI LUKIIH.

VY momnepeaHrOMy MPUKIIAll BUKOHAHHS 3aiiMano 769 MalmmMHHUX IUKIIB, & TYT — YOTHPH.
Yac BHKOHaHHS Oe€3MOCeperHbO 3ANEXKHUTh Bijl 3HAU€Hb, 3aMMCAHUX Y KOMipku mam’sTi. Takum
YHHOM CTa€ 3p03yMiJIO, 1[0 TPUBAIICTh 3aTPUMKH MO>KHA PETryJII0BaTH, 3MIHIOIOUH MTOYATKOBI JaHi.

Hanpuknan, skmo 3amucaté B KOMIpKY mam’sTi 3HaueHHs 15, To Bech 1eil koj Oyne
BUKOHYBaTHCs 3a 46 MamuHHMX IUKIIB. Came Tak (OpPMYeETbCS YaCOBHM IHTEpBAI HUIIXOM
nia00py 3Ha4YEHb 1 MiIpaxyHKy MAITMHHUX LUKJIIIB.
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TpuBanicTb BUKOHAHHA KOAY

movlw gr15” ;1 nukn

movwf 0x0C ¢ 1 LMKI
Loopl:

decfsz 0x0C, £ ; 1 (2) uuxi

goto Loopl 7 2 UMKI

movlw + movwf + 14 * (decfsz + goto) + (decfsz + nop)

1+1+14*(1+2)+2=46 uunknis

PosrnsitHemMo OunmbIn CKJIagHY KOHCTPYKINIO, Y SIKiH BUKOPHUCTOBYETHCS 3HAWOMHN ILIUKII
3aTPUMKH, 110 3aCTOCOBYBABCS Il 3 MEPIIUX MPAKTUYHUX poOiT. Temep mel HMKI MOXKHA TOYHO
MPOaHATI3yBaTH i OOYUCIIUTH TPUBAIICTH HOTO BUKOHAHHSI.

3a TOYHUMHU MiJpaxyHKaMH TaKui KOJ BUKOHYETbCs 3a 196 352 MamIuHHI LUKIK 32 YMOBH,
[0 HAa MOMEHT IMOYaTtKy poOotu B komipkax mam’sti 0C 1 0D wmictaTees Hymi. SIKmo B mux
KOMIpKax 3HaXOASThCS 1HII 3HAYEHHS, YaC BUKOHAHHSA OyJie IeNI0 MEHIIINM.

[Iporpama mobymoBaHa TaKMM YUHOM, IO TICIs 3aBEPIICHHS HBOTO UKy B Komipkax 0C i
0D aBTOMaTHMYHO 3aJMIIAIOTHCA HYJIbOBI 3HAYEHHS. BUHATKOM € meplie BUKOHAHHA IMICHS
Mepe3aBaHTAKEHHS, KOJIM 3aTPUMKa MOXeE BiApPIZHATHCS. Lle TOSCHIOEThCS THM, IO ONEpaTUBHA
nam’siTh MU NEepe3aBaHTAKEHH1 HEe OYMILYETHCS 1 MICTUTh BUIIAKOBI 3HAUE€HHS a00 3HaYEHHS, 110
3QTUIIAIINCS TTICIIS TIONEePEIHHOTO BUKOHAHHS MporpaMu. lle crpaBemiauBo SK IS MPOTPAMHOTO
repe3aBaHTaXCHHSA, TaK 1 JUIs Tepe3aBaHTaXCHHs KHOIMKOK a0o0 Iojadvi JKMBIICHHS. BHHSATOK
CTaHOBJIATH JIMIIE JIEAKl PETICTPH CIENIaIbHOTO TPU3HAYEHHS, SIKI TPUMYCOBO BCTAHOBJIIOIOTHCS Y
BU3HAYCHI 3HAUYCHHSI.

TakuM 4yMHOM, BIJMOBIJII0 HA MUTAHHA PO TPUBAIICTh BUKOHAHHS IIbOTO LUKIY € 196 352
MAaIlIMHHI UK.

TpuBanicTb BUKOHAHHA Ko4y

Loopl:
decfsz 0x0C, £

H (2) UMK
goto Loopl H

1

2 LMK
1 numen
2 LUUKIN

decfsz 0x0D, f
goto Loopl

BHYTpiWHiiA uukn
|

. 1
255 * ([255 * (decfsz OxOC + goto) + (decfsz 0xOC + nop)] +
+ decfsz 0xOD + goto) + (decfsz 0xOD + nop)

30BHILWHIN LKUKA

255 % ([255* (1 +2)+(1+1)]+1+2)+(1+1)=196 352 uuknis

JaBaiiTe po3ristHEMO MpUKIaA 30UIBIICHHS TPUBAIOCTI BUKOHAHHS KOAY 32 JIOTIOMOTOIO
komanau NOP. J{ns miporo y BHYTPIIIHIN MK A0at0ThCs Kinbka kKomaug NOP, siki He 3MiHIOIOTh
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CTaH MIKpPOKOHTpoOJepa, ane 30UIbLIYIOTh Yac BHKOHAHHS. Y pe3yibTaTi TPUBAIICTh 3aTPUMKH
3poctae 10 457 472 mamMHHUX UKTIB. TakuM YMHOM MOKHA 30UTBIIYBATH Yac 3aTPUMKH, SIKIIO
CTaH/IaPTHOTO IIUKITYy HEJOCTATHBO.

Honaanns xkomang NOP mae ceHc came y BHYTPIIIHBOMY HHKJIL. Y JCIKHX BHUIIQJIKax
HEOOXiTHO (GOpMyBaTH AyK€ Majll 4acoBi IHTEPBaIH, IO BHUMIPIOIOTHCS MIKPOCEKYHIAaMH, 1 TOII
€IMHUM CIIOCOOOM OTPUMATH MOTPiIOHY 3aTPUMKY € BUKOPUCTAHHS MTOPOXKHIX KOMaH/I.

Ha npomy erami crae 3po3yMiIMM NOpPUHIMUN MigpaxyHKy. Temep MokKHa TOYHO
00YHCITIOBATH TPUBAIICTh BUKOHAHHS OyAb-IKOr0 )parMeHTa KOAy B MAIIMHHUX ITUKJIAX, HE JUIIIC
3aTPUMOK. 3aJTUIIAETHCS HACTYITHE MMUTAHHS: sIKa peajbHa TPUBAIICTh OJHOTO MAIIMHHOTO IUKITY B
yaci?

TpuBanictb BUKOHAHHA KoAay

255 * (255 * (4 * nop + decfsz 0x0C + goto) +
+ (4 * nop + decfsz 0x0C + nop) +

Loopl:
nop
nop

e + decfsz Ox0OD + goto) + (decfsz 0xOD + nop)

nop
decfsz 0x0C, f
goto Loopl

e OO0, & 255 % (255 * (4* 1+1+2)+
goto Loopl § (4 * 1+1+ 1) +
+1+2)+(1+1)=457 472 uuknis

TpuBamicTe OJHOTO MAaNIMHHOTO IHKIY 3aJIEKUTh BiJl CXEMH TaKTOBOro reHepatopa. Lle
IUTAHHSA B CY4aCHUX MIKPOKOHTpOJIEpax € JOBOJI CKJIAIHUM, OCOOJUBO 3 OIJIsIly Ha BUMOIH J10
MPUCTPOIB, 110 KUBIATHCA Bijx OaTapeil, e morpiOHa THyYKa CUCTeMa TaKTyBaHHs. Po3risgyBanuii
MikpokoHTposiep PIC16F84 1o Takux CkiIaJHUX CHCTEM HE HaJIEXKUTh, TOMY aHAJII3YEThCA JIMIIE TE,
10 Peaji30BaHO B HHOMY.

MiKpOKOHTpOJIep MOXe MpaIloBaTH B KUIbKOX pexkuMmax. [lepmmii Bapiant — poOota 6e3
BJIACHOT'O F€HEpaTOpa, KOJIU MIKPOKOHTPOJIEP TAKTYEThCS B1Jl 30BHILIHBOTO JKepena. Takuil pexxum
3aCTOCOBYETHCS B CHCTEMax 3 KiIJIbKOMa MIKPOKOHTPOJIEPAMH, SIKI MAIOTh MPALIOBATH CUHXPOHHO
B1JI OJTHOTO TaKTOBOT'O CHUTHAJy. Y I[bOMY BHUIIQJIKy 30BHIIIHIN TaKTOBHI CUTHAJ MOJAETHCS HA BXi]I
OSC1, i MIKpOKOHTpOJIEp IpaLlO€ BiJ] HHOr0 0€3 J10JJaTKOBMX HallalllTyBaHb. BiacHuil renepaTtop
IIpHU 1IbOMY He (POPMYETHCS, @ BHYTPIIIHS CXeMa JIUIIE MiJCHII0E€ CUTHAJ, IKUI 3a MOTpeOu Moxke
OyTH mepegaHuii Jai.

Jpyruii BapiaHT nojsirae y ¢opMyBaHHI TAKTOBOI'O CUTHAJTY 3a JI0IOMOI'0I0 JIBOX 30BHIIIHIX
KOMIIOHEHTIB — Pe3UCTOpa Ta KoHAeHcaTopa. Bonu minkmovarotses 1o BuBogy OSCl1, a Ha Buxozi
OSC2 popmyeThest TakTOBHIM curHali. [lepeBaroto Takoro crnoco0y € Hu3bKa BapTiCTh KOMIIOHEHTIB,
OJTHaK Ha I[bOMY IepeBaru (PakTUYHO 3aKiHUYIOThCS. TakToBa 4acTOTa € HeCTaOLIBHOIO 1 3AJIEKUTh
BiJl 6araTbox (akToOpiB, TOMY TaKHil CIOCIO 3aCTOCOBYETHCS JIMILE TaM, /€ HE MOTpiOHa BHCOKa
TOYHICTb.

Haiiuacrime crabimizaiiiss TAKTOBOI YaCTOTH 3IMCHIOETHCS 3a JIOMTOMOTOI0 KBapIioBoro abo
KepaMiyHOT'0 Pe30HaTopa, sIKi 3a0e3MeUyI0Th 3HAaYHO Kpallly cTabiIbHICTh POOOTH.
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BapiaHTK TAaKTOBOro reHepaTopa

FIGURE 6-1: CRYSTAL/CERAMIC

FIGURE 6-2: EXTERNAL CLOCK INPUT FIGURE 6-3: RC OSCILLATOR MODE
RESONATOR OPERATION OPERATION (HS, XT OR T
(HS, XTOR LP OSC LP OSC
CONFIGURATION) CONFIGURATION) RexrS
it osct =y [ DRET [ '"c".’;ii'
i { o - - h L
RL‘ mmzﬂ Seckfon ‘[, e Cext J:msrxx
EIXTAL RO Logic Ext Sysiem PIC16FXX vk £S5
I oscal T ! Open =+—] osc2 7T a—] oscacikour
T i ] | SLEEP Fosclé
.5‘2(') (RsP} PIC16FXX Recommended values: i:i;;f;z’;_ 100 k2
Note 1: See Table 6-1 for recommended values
of C1and C2.
2: A series resistor (Rs) may be required BMKOpMCTa HHA 3a BAaHHﬂ 4acCToOTU 3a
for AT strip cut crystals. N
30BHILLHbOIO AXKepena AONOMOTror 30BHIWHBOTO
TaKTOBOTO CUrHany (konu RC-nanutoxka

Crabinizaujia yactotu 3a
AOMNOMOTO0 KBApLOBOTrO
abo KepamiyHoro
pe3oHaTopa

Tpeba TouHO
CUHXPOHI3yBaTM KinbKa
MIKPOKOHTpO/IepiB)

ToMy po3risiHEMO KBapIIOBUH pe3oHaTop. IcHye MiHepan KBapil, SIKHd Ma€e BIIACTUBICTH
3MIHIOBaTH CBOI I€OMETPHYHI PO3MIPH 3aJCKHO BiJl NPHKJIAJACHOI pi3HMIN MOTeHIianiB. Taki
KPHUCTaJIM HAJIeKATh IO KIacy I €30e]eKTpukiB. [Ipm mexaniuHiii nedopmamii Ha iXHIX BHBOJAX
3’ABJSETHCS PI3HUL NOTEHIANiB, a MPH [0/1a4l HAIPyryu KpHUcTal rnounHae negopmysatucs. Lo
BJIACTUBICTh MOXXHA BHKOPHCTOBYBATH JUIsl IaTYMKIB, ajie HaW4acTilIe KBapl] 3aCTOCOBYETHCS IS
cradini3arii KOJIUBaHb.

KBaproBuii pe3oHaTOp € OKpEeMHM €JNEeKTPOHHMM KOMIIOHEHTOM, SIKHH MOYKE MaTH pi3Hi
KOHCTPYKTUBHI BHMKOHAHHs. YCEpeauHl KOpIyCy PpO3MIIIYETbCS KPUCTAIOTPUMAY, Yy SIKOMY
BCTaHOBJICHUH 00pOOJICHNI KBapIOBUI KPUCTAI 13 3aIaHUMH XapaKTEePUCTHKAMH.

OcHOBHa mepeBara KBapLOBUX PE30HATOPIB MOJAra€ y BHCOKIM TOYHOCTI HiATPUMAaHHS
9acTOTU. BiIXWICHHS Y4acTOTH Ay)K€ Majli, Ha PiBHI COTUX YacTOK BiAcoTKa. Jlisi mMOpiBHSHHS, B
eJIeKTpoHiLi BiaxmieHHs y 10 % BBaXkaeTbcs JOIYCTUMHM, TOJ1 SIK JJIs1 KBaplly XapakTepHa 3HAYHO
BUIA TOYHICTh. KpiM TOro, yacTtora KOJIMBaHb KBapI[OBHX pPE30HATOPIB CJa0d0 3aleKUTh Bij
TeMIepaTypy, Halpyru UBJIEHHS Ta HIIMUX 30BHIIIHIX (AKTOPIB, MOMPH TE, IO cami KOJIMBAHHS
MalOTh MEXaHIYHY TPUPOLY.

TakuM 4MHOM, HaWKpaluM CIOcoOOM cTabinmi3alii YaCTOTH € BHUKOPUCTAHHS KBaplIEBOTO
pesonatopa. Moro HemoNiKOM € BUINA BapTiCTh MOPIBHSAHO 3 PE3UCTOPAMH 200 KOHJIEHCATOPAMH,
OJTHAaK y cXeMi 3a3BU4ail BUKOPUCTOBYETHCS JIUILIE OJJMH TaKUM €JIeMEHT.

KBapuoBum pe3oHaTop

* Crabinizauja yactoTu BigbyBa€ETbCA 3a
[0MNOMOTO0 NNACTUHU KBapLLy, B AKIN
BUHUKAOTb Pe30HAHCHI MexaHiyvHi
KONIMBAHHA HA NeBHMX YacToTax

* HatiBuiua cTabinbHicTb YacToTn
* Haligoporkuuii i3 cTabinizatopis yactotn

* [MoTpibHi 4OAATKOBI €1EKTPOHHI
KOMMOHEHTM (KOHAEHCATOPM, iIHKOAUN —
pesuctopu)

*  BUWKOPUCTaHHSA — 3aCTOCYHKM, LLLO
noTpebyloTb BUCOKOTOYHOI pOoBOTH Yy Yaci
(roAnHHMKM, cucTemum 3B8'A3KY, TOLLO)

KepamiuHi pe3oHaTOpH € JIEIIEBIIO0 aJbTEPHATUBOIO KBApIIOBUM. BOHM MpalltoloTh 3a TUM
caMHM TPUHLHUIIOM, ajie 3aMICTh MPUPOJHOIO KBaplly BUKOPUCTOBYEThC Kepamika. CTabuIbHICTh
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KepaMiyHUX PE30HATOpPIB HUKYA, MPOTE iX 3aCTOCOBYIOTH y THUX BHIIAJKax, /1€ BHCOKAa TOYHICTh
YaCTOTH HE € KPUTUYHOIO, 3aBJIIKH MEHIIIH BapTOCTI.

KepamiyHnm pe3oHaTop

* Crabinisauyis yactoTn BiabyBa€ETbCA 33
AOMNOMOTOI0 NNACTUHU 3 KePaMiKK, B AKil
BUHMKAIOTb PE30HAHCHI KO/IMBAHHA HA NEBHUX
yacToTax

* CepegHsa cTabinbHICTb YacToOTH
* CepepHa BapTicTb
* |HKOAM NOTpPIBbHI AOAATKOBI KOMMOHEHTH

*  BMKOPMWCTAHHA — 3aCTOCYHKMU, LLIO He
noTpebytoTb BUCOKOTOYHOI poboTu y yaci
(Hanpwuknag, NynbTU AUCTAHLIAHOIO
KepyBaHHA)

RC-renepaTop € HaiielIeBIIMM BapiaHTOM TAaKTyBaHHsA. VOro 4acToTa 3aleXuTh Bif
napaMeTpiB eNeKTPOHHUX KOMITOHEHTIB, CAaMOT0 MIKPOKOHTpojepa Ta Temneparypu. HaBite npu
OJTHAKOBHMX PE3UCTOpax 1 KOHAECHCATOPAaX 3aMiHAa MIKPOKOHTpPOJIEpA MOXE IPU3BECTH 0 3MIHU
9aCcTOTH Yepe3 TEXHOJIOTIYHUN PO3KHU]] BHYTPIIIHBOTO TeHepaTopa. TeMrepaTypHi 3MiHH, 0COOJIMBO
JUIS KepaMi4YHUX KOHAEHCATOPiB, TAKOXK CYTTEBO BIUIMBAIOTH HA EMHICTH 1, BIIMTOBIAHO, HA YaCTOTY.

OcHoBHOW mepeBaroro  RC-reHeparopa € ¥Oro HHM3bKa BapTicTh. Y  CydYacHHX
MikpokoHTponepax RC-reneparopu 3a3Buyaii BOymOBaHI Ta HE TOTPEOYIOTh 30BHINIHIX
KOMIIOHEHTiB. HeBenuki eMHOCTI MOXKYTh OyTH peaii3oBaHi 0e3MOcepeaHbO Ha KPHUCTal, TOl SIK
IHAYKTUBHOCTI Ta KOHJEHCATOPU 3arajioM CKJIaJHO (OpMyBaTH BCEpPENMHI MIKPOCXEM, Ha BIAMIiHY
BiJ pe3ucropiB. Came TOMy OUTBIIICTh Cy9acHUX MiIKPOKOHTPOJIEPIB MAlOTh BOYJAOBAaHUI TaKTOBUI
reHeparop, 1 MICHIs Mepe3aBaHTaXEeHHs [P0 33 3aMOBUYBAHHSIM IOYMHAE MPAIIOBAaTH CaMe BiJ
HBOTO.

Take pillleHHsS 3HAYHO CIIPOLIYE 3allycK cucTeMu. Ha mpakTuii KBapHoBHH pe30HATOp HE
3aBXKJIU BIAE€TbCA 3allyCTUTH 3 mepiioro pasy. KBapum pizHHX BUPOOHMKIB MOXKYTh MO-Pi3HOMY
MPALIOBATH 3 TUM CAMHUM MIKPOKOHTpPOJIEPOM, a KJIACUYHA KBapIlOBa CXeMa J0AAaTKOBO 3aJICXKHUTh
Bl TNapaMeTpiB 30BHILIHIX KOHJEHCATOPiB. SIKIIO TaKTOBUH TeHepaTop HE 3alyCKaeTbes,
MIKPOKOHTpOJIEp HE IMOJA€ KOJHUX O3HAaK XHUTTHA, 1 MPOrpamicT HE MOXKE 3pO3yMITH, Y UYOMY
MpUYKHA IPOoOJIeMH, OCKUIBKY ITPOTrpaMa He CTapTye O€3 TAKTYBAHHS.

HagiTb y cepiiiHOMy BUPOOHMIITBI 3 KBapIOBUMH PE30HATOPAMH BHHMKAIOTH TPYIHOLI Ha
eTarni nepuoro 3anycky. Came ToMy BUPOOHUKH MIKPOKOHTPOJIEPIB MIILIU HUIIXOM BUKOPUCTAHHS
BHyTpimIHEOro RC-reHeparopa sik craproBoro. Bin mpaioe B Oyap-sSKOMY BUMNAJAKY, Iporpama
rapaHTOBAHO 3aIyCKAE€THCS, MICIAS YOro MPOrpaMHO MOXKHa CIpoOyBaTH BBIMKHYTH 30BHIIIHIN
TAaKTOBMM reHepaTop. Yepe3 pericTtpu cHeliaJbHOTO TNPU3HAUYEHHS MOXKHA TEepeBipUTH, YU
3ampaiioBaB KBapll, 1 B pa3l BIIMOBHM IEpeAaTH AIarHOCTHYHY 1H(OpMaIlilo, HANpUKIaa depes
MIOPTH BBEJICHHSI-BUBEICHHS.

TakuM YWHOM, TONPU HMU3BKY CTAaOUIBHICTh 1 TOYHICTh, RC-reHepaTtop € BaKIMBUM
IHCTPYMEHTOM, SIKMH CYTTEBO IMOJIETIIYE PO3POOKY Ta HAIArOPKEHHS MPOrpPaMHOro 3a0e3redyeHHsl.
3anuImaeTbCs TMUTAHHS: SIKUM YHHOM HAaIANITYBaTH MiKPOKOHTpPOJIEP Tak, MO0 HOTO TaKTOBHA
TeHepaTop MpaIfoBaB y NOTPIOHOMY peKuMi?
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RC-reHepaTop

il RC OSCILLATORMODE . yacrtoTta pob0TH 33a€ThCA ABOMA 30BHILLIHIMM
\-ED KOMMNOHeHTamu (pe3ncTopom Ta KOHAEHCATOPOM)
REXT]) 0SC1 [ iy * HecrabinbHa 4acToTa, WO 3aNeXUTb Big, Hanpyrm
I _]E‘ | YUBNEHHA, TEMNEepaTypu, CTapiHHA eNeMeHTIB TOLLIO
LEXTI = PIC16FXX
vss = - * Y pi3HMX NPUCTPOIB YacTOTa MOXKe 3Ha4YHO
~+—— OSC2/CLKOUT : : s ~
Fosc/4 BiAPI3HATUCA Yepe3 TEXHONOTIYHUIM PO3KNA,
SR g napameTpis pe3ncTopa, KoOHAEeHcaTopa Ta
MiKpPOKOHTpONepa
BiNbWICT CydacHUx *  HaWHuK4a BapTicTb
MIKpOKOHTpoNepiB mae *  BuKOpUCTaHHA — 3aCTOCYHKM, Ae 4YacTOTa BUKOHAHHA
B6yaosaHuii RC-reHepatop AnA MPOrpamHoOro Kody MoXe 3MiHI0BaTUCA B LUMPOKMX
po60TH AKOro He NOTPI6Hi MeKax (nobyTosa aBTOMaTUKa, ANMHKOBI TipAAHAM
30BHiLUHI KOMNOHEHTH TOWO)

Tenep mimxoaumo a0 ocTaHHbOro enemenra nporpamu Hello World, sikuit panime He
posrisigaBcs — kKoH}irypauii. Bona moxxe HazuBatucs configuration word, configuration bytes a6o
fuses. Lle cnemianbHa YacTWHA MaM’ATi IPOrpaM, sKa HEJOCTYIHA Ul 3MiHU ITiJ] 4aC BUKOHAHHS
Iporpamu.

CrnoBo koH(iryparii po3TamioBaHe 3a aapecol0 IM03a MEXKaMHU aJAPECHOTO MPOCTOPY
MiKpOKOHTposiepa. Floro MokHa 3MiHHTH JIMIIE HA €Talli IPOrpaMyBaHHs MiKpOKOHTponepa. ITicis
3aITyCKy IMPOTpaMu 3MIHUTH IIi TApaMETPH BXKE HEMOKITHBO.

Y wmikpokonTposepi PIC16F84 BukopucTtoByeThes ofHe ClIOBO KOHpirypauii. Y OLIbII
CYy4acCHUX MIKPOKOHTpPOJIEpAX TaKUX CIIIB MOXe OyTH AeKiibka. Y ciioBi KoH(pirypamii 3a1at0ThCs
OCHOBHI TapaMeTpy pOOOTH MiIKPOKOHTpOJIEpa: PEXHM pPOOOTH TAKTOBOTO TI'eHEpaTopa, CTaH
CTOPO>KOBOTO TaiiMepa, TaliMep 3aTPUMKH I10/1a4i KUBJICHHS Ta 3aXHUCT MPOTPaMH BiJl 3YMTYBaHHS.

VYci ni napameTpu nporpamMyroThCs Ha €Tari MPOIINBKY, ajie 0e3MocepeIHbO 3 MPOrPaMHOTo
KOJIy BOHU HEJIOCTYITHI.

CnoBo KoHirypauiii

R/P-u R/P-u R/P-u RP-u R/P-u RP-u RP-u RP-u RPu RP-u RP-u RPu RPu RP-u
[ cp [cp[cp ] cp [ cp|cp|cp|cP | cp | cp [PWRTE|WDTE | FOSC1 | FOSCO |

bit13 bit0
bit 13-4 CP: Code Protection bit Cnoeo koHdirypauii (Configuration Word,
1 = Code protection disabled & & & 3
= AR oain i B e ks Configuration Bytes (Bits) abo Fuses) mictutb
bit 3 PWRTE: Power-up Timer Enable bit HaNaWwTyBaHHA MIKPOKOHTPONEpPa, AKI HE MOXHa
1 = Power-up Timer is disabled .
0 = Power-up Timer is enabled 3MIHUTU NPOTrPaMHUM LLINAXOM
bit 2 WDTE: Watchdog Timer Enable bit
1=WDT e_nabled . 5,
0 = WDT disabled CnoBo KoHirypauji € YacTUHO Nam’ATi Nporpam,
bit 1-0 FOSC1:FOSCO: Oscillator Selection bits & 1o -
11 = RC oscillator ane agpeca ujiei Komipku (0x2007) 3HaxoauTbCA
10 = HS oscillator
55 25T collctn no3a mMmeXXamu af,pecHoro NpocTopy, 40 AKOro
o= P pectatr MOKHa 3BEPHYTUCA 33 AOMNOMOTOI KOMaHA MOBM
acembnepy

KopoTko po3risHeMo ¢yHKIi, SKi 3a0at0ThCsl B CIIOB1 KOH(Irypalii. 3aXUCT MporpaMHOro
KOy MpHU3HAuYEHHUH Ui 3an00iraHHsl HECAaHKIIIOHOBAHOMY KOIiIOBaHHIO MpoiuBKH. Ilicns 3anucy
MpOrpaMu B MIKPOKOHTPOJIEP 1 BCTAHOBJIEHHS HOro B FOTOBUM NMPUCTPINA ICHYE PHU3UK, IO XTOCh
3YUTa€ MaM’sITh MPOrpaM 1 OTpUMAE TOTOBHM (aill MpOIIMBKM, KM MOXXHa Oe3mocepeHbO
3aMnMcaTty B IHIIMA MIKPOKOHTpoJiep 0e3 Oy/Ib-SKOro aHalizy Koay.
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s uporo nependaveni 6itu 3axucty. Ilpu X BcTaHOBIEHHI 3UYUTYBaHHS IaM STI Iporpam
CTa€ HEMOXXJIUBHUM. Y JEIKHX MIKPOKOHTpPOJEpaxX ICHYIOTh OKpeMi OITH 3aXHCTy I TaM ATi
nporpaMm i mam’siTi JaHuX, aje B LbOMY MIKPOKOHTPOJEpl BHUKOPHCTOBYETHCS JIMIIE OAWH OIT
3aXHCTY, X0Ya 3arajioM Takux OiTiB MOXe OyTH JEKIJIbKa.

Sxmro OiTH 3aXMCTY BCTAHOBJICHI, MIKPOKOHTPOJIEP MPOJIOBKYE HOPMAIBHO MPAIFOBATH, aJie
3YUTaTH 3 HBOTO TpOrpamy HEMOXJIHBO. [lepe3amuc MOXIMBHEA JIMIIE dYepe3 CIeHialbHy
IpoIelypy MOBHOTO O4HIIEeHHs. [1icis ounIIeHHsT MIKPOKOHTPOJIEP IOBEPTAETHCS /10 3aBOACHKOTO
CTaHy, BMICT MaM’SITi MPOrpaM CTa€ HEJOCTYIHUM JUIsl YUTAHHS 1 BUIJISZAE SK HAOIp OJVHMIIb.
[Ticng 1bOro MiKpOKOHTPOJIEP MOKHA 3HOBY MPOLIMTHA HOBOIO MPOTPAMOIO 1 TOBTOPHO BCTAHOBUTHU
OIT 3aXuCTYy.

3axMCT NPOrpamHoOro Koay

*  3axMCT NPOrpPamHOro Koay npu3HayeHuin
Ans 3anobiraHHA KpagiXXoK NporpamHoro
3abe3neyeHHA (NPOLWMBKK) 3 CEPIAHNX
bit 13-4 CP: Code Protection bit BVIpO6iB
1 = Code protection disabled
0 = All program memory is code protected ~ *  flKLLO 6iTM CP BCTaHOBANEHI B 3HAYeHHs 0,

nam’aTb nporpam He MOoXHa nNpo4yunTaTu

6.12 gl’ogfa';ﬂ Verification/Code * Micna BctaHoBNeHHA 6iTiB CP B 3Ha4YeHHsA
rotection 0 3MiHWUTU Nam’aTb Nporpam B
If the code protection bit(s) have not been pro- MiKpOKOHTpOHEpi MOMHa nuvwe nicna

grammed, the on-chip program memory can be read

out for verification purposes. NOBHOTO CTUPAHHA |H¢opmau,|| (an

uboMy yci 6iTn y nam’aTi nporpam,
30KpeMma i cnoBa KoHirypauii, byayts
BCTAHOB/IEHi B 3HaYeHHA 1)

PosrimsinemMo 3atpumKy 3amycky. MIiKpOKOHTpOJEp Mpamioe B PEKUMI peaslbHOTO dacy i
Kepy€e 30BHIIIHIMU €IEKTPOHHUMHU cXeMaMu. BiH MounHae BUKOHAHHS MPOTpaMH JTy>Ke IIBHUJKO, 1
MO’KE€ BUHUKHYTH CUTYAIlisl, KOJIM MIKPOKOHTPOJIEP yXKe MPALo€, a 30BHIIIHS cXeMa IIe HE TOTOBA.

JI1s 11bOr0 MIKPOKOHTPOJIEP IPUMYCOBO YTPUMYETHCS B CTaHI MI€Pe3aBaHTaKEHHS MPOTATOM
MIEBHOTO 4Yacy. Y KOXXHOTO MIKPOKOHTpOJIepa € BHBIJ CKUJAHHS, SIKUH y JIaHOMY BHIAJKY
HazuBaeTbes MCLR (Master Clear). CurHan ckugaHHSI Ma€ aKTUBHUM HU3bKUH PIBEHb.

[[{o6 MiKpOKOHTpOJIep HE TMOYMHAB POOOTY OJpa3y TMICIs MOoAadl >KUBJICHHS, 10 I[bOTO
BUBOAY HiakioyaeTbess RC-aHII0KOK 3 pe3sucTopa 1 KOHJeHcaTopa. Y MOMEHT oJiadl JKUBJICHHS
KOHJICHCATOp PO3PSIKEHUH, Ha BXOJl CKUJIAHHS MPUCYTHIN JIOTIYHUM HYJb, 1 MIKPOKOHTPOJEP
YTPUMYEThCS B CTaHi reset. Y Mipy 3apsikaHHsS KOHJIEHCATOpa HAIlpyra 3pocTae, 1 yepe3 3aaHuit
yac J0csra€ piBHS JIOTIYHOI OJMHUII, IMICIS YOro MIKPOKOHTpOJEp Mo4yuHae poOoTy. TpusamnicTh
€1 3aTPUMKH BU3HAaYaeThes mapamerpaMu RC-naHioxkka.

VY MikpokonTposiepi PIC16F84 takox € BHyTpilHIN Taiimep, KUl 103BOjsiE copMyBaTu
3aTPUMKY 3amycKy MpUOIU3HO 72 MiTiCeKyHau O0e3 BUKOPHCTAaHHS OyIb-SKHX 30BHIIIHIX
KOMITOHEHTIB.
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Tarimep 3aTPUMKM 3aNYCKY MiIKPOKOHTPONEpPa

bit 3 PWRTE: Power-up Timer Enable bit

1 =Powecie T iy dictid *  Tanmep 3aTPMMKM 3aNyCKy MiIKPOKOHTpoOEepa
0= - [l I . .
R TS (Power-up Timer) yTpMMYy€E MiKPOKOHTpOANEp y
65  Power-up Timer (PWRT) CTaHi Nepe3aBaHTaXKeHHs (RESET) BMNPOAOBXK
The Power-up Timer (PWRT) provides a fixed 72 ms an6ﬂM3HO 72 McC nicns nOﬂ,aL‘“ Hanper
nominal fime-out (TPWRT) from POR (Figures 6-6 ¥UBNEHHA AOCTaTH bO-l' ] KOCTi
through 6-9). The Power-up Timer operates on an
intemal RC oscillator. The chip is kept in RESET as A
long as the PWRT is active. The PWRT delay allows ® TaVlmep 3anMMKM 3a "VCKV ,CI,O3BOIIHE
the VD to rise to an acceptable level (possible excep- Cd)OpMyBaTVl 3an nmM Ky 6e3 B MKOpMCTa HHA

tion shown in Figure 6-9).

30BHILLHIX KOMMOHEHTIB (34€eLWeBUTU NPUCTPIN)

Hanpyaa

s I — * 3aTpumKa 3anycKy MiKpOKOHTposepa noTpibHa

- 4NA Toro, Wob nporpama (MikpoKoHTponep)
™ B e noyana npawoBaTu NicNA 3aBepLleHHA
o MOR [ AT nepexigHUX NpoLLEeciB y 30BHILLHIN

To ] = eN1eKTPUYHIN cxemi

3 Movamorx
Bampumka poBomu npozpamu

PosrnsiHemo, gk 1ie mpaioe Ha mpaktuili. Y oMy Bunaaky Buil MCLR minkmtoueHuit
6e3mocepeHbo 10 BUBOAY kuBieHHss VDD. Ilicis nogadi KUBIEHHS HAlIpyra 3pOCcTae He MUTTEBO,
a mpoTrsArom nesHoro yacy. Koau Hampyra pocsrae piBHS, 3a SKOIO BHYTPILIHS JIOTiKAa MOXe
MPALIOBATH, IEPIINM BMUKAETHCSI BHYTPIIIHIN TakMep 3aTPUMKH.

Lleit Taiimep npuOaM3HO 72 MC YyTpUMY€E MIKPOKOHTPOJIEp Yy CTaHi reset, HaBITh SIKIIO HOTO
armapaTHa 4YacTHHA BXKE YacTKOBO IMpare3naTHa. llicms mporo momaeThcs Ie OJHA amaparHa
3aTpUMKa, HeoOXiJHa JUIsl KOPEKTHOI'O 3alyCKy TaKTOBOIO I€HepaTopa, OCKUIBKM BiH TAaKOX He
BUXOJHTH OJ[pa3y Ha poOouMii pexxuM. Jluie micis 3aBeplieHHs UX €TaliB MOYMHAE MPAIIOBATH
AP0 MIKPOKOHTPOJIEPA, 1 CTApTy€ BUKOHAHHS MIEPLIOi KOMAHU IPOrpaMH.

VY pe3ynpTari Mi>K MOMEHTOM IIOAa4i JKUBJICHHS 1 MOYaTKOM BHKOHAHHS MPOTpaMH iCHYE
JOCTaTHbO BEJIMKHUN 4acOBUH i1HTEepBaji, HEOOXIAHUH I TOro, 100 30BHIIIHI €JIEKTPOHHI CXEMHU
BCTUTJIM TieperTH B poOoumii craH. lle BakiMBO, OCKUIBKM Ha TOYATKy MPOTPaMU YacTo
aHAJI3y€eThCSl CTaH 30BHILIHIX MOJYJIB. SIKIIO KUBJIEHHS MOJAHO, a 30BHIIIHINA MOJynb IIe He
TOTOBUHM 1 CHUTHAJI3ye MPO MOMUJIKY, CHCTEMa MOXXE NMPUUHATH HemnpaBuibHE pimeHHSA. Came B
TaKWX BHUIAJKaX TaiiMep 3aTPUMKHU 3aITyCKy € KOPUCHUM 1 103BOJIsSI€ YHUKHYTH ITOMUJIKOBOI poOOTH
CHCTEMH.

Talimep 3aTPUMKM 3aMyCKY MiKPOKOHTpoO/iepa

FIGURE 6-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbp): FAST Vop RISE
TIME

VYBIMKHEHHA

XUBNEHHA
VDD 4|

MCLR - 2

1

7
INTERNAL POR | _J

TPWRF

PWRT TIME-OUT Py U

i

osTTMEOUT ——1  3arpumka r

INTERNAL RESET ml Mouatok
pobotu agpa
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CropoxoBuii Taiimep (IOCIIBHO: co0aka, IO CIOTJAAaE) — 1€ aBTOHOMHUH amapaTHHA
MOYJb MIKPOKOHTpOJIEpa, SIKMM Ma€ BJIACHWM BHYTPINIHIA TE€HEPATOp 1 MpAIfO€ HE3aJIeKHO Bif
IIPOrPaMHOTO KOy T4 OCHOBHOI'O TaKTOBOTO TeHEPAaTOpa. VIoro 3aBiaHHS — Iepe3aBaHTAXKyBaTH
MIKPOKOHTPOJIEP Y Pa3i, SKIO MpOorpamMHe 3a0€3MEUCHHS MIEPECTa€e MPAIIOBATH KOPEKTHO.

[IpuHIMD POOOTH TOSCHIOETHCS AHAIOTIEI0 3 co0aKoro. SIKIIO M0 «co0aKy» BYacCHO HE
roJyBaTH, BOHA IIepe3aBaHTaXye BCE MporpamMHe 3a0e3rneucHHs. [ 0lyBaHHSM € crieliaibHa
KOMaHJla B IPOTpaMi, sKa PEryJsipHO MOBIJOMJISIE CTOPOKOBOMY TaiiMepy, IO Mporpama IMpairoe
HOpMaJIbHO. SIKIIO KOMaHJa HE BHKOHYETHCS BUACHO, TaliMEp BBaXKae€, IO Mporpama 3aBHCa, i
BHUKOHYE reset.

CroporxoBHii TaliMep MOXKHA HE BUKOPHUCTOBYBATH, aJie SIKIIO HOTO aKTHBOBAHO, BUMKHYTH
HOro mporpaMHO B IIbOMY MIKPOKOHTpOJIepi HeMOXIKBO. TomMy B mporpami 000B’sI3KOBO OTPiOHO
nepeadauynT peryisipHe «rOJyBaHHs» 1€l coOaku, 1HAKIIE MIKPOKOHTpoJiep Oyae MOCTIHHO
nepe3aBaHTaKyBaTUC.

CTopoKoBMM Taumep

bit 2 WDTE: Watchdog Timer Enable bit
1 =WDT enabled °

0 =WDT disabled

6.10 Watchdog Timer (WDT)

The Watchdog Timer is a free running On-Chip RC
Oscillator which does not require any external
components. This RC oscillator is separate from the
RC oscillator of the OSC1/CLKIN pin. That means that
the WDT will run even if the clock on the OSC1/CLKIN
and OSC2/CLKQUT pins of the device has been
stopped, for example, by execution of a SLEEP

Cropoxosuit Taimep (Watchdog Timer, WDT) €
MOBHICTIO aBTOHOMHMM anapaTHUM MoAy/em, AKUI Ha
anapaTHOMY piBHi CAigKYeE 3a NpaLe3aaTHICTIo
nporpamHoro 3abesneyeHHs

AKLWO nporpamHe 3abe3neyeHHA 3aBncno abo npauroe
HEeNpPaBWUAbHO, TO CTOPOXKOBUI TalilMep aBTOMATUYHO
nepesaBaHTa)KUTb MiIKPOKOHTpoiEep

instruction. During normal operation, a WDT time-out
generates a device RESET. If the device is in SLEEP
mode, a WL 1o wake-up
and continu 'DT can be
permanently guration bit
WDTE as a

BMKOpPUWCTaHHA CTOPOXKOBOTO TaliMepy A03BONAE
NiABULLNTY }KUTTE3AATHICTb 3aCTOCYHKY

* [lpu CTBOpPEHHi NnporpamHoro 3abesneyeHHs 3
BMKOPUCTaHHAM CTOPOXKOBOTO TaliMepy Nporpamicty
noTpibHO NepiognyYHO MOro NepesaBaHTaXKyBaTH, Wob
YHUKHYTW nepe3aBaHTaXKeHHA MiKPOKOHTpoiepa

Jns uporo mepenbavena cremnianbHa komanga CLRWDT, To0To ouuIieHHS TIYMIBHUKA
cTopoXkoBoro Taiimepa. CaMm CTOPOXOBUH TaiiMep Mae Jiana3oH CIpalloBaHHS NpuOIU3HO Bix 18
MIKpOCEKYHZT 710 2,3 ceKkyHAu. SIKIo y mnporpami BHKOPUCTOBYETHCS CTOPOXKOBHMH Taiimep,
HeoOXiHO nepeadauntu perynsapHuil Bukink komanau CLRWDT, ToOTo mepioguyHO «rogyBaTH
cobaKky».

IToxn xomanga CLRWDT BUKOHYETBHCS BUaCHO, CTOPOKOBUI TailMep HE clpalboBye. Sk
TUIBKA TIporpaMa 3aBUcCae 1 I KOMaHAa I[epecTae BHKOHYBAaTHUCS, TailMep aBTOMAaTHYHO
Nepe3aBaHTaXXKy€e MPOrpaMHe 3a0e3MeUeHHS.

3aBUCaHHS MPOrpaMKU MOKE MaTH Pi3HI IPUYUHU: JIOTIYHI MOMUJIKM B KOJI, 3al[UKJICHHS,
MIEPENOBHEHHS CTEKY a00 CIIOTBOPEHHS BMICTY OINEPAaTUBHOI MaM’siTi, HAIPUKJIAJ, yepe3 30BHIIIHI
3aBaid, Takl fK, po3psii OJMCKaBKH. Y TakuUX BUMNAJAKaX IporpamMa IOYMHAE TpalloBaTH 3
HEKOPEKTHUMHU JaHUMH 1 MOBOJUTHCS HE TaK, sIK OyJI0 3alIaHOBaHO.

CropoxoBHii TailMep y TaKuX CHUTYalisIX aBTOMAaTUYHO IEepe3aBaHTaXKy€e€ MIKPOKOHTPOJIED 1
BiJTHOBJIIOE HOPMAJIbHY POOOTY CHCTEMH, TOMY 111 (DYHKIIIS € Ty’Ke KOPUCHOIO.
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Pob60oTa 3i CTOPOXOBUM TaUMEPOM

* [licna akTKBaL,i Ta HANAWTYBaHHA CTOPOXKOBUM
Tarimep byae nepesaBaHTaXKyBaTu

CLRWDT Clear Watchdog Timer MIKPOKOHTpO/IEep Yepes NeBHi NPOMIXKKM Yacy,

Syntax: [Jabel] CLRWDT Lo HanawToByoTbCA (Big 0,018 ¢ #o 2,3 ¢)

Operands: None .

. g e [nna 3anobiraHHA nepe3aBaHTAXKEHHIO
0 — WDT prescaler, BUKOPUCTOBYETbLCA CneLiasibHa acembnepHa
-2 KomaHAaa clrwdt, Aka o4nLLYye BHYTPILLHI

Status Affected:  TO, FD NIYNNBHUKKN CTOPOXKOBOTO TanMmMepy

D iption: CLRWDT instructi ts the .

SR Vioktnog Thome It o oudtotiie *  Mpu cTBOPEHHI NPOrpamMHOro 3abesneyeHHs 3

prescaler of the WDT. Status bits AKTUBHUM CTOPOXKOBMM TaMMepoM NporpamicTt

TO and PD . i
and PD are set MOBMHEH CNiAKYBATU 3@ YaCOM BUKOHAHHSA

NPOrpamHOro Koay Ta A043aBaTu y Kog KOMaHay
clrwdt

Ocranni nBa OiTH cioBa KOHQITypamii 3aal0Th PEKUM POOOTH TAKTOBOTO TE€HEPATOpA.
Ycworo nepeabdadeno yotupu pexumi. [lepmmuii peskum — RC. Txmn pexumu 3anexaTs BiJ pobodoi
9aCcTOTH T€HEPaTopa, OCKUIBKH HEMOXJIMBO CTBOPUTH YHIBEpCaJIbHHI I'€HEpaTop, SIKUil CTaOlIbHO
MpairoBaB OM Ha BCIX YacTOTax.

Jis HU3BKHX YacTOT BUKOPUCTOBYEThCS pexkuM LP, mist cepemnix — pexxum XT, s
BUCOKUX — pexkxum HS. Bubip pexxuMy BH3HA4aeThCsi poOOYOI0 YacTOTOK, MPHU IBOMY UITKHX
KOPCTKHX MeX He icHye. OfHaK Ha NpPaKTUIll, HANPHUKIAA, y pexxuMmi LP renepatop He 3Moxe
3aIlyCTUTHCS Ha BUCOKMX 4YacToTax, Takux sk 20 MI'm. Ha anmapatHomy piBHI Ile HOB’S3aHO 3
napameTpamu 30yKEHHsI pe30HaTopa: CTpyM OyAe HEAOCTAaTHIM, Y pe3yibTaTi renepatop abo He
3aIyCTUTHCS B3araji, abo mpaioBaTuMe HecTalbiIbHO.

TakTOBMM reHepaTop

*  RC—uyacToTa 3a4a€TbCA 30BHILIHIMM

bit 1-0 f?i(;échgﬁgl:o(r)scillator Selection bits PE3NCTOPOM Ta KOHAEHCATOPOM
:C = HS oscillator L HS —yacToTa 3a3d€TbCA BUCOKOYACTOTHUM
01 = XT oscillator KBapuosum abo KepaMiHHMM pe3oHaTopom
00 = LP oscillator (4..20 Mru)

*  XT —yacToTa 3a4a€TbcA KBapLOBUM abo
KepamiyHMM Pe30HATOPOM, LLLO NPaLOE Ha

6.2.1 OSCILLATOR TYPES cepeaHix yactorax (0,1...4 ML)
The PIC16F84A can be operated in four different *  LP—uyacToTa 3342€TbCA HU3bKOYACTOTHUM
oscillator modes. The user can program two KBapuosum pesoHatopom (0...0,2 M)

configuration bits (FOSC1 and FOSCO) to select one of

these four modes: 33
HenpasunbHe BcTaHOBNEeHHA 6iTiB, WO

- LP Low Power Crystal Bi4NOBIAAIOTH 32 HANALITYBAHHA TAKTOBOrO
* XT Crystal/Resonator reHepaTopa, NpU3BeayTb A0 TOrO, WO BiH He
* HS High Speed Crystal/Resonator 6yae npautoBatm abo 6yae npautoBatu

* RC Resistor/Capacitor HectabinbHO

Posrnsinemo cami pesonatopu. Haimommpenima cxema iX BHKOPHCTAHHS € KJIACHYHOIO.
3aCTOCOBYETHCS pPE30HATOP, KBApIOBHM ab0 KepamiyHWii, M0 B JAaHOMY BHIAIKy HE Mae
MIPUHIIUIIOBOTO 3HAYEHHS, 1 IBa KOHJICHCATOPH, K1 MiJKIF0YAIOTHCS Bl HOro BUBOJIIB 10 CHJIBHOTO
npoBody. Ll cxema HacTUIbKM MOIIMPEHA, L0 ICHYIOTh TNOTOBI KOMIIOHEHTH, y SIKMX KBapIl 1
HeoOXiHI KOHJEHCATOPH BKE PO3MIIIIEHI B OJJHOMY KOPITYCi.

Taka TOMYNISAPHICTE TOSCHIOETHCS MPOCTOTOI0 Ta 3PYYHICTIO: KBapIl yce OIHO He
BUKOPHUCTOBY€EThCS 0€3 KOHAEHCATOpIB, a 3HAUEHHS 1X €MHOCTEW 3a3BHUYail BIJJOMI 1 3aj1eXaTh BiJl
poboyoi uactoT. lle 3MeHIIye KUTbKICTh 30BHIIIHIX KOMITOHEHTIB 1 CHPOIIYE BHPOOHMIITBO.
Boagnoyac MoiuBI BapiaHTH, KOJM NOTPIOHI 1HII 3HAYEHHS €MHOCTEH, HampHUKiIag Mpu
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HECTaHIAPTHHUX YacTOTaxX, JyXKe HU3bKUX ab0 JyKe BHCOKHX, a00 KOJM KBapll Mae creuudiuyHy
KOHCTPYKIIIIO.

VY nhedkux BUNAIKaX, OKPIM KOHJEHCATOPIB, MOXXYThb BHKOPHCTOBYBATHCS JI0JIaTKOBI
PE3UCTOPH, SIKI BMUKAIOTHCS MOCTIAOBHO a00 mapajiebHO 3 KBapIoM. Taki pillIeHHs 3ajekaTh He
CTUIBKM BiJl JIOKyMEHTalii Ha MIKPOKOHTPOJIEpP, CKUIBKU BiJ XapaKTEPHCTUK CAMOTO PE30HATOPA,
TOMY HEOOX1HO 3BEpPTATHCS J0 JOKYMEHTAIlli Ha KBapIl.

KBap1iy BUrOTOBISIETbCA 3 MPUPOJHUX MiHEpalliB, 1 POJOBUIIA B PI3HUX KpaiHaX MAalOTh
BIIMIHHUH XIMIYHHUNA CcKkJaj. Yepes 1ie KBaplu BiJ pi3HUX BHUPOOHHKIB MOXKYTh MAaTH JACIIO Pi3HI
BJIACTUBOCTI, L0 IHKOJM BHMAara€ JOJAaTKOBHX €JIEMEHTIB y cxeMi. ToMy pO3poOOHHMKH YacTo
nepeadavaroTh Ha IJIaTI MOXKJIMBICTh BCTAHOBJICHHS TaKWUX PE3UCTOPIB, HABITH SKIO B OLIBIIOCTI
BUIIAIKiB BOHU HE MOTPiOHI.

Halibinbw nowupeHa cxema ) _
nIAKIIIOHeHHiI pe3oHaTopis

DD1
PICTEI B4A & »D’?C’MSFBEA
1T _] : i
RA2 RAT —— [ paz = mays |18 o YacrTiwe 3a BCe, gNa HOpMasibHOT po6oTyn
2 17 (o STCRNT ) - A 30 A 5= "o &5 < .
5|73 RAO _i 43 Al % t pe3oHaTopa NoTPibHI nLe 2 KOHAEHCaToPa, Wo
—| R osct — == o 0 osct _va IS E YCyBatOTb MOK/IMBICTb reHepaLlii Ha BULLMX
= M?LR osc2 —|14 |£| = MCLR  0SC2 "‘—\_i—_'l' i rapmoHiKax
| R L —{ vss VoD —— |
— RBo RE7 — 51 rBo re7 2 5 . s s
4 il 7| or cos 12 Ons peakux pe3oHaTopiB Ta reHepaTopiB NOTPi6HI
L Aag il 8 Raé res L M , O0AATKOBI pe3uncTopu, Wwo 3abesnevytotb
9 10 \ g . .
— rB3 PRY —— L P pes 1% & HeobxigHi pexxumn pobotu reHepatopa Ta
pe3oHaTtopa
Moxnusi eapiaHmu
DD1 DD1 DD1
PIC16F84A PIC16F84A PIC16F84A
1 I 18 1 | - 18 1 1 18
—2 RA2 RA1 T —2 RA2 RA1 = —2 RA2 RAT 7
—3 RA3 RAQ T 2 —1' RA3 RAG ? Gt —3 RA3 RAO ? "C—7|
— RA4 0osc1 = RA4 asct i — RA4 osc1 —I i
4 15 == za1 4 15 Rl | =33 zaQ1 4 . 5 RZU == zQ1
—5 MCLR oscz = R1 o2 = MCLR 0osc2 = c2 —5 MCLR 0sc2 > R1 \c2
— ] vss VoD [ FH | vss VoD [ F4 —{vss vop - {H
— RBO RE7 — — RBO RB7 |— — RBO RB7 —
7 12 7 12 7 12
_8 RB1 REB T - RB1 RB6 T _B RB1 RB6 T
o T 7
—— RB2 RBS — RB2 RBS [— —— RB2 RBS —
9 10 El 10 9 10
— RB3 PB4 — — RB3 PB4 — — RB3 PB4 ——

€MHOCTI KOHJICHCATOPIB ISl KBAPIIEBOT'O PE30HATOPA 3a3BUYAM HIXTO TOUHO HE PO3PAXOBYE.
Xoua ICHYIOTh BIJIIOBIHI TEOPETHUYHI JOCITIJDKEHHS, pealbHl PO3PaXyHKH HACTIIBKU CKIAJHI 3
TOYKH 30py MaTeMaTWKH ¥ (I3MKH, 110 HAa TMPaKTUIl BCE 3BOJUTHCS 10 BUOOPY €MHOCTEH Yy
NIEBHOMY PEKOMEHJO0BAaHOMY Jliala3oHi 3ajJeHO BiJ 4acTOTH KBapuy. Haifuacrtime po3poOHuK
MIPOCTO 0OMpAE CepeIHE 3HAYEHHS 3 IIbOTO J1ala3oHy.

ko mix yac Hamaro/pKeHHS abo cepiifHOro BHPOOHMIITBA BHUHHUKAIOTH MPOOJIEMH, TOA1
€MHOCT1 KOPUTYIOTBCS: X 30LIBIITYIOTh a00 3MEHITYIOTh, 3MIHIOIOTh THIIT J1EJIEKTPHUKA, OCKUTLKH BIH
TAaKO’X BIIMBa€E Ha pPoOOTy TreHeparopa. KBaploBi pe3oHatopu € JOCUTh KalpU3HUMHU
KOMITOHEHTaMH, 1 MEPIIMH 3allyCK MPUCTPOIO YaCTO € MOKAa30BUM. SIKIIO MIiCis Mojayl >KUBJICHHS
crcTeMa o/ipa3y MOYMHA€E MPAIIOBATH, 1I€ 03HAYae, 10 cXeMa 3i0paHa KOPEeKTHO. SIKIIOo K HIU0ro He
MIpaltoe, TOBOJUTHCS MEPEBIPITH KUBJICHHS, CUTHAJI CKUJaHHS Ta poOOTY KBapiLy.

Jnsa pexumy RC B3arani He icHye TOYHHMX (OpMyJN pO3paxyHKyY YacTOTH, OCKUIBKHM BOHA
3aleXUTh B1Jl 0araThbOX B3A€EMOIIOB’SI3aHUX MapaMmeTpiB. Y JOKYMEHTalli 3a3BHuYail HaBOJATHCS
JMILIE OPIEHTOBHI 3aJeXHOCTI. TOMy KIIIOUOBHM 3aJIMIIAE€THCS yBAXKHE YHUTAHHS TEXHIUHOL
JOKYMEHTAIil, OCKIJIbKY HaBITh Y CTAHIAPTHUX CXE€MaX MOXKYTb ICHYBaTH HIOAHCH, SIK1 BITUBAIOTh
Ha po0OOTYy CUCTEMHU.
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[MapameTpu eNneKTPOHHMX KOMIMOHEHTIB

TABLE 6-1: CAPACITOR SELECTION FOR TABLE 6-2: CAPACITOR SELECTION 6.2.3 RC OSCILLATOR
CERAMIC:RESONATORS, FOR CRYSTAL OSCILLATOR For timing insensitive applications, the RC device
" option offers additional cost savings. The RC oscillator
Ranges Tested: Mode Freq gsctich 0SC2ic2 frequency is a function of the supply voltage, the
Mode Freq osciic1 | osc2ic2 LP 32kHz | 68-100pF | 68-100pF resistor (RExT) values, capacitor (CEXT) values, and
XT 455 KHz | 47 100 pF | 47 - 100 pF 200kHz | 15-33pF 15-33pF the operating temperature. In addition to this, the oscil-
20MHz | 15-33pF | 15-33pF XT 100 kHz | 100 - 150 pF | 100 - 150 pF lator frequency will vary from unit fo unit due to nomal
4'0 MHz | 15-33pF | 15-33pF 2 MHz 15-33 pF 15-33 pF process parameter variation. Furthermore, the
hs 8.0 MH 15-33pF | 15-33pF 4 MHz 15 - 33 pF 15-33 pF difference in lead frame capacitance between package
{0 MHZz i 5 & pF ig ' 5 pF Hs 2 Mz 15-33pF | 15-33pF types also affects the oscillation frequency, especially
NGt Recorr{manded s ofm 0 Zre 20 MHz 15-33 pF 15-33 pF for low CEXT values. The user needs to take into
s oo intmnrtalSionrel Note:  Higher capacitance increases the stability account variation, due to tolerance of the external

Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time. These values are for design

of the oscillator, but also increases the
start-up time. These values are for design
guidance only. Rs may be required in HS

Rand C components. Figure 6-3 shows how an R/C
combination is connected to the PIC16F84A.

guidance only. Since each resonator has mode, as well as XT mode, to avoid over- FIGURE 6-9: RC: OSCILLATORMODE
its own characteristics, the user should dn\(mg crystals with low drive level specifi- VoD
consult the resonator manufacturer for the cation. Since each crystal has its own
appropriate values of external compo- characteristics, the user should consult the REXTZ i
nents. crystal manufacturer for appropriate f 0SC1 [ "ng?
values of external components. J_ 1> o
For Vop > 4.5V, C1=C2 = 30 pF is recom- CLXKI q PIC16FXX
Note: When using resonators with frequencies mended. Vss = =
above 3.5 MHz, the use of HS mode rather <_, 0SC2/CLKOUT
than XT mode, is recommended. HS mode Fose
may be used at any Vbn for which the Recommended values. 5 kQ < REXT < 100 kQ
controller is rated. CEXT.> 200F
. cee 2 b
OT)KG, CJIOBO KOH(i)lepaI_Ill. 3a 3aMOBYYBAaHHIM (1)J'ICH_I-HaM ATb IMICIA  CTHPAHHA

3aMOBHIOETHCS OAMHHUIIME, TOOTO B yCi OITH 3aIHCYIOTHCS JIOTIYHI OAMHUIN. BimmoBimHO ClOBO
KOH(DIrypariii TakoX CKIQAa€ThCs 3 OAUHHUIIb. Moro nosxuna € HECTaHJIaPTHOIO 1 CTAaHOBUTH 14 OiT,
aHe 8 uu 16.

Y TakoMy CTaHi 3aXUCT KOAY BUMKHCHHU, TalMep 3aTPUMKH 3allyCKy BUMKHCHHI,
CTOPO’KOBHH TaliMep YBIMKHEHHH 1 Tpamoe, a peXuM poOOTH TaKTOBOTO TeHeparopa
BCTAaHOBJICHUH 3a 3aMOBYYBaHHSM. SIKIO HEOOXiJHO, 1100 Mporpama mpaioBaia 3 KBapIOBHM
pEe30HATOPOM, CIIOBO KOH(DIryparii moTpiOHO 3MiHIOBATH Ha €Talli MporpaMyBaHHS.

[TloyaTKoBe 3Ha4YeHHA C10Ba KOHIrypauii

R/P-u R/P-u R/P-u RP-u R/P-u RP-u RP-u RP-u RP-u RP-u R/P-u R/Pu R/P-u R/P-u
| CP | CP | cP | CP | cP | cP | cP | cP | CP | cP |_PWRTE|WDTE|FOSC1IFOSCOl
bit13 bit0

Micns ouneHHs Flash-nam’sTi yci it KOMiPKM OTPUMYIOTE €1EKTPUYHNIA 3apA4, HAaABHICTb AKOTO
iHTEpPNpPeTYyETLCA AK N0riYHa OAMHULA

MoyaTtKoBe 3HaYeHHA cnosa KOHOIrypauii—b’11111111111111" (Ox3FFF)
*  3axuct Kogy (CP) — BUMKHEHO

*  Talimep 3aTpumKM 3anycky (PWRT) — BUMKHEHO

*  Cropoxosuit Taitmep (WDT) — yBiMKHEHO

*  Pexum poboTu TakTOBOrO reHeparopa — RC-reHepaTop

AKLLO 3aAUWINMTU CNOBO KoHIirypauii 6e3 3miH, ToO MiKpPOKOHTpPOAEP, A0 AKOTO NiAKAOYEHU A
KBapuosuii abo KepamiuHM pe3oHaTop, He Byae NoAaBaTH }KOAHUX KO3HAK KUTTAN

HanamryBanns cioBa KoHQIrypailii BUKOHY€eThCSl 6e3mocepeiHbO B ITporpaMHoMy koJi. Lle,
SK TPaBUJIO, TEPUIMI PAAOK MpOrpaMHu, y sikomMy BHKopucToByeThbCsl nupektuBa CONFIG. Bona
BHU3HAUaE, 3a SIKOI0 a/IPECOIO 1 3 IKUM 3HAUYE€HHAM Oy/ie 3anucaHe cjI0BO KOH(Iryparii.

VYci HeoOXigHI KOHCTaHTH A (POpPMYyBaHHS IIHOTO CJIOBA OMMCAHI y BiAMOBITHOMY (aiiii
MIKpOKOHTpoJiepa, 30kpema ansi P16F74. 3a gomomororo moGiTOBUX omepariii 3 IUX KOHCTAaHT
(bopMyeTbCS OJlHE YMCIIOBE 3HAUEHHs, sKE 1 3a7ae cloBo KOoHpirypariii. Came uepe3 ITUPEKTUBY
CONFIG y mporpamMi BU3Ha4at0ThCs BC1 MapaMeTpu KOHQIrypailii MiKpOKOHTpoJjIepa.
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3 uMMHU mapamMeTpamMH MO)KHa €KCIEpUMEHTYBAaTH, 1100 MOOAaYUTH, SK 3MIHIOETHCS poOOTa
nporpamu. Hampukmnam, SKIO YBIMKHYTH CTOPOKOBHM TaiWMep 1 He TmiependadyuTH Horo
00CITyroByBaHHs, MporpaMa MOYHE MOCTIHHO Mepe3aBaHTaXyBaTucs. Y TakKild CUTYyallii, He 3HAI0Un
PO CTOPOXXOBUW TaliMep, MOXKHA JOBIO IIYKATH IMOMHIKY B KOJi, XO4a HACHpPaBIi IPaIoe
CTOpOXKOBa cobaka, sIKy He0OXiTHO PETYIISIpHO TOAYBaTH.

AK HanawTyBaTU CNOBO KOHIrypauii

__CONFIG _XT OSC & WDT_OFF & _PWRTE OFF & _CP_OFF

CnoBo KoH®irypau,ii HanaWwToOBYETbCA 3a
ponomoroto avpektnen _CONFIG wnaxom
06’eAHaHHA KOHCTAHT, BU3HAYeHuX y paini
p16F84A.inc 3a40NOMOroto N0riYHOoI onepauii
«Mo6itose I» (&)

e 3axuct Koay (CP) — BumkHeHo (_CP_OFF)

*  Taimep 3aTpumku 3anycky (PWRT) —
BUMKHeHO (_PWRTE_OFF)

*  Croposkosuii Taitmep (WDT) — BUMKHEHO
(_WDT_OFF)

*  PexuM pobOTH TaKTOBOro reHepaTopa —
XT (_XT_0SC)

PosrnsiHemo, gk 1e peanmizyerbcss Ha npaktumi. Jns gopmyBaHHs cioBa koH]irypartii
BHUKOPHCTOBYETHCS JIOTIYHA 1M0OiTOBa omepais I, ska ekBiBaJeHTHA JIOTIYHOMY MHOXKEHHIO. SIKIIO
xoya O oAuH 13 OITIB AOPIBHIOE HYIIO, PE3yabTaT TaKOX Oyne Hyib. SIKiIo BCi 6iTH TOPIBHIOIOTH
OJIMHUIII, PE3YyJIbTaTOM OyJ1e OTMHUIISA.

BukopucroByerbes HaOip koHcTaHT. KoHcranta CP_OFF ckiagaeThest 3 0OMHUI, TOOTO
nporpamuuii koA He 3axuimiaerbcs. Koncranta PWRTE OFF Takox MIiCTUTBH Juie OAUHUIN, 1
micns mo6iToBoi oneparii pe3ynbTaT 3anumaerbes 6e3 3MiH. Y koHctanti WDT OFF Bianosianuit
OIT JOPIBHIOE HYJIO, TOMY pe3yJbTaT omepalii Ijs 1boro 0iTa Takoxk Oyae Hyiab. Y KOHCTaHTI
XT OSC Hynb BCTaHOBIIEHHH y mepmoMy OiTi. Y MiICYMKY CI0BO KOH(Irypaii MiCTUTh OAMHUII
B ycixX 01Tax, OKpIM NEPIIOro Ta APyroro.

CdopmoBaHe TakMM YMHOM CIIOBO KOH(Irypauii nepenaerbcs mporpamaTtopy. CrodaTky
3aBaHTAXXY€ETHCS MaM’ATh MPOrpaM, MOTIM MEPEBIPAETbCA KOPEKTHICTh 3aMUCy, 1 JIUIIE Micis [bOTO
BCTAHOBIIIOETbCA CJIOBO KOH(irypamii. Km0 B HbOMY aKTMBOBAHMW 3aXHUCT KOAY, 3UHMTaTH
3aIucany nporpamy Bxe 0y/J1e HEMOXKIIHBO.
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dopmyBaHHA €/10Ba KOHPirypau,ii

_CCNFIG *XtiCS: % 7’.‘\':‘T*OFF " 752‘35?570FE— *:P*CE—E—
BiT 13 BiT0
: 7 \
[NobGiToBe | cpoFF  [ATATATATATATATAATATATA] oxaFeF

&
X1 X2|Y _PWRTE_OFF [ ATATIATTTAATT] Ox3FFF
0 O

OO ANAAAAA]1[1] Ox3FFF

&
_wot_orr [1[1[1]1]1]1]1]1]1]1]o[1]1] Ox3FFB

A o[1]1] Ox3FFB
_XT_OSC &|1|1|1|1|1]1|1|1]1|1]1[0|1| 0x3FFD

- O0O0O

0 1
1 0
1 1

[A[a[1[1[1[1[1[1[1]1]o]o]1] o0x3FF9

Otxe, nporpaMa BUKOHYETHCSI B MAIIMHHUX LUKIAaX. 3a TakToBOi yactotu 4 MI'11 3a onny
CeKyHy BiJOyBaeTbcs 4 MUIbHOHM TAKTOBUX KoJMBaHb. OJMH MAlIMHHUN LUK CKJIAJA€THCS 3
YOTHPHOX TAKTOBHX IHTEPBANIIB, TOMY MIKPOKOHTPOJIEp BUKOHYE | MITBHOH KOMaHI 3a CEKyHIY.
BignosinHo, 3a uactotu 4 MI'l TpuBamicTh BHUKOHAHHS OJHI€] KOMaHAM CTaHOBUTH 1
MIKpPOCEKYH/TY.

TaiiMepu Ta nepepuBaHHA

OTxe, IPOAOBKYEMO BHUBYATHU MpPEAMET MPOrpaMyBaHHS MIKPOKOHTPOJEPIB Ta MPUCTPOIB
iHTepHeTy peueil. Tema ChOroIHIIHBOT JIEKIiT — TAMEepH Ta NepPEePHUBAHHS.

MikpoKOHTpoOJIep MpaLloe€ B pealbHOMY 4aci, 1 BC1 MpOIeCcH, 110 BiAOYBaIOThCS BCEPEAMHI
HBOTO, KOPCTKO MPUB’S3aHi J0 JyKepena TaKTOBOI'O CUTHAIY — TaKTOBOro rereparopa. Came mei
reHepaTop (HopMye TaKTOBI IMIYIBCH, BiJ SKHUX 3aJI€KHUTh IIBUIKICTH 1 Mepedir ycix BHYTPIIIHIX
MIPOLIECIB.

Ha nomepennix 3aHATTSAX OyJ0 CTBOPEHO KUTbKa peaJbHUX MPOrpaM 1 3acTOCYHKIB, Y
MpoLeci AKUX BiANpalboByBaiKcs 0a30B1 MPUHIMIHN IPOrpaMyBaHHs MIKPOKOHTpoJepiB. ChoroHi
3HOBY PO3IUIAA€ThCS Nepllla HaB4yajabHa rporpama «Bitato, cBite!». 3 o1HOro 00Ky HaBeIEHUH KO
Ha aceMmOJiepi, 3 IHIIOrO — Ta cama mporpama, peamizoBaHa MoBow C. Ile memoHcTpye, mI0
MPUHIUIKN CTBOPEHHS MPOrPaMHOI0 3a0e3MeueHHs ISl MIKpPOKOHTPOJIEPiB HE 3alieXaTh BiJl MOBU
nporpamyBaHHs. | Ha acemOnepi, 1 Ha C HEOOXiIHO BHKOHYBAaTH OJHAKOBI Jii: iHIIiai3yBaTu
MIKPOKOHTPOJIEP, CTBOPIOBATH HECKIHUEHHUI OCHOBHMI IIUKJI, BUKOPUCTOBYBATH MiANPOrpaMHu.

[Mporpama «BiTtato, CsiTe!l»

#include "stm8s.h"

bsi i void pause (void);

movlw b'11111110'

movwe RISE void main(void)
bef ATUS, RE B{

/ ininianisangis

GPTO Tnit(GPTOB, GPTQ PIN 5, GPTO MODE OQUT QD HTZ SLOW);
bsf PORT // OCHOBHMIA HMRJI
call.  Pau while (1)
) H {
e oHes wuo GPIO_WriteHigh (GPIOB, GPIO_PIN_5);
call B pause () ;

GPIO_WriteLow (GPIOB, GPIO_PIN_S);

goto MainLoor pause() 7

}
: ATPH }
incfsz
goto

// mignmporpamMa naysu

in:fsz 03 void pause (void)
goto =

=
Tetuen for(uintlé_s i = 0; i < 60000; i++) {}

END b
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Ha moBax BHCOKOro piBHS IMporpamMyBaHHsS ILi il BUKOHYBAaTH MpOCTIlIE 1 IMIBHIIIE, 3
MEHIIIOI0 NMOBIPHICTIO TOMIIOK. BogHOWac aceMOep gae moBHE pO3YMIHHS TOTO, SIKMM KOJ Oyjie
BUKOHYBATHCS allapaTHO, TOJ1 K Pe3y/IbTaT KOMIUIALIl MOB BUCOKOTO PiBHS 3aJICKHUTh BiJ SKOCTI
KOMITUIATOpPA 1 TOTO, SIK BIH TPAHCIIIOE KO/ Y MAIlIMHHI 1IHCTPYKIIil.

Bimomo, mo mikpokoHTposep mpaitoe ayxe mBuako. Hampukmnan, PIC16F84 3a TakToBoi
gactotu 4 MI'11 BHKOHYe ONHM3BbKO OJIHOTO MUIbHOHAa KOMaHJ 3a cekyHay. [l mroacekoro
CIPUHHATTS 1€ HAJITO MIBUJIKO, TOMY, 100 CHIOCTEpIraT, sSiK CBITJIIOAIO0/ 3aCBIUY€EThCS 1 3racae, Mixk
UMM TTOISIMA HEOOX1THO CTBOPUTH IMIOMITHHM YaCOBUH 1HTEPBAJ.

Le#t inTepBan QopMmyeTbesi MiAMPOrpamMoI0 3aTPUMKH, Ky YMOBHO HAa3HBAIOTh May30I0.
@DaKTUYHO MIKPOKOHTPOJIEP HABAHTAXKYETbCA MApHOIO 3 TOYKU 30py (PyHKIIOHATy poboToro. Y
HaBEICHOMY NPUKIAI 1e 6araTopa3zoBe IHKPEMEHTYBAaHHS ABOX KOMIpPOK mam’sti 3 aapecamu 0x0C
1 0x0D abo mukiiyHe 30UIbIIEHHS 3MIHHOI B 3a/JIaHOMY Jlalla30HI 3HAY€Hb. 3a PaxyHOK IIbOTO
MPOIIECOPHUI Yac BUTPAYAETHCSI HA BHUKOHAHHS IUKIIB, IO 1 CTBOPIOE 3aTPUMKY B 4aci. Takum
YUHOM peajli3y€eThCs MporpaMHa Iay3a Mi>K 3MiHaMHU CTaHy CBITJIOJIOAA.

3po3yMiso, M0 TaKui MiAXiJ € Hee(EeKTUBHUM, OCKUIBKH MPOLECOPHUN Yac BUTPAYAETHCS
Ha poOOTy, sika HE Mae KOPUCHOro HaBaHTakeHHA. [Ipouecop Mir OM BUKOPHCTOBYBATHUCS IS
PO3B’s3aHHS 1HIIKX 33124, ajJe 3aMiCTh IIbOr0 BUKOHYE apu(pMETHKO-JIOTi4HI oneparii, pe3yJIbTaTH
SKUX HiZIle HE 3aCTOCOBYIOTbCS. TOMy [OIIBHO OIIHUTH e(EeKTHBHICTH BHUKOPHUCTAHHS
MIPOIIECOPHOTO Yacy.

[IIBuIKICTh BUKOHAHHS KOy BHUMIDIOETHCS B MAIIMHHHUX LukiIax. OgHa acemOiiepHa
KOMaHj[a MOXKE€ BHKOHYBATHCS 3a OIWH ab0 3a JBa MAIMHHUX TUKIU. OJIMH MAaIIUHHUN UK
BIJIMOBIZJA€ YOTHUPHOM TaKTaM TaKTOBOro reHepatopa. L[i mnpuHuunu Oynu po3MNIAHYTI Ha
MOTIEPETHIX JICKIIIsX.

Y HaBeJeHHX pO3paxyHKax BPaxOBYEThCSA JIMIIE OCHOBHUN IUMKI mporpamu. biok
iHIIIami3aii He PO3TJISIAEThCS, OCKUIBKU BIH BHKOHYETHCS OJWH pa3 1 MPAKTUYHO HE MiISITae
onTuMizarii. SIKIo MIKpOKOHTpoOJIep HEOOXiIHO HANAINTYBaTH, 1€ MOTPIOHO 3pOOUTH HE3aIeKHO
BiJl Oa)KaHHS ONTHUMI3yBaTH KOJI.

ObuncneHHs TpMBaHOCTi BMKOHAHHA OCHOBHOIO UMKy

rg
o et OCHOBHUWI UWKA
bsf

movlw

movwf
bef

1 (bsf) + 2 (call) + 1 (bcf) + 2 (call) + 2 (goto) = 8 MAWMHHMX UMKAIB

Nignporpama naysu
255 * ([255 * (1 (incfsz) + 2 (goto)) + (1 (incfsz) + 1 (nop))] + 1 (incfsz) + 2 (goto)) +

,;sf' m il g et + (1 (incfsz) + 1 (nop)) + 2 (return) = 196 354 MalWMHHI LUKAK

call A < :
KinbKicTb «KOPUCHUX» MAWMHHUX LLUKAIB OCHOBHOIO LIUKAY

bae ek g 1 (bsf) + 1 (bcf) + 2 (goto) = 4 MaLIMHHUX LUKAIB
s %
. KinbKicTb MaWMHHUX LUKAIB, WO GOPMYIOTb 3aTPUMKY Y Yaci
t.
L 2 * (2 (call) + 196 354 (nignporpama Pause)) = 392 712 MaWUHHUX ULMKAU

incfsz
goto

incfsz 0x0D BiAHOCHA KiNbKiCTb K KOPUCHUX» KOMAHA, B OCHOBHOMY LKA
goto Pause (koediLieHT KOPUCHOTO BUKOPUCTAHHA NPOLLECOPHOTrO Yacy)

return
4 /(392712 + 4) = 0,001%

VY OCHOBHOMY LMK KOPHCHUX KOMaHJ ycboro dortupu. Lle xomammu bsf i bcf. Omgna
komanja bsf 3acBiuye cBiTiomion, komanaa bcf #ioro racuts. Takok BUKOPUCTOBYETHCS KOMaH 1a
goto, sixa HeoOXiaHA A7 opraHi3allii HECKIHUEHHOTO OCHOBHOTO IIMKITY 1 BUKOHYEThCS 3a KibKa
MaITMHHUX ITUKJIB. Y ¢l 1HII KOMaHIA B UK BIAHOCATHCS 10 (hOPMYyBaHHS 3aTPUMKH.

Skmo migpaxyBaTH CyMapHY KUIBKICTb KOMaHJ, sIKi BHKOHYE MIKpOIpoIecop Mais
3a0e3NeyeHHs 3aTPUMKH, TO 32 HABEIEHUMHU PO3paxyHKaMH BUXOIUTH 39712 MamIMHHHUX LUKIIB.
3arajibHa TPUBAIICTh OJHIET iTepallii OCHOBHOIO MKy CTaHOBUTH 392716 MamMHHUX IMKIIB. I3
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HUX JIAIIE YOTUPHU MAIIUHHUX [HUKIA MPUNANAI0Th HA KOPUCHI KOMaHAW, a BECh IHIIMIA Yac
BUTPAYAETHCS HA BUKOHAHHS IOMTOMIXKHUX OTEpallii, 1o He HECYTh MPSMOi KOPHUCTI.

VY pe3ynbraTi KOE(]Ii€EHT KOPUCHOTO BHUKOPHUCTaHHS MPOLIECOPHOIO YacCy CTAHOBUTH
npubauzno 0,001%. Came Taki mapameTpu Mae mporpama, HalucaHa Ha MEpHIOMY 3aHATTI, L0 1
MiJBOJAUTH J0 MUTAHHS: YU JOIITPHO BUKOPUCTOBYBATH CaMe TaKUH Miaxin?

I Tak, i Hi. Y mporpamyBaHHI HEMae Iporpam, siKi MPaIoTh «HEMPaBWIbHO». Bu ado
3abe3neuyere (pyHKIIOHANBHICTh, BU3HAYEHY TEXHIYHUM 3aBIaHHSAM, a00 Hi. Y MepuioMy BapiaHTi
nporpamu «Bitar, cBiTe!» y TEXHIYHOMY 3aBIaHHI BHUMAarajiocs, o0 CBITJIOAION MEpEeXTiB i3
3aJaHuM iHTepBaioM. L[ BUMora BUkoHaHa, 0Tke HeoOXiJHa (DYHKIIIOHAIBHICTh pealli3oBaHa.

3 TOYKH 30pY 3I0pPOBOTO TITy31y Bce 3p0obiieHo npaBuibHO. [IpoTe sKIo, OKpiM MEepexXTiHHS
CBiTIIONIONA, MOTPiIOHO Oyae BHKOHYBATH JIOJATKOBI omeparlii, BUHUKAIOTh NpOOJIeMH. YBECh
MIPOLIECOPHUIN Yac BUKOPUCTOBYETHCS JHILIE ISl (POPMYBaHHS OO MEPEXTIHHS, 1 AJIS 1HIIUX
3aad pecypciB yxe HE 3aJHMIIAEThCA. Y TaKOMY BHIAAKY €(EeKTHBHICTH POOOTH CHUCTEMHU €
HU3bKOIO.

Boanouac, SIKIIIO TeXHIYHE 3aBAaHHS BUKOHAHE, 3a3BHYall HIKOI'O HE I[IKABHTh, SKUM came
criocobom 1e Oyno peanizoBaHo. OfHaK Micis LBOTO JIOTIYHO BUHHUKAE HACTYNHE MHUTAHHA: SIK
MIIBUIIATH KOS(DIi€EHT BUKOPUCTAHHS IIPOIIECOPHOTO Yacy?

Ob6yMcneHHA TPUBANOCTi BAKOHAHHA OCHOBHOIO LIMKAY

OCHOBHWI LMKN

B 1 (bsf) + 2 (call) + 1 (bcf) + 2 (call) + 2 (goto) = 8 MaWMHHKUX UMKAiB

| Y nporpamysaHHi He byBa€ «HenpaBunbHo» |
Lo o HanucaHUX Nporpam — € NPorpamwu, AKi

“ | 3abesneuylotb (abo He 3abe3neuyloTb)  foor!

¥ e, NoTPibHY PyHKLiOHaNbHICTD

goto

2 * (2(call) + 196354 (nignporpama Pause)) = 392712 MaLWNHHUX LUKAN
goto
incfsz

goto
return

BiAHOCHA KiNbKiCTb «KOPUCHUX» KOMAHZ, B OCHOBHOMY LMKAI
(koediLieHT KOPUCHOrO BUKOPUCTaHHA NPOLLECOPHOrO Yacy)

4 /(392712 + 4) = 0,001%

END

OckilbkM MOBa M€ NpoO BHUMIPIOBAHHS Yacy, IEpIIMM arapaTHUM MOJYJeM, SKUN
HEOOX1THO PO3IIISIHYTH, € TaiiMepH. BilmoBiHO 10 CBOET Ha3BU, BOHM CIIEI[iaJIbHO NMPU3HAUEH1 A
BUMIPIOBaHHS 4YacoBUX 1HTepBaiiB. HacmpaBai 11 MOAyni dYacTo Ha3HBAalOTh TalMepaMmu-
JTYUIBHUKAMH, aJie Jalli po3rIisaTUMEThCs caMe Taitmep.

VYV wmikpokontponepi PIC16F84 mnpucytHiii nume onuH Taiimep. Y OUIbII CydyacHHX
MIKPOKOHTpOJIEpax TaiMepiB MoOXe OyTH JEKUIbKa, 1 KOXKEH 3 HUX Ma€ JOJaTKOBI PEXUMH Ta
¢yHKIil. Yci 1l MOXJIMBOCTI IIMPOKO BUKOPUCTOBYIOTHCS, ajlé B JAHOMY BHIMAJKy BOHHM HeE
PO3IIISIAIOTHCS, OCKUIBKK MOBA /1€ PO HaHIPOCTILIHNA BapiaHT.

Taiimep MikpoxonTponepa PIC16F84 € oquuMm i3 HalinpocTinmx anapatHux Taiimepis. Horo
CTPYKTypHa cXxeMa HaBejeHa Ha cnaiiai. Llel TaiiMep Moke BUKOHYBATH JinIie 6a30BYy (YHKIIO —
MIJPaxyHOK KUTBKOCTI IMITYJIbCIB.

TaiiMep MoXe TpaioBaTH y JBOX peXHMax: IMipaXxoBYBaTH TaKTOBI IMITYJIbCH
BHYTPILIHBOTO TaKTOBOIO TeHepaTopa abo paxyBaTH 3OBHIIIHI IMITYJIbCH, IO HAJXOASTh Ha
BIJMOBITHUM BXiJ] MIKpoKOHTpojepa. Came 3 IIbOr0 MPOCTOrO TaimMepa 1 MOYMHAETHCS PO3TJIAN
arapaTHUX 3ac001B BUMIPIOBAHHS Yacy.
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CTpYKTYypHa cxema Tammepa
MiKpOKoHTponepa PIC16F84A

B Data Bus
Fosc/4 0 ‘ F PSouT ]/E 5
1 <L
AT Sync with
| 1 ‘ Internal TMRO
RA4/TOCKI s Programmable 0 i PSout
pin Prescaler
TOSE (2 Cycle Delay)
3
Set Interrupt
PS2, PS1, PSO PSA Flag bit TOIF
TOCS on Overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 5-2 for detailed block diagram).

['onmoBHUM ejeMeHTOM TaiimMepa € pericTp, skuii HasuBaeTbcss TMRO. Ile perictp
OTIEPAaTUBHOI MaM’ATi, SIKHI MO>KE arrapaTHO 3MIHIOBATHCS 3 TIEBHOIO YaCTOTOIO.

OneparuBHa mam’ath MikpokoHTposiepa PIC16F84 moainseThcss Ha pericTpu 3arajibHOTO
MPU3HAYCHHS Ta PEricTpu creniaabHOro npusHadeHHs. Perictp TMRO Hamexuts 10 pericTpiB
CHEIIaJIbHOTO MpH3HA4YeHHS 1 po3ramoBanuii 3a agpecoro 0x01 y mrictHaausTKOBOMY (opMarTi.
Came et perictp € 0CHOBOIO poOOTH Taiimepa.

3 touku 30py nporpamicta perictp TMRO pocTynHuii 111 YnTaHHS 1 3a1MCY, 3 HUM MOXHA
BUKOHYBaTH CTaHJApTHI omepamii. BomHoyac HEOOXigHO BpaxoBYBaTH, IIO 3HAYEHHS IHOTO
pericTpa MoKe 3MIHIOBATHCS alapaTHO, He3aJIeXKHO Bl BAKOHAHHS MporpamHoro koxay. Came Tomy
TMRO € KTI090BUM €J1E€MEHTOM TaiiMepa.

Perictp TMRO

FIGURE 2-2: REGISTER FILE MAP - - . o
PIC16F84A *  OcHoBHMM pericTp Tammepa TMRO
File Address File Address € YaCTUHOIO ONepaTUBHOI Nam’ATi
: g eirstaa | boh (pericTp) cneuianbHoro
01h TMRO IOPTION_REG 81h
= oon NPU3Ha4YeHHA
03h STATUS STATUS 83h
04h FSR FSR 84h .
2 [ === === 1| * Perictp TM RO nporpamHo
06h PORTB TRISB 86h AO0CTYNHUU oNnAa YNTAHHA Ta 3anncy
07h o = 87h
08h EEDATA EECON1 88h
09h EEADR EECON2(" 89h ° 3MiCT pe I'iCpr TM Ro
0Ah PCLATH PCLATH 8Ah .
0Bh INTCON INTCON 8Bh 36|nbmy€Tbcn anapaTHo
0Ch 8Ch

Tenep BUHMKA€E MUTAHHS, SKMM YAHOM BiIOYBa€ThCs 301IbIIEHHS 3HaUEHHS TaliMepa. IcHye
KUJIbKa BapiaHTIB, TOOTO KiJbKa JKEPE IMIYJIbCIB, sIKI MOXKYTh MPU3BOAUTU A0 IHKPEMEHTYBaHHS
pericTpa Taiimepa.

[lepunit BapiaHT, kUil OyJe OCHOBHHM Yy MOJANBIIMX MPAKTUYHHUX POOOTaX, IMOJIATAE Y
BUKOPUCTaHHI CUTHAJly TaKTOBOI'O I'eHeparopa K JyKeperia 1HKpeMEHTYBaHHs TaiiMepa. Y LboMy
peKuMI Ha TaliMep NOJA€ThCs He 0e310cepeJHbO TAKTOBA YaCcTOTa, a TAKTOBA YAacTOTA, MOJUIEHa Ha
gotupu. Lle 3pobneHo 3 Tiei mpuumHM, 110 OJHA aceMOJepHa IHCTPYKIIisl BBAXKAETHCS TAKOIO, L0
BUKOHYETHCS 32 YOTUPH TAKTH, TOOTO 32 OJMH MAITUHHUI IUKIL.

VY pe3ynbTati 3a KOXKEH MallMHHUMA HUKJ 3HAYeHH TaiiMepa 301IbIIy€eThesl Ha ouHHI0. Lle
€ JIOTIYHMM, OCKUIbKM CTaH MIKPOKOHTpOJIEpa 3MIHIOETHCS caMe 3 MEpioJIoM MAalIMHHOTO IUKIY.
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SIx6u Ha TaiimMep MmojaBayiacsi TAKTOBA 4acToTa 0€3 MOJIiTy Ha YOTUPH, TO 32 OJJUH MAIIMHHUN [THKII
TaiiMep 30UTbIITYBaBCS O HAa YOTHUPH, 1 TPOTPaAMHO BIJCTEKYBATH HOTO 3HAYCHHS OyJI0 O TPaAKTUYHO
HEMOKJTMBO.

Takum yuHOM, y boMYy pekumi perictp TMRO moske 3011bI1yBaTHCS KOKEH MallTuHHUN
[UKJ. YBIMKHEHHS IbOTO PEXUMY 3IIHCHIOETHCS IUIIXOM BcraHoBieHHs Oita TOCS y nyns. Llei
OIT Kepy€e MYJIbTHIUICKCEPOM, SIKHI BUOMpPAE HKEPEIIO JIIUYMILHUX IMITYJIBCIB IS TaliMepa.

MynbTHIITIEKCEpP € BY3JIOM 3 KUIBKOMa BXOJaMH Ta OJHUM BHUXOJOM i (pAKTUYHO BUKOHYE
¢dbyHKIIF0O KOMyTaTopa. 3anexHo Bix 3HadeHHs Oita TOCS mo BHXOAy MiIKIIOYAETHCS BiAMOBIIHE
mkepeno iMiyinbeiB. Akmo TOCS mopiBHIOE HYIIO, KEPEIOM € TAKTOBHI TEHEPATop i3 4acTOTOIO,
noaiteHoro Ha dotupu. Sxmo TOCS mopiBHIOE OIWHUIN, TaiiMep MOYMHAE paxyBaTH 3OBHIIIHI
IMITyJIbCH.

30BHIIIHI IMITYJIbCHI CUTHAJIM B IIbOMY BHMAJAKy IOJAIOThCsA Ha BUBiA RB4, sxuii moxe
BUKOPHUCTOBYBATHCS SIK JPKEPEJIO IMITYNIbCIB U1l IHKpEeMEHTYBaHHS Taitmepa.

CTpPYKTypHa cxema Tanmepa
MiKpOKOHTponepa PIC16F84A

Data Bus
Fosc/4a 0 PSout >
| H o
! L : -
i
1 Internal TMRO
Clocks

RA4/TOCKI Z

pin

TOSE

Programmable PSouT
Prescaler
(2 Cycle Delay)
Set Interrupt

PS2, PS1, PSO PSA Flag bit TOIF
TOCS on Overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 5-2 for detailed block diagram).

AKwo 6it TOCS = 0, a 6it PSA = 1, To perictp TMRO byage
36inblyBaTUCA HA OAUHULLIO Y KOXKHOMY MALUMHHOMY LIMKAI

Bunukae nuTtaHHsA, g€ came posTamoBaHi Il OiTM. BOHM 3HaXOmsIThCA B OIEpaTHUBHIN
nam’sTi, y perictpi cnerianbHoro npusHaueHHss OPTION REG.

Perictp OPTION_REG e perictpoM HanamryBaHb TaiiMepa. Lle 6iToBa mama, y kil KoxeH
OKpeMHUi OIT BIANOBIJAE 3a IEBHUM NTapaMeTp poOOTH TaliMepa Ta OB’ A3aHUX 3 HUM BY3JIIB.

s Ttoro moO 3po3yMiTH, KM came OIT 3a IO BiANOBiAa€, HEOOXIAHO 3BEPTATHUCS 10
TEXHIYHOI JOKyMeHTalli Ha MikpokoHTposiep. CaMe B HIN HaBelIE€HO IOBHUN OIKC pETICTpa
OPTION_REG i npu3HaueHHs KOXHOTro ioro Oita.

Perictp OPTION_REG

REGISTER 2-2:  OPTION REGISTER (ADDRESS 81h)

FIGURE 2-2: REGISTER FILE MAP - - — e — RS R
0 ! v ! 3 / M
PIC16F84A rRepU | INTERlS [ Tocs TosEf] Psa [fps2 [ Pst [ Pso
. b7 bit0
File Address File Address
00h Indirect addr. Jeeinsisantensieiokhe bit 7 RBPU: PORTR Pull-up Frable bit
= PORTB pull-ups are disabled
01h TMRO OPTION_REG 81h © = PORTB pull-ups are enabled by indwidual port latch values
02h PCL = = bit 6 INTEDG' Interrupt Fdge Select bit
<= Interrupt on rising edge of RBO/INT pin
03h STATUS STATUS 83h ¢ = Interrupt on falling edge of RBOANT pin
bit 5 TOCS® TMRQ Clock Source Select bit
04h FSR FSR 84h W— | - Transition on RAA/TOCKI pin
€ = Internal instruction cycle clock (CLKOUT)
05h PORTA TRISA 85h bit4 TOSE: TMRO Source Edge Select bit
06h PORTB TRISB 86h 1 = Increment on high-to-low transition cn RA4/TOCK] pin
© = Increment on low-to-high transition on RA4/TOCKI pin
07h = 87h bit3 PSA. Prescaler Assignment bil
08h EEDATA EECON1 88h N - Prescaler |s asﬁm'\ed 10 _:he WDT
© = Prescaler is assigned 1o the Timerd module
09h EEADR EECON2!Y 89h Lil20  PS2:PSO. Prescaer Rale Sekct bits
0Ah PCLATH PCLATH 8Ah Bit Value TMRO Rate WDT Rate
000 12 1:1
0Bh INTCON INTCON 8Bh 001 1°4 : 3
o1 1.8
0Ch 8Ch 118 1:8
1-22 1:16
1-64 1:32
1 1
1 1

+128
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OTxe, axmo 6iT TOCS BCcTaHOBIECHUH Yy HYIb, UKEPEIIOM TaKTyBaHHS TaliMepa € TaKTOBUH
TeHEPaTOp MIKPOKOHTPOJEpa 3 YacTOTOK, IMOAUICHOI0 Ha YOTHPH. Y I[bOMY DPEXHMI Taimep
IHKPEMEHTYETHCS KOJKEH MAIIMHHUAN ITUKJL.

Sxmo 6iT TOCS BcTaHOBICHUH B OJIMHUIIIO, JHKEPEIOM TAaKTOBUX IMITYJILCIB JJIs TaliMepa
CTa€ 30BHILIHIN CUTHAN, KWW momaeThcs Ha BUBIN RB4. V npomy BHmanxy TaiiMep Mpaiioe siK
JYUIHHUK 30BHINIHIX IMITYJIBCIB.

CTpyKTypHa cxema Tanmepa
MiKpoKoHTponepa PIC16F84A

Data Bus
Foscl4 0 PSour :
| ) He
A N SYNC T
-E Ml | Internal TMRO
RA4/TOCKI | 1L Programmable 0 i PSout
in Prescaler
p
TOSE (2 Cycle Delay)
Set Interrupt
PS2, PS1, PSO PSA Flag bit TOIF
Tocs on Overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 5-2 for detailed block diagram).

Aikwo 6iT TOCS = 1, a 6it PSA = 1, To perictp TMRO 6yae
36iNbLIYyBaTUCA HA OAUHULLIO NPU 3MiHi piBHA CUrHany Ha BuBogai RA4

30BHIIIHINA CUTHAJ TOBUHEH OyTH IMITyJIbCHUM. 3a fornomororo 6ita TOSE Bu3HavaeThes, 3a
AKUM (POHTOM IbOTO cHurHamy Oyzae 30umbmryBatucst perictp TMRO. Skmo iHKpeMeHT Mae
BiI0yBaTHCs MPU Nepexo/ii curHany Ha BuBoJii RB4 3 nyns B oqunuito, 6ir TOSE BcTaHOBIIOETHCS
B HYJb. SIKIIO X IHKPEMEHT MOBHHEH BiAOyBAaTHCS MPHU NEPEXo/i CUTHATY 3 OJUHHIN B HYIb, OIT
TOSE HeoOXiAHO BCTAHOBUTH B OJUHHUIIIO.

Bubip mporo pexumMy 3aieXuTh BiJ KOHKpeTHOi cnenudiku 3actocynky. Ha manomy erami
TaKi CKJIaJHI PKUMH HE BUKOPUCTOBYIOTHCS. Y HPAKTUYHUX poOoTax TaiimMep Oyie TakTyBaTHUCSA
BiJl BHYTPIIIIHBOTO TAKTOBOTO TeHepaTopa, To0To 6iT TOCS BCTaHOBIIOETHCS B HYIIb.

bir TOSE takox po3TamoBaHuil y perictpi cneuiaiabHoro npusHaueHHss OPTION REG, i
HOro 3HaYEeHHsI BU3HAYAETHCS MIPOTPAMHO ITiJT Yac HaJallTyBaHHS TaiimMepa.

Bubip dpoHTy/cnaay imnynbey

TOSE =0 TOSE =1
Hanpyra = TMRO Hanpyra TMRO
DD1  PIC16F84A Ha BuBogi RA4 36iNbLWYETHCA Ha BuBoai RA4 HE 3MIHIOETBCS
1 18 Ha 0QVHALIO
—— RA2 RA1 —
2 17
— RAO —
3 16
—1 RA4 OSC1—
18 = N e ——————® Yac
—— RESET osc2——
5 14
— VSS VDD ——
S| LIS Hanpyra TMRO Hanpyra Wi
7 12 wa susogi RA4 HE 3MIHIOETECR 4 Ha svsoai RA4 36inbLUyETLCS
— RB1 RB6 — Ha 0AVHULIO
6 11
— RB2 RB5 [ —
9 1
— RB3 PB4|—

Hpyrum 6iTom, KUl TakoXk HEOOXiAHO HamamToByBatH, € 0iT PSA. bir PSA Bu3nauae, un
Oyne JpKepesio TaKTyBaHHsS IMOJABaTHCS Ha PETicTp TaiMepa 0e3mocepelHbO, UM MK JDKEPETIOM
IMITYJIBCIB 1 TaliMepoM Oy/Jie BUKOPHCTAHUN MEPeNNoAUIbHUK YacTOTH, SIKUM 3a3BUYall Ha3UBalOTh
IIPECKAJIEPOM.

[Ipeckanep € creniaabHUM amapaTHUM BY3JIOM, IO AUTUTh YaCTOTY BXIIHUX IMIYJIbCIB Ha
NEBHUM KOEPIli€HT, K MPaBWIO NUIIXOM IOCHIJOBHOTO IUIEHHS Ha JBa. Y MIKPOKOHTpOJEpi
PIC16F84 mnpeckanep € CHUIbHUM PECYypcoM 1 BUKOPHUCTOBYEThCS a00 TaliMepoM 3arajlbHOTrO
npusHadeHHs TMRO, abo cTopoxoBuM TaliMepoMm.
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CropoxoBuii TaiiMep pO3IJsSAaBCA paHille SK amnapaTHUM By30J, IO MPHUMYCOBO
nepe3aBaHTaXye MIKPOKOHTPOJIEP Y pa3i HEKOPEKTHOI poOOTH mporpamMHOro 3abesmedeHHs. [[is
HBOTO TaKOX ICHYIOTh BJIACHI HAJIAIITYBaHHS, 1 caMe TOMY MpecKalep He MOXe OIHOYACHO
o0ciyroByBaTu 0OHIBa TaliMEpH.

bit PSA BusHauae, 3 sKkMM came BY3JIOM Oy/i€ MpaIfoBaTH MepeInoUIbHUK YaCTOTH. SIKII0
0iT PSA BcTaHOBJICHHII B OJWHUINIO, TIPECKajep HE BUKOPUCTOBYEThCS TaiimepomM TMRO i
3aJIMIIAETHCS TPUB’SI3aHUM JI0 CTOPOXKOBOro Taiimepa. SIkmio >k 6it PSA BcraHoBieHuil y Hyb,
npeckayiep MiAKII0YaEThCs 10 TaiiMepa 3araibHoro npusHaueHHs TMRO 1 BUKOpUCTOBYETHCS ISt
MOJIUTY HOTO TAKTOBUX IMITYJILCIB.

CTpyKTypHa cxema Tanmepa
MiKpOKOHTponepa PIC16F84A

Data Bus

Fosc/4

RA4/TOCKI Programmable
pin Prescaler

TOSE

(2 Cycle Delay)

Set Interrupt
PS2, PS1, PSO PSA Flag bit TOIF
TOCS on Overflow
Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 5-2 for detailed block diagram).

AKwo 6it PSA = 0, To perictp TMRO 6yae nigknoueHunii ao axepena
TaKTOBOro CUrHany Yepes NporpamoBaHuii nepeanoaiibHUK YacToTu

[lepeanoaiTbHUK YacTOTH NOOYAOBaHMM TakUM YHMHOM. 3BEpHITH YBary Ha CJOBO
«IIporpamMoBaHuii», TOOTO Horo KoedimieHT nepenavi ad0 KoedillieHT AiICHHS MOXKHA 3MIHIOBATH
IIPOrpamMHO. ANapaTHO NEPeANOAUIBPHUK YaCTOTH CKJIAJA€ThCs 3 KUIBKOX T-Tpurepis, 3’€IHAHUX
MocyiIoBHO, TOOTO BXim T-Tpurepa HACTYNHOI JIaHKM MiIKIIOYEHUH 10 Buxoay T-Tpurepa
MONEPETHBOI.

T-Tpurep — 1ie anapaTHui By30J1, SIKHH 3MIHIOE CBIM CTaH MpHU 3MiHI TAKTOBOTO CUTHaly. Bin
MEPEMUKAETHCS Y IPOTUIICKHUI CTaH MPH 3MiHI BX1IHOTO CUTHAJY, HApUKJaJl, 3 OAUHULI B HYJIb,
K 11€ ToKa3aHo Ha cxeMi. OnuH Takuil T-Tpurep AUIMTH YaCTOTY BX1JHUX IMITYJIbCIB HA JIBa.

Komu Ttaki T-Tpurepu 3’enHaHi MOCTIOBHO, Ha BUXOAlI NEPIIOTO MU MAaEMO 4YacToTy,
MOJIJIEHY Ha 2, Ha BUXO/Ii IPYTOT0 — YK€ MOJUIeHy Ha 4, Ha BUXO/Ii TpeThoro — Ha 8, maxni Ha 16, 32
1 Tak fgaii. JIo BUXO/IB yCiX LIUX TPUTePiB MIAKIIOUCHUH OJIMH BETUKUN MYJIBTUILUIEKCOP 3 BiCbMOMa
BXOJIaMH 1 OJTHIM BHUXOJIOM.

bitu PSO, PS1 ta PS2 skpa3 i Bu3Ha4ar0Th, A0 SAKOTO caMme BXOJYy MYJIbTHILIEKcOpa Oye
MIJKITIOYEHUH #Horo BuUXiJ, TOOTO SKUH KOe(]IliEHT MOAUTYy YacTOTH Oyae BHUKOPUCTaHHUH Y
KOHKPETHUI MOMEHT uacy.

[lepennoAinbHUK 4YacTOTH

T Buxid

PSO

Mynemunnexcop .E PS1

ps2

I T I I I T
Buxio 1 Buxio 2 Buxid 3 Buxio 4 Buxid 5 Buxic 6 Buxid N
i
B”a—‘.c Q—ial; Q—i—‘c Q—L(: Q—Lc Q—i—‘.c Q—I———AC o bitn PSO - PS3

T 7 T T T T T pericTpy
Q Q Q Q Q Q Q INTCON

BM3HA4YakOTb

solnannannnnnnnnnnnnnananAnnnnAnnAnnAnNNNNNNNNNAM"N RKMﬁ3BVIXO,ﬂ,iB
R"’”‘”:]DDDDDDDDDDDDDD”““””ll“”“'- nepea-
Buxid 2 .

B o S e D s IO s Y s R B e S e S B O O NP NoAiNbHUKA

B0 3 [ | [ 1 [ 1 I 1 I 1 [ L~  byae akTMBHUM
Baia ¢ — e —_—
Buxic 5 f 1 =

Buxi6 5 [
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I ue no3Bonse Ham nuisaxoMm BcraHoBieHHs OitiB PSO, PS1 ta PS2 oOuparu xoedimieHT
nepeaadi nepeAnoaiibHuKa. ToOTO TaKTOBa 4YacTOTa, sKa BXKE IMOJIJICHA HA YOTHPU, MOXKE OyTH
J0JIATKOBO TO/IIJICHA 1€ KiJIbKa pa3iB.

Y rpaHMYHOMY BUTAJIKY MW MOXEMO MOILIUTH ii 10 KoedimieHTa 1:256. e BinOyBaeThCs
toi, koiu Bci Oitu PSO, PS1 Ta PS2 BcTaHOBIIEHI B 3HAYSHHS, 1[0 JOPIBHIOE OJIMHUIII.

Perictp OPTION_REG

REGISTER 2-2: OPTION REGISTER (ADDRESS 81h)

FIGURE 2-2: REGISTER FILE MAP -

RW1  RW ‘ RW 1 .zw 1 RW RW1  RAV1 RV
PIC16F84A mePU [ NTEDQ [ Tocs | frose | psall [ Ps2 P51 PSO
bt7
File Address Flie Address
00n | Indirect addr.(Z i bi7 RBPU: PORTB Pull up Ersable bil
- 1 - PORTB pull ups are disabled

01h TMRO OPTION_REG 81h 0 = PORIB pull-ups are enabled by indndual port latch values
02h PCL v bté INTEDG interrupt Fdge Select bt

3 = Interrupt on rising edge of RBONT pin
03h STATUS STATUS 83h o = Interrupt on falling edge of REOANT pin

bts TOCS IMRO Clock Source Select bit
04h FSR FSR 84h 2 = Transition on RAd pin
. - ¢ = Internal instruction cycle clock (CLKOUT)

05h PORTA TRISA 85h b4 TOSE. TMRO Source Edge Select bit
06h PORTB TRISB 86h 2= Increment on high-1o-ow ransiion on RA4/TOCKI pin

0 = Increment on low-to-high transon on RA4/TOCKI pin
07h — = 87h bt3 PSA: Prescaler Assgnment bit

— 1 = Prescaler Is assigned 1o the WOT

08h EEDATA EECON1 8sh = Prescaler is assigned 10 the TimerD module
09h EEADR EECON2(Y 89h 5420
0An PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch 8ch

Hy i, BmacHe kaxyuu, HaBilo HaM yce 1e? SIKIIo po3risaaTy Julle Te, 10 MU MaeMO 3apas,
TO BUXOJUTh, IO y HAC € I€BHAa KOMIpPKa ONEPaTUBHOI IaM’ATi, SIKa anapaTHO 301UIbIIYeThCS 3
JESIKO0 YacTOTOI0. 30UTBIIYEThCS i 30UTBIITYEThCSA — HA TEPIIUi MOTIISA, HIY0TO OCOOIMBOTO, aJKe
M1 yac BUKOHAHHS IPOTrPaMu ONEepaTUBHA I1aM’SITh 1 TaK MOCTIHHO 3MIHIOEThCSL.

l'onoBue x momsirae B iHmomy. Taiimep cipoMOKHUI TeHepyBaTH IepepuBaHHs. Perictp
TMRO mnocTynoBo 30UIBIIYETHCS: MICHS IEpe3aBaHTAXEHHS BiH JIOPIBHIOE HYIIO, MOTIM uepe3
MIEBHUI Yac CTa€ OJMHHMIICIO, IBIHKOIO, TPIMKOIO 1 TaK Jalli, aK MOKU HE TOXOAMUTH 10 255.

Hani BinOyBaeThcsi HacTynHe. Konmu 3HaueHHs 255 30UIbLIyeThCS 1€ HAa OJUHHIO, Yy
BOCBMUPO3PAIHIN cucTeMi Lie Aa€ HyJb. BUHUKae nepenoBHEHHs TaliMepa — mepexia 31 3HaYeHHs
255 y nynb. Came B 11eif MOMEHT 1 (pOpMy€eThCS TepepuBaHHSL.

OTtxe, OCHOBHE NMPU3HAYEHHs TaliMepa MOoJsrae B reHepallli anapaTHUX NepepuBaHb dyepes
NeBHI IHTEPBAJIM Yacy. Yci Il HaJalTyBaHHS — BUOIp JpKepesa TaKTyBaHHS, KOSQIlIEHTIB MOALTY,
MepeAnoIIbHAKA — MOTPIOHI JMIIe JUIsi TOro, mo0 MEepepuBaHHs HAIIOTO MPOTPAMHOTO KOIY
BUHUKAIIHU 3 33IaHOI0 TMEPI0JMUHICTIO, TPUB’A3aHOIO 1O TAKTOBOTO FeHepaTopa.

Y OuIblIOCTI MNPaKTUYHUX BHUIMAAKIB K JUKEpENo TakTyBaHHS i TaliMepa
BUKOPHUCTOBYETHCSI caM€ BHYTPIIIHIA TAaKTOBHIl T'eHEpaTop MIKpPOKOHTpOJepa, 1 caMe 3a TaKOko
CXEMOI0 TailMep HaifyacTiiie i 3aCTOCOBYIOTb.

CTpyKTypHa cxema Tanmmepa
MikpoKoHTponepa PIC16F84A

RS Data Bus

H e
Sync with .
Clocks

PSout

Fosci4

;l N

/ > 4
RA4/TOCKI S
pin

TOSE

(2 Cycle Delay)

\
Set Interrupt
PS2, PS1,PSO PSA Flag bit TOIF

TOCS on Overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 5-2 for detailed block diagram).

Mpu KoOXXHOMY nepenoBHeHHi perictpy TMRO
(3miHi 255 - 0) moXKe BUHMKHYTU NepepuBaHHA
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[Io BinOyBa€eThCs, KO Y HaC BUHHMKAeE nepepuBans? Ilepir 3a Bce moTpiOHO 3p0o3yMiTH, 1€
MU MOXEMO II€ TIEpEepUBaHHsI MOOAYUTH a00 BICTIAKYBATH.

VY Bumaaky TaiiMepa MOMEHT TEpepHBaHHS BIANOBigae MepenoBHEHHIO. Komm 3HaYeHHS
perictpy TMRO nepexomute 3 255 y Hynb, anmapaTHo BcraHOBIoeTbes OiT TOIF y perictpi
INTCON.

Perictp INTCON - mue ckopouenHs Big Interrupt Control. bit TOIF e mnpamopom
NepepUBaHHs NEPETOBHEHHSI TaiiMepa. BiH BCTaHOBIIOETHCS amapaTHO B OyAb-KOMY BHIIAJKY,
HE3JIKHO BiJl TOTO, UM JO3BOJICHI IEPEPUBAHHSI Bij TaiiMepa, 4M Hi.

Sxmo perictp TMRO anapatHo 3011bIIYETHCSI, TO B MOMEHT MEPEX01y HOT0 3HaUeHHS 3 255
y HyJb BignoBigaui npamnop TOIF 060B’s13k0B0 BcTaHOBIIOEThCS. Taki OiTH HA3WBAIOTh MparOpaMu
nepepuBaHb, OCKIJIBKU MPH BUHUKHEHHI MEPEPUBAHHS OJpa3y MiTHIMAETHCS MPArop BiANOBITHOTO
JDKeperna.

Perictp INTCON
(Interrupt configuration)

FIGURE 2-2: REGISTER FILE MAP - REGISTER 2-3:  INTCON REGISTER (ADDRESS 0Bh, 88h)

: P|c1 6F84A RW-0 R/W-0 RW-0 RW-D RW-0 RW-D RW-D RAWV-x
[ Ge T EFE TOE | WNTE | RBIE | TOIF | INTF | RBIF
bit7 bit0

File Address File Address
00h | Indirect addr." | Indirect adar(" | 80h b7 GIE: Giobal Interrupt Enable bit

~ < =Enables all unmasked inferrupts
01h TMRO OPTION_REG 81h ¢ = Disabies all interrupts

02h PCL PCL 82h b8 EEIE FF Write Complete Intermupt Fnable bit

03h STATUS STATUS 83h
04h FSR FSR 84h

ooh BORTA TRISA Bah bit4 INTE RBOANT External Interrupt Enable bit
08h PORTB TRISB 86h = Enables the RBU/INT external interrupt
¢ = Disables the RBO/INT extemal interrupt
o7h - = 87h b3 RBIE. RB Port Change Inferrupt Ensble bt
08h EEDATA EECON1 88h + - Enables the RB port change intesrupl
-0 e R port cf :
0%h EEADR EECON2(" 8%h
EQ ig st be cleared in software)
0Bh INTCON INTCON 88h bit1 INTF. RBO/INT Extermal Interrupt Flag bit

2= The RBU/INT extemal mterrupt occured (must be cleared in software)
=The RBO/INT extemal interrupt did not acour
b0 RBIF: RB Port Change Inferrupt Fiag bit
= = Atleast one of the RB87:RBA pins changed state (must be cleared in software)
= Hone of the RB/:RB4 pins have changed state

[Ipamop mepepuBaHHS  CKHUIAETHCS  MPOrpaMHMM  IUISIXOM.  [Iporpamict  moxke
BCTaHOBJIIOBATH 1€l OIT AK y HyNb, TaK 1 B OJUHULIIO. B olMHMIIIO BIH MOKE BCTAHOBJIIOBATHCSA SIK
MpOrpamMHO, TaK 1 amapaTHO, a CKWJAaHHS B HYJb MOJMIIHMBE JHIIE Mporpamuo. s 1poro
IIpOrpamicT NOBHHEH SIBHO 3aMCaTH BIAMOBIIHY IHCTPYKIIIO B KOJI.

MoOMeHT CKHJaHHS Tparopa MepepruBaHHs MOBHICTIO BU3HAYAETHCS MPOTPaMor0. ATlapaTHO
1LIeil mparnop BCTAHOBJIOETHCS aBTOMATHMYHO 0e3 y4acTi mporpaMicra npu KO>KHOMY IEeperoBHEHHI
TaiiMepa, ToOTO mpu mnepexoni 3HaueHHs perictpy TMRO 3 255 y 0. Takum 4yuHOM, mIpH
NIEPEeNOBHEHHI TaliMepa Iparnop NEeperoBHEHHs MiAHIMAETbCA, ajle caMe MEepepUBaHHA IIe He

bit (npanop) TO1F

TMRO

255

MporpamKe o4nWeHHs

o m 0| | ]
AnanarHe 8CTaHOBNEHHSA AnanarHe BCTaHOBNEHHs

Mpanop TO1F BCTaHOBNIOETLCA anapaTHO NpU nepenosHeHHi perictpy TMRO.
Moro TakoX MOXKHa BCTAaHOBUTU a60 OYUCTUTM NPOrPaMHO
(Hanpuknag, komaHgamm bsf a6o bcf)

[lepepuBaHHsI BUHUKAE JIUIIE 32 YMOBU BCTAHOBJIEHHS B PETICTPl KUIBKOX KEpyHOUHX OITiB.
Jlns 1o3BOJy TepepuBaHHs Bif TaiiMepa HeoOxigHo mporpamHo BcraHoBuTH Oit TOIE, skuit
BI/IMOBI/Ia€ 3a JIO3BUI TEpEepUBaHb IEpPENOBHEHHs Taiimepa, a Takox OiT GIE, mo 3abe3meuye
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rno0anbHy aKTHBI3allilo BCiX MepepuBaHb y MikpokoHTpoiepi. bir GIE abo no3Bomsie, abo
3a00pOHsIE BCI MIEpEPUBAHHS OJTHOYACHO, TO1 K 0iTH 3 cydikcom IE kepyroTh nmepepuBaHHIMH Bil
OKpeMHX arapaTHUX BY3JiB. Y JaHOMY BUIAAKy BukopuctoByeThes OiT TOIE.

DakTUYHE BUHUKHEHHS [IepepUBaHHS MOXKIIMBE JIUIIE TO1, KOJIHM JOJATKOBO BCTAHOBJICHUIA
npanop TOIF. Lle#t mpanop migHIMaeThCs anapaTHO MPHU MEPENOBHEHHI TaiiMepa i mporpamMHO He
BCTAHOBIIIOETbCA. TakuM UYMHOM, NEpPEepUBAaHHS BHHMUKAE JIMIIE 3a OJHOYACHOI HAasBHOCTI
BcranoBiieHux OitiB GIE, TOIE Ta TOIF. bitu GIE i1 TOIE noBuHHI OyTH BCTaHOBIEHI MPOTPaMHO
JUTS TO3BOJTY TepepuBaHHs Bif Taiimepa, Toai sik TOIF ¢popMyeThcst aBTOMaTHYHO ammapaTyporo.

VYci 3a3HayeHi 6iTH pO3MIIIEHI B OAHOMY PETICTPi KEPYBaHHA, B SIKOMY TAaK0X 3HAXOJAATHCS
01TH J103BOJIY Ta MPANOPH 1HIIKX JKEpel IepepruBaHb, 1110 103BOJISE aHAJTOTTYHUM YHHOM KepyBaTu
i IHIIMMHU TIepepUBaHHSIMU MIKPOKOHTPOJIEPA.

Perictp INTCON
(Interrupt configuration)

FIGURE 2-2: REGISTER FILE MAP - REGISTER 2-3:  INTCON REGISTER (ADDRESS 0Bh, 88h)
P|c1 6F84A RW-O R/W-0 RW-0 RW-O R/W-0 RIW-0 RW-0 R/W-x
[ GE T FeE TOE | INTE | RBIE TOIF [ INTF [ RBIF
File Address File Address bit7 bit0
00h indirect addr." | Indirect addr.(! 80h bit7 GIE: Global Interrupt Enable bit
~ frm———} 1 = Enables all unmasked interupts

01h TMRO OPTION_REG | 81h < shice ai e
02h PCL PCL 82h bit B EEIE FF Write Complete Interrupt Fnable bit

1 = Enables the EE Write Complete interrupts
03h STATUS STATUS 83h ¢ = Disables the EE Write Complete interupl

b5 TOIE. TMRO Overflow Interrupt Enable bit

04h FSR FSR 84h EENENES ;- Enables the TMRO interrupt

¢ = Disables the TMRO interupt
08h PORTA TRISA 85h bit4 INTE RSBOINT External Interrupt Enable bit
06h PORTB TRISB 86h 1 = Enables the RBOVINT external interrupt

¢ = Disables the RBO/INT extemnal interrupt
07h - — 87h
08h EEDATA EECON1 88h
0%h EEADR EECON2" 89h .

- Ona Toro wo6 BUHUKNO nepepuBaHHA HeobxigHO
oBh INTCON INTEON. | 8eh BctaHOBUTU BiTn TOIE — (Timer O Interrupt Enable)
L ta GIE (Global Interrupt Enable)

Jns HanmamTyBaHHS nepepuBaHb BUKOpUCTOBYeThesl perictp INTCON, sikuii € 0oCHOBHUM
perictpom KoH(irypanii nepepuBanb. Came B HbOMY 30CEpe/DKEHI OITH TI00aJbHOTO J103BOIY
nepepuBaHb, OITH J103BOJIy OKPEMHUX JKepel 1 BianoBiAH1 npamnopu. Ilicig Toro sk yci HeoOXinH1
ymoBu BukoHaHi i1 Oitu GIE, TOIE Tta TOIF BcraHOBIEHI B OJMHUIIIO, BUHHUKAE amaparHe
nepepUBaHHSI.

Y MOMEHT BUHHUKHEHHs IEpEepUBaHHs S/IPO MIKPOKOHTpoJiepa 30epirae B CTEK ajapecy
HACTYITHOI KOMaHJIW, TOOTO ajapecy MOTOYHOI BHKOHYBAHOI KOMAaHIM, 30UTbIIEHY HA OIMHHIIO.
TakuMm 4MHOM 3amaMm’sITOBYEThCS MiClLle, KyAH HEOOXiTHO Oy/ae MOBEPHYTHCS MICHs 3aBEpIICHHS
00poOku mepepuBaHHs. [licis IBOTO MIKPOKOHTPOJIEP amapaTtHO IEPEeXOIUTh JI0 BHUKOHAHHS
KOMaH]I{, 110 3HaXOJIUThbCA B MaM’sTi mporpam 3a ¢ikcoBaHoro aapecoro 0x0004. Ils xomipka €
BEKTOPOM TI€PEpUBAHHS, AHAJIOTIYHO OO TOro, SK KoMipka 3 azapecoro 0x0000 e BexkTopom
CKUJIaHH, 3 SIKOTO IOYMHAETHCS BUKOHAHHA POTPaMU Micis epe3aBaHTaKEHHS.

OpnHoyacHO 3 MEepexoJoM JI0 BEKTOpa INepepuBaHHA amapaTHo ouuiryetbes 01T GIE, mo
3a00poHsiE BCi MepepuBaHHs Ha yac 0O0poOku morouHoro. Ile HeoOXimHO Ang Toro, mob mia Jac
BUKOHaHHSI OOpOOHMKA HE BHHHMKAIM HOBI MEepepuBaHHS 1 He BiAOyBaBCs MOBTOPHUN BXiJl y TOH
camuii 0OpoOHUK. Jlanmi BUKOHYIOTBCS 1HCTPYKIT 0OpOOHMKaA MepeprBaHHs, SKI IPOrpamicT 3ajae
CaMOCTIHMHO.

Bukonanus o6poOnuka TpuBae no0 3yctpiui komanau RETFIE. Ilicns BukoOHaHHA L€l
KOMaHAH BiAOYBa€ThCsl BIJHOBJIEHHS HOPMAIbHOTO PEKHUMY POOOTH: amapaTHO BCTaHOBIIOETHCS
6ir GIE, 31 cTeka BUTATYeThCs 30epekeHa ajapeca, 1 AIpo MIKpPOKOHTpOJIepa MOBEPTAETHCS 0
BUKOHAHHS OCHOBHOI IPOTpaMH, MOYMHAIOYM 3 KOMaH/W, HACTYITHOI 3a TI€0, IMiJ] 9ac BUKOHAHHS
SKOi BUHHMKIIO TTepepuBaHHs. TakuMm € 3aranbHU MOpsI0K 0OpoOKH IepeprBaHb.
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MopsaoK 06pobKKu NnepepnBaHb MiKPOKOHTPOIEPOM

FIGURE 2-1: PROGRAM MEMORY MAP ’ &
ANDSTACK-PIC16F84A  ° 3anam’ATOBYETbCA agpeca NOTOYHOI KOMaHAM, AKa NOBUHHA 6yna

BUKOHYBATUCb Y MOMEHT BUHUKHEHHA NepepuBaHHA (BMKOpMCTOByQ‘TbCFI

= CTeK)
. *  TOYMHAETHCA BUKOHYBATUCA KOMaHAa, PO3TALLOBAHA HA BEKTOPI
T nepepusaHHa (Peripheral Interrupt Vector) (agpeca 0x0004 y nam’sTi
Perpharal Inemip Vedior | 00c4n nporpam)
?

*  AnapaTHoO 3a60pOHSETbCA YCi nepepuBaHHs (6iT GIE ounLy€eTbCs | MOXKe
6yTH BCTAHOBNEHWIA MPOrPamHO)

User Memory
Space

¢ BMKOHYHOTbCA KOMAHAM AOMNOKM He 3ycTpiHeTbca KomaHaa retfie (Return
from interrupt)

¢ [icnsa yboro 6iT GIE anapaTHO BCTAHOBNIOETLCA | NOYUHAE BUKOHYBATUCA
KOMaHZAa, AKa NOBUHHA 6y/N1a BUKOHYBATUCA Y MOMEHT BUHUKHEHHSA
1FFE nepepuBaHHA (NPU LbOMY 3BINbHAETLCA OAHA KOMIPKa CTEKY)

Komanna RETFIE ne BHUKOHY€E JKOIHUX O0YMCITIOBAILHUX i 1 HE Ma€e mapaMmeTpiB, IO
BIUIMBAIOTh Ha JIOTIKYy NpPOrpaMu. Ii €IuHe NpHM3HAYEHHs IOJNArac y 3aBepLICHHi 0OpOOKH
NepepHUBaHHs 1 TOBEPHEHHI O OCHOBHOT'O BUKOHAHHS MPOrpaMu. Y Mexax 0OpoOHHKa NepepruBaHb
Taka KOMaHJ]a MOXK€ 3yCTpiuaTHCs KUJIbKa pa3iB, 30KpeMa y BUIAAKaX, KOJIU aJIrOPUTM 00pOOKH Mae
pO3Tay:KeHy CTPYKTYPY 1 BHXiJ 3 00pOOHHMKA MOKIIMBHIA 3 PI3HUX AIISTHOK KOJY.

KomaHpaa retfie

* KomaHpa retfie — cneuianisoBaHa
KOMaHAa Ana anapaTHoro
3aBEpLUEHHA NepPepMBaHHSA

RETFIE Return from Interrupt
Syntax: [ label] RETFIE * B ob6pobHMKY nepepusBaHb MoXe
Operands: Noiie 6yTn aeKinbKa KomaHp retfie (ana
_ NPULWBUALIEHHA BUKOHAHHSA
Operation: TOS — PC, PO3ranyeHux aNropuTmis
1 - GIE
Status Affected:  None *  AKWwo B 06pO6HMKY NEpepuBaHb He

ounLLEHN xo4a 6 ogmH npanop, Wwo
BMK/INKAE NepepuBaHHs, 06pobHMK
nepepuBaHHA byae BUKNMKAHUI
3HOBY

Bunukae npobiema 3 po3MillIEeHHSIM MporpaMud B mHam’aTi mporpam. Panime nporpama
«Birato, cBite!» posramoByBanach, MOUYMHAIOUM 3 BEKTOpa IEpe3aBaHTAXEHHs, TOOTO 3 aapecu
0x0000, mani 0x0001, 0x0002, 0x0003 i Tak mami. Y TakoMy BHUIAIKy KOMipKa Mam’sTi porpam 3
anpecoro 0x0004 Bxxe MiCTUTBH TIEBHY aceMOJIepHY KOMaHY.

Anpeca 0x0004 € BekTOpOM IepepHBaHb, 1 IPH BUHUKHEHHI epepUBaHHS MIKPOKOHTPOJIEP
MOYMHAE BUKOHAHHS caMe 3 I1i€i KOMIpKH. Y HaBeJICHOMY NMPHUKIAJi TaK CITBIIAJIO, IO 32 aApecOro
0x0004 3HaxOaUTHCS MOYATOK OCHOBHOTO ITUKIY, ajle Il He € MPaBUJIOM — TaM MorJia OyTu Oyab-
sKa KoMaHjaa 3 OyJb-sKOro OJIOKY, 30KpeMa 3 1Himiaii3amli yi iHmoi yacTuHu nporpamu. CyThb y
TOMY, IO BEKTOp IEepepuBaHb YXKe 3alHATHA KOJOM OCHOBHOI Mporpamu, 1 Ie MOTpiOHO
BUTIPABUTH.

Jlis 11b0ro HEOOXiAHO MEPEepO3NOAUTUTH PO3MILICHHS MPOTrpaMu B MaM’sTi Mporpam Tak,
o6 00acTh BEKTOpa MepepruBaHbh BUKOPHCTOBYBAJIACH 32 MPHU3HAUYCHHSIM.

118



OcobanBOCTi po3TallyBaHHA Kogy y Nam’aTi nporpam

Adpeca Mimka Komaroa
bsf ) 0x0000 bsf STATUS, RPO
movlw i 0x0001 movlw b'11111110"
movwf TRI
bef TATUS, RE 0x0002 movwi TRISB
0x0003 bef STATUS, RPO O6pobra nepepusanns
; sacsi -BiTnonion 0x0004 | MainLoop: | bsfPORTE, RBO |« [MOYHEMLCA 3 KOMAHOU,
bsf RB 7 k
cill 0x0005 call Pause faKa f)O?l"aLU.OBc’)NB
Y uith komipui
X ) 0x0006 bef PORTB, RBO
bef 0x0007 call Pause
call z
0x0008 goto MainLoop
goto MainLoog 0x0009 Pause: | incfsz 0x0C, f
; saTpu y3a) 0x000A goto Pause
hefay 0x0008 incfsz 0xOD, f
goto
incfsz 0x000C goto Pause
goto
PetuER 0x000D return

e

[lepeposmonin po3MimieHHS KOAY B TaM ATI TMPOrpaM BHKOHYETHCS TUPEKTUBOIO
KoMIisiTopa Org. Panime Ha mouatky mporpamu 3aaaBanu 0rg 0X0000, mo6 HacTynmHa KOMaHa
po3TalIoByBaJlach |y KOMIpIi MamM’sATi MporpaM 3 HYJIbOBOK ajpecoro. Temep moTpiOHO
BUKOPUCTATH Bl JUpeKTUBHU Org: mepury — org 0X0000 anst BekTOpa nepe3aBaHTAKEHHs, APYTY —
org 0x0004 nns xoxy, sSIKWi Mae BUKOHYBATUCS TP BUHUKHEHH] TIEpepUBAHHS.

Mix BEKTOpOM IEepe3aBaHTa)KEHHS 1 BEKTOPOM IIepepHUBaHb MICTUTHCS JIMILIE TPU KOMIPKH,
TOMY B IIbOMY JTialla30Hi HE PO3MIIIYIOTh KOPUCHUN KOJ. Y KoMipili 3a agpecoro 0x00 po3MinnyoTh
OJHy KomaHy goto init, me init — miTka OOKY iHiIliasi3alii, IKU Temep PO3TaIlOBYEThCS IMICIIs
obpobHuka nepepuBanb. Komipku Mixk 0x0000 i1 0x0004 He BUKOPUCTOBYIOTHCS JJISI BUKOHAHHS B
HOPMAaJIbHOMY PEKUMI.

3 anpecu 0x0004, ToOTO 3 BEeKTOpa INMEpeprMBaHb, MOYMHAETHCS OOPOOHUK TEpEPHBAHD —
MOCIITOBHICTh KOMaHJI, III0 BUKOHYETHCS MPU NEepepuBaHHi. YcepeauHi boro 0JI0Ky 000B’S3KOBO
Mae Oyru monaiimernme onHa komanga RETFIE, iHakmie MiKpOKOHTposiep HE 3MOXE BUHTH 31
crany o0poOku nepepuBanHs. Haituactime RETFIE po3tamoBytoTs HanmpukiHii oOpoOHHKa, Xoua
MO>KJIMBI KUJIbKA TAKUX KOMAaHJI JJIsl PI3HUX T'JIOK 0OpOOKH.

[Ticnss oOpoOHMKa mepepuBaHb y Ham’sATI HpOrpaM pPO3TAIIOBYEThCS OJIOK 1HiIiasizarii,
SIKWA BUKOHYETHCS OJIMH pa3 1 MICTUTh HaJAIITyBaHHS MIiKpoKoHTpoJepa. Jlo 1mporo OJoKy
HOTPAIUIAIOTh OJIpa3y MicIsl Mepe3aBaHTaXeHHs depe3 goto init. [dami po3mimiyeTbcss OCHOBHHIA
HECKIHYEHHHUH LMKJI, a BXKE MICIS HbOIO MOYKHA PO3TAllOBYBAaTH MiANPOrpaMu, TaOIMIN Ta 1HIII
noTpiOHI JaHi. SIKIO B MPOEKTI BUKOPUCTOBYIOTHCS MEPEPUBAHHS, CTPYKTYpa PO3MIILEHHS KOAY
Mae OyTH caMe Takoro.

Adpeca Mimxa Komanda

00000 goto Init A} [na KopeKTHoro

040001

0x0002 5;‘;°‘:fﬁ‘““" po3TawyBaHHA KO4Y Y
GX0003 i nam’ATi nporpam

0x0004 SKacs KomaHdy

0x0005 Srkack KoMaHda BMKOpMCTOByGTbCﬂ
0x0006 Srace komanda

040007 Sikach Komanda SopoDHiX AVPEKTNBR OI

0x0008 Srack xomanda

0x0009 Hracs xomande

e —— | B Tinosomy

0x0008 init- | bsf STATUS, RPO nporpamHomy

0x000C moAwb'T1111110° | | Bnok i

SO0 e iniianizaui 3abe3neyeHHi gna
0x000E bef STATUS, RPO_| | MiKpOKOHTponepiB PIC,
0x000F | MainLoop: | bsf PORTB, REO

0x0010 call Pause ) O BUKOPUCTOBYHOTb
0:0011 bcfPORTB, RBO Doceul nepepuBaHHs

0x0012 call Pause " .

: 0x0013 goto MainLoop | 3 ABNAKOTbCA KOMlpKVl
ittty e m’"“*‘m" nam’aTi nporpam, AKi He
incfsz 0xD, 0x0015 incfsz 00D, T Midapozpava MOXHa BUKOPUCTATH
i oo oo e

0x0018 retun ]

END
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V¥ mikpokontposepi PIC16F84 nependaueHo dotupu mxepena nepepuBanb. OTHUM 13 HUX €
TaiiMep. [HIIUM JKepenoM € eHeproHe3alie)kHa MmaM’siTh JaHUX 1 MPOrpaM, sika BUKOPHUCTOBYETHCS
JUTst 30€pEeKEeHHS KOPUCTYBAIbKUX JAaHUX. 3YUTYBAHHS 3 M€l maM’sTi BiAOYBAETHCS MIBUIKO, TOII
SK Omepallis 3arucy 3aiiMae MeBHUN 4Yac, TOMY JJIi YHUKHEHHS OYIKyBaHHS 3aBEpILEHHS 3aIuCcy
MO’K€ BUKOPUCTOBYBATHUCSI MEXaHI3M IEPEPUBAHbD.

JxepenaMu TmiepepruBaHb TaKOX MOXYTh OyTH MOpTH BBeacHHSA-BuBeneHHs RB4-RB7. 1le
3py4YHO, HANPUKIIAJ, TIPH peaizallii KIaBiaTypH, KOJIH A0 IMX BUBOJIB MiAKIIOYAIOTHCS KHOIKH.
[Ipu HaTHCKaHHI KHOIIKM 3MIHIOETHCS PIBEHb CUTHATY HA BIJIIOBITHOMY BHUBO/I1, III0 MPU3BOIUTH JI0
BUHUKHCHHS [IEPEPUBAHHS, SKE Aalli 00pOOIISIETHCS IPOrPaMHO.

OKpeMHUM JKepelioM nepepuBaHHs € kanan RBO. HMoro mMoxHa koH]irypyBatn Tak, mo6
NepepuBaHHsl BUHUKAIO 3a (QpoHTOM abo 3a cmamoM immynscy. Ha Bimminy Binm RB4-RB7, ne
nepepuBaHHs (GOpMYEThCS TpH Oynb-aKid 3MiHI curHamy, kaHan RBO BukoHye mnomepemnHto
00po0OKy 1 (pikcye came Ty MOit0, SIKA 3a/1aHa i 9yac KoHpiryparrii.

[xepena nepepuBaHb Yy MiKpoKoHTponepi PIC16F84A

¢ 30BHIlWHE NepepmuBaHHA Ha BuBoai RBO

68 Interrupts * [lepenoBHeHHA Taimepy TMRO

The PIC16F84A has 4 sources of interrupt:

+ External interrupt RBO/INT pin * 3miHa cTaHy curHanis Ha susogax RB4
+ TMRO overflow interrupt — RB7

+ PORTB change interrupts (pins RB7:RB4)
+ Data EEPROM write complete interrupt

*  3aKiHYEHHA 3anunCy y BHYTPILLHIO
eHeproHesanexHy nam’ate EEPROM

Y wmikpokontponepi PIC16F84 nHasBHI 4YoTHpU JpKepena NepepuBaHb, alieé BCi BOHH
MPUBOJASATH 10 OJHOTO OOpOOHWKA, OCKUIBKM ICHY€E JIMIIE OJHA KOMipKa mam STl mporpam, sika €
BEKTOPOM I€pepHBaHb. Y OUIbII PO3BMHEHUX MIKPOKOHTpOJIEpaX TaKUX BEKTOPIB MOXe OyTH
KUTbKa, IO CHPOIIy€e OpraHi3allito 0OpoOHHKIB, ajie B TaHOMY BUIAJIKy BUKOPUCTOBYETHCS €IMHUN
BEKTOp JJIS BCIX JKepe.

SIKII0 aKTMBOBaHE JMILIE OJHE JIKEpeNo IepepuBaHHs, HANpHUKIaJ Taimep, TO MpH
BUHUKHEHHI NepEepUBaHHS MPOrpaMicT OAHO3HAYHO 3HAE MOro MpuuMHy. Y pasi, KOJH J103BOJIEHO
KUJIbKa JOKepelsl MepepruBaHb, HEOOX1THO BU3HAUMTH, K€ caMme 3 HMX clpamioBano. Lle pooutscs
LUIXOM MEPEBIPKHU BIAMOBIIHUX MPANOpiB EPEpUBaHb.

3 KOXXHHMM J[KEpesioM NepepuBaHHA MOB’s3aHi J1Ba 0iTu. OAuH 3 HUX € 01T J03BOIY, KU
MporpaMHO BMHUKa€e a00 BUMHUKAE BIAMOBIIHE NepepuBaHHs. [[pyruit € mpanopom nepepuBaHHs, 110
CUTHaJII3ye Npo (akT BHUHUKHEHHS MOAil. biTM 103BOMy BCTAHOBIIOIOTHCA 1 OYMIIYIOTHCS
MPOTpamMHO, MPANOPU TEPEPUBAHb BCTAHOBIIOIOTHCS alapaTHO, a CKHUJIAIOTHCS IMPOrpamHo. Y
PIC16F84 ne peanizoBaHo caMe TaKMM YHHOM, XO4ya B IHIIMX MIKPOKOHTpOJEpax MOXJIUBI
BIJIMIHHOCT1, TOMY JUIsl KOPEKTHOI pOoOOTH HEOOX1HO YBa)KHO BUBYATHU TEXHIYHY JOKYMEHTAIIIO
1010 MEXaHI3My CKUJAAaHHS MPanopiB MepepuBaHb.

AK Ai3HaTMCA AKe NepepmuBaHHA CNpaLoBano?

REGISTER 2-3:  INTCON REGISTER (ADDRESS 0Bh, 8Bh)

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RIW-x
[TeE EEIE | TOE | INTE | RBE | TOF | INTF | RBIF
bt 7 bit0

REGISTER 3-1 EECON1REGISTER (ADDRESS 38h)
LC U0 B0 RWO RWx RWO RSO RSO
| L= v [wesen | ween | we | o |
B10

bt 7 GIE: Glonal Interrupt Fnable bit

d interrupts
C ables all interrupts

bit& EEI E Write Complete Interrupt Enable bit
1 =Enables the EE Write Complete interrupts
¢ = Disables the EE mplete interupt

bit5 TOIE. TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO inf

bit2 TOIF. TMRO Overflow Interrupt Flag bt i
[i3HaTuCcA fAKe nepepuBaHHA I s o vt 4 chastod i cfteare)
cn pau'oBano MO)KHa UJnﬂxOM bit1 INTF. RBONNT External Interrupt Flag bit

s c ¢ A = The RBU/INT extemal infemupt occurred (must be cleared in software)
IPKMU BI IAHUX 1 ¢ - The RBU/INT external interrupt did not occur
RepeR BlAnOBIA npanopis bit0 RBIF RE Port Ghange Intermupt Flag bit

s 1 Alleastone of the RB7.RBA pins changed state (must be deared in software)
Hone of the RB7.RBA pins have changed stale
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Jlo mepeBar mikpokonTponepa PIC16F84 HanexxuTh mnpocTuil MexaHi3M BUXOAY 3
00poOHMKa TIepepuBaHb, OCKUIBKUA TPANoOpU TEpepHBaHb CKHUAAIOTHCS MPOrpamMHO. AKTHUBI3aIlis
NepepuBaHb 31HCHIOETHCS 3a JOIIOMOT010 OiTiB J03BOIY.

YCcbhoro BUKOPUCTOBYETHCS I1'SITh OITIB enable: 4oThpu 3 HHUX BiAIMOBINAIOTH KOHKPETHUM
JDKepelaM mepepuBanb, a 0iT GIE BHKOHYE poib MI00aTbHOTO J03BOJIY 1 BMUKae a00 BUMHUKAE BCl
nepepuBaHHs ogHO4YacHO. Yci i 0itu 30cepemkeni B perictpi INTCON.

AK aKTUBI3yBaTV NepepuBaHHA?

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh)

1= The RBO/INT extemal interrupt occurmed (must be cleared in somware)
o = The RBOINT extemal nterrupt did not occur

RBIF: RB Port Change Interrupt Flag

1= At least one of the RB/"RE4 pins changed state (must be cleared i software)
¢ = None of the RB7 RB4 pins have changed state

T T R0 R e o teo o AKTMBI3yBaTU NepepuBaHHA
MOXHa WAaXom
PR o corisy e eanPS BCTAHOBJ/IEHHA BiANOBIAHUX
MO EEIE EE Wie Gompie bemet Ensbiobit 6it y perictpi INTCON
ey = Enables the FF Write Gomp mupts
© = Disables the EE Wiile Complets lerr
bt S TOIE: TMRO Overflow Interrupt Enable bit
—_— + - Enables z‘rz{mgg . .
BA  WTE ROOINT Exem gt Enae it Yci nepepuBaHHa (pasom)
el i) MO>KHa 3abopoHuTH abo
bit3 RBIE’ RB Port Change Intarrupt Enable bit
m— =i e e et [O03BO/IUTYU LLIAXOM
Sl BCTaHOB/NEHHA biTy GIE y
S v bosipstrina perictpi INTCON
bit 0

IcHye pekoMeHIOBaHUH TTOPSIOK 0OPOOKHM MepepuBaHb, IKUH MOXKE 3MIHIOBAaTHCS 3AJICKHO
Bl KOHKpPETHOI 3ajadyi, ajge 3a3BHuail JOTPUMYETHCS THUIIOBOI MochigoBHOCTI. Ha mouartky
0o0poOHUKa HEOOXiTHO 30eperTd KOHTEKCT BUKOHAHHS. [licis IbOTO, SIKIO JO3BOJICHO KiTbKa
JDKepeNl TepepuBaHb, MEPEeBIPSIOTHCS MPAnopu JUIsl BU3HAUEHHS NMPUYMHU TEpepUBaHHS; y pasi
BUKOPHUCTAHHS JIUIIIC OJTHOTO JDKEpea el eTan MoXe OyTH MPOITyIICHUN.

Jlani BUKOHYETBHCS KOJ, IO Oe3MocepeIHhO peanidye MOTpiOHy peakililo Ha MmepepuBaHHS.
[Ticns 3aBepieHHs I1i€1 YaCTUHU OOOB’SI3KOBO CKHUJIAETHCS BIINOBIIHHIA Ipariop MepepUBAHHS.
Sxuo mpamnop He Oyne CKUHYTHI, MIicas BUXOAY 3 OOpoOHMKA TMEpepuBaHHS OJpa3y BUHUKHE
3HOBY, OCKUIBKH amapaTHa yMOBa WOTO TeHepallii 3aJlWIIUThCS aKTUBHOK0. J[si KOpeKTHOro
3aBeplIeHHs] OOpOOKM HEOOXiTHO MPHUBECTH alapaTHU CTaH Yy HOPMY UUISXOM OYHIIEHHS
BIAMOBIIHOTO Tiparnopa. [licis mboro BiAHOBIIOETHCS 30€PEKEHUN KOHTEKCT 1 3/IIACHIOETHCS BUXI1]T
3 00pOOHMKa MepepUBaHHS.

MopanoK 06pobKu nepepmBaHb

*  36eperty KOHTEKCT

* lepeBipnTK Npanop (AKLWO BUKOPMCTOBYIOTLCSA Ki/lbKa AyKeper
nepepuBaHb)

* BukoHaTh Koga, Wo BignoBsigae 3a 06pobKy AaHOro nepepmBaHHA
*  OyucTuTK Nnpanop BiANOBIAHOro NepepuBaHHA

*  BigHOBUTM KOHTEKCT

*  BuinTn 3 nepepuBaHHA

AKLL0 HE OYUCTUTU NPANOP, L0 CNPUYUHUB BUK/IUK NepepuBaHHA, TO nican
BUXOAY i3 NnepepuBaHHA Moro obpobHuK 6yae BUKAMKaHUH 3HoBY!

KoHTeker — 1e craH mpouecopa B MOMEHT BUKOHAHHSI OCHOBHOI Iporpamu. PosrisHemo
CUTYyallll0 Ha MpUKIaAl mpocToi mporpamu. Hexail y mpolieci BUKOHaHHSI Mporpama Aifnuia 1o
KOMaHau, 1o po3ramoBaHa 3a amapecoro 0x000C. Komanmu 3 ampec 0x000C 1 0x000D
BUKOPHUCTOBYIOThCS JUIS 3aBaHTaXCHHs TNeBHOro 3HaveHHsi B perictp 0x003B. Ile 3HavyeHHs
CMOYATKY 3aBaHTAXYETbcs B akymyisarop komanaoro MOVLW, a mnoTiM KomitoeTrbes 3
akymyssitopa B perictp komanmoro MOVWE, ockineku 0Oe3mocepeHb0 3aBaHTAKUTH YHCIO B
PETiCTp HEMOXKIIUBO.
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VY el MOMEHT MiXK JBOMa KOMaHJaMH a0o Micisl 3aBaHTAXKCHHS 3HAUCHHS B aKyMYJISTOP
MOK€ BUHUKHYTU TiepepuBaHHSI. OCHOBHHMM IIMKI NMEPEPUBAETHCS, 1 BUKOHAHHSA MEPEXOAUTH [0
koxy 3a aapecoro 0x0004, To6T0 10 00pOOHUKA TIepepuBaHb. Y mpoiieci 00poOKH MepepruBaHHS B
AKyMYJISITOP 3aBaHTAXKYEThCS 1HINE 3HAYCHHS, HEOOXiIHE i POOOTH OOpOOHWKA, OCKIIbKH
aKyMYJISITOP € YHIBEPCAIbHUM PETICTPOM i BUKOPUCTOBYETHCS MPAKTHUYHO B YCIX OINEpPaIisX.

[Ticnsa Bukonanus komanau RETFIE BinOyBaeThCst MOBEpHEHHS 3 TIEPEPUBAHHS, 1 MIPOIIECOP
MIPOJIOBKYE BUKOHAHHS OCHOBHOI IpOrpamMu 3 KOMaH/W, HACTYMHOI 3a Ti€l0, HA SKi BUHHKIIO
nepepuBaHHsA. Y JaHOMY BHITQJIKY 1€ KOMaHAa 3amucy 3 akymyissropa B perictp 0x003B. IIpote B
aKyMYyJIITOp1 BXKE 3HAXOAMUTHCS HE T 3HAUEHHS, sIKe mepeadavanocs IiJ 4ac HAMUCAaHHS KOJy, a
iHIIe, 3MiHEHE B OOpOOHUKY IepepHBaHb. Y pPeE3ynbTaTli B PErICTp 3alUCYEThCS HEMPaBUIbLHE
3HA4YeHHs, 1 Mporpama MoYruHa€e MpaIoBaTH HEKOPEKTHO.

Came TOoMy mepea IMOYaTKOM OOpOOKM TepepuBaHHS HEOOXiMHO 30epiraTd KOHTEKCT.
KoHTekcToM y IIbOMY BHUMAJIKy € BMICT PETICTpiB, 30KpeMa aKyMylisiTopa, SKHH MOke OyTu
3MIHEHUH 111 9ac 0OpOOKHU MepeprUBaHHS.

Adpeca Mimxa Komanda
0x0000 ofo Init
000 : |.|.|,O TaKe KKOHTEKRCT»
0x0002
0x0003
0x0004 Axace Komanda
0x0005 Fikack Komaréa 2
0r0005 Frace wowands icna 3a BepweHHA
0x0007 Fkace Komanca §
Aymynsimop (W) 0x0008 Sikack Komanda 2
| 500110017" || ox0008 Tmovhw 6100110011 3 rlepepVIBaHH;I B
0x0004 retfie 2 .
0x0008B Init bsf STATUS, RFPO Axymynsimop (W) p e rl CT p T R I S B
0x000C b'11111110" - b'11111110" |
»| 0x000D movud TRISE 1
0x000F bof STATUS, RPO 3aMICTb L‘IMcna
0x000F | MainLoop: | bsf PORTB, RBO » »
0x0010 call Pause b 1 1 1 1 1 1 10 6y.£]|e
oxo011 bef PORTB, RBO
0x0012 call Pause
0x0013 goto MainLoop 3a rl M Ca H 0 LI M Cn O
0x0014 Pause: incfsz 0x0C, ’ ?
0x0015 goto Pause b 00 1 100 1 1
0x0016 inctsz 0x0D,
0x0017 goto Pause
0x0018 refurn

Ski came JnaHi HeoOXigHO 30epiraTH, 3aJle)KUTh Bl KOHKPETHOI 3ajadi Ta CTPYKTYypH
nporpamu. Haluactime 30epiratoTh JBa PEricCTpu — aKyMYJISITOP 1 PETICTP CTaTyCy CIEeialbHOTO
MIPU3HAYEHHS, OCKIJIbKM BOHU 0€3MocepeIHbO0 BIUIMBAIOTh HA BUKOHAHHS MOJAJIBIINX 1HCTPYKIIH.

VY pa3i BUKOpUCTaHHS OUIbII CKJIQAHUX METOJIIB MPOTrpaMyBaHHs MOYK€ BUHUKHYTH MOTpeda
30epiraTu pericTp HempsAMoi ajpecarlii, IporpaMHUN JIYMIBHUK a00 OKpeMi KOMIpKH ONEpaTHUBHOT
nam’aTi. Yu moTpiOHO 11e poOUTH, BUZHAYAETHCS JIOTIKOK KOHKPETHOI mporpamu. CaMe CyKyITHICTb
30epeKEeHNX 3HaYeHb PETICTPIB 1 IaHUX 1 CTAHOBUTH KOHTEKCT.

Adpeca Mimka Komanca
0x0000 goto Init
00001 LLI,O Take «KKOHTEKCT»
0x0002
0x0003
0x0004 Fkack Komanoa -
0x0005 Frace vonanda *  Axkymynatop (W)
0x0008 SAkack komaHda H
0x0007 Fxack KomanGa 2 E P er lCTP STAT U S
Axymynsimop (W) 0x0008 Sxachk komanGa §
b00110011" |- | 0x0009 movlvw £'00110011" 2 . .
050004 [ relfic 2 ¢ Perictp HenpaAmMoi
0x0008 Init bsf STATUS, RPO Axymynsimop (W) agpeca Ll” ( FSR )
0x000C 6'11111110° F- pr1ititio | .
»| 0x0000 movif TRISB * I'IporpaMHl NIYNNbHUKU
Ox000F bof STAIUS, RPO (PCLATH Ta PCL)
0x000¢ MainLoop: | bsf PORTB, RB0 . . -
0x0010 call Pause * IHwWi KOMIPKKX ONnepaTuBHOI
0x0011 bef PORTB, RBO nam’aTi (LLI,O MOXYTb
0x0012 call Pause 3MiH|OBaTMCﬂ aK
0x0013 goto MainLoop . -
0x0014 Pause: | incfsz 0x0C, f ﬂepepMBaHHl, TaK 1B
0x0015 golo Pause OCHOBHOMY LLMKI“)
0x0018 inctsz 0x00), f
0x0017 goto Pause
0x0018 refumn
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BwMmict akymynaropa i perictpa craTycy HE MOXKHA NPOCTO CKOIIIOBAaTH B ONEPATHUBHY
rmamM’Th 1 MOTIM BiTHOBUTH AOBUIBHUMH KOMaHAaMH. TOMy B JOKYMEHTAIlli Ha MIKpPOKOHTpPOJIEP
HaBE/ICHUI PEKOMEHJOBAaHMH KOJ 30epeKeHHS KOHTEKCTYy, B SKOMY BHUKOPHUCTOBYETHCS
CrieliaJbHUN MOPSIOK Mii 1 komanaa SWAP.

30epeKeHHsT KOHTEKCTY MOYMHAETHCS 3 aKyMYJSITOpa, OCKUIBKM BCI MOJAJIBII Omeparii
BUKOHYIOTBCSI caMe 4epe3 HbOT0. AKyMYJISITOp 30€piracThCs MEpIIMM 1 BiJIHOBIIOETHCS OCTAHHIM.
[Ticna mporo 306epiraerbest perictp crarycy. s mboro HOro BMICT CHOYATKY 3aBaHTAXYETHCS B
aKyMyJIATOp, ajie He 0e3IocepeHbo, a 3 BUKOPUCTaHHAM KoMaHau SWAP, ska 3MiHIOE MOPSIOK
HamiBOaWTiB. Jlami BMICT akyMmynsiTopa 3alHMCye€ThCS B OKpEMY KOMIPKY ONEpaTHBHOI IHam sTi,
NpU3HAYCHY JUIsl 30€PEeKESHHS PEericTpa cTarycy.

[licns 3aBepmieHHs OOpOOKM TIepEepUBAaHHS BIJIHOBJIEHHS KOHTEKCTY BHUKOHYETHCS Y
3BOPOTHOMY TOPSZIKY, IO 3a0e3reuye KOPEeKTHE IOBEPHEHHS CTaHy IpoLecopa 0 TOro, IKUi OyB
710 BUHUKHEHHS TIEpepUBaHHSI.

PekomeHA0BaHUM Kog 36epeKeHHA KOHTEKCTY

EXAMPLE 6- 1: SAVING STATUS AND W REGISTERS IN RAM

TEND

ISR

Ha noyaTtky 06pobKu nepepmBaHHA 3HaYeHHA akymynaTtopa (W) 36epiraeTbca B ogHil 3
Komipok onepatmsHoi nam’aTi (W_TEMP), notim 36epiraetbca perictp STATUS B iHWin
Komipui (STATUS_TEMP). MNepea BuxoAaom 3 NnepepuBaHHA CNOYaTKY BiHOBMKOETHCA
perictp STATUS noTim akymynatop

[Toctae nuTanHs, YoMy 30€pekKeHHs 1 BIIHOBJIEHHSI KOHTEKCTY peaji3yeThecsl TaKk CKIATHO 1
4OoMy HE MOXKHAa MPOCTO CKOPHCTATHCS KOMaHIAMH TMEPECHJIaHHS TaHUX MK aKyMYJISTOpOM i
onepartuBHo0 maM’ATTI0. Komanau MOVF 1 MOVWF 3a0e3neuytoTh KOIiIOBaHHS BMICTY MIX
(aitizioM omepaTUBHOI Mam’ATi Ta aKyMYJSITOPOM, IPUUOMY MOPSAJIOK JITEp BU3HAYA€E HAIMPSIMOK
nepeaaBaHHs JaHuX: 3 (pailiny B akyMynsTop abo 3 akymysaropa y daii.

VY pexkoMeHI0BaHOMY KOJIi AJisi poOOTH 3 KOHTEKCTOM BHKOPHCTOBYEThCA KomaHta SWAP.
[1s koMaHa MiHs€ MICISIMU J1Ba MiBOAWTH B oAHOMY OaiiTi. BoHa € criaiinHOI0 YOTHPUPO3PSIAHUX
MIKPOKOHTPOJIEPIB, sIKI BUKOPHCTOBYBaIMCS paHime, 1 Oyma 30epexeHa JUIsl CyMICHOCTI Ta
MOXJIMBOCTI TiepeHeceHHs koay. Komanma SWAP ninute Oaiit Ha 1Ba miBOalTH 1 MiHSE iX
MICISIMH, BUKOHYIOUH [0 OIEPaLlil0 3 BUOPAHOIO KOMIPKOIO ONEpaTUBHOI aM sITi.

Came 11 KOMaHIa 3aCTOCOBYETHCS B PEKOMEHJIOBAHOMY MeEXaHi3Mi 30epexkeHHS 1
BITHOBJICHHS KOHTEKCTY, OCKUIbKM TIpsiME KOIIIOBaHHS aKyMyJjsTopa 1 perictpa crarycy
CTaHJApTHUMH KOMaHaMH MOJKE TIPU3BOJIUTH JI0 HEKOPEKTHOTO PE3yIIbTaTy.
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HaBilLo TaK CKNagHo?

SWAPF Swap Nibbles in f T ¥ R . 36epiraemo 3micT akymynaTopa 8
Syntax: [label] SWAPF fd STATU Komipky W_TEMP
Operands: 0<f<127 MOUNT  STATDS TRME 2. MiHsemo micuamu HanisbaiT

de [0.1] ISR : (teTpaam) 8 perictpi STATUS, pe3ynbrat
Operation: ({f<3:0>) —» (destination<7:4>), B 36epiraemo B akymynAaTopi

(f<7:4>) — (destination<3:0>)

Status Affected:  None

Description: The upper and lower nibbles of BOP
register 'f' are exchanged. If 'd' is

0, the result is placed in W regis-
ter. If'd" is 1, the result is placed in

3.  36epiraemo 3micT akymynsTopa B8
KOMipKy STATUS_TEMP

4.  06pobnoemo nepepuBaHHA

5.  MiHAemO micuamu HanisbaiTh B
pericTpi STATUS_TEMP, pesynbtat

register 'f'.
r 36epiraemo B akymynaTopi
F i W 6.  36epiraemo 3micT akymynsTopa 8 perictp
[1T1]1 o [oT STATUS o
— P MiHsemo micuamu Hanis6anT B
‘ swap Yomy He BMKOpPUCTOBYBaTH Komipui W_TEMP, pesynbTaT 36epiraemo
KOomMaHau mov? B KOMipui W_TEMP
IO I1 I1 I 1 |1 |1 1 IO ] 8.  MiHAemO micuammM HaniBbaiTu B
* swap moviw STATUS_TEMP Komipui W_TEMP, pesynbtat 36epiraemo
movwEf STATUS B aKyMynaTopi
‘1|1l1 D|0I1 1|1| moviw W_TEMP

BukopucraTu 3BHUaiiHi KOMaHIW TEpECHIIAHHS Ui 30€peKeHHS 1 BIJIHOBICHHS KOHTEKCTY
HE MOXKHA uepe3 noOivHi edexTH, siki BoHu MaroTh. Komanau tuny MOVF 1 MOVWF 3MmiHI0I0TH
perictp cratycy. SIKIIO 3BEpHYTHCS 0 TEXHIYHOI JOKYMEHTAIlil, BHJIHO, IO ITiJl YaC BHKOHAHHS
TaKMX KOMaHJ 3MIHIOIOThCS nparnopu B perictpi STATUS.

Posrnsinemo BigHOBJIEHHST KOHTEKCTy. CIouaTKy 3 ONEpaTHBHOI Ham’sTi B aKyMYJISATOP
3aBaHTaXyeThcs 30epexenuit BmicT perictpa STATUS, micns uworo komangoro MOVWF Bin
3alUCYEThCS Haszax y peanbHUil perictp crarycy. Ha mpomy erami perictp STATUS yxe
BiIHOBJICHUH. J{ami mOoTpiOHO BITHOBUTU aKyMYJISTOP, Uil YOO BUKOPUCTOBYETHCS KOMaH/a TUITY
MOVF f, W, sixa xomiroe 3HA4CHHS 3 KOMIPKH OINEPAaTUBHOI mam’aTi B akymyusaTop. [IpoGiiema
MOJIATaE B TOMY, IO 11 KoMmaHjaa 3MiHioe mparnop Z y perictpi STATUS. V pesynbTari mioifHo
BiJIHOBJICHU PETICTpP CTATYyCy OApa3y K 3aTHPAETHCS.

Yepe3 1€ HEMOXIMBO KOPEKTHO BITHOBUTH 1 akymyssarop, 1 perictp STATUS,
BUKOPUCTOBYIOUM JIMIIE KOMaHIW mepecuiaHHs. Came TOMy 3acTOCOBYeThcss koMaHaa SWAP.
Bona miHsie MicusiMu JiBa miBOaiiTH B OaiiTi 1 pH LIbOMY HE BIIJIMBA€E Ha perictp cratycy. [lonsiliHe
Bukopuctanas SWAP He 3MiHIO€ 3HaUeHHS 0aiiTa, OCKIJIBKHU MIBOAWTH MIHSFOTHCS MICHSAMHM JBIYl 1
MOBEPTAIOTHCA Yy MOYATKOBUH CTaH. 3aBASKH IbOMY 30€peKeHHsI 1 BIJHOBJIEHHS KOHTEKCTY
BUKOHYETbCS KOPEKTHO 6e3 moOiuHoi 3minu perictpa STATUS.

SWAP vs. MOVF

SWAPF Swap Nibbles in f MOVF Move f

Syntax: [label] SWAPF f.d Syntax: [label] MOVF fd

Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [01]

Operation: (f<3:0>) — (destination<7:4>), = 2 i stination)

(osimation=2:02) Status Affected: Z
Status Affected: None 5
. Uescription: e contents of register f are
5 > I0p and lower nlbblesl Olf_ moved to a destination dependant

register 'f are exchanged. If 'd' is ) ) upon the status of d. If d = 0, des-
0, the result is placed in W regis- movfw  STATUS_TEMP tination is W register. If d = 1, the
ter. If'd"is 1, the result is placed in movwf destination is file register f itself.
register . movEiw d = 1is useful fo test a file register,

since status flag Z is affected.

* B Habopi acembnepHux KomaHa MiKpoKoHTposiepa PIC16F84 Hemae KomaHauU
movfw (movfw = movf, w)

*  KomaHga movf 3miHioe perictp STATUS (npanop Z), Tomy nicns BUKOHAHHA
komaHam movfw W_TEMP 3micT perictpy STATUS 6yae cnoTBopeHui
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Came 3 1i€i NPUYMHU BUKOPUCTOBYETHCS PEKOMEHIOBAHUN aJIrOpuTM 30epexeHHs 1
BiJTHOBJICHHS KOHTEKCTy. [IpakTHKa Mmokasye, 10 He BapTO YCKJIAJHIOBATH PIllICHHS i HaMaraTucs
BUTAyBaTH BJACHI MiXOJIU, TOOTO poOUTH «JiepeB’stHuid Benmocuneny». CIiiJi 3aCTOCOBYBaTH caMe
TOH KOj 30epeKeHHsS KOHTEKCTYy, SKMH HaBEJACHWH Yy TEXHIYHIM TOKyMEHTAaIlii, OCKIIbKH BIiH
BpPaxoOBY€E BCi OCOOIMBOCTI POOOTH PETICTPIB 1 KOMAH/I.

Bongnouac icHye BaxIMBUK HIOQHC. SIKIIO BigOMO, IO B OOpPOOHWKY IepepHBaHb HE
3MIHIOETBCSI BMICT akymyistopa abo perictpa STATUS, tomi 30epexeHHs 1 BiTHOBIICHHS
KOHTEKCTY MOYKHa HE BUKOHYBATH. SIKIIO 3K Ii PericTpu 3MiHIOKOTHCS, 30€pEKECHHSI KOHTEKCTY €
000B’SI3KOBHUM, 1HAKIIE MPOrpaMa MpaloBaTHME HEKOPEKTHO, a MOIIYK MOMHIIKA MOKE 3alHSATH
3HA4YHMM yac.

PEKOMeH,ﬂ,OBaHMVI KO/, 368p€)-K€HHFI KOHTEKCTY

EXAMPLE 6-1:

PUSH o)

TEMP

Mpu 06pobKax nepepuBaHb BUKOHYEMO peKomMmeHAaLii
PO3pOo6HMKA, AKI HANUCAHI B TEXHIYHI AOKYMeHTaL,il

AKWo B nepepuBaHHax akymynatop (W) Ta perictp STATUS
He 3MiHKTbCA, TO 36epiraTi KOHTEKCT He NoTpibHO

VY nigcyMKy MaeMo jABa BapiaHTH nporpamu «Bitato cBiT». [louaTkoBuil BapiaHT € IPOCTUM
1 3p03yMiUINM, BiH BKe OyB peaizoBaHMN 1 KOPEKTHO Mpaijtoe. BapiaHT i3 BUKOPHCTaHHAM Taiimepa
Ta NEpEepUBaHb € CKIATHIIIMM, KUIBKICTh KOMaH[ 1 3arajlbHUM oOCSATI KOy B HbOMY NPAKTUYHO
BAB1Y1 OLBIII.

Bognouac mporpama 3 mepepuBaHHAMU BHKOPUCTOBYE MPOLIECOPHUN Yac 3HAYHO
epexTuBHime. OCHOBHMIM LMK Takoi NporpaMu 3aiiMae JUIle HE3HAuYHy YacTHHY pecypciB
nporiecopa, 1 mpudauzHo 99,98% mnporecopHOro yacy 3ajIUIIA€ThCsl TOCTYMHUM JJII BUKOHAHHS
IHIINX KOpUCHUX 3ajad. [loyaTkoBuil BapiaHT MporpaMu BUKOPHCTOBYBAB YBECh ITPOLIECOPHUH Yac,
gyepe3 10 MIKPOKOHTposiep (PaKTMYHO MIr BUKOHYBAaTH JIMIIE OJHY MAil0, HAampUKIaa Oaumaru
CBITJIO/IIO/IOM, 1 HE MaB MO>KJIMBOCTI BUKOHYBATH 1HIII 3ajadi.

Mporpama «Bitato, CsiTe!»

nit: ; ilniul uis

bsf STA'

org %0000

bst
; HanaWTyBaHHA NopTy B moviw  b'l1111110'
movlw b'11111110"
movwi TRISB

movwef
bef

JHATANTYRAH
movlw 10
movwi OPTTIO

bsf
call

}HATAMTYRAHHA TIEDEPURAHE bef
movlw b 1007 call

goto

incfsz Ox
WKL —=—=== goto
incfsz
goto
return

END

BukopucraHHAa npouecopHoro vacy - 0,0214%
(15,25 (pasis 3a cekyHAay) * 14 (MaWMUHHUX UMKAIB) = BMKOPUCTAHHA NPOLECOPHOrO
= 214 MalWUHHKUX LUMKANIB 3a CEKyHAy vacy - 100%

(ans TakToBOI YacToTM 4 Mly)
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Otxe, TaiiMepu Ta TepepuBaHHSI € O0a30BUMH MeXaHI3MaMH, 0€3 SKHX IPaKTUYHO
HEMOXJIMBO CTBOPIOBAaTH TOBHOIIHHI TPOTpamMH I MIKPOKOHTPOJIEpPIB. AHAJIOTIYHI MIAXOIU
IIMPOKO BUKOPUCTOBYIOTHCS B KOMIT FOTEPHUX CHUCTEMaX, /i€ MOETHYIOTHCS OCHOBHI MPOTPAMH,
TaliMepu Ta MEXaHI3MH TepepuBaHb. Hezane)xkHO Bia CKIATHOCTI 3ajadi, e MiaXia T03BOJISE
e(pEeKTUBHO BHUKOPHCTOBYBaTH TPOLECOPHUI dYac 1 OyayBarm MacimitaboBaHi pimeHHS. Tomy
OMaHyBaHHS TalMepiB 1 TEpepuBaHb € HEOOXIJHUM €TarioM Yy BHUBYEHHI MPOTpaMyBaHHS
MIKPOKOHTPOJIEPIB.

BUCHOBKMU

* Talimepu Ta NnepepunBaHHA A03BOIAIOTb 3BiI/IbHUTU
NPOLLECOPHMM YaC Ha BUKOHAHHA KOPUCHUX onepaL,in

* [lepepuBaHHA 403BONAOTb NEPENUTM 40 «NOAINHOTO»
MeToAy NPOorpamyBaHHA

* Tamepu MiKPOKOHTPOJIEPIB € CTAHAAPTHMMMU
nepudpepitHMMmn NPUCTPOAMM

YMoBHi onepanii

[TponoBxyemo BuBUEHHS muctuiLiiad «[IporpamyBaHHS MiKpOKOHTPOJIEPIB Ta MPUCTPOIB
1HTEpHeTY pedei». TeMo ChOTOJHINIHHOTO 3aHATTS € YMOBHI omeparlii. YMOBHI omnepauii — 1e
KOMaH1, a00 HabOpu KOMaH/, sSIKi BUKOHYIOTHCS 32 TIEBHOI yMOBH. T00TO, y Hac € sKach yMOBa,
HamnpuKial, YU HATUCHYB KOpPHCTyBau II€BHY KHOIKY, 1 SKIIO KHOIKa HAaTUCHEHa, TO
MIKpOKOHTpoJiep Oy/e BUKOHYBAaTH SKiMCh MEBHI Jii, a SIKII0 HE HaTHCHEHa, TO [li, sIKIi OyayTh
BUKOHYBATHCSI MIKDOKOHTPOJIEPOM, BxKe OyyTh iHIIMMU a0o 1iii He Oyze B3araji. YMOBHI onepariii
Jy’€ 4acTO BUKOPUCTOBYIOTHCS SIK B IMOBCSIKICHHOMY JKUTTI, TaKk 1 B IPOrpaMHOMY 3a0€3I€UEeHHI,
TOMY BH ITPOCTO TIOBUHHI BMITH iX peai30ByBaTH.

YMoBHI omepanii Mu OyJeMO BHBYATH, BUPILIYIOUM KOHKPETHE IpakTHuHEe 3aBaaHHs. Ha
HACTYMHIM MpakTHYHI poOoTi BaM moTpiOHO Oynae chopMyBaTH CUMBOJIM Ha OJHOPO3PSAHOMY
CBITJIO/IIOTHOMY CEMHCETMEHTHOMY 1HIWKATOpl, MIAKIIOYEHOMY JI0 B)XXE 3HAMOMOTro BaM
MikpokoHTposepa PIC16F84. [lns Toro, mo6 oTpuMaTH MiHIMalbHY MO3UTHBHY OLIIHKY — 60 OaiiB
— BaM Tpeba OyJe MOCHIOBHO B1A0Opa3uTH Ha 1HAMKATOpl cuMBosud mudp Big 0 mo 9, a g
OTpUMaHHS OUITBII BHCOKOI OIIIHKK BaM JIOBEAETHCSA MPOSIBUTH TBOPYHMM MiAXiq Ta BimoOpa3uTu
OUTBITY KIJTBKICTH CHMBOJIIB, a00 HaBiTh IIyIe TOBiMOMJICHHS. Hampukian, moxHa BigoOpazuTu
cnoyatky 1udpu Bix 0 1o 9, moriM naTuHCHKI JiTepu Big A 1o F. MosxHa BijoOpa3uTH AaTy CBOrO
HapoO/DKeHHS a0o JaTy HapO/UKEHHS YIIOOJEHOro Tecuka, abo SKyCh IHIOIY CakpalbHY
MOCTIIOBHICTh CUMBOJIIB — TYT 3aB/IaHHS OOMEXEHO JIMIIIE BAIIOIO YSBOIO.

Oco0IMBICTh HACTYITHOTO MPAKTUYHOTO 3aBJAaHHS MOJISATAE B TOMY, IO CXeMa ITiIKITF0YeHHS
1HAMKaTOpa J0 MIKPOKOHTpOJIEpa 3aJeKUTh BiJ HOMEpPY BapiaHTy 1 BaM 3a3jajeriib HEBiJOMa.
OTxe, mepen TUM SIK TOYaTH MPOTpPaMyBaTH BaM TOTPiOHO OyJe CHoOYaTKy eKCIIepHMEHTAIBHO
3’ACyBaTH SKUH CErMEHT 1HJIUKATOpa N0 SKOI0 BHUBOJAY MIKPOKOHTpOJEpa MiJKIIOYEHUH, a BKe
MOTIM 3a JIOTIOMOT'OI0 YMOBHHUX omepaiiii ¢opMmyBaTu cuMBOJU. Taka moOynoBa MakeTy CTBOPIOE
JUIsL Bac JIOJATKOBUN TEXHIYHUN BUKJIIMK, a I1I€ 3a100irae KOMiroBaHHIO IPOTpaMy MiX CTY/IEHTaMH,
TOMY IO MpOorpamMa, HallkcaHa JUisi OJTHOTO BapiaHTy He Oyje KOPEKTHO MpaIfoBaTH JUIsl 1HIIOTO
BapiaHTy CXEMHU.
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3aBAaHHA Ha NPaKTUYHY poboTy

MoTpibHO HanucaTu Nporpamy, sika 6
Bigobparkana Ha ceMMcermeHTHOMyY
iHAMKATOPI 3HAYEeHHA 3MIHHOI, fiKa
LMKNIYHO 3MiHIOETLCA3 0 o 9

Y KOXXHOro BapiaHTy cBOA HeBigoOMa
cXema nigKNYeHHA iHAUMKaTopa Ao

C m][m MiKpOKOHTpoOnepa
L gL

EnexTpuvHO HACTymHHI J1aOOpaTOPHUN MaKeT Maike MOBHICTIO 1ACHTHYHHHA CBITIIOBOMY
aBTOMAaTy, 3 SKHM BHU TpaioBaiu padime. OCHOBHHM €JIEMEHTOM CXEMH € MIKPOKOHTpPOJIEp
PIC16F84, mo npautoe Ha yactoti 4 MI', no mopry PORTB sikoro uepes crpymooOmexyBaibHi
PE3UCTOPH MMiIKIFOUYEHO BiCiM CBiTIOMI0AIB. CXeMa MiAKITIOYeHHS CBITJIOAIOIB TaKa, 10 IS TOTO,
mo0 iX 3acBITHUTH, HAa BUBOJAI MIKPOKOHTpojepa HOTpiOHO chopMmyBaTu CUTHaiI 3 piBHEM, IO
BIJIMTOBIIA€ PIBHIO JIOTIYHOI OAWHMIN. CIUHOIO PI3HUICIO € TE, [0 BUKOPUCTOBYIOTHCS HE OKpEMi
CBITJIOZIONM 3 KPYIJIMMHU JIiIH3aMH, SK y CBITJIOBOMY aBTOMaTi, a CIHELiallbHUN eNeKTPOHHUMN
KOMIIOHEHT — OJHOPO3PSAHUN CBITJIONIOJAHUN CEMHUCETMEHTHHH 1HIUKATOP, BCEPEIUHI SKOTO
po3TamioBaHi ciM abo BICIM CBITJIOAIOIB, JH3M SKUX MAalOTh CIeHianbHy (GOopMy y BHUIIISII
cerMeHTy cuMBOJIY. CiM CBITJIONIONIB YTBOPIOIOTH 3HAKOBE IOJIE, HA SIKOMY MOXKHa C(OpPMYBaTH
uudpH Ta AesKi CUMBOIIUM. A BOCBMUI CBITJIOAI0/, IKOTO MOe€ 1 He OyTH, BUTOTOBIICHUI y BUTJISI
Kparky, pO3TallOBaHiii y MpaBOMYy HIKHBOMY KyTi CHMBOJIBHOTO TIOJisl. 3a3BUYail BiH
BUKOPUCTOBYETHCS B 0aratopo3psaHuX 1HANKATOpaX Ui BiIOOpaKeHHS TOUKH, IO PO3ILUISLE LTy
Ta IpoOOBY YAaCTUHU YHUCIIA.

TakuM YWHOM, Ballle HOBE 3aBIaHHS [yKe€ CXOXe Ha momepeqHe. Bam moTpiOHO
chopMyBaTH Ta MEPIOJUYHO 3MIHIOBAaTH CHUTHAJIM HA BHUBOAAX MIKPOKOHTpOJEpa Tak, 100
KOpUCTYBa4 NOOAuMB Ha 1HIMKATOP1 CUMBOJIM y MEBHIN MOCHIIJOBHOCTI. TOMY BH MOXXETE B3STH 3a
OCHOBY TIOIIEPE/IHIA TPOEKT, JI€ B BUYWINCS KOPUCTYBATHCS TaliMepaMHU Ta MEPEPUBAHHSIMU Ta
Moau(piKyBaTH HOT0, BIATIOBITHO IO HACTYITHOTO TEXHIYHOIO 3aB/IaHHS.

AHani3 eNIeKTPUYHOI CXemu
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Sk 1 B monepeqHbOMY NMPAaKTUYHOMY 3aBJIaHHI, 1 pEKOMEHAYIO BaM MOOyAyBaTH MPOTrpaMHe
3a0e3neueHHs UIsl MIKPOKOHTpOJIEpA 33 KIIACHYHOIO CTPYKTYPOIO, sIKA CKJIAZA€THCS 3 TPHOX YaCTHH.
[lepma wactuHa — 1me OJOK iHIIiami3amii, SKUH BUKOHYETHCS OJHOPA30BO — OJpa3y IICIs
nepe3aBaHTaKEHHS MIKPOKOHTpoJiepa. Y oMy OJI01ll MU TOTYEMO anaparHy i IporpaMHy YaCTHUHU
MIKPOKOHTpOJIEpA JI0 TMOJAIBIIOI pOOOTH: HAJAITOBYeEMO mepudepiiiHi MOAYi, IHIIATI3yEMO
3MiHHI Ta BUKOHYEMO 1HIIII TIPOLEypH, HEOOXIHI U MOYaTKy poOOTH.
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PekomeHA0BaHWUIN anropuTM NPOrpamMHoro 3abesneyeHHs

BNOK IHILIAMIBALIT OCHOBHU LUMKN OBPOBHUK NEPEPUBAHb
(1...2 pa3u Ha cekyHay)
9

BekTop nepepusaxHa

1
Bexrop
nepe3aBaHTaXeHHs

2
11

Iniuianisauis nopty
PORTB
BinobpaxeHHs
3IHAYEHHS IMIHHOT Onyckakks npanopy
3 Ha iHaukaTopi nepepuBaHHs
IHiuianizauis Tanmepy
TIMERO 8 12
Kikeup Tina
B —

IMIHHOT

[

HeckiHYeHHuA uukn

7

10
36epexeHHs KOHTEKCTY

4

IHiuianisayis nepepusans

5

13

36epexeHHn KOHTEKCTY
AKTMBAUIf NepepuBaHL
14

Buxia 3 nepepusanHs

Jlpyra yactuHa nporpaMu — L¢ OCHOBHMM HECKIHUCHHMH LUKJI. Y HAlIOMY NPaKTUYHOMY
3aBJaHHI y Lid YacTWHI mporpamMu M OynemMo BimoOpa’kaTH CHMBOJIM Ha CEMHCETMEHTHOMY
iHAuKaTOpi. BiAMOBiIHO MO TEMHU CHOTOJHINIHBOTO 3aBIAHHS, 1€ Oye 3poO0JieHO 3a JOMOMOTOI0
YMOBHUX onepariil. s nporo Mu CTBOPUMO CHeUialbHUN NPOTpaMHUN 00’€KT — 3MIHHY, SKa
MoKe npuiimaru 3HaueHHs Bix 0 10 255, ane peajbHa KUIbKICTh 3HAa4€Hb, Ky BOHA Oyje npuiimary,
Oyze MeHIor — Hanpukiaz, Bix 0 1o 9.

VY HeckiHYEHHOMY LMK MU Oy/eMO aHai3yBaTH 3HA4YCHHs Ili€i 3MiHHOI, 1 BIAMOBITHO IO
HBOTO (POPMYBATH CHTHAJIM HAa BHBOAAX MIKPOKOHTpoJiepa. SIKIIO 3HA4YeHHS 3MiHHOI JOpPIBHIOE
HYJII0, TO MIKPOKOHTPOJIEPY MOTPIOHO 3aCBITUTH TaKi CETMEHTH, 11100 KOpUCTyBad nob0auuB udpy
«0». Sxkmo 3HaueHHS 3MIHHOI [OpIBHIOE OJHMHHUINI, TO IMOTPIOHO 3aCBITUTH CBITIOHIONH, IO
chopMyroTh cuMBOI «1». | Tak gani — CKiIbKM MU XO0U€MO BiJOOPAa3UTH CUMBOIIIB, CTUILKH YMOB Y
Hac Oyjie B OCHOBHOMY IIUKIII TPOTPaMHU.

baunMo, 1m0 Haml OCHOBHUM LMK CKJIQAA€THCS BUKIIOUYHO 3 YMOBHHX omepauiid. s
OTpPUMaHHS MiHIMAJIBFHOI OIIIHKK HaM MOTPiOHO peanizyBatu 10 yMOBHHX oOIeparliid, a K0 X04eTe
OUIBII BHCOKY OLIIHKY, TO NOTpiOHO Oyne 30UIBIIMTH 1 KUIBKICTh YMOBHHUX OIeEparii, 1 KiIbKICTb
KOMOIHAII{ CUTHAJIIB, sIK1 IM BIAMMOBIAAIOTh.

AﬂI'OpMTM OCHOBHOIO UUNKRANY

Bia 6noxy iMiuianizauii

Hecxinuennmni umkn

’ Tax
i ‘DOPMYBAHHR CHIHANIS,
WO BIANOBIAAITL
uncpi "0"
O
‘ Tax
i DOpMyBaHHA CHrHanie,
WO BIANOBIRATS
umpi “1*
O

3MIHIOBATH 3HAYEHHS HAIOi 3MiHHOI OyAeMo y TpeTiii 4acTUHI mporpamMu — B 0OpOOHMKY
NepepuBaHHs Bij Talimepa, sIKHH MM HaJIAITYeEMO Tak, 100 MepepuBaHHs BUHHUKAIO 1...2 pa3u Ha
CeKyHIy. AJropuTM OOpOOHMKA NepepuBaHHS BXKE BaM BIIOMHH 3 MOMNEPEIHBOI MPAKTUYHOT
poOoTH: cHoyaTKy NOTpIOHO MpoaHaIi3yBaTH MpamnopH, 00 BU3HAYUTH SKE IEepepUBAHHA
CIpAIfOBAJIO, MOTIM OIYCTUTH Mparnop MepepuBaHHs, L0 OOpPOOIIIOETHCS, a BKE MICHA LHOTO
poOuTH AKIICh KOPUCHI peyl, y HAIlIOMYy BUIIAJKy — 3MIHIOBATH 3HAYEHHS 3MIHHOI. I peKOMEHyI0
HACTYMHMH alroput™M 3MiHM 11 3HaueHHs. Cro4aTky 30UIbIIyeMO 3MiHHY Ha ojauHuIlo. ITotim
nepeBipsgeMo ii 3HAYEHHs, 1 SKIIO BOHO OUIbIIE 32 MaKCHUMallbHE, TO BCTAHOBIIOEMO 3MIHHY Y
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Tax

DopMyBaHHR CHrHanis,
wo sianosigaIoTs
undpi 4"
O
®opuyBaKKs carHanis,
wo signosiganots
uncpi "5
o,

Bminna = 4?7 3wminna = 8?7

BOpMYBaHHR CATHANS
WO BIANOBIAAITE
ucpi "8

DOPMYBAHHA CHrHANIe,
wo signosigaiots
undbpi 9"
o,

Kineus 1ina
HECKIKUEHHOMO UMKNY

3minna = 57

Swminna = 9?7




MOYaTKOBE HYIhOBE 3HaueHHsA. OTKe, SKI0 MU Xo4eMo BinoOpasutu mudpu Big 0 1o 9, To micius
301JIbIIICHHS 3MIHHOT Ha OJMHUITIO, HaM Tpeba MEePEeBIpUTH, UM HE CTajla BOHA OUTBIIO0 32 9, 1 KO0
1€ TaK, TO TOJI MU BCTaHOBIJIIOEMO ITI0 3MiHHY y 3Ha4deHHs 0. OTxe, 1 B 00pOOHUKY IIepepuBaHb y
HAC TaKOX € OJIHa YMOBHA OTIepallisl.

Anroputm o6pobHMKa NnepepuBaHHA

9

C BekTop nepepusaHHa )
12.2

10 ‘ 3HaueHHs 3MIHHOI
Ginblue makcumanbHoro?

l 36epexeHHs KOHTEKCTY |

Hi 3miHHa =0
1
OnyckaHHs\ npanopy
nepepuBaHHa 13
I BinHOBNEHHS KOHTEKCTY I
121
36inbLMTY 3HAYEHHS 14 ‘
3MiHHOT Ha 1 C Buxig 3 nepepusaHHa )

l

TakuM 9MHOM, HaIIa MPorpaMa CKIAIA€ThCs Hade 3 JBOX OKpPeMHX IporeciB. OauH mporiec,
10 BUKOHYETHCS B OCHOBHOMY IIUKJII MIpOrpaMu, (OpMye CUTHaJIM Ha BUBOJAX MIKPOKOHTPOJIEpa
Tak, 00 KOpHUCTyBad OAYMB Ha IHIUKATOPI NOTPIOHMI cMMBOI. J[pyruii mporec, mo BUKOHYEThCS
y MepEepUBaHHAX, 3MIHIOE TI0 KOy CUMBOJH, 10 BioOpaxaroThcs Ha inaukatopi Li aBa mpouecu
3B’s13aHI MIX COOOIO Yepe3 OJIHY 3MiHHY, sIKa IIUKJITYHO 3MIHIOETHCS pa3 ado aBivi Ha cekyHay. s
noOy/IoBH MPOTPaMHOro 3a0e3MEeYeHHS] BUKOPUCTOBYEMO KJIACHUYHUN alTOPUTM IPOrPaMHOTO
3a0e3neueHHs i1 MIKpOKOHTpoJiepa. HamamroByBaTH MIKpOKOHTPOJIEp, MPAIOBATH 3 MOPTaMHU
BBEJICHHS-BUBEICHHS, TaiiMepaMu Ta TEepEepUBAHHAMH MM BXKE BMI€EMO. 3alUIIMIOCS JIHINIE J1Ba
MUTAHHS, SIKI BH III€ TOKH HE 3HAETE SK BUPINIYBATH: SIK CTBOPUTH 3MIHHY Ta SIK OpraHi3yBaTu
YMOBHI onepartii.

3MiHHI T2 KOHCTAHTH

[TounHaeMo 3 MPOCTOrO MUTAHHSA: K Ha MOBaxX aceMOJiepy CTBOPIOIOThCA 3MiHHI? CriouaTKy
3rajja€eMo, 10 3MiHHA — 1€ [IOHalMEeHIle OJHa KOMipKa ONEepaTMBHOI Mam ATi, IpU3HAuY€Ha AJis
30epiranHs iHpopmarii. To6TO, KOXKHa 3MIHHA MOBHMHHA 3B SA3yBAaTHUCS 3 KOHKPETHUM amapaTHUM
00’€KTOM — LIOHAaWMEHIIE OJHIEI0 KOMIPKOIO onepaTuBHOI mam’sTi. Lle gyxe BaxIJIMBO, TOMY IO
KUIBKICTh KOMIPOK OMNEpaTHBHOI MaM’sTi oOMeXeHa, 1 BIAMOBIIHO, KUIbKICTh 3MIHHHX, SKUMHU
MOJKHa OJTHOYACHO KOPUCTYBATHCS B IIPOTPaMi, TaKOK 0OMexeHa. ToMy orepaTuBHA MaM’ATh — I1e
pecypc, KUl MOTpiOHO CBIIOMO PO3MOIIIATH.

I3 momepenHix MartepianiB BU B)KE 3HAETE, L0 ONEpaTHBHA MaM’STh MIKPOKOHTpoJiepa
PIC16F84 moninserhcst Ha ABI yacTuHU. [lepima — 1€ pericTpu CreniaabHOrO MPU3HAYCHHS, SK1
amapaTHO 3B’SI3aHi 3 eleMeHTaMM Ajpa MiKpOKOHTponepa abo mepuepiiHuMM mpucTposMu. Ix
aapecu 3HaxonAThes B miamazoHax 0x00...0x0B Ta 0x80...0x8B. Ilpuknagamu pericTpiB
cnenianpHOTO pu3HaueHHs € STATUS, PORTB, TRISB, OPTION REC Ta ixmi. 36epiratu B HUX
3MiHHI a00 SKyCh IHIIY JIOBUIbHY HpOrpaMHy iH(popMallito He MOXHa, 00 1€ 0/pa3y HEraTUBHO
BIUIMHE Ha poOOTy siapa Ta nepudepiiHUMX MOAYIIB MIKpOKOHTpoisiepa. Jpyra uacTuHa — 1€
pericTpu 3arajbHOrO MpPHU3HAYEHHA, aJpecu sKuX B 3HaxomaTbcd Mexax O0XO0C...0x4F Ta
Ox8C...OXCF. 1Ii xoMipku omepaTHBHOI TaM’STi HE TOB’s3aHi HI 3 YMM, TOMY caM& BOHHU €
(b13MYHUM MicIieM A 30epiraHHs 3MiHHHX.
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B13Ha4YeHHA 3MIHHUX

FIGURE 2.2 REGISTER FILE MAP -
PIC1EFB4A

*  3MiHHi MOBUHHI 3HAXO4UTUCA B pericTpax 3arasibHoro
npu3HayeHHs (General Purpose Register — GPR)

Fie Ass

* Appecu pericTpiB 3araibHOro NPMU3Ha4YeHHs 3HaX0AATbCA
B mexax 0x0C...0x4F (12...79) — ycboro 68 KomMipok
(68 6anT) nam’aTi

* PericTpu, Wo matoTb agpecu (0x8C...0xCF) pisnyHo €
KOMipKamu, Wwo matotb agpecu 0x0C...0x4F

[nsa poctyny Ao pericTpis 3ara/ibHOro NpUsHavYeHHs He
noTpibHo nepemukatn 6it RPO y perictpi STATUS

Bu Bxe 3Haete, mo B MikpokoHTposiepax PIC cepemnboro ciMmeiicTBa ampecHHid MpoCTip
OTIEPAaTUBHOI TMaM’ATI MOAUISETbCS HA CTOPIHKH po3MipoMm 128 OaliT, ski oOMparOThCH MIITXOM
BCTaHOBJICHHs BinnosinHoro 3HaueHHs OiTiB RPO ta RP1 y perictpi STATUS. B mikpokoHTpoOmepi
PIC16F84 ¢i3uuHO iCHYIOTH TUIBKH JBI CTOPIHKH ONEpPATHBHOI MaM’ATi, TOMY NPU BCTAHOBJICHHI
aznpecarnii 1o yBaru npuiimMaerbes ymmie 6it RPO. 3nauenns Oity RP1, skuii akTuBYye TpeTio Ta
YeTBEpPTY CTOPIHKH OMEPaTUBHOI am’aTi, B MikpokoHTpoiepax PIC16F84 no yBaru ne 6epetbcs.

B wmikpoxonTponepi PIC16F84 perictpu crenialibHOTO MpU3HAYCHHS PO3MIMICHI Ha JIBOX
CTOpIHKax, TOMY Iepel THUM SK 3BEpHYTUCS /0 KOMIPOK, PO3TAIlIOBaHMX Ha JpYrid CTOpIHL,
Hanpukian TRISA a6o TRISB, 6ir RPO y perictpi STATUS noBuHEeH JOpiBHIOBATH OJWHMII, a
SKIIO MOTPIOHO 3BEpTaTHCS O KOMIPOK, pO3TAllIOBAHUX Ha mepiriil ctopinii, Hampukiaa, PORTA
ab6o PORTB, To 1ieii 61T MOBMHEH J10PIBHIOBATH HYIIIO.

3 KOMIpKamMH 3arajbHOrO TNPU3HAYEHHS CHUTYyalliss Taka > camMa — BOHH MOXYTh
pO3TaIllOBYBaTHUCS HA PI3HUX CTOPIHKAX ONEPAaTUBHOI IaM’sTi, 1 epea TUM, SIK O HUX 3BEpHYTHUCS,
NOTpiOHO CITOYaTKy BCTAHOBUTH y npaBuiibHe 3HaueHHs 0itu RPO ta RP1 y perictpi STATUS. Ane
yce He crocyerbest MikpokoHTposiepa PIC16F84. V mikpoxontposnepi PIC16F84 € 68 komipok
ONEepaTUBHOI HaM’sATi 3araJlbHOr0 MpPU3HAYEHHs, AKI MpoAyOJbOBaHO Ha 000X cropiHkax. Lle
3HAYUTh, L0 KOXHA 3 (I3UYHMX KOMIPOK ONEpaTUBHOI MaMlATI 3arajabHOro MpPU3HAYEHHS,
(dakTUYHO Mae Bl aJpecH, 1 3BepHEHHsA A0 KOMipok mam’ati 3 aapecamu 0X0C ab6o 0x8C — me
3BEpHEHHS 1O OAHIEl 1 TOi kK (I3MYHOI KOMIpKM mam’aTi. ToMy HOpH JIOCTYyHl 10 KOMIPOK
OTIEepaTUBHOI MaM’sITi 3arajibHOro Mpu3HayeHHs MikpokoHTposiepa PIC16F84 na 6itu RPO ta RP1 y
perictpi STATUS moxHa He 3BepTaTH yBaru. Ajie yce 1€ CTOCYEThCS JIMIIE MIKPOKOHTpoJiepa
PIC16F84 — B iHmMX MoJensAxX MpaBuja agpecalii KOMIPOK OMNEepaTHBHOI MaM’STi 3araJbHOTO
MPU3HAYECHHA MOK€ OYTH IHILIKUM, TOMY ME€pell THUM SK PO3MOAUIATH 3MIHHI CIIOYAaTKy YBa)KHO
BUBYITh TEXHIYHY IOKYMEHTAIli}0 Ha KOHKPETHY MOJIEIIb MiKPOKOHTpOJIEpa.

Orxe, 3MiHHa — 1€ IIOHAallMEHIe OJHa KOMIpKa OIEpaTUBHOI MaM’sTi, MNPUIOMY
ONEepaTUBHOI THaM’sATi 3arajJlbHOTO0 TPU3HAYEHHS — KOMIPKH CHEIIaJbHOrO MNpHU3HAuYEHHS s
30epiranHs J0BUILHOI IporpamMHoi iH(popMallii Kpallle He BUKOPUCTOBYBaTH. Bu Bxke mparroBaiu 3
KOMipKaMH OTepaTUBHOI IaM’sITi 3arajibHOTO MPU3HAYEHHS, TOOTO BU BXe (PaKTUYHO MpaIfoBalu 31
3MiHHUMH, TIPOCTO TIPO TIe IIIe HE TTiI03PIOBAIIH.

JlaBaiiTe 3ragaeMo camy IMepIly Iporpamy, a TOUHIIIe KOJ, KU (hopMyBaB 3aTPUMKY MiXk
MePEMUBAHHIMU CBITI0A107a. TO/1 BM CrIOYaTKy 30UIBIIYBAIN HA OJUHUINIO KOMIPKY IaM sTi, 110
mana agpecy 0x0C, a motiM — ko BinOyBanocs ii mepenoBHEHHsS — 30UIbLIYBAINM HA OMHUIIO
KOMIpKy mam’siTi 3 agpecoro 0x0D. Takum uynHOM, BU (haKTHUHO BUKOHYBaiIH 256 * 256 = 65536
MOPOKHIX IIUKIIIB, SKI IPOLIECOp BUKOHYBaB MpUOIN3HO 32 0,2 CeKyHIu.
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Ane naBaiiTe TOJUMHUCh YBOXXHO Ha e Koi. Bu Bke 3HaeTe, IO BiH € IOBHICTIO
mpare31IaTHUM, TIPOTe Yu OyJie BiH 3pO3yMUTHH 1HITOMY mporpamicty? Ta 1o Tam iHIIa JT0anHa, BU
cami yepe3 MicsIb HaBps uu Oyzere He OyaeTe maM siTaT, 10 3HAXOJUThCS B KOMIPIIi 32 aJjpecoro
0x0C, a mo — B komipi 3a aapecoro 0x0OD, Tomy 110 agpecu — e npocto 1udpu, K1 HABITH AJIA
JOCB1TYEHOTO MTPOrpaMicTa MaJIo 110 3HAYATb.

Po6oTa 3 perictTpamu 3arasibHOro

NPU3Ha4YeHHA
Morauwnii npuknag lapuuit npuknag,
Loopl Loopl
incfsz 0x0C, £ incfsz CntLow, f
goto Loopl goto Loopl
incfsz 0x0D, f incfsz CntHigh, f
goto Loopl goto Loopl

AK Ha3HaunTK im’a perictpy?

A 91 MOXEMO MH JJaTh CMHCIIOBI iMeHa KOMipKaMm ram’sti. 3BicHo MoxkeMo! Hexait komipka
nam’sTi, mo mae anpecy 0xOC Oynme nHasuBatucs CntLow, a komipka, mo mae aapecy 0x0D —
CntHigh. Lli Ha3BH € CKOPOYEHHSIMH BiJl aHTJIIMCHKUI CIIOBOCIIONYYeHb, BianoBiano, Counter Low
Byte 1 Counter High Byte, To6To Monoamuii Ta crapimmii 6aiT niymibHUKa. TakuM YMHOM, HaBITh
y mepiriii mporpami y Hac Bke Morjia OyTH JOCTaTHRO cKiagHa 16-pospsiana 3minaa Counter, ska
3aiiMana OM JBI CyMiXKHI KOMIpKH omepatuBHOI mam’saTi 3 agpecamu 0x0C ta 0x0D, mpuuomy
MOJIOAIIUH OalT 1i€l 3MiHHOT MaB okpemy Ha3By CntLow i po3ramoByBaBcs 3a aapecoro 0x0C, a
crapiuii 6aiiT MaB Ha3By CntHigh Ta posramoByBascs 3a aapecoro 0x0D.

Tenep Mu 6aunMo, 110 HAII KOJ BUIJISAE 30BCIM iHAKIIC. 3aMiCTh HE3PO3YMIUIUX alpec
¢b131uHOT MaM’ATi MU TIOKa3yeMO, B MEPIILy Yepry — camoMy co0i, 10 y HaC € SKHICh JTYUIbHUK,
SKUP IIOCh TaM Jech JIYUTh YU paxye. ToMy SKIIO HaJaTH KOMiIpKaM ONEpaTHUBHOI Iam’sTi
CMMCJIOBI Ha3BH, TO MH 3MOXEMO ICTOTHO 3MEHIUUTH KUIbKICTh IOMMJIOK IpH HaIllUCaHHI
MPOrpaMHOTO KOy, Ta CKOPOTUTH dYac Ha HAIMCaHHI IPOrpaMHOro 3a0e3neueHHs. Temep
po30epeMocs SIK 11e MOKHA 3pOOHTH.

€ kinpka croco0iB HaJaHHS CHHOHIMIB y IMpPOrpaMHOMY 3a0€3Me4YeHHl, 1[0 MUIIEThCsS Ha
MoBax acemOnepy. [loTpiOHO nMIe am’ATaTH, 0 CHHOHIMU MOTPIOHO ONMUCYBATH JI0 MEPIIOTO iX
BUKOPHUCTaHHA Yy KO, 1HAaKIIe KOMITUIATOP CKaXe, IO y IbOMY PAIKY € TMOMHJIKA. XOPOIINM
BapiaHTOM € CTBOPEHHsS NEpeNiKy TaKMX Ha3B B okpeMoMy (aiiii. ¥V Bac Bxke € Takuil (aiin, skuit
HazuBaeTbes P16F84.INC — BH Or0 BUKOPUCTOBYETE 3 CAMOTO MEPIIOTO MPOEKTY. Y 1bOMY (aiiii
po3poOnuku IDE MCLAB naganu Ha3BM yCIM pericTpaMm cCreliajJbHOro Npu3HadeHHs. binbiie
TOT0, y LIboMYy (ailili HaJJaHO Ha3BU HaBITh OKPEMHUM OiTaM pericTpiB CHeliaIbHOTO MPU3HAYEHHS.
Takuii miaxig He TUIBKM HNPUCKOPIOE CTBOPEHHS HANMCAHHS MPOTPaMHOrO KOy, a Iie ¥ 3HauyHO
MPUILBUIIYE MEPEeHOC KOy Ha I1HIMK MikpokoHTposnep. Hampuknan, y MiKpoKOHTposepi
PIC16F84 perictp cnemiansHoro npuszHadeHHs STATUS mae aapecy 0X03, a B iHmii mopeni
MIKpOKOHTpoOJIepa — IIeil pericTp OyAe MaTH aHAJOTIYHUN (QYHKIIIOHAJ, ajieé po3TallOBYBAaTHCh 3a
iHIIOIO ajpecoro, Hanpukiaag, 0X04. ¥V mpomy BUMAIKy B KOJAI AOCTaTHBO OJWH pa3 B OMHCaHHI
CMHOHIMY BUIIPAaBUTHU aJPECy HE Yilaroud OCHOBHOTO KOAY MpOTrpamH.

€ Tpu HalOUIBII MOIIMPEHI BapiaHTH HaJaHHS Ha3B KOMIPKaM OIEPAaTHUBHOI mam’sTi: 3a
nonomoroto nupektuBu EQ (ckopouenns Bin «Equal» — nopiBHIOE), MOKHa BUKOPHCTOBYBAaTH
mupexktuBy DEFINE (Bu3naumtn), a MoxHa BUKOpUCTOBYBaTH KOHCTpykmiro CONSTANT.
CuHTaKCcHC IUX AUPEKTHB CXOKWH. MK IMMHU BU3HAYCHHSMH € Pi3HMIN, aje BOHU BHUXOJATH 3a
MEXI ChOTOJHIIIHBOrO 3aHATTS. ToMy, mo0 He BUTpayaTh 4ac, MPOCTO MPHUIMITH, IO 3MiHHI
MOKHa BU3HA4yaTH OyAb-IKUM 13 IIUX CcrOco0iB. AJle s BaM PEKOMEHJYI0 NpHU MpOorpaMyBaHHI Ha
MOBax aceM0Jiepy BUKOPHCTOBYBATH YETBEPTHIA cIOCIO.
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BapiaHTW NpU3HAYEHHA IMEH 3MIHHUM

bsf

bsf bsf
movlw b*

movlw b'00000000" AR
movwf  TRI R
bef 3 bet

movwE T movwe

movwf
bef
movwf

bsf "
bsf T 0 bsf

incfsz 3 . ;
goto f o e incfsz

inctei gete ,
goto tnstad incfes
ese: goto

bef

YersepTuii criocid nossirae y Bukopuctanti kiHcTpykiii CBLOCK (Constant Block — 6ok
koHcTaHT). Konu Bu BukopuctoByere CBLOCK 1 BU3HAaYeHHS 3MIHHUX, TO BM BKa3yeTe JIUILE
MOYaTKOBY aJIpeCy PpO3TAallyBaHHS PETICTPIB CIemialibHOro mpu3HadeHHs. [lami  mpocTo
nepepaxoByeTe Ha3BU 3MIHHHX, SIKUM KOMIUIATOP BXKE caM 00YUCIUTh axpecu. To0To, y Kofi, 110
HaBEJICHO Ha eKpaHi, 3MiHHii CntLOW komminsiTop cam npusHauutk anpecy 0x0C, 3minniit CntHigh
— azapecy 0x0D rtomro. [Tpu oMy BH MiHIMaJIBHO BTpY4Ya€eTecs y el Ipolec — 3a Bac e poOUThH
KOMITUIATOP, 1 I1€ JOAATKOBO 3MEHIIYE KUTBKICTh IMOBIPHUX TIOMWIIOK. Pid y ToMy, 110 py HaJaHHI
KOXHil 3MIHHIN aJipecu Bpy4YHY MO>KHA JIETKO TOMUIIUTHCS, OCOOIHMBO SKIIIO Y Bac 6arato 3MiHHUX.
VSBiTh, 10 BH BUKOPHCTOBYETE yCi 68 KOMIPOK ONEpaTHBHOI HaM sTi — SIKIIO BU 3aILUTYTAETECH i
KiJIbKOM 3MIHHUM MPU3HAYUTE OJHY 1 Ty caMmy ajpecy, To OyAeTe JOBro IIyKaTH MOMWIKY. Tomy
Kpalie BKas3aTHh IMOYATKOBY aJpecy, a Jalli pO3TalloOBYBaTH 3MiHHI, sSK xouere. [loTiM MoOkHA
3aMIHMTU MOYATKOBY aJpecy 1 BCi 3MiHHI aBTOMAaTUYHO 3MIHATH CBOI ajapecu. OTxe, peKOMEHIYIO
BUKOpUcTOBYBaTH KOHCTpyKIito CBLOCK.

KopucHi nopaam

*  3MiHHi BU3HA4YalOTbCA B OAHOMY MicCLi — Ha camomy
no4aTtky daiiny BuxigHoro kogy abo B okpemomy
daiini

‘ x * [1nAa BU3HaYeHHA iMeH Kpalle BUKOPUCTOBYBATH
bat ATUS, RO KOHCTpyKUito chlock

movliw b
movwf

bef

movwf

* |IMeHa NOBUHHI MaTV NEBHE CMUCIOBE HaBaHTaX}eHHSA
(ent, temp, voltage, current Towyo)

bsf

incgaz “, 1 Ha acembnepi Hemae TMNiB 3MIHHUX

goto

inerex ‘entitlgn, 1 (yci perictpu € 6e33HakoBUMM LiNUMMK YMChaMu)

goto

Tenep moroBopuMo HpoO KOHCTaHTH. be3 KOHCTaHT MOXHa OO0iifTHcs, ane A Kpalioro
PO3yMIHHS TOTO, 110 B1A0YBAa€ThCA B IPOrpaMi, Kpalie BUKOPUCTOBYBATH KOHCTaHTHU. JIJi1 KOHCTaHT
MOKHa BUKopucToByBaTH Ti >k KoHCTpykuii — DEFINE, EQ, CONSTANT. Ane Ha BiamiHy
3MIHHHX, $SIKI BUKOPHCTOBYIOTH alapaTHI pPeCcypcH MIKPOKOHTpPOJEepa, KOHCTAHTH € YacCTUHOIO
IIPOrpamMHOro KOay, 1 iX Kpalle BH3Ha4yaTH BpyuHy 3a gonomororo koHcTpykuiii DEFINE, EQ,
CONSTANT. Koncrpykiito CBLOCK st BU3HaueHHSI KOHCTAaHT BUKOPHCTOBYBAaTH HEMAE CCHCY.
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JaBaiiTe po3rissHEMO KOHKPETHUH TMPUKIAA, IO JAEMOHCTPYE VYCIO TIOTYKHICTh
BUKOPHUCTAHHS KOHCTaHT. B Ko/I1, sikuii 300paykeHo Ha ekpaHi, 3MiHHIH X1 IPUCBOIOETHCS 3HAYCHHS
45. JluBnsunch Ha LEd KO, He3pO3yMmisio, o 1e 3a uucio. Yomy 45, a He 46 abo 49, i Ha 10
BILTUBAE 1€ 3HaYeHHs? Koau cTopoHHS JI0uHa TUBUTHCSA Ha KOJ, BOHA HE PO3YyMi€, Ta il BU cami
gyepe3 Micsalpb He OyaeTe mam’aTaTH, 0 o3Havyae 45. Ase SKII0 BU MPU3HAYUTE LbOMY 3HAUYEHHIO
KOHKpPETHHI CEeHC, HaNpuKIaJ, MakCUMalbHAa HAmpyra, ToO KOJA CTa€ Habararo 3po3yMUIIIIUM —
Tenep MU OaunMo, 110 3MiHHIA X1 NPHUCBOIOETHCS 3HAUYEHHS SKOiCh MakcHManbHOI Hampyru. Hi
MiHIMaJIBHOT, Hi cepeaHbOI — 1 caMe MakcuMaiabHOi. Hi cTpyMy, Hi 4acToTH — a came Hanpyru. Kpim
TOTO, JJIs1 OHOTO MPHCTPOI0 MaKCHMalbHA HAalpyra MOKe JOpiBHIOBAaTH 45, a Juig iHmoro — 145.
ko el nmapameTp B KOJII BAKOPUCTOBYEThCS O1IbIIE HIXK OJMH pa3, TO BaM — IIPH IEPEHOCT KOTY
— JIOBEEThCS JOBrO IIYKATHU MicIls, ne € mudpa 45, npu dyomy mudpa 45, sKa BiANOBiIae came
MaKCUMaJIbHIN HaIpy3i, a He SKOMYCh 1HIIIOMY TapaMeTpy, 1 3aMiHiOBaTH ii Ha 145.

BMKOpMCTaHHﬂ KOHCTAHT

MAX VOLTAGE equ d'45' * |CTOTHO NIABULLYE AKICTb KOAY
cblock 0x0C . L
X1; XZ, X3, ¥1 * |cTOTHO 3MeEHLUYE IMOBIPHICTb MOABU MOMUIOK
endc
org 0x000 * |CTOTHO 3MeHLUYE Yac Ha moaudikaLito Kogy
; Hesposymimmit xon -
moplaw  diass KOHCTaHTK, 3a3BUYa, NULLYTbCA
movwf X1 BE/IMKUMMU_NITEPAMMUA
; TapHUl KOZI
movlw MAX VOLTAGE MpuBunTU cebe A0 BUKOPUCTAHHA KOHCTAHT €
movwf X1 BaX/IMBUM KPOKOM Ha WWNAXY PO3BUTKY

nporpamicra

Tomy kparie 3aBXIu BHUKOPHUCTOBYBATH KOHCTAaHTH. [IpuBdiTh cebe M0 mbporo — Iie
BaXJIUBO, 1II00 CTaTH rApHUM MPOrpaMicTOM. 3a3BHUYail KOHCTAHTH MULIYTHCS BEJIMKUMU JITEpaMH,
1€ He 000B’A3K0BO, ajie KOJIM BU OaunTe B KOA1 I1IOCh HAIMCAaHE BEIMKUMU JIITEPaAMH, BU PO3YMI€TE,
110 11 KOHCTaHTa, He3MiHHA BEJIMYUHA, IKa BU3HAUEHA B OJTHOMY MiCLli IPOTpaMH.

XTO0 nmporpamMyBaB Ha MOBax BUCOKOTO PiBHS, TOW 3HA€, 110 KOHCTAHTH MOXYTh OYTH PI3HUX
tunis. IlpoTte, AKI0 MOBa 3aXOJUTh MPO HAIMMCAHHS MPOrpaM Ha MOBax aceMmoiiepy, TO B IIbOMY
MIPOrpaMHOMY KOJI YacTillleé 32 BCE BHUKOPUCTOBYIOTHCS YHMCIOBI KOHCTAaHTH. A TpH 3amlucy
YHCIOBUX 3HAYEHb I'OJOBHE MPaBWIbHO 00paTu cucreMy uucieHHs. [Ipy HamucaHHI mporpam i
MIKPOKOHTpOJIEPIB HAMOLIbII MOIIMPEHUMH € JIBIMKOBA, JECSITKOBA Ta IIICTHAISTKOBA CUCTEMU
YHCIICHHS.

JlecaTkoBa cucTeMa 4YHCIEHHs 3HalloMa Ham 3 JUTUHCTBA. lle Hama 3BHMYHA cucTeMa
YHUCIEHHSA, B SAKIi MU BHKOHYEMO YCi MaTreMaTM4yHI po3paxyHKH. ToMy KoOIM HaM MOTpPiOHO
BKa3yBaTH SIKIHCh MMapaMeTpH, IO OTOTOKHIOIOTHCS 3 JIIOJCHKUM CIPHHHATTSAM, TO IECSITKOBA
cucTeMa YHCICHHS A LBOr0 MiAXOMUTh SKHaWKpame. Mu po3risaand MPUKIaA, KOJIH Ui
BHU3HAYCHHS MAaKCUMAJIbHOI HANpyru OyJia BUKOPHCTaHa caMe JIECATKOBA CHCTeMa YHCIICHHS — BOHA
€ HalOIbII 3pYYHOIO /TSI JIFOMHH.

HaiiGiapI 3pydHOI0 CHUCTEMOIO YHWCIEHHS MJisi MOOYIOBU EIIEKTPOHHUX KOMIT FOTEPIB €
nsiiikoBa. CTBOpEHHS apU(PMETHKO-JIOTIYHUX IMPHUCTPOIB, IO MPALIOIOTh B JBIKKOBIN cUCTEMI
YHCJICHHS, TEXHIYHO € HalmpocTimmM. SIKIIO Ha SKOMYCh €IEKTPHYHOMY TPOBOJI € €IeKTPHUYHA
Hampyra, To MU BBaKaeMo, 110 Ha I[il JiHIT IPUCYTHIN CUTHAJ C PiBHEM JIOT1YHOT OJMHUIIL, a SAKIIO
Hampyru HEMae — TO PIBEHb JIOTIYHOro Hy/s. Bu3HauaTH sKifich MOMDKHI PiBHI Hampyru, o0
pearizyBaTu OUTBII CKJIAJHI CUCTEMH YHMCICHHS, BUSBUIIOCS TEXHIUYHO CKJIAJHO, TOMY YCi Cy4acHi
EJIEKTPUYHI KOMIT IOTEPH MPAIIOIOTh 3 IBITKOBOIO CHCTEMOIO YHCIICHHSI.
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[Ipu mporpamyBaHHS MIKPOKOHTPOJIEPIB JIBIHKOBA CHCTEMa UYMCIEHHS BUKOPUCTOBYETHCS
JUTSl 3alACIB YMCENI, SIKI Ha3MBaIOTh OITOBMUMHU Maramu. KoskeH po3psia JABIHKOBOTO 4YHCa MOXKE
3amam’sTaTd Juie oauH OiT iHpopmauii — e xyxke mano. Tomy yci MIKpOKOHTPOJIEpH MaroTh
PO3PSAIHICTE OIIbIIE OJMHMIN, IO JO3BOJSE 3a OAWH IHTEpPBal dYacy oOpoOIoBaTH OUIBIIY
KiTpKicTh iH(opMmanii. Icuytotes 4-, 8-, 16-, 32- ta 64-po3psaHi MIKPDOKOHTpPOJIEPU 1 HaBiTh
KOHTpOJIEpH 3 OLIbIIO0 po3psanHicTio. Hanpukiazn, mikpokonTposiep PIC16F84 € 8-po3psanum — y
HBOT'O KOXEH arapaTHUH By30J1, IOB’s3aHUH 13 00poOKor0 iH(OpMalii, Mae BiciM OJTHAKOBUX JIHIMH,
KOJKHA 3 SIKUX MOke repeaaBaTtu 1 it iHopmarii.

Cuctemm YncineHHs

4 AP S e * [gifikoBa — Koau NoTpibHO NpautoBaTtH i3 biToBuMu

movlw b'01111011"'

movwf X1 Mmarnamum
ﬁ:&: o L * BicimKoBa — AKLL0 XO4eTe OBECTU [0 CKasy
NI0AMHY, Ka NoTim Byae npautoBaTH i3 BawMm
ATKOBa CMUCTEMa KOAOM

* [ecaTkosa— KoM NOTPiGHO npauytoBaTtH i3
«3BUYANHUMMU» («TIOACBKMMM») YUCNaMK

: * LWicTHagusaTkoBa— KoM NOTPiGHO NpautoBaTtH i3
movwf X1 agpecamu

[TpoTe, KoM MOYaIM CTBOPIOBATH €JIEKTPOHHI KOMIT IOTEPH, TO IIBUAKO 3’ SICYBAJIOCS, 1110

Koxmna 8-po3psiqHa KoMipka maM’sTi MOKe MaTH 2% = 256 MoxIMBUX KOMOIHALiT 3HAYCHD —
Bin 0 nmo 255. IIpote B nmeskux BUIAJKax — TAKOTO 3HA4YEHHs € 3abarato. Y IbOMY BUIAJKY
1H(popMalito 30epiratoTh B 8-po3psSAHUX KOMIpKaxX y BUIJISAL OITOBUX Mall — KOJIM KOXKEH OIT mae
neBHe (YHKIIOHAJIbHE 3HaYeHHA. MU BXKe CTHUKaINCS 3 OITOBUMHU MaraMu, KOJIM CTBOPIOBAJIM Hallli
nporpamu. Knacnaanmu 6itoBumu manami € perictpu TRISA, TRISB, PORTA ta PORTB. ¥V mux
pericTpax Ko>keH OIT BIJIOBIJIa€ 3a CTaH MEBHOI JiHIi — BUBOAY MIKPOKOHTpoJiepa. ToMy Kol MU
MpaloeEMO B KOMIpKaMu, Je 1H(opmaiiss 30epira€Tbcsi y BUIUIAAI OITOBUX Mam, TO Kpalie
BUKOPHUCTOBYBaTH KOHCTAHTH, HAIlMCaHl y JBIMKOBIA CHUCTEMI YMCJIEHHS — II€ JI03BOJISIE HAOUHO
1no0avYnTH CTaH KOXKHOro OITy.

OpHak [BiiKOBa cHCTEMa YHUCIEHHS BKpaldl HE3py4YHa JUIS 3alMCiB BEJIMKHX YHCEN. 3a
PO3pAAHOCTI OLIBIIOT 32 8 MPU HaMKMCaHHI Yuceln Y ABIMKOBOMY (hopMaTi MOXKHA JIETKO 3arIyTaTUCs
B HYISIX Ta OJUHMISAX, TOMi JUIS KOMIAKTHOTO 3aliCy YHWCel, IO BHKOPHCTOBYIOTHCS B
KOMIT IOTE€pHIN TEXHIII BUKOPUCTOBYIOTh LIICTHAALUATKOBY CUCTEMY YUCIIEHHS. Y LIICTHAIUSTKOBIN
CHCTEMI YMCIIEHHS KOKE€H CUMBOJI MOKe MpuiiMatu 16 3HaueHs: necsath udp — Big 0 10 9 Ta micthb
naTuHChbKuX JiTep — A — F. Ilpu BUKOpHCTaHHI MIICTHAAISITKOBOI CUCTEMH JOBKHHA JBIHKOBUX
YHUCEJT CKOPOUYEThCS B 4 pa3u — KOkHI 4 iudpr IBIMKOBOTO YHCIIa 3aMIHIOIOTHCS OJJHIUM CHMBOJIOM
[IICTHAAUATKOBOI. Y HIICTHAAUATKOBIA CHCTEMI 3pYYHO 3alUCYBaTH CYTO «KOMII IOTEPHI» YHCIA,
10 € MOXITHUMH BiJ JBINKOBOiI, HaNpUKIAJ, aJpecu KOMIPOK OMEpaTHUBHOI MaM’ATlI YU IaM STl
nporpaM. ToMy HIICTHAALATKOBAa CHUCTeMa € OifbIN MOIIMPEHINION HiX ABilkoBa. Hampukmnan,
neskl TiatGopMu I pO3pOOKH MPOTpaMHOTO 3a0e3MedeHHsT Ha MOBax BHCOKOTO pPIBHS HE
OIATPUMYIOTh JIBIHKOBY CHCTEMy, MpoTe Yyci 0e3 BHUHATKY HiATPUMYIOTH JIECATKOBY Ta
IIICTHAAIATKOBY CUCTEMHU.

I HaocTaHOK cHif 3rajiaTé BICIMKOBY CHUCTeMY. Y I CUCTeMi y KOKHOMY pPO3psl 4ucia
MOXKYTh BUKOPHUCTOBYBaTHCS TUTbKHU 1ubpu 0 — 7. [Ipu 1ipoMy KoxKeH po3psij yucia, 3aUcaHoro y
BICIMKOBIM cHcTeMi, BIAINOBiae TPhOM poO3pslaM 4YHCia, 3alUCaHOrO y JBIWKOBIH. BiciMkoBy
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CHCTEMY KOJHUCh TaKOX MPOoOYyBalM BUKOPUCTOBYBATH IPH CTBOPEHHI KOMII IOTEpiB, ane 3apas ii
MOBHICTIO BHUTICHWJIA OUIBII 3py4YHa IIICTHAAISITKOBA cucTeMa. Ha CchOrogHi BHKOPHUCTAaHHS
BiCIMKOBOi CHCTEMHU OOTPYHTOBaHE JIUIIE TOJi, KOJU BH XOUeTe YCKIQJHUTHU KUTTS JIOJUHI, sSKa
Oyne po3oupartrcs B BallIOMY BUX1THOMY KOJII.

B cepenoumii MPLAB IDE npu 3anuci 3anucy 4ncna y BUXiZHOMY KOJIi TIPOTPaMU Mepe.
CaMHM YHCJIOM Tpeda BKa3aTH JiTepy, 10 M03HAYAE CUCTEMY YMCIICHHS: /IS IBIMKOBOI 11€ JriTepa B
(binary), mst BicimkoBoi — O (octal), mns mecarkoBoi — D (decimal), a mist mictHaausakoBoi — H
(hexadecimal) abo mnpedikc «0x». Pemaktop Komy HaBiTh MIiACBIYYE IIi KOHCTAaHTH PI3HUMH
KOJbOpaMH, o0 BaM OyJi0 3py4Hilie HOro mucatu Ta po3yMiTH.

A Tteniep ronoBHe. Y cepenoBuiti MPLAB IDE cuctemoro 4ucieHHs 3a 3aMOBYYBAHHSM €
IICTHAAUATKOBA. TOOTO SKIO BU HE BU3HAYUTE SIBHO CUCTEMY YUCIICHHS, TO KOMITLISATOP L€ YHCIIO
Oyzie po3rysIIaTH SIK YUCIIO, 3allMCaHe B IIICTHAALATKOBIN cucteMi. ToMy, SIKIIO BH HalMIIETE Y
KOl 4ucio 23, TO KOMIUIATOP HOro iHTepHpeTye siK 4yucio «35» B AecaTKoBii cucremi. Lle myxe
MiCTYITHA TOMUJIKA SIKY HE 3aB)KIHM MOKHA MIBUKO 3HaiTh. Hanmpukiazn, grcno 10 — e Hacmpasi
yuciao 16 B necsaTkoBiii cucremi. TomMy mpu HamucaHHI 4YMCeNl TMPHBUITH cebe 3aBXKIU SBHO
BKa3yBaTH CUCTEMY YHCIICHHSI.

Cuctemum YncneHHs

cblock 0x0C

1, x2, x3, v1  IMIPLAB nigTPUMYE KifibKa BapiaHTIB

endc .

3aMNucy ymcen y WICTHAAUATKOBOMY
org 0x000 .

dbopmari
5 X1 = 35
movlw 23
movwif X1
moviw  0x23 Y MPLAB wicTHaguAaTKOoBa cucrema
movwif X1

€ CUCTEMOIO YNCNEHHA

moviw d*35"
movwe i 3a 3amoBYyBaHHAM ©

I HaoctaHok mpo poboty 3 OaratobaiitHuMM uyuciamu. Mikpokontponep PIC16F84 e 8-
PO3pSAIHUM, TOOTO HOTO aprUPMETUKO-TIOTIYHA YaCTHHA MO>KE MPAIfOBaTH JHILIE 3 yuciaaMu Bifg 0 10
255. le ny>xe manuit aianazon. st uncen Ouibine 3a 255 BUKOPUCTOBYIOTHCS Oarato0aiTHI yucia.
Tomy npu BUKOpHCTaHHS OaraToOaMTHUX YMCEN 1 KOHCTAHT Ha 8-po3psAHUX IUIaTdopMax yacTo €
HEOOX1HICTh 3BEPHEHHS 10 OKpeMux OaT mux uucen. [Ipu BUKOpUCTAaHHS KOHCTAHT JUISl I[bOTO
BUKOpUCTOBYIOThCS nupektuBu Low, High ta Upper. HupextnBa Low mnoBeprae Mosioammi
(HynboBHif) 6aiiT 6araro6aiTHOT KOHCTaHTH, AUpekTuBa High — nepmmii (micns HynpoBoro) 6aifT, a
Upper — noBepTae npyruit (micis HyIs0Boro) 0aiT 6aratobaiiTHOi koHcTaHTH. OTXKE, SKIO Y HAC €
sKach Oarato0aiiTHa KOHCTaHTa, MO Mae Outbmie HiK 8 po3psaiB, Hampukian 0xFFB8FAS6, To
mupektuBa  Low(0xFFB8FAS56)  mosepne  0x56,  High(OxFFB8FA56) =0xFA, a
Upper(0xFFB8FAS56) = 0xB8.
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BukopuctaHHa aupektus Low, High, Upper

MAX_ADDRESS equ OXFFBFASE * Low(KOHCTaHTa) — noBepTaE HYyNbOBUM
lock 0x0 (monopwwit) 6ant 6aratobanTHOI
KOHCTaHTH
rg
movlw Low (MAX ADDRESS
movwf * High(koHcTaHTa) — noBepTae nepwnit

6anT 6araTob6amMTHOI KOHCTaHTU

* Upper(KoHCTaHTa) — NOBEPTAE ApYrui
6anT baraTob6aMTHOI KOHCTaHTU

Omxe, minBeaeMo MiACyMKH. Y Hamiid mporpami HaM MOTpiOHa oxHA 3MiHHA Ta OJHA
KoHcTaHTa. Hexail Hamia 3mMiHHa Oyze po3TalIoOBYBAaTHCS B MEPIIii KOMIPI OmepaTUBHOI MmaM’siTi
3araJlbHOTO  TpU3HAveHHs, mo Mmae axapecy OXOC. Jlng Bu3HaueHHS 3MIHHOI Kparie
BUKopucTOBYBaTH KOHCTpykiito CBLOCK, mnpore mne He 000B’S3KOBO — TYyT MOXKHA
BukopucroByBatu KoHCTpyKuii DEFINE, EQ a6o CONSTANT. Im’st 3MiHHOI MOXe OyTH JIt00UM,
HanpuKIan «Ay, IpoTe HE JIHYHTeCh JaBaTH 3MIHHUM JIOBT1 OCMHCIIEHI Ha3BH — II€ MOTIM 3HAYHO
CKOpPOTHUTH Yac Ha HEMUHYYY MOJIU(IKaIliI0 IPOrpaMu.

VY 4KOCTI KOHCTaHTH HaM TpeOa BH3HAUYUTH MaKCHMaJbHE 3HAUCHHs Hamol 3MiHHOI. [lis
OTpUMaHHSI MiHIMAJIbHOI OLIHKKA BaM TMOTPiOHO mokaszatu 10 cuMBOIIIB, OT)KE Balia 3MiHHA Oyne
npuitMaty 3Ha4eHHs Bij 0 10 9, ToMy 3Ha4eHHs Balloi KOHCTaHTH OyJe nopiBHIoBaTH 9. KoHCTaHTY
MoxkHa chopmyBatu Oyap sikoro 3 aupektHB DEFINE, EQ a6o CONSTANT — me nino cmaky
nporpamicra, SKMi MuIe Koa — Ha PO3Mip KOy Ta Ha IIBUAKICTh HOTO BUKOHAHHS II€ HE BIUIMHE
KOJHUM YHHOM.

PekomeHA0BaHUM KOA, ANA 3MIHHUX Ta KOHCTaHT

constant MAX NUMBER > > g
cblock 0x0C

Number
endc

YMOBHI onepaltii Bxke BUKOpUcTOBYBasucs panime. [1ix yac peanizanii 3aTpuMoK y nepurii
mporpami BUKOHYBAJIOCS 301IBIICHHS a00 3MEHIIICHHSI Ha OJUHUITI0 KOMIPKH ONIEPATHBHOI IMaM’sTi
3 MOJANBIINM MPOMYCKOM HACTYIHOI KOMaH/IH, SKIIO pe3yabTaT AOpiBHIOBaB Hy0. B acemOnepi
BUKOPHUCTOBYEThCS TOM caMMii MiJIX1A: HAa arapaTHOMY PiBHI MEPEBIPAETHCS YMOBA, 1 3aJI€KHO BiJ
TOrO, BUKOHYETHCS BOHAa YW Hi, HAcTymHa acemOiepHa KomaHna a00 BHMKOHYEThCS, a0o0
MIPOIYCKAETHCA.

Y wMoBi acemOnepy MikpokoHTposiepiB PIC icHye botupu acemOiepHi KOMaHIu, IO
peanizyioTh yMOBHI omepaitii. JIBi 3 Hux Bke Bimomi — iNcfsz ta decfsz. 1i komaHu 30iIBIITYIOTH
a00 3MEHIIYIOTh HAa OJUHMIIIO0 BKa3aHy KOMIPKY IaM siTi, 1 SIKIIO pe3yJbTaT i€l onepaii T0piBHIOE
HYJIIO, HACTYITHA KOMaH/1a TIPOITYCKA€EThCSI.
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KomaHan incfsz, decfsz

DECFSZ Decrement f, Skip if 0 INCFSZ Increment f, Skip if 0
Syntax: [ /abei] DECFSZ fd Syntax: [/abel] INCFSZ fd
Operands: 0<f<127 Operands: 0<f<127

de [0,1] de [0,1]
Operation: (f) - 1 — (destination); Operation: (f) + 1 — (destination),

skip if result =0 skip if result = 0
Status Affected: None Status Affected: None
Description: The contents of register T are Description: The contents of register T are

decremented. If 'd"is 0, the result
is placed in the W register. If 'd" is
1, the result is placed back in
register f.

If the result is 1, the next instruc-
tion is executed. If the result is 0,
then a nor is executed instead,
making it a 2Tcy instruction.

incremented. If 'd’ is 0, the resultis
placed in the W register. If 'd"is 1,
the result is placed back in
register .

If the result is 1, the next instruc-
tion is executed. If the result is 0,
aNoP Is executed instead, making
it a 2Tcy instruction.

3a JI0MOMOrol KOMaHJ IHKPEMEHTY Ta JEKPEMEHTY MOJKHAa peaii3yBaTH pi3HI YMOBHI
omepariii. Po3risgaerbcst exBiBasieHTHa Jiorika, mojiOHa g0 koxy Ha C, Ha piBHI 3araJbHOTO
PO3YMIHHSL.

[Tig yac iHKpeMEHTY 3Ha4yeHHs 30UIbIIYEThCS HAa OAMHHMIIO, a Pe3yibTaT 30epiraerbcs y
BKa3aHe Micue. Y KOMaH]l IHKPEMEHTY € JIOJAaTKOBHH OlepaH], sSKHii BU3HA4ae, Kyau 30epiratu
pe3yabTaT: y KOMIpKY HaMm’siTi abo B aKyMyJATOp, KM € OKPEMHUM DPEricTpoM. SIKIO pe3ynabTar
30epiraeThCsi B Ty caMmy KOMIPKY Mam’ATi, TO 3MiHHa Oe3mocepenHb0 MOIU(IKYETHCS, IO
€KBIBaJIGHTHO omepallii 3017IbIIeHHss 3MiHHOT Ha oauHuito. Ilicis nporo Ha amapatHoOMy piBHI
BUKOHYEThCS TIEpEeBipKa: SKIIO pe3ylbTaT JOPIBHIOE HYIIO, HACTyIHA KOMaHJAa MEPeXoiy
IIPONYCKAEThCA 1 BUKOHYETbCS KOJ MICIs HE, SIKIIO pe3yJabTaT HE JOPIBHIOE HYIIO, KOMaHza
MepeXoy BUKOHYETHCS 1 BiIOYBAEThCS NIEpeXi/l Ha BiIOBIIHY MITKY.

VY npyromy BapiaHTi pe3yJbTaT IHKPEMEHTY 30€piraeTbcsi B akyMyJaTopi. Y 1IbOMY BUIAAKY
cama 3MiHHa He 3MiHIOETbCsA. HynboBUET pe3ynbTaT Michsi TaKOTO IHKPEMEHTY MOKJIMBHHA JIHILE
TO1, KOJIM TIOYAaTKOBE 3HAYCHHSI 3MIHHOI TOPIBHIOE 255, OCKUIBKH MiCIIsl 301JIBIICHHS HA OJIUHUIIIO
BiTOYBAa€THCS MEPETIOBHEHHS 1 PE3yNbTaT CTa€ HYJIHOBUM. Y I[bOMY BHUIMAJIKy KOMaHJA MEPEXOIy
MIPONYCKAETHCS 1 BUKOHYETHCS BIAMOBIIHUN KO/, a SKIO 3HAYEHHS HE JIOPIBHIOE 255, BUKOHY€ETHCS
nepexija Ha 3a/1aHy MITKY.

KomaHga nekpeMeHTy Npallloe aHaJOTi4HO, ajieé 3HAYEeHHS 3MEHUIYETbCS Ha OAMHUILO.
S0 pe3yapTaT IOPIBHIOE HYIIO, BUKOHYEThCS BINMOBIAHUM KoJ. Ilpu 30epexeHH] pe3ynbTary B
KOMIpKY HaM’siTi 3MiHHa MOAU(DIKYEThCS, a PU 30€peKeHH] B aKyMYJISTOP1 3MiHHA HE 3MIHIOETHCS.
Pi3nung numie B 0JHOMY OTEpaH]ii CYTTEBO 3MIHIOE MOBEIIHKY ITPOrpaMu, TOMY I yac poOoTH 3
aceMOJepoM HeoOXi/IHa MaKCUMaJIbHA YBAKHICTD 1 KOHI[EHTPALIisl.

[MpnKnagm BUKOPUCTAHHA KOMaHA,
incfsz, decfsz

A++; if (A == 255) A-—; if (A == 1)
if (A == 0) { #f (A == 0) {
{ AKUNCE KOI { IKUMCh KOI
SKUNCE KO } IKMACE KOI }
} }
incfsz A, £ incfsz A, w decfsz A, f decfsz A, w
goto EndIf goto EndIf goto EndIf goto EndIf
; AKANCE KO i AKMMCH KO& ; AXMICE KO AKMACE KO
EndIf: EndIf: EndIf: EndIf:
; nomanemmit Kox ; lodadibumn Kol ; nopaneumit Kox ; Nojaneumit KoxI

3MIHIOETbCA CTaH
akymynatopa (w)

3MIHIOETBCA CTaH
akymynatopa (w)
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€ 1m1e /1B1 aHAJOT1YHI KOMaH/H, SIKi IEPEeBIpsIIOTh CTaH OITY B KOMIpLi ONepaTUBHOT IaM SITi.
IHe BTFS 1 BTFSC. Bonu mpariforoTs 3a THM CaMHUM MIPUHITUIIOM: BKa3y€ThCS aJpeca OrmepaTHuBHOL
mam’aTi, e Moke OyTH KOMipKa CHeIiaJbHOro a0o 3arajlbHOTO MPHU3HAYEHHS, MICIsS YOro
nepeBipseTbes 3ananuil 0iT. B omHOMYy BHManKy, sIKIO OIT JOPIBHIOE OJMHMII, MPOITYCKAETHCS
HACTyMHAa KOMaHJa. B IHIIOMY BHNAJAKY, SKIIO OIT MOPIBHIOE HYIIO, TaKOX IPOIYCKAETHCS
HACTYITHAa KOMaH/Ia.

Takum uymHOM yMOBHI omeparii B acembinepi PIC peanmisyroTecs nuine nUMH YOTHpMA
KOMaHJIaMH, IHIIUX MOXJIUBOCTeH Hemae. [IuTaHHS mossArae B TOMy, sIKi caMe OITH TEpeBipsTH,
SKIIO B KOMIpIIi 1aM’siTi 30epiraeTbest yucio, Hanpukian 0, 1, 2, 3, 4.

KomaHan btfss, btfsc

BTFSS BTFSC

Bit Test f, SKip if Set Bit Test, Skip if Clear

Syntax: [labell BTFSS fb Syntax: [label] BTFSC f,b
Operands: 0<f<127 Operands: 0<f<127

O0<b<7 0<bs7
Operation: skip if (f<b>) = 1 Operation: skip if (f<b>) =0
Status Affected: None Status Affected: None

Description: If bit 'b" in register 'f' is '0", the next Description: If bit ‘" in register T is '1", the next

instruction is executed.

If bit 'b" is 1", then the next instruc-
tion Is discarded and a NOP Is exe-

cuted instead, making this a 2Tcy
instruction.

instruction is executed.

If bit b in register 'f'is '0’, the next
instruction is discarded, and a nor
is executed instead, making this a
2Tey instruction.

AKi 6iTn nepeBipaTKH, AKWO y Hac YACNO!!!

Komanmu BTFSS i BTFSC € yniBepcansHUMHU Ui pearizanii yMOBHHUX IMEpeBipoK. SKIio
MoTpiOHa JOBiIIbHA YMOBa, BUKOPUCTOBYIOTHCS CaMe 11i KOMaHU. [HKpEMEHT 1 IeKpEeMEHT € OibII
cnienn()iYHUMH 1 3aCTOCOBYIOTHCS JIUIIE B OKPEMHUX CHUTYAI[isIX, KOJH 1€ JOPEYHO, OCKUIIBKU KOJ Y
TAKOMY BUIA/IKy BUXOAMTh KOMIAKTHIIIUM 1 IIBUJIIE BUKOHYETbCA. B 3aranbHOMY BUDAIKy AJs
YMOBHUX OTI€paIliif 3aCTOCOBYIOTHCS caMe KOMaHIH MepeBipKH OiTiB.

[TepeBipka BHKOHY€ThCSI Haja OiTaMu, pO3TallOBaHMMU B perictpi crarycy. Lli Gitu €
npanopamMu apupMETUKO-IOrYHMX onepaiiii. Ix Tpu. [Ipanop Z BCTaHOBIIOETHCSA aNapaTHO, SKIIO
pe3yabTaT apudMeTHKOo-I0riuyHoi omepartlii nopiBHIoe Hymo. IIpamop C BHKOPHUCTOBYETHCS TOI,
KOJIM B pe3ysibTaTi apu(PMeTHKO-JIOriuHO1 onepaiii BUHUKAe nepenoBHeHHs perictpy. [Ipanop DC
BIJITIOBI/Ia€ MEPENOBHEHHIO IPU apu(METUKO-JIOTIYHHUX ONepallisiX HaJl TeTpajaMH.

[Ipanop DC € cnagkom Bif YOTUPUPO3PSAHUX MIKPOKOHTPOJIEPIB 1 BUKOPUCTOBYETHCS IS
30epeXeHHsT CYMICHOCTI 31 CTapuMHM cucTeMaMd. BiH akTyanpHMIl nume mnpu poOoTi 3
YOTHUPUPO3PSTHUMH YHCIAMHU 1 B CyYaCHUX BOCBMHPO3PSIHUX MIKPOKOHTPOJIEpaxX MPaKTHYHO HE
BUKOpUCTOBYeThCs. Ha mpakTuii s yMOBHUX onepalliil 3a3Buyail nepesipsitoTbes npanopu Z i C,
TOOTO pe3ynbTar, 110 TOPIBHIOE HYIIO, a00 (PaKT BUHUKHEHHS MEPENOBHEHHS.

Posrnspatoteess mpukiaaum - peamizanii  ymoB. PoGora BemeThcs smimie 3 IUIMMH
0€33HaKOBUMH YHcIaMU. MOXKIIMBI YOTUPH NEPEBIPKU: AOPIBHIOE, HE JOPIBHIOE, O1JIbIIIE, MEHIIIE.

JUis BUKOHAHHS TEpEeBipKM JBa YHWCJA CHOYATKy MiJAA0ThCA apHU(PMETUKO-JIOTIUHIN
onepaiii. Ile Moxxe OyTu nmomaBaHHs, BiAHIMaHHsA a0o0, HaWJacTimie, BiJHIMAHHS YU OIEpaIlis
BUKIIOYHOTO ABO. ¥V pe3ynbrati GopMyeThCs 3HAUSHHS, K€ caMme M0 co01 He BUKOPUCTOBYETHCS 1
3a3BHYall 30€piracTbCsi B aKyMYJISITOPI, IMICHS YOTO TEPE3anucyeThes. BaXTMBUMU € HE JaHi
pe3yibTary, a Mparopu, sKi BCTAHOBIIOIOTHCS MICIs BUKOHaHHA omepauii. Came 3a CTaHOM IMX
MPanopiB aHATI3YETHCS CITIBBITHOIICHHS Mk ABOMA YrcliamMu. Yucia MoXyTh OyTH KOHCTaHTaMH 3
nam’ATi mporpaMm abo 3HauYEHHSIMM 3MIHHHX, aje omnepamii B OyAb-IKOMY BUIAJKy BUKOHYIOTHCS
yepes akyMyJaTop.
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STATUS REGISTER (ADDRESS 03h, 83h)

Perictp STATUS

R/W-0 R/W-0 R/W-0 R-1 R-1 r R/W-x R/W-x R/W-x
| RP [ RP1 | RPO | TO P =z DC c
bit 7 bit 0

bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWE, ADDLW, SUBLW, SUBWE instructions) (for borrow, the polarity
is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity is
reversed)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Jlnis mepeBipKu Ha PiBHICTh 3HAYEHHS 3 KOMIPKH A 3aBaHTaXYEThCS B aKyMYJISTOD, IiCIIS
YOro BiJl HbOTO BiAHIMAETHCA KOHCTaHTa abo iHIIE 4YuCiO. SIKIIO 1i 3HaYeHHS PiBHI, pe3yibTar
BiTHIMAHHS JOPIBHIOE HYJIIO 1 BCTAHOBIIOEThCS mpamop Z. [lpu BcTanoBieHomy mpamnopi Z
KOMaH/Ia TIepeX0 1y MPOITyCKAETHCS 1 BAKOHYETHCS BIAMOBIIHUEN KOJI. SIKIO 4KciIa He PiBHI, Ipanop
Z CKMHYTHI 1 BAKOHY€ETBCS TIEpeXiJ] Ha 1HIIY MITKY.

AHaJOrIYHO peai3yeTbcs TMepeBipka Ha HEPIBHICTb, aje 3MIHIOEThCS JIUIIE YMOBa
nepeBipku mparnopa Z. B ogHOMY BHIaAKy MPOITYCK KOMaHIM BiJ0OyBa€ThCS MPU BCTAHOBICHOMY
nparnopi Z, B IHIIOMY — IPH CKUHYTOMY. TaKuM YHHOM KOJI BUKOHYETHCSI TO1, KOJH JIBa YUCIIA
BIJIPI3HSAIOTHCS OHE BiJ 01HOTO. [[iist mepeBipok Oibiie ab0 MEeHIIIe BUKOPUCTOBYEThCs Tparop C.

MpuKnagm ymoBHUX onepadiin

if (A == UHUCIO) if (A != UuCJIo) if (A > 4UHMCIIO) if (A <=1)
{ { { {
AKMMCDE KO AKMMUCDE KO AKNMCb KOOI A b i
} } } }
movfiw A moviw A
sublw sublw
btfss 2 btfsc STATUS
goto goto EndIf
AKUNACH bl
— e EndIZ: EndIf
nANbED ; nanem xon ; NOANbOMA XKOX ; IOmANBIMIA KOX

BuKoHyeTbca apudmeTnyHa onepauia BigHimanua W = YACNO - A
Akwo A meHwe abo aopisHioe YNCNY, Togi C=1 (W 2 0), iHakwe C=0 (W <0)
fikwo A paopisHioe YNCNY, Toai Z=1(W =0), inakwe Z=0 (W 2 0)

Posrnsgaerscst poOoTa KOMaHIM BiAHIMAHHA. X04a MIKPOKOHTPOJIEP € BOCBMHUPO3PATHUM,
I1]] YaC BUKOHAHHS apuU(PMETUKO-JIOTIYHUX ONepalii nepimuii onepana GakTHIHO 00pOOIISIETHCS K
JIeB’ ATUPO3PSIIHUI.

[lepen BUKOHAaHHAM onepallii BiJHIMaHHS MIKPOKOHTPOJIEP arnapaTHO BCTAHOBIIOE MParop
C, 1 uedl mpamop BUKOPUCTOBYETHCS SIK JIE€B’SITMH pPO3ps YMCHIA, BiJ SKOTO BHUKOHYETHCS
BimHIMaHHSA. ToOTO BiIHIMAHHS BUKOHYETHCS HE BiJ BOCBMHPO3PSIHOTO 3HAYEHHS, a BIiJ
JEB’ITUPO3PSAHOTO.

Hampuknan, B akyMynsTopi 3HaXOJIUTHCS YUCIIO 3 KOMIPKHM IaM’sTi, SIKE MOPIBHIOETHCA 3
KOHCTaHTO0. SIKIIO0 B aKyMYJISITOPi 3HAYeHHA 15 1 BiJl HHOTO BiIHIMAETHCA 5, (DaKTUYHO BiTHIMAHHS
BHKOHYEThCS Bia 3HaueHHs 271. PesynpTaTom Oynme 266, ame B akyMynsiTOpi 30epiraeTbCs JIMIIE
Moo/l BiciM 01T, To6To 3HaueHHs 10. [Ipanop C npu 11bOMY 3aIMIIAETHCS BCTAHOBICHUM.
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Sxmio o6uBa yKcia piBHI, pe3yabTaT B aKyMyJIATOP1 AOPIBHIOE HYJIIO, X0Ua 3 ypaxyBaHHAM
nes’sitoro Oita (aktuuHuit pesynbrar nopiBHIOE 256. Ilpamop C y 1mpoMy BHITaJIKy TaKOX
BCTaHOBJICHUI.

Slkmo X BiAHIMAETHCSA YMCIIO, OUIBIIE 3a 3HAYCHHS B aKyMYJIATOPi, BUHUKA€E 3aliMaHHS.
@DakTUYHO BiAHIMAHHS BHUKOHYETbCS Bim 271, ame pe3ynabTaT CYMPOBOJKYETHCS CKUIAHHIM
npanopa C. TakuM 4MHOM, SIKIIO BiJIHIMAHE YMCJIO OUIBINE 32 3HAYEHHS B aKymyJsaTopi, mpanop C
CKUIAETHCS, a SIKIIO0 MeHIIe abo opiBHIOE — npanop C 3aJIMIIaeThCsl BCTAHOBJICHUM.

ApndpmeTmnyHe BiaHIMaHHA

SUBLW Subtract W from Literal
Birz BirC 7 0 Syntax. [/abel] SUBLW K
[x] ofofofo[1[1]1]1] uMCnO (15)  (271)  oOperands.  O0s<ks<258
0]/0(0[0[0]|1]0]| 1| AkymynsTop (5) Operation: k- (W) = (W)
(o] olo]ofo[1]o[1]0] Pesynsrar (10) (266) Status Affected: C, DC, Z
Description: The W register is subtracted (2's
complement method) from the
BiTZ BITC 7 0 eight-bit literal 'k". The result is
placed in the W register.
[x] ofofofaf1]1]1]1] umcno (1)  (271)
0[O0|0[0f[1|1]1[1] AkymynsTop (15) S‘UBWF s"b"acnﬂﬂnom'
1] 0jo[o][0[0]0[0]0] Pesynstar(0) (256) " [N, 598 BR
Operands: 0<f<127
d=[01]
% Operation: (f) - (W) — (destination)
BirZ BirC 7 0 Status Affected: C,DC, Z
|Z] 0[O0]O[Of[1[1]1]1 LMCHOUS) (271) Description® Subtract (2's complement method)
0|0|0[1]0([1]|0]|0| AkymynsTop (20) W register from register f.If 'd"is 0,
the result is stored in the W regis-
@ @ 1[{1[1]1[1]0] 1|1 Pesynsrar (251) (251) ler. If'd"is 1, the resull is slored

back in register 'f

MexanizM poOOTH BiJHIMAHHS NOTPeOye YBaXKHOTO PO3YMIHHS, ajieé caM alrOpUTM €
npoctuM. Kiro4oBuM € mpaBWIIbHUE BUOIp mpamopa aiisi NmepeBipkd yMoBH. s mepeBipok Ha
piBHICTH a00 HEPIBHICTh y OyAb-SKOMY BHIIaJKy BUKOPUCTOBYEThCS mpamop Z. s mepeBipok
OinbIe a0 MEHIIe BUKOPUCTOBYETRCS Tiparop C.

Sxuro B ymMoBi Oyiia BUKOpUCTaHa HEMpaBWJIbHA KOMaHa a0o MepeBipeHo He TOW Mparop,
1€ JIETKO BUSIBUTH IIiJ] Yac HAJAroJHKCHHS B CUMYJISITOPI 1 BUAKO BunpaBuTH. [lonpu 1e, mpuHImI
poboTu 6axkaHO 3pO3yMITH X04a O OJMH pa3, OCKUIbKM B OKPEMHUX CUTYallisX 1€ HEOOXiTHO AJis
KOPEKTHOI peastizallii yMOBHUX onepaliil. TakuM 4unHOM, BUKOPUCTOBYIOUYH MEPEBIPKY Mpanopis Z i
C, MoxHa peanizyBaTu Oy/ib-sIKy YMOBHY OINepallito.

[lix yac peanizawii yMOBHUX Omepaliil BaXJIUBO IMPAaBHIBHO 00paTu apu(pMETUKO-JIOTIUHY
omepariito. Heo0xiHO po3ymiTH, sIKi caMe KOMaHIN BHKOPUCTOBYIOTHCS 1 SIK BOHU BILJTUBAIOTH HA
CTaH Ipanopis.

VY TexHi4HIN JOKYMEHTAIlil MOKa3aHo, [0 HailyacTile BUKOPUCTOBYEThCS Tpanop Z, To0To
O3HaKa HYJIBOBOTO pe3yiabTary. Tako y MpakTHIi 3acTOCOByeThcsi mpamop C, cTaH SKOTO
BUKOPHUCTOBYETHCS JUUIs aHANI3y Pe3yNIbTaTiB apu(PMETUKO-JIOTTYHUX OIepariii.

H
. 14-Bit Opcode
rg;r:\;r::, Description Cycles o P | Asf{r‘::t‘:d Notes
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d Add W and f 1 00 o1 cDCZz 12
ANDWF f.d AND W with f 1 00 Z 12
CLRF f Clear f 1 00 z 2
CLRW - Clear W 1 00 Z
COMF f.d Complement f 1 00 z 12
DECF f,d Decrement f 1 00 4 1.2
DECFSZ f.d Decrement f, Skip if 0 1(2) 00 f 1.23
INCF f.d Increment f 1 00 fff z 1.2
INCFSZ f,d Increment f, Skip if 0 1(2) 00 f£f 1,23
IORWF f.d Inclusive OR W with f 1 00 E333 z 12
MOVF f.d Move f 1 00 £££f z 12
MOVWF f Move W to f 1 00 £££
NOP - No Operation 1 00 000
RLF f,d Rotate Left f through Carry 1 00 £££ C 1.2
RRF f,d Rotate Right f through Carry 1 £E£5 C 12
SUBWF f.d Subtract W from f 1 f££f| CDCZ 12
SWAPF f,d Swap nibbles in f 1 f£f 12
XORWF f,d Exclusive OR W with f 1 £££ Z 12
—/
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Jnis mepeBipok Ha piBHICTh a00 HEPIBHICTH MPOCTIIlIe BUKOPHUCTOBYBATH MOOITOBY OIepariito
BUKTIOYHOTO ABO. IcCHYIOTH N1B1 BIAMOBIIHI KOMaH/IA: TTOPIBHSHHS aKyMYJISITOpa 3 KOHCTAHTOIO Ta
MOPIBHSHHS aKyMYJISITOpa 3 KOMipKoio mam’siTi. L{i KoMaH 1 BIUTMBAIOTH JIMIIE HA Tpanop Z.

MobitoBe BukNyHe ABO

B AEO XORLW Exclusive OR Literal with W XORWF Exclusive OR W with f
UKnio4He Syntax: [label] XORLW k Syntax: [labell] XORWF fd
Operands 0<k=<255 Operands 0<f<127
X1 X2 Y Operation (W) XOR.k —= (W) de [0,7]
O 0 O Status Aftected z Operalion (W) .XOR. () = (deslination)
o 7
Description The conlents of the W regisler Status Affoctad” 2
0 1 are XOR'ed with the eight-bit iit- Description Exclusive OR the contents of the
eral 'k’ The result is placed in W register with register 'f_ If 'd" is
110 I8 the W register. 0, the result is stored in the W
register If 'd"is 1, the result is
111 88 stored back in register 'f
Y = X1 A X2 Nob6itose BukntouHe ABO BUKOPUCTOBYETLCA Y BUNAAKaAX,

Konu Tpeba nepeBipuTK ABa YMCNA HA PIBHICTb
(A=BaboA#B)

TakuM ynHOM (HOPMYETBCS MPOCTAa CXeMa IMepeBipKU. SIKIIO /1Ba 4Kcia PiBHI, pe3ynbTar
ornepanii BukiatouHoro ABO nopiBHIOE HYIIO 1 pamop Z BCTaHOBIIOETHCA. SIKIO YHca HE piBHI,
pe3ynbTat Oye HeHYJIbOBUM 1 Iparop Z Oyne CKUHYTHIA.

Komanna suximounoro ABO mpocrima i CIPUHHATTS 1 BUKOPUCTAHHS, HIX KOMaHa
BifHIMaHHsA. ToMy B OUIBLIOCTI MPAKTUYHUX BUIIAJKIB, 30KpeMa B IHKIAX, J€ IMEPEBIPSIEThCS
PIBHICTH 3HAUYEHHS OAMHUIN a00 iHIIa YMOBA JIOPIBHIOE YU HE JOPIBHIOE, TOIIIFHO 3aCTOCOBYBATH
Bukioune ABO. J[ns yMmoB 6inbliie a0 MeHIe He0O0X1THO BUKOPUCTOBYBATH BiTHIMAHHSI.

[MobiToBe BukntouHe ABO

*  BuWKOpPUCTOBYETbCA ANA TOTO

nepeBipUTM 3HaYEHHA
0]1]0[0f1)1]0]1]| Onepana 1 pericTpy abo akymynsaTopa
biT Z OnepaHga 2 Ha NeBHe Yucno

@ 0|1]1[{0]|1[0[1]0]| Pesynsrar

o
o
—
o
o
i
—y
—

* panop Z byae
BCTaHOBAEHUI KOAn 0buasa
onepaHay MaloTb OAHAKOBI

0|1|0[(0|1]1]|0(1| Onepana 1 3HauyeHHs (Toai
BirZ [(o|1]o]|o[1]1]|0]|1| Onepana2 pPe3yNbTaTOM UMKIOHHOTO
|I| olo[ofo]o[o[o]0]| Pesynsrar ABO 6yae Hynb)

Knacuuna ymoBHa omeparis 3 JBOMa TUIKAMH Ma€ CTaHAApTHY CTpykTypy. Crouarky
BUKOHYETbCS apu(METHKO-JIOTIYHA OIepallisi, 3a3BU4ail 3a J0OMOI 00 IBOX aceMOJIEpHUX KOMaHI.
[Ticnsa 1poro mepeBipsieThCs CTaH OAHOTO 3 MparnopiB 3a gonomMororo koman BTFSS a6o BTFSC.
Jlam po3MimmyeThCcsi KOMaH1a 0€3yMOBHOTO TIEPEXOY Ha OJIHY 3 T1JIOK.

SIK110 KOMaH/1a Mepexo/y He MPOITyCKAEThCs, BUKOHYEThCS OJOK KOMaHJ JJIsl O/IHI€T TiIKH,
TICIISE 9OTO 00OB’SI3KOBO BUKOHYETHCSI 0€3yMOBHHI TMepexia Ha KiHelb 00poOHuKa. SKIIo X yMOBa
HE BHKOHYETHCS 1 KOMaHJa Mepexo]ly MPOMYCKAETbCA, BUKOHYETHCS 1HIIUM OJIOK KOMaHJ, MicIs
940ro BUKOHAHHS aBTOMATUYHO TIEPEXOIUTH J0 MOJAIBIIOr0 Koay. TakuM 4MHOM yMOBHA OIeparlis
3 JIBOMA T1JIKaMH peajli3yeThes B MaM’ SIT1 IPOrpam 3a JOIMOMOI00 acCeMOJIEPHUX KOMaH/I.
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KnacnMyHa ymoBHa onepauia

Mam'ate nporpam

Mirka IHCTpyKUif
movfw, moviw, movf
Z 2 sublw, subwf xorlw, worwf, ..
Z lepesipka npanopa Mpancp onywexnit —— g
(z, ¢, DC) :
\ goto L1
o Mpanop nigHsTHA 3
= L Onepauii,
b'00111111" LLIO BHKOHYIOIOTECS
movwf  PORTB Opw ATy
goto L2 sk
s ——(| Joto 12
parl 2 ‘7 Ll
mbe <>
Ll: movlw b'00000110" Onepauii,
- SOR' LLIO BUKOHYIOKTLCA
movwE PORTB U ONYLUEHOMY
npanopi
- 71O ;-:,.;-.L’i;.'l .r,, I % L2 | [(loaansiwmi kog
2: moviw Number
xorlw a1

SIkio yMOBHA omepariisi Ma€ JIMIIE OJHY TUIKY, CTPYKTYPY MOKHA CIIPOCTUTH 1 36KOHOMHTH
KOMaH[U. Y [[bOMY BHIIAJKy IPU HEBUKOHAHHI YMOBH 0/Ipa3y BUKOHYETHCS MEPEXi Ha MOAATbIINI
koa. Takuii miaxij € IpSMUM CHPOIIEHHIM KIACUYHOT YMOBHOI Omeparlii i He MiCTHTb JI0JIaTKOBUX
CKJIaJHOIIB.

Onepauia 3 O4HIED YMOBHOIO Ti/IKOIO

¥ Mam'aTb nporpam
R ApVnhMETUKO-NOrivHa
? onepauis MiTka IHCTpykuia

movfw, moviw, movf

- sublw, subwf, xorlw, worwf, ...
Mpanop onywexuin

STATUS, Z Mepesipka npanopa

1 . C.DC) btfss

goto L1

) 2 NimHATHA Mpanop nigHaTHA
H N - = 1)
movlw b'00111111'° Onepauii,
movwif PORTB LLIO BUKOHYIOKOTLCH

npy NiAKSTOMY
. npanopi
s TONETIBIIMMAA KOO

Ll: movfw Numberx L1 Moganswwin koa
xorlw < Sl R

HaBesneHo Opi€eHTOBHY CTpPYKTypy HOporpaMu Juisl HacTymHoOi mpakTuuHoi poOotu. Ha
MOYaTKy BUKOHYETHCS 1HILIamizamis: 3 aapecu org 0 3aiiicHIOETbCS O€3yMOBHUI mepexia y OJok
iHiIiani3anii, e BUKOHYIOThCS BCli HEOOXiJHI HalamTyBaHHSA. 3MiHHI OOOB’SI3KOBO MarOTh OYyTH
1HII1a1130BaH1, TOOTO JIJIs1 HUX TOBUHHI OYTH 3aJ1aHi MOYaTKOBI 3HAUYCHHSI.

[Ticna ininianizanii BUKOHYETbCS MEPEBIpKa YMOBH. Y MPUKIA/l NepeBipsI€ThCS 3HAUCHHS Ha
HyNb, JJII 4YOTO BHKOPUCTOBYETHCS OIEpallisl BiJHIMAHHA, XO4a 3aMICTh Hel Moxe OyTu
3actocoBaHe BukiIouHe ABO. SIkimo ymoBa He BUKOHYETHCS, 3AIMCHIOETHCS MEpeXia Ha IHIIY
JOUISIHKY KoAay. SIKIIo ymMOBa BHKOHYETHCS, (DOPMYIOTHCS CHUTHAJIM, IO BIAMOBIJAIOTH MOTOYHOMY
3HA4YEHHIO.

Jlanmi BUKOHYETBHCSI TIEpEBipKa, UM HE TEPEBHIIMIO 3HAYCHHS JOMYCTUME MaKCHMAallbHE.
3Ha4yeHHs 30UIBLIYETHCA, MICIAS YOTO MOPIBHIOETHCA 3 MAaKCUMAaJIbHOIO KOHCTAHTON. SIKIIO BOHO
OuTpIIe 3a JOMYCTHME, 3HAUYEHHS CKHIAETHCS KOMAHIOK OYHWIICHHS 1 3alHCyeThCsl MOYATKOBE
3HAYEHHS.
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BapiaHT BMXigHOro Koay Nnporpamm

__CONFIG _XT_OS £x ; ; L7: moviw
sublw

Yomy uen Kop,
He byae npauytoBaTtu?

inct

movE
subl
btfs
clrf

bsf
; moviw b'01011011°' Endl
bef INTCON, TOIF movw PORTE goto

retfie

[ToxazaHuii KOJ y TaKOMY BHIJIAJI MPALIOBaTH HE Oyae uepe3 OJUH BAKJIMBHHA HIOAHC. Y
MporpaMi BUKOPUCTOBYIOTHCS TIEPEPUBAHHS, 1 MiJ Yac BXOAY B OOPOOHUK MepepuBaHHs HEOOX1AHO
30epiratv KOHTEKCT.

Curyauiss BuUrisgae Tak. Y OCHOBHOMY KOIi ¢opMyeTbes BimoOpakeHHs udpH,
3aBAaHTAXYEThCS KOHCTAHTA, 10 BU3HAYA€ CTaH CETMEHTIB, 1 II1 KOHCTAHTa PO3MIIIYEThCS B
akymyssTopi. Jlani BUKOHYETHCS KOMIIOBAHHS 3HAYEHHs 3 aKyMyJSITOpa B MOPT. Y 1€ MOMEHT
MO’Ke€ BUHUKHYTH TiepepuBaHHs. [licis nmepexory B 0OpOOHHK TIepepUBAHHS BUKOHYIOTHCS OTIepartii
3MIHHM 3MIHHUX, 3aBaHTAXCHHs 3HaYCHb B aKyMYJISTOP, apu(PMETUKO-TIOTIUHI omneparlii, pe3yabTaTu
SIKUX TAKOX 30€pIiraroThCsi B AKyMYJIATOPI.

[Ticns 3aBepuieHHs OOpOOKM TNepepUBaHHS BiAOYBAa€ThCS IOBEPHEHHS JO OCHOBHOI
nporpaMu. Y 1ed MOMEHT B aKyMYJISITOpl BXKE 3HAXOAMTHCS 1HIIE 3HAYEHHS, HUK Te, sike Oylo 10
nepepuBaHHs. BHacIiI0OK IbOTO MU MOAANBIIOMY BUKOPUCTAHHI aKyMYJIsTOpa 3aMiCTh O4iKyBaHOI
uudpu Ha BUXO/1 3’ IBIISIIOTHCSI HEKOPEKTHI JIaHI.

[lepepuBanHsi MOke€ BUHUKHYTH Ha Oylb-sKiii KoMaH[i. BuHuKae muTaHHs, 110 HEOOX1THO
poOuTH B Takiii cUTyarii.

BapiaHT BUXiaHOro Kody nporpamu, Wo He byae npauoBaTy

: moviw

1 sublw

- 1epe xa btfss

1. Y uet mMOmMeHT movew  Numbe goto
oxoc sublw 9

BiABYNOCA NepepuBaHHA |bress s oVl B

P \ goto movwe
rg 0x - % = moviw b'00111111 '
2. Lli KomaHAM 3MiHIOKOTb 3MICT

movwi I moviw

goto r sublw

akymynaTopa i perictpa STATUS smeg

; OOpobMMK n " movwf N_B sublw
bef ; i btfss
rg 0x004 goto

.......

; 3. Micna obpobku T

o nepepuBaHHA 3MicT b

"fi: . i [Ramii aKyMyNATOPa 3MIHUBCA i ::;:;: Ty

I Ha iHAMKaTOpi 3amicTb bie_swer .
R undpu «0» yayts i

Be Oy, «KpoKo3a6pn» nove

retfie
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[Tepen 0OpoOKorO TIepepuBaHHS B MEpIIy Yepry HEOOXimHO 30eperTd KOHTEKCT. KOHTeKCT
BH3HAYa€E CTaH MPOIECopa, SIKUK Mae OyTH BITHOBJICHUH ITICIIS BUXOMY 3 0OpOOHMKA TIEpepUBAHHS.
Came 30epekeHHsSI KOHTEKCTY € 000B’I3KOBOIO TEPIIOO JI€I0 i 4ac BXOAY B IEPEPHUBAHHS.

Y TexHIYHIA ITOKyMEHTalii Ha MIKPOKOHTPOJEp HaBEICHUH PEKOMEHIOBAHHMU IPHKIIA]]
Takoro kony. Kilo4oBMM € HE KOHKpETHa peaii3allisi, a pO3yMiHHS TOro, IO 30epekeHHS
KOHTEKCTY Ma€ BHUKOHYBAaTHUCS OJpa3y, /0 BUKOHAHHS OyIb-IKWX IHIIUX diii B OOpOOHHKY
nepepuBaHHS.

36epeKeHHA KOHTEKCTY

EXAMPLE 6-1: SAVING STATUS AND W REGISTERS IN RAM
PUSH  MOVWF W_TEMP ; Copy W to TEMP register
SWAPF S

MOVWF

Swap status to be
STATUS_TEMP ;i Save status to STA

; Interrupt Service Routine
; should configure Bank as required

POF SWAPF STATUS TEMP,W ; Swap nibbles in

US_TEMP register

w

F ; Swap nibbles in W
W ; Swap nibbles i

Ha camomy nouyatky 06po6Kku nepepmuBaHHA NnoTpibHO 36epertv B onepaTuBHiii
nam’aTi NOTOYHMIA 3MicT akymynaTopa Ta perictpa STATUS (iHKonwm i iHwmx perictpiB) i
BiAHOBUTM iX Nnepep 3aBepLieHHAM 06po6bKM nepepuBaHHA

[Ticns BXomy B mepepuBaHHS KOHTEKCT HEOOXIMHO oxapasy 30epertu. [lami BHUKOHYEThCS
o0pobOka nepepuBanns. [lepen BukonanusMm koMauaun RETFIE xoHTekcT mae OyTH BiTHOBJICHUH,
100 MicIIst MOBEPHEHHS B OCHOBHUH ITMKJI TIPOTpaMa IMpoJIOBKMIa poOoTy 6e3 3001B.

Ile ocraHHili BaXJIWBUW MOMEHT, Ha SKHH CJIiJ 3BEpPHYTH YyBary IHijJ 4ac HaluCaHHS
MIPaKTUYHOI pOOOTH.

Koa 06pobHMKa nepepuBaHb, i3 36epeeHHAM
KOHTEKCTY (AKnii byae npautoBaTu)

MOBEpHEHHA i3 nepeps

retfie

'O SHAQ4YeHHA

IIporpamyBanns npuctpois InTepHery peuei

[IporsiroMm cemecTpy Oyino po3rissHyTO 0a30BI TOHATTA Ta MeXaHi3MU poOOTH
MIKpOKOHTpOJIEPIB, 30KpeMa TaliMepH, akyMyJsTOpH, TIepepUBaHHSA Ta IHIN EJIEMEHTH
HU3bKOPIBHEBOT'O IPOrpaMyBaHHsI, 10 (GOPMYIOTh OYATKOBE YSABIECHHS PO MPEIMET.

OCKUTbKH TUCIMITIIIHA OXOIUTIOE TAKOXK TEMATUKY IHTEpHETY peueid, HE0OX1AHO pO3TISHYTH,
SK OTpUMaH1 3HAaHHA TOB’s3aHI 3 11€0 ceporo Ta K iX 3acTOcOoBYBaTH Ha npaktull. [lonanbina
MeTa — chopMyBaTH 3arajibHe PO3YMIHHS HaNpsSMKIB BUKOPUCTAHHS HAOyTHUX 3HaHb 1 MOXKIMBHX
MUISIX1B PO3BUTKY MICIIsI 3aBEPIIECHHS KYPCY.
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IaTepHET peuelt — e KOHIEMIA, 3a K01 PI3HOMaHITHI MPUCTPOT MOKYTh aBTOHOMHO, 0€3
6e3mocepeIHbO1 yyacTi JIIOJMHU, B3aEMOJIIATH Yepe3 Mepexy [HTepHeT 3 IHIMIMMHU MPUCTPOSIMH abo
cepBicaMu Ta OOMIHIOBATHUCS JaHUMU. Taki CUCTEMH 3aCTOCOBYIOThCS y 06aratbox cepax, 30KkpeMa
B CHCTEMaX «PO3YMHOI0» OyJMHKY Ta IPOMHUCIOBOMY IHTEPHETI peuei.

TexHomoris mepedyBae y cTajiii aKTHBHOTO PO3BUTKY: Pi3HI BUPOOHUKH CTBOPIOIOTH BJIACHI
w1atGopMu Ta cepBicH, GOPMYIOTHCS CIIIBHI MIX0aU i apXiTekTypu. KiapKicTh MiIKIIOUYEHUX 10
MEpeXi TPHUCTPOIB YKE TEPEBUINYE KUIBKICTh HAceleHHS 3eMill 1 TPOJOBXKYE 3pOCTaTH, IO
3a0e3meuye JOBrOCTPOKOBY aKTYaJIbHICTh IIbOTO HANIPSMKY.

[Tonanpmumii po3risia Oyae 3ocepelkeHuil He Ha cdepax 3aCTOCYBaHHS, a Ha MPHUHIUIIAX
CTBOPEHHS IIPUCTPOIB IHTEPHETY PEUECH.

IHTEepHeT peyen

@9 » :
@ e e ¥ IHTepHeT peuen (Internet of Things, loT) —
R KOHLENLIA MepeXi, WO CKNAJQETLCA i3

\rj .@ N\ 1 . T
—® %/{ B3AEMO3B'A3aHUX i3UYHMX NPUCTPOIB i
> P nporpamHoro 3abesneyeHHsn, WO J,03BONSAE
s 5@ 30iMCcHIOBATM Nepeaayy i 06MiH AaHUMU MiX
® g Gi3YHMM CBITOM | KOMN'IOTEPHUMU CUCTEMAMMU
B aBTOMATMYHOMY PEXMMI, 33 A4ONOMOrOH0
CTaHAAPTHUX NPOTOKONIB 3B'A3KY

KinbKicTb iHTEpHET-peyei BXKe NepeBuLLyE
KiNIbKiCTb NtoAeu, Wo XKuse Ha 3emni

binpuiicTh NpUCTPOiB IHTEPHETY pedeil CTBOPIOETHCS Ha OCHOBI MIKPOKOHTpoJsiepiB. Xoya
ICHYIOTh CKJIQJIHI CHUCTEMH, IO BHUKOPUCTOBYIOTH IOBHOIIHHI KOMII'IOTEpH, HalyacTiie Ie
HEBEJIMKI TMPUCTPOI, SKI BUKOHYIOTH OOMEXKEHE 3aBJaHHs, 30MpaloTh JaHl Ta MEpeAaroTh iX Ha
cepBep IS MOJAIbIIOr0 HAKOMUYEHHs i 00pOOKH.

3aCTOCYHOK  IHTEpHETYy  peuell  NPUHIUIOBO HE  BIAPI3HAETHCA Bl IHIIUX
MIKPOKOHTPOJIEPHUX CHUCTEM, OJHAK MoTpeOye O0coOaMBOi yBarm J0 TpPbOX aCHEKTIB —
(GyHKIIOHANBHOCTI, O€3MeKU JaHUX 1 eHeprocnokuBaHHsA. Came Il XapaKTEepUCTUKHU BU3HAYAIOTh
crenuQiky TaKuX IPUCTPOIB.

VY Mexax AUCLUIUIIHK MIKPOKOHTPOJIEp PO3MIIAAA€THCS SIK KIHLIEBUH €JIEMEHT €KOCHUCTEMH
IHTepHEeTy peuell — JDKepeNno TMEepBUHHHUX JaHuX. /o HBOro MiAKIIOYAIOTHCS JATYMKH, IO
BHUMIPIOIOTH [TapaMeTpU CEepeIOBHIIA, HANPUKIIA] TEMIIEPaTypy, BOJOTiCTh, OCBITJIEHICTh a0 1HIII
nokazHuku. OTpUMaHi JaHi NPUBOAATHCA A0 (opMary, IPUIATHOTO JUIsl MepelaBaHHs, MICIs YOro
HA/ICWJIAIOTHCS HA CEpBEP Uepe3 KaHAIM 3B S3KY, Jie HAKOMUUYIOThCS Ta 00pOOIIAIOTECS CUCTEMaMuU
BHIIIOTO PIBHSA.

TunoBuil mpucTpiii 1HTEPHETY peyell CKIaJaeTbes 3 TPHOX OOOB’SI3KOBHX KOMITOHEHTIB.
[Tepmmit — MIKpOKOHTpOJIEP, IO KEepye poOOTOI0 CUCTEMHU Ta 00pobsise mani. pyruit — Momynb
3B’S3KY, SKUU 3a0e3neuye MiJKIIOUEHHS 10 Mepexi IHTepHeT mpoBiiHUMH a00 Oe3NnpoBiITHUMU
TexHoJorisiMu, TakuMu sk Wi-Fi, Bluetooth aGo inmi mepexi. Tpetiii — Moayns mm@pyBaHHS,
HEOOXITHUM /I 3aXUCTY AAHUX ITi]] Yac repeJaBaHHs BIAKPUTUMH KaHAJaMHU 3B S3KY.

HasBHICTh IMX TPHOX CKJIAJOBHX € 00OB’SI3KOBOK YMOBOIO MOOYI0BU MPUCTPOIO IHTEPHETY
peueil, OCKUIbKM Oe3neyHHit 3B’ 430K 1 KOpeKTHa 00poOKa TaHMX BU3HAYAIOTh HOT0 Mpare31aTHICTb.
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Ekocuctema IHTEpHETY peyen

The Internet of Things Ecosystem OCHOBHi BUMOIM 1o

-:I =) e NPUCTPOIB IHTepHeTy
-] ata Storage
0 ~ - .
Remote peqem
* * QYHKUIOHANbHICTb

|4¥/puewwon)
®
®

be3sneka gaHux

(o * loT Devices
ar . T *

"b-. —s XX

Internet Network

EHeprocno»meaHHA

Gateway

@DyYHKIIOHATIBHICTh MPUCTPOK BU3HAYAETHCS MOXIIMBOCTAMHU MIKPOKOHTpoOJepa Ta ioro
nepudepii. Y Kypci po3risiiaBcs OAuH 13 HaunpocTimmx MikpokoHTposiepiB — PIC16F84, sxuii mae
MiHIMaJIbHUI Habip amapatHux pecypciB. [lo mepudepii QakTuuHO HanexaTh JHUIIE MOPTU
BBEJICHHS-BUBE/ICHHS, OJIMH MPOCTHI TaliMep y BUTIISL PETICTPa 3 aBTOMATUYHUM 1HKPEMEHTOM Ta
eHeproHe3aiexHa nam’siTb. Ha OCHOBI HaBiTh Takoro MiHIMajabHOrO HabOpYy MOXKHA peaizyBaTu
0a30Bi 3aCTOCYHKH.

CydacHi MIKPOKOHTPOJIEPH MOXYTh MICTUTH 3HAYHO IIUPIIUN HaOip yHIBepCalIbHHUX
nepuepifHuX BYy3MiB: TOPTH BBEJCHHSI-BUBEICHHS, KUIbKa TalWMepiB, MOIYJII IIMPOTHO-
IMIYIbCHOI ~ MOJYJSLil, CTOPO’KOBI TalMepH, BY3JIM KOHTPOJIIO HANpyr JKUBJICHHS,
€HeproHe3alie)kHy mnam’ sATh. Takuil HaOlp BBaXKa€TbCsd THUIIOBUM JJI OUIBLIOCTI CY4aCHUX
IIPUCTPOIB.

Jlns xepyBaHHSI CTaHAAPTHUMH 1HAMKATOPaMHU Ta IHIIMMM NPUCTPOSMHU 1HIUKAII] TaKOXK
ICHYIOTh CHelliaji30BaHi anapaTtHi Moayi. Lle 103Bojsie YHUKHYTH 3HaYHUX BUTPAT MPOLIECOPHOTO
yacy Ha IMpOrpaMHy peani3alilo JUHAMIYHOI 1HAuKalii abo (opMyBaHHS CUTHAJIB KEpyBaHHS.
Hanpuknan, ans piiKOKpHCTaNIYHUX I1HAMKATOpiB, $Ki NOTpeOYyIOTh 3MIHHOI HAlpyru Ha
CerMEHTaxX, y 0araTb0X MIKPOKOHTpOJIepax IependadyeHl OKpeMi KOHTpPOJIEpH AMCIUIes, IO
aBTOMaTHYHO (hOPMYIOTh HEOOX1/IHI CUTHAJIM, TOAI K MporpamMi NOTpiOHO JHIIe epeaTH 1aHi s
B1J100pakeHHS.

BaxnuBoro ckiasoBo0  (PYHKIIOHAIBHOCTI € KOMYHIKaliiiHi MoxxiauBocTi. barato
MIKPOKOHTpOJIEPIB MaroTh amapaTHy HIATPUMKY CTaHIApTHUX 1HTepdelciB OOMIHY JTaHUMHU,
3okpema IPC, 1-Wire Ta inmmx. Lli iHTepdeiicu MmMHUPOKO BHUKOPHCTOBYIOTBCS 1 J00pe
CTaHJApTH30BaHi, TOMY iX 4YacTO peaNi3yloTh amapaTHO JJIs 3MEHIICHHS HaBAaHTA)XCHHS Ha
nporecop. ICHYIOTh TakoX MIKPOKOHTPOJIEpU 3 MIATPUMKOIO CKJIAIHIMIMX MPOTOKOJNIB 3B S3KY,
BkmouHO 3 Ethernet, Bluetooth Ta iHmMMEH MepexeBUMH TEXHOJIOTISIMH, /1€ 3HAaYHA YaCTUHA
¢dyHKIIOHATy BXKe pealli3oBaHa Ha arapaTHOMY Ta IMPOTrPaMHOMY PiBHSX.

Oxkpemo cnifi BpaxoByBaTH poOOTy 3 aHaJOTOBUMHU curHamamu. [l mporo Oarato
MIKpOKOHTpOJIEPIB MalOTh BOYAOBaHI aHAJOrOBI BY3JIM: KOMIApaTOpH, aHAJIOro-uuposi
MepeTBOPIOBaYi, MiJCHIIIOBaYl, JKepesia OMOPHOI HAaNpyrd Ta IHOI eeMEHTH, L0 J03BOJISIOTH
0e3nocepeHbO MpaltoBaTu 3 (PI3UIHIUMH BeTUYMHAMU 0€3 30BHIIIHIX KOMIIOHEHTIB.
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3abe3neyeHHs HeobxiaHOT PYHKLIOHANbHOCTI

By3nu 3aranbHOro npusHaYeHHA KomyHikauis Ta 38’a30K

* [lopT BBeAeHHA-BMBEAEHHA *  Mogayni cTaHaapTHUX iHTepdelicis
3ara/ibHOro NPuU3HayYeHHA (UART, SPI, I2C, CAN, USB, 1-Wire,

* Tavimepw (i3 nigTpumkoto LLIM) Infrared Towo)

+  CTOpOKOBI Talimepw * CneujanizosaHi nporpamHi moayni

«  By3n KOHTPOAIO CTaHY HaNpyrM (cuctemu Ha Kpuctani) (Ethernet,

SRUABNEHEA Bluetooth, Wi-Fi, ZeegBee, ToLL0)

e EHeproHesane)Ha nam’artb .
By3nu gna po6oTu i3 aHanorosumm

CUrHanamm
* OnepauiiHi niacuntoBaui

* Komnapatopu

*  AHanoro-uuéposi nepeTsoptoBadi
* Uwndpo-aHanorosi nepersoptosBadi

IHTepdeiic KopuctyBaua

e KOHTponepu piaKOKpUCTaNiyHnX
pucnneis Ta iH4MKATOpPIB

* KoHTposnepu Knasiatyp

Jns 3a0esneyeHHs HeoOXiAHOI (YHKIIIOHAIBHOCTI HacamIiiepel MOTPIOHO BU3HAYMUTHU
BUMOTH JI0 CHUCTE€MH, IICIsI YOro OOpaTH MIKPOKOHTpPOJIEP, KUK YK€ MICTHTh NOTpiOHUI Habip
nepudepiiHuX MOIYIIB.

SIK IPUKIIAJ HABEICHO NMPOCTHUIl MPHUCTPili — JaTuMK AUMy. loro 0CHOBOIO € ONTHYHA mapa,
10 CKJIAJA€TheA 31 CBITIIOAI0a Ta POTOTPAH3UCTOPA, SIKI MPAIIOIOTH B iH(pauepBOHOMY J1iara3oHi.
[losiBa muMy Mi)K HUMHU 3MIHIOE€ PiBE€Hb OCBITJIEHHS (DOTOTPAH3UCTOPA, BIIMOBIIHO 3MIHIOETHCS
Horo omip i1 Hampyra Ha HboMY. Ll Hampyra BUMIpIOEThCS aHAJIOrO-UU(POBUM NEPETBOPIOBAUYEM
MIKpOKOHTpOJIEpa.

JlonaTKkoBl €l1eMEHTH, Taki K CBITJIOAIOAM IHAMKAII Ta 3BYKOBHH BHUIIPOMIHIOBAaY i3
BOY/IOBAaHUM TC€HEPATOPOM, IJIKIIIOYAIOTECS JI0 3BUYAWHUX TIOPTIB BBEICHHS-BHBEICHHS 1
KepyIOThCSl LHU(PPOBUMHU CHTHajIaMH. Y pe3ynbTari (OPMYEThCS TOBHICTIO IMpare3gaTHUn
MPUKIIQJIHUN TIPUCTPiil HA OCHOBI MIKPOKOHTpOJIEpA.

NaTuynKk ammy

MepudepinHi By3nm
MIKPOKOHTpoOaepa
* GPIO (General Purpose
Input-Output) — nopTn
R BBEAEHHA-BUBEAEHHA

<((m Buzzer 4 GPID.
RAZA1 IRLED
RIFA2ATAB3CFM oy 3a/1IbHOIO NPU3Ha4YeHHA

Battery N w0 | e som ¢ ADC (Analog—to-DigitaI
i 0! S e CONVErter) — AHanoro-
7 umdpoBuit nepeTsoptoBay

¢ LDO (Low DropOut

#\: REDLED regulator) — ctabinizatop i3
= L aon SHUMKEHUM NagiHHAM
Hanpyru mixk BXogom Ta
BMXOZAOM

MCU

|| —t——
'3

i

binpin ckmagHUM NPUKIAZAOM MPUCTPOIO IHTEPHETY peuel € BUMIpIOBad PiBHS TJIFOKO3HM B
KpoBi. Y Takiii cucTeMi MIKPOKOHTPOJIEp B3a€EMOJI€ 3 TECT-CMYXKKOIO, IO MICTUTh CEHCOpHI
€JIeMEHTH Il BUMIPIOBAHHS KOHIICHTpallii Tiroko3u. CHUTrHamM BiJ JAaTYMKIB HAAXOASNTh Ha
BOY/IOBaH1 oneparliiiHi mijcuioBayi, Micis 40ro NoJarThes Ha 16-po3psaaHuii aHaIoro-1uQpoBuii
MIEPETBOPIOBAY IS TOYHOTO BUMipIOBAaHHSI.

[Ipuctpiifi TakoXXk MOXE MICTUTH aydiOKoJeK, MikpodoH 1 AuHaMiK, 3’€IHaAHI 3
MIKPOKOHTPOJIEpOM uepe3 mudpoBuil iHTEp(dEc, CBITIOMIOMHUN IHIAUKATOP MJis BiIOOpaKEHHS
iHpopMalii Ta 3ByKOBUIM CUTHAJII3aTOP, MiAKIIOUEHHH 10 MOPTiB BBEJICHHA-BUBEICHHS.
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Kir04oBo10 03HaKOI0 MPUCTPOIO IHTEPHETY peueil € HasBHICTb MOIYNS 3B A3KYy. Y LbOMY
BHIAJIKy BUKOPHCTOBYETHCA OKpeMuii Moayib Bluetooth, miakmroueHuit 10 MiKpOKOHTpoJIepa yepes
inTepdeiic UART. 3aBasku boMy BUMIpSHI JaHI MOXYTh IepelaBaTHCs Ha CMapT(OH, KOMIT IOTep
a0o0 IHIIWN IPUCTPIH, 110 3a0e3Ieuye BiaaeHuid JoCcTyI 1 00MiH iHGOpMaITi€ro.

BumiptoBay piBHA rMOKO3U Y KPOBI

MNepudepiitHi By3nn MiKpOKOHTpONEpa

*  GPIO (General Purpose Input-
Output) — nOpPTH BBEAEHHSA-

S e BMBEAEHHA 33/1bHOr0 NPU3HA4YEHHA

*  AMP (Amplifier) — OnepauiitHi
MCu
SE{ »

RLIB/G1D niacunosadl
Test Sirip

# Bluetooth *  ADC (Analog-to-Digital Converter) —
AHanoro-um¢pposunit nepeTeoproBay
\/}
=)
(=1
— —

*  UART (Universal Asynchronous
Receiver-Transmitter) — moaynb
iHTepdeiicy UART

*  12C — mogynb iHTepoeiicy IIC (Inter-
Integrated Circuit)

*  LDO (Low DropOut regulator) -
cTabinizatop i3 3HUKEHUM
NagiHHAM Hanpyryu mixx BXo4om Ta
BMXOA0M

Jnsa peanizanii notpiOHOI (HYHKIIOHATBEHOCTI OOMPaIOTh MIKPOKOHTPOJEP 13 HEOOX1AHUMHU
BOYJIOBaHUMH MOJYJISIMU.

[TpuknamoM € eneKTpoHHI Baru. Y HUX BUKOPHCTOBYETbCS MAaTpHULS TEH30pPE3UCTOPIB,
CHTHAIM 3 $KOI MONAIOThCS Ha ONEepaliiHi MiACHIOBa4l Ta Jaji Ha aHaJoro-uuposi
neperBoproBadi. OTpumaHi AaHi 0OpoOIAIOTECA MaTeMaTHYHO, MICN YOro OOYMCIICHE 3HAYEHHS
Baru nepeaaeThCs Ha iHANKATOpP.

[HquKaTOp Ha OpraHiuHUX CBITIOMIONAX € OKPEeMHUM MPUCTPOEM 13  BJIACHUM
MIKPOKOHTPOJIEPOM, TOMY HiJKIIIOYAE€THCS HE HANpsIMy 10 MOPTIB BBEICHHS-BUBEICHHS, a yepes
inTepdeiic °C. Lle mo3Bossie 3aMicTh BEIHUKOi KiUTBKOCTI MPOBOJIB BHKOPUCTOBYBATH JIMILE JBa
CHTHAJIbHI TIPOBITHUKY iHTEpeicy, Iepeaarouu KOMaHau BiTOOpaXeHHS JaHUX.

EneKTpoOHHI Baru

MepuodepiitHi By311M mikpoKoHTponepa
*  GPIO (General Purpose Input-
Output) — nopT¥ BBEAEHHSA-
BMBEAEHHA 3a/1bHOTO NPU3HAYEHHS
*  OPA (OPeration Amplifier) —

asv OnepaujinHi niacuaosadi
S : *  ADC (Analog-to-Digital Converter) —

e AHanoro-undposuii nepeTsoproBad
IRQ (Interrupt Request) —
reHepartop nepepusaHb
*  12C —mogynb iHTepoelicy IIC (Inter-
Integrated Circuit)
o * LDO (Low DropOut regulator) —
cTabinizaTop i3 3HMKEHUM
NaAiHHAM HaNpyru Mmixk BXoaoOM Ta
BUXO4,0M

l

[ Weight Sensor Mode Switch 3
N . —o——
N ol |
7/ —
Battery
Valtage Monitor

i
.

[Ile ogHUM TPUKIIAIOM € Ta30aHAII3aTOP — BUMIpIOBAaY KOHIEHTpaii ra3iB. Takuil npucTpiit
TaKOX MICTHTB JaTYHKH, CIIEMEHTH BBEJICHHSI-BUBEICHHS Ta MOYJIi 3B’ SI3KY, SIKi pa30M yTBOPIOIOThH
3aBepLIEHY CUCTEMY.

Po3poOHUK MOBHHEH pO3yMITH MPUHLMUI POOOTH NAaTYUKIB Ha (I3MYHOMY PIBHI, OCKIJIBKU
BOHHU MOXKYTh MaTH Pi3H1 TUIIU BUXIAHUX cUrHaiB. OJIHI JaTYUKU (POPMYIOTH aHAJIOTOBY HAIPYTY,
MPONOPIIHHY BUMIpIOBaHIM BEIWYHHI, IHII € MOBHICTIO aBTOHOMHUMH LU(POBUMH HPUCTPOSIMH.
Hanpuxnan, ynpTpa3BykoBi abo 1HIII CKJIAJHI CEHCOPH YacTO MICTSATh BJIACHUM MIKPOKOHTpOJIED,
KU BUKOHY€E MTEPBUHHY 00pOOKY, KaniOpyBaHHs Ta BUAA€ BXKe TOTOBI U(POBI J1aHi.
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BukopucTaHHs Takux rOTOBHX HU(PPOBUX NATUYMKIB € CY4aCHOIO TEHICHIIIEI0 PO3POOKH.
3aMiCTh CTBOPEHHSI CHUCTEM «3 HYJS» 3a3BHYail 3aCTOCOBYIOTh MaKCHMAJIBHO 3aBEpIIeHI MOJYII,
[0 CKOPOYYE Yac po3poOKH Ta MiABUIINYE HATINHICTh KIHI[EBOTO MPUCTPOIO.

BumiptoBau KiIbKOCTI rasy

MNepudepiliHi By3nn
Ultrasonic Flow | MIKpPOKOHTpO/IEpa
Sensor L nd
SN < * 1/Os — nopTi BBEAEHHSA-
{
s LR | | UART 2 —>| Lons BUBEAEHHA 3a/1bHOTO
é:eby‘cez (:zt; ::soo bps, Fornrllod Howdata npusHaveHHsa (GP10)
Y Every 10 minutes . Times - Taﬁmepm
[!:]7 () E [ OEGE ¢ RTC (Real Time Clock) —
AN, 31/0s [miainin rOAMHHUK peasbHoro vyacy
alve control | LCD module B
I:. *  UART (Universal
RTC Timers .
: ‘ Asynchronous Receiver-
Transmitter) — moaynb
— I os |—— ” @ iHTepdeiicy UART
> P o
Bumer. Switches * 12C—- mogynb iHTepdeiicy
, Swi
19 Ah Lithium Battery Buttons, dic: IIC (Inter-Integrated
20 years battery life RA2E1 Circuit)

[Ipocri inTepdeiicu 3B’s3ky, Taki sk UART, I?C a6o SPI, Hanexath 10 0a30BHX 1 MOXYTh
OyTH peaiizoBaHi a60 3pO3yMiii 3a BITHOCHO KOPOTKHI 4ac, y TOMY 4HCIi nmporpamHo. Hatomicth
ckiaaHi Oe3mpoBiaHi iHTepdelicu, 30kpema Wi-Fi abo Bluetooth, 3HauHO Baxkwi 11t caMOCTIHHOT
peanizanii. X cTBOpeHHs 3 Hyjs MOTpeOye BENMKMX BUTPAT 4acy Ha PO3poOKy Ta TeCTyBaHHS i
MOJKE 3afHATH BiJ MICAIIB 10 POKIB HAaBITh 32 HASIBHOCTI JJOCBITY.

ToMmy Ha mpakTHLl JUI HiAKIIOYEHHS A0 TaKMX MEpEXK BUKOPUCTOBYIOTH I'OTOBI MOJYJI.
Bonn ¢(aktnyHO € OKpeMHMH MIKPOKOHTPOJEPHUMH CHUCTEMaMH 3 BIIACHUM IPOrPaMHHUM
3a0e3MeueHHsM, pa/liouacTOTHOIO YacTUHOK Ta 4acTo BOyaoBaHMMM aHTeHaMu. OCHOBHa iX
GyHKIIS — TEpeTBOPEHHS CKIAJHOTO MEPEeKEeBOro iHTepdeiicy y MpOCTImMH UIsi OCHOBHOTO
MiKpoKOHTpoJepa, Hanpukian y UART a6o SPL

VY Takomy BUIAJKy FOJIOBHUI KOHTPOJIEP MEepeiae MOIYJIIO AaHl y BUTJIAA1 OalTIB, a MOYJIb
caM BHMKOHY€ BCl omepaiii MepexeBoro oOMiHy, BKIIOYHO 3 aBTEHTH(QIKAIi€l0 Ta MPOTOKOJIAMHU
3B’sI3Ky. BUKOpHCTaHHS TaKMX PIIIEHb € MOMIMPEHUM 3aBJISKH iX TOCTYMHOCTI, HEBEIHUKIM BapTOCTI
Ta KoMrnakTHocTi. Ile mo3Bonse gomaT ckiagHi (GYHKINT 3B’ SI3KY 0 MPUCTPOI0 0e3 HeoOXiTHOCTI
CaMOCTINHOT peaizallii BIAMOBITHUX TEXHOJIOTIH.

30BHiLWHI moayni 38"A3KyY

Host MCU/MPU ATWILC3000-MR110CA

SDIO/SPI Master ( ) SDIO/SPI Slave(Wi-Fi)
UART with optional
UART " HW flow

control(Bluetooth)

IRQN

IRQ{Interrupt GPIO)
[
GPIO | —» C_EN

GPIO

RESET_N

BM70 (Bluetooth) BM71 (Bluetooth )
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IcHye mMpOKMA CHEKTp TOTOBUX MOIYJIB 3B’SI3KYy — BIJ MOAYNIB Ui HPOBIIHOTO
MIIKITIOYeHHS 10 Mepexi 10 MooutbHuX GPRS-momyniB. OctanHi (akTUUYHO € MOBHOIIHHUMH
CTUTBHUKOBHMH TPUCTPOSIMU: 0 HUX MiJKIoyaeTbcs GSM-anTeHa , BCTaHOBIIOETbCA SIM-
KapTa, Micis 40ro MOJYJIb aBTOMATUYHO PEECTPYETHCS B MEPEXKI orepaTopa Ta MOXKe NepeiaBaTu
JaHi yepe3 MOOUThHHMIA 3B’ SI30K 3a JOMOMOTOF0 IMMAKETHUX MPOTOKOJIB.

3aBAsgKHM IBOMY BiNagae morpeda caMOCTIMHO PO3POOIISITH CKIaJHI CUCTeMH 3B’ s3Ky. st
J0JaBaHHs He0O0Xi1HOT (PYyHKIIT JOCTaTHRO OOpaTH TOTOBUI MOAYIIb, IHTETPYBAaTH HOTO B IPUCTPIN
1 BUKOPHCTOBYBATH Yepe3 CTaHAapTHUH iHTepdericC.

3abe3neyeHHA nepenavi AaHUX

* CTBOPIOBATU «CKNAZHI» iIHTEpdENCH «3 HynaA»
notpebye H6arato Yacy i BUCOKOI KBanidiKauii
po3p0obHMKa

* [1nA BUpILIEHHA L€l 334a4i Kpalle BUKOPUCTOBYBATH
cneujianisoBaHi piweHHA (Mikpocxemun abo moayni), Aki
NepeTBOPIOTb «CKAAAHMIN» NPOTOKON 06MiHYy (USB,
Wi-Fi, Bluetooth, Ehernet) Ha 6inbw npocTiwwnin (UART,
SPI, 12C Towo)

Binbwictb cnewianisoBaHux moaynis nobyaoBaHi Ha
OCHOBi MiIKPOKOHTpONEpIB i 4acTo A03BONAIOTb
moaundikyBaT BnacHe nporpamHe 3abesnevyeHHA

LoRa WAN

besneky B cucremMax Ha MIKpOKOHTpOJIEpaX HEOOXiIHO pO3IIsSAaTH Ha JIBOX PIBHSAX —
amapaTtHoMy 1 nmporpamHoMy. Ccepa 3acTocyBaHHSI MIKPOKOHTPOJIEPIB 3HAUHO IIUPIIA 32 IHTEPHET
pedelt 1 BKIII0Yae CUCTEMH, BIJl IKMX O€3M0CepeHbO 3aJIEKUTh XKUTTS JIFOJIei: KepyBaHHs JipTamu,
aBTOMOOUTSIMH, JITAJIBHUMM anapaTaMy Ta HIIUMH KPUTHYHUMM 00’€KTaMH. Y TaKuX BUIAIKAX
B1JIMOBa CUCTEMHU MOK€ MaTH KaTacTpo(iuHi HACIIIKH, TOMY BUMOTH J0 HaJ1MHOCTI CyTTEBO BUIII.

JUis KpUTHYHHMX 3acTOCYBaHb ICHYIOTH CHEIiali30BaHi MIKPOKOHTPOJIEPU MiABHUILIEHOT
HaIiHHOCTI, HAPUKJIAJ CiMeiicTBa, IpU3HaYeHi M (yHKIiOHaNbHOI Oe3neku. Ix ocobnuBicTIO €
BUKOPHUCTaHHS JIBOX 1JIEHTHYHUX OOYMCIIOBAIBHUX fJep, SKI MapanelbHO BUKOHYIOTh Ti cami
oreparii. Pe3ynbTaTi MOPIBHIOIOTHCS CIIEIIAIBHUM arapaTHUM MOJyJeM. SIKIO BUSBISETHCS
po30iXKHICT, IO MOXe OyTH cOopuyMHeHa  (I3MYHMM  TOIIKO/DKEHHSIM  KpHUCTaja,
€JIEKTPOMAarHiTHOI 3aBaJiol0 abo mpoOiemMaMM >KUBIIEHHS, cucTemMa (opMye aBapiiHUN CUTHAI,
IHII[IIO€ TepepUBaHHA Ta MEPEXOUTh y Oe3MeUHUI peKuM.

JlolaTKOBO 3axMINAIOTHCA JlaHl y BCIX TUINAX MaM ATl Ta Ha BHYTPIMIHIX MIuMHaX. Jlis
NepeaBaHuX JaHUX arapaTHO OOUYUCIIIOIOTHCS KOHTPOJIBHI CyMH, SIKi 30€piraloThCsl pa3oM 13 HUMHU
1 BUKOPHUCTOBYIOTHCS JUIsl MepeBIpKU LuTicHOCTI. OmnepaTuBHAa MaM ATh TaKOX Ma€ MeEXaHI3MHU
KOHTPOJIIO KOPEKTHOCTI, IO J03BOJIAIOTH BHSBIATH CIIOHTaHHI 3MiHM JaHuX. OKpiM IbOTO,
3aCTOCOBYIOThCSl 1HINI OaraTOpiBHEBI TEXHOJIOTii, CHpPSAMOBaHI Ha MiHIMI3allil0 WMOBIPHOCTI
BIIMOBH CHUCTEMHU.

TakuM uymHOM, amapaTtHa Oe3neka 3a0e3nedyeTbesi CIEUIaIbHUMU — apXiTeKTYpPHUMU
pIIEHHAMHU, XapaKTEepHUMHU JJIsi CUCTEM, Jie KpUTHYHO BaXJIMBa 0€3BiIMOBHA po0oTa.
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be3sneKa Ha anapaTHOMY PIiBHI

orcussr ussrowcy LTI *  BMKOpWCTaHHA 4BOX AAEP, WO BUKOHYIOTb
[l [l Foves cock & Sarety | OfHaKOBi apMPMETMKO-M0TiYHI onepauii
32KB to 512KB OSC PLL POR
RAM w/ ECC
16K to 126KB PBIST CRC .
2 = = * [lopaBaHHA KOHTPONbLHOI CYMMU A0 AAHUX,
P — wo 36epiratoTbea y BCiX BUAAX Nam’ AT
=
Systom Bus and Vactorod Intorut Wodulo * [opaBaHHA KOHTPOJ/IbHOI CYMU A0 AAHUX,

WO nepeaarnTbCs MO BHYTPILWHIM WMHaM
High-End
Timer(s)
Multi-Buffered (N2HET) & =
SPls) be3neKka Ha anapaTtHOMY piBHi
% BMKOPUCTOBYIOTbCA B 3aCTOCYHKAX, Bif AKUX
JMenocz ] 3anexuTb 6e3neka nogeii (niptn,

124t ADC aBTomobini, aBiawia, KOCMiYHa TeXHiKa, TOLWO)

VY npucTposix IHTEpHETY peueil OCHOBHY poJib Biairpae nporpamua oesneka. OCKUIBKH Taki
IOPUCTPOT MIIKIIOYEHI 10 Mepexi IHTepHeT, AOCTYHm 10 HUX MOXYTh OTPHMYBATH HE JIUIIE
BJIACHUKH, a U CTOpOHHI ocobu. HecaHkilioHOBaHE KepyBaHHS MOOYTOBHUMM NPHUCTPOSIMHU MOKE
OyTH JHIe HE3PYYHICTIO, aje KOMIIPOMETAIlisi MEPCOHATbHHMX JTaHUX MOXKE MaTH Ceprho3Hi
HACJIIKH.

3axucT peanizyeThCs Ha KIJIbKOX piBHAX. Ha piBHI KOpHCTYBava 3aCTOCOBYIOTHCS MEXaHI3MHU
aBTeHTU(IKaLli — JIOTIHM, @ApoJi Ta PO3MEXKYBaHHS IpaB JOCTYIy, HalpUKiIag poji
aJIMiHICTpaTOpa 1 3BUYaifHOTO KoprcTyBada. 11 MexaHi3Mu pealti3yloThCs MPOrPaMHO.

Oxpemo HeoOXxiIHO 3abe3meunTH Oe3leyHUN KaHaid nNepeAaBaHHs JaHuX. [l 1poro
IIUPOKO  BUKOPUCTOBYIOTBCS  amapaTHi  3aco0u  mu(pyBaHHS, OCKUIBKM  BHUKOHAHHS
KpUnTorpagiuHux omepariil Juiie cuiIaMd MIKPOKOHTpPOJIEpa MOXKE CYTTEBO HaBaHTaKyBaTH
Iporecop i 3aiiMaTy 3Ha4Hy YaCTUHY OOYHCITIOBAIIBHOTO Yacy.

PU3nKM NpUCTpoIB IHTEepHeTY pedy

OCHOBHI pU3nKn
*  MOXNUBICTb BUTOKY NEPCOHANbHUX AAaHUX

*  MOXANMBICTb CTOPOHHLOTO KOHTPO/IIO
BALUMMM NPUCTPOAMMU

MeTogu 3axucrty

* AnapartHi (wndpyBaHHA AaHNUX)

* QOpraHi3aujinHi (36eperkeHHA naponis,
6araTopisHeBUI piBeHb A0CTYNY)

Jnst 3a0e3meueHHs mporpaMHoi 0e3MeKn Pecypcu MIKpOKOHTPOJIEpa YMOBHO MOIUISIOTH Ha
1Bl 00yacTi — He3axuIleHy Ta JoBipeHy. Ilin pecypcamu MaroTbCcs Ha yBaszi BCl KOMIIOHEHTHU
CHUCTEMH: ONEpaTHBHA TaM’ siTh, 1HTEpQEiCH, MOPTH BBEICHHA-BUBEJCHHS Ta IHIIN amaparHi
MOJKITUBOCTI.
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VY noBipeHiil 30HI PO3MINIYEThCS OIepalliiiHa CUCTeMa PeaTbHOr0 4Yacy, sSKa KOHTPOIIOE
JOCTYIT 70 PeCcypciB 1 Hajlae 03BOJM NPHUKJIAJAHMM TIpOrpaMaM dYepe3 BU3HAuUCHI iHTepdeiicu.
TakuMm ynHOM (hOpMy€eThCs GaraTopiBHEBA CHCTEMa 3aXHCTY, J€ MPUKIATHUN KO HE Ma€ MPSIMOTO
JOCTYIY 10 KDUTUYHHX KOMITOHCHTIB.

Peanizanis Takoro miaxoay motpedye MATPUMKH 3 OOKy amapatypu. MiKpOKOHTpOIEp
MOBUHEH MAaTH CHEI[ialbHI MOAYI, PEriCTpy Ta MEeXaHi3MHU 130J1ii, 1o 3a0e3meuyroTh MOJILI
pecypciB 1 KOHTPOJb 10CTyIy. Taki pillieHHs IIHPOKO 3aCTOCOBYIOTHCS HA MPAKTHULII B CHCTEMAX, /1€
BakuBa iH(popMaliiftHa Oe3nexa.

Po3gineHHA MIKPOKOHTpONEepa Ha ABi 30HU

* Po3sgineHHA MiKPOKOHTpOaepa Ha 4Bi
30Hi: 3BMYaliHy Ta gosipeHy (Trust
Zone)

e JocTyn [0 BHYTPILLHIX pecypcis
MIKPOKOHTpONEepa, Y TOMY Yuchi i o

Ssc S nepudepiiHNUX NPUCTPOIB | NOpTIB

Secure Fimware BBeAEHHA-BUBEAEHHSA,

A Dota 3abe3neyyeTbCa TiNbKK Yepes
3axuueHy obnactb, uepes GyHKuii API
(Application Programming Interface),
LLLO HaAAKTbCA Ta KOHTPOIIOOTHLCA
onepauiMHOK CUCTEMOIO

VY pesynbraTi MOOYIOBM 3aXHUIIEHOI CHUCTEMU OJHOIO IporpaMicrta B)Ke HEIOCTaTHBO.
DopMyeThCST PO3MOIUT POJICH: OKpema Tpyra Po3pOOHHKIB Ma€e MOBHHUM JOCTYI JO BHYTPIIIHIX
MEXaH13MiB, 3Ha€ apxXiTEKTypy OIEepaliifiHOi CUCTEeMHU, NPUHIUNHU i poOOTH Ta peani3ye AOBIPEHY
JacTUHY cucteMHu. L[ qacTiHa 3a3BHUail € 3aKPUTOIO 1 HE PO3TOJIONIYETHCS.

[HII pO3pOOHUKHU CTBOPIOIOTH MPUKIIAJAHE IMPOrpaMHEe 3a0e3NeueHHs,, BUKOPUCTOBYIOUHU
HajJaHi iHTepdeicH M0CTyIy, ajie He MalTh MPSMOTO JOCTYITY JIO 3aXHINEHUX MeXaHi3MiB. Takum
YUHOM (DOPMY€EThCSI KOMaHJHA pO3poOKa, Jie pi3HI CHeIlalicTH BIAMNOBIAAIOTH 3a pi3HI PiBHI
CHCTEMH.

Mpouec po3pobKM nporpamHoro 3abesneyeHHs
NP BUKOPUCTAHHI AOBIPEHUX 30H

Deliver

Program algorithms Sell pre-programmed

Create algonthms into the device devices

= Create a Secure Project

1
with a defined API :
Ngornm Deveioper . |SEISSHPROS BRONTISHE
. 4 W I
DAy g 905 0w mmm progranv !
' if desired e !
- e o omm e e o — e —
1 . - ——————
% Program the
% ¥ > Sell devices with the
l‘..) ’ 7 apwu(lll('!(\)l';::?lo e full application

Application Developers

Mmm
using any

« Call Secure Project APIs

152



Jns mpucTpoiB 1HTEpHETY peueil 3a0e3ledyeHHs 3aXHCTy € O0OB’S3KOBUM. be3 HBbOro
cucteMa MoKe (YHKIIIOHYBaTH, ajieé 3 BHCOKOI HMOBIPHICTIO CTaHE Bpa3jUBOIO IO
HECAHKIIIOHOBAHOTO JOCTYMy. TOoMy B Cy4acHi MIKpPOKOHTPOJIEPH IHTETPYIOThCS CIIELiaTi30BaHi
amapatHi 3acobu Oe3neku: KpunTorpadidyHi MOmydl, OJOKM OOYHMCICHHsS Xem-QyHKIIH 1
KOHTPOJIBHHUX CyM, arapaTHi reHepaTopy BHUITAKOBHX YMCET HA OCHOBI (PI3MUHOTO IIyMy, a TAKOX
YHIKQJIbHI 1ICHTH(IKATOPH IPUCTPOIO, 110 HE TTOBTOPIOIOTHCA.

[Mpuknamom € 6e3MPOBITHUIN NATYMK BIAKPUTTS JABepedl abo BikHA. BiH MICTHTH MardiT i
JaT4uK XoJula, IO pearye Ha MarHiTHe IoJie, MiKpPOKOHTPOJIEp, SIKUi aHali3ye CTaH CeHCopa, Ta
MOJYJIb 3B’S3Ky A TiepenaBaHHs iH(opmamii Ha cepBep abo iHmy cucremy. Taki JAaT4YUKd
3aCTOCOBYIOTHCSI B OXOPOHHHMX CHUCTEMax, CHCTEMaxX KOHTPOIIIO JIOCTYIy a00 MOHITOPUHTY CTaHy
00’eKTiB, Hampukiax asepeil aBromoOinsa. Ilpuctpiit 3a3Buuail >kuBUTHCS Bix Oarapei, a
niepeIaBaHHs JJaHUuX 3JIIHCHIOETHCS OC3MPOBITHIM KaHAJIOM.

Hagith skmo moTpiOHO mepenatu Jumie OAWH OIT iH(pOpMaIii — CTaH «BIIKPUTO» abo
«3aKpUTOY», — HEOOXITHO pealli3yBaTH IMOBHUH KOMIUIEKC KpunrorpadiuHoro 3axucry. lle 3HauHO
YCKJIQJIHIOE CHUCTEMY 1 CTBOPIOE BEIHMKHUI 0OCsAT poOOTH sl pPO3pOOHUKA, OCKUIBKM Oe3medHa
repefadya HaBiTh MIHIMAJIBHHX JaHUX TOTpeOye CKIATHUX MeXaHI3MiB aBTeHTH(]ikamii Ta
mmdpyBaHHS.

Cneuiani3oBaHi anapaTtHi 3acobu ans
3abe3neyeHHA 6e3nekn AaHUX

*  KpuntorpadiuHuii mogynb ana 3abesneyeHHA wWUdpyBaHHA
Mo CUMETPUYHMUM Ta HECUMETPUYHUM anroputmam (Advanced
Encryption Standard, AES)

*  Moaynb o6umncneHHa Xew-pyHKLin

* AnapaTHuii reHepaTtop BunagKosux umcen (True Random
Number Generator, TRNG)

*  Mogpgynb obuncneHHa KoHTponbHUx cym (Cyclic Redundancy
Check, CRC)

*  YHiKanbHUM iHAUBIAYaNbHUIA HOMEP KOXKHOIO NPUCTPOID

Peanizanist kpunrorpadiuHUX aJropUTMIB € CKJIaJHUM 1 TPYJIOMICTKUM 3aBAaHHsAM. HaBiTh
3a HasIBHOCTI TOTOBUX MPOrPaMHUX PIllIEHb 3HAUHUM Yac BUTPAYAEThCS Ha NEPEBIPKY KOPEKTHOCTI,
Ha/IIHHOCTI Ta CTIMKOCTI 10 aTak, MPUYOMY TapaHTOBAHUN Pe3yNbTaT He 3aBXKJU OYEBHUTHUM.

ToMy BUPOOHMKM NpPONOHYIOTH CIEIiali30BaHl amapaTHl MIKpOCXeMu Oe3neKku, SKi
peanizyroTh HeoOxinHi Kpunrorpadiuni ¢pyHkuii Becepeauni cede. Taki yunu 3a0e3neuyroTh MOBHUN
PiBEHb 3aXUCTY, HEOOXIAHUM JIJIsl MPUCTPOIB IHTEPHETY peuel, 1 BUITyCKAalOThCS y PI3HUX KOpITycax.
3a3BUyail BOHM MalOTh MiHIMAJIbHY KiJIBKICTh BUBOJIB — XHBIIEHHS Ta iHTep¢eiic 0OMiHy TaHUMH,
Hanpukian [*C.

[TpunHuun poGoTu monisirae B TOMy, 110 MIKPOKOHTPOJIEP Mepeae 10 MIKPOCXEMHU BiAKPHUTI
JlaH1, MICJIsl YOoro BOHAa BUKOHYE BCl KpunTorpadiuHi omepaiii 1 moBepTae Bxke 3amnppoBaHUN
pe3yabTar. Yci alropuTMu HIHQpyBaHHS, TeHEpallis KIIOYiB Ta iHII NMPOLEAYPU BHKOHYIOTHCS
BCEpeIMHI YKMna, 6e3 HeoOX1THOCT1 peani3alii IIMX MEXaHi3MiB y OCHOBHOMY ITPOrPaMHOMY KOJI.

Jlise BUKOpHUCTaHHS JIOCTaTHHO BUBYMTH TEXHIYHY JOKYMEHTAIlil0, KOMAHIH KEpyBaHHA Ta
MIPOTOKOJI OOMIHY, MICJSl YOTO IHTETPYBATH MIKPOCXEMY Y CUCTEMY.
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ATECC608 — KpunTtorpadiuHuin conpouecop

Cryptographic Co-Processor with Secure Hardware-Based Key Storage:
. Protected storage for up to 16 keys, certificates or data

Hardware Support for Asymmetric Sign, Verify, Key Agreement:
. ECDSA: FIPS186-3 Elliptic Curve Digital Signature

. ECDH: FIPS SP800-56A Elliptic Curve Diffie-Hellman

. NIST Standard P256 Elliptic Curve Support

Hardware Support for Symmetric Algorithms:
. SHA-256 & HMAC Hash including off-chip context save/restore
. AES-128: Encrypt/Decrypt, Galois Field Multiply for GCM

8-lead SOIC x
(Top View) Networking Key Management Support:
. Turnkey PRF/HKDF calculation for TLS 1.2 & 1.3
NC o 1 8 [0 Vee . .
N2 2N *  Ephemeral key generation and key agreement in SRAM
NC O] 3 6 o scL o Small message encryption with keys entirely protected ¢
GND [T 4 5 |0 SDA

CrienianmizoBani kpunrorpadiuHi MIKpOCXeMH BHITYCKAlOTh pi3HI BHPOOHHMKH, 30Kpema
koMmmanis Microchip. ¥V Hei icHye miardgopma AOBIpeHUX pillleHb, Y MeXax SIKOI Taki YWIN
MOCTAYaIOTHCS 3 PI3HUM PiBHEM MONEPEAHBOTO HATAIITYBAHHS.

VY BapianTi Trust&GO HagaroThCs BXKE 3amporpamMoOBaHi MIKPOCXEMHU 3 YHIKAIbHUMH
imenTudikaTopamMu Ta KpunTorpadiyHIMH KIIFOYaMH, TOTOBI 0 POOOTH 3 TOMYISPHUMH XMapHUMHU
wiaropmamu iHTEpHETY pedeid. BupoOHuK 3a663neqye YHIKQJIBHICTh KJIFOUIB 1 CEpiiHIX HOMEPIB,
a 3aMOBJICHHSI MOXJIMBE HABITh Il MaJTUX MapTiil.

[MTaker Trust Flex mepenbayae HamiBroToBi pillleHHs: alapaTHa YacTHHA BXKE HaJIaITOBAHA,
BCTaHOBJICHO CTaHAApTHI KIIOYi, aje TMOoJajblle KOH(IrypyBaHHsS BUKOHYETHCS PO3POOHHKOM
CaMOCTIMHO 3a HaJIaHOIO JOKYMEHTALIETO.

[Maker Trust Custom mocravyaeThCsi SK 4YHCTAa amapaTHa OCHOBa 0e€3 MOIepeaHbOTro
nporpamMyBaHHs. Y 1bOMY BHUNAJIKy BCl MeXaHI3MM Oe€3leKkH, KiIodli Ta cepTudikatu
PO3pOOIIAIOTHCS 1 3aBAHTAXKYIOThCS CaMOCTIHHO. Uepe3 BUCOKY CKIIAQAHICTh 1 BapTICTh TaKUX pOOIT
el BapiaHT 3a3BMYail BUKOPUCTOBYETHCS JIMIIE y BETUKOCEPIHOMY BHPOOHHMITBI 3 BEIMKHUMHU
oOcsiraMy 3aMOBJICHHS.

ATECC608 — KpunTtorpadiyHui conpouecop

BapiaHTn 3amoBAEHHA MiKpocxem

*  Trust & GO — NOBHICTIO rOTOBA MiKpOCXema 3
YHIKa/IbHUMM i8eHTUIKALIMHUMUM JAHUMMK,
po3paxoBaHa Ha PoHOTY 3 KOHKPETHUMM CepBicamu
(AWS loT, Microsoft Azure loT Hub, Google 10T, LoRa,
Towo) (3aKa3 He meHLe 10 mikpocxem)

*  Trust Flex — mikpocxemu i3 BCTaHOBNEHUMU
3aranbHUMM KAKOYaMK | cepTudikaTamu, AKi MOXKHA

Slond GBI 3aMiHWUTM CamOCTINHO (3aka3 He meHwe 2 000
(Top View) MiKpocxem)
NC I 1 8 [ Ve - . . _
iy A *  Trust Custom — «4unCTi» MIKPOCXEMMU — YCA KKPUTUYHE»
neods  shosa YacTMHa KOAy 3a/IMLIAETLCA B KOMNaHii (3aMoBAeHHA
s Big 4000 mikpocxem)
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CTBOpeHHsI TPUCTPOIB IHTEPHETY peuell 3 amapaTHOi TOYKH 30pY YacTO 3BOJUTHCS IO
BHUKOPHUCTAHHS TOTOBHX JEMOHCTpPAlIMHMX a0o0 OIIHOYHHMX IuIaT. BOHM 1Mopoxdi 3a OKpemi
MIKPOKOHTPOJIEPH, aje MIiCTATh MOBHICTIO 310paHy Ta MepeBipeHy armapaTHy OCHOBY.

Ha Takiit miati 3a3Bu4aii BCTaHOBJICHO MIKPOKOHTPOJIEP, MOAYJIb 3B’ 513Ky (Bluetooth, Wi-Fi
abo iHImMMIA), amapaTHUl KpunTtorpagiyHUil YUM, a TaKOX IHTETPOBAHHUH Mporpamarop ajs
3aBaHTa)KEHHS MPOMMBKU. J0JaTKOBO MOXKYTh OyTH BOY/AOBaH1 JaTYUKH, HAPUKIIA] TEMIIEpaTypu
YM OCBITJIICHOCTI, 1 KOHTpOJEp 3aps/PKaHHS aKyMyJsITOpa, IO JO3BOJISE KUBUTH HPUCTPIN BiX
JTIH-10HHOT 6aTapei.

[lnara ¢aktuyno € 3arotoBkoto roroBoro loT-mpuctporo. J[lnst  po3mmpeHHs
(YHKIIIOHAJILHOCTI BUKOPUCTOBYIOTHCS CITELIAJIBHI P03 €MH, A0 SKUX IMITKIIOYAIOTHCSA J0JAaTKOBI
MOJyJIi — IUCIUICT, OpraHu KepyBaHHs, CEHCOpH Ta iHII nepudepiiini npuctpoi. ICHyI0Th BeIuKi
Ha0OpH TaKUX IUIAT PO3IIMPEHHS 3 PI3HUMHU (DYHKIIISMHU, IO MiIKIIOYAIOTHCA 4Yepe3 CTaHIAapTHI
iHTEepdeiicu Ta YacTo MalOTh BIACHI KOHTPOJIEPH.

Takuii miaXig A03BOJISIE MIBUAKO 310paTW MPOTOTHUI 3a NPHHIMIIOM KOHCTpPYKTOpa 0e3
PO3pOOKHM amaparypu 3 HyJs. Xoda BApTICTh PIlIEHb TIOCHTh BUCOKA, BOHU €KOHOMIIATH 3HAYHUN
4ac 1 3MEHIIYIOTh PU3HK MOMMJIOK, OCKIJIBKA BC1 KOMIIOHEHTH BXe MpoTecToBaHi. OMiHOYHI TUIaTH
JAIOTh MOKJIMBICTh MIBHIKO BH3HAYUTH JOUUIBHICTH MOJANBIIOT PO3POOKH Ta MEPEBIPUTH iIECHO
nepeJl CTBOPEHHSM BIACHOTO IPUCTPOIO.

AnapaTtHa nnatpopma ANs CTBOPEHHA IHTepHeT-
peuven (EV1I5R70A abo EV54Y39A)

. . N : '-DEODg-iS-

N ot & to
INTTRX | TXISCL e
3 BEBBEABEAD

ATWINC1510-MR210PB
FEL ID:2ADHKATWINC1S 10

1C :20266-ATWANC1510
MAC i0: FBFO0SABBCS9

0/C: M1836

Mnatn

po3WnpeHHA SECURE SHART CONNECTED - ;

OLED C click i B 8
s B Mo

THUMBSTICK click

Ha amapatHOoMy Ta mporpamMHOMY pIBHSIX CTBOPEHHSI NMPUCTPOIB IHTEPHETY pedeil Moxe
OyTH BiIHOCHO WIBHJIKMUM 3aBJIIKM TOTOBMM KOMIIOHEHTaM 1 ruatdopmam. OJHAK BaXKJIMBOIO
0COOJIMBICTIO TAKMX CHUCTEM € €HEPrOCIOKUBAHHS.

bararo loT-mpucTpoiB He MarOTh MOCTIHHOro ab0 HEOOMEXKEHOTo JKepena >KUBJIECHHS.
Hanpuxnan, 6e3mpoBiiHUN TaTYUK BIIKPUTTS JBEPEN BCTAHOBIIOETHCS Y BAKKOAOCTYITHOMY MICII
caMme JUIsl TOro, 1100 YHUKHYTU NpoKJajaHHs kabemniB. IToniOHI mpucTpoi mpaitoroTh aBTOHOMHO
Bij OaTapei.

[HIIMM TIPUKIIAZIOM € Ta30BMH JIUMJIBHUK, IO >KUBUTHCS BiJ OJHi€l Oarapei mpoTsrom
0araTtbOXx POKiB, 1HO/I 10 ACCATHIITTS 1 Oumbine. JIOCATHEHHS TaKOTO PECypCcy MOXIIMBE JIUIIIE 32
YMOBH HaJ3BUYaiHO HU3BKOT'O CEPEIHBOTO CIIOKHBAHHS €HEprii.

Tomy mig yac po3poOKH MPUCTPOIB, IO MPAIIOIOTh BiJ OaTapeil, HEOOXiTHO BPaxOBYBATU
cienn(iky JpKepesa >KUBJICHHS Ta ONTHMIi3yBaTH poOOTYy CHUCTEMH 3 ypaxyBaHHSIM OOMEXEHOTro
€HepreTUYHOr0 pecypcy.
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MPUYNHM 3MEHLLIEHHS EHEProCrnoXMBaAHHA

* |HTepHeT-peyi MOXKyTb PO3TaLLIOBYBAaTUCL Y
MICLLAX A€ HEMAE TPaaULIMHUX axKepen
eNeKTPUYHOI eHeprii

* |HTepHeT-peyi MOXyTb 3abe3neyyBaTu
nepegavy AaHux no pagioiHtepdencam

* |HTepHeT-peyi MOXYTb PO3TalLOBYBATUCA Y
BAXXKOAOCTYMHMX MiCLLAX

Metrologic battery: >15 years (non-replaceable)
Radio transmission battery: >15 years (replaceable on request)
GPRS transmission battery: >8 years (replaceable)

S

TpuBanuii Tepmin poOoTH Bix ofHiei OaTapei qOCATAETHCS MEPEBAXHO MPHU BUKOPUCTAHHI
JITIEBUX TEPBUHHHUX EJIEMEHTIB KHUBJIEHHsS. [HIII Tumm Oarapeil He 3a0e3meuyroTh HEOOXiTHOi
IIUTOMO] eHeprii Juist 6araTopiyHOT aBTOHOMHOIT POOOTH, SIKIIIO0 HE BPaxOBYBaTH CIIeLliali30BaHi abo
eK30THUHI JKepelta KHUBJICHH. MIeThes caMe Ipo 0XHOPA30Bi JIiTieBi GaTapei, a He aKyMyIISTODH.

JIiTi€Bi eleMEHTH MalOTh XapaKTEepPHY OCOOJIMBICTh: 1]l 4YaC KOHTAKTY JIITIEBOTO €JIEKTPOoJia 3
AKTUBHOIO MAacO0 1HIIOTO €JIEKTPO/a Ha MOBEPXHI JITIFO YTBOPIOETHCS TOHKA IMACHBYIOYA TUTIBKA.
Il# muiBka mepelKkoakae MPOXOJKEHHIO EJIEKTPUYHOIO CTPYyMy 1 € pe3yiabTaToM IpPHUPOIHOI
XiMiuHOI peaxiii, Ky HEeMOXXJIMBO TMOBHICTIO 3ymuHUTH. IlIBHaKicTh ii yTBOpeHHS Ta TOBIIWHA
3aje’kaTh BiJ] yacy 30epiraHHs, TeMIepaTypy Ta 1HIIUX YMOB, TOMY HaBiTh OaTapei 3 ofHiel mapTii
MOKYTh TIOBOJAUTHUCS TO-PI3HOMY B PI3HUX MPUCTPOSIX.

ITin wac po3psay Oatapei BinOyBarOThCSA MapajielibHI HPOLECH — IUIBKA OJHOYACHO
YTBOPIOETHCS 1 YaCTKOBO PYHHYEThCsA. Komm cTpyM CIOKMBaHHS €, 11 BIUTUB 3MEHIIYETHCS, a ITiJT
4ac TPUBAJIOIO MPOCTOI (OpMyBaHHS IUTIBKU NEpeBaXkae, I10 MOTIpIIye MPOBIAHICTh 1 3/1aTHICTH
Oarapei BigymaBatu cTpyM. Lle siBuie HEOOXiTHO BPaxOBYBaTH MPH MPOEKTYBaHHI aBTOHOMHUX [0T-
IIPUCTPOIB.

JliTieBi baTapenku

@ Bo6iHHWIA TUN ByrinbHuit kaTaniaatop

/..»—— (cenaparop) \\

Yac

»

— Merano-cknanui
repmosusoq

Nitiesnin anon

TiTieBuin aHop
NiTieBuin aHog

TioHinxnopuaruin
enexTponiT

TiTieeui aHog
NiTieenin aHog

ByrinbHuit kaTop
Kopnyc

- Temnepatypa
“~nieka i3 xnopuay niti /

©

TNiTieeun aHop
NiTieBwin aHog

CnipanbHuii Tun @

Metano-cknaxui
repmMoBveos

Nitiesun anog

ByrineHuit kaTop

Kopnyc

NiTieenn aHoa
NiTieewin aHoa

TioHinxnopuaHuit
enekTponit

3anobixHuit
Knanau
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Oco0NMUBICTIO TIPUCTPOIB 1HTEPHETY peuell € BUKOPUCTAHHSA Oe3apoToBUX iHTep(eiciB
3B’s3ky — Bluetooth, Wi-Fi, GPRS Tta inmmux. IlepemaBaHHs DaHHX paioKaHaioM MOTpeOye
3HaYHUX BUTPAT €HEPrii, TOMY CIIOKUBAHHUM CTPYM MOXKe Pi3KO 3MIHIOBATUCS 3aJI€KHO BiJl PEKUMY
poboTwu.

VY pexumi ovikyBaHHS a00 CHY CTPYM CHOXXHBAHHS MOK€ CTAaHOBUTH MiKpoammepu ado
yacTKku Mimiamriepa. [lig yac mepenaBaHHs TaHWX BiH 3pOCTa€ JI0 JECITKIB a00 COTEHb MijliaMIiep,
TOOTO 3MIHIOETBCS HA KUIbKa MOPSAKIB 1 poOUTH 1€ AyKe MBHUAKO. Taki iMIyabCHI HABaHTAKEHHS
noTpeOyIOTh BIAMOBIAHUX CTa0LIi3aTOPIB KUBJEHHS, 3IaTHUX KOPEKTHO MPAIIOBATH MPHU PI3KUX
3MiHaX CTPyMy.

OCKUIbKY aKTHBHA Tepeaada Big0yBaeTbCs BITHOCHO PIIKO, OUIBIITY YaCTHHY Yacy MPUCTPOT
iHTepHeTy pedeil mepeOyBalOTh Yy pexuMmax eHepro3OepexeHHs abo CHy, /€ CIOKHBaHHS
MiHiMasibHe. Came YepryBaHHs KOPOTKHX €HEPrOEMHHUX CEAHCIB 3B 53Ky 3 TPHBAJIMMH IEpiogaMu
HU3BKOTO CIIOKMBAHHS JIO3BOJISIE JOCATATH TPUBAIOT aBTOHOMHOI POOOTH.

Ocob6nnBOCTIi BUKOPUCTAHHA NiTiEBUX BaTapenok

Po3psg 3Ha4yHum cTtpymom Pospsa manum ctpymom
A " A i
‘ i anpyra . i anpyra
BigknioyeHHs /
Enepri
OV lanHaHH }] BigknoyeHHs
obnagHaHHA
Ewnepris
ToswuHa ToBwmnHa
nniekn R nniskn
e - -
Yac Hac

AKwWwo He BpaxoByBaTu epekT nacueauii, To 6atapesn
6inbwoi emHocTi byae npaytoBaTn meHwe vacy!

Slkmio He BpaxoByBaTH OCOOJMBOCTI JITIEBUX Oarapeil, aBTOHOMHHI MPUCTPINA 1HTEPHETY
peueil Moxe MparfoBaTH HEKOPEKTHO. THUIOBUI peXxUM poOOTH — TPUBAIMHA COH 13 MiHIMaIbHUM
CIIO’KMBAHHSAM, MepiognyHe NpoOy/KeHHs, 30ip JaHMX 1 KOpOTKa IMepeaaya Mo paJgioKaHaly 3
pi3KUM 3pocTaHHsAM cTpyMmy. I1ix yac akTHBHOI pOOOTH MacHBYrOYa IUTIBKA HA €EKTPO/l YaCTKOBO
pyHHYy€eTbCs, 1 6aTapes 34aTHA B1IJaBaTH BEIUKUM CTPYM.

[IpoGnema BHHHMKAE TMicCls TPUBAIOIO MPOCTOI. SIKIIO mNpUCTpid MiCALSIMH  HE
BUKOPHUCTOBYEThCS, OaTapes Maibke He pO3psJDKAEThCs, ajle IacHUBYyIOua IUIiBKAa IPOJIOBKYE
HapocTaTH. Y MOMEHT HAacTYIHOro 3amycKy Oarapes MO)K€ BHSBHUTHCS HE3/IaTHOIO BHUAATU
HEOOXITHUM IMOYJIbCHUM CTpyM JUIsl NepelaBaHHsA JAaHUX, Xouda 3amac eHeprii B Hiil me €. Y
pe3yNbTaTi CUCTEMa MOKE aBapiiiHO BUMKHYTHUCS 200 MOB1IOMUTH PO HECIIPABHICTD JKUBJICHHS.

[Ilo0 yHHMKHYTM LbOTrO, MpOrpaMHe 3a0e3MeueHHs] MOBUHHO Iepe] MOYaTKoM pOoOOTH
MEepeBIpATH CTaH JKepesa JKUBJICHHS 1 3a MOTpeOM BUKOHYBAaTH JenacuBaliio OaTapei —
KOPOTKOYaCHE HaBaHTAKEHHsI, sIKe PYHHY€E IUTIBKY 1 BiTHOBIIIOE 3[aTHICTh BiJAaBaTu cTpyM. Jluie
MiCIs IIHOTO MOXHA TEPEXOJUTH JI0 OCHOBHUX ONeEparliii, 30kpeMa mepenadi maHux. SKmo
JieTiacuBallisl He Jjajia pe3ysbTaTy, cucTeMa MOBUHHA ¢()OpMYyBATH MOBITOMJICHHS PO HEOOX1IHICTh
3aMiHM OaTapei.

be3 ypaxyBaHHS OO MeEXaHI3My HEMOXIHUBO 3a0e3NneduTd OaraTopiuHy aBTOHOMHY
poOOTY MPUCTPOTO BiJl O/HIET OaTapei.
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OcobnmBOCTI XKMBNEHHA BiA NiTIEBUX BaTapenokK

Mpun CTBOPEHHI NPUCTPOIB, WO
XKUBNATbCA Big, NiTiEBUX BaTapelok

PiseHb . 2 .
nacusauii nporpamict MiKpOKoHTpoNepiB

KpuTuuHwii piseHb *  KoHTpontoe cTaH b6atapei

*  Bpaxosye edpekti nacueaLii

* 3abesneuvye npouec
Aenacvauii

CTpyw A
A Mpwu cTBOPEHHI 3aCTOCYHKIB, WO
npauoloTh Big 6aTtapei,
NPOrpamicT NOBUHEH 3HATHU
KinbKicTb eHeprii B 6aTapei
Kinbka micaLiB Yac (akymynsTopi) i pospaxosysaTy
i = OpPIiEHTOBHMIA Yac il BUKOPUCTAHHA

BigknoyerHs
obnapHaHHA

Jlsis aBTOHOMHHX TPUCTPOIB, IO >KUBIATHCA Bix OaTtapeil abo akyMyssiTOpiB, KPHTUYHO
BaXJIMBO 3HAaTH (akTuuHui 3amac eHeprii. Lle 0coOMMBO akTyanbHO Ui PYXOMHX CHCTEM,
HANPHUKIIA] POOOTIB, KBAJAPOKOINTEPIB 1 IPOHIB, AKi IIOBUHHI HE JIMIIIEC BUKOHATH 3aBJaHHI, a i MaTH
JOCTaTHIN pecypc Ui MOBEPHEHHS.

Jlis1 KOHTPOJTIO CTaHy JDKEpela JKUBJICHHS BUKOPUCTOBYIOTHCS CIIELIaTi30BaHI MIKPOCXEMHU
— MOHITOpU KUBJICHHA. BOHM mpu3HayeHi ans pi3HUX THUMOIB Oarapeil 1 akyMmymsITopiB Ta
BIJICTE)KYIOTh €HEprito, 0 HAAXOMUTH MiJ] Yac 3apsyDKaHHS 1 BUTpAdaeThes mix 9ac podoru. Taki
YUK BUKOHYIOTh CKJIaJHI OOYMCIIEHHS, BUKOPUCTOBYIOYM MaTeMAaTH4HI MOJIEINI, Kl BpaXOBYIOTb,
30KpeMa, TeMIIEpaTypHi BIUTMBH Ta XapaKTEPUCTUKHU €IIEMEHTa )KUBJICHHS.

MOoHITOp MiKIIOYAETHCS 1O MIKPOKOHTpOJIEpa Yepe3 CTaHAApTHUHN 1HTepdeiic, HanpuKiazg
I’C, 1 mepenae Bxxe oOpoOneH1 maHi. Y pe3ylbTaTi CUCTEMa OTPUMYE TOTOBY 1H(OpMAIIiIO PO
3aJIMILOK €Heprii — y JPKOYJSIX, BaT-TOAMHAX, BIJCOTKaX a0o MporHo3oBaHoMy uaci pobotu. lle
JI03BOJIIE KOPEKTHO KEpyBaTH AaBTOHOMHICTIO NPUCTPOIO Ta 3amodiraT aBapiiHUM CHUTYyalisM
yepe3 po3ps Oatapei.

BumiptoBaui KinbkocTi eHeprii MAX17040/MAX17041

BumiptoBaui
KiNbKOCTi eHeprii
I—4 - . - - ~
- nitieBux 6arapei Ta
% aKymynartopis
- ceu Voo —¢ i pobnsaTtb o6uncneHHA
MAX17040 .
MAX17041 Ha OCHOBI
o naTeHTOBaHOI
i sDA — MaTeMaTU4YHOI
- - o moaeni ModelGauge
AL ™ | 3 ypaxyBaHHAM
7 = BE/IMKOI KiNbKOCTi

napamertpis, y Tomy
4Yuchi i Temnepatypm
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JUis aBTOHOMHHX CHUCTEM HEOOXiIHO TIOCTIHHO KOHTPOJIIOBATH EHEProCIOXWBaHHS 1
pPO3YMITH, BIJl YOTO BOHO 3aJICKUTh. MIKPOKOHTPOJIEPH BUTOTOBISAIOTHCS Ha ocHOBI KMOH-
TpaHzuctopiB  (komruieMeHtapuux MOIl-cTpykryp). HaiimpocTimumii  JOTiYHMNA — €JeMeHT,
HaIPUKJIIa]l IHBEPTOP, CKIAIAETHCS 3 ABOX TAKUX TPAH3HUCTOPIB.

Y CcTatM4HOMY CTaHi, KOJM €JEMEHT HE MEPEMHUKAEThCA, CTPYM MPAKTHYHO HE
CTIOKMBAETHCS, OCKUIBKM BIJACYTHIM NUIAX TPOTIKAHHSA CTPpyMy. SIKIIO 3yMUHUTH TaKTOBHU
TeHEePaTop MIKPOKOHTPOJIEPA, EHEPrOCIOKUBAHH MOXKE 3MEHIIUTHUCS Maibke 10 HYIs, PH BOMY
JaHl B OIEpaTUBHIN mam’aTi 30epiratoTbcsi. OCHOBHI BHUTpPATH €HEPrii BHHHUKAIOTH I 4Yac
NepEeMUKaHH JIOTIYHUX €JIEMEHTIB — Ha (JPOHTAX 1 CIIafax TAKTOBOT'O CUTHAIY.

CHoXMBaHW CTPYM Ma€ BHIJIAJ KOPOTKUX IMITYJIBCIB, IOB’SI3aHHX 13 3apsyDKaHHAM 1
PO3pAIKAHHAM MApa3UTHUX €MHOCTEH TpaH3UCTOpiB. KokeH TpaH3MCTOp uepe3 CBOi reOMEeTpUYHI
PO3MipH YTBOPIOE MIKPOKOHICHCATOP, 1 caMe Ha mepe3apsiji X EMHOCTEH BUTPAYA€THCSI CHEPTisl.

EneprocrnoxuBanHsi MIKpOKOHTpOJEpa BH3HAYAETHCA YOTHPMAa OCHOBHUMH (hakTopamu:
F€OMETPUYHUMHU pO3MipaMu €JIeMEeHTIB (10 BIUIMBAIOTh HA €MHICTh), HANPYrol JKHUBIICHHS
(eHeprisi mporopIIiifHa KBajgpaTy HANpPYTH), YACTOTOK TEPEMUKAaHb 1 KUIBKICTIO €IEMEHTIB, sKi
OJTHOYACHO 3MIHIOOTH cTaH. OCTaHHINA (aKTOp 3HAYHOIO MipOIO 3aJIXKHUTh Bijl TPOrPAMHOTO KOY,
TOMY MPOTPaMICT TaKOK BIUIMBAE HA 3arajibHE CIIOKUBAHHS €HEprii.

EHeprocnoXunsaHHA KMOH-mikpocxem

FRE EHepais sapady EneprocnoxkusanHa KMOH-mikpocxem 3anexurs Big:
Kowdenuu!wpa . [eomeTpUYHMX pO3MIipiB TPAH3UCTOPIB
_ VCC Cnap *  Hanpyru XusneHHa
= 2
i *  YactoTu nepemuKaHHA
Bxio Buxid  cpoyeana ) . P "
' : nomyxXHicme . KinbKocTi enemeHTiB, WO 04HOYaCHO NepemMUuKaroTbeA
: H efemMeHImoM
c 1 —_ P =Ef Bumox  3ameop Cmik
I nAP _LCHAD (Source) (Gate) ‘Drain)
(f - yvacmoma
niepemMuKaHHsi) = -I 'ﬁ ewg'cmb nnocKkozo
KOoHOeHcamopa
Bxio & oH| J

—D—D—' t Hienekmpuk
L 1
nrC . iy E

t T \

CrioxueaHui

cmpym L O6nacms de ymeoproembcs caEs St
lMioknadka nposidHull n-kaHan d

t (Bulk)

Jliis 3aCTOCYHKIB IHTEpPHETY peueil BaXKJIMBO BpPaXxOBYBAaTH HE JIMILE €HEPrOCIOKUBAHHS 1]
yac aKTUBHOI poOOTH, a i CTpyM y peXuMi CHY, /i€ IPUCTPii nepedyBae OLIbIIY YaCTHHY 4acy.
Came 1ie#t pexxuM 4acTo BU3HAYa€ 3arajlbHUN pecypc Oarapei.

3MEHILIEHHS! PO3MIpIB TPaH3UCTOPIB JIHCHO 3HMXKYE EHEProclOoXHBaHHS TMiJ 4ac
NEpEMUKAHHS B aKTUBHOMY pexuMmi. OJIHaK y HEaKTUBHOMY CTaHi BUHUKA€E MPOTUIIC)KHUHN ePeKT —
3pOCTalOTh CTPYMH BUTOKY. Yepe3 HaA3BUYaWHO Mayli PO3MIPH TPAH3UCTOPIB 3 SIBISETHCA
Mapa3uTHUN CTPyM, WO «IIPOCOYYETHCS» uepe3 CTPYKTypy HaBiThb 0Oe3 IepeMHKaHHS. Xoua
BEJIMYMHA LBOr0 CTPyMy Hy)K€ Majla JUIsl OJHOTO eJleMeHTa, Y MIKPOKOHTpPOJIEpl MICTATHCS
MUTBHOHH TPAH3UCTOPIB, TOMY CyMapHi BTpaTH MOKYTb OYTH 3HAYHHMHU.

Posmipu  TpaH3UCTOpPIB BHU3HAYAOTHCA  TEXHOJIOTIYHUM  TPOIIECOM  BHUTOTOBJICHHS
(HampuKkJad, JecsATKHM HaHoOMeTpiB). J[nsg mpolecopiB 3arajJibHOrO TNPU3HAYEHHS 3MEHIIEHHS
TeXIpollecy Maike 3aBXKIU O3Hauae MeHIe eHeprocnokuBanHs. /s loT-npuctpoiB 3aiexHICTh
HEOJJTHO3HAYHA: MEHII TPaH3UCTOPU €KOHOMHIII MijJ 4ac poOOTH, ajie CIOKUBAIOTH Oiblile yepe3
BUTOKHU y PEKUMI CHY.

Tomy npu BUOOPI MIKpOKOHTpoOJIepa MOTPIOHO BpaXxOBYBAaTH XapakTep poOOTH 3aCTOCYHKY.
S0 mpucTpiit OUTBITY YaCTUHY Yacy aKTUBHHM, JOUIIBHUN CydacHUN Maluil Texmporiec. SKIo x
BiH IEpEBaXHO NepeldyBae y CIUITYOMY PEXHMI, BUTIHIIIE BUKOPUCTOBYBATH MIKPOKOHTPOJIEp i3
OUIBLINM TEXIIPOLECOM, IKUI MOKE€ MaTH MEHII CTPYMH BUTOKY 1 HaBITh HUXKYY BapTiCTh.

Buxié
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3aneXHICTb eHeprocrnoXmBaHHA Big, po3mipy
TEXHONOrNYHOro npouecy
3MeHLIeHHA po3mipy

Standby Current (uA) Texnpouecy np1M3BoauTb A0
10 *  3MEHLUEHHA CTpymy,

Y 28nm FDSol Conventional CNOXWUBAHOMY B aKTUBHUX
Battery Operated pexumax
@ 90~40nm SySeie *  36inbleHHn cTpymis
BUTOKIB Y pexmmax
; Q 3HUXKEHOTO
9 ©0 eHeprocnoXmBaHHA
130~90nm
°® [o]¢] Mporpamict NoBUHEH PO3ymiTn

Y AKUX pexxumax byae
3HaXOAMUTUCH 3aCTOCYHOK
o 6inbly yactuHy vacy i obpatm
MiKPOKOHTpONep i3

100 1,000 signosigHum po3mipom
Active Current (WA/MHZ) Texnpouecy
I[J'I}I 3MCHIICHHA CIIOKMBaHHS eHepri'i BUKOPUCTOBYETHCA PEKUM 3HUKCHOI'O

€HEePTOCIIOKUBAaHHS — peXHUM cHY. Y MikpokoHTposiepi PIC16F84 BiH akTHBYeEThCS CIelialbHOO
acemOsiepHoro komanaoro SLEEP.

Y mbOMy peKUMi 3yNMUHSETHCS TAKTOBHU T'€HEPATOp, MPUITUHSAETHCS BUKOHAHHS KOMaH]T 1
OUIBLIICTh BHYTPIIIHIX MPOLIECIB. 3AIUIIAETHCS AKTUBHUM cTOposkoBuil Taiimep (Watchdog Timer),
MOXYTh BHUKOHYBATHCS OKpeMi omeparii 3 e€HEproHe3aJeKHOK IaM STTI0, a TaKOX MpaIIOI0Th
MIeBHI JpKepelia IepepuBaHb, 3JJaTHI BUBECTU MIKPOKOHTPOJIEP 31 CTaHy CHY.

ITepexin y pexuM CHY 3HIMCHIOETBCS MPOTPAMHO, TOMI SK BHXiJ 13 HBOTO 3a3BHYAil
IHILIFOETHCS arapaTHOO MOJIIE€I0 — MepEepUBaHHAM a00 cUTrHaIoOM ckuaanHs Ha Bxoai RESET.

PeXXnum cHy y mikpokoHTposepax PIC16F84A

6.11 Power-down Mode (SLEEP) 6.11.2 WAKE-UP FROM SLEEP SLEEP
A device may be powered down (SLEEP) and later The device can wake-up from SLEEP through one of Syntax: [ label] SLEEP
powered up (wake-up from SLEEP) the following events: Operands- Naone
1. Exlemnal RESET input on MCLR pin. Operation: 00h —s WDT.
6111  SLEEP peraton ]
2. WDT wake-up (if WDT was enabled). 0 — WDT prescaler
The Power-down mode is entered by executing the 3. Interrupt from RBU/INT pin, RB port change, or 1= 10,
SLEE? instruction data EEPROM write complete. 0—=PD
If enabled, the Watchdog Timer is cleared (but keeps Petipherals cannct generate interrupts during SLEEP, Status Affected:  TO, PD
P <3>) i he T : —=
running), the PD bit (STATUS<3>} is cleared, the TO bit since no on-chip Q clocks are present. Description: The power-down stalus bil, PD is

(STATUS<4>) is set, and the cscillator driver is turned
off. The /O ports maintain the status they had before
the stee® instnuction was executed (driving high, low,
or hi-impedance).

For the lowest current consumption in SLEEP mode,
place all I/O pins at either VoD or Vss, with no external
circuitry drawing current from the /O pins, and disable
external clocks. I/O pins that are hi-impedance inputs
should be pulled high or low externally to avoid switch-
ing currents caused by floating inputs. The TOCKI input
should also be at VDD or Vss. The contribution from
on-chip pull-ups on PORTB should be considered

The first event (MCLR Reset) will cause a device
RESLT. The two latter events are consicered a contin
uation of program execution. The TO and PD bits can
be used to determine the cause of a device RESET.
The PD bit, which is set on power-up, is cleared when
SLEEP is invoked. The TO bit is cleared if a WDT
time-out occurred (and caused wake-up)

While lhe sz instruction is being execuled, lhe next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set {enabled) Wake-up
occurs regardless of the state of the GIE bit. If the GIC

cleared. Time-out status bit, TO
is set. Watchdog Timer and its
prescaler are cleared.

The processor is pul into SLEEP
mode with the oscillator stopped.

The MCLR pin must be at a logic high level {VENC)

It should be noted that 2 RESET generated by a WDT
time-out does not drive the MCLR pin low.

bitis clear (disabled), the device continues execulion al
the instruction after the sLe=e instruction. If the GIE bit
is set (enabled), the dev xecutes the instruction

aftar tha o7 =on inetristinn and than hranchae ta tha

Mikpokontponep PIC16F84 wmae numie 06a30BUH peXUM CHY, OJHAK Yy CYYACHIIIMX
MIKPOKOHTpOJIEpaX peajli30BaHO 3HAYHO PO3BUHEHIII MEXaHI3MH 3HUKEHOT'O €HEproCroKUBaHHS.
Pi3Hi BHMpPOOHHMKHM TpOIOHYIOTH BJIACHI HAa0OpH PpEXHUMIB, SKI BIJIPI3HAIOTHCS TIIHOMHOIO
BIIKJTFOYEHHS BY3J1iB 1 ITBUJIKICTIO BITHOBJIEHHS POOOTH.

IcHYIOTH peXMMH OUYiKYBaHHS, HaIliBCHY, IIMOOKOrO CHY Ta iHINI BapiaHTH. BinmiHHOCTI
MiXK HUMH BU3HAYalOTHCSl Hacamriepea poOOTOI TaKTOBOTO T€HEpaTopa i 4aCTOTOIO si/Ipa, a TaKOXK
TUM, SKI TIepuQepiitHi MOyl 3aJUINAIOTHCS AKTUBHUMH. Y JIETTIHX PEKUMaX MOXKE 3HM)KYBATUCS
yacToTa a00 BUMHMKATHCS YacTHHA nepudepii, y IMHO0KUX — 3yIUHSIETHCSI MalyKe BCSI CHCTEMA.

Jesxi pexuMu nepeadavaroTh KHUBJICHHS JIUIIE KPUTUYHO BAKIMBHUX BY3JIiB, HAIPHKIA[
MOMAYJIB 30€peKeHHs AaHuX ab0 cxeM MpoOY/HKEHHS BiJ 30BHIMIHBOI MOAil. Takum dYHHOM
JIOCSTAEThCSI MiHIMaJbHE CIIO)KMBAHHS IPH 30€peKEeHHI MOJMIJIMBOCTI BIJHOBUTH pPOOOTY 0e3
MOBHOTO Tiepe3amycKy. Pi3HOMaHITHICTh TaKMX PEXKHUMIB JIO3BOJISIE ONTHUMI3yBaTH OajaHC MK
€HEeProCIOXKUBAaHHAM 1 (PYHKIIIOHAIBHICTIO 3aJIE)KHO Bil KOHKPETHOT'O 3aCTOCYHKY.
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PeXXnumu 3HnKeHoro eHeProcnoxXmnBaHHA

*  Pexum ouikyBaHHs (Idle Mode), npu AKoMy TaKTyBaHHA AApa NPUNUHAETLCA, ane nepudepinHi
NPUCTPOI NPOAOBKYIOTb MPALIOBATU HA OCHOBHIW TAaKTOBIM YacToTi

*  Pexum HaniecHy (Doze Mode), NOBHICTIO aHaNIOMYHWUIA PeXUMY OYiKYBaHHA | BiAPI3HAETLCA Bif,
HbOTO Ti/IbKM TUM, LLLO AAPO TAKTYETLCA 3HMXKEHOI 4aCTOTOO

*  Pexum cHy (Sleep Mode) — OCHOBHUIA PEXMM 3HUKEHOrO eHeprocrnoXuBaHHs, Mijg Yac AKoro
BiZIKNKOYAKOTHCA BCi BY3/IM, WO HE BUKOPUCTOBYIOTLCA, Y TOMY YMC/i | AAPO MIKPOKOHTpOAepa

*  Pexum rnmbokoro cHy (Deep Sleep Mode) — pexxvm MakCMManbHO HU3bKOTO EHEepProCroXUBaHHS,
niJ, Yac AKOro MPOAOBKYIOTb MPaLOBaTH NLLE OKPEMi creLjianbHO po3pobaeHi An1A LbOoro pexumy
BY3/1

*  HusbKoBONbLTHMIA pexxum cHy (Low-Voltage/Retention Sleep Mode) aHanoriuHuit pexumy cHy, ane
Npu UbOMY HanNpyra XMBAEHHA Aapa i nepudepinHUX NPUCTPOIB 3HMKYETLCA A0 MiHIManbHO
MOXX/IMBOTO 3HaYEHHA

*  Pexum xusneHHs Big 6arapei (VBAT Mode) — aBapiitHuii pexxvm poboTu, Npyu AKOMY OCHOBHA
Hanpyra XXMBJIEHHA 3MEHLLYETbCA A0 Hebe3neyHnx 3Ha4eHb (Y LLbOMY BUNAAKY KUBNEHHA KPUTUYHO
BaXK/IMBUX BY3/iB 34iINCHIOETLCSA Bif, OKPEMOro AXKepena KUBNEeHHA)

Sk mpuKIIa cydyacHHX pillleHb MOXKHA PO3TJISIHYTH CUCTeMY Ha Kpuctaii komnasii STM, y
AKIf IHTETpOBaHO HE JIMIIE MIKPOKOHTpoiep, a i moxyns Bluetooth. Taki SoC wmictsaTh Benmuky
KUTBKICTh PEXKUMIB pOOOTH, MMPU3HAYCHUX IS MiHIMI3aIlli €HeProCIIOKUBAHHS ITi/1 Yac KUBJICHHS
Bix Oarapei.

Pi3HOMaHITTS peXMMIB IMOB’si3aHE 3 MOKJIMBICTIO BUOIPKOBO BUMHUKATH ab0 0OMEXyBaTu
poOOTY OKpeMHX BY3IiB, 3MIHIOBAaTH YacTOTy TAaKTYBaHHs, KEpyBaTH >KUBJICHHsAM mnepudepii ta
paniomoxnyss. Ile mo3Boisie THYYKO OallaHCYBaTH MiX MPOJYKTHBHICTIO Ta CIIO)KUBAaHHSM 3aJIC)KHO
BiJl TOTOYHOTO CTaHY CHCTEMH.

S0 KUBJIEHHS HEOOMEXEHE, HAITPHUKJIA BiJl MEPEXi, Il MEXaHI3MH MOYKHA TIPAKTUIHO HE
BUKOPHUCTOBYBaTH 1 MpamioBaTH Ha TOCTiHHIA 4acToTi. OmHaK A aBTOHOMHHX IPHCTPOIB
MPaBUIbHUN BHOIP 1 KEPYBaHHS PEKUMAMH CHEPTO30CPEIKEHHS € KPUTHYHO BAXKIIMBUMH, OCKUTBKU
caMe BOHM BU3HAYalOTh TPUBAIICTH poOOTH BiJ] o/1HI€T OaTapei.

Cuctema-Ha-Kpuctani STM32WB

STM32 wireless MCU
Supports Bluetooth™ 5, Thread, ZigBee®

* Dual core

* Large Memory

* Security features

* Ecosystem made for you

Lys

i

Y cydacHHUX cHCTeMax Ha KPHUCTall, OKpPIM OOYHCIIOBAIBLHOTO sApa 1 pajaioOMOIYJIiB,
IHTETPYIOTbCS TaKOX arapaTHi By3JH KepyBaHHS >KUBJICHHSAM, sIKi paHille He Oy XapaKTepHi A
MIKpOKOHTpoJiepiB. Lle MoxyTh OyTH JiHIMHI cTaOLII3aTOPH HANPYTH, IMITYJIbCHI MOHUKYBaJIbHI
NepeTBOPIOBAYI Ta 1HII €IEMEHTH CUCTEMH KUBJICHHS.

Taki By3nmu [O3BOJSIOTH THYYKO KEPYBAaTH CHEPTOCIIOKHBAHHSIM 3aJ€KHO BiJl PEXKUMY
po6oTu. 3aBISKM IbOMY OJIHA M Ta caMa CHCTeMa MOXe 3MIHIOBAaTH CIOXXHBaHUN CTPYM Ha KiJIbKa
NOPSAAKIB. Y PI3HUX peXHUMax Pi3HUIS MOXKE JTOCATaTH MPUOIU3HO THUCAYOKPATHOTO 3HAYEHHS, 110
€ KPUTHYHO BaYKJIMBUM JUTSI aBTOHOMHHX TPUCTPOIB.
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[MoniOHmii IMMPOKWI [iama3oH pEryjlioBaHHS Jla€ 3MOTY MAaKCHUMAalbHO €(QEeKTUBHO
BHKOPHCTOBYBAaTH €HEPri0 Oartapei, aje BUMarae BiJ po3poOHHMKA PO3YMiIHHS TMPHHIUIIB poOOTH
UX PEXHUMIB 1 TPaBWIBHOTO iX 3acTOCyBaHHS B mporpami. be3 IbOro AOCATTH TpHUBaJIOL
AaBTOHOMHOI POOOTH NPAKTHYHO HEMOKIIHBO.

3aNeXKHICTb CMOXMBAHOMO CTPYMY CUCTEMU-HA-KPUCTANI
STM32WB Bia, TaKTOBOI 4YaCTOTM NMPU Pi3HUX perkMmax poboTu

= 10.000
Secaie Mowtxyesansuil

Omepeno  ——— imnyaecHud _f-v-r\_T_
ay

Ocrosriui
cmabinizamop 1.000

Bubip anpyau

Lxepenc

¥ pexumi cmabinizamop
ouiKyBaHHS
L PRu 1
Run | Run

Erepeosbepizaroy e \ L s T
it poBov {r Slaep \ | Stoap & Potow poxunsu 0.100
Stopt

Aadpa npouecopa StopG Adpa npouecopa

lgs current (mA)

Stop2
- . -—LP_run

«RUN range 2
RUN range 1
0.010
100000 1000000 10000000 100000000

CPU1 frequency (Hz)

OCHOBHI METOJIU 3MEHILIEHHS E€HEeProClOXUBAaHHS 0a3yrOThCS Ha KEepyBaHHI peKMMaMu
pobotu cucremu. Hacammepen 3HMKYIOTH TaKTOBY YacTOTY Spa, MO MOMJIMBOCTI 3MEHIIYIOTH
HAmpyry S>KUBIIEHHS, CKOPOUYYIOTh KUIBKICTh BHKOHYBAaHUX apHU(PMETHKO-TOTIYHUX OIeparliil.
OctanHiil pakTop 6e3mocepeIHBO 3AICKUTH Bl AITOPUTMIB 1 SIKOCTI TPOTPAMHOTO KOITY.

JlonaTKOBO BHMHKAIOTh HEBUKOPHCTOBYBaHI mepudepiiiHi Moayni Ta 3a MOXKIMBOCTI
BUKOPHCTOBYIOTH CIICIiaJli30BaHi BY3JIM 3 MOHIKCHHM CHOXHBAHHAM. YC€ II€ MOKIIAQJTA€ThCS Ha
pPO3pOOHMKA TMPOTPaMHOrO 3a0e3MEUYEeHHs, SKU MOBHUHEH MPaBHJIBHO OpraHizyBaTH poOOTY
MIPUCTPOIO 3AJIEKHO B1Jl HOTO (PYHKIIIH.

Ha BinMminy Bin kpuntorpadii abo iHTepdeiiciB 3B’ 43Ky, YHIBEpCAIbHUX T'OTOBHUX pillI€Hb
TYT HE ICHYE, OCKIJIbKM KOXEH 3aCTOCYHOK Ma€ BJIACHHM Mpodiias poOOTH Ta HaBaHTaXeHHs. ToMy
ONITHUMI3AIlisl EHEProCIOKMUBAHHSI BUKOHYEThCS 1HAMBIAYAIBHO 1 € CKJIAJ0BOIO MPOIIECY PO3POOKH
MPOTPaMHOTO 3a0€3MEUCHHS.

MeToam 3MeHLEeHHA eHeProCcnoXKMBAHHA
MIKPOKOHTpONEpPIB

* 3MEeHLeHHA TAaKTOBOI YacToTHn
*  3HUXKEHHA Hanpyrun *XUBNEHHA

*  3MEHLUEeHHS KINbKOCTI
apUOMETUKO-NOTiIYHNX
onepawin

*  BigKnto4yeHHA MoAaynis, WO He

om0 BMKOPUCTOBYIOTbCA Y AaHUM

V- yac

iz
* BuKopucCTaHHA

cneujianizoBaHuX BY3NiB, i3

3MEHLUEeHUM

— R T —— = EHEProCrnoXXMBaHHAM

"

Full Speea

Reduced Speed

Reduce Average current

Current

/
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JIJisi IOBHOIIIHHOTO 3a0€3MeYCeHHS] HU3bKOTO €HEPrOoCIOXUBAHHS B MPUCTPOSX THTEPHETY
pedeil BUKOPUCTOBYIOTh TaKOX CIEIiai30BaH1 anapaTHi KOMIIOHEHTH, CIIPOEKTOBAH1 M pOOOTH B
eHeproomaaaux pexunmax. [lpukmagom € qatauku Ha edexTi Xoiuta, MPU3HAYCHI IS BUSBICHHS
MarHiTHOTO TOJISI.

Takuit nmatumk Mae nudpoBUH BUXIT 1 MAKIIOYAETHCS O€3MOCepeHbO 10 BXOIY
MIKPOKOHTpOJIEpA, TTOBIIOMIISIIOUH JIuIIe (GaKT HaIBHOCTI a00 BiJICYTHOCTI MarHiTHOTO TOJIsI, TOOTO
¢dakTuuHo nepenae onuH OiT iHGopmanii. [ToxiOHI pilIeHHS MIMPOKO 3aCTOCOBYIOTHCS, HAPUKIA/,
y JaT4ydKax BIAKPHUTTS JABEpel abo BiKOH.

OpHak HaBiTH Taki MPOCTI CEHCOPU MOKYTh MAaTH BIJHOCHO BHCOKHI CTPyM CIIO)KMBAaHHS Y
Oe3repepBHOMY peXuMi poOoTH. SKIIo XUBUTH iX MOCTIHHO Bim Oarapei, pecypc pkepena
KUBJICHHSI IIBUJKO BHYEPMAETHCS, MO POOWTH HEOOXIMHWM 3aCTOCYBAHHS JOJATKOBUX METOIB
KepYBaHHS JKUBJICHHSIM.

CTpyKTypHa cxema gatymka Xona DRV5032 gna
NPUCTPOIB IHTEPHETY-peyen

0.1 uF
(min) :_E Vee
L]

Voltage Ultra-low-power

|
I
Oscillat I
Regulator scillator L :l ouT
—

FAFBIFD versions

—

X ‘ 1
l—— l -| REF Output
FD version

Control
Element Bias

_____ b— :
Offset Amp L
-

Cancellation

Temperature
Compensation

VY Takux ceHcopax eHeproeeKTHUBHICTh JOCATAETHCSA amapaTHO. YCEpeanHl MIKpOCXeMHU
BOYJIOBaHO BJIaCHMH TaiiMep, SKMH MEpioAMYHO NEPEeBOJUTH NATUYUK Yy PEXKUM CHY, 3IHMLIAI0OUU
aKTUBHUM JIMIIE MIHIMaIbHO HEOOXITHUI BY30J1 KOHTpOuIO. J[aT4MK HE BUMIPIOE MarHiTHE MoJe
Oe3nepepBHO, a pOOUTH L€ uepe3 3aJJaHi IHTEPBAJIM Yacy, MiCJsl YOro 3HOBY 3aCHHAE.

3aBISKA TaKOMY iMIYJIBCHOMY PEXKHMY KOHTPOIIO CEpeIHE EHEPrOCIOXKHUBAHHS 3HAYHO
3MeHlIyeTbes. [Ipu npomy Bifi po3poOHUKA HE MOTPIOHO KOJHHUX J0AATKOBUX i — JOCTaTHBO
MPAaBUIBHO BUOPATH KOMIIOHEHT. ICHYIOTh MOBHICTIO CYMICHI 32 BUBOJAMH MOJEJi 3 OJHAKOBOIO
(YHKIIOHANIBHICTIO, alle 3 PI3HULEI0 y CIOXHBaHHI Ha TMOPSAKU: HalpHUKIad, OJHA MOXKe
CMOXKMBATHU KiJIbKa MiJiaMIiep, 1HIlIa — JeCATKU MiKpoaMIiep, 1110 Aa€ COTHI pa3iB eKOHOMII.

Taki cremianizoBaHl CEHCOPU PO3POOJICHI came I aBTOHOMHHMX CHUCTEM 1 JO3BOJISIIOTH
ICTOTHO TpPOAOBXKHUTH TEpMiH POOOTH NHPUCTPOIO BiJ Oarapei Oe3 yCKIAIHEHHS MPOrpamMHOl
YaCTUHH.
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MpuHuMn poboTn eHeprosbepirarovoro Aatymka Xona DRV5032

BesnepepsHull pexum lNepepusyacmuli pexum
(cepedHit cmpym 5 MA) (cepedHitd cmpym 10 MKA

A Croxueanuii cmpym A Croxusanui cmpym

5 MA 5 mA 1/ BumiptosaHHs
BumiprogaHHs Pexum cHy
5 mMKA \
o
Yac 100 mkc Yac
100 mc
Bl

BUKOPUCTAHHA NepepuBYaCcTOro pexKumy poboTm 403B0INA0 3MEHLLUUTU
eHeprocnoXkuBaHHA y 500 pasis

CTBOpEeHHsI PUCTPOIO IHTEPHETY peuell moTpedye 3HaHb y OaraThox ramyssx. HeoOxigHo
PO3YMITH aHAJIOTOBY €JEKTPOHIKY, MPOTpaMyBaHHs MiIKPOKOHTPOJIEPIB, MUTAaHHS iH(pOpMamiiHOl
0e3mneKu, oprasizaiiro oOMiHy JaHUMH Ta crenudiky IpUKIagHoi 001acTi.

Tomy po3poOka TakMX CHCTEM 3a3BUYall BUKOHYETHCS KOMAaHJIOI (DaxiBI[iB pi3HOTO
npodinto. [lornpu cknamaHICTh, MOYATKOBUX 3HaHb 3 MIKPOKOHTPOJIEPIB JOCTATHHO, 1100 PO3IOYATH
poboTy B 1boMy HampsMKy. [lomanbimnii pPO3BUTOK 3aJCKUTH BiJl MPAKTUYHOTO JOCBIIY Ta
CaMOCTIHHOTO MOTJIMOJICHHS 3HAHb.

BUcHoOBKU

Mpwn
BUKOPUCTAHHI
roTOBMX pilleHb
NpPUCTPOI
IHTEpHEeTY-peyen
MOXHa CTBOPUTU
AOCTaTHbO
LBUAKO

Johan (Connectivity) Tarek (MCU) Markus (loT)
Miroslaw (Firmware) Tibor (Security) Thierry (Analog)
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